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C-PHYCOCYANIN FROM MASTIGOCLADUS LAMINOSUS: CHROMOPHORE
ASSIGNMENT IN HIGHER AGGREGATES BY CYSTEIN MODIFICATION

R. Fischer, S. Siebzehnribl and H. Scheer

Botanisches Institut der Universitdt Miinchen
Menzinger Str. 67 8000 Minchen 19 FRG

The phycobilisome (PBS) is a unique antenna system, because
well-defined building blocs can be isolated from it, which
allow principally to study the functional properties, e.qg.
light absorption and excitation energy transfer, as a function
of aggregate size and functional complexity (1-4). Besides the
so-called linker polypeptides, it is mainly composed of phyco-
biliproteins (phycoerythrin (PE) or phycoerythrocyanin (PEC),
phycocyanin (PC) and allophycocyanin (APC) ). Each phycobili-
protein is composed of two (or sometimes more) subunits (a,B)
bearing 1-4 open-chain tetrapyrrolic chromophores, which are
covalently bound to cystein residues of the apoprotein via
thioether linkages (3-5). In any given phycobiliprotein the
chromophores differ in their spectroscopic properties and their
chemical reactivities. As shown in Table 1 for C-phycocyanin

(PC) from Mastigocladus laminosus discussed here, this is even

true for pigments bearing chromophores of identical molecular
structure. These differences arise from the different pro-
teinenvironment and distinct conformations of the individual

chromophores in the native state.

The polypeptide and chromophore structures of tri- and hexamers
of C-phycocyanins (PC) which are the basic building blocs of
phycobilisomes, have been determined with high resolution by

X-ray cristallography (5). For the analysis of energy transfer

Photosynthetic Light-Harvesting Systems
© 1988 Walter de Gruyter & Co., Berlin - New York
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(6,7) and photochemical properties (8) it is necessary to know
in addition the electronic structures (9) and component spectra
(6,10) of the individual chromophores. The component spectrum
for the single chromophore of PC (a-84, Fig.l1l) can be determ-
ined directly from the isolated a-subunit. The ones of the two
B-chromophores (Fig. 1) have been obtained by resolution of the
absorption spectrum of the PB-subunit (6,10) and assignment of
the B-84 chromophore by modification of the neighboring cys-111
with p-chloro-mercury benzenesulfonate (PCMS) (11). The same
components can be used for the (a,B)-monomer (=heterodimer),

because its spectrum is the sum of the subunit spectra.

Table 1 : Specific Attributes of Individual Chromophore Types
of PC from Mastigocladus laminosus (from ref. 3,4,6,8,10,11)

Characteristics a - 84 B - 84 B - 155
Reaction with PCMS - + -
Absorption Maximum [nm] 616 - 618 622 - 624 598 - 600
Fluorescence + + -
Optical Activity + - +
Reversible Photochemistry - + +/-(1)
Conformation According to 222 222 ZZX(2)
X-Ray Crystal Structure

1) The contribution of this chromophore to photochemistry is
still uncertain.
2) Ring D is almost perpendicular to ring C (5, see also 8)

The spectroscopic properties of larger aggregates can no
longer be described as a sum of the same subunit component
spectra (Table 2). The absorption maxima of higher aggregates
show more or 1less pronounced red-shifts which have to be
accounted for in the component spectra. This is in particular

necessary with linker-containing trimers and phycobilisomes.
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Fig. 1: Single chromophore
spectra of PC from M. lamino-
The specra

B-84 and PB-155 were
obtained by deconvolution of
the

assuming

sus. of chromo-

phores
B-subunit spectrum
a similar lineshape

as the a-84 chromophore.

700
A [nm]

Table 2 : Some Characteristics of PC in Different Aggregation
States and its Two Subunits
Unit Aggregation| nt) Absorption Aaax Molecular
state of PC [nm] [ecm-tmM-1]| weight [kDa]
a-Subunit dimer 2 616 244 36.02)
B-Subunit dimer 4 604 328 38.82)
PC (a,B) monomer 3 612 286 37.42)
PC (a,B)sa trimer 9 619 896 112.22)
PC+linker trimer 9 630 nd =140
PBS 2dodecamer?’ | 236 %632 - =560
1) n = number of chromophores
2) according to amino acid sequence (12)

3) calculated per rod,

Component

aggregates.

linkers with

spectra thus
has been

chromophore

spectral modifications,

cavity of the doughnut-shaped trimers and hexamers in which the

have
suggested,
B-84 may be an important

because

it

linkers are probably located (5,13).

is

that interactions of the

close to the

each phycobilisome contains six rods

to be derived separately in such

factor in

central
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To test the hypothesis, we have extended the PCMS method to tag
this chromophore in phycocyanins from different origins and of
different aggregation states. The results (Table 3) show that
it 1is ©possible by this method to obtain perturbation spectra

related to chromophore Bf-84 of PC in aggregates ranging from
the B-subunit to PBS (APC is unreactive, and the PEC difference

spectrum occurs at much shorter wavelengths than that of PC).

