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Purple photosynthetic bacteria contain the simplest
known light-harvesting system, which typically con-
sists of two complexes, denoted as B800-850 (or B800-
830) and B880, based on their absorption bands in the
near IR wavelength range. Both complexes are assem-
bled in vivo from two types of low molecular weight
polypeptides with masses below 10 kDa (referred to as
the 

 

α

 

 and 

 

β

 

 type), bacteriochlorophyll, and carotenoids
[1, 2]. It has been shown that the polypeptides of the
B800-850 complex form two rings containing
8

 

−

 

9 polypeptides each. Bacteriochlorophyll dimers
absorbing at 850 nm and carotenoids are located inside
this annular structure surrounded by hydrophobic
polypeptide columns. The bacteriochlorophyll mono-
mer (with an absorption band at 800 nm) is arranged on
the outer surface of the annular structure. The B880
complex, which consists of 16 polypeptide pairs [3, 4],
displays a similar structure.

The complexes differ in terms of their interaction
with the reaction center (RC). Complex B880 encloses
RC, forming a coherent entity (the core complex,
B880-RC), while the B800-850 complex is located on
the periphery of this system [1, 2]. The B800-850 com-
plex is therefore also termed the peripheral complex. In
some cases, the B800-850 complex does not interact
with the B880-RC system and is loosely arranged in the

membrane, forming autonomous clusters [2]. Some
bacteria, e. g., 

 

Rhodopseudomonas

 

 

 

palustris

 

, respond to
light intensity changes during cultivation by altering
the spectral properties of the B800-850 complex. At
high light intensities (60–300 W/m

 

2

 

), a normal complex
(with the 850/800 ratio not less than 1.05) is assembled.
Upon decreasing light intensity to 20 W/cm

 

2

 

, the
absorption band at 850 nm is reduced in the complex
(the 850/800 ratio is 0.45) [5–9]. Cells cultivated at low
light intensities accumulate more lycopene and less
rhodovibrin in comparison to the cells grown at high
light intensities [6].

Recently, increased attention has been paid to gene
expression regulation and to the synthesis and assembly
of cell structures. New blue and red light photoreceptor
types have been revealed. Their common feature is that
their intracellular concentrations are very low. This pre-
vents their spectrophotometric detection, particularly in
the presence of the pigments that are characteristic of
photosynthetic bacteria. Photoreceptors of the first type
are flavin-binding proteins with BLUF domains (pro-
teins AppA, RSP4060, and RSP1261 of 

 

Rhodobacter
sphaeroides

 

, protein YcgF of 

 

Escherichia

 

 

 

coli

 

, and pro-
tein Slr1694 of 

 

Synechocystis

 

 PCC6803) [10–16] or
photoactive PYP proteins [17]. Proteins with BLUF
domains enable bacteria to avoid the effects of
extremely high, deleterious blue light intensities [15].
Such proteins do not occur in all bacteria, and they are
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only efficient under semiaerobic conditions (the gas
mixture composition is 89% N

 

2

 

, 10% 

 

O

 

2

 

, and 1% CO

 

2

 

)
[11, 17]. Under these conditions, the expression of the

 

puf

 

 and 

 

puc

 

 operons that encode the proteins of pig-
ment-protein complexes is suppressed by blue light
[10]. At lower oxygen concentrations in the environ-
ment, the expression of the 

 

puf

 

 and 

 

puc

 

 operons is not
affected by blue light [10]. PYP proteins absorb light in
the blue range; they are present in the cell either as sep-
arate proteins or as domains of larger proteins. Bacte-
riophytochromes are photoreceptors of the second type.
They have been detected in a number of photosynthetic
bacteria (

 

Rps. palustris, Rs. rubrum

 

, and 

 

Rb. sphaeroi-
des

 

). They resemble phytochromes of higher plants
[17–19]. Unlike the alterations in the complexes caused
by light intensity changes during the cultivation of bac-
teria [5–9], the impact of light of different spectral com-
position on the formation of these complexes under
anaerobic conditions has not yet been investigated.
Only one paper [12] has dealt with the effect of illumi-
nation with far red light on formation of the light-har-
vesting system in 

 

Rps. palustris

 

 cells during their culti-
vation at various oxygen concentrations. It was estab-
lished that low amounts of light-harvesting complexes
were assembled in 

 

Rps. palustris

 

 CEA001 at oxygen
concentrations exceeding 8%. Polypeptide synthesis
and the complex assembly were drastically stimulated
by far red light that is absorbed by the bacteriophyto-
chrome.

