
Photosynthetic 
Light-Harvesting Systems 
Organization and Function 
Proceedings of an International Workshop 
October 12-16,1987 
Freising, Fed Rep. of Germany 

Editors 
Hugo Scheer • Siegfried Schneider 

W 
DE G 

Walter de Gruyter • Berlin • New York 1988 



Editors 

Prof. Dr. H u g o Scheer 
Botanisches Institut der Universität München 
Menzinger Straße 67 
D-8000 München 19 
Federal Republic of G e r m a n y 
Prof. Dr. Siegfried Schneider 
Institut für Physikalische und Theoret ische C h e m i e 
der Technischen Universität München 
Lichtenbergstraße 4 
D-8046 Garching 
Federal Republic of Ge rmany 

L i b r a r y of Congress C a t a l o g i n g i n P u b l i c a t i o n D a t a 

Photosythetic light-harvesting Systems. 
Includes bibliography and indexes 
1. Pho tosyn thes i s -Congresses . 2. Bacteria, Pho tosyn the t i c -Congresses . 

I. Scheer, Hugo, 1942- . II. Schneider, Siegfried, 1940- . 
QR88.5.P483 1988 589.9'013342 88-7083 
ISBN 0-89925-427-6 (U.S.) 

C I P - K u r z t i t e l a u f n a h m e der Deutschen Bibliothek 

Photosynthetic light harvesting Systems: Organization and function ; proceedings 
of an internat. Workshop, october 12-16,1987, Freising, Fed. Rep. of Ge rmany / 
ed. Hugo S c h e e r ; Siegfried Schneider. - Berlin ; New York : de Gruyter, 1988 
ISBN 3-11011531-X 
NE: Scheer, Hugo [Hrsg.] 

Copyright © 1988 by Walter de Gruyter & Co., Berlin 30. 
All rights reserved, including those of translation into foreign languages. N o part of this book may be 
reproduced in any form - by photoprint , microfilm or any other means nor t ransmit ted nor translated 
into a machine language without written permission from the publisher. Printing: Ger ike G m b H , 
Berlin. Binding: Lüderitz & Bauer G m b H , Berlin. - Printed in Germany. 



CONTENTS 

L i s t of P a r t i c i p a n t s X I I I 

SECTION I. ORGANIZATION: BIOCHEMICAL METHODS 

Int r o d u c t i o n : The Biochemistry of L i g h t - H a r v e s t i n g Complexes 
by R.J. Cogdell 1 

Phycobilisome-Thylakoid I n t e r a c t i o n : The Nature of High 
Molecular Weight Polypeptides 
by E. Gantt C A . L i p s c h u l t z and F.X. Cunningham J r 11 

On the S t r u c t u r e of Photosystem II-Phycobilisome Complexes 
of Cyanobacteria 
by E. Mörschel and G.-H. Schatz 21 

S t r u c t u r e of Cryptophyte Photosynthetic Membranes 
by W. Wehrmeyer 35 

S t r u c t u r a l and Phylogenetic R e l a t i o n s h i p s of Phycoerythrins 
from Cyanobacteria, Red Algae and Cryptophyceae 
by W. S i d l e r and H. Zuber 49 

I s o l a t i o n and C h a r a c t e r i z a t i o n of the Components of the 
Phycobilisome from Mastigocladus laminosus and Cross-
l i n k i n g Experiments 
by R. Rümbeli and H. Zuber 61 

C-Phycocyanin from Mastigocladus laminosus: Chromophore 
Assignment i n Higher Aggregates by C y s t e i n M o d i f i c a t i o n 
by R. F i s c h e r , S. Siebzehnrübl and H. Scheer 71 

Photochromic P r o p e r t i e s of C-Phycocyanin 
by G. Schmidt, S. Siebzehnrübl, R. F i s c h e r and H. Scheer 77 

Concerning the R e l a t i o n s h i p of L i g h t Harvesting B i l i -
p r o t e i n s to Phycochromes i n Cyanobacteria 
by W. Kufer 89 

Subunit S t r u c t u r e and Reassembly of the L i g h t - H a r v e s t i n g 
Complex from Rhodospiri 1 lum ruJDrum G9+ 
by R. Ghosh, Th.Ttosatzin an^H7~!acnofen 93 

Primary S t r u c t u r e Analyses of B a c t e r i a l Antenna Polypeptides 
- C o r r e l a t i o n of Aromatic Amino Acids with S p e c t r a l 
P r o p e r t i e s - S t r u c t u r a l S i m i l a r i t i e s with Reaction Center 
Polypeptides 
by R.A. B r u n i s h o l z and H. Zuber 103 



VIII 

The S t r u c t u r e of the "Core" of the Purple B a c t e r i a l Photo
s y n t h e t i c Unit 
by D.J. Dawkins, L.A. Ferguson and R.J. Cogdell 115 

A Comparison of the B a c t e r i o c h l o r o p h y l 1 C--Binding P r o t e i n s 
of Chlorobium and C h l o r o f l e x u s 
by P.D. Gerola, P. Hpjrup and J.M. Olson 129 

I n t e r a c t i o n s between B a c t e r i o c h l o r o p h y l 1 c Molecules i n 
Oligomers and i n Chlorosomes of Green Photosynthetic 
B a c t e r i a 
by D.C. Brune, G.H. King and R.E. Blankenship 141 

L i g h t - H a r v e s t i n g Complexes of C h l o r o p h y l l c-Containing Algae 
by A.W.D. Larkum and R.G. H i l l e r 153 

I s o l a t i o n and C h a r a c t e r i z a t i o n of a C h l o r o p h y l l a/c-Hetero-
xanthin/Diadinoxanthin L i g h t - H a r v e s t i n g Complex from 
Pleuroch Toris m e i r i n g e n s i s (Xanthophyceae) 
by C. Wilhelm, C. Büchel and B. Rousseau 167 

The Antenna Components of Photosystem II with Emphasis on 
the Major Pigment-Protein, LHC IIb 
by G.F. Peter and P. Thornber 175 

SECTION I I : ORGANIZATION: MOLECULAR GENETICS AND 
CRYSTALLOGRAPHY 

Molecular Biology of Antennas 
by G. Drews 187 

High-Resolution C r y s t a l S t r u c t u r e of C-Phycocyanin and 
P o l a r i z e d O p t i c a l Spectra of S i n g l e C r y s t a l s 
by T. Schirmer, W. Bode and R. Huber 195 

C r y s t a l l i z a t i o n and Spectroscopic I n v e s t i g a t i o n of Purple 
B a c t e r i a l B800-850 and RC-B875 Complexes 
by W. Welte, T. Wacker and A. Becker 201 

S t r u c t u r e of the L i g h t - H a r v e s t i n g C h l o r o p h y l l a/b-Protein 
Complex from C h l o r o p l a s t Membranes 
by W. Kühlbrandt 211 

PhycobiIisomes of Synchechococcus Sp. PCC 7002, Pseudanabaena 
Sp. PCC 7409, and Cyanophora paraäroxa: An Änalysis by 
Molecular Genetics 
by D.A. Bryant 217 

Organization and Assembly of B a c t e r i a l Antenna Complexes 
by G. Drews 233 



IX 

The Use of Mutants to I n v e s t i g a t e the Organization of the 
Photosynthetic Apparatus of Rhodobacter sphaeroides 
by C.N. Hunter and R. van GrondeTTe .77 247 

Mechanisms of P l a s t i d and Nuclear Gene Expression Düring 
Thylakoid Membrane Biogenesis i n Higher Plants 
by P. Westhoff, H. Grüne, H. Schrubar, A. Oswald, M. S t r e u b e l , 
U. Ljungberg and R.G. Herrmann 261 

SECTION I I I : ORGANIZATION: SPECIAL SPECTROSCOPY TECHNIQUES 
AND MODELS 

Assigment of Sp e c t r a l Forms i n the Photosynthetic Antennas to 
Chemically Defined Chromophores 
by A. Scherz 277 

Linear Dichroism and O r i e n t a t i o n of Pigments i n Phycobi1isomes 
and t h e i r Subunits 
by L. Juszcak, N.E. Geacintov, B.A. Z i l i n s k a s and J . Breton 281 

Low Temperature Spectroscopy of Cyanobacterial Antenna Pigments 
by W. Köhler, J . F r i e d r i c h , R. F i s c h e r and H. Scheer 293 

Chromophore Conformations i n Phycocyanin and Allophycocyanin 
as Studied by Resonance Raman Spectroscopy 
by B. S z a l o n t a i , V. Csizmadia, Z. Gombos, K. Csatorday and 
M. Lutz 307 

Coherent Anti-Stokes Raman Spectroscopy of Phycobi1isomes, 
Phycocyanin and Allophycocyanin from Mastigocladus 
laminosus 
by S. Schneider, F. Baumann, W. S t e i n e r , R. F i s c h e r , 
S. Siebzehnrübl and H. Scheer 317 

O p t i c a l Absorption and C i r c u l a r Dichroism of Bacteriochlorophyl1 
Oligomers i n T r i t o n X-100 and i n the Light-Harvesting-Complex 
B850; A Comparative Study 
by V. Rozenbach-Belkin, P. Braun, P. Kovatch and A.Scherz 323 

Absorption Detected Magnetic Resonance i n Zero Magnetic F i e l d 
on Antenna Complexes from Rps. a c i d o p h i l a 7050 - The 
Temperature Dependence of trTe -Carotenoid T r i p l e t State 
P r o p e r t i e s 
by J . U l l r i c h , J.U. v. Schütz and H.C. Wolf 339 

E f f e c t of Lithium Dodecyl S u l f a t e on B 800-850 Antenna 
Complexes from Rhodopseudomonas acidophi1a: A Resonance 
Raman Study 
by B. Robert and H. Frank 349 



