
Current Research in 
Photo synthesis 
Volume IV 

Proceedings ofthe Vlllth International Conference on Photosynthesis 
Stockholm, Sweden, August 6-11,1989 

edited by 
M. BALTSCHEFFSKY 
Department of Biochemistry, 
University of Stockholm, 
Stockholm, Sweden 

KLUWER ACADEMIC PUBLISHERS 
DORDRECHT / BOSTON / LONDON 



Library of Congress Cataloging in Publication Data 
International Congress on Photosynthes i s (8th 1989 : Stockholm, 

Current research in photosynthesis : proceedings of the V l l l t h 
International Congress on Photosynthesis. Stockholm, Sweden, August 
6-11, 1989 / edited by M. Ba1tscheffsky. 

p. cm. 

ISBN 0-7923-0587-6 (set) 
1. PhotosynthesIs—Congresses. 2. PhotosynthesIs—Research-

-Congresses. I. Ba1tscheffsky , Margareta. II. T i t l e . 
QK882.I55 1989 
581 . 1'3342—dc20 89-48127 

ISBN 0-7923-0588-4 (Vol. I) 
ISBN 0-7923-0589-2 (Vol. II) 
ISBN 0-7923-0590-6 (Vol. III) 
ISBN 0-7923-0591-4 (Vol. IV) 
ISBN 0-7923-0587-6 (Set) 

Published by Kluwer Academic Publishers, 
P.O. Box 17, 3300 AA Dordrecht, The Netherlands. 
Kluwer Academic Publishers incorporates 
the Publishing programmes of 
D. Reidel, Martinus Nijhoff, Dr W. Junk and MTP Press. 
Sold and distributed in the U.S.A. and Canada 
by Kluwer Academic Publishers, 
101 Philip Drive, Norwell, MA 02061, U.S.A. 
In all other countries, sold and distributed 
by Kluwer Academic Publishers Group, 
P.O. Box 322, 3300 AH Dordrecht, The Netherlands. 

Printed on acid-free paper 

All Rights Reserved 
© 1990 by Kluwer Academic Publishers 
No part of the material protected by this Copyright nbtice may be reproduced or 
utilized in any form or by any means, electronic or mechanical 
including photocopying, recording, or by any information storage and 
retrieval System, without written permission from the Copyright owner. 
Printed in The Netherlands v 

Sweden) 



GENERAL CONTENTS 

Volume I 
1. Reaction Centers From Purple Bacteria 1 
2. Photosystem II 209 
3. 0 2 Evolution 675 

Volume II 
4. Prokaryotic Antennae Systems 1 
5. Eukaryotic Antennae Systems 209 
6. Photoinhibition 349 
7. Photosystem I 523 
8. Structure, Function and Dynamics of the Thylakoid Membrane 715 

Volume III 
9. H+ ATPases 1 

10. Cytochrome B / Q and B/F Complexes 221 
11. Rubisco 323 
12. Structure, Function and Regulation of Photosynthetic Genes 423 
13. Biosynthesis and Assembly of the Photosynthetic Apparatus 653 
14. Chloroplast Differentiation 827 
Volume IV 
15. Respiration and Photosynthesis 1 
16. Regulation of Chloroplast Metabolism 111 
17. Adaptation Mechanisms 291 
18. C 0 2 Concentrating Mechanisms 433 
19. Stress and Photosynthesis 549 
20. Photosynthesis in Nature 821 





CONTENTS TO VOLUME IV 

General Contents V 
Contents Volume IV VII 
Preface XXI 
Acknowledgements XXIII 
Organizing Committees XXV 
Opening Speech XXVII 
15. Respiration and Photosynthesis 

Transfer of Redox Equivalents Between Subcellular Compartments of a Leaf Cell 1 
H. W. Heidt, D. Heineke, R. Heupel, S. Krömer, B. Riens 

Photorespiratory Dependent Leaf Mitochondrial ATP Production 9 
P. Gardeström, B. Wigge 

Photorespiratory Metabolism and Pigment Changes in Photorespiration Mutants 15 
P.J. Lea, R.D. Blackwell, K.J. Lewis, A.J. Young, G. Britton 

The pH Stat of Chloroplasts in Relation to Ribulose Bisphosphate Carboxylase Activity and 
Inorganic Nitrogen and Sulphate Assimilation 23 
LR. Kennedy 

The Light Response of C 0 2 Gas Exchange and Internal C 0 2 Concentration Separated for 
the Upper and Lower Side of a Maize Leaf 31 
W. Postl, H.R. Bolhar-Nordenkampf 

Using Whole Plant Net C 0 2 Exchange Data for Predicting Productivity of Greenhouse 
Roses 35 
J. Jiao, M.J. Tsujita, B. Grodzinski 

Photosynthesis Dark Respiration and Plant Production in Nicotiana tabacwn Genotypes 
Derived from Haploids Selected by Low C 0 2 Survival 39 
E. Delgado, J. Azcon-Bieto, H. Medrano 

ATP Deprivation Induces State I to State II Transition in the Dark in Chlamydomonas 
reinhardtii 43 
P. Gans, L. Bülte, F. Rebeille, F.-A. Wollman 

Effect of the Salinity on the ATPase Activity (CF1, Fl ) Electron Transport in Photosystems 
I, II and Respiratory Chain in Medicago sativa and Amaranthus hypochondriacus 47 
M.S. Gonzalez, M.J. Väzquez, Z.R. Quintanar, G.R. Velasco 

Interaction of the Photosynthetic and Respiratory Electron Transport Chains of Rhodobacter 
sphaeroides 51 
S. Brown, J.P. Armitage 



VII I 
The Effect of Low Intensity Blue Light on the Rates of Respiration and Photosynthesis, 

Composition and Growth of Lemna gibba 55 
J. Gale, G. Granot, M. Zeroni, J. Reubeni 

Glycine Oxidation in Green and Etiolated Tissue 59 
P. Gardeström, D. Henricson, B. Wigge 

Upshift of Light Intensity on Synechocystis 6714 Causes Increases in Glycogen, Respira
tion, and P700 Reduction 63 
J. Myers 

Does NADH Availability Limit Nitrate Reduction in Wheat Genotypes? 67 
M.Z. Abdin, P.A. Kumar, Y.P. Abrol 

The Effect of H2C>2 on the Photosynthetic Biochemistry of Pisum sativum 11 
L. Ford, N.W. Pammenter, A.M. Amory, C.F. Cresswell 

Use of Computer Simulation and Non-Linear Regression in Photosynthetic Studies 75 
A.M. Amory, N.W. Pammenter, C.F. Cresswell 

Photosynthesis, Photorespiration and Partitioning in Leaflets, Stipules and Tendrils of 
Pisum sativum 79 
R. Cöt6, B. Grodzinski 

Effects of Glucose Feeding on Photoautotrophic Cell Suspension of Dianthus caryophillus 83 
M.H. Avelange, F. Sarrey, F. Rebeille 

