MICROBIOLOGY

Versatile Gene Uptake System
Found in Cholera Bacterium

Bacteria are promiscuous gene swappers.
Their ability to pass genes for antibiotic resis-
tance from one strain to another is legendary
(Science, 15 April 1994, p. 375). Now, with
more and more microbial genome sequences
pouring out, researchers are stumbling across
unexpected resemblances between the DNAs
of evolutionarily distant species—some of
which can best be explained by the transfer of
other kinds of genes as well. Just how bacteria
sustain this traffic in genes has been a puzzle.
But in this issue of Science, a research team led
by molecular microbiologists Didier Mazel of
the Pasteur Institute in Paris and Julian Davies
of the University of British Columbia in
Vancouver may provide an answer.

On page 605, the research-
ers describe new evidence
showing that the cholera bac-
terium Vibrio cholerae has a
versatile acquisition system—
called an integron—that may
capture many different types of
genes. Until now, integrons,
strips of DNA containing re-
petitive sequences that allow
genes from one organism to be
used by another, had been asso-
ciated only with genes confer-
ring antibiotic resistance.

The Davies team’s proof
that Vibrio has a functioning
integron system includes the
cloning of a Vibrio gene for an
enzyme that splices genes into
the microbe’s integron. In other
bacteria, this enzyme, called an integrase, is
needed to move antibiotic resistance genes
into and out of their genomes, and the clon-
ing of the Vibrio enzyme is the best evidence
yet that this pathogen can acquire genes
from its fellow microbes.

But it’s also a sign that the integrase/
integron system could have a much broader
role than people had thought, because Vibrio
has an integron-like stretch of DNA that is
studded with genes for everything from adhe-
sion proteins to toxins—all possibly acquired
from other bacteria. “[The work] is the first
clear demonstration that the integron system is
[used] for the dissemination of other types of
genes [besides those for antibiotic resistance],”
says integron discoverer Hatch Stokes of
Macquarie University in Sydney, Australia.

Other examples may soon follow, for re-
searchers are also finding evidence that
pathogens such as Escherichia coli, which has
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been linked to several deadly episodes of food
contamination, have picked up genes from
other organisms that make them more viru-
lent. By boosting researchers’ understanding
of how bacteria use each other’s genes to
both enhance their virulence and counteract
antibiotics, these findings should ultimately
“lead to more effective therapeutics and new
vaccines,” says James Musser, a microbiolo-
gist and pathologist at Baylor College of
Medicine in Houston.

Until now, most researchers would not
have suspected that integrons play a part in
the pathogenicity of microorganisms like the
deadly E. coli, because all the known inte-
grons were associated with antibi-
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Genetic acquisitions. The integron of the cholera pathogen (right) uses
an integrase enzyme and DNA repeats to pick up genes.

otic resistance. But Mazel, Davies, and a few
other people thought they saw evidence in
V. cholerae that the integron system might be
capable of ferrying more genes than had been
thought. Vibrio has repeated sequences that
look like those in known integrons, and the
sequences flank not only antibiotic resistance
genes but also genes coding for toxic proteins
and enzymes that put methyl groups on DNA
as well as several genes of unknown function,
says molecular microbiologist Paul Manning
of the University of Adelaide in Australia.
Manning discovered Vibrio's repeating se-
quences, which occur roughly 80 times in one
region of the microbe’s chromosome, in the
1980s, and in the December 1997 issue of
Molecular Microbiology he suggested that the
repeats are part of a giant integron.

In the current work, Mazel and Davies
tested whether the V. cholerae rtpcat is in
fact part of an integron. In integrons, a re-
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petitive sequence serves to signal the pres-
ence of a gene that can be incorporated into
the genome. The researchers made a gene
“cassetre” that contained a Vibrio gene and a
marker gene—which would enable them to
tell whether these genes were being ex-
pressed—between two copies of the repeat.
They then inserted the cassette into a circu-
lar piece of DNA called a plasmid and al-
lowed the plasmid to be taken up by another
bacterium, E. coli. The E. coli started using
the foreign genes. “We showed we could
move [the genes| using the Vibrio cholerae
repeats,” says Davies. The E. coli cells used
the integrase in their own integron, which
carries antibiotic resistance genes, to splice
the cassette into that integron where the
genes can be expressed.