Table 3 : Treatment of PC-Aggregates and -Subunits with PCMS

Absorption Absorption difference ty 2)

Pigment Amax [Dm] | Aetn(nm] % 1) | Agax[nm] % 1) [min]
M. laminosus
PC (monomer) 612 613 14.3 654 9.1 15
PC (trimer) 618 626 17.6 658 16.1 120
a-Subunit 616 - - - - -
B-Subunit 604 617 18.2 655 19.3 15
PC + linker 630 634 25.5 662 10.5 300
PEC 573 573/5983) 25.9 645 13.1 30
APC 653 - - - - -
PBS 632 625 4.6 660 2.1 1440
Tolipothrix

distorta
PC (trimer) 613 623 37.2 657 10.2 180
Spirulina

platensis
PC (trimer) 620 621 26.4 657 9.7 60

1) Relative change in % of maximum absorbance before reaction
2) Time required for reaching 50% of final absorption change
3) double maximum

The absorption maximum shows a monotonous red-shift with in-
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the difference spectrum shifts first to the red with increasing

aggregate size, but then again to the blue in PBS. However, the
amplitude of the difference spectrum in PBS in much decreased

as compared to smaller aggregates. Possibly, part of the B-84
chromophores are then inaccessible to the reagent, and the
difference spectrum reflects only the accessible fraction. The
much slower kinetics of the reaction, and the comparably high

energy of the modified chromophores would be compatible with
this interpretation.
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allophycocyanin 443f
phycocyanin 81, 473, 491f
low temperature 247, 249f,
293f, 334, 342f, 369f, 377f,
534, 563
non-linear 387f
polarized 198f, 204f, 291f,
439f, 491f, 521f
recovery 278, 379f, 387f,
457f, 479f, 513f, 524f
spectra
algal IHC 160, 171, 177,
281f
bacterial IHC 103f, 121,
252f, 326, 342f, 549, 563
chlorophyll 144, 154,
169, 323f, 365f
chromatophore 93
effect of aromatic AA
103f, 279, 483f, 560
Nostoc 13
phycobiliprotein 62, 71f,
81, 90, 198f, 291, 293f,
443
plant IHC 177f, 375f
PS II: 25

Acrocarpia paniculata 42, 155,
Action spectrum,
photoconversion 84

Acylation 175f

Adaptation
see ecology
see chromatic
see light

Adenosine triphosphate synthase
261

Aggregate
allophycocyanin 64f, 307f,
414, 439f, 451f, 457f
bacteriochlorophyll 94,
323f, 365f
bacterial IHC 93f, 236, 281f
chlorophyll 141f
influence absorption spectra
94f, 286f, 357f, 556f
phycocyanin 64f, 71f, 195f,
219f, 221, 286f, 293f, 307f,
457f, 469f, 483f, 491f, 507f
phycoerythrin 5f, 195f, 219f
phycoerythrocyanin 64f, 285f
plant IHC 214f
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Agmenellum quadruplicatum 7,
195f, 218f, 469, 507f

Algae 153f, 167f, 601
see Acrocarpia

see bacillariophyta
see cyancbacteria
see chlorophyta

see chramophyta

see Chroomonas

see chrysophyta
see Copolemia

see Cryptamonas

see diatom

see eustigmatophyta
see Fucus

see Glenodinium

see Gonyaulax

see Nannochloropsis
see phaeophyta

see Pleurochloris
see Porphyridium
see Rhodomonas

see Phaedoaetylum
see Skeletonema

see xanthophyta

see Vaucheria

Aligrment
transition dipole 282f

Allophycocyanin (APC) 78, 281f,
307f, 317f, 582
see aggregate

APC-B 11f

energy transfer 300, 439f,
451f, 457f

operon 222

Amino acid, aromatic*
see individual amino acid
see sequence

see structure

$-Aminolevulinate 239

Anabaena
variabilis 586
PCC 7120: 221

Anacystis nidulans 32

Anaercbic condition 543f

Anchor polypeptide 11f, 61,

Anisotropy 323, 413, 420f,
457f, 514f, 525
see absorption

see fluorescence

Annihilation, excitation 236,
248, 255, 397, 420f, 525, 532,
568, 580

Anoxyphotaobacteria 233f

Antenna

see absorption

see assembly

see bacteriochlorophyll



see circular dichroism
see chlorophyll

see conjugate

see core

see light-harvestings
see organization

see peripheral

see polypetdide
see regulation

camplexes
see B..., F...