Of special interest was to test the impact of light
with different spectral composition on the assembly of
bulk complexes in anaerobically grown bacteria,
because the efficiency of assembling the light-harvest-
ing complexes of photosynthetic bacteria is maximum
under these conditions. The complexes from

 

Rps. palustris

 

 AB are convenient systems for such stud-
ies for two reasons. First, their spectral properties may
vary depending on the light intensity used for cultiva-
tion [5–9]. Second, complexes of this type are charac-
terized by conformational changes that result in 20–
30 nm blue shifts in the long-wave absorption band
under the influence of solvents, detergents, and salts [5,
20]. Hence it is fairly easy to find out, with the help of
these two tests, whether the peripheral light-harvesting
complexes isolated from anaerobically grown bacteria
under illumination with blue or red light differ from
those in the control system. 

The goal of the present work was to investigate the
assembly of peripheral light-harvesting complexes in

 

Rps. palustris

 

 AB cells grown under illumination with
blue and red light.

MATERIALS AND METHODS

 

Rhodopseudomonas palustris 

 

AB cells were grown
as described in [5]. To cultivate the cells under blue illu-
mination (within the 430–570 nm range), we used a
combination of SZS-22 and ZhS-12 filters. To cultivate
them under red illumination (>600 nm), a KS-10 light

filter was used. All these filters were manufactured in
Russia. A 300 W tungsten lamp with a mirror reflector
was employed as the light source. A 5-cm water heat fil-
ter was placed between the lamp and the color filters.
The light flux intensity was 70, 20, and 20 W/m

 

2

 

 for
illumination with white, blue, and red light, respec-
tively. For comparison, the cells were also grown in
low-intensity white light (with a light flux of 20 W/m

 

2

 

).
The membrane isolation method was described in
detail in [5, 20]. The complexes were isolated by pre-
parative electrophoresis in 7% polyacrylamide gel with
a length of 45 mm in tubes according to the protocol
developed by us in [21]. The zone of the B800-850
complex in the gel moves 12–15 mm long in this setup.
The re-electrophoresis of the B800-850 complex was
carried out to assess their heterogeneity, using the same
setup, with the gel length increased to 75 mm; the elec-
trophoresis was terminated as soon as the zone of the
complex moved 45–55 mm.

To extract carotenoids, 1 ml of the suspension of
bacterial membranes with an optical density of 40–
50 units at 850 nm was added to 10 ml of an acetone–
methanol mixture (7 : 2) with continuous stirring. The
extract obtained was sequentially supplemented with
2–4 ml of petroleum-ether and 20–25 of water; the mix-
ture was stirred. The pigments extracted were located in
petroleum-ether, in the upper layer of the mixture. They
were collected with a pipette, placed in an ampoule and
desiccated under nitrogen flow. The pigment film
obtained was dissolved in acetone–methanol mixture
(7 : 2). The extract (25 

 

µ

 

l) was applied to a column.

The pigments were analyzed using high pressure
liquid chromatography (HPLC) as described in [22, 23]
on a Spherisorb ODS2 5 

 

µ

 

m 

 

4.6 

 

× 

 

250

 

 mm column
(Waters, United Kingdom). The HPLC setup included
an LC

 

 10

 

AD

 

ν

 

p

 

 

 

pump with an FCV 

 

10

 

Al

 

ν

 

p

 

 module,
which enabled adjusting the solvent gradient at low
pressure, and a detector equipped with an SPD-M20A
diode matrix (Shimadzu, Japan). The solvent flow rate
was 1.0 ml/min. The column was equilibrated with the
mixture consisting of 77% acetonitryl–water (9 : 1) and
23% ethyl acetate. The mixture was passed through the
column for the first 3 min. Subsequently, the mixture
was linearly replaced with ethyl acetate for 37 min;
pure ethyl acetate was thereupon passed through the
column for 3 min. Carotenoid concentration was calcu-
lated using the respective absorbance coefficients and
the area of the fraction obtained within the 415–550 nm
range, using the LC-solution software package (Shi-
madzu, Japan) as described in [22, 23].

