Creativity Extension for OCE-314222

The Environmental Sample Processor (ESP): A Device for Detecting Microoganisms In Situ Using Molecular Probe Technology)

Summary

The application of molecular analytical techniques is pervasive in the ocean sciences, yet the vast majority of work typically occurs in a shore-based laboratory after return of a discrete set of samples collected at sea.  In order to overcome the limitations of this type of oceanic research we have developed an instrument known as the Environmental Sample Processor (ESP) (http://www.mbari.org/microbial/esp/).  The ESP allows for application of molecular probe technology in situ to enable remote detection of water-borne microorganisms, their genes and gene products.  A long-term goal is to create the ability to deploy an array of internet-accessible ESP’s in support of basic environmental research and resource management activities such as those outlined by the OOI/ORION (http://www.orionprogram.org/OOI/default.html), IOOS (http://opendap.co-ops.nos.noaa.gov/content/), and COHH (http://www.whoi.edu/science/cohh/index.htm) (etc.) initiatives.

The ESP development work sponsored under the original grant from NSF created new opportunities for deploying the ESP in the deep ocean, as well opportunities for enhancing its analytical capabilities (work sponsored by NASA and the Moore Foundation).  The work proposed here leverages these new developments and provides a basis for exporting technologies developed to groups outside of MBARI.  This will be accomplished by focusing on four research themes:

1) Deep-water and cabled operations.

2) Microfluidic analytical capability and technology transfer.

3) Enhanced capacity for surface water operations.

4) Collaborative experiments to deploy the ESP in estuarine, coastal and open-ocean water column, and deep-sea benthic habitats.

Background

The ESP is an electromechanical/fluidic system that collects discrete water samples from the ocean subsurface, concentrates microorganisms (particulates), and allows for exchange of various reagents in a timed sequence.  The instrument automates application of custom DNA and protein probe arrays to identify microorganisms in near real-time based on direct capture of target molecules from a crude homogenate using sandwich hybridization assay (SHA) and antibody-based methodologies.  The ESP also has the capability to archive samples for various laboratory analyses, such as fluorescent in situ hybridization (FISH), a variety of nucleic acid analyses and algal toxin detection (Greenfield et al. 2006, Roman et al. 2007, Scholin et al. in press).  

The overall goals of the original grant (OCE-314222) were to make the ESP technology more accessible to outside research groups by developing a modular instrument that could be easily reconfigured to suit a wide variety of deployment and analysis scenarios.  Good progress has been made toward attaining those goals.  To date, the ESP has successfully automated the application of 3 different classes of DNA probe arrays (HABs, bacteria, invertebrate larvae) in single field deployments lasting ~28 days.  In collaboration with Dr. Greg Doucette (NOAA Marine Biotoxins Lab, Charleston SC), we have also succeeded in fielding a test for domoic acid, a neurotoxin produced by certain phytoplankton found in Monterey Bay and elsewhere.  Domoic acid is linked to illness and mortality of humans and wildlife, with substantial economic impacts (Hoagland et al. 2002).  In 2006 the ESP project reached a major milestone—the first record of sensing in situ both domoic acid and harmful algal species known to produce that toxin.  Several papers are now in preparation that document these field deployments.  An overview of these accomplishments is highlighted in MBARI’s 2006 Annual Report (http://www.mbari.org/news/publications/2006AnnRpt_lowres.pdf).

Recently we have explored deployment of the ESP in the deep-sea.  In March 2007 we demonstrated successful operation at 1000m, and in early August 2007 we plan to extend that work by attempting to detect microbes and invertebrate larvae associated with a whale carcass and cold seep clam community (NASA-sponsored and collaboration with Dr. Bob Vrijenhoek).

Lastly, with funds from the original grant we purchased most of the custom and commercially available parts needed to construct 3 additional copies of the ESP.  With support from MBARI, we are currently in the process of assembling those instruments.  To support surface water operations, we have constructed 2 complete moorings with integrated telemetry and contextual sensors [CTD/flour/transmissometer, ISUS (http://www.mbari.org/chemsensor/ISUShome.htm)].  In September 2007 we are scheduled to field 2 ESPs simultaneously in different regions of Monterey Bay.

