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  CMOP Undergraduate Intern Mentoring Opportunity

Deadline:  March 26, 2010
Selections Announced:  April 2, 2010
Name/Title/Institution(s) of senior mentor(s): Brad Tebo, Professor, OHSU & Peter Zuber, Professor, OHSU

Name/Title/Institution(s) of frontline mentor(s): Suzanne DeLorenzo, PhD Candidate, OHSU
Project Title:  The identification and importance of phosphoenolpyruvate carboxylase (PEPC) in the coastal Oregon hypoxic zone 

Context for Project:   
The California Current Large Marine Ecosystem (CCLME) spans the coastal waters of Northern Washington through Baja California. The CCLME is one of five Large Marine Ecosystems in the world that are subject to seasonal upwelling of cold nutrient rich water.  The upwelling promotes areas of intense localized primary productivity which supports a vast array of fisheries vital to the Pacific Northwest economy.  Recent seasonal occurrences of near-shore hypoxia off the coast of Oregon between 44oN and 45oN within the 100m depth contour, and the development of a 3,000km2 dead zone in 2006, are indicators of ecosystem stress, possibly the result of shifts in oceanic climate regimes due to global climate change.  The role of climate and seasonal changes in the energy flow and population dynamics of microbial species within the CCLME has yet to be elucidated and may be essential to identifying changes in ecosystem health.  
Brief Description:

CMOP is transforming river to ocean research—from the level of microbes, through biological systems, to global biogeochemical processes—and work to revolutionize our understanding of coastal margins.  This project utilizes stable isotope probing (SIP) to determine which microbial taxa use inorganic carbon under hypoxic conditions in Oregon coastal waters.  Our data implicated heterotrophic bacteria in the assimilation of dissolved inorganic carbon (DIC) as well as DOC.  The gene for the enzyme PEPC has been identified in our environmental samples and is commonly known to function in the assimilation of CO2 as an anaplerotic reaction to supplement the TCA cycle.   While anaplerotic reactions are well known in many heterotrophic organisms their function in the environment is unclear.  We believe the heterotrophic organism found to assimilate DIC through anaplerotic carbon fixation may reflect an adaptive response to a depletion of complex organic carbon sources following a hypoxic event.   This may have a dramatic impact on the sustainability of hypoxia in the coastal margins as heterotrophic organisms continue to consume O2 in an already starved system as they consume DOC contributed by bloom decay.
Environmental samples already obtained and incubated for SIP, as well as samples obtained from the CMOP May2010 and July 2010 campaigns will be analyzed for the presence and abundance of PEPC, which serves as our target enzyme for anaplerotic carbon fixation.  The RNA will be extracted with the ultimate goal of producing cDNA to be used in qRT-PCR.  If our hypothesis is correct we would expect to seen upregulation and greater abundance of PEPC in the hypoxic summer months as opposed to our non-hypoxic control samples.  We will also be developing 16S clone libraries of active and inactive fractions obtained through SIP.

To support our environmental data we will also be working with Polaribacter irgensii as a model organism in the laboratory setting to determine what factors result in the “turning on” of PEPC to better explain the environmental conditions that necessitate heterotrophic DIC assimilation.  
Proposed Outcomes/Broader Impact:
Carbon fixation in heterotrophic bacteria has often been attributed solely to respiration processes. The organism consumes oxygen produced by autotrophs while fixing dissolved organic carbon (DOC) through glycolysis and the citric acid cycle. Some heterotrophic bacteria may have a more dynamic role in the marine carbon cycle than previously believed; heterotrophy and autotrophy may not be as uncoupled as previously though.  While anaplerotic carbon fixation long been dismissed as unimportant, it may have a dramatic impact on the sustainability and our understanding of carbon flow in hypoxic waters, which are swiftly becoming a global epidemic with the onset of global climate change.

The REU student specifically will gain a strong foundation not only in molecular and microbiological techniques, but a firm understanding of the global impact and importance of the microbial world.  
Proposed timeline (within a 10 week span):
Week 1: Student will get acquainted with lab/school/etc and begin background reading on the major procedure (SIP), biogeochemical cycling of carbon in marine environment, and anaplerotic carbon fixation via PEP carboxylase.  The student will also make media necessary from cloning processes to be done later: 2xYT and AMP/LB agar plates.  

