
POZNAN TECHNICAL UNIVERSITY 
POLISH BIOPHYSICAL SOCIETY 

PROCEEDINGS 
OF INTERNATIONAL SYMPOSIUM 

JUNE 27-30 · 1989 
POZNAN•POLAND 

llllllllllllll 
UER028023126158 



THE INTERNATIONAL SYMPOSIUM ON 
"PHOTOBIOLOGY AND BIOTECHNOLOGY" 

Poznan, Poland, June 27-30,1989 

Is organized by: 

Institute of Physics, Poznan Technical University, 
Institute of Environmental Engineering, Poznan Technical 
University, 
Institute of Commodity Science, Academy of Economics in 
Poznan. 
Under the auspices of the Polish Biophysical Society, Polish 
Photobiological Group, Polish Academy of Sciences and the 
Ministry of National Education. 

IZING COMMITTEE 

Danuta Frqckowiak 
Poznan Technical University. 
Jacek Koziol 
Academy of Economics, Poznan. 
Stefan Paszyc 
A. Mickiewicz University, Poznan. 
Jozef Grabowski 
Poznan Technical University 
Henryk Manikowski 
Poznan Technical University. 

1498 

WYDAWNICTWO POLITECHNIKIPOZNAÜSKIEJ 
60-965 Poznan, pi. Μ. Skiodowskiej-Curie 2, telefon 313-216 

Wydanie I. Nak*ad 520+30 egz. Arkuszy wyd. 10,7. Arkuszy druku 11,75. Papier offseto-
wy kl. Ill 71 g. Przyjeto do druku 13.02.1989 r. Podpisano do druku 22.03.1989 r.Druk 

ukonczono w kwietniu 1989 r. Zamowienie nr S/74/89.K-8/114 

Erlongen 

POLISH ORGAN 

Chairperson: 

vicfe-ch&rman: 

vice-chairman: 

vice-chairman: 

Secretary: 

G 09-1732 

Wykonano w Zakiadzie Graficznym Politechniki Poznanskiej 
61-821 Poznan, ul. Ogrodowa 11, telefon 525-425 



CONTENT 

A.LECTURES 

M.Avron The Biotechnology of S o l a r Energy 
U t i l i z a t i o n v i a the C u l t i v a t i o n of 
H a l o t o l e r a n t Algae f o r Products of 
Commercial I n t e r e s t 12 

A.V.Barmasov. P h t h a l o c y a n i n e + Quinone + Water -
V.I.Korotkov. P h o t o s y n t h e t i c Model System f o r S o l a r 
V.Ye.Kolmogorov Energy Conversion 18 

T . B a s z y n s k i The Composition and Stücture of the 
T h y l a k o i d Membrane.and I t s Photochemical 
A c t i v i t i e s under Heavy Metal Treatment... 19 

L.O.Björn, Ultraweak Luminescence from P l a n t T i s s u e : 
I.Panagopoulos, S p e c t r a l C h a r a c t e r i s t i c s and E f f e c t s of 
G.S.Björn U l t r a v i o l e t R a d i a t i o n , A n a e r o b i o s i s and 

Ageing ( 24, 

S . B r a s l a v s k y O p t o a c o u s t i c of the Primary P r o c e s s e s i n 
Photosynthet i c Organisms 25 

D.Bruce, R e g u l a t i o n of the D i s t r i b u t i o n of 
S.Brimble. E x c i t a t i o n Energy i n C y a n o b a c t e r i a l 
O . Salehian P h o t o s y n t h e s i s . A Comparision of 

Mechanisms I n v o l v i n g Mobile Antenna and 
S p i l l o v e r 30 

R.Drabent, I n t e r a c t i o n of the Immobilized F l a v i n 
Z.Wieczorek Molecules w i t h Microenvironment 35 

Μ.Elbanowski,M.Paetz• Luminescent I n v e s t i g a t i o n of the Europium 
J . S l a w i n s k i Ions - DNA Systems 36 



4 

R . F i s c h e r , G.Lipp, P h y c o b i 1 i p r o t e i n s : Photochemistry and 
S.Siebzehnrubi • Photophysics < 37 

J.Gottstein,W.Rufer, 
H.Scheer 

G.Garab H e l i c a l l y Organized Macrodomains of the 
Pigment-Protein Complexes i n C h l o r o p l a s t s 
T h y l a k o i d Membranes: C o n c l u s i o n s from 
Macroscopic and M i c r o s c o p i c C i r c u l a r 
D i c h r o i s m Measurements.... : 42 

