
"web" of baryons. Theorists predict that 
the missing baryons in these filaments 
have high temperatures (105 to 107 K) but 
low densities, making them particularly 
difficult to detect (4). 

At these temperatures, oxygen exists 
with one, two, or three bound electrons 
(OVIII, OVII, and OVI, respectively). It 
is the most abundant element that is not 
fully ionized under these conditions. OVI 
has strong absorption lines in the ultravi- 
olet, whereas OVII and OVIII absorb and 
emit at x-ray energies. Recently, re- 
searchers have found the first observa- 
tional evidence for the "missing" 
baryons by detecting these absorption 
and emission lines with four different 
space-based telescopes. 

X-ray and far-ultraviolet absorption 
lines from oxygen can be detected against 
some extremely bright active galactic nu- 
clei with the Chandra observatory, Far Ul- 
traviolet Spectroscopic Explorer (FUSE), 
Hubble Space Telescope (HST), and the 
XMM-Newton telescope. The strongest 
absorption lines are not redshifted and 
hence originate near our Milky Way 
Galaxy (5, 6). Nicastro et al. (7) argue 
that absorption does not occur in our 
galaxy but in a dilute gas that fills, and 
may extend beyond, our Local Group of 
galaxies. This interpretation agrees with 
theoretical expectations. Several other 
groups of galaxies are known to contain 
hot gas from their diffuse x-ray emission. 

At redshifts beyond the Local Group, 
absorption lines from the same oxygen 
species are seen in the spectra of a few ac- 
tive galactic nuclei. Fang et al. (8) and 
Mathur et al. (9) have detected absorption 
by intervening OVII and OVIII gas, pro- 
viding evidence for the hot gas predicted 
by theory. In the far ultraviolet, Savage et 
al. (10) have detected OVI along several 
sightlines, demonstrating that gas at 105 to 
106 K is plentiful. 

In a different approach, we (11) have 
u detected hot x-ray-emitting gas with a 

shadowing technique. Hot diffuse baryons 
produce a faint x-ray glow around the sky, 
but other sources of diffuse x-ray emis- 
sion, such as the Milky Way, must be ex- 
cluded. This is accomplished by using the 
cold gas in another galaxy, which absorbs 
the background diffuse x-rays, leading to a 
shadow in the background emission that 
we observe. 

The detection of hot diffuse baryons o 
(7-11) is a major step in our understand- 

| ing of the present state of the universe. 
I However, the important quantitative work 
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be studied by NASA with a Small Explor- 
er named "Spectroscopy and Photometry 
of the Intergalactic Medium's Diffuse Ra- 
diation," scheduled for launch in 2005. 

At x-ray energies, additional efforts are 
planned to detect absorption and emission 
from the cosmic web with Chandra and 
XMM-Newton. These studies are limited 
to a few of the most favorable targets ow- 
ing to sensitivity limitations. Such limita- 
tions will be overcome by the Generation- 
X telescope planned by NASA. 

Collectively, these observations will de- 
termine the mass of baryons in the cosmic 
web along with their spatial structure and 
temperature distribution. These data are fun- 
damental to understanding the formation and 
evolution of the structures in our universe. 
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PERSPECTIVES: PERSPECTIVES: 

O ver the past decade, astronomers 
have discovered several transient, 
highly relativistic jet sources asso- 

ciated with stellar-mass black hole binary 
systems in our galaxy (1). These are called 
microquasars, by analogy to the much 
more powerful relativistic jets found in ra- 
dio galaxies at moderate distances, and to 
quasars at the edge of the known Universe. 

In radio galaxies and quasars, the jets 
are powered by accretion onto massive 
black holes. They are surprisingly efficient 
at transporting the resulting energy out to 
large distances, often well beyond the edge 

of the host galaxy 
Enhanced online at (2, 3). There the jet 
www.sciencemag.org/cgi/ may collide with 
content/full/298/5591/73 the intergalactic 

medium, releasing 
its bulk kinetic energy in a terminal shock, 
from which the material flows back to in- 
flate huge radio lobes (see the figure). 

