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Colorless sulfur bacteria of the genus 

 

Thioploca

 

have long attracted the attention of many researchers
[1–3]. In marine ecosystems, these large organisms
form bacterial mats with a high biomass [2].

 

Thioploca

 

 was also found in a number of freshwater
lakes: Lake Constance (Germany) [3], Lake Baikal
(Russia) [4], Lake Biwa (Japan) [5], and Lake Ontario
(Canada) [6]. Both the individual filaments and the
common sheath of freshwater 

 

Thioploca

 

 are smaller
than in marine species. Some 

 

Thioploca

 

 were found to
be capable of intracellular nitrate accumulation [7, 8].

The species affiliation of colorless sulfur bacteria,
including 

 

Thioploca

 

, is based on their physiological
characteristics and trichome diameter [9]. The recent
data on the 16S rRNA gene structure support the usabil-
ity of these criteria for species identification [8, 10]. In
some mixed communities of colorless sulfur bacteria,
however, morphologically similar 

 

Beggiatoa

 

 species
were observed, which differed in the 16S rRNA gene
structure [11].

Three species of these colorless sulfur bacteria are
known in freshwater environments: 

 

Thioploca
schmidlei

 

 [3], 

 

í. 

 

ingrica

 

 [5, 6, 8, 9], and

 

 T. minima

 

 [9,
12, 13]. 

 

T. ingrica

 

 was found in Lakes Ontario, Con-
stance, and Biwa; 

 

T. minima

 

 was revealed in Lake Erie.

The species were identified based on their trichome
diameter.

 

T. schmidlei

 

 was revealed in the deep part of the Fro-
likha Bay, Lake Baikal in 1994 [4]. After 2003, new
habitats for colorless sulfur bacteria 

 

Thioploca

 

 were
discovered, including the estuaries of the Selenga and
Barguzin rivers. The morphological analysis of 

 

Thi-
oploca

 

 spp. filaments from different regions of Lake
Baikal revealed several different morphotypes.

The goal of the present work was thorough investi-
gation of the morphology of the Lake Baikal 

 

Thioploca

 

and of the physicochemical conditions of their habitats,
as well as analysis of the phylogenetic position of one
of these bacteria from the vicinity of an underwater
spring in the Frolikha Bay, Lake Baikal.

MATERIALS AND METHODS

 

Source of isolation.

 

 The 

 

Thioploca-

 

containing bot-
tom sediments from Lake Baikal were collected in late
August–early September 2003 and in June 2005 using
sample collectors (Okean grab, benthic tube) during the
Vereshchagin research vessel expeditions. 

 

Thioploca

 

spp. were revealed in the deep (403 m) and coastal
(125 m) parts of the Frolikha Bay, in the Selenga estu-
ary, and in the Barguzin Bay. Due to their white color-
ation and long filaments (sometimes up to 2 cm), they
were easily recognizable in the samples.
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Abstract

 

—The colorless sulfur bacteria 

 

Thioploca

 

 spp. found in Lake Baikal are probably a marker for the
influx of subterranean mineralized fluids. Bacteria act as a biological filter; by consuming sulfide in their metab-
olism, they detoxicate it and maintain the purity of Lake Baikal’s water. The bacteria were investigated by var-
ious techniques. According to analysis of the 16S rRNA gene fragment, 

 

Thioploca

 

 sp. from Frolikha Bay,
Baikal belongs to the clade of freshwater species found in Lake Biwa and Lake Constance; it is most closely
related to 

 

Thioploca ingrica.
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Analysis of Bottom sediments. 

 

The physicochemi-
cal characteristics of the 

 

Thioploca-

 

containing sedi-
ments were determined as described in [14, 15]. Sulfide
was determined with dimethyl-

 

p

 

-phenylenediamine in
pore water obtained under argon [16].

 

Morphological characteristics.

