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electronic structure 345, 346

generation of 259

localization by FTIR 276

zero field splitting parameters 607

P700* (excited state of primary donor) 293, 294–298

→A1, �H 578

→A1, volume changes 578

→FA/B,�H 577

→FA/FB, volume changes 577

electron spin density 293, 297
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redox potential 264, 266

stimulated emission 294–297

thermal repopulation 622, 628

P700+ (oxidized primary donor, PS I) 342–347, 353–356, 421,

423, 430, 431, 643–650

asymmetric spin distribution 233

charge asymmetry by FTIR 272

charge asymmetry 263

dark reduction 621, 622, 626–632

D-band EPR spectrum 344

electron spin density distribution 194, 245, 250,

262–265

electronic g-tensor 245, 248–250

electronic structure 342–347, 355

ENDOR in single crystals 254–256

EPR in single crystals 250, 251

g-tensor anisotropy 367, 368, 371, 381

g-tensor calculations 261, 262

g-tensor orientation 354

high field EPR 249, 250

hyperfine couplings 245, 250–255, 264

interaction with protein surroundings 257

MO calculations 261–264

net polarization 396, 397

nuclear quadrupole couplings 245, 255–257

orientation 257

reduction, Arrhenius plot 507

spin density distribution 343

P700+ A−
1 341, 348

cofactor orientation 352–356

core preparation 564

hyperfine splittings 400

radical pair, cofactor arrangement 341, 347–355

singlet-triplet mixing 395–397

P700+ A−
0 341

kinetics of formation and decay 293

P700-FX core preparation 80–82, 89–96, 421

P740 285

P840 (primary donor, green sulfur bacteria) 20
3P840 (triplet state of primary donor) 308

P840+FeS− 308

PA 276, 417, 420–423, 431

10a-ester C=O 276

9-keto C=O 276, 277

PA/PB, nuclear motion 295–297

P+
A and P+,

B charge density distribution 277

Packing density (� ) 685

Pcb-PS II supercomplex 108–112

PELDOR (pulsed ELDOR) 421

PGR5 polypeptide 648, 652

Phenazine methosulfate (PMS) 34, 160, 328, 329, 640

Pheophytin 226

Pheo-Q type reaction center 416

Phosphatase 149

Phosphatidylcholine 324

Phosphatidylglycerol 65, 564

Phospholipid 62

Phosphorylation 42, 43, 143, 149

Photoaccumulation 398–403

Photobleaching 159

Photochemical quenching 662

Photodamage 144, 151

Photoelectric measurement 319, 323, 394, 427, 440,

441

Photoinhibition 151, 657–665

energy transfer in plant PS I 145

instability of proteins 144

Photophosphorylation 640

Photoprotection 144, 149, 150

Photosynthetic pyridine nucleotide reductase (PPNR) 1,

3–7

Photovoltage 294, 391, 394

�� rise time 324

PhQA 417–433

PhQB 417–433

Phycobiliproteins 101, 102, 110, 111,

Phycobilisomes 58, 101, 102

Phylloquinone 26, 33–38, 48, 49, 60–62, 158, 195, 196, 201,

224–227, 234, 236, 240, 302, 415–434, 363–367, 373–377,

382–386, 572–574, 578–580, 589–592, 613, 629

�-stacked tryptophan 392

C=C modes 314, 315

C=O modes 314, 315

binding site point mutants 399, 404, 407

biosynthetic pathway 207

distribution of 212

electron transfer through 390, 392, 398, 405

in pea PS I 72

midpoint potential 227, 388

photoaccumulation 399

radical 236, 239

radical, photoaccumulation of 420, 421

structure 393

Pigment binding, PSI-H, PSI-L and PSI-O 150

Pigment-pigment interactions 599, 603, 607

Pigment-protein interactions 598

Plastidic localization 536

Plastocyanin 10, 73–77, 140, 147, 195, 319, 320, 328, 330, 336,

337, 642, 678, 679, 686

cross-linked product with PsaF 501, 502

Cu-PS I distance 507, 508

docking site in pea PS I 73

docking site on plant PS I 142, 145,

east face (site II) 687, 688

electron donation to plant PS I 144

electron transfer to P700+ 508

electrostatically-driven docking 48, 52, 53, 58

isoelectric point 686, 687

midpoint potential 688

north pole (site I) 687, 688

northern face 500, 502–506

PsaF crosslinking 501, 502

pH dependent redox potential 506, 507

role of PSI-G 147

standard enthalpy of reduction (�H) 507

standard entropy of reduction (�S) 507

temperature-dependent redox potential 507

tetragonal copper ligands 506

trigonal-planar copper ligands 506

type II kinetic model 689, 690

Plastocyanin/cytochrome c6,

Type I reaction mechanism 689, 690

Type II reaction mechanism 689, 690

Type III reaction mechanism 689, 690
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Plastocyanin-PS I

