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Abstract—A novel strain, alga-05, of alkaliphilic purple nonsulfur bacteria was isolated from sediments of a
small saline (60 g/1) soda lake near Lake Algin (Barguzin Valley, Buryat Republic, Russia). These bacteria con-
tain bacteriochlorophyll a and carotenoids of the alternative spirilloxanthin group with predominating demeth-
ylspheroidenone. They are facultative anaerobes; their photosynthetic structures are of the vesicular type and
arranged along the cell periphery. Growth of this strain is possible in a salinity range of 5-80 g/l NaCl, with an
optimum at 20 g/l NaCl. Best growth occurred at 20-35°C. Analysis of the 16S rRNA gene sequences demon-
strated that the studied isolate is closely related to the alkaliphilic purple nonsulfur bacterium Rhodobaca
bogoriensis (99% similarity) isolated from soda lakes of the African Rift Zone. According to the results of
DNA-DNA hybridization, strain alga-05 has a 52% similarity with the type species of the genus Rhodobaca.
On the basis of the obtained genotypic data and some phenotypic properties (dwelling in a hypersaline soda
lake of Siberia, moderate halophily, ability to grow at relatively low temperatures, etc.), the isolated strain of

purple bacteria was described as a new species of the genus Rhodobaca, Rca. barguzinensis sp. nov.
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Purple Nonsulfur bacteria (PNB) have been
detected extremely rarely in the microbial communities
of soda lakes. For instance, purple nonsulfur bacteria
were detected in the highly mineralized soda lakes of
Wadi Natrun (Egypt); however, no cultures of haloalka-
liphilic species have been isolated from these habitats
[1]. Alkalitolerant purple nonsulfur bacteria of the
Rhodobacter—Rhodovulum group were later isolated
from samples collected in lowly mineralized soda lakes
of eastern Siberia and Mongolia [2]. The only known
species of alkaliphilic nonsulfur bacteria, Rhodobaca
bogoriensis, was recently described [3]. Three closely
related strains have been isolated from bottom sedi-
ments of two soda lakes (Lake Bogoria and Crater
Lake) of the African Rift Zone. These are soda lakes
with relatively low mineralization where salt concen-
trations are about 5%.

! Corresponding author; e-mail: boldareva@gmail.com

The cells of Rca. bogoriensis are motile cocci or
short rods arranged in chains; they reproduce by trans-
verse division. The unique property of these PNB is the
small number of photosynthetic vesicular membrane
structures located only along the cell periphery. The
cells of Rca. bogoriensis contain bacteriochlorophyll a
(BChl a) and the carotenoid demethylspheroidenone,
which have not been revealed in other purple nonsulfur
bacteria. The photosynthetic apparatus of Rca.
bogoriensis does not contain the peripheral antenna
complex LH II (adsorption at 800 and 850 nm); on the
contrary, it contains a pronounced light-harvesting
complex LH-I (adsorption at 871 nm). Rca. bogoriensis
is a photoheterotroph and a facultative chemohet-
erotroph. This microorganism is peculiar in its inability
to grow under photolithoautotrophic conditions on
hydrogen and sulfide and to fix molecular nitrogen; this
is uncharacteristic of purple nonsulfur bacteria. This
species shows good growth under anaerobic conditions
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on media containing organic substrates. Rca. bogorien-
sis is a halotolerant alkaliphile which grows in a pH
range of 7.5-10.0 with an optimum at about 9. No
growth was detected at temperatures lower than 30°C
and higher than 45°C. The optimum temperature of
growth was 39°C.

So far, no strains of alkaliphilic purple nonsulfur
bacteria have been isolated from lakes of temperate cli-
matic zones.

The aim of the present work was to determine the
physiological and biochemical characteristics, as well
as the phylogenetic position, of the new species of alka-
liphilic purple nonsulfur bacteria isolated from the
steppe saline soda lake of the Barguzin Valley (Buryat
Republic, Eastern Siberia), the region characterized by
a sharply continental climate and relatively low sum-
mer temperatures.

MATERIALS AND METHODS

Cultivation methods. Bacteria were cultivated in a
medium containing the following (g/1): NH,CI, 0.4;
KH,PO,, 0.5; MgCl,, 0.2; Na,SO,, 0.5; yeast extract, 1;
sodium acetate, 1; sodium pyruvate,1; NaCl, 20;
Na,S,0; - 5SH,0, 1; KCl, 0.5; NaHCO;, 10; Na,COs, 5;
vitamin B,,, 10 ug/l; and trace element solution
(according to Pfennig), 1 ml/I (pH 9.0) [4].

Water solutions of NaHCO; (10%), Na,CO; (10%),
yeast extract (5%), sodium acetate (10%), sodium pyru-
vate (10%), and sodium thiosulfate (10%) were pre-
pared and sterilized separately, and then added to the
medium immediately before the inoculation.

The cells were cultivated under anaerobic condi-
tions in the presence of light in 20-ml penicillin vials
filled with liquid medium up to the brim and sealed
with rubber stoppers, or under aerobic conditions in the
dark in 500-ml conical flasks with 300 ml of the
medium. Purification of the cultures obtained was car-
ried out by repeated streaking of the individual colonies
formed under aerobic conditions on the medium solid-
ified with 2% (wt/vol) agar. The culture purity was con-
firmed by microscopic examination of the obtained col-
onies.

