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Forecasting the abundance of phototrophic sulfur bacteria in lakes is very important because 1) these
bacteria are major consumers of hydrogen sulfide, and 2) fossil carotenoids of these bacteria are
retrospective biomarkers of limnological conditions. Therefore, understanding the factors controlling
the dynamics of the abundance of phototrophic sulfur bacteria in a lake is necessary both for the
prediction of hydrogen sulfide content and for paleo-limnological reconstruction. Based on long-
term monitoring of the abundance of purple sulfur bacteria (PSB) in the saline meromictic Lake
Shira (South Siberia, Khakassia), we proposed a hypothesis that relatively small changes in water
temperature in the cold deep chemocline affect the PSB abundance in the lake. We tested this hypothesis
experimentally. The purple sulfur bacterium Thiocapsa sp. Shira_1 (Chromatiaceae) from Lake Shira
(South Siberia, Russia) was grown on a sulfide-containing synthetic medium under anoxic conditions
in batch culture at low temperatures, from -1°C to +8°C, which were similar to in situ temperatures
observed in the chemocline of Lake Shira. The cell growth rate at +8°C was similar to the growth
rate at room temperature, whereas there was no growth at -1°C and +5°C. Therefore, the variations
in the biomass of purple sulfur bacteria (PSB) observed in Lake Shira could be caused by variations
in chemocline temperature. The high correlation between chemocline temperature and PSB biomass

supported this conclusion.
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Poct mypnypHbIx cepHbIX OakTepuii Thiocapsa sp. Shira_1
NPH HU3KUX TeMIlepaTypax,

XapaKTepHBIX JJI XeMOKJIHHA o3epa Illupa

I.10. Poro3un®™®, B.B. 3bikoB?, M.O. TapHoBcKuii*
“‘Uncmumym ouogpuszuxu CO PAH

QUL «Kpacnospckuu nayunsii yenmp CO PAHy
Poccus, 660036, Kpacrnosipck, Axademeopoook, 50/50
*Cubupcrutl ¢hedepanvHblil yHUGepcumem

Poccus, 660041, Kpacnosipck, np. Ceob600mbiii, 79

Ilpocnos  Ounamuxu — yucieHHocmu  GOMoOmpopuvlx  cephblx — bakmepuili 6  NPUPOOHBIX
CmpamupuyupoB8anHbIX 6000EMAX NPUZHAH 8ANCHOU 3a0ayell. Bo-nepevix, dannas epynna baxmepuil —
OCHOBHOU nompedumens ceposooopodd, KOMOpslll AEASAEMC sl MOKCULECKUM U OATbHeOI02UHeCKUM
KOMnoHenmom. Bo-emopuix, xapomunoudvl (pomompoguelx cepuvix Oaxmepuil, 3aX0pPOHEHHbIE 8
OOHHBIX OMILOANCEHUSIX, UCTIONL3YIOMCSL 8 KAdecmae OUOMAPKePos NPOuIbLX cOCMosanull osepa. Takum
0bpazom, 3Hanue akmopos, KOHMPOIUPYIOWUX AKMUGHOCHb (HOMOMPOPDHbIX cephblx baxmepuil,
HE0OX00UMO Kak Osi NPOSHO3d KOHYEHMpPAayuu cepogooopood, max u O NAieOKIUMAMULECKUX
pexoncmpykyuil. Ha ocnose muozonremuux HaOM00eHUll 30 OUHAMUKOU YUCTEHHOCHU NYPRYPHbLX
cepuvix baxmepuil (IICE) 6 conenom mepomuxmuueckom ozepe Llupa (102 Cubupu, Xaxacus) namu dviia
6bI0GUHYIMA 2UNONE3A O MOM, YO HeDObULUE 8APUAYUU MEMNEPANMYPbL 600bL 6 XOLOOHOM U 21YOOKOM
Xemoxaune ozepa enusiom Ha yuciennocms IICB. s nposepku 5motl eunomesvl HAMU UCCIEO08AH
pocm wmamma nypnypHuix cepruolx oaxmepuit Thiocapsa sp. Shira_1 uz mepomuxmuueckoz2o coieHoco
o3epa Lllupa 6 nepuoouuecxoii Kynomype npu memnepamypax om munyc 1 0o 8 °C, xapaxmepmnwix 0/
30HbL XeMOKIUHA OAHHO20 03epa. bakxmeputl pipawueaiu npu nOCMOSHHOM 0CEeUeHUL 8 AHAIPOOHBLX
VCA0BUSIX HA CUHMEMU4ecKoll cpede ¢ dobasienuem ceposodopooa. Ilokazano, umo pocm 0aHHO20
wmamma npu 8 °C He omauuancs om makogozo npu KOMHAMHOU memnepamype, moz2od Kax npu
memnepamypax munyc 1 u 5 °C docmosepnulii pocm omcymcemeosal. Pesynomamur sxcnepumenma
Cc8UOemeNbCMEYIOM, YUMo NOBbIUEHUE MeMNepamypsl 8 30He XeMoKauHa ozepa 0o 8 °C sasisemcs
Gaxkmopom, cnocobcmeyIowUM y8eaIuteHuI0 YUCIeHHOCIU NORYASAYUL dJMUX 6akmepuil 6 ozepe, 4mo

coenacyemcs ¢ MHO2OJAemHumu HAONI0OCHUSAMU.