crosslinking 506, 507

equilibrium constant 510

intermolecular electron transfer 507

transient complex 508

Plastoquinone-9 206, 210–218, 373, 376–384, 517, 525, 589–592,

615, 634, 641, 659, 662–665

biosynthetic pathway 215

diffusion of 642

substitution in menB mutants 589–592

Point-dipole approximation 599

Polysomes 521

Post-translational maturation 531, 539

Primary charge separation 291, 294, 613, 615, 619, 623, 634

Primary electron acceptor 293

Primary electron donor 292, 245

Protein vibrations 605

Protein/flavin interactions 459

Protein-cofactor interactions 361–363, 373–376, 381–385

Protein-quinone interactions 376, 382

Proteoliposomes 324–328, 333

Photosystem I

accumulation of P430− 18

accumulation of P700+ 18

assembly of 80, 82, 89, 95, 96, 515–525, 550–565

charge recombination 18

core complex 24

cyanobacterial 2.5 Å crystal structure 60. 80, 82–85, 89, 91

cyclic electron transport 18

ferredoxin complex 555

ferredoxin co-crystal 556

five possible reaction pathways 17–19

Hg-treated 337

monomer in plants 63, 72–75

noncyclic electron flow 18

plant 4.4 Å crystal structure 76

quantum yield 604, 659, 664

spectral heterogeneity 179

subchloroplast particle 20, 33, 34, 37

trimer in cyanobacteria 48–52, 56, 74, 75

PSI-D, (see also PsaD) 143

PS I-200 particle 147, 164, 189

PS I-LHCI 43, 44

stoichiometry 130, 131

supercomplex 120, 122, 131, 170, 399–402, 405, 407

PSI-LHCII 41, 43

PsaA branch electron transfer 399–407

PsaA/PsaB heterodimer 531

PsaB branch electron transfer 399–407

PsaC 207, 241, 215

C-terminus 560, 564

Fe/S cluster reconstitution 80

N-terminus 558

structure by NMR 83–89

PsaD

C-clamp 561

NHS-biotin labeling 55

N-terminus 551, 553, 559, 560

pre 552, 559, 560

Pseudoazurin 509

Pseudo-cyclic 640

Pseudouridine synthase 518

Pulsed photoaccoustics 575

Pump-probe spectroscopy 159, 160, 394, 399, 416, 423–428, 430

Putidaredoxin reductase 459

Pyridine nucleotide transhydrogenase 1, 6

pyroChl a 272, 273

Q-cycle 641, 647

QKA 62, 63, 391, 392, 400–407

QKB 62, 63, 391, 392, 400–407

Quantized nuclear vibrations 584

Quantum beat oscillations 342, 351–356, 361, 366, 383, 385

Quantum chemical calculations 287, 599, 600

Quantum teleportation 366

Quencher 163

Quinone 557, 583–592

deuteration 372

binding pocket 227, 228, 236–238, 241

exchange 419, 428

pool 42

reconstitution 208, 213, 214

reoxidation 224–239, 241

H-bonding 361, 376–379, 381, 382

��-stacking 361, 381

Radical pair 33, 36, 37

Reaction center

ancestral 675, 679

closed 160–163, 185

kinetic description 615, 617

open 160, 185

Reaction mechanism 689

Reactive oxygen species (ROS) 218, 658–664

Red (long wavelength) chlorophylls 64, 122–134, 162, 165, 170,

178–189, 596, 604

Red enzyme 4

Redfield theory 604

Redox

equilibration 583, 589

homeostasis 149

mediators 573

poising 641–645, 663

potential 456, 459–471, 572–574

response 539, 543

titration 584, 585

Regulon 535, 543

Relaxation, dynamic solvation model 335

Relaxation, primary radical pair 335

Reorganization energy 228, 229, 232, 237, 240, 403, 583–592, 601,

628

Repressor 534, 543

Resonance energy transfer narrowing 601

Resonance Raman spectroscopy 483, 484

Reverse rate constants 573

RHF-INDO/SP calculations 261–264

Rieske iron-sulfur protein 13, 648

RNA interference 521

rRNA-based molecular taxonomy 679

Rubisco 661, 662

Rubredoxin 530, 539, 540

S = 5/2 ferric ions 458

S-adenosylmethionine decarboxylase 663



Subject Index 705

Scaffold protein 531–534, 541, 542

Scavenging enzymes 662

Schiff base 537

Semiquinone radical 389, 402, 406

Senescence 660

Sequential radical pairs 395, 396, 400

