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DYNAMICS OF GROWTH OF CULTURES OF PATHOGENIC
BACTERIUM IN CONDITIONS OF ASTATICISM OF THERMAL
FACTOR

The purpose. To determine influence of day-night temperature
variations upon dynamics of growth of cultures of pathogenic bacterium
Erysipelothrix rhusiopathiae. Methods. In model experiments in vitro
dynamics of growth of bacteria E. rhusiopathiae in conditions of
temperature variations 3, 5, 10, 15 and 20°C is probed at daily average
temperature 23°C. Control series was incubated at a constant
temperature of 23°C. Results. At periodic fluctuation of ambient
temperature within the limits of 3 — 5°C from optimum stationary level
(23°C) the content of E. rhusiopathiae in cultures increases in 1,4 — 1,6
times in comparison with the control. At increase of range of temperature
variations up to 15°C indexes of growth of bacterial cultures drop in
comparison with the maximum ones. Day-night temperature variations
(20°C) negatively influenced growth of cultures of experimental sort of
microorganisms. Conclusions.

Stationary conditions with an index of temperature 23°C are not an
ecological optimum for bacteria E. rhusiopathiae. Periodic deflexions
rom the mentioned index over the range of 3 — 5°C may be considered
as ecological optimum.

Astaticism of temperature of water of flat ponds is favorable for

growth of pathogenic bacterium E. rhusiopathiae.

Key words: Erysipelothrix rhusiopathiae, astaticism of thermal factor,
growth of crops.

The objects of the environment (water, soil) are the place of
existence and reservation of a number of pathogenic microorganisms,
which can get into the body of people or animals under certain

conditions, causing the development of an infectious disease. One of



these types of bacteria is Erysipelothrix rhusiopathiae (Migula, 1900),
which is often found in reservoirs, soils, as well as during the
examination of various species of wild and farm animals [1, 2].

According to the scientific literature, abiotic environmental factors
play an important role in the existence of pathogenic microorganisms,
the most important ones being temperature, light, active reaction of the
environment, humidity, salt regime, etc. [2]. Thus, most authors believe
that the optimum temperature for the development of E. rhusiopathiae is
the temperature of
+37.5°C, which is recommended for the cultivation of these
microorganisms in laboratories [2-5]. However, the experimental
research conducted by D. Yu. Halla (1965) proved that it is the
temperature of +23,0°C that should be considered as the optimum
temperature for E. rhusiopathiae [6]. This temperature index is recorded
in the upper layers of fresh water reservoirs during the warm period of
the year. In contrast to the stationary temperature conditions of the
experiment, periodic daily fluctuations of temperature numbers are
observed in nature, which undoubtedly affects the existence of aquatic
organisms. In the scientific literature, there are data indicating a
beneficial effect of periodic fluctuations in the conditions of abiotic
environmental factors on hydrobionts (mollusks, crustaceans, fish, etc.)
[7-10].

Our objective was to determine the effect of daily temperature
fluctuations in the water environment on the growth dynamics of
E. rhusiopathiae bacteria.

During the in vitro model experiments,the growth dynamics of
E. rhusiopathiae bacteria was studied in the conditions of daily
temperature fluctuations of 3, 5, 10, 15 and 20°C. Prior to the
experiments, the initial bacteria culture had been grown for 30 days on a
cardiovascular broth (AES Chemunex, France) at the temperature of
+23.0°C with regular re-seeding every 5 days.

The initial content of E. rhusiopathiae in all experimental specimen



groups and the control was the same. Each row of test tubes was placed
in the conditions of daily temperature variations: 3°C (+21.52...+24.5°C);
59(+20.52...+25.59); 102 (+18.02...+28.09);152 (+15.52...+ 30.5°C)
and 209(+13.02...+33.0°C) with an average daily temperature of +
23.02C. The control row was cultivated at the constant temperature
of +23.0°C. The content of
E. rhusiopathiae in the experimental and control specimens was
determined every 4 hours during the period of 2 days.

The results were recorded by seeding test probes from the
experimental and control specimens to the surface of the cardiovascular
agar (AES Chemunex, France) in dilutions of 1x107", 1x102, 1x107,
1x10%, 1x10°, 1x10°. After cultivating them at the temperature of
+36.7+£0.3°C for 72 hours, the number of grown colonies was calculated,
and the average number of colony- forming units (CFUs) of bacteria per
1.0 cm®was counted.