Kurouesvie cnosa: nypnypnvle ceprvle Oakmepuu, XeMOKIUH, MeMNepamypd, nepuoouyeckas

Kyabmypa, KyJlbmueupoeaHue.

Introduction reduced sulfur compounds as electron donors.

Purple sulfur bacteria (PSB), as well as
green sulfur bacteria (GSB), are phototrophic
that
photosynthesis using hydrogen sulfide and other

microorganisms perform  anoxygenic

Therefore, the ecological niche of these bacteria is
associated with the presence of both sunlight and
hydrogen sulfide. In the present-day biosphere,

such conditions can be found in water or on the
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surface of bottom sediments of stratified water
bodies: the sunlight penetrates to this depth,
but oxygen is absent, while hydrogen sulfide, a
product of bacterial sulfate reduction, is present.
These conditions characterize the chemocline of
meromictic lakes, at the upper boundary of the
hydrogen sulfide zone (oxic-anoxic interface)
(Gorlenko et al., 1977; Pfennig, Triiper, 1989).

It is extremely important to predict hydrogen
sulfide concentration in such water bodies, as
that hydrogen sulfide acts as a balneal component
(Malakhov et al., 1963). To predict hydrogen
sulfide concentration, one should be able to
predict the activity of PSB, which are the main
consumers of this compound. In Lake Shira,
which experiences harsh continental climate
and which is situated in southern Siberia (the
North-Minusinsk Depression, the Republic of
Khakassia), the chemocline zone is located at
depths between 11 and 16 m, where the water
temperature remains low, 2-4°C on average,
throughout the year. In some years, however,
the temperature varies more widely, between
-0.5°C and +8°C, and PSB biomass changes as
well (Rogozin et al., 2016). Thus, based on the
correlation between PSB and temperature, we put
forward the hypothesis that PSB in Lake Shira
are sensitive to temperature variations within the
range mentioned above. Because in nature, PSB
activity may be influenced simultaneously by a
number of important factors (light, pH, salinity,
etc.), we tested this hypothesis under controlled
laboratory conditions.
of this

investigate

The purpose study was to
PSB

dynamics at low temperatures corresponding

experimentally growth
to the temperature range in Lake Shira and to
determine whether bacterial cells responded to a
rise in temperature of a few degrees Celsius near
zero, e.g., to +8°C, with a statistically significant
The
performed with the PSB strain that dominated in

numerical increase. experiment was

Lake Shira over the monitoring period, between
2002 and 2017 (Lunina et al., 2007; Rogozin et
al., 2010; Rogozin, unpublished).

Materials and Methods

The experiment was performed with the
strain of purple bacterium Thiocapsa sp. Shira_1
(Chromatiaceae), which we had previously
isolated from the anaerobic zone of Lake Shira
(AJ633676 in EMBL/GenBank) (Rogozin et al.,
2010).

Bacterial cells were grown on a synthetic
liquid medium imitating the ionic composition
of Lake Shira, g L': MgSO, — 11.67; NaCl —
2.24; Na,SO, — 7.43; MgCl, — 0.22; CaCl, — 0.2;
KH,PO, — 0.16; NH,Cl — 0.76; Na,S — 0.099;
NaHCO; - 0.67; vitamin B, — 0.02; Sl;, — 1 ml L"!
(Pfennig, Triiper, 1989).

Bacterial cells were cultured in 150-ml
sealed glass syringes (Janet’s syringes); the
culture had been grown in a flask and inoculated
into the syringes during the exponential growth
phase, at a temperature of +21°C (Fig. 1). The
light source was a daylight fluorescent tube, and,
thus, all syringes received equal amounts of light.
Cultivation was conducted under continuous
light, with light intensity on the surface of the
syringes of 670 1x. The syringes were placed into
a bath containing a 6% NaCl solution (to prevent
freezing), and bath temperature remained constant
through use of a KRIO-VT universal continuous-
flow cryostat (Termex, Russia). The temperature
in the bath did not vary by more than +0.4°C
during the experiment. A separate experiment
with bacterial culture was conducted at each
temperature (-1, +5, +8°C). At a temperature of
-1°C, the experiment was run in triplicate (three
syringes), and at temperatures of +5 and +8°C,
the experiments were run in duplicate. In each
experiment, to control viability of the cells, one
additional (control) syringe was placed into a

bath that contained the same salt solution but at
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Fig. 1. A schematic diagram of the apparatus for cultivation of purple sulfur bacteria at low temperature. 1, 2,
3 — syringes submersed into the temperature stabilized 6% NaCl solution. K is the reference syringe submersed

into the 6% NaCl solution at +21°C

a temperature of 21£1°C, which is known to be
favourable for this strain. Hydrogen sulfide was
added as 5 ml of the 3.5% Na,S-9H,0O solution at
the beginning of each experiment, simultaneously
with the inoculation. Thus, in each experiment,
both the treatment and control syringes were kept
under the same conditions, with the exception of
temperature. The experiment at the temperature
of -1°C was terminated earlier than the other
experiments (at Day 6) due to failure of the
thermostat.

