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Probe Chemistries for use with the ESP

1) ABSTRACT (new projects only)

This is Y3 of a proposed 3-year project dedicated to developing and improving molecular probe assays that are utilized in the laboratory and the ESP.  Activities relating to the development and deployment of the ESP are addressed in a separate internal project 900612 (SURF Center).

2) PROPOSAL

a) The problem addressed (new projects only)

Not applicable.

b) Approach to the problem (new and continuing projects)

Status of project


The Environmental Sample Processor (ESP) allows users to collect samples and apply molecular probe assays autonomously and subsurface.  Our objective is to eliminate the need to return material to the laboratory for routine analyses, thereby enabling a “molecular analytical presence” for extended time series and process studies in situ.  Over the past two years, the main focus of this project has been the simultaneous detection of a wide range of organisms from bacterioplankton and harmful algal blooms (HABs) to invertebrate larvae in a single sample utilizing DNA probe chemistry.  We have made significant strides in demonstrating the feasibility and utility of this approach and are refining techniques for validating results obtained from the instrument in both lab and field settings.  This line of work continues at present with the transition to new filter material for the arrays, upgrading to a new non-contact printing technique that permits in-house fabrication of high-density arrays, and developing additional assays that expand the list of organisms and gene products that can be detected in situ using the ESP.


In addition, sampling and analytical modules developed under the SURF Center (900612, external grants) are expanding the capabilities of the ESP.  Early in 2007, we ventured for the first time to 1000m using the core ESP integrated with the deep-water sampling module (DWSM) and successfully developed probe arrays that target marine bacteria and invertebrates.  We plan to follow up on this line of work in 2008 in collaboration with B. Vrijenhoek’s group, and under the auspices of the SURF and Molecular Ecology projects (900612 and 900718) we will request use of Western Flyer/Tiburon replacement to conduct similar experiments to depth of ~3000m+.  

Another outcome of SURF is the development of a microfluidic interface for the ESP that will support a PCR module built by workers at LLNL.  These advances are also influencing the direction of this project, as they will allow us to detect targets at low abundance (e.g., functional genes, mRNA – molecules that are very rare compared to rRNA molecules).  This will also make the ESP more familiar to many scientists, since the instrument will function more like equipment used commonly in molecular biological laboratories.  Thus, a key strategy of this project is to develop new detection schemes for the ESP that utilize “mainstream” tools and techniques that are readily accessible and more commonly used by investigators outside of MBARI.  As a first step in that direction, we and several collaborators are attempting to develop quantitative PCR (qPCR) assays that detect specific genes and their expression as a way to probe the activity of specific organisms.    Our long-term goal is to apply these new assays towards more demanding research objectives such as those associated with biogeochemical cycles operating in the open ocean (e.g., CMORE; (http://cmore.soest.hawaii.edu/).

An offshoot of probing for both organism and “activity” also relates to potential applications of the ESP to aid resource management.  In that case, detection of a harmful organism does not always equate with a “problem.”  Thus it is critical that the relevant physiology or metabolism key to ascribing “the problem” be measurable using the ESP.  In 2006, we undertook such a challenge in collaboration with G. Doucette’s group (Marine Biotoxin’s Program, NOAA/NOC Charleston, SC).  We succeeded in using an antibody-based assay for the algal toxin domoic acid onboard the ESP.  This gave us the ability to interrogate water samples for specific algal species (via DNA probe arrays) that can, but do not always, produce toxin, as well as detect the toxin itself.  We are in the process of writing a paper that documents this advancement.


Finally, by way of overview, a critical element to our work is the development of methods for independently validating results obtained by the ESP.  To that end, we have spent a great effort in designing corresponding laboratory-based assays for each of the assays currently run on the ESP.  This also serves as an effective way to test new probes and assays before attempting to port them to the ESP itself.

In summary, this project lies at the heart of the ESP effort by providing essential methodology for revealing the diversity of organisms present in a sample and some aspect of their activity.  In concert with the SURF center (900612), this provides us with tools for utilizing the assays in situ in the context of other biological, chemical and physical measurements. 

