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Abstract
The biological degradation of white phosphorus, which is being studied by our team is without a doubt
a phenomenon of scientific novelty and practical significance. In a decade of studying this phenomenon, we
have achieved significant results. However, the field of application of white and yellow phosphorus is rather a
narrow one, and this imposes a limitation on the applicability of our method for the neutralization of industrial
wastes. Accordingly, an interesting and important path of focus is to expand the spectrum of substances
neutralized by the microbial cultures studied by our team. It is thus logical to commence such a major study
with phosphorus compounds, since fungal cultures were adapted for the biodegradation of substances
containing this element. In this regard, it should be pointed out that, white phosphorus cannot be metabolized
to phosphate in one stage; metabolites are formed with intermediate oxidation states of phosphorus. Therefore,
it can be assumed that microorganisms that neutralize white phosphorus should be capable of biodegradation
of a whole spectrum of phosphorus compounds. We tested this hypothesis experimentally. It was uncovered
that Aspergillus niger AM1 posseses the ability to use red phosphorus, triamide of phosphoric acid,
phosphomolybdic acid,substituted dithiophosphate and organophosphorus matter as sources of phosphorus. In
addition, in the present work, we describe attempts made to increase the concentration of white phosphorus in
the culture medium to values above 1%. To do this, we added olive oil (a solvent in which white phosphorus
is relatively soluble) to the culture medium. It turned out that in the presence of this component, the minimum

inhibitory concentration of white phosphorus drops abruptly.

References

[1] R. Reyhani. The legality of the use of white phosphorus by the united states military during the 2004
Fallujah assaults. JLASC. 2007. Vol.10. No.1. P.1-45.

[2] R.J. Mathews. The 1980 Convention on Certain Conventional Weapons: A useful framework despite
earlier disappointments. /RRC. 2001. Vol.83. No.844. P.991-1012.

[3] A.Z.Mindubaev, D.G. Yakhvarov. Phosphorus: properties and application. Butlerov Communications.
2014. Vol.39. No.7. P.1-24. ROL: jbc-02/14-39-7-1

[4] A.K. Sheudzhen. Agrobiogeochemistry of chernozem. 2nd ed., Maykop: Polygraph-South LLC. 2018.
P.308. (russian)

[5] R.A. Aitken, C.J. Collett, S.T.E. Mesher. Convenient Preparation of Long-Chain Dialkyl Phosphates:
Synthesis of Dialkyl Phosphates. Synthesis. 2012. Vol.44. No.16. P.2515-2518.

[6] C. Froschauer, M. Hummel, G. Laus, H. Schottenberger, H. Sixta, H.K. Weber, G. Zuckerstitter. Dialkyl
Phosphate-Related Ionic Liquids as Selective Solvents for Xylan. Biomacromolecules. 2012. Vol.13.
No.6. P.1973-1980.

[71 Y.Yi, X.-F. Yu, W. Zhou, J. Wang, P.K. Chu. Two-dimensional black phosphorus: Synthesis, modification,
properties, and applications. Materials Science and Engineering R. 2017. Vol.120. P.1-33.

[8] M. Pumera. Phosphorene and black phosphorus for sensing and biosensing. Trends in Analytical
Cemistry. 2017. Vol.93. No. P.1-6.

Kazan. The Republic of Tatarstan. Russia. ©Butlerov Communications. 2019. Vol.60. No.12. 1



Full Paper A.Z. Mindubaev, E.V. Babynin, E.K. Badeeva, S.T. Minzanova, L.G. Mironova, I.S. Nizamov,
N.R. Khasiyatullina, L.M. Pirut, E.E. Barskaya, and Y.A. Akosah
[9] J.D. Bierlein, H. Vanherzeele. Potassium titanyl phosphate: properties and new applications. J. Opt.
Soc. Am. B.1989. Vol.6. No.4. P.622-633.

[10] S.E. Vinokurov, S.A. Kulikova, V.V. Krupskaya, B.F. Myasoedov. Magnesium potassium phosphate
matrix for solidification of intermediate level waste containing actinides and ammonium nitrate.
Radioactive Waste. 2018. No.2(3). P.105-113. (russian)

[11] A.Rulev. A journey through the table of elements: from hydrogen to oganeson. Nauka I zhizn. 2019.
No.6. P.29-37. (russian)

[12] A.C.Jones, L. Gu, C.M. Sorrels, D.H. Sherman, W.H. Gerwick. New tricks from ancient algae: natural
products biosynthesis in marine cyanobacteria. Current Opinion in Chemical Biology. 2009. Vol.13.
No.2. P.216-223.

[13] K. Gademann, C. Portmann. Secondary Metabolites from Cyanobacteria: Complex Structures and
Powerful Bioactivities. Current Organic Chemistry. 2008. Vol.12. No.4. P.326-341.

[14] R.P. Rastogi, R.P. Sinha. Biotechnological and industrial significance of cyanobacterial secondary
metabolites. Biotechnology Advances. 2009. Vol.27. No.4. P.521-539.

[15] A.M. Burja, B. Banaigs, E. Abou-Mansour, J.G. Burgess, P.C. Wrigh. Marine cyanobacteria - prolific
source of natural products. Tetrahedron. 2001. Vol.57. No.46. P.9347-9377.

[16] K. Ishida, M. Welker, G. Christiansen, S. Cadel-Six, C. Bouchier, E. Dittmann, C. Hertweck, N.
Tandeau de Marsac. Plasticity and Evolution of Aeruginosin Biosynthesis in Cyanobacteria. Applied
and environmental microbiology. 2009. Vol.75. No.7. P.2017-2026.