Morphology and ultrastructure. The morphology
of bacterial cells was studied under an Olympus light
microscope (Japan) with a phase-contrast device and
also under an electron microscope in specimens of
whole cells stained with a 0.2% aqueous solution of
uranyl acetate. To obtain ultrathin sections, the cells
were treated according to Kellenberger—Reyter, dehy-
drated, and embedded in Epon. Ultrathin sections cut
with an ultramicrotome were placed on copper grids
covered with formvar support and stained with Rey-
nolds reagent [5]. Whole cell specimens and ultrathin
sections were examined under a Jeol JEM 100C elec-
tron microscope (Japan) at an accelerating voltage of
80 kV.

MICROBIOLOGY  Vol. 77 No. 2 2008

207

Pigment composition. The pigment composition
was determined using the absorption spectra of the son-
icated cell suspension, as well as of the chromatophore
fractions and acetone—-methanol total extracts (7 : 2,
vol/vol). Absorption spectra were determined with an
SF 56A spectrophotometer (LOMO, Russia) or a UV-
160 spectrophotometer (Shimadzu, Japan) in the 350-
900 nm range. In addition, a differential (oxidized—
reduced) spectrum of cytochromes was measured in the
supernatant after precipitation of the chromatophores.

To obtain a carotenoid extract, one ml of bacterial
chromatophore suspension (with an optical density of
40-50 units at 850 nm) was added to 10 ml of an ace-
tone-methanol mixture (7 : 2, vol/vol) under constant
stirring. The obtained extract was subsequently supple-
mented with 24 ml of petroleum ether and 20-25 ml
of water. The resultant mixture was then stirred. The
extracted pigments accumulated in petroleum ether in
the upper layer of the mixture, which was removed with
a pipette, placed in a penicillin vial, and dried under
nitrogen flow. The resultant pigment film was dissolved
in an acetone—-methanol mixture (7 : 2, vol/vol). Then
25 ul of the extract was applied to a chromatographic
column.

The pigment composition was determined by high-
performance gas—liquid chromatography (HPLC) on a
Spherisorb ODS2 column (4.6 X 250 mm, 5 um pore
size) (Waters; United Kingdom), as described earlier
[6]. The carotenoid concentration was determined on
the basis of the relevant extinction coefficients and the
area of the obtained fraction in the 415-550 nm range
using the LC-solution software (Shimadzu, Japan), as
described in [7].

Chromatophores were isolated by differential cen-
trifugation of sonicated cells [8].

Photoinhibition of respiration. Photoinhibition of
respiration (PIR) was studied polarographically by illu-
mination of cells with light at various wavelengths [9].
A decrease in the O, consumption rate in cell suspensions
was registered in samples illuminated by 1-s impulses of
monochromatic light (0.2 umol quanta m™ s7!; the spec-
tral half-width of the slit, 3 nm) with 20- to 60-s dark
intervals; the wavelength range scanned was 400-

930 nm.

Analysis of fatty acids. The fatty acid composition
was determined by gas chromatography—mass spec-
trometry (GC—MS). Dry biomass (5 mg) was treated
with 0.4 ml of 1 N HCI in methanol at 80°C for 1 h
(acidic methanolysis). The methyl esters of fatty acids
and dimethyl acetate formed as a result of methanolysis
were extracted with hexane and analyzed on a Sherlock
gas chromatograph (Microbial identification system,
MIDI Inc., United States) [10].

Physiological characteristics and growth condi-
tions. To determine the spectra of utilized organic sub-
strates and nitrogen sources under anaerobic conditions
in thelight and under aerobic conditions in the dark, the
cultures were grown on the above medium with NaCl,
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20 g/1, By,, 10 pg/l; and yeast extract, 0.1 g/l as a vita-
min source. The medium did not contain any other
organic substrates or nitrogen sources (depending on
the goal of the experiment). The pH of the medium was
adjusted within the range of 8.5-9.0 by adding sodium
carbonate or bicarbonate. The tested organic com-
pounds and nitrogen sources were added to concentra-
tions of 1 and 0.5 g/1, respectively.

To determine the resistance of the studied bacteria to
sodium sulfide and their capacity for its utilization by
photosynthesis, the cultures were grown on organics-
containing media at various Na,S - 9H,0 concentra-
tions (0, 500, 700, and 1000 mg/l). Changes in sulfide
concentration were determined colorimetrically using
the standard technique, as previously described [11].

The ability of the isolated strain to grow under
anaerobic conditions in the dark due to nitrate reduction
was determined by the biomass yield and production of

N, and NO,. The presence of N, was determined from
gas production in the flasks, whereas the presence of

NO, was determined qualitatively by using the Griess
reagent [12].

Experiments with various NaCl concentration and
pH values were carried out under anaerobic conditions
in the presence of light. To elucidate the reaction of the
studied bacteria to various pH values, ranging from 6.8
to 7.4, we used phosphate buffer; to obtain media with
alkaline pH values (8.0-9.5), carbonate buffer solutions
were used [13]. The background NaCl concentration in
these media was 10 g/l.

The temperature favorable for the growth was deter-
mined using a gradient thermostat at temperatures
ranging from 10 to 50°C.

The biomass yield was assessed by the optical den-
sity measured with a KFK-3 photometer at 650 nm.

Sensitivity to antibiotics was determined under aer-
obic conditions by applying filter discs containing the
antibiotic in question on cell lawns on solid medium;
after incubation, the zone of growth inhibition was reg-
istered.

