
Antennas 
and Reaction Centers of 
Photosynthetic Bacteria 
Structure, Interactions, and Dynamics 

Proceedings of an International Workshop 
Feldafing, Bavaria, F.R.G., March 23-25,1985 

Editor: M. E. Michel-Beyerle 

W i t h 1 6 8 F i g u r e s 

Springer-Verlag 
Berlin Heidelberg New York Tokyo 



C o n t e n t s 

Part I Antennas: Structure and Energy Transfer 

S t r u c t u r e o f A n t e n n a Po l ypep t i d e s . B y H . Zube r 2 

T h e C r y s t a l a n d M o l e c u l a r S t r u c t u r e o f C - P h y c o c y a n i n 
B y R . H u b e r 15 

C - P h y c o c y a n i n f rom M a s t i g o c l a d u s l a m i n o s u s . I so la t ion and 
P roper t i e s of S u b u n i t s and S m a l l Aggregates. B y W. J o h n , 
R . F i s che r , S. Siebzehnrübl, and H . Scheer ( W i t h 9 F igures ) 17 

P i cosecond T ime -Reso l v ed , P o l a r i z e d F luorescence Decay of 
Phycob i l i s omes a n d C o n s t i t u e n t B i l i p r o t e ins Isolated f rom 
M a s t i g o c l a d u s l a m i n o s u s 
B y S. Schne ider , P. Ge i s e lha r t , T M i n d l , F. Dörr, W. J o h n , 
R. F i s che r , a n d H . Scheer ( W i t h 4 F igures ) 26 

F luorescence B e h a v i o u r of C r y s t a l l i z e d C - P h y c o c y a n i n (Tr imer ) 
f rom M a s t i g o c l a d u s l a m i n o s u s 
B y S. Schne ider , P. Ge i s e lha r t , C . Scharnag l , T Sch i rmer , W. B o d e , 
W. S id l e r , a n d H . Z u b e r ( W i t h 4 F igures ) 36 

Energy -T rans f e r K i n e t i c s i n Phycob i l i s omes 
B y A . R . H o l z w a r t h ( W i t h 2 F igures ) 45 

E x c i t o n S ta t e a n d Ene r gy Trans fe r i n B a c t e r i a l M e m b r a n e s : T h e 
Ro l e of P i g m e n t - P r o t e i n C y c l i c U n i t S t ruc tures 
B y R . M . P ea r l s t e i n and H . Z u b e r 53 

C a r o t e n o i d - B a c t e r i o c h l o r o p h y l l Interact ions 
B y R . J . C o g d e l l ( W i t h 1 F i gure ) 62 

B a c t e r i o c h l o r o p h y l l a- a n d c -Pro te in Comp lexes f rom Ch lo rosomes 
of G r e en Su l fu r B a c t e r i a C o m p a r e d w i t h Bac t e r i o ch l o rophy l l 
c Aggregates i n C H 2 C 1 2 - H e x a n e . B y J . M . O l s o n , P .D . G e r o l a , 
G . H . v an B r a k e l , R . F . M e i b u r g , a n d H . Vasme l ( W i t h 8 F igures ) . . . 67 

Reverse -Phase H i gh -Pe r f o rmance L i q u i d C h r o m a t o g r a p h y of 
A n t e n n a P i g m e n t - and C h l o r o s o m a l P ro t e ins of C h l o r o f i e x u s 
a u r a n t i a c u s . B y R . Feick ( W i t h 2 F igures ) 74 

VII 



F luorescence -Detec ted M a g n e t i c Resonance of the A n t e n n a 
Bac t e r i o ch l o r ophy l l T r ip l e t States of P u r p l e P h o t o s y n t h e t i c 
B a c t e r i a . B y A . Angerho fer , J . U . von Schütz, 
a n d H . C . Wo l f ( W i t h 1 F i gure ) 78 

H i g h - R e s o l u t i o n 1 H N M R of 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 -
P ro t e ins . B y C . D i j k e m a , G .F .W. Searle, and T . J . Schaa f sma 81 

C r y s t a l l i z a t i o n and L i n e a r D i c h r o i s m Measurements of the B 8 0 0 -
850 A n t e n n a P i g m e n t - P r o t e i n C o m p l e x f r om R h o d o p s e u d o m o n a s 
s p h a e r o i d e s 2.4.1 
B y J . P . A l l e n , R . The i l e r , and G . Feher ( W i t h 2 F i gures ) 82 