X 

Bacteriochlorophyl1 a/b i n Antenna Complexes of Purple B a c t e r i a 
by B. Robert, A. Vermeglio, R. S t e i n e r , H. Scheer and M. Lutz 355 

Bacteriochlorophyl1 c Aggregates i n Carbon T e t r a c h l o r i d e 
as Models f o r C h l o r o p h y l l Organization i n Green Photo
s y n t h e t i c B a c t e r i a 
by J.M. Olson and J.P. Pedersen 365 

O r i e n t a t i o n of the Pigments i n the Reaction Center and the 
Core Antenna of Photosystem II 
by J. Breton, J. Duranton and K. Satoh 375 

Non-Linear Absorption Spectroscopy of Antenna C h l o r o p h y l l a 
in Higher Pla n t s 
by D. Leupold, H. S t i e l and P. Hoffmann 387 

SECTION IV: FUNCTION: ELECTRONIC EXCITATION AND ENERGY TRANSFER 

E x c i t a t i o n Energy Transfer i n Photosynthesis 
by R. van Grondelle and V. Sundström 403 

Fluorescence Spectroscopy of Allophycocyanin Complexes from 
Synechococcus 6301 S t r a i n AN112 
by P.Maxson, RTTauer and A.N. Glazer 439 

Picosecond Energy Transfer K i n e t i c s i n Allophycocyanin 
Aggregates from Mastigocladus laminosus 
by E. Bittersmann, W. Reuter, W. Wehrmeyer and A.R. Holzwarth 451 

Picosecond Time-Resolved Energy Transfer K i n e t i c s w i t h i n 
C-Phycocyanin and Allophycocyanin Aggregates 
by T. G i l l b r o , A. Sandström, V. Sundström, R. F i s c h e r and 
H. Scheer 457 

Energy Transfer i n "Native" and Chemically Modified C-Phyco
cyanin Trimers and the Constituent Subunits 
by S. Schneider, P. G e i s e l h a r t , F. Baumann, S. Siebzehnrübl, 
R. F i s c h e r and H. Scheer 469 

E f f e c t of P r o t e i n Environment and E x c i t o n i c Coupling on the 
Excited-State P r o p e r t i e s of the Bilinchromophores i n 
C-Phycocyanin 
by S. Schneider, Ch. Scharnagl, M. Dürring, T. Schirmer and 
W. Bode 483 

E x c i t a t i o n Energy M i g r a t i o n i n C-Phycocyanin Aggregates 
I s o l a t e d from Phormidium luridum: P r e d i c t i o n s from the 
Förster's Inductive Resonance Theory 
by J . Grabowski and G.S. Björn 491 



XI 

Energy T r a n s f e r C a l c u l a t i o n s f o r two C-Phycocyanins Based on 
Refined X-Ray C r y s t a l S t r u c t u r e Coordinates of Chromophores 
by K. Sauer and H. Scheer 507 

Energy T r a n s f e r i n L i g h t - H a r v e s t i n g Antenna of Purple B a c t e r i a 
Studied by Picosecond Spectroscopy 
by V. Sundström, H. Bergström, T. G i l l b r o , R. van Grondelle, 
W. Westerhuis, R.A. Niederman and R.J. Cogdell 513 

E x c i t a t i o n Energy Transfer i n the L i g h t - H a r v e s t i n g Antenna of 
Photosynthetic Purple B a c t e r i a : The Role of the Long-Wave-
Length Absorbing Pigment B896 
by R. van Gr o n d e l l e , H. Bergström, V. Sundström, R.J. van Dorssen, 
M. Vos and C.N. Hunter 519 

The Function of Chlorosomes i n Energy Transfer i n Green Photo
s y n t h e t i c B a c t e r i a 
by R.J. van Dorssen, M. Vos and J. Amesz 531 

Energy Transfer i n C h l o r o f l e x u s aurantiacus: E f f e c t s of 
Temperature and TfoaerobiFTonälTTöns 
by B.P. Wittmershaus, D.C. Brune and R.E. Blankenship 543 

I n t e r p r e t a t i o n of O p t i c a l Spectra of B a c t e r i o c h l o r o p h y l 1 
Antenna Complexes 
by R.M. P e a r l s t e i n 555 

Time R e s o l u t i o n and K i n e t i c s of "F680" at Low Temperatures i n 
Spinach C h l o r o p l a s t s 
by R. Knox and S. L i n 567 

Picosecond Studies of Fluorescence and Absorbance Changes i n 
Photosystem I I P a r t i c l e s from Synechococcus Sp. 
by A.R. Holzwarth, G.H. Schatz and H. Brock 579 

A n a l y s i s of E x c i t a t i o n Energy Transfer i n Thylakoid Membranes 
by the Time-Resolved Fluorescence Spectra 
by M. Mimuro 589 

V. CONCLUDING REMARKS 

Future Problems on Antenna Systems and Summary Remarks 

by E. Gantt 601 

Author Index 605 

Subject Index 609 



70 

[ 9 ] F ü g l i s t a l l e r , F., M. Mimuro, F. S u t e r , H. Z u b e r . 1987. 
B i o l . Chem. H o p p e - S e y l e r 3f>£, 353-367. 

[ 1 0 ] M i m u r o , M., F. Füglistaller, R. Rü m b e l i , H. Z u b e r . 
1986. B i o c h i m . B i o p h y s . A c t a £ 4 £ , 155-166. 

[ 1 1 ] G a n t t , E., C. Cunningham, C A . L i p s o h u l t z , M. M i m u r o . 
1987. EMBO Workshop on O x y g e n i c a n d A n o x y g e n i c 
E l e o t r o n T r a n s p o r t S y s t e m s i n C y a n o b a c t e r i a , Cape 
S u n i o n , A b s t r a c t p. 11. 

[ 1 2 ] M i n a m i , Y., F. Yamada, T. H a s e , H. M a t s u b a r a , A. 
M u r a k a m i , Y. F u j i t a , T. T a k a o , Y. S h i m o n i s h i . 1985. 
FEBS L e t t e r s 1 9 1 , 216-220. 

[ 1 3 ] K l o t z , A.V., J.A. L e a r y , A.N. G l a z e r . 1986. 
J . B i o l . Chem. 2 6 1 , 15891-15894. 

[ 1 4 ] R ü m b e l i , R., F. S u t e r , M. W i r t h , W. S i d l e r , H. Z u b e r . 
1987. B i o l . Chem. H o p p e - S e y l e r , i n p r e s s . 

[ 1 5 ] S c h i r m e r , T., W. Bode, R. H u b e r , W. S i d l e r , H. Z u b e r . 
1985. J . M o l . B i o l . I M , 257-277. 

[ 1 6 ] R ü m b e l i , R., M. W i r t h , H. Z u b e r . 1987. 
B i o l . Chem. H o p p e - S e y l e r , i n p r e s s . 

[ 1 7 ] G l a z e r , A.N. 1985. 
Annu. Rev. B i o p h y s . Chem. 14, 4 7 - 7 7 . 



C-PHYCOCYANIN FROM MASTIGOCLADUS LAMINOSUS: CHROMOPHORE 

ASSIGNMENT I N HIGHER AGGREGATES BY CYSTEIN MODIFICATION 

R. F i s c h e r , S. Siebzehnrübl and H. S c h e e r 

B o t a n i s c h e s I n s t i t u t d e r Universität München 
M e n z i n g e r S t r . 67 8000 M ü n c h e n 19 FRG 

The p h y c o b i l i s o m e (PBS) i s a u n i q u e antenna System, b e c a u s e 

w e l l - d e f i n e d b u i l d i n g b l o c s c a n be i s o l a t e d f r o m i t , w h i c h 

a l l o w p r i n c i p a l l y t o s t u d y t h e f u n c t i o n a l p r o p e r t i e s , e.g. 

l i g h t a b s o r p t i o n and e x c i t a t i o n e n e r g y t r a n s f e r , as a f u n c t i o n 

o f a g g r e g a t e s i z e and f u n c t i o n a l c o m p l e x i t y ( 1 - 4 ) . B e s i d e s t h e 

s o - c a l l e d l i n k e r P o l y p e p t i d e s , i t i s m a i n l y composed o f p h y c o -

b i l i p r o t e i n s ( p h y c o e r y t h r i n (PE) o r p h y c o e r y t h r o c y a n i n ( P E C ) , 

p h y c o c y a n i n (PC) and a l l o p h y c o c y a n i n (APC) ) . E a c h p h y c o b i l i -

p r o t e i n i s composed o f two ( o r so m e t i m e s more) s u b u n i t s (a,ß) 

b e a r i n g 1-4 o p e n - c h a i n t e t r a p y r r o l i c c h r o m o p h o r e s , w h i c h a r e 

c o v a l e n t l y bound t o c y s t e i n r e s i d u e s o f t h e a p o p r o t e i n v i a 

t h i o e t h e r l i n k a g e s ( 3 - 5 ) . I n any g i v e n p h y c o b i l i p r o t e i n t h e 

c h r o m o p h o r e s d i f f e r i n t h e i r s p e c t r o s c o p i c p r o p e r t i e s and t h e i r 

c h e m i c a l r e a c t i v i t i e s . As shown i n T a b l e 1 f o r C - p h y c o c y a n i n 

(PC) f r o m M a s t i g o c l a d u s l a m i n o s u s d i s c u s s e d h e r e , t h i s i s e v e n 

t r u e f o r p i g m e n t s b e a r i n g c h r o m o p h o r e s o f i d e n t i c a l m o l e c u l a r 

s t r u c t u r e . T h e s e d i f f e r e n c e s a r i s e f r o m t h e d i f f e r e n t p r o -

t e i n e n v i r o n m e n t and d i s t i n c t c o n f o r m a t i o n s o f t h e i n d i v i d u a l 

c h r o m o p h o r e s i n t h e n a t i v e s t a t e . 