APC, see allophycocyanin
Apoprotein, covalent bond 78
Antigenic properties 159
Apparatus, photosynthetic*
Arabidopsis 175f
Aramatic amino acid 483f, 560
cluster 107, 111f
shift hypothesis 2, 103f
Arrays, regular 257
Asparagine, gamma-methyl 53, 60
Aspartate, in PC 196f
Assenmbly

bacterial IHC 93f, 103f,
233f, 258, 543f
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ATP, see adenosine triphosphate

B795: 543f

B820: subunit 95f

B800-820: 107f, 357f, 418f,
516, 565

B800-850: 107f, 115ff, 201f,
323f, 332f, 340f, 349f, 357,
513f

native spectra 247f

BS70 (873, 875, 880): 93f,
106f, 115f, 201f, 413, 423,
513f
aggregation 94f, 565
subunit isolation 99
reassembly 99
native spectra 247f

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

B1012 (1020): 115, 361

Bacillariophyta, 155
see Phaeodactylum

Bacteria

see biliphyta

see cynaobacteria

see individual species

see photosynthetic bacteria
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Bacterial light* harvesting

Bacteriochlorophyll (Bchl) 1,
103f, 115f, 323, 349f, 555f
BChl a: 93f, 103f, 115f,
214, 253f, 406, 420f, 521f,
543f
transition 93f, 103f,
555f
aggregation 94, 548
BChl a: free 240, 356
BChl a/b (808,866): 355f,
406
Bchl b 115, 356, 360, 411
Bchl c 129f, 141f, 365f,
418f, 531f, 543f, 601
absorption spectra 144
aggregation 141f, 365
binding protein 129f
aggregate structure 148f
homologues 141f, 365f
oligomer 141f, 323f, 543f

antenna

hyperchromism 101, 108
red-shift 101, 103, 108,
323f, 409, 556f

Bacteriorhodopsin 214
Barley 175f, 407
chlorophyll b-less mutant

179f

Baseplate 365, 419, 543

Bchl see Bacteriochlorophyll

Beta sheet 556

Biliphyta 167

Biliprotein

see allophycocyanin
see phycobiliprotein
see phycochrome

see phycocyanin

see phycoerythrin

see phycoerythrocyanin

see phytochrome

Biosynthesis, regulation 294f

Bis-imidates 67f

Bleaching, biliproteins 77

Blot, Northern
bacterial IHC, 24f

Blot, Western
algal IHC 160
spinach thylakoid protein
263f
sorghum thylakoid protein
266f

Blue/UV light receptor 262

Brown algae see Phaeophyta



Calothrix 50f, 59, 223

Carotene -, 170, 174f

Carotenoid 1, 115f, 153f, 167f,
202, 211, 213, 349, 379f, 426,
515, 535
see diadinoxanthin
see fucoxanthin
see heteroxanthin
see lutein
see neoxanthin
see peridinin
see vaucheriaxanthin
see violaxanthin
see xanthophyll
triplet state 339f

CARS 317f, 474

CD see circular dichroism

Centrifugation, sucrose density
120, 168, 201, 250

Chaotropic salt 310

Charge
camplementarity 241
separation 375, 403f, 528

Chl see chlorophyll

Chlamydaomonas 376, 407

Chlorcbium limicola’3, 129f,
141, 365f, 418f, 531f, 601

Chloroflexus aurantiacus 3,
106, 219f, 141f, 162, 418,
531f, 543f, 601

Chloromonadophyta 158
see individual algae

Chlorophyll (Chl) 1

biosynthesis 263f

chl a 19, 35f, 175f, 211,

213, 406

Chl a/b-protein 175f, 406
diversity 175f, 163f, 602

Chl a/c ratios 155

chl b 155f, 175f, 211, 213,

602

Chl b-less mutant, barley

175f

chl c 35f, 153f, 167f, 602
extraction 157
heteroxanthin/diadino-
xanthin complex 167f
containing algae 153

thl c, 154
evolution 162
isotropy 213
orientation 213
protein (CP)

CPI, II: 241

Chlorophyta 153f, 167
see individual algae
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Chloroplast
cryptophyte 35f
rhodophyte 217
spinach 211, 263f, 408,
567f, 590f
triticum 387f

Chlorosame 3, 129f, 141f, 145f,
365, 418, 531f, 543f, 601

Cholic acid 94, 118

Chromatic adaptation 89, 228f,
403f

Chromatium

tepidum 360
vinosum 116f, 357, 404

Chramatofocusing,
bacterial IHC 202

Chromatography
ion exchange 202
reverse phase 131

spectrum, mutant 247f

Chramophore
B697: 54f
assigmment 277f
conformation, PC 4, 72f,
196f, 307f, 483f, 507
attachment, PC 222
differential reactivity 83

distances 324, 332, 500,
559f
geametry 318, 325
interaction 67, 196f, 332,
416f, 483f, 507f
protein interaction 186f,
277, 317f, 324, 416f, 483f
structure

PC 196f

Bchl ¢ 196f, 366

Chromophyta 153f, 167
see diatom
see Phaeodactylum

see Skeletonema

Chroamonas
sp. 37, 54f, 60
CS24: 42

Chrysophyta 153f

see Tribonema
see Nannochloropsis

Circular dichroism (CD)
algal IHC 161
bacterial IHC 109, 483f,
491f
B873: 96
B820: 98
B860: 327

phycocyanin 72, 483f
plant IHC 214

Clone, PC 219



Cluster, pigment 279, 420f

Coherent anti-Stokes Raman
spectroscopy (CARS) 317f, 474

Concentration effects 333, 366

Configuration see chromophore

Conformation

see chromophore
see protein

Conformational barriers 300

Copolemia sinuosa 159

Core 3
antenna, bacterial 106f,
115f, 234f, 287f, 375f,
425f, 448
bacterial photosynthetic
unit 115f, 420f
phycobilisome 11, 61f, 464
Ps II: 263

