References

Aagaard, A., and Brzezinski, P. (2001). Zinc ions inhibit oxidation of cytochrome c oxidase by
oxygen. FEBS Lett. 494, 157-160.

Abresch, E.C., Paddock, M.L., Stowell, M.H.B., McPhillips, T.M., Axelrod, H.L., Soltis,
S.M., Rees, D.C., Okamura, M.Y., and Feher, G. (1998). Identification of proton
transfer pathways in the X-ray crystal structure of the bacterial reaction center from
Rhodobacter sphaeroides. Photosynth. Res. 55, 119-125.

Adelroth, P., Paddock, M.L., Sagle, L.B., Feher, G., and Okamura, M.Y. (2000).
Identification of the proton pathway in bacterial reaction centers: both protons
associated with reduction of Qg to QgH; share a common entry point. Proc. Natl. Acad.
Sci. USA 97, 13086-13091.

Adelroth, P., Paddock, M.L., Tehrani, A., Beatty, J.T., Feher, G., and Okamura, M.Y.
(2001). Identification of the proton pathway in bacterial reaction centers: decrease of
proton transfer rate by mutation of surface histidines at H126 and H128 and chemical
rescue by imidazole identifies the initial proton donors. Biochemistry 40, 14538-14546.

Agalarov, R., and Brettel, K. (2003). Biochim. Biophys. Acta 1604, 7-12.

Ahlbrink, R., Haumann, M., Cherepanov, D., Bogershausen, O., Mulkidjanian, A., and
Junge, W. (1998). Function of tyrosine Z in water oxidation by photosystem II:
electrostatical promotor instead of hydrogen abstractor. Biochemistry 37, 1131-1142.

Alexov, E.G., and Gunner, ML.R. (1999). Calculated protein and proton motions coupled to
electron transfer: electron transfer from Q4™ to Qg in bacterial photosynthetic reaction
centers. Biochemistry 38, 8253-8270.

Allen, J.P., Artz, K., Lin, X., Williams, J.C., Ivancich, A., Albouy, D., Mattioli, T.A., Fetsch,
A., Kuhn, M., and Lubitz, W. (1996). Effects of hydrogen bonding to a
bacteriochlorophyll-bacteriopheophytin dimer in reaction centers from Rhodobacter
sphaeroides. Biochemistry 35, 6612-6619.

Arata, H., and Parson, W.W. (1981). Delayed fluorescence from Rhodopseudomonas
sphaeroides reaction centers. Enthalpy and free energy changes accompanying electron
transfer from P-870 to quinones. Biochim. Biophys. Acta 638, 201-209.

Axelrod, H.L., Abresch, E.C., Paddock, M.L., Okamura, M.Y., and Feher, G. (2000).
Determination of the binding sites of the proton transfer inhibitors Cd*" and Zn*" in
bacterial reaction centers. Proc. Natl. Acad. Sci. USA 97, 1542-1547.

Barber, J., and Archer, M.D. (2001). P680, the primary electron donor of photosystem II. J.
Photochem. Photobiol., A Chem. 142, 97-106.

Barber, J. (2002). P680: what is it and where is it? Bioelectrochemistry 55, 135-138.

Barber, J. (2004). Water, water everywhere, and its remarkable chemistry. Biochim. Biophys.
Acta 1655, 123-132.

Barber, J., Ferreira, K., Maghlaoui, K., and Iwata, S. (2004). Structural model of the
oxygen-evolving centre of photosystem II with mechanistic implications. Phys. Chem.
Chem. Phys. 6, 4737-4742.

Bashford, D., and Karplus, M. (1990). pKa's of ionizable groups in proteins: atomic detail
from a continuum electrostatic model. Biochemistry 29, 10219-10225.

Bashford, D., and Karplus, M. (1991). Multiple-site titration curves of proteins: an analysis of
exact and approximate methods for their calculation. J. Phys. Chem. 95, 9556-9561.

Baxter, R.H.G., Ponomarenko, N., Srajer, V., Pahl, R., Moffat, K., and Norris, J.R. (2004).
Time-resolved crystallographic studies of light-induced structural changes in the
photosynthetic reaction center. Proc. Natl. Acad. Sci. USA 101, 5982-5987.

Bayly, C.I., Cieplak, P., Cornell, W.D., and Kollman, P.A. (1993). A well-behaved
electrostatic potential based method using charge restraints for deriving atomic charges:
the RESP model. J. Phys. Chem. 97, 10269-10280.

Baymann, F., Brugna, M., Miihlenhoff, U., and Nitschke, W. (2001). Daddy, where did (PS)I
come from? Biochim. Biophys. Acta 1507, 291-310.

Beekman, L.M.P., van Stokkum, I.H.M., Monshouwer, R., Rijnders, A.J., McGlynn, P.,

&3



Visschers, R.W., Jones, M.R., and van Grondelle, R. (1996). Primary electron
transfer in membrane-bound reaction centers with mutations at the M210 position. J.
Phys. Chem. 100, 7256-7268.

Beijer, C., and Rutherford, A.W. (1987). The iron-quinone acceptor complex in
Rhodospirillum rubrum chromatophores studied by EPR. Biochim. Biophys. Acta 890,
169-178.

Beroza, P., Fredkin, D.R., Okamura, M.Y., and Feher, G. (1991). Protonation of interacting
residues in a protein by a Monte Carlo method: application to lysozyme and the
photosynthetic reaction center of Rhodobacter sphaeroides. Proc. Natl. Acad. Sci. USA
88, 5804-5808.

Berry, E.A., Zhang, Z., Bellamy, H.D., and Huang, L. (2000). Crystallographic location of
two Zn”"-binding sites in the avian cytochrome bc, complex. Biochim. Biophys. Acta
1459, 440-448.

Berthomieu, C., and Hienerwadel, R. (2001). Iron coordination in photosystem II: Interaction
between bicarbonate and the Qg pocket studied by Fourier transform infrared
spectroscopy. Biochemistry 40, 4044-4052.

Bianchetti, M., Zheleva, D., Deak, Z., Zharmuhamedoyv, S., Klimov, V., Nugent, J.H.A.,
Vass, L., and Barber, J. (1998). Comparison of the functional properties of the
monomeric and dimeric forms of the isolated CP47-reaction center complex. J. Biol.
Chem. 273, 16128-16133.

Biesiadka, J., Loll, B., Kern, J., Irrgang, K.-D., and Zouni, A. (2004). Crystal structure of
cyanobacterial photosystem II at 3.2 A resolution: a closer look at the Mn-cluster. Phys.
Chem. Chem. Phys. 6, 4733 - 4736.

Bittl, R., Zech, S.G., Fromme, P., Witt, H.T., and Lubitz, W. (1997). Pulsed EPR structure
analysis of photosystem I single crystals: localization of the phylloquinone acceptor.
Biochemistry 36, 12001-12004.

Bittl, R., Zech, S.G., Teutloff, C., Krabben, L., and Lubitz, W. (1998). in Photosynthesis:
Mechanisms and Effects (Garab, G. Ed.) Vol. 1, pp 509-514, Kluwer Academic
Publishers, Dordrecht, Netherlands.

Boussac, A., Sétif, P., and Rutherford, A.W. (1992). Inhibition of tyrosine Z photooxidation
after formation of the S;-state in Ca*"-depleted and CI-depleted photosystem II.
Biochemistry 31, 1224-1234.

Bowes, J., Crofts, A.R., and Arntzen, C.J. (1980). Redox reaction on the reducing side of
photosystem II in chloroplasts with altered herbicide-binding properties. Arch. Biochem.
Biophys. 200, 303-308.

Bowes, J.M., Crofts, A.R., and Itoh, S. (1979). A high potential acceptor for Photosystem II.
Biochim. Biophys. Acta 547, 320-335.

Bowyer, J., Hilton, M., Whitelegge, J., Jewess, P., Camilleri, P., Crofts, A., and Robinson,
H. (1990). Molecular modelling studies on the binding of phenylurea inhibitors to the
D1 protein of photosystem II. Z. Naturforsch. 45¢, 379-387.