The P o l y p e p t i d e and c h r o m o p h o r e s t r u c t u r e s o f t r i - a nd hexa m e r s 

o f C - p h y c o c y a n i n s (PC) w h i c h a r e t h e b a s i c b u i l d i n g b l o c s o f 

p h y c o b i l i s o m e s , h a v e b e e n d e t e r m i n e d w i t h h i g h r e s o l u t i o n by 

x - r a y c r i s t a l l o g r a p h y ( 5 ) . F o r t h e a n a l y s i s o f e n e r g y t r a n s f e r 

Photosynthetic Light-Harvesting Systems 

© 1988 Walter de Gruyter & Co., Berlin • New York 
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( 6 , 7 ) and p h o t o c h e m i c a l p r o p e r t i e s (8) i t i s n e c e s s a r y t o know 

i n a d d i t i o n t h e e l e c t r o n i c s t r u c t u r e s (9) and component s p e c t r a 

(6,10) o f t h e i n d i v i d u a l c h r o m o p h o r e s . The component s p e c t r u m 

f o r t h e S i n g l e c h r o m o p h o r e o f PC ( a - 8 4 , F i g . l ) c a n be d e t e r m -

i n e d d i r e c t l y f r o m t h e i s o l a t e d a - s u b u n i t . The o n e s o f t h e two 

ß-chromophores ( F i g . 1) h a v e b e e n o b t a i n e d by r e s o l u t i o n o f t h e 

a b s o r p t i o n s p e c t r u m o f t h e ß-subunit (6,10) and a s s i g n m e n t o f 

t h e ß-84 c h r o m o p h o r e by m o d i f i c a t i o n o f t h e n e i g h b o r i n g c y s - 1 1 1 

w i t h p - c h l o r o - m e r c u r y b e n z e n e s u l f o n a t e (PCMS) ( 1 1 ) . The same 

co m p o n e n t s c a n be u s e d f o r t h e (a,3)-monomer ( = h e t e r o d i m e r ) , 

b e c a u s e i t s s p e c t r u m i s t h e sum o f t h e s u b u n i t s p e c t r a . 

T a b l e 1 : S p e c i f i c A t t r i b u t e s o f I n d i v i d u a l C h r o m o p h o r e T y p e s 

o f PC f r o m M a s t i g o c l a d u s l a m i n o s u s ( f r o m r e f . 3,4,6,8,10,11) 

C h a r a c t e r i s t i c s a - 8 4 3 - 8 4 3 - 155 

R e a c t i o n w i t h PCMS - + -

A b s o r p t i o n Maximum [nm] 616 - 618 622 - 624 598 - 600 

F l u o r e s c e n c e + + -

O p t i c a l A c t i v i t y + - + 

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 > 

C o n f o r m a t i o n A c c o r d i n g t o 
X-Ray C r y s t a l S t r u c t u r e 

z z z ZZZ z z x < 2 > 

1) The c o n t r i b u t i o n o f t h i s c h r o m o p h o r e t o p h o t o c h e m i s t r y i s 
s t i l l u n c e r t a i n . 

2) R i n g D i s a l m o s t p e r p e n d i c u l a r t o r i n g C ( 5 , s e e a l s o 8) 

The s p e c t r o s c o p i c p r o p e r t i e s o f l a r g e r a g g r e g a t e s c a n no 

l o n g e r be d e s c r i b e d as a sum o f t h e same s u b u n i t component 

s p e c t r a ( T a b l e 2 ) . The a b s o r p t i o n maxima o f h i g h e r a g g r e g a t e s 

show more o r l e s s p r o n o u n c e d r e d - s h i f t s w h i c h h a v e t o be 

a c c o u n t e d f o r i n t h e component s p e c t r a . T h i s i s i n p a r t i c u l a r 

n e c e s s a r y w i t h l i n k e r - c o n t a i n i n g t r i m e r s and p h y c o b i l i s o m e s . 
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F i g . 1: S i n g l e c h r o m o p h o r e 

s p e c t r a o f PC f r o m M. l a m i n o 

s u s . The s p e c r a o f chromo

p h o r e s ß-84 and ß-155 were 

o b t a i n e d by d e c o n v o l u t i o n o f 

t h e ß-subunit s p e c t r u m 

a s s u m i n g a s i m i l a r l i n e s h a p e 

as t h e a-84 c h r o m o p h o r e . 

500 600 700 
X [nm] 

T a b l e 2 : Some C h a r a c t e r i s t i c s o f PC i n D i f f e r e n t A g g r e g a t i o n 

S t a t e s and i t s Two S u b u n i t s 

U n i t A g g r e g a t i o n 
S t a t e o f PC 

n 1 > A b s o r p t i o n A B 8 x 
[nm] [cm- 1 mM~ 1 ] 

M o l e c u l a r 
w e i g h t [kDa] 

a - S u b u n i t d i m e r 2 616 244 3 6 . 0 2 > 
ß-Subunit d i m e r 4 604 328 38. 8 2 > 

PC (a,ß) monomer 3 612 286 37 . 4 2 > 
PC (a,ß) 3 t r i m e r 9 619 896 112. 2 2 > 

P C + l i n k e r t r i m e r 9 630 nd -140 

PBS ^ d o d e c a m e r 3 > £36 «632 - «560 

1) n = number o f c h r o m o p h o r e s 
2) a c c o r d i n g t o amino a c i d s e q u e n c e (12) 
3) c a l c u l a t e d p e r r o d , e a c h p h y c o b i l i s o m e c o n t a i n s s i x r o d s 

Component s p e c t r a t h u s h a v e t o be d e r i v e d s e p a r a t e l y i n s u c h 

a g g r e g a t e s . I t h a s been s u g g e s t e d , t h a t i n t e r a c t i o n s o f t h e 

l i n k e r s w i t h c h r o m o p h o r e ß-84 may be an i m p o r t a n t f a c t o r i n 

s p e c t r a l m o d i f i c a t i o n s , b e c a u s e i t i s c l o s e t o t h e c e n t r a l 

c a v i t y o f t h e d o u g h n u t - s h a p e d t r i m e r s and h e x a m e r s i n w h i c h t h e 

l i n k e r s a r e p r o b a b l y l o c a t e d ( 5 , 1 3 ) . 
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To t e s t t h e h y p o t h e s i s , we ha v e e x t e n d e d t h e PCMS method t o t a g 

t h i s c h r o m o p h o r e i n p h y c o c y a n i n s f r o m d i f f e r e n t o r i g i n s and o f 

d i f f e r e n t a g g r e g a t i o n s t a t e s . The r e s u l t s ( T a b l e 3) show t h a t 

i t i s p o s s i b l e b y t h i s method t o o b t a i n p e r t u r b a t i o n s p e c t r a 

r e l a t e d t o c h r o m o p h o r e ß-84 o f PC i n a g g r e g a t e s r a n g i n g f r o m 

t h e ß-subunit t o PBS (APC i s u n r e a c t i v e , and t h e PEC d i f f e r e n c e 

s p e c t r u m o c c u r s a t much s h o r t e r w a v e l e n g t h s t h a n t h a t o f P C ) . 

T a b l e 3 : T r e a t m e n t o f P C - A g g r e g a t e s and - S u b u n i t s w i t h PCMS 

P i g m e n t 
A b s o r p t i o n 

Am a x [nm] 
A b s o r p t i o n c 

A . i n [nm] % 1> 
l i f f e r e n c e 

Ama x [nm] % i > 
tu *> 
[min] 

M. l a m i n o s u s 

PC (monomer) 612 613 14.3 654 9. 1 15 

PC ( t r i m e r ) 618 626 17.6 658 16. 1 120 

o c - S u b u n i t 616 - - - -

ß-Subunit 604 617 18.2 655 19. 3 15 

PC + l i n k e r 630 634 25.5 662 10. 5 300 

PEC 573 5 7 3 / 5 9 8 3 > 25.9 645 13. 1 30 

APC 653 - - - -

PBS 632 625 4.6 660 2. 1 1440 

T o l i p o t h r i x 
d i s t o r t a 

PC ( t r i m e r ) 613 623 37.2 657 10. 2 180 

S p i r u l i n a 
p l a t e n s i s 

PC ( t r i m e r ) 620 621 26.4 657 9. 7 60 

1) R e l a t i v e c h a n g e i n % o f maximum a b s o r b a n c e b e f o r e r e a c t i o n 
2) Time r e q u i r e d f o r r e a c h i n g 50% o f f i n a l a b s o r p t i o n c h a n g e 
3) d o u b l e maximum 

The a b s o r p t i o n maximum shows a monotonous r e d - s h i f t w i t h i n -
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t h e d i f f e r e n c e s p e c t r u m s h i f t s f i r s t t o t h e r e d w i t h i n c r e a s i n g 

a g g r e g a t e s i z e , b u t t h e n a g a i n t o t h e b l u e i n PBS. However, t h e 

a m p l i t u d e o f t h e d i f f e r e n c e s p e c t r u m i n PBS i n much d e c r e a s e d 

as c o m p a r e d t o s m a l l e r a g g r e g a t e s . P o s s i b l y , p a r t o f t h e ß-84 

c h r o m o p h o r e s a r e t h e n i n a c c e s s i b l e t o t h e r e a g e n t , and t h e 

d i f f e r e n c e s p e c t r u m r e f l e c t s o n l y t h e a c c e s s i b l e f r a c t i o n . The 

much s l o w e r k i n e t i c s o f t h e r e a c t i o n , and t h e c o m p a r a b l y h i g h 

e n e r g y o f t h e m o d i f i e d c h r o m o p h o r e s w o u l d be c o m p a t i b l e w i t h 

t h i s i n t e r p r e t a t i o n . 
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SUBJEKT INDEX 