SH3-like domain, PsaE 562

Signal I 11

Signal II 11

Singlet oxygen 64

Singlet radical ion pair state 369

Singlet-singlet annihilation 159

Singlet-triplet mixing 428, 429

Siroheme iron 482, 483, 490

Siroheme/NO complex 484

Site energies 598

Spectral density 601

Spin correlated radical pair 341, 342, 395

Spin density 233

Spin dynamics 366, 369, 386, 396, 397, 402

Spin echo 395

Spin Hamiltonian 366, 367

nonadiabatic change 352

radical pair 352

Spin orbit coupling 248, 260

Spin polarization 225, 395–405

mechanism 367

relaxer 370

Spin-correlated radical pair

dipole-dipole interactions 342

exchange interactions 341

Spin-spin coupling 395, 396, 402

Spreading of equilibrium model 619, 634

Standard hydrogen electrode (SHE) 573

Stark spectroscopy 182

State 1 41–45, 121, 149–151, 649–651

State 2 41–45, 121, 149–151, 649–651

State transitions 42–45, 121, 518, 522, 645, 651

role of PSI-H, PSI-I, PSI-L, PSI-O 149

Stepanov-Kennard relation 164

Stigmatellin 640, 641

Stimulated emission 159, 294–298

Stokes shift 182, 600

Stopped-flow spectrophotometry 467–469

Stretched exponential 589, 628–631

Stroma lamellae 642

Stromal ridge 51–55, 63, 80–84, 94, 95, 440, 446, 447, 563, 564

Strongly coupled pigments 602

Structural heterogeneity 417, 418, 426, 427, 432

STT7 kinase 42

Succinate quinol oxidoreductase 650

suf regulon 535, 543

SUF system 534, 535, 539, 540, 541

Sulfite reductase 478, 482, 483, 488, 489

Sulfite reductase, redox potential 489

Sulfur metabolism 440

Sulfur mobilization 537

Superoxide anion radical 660

Superoxide dismutase 661, 662

Suppression, antisense 145–148

Suppression, Co- 145, 148–150

Supramolecular organization of thylakoid membranes 642

Surface electrostatic potential 675

Surface plasmon resonance 556

Susceptibility tensor, symmetry axis 347–351

Symmetry breaking 91–94, 672

TAK kinases 42

Temperature stress 657, 658

Thermal expansion/contraction 575

Thermodynamics 572, 573, 577

Thioredoxin 144, 490–494, 651, 652

Thioredoxin reductase 478, 493

Third observer spin 367

Thylakoid membranes, arrangement 350, 351

Time-dependent two-state approximation 620

TMPD 328, 329

TPN reducing factor (TRF) 1

TPN reductase 1, 6, 7

TPNH diaphorase 1, 6

Trans-acting factors 518–520, 523

Raa1 517–520

Raa2 517–519

Raa3 517–520

Transcription factor 543

Transcriptional control 517

Transfer limited excited state dynamics 604

Transfer-to-trap-limited model 164, 165

Transhydrogenase 1, 2, 6, 7

Transition density cube method 600

Transition density quantum chemical methods 599

Transition dipole moment 182, 183

pigments 599, 602

Transition energies 598

Transition monopole method 600

Transmembrane electric potential (�� ) 226, 239, 321–328, 333,

334, 644, 424

Transposon tagging 144, 147

Trans-splicing reactions 517–520, 525

Trap limited excited state dynamics 604

Trapping time 597, 604

Trimerization domain 51, 56, 58, 105

Trinucleotide phosphate (TPN) 1–7

TRIPLE, general 252, 264

TRIPLE, special 252

Triplet exciton 248, 261

Triton X-100 34–38

TROSY-based NMR 95, 96

Tunneling analysis 583–592

Two domain proteins 678

Type I blue copper proteins 686

Type I reaction center, evolution of 670, 676–680

Ultrafast optical spectroscopy 158–160, 416, 428, 430, 433

Unidirectional electron transfer 200, 239–402, 415–418, 422–434

Unresolved proton hyperfine coupling 372

Upconversion 159

Uphill electron tunneling reaction 587–590

Uphill energy transfer 178

Vibrational modes 403, 404

Violaxanthin de-epoxidase 144

Violaxanthin 141, 144

in Lhc complex 125, 129, 130, 134
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Vitamin E 206

