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Scientists are
unsure of the
identity of the
causative infectious
agent of TSEs, but
the properties are
unlike those of
conventional
pathogens.

BELOW:
ir i , ;1. ; i  .  Abnormal prion Protein
can be detected as brown dePosi ts
fo l lowing s ta in ing wi th  an l ibod ies
to  pr ion pro le in  in  a  sect ton
through par t  o f  the sp ina l  cord
taken f rom a hamster  in fected
ora l ly  wi th  the 263K s t ra in  o f
scrap ie  ( inset )  The abnormal
accumulat ton s f  pr ton prote 'n  ca l
be seen at  h igher  magni f icat ion in
individual nerlrons in the pathway
that  connects  the ear  to  the bra in
C0U RTESY IRICIA l\4cBRlDE

Thenatuleof TSEs
Chris Bostock

Creutzfeld-Jacob disease (CJD) and bovine

spongiform encephalopathy (BSE or mad cow

disease) both belon g to a group of diseases

called transmissible spongiform encephalopathies

(TSEs) or  pr ion diseases.  BSE and the new var iant  of

CJD (vCJD) have been in the news recently and are new

additions to the group, but, as a whole, TSEs have been

around for centuries. Scrapie in sheep was first recorded

over two hundred years ago and sporadic CJD was first

descr ibed in humans in the 7920s.  Nevertheless,  the

TSEs remained a rather obscure group of diseases until

1986 when BSE f i rs t  appeared.  In the years s ince the

emergence of BSE, new TSEs have also been found in

exot ic  species of  ruminants in UK zoos,  exot ic  and

domest ic cats and,  in 1996, vCJD was descr ibed in

humans.

The TSEs are fatalonce clinical signs appear, but there

is a long, usually many years, incubation period between

the time of first exposure to the infectious agent and the

time of appearance of disease. A normal microbial

infection usually elicits an immune response in its target

host ,  but  in TSEs there is  no convent ional  immune

fesponse, a l though the immune system plays an

important part in the development of the disease, before

the infectious agent gets into the central nervous system

(CNS). A common feature of all TSEs is degeneration

in the brain and spinal cord and part of this process

involves a normal host protein, called PrP or prion

protein. During a TSE infection this protein is deposited

in an abnormal form and in excessive amounts in the

brain, spinal cord and many peripheral nerves and tissues

(Fig.  1) .  The causat ive infect ious agent has propert ies

unlike those of conventional pathogens and may be a new

class of infectious agent. r

.i.lir The nature of the infectious agent
There are currently three theories. One says that the

infectious agent is somewhat l ike a small conventional

virus, with genetic material coding for its own proteins.

At present there is little evidence to support this theory.

The second, and now most widely held theory states

that it is the altered physical state of normal host prion

protein,  which is  able to propagate i tsel f  by inducing

other normal prion protein molecules to adopt the

abnormal conformation. This is commonly referred to

as the prion hypothesis. The third idea, called the virino

hypothesis, is most easily thought of as a hybrid of these

hypotheses. It suggests that there is a very small piece of

genetic material, which encodes only information for its

own survival and replication through interaction with a

host protein, perhaps the prion protein, using it also as

a protect ive coat .  The essent ia l ,  but  very important

di f ference between the pr ion and v i r ino hypotheses

is that  in the pr ion hypothesis,  a l l  the informat ion to

determine the propert ies of  the infect ious agent is

carried in the abnormal conformational state of the

pr ion protein,  whereas in the v i r ino hypothesis,  the

informat ion is  carr ied in an independent 
'genet ic '

molecule.  As yet  no-one has def ined the precise

molecular state(s) of the normal and infectious forms of

the prion protein, nor produced infectious 
'prions' 

in uitro

from normal prion protein, as would be predicted by the

prion hypothesis. But neither has anyone yet found any

molecule that might fit the role ofthe 
'virino'.

r;;, Prion protein genes
As with conventional microbes, there are different

stra ins ofTSEs, and the character is t ics ofan infect ion

are determined by an interaction between a particular

strain of infectious age nt and a gene (or genes) in the

host animal. The host gene that has the biggest effect in

determining the outcome of an exposure to an infectious

agent is the same gene that codes for the normal prion

protein. In humans there are two common versions of

the pr ion protein that  d i f fer  in a s ingle amino acid

(whether it has valine or methionine at coding position

129),butthere are also many fare mutant forms, most of

which are associated wi th inher i ted suscept ib i l i ty  to

prion disease. Sheep also have many different forms of

the prion protein, none of which have so far been linked

to 
' inherited' 

scrapie and only some of which appear to

affect the outcome of a scrapie infection. Two versions

of the prion protein have been found in cattle but

these do not appear to differ in their association with

susceptibil ity ofanimals to BSE.

Much of the work that has lead to an understanding of

the ro le of  the pr ion protein gene in TSEs was done in

laboratory mice before anything was known about the

existence of the prion protein or its gene. Different l ines

of inbred mice were found to differ in their response to

infection with scrapie and a gene, called Sinc (for scrapie

r#;

$$4

l--+lf,if*

ffi;'qQ

IMffi lilt;';+liilrl:i"irll,o,;ril;'i;'loI)AYVOL27/NOV00



W
Hatural
Scrapie

FSE

i ncubat i o n aft er i nfec ti o n r,,*iri.ri.iiii,lr,rilii
o f  m i c e  w i r h  a  s t r a i n  o F

r * i

:il:' J*:::,0:Ji",'i;; 
+inrxr+t+irlx

protein. The difference between s7 and p7 Sinc genes is

now known to lie in the amino acids at two positions in

the protein; if it has leucine at position 108 and threonine

at  I89 i t  is  Sinc s7,  whereas i f  i t  has prol ine at  posi t ion

108 and valine at 189 tt is S inc p7 .

f* Properties of different strains of infectious
agents
In addition to the different versions of the prion protein

gene within a species there are many different strains of

the infectious agent that can infect that species. This is

most clearly demonstrated by infecting the same inbred

lines of Sinc s7 or Sinc p7 mice with different sources of

scrapie. Different sources of scrapie can produce widely

different incubation periods and result in differing

patterns of  damage in the brain (cal led lesion prof i le) .

These two features, relative incubation periods in s7 and

p7 mice and the lesion prof i le,  are c lassical ly  used to

define the different strains ofinfectious agent. Several

different strains of TSE agent can be propagated in the

same inbred l ine of  mouse and thus,  i f  the abnormal

conformat ion of  the pr ion protein determines the *
propert ies of  the infect ious agent,  th is means that  the

same normal pr ion protein must be able to adopt

reproducib ly several  d ist inct  abnormal d isease-

associated states.

Using the cr i ter ia of  re lat ive incubat ion per iod and

lesion prof i le i t  has been possib le to character ize and

compafe the infect ious agents causing contemporary

scrapie, BSE, the spongiform encephalopathies of cats
(FSE), kudu and nyala, as well as classical and vCJD of

humans (FiS.2). Sources of scrapie, collected contemp-

oraneously with the BSE epidemic, are heterogeneous,

each being distinct and different from the others. This

si tuat ion contrasts wi th the homogenei ty found in

several different sources of BSE sampled at different

times during the epidemic and from different

geographical  locat ions.  The infect ious agents causing

FSE and disease in exotic ruminants in zoos were found to

be indistinguishable from the BSE strain, and, although

classical CJD is quite distinct, the transmissible agent

causing vCJD has the same strain properties as the BSE

agent. This suggests that the agent that causes vCJD is

the same as that which causes BSE, but as yet there is no
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firm evidence to say how humans became infected. From

a scientific point of view, one of the interesting observ-

ations to come out of this work is that the same strain of

agent (BSE) can be propagated by several species, each of

which has a s l ight ly  d i f ferent  normal  pr ion protein.

Thus, if the conformation of the abnormal form of the

prion protein determines the biological properties of a

strain of infectious TSE agent, it must be independent of

the structure of  the normal  pr ion protein in these

different species. Different prion proteins must be able to

adopt the same abnormal conformation even though

they have very different structures in their normal states.

Strains of TSEs differ in several other respects in

addition to incubation periods and lesion profiles. They

show large differences in their resistance to inactivation

by heat or chemicals. Primary BSE and a mouse-passaged

strain derived from it (called 301V) are the TSE agents

most resistant  to inact ivat ion by heat  yet  to be

discovered. Nevertheless, resistance to inactivation is a

property of the'strain'and not the primary srructure of

the pr ion protein that  carr ies i t  because the resistance

properties ofa strain remain the same when it is produced

in mice differing in the type of prion protein they make
(s7 v. p7).

Different strains of TSEs are associated with different

biochemical and biophysical properties of the abnormal

prion protein. The prion protein has two sites at which it

can be glycosylated,  i .e.  amino acids at  which sugar

residues can be at tached, but  not  a l l  molecules of  the

prion protein are fully glycosylated. Thus, an individual

molecule may have no added sugars, sugars added ar one

or other of the s i tes or  at  both s i tes.  The re lat ive rat ios

of the prion protein in these different srares can be

quantified and they differ predictably between different

strains.

$7hen the prion protein adopts the abnormal

conformation characteristic ofaTSE infection it becomes

partially resistant to digestion with enzymes rhar degrade

proteins - called proteinases. This relative resisrance of

the abnormal form of  the pr ion protein to proteinase

digestion is used as a diagnostic feature for infection, but

the size of the resistant protein fragment has been found

to differ slightly for abnormal prion proteins produced

by di f ferent  st ra ins,  indicat ing that  st ra in-speci f ic

ffiffi ii:ii:l

incubation period), was

ident i f ied that  contro l led

the incubat ion per iod.

There  a re  rwo  ve rs ions

of  Sinc,  s7 and p7,  which

determine,  respect ively,

short and prolonged

scrapie cal led MEl. Sinc r

ABOVE:
{irg. i ' .  Strains of TSE agents
d i f fer  in  the re la t ive lengths o f
incubat ion per iod in  d i f ferent
i nb red  l i nes  o f  m ice  R3  and  C5 /BL
are s /mice V[ / l  is  a  p /mouse and
CSTBLxV[/ l  is the cross between
the two l ines Severa l  sources of
BSE from cattle FSE from domestic
cats  and vCJD f rom humans
prodrlce trery similar patterns,
ind icat ing that  the same st ra in  o f
TSE agent  is  caus ing the in fect ion
Di f ferent  s0urces of  scrap ie  on the
other  hand produce i rery  d i f ferent
pat terns o f  incubat ion in  the
d i f ferent  mot lse l lnes lnd icat ing
that they are different from BSE as
wel l  as  be ing d i f ferent  f rom each
other
BASED ON DAIA PROVIDFD BY l\/IOIRA
BRUCE AND COLLEAGUES
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B E L O W :
;:; ,  : ; . .  : ' ;  The prion pr0tein cal]
have sugars  added at  one or  o ther
or  both o f two s i tes  the ef fec t
be ing to  increase the s ize o f  those
mo lecu les  w l t h  added  suga rs
These s lze d i f ferences can be used
to separate  and quant i fy  the
var ious forms The percentage of
the to ta l  abnormal  pr ion prote in
wi th  sugars  added at  two s i tes
(d ig lycosy la ted)  re la t ive to  the
percentage of  those mo ecu les w th
sugar  added at  on ly  a  s lng le  s i te
(monoglycosy la ted)  can be
constant  for  a  par t icu lar  s t ra in  o f
TSE agent  but  d l f fer  between
s l ra i ns  o i  agen t  r ep l i ca ted  i r  a
s i ng le  l nb red  l i ne  o f  mouse  The
rat io  can change when a s t ra tn  ts
propagated in  an nbred l ine o f
mouse wi th  a  d i f ferent  pr ion
p ro te rn  gene
BASED ON DATA PROVIDED BY ROBERT
SO[,,IERVItLE AND JA[/ES HOPE

conformational differences might change the site which

is  access ib le  to  the  cu t t i ng  enzyme.

It has been suggested that these two propefties, ratios

of  g lycosylated forms and the s ize of  the proteinase-

resistant fragment, could be used as a basis for

biochemically identifying different strains. If this were

possib le i t  would provide several  advantages s ince i t

would be both quicker and would not involve the use of

large nr-rmbers of mice to bioassay the infectious agent.

In the case of well charactertzed mouse passaged strains

of scrapie it appears that a particular strain/mouse

combinat ion produces a character is t ic  narrow range of

rat ios of  g lycosylated forms (Fig.  3) .  The method has

been used successful ly  to d ist inguish between the

various forms of CJD in humans. \Thether this type of

biochemical typing can be made precise enough so that

each stra in of  TSE has i ts  own unique 
' f ingerpr int ' ,

irrespective of the species or prion protein background,

remains to be seen. In the case of  natural  and

experimental sheep scrapie the patterns afe numerous

and complex and it is l ikely to take some time before it

will be known whether the approach is feasible as a

practical diagnostic method.

The observat ion that  st ra ins di f fer  in the degree

of g lycosylat ion of  the accumulated abnormal pr ion

protein has lead to the hypothesis that  the pat tern of

glycosylation may itself be the biochemical determinant

ofstrain. It is proposed that a certain type ofcell in the

host  might  recognize indiv idual  pat terns of  sugars

on the pr ion protein molecule and thus 
'permit '  the

infectious agent to enter and replicate witl-rin it. If, in the

process of  repl icat ing the agent,  the cel l  
's tamped'  

i ts

own glycosylation signal on the newly formed abnormal

pr ion protein,  i t  would enslr re the next  generat ion of
' in fect ious pr ions'  were of  i ts  own k ind,  thus perpet-

uat ing the t ropism and propert ies of  the stra in.  This

idea has been tested by infecting a single cell type with

two di f ferent  st ra ins of  agent.  I f  the stra in propert ies

der ive f rom a cel l - imparted glycosylat ion pat tern,  the

two or ig inal ly  d i f ferent  st ra ins would be expected

to emerge wi th the same stra in character is t ics and

glycosylation patterns. Alternatively, if the determinant

ofstrain is independent ofglycosylation pattern ofprion

protein and the cel l  type in which i t  is  repl icat ing,  the

two stra ins should reta in their  or ig inal  character is t ics.

Experiments using cells infected in culture indicate that

the lat ter  is  the case and s l rggest  that  d i f ferences in

glycosylat ion resul t  f rom stra in d i f ferences,  and are

not the cause of them.

# Conclusion
Returning f inal ly  to the quest ion of  the nature of  the

agent.  \7ork on stra in propert ies of  TSE agents has

shown that if the prion protein is the soie component of

the infect io l rs agent,  the conformat ional  determinant

of  infect iousness and stra in must be independent of

pr ion protein pr imary structure (sequence of  amino

acids) .  A s ingle pr ion protein mttst  be capable of

adopting and propagating several different stable

abnormal conformat ions whi le several  d i f ferent  pr ion

proteins must be able to adopt a common abnormal

conformation. A full

understanding of how this

is achieved wi l l  have to

await a complete molecular

d e s c r i p t i o n  o f  t h e  v a r i o t t s

forms o{t the pr ion protei  n.

Much of this article i.r based an

rhe ttork afnry colleagues at tbe

Institute far Aninml Healtb,

tr.,bom I thank for prouiding

the nmterial that has been

i ncarp arated in t he fi gares.
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J. Bostock is Director of
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Compton Laboratory,
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Tel .01635 577238;
Fax O1 635 577237;
email chris.bostock@
bbsrc.ac.uk
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Viroids and other sub'viral
pathogensof plants:
the smallest living fossils?
N icola Spence & D ezBarb ara

Contrary to ear l ier  bel ief ,  v i rurses are not

t l " re smar l lest  causat ive agents of  infect ious

diseerses in p lants.  Sir - rg le-stranded RNAs,

termed v i ro ic is,  exist  in many higher p lants,  causing a

var iety of  v i rus- l ike diseases.  Viro ids can be as smal l  as

246 nucleotides or as large as 400, br-rt their RNA is not

organized into codons and they are not translzrted. This is

in contrast  to p lant  v i ruses where t ranslat ion of  v i ra l

genetic infcrrmation is essential for vims replication. The

physical structure of viroids was first shown directly by
'e lectron 

microscopy;  under non-denatur ing condi t ions

viroids appear as small rocis of approx. 17 nm, but under

denatr,rring conditions they can be seen to be covalently

c iosed c i rcuiar  molecules.  Due to their  h igh degree

of internal  base pair ing,  v i ro ids have a character is t ic

rod- l ike secondarv structLrre in wl-r ich short  hel iczr l

regions are interrupted by internal  ancl  bulg ing loops

(FiS. 1). In the majority of cases there are five structural

domains in the v i ro ic i  genome. Many satel l i te RNAs

resemble viroids in size and molecular structure, but are

associated wi th speci f ic  helper v i ruses on which they

depend for their replication and are encapsidated with, or

instead of, host viral genome components into the virus

part ic le.  However,  the satei l i te RNA is not  part  of  the

l'relper virus genome and usr-rally hzrs no seqLlence

similarity to it. Both types of small RNA replicate by a

CUGUA GGU
I i l i l  i l t
GACGU CCA

roll ing circle mechanism, using either jr-rst plant orplant

and v i r t r l  components.  Satel l i te RNAs and just  two

viro ids are able to sel f -c leave f rom the concatameric

RNA but most viroid RNAs are enzymatically cleaved.

# Plant diseases caused by viroids
Crop diseases caursed by viroids probably originated by

charnce t ransfer  f rom endemical ly  infected wi ld p lants

or by use of  v i ro id- infected germplasm clur ing plant

breeding.  Despi te their  extreme simpl ic i ty ,  r ' i ro ids can

cause syndromes in p lants that  are as var ied as those

caused by plant viruses but others, such as coleus latent

v i ro id (CLVd),  are tota l ly  symptomless and occur at

extremely high rates of infection (r-rp to l0Ool,). Because

viroids are not translated, their effects on plants must be

a consequence ofdirect interactions of the viroid with the

l- rost  and i ts  environment.  Al though the molecular

mechanisms of  v i ro id pathogenesis are st i l l  unknown,

analysis of  molecular  chimeras has revealed that  t l - re

sever i ty  of  symptoms is the resul t  of  complex

interactions among three of tl 're five viroid clomains. As a

grolrp,  there is  nothing that  d ist inguishes the disease

symptoms producecl  by v i ro ic ls f rom those induced

by v i r r , rses -  these inch-rde stunt ing,  mott l ing,  Ieaf

distor t ion and necrosis.  Diseases cover a wic le range

from the s lowly developing lethal  d isease rn coconlr t

palms caursed by coconut caclang-cadang viroid (CCCVd)

to the usual ly  symptomless hop latent  v i ro id (HLVd;

Fig.  2) ,  and the latent  v i ro ids rvhich are t r lways

symptomless.  I t  is  possib le that  mzrny more mi ld or

symptomless viroicl infections remain to be discovered.

rf i Vi roid epidem iology
The main methocis by lv i - r ich v i ro ids are spread are

mechanical  t ransmission,  vegetat ive propagat ion and

thror-rgh pol len and seed. The re lat ive importance of

these methods var ies wi th d i f ferent  v i ro ids and hosts.

For example,  vegetat ive l ropagat ion is  dominant for

chrysanthemum str- rnt  v i ro id (CSVd).  Mechanical

t ransmission is  a s igni f icant  factor  for  others such as

ci t rus exocort is  v i ro id (CEVd; Fig.  3)  and hop stunt

viroid (HSVd; Fig. ' i). Seecl and pollen transmission are

factors in the spread of  avocado sunblotch v i ro id

(ASBVd); seed is particularly important for some of the

latent  v i ro ids.  Potato spindle tuber v i ro id (PSTVd) is

f  ransm i t te. l  ar  low f rcquency in a non-pcrs isrent  manner

by the apl-rid fuIacrosilthan euphorbias. However, it is

doubtfr-rl if aphid trernsmission is of any significance in

the field.
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Viroids and
satell i te RNAs are
the smal lest  and
simplest repl icat ing
molecules known,
Possibly ' l iv ing
fossi ls ' they are the
cause of awide
varietv of infectious
diseases in plants,

ABOVE:
f  r ' r l .  i i .  Commerc ia l  hops
(Humulus lupulus) variety 0mega
with symptoms otHLVd 0mega s
the only known hop variety which
shows v is ib le  symptoms of  th is
v  i ro  id
COURIESY D BARBARA

BELOW RIGHT:
5 , i e ,  l , The  sequence  o f  hop
la tent  v i ro id  (HLVd)  ar ranged in  a
thermodynamica l ly  opt imized
secondary  s t ructure
AFTER PUCFlTA 'Ti1 (1988)
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Viroids move rapidly through a host plant in the

manner of competent viruses, almost certainly through

the phloem. The relative resistance of viroid RNA to

nuclease degradation (which arises from their internally

base-paired structure) probably facil itates their long-

distance movement. It is also possible that viroid

particles are translocated while bound to some host

protein. For most viroid diseases the reservoir of

inoculum appears to be within the crop itself, raising the

question as to where they came from originally. A viroid

present in a natural host, possibly causing no disease,

might 
'escape' 

into a nearby susceptible commercial

crop and spread rapidly within it. Modern agricultural

practices, such as widespread monoculture ofgenetically

identical plants, and worldwide distribution ofplanting

material, have probably made possible the sudden

appearance and rapid spread ofnew viroid diseases. For

example, a study of HLVd in the UK suggests that the

current prevalence ofthis viroid in hops is a consequence

of infection becoming established in the hop propa-

gation system during the late I970s.

@Viroid detection and diagnosis
Serological tests are widely used for the detection and
diagnosis of viruses, but these cannot be used for viroids
as they are not immunogenic. Besides indicator plants,
biophysical techniques such as two-dimensional gel
electrophoresis, return gel electrophoresis, hybridization
and RT-PCR of nucleic acid extracts are used for more
rapid testing. Viroid identification can be difficult. In
the search for viroids and viroid-like RNAs in oil palms
from Central and South America affected by a fatal
yellowing disease, RNAs showing viroid-like gel-
electrophoretic properties were detected. However, the
presence of known viroids was excluded by hybridizatiori
experiments using viroid-specific probes and the use
of double-stranded RNA (dsRNA)-specific monoclonal
antibodies (which do not react with viroid RNA),
showed the oil palm RNAs to be dsRNA species and not
circular single-stranded ones. Furthermore, since the
same dsRNA pattern was found in extracts from healthy
as well as from diseased oil palms, it was concluded that
the dsRNAs were not associated with the disease.

ffi Viroid disease control
Disinfection of cutting tools is recommended to prevent

viroid transmission, especially in nursery production.

Heat treatment is effective in eliminating various

pathogens from infected plants, but usually not viroids.

rC

UC

However, cold treatment

can be effective, e.g.

storage at 4"C for 6

months or more. followed

by apical shoot-tip-culture

gnfting, can be used to

eliminate CSVd and

HLVd. Pre-inoculation

with protective mild

StfainS Of VirOid haS prOVed ffiffiLli+t6.+*if{ iilriiltl:i'i lt' i:r : : liiij*lg&ffi

effective to control PSTVd. It has also been shown that

l

interference occurs not only between strains of a
particular viroid but also between different viroids. In
experiments in which mild and severe strains of PSTVd
were inoculated to a host simultaneously, the severe
strain dominated and most plants developed severe
disease, even when the mild strain was in 1OO-fold excess
in the inoculum. In other experiments, PSTVd RNA
transcripts from a cloned PSTVd DNA were inoculated
together with HSVd RNA. PSTVd reduced the level of
HSVd RNA in infected plants. Plants inoculated with
dual transcripts - two copies of a severe PSTVd strain
linked to two of HSVd - developed PSTVd symptoms
and only PSTVd progeny RNA could be detected.
The molecular basis for this interference is not yet
understood.

@ Recombination between viroids
Nucleotide sequence data shows that it is highly
probable that recombination has taken place between
different viroids, presumably during replication in
mixed infections. For example, tomato apical stunt
viroid (TASVd) appears to be a recombinant viroid
comprised mostly of the sequence of a CEVd-like viroid
but with the T2 domain replaced by the equivalent
domain frcma PSTVd-like viroid. Australian grapevine
viroid (AGVd) appears to have originated by extensive
RNA recombination as its sequence can be divided into
regions each with high sequence similarity with parts of
CEVd, PSTVd, apple scar skin viroid (ASSVd) and
grapevine yellow speckle viroid (GYSVd).

@ Satelliteviruses and satellite RNAs
Purified virus preparations isolated from infected plants
may contain a variety of small RNAs other than the
genomic RNAs. In addition, some isolates of certain
plant viruses may also contain satellite viruses. The two
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ABOVE:
S*9. ". CEVd symptoms in a
crtrus species.
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RIGHT:
$$9" 4" HSVd symptoms in
Hunulus japonicus,
COU RTESY D BARBARA
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classes of agents can be

dist inguished according

to the source of the coat

protein encapsidat ing the

RNA and the s izes of  the

RNAs.  In  sa re l l i t e  v i ruses

the RNA encodes its own

coat protein whi ls t  smal l

satel l i te RNAs become

packaged in protein shells

made f rom coat  protein

of  the helper v i rus.  Also,

the RNAs in satel l i te

viruses have to be large

enough to encode the

coat protein as opposed

to the v i ro id- l ike s ize of

the satel l i te RNAs. L ike

viro ids,  satel l i te RNAs

may be responsible for

serious disease despite their

m in ima l  s i ze .  In  1972 ,

for  example,  a devastat ing

outbreak of a lethal

necrotic disease of field-grown tomatoes occurred in

the Alsace region of  France.  I t  was quickly real ized

that cucumber mosaic virus (CMV) was involved, but

it was not clear why necrosis occurred instead of the

usual fern-leaf symptoms. However, a small RNA

component was found to be present in some isolates

of  CMV in addi t ion to the three genomic RNAs and

the subgenomic coat protein mRNA, and this fifth

RNA was not part of the viral genome. The additional

smal l  RNA (cal led CARNAS) present in cul tures of

CMV strain S was found to cause lethal necrotic disease

in tomatoes when added to the CMV genomic RNAs

and its presence was thought to have been responsible

for the Alsace lethal necrotic disease. Similar recent

outbreaks in tomatoes in southern Italy have been

shown to be due to a necrogenic isolate of  CARNA5.

Conversely, some isolated types of CARNAT attenuate

symptoms in tomato and have been used in China for

pre-inoculation as protective mild strains for the control

ofCMV.

ffi Livingfossils?
Viroids and satell ite RNAs are of great interest

because they are the smallest and simplest replicating

molecules known and they may represent l iving fossils

of pre-cellular evolution. Phylogenetic analysis of their

nucleotide sequences indicates that viroids and satell ite

RNAs represent a monophyletic group, with all but

the two self-cleaving viroids forming one cluster

and the satell ite RNAs another. The two self-cleaving

viroids are phylogenetically distant from either cluster

and may fepresent ancestral forms. Site-directed muta-

genesis experiments indicate that viroids can evolve

extremely rapid ly in response to select ive pressures,

wi th f i t ter  components of  the quasi-species of ten

becoming dominant within days or weeks. This extreme

plast ic i ty  of  their  nucleot ide sequences establ ishes

viroids as the most rapidly evolving biological system

known.

O Dr Nicola Spence and Dr Dez Barbara are
research leaders in the Department of Plant
Pathology & Microbiology at Horticulture
Re search I nte rn ati o n al, We I I es bo Ir rn e,
WarwickCVSS 9EF.
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Viruses rulethew?uGS -
the smallest and most abundant
membens of marine ecosystems
Gunnar Bratbak & Mikal Heldal

In his authoritative book Marine Microbiology,
ZoBelI (1946) stated that '. . .since bacteriophage
is generally foand associated with large numbers

of rapidly multiplying bacteria, it is uery doub{ul if rbe

sparse bacterial popu/ation characteristic of the open ocean is

conduciue to the deuelopment 0r actiuity of bacteriopbage'.

ZoBel l 's  v iew on bacter ia in sea water was based on

the numbers obtained with plate counts (around 100-

1000 c. f .u.  ml- l )  and his reasoning concerning v i ruses

was logical, but in the late 1970s the total abundance of

bacteria in sea water was found to be 1000 times higher,

i.e. about 106 cells ml-l. The organisms are quite active,

growing at a rate of about one division per day. The basis

for ZoBelI's view on viruses was thus proved wrong

and we had to revise the general textbook wisdom that

viruses are unimportant in natural waters. \7e now know

that viruses outnumb er bacteria l:y a factor of 10, at

107  m1-1 .

