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Our objective was to determine if the Lake Baikal endemic gastropod Benedictia limnaeoides ongurensis, which
inhabits in stable cold waters expresses a thermal stress response. We hypothesized that the evolution of this
species in the stable coldwaters of Lake Baikal resulted in a reduction of its thermal stress-responsemechanisms
at the biochemical and cellular levels. Contrary to our hypothesis, our results show that exposure to a thermal
challenge activates the cellular and biochemical mechanisms of thermal resistance, such as heat shock proteins
and antioxidative enzymes, and alters energetic metabolism in B. limnaeoides ongurensis. Thermal stress caused
the elevation of heat shock protein 70 and the products of anaerobic glycolysis together with the depletion of
glucose and phosphagens in the studied species. Thus, a temperature increase activates the complex biochemical
system of stress response and alters the energetic metabolism in this endemic Baikal gastropod. It is concluded
that the deepwater Lake Baikal endemic gastropod B. limnaeoides ongurensis retains the ability to activate
well-developed biochemical stress-response mechanisms when exposed to a thermal challenge.

© 2013 Elsevier Inc. All rights reserved.
1. Introduction

Temperature is one of the major environmental factors that influ-
ence all aquatic organisms. The temperature limits within which a
species can successfully live are different, and for some species the
limits can be very narrow. This range is primarily supported by the
metabolic scope and the activity of stress-response mechanisms
(Somero, 2002; Pörtner and Knust, 2007; Pörtner, 2010).

Different cellular mechanisms are involved in the maintenance of
physiological homeostasis within the temperature range of a species.
The most important of them is heat shock proteins, the antioxidative
system and themechanisms of alterations of general energetic metabo-
lism (Viarengo et al., 1995; Blokhina et al., 2003; Chown and Storey,
2006; Timofeyev et al., 2008, 2009; Arad et al., 2010; Bedulina et al.,
2010a; Pöhlmann et al., 2011; Mizrahi et al., 2012; Qian et al., 2012).
These mechanisms allow an organism to overcome the negative conse-
quences of thermal stress, including the accumulation of free radicals,
protein degradation and energy depletion (Pörtner et al., 1999;
Hofmann, 2005; Afonso et al., 2008; Tomanek, 2010).

In previous studies, it was shown that those species that evolved
under thermally constant conditions have a decreased ability to cope
with stress due to the reduction of basic cellular stress-response
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mechanisms. Such a reduction can be found in several Antarctic species
(fishes, sea stars, gammarids, ciliates) and some thermosensitive
hydrozoa that lost the heat-inducible expression of heat shock proteins
(HSP) (Bosch et al., 1988; Brennecke et al., 1998; Hofmann et al., 2000,
2005; La Terza et al., 2007; Clark et al., 2008). Also, in Lake Baikal, deep-
water amphipods have a reduced ability to activate antioxidant
enzymes upon oxidative stress (Timofeyev et al., 2006). Therefore, the
question of whether the reduction of a stress response is a common
result of the evolution of animals in a thermally constant environment
should be considered.

The endemic fauna of Lake Baikal is a promising object for such
study. Lake Baikal in southeastern Siberia is the oldest and deepest
freshwater body on earth, containing approximately 20% of the earth's
liquid fresh water (Kozhova and Izmest'eva, 1998). The lake has an
estimated age of 25–30 million years, and environmental conditions
of the open water and deep-water zones have remained similar
to their current states for the last 2 million years (Kozhova and
Izmest'eva, 1998). The ecosystem of Lake Baikal is unique. To date,
2595 animal species have been described from Lake Baikal, with
80% of them being endemic. Gastropods (Gastropoda, Mollusca) are
one of the largest groups of macroinvertebrates, represented by 148
species and 24 subspecies (Kozhova and Izmest'eva, 1998; Timoshkin
et al., 2001).