The capacity for aerotaxis was determined in a lig-
uid medium in sealed Pasteur pipettes open at the wide
ends. The medium contained an active culture of motile
cells of the new strain, alga-05, grown under anaerobic
conditions in the presence of light.

The presence of ribulose bisphosphate carboxylase
was detected by the previously described technique
[14]. The catalase activity was assayed by monitoring
the production of gas bubbles after the addition of a 3%
hydrogen peroxide solution to the suspension [15].

The reactions of strains alga-05 and LBBI1 to tellu-
rium and selenium were determined on agarized media
supplemented with Na,TeO; or Na,SeO; (1 g/1) on petri
dishes and in agar columns.

Molecular-genetic analysis. The DNA of the new
strain was isolated according to the Marmur procedure
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[16]. The content G+C base pairs in the DNA was
determined by the method of Owen et al. [17]. The
DNA homology was determined by the optical reasso-
ciation method [18]. Amplification and sequencing of
the 16S rRNA gene of the isolate was performed using
universal primers [19]. The obtained nucleotide
sequences were aligned with the corresponding
sequences of most closely related bacteria using the
CLUSTALX software package. The unrooted phyloge-
netic trees of the studied bacteria were constructed by
the methods implemented in the TREECON software
package [20]. The obtained 16S rRNA gene sequences
of strain alga-05 have been deposited in the GenBank
under the accession number EF554833.

RESULTS AND DISCUSSION

Characteristics of the habitat. Bacteria were
isolated from thin shallow-water algo—bacterial mats
of a small nameless soda lake (53°38726.07” N;
109°57°20.19” E) located at a distance of 500-700 m
from the freshwater Lake Algin (Barguzin Valley,
Buryat Republic). There are numerous soda patches on
the lake shores. At the time of sampling (September),
the total mineralization of the water in the near-shore
zone of the lake was 60 g/l; the temperature of the sur-
face of littoral sediments was 31°C; the pH value of the
water was 9.62.

Cultural properties, morphology, and fine struc-
ture. The pure culture of strain alga-05 was obtained by
successive transfers of individual colonies grown on the
surface of the agarized medium. Under aerobic condi-
tions, bacteria form light pink rounded convex colonies
that turn deep red after prolonged exposure to light. The
strain grown in agar columns forms small beige (in the
anaerobic zone) and pink (in the aerobic zone) spheri-
cal colonies. The cultures grown in liquid medium
under anaerobic conditions were beige, flaky, and
slimy. The cells of strain alga-05 were represented by
ovoid short rods (Fig. 1a, 1b), 1.0 X 1.5 um. Individual
cells are motile (data not shown). The cells divide by
constriction. Prior to division, the cells become elon-
gated and assume an ovoid form. The division often
appears to be nonuniform (Fig. 1) and resembles the
pattern of Rhodobacter blasticus budding. The cell wall
structure is of the gram-negative type. The ultrathin
sections of bacteria grown anaerobically in the pres-
ence of light show intracytoplasmic vesicular structures
arranged only along the cell periphery (Fig. 1f). The
cells grown under aerobic conditions in the dark do not
have intracytoplasmic membranes (Fig. 1d). Storage
compounds are represented by electron-transparent
rounded inclusions typical of poly-B-hydroxybutyric
acid (Fig. 1f). The cells are diffusely surrounded by a
slimy substance (data not shown).

Capacity for aerotaxis. Purple bacteria are charac-
terized by phobotaxis which manifests itself as random
movements in bright light. Phototaxis, directed move-
ment of an organism toward a source of light, has been

MICROBIOLOGY  Vol. 77

No. 2 2008



Rhodobaca barguzinensis sp. nov.

209

Fig. 1. Morphology and ultrastructure of strain alga-05 cells: (a, b) whole-cell specimen (bar, 1 um); (c) light micrographs (bar,
10 um), (d) ultrathin sections of the cells grown under aerobic conditions in the dark, electron micrograph (bar, 0.5 pm); (e) aero-
taxis cell concentrated at the air buble boundary (bar, 5 wm); (f) ultrathin sections of the cells grown under anaerobic conditions in
the presence of light, electron micrograph (bar, 0.5 m); (/) septum, (2) outer membrane, (3) reserve compounds; (4) vesicular intra-

cytoplasmic membrane; (5) periplasmic space; (6) slime.

reported for only one species of purple nonsulfur bac-
teria, Rhodocista centenaria [21]. The studied bacteria
did not exhibit phototaxis; however, under aerobic con-
ditions, they displayed active positive aerotaxis. After
one hour, motile cells accumulated in the open ends of
Pasteur pipettes, where the oxygen concentration was
highest. Illumination did not prevent the cells from
moving to the zone of the highest oxygen concentra-
tion. Microscopic examination (Fig. 1e) demonstrated
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that the cells accumulated at the interface of the liquid
and gas phases.

