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J. Dittmer. Linear Dichroismus-Röntgenabsorptionsspektroskopie zum katalytischen Zyklus

des wasserspaltenden Mangankomplexes der Photosynthese in Theorie und Experiment.
Dissertation, Christian Albrechts Universität, 1999.

J. Dittmer und H. Dau. Theory of the linear dichroism in the extended X-ray absorption fine
structure (EXAFS) of partially vectorially ordered systems. J. Phys. Chem. B, 102(42);
8196–8200, 1998.

K. Eilola und P. Peramaki. Microwave heated vapor-phase digestion method for biological
sample materials. Fresenius. J. Anal. Chem., 369(1); 107–112, 2001.

R. R. England und E. H. Evans. A requirement for calcium in the extraction of oxygen-
evolving photosystem 2 preparations from the cyanobacterium Anacystis nidulans. Bio-

chem. J., 210(2); 473–476, 1983.
S. Eshaghi, B. Andersson und J. Barber. Isolation of a highly active PSII-LHCII supercomplex

from thylakoid membranes by a direct method. FEBS Lett., 446(1); 23–26, 1999.
R. W. Estabrook. Mitochondrial respiratory control and the polarographic measurements of

ADP:O2 rations. Methods Enzymol, 10; 41–47, 1967.
M. C. Evans, J. H. Nugent, R. J. Ball, I. Muhiuddin und R. J. Pace. Evidence for a direct

manganese-oxygen ligand in water binding to the S2 state of the photosynthetic water
oxidation complex. Biochemistry, 43(4); 989–994, 2004.

K. N. Ferreira, T. M. Iverson, K. Maghlaoui, J. Barber und S. Iwata. Architecture of the
photosynthetic oxygen-evolving center. Science, 303(5665); 1831–1838, 2004.

J. Freeman, G. Hendry und T. Wydrzynski. Extraction of the functional manganese and
calcium from photosystem II. Methods Mol. Biol., 274; 205–215, 2004.



LITERATURVERZEICHNIS 115

J. L. Fulton, S. M. Heald, Y. S. Badyal und J. M. Simonson. Understanding the effects of
concentration on the solvation structure of Ca2+ in aqueous solution. I: The perspective
on local structure from EXAFS and XANES. J. Phys. Chem. A, 107(23); 4688–4696,
2003.

G. N. George, B. Hedman und K. O. Hodgson. An edge with XAS. Nat. Struct. Biol., 5;
645–647, 1998.

G. N. George, R. C. Prince und S. P. Cramer. The manganese site of the photosynthetic
water-splitting enzyme. Science, 243(4892); 789–791, 1989.

S. Gerken, K. Brettel, E. Schlodder und H. T. Witt. Direct observation of the immediate
electron donor to chlorophyll-a+

ii (P680+) in oxygen-evolving photosystem II complexes.
FEBS Lett., 223(2); 376–380, 1987.

D. F. Ghanotakis, G. T. Babcock und C. F. Yocum. On the role of water-soluble polypeptides
(17, 23 kDa), calcium and chloride in photosynthetic oxygen evolution. FEBS Lett., 192
(1); 1–3, 1985a.

D. F. Ghanotakis, G. T. Babcock und C. F. Yocum. Structure of the oxygen-evolving complex
of photosystem II: Calcium and lanthanum compete for sites on the oxidizing side of
photosystem II which control the binding of water-soluble polypeptides and regulate the
activity of the manganese complex. Biochim. Biophys. Acta, 809(2); 173–180, 1985b.

D. F. Ghanotakis, J. N. Topper, G. T. Babcock und C. F. Yocum. Water-soluble 17 and 23
kDa polypeptides restore oxygen evolution by creating a high-affinity binding site for
Ca2+ on the oxidizing side of photosystem II. FEBS Lett., 170(1); 169–173, 1984.

D. F. Ghanotakis und C. F. Yocum. Photosystem II and the oxygen-evolving complex. Annu.

Rev. Plant Physiol. Plant Mol. Biol., 41; 255–276, 1990.
C. Gibbons, M. G. Montgomery, A. G. Leslie und J. E. Walker. The structure of the central

stalk in bovine F(1)-ATPase at 2.4 Å resolution. Nat. Struct. Biol., 7(11); 1055–1061,
2000.

M. L. Gilchrist, J. A. Ball, D. W. Randall und R. D. Britt. Proximity of the manganese
cluster of photosystem II to the redox-active tyrosine YZ. Proc. Natl. Acad. Sci. USA,
92(21); 9545–9549, 1995.

M. Grabolle. Die Donorseite des Photosystems II: Rekombinationsfluoreszenz- und Röntgen-
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J. Kern, B. Loll, C. Lüneberg, D. DiFiore, J. Biesiadka, K.-D. Irrgang und A. Zouni. Purifica-
tion, characterization and crystallization of photosystem II from Thermosynechococcus

elongatus cultivated in a new type of photobioreactor. Biochim. Biophys. Acta, 1706
(1-2); 147–157, 2005.