P . G e i s e l h a r t , S . S c h n e i - E n e r g y T r a n s f e r i n C-Phycocyanin i n 
der,R. F i s c h e r , D i f f e r e n t S i t e s of Agregation S t u d i e d by 
S. Siebzehnrübl, 
Η. S c h e e r Picosecond Time-Resolved F l u o r e s c e c e 47 

A.Grabowska, Photophysic of the Photochromic S c h i f f 
K.Bajdor, Bases w i t h One and Two I n t a m o l e c u l a r 
K.Kownacki Photon T r a n s f e r R e a c t i o n S i t e s 52 

A.J.Hoff 0DMR of T r i p l e t and Magnetic F i e l d 
E f f e c t s i n Photobiology 53 

J.Koziof,H.Szymusiak, E x p e r i m e n t a l and C a l c u l a t e d S p e c t r a l 
D.Panek-Janc P r o p e r t i e s of Cyanoal l o x a z i n e s 54 

S.Malkin Photothermal Radiometry Measurements i n 
P h o t o s y n t e s i s 55 

F. Müller, The Time-Resolved F l u o r e s c e n c e P r o p e r t i e s 
A.J.W.G.Visser of D i m e r i c F l a v o p r o t e i n s 56 

P.Mohanty On the O r i g i n of C h l o r o p h y l l a F l u o r e ­
scence Enhancement i n Heat S t r e s s e d 
C h l o r o p l a s t s 61 

G. C.Papageorgiou Ion-Permeable C y a n o b a c t e r i a as Photo-
r e d u c i n g B i o c a t a l y s t s 63 

G.Renger B i o l o g i c a l E x p l o i t a t i o n of S o l a r Ra­
d i a t i o n by P h o t o s y n t h e t i c Water Cleavage 
i n C y a n o b a c t e r i a and P l a n t s 68 



5 

A.Scherz Comparative S t u d i e s of LHC and RC from 
B a c t e r i a and Green P l a n t s 73 

Ζ.Sestak, 
J . P o s p i s i l o v a , 
J . S o l a r o v a . J . C a t s k y 

Y.K.Shen 

P-S,Song 

H.Ti T i e n 

"G.Trinkunas, 
L.Valkunas 

R.Verhaert, 
B.Tyrakowska, 
R.Hi I h o r s t , C . L a a n e , 
T.Schaafsma.C.Veeger 

G.Wenska, 
S.Paszyc 

Τ.Yu.Yakov1eva• 
V.Ye.Kholmogorov 

I.Yamazaki, 
N.Tamai, 
T.Yamazaki 

A c c l i m a t i o n s of P h o t o s y n t h e t i c and Water-
R e l a t i o n s Parameters to P l a n t Growth i n 
V i t r o and Subsequent T r a n s p l a n t a t i o n 75 

R e g u l a t i o n of P h o t o s y n t h e t i c Apparatus 
Under V a r i o u s Environments 80 

P h o t o b i o l o g i c a l R e c e p t o r s : S t r u c t u r e and 
F u n c t i o n s 85 

Hydrogen Photogeneration by Semi­
conductor Septum E l e c t r o c h e m i c a l 
P h o t o v o l t a i c C e l l s 100 

E x c i t o n C o r r e l a t i v e M a n i f e s t a t i o n i n 
T r a n s i e n t Specroscopy of P h o t o s y n t h e t i c 
Membranes 105 

Photochemical P r o c e s s e s Coupled to Enzy­
matic R e a c t i o n s i n Reversed M i c e l l e s . vo6 

S p l i t t i n g of the C i s - S y n Thymine Photo-
dimer by the E x c i t e d E l e c t r o n A c c e p t o r s . . 111 

S p e c t r o s c o p i c I n v e s t i g a t i o n of Photobio-
logy of the Copper - C o n t a i n i n g P r o t e i n -
C e r u l o p l a s m i n :. 112 

MicroChannel - P l a t e P h o t o m u l t i p l i e r and 
I t s A p p l i c a t o n to the Single-Photon 
Timing Technique f o r Photobiology 113 

B.POSTER CONTRIBUTIONS 

I.G.Abbaszade S t i m u l a t i o n of B a c t e r i a l S u r v i v a l by 
Small F l u e n c e s of UV-Light 117 



