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1.0  Introduction

The overall goals of this 3-year project center on modifying the Environmental Sample Processor (ESP; http://www.mbari.org/microbial/ESP/default_new.htm) for autonomously sampling and detecting microbes found in Earth’s deep-sea cold seep and hydrothermal vent fluids.  Specific objectives of this project are relevant to Research Focus Area (RFA) 2a, 5a and 5b found in the NASA Strategic Plan for Solar System Exploration (Goal II).  The original project plan was cast with specific objectives under the themes of Science, Technology and Field Campaigns, and we foresaw numerous Education/Outreach opportunities.  This report is structured accordingly, first with an overview of Year-1 goals (Section 2), then a report on actual progress made during the first ~9 months of work (Section 3).  Finally, a brief outline of plans for 2007-8 is presented (Section 4).

2.0  Year 1 Project Plan

The proposed project team included personnel from Monterey Bay Aquarium Research Institute (MBARI), Lawrence Livermore National Laboratory (LLNL), Caltech and NASA Ames.

2.1 Science

Major goals for the science teams (MBARI, Caltech) were to undertake site characterization, and to refine nucleic acid detection chemistries.  Samples were to be collected through collaborations/ships of opportunity at no cost to this project.  Specifically, we aimed to develop rRNA sandwich hybridization (SH) probes to target microbes that are indicative of a variety of environments as given in Table 1 (p17) of the proposal using a DNA probe array format (e.g., http://www.mbari.org/microbial/hab/figure1.htm).  We anticipated the need for nucleic acid amplification methods to enable the detection of low abundance genes involved in astrobiologically significant geochemical transformations, such as those involved with methane oxidation, etc.  Additional probe development was possible beyond primary targets listed in the proposal, particularly for detecting “background” species that are found in seawater that is not altered by discharges from cold or hot vents.

2.2 Engineering

Engineering activities were initially scoped based on the existing core ESP (http://www.mbari.org/microbial/ESP/esp_2G.htm) and external deep-water sampling module (DWSM) that was under development from a grant from the Keck Foundation (http://www.mbari.org/microbial/ESP/esp_deep.htm).  Against that backdrop, major engineering objectives for Year-1 of this project were 3-fold.  First, we sought to refine a specification and design for inclusion of an existing microfluidic PCR module (from LLNL) into an ESP that would be built (MBARI) specifically for this project.  Second, we planed to incorporate as a contextual sensor an in situ underwater spectrophotometer (ISUS; http://www.mbari.org/chemsensor/ISUShome.htm) tuned for detection of bisulfide.  The ISUS was to be built, tested and calibrated in collaboration with Dr. K. Johnson (MBARI).  Third, we sought to design a ROV-deployable and retrievable observatory structure that would allow the Keck ‘Deep-water ESP’ (D-ESP) and its contextual sensors to be flown through the water column and/or placed on the ocean bottom where it could be connected to a seafloor cabled observatory (MBARI).

2.3 Field Campaigns

When this proposal was written we anticipated at the actual start of work that the core ESP would have been deployed in surface waters, and the deep-water rated ESP (D-ESP) prototype would have undergone engineering tests and been deployed in Monterey Bay using one of MBARI’s ROVs.  Late in Year-1, under the auspices of the ASTEP project, we proposed to deploy the D-ESP prototype in the Santa Barbara Basin in collaboration with Dr. C. Paull (MBARI).

2.4 Education and Outreach

We foresaw opportunities to involve postdoctoral, graduate and undergraduate students, summer interns, and we had an opportunity to work with the Monterey Bay Aquarium (MBA; http://www.mbayaq.org/) to produce an exhibit for the general public that would include the ESP.

3.  Accomplishments (12/01/05 – 9/15/06)

Work on the project began a couple months after the grant was awarded.  There were administrative hurdles to overcome to get the subawards and cooperative work agreements in place (particularly for LLNL), some staffing changes were necessary, and co-I’s Sabrina and Jason Feldman (formerly of Ames and MBARI, respectively) moved to JPL before the project began.  Sabrina and Jason remain a part of the project team.  Our first project team meeting was held at MBARI on 02/28/06.  The project plan was reviewed and refined at a high level, Year-1 objectives and roles were clarified, and a variety of operational scenarios discussed.  Prior to and after that time, there have periodic project meetings, conference calls among various teams, and correspondences between the PI and co-I’s as was planned.  The project has gained momentum and is moving ahead in the spirit that was proposed.

Testing of the Keck D-ESP prototype is not as advanced as we initially thought it would be at the time we wrote the proposal, primarily on account of staffing limitations.  Accordingly, as detailed below, we have re-scoped our project plan but are not significantly departing from the proposed goals overall.  The MBARI portion of the project should expend ~100% of Year-1 funds awarded by 12/06.

