
Journal of Zeitschrift für Natxirforschung C 

Biosciences 
>unded 1946 in the Institutes 
the Max-Planck-Gesellschaft 

Volume 43 1988 

lerlag der Zeitschrift für NaturforschiD Tübingen 



Volume 43c Zeitschrift für Naturforschung 1988 

Contents 

Contents of Number 1/2 

Original Communications 

Biflavones from Some Mosses 
Η. G E I G E R , S. A N H U T , and H . D . Z I N S M E I S T E R 1 

Coumestans from the Roots of Pueraria mirifica 
J . L . I N G H A M , S. T A H A R A , and S. Z . D Z I E D Z I C 5 

In vivo Synthesis of [14C]Dilinoylgalactosylglycerol 
by Gametophytes of the Fern Anemia phyllitidis 
E. K L O S E and A . R. G E M M R I C H 11 

Arachidonic Acid in the Lipids of Marine Algae 
Maintained under Blue, White and Red Light 
S. S. R A D W A N , A.-S. S H A A B A N , and Η. M . 

G E B R E E L 15 

Epicuticular Wax of Euphorbia aphylla Brouss. ex. 
Willd. , Euphorbiaceae 
P.-G. G Ü L Z , J. B O D D E N , Ε . M Ü L L E R , and F.-J. 

M A R N E R 19 

Novel Sesquiterpene Ethers from Liquid Cultures of 
the Wood-Rotting Fungus Lentinus lepideus 
W.-R. A B R A H A M , H . - P . H A N S S E N , and C. M Ö H 

R I N G E R 24 

Synthesis of Racemic [2-14C]Jasmonic Acid 
H . - D . K N Ö F E L and D . G R O S S 29 

Enzymic Synthesis of Hydroxycinnamic Acid Esters 
of Glucaric Acid and Hydroaromatic Acids from 
the Respective 1-O-Hydroxycinnamoylglucoside 
and Hydroxycinnamoyl-Coenzyme A Thioester as 
Acyldonors with a Protein Preparation from 
Cestrum elegans Leaves 
D . S T R A C K , W. G R O S S , J . H E I L E M A N N , Η . K E L L E R , 

and S. O H M 32 

Cell Wall-Bound Phenolics from Norway Spruce 
(Picea abies) Needles 
D . S T R A C K , J . H E I L E M A N N , E.-S. K L I N K O T T , and 

V . W R A Y 37 

Production and Accumulation of Phenylpropanoids 
in Tissue and Organ Cultures of Pimpinella 
anisum 
J. R E I C H L I N G , R. M A R T I N , and U . T H R O N 42 

Fatty-Acid Biosynthesis and Acetyl-CoA Carboxyl
ase as a Target of Diclofop, Fenoxaprop and other 
Aryloxy-phenoxy-propionic Acid Herbicides 
K . K O B E K , M . F O C K E , and Η. Κ. L I C H T E N T H A L E R 

47 

Energy Transfer within PC Trimers of Mastigocladus 
laminosus Studied by Picosecond Time-Resolved 
Transient Absorption Spectroscopy 
S. S C H N E I D E R , P. G E I S E L H A R T , S. S I E B Z E H N R Ü B L , 

R. F I S C H E R , and H . S C H E E R 55 

Topography of the Phytochrome Molecule as Deter
mined from Chemical Modification of SH-Groups 
P. H . E l L F E L D , G. WlDERER, H . M A L I N O W S K I , W . 

R Ü D I G E R , and P. G. E I L F E L D 63 

Degree of Saturation of Blood Plasma in Vertebrates 
with Octocalcium Phosphate 
F. C. M . D R I E S S E N S , R. Μ. H . V E R B E E C K , J. W . E. 

V A N D I J K , and J. Μ. P. M . B O R G G R E V E N 74 

The Complete Amino Acid Sequences of the 
Β 800-850 Antenna Polypeptides from Rhodo-
pseudomonas acidophila strain 7750 
I . B I S S I G , R. A. B R U N I S H O L Z , F. S U T E R , R. J. 

C O G D E L L , and H . Z U B E R 77 

Conformational Studies of Biliproteins from the In
sects Pieris brassicae and Cerura vinula 
H . S C H E E R and H . K A Y S E R 84 

Selective Binding of Amino Acid Residues to tRNA 
Molecules Detected by Anticodon-Anticodon 
Interactions 
W . B U J A L O W S K I and D. P O R S C H K E 91 

Volatile Compounds from Androconial Organs of 
Danaine and Ithomiine Butterflies 
S. S C H U L Z , W . F R A N C K E , J. E D G A R , and D. 

S C H N E I D E R 99 



Contents I V 

Apomorphine and Haloperidol Influence Electric 
Behaviour of a Mormyrid Fish 
P. K U N Z E and H.-U. W E Z S T E I N 105 

On the Release and Action of the Hyper-
trehalosaemic Hormone from the Cockroach 
Nauphoeta cinerea 
G. G Ä D E 108 

Isolation and Characterization of the Androgen 
Receptor of Murine Preputial Gland 
M . W I E G A N D and K . E I S E L E 117 

Sedimentation of Nucleoids from Thymic and 
Splenic Cells of the Rat Following Total-Body 
X-Irradiation (In German) 
K . T E M P E L and R. H E I N Z E L M A N N 126 

Nucleotide Binding and ATPase Activity of Mem
brane Bound Chloroplast Coupling Factor (CFO 
B. H U C H Z E R M E Y E R 133 

Interaction of Ryanodine with the Calcium Releas
ing System of Sarcoplasmic Reticulum Vesicles 
W . H A S S E L B A C H and A . M I G A L A 140 

The Structure and Function of Grana-Free Thy-
lakoid Membranes in Gerontoplasts of Senescent 
Leaves of Vicia fab a L. 
H. O. S C H M I D T 149 

Contents of Number 3/4 

Original Communcations 

Electron-Energy-Loss-Spectroscopical Investiga
tions on Air Filters for the Analysis of the Air 
Quality (In German) 
B. W O L F 155 

Pressure Induced Structural Fluctuations in Hemo
globin, Studied by EPR-Spectroscopy 
J. P A U L , E. V . G O L D A M M E R , and H . R. W E N Z E L 

162 

A Competitive Inhibition Enzyme Immunoassay for 
Detection and Quantification of Organophos-
phorus Compounds 
P. S C H M I D T , R. K Ü H L M A N N , and U . L Ö S C H 167 

Epicuticular Leaf Waxes of Tilia tomentosa Moench. 
and Tilia x europaea L . , Tiliaceae 
P.-G. G Ü L Z , E. M Ü L L E R , and B. M O O G 173 

Lentinellic Acid, a Biologically Active Protoilludane 
Derivative from Lentinellus Species (Basidio-
mycetes) 
A . S T Ä R K , Τ. A N K E , U . M O C E K , W. S T E G L I C H , A . 