By the end of the 1980s, when much data on bacterial

biomass and production and on protozoan grazinghad

accumulated, it appeared that bacterial production

and removal were not always in balance. This could have

been due to methodological inaccuracies, but it was also

possible that other removal mechanisms such as cell lysis

and viruses were involved. At this time centrifugation

was used to harvest bacteria directly onto electron

microscope grids for transmission electron microscopy
(TEM) analysis and we reasoned that if viruses were

present in significant numbers we could harvest them

too just by increasing the speed ofthe centrifuge. STith

some trial and error, and a wrecked ultracentrifuge rotor,

we came up with convincing electron microscope images

of nat ive v i rus communit ies (Fig.  1)  and quant i tat ive

results on the abundance ofviruses. r
Sfe did not discouer viruses in the sea and nor was the

'novel' 
method we invented for counting viruses actually

new. The presence of viruses, i.e. bacteriophages, in sea

l " : ' r :  i
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water has been known for a long time (at least since the

195 0s) and high abundance was also reported in I97 9.
Unfortunately for these early researchers, their findings

were not recognized and appreciated when published.

Our publication appeared at a time, 10 years ago, when

viruses f i t ted in as the last  (?)  p iece in the puzzle.  I t

provoked an immediate response. Publication in Nature

gave the story publicity and the high number (bil l ions

in a teaspoon of water!) of viruses (dangerous and

scary!) was considered newsworthy by the press. The

notion that virus activity essentially is a question of'sex

and crime'might also have been a factor in this interest.

At the time, we thought that rhe method we had

developed for counting viruses in the transmission

electron microscope was simple, elegant and new. Later

we became aware of no less than five papers published

between 1949 and 1986 describing procedures for

counting viruses by the same approach.

Counting viruses, was ofcourse nor enough, and in the

years after the 
'discovery' 

we and many other research

groups have worked to understand their ecological

significance. First of all, what we include in viral total

counts are not actually viruses but Virus-Like Particles
(VLPs), i.e. electron-dense particles with a hexagonal to

round shape and a diameter of 30-200 nm (Figs 2 and 3).
This d ist inct ion is  imporranr,  as there is  no way to

ascertain that each and every particle we observe in the

microscope really is a virus. They may in fact not be

viruses at aIl, they may be DNA blebs, ink particles from

squid, or some other particle of biological origin that has

not been described yet. On the other hand, we may miss a

lot ofviruses that are not hexagonal or round. In our TEM

preparations we sometimes observe rod-shaped and

filamentous particles that may well be viruses (Figs 3 and

4). but how can we tell?

One of the first questions we asked ourselves - what

do the viruses do in the ocean? - was in fact quite

naive. They obviously do

the same as they do in

cul tures,  i .e.  lyse cel ls  or

make them lysogenic. Like

other DN A-based ent i r ies,

they  s r rugg le  to  su rv i ve

and transfer their DNA

to  the  nex t  genera t ion  as

best  they can.  The basic

quest ions in microbia l

ecology - who, how many,

and how fast? - may sound

simple but they have never-

theless proved difficult to

answer and indeed this

has also been rhe case in

virus ecology. The effects

of viruses on population

dynamics ,  commun i t y

Some l0yearsago
a series of letters
was published in
Natureshowing

r l  I  I

tnat oacTenopnages
were both abundant
and active in natural
waters, These
reports boosted
research on
the ecological
s igni f icance of
viruses and the
f ie ld is now wel l
established as an
integral partof
aquatic microbial
ecology.

LEFT:
Ffg.  3 .  Ta i led bacter iophages
(arrows) from coastal sea water,
The wide range in  head d iameter
ind icates a  d iverse communi ty .
Other  s t ructures (ar rowhead)  may
perhaps re la te  to  f i lamentous
phages.  The par t ic les  were
harvested d i rect ly  onto n icke l  gr ids
(400 mesh)  by cent r i fugat ion
(200 000 g 30 min ) and negatirte-
stained with uranyl acetate (2 % in
water )  Bar  01 pm.
COURIESY M HELDAL AND G BRATBAK
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RIGHT (UPPIR) :
f l i i l ,  , f t .  Five bacteria
(arrowheads) at dif ferent stages
of  v i ra l  maturat ion and lys is
These v i rus par t ic les  may be more
di f f icu l t  to  recognize as v i ruses
compared wi th  the ta t led v i ruses rn
Fig  1  Note the var ia t ion in  s ize o f
v i rus  par t ic les  and in  numbers o f
par t ic les  per  ce l l  Preparat ion was
as descr ibed for  F ig .  1  but  the
sample was pos i t ive-s ta ined wi th
uranyl acetate Bar 0 5 pm.
COURTESY I\,1 HELDAL AND G BRATBAK

RIGHT (LOWER) :
I ' i11. l : l  ,  Algal virus (arrowheads)
and phages (ar rows)  in  a  coasta l
sea water  sample The thread- l ike
st ructures are presumably  f rom
Phaeocystissp (small arrows) but
a lo t  o f  par t ic les  o f  unknown
ident i ty  and or ig in  are a lso seen
Preparat ion as for  F ig  2  Bar  1  pm
COURTESY M HELDAT AND G BRATBAK

BELOW:
i t r : ,  * * .  TE[ /  image
demonst ra t ing the d ivers i ty  o f
par t ic les  that  may be found in
coasta l  seawater  The bacter ium
(b)  is  eas i ly  recognized but  what
are a l l  the round and f  i lamentous
par t ic les  in  the background?
Preparat ion as for  F ig  1  Bar ,1  pm
COURTESY [I HELDAL AND G BRATBAK

structure, diversity, nutrient flow, biogeochemical cycles

and climate arefar from obvious and the research requires

the combined effort of many disciplines.

Based on the simple observation that bacteria are the

most abundant possib le hosts in the sea,  i t  is  assumed

that most of the viruses are bacteriophages. The problem

with the bacter ia in th is context  is  their  general  lack

of morphological traits, which makes it diff icult to

distinguish one possible host population from another,

and that  less than I% of  them are easi ly  isolated and

cultured in the lab. Sfe thus know very litt le about

individual populations in mixed natural marine

phytoplankton blooms

may be terminated,  and

the succession dr iven,  by

viral infections.
\What controls viral

activity in natural waters

is st i l l  a  matter  of  debate.

Some experiments indicate

that  the major i ty  of  v i ruses

are produced as a conse-

quence of  a ly t ic  infect ion.

The r^te of virus pro-

duct ion wi l l  thus be

controlled by the abun-

dance of  hosts mul t ip l ied

by the abundance ofvirus.

The alternative is that the

host  is  lysogenic,  or

somehow ca r r i es  the  v i rus

o r  the  v i rus  genome in

an inact ivated stage.  This

hypothesis would explain

how the v i rus 
'surv ives '

when the host population is gone, where it comes from

when the host population returns and how the host

population protects itself from being exterminated by

the v i rus.  Our guess is  that  both strategies and al l

possible intermediates are used by different populations

in the bacterial community. If we look for lytic infection

we will f ind it and if we look for lysogeny we will f ind

that too. N7hat is important is the question of timescale

and the nexus of cause and effect, and thus the

exper imen ta ldes ign .

Population growth in natural environments is

controlled and limited by food supply and by predation.

communit ies.  \7hat  we

know is mainly based on

the use of molecular

methods and ribosomal

RNA analysis. N7e have

just begun to unravel

the divers i ty  of  bacter ia l

communit ies and the

distribution and dynamics

of individual bacterial

populat ions.  I t  has there-

fore been difficult to

demonstrate how vi ruses

affect native bacterial

populations in natural

environments. Some phyto-

p lank ron  spec ies  a re ,  i n

contrast, easily recognized

by trained taxonomists

and several studies have

now demonstrated that
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These factors may be

selective but they are not

specific because they to

some degree affect all

organisms in the

community, depending on
the properties of the

organisms involved. Those

with high nutrient affinity

and high growth efficiency

may, for example, perform

be t te r  under  nu t r i en t

l imi tat ion than others.

Very small, very long

and very large cells may

experience less grazing

pf es suf e than av e ta ge- si zed

cells. The population

contro l  exerted by v i ruses

is very different. Viruses are population-specific and by
attacking one single population (i.e. the host) they make
life easier for competing populations, which of course
also may have their viruses. Thus, food limitation and
predation selects for those that are able to cope with
given environmental conditions, i.e. those that are most
fit. The rate of virus infection depends on host-cell
abundance and virus replication requires actively
growing cells. Successful populations with active and
abundant cells are thus more vulnerable to viral infection
than those which are small or inactive. Food limitation
and predation selects the winner - and the viruses kill
thewinner(Fig.  ) ) .

The most frequently cited figures suggesr that 20-
30% of  bacter ia l  product ion and 2- IO% of  phyto-
plankton primary production is channelled through 'the

viral shunt' in the microbial food web. Cell lysis implies
that organic material is lost from the grazingfood chain,
where the organisms depend on particulate food, and
becomes available to bacteria thriving on dissolved
organic material and nutrients. The net effect of this is
increased nutrienr recycling and respiratory loss of
organic carbon in the lower parts of the food chain. As a
quantitative significanr process, viral activity does have
direct implications for the carbon budget of the ocean,
and hence for the global climate. Moreover, virus
infection in algae has been found ro cause increased
production of dimethylsulfoniopropionate (DMSP) and
dimethylsulphide (DMS). \7hen DMS escapes to the
atmosphere it causes increased cloud formation, which in
turn affects global radiation and thus global warming. If
this was not enough, DMS also causes acid rain.

S7e all have viruses and know what they do to us; we
try to avoid them and have doctors ro cure us. \(/e know
that bacteria and algaehave their pests. There are also
a few other examples of the ecological significance of
viruses in the sea that have attracted public attention. In

1 988-89 a morbill ivirus epizootic kil led > 1 8,000 seals
around the North Sea and in 1990 hundreds of dolphins
died of the same virus in the Mediterranean. Diseases
caused by viruses like ISAV and IPNV caused significant
economic loss in salmon farms before efficient vaccines
became available. The obvious question then is what
about all the orher creatures in the sea - herring,
mackerel, cod, anchovies, whales, etc. ? Can food limit-
ation, predation, fishing and hunting really explain all
the large fluctuations in population density that have
been observed for these species? They all have viruses and
it is tempting ro suggesr that virus infection may play
some role in controlling their lives.

, O Professor Gunnar Bratbakand SeniorScienfisf
Mikal Heldalwork in the Aquatic Microbial Ecology
Group, Department of Microbiology, University of
Bergen, Jahnebakken 5, N-SO2O Bergen, Norway.
Tel. +47 55 58 26 58; Fax +47 55 58 96 71 ;
e m ai I g u n n ar. b ratbak@i m. u i b. n o (G. B ratbak)
TeL+47 5558 4675;Fax*47 5558 9671;
emai I m i kaL heH al @i ml i bn o (U. U eUaD

LEFT:
f i ig .  $ .  B looms of  the mar ine
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Astrobiology
Forum defines
astrobiology as
the'formation,
evolution and
adaptation of life rn
a planetary and
stellarcontexti Don
Cowan and Monica
Grady describe
current th ink ing on
extra-te rrestri al I ife,

ln search of a second evolutionary
experiment
Don Cowan & MonicaGrady

Exobiology (l ife on other planets, now

generally termed 
'astrobiology') 

is a subject of

intense interest and speculation, particularly in

the public domain, with some of the most fundamental

questions of science - how did life evolve, what other

forms might life take and'are we alone'? Such questions

have long stimulated scientif ic minds, not to mention

those of science-fiction writers, the media and the fi lm

industry.  But  despi te our preoccupat ion wi th the

sub ject, we still have little understanding of the answers.

For example, the molecular and energetic processes

linking prebiotic chemicals and the first simple

replicating cell are subject to a number of hypotheses,

but l itt le experimental verification. Such studies are

limited by two fundamental problems: we have access

to  on ly  a  s ing le  evo lu t i ona ry  exper imen t .  i . e .  ou r  own ,

and the starting conditions were fixed 4'16 x 109 years

ago, leaving litt le ifany physical evidence ofthe process.

An ability to access and investigate a second evolutionary

experiment, as we might find on a neighbouring planet,

would be a major breakthrough in our understanding

of the development of molecularprocesses and structures

in our own evolution. Are there, for example, thermo-

dynamic imperat ives in the molecular  basis of  l iv ing

systems, and will alternative evolutionary pathways have

employed similar structures and processes in evolving

key systems such as energy capture, compartment-

ahzationand i nformation storage ?

ffi Mars,Viking and meteorites
Following the unsuccessful attempts in the late 1970s by
the Vik ing missions to ident i fy  l i fe on the Mart ian

surface, interest in astrobiology waned, at least amongst

the scientific community. However, analyses of Martian

meteorites have added impetus to the resurgence of

interest  in astrobio logy.  A col lect ion of  17 now exists,

many of which have been collected from glacial surfaces

in Antarct ica (Fig.  1) .  The Mart ian or ig in of  these

meteorites has been deduced partly from their young

crystall ization ages (implying planetary, rather than

asteroidal origin) and also from the presence ofgas inside

that  has the same elemental  and isotopic composi t ion

as Mars' atmosphere (as measured by the Viking

landers in 1976). The observation that at least one

of the Mart ian meteor i tes,  EETA79001, contained

indigenous,  i .e.  Mart ian,  organic mater ia l  associated

with carbonate minerals sparked discussion on the

possib i l i ty  of  the meteor i tes contain ing evidence for

extraterrestrial life.

The debate was reactivated in 1996 with the

announcement that possible evidence of past l ife had

been discovered in the Martian meteorite ALH 84001 . A

team of  sc ient is ts,  led by David McKay of  NASAs

Johnson Space Centre in Houston, described nanometre-

sized features within carbonate patches in ALH 84001

and claimed to have found evidence for a primitive
'fossil ized 

Martian biota'. Identification of the features

remains controvers ia l ,  s ince much of  the evidence is

circumstantial and relies on the coincidence between

a number of otherwise unrelated characteristics of

the meteorite (the occuffence of carbonates, organic

compounds and magnet i te associated wi th the

carbonates). The most compelling 
'observation', 

though

not the most compelling scientific evidence, was NASAs

electron microscopic image of a putative microfossil

(FiS. 2). The features, however, are smaller by about

two orders of magnitude than most common micro-

organisms known on Earth. Subsequent investigation

has revealed that nanobacteria might be more prevalent

than previously anticipated and nanometre-sized organ-

isms have been isolated from terrestrial sedimentary

rocks. Even so, many doubts still arise as to the validity of

interpreting morpholo gical data as fossil nanobacteria,

especially given that the environment and mode of

formation of the host of the features in ALH 84001, the

carbonates, are riot fully understood. Current thinking is

that the carbonates were produced at the surface of Mars
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in a region of restricted water flow, such as an evaporating

pool of brine. This hypothesis satisfactorily accounts for

the chemic al and isotopic characteristics of the carbon-

ates and is also a mechanism compatible with an environ-

ment in which micro-organisms might survive.

The debate over interpretation of the features

continues, with definitive clarif ication probably depend-

ent on recovery of new Martian meteorite samples, or

the acquisition of appropriate material directly from

a planetary source. Fortunately, there is an active

programme of meteorite collection in Antarctic and

other deserts, although a very small proportion of

meteor i tes col lected arc of  Mart ian or ig in.  NASA
'sample 

return' missions to Mars and elsewhere are

scheduled for 2008 and beyond. So, with this material

available, what technologies could be best applied in

the search for evidence of l ife? The answers differ,

depending on whether the target is evidence of fossil

or extant l ife. Numerous chemical signatures are

accepted as fossil biomarkers, including polyaromatic

hydrocarbons, hopanes, terpenoids, etc. Here we focus

on methods applicable to the detection of extant l ife or

life processes, such as might be applied to new meteorite

samples or incorporated in a planetary lander puckugl.

One maior caveat must be borne in mind when con-

sidering measurement of organic materials on planetary

surfaces: to date, no organics have yet been detected, let

alone have isotopic, chiral or molecular systematics been

determined.

ffi Panspermaa?
Several groups of meteorites contain abundant carbon,

up to several weight percent in the types classified as

carbonaceous chondrites, in which it mainly occurs

as organic material. There is currently no general belief

that  th is organic matter  is  b iogenic in or ig in -  i t  is

understood to be built up from simple carbon-bearing

molecules, first in the interstellar medium, subsequently

through processing on asteroidal parents. Comets are

also rich in organic molecules and bombardment by

comets and asteroids is a favoured possible mechanism

by which the Earth was seeded with the starting

materials necessary for l ife to arise. The addition to the

Earth of a late-stage veneer of organic material by

bombardment is very

different from the transfer

of biological material

wi th in the Solar  System

via cometary or asteroidal

transport. Thus far, there

is no evidence for viable

biological material in

meteor i tes,  but  the possi-

b i l i t i es  o f i t s  re ten t ion  in

meteoritic samples cannor

be completely discounted. The hypothesis, promoted

under the popular tit le of 
'panspermia', 

has attracted

considerable public and scientific notoriety, not least

because of some of the more dramatic predictions of its

consequences. If the three phases of 
'panspermic' 

transfer
(e ject ion,  interplanetary t ransport  and col l is ion) are

considered, the survival of l iving micro-organisms is

at least hypothetically possible. Ejecta from major

asteroid impacts are exposed to temperatures of a

few thousand degrees for periods ofonly seconds before

being exposed to the near-absolute-zero temperatufes

of space. The low thermal conductivity of most rock

types would effectively protect all but the outer layer

of the ejected body from significant heating. Survival

of biological mateilal during interplanetary (or inter-

stellar) transport is an issue of molecular (in)stability,

particularly with respect to the deleterious effects of

chemical degradation and intrinsic and cosmic radiation

damage. Biological material is also exposed to extremely

low temperatures and total desiccation, over very long

periods. \7hile molecular stability over such extended

periods might seem unlikely, recent reports of viable

bacterial spores being recovered from ancient salt

deposi ts and I .25 mi l l ion-year-old Antarct ic  ice cores

suggest a lower (but not an upper) l imit of microbial

survival.

Finally, before a mereorire arrives at the Earth's

surface, it must undergo the energetic processes of entry

through the atmospheric layers and impact. Entry

heating, caused by friction, melts the outermost layer of

the meteoroid; the molten rock is carried away, back

along the entry trajectory. Continued passage through

the atmosphere melts successive outer surfaces, but the

rapid removal of melt from the meteoroid prevents rhe

inner regions from becoming hot. Eventually, friction

decelerates the meteoroid such that its speed is no longer

sufficient to cause melting and the surface cools. Thus

meteorites are cool when they land and any organic

material in the interior will be intact and unaltered by

entry heating. Although there is no evidence of biogenic

material in meteorites, recognition of meteorites from

the Moon and Mars has re-opened the possibil ity of

interplanetary cross-contamination by material ejected

from planetary surfaces by impact.

FAR LIFT:
S*9.  t  .  Antarc t ic  g lac iers  -
co l lec t ion po in ts  for  meteor i tes
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LEFT:
$*g$" tr.  Putat ive microfossi ls in
mart ian meteorites as re\/ealed by
e lect ron microscopy
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RI G HT:
I . i The Dry Valleys of
Antarctica
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Biomarker

I Metabolic activity

lCatalyticactivity

I Biochemical intermediate

I Biological polymers

Target

C02 release from glucose

C02 fixation

Enzymefunction

AlP

Nucleic acids

Lipid

Assaysystem
Radiolabelling

Radiolabelling
Various
Bioluminescence
Spectroscopic
Catalytic (e,9. PCR)

Spectroscopic

Spectroscopic

# What is' l i fe'?
Any analytical method designed to identify 

' l i fe',

whether applied to meteorites or Martian 
'soil' 

samples,

must take account of the possible differences in the

molecular answers to fundamental questions in an

alternative evolution. For example, the selection of ATP

as a biomarker, appropriate on Earth because of the

central function of this molecule as an energy carrier,

ignores the possibility that analternative nucleotide, a

different phosphate derivative, or a different molecular

structure altogether may act as a core energy transducer

in an alternative evolution. Exactly how 
'l ife'should 

be

defined has been a matter of scientific and philosophical

debate over a period of centuries. Definitions such as 
'an

energy-consumi ng, self-replicati ng system' suffer from

the Iimitation that they can be successfully applied to

obviously non-biological entit ies, such as fire!

One of the apparently fundamental properties of

biological systems on Earth is symmetry. At least at the

level of higher organisms, symmetry tnat least one plane

seems to be an evolutionary theme. \fhile less obvious at

the microbial level, structural symmetry is still evident,

as seen in bacter ia l  coccoid,  baci l lo id and spir i l lo id

cellular morphologies. The impact of the ALH 84001
'microfossi l 'on 

the publ ic  and scient i f ic  consciousness

may have been due largely to our instinctive association

of l ife with symmetry. However, any assay system

designed to detect symmetry in the context of 
'life' 

must

be capable of excluding those non-biological forms,

such as crystals, which exhibit a symmetrical form.

Conversely, molecular asymmetry has been proposed

as a useful biomarker. The selective use of chiral building

blocks ( i .e.  D-sugars and L-amino acids)  in b io logical

systems potentially proyides a mechanism for either

remote or in situ identification of a putative biology.

As always, such analyses incorporate an assumption

of universality, although

there are good theoretical

grounds for  suggest ing

that biological systems

will tend to employ one,

but  not  both,  chira l

forms of  rhe monomeric

precursors of important

polymers. For example, a

catalytic system capable of

using both chiral forms

of a molecule must e i ther

possess low specificity or must
form, both alternatives being
dynamic efficiency.

be duplicated for each
of low global thermo-

*$ Biomarkers
The selection of any molecular biomarker incorporates

the assumptions discussed above. However, this apart, a

huge range of biomarker options exist. Table 1 shows

some of the 
'appropriate' 

targets and assay systems. Each

has strengths and weaknesses, depending on the site of

assay. For example, for remote planetary investigations

( i .e.  unmanned landers)  miniatur izat ion,  sample

handling and power requirements are major constraints

for the development of spectroscopic technologies.

Similar constraints apply to assays requiring liquid

handling (such as enzyme or polynucleotide assays).

However, leading-edge developments in many

technological areas (such as polymer imprint detection

systems) may dramatically change the feasibility of such

analyses. Many of these limitations are automatically

removed in the event of 
'sample 

return'and ultra-high

str ingency handl ing faci l i t ies designed to avoid b i -

directional contamination are in the planning stages

both in the US and in Europe.

liable 1. Biomarkeru, tatgets and assay systems

Aduantages

Facile experiment very high setrsitirlity

Su g ge$s autotrophic metabolism

Multi-enzyme array assays are feasible

Universality?

High sensitivity

A positive resultwould be unequivocal

Diagno$ic signals for some lipid
derivatives (e,9, using Raman spectroscopy)

Diagnostic signals at many warlelengths

[imitations

Non-biological catalysis
Heterotrophic metabolism

Non-biological processes

High specificity of many enzyntss

Liquid handling reqtl ired

High background

Liquid handling, extremely specific,
very st]bject to contamination

[asily applicable only t0 aromatic
molecules
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6l' lsotope techniques
Possibly one of  the most d iagnost ic  of  techniques for

the identification of biological processes is the detection

of isotopic fractionation between components within a

system. Abiotic systems, where fractionations are based

on well understood chemical and physical reactions, tend

towards equi l ibr ium. In contrast ,  b io logical  systems

tend to be out of equilibrium. The carbon cycle on Earth

encompasses components within the atmosphere (CO2,

CO), biosphere (organic compounds), hydrosphere

(carbonate and bicarbonate anions) and lithosphere

(carbonate and calcium-sil icate rocks). Measurement of

the isotopic composition of carbon from different

components has enabled modelling of the extent of

biomass turnover through sediment recycling during

tectonic processes.  Measurement of  the end-member

compositions of analogous materials on Mars is intended

to enable the construction of an equivalent carbon

cycle;  detect ion of  b io logical  s ignatures wi th in such a

framework is then entirely possible.

# Astrobiology today
In anticipation of the arrival of samples from the

Martian or Europan sub-surface, what are the world's

astrobiologists doing at present? Contrary to the opinion

that'astrobiology is the one suhject wbere scientists haae nothing

to uork 0n' , there afe numerous avenues for research and

technological development. These include (to name but

a few) the modelling of Earth's early molecular

evolutionary pathway, the development of new spectro-

scopic technologies for identification of biological

molecules and the study of organisms inhabiting the

most extreme biotopes on this planet as a means of

understanding the range of environments which might

be targeted on other planets. STith respect to the latter,

the world's deep-sea hydrothermal vents have yielded

hyperthermophilic chemoautotrophs which may best

reflect the earliest forms of life on this planet. Similarly,

the deep subterranean biosphere and the cold deserts

and ice-covered lakes of Antarctica (Fig. J) arc the best

available analogues of possible microbiological habitats

on Mars and Europa. Such sites are vital in the develop-

ment and testing of chemistries and technologies which

will eventually be applied

to the discovery of l ife on

other planets.

There is a resurgence of

interest in the many facets

of  astrobio logy in the UK.

The recent ly  establ ished

UK Astrobiology Network

(http : //ast. star. rl. ac. uk/astro

bio logyipanel / )  has a remit

ro promote col laborar ive

astrobiology research in the

UK and has been assured by the UK Research Councils

that research grant applications in this field will receive

a fair hearing. There are now active centres of astro-

biological research in the Universities of Bradford,

Portsmouth,  Kent,  the Open Univers i ty ,  Univers i ty

College London, the British Antarctic Survey and the

Natural History Museum.
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Mobi le genes and
transposons are
found widely in
nature, This article
looks at prokaryotic
transposons and
their potential
exploitation by
microbiolog ists,

Mobilegenes
N icholas West & Ch ristoph Tang

Around 7 0 years ago the first observations were

made regarding the existence ofgenes that gave

r ise to an increase in spontaneous mutat ion

frequencies at  other loc i .  These genes were or ig inal ly

descr ibed as 
'mutat ion genes' .  In the late 1940s,

BarbaraMcClintock, through her now famous genetic

exper iments wi th corn,  coined the phrase 
'contro l l ing

elements' to describe segments of DNA that could not

only a l ter  gene act iv i ty  but  were also mobi le in the

genome. These'controll ing elements'are now known as

transposable elements due to their abil ity to 
'transpose'

f rom one s i te to another.  I t  is  now recognized that

transposable elements are prevalent throughout nature,

being common in bacteria, plants and animals, including

mammals.  Transposons are part icular ly  interest ing

forms of transposable elements due to their widespread

distribution in nature and the extensive applications for

which they have been adapted within the laboratory.

There are two general types ofprokaryotic transposon,

composi te and non-composi te.  Br ief ly ,  composi te

transposons,  such asTnl0,  consist  of  a centra l  e lement,

which includes several genes that may confer resistance

to antibiotics. This DNA fragment is mobilized through

the activity of a transposase encoded within the insertion

sequences f lanking the element.  Insert ion sequences

have short inverted repeats at either end that act as the

recogni t ion s i te for  the t ransposase, leading to the

excis ion of  the complete uni t .  Non-composi te t rans-

posons, such as TnJ, do not have insertion sequences at

their  extremit ies but  s imply have the inverted repeats

necessary for recognition by the transposase. All the

act iv i t ies required for  t ransposi t ion,  inc luding the

transposase and resolvase, are encoded by sequences in

the central region.

This article covers the role of transposons in adaptive

evolution and the practical applications oftransposons,

including some recent developments which i l lustrate

the flexibil ity and versatil ity of this type of transposable

element.

:1ij" Transposons in nature
\Whole bacter ia l  genome sequencing projects have

emphasized the widespread distribution of transposons

in microbes. Even archaea and thermophilic bacteria,

such as Therntotoga naritinn, contain multiple copies of

sequences re lated to t ransposable elements.  In the

human pathogen Neisseria meningitidis over )0 potential

transposable elements belonging to two major families,

IS107 6 and ISJ0,  have been ident i f ied in the genome

sequence. Furthermore, approximately 40 % of the

human genome is composed of  retrotransposons,

elements that  ut i l ize an RNA intermediate dur ing

mobilization. However, the contribution of transposons

to adaptive evolution remains uncertain.

For intergenomic events, there are specific examples

ofthe role oftransposons in the spread ofbeneficial traits

wi th in bacter ia l  populat ions.  The best  known is the

emergence of  ant imicrobia l  resistance.  The advent of

mul t i resistant  bacter ia that  are obl iv ious to most

available antimicrobial interventions has become a major

publ ic  heal th problem. Many of  the genes responsible

for resistance are carried on transposable elements,

which have facil itated the transfer of resistance from

commensals to pathogens.  For example,  vancomycin-

resistant Enterococcus faeciuru, which is now prevalent in

hospi ta ls throughout developed countr ies,  acquired

resistance to this antibiotic onTn1546. Transposons are

in fact the predominant source of antibiotic resistance,

being transferred across bacterial species and even

genefa.