Both Caltech and LLNL are currently under budget, but is expected that their spending rate will dramatically increase in coming months.  The Caltech co-I experienced difficulty finding a qualified postdoctoral student, and this slowed the work, but that issue has now been resolved by hiring a research associate.  Despite the set-back, the Caltech team has undertaken analysis of samples for site characterization as was planned, and provided critical information that shows the likelihood of needing the PCR module to detect rare organisms associated with CH4-rich plume waters.  The LLNL team is slightly behind schedule due to the time it took to get the subaward in place and for work to commence, but nonetheless they have made excellent progress and are poised to begin construction of the first PCR module exactly as proposed.  Again, these delays do not pose any significant problems with respect to the overall project plan and high-level goals. 

3.1 Science

DNA probes for detecting a variety of marine Bacteria and Archaea that are differentially distributed by depth in the ocean have been devised for use with the ESP
.  In addition, we have explored use of the ESP for archiving samples for subsequent nucleic acid analyses (cloning, sequencing, QPCR).  We have proved that microbial groups can be detected using the ESP and SH probe chemistries.  Samples archived using the ESP are stable for at least 3 months for standard laboratory based DNA analyses.  After 3 months, the relative abundance of microbial groups appears to change compared to initial conditions.  We are investigating alternative fixation/sample storage protocols with a goal of extending sample stability to 1-year.  Development of SH probes for microbes that we anticipated being associated with vent fluids is just getting underway at the time of this writing.  We have samples from hot vent fields from the Juan de Fuca area, and their analysis will be undertaken later this year for probe development. 

The Caltech team has focused primarily on characterizing the microbial water column assemblages associated with active methane venting along the California Continental Borderland.  During two separate oceanographic expeditions, pelagic microorganisms above methane vents from the Santa Monica and Eel River Basins (e.g., Fig 1) were collected and concentrated.  Nucleic acid extraction protocols were optimized in collaboration with MBARI personnel.
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Microbial community analysis was completed via cloning and sequencing of PCR amplified 16S rRNA genes from Archaea and Bacteria recovered from both sites.  Microorganisms involved in methane cycling (methanogenesis and methanotrophy) were not observed in the SSU-based clone libraries, however possible evidence for the presence of aerobic methanotrophs was recently determined using a nested PCR assay targeting functional genes for aerobic methanotrophs (pmoA).  This suggests the potential presence of these organisms in low abundance above the active methane seeps and suggests the in situ assays conducted with the ESP should focus primarily on the more sensitive QPCR module for the detection of methane associated microorganisms.  Follow up experiments to confirm the accuracy of the nested pmoA amplification and analysis of additional seep samples are currently under way.  The initial development and optimization of quantitative PCR assays for methanogen (mcrA) and methanotroph (pmoA) functional genes in environmental samples is also in progress, as planned.
3.2 Engineering

All parts for a core ESP to be dedicated to this project are on order or in-house.  Build-up of the device will begin next month and will be completed early in 2007.  Build-up of the ISUS is also under way, with completion scheduled for 12/06.  Software interface to bundle the ISUS with the ESP is in place and has undergone preliminary tests with a development kit/dummy device supplied by the Johnson lab.  The architecture to support event response is in place, but not yet implemented.

A preliminary design review of PCR module was completed 9/12/06.  Functional requirements are documented, and an interfaced control document is in place.  Construction of the first PCR module will begin shortly; a critical design review, acceptance testing and production of 5 PCR modules are scheduled for next year.  Integration of the PCR module with the core ESP will take place thereafter.

Under Keck funding, MBARI completed construction of the DWSM and 1000m-rated housing.  Control algorithms for sample acquisition, depressurization and filtration though an ESP sample collection puck are undergoing testing at this time.  Full integration of the DWSM, ESP and its 1000m-rated housing will commence 12/06.  Integration of the DWSM/ESP pressure housing with the ROV Ventana (http://www.mbari.org/staff/dacr/ventana.htm) is ongoing (Fig 2).



We have undertaken preliminary design work for scoping the deeper-rated DWSM looking towards building the proposed 4000m-rated D-ESP.  Preliminary analysis indicates that a 3000m-rated version can be met with the same COTs components and basic design as the current 1000m-rated unit.  Our revised plan for Year-2, therefore, is to target 3000m operations, not 4000m as originally planned.  This will allow us to achieve our overall goals, since >90% of sites we would deploy at are within that depth range.

3.3 Field Campaigns

The core ESP has been deployed in surface waters in Monterey Bay, and used to successfully apply 3 different classes of DNA probe arrays and 1 class of a protein array for near real-time and remote detection of targeted organisms/molecules.  Each array type requires a unique sample homogenization scheme.  The instrument was also used successfully to archive samples for a variety of laboratory-based analyses.  Engineering test deployments of DWSM and 1000m-rated housing on the ROV Ventana in Monterey Bay are scheduled for 11/30/06 and 12/14/06.  Laboratory integration of the core ESP with DWSM/1000m-rated housing will take place 12/06.

