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APPENDIX A

Determination of the level of isotope labeling in
Synechocystis sp. PCC 6803 and duckweed by LC-MS.
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Aappendix A

Table A-1. LCMS peak intensities and calculated "I, and Py, values for unlabeled and labeled
Chl a_isolated from Syne

chocystis_sp. PCC 6803
U

Table A-2.

100

relative abundance
[4))
o

m/z Yl los 'l Y, Pn
893.5 | 429304.0 1 190318.8 190318.8 | 0.545
894.5 | 288949.2 0.67 245637.4 1175406 | 0.336
895.5 | 73242.9 0.17 147672.0 36089.6 | 0.103
896.5 | 26567.0 0.06 56997.8 876.1 | 0.003
897.5 7339.1 0.02 16776.9 2756.2 | 0.008
898.5 1579.5 0.00 5400.6 1162.7 | 0.003
899.5 0.0 0.00 4324.3 782.6 | 0.002
900.5 0.0 0.00 0.0 0.0 | 0.000
901.5 0.0 0.00 0.0 0.0 | 0.000
LCMS peak intensities and calculated "I, and Py, values for unlabeled and labeled

Chl a_isolated from duckweed

m/z Yy Ylos "l b, P,
893.5 | 161481.0 1 118245.9 118245.9 | 0.289
894.5 | 120301.9 0.74 193086.8 104994.7 | 0.257
895.5 68342.5 0.42 173475.7 45211.2 | 0.111
896.5 9208.8 0.17 121856.1 36994.8 | 0.090
897.5 3323.8 0.02 75276.7 22594.0 | 0.055
898.5 1277.0 0.00 41455.4 6387.8 | 0.016
899.5 633.7 0.00 26502.6 10071.8 | 0.025
900.5 0.0 0.00 28208.2 167129 | 0.041
901.5 0.0 0.00 64674.5 47596.7 | 0.116

A 893.54 100 B 894.54
895.54
894.54
3 89354 (09654
c
1]
e}
c
>
0 50
©
4]
2 897.54
©
o
898.54
895.54
899.54
892.54 896.54 892.54 900.54
| | g7.54 0 1
m/z m/z

Figure-A 1:*3C isotope incorporation determined by LCMS for Chl a isolated from duckweed leaves
grown on unlabeled substrate (A) and with the *C 4-ALA precursor in the medium (B).
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APPENDIX B

Quantum Chemistry Calculations on PSI
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Aappendix B

R

R ser A607
Tyr A603  Gly A739

Appendix-B 1: The theoretical model used for the calculations on the PSI RC. Depicted are the two central
Chls, P and Pg of the Chl a/Chl @’ dimer P700, and the hydrogen bonds of P, to the aminogroups of the
surrounding protein matrix. The Mg atoms of the P, and Py cofactors are coordinated to respectively the His
residues 680 and 660 of the protein backbone. A His residue is depicted and the n and 1 nitrogen are indicated.
The carbon atoms which are labeled in the *C 4-ALA treated plants are indicated by the black dots and
numbered according to the IUPAC nomenclature.

Table Appendix-B 1: Theoretically calculated **C and *N chemical shifts for photo-
CIDNP signals expected from selected atoms within the PSI RC

Carbon Ps Pa Aos Aoa
C-1 153.7 155.0 154.3 154.7
C-3 143.7 1421 143.3 143.1
C-6 154.3 154.1 153.9 153.8
C-8 147.3 147.0 149.4 149.4

C-11 152.9 152.5 153.1 152.8
C-13 134.6 135.0 135.8 134.8
C-17 59.0 58.9 60.3 60.5
C-19 166.6 167.4 168.7 168.4
Nitrogen Ps Pa Ao Aoa
N-I 195.6 193.3 196.3 192.7
N-I1 210.0 212.1 208.3 207.3
N-I11 196.9 198.9 193.2 194.0
N-1V 263.2 255.5 252.1 248.3
His Nz 164.2 160.3
His Nt 231.3 239.5

Calculated chemical shifts in ppm for the 15N and 13C isotope labeled atoms in PSI. The system was
truncated and all H-bonded amino-acid side chains were simplified to phenol, methanol or formaldehyde. The
coordinates of heavy atoms were kept fixed. Histidines were truncated to methyl-imidazole and the methyl
carbons were kept at fixed positions. The phytyl chain was truncated to methyl which was also fixed in the
calculations. Optimization was done in Turbomole with the BP86 functional and the TZVP basis using the
resolution of identity approximation. The structure published by Jordan et. al. 2011, PDB 2WSC was used as
a starting point. The minimized structure was used for single point calculations in ADF. NMR shift
calculations were performed using a triple-zeta basis and the SAOP model potential. The Pg Chl a and P, Chl
a’ of P700 were treated as a dimer and the hydrogen bonds were taken into account.

114



REFERENCES

Acharya, K., V. Zazubovich, M. Reppert and R. Jankowiak (2012). "Primary Electron
Donor(s) in Isolated Reaction Center of Photosystem Il from Chlamydomonas
reinhardtii.” Journal of Physical Chemistry B 116 (16): 4860-4870.

Ali, K., S. Santabarbara, P. Heathcote, M. C. W. Evans and S. Purton (2006). "Bidirectional
electron transfer in photosystem 1" Biochimica Et Biophysica Acta-Bioenergetics
1757 (12): 1623-1633.

Alia, A., F. Buda, H. J. M. de Groot and J. Matysik (2013). “Solid-state NMR of
nanomachines involved in photosynthetic energy conversion.” Annual review
Biophys (in press).

Alia, E. Roy, P. Gast, H. J. van Gorkom, H. J. M. de Groot, G. Jeschke and J. Matysik
(2004). "Photochemically induced dynamic nuclear polarization in photosystem | of
plants observed by '*C magic-angle spinning NMR." Journal of the American
Chemical Society 126 (40): 12819-12826.

Alia, A., P. K. Wawrzyniak, G. J. Janssen, F. Buda, J. Matysik and H. J. M. de Groot (2009).
"Differential Charge Polarization of Axial Histidines in Bacterial Reaction Centers
Balances the Asymmetry of the Special Pair." Journal of the American Chemical
Society 131 (28): 9626-9627.

Alia, A., B. Hulsebosch, H. J. van Gorkom, J. Raap, J. Lugtenburg, J. Matysik, H. J.M. de
Groot, P. Gast (2003). "Probing the electronic structure of Tyrosine radical Yp' in
photosystem 11 by EPR spectroscopy using site specific isotope labelling in Spirodela
oligorrhiza." Chemical Physics 294 (3): 459-4609.

Alizadeh, S., P. J. Nixon, A. Telfer and J. Barber (1995). "Isolation and characterization of
the photosystem Il reaction-center complex from a double mutant of
Chlamydomonas-reinhardtii.”" Photosynthesis Research 43 (2): 165-171.

Allen, J. F., W. B. M. de Paula, S. Puthiyaveetil and J. Nield (2011). "A structural
phylogenetic map for chloroplast photosynthesis.” Trends in Plant Science 16 (12):
645-655.

Allen, M. M. (1968). "Simple conditions for growth of unicellular blue-green algae on
plates.” Journal of Phycology 4 (1): 1-4.

Amunts, A., O. Drory and N. Nelson (2007). "The structure of a plant photosystem I
supercomplex at 3.4 A resolution." Nature 447 (7140): 58-63.

Amunts, A., H. Toporik, A. Borovikova and N. Nelson (2010). "Structure Determination and
Improved Model of Plant Photosystem I." Journal of Biological Chemistry 285 (5):
3478-3486.

Anderson, J. M., W. S. Chow and J. Las Rivas (2008). "Dynamic flexibility in the structure
and function of photosystem Il in higher plant thylakoid membranes: the grana
enigma." Photosynthesis Research 98 (1-3): 575-587.

Barber, J. (2003). "Photosystem II: the engine of life." Quarterly Reviews Of Biophysics 36
(1): 71-89.

Bargon, J. and H. Fischer (1967). "Kernresonanz-Emissionslinien Wahrend Rascher
Radikalreaktionen .2. Chemisch Induzierte Dynamische Kernpolarisation." Zeitschrift
Fur Naturforschung Part a-Astrophysik Physik Und Physikalische Chemie A 22 (10):
1556-&.

Barter, L. M. C. and D. R. Klug (2005). "A unified picture of energy and electron transfer in
primary photosynthesis."” Chemical Physics 319: 308-315.

115



References

Beale, S. I. and J. D. Weinstein (1991). “Biochemistry and regulation of photosynthetic
pigments in formation in plants and algae Biosynthesis of Tetrapyrroles.” P. M.
Jordan. Amsterdam, Elsevier. 19: 155-235.

Bennett, AE, C.M. Rienstra, M. Auger, K.V. Lakshmi, R.G. Griffin (1995) “Heteronuclear
decoupling in rotating solids.” J. Chem. Phys. 103: 6951-6958

Ben-Shem, A., F. Frolow and N. Nelson (2003). "Crystal structure of plant photosystem I."
Nature 426 (6967): 630-635.

Bernat, G., F. Morvaridi, Y. Feyziyev and S. Styring (2002). "pH Dependence of the Four
Individual Transitions in the Catalytic S-Cycle during Photosynthetic Oxygen
Evolution.” Biochemistry (41): 5830-5843.

Berthold, D. A., G. T. Babcock and C. F. Yocum (1981). "A highly resolved, oxygen-
evolving Photosystem-11 preparation from spinach thylakoid membranes.” FEBS
Letters 134 (2): 231-234.

Berthold, T., E. D. von Gromoff, S. Santabarbara, P. Stehle, G. Link, O. G. Poluektov, P.
Heathcote, C. F. Beck, M. C. Thurnauer and G. Kothe (2012). "Exploring the
Electron Transfer Pathways in Photosystem | by High-Time-Resolution Electron
Paramagnetic Resonance: Observation of the B-Side Radical Pair P700*As;g™ in
Whole Cells of the Deuterated Green Alga Chlamydomonas reinhardtii at Cryogenic
Temperatures.” Journal of the American Chemical Society 134 (12): 5563-5576.