[17] A.Z. Mindubaev, D.G. Yakhvarov. Biodegradation as a method for waste processing: view on the
problem. Part 1. The essence of the method. Butlerov Communications. 2013. Vol.33. No.3. P.1-37.
ROI: jbc-02/13-33-3-1

[18] A.Z. Mindubaev, D.G. Yakhvarov. Biodegradation as a method for waste processing: view on the
problem. Part 2. Are xenobiotics really xenobiotics? Butlerov Communications. 2013. Vol.34. No.4.
P.1-20. ROL: jbc-02/13-34-4-1

[19] A.Z. Mindubaev. Biodegradation of toxic substances as self-protection of nature. Biomolecula. 2017.
https://biomolecula.ru/articles/biodegradatsiia-ksenobiotikov-kak-samozashchita-prirody

[20] A.Z .Mindubaev. Biodegradation of toxic substances as self-protection of nature. The North Caucasus
Ecological Herald. 2018. Vol.14. No.1. P.11-23. (russian)

[21] A.Z. Mindubaev. Who ate the polyethylene? Science and Life. 2018. Vol.4. P.32-38. (russian)

[22] A.Z. Mindubaev. Are xenobiotics really xenobiotics? One side of the diversity of natural compounds.
Biomolecula. 2018. https://biomolecula.ru/articles/iavliaiutsia-li-ksenobiotiki-ksenobiotikami-odna-iz-
storon-raznoobraziia-prirodnykh-soedinenii

[23] A.Z. Mindubaev. Thoughts on natural and unnatural chemistry. Biomolecula. 2019.
https://biomolecula.ru/articles/razdumia-o-prirodnoi-i-neprirodnoi-khimii

[24] G.K. Vasilyeva, E.R. Strijakova, S.N. Nikolaeva, A.T. Lebedev, P.J. Shea. Dynamics of PCB removal
and detoxification in historically contaminated soils amended with activated carbon. Environmental
Pollution. 2009. Vol.158. No.3. P.770-777.

[25] G.K. Vasilieva, E.R. Strizhakova, E.A. Bocharnikova, N.N. Semenyuk, V.S. Yatsenko, A.V.
Slyusarevsky, E.A. Baryshnikov. Oil and oil products as soil pollutants. Technology of combined
physical and biological treatment of contaminated soils. Ros. Chem. J. (J. D.I. Mendeleev Ros. Chem.
Soc.). 2013. Vol.57. No.1. P.79-104. (russian)

[26] V.S. Yatsenko, E.R. Strizhakova G.K. Vasilieva. A way to reduce environmental risks during the
bioremediation of oil contaminated soils. Issues of Risk Analysis. 2014. Vol.11. No.5. P.6-17. (russian)

[27] L.A. Herrera, G.K. Vasilyeva. The use of bioremediation technology based on the biological product
BIOL for the restoration of oil-contaminated soils and oil sludges in order to reduce the risks of
environmental pollution in the Amazon. Issues of Risk Analysis. 2014. Vol.11. No.5. P.18-25. (russian)

[28] V. Kondrashina, E. Strijakova, L. Zinnatshina, E. Bocharnikova, G. Vasilyeva. Influence of Activated
Carbon and Other Additives on Bioremediation Rate and Characteristics of Petroleum-Contaminated
Soils. Soil Science. 2018. Vol.183. No.4. P.150-158.

[29] G.K. Vasilieva, E.G. Surovtseva, V.V. Belousov. Microbiological method for the cleanup of soil
contaminated with propanil and 3,4-dichloroaniline. Microbiology. 1994. Vol.63. No.1. P.129-144.

[30] E.G. Surovtseva, V.S. Ivoilov, G.K. Vasil’eva, S.S. Belyaev. Degradation of chlorinated anilines by
certain representatives of the genera Aquaspirillum and Paracoccus. Microbiology. 1996. Vol.65. No.5.
P.553-559.

[31] L.P. Bakhaeva, G.K. Vasilyeva, E.G. Surovtseva, V.M. Mukhin. Microbial Degradation of 3,4-
Dichloroaniline Sorbed by Activated Carbon. Microbiology. 2001. Vol.70. No.3. P.277-284.

2 http://butlerov.com/ © Butlerov Communications.2019. Vol.60. No.12. P.1-24.




BIODEGRADATION OF A PHOSPHORUS COMPOUNDS BY THE CULTURE OF BLACK ASPERGILL 1-24

[32]

[33]

[34]

[35]

[36]
[37]

[44]
[45]

[46]

E.A. Ivanova, N.P. Chizhikova, G.M. Zenova, E.O. Omarova, A.S. Manucharov. Biodegradation of
clay minerals by the influence of cyanobacterial-actinomycetal associations. Moscow University Soil
Science Bulletin. 2009. No.3. P.12-16.

A.V. Vasilyev, D.E. Bykov, A.A. Pimenov. Analysis of features and practical results of ecological
monitoring of pollution of the soils by oily products. Izvestia of Samara Scientific Center of the Russian
Academy of Sciences. 2014. Vol.16. No.1(6). P.1705-1708. (russian)

A.V. Callaghan, B.E.L. Morris, [.A.C. Pereira, M.J. McInerney, R.N. Austin, J.T. Groves, J.J. Kukor,
J.M. Suflita, L.Y. Young, G.J. Zylstra, B. Wawrik. The genome sequence of Desulfatibacillum
alkenivorans AK-01: a blueprint for anaerobic alkane oxidation. Environmental Microbiology. 2012.
Vol.14. No.1. P.101-113.

J.-H.k Hehemann, G. Correc, T. Barbeyron, W.Helbert, M. Czjzek, G. Michel. Transfer of
carbohydrate-active enzymes from marine bacteria to Japanese gut microbiota. Nature. 2010. Vol.464.
P.908-912.

