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Structural Selectivity

Structural Preferences

Isotopic ordering

Reasonable Doubt Suggestive Life Signature

Building Blocks

Food
Cell-like Structures

(or processed beyond attribution)

Enantiomeric Excess

Complex & 
Informational Polymers

ü Multiple life signatures provide high confidence
ü Abiotic signatures provide important context

Biofabrics

Isotopes



The chance of encountering a sign of life SENSITIVITY

The factors working against a detection RUGGEDNESS

Preserving integrity during the acquisition and analysis ROBUSTNESS

environmental
operational
programmatic



Preparation

• minimize fractionation
• minimize degradation
• minimize contamination

Analysis

• discovery-capable across range of biosignatures
• driven by quality, robustness of signature(s)

• establishes environmental context

Interpretation

• integrate suite of findings
• quantify sources of noise
• assess for false positives
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sample

Derivatization + Heating Liquid ExtractionLaser Desorption/Ionization 

Gas-Phase Volatiles

Heat and React 

Surface Materials

Gas-Phase Ions

ns Laser Pulse

Surface Materials

Liquid-Phase Solute

Heat and Extract

Surface Materials



sample

Derivatization + Heating
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signal

Preconcentration Ion Accumulation Detector Optimization
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Analyzer m/Δm Examples

QMS ≤ 500 (FWHM) SAM, LADEE NMS

Linear Ion Trap ≤ 1000 (FWHM) MOMA, LITMS

Magnetic Sector ≥ 3000 (1%) ROSINA

Reflectron TOF ≥ 3000 (FWHM) ROSINA

Multibounce TOF ~25,000 (10%) MASPEX

OrbitrapTM ≥ 100,000 (FWHM) CosmOrbitrap
(example 1) (example 2) 

Mass-to-charge (m/z) 
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C4F9
+

C3F7
+

C2F5
+

C3F5
+

Parent
Ion

Fragmentation of m/z 264

Full Scan MS

CF3
+

C2F4
+

C2F5
+

C3F5
+

C5F10N+

C8F16N+

C9F20N+

C12F24N+

Analysis 1

Redundant Measurements High Resolving PowerTandem Techniques

Analysis 2

Rosetta/RO
SIN

A
C
lipper/M

A
SPEX



Instrument [e.g., Mass] Range Complement of Measurements

J.L. Bishop et al. / Icarus 224 (2013) 309–325
2017-09-18-5D-AA-10-5M-DMF-DMA_Splitl... 18/09/2017 20:15:24

RT: 8.72 - 24.40
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0

100
10.14

12.74
13.3311.989.38 16.5910.28 20.13 22.3211.79 19.3515.7514.44 17.25 24.1522.6314.81 20.9918.00 21.9218.93

14.43
13.33 16.5912.74 20.1310.14 23.7110.98 22.5614.78 19.6215.0412.18 13.889.839.17 17.92 20.6417.0415.83 18.42 21.88

13.88

22.32
20.3316.66 18.8618.37 22.57 24.0022.2218.9617.7014.63 16.21 20.6713.4511.97 15.0512.4910.179.67 11.288.85

16.85

18.93
22.5813.33 24.1711.58 20.8517.9212.40 23.0420.5317.5110.81 15.41 22.1914.82 16.7114.469.08 9.48 10.11

20.33
18.38 22.55

21.90 24.1317.6216.74 23.2119.71 20.4616.21 19.2913.89 14.35 15.3011.98 12.7510.63 11.1910.139.40

19.47

22.7718.13 21.04 24.1521.2618.9316.85 23.6219.9613.2811.98 16.7710.04 12.72 14.4311.34 15.469.35

NL: 2.82E9

TIC  M S 
2017-09-18-5D-AA-10-5M -DM F-
DM A_Splitless_EUROPA

NL: 5.64E6

m/z= 69.50-70.50  M S 
2017-09-18-5D-AA-10-5M -DM F-
DM A_Splitless_EUROPA

NL: 1.20E6

m/z= 157.50-158.50  M S 
2017-09-18-5D-AA-10-5M -DM F-
DM A_Splitless_EUROPA

NL: 1.09E7

m/z= 126.50-127.50  M S 
2017-09-18-5D-AA-10-5M -DM F-
DM A_Splitless_EUROPA

NL: 2.24E6

m/z= 156.50-157.50  M S 
2017-09-18-5D-AA-10-5M -DM F-
DM A_Splitless_EUROPA

NL: 4.10E5

m/z= 170.50-171.50  M S 
2017-09-18-5D-AA-10-5M -DM F-
DM A_Splitless_EUROPA

2017-09-18-5D-AA-10-5M-DMF-DMA_Splitless_EUROPA #872 RT: 8.96 AV: 1 SB: 29 24.20-24.25 , 24.06-24.11 NL: 2.65E6
T: {0;0}  + c EI Full ms [40.00-500.00]
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Serine Alanine Valine
Aspartic
acid

Glutamic
acidTIC

Serine:	m/z	70	(100%)

Alanine:	m/z	158	(6%)

Valine:	m/z	127		(34%)

Aspartic acid:	m/z	157	(41%)

Glutamic acid:	m/z	171	(26%)

Pure	CHCA

5AAmix(10-4M)+	 CHCA

Bruker,	positive

[Ser+H]+
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[Glu+H]+

[Val+H]+

[Ala+H]+ M
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SENSITIVITYROBUSTNESS ROBUSTNESS ROBUSTNESSSENSITIVITY

Volatilization
Derivatization

& Pyrolysis
Gas 

Chromatography

Isobaric & Chiral 
Separation

Electron Ionization 
& Laser Desorption

Ion Formation

Mass Analysis

Mass Identification

Tandem MS

Structural
Identification

e.
g.

, M
O

M
A

RUGGEDESS RUGGEDESS RUGGEDESS RUGGEDESS

SENSITIVITYROBUSTNESS ROBUSTNESS ROBUSTNESSSENSITIVITY

Mobilization
Solvent/Water 

Extraction
Liquid Separation

Isobaric & Chiral 
Separation

Electrospray 
Ionization

Ion Formation

Mass Analysis

Mass Identification

Tandem MS

Structural
Identification
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RUGGEDESS RUGGEDESS RUGGEDESS RUGGEDESS

RUGGEDESS

RUGGEDESS
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(S. Johnson et al.)            
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Template-mediated Fingerprinting of Nonterran Polymers
S. Johnson et al. (2018) LPSC 2294 

Identifying Biosignatures Using Pathway Complexity
Marshall et al., (2017) Phil Trans Royal Soc 375: 20160342



healthy interplay 

complementary suites 

universal detection 

agnostic biosignatures