Vitamin K 640

Vitamin K1, 2-methyl-3-phytyl-1,4-naphthoquinone 206

Vitamin K2, 2-methyl-3-polyprenyl-1,4-napthoquinone 206

Wavepacket, nuclear 294–298

Weakly coupled pigments 601

Weibull distribution 628

Xanthophyll cycle 663

Xanthophyll, in Lhc protein 120, 127–130, 133, 134

X-ray small angle scattering 488

Yeast mitochondria 532

Zero-field splitting (of triplet state) 367

Zero-field splitting parameters 343, 346



Organism Index

Acaryochloris marina 101, 109, 110, 112, 285, 294

Algae 659

Anabaena sp. PCC 7119 328, 445, 451, 452, 479, 480, 482, 500,

508, 687

Anabaena sp. PCC 7120 109, 110, 440, 442, 443, 445, 449–452,

484

Anabaena variabilis 59, 209, 210, 456–459, 462, 464–466,

468–470, 557

Anabaena variabilis ATCC 29413 141

Anacystis nidulans 21

Arabidopsis thaliana 41, 42, 122, 123, 126, 127, 140–145, 148,

150, 189, 209–212, 218, 516, 518, 519, 521, 535, 536, 538, 646,

647, 651, 652, 660, 663, 692–694

Arthrospira maxima 684, 691

Arthrospira platensis 179–182, 185, 186

Azotobacter vinelandii 532, 539

Bacillus cereus 210

Bacillus subtilis 209–211

Barley 142, 148, 521, 658, 661, 663, 664

Blastochloris viridis 331, 332

Chlamydomonas reinhardtii 36, 41, 42, 44, 45, 62, 133, 134, 142,

145, 161–164, 168–170, 184, 200–202, 218, 227–231, 233–237,

247, 249, 250, 257–259, 261, 264, 274–279, 281, 282, 284, 286,

302, 306, 307, 316, 363, 385, 398–400, 403, 405, 425, 426, 427,

441–448, 485, 500–505, 508, 509, 516, 518–525, 551–553, 555,

560, 563, 585, 647, 650, 660, 677, 693

Chlorella 3, 4, 178

Chlorella fusca 460

Chlorella sorokiniana 168, 225, 234, 424

Chlorella vulgaris 576, 577

Chlorobium 374

Chlorobium tepidum 209–211, 275, 308, 676

Chloroflexus aurantiacus 679

Chondrus crispus 460

Chromatium vinosum 542

Clostridium acetobutylicum 210

Clostridium acidi urici 83, 85

Clostridium pasteuranium 9, 83, 85, 202

Coffee 658, 659, 661

Common bean 658

Cotton 658, 662

Crocosphaera watsonii 209, 210, 673,

674

Cucumber 658, 659, 660, 661, 662, 664

Cyanidioschyzon merolae 211, 535

Cyanidium caldarium 211, 212, 535

Cyanobacteria 659, 660, 662

Cyanophora paradoxa 535

Dunaliella salina 661

Erwinia chrysanthemi 538

Escherichia coli 81, 82, 205, 208–212, 215–217, 464, 469, 536,

537, 539, 541, 542, 543, 555

Euglena gracilis Klebs (strain Z) 212

Ferns 687, 689, 692

Fischerella musccola 109, 110

Galdieria sulphuraria 535

Galium mollugo 208

Giardia intestinalis 547

Gleobacter violaceus 205, 209–212, 670, 671, 678

Green algae 643, 651, 652

Green sulfur bacteria 20, 113

Guillardia theta 535, 536

Halobacterium sp. NRC-1 209–211

Heliobacteria 113, 374, 383, 669, 670, 677, 679, 680

Heliobacterium chlorum 186

Heliobacterium modesticaldum 95, 374, 384

Maize 456, 465, 466, 469, 470, 479–481, 489–490, 644, 658, 660,

661

Marchantia polymorpha 151
Mastigocladus laminosus 551–553, 560, 561

Monoraphidium braunii 440, 442, 687, 690, 692, 693

Morinda lucida 208

Nicotiana sylvestris 143

Nostoc punctiforme 209–211

Nostoc sp. PCC 7119 687, 688, 690, 693

Nostoc sp. PCC 7120 209–211

Nostoc sp. PCC 8009 562

Odontella sinensis 535, 676

Parsley 4

Peptococcus aerogenes 83

Phormidium laminosum 643, 689, 690

Pinus thunbergii 151

Pissum sativum var. Alaska (pea) 71, 72

Plectonema boryanum 664

Porphyra purpurea 535

Porphyra umbilicalis 460

Porphyridium cruentum 178

Potato 658, 659, 662

Prochlorococcus 678

Prochlorococcus marinus 101, 107-110, 112, 113

Prochlorococcus marinus MED4 209–211

Prochlorococcus marinus MIT9313 209–211

Prochlorococcus marinus SS120 209–211

Prochloron didemni 101, 107–110, 112

Prochlorothrix hollandica 101, 107–110, 112, 687, 690, 691,

693

Pseudanabaena sp. PCC 6903 328

Pumpkin 658

R. sphaeroides R26 36

Red algae 101

Rhodobacter sphaeroides 275, 279, 294–297, 330, 335, 336, 337,

340, 343, 344, 373, 385, 386, 415, 574

Rhodococcus sp. NCIMB 9784 209
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Rhodopseudomonas viridis 186, 331, 336, 338