A. Amberger. Cyanamide in plant metabolism. Int. J. Plant Physiol. Biochem. 2013. Vol.5. No.1. P.1-10.
S.-S. Yang, A.M. Brandon, J.C.A. Flanagan, J. Yang, D. Ning, S.-Y. Cai, H.-Q. Fan, Z.-Y. Wang, J.
Ren, E. Benbow, N.-Q. Ren, R.M. Waymouth, J. Zhou, C.S. Criddle, W.-M. Wu. Biodegradation of
polystyrene wastes in yellow mealworms (larvae of Tenebrio molitor Linnaeus): Factors affecting
biodegradation rates and the ability of polystyrene-fed larvae to complete their life cycle. Chemosphere.
2018. Vol.191. P.979-989.

P. Murugan, L. Han, Ch.-Y. Gan, F.H.J. Maurer, K. Sudesh. A new biological recovery approach for
PHA using mealworm. Tenebrio molitor. Journal of Biotechnology. 2016. Vol.239. P.98-105.

E.H. Lwanga, B. Thapa, X. Yang, H. Gertsen, T. Salanki, V. Geissen, P. Garbeva. Decay of low-density
polyethylene by bacteria extracted from earthworm's guts: A potential for soil restoration. Science of the
Total Environment. 2018. Vol.624. P.753-757.

V. Veer, R.S. Chauhan, K.M. Rao. Studies of larval feedings of some new insect pests on wool-
synthetic blend fabrics. Indian Journal of Fibre and Textile Research. 1999. Vol.24. No.2. P.139-141.
V. Veer, R. Prasad, K.M. Rao. Studies of feeding wool-synthetic blend fabrics by larvae of insect pests.
Indian Journal of Fibre and Textile Research. 1989. Vol.14. P.169-171.

W.M. Owais, A. Kleinhofs. Metabolic activation of the mutagen azide in biological systems. Mutat Res.
1988. Vol.197. No.2. P.313-323.

Y. Ma, H. Biava, R. Contestabile, N. Budisa, M.L. di Salvo. Coupling Bioorthogonal Chemistries with
Artificial Metabolism: Intracellular Biosynthesis of Azidohomoalanine and Its Incorporation into
Recombinant Proteins. Molecules. 2014. Vol.19. No.1. P.1004-1022.

Ch.K. Chu, L.P. Kotra, K. Manouilov, J. Du, R. Schinazi. Patent USA 6949521B2. Date Sep. 27 2005.
L.J. O’Connor, LN. Mistry, S. L. Collins, L.K. Folkes, G.Brown, S.J. Conway, E.M. Hammond.
CYP450 Enzymes Effect Oxygen-Dependent Reduction of Azide-Based Fluorogenic Dyes. ACS Cent.
Sci. 2017. Vol.3. No.1. P.20-30.

M.A. Vila, M. Pazos, C. Iglesias, N. Veiga, G. Seoane, 1. Carrera. Toluene Dioxygenase-Catalysed
Oxidation of Benzyl Azide to Benzonitrile: Mechanistic Insights for an Unprecedented Enzymatic
Transformation. Chem Bio Chem. 2016. Vol.17. No.4. P.291-295.

M.S.M. Jetten, M. Schmid, I. Schmidt, M. Wubben, U. van Dongen, W. Abma, O. Sliekers, N. P. Revsbech,
H.J.E. Beaumont, L. Ottosen, E. Volcke, H.J. Laanbroek, J.L.. Campos-Gomez, J. Cole, M. van Loosdrecht,
J.W. Mulder, J. Fuerst, D. Richardson, K. van de Pas, R. Mendez-Pampin, K. Third, I. Cirpus, R. van
Spanning, A. Bollmann, L.P. Nielsen, H. Op den Camp, C. Schultz, J.Gundersen, P. Vanrolleghem, M.
Strous, M. Wagner. J.G. Kuenen. Improved nitrogen removal by application of new nitrogen-cycle

bacteria. Views in Environmental Science & Bio/Technology. 2002. Vol.1. No.1. P.51-63.

C.E. Lawson, S. Wu, A.S. Bhattacharjee, J.J. Hamilton, K.D. McMahon, R. Goel, D.R. Noguera.
Metabolic network analysis reveals microbial community interactions in anammox granules. Nature
Communications. 2017. Vol.8. No.15416. P. 1-12.

E. Birben, U.M. Sahiner, C. Sackesen, S. Erzurum, O. Kalayci. Oxidative Stress and Antioxidant
Defense. WAO Journal. 2012. Vol.5. No.1. P.9-19.

K.J. Knowles. Microorganisms and Cyanide. Bacteriological Reviews. 1976. Vol.40. No.3. P.652-680.
G. Ni, S. Canizales, E. Broman, D. Simone, V.R. Palwai, D. Lundin, M. Lopez-Fernandez, T. Sleutels,
M. Dopson. Microbial Community and Metabolic Activity in Thiocyanate Degrading Low Temperature
Microbial Fuel Cells. Front.Microbiol. 2018. Vol.9. No.2308. P.1-10.

S.X. Hu, C.P. Benner, J.A. White, R.A. Martin, K.L. Feenstra. Pharmacokinetics and brain distribution
of amitraz and its metabolites in rats. Environ. Toxicol. Pharmacol. 2019. Vol.65. P.40-45.