Couette cell 283

Critical micellar concentration
(cmc) 96

Cross-linking
analysis SDS-PAGE 67
phycobiliproteins 61f

Cross section, absorption* 277,
397

Cryptomonas
maculata 36f
rufescens 37
sp. 37, 155

Cryptophyta 35f, 49f, 155f
see Chroomonas

see Cryptomonas

Cryptophyte photosynthetic
membrane 35f

Cryptoviolin 54f, 59

Crystal 2

three—dimensional
bacterial core 119, 125f,
201f, 355
bacterial IHC 125f, 201f,
234
phycocyanin 5f, 58f, 71f,
79, 195f, 601
plant IHC 180f, 212f

two dimensional
plant IHC 211
bacterial IHC 235

Cyanelle see Cyanophora

Cyanidium caldarium 30
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Cyanobacteria 21f, 49f, 61f,
71f, 77f, 89f, 95f, 217f, 286,
289, 293f, 317f, 415f, 457f,
469f

see Agmenellum

see Anabaena

see Anacystis

see Calothrix

see Cyanophora

see Fischerella

see Fremyella

see Mastigocladus

see Nostoc

see Phormidium

see Pseudoanabaena

see Spirulina

see Synechococcus

see stis

see Tolypothrix

Cyanophora paradoxa 217f

Cystein
biliprotein bond 4, 71

modification 71f, 317f, 469f

Cytochrome 376
Cytochrome b/f complex 261
Cytochrame b559: 263
Cytoplasmic membrane 418, 543f

D1/2 particles 376f, 409

Debye-Waller-factor 294

Decorvolution, gaussian* 493
see absorption

Decylmaltoside 176

Dehydrated phycocyanin, photo-
chemistry 77f

Denaturation, biliprotein 4,
77f

Deriphat 160 see monosodium-N-
lauryl-g-iminodipropionate

Detergents

see cholic acid

see decylmaltoside

see 1-dodecyl-2-
desoxyphosphorylcholin

see dodecyl-D-maltoside

see digitonin

see dodecyldimethylaminoxide
see dodecylmaltoside

see heptylthioglucoside

see lithium dodecylsulfate
see monosodium-N-lauryl-g-
iminodipropionate

see nonyl-glucoside

see octyl-B-D-glucopyranoside
see octylpentaoxcyethylene
see sodium dodecylsulfate
see surfactant, glycosidic
see Triton X-100



Development, photosynthetic
apparatus 256

Diadinoxanthin 155f, 167f
Dialysis, equilibrium 213
Diatom

see Phaeodactylum

see Skeletonema
Digitonin 168
Dihydrobilin 81

Dimer see aggregate
Dinophyta

see Glenodinium

see Gonyaulax

Dissociation, reversible
bacterial IHC 94f

INA see sequence

Dithionit 420, 585

Docking see protein

1-Dodecyl-2-desoxy-phosphoryl-
choline 203

Dodecyldimethylaminoxid (LDAO)
93f, 118, 201

Dodecyl-D-maltoside 118, 176f

Daomain, photosynthetic*

pigment binding 103f, 129f,
153f, 175f, 601

Durbin-Watson parameter 598

Ecology
algal antennas 163
molecular 77

Ectothiorhodospira halochloris
115, 235, 361

Electron

acceptor, intermediate 579f

diffraction 212

microscopy 21f, 35f, 212
freeze-fracture 35f, 22f,
93f
freeze-etching 22f

spin resonance (ESR) 94,

278, 339

transfer 278, 548

Electrophoresis, gel*
Emission spectra, fluorescence*
Endosymbiosis 35
Energy
back-transfer 528, 572

transfer 213f, 293f, 403f,
513f
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uncoupling 40
biliproteins 57, 60,
439f, 451f, 457f, 469f,
483f, 491f, 507f
bacterial IHC 247, 253f,
289, 513, 531f, 549f
plant IHC 44, 413
rate constant 407, 469f,
500, 507f, 533, 573
trapping 406, 410f, 525,
546, 568