The jets in microquasars seem very simi- 
lar in terms of speed, power source, and colli- 
mation. One would therefore expect similar 
fireworks when they hit the interstellar medi- 
um. A few unusually steady and long-lived 
sources (4) show signs of such collisions, but 
most microquasars do not; in fact, there is lit- 
tle evidence that these short-lived jets interact 
at all with their surroundings. This is not too 
disturbing for any individual source: Some 
jets remain collimated but fade as they move 
out, and others may expand and get lost in the 
background. But some microquasars must 
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The radio galaxy Cygnus A. A narrow, highly 
collimated jet links the central core to the outer 
lobes. The lobes extend to -195,000 light years 
from the center-double the optical radius of 
the host galaxy. The very bright "hot spots" at the 
ends of the jets are thought to be the areas where 
the jet hits the surrounding intergalactic medi- 
um; the resulting shock produces high-energy 
particles and fields, and the splashback creates 
the huge radio lobes. In most microquasars, the 
inner part of the jet is seen but the interaction 
region is missing. Original data from (8). 

surely interact with the interstellar medium at 
some point. On page 196 of this issue, Corbel 
et al. (5) report evidence that they do. 

Like most other microquasars, XTE 
J1550-564 was discovered when it under- 
went a strong x-ray flare. Such flares are 
usually interpreted as the result of run- 
away accretion in a black hole binary star 
system. Observations with very long base- 
line interferometry (6) resolved the associ- 
ated radio emission into three emission 
"blobs" roughly oriented along an east- 
west line. The system thus bore the hall- 
marks of a typical microquasar radio jet. 

Transient microquasars' jets usually 
move out with roughly constant velocity and 
rapidly fade below detectability. But XTE 
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J1550-564 is different in several intriguing 
ways. First, the eastern component, although 
fading, remains detectable more than 3 years 
after the initial explosion. The radio emission 
is synchrotron, produced by relativistic parti- 
cles spiraling around strong magnetic fields, 
which together exert an enormous pressure. 
The mere fact that we still see this emission 
after such a long time requires some way of 
confining those particles and fields. 

Second, this same eastern component has 
decelerated considerably, with the velocity de- 
clining by at least a factor of 2 between 2000 
and 2002. The most obvious explanation is 
that it is slowing down as it plows through the 
circumstellar or interstellar medium. The re- 
sulting ram pressure may in fact be holding the 
relativistic particles together. But ram pressure 
at relativistic speeds is exceptionally strong. 
The gradual deceleration of this component, 
without substantial brightening, implies either 
that it is much heavier than minimum energy 
arguments would suggest, or that the sur- 
rounding medium is exceedingly tenuous. 

The western component is very differ- 
ent. At first, it simply faded below de- 
tectability in the usual fashion; but it has re- 
cently reappeared as a strong radio and x- 
ray source about 2 light years from the 
black hole. This source is aligned with the 
original radio jets, pointing back toward the 
parent system. It looks very much like the 
hot spots and lobes of giant radio galaxies. 

These observations suggest that we are 
at last seeing direct evidence of a transient 
microquasar jet crashing into the sur- 
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rounding material. If we can measure the 
density of that material through optical 
lines or other tracers, then the evolution of 
this source may allow us to measure the 
basic physical properties of a jet, such as 
its total mass and momentum. 

Both jet components have been detected 
with radio and x-ray telescopes. Similar ra- 
dio emissions have been seen many times in 
the past, but this is the first time that x-ray 
emission has been seen in a microquasar so 
far from the central object. If this emission 
is synchrotron, like the radio emission, then 
the required particle energies are enormous, 
in the tera-electron volt range. Alternatively, 
the x-rays may result from inverse Compton 
emission, in which photons from some 
background field (such as the cosmic mi- 
crowave background) gain energy from col- 
lisions with relativistic particles. Both pro- 
cesses have been observed in extragalactic 
jets (7). It is not clear which dominates here, 
because the current optical/infrared data are 
not sensitive enough to determine whether a 
single synchrotron power law connects the 
radio emission to the x-ray emission. 