Absorption spectra were recorded with an UV-160
spectrophotometer (Shimadzu, Japan). A part of the
spectra was directly converted into digital form in the
course of measurement by means of an EL24L digital
converter (L-Kard, Russia) using the PowerGraph soft-
ware package (www.powergraph.ru). The spectra were
digitized manually using the Graph2Digit 0.52b soft-
ware package (developed by V. Plisko, website
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plsoft.narod.ru) in the “negative” mode with a step
length of 2 (1 nm = 2 pixels) as described earlier [23].
To improve the images of the spectra, they were shifted
by 0.2 to 0.5 optical density units relative to one another
(Figs. 1, 4–6).

This study used Tris (Sigma, United States), dode-
cyl maltoside (Anatrace, United States), and potassium
iridate (Aldrich, United States). Other reagents
employed were produced in Russia (chemically pure).

RESULTS AND DISCUSSION

In absorption spectra of the membranes isolated
from cells grown in the white light, bacteriochlorophyll
complexes (B800-850 and B880) are characterized by
absorption bands with maxima at 377, 589, 804, and
858 nm and a small shoulder at 876 nm (Fig. 1, spec-
trum 

 

1

 

). The three peaks in the 430–560 nm range are
due to light absorption by the carotenoids, and the small
peak at 421 nm was identified as the cytochrome peak.
In the control membranes, the ratio between the inten-
sities of the B800-850 complex-specific absorption
bands at 858 and 804 nm was 1.03. The near-IR absorp-
tion spectrum of the membranes isolated from the cells
grown under blue illumination (Fig. 1, spectrum 

 

2

 

)
revealed almost no differences from that of the control
membranes. Based on the intensity of the blue light
flux, one could expect changes in the absorption spec-
trum of the membranes, similar to those caused by low
light intensity [5, 6, 8]. However, we detected only a
slight decrease in the longer-wave absorption band of
the B800-850 complex (the 858/804 ratio decreased to
0.83); the cytochrome absorption band virtually disap-
peared. The most significant changes occurred in the
membranes isolated from red light-grown cells (Fig. 1,
spectrum 

 

3

 

). The absorption spectrum of these mem-

branes revealed a significant decrease in the intensity of
the longer-wave absorption band of the B800-850 com-
plex (the 858/804 ratio was 0.55), which was accompa-
nied by an increase in the intensity of the cytochrome
absorption band. The absorption spectra of all the tested
samples within the carotenoid absorption range were
similar (the main absorption maximum was at 491 nm).
The absorption spectra of the pigments extracted from
the samples were also virtually identical. The chro-
matogram of the pigments from blue light-grown

 

Rps

 

. 

 

palustris

 

 cells is shown in Fig. 2. Similar results
were obtained with the other two samples. By varying
the spectral composition of the light used to illuminate

 

Rps

 

. 

 

palustris

 

 cells, we obtained membranes with the
carotenoid composition presented in the table.
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Fig. 1.

 

 Absorption spectra of the membranes isolated from

 

Rps. palustris

 

 AB cells grown under illumination with white
(

 

1

 

), blue (

 

2

 

), and red (

 

3

 

) light.
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Fig. 2.

 

 HPLC separation of pigments from the membranes
of 

 

Rps. palustris

 

 AB cells grown in blue light. Registration
range was 415–550 nm. Peaks: 

 

1, 2, 4, 6

 

, bacteriochloro-
phyll; 

 

3

 

, rhodopin derivative; 

 

5

 

, rhodovibrin; 

 

7

 

, product of
bacteriochlorophyll oxidation; 

 

8

 

, dedihydrorhodopin;

 

9

 

, rhodopin; 

 

10

 

, spirilloxanthin; 

 

11

 

, anhydrorhodovibrin
derivative; 

 

12

 

, anhydrorhodovibrin; 

 

13

 

, bacteriopheophy-
tin; 

 

14

 

, lycopene.

