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BChl a/b IN ANTENNA COMPLEXES OF PURPLE BACTERIA 
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and Marc LUTZ 

: S e r v i c e de Biophysique, Departement de Biologie, C.E.N. Saclay, 
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I n t r o d u c t i o n 

During the l a s t f i v e years, d e c i s i v e progresses has been made i n the 
knowledge of the s t r u c t u r e s of the protein-pigment complexes involved 
i n the f i r s t s t e p s of b a c t e r i a l photosynthesis. However, t h i s 
progress has l a r g e l y concerned r e a c t i o n centers ( 1 ) , and has been 
slower f o r l i g h t h a r v e s t i n g complexes. As f a r as R h o d o s p i r i l l a l e s 
(purple b a c t e r i a ) are concerned, the two subunits of many Β 870 and Β 
8 5 0 - 8 0 0-type antenna complexes have now been sequenced ( 2 ) . However, 
up u n t i l now, none of the s e v e r a l c r y s t a l l i z a t i o n attempts yet 
allowed a h i g h l y d i f f r a c t i n g c r y s t a l s to be obtained. Resonance Raman 
spectroscopy i s thus c u r r e n t l y the only method able to provide 
information about the s t r u c t u r e of these complexes. Thi s technique 
indeed permits s e l e c t i v e observation of the 'active s i t e ' of the 
antenna, i . e . , the regions of the proteins which bind the BChl 
molecules and are r e s p o n s i b l e f o r t h e i r e l e c t r o n i c absorption 
p r o p e r t i e s : studying the Raman-active v i b r a t i o n modes of BChl within 
the n a t i v e l i g h t h a r v e s t i n g pigment-protein complexes indeed permits 
to c h a r a c t e r i z e s e v e r a l of the i n t e r a c t i o n s occurring between these 
pigments and t h e i r micro-environment, and thus gives some i n d i c a t i o n s 
of the s t r u c t u r e s of BChl host s i t e s w i t h i n the protein. I n t h i s 
a r t i c l e , we w i l l b r i e f l y summarize conclusions r e c e n t l y drawn from 
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resonance spectroscopy of BChl a and b-containing complexes of 
R h o d o s p i r i l l a l e s . 

Resonance Raman Spectroscopy of Antenna complexes from 
R h o d o s p i r i l l a l e s 

E x c i t a t i o n of both BChl a and BChl b near the tops of t h e i r Soret 
t r a n s i t i o n s provides resonance Raman spectra which contain much 

s t r u c t u r a l information (3,4,5). The 1620-1720 cm"1 regions of the 
Raman spectra obtained i n these conditions of resonance contain bands 
a r i s i n g from the s t r e t c h i n g modes of the 2-acetyl and 9-keto carbonyl 
groups, which are conjugated with the dihydrophorbin c y c l e s of the 
molecules. The frequencies of these modes are s e n s i t i v e to existence 
and strength of intermolecular bonds i n which these chemical groups 
may be engaged (6) : t y p i c a l l y , 2-acetyl groups of BChl a and b 

v i b r a t e s a t 1665 cm 1 and 1670 cm 1 r e s p e c t i v e l y when fr e e from 
intermolecular bonding. These frequencies may s h i f t down to ca 1630 
when the groups assumes hydrogen bonding ( 6 ) . The 9-keto groups of 

both BCH1 a and b v i b r a t e s near to 1700 cm"1 when f r e e from 
intermolecular i n t e r a c t i o n s , and t h e i r s t r e t c h i n g frequency may s h i f t 

down to 1660 cm 1 when they are hydrogen bonded ( 6 ) . Moreover, i n 
the same s p e c t r a l region, the frequency of a band located near to 

1600 cm"1 , and which mainly a r i s e s from methine bridge s t r e t c h i n g , 
i s s e n s i t i v e to the number of a x i a l ligands t h a t bind the c e n t r a l Mg 
of the molecule f o r both BChl a and b ( 6 ) . T h i s band indeed occurs a t 

1600 cm"1 when two a x i a l ligands are bound to the Mg atom, and 

around 1615 cm"1 when i t i s five-coordinated. Thus, s p e c t r a l 

a n a l y s i s of the 1550-1750 cm"1 region brings information about the 
i n t e r a c t i o n s t a t e s of the c e n t r a l Mg and of both the conjugated C=0 
of BChl a or b. These groups are known to be predominantly involved 
i n intermolecular i n t e r a c t i o n s of ch l o r o p h y l l s both i n vivo and i n 
v i t r o ( 6 ) . 
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BChl a-containing Complexes 