The information indicating changes in the number of bacterial
CFUs in the growth process of E. rhusiopathiae cultures in the conditions
of daily temperature fluctuations and the control (stationary conditions)

are given in Table. 1.



The number of bacterial CFUs in the growth process of E. rhusiopathiae

Table 1.

cultures in the conditions of daily temperature fluctuations (x108/

cm?)

Hours (daily fluctuations of temperature, °C) Control
3 5 10 15 20
4 9.6 6.2 1.8 0.0 0.0 4.3
66.7 45.1 6.5 0.0 0.0 12.4
12 110. 102. 17.3 3.9 0.0 35.9
4 8
16 153. 163. 35.4 10.6 1.2 66.4
6 9
20 197. 248. 56.2 19.8 1.7 108.
8 2 3
24 243, 297. 81.6 25.1 2.5 153.
4 5 7
28 252.5 311.3 100. 30.4 4.1 166.2
3
32 258.1 324.7 111. 34.7 5.9 168.9
9
36 255.7 328.2 118. 38.3 8.3 170.4
4
40 262.8 | 331.9 121. 39.9 10.7 171.8
2
44 260.3 334.0 123. 40.6 14.3 176.0
1
48 263.5 337.1 123. 41.0 17.5 178.1
8

The end of the lag phase and the beginning of the logarithmic

growth phase for the cultures that evolved in the control and in the

conditions of temperature fluctuations of 3, 5, and 10°C occurred after <

4 hours. At the same time, with daily fluctuations of temperature at 15°C,

the logarithmic growth phase began after 8 hours, and at 20°C — only

after 16 hours, which is respectively 2 and 4 times longer compared to

the control. The end of the logarithmic growth phase of E. rhusiopathiae

in the cultures that evolved at the temperature variation of 10°C and




15.0°C occurred 32 hours after the start of the experiment. With daily
fluctuations of temperature within 3...5 2C and in the control, the
logarithmic growth phase ended earlier — after 24 hours. Thus,
anincrease in the range of daily temperature oscillations led to an
increase in the duration of the logarithmic growth phase by 1.3 times. In
the conditions of daily temperature fluctuations of 20.0°C, this phase of

bacterial arowth lasted more
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Fig. 1 Dynamics of E. rhusiopathiae cultures in the
conditions of daily temperature fluctuations than 48 hours

(Fig. 1).

The comparison of the amount of CFUs in 1.0 cm?® at the same
points of the growth curves shows that there is an explicit tendency
towards the increase in the culture density with daily temperature



fluctuations of 3...52C. Thus, 20 hours after the start of the experiment,
the bacterial content in the specimens that were in the conditions of 3¢2C
fluctuations was 82.6% higher than in the control, and in the conditions
of 52 fluctuations - by 129.2%. With daily fluctuations in the temperature
of the environment over 5°C, the rate of bacteria culture development
and the accumulation of bacterial mass are reduced significantly. 28
hours after the beginning of the experiment, the content of the CFUs in
the experimental samples compared with the control (100.0%) was 151.9
% in case of 3°C temperature fluctuations; 187.3% under 5°C
fluctuations; 60.4% (10°C fluctuations); 18.3% (152C); or 2,4% in case of
20°C temperature fluctuations.

The obtained research results indicate that the accumulation of
bacteria and the growth rate of bacteria cultures were maximal outside
the stationary temperature conditions (control) — with daily fluctuations of
this index within the range of 3...52C, which should be considered an

ecological optimum for rhusiopathiae.

Conclusions.

1. The ecological optimum for pathogenic E. rhusiopathiae bacteria
is periodic temperature fluctuations within the range of 3-5°C rather than
stationary conditions with the index of 23.0°C.

2. Daily fluctuations of the temperature of the environment within
20°C have a negative effect on the growth of E. rhusiopathiae cultures.
Although bacteria can develop in these conditions too.

3. Astatic indicators of water temperature in fresh water reservoirs
during the warm period of the year create favorable conditions for the
development of E. rhusiopathiae pathogenic bacteria.
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