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Structural Characterization of Natural Nickel and Copper Binding Ligands Along the US GEOTRACES Eastern Pacific Zonal Transect
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Results and Discussion

It is well established that strong organic ligands affect the reactivity of dissolved transition metals, such as copper (Cu) and nickel (Ni), in the marine environment. Marine organisms rely on Cu and Ni as cofactors for enzymes that carry out essential metabolic functions, such as plastocyanin, cytochrome oxidase, multicopper oxidase, high affinity iron acquisition systems, superoxide dismutase, and urea. 
[image: image2.jpg]The rate at which metals are taken up by microorganisms often depends on their organic speciation. Thus microbial growth rates in the ocean are impacted not only by dissolved metal concentrations, but also the composition of organic ligands that bind them. Ligands that bind Cu and Ni are abundant in the ocean, but structurally characterizing these ligands to determine their source and function has remained challenging. Samples were collected during the GEOTRACES Eastern Pacific Zonal Transect cruise (October-December, 2013) from Manta, Ecuador to Papeete, Tahiti.  Seawater was pumped using trace metal clean techniques through solid phase extraction resin, and Cu and Ni complexes recovered by washing the resins with methanol. Methanol extracts were analyzed by LC-ICP MS followed by ICR-MS (9.4 T) at the Ion Cyclotron Resonance Facility at the NHFML. The ultrahigh resolving power of the FT-ICRMS revealed that the metals were in the +2 oxidation state and showed the presence of sulfur isotopologues. For compound A (Fig. 1a,b), only one molecular formula [C20H21N4O8S2+M]+ (where M refers to an Ni or Cu isotopologue). Three compounds that only appeared in the Ni chromatogram were detected at 46.4, 48.6, and 49.9 minutes in samples 4 and 6. The 58Ni monoisotopic mass of these compounds was determined to be 649.148, 698.280, and 712.295 m/z.  An accurate mass of compound C was determined by FT-ICRMS (Fig.1c) and a molecular formula of C32H54N3O6S2Ni+ is consistent with this mass as well as the fragmentation ions. We used a mass spectrometry based approach to detect and characterize Cu and Ni ligands in the US GEOTRACES section across the eastern tropical South Pacific Ocean.  We found a number of discrete Cu and Ni complexes in the oligotrophic (western) portion of the cruise track. Our results provide the first molecular-level characterization of Cu and Ni ligands in the ocean.
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Figure 1. Direct infusion ESI FT-ICR MS at 9.4 Tesla of (a) compound a, and (b) compound c. Major isotopologues are labeled.