 

(a) (b) (c)
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3

 

Fig. 3.

 

 Electrophoresis of the membranes isolated from 

 

Rps.
palustris

 

 AB cells grown in white (a), blue (b), and red (c)
light. Zones: 

 

1

 

, B880-RC system; 

 

2

 

, the B800-850 complex:

 

3

 

, cytochrome.



 

342

 

MICROBIOLOGY

 

      

 

Vol. 77

 

      

 

No. 3

 

      

 

2008

 

MAKHNEVA et al.

 

Rhodopin and dehydrorhodopin were the main caro-
tenoids in all tested membranes, and their total ratio
was 60–68%. As is apparent, the light composition did
not influence carotenoid synthesis in 

 

Rps

 

. 

 

palustris

 

 AB
cells.

To obtain light-harvesting complexes, the mem-
branes were solubilized using dodecyl maltoside to
retain the native conformation of the B800-850 com-
plexes [20]. The complexes were isolated electro-
phoretically in polyacrylamide gel. After electrophore-
sis, the gel contained three pigmented zones (Fig. 3).

According to their absorption spectra, these zones were
identified as the B880-RC system (upper zone), the
B800-850 complex (middle zone), and the cytochrome
(lower zone). The absorption spectra of the B880-RC
systems in all tested samples were virtually identical.
The main absorption band in the near-IR range was
located at 876 nm (Fig. 4). These complexes are the
most conserved part of the bacterial photosynthetic
apparatus, and their in vivo assembly is influenced nei-
ther by light intensity [5–9] nor by the spectral compo-
sition of the light. The cytochrome absorption band at
420 nm is almost invisible in the absorption spectrum
of the membranes from blue light-grown cells. Never-
theless, a minor cytochrome fraction was detected
using electrophoresis (Fig. 5). The cytochromes were
also identified using their difference spectra (Fig. 5,
insert). A more detailed study of the cytochromes was
beyond the scope of this work. Hence, the most active
cytochrome synthesis occurred in red light-grown

 

Rps

 

. 

 

palustris

 

 AB cells. From these data it is evident that
varying the spectral composition of the light produced
a different effect than varying light intensity. Changing
light intensity failed to cause significant changes in
cytochrome synthesis in 

 

Rps

 

. 

 

palustris

 

 AB cells [5]. The

 

Rps

 

. 

 

palustris

 

 CEA001 and CGA009 mutants did not
reveal an increase in cytochrome synthesis either [12].

The absorption spectra of the B800-850 complexes
that were isolated from the samples grown under illu-
mination with white and blue light are shown in Fig. 6.
The near-IR absorption bands are located at 804 and
856 nm in the control sample and at 804 and 855 in the
“blue” complex, while the ratio between the band inten-
sities is 1.05 and 0.85, respectively. The absorption
spectrum of the B800-850 complex from red light-
grown cells is shown in Fig. 7 (spectrum 

 

1

 

). The near-
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Fig. 4.

 

 Absorption spectra of the B880-RC systems isolated
from 

 

Rps. palustris

 

 AB cells grown in white (

 

1

 

), blue (

 

2

 

),
and red (

 

3

 

) light.
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Fig. 5. Absorption spectra of the cytochromes isolated from
Rps. palustris AB cells grown in white (1), blue (2), and red (3)
light. Insert: the “oxidized–reduced” difference spectrum
from red light-grown cells.
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Fig. 6. Absorption spectra of the light-harvesting complexes
(B800-850) from Rps. palustris AB cells grown in white (1)
and blue (2) light.
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IR absorption bands are located at 803 and 852 nm in
this complex, while the ratio between the band intensi-
ties (852/803) is 0.47. The same ratio is characteristic
of the B800-850 complex isolated from low intensity
light-grown Rps. palustris AB cells (Fig. 7, spectrum 2).
Complexes with the spectral properties similar to those
of the “red” complex (with maxima at 802 and 805 nm
and a 850/802 ratio of 0.45) were also isolated from low
intensity light-grown Rps. palustris 2.1.6 cells [9].
When grown under illumination with red light, the
CEA001 and CGA009 mutants of Rps. palustris did not
undergo any changes in respect to the spectral proper-
ties of the B800-850 complexes [12].