Biesiadka, J., B. Loll, J. Kern, K. D. Irrgang and A. Zouni (2004). "Crystal structure of
cyanobacterial photosystem Il at 3.2 A resolution: a closer look at the Mn-cluster.”
Physical Chemistry Chemical Physics 6 (20): 4733-4736.

Biggins, J. and P. Mathis (1988). "Functional-role of vitamin-K1 in photosystem-I of the
cyanobacterium Synechocystis-6803." Biochemistry 27 (5): 1494-1500.

Blankenship, R. E. (2002). Molecular Mechanics of Photosynthesis. Oxford, Blackwell
Science.

Blankenship, R. E., G. T. Babcock, J. T. Warden and K. Sauer (1975). "Observation of a new
EPR transient in chloroplasts that may reflect electron-donor to photosystem Il at
room-temperature.” Febs Letters 51 (1): 287-293.

Boekema, E. J., P. E. Jensen, E. Schlodder, J. F. L. van Breemen, H. van Roon, H. V.
Scheller and J. P. Dekker (2001). "Green plant photosystem | binds light-harvesting
complex I on one side of the complex." Biochemistry 40 (4): 1029-1036.

Boender, G. J., J. Raap, S. Prytulla, H. Oschkinat and H. J. M. Degroot (1995). "MAS NMR
structure refinement of uniformly *3C enriched chlorophyll-a water aggregates with
2D dipolar correlation spectroscopy." Chemical Physics Letters 237 (5-6): 502-508.

Boghossian, A. A., M. H. Ham, J. H. Choi and M. S. Strano (2011). "Biomimetic strategies
for solar energy conversion: a technical perspective.” Energy & Environmental
Science 4 (10): 3834-3843.

Boxer, S. G., G. L. Closs and J. J. Katz (1974). "Effect of magnesium coordination on *C
and >N magnetic-resonance spectra of chlorophyll-a - relative energies of nitrogen n-
pi-star states as deduced from a complete assignment of chemical-shifts.” Journal of
the American Chemical Society 96 (22): 7058-7066.

Braun, P. B., B. M. Greenberg and A. Scherz (1990). "D 1 -D2-Cytochrome b559 Complex
from the Aquatic Plant Spirodela oligorrhiza: Correlation between Complex Integrity,
Spectroscopic Properties, Photochemical Activity, and Pigment Composition."
Biochemistry: 10376-10387.

Breitmai, E. and W. Voelter (1990). *C NMR “Spectroscopy” V. New York.

Breton, J., E. Nabedryk and W. Leibl (1999). "FTIR study of the primary electron donor of
photosystem | P700 revealing delocalization of the charge in P700" and localization
of the triplet character in *P700." Biochemistry 38 (36): 11585-11592.

116



Summary

Brettel, K. (1997). "Electron transfer and arrangement of the redox cofactors in photosystem
I." Biochimica Et Biophysica Acta-Bioenergetics 1318 (3): 322-373.

Brettel, K. and J. H. Golbeck (1995). "Spectral and kinetic characterization of electron
acceptor A; in a Photosystem | core devoid of iron-sulfur centers Fx, Fg and Fa."
Photosynthesis Research 45 (3): 183-193.

Bricker, T. M., J. L. Roose, R. D. Fagerlund, L. K. Frankel and J. J. Eaton-Rye (2012). "The
extrinsic proteins of Photosystem I1." Biochimica Et Biophysica Acta-Bioenergetics
1817 (1): 121-142.

Caffarri, S., K. Broess, R. Croce and H. van Amerongen (2011). “Excitation Energy Transfer
and Trapping in Higher Plant Photosystem Il Complexes with Different Antenna
Sizes” Biophysical Journal 100 (17): 2094-2103

Camara-Artigas, A., D. Brune and J. P. Allen (2002). "Interactions between lipids and
bacterial reaction centers determined by protein crystallography." Proceedings of the
National Academy of Sciences of the United States of America 99 (17): 11055-11060.

Camara-Artigas, A., C. Magee, A. Goetsch and J. P. Allen (2002). "The structure of the
heterodimer reaction center from Rhodobacter sphaeroides at 2.55 A resolution."
Photosynthesis Research 74 (1): 87-93.

Cardona, T., A. Sedoud, N. Cox and A. W. Rutherford (2012). "Charge separation in
Photosystem IlI: A comparative and evolutionary overview." Biochimica Et
Biophysica Acta-Bioenergetics 1817 (1): 26-43.

Chidsey, E.D., L. Takiff, R.A. Goldstein and S.G. Boxer (1985). “Effect of magnetic fields
on the triplet state lifetime in photosynthetic reaction centers: Evidence for thermal
repopulation of the initial radical pair.” Proceedings of the National Academy of
Sciences of the United States of America 82 (20): 6850-6854.

Closs, G. L. and L. E. Closs (1969). "Induced dynamic nuclear spin polarization in reactions
of photochemically and thermally generated triplet diphenylmethylene.” Journal of
the American Chemical Society 91 (16): 4549-4550.

Cocivera, M. (1968). "Optically induced overhauser effect in solution. Nuclear magnetic
resonance emission.” Journal of the American Chemical Society 90 (12): 3261-&.

Cogdell, R. J., T. D. Howard, R. Bittl, E. Schlodder, I. Geisenheimer and W. Lubitz (2000).
"How carotenoids protect bacterial photosynthesis." Philosophical Transactions of
the Royal Society of London Series B-Biological Sciences 355 (1402): 1345-1349.

Cohen, R. O., G. Z. Shen, J. H. Golbeck, W. Xu, P. R. Chitnis, A. I. Valieva, A. van der Est,
Y. Pushkar and D. Stehlik (2004). "Evidence for asymmetric electron transfer in
cyanobacterial photosystem I: Analysis of a methionine-to-leucine mutation of the
ligand to the primary electron acceptor Aq." Biochemistry 43 (16): 4741-4754.

Cox, N., J. L. Hughes, A. W. Rutherford and E. Krausz, Eds. (2010). “On the assignment of
PSHB in D1/D2/cytb(559) reaction centers.” Proceedings of the tenth international
meeting on hole burning, single molecule and related spectroscopies: science and
applications-hbsm.

Cox, N., J. L. Hughes, R. Steffen, P. J. Smith, A. W. Rutherford, R. J. Pace and E. Krausz
(2009). "ldentification of the Qy excitation of the primary electron acceptor of
photosystem 1I: CD determination of its coupling environment." The journal of
physical chemistry. B 113: 12364-12374.

Croce, R., M. Mozzo, T. Morosinotto, A. Romeo, R. Hienerwadel and R. Bassi (2007).
"Singlet and triplet state transitions of carotenoids in the antenna complexes of
higher-plant Photosystem I." Biochemistry 46 (12): 3846-3855.

Dashdorj, N., W. Xu, R. O. Cohen, J. H. Golbeck and S. Savikhin (2005). "Asymmetric
electron transfer in cyanobacterial photosystem I: Charge separation and secondary

117


http://apps.webofknowledge.com.ezproxy.leidenuniv.nl:2048/full_record.do?product=WOS&search_mode=GeneralSearch&qid=3&SID=U1kS6RrTi4M6M7fufWJ&page=1&doc=3&cacheurlFromRightClick=no
http://apps.webofknowledge.com.ezproxy.leidenuniv.nl:2048/full_record.do?product=WOS&search_mode=GeneralSearch&qid=3&SID=U1kS6RrTi4M6M7fufWJ&page=1&doc=3&cacheurlFromRightClick=no
http://apps.webofknowledge.com.ezproxy.leidenuniv.nl:2048/full_record.do?product=WOS&search_mode=GeneralSearch&qid=3&SID=U1kS6RrTi4M6M7fufWJ&page=1&doc=3&cacheurlFromRightClick=no

References

electron transfer dynamics of mutations near the primary electron acceptor Ao."
Biophysical Journal 88 (2): 1238-1249.

Dau, H. and I. Zaharieva (2009). “Principles, efficiency, and blueprint character of solar-
energy conversion in photosynthetic water oxidation.” Accounts of chemical
research, 42 (12): 1861-1870

Davis, I. H., P. Heathcote, D. J. Maclachlan and M. C. W. Evans (1993). "Modulation
Analysis of the Electron-Spin Echo Signals of in-Vivo Oxidized Primary Donor **N
Chlorophyll Centers in Bacterial, P870 and P960, and Plant Photosystem-1, P700,
Reaction Centers." Biochimica Et Biophysica Acta 1143 (2): 183-189.

Daviso, E. (2008). “The solid State Photo-CIDNP effect”, Leiden Universiteit.

Daviso, E., A. Diller, A. Alia, J. Matysik and G. Jeschke (2008b). "Photo-CIDNP MAS
NMR beyond the T-1 limit by fast cycles of polarization extinction and polarization
generation.” Journal of Magnetic Resonance 190 (1): 43-51.

Daviso, E, A. Diller, P. Gast, A. Alia, J. Lugtenburg, M.G. Muller and J. Matysik (2010).
“Action Spectroscopy on Dense Samples of Photosynthetic Reaction Centers of
Rhodobacter sphaeroides WT Based on Nanosecond Laser-Flash **C Photo-CIDNP
MAS NMR.” Applied Magnetic Resonance 38 (1): 105-116.

Daviso, E., G. J. Janssen, A. Alia, G. Jeschke, J. Matysik and M. Tessari (2011). "A 10 000-
fold Nuclear Hyperpolarization of a Membrane Protein in the Liquid Phase via Solid-
State Mechanism." Journal of the American Chemical Society 133 (42): 16754-
16757.