C r y s t a l l i z a t i o n of the B800 -850 -comp l ex f r om R h o d o p s e u d o m o n a s 
a c i d o p h i l a S t r a i n 7750 
B y R . J . C o g d e l l , K . Wool ley, R . C . Mackenz i e , J . G . L indsay , 
H . M i c h e l , J . Dob l e r , and W . Z i n t h ( W i t h 6 F igures ) 85 

L i n e a r D i c h r o i s m ( L D ) and A b s o r p t i o n S p e c t r a of C r y s t a l s of 
B 8 0 0 - 8 5 0 L i g h t - H a r v e s t i n g Complexes of R h o d o p s e u d o m o n a s 
c a p s u l a t a . B y W. Mäntele, K . Steck, T. Wacker , W. We l te , 
B . L e vo i r , and J . B r e t o n ( W i t h 5 F igures ) 88 

P a r t II Reaction Centers: Structure and Interactions 

T h e C r y s t a l S t ruc tu r e of the Pho tosyn the t i c R e a c t i o n Cen t e r f r om ' 
R h o d o p s e u d o m o n a s v i r i d i s 
B y J . Deisenhofer and H . M i c h e l ( W i t h 2 F igures ) 94 

Single C r y s t a l s f rom Reac t i on Centers of R h o d o p s e u d o m o n a s v i r i d i s 
Stud i ed by Po l a r i z ed L i gh t . B y W. Z i n t h , M . Sander , J . D o b l e r , 
W. K a i s e r , and H . M i c h e l ( W i t h 3 F igures ) 97 

O n the A n a l y s i s of O p t i c a l S p e c t r a of R h o d o p s e u d o m o n a s v i r i d i s 
R e a c t i o n Centers 
B y E . W . K n a p p a n d S.F. F i s che r ( W i t h 3 F igures ) 103 

Or i en t a t i on of the C h r o m o p h o r e s in the R e a c t i o n Cen te r of 
R h o d o p s e u d o m o n a s v i r i d i s . C o m p a r i s o n of L o w - T e m p e r a t u r e 
L i n e a r D i c h r o i s m Spec t r a w i t h a M o d e l De r i v ed f rom X - R a y 
Crys ta l l o g raphy . B y J . B r e t o n ( W i t h 4 F i gures ) 109 

C a l c u l a t i o n s of Spect roscop ic Proper t i es of B a c t e r i a l R e a c t i o n 
Cente rs . B y W.W. P a r s o n , A . Scherz , and A . Warshe l 
( W i t h 5 F igures ) 122 

O n the Tempera ture -Dependence of the L o n g W 7 avelength 
F luorescence and A b s o r p t i o n of R h o d o p s e u d o m o n a s v i r i d i s 
R e a c t i o n Centers . B y P . O . J . Scherer, S.F. F i s che r , J . K . H . Hörber, 
M . E . M i che l -Beye r l e , and H . M i c h e l ( W i t h 3 F igures ) 131 

VIII 



L o c a l Env i r onments of P i gmen ts in R e a c t i o n Centers of 
Pho tosynthe t i c B a c t e r i a f rom Resonance R a m a n D a t a 
B y M . L u t z and B . R o b e r t ( W i t h 4 F igures ) 138 

T h e Sp in -Po l a r i z a t i on P a t t e r n of the A m = 1 T r ip l e t E P R 
Spec t rum of R p s . v i r i d i s R eac t i on Centers 
B y F . G . H . van W i j k , P G a s t , and T J . Schaa fsma 146 

T r i p l e t State Invest igat ion of C h a r g e Separa t i on and S y m m e t r y i n 
Single Crys ta l s of R . v i r i d i s Reac t i on Centers 
B y J . R . Morr is , D . E . B u d i l , H . L . C r e s p i , M . K . B o w m a n , P. G a s t , 
C R L i n , C . H . C h a n g , and M . Schiffer 147 

Tr ip l e t -minus-S ing l e t A b s o r b a n c e Dif ference Spectroscopy of 
Pho tosyn the t i c Reac t i on Centers by Abso rbance -De t e c t ed Magne t i c 
Resonance . B y A . J . Hoff ( W i t h 11 F igures ) 150 