 

 The samples from
the Frolikha Bay, Selenga estuary, and Barguzin Bay
were immediately fixed with glutaraldehyde. The mor-
phological parameters were determined in the labora-
tory under an Olympus (Japan) epifluorescence micro-
scope at various magnifications. The following mor-
phological characteristics of 

 

Thioploca

 

 from various
biotopes were analyzed: inner and outer diameter of the
sheath, diameter of individual trichomes, and cell
length and width. The results are presented in Table 1.

The variation rows for the morphological parame-
ters of bacteria from four regions were analyzed statis-
tically with the Microsoft Excel 2002 software pack-
age.

 

Phylogenetic analysis.

 

 

 

Thioploca

 

 sp. filaments
were collected under a dissection microscope by means
of a needle and washed with sterile water; a portion of
this material was then fixed with 2% glutaraldehyde,
while another portion was used for DNA isolation.

DNA isolation, amplification, cloning, and sequenc-
ing were carried out as described by Teske [17]. The
sequences (699 bp) are deposited in GenBank, acces-
sion no. DQ338566.

RESULTS

 

Physicochemical characterization of the 

 

Thi-
oploca

 

 habitats.

 

 Characteristics of the 

 

Thioploca-

 

con-
tainin

 

g

 

 sediments from the vicinity of an underwater
spring in the Frolikha Bay, Lake Baikal (the site of
seeping of more mineralized subterranean waters) [4,
14, 17] are presented in Table 2. The parameters of 

 

Thi-
oploca-

 

containing sediments at different depths (from
14 to 400 m) in the Barguzin and Selenga estuaries are
also listed. The distribution of these bacteria in the
near-estuarine sediments is patchy; although local
fields (up to 10 m in diameter) were formed, not all the
areas of the bays were covered. In all the habitats, the
sediment surface was reduced; the redox potential
(

 

−

 

152 to –390 mV) corresponded to anaerobic or
microaerobic conditions. However, oxygen concentra-
tion was relatively high (275 

 

µ

 

M) several centimeters
from the bottom; the average value for Lake Baikal
water is 331.25 

 

µ

 

M. The lowest oxygen content
(57.8 

 

µ

 

M) was detected in the Selenga shallows at the
bottom; it was below 10% of the saturation level for this
depth. In some samples, a thin (1–2 mm) oxidized layer
was observed. The pH values of the sediments varied
within a narrow range, from 6.86 to 7.52.

The chemical composition of the pore waters of 

 

Thi-
oploca-

 

containing sediments was determined with a
step of 2 cm. The vertical distribution of sulfate and
chloride ions in the sites where 

 

Thioploca

 

 was present

differed from their distribution at background stations
(Fig. 1), indicating the influx of subterranean fluids. In
some horizons of the cores with 

 

Thioploca

 

 spp., higher
concentrations of sulfate and chloride ions were
revealed than in other regions of Baikal; the differences
reached one to two orders of magnitude. The highest
fluctuations in anion concentration with depth were
recorded in the vicinity of the underwater hydrothermal
spring in the Frolikha Bay (125 m). The highest content
of sulfate and chloride ions (Fig. 1b) were 755.21 and
534.29 

 

µ

 

M, respectively. In the deep part of the Frol-
ikha Bay (403 m), chlorine concentrations exceeded
those in the lake water only at the surface and at 17-cm
depth (145.1 and 126.2 

 

µ

 

M, respectively) (Fig. 1c).
High sulfate content (21–796 

 

µ

 

M) was observed in the
Barguzin Bay (Fig 1d). In the Selenga shallows, the
concentrations of sulfate and chlorine anions were gen-
erally close to the values in Lake Baikal’s background
sites (Fig. 1a, d); at 16–18 cm, however (below the zone
of colorless sulfur bacteria), elevated concentrations of
chlorine ions were found (102.9 

 

µ

 

M). The elevated
content of sulfate and chloride ions in Baikal sediments
result from discharge of deep, more mineralized fluids
[15, 18, 19]. Their high concentrations were revealed in
the vicinity of the hydrothermal spring in the Frolikha
Bay and around the mud volcanoes and natural oil man-
ifestations. In the regions with undisturbed sedimenta-
tion, pore water inherits the composition of the lake
water with low mineralization [20], a sulfate content
not above 52 

 

µ

 

M, and chloride content of 11 

 

µ

 

M [21].
Our data demonstrate that in the zones of 

 

Thioploca

 

development mineralized fluids enriched with either
sulfate, chloride, or both, are discharged.