6 

I.Abdurakhmanov, 
R . C e g i e l s k i , 
D. Fra^ckowiak 

V.Adygezalov, 
F. Gusein-zade 

G. a . B o s e l l i , 
L.V.Orce 

A.Brzostowicz 

R . C a r p e n t i e r , 
S.Lemieux 

J.Dobko^ski, 
J.Herbi ch,J.Wa1uk 

D.Golebiowska, 
I . M i l c z a r e k , 
W.Puzyna, 
Β.Szczodrowska 

Ε.Grabikowski 

J.Grabowski, 
W.Lafi 

J.Grabowski, 
Μ.Leszczynska, 
Μ.Filarowska 

H.Grajek,G.fcurkowska, 
R.Drabent 

Thermal D e a c t i v a t i o n of E x c i t a t i o n of 
Rhodopseudomonas P a l u s t r i s and 
Chrromatium Minutissimum C e l l s 
Immobilized i n Polymer F i l m 118 

Light-Dependent E l e c t r o g e n i c Proton Pump 
of the Wheat Leaf C e l l s . - . . . . . , 119 

B i o s y n t h e s i s of the Braun L i p o p r o t e i n i n 
Nuvtreated E s c h e r i c h i a C o l i 120 

I n f l u e n c e of P h o t o a c t i v a t i o n on the 
Delayed Luminescence of Wheat Leaves 
During Temperature Lowering 121 

Monitoring Photosystem I I E l e c t r o n 
T r a n s f e r A c t i v i t y i n a Photo-
e l e c t r o c h e m i c a l C e l l 122 

T i c t S t a t e s -The Case of Strong Acceptors 123 

Photodegration of Humic Acids as an 
I n d i c a t o r of S t r u c t u r a l Changes Induced 
i n Humus by D i f f e r e n t C u l t i v a t i o n 
Methodes 124 

I n v e s t i g a t i o n of T h e r m i c a l l y Induced 
Ultranfeak Biochemi 1 uminescence of Leaves 
of Hardened Winter Wheat 125 

S t u d i e s on the S t a b i l i t y of the Bi o d e g r a ­
d a t i o n of Organic Wastes i n A c t i v a t e d 
Sludge P r o c e s s 126 

F l u o r o g e n i c Substances and T h e i r P o s s i b l e 
A p p l i c a t i o n s i n Environmental P r o t e c t i o n . 127 

The FMN i n G l i c e r i n e - W a t e r S o l u t i o n as a 
Donor-Acceptor System i n Energy T r a n s f e r . 128 



Κ.Gryczynski,J.Rak, 
A.Tempczyk» 
J.Braze>owski 

R . I . H a l i l o v , 
I.S.Ackmedov 

A.Jankowski, 
Ρ.Stefanowicz 

T.G.Karagezov 

W.Karcz 

W.Kawczynski, 
E . B o j a r s k a , 
B . C z o c h r a l s k a 

S.M.Kochubey, 
V.A.Ruban 

S.M.Kochubey, 
O.I.Volovik 

A.KozioiOwa, 
J.KozioF, 
M.M.Szafran 

V.D.Kreslavsky, 
Μ.I.Bystrova, 
Yu.M.Stolovitsky 

T . K u l i A s k i , 
A.J.W.G.Visser 

7 

Absorption and F l u o r e s c e n c e Spectroscopy 
I t 

of Ν,N-Dimethyl-Ν-ίi-nitro-9-acridiny1>-
1,3-propanediamine and I t s N i t r o Isomer 
i n P o l y f v i n y l a l c o h o l ) F i l m s 129 

UV-Light S t i m u l a t e s Change of Membrane 
P o t e n t i a l of P l a n t C e l l s 130 

S t u d i e s on E x c i t e d S t a t e Proton T r a n s f e r 
i n 2-Naphtol6-sulfonate C o v a l e n t l y Bound 
to Bovine Serum Albumin 131 

Photodependent E t h y l e n e E v o l u t i o n And 
R e s p i r a t o r y Gas Exchange i n Apple F r u i t s . 1 3 2 

Membrane P o t e n t i a l Changes i n S a g g i t a r i a 
Leaf C e l l s Induced by V i s i b l e and UV-C 
R a d i a t i o n 133 

P h o t o r e a c t i o n s of Reduced Forms of NADP 
and NMN on I r r a d i a t i o n at 254 nm 134 

A n t i - S t o k e s Energy Exchange Between 
Antennae and R e a c t i o n C e n t e r s of PSI 135 

The Role of Phosphoproteins i n a Dynamic 
Rearrangement of P h o t o s y n t h e t i c Membranes 1 3 6 

E x c i t e d S t a t e Proton T r a n s f e r i n 
A l l o x a z i n e - A c e t i c A c i d Systems i n 
D i f f e r e n t Media 137 