Week 2: On Monday the student will learn how to extract environmental DNA from sterivex filters.  These will be samples obtained from the May 2010 campaign.  Tuesday we will set up for first SIP experiment with archaeal carrier DNA and the 13C-NaHCO3 sample from NH-10 and control samples.  Wednesday the student will learn how to clean SIP bands recovered and run PCR with general bacterial primers. Thursday the student will set up SIP run on SH-70 samples and address any issues regarding PCR on NH-10 sample.  Friday the student will clean the SIP bands and run PCR on the SH-70 samples.  

Week 3: On Monday the student will extract environmental DNA from sterivex filters taken at CM-10 and CR-10.  Tuesday we will set up for the SIP experiment with archaeal carrier DNA and the 13C-NaHCO3 sample from the two aforementioned sites.  Wednesday the student will clean SIP bands recovered and run PCR with general bacterial primers.  On Thursday the student will begin the process of 16s cloning on NH-10, SH-70, CM-10, and CR-10 active and inactive fractions through the process of electroporation.  Friday, the clones will be recovered, a miniprep performed, and taken to the Primate Center for initial screening.   

Week 4:  On Monday the student will begin the large scale cloning process by replating all electroporated samples and growing them over night.   Tuesday the student will pick colonies and transfer them to individual wells in the deep 96 welled plates.  Wednesday the student will transfer the samples from the deep plates to shallow plate to be sent to the sequencing facility at Washington University.  Thursday the student will begin to get acquainted with RNA extractions from environmental samples.  Friday the student will learn how to make cDNA from RNA
Week 5: On Monday, the student will apply RNA extraction techniques learned on Thursday to extract all control samples for SH-70, NH-10, CM-10, and CR-10.  Tuesday the student will make cDNA from the extracted RNA with reverse transcriptase.  On Wednesday the student will perform qPCR on all samples extracted probing specifically for the PEP carboxylase gene.  Pending the results of Wednesday’s experiment, Thursday the student will optimize the qPCR protocol.  On Friday run qPCR on DNA samples from the aforementioned samples.  

Week 6:  On Monday the student optimize the qPCR protocol for DNA samples.   Tuesday the student will prepare a quick report on comparing gene copy number (qPCR on DNA) to gene transcription number (qPCR on RNA); this is particularly important for the student’s final presentation.  The remainder of the week will be spent on cruise preparation and reviewing sampling procedures.  Bottom water samples will be collected in 3L polypropelene bottles, enriched with substrate (see below), incubated on board for 3 hours, and filtered on the R/V Wecoma.  This will be done at four sampling locations known to harbor hypoxic waters: SH-70, NH-10, CM-10, and CR-10 as well as one control sample, off shelf on the Newport Hydroline.

Incubations will be done in duplicate as follows: No enrichment, 12C-NaHCO3, 13C-NaHCO3
Week 7: Student will participate on July 2010 CMOP cruise campaign helping take sample for SIP as well as aiding the micro team with water filtration for DNA. 
Week 8: Student will participate on July 2010 CMOP cruise campaign helping take sample for SIP as well as aiding the micro team with water filtration for DNA.
Week 9: On Monday the student will extract environmental DNA from sterivex filters collected on the July 2010 cruise.  Tuesday another SIP experiment will be set up with archaeal carrier DNA and the 13C-NaHCO3 sample from all samples.  Wednesday the student will clean SIP bands recovered and run PCR with general bacterial primers. Thursday the student will perform 16S cloning on the recovered DNA via electroporation.  Friday the student will complete the cloning process and deliver them to the Primate Center for sequence analysis.
Week 10:  Wrap up and preparation for final presentation.  

*This is the ideal timeline and subject to change depending on the success of experiment.
Intern academic experience and skill set should include:  
Majors considered: Chemistry, Biology, Microbiology, Environmental Science
Junior or Senior preferred
