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Introduction:  Did amino acid homochirality 
originate before, during or after the origin of life 
on Earth?  Some researchers consider homochiral-
ity to be an inevitable consequence of universal 
fundamental physical processes that took place 
either in extraterrestrial environments or directly 
on the early Earth.  Others consider that without 
molecular homochirality there could be no origin 
of life. An alternative view is that biochemistry 
itself played a more important role than abiotic 
chemical or physical processes, and thus bio-
molecular homochirality is a consequence of life, 
rather than a prerequisite for life [1]. 
 In modern terrestrial organisms, amino acid 
homochirality is important because proteins can-
not fold into bioactive configurations such as the 
α-helix if the amino acids are racemic. Enzymes 
could not have been efficient catalysts in early 
organisms if they were composed of racemic 
amino acids. However, enzymes made up of only 
D-amino acids function just as well as those made 
up of only L-amino acids, but the two enzymes 
react with the opposite stereoisomeric substrates 
[2].  There is no biochemical reason why L-amino 
acids would have been favored over D-amino ac-
ids.   
 The one example of terrestrial biological 
amino acid homochirality is inadequate to ascer-
tain how widespread this example of mirror 
symmetry breaking is in the universe. Physical 
explanations such as those based the parity viola-
tion energy differences (PVED) between enanti-
omers predict that wherever life exists, the mo-
lecular handedness should be the same as on 
Earth. The biotic origins scenario  predicts that 
life throughout the universe would be equally di-
vided with respect to left and right molecular 
handedness. During the next couple of decades 
we will explore Mars and possibly Europa for 
evidence of extinct or extant life. The discovery 
of D-amino acid based life would eliminate the 
PVED-based arguments for the origin of bio-
molecular homochirality. 
Racemization:  When an organism dies, its ami-
no acids begin to racemize at a rate which is de-
pendent on the particular amino acid, the tempera-

ture, and the chemical environment [3].  Racemi-
zation reactions are rapid on the terrestrial geo-
logic time scale and even at deep ocean tempera-
tures (2°C), amino acids are totally racemized 
(D/L = 1.0) in <5-10 million years [3].  This 
should also be the case for any homochiral amino 
acids in the putative Europan Oceans.  When bio-
genic amino acids are completely racemized, they 
would be indistinguishable from a chirality point-
of-view from the racemic amino acids produced 
by abiotic organic synthesis or those derived from 
exogenous sources.  Small L-enantiomric excess-
es in α-dialkyl amino acids with a chiral center 
have been found in some carbonaceous meteorites 
[4] and these amino acids are highly resistant to 
racemization [1].  These are not generally found 
in the proteins of terrestrial organisms, however.   
 By whatever process, or from whatever 
source a chiral excess or homochirality of amino 
acids was generated, it could only be maintained 
if the rate of formation, or addition, of the chiral 
amino acids was faster than their rate of racemiza-
tion. 
 Using kinetic data, we have estimated the 
racemization half-lives and times for total racemi-
zation of protein amino acids under conditions 
relevant to the surface history of Mars [5]. Amino 
acids from an extinct martian biota maintained in 
a dry, cold (<250°K) environment would not have 
racemized significantly over the lifetime of the 
planet. Racemization would have taken place in 
environments where liquid water was present 
even for time period of only a few million years 
following biotic extinction.  
 Investigations of amino acid enantiomeric 
ratios should thus be a central component of fu-
ture planetary astrobiology missions in order to 
help answer the 150 year old question of how 
amino acid homochirality originated on Earth. 
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