Other examples of horizontal transfer between

different species or genera further demonstrate how this

type of gene'sharing'can develop bacterial populations.

For instance,  the acquis i t ion of  certa in genes,  such

as resistance to environmental  metal  ions,  would

subsequent ly equip the organism to explo i t  a new

and previously unat ta inable environmental  n iche.

Furthermore,  due to the introduct ion of  organic

hydrocarbons into the environment, bacteria have

developed mechanisms for  the catabol ism of  many of

these pollutants. The genes responsible for catabolism

have been largely found on transposons. Elements

have been ident i f ied wi th the capabi l i t ies to degrade

chlorobenzoate, chlorobenzene, toluene, benzene, nylon

ol igomers and naphthalene,  thus i l lustrat ing how

naturally developed transposons may play a role in the

bioremediation of environments that have become

polluted.

Transposons have not only been responsible for the

spread of characteristics directly related to survival,

but  they have also been impl icated in the evolut ion of

disease-causing bacteria. A feature of enteric pathogens,

including Eschericbia coli and Salmonella spp., is the

presence of  large genet ic e lements (of ten in excess of

10 kb) that are vital for their abil ity to infl ict damage

on their  hosts.  These so-cal led 
'pathogenic i ty  is lands'

are often bounded by insertion sequeflces, indicating

that  they were or ig inal ly  acquired by a t ransposi t ion

event. The implication is that transposons have caused

quantum leaps in the evolution of virulence among

bacterial species.

Furthermore wi th in a populat ion of  cel ls  der ived

from a single bacterium, transposition events mediate

genotypic var iat ion through intragenomic recomb-

ination, resulting in the appearance of new phenotypic

tra i ts  on which select ion can operate.  For instance,  i t

has been shown that expression of capsular poly-

saccharide, a structure required during pathogenesis by

N, meningitidis, can be switched off by the insertion

of  an IS1016 element upstream of  genes encoding

biosynthetic steps. A further example of the importance

of int ragenomic events is  phase var iat ion of  f imbr ia l



expression in Salrnonella

typhi mu ri u m. The bacteri um

expfesses one of two

fl.agellar types, type 1 or

type 2. The genetic basis

of switching between

these types involves the

reversible inversion of the

H in  e lemen t  (H  an t igen

inversion) upstream of

genes encoding type 2

fl,ageLIae and a repressor of

type I flagellar biogenesis.

In one or ientat ion,  the promoter e lement wi th in Hin

activates transcription oftype 2 biosynthetic genes. In

the opposite orientation, the type 2 genes and the

repressor are not expressed, allowing the synthesis of

type I genes.

Although there are other specific examples of

transposition events causing phenotypic variation, the

overall contribution of transposon and insertion

sequences to microbial evolution is uncertain. There are

two opposing v iews. The 
'select ion 

hypothesis '  holds

that genetic flexibility and variability confer long-term

fitness benefits to microbes, and this is the reason for the

prevalence of transposons. There is some direct, albeit

l imited, experimental evidence supporting this theory

from studies of the growth of E. coli in chemostat

cultures. Strains containing the transposon Tn10 have a

competitive advantage over isogenic strains without

Tnl0;this fitness gain is lost when Tnl0 is deleted from

the bacterium. Some argue that evolution is blind to the

future and that long-term views on benefits are far more

important in the minds ofevolutionary biologists than in

nature itself. They suggest that transposons exist purely

as selfish genetic elements rather than as symbionts in

the bacterial cell. The truth probably l ies somewhere

between these divergent views; many transposons may

well act solely as passengers in bacteda while others

enhance the survival of the cells in which they exist.

ffiTransposons in the laboratory
Researchers have long used the natural properties of

transposons and adapted them as incredibly versatile

tools for the genetic analysis of bacteria. Principally,

transposons have been used as insertional mutagens,

which may include the construction of l ibraries of

strains, each carrying a single transposon at a different

location. The libraries can then be analysed for mutants

with the desired phenotype and the affected gene(s) can

be easily identified for further study by the presence of

the transposon.

Natural transposons have several l imitations when

used in the laboratory. First, they are usually large

elements that are difficult to manipulate, and second,

they tend to be unstable and move to other'locations. To

prevent these problems, mini-transposons have been

developed. These lack the resolvase gene, which is

required for the recombinational events of transposition,

improving their stabil ity. This also allows a significant

reduction in size, making them much more user-

friendly. Transposons have now been developed for

generating both reporter fusions, to monitor levels of

expression of genes, and to identify gene products which

are translocated to the cell surface. Transposons have

also been used to generate large-scale genetic maps by

introducing recognition sites for infrequently cutting

restriction enzymes. However, this approach is rapidly

becoming obsolete given the use of shotgun cloning for

whole genome sequencing projecrs.

@ Recent developments in tra nsposons
A major drawback of using mutant l ibraries was that

each mutant had to be screened individually. Therefore,

researchers were limited to analysing large libraries of

mutants in simple assays. Signature-tagged muta-

genesis (STM) was devised to overcome this (Fig. 1). In

STM, each mutant is marked with a unique 40 bp

DNA sequence identifier, so that it can be readily

distinguished. Mutants can therefore be analysed in

pools containing many individual mutants, allowing

high-throughput screening of l ibraries in complex

assays. STM has been mainly used to study the

pathogenetic mechanisms of Gram-negative and Gram-

positive bacteria, and fungi in animal models of disease.

The results have provided unexpected insights into the

genetic basis of disease and the environments that

bacteria encounter during pathogenesis. For instance

work on S. typhimurium led to the discovery of a

previously unidentified genetic region containing

clusters ofgenes required for pathogenesis. STM and

similar methods do not have to be restricted to use in

studies on pathogenesis; they can also be adapted to

high-throughput analysis of gene function within the

laboratory.

Conventional transposons are usually delivered

into the organism of interest where they excise from a

donor plasmid into the chromosome. For a number of

microbes, this approach is not effective. Recendy, in

ABOVE:
S tg "  t .  I n  S IM  an  i nse r t i ona l
mutagen ( t ransposon)  is  modi f ied
by incorporatiorr of DNA signature
tags A co l lec t ion o f  d i f ferent
insert ional mLltants of a bacterial
path0gen each carry ing a d i f ferent
tag is  assembled in  a  microt i t re
d ish The mutants  are pooled and
used as the inocu lum for  an
appropr ia te  an imal  model  o f
in fect ion Fo l lowing in fect ion,
bacter ia  are recovered f rom the
host  and the un ique DNA tags are
ampl i f ied a longs ide those present
i n  t he  i n i t i a l  i nocu lum us ing
pr imers that  anneal  to  invar iant
seq l jences f lank ing the tags The
product of the PCR is then utilized
to probe nylon membranes carrying
DNA f rom the mutants  in  the
inoculum An av i ru lent  mLl tant  is
ident i f ied by the ia i lu re  to  y ie ld  a
s igna lon  t he  membrane  hyb r i d i zed
t,vi th the tags recovered from the
an ima l
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uitro mttagenesis has been successfully employed to

previously intractable bacteria.In this method genomic

DNAfrom thehost bacterium is modified by combining

it in uitro with a transposon along with its purified

cognate transposase. The DNA is then returned to the

host by transformation. The main constraint on this

approach is that to be successful, the host bacterium

must be transformable. A number of systems for in uifuo

mutagenesis are available, including Tn7, Tnl0 and

mariner, and these have been applied to a variety of

micro-organisms, i ncluding H aerrtop b i I us infl uenz ae, N.

meningitidis and C ampy lobacter jej uni.

ln uitro mutagenesis has been adapted to identify

essential genes. Proof-in-principle for this method was

demonstrated in work on H, influenzae.Large fragments

ofgenomic DNA were amplified by PCR, then subjected

to in uifuo mutagenesis. The modified products were then

returned to the host by transformation. 
'Essential'genes

were identified by comparing the profile of insertions in

the PCR products with insertions in the bacterium. This

allows a systematic analysis of essential genes in

transformabie bacteriai pathogens which may be useful

for drug development, and if surface-located, for vaccine

development.

ffi Futuredirections
One of the major challenges facing microbiologists is

how to exploit the wealth of information from whole

genome sequencing. A striking feature is the large

proportion of genes of unknown function. Some of these

genes are conserved across genera, suggesting that they

have important functions which have so far eluded

researchers. There is now an urgent need for systematic

analysis of gene function and central to this is the

construction of ordered libraries of mutants which

contain strains with deietions in each and every gene. So

far, transposons have been used for making libraries of

random mutants, but now they must be adapted to

constructing ordered libraries that will allow large-scale

and truly comprehensive analyses ofgene function.

O Dr NicholasWest is a postdoctoral research
fellow (TeL Ol 865 221 O73; Fax 01 865 220479;
e m ai I n i ch o I as. west@paed i atri cs. oxf o rd. ac. u k)
and Dr Christoph Tang is an M RC Clinician
Scienfisf ffeL01 865 221 072; Fax O1 865
2 2 0 47 9 ; e m ai I ch r i sto p h.ta n g @ p ae d i at r i cs. oxf o rd.
ac.uk) in the Department of Paediatrics, University
of Oxford, John Radcliffe Hospita[ Oxford
OXs gDU.
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Nanobacteria are
vervsmal l  cel lu lar
forms which seem
to be closely l inked
with the formation
of geological strata,
Do they really exist?
lf so, their impact on
our understanding
of l iving systems is
potentially huge.

Nanobacteria: gold mine or
minefield of intellectual enquiry?
Allan Hamilton

Amongst microbiologists and molecular

biologists there is a general consensus that the

minimal size for indeoendent viable life forms

is likely to be a coccus of approximately 0'2 pm diameter

wi th a volume of  0 '06 pmJ. Perhaps not  ent i re ly

coincidentally, this equates closely with the limits of the

optical microscope and with the pore size of so-called

ster i l izat ion f i l ters,  a l though i t  is  a lso supported by

various theoretical calculations of the minimal space

required to accommodate the essential components of

cellular life, as we currently understand them.

Nonetheless, from time to time there have appeared

feports of various mini-forms such as granules, inclusion

bodies,  minicel ls  and ul t ramicrobacter ia.  \With the

probable exception of ultramicrobacteria, these various

mini-forms have not been extensively characterized,

although they generally appear to be associated with

conditions of stress and/or infection of higher organisms.

The recent emefgence of so-called nanobacteria, however,

has dramatically re-opened the debate as to the minimal

size for viable life forms and brought an urgency to

research activity in subject areas as apparently diverse as

infectious diseases of humans, microbiology of the deep

subsurface and the origins of life.

This is a field as yet more associated with unanswered

questions than with firm data and definite conclusions,

but it is not a field lacking in strong characters and

audacious claims. If even some of the latter can be

substantiated then we are indeed sitting on a gold mine

of intellectual enquiry, albeit one currently guarded

by something of  a minef ie ld of  c i rcumstant ia l  and

uncorroborated findings.

To progress further, we must find the answers to

questions that can be set at three different levels of

enquiry,  of  increasing cJ-plexi ty  and of  widening

relevance.

\7hat are the characteristics used to define nano-

bacteria?

\7hat do we know and what remains to be determined

to establish their biological nature?

\fhat roles, if any, do they play in human disease,

biomineralization and geological evolution, and the

origins of l ife on this and otherplanets?

Cha racteristics a nd ha bitats
The major property used in characterizing the various

mini-forms, i.e. size, is notoriously difficult to establish

with any accuracy and free of artefactual distortion with

objects in the 1 pm and less range. It is always possible,

therefore, that either a single name can be used to

identify two or more phenomena, or that the same basic

structure can be given two names depending on the

conditions of its discovery. Something of the latter may

be the case with the terms ultramicrobacteria and

nanobacteria. Ultramicrobacteria have been described as

resting cellular l ife forms, of 0'3 pm diameter, derived

from marine bacteria in response to stress, notably

starvation. On nutrient supplementation, normal cell

s ize and growth are re-establ ished.  More recent ly  Jan
Gottschal has proposed that ultramicrobacteria are

naturally occurring organisms, again primarily found in

the marine environment, which have a marked survival

capacity, grow extremely slowly and retain their small

size. \With the exception of their larger dimension, this

description of ultramicrobacteria fits closely with what

is envisaged for nanobacteria. At this stage of our

understanding,  therefore,  i t  might  be best  to consider

the terms as synonymous.

The undoubted champion of nanobacteria (except that

he prefers the spelling nannobacteria) is Robert Folk, a

distinguished sedimentary geologist from Austin, Texas.

Using techniques of  acid etching and gent le gold

shadowing, Folk has demonstrated the presence of tiny

spherical structures (in the size range 0'05-0'2 prm) in

an extensiye array of  geological  mater ia ls.  He has

hypothesized that these are microfossils of previously

active nanobacteria and that their activities were central

to the actual formation of the geological strata in

question. Folk has further claimed that evidence for

extant nanobacteria is to be found in such diverse

environmental samples as tap water and decaying leaves.

These data have been published largely in journals and

conference proceedings within the geological l iterature,

and Folk has not yet found a particularly receptive

audience within the microbiological community.

Potentially a major advance in this last regard came

with a publication in Proc Natl Acad Sci in 7998 by the

Finnish group of Kajander & Ciftcioglu. The authors

demonstrated nanobacterial forms in human and cow

blood, and in commercial cell culture media. They were

able to grow these nanobacteria in normal culture media

and to show that the cells laid down deposits of biogenic

apat i te on their  cel l  envelope.  Kajander & Ci f tc ioglu

proposed on the basis ofthese data that nanobacteria are

common organisms within the animal body and may be

ul t imately responsible for  condi t ions such as t issue

calcification and kidney stones. Further, they extracted

165 rRNA from their nanobacteria, and from gene

sequence analysis deduced that they belonged within the

o-2 subclass of the Proteobacteria. Unfortunately, it

appears that the Finnish group had experienced a period

in the scientif ic wilderness prior to their paper and that

even since that publication their work has met with

considerable scept ic ism in general  and,  as reported in

Ilature last year, downright antagonism from within the

F inn  j sh  academic  commun i t y .

Taking the more charitable view that such criticism

and rejection as have been experienced by Folk and the

Finnish group owe more to the challenging novelty of

their findings than to any inherent fault in their scientif ic

enquiry, we can say that, as a working hypothesis,

nanobacteria are defined as extremelv small cellular
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forms, widespread in nature and closely associated with

the format ion of  inorganic precip i tates and geological

stfata.

Moving to the next stage of our analysis, at least three

criteria can be used to establish whether nanobacteria are

true life forms. Do they demonstrate increase in biomass

during incubation in nutrient media? Can evidence be

obtained of  the presence of  nucle ic acids? Can cel lu lar

structure be demonstrated? Although Folk's geological

studies cannot shed any light directly on these questions,

the Finnish group has claimed positive answers in each

case. Is there any corroboration from other research

groups on this key issue?

Another geologist ,  Phi l ippa IJwins,  working at  the

University of Queensland, Australia, has found

filamentous forms associated with various rock samples.

These resemble actinomycetes or fungi rather than

bacter ia,  but  their  very smal l  d imension (0.020-

0.128 pm diameter ) has caused them to be identified as

nanobes. Uwins and her colleagues have been able to

demonstrate growth of these nanobes, membrane and

wall structures and the likely presence of DNA. These

studies have elicited the, by now normal, expressions of

scept ic ism, wi th the main cr i t ic ism focussing on the

diversity of size and shape which is taken to suggest that

the nanobes may be simply fngmentation products of a

larger cellular life form.

r# Na nobacteria i n the deep subsu rface
My own involvement with and interest in nanobacteria

stems directly from the scanning electron microscopy

(SEM) picture opposi te.  This was obtained by -y

colleagues Carol Devine and Iain Spark as part of a

combined microbio logical  and geological  study of

reservoir souring and formation damage in tne 6ff-

shore oil industry. It shows fresh sandstone core material

taken from a subsea depth of 13,000 feet, after 7 days

incubat ion in nutr ient  medium at  90 oC. Indiv idual

structures are less than 0.1 pm in d iameter and they

show a striking circular aggregation pattern. These

nanobacteria are not evident on cofe material priot to

incubation, nor are they found in the liquid medium at

the end ofthe incubation period; their presence appears

to require both nutr ient  medium and a geological

surface. Similar patterns were found after incubation at

both 60 and 30 oC, but only after 28 days and 6 months,

respectively. At each temperature, -increasing the time of

incubation gave rise to increasing biomass, as evident in

SEM analyses. These nanobacterial forms, uniquely

associated with core mateilal from the deep subsurface,

therefore show the standard temperatufe and time

dependencies characteristic of cellular biological forms

added to nutrient media.

\7hile it must be freely admitted that all the evidence

so far avallable concerning the existence and nature of

nanobacteria can best be described by such euphemisms

as 
'preliminary' 

or' indicative', this author would wager

that while nanobacteria may be very small, their impact

on our future understanding of l iving systems has the

potential to be very large indeed.

The work of the Finnish group places nanobacterial

forms as central to a wide range of medical conditions,

and notably those associated with the formation of

inorganic precip i tates.  Fortu i tously or  otherwise,  the

other groups whose work I have very briefly summarized

have seen nanobacteria as agents at least associated with,

and possibly even responsible for, many of the geological

formations previously assumed to be wholly sterile and

to have evolved quite independently of any biological

processes. The comparatively fecent demonstration that

the deep sr-rbsurface is, in fact, an extensive and wholly

active biosphere in its own right, has clearly shown the

error of that assumption. There is even an increasingly

ABOVE:
C jrcular aggregations of <0 1 pm
strt lct l l res 0n fresh sandst0ne c0re
mater ia l  as  descr ibed in  the text
Ba r  3  pm
COURTESY CAROL DEVINE AND
IAIN SPARK
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widespread belief that the surface-associated high-

temperature characteristics of the deep subsurface

constitute the ideal environment for those initial

processes leading to the origins of l ife itself. All of which

takes us neatly to NASA, meteorite ALH84001 and life

on Marsl

# Lileon Mars?
In 1996 Science published a paper suggesting that a
Mart ian meteor i te,  ident i f ied as ALH 84001, carr ied

evidence of previous life on that planet. This striking

claim rested on a number of features which together were

taken as being compatible with l ife on Mars: carbonate

globules, and magnetite and iron sulphide particles

whose chemistr ies were suggest ive of  b io logical  pro-

cesses of formation; the presence of polycyclic aromatic

hydrocarbons;  and SEM and t ransmission electron

microscope (TEM) images very closely resembling Folk's

terrestrial nanobacterial fossils. Perhaps not surprisingly,

this publication aroused considerable interest, including

a Presidential press conference. Now, however, it has

become fashionable in most scientif ic circles to debunk

the original claims as being Sreatly exaggerated and

largely unsustainable. In such an emotive area, where

there is a gte^thuman desire to find a definite 
'yes' 

or'no'

to a question where all the dataavallable to us must by its

nature be indirect and circumstantial, it is important to

resist the temptation to take apolailzedposition. As one

of the authors of the original paper has subsequently

stated,
'lt 

is important t0 stress tbat we baae not fctand prorf tf Ltft

on another p/anet; ratber, we obserued features that are

nearly identical to tbose we migbt expect had /ife once

existed on Mars. This may bp afine distinction, bat it is an

important one' .

The full nanobacterial story remains to be told, but its

resolution and the light it may shed on other great

scientif ic mysteries holds promise of being hugely

exciting.

O ProlessorW. Allan Hamilton, SGM Treasurer
(t ggZ-1 998) and former Chairman of the U K
National Committee for Microbiology, can be
contacted at Department of Molecular &Cell
B i o t og y, I n stitute of M e d i cal Sciences, U n i ve rs ity
of Aberdeen, Foresterhill, Aberdeen AB25 2ZD'
TeL01224 273143;
e m ai I w. a. h am i lto n @abd n.ac. u k

Micro-organisms,  which are except iona l ly  d iverse,  are
found almost everywhere and affect human society in
countless ways. Thus, modern microbiology has a great
impact  on medic ine,  agr icu l ture ,  food sc ience,  eco logy,
genetics, biochemistry and many other f ields. The micro-
bial world holds the potential to revolut ionize many
aspects  o f  human l i fe  and cu l ture  co l lec t ions are a  key
resource that is required to underpin these developments'

It is easy for those not actively involved in microbiology to
overlook the importance of culture col lect ions, but without
'b io log ica l  s tandards '  i t  would  be imposs ib le  to  per form
comparative science, authenticate specimens, guarantee
product iv i ty  in  processes us ing micro-organisms, /ce l l
l ines or  lodge patents  invo lv ing micro-organisms.  In  the
UK there is a huge diversity of col lect ions, both large and
smal l ,  o f ten assoc ia ted wi th  an ind iv idua l  sc ient is t  or
research group.  Such co l lec t ions inc lude those in  the
PHLS, the university sector, industry and the consti tuent
co l lec t ions o f  the UK Nat iona l  Cul ture  Col lec t ion
(UKNCC).  The Uni ted Kingdom Federat ion for  Cul ture
Col lec t ions (UKFCC) a ims to  serve a l l  those who are
involved with or use culture col lect ions,

The UKFCC was estab l ished on 1Oth Apr i l  1975 at
lmperial College London. Membership of the Federation
is  open to  a l l  those invo lved wi th  Cul ture Col lec t ions/
Genet ic  Resource Centres (GRCs)  and the users  o f
cultures. Today, i ts membership includes users of genetic
resources f rom both the academic and commerc ia l
sectors, as well  as representatrves of the consti tuent
co l lec t ions o f  the UKNCC. Members rece ive a  tw ice-
yearly newsletter, have reduced course fees on UKFCC
training courses and are aff i l iate members of the World
Federation of Culture Collections (WFCC).

In  i ts  25th year  the UKFCC has in i t ia ted a compet i t ion
(first prize S250) to design a new logo for the Federation'
For further detai ls contact the Secretary of the UKFCC:
Dr John G. Day, CEH Windermere, Far Sawrey, Ambleside,
Cumbr ia ,  LA22 OLP (Te| .015394 42468;  Fax 015394
469 1 4;email  jgd@ceh.ac.u k).
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The SG M's first
ph otog raph ic com petit ion
u r r c  i r  r d n a d  q l  i h a

Society's meeting at the
University of Exeter in
September, There were
1 I  ent r ies  and the
judg ing  pane l ,  made  up  o f
new Pres ident  S i r  Dav id
Hopwood,  Genera l
SecretaryAlan Vivian,
Education Off icer Liz
Snnko i t  Fvor - r r t i vo
v v v |  \ v  l L t

Secretary Ron Fraser
and Public Affairs
Administrator Tracey
Duncombe,  had a d i f f  icu l t
j ob  dec id i ng  on  t he
best shot. Eventual ly a
consensus was reached
and the winners  were
announced by outgo ing
President Howard Dalton
at the Soc ie ty  Dinner .

.s''!+*
,ri

;cFirst prize of S250 wentto Karen Jolly, a
second year PhD student at Leeds University, for
her photog raph of Stre pto myce s coe I i color prod u ci n g
the anti biotic u ndecyl prod i g iosi n (top), Ru n ner-u p,
with his two pictures of the actinomycete
Micromonospora echinospora(above left and right )
was Paul Hoskisson of LiverooolJohn Moores
University.

Anothercompet i t ion wi l l  be held nextyear-  start
snapping now!flW o'
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Many previously
unknown groups
of bacteria have
been identified by
1 65 rRNA gene
sequencing, John
Fry speculates how
unculturable many
of these microbes
really are,

BELOW
$$9"  {  "  Phy logenet ic  t ree o f
the recognized d iv is ions in  the
donain Bacteria The wedges show
div is ion- leve l  groupings wi th  >1
sBquences ho l low wedges have
no cultured representatives, sol id
wedges have sequences f rom
cul tured and uncul tured bacter ia
and wedge width  ind icates the
range of seqrlence diversity within
a division. The diagram i l lustrates
the oosit ion as i t  was known in
1998 .
AFTER HUGENHOLIZ fTl1 (1998)

Bacterial diversity and'unculturablest
John Fry

Cataloguing and preserving the world's bio-
diversity is now a priority for many govern-
ments and non-govefnmental organizations

with major interests in the environment. This is

relatively straightforward for groups of organisms that

are relatively large, obvious and well studied such as

mammals, birds and plants. However, for smaller, less

obvious organisms whose diversity is relatively poorly

studied, categodzins and preserving biodiversity is

exceedingly difficult. Microbes present particular

difficulties, as individuals cannot be observed with the

naked eye. Furthermore, bacteria cannot be identified

morphologically and so less direct methods must be

used.

Despite these difficulties bacteria are vitally

important organisms for mankind. They are ubiquitous

and it has been recently calculated that the earth's

bacterial biomass is almost as greatas that ofplants. They

play a vital role in cycling all biologically important

elements and are the major agents of infectious disease.

Lastly, they are posed to increase in importance to

industry as the predicted biotechnological revolution

develops. For all these reasons it is vital to understand

the full extent ofbacterial diversity on our planet and

the roles of the most abundant species. N7e cannot do

this until we can culture the dominant bacteria in all the

major habitats on the globe. As currently only a small

minority are in culture and new bacterial species are

being described quicker than ever before, there is a lot of

work to be done.

WThe molecularera
Traditionally, in the 1980s and before, the diversity of

bacteria was assessed by identification with phenotypic

tests and numerical taxonomy from collections of

isolates obtained from plating on nutrient media and

liquid enrichments. However, plate counts of bacteria

from natural habitats, such as soil, freshwater andthe sea,

are much lower than direct total counts and it is accepted

that < I% of these bacteria are culturable. For this

reason studying the true diversity ofbacteria in nature

was impossible.

This problem was overcome ]n 1990 when Stephen

Giovannoni and David S7ard's research groups first

investigated bacterial diversity in the Sargasso Sea and

in hot springs using molecular approaches based on

sequence analysis of the highly conserved 165 rRNA

gene. This was achieved in the Sargasso Sea study by

extracting community DNA, PCR amplification of 165

rRNA genes, sequencing and identification of the source

of these genes by phylogenetic analysis. This approach

allows bacteria to be identified without culturing them

and so for the first time allowed microbiologists to study

the997o of bacteriathat cannot grow on enumeration

plates. Culture-independent studies of this kind are now

common and many bacteria have been found that arc

only known from their 165 rRNA gene sequences and

that do not match known cultured bacteria.

In the 10 years since 1990 many new bacteria have

been identified solely from their 165 rRNA gene

sequences and many of these are known to be numerically

dominant in nature. Taking the marine habitat as an

example, most bacteria identified by molecular methods

are in the divisions Proteobacteria (67 %) and Cytophagaks
(25 %). These large groups are roughly equivalent to

phyla. Furthermore, they contain most of the best-

studied Gram-negative bacteria, which are more easily

cultured than the members of the other divisions. Over

60% of theProteobacteriaandover40 % of rheCytophagala

are culturable. Despite this many phylogenetic groups

within these divisions have members only recognized

by 165 rRNA gene sequences and so are perhaps

unculturable. I say perhaps because many micro-

biologists now believe that if similar effort was put into

culturing these bacteria as has been expended on

culturing bacteria of medical importance over the last

century, then most could be cultured.

The a-Proteobacteria are an important marine group,

making up on average 23 7o of marine bacteria, and most

of these fall into two phylogenetic groupings. The

first, the SARl 1 cluster of 15S rRNA gene sequences,
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have been found in many studies throughout the

world's oceans, but have never been cultured. Conversely,

many examples of the other common marine ct-

Proteobacteria gfoup, the Roseobacter cluster, have recently

been isolated as colonies on simple nutrient media from

coastal water and their physiology has just started to

be studied. This indicates that whereas some novel

uncultured bacteria will be difficult to isolate, others

will be easy. \7e must try to culture the most abundant

bacteria in all environments to study their physiology,

to understand their roles and to tap this laree biotech-

nological resource.

W Expanding knowledge of bacterial
biodiversity
In 1990 about 10 divisions of the domain Bacteria were

known. Now 40 have been described and this remarkable

expansion in our knowledge of bacterial biodiversity

has occurred entirely due to the recent explosive

growth of molecular approaches (Fig. 1). Furthermore,

13 of these divisions are currently known only from

sequences and have no cultured representatives. Sorfre

of these divisions of uncultured bacteria are phylo-

genetically extremely varied, for example \i7S6 and

OP11 are the most diverse divisions known, showing 26

and33 7o sequence divergence, respectively.

These observations further indicate the need for

greater effort in growing these organisms and will be

il lustrated by consideration of three bacterial divisions

known to be abundant from their 15S rRNA seouences

but with few cultured representatives.