Daviso, E., G. Jeschke and J. Matysik (2007). “Photo CIDNP MAS NMR.” Biophysical
Techniques in Photosynthesis Il. T. J. Aartsma and J. Matysik. Dordrecht, Springer.
I1: 385-399.

Daviso, E, S. Prakash, A. Alia, P. Gast, G. Jeschke and J. Matysik (2010b) “Nanosecond-
Flash N Photo-CIDNP MAS NMR on Reaction Centers of Rhodobacter
sphaeroides R26.” Applied Magnetic Resonance 37 (1-4): 49-63.

Daviso, E., S. Prakash, A. Alia, P. Gast, J. Neugebauer, G. Jeschke and J. Matysik (2009).
"The electronic structure of the primary electron donor of reaction centers of purple
bacteria at atomic resolution as observed by photo-CIDNP *C NMR." Proceedings
of the National Academy of Sciences of the United States of America 106: 22281-
22286.

Deisenhofer, J., O. Epp, K. Miki, R. Huber and H. Michel (1984)."X-ray structure-analysis
of a membrane-protein complex-electron-density map at 3 A resolution and a model
of the chromophores of the photosynthetic reaction centert from Rhodopseudomonas
viridis." Journal of Molecular Biology 180 (2): 385-398.

Deisenhofer, J., O. Epp, K. Miki, R. Huber and H. Michel (1985)."Structure of the protein
subunits in the photosynthetic reaction center of Rhodopseudomonas viridis at 3 A
resolution.” Nature 318 (6047): 618-624.

Dekker, J. P. and R. van Grondelle (2000). "Primary charge separation in Photosystem I1."
Photosynthesis Research 63 (3): 195-208.

Dexter, D. L. (1953). "A theory of sensitized luminescence in solids." Journal of Chemical
Physics 21 (5): 836-850.

Diller, A., Alia, E. Roy, P. Gast, H. J. van Gorkom, J. Zaanen, H. J. M. de Groot, C. Glaubitz
and J. Matysik (2005). "Photo-CIDNP solid-state NMR on photosystems | and II:
What makes P680 special?" Photosynthesis Research 84 (1-3): 303-308.

Diller, A., P. Gast, G. Jeschke, A. Alia and J. Matysik (2008). “**C Photo-CIDNP MAS
NMR on the LH1-RC Complex of Rhodopseudomonas Acidophila.” Energy from the
Sun. J. Allen, E. Gantt, J. Golbeck and B. Osmond. Dordrecht: 10606-10614.

118


http://apps.webofknowledge.com.ezproxy.leidenuniv.nl:2048/full_record.do?product=WOS&search_mode=GeneralSearch&qid=8&SID=Q2COkcjI7n6g1amnkjb&page=1&doc=9
http://apps.webofknowledge.com.ezproxy.leidenuniv.nl:2048/full_record.do?product=WOS&search_mode=GeneralSearch&qid=8&SID=Q2COkcjI7n6g1amnkjb&page=1&doc=9
http://apps.webofknowledge.com.ezproxy.leidenuniv.nl:2048/full_record.do?product=WOS&search_mode=GeneralSearch&qid=8&SID=Q2COkcjI7n6g1amnkjb&page=1&doc=9
http://apps.webofknowledge.com.ezproxy.leidenuniv.nl:2048/full_record.do?product=WOS&search_mode=GeneralSearch&qid=8&SID=Q2COkcjI7n6g1amnkjb&page=1&doc=10&cacheurlFromRightClick=no
http://apps.webofknowledge.com.ezproxy.leidenuniv.nl:2048/full_record.do?product=WOS&search_mode=GeneralSearch&qid=8&SID=Q2COkcjI7n6g1amnkjb&page=1&doc=10&cacheurlFromRightClick=no
http://apps.webofknowledge.com.ezproxy.leidenuniv.nl:2048/full_record.do?product=WOS&search_mode=GeneralSearch&qid=8&SID=Q2COkcjI7n6g1amnkjb&page=1&doc=10&cacheurlFromRightClick=no

Summary

Diller, A., S. Prakash, A. Alia, P. Gast, J. Matysik and G. Jeschke (2007). "Signals in solid-
state photochemically induced dynamic nuclear polarization recover faster than
signals obtained with the longitudinal relaxation time." Journal of Physical Chemistry
B 111 (35): 10606-10614.

Diller, A., E. Roy, P. Gast, H. J. van Gorkom, H. J. M. de Groot, C. Glaubitz, G. Jeschke, J.
Matysik and A. Alia (2007). "®N photochemically induced dynamic nuclear
polarization magic-angle spinning NMR analysis of the electron donor of
photosystem II." Proceedings of the National Academy of Sciences 104 (31): 12767-
12771.

Diner, B. A. and F. Rappaport (2002). "Structure, dynamics, and energetics of the primary
photochemistry of photosystem Il of oxygenic photosynthesis.” Annual Review of
Plant Biology 53: 551-580.

Diner, B. A., E. Schlodder, P. J. Nixon, W. J. Coleman, F. Rappaport, J. Lavergne, W. F. J.
Vermaas and D. A. Chisholm (2001). "Site-directed mutations at D1-His198 and D2-
His197 of photosystem Il in Synechocystis PCC 6803: Sites of primary charge
separation and cation and triplet stabilization." Biochemistry 40 (31): 9265-9281.

Durrant, J. R., L. B. Giorgi, J. Barber, D. R. Klug and G. Porter (1990). "Characterization of
triplet-states in isolated photosystem-Il reaction centers - oxygen quenching as a
mechanism for photodamage."” Biochimica et Biophysica Acta 1017 (2): 167-175.

Durrant, J. R., D. R. Klug, S. L. S. Kwat, R. V. A. N. Grondellet, G. Porter and J. A. N. P.
Dekkert (1995). "A multimer model for P680, the primary electron donor of
photosystem I1." Nature 92: 4798-4802.

Egorova-Zachernyuk, T., B. van Rossum, C. Erkelens and H.J.M. de Groot (2008).
“Characterisation of uniformly *C, '°N-labeled bacteriochlorophyll a and
bacteriopheophytin a in solution and in solid state: complete assignment of the C,
'H and *> N chemical shifts." Magnetic Resonance in Chemistry 46 (11): 1074-1083.

Egorova Zachernyuk, T. A., B. van Rossum, G. J. Boender, E. Franken, J. Ashurst, J. Raap,
P. Gast, A. J. Hoff, H. Oschkinat and H. J. M. De Groot (1997). "Characterization of
pheophytin ground states in Rhodobacter sphaeroides R26 photosynthetic reaction
centers from multispin pheophytin enrichment and 2-D “CMAS NMR dipolar
correlation spectroscopy.” Biochemistry 36 (24): 7513-7519.

Eisenmayer, T. J., H. J. M. de Groot, E.van de Wetering, J. Neugebauer, F. Buda (2012).
“Mechanism and Reaction Coordinate of Directional Charge Separation in Bacterial
Reaction Centers” Physical Chemical Letters 3: 694— 697

Emerson R and Chalmers R.V. (1958). "Speculations concerning the function and
phylogenetic significance of the accessory pigments in algae." Phycological Society
of American News Bulletin 11: 51-56.

Ermler, U., G. Fritzsch, S. K. Buchanan and H. Michel (1994). "Structure of the
photosynthetic reaction center from Rhodobacter sphaeroides at 2.65 A resolution
cofactors and protein cofactor interactions." Structure 2 (10): 925-936.

Fairclough, W. V., A. Forsyth, M. C. W. Evans, S. E. J. Rigby, S. Purton and P. Heathcote
(2003). "Bidirectional electron transfer in photosystem 1. electron transfer on the
PsaA side is not essential for phototrophic growth in Chlamydomonas.” Biochimica
Et Biophysica Acta-Bioenergetics 1606 (1-3): 43-55.

Fajer, J., D. C. Brune, M. S. Davis, A. Forman and L. D. Spaulding (1975). "Primary charge
separation in bacterial photosynthesis - oxidized chlorophylls and reduced
pheophytin.” Proceedings of the National Academy of Sciences of the United States of
America 72 (12): 4956-4960.

119



References

Feikema, W. O., P. Gast, I. B. Klenina and I. I. Proskuryakov (2005). "EPR characterisation
of the triplet state in photosystem Il reaction centers with singly reduced primary
acceptor Q A." Biochimica et Biophysica Acta 1709: 105-112.

Feldman, K. S., D. K. Hester and J. H. Golbeck (2007). "A relationship between amide
hydrogen bond strength and quinone reduction potential: Implications for
photosystem | and bacterial reaction center quinone function." Bioorganic &
Medicinal Chemistry Letters 17 (17): 4891-4894.

Frank, H. A. and R. J. Cogdell (1996). "Carotenoids in photosynthesis." Photochemistry and
Photobiology 63 (3): 257-264.

Frank, H. A., O. Hansson and P. Mathis (1989). "EPR and optical changes of the
photosystem 1l reaction center produced by low temperature illumination.”
Photosynthesis Research 20: 279-289.

Frese, R. N., M. Germano, F. L. de Weerd, I. H. M. van Stokkum, A. Y. Shkuropatov, V. A.
Shuvalov, H. J. van Gorkom, R. van Grondelle and J. P. Dekker (2003). "Electric
field effects on the chlorophylls, pheophytins, and beta-carotenes in the reaction
center of photosystem I1." Biochemistry 42 (30): 9205-9213.

Fromme, P., P. Jordan and N. Krauss (2001). "Structure of photosystem I." Biochimica Et
Biophysica Acta-Bioenergetics 1507 (1-3): 5-31.

Ganapathy, S., G. T. Oostergetel, P. K. Wawrzyniak, M. Reus, A. G. M. Chew, F. Buda, E. J.
Boekema, D. A. Bryant, A. R. Holzwarth and H. J. M. de Groot (2009). "Alternating
syn-anti bacteriochlorophylls form concentric helical nanotubes in chlorosomes."
Proceedings of the National Academy of Sciences of the United States of America 106
(21): 8525-8530.

