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Anaerobic oxidation of non-methane hydrocarbons

Bacteria

Archea

Archea

2007

2016

2019



Culture experiments with propane
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Culture experiments conducted by Florin Musat & Songcan Chen (UFZ, Germany)

*

Bacteria incubated with propane (gas phase) 
and sulfate (liquid phase)

Propane oxidation starts with fumarate 
addition on the central C-atom

→ An isotope fractionation on the 
central position is expected 
(Kniemeyer et al., 2007)



Position-specific isotope composition

Conventional: 13C vs 12C

Position-specific: Central vs Terminal

d13Cpropane

D13Ccentral = d13Ccentral − d13Cterminal
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Corso & Brenna 1997 PNAS; Gilbert et al. 2016 GCA; Li et al. 2018 Org. Geochem. 

On-line pyrolysis for position-specific isotope 
analysis (propane)

Propane is cracked to methane and ethylene

d13C of each 
position of propane 
can be determined



Position-specific 13C Kinetic isotope effect
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Central e = 33 ± 2‰

Bulk e = 11.8 ± 0.8‰

Terminal e = 2.8 ± 0.3‰
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Sampling: Tokamachi mud volcano (Niigata Pref.)

Etiope et al 2011



Sampling at Tokamachi
mud volcano (Niigata 
pref.)

Etiope et al 2011; Collignon et al 2017

N. Yoshida, A. Gilbert, M. Nakagawa, K. Taguchi
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*Samples kindly provided by Thomas Giunta & Barbara Sherwood Lollar
(Univeristy of Toronto, Canada) and Chris Boreham (Geoscience Australia)
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Results: d13CTerminal vs d13CCentral of propane

The strong 13C-
enrichment in the 
central position 
suggests 
biodegradation of 
propane in natural 
gas reservoirs 
(Gilbert et al 2019
PNAS)
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C3 vs i-C4 C3 vs n-C4

Multi-compound PSIA: propane vs butanes

The method developed for propane also works for n-butane and i-butane

Relative central 13C-enrichment (D13C = 
d13Ccentral − d13Cterminal) shows biodegradation 
of both n-butane and i-butane
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