Results to date

We made considerable progress on what we proposed to accomplish in the 2007 proposal and have met many of our milestones.  This includes successful surface and deep-water field deployments, transition to a new array support, incorporation of additional probes for the detection of HABs, invertebrates, and bacterioplankton, and transfer of reagent formulations and protocols to external partners.  Below we detail some of the progress made with respect to our objectives listed last year.

1.  Deep ESP/DWSM profiling experiment

Our first unambiguous positive array came in August from a relatively fresh whale carcass (if there is such a thing!), “Pebbles”, at 633m depth (Figure 1).  Using a sampling wand connected to the ESP and the ROV’s manipulator, we collected material from precise locations on the carcass at ~2-3m distance from the ESP itself.  With that system, we demonstrated for the first time detection of Osedax, general eukaryotes, polycheates and crustaceans that were associated with the carcass.  A much older carcass that is largely degraded and devoid of Osedax and other organisms (“Francisco” at 1000m depth) did not return a positive reaction, consistent with the minimal biomass compared to Pebbles. In addition, bacterioplankton arrays were developed at 30m and 1000m. We observed the presence of G2 archaea and marine alpha proteobacteria at 30m.  In contrast no positive reactions were observed at 1000m, despite successfully developing the bacterial array.  Those results were validated using seawater collected at depth from Niskin bottles mounted on the ROV that was subsequently processed in the laboratory.  The successful deep deployment expands the use of the ESP beyond surface deployments, meets a major milestone in this and 900612 proposals, and shows the potential utility of the ESP in studying invertebrate larvae dispersal.  The incorporation of high volume sampling and the addition of probes more suited to deep deployments (see below) will improve our detection of various benthic microorganisms.  
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2. Field Studies that validate ESP performance by generating time-series data


Resources for deploying the ESP and its attendant contextual sensors are covered under the SURF Center proposal.  Under the auspices of this project we produce all the probe arrays and reagents that are required for field operations, undertake laboratory validation experiments, etc.  During spring 2007 we successfully fielded the instrument in a series of 2 deployments for a total in-water time of ~2 months.  A third, 1-month deployment using two surface moored ESPs deployed simultaneously in different locations is planned for September 2007.  The ESP is fitted with DNA probe arrays for the detection of harmful algae, invertebrate larvae and bacterioplankton, and protein arrays for the detection of domoic acid.  All DNA probe arrays for 2007 deployments utilized the new array support that replaced Predator® (see below).  In addition, during our second ESP deployment the ESP surface mooring also included ISUS as a contextual sensor.  We were thus able to obtain real-time nitrate data along with traditional CTD measurements to compare against results of the probe arrays.


As in 2006, we detected several harmful algal species during our spring deployment including Heterosigma akashiwo, Alexandrium catenella, Pseudo-nitzschia multiseries, P. multiseries/pseudodelicatissima, and weak reactions for P. multiseries, and P. australis.  Antibody protein arrays for domoic acid (DA) were also included on the spring deployments.  Unfortunately, the change to the new support for the DA arrays was not successful.  We are in the process of resolving this with our collaborators at NOAA ahead of the September field operations. 

No invertebrate larvae were detected during the spring ESP deployments.  However, shifts in bacterial populations were observed during the deployments.  As an example, we observed an upwelling event around May 28, 2007 that was characterized by low temperature, low chlorophyll, and high nitrate seawater.  The corresponding BAC arrays revealed the presence of G1 archaea, which is normally found at high abundance at depth.  The G1 archaea were undetectable later in the deployment with warmer temperatures and lower nitrate concentrations (Figure 2). 


As proposed, we have initiated work to incorporate the AUV/Gulper to investigate the physical and chemical conditions surrounding the instrument.  To begin, we chose to investigate the stability of samples collected using the Gulper.  This work is in a very early stage, and we are concentrating on refining methodology for validating Gulper sample integrity.  This work will continue during the September deployment of two ESPs.  