* l o o k f o r e n t r y t o t h i s term 

Absorption 

detected magnetic resonance 

(AEMR) 279, 339f, 380 

band a n a l y s i s 254, 387f, 493 

d i f f e r e n c e spectrum 81, 300, 

407 

a l l o p h y c x x y a n i n 443f 

phyascyanin 81, 473, 491f 

low temperature 247, 249f, 

293f, 334, 342f, 369f, 377f, 

534, 563 

n o n - l i n e a r 387f 

p o l a r i z e d 198f, 204f, 291f, 

439f, 491f, 521f 

recovery 278, 379f, 387f, 

457f, 479f, 513f, 524f 

s p e c t r a 

algal IHC 160, 171, 177, 
281f 

b a c t e r i a l IHC 103f, 121, 

252f, 326, 342f, 549, 563 

Chlorophyll 144, 154, 
169, 323f, 365f 

dhromatophore 93 

e f f e c t o f aromatic AA 

103f, 279, 483f, 560 

Nostoc 13 

p h y c o b i 1 i p r o t e i n 62, 71f, 

81, 90, 198f, 291, 293f, 

443 

p l a n t IHC 177f, 375f 

PS I I : 25 

t r a n s i e n t 581 

A c r o c a r p i a p a n i c u l a t a 42, 155, 

A c t i o n spectrum, 

photoconversion 84 

A c y l a t i o n 175f 

Adaptation 

see ecology 

see chrcmatic 

see l i g h t 

Adenosine t r i p h o s p h a t e synthase 

261 

Aggregate 

allophycoc^yariin 64f, 307f, 

414, 439f, 451f, 457f 

bac±eric<Äilorophyll 94, 

323f, 365f 

b a c t e r i a l IHC 93f, 236, 281f 

Chlorophyll 1 4 l f 
i n f l u e n c e a b s o r p t i o n s p e c t r a 

94f, 286f, 357f, 556f 

phycocyanin 64f, 71f, 195f, 

219f, 221, 286f, 293f, 307f, 

457f, 469f, 483f, 491f, 507f 

phyc»erythrin 5f, 195f, 219f 

phyc»erythrccyanin 64f, 285f 

p l a n t IHC 214f 
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Aamenellum quadruplicatum 7, 

195f, 218f, 469, 507f 

Algae 153f, 167f, 601 

see A c r o c a r p i a 

see b a c i l l a r i o p h y t a 

see cyanobacteria 

see chlorophyta 

see chromophyta 

see Chroomonas 

see ciirysophyta 

see Copolemia 

see Cryptomonas 

see diatom 

see eustigmatophyta 

see Fucus 

see Glenodinium 

see Gonyaulax 

see NanrKxtiloropsis 

see phaeophyta 

see P l e u r o c h l o r i s 

see Porphyridium 

see Phodomonas 

see Fhaedoaetylum 

see Skeletonema 

see xanthophyta 

see Vaucheria 

Alignment 

t r a n s i t i o n d i p o l e 282f 

Mlcphycxxryanin (APC) 78, 281f, 

307f, 317f, 582 

see aggregate 

APC-B l l f 

energy t r a n s f e r 300, 439f, 

451f, 457f 

Operon 222 

Amino a c i d , aromatic* 

see i n d i v i d u a l amino a c i d 

see seguence 

see s t r u c t u r e 

S - A i t i i n o l e v u l i n a t e 239 

Anabaena 

v a r i a b i l i s 586 

sp PCC 7120: 221 

A n a c y s t i s n i d u l a n s 32 

Anaerobic c o n d i t i o n 543f 

Anchor P o l y p e p t i d e l l f , 61, 

A n i s o t r o p y 323, 413, 420f, 

457f, 514f, 525 

see a b s o r p t i o n 

see f l u o r e s c e n c e 

A n n i h i l a t i o n , e x c i t a t i o n 236, 

248, 255, 397, 420f, 525, 532, 

568, 580 

Anoxyphotobacteria 233f 

Antenna 

see a b s o r p t i o n 

see assembly 

see b a c t e r i o c h l o r o p h y l l 
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see c i r c u l a r d i c h r o i s m 

see Chlorophyll 
see conjugate 

see c o r e 

see l i g h t - h a w e s t i n g s 

see Organization 
see peripheral 

see p o l y p e t d i d e 

see r e g u l a t i o n 

complexes 

see B» • • , F»•• 

APC, see allophycc<^anin 

Apoprotein, c o v a l e n t bond 78 

A n t i g e n i c p r o p e r t i e s 159 

Apparatus, p h o t o s y n t h e t i c * 

A r a b i d o p s i s 175f 

Aromatic amino a c i d 483f, 560 

Cluster 107, U l f 

s h i f t hypothesis 2, 103f 

A r r a y s , regulär 257 

Asparagine, gamma-methyl 53, 60 

As p a r t a t e , i n PC 196f 

Assembly 

b a c t e r i a l IHC 93f, 103f, 

233f, 258, 543f 

ATP, see adenosine t r i p h o s p h a t e 

B795: 543f 

B820: subunit 95f 

B800-820: 107f, 357f, 418f, 

516, 565 

B800-850: 107f, 115ff, 201f, 

323f, 332f, 340f, 349f, 357, 

513f 

n a t i v e s p e c t r a 247f 

B870 (873, 875, 880): 93f, 

106f, 115f, 201f, 413, 423, 

513f 

aggregation 94f, 565 

subunit i s o l a t i o n 99 

reassembly 99 

n a t i v e s p e c t r a 247f 

B890 (896): 349, 425, 514, 519f 

B1012 (1020): 115, 361 

B a c i l l a r i o p h y t a , 155 

see Phaeodactvlum 

B a c t e r i a 

see b i l i p h y t a 

see cynaobacteria 

see i n d i v i d u a l s p e c i e s 

see p h o t o s y n t h e t i c b a c t e r i a 
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B a c t e r i a l l i g h t * h a r v e s t i n g 

B a c t e r i o c M o r o p h y l l (BChl) 1, 

103f, 115f, 323, 349f, 555f 

BChl a: 93f, 103f, 115f, 

214, 253f, 406, 420f, 521f, 

543f 

t r a n s i t i o n 93f, 103f, 

555f 

aggregation 94, 548 

BChl a: f r e e 240, 356 

BChl a/b (808,866): 355f, 

406 

BChl b 115, 356, 360, 411 

BChl C 129f, 141f, 365f, 
418f, 531f, 543f, 601 

ab s o r p t i o n s p e c t r a 144 

aggregation 141f, 365 

b i n d i n g p r o t e i n 129f 

aggregate s t r u c t u r e 148f 

homologues 1 4 l f , 365f 

oligomer 141f, 323f, 543f 

antenna 

hyperchromism 101, 108 

r e d - s h i f t 101, 103, 108, 

323f, 409, 556f 

Bacteriorhodops i n 214 

Ba r l e y 175f, 407 

Chlorophyll b - l e s s mutant 
179f 

Baseplate 365, 419, 543 

Behl see B a c t e r i o c h l o r o p h y l l 

Beta sheet 556 

B i l i p h y t a 167 

B i l i p r o t e i n 

see a l l o p h y c o c y a n i n 

see p h y c o b i l i p r o t e i n 

see phyaDchrome 
see phycxx^anin 

see p h y c o e r y t h r i n 

see phycxDeryttoccyariin 

see phytochrome 

B i o s y n t h e s i s , r e g u l a t i o n 294f 

B i s - i m i d a t e s 67 f 

Bleaching, b i l i p r o t e i n s 77 

B l o t , Northern 

b a c t e r i a l IHC, 24f 

B l o t , Western 

a l g a l IHC 160 

spinach t h y l a k o i d p r o t e i n 

263f 

sorghum t h y l a k o i d p r o t e i n 

266f 

Blue/UV liojit r e e e p t o r 262 

Brown algae see Riaeophyta 
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C a l o t h r i x 50f, 59, 223 

O-irütene ß - , 170, 174f 

Carotenoid 1, 115f, 153f, 167f, 

202, 211, 213, 349, 379f, 426, 

515, 535 

see d i a d i n o x a n t h i n 

see f u c o x a n t h i n 

see h e t e r o x a n t h i n 

see l u t e i n 

see neoxanthin 

see p e r i d i n i n 

see v a u c h e r i a x a n t h i n 

see v i o l a x a n t h i n 

see x a n t h o p h y l l 

t r i p l e t S t a t e 339f 

CAPS 317f, 474 

CD see c i r c u l a r d i c h r o i s m 

C e n t r i f u g a t i o n , sucrose d e n s i t y 

120, 168, 201, 250 

Chaotropic s a l t 310 

Charge 

complementarity 241 

Separation 375, 403f, 528 

C h i see Chlorophyll 

Chlorobium l i m i c o l a ' 3. 129f, 

141, 365f, 418f, 531f, 601 

C h l o r o f l e x u s a u r a n t i a c u s 3, 

106, 219f, 141f, 162, 418, 

531f, 543f, 601 

Chloromonadophyta 158 

see i n d i v i d u a l algae 

C h l o r o p h y l l (Chi) 1 

b i o s y n t h e s i s 263f 

Chi a 19, 35f, 175f, 211, 

213, 406 

C h i a/b-protein 175f, 406 

d i v e r s i t y 175f, 163f, 602 

Chi a/c r a t i o s 155 

C h i b 155f, 175f, 211, 213, 

602 

C h i b - l e s s mutant, b a r l e y 

175f 

C h i c 35f, 153f, 167f, 602 

e x t r a c t i o n 157 

h e t e r o x a n t h i i y d i a d i n o 

x a n t h i n complex 167f 

c o n t a i n i n g a lgae 153 

C h i c 2 154 

e v o l u t i o n 162 

i s o t r o p y 213 

o r i e n t a t i o n 213 

p r o t e i n (CP) 