Ghanotakis, D. F., D. M. Demetriou and C. F. Yocum (1987). "Isolation and characterization
of an oxygen-evolving photosystem-I1 reaction center core preparation and a 28 kDa
Chl-alpha-binding protein." Biochimica et Biophysica Acta 891 (1): 15-21.

Goez, M. (1997). Photochemically Induced Dynamic Nuclear Polarization. Advance in
Photochemistry. D. C. Neckers, D. H. Volman and G. von Bunau. New York, Wiley:
63-163.

Golbeck, J. (2004). “hotosynthetic Reaction Centers: So little time, so much to do.

Goldstein, R. A. and S. G. Boxer (1987). "Effects Of Nuclear-Spin Polarization On Reaction
Dynamics In Photosynthetic Bacterial Reaction Centers." Biophysical Journal 51 (6):
937-946.

Gorkom, H. J. and J. P. M. Schelvis (1993). "Kok's oxygen clock: What makes it tick? The
structure of P680 and consequences of its oxidizing power." Photosynthesis Research
38: 297-301.

Govindjee and E. Rabinowitch (1960). "Two forms of chlorophyll a invivo with distinct
photochemical functions.” Science 132 (3423): 355-356.

Graber, P. and H. T. Witt (1976). "Relations between electrical potential, pH gradient, proton
flux and phosphorylation in photosynthetic membrane." Biochimica et Biophysica
Acta 423 (2): 141-163.

Groot, M. L., N. P. Pawlowicz, L. van Wilderen, J. Breton, I. H. M. van Stokkum and R. van
Grondelle (2005). "Initial electron donor and acceptor in isolated photosystem Il
reaction centers identified with femtosecond mid-IR spectroscopy.” Proceedings of
the National Academy of Sciences of the United States of America 102 (37): 13087-
13092.

Groot, M. L., F. vanMourik, C. Eijckelhoff, 1. H. M. Van Stokkum, J. P. Dekker and R.
vanGrondelle (1997). "Charge separation in the reaction center of photosystem 1|
studied as a function of temperature.” Proceedings of the National Academy of
Sciences of the United States of America 94 (9): 4389-4394.

120



Summary

Guergova-Kuras, M., B. Boudreaux, A. Joliot, P. Joliot and K. Redding (2001). "Evidence
for two active branches for electron transfer in photosystem I." Proceedings of the
National Academy of Sciences of the United States of America 98 (8): 4437-4442.

Gupta, K. B. S. S. (2011). Spin-torch experiments on reaction centers of Rhodobacter
sphaeroides, Leiden University.

Guskov, A., A. Gabdulkhakov and A. Zouni (2010). :”Recent progress in the
crystallographic studies of photosystem II” European Journal of Chemical Physics
and Physical Chemistry 11:1160-1171.

Hanley, J., Y. Deligiannakis, A. Pascal, P. Faller, A.W. Rutherford (1999). “Carotenoid
oxidation in Photosystem I1.” Biochemistry 38: 8189-8195.

Helmus, J. J., K. Surewicz, M. I. Apostol, W. K. Surewicz and C. P. Jaroniec (2011).
"Intermolecular Alignment in Y145Stop Human Prion Protein Amyloid Fibrils
Probed by Solid-State NMR Spectroscopy.” Journal of the American Chemical
Society 133 (35): 13934-13937.

Herrin, D. L., J. F. Battey, K. Greer and G. W. Schmidt (1992). "Regulation of chlorophyll
apoprotein expression and accumulation - requirements for carotenoids and
chlorophyll." Journal of Biological Chemistry 267 (12): 8260-8269.

Hillmann, B., K. Brettel, F. van Mieghem, A. Kamlowski, A. W. Rutherford and E.
Schlodder (1995). "Charge Recombination Reactions in Photosystem IlI. 2. Transient
Absorbance Difference Spectra and Their Temperature Dependence.” Biochemistry
34 (14): 4814-4827.

Hillmann, B. and E. Schlodder (1995). "Electron-transfer reactions in photosystem-Il core
complexes from Synechococcus at low-temperature - difference spectrum of P680"
Qa/P680 Qa at 77 K." Biochimica Et Biophysica Acta-Bioenergetics 1231 (1): 76-88.

Hing, A. W., S. Vega and J. Schaefer (1992). "Transferred-echo double-resonance NMR."
Journal of Magnetic Resonance 96 (1): 205-2009.

Hoff, A. J. and J. Amesz (1991). Visible absorption spectroscopy of chlorophylls.
Chlorophylls. H. Sheer. Boca Raton, CRC Press Inc.: 723-738.

Holt, N. E., G. R. Fleming and K. K. Niyogi (2004). "Toward an understanding of the
mechanism of nonphotochemical quenching in green plants.” Biochemistry 43 (26):
8281-8289.

Holzwarth, A. R., M. G. Miuller, J. Niklas and W. Lubitz (2006). "Ultrafast transient
absorption studies on photosystem | reaction centers from Chlamydomonas
reinhardtii. 2: Mutations near the P700 reaction center chlorophylls provide new
insight into the nature of the primary electron donor." Biophysical Journal 90 (2):
552-565.

Holzwarth, A. R., M. G. Muller, M. Reus, M. Nowaczyk, J. Sander and M. Rdgner (2006).
"Kinetics and mechanism of electron transfer in intact photosystem Il and in the
isolated reaction center: Pheophytin is the primary electron acceptor.” Proceedings of
the National Academy of Sciences of the United States of America 103 (18): 6895-
6900.

Hore, P. J. and R. W. Broadhurst (1993). "Photo-CIDNP of Biopolymers." Progress in
Nuclear Magnetic Resonance Spectroscopy 25: 345-402.

Hughes, J. L., N. Cox, A. W. Rutherford, E. Krausz, T.-L. Lai, A. Boussac and M. Sugiura
(2010). "D1 protein variants in photosystem Il from Thermosynechococcus elongatus
studied by low temperature optical spectroscopy.” Biochimica et biophysica acta
1797: 11-19.

Hunter, C. N., F. Daldal, M. C. Thurnauer and J. T. Beatty (2008). “The Purple
Photosynthetic Bacteria.” Dordrecht, Springer.

121



References

Ishikita, H., B. Loll, J. Biesiadka, W. Saenger and E.-W. Knapp (2005). "Redox potentials of
chlorophylls in the photosystem Il reaction center.” Biochemistry 44 (10): 4118-4124.

Ishikita, H., W. Saenger, J. Biesiadka, B. Loll and E.-W. Knapp (2006). "How
photosynthetic reaction centers control oxidation power in chlorophyll pairs P680,
P700, and P870." Proceedings of the National Academy of Sciences of the United
States of America 103 (26): 9855-9860.

Jankowiak, R., M. Ratsep, J. Hayes, V. Zazubovich, R. Picorel, M. Seibert and G. J. Small
(2003). "Primary charge-separation rate at 5 K in isolated photosystem Il reaction
centers containing five and six chlorophyll a molecules.” Journal of Physical
Chemistry B 107 (9): 2068-2074.

Janssen, G. J., E. Daviso, M. Son, H. J. M. Groot, A. Alia and J. Matysik (2010).
"Observation of the solid-state photo-CIDNP effect in entire cells of cyanobacteria
Synechocystis." Photosynthesis Research 104 (2-3): 275-282.

Jaroniec, C. P., C. Filip and R. G. Griffin (2002). "3D TEDOR NMR experiments for the
simultaneous measurement of multiple carbon-nitrogen distances in uniformly *3C,
>N-labeled solids." Journal of the American Chemical Society 124 (36): 10728-
10742.

Jaroniec, C. P., B. A. Tounge, J. Herzfeld and R. G. Griffin (2001). "Frequency selective
heteronuclear dipolar recoupling in rotating solids: Accurate *C-"°Ndistance
measurements in uniformly *3C, °N-labeled peptides.” Journal of the American
Chemical Society 123 (15): 3507-3519.

Jensen, P. E., A. Haldrup, L. Rosgaard and H. V. Scheller (2003). "Molecular dissection of
photosystem | in higher plants: topology, structure and function.” Physiologia
Plantarum 119 (3): 313-321.

Jeschke, G. (1997). "Electron-electron-nuclear three-spin mixing in spin-correlated radical
pairs." Journal of Chemical Physics 106 (24): 10072-10086.

Jeschke, G. (1998). "A new mechanism for chemically induced dynamic nuclear polarization
in the solid state.” Journal of the American Chemical Society 120 (18): 4425-4429.

Jeschke, G., B. C. Anger, B. E. Bode and J. Matysik (2011). "Theory of Solid-State Photo-
CIDNP in the Earth's Magnetic Field." Journal of Physical Chemistry A 115 (35):
9919-9928.

Jeschke, G. and J. Matysik (2003). "A reassessment of the origin of photochemically induced
dynamic nuclear polarization effects in solids.” Chemical Physics 294 (3): 239-255.

Joliot, P. and A. Joliot (1999). "In vivo analysis of the electron transfer within photosystem I:
Are the two phylloquinones involved?" Biochemistry 38 (34): 11130-11136.

Jordan, P., P. Fromme, H. T. Witt, O. Klukas, W. Saenger and N. Krauss (2001). "Three-
dimensional structure of cyanobacterial photosystem | at 2.5 A resolution.” Nature
411 (6840): 909-917.

Joya, K.S., N.K. Subbaiyan, F.D. Souza, and H.J.M. de Groot (2012) “Surface-Immobilized
Single-Site Iridium Complexes for Electrocatalytic Water Splitting” Angewandte
Chemie Int. Ed., 51, 9601 —9605

Kamiya, N. and J. R. Shen (2003). "Crystal structure of oxygen-evolving photosystem Il
from Thermosynechococcus vulcanus at 3.7 A resolution." Proceedings of the
National Academy of Sciences of the United States of America 100 (1): 98-103.

