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Introduction 

I n order to provide a large geometrical and s p e c t r a l c r o s s -
s e c t i o n f o r the absorption of l i g h t , red and blue-green algae 
produce the s o - c a l l e d phycobilisomes (PBS), which contain 
the chromoproteins phycoerythrin (or phycoerythrocyanin), 
phycocyanin (PC) and allophycocyanin (APC). Although PC and 
APC contain the same chromophore, phycocyanobilin, the s p e c t r a l 
p r o p e r t i e s of these b i l i p r o t e i n s ( t e t r a p y r r o l chromophore 
bound to apoprotein) are quite d i f f e r e n t . Their e x c i t a t i o n 
energies are modified according to t h e i r s p e c i a l function i n 
the l i g h t h a r vesting system (see e.g. 1,2) by chromophore-
protein i n t e r a c t i o n s (14). 
Resonance-enhanced Coherent Anti-Stokes Raman Spectroscopy 
(CARS) has proved to be a very s u i t a b l e technique to produce 
v i b r a t i o n a l spectra of highly f l u o r e s c i n g chromophores as 
e.g. l i g h t h arvesting pigments (3,4,5). I n t h i s c o n t ribution 
CARS-spectra of room-temperature s o l u t i o n s of phycobilisomes 
and of phycocyanin and allophycocyanin trimers from Mastigo
cladus laminosus are presented and the implications to chromo
phore s t r u c t u r e are discussed. 
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Experimental 

Resonance-enhanced CARS spectra are obtained by focussing two 
l a s e r beams with d i f f e r e n t wavelengths λ pump (fixed) and 
X s t o k e s ( v a r i a b l e ) i n the sample, where by a non-linear e f f e c t 
the CARS beam i s generated, which holds the e q u a l i t y 
VCARS = V p u i p + (Vpump - V s t o k e s ) 

V C A R S > V p u a p > V s t o k e s , with V = 1/X [cm- 1] 
A plo t of the CARS i n t e n s i t y as function of V p u a p - V s t o k e s 

r e v e a l s a v i b r a t i o n a l spectrum of the chromophore. As the 
CARS frequency i s higher than e i t h e r pump and Stokes frequency, 
no flourescence problems as i n spontaneous Raman spectroscopy 
can a r i s e . (For more experimental d e t a i l s see r e f . 3 ) . 

Preparation 

PBS were i s o l a t e d according to the method published by Nies 
and Wehrmeyer ( 6 ) , except that the pH of the phosphate buffer 
was 6 and the p u r i f i c a t i o n on the sucrose gradient was done 
twice. APC was prepared very s i m i l a r to a procedure described 
by Füglistaller e t . a l . ( 7 ) . 
The aggregation s t a t e of PC and APC was determined by s e d i 
mentation runs according to Martin and Ames ( 8 ) . Both b i l i -
proteins were found to be t r i m e r i c . Linker peptides were not 
present as proved by absorption spec t r a , sedimentation co
e f f i c i e n t s and SDS-gel e l e c t r o p h o r e s i s . 

Results 

As both the f i n g e r p r i n t (1100 - 1300 c u r 1 ) and the double 
bond s t r e t c h i n g region (1500 - 1750 cm - 1) have proved to be 
most s u i t a b l e for the i n v e s t i g a t i o n of chromophore geometry 
by CARS (3,4,5,9) or Resonance Raman Spectroscopy (10,11), 
both regions are considered i n the following. 
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The phycobilisome spectra (PBS) are dominated by the contribu
t i o n of the cons t i t u e n t phycocyanin trimers (PC) and are there
fore r a t h e r s i m i l a r to the spectra of the l a t t e r . Most of the 
v i b r a t i o n a l frequencies are reproduced w i t h i n experimental 
accuracy, though with d i f f e r e n t i n t e n s i t i e s ( e s p e c i a l l y between 
1200 and 1300 cm-1) ( f i g 1 ) . At 1623 cnr 1 an a d d i t i o n a l weak 
peak i s found i n PBS, which i s due to allophycocyanin (APC). 
A second i n t e r e s t i n g feature i s that for the pronounced bands 
a smaller width i s found i n PBS than i n PC. I t p o s s i b l y i n d i 
cates a lower s t r u c t u r a l inhomogeneity i n PBS due to higher 
aggregation and the presence of l i n k e r peptides. 

1200 1220 1210 12I1H 1280 1500 1550 1600 IGS0 1/(HI 1 Λ.Π 
Wavenumber s Vevcnumbers 

F i g . 1: Resonance-enhanced CARS spectra of phycobilisomes, 
phycocyanin trimers and allophycocyanin trimers from 
Mastigocladus laminosus. Pump wavelength 640 nm. 
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APC spectra are very d i f f e r e n t from PC spectra (see also 
r e f . 10). The 1257 cm"1 and 1287 cm"1 bands observed i n PC 
are absent i n APC. I n the double bond s t r e t c h i n g region the 
dominant peak i n PC i s found at 1649 cm"1 with shoulders at 
«1631 and »1662 cm"1 . I n APC sp e c t r a , however, the dominant 
peak i s found at 1625 cm"1 with a strong shoulder at 
«1635 cm"1 and a weak one at «1650 cm"1. 

Discussion 

According to preliminary normal mode c a l c u l a t i o n s using the 
coordinates provided by X-ray a n a l y s i s (12,13), the bands 
found between 1200 and 1300 cm - 1 represent e x t e n s i v e l y mixed 
C-C s t r e t c h / C-H i n plane bending modes and can presently 
not be i n t e r p r e t e d i n a straight-forward manner. The band 
around 1585 cm"1 i s r e l a t e d to C=C s t r e t c h i n g v i b r a t i o n s i n 
the r i n g B/C fragment. That t h i s band e x h i b i t s n e a r l y no 
change i n frequency, most l i k e l y i n d i c a t e s a conservation of 
the geometry of t h i s part of the chromophore. 
The C=C double bonds of the methine bridges between r i n g A-B 
and r i n g C-D, on the other hand, should give r i s e to l o c a l i z e d 
modes with frequencies between 1650 and 1700 cm"1. The C=0 
s t r e t c h mixes with the C=C s t r e t c h i n r i n g D to produce v i b r a 
t i o n a l frequencies around 1630 cm"1. The a c t u a l value of the 
c a l c u l a t e d frequencies i s found to be s e n s i t i v e to s t r u c t u r a l 
changes. 
From these t h e o r e t i c a l r e s u l t s and the comparison of CARS 
spectra of model compounds (9) with the presented CARS spectra 
a s i g n i f i c a n t d i f f e r e n c e i n chromophore geometry and/or 
Π-electron d i s t r i b u t i o n between PC and APC must be postulated. 
I n t e r p r e t a t i o n of e.g. fluorescence decay data of APC should 
therefore not be based on s t r u c t u r a l information gained from 
PC. 
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Additional measurements on antenna pigments and a more elabo
r a t e normal mode a n a l y s i s are i n preparation. 
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