CPI, I I : 241 

(^amydoroonas 376, 407 Chlorophyta 153f, 167 

see i n d i v i d u a l algae 
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C h l o r o p l a s t 

cxyptophyte 35f 

rhodophyte 217 

spinach 211, 263f, 408, 

567f, 590f 

t r i t i c u m 387f 

Chlorosome 3, 129f, 141f, 145f, 

365, 418, 531f, 543f, 601 

C h o l i c a c i d 94, 118 

Chroinatic a d a p t a t i o n 89, 228f, 

403f 

C h r o n a t i i M 

tepidum 360 

virasum 116f, 357, 404 

Chromatofocusing, 

b a c t e r i a l IHC 202 

Chromatography 

i o n exchange 202 

r e v e r s e phase 131 

spectrum, mutant 247f 

Chromophore 

B697: 54f 

assignment 277f 

conformation, PC 4, 72f, 

196f, 307f, 483f, 507 

attachment, PC 222 

d i f f e r e n t i a l r e a c t i v i t y 83 

d i s t a n c e s 324, 332, 500, 

559f 

geometry 318, 325 

i n t e r a c t i o n 67, 196f, 332, 

416f, 483f, 507f 

p r o t e i n i n t e r a c t i o n 186f, 

277, 317f, 324, 416f, 483f 

s t r u c t u r e 

PC 196f 

Behl c 196f, 366 

Chromophyta 153f, 167 

see diatom 

see Phaeodactylum 

see Skeletonema 

Chroomonas 

sp. 37, 54f, 60 

CS24: 42 

Chrysophyta 153 f 

see Trlbonema 

see NarffKxAiloropsis 

C i r c u l a r d i c h r o i s m (CD) 

a l g a l IHC 161 

b a c t e r i a l IHC 109, 483f, 

491f 

B873: 96 

B820: 98 

B860: 327 

phycxxyanin 72, 483f 

p l a n t IHC 214 

Clone, PC 219 



C l u s t e r , pigment 279, 420f 

Coherent a n t i - S t o k e s Raman 

spectroscopy (CAPS) 317f, 474 

Concentration e f f e c t s 333, 366 

C o n f i g u r a t i o n see chromophore 

Conformation 

see chromophore 

see p r o t e i n 

Conformational b a r r i e r s 300 

Copolemia sinuosa 159 

Core 3 

antenna, b a c t e r i a l 106f, 

115f, 234f, 287f, 375f, 

425f, 448 

b a c t e r i a l p h o t o s y n t h e t i c 

u n i t 115f, 420f 

phycobilisome 11, 61f, 464 

PS I I : 263 

Couette c e l l 283 

C r i t i c a l m i c e l l a r c o n c e n t r a t i o n 

(cmc) 96 

C r o s s - l i n k i n g 

a n a l y s i s SDS-PAGE 67 

p h y c o b i 1 i p r o t e i n s 61f 
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Cross s e c t i o n , a b s o r p t i o n * 277, 

397 

Cryptomonas 

maculata 36f 

rufescens 37 

sp. 37, 155 

Qryptophyta 35f, 49f, 155f 

see Chroomonas 

see Cryptomonas 

Cryptophyte p h o t o s y n t h e t i c 

membrane 35f 

C r y p t o v i o l i n 54f, 59 

C r y s t a l 2 

three-dimensional 

b a c t e r i a l core 119, 125f, 

201f, 355 

b a c t e r i a l IHC 125f, 201f, 

234 

riiy c o c y a n i n 5f, 58f, 71f, 

79, 195f, 601 

p l a n t IHC 180f, 212f 

two dimensional 

p l a n t IHC 211 

b a c t e r i a l IHC 235 

Cy a n e l l e see Cyanophora 

Cvanidium caldarium 30 
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Cyanobacteria 21f, 49f, 61f, 

71f, 77f, 89f, 95f, 217f, 286, 

289, 293f, 317f, 415f, 457f, 

469f 

see Acgnenellum 

see Anabaena 

see A n a c v s t i s 

see C a l o t h r i x 

see Cyanophora 

see F i s c h e r e l l a 

see Fremvella 

see Mastigocladus 

see Nostoc 

see Fhormidium 

see Pseudoanabaena 

see S p i r u l i n a 

see Synechocoocus 

see Synechocystis 

see T o l y p o t h r i x 

Cyanophora paradoxa 217f 

C y s t e i n 

b i l i p r o t e i n bond 4, 71 

m o d i f i c a t i o n 71f, 317f, 469f 

Cytxx^hrome 376 

Cytochrome b/f complex 261 

Qrtcchrome b559: 263 

Cytoplasmic membrane 418, 543f 

Dl/2 p a r t i c l e s 376f, 409 

Deconvolution, gaussian* 493 

see a b s o r p t i o n 

Decylmaltoside 176 

Dehydrated phycocyanin, photo

chemistry 77 f 

Denaturation, b i l i p r o t e i n 4, 

77f 

Deriphat 160 see itonosodium-N-

lauryl-ß-iminodipropionate 

Detergents 

see c h o l i c a c i d 

see d e c y l m a l t o s i d e 

see l - d o d e c y l - 2 -

desoxyphosphorylcholin 

see dodecyl-D-maltoside 

see d i g i t o n i n 

see dcdecyldimethylaminoxide 

see dodecylmaltos i d e 

see hepty 1 t h i o g l u c o s i d e 

see l i t h i u m dodecy 1 s u l f a t e 
see monosodium-N-lauryl-ß-

iminodipropionate 

see n o n y l - g l u c o s i d e 

see octyl-/3-r>^lucopyranoside 

see octylpentaoxcyethylene 

see sodium dodecy 1 s u l f a t e 
see Surfactant, g l y c o s i d i c 

see T r i t o n X-100 

Debye-Waller-factor 294 
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Development, p h o t o s y n t h e t i c 

apparatus 256 

D i a d i n o x a n t h i n 155f, 167f 

D i a l y s i s , e q u i l i b r i u m 213 

Diätem 

see Riaeodactylum 

see Skeletonema 

D i g i t o n i n 168 

D i h y d r o b i l i n 81 

Dimer see aggregate 

Dinophyta 

see Glenodinium 

see Gonyaulax 

D i s s o c i a t i o n , r e v e r s i b l e 

b a c t e r i a l IHC 94f 

ENA. see sequence 

D i t h i o n i t 420, 585 

Docking see p r o t e i n 

1-Dodecy1-2-desoxy-phosphory1-

Choline 203 

rxxiecyldiinethylaminoxid (IDAD) 