Physiological properties. Bacteria of the strain
alga-05 are able to grow under both aerobic conditions
in the dark and anaerobic conditions in the presence of
light. A wide range of organic compounds were tested
as carbon sources for bacterial growth under pho-
totrophic and chemotrophic conditions (Table. 1). The
cells of both Rca. bogoriensis and strain alga-05 grew
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Table 1. Utilization of organic compounds as carbon sourc-
es by the new PNB strain and Rca. bogoriensis

Rca. bogoriensis Rca. barguzinensis
Substrate L(fn%éf g:ll?lgelr Ezlligr?glgrs E?ugr?(-l(e)f
anaerobic aerob}c anaerobic aerob}c
condition) condi- conditions) condi-
tions) tions)
Succinate 4 3 3 4
Malate 4 3 4 4
Fumarate 4 3 4 4
Pyruvate 4 4 2 3
Lactate 2 4 2 4
Acetate 3 4 3 4
Propionate 4 3 2 2
Butyrate 4 3 2 2
Valerate 2 3 2 1
Caproate 4 2 1
Heptanoic acid 4 ND ND ND
Glucose 4 ND ND ND
Fructose 4 4 2 4
Sucrose 4 4 4 4
Ribose 1 2 1 3
Xylose 4 2 ND 2
Mannitol 4 3 4 3
Yeast extract 2 4 4 4
Peptone 1 4 3 4
Casein hy- 2 4 3 4
drolysate
Soeton 2 4 3 4
Methanol - - - -
Ethanol - - - -
Propanol - - - —
Butanol - - - -
Pentanol - ND ND ND
Lactose - - 1 2
Citrate - - - -
Formate - - - -
Benzoate - - - —
Note: “~”, the compound is not utilized; ND, no data; 1, weak
growth; 2, evident growth; 3, good growth; 4, very good
growth; *, [3].
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on succinate, malate, fumarate, pyruvate, lactate, ace-
tate, propionate, butyrate, valerate, caproate, fructose,
and sucrose under anaerobic conditions in the presence
of light. No growth occurred on methanol, ethanol, pro-
panol, lactose, citrate, and benzoate as a sole carbon
source. The new isolate grows well on yeast extract,
peptone, casein hydrolysate, and soeton, whereas the
growth of the type strain Rca. bogoriensis on these sub-
strates was very weak [3]. The range of substrates uti-
lized aerobically in the dark by the strains under com-
parison was similar to the range of substrates utilized
under phototrophic conditions (Table 1).

Under photoheterotrophic conditions, both Rca.
bogoriensis and the new strain utilize NH,CI, urea,
serine, and glutamate as a source of nitrogen. It should
be noted that sodium nitrate significantly inhibited
growth, probably due to the formation of nitrite
(Table 2). Reduction of nitrates to nitrites was observed
both under anaerobic conditions in the presence of light
and under aerobic conditions in the dark.

Strain alga-05 is not capable of nitrogen fixation, as
demonstrated by the absence of the nifH gene (personal
communication of E.S. Boulygina).

Under anaerobic conditions in the presence of light,
bacteria were able to oxidize sulfide (Fig. 2) in the pres-
ence of acetate (1 g/l) and yeast extract (1 g/l). Sulfide
was not consumed completely. Microscopic examina-
tion revealed the presence of sulfur drops in the
medium, which disappeared probably due to the reac-
tion with the excess sulfide resulting in polysulfide for-
mation. Sulfate as an oxidation product was not
detected. The data in Table 3 demonstrate that the max-
imum amount of sulfide was utilized at a Na,S - 9H,0
concentration of 700 mg/l. Strain alga-05 was found to
be less tolerant to sulfide than the previously described
species Rca. bogoriensis. The strain did not utilize thio-
sulfate both under anaerobic and aerobic conditions.
Under chemolithoheterotrophic conditions, the new
strain was not able to grow autotrophically on reduced
sulfur compounds. It should be noted that the gene
encoding the synthesis of ribulose bisphosphate car-
boxylase (RuBisCo), the key enzyme responsible for
carbon dioxide fixation, was not revealed in either the
studied or type strains (personal communication of
T.V. Kalganova).

Our study has revealed that both strains, alga-05 and
Rca. bogoriensis, are obligate alkaliphiles growing in a
pH range 7.5-9.0 with an optimum at 8.2 (Fig. 3).

The optimal NaCl concentration for bacterial
growth was 20 g/l (Fig. 4). However, the cells were not
able to grow without sodium chloride, being highly tol-
erant to this compound. The inability to grow in the
absence of sodium chloride was demonstrated and con-
firmed by triple transfers of the new strain to a salt-free
medium. The obligate requirement for sodium chloride
distinguishes strain alga-05 from Rca. bogoriensis,
which grows well in media without NaCl.

MICROBIOLOGY  Vol. 77
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Table 2. Utilization of various nitrogen sources by the PNB ~ Table 3. Changes in sulfide concentration in the growth me-
strain under study and Rca. bogoriensis under photohet-

erotrophic conditions

dia of the strains under study after seven days of incubation

Initial Final Final
LBB1 alga-05 (under concentration of concentration of | concentration of
Substrate (under anaerobic | anaerobic condi- NS - 9H,0. meo/l Na,S - 9H,0 mg/l | Na,S - 9H,0, mg/l
condition)* tion) 2 22> MER ) strain LBB1 | (%) strain alga-05
NH,Cl 4 4 500 384 (76.8%) 336 (67.2%)
Urea 2 4 700 544 (77.7%) 415 (59.3%)
Serine 2 3 1000 952 (95.2%) 832 (83.2%)
Glycine 2 ND
Aspartate 4 ND selenite (Na,SeO;) and tellurite (Na,TeO;) to elemental
Glutamate 4 4 selenium and tellurium, respectively. The reduction of
NaNO; - - Na,SeO; and Na,TeO; was most intense under aerobic
Note: “_”, the compound is not utilized; ND, no data; 1, weak  conditions in the presence of light, whereas it slowed

growth; 2, evident growth; 3, good growth; 4, very good
growth; *, [3].