W The /Vitro spi n a d ivision
In 1994 Erko Stackebrandt's group reported that a

newly isolated Gram-negative, obligately anaerobic,

heterotrophic bacterium belonged to a new bacterial

group. They called this organism Holophaga foetida as it

originated from smelly, anoxic sediment and suggested

it could belong to the \-Proteobacteria. At a similar time

my research group in Cardiff obtained several bacterial

165 rDNA sequences from very deep, Japan Sea

sediment, which also seemed to be deep branching

6-Proteobacteria, caIIed the JAP5 04 cluster. Collections

of further 165 rDNA sequences have now revealed

that these bacteria belong ro a new division, named

the I\itrospina divisionafter Nitrospina gracilis, which is

also in th is group.  This d iv is ion has representat ives

from a wide variety of marine, freshwater and terrestrial

habi tats and consists of  12 subgroups made up of  188

sequences, about 94% of which are from uncultured

organisms. The two named culrures in this division are

physiologically very different; H. foetida is an anaerobic

heterotroph degrading a plethora of complex organic

compounds and N. gracil is is an aerobic, nitrifying

chemol i thotroph.  Such divers i ty  indicates that  th is

division is not only widespread in narure, but also as

physiologically diverse as the P roteo b acter i a.

WTheWS6 division
The \S756 division is one with no cultured represenr-
atives. Earlier this year Norman Pace and colleagues

designed PCR primers to amplify the 165 rDNA of
members of this division ftom 12 diverse environmenrs.

They found $756 members to be most abundant

in anaerobic environments but were also present in

some aerobic habitats. They found )7 different 165

rDNA clone types that increased the number in this

division to 60. These clones were isolated from marine,

freshwater and hot-spring sedimenrs, contaminated

aquifers and one from topsoil. They surmise that

members of this division might be anaerobic, but

until they are cultured this will nor be confirmed. This

study convincingly shows that the undiscovered

bacterial diversity in the environmenr, from even

widely distributed habitats, is almost certain to be

enofmous.

ABOVE LEFT:
Phase cont rast  micrograph of
an agar-coated s l ide enr ichment
of bacteria from freshwater
sediment  There are f i lamentous
(probably Beg giatoaspp,)and
non- f i lamentous bacter ia  present
pr0bably  represent ing cu l turab le
and non-cr l l tu red spec ies.
COURTESY J C FRY

ABOVE R IGHT:
A sub-tropical r iver r,vi th
sediment  that  is  a  l ike ly  source
of  many uncul tL l red bacter ia
known only f rom their 16S rRNA
gene sequences,
COURTESYH G WILLIA[/S CARDIFF
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Further reading
Barnes, S.M., Thkala, S.L.

& Kuske,C.R. (1999). Wide
d istribution and diversiry
of members of the bacterial
kingdom Acl do bacterium in the
envi ronment . Appl E n ui ron
Mic ro  65  , l 7  3 I -17  37  .

Dojka, M.A., Harris, J.K.
& Pace, N.R. (2000).

Expanding the known
diversity and environmental
distribution of an uncultured
phylogenetic division of
Bacteria. Appl Enuiron
Microbiol 66, 1617 -1621 .

Giovannoni, S J., Britschgi,
T.B., Moyer, C.L. & Field,
K.G. (1990). Genetic
diversity in Sargasso Sea

bacterioplankton. N ature

345,60-63.

Hugenholtz, P., Goebel,
B.M. & Pace,N.R. (1998).

Impact of culture-independent
studies on the emerging
phylogenetic view of bacterial
diversity.,I B acter i o I I8O,

47554174.

For access to the current ftfige

ofaligned sequences of 165
rRNA genes and associated
information for cultured
organisms and environmental
isolates go to the Ribosomal
Database Project website at
http://www.cme.msu.edu/
RDP/html/index.html

# TheAcido bacte ri u m d ivision
The distribution and diversity of the Acidobacterium

division, which has only one cultured member, has been

investigated by similar methods. These bacteria are very

widespread, they are present in many different soil types,

marine and freshwater sediments, as well as in hot-spring

mats and sediment. Furthermore, they sometimes form

the dominant group in a habitat. In one set of arid soils

they were the dominant phylogenetic group making up

1I% of  the 165 rDNA clones isolated,  but  were

entirely absent from culture plates from the same

habitat. Despite this, culturing some of the group

might not be difficult because the one cultured member

of the division, Acidobacterium capsulatum, is an aerobic,

mesophilic, chemo-organotroph able to use a variety of

carbon soufces and to grow up to pH 6.0. However, other

members of the division might well need specialized

approaches for their culture.

4& Future challenges
These examples indicate that culturing many of these
'unculturable' 

bacteria will be an enormous task.

However, the following arguments suggest that if more

effort were put into growing these bacteda more of

them would prove culturable. Many bacteria that are

grown on plates do not match existing cultured

bacteria. When effort is put into growing novel aquatic

bacteria they are sometimes grown relatively easily once

suitable media are developed (e.9. Legionella spp.). Little

research effort is expended in studying unspecialized,

aerobic, heterotrophic bacteria, whilst studies of

specialist groups abound, even when they are hard to

cultivate (e.g. methanogens, sulphate-reducing and

nitrifying bacteria). In 1995 Karl Stetter's research

group was the first to succdssfully culture a prokaryote

only previously identified from a 165 rRNA gene

sequence. In this case the organism was a hyper-

thermophile from a hydrothermal vent and isolation

was by selective enrichment, in situ hybridization with

a 165 rRNA probe and micromanipulation. Similarly, a

Tbermus aquatilis-like strain and Synechlclccus liuidus

strains that were prevalent as gene sequences, but not

yet isolated in culture, have been isolated from hot-

spring mats by David \7ard's group. So I believe that the

time is right to attempt to obtain further cultures of

some major groups of 
'unculturable' 

marine bacteria.

Furthermore, the Roseobacter and H. foetida examples

described above add to the arguments for cultivating the

uncultureables.

O John C. Fry is Professor of Microbial
Ecology and Deputy Director of Cardiff School of
B i osci e n ce s, Card iff U n ive rs ity, M ai n B u i I d i n g,
Museum Avenue, Cathays Park, Cardiff
CFl O sTL.
Tel.029 2OBT 4190; Fax 029 2OB7 4305;
e m ai I f ry@card iff .ac. u k

LEFT:
Part of an activated sludge
aeration tank from a se\,{ iage
treatment works showing inf lows
of sett led setivage ( l ighter coloured
in f low)  and re-c i rcu la ted s ludge
(darker  co loured in f low)  0nce
again  th is  is  a  l ike ly  source of
many uncul t t l red bacter ia  known
only  f rom the i r  16S rRNA gene
sequences.
COURTESY J C FRY
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Fundreport

Culture collection management in Cuba
Franklin Sotolongo

Cuban Science Base
The Cuban Nat iona lSystem for  Sc ience and
Technology has sectora lent i t res  such as heal th ,
agr icu l ture ,  e tc .  much in  the waythat the UK has
nnve rnmen l  dena r tmen l s  resnons ih l e  f o r  [ hesev " ' " "
d i sc ip l i nes .  These  bod ies  a re  respons ib l e  f o r  ca r r y i ng
ou I  the R&D in  the i r  respec l ive areas.  Nat iona l
t echn i ca land  sc ien t i l i c  ac t i v i t i es  a re  deve loped  as  an
i n t a n r e t p d  m n d o l  r o l p v n n t  l n  t h e  n a r t i r - i n a t i n n  r e n l  r a c

f  rom each sector, In this way, they draw on each
n { h a r ' c  c f r o n n t h c  

" n d  m a x i m i z e  t h e  n o l e n t i a l  O f- " , " ' ' v

e a c h  s n e c i a l i t v :  d e a l i n n  w i t h  i s s r r e s  s r r c h  a s  h u m a ni l t ' / ' v v e " " v ' " " '

resources and f inancial and structural capacit ies to
reach some of  the soc ia l  and economic qoals  o f  the
Cuban government. This integrated appioach is aimed
ai quickly and eff iciently reaching the objectives
proposed through var ious commit tees wi th in  the
Min is t ry  o f  Sc ience,  Technology and the Env i ronment .

This strategy has given rrse to ihe creation of many
d rve rse  sc ien t i f  i c  i ns t i t u t i ons  i n  Cuba ,  r i s i ng  f r om on l y
21  i n  1  951  t o  ove r  200  i oday  and  i nc lud ing
prod uct ion,  b io tech no log ica l ,  b iomedica l  and
^ l ^  ^ . - ^ ^ ^ , , + i ^ ^ l  ^ ^ ^  I  

" ^ -pnarmaceu Lrcar  cer  r  I res .

The core act iv i t ies  o f  severa l  o l  these sc ient i f  ic
ins t i tu ies  invo lves bas ic  microb io logy and i t  has been
necessa rv to  s t r r dv  l c r : hn inues  conce rned  w i t h  t he
p rese rvatio n of m i c ro-organ is ms. Person nel have
been t ra ined to  set  up and manage cu l ture  co l lec t ions.

At  the beginn ing of  the 1  990s,  a  d i rect ive o f  the
Academy of  Sc iences of  Cuba encouraged the
estab l ishment  o f  ind iv idua l  cu l ture  co l lec t rons in  each
appropriate lnst i tut ion, Some thought was given as to
how these should  funct ion and develop and severa l  +

laborator ies  and ind iv idua l  sc ient is ts  wished to  set  up
a Cuban Federat ion o f  Cul ture  Col lec t ions.  The current
. { , n { a a ' ,  i c  a i m a r l  . +  e s i a h l i s h i n n  i h e  r e a U i f e m e n t S  O fJ L I  d . L E V y  l J  d i l  r u u  a L  u J r G U i l J r i l r r v  L r  r u  r u Y r

such a federat ion in  terms of  log is t ics ,  co-operat ion
and  t r a i n i ng .

Culture collection management
Workshops and national courses have taken
place to promote and organize the sett ing up of
culture col lect ions in research and production centres
within Cuba which deal with dif ferent types of micro-
ornanisms.  The f  i r .s t  in ternat iona l  course on Cul lure
Co | | e cti o n M ar nte n an ce an d M an aq e m en f was held|  ^  |  (  ' ,  - -  |In  tne r rn lay Ins t r iu te ,  Len ler  Tor  lne Kesearcn,
Development and Production of Vaccines in Havana,
Cuba,  f rom 20 to  21 June 2000.  The course was
co-ordinated by Dr Peter Green f rom the National
Collect ion of Industr ial,  Food and Marine Bacteria
(NCIM B) ,  U K,  ass is ted by Dr  Dav id  Smi th  o f  CABI
- l -
broscrence ?19 " ,  

JonnrJay Trom. lne uu lTUre
uol lec t ton o l  A lgae ano r ro tozoa (uuAi l  ano some
members  o f  t he  Na t i ona lCuban  Co l l ec t i on  Cu l t u re
Group.  l t  was at tended by 60 spec ia l is ts  f  rom dr f ferent
sc ient i f ic  and product ion fac i l i t ies  in  Cuba,

In  addi t ion to  t ra in inq and educat ion,  the course
also prov ided a grea i  oppor tun i ly  for  the par t ic ipants
to  exchanoe exoer iences,  The course inc luded formal

v t

le r : l r r res .  v ideo nresentat rons and workshons on the
fo l l ow ing  t op i cs :

Cul ture co l lec t ion funct ion and qual i ty
managemen t

Cul ture co l lec t ron serv ices and act iv i t ies

Principles and theory of f  reeze-drying
Pr inc i  p les  o f  c ryopreservat ion
P r p c p l l : t i n 6  f p 1 - h n i n l o .  f ^ .  h c n l a r i c  { r  r n n i  c l n c ar  r  u J U r  v q u u r r  L U U l l l l l v u c J  l \ J l  u d . L L C I l a !  l u l l v l .  d l 9 d u

and protozoa
D r * a h e c o c  n r l q l n n r  r o c  a n d  r n r o h c i l o cu q r a u a J s J ,  u a r a r u v u g J  q r  r u  v v u u J r L U J

Demons t ra t i on  o f  the  I  IKNICC r , vehs i te
D ^ - + ^ l ^ ^ , . . t  ^ ^ ^ t , ,I  uJLa ,  a r ru  yaundQ ing  regu la t rons  f o r  t he
transportat ion of cu l tu res
^  ̂ ^ ^ ^ t ^ ^^^  ̂^ ' ' J  ma in tenance  o f  oa ten t  cu l t u resn L L E P t d . l  I L U  d . l  l u  i  i l a i l  l L C r  r a r  l L c  \ J  I  

P a L

Oua l i t v  assu rance  i n  c r r l t r r r e  co l l ec t i ons- ' '  - "  - J

lmpact  on cu l ture  co l lec t ions o f  the Convent ion on
Hro loqrca l  lJ rversr ty

Tha fnr - r rc  a f fnrdod hv the meet inn and the usef  u l
rn formai ion and exchange of  ideas wi l l ,  I  hope,  prov ide
the rmpetus for  the loose ly  a f f  i l ia ted Cuban Federat ion
io  proceed on a more formal  bas is  and wi l la l low us to
move to  the next  s taqe of  po l icy  makinq,  p lanning and
fund  ra r s i nq

Fina l ly ,  we would l ike  to  thank the U K lec turers  for
organiz ing the course and the SG M for  ihe award f  rom
i ts  In ternat iona l  Development  Fund,  wi thout  which th is
meet ing could  not  have taken p lace,

O Dr Franklin Sotolongo rs 4ssrs tant Director of
Tech n i cal an d S cie ntif i c A p p I i cati o n s, Fi n I ay I n stitute,
Havana, Cuba
e m ai I f s oto I o n g o @f i n I ay. e d u. c u

UPPER:
The Vinales Valley in north-west
Cuba
COURTSEY P ful ORIEt\

LOWER:
S r r o  r 1  - f  c  r z r  t i r  r ; n t s  r I  L h e

Cultu re Cal I ectio n Mar nte nanc e and
M anage m ent course lune 2000
COURTSEY P IU GRIEN
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Gomingsand Goings
O The President welcomed Professor Sir David Hopwood,
President-elect and Dr Meriel Jones, ihe new Editor of
Microbiology Today,to their f irst Council meeting. This was
Professor Dalton's last meeting as President and he was
warmlythanked for his achievements during his term of
off ice, in which he has sought to expand the activi t ies of the
Sncietv Prnfessnr. Inn Saunders also retrred as Editor- in-v v u , u  L y ,

Chief of M ic robiologyand h is u nsti nti ng contri bution to the
wel l -be ing and qual i tyof  the lourna ldur ing h is term of  o f f ice
was noted. We wrsh him well  in his new post as Dean of
Science at Liveroool. Dr Pat Goodwin ret ires as Scienti f ic
Meetings Off icer and Counci l  recorded i ts appreciat ion for
a l l  her  hard work  s ince jorn ing Counci l  in  1  994.  Howard
Jenkinson rs the new Scienti f ic Meetings Off icer. Dr Dave
Roberts ret ires as the last Publications Off icer and there
were warm tr ibutes for his contr ibution, which has seen the
creation oI MrcrobrologyToday,setting new standards for
t h e  S o r ^ i e t v ' s  m e m h e r : ' - ^ ^ ^ - : ^ ^  

- r L ^ ^ l ' ^  
" ' e r e  a l s oL r  r v  u v v r v L y  J  r  r u r  r u u r J  l l l d g d z l l l U .  I  l l d l  I n J  v v

recorded to the three elected members who ret ire f  rom
Council  at this t ime - Dr Geoff Clements, Professor Dave
Rowlands and Professor Liz Well ington. For al l  their
contr ibutions and dedication we wish our ret ir inq
col leaques well  in the f uture.

fGVDirect
O Counci l  learned with pleasure that the new on-l ine
service forthe Journal of GeneralVrobgy,described on
nene 1 51 nf the Ar rnrrst issue oI MtcrobtolonvTortav hadY * V " '
been successful lv imolemented on the SG M website
(www.sgm.ac. u k/J GVDi rect). Arou n d f ou r arti cl es per
issue wil l  be published on-l ine as f ul l  text HTN/ L, up to 1 3
weeks ahead of print.  The project had been lead by Debbie
Ollman, aided and abetted by Robin Dunford. Publication of
ent i re  issues of  on- l ine journa ls  cont inues on the journa l
H i g hWire site (http ://vir.sgmjournals.org).

Support for Joint Meeting between SG M
andAsM
O Counci l  noted that plans were well  in hand forthe
forthcoming loint meetin g on Biodeg radatron,
Biotransformatrons and Biocatalysislo be held between
SG M and the American Society for Microbiology, This
meeting wil l  be held from 2 to 6 October 2001 in Puerto
Ricn  Scc  n  1  QQ fn r  ds l2 i l5 .

H .  
' v v  ' v '  v \

More contact with ASM
O Following her successf ul part icipation in ihe recent
Annual Meeting in Los Angeles, Dr Liz Sockett,  the
Society's Education Off icer. has accepted an invitat ion to
jo in theASM Educat ion andTra in ing Board on behal f  o f  the
Society. She wil l  also be a member of their International
Committee.

Meeting Venues and their Gosts
O Counci l  spent  some t ime cons ider ing the d i f f  icu l t ies
of predict ing numbers in advance for l ikely attendance
at i ts scienti f ic meetings, with an eye on the f inancial
repercussions forthe Society of 'gett ing i t  wrong'(which
members may not be aware of!).  In future, members
at tending meet ings wi l l  be asked for the i r  op in ions of
venues through the use o{ ' feedback [orms.

O Alan Vivtan, General Secretary

New Members of Gouncil and
GroupGommittees

With effect f rom 1 3 September 2000, Professor Sir David Hopwood (John Innes
Centre) commences his 3-year term as President, Dr Meriel Jones (Universiiy of
Liverpool) her3-yearterm as Editor oI MicrobiologyTodayand ProfessorHoward
Jenkinson (University of Bristol) his 4-yearterm as Scientific Meetings Officer.
ProfessorGhrisThomas(Universityof Birmingham) commenced his S-yearterm as
Editor-in-Chief oI Microbiologyon 1 July 2000.

Fol lowing the recent bal lot of Ordinary Members, the fol lowing have been elected to serve
as Members of Counci l  for 4-yeartermsJ commencing on 1 3 September 2OOO:

Professor Hilary Lappin-Scott University of Exeter
ProfessorTony Nash University of Edinburgh
Professor lan Roberts University of Manchester

and to serve for 1 year, with el ig ibi l i ty for re-elect ion in 2001 :

Dr Keith Jones I  l ^ i , , ^ " - i + , ,  ̂ +  |  ^ ^ ^ ^ ^ + ^u nrverstly or LancasTer

Biographies of the new Counci l  Members appear on p. 1 93.

New Committee memhorc ola.tad hv nnclel bal lot (Virus Group) or elected unopposed
(all other Groups) are as follows:

Cells & Cell Surfaces
DrJohn Armstrono
Dr Nicky High
Dr Brendan Kenny
Dr Rod McNab

Glinical Virology
Dr DianaWestmoreland
Dr Bernard Cohen
Dr Shei la  Cameron

Education
Dr  Richard Jenk ins

Environmental Microbiology
DrGary Black
Dr Frans De Leij
Dr lan Thomoson

Fermentation & Bioprocessing
DrGlyn Hobbs (LiverpoolJohn Moores University) has become Group Convener

lrish Branch
DrCyr i lCarro l l
DrSean Doyle
DrJohn Morgan

Microbial Infection
Dr Sheila Patr ick

Physiology, Biochemistry & Molecular Genetics

I  l n i v o r s i t v  n {  S r  r q q o v

U niversity of Manchester
I  l n i v o r c i t v  n f  R r i c t n l

Eastman Dental Inst i tute, London

University Hospital of Wales, Cardif f
CPHL Col inda le
Reg ional Vi rus Laboratory, G lasgow

de Montfort University

University of Northumbria
I  l n i r r a r c i i r r  n f  Q r  r r r o r i

N ERC Centre of Ecology and Hydrology, Oxford

National University of lreland, Galway
National University of lreland, Maynooth
University College Cork

Or reen 's  I  In ivc rs i t r r  n {  Be l fas t

University of Cambridge
University of Warwick
University of Glasgow
Insti tute for Animal Health, Compton

University of Bradford
University of Aberdeen

Systematics & Evolution
Professor Fergus Priest Heriot-Watt University
Dr  M Aquino de Muro CABI  Egham
Professor Mike Goodfel low University of Newcastle upon Tyne

Virus
Dr.Stacev Ffstathiou
Dr Keith Leppard
ProfessorJames Neil
Dr  Michael  Skrnner

Dr  B i l lAshraf
Dr lan Stansf ield
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NewHonorary Members

John Guest  has made many
i m portant contr i  butions to
the science and art of
microbiology. With D.D.
Woods he elucidated the
r o l e o f v i t a m l n B l 2 i n
meth ion ine b iosynthesrs  rn
F. c-ol i .  He made imnortanl
contr ibutions to Charles
Yanofs ky's demonstrat ion
of gene-protei n col inearity
and intra-codon
recom bination. Based in
Sheft ield for 35 years, he
n laved a  r -cn l ra l  ro lp  in  Ihe
o e n e l  i r - a l  a n d  h i o r ^ h c m i c a l

characlerization of the citric
: r - id  r - r r r - lo  nonoc  :nd

enzymes oI E.col i-
d is r^over inn  tha t  sevcra l

steps in the cycle are
spec i f  ied by mul t ip le
d i f  f e ren i i a l l v  ren r  r l a ted
genes  and  p rov id ing  a
detai led molecular  analysis
of the pyruvate
dehvd roncna sc r-nm ql  gx,
Hed iscovered  FNR, the
oxygen-sensing
transcr i  pt ion reg u lator ,  th us
in i t iat ing an exci t ing f  ie ld of
research into the physio logy
of  the aerobic/anaerobic
inter face.  He also c loned
and sequenced the
^ ^ ^ ^ , + ^ - ^  ^ ^ ^ ^  t A ^ +  i ^ , , ^ ^ . - J
o J P a r  L a J U  L l U r  r E  L r  t d  L  t )  u ) u u

in the production of the
q \ A / F A T O n O T  2 q n t r t 2 m a

He has  been  a  member  o f
the SG M for  a lmost  40
years and for seven years
was an Associate Edi tor
( l 9 6 6 - 1 9 6 9 ) , t h e n
Membero f  the  Ed i to r ia l

Board (1969 -1973 )o f
JG M. He organized the
1984  SGM Mee t i ng  i n
Q h ^ { + i ^ t , - J  ^ ^ , . J  h ^ -  l ^ ^ -o r  r u l r u r u  d l u  l a 5  u e e n  a
s t rnnn s r  rnnnr ic r  n f  Snr - io tv
" ' '  " ' ' i ,

journa ls  (over  60 papers  in
Microbiology/JGM and
FE N/S publications out of
an impressive l ist of over
260 publ ished papers) .

John was elected to the
Royal Society in 1 9BO for
h is  semina l  cont r ibut ions to
microbial physiology. He
delivered the Malory
Stenhenson Prize I ecture
in  1  992 and the
Leeuwenhoek Lecture of
the Royal Society in '1 

995.
For nearly 30 years he has
h e e n  a r n r r a h h r  t h a  I  l ( ' 5

leading E colr physiologist
and was certainly the f i rst
to embrace the use of
m o l e c r  r l a r  o e n e l i r - s  a n d
n o n o  e  l n n i n n  t a n h n n l r" "Y  . - - '  -  JgY
forthe analysis of  centra l
metabol ic  funct ions,

tD George Salmond

Professor Si r Joh n Pattison
stud ied Medic ine at the
University of Oxford and
s n e n l  n r e - r e n i s l  r : t i n n  r r e z r s
" Y " '  ' '  Y '
at Middlesex Hospital
N/ied ir-a I  Cnl leoe hefnrg
^ ^ ^ ^ i ^ l i - , ^ ^  ; ^  / - t i ^ i ^ ^ l
J P C L r a i l Z i l  r g  i l  | \ J i l r i l L d l

Virology atThe London
Hospi ta l  Medica l  Col lege
(MRCPath 1975) . ln  tne
1 970s he was decisively
invo lved in  work ing out  the
causaLrve role of parvovrrus
B 1 9 for haemolyt ic cr ises in
tha laessemia pa I rents ,  for
f i f th disease, and also for

i  ntrauteri ne i nfections,

S ince  1977  he  has  been
Professorof  Medical
M ic rob io logy  a t  K ing ' s
( ln l lenc Hncni t r l  N/or j  i6gl
Schoo l ,  and  s ince  1984  a t
Univers i ty  Col lege of
London  Med ica lSchoo l
where he became the Vice-
Provost  in 1 994.  He worxeo
as an Honorary Consul tant
^ + , , ^ " i ^ ,  , -  l ^ ^ ^ ^ i + ^ t ^  i ^
a L  v a r  r u u J  I  r u J P t L d t )  i l  |

London.  He he ld  var ious
of [ ices in the Royal Society
of Medicine, the Society
for General M icrobiology,
the RoyalCol lege of
P : f h n l n n i c l c  e n d  h o  c a , ' , o . 1I  q L r  r u r v v r J L J ,  a t  t u  I  t u  J U t  v u u

as Member and Chairman
of the M RC Physio logical
Medic ine and Infect iorr
Board,  later  as Member of
Counc i l  and  Member  o f  the
Strategy Group. and most
recent ly  as Senior  Cl in ical
Advisor to the M RC Chief
Execut ive.  He also was a
Member of  the PH LS Board
and the Board of  the
London  Schoo l  o f  Hyg iene
and Tropical  Medic ine,  and
more recent ly  he became a
Founder Fel low and
Membero f  Counc i l o f  t he
Academy of  Medical
Sc iences .  H is  mos t  pub l i c l y
v is ib le ro le was that  of  a
Member  and  la te r  Cha i rman
of the Spongi form
t r ^ ^ ^ ^ 1 . - ^ l ^ ^ ^ + 1 . , ,  n . . J , , i ,tr 'ncepnaroparny A0vtsofy
Committee (SEAC)
(1 995-  1  999)  which had to
advise on the dif f icult  issues
and dec is ions fo l lowing the
R S F  a n i d a m i n  a n d  i i c

noss ih le  conqeor  renr^es  fo r
humans.  Srnce 2000 he has
been working as Directorof
Research and Develnomen t
in the Department of
Health. He was knighted for
his services to N/edicine and
Pub l i c  Hea l t h  i n  1998

O Ulrich Desselberger

David graduated as a
zoologist in 1 979 from
Salford University before
swiichi,ng to Biochemistry
through an MSc conversion
course at University College
London in  1980.  Some def t
advocacy on behalf of
prokaryoles.b,V Pqi C larke
and Pauline Meadow
kindled his interest rn
molecular microbiology,
which was rernforced by
PhD studies with Gwyn
Humphreys and Jon
Saunders in Liverpool on
the geneircs of restr ict ion-
mod if ication systems, This
was followed by a Royal
Society Postdoctoral
Fel lowship ( 1 984- 1 98O)
at the University of Geneva,
where (along with ski ing) he
studied a class of highly
cel l-surface exposed
bacterial l ipoproterns in
Ken Timmis's laboratory. In
1 986, he returned to the
U K to take up a New Blood
Lectureship atthe
Unrversity o f  Southampton,
where he is curren l ly
Reader in the School of
B io log ica lSc iences.
David's research focuses
on molecular aspects of
bacterial stress adapta lion
and pathogenicity, which he
rs cur rently investigating
us ing a range of  f  unct iona l
genomic approaches,
including proteomics.

Stephen graduated in
Medicine from the Oueen's
Universitv Belfast in I  980.
After posig rad uate trai n ing
in  Medic ine and Medica l
M icrobiology at the Royal
Victoria Hospital, Belfast,
he was appointed Mercer's
Lecturer in Clinical Tropical
Medicine at the London
Schoolof Hygiene and
Tropical Medicine in 

.1 
985.

Research interests were
focussed on the interaction
of acute phase proteins and
Stre ptococc u s p n eu m on i ae,
and f ield studies of parasitrc
infections in chi ldren at
theWellcome/KEMRI
research un i t  in  K i l i f i , In
1 989 he was appointed
Senior Lecturer at the
Royal Free Hospital School
of Medicine where he
continued his research
interest in the molecular
biology o[ S. pneumoniae
and in  c l in ica l  t r ia ls  o f  ant i -
tu bercu losis therapy in
Tanzania. He was appointed
Professor in 1 999.

He has a passionate
interest in history, is an
enihusiastic but ineffect ive
member  o f  h is  v i l lage
cricketteam and direcls the
v i l lage church choi r  in
repertor re f rom Vivaldi to
Rutter.