K I R F E L , and G. W I L L 177 

Phytochemical Investigation of Roots of Pterocarpus 
marsupium. Isolation and Structural Studies of 
Two New Flavanone Glycosides 
J . T R I P A T H I and T. J O S H I 184 

Dynamics of the Tissue-Specific Metabolism of 
Luteolin Glucuronides in the Mesophyll of Rye 
Primary Leaves (Secale cereale) 
M . S C H U L Z and G. W E I S S E N B Ö C K 187 

Molecular Composition of Glutamine Synthetase of 
Sinapis alba L . 
M . H Ö P F N E R , G. R E I F F E R S C H E I D , and A . W I L D 

194 

Characterization and Localization of Digitoxin 
12ß-Hydroxylase from Cell Cultures of Digitalis 
lanata E H R H 
M . P E T E R S E N , H . U . S E I T Z , and E. R E I N H A R D 

199 

The Influence of the Proton Gradient on the Activa
tion of Ferredoxin-NADP+-oxidoreductase by 
Light 
R. P S C H O R N , W. R Ü H L E , and A . W I L D 207 

Phosphate Binding to Isolated Chloroplast Coupling 
Factor (CF^ 
B. H U C H Z E R M E Y E R 213 

Structure of the ATP-Synthase from Chloroplasts 
and Mitochondria Studied by Electron Micro
scopy 
E. J . B O E K E M A , G. S C H M I D T , P. G R Ä B E R , and J . A. 

B E R D E N 219 

The Position of Carotene in the D-l/D-2 Sub-Core 
Complex of Photosystem I I 
S. S. B R O D Y 226 

Solution Conformations of Some Acyclo Nucleoside 
and Nucleotide Analogues of Antiviral Acyclo-



Contents V 

nucleosides, and Their Substrate/Inhibitor Proper
ties in Several Enzyme Systems 
R. S T O L A R S K I , P. L A S S O T A , Z . K A Z I M I E R C Z U K , and 

D. S H U G A R 231 

Interaction of Testosterone and Testosterone Recep
tor Complexes with Nuclei of Skeletal Muscle 
from Intact Male Mice and from Mice Bearing the 
Testicular Feminization (Tfm) Mutant Gene 
C. F R A N Z E L I U S and K . E I S E L E 243 

The Effects of the Herbicide Sethoxydim on Trans
port Processes in Sensitive and Tolerant Grass 
Species. I . Effects on the Electrical Membrane 
Potential and Alanine Uptake 
A. W E B E R , E. F I S C H E R , H . S C H I P P V . B R A N I T Z , and 

U . L U T T G E 249 

The Effects of the Herbicide Sethoxydim on Trans
port Processes in Sensitive and Tolerant Grass 
Species. I I . Effects on Membrane-Bound Redox 
Systems in Plant Cells 
A. W E B E R and U . L Ü T T G E 257 

Effect of Inhalation Anesthetics on Spin-Labeled 
Cholesterol Containing DPPC Vesicles 
N . G U L F O , R. B A R T U C C I , and L. S P O R T E L L I 264 

S0 2 Injury in Intact Leaves, as Detected by Chloro
phyll Fluorescence 
W. S C H M I D T , U . S C H R E I B E R , and W. U R B A C H 269 

Enzymatic Conversion and Degradation of Sex 
Pheromones in Antennae of the Male Silkworm 
Moth Antheraea polyphemus 
G. K A S A N G , L . V . P R O F F , and M . N I C H O L L S 275 

Thermodynamic and Magnetic Resonance Studies 
on the Hydration of Polymers: I I . Protein-Water 
Interactions in Powdered Ribonuclease 
H . J A N Z E N , E. M A T U S Z A K , E. V . G O L D A M M E R , and 

H . R. W E N Z E L 285 

Growth Control and Pattern Regulation in the 
Lateral Line Systems of Xenopus 
R. W I N K L B A U E R 294 

Notes 

Composition of Propolis in Oxfordshire, U . K . and 
its Relation to Poplar Bud Exudate 
W. G R E E N A W A Y , T. S C A Y S B R O O K , and F. R. 

W H A T L E Y 301 

2',5'-Dihydroxyflavone and its 5'-Acetate - Novel 
Compounds from the Farinose Exudate of 
Primula 
E. W O L L E N W E B E R , Κ . M A N N , M . I I N U M A , T. 

T A N A K A , and M . M I Z U N O 305 

Concentration of Hydroperoxide Lyase Activities in 
Root of Cucumber Seedlings 
A. H A T A N A K A , T. K A J I W A R A , and K . M A T S U I 308 

Studies on Columnidin Biosynthesis with Flower 
Extracts from Columnea hybrida 
K . S T I C H and G. F O R K M A N N 311 

A New Highly Effective Synthetic Pheromone Mimic 
for Lobesia botrana (Lepidoptera: Tortricidae) 
C H . B R Ü C K N E R , Ε . B U S C H M A N N , R. B E C K E R , W . 

S E U F E R T , J. J . D E K R A M E R , and W . K R I E G 315 

Contents of Number 5 /6 

Original Communications 

How Different are the Crystal Structures of Chiral 
and Racemic Diacylphosphatidylethanolamines? 
D. L. D O R S E T 319 

Studies on the Biosynthesis of Pseudoisoeugenols in 
Tissue Cultures of Pimpinella anisum 
R. M A R T I N , G. S C H I L L I N G , and J . R E I C H L I N G 328 

Three New Benzoic Acid Derivatives from the Glan
dular Excretion of Eriodictyon sessilifolium 
(Hydrophyllaceae) 
F. J . A R R I A G A - G I N E R , E. W O L L E N W E B E R , I . 

S C H O B E R , and G. Y A T S K I E V Y C H 337 

On the Volatile Components of Heterotropa takaoi 
and Related Species (Aristolochiaceae) 
N . H A Y A S H I , Y . S U G I Y A M A , S. Y A S U D A , and 

H . K O M A E 341 

Biosynthesis of Porphyrinogens in Etiolated Euglena 
gracilis Ζ. I . Isolation and Purification of an En
dogenous Factor Stimulating the Formation of 
Porphyrinogens 
A. A . J U K N A T , D. D Ö R N E M A N N , and H . S E N G E R 

351 



Contents VT 

Biosynthesis of Porphyrinogens in Etiolated Euglena 
gracilis Ζ . I I . Identification of a Regulatory 
Pteridine 
A. A . J U K N A T , D . D Ö R N E M A N N , and H . S E N G E R 

357 

On the Role of Δ 1-Piperideine and Tripiperideine in 
the Biosynthesis of Quinolizidine Alkaloids 
R. P E R R E Y and M . W I N K 363 

New Constituents of Essential Oil from Elsholtzia 
pilosa 
H . J. B E S T M A N N , U . K O B O L D , Β. C L A S S E N , O. 

V O S T R O W S K Y , G. C. S A H , A . K. P A N T , A . B. M E L -

K A N I , and C. S. M A T H E L A 370 

Investigation of Ribulose-l,5-bisphosphate Carboxy
lase-Oxygenase from Tobacco by Small Angle 
X-Ray Scattering: A Structural Model for the 
Enzyme in Solution 
P. M . A B U J A and I . P I L Z 373 

Deoxyribonucleotide Biosynthesis in Green Algae. 
S Phase-Specific Thymidylate Kinase and Un-
specific Nucleoside Diphosphate Kinase in 
Scenedesmus obliquus 
B. K L E I N and H . F O L L M A N N 377 

Evidence for Cyclic GMP in the Yeast Saccharomy-
ces cerevisiae, and Studies on Its Possible Role in 
Growth 
H . E C K S T E I N 386 

Ribosylation of Mono- and Bicyclic Dicarboxylic 
Acid Imides (In German) 
K.-P. R A E Z K E , H . F R I S T E R and E. S C H L I M M E 397 

Effect of Chlorsulfuron, a Potent Inhibitor of 
Acetohydroxyacid Synthase, on Metabolism of 
Claviceps purpurea 
W . M A I E R , B. S C H U M A N N , and D. G R Ö G E R 403 

Fructose-Enhanced Development and Growth of the 
N2-Fixing Cyanobiont Anabaena azollae 
A. R O Z E N , M . S C H Ö N F E L D , and E. T E L - O R 408 

