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People

Provide information about people making a research contribution to this project during this Year 10 (2008) reporting period. 

NOTE: Names listed here will be included in these lists: NAI Annual Report team, NAI e-mail, distribution, and NAI Online Directory

For the “Role on Project” column, identify as: PI, Co-I, Collaborator, Research Staff, Undergraduate, Masters, or Doctoral Student.

	Name
	Institutional Affiliation
	Role on Project 
	E-Mail Address

	Robert Blankenship
	Washington University, St. Louis
	Co-Investigator
	blankenship@wustl.edu

	Marilyn Gunner
	City College of New York
	Non-VPL Co-Investigator
	marilyn.gunner@gmail.com

	Nancy Y. Kiang
	NASA Goddard Institute for Space Studies (GISS)
	Co-Investigator
	nkiang@giss.nasa.gov

	David Mauzerall
	Rockefeller University
	Non-VPL Co-Investigator
	mauzera@mail.rockefeller.edu

	Steven P. Mielke
	NASA Postdoctoral Program (Oak Ridge Associated Universities), based at NASA GISS
	Post-doctoral fellow
	 smielke@giss.nasa.gov


Objectives

In the following section indicate how the research objectives of this project align with the Objectives of the Astrobiology Roadmap. Specific Astrobiology Roadmap Objectives are organized under the seven broader Roadmap Goals.

Goal 1: Habitable Planets


Goal 2: Life in our Solar System

Goal 3: Origins of Life
Goal 4: Earth's Early Biosphere and its Environment 

Goal 5: Evolution, Environment, and Limits of Life 

Goal 6: Life's Future on Earth and Beyond 


Goal 7: Signatures of Life 
 

DETAILED TEXT DESCRIPTIONS OF THESE OBJECTIVES can be found on the NASA Ames Research Center Astrobiology website: http://astrobiology.arc.nasa.gov/roadmap/

Highlight the 2008 Roadmap Objectives associated with your project.

	1.1 Models of formation and evolution of habitable planets

1.2 Indirect and direct astronomical observations of extrasolar habitable planets
2.1 Mars exploration

2.2 Outer Solar System exploration

3.1 Sources of prebiotic materials and catalysts

3.2 Origins and evolution of functional biomolecules
3.3 Origins of energy transduction

3.4 Origins of cellularity and protobiological systems

4.1 Earth's early biosphere
4.2 Foundations of complex life
4.3 Effects of extraterrestrial events upon the biosphere

5.1 Environment-dependent, molecular evolution in microorganisms
5.2 Co-evolution of microbial communities

5.3 Biochemical adaptation to extreme environments

6.1 Environmental changes and the cycling of elements by the biota, communities, and ecosystems

6.2 Adaptation and evolution of life beyond Earth
7.1 Biosignatures to be sought in Solar System materials

7.2 Biosignatures to be sought in nearby planetary systems
This activity does not fit one of the above categories

 


Project Summary 
   Photosynthesis is the only known process that produces planetary-scale biosignatures – atmospheric oxygen and the color of photosynthetic pigments -- and it is expected to be successful on habitable extrasolar planets as well, due to the ubiquity of starlight as an energy source.   How might photosynthetic pigments adapt to alternative environments?  Could oxygenic photosynthesis occur at much longer wavelengths than the red?  This project is approaching these questions by studying a recently discovered cyanobacterium, Acaryochloris marina, which performs oxygenic photosynthesis in environments depleted in visible light but enriched in far-red/near-infrared light.  A. marina is the only known organism to have chlorophyll d (Chl d) to use photons in the far-red and near-infrared, whereas all other oxygenic photosynthetic organisms use chlorophyll a  (Chl a) to utilize red photons.  Whether A. marina is operating more efficiently or less than Chl a-utilizing organisms will indicate what wavelengths are the ultimate limit for oxygenic photosynthesis.  We have been conducting lab measurements of energy storage in whole A. marina cells using pulsed, time-resolved photoacoustics (PTRPA, or PA), a laser technique that allows us to control the wavelength, amount, and timing of energy received by a sample of cells. 