In the pore water of 

 

Thioploca

 

 habitats, nitrates
were found; their concentration was usually below the
detection limit. Nitrates were detected only in 4% of
313 pore water samples from different parts of Lake
Baikal collected after 2003. Their maximal concentra-
tion did not exceed 560 

 

µ

 

M. In 1997, nitrates were not
detected in the Frolikha Bay sediments. In 2003, their
concentration in the Selenga shallows, Barguzin Bay,
and Frolikha Bay was 19.4, up to 500, and 19.4 

 

µ

 

M,
respectively in the 

 

Thioploca-

 

containing zone and
below.

Sulfide was revealed only in the deep part of the Fro-
likha Bay in individual samples and at low concentra-
tions (the maximal value was 2.35 

 

µ

 

M) (Table 2).

 

Morphological characterization of 

 

Thioploca

 

spp. from different regions in Lake Baikal.

 

 The col-
orless sulfur bacteria obtained from the samples form a
common sheath containing from 2 to 21 filaments. The
terminal cells of the filaments are tapered or rounded
(Fig. 2a). Sulfur globules are present within the cells,
along the cell periphery. The vacuoles occupy a signif-
icant part of the cell (Fig. 2b). Nitrates are accumulated
within the vacuoles. Individual bacterial filaments are
capable of moving independently within the sheath. In
the sediments, mainly from the Frolikha Bay, a number
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Fig. 1.

 

 Anion concentrations in bottom sediments: a, Selenga shallows, 14 m; b, Frolikha Bay, 125 m; c, Frolikha Bay, 403 m;
d, Barguzin Bay, 200 m; e, background station Southern Baikal, 1300 m. Nitrate (

 

1

 

), chloride (

 

2

 

), sulfate (

 

3

 

), hydrocarbonate (

 

4

 

).
For plates a, b, and c: Y axes, sediment depth, cm; upper X axes, sulfate and chloride concentrations; lower X axes, nitrate concen-
tration. For plate d: Y axis, sediment depth, cm; upper X axis, sulfate and nitrate concentrations; lower X axis, chloride concentra-
tion. For plate d: Y axis, sediment depth, cm; upper X axis, sulfate concentration; lower X axis, hydrocarbonate concentration.

 

of long colorless 

 

Thioploca

 

 filaments with adjoining
smaller filaments were found. Short filaments were
located both on the surface and inside the lipopolysac-
charide sheaths. Most of the short filaments contained
no sulfur granules. Some of the 

 

Thioploca

 

 had two to
three filaments covered with a thin and transparent
sheath. Inside these cells, vacuoles and sulfur inclu-
sions were clearly visible. The trichomes in the sedi-
ments were oriented vertically. Their highest content
was found in the upper sediment layer (2 cm). The
depth of bacterial penetration into the sediments in the
Frolikha Bay, Selenga shallows, and Barguzin Bay was
19, 6, and 5 cm, respectively.

 

Thioploca

 

 spp. from different regions of Lake
Baikal had two ranges of filament diameter, 2.0–4.5 

 

µ

 

m
(characteristic of 

 

T. ingrica

 

) and 5.0–10.7 

 

µ

 

m (charac-
teristic of 

 

T. schmidlei

 

 according to classification [9,
13]). The presence of two morphotypes of different
sizes was statistically confirmed (Table 1, 

 

n

 

 = 2306
measurements). Bacteria from the Barguzin Bay were
the most variable morphologically; the coefficient of
variation for the sheath internal diameter, trichome
diameter, and cell length was 66, 37, and 47%, respec-
tively. The morphological characteristics of the Frol-
ikha Bay bacteria varied less (Table 1). Similar to the
Barguzin Bay, two types of filament diameter charac-
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(b)