New Group Gonveners
David
O'Connor
Gells&Getl
Surfaces

Stephen
Gillespie
Glinical
Microbiology
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Grants
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The President 's Fund offers f  inancial support to younger
members of the Society for one of the fol lowing:

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

2. Attending a short course (up to two weeks)
3. Making a short research visit - larger awards are

available for short research visits

Maximum grants are:

S 1 25 for attendance at meetings/courses in the country
of residence
S,200 foriravel to another European country
S300 fortravel outside Europe

Up to S20OO is avai lable for making a short research visi t  of
up to two months. The host inst i tut ion may be overseas or in
the country of resrdence.

All  appl icants must be resident and registered for a higher
degree, or in a f  i rst postdoctoral posit ion, in a country in the
European Union. Only one application may be made to the
f und d u r ing the term of a studentshi p or fel lowsh i  p. The f ul l
rules of the scheme are published on the SG M website,
f  rom which application forms may be downloaded.

The purpose of the Seminar Speakers Fund is to promote
talks on microbiological topics i  n departmental sem i nar
programmes. Applications are invited f rom Higher
Edutation Inst i tut ions where microbiology is taughtfor
grants of up to S2O0 towards the travel, and if necessary,
accommodation, expenses of an invited speaker. The ful l
rules of the scheme were published on p.92 of the May
issue of M i crobi ol ogy Tod ay.Appl ications wil I be dealt with
on a f i rst come, f  i rst served basis d u r ing the academ ic year,
which is defined as running from September 2000 to June
2001 .Writ ten submissions should be sentto the Grants
Off ice at SG M Headquarters.

! ii't 1l+iil,ri'l'l'i -i:ii rii ii;r,ii:'.:1 $ ri

rii;jj , r 1.r,,t* ;i ii,ii,.'i t
i::,rili I,,i; *t rr:;li:i ii ii;*i

Postgraduate Student Members of SG M currently resident
and registered for a higher degree in the U K or another
European U nion country are el igible for a g rant to cover the
costs of accommodation and travel in attending ON E of the
following Society meetings in 2001 : Heriot-Watt University, *
Edinbu rg h, March ; U n iversity of East Ang l ia, September; or
any other SG M Group or Branch meeting. Application
forms giving ful l  detai ls of ihe scheme were sentto al l
Student Members in the EU with their subscript ion invoices,
The form can also be downloaded from the SG M website.

t'i*1;$i,,t;;' ii ,l r
Jli i+ tut s:,ii,* il ii'fiii; :I 'll iI,f;:trir
1;ill;r1ijr'fl
The Society offers a limited
number of awards to enable
undergraduates to work on
microbiological research
n r n i o r - t s  d r  r r i n n  t h e  s r r m m e r

vacation,The purpose of the
awards is to provide under-
g raduates with experience
of research and to
encourage them to consider
a career in scienti f  ic
research. The studentships
provide support at a rate of
$ 1 35 per week for a period
of up to B weeks. An
addit ional sum of up to
S4OO for specif ic research
costs may also awarded.
Applications on behalf of
named students are now
invited from SGM members
in higher education
i nstitutions and research
institutes. Details of the
scheme are given below.

iirr;ri,.1:r r,,,

1  A n n l i n o n l c  m r r c t  h a'  '  '  ' Y Y " " * '

members of the Society
work ing in  a  h igher
ed ucation inst i tut ion or
research inst i tute in the U K
or  Republ ic  o f  l re land.
Applications must be made
on behalf of a named
siudent. More than one
application from a
department/school wi l l  be
considered, but in the case
of several appl icat ions being
su bm itted, departments,/
schools may be asked to
- ^ ^ t ,  + t - ^  ̂ ^ ^ l : ^ ^ ^ + -I d l  I n  L l  r u  4 P v i l L a l  l L J .

2. Students must normally
be in the penult imate year
of their undergraduate
corrrse and recristered at
an rnsti tut ion in the U K or
Republic of lreland.
Appl icat ions for students
in  the i r f ina lyearwi l l  not  be
considered. Medical

students wil l  be accepted at
the end of their intercalated
studies, but not during their
elect ive period.

3 The research nroiect
must be on a microbiological
subject. Studentships wil l
not be awarded for projects
that are part of degree work.
A studentship may be held
in a laboratory awayfrom
the normal place of study,
but i t  must be located within
the U K or  Republ ic  o f
lreland,

4.  Appl icat ions wi l l  be
^ ^ ^ ^ - - ^ . ]  t - , ,  ̂  / - ^ ,  , ^ ^ i l
d J J U ) ) U U  U y  A  V U u l  l u l

Award Panel, based on the
reports of two referees. The
scheme is competit ive and
applications wil l  be ludged
primari ly on the scienti f ic
mor i ts  n f  the  nro ie r^ t  and the

suitabi l i ty of the student.
Once an award has been
n { {a ra r ' l  i 1  nannn l  hov r  r v r  v v t

transferred to another
student.

5. The awards wil l  provide
support forthe student at a
rate of S 1 35 per week for a
period of up to B weeks, and
not usually less than 6
weeks, An addit ional sum
of up to S4O0 for specif ied
research costs mav also be
awarded. Grants are made
to the inst i tut ion to which
the applicant belongs, not
to the supervisor, on the
understanding that i t  wi l l
administerthe award.

6. l t  is a condit ion of the
award that the student
submits a brief report of the
research at the com plet ion
n {  t h a  c i r  r d o n t c h i n

7 Applications must be
made on the appropriate
form, which is downloadable
from the SGM website.

The closing date
{ n r  a n n l i r - a l i o n c  i c

28February2OO1,

Two applicai ions were
received forthe f irst round
of the new scheme ano
both were successful.
Professor Michael
Danson, University of
Bath, has been awarded up
to S I ,200 to make a visit to
n  ̂ + ^ . ^ + i ^ ^  + ^  ^ ^ " " , , ^ , , . +l 1 t  t t d r  \ -  L r L d .  r u  u a r  r y  u u  L

research into novel
psych roph i les. Dr Stacey
Efstathiou, Un iversity of
Cambridge, has been
awarded up to $4,273 to
visit the Maxvon
Pettenkofer I nstitut in
Munich to gain expert ise rn
the generation of mutant
virus construction using
bacterial artif icial
cnromosomes.

The rules of the scheme
were publ ished on p.91
of the May issue of
M i c ro b i o I ogy Tod ay.The
closing date forthe next
round is 3O November
2000.

There are three rounds of
appl ications each year and
the closing dates for 2001
are3O March,3Ofuly
and3ONovember.

Application forms may be
downloaded from the SGM
website.

Areyou planning any
nroiects to nromote the. "  r , " ,
pub l ic  unders tanding of
microbiology? Have you got
a National ScienceWeek
event in mind? SG M can
help. Grants of up to S 1 ,000
are avai lable to f  und
appropriate activi t ies.
Appl icat ions are considered
on a first come, f irst served
basis. The current f  unding
year runs from June
2OOO-May2O01,See
SG M website for detai ls
and an application form.

;:'iri,''il
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The scheme to encourage
excellence in the study of
microbiology by
u nde rg rad uate students
continues to be well
received in universit ies in
the UK and Republic of
lreland. Instrtut ions offeri  n g
an appropriate m icrobiology
course were invited to
nominate a student for an
SG M prize, based on good
performance in microbiology
in the penult imate year of
ci  r r l r r  fnr  a  RQr-  Tho

deparlment was able to
choose the type of assessed
work for which the prize was
awarded, Of the 70+
departments circulated, 42
made nominations, Each
prizewinner wil l  receive a
certificate, a cheque for S5O
and ayear's free Under-
graduate Membership of
the Society.

U nderg rad uate M icrobiology
Prizes will be awarded
annually and the invitat ions
fornominat ions in  2001 wi l l
be circulated next May.
Details are also available on
the SGM website.

Fi,i,1i,gg$;trs ji'{:jr tx,g;,t,
I graduated as a botanist
f rom Notti ngham U n iversity
in  1963 and d id  my PhD on
nitrogen f rxation in marine
cyan obacteria at Westf ield
Col lege,  London. lwas
appointed in 1 966 to an
assistant lectu resh i p i n
m icrobiology at Lancaster
and promoted to senior
lecturer in 1 981 . I  have also
worked atthe universities of
Pretoria, South Florida,
Cali fornia, Hawaii ,  Naples
and the University of
Science and Tech nology,
Kumasi, Ghana,

My early research was
on the ecophysiology of
nitrogen fixation by
cyanobacteria and f ree-
I iving heterotroph ic bacterid
in a range of temperate
and tropical envi ronments.
More recently I have been
investigating the d istribution
and behaviour of pathogens
rn farm and aquatic
environments. Current
projects include the role of
birds as polluters and vectors
for human disease, tracing
sources of faecal pol lut ion
for bathing waters and farm
slurry microbiology.

lwas acommittee member
of the SG M Environmental
Microbiology Group (1 996-
2000) and am currently
Convenerof the SfAM
Environment Group. I  have
organized the SGM main
symposia on The Behaviou r
of Pathogens tn the
Envi ro n menf (Warwick'99)
and Waste Treatment
(Southampton'97),

i', . 
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I  studied Environmental
Sciences atWarwick
U n iversity (com menci n g
1 977),a m ult i-d iscipl inary
degree thatwas years
ahead of i ts t ime!After a
very enjoyable three years
I stayed on for my PhD
atWarwickon the
biodegradation of
ch lorophenoxyal kanoic
herbicides, su pervised by
Howard Slater, I undertook
a postdoctoral position at
Calgary University where I
was awarded a Fellowship
to research the starvation
survivalof microbes in the
subsurface and in biof i lms. I
was appointed a Lecturer at
Exeter University in 1 990
where l furthered my
research interests in biofilm
formation, structu re and
control, I was appointed to a
Readership in 1 995 and a
PersonalChai r  in  1999.

?i.*'el$. pt ftb.&m *#,$":ig
My interest in infectious
diseases and immunology
was kindled at Oueen
El izabeth College, University
of London where lgraduated
in Biology/Biochemistry in
1971,An MSc in  rad ia t ion
biology at the U n iversity of
Bi rm i ngham fol lowed, This
led to four excellent years
in the Department of
Experi mental Path ology
at Birmingham where
completed a PhD in
lm munology, su pervised
by Phil ip Gell  and the late

Noel Ling, and also
managed to hone my
six-a-side footbal l  ski l ls.

ln 1978 | moved to
Cambridge to work in Peter
Wildy's group on the
immunology of herpes
simplex virus. This was
where my interest in
viral immunology and
pathogenesis was f irm ly
establ ished. Appointed to a
lectureship in lmmunology,
my research interesis
diversif ied to include
Theiler 's virus and the
mechanisms of virus-
ind uced demyel i  nation.
A st im u lat ing sabbatical
year in Michael Oldstone's
laboratory at Scripps
Research lnstitute
introduced me to new
molecular technologies for
studying viral pathogenesis.

I moved to my present post
as Professor of Veteri nary
Pathology at the U n iversity
of  Ed inburgh in  1  994,
My current research
interests are centred on
understanding how
gammaherpesviruses
interact with their host. My
sixyears in Edinburgh have
witnessed major changes in
virology research. The
recent merger of Medical
and Veterinary vr rolog ists
has produced a major
centre for research on the
pathogenesrs of persistent
virus infect ions.

Outside the University my
main interests are centred
on my family and the
fortunes of Leicester City
Footbal lClub.

$r;*u:E :ep,$p**et€s;
Original ly f  rom Birmingham,
I did my f i rst degree in
Biological Sciences at
Leicester, where my interest
in bacterialmolecular
genetrcs was aroused by
the l ikes of Bi l l  Brammar,
Peter Williams and Brran
Wilkins, There then fol lowed
a seemingly protracted
period of adversity where I
undertook a spectacu larly
unsuccessful PhD trying to
clone germination genes
from Bacillus subflis in the
laboratory of Derek Smith.
Ithen returned to Leicester,
first as a postdoctoral
worker in the laboratory of
Graham Boulnois and then
two years later as a lecturer
in the Departmentof
Microbiology. Ni ne happy
years fol lowed surrounded
bystimulat ing and
supporl ing col leagues
such as PeterAndrew and
DorothyJones, During
this t ime I became a Lister
Fel low in 1 994 and was
awarded the Fleming Prize
in 1 995 f rom SG M and rn
the sameyeartheW.H.
Pierce Prize from SAB,
Finally, I realized that
there was more to science
than the M69 between
Birmingham and Leicester
and in 1 995 took the Chair
in Microbiology atthe
University of Manchester.
My research interests are
primari ly on understanding
the synthesis and export of
cel I su rface polysaccharides
i n G ram-negative bacteria
and their role in disease,

yjtrF,{,:;:!;f 3'i}.t"ttr..:l1'1.{}:f IODAYVOL2T/NOVOOIH



Popular poster competition

0rdinaryMember

Student or Retired Member

g

ffi [/embership subscription 40 00
(including Microb iology Today)

Additional concessionary subscriptions for publications:

W Mlcrobiology 70 00

WJournalofGeneralVirology 70.00

W lntl SysttvolMicrobiol 70.00

ffi Membership subscription
(includin g Miuoblology today)

$

20 00

Additional concessionary subscriptions for publications

W Microbiology 35 00

Wlournalof1eneralVirology 35.00

W lntJ SystfvolMicrobiol 70 00

s
10 00

Undergraduate Member [UK and Republic of lrelandJ

ffi Membershin subscrintion
(including Microbiology Today)

SG M Membership Subscriptions 2OO7
The followine rates were asreed at the AG M of the Society on 1 3 September 2000.

This year the Inst i tute for Animal Health and BBSRC ran a
compet i t ion in  which pr imary and secondary  pupi ls  were
requi red to  des ign a poster  to  ce lebrate  the work o f
Alexander Flemirig in discovering antibiot ics. The quali ty
of the 900+ entr ies was high and the judging, assisted by
SGM representative John Grainger, proved dif f icult ,  The
final choice of winners was based on the accuracy of the
in format ion and an eye-catch ing presentat ion.  The
winning school in each category received 9400 and the
top compet i t ion ent r ies  were d isp layed in  the BBSRC
pavilion at the Royal Show,

SGM hits the road

=;!s *4::: gr:!l*ir:r;;; ;,;; *n', u"",
Events presented or attended include:

Edinburgh ln ternat iona l  Sc ience Fest iva l  -  pub l ic
symposium on vaccination and chi ldren's workshops

SGM Warwick University meeting - publ ic debate
lnfectious disease - will we ever win?

Spr ingboard Careers  Day at  Wembley Conference
Centre

Directions Careers Fair at Earl's Court

Associat ion for Science Education Area Meetings -

m icrobiology workshops

Brit ish Associat ion Creating Sparks - BAYS Day
m icrobioloqv workshops' - ' J J  -  _  - t - -

l/tlant to spread the word about science?
; , ;
quest ions about  sc ience f rom the genera l  pub l ic ,  is
look ing for  more exper ts  to  prov ide the answers,  When
the fo lk  who man the l ines are s tumped,  they have to
seek  he lp .  Th i s  mere l y  i nvo l ves  ema i l i ng  o r  ca l l i ng  t he
appropriate expert and asking them for information, The
answers are passed on to  ca l lers  wi thout  reveal ing the
sources - contact detai ls of experts on the Science Line
database are conf rdent ia l  and never  q iven to  ca l lers  or
the media.  About  one- th i rd  o f  the quest ions are about
ast ronomy or  phys ics ,  one- th i rd  b io log ica l  and one- th i rd
al l the rest,

l f  you would l ike  to  he lp ,  f i l l  in  the exper t  form on the
websi te  a t  www.sc iencenet .org.uk,  or  send an emai l  to
sciencel ine@bss.org or telephone 020 8735 501 5.

AWellcome prize

tn" W" o
have had no popular  sc ience books publ ished to  date to
enter  the i r  la test  compet i t ion,  S,25,000 is  up for  grabs
towards the cost  o f  wr i t ing a  popular  sc ience book.  The
arm rs  to  wr i te  an impor tant  or  in f luent ia l  book that  w i l l
not  on ly  insp i re ,  s t imulate  and in form the genera l  lay
reader, but wi l l  also open up new ways of thinking about
the wor ld  and set  the agenda for  fu ture debate and
discussion. The closing date for submissions is 2 March
2OO1.  Fur ther  in format ion,  the ru les and gu ide l ines can
be found at www.wellcome.ac.uk

us$
70 00

13500
13500
13500

us$
33 00

65 00
65 00

13500

us$
NA

No concessionary subscriptions to journals are attailable to Undergraduate
Members

N/embers are reminded that
the i r  200  1  s r rbsc r io t i ons
q r o  d r  r o  { n r  n q r r m a n f

by 1 December2OOO.

A c  i n  n r o r i i n r  r q  \ / o 2 r q

no journai or meetings
information wil lbe
dcsnat r -hed tn  memherS

who are in arrears, and there
wil l  be no guarantee of
provision of back numbers
of journals for members who
pay their subscript ion late.

Paymentbydirect
debit or continuous
creditcard
Su bscript ion notices were
despatched recently to al I
members paying by direct
debit or by continuous credit
e a r d  q r r q n n a m o n l  T n' * ' ' \ J " '

n n n l i n r  r a  \ / n r  r r  n r o c o n t

- + ^ + , , ^  ̂ ^ , . . ]  i ^ , , " ^ ^ lJ L d L U )  a l  r u J U U r  r a l

requirements, no further
e n f i n n  i c  n e a o c c e r r r

However, if you pay by
continuous credit card, you
should check that the card
number and expiry date on
the subscript ion notice are
r-nrrcr^i Tn r-hanne vnrlr' u -  I  " '

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

iournal reouirements for
2OO1 . or vour credrt card
detai ls, you should have
o m o n d o d  \ / ^ r r r  e r  r h c e  r i n f i n n

notice and returned i t  to the
membershio off ice bv
l5November2O0O.
However, i f  you have missed
th is  deadl ine,  your  amended
nn l i r -o  ra r i l l  hc : r - r -en tpd  i f  i t  i s

su bm itted i mmed iately.

Paymentagainst
rnvorGe
I nvoices were despatched
recently to al l  members who
pay by this method. l f  you
did not receive one, please
in form the Membersh ip
Off ice.

Subscriptionswaived
for unemployed
members
As in prevrous years,
subscriot ions mav be
waived atthe discret ion of
t h o  Q n n i o | ,  { n r  '  , n o m r ,proyeo
members under the age of
35 who are resident in the
U K, l f  you are el igible and
wish to benefi t  in this way in

2001 ,  you should  send a
c i n n a d  c l o l a m a n t t h q l, - ,  , .  . ,  , * .  you
are currently unemployed
to the Membership Off ice
beforeSO November
2OOO, (Please note that
n n  i n n r o q c a  i n  i n r r r n a l

r o n r  r i r o m o n t c  r n r i l l  h o

permitted.)

Incometaxlelief
on membelship
subscriptaons
Members who are l iable
for U K income tax are
rem inded that thei r annual
subscript ions to the Society
have been approved by
the ln land Revenue as
quali fying for income tax
rel ief.  Any member who
would l ike f urther
information or has dif f iculty
in  obta in ing th is  re l ie f
should contact the
F v a n r  r t i r r a  Q o n r a t e  r r r

-
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The pupils then carried out Gram stains on selected 'friendly

body bugs '  taken f rom the i r  swab p la tes andlor  f  inger
plaies. Whoops of del ight/horror were heard when they
looked at  the s ta ined bugs under  x  400 magni f  ica t ion.
A few selected examples of their 'body bugs'were shown
on  the  TV  sc reens ,  l i nked  t o  a  N i kon  m ic roscope  v i a  a
v i d e n  s e t - r r n  T h e  6 r  r n i l c  n n ,  ' l . l  . o o  a n n l  6 { l - 1 p 1 - i c  h , , ^ " 1v r w s v  J E L  u p .  I  r r u  p u v l r J  t ' r J u t u  ) u u  u d L I r  w U  t u t  J  u u v J :

The hands-on e lement  f in ished wi th  ihe pupi ls  look ing
at  prepared s l ides o f  a  few 'bad guys '  (Escher ich ia  co i ,
Staphylococcus aureus, Streptococcus pyogenes and
Streptocaccus mutans) down a microscope.

The workshop closed by having a few minutes chat about
what they had seen and learnt in each workshop exercise,
fol lowed by prize-giving. ln addit ion, al l  pupi ls went away
with a set of SGM posters about Microbes tn Food
and several informative leaflets (many thanks to Janet for
prov id ing them at  such shor t  not ice) ,  The genera l  op in ion
was that everyone (us included) had a fun t ime,

More ph.otos can be seen on our  microb io logy webs i te
www.uclan.ac.uk/micro

Reg England is former Convener of the SG M
Fermentation & Bioprocessrng Group. He is based atthe
Department of Biological Sciences, lJniversity of Central
Lancashire, Corporation Sfreel Preston PRl 2H E.
Tel. Ol 772 89351 3; email r.england@uclan.ac.uk
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ABOVF:
Pupi ls  Gram sta in ing the i r 'body
bugs (upper) .  0 i l l  and Jon look ing
on,  and look ing at  s l ide and p la te
cu l tures o f  microb,ar  f00ds ( ,0wer)
COURITSY RFG INCtAND

i
I

A Microb io logy Summer School for  1  1-16-year-o ld  pupi ls
f rom loca l  secondary  schools  was he ld  between 24
and 27 July 2000 at the University of Central Lancashire
in  Preston,  The workshop was run by Reg England,
Chr is  Hughes,  Gi l l  Ward and Jon Rand.  The hands-on
programme in t roduced pupi ls  to  ' the good-guys '  -
microbes used in  food product ion;  ' the bad guys '  -

microbes that  cause a prob lem in  food po isonrng and
heal th ;  and1he downr ight  ug ly ' *  microbes found on our
bodies!

At  the s tar t  o f  the f i rs t  pract ica l  exerc ise,  pup i ls  were
presented wi th  a  menu and inv i ted to  tas te  var ious
'microb ia l ' foods and dr ink  (bread,  OuornTM sausages,
sauerkraut ,  yoghur t  and cheeses,  a l l  washed down wi th
lemonade) .  The pupi ls  were then a l lowed to  look a t  pre-
nrenared nlate r-r l trrres and viewed sl ides of the relevantI . ' " I " * '

microbe(s)  invo lved.  The fungal  p la tes,  in  par t icu lar
Fusarium graminearum, Pentcrllrum roqueforti and
Aspergillus nigerwere met with shrieks of disgust at what
they had jus t  consumed.  The pupi ls  drew each microbe
(plate and sl ide culture) in a special ly designed workbook
and a prize was awarded for the best drawings. Mid-way
through the f  i rs t  sess ion we were jo ined by BBC Radio
Lancashi re .  The repor ter  in terv iewed a few pupi ls ,  and
l istening to the artrcle on the radio the fol lowing day, we
are p leased to  repor t  that  microb io logy rece ived a very
good press from the kids,

Pupi ls  were then in t roduced to  microbes about  the i r
body by taking swabs from various parts of their anatomy!
They s t reaked the swabs onto d i f ferent  agar  media,
sea le  d  thp n la tps \^ / i+r^  ^^-^+; r*  ̂^ , . r  ^^ ' - :  back the nextJ s q r E U  L r  r E  P r a L g J  V V r L r  r V a r  O r i l i l  d t l u  L a i l t t

day to see what had been caught, A similar exercise was
held by asking them to place their f  ingers, before and after
washing with soap, onto nutr ient agar plates.

The fol lowing day, pupi ls looked at the sealed plates and
were ab le  to  ident i fy  whether  they had grown bacter ia ,
yeasts  or  fung i  by  re fer r ing to  a  s imple key in  the i r
workbook.  The k ids were verv  suror ised to  see the
diversity and numbers of bacteria that grew on their skin.
Pupi ls  drew chosen examples o f  the i r 'body bugs '  in  the i r
workbook,  Each agar  p la te  f rom the l inger  exerc ise was
photographed using a digital camera and a colour printout
was g iven to  pupi ls  to  inc lude in  the i r  workbook before
they went home (something to show Mum and Dad),

f.
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Compet i t ion was
f ierce dur ino the f inal
round of  th iSvear 's- . -
r romeOa 71ze
Compe"t i t ion,  Eight
enthusiast ic young
members each gave
a 1O-minute  ta lk
fol lowed bv 5 minutes
of ouest ions.  Al l
entiants gave fluent
presentat ions using
excel lent  v isual  a ids
and deal t  wi th some
touqh quest ions,
Aftdrwards, Tracey
Duncombe met  up
with the contestants
to f ind out more about
the importance of
their  research and
why they had entered
thecomoet i t ion,

O Tracey
Duncombe,
SG M Public Affairs
Administrator, is
to be the new
correspondent for
Gradl ine, Please
let her have your
stories or news
for possible
publication. Articles
on any topic of
interest to younger
scientists are
welcome (email
pa@sgm,ac,uk).
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Communicating microbiology: The Promega Prize competition
University of Exeter, 13 September 2000

I Karen Mattick, PHL, University of Exeter
Filament formation by Salmonella spp, under adverse
conditions
Karen let i t  sl io that i t  was her supervisor who had
actual ly entered herforthe competit ion . ' lwas giving
atalk at an SGM meeting anyway, so really I dtdn't
mind, I had nothing to lose.' Karen is a second year
PhD student investigating the on-going growth of
Sal m o n el I  au nder stress cond i t ions where g rowth
was not previously ihought possible. 'Thts research
has public health tmplications as well as giving us an
insight into the stress response for the organism)

I Suzanne Strauss, PH LS, Addenbrooke's Hospital, Cambridge
A single-tube real-time nested PCR for detecting the genomes
qfilallr4pUlmavllw
Suzanne was employed as a cl inical scientist to
perform epidemiologrcal studies at the H PV reference
l ibrary unti l  she started her PhD this year, which is
focusing on carcinogenic H PV strains. ' l 'm developing
type-specific, quantitative PCR to see what effect
virus load has on disease progression and clearance.l
didn't really know anything aboutthe competition.l'd
produced a poster for a meetrng in Paris and decided
to display it at an SGM meeting. The judges asked me
some questions about my work and thatwas how I
made the pre-selection group f inalists.'

I Ashraful Haque, lmperial College, London
lntracellular activation of the spv and dps promoters in
&lqptsltlpluu!!!m
(U navai lable for i  nterview)

I Gina Manning, Veterinary Laboratories Agency, Weybridge
Evidence for a geneticallv stable clone of Campvlobacter ieiuni
Gina is  a  b i t  o f  an o ld  hand when i t  comes to  the
Promega Prize Competit ion. She was one of last year's
winners after giving a presentation on a dif ferent
aspect of her work on C. jejuni.'I presented a poster at
the SGM meeting in Warwick and dectded to enter
again!After she gained her PhD from Leicester
University in 1998 working on Pneumococcus,Gina
moved to VLA to take up a permanent postdoctoral
research position studying Campylobacter.' C. jejuni
is an important human pathogen both socially
an d e co n o m t cal ly. l t's i m p o rtan t to u n d e rstan d th e
epidemiology of the disease so thatwe can put control
measures in place to controlthe pathogen in the food
chain.'

I Amanda Smith, Institute for Animal Health, Compton
The identification of genes required for growth of
Streptococcus uberis in milk
Amanda is  in  an auspic ious pos i t ion;she is  a th i rd
year PhD student, has almost completed writ ing her
thesis and has a postdoctoral posit ion l ined up to work
on Escherichia coliO157.' l'm looking forward to my

new oost, as l've alwavs wanted to do human-related
rese'arch. '  Amanda saw a poster for the competit ion at
a  prev ious SG M meet ing and dec ided to  present  the
results of her work. 'We hope to find avaccine aqatnst
S. uberis by identifying genes involved in importZnt
pathways. S. uberts is a major cause of bovine mastitis.
Affected milk ts not marketable and therefore has
h u ge eco n o m i c i m p I i catt o n s.'

I Martha Simpson-Holley, University of Cambridge
Afunctionallink between the actin cytoskeleton and lipid raft
domains during influenn virus budding
After giving atalk atthe Warwick meeting, Martha
was automatically entered for the contest, 'l 've really
enjoyed the experience, it's been good for building
confidence. '  Martha is going into the third year of her
PhD look ing at  the morphology of  the in f  luenza v i rus
that is associated with cl inical disease: ' this may be
the form of the virus that orows in vour nose when
you have flu'.

