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Lipid biomarkers and their isotopes capture changes in water, carbon, and life that 

provide essential insights to ancient climate and Earth history. While metabolisms and 
carbon fluxes are sensitive to changing environments, only recently have new methods 
enabled researchers to look more deeply at their isotope fingerprints within lipids. 

Lipid isotope patterns are tied to cellular central metabolism via small metabolites, 
pyruvic acid and acetic acid. Pyruvate dehydrogenase facilitates the conversion of pyruvic 
acid to acetyl-CoA, which is then directed either to generate energy in the tricarboxylic acid 
(TCA) cycle or to build lipids. The conversion step is accompanied by carbon isotope 
fractionation that is enhanced or attenuated by the relative flux of pyruvate to acetate versus 
other metabolic fates, including amino acids (i.e., Hayes, 2001; Gilbert, 2021).  Our approach 
builds on prior studies of amino acids (Wilkes et al., 2022), small metabolites (Mueller et al., 
2022a; Frey et al., 2016), and acetogenic lipids (Julien et al., 2022; Zeichner et al., 2022). Our 
work seeks to test imprints of metabolite flux on fractionation predicted with models 
(Mueller et al., 2022b) using GC-EI-HRMS (Orbitrap) methods to evaluate intramolecular 
signatures of small metabolites, nitrogen isotopes of selected amino acids, and the potential 
for isotopic patterns in larger biomarker compounds of paleoclimate relevance. 
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