Kamlowski, A., L. Frankemoller, A. van der Est, D. Stehlik and A. R. Holzwarth (1996).
"Evidence for delocalization of the triplet state *P680 in the D1-D2-cyt b559 complex
of photosystem II." Berichte Der Bunsen-Gesellschaft-Physical Chemistry Chemical
Physics 100 (12): 2045-2051.

122



Summary

Kammel, M., J. Kern, W. Lubitz and R. Bittl (2003). "Photosystem Il single crystals studied
by transient EPR: the light-induced triplet state." Biochimica Et Biophysica Acta-
Bioenergetics 1605 (1-3): 47-54.

Kandrashkin, Y. and A. van der Est (2004). "Electron spin polarization of the excited quartet
state of strongly coupled triplet-doublet spin systems." Journal of Chemical Physics
120 (10): 4790-47909.

Kaptein, R. and J. L. Oosterhoff (1969). "Chemically induced dynamic nuclear polarization
Il : (Relation with anomalous ESR spectra).” Chemical Physics Letters 4 (4): 195.

Karyagina, I., Y. Pushkar, D. Stehlik, A. van der Est, H. Ishikita, E.-W. Knapp, B.
Jagannathan, R. Agalarov and J. H. Golbeck (2007). "Contributions of the protein
environment to the midpoint Potentials of the A; phylloquinones and the Fx iron-
sulfur cluster in photosystem I." Biochemistry 46 (38): 10804-10816.

Ké&ss, H., E. Bittersmannweidlich, L. E. Andreasson, B. Bonigk and W. Lubitz (1995).
"ENDOR and ESEEM of the N-labeled radical cations of chlorophyll a and the
primary donor P-700 in photosystem-I." Chemical Physics 194 (2-3): 419-432.

Késs, H., P. Fromme and W. Lubitz (1996). " Quadrupole parameters of nitrogen nuclei in
the cation radical P-700(center dot+) determined by ESEEM of single crystals of
photosystem 1." Chemical Physics Letters 257 (1-2): 197-206.

Késs, H., P. Fromme, H. T. Witt and W. Lubitz (2001). "Orientation and electronic structure
of the primary donor radical cation P-700"" in photosystem I: A single crystals EPR
and ENDOR study." Journal of Physical Chemistry B 105 (6): 1225-1239.

Késs, H., W. Lubitz, G. Hartwig, H. Scheer, D. Noy and A. Scherz (1998). "ENDOR studies
of substituted chlorophyll cation radicals.” Spectrochimica Acta Part a-Molecular
and Biomolecular Spectroscopy 54 (9): 1141-1156.

Kass, H., J. Rautter, B. Bonigk, P. Hofer and W. Lubitz (1995). "2D ESEEM of the ©°N
Labeled Radical Cations of Bacteriochlorophyll a and of the Primary Donor in
Reaction Centers of Rhodobacter-Sphaeroides.” Journal of Physical Chemistry 99

(1): 436-448.
Kitagawa, Y., K. Matsuda and J. Hasegawa (2011). "Theoretical study of the excited states
of the photosynthetic reaction center in photosystem Il: Electronic structure,

interactions, and their origin."” Biophysical Chemistry 159 (2-3): 227-236.

Knip, K. (2011). Technici verliezen greep op Fukushima. NRC, NRC media: 2-3.

Koivuniemi, A., E. Swiezewska, E. M. Aro, S. Styring and B. Andersson (1993). "Reduced
content of the quinone acceptor Qa in photosystem Il complexes isolated from
thylakoid membranes after prolonged photoinhibition under anaerobic conditions."
FEBS Letters 327 (3): 343-346.

Kok, B., B. Forbush and M. McGloin (1970). "Cooperation of charges in photosynthetic O,
evolution, 1. A linear 4 step mechanism.” Photochemistry and Photobiology 11 (6):
457-&.

Kouril, R., N. van Oosterwijk, A. E. Yakushevska and E. J. Boekema (2005). "Photosystem
I: a search for green plant trimers." Photochemical & Photobiological Sciences 4
(12): 1091-1094.

Kramer, D. M., C. A. Sacksteder and J. A. Cruz (1999). "How acidic is the lumen?"
Photosynthesis Research 60 (2-3): 151-163.

Kruip, J., D. Bald, E. Boekema and M. Rdgner (1994). "Evidence for the existence of
trimeric and monomeric photosystem-1 complexes in thylakoid membranes from
cyanobacteria." Photosynthesis Research 40 (3): 279-286.

Leeuwen, P. J. V., M. C. Nieveen, E. J. V. D. Meent, J. P. Dekker and H. J. van Gorkom
(1991). "Rapid and simple isolation of pure photosystem Il core and reaction center
particles from spinach." Photosynthesis Research 100: 149-153.

123



References

Lendzian, F., R. Bittl, A. Telfer and W. Lubitz (2003). "Hyperfine structure of the
photoexcited triplet state *P680 in plant PSII reaction centres as detennined by pulse
ENDOR spectroscopy.” Biochimica Et Biophysica Acta-Bioenergetics 1605 (1-3):
35-46.

Li, X. H. and T. X. Fan (2011). "Artificial Photosynthesis.” Progress in Chemistry 23 (9):
1841-1853.

Li, Y. J., A. van der Est, M. G. Lucas, V. M. Ramesh, F. F. Gu, A. Petrenko, S. Lin, A. N.
Webber, F. Rappaport and K. Redding (2006). "Directing electron transfer within
photosystem | by breaking H-bonds in the cofactor branches.” Proceedings of the
National Academy of Sciences of the United States of America 103 (7): 2144-2149.

Lin, X., H. a. Murchison, V. Nagarajan, W. W. Parson, J. P. Allen and J. C. Williams (1994).
"Specific alteration of the oxidation potential of the electron donor in reaction centers
from Rhodobacter sphaeroides.” Proceedings of the National Academy of Sciences of
the United States of America 91: 10265-102609.

Loll, B., J. Kern, W. Saenger, A. Zouni and J. Biesiadka (2005). "Towards complete cofactor
arrangement in the 3.0 A resolution structure of photosystem Il." Nature 438: 1040-
1044.

Lubitz, W. (2003). "Photochemical processes in photosynthesis studied by advanced electron
paramagnetic resonance techniques.” Pure and Applied Chemistry 75 (8): 1021-1030.

Lubitz, W., F. Lendzian and R. Bittl (2002). "Radicals, radical pairs and triplet states in
photosynthesis." Accounts of Chemical Research 35 (5): 313-320.

Madjet, M. E.-A., F. Mueh and T. Renger (2009). "Deciphering the Influence of Short-Range
Electronic Couplings on Optical Properties of Molecular Dimers: Application to
"Special Pairs" in Photosynthesis.” Journal of Physical Chemistry B 113 (37): 12603-
12614,

Magnitskii, S. G. and A. N. Tikhonov (1998). "Determination of intrathylakoid pH from the
exchange broadening of the ESR spectrum of TEMPO amine spin label in
chloroplasts." Biofizika 43 (1): 69-76.

Martinez-Junza, V., M. Szczepaniak, S. E. Braslavsky, J. Sander, M. Nowaczyk, M. Régner
and A. R. Holzwarth (2008). "A photoprotection mechanism involving the D2 branch

in photosystem Il cores with closed reaction centers.” Photochemical &

Photobiological Sciences 7 (11): 1337-1343.

Mathies, G., M. C. van Hemert, P. Gast, K. B. S. S. Gupta, H. A. Frank, J. Lugtenburg and E.
J. J. Groenen (2011). "Configuration of Spheroidene in the Photosynthetic Reaction
Center of Rhodobacter sphaeroides: A comparison of wild-type and reconstituted
R26." Journal of Physical Chemistry A 115 (34): 9552-9556.

Mathur, S., P. Singh, P. Mehta and A. Jajoo (2011). "Effects of high temperature and low pH
on photosystem 1l photochemistry in spinach thylakoid membranes.” Biologia
Plantarum 55 (4): 747-751.

Mattoo, A. K., H. Hoffmanfalk, J. B. Marder and M. Edelman (1984). "Regulation of
Protein-Metabolism - Coupling of photosynthetic electron-transport to invivo
degradation of the rapidly metabolized 32-kilodalton protein of the chloroplast
membranes.” Proceedings of the National Academy of Sciences of the United States
of America 81 (5): 1380-1384.

Matysik, J. (2000). "Photochemically induced nuclear spin polarization in reaction centers of
photosystem 11 observed by **C-solid-state NMR reveals a strongly asymmetric
electronic structure of the P680"" primary donor chlorophyll." Proceedings of the
National Academy of Sciences 97 (18): 9865-9870.

Matysik, J., Alia, J. G. Hollander, T. Egorova-Zachernyuk, P. Gast and H. J. M. de Groot
(2000). "A set-up to study photochemically induced dynamic nuclear polarization in

124



Summary

photosynthetic reaction centres by solid-state NMR." Indian Journal of Biochemistry
& Biophysics 37 (6): 418-423.

Matysik, J., A. Diller, E. Roy and A. Alia (2009) "The solid-state photo-CIDNP effect."”
Photosynthesis Research DOI: 10.1007/s11120-009-9403-9.

Matysik, J., E. Schulten, Alia, P. Gast, J. Raap, J. Lugtenburg, A. J. Hoff and H. J. M. de
Groot (2001). "Photo-CIDNP **C-magic angle spinning NMR on bacterial reaction
centres: Exploring the electronic structure of the special pair and its surroundings."
Biological Chemistry 382 (8): 1271-1276.

