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Isotopic impact of the alternative respiratory pathway in plants and marine phytoplankton: A 
significant unknown in the analysis of biosphere-climate interactions  
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Abstract. 
The net sequestration of carbon by the biosphere is the difference between carbon fixation and respiration.  
Much of this respiration takes place in photosynthetic organisms that, in addition to the dominant 
cytochrome c oxidase (COX) pathway, have retained a relatively energy inefficient, alternative oxidase 
(AOX) pathway.  This project will implement a sensitive method to measure the AOX/COX partitioning 
based on the differences in the isotopic discrimination against 18O between the two pathways.  The project 
will bring this important new methodology to Lamont for the first time using the existing DELTA V plus 
mass spectrometer and GasBench II in the stable isotope lab.  Preliminary data from this project will 
provide the basis for proposals to agencies such as NSF and NOAA on biosphere-carbon cycle studies 
and how climate changes are reflected in the oxygen isotopic signatures of major terrestrial and marine 
pools. 

Proposed Research. 
Background: Several of the important greenhouse gases in the atmosphere such as CO2 are also biogenic 
and interact with the terrestrial and marine biospheres.  As CO2 is consumed by photosynthesis, O2 is 
produced and comparisons between glacial records for atmospheric values and benthic marine forams for 
ocean values indicate that the δ18O of the respective oxygen pools changed independently after the Last 
Glacial Maximum (LGM; Bender et al., 1993). This caused the difference between these two isotopic 
signatures (the Dole effect) to be maximum about 13 kyr BP and a minimum about 8 kyr BP.  While these 
empirical observations are robust and hold significant information on the temporal changes in the 
biosphere as climate changed from the LGM, the contributory processes to the observed signal are many 
and complex.  More recent box models add the mass independent fractionation of oxygen isotopes in the 
stratosphere and its attenuation by isotopic fractionation by photosynthesis and respiration to more 
accurately reconstruct the nature and productivity of the biosphere (Blunier et al., 2012).  Such isotopic 
models depend on large assumptions about the extent of different types of oxygen respiration however, 
because each pathway has a distinct fractionation factor.  Dark (mitochondrial) respiration, 
photorespiration and the Mehler reaction, all cause an isotopic fractionation to the residual oxygen pool.  
The largest isotopic fractionation is imparted by the cyanide insensitive, alternative oxidase (AOX) 
pathway, however.  AOX has an isotopic discrimination factor (αAOX) significantly greater than that of the 
dominant dark, cytochrome oxidase respiration (αCOX; ~ 30.9 vs. 19.8 per mil respectively, Ribas-Carbo 
et al., 2005).  Thus, although AOX has typically been relegated to a small fraction of total respiration in 
recent models (Blunier et al., 2012 set it to 2% for terrestrial and about 10% for marine respiration) small 
changes in AOX produce a relatively large impact on the estimate of the biosphere signal.  AOX is 
widespread in the biosphere and is a pathway retained by plants, phytoplankton, fungi and invertebrates.  
The physiological reasons for retaining AOX are obscure because the AOX pathway consumes organic 
carbon without supplying as much energy as COX (Guy et al., 1989).  This inefficiency results in less net 
photosynthesis and growth depending on the AOX/COX ratio (Sieger et al., 2005).  The value of AOX 
for cellular physiology may lie in its association with cellular responses to stress from nutrient deficiency, 
drought and temperature (van Aken et al., 2009) - all variables that are impacted by climate variation.  
Thus AOX is a key respiration pathway in the flow of carbon and oxygen through the biosphere, but one 
that remains poorly understood with respect to its cellular regulation and atmospheric impact.  This 
project will establish the methodological capacity to analyze the AOX/COX ratio in both laboratory and 
field experiments, a capacity that will make studies of its physiological ecology, carbon system 
interactions and climate feedback possible at LDEO. 




