B10 RESEARCH RECORD RELATIVE TO OPPORTUNITIES

Kruse, O.
B10.1 
most significant contributions to this research field
Prof Kruse’s is a specialist in the systematic analysis of light signaling mechanisms in green algae and the translation of this knowledge to the development of new ‘2nd generation’ biofuel systems based on microalgae. Some of the most significant contributions to his field of research include:
Molecular genetics of plant adaptation to its light environment: Prof Kruse has elucidated key mechanisms that regulate light capture, including the underlying signalling mechanisms in Chlamydomonas reinhardti and their ability to adapt to changing light levels (e.g. Plant Cell 2005). This information is extensively used to investigate other members of the plant kingdom. 
Enhanced light capture efficiency: Two light harvesting antenna mutants (Stm3LR3 and Stm6Glc4T7) with improved light to chemical energy (biomass) conversion efficiencies have been developed (Mussgnug et al 2007, Beckmann et al 2009) with CI Hankamer. The significance of these cell lines is that their improved light conversion efficiencies improve biomass yields
Patented high-H2 producing cell line: Prof Kruse has been granted a US patent on the high-hydrogen producing green algae cell line (Stm6) with CI Hankamer (Patent No: US7371560; Kruse et al 2005).  Patents also pending in the EU, Japan and Australia. This cell-line uses solar energy to produce H2 from H2O. It is the highest H2 producing cell line reported and the platform for further development (e.g. for improved efficiency, and the conversion of sugar to H2; Doebbe et al 2007).
Biochemical and industrial feasibility studies of the Solar Bio-H2 process: A detailed biochemical feasibility study was successfully completed with international experts. It demonstrates that economic viability of the Solar Bio-H2 process is technically feasible. This was supported by an additional industrial feasibility study evaluating 2nd generation microlgal biofuel production processes. This study concluded that upon successful completion of the technical milestones the Solar Bio-H2 process has the potential to achieve economic viability. 

B10.2
All refereed publications in the past five years (2004 onwards)

Where applicable the journal impact factor (IF) is listed at the end of each publication. An asterisk indicates that the publication is relevant to this application.  Citations for recent publications (2007 onwards) are not included as they are not yet indicative of performance.
Book chapters:

1. Burda, K & Kruse, O. (2006) Mössbauer Spectroscopy studies on tocopherols. Review in Encyclopedia of VitE, CABI Publishing, U.K.
Refereed Journal articles:
2. *Beckmann, J., Lehr, F., Finazzi, G.,  Hankamer, B., Posten, C., Wobbe, L. & Kruse, O. (2009). Improvement of light to biomass conversion by de-regulation of light harvesting protein translation in C. reinhardtii. J. Biotech. In press Ms. Ref. No.:  JBIOTEC-D-08-01071R1. Accepted 17-Feb-2009   (IF= 2.6)
3. *Nguyen A.V., Thomas-Hall, S., Malnoë, A., Timmins, A., Mussgnug,  J.H., Rupprecht, J., Kruse, O., Hankamer B. and Schenk, P.M. (2008). The transcriptome of photo-biological hydrogen production induced by sulphur deprivation in the green alga Chlamydomonas reinhardtii. Eu Cell 7 (11):1965-1979 (IF=3.4)
4. * Wobbe, L., Schwarz, C., Nickelsen, J. and Kruse, O. (2008) Translational control of photosynthetic gene expression in phototrophic eukaryotes Phys. Plant. 133(3):507-15 (IF = 2)
5. * Schenk P.M., Thomas-Hall S.R., Stephens E., Marx U.C., Mussgnug J.H., Posten C., Kruse O., Hankamer B. (2008). Second generation biofuels: High-efficiency microalgae for biodiesel production. BioEnergy Research 1, 20-43 (2008). (IF= NA) 
6. *Mussgnug, J. H., Thomas-Hall, S., Rupprecht, J., Foo, A., Klassen, V., McDowall, A., Schenk, P. M., Kruse, O., Hankamer, B. (2007) Engineering photosynthetic light capture: impacts on improved solar energy to biomass conversion. Plant Biotech. J. 5, 802-814 (IF = 3.4) 
7. *Hankamer, B., Lehr, F., Rupprecht, J., Mussgnug, J. H., Posten, C., Kruse, O. (2007) Photosynthetic biomass and H2 production by green algae: from bioengineering to bioreactor scale-up. Phys. Plant. 131, 10–21 (IF = 2.2)