© Bymaeposckue cooouenus.2019.T.60. Nel12. E-mail: journal.bc@gmail.com 3




Full Paper A.Z. Mindubaev, E.V. Babynin, E.K. Badeeva, S.T. Minzanova, L.G. Mironova, I.S. Nizamov,

[53]

[54]

[71]

[72]

[73]

[74]

N.R. Khasiyatullina, L.M. Pirut, E.E. Barskaya, and Y.A. Akosah
R.D. Brimecombe, R. Fogel, J.L. Limson. Electrochemical monitoring of the biodegradation of 2,4-
dimethylaniline. J Agric Food Chem. 2006. Vol.54. No.23. P.§799-8803.
T. Kido, T. Yamamoto, K. Soda. Microbial Assimilation of Alkyl Nitro Compounds and Formation of
Nitrite. Arch. Microbiol. 1975. Vol.106. P.165-169.
A. Nagpal, M.P. Valley, P.F. Fitzpatrick, A.M. Orville. Crystal Structures of Nitroalkane Oxidase:
Insights into the Reaction Mechanism from a Covalent Complex of the Flavoenzyme Trapped during
Turnover. Biochemistry. 2006. Vol.45. No.4. P.1138-1150.
J.J. Petkowski, W. Bains, S. Seager. Natural Products Containing ‘Rare’ Organophosphorus Functional
Groups. Molecules. 2019. Vol.24(5). No.866. P.1-66.
L. Wang, X. Zhou, M. Fredimoses, Sh. Liao, Y. Liu. Naturally occurring organoiodines. RSC Adv.
2014. Vol.4. No.101. P.57350-57376.
V. Kumar, K. Kaur, G.K. Gupta, A K. Sharma. Pyrazole containing natural products: Synthetic preview
and biological significance. European Journal of Medicinal Chemistry. 2013. Vol.69. P.735-753.
C.C. Nawrat, C.J. Moody. Natural products containing a diazo group. Nat. Prod. Rep. 2011. Vol.28.
No.8. P.1426-1444.
A.W. Schmidt, K.R. Reddy, H.-J. Knoker. Occurrence, Biogenesis, and Synthesis of Biologically
Active Carbazole Alkaloids. Chem. Rev. 2012. Vol.112. No.6. P.3193-3328.
B. Liu, T. Raeth, T. Beuerle, L. Beerhues. A novel 4-hydroxycoumarin biosynthetic pathway. Plant Mol
Biol. 2010. Vol.72. No.1-2. P.17-25.
S.L. Born. Identification of the cytochromes p450 that catalyze coumarin 3,4-epoxidation and 3-
hydroxylation. Drug Metabolism And Disposition. 2002. Vol.30. No.5. P.483-487.
X. Huang, J. He, X. Niu, K.-D. Menzel, H.-M. Dahse, S. Grabley, H.-P. Fiedler, I. Sattler, C. Hertweck.
Benzopyrenomycin, a Cytotoxic Bacterial Polyketide Metabolite with a Benzo[a]pyrene-Type
Carbocyclic Ring System. Angew. Chem. Int. Ed. 2008. Vol.47. No.21. P.3995-3998.
B.T. Circello, C.G. Miller, J.-H. Lee, W.A. van der Donk, W.W. Metcalf. The Antibiotic Dehydrophos
Is Converted to a Toxic Pyruvate Analog by Peptide Bond Cleavage in Salmonella enterica.Antimicrob.
Agents Chemother. 2011. Vol.55. No.7. P.3357-3362.
M.T. Gueye, D. Seck, A. Diallo, D. Trisman, C. Fischer, J.-P. Barthelemy, J.-P. Wathelet, G. Lognay.
Development of a Performant Method for Glucocapparin Determination in Boscia senegalensis Lam
Ex. Poir.: A Study of the Variability. AJ4C. 2013. Vol.4. No.2. P.104-110.
N. Agerbirk, C.E. Olsen. Glucosinolate structures in evolution. Phytochemistry. 2012. Vol.77. P.16-45.
M. Serensen, E.H.J. Neilson, B.L. Mgller. Oximes: Unrecognized Chameleons in General and
Specialized Plant Metabolism. Mol. Plant. 2018. Vol.11. No.1. P.95-117.
V. Lambrix, M. Reichelt, T. Mitchell-Olds, D.J. Kliebenstein, J. Gershenzon. The Arabidopsis
Epithiospecifier Protein Promotes the Hydrolysis of Glucosinolates to Nitriles and Influences
Trichoplusia ni Herbivory. The Plant Cell. 2001. Vol.13. No.12. P.2793-2807.
K. Pallitsch, B. Happl, C. Stieger. Determination of the Absolute Configuration of (-)-
Hydroxynitrilaphos and Related Biosynthetic Questions. Chem. Eur. J. 2017. Vol.23. No.62. P.15655-
15665.
K.-S. Ju, J. Gao, J.R. Doroghazi, K.-K.A. Wang, C.J. Thibodeaux, S. Li, E. Metzger, J. Fudala, J. Su,
J.K. Zhang, J. Lee, J.P. Cioni, B.S. Evans, R. Hirota, D.P. Labeda, W.A. van der Donk, W.W. Metcalf.
Discovery of phosphonic acid natural products by mining the genomes of 10,000 actinomycetes. PNAS.
2015. Vol.112. No.39. P.12175-12180.
M.N. Goettge, J.P. Cioni, K.-S. Ju, K. Pallitsch, W.W. Metcalf. PcxL and HpxL are flavin-dependent,
oxime-forming N-oxidases in phosphonocystoximic acid biosynthesis in Streptomyces. J. Biol. Chem.
2018. Vol.293. No.18. P.6859-6868.
E. Z. Kurmaev, A. Moewes, L. Ouyang, L. Randaccio, P. Rulis, W.Y. Ching, M. Bach, M. Neumann.
The electronic structure and chemical bonding of vitamin By,. Europhys. Lett. 2003. Vol.62. No.4.
P.582-587.
K.C. Nicolaou. Organic synthesis: the art and science of replicating the molecules of living nature and
creating others like them in the laboratory. Proc Math Phys Eng Sci. 2014. Vo0l.470.
No0.2163:20130690. P.1-17.
S. Vidal, T. Doco, P. Williams, P. Pellerin, W.S. York, M.A. O’Neill, J. Glushka, A.G. Darvill, P.
Albersheim. Structural characterization of the pectic polysaccharide rhamnogalacturonan II: evidence
for the backbone location of the aceric acid-containing oligoglycosyl side chain. Carbohydrate
Research. 2000. Vol.326. No.4. P.277-294.

http://butlerov.com/ © Butlerov Communications.2019. Vol.60. No.12. P.1-24.