McDermott, A., M. G. Zysmilich and T. Polenova (1998). "Solid state NMR studies of
photoinduced polarization in photosynthetic reaction centers: mechanism and
simulations." Solid State Nuclear Magnetic Resonance 11 (1-2): 21-47.

Moran, R. and D. Porath (1980). "Chlorophyll determination in intact tissues using N,N-
dimethylformamide." Plant Physiology 65 (3): 478-479.

Mubh, F., C. Glockner, J. Hellmich and A. Zouni (2012). "Light-induced quinone reduction in
photosystem I1." Biochimica Et Biophysica Acta-Bioenergetics 1817 (1): 44-65.
Miller, M. G., C. Slavov, R. Luthra, K. E. Redding and A. R. Holzwarth (2010).
"Independent initiation of primary electron transfer in the two branches of the
photosystem | reaction center." Proceedings of the National Academy of Sciences 107

(9): 4123-4128.

Mullet, J. E., J. J. Burke and C. J. Arntzen (1980). "Chlorophyll proteins of Photosystem-1."
Plant Physiology 65 (5): 814-822.

Myers, J. A., K. L. M. Lewis, F. D. Fuller, P. F. Tekavec, C. F. Yocum and J. P. Ogilvie
(2010). "Two-Dimensional Electronic Spectroscopy of the D1-D2-cyt b559
Photosystem Il Reaction Center Complex." Journal of Physical Chemistry Letters 1
(19): 2774-2780.

Nakamura, A., T. Suzawa, Y. Kato and T. Watanabe (2011). "Species dependence of the
redox potential of the primary electron donor P700 in photosystem i of oxygenic
photosynthetic organisms revealed by spectroelectrochemistry.” Plant and Cell
Physiology 52 (5): 815-823.

Nanba, O. and K. Satoh (1987). "Isolation of a photosystem-11 reaction center consisting of
D1 and D2 polypeptides and cytochrome-b-559." Proceedings of the National
Academy of Sciences of the United States of America 84 (1): 109-112.

Nilsson Lill, S. O. (2011). "On the dimerization of chlorophyll in photosystem II." Physical
Chemistry Chemical Physics: 16022-16027.

Novoderezhkin, V. 1., E. G. Andrizhiyevskaya, J. P. Dekker and R. van Grondelle (2005).
"Pathways and timescales of primary charge separation in the photosystem |1 reaction
center as revealed by a simultaneous fit of time-resolved fluorescence and transient
absorption."” Biophysical Journal 89 (3): 1464-1481.

Novoderezhkin, V. 1., J. P. Dekker and R. van Grondelle (2007). "Mixing of exciton and
charge-transfer states in Photosystem Il reaction centers: Modeling of stark spectra
with modified redfield theory."” Biophysical Journal 93 (4): 1293-1311.

Novoderezhkin, V. I, E. Romero, J. P. Dekker and R. van Grondelle (2011). "Multiple
charge-separation pathways in photosystem II: Modeling of Transient Absorption
Kinetics." Physical Chemistry Chemical Physics 12 (3): 681-688.

Nowaczyk, M. M., J. Sander, N. Grasse, K. U. Cormann, D. Rexroth, G. Bernat and M.
Roegner (2010). "Dynamics of the cyanobacterial photosynthetic network:
Communication and modification of membrane protein complexes.” European
Journal of Cell Biology 89 (12): 974-982.

125



References

Ohad, I., D. J. Kyle and C. J. Arntzen (1984). "Membrane-protein damage and repair -
removal and replacement of inactivated 32-kilodalton polypeptides in chloroplast
membranes.” Journal of Cell Biology 99 (2): 481-485.

Plato, M., N. Krauss, P. Fromme and W. Lubitz (2003). "Molecular orbital study of the
primary electron donor P700 of photosystem | based on a recent X-ray single crystal
structure analysis." Chemical Physics 294 (3): 483-499.

Polenova, T. and A. E. McDermott (1999). "A coherent mixing mechanism explains the
photoinduced nuclear polarization in photosynthetic reaction centers.” Journal Of
Physical Chemistry B 103 (3): 535-548.

Polm, M. and K. Brettel (1998). "Secondary pair charge recombination in photosystem |
under strongly reducing conditions: Temperature dependence and suggested
mechanism.” Biophysical Journal 74 (6): 3173-3181.

Poluektov, O. G., S. V. Paschenko, L. M. Utschig, K. V. Lakshmi and M. C. Thurnauer
(2005). "Bidirectional electron transfer in photosystem I: Direct evidence from high-
frequency time-resolved EPR spectroscopy.” Journal of the American Chemical
Society 127 (34): 11910-11911.

Posner, H. B. (1967). “Aquatic vascular plants.” Methods in Developmental Biology. F. A.
Wilt, Wessel, S.N.K. New York, Crowel: 131-317.

Powles, S. B. (1984). "Photoinhibition of photosynthesis induced by visible-light." Annual
Review of Plant Physiology and Plant Molecular Biology 35: 15-44.

Prakash, S. (2006). “Photo-CIDNP studies on reaction centers of Rhodobacter sphaeroides.”
PhD Thesis, Universiteit Leiden.

Prakash, S., Alia, P. Gast, H. J. M. de Groot, G. Jeschke and J. Matysik (2005). “Buil-up
kinetics of light induced nuclear polarization observed in RCs of Rhodobacter
sphaeroides.” Photosynthesys: Fundamental Aspect to Global Perpectives. A. van der
Est and A. Bruce. Montréal, Allen Press: 301-302.

Prakash, S., Alia, P. Gast, H. J. M. de Groot, G. Jeschke and J. Matysik (2005). "Magnetic
field dependence of photo-CIDNP MAS NMR on photosynthetic reaction centers of
Rhodobacter sphaeroides WT." Journal Of The American Chemical Society 127 (41):
14290-14298.

Prakash, S., Alia, P. Gast, H. J. M. de Groot, J. Matysik and G. Jeschke (2006). "Photo-
CIDNP MAS NMR in intact cells of Rhodobacter sphaeroides R26: Molecular and
atomic resolution at nanomolar concentration." Journal of the American Chemical
Society 128 (39): 12794-12799.

Prakash, S., Alia, P. Gast, G. Jeschke, H. J. M. de Groot and J. Matysik (2003).
"Photochemically induced dynamic nuclear polarisation in entire bacterial
photosynthetic units observed by '*C magic-angle spinning NMR." Journal of
Molecular Structure 661: 625-633.

Prakash, S., A. Alia, P. Gast, H. J. M. de Groot, G. Jeschke and J. Matysik (2007). "**C
chemical shift map of the active cofactors in photosynthetic reaction centers of
Rhodobacter sphaeroides revealed by photo-CIDNP MAS NMR." Biochemistry 46
(31): 8953-8960.

Prokhorenko, V. I. and A. R. Holzwarth (2000). "Primary processes and structure of the
photosystem Il reaction center: A photon echo study.” Journal of Physical Chemistry
B 104 (48): 11563-11578.

Ptushenko, V., D.A. Cherepanov, L.I. Krishtalik, A.Y. Semenov (2008). “Semi-continuum
electrostatic calculations of redox potentials in photosystem 1.” Photosynthesis
Research 97:55-74

126



Summary

Pulles, M. P. J., H. J. van Gorkom and G. A. M. Verschoor (1976). "Primary reactions of
photosystem 11 at low pH 2. light-induced changes of absorbance and electron spin
resonance in spinach chloroplasts.”" Biochimica et Biophysica Acta 440: 98-106.

Ramesh, V. M., K. Gibasiewicz, S. Lin, S. E. Bingham and A. N. Webber (2004).
"Bidirectional electron transfer in photosystem I: Accumulation of Ay in A-side or
B-side mutants of the axial ligand to chlorophyll Ao." Biochemistry 43 (5): 1369-
1375.

Rappaport, F., M. Blanchard-desce and J. Lavergne (1994). "Kinetics of electron transfer and
electrochromic change during the redox transitions of the photosynthetic oxygen-
evolving complex.” Biochimica et Biophysica Acta 1184: 178-192.

Raszewski, G., W. Saenger and T. Renger (2005). "Theory of optical spectra of photosystem
Il reaction centers: Location of the triplet state and the identity of the primary
electron donor." Biophysical Journal 88 (2): 986-998.

Raszewski, G., B. A. Diner, E. Schlodder and T. Renger (2008). ""Spectroscopic properties of
reaction center pigments in photosystem Il core complexes: revision of the multimer
model."” Biophysical Journal 95 (1): 105-119.

Rautter, J., F. Lendzian, C. Schulz, A. Fetsch, M. Kuhn, X. Lin, J. C. Williams, J. P. Allen
and W. Lubitz (1995). "Endor studies of primary donor cation-radical in mutant
reaction centers of Rhodobacter-sphaeroides with altered hydrogn-bond interactions."
Biochemistry 34 (25): 8130-8143.

Redding, K., A. Jasaitis, R. Luthra, M. Byrdin, C. Slavov, M. Miiller, B. Bullock, A.
Holzwarth and F. Rappaport (2007). "Directionality of electron transfer within
photosystem 1." Photosynthesis Research 91 (2-3): 139-1309.

Rigby, S. E. J.,, M. C. W. Evans and P. Heathcote (1996). "ENDOR and special triple
resonance spectroscopy of A; of photosystem 1." Biochemistry 35 (21): 6651-6656.

Rigby, S. E. J., J. H. A. Nugent and P. J. Omalley (1994). "ENDOR and special triple-
resonance studies of chlorophyll cation radicals in photosystem-I11." Biochemistry 33
(33): 10043-10050.

Riley, K., R. Jankowiak, M. Ratsep, G. J. Small and V. Zazubovich (2004). "Evidence for
highly dispersive primary charge separation Kinetics and gross heterogeneity in the
isolated photosystem Il reaction center of green plants.” Journal of Physical
Chemistry B 108 (29): 10346-10356.