Affinity Labeling of Phosphoribulokinase by Adenosine Polyphosphopyridoxals 87 
H.M. Miziorko, C A . Brodt 

Catalase in an Aerobic Photosynthetic Bacterium, Erythrobacter sp. OCH 114 91 
M. Morita, K.-I. Takamiya 

Immunocytochemical Localization of the Electron Carrier Proteins Ferredoxin-
NADP+Oxidoreductase and Cytochrome c 553 in the N2-Fixing Cyanobacterium 
Anabaena variabilis 95 
A. Serrano, P. Gimenez, S. Scherer, P. Böger 

A Soluble Polysaccharide Fraction from Higher Plants: A Possible Physiological Substrate 
of the Cytosolic Phosphorylase Isozyme 99 
Y. Yang, B. Greve, M. Steup, E.W. Weiler 

The Effect of Photosynthesis on Different Steps of Dark Respiration 103 
N. Mamushina, H. Zubkova, L. Filippova 

Photosynthesis as a Thermal Process 107 
G.G. Komissarov 

16. Regulation of Chloroplast Metabolism 
Regulation of Light Harvesting by Metabolie Events 111 

P. Horton 
Regulation of Ribulose Bisphosphate Carboxylase Activity by Rubisco Activase: Aspects of 

theMechanism 119 
A.R. Portis, Jr., S.P. Robinson, R. McC. Lilley 

Redox-Regulation of Chloroplast Enzymes: Mechanism and Physiological Significance 127 
R. Scheibe 

Light/Dark-Regulation of C4-Photosynthesis Enzymes by Reversible Phosphorylation 135 
R. Chollet, R.J.A. Budde, J.-A. Jiao, C A . Roeske 



IX 
Purification and Characterization of Phosphoribulokinase from N2 Fixing Cyanobacterium 

Nostoc muscorum 143 
D. V. Amla 

Molecular Models of 3-Dimensional Structures of Chloroplast and Cytoplasmic Phospho-
glycerate Kinase from Wheat 147 
E. M. McMorrow, B.J. Sutton, J.W. Bradbeer 

The Regulation of Synthesis of Chloroplastic and Cytosolic Isoenzymes of Phospho-
glycerate Kinase in B arley 151 
N. Shah, J.W. Bradbeer 

A Comparison of the Regulation of Yeast Phosphoglycerate Kinase with the Isoenzymes of 
Barley Chloroplast and Cytosol 155 
E. M. McMorrow, J.W. Bradbeer, P.O. Montiel-Canobra, M. Larsson-Raznikiewicz 

Relationship Between the Primary Structure of Ferredoxin and Thioredoxin and Their 
Reactivity 159 
J.P. Jacquot, F. de Lamotte, M. Miginiac-Maslow, R. Peyronnet, J.B. Peyre, E. Wollman, 
P. Decottignies 

In Vivo Synthesis and Immunological Relationship of Thioredoxin/from Pea and Spinach 163 
A. Chueca, M. Sahrawy, J.L. Carrasco, J.L. Ramos, J.J. Läzaro, R. Hermoso, J. Lopez 
Gorgd 

Primary Structures of Regulatory Proteins of the Ferredoxin-Thioredoxin System of Spinach 
Chloroplasts 167 
R. Schürmann, L. Gardet-Salvi, M. Kamo, K. Yano, A. Tsugita 

Regulation of Photosynthesis: Photosynthetic Control and Thioredoxin-Dependent Enzyme 
Regulation 171 
D. Lechtenberg, B. Voss, E. Weis 

Function of Two Dissimilar Thioredoxins in the Cyanobacterium, Anabaena sp. 7120 175 
F. K. Gleason 

Effect of Heterotrophic Growth on the Thioredoxins of Wild Type and y-1 Chlamydomonas 
reinhardtii 179 
H.C. Huppe, B.B. Buchanan, J.-P. Jacquot 

Regulation of Pyruvate-Orthophosphate Dikinase from Maize Leaves. Magnesium-Depend-
ent Dimer-Tetramer Interconversion 183 
H. Nakamoto 

Separation and Characterization of Fructose-l,6-Bisphosphatases and Sedoheptulose-1.7-
Bisphosphatases from Leaves of Pisum sativum L. 187 
D. Nothnagel, J. Hoffstädt, E. Latzko 

Control of Stromal Fructose 1.6 Bisphosphatase and Sedoheptulosc 1.7 Bisphosphatase by 
Metabol i te Levels 191 
D. Schimkat, D. Heineke, H.W. Heidt 

Interaction of Chloroplast Fructose-1.6-Bisphosphatase with Micelles of Triton X-114 195 
G. Prat-Gay, R. Rodriguez-Suarez, R.A. Wolosiuk 

The in vivo Functioning Forms of Ribulose 1,5-Bisphosphate Carboxylase/Oxygenase in 
Plants 199 
A. Yokota, T. Taira, H. Usuda, S. Kitaoka 

Structural Analysis of the Triose Phosphate-3-Phosphoglycerate-Phosphate Translocator 
from Spinach Chloroplasts 203 
U.I. Flügge, K. Fischer, A. Gross 



X 
Binding of the Lipophilic Tertiary Amine and 'Selective' Uncoupler Dibucaine to 

Thylakoid Membranes 207 
G. Günther, H. Laasch 

Localized Proton Domains in pH-Dependent Control of Photosynthetic Electron Transport 
under the Influence of Lipophilic Tertiary Amines 211 
A. Janowitz, G. Günther, H. Laasch 

Oscillations of Photosynthesis in Intact Isolated Pea Chloroplasts in the Presence of DCMU 
and Antimycin A 215 
S. Veljovic', Z.G. Cerovicf, M. Plesnirjar 

Photosynthetic Metabolism in Barley Leaves Infected with Powdery Mildew 219 
J. Scholes, P. Lee, P. Horton, D. Lewis 

The Relationship Between the Development of Haustoria of Erysiphe graminis and the 
Energy Status of Leaves 223 
D. P. Wright, J.D. Scholes, P. Horton, B.C. Baldwin, M.C. Shephard 

Synthesis of Alanine from 3-Phosphoglycerate by Intact Bündle Sheath Cells of Zea Mays 227 
E. M. Valle, H.W. Heidt 

The Principal Scheme of Photosynthetic Carbon Conversion in Cells of Isoprenereleasing 
Plants 231 
G. A. Sanadze 

The Enhancement Effect of Isoprene Evolution by Poplar Leaves 239 
D.I. Baazov, G.A. Sanadze 

Regulation of NADP-Malate Dehydrogenase Light-Activation by the Reducing Power. 
I. Functional Studies 243 
M. Miginiac-Maslow, P. Decottignies, J.-P. Jacquot, P. Gadal 

Regulation of NADP-Malate Dehydrogenase Light-Activation by the Reducing Power. 
II. Structural Studies 247 
P. Decottignies, J.-M. Schmittrer, M. Miginiac-Maslow, P. Le Mar6chal, J.-P. Jacquot, 
P. Gadal 