S0

V

(a)

Fig. 2. a, Thioploca filaments; tapered ends of individual fil-
aments are visible. Two or more filaments were present in a
sheath. b, Individual Thioploca filament; sulfur globules
(S0) and vacuoles (V) are visible. Scale bar, 10 µm.

teristic for T. ingrica and T. schmidlei were found in the
Frolikha Bay (Fig. 3a). In 2003, bacteria from the Fro-
likha Bay had the greatest trichome diameter (5.0 µm)
and the highest number of filaments per sheath (13)
(Table 1). In 1997, Thioploca filaments of even greater
diameter were observed. The number of filaments per
sheath reached 21.

Bacteria from the Selenga shallows were the least
variable in morphology; the filament diameters follow
the typical Gaussian distribution pattern. Thus, one
morphotype (T. ingrica) was present only in the
Selenga shallows (Fig. 3b).

In other regions of Lake Baikal, the Thioploca com-
munity of different dimensions is evident; it contains at
least two morphotypes. In the Barguzin Bay (Fig. 3a)
and the deep part of the Frolikha Bay (Fig. 3c), 77 and
71% of the Thioploca sheaths contained filaments of
1−4.5 µm in diameter characteristic of the species
T. ingrica. In the coastal part of the Frolikha Bay
(Fig. 3d), most of the population (69%) consisted of
larger filaments (5–11 µm in diameter) characteristic of
T. schmidlei.

In order to confirm our conclusions on the morpho-
logical classification of one of the Thioploca sp. sam-
ples from the deep part of the Frolikha Bay as T. ing-
rica, the nucleotide sequence for the 16S rRNA gene
was analyzed. Experiments on DNA isolation from Thi-
oploca cells were carried out with all the populations
under study; however, nucleotide sequences of color-
less sulfur bacteria have been presently obtained only
for the deep part of the Frolikha Bay. Phylogenetic
analysis of this sequence demonstrated that the ana-
lyzed Thioploca sp. morphotype (average filament
diameter 4.0 µm) fits into the clade of freshwater spe-
cies and is most closely related to Thioploca ingrica,
together with those isolated from Lakes Biwa and Con-
stance (Fig. 4). As was noted in [8], these freshwater
bacteria formed a clade different from marine Thi-
oploca and Beggiatoa. On the phylogenetic tree, the
16S rRNA gene sequence of the Thioploca from the
deep part of the Frolikha Bay occupies an intermediate
position between the relevant Thioploca sequences
from Lakes Biwa and Constance; the difference in the
investigated fragments are one nucleotide. We also
investigated the 16S rRNA gene sequence of a differ-
ent-size Thioploca population from the deep part of the
Frolikha Bay. High similarity (99.1%) with freshwater
T. ingrica was revealed.

(a) (b)

(c) (d)

Fig. 3. Content of the Thioploca filaments of different diam-
eter in Baikal sites. a, Barguzin Bay, 23% filaments with
5.0–11.0 µm diameter (light sector), 77% filaments with
1.0–4.5 µm diameter (shaded sector); b, Selenga shallows;
100% filaments with 1.0–4.5 µm diameter; c, Frolikha Bay,
403 m, 29% filaments with 5.0–11.0 µm diameter (light sec-
tor), 71% filaments with 1.0–4.5 µm diameter (shaded sec-
tor); d, Frolikha Bay, 125 m, 69% filaments with 5.0–
11.0 µm diameter (light sector), 31% filaments with 1.0–
4.5 µm diameter (shaded sector).
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Lucionoma aequizonata symbiont (M99448)
Codakia orbicularis symbiont (M99447)

Lucina floridana symbiont (L25707)
Riftia pachyptila symbiont (M99451)
Thyasira flexuosa symbiont (L01575)

Anodontia phillipiana symbiont (L25711)
Solemya velum symbiont (M90415)

