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Introduction: Amino acids are commonly detected 

in extraterrestrial materials. Carbon and nitrogen iso-
topic compositions of amino acids have been critical in 
determining whether amino acids extracted from mete-
oritic materials are of extraterrestrial or terrestrial ori-
gin [1, 2]. Thus far, hydrogen isotopic compositions of 
amino acids have not been exploited as potential 
biosignatures for examining extreme environments or 
extraterrestrial materials, although they hold great 
potential as the deuterium content of meteoritic organic 
matter is highly enriched. 

As a first attempt to understand the range of iso-
topic compositions in amino acids from microbes, we 
cultured E. coli on 1) minimal media (Glucose and 
ammonia) and 2) a complete media (Tryptone) in wa-
ters with δD ranging from -120‰ to +1000‰. We 
measured the isotopic composition of the whole cells, 
extracted lipids, and individual amino acids from these 
two sets of experiments.  

Materials and Methods: E. coli cultures were 
grown to stationary phase in either defined media or 
tryptone-based media in water with δD values: -120, -
40, +250, +500, +750, and +1000‰. They were then 
transferred into fresh medium and grown at room tem-
perature and pressure to late-log to early stationary 
phase, at which time they were harvested by centrifu-
gation, washed once with distilled water, then freeze-
dried. Approx. 3-5 mg of dried cells were hydrolyzed 
in 6N HCl for 20 hours at 110° C. The hydrolysis liq-
uid was evaporated and the N-TFAA, isopropyl deriva-
tives of the amino acids were synthesized as previously 
described [1].  

As tests for H exchange, we hydrolyzed tryptone in 
6N HCl diluted with lab DI water (-40‰) and com-
pared our data to tryptone hydrolyzed in acid diluted 
with +1000‰ water. No exchange (<10‰) in the com-
pound specific amino acids was noted with the excep-
tion of the two acidic amino acids, glutamate and as-
partate. All subsequent analyses used 6N HCl made 
with a constant δD (-40‰). Amino acid standards were 
analyzed via TC/EA, derivatized and run as internal 
controls. The isotopic composition of the isopropyl 
alcohol was determined similarly (-110‰), and all 
derivative amino acids were corrected for the addition 
of these H atoms. The gas chromatographic system 
was set at 1400° C with He as carrier gas under 
splitless injector conditions. Replicate analyses of a 

hydrocarbon standard mixture gave results routinely 
within ±5-8‰. All samples were run in triplicate. 

For the amino acids, the standard deviation for the 
amino acid standard for 9 runs ranged from ±8 to 30‰, 
with δD values for amino acids ranging from -2 to  
-235 ‰ in the native, underivatized amino acids.  
Results and Discussion:   

The δD of amino acids in the tryptone protein used 
for the microbial growth experiments had almost a 
400‰ range in isotopic compositions, a range greater 
than the potential range in bulk isotopic compositions 
found on Earth (Figure 1). 

For bulk analyses, we demonstrated that only 30% 
of a cell’s hydrogen originates from water, the remain-
der coming from the organic or inorganic H in the me-
dia. For the tryptone experiments, easily synthesized 
amino acids (e.g., Alanine, Glycine, Aspartate, Gluta-
mate) incorporated about 30% of their H from water in 
the media, with the remainder coming directly from the 
amino acid in the tryptone molecule. For those com-
plex amino acids (e.g. threonine, leucine, isoleucine) 
only 5-10% of the H came from the H in water demon-
strating direct isotopic routing of H of the hydrogen in 
an organic substrate into microbial amino acids (Figure 
2). 

 
Figure 1. Compound specific δD of amino acids in the 
tryptone protein. Those amino acids considered to be 
“essential” for growth require more biosynthetic steps, 
and thus show greater isotope fractionation (Leu, Val, 
Ileu, and Thr). Those amino acids considered to “non-
essential” show lower δD values (Gly, Pro, Glu, Ala, 
Ser, Phe, Asp). 
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Figure 2. Alanine (a nonessential amino acid for all 

organisms) shows greater incorporation of H from H2O 
in the media. Isoleucine (typically an essential amino 
acid) shows direct routing from tryptone with minimal 
isotopic fractionation. 

 
With glucose and ammonium as substrates, amino 

acids had 35-55% of their H originating from water in 
the media with the remainder coming from either the 
glucose or the H in the NH4. The δD values spanned a 
range of nearly 400‰, but the patterns and distribu-
tions were determined entirely through biosynthetic 
reactions (Figure 3). 

 
Figure 3. Compound specific amino acids from E. 

coli cultures grown on differing waters with glucose, 
ammonium, and H20 as sole H sources. Note the nearly 
parallel distribution of δD values for the different 
amino acids. 

 
Meteorites with highly enriched D contents may 

contain measurable quantities of amino acids. Under-
standing whether or not these amino acids have been 
biologically processed on Earth should be easily de-
termined with δD at the compound specific level. Fu-
ture experiments will concentrate on the δD of  

autotrophic microbes, bacteria vs. Archaea, and in en-
vironmental samples. The data presented in this paper 
is a first step in what we believe will be an important 
biosignature, along with carbon and nitrogen isotopic 
compositions in amino acids. 
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