The 9-kDa Phosphoprotein Involved in Photoinhibi-
tion 
M . K U H N , A. T H I E L , and P. B Ö G E R 4 1 3 

The Development of Daffodil Chromoplasts in the 
Presence of Herbicides SAN 9789 and SAN 9785 
A. H L O U S E K - R A D O J C I C and N . L J U B E S I C 4 1 8 

Lipid Composition of Photosystem I and I I in the 
Tobacco Mutant Nicotiana tabacum NC 95 
J. B E D N A R Z , A . R A D U N Z , and G. H . S C H M I D 423 

Cerulenin-Induced Modifications in the Fatty Acid 
Composition Affect Excitation Energy Transfer in 
Thylakoids of Petunia hybrida Leaves 
J. A . G R A F , Κ. W I T Z A N , and R. J. STRASSER 431 

The Role of Cu in Respiration of Pea Plants and 
Heterotrophically Growing Scenedesmus Cells 
M . B A R O N A Y A L A and G. S A N D M A N N 438 

Evidence for Photoreduction of N A D P + in a Suspen
sion of Lysed Plastids from Etiolated Bean Leaves 
M . B E R T R A N D , Β. B E R E Z A , and E. D U J A R D I N 443 

Serological and Structural Comparison of Im
munodeficiency Viruses from Man, African Green 
Monkey, Rhesus Monkey and Sooty Mangabey 
E. J u R K i E w i c z , G. H U N S M A N N , M . H A Y A M I , Y. 

O H T A , H . S C H M I T Z , and J. S C H N E I D E R 449 

Primary Cilia in Locust Spermatocytes: Formation, 
Fate, and Possible Function 
A . - M . D A U B and M . H A U S E R 455 

Field Tests with Sex Attractants of Diachrysia 
chrysitis and D. tutti (Lepidoptera: Noctuidae) at 
Several Sites in Hungary 
M . To™, G. Szöcs, J. M O L N Ä R , and I . S Z A R U K A N 

463 
Navigation and Compass Orientation by Insects Ac

cording to the Polarization Pattern of the Sky 
K . K I R S C H F E L D 467 

Notes 

Synthesis of Two Allergenic Constituents of Propolis 
and Poplar Bud Excretion 
T. H A S H I M O T O , M . T O R I , Y. A S A K A W A , and 

E. W O L L E N W E B E R 470 

3-Hydroxy Retinal, a New Chromophore Identified 
in Insect Eyes: HPLC Separation and NMR Spec
troscopic Identification of the Oxime Forms 
W . G Ä R T N E R and A . P L A N G G E R 473 

Demonstrating Evolutionary Relationships Between 
Macromolecular Sequences through Mutual Re
lationships with a Third Sequence 
M . P. S T A V E S , D . P. B L O C H , and J. C. L A C E Y , jr. 

476 



Contents 

Contents of Number 7/8 

Original Communications 

Novel Glucoalkaloids from Rauwolfia Cell Cultures 
— Acetylrauglucine and Related Glucosides 
C. M . R U Y T E R , H . S C H Ü B E L , and J . S T Ö C K I G T 479 

Glycosilation of Terpenols and Aromatic Alcohols 
by Cell Suspension Cultures of Peppermint 
(Mentha piperita L.) 
R. G. B E R G E R and F. D R A W E R T 485 

The Occurrence of Phenols as Degradation Products 
of Natural Sporopollenin — a Comparison with 
'"Synthetic Sporopollenin" 
S. H E R M I N G H A U S , S. G U B A T Z , S. A R E N D T , and 

R. W I E R M A N N 491 

Two New Enzymes of Rosmarinic Acid Biosynthesis 
from Cell Cultures of Coleus blumei: Hydroxy-
phenylpyruvate Reductase and Rosmarinic Acid 
Synthase 
M . P E T E R S E N and A . W . A L F E R M A N N 501 

Biosynthesis of Lipids Containing Isoricinoleic 
(9-Hydroxy-cw-12-octadecenoic) Acid in Seeds of 
Wrightia Species 
F. A H M A D and K . D. M U K H E R J E E 505 

The Occurrence of Tryptamine Derivatives in 
Psilocybe semilanceata 
R. B R E N N E I S E N and S. B Ö R N E R 511 

Hydroxylation of Chlorinated and Unchlorinated 
Chlorophylls in vitro 
M . S E N G E , A . S T R U C K , D. D Ö R N E M A N N , Η. 

S C H E E R , and H . S E N G E R 515 

Synthesis of 2-(£)-0-(4-Hydroxy-cinnamoyl)-D,L-
galactaric Acid, a Presumptive Photosensitive 
Factor from Glycine max (In German) 
H . S C H I L D K N E C H T , Η. S A U E R , and P. K U N Z E L -

M A N N 519 

Elicitation of Pterocarpan Phytoalexins in Cell Sus
pension Cultures of Different Chickpea (Cicer 
arietinum L . ) Cultivars by an Elicitor from the 
Fungus Ascochyta rabiei 
H . K E S S M A N N , S. D A N I E L , and W . B A R Z 529 

V I I 

Elicitor-Induced Changes of Enzyme Activities Re
lated to Isoflavone and Pterocarpan Accumulation 
in Chickpea (Cicer arietinum L . ) Cell Suspension 
Cultures 
S. D A N I E L , W . H I N D E R E R , and W . B A R Z 536 

Further Investigations about the Flavin in the 
L-Amino Acid Oxidase and a Possible Flavin in 
Photosystem I I Complexes from the Cyanobac-
terium Anacystis nidulans 
G. W Ä L Z L E I N , A. E. G A U , and Ε . K . P I S T O R I U S 

545 

Immunochemical Comparative Study on RuBP Car
boxylase/Oxygenase of Different Tobacco Mu
tants Exhibiting Different Levels of Photorespira-
tion 
A. R A D U N Z and G. H . S C H M I D 554 

Isolation and Purification to Apparent Homogeneity 
of 4,5-Dioxovalerate Aminotransferase from 
Scenedesmus obliquus Mutant C-2A' 
A. K A H , D . D Ö R N E M A N N , and H . S E N G E R 563 

The Formation of Phosphate End Groups in the 
Radiolysis of Polynucleotides in Aqueous Solution 
C H . P. M U R T H Y , D. J. D E E B L E , and C. V O N S O N N 

T A G 572 

Distribution of ds-irarcs-ß-Carotene in Pigment-Pro
tein Fractions of Photosystem I and I I 
S. S. B R O D Y , D. S I M P S O N , and M . R I C H 577 

Investigation on the Photosynthetic Membranes of 
Spruce Needles in Relation to the Occurrence of 
Novel Forest Decline. I . The Photosynthetic Elec
tron Transport 
B. D I E T Z , I . M O O R S , U . F L A M M E R S F E L D , W . 