Light Activation of Membrane-Bound Fructose-1.6-Bisphosphatase from Pea Leaf 
Chloroplasts 251 
J.J. Läzaro, A.R. Andres, A. Chueca, R. Hermoso, J. Lopez Gorgd 

How Can the C4 Stromal System Sense Differences in Light Intensity to Adjust Its Ac-
tivities to the Overall Flux? 255 
H. Usuda 

The Relationship Between the Efficiencies of Photosystems I and II and the Control of 
Electron Transport 259 
J. Harbinson, B. Genty, C.H. Foyer, N.R. Baker 

Differential Diumal Carbon Exchange and Photoinhibition in a psbA Plastid Gene 
Chronomutant of Brassica napus 263 
J. Dekker, R. Burmester 

Photosynthesis and Chlorophyll Fluorescence Quenching in Aging Leaves of Three 
Sunflower (Helianthus annuus L.) Genotypes 267 
D. Saftic, M. Plesnicar 

Developmental Variation in Aspartate-Family Amino Acid Biosynthesis by Isolated 
Chloroplasts 271 
W.R. Mills, S.F. Capo, S.A. Bergh, C.B. Lassiter 



XI 
Activities of Carbondioxide Fixing Enzymes in Maize Tissue Cultures in Comparison to 

Young Seedlings 275 
A. Kumar, S. Roy, K.-H. Neumann 

Measurement of Photochemical and Non-Photochemical Quenching: Correction for Tum-
over of PS2 Düring Steady-State Photosynthesis 279 
T. Markgraf, J. Berry 

Regulation of C 0 2 Assimilation Düring Photoinhibition 283 
M. Dujardyn, C.H. Foyer 

Intermediates, Catalytic Components and Light and Dark Regulation of ALA and 
Chlorophyll Formation in the Green Alga Scenedesmus 287 
D. Dörnemann, V. Breu, K. Kotzabasis, P. Richter, H. Senger 

17. Adaptation Mechanisms 
Adaptation of Photosystem Stoichiometry in Oxygen-Evolving Thylakoid Membranes 291 

A. Melis 
Factors Determining Light Response Characteristics of Leaf Photosynthesis 299 

I. Terashima, A. Takenaka 
Physiological Control of Primary Photochemical Energy Conversion in Higher Plants 307 

E. Weis, D. Lechtenberg, A. Krieger 
Trans-A3-Hexadecenoic Acid, LHC II and Low Temperature Development in Herbaceous 

Plants 313 
N.P.A. Huner, M. Krol, S. Boese, V. Hurry, J.P. Williams, G. Oquist 

Chromatic Adaptation in Porphyridium cruentum Expressed in the Distribution of Excita-
tion Energy and in the Thylakoid High-Energy Fluorescence Quenching 321 
0 . Canaani, S. Driesenaar, S. Malkin, E. Gantt 

The Involvement of LHC 2 Phosphorylation in the Adaptation of Higher Plants ot Changing 
Light Intensities and Some Results on the Regulation of LHC 2 Phosphorylation in vivo 325 
H. Dau, O. Canaani 

Thylakoid Protein Phosphorylation in an Algae with Chlorophyll A/C/Fucoxanthin Light 
Harvesting Antenna 329 
P. Gibbs, J. Biggins 

Characterisation and Purification of Polypeptides Undergoing Light-Dependent Phosphoryla
tion in the Cyanobacterium Synechococcus 6301 333 
M. Harrison, J.F. Allen 

Functional Analysis of the Photosynthetic Apparatus in a Chlorophyll-Deficient Mutant of 
Cowpea 337 
D. Habash, B. Genty, N.R. Baker 

Slow Fluorescence Transients in Photosynthetic Bacteria 341 
1. £etlik, M. Waldburger-Schlapp, R. Bachofen 

The Influence of Light Itensity on the Organization of the Photosynthetic Apparatus 
Rhodopseudomonas Palustris Strain AB 345 
Y.E. Erokhin, Z.K. Makhneva, LR. Prokhorenko 

Effects of Growth Irradiance on the Photosynthetic Apparatus of the Red Alga 
Porphyridium cruentum 349 
F. X. Cunningham, Jr., R.J. Dennenberg, L. Mustardy, P.A. Jursinic, E. Gantt 



XII 
Red Light Enhances Q A Relative to P70o and Phycobilisomes in the Red Alga Porphyridium 

cruentum 
F. X. Cunningham, Jr., R.J. Dennenberg, L. Mustardy, P.A. Jursinic, E. Gantt 

Regulation of LHC II mRNA Levels Düring Photoadaptation in Dunaliella tertiolecta 
(Chlorophyceae) 
J. LaRoche, A. Moitain-Bertrand, J. Bennett, P.G. Falkowski 

Fluorescence Responses on Step Changes in Irradiance by Plants from Different Light 
Habitats 
G. Johnson, P. Horton, J. Scholes, P. Grime 

The Relationship Between the Relative Quantum Efficiencies of Photosystems in Leaves. 
Efficiency of PS2 in Relation to Non-Photochemical Fluorescence Quenching 
B. Genty, J. Harbinson, J.M. Briantais, N.R. Baker 

Adaptation of the Light Harvesting Apparatus to Shade in Silene dioica (L.): Relationship 
Between PSI and PSII Efficiences 
M. McKiernan, B. Genty, N.R. Baker 

Different Amino Acid Exchanges in the Dl Protein Cause Different Degrees of Shade Type 
Appearance in Herbicide Tolerant Anacystis 
F. Koenig 

Characterization of the Light Dependent Regulation of the Apparent Quantum Yield of PSI 
A.M. Rehm, A. Ried 

Alteration in Thylakoid Composition and Structure of Brassica rapa Ssp. Oleifera Düring 
Ageing in High and Low Light 
A. Nurmi 

Changes in Thylakoid Surface Area When Shade Acclimated Helianthus annuus L. 
Chloroplasts Are Exposed to High P.F.D. 
W.R. Fagerberg 

Effect of Cold-Hardening on the Quantum Yield of Spinach Leaves 
K.J. van Wijk, RR. van Hasselt 

Environmental and Hormonal Dependence of Induction of Crassulacean Acid Metabolism 
in Mesembryanthemum crystallinum 
G. Edwards, S.-H. Cheng, C. Chu, M. Ku 

Control of Oxidative Phosphorylation in the Adaptation of Medicago sativa, Phaseolus 
aureus and Phaseolus vulgaris to Salinity 
M.S. Gonzalez, Z.R. Quintanar, M.J. Väzquez, G.R. Velasco 

Salinity and the Regulation of Pyruvate Pi Dikinase 
D. Moualem-Beno, A. Shomer-Ilan 

Nitrogen Deprivation and the Photosynthetic Apparatus of the Green Alga Chlorella fusca 
M.H. Rieß, I. Damm, L.H. Grimme 