Under anaerobic conditions, the best growth of
strain alga-05 occurred at 23-35°C (Fig. 5). At temper-
atures below 10°C and above 45°C, no growth
occurred. It should be noted that the previously studied
Rca. bogoriensis strains did not grow at temperatures
lower than 30°C and had a growth optimum at 39°C.

Some differences between the new isolate and the
type strain Rca. bogoriensis were revealed in their sen-
sitivity to antibiotics (Table 4). Both strains were sensi-
tive to the following antibiotics: ampicillin, benzylpen-
icillin, vancomycin, lincomycin, neomycin, novobio-
cin, polymyxin, rifampicin, streptomycin, tetracycline,
and erythromycin. Unlike Rca. bogoriensis, the new
isolate was resistant to gentamicin, kanamycin, and
nalidixic acid.

For the first time, it has been shown that both strain
alga-05 and Rca. bogoriensis, is able to reduce soluble

100"—— _______ B et AT B 50
. 80F 3 A 1405 &
Z" 60 - e ay \\ {3052
2ap Ny 42087
© b {105 8
) Z,
v

¢ 0
0 200 400 600 800 1000 1200
Nazs . 9H20, mg/l

Fig. 2. Reaction of strains alga-05 and LBBI1 to various con-
centrations of Na,S - 9H,O under photoheterotrophic con-
ditions: (/) maximal growth of strain LBB1; (2) maximal
growth of strain alga-05; (3) utilization of Na,S - 9H,O by
alga-05 in the experiments with various Na,S - 9H,O con-
centrations; (4) utilization of Na,S - 9H,0 by strain LBB1
in the experiments with various Na,S - 9H,O concentrations
(0, 500, 700 1000 mg/l; X-axis).
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down under anaerobic conditions in the dark. Metal-
loids accumulated mostly outside the cells. Selenium
and tellurium inclusions were sometimes detected
within the cells grown under aerobic and microaerobic
conditions.

Pigments. In strain alga-05 cells grown under
anaerobic conditions in the presence of light, the pig-
ments are represented by BChl a and carotenoids; their
presence was supported by the maximum absorption at
475 and 507 nm (carotenoids) and 870 and 590 nm
(BChl @) in the in vivo spectra (Fig. 6a). The absorption
spectra of the acetone—methanol extract (Fig. 6b)
exhibited absorption maxima at 490 and 520 nm (caro-
tenoids) and 770 nm (BChl a). Analysis of the pigments
by high-performance liquid chromatography has shown
the presence of the following carotenoids: hydroxy-
spheroidene, neurosporene, spheroidene, and demeth-
ylspheroidene (which is the principal carotenoid of the
new isolate with the content above 70%) (Table 6). On
the whole, the pigment composition of the new isolate
is similar to that of Rca. bogoriensis; however, demeth-
ylspheroidenone, whose share in the total bulk of caro-

Growth, %
120 ~

100 -
80 -
60

Fig. 3. Effect of pH on the growth of strain alga-05 under
anaerobic conditions (maximum growth was taken as
100%).
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Fig. 4. Effect of NaCl on the growth of strain alga-05 under
anaerobic conditions (maximum growth was taken as
100%).

tenoids of the latter strain was 40%, was not detected in
the new isolate.

The absorption spectrum of the crude extract of cell
membranes and purified chromatophore fraction
(Fig. 7a) reveals the presence of two principal absorp-
tion maxima at 414 nm (cytochrome) and 871 nm (LH1
complex). The content of cytochrome is approximately
5 times higher than the content of bacteriochlorophyll,
indicating its important functional role (Table 5). The
additional absorption band at 800 nm confirms the pres-
ence of the standard core complex (LH1-RC complex).
After precipitation, the chromatophore fraction barely
contained cytochrome, which was all released into the
supernatant; cytochrome is therefore not bound to the

Table 4. Sensitivity of strains alga-05 and LBB1 to antibiotics

Antibiotic Strain alga-05 Strain LBB1
Ampicillin + +
Benzylpenicillin + +
Vancomycin + +
Gentamycin - +
Kanamycin - +
Lincomycin + +
Nalidixic acid - +
Neomycin + +
Novobiocin + +
Polymyxin + +
Rifampicin + +
Streptomycin + +
Tetracycline + +
Erythromycin + +
Note: “+”, the compound is utilized or the strain is sensitive to the

compound; “~", the compound is not utilized or the strain is
resistant to the compound.

BOLDAREVA et al.
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Fig. 5. Effect of temperature on the growth of alga-05 under
aerobic (solid line) and anaerobic (broken line) conditions
(maximum growth was taken as 100%).

membranes. In the chromatophore absorption spectrum
(Fig. 7a), a small cytochrome shoulder is present, and
the infrared region of the spectrum is similar to that of
Rhodospirillum rubrum. The cytochrome belongs to the
Csso type, which is demonstrated by the differential oxi-
dized-reduced spectrum (Fig. 7b).