S. H. Kim, W. Gregor, J. M. Peloquin, M. Brynda und R. D. Britt. Investigation of the
calcium-binding site of the oxygen evolving complex of photosystem II using 87Sr ESEEM
spectroscopy. J. Am. Chem. Soc., 126(23); 7228–7237, 2004.

Y. Kimura, A. Ishii, T. Yamanari und T. A. Ono. Water-sensitive low-frequency vibrati-
ons of reaction intermediates during S-state cycling in photosynthetic water oxidation.
Biochemistry, 44(21); 7613–7622, 2005.

J. A. Kirby, D. B Goodin, T. Wydrzynski, A. S. Robertson und M. P. Klein. State of man-
ganese in the photosynthetic apparatus. 2. X-ray absorption edge studies on manganese
in photosynthetic membrane. J. Am. Chem. Soc., 103(18); 5537–5542, 1981.

O. Kleifeld, A. Frenkel, J. M. Martin und I. Sagi. Active site electronic structure and dynamics
during metalloenzyme catalysis. Nat. Struct. Biol., 10(2); 98–103, 2003.

Y. Kodera, H. Hara, A. V. Astashkin, A. Kawamori und T. A. Ono. EPR study of trapped
tyrosine Z+ in calcium-depleted photosystem II. Biochim. Biophys. Acta, 1232(1-2);



118 LITERATURVERZEICHNIS

43–51, 1995.
B. Kok, B. Forbush und M. McGloin. Cooperation of charges in photosynthetic O2 evolution.

1. A linear four step mechanism. Photochem. Photobiol., 11(6); 457–475, 1970.
D. C. Koningsberger, B. I. Mojet, G. E. Van Dorssen und D. E. Ramaker. Xafs spectroscopy:

Fundamental principles and data analysis. Top. Catal., 10(3-4); 143–155, 2000.
R. H. Kretsinger und D. J. Nelson. Calcium in biological systems. Coord. Chem. Rev., 19;

29–124, 1976.
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W. Kühlbrandt, D. N. Wang und Y. Fujiyoshi. Atomic model of plant light-harvesting
complex by electron crystallography. Nature, 367(6464); 614–621, 1994.

G. Kurisu, H. Zhang, J. L. Smith und W. A. Cramer. Structure of the cytochrome b6f
complex of oxygenic photosynthesis: Tuning the cavity. Science, 302(5647); 1009–1014,
2003.

D. Kuzek und R. J. Pace. Probing the Mn oxidation states in the OEC. Insights from
spectroscopic, computational and kinetic data. Biochim. Biophys. Acta, 1503(1-2);
123–137, 2001.

U. K. Laemmli. Cleavage of structural proteins during the assembly of the head of bacterio-
phage T4. Nature, 227(5259); 680–685, 1970.

D. E. Lansky, B. Mandimutsira, B. Ramdhanie, M. Clausen, J. Penner-Hahn, S. A. Zvyagin,
J. Telser, J. Krzystek, R. Zhan, Z. Ou, K. M. Kadish, L. Zakharov, A. L. Rheingold
und D. P. Goldberg. Synthesis, characterization, and physicochemical properties of
manganese(III) and manganese(V)-oxo corrolazines. Inorg. Chem., 44(13); 4485–4498,
2005.

M. J. Latimer, V. J. DeRose, I. Mukerji, V. K. Yachandra, K. Sauer und M. P. Klein. Evidence
for the proximity of calcium to the manganese cluster of photosystem II: Determination
by X-ray absorption spectroscopy. Biochemistry, 34(34); 10898–10909, 1995.

M. J. Latimer, V. J. DeRose, V. K. Yachandra, K. Sauer und M. P. Klein. Structural effects of
calcium depletion in the manganese cluster in photosystem II: Determination by X-ray
absortption spectroscopy. J. Phys. Chem. B, 102(42); 8257–8265, 1998.

J. Lavergne und W. Junge. Proton release during the redox cycle of the water oxidase.
Photosynth. Res., 38(3); 279–296, 1993.

C. B. Lee, H. Hayashi und B. Y. Moon. Stabilization by glycinebetaine of photosynthetic
oxygen evolution by thylakoid membranes from Synechococcus PCC7002. Molecules and

Cells, 7(2); 296–299, 1997.
Y. Levi-Kalisman, S. Raz, S. Weiner, L. Addadi und I. Sagi. X-ray absorption spectroscopy

studies on the structure of a biogenic
”
amorphous

”
calcium carbonate phase. J. Chem.

Soc., Dalton Trans., 21; 3977–3982, 2000.
Y. Levi-Kalisman, S. Raz, S. Weiner, L. Addadi und I. Sagi. Structural differences between

biogenic amorphous calcium carbonate phases using X-ray absorption spectroscopy. Ad-

vanced Functional Materials, 12(1); 43–48, 2002.
H. K. Lichtenthaler. Chlorophylls and carotenoids: Pigments of photosynthetic biomembra-

nes. Methods Enzymol, 148; 350–382, 1987.
P. Liebisch. Der Mangankomplex der Photosynthese im katalytischen Zyklus: Neue röntgen-
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