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Forensic Geochemistry in extreme environments with astrobiological interest
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Lipids: cell-membrane derived biomolecules
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Combining molecular and isotopic analysis
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613C: Metabolic tracer
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Tree scheme metabolisms

a Archaea Euryarchaeota
Crenarchaeota Archaeoglobales
Thermoproteales Methanogens
Desulfurococcales
Sulfolobales

Marine group |

b Bacteria
Nitrospirae

Spirochaetes
Treponema primitia

Cyanobacteria

x Aquificales

Chloroflexi
Chloroflexaceae
Oscillochloridaceae

a-Proteobacteria
Most autotrophs
Magnetococcus sp. MC-1

B-Proteobacteria

All autotrophs Firmicutes

Acetogens

y-Proteobacteria Sulfobacillus spp.

Most autotrophs

Riftia endosymbiont Chlorobiales

6-Proteobacteria b . Planctomycetes
Most autotrophs e-Proteobacteria Anammox bacteria

Desulfobacter hydrogenophilus

Higler & Sievert (2011). Annu. Rev. Mar. Sci. 2011.3:261-289
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* Identify biological sources from molecular analysis
* Infer carbon fixation pathways from CSIA
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Reconstruct biogeochemical functioning of paleoenvironments by
combining molecular and isotopic analysis of lipids with DNA sequencing,

Biomass
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Representative
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Groups

Biogeochemical
Traits

Hydrothermal
Activity

metaproteomics, immunoassays, and bulk geochemistry.

* C/N=5
* 813C=-15.9 %o
* 615N =-0.9 %o

chloride, nitrate (low sulfate)
only tartrate

* isofanteiso carboxylic acids (SRB)
* dicarboxylic acids (Thermotogales)
+ pristane & phytane (photosynthetics)

* Calvin cycle (CO, fixation)
» sulfur & iron metabolism

*  Firmicutes

*  Proteobacteria
*  Planctomycetes
*  Chloroflexi

V/

+ C/N=3
s 813C=-24.0 %o
. &UN=5.4%

chloride, high nitrate (low sulfate)
tartrate, acetate, formate,

* n-Cy; ¢C,; alkanes (Cyanobacteria)
* pristane & phytane (photosynthetics)
* hentriacontatriene (Cyanobacteria)

* Calvin cycle (CO, fixation)
* nitrogen fixation, nitrate reduction

*  Firmicutes

*  Proteobacteria

* Actionobacteria
Cyanobacteria

* C/N=7
+ 613C=-15.7 %o
* 815N =-1.1 %o

chloride (low nitrate & sulfate)
acetate, formate

+ cyclopropyl acids (PSB)
* squalane & crocetane (Archaea)

* Calvin + red. acetyl-CoA (CO, fixation)
* perchlorate reduction

*  Firmicutes

*  Proteobacteria
* Actionobacteria
* Bacteroidetes

*  Archaea
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Applicability of lipid biomarkers
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