Equilibration

Escherichia coli 218

ESR 94, 278, 339

Etioplast 263f

Eustigmatophyta 155f, 167f
see Polyedrella

Evolution biliproteins 57

Excitation annihilation*

Exciton

see annihilation
coupling 214, 279, 331, 447,
465, 469f, 483f, 507f, 555f

dynamics 407
state, absorption 332, 390

F680: 408, 567f, 591f

F683: 591f

F710:408, 572

F735: 408, 569, 591f

Femtosecond spectroscopy 426,
457f

Fischerella sp. PCC 7603: 221

Fluorescence
decay 407, 439f, 451f, 469f,
571, 579f, 592f
emission spectra* 302, 439f,
521f, 535, 591
excitation spectra 443f,
491f, 526
induction 40
induction kinetics 119, 124f
lifetime 443f, 453, 460f,
477, 568f, 581, 592f
line narrowing 297
polarization 198f, 258,
419f, 439f, 460, 491f, 521f
PS II: 40
spectra
algal IHC 172, 302
bacterial IHC 248, 443,
491f, 521f, 547f
chl c protein 169, 365
phycocyanin 72
PS I: 172
yield, biliprotein 533, 552
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Fluorescing chromophore 296f, synthesis 237f
413f, 439f, 454, 469f, 476f biliprotein 220f
carotenoid synthesis 237f
Forster mechanism 404, 415f, chromophore attachment 222
457f, 469f, 491f, 507f, 601 expression control 225f,
237f
Fracture faces lac Z 219
see electron microscopy IHCP family 41
linker 220f
Fremyella diplosiphon 50f, 59 marker, drug resistance 219
map
FTIR see infrared cyanobacterial 221f
bacterial 253
Fucoxanthin 154f, 168, 602 plant 261f
energy transfer 158 spinach plastid 270
adaptive significance 163 nuclear 261f
phycobilisome 220f
Fucus 155 plastid 261f
serratus 37 regulatory 239
transfer 250
Function
Genetic exchange system
Gaussian, deconvolution 491f, bacterial 236f
589f cyanobacterial 217f
Gel electrophoresis Glenodinium 42, 155
bacterial antenna 121, 248f,
318 Global data analysis 452, 494,
non-denaturing 176f 580, 589
preparative 170, 325
SDS 158, 175f Gonyaulax polyedra 37, 42, 155
Gene Grana 211
see operon
bacterial PS 236f, 247, 253f Green algae

bacteriochlorophyll see individual algae
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Green bacteria
see photosynthetic bacteria

Griffithsia pacifica 32

H-bond 149f, 317, 352, 357,
361, 484f

Halobacterium halobium 214

Helical wheels, bacterial IHC
136f

Helix content, algal IHC 161

Heptane-1,2,3-triol 125f

Heptyl-thioglucoside 176

Heterogeneity 407f, 454

Heteroxanthin 167f

High-light adaptation 37

High molecular weight
polypeptide see linker

Higher plant#*
Histidin
bacteriochlorophyll-binding

106, 112

Hole burning 278, 293f, 390

Homogeneous
broadening 293f, 390
line width 293f, 391
Homology
see sequence
see phylogenetic

Hydropathy plot 132, 324

Hydrogen bond 149f, 315, 352,
357, 361, 484

Hyperchromism
see bacteriochlorophyll

Image processing 212
Immunoblot see Blot, western
Immuno-cross-reactivity 11f
algal IHC 159
anchor polypeptide 11E
Inmunofractionation 236

Immunogold-labeling 36f

Infrared spectra
chl c oligomer 142, 145f

Inhomogeneous broadening 233f,
293f, 387f, 391

Insertion selection 219



Interaction
chramophore*-protein
phycabilisaome-thylakoid*

Intra-membrane* antenna complex

Intrathylakoidal material 35f

Irreversible bleaching
phycocyanin 78

Isoelectric focussing
phycocyanin 79

Lateral movement,
regulation 38

Lauryl see dodecyl...

ID see linear dichroism

IDAO see Dodecyldimethyl-
amineoxid

IDS see Lithium dodecylsulfate

Leaf development 269f

Leucoplast 35

Levulinic acid 239

IHC, see light-harvesting
complex
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Lifetime
fluorescence*
punp—probe*

Light capture, ocean 163

Light harvesting complex
see phycobiliproteins
see phycobilisome
algal 153f, 167f
assembly 241f
bacterial
diversity 601
genetics 233f
mutants 233 £, 247f
organization 233f, 281,
307, 317
chl a/b-protein (IHC II)
175€, 211f, 355f
chl a/c/fucoxanthin 156
chl a/cy, 35
chl c-containing algae 153f,
355f
IHI: green plant 175f
IHII: varieties 177f
IHC ITb: model 183

Light regulation* 262

Linear Dichroism (LD)
algal IHC 160
bacterial IHC 203f, 235,
281f, 523
phycocyanin 198f
plant IHC 213
reaction center 376f
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Linker polypeptide 5, 11f, 49f,
61f, 71f, 319, 413f, 439, 448,
454

gene 221f

Lipid
layer 540
phase transition 540

Liposome
incorporation into 38
PSII: 27f

Lithium dodecylsulfate (LDS)
118, 316f, 349f, 375f, 563

Low temperature spectroscopy
293f, 309f, 339f, 408, 422f,
521f, 534

Lutein 177

Magnesium, coordination 103f,
129f, 141f, 352, 356, 360

Magnesium—divinyl-
phecporphyrin ag 158

Maize 272
Mantionella squamata 155f

Mass spectroscopy, protein 131

Mastigocladus laminosus 7, 22f,
61f, 71f, 77f, 89f, 195f, 214,
286, 293f, 317f, 451f, 457f,
469f, 483f, 507f