Lake Baikal has specific abiotic characteristics: high oxygen content
throughout the entire water column, stable, low water temperatures
with long seasonal ice coverage and oligotrophic conditions.
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Environmental conditions below 30–50 m are characterized by very
narrow fluctuations in temperature (3.5 to 6 °C at depths of 30–100 m
and a constant temperature of 3.5 °C at depths below 100 m), constant
oxygen concentrations and hydrochemical composition, and super-
oligotrophic conditions (Kozhova and Izmest'eva, 1998). A rich fauna
of endemic animals inhabits these depths, including dozens of gastropod
species. The fauna of endemic gastropods in Baikal is suggested to be
younger than 2–4 million years (Sherbakov, 2008). The evolution of
deepwater gastropods in Lake Baikal is linkedwith the period of the for-
mation of deepwater zones.

The adaptive evolution of gastropods along a gradient of environ-
mental change could be related to the reduction of thermal fluctuation
in their environment. We hypothesize that evolution in the stable
thermal conditions of the Baikal sublittoral and deepwater zones could
cause the reduction of the primary biochemical and cellular stress-
response mechanisms in endemic gastropods inhabiting such zones.
Our objective was to expose the animals inhabiting these thermally
stable conditions to a thermal challenge to estimate whether they are
able to express a thermal stress response.
2. Materials and methods

2.1. Animals

The endemic gastropod Benedictia limnaeoides ongurensis (Kozhov,
1936) was chosen as the object for this study. This species is omnivo-
rous and typically inhabits sand–silt substrates with detritus across a
wide depth range from 5 to 120 m (Sitnikova et al., 2004). This species
can be acclimated to laboratory conditions and live therewithout loss of
activity and feeding rate. So, high vertical and horizontal distribution,
and dissemination of this species in Baikal allow them to be a promising
object for laboratory exposure experiments. We hypothesized that
evolution of this species in the stable cold waters of Lake Baikal resulted
in a reduction of its thermal stress-response mechanisms at the bio-
chemical and cellular levels.

According to our experimental data, the temperature causing
50% mortality in 24 h (LT5024 h) was 25 °C for this species. Therefore,
B. limnaeoides ongurensis appears to be a thermosensitive species.

Up to 50 animals were collected in August near Cape Khorin-Irgi
in the Ol'khonskie Vorota strait (Middle Baikal, N 53°03.442′, E
106°53.550′) using a benthic dragnet at depths of 30–40 m. Snail diam-
eters ranged from 1.5 to 1.7 cm (n = 12), whereas masses ranged from
1.8 to 2.5 g (n = 25). Immediately following sampling, the gastropods
were placed into a container with 6 °С water and with constant aera-
tion, and then they were transferred to the laboratory. The gastropods
were pre-acclimated in Lake Baikal water at constant conditions of
6 °C (which correspond to the highest temperature at 30–40 m in
depth) and with intense aeration for one week. During the acclimation
period, the gastropods were fed ad libitum with Tetramin food (Tetra,
Germany).
2.2. Experimental design

To estimate snail thermotolerance at the biochemical level, the
animals were exposed to a gradual temperature increase of 1 °C per
hour, beginning at the temperature of pre-acclimation (6 °C) and con-
tinuing until the time point when 100% mortality occurred (modified
method described in Sokolova and Pörtner (2003)). Thus, in 0.5 h
temperature increased to 6.5 °C, in 1 h — 7 °C, etc. 6 individuals were
placed into well-aerated glass aquaria containing 2 L of Baikal water.
After every 5° of temperature elevation, 1 specimen was collected
from each of 5 aquaria and shock-frozen in liquid nitrogen. Control sam-
ples were collected from an aquaria with a temperature of 6 °C before
experiments were initiated.
2.3. Biochemical methods

Four critical factors of cellular thermal tolerance were tested under
the experimental conditions: level of lipid peroxidation, synthesis of
the heat shock protein HSP70, activity of antioxidative enzymes, and
the state of energetic metabolism.