93f, 118, 201 

Dodecyl-D-maltoside 118, 176f 

Domain, p h o t o s y n t h e t i c * 

pigment b i n d i n g 103f, 129f, 

153f, 175f, 601 

Durbin-Watson parameter 598 

Ecology 

a l g a l antennas 163 

molecular 77 

E c t o t h i o r h o d o s p i r a h a l o c h l o r i s 

115, 235, 361 

E l e c t r o n 

aeeeptor, inte r m e d i a t e 579f 

d i f f r a c t i o n 212 

microscopy 21f, 35f, 212 

f r e e z e - f r a c t u r e 35f, 22f, 

93f 

f r e e z e - e t c h i n g 22f 

s p i n resonance (ESR) 94, 

278, 339 

t r a n s f e r 278, 548 

E l e c t r o p h o r e s i s , g e l * 

Emission s p e c t r a , f l u o r e s c e n c e * 

Endosymbiosis 35 

Energy 

b a c k - t r a n s f e r 528, 572 

t r a n s f e r 213f, 293f, 403f, 

513f 
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uncoupling 40 

b i l i p r o t e i n s 57, 60, 

439f, 451f, 457f, 469f, 

483f, 491f, 507f 

b a c t e r i a l IHC 247, 253f, 

289, 513, 531f, 549f 

p l a n t IHC 44, 413 

r a t e constant 407, 469f, 

500, 507f, 533, 573 

t r a p p i n g 406, 410f, 525, 

546, 568 

E q u i l i b r a t i o n 

E s c h e r i c h i a c o l i 218 

ESR 94, 278, 339 

E t i o p l a s t 263f 

Eustigmatophyta 155f, 167f 

see P o l v e d r e l l a 

E v o l u t i o n b i l i p r o t e i n s 57 

E x c i t a t i o n a n n i h i l a t i o n * 

E x c i t o n 

see a n n i h i l a t i o n 

c o u p l i n g 214, 279, 331, 447, 

465, 469f, 483f, 507f, 555f 

dynaniics 407 

State, a b s o r p t i o n 332, 390 

F680: 408, 567f, 591f 

F683: 591f 

F710:408, 572 

F735: 408, 569, 591f 

Femtosecond spectroscopy 426, 

457f 

F i s c h e r e l l a sp. PCC 7603: 221 

Fluorescence 

decay 407, 439f, 451f, 469f, 

571, 579f, 592f 

emission s p e c t r a * 302, 439f, 

521f, 535, 591 

e x c i t a t i o n s p e c t r a 443f, 

491f, 526 

i n d u c t i o n 40 

i n d u c t i o n k i n e t i c s 119, 124f 

l i f e t i m e 443f, 453, 460f, 

477, 568f, 581, 592f 

l i n e narrowing 297 

p o l a r i z a t i o n 198f, 258, 

419f, 439f, 460, 491f, 521f 

PS I I : 40 

s p e c t r a 

a l g a l IHC 172, 302 

b a c t e r i a l IHC 248, 443, 

491f, 521f, 547f 

c h l c p r o t e i n 169, 365 

phycxcyanin 72 

PS I : 172 

y i e l d , b i l i p r o t e i n 533, 552 



F l u o r e s c i n g chromophore 296f, 

413f, 439f, 454, 469f, 476f 

Förster itechanism 404, 415f, 

457f, 469f, 491f, 507f, 601 

F r a c t u r e f a c e s 

see e l e c t r o n microscopy 

Fremyella d i p l o s i p h o n 50f, 59 

FITR see i n f r a r e d 

Fucx>xanthin 154 f , 168, 602 

energy t r a n s f e r 158 

adaptive s i g n i f i c a n c e 163 

Fucus 155 

s e r r a t u s 37 

Function 

Gaussian, deconvolution 491f, 

589f 

Gel e l e c t r o p h o r e s i s 

b a c t e r i a l antenna 121, 248f, 

318 

non-denaturing 176f 

p r e p a r a t i v e 170, 325 

SDS 158, 175f 

Gene 

see operon 

b a c t e r i a l PS 236f, 247, 253f 

b a c ^ e r i o c h l o r o p h y l l 

617 

s y n t h e s i s 237f 

b i l i p r o t e i n 220f 

ca r o t e n o i d s y n t h e s i s 237f 

chromophore attachment 222 

expression c o n t r o l 225f, 

237f 

l a c Z 219 

IÜCP f a m i l y 41 

l i n k e r 220f 

marker, drug r e s i s t a n c e 219 

map 

c y a n o b a c t e r i a l 2 2 l f 

b a c t e r i a l 253 

p l a n t 261f 

spinach p l a s t i d 270 

n u c l e a r 261f 

phycobilisome 220f 

p l a s t i d 261f 

r e g u l a t o r y 239 

t r a n s f e r 250 

Genetic exchange System 

b a c t e r i a l 236f 

c y a n o b a c t e r i a l 217f 

Glenodinium 42, 155 

G l o b a l data a n a l y s i s 452, 494, 

580, 589 

Gonyaulax polyedra 37, 42, 155 

Grana 211 

Green algae 

see i n d i v i d u a l algae 
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Green b a c t e r i a 

see p h o t o s y n t h e t i c b a c t e r i a 

G r i f f i t h s i a p a c i f i c a 32 

H-bond 149f, 317, 352, 357, 

361, 484f 

Halobacterium halobium 214 

H e l i c a l wheels, b a c t e r i a l IHC 

136f 

H e i i x content, a l g a l IHC 161 

H e p t a n e - l , 2 , 3 - t r i o l 125f 

Hepty 1 - t h i o g l u c o s i d e 176 

Heterogeneity 407f, 454 

Heteroxanthin 167f 

H i g h - l i g h t a d a p t a t i o n 37 

High molecular weight 

P o l y p e p t i d e see l i n k e r 

H i ^ i e r p l a n t * 

H i s t i d i n 

b a c t e r i c c h l o r x ^ i y l l - b i n d i n g 

106, 112 

Hole burning 278, 293f, 390 

Homogeneous 

brcadening 293f, 390 

l i n e w i d t h 293f, 391 

Homology 

see sequence 

see p h y l o g e n e t i c 

Hydropathy p l o t 132, 324 

Hydrogen bond 149f, 315, 352, 

357, 361, 484 

Hyperchrcmism 

see b a c ^ e r i o c h l o r o p h y l l 

Image p r o c e s s i n g 212 

Immunoblot see B l o t , western 

ImrnLUX>-cross-reactivity l l f 

a l g a l IHC 159 

anchor P o l y p e p t i d e 11E 

Iminunofractionation 236 

Immunogold-labeling 36f 

I n f r a r e d s p e c t r a 

c h l c oligomer 142, 145f 

Inhcrocgeneous brcadening 233f, 

293f, 387f, 391 

I n s e r t i o n s e l e c t i o n 219 



I n t e r a c t i o n 

chromophore*-protein 

phycxtoiliscme-thylakoid* 

Intra-ineiiibrane* antenna complex 

I n t r a t h y l a k o i d a l m a t e r i a l 35f 

I r r e v e r s i b l e b l e a c h i n g 

phytxx^yanin 78 

I s o e l e c t r i c f o c u s s i n g 

phycocyanin 79 

L a t e r a l movement, 

r e g u l a t i o n 38 

L a u r y l see dodecy1... 

LD see l i n e a r d i c h r o i s m 

IDAD see Dodecy l d i m e t h y l -

amineoxid 

IDS see Li t h i u m d o d e c y l s u l f a t e 

Leaf development 269f 

Leucoplast 35 

L e v u l i n i c a c i d 239 

IHC, see l i g h t - h a r v e s t i n g 

complex 
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L i f e t i m e 

f l u o r e s c e n c e * 

pump-probe* 

L i g h t capture, ocean 163 

L i g h t h a r v e s t i n g complex 

see p h y c o b i 1 i p r o t e i n s 

see phycobilisome 

a l g a l 153f, 167f 

assembly 2 4 l f 

b a c t e r i a l 

d i v e r s i t y 601 

g e n e t i c s 233f 

mutants 233 f , 247f 

Organization 233f, 281, 

307, 317 

c h l a/b-protein (LHC I I ) 

175f, 211f, 355f 

c h l a/c/fucoxanthin 156 

c h l a/c 2, 35 

c h l c - c o n t a i n i n g algae 153 f , 

355f 

IHI: green p l a n t 175f 

IHEI: v a r i e t i e s 177f 

IHC I I b : model 183 

L i g h t r e g u l a t i o n * 262 

L i n e a r Dichroism (LD) 

a l g a l IHC 160 

b a c t e r i a l IHC 203f, 235, 

281f, 523 

phycocyanin 198f 

p l a n t IHC 213 

r e a c t i o n c e n t e r 376f 
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L i n k e r P o l y p e p t i d e 5, l l f , 49f, 

61f, 71f, 319, 413f, 439, 448, 

454 

gene 2 2 l f 

L i p i d 

l a y e r 540 

phase t r a n s i t i o n 540 

Liposome 

i n c o r p o r a t i o n i n t o 38 

P S I I : 27f 

L i t h i u m d o d e c y l s u l f a t e (LDß) 

118, 316f, 349f, 375f, 563 

Low temperature spectroscopy 

293f, 309f, 339f, 408, 422f, 

521f, 534 

L a t e i n 177 

Magnesium, c o o r d i n a t i o n 103f, 

129f, 141f, 352, 356, 360 

Magnes ium-diviny 1 -

pheoporphyrin a 5 158 

Maize 272 

M a n t i o n e l l a squamata 155f 

Mastigocladus laminosus 7, 22f, 

61f, 71f, 77f, 89f, 195f, 214, 

286, 293f, 317f, 451f, 457f, 

469f, 483f, 507f 

M a t r i x 294f 

Membrane 

assembly i n t o 93f, 240, 247f 

complexes 103f 

d i f f e r e n t a t i o n 237f, 247f 

energy t r a n s f e r 543f, 589f 

ph o t o s y n t h e t i c b a c t e r i a 257, 

365 

p r o t e i n 2 l l f 

spanning sequences 103f, 242 

Mercaptoethanol, phycocyanin 

d e n a t u r a t i o n 78f 

M e s o p h i l i c s p e c i e s 360 

Messenger RNA 

h a l f - l i f e 239, 262f 

p r o c e s s i n g 263f 

Micromonas p u l s i l l a 155f 

M i c r o s p e c t r o p h o t x ^ t r y 213 

Microwave induced a b s o r p t i o n 

341 

Mass spectroscopy, p r o t e i n 131 M o l e c u l a r s t r u c t u r e * 
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MonosodJAm>-N-lauryl-/3-

imincxiip r o p i n o t e 176 Northern b l o t * 

Mutagenesis 

Chemical 248 

in t e r p o s o n 219 

s i t e - s p e c i f i c 2, 220, 242 

transposon 237f, 247f 

Mutant 

b c h l - l e s s 239f 

c a r o t e n o i d l e s s 93 f 

CMamydcmonas 408 

c h l b - l e s s 239f 

Cyanobacteria 217f 

Kb. c a p s u l a t u s 233f 

Kb. sphaeroides 247f, 427, 

525 

Spinach c h l o r o p l a s t 570 

N-methylasparagine 

see asparagine 

Nostoc l l f 

sp. 12, 281f 

sp. POC 8009: 229 

<>^l-/?-I>^luaDpyranoside 93f, 
118 

Octyl-pentaoxyethylene 

use i n u l t r a c e n t r i f u g a t i o n 94 

OEMR 340 

Oenothera 261 

Oligomer 

b a c t e r i a l LHC 93f, 115f 

b c h l c 141f 

b i l i p r o t e i n 49f, 61f, 71f 

p l a n t IHC 212, 214 

N-isotope Substitution 309 Operon 

see gene 

Nannochloropsis 173 APC 222f 

atp 262f 

Neoxantin 177 CPC 218f 

pet 262f 

N i t r o g e n s t a r v a t i o n 36, 226 puc 236f, 249 

puf 249f 

Non-covalent i n t e r a c t i o n 78 puh 249f 

psa 262 

Nony l - g l y c o s i d e 176f psb 262f 

rpo 270 

Normal mode 307f, 317f, 351 
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O p t i c a l l y detected magnetic 