R Ü H L E , and A . W I L D 581 

Investigation on the Photosynthetic Membranes of 
Spruce Needles in Relation to the Occurrence of 
Novel Forest Decline. I I . The Content of QB-Pro-
tein, Cytochrome / , and P-700 
A . W I L D , U . F L A M M E R S F E L D , I . M O O R S , B. D I E T Z , 

and W . R Ü H L E 589 

Thermoluminescence and Delayed Luminescence 
Characterization of Photosystem Ι Ι α and Photosys
tem Πβ Reaction Centers 
IS. H I D E G and S. D E M E T E R 596 



Contents V I I I 

Biochemical and Chemical Characterization of Tri-
fluoromethylglyoxal Bis(guanylhydrazone), a 
Close Analog of the Antileukemic Drug Mito-
guazone 
H . E L O and I . M U T I K A I N E N 601 

A Simple, Reliable and Inexpensive Silver Stain for 
Nerve Fibers in Bleached Skin 
B. F R I T Z S C H and H . H . Z A K O N 606 

Kinetic Properties of Potassium Stimulated ATPase 
Purified from Gastric Mucosa 
S. T Ü K E L and T. I S B I R 609 

Discriminative Pheromones of the Social Desert 
Isopod Hemilepistus reaumuri (In German) 
H . S C H I L D K N E C H T , U . E S S W E I N , W. H E R I N G , C H . 

B L A S C H K E , and Κ. E . L I N S E N M A I R 613 

Notes 

The Role of Dorsal Rim Ommatidia in the Bee's Eye 
K . K I R S C H F E L D 621 

Contents of N u m b e r 9/10 

Original Communications 

Synthesis of Flavonoid Sulfates. I I . The Use of Aryl 
Sulfatase in the Synthesis of Flavonol-3-sulfates 
D . B A R R O N and R. K. I B R A H I M 625 

Synthesis of Flavonoid Sulfates. I I I . Synthesis of 
3',4'-ortho Disulfates Using Sulfur Trioxide-tri-
methylamine Complex, and of 3'-Sulfates Using 
Aryl Sulfatase 
D . B A R R O N and R. K. I B R A H I M 631 

Wyerol and Wyerone Accumulation in Tissue Cul
tures of Vicia faba 
A . B . W O L F F , Μ. T H Y N N , E. G O R G E , and D. 

W E R N E R 636 

Metabolism of Ferulic Acid SucTose Esters in 
Anthers of Tulipa cv. Apeldoorn: I . The Accumu
lation of Esters and Free Sugars 
P. A. B A U M K E R , S. A R E N D T , and R. W I E R M A N N 

641 

Metabolism of Ferulic Acid Sucrose Esters in 
Anthers of Tulipa cv. Apeldoorn: I I . Highly Spe
cific Degradation of the Esters by Different Ester
ase Activities 
P. A. B A U M K E R , S. A R E N D T , and R. W I E R M A N N 

647 

On the Relationships between Molecular Conforma
tion, Affinity towards Penicillin-Binding Proteins, 
and Biological Activity of Penicillin G-Sulfoxide 
F. B E I S E , H . L A B I S C H I N S K I , and H . B R A D A C Z E K 

656 

Semisynthetic Preparation of l-O-hexadecyl-2-ace-
tyl-sn-glyceryl-3-phosphorylcholine (Platelet Ac
tivating Factor) 
Μ. E. L E K K A , D. C. T S O U K A T O S , A. D . T S E L E P I S , 

and V. M . K A P O U L A S 665 

Fluorescence Properties of Hog Kidney Amino-
acylase I 
T H . V O M B R U C H and Κ . - Η . R Ö H M 671 

Purification and Characterization of Calcium-Activ
ated Neutral Proteinase from Calf Thymus 
M . S C H W E N K and E. Z O C H 679 

Measuring Ρ 700 Absorbance Changes around 
830 nm with a New Type of Pulse Modulation 
System 
U . S C H R E I B E R , C H . K L U G H A M M E R , and C H . N E U 

B A U E R 686 

Accumulation of Protoporphyrin IX in the Presence 
of Peroxidizing Herbicides 
G. S A N D M A N N and P. B Ö G E R 699 

QSAR of Nitro-diphenylethers as Inhibitors of 
Cyclic Photophosphorylation 
W. O E T T M E I E R , K. M A S S O N , and A. D O N N E R 705 

Mass Spectrometric Analysis of Oxygen Gas Ex
change in High- and Low-C0 2 Cells of Chlorella 
vulgaris 
Y. S H I R A I W A , K. P. B A D E R , and G. H . S C H M I D 

709 

Immunological Study on the Structural Difference 
between Ribulose-l,5-bisphosphate Carboxylase/ 
Oxygenase from Nicotiana tabacum var. John Wil
liam's Broadleaf and the Tobacco Mutant Su/su 
C. N E S P O U L O U S , P. F A B I S C H , A. R A D U N Z , and 

G. H . S C H M I D 717 



Contents I X 

Rebinding of the 33 kDalton Polypeptide of Photo
system I I to the D- l /D-2 Sub-Core Complex 
S. S. B R O D Y 727 

Mammalian Pheromone Studies, V I I . Identification 
of Thiazole Derivatives in the Preorbital Gland 
Secretions of the Grey Duiker, Sylvicapra grim-
mia, and the Red Duiker, Cephalophus natalensis 
Β . V. B U R G E R , P. J. P R E T O R I U S , J . S T A N D E R , and 

G R . G R I E R S O N 731 

Biosynthesis of Pyrrolizidine Alkaloid-Derived 
Pheromones in the Arctiid Moth Creatonotos 
transiens: Stereochemical Conversion of Helio-
trine 
M . W I N K , D. S C H N E I D E R , and L . W I T T E 737 

X-Ray Studies on Phospholipid Bilayers. V I I I . Inter
actions with Chlorpromazine · HCl 
Μ. S U W A L S K Y , L. G I M E N E Z , V. S A E N G E R , and 

F. N E I R A 742 

Effect of Preparative Procedures on Ghostcells from 
Bovine Erythrocytes 
H. P I T T E R I C H and R. L A W A C Z E C K 749 

Cell Movement and Symmetry of the Cellular Envi
ronment 
H. G R U L E R 754 

A New Method to Prepare Sections from Amphibian 
Embryos for Immunohistology 
P. H A U S E N 765 

Description of Cell Adhesion by the Langmuir 
Adsorption Isotherm 
K . E C K L and H . G R U L E R 769 

Biological Information Processing Requires Quan
tum Logic 
Τ . Oi 777 

Studies on Malabsorption in Malnourished Pakistani 
Children 
I . M A Z A H I R , M . A. R A H M A N , and M . A . A R I F 782 

Notes 

Identification and Synthesis of Dimethylalkanes as 
Sex Attractants of Female Leaf Miner Moths 
(Lyonetiidae) (In German) 
W . F R A N C K E , M . T O T H , G. S Z Ö C S , W . K R I E G , 

Η . E R N S T , and Ε . B U S C H M A N N 787 

Sex Pheromone of Brinjal Shoot and Pod Borer 
Leucinodis orbonalis Guenee (Lepidoptera: Pyra-
lidae: Pyraustinae) 
Α. B. A T T Y G A L L E , J. S C H W A R Z , and Ν. E. G U N A -

W A R D E N A 790 

Evidence of an Intracellular Dissipative Structure 
Μ . A . M E D I N A and I . N U N E Z D E C A S T R O 793 

Contents of Number 1 1 / 1 2 

Original Communications 

Esters of Caffeic Acid with Aliphatic Alcohols in 
Bud Exudate of Populus nigra 
W. G R E E N A W A Y , E. W O L L E N W E B E R , Τ . S C A Y S -

B R O O K , and F. R. W H A T L E Y 795 

Triterpenoids in Epicuticular Waxes of Three Euro
pean Euphorbia Species 
H. H E M M E R S , P.-G. G Ü L Z , and F.-J. M A R N E R 799 

Organ Specific Composition of Epicuticular Waxes 
of Cistus albidus L . , Cistaceae 
S. H E N N I G , P.-G. G U L Z , and K . H Ä N G S T 806 