Core antenna (B 890,870 complexes) 

The very c l o s e s i m i l a r i t y of resonance Raman spectra of core antenna 
complexes from any species of R h o d o s p i r i l l a l e s that wa have studied 
so f a r i n d i c a t e s that, i n a l l these complexes, the p r o t e i c host s i t e s 
of BChl are extremely s i m i l a r , most probably providing the same 
binding groups to the conjugated carbonyls of BChl a molecules ( 3 ) . 
For more than ten species and s t r a i n s (Rhb sphaeroides, capsulatus, 
Rps p a l u s t r i s , acidophila, Rsp rubrum, Chromatium vinosum Thiocapsa 
r o s e o p e r s i c i n a ) the RR spectra of the core antenna obtained at Soret 
resonance are extremely s i m i l a r to that presented i n f i g l a . The 

strong 1645 cm""1 band most probably a r i s e s from both of the a c e t y l 
c a r bony 1 groups of both of the BChl a molecules known to be present 
i n Β 870-type complexes. These groups thus assume s i m i l a r i f not 
i d e n t i c a l intermolecular i n t e r a c t i o n s . The frequency of t h i s band i s 
species-dependent, being up or downshifted by a few wavenumbers from 

the 1645 cm"1 mean value. These v a r i a t i o n s l i k e l y a r i s e from s l i g h t 
v a r i a t i o n s i n the environment or geometry of the intermolecular C=0 -
— X bond r a t h e r than from a v a r i a b i l i t y i n the nature of the s i t e X. 
Two bands are observed i n the keto s t r e t c h i n g region of RR spectra : 
i n t e r a c t i o n s assumed by keto groups of both BChl i n Β 870-type are 
thus not the same. However both of them are most probably H-bonded, 

v i b r a t i n g r e s p e c t i v e l y a t 1667 and 1678 cm""1 . The 1615 cm"1 

frequency of the me thine bridge s t r e t c h i n g mod© c l e a r l y i n d i c a t e s 
that, i n Β 880-type complexes as w e l l as i n any BChl-containing 
antenna complexes studied to date (3,4,5), the c e n t r a l magnesiums of 
the BChls are five-coordinated. 

P e r i p h e r i c antenna (B 850-800 or 820-800-type complexes) 

From the BChl h o s t - s i t e s t r u c t u r e s revealed by RR spectroscopy a t 
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l e a s t two f a m i l i e s must be disti n g u i s h e d among the Β 850-800-type 
complexes : intermolecular i n t e r a c t i o n s assumed by the three BChl i n 
Β 850-800 complexes extracted from Rhodospirillaceae indeed d i f f e r 
from those extracted from Chromatiaceae ( f i g 2) ( 3 ) . I n RR spectra of 
Β 850-800 complexes from Chromatiaceae, the C=0 s t r e t c h i n g modes 

consitute as a complex c l u s t e r located around 1656 cm""1 , with a 

shoulder at 1671 cm"1 , and in v o l v i n g very weakly bound a c e t y l and H-
bonded keto groups. RR spectra of the Rhodospirillaceae complexes, 
e x h i b i t resolved bands at 1633, 1641, 1666-1670 and o c c a s i o n a l l y 1700 

cm 1 . 
Moreover, i n t e r g e n e r i c v a r i a b i l i t y has been observed among the RR 
spectra of Β 850-800 complexes from Rhodospirillaceae thus revealing 
i n t e r g e n e r i c s t r u c t u r a l v a r i a b i l i t y ( 4 ) : i n RR spectra of the Β 850-
800 complexes extracted from b a c t e r i a of the Rhodobacter genus 
(sphaeroides, c a p s u l a t u s ) , the keto C=0 group of the 800-nm absorbing 