2.3.1. Lipid peroxidation level
To determine lipid peroxidation level, the concentration of Schiff

baseswasmeasured (Barata et al., 2005; Pietrzak et al., 2010). For extrac-
tion of Schiff bases, we used a mixture of heptane and isopropanol (ratio
1:1), followed by the addition of water, intensive stirring and use of a
thermostation (30 min, 25 °С). This method led to the separation of ho-
mogenate from the heptane and isopropanol fraction. The supernatant
of isopropanol fraction was obtained by centrifugation (16000 g,
2 min) and by the addition of 97% ethanol (ratio 1:3). Spectrophoto-
metric analysis of samples was performed at λ = 400 nm in quartz
cuvettes.

2.3.2. HSP70 level
The concentration of HSP70 (70 kDa) was determined using

SDS-PAGE electrophoresis followed by Western blotting (Bedulina
et al., 2013). Each specimen was separately disrupted under liquid
nitrogenwith amortar and pestle, and the total proteinswere extracted
in 0.1 M Tris–HCl buffer (pH = 7.6) with the addition of 1% protease
inhibitor cocktail (Amresco, no. Am. N-221 — 1.0) and 1% 1 M PMSF
(no. Am О754—5.0). Samples were then centrifuged for 15 min at
7000 g, and the supernatant was dissolved in 0.5 M Tris–HCl loading
buffer (pH = 6.8). SDS-PAGE electrophoresis in 10% polyacrylamide
gel was followed by Western blotting to PVDF membranes. Ponceau
Red (Amresco, no. Am-0860 — 0.05) staining was used as a loading
control. The transfer membranes were then blocked overnight in 2.5%
nonfat dry milk in TTBS (рН 7.5) and 0.02% sodium azide. For HSP70
identification was used as positive control (HSP70 from bovine brain,
Sigma, Chemical Co. H9776). The blocked membranes were washed
twice in TTBS for 10 min and incubated overnight in Bovinemonoclonal
Anti-HSP70 (monoclonal anti-heat shock protein 70, produced in
mouse, Sigma Chemical Co., no. H5147) (Katsikatrou et al., 2011;
Mizrahi et al., 2011), followed by two washes for 10 min in TTBS and
then the incubation in secondary anti-mouse antibodies (Stressgen,
no. SAB-101). As an internal control, the β-actin (45 kDa) level was
estimated. The membranes were incubated for 24 h in the chicken
anti-actin antibodies (polyclonal anti-actin antibody produced in rabbit,
Sigma Chemical Co., no. A2668), and after two 10 minute-TTBS washes,
they were incubated in secondary anti-rabbit antibodies (Sigma,
Chemical Co. no. A9919) (Bedulina et al., 2013). The protein-antibody
complexes were detected using BCIP-nBT. Densitometrical analyses
were performed using ImageJ v.1.41 (Wayne Rasband).

2.3.3. Antioxidative enzymes activity
The activities of antioxidative enzyme peroxidase (EC 1.11.1.1) and

catalase (EC 1.11.1.6) were estimated using the methods of Drotar
et al. (1985) and Aebi (1984) modified according to Timofeyev et al.
(2006) and Bedulina et al. (2010b), at λ = 340 nm for peroxidase
and λ = 240 nm for catalase. The activity of lactate dehydrogenase
(EC 1.1.1.27) was determined using the express-kit “LDH-vital” (Vital-
Diagnostics Spb, Russia) at λ = 340 nm.

2.3.4. Metabolites
The level of glucose, glycogen, L-arginine, phospho L-arginine,

L-alanine and acetate was measured using the NADH/NADPH-
dependent enzymatic methods at λ = 340 nm according to Grieshaber
et al. (1994), Bergmeyer (1985) and Sokolova et al. (2012). Deposited
energetic metabolites (glycogen, phospho L-arginine) were hydrolyzed
using the methods of Morris et al. (2005), Ivanina et al. (2010) and
Sokolova et al. (2012). The level of lactate was determined using the
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Fig. 1. Schiff bases levels (A) and HSP70 (B — Western Blotting and; C — levels) in Lake
Baikal endemic gastropod B. limnaeoides ongurensis under expose to gradual thermal
challenge from 6 °C (control) to 25 °C. *Indicates significant difference (p b 0.05) from
the control (6 °C).