3. Development and incorporation of high volume sampling methods


A “high volume” sampling puck and custom made 10 m pore-size sintered frit was evaluated for its utility to enable ESP water sample sizes greater than the current ~1L capacity.  Both benchtop and ESP-based experiments (2L sample volume) were conducted using the ‘red tide’ dinoflagellate A. catenella, which can contaminate shellfish at levels as low as ~100cells/L.  For research purposes, we would like to reliably detect 25 cells/L, something well below our current detection limit.  Thus far our tests indicate that collection of large volume samples and homogenization using the ESP works well, and there is no appreciable interference with the probe array chemistry even with such high biomass samples.  Work continues on this at present.
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We also attempted to use a high volume puck containing a 0.2 µm sintered frit to permit high volume sampling for bacterioplankton.  The frits effectively removed phytoplankton and eukaryotes, but the bacterioplankton passed through.  Thus, we investigated utilizing a sintered frit (0.2 or 10µm) stacked on top of our standard filter (0.2µm Durapore).  This allowed larger organisms/particles to be captured in the frit, thus reducing the load applied to the 0.2µm conventional filter.  Work by our summer intern showed that we could filter 3 times more surface water using this assembly compared to our traditional single filter format.  When water collected from 1000m was filtered through the stacked filters, we were able to increase our sample volume 10-fold.  With the higher volume samples we detected bacterioplankton groups at 1000m that were previously undetected with the standard, 0.2µm conventional filter.  Consequently, this new puck configuration has potential to allow for higher volume sampling and may circumvent filter clogging under bloom conditions.  We hope to test this idea during the September surface water deployment.

4. Transition to new array support and printing formats


At the beginning of 2007 we identified a new array support (BAS-83) to replace the Predator® membrane
.  The new array format has proven less sensitive to changes in biomass and has similar detection limits as the Predator.  The new support required changes in reagents (new wash buffer and conjugate concentration changes) and software changes to the ESP array protocol as well.  In addition, the new array support for the 2007 field season required us to re-run validation and standard curves for the various capture probes in all three array classes (for example see Figure 3).  We are still working to complete these experiments before the end of 2007 for incorporation into this year’s manuscripts.  

In concert with this transition, we have worked towards standardizing batches of our reagents for the ESP and benchtop assay formats, re-vamped our prong coating protocol for the benchtop SHA, and created protocols for a “reagent production pipeline”.  These advances were transferred to Saigene to facilitate technology transfer
.  


We have also begun experimenting with a non-contact microarray printer that was purchased with funds from the Moore Foundation (800560) to allow for higher density DNA probe arrays (up to 676 spots) and more consistent spotting.  We have been able to successfully deposit ink on the membranes and develop those arrays using the ESP (Figure 4).  Further testing is required before the arrays will be ready for field deployments.
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5. Preparing for long-term deployments


We have not made progress towards finding a method that will allow archival samples to be held for longer than 3 months.  However, our current mode of surface water ESP deployments is in 1 month intervals and deep operations are currently ~1 week (w/ daily deployments).  Current deployment lengths are well within the range of our current archiving method, and so improving methods for sample storage aboard the ESP is not a priority this year.  Long-term ESP deployments are upcoming and more critical for the NASA project.  Thus, we will be putting more effort into developing new archival methods in the near future.  

6. Continued development and characterization of probes for protein, rRNA, and functional gene expression.  


Some progress has been made towards the direct detection of the expression of pufM, a gene coding a protein making up part of the reaction center of bacteriochlorophyl in aerobic anoxygenic phototrophs (AAP).  The approach has been to utilize a combination of techniques including reverse-transcription (RT)-PCR, our benchtop SHA assay, and the Kolber Lab’s FRR to look at gene and protein expression of bacteriochlorophyl.  We have also constructed synthetic transcripts and oligonucleotides of the targets and used an AAP culture isolated from M0 to determine lysis conditions, evaluate different capture/signal probe combinations and determine the specificity of specific capture and signal probe combinations.  Initially, we investigated lysis temperature and concentration of guanidine thiocynate using RT-PCR with universal pufM and pufL primers and benchtop SHA (Figure 5).  We have subsequently tested 10 capture probes and 2 signals for universal and clade specific detection of the expressed pufM message (Roseobacter R2AC6 and 60D04, OM60/Nor5, and Env0m1).  Only two capture probes and one signal probe both for the detection of the two of the OM60/Nor5 subclades produced positive signals with either an environmental sample or synthetic transcript.  We believe that secondary structure of the transcript plays a role in the accessibility of the target.  Although the assay shows some promise, many issues still remain to be addressed including detection limits, sample size collection and issues with finding accessible target regions.