Solemya occidentalis symbiont (U41049)
Solemya reidi symbiont (L25709)

Halorhodospira halophila (AJ278688)
Halorhodospira halochloris (M59152)

Chromatium teridum (M59150)
Allochromatium vinosum (M26629)

Allochromatium sp. HK13(AF129557)
Allochromatium sp. HK9 (AF129556)

Thiomicrospira sp. (AF064544)
Thiomicrospira crunogena (AF064545)
Lencothrix mucor (X87277)

Thiothrix eikelboomii (AB042542)
Thiothrix unzii (L79961)

Thiothrix nivea (L40993)
Thiothrix ramoza (U32940)

uncultured Thiothrix sp. (AJ548919)
Thiothrix sp. (AF148516)

Thiothrix sp. Lake Baikal (DQ780007)

Thiothrix fructosivorans (L79963)

Thiothrix fructosivorans (L79962)

Bathymodiolus thermophilus symbiont (M99445)
Vesicomya chordate symbiont (L25713)
Calyptogena magnifica symbiont (M99446)

Halothiobacillum hydrothermalis (M90662)
Thioploca sp. Lake Biwa (AF452892)

Thioploca sp. Lake Baikal (DQ338566)
Thioploca sp. Lake Constance (AY115530)
Thioploca ingrica (L40998)
White Point filamentous bacterium
California; (AY496953)

uncultured Beggiatoa sp. (AB108786)
uncultured Beggiatoa sp. (AF532769)

Beggiatoa sp. Conception Bay (AF035956)
Thiomargarita namibiensis (AF129012)

Thioploca chileae (L40999)
Thioploca araucae (L41043)

Acidithiobacillus ferrooxidans (X75268)
Acidithiobacillus thiooxidans (M794401)
Acidithiobacillus caldus (Z29975)

Desulfosarcina variabilis (M34407)
Rimicaris exoculata ectosymbiont (U29081)
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Fig. 4. Phylogenetic tree for Thioploca from the Frolikha Bay, Lake Baikal constructed using neighbor-joining analysis of 16S
rRNA gene sequences. The Baikal Thioploca sequence is underlined, other sequences were obtained from the databases. Bootstrap
values above 70% are displayed. The scale represents 0.1 nucleotide substitutions per site.

DISCUSSION

The bottom sediments inhabited by Thioploca have
low contents of H2S and O2. In the zone of development
for these bacteria, sulfide is often not determined ana-
lytically; however, the presence of sulfur in Thioploca
spp. cells suggests its diffusion from underlying bottom

sediments. Since sulfate reduction in the lake sediments
is limited by low sulfate concentrations, sulfide forma-
tion in Lake Baikal can not be significant [22]. Elevated
content of this ion in bottom sediments was observed
only in the discharge zones of subterranean fluids [15,
21, 23]. In these regions, a low redox potential is



122

MICROBIOLOGY      Vol. 78      No. 1      2009

ZEMSKAYA et al.

T
ab

le
 1

.  
M

or
ph

ol
og

ic
al

 p
ar

am
et

er
s 

of
 th

e 
co

lo
rl

es
s 

su
lf

ur
 b

ac
te

ri
a 

T
hi

op
lo

ca
 f

ro
m

 d
if

fe
re

nt
 r

eg
io

ns
 in

 L
ak

e 
B

ai
ka

l

B
ai

ka
l r

eg
io

ns

Fi
la

m
en

ts
 

pe
r 

sh
ea

th
Sh

ea
th

 
di

am
et

er
B

un
dl

e 
di

am
et

er
, µ

m
T

ri
ch

om
e 

di
am

et
er

, µ
m

C
el

l l
en

gt
h,

 µ
m

M
in

.
 M

ax
.

M
in

.
 M

ax
.

