
Decomposition of  amino acids in water with application to in-situ 
measurements of  Enceladus, Europa and other hydrothermally 

active icy ocean worlds

WHAT WE WANT TO KNOW
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WHY (WE THINK) IS IMPORTANT
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• The decomposition timescale for each amino acid is
defined as the time in which 99.9% of the initial
concentration was destroyed by a first order process. As an
example, this constraint would be consistent with an
individual amino acid concentration of 1𝜇M decrease
below the detection limit (1nM) recommended for mission
success by the Europa Lander Science Definition Team
(Hand et al., 2017) [10].

WHAT WE HAVE LEARNED

Figure 2. Decomposition timescales of  amino acids in aqueous solution. Vertical dotted lines: 
nominal and conservative lower limit of  hydrothermal temperature. Cyan lines: bounds on 
the exposure time of  amino acids to elevated temperature. Horizontal dash line: the duration 

that amino acids are subjected to hydrothermal temperature in the most long-lasting 
scenario of  the ocean (Truong et al., 2019) [9]. 

Figure 1. Europa (left) vs. Enceladus (right), two intriguing places
in the Solar System to look for life. Both harbor a global , salty
liquid ocean under their icy crusts [4,5]; also, Enceladus’s ocean
posses organic molecules [6] and hydrothermal activity that could
supply energy for microbial metabolism [7,8]. Image credit:
nasa.gov.

• We find that all fourteen proteinogenic amino acids
considered in this study decompose to a very large extent
(> 99.9%) over relatively short lengths of time in
hydrothermally actively oceans. As a rule of thumb, we
suggest that if amino acids are detected at Europa,
Enceladus or other ocean worlds above a concentration of
1nM, they should have been formed recently and not be
relicts of early processes [9].
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2. The total exposure time of  amino acid to hydrothermal temperature 3. The maximum temperature experienced during circulation 

Before a biological origin can be deduced from any
future findings of amino acids at ocean worlds, other
non-biological sources must be considered, including
1) accretion of primordial materials, and 2)
geochemical synthesis in the ocean. The plausible
presence of abundant amino acids in primitive solar
system materials (i.e, meteorites, comet [1,2,3])
suggests a first simple hypothesis that these bodies
could have acquired primordial amino acids in an
analogous manner to carbonaceous chondrites and
comets. This work assesses the first scenario: Could
amino acids derived from primordial or other
processes in the distant past persist until today in the
ocean of icy worlds, such as those in Enceladus and
Europa?

MODEL FRAMEWORK AND CONSTRAINTS [12]

• In particular, the detection of aspartic acid (Asp) and
threonine (Thr) would strongly suggest active production
within the ocean, as these amino acids cannot persist
beyond 1 billion years at 273K. Such a scenario would be
consistent with the presence of active biota, or at least
hydrothermal geochemistry that is capable of making
some prebiotic molecules – both are exciting possibilities.

1. Rate constant calculations

Credit: Choblet et al., 2017 [11]

• The mean residence time of water in the
core depends on the relative masses of
water in the two reservoirs

• The timescale that hydrothermal activity
could be sustained. Two scenarios are
considered here: 1) A very conservative
estimate minimal hydrothermal activity
timescale of 20 Myr and 2) The most
long-lasting scenario in which the ocean
could sustain hydrothermal activity for
billion of years since its formation [11].
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è ø Table 1. The minimum required temperature for the formation of  
hydrothermal species for different scenarios. Literature sources: [13, 14, 15]

Figure 3. Calculated rate constants at 273-600K. The predicted rate 
constants vs. temperature lies within the 95% confidence interval 

(gray shaded area). 
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