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Dr. Ross develops and uses analytical methods to study biological and environmental processes that control the 

distribution and bioavailability of trace elements and the responses of living organisms to stress and disease. His 

research focuses on studying metal-binding compounds (ligands) in the ocean, identifying modified and stress-

related proteins, and developing mass spectrometry (MS) and affinity-based methods to achieve these goals.  

Organic ligands control the bioavailability and distribution of essential trace elements (micronutrients) like iron (Fe) 

and copper (Cu) in the ocean, yet little is known about the structure and ecological function of these biomolecules. 

Identification and structural analysis of marine organic ligands would help to explain their involvement in the 

uptake and utilization of trace elements by the microscopic plants and bacteria (phytoplankton) on which the 

marine food web is based. This, in turn, would help us to better understanding how phytoplankton growth and 

micronutrient cycling affect, and are influenced by, processes such as ocean fertilization and climate change. 

 

Profiling dissolved copper ligands in the NE Pacific with immobilized metal-ion affinity chromatography (Ref. 26). 

Using appropriate analytical techniques like immobilized metal-ion affinity chromatography (IMAC) and 

electrospray ionization (ESI) mass spectrometry Dr. Ross has shown that organic compounds that bind Cu in 

coastal seawater include molecules that resemble small proteins (peptides) known to bind metals in plants and 



other organisms. He is has adapted these techniques to recover and analyze organic ligands from the NE Pacific 

and Arctic oceans, and to show that their composition and distribution are consistent with terrestrial input and 

production by marine phytoplankton.   

           

Tertiary structure of a plant seed storage protein showing numbered Mass spectra showing glycation of insulin  
phosphorylation sites 1-14 identified by mass spectrometry (Ref. 12). B-chain by methylglyoxal, MG (Ref. 10).   

In addition to metal-binding proteins and peptides Dr. Ross has worked extensively on the development and use of 

methods to identify proteins and protein post-translational modifications (PTMs) involved in stress and disease. 

Important discoveries include the phosphorylation of cruciferin and other plant proteins involved in germination, 

growth and stress responses, and glycation of insulin and related signaling proteins implicated in type-2 diabetes. 

Dr. Ross is currently developing methods to detect and quantify marine biotoxins in water, sediment and biological 

samples. Results are being correlated with water properties like temperature, pH, chlorophyll and trace metal 

concentrations to identify environmental conditions associated with the production of these toxins by harmful algal 

blooms (HABs). Monitoring ocean conditions, biotoxins and other chemicals of concern will also help to better 

understand and predict their impacts on marine fisheries and ecosystems in a changing climate. 
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