M
in

.
 M

ax
.

x
σ2

v
n

M
in

.
 M

ax
.

x
σ2

v
n

M
in

.
 M

ax
.

x
σ2

v
n

Se
le

ng
a 

sh
al

lo
w

s,
 1

4 
m

2
7

21
.5

89
.1

2.
7

27
.7

10
.5

32
.4

54
.3

34
0

1.
5

4.
2

2.
8

0.
26

18
.2

38
7

1.
0

5.
7

2.
7

0.
6

29
.3

53
6

Fr
ol

ik
ha

 B
ay

, 1
25

 m
1

13
10

.4
65

.3
5.

2
45

.5
16

.6
72

.2
55

.4
28

0
2.

2
10

.7
5.

0
1.

6
25

.2
36

3
1.

37
11

.1
4.

1
3.

1
42

.9
44

4

Fr
ol

ik
ha

 B
ay

, 4
03

 m
2

13
10

.8
12

4.
6

2.
5

47
.3

18
.4

12
5.

5
63

.6
33

3
1.

6
7.

4
4.

0
1.

2
27

.6
46

5
1.

2
8.

9
3.

3
1.

5
37

.2
44

1

B
ar

gu
zi

n 
B

ay
, 2

00
 m

2
7

23
4.

0
23

3.
4

3.
9

56
.4

12
.5

63
.6

65
.6

33
3

1.
4

9.
4

3.
7

1.
8

36
.5

10
90

1.
0

11
.9

3.
9

3.
4

47
.1

72
1

Fr
ol

ik
ha

 B
ay

*,
 4

00
 m

 
(d

at
a 

of
 1

99
1)

–
–

–
–

–
–

–
–

–
6.

5
10

.5
7.

5
–

–
–

–
–

–
–

Fr
ol

ik
ha

 B
ay

, 4
05

 m
 

(d
at

a 
of

 1
99

7)
1

21
10

0.
0

20
0.

0
15

.0
50

.0
–

–
–

2.
5

5.
0

–
–

–
–

–
–

–
–

Fr
ol

ik
ha

 B
ay

, 3
2 

m
 

(d
at

a 
of

 1
99

7)
1

3
17

.0
28

.0
17

.0
28

.0
–

–
–

2.
0

4.
3

–
–

–
–

–
–

−

N
ot

e:
x 

is
 th

e 
av

er
ag

e 
va

lu
e;

 σ
2  is

 th
e 

st
an

da
rd

 d
ev

ia
tio

n;
 v

 is
 th

e 
co

ef
fic

ie
nt

 o
f 

va
ri

at
io

n;
 n

 is
 th

e 
nu

m
be

r 
of

 m
ea

su
re

m
en

ts
; “

–”
 s

ta
nd

s 
fo

r 
no

t d
et

er
m

in
ed

.
   

   
  *

T
he

 1
99

1 
sa

m
pl

es
 w

er
e 

ob
ta

in
ed

 b
y 

m
an

ne
d 

su
bm

er
si

bl
es

 [
4]

.



MICROBIOLOGY      Vol. 78      No. 1     2009

COLORLESS SULFUR BACTERIA Thioploca 123

detected (Eh from –152 to –390 mV) and microaerobic
conditions are established. In the Frolikha Bay, as well
as in the Selenga and Barguzin estuaries where organic
matter is actively decomposed, colorless sulfur bacteria
of the genus Thioploca were revealed only in the local
zones of discharge for mineralized deep fluids, usually
enriched with chloride and/or sulfate ions [14]. This
may be the reason for the patchiness of Thioploca bac-
terial mats in the investigated areas.

According to the data in [9, 13, 24], oxygen influ-
ences the development of Thioploca. Differences of the
oxygen regime were observed in the near-bottom zone
of Lake Baikal where these bacteria dwell. In the
Selenga shallows, oxygen content in the near-bottom
zone was below 10% of saturation. The population was
uniform in size and contained one morphotype. Bacte-
ria in these sediments occurred to the depth of 6 cm; tri-
chome size, sheath size, and cell length were lower than
in other regions. The conditions of the near-bottom
layer in the Selenga shallows (low oxygen content) pos-
sibly limit the growth of sulfur bacteria. In the Frolikha
Bay and Barguzin Bay, oxygen content in the near-bot-
tom zone was relatively high; bacteria with trichomes
of at least two morphotypes were revealed there. How-
ever, the redox values of the surface sediment layer
inhabited by Thioploca correspond to microaerobic
conditions.