Gas Exchange, Chlorophyll a Fluorescence, and Metabolite Levels in Leaves of Trifolium 
Subterraneum Düring Long-Term Exposure to Elevated C 0 2 
T. Betsche, F. Morin, F. Cote, F. Gaugain, M. Andre 

Chlorophyllous Calli from Psoralea bituminosa L. - Adaptation to Photomixotrophism 
J. Diamond, A. Casimire M.S. Pais 

Photosynthesis in Flowers of Petunia Hybrida: Low Co2 Flow and Coordinated Reduction 
Between Photosynthetic Systems 
D. Weiss, A. Shomer-Ilan, A.H. Halevy 



XII I 
The Reversible Photochemistry of Phycoerythrocyanin 421 

S. Siebzehnrübl, G. Lipp, R. Fischer, H. Scheer 
Quantitative Analysis of the Chlorophyll Fluorescence Induction Curve: Facts and Artefacts 425 

S. Mauro, R. Lannoye 
Physiologically Active Products of Chloroplast Components Degradation 429 

LA. Tarchevsky, A.N. Grechkin, S.L Pankratova, A.U. Yarin, J.E. Andrianova 

18. C 0 2 Concentration Mechanisms 
Photosynthetic Inorganic Carbon Transport and Accumulation in Macroalgae 433 

F. Brechignac 
Photosynthetic Acclimation to Low Carbon Concentrations in Chlamydomonas reinhardtii 441 

G. Samuelsson, K. Palmqvist, Z. Ramazanov, L.-G. Sundblad 
Proteins Synthesized Düring Induction of the C 0 2 Concentrating Mechanism in 

Chlamydomonas reinhardtii 449 
J.V. Moroney 

The Molecular Biology of Carbonic Anhydrase Expression in Chlamydomonas reinhardtii 455 
J.R. Coleman 

Mutations in the 5' Banking Region of rbcL Inhibit the Growth of Synechococcus PCC7942 
in Air-Level of C 0 2 and Alter the Carboxysome Structure 463 
D. Friedberg, A. Kaplan, R. Ariel, R. Schwarz, E. Sadovnick, M. Kessel, J. Seijffers 

Identification of the Genomic Region Which Complements a Temperature-Sensitive High-
C 0 2 Requiring Mutant of the Cyanobacterium, Synechococcus PCC7942 467 
E. Suzuki, H. Fukuzawa, T. Abe, S. Miyachi 

Molecular Analysis of Mutants of Synechocystis PCC6803 Defective in Inorganic Carbon 
Transport 471 
T. Ogawa, J.G.K. Williams, T. Omata 

Is Carbonic Anhydrase Required for Photosynthesis? 475 
CA. Roeske, J.M. Widholm, W.L. Orgen 

Carbonic Anhydrase Activity in Barley Leaves After Treatment with Abscisic Acid and 
Jasmonic Acid 479 
L.P. Popova, G.N. Lazova 

Isolation of Carbonic Anhydrase from the Higher Plant Pisum sativum 485 
N. Majeu, J.R. Coleman 

Membrane-Bound Carbonic Anhydrase Takes Part in C 0 2 Concentration in Algae Cells 489 
N.A. Pronina, V.E. Semenenko 

Chemical Cross-Linking of Periplasmic Carbonic Anhydrase from Chlamydomonas 
reinhardtii 493 
H. D. Husic 

The Role of Carbonic Anhydrase in Regulating Photosynthetic C 0 2 Fixation in Higher 
Plants 497 
G. Yuzhu, Z. Zhenlin, G. Minliang, W. Zhong 

Expression of a Cyanobacterial Gene Regulated by C 0 2 Concentration 501 
D. Chamot, J.R. Coleman 

Adaptation of Chlamydomonas reinhardtii High C02-Requiring Mutants to Limiting C 0 2 505 
M.H. Spalding, K. Suzuki, A.M. Geraghty 



XIV 
A Phosphoglycolate Phosphatase Mutant of Chlamydomonas reinhardtii 509 

K. Suzuki, L.F. Marek, M.H. Spalding 
Selective Inhibition of C 0 2 Transport in a Cyanobacterium 513 

G. S. Espie, A.G. Miller, D.T. Canvin 
C 0 2 Storage and C 0 2 Concentrating in Brown Seaweeds. I. Occurrence and Ultrastructure 517 

H. Ryberg, L. Axelsson, S. Carlberg, C. Larsson, J. Uusitalo 
C 0 2 Storage and C 0 2 Concentrating in Brown Seaweeds. II. Function in Gas Phase 521 

J. Uusitalo, L. Axelsson, S. Carlberg, C. Larsson, H. Ryberg 
C 0 2 Storage and C 0 2 Concentrating in Brown Seaweeds. III. A Tentative Working Model 525 

L. Axelsson, S. Carlberg, C. Larsson, H. Ryberg, J. Uusitalo 
Inducible C 0 2 Concentrating Mechanisms in Green Seaweeds. I. Taxinomical and 

Physiological Aspects 529 
S. Carlberg, L. Axelsson, C. Larsson, H. Ryberg, J. Uusitalo 

Inducible C 0 2 Concentrating Mechanisms in Green Seaweeds. II. Ecology and Field 
Observations 533 
C. Larsson, L. Axelsson, S. Carlberg, H. Ryberg, J. Uusitalo 

Substrate Binding to NADP-Malic Enzyme from Maize Leaves as Determined by Intrinsic 
Fluorescence Quenching 537 
C S . Andreo, F.E. Podesta, A.A. Iglesias 

The C 0 2 Concentrating Function of C4 Photosynthesis 541 
R.T. Furbank, CL.D. Jenkins, M.D. Hatch 

Regulation of C 0 2 Fixation in the CAM Plant Kalanchoe pinnata (L.) Pers. by Cellular 
Nitrate 545 
T. Balakumar, M. Sivaguru, P. Moorthy, M.R. James, P.R. Anbudurai 

19. Stress and Photosynthesis 
Effects of Stress on Photosynthesis 549 

T.D. Sharkey, F. Loreto, T.L. Vassey 
Nitrate Reduction in Leaves is Coupled to Net Photosynthesis 557 

W.M. Kaiser 
Analysis of Chill-Induced Depressions of Photosynthesis in Maize 565 

N.R. Baker, G.Y. Nie, A. Ortiz-Lopez, D.R. Ort, S.P. Long 
Spatial and Temporal Heterogeneities of Photosynthesis Detected Through Analysis of 

Chlorophyll-Fluorescence Images of Leaves 573 
K. Raschke, J. Patzke, P.F. Daley, J.A. Berry 

Structure and Possible Function of Chloroplast Heat-Shock Proteins and the Effect of Cyclic 
Heat-Shock on Plant Morphogenesis and Circadian Rhythmicity 579 
G. Knack, B. Otto, P. Ottersbach, R. Alexander, Z. Liu, K. Kloppstech 

Carotenoids and Oxidative Stress 587 
A.J. Young, G. Britton 

Analysis of the Mechanisms of Ozone Damage to Photosynthesis in vivo 591 
P.K. Farage, S.P. Long, E. Lechner, N.R. Baker 