BChl i s f r e e from intermolecular bonding, v i b r a t i n g a t 1700 cm"1 

whereas i t i s intermolecularly bound i n Β 850-800 complexes of 
b a c t e r i a from the Rhodopseudomonas genus ( p a l u s t r i s , acidophila, type 
I I complexes). Thi s i n t e r g e n e r i c v a r i a b i l i t y i s a l s o observed f o r the 
a c e t y l groups of the 800 nm-absorbing and one of one of the 850 nm-
absorbing BChls. I n t h i s case only changes i n the strengths of the 
intermolecular i n t e r a c t i o n s of these groups are observed. Two types 
of Β 850-800 complexes have been extracted from Rps acid o p h i l a (type 
I and type I I ( 7 ) ) . Host s i t e s of BChls w i t h i n type I complexes are 
very s i m i l a r to those of Β 850-800 complexes extracted from the 
Rhodobacter genus (B. ROBERT and R.J. C0GDELL, unpublished r e s u l t s ) . 
Β 830-800 complexes (or 'high 800nm-absorbing complexes') have been 
p u r i f i e d from b a c t e r i a of the Rhodopseudomonas genus grown i n low 
l i g h t . These complexes e x h i b i t absorption s p e c t r a very s i m i l a r to 
those of Β 850-800 complexes extracted from Chromatiaceae. However, 
on the b a s i s of the s t r u c t u r e s of the BChl host s i t e s , revealed by RR 
spectroscopy, these complexes appear to be a c t u a l l y r e l a t e d to 
'regular' Β 850-800 complexes of Rhodospirillaceae, genus 
RhcKiopseudomonas, from which they appear to only d i f f e r by the 
presence of an a d d i t i o n a l BChl molecule ( 4 ) . 
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Fig 2 : RR spectra (363.8 nm excitation) of I 
a) (lower trace) Β 850-800 from Chromatiura vinosum 
b) (middle trace) Β 850-800 from Chromatium tepidum Wavenumber (cm ) 
c) (upper t r a c e ) Β 850-800 type I from Rps acidophila 
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The thermophilic bacterium Chromatium tepidum 

We have studied antenna complexes extracted from the thermophilic 
bacterium Chromatium tepidum : t h i s bacterium s y n t h e s i z e s both a core 
antenna (B 920) and a p e r i p h e r i c one (B 855-800) which are 
thermostable up to 70 C i n the i n t a c t membrane ( 8 ) . I n both these 
complexes, the c e n t r a l magnesiums of a l l of the BChl molecules are 
five-coordinated, as i n the mesophilic s t r a i n s . On the other hand, i n 

both of these complexes, a ca 13 cm"1 downshift of the whole set of 
frequencies of the a c e t y l carbonyl v i b r a t o r s i s observed, i n d i c a t i n g 
that these groups are a l l engaged i n stronger intermolecular 
i n t e r a c t i o n s than i n the mesophilic Chromatium vinosum s t r a i n . At 

such wavenumbers, a 13 cm"1 downshift of a C=0 v i b r a t o r 
approximately corresponds to an i n c r e a s e i n H-bond strength of 2 
kcal/M. I n Β 920 complexes, the keto carbonyl s t r e t c h i n g frequencies 

are a l s o downshifted (16 cm"1 ) r e l a t i v e to the mesophilic s t r a i n . 
Hence, i n antenna complexes extracted from t h i s thermophilic s t r a i n , 
p r o t e i c host s i t e s appear to provide BChl molecules with noticeably 
stronger i n t e r a c t i o n s on most of t h e i r conjugated carbonyls. 
Following suggestion by BABCOCK and CALLAGHAN (9) i t would be 
tempting to r e l a t e the 880->920 nm absorption d i f f e r e n c e to the 
d i f f e r e n c e i n l i g a t i o n strength of the carbonyl groups of the BChls 
i n the core complexes of the mesophilic and thermophilic s p e c i e s . 
Nevertheless, the liganding of these groups ( a t l e a s t of the a c e t y l 
ones) appears to have only a l i m i t e d i n f l u e n c e on the e l e c t r o n i c 
absorption of the pigments s i n c e the p e r i p h e r i c antennae of both 
tepidum and vinosum species e x h i b i t the same absorption spectra, 
whereas the l i g a t i o n strength of the a c e t y l carbonyl of t h e i r BChl a 
a l s o d i f f e r by hte same amounts. 