Rhodospirillum rubrum 333, 336, 337, 640

Saccharomyces cerevisiae 546

Scenedesmus obliquus 343

Scots pine 662

Spinach 3, 4, 6, 7, 11, 17, 20, 23, 26, 148, 166, 167, 212, 224, 234,

405, 440–442, 444–447, 451, 456, 457, 459–462, 464, 465, 470,

555, 560, 658, 659, 661

Spirulina platensis 162, 163, 165, 180, 450, 461, 463,

556

Steinernema carpocapsas 546

Sulfolobus acidocaldarius 545

Sunflower 646

Sweet pepper 658, 661

Synechococcus elongatus 13, 48, 57–59, 145, 146, 150, 155, 162,

163, 165, 180, 206, 209–211, 277, 283, 320, 328, 333, 336, 338,

546, 551–553, 555–557, 595, 615

Synechococcus lividus 340, 343, 347, 348, 352, 354, 355

Synechococcus sp. 21, 24

Synechococcus sp. PCC 6301 21, 24, 239, 555

Synechococcus sp. PCC 6803 643, 650

Synechococcus sp. PCC 7002 83, 87, 209, 210, 212–214, 239,

307–315, 363, 386, 401, 402, 509, 534, 535, 539, 540, 543, 558,

562, 564, 576

Synechococcus sp. PCC 7942 102, 103, 180, 186, 481, 482, 509

Synechococcus sp. WH8102 110, 113, 209–211

Synechocystis sp. 24, 158, 160–162, 165–169

Synechocystis sp. PCC 6803 56, 59, 62, 100, 102–107, 110, 112,

141, 144, 160, 186, 180, 185, 186, 188, 200–202, 225, 227–229,

231–237, 277–285, 294, 302, 305–311, 313–315, 326, 328, 336,

363, 398–400, 441–443, 445–451, 486, 487, 488, 489, 491, 492,

500, 501, 503, 534, 535, 539, 542, 551–553, 555–558, 560,

562–564, 574, 577, 629, 630, 663, 664, 673, 675, 678, 687–690,

693

Thauera aromatica 84

Thermosynechococcus elongatus 100, 103, 104, 106, 109, 179,

180, 182–189, 194, 202, 209–211, 224, 227, 229, 231, 236, 246,

247, 249, 250, 253, 254, 262, 263, 363, 415, 439–441, 444,

446–448, 450, 595, 596, 602–604, 607, 608

Thermosynechococcus vulcanus 59, 333, 337

Thermotoga maritme 538

Tobacco 658, 662, 663

Trichodesmium erythraeum 209–211

Trichomonas vaginalis 547

Winter rye 658

Xenorhabdus nematophila 533



Mutant Index

apoI mutant 521

Arg674PsaB to Ala (Synechocystis sp. PCC 6803) 379, 380, 392,

400, 426, 427

Asn591PsaB to Asp (Chlamydomonas reinhardtii) 430

Asn611PsaA to Asp (Chlamydomonas reinhardtii) 430

Asp575PsaB to Lys or Ala (Synechocystis sp. PCC 6803) 432

btpA deletion mutant (Synechocystis sp. PCC 6803) 564

CDK25 strain (Synechocystis sp. PCC 6803) 557

Chl27 mutant (Arabidopsis) 524

chlL mutant (Plectonema boryanum) 664

Chlorina f2 126, 130

Crd1 mutant (Chlamydomonas reinhardtii) 517, 519, 524, 525

CRR2 mutant (Arabidopsis) 647

Cys556PsaA to Ser, Asp, His (Synechocystis sp. PCC 6803) 201

Cys565PsaA to Ser, Asp, His (Synechocystis sp. PCC 6803) 201

E93-95 mutant (Synechocystis sp. PCC 6803) 555

F14-tab2 mutant (Chlamydomonas reinhardtii) 519, 520

F15-tab1 mutant (Chlamydomonas reinhardtii) 519, 520

F24 mutant (Chlamydomonas reinhardtii) 520

fdx (slr0148) mutant (Synechocystis sp. PCC 6803) 534

Ferredoxin mutants 449, 450

Flavodoxin mutants 444, 449, 451–452

Gly693PsaA to Trp (Chlamydomonas reinhardtii) 228, 229, 426,

432

HCF101 mutant (Arabidopsis) 517, 519, 524, 534, 540

hcf145 mutant (Arabidopsis) 521

His651PsaB to Cys, Gln, Leu (Synechocystis sp. PCC 6803) 279

His656PsaB to Asn, Ser (Chlamydomonas reinhardtii) 194

His656PsaB to Gln (Chlamydomonas reinhardtii) 258, 274, 279

His656PsaB to Asp (Chlamydomonas reinhardtii) 164

His676PsaA to Gln (Chlamydomonas reinhardtii) 258

His676PsaA to Ser (Chlamydomonas reinhardtii) 279

I12V/T15K/Q16R mutant (Chlamydomonas reinhardtii) 555

iscA mutant (Synechococcus sp. PCC 7002) 534

iscR mutant (Synechococcus sp. PCC 7002) 534

iscS mutant (Escherichia coli) 536

iscS1 mutant (Synechocystis sp. PCC 6803) 534

iscS2 mutant (Synechocystis sp. PCC 6803) 534

iscSUA mutant (Escherichia coli) 536

laf6 mutant (Arabidopsis) 536

Lhca, antisense suppression (Arabidopsis) 147

menA mutant (Synechocystis sp. PCC 6803) 205, 213, 214, 574,

577, 578

menB mutant (Synechococcus sp. PCC 6803) 205, 210, 381, 385,

213, 214, 574, 577, 578

menF mutant (Synechococcus sp. PCC 7002) 213

menG mutant (Synechocccus sp. PCC 7002) 205, 213, 214, 377,

385

Met664PsaB to His, Ser, Leu (Chlamydomonas reinhardtii) 197,

198

Met668PsaA to Leu, Arg, His (Synechocystis sp. PCC 6803) 168

Met668PsaB to His, Leu (Chlamydomonas reinhardtii) 428, 429

Met668PsaB to Leu, Asn (Synechocystis sp. PCC 6803) 231, 233,

428–429

Met668PsaB to Leu, His (Chlamydomonas reinhardtii) 231, 232

Met684PsaA to His, Ser, Leu (Chlamydomonas reinhardtii) 197,

198

Met688PsaA to His, Leu (Chlamydomonas reinhardtii) 428–430

Met688PsaA to Leu, Arg, His (Synechocystis sp. PCC 6803) 168

Met688PsaA to Leu, Asn (Synechocystis sp. PCC 6803) 231, 233,

428–430

Met688PsaA to Leu, His (Chlamydomonas reinhardtii) 230–233

ndhB mutant (tobacco) 663