E N D O R Studies of the P r i m a r y D o n o r i n B a c t e r i a l R e a c t i o n 
Centers . B y W. L u b i t z , F. L e n d z i a n , M . P l a t o , K . Möbius, 
and E . Tränkle ( W i t h 6 F igures ) 

E N D O R of Semiquinones in R C s f rom R h o d o p s e u d o m o n a s 
s p h a e r o i d e s . B y G . Feher, R . A . Isaacson, M . Y . O k a m u r a , 
and W. L u b i t z ( W i t h 10 F igures ) 

P h o t o i n d u c e d Charge Separa t i on in B a c t e r i a l Reac t i on Centers 
Invest igated by Tr ip l e t s and R a d i c a l P a i r s 
B y J . R . Nor r i s , D . E . B u d i l , S.V. K o l a c z k o w s k i , J . H . Tang , 
and M . K . B o w m a n ( W i t h 5 F igures ) 

Sp in D ipo l a r Interact ions of R a d i c a l Pa i r s i n Pho tosyn the t i c 
R e a c t i o n Centers . B y A . O g r o d n i k , W. L e r s ch , M . E . M i che l -Beye r l e , 
J . Deisenhofer , and H . M i c h e l ( W i t h 4 F igures ) 198 

P r o t e i n / L i p i d Interact ion of Reac t i on Cen te r a n d A n t e n n a P ro t e ins . 
B y J . R ieg ler , W . M . H e c k l , J . Peschke, M . Lösche, and H . Möhwald 
( W i t h 6 F igures ) 207 

T h e A r ch i t e c tu r e of Pho t o sys t em II i n P l a n t Photosynthes i s . 
W h i c h Pep t ide Subun i t s C a r r y the R e a c t i o n Cente r of P S II? 
B y A . Trebst and B . D e p k a ( W i t h 3 F igures ) 216 

P a r t III Electron-Transfer: Theory and Model Systems 

A p p l i c a t i o n of E lec t ron-Trans fe r T h e o r y to Several Systems of 
B i o l og i ca l Interest. B y R . A . M a r c u s and N . S u t i n 226 

Effects of D i s tance , Energy a n d M o l e c u l a r S t ruc tu re on L o n g -
D i s t ance E lec t ron-Trans fe r Be tween Mo lecu les 
B y J . R . M i l l e r ( W i t h 4 F igures ) 234 

IX 

164 

174 

190 



Ul t ra f a s t E l e c t r o n Transfer i n B i o m i m e t i c Mode l s of P h o t o s y n t h e t i c 
R e a c t i o n Centers . B y M . R . Was ie l ewsk i , M . P . N i e m c z y k , 
W . A . Svec, and E . B . P e w i t t ( W i t h 5 F igures ) 242 

E l e c t r o n Trans fer T h r o u g h A r o m a t i c Spacers i n B r i d g e d E l e c t r o n -
D o n o r - A c c e p t o r Mo lecu les . B y H . He i te le and M . E . M i che l -Beye r l e 250 

E l e c t r o n Trans fer i n R i g i d l y L i n k e d D o n o r - A c c e p t o r Sys tems 
B y S.F. F i s cher , I. N u s s b a u m , a n d P . O . J . Scherer ( W i t h 3 F igures ) . 256 

E l e c t r o n C o n d u c t i o n A l o n g A l i p h a t i c C h a i n s 
B y R . B i t t l , H . T r eu t l e in , and K . Schul ten ( W i t h 4 F igures ) 264 

Part I V Reaction Centers: Structure and Dynamics 

K i n e t i c s and Mechan i sms of In i t i a l E l ec t ron-Trans f e r Reac t i ons in 
R h o d o p s e u d o m o n a s s p h a e r o i d e s R e a c t i o n Centers 
B y W.W. P a r s o n , N.W.T. Woodbury , M . Becker , C . K i r m a i e r , 
a n d D . H o l t e n ( W i t h 3 F igures ) 278 

Femtosecond Studies of the R e a c t i o n Cen te r of R h o d o p s e u d o m o n a s 
v i r i d i s : T h e Very F i r s t D y n a m i c s o f the E l ec t ron -Trans f e r 
Processes . B y W. Z i n t h , M . C . Nuss , M . A . F r a n z , W. K a i s e r , 
a n d H . M i c h e l ( W i t h 5 F igures ) 286 

