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A biochemical evaluation of the accumulation of amino acids and organic acids in the culture medium during
the cultivation of Yersinia pseudotuberculosis str. 2781 as a function of the temperature has been made by
methods of quantitative chromatographic analysis. A considerable decrease in the biosynthesis of the products
of vital activity under investigation at 37°C as compared with the cultivation of the same microorganism at
6°C has been found. This permits the assumption that the temperature of cultivation of Y. pseudotuberculosis
is a factor regulating the biosynthesis of the amino acids and metabolites of the Krebs cycle necessary for its
vital activity.

The amounts of individual components (carbohydrates, organic acids, and amino acids) in microbial cells and in their
growth m :dium reflects changes in the energy metabolism of the cells and their metabolic processes according to the conditions
of the ex ernal medium. A determination of the products of the vital activity of microorganisms may be a basis for the
subsequent study of the influence of external factors on their biosynthesis and for the discovery of the mechanisms of the
homeostatic regulation of the biological systems under investigation.

The object of our investigation was Y. pseudotuberculosis, which causes epidemic pseudotuberculosis. It is capable of
multiplying within a wide range of temperatures and retains its biological and pathogenic properties at a low temperature [1].

In a recent communication [2] we showed the chemical composition of the low-molecular mass fractions of the
microbial cells of Y. pseudotuberculosis str. 2781 as a function of the temperature of cultivation. In the present communication
we estimate the accumulation in the culture medium of the products of the vital activity of this microorganism; in the present
case, organic acids and amino acids, and their subsequent participation in metabolic processes of the microbe under
investigation as a function of the temperature of cultivation.

The culture liquid obtained after the cultivation of Y. pseudotuberculosis at 6°C and 37°C for predetermined intervals
of time was subjected to analysis for its content of organic acids and free amino acids. The investigation was performed over
30 days of continuous cultivation of the microorganism. As a result, at 37°C citric and succinic acids were found in the culture
liquid, the most intense accumulation of these products taking place 6-9 h from the beginning of cultivation (Table 1), which
corresponds to the phase of exponential growth of this microorganism under these conditions (Fig. 1).

On subsequent cultivation, the dynamics of the accumulation of these products on the culture liquid leveled out and
then after about 7 days, began to fall rapidly, reaching its minimum value after 30 days (Table 1) — a time coinciding with
the death of the microorganisms (Fig. 1). No other acids of the Krebs cycle could be detected. After 5-6 days of cultivation,
pyruvic acid could also be detected in the culture liquid as a precursor of the Krebs cycle and a product of the deamination of
serine and cysteine in the metabolic processes of the vital activity of the microorganisms [6].

As a result of cultivation at 6°C, only traces of pyruvic acid were detected in the culture liquid. This can probably be
explained by the assumption that under these conditions practically all the pyruvic acid is converted during biosynthesis into
citric acid and then the formation of the other organic acids of the Krebs cycle takes place. In favor of this hypothesis are
experiments as the result of which, on "cold" cultivation, not only citric and succinic acids but also malic, «-ketoglutaric, and
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Fig. 1. Curves of the growth of Y. pseudotuberculosis str. 2781 at
37°C (1) and 6°C (2).

fumaric acids were detected in the culture liquid in appreciable amounts (Table 1). It must be mentioned that all the organic
acids of the Krebs cycle were completely absent from the nutrient broth; i.e., the acids that we had detected in the culture liquid
were the products of the vital activity of the microorganism under investigation.

In the "cold" cultivation, all the organic acids shown in Table 1 were detected to a greater or smaller degree over the
whole of the experiment beginning from the phase of exponential growth of the microbe. After 17-18 days from the beginning
of cultivation, the concentration of organic acids began gradually to fall and then, at the end of the experiment (25-30 days)
reached its minimum value. This probably coincides with the beginning of the death of the microorganism (Fig. 1).

Peculiarities of the metabolism of amino acids under the given conditions for cultivating Y. pseudotuberculosis str. 2781
consisted in the fact that at 37°C the cultivation of the microorganism took place mainly with intense absorption of free amino
acids from the nutrient broth, while at 6°C an almost total decrease in the consumption of free amino acids from the broth was
observed except for a slight consumption of aspartic acid and serine. Then the concentration of these amino acids stabilized,
with a subsequent gradual decrease in it up to the time of the death of the microorganism (Table 2). Our results agree with
those of I. V. Domaradskii showing that on the "cold’ cultivation of Y. pseudotuberculosis the consumption of amino acids by
it falls [4].

The results that we obtained require further more concrete investigation but, nevertheless, the experiments performed
indicate that the cultivation of Y. pseudotuberculosis at 37°C independently of the composition of the nutrient medium is
accompanied by a definite decrease in the biosynthesis of the metabolites of the Krebs cycle and of the free amino acids
necessary for the subsequent biosynthesis of proteins from them. Thus, possessing various enzyme systems for the metabolism
of organic amino acids, this microorganism performs the synthesis and decomposition of these substances to a considerable
degree at a low temperature. At an elevated temperature the normal mechanism of biosynthesis is disturbed or, for some
compounds it ceases completely. The microorganism therefore switches on its metabolic pathways to the consumption of
substances to a greater degree from outside.

It is obvious that in the human and animal organism a rise in-the temperature may exert a similar influence on the
organism under investigation, inhibiting its biological activity in the biosynthesis of product necessary for vital activity. But
in the macroorganism the causative agent of pseudotuberculosis uses available metabolites for growth and multiplication,
inciuding amino acids and organic acids. All this creates the condition for the saprophytic nutrition of Y. pseudotuberculosis
and the possibility of its existence outside the macroorganism — for example, in the soil, in vegetable crops, dairy products,
etc.

Thus, the investigation that we have performed also provides evidence in favor of the assumption that the vital activity
of Y. pseudotuberculosis at a low temperature is natural for it.
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EXPERIMENTAL

The microorganism Y. pseudotuberculosis was cultivated in meat-peptone broth containing 0.1% of glucose at 6°C and
37°C for 30 days. After predetermined intervals of time, 5-ml samples of the culture medium were taken. Each aliquot was
used for seeding on Petri dishes containing nutrient medium, and after a day the number of colonies of the microorganism in
the dishes per 1 ml of culture medium were calculated. The results obtained were used to plot a curve of the growth of the
microorganism.

The microbes were isolated from the remainder of each aliquot by centrifugation at 6000 rpm. The culture liquid
obtained was used for the subsequent biochemical investigations.

Descending paper chromatography was performed on Filtrak FN-15 and FN-12 papers. For the chromatography
of the organic acids and amino acids we used the following solvent systems, respectively: 1) diethyl ether—85% formic
acid—water (70:1:9); and 2) n-butanol—acetic acid—water (40:15:5).

Organic acids were detected with a 0.05% solution Bromophencl Blue in ethanol, and amino acids with a solution of
ninhydrin in acetone {5].

The quantitative analysis of the free amino acids was conducted in a Hitachi-835 high-speed amino acid analyzer on
a 2.6 X 1250 mm column with resin No. 2619. Before the performance of the quantitative analysis of the amino acids, the
preparation was freed from proteins, carbohydrates, organic acids, and other impurities as described in [6].

The quantitative content of organic acids was determined by elution from the chromatogram with 70% ethanol followed
by redox titration with a 0.01 N solution of sodium hydroxide [sic].
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