BIODEGRADATION OF A PHOSPHORUS COMPOUNDS BY THE CULTURE OF BLACK ASPERGILL 1-24

[75]

[76]

[77]
[78]

[79]

M.C. Weiss, F.L. Sousa, N. Mrnjavac, S. Neukirchen, M. Roettger, S. Nelson-Sathi, W.F. Martin. The
physiology and habitat of the last universal common ancestor. Nature Microbiology. 2016. Vol.1. No.9.
P.16116.

R.A. Davis, A.R. Carroll, K.T. Andrews, G.M. Boyle, T.L. Tran, P.C. Healy, J.A. Kalaitzisc, R.G.
Shivas. Pestalactams A—C: novel caprolactams from the endophytic fungus Pestalotiopsis sp. Org.
Biomol. Chem. 2010. Vol.8. No.8. P.1785-1790.

D. De Santis, M. Moresi. Production of alizarin extracts from Rubia tinctorum and assessment of their
dyeing properties. Industrial Crops and Products. 2007. Vol.26. No.2. P.151-162.

M. Reihmann, H. Ritter. Synthesis of Phenol Polymers Using Peroxidases. Adv Polym Sci. 2006.
Vol.194. No.1. P.1-49.

P. Xu, A. Singh, D.L. Kaplan. Enzymatic Catalysis in the Synthesis of Polyanilines and Derivatives of
Polyanilines. Adv Polym Sci. 2006. Vol.194. P.69-94.

F. Hollmann, LW. C. E. Arends. Enzyme Initiated Radical Polymerizations. Polymers. 2012. Vol 4.
No.1. P.759-793.

S. Matsumura. Enzymatic Synthesis of Polyesters via Ring-Opening Polymerization. Adv Polym Sci.
2006. Vol.194. No.1. P.95-132.

H. Uyama, S. Kobayashi. Enzymatic Synthesis of Polyesters via Polycondensation. Adv Polym Sci.
2006. Vol.194. No.1. P.133-158.

A. Singh, D.L. Kaplan. In Vitro Enzyme-Induced Vinyl Polymerization. Adv Polym Sci. 2006. Vol.194.
No.l1. P.211-224.

S.R. Zavada, T. Battsengel, T.F. Scott. Radical-Mediated Enzymatic Polymerizations. Int J Mol Sci.
2016. Vol.17. No.195. P.1-27.

A. Singh, D. Ma, D.L. Kaplan. Enzyme-Mediated Free Radical Polymerization of Styrene.
Biomacromolecules. 2000. Vol.1. No.4. P.592-596.

B. Kalra, R.A. Gross. Horseradish Peroxidase Mediated Free Radical Polymerization of Methyl
Methacrylate. Biomacromolecules. 2000. Vol.1. No.3. P.501-505.

S. Kobayashi, M. Ohma. Enzymatic Polymerization to Polysaccharides. Adv Polym Sci. 2006. Vol.194.
No.1. P.159-210.

D.C. Gutsche. Calixarenes: An Introduction (Monographs in Supramolecular Chemistry). Published by
Royal Society of Chemistry. 2008. 276p.

T. Shimasaki, S. Yoshihara, M. Shibata. Preparation and Properties of Biocomposites Composed of
Sorbitol-Based Epoxy Resin, Pyrogallol-Vanillin Calixarene, and Wood Flour. Polymer Composites.
2012. Vol.33. No.10. P.1840-1847.

M. Fache, B. Boutevin, S. Caillol. Vanillin, a key-intermediate of biobased polymers. European
Polymer Journal. 2015. Vol.68. P.488-502.

S.-H. Yoon, C. Li, J.-E. Kim, S.-H. Lee, J.-Y. Yoon, M.-S. Choi, W.-T. Seo, J.-K. Yang, J.-Y. Kim, S.-
W. Kim. Production of vanillin by metabolically engineered Escherichia coli. Biotechnology Letters.
2005. Vol.27. No.22. P.1829-1832.

J. Wang, X. Shen, Q. Yuan, Y. Yan. Microbial synthesis of pyrogallol using genetically engineered
Escherichia coli. Metab.Engin. 2018. Vol.45. P.134-141.

J.P. Giraldo, M.P. Landry, S.M. Faltermeier, T.P. McNicholas, N.M. Iverson, A.A. Boghossian, N.F.
Reuel, A.J. Hilmer, F.h Sen, J.A. Brew, M.S. Strano. Plant nanobionics approach to augment
photosynthesis and biochemical sensing. Nat. Mater. 2014. Vol.13. No.4. P.400-408.

M.H. Wong, J.P. Giraldo, S.-Y. Kwak, V.B. Koman, R. Sinclair, T.T. Salim Lew, G. Bisker, P. Liu,
M.S. Strano. Nitroaromatic detection and infrared communication from wild-type plants using plant
nanobionics. Nat. Mater. 2017. Vol.16. No.2. P.264-272.