8. * Doebbe, A., Rupprecht, J., Beckmann, Mussgnug, J.H., Hallmann, A. Hankamer, H., Kruse, O.  (2007) Functional integration of the HUP1 hexose symporter gene into the genome of C. reinhardtii: Impacts on biological H2 production. J. Biotech. 131, 27–33. (IF = 2.6) 
9. * Burda, K., Kruk, J., Strzałka, K., Stanek, J., Schmid, G. & Kruse, O. (2006) Mössbauer Studies of Cu(II) Ions Interaction with the Non-Heme Iron and Cytochrome b559 in a Chlamydomonas reinhardtii PSI Minus Mutant Acta Physica Polonica A. 109, 237-247. (IF = NA)
10. * Rupprecht J., Hankamer B., Mussgnug J., Ananyev G., Dismukes G.C., Kruse O. (2006) Perspectives and advances of biological H2 production in microorganisms. Appl Microbiol Biotechnol. 72, 442-449. (IF = 1.4) (CIT = 16)
11. * Mussgnug, J., Hamilton, M., Elles, I., Fink, A., Kapazoglou, A., Mullineaux, C.,Hippler, M., Nickelsen, J., Nixon, P., Kruse, O. (2005) NAB1 is an RNA binding protein involved in the light-regulated differential expression of the light-harvesting antenna of Chlamydomonas reinhardtii. Plant Cell. 17, 3409-3421. (IF = 9.9) (CIT = 10)
12. * Kruse, O., Rupprecht, J., Mussgnug, J., Dismukes, G.C., Hankamer, B. (2005) Photosynthesis: A blue print for solar energy capture and biohydrogen production technologies. Photochem. Photobiol. Sci. 4, 957 – 970. (IF = 2.1) (CIT = 30)
13. * Kruse, O., Finazzi, G., Bader, K., Kahmann, U., Rupprecht, J. & Hankamer, B. (2005) Improved photobiological H2 production in engineered green algal cells.  J. Biol. Chem. 280, 43170-43177. (IF = 7.4) (CIT = 27)
14. * Schönfeld, C., Borgstädt, R., Wobbe, L., Kienast, A., Nixon, P., Kruse, O. (2004) The nucleus-encoded protein MOC1 is essential for mitochondrial light acclimation in Chlamydomonas reinhardtii. J. Biol. Chem. 279, 50366-50374. (IF = 7.4) (CIT = 11)
Other Publications:
15. * Kruse, O., Hankamer, B. (2005) Photosynthetic Hydrogen Production. Patent No. WO2005003024 (Australia: University of Queensland).

B10.3
Ten career-best publications

Citations are shown for articles published prior to 2006.
1. * Kruse, O., Nixon, P., Schmid, G.,  Mullineaux, C. (1999) Isolation of state transition mutants of Chlamydomonas reinhardtii by fluorescence video imaging. Photosynth. Res. 61, 43-51. (IF = 3.0) (CIT = 26)
This article presented a streamlined method for the rapid production of light-harvesting antenna mutants such as those that will be used in this grant application.
2. * Kruse, O., Hankamer, B., Konczak, C., Erle, C., Morris, E., Radunz, A., Schmid, G., Barber, J. (2000) Phosphatidyl Glycerol is Involved in the Dimerization of Photosystem II.  J. Biol. Chem.  275, 6509-6514. (IF = 7.4) (CIT = 80)
Demonstrated the central role of a specific lipid (Phosphatidyl glycerol C16:1Δ3tr) in the regulation of subunit:subunit interactions within the Photosystem II complex. The relevance to this grant is that it demonstrates our ability to mimic the natural processes of dimerization of PSII monomers and the formation of 2D crystals similar to ones found in the thylakoid grana.
3. * Nield, J., Kruse, O., Rupprecht, J., Da Fonseca, P., Büchel, C., Barber, J. (2000)  3D structure of Chlamydomonas reinhardtii and Synechococcus elongatus Photosystem II complexes allow for comparison of their OEC organisation. J. Biol. Chem. 275, 27940-27946. (IF = 7.4) (CIT = 60)
This paper used a single particle analysis to resolve the 3D structure of the PSII-LHCII supercomplex of C. reinhardtii which is the model organism of this grant. Furthermore by docking X-ray structures of subunits and sub-complexes into this reconstruction, densities were attributed to specific subunits including CP47, CP43, D1, D2 and the extrinsic proteins PsbO, PsbP and PsbQ.
4. * Kruse, O. (2001) Light-induced short-term adaptation mechanisms under redox control in the PSII-LHCII supercomplex: LHCII state transitions and PSII repair cycle. Naturwissenschaften, 88, 284-292. (IF = 1.6) (CIT = 26)
Higher plants and green algae have to adapt to constantly changing light levels. This article describes key redox control mechanisms which regulate the light-harvesting antenna systems.
5. * Silva, P., Thompson, E., Bailey, S., Kruse, O., Mullineaux, C.W., Robinson, C., Mann, N.H. and Nixon, P.J. (2003) FtsH is involved in the early stages of repair of photosystem two in Synechocystis sp. PCC 6803. Plant Cell 15: 2152-2164 (IF = 9.9) (CIT = 64)
The D1 protein of the PSII reactions center is rapidly damaged under highlight stress resulting in the disassembly of the Photosystem II complex prior to D1 repair. This paper demonstrated that the FtsH protease has an important role in this repair process.
6. Schönfeld, C., Wobbe, L., Borgstädt R.,  Kienast, A., Nixon, P. J. and Kruse, O. (2004) The Nucleus-encoded Protein MOC1 Is Essential for Mitochondrial Light Acclimation in Chlamydomonas reinhardtii. J. Biol. Chem. 279(48): 50366-50374 (IF = 7.4) (CIT = 12)
Mitochondrial respiration plays an important role in optimizing photosynthetic efficiency in plants. This paper demonstrated that knocking out the Moc1 gene which encodes a putative mitochondrial transcription factor affects the regulation of light-harvesting in the chloroplast.
7. Kruse, O., Rupprecht J., Bader K.P., Thomas-Hall, S., Schenk, P.M., Finazzi, G., Hankamer, B. (2005) Improved photobiological H2 production in engineered green algal cells. J Biol Chem, 280: 34170-34177 (IF = 7.4) (CIT=27).
Presents the biochemical characterization of the high H2 mutant Stm6 which has now been patented (AU2004253603, EP04737534, US7371560, JP2006-517902).
8. Mussgnug, J.H., Wobbe, L., Elles, I., Claus, C., Hamilton, M., Fink, A., Kapazoglou, A., Mullineaux, C.W. Hippler, M., Nickelsen, J., Nixon, P.J. and Kruse, O. (2005) Nab1, an RNA-binding protein involved in the light-regulated differential expression of the light-harvesting antenna of Chlamydomonas reinhardtii. Plant Cell 17: 3409-3421 (IF = 9.9) (CIT =16)
The importance of this paper is that it identified Nab1 as an RNA-binding protein involved in the light-dependent regulation of the light-harvesting antenna system of Chlamydomas reinhardtii. Its subsequent upregulation resulted in improved the lights capture efficiency.
9. * Kruse, O., Rupprecht, J., Mussgnug, J., Dismukes, G.C., Hankamer, B. (2005) Photosynthesis: A blue print for solar energy capture and biohydrogen production technologies. Photochem. Photobiol. Sci. 4, 957 – 970. (IF = 2.1) (CIT = 30)
This paper described the bottlenecks in photosynthetic biofuel production, and how to overcome them, and has a particular focus on bio-hydrogen production. 
10. Doebbe, A., Rupprecht, J., Beckmann, Mussgnug, J.H., Hallmann, A. Hankamer, H. and Kruse, O.  (2007) Functional integration of the HUP1 hexose symporter gene into the genome of C. reinhardtii: Impacts on biological H2 production. J. Biotech. 131: 27–33. . (IF = 2.6)
Phototrophic organisms use photosynthesis to convert solar energy to chemical energy. In nature the chemical energy is stored and converted into a diverse range of biopolymers. This paper describes a new fuel production process in which water and glucose can be simultaneously used for H2 production.
B10.4
Other evidence of impact and contributions to the field

