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Appendix 1.

Statement of Work (Co-Investigator G. Doucette only, NOAA/NOS)

This statement of work outlines the tasks to be performed under the direction of Co-Investigator Dr. Gregory Doucette, representing the Federal entity DOC/NOAA/National Ocean Service. This work constitutes an integrated, coordinated element of the proposal being submitted by Principal Investigator Dr. Christopher Scholin of the Monterey Bay Aquarium Research Institute, and Co-Investigators Drs. Donald Anderson and Dennis McGillicuddy of the Woods Hole Oceanographic Institute. The primary contributions of this component will be the laboratory-based refinement and calibration of an assay for domoic acid (DA) formatted previously for the Environmental Sample Processor (ESP) platform, as well as the initial development and testing of a new assay for the PSP toxin class. Essential to achieving these aims will be delivery of a core ESP instrument from MBARI to Dr. Doucette’s laboratory, as described in the main body of this proposal.

The ESP-formatted DA assay was designed and developed as part of a previous NOPP-funded project (NSF OCE-0314089). A protocol for the extraction of DA from phytoplankton samples acquired by the ESP (> 90% recovery) was also developed as part of this work. The DA assay employs a competitive ELISA (cELISA) approach and utilizes a membrane-based protein array with the same chemiluminescence reporting system as used in the LSU rRNA probe-based assay for HAB species detection, thereby permitting ‘multiplexing’ of several reagents. Briefly, a toxin extract produced onboard the ESP (generally representing material concentrated from 500 to 1000 mL of seawater) is combined with a DA-specific antibody and exposed to a membrane array spotted with a DA-protein conjugate; the toxin in solution competes with the toxin-protein conjugate immobilized on the array for the antibody available in solution; antibody bound to the array (inversely proportional to the toxin concentration in the sample extract) is visualized with a chemiluminescent signal that is captured by an onboard CCD camera (see Fig. 2 in main proposal).  The DA assay has undergone several successful test deployments on the ESP in Monterey Bay, CA during 2006 and 2007, representing the first ever autonomous, sub-surface detection of a phycotoxin (manuscript in prep.).
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The next critical steps needed to move the DA assay towards a more ‘operational’ status are further refinement of the assay to minimize changes in response over one to two month deployments, as well as extensive calibration to critically establish assay performance parameters and reproducibility. This labor-intensive effort will require constant access to a core ESP instrument in our laboratory. To date the majority of our assay development work has been carried out using a ‘hand-held’ assembly consisting of an ESP ‘puck’ (i.e., membrane array holder) and syringes, which is not capable of accurately reproducing the precise microfluidics of the ESP instrument. Two attempts at calibrating the DA assay on the core ESP unit, using a non-toxic Pseudo-nitzschia extract spiked with certified DA reference material (NRC/IMB, Halifax, NS, Canada) to account for matrix effects, have been conducted during visits to Dr. Scholin’s laboratory at MBARI in 2006 and 2007. The most recent results (Fig. 1) indicate that this assay will permit detection of 0.2 ng DA/mL of seawater for a 0.5 L sample collected by the ESP, which is sufficiently sensitive to detect DA levels far below what is generally considered problematic or ‘bloom’ conditions. However, this result represents a single calibration, whereas it is essential to generate numerous curves to properly characterize assay reproducibility. Moreover, additional, iterative testing of modified assay reagents is required to further refine and assess the long-term stability of the DA test.

A second, equally important focus of our group during this project will be to initiate development and testing of an analogous assay for detection of PSP toxins onboard the ESP. This is especially relevant for ESP deployments planned for the western Gulf of Maine region, where PSP toxin-producing Alexandrium spp. will be targeted by the ESP arrays for HAB species detection. All of the information obtained during development and refinement of the DA cELISA for the ESP in terms of array spotting, reagent stability and reactivity, antibody/antigen ratios, etc. will be extremely valuable in designing the PSP toxin assay. We currently have direct access to antibodies against the PSP toxins, as well as saxitoxin-protein conjugates, through a collaborator on another project aimed at developing a surface plasmon resonance (SPR)-based detection method for this toxin class. These fully characterized, custom reagents will be provided at a minimal cost to the project. In fact, the DA antibody and DA-protein conjugate used in the ESP DA assay are currently employed in an SPR-based DA detection method run routinely in our laboratory (formatted as a cELISA; Traynor et al., 2006). We are confident that adopting this same strategy for development of the PSP toxin assay will bring a high probability for success. We should note that the PSP antibodies currently in hand show reduced cross-reactivity with the N-1 hydroxy saxitoxin derivatives (i.e., NEO, GTX1/4, C3/4); however, several parallel efforts outside the scope of this project are being pursued to address this issue and any antibodies developed will be freely available for the work proposed herein.

A primary component of proposal Year 1 essential for carrying out much of the work outlined above will be delivery of a core ESP instrument to our laboratory near the end of the year. Prior to this, our efforts during Year 1 will continue employ the hand-held apparatus described above and used for much of our assay development thus far; however, materials will be sent periodically to Dr. Scholin’s laboratory for testing/evaluation on their available core ESP units. We can, to a certain extent, continue to refine the DA cELISA and, importantly, importantly, initiate the concurrent development of the PSP toxin extraction method and ESP-formatted assay using this hand-held device.  We will also plan a visit to MBARI during Year 1 for training on laboratory-based operation of the core ESP (we do have some experience already from our two previous visits to perform assay calibrations) so as to minimize down-time following delivery of the instrument. We will likely field at least several DA arrays during the planned ESP training deployment in the western Gulf of Maine in cooperation with the NERACOOS Program (Buoy B). Additional ESP deployments will be conducted in Monterey Bay by Dr. Scholin during the Year 1 time frame (but apart from the current proposal) and we will take advantage of these opportunities to continue our field-based testing of the DA assay.

With the planned delivery of the core ESP instrument to our laboratory by the start of Year 2, much of our focus will turn to the intensive refinement, evaluation, and calibration of the DA cELISA on this unit. We have considerable experience (over 15 years) with the development and validation of in vitro assays for algal toxins and the work required for this process will now be possible with constant access to an ESP instrument. We also expect that following our Year 1 effort, at least a preliminary version of the PSP toxin assay will also be ready for initial formatting/testing on the core ESP. Continued development of this assay should proceed with far greater efficiency given both the availability of an ESP instrument (as compared to use of the hand-held version) and the knowledge gained from our work on the analogous DA cELISA. In addition, we will plan to perform initial field tests of the PSP toxins assay during proposed test deployments of the ESP in the western Gulf of Maine (i.e., Salt Pond, MA; NERACOOS/Buoy B).

Work during Year 3 will shift exclusively to the PSP toxin assay, with our aim being to establish a functional assay for the planned field work in the western Gulf of Maine, which will involve the simultaneous deployment of three ESP instruments. Based on what is learned from the Year 2 deployment, we expect that additional refinements to reagents may be necessary to address the issue of assay stability over extended periods in the field. In addition, efforts will be focused on the rigorous calibration of this assay and establishing assay performance parameters, as will have been carried out for the DA assay during Years 1 and 2.
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Fig. 1. Calibration curve for DA cELISA conducted onboard core ESP; EC50 (i.e., half-maximal assay response) is ~ 40 ng/mL.
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