Research Plan REU Programme (Summer 2008)

Frontline Mentor(s):  Craig Anderson and Rick Davis

Senior Advisor:  Brad Tebo

Intern:  Norkamarishakira ‘Shakira’ Bandolin (bandolin@eou.edu)
Description of undergraduate research project:

“Linking microbial community structure to active biogeochemical cycles”
Context

A major focus of the Science and Technology Center for Coastal Margin Ocean Observation and Prediction (CMOP) is to investigate microbial-mediated activities in river-to-ocean environments in the Pacific Northwest. One of the objectives is to characterize microbial communities and identify signature genes that are representative of the prevailing conditions at specific locations. This information will be used to develop sustainable management programs for coastal resources and to establish a monitoring and prediction program that can circumvent adverse ecological occurrences such as harmful algal blooms by identifying changes or disruptions in the expected microbial dynamics. To improve forecasts of ecosystem health and to gain better insight into aquatic microbial ecology, it is also essential to relate microbial community structure and gene expression data to environmental variables.

The Pacific Northwest coastal area is strongly influenced by the Columbia River, which is the second largest river in the USA. The river itself is a critical conduit for shipping and commerce and therefore has a marked human and ecological importance for this region. The Columbia River represents the largest input (60-90 %) of fresh water to the California Current System between the San Francisco Bay and the Juan de Fuca Straights and is a major source of dissolved metals and nutrients. A key source of these nutrients is the Columbia River Estuary where coastal waters and terrestrial waters interact. The estuary is characterized by strong tidal cycles, high turbidity and regular vertical stratification. The Estuarine Turbidity Maxima (ETM) is a dynamic example of the interaction between the river and the ocean and forms at the upstream limit of the coastal salinity intrusion. The ETM is characterized by enhanced microbial activity (especially in the particle-attached fraction) and is an important component of the estuarine planktonic food web. Depending on the tidal cycle and climatic forcing, the waters of the Columbia River form a vast plume that can travel far offshore (>10 km) and along the coast carrying large quantities of particulate material, dissolved metals and nutrients with it.

Our group studies the biogeochemical cycling of manganese (Mn) at the molecular scale. We aim to identify bacteria in the environment that are actively involved in manganese cycling and assess the impact of this bacterial Mn-cycling on other biogeochemical cycles. The Columbia River Estuary is a major source of dissolved Mn(II/III) and particulate Mn(IV) that can be carried out into the coastal waters. Reduced Mn released from water-rock interactions provides a source of electrons for microbial oxidation reactions that first produce Mn(III) that is then transformed to Mn(IV)-oxides. Mn(III) and Mn-oxides have significant effects on redox transformations of other metals, adsorption processes and can be used as an electron acceptor for Mn-reducing bacteria during oxidation of particulate organic matter (POM). Oxidation of POM to dissolved organic matter (DOM) by Mn-reducing bacteria can increase the flux of DOM from the Columbia by as much as 14% (Klinkhammer & McManus, 2001; Klinkhammer et al., 2000). Thus, the biogeochemical cycling of Mn-utilizing bacteria can significantly impact carbon available for use by other microorganisms. 
Proposed project

The proposed project will explore the possibility of measuring active in situ microbial biogeochemical processes associated with the Columbia River Plume and ETM. This work will have a foundation in classical microbial ecology techniques (culturing) and will include extraction of active proteins from the environment (and pure cultures). Molecular biology techniques (T-RFLP) will be employed to produce community genetic fingerprints that will be coupled to 16S rDNA sequence information from Mn-oxidising cultures. Active Mn-oxidising proteins identified from both environmental sources and pure cultures will be analyzed using MS/MS and this data will be compared to see if the pure cultures isolated are in fact the organisms producing the dominant active Mn-oxidizing proteins in the environment. 