To determine PSB cell numbers, samples of
suspension were periodically removed from the
syringes by pushing the plunger in. The number
of cells was determined by converting suspension
optical density to cell number. Optical density
of suspension was measured using a UVIKON
943 spectrophotometer (Kontron, Italy), at a
wavelength of 830 nm, which corresponds to
the absorption maximum of bacteriochlorophyll
a (Overmann et al., 1991). The conversion
formula was obtained by linear regression of
the data of microscopic counts. The cells were
counted in four samples of suspension, which
differed in their optical density (Fig. 2). To
count cells, suspension was diluted by a factor
of 30 with the synthetic medium supplemented

with 0.6 ml formalin. Two millilitres of each

diluted suspension was passed through a black
polycarbonate filter (pore size 0.2 pm). Cell
nuclei were visualized using a solution of
4’,6-diamidino-2-phenylindole (DAPI), 15 pum
of which was poured onto the filter and kept in
the dark room for 20 min. For each of the four
samples of suspension with the measured optical
density, cells were counted in 20 different fields
of the filter at x1000 magnification under a
CarlZeiss FL40 fluorescence microscope. Cell
numbers in the graphs are given as the means
+ standard deviation of the mean for P = 0.95.
Statistical significance of bacterial growth
was estimated using single-factor analysis of
variance with F-test at 95% confidence level
(Lakin, 1980). Statistical analysis was done

using STATISTICA 10 software.

Results and Discussion

The the

density of cell suspension and cell number was

relationship between optical
adequately described by the linear function
(* = 0.85) (Fig. 2), justifying the use of the
spectrophotometric method to estimate the
number of PSB cells in this experiment.

Using linear regression, we obtained a
formula for calculating the number of cells for
probability P = 0.95:
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X = (2941 + 1.45) ODg; — (1.57 % 0.55)

where X is cell number (10° cells ml™) and ODy;,
is optical density of the suspension.

In each experiment, a significant increase
in cell numbers was observed in control syringes
in the first 36 h (Fig. 3), suggesting that the
composition of the medium was favourable for
cell growth and that the inoculum was sufficiently
physiologically active. At temperatures of -1°C
and +5°C, no significant increase in cell numbers
was noted, suggesting the unfavourable effect of
the low temperatures in this range on cell growth
(Fig. 3 A, B). However, cells grown at +8°C

showed a significant numerical increase, which

y=29.41x-1.57
R2?=0.85

was comparable to that observed in the control
syringe (Fig. 3 C). Specific growth rate, estimated
on the assumption of exponential growth, was
approximately 0.04 h' at +8°C and +21°C in the
first 12 h. In all syringes where cell numbers
had been increasing, cell growth slowed down
or stopped after 48 h, likely because of sulfide
depletion (sulfide concentration in the syringes
was not measured), the self-shading effect in the
dense culture, and other possible bottle effects
(changes in the composition of the medium, pH,
etc.) that occur in batch culture.

Thus, the present study shows that the
PSB strain tested in experiments is sensitive to

the insignificant temperature variations in the
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Fig. 2. Abundance of purple sulfur bacteria vs. optical density at 830 nm
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Fig. 3. Dynamics of PSB abundance in three experiments at different temperatures: A: -1°C; B: +5°C; C: +8°C; in
each experiment, the reference sample was cultivated at +21°C
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chemocline of Lake Shira, and its growth rate at
+8°C is similar to that at room temperature. The
experimental data reported in a study by Parker
et al. (1983) suggested that specific growth rate
of the PSB Lamprocystis roseopersicina, whose
ecophysiological and phylogenetic characteristics
are similar to those of our strain, increased by a
factor of 1.3 as the temperature rose from 0°C to
+5°C and decreased at +15°C. However, we have
not found any experimental data for temperatures
below 0°C, and a more exact optimal temperature
for that strain is not known.

The similar growth rates of our strain at
+8°C and at room temperature (Fig. 3 C) suggest
that our strain has adapted to low temperatures
characteristic of its habitat. However, at or below
+5°C, no growth is noted, suggesting this strain
is very sensitive to small temperature variations
in the range characteristic of the chemocline of
Lake Shira.

In a previous study, we showed that PSB
numbers in Lake Shira correlated positively with
the temperature in the chemocline; namely, PSB
numbers were extremely low in 2010, at -0.5°C,
and, by contrast, exceptionally high in 2007, at
+8°C (Rogozin et al., 2016). A significant positive
correlation between the temperature in the
chemocline and PSB numbers was observed both
in the season when the water was covered with
ice and in the open water season. The highest
temperature was recorded in summer 2007 (about
+8°C) and the lowest in winters of 2003, 2010, and
2012 (-0.5°C); in 2003 and 2010, the temperature
did not rise above 0°C even in summer (Rogozin
et al., 2016).

Temperature variations were caused by year-
to-year variations in mixing of water masses,

which was confirmed by strong correlation
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