A n a l y s i s of T ime-reso lved F luorescence of R h o d o p s e u d o m o n a s 
v i r i d i s R eac t i on Centers 
B y J . K . H . Hörber, W. Göbel, A . O g r o d n i k , M . E . M i che l -Beye r l e , 
a n d E .W. K n a p p ( W i t h 3 F igures ) 292 

T h e C h a r a c t e r i z a t i o n of the Q A B i n d i n g Si te of the R e a c t i o n 
Cen t e r of R h o d o p s e u d o m o n a s s p h a e r o i d e s . B y M . R . G u n n e r , 
B . S . B r a u n , J . M . B r u c e , and P .L . D u t t o n ( W i t h 2 F i gures ) 298 

P a r t V Model Systems on Structure of Antennas 
and Reaction Centers 

S t r u c t u r e and Energet ics in R e a c t i o n Centers and Semi -synthe t i c 
C h l o r o p h y l l P r o t e i n Comp l exes . B y S . G . Boxe r ( W i t h 4 F i gures ) .. 306 

S m a l l O l i gomers of Bac te r i och lo rophy l l s as i n v i t r o M o d e l s for the 
P r i m a r y E l e c t r o n Donors and L i gh t -Ha r v e s t i ng P i gmen t s i n P u r p l e 
P h o t o s y n t h e t i c B a c t e r i a 
B y A . Scherz , V. Rosenbach , a n d S. M a l k i n ( W i t h 7 F igures ) 314 

E x p e r i m e n t a l , S t r u c t u r a l and Theo r e t i ca l M o d e l s of 
Bac t e r i o ch l o rophy l l s a, d and g. B y J . Fajer, K . M . B a r k i g i a , 
E . F u j i t a , D . A . Goff, L . K . H a n s o n , J . D . H e a d , T H o r n i n g , 
K . M . S m i t h , and M . C . Zerner ( W i t h 6 F igures ) 324 

X 



E N D O R C h a r a c t e r i z a t i o n of H y d r o g e n - B o n d i n g to Immob i l i z ed 
Q u i n o n e A n i o n Rad i ca l s . B y P . J . O ' M a l l e y , T . K . Chandrasheka r , 
a n d G.T . B a b c o c k ( W i t h 3 F i gures ) 339 

C o n c l u d i n g R e m a r k s . Some Aspec t s of Ene rgy Transfer 
i n An t ennas and E l e c t r o n Trans fe r i n R e a c t i o n Centers of 
Pho t o syn the t i c B a c t e r i a . B y J . J o r t n e r and M . E . M iche l -Beye r l e 
( W i t h 6 F igures ) 345 

I n d e x o f C o n t r i b u t o r s 367 

XI 



Single Crysta ls from React ion Centers 
of R h o d o p s e u d o m o n a s v i r i d i s S tudied by Polar ized L ight 

W. Z i n t h , M . Sander, J. D o b l e r , and W. Kaiser 

P h y s i k Depa r tmen t . E l l , der Technischen Universität München, 
D-8000 München, F . R . G . 

H. M i c h e l 

M a x - P l a n c k - I n s t i t u t für B i o chem i e , D-8033 M a r t i n s r i e d , F . R . G . 

The spectral properties and the pigment composition of isolated reaction 

centers (RC) have been studied extensively i n the past /1-3/. Recently the 

reaction centers from Rhodopseudomonas v i r i d i s (Rps. v i r i d i s ) were 

c r y s t a l l i z e d / 4 / and an X-ray structure analysis yielded the pigment 

arrangement /5/. From the l a t t e r publication we know that the four 

b a c t e r i o c h l o r o p h y l l b (BC) and the two bacteriopheophytine b (BP) molecules 

are arranged i n two branches (see F i g . 1). They are related pairwise by a 

twofold l o c a l symmetry axis (broken l i n e ) . The pigments of the branch 

containing the quinone, probably a menaquinone, MQ, are closer to the L 

protein subunit, the other pigments are closer to the M subunit. 