Finally, in 2007 we added additional probes on the different array types including general crustacean, copepod-specific, P. multiseries, SAR86 subgroup i-ii, SAR86 subgroup iii.  Bacterial-targeted probes designed but that remain to be tested include those for Calyptogena symbiont, ARCTICBD19-96, NOR5/OM60 clade, Cytophaga clades MB13C05 and EB7503B2, and delta proteobacteria group EB7501B7.  
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Plans for the remainder of 2007
1. Simultaneous deployment of 2 surface moored ESPs (September) with AUV/gulper surveys.  These deployments will hopefully incorporate high volume sampling and arrays for the detection of pufM mRNA. 

2. Continue to characterize the specificity, efficiency, and detection range of probes for HABs, invertebrate larvae and bacterioplankton on both the bench top and array SHA formats.

3. Continue to transition to a new array printing method to facilitate the ability to print higher density microarrays.  

4. Complete and submit manuscripts (HAB/toxin detection, Osedax in deep-water, bacterial abundance time series at M0).

Publications (from the last 5 years)

In addition to the publications listed below, we have also presented results at various national and international meetings including ASLO Ocean Sciences, International HAB meeting, and Biosensing Workshop (list available on request). 
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Plans for 2008

Our plans for 2008 focus on 5 major fronts.

1.  Transition to a high-density non-contact spot printer

2.  Sustained presence of the ESP in surface waters of Monterey Bay (4 months at M0)

3.  Deep ESP/DWSM/PCR profiling experiment

4.  Validation of the PCR module

5.  Continued development and characterization of probes for protein, rRNA and functional gene expression

1. Transition to non-contact spot printer.


Initial results show that the non-contact printer will work with the current ESP chemistry.  However, many more experiments need to be preformed for optimization including investigating different probe inks and printing protocols including the addition of a dye to visualize deposited probes, determining the spot density on arrays (both number and array area) and individual spot area, and performing ink and array stability tests.  In addition, we will need to confirm that the non-contact printing is as sensitive as our current contact pin array printing.  Once an optimized printing protocol is established, we will need to re-run standard curves ahead of field deployments.  In addition, we want to investigate other negative and positive controls that are better suited for microarrays and more accepted within the microarray field.  

2. Sustained presence of the ESP in surface waters of Monterey Bay. 


With two complete ESP moorings and instruments we can now swap instruments in and out and thereby maintain an uninterrupted presence.  In 2008 we will attempt this type of operation from March though May followed by the deployment of both instruments in June 2008.  The deployment of two instruments will coincide with the NRL survey scheduled for June 2008, and both will be moored in a similar configuration as in the planned September 2007 deployments (M0 and near Santa Cruz).  Ship requests for deployments are made under the SURF center proposal (900612).  All deployments will utilize our current DNA probe arrays (bacterioplankton, harmful algae, invertebrate larvae), protein array (domoic acid), and incorporate high volume sampling when necessary.  In addition, we are hopeful that some of these field deployments will also include the PCR module that allow for the detection of functional genes.  These deployments will continue to further validate the ESP’s performance (with incorporated PCR module) and demonstrate the utility of the ESP to detect temporal and spatial variability of various organisms and their gene products.  


As was proposed last year, we request use of the Zephyr/AUV/Gulper and MLML small boats operations to augment the field program.  These contextual surveys are essential in determining spatial extent of harmful algal blooms, the source of invertebrate larvae (Goffredi et al 2005; Jones et al personal communication) and to validate shifts in bacterioplankton populations as detected by the ESP (e.g., Figure 2).  