Breton, J., Boullais, C., Burie, J.R., Nabedryk, E., and Mioskowski, C. (1994). Binding sites
of quinones in photosynthetic bacterial reaction centers investigated by light-induced
FTIR difference spectroscopy: assignment of the interactions of each carbonyl of Q, in
Rhodobacter sphaeroides using site-specific *C-labeled ubiquinone. Biochemistry 33,
14378-14386.

Breton, J., Nabedryk, E., Allen, J.P., and Williams, J.C. (1997). Electrostatic influence of Q4
reduction on the IR vibrational mode of the 10a-ester C=0 of H, demonstrated by
mutations at residues Glu L104 and Trp L100 in reaction centers from Rhodobacter
sphaeroides. Biochemistry 36, 4515-4525.

Breton, J., Boullais, C., Mioskowski, C., Sebban, P., Baciou, L., and Nabedryk, E. (2002).
Vibrational spectroscopy favors a unique Qg binding site at the proximal position in
wild-type reaction centers and in the Pro-L209 — Tyr mutant from Rhodobacter
sphaeroides. Biochemistry 41, 12921-12927.

Breton, J. (2004). Absence of large-scale displacement of quinone Qg in bacterial
photosynthetic reaction centers. Biochemistry 43, 3318-3326.

&4



Brettel, K. (1988). Electron transfer from A, to an iron-sulfur center with t;, = 200 ns at room
temperature in photosystem I Characterization by flash absorption spectroscopy. FEBS
Lett. 239, 93-98.

Brettel, K. (1997). Electron transfer and arrangement of the redox cofactors in photosystem I.
Biochim. Biophys. Acta 1318, 322-373.

Brettel, K., and Leibl, W. (2001). Electron transfer in photosystem I. Biochim. Biophys. Acta
1507, 100-114.

Brooks, B.R., Bruccoleri, R.E., Olafson, B.D., States, D.J., Swaminathan, S., and Karplus,
M. (1983). CHARMM: a program for macromolecular energy minimization and
dynamics calculations. J. Comp. Chem. 4, 187-217.

Brudler, R., de Groot, H.J.M., van Liemt, W.B.S., Steggerda, W.F., Esmeijer, R., Gast, P.,
Hoff, A.J., Lugtenburg, J., and Gerwert, K. (1994). Asymmetric binding of the 1-
and 4-C=0 groups of Q, in Rhodobacter sphaeroides R26 reaction centres monitored
by Fourier transform infra-red spectroscopy using site-specific isotopically labelled
ubiquinone-10. EMBO J. 13, 5523-5530.

Brzezinski, P., Paddock, M.L., Okamura, M.Y., and Feher, G. (1997). Light-induced
electrogenic events associated with proton uptake upon forming Qg in bacterial
wild-type and mutant reaction centers. Biochim. Biophys. Acta 1321, 149-156.

Biichel, C., Barber, J., Ananyev, G., Eshaghi, S., Watt, R., and Dismukes, C. (1999).
Photoassembly of the manganese cluster and oxygen evolution from monomeric and
dimeric CP47 reaction center photosystem II complexes. Proc. Natl. Acad. Sci. USA 96,
14288-14293.

Calderone, V., Trabucco, M., Vujicic, A., Battistutta, R., Giacometti, G.M., Andreucci, F.,
Barbato, R., and Zanotti, G. (2003). Crystal structure of the PsbQ protein of
photosystem II from higher plants. EMBO Rep. 4, 900-905.

Cao, J.C., Vermaas, W.F.J., and Govindjee. (1991). Arginine residues in the D2 polypeptide
may stabilize bicarbonate binding in photosystem II of Synechocystis sp. PCC. Biochim.
Biophys. Acta 1059, 171-180.

Chang, C.H., el-Kabbani, O., Tiede, D., Norris, J., and Schiffer, M. (1991). Structure of the
membrane-bound protein photosynthetic reaction center from Rhodobacter sphaeroides.
Biochemistry 30, 5352-5360.

Chu, H., Nguyen, A. P., and Debus, R.J. (1995). Amino acid residues that influence the
binding of manganese or calcium to photosystem II. 1. the lumenal interhelical domains
of the D1 polypeptide. Biochemistry 34, 5839-5858.

Clausen, J., Debus, R.J., and Junge, W. (2004). Time-resolved oxygen production by PSII:
chasing chemical intermediates. Biochim. Biophys. Acta 1655, 184-194.

Cramer, W.A., and Butler, W.L. (1969). Potentiometric titration of the fluorescence yield of
spinach chloroplasts. Biochim. Biophys. Acta 172, 503-510.

Crofts, A.R., and Wraight, C.A. (1983). The electrochemical domain of photosynthesis.
Biochim. Biophys. Acta 726, 149-185.

De Las Rivas, J., Telfer, A., and Barber, J. (1993). Two coupled f-carotene molecules protect
P680 from photodamage in isolated Photosystem II reaction centres. Biochim. Biophys.
Acta 1142, 155-164.

De Las Rivas, J., Balsera, M., and Barber, J. (2004). Evolution of oxygenic photosynthesis:
genome-wide analysis of the OEC extrinsic proteins. Trends Plant Sci. 9, 18-25.

De Las Rivas, J., and Barber, J. (2004). Analysis of the structure of the PsbO protein and its
implications. Photosynth. Res. 81, 329-343.

de Wijn, R., Schrama, T., and van Gorkom, H.J. (2001). Secondary stabilization reactions
and proton-coupled electron transport in photosystem II investigated by
electroluminescence and fluorescence spectroscopy. Biochemistry 40, 5821-5834.

de Wijn, R., and van Gorkom, H.J. (2001). Kinetics of electron transfer from Q, to Qg in
photosystem II. Biochemistry 40, 11912-11922.

Debus, R.J., Feher, G., and Okamura, M.Y. (1986). [ron-depleted reaction centers from
Rhodopseudomonas sphaeroides R-26.1: characterization and reconstitution with Fe*",
Mn2+, C02+, Ni2+, Cu2+, and Zn*". Biochemistry 25, 2276-2287.

85



Dekker, J.P., and van Grondelle, R. (2000). Primary charge separation in photosystem II.
Photosynth. Res. 63, 195-208.

Deligiannakis, Y., Petrouleas, V., and Diner, B.A. (1994). Binding of carboxylate anions at the
non-heme Fe(II) of PSII. I. Effects on the Q5 Fe’" and Q,Fe®" EPR spectra and the
redox properties of the iron. Biochim. Biophys. Acta 1188, 260-270.

Deligiannakis, Y., Hanley, J., and Rutherford, A.W. (2000). Carotenoid oxidation in
photosystem II: 1D- and 2D-electron spin-echo envelope modulation study. J. Am.
Chem. Soc. 122, 400-401.

Diner, B.A., and Delosme, R. (1983). Oxidation-reduction properties of the electron acceptors
of photosysten II. I. Redox titration of the flash-induced carotenoid band shift, of ¢550
and of the variable fluorescence yield in spinach chloroplasts. Biochim. Biophys. Acta
722, 443-451.

Diner, B.A., and Petrouleas, V. (1987). Light-induced oxidation of the acceptor-side Fe(Il) of
Photosystem II by exogenous quinones acting through the Qg binding site. 1. Blockage
by inhibitors and their effects on the Fe(III) EPR spectra. Biochim. Biophys. Acta 893,
138-148.

Diner, B.A., Petrouleas, V., and Wendoloski, J.J. (1991). The iron-quinone electron-acceptor
complex of photosystem II. Physiol. Plant. 81, 423-436.

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

Durrant, J.R., Giorgi, L.B., Barber, J., Klug, D.R., and Porter, G. (1990). Characterisation
of triplet states in isolated Photosystem II reaction centres: oxygen quenching as a
mechanism for photodamage. Biochim. Biophys. Acta 1017, 167-175.

Dutton, P.L., Leigh, J.S., and Wraight, C.A. (1973). Direct measurement of the midpoint
potential of the primary electron acceptor in Rhodopseudomonas spheroides in situ and
in the Isolated state: some relationships with pH and the o-phenanthroline. FEBS Lett.
36, 169-173.

Enami, L., Yoshihara, S., Tohri, A., Okumura, A., Ohta, H., and Shen, J.-R. (2000).
Cross-reconstitution of various extrinsic proteins and photosystem Il complexes from
cyanobacteria, red algae and higher plants. Plant Cell Physiol. 41, 1354-1364.