Consequently we index them by L and M. It was assumed /5/ that BCLP and BCMP 

form the special pair (P) and that BCLA and BCMA are the accessory 

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

In t h i s Letter we present the results from o p t i c a l investigations of the 

c r y s t a l l i z e d reaction centers and combine the o p t i c a l and the s t r u c t u r a l 

information. The optical properties of the reaction centers in the Single 

F i g . 1 Model of the central part of the reaction center of Rps. v i r i d i s 

containing the four b a c t e r i o c h l o r o p h y l l b (BC), the two bacteriopheophytine b 

(BP) molecules and the menaquinone (MQ) after Ref.5. The molecules are 

arranged in two branches, L and M. 
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crystals are characterized and the influences of oxidation, reduction and 

photooxidation on the absorption spectra are shown. We make use of the 

ordered arrangement of the RC i n the c r y s t a l s to interpret the optical 

spectra: We assign absorption bands to p a r t i c u l a r pigments in the molecular 

model of the reaction center. 

The reaction centers were isolated and the crystals were grown as 

described recently / 6 , 4 / . The space group of these crystals i s P43 2 i 2 . The 

tetragonal unit c e l l has the dimension of 223x223x114 A
3

 and contains eight 

asymmetric Units. Each asymmetric unit i s occupied by one RC molecule 

yie l d i n g a RC-concentration of 2 . 3 5 x 1 0 "
3

 mol/1. In most cases the crystals 

grow i n the form of tetragonal columns with the p r e f e r e n t i a l growth 

direction p a r a l l e l to the z-axis. Fortunately, the crystals can be obtained 

in the form of thin p l a t e l e t s of several hundered micrometers in length and 

width and with a uniform thickness of a few micrometers. The surfaces of the 

platelets are p a r a l l e l to the xy, xz, or yz planes. The orientation of the 

crystallographic axis can be determined upon microscopic inspection. Düring 

the investigations the crystals were kept in closed c e l l s which contained a 

s a l t Solution of 2 . 7 M ammonium s u l f a t e , 20 mM sodium phosphate, 0 . 1 * 
N,N-dimethyldodecylamine N-oxide, 1* triethylammonium phosphate, and 1* 
h e p t a n e - l , 2 , 3 - t r i o l , pH 6 . 5 (chemically reduced crystals were prepared by 

adding 20 mM sodium ascorbate to the s a l t Solution, whereas oxidation of the 

RC was accomplished by adding K3Fe(CN)e (100 mM). 

The transmission spectra were recorded with a self-constructed microscope 

set-up: Light from a tungsten lamp was monochromized by a f i r s t grating 

spectrometer of 3nm resolution. The l i g h t beam of a certain linear 

polarization was focussed onto the c r y s t a l v i a a microscope objective 

(illuminated area 70 um * 70 um). The intensity of the measuring l i g h t in 

the crystals was kept at the lowest possible l e v e l , i n order to avoid 

a b s o r p t i o n changes due to photooxidation of the RC. We have confirmed that 

less than 3 * of the RC were photooxidized due to the action of the measuring 

l i g h t . Part of the incoming measuring li g h t was s p l i t - o f f by a beamsplitter 

and used as a reference. The l i g h t transmitted through the c r y s t a l was 

imaged by another objective onto the s l i t of a second spectrometer, and 

detected by a suitable photomultiplier (photocathodes S 20 or S 1 ) . The 

second spectrometer shielded the photomultipliers against stray l i g h t . The 

e l e c t r i c a l Signals were processed by a phase-sensitive detection system. 

Light-induced absorbance changes were measured i n the following way: At 

certain wavelengths the transmitted l i g h t power was recorded p r i o r to 

( I da rk ) and after illumination ( I i i i u m . ) of the RC by a c t i n i c l i g h t (for 30 

s ) . The logarithm of the r a t i o I i t Iu m . / I d a r k yielded the absorbance change 

AA. Actinic l i g h t was obtained from a Xe-arc-lamp used in conjunction with a 

s p e c t r o m e t e r t r a n s m i t t i n g radiation between 960 nm and 980 mn. The a c t i n i c 

l i g h t was l i n e a r l y polarized and travelled in the crystals c o l l i n e a r l y t o the 

measuring beam. In order to avoid Saturation of the absorbance changes,the 

lev e l of the a c t i n i c l i g h t was kept so low, that the r e l a t i v e absorbance 

changes were always smaller than 1 0 % . 

F i g . 2 shows absorption spectra of the RC crystals i n different 

surroundings. The same geometry of Observation was used when recording the 

three spectra: the crystals were oriented with the tetragonal axis 

perpendicular to the propagation direction (k) of the measuring l i g h t . The 

Polarisation (vector E) was p a r a l l e l (broken curves) and perpendicular 

( s o l i d curves) to the tetragonal axis. 

