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SPECIMENS of Austra/opithecus 
afarensis from 3.4-million
year-old deposits in the Middle 
Awash at Maka, Ethiopia, de
scribed by Tim White and col
leagues on page 261 of this 
issue, should lay an acrimo
nious debate to rest. Fourteen 
years ago, Johanson and White 
surprised (and exasperated) 
many by basing their new 
taxon A. afarensis not on the 
Ethiopian skeleton nicknamed 
'Lucy', but on more robust and 
stratigraphically more ancient 
specimens collected far to the 
south, at Laetoli in Tanzania, by 
Mary Leakey and her associ
ates. The implication was that 
A. afarensis was a long-lived 
species with somewhat vari
able morphology and high de
gree of sexual dimorphism. 

Critics pointed out that the 
Ethiopian specimens repre
sented smaller individuals, in 
general, than those in the 
Tanzanian collection, begging 
the question of why males and 
females should have lived in 
different places. But the critics 
went further - the Tanzanian 
forms lived in fairly open coun
try, and their bipedality is 
confirmed by the presence of 
fossil footprints. Lucy's neigh
bourhood, in contrast. was 
probably more thickly wooded, 
with the implication that Lucy 
might have been a tree-dwelling species. 

The cynic will spot a hidden agenda here. 
The Leakey school stresses the antiquity of 

photoreduction is coupled to enzymati
cally catalysed reduction of nitrate to 
nitrite. The coupling is neatly achieved by 
covalent bonding of the enzyme nitrate 
reductase to the polyimine polymer. The 
latter serves to transport electrons be
tween the Ti02 particle and the enzyme. 
Electron flow occurs in cascade fashion: 
the conduction-band electrons reduce the 
viologen which in turn reduces the nitrate 
reductase. Two electrons are pooled by 
the catalytically active group of the en
zyme before they are passed to the nitrate 
substrate to yield nitrite as a final product. 

The concept is not new; electroactive 
polymers of similar type have been 
applied previously3 to ensure electronic 
charge transfer between macroscopic 
electrodes and enzymes. But the results of 
Willner and colleagues open the way to 
extend this type of redox 'wiring' to col
loidal assemblies of semiconductors and 
enzymes. 

Apart from the reduction of nitrate, 
photobiocatalytic semiconductor nano
crystals may be applicable to other multi
electron transfer reactions that require the 
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Homo, and for others to have muscled in on 
the Laetoli fossils and named them Austra
/opithecus was a source of contention. In 

intervention of natural enzymes or artifi
cial redox catalysts. An example is the 
reduction of carbon dioxide. The effi
ciency of these photocatalytic reactions 
is often poor, and using redox-wired 
semiconductor/enzyme assemblies may 
well lead to improvement of the quantum 
yields. There are strong hopes of genera
ting fuels such as methanol or fertilizers 
such as ammonia in this way using 
sunlight. 

Instead of dispersing the colloidal semi
conductor particles in solution, one can 
deposit them as a layer on a conducting 
glass support. Such nanocrystalline films 
exhibit some extraordinary properties. 
For example, colloidal Ti02 films whose 
surfaces were treated with a charge
transfer sensitizer are extremely efficient 
at photovoltaic conversion of solar 
energl. Another useful feature is that the 
Fermi level within the particles can be 
potentiostatically controlled by incorpor
ating the supported film as the working 
electrode in a conventional three
electrode electrochemical cell. This opens 
up the prospect of using assemblies of the 
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this light, it seems natural for 
Johanson and White's critics to 
stress the bipedality, larger 
size and open-country life of 
the Tanzanian forms, casting 
the (more recent) Ethiopian 
forms as arboreal and 
irrelevant offshoots of the 
human lineage. 

The new finds from Maka 
could even the score (in
asmuch as any score can be 
truly settled in a discipline 
where ego so often triumphs 
over evidence). The specimens 
are intermediate in age be
tween Lucy and those from 
Laetoli, but display the full 
range of size seen in both 
collections. The large jaw in 
the accompanying picture 
(top) is MAK-VP-l/12 from 
Maka, and is the most com
plete mandible known from the 
species. The smaller one (bot
tom) is AL 288-1 from Lucy 
herself. So there is no doubt 
that A. afarensis is a single, 
variable species. An accom
panying humerus (see Fig. 2a 
on page 264), although clearly 
belonging to the same species 
as Lucy, is large and robust, 
suggesting that it belonged to a 
male: the degree of sexual 
dimorphism is probably no 
greater than that seen in the 
extant gorilla (or the extinct 
Lusengpithecus). But the 

humerus is also relatively short, which is 
not what one would expect in a tree-living 
creature. Henry Gee 

type reported by Willner and colleagues 
as catalytic enzyme electrodes. Multi
electron reduction processes could then 
be accomplished in the dark, the particle 
layer being used as a cathode. And in
deed, studies in progress at University 
College Dublin (D. Fitzmaurice, per
sonal communication), using molecular 
triads (which are composed of three 
redox-active molecules, with a gradient 
in redox potential from the first to the 
third) bound to the surface of nanocrys
talline Ti02 films, confirm that vectorial 
electron flow occurs and that efficient 
charge separation can be obtained with 
such systems. 0 

M. Gratzel is at the Institut de Chimie 
Physique, Ecole Polytechnique Federal de 
Lausanne, 1015 Lausanne, Switzerland. 
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