Ermler, U., Fritzsch, G., Buchanan, S.K., and Michel, H. (1994). Structure of the
photosynthetic reaction centre from Rhodobacter sphaeroides at 2.65 A resolution.
Structure 2, 925-936.

Fajer, J., Brune, D.C., Davis, M.S., Forman, A., and Spaulding, L.D. (1975). Primary charge
separation in bacterial photosynthesis: oxidized chlorophylls and reduced pheophytin.
Proc. Natl. Acad. Sci. USA 72, 4956-4960.

Fajer, J., Fujita, 1., Davis, ML.S., Forman, A., Hanson, L.K., and Smith, K.M. (1982).
Photosynthetic energy transduction: spectral and redox characteristics of chlorophyll
radicals in vitro and in vivo. in Electrochemical and spectrochemical studies of
biological redox components (Kadish, K. M. Ed.), chapter 21, American chemical
sosiety, Washington, D. C.

Faller, P., Pascal, A., and Rutherford, A.W. (2001). f-carotene redox reactions in photosystem
II: electron transfer pathway. Biochemistry 40, 6431-6440.

Faller, P., Kienzler, K., and Krieger-Liszkay, A. (2005). Mechanism of Cd*" toxicity: Cd**
inhibits photoactivation of Photosystem II by competitive binding to the essential Ca**
site. Biochim. Biophys. Acta 1706, 158-164.

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

Francia, F., Palazzo, G., Mallardi, A., Cordone, L., and Venturoli, G. (2003). Residual water
modulates Q4 -to-Qp electron transfer in bacterial reaction centers embedded in
trehalose amorphous matrices. Biophys. J. 85, 2760-2775.

Frazao, C., Enguita, F.J., Coelho, R., Sheldrick, G.M., Navarro, J.A., Hervas, M., De la
Rosa, M.A., and Carrondo, M.A. (2001). Crystal structure of low-potential

86



cytochrome csq9 from Synechocystis sp. PCC 6803 at 1.21 A resolution. J. Biol. Inorg.
Chem. 6, 324-332.

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

Fufezan, C., Rutherford, A.W., and Krieger-Liszkay, A. (2002). Singlet oxygen production in
herbicide-treated photosystem II. FEBS Lett. 532, 407-410.

Fufezan, C., Drepper, F., Juhnke, H.D., Lancaster, C.R.D., Un, S., Rutherford, A.W., and
Krieger-Liszkay, A. (2005). Herbicide-induced changes in charge recombination and
redox potential of Q4 in the T4 mutant of Blastochloris viridis. Biochemistry 44,
5931-5939.

Gerencsér, L., and Maréti, P. (2001). Retardation of proton transfer caused by binding of the
transition metal ion to the bacterial reaction center is due to pK, shifts of key
protonatable residues. Biochemistry 40, 1850-1860.

Giachini, L., Francia, F., Mallardi, A., Palazzo, G., Carpene, E., Boscherini, F., and
Venturoli, G. (2005). Multiple scattering X-ray absorption studies of Zn*" binding sites
in bacterial photosynthetic reaction centers. Biophys. J. 88, 2038-2046.

Golbeck, J.H., Parrett, K.G., Mehari, T., Jones, K.L., and Brand, J.J. (1988). Isolation of
the intact photosystem I reaction center core containing P700 and iron-sulfur center Fy.
FEBS Lett. 228, 268-272.

Golbeck, J.H. (2003). The binding of cofactors to photosystem I analyzed by spectroscopic and
mutagenic methods. Annu. Rev. Biophys. Biomol. Struct. 32, 237-256.

Gong, X.M., Agalarov, R., Brettel, K., and Carmeli, C. (2003). Control of electron transport
in photosystem I by the iron-sulfur cluster Fx in response to intra- and intersubunit
interactions. J. Biol. Chem. 278, 19141-19150.

Goussias, C., Boussac, A., and Rutherford, A.W. (2002). Photosystem II and photosynthetic
oxidation of water: an overview. Phil. Trans. R. Soc. Lond. B 357, 1369-1381.

Grafton, A.K., and Wheeler, R.A. (1999). Amino acid protonation states determine binding
sites of the secondary ubiquinone and its anion in the Rhodobacter sphaeroides
photosynthetic reaction center. J. Phys. Chem. B 103, 5380-5387.

Graige, M..S., Feher, G., and Okamura, M.Y. (1998). Conformational gating of the electron
transfer reaction Q, Qg — QaQg" in bacterial reaction centers of Rhodobacter
sphaeroides determined by a driving force assay. Proc. Natl. Acad. Sci. USA 95,
11679-11684.

Greenberg, B.M., Gaber, V., Mattoo, A.K., and Edelman, M. (1987). Identification of a
primary in vivo degradation product of the rapidly turning over 32 Kd protein of
photosystem II. EMBO J. 6, 2865-2869.

Guergova-Kuras, M., Boudreaux, B., Joliot, A., Joliot, P., and Redding, K. (2001). Evidence
for two active branches for electron transfer in photosystem I. Proc. Natl. Acad. Sci.
USA 98, 4437-4442.

Gunner, M.R., Robertson, D.E., and Dutton, P.L. (1986). Kinetic studies on the reaction
center protein from Rhodopseudomonas sphaeroides: the temperature and free energy
dependence of electron transfer between various quinones in the Q, site and the
oxidized bacteriochlorophyll dimer. J. Phys. Chem. 90, 3783-3795.

Gunner, M.R., and Zhu, Z. (2004). Protons forge new paths. Structure 12, 518-519.

Hallahan, B.J., Ruffle, S.V., Bowden, S.J., and Nugent, J.H.A. (1991). Identification and
characterisation of EPR signals involving Qg semiquinone in plant photosystem II.
Biochim. Biophys. Acta 1059, 181-188.

Hanley, J., Deligiannakis, Y., Pascal, A., Faller, P., and Ruthrtford, A.W. (1999). Carotenoid
oxidation in photosystem II. Biochemistry 38, 8189-8195.

Hanson, D.K., Baciou, L., Tiede, D.M., Nance, S.L., Schiffer, M., and Sebban, P. (1992a). In
bacterial reaction centers protons can diffuse to the secondary quinone by alternative
pathways. Biochim. Biophys. Acta 1102, 260-265.

Hanson, D.K., Nance, S.L., and Schiffer, M. (1992b). Second-site mutation at M43 (Asn —

87



Asp) compensates for the loss of two acidic residues in the Qg site of the reaction center.
Photosynth. Res. 32, 147-153.

Haumann, M., and Junge, W. (1994). The rates of proton uptake and electron transfer at the
reducing side of photosystem II in thylakoids. FEBS Lett. 347, 45-50.

Haumann, M., and Junge, W. (1999). Photosynthetic water oxidation: a simplex-scheme of its
partial reactions. Biochim. Biophys. Acta 1411, 86-91.

Hieber, A.D., Bugos, R.C., and Yamamoto, H.Y. (2000). Plant lipocalins: violaxanthin
de-epoxidase and zeaxanthin epoxidase. Biochim. Biophys. Acta 1482, 84-91.

Higgins, D.G., Thompson, J.D., and Gibson, T.J. (1996). Using CLUSTAL for multiple
sequence alignments. Meth. Enzymol. 266, 383-402.

Hinerwadel, R., and Berthomieu, C. (1995). Bicarbonate binding to the non-heme iron of
photosystem Il investigated by Fourier transform infrared difference spectroscopy and
C-labeled bicarbonate. Biochemistry 34, 16288-16297.

Hinerwadel, R., Grzybek, S., Fogel, C., Kreutz, W., Okamura, M.Y., Paddock, M.L.,
Breton, J., Nabedryk, E., and Miintele, W. (1995). Protonation of Glu L212 following
Qg formation in the photosynthetic reaction center of Rhodobacter sphaeroides:
evidence from time-resolved infrared spectroscopy. Biochemistry 34, 2832-2843.

Hoganson, C.W., and Babcock, G.T. (1997). A metalloradical mechanism for the generation of
oxygen from water in photosynthesis. Science 277, 1953-1956.