A.Z. Mindubaev, J.A. Akosah, F.K. Alimova, D.M. Afordoanyi, R.M. Kagirov, S.T. Minzanova, L.G.
Mironova, D.G. Yakhvarov. On the White Phosphorus Degradation by Wastewater Mud. Scientific
Notes of Kazan University. Natural Science Serie. 2011. Vol.153. No.2. P.110-119. (russian)

A.Z. Mindubaev, F.K. Alimova, S.C. Ahossiyenagbe, C. Bolormaa, A.D. Voloshina, N.V. Kulik, S.T.
Minzanova, L.G.Mironova,D.G. Yakhvarov. The possibility for anaerobicdetoxicationof white
phosphorus. Butlerov Communications. 2013. Vol.33. No.1. P.22-34. ROI: jbc-02/13-33-1-22

A.Z. Mindubaev, A.D. Voloshina, D.G. Yakhvarov. Biological degradation of white phosphorus:
feasibility and prospects. Butlerov Communications. 2013. Vol.33. No.2. P.1-17. ROI: jbc-02/13-33-2-1
A.Z. Mindubaev, F.K. Alimova, S.C. Ahossiyenagbe, S.T. Minzanova, L.G. Mironova, D.G.
Yakhvarov. New confirmation for white phosphorus biodegradation. Butlerov Communications. 2013.
Vol.36. No.10. P.1-12. ROI: jbc-02/13-36-10-1

© Bhymneposcxue coobwenus.2019.7.60. Nel2. E-mail: journal.bc@gmail.com 5




Full Paper A.Z. Mindubaev, E.V. Babynin, E.K. Badeeva, S.T. Minzanova, L.G. Mironova, I.S. Nizamov,
N.R. Khasiyatullina, L.M. Pirut, E.E. Barskaya, and Y.A. Akosah

[99] A.Z. Mindubaev, F.K. Alimova, S.C. Ahossiyenagbe, C. Bolormaa, A.D. Voloshina, N.V. Kulik, S.T.
Minzanova, L.G. Mironova, D.G. Yakhvarov. Microbial metabolism of the white phosphorus. Butlerov
Communications. 2013. Vol.36. No.12. P.34-52. ROI: jbc-02/13-36-12-34

[100] A.Z. Mindubaev, F.K. Alimova, S.C. Ahossiyenagbe, A.D. Voloshina, E.V. Gorbachuk, N.V. Kulik, S.T.
Minzanova, L.G. Mironova, D.G. Yakhvarov.Metabolites and tolerant microflorain substrateswithwhite
phosphorus0.1%. Butlerov Communications. 2014. Vol.37. No.3. P.67-78. ROI: jbc-02/14-37-3-67

[101] C. Bolormaa, K.A. Saparmyradov, F.K. Alimova, A.Z. Mindubaev. Comparison of phytotoxicity
indices, fungicidal and bactericidal activity of Strepromices from different habitats. Butlerov
Communications. 2014. Vol.38. No.6. P.147-152. ROI: jbc-02/14-38-6-147

[102] A.Z. Mindubaev, A.D. Voloshina, E.V. Gorbachuk, N.V. Kulik, S.C. Ahossiyenagbe, F.K. Alimova,
S.T. Minzanova, L.G. Mironova,A.V. Pankova, C. Bolormaa, K.A. Saparmyradov, D.G. Yakhvarov.
White phosphorusas a new objectof biological destruction. Butlerov Communications. 2014. Vol.40.
No.12. P.1-26. ROLI: jbc-02/14-40-12-1

[103] A.Z. Mindubaev, A.D. Voloshina, E.V. Gorbachuk, N.V. Kulik, F.K. Alimova, S.T. Minzanova, L.G.
Mironova, K.A. Saparmyradov, K.R. Khayarov, D.G. Yakhvarov. The inclusion white phosphorusin
the naturalcycle of matter. Cultivation of resistant microorganisms. Butlerov Communications. 2015.
Vol.41. No.3. P.54-81. DOI: 10.37952/ROI-jbc-01/15-41-3-54

[104] A.Z. Mindubaev, A.D. Voloshina, E.V. Gorbachuk, S.Z. Validov,N.V. Kulik, F.K. Alimova, S.T.
Minzanova, L.G. Mironova, D.E. Belostotskiy, K.A. Saparmyradov, R.I. Tukhbatova, D.G. Yakhvarov.
Adaptation of microorganisms to white phosphorus as a result of directed selection. Genetic
identification of sustainable Aspergillus and metabolic profiling of Streptomyces A8. Butlerov
Communications. 2015. Vol.44. No.12. P.1-28. DOI: 10.37952/ROI+jbc-01/15-44-12-1

[105] A.Z. Mindubaev. Biodegradation of white phosphorus: how a poison became a fertilizer. Biomolecula.
2016. http://biomolecula.ru/content/1932

[106] A.Z. Mindubaev, A.D. Voloshina, S. Z. Validov, N.V. Kulik, S.T. Minzanova, L.G. Mironova, D.G.
Yakhvarov, A.Y. Akkizov. Aspergillus niger AM1 culture growth in medium with two phosphorus
sources. The validity of the definition "biodegradation" with respect to white phosphorus. Butlerov
Communications. 2016. Vol.46. No.5. P.1-20. DOI: 10.37952/ROI-jbc-01/16-46-5-1

[107] A.Z. Mindubaev, F.K. Alimova, A.D. Voloshina, E.V. Gorbachuk, N.V. Kulik, S.T. Minzanova, R.1.
Tukhbatova, D.G. Yakhvarov. Method for detoxification of white phosphorus using microorganism
strain Trichoderma asperellum VKPM F-1087. Patent RF No 2603259 from 1.11.2016.Bul. 33.
Reciprocity date 28. 07. 2015. Registration number 2015131380 (048333). The decision to grant a
patent on 29. 08.2016. (russian)

[108] A.Z. Mindubaev, E.V. Babynin, A.D. Voloshina, S.Z. Validov, N.V. Kulik, S.T. Minzanova, L.G.
Mironova, A.Y. Akkizov,D.G. Yakhvarov. Evaluation of white phosphorus genotoxicity. Growth of
bacterial culture in a medium with potassium phosphite as a sole source of phosphorus. Butlerov
Communications. 2016. Vol.47. No.7. P.1-20. DOI: 10.37952/ROI-jbc-01/16-47-7-1