But complete proof that Vibrio can both
take up foreign genes and donate its own re-
quired the identification of the pathogen’s
integrase, and in their initial search, Mazel
and Davies were unable to track down the
- enzyme. Then Mazel
spotted a DNA seg-
ment in the incom-
plete Vibrio genome
that seemed to have
the right sequence to
encode a portion of
the integrase. He,
Davies, and their col-
leagues went on to
clone that gene and
have now shown in E. coli that it can
splice out gene cassettes. “The assump-
tion is that if it can take [the gene] out, it
can put it back in,” he says. “They've done
the experimental work™ to show that the
Vibrio sequence is an integron, com-
ments Milton Saier, a microbiologist at
the University of California, San Diego.

Davies and his colleagues also found
integrons in Vibrio samples stored since
1888, which shows that the gene uptake sys-
tem predates antibiotics. This finding, com-
bined with the integron’s large size—it takes
up 5% of the chromosome and has 10 times
as many genes as any known integron—has
led Davies to suggest that it may even be the
predecessor to integrons in other pathogens,
which may have adapted them to acquire
antibiotic resistance genes.

Whether or not that’s the case, this
integron could bode ill for new vaccines be-
ing developed against cholera, Manning
warns. He worries that a live vaccine that
uses Vibrio strains whose virulence genes
have been removed may still be capable of
getting new virulence genes through its
integron. “One would need to knock out the
integrase,” he says.

Researchers don't yet know whether in-
tegrons have also enabled other microbes to
acquire virulence genes. Some genes with an
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inherent ability to be expressed mav have
gotten into bacteria and rhus wouldn't re
quire inteeration through an inteeron. Bue
there is plenty of evidence that, somehow,
such vene transters do take place. For ex-
ample, at the Conterence on Microbial Ge-
nomes, which was held in February in Hileon
Head, Sourh Carolina, venceticist Fred Blan
ner reported thar his reany ar the University
of Wisconsin, Madizon, has tound thar the
pachovenic E.coli strain Q157 has o million

CLIMATE PREDICTION

extra base pairs of DNA compared o fabora-
rory strain. This extra DNA mchudes b few
cenes that are quite similar o venes that code
tor toxins produced Be Yorsinie the tlea-borne
pathoeen that causes ubonic plcne.

And Dicter =oll Michact Issas and their
colleagues ar Yale University Tove discovered

the vene for an enzvime that seems 1o have
escaped tront a miceobe iz lives inhor envi-
ronments and taken up residence in the spins
chetes that cause Lyiie discase and sephilis.

Althouch the senc s noe diveerv related o
viruleneed it enzvine product miche still b
4 cond rareer for therapy Bec wse icis non
tound i most bacterion This could lead 1oa
spirachere-specitic antibictic, =ol <,

As researchers decipher more and more
microbial cenomes, the irnster of virulence
cenes Py intesrons mav become a commen
themes savs Stokess Hhis predicron: “What
wore seeing is the tip ol the icebers.”

—Elizabeth Pennisi

Models Win Big in Forecasting El Niio

Prodictions of the most recent EI Nino
were widely recarded as astunning success:
Forccasters warned of torrential rain in
Calitornia chis wincer and Jdroushe in Indo-
nesia. and theyv were rivhe, Bur it mereo-
rolovises had dared to relv more heavily on
their computer models, those predicrions
could have been even better—and nest
time, they mav be. That's because this
vear's EL Nino, one of the stroneest in a
century. was a proving eround tor the mad-
¢l showine which rvpesdo the best job

at predicting this warming ot the tropi-
L“.l[ P‘.lLHi( kllhi 1t CTVTVL‘(I\ (2181 \_'lﬂl\;il
weather parterns. When it comes o
models, forecasters learmed this vear,
l‘iu‘_‘cl‘ i~ l\‘HCI‘.