I Chris Smith, University of Cambridge
HSV-I latency in the central neruous system
Ch ris was one of two students selected by the
Virology Group judges at the Warwick meeting, '900/o

of the population are latently infected with HSV-1 , but
there are no drugs thattargetthe latentvirus;we can
treat a cold sore but we can't stop it re-occurring, ln
order to develop novel anti-viral therapeutic strategres
we need to gather knowledge of the virus during
latency, Research in this area may also, in the future,
lead to avector for gene therapy, Latent HSV- | does
not affect neurones and is capable of long-term gene
expression '  Having f inished writ ing his PhD thesis
wi th in  3  years ,  Chr is ,  who is  a lso a  medic ,  is  look ing
forward to the dav in 9 months t ime when he' l l  become
a'doctor, doctor'. i l'd love to carry on in research as
wellas staying in medicine.'

I Justine Fitzmaurice, National University of lreland, Galway
Detection ofverncytntlxigenic Escherichia coli using a
PCMDNA pnbe nenbrane based colorinetric detection
assay
Justine started her PhD last October and has made
aflying start in the communication of her research,
Just ine qual i f ied for the Promega Compet i t ion a f ter
g iv ing a ta lk  a t the l r ish  Branch meet ing in  Galway
earlier th is year.' Food poisoning caused by O | 57 is
a serious disease, which is increasing in lreland.
However, tests are not carried out routinely and it
may take up to 6 days for a positive result. We have
developed new probes as part of a PCR-based
technique to speed up the detection of the O 1 57
serotype to within 48 hours.'



The names of the
winners  were announced
at the Societv Di nner that
evening.  Both the winners
showed enthus iasm for
their research work and
led the audience in to
the background and
methodology before
embark ing on the
detai led implications of
the i r  resu l ts .  The winn ing
talks were of avery high
standard that more senior
microb io log is ts  might
hope to aspire tolAfier
caref ul del iberation, the
panel of judges, chaired
bv Pat Goodwin, decided
to award both Gina
Manning and Ghris
Smith with the Promega
cheoues for S2OO. The
other  f ina l is ts  wi l l  a l l
receive S25 from SGM
andayear 's f ree
membersh ip  o f  the SGM.
G ina  and  Ch r i s  w i l l  now
go through to  represent
the society in the
Promega Young Life
Scientist of the Year
Award,which wi l l  be he ld
nextyear, There they wil l
be compet ing against
other Promega Prize
winners from the
Biochemical Society, the
Genetical Societv and
f  f  -  , r ,  I  n  i  .

tne 5f l tsn )ocreIV Tor
lmmunology for the
chance to  win  a t rophy
and S2,OO0 prize money.

l f  you are a postgrad or
in the first two years of a
oostdoc, then i t  couldn't
be easierto enter nexr
vear's com oeti t ion, Just
present a poster or an oral
offered paper at a Society
meet ing and le t the
Meetings Off ice know
thatyou wish to be
considered. Further
detai ls of the Promega
Prize comoetit ion are
avai lable on the SG M
website www.sgm.ac.uk

O Tracey Duncombe,
SGM PublicAffairs
Administrator

Student Membership
Student Membership of the Society is avai lable to
postgraduate students worldwide who have no taxable
income,  For  an annual  subscr ip t ion o f  on lv  U KS20
(US$33) Student Members cin take advantage of the
many benefi ts thatthis category of membership
provides, such as f ree registrat ion at SG M meetings
and the purchase of Society publ icat ions at greatly
d iscounted or ices. In  addi t ion Student  Members who
are resident and registered for a higher degree in any
European Union country may apply for awards f rom
the President 's Fund and Postgraduate Conference
grants  (see p,  192for  deta i ls )  which prov ide f inanc ia l
assistance for attendance at scienti f ic meetings.

Undergrad uate Membersh ip
Undergraduate Membersh ip  is  open to  s tudents
resident and registered for a f  i rst deg ree in the U K
and Republ ic  o f  I re land,  For the barga in  subscr ip t ion
of only S'1 0 Undergraduate Members wil l  receive
M i c ro b i o I o g y T od ay and m ay atten d Soci ety m eeti n g s
without payment of a registrat ion fee, Careers events
wi l l  a lso be he ld  for them at  d i f ferentvenues around
the country, However Undergraduate Members wil l
not be el ig ible for travel or conference g rants,
Information about this category of membership is
being circulated to al l  relevant U K university
r l o n a r i m o n t c

Student Societies
SGM Sponsored Lecture Scheme
Grants are avai lable to support TWO lectures on
microbiological topics per academic year at Student
Society meetings, r

A Student  Soc ie ty  is  e l ig ib le  for  suppor t  i f  :

I t  is run mainly by and for students of l i fe sciences,
either postg rad uates andlor u nderg rad uates,

I t  is  based in  the U K or  Reoubl ic  o f  l re lano

The invited speakers wil l  be reimbursed direct ly
for reasonable costs of traveland accommodation.
However, please note:

The maximum claim for each lecture is S 1 50.

One speaker may be invited from abroad or
f rom l re land,  but there can be no increase in  the
maximum c la im for the lec ture,

lThe Societywil l  be reimbursed forthe costs of
enter ta in ing the speaker to  d inner ,  inc lud ing the
expenses of  ON E member  o f  the commit tee,

Application forms are avai lable from The Grants Off ice
a tSGM HO(Te l ,  O1  1  B  9BB  1821  ;Fax01  1  B  9BB
5656; email  :  g rants@sgm.ac.uk).

Current Opinion in

Microbiology

Miflfl()BIOLOGY
... in BioMedNet Reviews

Now you can create your own virtual
journals from 1 1 2 journals including
Trends and Current Opinion.

Recommend an institute trialto your
librarian.

Further details at bmn.com

$Hsru#s Current Opinion

Hosted online by BioMedNet
bmn.Gom

Aurora

www.labplastics.com

The server maintains a oroduct database
wh ich i ncoroorates al I cu rrent f i n ished oroduct
designs and speci f icat ions,  The faci l i ty  a l lows
for product purchases, sample requests, sales
and customer support, special offers, and
indiv idual  customer prof i les.

Mic?dbibl Ugi
Visit the Society's website for details of all
SGM activi t ies, meetings and publications.
www.sgm,ac.uk

Check out our onl ine journals and enjoy the
extra benefits of the electronic product.
www.sgmiournals .org
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Meetings on the web
Up-to-date information on future Society meetings is
avai lable on the we bs ite : http://wwwsg m.ac.u k

Meetings organization
The SG M meetings programmes are organized by the
committees of the special interest groups, co-ordinated
by the Scientif ic Meetings Off icer, Professor Howard
Jenkinson. Suggestions for topics for f  uture symposia are
always welcome. See p, 212lor contact detai ls of Group
Conveners, Administrat ion of meetings is carr ied out by
MrsJos iane Dunn of  the Meet ings Of f ice a tSGM
Headquarters, Marlborough House, Basingstoke Road,
Spencers Wood, Reading RG7 1AG (Tel. 01 1 I 988
1 805; Fax O1 1 8 9BB 5656;emailmeetings@sgm.ac.uk).

Millennium meeting
U niversity of Warwick April 2000

Fight ing Infect ion in the 21st Century

Symposium volume

This is available f rom Blackwell Science, The price is 565,
with a 40 0/o discount for members of SG M and SfAM.
See p. 207 for a review of the book and details of how to
order a coov.

Autumn 2OOO
147th Ordinary Meeting
University of Exeter
12-lSSeptember 2000

Community Structure and Co-operation in
Biofilms
Symposium Volume 59 is avai lable f rom CU P. An
orderform for members is enclosed with this issue of 

t

Microbiology Today.A review of the book appears on
p.207,

Abstracts Book

The ful l  text of the abstracts book covering other sessions
at this meeting is now avai lable as a PDF f i le on the SG M
website,

Offered posters
Offered posters are welcome but each one should be
associated with a Grouo. General Offered Posters wil l  no
longer be accepted, Tit les and abstracts should be sent
to the appropriate Convener, preferably by email .  The
subject content should be relevant to the remit of the
Group (see website for detai ls);  i t  does not have to relate
to the topic of the Group Symposium taking place at the
part icular meeting, Abstracts are required in a standard
format - see website for detai ls or contact the Events
Administrator,
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O Main Symposium
New Ghallenges to
Health: the Threat
of Virus Infection
0rganizers: P M. Goodwin,
WL,lrving, J McCauley
D.J, Rowlands and G,L. Smith
Speakers:
C J PETERS (Atlanta) Surveillance
and detection of vrruses
B GRENFELL(Cambridge)
7verview of the epideniologhal
impactof viruses
R ELLI0TT(Glasgow)
Hantavirus/bunyavirus
B RICHARDS0N (Sydney)
Calicrvirus, nyxomavirus and the
wild rabbit in Australia; atale of
tnvasnns
A HAY (Nl[t]R) lnfluenza virus
S. LE[40N (lexas) Hepatitisvirus
R, WEISS (London) ,9//
T, BARRETT (Pirbright)
Morbilliviruses - dangers old and
new
C, WEI SSMAN N (London) IJFs
J.P ST0YE (NIMR) fndogenous
r etro v i r u s / x e n otran s p I antati o n
C. B0SH0FF (London)
G an mahe rp esvi ral infectio ns i n
i m n u nocon p ron i se d pop u lati ons
H -D, KLENK (Marburg) The
proteins of fbolaand Marburg
viruses - functions and potential
roles in pathogenesis
D GUBLER(CDC USA) Densue
virus
H. LUDWIG (Berlin) Bornaviruses
G, DARBY (Stevenage) Antiviral
drug developnent and the inpact of
drug resistance

O Other Symposia
and Workshops

ffi Wall-less organisms

Cells & CellSurfaces Group

27 March
0rganizers: l,C, Suhliffe
(iain sutcliffe@sunderland,ac.uk)
and [/l J, Woodward (mwoodward@
cvl.wood gtnet.gov.uk)

ff i Monitoring and
treatment of blood-
borne viruses

Clinical Virology Group

2B March. There will also be an
0ffered Papers session on 29 lVlarch.
0rganizers: Jeff Connell (jeff,
connell@ucd ie) and Conall
McCaughey (cmccau ghey@
qub ac.uk)

ffi Benchmarking in
m icrobiology education

Education Group

29 March
0rganizer: Trevor Cartled ge
(trevor.cartledge@ ntu,ac uk)

# Microbe/pol lutant
interact ions:
biodegradation and
bioremediat ion

Environmental Microbiology
Group

29-30 [/arch
0rganizer: Kirk Semple
(k.semple@lanca$er,ac uk)

@ Biotransformations

Fermentation & Bioprocessing
and Physiology, Biochemistry &
Molecular Genetics Groups

27-28 March
This session will dealwith whole-
cell microbial biotran$ormations
and wil l be multidisciplinary,
involving biologi$s, chemi$s and
biochemical engineers. lt will focus
on reactions currently under-
renresented in indu$rial 0r0cesses
0rganizers: Neil Bruce (n,bruce@
biotech cam uk) and Gill Stephens
(g m $ephens@umistac uk)

4F New enzyme targets
for ant i -microbials

Microbial Infection Group with
Biochemical Society

26 l/arch
a.m. Use of structural datato
c h arac[eri ze n ovel [argets
p.m. N ew ap p roac h es to [arg et
identification
0rganizer: L,J V. Piddock.
(l.t v,piddock@bham ac uk)

$B Microbiology of
ni t r ic  oxide

Physiology, Biochemistry and
Molecular Genetics Group

29March-2sess ions :
[ilitric wide in free'living bacteria
lVitric oxide in the host-pathogen
interaction
0rganrzer: [/1, Larkin (m.larkin@
oub,ac.uk)



,;i:: Post-transcri ptional
control  of  gene
expressron

Virus Group

2B-30 March
There wi l la lso be evening
workshops on 26 and 29 lVlarch,
0rganizer: I Brierley (ib103@mole
bio.cam ac.uk)

r;i, Special sym posi um :
Genomics:  beyond
the sequence

Systematics & Evolution Group
with the International Committee
on Systematic Bacteriology

26-27 [/larch
Contact G Saddler (g.saddler@
cabi org) for details

.;rri Evening workshop
foryoung members:
Genomics

Physiology, Biochemistry and
Molecular Genetics Group

0rganizer: M Larkin (m larkin@
qub ac uk)

0ffered posters are welcome for all
sessions except those of the Virus
Group. Please submit t it les and
abstracts to the appropriate
symposium organizer or Group
Convener by the deadline of 17
November 2000

,i:i.,i t i:.. ::'. ., ::;.

O Main Symposium
Mycobacteria: New
Developments

0rganizers: M Goodfellow
PM Goodwin H M Lappin Scott
I  Saddlerand D Smith

O Other Symposia

ry Microbial l i festy les
Cells & CellSurfaces Group
0rganizers: J Armitage & P Rainey

,1':1' Lower respi ratory
tract infections
Clinical Microbiology Group
0rganizer:  S Gi l lespie

;,:;i, Research su pervision
- howto get it r ight
Education Group
0rganizer: A Eley
Plus supervisor training workshop :
Problen solving in supervisor-
student disputes

;,ii:. [/l i61e51"1 i nteractions
in aquatic environments
Environmental Microbiology
Group with British Phycological
Society
0rganizer: G Underwood
(gjcu@essex ac uk)

ri|; Bioprocess
monitor ing and control
Fermentation & Bioprocessing
Group
0rganizer:D Mead

,:i l i i '  Mobile genetic
elements in bacterial
v i ru lence
Microbial Infection Groun
0rganizers: M Barer& P Langford

rtr Classification
and ident i f icat ion of
c l in ical ly s igni f icant 

"actinomycetes
Systematics & Evolution Group
0rganizer: G Saddler

0{fered posters are welcome for all
sessions Please submittit les and
abstracts to the appropriate
symposium organizer or Group
Convener by the deadline of 11
May 2001

Postgraduate 2OO1

Waterford Institute
of Technology
4-5 January 2001

0ffered papers from postgraduates
welrome.

0rganizer: Catherine 0 Reil ly
(coreil ly@wit ie)

Functional
Genomics of
Microbial Pathogens

Trinity College Dublin
22-23 March 2001

How will the vast amounts of
information being generated on the
genome seqLlences of microbial
pathogens be used to advance our
knowledge ofthe biology ofthese
organisms and to devise new
methods of control? | nternationally
known speakers in the area of
functional genomics will address
these questions by discusslng the
new research that has become
possible using whole-genome
approaches with prokaryotic and
eukaryotic pathogens.

D. McDEVIIT (SmithKline Beecham
USA) G e n o n i cs ; new strate g i es fo r
small nolecule drug discovery ;
o p p o rtu n iti e s an d h u rd I e s
l\/l PALLEN (Queen s University of
Belfast) Data mining bacterial
gen0ne sequences
P D0RR (Pfizer UK) 3D
structure analysis coupled with
hi g h-th rou g h p u[ scre e ni n g
R. RAPPU0LI(Chiron SpA ltaly)
Reverse vaccinology
P RATH0D (Catholic University of
America) 0lobal transcri ptional
changes in the hunan nalaria
parasi[e P I asn o d i u n fal ci p aru n
G. WEINSI0CK (Iexas) Genomic
ci l  r r l ipc nf  cn i rnnhqofoc

u P t l  u u t  t u u L U v

B WREN (London Srhool of
Hygiene & Tropical Medicine) Ihe
full Canpy ; postgenone analysis
of a food-borne pathogen

0ffered papers from lreland
and abroad on all aspects o{
microbiology wil l be accepted as
po$ers and a small number of
young researchers will be chosen
fn r  n rc l  n rpcontc t innc

Full details of this event and a
regi$ration {orm are on the SGM
website
f l r n q n i r o r '  A n n r r c  R o l l,  ,  ' , , v u u  u u , l

(abell@hd.ie)

Deadline for ab$racts and
registration 31 January 2001

Microbial Genome
environment
interactions

Q,ueen's University of
Belfast
Autumn 2001

0rganizers: Martin Coll ins
(m collins@qub.ac.uk) and Mike
Larkin (m larkin@qub ac uk)

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

Other
Events
OlointASM/SGM
Meeting

;-i * i1i'13*{::l:,1: r ;!i i"iti.i :i
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Biodegradation,
Biotransformation and
Biocatalysis

Further details of this meetinq can
be found on p. 206.
.$r! iri i.j i:l *,,11.: i i: j::;

Grants will be available from the
SGM foryoung members wishing
to attend this meeting. Full details
of the scheme will be published
in the February 2001 issue of
Microbiology Todayand on the SGM
website : www.sgm.ac.uk

O Viral Zoonoses
il"" : ; ?,liiii r;*;"rur i:iiii.i1i:

iir:i*,tl 'l I ,l;;:r;i:llr;:i,;lr:l r*ir

f r iri'i,i ;;; f n;. i,',1 ;r3 :i!. f," l,; 1 1,5 u; n

SGM Clinical Virology Group,
European Society for Clinical
Virology and the European
Society for Veterinary Virology
0rganizers:T. Wreghitt (Fax 01223
242n5) & J. Be$ (jenny.best@
kcl.ac,uk)

O Fermentation &
Bioprocessing
Group

0ffered paper/posters are welcome
for the B i otra n s/ormallons sess i o n at
Heriot-Wall (27-28 March 2001 ) -
deadline November 17 2000 - and
the symposium on Bioprocessing,
Monrtoring & Cr,ntrrllal[JEA (10-11
September 2001 ) - deadline 11
May 200'1, Please contact Glyn
Hobbs (email g hobbs@livjm,
ac.t]K)

. :
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Much has been made of the Department of Trade and
lndustry's White Paper Excellence and Opportunity - a
science and innovation strategy for the 21 st century
s ince i ts  publ icat ion on 26 Ju ly  th is  year ,  The media,
in part icular, have focused on one part,  namely the
S4 mi l l ion annual  fund,which is  be ing set  up to  recru i t
' the David Beckhams of sciencei ln an attempt to
create a  nat iona l  'b ra in  ga in i50 lead ing sc ient is is ,
chosen by a panel of experts from the Royal Society,
the Royal Academy of Engineers and the Wolfson
Foundation research charity, would be lured to Britain
with salaries of up to S100,000. At present, Bri t ish
universit ies pay professors a minimum salary of
around S35,000 to 340,000. Whether or not this wi l l
halt  the 'brain drain'  is arguable. The feel ing of many
scientists quoted tn THES(28/7/00) was that it did
not address the fundamental oroblem that some of
the brightest young scientists choose not to pursue
careers in academic research because of the lack of
Drosoects,

The scheme was announced as part of a package
of measures in the White Paper, l t  sets out how the
7 o/o per annum average increase in the science
budget over the next three years, announced in the
Govern ment's Com prehens ive Spend i  n g Review, wi |  |
be al located to maintain the UK's world-class science,
However, as departmental budgets have not yet been
released, i t  may be too early to know whether the
money announced for the science base represents
new funding or  large ly  a  reshuf f l ing o f  ex is t ing money.

The White Paper l isted a number of ways in
which the government  was encourag ing un ivers i ty
employers ,  and funding and research counc i ls , to
develop career guidance and staff development for
young postdocs on f ixed-term contracts. l t  was also
examin ing how i t  cou ld  do more to  he lp  women to
progress in scienti f ic careers and how it  could
increase the numbers of overseas students studying
sc ience and engineer ing in  the UK,  PhD st ipends are
to be increased in stages to reach S9,000 outside
London by 2004. In  an announcement  made pr ior
to the White Paper, this increase recognized the
growing problem of attract ing the best students to
research, and went some way towards meeting the
recommendations of the UKLSC Working Party,

The cont inued funding to  improve fac i l i t ies  has
been welcomed by a l l  the lead ing sc ience agencres,
Notab ly ,  a  fur ther  S 1 b i l l ion investment  in  sc ience
infrastructure wil l  be avai lable between 2002 and

I

I



20o4,funded by Government and ihe Wellcome Trust
on top of the Joint Inf rastructure Fund (J lF).

Familiar statistics were used to show that Britain's
science base already competes very well ,  but ihe
government is clearly worried about the future of
science, l t  was argued that we need to maintain our
world lead in the f ields where we excel and develop
a lead in new areas, while maintaining the capacity
to do science that is recognizably world-class across
the board, This was the rat ionale for providing an
addit ional S250 mil l ion between 2002 and2004
in thei Spending Review for research in the areas of
genomics, electronic science and informatics, and
in basic technology such as nanotechnology,
quantum computing and bioengineering,

The White Paper acknowledged that the government
has a clear role in the funding of basic curiosity-driven
research. The main thrust of the f indings was to
address how best to assist with the transfer of
research from UK universit ies into commercial
products and services in a way that has public
support and involvement,

The Paper considered that although the Research
Assessment Exercise (RAE) did not penalize inter-
discipl inary col laboration, more support was needed,
It  welcomed the guidel ines for the next RAE that
basic and strategic research done in confidence
for  bus iness should  be g iven equalweight  a longs ide
papers publ ished in peer-reviewed journals, The RAE
wil l  not be used to divert research funds to support
universit ies' appl ied work, Instead, a larger, permanent,
stream of funding wil l  replace the present Reach Out
funding stream. The Higher Education Innovation
Fund wil l  be worth S 1 40 mil l ion over three years,
Other schemes to encourage col laboration with
industry include funds to strengthen regional science
and to create networks, which are to be made 

I

avai lable through regional development agencies.
A l though th is  fund ing is  welcomed,  the UKLSC
pointed out in an earl ier consultat ion that much
collaboration is carr ied out on a national or
international scale rather than at a regional level,

The Paper also considered that it was necessary to
start at the base, with better education for all children
in science, l t  wants to beef up school labs, persuade
'science ambassadors'to encourage chi ldren -

part icularly gir ls - to take science more seriously and
launch a 'sc ience year ' in  September  2001.  A new
science curr iculum, with greater emphasis on practical
science, was implemented in September this year.
The new S 1 0,000 training and recruitment package
for teachers intends to attract more well-qual i f ied
candidates, Several other initiatives were listed that
would support continuing professional development
of science teachers. The government also announced
that it intended to work with the providers of science
materials to schools to provide a single point of
support for science teachers, so that all were
aware of the resources available.

ln the introductory chapter the need for publ ic
confidence in the whole notion of science to be strong
and well founded was emphasized. The government
saw its role in assuring consumers that r isks have
been properly assessed and control led and in
communicating those r isks clearly and simply and
at the r ight t ime. In that respect, guidel ines on the use
of scienti f ic advice by government departments
and agencies are io be updated and a new code
of practice encouraging openness for advisory
committees is to be published for consultat ion,
However, similar guidel ines and advisory committees
were in place, for example, in the last two years when
the public mistrust over G M foods grew, and the
government was forced to draw back from its initial
approach, Lit t le was said about encouraging scientists
to engage more effect ively with the public other
than that the government would bui ld on exist ing
Research Counci l  ini t iat ives in training scientists
to communicate their work,

O Tracey Duncombe, SGM Public Affairs
Ad m i n i strato r (em ai I pa@sg m.ac. u k)
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Microbiology Today
Edi tor  Mer ie lJones
takes a look at some
papers in current
issues of the
Society's journals
which h ighl ight  new
and excit ing
developments in
microbiological
research.

Among al l  the scienti f ic
work and personal tragedies
of AIDS, manyaspects are
sti l l  not understood. One of
these is how the infection
can take different courses
in d i f ferent individuals.
Although the dose and viral
strains responsible for
human H lV infections are
highly variable, there are
people known to have been
infected th rough identical
routes with the same strain.
Even so, the progress of the
disease has not been the
same,This is even clearer in
animal experiments, when
there is no question butthat
allthe animals were infected
with identical amounts of
virus. Simian immuno-
def iciency virus (SlV) causes
a fatal Al DS-like disease in
rhesus macaques and this
has been used as a model for
HlVand AIDS in  humans.

Although the average time
until death of a SIV-infected
macaque is 1 -2 years, some
anrmals die within months
while others l ive for many
years. Experiments are
carried out with small groups
of animals, often fouror less,
and this natural variation
may conceal any effect
of atherapeutictr ial ,
Researchers atthe
U n iversity of Pittsbu rg h
School of Medicine, working
with staff at the Tulane
Regional Primate Research
Center, have now reported
the result of a decade of
workthat allows them to
know in advance which
animals wil ldie rapidly after
infection and which survive
for a long t ime,

fGYDIrcct

The key is the way the
an imal 's peripheral blood
mononuclear cel ls (PB M C)
do, or do not, al low the vrrus
to multiply. The researchers
collected blood from
un infected animals, added
virusto PBMC isolated
from the blood and recorded
how well the virus grew.
The macaques were then
infected with SIV and the
researchers had to care
forthem as the disease
progressed. After bring ing
together information on 59
macaques from vaccine and
therapeutic trials, the
scientists are conf ident that
they can now pred ict wh ich
animals wil l  l ive for a long
time with a SIV infection and
which ones wil l  die rapidly,
Animals with blood cel ls that
are high producers of virus
will progress to d isease
sig nif  icantly more quickly
than i f  their PBMC are low
or intermediate producers of
virus. This knowledge can be
used in the design of f  uture
trials, and since it suggests
thatvirus growth is controlled
by innate characteristics
of the individuals, i tgives an
additional factor for
understanding, and
combating,this leihal
disease,

Seman, A. L.,Pewen,\7. F.,

Fresh,L. F.,Mart in,L. N. &

Murphey-Corb, M. (2000).

The replicative capacity of

rhesus macaque peripheral blood

mononuclear cel ls For simian

im munodefi ciency vi rus i n il t ro

is predicrive of the rate o[

progression to AIDS in u iuo. J
G en Viro I 8I, 2441 -2449.
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Th e SG M p u bl is h es two mo nth ly j o ur nals, Mictobiology
and loumal oi General Virology.

f he Intemalional loumal of Systematic and
Evo I uti o n a ry M i crobi o I ogy (U S EM, f o rm e r I y lJS$
is publ ished bimonthly on behalf of the lU MS in
conjunction with the ICSB.

Thethreejournals are now available online,
For f urther i nformation visit the jou rnal website:
http :,/ /www.sgmiou rnals.olg

Members may purchase SGM journals atconcessionary
rates. See p, 1 94 or contactthe Membership Off ice for
details, Information on commercial subscriptions rs
available f rom the Journals Sales Office,
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Epstein-Barrvirus infects morethan 9O % of the human
population and has no apparent effect on the vast majority.
The virus takes up l i felong harmless residence within one of
the types of cell in the immune system, the resting memory
B cel ls. The viral genes stay within the cel ls in an inactive
cond i t ion. In a very small  number of people, the virus
unfortunately re-surfaces in an active state in cancerous
tissues, and is considered a factor in the initiation of the
disease. One of these is undifferentiated nasopharyngeal
carcinoma(N PC). Scientists atthe National University of
Singapore have been studying the differences between
patients with N PC and healthy individuals who neverlheless
have antibodies to the virus in their blood,

About half  of the people they examtned had signs in their
blood thatthe virus was active. The virus requires activity of
a number of genes to replicate itself, and the researchers
could detect activity of some, but not all of them. ltwas as if
thevirus occasional lytr ied to repl icate i tself ,  butwas unable
to complete the process. When they examined cells taken
from the carcinoma itself, orthe inflamed throats of some of
their otherwise healthyvolunteers, the situation was
different.The cancercel ls had signs of act ivi ty of al l the viral
genes required to startreplication, while one gene, BRLF 1,
was inactive in the non-cancerous cells,

The body usually responds to the presence of new proteins
by direct ing the immune system to remove them. Afirst step
in this direct ion is the synthesis of proteins cal led antibodies
that bind specificallyto the new protein and mark itfor
destruction. When the researchers looked for antibodies to
the productof Ihe BRLFl gene in the blood of 53 patients
with N PC, they could detect it in 83 % of them, In contrast,
they could only f ind one positive reaction among the same
num ber of their control volunteers,

Other scientists have suggested that the product of
Ihe BRLFl gene may be impodant in the re-activation of
Epstein-Barrvirus and the development of cancer. The
results of this study ind icate that, although this may well be
true, it also betrays the presence of the active virus in the
form of a unique antibody, The researchers hope that it will
be possible to develop this into an earlytestforthe disease.

Feng, P., Ren, E. C., Liu, D., Chan. S. H. & Hu, H. (2000).

Expression ofEpstein-Barr virus lytic gen e BRLF 1 in nasopharyngeal

carcinoma: potential use in diagnosts.J GenVirul 81,2417 -2423.

