Project Summary

The phytoplankton-zooplankton interface is an important link for energy and material fluxes in
marine food webs. Nutrient limitation of zooplankton production is one of the key factors regulating
fish recruitment. Essential fatty acids (EFAs) and sterols are potential limiting nutrients in pelagic
ecosystems because they are required for reproduction and a wide range of physiological functions.
Most crustaceans including the dominant zooplankton, calanoid copepods, and higher consumers
cannot synthesize them; thus, they must rely on dietary supply. Planktonic algae are the main
producers of sterols and EFAs, yet the quantity and quality of essential fatty acids and sterols can
vary significantly among algal groups. Algae that are deficient in EFAs and/or sterols are poor food
and result in slow growth or low reproductive output by calanoid copepods. In non-bloom periods,
microzooplankton, particularly heterotrophic protists, contribute to a major portion of a zooplankter’s
diet. It is well documented that heterotrophic protists (het. protists) are prominent trophic
intermediaries between phytoplankton and zooplankton. Het. protists that grow on algae deficient in
essential nutrients may improve the nutritional supply up the food chain such that copepods preying
on the het. protists attain high growth and reproductive success. This “trophic upgrading” effect has
been attributed to the alleged ability of het. protists to modify algal fatty acid precursors to EFA and
dietary sterols to other forms, and/or de novo synthesize of EFA and sterols. Despite the mounting
evidence that some het. protists can upgrade essential nutrients for zooplankton, the biochemical
mechanism(s) remain unknown. To fully understand essential nutrient dynamics within the
planktonic food web, detailed biochemical process study is warranted. The goal of this proposal is to
elucidate the biochemical processes of EFA and sterol metabolism (assimilation, transformation and
de novo synthesis) in several common het. dinoflagellates and ciliates. Advanced cellular,
biochemical, microencapsulation and stable isotope techniques will be employed to investigate the
metabolism and associated biochemical pathways for EFA and sterols in these marine planktonic het.
protists. We will investigate (1) the uptake kinetics and metabolism of algal fatty acids and sterols by
het. protists; (2) de novo synthesis of essential fatty acids and sterols by het. protists; (3) biochemical
transformation of algal fatty acid and sterol precursors by het. protists. This comprehensive and
systematic approach will provide answers as to how het. protists affect the nutritional environment in
the planktonic food web, and lay fundamental groundwork for future lab and field study. Detailed
biochemical study may also reveal important biological similarities and differences among protist
species that are otherwise less discernible.

Intellectual merits: Current understanding of zooplankton nutrition is mostly limited to the
organismal level and is often based on studies in freshwater systems; yet the trophic organization and
dynamic of the marine planktonic food web is vastly different from a freshwater one. The proposed
study will fill an important void not addressed in traditional nutrient limitation studies, and provide
important information on essential nutrient dynamics at the cellular and molecular levels across the
producer-consumer interface in marine systems.

Broader impacts: This project will provide opportunities for young scientists (graduates,
undergraduates and postdoc) in hypothesis building and testing and to receive hands-on training in
advanced research methods in marine biochemistry, molecular biology and plankton ecology. In
addition to training graduates, undergraduates, and post-docs, the principal investigators are
committed to educating underrepresented students through this project. As its commitment to higher
education in marine science, our institute will contribute funds to help reduce the indirect cost on
graduate student stipend from 47.45% to 25%. Results will be disseminated to the scientific
community via conference presentations and publications, and to the general public via ongoing
outreach activities at our institute.
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