Dimers of Altersolanol A from Allernaria solani 
G. L A Z A R O V I T S , R. W. S T E E L E , and A. S T O E S S L 8 1 3 

Major Flavanones from Lonchocarpus guatamalensis 
J . L . I N G H A M , S . T A H A R A , and ST. Z . D Z I E D Z I C 8 1 8 

Chemical Analysis of Peptidoglycans from Species of 
Chromatiaceae and Ectothiorhodospiraceae 
J. M E I S S N E R , U . J. J Ü R G E N S , and J. W E C K E S S E R 8 2 3 

Characterization of Hexokinase and Fructokinase 
from Suspension-Cultured Catharanthus roseus 
Cells 
Y . Y A M A S H I T A and H . A S H I H A R A 827 

Enzymatic Studies on the Reversible Synthesis of 
Nicotinic Acid-N-glucoside in Heterotrophic Pars
ley Cell Suspension Cultures 
B. U P M E I E R , J . E. T H O M Z I K , and W. B A R Z 835 

Glutaric Acid as a Catabolite of Nicotinic Acid in 
Parsley Cell Suspension Cultures 
D. K O M O S S A and W. B A R Z 843 



χ Contents 

Acetolactate Synthase from Barley (Hordeum vul
gare L . ) : Purification and Partial Characterization 
J. D U R N E R and P. B Ö G E R 850 

Structure-Activity Relationships and Physiological 
Aspects of New Photosynthetic Electron Trans
port Inhibitors, 3-Alkylaminoalkyliden-2//-pyran-
2,4(3//)-diones (APs) 
T. A S A M I , H . K O I K E , Y. I N O U E , N . T A K A H A S H I , 

and S H . Y O S H I D A 857 

Accumulation of a Novel Red Pigment in Cell Sus
pension Cultures of Floral Meristem Tissues from 
Carthamus tinctorius L. 
K. S A I T O , E. D A I M O N , K. K U S A K A , S. W A K A Y A M A , 

andY. S E K I N O 862 

Photoinhibition of Electron Transport Activity of 
Photosystem I I in Isolated Thylakoids Studied by 
Thermoluminescence and Delayed Luminescence 
I . V A S S , N . M O H A N T Y , and S. D E M E T E R 871 

Kinetic Relationship between Energy-Dependent 
Fluorescence Quenching, Light Scattering, 
Chlorophyll Luminescence and Proton Pumping 
in Intact Leaves 
W . B I L G E R , U . H E B E R , and U . S C H R E I B E R 877 

Dark and Photohemolysis of Erythrocytes by 
Furocoumarins 
D. V E D A L D I , S. C A F F I E R I , G. M I O L O , F. D A L -

L ' A C Q U A , and P. A R S L A N 888 

Heme-Activated Oxidations by the Chlorite-Oxygen 
Complex "TCDCT (OXOFERIN®) (In German) 
E. F. E L S T N E R 893 

Tissue-Specific Incorporation of Azadirachtin in the 
Malpighian Tubules of Locusta migratoria 
H . R E M B O L D , T H . M Ü L L E R , and B. S U B R A H -

M A N Y A M 903 

Azadirachtin-Induced Sterilization in Mature Fe
males of Rhodnius prolix us 
D. F E D E R , D. V A L L E , H . R E M B O L D , and E. S. 

G A R C I A 908 

Identification of Major Lipids from the Scent Gland 
Secretions of Dumeril's Ground Boa (Acrantophis 
dumerili Jan) by Gas Chromatography-Mass 
Spectrometry 
J. T. S I M P S O N , P. J. W E L D O N , and T H . R. S H A R P 

9 1 4 

Secondary Sex Pheromone Components of Choristo-
neura murinana Hb. (Lepidoptera: Tortricidae) 
E. P R I E S N E R , H . B O G E N S C H Ü T Z , and C H . L Ö F S T E D T 

9 1 8 

Pressure Effects on the Interactions of the Sarcoplas
mic Reticulum Calcium Transport Enzyme with 
Calcium and Dinitrophenyl Phosphate 
W . H A S S E L B A C H 929 

Spontaneous Formation of Giant Phospholipid 
Vesicles 
R . - M . S E R V U S S 938 

Assessment of Persisting Chromosome Aberrations 
by Flow Karyotyping of Cloned Chinese Hamster 
Cells 
F. J . O T T O 948 

Trichoplax adhaerens F. E. Schulze (Placozoa): The 
Formation of Swarmers 
M . T H I E M A N N and A . R U T H M A N N 955 

Notes 

The Odor-Bouquet of Ips schmutzenhoferi Holz-
schuh (Col.: Scol.) 
W . F R A N C K E , J. B A R T E L S , Η . S C H M U T Z E N H O F E R , 

U . K O H N L E , and J . P. V I T E 958 

(Z)-3- and (Z)-5-Decenyl Acetates, Sex-Attractant 
Components for Male Eustrotia iincula CI. 
(Lepidoptera: Noctuidae) 
E. P R I E S N E R 961 

Stability of Ferricinium and its Cytostatic Effect 
(In German) 
M . W E N Z E L , Y . W U , E. L I S S , and E. W . N E U S E 

963 

Do Monoclonal Antibodies Recognize Linear 
Sequential Determinants? 
M . C A M E R A , E. M U R A T T I , M . L. T R I N C A , and 

A. C H E R S I 967 

Subject Index 

Authors Index 

971 

992 



Energy Transfer within PC Trimers of Mastigocladus laminosus 
Studied by Picosecond Time-Resolved Transient Absorption 
Spectroscopy 

S. Schneider and P. Geiselhart 
Institut für Physikalische und Theoretische Chemie der Technischen Univers i t ä t M ü n c h e n , 
L i c h t e n b e r g s t r a ß e 4. D-8046 Garching, Bundesrepublik Deutschland 

S. Siebzehnrübl, R. Fischer, and H . Scheer 
Botanisches Insti tut der L u d w i g - M a x i m i l i a n s - U n i v e r s i t ä t . Menzinger S t r aße 67. 
D-8000 M ü n c h e n 19, Bundesrepublik Deutschland 

Z . Naturforsch. 43c, 5 5 - 6 2 (1988); received July 2/October 12, 1987 

Energy Transfer, Phycocyanin Tr imer , Excited State Lifetimes, Transient Absorpt ion Recovery 

The transient absorption recovery induced in phycocyanin trimers by picosecond pulses of 
variable wavelength (570 — 620 nm) has been recorded and analyzed by applying a least-squares 
multi-exponential fit procedure. 

The results suggest that in native PC trimers the chromophores exhibit a microheterogeneity 
w i th the effect that the derived apparent lifetimes are functions of excitation and probing wave
length. It is suggested that, due to strong excitonic coupling between a-84 and ß-84 
chromophores, the lifetime of the terminal acceptor state is reduced to about 900 ps; the apparent 
energy transfer t ime from chromophore β-155 to a-84 and ß-84 chromophores varies between 
20—50 ps depending on the actual chromophore-protein arrangement (microheterogeneity). 