ABOVE:
False-co lour  image of  H lV.
PHOTODISC

OPPOSITE  PAGE TOP:
Ce l l s  l ack ing  sph ingos ine -1  -
phosphate lyase have increased
res is tance to  the ant icancer
drug c isp la t in  Sphingos ine-1 -
phosphate lyase nu l l  mutants
( red l ine)  created by homologous
recombinat ion are 25 t imes more
res is tant  to  c isp la t in  than the
parenta l  w i ld- type ce l ls  (ye l low
l ine)  The sphingos ine- '1  -
phosphate lyase mutant also
exhib i ts  dramat ica l ly  a l tered
morphogenes is  ( r i  ght  inset )
compared to  the parent  ( le f t  inset ) .
COURTESY GUOCHUN tI SUPRIYA
SRINIVASAN, HANNAH ALEXANDER &
STEPHEN ALEXANDER UNIVERSITY OF
MISSOURI  USA

On p. 1 51 of the August issue oI MicrobiofogyToday,an
incomplete website address was printed forlGVllirect.
Theful laddress is:

htg :/ /www.sgm.ac.uk/l GVDircct
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Asmallamountof iron is an indispensable componentof
al I livi ng cel ls, However, the very chem istry that makes it
essential inside acel lalso makes i tvir tual ly insoluble in the
natural environment. There is around 1 0 million times less
soluble iron in the soi lenvironmentthan is reouired to
sustain m icrobial I ife. The bacteria themselves have solved
th is con und ru m, They synthesize and secrete chem icals,
called siderophores, to dissolve and then transportthe
precious metal back inio the cell, As a consequence, several
scientists have suggested that bacteria may compete for
this essential resource, perhaps through productron of ever
more eff icient srderophores.

Dominique Joyner and Steven Lindow atthe University of
California in Berkley, USA, have been studying the behaviour
of Pseudomonas syringaq commonlyfound on the leaves
of plants. To f ind out if microbes really compete for iron,
theywanted awayto measure its availabilityon the scale
experienced by bacteria. To do this they joined the gene for
a fluorescent green protein to a small partof one f rom
Pseudomonas. This region regulated production of an
enzyme required in the biosynthesis of siderophores to
ensurethatthe cel lonly made them when the environment
was low in iron. By putting the two togetherwithin the
Pseudomonascell,the researchers had a system that
should have reflected the external level of iron throuoh the
amount of green fluorescence of the cells,

To checkthat it reallyworked, cultures of the bacteriawere
grown in liquid containing known amounts of iron and then
thei r f I uorescence was measu red. Th is was i nversely
proportionalto the amount of iron, giving the researchers
confidenceto move on to measurements of individual
bacteria,They used a microscope linked to acomputerto
assess f luorescence from individual cells and again found a
clear relationship between increasing fluorescence and
decreasing iron.

When theyfinally looked atthe surface of broad-bean leaves
that had been dipped into cultures of the bacteria,things, of
course, were more complicated. The leaves already had
some bacteria on them, and so the researchers had to pick
outthe iron-sensing strain from amongstthem.About 100/o
of these cel ls had a su bstantially h ig her f I uorescence than
the rest, which implied that some cells sensed much less iron
than the majority,Thus, from a bacterium's point of view,
although there was adequate iron on the leaf surface for
most of them, there were a few cel ls sufferin g f rom a
shortage, As the researchers learn more about the very
small scale of the microbial environmentthey hope to
eventually understand how such characteristics affect
microbial behaviour.

Joyner, D. C. & Lindow, S. E. (2000). Heterogeneity ofiron
bioavailability on plants assessed with awhole-cell GFP-based
bacterial biose nsor Microbiology 146, 2435 -2445.

One bizarre fact about
cancer is that damage to
DNA can be both i ts origin
and cure, The chemical
cisplat in, that joins together
adjacent DNA bases, is a
widely used treatment for
cancer. Unfortunately, its
effectiveness is often limited
as the cancerous cells
develop resistance to it.
Scientists are keen to
understand the exact nature
of this resistance, so that
they can improve cancer
therapy.

lnvestigations of cisplati n-
resistani tumour cells have
spotted a large numberof
changes that might be the
reason for their survival.
It can, however, be very
difficult to identify the
exact molecu lar details,
Researchers atthe
University of Missouri and
the Max-Planck-l nstitut at
Marlinsried in Germany
decided to take a different
approach, They have been
studying mutant cells
from the sl ime mould
Dictyostel i u m d i scoi d e u m
thatcan live despite being
immersed in the cytotoxic
chemical. The researchers
say that the advantage of

this micro-organism is
that they can be confident
that any resistant cells
contain only a single
mutation and this can be
identified readily, The
biochemistry and cell
biology of sl ime moulds rs
very similarto that of
animals, and they are
mult icel lularfor part of their
life cycle. Thus, research on
this organism is highly
applicable to studies of
human disease.

So far, the researchers 
I

have tested mutations in
1 n- 1 5 o/n nf iho nano5 jp1

Dictyostelium and found
seven that individually
provide protection agai nst
cisplati n. I nteresti ngly, th is
protection is specifrc
to cisplat in since the
D ictyostel i um cells retai ned
their normal sensitivity to
other DNA-damaging
chemicals. The function of
some of these genes is
currently unknown while
others immed iately suggest
how they cause res istance.
One of the latter is a
mutation in the gene for
sph i  n gosine- 1 -phosphate

lyase. This enzyme is
required for the breakdown
of sphingol ipids, in a process

that maysignalthe
difference between death
orcontinued l i fe and
prol iferation in animal
cells. The mutation certainly
has a very dramaiic eftect
on development in
Dictyostelium. Instead of
developing into an elegant
oval of spores on a slender
stalk,the mutants have a
short, fat stalk and very few
spores. Two other mutations,
both in genes that might be
involved in intracellular
communication, also had
dramatic effects on
development,

The researchers point out
thatthey are combining
detailed molecular biology
and cel l  biology in awaythat
prom ises f u rther i nsi ghts
into the mechanism of
cisplatin resistance. lt may
also suggest new drugs that
could enhancethe
sensitivity of cancer cells to
cisplat in,

Li, G., Alexander, H.,

Schneider,N. & Alexander, S.
(2000). Molecular basis for

resistance to the anticancer drug

cisplatin in D ictyosteliun.

Microb iolo gy I 46, 2219-2221 .

fts$ff:ffi{$ffi'${Ftu##Y rODAY VOL27INOV00 Eil



'u lr?x l:'&:: r,

Waste treatment and
disposal sites are good
places to discover new
species of microbes, They
are complex, new habitais,
which often contain unusual
organic materials and are
simply await ing inhabitants.
In addit ion,there is
considerable scienti f  ic,
commercial and regulatory
interest in ensuring that
rubbish decays in as
harmless a manner as
possible. Three recent
papers in IJSEM describe
new species that have
been unearthed in such
unsavoury surroundings,

One of the products of
microbial l i fe, especial ly in
the oxygen-free depths of a
waste site, is methane.
Special pipework can be
instal led to channel this
safely away.lt is a
characteristic waste
product of microbes known
as methanogens, whtch are
members of the bacterial
domain called the Archaea.
Japanese scientists,
studying a disposal site on
an artificial island in the sea
nearOsaka, realized
that methane was being
produced despitethe
amount of toxic heavy
metals in the waste. Very few
of the known methanogens
can tolerate heavy metals,
so this was a good
opporlunity to look for them.

The researchers desig ned
conditions that should have
been ideal forthese unusual
organisms, added a small
amount of liquid that had
leached from the site and
watched for growth. lt turned

out that getting something
to grow was fairly easy, but
obtaining a pure culture of i t
was diff icult, After many
attempts, they succeeded in
isolat ing a roughly spherical
organism that produced
methane and grew best at
35 "C,lts growth was
slowed, but notstopped, by
heavy metals.To decide
exactly what it was, the
researchers compared the
sequence of one of i ts
genes against a database of
thousands of sequences of
the same gene f rom other
bacteria, The closest match
was to a member of the
genus Meth anocalculuq but
it was s uff iciently d ifferent to
be assigned to a new
species, M eth an ocal cu I u s
pumilus.

A wastewater treatment
plant in Korea has turned
outto be the home of a
new specres oI Jantbacter. '

This genus, within the family
I n tras p o ran g i acb ae, has
been represented by a
single species unti l  now
Scientists atthe Korea
Research Institute of
Bioscience and
Biotechnology and
Sungkyunkwan University
have been studying the
microbial l i fe in the soi land
sludge f rom this treatment
plant, which has to cope with
toxic aromatic chem icals.
The un usual characieristics
of one strain, CS 1 2T, caught
their eyes. The components
of its round cells were very
similarto J. limosus,bui
sufficiently different to make
the researchers exami ne
how well its DNA matched
with authentic J, l i mosus

DNA,The poorness of the
match, along with al l the
other information, cl inched
the identity of a new species,
which they called J. terrae,

A {r  r r lhar  cnonioq nf

J an i b acte r, J. b rev i s,wilh
the useful abi l i tyto degrade
trichloroethylene (TCE), a
solvent used in dry cleaning
and a number of industr ial
n r ^ . o e e a c  h q c  h o o n
y ,  v v v v v v v r

reported byJapanese
scientists, They isolated it
from asample of
g rou ndwater contam i nated
by leaks of the solvent by
providing TCE as the sole
source of nourishment, The
glistening white bacterial
colonies were made up of
spherical cel ls and when
the researchers i nvestigaied
their chemical characteristics,
the nearest match was to
Janibacter.

Mori, K., Yamamoto, H.,

Karnagata,Y., Hatsu, M. &

Takamizawa K. (2000).

Metbanoca/culas pumilus sp. nov.,

a heavy-metal-tolerant

methanogen isolated from a

waste-disposal st te. I ntJ S yst

Euol Microbiol 50, l1 23-11 29.

Yoon,J.-H., Lee, K.-C., Kang,

S.-S., Kho,Y. H., Kang, K. H.

& Park, Y.-H . (200O).J ani bacter

terrae sp. nov., a bacterium

isolated from soil around a

wastewater treatment plant.

lnrJ Syst Euol Microbiol 5O,

t82r*1821.

Imamura, Y., Ikeda, M.,

Yoshida,, S. & Kuraishi,H.
(2O00).J anibacter breuis sp. nov.,

a new trichloroethylene-

degrading bacterium isolated

from polluted environments.

IntJ Syst Eaol Microbktl 50,

1899-1903.
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TOP LEFT :
An aerial view of downtown 0saka
and the Port of 0saka The two
ar t i f ic ia l  is lands in  the foreground
are the 0saka North Port Sea-
Based Sol id-Waste-Disposal  S i te .
The pentagonal island is the North
Sect ion and the the heptagonal
is land is  the South Sect ion.  The
land produced by waste- f i l l ing can
c lear ly  be seen The organism was
iso la ted f rom the land produced in
the South Sect ion lnset :  U l t ra th in
section of Methanocalculus
pumi lusMHT-1r .  Bar  0  5  pm
COURTESY DR K TAKA[/IIAWA
GIFU UNIVERSITY.  JAPAN

ABOVE:
C itrob acte r cells loaded with
LlraniLlm The left  panel shot,vs
the ce l l fa i r ly  dark  wi th  depos i ted
uran ium but  some deta i l  can s t i l l
be seen in  par t icu lar  f ib r i l la r
mater ia l  a t  the ce l l  sur face.  A l l  th is
is  obscured by the heavy uran i t lm
depos i t  on the ce l l  in  the r ight
panel  Th is  ce l l  is  loaded wi th  more
than its olvn r,veight of uranium The
cel l  appears  b lack and encrL ls ted,
but  a  prec ip ta te  o f  urany l
phopshate can be seen ext rud ing
f rom the ce l l  Cel ls  in  both panels
arc1-2 l lm in length
COU RTESY LYNN E I/ACASKI E
UNIVERSITY OF BIRI\/INGHAM
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Microbes are the great recyclers of the planet, Much of their
work in the decay and dissolution of once-living material
goes un-noticed, or is even unwanted. However, their
abi l i t ies are becoming increasingly appreciated and
exploited. Heavy metals are avery difficulttype of waste
material. Many are toxic and cannot be destroyed but are
best concentrated so that the metal can be either re-used or
put caref ully out of the way. Some micro-organisms are
remarkably eff icient at crystallizing metals around therr cells,
This may be for their own protection, but can form part of
strategies to clean up metal-contaminated soils.

Researchers atthe Universityof Birmingham, UK, have now
reported their most recent study of the way the bacterium
Citrobacterdeals with the heavy metal uranium, This
bacterium becomes coated with uranyl phosphate if it is
suspended in a solut ion containing uranium. The crystals on
the cel l  are notsimply due to the heavy metal st icking to al l
available surfaces.The researchers have been gradually
building up a picture of how the bacterial cells control the
deposit ion of thetoxic metal,  al lowing them to l ive despite
being covered in severalt imes their own weight of uranium.
Through collaboration with the Research and Technology
section of B N FL at Preston, U K, they were able to look at
the cel ls using atomicforce microscopy, with minimal
disturbance to their natural form. This showed the metallic
coati n g particu larly wel L Th is abi I ity to accu m u late relatively
large amounts of the metal is the attraction as part of a
system forfiltering the pollutantfrom water.

An enzyme called phosphatase secreted bythe cells is an
essential component but perhaps surprisingly, i t  is inhibited
by uranyl ions. From detailed measurements of the exact
elementaland structural composit ion of the deposits, the
researchers thinkthatthe first protective step is associatton
of the uranyl ions with the comparativelyfew phosphate
grou ps of the lipopolysaccharide coat that always covers r

Citrobactercells. This traps the toxic metal. The next step
involves the phosphatase enzyme which the researchers
think is itself associated with the lipopolysaccharide. lt
releases phosphate ions, wh ich d rift away to captu re f u rther
uranyl ions, imprisoning them away f rom the vulnerable
enzyme and cytoplasm of the cell. Simple chemistry conveds
the init ial  complexes into a meshwork of more insoluble
sodium uranyl phosphate crystals around the cell.

One particularly intriguing aspect of this research rs the
levelof organization i t  implies atthe cel l  surface.l t  is another
indication thatthe enzymes secreted by bacterial cells can
be involved rn carefully controlled activities, despite being on
the furthest f ringe of what has tradrtionally been thought of
as a l iving cel l .

Macaskie, L. E., Bonthrone, K. M., Yong, P. & Goddard, D. T.

(2000). Enzymically mediated bioprecipitation of uranium by a

Citrobacter sp.: a concerted role for exocellular iipopolysaccharide and

associated phosphatase in biomineral formation. Microbiology 146,

r85t-r867.
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learning and
Teaching Support
Network Centre for
Bioscience

Ittre LTSN is a new national
V network set up to promote
and support high quality learning
and teaching in all subject
disciplines in U K higher education
The Centre for Bioscience is now in
operation at Leeds University
where it is based in the School of
Biochemistry and [/ lolecular
Biology The Director is Professor
Ed Wood The main activities of the
Centre are:
'ffi Promotion of development and

sharing of innovation and good
practice in learning, teaching
and assessment

@ Formation of networks to
facil i tate commu nication
between UK bioscientists of
al ld iscipl ines

ffiProvision of a repositoryof
materials and information to
support the Centre s aims

Contact Dr Heather Sears, the
specialist for microbiology, for
further information (Te1.0113 233
3001 ) or see http://bio,ltsn,ac.uk

Science on show
1|ne newWellcomeWing
Uof theLondonSc ience
Museum was launched in July.lt
occupies three $rikingly decorated
levels and is very different from the
traditional mtlsetlm in the way the
exhibits are designed. Many are
interactive There is a big section on
npnptins Tpl ll?tl 794) 4455ftrg u i l u L r u u ,  I u r ,  u L v

further information,

RoyalSociety

lmenewPresidentof
VtheRoyalSociety isto
be Sir Robert May, formerly chief
scientific adviser to the government

Brilliant Gareers

- Channel 4 has launched a careers website for 16-24
Uyear-oldswhich according tothe publ ic i ty promisesto of fer
'infornation and advice with the distinctive Channel4twisl The site
provides information for those who have clear ideas about their future
and those who are exploring their options Key elements of the site include
games tests guidance on creating successful CVs, application forms
and interviewtechniques The site will also feature a digital mentoring
and advice service provided by career advisers and interested
p rofess i o nal s

The website is closely modelled on successful formats that Channel 4
has previously used and has potential t0 targety0tlng people who may
not necessarily consult the more conventional sources of career advice
When External Relations 0ffice $aff initially contacted one of the site
editors there had been no immediate plansto include any information
on biological science careers although chemistry was represented. A
meeting at Channel 4 e$ablished that they felt careers in bioscience
should be included on the website butthe editors need assistance from
professional scientists Which is where SGM members may be able
to  he lp .

The site features a bank of careers profiles of people who have followed
a clear path in their chosen career and those who have taken a more
unconventional approach either by choice or force of circumstance
Volunteers are asked to provide information aboutthemselves in a short
que$ionnaire which Channel 4 will turn into a profile lf you know s0me0ne
with a suitable career path or perhaps think your own would be appropriate
please contact Jane Westwell at SGM HQ who will provide you with a
questionnaire and will be happyto forward materialto Channel4, Digital
mentors are also needed and if biosciences and microbiology are to be
represented it is down to us. lf you feelable to commityourself to the
occasional session of online mentoring, please contact Jane Westwell
(j we$well@sgm,ac uk) for further details.

It's a record!

- Dr Henry Tribe has received a certif icate irom Gulnness
V confirmtng that his Mlllennium Bug a large-scale model of
Escherithiacoliwhich has been displayed at many SGIV meetings is
the largest model bacterium in the world.
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Symposium Volume reviews

lGommunity
UStructureand
Co-operation in Biofilms.
SGM Symposium Uol. 59

Edited by D,G. Allison, P Gilbert,
H.M. Lappin-Scott & M, Wilson
Published by Cambridge
University Pres (2000)

There is a 60 % discount to SG M
members buying personal copies:
SG M Members S28,00/$50.00
Non-members $70,00/$1 25.00
Student Members S17,00
pp, 349, ISBN : 0-521 -79302-5

Ihe SGM symposium series
has for long been a hallmark of
the Society's commitment to
scientific publishing at the highest
leveland has, in no small
measure, contributed to its
international standing. Beside
the excellence of many of the
individualvolumes, the series as a
whole has been characterized by
the timeliness of the choice of
subject areas to be presented,
This is certainly true of this most
recent volume on biofilms.

The word 'biofilm'first appeared
in the title of an SG M symposium
paperwith my own contribution to
the ecology volume in 1987, The
16 papers in the presentvolume
neatly demonstrate the massive
increase in importance of the
subject area overthe last 1 3
years, The awareness that the
great majority of natural
ecosystems involve mixed

microbial communities growing
as surface-associated
aggregates, and that such sessile
organisms may display differing
phenotype and genotype from
their planktonic cousins, has
brought us to a genuine paradigm
shift in our understanding of
microbiology, pure and applied,
The very magnitude of the
difference in approach required
for biofilm studies has, however,
given rise to a paradox at the
centre of much research in this
field, While the inherent
complexity of the geometrical,
physical, chemical and biological
heterogeneities are recognized,
the demands of experimentation
and interpretation often give rise
to approaches that can be
dangerously over-simplified,
Forthis reason much research
in biofilms has been closely
concerned with methodology
and inputfrom the engineering
and physical sciences has been
critical to the development of a
coherent body of hypotheses.
Modelling has now begun to play a
central role in this respect,

These unique aspects of biofilm
research are clearly evident in the
present volume. The 10 chapters,
from most of the major groups in
this country, Europe and North
Amedca, are organized into
Introduction (1), Formation &
structure, including detachment
& modelling (7), Community "
interactions, including gene
transfer (4), Practical
applications (3) and Epilogue (1),
While each article varies,
according to subject matterand
author, as to length and the extent
to which an attempt is made to
draw conclusions of more general
significance, in every case the
material is presented lucidly and
with reference to the appropriate
background studies. Key
components of biofilm research
that are identified, often by more
than one author, are: the
obligatory interdisciplinary nature
of biofilm studies; cell-cell
communication mediated by acyl
homoserine lactones (although it
is surprising how little is actually
known about this aspect) ; the
often deterministic influence of
hydrodynamic and other physical
forces on biological expression;

the focus and rigour imposed on
biological studies by the
application of modelling ; the
constant interplay between
environmental factors, physical
and chemical, on the biological
response of biofilm systems;the
dynamic nature of biofilms at all
stages of their development; the
counter-intuitive conclusion that
gene transfer rates are not
necessarily enhanced in biofilms,

In common with all previous
books in the series, this biofilm
volume has set itself the difficult
task of introducing the subject
area to a new scientific audience,
while at the same time serving as
an uptothe-minute statement of
current developments, expressed
at a level and depth valuable to the
various experts themselves
actively involved in one or other
corner of this particular research
field. In this it has succeeded, and
shown itself to beworthy of
inclusion in the pantheon of the
SGM symposium series.

lAllanHamilton,
Universityof Aberdeen

The book can be ordered by post using
the form in this issue of Microbiology
loday,Ihisforn can also be used to
orderany pastvolumes missed by
members at the time of publication
Student Members wishing to purchase
Symposium Volumes should contact
the Grants Office at lVarlborouqh
House for a snecial form

Oiln.[XHll'ffl',"i'
Edited by P,W, Andrew, P, Oyston,
G.L. Smith & D.E. Stewart-Tull
Published by Blackwell Science
(2000)

Non-members $65,00
SGM members are entitled to a
40 % discount on the book. The
price to them is $39,00,
pp. 212,1 S B N : 0-632-0581 -7-X

Advances in medical sciences
during the 20th Century led to
dramatic increases in life
expectancy worldwide, The
21st Century began with the
announcement that the human
genome has been sequenced -
the popular press predicts cures
for all mankind's ills within the

year! At the same time, the World
Health 0rganization warns, in its
recent report Removing lbstacles
to Healthy Developmen{ that'an
infectious disease crisis of global
proportions is today threatening
hard-won gains in health and life
expectancyi Infections account
for 13 million deaths a year
globally, one in every two deaths
in developing countries. 0f these,
more than half are of children
under 5 years old, And even
among those children who survive
infection, their development may
be so badly impaired by disease
that they will never reach their
full potentialas individuals and
productive members of society.
Knowing the human genome will
not help them; understanding
infectious disease sufficiently to
be able to do something about it
might,

Fighting lnfection in the 2l st
C e ntu ry is aline ly, i nte resti n g
and useful addition to the
bookshelf (bed-side table?) of
anyone concerned about the
paradox that the incidence of
infections, both ancient and
emerging, is increasing
relentlessly despite our ability to
describe the virulence properties
of many pathogens in incredible
molecularand cell biological
detail. There are chapters that
celebrate new and exciting
technologies (genome-based
discovery of new vaccines,
vaccine production in plants)
and a chapter that proposes the
re-evaluation of old approaches
(probiotics and phage), There
are chapters that rehearse the
lessons to be learned from past
experiences (live attenuated
vaccines, the first antibiotic era)
and others that describe in
elegant detail the possibilities for
new vaccines and diagnostic tests
(conserved epitopes in LPS,
multilocus sequence typing). And
lest we forget that microbiology is
an essentially multidisciplinary
subject, there are chapters
reminding us that the greatest
advances, in numericalterms at
least, are just as likely to come
from betterhygiene and
higher quality foods as from
sophisticated posf genomic

molecular biology, Not
surprisingly for a multi-authored
book of this type, the quality of the
chapters is somewhat variable in
terms of novelty of ideas, level of
scientific detail and ability to
stimulate debate, Nevertheless,
the book as a whole is a 'good

readi and indeed its very
heterogeneity is somehow
symbolic of its inescapable
message, that future successes
in the fight against infection will
depend heauily on' all th e
approaches we can find, whether
old and unfashionable or new and
trendll.

lPeterWilliams,
U n iversity of Lei cester

An orderform may be obtained from
Science Marketing Department
Blackwell Science Ltd Osney lVlead
0xford 0X2 0EL(Tel +44(0)1865
20601 3; Fax +44 (0)1865 721 205;
www blackwell-science com)
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l f  you would l ike
your name to be
added to our
database of book
reviewers, please
complete the book
reviewer interests
form now available
on the SG M
website.

A classified
compendium of
book reviews from
1 996 to the
present is also
available on the
website.
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lThe Uariety of
V[ife: A Survey and
A Gelebration 0t All The
Greatures That Haue Euer
Iiued
By C, Tudge
Published by 0xford University
Pres (2000)
S35.00, pp.684
ISBN: 0-'19-850311-3

This book attempts the
monumental task of introducing
all the principal groups of
organisms that have existed on
Earth. Inevitably there are a few
shortcomings, such as an
absence of labelled diagrams to
augment the textual descriptions
of organism structure, some
inconsistencies in the use of
formal taxonomic names and
imbalances in the coverage (the
prokaryotes, for example, are
dealtwith in just 20 out of 684
pp,). Nevertheless, this book has
far more strong points than weak,
principally the accuracy of the
information and its presentation
in the context of modern concepts
of phylogenetics. There is also an
excellent introductory section
explaining the principles of
evolution and systematics. The
target audience is the non-
specialist and the aim is to guide
the readerwith no knowledge of
systematics to the point at which
they can access the specialist
literature themselves. In this, I '

believe the book succeeds.
lAlanWarren
Natural HistoryMuseum,
London

lAtkatiphites
v
By K, Horikoshi
Published by Haruvood Academic
(1ses)
s75.00/ tJs$1 20,00/ EU Rl00,00,
pp.338
ISBN: 90-5702-458-6

This is, effectively, the third
edition of a book whose origins
go backto'1982 when the
first version, / lkaliphilic
Microuganisms :a New Microbial
W o rl d, appeared, f ol lowed by
Mi c ro o rgan isms i n Al ka li ne
Environmentsin 

'1991, 
The three

books represent a fascinating

account of Koki Horikoshi's
lifelong work on alkaliphilic
micro-organisms, This third work
comprises eight large chapters
that outline the isolation and
taxonomy of alkaliphiles, their
form and function, including the
biochemical basis of alkaliphily,
the cunent state of the molecular
biology, and finally, around half of
the book is devoted to enzymes
produced by these microbes and
the industrial applications. This
version differs from previous
books in having a more detailed
consideration of alkaliphile
ecology and systematics, and of
course, the molecular biology,
which has evolved considerably
over the last two decades,
culminating in the preliminary
data leading to the complete
genome sequence of the model
alkaliphile Ba cil I us sp. C-125,
cunently almost complete, The
book is very much for dipping
into as an advanced reference
source forthose with specific
biotechnological or molecular
questions and is definitely not a
beginne/s guide to alkaliphiles.
Indispensable reading for those
with industrial leanings,
lBil lGrant
U n ive rs ity of Le i ceste r

lThe Dynamie Gell:
VA New Conceptfor
Teaching Molecular Cell
Biology [CD-R0M)
Edited by K, Dawson,l Devlin,
M, Klymkowsky, Y Rochev,
M, Snyder, M, Steer& J. Widom
Published by Springer-Verlag
(2000)
D M1,972.00/iiS1 2,410,00/
sFr1,530.00/S737.07/ US$1000,00
for up to 20 users
ISBN:3-540-1 4723-3

This is an originalapproach to
teaching molecular cell biology,
being based around virtual reality
simulations of five sites in a
eukaryotic cell, At each site, the
user can click on any cellular
components that are visible and
a menu appears with links to
further information, Ihis pops up
another window containing
graphics and text, Some ofthe
animations here are excellent and
would be a significant help to

students trying to grasp how
various processes work, The
quality of some images is
disappointing, however, reflecting
the fact that the program is
designed for a small 16-colour
screen. The text is comprehensive
but comes mainly as large blocks
that are sometimes hadly
structured with numerous
typographical errors, There are
othersmall quirks, but I think
most students would find the
package very rewarding, lt is
definitely worth having a look,
although the price may make you
thinktwice.
lMikeTait
Universityof Wales
Swansea

lChaperonin
UProtocols. Methods
in Molecular Biology,
Uol 140
Edited by C, Schneider
Published by Humana Press (2000)
US$79.50, pp,232
ISBN: 0-89603-739-8

This is a specialized protocol
book which brings together an
invaluable overview of two main
aspects of chaperonin research -
purification of chaperonins and
their cofactors and assays to
monitor folding activity. Not
surprisingly much of the book
deals with the GroEL/ ES
chaperonin of Escherichia coli.
However, there are also a number
of excellent chapters on more
diverse chaperonins, including
those from Archaea andthe
specialized, eukaryotic TRiC
complex. Anyone investigating
chaperonins from other species
will also find the chapter dealing
with chaperonin activity in vivoin
E, coliusetul. Noticeable is the
lack of any protocol on EM
analysis of chaperonins; indeed
structural aspects are only
addressed indirectly, The book
provides a wealth of explicitly
detailed protocols (together with
useful troubleshooting notes) for
allthose working in the field of
chaperonins and protein folding or
misfolding,
f Sheila Maclntyre
Universityof Reading

ln Passion for DNA:
UGenes, Genomes,
and Society
ByJ.D,Watson
Published by 0xford University
Press (2000)
S'18.99, pp,256
ISBN: 0-19-850697-X

