














In the late 1990s, the quest to understand innate immunity was
a major focus of pathogenesis research. Such immunity is the
body's first line of defense, the part of the immune system that is
built-in at birth, not acquired with age. “The major function of in-
nate immune machinery is to recognize microbial pathogens and
signal to the host that it may be under attack.” Ausubel says.
“Whether you'te an Arabidapsis or a human, you have to recognize a
bacterium and distinguish whether it is pathogernic or commen-
sal” (part of the body’s normal flora). Basic elements in innate im-
mune responses include phagocytic cells that gobble up forcign
materials, and chemicals that damage microbial invaders dircctly;
beyond that, scientists are only beginning to identify the complex
messaging systems an organism uses to recognize an attacker and
formulate its response. In vertebrate animals, some of these signals
activate a second type of defense: the acquired (or adaptive) im-
mune system. This involves specialized B cells that gencrate anti-
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bodies, T cells that attack and kill invading
pathogens, and cells that remember invaders and
defend against them if they return.

If scientists are going to pick apart the fine de-
tails of innate iminunity, they need to be able to
manipulate pathogen genes that control viru-
lence and host genes that govern susceptibility.
Rahme and Ausubel were expert at mutating P. deruginosa genes
related to virulence, but they were always looking for hosts that
would make it easicr to determine the impact of cach of those in-
dividual mutations. Ausubel estimates that 4,800 genes may play
a role in determining P. aeruginosa virulence, and that screening
these in mice would require at least 48,000 animals, whereas the
same genes could be screened using 4,800 petri plates of C. elegans,
each one supporting about 50 of the near-microscopic nematodes.
In this model, the virulence associated with a tnutation is judged
by sceing how long the worms live and how many progeny they
produce. Neither of these outcomes is hard to measure.

By 1999 Ausubel and Rahme reported that they had used the ne-
matode model to identify eight virulence-related factors im P. aerugi-
nosa, five of which also determine how virulent a strain is in mice.
Among these were two factors that had never before been
identificd—a finding that especially excited Stephen Calderwood.,
the MGH infectious-disease chief The issue is not to recognize “ar-
chetypal pathogenesis genes,” he says, because these are the long-
standing targets of drugs thatare fast losing their punch. “The trick
is to find new kinds of pathogenesis gencs, using a new paradigm,
and that's what Fred and Laurie have proven works pretty well.”

In their groundbreaking studies of infection, Ausubel and
Rahme began by examining the pathogen's side of the story; the
next task was to consider its victim. Just as some bacteria are
fiercer than others, hosts also vary in susceptibility. Even when a
severe infection is diagnosed correctly and antibiotics are started
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“patients survive or die during the first 24 hours
based on their innate immune response.”

immediately, “patients survive or die during the first 24 hours |
based on their bodies' innate immune response,” says Calder-
wood. Scientists are cager to figure out what makes the differ-
ence. Selectively mutating genes in a model host—whether a

plant, a worm, or a mouse—is an obvious strategy. The genome |

sequence of C elegans was determined in 1998, making it easier for |
researchers in Ausubel’s lab to sift through the nematode’s 14,000

genes, looking for those that make it more or less vulnerable to a |

pathogen of known virulence. Even the most easily killed worms l

die with eggs inside them, and their hatchlings can be used when |

a highly susceptible mutant is needed for an experiment. |
So far. the most clinically sigpificant finding is that nematodes

can be used to identify virulence factors not only of P. aeruginosa, ‘

which is classified as a Gram-negative bacterium, but also of |
Gram-positive human bacterial pathogens. (Differences in the

surface coatings of these two major categories of bacteria deter- I

' |

|

|

[

f

L thaliana leaves demon-
strate the effects of
manipulating plant
defense genes to
enhance resiscance to
bacterial pathogens.

minc how they take
up a special dye, called
Gram stain. A model |
system that can be |
used to study both is
more versatile in the |
laboratory.) Ausubel’s J
team collaborated
with Calderwood to J
identify two previously unknown virulence-related genes in Ente- }
rococcus faccalis, a Gram-positive organism that causes devastating |
infections, including septic shock, and often resists the hardest-
hitting antibiotics. Drug designers may be able to use this knowl- |
edge to develop new drugs. The nematode model is also being |
used toidentify virulence factors of other Gram-positive bacteria, |
including members of the Salmonella, Streptococcus, and Staphylococ- |
cus genera.

While the Ausubel lab focuses on nematodes, Laurence Rah- |
me’s team is busy with Drosophila mclanogaster, the fruit fly that has |
been used in genetics laboratories for more than a century. Of the
300 or so genes known to cause human discases such as muscular ‘
dystrophy and colon cancer, about two-thirds have corresponding |
genes in the fly. With this track record, the humble fly is recog- |
nized as one of the best of all animal modecls. Rahine had read re-
ports from scveral groups about the fascinating and versatile toll |
(wild or mad in German) gene, which encodes the Toll receptor on |
the surface of fly cells. This receptor is a sensor that detects fungal |
pathogens and sets off a chain of events that musters a protective |
response. When the genc is mutated, the fly’s innate immune sys- |
tem can't successfully fight off infection. Moreover, other investi- !
gators had shown that human cells have Toll-like receptors, |
which also sense warlike pathogens and sound alarms that call
antibody-producing B cells and cell-killing T cells into battle.

But the conventional wisdom was that where bacteria are con- |
cerned, Toll receptors in lies and Toll-like receptors in more com- |
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