Hutchison, R.S., Xiong, J., Sayre, R.T., and Govindjee. (1996). Construction and
characterization of a Photosystem II D1 mutant (arginine-269-glycine) of
Chlamydomonas reinhardtii. Biochim. Biophys. Acta 1277, 83-92.

Ifuku, K., Nakatsu, T., Kato, H., and Sato, F. (2004). Crystal structure of the PsbP protein of
photosystem II from Nicotiana tabacum. EMBO Rep., 362-367.

Ishikita, H., and Knapp, E.W. (2003). Redox potential of quinones in both electron transfer
branches of photosystem 1. J. Biol. Chem. 278, 52002-52011.

Ishikita, H., Morra, G., and Knapp, E.W. (2003). Redox potential of quinones in
photosynthetic reaction centers from Rhodobacter sphaeroides: dependence on
protonation of Glu-L212 and Asp-L213. Biochemistry 42, 3882-3892.

Ishikita, H., and Knapp, E.W. (2004). Variation of Ser-L223 hydrogen bonding with the Qg
redox state in reaction centers from Rhodobacter sphaeroides. J. Am. Chem. Soc. 126,
8059-8064.

Ishikita, H., Biesiadka, J., Loll, B., Kern, J., Irrgang, K.D., Zouni, A., Saenger, W., and
Knapp, E.W. (2005a). Function of f-carotene near D1/CP47 proteins in photosystem 11
dimer, submitted.

Ishikita, H., and Knapp, E.W. (2005a). Redox potentials of chlorophylls and f-carotene in the
antenna complexes of photosystem II. J. Am. Chem. Soc. 127, 1963-1968.

Ishikita, H., and Knapp, E.W. (2005b). Energetics of proton transfer pathways in reaction
centers from Rhodobacter sphaeroides: the Glu-H173 activated mutants. J. Biol. Chem.
280, 12446-12450.

Ishikita, H., and Knapp, E.W. (2005¢). Induced conformational change upon Cd** binding at
photosynthetic reaction centers. Proc. Natl. Acad. Sci. USA, 102, 16215-16220.

Ishikita, H., and Knapp, E.W. (2005d). Oxidation of the non-heme iron complex in
photosystem II. Biochemistry 44, 14772-14783.

Ishikita, H., and Knapp, E.W. (2005¢). Control of quinone redox potentials in photosystem II:
electron transfer and photoprotection. J. Am. Chem. Soc. 127, 14714-14720.

Ishikita, H., and Knapp, E.W. (2005f). Role of the non-heme iron complex in bacterial
photosynthetic reaction center, submitted.

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

Ishikita, H., Saenger, W., Biesiadka, J., Loll, B., and Knapp, E.W. (2005c). How nature
steers chlorophyll oxidation power of P680, P700, P870 in photosynthesis, in
preparation.

Ishikita, H., Saenger, W., Loll, B., Biesiadka, J., and Knapp, E.W. (2005d). Energetics of
proton exit pathway for water oxidation in Photosystem II. Biochemistry, in press.

88



Ishikita, H., Stehlik, D., Golbeck, J.H., and Knapp, E.W. (2006). Electrostatic influence of
PsaC protein binding to the PsaA/PsaB heterodimer in Photosystem 1. Biophys. J., in
press.

Ivancich, A., Artz, K., Williams, J.C., Allen, J.P., and Mattioli, T.A. (1998). Effects of
hydrogen bonds on the redox potential and electronic structure of the bacterial primary
electron donor. Biochemistry 37, 11812-11820.

Iwaki, M., and Itoh, S. (1994). Reaction of reconstituted acceptor quinone and dynamic
equilibration of electron transfer in the photosystem I reaction center. Plant Cell Physiol.
35, 983-993.

Iwata, S., and Barber, J. (2004). Structure of photosystem Il and molecular architecture of the
oxygen-evolving centre. Curr. Opin. Struct. Biol. 14, 447-453.

Jaguar4.2. (1991-2000). Schrodinger, Inc., Portland, OR.

Johnson, G.N., Rutherford, A.W., and Krieger, A. (1995). A change in the midpoint potential
of the quinone Q4 in Photosystem II associated with photoactivation of oxygen
evolution. Biochim. Biophys. Acta 1229, 202-207.

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

Jones, M.R., Heer-Dawson, M., Mattioli, T.A., Hunter, C.N., and Robert, B. (1994).
Site-specific mutagenesis of the reaction centre from Rhodobacter sphaeroides studied
by Fourier transform Raman spectroscopy: mutations at tyrosine M210 do not affect the
electronic structure of the primary donor. FEBS Lett. 339, 18-24.

Jordan, P., Fromme, P., Witt, H.T., Klukas, O., Saenger, W., and Krauf}, N. (2001).
Three-dimensional structure of cyanobacterial photosystem I at 2.5 A resolution. Nature
411, 909-917.

Kamiya, N., and Shen, J.-R. (2003). Crystal structure of oxygen-evolving photosystem II from
Thermosynechococcus vulcanus at 3.7-A resolution. Proc. Natl. Acad. Sci. USA 100,
98-103.

Katona, G., Snijder, A., Gourdon, P., Andreasson, U., Hansson, O., Andreasson, L.E., and
Neutze, R. (2005). Conformational regulation of charge recombination reactions in a
photosynthetic bacterial reaction center. Nat. Struct. Mol. Biol. 12, 630-631.

Kawamori, A., Ono, T.-A., Ishii, A., Nakazawa, S., Hara, H., Tomo, T., Minagawa, J., Bittl,
R., and Dzuba, S.A. (2005). The functional sites of chlorophylls in D1 and D2 subunits
of Photosystem II identified by pulsed EPR. Photosynth. Res. 84, 187-192.

Keilty, A.T., Vavilin, D.V., and Vermaas, W.F.J. (2001). Functional analysis of combinatorial
mutants with changes in the C-terminus of the CD loop of the D2 protein in
photosystem II of Synechocystis sp. PCC 6803. Biochemistry 40, 4131-4139.

Kerfeld, C.A., Sawaya, M.R., Bottin, H., Tran, K.T., Sugiura, M., Cascio, D., Desbois, A.,
Yeates, T.O., Kirilovsky, D., and Boussac, A. (2003). Structural and EPR
characterization of the soluble form of cytochrome c¢-550 and of the psb V2 gene product
from cyanobacterium Thermosynechococcus elongatus. Plant Cell Physiol. 44, 697-706.

Kern, J., Loll, B., Luneberg, C., DiFiore, D., Biesiadka, J., Irrgang, K.-D., and Zouni, A.
(2005). Purification, characterisation and crystallisation of photosystem II from
Thermosynechococcus elongatus cultivated in a new type of photobioreactor. Biochim.
Biophys. Acta 1706, 147-157.

Kirmaier, C., Holten, D., Debus, R.J., Feher, G., and Okamura, M.Y. (1986). Primary
photochemistry of iron-depleted and zinc-reconstituted reaction centers from
Rhodopseudomonas sphaeroides. Proc. Natl. Acad. Sci. USA 83, 6407-6411.

Kleinfeld, D., Okamura, M.Y., and Feher, G. (1984). Electron-transfer kinetics in
photosynthetic reaction centers cooled to cryogenic temperatures in the
charge-separated state: evidence for light-induced structural changes. Biochemistry 23,
5780-5786.

Knoepfle, N., Bricker, T.M., and Putnam-Evans, C. (1999). Site-directed mutagenesis of
basic arginine residues 305 and 342 in the CP43 protein of photosystem II affects
oxygen-evolving activity in Synechocystis 6803. Biochemistry 38, 1582-1588.

Koulougliotis, D., Innes, J.B., and Brudvig, GW. (1994). Location of chlorophyll; in

&9



photosystem II. Biochemistry 33, 11814-11822.

Krieger, A., and Weis, E. (1992). Energy dependent quenching of chlorophyll a fluorescence:
the involvement of proton-calcium exchange at photosystem II. Photosynthetica 27,
89-98.

Krieger, A., Rutherford, A.W., and Johnson, G.N. (1995). On the determination of redox
midpoint potential of the primary quinone electron transfer acceptor, Q,, in
photosystem II. Biochim. Biophys. Acta 1229, 193-201.