Although some are
autobiographical, these essays,
written periodically from the
sixties through to the present,
mainly present Watson's views,
often radical, on the topical issues
ofthe day: a fascinatingjourney
through the development of
molecular genetics, The writing
is clear, to the point and very
readable, But, apartfrom simply
enjoying imaginary arguments
with Watson overthe
controversial points he makes on
using mice for medical research,
the dangers of genetically
manipulated organisms and the
pros and cons of the human
genome project (just three
examples), I found myself
planning how I could use the
essays for discussion in tutorial
groups at both under- and
postgraduate levels. The text will
not only inform and broaden
student minds but also stimulate
debate. I recommend it forthe
general reading list with which
we encourage our students to
expand their horizons, lt also
provides materialfor use in
communicating science to the
public,
lChrisThomas
U n iversity of Bi rm i ng h a m

lne NucleicAcid
UProtocols Handbook
Edited by R, Rapley
Published by Humana Press (2000)
US$1 49,50, pp. 1076
tsBN 0-89603-459-3

This is a collection of 
'120

protocols of 3-10 pages each, The
book is stronger on DNAthan RNA
analysis. lt does not contain much
on sequence evaluation (editing,
phylogenetic analysis etc) which
is the goal for considerable parts
of nucleic acid work undertaken.
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Whilst having practitioners of
particular procedures providing
the craftsmanship of the trade
(with many excellent notes) is
highly useful, in my opinion the
book suffers from a lack of a
systemic approach which has led
to duplications, basic information
being hidden in chapters (not
helped by the very basic index)
and a certain degree of
eclecticism and over-ambition
(the Human Genome Project
being mentioned on half a page!).
Not in vain do many authors cite
M ol ec ular Cl on i n g : A Labo rato ry
M an u al by Sanb rook, Fritsch &
Maniatis (2nd edn, 1989) which,
although lacking the progress
made in the last decade, has a
much prefened layout and
structure, Thus, I regard the
book as a very useful source of
individual workers' experience
ratherthan as a comprehensive
reference book.
lUlrich Desselberger
Adde n b roo ke's H os p ita l,
Cambridge

lstrange and
VGharmed: Science
and the Gontemporary
UisualArts
Edited by S, Ede
Published by Calouste Gulbenkian
Foundation (UK) (2000)
Available f rom Turnaround
Publisher Services Ltd (email:
orders@turnaround-uk.com)
S10,99 + $2.00 p&p, pp.200
ISBN:0-903319-87-X

It is difficult to express all the
reactions which this book
provokes, but the persistent
background question posed is
'why?' Accepting that there is a
debate between science and
contemporary visual arts it is
difficult to decide whether aftists
are searching science for
inspiration, using visual imagery
to enable 'understandingi or any
other combination of motive.
Although the book is about
contemporary visual arts there
are relatively few photographs or
other illustrations. Why the
art/science relationship needs to

be expressed more in words than
in pictures is curious.
The images used raise serious
questions about the nature of
modern art, This in itself is
difficult to define and further
definition relating modern artto
science is even more abstract.
Notwithstanding the above there
are many riveting images and
adroit points made. This book
repays close study,
f AndrewEastabrook
StowontheWold

lceltular
UMicrobiology:
Bacteria-Host
Interactions in Health
and Disease
By B. Henderson, M. Wihon,
R, McNab &A.J, Lax
Published by John Wiley & Sons
(1eee)
$29,95, pp.452
ISBN:0-471-98681-X

A splendidly written book, which
bridges the broad areas of
eukaryotic and prokaryotic
biology. The informative
introduction, with its historic
perspective, is pleasurable to read
and whets the appetite forthe
following text. The authors have
made the book accessible for a
wide readership as evidenced
from the nomenclature adopted
and from the well balanced ,
background information covered
in the early sections. The ensuing
chapters deal with several
complex subject areas
comprehensibly, The many useful
tables and diagrams, as wellas
the writing style, make this an
extremely readable book. Given
the scope covered by the authors,
I found few inconsistencies or
inaccuracies. Ones that I noted
are due to cunent ambiguities in
those fields, I have bought a copy
for my laboratory and it has been
greatly appreciated. In my view
the authors have achieved their
goal and the book should be
useful to students and
researchers in many subject
areas.
lMumtazVirji
Universityof Bristol

lctycoprotein
UMethods and
Protocols: The Mucins.
Methods in Molecular
Biology,Uol.125
Edited byA.P Corfield
Published by Humana Press (2000)
US$119.50, pp,528
ISBN: 0-89603-720-7

Using a consistent format,
each chapter provides a specific
preparative or analytical method,
There is sufficient detail to follow
easily and unlike many research
papers, the minute detailswhich
make for success or failure, all
appearto be included. Each
section of the book provides a
series of related methods and
develops rationally f rom
preparation to analysis, structural
procedures and detection. lt is a
highly specialized volume and,
apartfrom the Chapteron mucin-
degrading bacteria, is probably
not so useful to the microbiologist
with only a fleeting interest in
mucins.
As with many such volumes
containing so many authors,
stricter editorial control might
usefully have been applied, There
is no preface or introduction and
many chapters contain very long
lists of 'notesi This means that the
reader must continually look at
the main text containing the
methods, then switch to the
cautionary warnings found in
the notes. Perhaps a more user-
friendly format could have been
adopted,
llanW.Sutherland
U n iversity of Edi nb u rg h

Itne lnvisible
VEnemy: a Natural
History of Uiruses
By D.H, Crawford
Published by 0xford University
Pres (2000)
$14.99, pp,288
lsBN 0-19-850332-6

The viruses here consist
almost entirely of those affecting
humans; plant viruses receive a
brief mention in the form of
flower-breaking in tulips, and
viruses of other animals are
considered mainly in terms of
their ability to cross species
barriers to us and cause new or
modified disease problems.
Within the human context, the
treatment is very wide-ranging;
a true natural history ofthe
importance of viruses in the
development of our civilization,
cunent and emerging threats to
health and different control
methods, Related areas, such as
transmissible spongiform
encephalopathies, and the
possible involvement of viruses in
chronic fatigue syndrome, are
also explored, Professor Crawford
writes in a clear and accessible
manner, which successfully
conveys her fascination with
the subject, and poses lots of
interesting questions.
Recommended reading for
microbiologists; highly

recommended for journalists,
politicians and the public seeking
understanding of big topical
issues such as Al [)S/ H lV and
BSUCJD.
fRonFraser
SGM,Marlborough
House

lProtein Expression.
VA Practical
Approach. Practical
Approach Series no. 202
Edited byS.J. Higgins&
B.D. Hames
Published by 0xford University
Press (1999)
S31,95, pp,304
ISBN:0{9-963623-0

This book is one of the large
number of specialist titles in the
well-known Pradical Appnach
series. This techniques-oriented
series is aimed at providing
background to the relevant
methodology together with
detailed laboratory protocols that
can be easilyfollowed in a cook-
bookfashion, The Editors explain
that this volum e on P rotein
Exp ression andits companion on
P o st-tra nsl ati o n a I P ro c e ssi n g are
intended to update the volume on
T ran s c ri pti o n an d Tran d ati o n
which was published in the series
some years ago. The articles have
international authorship and cover
in an authoritative fashion allthe
commonly used cellular protein
expresion systems, as wellas
cell-f ree translation. The practical
advice given will be especially
useful for anyone wanting an
up-to-date introduction to these
experimental systems. The earlier
volume on Transciption and
Translationhasbeen well used in
my laboratory, and lam sure this
update will become equally well
thumbed.
lMikeTanner
Universityof Bristol
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lYeasts:
U Gharacteristics
and ldentilication, Third
Edition
By J,A. Barnett, R.W. Payne &
D, Yarrowwith L, Barnett
Published by Cambridge
University Press (2000)
$200,00, pp. 1,139
rsBN 0-521 -57396-3

The entire Dutch collection of
yeasts was re-examined and over
100 characters used to describe
the 706 species in this book, lt
benefits greatly from the unified
approach ofjust three authors
who have produced numerous
keys to uniquely identify a species
very rapidly. The large format is
attractive and each species is
usually allocated one page which
includes up to five good quality
(and useful) photographs, There
is one similarly priced competitor
which has similar coverage but
different degrees of detail. lwas
pleased to see here a (correct)
+/- growth response on glycerol
Ior Sacch a ro myc es c erevisiael
Both volumes are very good, the
expert will probably want both,
but this is the single volume I
would recommend forany lab
doing identification work because
of its keys and consistency,
Unfortunately, neither has yet
got to grips with the onset of
molecular taxonomy and there are
no primer or sequence data.
lAlanWheals
Universityof Bath

luiruses, Plagues
Uand History
By M,B,A,0ldstone
Published by 0xford University
Press (2000)
S10.99, pp.228
ISBN: 0-19-51 3422-2

Intended to succeed and update
Paul de Kruif's popular book
Microbe Hunters,this is a modern
account of successes (smallpox,
yellow fever, measles and
poliomyelitis) and failures to
control microbial infections
(Al DS, Lassa fever, Ebola fever,
Hantavirus-associated diseases),
told by a senior researcher in

the area of viralmolecular
immunology and pathogenesis,
in particular persistent infections.
The limited success in controlling
influenza is also recorded as is the
story of the recognition of prions
as infectious proteinaceous
agents causing transmissible
spongiform encephalopathies
(scrapie, Creutzfeldt-Jakob
disease, bovine spongiform
encephalopathy, etc.), This is the
paperback edition of the book
which was published in 1998 and
has therefore been extended by
up-to-date'Aft ernotes' relating to
issues of bioterrorism, newly
emerging viruses and zoonotic
transmission,
Dr 0ldstone looks back on a very
prominent research career and
has been and is in personal
contact with many of the
protagonist researchers in the
areas discussed, The book is
written in a lively style and makes
fascinating reading, lt should be in
the library of every student and
researcher of biomedical
sciences,
lUlrich Desselberger
Ad de n b roo ke's H os p ita l,
Cambridge

lnnnuiruses: A
V Practical Approach
Edited by A.J, Cann
Published by Oxford University
Press (2000) !
$29.95, pp.266
rsBN 0-19-963716-4

Like othervolumes in this series,
this book will be a very useful
laboratory manualand its price is
wellwithin the reach of most
researchers. As well as containing
clear and easy-to{ollow protocols
forstudying and using RNA
viruses, each chapter gives useful
background information and
explanation of the principles
behind the laboratory procedures.
This volume not only includes
techniques for studying the
structure, expression and
packaging of viral genomes,
but also procedures for
engineering viruses with desired
characteristics and for studying
integration and transduction of
viral oncogenes, The bookwould
benefit, however, by the addition

of methods for studying virion-
receptor interactions, translation
and polymerases, as wellas
protocols for the generation of
alphavirus vectors. Some of the
methods, such as those for
nucleic acid extraction, are a little
outdated and it is unfortunate that
commercially available kits are
not mentioned more frequently,
lChristopher Ring
GlaxoWellcomeR&D,
Stevenage

lOralBacterial
V Ecology: The
Molecular Basis
Edited by H,K, Kuramitsu &
R.P. Ellen
Published by Horizon Scientific
Press (2000)
S74,99/ US$1 49,99, pp, 3'l 4
ISBN: 1 -898486-22-0

A central theme of this book is
that the oral cavity provides an
ideal model system for the
application of molecular
techniques to investigate the
complex interactions between
bacteria and their environment in
health and disease, What better
place indeed? The mouth
provides numeious different
environments for growth and
supports some 700 taxa,
Considerable information is
already available on many aspects
of oral microbial physiology and
ecology and this is reviewed
comprehensively here, The
chapter on oral innate immune
respltnses prttvides a welcome
host perspective. The application
of moleculartechniques, such as
rn nraexpression technology and
differential-display PCR to study
oral bacterial ecology is still in its
infancy, although the potential
was highlighted in several
chapters. Some ofthe subjects
have been reviewed elsewhere
recently; however, the book does
provide a coherent collection of
chapters that workers in the oral
field as well as newcomers will
find very useful.
lRodMcNab
Eastman Dental
Institute, University
CollegeLondon

lfne Pocket Guideto
V Fungal Infection
By M,D. Richardson a
E.M. Johnson
Published by Blackwell Science
(2000)
S14.95, pp.114
ISBN: 0-632-05325-9

This handy slim volume wastes
no space on frills but provides a
succinct and very well organized
overview of mycoses based on
sub-divisions of types of fungal
inf ections (dermatophytosis,
opportunistic infections, etc,).
Each organism or disease
syndrome is subdivided under a
number of common subheadings
covering aspects of disease
distribution, causal agents,
clinical manifestations, diagnosis
and management, The
information is dealtwith as notes
and bullet points, plus a perhaps
disappointingly short reference
list and useful websites. The
volume is very nicely illustrated
with high quality colour
illustrations and succeeds well in
achieving its objective in
summarising' the najor features
of fungal infections of humanl.
The book is inexpensive and likely
to be of use both in a clinical and
teaching setting,
No doubt some will argue about
details of the management of
specific diseases - but these are
always under debate,
()verallthis is good value.
lNeil A.R. Gow
Universityof Aberdeen

lBiochemistry,
VThird Edition
By C,K. Mathews, K,E, van Holde
& K,G.Ahern
Published by Benjamin/ Cummings
(2000) D/B Pearson Education
$31,99, pp, 1,186
ISBN: 0-8053-3066-6

Undergraduate and postgraduate
microbiology students will find
this a very appealing textbook,
It is up-to-date, beautifully
illustrated, and has good'further
reading' bibliographies and index.
It is expensive, but contains a CD-
R0 M'study guide' that provides
topic outlines, explains concepts
and allows students to test
themselves, However, the added

value from the CD is not great and
the academic imperative is not
clear, A lot of the CD material
reproduces the book, Many of the
CD illustrations lack legends and
cannot be displayed on the
same screen as the relevant
commentary. Some are pictures
from the textwhich cannot be
interpreted without reference to
the book, Hyperlinks to useful
websites are provided, patchily,
The publishers offer continuous
updating of this facility through a
good supporting website, A lovely
book, well worth considering,
l lan Hancock
Newcastle-upon-Tyne

Books received

OFood Biotechnology in
Ethical Perspectiue
By P,B. Thompson
Published by Blackie A & P (1997)
S35.00, pp,267
ISBN: 0-41 2-78380-0

Olandmarks in
Intracellular Signalling
Edited by R,D. Burgoyne &
0,H, Petersen
Published by Portland Press
(1se7)
S20,00/U5$34.00, pp, 278
ISBN: 1 -85578-101 -8

Cln Situand 0n-Site
Bioremediation: Uol. 4
Symposium Chairs:
B,C. Alleman & A. Leeson
Published by Battelle Pres (1997)
U5$82.50, pp,619
ISBN: 1 -57477-029-2

OManualof
Enuironmental
Microbiology
Edited by C.J, Hurst,
G,R. Knudsen, M.J, Mclnerney,
L,D, Stetzenbach & M,V. Walter
Published byASM Press (1997)
$59.50, pp,894
ISBN: 1 -55581 -087-X

O0hemokine Protocols.
Methods in Moleeular
Biology, Uol. | 38
Edited by A.E.l, Proudfoot,
T.N.C, Wells & C.A. Power
Published by Humana Pres (2000)
US$99.50, pp,332
ISBN: 0-89603-722-3
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EUROPEAN SOCIETY FOR AN IMAL
CELL TECHNOLOGY _ UK BRANCH
ESACT.UK 1 1 TH ANNUAL SCIENTIFIC
MEETING
Churchill College, Cambfi dge
4-5 January 2001
C0NTACT: Julian Hanak (Meetings
Secretary) for regi$ration and
pr0gramme details (Fax 01782 I 1 4161',
email lulian.hanak@cobrat.com) and
lon Green for Trade Exhibition
(Fax 01763 263413; email
jon green@cam-antibody.co,uk)

QA-IQ[/-COURSE, MODULE 5 :
BI O LOG ICAL PRO DUCII O N :
FRO[/ GEN EIICS TO DOWNSIREAI/
PROCESSI N G
Delft, The Netherlands
10-12 January 2001
C0NTACT: Dr L.A van der [/eer-Lerk or
Ms. G.W.J 0. Aggenbach Biotechnology
Studies Delft Leiden (B0DL) The
Netherlands (Tel +31 15 21 81922;
Fax+31 152782355;
email B0DL@tnw.tudelft nl;
http ://www bt.tudelft nl/bodlf htm)

flqhil{-ttrt31 3ti'-*i
BACTERIAL RESISTANCE:
CLINICAL CHALLENGES AND EXPERT
PERSPECTIVES
SCl, Belgrave $quare, london
23 February 2001
C0NTACT: SCl,15 Belgrave Square,
London SWlX BPS (Tel 020 7598
1500: Fax 020 7235 9410)

ffiffiililh r**i
ADVANCED COURST ON BIOCATALYSIS
Delft, The Netherlands
5-9 March 2001
C0NIACI: Dr L.A van der l/eer-Lerk or
Ms, G.W.J 0, Aggenbach Biotechnology
Studies Delft Leiden (B0DL) The
Netherlands (Tel +31 15 2781922;
Fax+31 15 2782355;
email B0 DL@tnw.tudelft nl ;
htp://www bttudelft nl/bodlf htm)

QAIQM C0URSE, MODULE6: F00D
TECHNOLOGY AND FOOD SAFTTY
Wageningen, The Netherlands
12-14 March 2001
C0NTACI: Dr L.A. van der [/eer-Lerk or
Ms G W.J 0. Aggenbach, Biotechnology
Studies Delft Leiden (B0DL), The
Netherlands (Tel. +31 15 27 81922,
Fax +31 15 2782355;
email B0DL@tnw tudelft nl;
http ://www bt,tudelft nl/bodlf htm)

METALS & CELLS, SEB AGM
Canterbury, 2-6 April 2001
C0NTACT: Dr Pamela Robinson
(email pamela,robinson@ncl.ac uk;
http ://www ncl.ac uk/sbg/robinson/
metalcellhtml)
MOLECULAR BIOLOGY UPDATE _
A FOUR DAY LABORATORY COURSE
Hatfield, Herts, 9-12 April 2001
C0NTACT: Professor John Walker
Dept of Biosciences, University of
Hertfordshire, College Lane Hatfield
Herts ALl0 9AB (Tel 01707 284546;
Fax 01707 284510;
email j m.walker@herts ac uk;
http ://www.herts ac uk/natsci/STC)

ffi#5r f*#l
ADVANCED COURSE ON
DOWNSTREA[/ PROCESSING
Delft, The Netherlands
7-11 May2001
C0NTACT: Dr L.A van der Meer-Lerk or
Ms G WJ 0. Aggenbach Biotechnology
Studies Delft Leiden (B0DL), The
Netherlands(Tel +31 15 2/81922;
Fax+31 152782355:
email B0DL@tnw.tudelft.nl ;
http ://www bt,tudelft.nl/bodlf.htm)
lOTH INTERNATIONAL CONGRESS OF
HU[/AN GENETICS
Vienna, Austria, 15-19 May 2001
C0NTACT: ICHG 0ffice, c/o Vienna
Medical Academy, Alser Strasse 4,
A-1090 Vienna Au$ria (Tel. +43 1 405
13 83 33: Fax +43 1 401 8214,
email office@ichg2001 org)

lOIH TO[/ASTK DAYS
Brno, Czechia, 6-8 June 2001
C0NTACT: 0ndrej Zahradnicek In$itute
for Microbiology, St Anna's University
Hospital and Medical School [/asaryk
University, Brno Pekarska 53 CZ-656
91 Brno, Czechia(Tel +42 0 5
4318309; Fax 4205 4318308;
email ozahrad@med.muni,cz ;
http ://www med.muni czlzahrad/
$rtomda.htm)
ADVANCED COURSE ON
ENVI RON M ENTAL B IOTECH NOLO GY
Delft, The Netherlands
20-29 June 2001
C0NTACT: Dr L A. van der Meer-Lerk or
[/ls. G,W J.0 Aggenbach, Biotechnology
Studies Delft Leiden (B0DL), The
Netherlands (Tel +31 15 21 81922',
Fax+31 152/82355;
email B0DL@tnw.tudelft nl;
http ://www bt.tudelft.nl/bodlf htm)
6TH EUROPEAN CONFERENCE ON
EXPERI [il ENIAL AI DS RESEARCH
(ECEAR' 2OO1 )
Edinhurgh Conference Centre
23-26 June 2001
C0NTACT: ECEAR' 2001 Conference
Secretary, Division of Retrovirology
NIBSC, Blanche Lane South Mimms,
Potters Bar, Hertfordshire ENB 3QG
(email ecear2001 @nibsc.ac uk;
http ://www nibsc ac,uk/ECEAR2001 )
2ND EUROPEAN CELLS & MATERIALS
[/l E ETIN G
Davos, Switzerland
25-28 June 2001
C0 NTACT: Conference Secretary: Sonia
Wahl (email sonia.wahl@ao-asif,ch ;
http ://www.ao-asif.ch/events/other/
ecm/index html)

jl*$y ***r
AN INIRODUCTION TO
BIOINFORMATICS - A TWO-DAY
COMPUTER/tECTU RE COU RSE
Hatfield, Heds
3-4 or10-11 July2001
C0NTACT: Dr Henry Bueski, Dept of
Biosciences University of Hertfordshire,
College Lane, Hatfield, Herts ALl0 9AB
(Tel, 01707 284554; Fax 01707 2861 37;
email h.bzeski@herts ac uk;
http ://www,herts ac uk/natsci/SIC)

RNA EXTRACTION AND ANALYSIS -
A ON E.DAY LAB.ORATORY/LECTU RE
COU RS E
Hatfield, Herts, 5 July 2001
C0NTACT: Dr Ralph Rapley Dept of
Biosciences University of Hertfordshire,
College Lane Hatfield, Herts AL10 9AB
(Tel, 01707 285097; Fax 0170/ 2861 37;
email r rapley@herts ac.uk;
http ://www herts ac uk/natsci/STC)
PCR MEIHODS AND APPLICATIONS -
A ON E.DAY LABORATORY/LECTU RE
COURSE
Hatfield, Herts, 6 or13 July 2001
C0NTACI: Dr Ralph Rapley, Dept of
Biosciences, University of Hertfordshire,
College Lane, Hatfield Herts AL10 9AB
(Tel 01707 285097; Fax 01707 2861 37;
email r.rapley@herts.ac,uk;
htp ://www.herts ac uk/natsci/STC)
IXTH INTERNATIONAL MEETING ON THE
BIOLOGY AND PATHOGENICITY OF
FREE TIVING AMOEBAE
Paris, France, 8-14 July 2001
C0NTACT: Secretariat Check Uo Service
16 rue du General Faidherbe BP 42,
94732 Nogentsur Marne cedex France
0el:+33 14877 0113:Fax +331 48
77 0B 63;email
amoebae2001 @amoebae2001 com;
http ://www amoebae2001 com)

$*ilf#ffi1:nr;*:ilr
ESCV 01 PROGRESS IN CLINICAL
VIROLOGY VII
[ahti. Finland
2-5 September 2001
C0NTACT: 0rganizing Secretariat &
Congress 0ffice, University of Helsinki
Lahti Research and Training Cenre,
Kirkkokatu'16, FIN-15140 Lahti, Finland
(Tel, +358 3 892 2051a; Fax +358 3
892 202i9; email irmeli paasikivi@
helsinki.fi; antti vaheri@helsinki fi;
virpi tiilikainen@helsinki,fi)
PSEUDO[/ONAS 2OO1
Brussels, Belgium
17-21 September2001
C0NTACT: Piene Cornelis Laboratory of
Microbial Interactions Deot of
lmmunolo gy Parasitolo gy &
Ultra$ructure Flanders lnteruniversity
In$itute of Biotechnology, Vrije
Universiteit Brussel Faarden$raat 65,
B-1640 Sint Genesius Rode Belgium
0el. +32 2 3590221 : Fax +32 2
3590399; email pcornel@vub ac,be;
http ://homepages,vub,ac be/ - pcornel
/Pseudomonas200l,htm)

XXXVII BRAZILIAN SOCIETY OF
TROPICAL MEDICIN E CONGRESS
BAHIA CONVENTION
Center in Salvador, Bahia,
Brasil, 11 -15 March 2001
C0NIACT: Eventus Sy$em, Rua 0ito de
Dezembro, 54/, Graga, CEP 40150-000
Salvador Bahia, Brazil (Tel. + 55 71 264
34ll Fax',+ 55 71 264 0508;
email : eventus@cpunet.com br/;
http ://www.cpunet.com.brlwentus)
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Gomment
Archaeaate rcal ly mesoph i les
withattitude!
Mention the Archaea to most microbiologists and

they instinctively think ofextremophiles. This is to be

expected for the Arcbctelt were originally recognized as a

distinct group because of the common properties of

various extremophiles. As this knowledge spreads into

the wider culture, especially to those for whom

environmental microbes are of but passing interest, a

certain amount of extrapolation goes on.The Arcltlzelt are

described as 
'primitive', 

similar to organisms from early

Earth, where the conditions are perceived as extfeme

compared with today. Second, the Archaea are still

considered to be extremophiles, restricted to growth in

places where sensible organisms can only be found dead.

These two perceptions are self-reinforcing, producing

the impression that the Arcbaea are survivors, clinging to

niches resembling the conditions on Earth aeons ago.

\We actually know little about the conditions on the

early Earth with any certainty and almost all ofwhat

we know has been revealed in the past couple of decades.

The Solar System formed around 4.16 Gyr (4.56 x l0')

years) ago from a collapsing molecular cloud ofgas and

dust. Aggregation of that dust produced the Earth and

planets, which continued to grow by accretion of small

bodies. A combination ofenergy from impacts,

radioactive decay and gravitational energy heated the

growing planet, to the extent that it had a molten

surface. As the number of small bodies available to be

captured fell, the planet cooled and in due course a solid

crust formed. The crustal surface of the Earth is recycled

through plate tectonics and the oldest surviving bits of

crust have been subiected to considerable heat, so the

nature of the original crust has to be surmised from

indirect evidence. As the early Earth continued to cool,

the atmosphere stabilized, allowing an ocean to form.

It is believed that the early Earth was completely

covered in water, so no 
'warm 

little pond' for Darwin's

cradle oflife. Relative age-dating ofcraters on the Moon

show that the Earth-Moon system suffered heavy

bombardment by asteroids and comets, forming craters

around 4'0 Gyr ago The impact energy generated by

collisions probably evaporated much of the water on the

planet. The oldest piece of sedimentary crust that is

currently known is about 3'6 Gyr old and contains fossils

which Ltear astriking resemblance to cyanobacteria.

These fossils are found in cherts and a chert is formed

when pieces of rock fall into a sediment, l ike pebbles

carried into an estuary. The sediment is 3.5 Gyr old, but

the fossils are found in the pieces ofrock and are therefore

older. So, the most plausible sequence ofevents would

seem to be that life formed in the oceanic early Earth.

The heavy bombardment did not evaporate all water, but

the elevated tempefature put a severe bottle-neck in

evolution so that only thermophilic strains survived,

which explains why the earliest branches to emerge from

the 165 rDNA tree of l ife were thermophiles.

So far so good. The advent of molecular biology and

its application to microbial ecology has revealed that

the world is full of Archaea in perfectly normal

environments. Many of these branch very deeply and

disrupt the'thermophiles-at-the-bottom' view of

evolution. \fhat is more, when the microscope of

molecular biology is turned on these extremophiles,

the underlying chemistry proves to be very similar to

that ofmesophiles, but with certain modifications to

protect the mechanisms from these extreme conditions.

It is diff icult to see how evolution could produce

vulnerable chemistry and protective mechanlsms at

the same time. It is more reasonable to conclude that

extremophiles are adapted mesophiles and not the

font from which mesophiles emerged.

This version of the story would be more convincing

ifwe could manage to cultivate some of these lineages

whose existence is known only from environmental

rDNA samples. $7hat role are they playing in the

environment?'Is there anything special about their

chemistryi'The questions are legion, but the only

method we have to address them requires cultivation

as a first step. Suffice it to say that we have a very poor

knowledge of the extent ofdiversity inthe Archaea.

The purpose of this comment is to i l luminate a

view oftheA rchaea in toto. For those already involved in

microbial ecology there will be nothing new here, but

as the field is burgeoning and funding opportunities

are increasing, more people are being tempted into the

water. Come on in and welcome, but it is a grcathelp to

read widely and topay attention to the bits between

the lines.

O Dr Dave Roberts, former Editor of
MicrobiologyToday, is atthe Natural History
Museum, Cromwell Road, London SW7 5BD.
Tel. 0207 942 5086; Fax 0207 942 5433;
e m a i I d, roberts@n h m.ac.u k
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