S p e c t r a l and Photochemical P r o p e r t i e s of 
the P h o t o s y n t h e t i c Pigment Complexes w i t h 
N i t r o g e n - C o n t a i n i n g η-Donors 138 

A n i s o t r o p i c R o t a t i o n s of the t-RNA 
Molecule - F l u o r e s c e n c e I n v e s t i g a t i o n s of 
the I n f l u e n c e of Counterions on the 
Conformational Dynamism of t-RNA 139 



8 

Η.Manikowski. 
P . B . S c z a n i e c k i , 
Μ.Niedbalska, 
I.Gruda 

A.Murkowski, 
Ζ.Prokowski 

F.S.Omarov, 
T.G.Mamedov 

F.S.Omarov, 
T.G.Mamedov 

M.Ossowski, 
Y . F u j i t a , . 
M.Mimuro, 
D.Fra,ckowiak 

Ν.A.Sadovnikova, 
V.V.Gerasimenko 

A. S k i b i i i s k i • 
R.Popovic, 
M.Beauregard 

Ε. SkoVska 
Ε.P.Suponeva, 
A.A.Kazakova, 
Β.A.Kisselev 

S.Tryka, 
R.Köper 

I . V a s s , 
Ζ.Beak, 
S.Demeter 

C o r r e l a t i o n of Fr e e R a d i c a l s C r e a t i o n 
w i t h V i s i b l e Absorption S p e c t r a Changes 
Induced by L i g h t i n S t i l b a z o l i u m 
Merocyanines 140 

A p p l i c a t i o n of Delayed Luminescence to 
E s t i m a t i o n of Phytoplankton Biomass and 
E u t r o p h i c a t i o n Monitoring 141 

L i g h t R e g u l a t i o n of the Sodium Ions 
T r a n s p o r t i n H a l o t o l e r a n t Algae D u n a l i e 1 1 a 142 

System Design f o r the Aut o t r o p h i c 
P r o d u c t i o n of Algae D u n a l i e l l a on the 
Resources of the Cas p i a n Sea 147 

P o l a r i z e d Time - Resolved F l u o r e s c e n c e 
S p e c t r a of Phycobi1isomes from 
T o l y p o t h r i x T e n u i s Embedded i n P o l y v i n y l 
Alcohol F i l m - More D e t a i l e d D e s c r i p t i o n . 148 

D e t e c t i o n of OH R a d i c a l s a t Cytochrome C 
Photoreduction without Adding E x t e r n a l 
E l e c t r o n Donors 149 

P h o s p h o r y l a t i o n and Spermidine E f f e c t s on 
the Energy T r a n s f e r Between P S I I - P S I i n 
B a r l e y T h y l a k o i d Membranes 150 

Photoinduced Luminescence of L i p i d s 151 

E l e c t r o c h e m i c a l O x i d a t i o n of C h l o r o p h y l l 
i n T h i n F i l m s a t the E l e c t r o d e s 152 

Ultraweak Luminescence of Wheat G r a i n 
During I m b i b i t i o n 153 

The S t a b i l i t y of S S t a t e of the Water 
O x i d i z i n g Enzyme I S Determined by the 
I n t e r a c t i o n w i t h the Donor S p e c i e s D of 
Photosystem I I 154 



9 

S.Wieczorek, 
J.Mieloszyk 

D.Wrobel, 
W.Hendrich 

V.N.Zaitsev 

The T r i p l e t S t a t e 
Polvmers M a t r i c e s . . . 

of A m p h i f l a v i n s i n 
155 

J . M . Z g l i c z y n s k i , 
Ε.Kwasnowska, 
T.Stelmaszynska, 
E.Olszowska, 
S.01szowski,J.M,Knapik 

Thermal D e a c t i v a t i o n and Energy T r a n s f e r 
i n I s o l a t e d Photosystem 2 and 
L i g h t - H a r v e s t i n g Complexes and Chi B - L e s s 
T h y l a k o i d s i n P l y v i n y l A l c o h o l F i l m s 156 

R e g u l a t o r y Mechanisms of the P r i m a r y 
T r a n s f o r m a t i o n of L i g h t Energy D u r i n g 
Ontogenesis of Higher P l a n t s 158 

F u n c t i o n a l S t a t e s of N e u t r o p h i l s as and 
Suggested by Whole Blood Chemi-
luminescence 159 