Photoinhibition of respiration (PIR). The new
purple nonsulfur bacterium alga-05 grows well under
aerobic conditions. It was shown that light (strictly in a
wavelength range corresponding to absorption spectra
of the photosynthetic pigments of cells) reversibly
inhibits respiration phototrophically grown cells; simi-
lar phenomena have been demonstrated in our experi-
ments with Rs. rubrum [25] and aerobic bacteriochlo-
rophyll a-containing bacteria Roseinatronobacter
thiooxidans (ALG1), and Rna. monicus (ROS35) [4].
The PIR spectrum of strain alga-05 exhibited BChl a
bands at 590, 800, and 870 nm and carotenoid bands at
475, 507, and 550 nm (Fig. 8a). A comparison with the
PIR spectrum of strain ALG1 (Fig. 8b) demonstrates
the difference of carotenoid qualitative composition in
the light-harvesting antenna complexes of these spe-
cies. However, the efficacy of the excitation energy
transition from demethylspheroidene (strain alga-05)
and spheroidene (aerobic anoxygenic phototrophic
bacteria of the genus Roseinatronobacter) to the photo-
synthesis reaction centers is similar and several times
higher than that in the case of the excitation energy
transition from spirilloxanthin to the reaction centers of
Rs. rubrum. A short-wave 10-nm shift of the main bac-
teriochlorophyll a band observed in strains alga-05 and
ALGT1 (as compared to Rs. rubrum) can be attributed to
the peculiarities of the interaction between the antenna
molecules of this pigment and the carotenoids of pig-
ment—protein complexes. The data on the photoinhibi-
tion of alga-05 respiration indicate the presence of the
photosynthetic electron transport chain (ETC) inter-
secting with the respiratory ETC of this purple bacte-
rium at the sites of the common electron carriers.
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Fig. 6. In vivo pigment absorption spectrum of strain (a)
alga-05 and (b) acetone—methanol total extract.
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Fatty acid composition. An isomer of the monoun-
saturated fatty acid C18:1®7 was predominant both in
the studied isolate and in the type strain Rca. bogorien-
sis LBB1 (79.32% and 67.28% of total fatty acids,
respectively). Significant quantities of hexadecanoic
acid (16:0) were found in both strains (9.69% and
18.66% in strains alga-05 and LBB1, respectively). The
cells of both strains contained similar amounts of tet-
radecenoic (14:1) and 7-hexadecenoic (16:1m7) acids
(Table 1). Unlike the new isolate, the type strain
LBBIcontained also the following fatty acids: 12:0,
14:0, 2h14, i15, al5, 2h15, and 18:1®9) (Table 7).
Hence, the fatty acid composition of the studied strains
differs mainly in the minor constituents.

Phylogenetic position. Members of the genus
Rhodobaca, including strain alga-05, occupy a phylo-
genetic position in a cluster with spheroidene-contain-
ing species of the genera Rhodovulum and Rhodo-
bacter; however, they are rather distant from these spe-
cies (92.2-94.5% similarity) (Fig. 9). Members of the
genus Rhodobaca are characterized by a low G+C con-
tent (59 mol %), while the content of G+C content of
the members of the Rhodovulum—Rhodobacter group
varies between 62.1 and 69 mol %. In addition to purple
nonsulfur bacteria, this cluster includes alkaliphilic aer-
obic bacteriochlorophyll a-containing bacteria of the
genus Roseinatronobacter and the facultatively
chemoautotrophic  bacterium  “Natronohydrobacter
thiooxidans,” which does not contain bacteriochloro-
phyll a. From the evolutionary perspective, it is note-
worthy that members of the genus Rhodobaca are
closely related to alkaliphilic chemoorganotrophic aer-
obic BChl a-containing bacteria of the genus Roseina-
tronobacter.

To elucidate the phylogenetic position of the new
isolate, the nucleotide sequences of 16S rRNA genes were
determined (Table 8). The species Rca. bogoriensis was
found to be most closely related to strain alga-05

Absorption

0.4

. (b)

‘V -I ‘ | | | |

400 500 600 700 800 90
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400 500 600 700 800 900
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Fig. 7. Absorption spectra of various fractions of strain alga-05 cells: (a) (/) crude fraction of the membranes of disintegrated cells;
(2) purified chromatophore fraction; (3) supernatant after chromatophore precipitation; (b) spectra of cytochrome absorption;
(1) oxidized cytochrome; (2) reduced cytochrome; (3) difference absorption spectrum.
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Table 5. Content of the major membrane components in
strain alga-05 cells grown under anaerobic conditions in the
presence of light

BOLDAREVA et al.

Table 6. Carotenoid composition in strain alga-05 and strain
LBBI1 cells grown under anaerobic conditions in the pres-
ence of light

Membrane component Quantity

Protein, mg/ml 21.2 (absorption at 280 nm)

Cytochrome, nmol/ml 140.0
BChl, nmol/ml 36.0
BChl/carotenoids, mol/mol 1.3
BChl/protein, nmol/mg 1.7
Carotenoids/protein, nmol/mg 1.27

(99.0-99.11% similarity); therefore, the new isolate
undoubtedly belongs to the genus Rhodobaca. Stacke-
brandt et al. [23] have shown that a 1% difference is
typical of the species differentiation. According to the
results of DNA-DNA hybridization, the similarity
between strain alga-05 and the type strain Rhodobaca

Photoinhibition of respiration
and absorption, relative units

: (@)
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[}
[

1.0

0.5

Content, %
Carotenoid
alga-05 LBB1*
ucC 1.1 -
Spheroidenone 10.7 17.0
Demethylspheroidene 74.6 19.0
and its isomer
Demethylspheroidenone 0 40.0
Spheroidene 4.8 7.0
Neurosporene and its 7.01 18.0
isomer 1.8

Note:  UC stands for “unidentified carotenoid”.