In a recent ranking of predictive ef-
tores, the most ambitious models—which
chew up hours of supercomputer time
simularing how winds, warer, and heat
Shuttle amone fand, ocean, and armo-
sphere--all came in near the top, while less
sophisticated models often taltered. “For the
tirst time. the big models cor it righ.” savs
tropical mercorologist Peter Webster of the
University ot Colorado, Boulder. Asmeteo-
rologist Eucene Rasmusson of the Univer-
sitv of Marvland, Colleee Dark, purs i,
"rhc more l\'”\ (llhl \\'hi.\llc\, TI]L‘ }‘CUL‘I‘."
Knowing which models to trust, savs
Taeadish Shukla of the Institute of Global
Environment and Society in Calverton,
Marviind, "1 o bie breakihrouch, We now
have contidence in 6-month torecasts Fased
solelv ona madel”

Even veteran El Nino forecasters who
have seen the models tail in the past now sy
that this vear’s success has won the models a
larger role in torecastine. "My cuess is tha
next time we will relv much more heavily
on the [bie compurer] models than we did

this time.” savs Anes Leermaa, direcror of

the Climate Prediction Cenrer (CTCY e
the ULs Weather Service’s Narional Cen-
ters for Environmental Predicrion (NCEDY
in Camp Springs, Marvland, and co-devel
oper \\f- Onge L‘T- [}1L‘ most ,\U}‘]]i\l 1@1[\\] lﬂ\\\]-
cls. That next test predicting whether El
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Nine will Hineer throuch the il o switch
to s mirror imave, Lo Nia s already
looming. By Chrsomase this niore dinticult
test will provide cven more convincing
proat of the models” mertle o expose
their weaknesses.

The vidue of the more comples BN
models emerged when cliniee torecaster and
<tatistician Anthony Bamston or the CI'C
rared o dozen ditterene merhods on how well
they prediceed the Pacttic warnmime, which

Below normal Aoove normal

Below normal Above norma:

It's a match. Complex computer models
helped forecasters last November to predict a
wet winter for the southern United States and
dryness in spots in the north (top). Actuat pre-
cipitation (bottom) fell much as predicted.

peakedarthe endor st vears Ashe desertbes
ina paper in the procecdings of the October
1997 Climate Dinenosues and Predicrion
Workshop, Barnston Tooked ar the predic-
tions cach model was offermy in February

and March ot 1997 1o the comine talll Sisoor

the modets were so-called empiriead models,
which make no artempr ro simudate the
real-world imrerplay of winds and currents
that actoallv Teads 1oan B Nines Instead,
these medels are m essenee anremared rules
o thumb doine what human rorecasters do
But in o more objective wane They compare
carrent observations ot the tropical Dacitic
Ocean and ammesphere withs comparalsle
Jatarorthe periods Teadinge up ro ELNinos of
the past 48 vears and issue predictions Tased
on the resemiflance, Bur as thes
maodeds did poorly this times as they otien
have in the paste Three of the ~sis called tor
enlv aomaederate EF N be rhe tall while

three predicted weak wormth ornor-

LCroeup,

mal conditions,
Even o more complex medel
which won tame in 1956 Iy Being
the tirst to suceesstudle predict an El
Nino (Scienee, 13 Febreare 19870
TAEL el thar on s tace” ths time, ob-
serves Barnston. This ~ocalled dvnamical 2
madels run By Mok Cone ind stephen
Zebiak of Columbio Unversie's Lament -
Doherty Earth Observatery me alisades, 2
New Yorke does simudate ocean atmosphere
interiactions, althouch oniv i rthe tropical
Pacitic. This time the moded [‘I’L\Iik'[k\l
only o eradual warmime o near-normal
conditions rather than intense warming.,
Cane can'tsavexacth whye the model failed
~ospectacularly, but it seems 1o have some
thing to Jowith the wind observarions used
toreet the model started, which are sparse in
the southeast Pacitic.
In contrast. the ~ophisticated
modelinge ettores rared By Barnston ~cored

Nost

an mmpressive suceess. These more come
plexy models also couple ccean and armo

sphere but dosoworldwide, Tike the Liree-
~aale madels thar ~cientises have devel
aped over several decades o forecast lo-
bal warming. Rescarchers e been sirug

cling 1o consrruct these hL\‘li]‘}l\‘\l“ medels
tor much or thas decade By cobbling o

cether parts of weather and chmare mod

clsttheir erearions perrerm millions of cal

cularions and have insatial e apperites tor
computing time.

In carlyv 1997 Al sonr 1 the Biecer
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