18 D.V. Axenov-Gribanov et al. / Comparative Biochemistry and Physiology, Part B 167 (2014) 16–22
express-kit “Lactate-vital” (Vital-Diagnostics Spb, Russia). Spectropho-
tometrywas performedwith a Cary 50-spectrophotometer (Varian, USA).

2.4. Statistics

All experiments were performedwith at least 5 biological replicates,
and biochemical measurements were performed in triplicate for each
sample. Data were analyzed statistically using one-way analysis of
variance (ANOVA, general linear model) and the statistical package,
Statistica 5.0 (StatSoft). Correlation analysis was used to quantify the
relationship of measured parameters to temperature and between
each other. Differences were considered to be significant at p b 0.05
(alpha 0.05). The results were compared with those from the control
groups.

3. Results

The concentration of Schiff bases in the control B. limnaeoides
ongurensis was 17 ± 2.3 nMol/g wet mass. The temperature increase
resulted in an elevated level of Schiff bases (40% above control value)
beginning at 20 °C (Fig. 1A).

The constitutive concentration of HSP70 with a molecular mass of
71 kDa was detected in the control animals. The concentration of
HSP70 increased significantly to 109% at 10 °C, followed by a decrease
to the control value at 20 °C; however, at 15 °C, it was still significantly
higher than the control value. The elevation of the temperature to 25 °C
led to a decrease in the HSP70 level (Fig. 1B,С).

The antioxidative enzyme activity changed during the exposure.
The elevation of the temperature to 10 °C resulted in a significant
increase of peroxidase activity, 146% compared with the control level
(0.010 ± 0.001 nKat/mg protein). The activity remained elevated in
the range of 64–146% throughout the exposure (Fig. 2A). The control
level of the catalase activity was 560.6 ± 24.6 nKat/mg protein. The
gradual temperature increase resulted in a short increase in catalase
activity at 18% above the control value at 10 °C, followed by a decrease
in activity to the control levels (Fig. 2B).

The basal concentration of lactate in the control animals was
114.33 ± 17.1 nMol/g wet mass, and the lactate dehydrogenase activity
was 92.1 ± 12.7 nKat/mg protein. During the exposure, the concentra-
tion of lactate increased significantly at 10 °C and15 °C by approximately
50% above the control level, followed by a decrease to the control level
at 20 °C and a significant decrease to 40% at 25 °C (Fig. 3A). In contrast,
the lactate dehydrogenase activity rose by 50% of the control value at
20 °C and remained elevated at 25 °C (Fig. 3B).

Exposure to the gradual temperature elevation led to a significant
decrease in glycogen and free glucose. The basal concentration of
glucose in tissues was 0.1 ± 0.02 μMol/g wet mass and the concentra-
tion of glycogenwas 8.2 ± 0.15 μMol/g wetmass. The concentration of
free glucose decreased at 10 °C of exposure and remained decreased by
30–65% below the control value until the end of the exposure (Fig. 4A).
The glycogen level began to decrease at 15 °C and continued to decrease
by 35–40% until the end of the exposure (Fig. 4B).

The concentration of deposited phospho-L-arginine in the control
group of animals was 60.9 ± 2.07 μMol/g wet mass with a concentra-
tion of L-arginine of 0.3 ± 0.01 μMol/g wet mass. Although the concen-
tration of L-arginine did not change during the exposure (Fig. 5A), the
phospho-L-arginine concentration decreased significantly by 10–15%
at temperatures beginning from 15 °C. A temperature of 25 °C resulted
in the return of the phospho-L-arginine concentration to the control
value (Fig. 5B).

