
But the work raises auestions about the 
direction of vaccine research, because of the 
~ossibilitv that the live bacteria used in vac- 
cines could acquire virulence genes via the 
bacteriophage. "At the theoretical level it's 
very frightening," says microbiologist Philippe 
Sansonetti of the Pasteur Institute in Paris. 
"It looks as if there's always the potential for 
reversion of harmless strains to toxic strains." 
Indeed, says Richardson, "there are 150 dif- 
ferent strains of Vibrio chokrae, but up until 
recently only strains within one major type 
have been involved in pandemics. But it looks 
[now] as if other strains may be able to ac- 
quire the toxin gene via the CTX phage." 

Still, most forms of V. cholerae in the 
environment are nonpathogenic, suggest- 
ing that it is relatively rare for nontoxic 
strains to acquire the CTX element and 
then go on to infect people. And Mekalanos 

and other researchers believe that the new 
information provides a guide to designing 
vaccine strains that will resist infection by 
the bacteriophage. "We now have the knowl- 
edge needed to tackle the problem in an 
informed way," Mekalana says. For example, 
classical vaccine strains readily produce pili 
in vitro and so are vulnerable to infection 
by the CTX-bearing phage. Strains that 
don't produce pili in vitro are probably bet- 
ter candidates, he says. 

Meanwhile, the discovery that a bacte- 
rial gene, to&, coregulates both the cholera 
toxin gene, from the phage, and the gene for 
the phage's receptor points to a subtle but 
complex evolutionary dance between bacte- 
ria, bacteriophage, and mammalian host-a  
dance led by the phage, which exploits the 
bacterial control of the pili gene to produce 
toxin. '"There was absolutely no reason to 

understand why the toxin was coregulated 
with the pili before this work," says microbi- 
ologist Staffan Normark of the Karoliika 
Institute in Stockholm, Sweden. "It shows 
that parhogenesis cannot be studied apart 
from the wider life cycle of the pathogen." 
He wonders if infection by bacteriophages in 
the normal life cvcle of V. chokrae. which 
can survive and reproduce independqtly of 
mammalian hosts in freshwater environments. 
may have implications for human disease. 

Whatever the answers to these auestions. 
the new results will stir fresh interest in 
filamentous bacteriophages as candidates 
for horizontal transmission of virulence genq 
in a number of other gram-negative bacteria, 
such as Salmonella and Yersinia, which causes 
bubonic plague, says Mekalanos: "This could 
be the tip of an iceberg." 

-Nigel Williams 

GEOPHYSICS 
I 

Watching the Earth Move ,: about 5 centimeters-a de- 
2 formation too localized to 

Geophysicists keep watch over even the most timeters from 800 kilome- !! appear in any GPS m e y .  
minute changes in Earth's supple crust, be- ters up is quite a feat, but This distortion is in the 
cause these subtle undulations are driven by the principle behind it is oppmite sense to what the 
the same powerful forces that drive earth- simple. Like ordinary ra- quake would have induced 
quakes. But monitoring the& changes along dar, a SAR measures the and so may reflect a post- 
faults extending hundreds of kilometers re- distance to the surface by 

I 
quake readjustment as wa- 

quires dense networks of strainometers buried clocking the travel time of 3 ter was sucked into areas 
below ground or Global Positioning System a microwave signal bounced stretched by the quake and 
(GPS) inmuments on the surface. Now, how- off the surface. A SAR l i i  squeezed out of compressed 
ever, researchers have perfected a space-based the one aboard ERS-1 regions. Fluid flow may also 
technique that can watch the stirringsof great makes such a measurement account for measurements 
expanses of crust in one sweep. on every 80-meter-widespot reported at last fall's AGU 

Called synthetic apetture radar (SAR) in- across a 1CYTkilometer-wide meeting by Didier Masson- 
terferometry, this technique measures crustal swath as the spacecraft net and Helene Vadon of 
distortions from slight changes in the travel passes overhead. On its - rainbow. lmference pat- the National Center of 
time of aradar beam played across the surface next, slightly diierent or- terns gathered by omng radar Space Studies inTodouse, 
from a satellite. And while SAR interferom- bit, the radar measures a show crustal deformation due to France, and by Thatcher. 
etry has already shown its prowess at map- new distance, which differs the WPture of the Landers fault. Using SAR interferometry, 
ping .the large deformations-tens of centi- because of any intervening they found that a trough 
meters-caused in a moment bv earthmakes. deformation and the macecraft's new Der- that formed alo~lg the Landers fault durinrr 
recent results from the sAR &ard thl EWO: 

pean Space Agency's ERS-1 satellite show 
that the radar can also catch localized, cen- 
timeter-scale deformation slowly occurringbe- 
tween earthquakes. Preliminary evidence sug- 
gests that the technique might also reveal 
growing strain on a seemingly quiescent fault. 

As a result, tectonophysicist Wayne 
Thatcher of the US. Geological Survey in 
Menlo Park, California, predicts that the 
growth of SAR interferometry "in the next 
several years will be at least as explosive as 

. that of GPS in the late '80s and early '90s." 
The new radar will help probe not just faults 
straining under growing crustal stress but 
also volcanoes swelling with magma and land 
subsiding with the withdrawal of oil or water. 
"It's going to be the technique of choice for a 
lot of things," says Thatcher. ' 

Measuring a surface change of a few cen- 

spective. After removing the perspective ef- 
fect, the remaining tiny difference between 
passes is measured by letting the two slightly 
out-of-phase s g d s  interfere with each other 
to form an image of concentric interference 
fringes; each frrnge in an interferogram r e p  
resents a displacement of 28 millimeters. 

Thatcher notes that SAR worked "spec- 
tacularly well" in mapping out up to 56 centi- 
meters of near-vertical deformation caused 
by a few seconds of Qult rupture in southern 
Califomia'smagnimde 7 3  Landersdquake 
in 1992. And at last month's meeting of the 
American Geophysical Union (AGU), Gilles 
Peltzer of the Jet Propulsion Laboratory in 
Pasadena, Califomia, and his colleagues 
showed detailed i n t e t f ~  of deformation 
long after the quake, between August 1992 and 
September 1995. Where the fault jogs 10 kilo- 
meters right or left, the crust rose or subsided 

" - 
the quake has since risen, presumably as wa- 
ter flowed into the freshly shattered fault 
zone. This postseismic flow could be one part 
of a previously proposed cycle that eventu- 
ally produces high fluid pressures capable of 
triggering the next earthquake (Science, 6 
March 1992. D. 1210). , . 

Peltzer's prelimim& interferogram of the 
Los Angela basin underscored the value of 
the technique. Oil fields and aquifers stood 
out as fringe bull's-eyes where pumping had 
caused up to 12 centimeters of subsidence. 
The results also showed apparent deformation 
along the Newport-Inglewood fault, which is 
seismically quiet now but in b r y  is capable 
of unleashing a devastating magnitude 7 
earthquake. Stress may be building there, but 
ERS-1's next  asses should h e l ~  determine 
the meaning Oi- this slight crusdshift. 

-Richard A. Kerr 
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