We request 5 days (2 days in April and 3 in May) for AUV Gulper studies during our surface deployments.  We propose to fly the AUV in a grid pattern surrounding the deployed instruments in an effort to maximize our understanding of a volume surrounding the ESP (as we are attempting to do this September).  We will also coordinate our AUV/Gulper operations with other MBARI internal projects, OCCO (900533; Ryan), AUV/CTD Gulper (Ryan et al.) and Molecular Ecology (900718- Vrijenhoek).  This approach should help to decrease total ship/AUV time as research efforts among multiple laboratories are combined.


The AUG/Gulper surveys will also be used to continue our investigation into the stability of samples held in the Gulper for periods of several hours to overnight.  This work requires that Gulper bottles be pre-loaded with native seawater and cultured samples that “ride” for the duration of deployment.  The water recovered can then be compared to the initial sample and a similar sample held on deck.  Gulper samples will be processed using established laboratory protocols that mimic chemistry employed in the ESP.  These efforts are critical in determining the utility of the Gulper.  This work will be coordinated with the Ryan, Chavez, Haddock and Vrijenhoek groups.  

3. Deep ESP/DWSM/PCR profiling experiment.


Under project 900612 we have requested Western Flyer/Tiburon time for the deployment of the Deep ESP/DWSM in Monterey Bay.  The location of deployment satisfies two criteria for 2008.  First it allows testing of the 4K D-ESP system and secondly evaluation of the PCR module.  As apart of the NASA project, we proposed to use the instrument to detect genes associated with methane oxidation in the water column.  In collaboration with the Vrijenhoek lab, we will also continue our work to detect invertebrate larvae and bacteria associated with whale carcasses and cold seeps/clam beds.  Details and justification of the deployment are given in SURF center proposal (900612).  For the purposes of this project, our goal is to demonstrate the utility of both the SHA and PCR methods for the detection of rRNA and specific functional genes, respectively, in the deep-sea.

4. Validation of the PCR module and functional gene detection.  


Our current mode of operation using the ESP involves the direct detection of rRNA of different classes of organisms.  This gives us data as to the presence, activity, and abundance of particular organisms, but it does not provide information (except by inference) as to the presence and abundance of organisms harboring particular functional genes (as required under objective 3, above).  As a step towards the detection of functional genes and the expression of those genes, we plan to utilize qPCR and RT-qPCR methodologies.  With the incorporation of the microfluidic/LLNL PCR modules we can now begin to incorporate these types of assays within the ESP itself.  Under the auspice of the Moore and ASTEP proposals, we have begun to develop qPCR assays and controls for different functional genes including genes involved in deep water carbon fixation, aerobic methane oxidation (V. Orphan, CalTech), and sulfur cycling (A. Moran, UGA).  In 2008, the PCR module should become available and thus we will be able to test the incorporation of the instrument in both the laboratory and in field operations.  Because the PCR module will most likely first be deployed in surface operations, qPCR assays for the detection of pufM genes will initially be targeted.  With support from this project, we will prototype PCR-based assays using detection of pufM as a model.

5. Continued development and characterization of probes for protein, rRNA and functional gene expression.


We will continue to develop and characterize new and existing rRNA and functional gene targeted probes.  We have expanded the list of surface and deep bacterioplankton and invertebrates and with a bit more testing they should be included on field arrays in 2008.  Additional probes still be need to be developed for the deep-sea, since the current probes are aimed more at surface waters and only limited taxonomic resolution is available for interrogating deep waters.  By increasing the number of bacterial probes on the arrays and increasing the volume sampled, we will have a better chance of detecting key microbial groups at depth.  


The increased number of probes spotted on a single array using the non-contact spot printer not only allows us to expand the phylogenetic resolution of a given array, but also creates an opportunity to combine probes on single arrays.  For example, it may be possible simultaneously detect a variety of invertebrates and their bacterial symbionts on a single array.  At present that would require use of two separate arrays (larv, bac).  By increasing the density and “taxonomic richness” of the arrays we will maximize data returned during field deployments.