Our studies concerning the possibility of conforma-
tional transitions in the complexes obtained were aimed
at resolving the issue whether cultivation in the blue/red
light changes the structure of the B800-850 complexes
in Rps. palustris cells. We have earlier demonstrated
that B800-850 complexes from 850 Rps. palustris
grown at various light intensities and from Alc. minutis-
simum are capable of conformational transitions. They
result in blue shift in the longer-wave absorption band
from 858 to 830–840 nm upon treating the complexes
or the membranes with low concentrations of solvents
or nonionic detergents [5, 20]. The results of treating
the B800-850 complex with the nonionic detergent Tri-
ton X-100 are shown in Fig. 8. The control and the
“red” B800-850 complex reveal the conformational
changes as described above. Unexpectedly, the “blue”
B800-850 complex lacked the conformational changes.
It is known that these changes occur only if the interac-
tions among the polypeptides of the light-harvesting
complex are influenced by external factors. Such alter-
ations in protein–protein interactions result in changes
in the pigment–pigment interactions in bacteriochloro-

phyll dimers that manifest themselves in a blue shift in
the absorption band at 850 nm [5, 20, 24, 25]. These
results were confirmed by studies on point mutations in
the polypeptides of the light-harvesting complex
(B800-850) from Rb. sphaeroides [26]. The single sub-
stitution of Phe for Tyr44 or the double substitution of
Phe and Leu for Tyr44 and Tyr45 in the α-polypeptide
of the B800-850 complex caused a blue shift in the
longer-wave band of the absorption spectrum by 11 and
24 nm, respectively. These amino acid residues are
located in the terminal COOH domain of the polypep-
tide, out of contact with the bacteriochlorophyll dimer.
Hence, the lack of conformational changes in the

 
Carotenoid composition (%) of the membranes of Rps.
palustris AB cells illuminated with light of different spectral
composition

Carotenoid Control Blue Red

Rhodopin derivative 1.44 5.65 1.67

Demethylspirilloxanthin 3.12 – –

Rhodovibrin 4.89 2.82 2.09

Dedihydrorhodopin 21.38 12.01 24.07

Rhodopin 36.94 44.39 42.18

Spirilloxanthin 8.14 10.97 6.02

Anhydrorhodovibrin deriv-
ative

0.78 2.49 0.51

Anhydrorhodovibrin 7.11 4.93 6.3

Lycopene 16.2 16.74 16.3

Neurosporene – – 0.86

Absorbance (optical units)

400 500 600 700 800 900
Wavelength, nm

1

0

0.5

1.0

2

Fig. 7. Absorption spectra of the light-harvesting complexes
(B800-850) from Rps. palustris AB cells grown in red light
(1) and low-intensity light (2).

Absorbance (optical units)