resonance (OEMR) 340 

O r g a n i z a t i o n 

Chlorophyll 365f 
cryptophyte t h y l a k o i d 35f 

phycobilisomes 61f, 281, 

293, 307, 317 

pigment 419 

O r i e n t a t i o n 

antenna complex 281f, 507f 

Chlorophyll 365f, 420f 

f a c t o r 461, 500, 507f 

O x i d a t i o n , chemical o f r e a c t i o n 

c e n t e r s 118 

Oxygen 

e v o l u t i o n 40, 406f 

p a r t i a l p ressure 223 f 

s ensing 239 

P680: see phctosystem I I 

P700: see photosystem I 

P870: see r e a c t i o n c e n t e r 

P a r t i a l d e n a t u r a t i o n * 

P a r t i c l e s i z e a n a l y s i s 38f 

Pavlova 

qyrans 155 f 

l u t h e r i 157 

PC see phycocyanin 

PCMS (p-chloromercurybenzene-

su l f o n a t e ) 471 

FE see p h y c o e r y t h r i n 

Pea 175f, 211, 408 

PEC see phycxDerythrocyariin 

P e r i d i n i n 154f, 601 

energy t r a n s f e r 158 

P e r i p h e r a l antenna, 

b a c t e r i a l 106f, 115f 

P e r i p l a s m i c s i d e , see e l e c t r o n 

irricroscopy 

b a c t e r i a l IHC 107 

Phaeodactylum t r i c o r n u t u m 42, 

155f 

Fhaeophyta 155f 

see A c r o c a r p i a 

see Fucus 

see Copolemia 

Phase t r a n s i t i o n 540, 544f 

Fheophytin 375, 381, 409, 424, 

582 

Phormidium l u r i d u m 408, 491f 

Fhotochemistry 

see phycx>cyanin 



see phycoerythrocyanin 

see photcchrctnism 

Ihotochromism 77f, 89f 

r h c t c h e t e r c t r o p h i c growth 218 

I t o e t o i n h i b i t i o n 601 

Ftactanrorphogenesis 89f 

R i o t o r e v e r s i b i l i t y l l f , 89f 

Itaetosynthetic 

b a c t e r i a green 129f, 141f, 

531f, 543f 

see Chlorobium 

see C h l o r o f l e x u s 

see P r c e t h e c o c h l o r i s 

b a c t e r i a , p u r p l e 93f, 103f, 

115f 

see Chrcmatium 

see E c t c t M o r h o d o s p i r a 

see Rhcdobacter 

see Rhodocyclus 

see Ifocdopseudcmonas 

see R h c d o s p i r i l l u m 

see Tniocapsa 

develcpnent 

ENA* s t r u c t u r e 

genes* 

raembrane, o ^ p t o p h y t e 35f 

u n i t , d a t a i n s i z e 255f 
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Fhotosystem (PS) 

PS I : 13f, 43, 169f, 175f, 

211, 214, 217, 261f, 406f, 

568 

subunit 170 

PS I I : 24, 28, 175f, 211 

217, 375f, 568, 579f, 591 

core 44, 375f, 412 

p a r t i c l e s 579, 594 

phycobilisome complex 

21f, 32 

r e a c t i o n c e n t e r 40, 375f 

408f 

s p a t i a l d i s t r i b u t i o n 41 

F h y c o b i l i n 

see phycx)cyanobil i n 

see p h y c o e r y t h r o b i l i n 

see c r y p t o v i o l i n 

see p h y c o b i l i p r o t e i n 

H i y c o b i l i p r o t e i n l f , 26, 49f, 

61f, 71f, 77f, 89f, 155, 281f, 

213f, 307f, 317f, 412f, 439f, 

451f, 483f, 601 

complexes 61f 

c r o s s - l i n k i n g 61f 

cryptophytan 35f 

denatured 77f 

i s o l a t i o n procedure 63f 

m u l t i p l e forms 43 

Fhycobilisome 4 f, 61f, 71, 

281f, 293f, 317f, 412f, 601 

anchor P o l y p e p t i d e l l f , 61 

molecular g e n e t i c 217f 



624 

c o r e 5f, 11, 61f 

Ihycxxihrome 77, 79, 89f 

see chromatic adaption 

Ihycocyanin (PC) 5f, 71f, 77f, 

281f, 293f, 307f, 317f, 413 

c±ircrnopeptide 81 

chrcsnophore assignment 71f 

c r y s t a l s t r u c t u r e 195f 

dehydrated 83f 

denatured 78, 86 

dodecamer see aggregate 

hexamer see aggregate 

monomer see aggregate 

Operon* 218f 

PC 645: 53f 

photochemistry 72, 77f, 

r e g i o s e l e c t i v e r e a c t i o n 77 

r e n a t u r a t i o n 79 

r u b i n o i d a d d i t i o n product 

84f 

subunit 79f, 415, 469f 

t h i o l a d d i t i o n 80 

t r i m e r see aggregate 

Fhy<X)cyanobilin 281f, 597 

i s o m e r i z a t i o n 77f 

s t r u c t u r e 195f 

P h y c o e r y t h r i n (PE) 5f, 49f, 

285f, 413 

B-PE 49f 

PE 545: 36, 54f 

homolcgy 53f 

t r i m e r see aggregate 

-phycocyanin complex 291 

-subunit 49 

I h y c x e r y t h r o b i l i n 49f 

Fhycoerythrocyariin 74, 89f 

photochemistry 90 

-subunit 90 

Fhylogeny 

algae 162, 167f 

b i l i p r o t e i n s 49f 

chromophyta 162 

l i n k e r p e p t i d e s 221 

Ihytochrome 77, 79, 89f, 262 

Picosecond spectroscopy 405f, 

413f, 426, 451f, 457f, 469f, 

513f, 519f, 567f, 579f, 589f 

Pigment 

a n a l y s i s , b a c t e r i a l IHC 122f 

b i n d i n g p o l y p e t i d e s l f , 

129f, 375f, 516 

molecule O r g a n i z a t i o n 93 f , 

129f, 141f, 195f, 201f, 

281f, 293f, 307f, 323f, 

349f, 365f, 375f, 483f, 

507f, 555f 

o r i e n t a t i o n 281f, 375f 

pigment i n t e r a c t i o n s 1 

p r o t e i n 

assembly 93f, 175f, 240f 

b i n d i n g aminoacids 103f, 

134f 



cx»rdinator 175f 

i n t e r a c t i o n 1, 77f, 103, 

175f, 195, 293f, 317f, 

519f 

o l i g o m e r i c s t n o c t u r e 175f 

P l a n t 

see A r a b i d o p s i s 

see b a r l e y 

see maize 

see Oenothera 

see pea 

see Sorghum 

see spinach 

see T r i t i c u m 387f 

Plasmid, 

s h u t t l e - v e c t o r 218 

b a c t e r i a l 253 

P l e u r o c h l o r i s m e i r i m e n s i s 167 f 

P o i n t Charge, s p e c t r a l shift 
hypothesis 104 

P o l a r i z a t i o n 

see a b s o r p t i o n 

see f l u o r e s c e n c e 

see l i n e a r d i c h r o i s m 

P o l a r i z e d o p t i c a l s p e c t r a 282f, 

376f, 443f 

Polyacrylamide 

g e l * e l e c t r o p h o r e s i s 

squeezed g e l 282f, 377f 
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P o l y e d r e l l a h e l v e t i c a 155f 

Polypeptide 

see l i n k e r 

see p r o t e i n 

see sequence 

see s t r u c t u r e 

see subunit 

composition 

a l g a l IHC 158, 172 

b a c t e r i a l IHC 122, 330 

Chlorophyll p r o t e i n 43, 365, 

409 

pigment b i n d i n g 239f, 377 

h i g h molecular weight l l f 

non-pigmented 235 

primary s t r u c t u r e see 

sequence 

P o l y v i n y l a l c o h o l f i l m 282 

Porphyridium cruentum 5, 14f, 

49, 53, 56 

P o s t - t r a n s l a t i o n a l p r o c e s s i n g 

41 

Prasinophyta 153f 

see M a n t i o n e l l a 

see Micromonas 

P r e p a r a t i o n 

a l g a l IHC 167f, 318, 325 

b a c t e r i a l IHC 93f, 116f, 

142, 366 
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chlorosome cxxnponents 13Of, 

142f, 392, 545 

c r y s t a l s 44f 

h i g h MW P o l y p e p t i d e 12 f 

r i i y c c b i l i p r o t e i n 61f, 79f, 

89f, 440, 458, 492 

PS I I p a r t i c l e s 24f, 27f, 

376 

t h y l a k o i d membrane 12 

Primary s t r u c t u r e see sequence 

P r o c h l r o n 162, 217 

Prxx±ilorothrix h o l l a n d i c a 217 

Promoter 

puf 239 

c y a n o b a c t e r i a l 228 

P r o s t h e c o c h l o r i s a e s t u a r i i 114, 

141, 418f, 531f 

P r o t e i n 

see a l s o P o l y p e p t i d e 

docking 240 

environment l f , 293f, 307f, 

352, 355f, 439f, 451f, 464, 

483f, 492 

f o l d i n g 170f 

modeling 133f, 170f 

non-pigment-binding 235 

phosphorylation 38, 179f 

primary s t r u c t u r e see 

sequence 

secondary s t r u c t u r e 

see s t r u c t u r e 

see c r y s t a l 

P r o t e i n - p r o t e i n i n t e r a c t i o n 1 

P r o t e o l y s i s 36 

r e g u l a t i o n by 240 

l i m i t e d 12 

P r c t o c h l o r o p h y l 1 i d e 262 

Prymnesiophyta 153f 

see Pavlova 

PS see photosystem 

Pseudoanabaena sp. PCC 7409 

Pump-probe experiment 387f, 

457f, 479, 513f, 524f, 580f 

Pu r p l e b a c t e r i a see photo

s y n t h e t i c b a c t e r i a 

P y r i d i n d i s s o c i a t i o n , b c h l c 

145f 

P y r c c h l o r o p h y l l a 1 4 l f 

Pyrrophyta 155f 

see Glenodinium 

see Gonvaulax 

Qx t r a n s i t i o n , 205f, 213, 376f 



Qy t r a n s i t i o n 205f, 213, 323, 

381f, 412, 418f, 556f 

Quantum mechanical c a l c u l a t i o n 

483f 

Quinone 375, 548, 579f 

R a d i c a l p a i r 584 

Raman spectrum 

b i l i p r o t e i n s 307f, 317f, 351 

c h l antenna 355f 

c h l c oligomer 147f, 349f 

Random walk model 407, 414, 

525, 534 

Rate constant 

energy* t r a n s f e r 397 

e l e c t r o n t r a n s f e r 585 

Reaction c e n t e r (RC) 

