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Picosecond Time-Resolved Polarized Emission Spectroscopy of 
Biliproteins (Influence of Temperature and Aggregation) 

S . Schneider , P. Hefferle, P. Geiselhart, T . Mindl, and F. D ö r r 

Institut für Physikalische und Theoretische Chemie, Technische Universität 
Lichtenbergstraße 4, D-8046 Garching, Fed Rep. of Germany 

W. John and H. Scheer 
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1. Introduction 

Phycobiliproteins are photosynthetic l i g h t - h a r v e s t i n g pigments 
i n blue-green and red algae. They consi s t of 2-3 Polypeptide sub-
un i t s , each bearing up to 4 covalently bound l i n e a r t e t r a p y r r o l i c 
chromophores. In vivo the b i l i p r o t e i n s are organized into complex 
structures, the phycobilisomes, which are attached to the outer 
thylakoid surface. Within the phycobilisome the e x c i t a t i o n energy 
i s t ransferred from the " o u t e r " b i l i p r o t e i n s with higher e x c i t a 
t i o n energy to "inner" l y i n g ones with lower e x c i t a t i o n energy. 
In the i n t a c t alga the l a s t step i n the energy tr a n s f e r chain 
leads to Chlorophylls within themembrane, i . e . the reaction Cen
t e r . I t i s generally assumed that the energy t r a n s f e r i s based 
upon dipole - dipole i n t e r a c t i o n (Förster mechanism), but d e t a i l s 
are yet i n s u f f i c i e n t l y understood. In an approach complernentary 
to the study of energy transfer i n f u n c t i o n a l l y i n t a c t p h y c o b i l i 
somes or large f r a c t i o n s thereof (1),we are cu r r e n t l y i n v e s t i g a -
t i n g by time-resolved fluorescence spectroscopy C-Phycocyanin 
(PC) i s o l a t e d from Mastiqocladus laminosus and i t s subunits, 
which are prepared according to procedures described e a r l i e r 
(2,3). A l l samples are dissolved i n potassium phosphate buffer 
(80 mM, pH 6.0). 

2. Measurements and Data Analysis 

The fluorescence decay curves were measured using a synchronously 
pumped mode-locked r i n g dye lase r (rhodamine 6G, 80 MHz r e p e t i -
t i o n rate, pulse width <1 ps) i n conjunction with a r e p e t e t i v e l y 
working streak camera (for d e t a i l s see,e.g.,(4)). The apparent 
time r e s o l u t i o n of t h i s System i s approximately 25 ps without 
deconvolution procedu^e; i t allows measurementS2with low e x c i t a 
t i o n i n t e n s i t i e s (10 photons per pulse and cm ). Fluorescence 
decay curves measured with the analyzer p a r a l l e l , (I ( t ) ) , and 
orthogonal, (I ( t ) ) , to the p o l a r i z a t i o n of the exci?ing beam 
are transferred to a minicomputer where, a f t e r proper c o r r e c t i o n 
f o r the Systems response, the expressions I(t) =1 (t)+2 I (t) 
and D(t)=I ( t ) - I (t) are c a l c u l a t e d . I(t) measures^the decay of 
the excite§ s t a t t population ( e l e c t r o n i c l i f e t i m e ) and D(t) the 
product of the former with the c o r r e l a t i o n function of absorption 
and emission dipoles (2,5). In contrast to the anisotropy func
t i o n R(t) the d i f f e r e n c e function D(t) i s a d d i t i v e and can be 
evaluated i f more than one emitting species i s present. Lacking 
better Information, we approximate the c o r r e l a t i o n function by 
an exponential. The best f i t s for both functions (I and D) are 
determined under the assumption of a biexponential response func
t i o n (two emitting species) by means of a Marquardt algorithm. 
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Depending on the S/N r a t i o of the recorded fluorescence decay 
curves and t h e i r r e l a t i v e magnitude, the f i t parameters derived 
may be subject to considerable e r r o r . We w i l l , therefore, discuss 
t h e i r trends rather than t h e i r absolute magnitude. 

3. Results and Discussion 

It i s found that i n a l l cases the decay curves can be f i t t e d suf-
f i c i e n t l y well as convolutions of biexponentials. The f i t para
meters, e.g.,the decay times (T^,T 2 i n psec) and the r e l a t i v e 
amplitudes (A,j ,A2 i n %) of the short- and l o n g - l i v e d component, 
resp., are given i n the i n s e r t s i n F i g . 1. The measurements were 
performed at three d i f f e r e n t temperatures, namely at 1 8° (A), 
at 36° (B), the temperature at which the algae are grown, and at 5 2° 
(C), where i r r e v e r s i b l e thermal denaturation Starts to become 
e f f e c t i v e . P a r t i a l denaturation takes place already at lower 
temperatures. S t a t i c measurements show a d r a s t i c l o s s i n f l u o r e s 
cence y i e l d (up to four O r d e r s of magnitude) which i s much larger 
than the decrease i n absorption connected with a conformational 
change of the chromophore (6). The time-integrated fluorescence 
i n t e n s i t i e s expressed as A^*T^+A 2*T 2 also confirm the 
reduction at higher temperature. It i s found as a general r u l e 
that the decrease i s more pronounced i n the alpha than i n the 
beta subunit and l a r g e r for the monomer than for the trimer. The 
normalized fluorescence decay curves show also small but d i s t i n c t 
v a r i a t i o n s with temperature.For t h i s reason the r e s u l t s presented 
i n F i g . 1 must be taken as evidence f o r an intermediate State 
being present during the p r o c e s s of thermal denaturation. 