400 500 600 700 800 900
Wavelength, nm

1

0

0.5

1.0

2

3

Fig. 8. Changes in the absorption spectra of the B800-850
complexes under the influence of the nonionic detergent
Triton X-100: 1, complex from white light-grown cells; 2,
complex from red light-grown cells; 3, complex from blue
light-grown cells.
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“blue” complex indicates that it has undergone signifi-
cant changes in terms of protein–protein interactions.
Since these can only be due to changes in the primary
polypeptide structure, blue light-grown Rps. palustris
AB cells presumably synthesize B800-850 complex
proteins that are different from those formed under
red/white illumination. These polypeptides may be
encoded by genes that are inactive at changing light
intensities [7, 12]. Rps. palustris cells contain the gene
multifamily that code for the α- and β-polypeptides of
the B800-850 complex [19]. However, not all of the
genes are expressed at a detectable level. The question
is to clarify which gene products are synthesized in Rps.
palustris 2.1.6 cells at high and low light intensities. It
was revealed [7] that the pairs of polypeptides (α and β)
encoded by PucBAa and PucBAd genes are synthesized
at high and low light intensities, respectively. Two
amino acids are substituted in the amino acid sequences
of both polypeptides in response to a light intensity
change. It was established [8] that Rps. palustris cells
grown at high (300 W/m2) or intermediate (60 W/m2)
light intensities synthesize three polypeptide pairs (αβa,
αβb, and αβd). Lowering the light intensity to 20 or
6 W/m2 results in a lack of2 αβb-polypeptides, whereas
the level of αβa-polypeptide synthesis drastically
decreases. Up to 6 amino acid residues may be substi-
tuted in the α-polypeptides, based on the data available
in the literature. Only six genes of the ten coding for the
α and β-polypeptides of the B800-850 complex are
expressed in Rps. palustris 2.1.6 cells grown in the
white light at various light intensities [19]. Taking into
account our results and the data reported in the litera-
ture, we suggest that blue light illumination results in
the synthesis of the α- and β-polypeptides that are not
synthesized in the white light, regardless of its inten-
sity. These polypeptides are then assembled into B800-
850 complexes that lack the capacity for conforma-
tional transitions. In order to test this suggestion, we
separated the polypeptides of different complexes by
electrophoresis with sodium dodecyl sulfate. However,
we revealed no significant differences in terms of elec-
trophoretic mobility or band intensity. Evidently, more
efficient methods are required to separate the hydro-
phobic polypeptides of the B800-850 complex that only
differ in several amino acid residues.

If the B800-850 complex is assembled under red
illumination, it resembles the complex isolated from
cells grown at a low light intensity. Under these condi-
tions, Rps. palustris 2.1.6 cells assemble two types, and
not just one type, of peripheral light-harvesting com-
plexes [8], i.e., the anomalous complex with a near-IR
absorption band at 800 nm and the usual complex
(B800-850). These complexes were isolated and char-
acterized. We attempted to assess the heterogeneity of
the B800-850 complex isolated from red light-grown
cells using several methods. If the longer-wave band of
the absorption spectrum of the control (“white”) and
“red” B800-850 complex was standardized, the inten-
sity of the absorption band at 800 nm was almost two

times higher in the “red” than in the control complex.
To resolve the mixture of the complexes, we carried out
re-electrophoresis of the isolated “red” B800-850 com-
plex on a long gel column with dodecyl maltoside. The
complex migrated as a single zone during re-electro-
phoresis. Monitoring the absorption spectra of the front
and the tail part of this zone revealed that the ratio
between the longer-wave band intensities in their spec-
tra was approximately 1.25 (Fig. 9a). Similar results
were earlier obtained by us by re-electrophoresis of the
isolated B800-850 complex from Thiorhodospira sibir-
ica. We originally considered this complex homoge-
nous and believed that the differences were due to the
different conformational state of the electrophoretic
fractions of the complex [27, 28]. However, we estab-
lished later that this complex, in turn, includes com-
plexes of two types (B800-830 and B800-850;
Tikhonova et al., unpublished). Another approach to
assessing the possible heterogeneity of this complex
was based on the assumption that if it was heteroge-
neous, different stability of the partial complexes or dif-
ferent products resulting from their modification could
result. We investigated the effect of sodium boron
hydride, sodium dodecyl sulfate, and potassium iridate
on the complex or the membranes containing it. Tests
with the first two substances revealed no significant dif-
ferences in the behavior of the complex in comparison
to the control system. Bacteriochlorophyll molecules
absorbing at 800 nm were predominantly oxidized in
the “red” complex by the oxidant potassium iridate
(Fig. 9b). This was its main difference from the control
complex, where the bacteriochlorophyll dimer was the
first to be oxidized. From these data we drew the pre-
liminary conclusion that the “red” B800-850 complex
that is assembled in Rps. palustris AB cells in the red
light appears to be heterogeneous, like that of Rps.
palustris 2.1.6 [8].

