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Abstract

Microbes & C Sources

Isotope Flux-Balance

“You are what you eat, +1.56%0" is a central
principle of carbon Isotope systematics.
Although based on observations from
multicellular organisms, this idea also has been
applied to Precambrian ecosystems dominated
by unicellular, microbial life, with the suggestion
that such systems would develop ordered
trophic levels [1]. Here we present a survey of
several bacterial species grown on a variety of
carbon sources to show that the concept of
heterotrophic '3C enrichment is not universal.
Growth on complex food substrates produces
the typical °C enrichment, yet growth on simple
sugars produces '3C depletion — in the same
species. These results may be explained
because microbes cannot Ingest whole,
complex foods; i.e., they assimilate small-
molecule metabolites. Bacterial carbon isotopic
patterns must therefore reflect the type of
substrate and the entry point of this substrate
into central metabolism [2]. In agreement, the
intracellular carbon isotope distributions in our
experiments — as traced by the 6'3C values of
amino acids reflecting different branch points of
the intracellular reaction network [2, 3] — change
as a function of the primary carbon metabolite.
|Isotopic patterns of amino acids and lipids In
heterotrophs are indistinguishable from
autotrophs when the primary food source is
fresh photosynthate (sugar). When acetate is
the food source, phytol becomes the most
strongly 3C-depleted cellular component and n-
alkyl lipids have 3C contents equal to biomass.
These results can be explained by an isotope
flux-balance model Initiated with simple
stoichiometric relationships and known Kinetic
iIsotope effects (¢). Together these observations
suggest that organic '3C isotopic patterns in
Earth history may primarily reflect the changing
nature of carbon inputs to the sedimentary
environment.

1 Carbon isotope distributions were
studied for seven combinations of
species and substrates [4, J].
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- Flux-balance model to explain isotopic
patterns and intracellular carbon flow.
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g;Indicate respectively the isotopic
composition of the carbon flux, the
magnitude of the flux, and the isotope
effect of the reaction. Adapted from [2].

Model solutions:
Growth on CO,, glucose, or acetate

Synechocystis PCC6803

“...what you eat, +1%o0?”
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Microbial trophic levels?

& Slow particle sinking, slow
biological pump.

& Long residence time permits the
development of an ecosystem
containing many trophic levels

& Disappears in the latest Ediacaran
due to intensification of grazing.

B Sugar: ...what you eat, -1.5%..
& Acetate:
B Omnivory: ...what you eat, +1.5%e..

& Fatty acids are -5%o to -8%o relative to
biomass when living on CO, or sugar,
but are equal to biomass when living
on acetate or complex substrate.

0 Phytol is the most 13C-depleted
component when cells are grown on
acetate.

& Lipid vs. TOC (kerogen) relationships
in the rock record will depend on the
metabolic history of the buried
biomass; microbes do not have
simple trophic levels.
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(D) Allochromatium, acetate (E) E. coli, acetate
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Similar C fluxes for different species
grown on the same carbon source

& Incomplete TCA cycle in autotrophs.
& Role of malic enzyme (MAL-> PYR).

o Same topology, different efficiency, for
glucose vs. CO,,.

& Modern application: Fingerprinting
natural communities via carbon isotope
patterns in amino acids and fatty acids.

References & Acknowledgments

We thank S.J. Carter, H.G. Close, W.D. Leavitt, P.R. Girguis and D.R. Rogers for analytical advice and assistance with

culturing. This work was supported by grants from the Gordon and Betty Moore Foundation and the NSF-DEB Dimensions
of Biodiversity Program (to A.P.), and by a Marie-Curie International Outgoing Fellowship (to W.M.). Dedicated to the

memory of John Hayes.

[1] Logan et al. (1995) Nature 376, 53-56. [2] Hayes (2001) Rev. Mineral. Geochem.43, 225-277.

[3] Macko et al. (1987) Chem. Geol. 65, 79-92. [4] Tang et al. (2017) Geobiology 15, 324-339. [5] Tang et al. (2017) in prep.

indicated by 6 with alphabetical subscripts.
Reactions are numbered, where 6, ¢;, and