The alpha subunit of PC contains only one chromophore. If i t 
i s s t a b i l i z e d by noncovalent i n t e r a c t i o n with the protein to 
adopt only one conformation, a Single exponential decay i s ex-
pected with a l i f e t i m e of 1.5 to 2.5 ns ( l i f e t i m e of the chromo
phore i n a native environment). Instead, an a d d i t i o n a l short-
l i v e d component i s found, whose l i f e t i m e varies with temperature 
between 690 and 1060 psec. A s i m i l a r behaviour was v e r i f i e d f o r 
the alpha subunit of S p i r u l i n a p l a t e n s i s (2) and Anabaena v a r i a -
b i l i s (7). Since aggregation of the subunits i s u n l i k e l y , one 
must assume at l e a s t two d i f f e r e n t sets of emitting species, i . e . 
chromophore-protein-arrangements. The l o n g - l i v e d species must 
be close to that i n native environment, w h i l s t the s h o r t - l i v e d 
form should be closer to the denatured, les s i n t e r a c t i n g species. 
The f a s t e r decay in the d i f f e r e n c e function D(t), furthermore, 
Signals that the f a s t e r component i s subject to a d e p o l a r i z a t i o n 
mechanism with T cr1500 psec. Since no acceptor molecules are pre
sent, the d e p o l a r i z a t i o n should be due to o r i e n t a t i o n a l relaxa-
t i o n of the le s s r i g i d l y bound chromophores. 

The beta subunit contains two chromophores i n d i f f e r e n t pro
t e i n environment. The respective absorption maxima are separated 
by about 2 0 nm. The stationary fluorescence spectra of both sub
units are e s s e n t i a l l y equal, a f a c t which in d i c a t e s an e f f i c i e n t 
energy t r a n s f e r from the " s e n s i t i z i n g " to the " f l u o r e s c i n g " 
chromophore. The energy t r a n s f e r i s a l s o manifested i n the f l u o 
rescence decay curves. The s h o r t - l i v e d component (T^^i300ps) i s 
int e r p r e t e d as "leakage" fluorescence from the s chromophore, 
whose l i f e t i m e i s shortened due t o energy t r a n s f e r t o the f chro
mophore in the same subunit. The d e p o l a r i z a t i o n time o f the f a s t 
component i s much shorter than that of the alpha subunit and de-
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creases with increasing temperature from 400 to 150 psec. The 
longer l i f e t i m e i s close to the shorter one i n the alpha subunit; 
a l i f e t i m e of 2 ns, which would be expected for the f chromo
phore i n native environment i s not detected, p o s s i b l y f o r experi-
mental reasons. An unambiguous Interpretation i s presently not 
possi b l e , because d i f f e r e n t subsets of chromophore-protein ar-
rangements can not be excluded i n view of the preparation pro-
cedure which involves a denaturation - renaturation sequence. 
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The i s o t r o p i c decay curves o f monomers and trimers are s i m i l a r 
to each o t h e r . The S h o r t l i f e t i m e i s i n the ränge of 200-600 psec 
and represents most l i k e l y the l i f e t i m e of the s chromophores, 
which are quenched by energy transfer.The longer one,which varies 
between 1600 and 2500 psec, characterizes the terminal acceptor, 
i . e . the f chromophore i n the native environment. Chromophores 
excited v i a energy t r a n s f e r rather than d i r e c t l y by photon ab
sorption should emit a les s p o l a r i z e d fluorescence. Only the 
short- l i v e d leakage fluorescence i s p a r t l y p o l a r i z e d , but the 
d e p o l a r i z a t i o n times are moderately short. In contrast to Spiru-
l i n a p l a t e n s i s (2) we observe f o r PC from the thermophilic algae 
no s i g n i f i c a n t increase of the d e p o l a r i z a t i o n time with tempera
ture. In the i n t a c t alga, the energy i s e f f i c i e n t l y transferred 
to the nonfluorescing reaction center. The observed emission i s 
only leakage fluorescence from PC and Allophycocyanin (APC). 
Since the f r a c t i o n of emission from d i r e c t l y excited chromophores 
i s small, the emission i s e s s e n t i a l l y unpolarized. 
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