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A Method to Discriminate between Abiotic and Biotic Processes
on Cryovolcanically Active Ocean Worlds — What to expect?
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ldentifying and distinguishing between abiotic and biotic signatures of organic molecules is key to the search for life
on extraterrestrial ocean worlds

Impact ionization mass spectrometers can potentially achieve this by sampling ice grains formed from ocean water
and ejected by moons (e.g., Enceladus)

Here, we extend previous high-sensitivity laser based analogue experiments on biomolecules (Klenner et al. 2020a)
to investigate the mass spectra of amino acids and fatty acids at simulated abiotic and biotic relative abundances

Other organic and inorganic compounds are added to the biosignature mixtures to account for the complex
background matrix expected to emerge from a salty Enceladean ocean that has been in chemical exchange with a
carbonaceous rocky core

Unfragmented molecular spectral signatures of amino acids and fatty acids reflect the original relative abundances of
the parent molecules - Characteristic abiotic and biotic relative abundance patterns can be identified

We also determine the detection limits of the biosignatures under Enceladus-like conditions
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Ocean worlds in the Solar System
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Ocean worlds in the Solar System
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Enceladus feeds Saturn’s E ring with ejected ice grains
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Ice grain sampling by Cassini
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The Cosmic Dust Analyzer (CDA) — The ice grain sampling

Instrument on-board Cassini
CDA generates impact ionization mass spectra of the ice grains!
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CDA already sampled organics ejected by Enceladus
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« Complex organic macromolecules (Postberg et al. 2018)

* Nitrogen- and oxygen-bearing organics that could act as amino acid precursors (Khawaja et al. 2019)
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CDA already sampled organics ejected by Enceladus
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« Complex organic macromolecules (Postberg et al. 2018)

* Nitrogen- and oxygen-bearing organics that could act as amino acid precursors (Khawaja et al. 2019)

A

Could future impact ionization instruments also detect potential biosignatures (amino acids, fatty acids, peptides)?
= YES: Klenner et al. 2020a

AND

Could future impact ionization instruments even discriminate between abiotic and biotic signatures in ice grains?
—> This work (Klenner et al. 2020b)!
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Analogue experiment to reproduce impact ionization mass
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(A) impact ionization in space and (B) laser desorption in s
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the laboratory
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(A) impact ionization in space and (B) laser desorption in R - W
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the laboratory

(A) ice/mineral particle (B) pulsed IR laser
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Amino acids: spectral appearance in salty solutions
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Amino acids in abiotic abundance ratios in a salty
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Detection limits of amino acids in a salty Enceladus-like
solution
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Amino acid Molecular Detected ion Detection limit
weight [u] + + [umol/L]
[(AANINA]" | [(AAsN,)Na]
Glycine (Gly) 75 270
Serine (Ser) 105 19
Ornithine (Orn) 132 78
13
Histidine (His) 155 161
117
Citrulline (Cit) 175 286
: 55
Tyrosine (Tyr) 181 1
Threonine (Thr) 119 83
Arginine (Arg) 174 >0
rginine (Arg
5740
15 : ' '
Aspartic acid (Asp) 133 p AA: Amino acid
34
Glutamic acid (Glu) 147 3
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Fatty acids in abiotic and biotic abundance ratios
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Approximately equally high peak amplitudes
(consistent with the equal fatty acid concentrations)
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Peak amplitudes reflect the concentration differences!




Amino acids and fatty acids in biotic abundance ratios N .
together in one solution with background compounds
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Conclusions and outlook
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()Laboratory laser desorption mass spectra are highly comparable to impact ionization mass spectra recorded in space
‘)Amino acids form characteristic sodiated molecular peaks in salty solutions

@Amino acids favor forming cations whereas fatty acids favor forming anions - Future flight instrument should be capable of
~ detecting both cations and anions

oDetection limits of amino acids and fatty acids are, salinity dependent, at the uM or nM level - expected to be even lower for
~ space instruments

()Abundances of the organics at given concentrations are reflected in the peak amplitudes of their characteristic molecular peaks

0The potential biosignatures can be recognized on icy moons with a subsurface ocean and characteristic abiotic and biotic
~ signatures can be identified - Europa Clipper mission + other upcoming missions

Laboratory detection thresholds transformed into recommended spacecraft-ice grain encounter velocities (Klenner et al. 2019)
‘)aids mission planning for future space missions > impact speeds of 4 — 6 km/s are found to be optimal to investigate potential
biosignatures

q.)The survivability of organics appears to be significantly improved when the molecules are protected by a liquid or frozen water
© matrix

¢>Future work will be to investigate a wide range of organic compounds (e.g., E.coli DNA and cellular material) in matrices
-~ designed to mimic ice grains derived from a range of realistic oceanic compositions for Enceladus and Europa

¢")W€ are currently developing a comprehensive spectrum reference library for in situ space detectors from a wide variety of
~~ analogue materials in icy grains
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Hypervelocity impact signals onto CDA

Freie Universitat ‘ f Berlin

Impact Time Dust Particle Dust Particle Impact Time

|

QC Chemical v\ - R

Analyzer Target | A\~ —F----- {---paszsas-- IREEEEEE
' Multg)lie

QA Chemical | I M /

Analyzer Grid JJ\

- . lorf Collector
-350/ Ql

QT | I
Impact lonization | .
Detector I I
| I
kIRl | /\ Chemical Analyzer Target CAT Ql ! /\
: | ------- - +1000V QC . S b
- I | Impact | t |
MP Multipl pact lonization :
e ;/_\ Detector 11D i |
e — QT .
I |
Impact onto big target (lID) Impact onto small target (CAT)
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Klenner et al. | May 8, 2020 | EGU 2020 BY




SUrface Dust Analyzer (SUDA) on-board the Europa
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Proposed future impact ionization instrument: Enceladus
Ice Analyzer (ENIA) to detect (a-)biotic chemistry
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Interferences of = 0.2 u can be resolved with the available
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Amino acids: spectral appearance in pure water
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Amino acids: detection limits in pure water
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. . Molecular Detected ion | Detection limit
Amino acid )
weight [u] | [M+H]* | [M-H] [umol/L]

7

Glycine (Gly) 75 1
10

Serine (Ser) 105
19
0.02

Ornithine (Orn) 132
15

o : 0.01

Histidine (His) 155
13
1

Citrulline (Cit) 175 .

| 11 .
Tyrosine (Tyr) 181 1 M: Molecule
Alanine (Ala) 89 2
ysine (Lys) 146 0.001
inine (Arg) 174 0.001
Aspartic acid (Asp) 133 0.1 Klenner et al. 2020a.

Glutamic acid (Glu) 147 0.1 ®



Peptides in pure water: spectral appearance in cation

Mmass spectra
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Peptides in pure water: spectral appearance in anion mass
spectra
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