We also intend on continuing investigating the feasibility of direct detection of mRNA.  We had some success in 2007 detecting pufM expression in cultures of aerobic anoxygenic phototrophs (AAPs) and in environmental samples using our SHA benchtop method and/or an RT-PCR method.  Currently, we have a working SHA assay and an RT-PCR protocol for a specific clade of AAPs (NOR5/OM60), as well as a general AAP RT-PCR assay.  It remains to be determined if the ESP will be able to collect enough seawater to concentrate the target for direct detection.  

Request for Support Engineering


We request 5 days of ME tech, J. Ferreira’s time to make modifications to the new Saigene processors we asked to purchase under this year’s proposal.

Field programs


Support for deploying and recovering the ESP is requested under 900612. 


We also request funds here to support Gulper and Zephyr/AUV surveys that will provide additional environmental contextual data during surface ESP deployments (April-June 2008).  We request a total of 5 days of Zephyr/AUV Gulper days, 2 days in April and 3 in May. To supplement these days, the Vrijenhoek group will be requesting Zephyr/AUV/Gulper time as well.  Additional requests of Zephyr/AUV Gulper time by Vrijenhoek and Ryan groups as well as the NRL surveys will supplement contextual data collected under this proposal. 


MLML small boat operation is a budget item and explained under budget justification.


We require deep water to sustain cultures in the laboratory.  With the length of the current CTD cruises it has been difficult to obtain a cast solely for recovering seawater from >750m.  Thus, we request that 4 of the monthly CTD cruises (Chavez/Pennington) be extended to a 12 hour Pt. Lobos day to allow for deep water collection.  Budget-wise we have requested a single 12-hour day that covers the impact to the Chavez/Pennington CTD cruises.  Chavez has requested the extended days in his proposal.   

Data (availability outside project team, uniqueness)


We are addressing technology transfer through several avenues. Under the SURF center we are constructing four additional instruments at MBARI.  One of those, NEO has been completed and will be deployed with GiGi in the September 2007 deployment.  Our primary objective is to demonstrate through peer-reviewed publications and collaborations that the ESP is a highly configurable platform that can carry out a wide range of molecular analytical analyses in situ.  We have published several manuscripts this year and hope that these publications will continue to facilitate interest and transfer of the ESP technology to other research groups outside of MBARI.  

Second, we are pursuing external funding that will assist in technology transfer among researchers and managers.  External grants (ASTEP, Moore, and C-More) are directly dealing with the issue of integrating other analytical modules (e.g. PCR) and incorporating assays developed in collaboration with other labs (Doucette, Zehr, Orphan, Moran, etc).  Several of the 2G copies will have additional analytical modules besides the standard SHA.  The ability to add new analytical modules gives us flexibility in what types of assays are available and should make the instrument more attractive to outside collaborators.  

Third, we have also improved reagent and prong synthesis protocols for our bench top assay and transferred that knowledge to a commercial partner, Saigene Corp.  The transfer of the improved protocols to Saigine ensures that this technology is applied consistently throughout the field and that other groups are able to reproduce our work independently. 


Fourth, we would like to improve our web site to include animations for education and outreach and as a repository for documenting updated software scripts/hardware/deployment protocols, etc, for user reference.  It will also serve as a portal for showcasing examples of data obtained using the ESP, such as the figures above, and links to peer-reviewed publications.  We ask ITD for guidance in designing and updating our external website.  


Lastly, we are publishing papers that describe the use of the ESP in different configurations.  Several manuscripts from our 2006/07 deployments evaluate our direct capture methods in the context with methods more commonly used in molecular laboratories (Preston et al in preparation), assess the application of the ESP for quantification of harmful algae (Greenfield et al. in preparation), and evaluate the application of ESP probe chemistries for detecting invasive green crab larvae (Jones et al. accepted).  .

Significant changes from previous project proposal (continuing projects only)


The main threads of the project remain similar to the work we have done in previous years of this proposal.  However, in the next year the micofludic block and LLNL PCR module will be completed and ready for testing and field operations.  Our lab will be on the forefront of designing and testing new assays that utilize this technology.  