Krieger-Liszkay, A., and Rutherford, A.W. (1998). Influence of herbicide binding on the
redox potential of the quinone acceptor in photosystem II: relevance to photodamage
and phytotoxicity. Biochemistry 37, 17339-17344.

Kwa, S.L.S., Newell, W.R., van Grondelle, R., and Dekker, J.P. (1992). The reaction center
of photosystem II studied with polarized fluorescence spectroscopy. Biochim. Biophys.
Acta 1099, 193-202.

Lakshmi, K.V., Poluektov, O.G., Reifler, M.J., Wagner, A.M., Thurnauer, M.C., and
Brudvig, G:W. (2003). Pulsed high-frequency EPR study on the location of carotenoid
and chlorophyll cation radicals in photosystem II. J. Am. Chem. Soc. 125, 5005-5014.

Leibl, W., Toupance, B., and Breton, J. (1995). Photoelectric characterization of forward
electron transfer to iron-sulfur centers in photosystem I. Biochemistry 34, 10237-10244.

Li, J., Takahashi, E., and Gunner, M.R. (2000). -AG°,5 and pH dependence of the electron
transfer from P'Q4 Qg to P'QAQg” in Rhodobacter sphaeroides reaction centers.
Biochemistry 39, 7445-7454.

Li, Z.-L., and Burnap, R.L. (2001). Mutations of arginine 64 within the putative Ca’"-binding
lumenal interhelical a-b loop of the photosystem II D1 protein disrupt binding of the
manganese stabilizing protein and cytochrome cssy in Synechocystis sp. PCC6803.
Biochemistry 40, 10350-10359.

Loll, B., Kern, J., Saenger, W., Zouni, A., and Biesiadka, J. (2005). Towards complete
cofactor arrangement in the 3.0 A resolution structure of photosystem II. Nature, in
press.

Liineberg, J., Fromme, P., Jekow, P., and Schlodder, E. (1994). Spectroscopic
characterization of PS I core complexes from thermophilic Syrnechococcus sp: Identical
reoxidation kinetics of A;” before and after removal of theiron-sulfur-clusters F, and Fg.
FEBS Lett. 338, 197-202.

MacKerell, A.D., Jr., Bashford, D., Bellott, R.L., Dunbrack, R.L., Jr., Evanseck, J.D., Field,
M.J., Fischer, S., Gao, J., Guo, H., Ha, S., Joseph-McCarthy, D., Kuchnir, L.,
Kuczera, K., Lau, F.T.K., Mattos, C., Michnick, S., Ngo, T., Nguyen, D.T.,
Prodhom, B., Reiher, W.E., II1, Roux, B., Schlenkrich, M., Smith, J.C., Stote, R.,
Straub, J., Watanabe, M., Wiorkiewicz-Kuczera, J., Yin, D., and Karplus, M.
(1998). All-atom empirical potential for molecular modeling and dynamics studies of
proteins. J. Phys. Chem. B 102, 3586-3616.

Mienpai, P., Miranda, T., Tyystjirvi, E., Tyystjirvi, T., Govindjee, Ducruet, J.M., Etienne,
A.L., and Kirilovsky, D. (1995). A mutation in the D-de loop of D; modifies the
stability of the S,Q4" and S,Qg’ states in photosystem II. Plant Physiol. 107, 187-197.

Maggiora, L.L., Petke, J.D., Gopal, D., Iwvamoto, R.T., and Maggiora, G.M. (1985).
Experimental and theoretical studies of Schiff basechlorophylls. Photochem. Photobiol.
42, 69-75.

Manna, P., LoBrutto, R., Eijckelhoff, C., Dekker, J.P., and Vermaas, W. (1998). Role of
Argl180 of the D2 protein in photosystem II structure and function. Eur. J. Biochem. 251,
142-154.

Mardéti, P., Hanson, D.K., Baciou, L., Schiffer, M., and Sebban, P. (1994). Proton conduction
within the reaction centers of Rhodobacter capsulatus: the electrostatic role of the
protein. Proc. Natl. Acad. Sci. USA 91, 5617-5621.

McComb, J.C., Stein, R.R., and Wraight, C.A. (1990). Investigations on the influence of
headgroup substitution and isoprene side-chain length in the function of primary and
secondary quinones of bacterial reaction centers. Biochim. Biophys. Acta 1015,
156-171.

90



McEvoy, J.P., and Brudvig, G.-W. (2004). Structure-based mechanism of photosynthetic water
oxidation. Phys. Chem. Chem. Phys. 6, 4754-4763.

Michel, H., and Deisenhofer, J. (1988). Relevance of the photosynthetic reaction center from
purple bacteria to the structure of photosystem II. Biochemistry 27, 1-7.

Minagawa, J., Narusaka, Y., Inoue, Y., and Satoh, K. (1999). Electron transfer between Qa
and Qg in photosystem II is thermodynamically perturbed in phototolerant mutants of
Synechocystis sp. PCC 6803. Biochemistry 38, 770-775.

Molina-Heredia, F.P., Wastl, J., Navarro, J.A., Bendall, D.S., Hervas, M., Howe, C.J., and
De la Rosa, M.A. (2003). A new function for an old cytochrome? Nature 424, 33-34.

Motoki, A., Usui, M., Shimazu, T., Hirano, M., and Katoh, S. (2002). A domain of the
manganese-stabilizing protein from Synechococcus elongatus involved in functional
binding to photosystem II. J. Biol. Chem. 277, 14747-14756.

Mulkidjanian, A.Y. (1999). Photosystem Il of green plants: on the possible role of retarded
protonic relaxation in water oxidation. Biochim. Biophys. Acta 1410, 1-6.

Munge, B., Das, S.K., llagan, R., Pendon, Z., Yang, J., Frank, H.A., and Rusling, J.F.
(2003). Electron transfer reactions of redox cofactors in spinach photosystem I reaction
center protein in lipid films on electrodes. J. Am. Chem. Soc. 125, 12457-12463.

Nabedryk, E., Breton, J., Hienerwadel, R., Fogel, C., Miintele, W., Paddock, M.L., and
Okamura, M.Y. (1995). Fourier transform infrared difference spectroscopy of
secondary quinone acceptor photoreduction in proton transfer mutants of Rhodobacter
sphaeroides. Biochemistry 34, 14722-14732.

Nabedryk, E., Breton, J., Okamura, M.Y., and Paddock, M.L. (1998). Proton uptake by
carboxylic acid groups upon photoreduction of the secondary quinone (Qg) in bacterial
reaction centers from Rhodobacter sphaeroides: FTIR studies on the effects of replacing
Glu H173. Biochemistry 37, 14457-14462.

Nabedryk, E., Breton, J., Okamura, M.Y., and Paddock, M.L. (2001). Simultaneous
replacement of Asp-L210 and Asp-M17 with Asn Increases proton uptake by Glu-L212
upon first electron transfer to Qg in reaction centers from Rhodobacter sphaeroides.
Biochemistry 40, 13826-13832.

Nabedryk, E., Breton, J., Okamura, M.Y., and Paddock, M.L. (2004). Identification of a
novel protonation pattern for carboxylic acids upon Qg photoreduction in Rhodobacter
sphaeroides reaction center mutants at Asp-L213 and Glu-L212 sites. Biochemistry 43,
7236-7243.

Nabedryk, E., Paddock, M.L., Okamura, M.Y., and Breton, J. (2005). An isotope-edited
FTIR investigation of the role of Ser-L223 in binding quinone (Qg) and semiquinone
(Qg) in the reaction center from Rhodobacter sphaeroides. Biochemistry, in press.

Noguchi, T., Tomo, T., and Inoue, Y. (1998). Fourier transform infrared study of the cation
radical of P680 in the photosystem II reaction center: evidence for charge delocalization
on the chlorophyll dimer. Biochemistry 37, 13614-13625.

Nugent, J.H.A., Corrie, A.R., Demetriou, C., Evans, M.C.W., and Lockett, C.J. (1988).
Bicarbonate binding and the properties of photosystem II electron acceptors. FEBS Lett.
235, 71-75.

Nugent, J.H.A. (1996). Oxygenic photosynthesis. Eur. J. Biochem. 237, 519-531.