The concentrations of acetate and L-alanine rose significantly at
15 °C. The concentration of acetate increased by 19% above the basal
level (2.6 ± 0.21 μMol/g wet mass) and then decreased with further
temperature elevation (Fig. 6A). The concentration of another marker
of anaerobiosis, L-alanine, gradually increased by 15% above the control
value (0.3 ± 0.01 μMol/g wetmass) beginning at 15 °C until the end of
the exposure (Fig. 6B).

4. Discussion

Endemic gastropods inhabiting sublittoral and deepwater zones have
not been tested previously for their stress-response. This is also the first
report regarding the thermal stress-response of Baikal gastropods.

Numerous previous studies have shown that temperature increases
provoke the activation of some cellular and biochemical stress-response
mechanisms such as HSP70 and antioxidative system due to the accu-
mulation of reactive oxygen species and the degradation of cellular pro-
teins (Hofmann, 2005; Chown and Storey, 2006; Afonso et al., 2008;
Arad et al., 2010; Tomanek, 2010; Pöhlmann et al., 2011; Mizrahi
et al., 2012). In addition, temperature increase leads to the depletion
of the free- and deposited energetic metabolites and to the switch
from aerobic to anaerobic metabolism (Grieshaber et al., 1994).

As our study shows, the temperature increase led to the accumula-
tion of Schiff bases as a marker of lipid peroxidation, an increase in
HSP70 content, and increased concentrations of lactate, acetate and
L-alanine. Significant activation of antioxidative enzymes and the
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Fig. 3. Lactate content (A) and lactate dehydrogenase activities (B) in Lake Baikal endemic
gastropod B. limnaeoides ongurensis under expose to gradual thermal challenge from 6 °C
(control) to 25 °C. *Indicates significant difference (p b 0.05) from the control (6 °C).
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Fig. 4.Glucose (A) andGlycogen (B) levels in LakeBaikal endemic gastropodB. limnaeoides
ongurensis under expose to gradual thermal challenge from 6 °C (control) to 25 °C.
*Indicates significant difference (p b 0.05) from the control (6 °C).
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Fig. 5. L-arginine (A) and Phospho-L-arginine (B) levels in Lake Baikal endemic gastropod
B. limnaeoides ongurensis under expose to gradual thermal challenge from6 °C (control) to
25 °C. *Indicates significant difference (p b 0.05) from the control (6 °C).
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Fig. 2. Peroxidase (A) and Catalase (B) activities in Lake Baikal endemic gastropod
B. limnaeoides ongurensis under expose to gradual thermal challenge from 6 °C (control)
to 25 °C. *Indicates significant difference (p b 0.05) from the control (6 °C).
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Fig. 6.Acetate (A) and L-alanine (B) levels in Lake Baikal endemic gastropod B. limnaeoides
ongurensis under expose to gradual thermal challenge from 6 °C (control) to 25 °C.
*Indicates significant difference (p b 0.05) from the control (6 °C).
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depletion of energeticmetabolites (glucose, glycogen andphosphagens)
were also observed in B. limnaeoides ongurensis.

As mentioned above, the induction of HSP70 is a well-known key
mechanism of thermal resistance. These proteins play an important
role in protein homeostasis and folding, both in normal physiological
conditions and under a variety of proteotoxic stresses, acting as molec-
ular chaperones and preventing protein degradation (Hofmann, 2005;
Tomanek, 2010; Shatilina et al., 2011; Bedulina et al., 2013). An increase
in the HSP70 concentration in B. limnaeoides ongurensis begins to occur
at 10 °C and seems to act as a protection against protein denaturation.
Protein denaturation should result from direct temperature influence,
and acidosis should develop due to lactate accumulation. In addition,
the increase in lactate concentration could be indirect evidence of
destructive processes in the mitochondrial membranes, where the
electron transport chain is localized. Because the damaged membranes
are not able to create a Н+-gradient, pyruvate converts into lactate to
release the hydrogen carriers, such as FAD+ and NAD+, which are
necessary for glycolysis (Mathews et al., 2000; Larade and Storey,
2002; Philp et al., 2005). The final stage of exposure at high tempera-
tures causes a simultaneous decrease in lactate concentration and an
increase in lactate dehydrogenase activity which indicates the utiliza-
tion of acetate to obtain energy under conditions of general metabolic
depression.

