
Vancouver may provide an answer. sons were associated with antibi- 
On page 605, the research- I 

ers d&k new evidence 
showing that rhe eholera bac- 
terium Vibrio chakae has a 
versatile acquhitlon system- 
d l e d  an integron-that may 
capture many different types of 
genes. Until now, integrons, 
strips of DNA containing re- ( I 

petitive sequences that allow 
genes from o w  organism to be , 
usedby &, had beenasso- 
ciated only with genes confer- 
ring antibiotic resistance. 

The Davies team's proof 

It 
lntesrase 

attact'immt site 

m e .  Then Mazel 
spotted a DNA seg- 
ment in the incom- 
plete V i h  genome 
dxtr memed to have 
the right sequenae to 
encode a portion of 
the integrase. He, 
&vies, and their col- 
leagues went on to 
clone that gene and 

have now shown in E. coii that it can 
splice out gem casettes. "The assump 
tion is that if it can rake [the gene] out, it 
can put it back in," he says. "They've done 
the experimental work" to show that the 

that Vilnio has a functioning Vibrio sequence is an integron, com- 
integron system includes the ments Milton Saier, a micmbiologist at 
cloning of a Yi% gene for I I I ~  VCR VCR &e University of California, San Diego. 
enzyme that *lice .- Genetic acquisitions. 'Wgm of 'the chdera (@?I IJW hvies md his colleagnes also h d  
& e ~ C T O ~ S  kt.. I ~ ~ & ~  a" integrase enzyme and DNA'repeats to pick up integrm in Vibrio sanwles md since 
bacteria, this e e ,  called an integrase, is otic resistance. But Mazel, Davis, and a few 1888, wrrhich shows rhat thecegeneuptake sys- 
needed to move antibiotic resistance genes other people thought they saw evidenee in tem predates antibiotics- This finding, com- 
into and out of their genomes, and rke clon- V. dderae that the inmgmn system might be , bined with the intepmas large $+it takes 
ing of the Vilrpio enzyme is the best evidence capable off- arate geaes &an had keen up 5% of the ~hramosome and artd has0 times 
yet that this pathogen can acquire genes thought. Vihb b9s repeat& sequwxa that as m y  gene as any known inegron-has 
from its fellow microbes. look &e those in ham integgms, and the led Davies to suggest that it may even be the 

But it's also a sign that the integrasel 
integron system could have a much broader 
role than people had thought, lxmwe Vibrio 
has an integmn-like stretch of DNA that is 
studded with genes for waydung &om adhe- 
sion proteins to to- possibly acquued 
from other bacteria. " m e  work] is the first 
clear demonstration that the integron system is 
[ d l  for the disemination of other types of 
genes [besides &me for antibiotic w~ce] , ' '  
says integron discoverer Hatch Stokes of 

sequences flank not d y  antibiatic resistance 
ggnes but also wes c e d i  for mxic proteins 
and enzymes that put d y l  group on DNA 
as well as several genes of unknown function, 
says mlecular m i c r o k o ~  Paul M* 
of the University of Addaide in Australia. 
Manning discovered V W s  repeating se- 
quences, which occur roughly 80 times in o m  
region of the microbe's c h r m m e ,  in the 
1980s, and in the December 1997 issue of 
Mdeculm Mkmbbbgy he suggested that the 

predecexsor to integrons in other pathogens, 
which may have adapted them to acquire 
antibiotic resistance genes. 