Project Plan for the Creativity Extension

Under the auspices of the Creativity Extension we propose four major thrusts of research and development activities.  A cornerstone of this effort is to validate the performance of the ESP within the context of collaborative field programs.  Specifically, over a 2-year period we propose to:

1) Construct a 4000m-rated pressure housing for deploying the ESP in the deep-sea (the deep-sea ESP, or D-ESP).

2) Construct 4 copies of a microfluidic stage fitted with reusable nucleic acid purification column and flow-thru, real-time 4-channel (color) PCR module. 

3) Construct 2 additional moorings for deploying the ESP in surface waters so that multiple ESPs can be fielded simultaneously.

4) Undertake collaborative research to deploy one or more ESPs in near surface and deep ocean waters.

1.  Deep water Housing

Development of the ESP for deep-sea applications has been supported with funds from the Keck Foundation and NASA’s Astrobiology Program.  Those projects have supported design and operations of the 1000m-rated deep-ESP prototype, as well as the detailed design for a 4000m-rated system.  The NASA grant also provided funds for procuring a copy of the ESP (in addition to the 3 copies sponsored by NSF) that will be dedicated to deep-water work.

A critical funding shortfall related to D-ESP operations is sufficient funds for a 4000m-rated pressure housing.  Our preliminary design calls for a ~1m diameter titanium sphere that will house the ESP and elements of a deep-water sampling module.  We thus propose to use a portion of the Creativity Award to build the necessary housing to facilitate deep-ocean experiments.

The deep-sea ESP system (D-ESP) will be deployable using an ROV, and is designed also to be left on the bottom as a stand-alone or cable-networked instrument.  Work to achieve that goal will first involve deployment on the MARS cable node (http://www.mbari.org/mars/) in '08-‘09, and then Axial Seamount vent field in '09.  Our long-term goal is to deploy the D-ESP for up to 1 year (ideally beginning in ’10) near hydrothermal vents on Axial Seamount.  The objective of these deployments is to explore the relationship between fluid flow/water chemistry and microbial community structure and gene expression within that community.

2.  Microfluidic Analytical Modules

Analytical modules are envisioned to be stand-alone devices that can be added to or removed from the existing “core ESP”, extending the analytical capabilities of the original ESP.  The NASA grant, while supporting deep-water operations, also is funding our work with Lawrence Livermore National Laboratory (LLNL) to develop capabilities for microfluidic-scale sample processing and quantitative PCR.  The work with LLNL builds from biosecurity applications (http://www.eurekalert.org/features/doe/2002-01/dlnl-rfd062402.php).  The development of analytical modules is also supported by the Moore Foundation, making this concept a centerpiece of both the LLNL and Moore Foundation efforts. 


Work to date indicates that candidate analytical modules (e.g., PCR, microarrays, capillary electrophoresis units) are not entirely self-contained.  Instead, they place a requirement on the ESP to prepare complex environmental samples for highly refined reactions and dispense reagents on a microfluidic scale.  In discussions with other research groups that could be classified as developing ‘analytical modules,’ this same theme continues to emerge.  That is, the emerging analytical devices require more than just a sample from a ‘host’ device – they require close integration and microfluidic control within the core ESP.

For that reason, in close collaboration with LLNL, we are building microfluidic interface for the ESP – an “analytical bus,” so to speak – a take-off point for distributing samples and reagents to one or more detection modules. This unit could also be used to gang one or more analytical functions in a cascade (e.g., employ probe arrays down stream of PCR). 

The microfluidic interface for the ESP is referred to as the microfludic block (MFB).  The MFB was designed primarily to support the PCR module built by LLNL.  It includes provisions for a reusable solid phase extraction column for purifying nucleic acids, and reagents for a variety of PCR master mixes, primer/probe combinations and control templates.  This same sample handling and distribution block could support a variety of analytical devices that may emerge in the future.

With funds from the Creativity Award we will construct 4 copies of the MFB so that all ESPs built with NSF support can be outfitted identically.  The MFB can also run as a stand alone, benchtop device.  Although we are developing the MFB with the ESP in mind, there is no reason why it could not be adapted for use on some other 'environmental front end'.  We also seek to make the MFBs available to collaborators via collaborative exchanges.  By building copies of the MFB, we hope to spur innovation and synergy among a greater group of people than is possible now.  For example, by exchanging MFBs with collaborators we can explore the concept of developing new molecular assays for autonomous systems without a fully functional, deployable ESP sitting on the bench. 