This metabolic depression, with a predominance of oxidizing,
catabolic and proteolytic processes, is a well-known reaction to thermal
stress (Grieshaber et al., 1994). Our results show that the elevation of
temperature to 15 °C leads to severalmetabolic switches and the deple-
tion of the available phosphagen energy. As a consequence, gastropods
use the deposited phosphagens, such as phospho-L-arginine. Energy
released from the deposited phosphagens allows the functioning of
cellular metabolic pathways, for example the synthesis of new HSP70.
Decreases of the glucose and glycogen concentrations indicate the
intensification of metabolism and the growing energy consumption
under thermal stress. The progressive physiological and energetic
depression corresponds to the elevation of the lipid peroxidation rate,
the level of L-alanine and acetate, and the decrease in HSP70 and lactate
during the last stage of exposure. These changes could be due to
switching from aerobic to less efficient anaerobic metabolism.

Correlation analyses demonstrated a close interconnection between
aerobic and anaerobic metabolism and the main cellular and biochemi-
cal stress-resistance mechanisms (Table 1). The highest positive corre-
lations were found between concentrations of HSP70 and lactate
(r = 0.67), concentrations of glycogen and phospho-L-arginine (r =
0.89), and the activity of lactate dehydrogenase and the concentration
of L-alanine (r = 0.78). The highest negative correlations were detected
between concentrations of glucose and L-arginine (r = −0.94), glycogen
and L-alanine (r = −0.96) and Schiff base concentrations (r = −0.97),
lactate dehydrogenase activity and catalase activity (r = −0.67), and
the concentrations of lactate (r = −0.77), glucose (r = −0.75) and
glycogen (r = −0.70). The changes in the concentrations of phospho-
L-arginine, L-alanine, Schiff bases and the activity of lactate dehydroge-
nase exhibited a positive correlation with temperature (r = −0.87,
−0.89, −0.90, −0.95, respectively). Negative correlations with tem-
perature were found for the concentrations of lactate (r = −0.61),
glucose (r = −0.79) and glycogen (r = −0.77).

The beginning of the accumulation of HSP70 and lactate together
with activation of the antioxidative enzymes occurred when the tem-
perature reached 10–15 °C. The temperature increase to 15–20 °C
resulted in the depletion of deposited energetic metabolites and the
accumulation of anaerobic end products. At 25 °C, an increase in the
lipid peroxidation rates with maximal accumulation of L-alanine was
observed simultaneously with a decrease in the concentrations of
HSP70 and lactate. This latter increase, together with the activation of
lactate dehydrogenase, can be taken as the final stage of the stress
response in B. limnaeoides ongurensis. This final stage is characterized
by the exhaustion of the thermal resistance abilities followed by
enhanced lipid structural distractions together with anaerobic depres-
sion. Such a sequence of biochemical and bioenergetic reactions corre-
sponds to the results of previous ecophysiological studies and it is
commonly reported for aquatic animals (Pörtner, 2012).

The temperature of activation of cellular and biochemical stress-
response mechanisms can be a critical point for defining the thermal
window and the thermotolerance for B. limnaeoides ongurensis. This
temperature corresponds to the ecological parameters of the species
as a sublittoral and deepwater stenothermal gastropod. However, the
results of this study clearly show that the temperature exposure acti-
vates the cellular and biochemical mechanisms of thermal resistance,
such as heat shock proteins and antioxidative enzymes, together with
the alteration of energetic metabolism in B. limnaeoides ongurensis.