The absorbance spectrum of the native RC crystals (Fig 2a) displays a l l 

features known from RC in Solutions. The Qy absorption bands of the BC and 
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F i g . 2 Polarized absorbance spectra of single crystals of reaction center 

preparations from Rps. v i r i d i s : (a) native c r y s t a l s , (b) crystals treated 

with ascorbate, (c) crystals t r e a t e d w i t h K
3
F e ( C N )

6
. 

BP are between 750 nm and 850 nm . Qy of the special pair (P) i s around 
960 nm. The Qx absorption band of the BC i s close to 605 nm, whereas the 
Qx absorption of the BP and the bands of the cytochrome c are seen near 
550 nm. Of special interest i s the comparison of the extinetion c o e f f i c i e n t s 
determined f o r RC Solutions and RC c r y s t a l s . Using the transmission data for 
X = 960 nm, the measured c r y s t a l thickness, the known RC concentration and 
taking into aecount that the t r a n s i t i o n moment of the 960 nm band i s 
polarized perpendicular to the tetragonal axis,we obtain the value for the 
extinetion c o e f f i c i e n t of e = 110,000 M " 1 cm

- 1

. In order to compare the data 
from RC cr y s t a l s and RC Solutions , the extinetion c o e f f i c i e n t e was 
calculated f o r i s o t r o p i c a l l y arranged RC. The value determined f or the 
c r y s t a l l i z e d RC agrees with the published extinetion c o e f f i c i e n t of 
e = 125,000+25,000 M ^ c n r

1

 for RC in Solutions /2/. This finding gives a 
strong indication that the RC crystals contain intact RC where the strength 
of the special pair t r a n s i t i o n at 960 nm i s not influenced by 
crystal1isat ion. 
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The polarized absorption spectra a l l o w us to deduce q u a l i t a t i v e l y the 

orientation of the tr a n s i t i o n moments within the RC c r y s t a l s . The 

combination with the structural data allowsus toassign absorption bands to 

partic u l a r pigments. Detailed Information can be obtained for the BP 

molecules: It i s known from the l i t e r a t u r e that the BP absorb around 800 nm 

/ l / . In the polarized absorption spectra we f i n d one band at 805 nm 

polarized p a r a l l e l to the tetragonal z axis, whereas a strong Shoulder i s 

seen i n the ( E l z ) spectrum at 790 nm. Since BPL has a considerable 

absorption f o r l i g h t polarized p a r a l l e l to the z axis , we can assign the 

absorption at 805 nm to BPL and the Shoulder at 790 nm to BPM. 

RC crys t a l s reduced by ascorbate show changed absorption spectra (see F i g . 

2b): Between 550 nm and 560 nm, in the ränge of the cytochrome c molecules 

absorption increases considerably. It i s known that the RC of Rps. v i r i d i s 

in t o t a l contain four cytochrome c molecules. The X-ray structure analysis 

shows that the four cytochrome c molecules are positioned i n the RC roughly 

along a l i n e pointing away from the special p a i r . There are two different 

types, two cytochrome 558 and two cytochrome 553 molecules named according to 

the position of th e i r long-wave absorption peak. The observed absorbance 

increase suggests that i n the native cr y s t a l s the cytochrome c molecules are 

mainly oxidized,having negligible a b s o r p t i o n around 555 nm. In the reduced 

crys t a l s the additional absorption due to the cytochromes has a pronounced 

dichroism: A peak i s seen i n the E | | z spectrum at 558 nm whereas the E l z 

spectrum displays a Shoulder at 558 nm and a peak at 553 nm. The different 

Polarisation properties of the two absorption bands i n combination with the 

results of the structure analysis indicate that the cytochrome molecule 

which i s closest to the special pair i s a cytochrome 558. 

