CMORE cruise focused on ESP/ N2 fixation/Crenarchaea: September 6-21, 2011
Cruise objectives: The cruise has two primary objectives, the first focused on employing the Environmental Sample Processor (ESP) to:  1) examine spatiotemporal dynamics in nifH containing microorganisms by quantitative PCR, 2) archive samples DNA from the upper ocean for subsequent PCR and metagenomic analyses, and 3) collect RNA over a 48 hour period (2 complete diel cycles) for subsequent metatranscriptomic analyses.  This cruise objective will also include N2 fixation rate measurements and experiments aimed at elucidating nutrient control of N2 fixing microorganisms.  

The second major cruise objective centers on defining microbial processes in the low light regions of the euphotic zone and upper mesopelagic zone (125 m to 1000 m).  Specific focus will be given to defining the role of planktonic Crenarchaea in catalyzing carbon and nitrogen cycling throughout this bioreactive region of the water column.  All sampling will occur in a region near Station ALOHA in the oligotrophic North Pacific Ocean.  
Description of ESP and N2 fixation work:  At the beginning of the cruise, the ESP will be deployed for 10 days to sample the near-surface ocean (~10 m) in a relatively physically dynamic region, likely the boundary between a cyclonic and anticyclonic eddy.  The instrument will be preprogrammed to sample at defined time intervals over this 10 day period in an effort to assess variability in diazotroph abundances.  In addition, on two consecutive days during this deployment, the instrument will collect high frequency (high frequently?) samples to examine diel variability in metatranscriptional patterns from upper ocean plankton.  In concert with the ESP deployment, a submersible incubation device (SID - Craig Taylor, WHOI) will be deployed as a free-floating sample collector; this SID will be programmed to collect archival DNA at the same depth and approximately the same time frequency as the ESP (is this true?) for subsequent comparison of the archival methodologies employed by these instruments.  ESP and N2 fixation research will be led by the Zehr and Scholin labs, with input from the DeLong lab regarding the 48 hour RNA collection.  
As a complement to the ESP focus on nifH containing microorganisms, rates of N2 fixation will be measured at 6 different depths in the upper ocean (5, 25, 45, 75, 100, 125 m) on a free-drifting array.  This array will be deployed 4 times over the course of the 10 day ESP drift period to capture time-varying dynamics associated with rates of N2 fixation.  Rates of N2 fixation will be measured through the addition of 15N2 labeled gas to whole seawater water samples.  Seawater for these incubations will be collected using the CTD rosette sampler; the in situ array will be deployed in the pre-dawn hours and recovered following a 24 hour incubation period.  

In addition to sampling by the ESP and SID and in situ measurements of rates of N2 fixation, seawater samples will be collected for subsequent on-deck incubations to assess the influence of nutrients on rates of N2 fixation and diversity of N2 fixing microorganisms.  This work will require at least 2 (is this correct?) on-deck incubators able to accommodate up to nine 20 L carboys each.

Description of work on microbial processes in the lower euphotic zone and upper mesopelagic zone:  In addition to sampling activities related to N2 fixation and the ESP/SID, a major focus of the cruise will include studies to define microbial processes and dynamics in the lower euphotic zone and top of the mesopelagic zone.  This work will include the following major questions:

1) What are the major sources of carbon (inorganic or organic) supporting Crenarchaeal cell production?  -  DeLong/Karl
2) What are the rates of nitrification (including ammonia and nitrite oxidation) in this region of the water column and how variable are these rates (vertically and over time)?  - Casciotti/Taylor?
3) How abundant are nitrifying Crenarchaea and Bacteria (including Nitrospina) and how variable (vertically and temporally) are these abundances? – Church/DeLong
4) How photosensitive are rates of nitrification and transcriptional activities of nitrifying Bacteria and Crenarchaea? – Church/Letelier
5) How vertically variable are the major sources of material and energy supporting microbial metabolism in this region of the euphotic zone? -  Karl
6) How does the archaea lipid profile correspond qualitatively, to the distributions of crenarchaea and euryarchaea ?  DeLong/Lincoln

