Undergraduate Summer Internship Proposal


Mariya Smit, Holly Simon

1. Context:

A major goal of CMOP is to characterize microbial activity with respect to changes in physical and chemical properties along coastal margins. The proposed summer intern project will be a part of our ongoing research on analysis of gene expression in the microbial communities of Columbia River and coastal ocean using fluorescent microarrays and other biosensor platforms. 

2. Proposed project:

Development of RNA as a proxy for microbial abundance in the Columbia River Ecosystem

The use of RNA measurements to estimate the abundance of microorganisms in samples would be both powerful and convenient. Combined with gene expression analysis, a single RNA extraction would provide answers to a number of different questions:  (i) How many microorganisms are present?; (ii) What type of microorganisms are they?; and (iii) Which metabolic pathways are they utilizing? According to our preliminary data, there is good correspondence between the amount of total RNA isolated and the abundance of living microorganisms in a sample. In contrast to relatively stable DNA that can persist in the environment for a long time after cell death, RNA is rapidly degraded by intracellular ribonucleases. Our data also indicate that RNA abundance may be correlated to chlorophyll A content and to bacterial production for the same samples. It is therefore possible that total RNA yield can be used as a proxy measurement for both phytoplankton and bacterioplankton. 

The project undertaken by the undergraduate summer intern will extend our preliminary data set. This will be accomplished through evaluation of total RNA yield as a proxy for the abundance of active microorganisms in a set of river-to-ocean samples along salinity gradients created by Columbia River tidal cycles. The intern, Katie Tyrol, will learn state of the art molecular biology techniques performing isolation and purification of RNA using samples collected during cruises in 2007 and 2008. With the results from these samples, Katie will be able to evaluate sample-to-sample variability as well as seasonal variability. In addition, RNA abundance will be compared to chlorophyll A content and bacterial production data for the same samples. The student will be able to use these data to estimate proportions of phytoplankton and bacteria contributing to the proxy measurements. The resulting portrait of microbial abundance will be instrumental for mapping biological processes occurring in the Columbia River estuary and plume. In addition, the collection of total RNA samples will also be used for analysis of gene expression with DNA microarrays. Katie will learn the general techniques of microarray analysis, and participate in data acquisition and analysis. Results from this project will contribute to our overall goals in CMOP, which are to understand biological changes with respect to chemical and physical parameters within the Columbia River ecosystem, and to educate undergraduate students about science and the environment using hands-on research.

3. Proposed ship time:

Katie will collect water samples from the Columbia River estuary across salinity gradients (0-35 PSU) during the Barnes research cruise from July 16th to July 22nd, 2008, under the supervision of Mariya Smit. She will extract the total RNA from a subset of these samples and use them for gene expression analyses. 

4. Links with other projects:

· The map of microbial abundance developed based on RNA content as a proxy will be shared with the CMOP researchers. It will be used for optimization of sampling schemes in future research cruises. 

· RNA samples isolated by Katie will be shared with the CMOP scientists working on other projects related to the Columbia River estuary. One of these projects is characterization of the Estuarine Turbidity Maxima (ETM) zone that forms at the upstream limit of salinity intrusion. The ETM has enhanced microbial activity, and is an important component of the estuarine planktonic food web. In particular, Peter Zuber and Lydie Herfort are interested in analyzing prokaryotic (bacterial and archaeal) gene expression in the ETM using cloned cDNA libraries. The total RNA samples isolated by Katie will be shared with Peter and Lydie for subsequent construction and sequencing of cDNA libraries.


5. Skills needed:

Basic laboratory skills will be developed during the project, with the special emphasis on RNA handling (such as creating a ribonuclease-free lab environment) and RNA quality control. Sample collection skills will be developed during the research cruise, including good practice protocols for preservation of sample integrity.


6. Proposed curriculum structure for the 10 weeks:

· Week 1 (June 9-13)

· Prepare solutions and materials for isolation of RNA from water samples;

· Start learning the basic RNA isolation protocol; 

· Search for literature on gene expression in environmental samples.

· Week 2 (June 15-20)

· Perform RNA isolation for 8 water samples;

· Start working with CMOP Datamart to generate reports on locations and salinity; 

· Make a short summary (1 page) on methods of gene expression analysis of the environmental microbial communities.

· Week 3 (June 23-27)

· Perform RNA isolation for 12 water samples;

· Learn how to perform RNA quality control using Agilent Bioanalyzer (capillary electrophoresis);

· Learn how to design oligonucleotide probes for DNA microarrays. 

· Week 4 (June 30-July 3)

· Perform RNA isolation for 12 water samples;

· Start learning the protocol for mRNA enrichment; 

· Learn how to use publicly available bioinformatic databases for selection of genes of interest for microarray probe design.

· Week 5 (July 7-11)

· Perform RNA isolation for 12 water samples;

· Start learning the protocol for preparation of labeled targets for microarray hybridization;

· Design of oligonucleotide probes for phylogenetic microarrays.

· Week 6 (July 14-15)

· Preparation for the coming research cruise.

· Week 6 and 7 (July 16-22)

· Collect water samples for DNA and RNA isolation in the Columbia River estuary (0-30 PSU) during cruise on the Barnes;

· Week 7 (July 23-25)

· Help to make the sample inventory for the Barnes cruise.

· Select samples from the recent cruise that will be used for RNA isolation.

· Week 8 (July 28-August 1)

· Perform RNA isolation for 8 water samples;

· Help in microarray hybridization and data acquisition.

· Week 9 (August 4-8)

· Perform RNA isolation for 8 water samples;

· Analyze the RNA isolation data in the context of CMOP Datamart.

· Week 10 (August 11-15)

· Continue data analysis for correlation with known physical and chemical factors in the environment;

· Prepare the oral presentation and final report.


7. Description of the final project/report:

The final report will summarize the results of total RNA isolations, including an EXCEL spreadsheet that will serve as the sample database. An additional effort will be necessary to complete and organize the laboratory notebook using RNA quality control plots obtained with the Bioanalyzer. The final report will also include some analysis of RNA isolation data in the context of environmental parameters provided by other CMOP researchers, including sampling location, salinity, chlorophyll A content, bacterial production, oxygen concentration, water temperature, etc. The discussion of the data will include comprehensive pictures of RNA content in the Columbia River estuary and plume in relation to location and salinity. The report will also discuss the issues of day-to-day, seasonal and yearly variability of RNA content in the samples. This discussion will allow us to fully evaluate the use of RNA as a proxy for microbial abundance in the Columbia River Ecosystem. 