3.  Surface moorings

The original NSF grant and support from MBARI allowed us to construct 2 moorings for deploying the ESP in ocean surface waters.  Here we propose to use a portion of the Creativity Award to build 2 additional moorings so that all four(?) of the instruments built under OCE-314222 can be deployed in the coastal ocean.  The moorings include pressure housings, mooring tackle, radio communications and contextual sensors suite (basic CTD package).  The availability of multiple field-deployable ESPs will facilitate technology transfer (off-site deployments) and opportunities for fielding multiple ESPs simultaneously.

4.  Collaborative Research

Potential partners include, but are not limited to, researchers at the University of Hawaii (Manoa; open ocean), Oregon Health Sciences University (Columbia River Estuary), Woods Hole Oceanographic Institution (Gulf of Maine), and one or more NOAA labs that are focusing on harmful algal bloom research (multiple locations possible).

While we have instruments that can be used for this purpose, we have very little to no support for providing engineering assistance for actually fielding the devices in the context of offsite field programs.  Likewise, we have no funds for transferring technology to the research and resource management communities in general.  Under the Creativity Award we can begin to address this shortfall by carrying out a few select off-site deployments that will promote connectivity with groups outside of MBARI.  Of course, the Creativity Award would support only a fraction the labor required, but a contribution towards that goal will attract the additional funds needed for carrying out necessary pilot studies (e.g., via contributions from the collaborators and their home institutions).

Budget Justification

For planning purposes, this budget assumes a start date of August-September ‘07 and close by July-August ’09. 

Year 1

Year-1 requests total $403.5K (ck sum). Over half of that amt ($255K) is dedicated to construction of custom equipment.  The latter includes a 4000m-rated pressure housing ($100K) for the ESP, 3 sets of ‘pucks’ (custom machined reaction vessels used in the ESP, 3x25K = $75K), parts for constructing 4 copies of a real-time PCR module designed at LLNL (4x$5K = 20K), and parts for 4 copies of an integrated microfludic device (microfluidic block, or MFB; 4x$15K = 60K) that can be fitted to the core ESP for transferring samples to the PCR module (etc.).

For labor, we request 1 month of Scholin for project oversight, 1 month of Doug Pargett (project engineer), 4 months science technician (Nilo Alvarado), and 7 months of engineering support to construct the PCR and MFB devices (Scott Jensen, Cheri Everlove, Adeline Harris).  No labor charges associated with designing the pressure housing nor detailing the pucks.

Supplies ($5K) include tubing, wire, connectors, biochemicals, filter media, and disposable plastics needed for constructing, testing and calibrating the new equipment.

Travel ($1.5K) includes airfare, registration and per diem for 1 person to attend the 2008 Ocean Sciences Meeting (Orlando, FL).

Lastly, we request $1K for 1 month of MARS cable port fees for prototyping operation of the D-ESP on a cabled node.

Year 2

Year-2 requests total $352.6K (ck sum).  Of that, $80K is dedicated to construction of moorings required for deploying the ESP in coastal waters.  This includes materials and supplies for 2 surface moorings (2x$40K = $80K).  Surface moorings include an anchor and rode, pressure housing rated to 50m depth, cables and connectors, batteries, subsurface mounting structure, surface buoy, radio modem, and shore-side data telemetry system.

For labor, we request 1 month of Scholin for project oversight, 1 month of Doug Pargett (project engineer), 4mo science technician support (Nilo Alvarado), and 7 mos engineering support for offsite deployments/field experiments (Scott Jensen, Cheri Everlove, Adeline Harris).  In addition, we request 4 months of engineering labor for constructing the 2 surface moorings.

Supplies ($10K) include tubing, wire, connectors, biochemicals, filter media, and disposable plastics, molecular probe reagents, and materials for producing custom DNA probe arrays in support of field campaigns.

Travel ($10K) includes airfare, per diem, lodging, rental car/truck, for up to ~7 persons to participate in offsite field experiments/collaborative experiments (~$1.4K per person per trip; we project 2-3 trips of several persons each to visit collaborators).

Lastly, we request $2K for 2 months of MARS cable port fees for extended testing of the D-ESP.

Benefits and Indirect Costs

Grants off add statement re: rates at orig levels, rules re: OH
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