We have asked for Pt. Lobos time in order to recover deep water to maintain cultures.  However, the impact to the schedule is minimal because in effect we are only extending daily ops of 4 of the normal monthly CTD cruises.  

c) Specific deliverables (new and continuing projects)

1.  Complete manuscripts now in revision, review and preparation and attend conferences to document accomplishments.

2.  Develop and characterize additional DNA probes in context of the SHA using both bench top and new 2G microarrays and “other” laboratory analyses.  

3.  Conduct multiple surface field studies with the ESP (March-June) to observe the changing biological diversity and utilize contextual sensors on the ESP as well as AUV surveys, and nearby moorings to access the environmental conditions surrounding the instrument(s).

4.  Develop primer/probe sets and controls for incorporation into the ESP/LLNL PCR module for the DWSM/ESP and surface ESP deployments.

5.  Implement the use of moderate-density microarrays on the ESP.  

d) Project team (new and continuing projects)
Science:  C. Scholin (120 days), R. Marin (110 days), C. Preston (110 days), N. Alvarado (80)

Engineering:  ME tech J. Ferreira (5 days)

We also have collaborations with the Vrijenhoek group (Jones et al), J. Ryan, BOG, Z. Kolber, G. Matsumoto, ESP Engineering Project Team, G. Doucette (CCEHBR), J. Zehr (UCSC), E. DeLong (MIT), M. Moran (UGA) and D. Karl (UH).  

e) Project lab space (new and continuing projects)

Scholin/Vrijenhoek labs in Bldg. A and the ESP lab (B-125)

3) BUDGET JUSTIFICATION (new and continuing projects)

We have taken care to ensure that the requested budgetary items are both necessary and cost-efficient. Core supplies for the lab are very similar to the past two years, and based on 2007 expenditures we feel the 2008 budget is accurate.  Most of our material requests are for laboratory/chemistry supplies that will be necessary for continuation of this project.  For supplies, we require funds to purchase DNA probes for whole cell, sandwich hybridization, and PCR assays, materials for producing arrays, culture and microscopy supplies, consumable plastics (pipette tips, filter flasks, filters, etc.), DNA and RNA purification kits, DNA sequencing reagents, RT and PCR reagents and maintenance and repair of equipment.  The above supplies serve as reagents involved in field deployments, processing samples in the laboratory, and methods development.  Assays include quantitative PCR, phylogenetic analyses, and whole cell in situ hybridization studies.  


In addition to laboratory supplies, we request funds for small boat operations through MLML and 5 days of Zephyr AUV CTD/Gulper surveys. The collection of complimentary physical, chemical and biological data will aid in our ability to ground truth ESP samples and allow linkages between the biological and environmental conditions.  As in last year’s proposal this gives us an opportunity to utilize a wide range of MBARI’s technologies (M-class moorings, AUV/CTD Gulper, ESP, molecular probe chemistries, etc.).  In addition the deployment of two surface moored ESPs during NRL operations in June 2008 will allow us a unique opportunity to observe biological changes as determined by ESP arrays over fine scale oceanographic data. 


To support maintenance of cultures, we request that 4 of the monthly CTD cruises (F. Chavez/T. Penninton) be converted to 12 hours days so that an additional deep cast can be included.  We would like these 12-hour days to be spaced approximately 4 months apart.  Large volumes of deep water (>750m) are necessary to maintain the HAB cultures.  To make up for the impact on Chavez cruises we have requested one 12-hour CTD cruise on the Pt. Lobos.  


We have requested funds to purchase two Saigene processors ($7,500 each).  Our current processors are reaching the end of their useful lives (and originally given to us at no cost!), and are essential for probe development and validation of ESP arrays.  Modifications to off-the-shelf Saigene processors need to be made by J. Ferreira to make them functional for running our assays.  We have requested 5 days of his time for making these modifications.


