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Untargeted Characterization of Dissolved Organic Matter 

Transformations by Bacterioplankton
Medeiros, P.M. and Moran, M.A. (Department of Marine Sciences, University of Georgia)
Introduction: Marine dissolved organic matter (DOM) contains one of the largest active organic carbon pools on Earth. A key step in the marine carbon cycle occurs when bacteria transport carbon from the oceanic pool and transform it chemically. This is a challenging link to understand, however, because of the thousands of compounds that make up the DOM pool, each with different biological turnover rates. This complex pool is processed by a diverse community of heterotrophic bacteria that transport and metabolize the dissolved organic matter using largely uncharacterized biochemical pathways [1]. In this context, the main objective of the NSF-funded SIMCO project is to assess transformations of DOM composition mediated by heterotrophic bacteria in the coastal ocean, combining FT-ICR MS analysis with transcriptomics data.
Experimental Procedure: Estuarine water samples from Sapelo Island (Georgia, USA) were collected at both low and high tides at multiple seasons. Estuarine samples were incubated in triplicates for 24 hours, and in a few cases, for up to 70 days. Immediately after collection, samples were filtered (using combusted 0.7 μm GF/F filters and prewashed 0.2 μm membrane filters). Filtrates were acidified to pH 2, and DOM was isolated using solid phase extraction (SPE) cartridges (Agilent Bond Elut PPL) as in [2]. Extracts were collected at days 0, 1, and 70 for DOM analysis using a 9.4 T FT-ICR MS (passively shielded). Samples were collected simultaneously by Moran’s lab for functional genomics approaches (e.g., transcriptomics).
Results and Discussion: The pattern of variability captured by principal component (PC) analysis was used to identify the process behind differences in DOM composition at different seasons. PC1 was significantly correlated (95% confidence level) with bulk δ13C of SPE-DOC. Correlations between bulk δ13C of SPE-DOC and the relative abundance of each molecular formula for each sample were computed. The statistically significant coefficients (Figure 1) yielded a pattern similar to the loading of PC1. Additionally, previous studies have shown that marine DOM is enriched with molecular formulae with high H/C ratios (characteristic of a shift to more aliphatic structures) compared to DOM from freshwater samples [3]. Collectively, these analyses suggested that the pattern captured by PC1 was related to terrigenous/marine gradients in DOM composition. Not surprisingly, DOM composition near the estuary mouth was more influenced by marine organic matter (enriched with formulae shown in blue), while DOM at the river was more terrigenous in character (enriched with formulae shown in red in Figure 1). We are now identifying the changes in DOM composition that occurred during the incubation experiments, and investigating how those are related to the initial sources of DOM.
Conclusions: In summary, chemical analyses at the molecular level in a typical salt marsh-dominated estuary of the southeastern U.S. revealed that DOM composition was strongly modulated by river discharge. 
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Figure 1 – Correlation coefficients between δ13C of SPE-DOC and the relative abundance of each molecular formula in all samples. Samples with enriched δ13C signatures (i.e., with a more marine character) were enriched with molecular formulae marked in blue, while samples with depleted δ13C signatures (i.e., with a more terrigenous character) were enriched with molecular formulae marked in red.
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