Riley, K., V. Zazubovich, R. Jankowiak and G. J. Small (2004). "Spectral hole burning
studies of the isolated photosystem Il reaction center of green plants.” Biophysical
Journal 86 (1): 12A-12A.

Rochaix, J.-D. (2011). "Reprint of: Regulation of photosynthetic electron transport.”
Biochimica et Biophysica Acta 1807 (8): 878-886.

Rogner, M., P. J. Nixon and B. A. Diner (1990). "Purification and characterization of
photosystem-1 and photosystem-II core complexes from wild-type and phycocyanin-
deficient strains of the cyanobacterium Synechocystis PCC-6803." Journal of
Biological Chemistry 265 (11): 6189-6196.

Romberger, S. P. and J. H. Golbeck (2010). "The bound iron-sulfur clusters of Type-I
homodimeric reaction centers.” Photosynthesis Research 104 (2-3): 333-346.

Romero, E., I. H. M. van Stokkum, V. I. Novoderezhkin, J. P. Dekker and R. van Grondelle
(2010). "Two Different Charge Separation Pathways in Photosystem I1."
Biochemistry 49 (20): 4300-4307.

Romero, E, B.A. Diner, P.J. Nixon, W.J. Coleman, J. Wiliam, J.P. Dekker, and R. van
Grondelle (2012). “Mixed Exciton-Charge-Transfer States in Photosystem Il: Stark
Spectroscopy on Site-Directed Mutants.” Biophysical Journal 103 (2):185-194.

127



References

Roth, H. D. (1996). “Dependence of the yield of a radical-pair reaction in the solid-state on
orientation” in a Magnetic-Field. Encyclopedia of Nuclear Magnetic Resonance. D.
M. Grant and R. K. Harris. Chichester, Wiley. 1I: 1337-1350.

Roy, E., Alia, P. Gast, H. van Gorkom, H. J. M. de Groot, G. Jeschke and J. Matysik (2007).
"Photochemically induced dynamic nuclear polarization in the reaction center of the
green sulphur bacterium Chlorobium tepidum observed by *C MAS NMR."
Biochimica Et Biophysica Acta-Bioenergetics 1767 (6): 610-615.

Roy, E., A. Diller, Alia, P. Gast, H. J. van Gorkom, H. J. M. de Groot, G. Jeschke and J.
Matysik (2007). "Magnetic field dependence of **C photo-CIDNP MAS NMR in
plant photosystems I and I1." Applied Magnetic Resonance 31 (1-2): 193-204.

Roy, E., T. Rohmer, P. Gast, G. Jeschke, A. Alia and J. Matysik (2008). "Characterization of
the primary radical pair in reaction centers of Heliobacillus mobilis by *C photo-
CIDNP MAS NMR." Biochemistry 47 (16): 4629-4635.

Rutherford, A.W., P. Faller, (2003). “Photosystem II: evolutionary perspectives”
Philosophical Transactions of the Royal Society B 358: 245-253.

Rutherford, A.W., W. Nitschke, (1996) “Photosystem II and the quinone—iron-containing
reaction centers: comparisons and evolutionary perspectives”,

Origin and evolution of biological energy conversion, H. Baltscheffsky, CVH,
New York: 43-175.

Saito, K., T. Ishida, M. Sugiura, K. Kawakami, Y. Umena, N. Kamiya, J.-R. Shen and H.
Ishikita (2011). "Distribution of the Cationic State over the Chlorophyll Pair of the
photosystem Il Reaction Center." Journal of the American Chemical Society 133
(36): 14379-14388.

Saito, K. and H. Ishikita (2011). "Cationic state distribution over the p700 chlorophyll pair in
photosystem 1." Biophysical Journal 101 (8): 2018-2025.

Saito, K., J. R. Shen and H. Ishikita (2012). "Influence of the Axial Ligand on the Cationic
Properties of the Chlorophyll Pair in Photosystem Il from Thermosynechococcus
vulcanus."” Biophysical Journal 102 (11): 2634-2640.

Santabarbara, S., S. Kuprov, I. Fairclough and A. P. Casazza (2010). "Bidirectional Electron
Transfer in the Reaction Centre of Photosystem L" Journal of Integrative Plant
Biology 52 (8): 735-749.

Santabarbara, S., I. Kuprov, W. V. Fairclough, S. Purton, P. J. Hore, P. Heathcote and M. C.
W. Evans (2005). "Bidirectional electron transfer in photosystem I: Determination of
two distances between P700" and A;” in spin-correlated radical pairs." Biochemistry
44 (6): 2119-2128.

Santabarbara, S., I. Kuprov, P. J. Hore, A. Casal, P. Heathcote and M. C. W. Evans (2006).
"Analysis of the spin-polarized electron spin echo of the [P700+A;] radical pair of
photosystem | indicates that both reaction center Subunits are competent in electron
transfer in cyanobacteria, green algae, and higher plants."” Biochemistry 45 (23):
7389-7403.

Santabarbara, S., I. Kuprov, O. Poluektov, A. Casal, C. A. Russell, S. Purton and M. C. W.
Evans (2010). "Directionality of Electron-Transfer Reactions in Photosystem | of
Prokaryotes: Universality of the Bidirectional Electron-Transfer Model.” Journal of
Physical Chemistry B 114 (46): 15158-15171.

Scheller, H. V., P. E. Jensen, A. Haldrup, C. Lunde and J. Knoetzel (2001). "Role of subunits
in eukaryotic Photosystem 1." Biochimica Et Biophysica Acta-Bioenergetics 1507 (1-
3): 41-60.

Schlodder, E., T. Renger, G. Raszewski, W. J. Coleman, P. J. Nixon, R. O. Cohen and B. A.
Diner (2008). "Site-directed mutations at D1-Thrl79 of photosystem Il in
Synechocystis sp PCC 6803 modify the spectroscopic properties of the accessory

128



Summary

chlorophyll in the D1-branch of the reaction center." Biochemistry 47 (10): 3143-

3154,
Schmid, V. H. R., K. V. Cammarata, B. U. Bruns and G. W. Schmidt (1997). "In vitro
reconstitution of the photosystem | light-harvesting complex LHCI-730:

Heterodimerization is required for antenna pigment organization." Proceedings of the
National Academy of Sciences of the United States of America 94 (14): 7667-7672.

Schulten, E. A. M., J. Matysik, Alia, S. Kiihne, J. Raap, J. Lugtenburg, P. Gast, A. J. Hoff
and H. J. M. de Groot (2002). "*CMAS NMR and photo-CIDNP reveal a
pronounced asymmetry in the electronic ground state of the special pair of
Rhodobacter sphaeroides reaction centers."” Biochemistry 41 (27): 8708-8717.

Schuster, G., R. Timberg and I. Ohad (1988). "Turnover of thylakoid photosystem-I1 proteins
during photoinhibition of Chlamydomonas-reinhardtii.” European Journal of
Biochemistry 177 (2): 403-410.

Seibert, M., Ed. (1993). The photosynthetic reaction center. New York, Academic Press.

Setif, P. and K. Brettel (1993). "Forward electron-transfer from phylloquinone-A(1) to iron-
sulfur centers in spinach photosystem-1." Biochemistry 32 (31): 7846-7854.

Shibata, Y, S. Nishi, K. Kawakami, J.R. Shen and T. Renger (2013). “Photosystem II Does
Not Possess a Simple Excitation Energy Funnel: Time-Resolved Fluorescence
Spectroscopy Meets Theory.” Journal of the American Chemical Society 135 (18):
6903-6914.

Srinivasan, N., I. Karyagina, R. Bittl, A. van der Est and J. H. Golbeck (2009). "Role of the
hydrogen bond from Leu722 to the A;a phylloquinone in photosystem 1"
Biochemistry 48 (15): 3315-3324.

Stoll, S. and A. Schweiger (2006). "EasySpin, a comprehensive software package for spectral
simulation and analysis in EPR." Journal of Magnetic Resonance 178 (1): 42-55.

Stroebel, D., Y. Choquet, J. L. Popot and D. Picot (2003). "An atypical haem in the
cytochrome b(6)f complex.” Nature 426 (6965): 413-418.

Styring, S. and A. W. Rutherford (1988). "Deactivation kinetics and temperature dependence
of the S-state transitions in the oxygen-evolving system of photosystem Il measured
by EPR spectroscopy."” Science 933: 378-387.

Styring, S., J. Sjéholm and F. Mamedov (2012). "Two tyrosines that changed the world:
Interfacing the oxidizing power of photochemistry to water splitting in photosystem
[1." Biochimica et Biophysica Acta 1817 (1): 76-87.

Suzuki, H., M. Sugiura and T. Noguchi (2005). "pH dependence of the flash-induced S-state
transitions in the oxygen-evolving center of photosystem Il from
Thermosynechoccocus elongatus as revealed by Fourier transform infrared
spectroscopy.” Biochemistry 44 (5): 1708-1718.

Takahashi, R., K. Hasegawa and T. Noguchi (2008). "Effect of charge distribution over a
chlorophyll dimer on the redox potential of P680 in photosystein 1l as studied by
density functional theory calculations.” Biochemistry 47 (24): 6289-6291.

Tang, D., R. Jankowiak, M. Seibert, C. F. Yocum and G. J. Small (1990). "Excited-state
structure and energy-transfer dynamics of 2 different preparations of the reaction
center of photosystem-II - a hole-burning study.” Journal of Physical Chemistry 94
(17): 6519-6522.

Tang, D. M., R. Jankowiak, M. Seibert and G. J. Small (1991). "Effects of detergent on the
excited-state structure and relaxation dynamics of the photosystem-11 reaction center -
a high-resolution hole burning study " Photosynthesis Research 27 (1): 19-29.

Telfer, A. (2005). "Too much light? How beta-carotene protects the photosystem Il reaction
centre." Photochemical & Photobiological Sciences 4 (12): 950-956.