Project Progress (Accomplishments)

For the period July 1, 2008 – October 30, 2009, this project accomplished the following:

Photoacoustic measurements of thermodynamic efficiency of photon energy use in Acaryochloris marina (Kiang, Blankenship, Mielke, collaborators at Rockefeller University, City College of New York).   

Under funding from the NAI Director’s Discretionary Fund (DDF) 2008, we have been conducting measurements the efficiency of photon energy storage by wavelength in Photosystem I in whole intact cells of the cyanobacterium Acaryochloris marina. A. marina is the only known organism to have chlorophyll d (Chl d) to use photons in the far-red (713-715 nm) and near-infrared (740 m), whereas all other oxygenic photosynthetic organisms use chlorophyll a  (Chl a) to absorb at 680 nm and 700 nm.  We have obtained preliminary measurements indicating that A. marina may be exhibiting lower efficiencies hence lower quantum yields compared to Chl a-utilizing organisms, i.e. the red wavelengths could be at a fundamental limit for oxygenic photosynthesis and thus constrain what is plausible on extrasolar planets.  Confirmation with further measurements continues, after a laser failure in January 2009.  

     Complementing these lab studies, NAI postdoctoral fellow Steven Mielke is now also using the Multi-Conformer Continuum Electrostatics (MCCE) computer program of a new collaborator, Dr. Marilyn Gunner, at City College of New York to model redox potentials along the electron transfer pathway in Photosystem II with Chl a versus Chl d.  This theoretical work will predict, confirm, and/or explain results of the photoacoustic measurements.  In October 2009, the project was awarded additional NAI DDF funds to enhance the lab studies with measurements on purified complexes of Photosystems I and II.

Papers
None, yet.

Conferences:
Kiang, N.Y., S.P. Mielke, D. Mauzerall, R.E. Blankenship.  “Limits of photosynthesis: 
non-Earthlike target biosignatures, “Pathways Toward Habitable Planets, Barcelona, Spain, 14-18 September 2009,” oral presentation.

Kiang, N.Y. “Earth remote sensing for the search for life elsewhere in the universe: discerning spectral signatures of photosynthesis on extrasolar planets,” 2nd HyspIRI Science Workshop, Sheraton Hotel, Pasadena, August 11-13, 2009, poster.

Kiang, N.Y. “Astrobiology of Photosynthesis: Color Limits for Life Adapted to Other Stars and Atmospheres,” Kavli Symposium, Beckman Center, University of California, Irvine, November 6-8, 2008, Invited talk.

Mielke, SP, NY Kiang, RE Blankenship, D Mauzerall. "Energy storage of oxygenic photosynthesis in the cyanobacterium, Acaryochloris marina, investigated by photoacoustics," Eastern Regional Photosynthesis Conference (ERPC), Marine Biological Laboratory, Woods Hole, MA, April 17 – 19, 2009, poster.

Mielke, SP , NY Kiang, RE Blankenship, D Mauzerall. "Energy storage of oxygenic photosynthesis in the cyanobacterium, Acaryochloris marina, investigated by photoacoustics," Gordon Research Conference – Photosynthesis, Bryant University, Smithfield, RI, June 28 – July 3, 2009, poster.

Mielke, SP , NY Kiang, RE Blankenship, D Mauzerall. "Energy storage of oxygenic photosynthesis in the cyanobacterium, Acaryochloris marina, investigated by photoacoustics," Weizmann UK Symposium – Light Energy for a Brighter Future, Imperial College and Royal Geographical Society, London, UK, July 6 – 7, 2009, poster.

Mielke. SP.  "Photosynthetic Electron Transfer in the Cyanobacterium, Acaryochloris marina," NAI Executive Council Meeting, Yellowstone National Park, Wyoming, September 10 - 11, 2009, talk.

Public outreach, popular science:

See The Life Modules.
Interdisciplinarity:  Please describe how interdisciplinarity has impacted this project. For example, what new questions, approaches, insights have been formulated that can be attributed to working with researchers from other disciplines?
Scientific questions about the coupling between biota and their environment inherently requires collaboration across disciplines and then more so when geared to astrobiology questions. The work on A. marina involves fundamental science at the molecular scale to answer questions about adaptation at the global scale, and the Co-I’s are in the fields of biometeorology, biophysics, and biochemistry.   The question about the long wavelength limit of oxygenic photosynthesis was originally motivated by reading an astronomer’s speculation about the vegetation red edge.
Flight Mission Involvement

Identify how this project is involved with (or relates to) any NASA or international space or airborne mission(s).

