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Phosphorus is a limiting nutrient for plants in many
ecosystems. An in-depth understanding of the processes and
pathways that contribute to the bioavailability of P to plants and
microorganisms is essential to understand the environmental
phosphorus cycle. It is generally assumed that under P limiting
conditions, plants and microorganisms release extracellular
enzymes, so called phosphatases, as a strategy to acquire P from
organic phosphorus compounds (Porg) [1]. The enzymatically-
driven hydrolysis of Porg by extracellular phosphatases leads to
the incorporation of one or two oxygen from water into the
released inorganic phosphate (Pi), which is the bioavailable
nutrient. Respective kinetic isotope effects associated to
enzymatic reactions have been quantified for 18O/16O [2,3]. We
have now analyzed the same enzymatic assays for 17O/16O in
order to characterize these reactions in triple oxygen isotope
space. The kinetic isotope effects induced by the enzymes
alkaline phosphatase, acid phosphatase and phytase clearly differ
in triple oxygen isotope space attesting to variable chemical
pathways that release Pi from Porg.

The ubiquitous intracellular enzyme pyrophosphatase
catalyzes the exchange of all four phosphate oxygen atoms and
leads to isotopic equilibration with oxygen from water. This
water can be soil water, evaporitic water from plant leaves, or
microbial intracellular water. The latter significantly differs from
soil water, because intracellular water can be 30–70% of
metabolic origin as evident from significantly different δ18O
values [4]. Our triple oxygen isotope analyses show that some
Porg inherits the negative 17O-anomaly of air O2 from anomalous
metabolic water.

Variations among the triple oxygen isotope ratios may allow
the unequivocal identification of the particular enzymatic
reactions as well as distinction between ambient soil, evaporitic
plant and metabolic water as oxygen sources and opens a new
window for the understanding of the phosphorous cycle.
Microbial intracellular water can comprise significant fractions
atmospheric oxygen and the respective Porg can be used as a
natural tracer in environmental systems.
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