Ohad, N., and Hirschberg, J. (1992). Mutations in the D1 subunit of photosystem II
distinguish between quinone and herbicide binding sites. Plant Cell 4, 273-282.

Okamura, M.Y., Paddock, M.L., Graige, M.S., and Feher, G. (2000). Proton and electron
transfer in bacterial reaction centers. Biochim. Biophys. Acta 1458, 148-163.

Paddock, M.L., Rongey, S.H., Feher, G., and Okamura, M.Y. (1989). Pathway of proton
transfer in bacterial reaction centers: replacement of glutamic acid 212 in the L subunit
by glutamine inhibits quinone (secondary acceptor) turnover. Proc. Natl. Acad. Sci.
USA 86, 6602-6606.

Paddock, M.L., Rongey, S.H., McPherson, P.H., Juth, A., Feher, G, and Okamura, M.Y.
(1994). Pathway of proton transfer in bacterial reaction centers: role of aspartate-L.213
in proton transfers associated with reduction of quinone to dihydroquinone.
Biochemistry 33, 734-745.

91



Paddock, M.L., Feher, G., and Okamura, M.Y. (1995). Pathway of proton transfer in bacterial
reaction centers: further investigations on the role of Ser-1.223 studied by site-directed
mutagenesis. Biochemistry 34, 15742-15750.

Paddock, ML.L., Senft, M.E., Graige, M.S., Rongey, S.H., Turanchik, T., Feher, G., and
Okamura, M.Y. (1998). Characterization of second site mutations show that first
proton transfer to Qg is restored in bacterial reaction centers of Rhodobacter
sphaeroides containing the Asp-L213 — Asn lesion. Photosynth. Res. 55, 281-291.

Paddock, M.L., Graige, M.S., Feher, G., and Okamura, M.Y. (1999). Identification of the
proton pathway in bacterial reaction centers: inhibition of proton transfer by binding of
Zn*" or Cd*". Proc. Natl. Acad. Sci. USA 96, 6183-6188.

Paddock, M.L., Feher, G., and Okamura, M.Y. (2000). Identification of the proton pathway in
bacterial reaction centers: replacement of Asp-M17 and Asp-L210 with Asn reduces the
proton transfer rate in the presence of Cd*". Proc. Natl. Acad. Sci. USA 97, 1548-1553.

Paddock, M.L., Adelroth, P., Feher, G., Okamura, M.Y., and Beatty, J.T. (2002).
Determination of proton transfer rates by chemical rescue: application to bacterial
reaction centers. Biochemistry 41, 14716-14725.

Paddock, M.L., Feher, G., and Okamura, M.Y. (2003a). Proton transfer pathway and
mechanism in bacterial reaction centers. FEBS Lett. 555, 45-50.

Paddock, M.L., Sagle, L., Tehrani, A., Beatty, J.T., Feher, G,, and Okamura, M.Y. (2003b).
Mechanism of proton transfer inhibition by Cd*" binding to bacterial reaction centers:
determination of the pK, of functionally important histidine residues. Biochemistry 42,
9626-9632.

Paddock, M.L., Flores, M., Isaacson, R., Chang, C., Selvaduray, P., Feher, G., and
Okamura, M.Y. (2005). Hydrogen bond reorientation upon Qg reduction revealed by
ENDOR spectroscopy in reaction centers from Rhodobacter sphaeroides. Biophys. J. 88,
204A.

Page, C.C., Moser, C.C., Chen, X., and Dutton, P.L. (1999). Natural engineering principles of
electron tunnelling in biological oxidation-reduction. Nature 402, 47-52.

Parrett, K.G., Mehari, T., Warren, P.G., and Golbeck, J.H. (1989). Purification and
properties of the intact P-700 and Fx-containing photosystem I core protein. Biochim.
Biophys. Acta 973, 324-332.

Pascal, A.A., Caron, L., Rousseau, B., Lapouge, K., Duval, J.-C., and Robert, B. (1998).
Resonance Raman spectroscopy of a light-harvesting protein from the brown alga
Laminaria saccharina. Biochemistry 37, 2450-2457.

Petrouleas, V., and Diner, B.A. (1986). Identification of Q4q0, a high-potential electron acceptor
of Photosystem II, with the iron of the quinone-iron acceptor complex. Biochim.
Biophys. Acta 849, 264-275.

Petrouleas, V., and Diner, B.A. (1987). Light-induced oxidation of the acceptor-side Fe(Il) of
Photosystem II by exogenous quinones acting through the Qg binding site. I. Quinones,
kinetics and pH-dependence. Biochim. Biophys. Acta 893, 126-137.

Petrouleas, V., Deligiannakis, Y., and Diner, B.A. (1994). Binding of carboxylate anions at the
non-heme Fe(II) of PSII. II. Competition with bicarbonate and effects on the Qa/Qg
electron transfer rate. Biochim. Biophys. Acta 1188, 271-277.

Pokkuluri, P.R., Laible, P.D., Deng, Y.-L., Wong, T.N., Hanson, D.K., and Schiffer, M.
(2002). The structure of a mutant photosynthetic reaction center shows unexpected
changes in main chain orientations and quinone position. Biochemistry 41, 5998-6007.

Prince, R.C., and Dutton, P.L. (1976). The primary acceptor of bacterial photosynthesis: its
operating midpoint potential? Arch. Biochem. Biophys. 172, 329-334.

Prince, R.C., Dutton, P.L., and Bruce, J.M. (1983). Electrochemistry of ubiquinones:
menaquinones and plastoquinones in aprotic solvents. FEBS Lett. 160, 273-276.

Prince, R.C., Lloyd-Williams, P., Bruce, J.M., and Dutton, P.L. (1986). Voltammetric
measurements of quinones. Methods Enzymol. 125, 109-119.

Prokhorenko, V.1., and Holzwarth, A.R. (2000). Primary process and structure of the
photosystem II reaction center: a photon echo study. J. Phys. Chem. B 104,
11563-11578.

92



Purton, S., Stevens, D.R., Muhiuddin, L.P., Evans, M.C.W., Carter, S., Rigby, S.E.J., and
Heathcote, P. (2001). Site-directed mutagenesis of PsaA residue W693 affects
phylloquinone binding and function in the photosystem I reaction center of
Chlamydomonas reinhardtii. Biochemistry 40, 2167-2175.

Qian, M., Dao, L., Debus, R.J., and Burnap, R.L. (1999). Impact of mutations within the
putative Ca**-binding lumenal interhelical a-b loop of the photosystem II D1 protein on
the kinetics of photoactivation and H,O-oxidation in Synechocystis sp. PCC6803.
Biochemistry 38, 6070-6081.

Rabenstein, B., Ullmann, G.M., and Knapp, E.W. (1998). Calculation of protonation patterns
in proteins with structural relaxation and molecular ensembles - application to the
photosynthetic reaction center. Eur. Bophys. J. 27, 626-637.

Rabenstein, B. (1999). Karlsberg online manual, http://agknapp.chemie.fu-berlin.de/karlsberg/.

Rabenstein, B., Ullmann, G.M., and Knapp, E.W. (2000). Electron transfer between the
quinones in the photosynthetic reaction center and its coupling to conformational
changes. Biochemistry 39, 10487-10496.

Rappaport, F., Guergova-Kuras, M., Nixon, P.J., Diner, B.A., and Lavergne, J. (2002).
Kinetics and pathways of charge recombination in photosystem II. Biochemistry 41,
8518-8527.

Remy, A., and Gerwert, K. (2003). Coupling of light-induced electron transfer to proton
uptake in photosynthesis. Nat. Struct. Biol. 10, 637-644.

Robinson, H.H., and Crofts, A.R. (1983). Kinetics of the oxidation-reduction reactions of the
photosystem II quinone acceptor complex, and the pathway for deactivation. FEBS Lett.
153,221-226.

Robinson, H.H., and Crofts, A.R. (1984). Kinetics of proton uptake and the
oxidation-reduction reactions of the quinone acceptor complex of photosystem_II from
pea chloroplasts. in Advances in Photosynthesis Research (Sybesma, C. Ed.) Vol. 1, pp
477-480, Martinus Nijhoff/Dr. W. Junk Publishers, The Hague.