The Effect of Ozone on Plant Pigments 595 
A. Price, A. Young, P. Beckett, G. Britton, P. Lea 



XV 
Effects of S 0 2 on Photosynthetic Carbon Metabolism in Leaves of Winter Barley (Hordeum 

vulgare CV. IGRI) 599 
P.O. Montiel-Canobra, J.W. Bradbeer, N.M. Darrall 

Influence of Photosynthetic Capacity, Irradiance and S 0 2 Fumigation on Shoot Growth of 
Azalea (Rhododendron) Cultivars 603 
DJ . Ballantyne 

Simultaneous Measurements of Chlorophyll Fluorescence and C02-Gas Exchange on 
Spruce under Fumigation with Peroxides 607 
S. Drenkard, J. Maguhn, A. Ziegler-Jons, D. Knoppik 

The Effect of Prolonged Exposure to Air-Borne Pollutants on the Photosynthesis of Douglas 
Fir (Pseudotsuga menziesii) Studied with in vivo Chlorophyll Fluorescence 611 
O. van Kooten, L.W.A. van Hove, W J . Vredenberg 

Properties of Selenium-Induced Glutathione Peroxidase in Low-C02-Grown 
Chlamydomonas reinhardtii 615 
S. Shigeoka, T. Takeda, T. Hanaoka, A. Yokota, S. Kitaoka, Y. Iizuka 

Molecular Properties of Ascorbate Peroxidase from Tea Leaves 619 
G.-X. Chen, K. Asada 

Recovery of Photosynthesis in Winter Stressed Scots Pine 623 
C. Ottander, G. Öquist 

Chilling-Induced Alterations in the Photosynthetic Capacity of Chilling-Tolerant and 
Chilling-Sensitive Cultivars of Zea Mays 627 
C S . Ting, T.G. Owens, D.W. Wolfe 

Photoinhibition and Recovery in Isolated Mesophyll Cells of Hardened and Non-Hardened 
Rye 631 
L. Lapointe, N. Huner 

Photoinhibition and Recovery of Photosynthesis in Antarctic Bryophytes under Field 
Conditions 635 
A. Post, E. Adamson, H. Adamson 

Photosynthesis in Grimmia antarctici, An Endemie Antarctic Bryophyte, is Limited by 
Carbon Dioxide 639 
E. Adamson, A. Post, H. Adamson 

Photosynthetic Characterization of Spinach Developed at Cold Hardening and Non 
Hardening Temperatures 643 
S.R. Boese, N.P.A. Huner 

Frost Resistance of Wheat and CHL a in vivo Fluorescence Induction Kinetics 647 
L. Shiqing, Y. Dianan, Z. Jide, L. Tongzhu, T. Chongqing, L. Shiqing, K. Tingyun 

Changes of Photosynthetic Membrane and Cell Resistance of a Leaf of Wheat Seedlings 
Düring Temperature Acclimation 651 
A.A. Filimonov, A.A. Virolainen, E.G. Sherudilo, A.F. Titov 

Effect of Heat Stress on Intact Wheat Leaves and Its Recovery Studied by Fluorescence 
Induction Kinetics 655 
R.K. Mishra, G.S. Singhai 

Synthesis of Sucrose and Fructans in Wheat Leaves: The Effects of Temperature 659 
C. Paulino, M.C Arrabaca 

The Effect of Temperature on Photosynthesis and Amounts and Transport of Assimilate in 
Sunflower and Rape 663 
M.J. Paul, D.W. Lawlor 



XVI 
Effects of Low Temperature on Chlorophyll Protein Complexes and Regulation Capacity of 

Excitation Energy Distribution in Chloroplast Membrane of Cucumber 
C. H. Xu, F.H. Zhao, K.B. Wang, D.H. Yang, Y.L. Dai 

Genetic Variation and Diversity of Low Temperature Induced Damages in Maize Seedlings 
as Assessed by Chlorophyll Fluorescence Induction Curves 
M.-F. Scharll, R. Lannoye, S. Mauro 

The Effects of Low Temperature on Activities of Carbon Metabolism Enzymes in Zea mays 
L. Seedlings 
M.R. Hull, S.P. Long, CR. Raines 

Chill-Induced Modifications to the Relationship Between Thylakoid Protein Phosphoryla
tion and Energy Distribution ot Photosystem 2 in Maize 
J. Val, N.R. Baker 

Chilling Stress and Active-Oxygen Enzymes in Zea mays and Zea diploperennis 
L.S. Jahnke, M.R. Hull, S.P. Long 

Low Temperature Perturbation of Thylakoid Protein Metabolism Düring Maize Leaf 
Development 
G.Y. Nie, N.R. Baker 

Perturbation of the Maize Light-Harvesting Apparatus by Chilling 
D. A. Campbell, D.B. Hayden, L.B. Johnson, N.R. Baker 

Effects of Fire on Photosynthesis and Transpiration in a Mediterranean Ecosystem 
I. Fleck, F.J. Iftiguez, C. Diaz, M. Pascual 

Protective Effect of Putrescine and Spermidine on the Thylakoid Membrane Activity After 
High Temperature Treatment 
LT. Yordanov, V. Goltsev, L. Kruleva 

Two Sites of Heat-Induced Damage to Photosystem II 
D.W. Becker, G. Bain, J. Norman, M. Moholt-Siebert 

Light Regulation of the 22 kd Heat-Shock Protein in Chlamydomonas reinhardtii 
D. Ish-Shalom, A. Post, K. Kloppstech, I. Ohad 

Responses of Some Photosynthetic Parameters in C3 and C4 Crop Plants under Water 
Deficit 
M. Castrillo, D. Fernändez, A.M. Calcagno, I. Trujillo 

A Gas Exchange Procedure to Evaluate Non Uniform Stomatal Closure Effects in Single 
Mesophyte Evergreen Leaves Under High VPD 
G. Bongi 

Does Air Relative Humidity Düring Growth Condition Photosynthetic Characteristics of 
Coffee Leaf? 
M.A. Nunes, P.S. Rijo 

The Effect of Drought on Chlorophyll Fluorescence in Two Maize Lines 
L. Jovanovic, V. Janjic\ S. Veljoviö 

Drought Effect on Photosynthesis and Plant Production of Two Contrasting Trifolium 
Cultivars 
J. Vadell, C. Cabot, H. Medrano 

Water Stress Effects on Canopy Photosynthesis, Temperature, Transpiration and Shedding 
of Leaves and Fruit in Cotton 
A. Ben-Porath, D.N. Baker, A. Marani 



XVII 

Water Use Efficiency in Field-Grown Maize: Effects of Soil Structure 737 
0 . Bcthenod, F. Tardieu 

An Evaluation of the Effect of Salinity of Photosynthesis 741 
E. Brugnoli, M. Lautert 

Salinity Induced Changes in Leaf Expansion, Photosynthesis and K+ Accumulation in 
Sunflower 745 
J.M. Cheeseman, S. Basu 