ENERGY TRANSFER IN C-PHYCOCYANIN IN DIFFERENT STATES OF 
AGGREGATION STUDIED BY PICOSECOND TIME-RESOLVED FLUORESCENCE 

P. G e i s e l h a r t and S. S c h n e i d e r 
I n s t i t u t für P h y s i k a l i s c h e Chemie der Technischen Universität 
München, Lichtenbergstraße 4, D - 8046 Garching 

R. F i s c h e r , S. Siebzehnrübl and H. Scheer 
B o t a n i s c h e s I n s t i t u t der Ludwig-Maximilians-Universität 
Menζingerstrafe 67, D - 8000 München 19 

I n t r o d u c t i o n 
The p h y c o b i l i s o m e s a r e l i g h t - h a r v e s t i n g complexes of blue-green 
and r e d a l g a e . They a r e h i g h l y o r g a n i z e d a s s e m b l i e s of t h e b i l i -
p r o t e i n s a l l o p h y c o c y a n i n and phycocyanin (PC), o f t e n c o n t a i n i n g 
a l s o p h y c o e r y t h r i n o r ph y c o e r y t h r o c y a n i n [ 1 , 2 ] . The pigments of 
t h e s e b i l i p r o t e i n s a r e t e t r a p y r r o l chromophores bound c o v a l e n t l y 
t o t h e p o l y p e p t i d e c h a i n s . 
I n c a s e of PC, which i s d i s c u s s e d i n t h i s c o n t r i b u t i o n , t he mono-
me r i c u n i t c o n s i s t s of t h e α-polypeptide c h a i n w i t h one phyco-
c y a n o b i l i n chromophore (a84) and the /?-chain w i t h t o chromophores 
(/?84 and 0155) [ 3 , 4 ] . From X-ray a n a l y s i s of c r y s t a l l i z e d PC the 
s t r u c t u r e of t h e chromoprotein, the conformations, d i s t a n c e s and 
approximate r e l a t i v e o r i e n t a t i o n s of the chromophores have become 
known [ 5 , 6 ] . 

M a t e r i a l s and Meti. 
P r e p a r a t i o n o f t h e PC-samples i n d i f f e r e n t s t a t e s of aggr e g a t i o n 
a r e d i s c r i b e d elsewhere [ 7 , 8 ] . The samples were e x c i t e d a t low 
i n t e n s i t y ( « 1 0 1 3 photons/pulse) by the output of a mode-locked 
p i c o s e c o n d d y e - l a s e r a t a r e p e t i t i o n r a t e of 82 MHz. The f l u o r e s ­
cence decay was recorded w i t h a Hamamatsu s y n c h r o s c a n s t r e a k 
camera. 
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R e s u l t s and D i s c u s s i o n 

A) g-subunit 
I n f i g . 1 t h e f l u o r e s c e n c e decay c u r v e s of t h e α-subunit c o n t a i ­
n i n g o n l y one chromcphore ( X m a x

 = 6 1 6 n m ) a r e shown f o r d i f f e r e n t 
d e t e c t i o n wavelengths. They a r e c l e a r l y dominated by a component 
w i t h a decay time of 1.1-1.2 ns, which must be a s s i g n e d t o t h e 
n a t i v e chromophore-protein arrangement. A second component w i t h 
l i f e t i m e o f o n l y 30 ps and a s m a l l r e l a t i v e amplitude (< 10%) 
was found. I t must be a s s i g n e d t o non-native chromophore c o n f o r ­
mations. These c o u l d be i n h e r e n t t o n a t i v e α-subunits or due t o 
s l i g h t d e t e r i o r a t i o n s by t h e sample p r e p a r a t i o n procedures. 

B) θ-subunit 
The jfl'-subunit c o n t a i n s two chromophores, /384 ( Χ ^ ν « 624 nm) 

max 
and ßl$5 ( X m a 3 ^ ~ 5 9 5 nm) [ 9 ] . E x c i t a t i o n wavelength was chosen 

tirne[ps] 

