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Introduction 

The purple photosynthetic bacteria usually contain two types of LH complexes; LH1 and 
LH2.  The amounts of LH2 are modulated by several factors, while the LH1/RC ratio has 
been thought to be unity (Drews and Golecki 1995). Structural information about LH1 have 
been obtained from native membranes and RC-LH1 complexes isolated from Rps. viridis 
(Ikeda-Yamasaki et al. 1998), Rsp. molischianum (Boonstra et al. 1994) and Rsp. rubrum 
(Walz and Ghosh 1997), suggesting a single RC inside a closed LH1 ring.  Organization of 
LH1 complexes in a closed ring was also observed by a cryo-electron microscopy study of 
two-dimensional crystals from Rsp. rubrum (Karrasch et al. 1995), which showed 16αβ 
subunits containing 32 molecules of BChl a and was arranged in a ring-like structure that 
could only accommodate one RC. 

However, a perfect cyclic arrangement of LH1 antenna has been questioned, and several 
recent studies have indicated the imperfect ring (Jungas et al. 1999, Akiyama et al. 1999).  In 
Rba. sphaeroides, the noncircular arrangement was proposed to be related to the presence of a 
small protein, PufX, which enables the quinone transfer (Francia et al. 1999, Frese et al. 
2000). 

In this paper, we reconsidered the models of RC-LH1 complex by determining the 
BChl/BPhe ratios in six purple bacteria with neither LH2 nor PufX, on the basis of 4 BChls 
and 2 BPhes in the RC.  The BChl/BPhe ratios showed some variation in the range of 12 - 24.  
We will discuss the possible models of RC-LH1 complex which can interpret the variation. 

 

Materials and Methods 

We used six purple bacteria that contain LH1 but neither LH2 nor PufX; Rps. viridis, Rsp. 
rubrum, Rvi. gelatinosus (LH2-less mutant), Rbi. marinum, Erb. longus and A. rubrum.  They 
were cultured under illumination by a tungsten lamp, pigments were extracted with 
acetone/methanol (7/3, v/v) mixture, and pigment analyses were performed by normal-phase 
HPLC, as described elsewhere (Akiyama et al. 1999). 
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Results and Discussion 

The molar ratios of BChl/BPhe in six species of purple bacteria were determined by HPLC 
analyses.  If every LH1 ring consisted of 16αβ and surrounded a single RC, the ratio of 
BChl/BPhe should be unity, namely, 18, because αβ subunit contains 2 BChls and a RC 
contains 4 BChls and 2 BPhes.  However, significant variation was observed (Table 1).  In 
Erb. longus the ratio was ca. 12, in A. rubrum and Rps. viridis ca. 14, in Rsp. rubrum ca. 18, 
in Rbi. marinum and Rvi. gelatinosus ca. 23, suggesting that the size of LH1 is not unity but 
dependent on the species. The LH1 size in Erb. longus was estimated to be 10αβ, 12αβ(γ) in 
A. rubrum and Rps. viridis, 16αβ in Rsp. rubrum, 21-22αβ in Rvi. gelatinosus and Rbi. 
marinum (Table 1).   

 
Table 1. Stoichiometry of BChl/BPhe found in purple bacteria with neither LH2 nor PufX. 

BChl/Bphe  Size of LH1a)  

Erb. Longus   11.8 ± 1.8  10αβ 
A. rubrum    13.8 ± 1.0  12αβ 
Rps. Viridis    14.6 ± 1.6  12αβγ  
Rsp. Rubrum   17.5 ± 2.2  16αβ 
Rbi. Marinum   23.2 ± 2.6  21αβ 
Rvi. gelatinosusb)    23.8 ± 2.2  22αβ  

a) Antenna size was calculated on the basis of LH1/RC = 1/1.  
b) LH2-less mutant 

 
The size of 12αβγ estimated for Rps. viridis supports a six-fold symmetry of the ring-like 

LH1 complex usually observed in the photosynthetic membrane with the electron microscope 
(Miller 1982, Stark et al. 1986), where the LH1 contained 24 BChls b and showed a circular 
structure having a little larger diameter (Ikeda-Yamasaki et al. 1998) than 16αβ-LH1 in Rsp. 
rubrum (Karrasch et al. 1995).  A six-fold symmetry seen in Rps. viridis may represent the 
12αβγ units.  In Rps. viridis, γ subunit might play an important role in the quinone transfer 
(Fig. 1A), although we have no experimental data that elucidate it.  In contrast, there is no 
reports whether γ subunit is present in Erb. longus and A. rubrum.  The 12αβ units without γ 
protein is too small to surround the RC entirely, because the size of 16αβ ring looks minimum 
to surround the RC completely (Karrasch et al. 1995).  Recently, the noncircular arrangement 
around the RC has been reported by Jungas et al. (1999), which shows the C-shaped LH1 
antenna enabling the quinone transfer.  The LH1 of Erb. longus and A. rubrum should not be 
closed but C-shaped antenna (Fig. 1B). 

The molar ratio of BChl/BPhe = ca. 18 found in Rsp. rubrum supports a reported model in 
which one RC is surrounded by a 16αβ-units (Karrasch et al. 1995).  However, this 
arrangement impedes shuttling of quinone (Fig. 1C).  In addition, we cannot exclude the 
dependence of the pigment ratio on culture conditions, e.g. light intensities.  We are now 
performing further detailed studies. 

Rbi. marinum and Rvi. gelatinosus showed remarkably high pigment ratios as shown in 
Table 1.  If all RCs were located in the core of all LH1 rings with a stoichiometry of LH1/RC 
= 1/1, the size of LH1 should be larger than 20αβ.  However, such a large closed ring has no 
advantage in transferring a quinone (Fig. 1D).  It should be noted that smaller antenna size 
was reported: 12αβ (Francke and Amesz 1995, Kessi et al. 1995) and 12-15 αβ (Dawkins et 
al. 1988) for Rsp. rubrum; 12αβ (Francke and Amesz 1995) and 16αβ (Qian et al. 2000) for 
Rbi. marinum; 12-16αβ (Dawkins et al. 1988) for Rvi. gelatinosus.  Even smaller antenna size 
of LH1, 10αβ, was estimated for Rba. sphaeroides (Fiedor et al. 2001).  It seems that the 
antenna size in these bacteria was not constant but sensitive to culture conditions.  These 
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findings gave us the novel idea 
that there were two types of LH1; 
one is the C-shaped antenna 
closely associated with the RC, 
and another is a small ring 
antenna located peripherally in a 
variable ratio to the core complex 
(Fig. 1E), probably depending on 
the species and the growth 
conditions, like LH2.  In Erb. 
longus, A. rubrum and Rps. 
viridis, it is very likely that they 
have a core LH1 only (Fig. 
1A&B). 

Recently, a new theory as to 
the energy transfer in the purple 
bacterial photosystems was 
propounded (Sumi 2000), 
indicating that symmetrical 
structure of the RC-LH1 complex 
is unfavorable for the energy 
transfer from the LH1 to the RC.  
Hence, some asymmetrical 
models presented in Fig. 1 may 
be likely candidates. 

Here, we want to propose 
another model in which all RCs 
are located on the outside of the 
LH1 rings with variety of 
stoichiometries (Fig. 1F).  This 
model has the advantage in 
interpreting both the variety of 
the pigment ratios and the 
quinone transfer.  Unfortunately, 
however, this unique model 
contradicts almost all observation 
ever reported, including the 
studies by means of electron 
microscope, which showed the 
presence of RC in the core of the 
LH1 ring.  We should perform 
further detailed studies to clarify the architecture of the RC-LH1 complex. 
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