Effect of Environmental Stress on Photosynthesis of Isolated Mesophyll Cells from Cowpea 
Leaves 749 
Z. Plaut, C M . Grieve, E. Federman 

Assimilatory Force in Illuminated Leaves Grown in Sun or Shade or Under Mineral 
Deficiency 753 
K. Siebke, K.-J. Dietz, U. Heber 

Iron Deficiency-Induced Mechanisms of Dissipation of Excess Energy in Higher Plants 757 
A. Abadia, F. Morales, J. Abadia 

Low-Iron Stress in the Cyanobacterium Anabaena variabilis 761 
B. Michelsen, M. Miller, R.P. Cox 

Violaxanthin Cycle and Fluorescence in Iron-Deficient Maize Leaves 765 
J. Val, E. Monge 

Acid Resistance and the C 0 2 - Conductance of the Plasma Membrane of Dunaliella 
Acidophila 769 
C. Weiss, U. Weis, H. Kugel, H. Gimmler 

The H+-Export Capacity of Dunaliella acidophila and the Permeability of the Plasma 
Membrane for H+ and Weak Acids 773 
H. Gimnmler, M. Bental, H. Degani, M. Avron, U. Pick 

Variable Fluorescence for Monitoring Algal Activity in a High Rate Photosynthetic Pond 777 
B. El Hamouri, R. Moundib, R. Berrada 

The Effects of Diclofop-Methyl and Methabenzthiazuron on Photosynthetic Parameters in 
Viciafaba 781 
D. Vidal, M.A. Miranda, F. Rodriguez, E. Simon 

Influence of Environmental Stresses on the Photosynthetic Capacity of S-Triazine Suscep-
tible and Resistant Biotype of Solanum nigrum 785 
A. Winterberg, P. Panneels, R. Lannoye 

Inhibition of Photosynthesis in Barley (Hordeum vulgare L.) Leaves by Phosphinothricin 
(Glufosinate). Short and Long-Term Effects 789 
M. Lacuesta, C Gonzälez-Murua, A. Mufioz-Rueda, M. Sivak 

Effect of the Herbicide SAN 6706 on Pigment Composition in Barley: Measurements Using 
HPLC 793 
R. Juhler, R.P. Cox 

Changes in Photosynthesis of Wheat Plants Infected by Stern Rust 797 
G. Schmittmann, B. Moerschbacher, HJ . Reisener 

Drought Effect on the Structural and Functional Characteristics of Photosynthetic Apparatus 801 
1. A. Tarchevsky, Y.E. Andrianova, N.I. Safina, E.A. Philippova, D.I. Babuzhina 

Isolation and Characterization of Two Isozymes of Superoxide Dismutase from Scots Pine 805 
G. Wingsle, P. Gardeström, J.-E. Hällgren 



X V I I I 
An Assessment of Ethylene and Carbon Dioxide Exchange in Plants 809 

B. Grodzinski, L. Woodrow 
Response of Aging Chloroplasts to UV Radiation 813 

B. Biswal, G. Kulandaivelu 
Estimating S 0 2 Stress by Chlorophyll Fluorescence Measurements with an Active System 

Used in the Remote Sensing Mode 817 
C. Kliffen 

20. Photosynthesis in Nature 
Photosynthesis and Field Environmental Productivity Indices 821 

P.S. Nobel 
Photosynthesis of Plants in Relation to Resource Availability in the Field 827 

E.-D. Schulze 
Damage to Photosynthesis Düring Chilling and Freezing, and Its Significance to the 

Photosynthetic Productivity of Field Crops 835 
S.P. Long, P.K. Farage, Q. Groome, J.M.N. Macharia, N.R. Baker 

Some Factors Limiting Photosynthesis in Nature 843 
Y.-K. Shen 

Photosynthetic Capacity to Solve the Carbon Dioxide Problem 851 
S. Leu, A. Michaels 

Water Use Efficiency in Potato: Model and Experimental Test of Crop Photosynthesis 855 
O. Bethenod, J.-P. Lhomme, N. Katerji 

Photosynthetic Characteristics of the Mangrove, Bruguiera parviflora, (Roxb.) Wright & 
Arn., Under Natural Conditions 859 
D. R. Carter, J.M. Cheeseman, B.F. Clough, C. Lovelock, R.G. Sim, J.E. Ong 

Some Physiological Aspects of Paspalum dilatatum Grown Under Field Conditions 863 
J. Marques da Silve, A. Bernardes da Silva, D. Coelho Rebelo, M.C. Arrabaga 

Immunogold Localization of Ribulose 1,5-Bisphosphate Carboxylase in Amphibious 
Eleocharis Species in Relation to C3 and C4 Photosynthesis 867 
0 . Ueno, M. Samejima 

Relationships Between Source Leaf Photosynthesis, Export and Grain Filling in Maize 871 
J.-L. Prioul, A. Reyss, N. Schwebel-Dugue, A. Lecharny 

The Dependence of Some Photosynthetic Parameters on the Phosphorus Concentration in a 
Nutrition Solution and Wheat Genotype 875 
S. Zatezalo, i. StankoviC, M.R. Saric 

Influence of Mineral Nutrition on the Content of Photosynthetic Pigments in Various Wheat 
Cultivars 879 
M.R. SariC, Z. StankoviC, B. Krstid, S. Zatezalo 

Dorsiventrality of the Photosynthetic-Light Response in Naturally Occurring C3 Dicots 883 
T.A. Day, E.H. DeLucia, W.K. Smith 

The Effect of Cultivar and Leaf Age on the Content of Photosynthetic Pigments in Wheat 887 
2. Stankovid, M.R. Saric, B. Krstic, S. Zatezalo 

Effect on Net Carbon Assimilation and Allocation of Assimilates under Elevated C 0 2 in 
Mungbean 891 
U.K. Sengupta, A. Sharma 



513C Analysis to Approach the Mechanism of Varietal Difference of Photosynthetic Rate in 
Rice Plants 
H. Sasaki, M. Samejima, R. Ishii 

A New Open Gas-Flow System Configuration for Measurement of Photosynthetic C 0 2 
Response Curve 
L. Nätr, R. Häk, V. Kotvalt 

Impairment of Chloroplast Development and Sink Strength by Blockade of Light in 
Chloroembryos of Cyamopsis tetragonoloba (L.) Taub 
P. Kaladharan, M. Vivekanandan 

Estimation of the Light Limitation of Photosynthesis 
H.G. Jones, A. Massacci 

The Efficiency of Utilization of Photosynthetically Activa Radiation and Distribution of 
Assimilates in Sunflow (Helianthus annuus L.) 
Z. Sakac, T. Öupina 

The Relation of Chlorophyll Delayed Fluorescence of Plant with Photosynthesis: Light 
Dependence 
V. Morgun, N. Znak, S. Doldjikov 

Intercepted Irradiance Limits Carbon Assimilation of a Coastal Dune Plant 
N.W. Pammenter, V.R. Smith 