These questions will be addressed through a combination of in situ rate measurements, high vertical resolution sediment trap collections, and shipboard incubation experiments.   Craig Taylor and Karen Casciotti have been contacted to determine their potential interests in measuring rates of nitrification via 15N substrate tracking into nitrite, nitrous oxide, and nitrate.  These measurements might be conducted via deployment of a SID and/or shipboard/in situ array deployments.  Ideally such measurements would include vertical resolution of the rates through the target region of the water column, measured on several different days of the cruise (to provide a sense of day-to-day variability in rates of nitrification).  In addition, these rate measurements would further complement shipboard incubation experiments examining environmental controls on nitrifying Bacteria and Crenarchaea.  
In addition to rates of nitrification, several shipboard experiments will be conducted to examine carbon preferences by Crenarchaea for inorganic (bicarbonate) and organic carbon substrates during cellular growth.  These experiments will utilize radiolabeled 14C substrates in time-course incubations for subsequent capture of radiolabeled nucleic acids to provide genetic information on the types of microorganisms utilizing these substrates.  Complementing these incubations, on 4 occasions during the cruise, seawater samples will be incubated on an in situ array to measure rates of bicarbonate assimilation into plankton biomass.  Samples will be inoculated 14C bicarbonate and incubated in situ for 24-48 hours on a free-drifting, array.  At the end of this incubation period, samples will be filtered onto 25 mm 0.2 m polycarbonate filters and these filters will be acidified and resulting radiolabel assimilation determined using a liquid scintillation counter.  

 High resolution determination of particle fluxes will be determined using a free-drifting particle interceptor trap (PIT) array.  This array will be deployed near the beginning of the cruise (following the ESP and initial SID deployments) and will collect sinking flux over ~10 day period.  The array will be equipped with traps hung at 20 different depths to obtain high vertical resolution on particle attenuation through this region of the water column. These results will be complemented by physical oceanographic determinations of vertical velocities and turbulence; together these measurements will provide information needed for constructing a biogeochemical model of material and energy sources supporting microorganism growth.
In addition, samples will be collected to assess vertical and time-variability in the abundances and transcriptional activities of nitrifying microorganisms, relevant nutrient concentrations (nitrate, nitrite, and ammonia), and concentrations and vertical distributions of nitrous oxide and methane.    
If wiretime permits, McClane pumps will be deployed from relevant depths for collection of biomass for archaeal lipid analyses.
Questions for the group:

ESP/N2 fixation

1) How many people will be participating to cover the ESP and N2 fixation work?
a. Scholin lab/MBARI:

b. Zehr lab: Julie, Deniz, ?? 

2) Is there real-time communication with the ESP?  Does the instrument have the capacity for “reactive” sampling -  i.e. we see a feature and want more intensive sampling or will all sampling frequencies be preprogrammed?

3) Are there plans for 16S rRNA targets on the ESP?   If so, what information is needed for this work to be most effective?

4) Will an SID be used for in situ rates of N2 fixation?

5) Total number of deployed instruments for this component of the work?

a. 1 ESP array (10 day deployment)?
b. 1 N2 fixation array (four 24 hour deployments)?
c. 1 SID (10 day deployment for archival DNA)?
Crenarchaea/Upper mesopelagic zone

1) How many people will participate in this aspect of the cruise objectives?

a. Karl lab: Wilson, Doggett, Clemente, ??

b. Church lab: Wai, ??
c. DeLong lab:   Lincoln, Bryant, Valliere
d. Taylor/ Casciotti?

e. Waterbury?
2) Who will measure rates of nitrification both in the water column and for shipboard experiments?  Casciotti and Taylor?  Popp and Beman?
3) How will rates of nitrification be measured?  In situ or shipboard? 

4) Is there a need for wire time for high volume pumping?  Are such pumps available?  How many and for what samples?  DeLong has 2 McClane  pumps available for collection of biomass for lipid  analyses (& maybe proteomics for Saito, if he’ interested ?…)
5) Who will make measurements of vertical velocities/turbulence?  Richards?

6) What will we use to maintain stable, relatively low temperatures required for the shipboard incubations?  Will these incubators permit manipulation of the light field?

DeLong’s lab:  20 L (or 50 L) microcosm, dark incubations.  DeLong can provide chillers/pumps for circulating seawater in aquarium holding carboys.  (Two questions :  Is there an aquarium/incubator available that can hold 3 to 6 20 liter carboys ?  Is there a place this can be set up in the dark in lab shipboard?).

7) How many arrays will be required for this component of the cruise?

a. Sediment trap array (20 different depths, 10 day deployment -  Karl lab)?
b. SID (deployment duration? nitrification rates – Taylor)?
c. In situ rates of 14C-bicarbonate assimilation (four deployments over 15 days – DeLong, Church, Karl)?