The student will be provided with 8 fresh samples and culture plates from the May-June 2008 Wecoma cruise. These samples will come from inside the estuary and within the plume off the coast (approx. 20 PSU). The samples will be collected at 2 depths (surface and 20m / bottom) and will be collected during the neap and spring tidal cycles (i.e. 4 samples from each tidal condition, 2 inside the estuary and 2 outside the estuary.) Complementary samples will be sourced from the 2007 cruises and compared to the 2008 cruise. No attempts will be made to culture organisms from 2007 samples. ETM samples will also be sourced from the 2007 season with the possibility of collecting fresh samples in mid-July 2008 on the Barnes or Forerunner cruises. Culturing will not be attempted from ETM samples but 16S rDNA sequence data from organisms cultured from the ETM samples from June 2007 will be incorporated into the study.

Previously developed methods will be used to extract total nucleic acid from samples for the T-RFLP analysis. Culturing work will involve sub-culturing isolation techniques on selective media and standard molecular biology methods for analysis of the 16S rDNA gene. Protein work will also utilize previously developed methods for cell fractionation, protein activity assays, environmental sample assessment and partial protein purification using FPLC.  

Synergistic research activities with other OHSU researchers
The T-RFLP profiles generated in this study will be directly utilized by Dan Murphy and compared to sequence information that he has generated for 2 clone libraries for surface water samples collected 4 and 7 kilometers off the coast. The data produced will also be beneficial to other CMOP scientists with interests in microbial ecology. Development of protein analysis techniques for use on other samples.

Skills needed

· Basic background knowledge in biology, chemistry, molecular biology and microbiology and experience working in a research laboratory

· Enthusiasm for and dedication to the project

· Willingness to collaborate with a diverse group of scientists

10 week curriculum structure
Pre-REU program (done on Wecoma cruise late May early June 2008):

a. Sample collection and processing (Sterivex for T-RFLP and TFF and/or filtration for protein and culturing work.) Sample preservation of T-RFLP samples
b. In situ protein preparation (loosely bound and soluble/membrane) and activity assays. Preservation of samples for later on-shore concentration, fractionation FPLC separation, activity assays and MS/MS
c. Plating and culturing of water samples on selective media for Mn-oxidisers

Week 1-3:  


a. Collect samples required from 2007 cruise freezer archive

b. Become familiar with the sample processing techniques to be used on practice samples and cultures 
c. Concentration, separation, and Mn-oxidation activity assays on cyro-preserved protein samples from 2008 Wecoma cruise.
d. Extract DNA from filters for T-RFLP analysis, amplify 16S rDNA gene, 

e. Subculture Mn-oxidisers isolated on 2008 cruise

f. Become familiar with the literature
Weeks 4-5:

a. Prepare T-RFLP DNA for processing, collect T-RFLP data and process data into a useable form

b. Subculture Mn-oxidisers isolated on 2008 cruise
Weeks 6-9:

a. Collect ETM samples and extract bacteria, fractionate proteins, assay for protein activity

b. Continue T-RFLP data processing and comparison

c. Extract DNA from pure cultures collected on 2008 cruise. Amplify 16S rDNA gene and ‘mock cut’ with restriction enzymes. Match restriction cuttings to T-RFLP profiles. ‘Mock cut sequence data from organisms isolated in 2007 from ETM 

d. Extract protein from pure cultures collected on 2008 cruise. Fractionate cells and assay for Mn-oxidation activity

e. MS/MS analysis of proteins and data

f. Start preparing report and oral presentation
Week 10:

a. Present data and discuss results

b. Give report

Description of final report
The final report will highlight the various steps that were taken to produce the data and will present the results obtained and a discussion these data with reference to current literature.

Broader impact

This project will provide support and training for an undergraduate scientist to expand his/her knowledge to include experience in marine microbiology and to collaborate with other researchers who specialize in the fields of physical oceanography, biology and computer modelling. The overall outcome will be an integrated genomic/proteomic analysis of Mn biogeochemistry in the ‘river-to-ocean’ environment.