Introduction 

The light harvesting antenna complexes of cyano-
bacteria and red algae, the phycobilisomes (PBS), 
are highly organized assemblies of biliproteins and 
linker peptides. The extensive investigation of the 
fast and efficient energy transfer within the phyco
bilisomes and further to the reaction center located 
in the thylakoid membrane has led to a qualitative 
model for these processes [1]. Important steps in its 
development were the detection of the organization 
scheme by electron microscopy [2], the identification 
of the building blocks, namely trimers and hexamers 
of allophycocyanin, phycocyanin (PC) and phyco-
erythrin [1—3] and finally the determination of the 
structure of two C-phycocyanins from different or
ganisms by X-ray cristallography [4, 5]. The latter 
proved that in monomeric PC the three phycocyano-
bilin chromophores experience different micro-
environments; the so-called ß-84 chromophore 
(bound to cystein 84* of the ß-chain) extends in the 
inner core region and is, therefore, most likely sub
ject to interaction with the linker peptides. Based 

* The alignment adjusted nomenclature [4] has been 
adopted for amino acid numbering. 
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on the analysis of the UV-absorption, emission and 
CD-spectra [6—8] it had been shown earlier that the 
three phycocyanobilin chromophores were spectro-
scopically distinct species. According to their as
sumed function in the energy transfer chain, they 
were divided into sensitizing and fluorescing 
chromophores. Titration experiments with PCMS 
(pr/ra-chloromercurybenzenesulfonate) [9] and crys
tal spectroscopic studies (T. Schirmer, private com
munication) gave recently the final proof that the 
red-most absorbing, 'kfluorescing , , chromophore is 
identical to ß-84. 

Early picosecond time-resolved fluorescence de
cay studies showed decay curves which could be fit 
best by multi-exponentials. 2—4 decay times were 
obtained, which fall into 3 distinct ranges i) 
1.3-1.8 ns, ii) 100-500 ps and iii) 10-80 ps.̂  

The longest decay time has generally been inter
preted as the i kfree v decay of the fluorescing 
chromophore(s). The others are due to energy trans
fer within the complex as shown in particular by 
time-resolved depolarization studies and the obser
vation of rise-terms in fluorescence [10-15], but 
their physical meaning is still under debate. From the 
variation of amplitudes with wavelength the fastest 
decay component has generally been assumed to be 
due mainly to the s —» f transfer, i.e. energy transfer 
from ß-155 to ß-84 and/or a-84. 
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After the X-ray structure became known, which 
estimates the closest distance between an a-84 and a 
ß-84 chromophore of neighbouring monomers in a 
trimeric unit to be only about 20 Ä, the fastest decay 
component was assigned alternatively to the energy 
transfer between these two chromophores [16, 17]; 
the decay time of around 300 ps had to be inter
preted as the lifetime of ß-155, which is located at the 
periphery of the trimeric unit. 

Theoretical considerations [16, 17] show that the 
energy transfer times between chromophores are 
sensitive functions of not only the distance, but also 
of the overall orientation of the tetrapyrrole chromo
phores. They should in addition vary with the precise 
values of the torsional angles at the methine bridges 
since direction and magnitude of the transition di-
pole moment change significantly with these para
meters [18]. 

In an attempt to distinguish between the above 
mentioned alternative interpretations of the ob
served fluorescence decay patterns of isolated PC 
trimers we have reinvestigated this problem applying 
picosecond time-resolved transient absorption spec
troscopy. 

Materials and Methods 

Preparation of PC trimers 

Trimers of PC were prepared according to the pro
cedure described previously [19]. Measurements 
were performed after dilution in buffer. Chromo
phore concentration was chosen such that OD 
(620 nm) < 1 c m - 1 0.1 Μ phosphate buffer, pH 7.0. 

Absorption spectra were recorded before and after 
each measurement to check for deterioration. 

Picosecond time-resolved transient absorption 
spectroscopy 

For measuring the groundstate recovery time, the 
pump-probe technique was used as displayed sche
matically in Fig. .1. The sample is excited by tunable 
picosecond pulses from a cavity-dumped dye laser 
(/τ ~ 10 ps, Ep ~ 10 nJ pulse"1). The change in trans
mission of a weak probe pulse, which is derived from 
the excitation pulse by means of a beam splitter and 
sent through a variable optical delay line, is meas
ured as a function of delay time between pump and 
probe pulse. In our set-up, the maximum delay, 
which can be generated without changing the exact 
geometrical overlap of pump and probe beam in the 
sample, is about 2 ns; the time window is, therefore, 
comparable to that of the synchroscan streak camera 
used i n p rev i ous measurements [10-14]. In order to 
avoid artifacts because of thermal lensing, pulse rep
etition rates o f about 80 kHz were chosen; under this 
condition average light intensities are less than 1 mW 
(or 1013 photons c m - 2 pulse"1). The induced trans
mission changes are less than 1% for which reason 
phase sensitive detection (lock-in amplifier, Ithaco 
model 393) is used for improving the signal/noise 
ratio. 

The time resolution of the experiment is limited by 
the pulse width which is determined by recording the 
background free autocorrelation. It was found that 
the experimentally determined correlation curves 

DELAY 

A 

MICRO

COMPUTER 

J L -

7 ^ 
JL-

PD 
CH 

REF. IN 

LOCK-IN 

AMPLIFIER 

Fig. 1. Experimental arrangement for picosecond 
time-rcsolved transient absorption spectroscopy. 
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can be fitted very well by assuming either a sech2 or 
gaussian pulse profile. Attempts to analyze the time 
course of the probe pulse transmission T(t) by a least-
squares fit procedure (analogous to the evaluation of 
the fluorescence data) as a convolution of the experi
mentally determined autocorrelation function (which 
includes also the coherence spike, if the step size in 
optical delay is smaller than the coherence length of 
the laser pulse) and a multi-exponential decay law 
failed. The reason is simply that the inclusion of the 
coherence spike results in a contribution to the re
sponse function, which is actually not real. In the 
response function (decay curve) the coherence spike 
is very often of neglegible amplitude (because of 
larger step sizes). Instead of suppressing the coher
ence spike in the experimental (noisy) autocorrela
tion function by data manipulation, we prefer to sub
stitute it in the least-squares fit procedure by the 
analytical function which is calculated for a sech2 or a 
gaussian pulse profile, respectively. The pulse para
meters are taken from the fit of the autocorrelation 
function (in principle, they could be treated as addi

tional free parameters in the fit routine of the ground-
state recovery curves [21]). In contrast to examples 
reported in the literature [22, 23] where the lifetime 
are estimated by means of a semi-logarithmic plot of 
the decaying part of T(t) only, here full use is made of 
the information which is buried in the onset of the 
transmission change. Therefore, decay times down to 
about Vs of the apparent pulse width can be evaluated 
with good accuracy. An additional benefit of the de
scribed procedure is that any irregularities in laser 
performance causing e.g. an increase in pulse width 
become immediately apparent. 

Results 

The changes in transmission, which are induced in 
a buffer solution of PC trimers by picosecond pulses 
of different wavelengths are shown in Fig. 2. For 
better comparison, all curves are normalized with 
respect to the maximum value of the bleaching 
(Z l7 m a x ) . Since the integration time setting of the lock-
in amplifier was kept at a fixed value the S/N ratio 

TIME [ p s ] 

Fig. 2. Exci ta t ion wavelength dependence of groundstate recovery of native phycocyanin trimers (Mastigocladus lamino
sus). The solid lines represent bi-exponential fits wi th parameters given in Table I . 
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appears highest for excitation pulses with λ ~ 
620 nm, which yield the highest transmission change, 
namely 1%. 

It is evident already from inspection of Fig. 2 that 
pulses with λ ε χ = 600 nm produce the highest fraction 
of a very short-lived (excited) species. The reduction 
in the relative amount of the shorter-lived species 
seems to be more pronounced when going towards 
longer wavelength. Without analysis, it can, how
ever, not be decided whether it is only the amplitude 
ratio, which varies with wavelength or whether the 
underlaying decay times are in addition dependent 
on the excitation wavelength. A least-squares fit 
based on a two-exponential decay law yields the 
lifetimes and amplitudes summarized in Table I . A l 
though the distribution of the residuals does not 
necessarily suggest the extension of the analysis to a 
3-exponential decay law, such an analysis is recom
mended for two reasons. 