b a c t e r i a l 115, 247f, 579f 

c l o s e d 407f, 513f, 544f, 580 

open 407f, 513f, 544f, 580 

Po l y p e p t i d e s 106, 112 

RC-B875 complex 116f 

R e a c t i v i t y , d i f f e r e n t i a l o f 

c^iranophores 71f, 77f, 89f 

Reassembly, b a c t e r i a l IHC 93f 

Recombination see a n n i h i l a t i o n 
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R e c o n s t i t u t i o n 

see 1 i g h t - h a r v e s t i n g complex 

Red a l g a e * 

see rhodophyta 

R e d - s h i f t see 

b a c ^ e r i o c h l o r o p h y l l 

R e g i o s e l e c t i v i t y 81 

Reg u l a t i o n 

see chromatic 

see l i g h t 

see n i t r o g e n 

see oxygen 

see p o s t - t r a n s l a t i o n a l 

see p r o t e o l y s i s 

see sulfür 

R e s t r i c t i o n map, b a c t e r i a l 253 

Rhodobacter 

caosulatus 106f, 233f, 249, 

357 

sphaeroides 106f, 115f, 

247f, 325, 357, 404, 423f, 

513f, 519f 

Rhodocyclus g e l a t i n o s u s 106f, 

116f 

Rhodophyta 21f, 49f 

see Porphvridium cruentum 

see Cyanidium caldarium 

see G r i f f i t h s i a p a c i f i c a 
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Rhodcmonas l e n s 37 

Rhcdopseudcmonas 

a c i d o p h i l a 106f, 116f, 339f, 

349f, 357, 516 

a c i d o p h i l a 7050: 108 

p l a s t i c a l l 6 f 

marina 106 

p a l u s t r i s 116f, 205f, 235, 

357 

v i r i d i s 1, 106f, 115f, 206f, 

214, 234, 376, 404, 423f 

R h o d o s p i r i l l a l e s 355 

see i n d i v i d u a l b a c t e r i a 

see p h o t o s y n t h e t i c b a c t e r i a 

R h o d o s p i r i l l u m 

rubrum 93f, 106f, 115f, 234, 

241, 255, 325, 357, 513f, 

525 

s a l e x i g e n e s 235 

R i s e time, f l u o r e s c e n c e * 408, 

439f, 444, 476, 597 

Rod, phyoobilisome* 61f, 281f, 

417f 

R o t a t i o n a l i s o t r o p y 441 

Rotatory s t r e n g t h 486f 

SDS see sodium d o d e c y l s u l f a t e 

Secondary s t r u c t u r e * 

S e n s i t i z i n g chromophore 413f, 

439f, 454, 476f 

Sequence 

ENA 

b a c t e r i a l 237f, 

p h y c o e r y t h r i n 53 

b i l i p r o t e i n 219f 

p r o t e i n 2 

b a c t e r i a l IHC 103f, 520f 

s i m i l a r i t i e s t o RC-PS I I 

103f 

b i l i p r o t e i n s 61f 

cMorosome p r o t e i n s 129f 

IHC I I b 80f 

l i n k e r p e p t i d e s 61f, 

p h y c o e r y t h r i n 49f 

S t r u c t u r e 

see c r y s t a l 

secondary, B873: 94 

S i g n a l t r a n s f e r 239 

S i n g l e photon t i m i n g technique 

441, 452, 580, 590 

S i n g l e t - s i n g l e t a n n i h i l a t i o n * 

Skeletonema costatum 

Scanning c a l o r i m e t r y 546 



Sodium d c d e c y l s u l f a t e (SDS) 

118, 329 

see g e l e l e c t r o p h o r e s i s 

Solvent, nonpolar, 1 4 l f 

Soret band 305f, 356, 556f 

Sorghum 263f 

b i c o l o r 266f 

h y b r i d sudan forage 267 

S p e c i a l - p a i r 

see h i s t i d i n e 

see r e a c t i o n c e n t e r 

b i n d i n g s i t e U l f 

spectrum 324 

S p e c t r a l h o l e * burning 297f 

Spectroscopy 

see a b s o r p t i o n * 

see c i r c u l a r d i c h r o i s m (CD) 

see coherent a n t i - S t o k e s Raman 

see f l u o r e s c e n c e 

see low temperature 

see s t r e a k * camera technique 

a b s o r p t i o n * recovery 

emission (see fluorescence) 

e x c i t a t i o n (see f l u o r e s 

cence) 

n o n - l i n e a r a b s o r p t i o n 387f 

resonance Raman* 147f, 307f, 

317f, 349f, 355f 

t i m e - r e s o l v e d f l u o r e s c e n c e * 
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Spi n l a t t i c e r e l a x a t i o n 345 

Sp i n p o l a r i z a t i o n 341 

Spinach 17, 18, 377, 567f, 590 

c h l o r o p l a s t * 

S p i r u l i n a p l a t e n s i s 74 

Squeezed p o l y c ^ l a m i n d e g e l * 

S t a r v a t i o n 

see N i t r o g e n 

see sulfür 

S t a t e t r a n s i t i o n 161, 411 

Streak camera technique 428, 

472, 567f 

Strong i n t e r a c t i o n 534 

S t r u c t u r a l O r g a n i z a t i o n 279, 

333, 349, 361, 376, 520f 

S t r u c t u r e , secondary 

see c r y s t a l 

see sequence 

p r e d i c t i o n 133f, 234 

Subunit 

B820: 93f 

B873: 93f 

composition, p l a n t LHC 178f 

phycxx^anin* 77f, 469f 
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phyc»erythrocyaiiin* 

reassembly 89f 

s t r u c t u r e , b a c t e r i a l IHC 93f 

Sucrose g r a d i e n t c e n t r i -

f u g a t i o n * 

Sulfür s t a r v a t i o n 226 

S u r f a c t a n t , g l u c o s i d i c 176f 

see i n d i v i d u a l detergent* 

Symbiont 

see O/anophora 217f 

Symmetry property 

c r y s t a l IHC 203f, 213f 

phyoccyanin 470 

Synechoccccus 6301 

spec. 22f, 214, 579f 

spec. PCC 7002: 217f 

s t r a i n AN112: 414, 439f 

Svnechocystis 

PCC 6803: 225 

PCC 6701: 289 

Synura p e t e r s e n i i 155f 

Taxonomic r e l a t i o n 

see Fhylogeny 

Temperature, e f f e c t on 

energy t r a n s f e r 543 

fluo r e s c e n c e 406, 539, 546f 

t r i p l e t State 339f 

Terminal acceptor l l f , 223 

Tetramer 

see aggregate 

T e t r a p y r r o l b i o s y n t h e s i s 239 

Thermophilic s p e c i e s 360, 418, 

543 

Ihiocapsa r o s e o p e r s i c i n a 357 

T h i o l a d d i t i o n 

see phycocyanin 

Three-dimensional s t r u c t u r e 

see c r y s t a l 

T h y l a k o i d membrane 

see e l e c t r o n microscopy 

b i o g e n e s i s 261 

chromophytes 161 

cyanobacteria 22f, 379f 

i n t e r a c t i o n phycobilisome 

l l f , 413 

p a r t i c l e a n a l y s i s 21f, 35f 

pigment a n a l y s i s 170 

p l a n t 175f, 407 

s t a c k i n g 37f 

T o l v p o t h i x d i s t o r t a 74 

T r a n s c r i p t i o n 

c o n t r o l 226f, 239f 



631 

p o s t - , c o n t r o l 264f 

p o l y c i s t r o n i c 269f 

Transinembrane 

h e i i x 43, 243 

p a r t i c l e 43 

T r a n s i t i o n d i p o l e (Q*) 

Transposon see mutagenesis 

Trlbonema aequale 155f 

Trimer see aggregate 

T r i p l e t 

State 278 
- t r i p l e t a b s o r p t i o n 339f 

y i e l d 339 

T r i t i c u m aestivum L. 387f 

T r i t o n X-100: 40, 118, 323f, 

384 

U l t r a o e n t r i f u g a t i o n 

a n a l y t i c a l 71f, 96, 213 

Sedimentation e q u i l i b r i u m 

213 

p r e p a r a t i v e 120, 168 

Uncoupler 240 

V a r i a b l e complex, b a c t e r i a l 

234f 

Vaucheria 158 

Vaucheriaxanthin 155, 170f 

V i b r a t i o n a l frequency 307f, 

317f, 351 

V i o l a x a n t h i n 155, 168 

Weber's m a t r i x method 493 

Wheat see T r i t i c u m 

Xanthophyll 175f 

Xanthophyta 155f, 167f 

see P l e u r o c h l o r i s 

see Synura 

X-ray a n a l y s i s 195f, 201f, 

211f, 405, 416, 483, 507f 

Zero f i e l d Splitting 340f 

Zero phonon t r a n s i t i o n 294 

ZZZ-ZZE isomers 

i n b i l i p r o t e i n s 77f, 89f 