Matrix 294f

Membrane
assembly into 93f, 240, 247f
complexes 103f
differentation 237f, 247f
energy transfer 543f, 589f
photosynthetic bacteria 257,
365
protein 211f

spanning sequences 103f, 242

Mercaptoethanol, phycocyanin
denaturation 78f

Mesophilic species 360
Messenger RNA
half-life 239, 262f
processing 263f
Micromonas pulsilla 155f

Microspectrophotometry 213

Microwave induced absorption
341

Molecular structure*



Monosodium-N-lauryl-g8-
iminodipropinote 176

Mutagenesis
chemical 248
interposon 219
site-specific 2, 220, 242
transposon 237f, 247f

Mutant
bchl-less 239f
carotenoidless 93f
Ghlamydomonas 408
chl b-less 239f
Cyancbacteria 217f
Rb. capsulatus 233f

Rb. sphaeroides 247f, 427,

525
Spinach chloroplast 570

N-methylasparagine
see asparagine

N-isotope substitution 309

Nannochloropsis 173

Neoxantin 177

Nitrogen starvation 36, 226

Non-covalent interaction 78

Nonyl-glycoside 176f

Normal mode 307f, 317f, 351

Northern blot#*

Nostoc 11f

sp. 12, 281f
sp. PCC 8009: 229

Octyl--D—glucopyranoside 93f,
118

Octyl-pentaoxyethylene
use in ultracentrifugation 94

OIMR 340

Oenothera 261

Oligamer
bacterial IHC 93f, 115f
bchl ¢ 141f
biliprotein 49f, 61f, 71f
plant IHC 212, 214

Operon

see gene
APC 222f
atp 262f
CPC 218f
pet 262f
puc 236f, 249
puf 249f
puh 249f
psa 262
psb 262f
o 270
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Optically detected magnetic
resonance (OIMR) 340

Organization
chlorophyll 365f
cryptophyte thylakoid 35f
phycobilisomes 61f, 281,
293, 307, 317

pigment 419

Orientation
antenna complex 281f, 507f
chlorophyll 365f, 420f
factor 461, 500, 507f

Oxidation, chemical of reaction
centers 118

Oxygen
evolution 40, 406f

partial presswe 223f
sensing 239

P680: see photosystem II
P700: see photosystem I
P870: see reaction center
Partial denaturation*
Particle size analysis 38f
Pavlova

gyrans 155 £
lutheri 157

PC see phycocyanin

POMS (p—chloramercurybenzene—-
sulfonate) 471

PE see phycoerythrin

Pea 175f, 211, 408

PEC see phycoerythrocyanin

Peridinin 154f, 601
energy transfer 158

Peripheral antenna,
bacterial 106f, 115f

Periplasmic side, see electron
microscopy
bacterial IHC 107

Phaeodactylum tricornutum 42,
155f

Phaeophyta 155f

see Acrocarpia

see Fucus

see Copolemia

Phase transition 540, 544f

Pheophytin 375, 381, 409, 424,
582

Phormidium luridum 408, 491f

Photochemistry
see phycocyanin



see phycoerythrocyanin
see photochromism

Photochromism 77f, 89f

Photoheterotrophic growth 218

Photoinhibition 601

Photamorphogenesis 89f

Photoreversibility 77f, 89f

Photosynthetic
bacteria green 129f, 141f,
531f, 543f
see Chlorcbium
see Chloroflexus
see Prosthecochloris
bacteria, purple 93f, 103f,
115f
see Chramatium
see Ectothiorhodospira
see Rhodobacter
see Rhodocyclus
see Rhodopseudamonas
see Rhodospirillum
see Thiocapsa

development

DNA* structure

genes*

membrane, cryptophyte 35f
unit, domain size 255f

623

Photosystem (PS)
PS I: 13f, 43, 169f, 175f,
211, 214, 217, 261f, 406f,
568

subunit 170
PS II: 24, 28, 175f, 211
217, 375f, 568, 579f, 591
core 44, 375f, 412
particles 579, 594
phycobilisome camplex
21f, 32
reaction center 40, 375f
408f
spatial distribution 41

Phycobilin

see phycocyanabilin
see phycoerythrobilin
see cryptoviolin

see phycobiliprotein

Phycobiliprotein 1f, 26, 49f,
61f, 71f, 77f, 89f, 155, 281f,
213f, 307f, 317f, 412f, 439f,
451f, 483f, 601
canplexes 61f
cross-linking 61f
cryptophytan 35£
denatured 77f
isolation procedure 63f
miltiple forms 43

