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Abstract: The study aimed at demonstrating intracellular proline synthesis under osmotic stress conditions in
selected soil fungi on the example of Trichoderma sp. and Trichotecium roseum. Effect of the increase of
sodium chloride (NaCl) salinity, in concentrations of 1 to 1000 mmol × dm–3 PDA medium, on proline content
in the fresh matter of mycelium cultured on medium was examined.

The increase of medium salinity affects production of osmoregulatory substances in the form of proline in
selected soil fungi. Its content in mycelium depends on salt (NaCl) concentration in medium as well as on
species. Intracellular proline synthesis increased starting with the least salinity. As osmotic stress increased,
proline content in mycelium almost quadrupled in Trichoderma sp. and quintupled in Trichotecium roseum.
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Fungi play an important role in decomposition of organic matter and humification
processes in soil. Their number and activity depend largely on different factors, both
natural and anthropogenic ones, such as temperature, pH or osmotic pressure. Salinity
induces increase of osmotic pressure, which limits water uptake or even makes
it impossible and can be a reason of growth arrest or even of cell destruction [1–6].

Microorganisms show certain adaptative mechanisms and adaptabilities which allow
them to outlast unfavourable conditions in environment [7–9]. Microorganisms are
capable of intracellular accumulation of osmoregulatory substances which allow
preserving a turgor indispensable for proper cell functioning [1, 10–12]. These
substances include different organic compounds such as amino acids, peptides,
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saccharides, alcohols and others [13–14]. One of these compounds is proline which can
be absorbed from environment by microorganisms or synthesised intracellularly by
them to tolerate easily growth inhibition [1, 15–19].

The study aimed at demonstrating intracellular proline synthesis on the example of
selected soil fungi under osmotic stress conditions.

Material and methods

Two soil fungi, ie Trichderma sp. and Trichotecium roseum (Photo 1 and 2) were
used in the study. Species affinity was determined with microscopic methods and was
done by gas chromatography fatty acid methyl ester (FAME) analysis performed by
Microbial ID (Newark, DE, USA). Effect of the osmotic stress resulting from sodium
chloride (NaCl) salinity in concentrations of 1, 10, 100 and 1000 mmol × dm–3 PDA
medium was examined. Mycelium cultured on salt-free medium was a control.
Experiment was set up in three replications. Culture incubation was carried out on solid
media at 24 oC for 2 weeks. Mycelium was homogenised in 10 % aqueous solution of
sulfosalicylic acid in order to determine proline content.

Homogenate was filtered through Whatman No. 2 filter paper and filled up to
a volume of 10 cm3. Proline content was determined with the method of Bates et al [20].

Data were converted and given in mg of proline × g–1 of mycelium fresh matter. The
obtained results were analysed statistically, using analysis of variance and testing the
factors with the Duncan’s test. Also a Pearson’s correlation coefficient was calculated
between medium salinity increase and mycelium proline content.

Results and discussion

The number and activity of fungi depends largely on various factors, both natural
and anthropogenic ones [7–9]. Osmotic stress, resulting from the increase of medium
salinity, has a significant effect on their development and enzymatic activity [4–6].
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Photo 1. Trichotecium roseum Photo 2. Trichderma sp.



Based on the analysis of results, it is possible to state that the increase of medium
salinity with sodium chloride (NaCl) significantly affected intracellular proline content
in the mycelium of examined species. Increase in its content as affected by osmotic
stress differed depending on the fungi examined (Fig. 1).

Proline content in the mycelium cultured on control medium without NaCl addition
amounted to 1.32 mg × g–1 f.m. in Trichoderma sp., whereas its content was by 39 %
larger in Trichotecium roseum. Salt addition to medium in the form of NaCl induced a
significant increase of the content of examined amino acid irrespective of the species of
examined fungus. The least amount of salt introduced into medium, ie 1 mmol × dm–3,
increased proline content by 15 % in Trichoderma sp. and by 24 % in Trichotecium

roseum in relation to control (Photo 2). A tenfold and hundredfold increase of medium
salinity increased proportionally its content in the mycelium of both examined species.
Proline content in mycelium fresh matter was by 70–80 % larger at medium salinity
with 10 mmol NaCl × dm–3, while it exceeded its amount two- and a half-fold in relation
to its content in the mycelium cultured on control medium. The largest proline content,
ie 8.45 mg × g–1 f.m., was found in Trichotecium roseum cultured on the most salinated
medium (1000 mmol NaCl × dm–3). Significantly smaller proline content (33 %) under
largest osmotic stress conditions was found in case of the second examined fungus, ie
Trichoderma sp. Magnitude of the synthesis of osmoregulatory substances of that sort
depends on the type of microorganisms and in case of this study depends even on
fungus species. On average, its content was almost 20 % larger in Trichotecium roseum

than in Trichoderma sp. (Fig. 2).

The carried out study confirms information that also soil fungi, as exampled by
Trichoderma sp. and Trichotecium roseum, are capable of intracellular accumulation of
specific osmoregulatory substances which are stress proteins, in this case proline, under
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Fig. 1. Proline content in mycelium under sodium chloride (NaCl) medium salinity conditions



medium salinity increase conditions. These results are corroborated by other authors in
studies on bacteria or other eukaryotic organisms [1, 15–18].

In addition, the obtained regression equation, ie y = 0.0043x + 2.252, confirmed by
significant correlation coefficient r = 0.84, points to the presence of dependence
between medium salinity increase and mycelium proline synthesis.

Conclusions

1. Increase of medium salinity affects production of osmoregulatory substances in the
form of proline in selected soil fungi. Its content in mycelium depends on salt (NaCl)
concentration in medium as well as on fungus species.

2. Intracellular proline synthesis increased starting with the least medium salinity
(1 mmol NaCl × dm–3) and amounted on average to 20 % when compared with control.
As salinity increased, its content increase in mycelium almost quadrupled in Tricho-

derma sp. and quintupled in Trichotecium roseum under the strongest osmotic stress
conditions.
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ZMIANA ZAWARTOŒCI PROLINY U WYBRANYCH GRZYBÓW GLEBOWYCH
POD WP£YWEM STRESU OSMOTYCZNEGO
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Abstrakt: Celem badañ by³o wykazanie syntezy wewn¹trzkomórkowej proliny w warunkach stresu
osmotycznego u wybranych grzybów glebowych na przyk³adzie Trichoderma sp. i Trichotecium roseum.
Badano wp³yw stresu osmotycznego w wyniku zasolenia chlorkiem sodu (NaCl), w stê¿eniu od 1 do 1000
mmol × dm–3 po¿ywki PDA na zawartosæ proliny w œwie¿ej masie grzybni wyros³ej na pod³o¿u.

Wzrost zasolenia pod³o¿a wp³ywa na wytwarzanie substancji osmoregulacyjnych w postaci proliny
u wybranych grzybów glebowych. Jej zawartoœæ w grzybni jest zale¿na od stê¿enia soli NaCl w pod³o¿u oraz
od gatunku. Synteza proliny wewn¹trzkomórkowej zwiêksza³a siê pocz¹wszy od najmniejszego zasolenia.
W miarê wzrostu stresu osmotycznego zawartoœæ proliny w grzybni zwiêkszy³a siê prawie czterokrotnie
u Trichoderma sp. i piêciokrotnie Trichotecium roseum.

S³owa kluczowe: grzyby, zasolenie, prolina
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