The known Lake Baikal Thioploca have less tri-
chomes per sheath and are more variable in size than
other freshwater forms [8]. This is probably the result
of different intensity of deep fluid influx, which is the
major factor limiting these organisms in Lake Baikal.

Only one species of colorless sulfur bacteria is
found in freshwater environments [5, 6, 8]. T. ingrica is
the most widespread species found in practically all
investigated freshwater lakes. The species T. schmidlei
was described earlier, in 1907, from Lake Constance
[3]. This species is presently not found in this lake by
its morphological characteristics or by its 16S rRNA
gene structure. Recent research revealed only the pres-
ence of T. ingrica [8].

In 1991, the colorless sulfur bacteria Thioploca iso-
lated from the sediments in the Frolikha Bay hydrother-
mal vent were identified as T. schmidlei by their mor-
phological characteristics [4]. Our present data on Thi-
oploca morphology in different biotopes of Lake
Baikal indicate the presence of at least two morpho-
types. Sulfur bacteria with the filament diameter char-
acteristic of T. ingrica (1.0–4.5 µm) constitute the
majority of the population in the deep parts of the Fro-
likha Bay and the Barguzin Bay (71 and 77%) and the
whole population of the Selenga shallows (100%).
Only in the shallow part of the Frolikha Bay most of the
population (69%) had the filaments of diameter charac-
teristic for T. schmidlei (5.0–11.0 µm). All sulfur bacte-
rial morphotypes contained intracellular sulfur gran-
ules and big vacuoles. The presence of common sheaths
in short Thioploca filaments containing no sulfur glob-
ules suggests intense growth of this organism during
the sampling period. Existence of two morphotypes of
colorless sulfur bacteria Thioploca is therefore insuffi-
cient to consider them different species. Determination
of their exact phylogenetic state requires further
research in the structure of 16S rRNA genes in Thi-
oploca from different biotopes. Apart from their geo-
graphical remoteness, Thioploca from Lakes Biwa,
Constance, and Baikal have the same morphological
and genetic characteristics [8, 14]. The similarity is
99.9%. Our data are insufficient to determine whether
one or two Thioploca species inhabit Lake Baikal, and
16S rRNA gene analysis of different morphotypes is
required for this purpose. However, our results for the
16S rRNA gene sequence of sulfur bacteria from the
deep part of the Frolikha Bay are not different from the
similar sequences of known freshwater species. They
may therefore be classified as a widespread freshwater
species T. ingrica. The morphological variability of
colorless sulfur bacteria in different regions results
probably from the rate of sulfide supply with fluids and
the presence of metabolically necessary carbon. Devel-
opment of colorless sulfur bacteria in the regions of dis-
charge of underwater mineralized fluids suggests their
application as biomarkers to reveal these zones in the
lake. In such regions, Thioploca may act in these

Table 2.  Physicochemical characteristics of the sediments containing colorless sulfur bacteria Thioploca

Physicochemical 
parameters

Baikal regions

Selenga shallows, 14 m Frolikha Bay, 125 m Frolikha Bay, 403 m Barguzin Bay, 200 m

pH 6.86–7.08 7.08–7.26 7.00–7.52 7.14

Eh, mV –258…–323 –227…–390 –152…–201 –181

T, C° – 9.0 – 8.1

Oxygen concentration in 
the near-bottom water, µM

57.8 275.0 283.1 279.1

Sulfide concentration, µM – Bd 0–2.35 Bd

Note: “–” stands for not determined; Bd, below detection limit.
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regions as a biological filter providing sulfide detoxifi-
cation and may thus maintain the purity of Lake Baikal
water.
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