ndhB/PsaE (Synechocystis sp. PCC 6803) 663

ndhCKJ mutant (tobacco) 663

ndhF mutant (Synechococcus sp. PCC 7002) 650

ndhF mutant (Synechocystis sp. PCC 6803) 650

Pc (plastocyanin) mutants (Arabidopsis) 145

PGR5 mutant (Arabidopsis) 663

pgsA mutant (Synechocystis sp. PCC 6803) 564

Phe560PsaB to Ala or Leu (Chlamydomonas reinhardtii) 262

Phylloquinone pathway deletion mutants 385

psaA mutant (Chlamydomonas reinhardtii) 520

psaB mutant (Chlamydomonas reinhardtii) 520, 660

psaC (cyanobacteria) 141

psaC (green algae) 142

psaC mutant (Chlamydomonas reinhardtii) 660

psaC mutant (Synechocystis sp. PCC 6803) 557, 558

psaC mutants 404, 446–448, 451

psaC mutants, cysteine ligands to Fe/S clusters 83

psaC pseudorevertants 534

psaC, inactivation (Chlamydomonas reinhardtii) 521

psaD deletion strain (cyanobacteria) 144

psaD deletion mutant 446, 447

psaD deletion strain (Synechocystis sp. PCC 6803) 80, 81

psaD – less mutant 677

psaD mutant (Synechocystis sp. PCC 6803) 553, 555, 560

PsaD mutants 446–448

psaD, inactivation (Arabidopsis) 521

psaD1-1 mutant (Arabidopsis) 143

psaD1-1 PsaD2-1, double mutant (Arabidopsis) 143

PsaD2-1 mutant (Arabidopsis) 143

psaE deletion mutant 446–448, 451

psaE deletion strain (Synechocystis sp. PCC 6803) 80, 81

psaE mutant (Synechocystis sp. PCC 6803) 555, 556, 562

psaE mutant, transposon tagged (Arabidopsis) 144

PsaE mutants 446–448

psaE/psaF deletion mutant 399–401

psaE� mutant (Synechococcus sp. PCC 7002) 427

psaE1, inactivation (Arabidopsis) 522

psae1-1 mutant (Arabidopsis) 562

psaF mutant (Arabidopsis) 660

psaF mutant (Chlamydomonas reinhardtii) 660
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psaF, inactivation (Chlamydomonas reinhardtii) 522

psaF� mutant (Synechococcus sp. PCC 7002) 427, 433

psaG, inactivation (Arabidopsis) 522

psaH, inactivation (Arabidopsis) 522

psaI, inactivation (Arabidopsis) 521

psaK, inactivation (Arabidopsis) 522

psaL, inactivation (Arabidopsis) 522

psaN, inactivation (Arabidopsis) 522

PSI-D, antisense suppression of (Arabidopsis) 143, 144

PSI-E mutant, antisense suppression of (Arabidopsis) 144

PSI-F mutant (Arabidopsis) 145

PSI-F mutant (green algae) 145

PSI-G mutant (Arabidopsis) 146

PSI-H, cosuppression of (Arabidopsis) 142, 144, 148, 149

PSI-J deletion, (cyanobacteria, green algae, plants) 145

PSI-K mutant (Arabidopsis) 146

PSI-L mutant, antisense suppression of (Arabidopsis) 148, 149, 150

PSI-N cosuppression of (Arabidopsis) 144, 145

PSI-O 148, 149

rubA menB mutant (Synechocccus sp. PCC 7002) 214

rubA mutant (Synechocccus sp. PCC 7002) 214, 401, 402, 420,

422, 431, 534, 539, 564, 629, 631, 633

Ser603PsaA to Gly (Synechocystis sp. PCC 6803) 283

Ser672PsaB to Ala (Chlamydomonas reinhardtii) 426, 428

Ser672PsaB to Cys (Synechocystis sp. PCC 6803) 228, 229, 380,

392, 400, 426, 428

Ser692PsaA to Ala (Chlamydomonas reinhardtii) 426–428

Ser692PsaA to Cys (Synechocystis sp. PCC 6803) 228, 229, 379,

380, 392, 400, 426–428

sufA mutant (Synechococcus sp. PCC 7002) 534, 539

sufB mutant (Arabidopsis) 538

sufC mutant (Arabidopsis) 538

sufC mutant (Escherichia cgrysanthemi) 538

sufD mutant (Escherichia cgrysanthemi) 538

sufR null mutant (Synechococcus sp. PCC 7002) 534, 543

sufS mutant (Escherichia coli) 536

Thr718PsaB to Thr (Synechocystis sp. PCC 6803) 277

Thr739PsaA to Ala (Chlamydomonas reinhardtii) 195

Thr739PsaA to Phe (Synechocystis sp. PCC 6803) 282–284

Thr739PsaA to Tyr, His, Val (Chlamydomonas reinhardtii) 281,

282

Thr739PsaA to Tyr, His, Val, Ala (Chlamdomonas) 281–283

Thr739PsaA to Val 608

Thr739PsaA to Val, His, Tyr (Chlamydomonas reinhardtii) 247,

258, 259

Thr743PsaA to Ala (Chlamydomonas reinhardtii) 231, 233, 431

Trp673PsaA to Phe, His, Leu (Chlamydomonas reinhardtii) 201

Trp673PsaB to Gly (Chlamydomonas reinhardtii) 426

Trp673PsaB to Leu, His (Chlamydomonas reinhardtii) 399, 400,

406

Trp677PsaA to Phe (Synechocystis sp. PCC 6803) 227–229, 239,

240

Trp677PsaB to His, Leu (Chlamydomonas reinhardtii) 425, 426

Trp677PsaB to Phe (Chlamydomonas reinhardtii) 237, 240

Trp677PsaB to Phe (Synechocystis sp. PCC 6803) 380, 392, 400,

425, 426

Trp693PsaA to His, Leu (Chlamydomonas reinhardtii) 399–401,

406

Trp693PsaA to Phe, His, Leu (Chlamydomonas reinhardtii) 201

Trp697PsaA to His, Leu (Chlamydomonas reinhardtii) 425, 426,

428

Trp697PsaA to Phe (Chlamydomonas reinhardtii) 227–229, 239,

240

Trp697PsaA to Phe (Synechocystis sp. PCC 6803) 201, 227–229,

379, 380, 392, 400, 425, 426, 428

Trp697PsaA/Trp677PsaB to Phe/Phe (Chlamydomonas reinhardtii)
227, 229

Tyr599PsaA to Leu (Synechocystis sp. PCC 6803) 283

Tyr676PsaB to Phe (Chlamydomonas reinhardtii) 424, 428,

429*(anothr entry, no pages)

