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LONG-TERM GOALS

(a) To develop new ways of detecting chemical transformations in ocean space.

(b) To use this methodology to image the formation of CO2 and N2 and the consumption of O2, NO3, and organic carbon (DOC and POC) in three-dimensional ocean space.

OBJECTIVES

Specifically, for this visit we wanted to: 

(a) Detect metabolic “hot spots” and “cold spots” in the water column that could be linked to N2O and N2 formation.  

(b) Focus on the thermocline region and characterize the relationships between the optical quality of the seawater (turbidity), the vitality of the seawater (potential respiration), the phytoplankton biomass (chlorophyll), and the hydrographic properties (T, S, & nutrients).   

(c) Determine the feasibility of using the tetrazolium dye, CTC, quantitatively in assessing potential respiration in plankton.

(d) Develop plans for an ONR or NSF proposal to investigate potential respiration (CO2 production rate and O2 consumption rate) in the oceanic water column at the BAT station off Bermuda or in a station in the N. Atlantic off Iceland.  

(e) Finish a paper on using bisubstrate kinetics in oceanography and discuss applications with Dr. Christensen and Gundersen.  

APPROACH

(a) Logistic level:
By participating in the R/V Endeavor cruise, I was able to achieve a level of scientific understanding that could not have been achieved by simply talking with my colleagues at a meeting or in their laboratories or offices.  By working together at sea, helping each other through problems, and discussing results as they appeared on our instruments we developed a refined sense of the capabilities, potentials and limitations of ourselves, our science, our instruments, and our methodology.  Then, based on this understanding we developed ideas for future research that we would never have developed otherwise.  

(b) Theoretical level:
Use enzyme activities as proxies for the potential rates of physiological processes in the ocean water column.  Use bisubstrate enzyme kinetics to calculate chemical transformations for O2, CO2, NO3, N2, N2O, and organic carbon from measurements of these enzyme activities.  

TRAVEL COMPLETED 

Table 1. Summary of visits conducted under this VSP.

	Person Visited
	Position
	Institution / Conference
	Location
	Scientific / Technical Purpose
	Dates (mm/dd/yy)

	John Christensen, Kjell Gundersen
	Senior Scientist, Post-doctoral researcher,
	Bigelow Lab of Ocean Science
	Boothbay Harbor, ME
	Chemical Oceangraphy field and lab studies
	09/14/02 –

10/05/02




 Traveled from Barcelona, Spain to conduct oceanographic research and plan future research with Drs. John Christensen (Senior Scientist, BLOS) and Kjell Gundersen (Post-doctoral researcher, BLOS) on the University of Rhode Island’s research vessel, R/V Endeavor, from 14/09/02 to 05/10/02.  

---

RESULTS

(a) Detection of metabolic “hot spots” and “cold spots” in the water column that could be linked to N2O and N2 formation was successful at 5 out of 6 stations sampled.  Metabolic hot spots were always observed in the upper 50 m and much less dramatically near the bottom (Fig. 1).  
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Fig. 1.  Enhanced potential metabolic activity in the upper 30 m and near the bottom of the water column in the Gulf of Maine. 

Whether or not they are associated with nitrous oxide maxima and minima will be resolved when the N2O data is forthcoming from my colleagues at BLOS.  At the moment it is clear that potential respiration (potential metabolism) is associated with both chlorophyll and turbidity (Figs. 2 and 3).  The chlorophyll association is expected since the ETS assay detects NADH and NADPH dehydrogenases, both of which are universally present in the respiratory enzyme systems of all plants, animals, and bacteria.  However, in a recent paper by Arístegui and Harrison (2002) describing ETS and chlorophyll on a trans Atlantic transect from Halifax to the Canary Islands, this association was not found.  Normally, where there is high phytoplankton (read chlorophyll) there will be high potential respiration (read ETS).  
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Figs. 2 and 3 Some preliminary results from the R/V Endeavor cruise, Sept 2002.  