Roncel, M., Boussac, A., Zurita, J.L., Bottin, H., Sugiura, M., Kirilovsky, D., and Ortega,
J.M. (2003). Redox properties of the photosystem Il cytochromes b559 and ¢550 in the
cyanobacterium Thermosynechococcus elongatus. J. Biol. Inorg. Chem. 8, 206-216.

Rongey, S.H., Paddock, M.L., Feher, G., and Okamura, M.Y. (1993). Pathway of proton
transfer in bacterial reaction centers: second-site mutation Asn-M44 — Asp restores
electron and proton transfer in reaction centers from the photosynthetically deficient
Asp-L213 — Asn mutant of Rhodobacter sphaeroides. Proc. Natl. Acad. Sci. USA 90,
1325-1329.

Rutherford, A.W., and Zimmermann, J.-L. (1984). A new EPR signal attributed to the
primary plastosemiquinone acceptor in Photosystem II. Biochim. Biophys. Acta 767,
168-175.

Rutherford, A.W., and Krieger-Liszkay, A. (2001). Herbicide-induced oxidative stress in
photosystem II. Trends Biochem. Sci. 26, 648-653.

Rutherford, A.W., and Faller, P. (2003). Photosystem II: evolutionary perspectives. Phil. Trans.
R. Soc. Lond. B 358, 245-253.

Schlodder, E., Falkenberg, K., Gergeleit, M., and Brettel, K. (1998). Temperature
dependence of forward and reverse electron transfer from A;’, the reduced secondary
electron acceptor in photosystem I. Biochemistry 37, 9466-9476.

Sebban, P., Maréti, P., and Hanson, D.K. (1995a). Electron and proton transfer to the
quinones in bacterial photosynthetic reaction centers: insight from combined
approaches of molecular genetics and biophysics. Biochimie 77, 677-694.

Sebban, P., Maréti, P., Schiffer, M., and Hanson, D.K. (1995b). Electrostatic dominoes: long
distance propagation of mutational effects in photosynthetic reaction centers of
Rhodobacter capsulatus. Biochemistry 34, 8390-8397.

Seidler, A. (1996). The extrinsic polypeptides of Photosystem II. Biochim. Biophys. Acta 1277,
35-60.

Semenov, A.Y., Vassiliev, LR., van der Est, A., Mamedov, M.D., Zybailov, B., Shen, G.,
Stehlik, D., Diner, B.A., Chitnis, P.R., and Golbeck, J.H. (2000). Recruitment of a

93


http://agknapp.chemie.fu-berlin.de/karlsberg/

foreign quinone into the A, site of photosystem 1. J. Biol. Chem. 275, 23429-23438.

Sétif, P., Bottin, H., and Brettel, K. (1990). in Proceedings of the 8th International Conference
on Photosynthesis, Stockholm, Sweden, August 6-11, 1989 (Baltscheffsky, M., Ed.) Vol.
2, pp 539-546, Kluwer Academic Publishers, Dordrecht, Netherlands.

Sétif, P., and Brettel, K. (1993). Forward electron transfer from phylloquinone A, to iron-sulfur
centers in spinach photosystem I. Biochemistry 32, 7846-7854.

Shen, G., and Vermaas, W.F.J. (1994). Mutation of chlorophyll ligands in the
chlorophyll-binding CP47 protein as studied in a Synechocystis sp. PCC 6803
photosystem I-less background. Biochemistry 33, 7379-7388.

Shen, G., Antonkine, M.L., van der Est, A., Vassiliev, I.R., Brettel, K., Bittl, R., Zech, S.G.,
Zhao, J., Stehlik, D., Bryant, D.A., and Golbeck, J.H. (2002a). Assembly of
photosystem I. II. Rubredoxin is required for the in vivo assembly of Fx in
Synechococcus sp. PCC 7002 as shown by optical and EPR spectroscopy. J. Biol. Chem.
277, 20355-20366.

Shen, G., Zhao, J., Reimer, S.K., Antonkine, M.L., Cai, Q., Weiland, S.M., Golbeck, J.H.,
and Bryant, D.A. (2002b). Assembly of photosystem I. I. Inactivation of the rub4 gene
encoding a membrane-associated rubredoxin in the cyanobacterium Synechococcus sp.
PCC 7002 causes a loss of photosystem I activity. J. Biol. Chem. 277, 20343-20354.

Shinkarev, V., Vassiliev, 1., and Golbeck, J.H. (2000). A kinetic assessment of the sequence of
electron transfer from Fx to F, and further to Fp in photosystem I: the value of the
equilibrium constant between Fx and F,. Biophys. J. 78, 363-372.

Shipton, C.A., Marder, J.B., and Barber, J. (1989). Determination of catabolism of the
photosystem II D1 subunit by structural motifs in the polypeptide sequence. Z.
Naturforsch. 45¢, 388-394.

Shopes, R.J., and Wraight, C.A. (1987). Charge recombination from the P"Q,” state in
reaction centers from Rhodopseudomonas viridis. Biochim. Biophys. Acta 893,
409-425.

Sigfridsson, K.G.V., Bernat, B., Mamedov, F., and Styring, S. (2004). Molecular interference
of Cd** with Photosystem II. Biochim. Biophys. Acta 1659, 19-31.

Stewart, D.H., Cua, A., Chisholm, D.A., Diner, B.A., Bocian, D.F., and Brudvig, G.W.
(1998). Identification of histidine 118 in the D1 polypeptide of photosystem II as the
axial ligand to chlorophyll Z. Biochemistry 37, 10040-10046.

Stowell, M.H.B., McPhillips, T.M., Rees, D.C., Solitis, S.M., Abresch, E., and Feher, E.
(1997). Light-induced structural changes in photosynthetic reaction center: implications
for mechanism of electron-proton transfer. Science 276, 812-816.

Suorsa, M., Regel, R.E., Paakkarinen, V., Battchikova, N., Herrmann, R.G., and Aro, E.-M.
(2004). Protein assembly of photosystem II and accumulation of subcomplexes in the
absence of low molecular mass subunits PsbL and Psbl. Eur. J. Biochem. 271, 96-107.

Svensson, B., Etchebest, C., Tuffery, P., van Kan, P., Smith, J., and Styring, S. (1996). A
model for the photosystem II reaction center core including the structure of the primary
donor Pgg. Biochemistry 35, 14486-14502.

Takahashi, E., and Wraight, C.A. (1992). Proton and electron transfer in the acceptor quinone
complex of Rhodobacter sphaeroides reaction centers: characterization of site-directed
mutants of the two ionizable residues, Glu™'> and Asp™*"*, in the Qg binding site.
Biochemistry 31, 855-866.

Takahashi, E., and Wraight, C.A. (1996). Potentiation of proton transfer function by
electrostatic interactions in photosynthetic reaction centers from Rhodobacter
sphaeroides: first results from site-directed mutation of the H subunit. Proc. Natl. Acad.
Sci. USA 93, 2640-2645.

Takahashi, Y., Hansson, O., Mathis, P., and Satoh, K. (1987). Primary radical pair in the
Photosystem II reaction centre. Biochim. Biophys. Acta 893, 49-59.

Telfer, A. (2002). What is -carotene doing in the photosystem II reaction centre? Phil. Trans. R.
Soc. Lond. B 357, 1431-1440.

Telfer, A., Frolov, D., Barber, J., Robert, B., and Pascal, A. (2003). Oxidation of the two
[-carotene molecules in the photosystem II reaction center. Biochemistry 42,

94



1008-1015.

Thielen, A.P.G.M., and van Gorkom, H.J. (1981). Redox potentials of electron acceptors in
photosystem Ila and IIB. FEBS Lett. 129, 205-209.

Thompson, L.K., and Brudvig, G.W. (1988). Cytochrome b-559 may function to protect
photosystem II from photoinhibition. Biochemistry 27, 6653-6658.

Tomo, T., Mimuro, M., Iwaki, M., Kobayashi, M., Itoh, S., and Satoh, K. (1997). Topology
of pigments in the isolated Photosystem II reaction center studied by selective
extraction. Biochim. Biophys. Acta 1321, 21-30.