In F i g . 2c the absorption spectra of RC crystals oxidized by K3Fe(CN)s 

are shown. The 960 nm tr a n s i t i o n of the special pair disappears and the 

830 nm band i s shifted to shorter wavelengths. When inspecting more 

car e f u l l y the absorption spectra , one rea l i z e s a weak absorbance decrease 

around 605 nm. In addition, the broad Shoulder around 620 nm in the E J . z 

spectrum i s reduced (as compared with F i g . 2a). The complete lack of any 

absorption peak between 550 nm and 560 nm suggests that a l l the cytochrome 

molecules are oxidized. F i n a l l y there i s a very broad absorption background 

extending throughout the v i s i b l e in the E (| z spectrum. This background may 

be tentatively assigned to the oxidized special pair P
+

 (see below). 

The action of oxidation on the c r y s t a l l i z e d RC i s seen more c l e a r l y when 

the absorbance changes induced by photooxydation are studied. The r e l a t i v e 

Polarisation of a c t i n i c and measuring li g h t in the crys t a l s allows to obtain 

additional Information. In tetragonal crystals different geometries are 

needed to deduce the complete spectral Information. In p r i n c i p l e the spectra 

of F i g . 3 allow to determine the direction fo the t r a n s i t i o n moments of the 

pigments in the crystals /7/. As an example we have calculated from the 

light-induced absorbance changes the direction of the special pair 

t r a n s i t i o n at 960 nm. The transi t i o n i s polarized mainly in the xy~plane 

(within t 7°) and at an angle of 30° ± 5° r e l a t i v e to the x~direction. It i s 

interesting to note that this value agrees within the experimental accuracy 

with the direction determined by e x c i t o n i c a l l y coupling the Qy-transitions 

of the BC molecules forming the special pair (BCLP and BCMP). This finding 

supports the interpretation that: ( i ) BCLP and and BCMP form indeed the 

special pair and that ( i i ) the interaction between the special pair and 

other pigments does not influence the dir e c t i o n of the 960 nm t r a n s i t i o n . 

The quantitative analysis of the directions of the tr a n s i t i o n moments in the 

Q y ränge of the BP and the accessory BC i s made d i f f i c u l t by the strong 

overlap of the absorption bands. Nevertheless,some interesting features are 

readily determined from the absorption spectra of F i g . 3. Around 850 nm the 
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F i g . 3 Absorbance changes of the c r y s t a l l i z e d reaction centers induced by 

illuraination with a c t i n i c l i g h t at 970 nm. The propagation direction k of 

a c t i n i c and measuring l i g h t i s p a r a l l e l to the y-axis ( F i g . 3a) or p a r a l l e l 

to the z-axis (Fig. 3b). The e l e c t r i c - f i e l d vector of the a c t i n i c l i g h t 

(Eact) i s p a r a l l e l to the x-axis and at 45° to the x-axis in F i g . 3a and 

F i g . 3b respectively. The s o l i d and the broken curves were taken with the 

e l e c t r i c - f i e l d vectors of measuring (Epr) and a c t i n i c l i g h t (Eact) p a r a l l e l 

and perpendicular to each other, respectively. 

difference spectra have a dispersion-type shape. A more careful inspection 

of the experimental data reveals that the points of zero-crossing,as well as 

the position of the minima and maxima»do not coincide in the four spectra of 

F i g . 3. This indicates that the absorption bands show s h i f t and 

reorientation upon photooxidation. This can be caused by the oxidation of 

the special pair changing the excitonic interactions and leading to 

Stark-shifts of the resonance frequencies. In the spectral region of the 

Qx bands of the BC one finds a pronounced absorbance decreases at 618 nm 

with a width of 30 nm. The polarization dependence of that absorbance 

decrease supports the assignment that the Qx band of the special pair i s at 

618 nm. The apparent red-shift of the special pair Qx transition r e l a t i v e to 

the absorption band of the accessory BC at 605 nm allows a selective 

excitation of the special pair by l i g h t with X - 620 nm. This finding i s 

important for the Interpretation of very recent time-resolved experiments on 

the RC /8/. 

The detailed optical investigations of the c r y s t a l l i z e d reaction centers 

from Rhodopseudomonas v i r i d i s give valuable inforraation: ( i ) The reaction 

center crystals contain intact reaction centers which are photochemically 

active. There i s quantitative agreement of the absorption cross-section of 

the special pair in Solution and in the c r y s t a l . ( i i ) The reaction centers 

can be reduced and oxidized in the c r y s t a l l i n e form. This allows structural 

studies from chemically treated reaction centers. ( i i i ) The assignment of 

absorption bands to p a r t i c u l a r pigment molecules i s achieved. 
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