Tyr696PsaA to Phe (Chlamydomonas reinhardtii) 230, 231, 424,

428, 429

viridis-zb63 barley mutant 521

Ycf3 mutant 563

ycf3, inactivation 517, 519, 523

Ycf4 mutant 563

ycf4, inactivation 517, 519, 523
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Arh1 533

At1g08490 536

At1g54500 539

AtABC1 539

AtCnfU-V 564

Atm1 533, 534

AtNAP6 (SufD) 536

AtNAP7 (SufC) 536, 538

AtNFS1 536

AtNFS2 536

AtNFU1-5 533, 541, 542

BtpA 522, 523, 564

cab genes 101, 107

Cab proteins 107, 107, 112

C-DES (cysteine desulfurase) 534, 537

Crd1 524

DnaJ 533

DnaK 533

Erv1p 533

fdx 532, 539

Ferredoxin 140,143

Flavodoxin (IsiB) 675

FNR 143, 541

ftrC 535, 543

Grx5 534

HCF101 540

HiPIP 542

HisP 538

hscA 532, 534, 539

hscB 532, 534, 539

Isa1p 533

Isa2p 533

IscA 524, 530, 533, 534, 539, 543

IscR 530 532, 534, 543

iscR-iscS-iscU-iscA-hscB-hscA-fdx-ORF3 532

IscS 532, 533, 534, 537

IscS1 534

IscS2 534

IscU 524, 532, 534, 543

IscU1p 533

IscU2p 533

IsiA 52, 58, 59, 100, 102, 140, 675

isiAB operon 102-110, 112, 113

IsiB 102

Jac1 533

laf6 536

Lhca 170

Lhca1 72–75, 140, 145, 184, 189

Lhca1/Lhca4 dimer 121, 125, 140, 147, 189

Lhca1-4 42, 120–134

Lhca2 72–75, 140, 146, 147, 184, 189

Lhca2/Lhca3 dimer 125, 140, 147

Lhca3 72–75, 140, 146, 147, 180, 189, 522, 524

Lhca4 72–75, 140, 145, 180, 184, 188, 189

Lhca5 140

Lhca5–6 122, 134

Lhca7–9 134

Lhcb1–3 42

LHCI 140–147, 151

LHCII 140, 144, 149, 150

menA 418, 419

MenA, DHNA polyprenyltransferase 208–214

menB 381, 385, 419

MenB, 1,4-hydroxynaphthoyl-CoA synthase 208–214, 218

MenC, o-succinylbenzoate synthase 208–212

MenD, 2-succinyl-6-hydroxy-2,4-cyclohexadiene-1-carboxylate

synthase 208–213

MenE, o-succinylbenzoate-CoA synthetase 208–213

MenF, isochorismate synthase 208–213

menG 377, 385, 419 ,436

MenG, 2-polyprenyl-1,4-naphthoquinone methyltransferase

208–214, 217

MenH, 1,4-hydroxynaphthoyl-CoA thioesterase 208–212

Mge1 534

narB 481

Ndh, co-transcribed with psaC 551

ndhB 663

ndhCKJ 663

Nfs1p 533

NFU 524, 533, 541, 542

NfuI 524

NifS 524, 532, 537

NifU 524, 532, 533, 541, 542

ORF3 532

OxyR 539, 543

Plastocyanin 140, 144, 147

pcb genes 107–113

pcbA 107–110

pcbB 108–110

petD 520

pgr5 663

psaA 433

PsaA 13, 35, 36, 82, 84–96, 100, 106, 302, 320, 321, 329, 330, 416,

434, 440, 447, 500–508, 516, 520, 531, 541, 660, 670–675, 678

pea 71, 74

Thermosynechococcus elongatus 49–53, 55–65

PsaA/PsaB 52

psaB 433

psaB1 671

psaB2 671
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PsaB 13, 35, 36, 82–85, 89–96, 100, 106, 188, 302, 320, 321, 329,

