Thematic Section: Biochemical Research. Full Paper
Subsection: Bioinorganic Chemistry. Reference Object Identifier — ROI: jbc-01/17-52-12-87
The Digital Object Identifier — DOIL: 10.37952/ROI-jbc-01/17-52-12-87

Submitted on December 10, 2017.

Neutralization of white phosphorus by means
of microbiological decomposition

© Anton Z. Mindubaev,'*" Alexandra D. Voloshina,' Edward V. Babynin,

Shamil Z. Validov,” Keremli A. Saparmyradov,” Khasan R. Khayarov,’
Elena K. Badeeva,1 Tatiana A. Barsukova,] Salima T. Minzanova,]

Lubov G. Mironova,' Akosah Yaw Abaye,” and Dmitry G. Yakhvarov'

' A.E. Arbuzov Institute of Organic and Physical Chemistry. Kazan Scientific Center

of the Russian Academy of Sciences. Arbuzov St., 8. Kazan, 420088. Republic of Tatarstan. Russia.
E-mail: mindubaev@iopc.ru; mindubaev-az@yandex.ru
*Kazan (Volga Region) Federal University. University St., 18. Kazan, 420008. Republic of Tatarstan. Russia.

*Supervising author; 'Corresponding author
Keywords: Aspergillus niger AM1, Streptomyces sp. A8, Trichoderma asperellum F-1087,
white phosphorus, biodegradation, cultural mediums, sewage sludges, selection, genotoxicity,
morphological description.

Abstract

Possibility of white phosphorus degradation under the effect of waste water sludge (WWS) of waste-
water treatment facilities is shown for the first time. It means that toxic effect is conditions by the presence of
intermediate products of degradation, which are accumulated in substrates. The P4 concentration decrease in
media is in inverse proportion to the duration of microflora growth lag-phase, as it was demonstrated. Devoted
to the search for the white phosphorus metabolites, and the probable way of the phosphorus metabolism. For
the first time different taxonomic groups of microorganisms are inoculated on culture medium containing
white phosphorus as the single source of phosphorus. On these media microorganisms grew and have not
experienced phosphorus starvation. It is the world's first example of the inclusion of white phosphorus in the
biosphere cycle of elemental phosphorus. The highest concentration corresponds to 5000 times excess of MPC
of white phosphorus in wastewater! The increase of cultures resistance resulting from directed selection is
demonstrated for the first time. The comparison of the sequences of ribosomal genes of the fungus, steadily
metabolizing the white phosphorus, with sequences of the GenBank database, allowed us to identify this
microorganism as a new strain of Aspergillus niger, to which we have assigned the number A. niger AMI.
Inoculation of 4. niger AM1 in medium containing just two sources of phosphorus (phosphate and white
phosphorus) demonstrated that P4 does not exhibit toxic properties in relation to this microorganism. The slow
growth of Aspergillus in the medium with white phosphorus is not due to the toxicity of the last one for the
strain, but only due its inaccessibility as a phosphorus source. However, with all the advantages of this
method, the use of the Ames test only is not enough to reliably assess the genotoxicity. For this purpose a
whole battery of tests is used, and the SOS-lux test for DNA damaging activity is among them. In the present
work SOS-lux test has demonstrated genotoxicity of white phosphorus. According to preliminary data,
resistance to white phosphorus the 4. niger AMI is fixed in the genome. A morphological description of
resistant strains is given.
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