Tracewell, C.A., Cua, A., Stewart, D.H., Bocian, D.F., and Brudvig, GW. (2001).
Characterization of carotenoid and chlorophyll photooxidation in photosystem II.
Biochemistry 40, 193-203.

Tracewell, C.A., and Brudvig, GW. (2003). Two redox-active f-carotene molecule in
photosystem II. Biochemistry 42, 9127-9136.

Trebst, A. (1987). The three-dimensional structure of the herbicide binding niche on the
reaction center polypeptides of photosystem II. Z. Naturforsch. 42¢, 742-750.

Ullmann, G:M., and Knapp, E.W. (1999). Electrostatic models for computing protonation and
redox equilibria in proteins. Eur. Bophys. J. 28, 533-551.

Utschig, L.M., Ohigashi, Y., Thurnauer, M.C., and Tiede, D.M. (1998). A new metal-binding
site in photosynthetic bacterial reaction centers that modulates Q4 to Qg electron
transfer. Biochemistry 37, 8278-8281.

van der Est, A., Bock, C., Golbeck, J., Brettel, K., Sétif, P., and Stehlik, D. (1994). Electron
transfer from the acceptor A; to the iron-sulfur centers in photosystem I as studied by
transient EPR spectroscopy. Biochemistry 33, 11789-11797.

van Dorssen, R.J., Breton, J., Plijter, J.J., Satoh, K., van Gorkom, H.J., and Amesz, J.
(1987). Spectroscopic properties of the reaction center and of the 47 kDa chlorophyll
protein of Photosystem II. Biochim. Biophys. Acta 893, 267-274.

Vermaas, W.F.J., Renger, G., and Dohnt, G. (1984). The reduction of the oxygen-evolving
system in chloroplasts by thylakoid components. Biochim. Biophys. Acta 764, 194-202.

Vrettos, J.S., and Brudvig, G.W. (2002). Water oxidation chemistry of photosystem II. Phil.
Trans. R. Soc. Lond. B 357, 1395-1405.

Wang, J., Gosztola, D., Ruffle, S.V., Hemann, C., Seibert, M., Wasielewski, M.R., Hille, R.,
Gustafson, T.L., and Sayre, R.T. (2002). Functional asymmetry of photosystem II D1
and D2 peripheral chlorophyll mutants of Chlamydomonas reinhardtii. Proc. Natl. Acad.
Sci. USA 99, 4091-4096.

Watanabe, T., Kobayashi, M., Hongu, A., Nakazato, M., Hiyama, T., and Murata, N.
(1985). Evidence that a chlorophyll a' dimer constitutes the photochemical reaction
centre 1 (P700) in photosynthetic apparatus. FEBS Lett. 191, 252-256.

Watanabe, T., and Kobayashi, M. (1991). Electrochemistry of chlorophylls. in Chlorophylls
(Scheer, H., Ed.), pp 287-303, CRC Press, Boca Raton, FL.

Webber, A.N., and Lubitz, W. (2001). P700: the primary electron donor of photosystem I.
Biochim. Biophys. Acta 1507, 61-79.

Williams, J.C., Alden, R.G., Murchison, H.A., Peloquin, J.M., Woodbury, N.W., and Allen,
J.P. (1992). Effects of mutations near the bacteriochlorophylls in reaction centers from
Rhodobacter sphaeroides. Biochemistry 31, 11029-11037.

Wraight, C.A. (1985). Modulation of herbicide-binding by the redox state of Q4q0, an
endogenous component of photosystem II. Biochim. Biophys. Acta 809, 320-330.

Xiong, J., Subramaniam, A., and Govindjee. (1996). Modeling of the D1/D2 proteins and
cofactors of the photosystem Il reaction center: implications for herbicide and
bicarbonate binding. Protein Sci. 5, 2054-2073.

Xiong, J., Hutchison, R.S., Sayre, R.T., and Govindjee. (1997). Modification of the
photosystem II acceptor side function in a D1 mutant (arginine-269-glycine) of
Chlamydomonas reinhardtii. Biochim. Biophys. Acta 1322, 60-76.

Xiong, J., Subramaniam, A., and Govindjee. (1998). A knowledge-based three dimensional
model of the photosystem Il reaction center of Chlamydomonas reinhardtii. Photosynth.
Res. 56, 229-254.

95



Xu, Q., Axelrod, H.L., Abresch, E.C., Paddock, M.L., Okamura, M.Y., and Feher, G.
(2004). X-ray structure determination of three mutants of the bacterial photosynthetic
reaction centers from Rb. sphaeroides: altered proton transfer pathways. Structure 12,
703-715.

Xu, W., Chitnis, P., Valieva, A., van der Est, A., Pushkar, Y.N., Krzystyniak, M., Teutloff,
C., Zech, S.G,, Bittl, R., Stehlik, D., Zybailov, B., Shen, G., and Golbeck, J.H.
(2003a). Electron transfer in cyanobacterial photosystem I: I. Physiological and
spectroscopic characterization of site-directed mutants in a putative electron transfer
pathway from A, through A, to Fx. J. Biol. Chem. 278, 27864-27875.

Xu, W., Chitnis, P.R., Valieva, A., van der Est, A., Brettel, K., Guergova-Kuras, M.,
Pushkar, Y.N., Zech, S.G., Stehlik, D., Shen, G., Zybailov, B., and Golbeck, J.H.
(2003b). Electron transfer in cyanobacterial photosystem I: II. Determination of forward
electron transfer rates of site-directed mutants in a putative electron transfer pathway
from A, through A, to Fx. J. Biol. Chem. 278, 27876-27887.

Yang, F., Shen, G., Schluchter, W.M., Zybailov, B.L., Ganago, A.O., Vassiliev, I.R., Bryant,
D.A., and Golbeck, J.H. (1998). Deletion of the PsaF polypeptide modifies the
environment of the redox-active phylloquinone (A;). Evidence for unidirectionality of
electron transfer in photosystem I. J. Phys. Chem. B 102, 8288-8299.

Yeates, T.O., Komiya, H., Chirino, A., Rees, D.C., Allen, J.P., and Feher, G. (1988).
Structure of the reaction center from Rhodobacter sphaeroides R-26 and 2.4.1:
protein-cofactor (bacteriochlorophyll, bacteriopheophytin, and carotenoid) interactions.
Proc. Natl. Acad. Sci. USA 85, 7993-7997.

Yu, J., Smart, L.B., Jung, Y.S., Golbeck, J., and McIntosh, L. (1995). Absence of PsaC
subunit allows assembly of photosystem I core but prevents the binding of PsaD and
PsaE in Synechocystis sp. PCC6803. Plant Mol. Biol. 29, 331-342.

Zech, S.G., Hofbauer, W., Kamlowski, A., Fromme, P., Stehlik, D., Lubitz, W., and Bittl, R.
(2000). A structural model for the charge separated state P7oo'A;” in photosystem I from
the orientation of the magnetic interaction tensors. J. Phys. Chem. B 104, 9728-9739.

Zheleva, D., Sharma, J., Panico, M., Morris, H.R., and Barber, J. (1998). Isolation and
characterization of monomeric and dimeric CP47-reaction center photosystem II
complexes. J. Biol. Chem. 273, 16122-16127.

Zhu, Z., and Gunner, ML.R. (2005). Energetics of quinone-dependent electron and proton
transfers in Rhodobacter sphaeroides photosynthetic reaction centers. Biochemistry 44,
82-96.

Zimmermann, J.-L., and Rutherford, A.W. (1986). Photoreductant-induced oxidation of Fe*!
in the electron-acceptor complex of Photosystem II. Biochim. Biophys. Acta 851,
416-423.

Zouni, A., Witt, H.T., Kern, J., Fromme, P., Krauf}, N., Saenger, W., and Orth, P. (2001).
Crystal structure of photosystem II from Synechococcus elongatus at 3.8 A resolution.
Nature 409, 739-743.

Zurawski, G., Bohnert, H.J., Whitfeld, P.R., and Bottomley, W. (1982). Nucleotide
wequence of the gene for the M, 32,000 thylakoid membrane protein from Spinacia
oleracea and Nicotiana debneyi predicts a totally conserved primary translation product
of M, 38,950. Proc. Natl. Acad. Sci. USA 79, 7699-7703.

96