Whether ar not that's the case, this 
intwon cauld 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 rhrough its 
integron. "One would need to knock out the 

Maquarie University in Sydney, Australia. repeats are part of a giant integmn. integrase," he says. . 
Other exam~les may soon follow. for re- In theknrrent work. Mazel and Davies Researchers don't vet know whether in- 

searchers are &so frrding e k d k e  that tested wheber the V. ~holaae repeat is in t-ns have also enabled other microbes to 
pathogens such as Escherichin cob, which has fact part d an integron. In integrons, a re- acquire virulence genes. Some gesles withan 
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inherent ability to he expressed may have 
gotten into bacteria an J thu> wouldn't re 
quire integration through an inteeron. But 
there is plenty ot evidence that, somehow. 
such ijene transfer- Jo take place. For ex­
ample, ai the Conference on Microbial Ce -
nome>, which was held in February in Hilton 
Head, South Carolina, yeneticiM Fred Blatt 
ner reported that hi> team at the University 
of Wisconsin, Madison, has found that the 
pathogenic h. odi strain 0:157 has a million 

extra ba-c pair- ot P N A comjMiwl to a labora­
tory strain. Thi> extra P N A includes a tew 
ijenes that are quite similar to Ljcnc- thai code 
for toxins produced bv Ycr<inui. the tlea-borne 
pathogen that cau-c- bubonic plague. 

And Pieter Sol!. Michael lbba. An.\ their 
colleagues at ^ ale I. ni veri ty luxe di>covered 
tlie uene tor an enzvme that -ecm- to have 
escaped from a mien 'be that. lives in hot envi­
ronment-and taken up residence in the-piro 
chete- that cau-c L\mc di-ea.-c and syphilis. 

Although the iiene l- not ditveth related to 
virulence. it- enzyme product micju -till be 
a '^\\\ target for rhcrapv bee iu-e it i- not 
found in mo-t hacreru. Thi- could lead to a 
-pirochete--pecitic antibiotic, Soli -av-. 

A- rc-earcher> decipher moiv and more 
microbial genome-, the iran-tcr of virulence 
•_:ene> by mte^ron- may bed-me a common 
theme, -av- Stoke-. Hi- prediction: "What 
we're seeing i- the tip ot the' iceberg." 

-Elizabeth Pennisi 

the model- were so-called empirical model-, 
which make no- attempt to -imulate the 
real-world interplay ot wind- and current -
that actually lead- To- An HI Nino. In-tead, 
the-e model- are in e--cncc automated rule-
ot thumb. doiiiL; what human U avca-ter- Ao 
but in a more objective wax. The \ compare 
current observation- ot the tropica! Pacitic 
Ocean AnA atmosphere with comparable 
data tor the period- leading up to HI Nino- ot 
the pa-t 4*T vear- and i--ue prediction- ba-ed 
on tile re-emhlancc. But a- i cj'oup, the-e 
model- did poorh thi- t ime, a- the \ otten 
have in the pa-t. Three ot The -lx called lor 
only a moderate HI Nino, bv the tall, while 

three predicted weak w trmth or nor- . 
mal condit ion-. 1 

H\"en a more complex model, ± 
which won tame in P l s o b\ beiiiij^ 

the tir-t to -ucce--tuilv predict An HI? 
Nino [Science, M February N>7. p. \ 

744b "tell tl.it on it- tace" tin- Time. ob-^J 
-erve- Barn-ton. Thi - -o called dvnamicaU 
model, run by Mark Cane md N e p h c n ^ 
Zebiak ot Columbia I mver-irv'- I -amont " 
Pohertv Harth Ob-ervatorv in Bali-ade-, * 
New ^ ork. doe- simulate ocean aimo-phere :-. 

interacrion-, although onl\ ;n the tropical 
Pacitic Thi- time the model predicted 
only a gradual warming to- near-normal 
condition- rather than mten-e warming. 

t. 'ane can't -av exact 1\ why the model tailed 
-o spectacularly, but it -eein- to- ha\ e -ome 
thiiii: î 1 A^ with the wand ob-ci'vation- u-ed 
to Lret the model -tarted, which are -par-e in 
the southeast Pacitic. 

