Detecting the
elemental and molecular
signatures of life

Laser-based mass spectrometry technologies
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Laser-based Mass Spectrometry

® Collection of in-situ surface analysis techniques, based on:

® Laser pulses are used for material removal

® Mass analyzer for the chemical analysis of removed material

Mass analyzer system
University of Bern, Switzerland
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The main flavors of laser-based MS

® Laser Desorption [ lonization Mass Spectrometry (LDMS)

® Low intensity laser pulses = release molecules from a surface

® Molecular analysis on surfaces and from extracts

® Laser Ablation / lonization Mass Spectrometry (LIMS)

® High intensity laser pulses = complete atomization & ionization

® Element & isotope analysis in rocks and other solid materials
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Benefits of Laser-based MS: Versatility

Can analyze diverse samples And detect a variety of biosignatures
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Instruments can be specialized, but are inherently capable of performing different types of analyses
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Benefits of laser-based MS: Sensitivity on small scales
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Laser-based MS systems around the world

Switzerland: ORIGIN, fs-LIMS

Europe & USA: MOMA (ESA-Roscosmos Rosalind Franklin rover)
France & USA: LAb-CosmOrbitrap, CORALS

USA: L2MS

Russia: LAZMA (Roscosmos Phobos-Grunt mission)
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Laser-based MS on Mars: General strategy

e LIMS/LDMS provides spatially resolved chemical analysis of solids with
micrometer resolution
e LIMS/LDMS can be used for pre-assessment or secure detection

Location Preparation Measurement

Macroscale Extractions —

River deltas, lakes, ice sheets Prepare molecularsample

T LIMS /LDMS

Microscale — ID Targets >
Mineral structures, biofilms, fossils, Microscopy, high-resolution

single microbes spectroscopy
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Laser-based MS on Mars: Ice caps

On Marsany kind of liquid extract can be used

1.0 H,O Na

054 i | Gly 35 Ala

0.0 ] e e et st
LA LA BN B LR B LA LA L ELRLE NSRBI BLRL R |
0 5 10 15 20 25 30 35 40 45 50

10 Nor?/Lys? Thr AspliLeu

LI B B B B B e T

!
50 55 60 65 70 5 100

] is?
051 Ser Asp kGIy? Hls.Gqu 90

-‘ .1_1]._1 m._‘.ﬁ.'t“l_'
0'0_" Tr T rrrr[rrrr[rrrrrors

75 80 85 90 9
NAC?

104 Tyr 112 ) 120 122 148
0.5 6Gw? hHis "\\ ﬂ ﬁ,yr n
0'0_""I""I""I""T""I""I""I""I""I""I
100 105 110 115 120 125 130 135 140 145 150
1.0 178
0.5t*”HMﬁkRfmvJdUHML~KhhuwmuhMAﬂ**ﬁAJuu»wwwuuumhuﬁAA«naAma
0'0_""I""I""I""T""I""I""I""I""I""I
150 155 160 165 170 175 180 185 190 195 200
m/z

Intensity (a.u.)

Amino acid extract of Yeldoma Permafrost material measured with ORIGIN —Schwander et al. in prep
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Laser-based MS on Mars: Fossilized life
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1.8 Gyrgunflint chert —Mars analog —Wiesendangeret al. 2018
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Laser-based MS on Mars: Soil
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e Drill sample
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MgSO, doped withValine—Arevallo et al. 2018
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Laser-based MS on Mars: microbe signatures
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Bacillus subtilisin Martianmudstone analog - fs-LIMS measurement —Stevens et al. 2019
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Use depth profiling to find subsurface signatures of life
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Backup slides
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How it works: Laser-matter interaction

Molecules or atoms
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How it works: Mass analysis
Traveéligmepathass
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Biosignatures

Minerals

Organics

Context, Fine-Scale
Mineralogy

Organic Detection,
Characterization
Biomarker organic
molecules
(organic matter features)

Biominerals (composition
& morphology consistent
with biological activit

Macro Structures/ : Micro Structures/
Textures Pot entia | Textures

Context Imaging B ] fo 1] | g na t ure Fine-scale Imaging
Larger scale rock
structures such as Assembla g e.g., Microfossils,
stromatolites, ml_crotubules,
bioherms, reefs biofilms, etc

Chemistry Isotopes
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Isotopic record
(stable isotopic
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Mars environments

Hydrothermal Spring Systems
and lron-Rich Environments

Subaerial Environments
(soils, wetlands, cold springs, ice)

Subaqueous environments
(lakes, deltas, playas)

—— ~ Today

S Ancient Martian environments
Billions of Years Ago Haysetal 2017 t
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