In contrast with studies of Antarctic fishes, hydrozoa and deepwater
amphipods, which exhibited a reduced stress response (Feder and
Hofmann, 1999), the Lake Baikal endemic gastropod B. limnaeoides
ongurensis retains the ability to activate their well-developed biochem-
ical stress-response mechanisms. A possible explanation could be the
young evolutionary age of Lake Baikal endemic gastropod species,
which are considered to be of Pleistocene origin and less than 2–
4 million years old (Sherbakov, 2008). In comparison with Antarctic
species such as Trematomus fishes, whose age is estimated at 15–
25 million years (Eastman, 1993), these gastropods should be consid-
ered the very youngest group. Thus, they possibly have not had sufficient
evolutionary time to develop narrow adaptation to deepwater condi-
tions and to lose their stress response ability. Another possible reason
of conserved stress response to thermal stress in studied Benedictiidae
family could be relation with a shallow or littoral species. Thus, a
Benedictiidae family has a morphological similarity to European genus
Lithoglyphus and phylogenic narrow similarity to North American
genus Fluminicola (family Lithoglyphidae), and Amnicolidae family
(genus Erchai from central Asia) (Sitnikova et al., 2004).



Table 1
Correlation analyses of cellular and metabolic assessment in Lake Baikal endemic gastropod B. limnaeoides ongurensis.

HSP70 Lactate Glucose Glycogen L-arginine Phospho-L-arginine L-alanine Acetate Schiff
bases

Lactate
dehydrogenase

Peroxidase Catalase Temperature

HSP70 0.84 −0.06 0.49 −0.29 −0.21 −0.71 0.22 −0.73 −0.59 0.54 0.73 −0.53
Lactate 0.84 0.24 0.31 −0.62 −0.44 −0.64 0.71 −0.61 −0.77 0.22 0.66 −0.61
Glucose −0.06 0.24 0.49 −0.88 0.39 −0.50 0.55 −0.51 −0.75 −0.82 0.14 −0.79
Glycogen 0.49 0.31 0.49 −0.39 0.71 −0.62 −0.07 −0.92 −0.70 −0.01 0.75 −0.77
L-arginine −0.29 −0.62 −0.88 −0.39 0.00 0.71 −0.78 0.58 0.88 0.62 −0.24 0.87
Phospho-L-arginine −0.21 −0.44 0.39 0.71 0.00 0.12 −0.50 −0.42 −0.15 −0.29 0.21 −0.32
L-alanine −0.71 −0.64 0.50 −0.62 0.71 −0.12 −0.29 0.85 0.78 0.15 −0.40 0.89
Acetate 0.22 0.71 0.55 −0.07 −0.78 −0.50 −0.29 −0.17 −0.64 −0.35 0.20 −0.45
Schiff bases −0.73 −0.61 −0.51 −0.92 0.58 −0.42 0.85 −0.17 0.86 −0.02 −0.77 0.90
Lactate
dehydrogenase

−0.59 −0.77 −0.75 −0.70 0.88 −0.15 0.78 −0.64 0.86 0.26 −0.67 0.95

Peroxidase 0.54 0.22 −0.82 −0.01 0.62 −0.29 0.15 −0.35 −0.02 0.26 0.45 0.37
Catalase 0.73 0.66 0.14 0.75 −0,24 0.21 −0.40 0.20 −0.77 −0.67 0.45 −0.53
Temperature −0.53 −0.61 −0.79 −0.77 0.87 −0.32 0.89 −0.45 0.90 0.95 0.37 −0.53
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However, the verity of these explanations needs support using
molecular approaches of complex Baikal gastropods phylogenetic
analysis and evaluation of energetic metabolism gene expression and
changes in proteome. This should be the promising topic of future
studies with Lake Baikal gastropods.
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