In contra- t , the mo-t -ophi-tscated 
modeling ettorr- rated by Barn-ton -cored 
an impre--ive -ucce--. I he-e more com­
plex model- al-o couple ocean and a tmo 
-Inhere but Ao -o worldwide, like the lar-e 
-cale model- that -cicnti-r- h a w devel­
oped over several decade- t\ • toivca-T glo­
bal warming. Researcher- b iveheen -trmj. 
L'liiiL' to con-rruct the-e "coupled" model-
tor much ot t in- decade b\ cobbling to 
aether part- of weather and climate mod 
el>: their creat ion- perti >rm million- >.a cal 
^illation- and have in-.itiable appet i te- tor 
compui iivz t ime. 

In early N ^ 7 , all lour a' The biojvr 

-CLIMATE PREDICTION. 

Models Win Big in Forecasting El Nino 
1 redict ions ot the mo-t recent El N ino Nino will linger through the tail or -witch 
were widely regarded as a s tunning succe--: to its mirror linage. La Nina i- already 
Forecasters warned ot torrential rain in looming- B\ C h n - t m a - . thi- more ditticult 
California this winter and drought in Indo- te-t will provide even more convincing 
ne-ia, and they were ri^lit. But it meteo- proof ot the model-* mettle or expose 
rolomsts had dared to rely more heavily on their weakne.-se.-. 
their computer models, those predict ions The value ot the more complex HI Nino. 
could have been even be t te r—and next model-emended when climate toreca-ter and 
t ime, they may be. Tha t ' s because th i - statistician A m U u w Iximston oi the C P C 
vear'- HI Nino , one ot the strongest in a rated a dozen different me thod-on how well 
century, was a proxini:.ground tor the mod- rhev predicted the Pacitic wurmin«_:. which 
eh , -howinu which types do the best job 
at predict ing th i - warming ot ' the tropi- Beiow normal Aoove noma! 
cal Pacitic and its effect- on global 
weather pat terns . W h e n it comes to 
models, forecasters learned this vear, 
h i ^ e r is better . 

In a recent ranking of predictive et-
torts, the most ambitious models—which .7 . 
chew up hours ot supercomputer t ime --•-̂ -•;:-
simulating how winds, water, and heat 
shutt le an ions land, ocean, and atmo­
sphere- all came in near the top, while le--
sophi-ticated model- otten faltered. "For the 
tir-t time, the biii models <j.ot it ritzhr," -av-
Tropical meteorologist Peter Webster ot the Beiow normal Above norma: 
University ot Colorado, Boulder. As meteo­
rologist Eugene Rasmus-on ot the L'niver-
-ity of Maryland, College Park, puts it, 
"the more belU and whistles, the better." 
knowing which models to trust, sa\s 
Jauadish Shukla of the Institute of Global 
Environment and Society in Calverton, 
Maryland, "is a biu: breakthrough. W e now 
have confidence in 6-month forecast- based 
solely on a model." 

Even veteran El Nino forecasters who 
have seen the models tail in the past now say 
that this v c a r ' - u c c c - h a . won rhe m^lol> a l ! ^ ™ ^ ! ! ! ^ 
larger role in forecasting- "My i:ues> i- that 
next time we will rely much more heavily 
on the [hi*- computer] models than we did cipitation fbottom)feiI much as predicted. 
this time." -av- Ants Heetmaa, director ot 
the Climate Prediction I 'enter i C P C ) at pe.iked at the end ot'la-T war . A- hede-cribe-
the U.S. Wea the r Service's National Cen- in a paper in the proceeding- ot 'the October 
ters; tor Environmental Prediction (NCEP^ N ^ 7 Climate Pia^no-t ics and Prediction 
in Camp S p r i n g , Maryland, and c o d e v e l Workshop. Barn-ton looked at the predic-
oper of one ot the most sophisticated mod- tion- each model wa- ottering in February 
els. That next test, predicting whether El and March of PK>7 tor the coming tall. Six ot" 

helped forecasters last November to predict a 
wet winter for the southern United States and 
dryness in spots in the north (top). Actual pre-
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