(i) Both short and long lifetime vary systematically 
with excitation wavelength, such that for X c v = 
600 nm the shortest decay times are deduced by the 
fit routine. Such a behaviour is indicative for the 
presence of an additional component. 

(ii) According to the above mentioned models, the 
three types of chromophores should exhibit just 
three different lifetimes, if a three-fold symmetry is 
taken into account [1 , 20]. 

It has been pointed out in connection with the dis
cussion of fluorescence decay curves that depending 
on experimental conditions the amplitude of one 
component can be very small and, therefore, difficult 
to detect unless the S/N ratio is extremely high [13. 
24]. Therefore, a fit with a lower number of expo
nentials often yields an essentially equally good fit. 

The results obtained from a least-squares fit based 
upon a 3-exponential decay law are summarized in 
Table I I . In accordance with the above mentioned 

Table I . Fit parameters (lifetimes and relative amplitudes) 
obtained for a two-exponential analysis of groundstate 
recovery curves displayed in Fig. 2. 

λ [nm] T, [ps] A , [ % ] T 2 [ps] A2[9] 

570 64 45 1220 55 
580 37 53 935 47 
590 36 61 996 39 
600 28 66 823 34 
620 48 34 898 66 
640 97 20 1036 80 

Table I I . Fit parameters (lifetimes and relative amplitudes) 
obtained for a three-exponential analysis of groundstate 
recovery curves displayed in Fig. 2. A : free fit of all 
parameters: B : long lifetime kept fixed at 1200 ps. 

A Β 
λ [nm] Tj [ps] A, [9c] Tj [ps] A, [9c] 

570 16 30 18 22 
86 26 75 30 

1265 44 1200 48 

580 32 54 32 54 
388 7 600 18 

1042 39 1200 28 

590 13 21 36 61 
41 43 910 26 

1010 36 1200 13 

600 28 64 
42 2 - — 

829 34 

620 29 33 36 35 
194 10 549 27 
974 57 1200 38 

640 98 13 86 12 
970 43 764 44 

1047 44 1200 44 

expectation the fast component of the 2-exponential 
fit splits into two components. The amplitude ratio of 
both components varies with wavelength, but also 
the lifetimes. Because of the fact that the amplitudes 
of these short-lived components are fairly high, the 
variation in lifetimes seems to indicate that the fast 
part of the decay is not due to a superposition of only 
two components with fixed lifetimes. 

The decay times determined for the third compo
nent vary between 800 and 1300 ps. On one hand 
such a variation could be related to the fact that the 
observation window comprises only 1.500 ps or about 
1.5 decay times, for which reason no accuracy better 
than ± 10% can be expected. On the other hand, the 
average decay time τ:, ~ 950 ps is significantly short
er than the fluorescence lifetimes reported in the lit
erature for native PC trimers (1.1 — 1.5 ns [13, 15]). 
One possible explanation for this discrepancy could 
be that the slow component approximates also two 
components with lifetimes in the range 0.5 ns to 
1.5 ns, i.e. the least-squares fit should be based upon 
a 4-exponential fit. It is. however, obvious that the 
results of such an attempt are subject to discussion in 
view of the actual S/N ratio and the limitations in 
observation time. If one forces the fit routine to fix 
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the lifetime of the third component at a given value, 
e.g. τ 3 = 1200 ps, then the program does not con
verge in all cases (e.g. not for λ = 600 nm). Where it 
does the second component adopts decay times be
tween 600 and 900 ps (see Table I I ) ; the fastest com
ponents) is (are) approximated by a single exponen
tial with lifetimes close to those derived from the 
biexponential fit. 

Discussion 

Before entering the discussion of the above results 
it should be mentioned that time-resolved fluores
cence measurements using single photon timing 
showed that a 3-exponential fit was not sufficient 
[15]. Using a 4-exponential global fit analysis, the set 
of decay curves was reproduced by exponentials with 
lifetimes of 1420, 807, 203 and 36 ps, respectively. 
The 800 ps component was assigned to denatured 
chromophores. In the polarized synchroscan streak 
camera measurements usually two components with 
τ, ~ 50 ps and τ 2 ~ 1000—1200 ps were found in the 
isotropic decay curves / 0 = ( / p + 2/ s) of freshly pre
pared trimers [13] while in the difference function 
D — / p — / s a 800 ps component was detected next to a 
fast one (τ ~ 50 ps). When crystallized trimers [5] 
were dissolved again in buffer solution, both func
tions / 0 and D could be fit by two exponentials with 
lifetimes of 50 and 1300 ps, respectively [14]. 

This brief compilation of prior results demon
strates that the new results gained by the pump-
probe technique must be discussed for each of the 
following three cases: 

(i) The three-exponential fit yields an adequate 
description of the time-resolved transmission curves 
because there are 3 well defined types of chromo
phores. 

(ii) The adequate fit of the set of experimental 
curves requires the superposition of ^ 4 exponentials 
with wavelength independent decay constants, but 
wavelength dependent amplitudes. 

(iii) The multi-exponential fit with wavelength de
pendent decay times is descriptive, i.e. the derived 
decay times are not directly related to lifetimes of a 
small number of structurally well defined chromo
phores but rather the average over a distribution of 
geometries. 

case (i): 

This interpretation implies that the phycocyanin 
trimer in solution still exhibits the three-fold sym

metry which is found in the crystal [16, 17]. Assum
ing that the spectral features of the three chromo
phores are unchanged when going from the subunits 
to the trimer then the fastest rate should be assigned 
to the energy transfer between a-84 and ß-84 as has 
already been mentioned above [16, 17]. In accord
ance with such an assignment would be the observa
tion that the fastest component is predominant when 
the excitation wavelength falls between the ab
sorption maxima of ß-155 ( ~ 595 nm) and ß-84 
( ~ 622 nm). The second fastest rate should then be 
governed by the lifetime of (3-155. The variations in 
lifetimes and relative amplitudes of the two fast com
ponents of the 3-exponential fit are, however, such 
that one can not rationalize them as being due to the 
inaccuracy inherent to the fitting procedure. Large 
variations in the decay times when applying a 3-expo
nential fit to groundstate recovery measurements, 
have also been observed by other authors for similar 
preparations of PC trimers [23]. Similar decay times 
were found when the same excitation wavelength 
was used, which supports the hypothesis that these 
variations are not random but inherent to the system. 
Therefore, one has to reject model (i). 

The dominance of a 800—900 ps component in the 
transient transmission recovery at longer wave
length indicates that upon formation of the trimeric 
state most of the ß-84 chromophores adopt a specific 
geometry with such a lifetime. Chromophores with 
other geometries or in slightly different protein envi
ronment could have longer lifetimes and most likely-
larger fluorescence quantum yields, for which reason 
their contribution to the fluorescence decay should 
be more pronounced. In contradiction to the inter
pretation given by Wendler et al. [15] transient 
absorption measurements would suggest that the 
shorter-lived chromophore-piOtein configuration 
would be the dominant one in isolated trimers (with
out linker peptides). Changes in fluorescence prop
erties upon deaggregation and reaggregation have 
also been reported for allophycocyanin [3, 25]. 

case (ii): 

The second alternative, which is similar to a model 
proposed by Wendler et al. [15], assumes implicitly 
that the fast kinetics is not modified by the presence 
of ''denatured1' chromophores. I.e., the modified 
chromophores are not involved in the energy transfer 
chain, but are excited directly and relax to the 
groundstate like isolated molecules. In this connec-



60 S. Schneider ei al. · Energy Transfer wi th in PC Trimers of Mastigocladus laminosits 

tion it is noteworthy that the long-lived component 
can not always be split into two components with one 
lifetime of 1200 ps (fixed) and another one around 
600-800 ps (see Table I I ) . This indicates again that 
with excitation wavelength 600 nm, that chromo
phore protein configuration must be predominantly 
excited (either directly or via energy transfer) which 
has a lifetime below 1 ns. 

