
done: optimizing VCSEL cavity design, un­
derstanding and improving self-assembled 
quantum dot growth, or solving the long­
standing problems of polarization control 
and emission-mode stabilization in VCSELs, 
for example. Gallium nitrides are now pro­
viding another dimension, with the dis­
covery (J J) that laser emission in the most 
recent InGaN lasers is probably from self-
organized dots. 
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METEORITICS 

Extraterrestrial Handedness? 
Jeffrey L. Bada 

Asymmetry in the handedness of molecules 
that arise through biosynthesis is perhaps 
one of the more unique features of life on 
Earth. A well-known example is that only 
L amino acids are incorporated into proteins 
during transcription even though amino ac­
ids with a chiral or asymmetric carbon atom 
can exist as two chemically equivalent opti­
cal isomers, the L and D enantiomers. How 
this L amino acid handedness, or homo-
chirality, originated in terrestrial life has 
been an area of considerable discussion (I). 
Prebiotic syntheses of amino acids either on 
Earth or elsewhere would be expected to pro­
duce racemic mixtures (equal amounts of the 
L and D enantiomers, or D/L = 1.0)- There­
fore, an enantiomeric selection process was 
required at some stage in the origin or evolu­
tion of life on Earth. Because there is no 
apparent biochemical reason why L amino 
acids would be selected over D amino acids, 
the homochirality has been considered to be 
simply a matter of chance. 

Analyses of carbonaceous chondritic me­
teorites have been of central importance in 
the debate about the origins of homo­
chirality. The discovery in 1970 that the 
Murchison meteorite contained endogenous 
amino acids (2), some of which play an es­
sential role in biochemistry as we know it, 
provided the first conclusive evidence that 
amino acids have been produced by abiotic 
cosmochemical reactions either somewhere 
in the solar system or in extrasotar environ­
ments. However, because those amino acids 
processing a chiral carbon were found to be 
racemic within the limits of the measure­
ments, there appeared to be no evidence that 
the exclusive use of L amino acids in terres­
trial biochemistry was preordained. Subse-
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quent analyses of Murchison made more 
than a decade after the original reports indi­
cated that some protein amino acids showed 
an apparent enrichment in the L enanti­
omers, but this excess was considered to be 
due to terrestrial contamination rather than 
the result of some sort of abiotic enantio­
meric resolution or enrichment process (3). 
However, as reported by Cronin and Piz-
zarello on page 951 of this issue (4), some 
unusual amino acids present in the Murchison 
meteorite apparently do have small excesses 
of the L enantiomers (that is, D/L < 1.0). 
These measurements have minimized the 
contamination problem by focusing on 
amino acids that either are extremely rare or 
have never been reported in terrestrial or­
ganisms or the geosphere. 

Four a-dialkyl amino acids—a-methyl-
isoleucine and a-methylalloisoleucine (2-
amino-2,3-dimethylpentanoic acid), ot-meth-
ylnorvaline (2-amino-2-methylpentanoic 
acid), and isovaline (2-amino-2-methyl-
butanoic acid)—are reported to have an L 
enantiomeric excess of 2 to 9% (4). Only 
isovaline has been reported in some micro­
bial peptides, where it is present as either the 
L or D enantiomer (5). The a-hydrogen ana­
logs of two of these a-dialkyl amino acids, 
norvaline and a-amino-n-butamoic acid, are 
racemic, suggesting that enantiomeric excess 
is only preserved in amino acids that are re­
sistant to racemization (see figure). The 
analyses were carefully carried out, and there 
is no obvious reason to believe that the enan­
tiomeric excesses are analytical artifacts, al­
though confirmation with other analytical 
methodologies, and the detection of similar 
excesses in other carbonaceous chondrites, 
are certainly required. Assuming that the 
enantiomeric excesses are indeed real, how 
were they generated and do they have any­
thing to do with the L amino acid 
homochirality found in life on Earth? 

L enantiomer 

°^c/OH 

u 
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H Oxc^° 
NH2 

./ 
T C 

\ 
»/ ,c=o 
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°^c/0H 

?HN i 

H O ^ O 

NHo 

< \ 

< -Amino acids in carbonaceous chondrites 
are thought to have been formed by the 
Strecker synthesis reaction in aqueous solu­
tions. The reaction of HCN with aldehydes and 
ammonia generates amino acids with an a hy­
drogen (lower branch), which can racemize. 
The similar reaction with ketones produces a-
dialkyl amino acids (upper branch), in which ra­
cemization is prevented because of the ab­
sence of an a hydrogen. 