These observations leave a number of 
puzzles. Why do the jets become visible 
again a couple of light years from the par- 
ent system? Does this observation imply 
an evacuated cavity, and if so, how did it 
form? Perhaps the supernova explosion 
that made the black hole also carved out a 
vacuum for the jets, or the jets themselves 
inflated a bubble. More generally, why do 
we see so few decelerating jets and so few 
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terminal shocks? And given that at least a 
few microquasars do dump their energy at 
large distances from the binary system, 
how effective are these jets in stirring up 
the interstellar medium? 

We have known about the jets and lobes 
of radio galaxies for decades, but those are 
very long-lived, and we effectively see only a 
single snapshot of their structure. By con- 
trast, microquasars are ephemeral: The initial 
explosion that gives rise to the jets may last a 
few days, and the jets themselves quickly es- 
cape their parent system. The observations of 
Corbel et al. (5) illustrate the final stages of 
this rapid evolution, as the jets crash into the 
interstellar medium, expiring in a blaze of 
glory only a few years after their birth. 
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Chloroquine (CQ) has historically been 
the mainstay of malaria treatment, 
particularly in the worst affected re- 

gions of sub-Saharan Africa. The recent de- 
velopment of widespread CQ resistance in 
Plasmodiumfalciparum, the most dangerous 
of the four malaria parasite species, has con- 
tributed significantly to escalating mortality 
rates in Africa (1) and to the resurgence of 
malaria as an immediate public health priori- 
ty (2). Several pressing scientific questions 
have emerged within the context of this 
humanitarian disaster: What is the molecular 
basis for CQ resistance, and how has this 
influenced the dynamics of resistance? Why 
did CQ remain effective for 20 years, yet 
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its immediate replacement sulfadoxine- 
pyrimethamine (SP) last less than 5 years? 
Has the widespread deployment of CQ jeop- 
ardized the use of other drugs targeting the 
same parasite biochemical pathways? As re- 
ported on page 210 of this issue, Sidhu et al. 
(3) have obtained data relevant to all three 
questions by creatively exploiting the pfcrt 
gene, which encodes a putative transporter 
protein in the digestive vacuole membrane of 
the malaria parasite. They replaced the en- 
dogenous pfcrt gene in a CQ-sensitive strain 
of P falciparum with a pfcrt gene from each 
of three CQ-resistant strains. All such re- 
placement strains ("constructs") showed CQ 
resistance in vitro, demonstrating that pfcrt 
mutations are sufficient, within their selected 
genetic background, to encode resistance. 
Reduced levels of pfcrt gene expression in 
the constructs also showed that up-regulation 
of pfcrt is not required for resistance. Next, 
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of pfcrt is not required for resistance. Next, 

the authors investigated cross-resistance be- 
tween CQ and other antimalarial drugs. 

Previous work from this and other groups 
has implicated eight or nine different pfcrt 
mutations in the development of CQ resis- 
tance (4). The sequential accumulation of 
these mutations plausibly explains the ob- 
served genetics and epidemiology of CQ re- 
sistance (see the figure). So why did CQ last 
so much longer than SP as a frontline anti- 
malarial? First, four sequential mutations in 
the dhfr gene-which encodes dihydrofolate 
reductase, an enzyme essential for parasite 
folate metabolism and targeted by the drug 
pyrimethamine-appear sufficient for SP re- 
sistance (5). These four mutations accumu- 
late much faster than the nine required for 
CQ resistance. Second, CQ persists at thera- 
peutically useful concentrations for a much 
shorter period than SP, leading to lower selec- 
tion pressures for resistance (6). Third, CQ 
resistance may involve genes other than pfcrt, 
such that sexual recombination during the 
malaria life cycle breaks down genetic com- 
binations, slowing resistance (7, 8). The puta- 
tive involvement of other genes remains con- 
troversial. Sidhu et al. show that pfcrt alone 
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