Consequently, the difference between the two studies should be resolved.  The association with turbidity is expected where suspended inorganic sediment is minor compared to suspended microbes and microbe-colonized organic matter. Since our samples were not taken in a fluvial plume nor near the coast, this condition was met.

Focusing on the thermocline region we found great changes in the seawater turbidity, seawater potential respiration, and phytoplankton biomass (chlorophyll).  CTD station 14 shows these changes nicely (Fig. 4).
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Fig. 4.

(b) Determine the feasibility of using the tetrazolium dye, CTC, quantitatively in assessing potential respiration in plankton.
Redox reduction by plankton of the tetrazolium salt, CTC, has received much attention as a seawater respiration-rate index.  The flow cytometry community uses it to stain microplankton cells and fluorometrically count active respiring cells.  Reduction of another tetrazolium salt, INT, followed by its spectrophotometric detection, has been used for many years to assess potential respiration in seawater (ETS assay method).  The method is sensitive, but is challenged in detecting deep-sea metabolism.  More than 2 liters are required below 100 m depth.  Since fluorometry is more sensitive than spectrophotometry, fluorometric detection of CTC could replace spectrophotometric detection of INT making deep sea research on oxygen consumption, CO2 production, denitrification, and other metabolically base chemical transformations more efficient and less costly.  In preparing for the R/V Endeavor cruise I explored this, but found the reduced CTC was not fluorescent in solution. CTC-fluorescence requires particle formation; thus the quantitative determination CTC reduction and consequently, the stoichiometric calculation of electron transfer rates is precluded.  The flow cytometry community is detecting potential respiration qualitatively, but not quantitatively.  The flow cytometry people are counting red dots.  Thus it seems that fluorometric CTC–reduction can not be used to improve the sensitivity of the current ETS method.  

Could it be used spectrophotometrically to improve the ETS method?  The molar absorptivity (extinction coefficient) of CTC is 12% greater than INT’s suggesting a sensitivity gain.  Researching this possibility during cruise preparations showed that CTC is more sensitive than INT is some species of marine plankton and less in others.  Such differences argue that the coupling to the respiratory electron transfer system occurs in different locations on the respiratory chain.  This is interesting and could be exploited in seawater analysis, but not for this cruise.  The decision was made to temporarily abandon the use of CTC and concentrate on using the INT-based ETS assay.

(c) Develop an oceanic potential respiration proposal.  Given the current interest in deep-sea respiration and the current difficulty in measuring it, it is timely to test enzyme analysis’ capacity to detect deep-sea metabolism and enzyme kinetics’ strength in calculating deep-sea oxygen consumption (OUR) and CO2 production rates (CDPR).  The BATS station off Bermuda where Jenkins and others have calculated OUR on several different time scales would be the place to start.  During the travel to and from the ship we conceived several simple methods using existing technology to directly measure OUR at the BATS station.  We plan to develop this idea and formally propose it to a federal agency in the coming months.

(d) Finish bisubstrate kinetics paper (Packard et al., in press) and discuss applications with Dr. Christensen and Gundersen.  The final paper has now been accepted in Scientia Marina (copy enclosed).  Dr. Gundersen was interested in using the part concerning nitrogen fixation in developing a separate proposal.  The parts on deep-sea OUR and CDPR may be incorporated in the deep-sea respiration proposal mentioned above in (c). 
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IMPACT/APPLICATIONS

The visit was my first opportunity since 1985 to conduct research on a US oceanographic vessel and the first chance since 1980 to work personally with the methodology I pioneered.  The hands-on experience has given me insights and ideas for future improvements.  It was also gratifying to see the automated and improved CTD system that was just being implemented on US ships when I was at NSF in 87-89.  It works beautifully.  The visit also gave me a chance to renew my collaboration with Dr. J. Christensen and become acquainted with his post-doc, Kjell Gundersen. 

RELATED PROJECTS

I am working on projects involving ETS and metabolism with Drs Marta Estrada and Miguel Alcaraz at the Institut Ciències del Mar-Barcelona.
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