129



References

Tetenkin, V. L., B. A. Gulyaev, M. Seibert and A. B. Rubin (1989). "Spectral properties of
stabilized D1/D2/cytochrome-b-559 in the photosystem-11 reaction center complex -
effects of triton X-100 on the redox state of pheophytin, and beta-carotene."” FEBS
Letters 250 (2): 459-463.

Thamarath, S. S., A. Alia, E. Daviso, D. Mance, J. H. Golbeck and J. Matysik (2012).
"Whole Cell Nuclear Magnetic Resonance Characterization of Two Photochemically
Active States of the Photosynthetic Reaction Center in Heliobacteria." Biochemistry
51 (29): 5763-5773.

Thamarath, S.S., J. Heberle, P. J. Hore, T. Kottke and J. Matysik (2010). "Solid-State Photo-
CIDNP Effect Observed in Phototropin LOV1-Cs;S by *C Magic-Angle Spinning
NMR Spectroscopy." Journal of the American Chemical Society 132 (44): 15542-
15543.

Thurnauer, M.C. and J.R. Norris (1980). "An electron-spin echo phase-shift observed in
photosynthetic algae - possible evidence for dynamic radical pair interactions.”
Chemical Physics Letters 76 (3): 557-561.

Tracewell, C.A., J.S. Vrettos, J.A. Bautista, H.A. Frank, G.W. Brudvig (2001). “Carotenoid
photooxidation in Photosystem II”” Archives of Biochemistry and Biophysics 385: 61—
69.

Trebst, A. (1986). "The topology of the plastoquinone and herbicide binding peptides of
photosystem-11 in the thylakoid membrane.” Zeitschrift Fur Naturforschung C-a
Journal of Biosciences 41 (1-2): 240-245.

Trubitsin, B. V. and A. N. Tikhonov (2003). "Determination of a transmembrane pH
difference in chloroplasts with a spin label tempamine."” Journal of Magnetic
Resonance 163 (2): 257-269.

Umena, Y., K. Kawakami, J. R. Shen and N. Kamiya (2011). "Crystal structure of oxygen-
evolving photosystem I1 at a resolution of 1.9 A." Nature 473 (7345): 55-U65.

van der Vos, R., P. J. van Leeuwen, P. Braun and A. J. Hoff (1992). "Analysis of the optical
absorbency spectra of D1-D2-cytochrome b-559 complexes by absorbency-detected
magnetic-resonance - structural-properties of P680." Biochimica et Biophysica Acta
1140 (2): 184-198.

van Kan, P. J. M., S. C. M. Otte, F. A. M. Kleinherenbrink, M. C. Nieveen, T. J. Aartsma
and H. J. Vangorkom (1990). "Time-resolved spectroscopy at 10k of the
photosystem-11 reaction center - deconvolution of the red absorption-band.”
Biochimica et Biophysica Acta 1020 (2): 146-152.

van Leeuwen, P. J., M. C. Nieveen, E. J. Vandemeent, J. P. Dekker and H. J. Vangorkom
(1991). "Rapid and simple isolation of pure photosystem Il core and reaction center
particles from spinach.” Photosynthesis Research 28 (3): 149-153.

van Mieghem, F., K. Brettel, B. Hillman, A. Kamlowski, A. W. Rutherford and E. Schlodder

(1995). "Charge Recombination Reactions in Photosystem II. 1. Yields,
Recombination Pathways, and Kinetics of the Primary Pair." Biochemistry 34 (14):
4798-4813.

van Mieghem, F. J. E., K. Satoh and A. W. Rutherford (1991). "A chlorophyll tilted 30-
degrees relative to the membrane in the photosystem-II reaction center. ." Biochimica
et Biophysica Acta 1058 (3): 379-385.

van Mieghem, F. J. E., G. F. W. Searle, A. W. R and T. J. Schaafsma (1992). "The influence
of the double rcduction of Qa on the fluorescence decay kinetics of photosystem I1."
Biochimica et Biophysica Acta 1100: 198-206.

Vass, I., S. Styring, T. Hundal, a. Koivuniemi, E. Aro and B. Andersson (1992). "Reversible
and irreversible intermediates during photoinhibition of photosystem II: stable

130


http://www.google.nl/url?sa=t&rct=j&q=&esrc=s&source=web&cd=4&cad=rja&ved=0CE4QFjAD&url=http%3A%2F%2Fen.wikipedia.org%2Fwiki%2FArchives_of_Biochemistry_and_Biophysics&ei=uOpEUauJAYHJ0AWfrYCIAg&usg=AFQjCNGEqMcn_YgFWAOZDxdfDn75DPC4FQ&sig2=lW438JTiJhTP5UwYaaaPJQ&bvm=bv.43828540,d.d2k

Summary

reduced Qa species promote chlorophyll triplet formation." Proceedings of the
National Academy of Sciences of the United States of America 89 (4): 1408-1412.

Wang, J., D. Gosztola, S. V. Ruffle, C. Hemann, M. Seibert, M. R. Wasielewski, R. Hille, T.
L. Gustafson and R. T. Sayre (2002). "Functional asymmetry of photosystem 11 D1
and D2 peripheral chlorophyll mutants of Chlamydomonas reinhardtii." Proceedings
of the National Academy of Sciences of the United States of America 99 (6): 4091-
4096.

Ward, H. R. and R. G. Lawler (1967). "Nuclear Magnetic Resonance Emission And
Enhanced Absorption In Rapid Organometallic Reactions.” Journal Of The American
Chemical Society 89 (21): 5518-&.

Watanabe, T., M. Kobayashi, A. Hongu, M. Nakazato, T. Hiyama and N. Murata (1985).
"Evidence that a chlorophyll-a" dimer constitutes the photochemical-reaction center-1
(P700) in photosynthetic apparatus.” FEBS Letters 191 (2): 252-256.

Webber, A. N. and W. Lubitz (2001). "P700: the primary electron donor of photosystem I."
Biochimica Et Biophysica Acta-Bioenergetics 1507 (1-3): 61-79.

Wientjes, E., G. T. Oostergetel, S. Jansson, E. J. Boekema and R. Croce (2009). "The Role of
Lhca Complexes in the Supramolecular Organization of Higher Plant Photosystem I."
Journal of Biological Chemistry 284 (12): 7803-7810.

Wirtz, A. C., M. C. van Hemert, J. Lugtenburg, H. A. Frank and E. J. J. Groenen (2007).
"Two stereoisomers of spheroidene in the Rhodobacter sphaeroides R26 reaction
center: A DFT analysis of resonance raman spectra.” Biophysical Journal 93 (3):
981-991.

Witt, H. T. (1996). “Structure Analysis of Single Crystals of Photosystem I by X-Ray, EPR
and ENDOR.” Oxygenic Photosynthesis: The Light Reactions. D. R. Ort and C. F.
Yocum. Dordrecht, Kluwer Academic Publoshers. 4: 363-375.

Woodbury, N. W. and J. P. Allen (1995). “The pathway, kinetics and thermodynamics of
electron transfer in wild type and mutant reaction centers of purple nonsulfur
bacteria.” Anoxygenic photosynthetic bacteria: advances in photosynthesis. R. E.
Blankenship, M. T. Madigan and C. E. Bauer. Dordrecht, Kluwer Academic
Publishers: 527-557.

Xiong, J., S. Subramaniam and Govindjee (1998). "A knowledge-based three dimensional
model of the Photosystem Il reaction center of Chlamydomonas reinhardtii.”
Photosynthesis Research 56 (3): 229-254.

Xue, Y. F., M. Okvist, O. Hansson and S. Young (1998). "Crystal structure of spinach
plastocyanin at 1.7 A resolution.” Protein Science 7 (10): 2099-2105.

Yang, X., Y. H. Zhang, Z. L. Yang, L. J. Chen, J. L. He and R. F. Wang (2009). "pH
Dependence of Photosynthetic Behavior of Plant Photosystem | Particles.” Russian
Journal of Plant Physiology 56 (5): 599-606.

Yao, D. C. I, D. C. Brune, D. Vavilin and W. F. J. Vermaas (2012). "Photosystem Il
component lifetimes in the cyanobacterium Synechocystis sp strain PCC 6803 small
cab-like proteins stabilize biosynthesis intermediates and affect early steps in
chlorophyll synthesis." Journal of Biological Chemistry 287 (1): 682-692.

Yeates, T. O., H. Komiya, D. C. Rees, J. P. Allen and G. Feher (1987). "Structure of the
reaction center from Rhodobacter-sphaeroides R-26 - membrane-protein
interactions.” Proceedings of the National Academy of Sciences of the United States
of America 84 (18): 6438-6442.

Zazubovich, V., R. Jankowiak, K. Riley, R. Picorel, M. Seibert and G. J. Small (2003). "How
fast is excitation energy transfer in the photosystem Il reaction center in the low
temperature limit? Hole burning vs photon echo.” Journal of Physical Chemistry B
107 (12): 2862-2866.

131



References

Zouni, A., H. T. Witt, J. Kern, P. Fromme, N. Krauss, W. Saenger and P. Orth (2001).
“Crystal structure of photosystem Il from Synechococcus elongatus at 3.8 A
resolution.” Nature 409 (6821): 739-743.

Zysmilich, M. G. and A. McDermott (1994). "Photochemically Induced Dynamic Nuclear-
Polarization In The Solid-State >N Spectra Of Reaction Centers From Photosynthetic
Bacteria Rhodobacter-Sphaeroides R-26." Journal of the American Chemical Society
116 (18): 8362-8363.

Zysmilich, M. G. and A. McDermott (1996). "Photochemically Induced Nuclear Spin
Polarization in Bacterial Photosynthetic Reaction Centers : Assignments of the N
SSNMR Spectra.” Journal of the American Chemical Society 7863 (5): 5867-5873.

132