BChl b-Containing Antenna Complexes 

Core antenna of Rps v i r i d i s (Β 1015) 
RR s p e c t r a of Behl b-containing antenna i n d i c a t e t h a t , as i n the case 
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of BChl a-containing complexes, the c e n t r a l Mg of the pigments within 
these complexes generally are s i n g l y liganded (methine bridge 

frequency a t 1615 cm" 1). However, the l i g a t i o n of BChl b i n Β 1015 
from Rps v i r i d i s appears to be d i f f e r e n t from that of BChl a i n Β 880-
type complexes : indeed, i n the carbonyl s t r e t c h i n g region of the 

former complex, a weak 1639 cm"1 a r i s e s from a H-bonded a c e t y l C=0, 

a strong 1670 cm 1 most probably a r i s e s from a f r e e a c e t y l group and 

from a Η-bonded keto grouping, and a 1682 cm 1 , band a r i s e s from a 
weakly i n t e r a c t i n g keto carbonyl ( f i g l c ) . 

Β 800-1020 complex from Ectothiorhodospira h a l o c h l o r i s 

Β 800-1020 complex from Ectothiorhodospira h a l o c h l o r i s i s a BChl b-
containing core antenna. Biochemical a n a l y s i s (10) i n d i c a t e d t h a t i t 
contains f i v e BChl b, two of them being responsible f o r the 1015 nm 
absorption peak. RR data l a r g e l y confirm these hypothesis : a t l e a s t 
four unequivalently i n t e r a c t i n g BChl b are present i n these complex, 
as f a r as 8 d i f f e r e n t frequencies may be observed i n the C=0 
s t r e t c h i n g region. Moreover, HCl-treatment, which r e s u l t s i n s h i f t i n g 
the 1015 nm t r a n s i t i o n down to 960 nm (10), a f f e c t s the s t r e t c h i n g 
v i b r a t i o n s of no more than two a c e t y l and two keto carbonyl groups. 

Overview 

RR spectroscopy shows that, although the sequences of antenna 
complexes of purple b a c t e r i a appear to be h i g h l y conservative ( 2 ) , 
i n t e r a c t i o n s assumed by BChls i n many of these complexes are l a r g e l y 
s p e c i e s - (or genus-) dependent. Despite t h i s i n t e r s p e c i f i c 
v a r i a b i l i t y , antenna complexes of purple b a c t e r i a share common 
s t r u c t u r a l f e a t u r e s at t h e i r a c t i v e s i t e s : 
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- a l l BChl molecules have s i n g l y liganded Mg. From 
both sequence data and RR spectra ( 3 ) , these ligands are most 
probably imidazole si d e chains of h i s t i d i n e s i n most cases. The 800 
nm-absorbing BChl of Rhb sphaeroides Β 850-800 complexes may 
c o n s t i t u t e an exception i n t h i s respect. 

- I n a l l of these complexes, BChl appears not to be 
d i r e c t l y exposed to the l i p i d i c phase or aqueous detergent : indeed, 
RR spectra are i n s e n s i t i v e to the i s o l a t i o n procedures, to the nature 
of the detergent as w e l l as to the s i z e of the complex multimers. 
Moreover, when d i r e c t comparison are p o s s i b l e (Rsp rubrum) RR spectra 
of the membrane-bound and extracted complexes are i d e n t i c a l . 
Now that s e v e r a l sequences are a v a i l a b l e f o r (2) antenna complexes of 
purple b a c t e r i a hypotheses can be drawn from RR spectroscopy about 
the nature of the aminoacids i n t e r a c t i n g with the pigments For 
example, Β 1015 complex from Rps v i r i d i s i s the only core antenna for 

which no 1645 cm"1 RR band i s observed but for which 1639 cm - 1 and 
1670 bands are observed. This s p e c i f i c i t y may w e l l be r e l a t e d to the 
f a c t that i t s polypeptides each have s p e c i f i c amino a c i d changes 
r e l a t i v e to a l l of the other polypeptides of core antenna : 
phenylalanine -8 (taking the conserved His as 0 p o s i t i o n ) i n the 
alpha polypeptide i s replaced i n v i r i d i s by a t y r o s i n e which could 
provide a Η-bond to the C=0 a c e t y l group so that i t s frequency could 

be downshifted to 1639 cm"1 ? i n the beta one the +6 Trp i s a l s o 
replaced by an Ala. These aminoacids are thus l i k e l y candidates as 
binding s i t e s of a c e t y l C=0 groups. S i m i l a r l y , when more antenna 
complex polypeptides are sequenced, i t w i l l most probably be p o s s i b l e 
to locate the BChl molecules i n the polypeptide matrix taking i n t o 
account both o r i e n t a t i o n s of e l e c t r o n i c t r a n s i t i o n moments and RR 
data. 
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