[109] A.Z. Mindubaev, E.V. Babynin, A.D. Voloshina, I.LF. Sakhapov, N.V. Kulik, S.Z. Validov, S.T.
Minzanova, L.G. Mironova, A.Y. Akkizov, D.G. Yakhvarov. Genotoxicity of white phosphorus.
Butlerov Communications. 2017. Vol.49. No.1. P.1-20. DOI: 10.37952/ROI-jbc-01/17-49-1-1

[110] A.Z. Mindubaev, A.D. Voloshina, S.Z. Validov, N.V. Kulik, S.T. Minzanova, L.G. Mironova, D.G.
Yakhvarov, A.Y. Akkizov. Aspergillus niger AM1 culture growth in medium with two phosphorus
sources. The validity of the definition "biodegradation" with respect to white phosphorus. Butlerov
Communications. 2016. Vol.46. No.5. P.1-20. DOI: 10.37952/ROI-jbc-01/16-46-5-1

[111] A.Z. Mindubaev, A.D. Voloshina, S.Z. Validov, D.G. Yakhvarov. Biodegradation of white phosphorus.
Priroda. 2017. No.5. P.29-43. (russian)

[112] A.Z. Mindubaev, A.D. Voloshina, E.V. Gorbachuk, S.Z. Validov, N.V. Kulik, F.K. Alimova, S.T.
Minzanova, L.G. Mironova, D.E. Belostotsky, K.A. Saparmyradov, R.I. Tukhbatova, D.G. Yakhvarov.
Adaptation of microorganisms to white phosphorus as a result of directed selection. Genetic
identification of sustainable Aspergillus and metabolic profiling of Streptomyces A8. Butlerov
Communications. 2015. Vol.44. No.12. P.1-28. DOI: 10.37952/ROI-jbc-01/15-44-12-1

[113] A.Z. Mindubaev, E.V. Babynin, S.Z. Validov, A.D. Voloshina, N.V. Kulik, S.T. Minzanova, L.G.
Mironova, A.Y. Akkizov,D.G. Yakhvarov.Evaluation of white phosphorus genotoxicity. Growth of
bacterial culture in a medium with potassium phosphite as a sole source of phosphorus. Butlerov
Communications. 2016. Vol.47. No.7. P.1-20. DOI: 10.37952/ROI-jbc-01/16-47-7-1

6 http://butlerov.com/ © Butlerov Communications.2019. Vol.60. No.12. P.1-24.




BIODEGRADATION OF A PHOSPHORUS COMPOUNDS BY THE CULTURE OF BLACK ASPERGILL 1-24

[114] A.Z. Mindubaev, E.V. Babynin, A.D. Voloshina, I.F. Sakhapov, N.V. Kulik, S.Z. Validov, S.T.
Minzanova, L.G. Mironova, A.Y. Akkizov, D.G. Yakhvarov. Genotoxicity of white phosphorus.
Butlerov Communications. 2017. Vol.49. No.1. P.1-20. DOI: 10.37952/ROI-jbc-01/17-49-1-1

[115] A.Z. Mindubaev, A.D. Voloshina, D.G. Yakhvarov.Biological degradation of white phosphorus:
feasibility and prospects. Butlerov Communications. 2013. Vol.33. No.2. P.1-17.ROI: jbc-02/13-33-2-1

[116] A.Z. Mindubaev, A.D. Voloshina, Kh.R. Khayarov, I.LF. Sakhapov, E.K. Badeeva, A.S. Strobykina,
Sh.Z. Validov, V.M. Babaev, S.T. Minzanova, L.G. Mironova, A.Y. Abaye, D.G. Yakhvarov.
Dynamics of white phosphorus transformation by a culture of black aspergill. Butlerov
Communications. 2017. Vol. 51. No.8. P.1-26. DOI: 10.37952/ROI-jbc-01/17-51-8-1

[117] A.Z. Mindubaev, A.D. Voloshina, E.V. Babynin, E.K. Badeeva, Kh.R. Khayarov,S.T. Minzanova, D.G.
Yakhvarov. Microbiological degradation of white phosphorus. Ecology and Industry of Russia. 2018.
Vol.22. No.1. P.33-37. DOI: 10.18412/1816-0395-2018-1-33-37

[118] A.Z. Mindubaev, A.D. Voloshina, E.V. Babynin, Sh.Z. Validov, K.A. Saparmyradov, Kh.R.
Khayarov,E.K. Badeeva, S.T. Minzanova, L.G. Mironova, Y.A. Akosah, D.G. Yakhvarov.
Neutralization of white phosphorus by means of microbiological decomposition. Butlerov
Communications. 2017. Vol.52. No.12. P. 87-118. DOI: 10.37952/ROI-jbc-01/17-52-12-87

[119] A.Z. Mindubaev, A.Y. Abaye, D.G. Yakhvarov. Phosphine oxide as a prospective intermediate of
biological processes. Butlerov Communications. 2018. Vol.53. No.3. P.1-34. DOI: 10.37952/ROI-jbc-
01/18-53-3-1

[120] A.Z. Mindubaev, A.D. Voloshina, N.V. Kulik, Sh.Z. Validov, K.A. Saparmyradov, S.T. Minzanova,
L.G. Mironova, D.G. Yakhvarov. Effect of selection upon resistance of microorganisms to white
phosphorus. Chemical safety. 2018. Vol.2. No.1. P.191-205. ROLI: jbc-02/18-53-1-191