Phycobilisome 4f, 61f, 71,

281f, 293f, 317f, 412f, 601
anchor polypeptide 11f, 61
molecular genetic 217f
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core 5f, 11, 61f -phycocyanin camplex 291
-subunit 49
Phycochrame 77, 79, 89f
see chramatic adaption Phycoerythrabilin 49f
Phycocyanin (PC) 5f, 71f, 77f, Phycoerythrocyanin 74, 89f
281f, 293f, 307f, 317f, 413 photochemistry 90
chramopeptide 81 -subunit 90
chramophore assigmment 71f
crystal structure 195f Phylogeny
dehydrated 83f algae 162, 167f
denatured 78, 86 biliproteins 49f
dodecamer see aggregate chromophyta 162
hexamer see aggregate linker peptides 221
monomer see aggregate
operon* 218f Phytochrame 77, 79, 89f, 262
PC 645: 53f
photochenistry 72, 77f, Picosecond spectroscopy 405f,
regioselective reaction 77 413f, 426, 451f, 457f, 469f,
renaturation 79 513f, 519f, 567f, 579f, 589f
rubinoid addition product
84f Pigment
subunit 79f, 415, 469f analysis, bacterial IHC 122f
thiol addition 80 binding polypetides 1f,
trimer see aggregate 129f, 375f, 516
molecule organization 93f,
Phycocyanabilin 281f, 597 129f, 141f, 195f, 201f,
isomerization 77f 281f, 293f, 307f, 323f,
structure 195f 349f, 365f, 375f, 483f,
507f, 555f
Phycoerythrin (PE) 5f, 49f, orientation 281f, 375f
285f, 413 pigment interactions 1
B-PE 49f protein
PE 545: 36, 54f assembly 93f, 175f, 240f
hamology 53f binding aminoacids 103f,

trimer see aggregate 134f



coordinator 175f
interaction 1, 77f, 103,
175f, 195, 293f, 317f,
519f

oligameric structure 175f

Plant

see Arabidopsis
see barley

see maize

see Qenothera

sSee pea

see Sorghum

see spinach

see Triticum 387f

Plasmid,
shuttle-vector 218
bacterial 253

Pleurochloris meiringensis 167f

Point charge, spectral shift
hypothesis 104

Polarization

see absorption

see fluorescence
see linear dichroism

Polarized optical spectra 282f,
376f, 443f

Polyacrylamide
gel* electrophoresis
squeezed gel 282f, 377f
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Polyedrella helvetica 155f

Polypeptide

see linker

see protein

see sequence

see structure

see subunit
camposition
algal IHC 158, 172
bacterial IHC 122, 330
chlorophyll protein 43, 365,
409
pigment binding 239f, 377
high molecular weight 11f
non-pigmented 235
primary structure see
sequence

Polyvinyl alcohol film 282

Porphyridium cruentum 5, 14f,
49, 53, 56

Post-translational processing
41

Prasinophyta 153f
see Mantionella
see Micromonas

Preparation
algal IHC 167f, 318, 325
bacterial IHC 93f, 116f,
142, 366
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chlorosame components 130f,
142f, 392, 545

crystals 44f

high MW polypeptide 12f

secondary structure
see structure

see crystal

Protein-protein interaction 1
phycobiliprotein 61f, 79f,
89f, 440, 458, 492 Proteolysis 36
PS II particles 24f, 27f, regulation by 240
376 limited 12
thylakoid membrane 12
Protochlorophyllide 262
Primary structure see sequence
Prymnesiophyta 153f
Prochlron 162, 217 see Pavlova

Prochlorothrix hollandica 217 PS see photosystem

Promoter Pseudoanabaena sp. PCC 7409
puf 239
cyanobacterial 228 Pump—-probe experiment 387f,

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

Prosthecochloris aestuarii 114,

141, 418f, 531f Purple bacteria see photo-

synthetic bacteria

Protein
see also polypeptide Pyridin dissociation, bchl c
docking 240 145f

envirorment 1f, 293f, 307f,
352, 355f, 439f, 451f, 464,
483f, 492

folding 170f

modeling 133f, 170f
non-pigment-binding 235
phosphorylation 38, 179f
primary structure see
sequence

Pyrochlorophyll a 141f

Pyrrophyta 155f

see Glenodinium
see Gonyaulax

Qy transition, 205f, 213, 376f



Qy transition 205f, 213, 323,
381f, 412, 418f, S556f

Quantum mechanical calculation
483f

Quinone 375, 548, S579f
Radical pair 584

Raman spectrum
biliproteins 307f, 317f, 351
chl antenna 355f
chl c oligomer 147f, 349f

Random walk model 407, 414,
525, 534

Rate constant

energy* transfer 397
electron transfer 585

Reaction center (RC)
bacterial 115, 247f, 579f
closed 407f, 513f, 544f, 580
open 407f, 513f, 544f, 580
polypeptides 106, 112
RC-B875 camplex 116f

Reactivity, differential of
chromophores 71f, 77f, 89f

Reassembly, bacterial IHC 93f

Recombination see annihilation

Reconstitution
see light-harvesting complex

Red algae*
see rhodophyta

Red-shift see
bacteriochlorophyll

Regioselectivity 81

Regulation

see chromatic

see light

see nitrogen

see oxygen

see post-translational
see proteolysis

see sulfur

Restriction map, bacterial 253

Rhodobacter
capsulatus 106f, 233f, 249,
357
sphaeroides 106f, 115f,
247F, 325, 357, 404, 423f,
513f, 519f

Rhodocyclus gelatinosus 106f,
116f

Rhodophyta 21f, 49f

see Porphyridium cruentum
see Cyanidium caldarium
see Griffithsia pacifica
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Rhodomonas lens 37

