
superoxide ions and hydrogen peroxide,
generated by enzymes in the vacuole2. Not
only were these held to act directly on the
microbe, but the hydrogen peroxide also
served as substrate for destructive halogena-
tion reactions, catalysed by another enzyme,
myeloperoxidase. This scheme received
what appeared to be conclusive support
from the discovery of CGD patients, whose
neutrophils engulfed bacteria but failed to
unloose the toxic agents. Much later, more-
over, it was reported that genetically mod-
ified mice lacking myeloperoxidase are high-
ly sensitive to infection by the common fun-
gal pathogen Candida albicans. But it has
also long been known that the neutrophil
granules contain proteases — protein-
degrading enzymes — and two studies
revealed that mice deficient in two of these
enzymes, elastase and cathepsin G, fared
poorly when challenged with a fungal3or
bacterial4infection. 
Here, then, was the starting point for the

re-examination of the problem by Reeves et
al.1. First they established that mice deficient
in both enzymes are indeed unable to com-
bat infections by two of the most prevalent
pathogens, C. albicansand Staphylococcus
aureus(one of which, they further found, is
attacked only by elastase, the other only by
cathepsin G). Yet the neutrophils in these
animals are otherwise fully functional and
display the swift appearance of the reactive
oxygen species on ingesting the bacteria. The
effect was simulated in vitrowhen protease
inhibitors added to normal neutrophils were
seen to prevent killing of trapped bacteria. 
To find explanations for these effects,

Reeves et al.undertook a minute examina-
tion of the events that unfold in the phago-
cytic vacuole. In the first place, the release of
reactive oxygen species — the ‘respiratory
burst’ — is accompanied by a large distur-
bance in the internal pH, which rises from 6
to 8. This transcends the release of the 
predominantly acidic granule contents, for
protons are consumed in neutralizing the
huge concentration of basic superoxide ions
and radicals. In addition, much of the anion-
ic charge is offset by a massive influx of 
potassium ions through the vacuolar mem-
brane. This, and especially the accumulation
of osmotically potent degradation products
from the disintegrating microbe, renders 
the vesicle grossly hypertonic, so that the
bacterium within shrinks to half its original
volume. If degradation is impeded by the
addition of protease inhibitors, swelling is
suppressed. After a while, this process super-
venes as water slowly enters to counter the
osmotic gradient. 
What, then, regulates the rate and extent

of the water uptake? It seems that the water
permeability of the vacuolar membrane is
much like that of other membranes, and
Reeveset al. therefore inferred that expan-
sion of the vacuole might be restricted by a

dense network of cytoskeletal proteins under
the membrane, which disperses as the
pathogen is digested. Indeed, the recovery of
the vacuolar volume could be inhibited by
the addition of jasplakinolide, a toxin that
stabilizes the actin filaments on which the
cohesion of the network depends. 
But how do the respiratory burst and the

ionic surges in the vacuole induce the process
of killing, which superoxide and hydrogen
peroxide are by themselves incapable of
accomplishing? The key lies in the highly
charged matrix within the granules to which,
it turns out, the proteases are normally
adsorbed. In this state they are inactive and
so do not create mayhem in the resting cell.
But when the ionic strength inside the 
vacuole rises, the enzymes are liberated:
unleashed, the enzymes are active and attack
the microbe, and at the elevated pH their
activity is maximal. The membrane-associ-
ated network must, of course, prevent the
vacuole from swelling by an attendant rever-
sal of the increase in ionic strength, and it is
striking that certain microbes (mycobacte-
ria), which evade the innate immune
response, can disrupt actin filaments in
another cell type5. Reeves et al.concede that
the neutrophil myeloperoxidase does play a
significant part in killing. They conjecture
that it may protect the proteases themselves
from oxidative damage, to which cathepsin
G appears to be especially liable. The appar-
ently unwonted complexity of the entire sys-
tem may have evolved to protect the cell from
its own toxins. 
The results of this study1have implica-

tions beyond immunology, for the supposed
action of reactive oxygen species on
microbes has been taken as a model for their
destructive effect on animal tissues. But in
particular, it clarifies the action of the innate
immune system, the primacy of which was
recognized well before the discovery of anti-
bodies and acquired immunity. 
That may please the turbulent shade of

the despotic Professor Colonel Sir Almroth
Wright, founder of the Inoculation Depart-
ment at St Mary’s Hospital Medical School in
London. For Wright believed that immunol-
ogy was the key to the treatment of nearly all
important diseases. George Bernard Shaw, in
his play The Doctor’s Dilemma, put into the
mouth of Sir Colenso Ridgeon, alias Wright,
the insistent injunction to “stimulate the
phagocytes”. ■
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Daedalus

Fast forgetting
Botulinum toxin, the deadly nerve poison
that inhibits the neurotransmitter
acetylcholine, has many cosmetic uses
these days. In extremely small quantities, it
cancels facial tics, erases forehead worry-
lines, and so on. The effect lasts for weeks
or months, until the toxin decays;
repeated treatments can be permanent.
Daedalus sees psychiatric implications.
The brain is the repository of many
inappropriate or downright harmful
reflexes, memories and sensory illusions.
They could well be eliminated, if only we
knew where they were stored. 
Acupuncture and reflexology both

claim that the whole body is mapped
onto the skin surface. They work, if they
do, by ‘gating’ nerves from the skin,
launching signals that interfere with or
override messages from the organs being
treated. Nerves are tubes. Once inside a
nerve, a virus or small particle is safe
from immunological surveillance. Rabies,
inflicted by the bite of a rabid animal,
injects a virus at the bite site that slowly
ascends the local nerve and then
multiplies in the brain. So Daedalus will
inject botulinum toxin into an
acupunctural or reflexological skin
location, chosen under psychiatric
examination, and hope that it travels to
the site of the psychiatric trouble.
Unlike a virus, the toxin will not multiply
and spread. Thus, to eliminate a
troublesome memory the patient will
recall it in detail, and the therapist will
find which area of skin has been sensitized.
Indeed, even if the patient cannot recall
the memory (it may have been repressed),
a sensitized area of skin should act as
an indicator. 
The toxin will be injected into the nerve

as microencapsulated particles. By the
time the encapsulation decays, the 
toxin should be on site. With luck the
particles will slowly ascend that nerve
alone, and travel exactly to that part of 
the brain concerned with the chosen
memory. The process may take some 
time; but many psychiatric drugs also take
a long time to act.
Psychiatry should be made much

more precise. Bad memories, complexes,
illusions such as tinnitus, each could be
addressed exactly and removed without
interfering with anything else. Even better,
the effect should decay in a month or two
with the toxin. The therapist will thus
learn what other mental effects depend on
the eliminated symptom. Repeated
treatments could then be targeted more
exactly. David Jones
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