Director of the Solar Biofuels Consortium: 70 researchers in 8 international teams (see B10.5).

Head of the Life, Earth & Environmental Sciences Unit, European Science Foundation (ESF): 2006.

Coordinator for ESF Systems Biology Activities: 2007.

CONFERENCES: 

I have acted as Conference chair, Session Chair, given Plenary Lectures (3 Plenary lectures) and many international lectures. Plenary lectures include: FESPB Meeting 2008, Nordic Conference of Photosynthesis 2007, PBD Meeting Denmark 2009. 

FELLOWSHIPS:

Awarded ARC International fellowship: Travel support to develop solar powered H2 production from water using microalgae at the Institute for Molecular Bioscience, UQ.
PEER REVIEW

Journal reviewer: For Protist, Photosynth.Res, Biotechnique, BBA, Appl. Microbiol.Biotechnol, ChemBioChem, Plant Cell and Biochemistry.
Grant Reviewer:, For Deutsche Forschunsgemeinschaft (DFG) and the Deutsche Bundesstiftung Umwelt (DBU).
PATENTS:
Kruse, O. and Hankamer, B. (2005) Photosynthetic Hydrogen Production. Patent No. WO2005003024. 2. Bond, J. & Hankamer, B. (2005).
MEDIA

Extensive media coverage on the Solar Bio-H2 project: Front page of Die Welt, Germany; Berliner Zeitung, Germany; Focus, Germany; Stern, Germany.  This was followed by publications in the US and India. Radio coverage: WDR Germany, 2006 and 4BC & ABC Southern Qld, 2007. Also on the front cover of Biofuels Australia in 2008.
A TV documentary was broadcast internationally on Deutsche Welle (2005), WDR Germany (2006) and recently on ABC’s Catalyst (2007).
B10.5
Any aspects of your career or opportunities for research that are relevant to assessment and that have not been detailed elsewhere in this Proposal

The Solar Bio-Fuels Consortium: Prof Kruse has invested ~3 years in building up this consortium (www.solarbiofuels.org) with the aim of establishing an excellent cooperative research framework to conduct the rapid development of 2nd generation microalgal biofuel systems. This has now been successfully completed - key team leaders have joined the consortium and IP and legal issues have been agreed between the parties. The consortium now consists of 8 multi-disciplinary and international teams. The consortium strengthens international links, provides a single legal entity with which industry can negotiate, facilitates joint IP development and increases the rate of technology transfer. The consortium is well regarded internationally with the team leaders being extensively invited to present at leading international conferences, including plenary lectures in the area of photosynthesis and biofuel production. 