Partial funds for the group purchase of an Olympus DP-71 digital camera ($1,800) are also requested. Barry, Clague, Robison, Vrjienhoek, Haddock and Scholin are requesting funds to purchase one color CCD camera to be shared between their labs/microscopes. The DP-71 is a compact high resolution (12 megapixel equivalent), high sensitivity (good for low light), color microscope camera that connects with a single small cable. It is superior to the current Nikon Cool-Pix cameras used in the Barry, Vrjienhoek and Robison labs on their stereo microscopes in terms of resolution and the low light capabilities make it a superlative epifluorescence camera for the compound microscope in the Scholin lab as well. The latest camera we have fitted to the Zeiss Axiophot in the Scholin lab, a Hamamatsu low light B & W, purchased by Kolber in 2003 is not applicable to most current epifluorescence applications and really doesn’t work well in transmitted light mode. The other camera (Spot camera purchased by Delong in 1998) is a lower resolution, lower sensitivity camera definitely not easily transportable between locations. We are proposing that the camera and associated computer is cart mounted for ease of transportation between labs and for easy storage. We have used the camera in 3 labs over 3 weeks in this mode.


Lastly, funds for 2 persons to attend the International HAB conference in China to present results associated with this project are also requested.  

4) MILESTONES (new and continuing projects)

	
	Milestone 1
	Milestone 2
	Milestone 3
	Milestone 4
	Milestone 5
	Total Resources
 for each resource category for all milestones listed here

	Milestone Date
	Jan-Feb 2008
	Mar-June 2008
	Mar 2008
	Fall/Winter 2008
	Nov 2008
	

	Milestone Description
	Transition to high density arrays
	Sustained surface ESP deployments with contextual sensors
	Field studies of direct function gene expression
	Deep ESP/DWSM profiling study at Hydrate ridge with PCR module
	Submit manuscripts for publication
	

	EE
	
	
	
	
	
	

	SE
	
	
	
	
	
	

	ME
	
	
	
	
	
	

	Support Engineering

	EE Tech
	
	
	
	
	
	

	SE Tech
	
	
	
	
	
	

	ME Tech
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	Machine Shop
	
	
	
	
	
	


5) RISK MATRIX (development and infrastructure projects only)

 
Not applicable.
Figure 5.  Optimization of lysis conditions for the detection of pufM gene expression.  An AAP culture was harvested, lysed at different temperatures, purified and analyzed by RT-PCR (A).  No-RT control (NRT) indicating the sample was not contaminated by DNA.  In addition, synthetic transcripts were used in the benchtop SHA (B) to determine the effect of lysis temperature and pH on signal 





Figure 2.  In situ detection of marine bacterioplankton using ESP DNA probe arrays during spring field deployment.  The ESP was moored in Monterey Bay, May 17-June 11, 2007.  Top four graphs show physical and chemical data collected by contextual sensors on the ESP mooring during the deployment.  The bottom array images show the developed BAC arrays colored boxes indicate the different bacterioplankton groups detected.  





Figure 4.  Examples of negative (A) and Positive (B) arrays printed using a non-contact micro array printer.  The visible spots on the negative array are for array orientation and controls.  The positive array was challenged with a sample containing a culture of Alexandruium.  The “N” on this array marks the position the probes specific for Alexandruium sp.  The spots represent 6.6 nanoliters of probe ink.  This 11mm x 11mm array can have up to 676 unique spots.








Figure 1:  DSWM/ESP Invertebrate Larvae Arrays deployed on “Pebbles” whale fall (633m) August 8, 2007.  Arrays from pre-deployment negative and two field arrays are shown on top of an array map.  Colored boxes surrounding probe spots on arrays correspond to invertebrate species detected. 





Figure 3.  Standard curve of A. catenella using ESP arrays (A) and 96-well plate (B) SHA formats.  Detection limits on array are estimated at 125 cells/ml lysate, and for 96 well plate assay ~15 cells/ml lysate.








� Development and infrastructure projects must complete the risk matrix (see item #5 at the end of the proposal form).


� Manufacturing of the original array support, Predator, was discontinued last year.


� Saigene has revitalized its business and is committed to producing the reagents to our specification as a commercial product.  We have a non-disclosure agreement in place with Saigene.  This appears to be a good development for us and groups outside of MBARI that want to access materials for reproducing our assay chemistries in their own labs.


� This number should be the same number you entered on the resource requests for this particular resource.
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