Modification of the Environmental Sample Processor (ESP) to Enable

Remote Detection of Marine Microbes and Genes They Express

2006 Annual Grant Report for the Gordon and Betty Moore Foundation

Prepared by Dr. Chris Scholin, Monterey Bay Aquarium Research Institute (MBARI)

April 12, 2006
Introduction

The overall goal of this project is to devise a custom instrument that will allow investigators to detect specific genes and assess their expression in situ, remotely, in response to varying chemical and physical regimes.  That development is based on modification of MBARI’s Environmental Sample Processor (ESP).  The project was conceived around the “analytical module” concept.  That is, to utilize the existing core ESP to fulfill the generic steps of sample acquisition and front-end processing that are needed to “feed” high fidelity analytical systems that are essential for applying microbial environmental genomics data in an autonomous sensory context.  The project began ~ December 2005.

Key activities proposed for this period were to:

1) Work with Dr. Jon Zehr to define functional requirements associated with detecting organisms and genes involved in the oceanic nitrogen cycle.

· The techniques are generic and are applicable to a host of environmental research efforts that extend beyond N.

2) Based on the functional requirements identified, seek out existing “analytical modules” that could be used to meet needs identified.

· e.g., small, portable nucleic acid amplification devices already prototyped

Project Activities

Scholin, Zehr and others have held a number of meetings.  Direct detection of target molecules is seen as desirable, but was deemed problematic at this time.  In the near-term it appears that we need to utilize a number of existing methods, such as quantitative PCR (QPCR), end-point PCR and application of micro arrays, to detect the genes mRNAs of interest.  Given the time required for carrying out these analyses and the resources needed, the instrument should be capable of sampling in response to external sensors providing bulk physical, chemical and biological measurements.  In this fashion one could maximize opportunities for testing specific hypotheses (e.g., ‘when the concentration of oxygen, nitrate and ammonia are x, y, z, then take a sample ….’).  In addition to adaptive sampling, there are requirements that the instrument have the capacity for ‘adaptive response,’ where one or more analytical techniques are applied in a cascade to interrogate a given sample at different levels.  For example, one may want to apply end-point PCR to amplify a particular class of gene shared among a number of organisms and analyze the products of that reaction using a micro array.  Based on that result, one might use RT-QPCR to look for expression of one or a few specific genes belonging to one or a few specific organisms, or not, as the science requirements dictate.  Etc.

The MBARI team visited groups at the University of Tokyo (Fuji et al.) and Tufts University (Walt et al.) that are working in the field of microfluidics.  Fuji’s group has devised an integrated sample prep end-point PCR device (see http://www.iis.u-tokyo.ac.jp/~tfujii/index_e.html ).  Walt’s group has developed fiber optic micro bead arrays (see http://ase.tufts.edu/chemistry/walt/index.htm ;the commercial partner is Illumina, http://www.illumina.com/).

In addition, Scholin was awarded a grant from NASA to develop the ESP system for deep-sea research.  Part of that project involves collaboration with Lawrence Livermore National Laboratory to port their Q-PCR ‘module’ into the ESP.

Strategic Choices

The group in Japan has considerable expertise in fabricating micro total analytical systems.  They are in the process of testing the compatibility of the extraction chemistries used in the ESP with the nucleic acid purification and amplification strategies employed in their device.  This work is proceeding at their expense.  Results are expected later this year.

The Walt group offers technology that appears highly relevant to this project.  MBARI is in the process of crafting a collaborative agreement with Tufts University and negotiating a contract for production of fiber optic micro bead arrays that will be fitted with a suite of rRNA-targeted probes already in use on the ESP.  That suite of probes was chosen for test purposes because it requires the least work, and with those probes we can readily test a variety of upstream sample preparation methods [PCR (DNA, cDNA) vs direct capture of rRNA as is done now] and signal transduction schemes.

Work towards integrating LLNL’s ‘PCR module’ is ongoing.  This module could be used in concert with the fiber optic micro bead arrays or existing ESP arrays.

Achievement of Grant Purposes

· Functional requirements are being defined.

· Prototypical, candidate ‘analytical modules’ have been identified.

· Conceptualization of a ‘modified ESP’ has begun.

· Significantly leveraging off of other projects to further stated objectives.