Phytoplankton Photosynthesis in the Atlantic Ocean as Measured from a Submersible Pump 
and Probe Fluorometer in situ 
P.G. Falkowski, Z. Kolber 

Comparison of Growth of Micro-Algae Nostoc Linckia & Chlorella sp. in Dilute Culture 
N. Sen 

Effects of Suboptimal Temperature and Light Conditions Düring Growth on Temperature 
Dependent Chlorophyll Fluorescence of Tomato 
L.H.J. Janssen, P.R. van Hasselt 

Phototrophic Bacteria that form Heat Resistant Endospores 
J. Ormerod, T. Nesbakken, Y. Torgersen 

Index of Names 



IV.17.421 

THE REVERSIBLE PHOTOCHEMISTRY OF PHYCOERYTHROCYANIN 

SIEBZEHNRÜBL, S., LIPP, G., FISCHER, R., SCHEER, H. B o t a n i s c h e s I n s t i t u t 
der Universität, Menzinger S t r . 67, D-8000 MÜNCHEN 19, FRG 

1. INTRODUCTION 
P l a n t and a l g a l b i l i p r o t e i n s have two major f u n c t i o n s : The p h y c o b i l i -

p r o t e i n s a r e l i g h t - h a r v e s t i n g pigraents f o r p h o t o s y n t h e s i s ( 1 ) ; the 
phytochromes are the p h o t o r e c e p t o r s of p l a n t photomorphogenesis. Many 
c y a n o b a c t e r i a a l s o show resp o n s e s s u g g e s t i n g p h o t o r e v e r s i b l y photo-
chromic pigraents as p h o t o r e c e p t o r s (see 2,3,4,5). The p u t a t i v e pigraents 
have been termed adaptochromes and phycomorphochromes. I s o l a t i o n 
atterapts ( r e v i e w i n 2) r e s u l t e d i n the s p e c t r a l c h a r a c t e r i z a t i o n of a t 
l e a s t f o u r d i f f e r e n t f r a c t i o n s terraed phycochromes a-d; but i n no case 
has t h e r e been c o n c l u s i v e e v i d e n c e , t h a t t h e s e are the p u t a t i v e photo
r e c e p t o r s . 

The a b s o r p t i o n s p e c t r a o f a l l phycochromes suggest t h a t they are 
b i l i p r o t e i n s , t o o . These pigments may t h e n combine b o t h f u n c t i o n s of 
l i g h t h a r v e s t i n g and photomorphogenesis i n d u c t i o n i n one mo l e c u l e . 
Phycochrome b has i n d e e d been shown t o be most l i k e l y t h e a - s u b u n i t of 
the antenna pigment p h y c o e r y t h r o c y a n i n (PEC) ( 6 ) . PEC i s p r e s e n t i n 
s e v e r a l s p e c i e s of c y a n o b a c t e r i a ( 7 ) . I t c a r r i e s an u n u s u a l p h y c o v i o l o -
b i l i n chromophore on i t s a - s u b u n i t ( F i g . 1) ( 8 ) , which i s r e s p o n s i b l e 
f o r i t s photochromic r e s p o n s e . Here we want t o g i v e f u r t h e r (9) r e s u l t s 
on the p h o t o c h e m i s t r y o f PEC from two c y a n o b a c t e r i a , e.g. M a s t i g o c l a d u s 
(M) . l a m i n o s u s and C h r o o c o c c i d i o p s i s ( C h . ) s p e c . . We have c h a r a c t e r i z e d 
the p h o t o c h e m i s t r y of the pigment i n d i f f e r e n t s t a t e s o f a g g r e g a t i o n , 
and the mutual i n t e r d e p e n d e n c e of i t s p h o t o t r a n s f o r m a t i o n and aggre
g a t i o n . 

2. MATERIALS AND METHODS 
P h y c o e r y t h r o c y a n i n (PEC) of M. l a m i n o s u s and C h . s p e c . were prepared 

by the method of Füglistaller et a l . ( 1 0 ) . The s u b u n i t s o f PEC were 
o b t a i n e d by i s o e l e c t r i c f o c u s i n g (11) under a n a e r o b i c c o n d i t i o n s . 
A b s o r p t i o n and a b s o r p t i o n d i f f e r e n c e s p e c t r a were measured i n s p l i t beam 
mode w i t h t h e r m o s t a t e d c e l l h o l d e r s . I r r a d i a t i o n was done i n the photo-
meter (150 W, l i g h t g u i d e and s u i t a b l e i n t e r f e r e n c e f i l t e r s ) . The aggre
g a t i o n S t a t e of PEC was s t u d i e d by s u c r o s e - d e n s i t y g r a d i e n t c e n t r i f u -
g a t i o n a t 238,000 x g ( 1 2 ) . I n the r e a c t i o n s r e l a t i n g i r r a d i a t i o n ^ w i t h 
a g g r e g a t i o n , a PEC (M. l a m i n o s u s ) s t o c k S o l u t i o n (A 570 = 0 . 6 cm" ) was 
i r r a d i a t e d a l t e r n a t e l y w i t h g r e e n and orange l i g h t . B e f o r e the f i r s t and 
a f t e r each subsequent i l l u m i n a t i o n an a l i q u o t (0.2 ml) was a p p l i e d t o 
the s u c r o s e g r a d i e n t (5 ml, 7 t o 17 % w/w). 

3. RESULTS AND DISCUSSION 
3.1. C h a r a c t e r i z a t i o n o f p h o t o c h e m i s t r y 

When PEC or i t s a - s u b u n i t i s o l a t e d from t h e b l u e - g r e e n a l g a e M. 
l a m i n o s u s or C h . s p e c . were i r r a d i a t e d e i t h e r w i t h orange (600 nm; 575 
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nra f o r C h . s p e c . - a - s u b u n i t ) or green l i g h t (500 nm), a t y p i c a l photo
c h e m i s t r y was observed. I r r a d i a t i o n w i t h orange l i g h t l e a d s t o an 
a b s o r p t i o n d i f f e r e n c e spectrum w i t h a maximum a t 502-504 nm and a nega
t i v e extremum at 565-570 nm. I l l u m i n a t i n g the sample w i t h green l i g h t 
r e v e r t s the spectrum f u l l y t o the o r i g i n a l . The am p l i t u d e s of the d i f f 
erence s p e c t r a are s t r o n g l y dependent on the S t a t e of the pigment (Table 
1 ) . I t i s maximum i n the presence of 4 M u r e a , whereas i t i s lower i n 
the f u l l y denatured pigment (8 M urea) and v e r y s m a l l i n h i g h aggregates 
and p h y c o b i l i s o m e s . Upon a d d i t i o n of i n c r e a s i n g amounts of u r e a , the 
d i f f e r e n c e extrema of the r e v e r s i b l e r e a c t i o n remain s t a t i o n a r y up t o 
denaturant c o n c e n t r a t i o n s of 4 M (Table 1 ) . At the same time, the a m p l i 
tudes i n c r e a s e . At h i g h e r u r e a c o n c e n t r a t i o n s , the am p l i t u d e s decrease 
a g a i n , and the extrema s h i f t g r a d u a l l y t o 510 and 600 nm. R e v e r s i b l e 
p h o t o c h e m i s t r y i s r e t a i n e d up to 8 M u r e a , when the P o l y p e p t i d e c h a i n s 
are f u l l y u n f o l d e d . The photochemistry i s v e r y s i m i l a r i n PEG i s o l a t e d 
from the two d i f f e r e n t organisms, e.g. M. l a m i n o s u s and C h . s p e c . . 
R e v e r s i b l e photochemistry i s a l s o r e t a i n e d i n denatured PEC a t low pH. 