3.4 Education and Outreach (E/O)

The ESP website (http://www.mbari.org/microbial/ESP) is currently being updated.  It is accessible from MBARI’s home site, which generates ~100,000 visitors monthly.  Also, there is the additional ESP site (http://www.mbari.org/esp) that is nearing completion as well (a little more focused on the general public than the microbial/esp site).  A news article for MBARI’s front page containing references to the ESP/ASTEP project was posted last March (http://www.mbari.org/news/homepage/2006/esp-II.html).  Two animation sequences that illustrate function and deployment of the instrument (shallow, deep) are in production now.  The animations will be incorporated into the MBARI ESP web site as well as the "Exploring Monterey Canyon" exhibit (http://www.mbayaq.org/efc/efc_mbh/dsc.asp?bhcp=1) that runs in the MBA Auditorium daily (bringing in up to 1000 visitors/day).  Two MBARI summer students (http://www.mbari.org/education/internship/internpapers.htm) have worked on this project to date.  One was involved with development of the MARS web site (http://www.mbari.org/mars/) and D-ESP project pages (http://www.mbari.org/mars/general/deep_esp.html), while the other explored new approached to printing DNA probe arrays for use with the ESP.  Reports of their work will be posted on the MBARI web site soon.  A paper
 outlining development of the D-ESP was presented 9/21/06 at the OCEANS 2006 meeting (http://www.oceans06mtsieeeboston.org/).

4.  Plans for 2007

The 1000m-rated (Keck) D-ESP will be deployed using the ROV Ventana; 2, 3-day blocks of operations are planned for 2/07-3/07.  The D-ESP will be deployed with the objective of collecting samples at different depths in a profiling fashion.  The ESP will then interrogate those samples for different microbial groups whose abundance is known to vary by depth/water chemistry.  Sample processing and probe array chemistries will be exactly as used for surface waters now.  As time allows, we will then dedicate one or more dives to work with the Vrijenhoek group (http://www.mbari.org/staff/vrijen/).  We will use the D-ESP and probe arrays developed by Vrijenhoek’s team to analyze water samples for invertebrate species associated with cold seeps and whale carcasses.

The MBARI team will assemble a copy of the 2G ESP that will be dedicated to the this project.  Working in concert with the engineering team at LLNL, the MBARI team will produce a microfluidic module that will house the PCR unit being built at LLNL.  The design of the microfluidic module is based on an existing system developed at LLNL.  A CDR for LLNL’s PCR module and interface with the ESP will be held.  The microfluidic block, initially built and tested at MBARI as a standalone benchtop unit, will be mated with a 2G ESP and tested in the lab, then at sea first in surface waters and finally deep-waters.  The cruise to Southern California will be postponed until the PCR module is deemed fully operational for deep-water operations.

Results of lab and field trials of the 1000m-rated D-ESP will be applied towards final design and construction of a 3000m-rated sampler, as well as a 3000m-rated pressure housing for the ESP (with LLNL’s PCR unit).  Development of that system during 2007 will be scoped with respect to deployments using the ROV Ventana (for MARS; (http://www.mbari.org/mars/) early in 2008.  We will also aim to deploy that ASTEP D-ESP using the ROV Tiburon (http://www.mbari.org/DMO/vessels_vehicles/tiburon/tiburon.html) for water column work to 3000m late in 2008 in preparation for expeditions to off-site seeps and hot vents in 2009.

During 2007-8, the JPL team (Sabrina and Jason Feldman) will develop a detailed design for a modified ESP that is compatible with extraterrestrial missions as outlined in the proposal.

Figure 1.  Bubbling cold vent at Santa Monica mound (763 meters water depth) photographed from MBARI’s ROV, Tiburon.  Water samples collected over the mound contained ~5,000 nm/L methane.  In contrast, "background" samples collected in 824 m water beyond the vent’s influence contained ~ 5.6 nm/L methane





Figure 2.  Solid Model showing the ROV Ventana’s floatation foam pack (red) and cable-laying tool sled below.  The D-ESP will be placed on the cable-laying sled (mid-aft at bottom) to allow for water column trials and eventual deployment on the MARS cable node (� HYPERLINK "http://www.mbari.org/mars/pdfs/MARSdmo.pdf#search=%22Ventana%20Cable%20%22" ��http://www.mbari.org/mars/pdfs/MARSdmo.pdf#search=%22Ventana%20Cable%20%22�).  The robotic arm located on the sled (left) will be fitted with a sample intake line so collection of water can be done at precise point locations.
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