	Mission Name 
	Please provide more background on how this project is involved with this mission


	Terrestrial Planet Finder (TPF) – Coronagraph
	VPL research on the long wavelength limits of oxygenic photosynthesis will help define observational goals for TPF for plausible biosignatures.  The coupled Ent DGTEM-TPGCM will provide a means to interpret disk-averaged data as the result of heterogeneous surface and atmospheric processes.


Field Sites

Provide information about field work for this project.  Use one table per expedition.  

	Site Name:  
	Los Angeles Arboretum and Botanic Garden, 301 N Baldwin Ave

Arcadia, CA 91007

	Description of Site: 
	Arboretum and botanic garden with diversity of plants.

	Why it’s of interest:
	Diversity of plants with different pigmentation, and soil types.  To inform both the Ent DGTEM’s canopy radiative transfer and thinking about pigment adaptations.

	Type of data being collected:
	Spectral reflectance of species with different growth forms, leaf types, and pigments.  Spectral reflectance of dead material and soils.

	Location:
	Samples taken on ice on same day to JPL AVIRIS lab for measurement with FieldSpec Pro spectrophotometer.


Cross Team Collaborations:  Has this project involved collaborations that would not have occurred in the absence of NAI? What impact have these collaborations had on the project?
The photoacoustics work involves a close collaboration with Dr. Robert E. Blankenship at Washington University, St. Louis, and Dr. David Mauzerall at Rockefeller University, with this research motivated and solely supported by the NAI.  Dr. Blankenship is a world expert on photosynthesis whose lab maintains a stock of A. marina for a variety of studies.  Dr. Mauzerall is one of the earlier developers of the application of photoacoustics to study photosynthesis, and his expertise has been indispensable.  In addition, this work has led to collaboration with Dr. Marilyn Gunner at City College of New York, whose Multi-Conformer Continuum Electrostatics (MCCE) computer program for modeling electrostatics and redox potentials of biological molecules provides an excellent theoretical complement to the photoacoustics measurements.

Images

If you are adding images, please list them in the table below (and attach separately).  Please make it clear in your summary where the image should be inserted by placing the image designator (e.g. Figure 1, Figure 2, etc.) on a separate line/paragraph.  

	Image Number
	Filename
	Caption

	Figure 1
	     VPL2009_PAtrace_Fig1.jpg
	 Pulsed, time-resolved photoacoustic (PTRPA) signals from A. marina intact cells generated by a 1-nanosecond, 730 nm laser pulse at ~0.4 microjoules. The lower (red) trace was obtained in the dark, and the upper (black) trace in the presence of saturating continuous white light. The difference in the amplitudes of the signals represents photosynthetic energy storage; i.e., less heat is released by the unsaturated cells in the dark, because some of the incident energy is stored in the products of photochemistry.

	Figure 2
	 VPL2009_MCCE_Fig2.jpg
	 Steps to modeling redox potentials and equilibrium constants in Photosystem II:  homology modeling from amino acid sequences from the GenBank database, and then electrostatics modeling with the Multi-Conformer Continuum Electrostatics (MCCE) program, comparing Chl a-utilizing Thermosynechococcus elongatus with Chl d-utilizing Acaryochloris marina.

	Figure 3
	    
	 

	Figure 4
	     
	     


Publications

Please attach separately an EndNote document with the publications associated with this project.

Keywords

Keywords/Tags are used to aid in grouping and displaying projects on the web. The new NAI website makes extensive use of tags for organizing and displaying content.

Photosynthesis, Acarychloris marina, cyanobacteria, oxygenic photosynthesis, Z-scheme, electron transfer, Photosystem I, Photosystem II, pulsed time-resolved photoacoustic calorimetry, biosignatures, spectral signatures, vegetation red-edge
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