F i g . l : Time r e s o l v e d f l u o r e s c e n c e o f PC α-subunits a t d i f f e r e n t 
d e t e c t i o n wavelengths (X = 6 2 0 nm) 
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F i g . 2 : Time r e s o l v e d f l u o r e s c e n c e o f PC 0 - s u b u n i t s a t d i f f e r e n t 
d e t e c t i o n wavelengths (\ = 580 ran) 

exc 

F i g . 3 : Time r e s o l v e d f l u o r e s c e n c e o f PC monomers a t d i f f e r e n t 
d e t e c t i o n wavelengths ( X e x c

 s 580 ran) 
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to be 580 ran i n o r d e r t o e x c i t e p r e d o m i n a n t l y t h e " s e n s i t i z i n g " 
chromophore 0155. To f i t t h e decay c u r v e s i n f i g . 2, t h r e e com­
ponents w i t h l i f e t i m e s o f 25-30 ps, «200 ps and «800 ps, r e s p . , 
were n e c e s s a r y . The s h o r t l i f e t i m e o f 25-30 ps w i t h l a r g e a m p l i ­
tudes under s h o r t w a v e l e n g t h d e t e c t i o n i s a s s i g n e d t o t h e energy 
t r a n s f e r time from t h e 0155 t o t h e 084 chromophore. The l o n g e s t 
l i f e t i m e o f »800 ps, whicty i s s i g n i f i c a n t l y s h o r t e r t h a n t h e 
l i f e t i m e o f t h e α-subunit, must be t h e c h a r c t e r i s t i c l i f e t i m e 
of t h e t e r m i n a l 084 chromophore-protein arrangement. The i n t e r ­
mediate component («200 ps) i s pr e d o m i n a n t l y o b s e r v e d under 
long-wavelength d e t e c t i o n c o n d i t i o n s and must t h e r e f o r e be con­
nected w i t h another 084-conformation. T h i s chromophore c o u l d be 
l e s s s t a b i l i z e d by t h e s u r r o u n d i n g p o l y p e p t i d e i n t h e i s o l a t e d 
0 - s u b u n i t t h a n i t i s i n t h e complete monomeric u n i t and t h e r e f o r e 
adopt a d i f f e r e n t c o n f o r m a t i o n w i t h a c h a r a c t e r i s t i c l i f e t i m e 
of about 200 p s . 

q) Monomer (aß) 
S i n c e t h e monomer i s a system o f t h r e e c o u p l e d chromophores, 
t h r e e e x p o n e n t i a l s s h o u l d be n e c e s s a r y and s u f f i c i e n t t o " d e s c r i b e 
the time c o u r s e o f t h e observ e d f l u o r e s c e n c e . The f i t s based on 
a 3 - e x p o n e n t i a l decay-law ( f i g . 3 ) , a r e i n v e r y good agreement 
w i t h t h e e x p e r i m e n t a l t r a c e s . The deduced l i f e t i m e s a r e 20-30 ps, 
« 200 ps and 800-900 p s , r e s p . . T h e r e a r e no f a s t e r energy t r a n s ­
f e r p r o c e s s e s than i n t h e 0 - s u b u n i t , t h a t c o u l d be c o r r e l a t e d 
w i t h t h e a d d i t i o n o f t h e t h i r d chromophore (a84) ; t h e long l i f e ­
time i s a l s o comparable t o t h a t o f t h e 0 - s u b u n i t . But a t long 
wavelength d e t e c t i o n a -delayed r i s e o f t h e f l u o r e s c e n c e ( n e g a t i v e 
amplitude o f t h e e x p o n e n t i a l i n t h e f i t ) w i t h t i m e - c o n s t a n t of 
about 30 ps i s observed. S i n c e t h i s d e l a y e d r i s e i s not observed 
i n t h e 0 - s u b u n i t ( d i r e c t l y e v i d e n t i n comparison of f i g . 2 and 
f i g . 3) i t proves t h a t t h e cr84 chromophore i n t h e monomer a c t s 
as an a d d i t i o n a l a c c e p t o r f o r t h e energy t r a n s f e r from t h e " s e n ­
s i t i z i n g " chromophor 0155. 
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C o n c l u s i o n s 
We b e l i e v e t h a t t h e observed h e t e r o g e n e i t i e s i n chromophore-
p r o t e i n arrangement a r e t y p i c a l f o r b i l i p r o t e i n s , independent 
of t h e s t a t e o f a g r e g a t i o n . T h e r e f o r e i n t r i m e r i c and hexameric 
u n i t s a d i s t r i b u t i o n of energy t r a n s f e r r a t e s and l i f e t i m e s of 
t e r m i n a l a c c e p t o r s must be e x p e c t e d . T h i s d i s t r i b u t i o n e x p l a i n s 
why i n t h e l a r g e r a g g r e g a t e s s y s t e m a t i c v a r i a t i o n s w i t h e x c i t a ­
t i o n and d e t e c t i o n waveleng%k a r e o b s e r v e d f o r the l i f e t i m e s 
deduced from 3 - e x p o n e n t i a l f i t s [ 1 0 ] . 
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