COO" C00" C00" COO" 

Fig. 1: S t r u c t u r e s of p h y c o v i o l o b i l i n chromophores i n t h e i r 10Z,15Z 
( l e f t ) and 1 0 Z , 1 5 E - c o n f i g u r a t i o n ( r i g h t ) . Schematic, n a t i v e 
chromophores have extended geometries. 

The ß-subunit of PEC shows no r e v e r s i b l e photochemical e f f e c t s . 
However the two p h y c o c y a n o b i l i n chromophors of t h i s s u b u n i t are v e r y 
s e n s i t i v e a g a i n s t i r r a d i a t i o n , and b l e a c h r a p i d l y t o c o l o r l e s s pro
d u c t a ) ( v i z . by 60 - 70 % w i t h i n 12 min). T h i s r a p i d b l e a c h i n g con-
t r a s t s w i t h the r e l a t i v e s t a b i l i t y of the phycocyanin ß-subunit (11). 

The r e v e r s i b l e p h o t o c h e m i s t r y of PEC and i t s a - s u b u n i t i s p r o b a b l y 
r e l a t e d t o a Z^E i s o m e r i s a t i o n of the p h y c o v i o l o b i l i n chromophore 
( F i g . l ) . Of the d i f f e r e n t chromophore types of p h y c o b i l i p r o t e i n s , i t i s 
the o n l y one which shows a r e v e r s i b l e p h o t o c h e m i s t r y i n i t s n a t i v e and 
denatured S t a t e . We suggest t h a t i s o m e r i z a t i o n takes p l a c e i n the 
a-su b u n i t of PEC a t the A15-double bond, s i m i l a r t o the phytochrome 
prima r y r e a c t i o n . 

3.2. I n t e r r e l a t i o n s of ph o t o c h e m i s t r y and a g g r e g a t i o n 
A g g r e g a t i o n not o n l y s t r o n g l y i n f l u e n c e s the photochemical a c t i v i t y 

of PEC (Table 1 ) , but the i n v e r s e i s a l s o t r u e , e.g. p r e - i r r a d i a t i o n 
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Table 1 : A b s o r p t i o n d i f f e r e n c e extrema and ampl i t u d e s of d i f f e r e n t PEC 

samples or samples s u b j e c t e d t o d i f f e r e n t p r e - t r e a t m e n t s . 

Sample C C pH D i f f e r e n c e extrema [nm] AAA Sample 
bvif fei-
[mM] [8T" 

ÖL orange green [%] 

PEC 100 0 7.0 570 503 18 
PEC 100 1 7.1 569 503 32 
PEC 100 4 7.3 567 502 35 
PEC 100 6 7.5 600 510 12 
PEC 100 8 7.0 599 515 6 
PEC 100 8 3.0 598 507 13 
PEC-monomer 100 c) 7.0 565 504 36 
a-Subunit 100 0 7.0 569 504 50 

a> Buffer — potassii am ph osphate h>u i f f e r . 

»> Amplit ud« C Min- i o f d i f f e r e mce spectra. 

Table 2 : Comparison of ph o t o c h e m i s t r y of PEC between M a s t i g o c l a d u s 
l a m i n o s u s and C h r o o c o c c i d i o p s i s spec. 

Pigment M a s t i g o c l a d u s l a m i n o s u s C h r o o c o c c i d i o p s i s spec. 
native Pigment*0 

X 573 574 
A m Ä " (+) 503 / (-) 570 b > ( + ) 507 / (-) 576 b > 

AAA [%] 18 % 26 % 

denatured Pigment*0 

X 603 / 661 *° 604 / 661 *° 
A m Ä " (+) 507 / (-) 598 *° (+) 506 / (-) 597 b > 

AAA [%] 13 % 10.4 % 

denatured Pigment*0 

A 587 597 
A m ~ ~ (+) 515 / (-) 600 b ) (+) 507 / (-) 595 b > 

AAA [%] 6 % 2.4 % 

a-Subunit (native)*° 
X 562 561 
A m Ä " (+) 504 / (-) 569 b > (+) 501 / (-) 563 b > 

AAA [%] 50 % 15 % 
a ) Green i r r a d t a t e d form i n lOO mM phosphate buffer, pH 7. 
t>) Ol f f erence extrema < orange i r r a d i a t e d \rm . green i r r a d i a t e d sample), 

C-»-> — positi-ve, <-) — negative, 
c) Green i r r a d i a t e d form i n 8 M urea, XOO mM phosphate buffer 

a c i d i f i e d with HCl to pH 2. 
ci ) Green Ir r a d i a t e d form i n 8 M urea -+- lOO mM phosphate buffer , pH 7.4-. 
e) Doubl« maximum i n the a c i d i f i e d State. 
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w i t h d i f f e r e n t l i g h t q u a l i t i e s i n f l u e n c e s the a g g r e g a t i o n of PEC ( 9 ) . 
A sample of PEC was i r r a d i a t e d a l t e r n a t e l y w i t h orange and green l i g h t . 
A l i q u o t s of the o r i g i n a l sample were then a n a l y z e d f o r aggregate d i s -
t r i b u t i o n by u l t r a c e n t r i f u g a t i o n . In every case, the sample i s a mix-
t u r e of mono- and t r i m e r i c PEC, but the amount of h i g h e r aggregates i s 
always i n c r e a s e d a f t e r i r r a d i a t i o n w i t h green l i g h t , and decreased a f -
t e r i r r a d i a t i o n w i t h orange l i g h t . A r e v e r s i b l e d i s s o c i a t i o n as 
response t o d i f f e r e n t l i g h t q u a l i t i e s would p r i n c i p a l l y o f f e r i n d i r e c t 
r o u t e s f o r s i g n a l t r a n s d u c t i o n , s i n c e a d i r e c t e f f e c t of the p h y c o b i l i -
p r o t e i n s may be q u e s t i o n e d on the b a s i s of the s m a l l s i z e of the PEC 
molecule p r i m a r i l y ( ? ) o p t i m i z e d f o r l i g h t - h a r v e s t i n g . 

An i n d i r e c t r o u t e c o u l d be based on e.g. photodynamic e f f e c t s of f r e e 
b i l i p r o t e i n s (13) or the r e l e a s e of l i n k e r p e p t i d e s (14-16). 
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