*[24].

bogoriensis LBB1 was 52%. This gives us an additional
reason to describe strain alga-05 as a new species
belonging to the genus Rhodobaca. The G+C contents

1.0

0.8

0.6

0.4

0.2

| | |
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I | L
800 900
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Fig. 8. Spectra of absorption and photosynthetic activity of intact cells: (a) action spectrum of photoinhibition of respiration (black
dots and solid line) and absorption spectrum (broken line) for strain alga-05; (b) action spectrum of photoinhibition of respiration
for strain alga-05 (black dots), Roseinatronobacter thiooxidans ALG1 (white dots), and Rhodospirillum rubrum (black triangles).
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of the DNA of alga-05 and Rhodobaca bogoriensis
LBB1 are 59.8 mol % and 58.8 mol %, respectively.

Both organisms share a number of phenotypic char-
acteristics. They are alkaliphiles, their pigments are
represented by bacteriochlorophyll a and carotenoids
(with the prevalence of demethylspheroidene and sphe-
roidenone); they are facultative aerobes and are able to
utilize similar groups of organic compounds. For the
first time, it has been shown that both the type species
of the genus Rhodobaca and the isolated strain reduce
nitrate to nitrite. Both strains exhibit significant toler-
ance to sodium sulfide and oxidize it to sulfur under
photoheterotrophic conditions. At the same time, there
are a number of interspecific differences between the
new microorganisms. The type species was isolated
from the soda lake of the African Rift Zone character-
ized by a hot arid climate. Strain alga-05 was isolated
from the steppe soda lake of the southeastern Siberia, a
region characterized by a sharply continental climate
and daily temperature fluctuations in the summer from
44°C to 10°C. As a consequence, the isolated strain
shows best growth at relatively low temperatures (with
an optimum at 25-30°C), whereas the type strain has a
growth optimum at 39°C. Although both organisms are
moderately halophilic, the optimal NaCl concentrations
are 20-30 g/l and 10-15 g/l for alga-05 and LBBI,
respectively. Unlike strain LBBI1, strain alga-05
requires the presence of NaCl in the growth medium.
There are also some differences in the carotenoid com-
position and the minor constituents of their fatty acids.
Thus, the phenotypic and genetic differences of the new
isolate allow us to classify it as a new species, Rhodo-
baca barguzinensis sp. nov., within the family Rhodo-
bacteriaceae of the class of Alphaproteobacteria.

Taxonomic description of Rhodobaca barguzin-
ensis Sp. nov.

bar.gu.zin.en'sis, discovered in the Barguzin Valley.

Table 7. Fatty acid composition of the studied strain alga-05
and the purple nonsulfur bacterium LBB1 (Rca. bogoriensis))

Acid Symbol LBB1 alga-05
Dodecanoic 12:0 0.19 -
Tetradecenoic 14:1 2.12 2.21
Tetradecanoic 14:0 1.02 -
2-Hydroxytetradecanoic | 2h14 0.75 -
Isopentadecanoic i15 0.15 -
Anteisopentadecanoic |al5 0.34 -
7-Hexadecenoic 16:107 2.41 2.64
Hexadecanoic 16:0 18.66 9.69
2-Hydroxypentadecanoic | 2h15 0.57 -
9-Octadecenoic 18:109 0.21 -
11-Ctadecenoic 18:1w7 67.28 79.32
Octadecanoic 18:0 2.40 1.56
11-Methyl-octadecenoic | 1 1Me18:1 3.89 4.58

Note: “~”, not detected.

Cells are spherical or oval-shaped, motile by means
of flagella, and measure 1.0 x 1.0 or 1.0 X 1.5 pm.
Reproduce by division (often nonuniform). The cell
wall structure is of the gram-negative type. The cells are
surrounded by a loose slimy substance. The strain is
capable of anoxygenic photosynthesis under anaerobic
conditions. Intracytoplasmic photosynthetic structures
are presented by sparse vesicles arranged along the cell
periphery. The strain does not form intracytoplasmic
membrane structures under aerobic conditions. In the in
vivo pigment absorption spectrum, the peaks were
observed at 492, 525, 593, 803, and 870 nm. The cells

75 | Rhodobaca bogoriensis LBB2, AF384205
0.02 100 || Rhodobaca bogoriensis CL1, AF384204

57

69
88
100

alga-05

99

Rhodobaca bogoriensis LBB lT, AF248638

Roseinatronobacter monicus ROS 35

“Natronohydrobacter thiooxidans” AHO 1, AJ132383

Roseinatronobacter thiooxidans ALGlT, AF249749

100 ——————— Rhodobacter veldkampii ATCC 357037, D16421

100 Rhodovulum strictum MB-G2T, D16419
Rhodovulum euryhalinum DSM 48687, D16426
— Albidovulum inexpectatum FRR-lOT, AF465833

Fig. 9. 16 rRNA-based phylogenetic tree showing the position of strains alga-05 and ROS35 within the family Rhodobacteraceae.
Numerals at the branching points indicate the bootstrap values. The bar shows the number of nucleotide substitutions in relation to

the compared sequences of the homologous site.
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Table 8. Similarity matrix (%) of the nucleotide sequences of 16S rRNA genes from the reperesentatives of the family

