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FIG. 2 When bacteriorhodopsin is incorpo
rated into liposomes in the presence of cyna
nine fluorescent dyes, continuous radiation 
produces osci llation in the f luorescence f rom 
the dye (red t race) and in the relative pH (blue 
trace) under certain conditions. Data repro
duced with permission from ref. 1 (bacter
iorhodopsin concentration 2. 7 µg m1 - 1 , 

actinic (A > 550 nm) intensity 55 mW cm- 2 , 

PHctark = 6.8) · 

the observed oscillations. The first, and 
trivial, explanation is that the permea
bility of the membrane is undergoing 
repeated breakdown and repair, but this is 
unlikely given the two decades in field 
gradient under which oscillations were 
observed. The more exciting possibility is 
that the photoinduced proton pumping of 
bacteriorhodopsin includes a cooperative 
process involving synchronous, positive 
feedback. 

Engineers have long recognized that 
frequency encoding is preferable to ampli
tude encoding with respect to resistance to 
noise and precision of control - for 
instance, frequency modulation (FM) is 
preferable to amplitude modulation (AM) 
for radio reception and bandwidth. Raap 
and co-workers have proposed that the 
oscillatory behaviour that characterizes 
many biochemical control networks is the 
biological analogue of the above engineer
ing principle4 • For example, some insects 
emit pheromones with a periodic frequen
cy that is species-dependent. Not only 
does the oscillatory emission improve sen
sitivity for the receiver, but only members 
of the same species are tuned to respond 
to the frequency, a process known as 
'odour song' . 

Ross and Schell , though, suggest in
stead that oscillatory behaviour in biolo
gical systems is selected through evolution 
because it enhances thermodynamic 
efficiency5. The idea is that the rate of a 
chemical reaction is inversely proportion
al to the free energy barrier ( 6 G) associ
ated with the reaction step. If the barrier 
increases as a function of the reaction, 
which is often the case in biological re
actions , then oscillatory behaviour can 
enhance efficiency by adjusting the phase 
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between the fluxes and the forces. The 
dissipation is reduced if the rate is a 
maximum at minimum 6 G and a mini
mum at maximum 6 G. Nonlinearities 
(positive feedback) in the reaction 
mechanism are essential for maintaining 
the proper phase relationships. The en
gineering analogue is to enhance the effi
ciency of an electronic device by minimiz
ing the phase difference between voltage 
and current. 

Regardless of origin, oscillations in 
biological systems are ubiquitous, and 
over 140 examples have been 
examined4·5 . All such systems can be 
interpreted as satisfying one of the above 
two models , and many appear to satisfy · 
both . So there seems to be an evolutionary 
force that favours oscillatory behaviour 
when the available energy approaches the 
barrier to the process. In cases like these, 
nonlinear behaviour is selected to 
provide greater efficiency or resistance 
to noise. 

This is essential in the archaebacterium, 
as the primary photochemical event of 
bacteriorhodopsin stores only about 12 
kcal per mol (about 50 kJ per mo!) , which 
leaves less than 4 kcal per mol of excess 
energy under nominal conditions6. The 
observed oscillations may represent the 
use of autocatalytic behaviour to optimize 
the efficiency. Perhaps, for instance, the 
protein adjusts its reverse proton per
meability in response to the bulk prop
erties of the solution so that the phase 
relationship between the proton pumping 
process and the field gradient exhibits 
minimal dissipation (in this case, when 
they are out of phase). This process is ana
logous to the use of a capacitor on an 
electric motor so that the voltage and 
the current are maintained in phase for 
greatest efficiency. 

The mechanistic origins of bacteriorho
dopsin's oscillatory behaviour remain to 
be discovered, and this unexpected auto
catalytic behaviour should tell us some
thing about the proton pumping mechan
ism itself. If the proton pumping process 
really is being optimized by a synchronous 
nonlinear mechanism, it only goes to show 
that the key optimization principles of 
engineering have already been imple
mented in biological systems. D 
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Clearing the air 
HUMAN bodily odours are widely feared. 
The soap and cosmetics industries sell 
many of their products not as removers 
of dirt, but as destroyers of smell . 
Daedalus points outthatthe volatile 
smelly emissions from the human frame 
must be very small- perhaps a few 
milligrams a day. This tiny outflow could 
easily be mopped up by the sort of 
absorptive charcoal found in smell
absorbing kitchen ventilators. A carbon
fibre cloth is already widely used in gas 
masks and smoke filters; in the form of 
smart black underwear it should absorb 
body effluvia perfectly. A combined 
weave of carbon and polyester might be 
stronger and more practical. 

But even the best absorption filter 
soon gets saturated. Carbon-based anti
smell underclothes could, of course, be 
regenerated by heating them in a 
vacuum; but Daedalus has a better idea. 
He recalls the chemical catalysts widely 
used to oxidize fumes and smells in 
industrial exhaust air. They are porous 
materials such as charcoal or ceramic, 
loaded with some finely divided catalytic 
metal. They usually run hotter than 
100 °c, but some will work below this. 
DREADCO's chemists hope to perfect 
catalysts which will work slowly even at 
body heat. In an absorptive garment, 
they would slowly burn up entrapped 
odour molecules, regenerating the 
absorbent automatically. 

Daedalus is even testing a cloth knitte_d 
from polyester and ultrafine platinum 
wire. This vastly expensive fabric is made 
for oxidizing ammonia, but it should also 
burn up the related amines of human 
effluvia. As lingerie it would provide the 
ultimate in costly, hygienic elegance 
and chic. 

DREADCO's 'Catawear' should fill a 
long-smelt want. The fear of being 
unwittingly offensive to our fellows, 
played on so subtly by the advertisers, 
will be vanquished at last. Personal 
cleanliness will cease to obsess us, and 
will be downgraded to the occasional 
removal of annoying adherent matter. 
Catawear will subvert the sales, not just 
of deodorants, but even of soap itself. 

More revolutionary still, catalytic 
clothes may never need washing. Volatile 
organic stains would be burned up, and 
even solid grime should slowly 
disappear. Each grime particle would be 
slowly oxidized at its points of 
attachmentto the catalyst,.whereupon it 
would simply fall off. Hanging in the 
wardrobe or bundled in the drawer, 
Catawear garments will slowly clean 
themselves. They may even scavenge 
grime and dead cells from the wearer's 
own skin, reducing sales of soap even 
further. David Jones 
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