Summing up the results obtained and the data avail-
able in the literature [5, 8, 9], we infer that several kinds
of regulatory processes related to the synthesis and
assembly of the building blocks of the light-harvesting
system can be in operation in Rps. palustris cells,
depending on the intensity and the spectral composition
of the light. White light with a normal or high intensity
allows the cells to synthesize and assemble the standard
set of complexes of the photosynthetic machinery with
standard spectral properties [5]. Low-intensity white
light causes the cell to assemble two types, not one
type, of bulk light-harvesting complexes, i.e., the
anomalous complex with an absorption band at 800 nm
(within the near-IR range) and the usual complex
(B800-850) [5, 8, 9]. In the red light, cytochrome syn-
thesis was enhanced and a B800-850 complex with a
reduced absorption band at 850 nm was assembled.
Obviously, this complex was heterogeneous. As for
illumination with blue light, the data obtained indicated
that the B800-850 complex lacked the capacity for con-
formational changes.
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The spectral properties of the B800-850-type light-
harvesting complexes of cells grown in red light or low-
intensity light are very similar in terms of the location
of the absorption bands within the near IR zone and of
the ratio between the band intensities. Presumably, the
assembly of these complexes is triggered by the same
photoreceptor type. In Rps. palustris cells, the photore-
ceptor role may be played by the phytochrome that
absorbs in the red spectral range (>650 nm) [17]. Sup-
posedly, this regulates the “photosynthetic biosynthesis
pathways,” including the genes involved in the biosyn-
thesis of bacteriochlorophyll, carotenoids, and reaction
center proteins (pufLM) [29]. The Rps. palustris
CEA001 strain lacked the light-harvesting system in
the dark in the presence of oxygen; both the synthesis
of the relevant polypeptides and the assembly of the
complexes were drastically stimulated by red light [18].
We cultivated Rps. palustris AB cells in the red light
anaerobically. In this system, only the assembly of the
800-850 complex was changed. No regulation of the
biosynthesis of carotenoids (according to the HPLC
data) and bacteriochlorophyll was observed. This strain
of Rps. palustris was also characterized by a drastic
increase in cytochrome synthesis in the red light.
Accordingly, the Rps. palustris AB strain can regulate
both the formation of the polypeptides of the bulk com-
plex and its assembly and the cytochrome synthesis. If
bacteriophytochrome controls the assembly of light-
harvesting complexes at a low light intensity, there
should be an additional mechanism that “turns it on” if
light intensity decreases to a certain threshold value.

Under blue illumination, Rps. palustris AB cells
assemble a B800-850 complex that lacks the capacity
for conformational transitions. Cytochrome synthesis
also decreases under these conditions. Light within the
blue spectral range is absorbed by two types of photo-
receptors: flavin-binding proteins (with BLUF
domains) and PYP proteins [10–17]. Since PYP pro-
teins have not been revealed in the cells of three
Rps. palustris strains [17], they are presumably lacking
in the tested strain Rps. palustris AB. Accordingly, an
AppA type flavin-binding protein [10, 11] can be
responsible for the blue light effect in our system. This
type of photoreceptor only functions under semiaerobic
conditions [10, 17], and the expression of the puf and
puc genes that encode the photosynthetic apparatus
proteins is blue light-independent at a low oxygen con-
centration [10]. The membrane absorption spectra of
the tested control and blue light-grown cells were virtu-
ally identical, indicative of similar expression levels of
the genes that code for light-harvesting complexes in
these systems. Thus, the synthesis of individual pro-
teins (such as the cytochrome) and the polypeptides
that make up the light-harvesting complex (B800-850)
is subject to regulation in Rps. palustris AB cells grown
in red and blue light.
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Fig. 9. Absorption spectra of the front (1) and tail (2) zone
of the B800-850 complex isolated from Rps. palustris AB
cells grown in red light after re-electrophoresis on long gel
columns (a) and absorption spectra of the B800-850 com-
plex isolated from Rps. palustris AB cells grown in red light
(b) before (1) and after (2) treating them with 0.4 mM potas-
sium iridate; 3, 4, “control–0.4. potassium iridate” differ-
ence spectra of the B800-850 complex isolated from Rps.
palustris AB cells grown in red light (3) and the B800-850
complex from the control cells (4).
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