Rhodopseudamonas
acidophila 106f, 116f, 339f,
349f, 357, 516
acidophila 7050: 108
blastica 116f
marina 106
palustris 116f, 205f, 235,
357
viridis 1, 106f, 115f, 206f,
214, 234, 376, 404, 423f

Rhodospirillales 355
see individual bacteria
see photosynthetic bacteria

Rhodospirillum
rubnum 93f, 106f, 115f, 234,
241, 255, 325, 357, 513f,
525

salexigenes 235

Rise time, fluorescence* 408,
439f, 444, 476, 597

Rod, phycobilisome* 61f, 281f,
417f

Rotational isotropy 441

Rotatory strength 486f

Scanning calorimetry 546

SDS see sodium dodecylsulfate

Secondary structure*

Sensitizing chromophore 413f,
439f, 454, 476f

Sequence
DNA
bacterial 237f,
phycoerythrin 53
biliprotein 219f
protein 2
bacterial IHC 103f, 520f
similarities to RC-PS II
103f
biliproteins 61f
chlorosame proteins 129f
IHC IIb 80f
linker peptides 61f,
phycoerythrin 49f
Structure
see crystal

secondary, B873: 94

Signal transfer 239

Single photon timing technique
441, 452, 580, 590

Singlet-singlet annihilation*

Skeletonema costatum



Sodium dodecylsulfate (SDS)
118, 329
see gel electrophoresis

Solvent, nonpolar, 141f

Soret band 305f, 356, 556f

Sorghum 263f
bicolor 266f

hybrid sudan forage 267

Special-pair

see histidine

see reaction center
binding site 111f
spectrum 324

Spectral hole* burning 297f

Spectroscopy

see absorption*

see circular dichroism (CD)

see ccherent anti-Stokes Raman

see fluorescence

see low temperature

see streak* camera technique
absorption* recovery
emission (see fluorescence)
excitation (see fluores-
cence)
non-linear absorption 387f
resonance Raman* 147f, 307f,
317f, 349f, 355f
time-resolved fluorescence*
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Spin lattice relaxation 345

Spin polarization 341

Spinach 17, 18, 377, 567f, 590
chloroplast*

Spirulina platensis 74

Squeezed polycrylaminde gel*

Starvation
see Nitrogen
see sulfur

State transition 161, 411

Streak camera technique 428,
472, 567f

Strong interaction 534

Structural organization 279,
333, 349, 361, 376, 520f

Structure, secondary

see crystal

see sequence
prediction 133f, 234

Subunit
B820: 93f
B873: 93f
composition, plant IHC 178f

phycocyanin* 77f, 469f
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phycoerythrocyanin*
reassembly 89f
structure, bacterial IHC 93f

Sucrose gradient centri-
fugation*

Sulfur starvation 226

Surfactant, glucosidic 176f
see individual detergent#*

Symbiont
see Cyanophora 217f

Symmetry property
crystal IHC 203f, 213f

phycocyanin 470

Synechococcus 6301
spec. 22f, 214, 579f

spec. PCC 7002: 217f
strain AN112: 414, 439f

Synechocystis
PCC 6803: 225
PCC 6701: 289

Synura petersenii 155f

Taxonomic relation
see Phylogeny

Temperature, effect on
energy transfer 543
fluorescence 406, 539, 546f

triplet state 339f

Terminal acceptor 11f, 223

Tetramer
see aggregate

Tetrapyrrol biosynthesis 239

Thermophilic species 360, 418,
543

Thiocapsa roseopersicina 357

Thiol addition
see phycocyanin

Three—dimensional structure
see crystal

Thylakoid membrane

see electron microscopy
biogenesis 261
chromophytes 161
cyanobacteria 22f, 379f
interaction phycobilisome
11f, 413
particle analysis 21f, 35f
pigment analysis 170
plant 175f, 407
stacking 37f

Tolypothix distorta 74

Transcription
control 226f, 239f



post-, control 264f
polycistronic 269f

Transmembrane
helix 43, 243
particle 43

Transition dipole (Q*)
Transposon see mutagenesis
Tribonema aequale 155f
Trimer see aggregate
Triplet

state 278

-triplet absorption 339f

yield 339

Triticum aestivum L. 387f

Triton X-100: 40, 118, 323f,
384

Ultracentrifugation
analytical 71f, 96, 213
sedimentation equilibrium
213
preparative 120, 168

Uncoupler 240

Variable complex, bacterial
234fF

Vaucheria 158

Vaucheriaxanthin 155, 170f

Vibrational frequency 307f,
317F, 351

Violaxanthin 155, 168
Weber's matrix method 493
Wheat see Triticum
Xanthophyll 175f
Xanthophyta 155f, 167f
see Pleurochloris

see Synura

X-ray analysis 195f, 201f,
211f, 405, 416, 483, 507f

Zero field splitting 340f

Zero phonon transition 294

222-ZZE iscmers
in biliproteins 77f, 89f

Baeric. o
Staatsbiblicthek

Minchen
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