a-Amino acids in carbonaceous chon­
drites are generally thought to have been 
generated by the reaction of aldehydes, ke­
tones, ammonia, and hydrogen cyanide (the 
Strecker reaction shown in the figure) in 
aqueous fluids on the meteorite parent body 
(6). This synthetic pathway would produce 
racemic mixtures of amino acids with a chiral 
a carbon because the starting aldehydes are 
achiral (that is, they lack an asymmetric car­
bon); at chiral p carbons, racemic mixtures 
would also be expected, unless the starting 
chiral ketones were already enriched in one 
enantiomer by some process. The finding of 
L enantiomeric excesses in both oc-meth-
ylisoleucine and a-methylalloisoleucine, 
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and similar L enantiomeric excesses in 
isovaline and a-methylnorvaline, thus chal- 
lenges the accepted view that the Strecker 
pathway produced the Murchison a-amino 
acids. The nearlv eauivalent L enantiomeric , . 
excesses for these a-dialkyl amino acids sug- 
gest that they formed in an environment 
where an asymmetric influence was present 
in the synthetic environment, something 
that would appear to be unlikely on meteor- 
ite parent bodies. Cronin and Pizzarello 
propose (4) that a-amino-n-butamoic acid 
and norvaline are racemic, whereas their a -  
dialkyl analogs show an L enantiomeric ex- 
cess could indicate that the enantiomeric 
excess in a-hydrogen amino acids was erased 
by subsequent racemization during parent 
body aqueous alteration (see figure). They 
also suggest that the a-dialkyl amino acids 
may have been produced in presolar environ- 
ments, whereas the a-hydrogen amino ac- 
ids were synthesized on meteorite parent 
bodies by way of the Strecker pathway. This 
latter proposal appears to me to be unlikely 
because both a-hydrogen and a-dialkyl 
amino acids are readily synthesized in labo- 
ratory-based abiotic simulations of the 
Strecker synthesis (6). 

A number of possible mechanisms for 
generating enantiomeric excesses in cosmo- 
geochemical environments have been sug- 
gested (I ). Cronin and Pizzarello focus on 
the proposal that circularly polarized light 
associated with the synchrotron radiation of 
neutron stars could result in asymmetric or- 
ganic synthesis or degradation, but other 
processes such as spontaneous physical sym- 
metry breaking in P decay and in weak neu- 
tral currents seem equally plausible from the 
theoretical point of view. None of the pro- 
posals are overly compelling, and there is a 
general lack of convincing experimental evi- 
dence for any of them. Although very small 
enantiomeric excesses (-2%) have been 
generated from racemic leucine irradiated 
with circularly polarized ultraviolet light, 
there was extensive decomposition (59 to 
75%) during the experiment (7). This im- 
plies that amino acid survival during this 
type of enantiomeric enrichment process 
would be extremely poor. The findings of 
Cronin and Pizzarello are probably the first 
demonstration that there mav be a natural L- 
enantiomeric enrichment process in certain 
cosmochemical environments. This discov- 
ery of L enantiomeric excesses for the a -  
dialkyl amino acids in Murchison, if verified, 
is certain to generate a flurry of new experi- 
ments and proposals by theorists. 

Could these enantiomeric excesses be 
linked to the origin of L amino acid 
homochirality in life on Earth? First of all, 
the enantiomerically enriched a-dialkyl 
amino acids would have to be delivered to 
Earth without extensive decomposition. 

Whether exogenous delivery could have pro- elsewhere in the solar system, especially 
vided sufficient amounts of organic com- Mars, unless the extraterrestrial life was 
pounds necessary for the origin of life, or to based on a different suite of L amino acids, 
sustain life once it started, is largelv un- such as a-dialkvl amino acids. - .  
known, although extraterrestrial organic 
compounds, including racemic (within the 
precision of the measurements) isovaline, 
have been detected in deposits associated 
with impact events (8). The reported L 
amino acid excesses are very small and would 
need to be amplified by some process in order 
to generate homochirality. Even if this did 
take place, the L amino acid homochirality 
would be associated with a-dialkyl amino 
acids, which are not major players in modem 
protein biochemistry. If a-dialkyl amino ac- 
ids had an important role during the origin 
of biochemistry, then initially life may have 
been based on a different protein architec- 
ture because peptides made primarily of 
these amino acids tend to form 310-helical 
structures rather than the a-helical confor- 
mation associated with proteins made of a -  
hydrogen amino acids (5, 9). Finally, the 
homochirality of a-dialkyl amino acids 
would need to be somehow transferred to 
the a-hydrogen protein amino acids either 
during the origin or early biochemical evo- 
lution of life on Earth. 

If the origin of the homochirality of 
amino acids in terrestrial life was Dreor- 
dained, then extinct or extant life elsewhere 
in the solar system would likely be based on 
the same amino acid handedness. If this is 
the case, it will make it more difficult to 
ascertain whether life arose independently 
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1 AGING 1 

What Makes Us Tick? 
Leonard Guarente 

W h a t  determines how long an animal can 
live? Some have argued that the life-span of 
a species is limited by a fixed total metabolic 
potential that is consumed over a lifetime. 
This follows from the observation that 
smaller animals have faster metabolic rates 
and generally shorter life-spans (1 ). Consis- 
tent with this idea, rats or mice that have 
existed on a diet reduced in calories live 
longer than animals that were allowed to eat 
as much as they liked. A corollary of this 
view is that the "clock" that times aging 
might be cumulative damage that is gener- 
ated by toxic by-products of metabolism, 
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such as oxygen radicals. Others have sug- 
gested that life-span may be genetically de- 
termined and that these genetic factors 
override any simple metabolic readout. This 
could explain why bats and mice, mammals 
of roughly the same size, have life-spans that 
differ by a factor of 5 to 10. This view also 
suggests that the clock is a genetic program 
set at a different rate in each species. The 
cloning and sequencing of the ck-1 gene of 
Caenmhabditis ekgans reported in this issue 
(Z), along with recent findings discussed be- 
low, suggests how both of these propositions 
may be true. 

Worms that have a mutant form of ck-1 
enjoy life-spans that are up to 50% longer 
than those of wild-type worms (3, 4) and 
also display a decreased rate of embryonic 
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