A completely different interpretation of case (ii) 
follows the lines given earlier by Schneider et al. [13, 
14]. Based on the refined data from X-ray analysis 
of the structure of the chromophores in C-phyco-
cyanin [30] we have calculated the energy transfer 
rates between the three types of chromophores ac
cording to Försters formula for resonant dipole-di-
pole transfer. Information about the spectral proper
ties of the chromophores, i.e. the spectral overlap 
integrals were taken from Sauer et al. [17]. The result 
of these calculations is summarized Fig. 3. The trans
fer rates between the a-84 and ß-84 chromophores of 
neighbouring monomers and vice versa are denoted 
as X and Y, respectively. Since the center-to-center 
distance between these chromophores is only about 
20 Ä, the calculated rates are very high, namely 
916 ns"1 for a-84 ß-84 and 771 ns"1 for ß-84 -» 
α-84. Therefore, under the assumption of Förster 
type energy transfer a fast equilibration between 
these chromophores within 1 or 2 ps should be ex
pected. On the other hand transfer times of some 
picoseconds are comparable to typical time-constants 
of vibrational relaxation of the excited molecules. 
i.e. Försters assumption of incoherent transfer steps 
should no longer be valid, but coherent excitonic in
teraction must be taken into account. In this case the 
a-84 and ß-84 chromophores in the trimeric unit 
form a weak excitonic coupled system, i.e. their 
excited states form a kind of "compound state'' 
(localized exciton). Measurable excitation transfer 
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Fig. 3. Calculated energy transfer rates (in nsec ' ) between 
the three different types of chromophores in a C-PC tr imer 
(for more details see text) . 

then takes place only between the β-155 chromo
phore and such a compound state. For this reason 
only two decay times should be found experimental
ly, one describing the energy transfer from β-155 to 
the coupled chromophore system, the second one 
describing the decay of this compound state. 

The appearance of four fixed decay times in a 
global data analysis could be rationalized by dividing 
them into two pairs, each pair exhibiting one fast and 
one slow component. To be more specific, one could 
postulate that ß-84 or a-84 exists in two (slightly) 
different geometries, each giving rise to a distinct 
coupled state with a precise lifetime. Then the ener
gy transfer from β-155 to either one of these states 
should also be described by one fixed rate constant 
each. 

The assumption that ß-84 could exist in two differ
ent geometries is suggested by the fact that this 
chromophore appears to be most susceptible to per-
tubations [4, 5, 7, 9]. Microheterogeneity of a-84 is 
suggested by the observation that the fit of the 
fluorescence decay of α-subunits needs more than 
one exponential [11, 26]. 

case (Hi): 

This model is a straight-forward extension of the 
two state model described above to one with many 
different chromophore conformations (microscopic 
heterogeneity) as it is also suggested from holebum-
ing experiments (J. Friedrich, private communica
tion). Different geometries, e.g. angles of torsion 
around methin bridges, cause differences in excited 
state properties like excitation energies and lifetimes 
[27, 28] and they should also affect the above dis
cussed interaction between the a-84 and ß-84 
chromophores. In case of weak excitonic coupling it 
is obvious that differences in the excited state wave-
functions cause variing coupling constants, thus giv
ing rise to different "compound states". Since these 
coupled chromophores are acceptor states for the de
population of the β-155 chromophores via energy 
transfer, a distribution of transfer rates for this step 
(short lifetime) as well as the observed variation of 
the long lifetime with wavelength (decay of different 
compound states) can easily be rationalized. But 
even in case of very weak coupling (Förster type 
energy transfer) a microscopic heterogeneity in the 
chromophore conformations should result in a dis
tribution of transfer rates, because the probability 
for resonant dipole-dipole energy transfer depends 
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sensitive on the geometrical orientation factor κ be
tween donor and acceptor molecules (&D-V\ ~ * 2 ) . 

James et al. [24] have demonstrated for fluores
cence decay curves that whenever the recorded 
fluorescence is a superposition of several compo
nents with a finite distribution of lifetimes a satisfac
tory fit can be achieved by assuming a bi-exponential 
decay law. Since one is dealing with the same 
mathematical problem when analyzing groundstate 
recovery curves, an a priori distinction between the 
latter interpretations can not be given on the basis of 
this experimental information alone (a fact which 
is apparently ignored by many authors). It seems 
plausible that in case of a distribution of similar 
chromophore-protein arrangements the bi-exponen
tial fit, where each lifetime then represents an aver
age over the individual components, does show a 
fairly systematic variation of fit parameters with exci
tation wavelength. 

In our opinion additional evidence for the assump
tion of coupling between a-84 and ß-84 in PC is also 
given by the completely different fluorescence decay 
pattern of phycoerythrocyanin trimers [13]. There 
the excited state of the "modified"' a-84 
chromophore lies above that of β-155. i.e. the 
energetic near-degeneracy with ß-84 is removed. As a 
consequence three fluorescence components with 
distinctly different lifetimes can be deduced {τ] ~ 
100 ps. τ 2 ~ 400 ps, τ 3 ~ 1400 ps). A similar observa
tion can also be made for monomers; there the 
coupling between a-84 and ß-84 is much smaller than 
that between chromophores belonging to different 
monomers in one trimeric unit (Geiselhart, unpub
lished results). 

Conclusion 

Considering the experimental results collected on 
biliproteins in various states of aggregation by differ
ent spectroscopic techniques we feel that the in
terpretation given for case (iii) is currently the only 
one which can explain all observations without lead

ing to contradictions. In contrast to the widely 
adopted model described above we postulate that in 
native PC-trimers, weak excitonic coupling between 
a-84 and ß-84 prevents the detection of Förster type 
energy transfer between these chromophores. The 
proof for this statement can come from three 
sources. 

(i) Knowing the absorption spectra of the three 
types of chromophores, the time course of the in
duced absorbance changes can be calculated for each 
kinetic model and especially the variation of the am
plitudes of each exponential with wavelength. Be
cause of discrepancies between theory and experi
ment some models might be rejected. Work in this 
direction is under way in our group. 

(ii) Higher resolution X-ray data could provide the 
basis for quantum mechanical model calculations to 
determine theoretically the interaction between a-84 
and ß-84 chromophores (assumption of excitonic 
coupling). 

(iii) Investigation of chemically modified bilipro
teins, for which both kinetic (lifetime measurements) 
and structural information (e.g. CARS-spectra [29]) 
is available. 
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Note added in proof: The work of Schirmer cited on 
the title page has been published: T. Schirmer and 
M . G. Vincent, Biochim. Biophys. Acta 893, 
379-385 (1987). An update of ref. [17] using the 
revised coordinates for PC [30] arrives at similar fast 
Förster transfer rates and excitonic couplings as dis
cussed above (K. Sauer, Η. Scheer, unpublished). 
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