Rhodobacteraceae
1 2 3 4 5 6 7 8 9 10
1. Roseinatronobacter monicus ROS35 100
2. Roseinatronobacter thiooxidans ALG1T 96.0 | 100
3. Rhodobaca bogoriensis CL1 97.2 | 95.9 | 100
4. Rhodobaca bogoriensis LBB2 97.2 | 95.9 100 |100
5. Rhodobaca bogoriensis LBB1T 96.8 | 959 | 99.9 | 99.9 [ 100
6. alga-05 98.6 | 96.1 | 99.0 | 99.0 | 99.1 |100
7. “Natronohydrobacter thiooxidans” AHO 1| 96.1 | 94.7 | 96.4 | 964 | 96.6 | 96.8 | 100
8. Rhodovulum euryhalinum DSM 4868T 922 ] 91.6 | 928 | 92.8 | 93.0 | 92.8 | 91.6 |100
9. Rhodovulum strictum MB-G2T 91.6 | 91.1 | 922 | 922 | 924 | 922 | 91.3 | 96.5 | 100
10. Rhodobacter veldkampii ATCC 35703T | 93.8 | 93.5 | 93.9 | 93.9 | 94.1 | 94.5 | 93.0 | 93.8 | 93.9 [100
11. Albidovulum inexpectatum FRR-10T 921 91.8 | 933 | 933 | 935| 933 | 922 | 955 | 93.8 | 942

contain only the light-harvesting complex LH I. Photo-
synthetic pigments are represented by bacteriochloro-
phyll (BChl) a and carotenoids of the spheroidene
series (hydroxyspheroidene, neurosporene, spheroi-
dene, and demethylspheroidene). Demethylspheroide-
none was not detected. Photoheterotrophic. The key
enzyme of CO, assimilation, ribulose bisphosphate car-
boxylase (RuBisCO), is absent. Facultative aerobes.
Capable of reducing nitrate to nitrite, both under anaero-
bic and anaerobic conditions. Succinate, malate, fuma-
rate, pyruvate, lactate, acetate, propionate, butyrate, val-
erate, caproate, aspartate, fructose, sucrose, yeast extract,
peptone, casein hydrolysate, and soeton are utilized as
carbon sources. The strain utilizes NH,Cl, urea, serine,
and glutamate as nitrogen sources; it is not capable of
nitrogen fixation and does not contain the nifH gene.
The strain utilizes sulfide in the presence of organic
substrates and oxidizes it to sulfur or polysulfide.
Under aerobic conditions, the organisms utilize the
same organic compounds as they do in the presence of
light. Obligate alkaliphiles growing in a pH range of 7.5
to 9.0 with an optimum at 8.2. Moderate halophiles
growing at a NaCl concentration of 10-80 g/, with an
optimum at 20-30 g/I. The strain requires NaCl. Opti-
mal growth was observed within the 25— 35°C temper-
ature range. The DNA G+C content is 59.8 mol %. The
fatty acids are represented by 14:1, 16:0, 16:1®7, and
18:1w7 acids. The strain is sensitive to the following

antibiotics: ampicillin, benzylpenicillin, vancomycin,
lincomycin, neomycin, novobiocin, polymyxin,
rifampicin, streptomycin, tetracycline, and erythromy-
cin; it is resistant to gentamycin, kanamycin, and nali-
dixic acid.

The species belongs to the Phylum BXII of Proteo-
bacteria, Class 1 Alphaproteobacteria.

GenBank accession no. EF554833; the type strain
was registered in VKM (B2406) and DSMZ,(19920).

Habitat is the soda lake of the Barguzin Valley
(Buryat Republic, Eastern Siberia). Water mineraliza-
tion is 60 g/1, pH 9.6.
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Table 9. Comparative characterization of the studied strain alga-05 and Rca. bogoriensis LBB1

Trait Rhodobaca bogoriensis, LBB1* “Rhodobaca bogoriensis,” strain alga-05
Habitat Soda Lake Bogoria, African Rift Zone Steppe soda lake, Siberia
(sharply continental climate)
Shape and size, um Coccli, short rods, Short rods, 1.0 x 1.5 um
0.8—1.0 x 1.0-1.5 um
Division type Constriction Nonuniform division by constriction,
resembles budding
Motility + +
Reaction to O, Facultative aerobe Facultative aerobe
Carotenoids in vivo 450, 485, 525 475, 507, 590
BChl a in vivo 870 870
Requirement for NaCl No Yes
NaCl (optimum) range, % (1-1.5) (2-3)
0-6 1-8
pH (optimum) range 9.0) (8.2)
7.0-10.0 7.5-9.0
t°C optimum 39 25-35
DNA G + C content, mol 58.8 59.8
Catalase activi + +
Presence of nifH gene - -
Presence of ribulose biphosphate car- - -
boxylase **
Photoheterotrophic utilization of sul- + +
fide in the presence of light
Resistance to sulfide + +
Notes: “+”, The trait was observed; “—", the trait was not observe.
*[3].

** Data obtained by E.S. Boulygina.

*##% Data obtained by T.V. Kalganova and L.I Berg.
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ing strain LBB1. We thank our colleagues from the
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Experimental Biology, Siberian Division, Russian
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