330, 416, 434, 440, 500, 503, 504, 506, 508, 516, 520, 521,

531, 541, 660, 661, 670–675, 678, 679

pea 71, 74

Thermosynechococcus elongatus 59–53, 55, 56, 58–61, 63, 65

psaC 521

PsaC 13, 23–25, 35, 36, 207, 214, 215, 320, 330, 336, 338, 415,

416, 420, 421, 437, 440, 447–451, 550, 551–564, 531–535,

540, 613–615, 660

180• rotation around C2 symmetry axis 91–93

amino acid sequence 83

apo 80

comparison with dicluster ferredoxins 82–85, 88–91

conformation of C-terminus 84–89, 91–96

conformation of N-terminus 85, 86, 88, 96

conformational change on binding 88, 93–95

contact shifted NMR signals 83, 84

crosslinking with ferredoxin 555

C-terminus binds first hypothesis 94, 95

evolution 95, 675–678

inter-subunit contacts with PsaA/PsaB 91–93

iron-sulfur core binds first hypothesis 94, 95

local C2 symmetry 83

medium and long-range NOE constraints 84, 85

NMR resonances 84

PsaC, PsaD and PsaE, ferredoxin docking site 439, 440, 446–450

pseudo C2 symmetry of 83, 94,

site-directed mutagenesis of 83

specific sequence insertion of 85

symmetry breaking contacts with PsaA/PsaB 91, 93

Thermosynechococcus elongatus 49, 51–56,63, 65

unbound recombinant protein 84

PsaD 36, 80–82, 90–96, 207, 214, 215, 440, 446–450, 516, 522,

531, 540, 550–565, 660

crosslinking with ferredoxin 552, 555

crosslinking with flavodoxin 554

evolution 675–678

KD value with ferredoxin 555, 556

leader peptide in eukaryotes 551

N-terminal extension in eukaryotes 677

role in ferredoxin docking 54

susceptibility to proteolysis 559, 560

Thermosynechococcus elongatus 49, 51, 53–56, 63, 65

psaD1 142

psaD2 142

psaE (Arabidopsis) 522

psaE 663

psaE1 562

psae1-1 562

psae1-2 562

psaE2 562

PsaE 36, 399, 401, 427. 440, 446–451, 516, 531, 540, 550, 551–565

evolution 675–678

interaction with ferredoxin 553

leader peptide in eukaryotes 553

NMR structure 55, 96

N-terminal extension in eukaryotes 678

role in cyclic electron transport 56

susceptibility to proteolysis 561

Thermosynechococcus elongatus 49, 51, 53–56, 58, 63, 65

PsaF 184, 399, 405, 427, 433, 437, 447, 500–503, 505, 506, 508–510,

516, 522, 660

cross-linked product 501, 502, 505–507

chimeric protein 502, 503

electrostatic interaction 503

interaction with Lhca 121

N-terminal domain 501, 502, 505

pea 73, 74, 76

presequences in plants 58

role in plastocyanin docking in plants 53, 73

Thermosynechococcus elongatus 49, 51, 53, 55, 58, 59

PsaF/PsaJ interaction 561

PsaG 105, 516, 522, 678

evolution by gene duplication 59

interaction with Lhca 121

pea 73, 74, 76

PsaH 516, 522, 678

pea 73, 74

PsaI 516, 522

Thermosynechococcus elongatus 49, 51, 56, 57

PsaJ 184, 447

deletion mutant 505

interaction with Lhca 121

pea 74

Thermosynechococcus elongatus 49, 51, 58, 59

PsaK 106, 107, 516, 522, 524

interaction with Lhca 121

pea 74, 76

positive inside rule 59

Thermosynechococcus elongatus 49, 51, 58, 59

PsaL 105, 179, 184, 516, 522

Ca2+ binding 56

pea 73, 74

role in trimerization domain 56

Thermosynechococcus elongatus 49, 51, 55–57, 65

PsaM, Thermosynechococcus elongatus 49, 51, 56–58

PsaN 516, 678

Role in binding of plastocyanin 505, 506

PsaO 678

PsaX 188, 678

Thermosynechococcus elongatus 49, 51, 58, 59, 65

PsbB/PsbC, similarity in arrangement to PsaA/PsaB 52

PsbS 144

PscB, Chlorobium 95, 676

PSI-A (see also PsaA) 42, 44, 140

PSI-B (see also PsaB) 140

PSI-C (see also PsaC) 140–146, 150

PSI-D (see also PsaD) 140–146, 148, 150

N-terminal extension in plants 142

PSI-E (see also PsaE) 140–146, 150

N-terminal extension in plants 143

PSI-F (see also PsaF) 140–146, 148

N-terminal extension in plants 144

role in binding LHCI 145, 146

PSI-G (see also PsaG) 42, 44, 140, 146, 147

location in plant PS I 146

role in binding LHCI 147

role in binding plastocyanin 147, 148

PSI-H (see also PsaH) 42–45, 140–142, 144, 148–151

role in binding LHCII 149

PSI-I (see also PsaI) 140, 141, 148, 150

PSI-J (see also PsaJ) 140, 141, 145, 146

role in binding LHCI 146

PSI-K (see also PsaK) 42–44
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PSI-K and PSI-G, role in energy transfer 146, 147

PSI-K 140, 146, 147

location in plant PS I 146

role in binding LHCI 146

PSI-L (see also PsaL) 43, 44, 140–142, 144, 148–150

role in binding LHCII 149

PSI-M (see also PsaM) 140, 151

PSI-N (see also PsaN) 140, 144, 145, 148, 151

role in oxidizing plastocyanin 145

PSI-O (see also PsaO) 140, 141, 148, 149, 150, 151

role in binding LHCII 149, 150

RubA 63, 530, 531, 534, 539, 540, 541, 542, 544

RubA 564

ScNFU1 in Arabidopsis 542

sll0088 in Synechocystis sp. PCC 6803 534

sll0704 in Synechocystis sp. PCC 6803 534

slr0387 in Synechocystis sp. PCC 6803 534

slr1417 in Synechocystis sp. PCC 6803 534, 539

slr1565 in Synechocystis sp. PCC 6803 534

SoxR 530, 543

Ssq1 533

Subunit III (PsaF) 501

SufA 530, 534 , 535, 536, 539

SufB 530, 534, 535, 536, 538, 543

SufBCD, role in mobilizing iron 538

SufC 530, 534, 535, 536, 538, 543

SufD 530, 534, 535, 538, 543

SufE 530, 534, 537, 538

X-ray crystal structure 537

SufR 530, 535, 542, 543, 544

SufS 530, 535, 536, 537, 538, 543

X-ray crystal structure 536, 537

SufS/SufE, role in mobilizing sulfur 537

tab1 in Chlamydomonas reinhardtii 520, 521

tab2 in Chlamydomonas reinhardtii 520, 521

Thioredoxin 144

tscA in Chlamydomonas reinhardtii 518, 519

Yah1p 533

ycf16 535, 538

ycf24 535, 538

Ycf3 522, 523

Ycf4 522, 523

ycf83 535

Yfh1/frataxin 534
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