[121] A.Z. Mindubaev, A.D. Voloshina, E.V. Babynin, Sh.Z. Validov, K.A. Saparmyradov, Kh.R. Khayarov,
E.K. Badeeva, S.T. Minzanova, L.G. Mironova, Y.A. Akosah, D.G. Yakhvarov. Neutralization of white
phosphorus by means of microbiological decomposition. Butlerov Communications. 2017. Vol.52.
No.12. P.87-118. DOI: 10.37952/ROI+jbc-01/17-52-12-87

[122] A.Z. Mindubaev, E.V. Babynin, D. B. Piskunov, A.N. Makhiyanov, E.K. Badeeva, S.T. Minzanova,
L.G. Mironova, A.Y. Abayie, A.D. Voloshina. Cytogenetic effect of white phosphorus. Butlerov
Communications. 2018. Vol.55. No.9. P.1-21. DOI: 10.37952/ROI-jbc-01/18-55-9-1

[123] A.Z. Mindubaev, E.V. Babynin, E.K. Badeeva, G.G. Kabirova, A.A. Sinitsina, R.K. Shaykhutdinov,
A.A. Sharipov, S.T. Minzanova, L.G. Mironova, Y.A. Akosah. The resistance of Aspergillus niger
strains and bacteria to white phosphorus. The impact of divalent copper on biodegradation. Butlerov
Communications. 2018. Vol.56. No.11. P.1-24. DOI: 10.37952/ROI-jbc-01/18-56-11-1

[124] A.Z. Mindubaev. From a poison to a fertilizer. Science and Life. 2019. No.3. P.46-47. (russian)

[125] A.Z. Mindubaev, E.V. Babynin, A.D.Voloshina, Kh.R. Khayarov, E.K. Badeeva, S.T. Minzanova, L.G.
Mironova, Ya.A. Akosah. A rational for the method of biological purification of environments
contaminated with white phosphorus. Belgorod State University Scientific Bulletin. Natural sciences
series. 2019. Vol.43. No.1. P.8§7-97. DOI 10.18413/2075-4671-2019-43-1-87-97

[126] A.Z. Mindubaev, E.V. Babynin, D.B. Piskunov, A.N. Makhiyanov, E.K. Badeeva, S.T. Minzanova,
L.G. Mironova, A.D. Voloshina. Genotoxicity and cytogeneticeffectofwhitephosphorus. Proceedings of
Universities. Applied Chemistry and Biotechnology. 2019. Vol.9. No.1. P.§1-94. DOLI:
http://dx.doi.org/10.21285/2227-2925-2019-9-1-81-94

[127] A.Z. Mindubaev, D.G. Yakhvarov, Y.A. Akosah. Neutralization of white phosphorus by microbial
culture. Proceedings of the XX Anniversary International Scientific and Practical Conference of
students and young scientists in honor of Professor L.P. Kulev "Chemistry and chemical technology in
the XXI century.” Tomsk. 2019. P.509. (russian)

[128] K.A. Saparmyradov, A.Z. Mindubaev, A.D. Voloshina, E.V. Babynin, S.T. Minzanova, L.G. Mironova,
E.K. Badeeva. Microorganisms with resistance to white phosphorus. Proceedings of the nineteenth
international youth scientific conference Environmental problems of nature and subsoil use
"Ecogeology - 2019". St. Petersburg. 2019. P.307-311. (russian)

[129] A.Z. Mindubaev, E.V. Babynin, A.D. Voloshina, E.K. Badeeva, S.T. Minzanova, L.G. Mironova, Y.A.
Akosah. Effect of copper on white phosphorus resistance in black Aspergills. Biomics. 2019. Vol.11.
No.1. P.7-13. DOI: 10.31301/2221-6197.bmcs.2019-02

[130] A.Z. Mindubaev, E.V. Babynin, E.K. Badeeva, S.T. Minzanova, L.G.Mironova,Y.A. Akosah. The
influence of the culture media composition on the white phosphorus biodegradation by Aspergillus
niger. Butlerov Communications. 2019. Vol.58. No.5. P.1-23. DOI: 10.37952/ROI-jbc-01/19-58-5-1

[131] A.Z. Mindubaev, A.D. Voloshina, E.V. Babynin, S.T. Minzanova, L.G. Mironova, K.A. Saparmyradov,
E.K. Badeeva. Microorganisms resistant to white phosphorus. Abstracts of the IV

© Bhymneposcxue coobwenus.2019.7.60. Nel2. E-mail: journal.bc@gmail.com 7




Full Paper A.Z. Mindubaev, E.V. Babynin, E.K. Badeeva, S.T. Minzanova, L.G. Mironova, I.S. Nizamov,
N.R. Khasiyatullina, L.M. Pirut, E.E. Barskaya, and Y.A. Akosah
Congress ”Fundamental research and applied developing of recycling and utilization processes of
technogenic formations” “TECHNOGEN-2019"” Yekaterinburg. 2019. P.524-527. (russian)

[132] A.Z. Mindubaev, E.V. Babynin, E.K. Badeeva. Genotoxicity of white phosphorus foreucariots,
determinedbythe Allium test method. The North Caucasus Ecological Herald. 2019. Vol.15. No.2.
P.37-45. (russian)

[133] A.Z. Mindubaev, A.D. Voloshina, E.V. Babynin, S.T. Minzanova, L.G. Mironova, K.A. Saparmyradov,
E.K. Badeeva. A study on the microbial detoxification of white phosphorus - a component of incendiary
ammunition. Abstracts of the V International scientific-practical conference "Ecology and
environmental protection.” Minsk, (Belarus). 2019. P.34-39.

[134] A.Z. Mindubaev, E.V. Babynin, E.K. Badeeva, S.T. Minzanova, L.G. Mironova. The effect of culture
mediacomposition on the biological destruction of white phosphorus. 2019. P.57-62. (russian)

[135] A.Z. Mindubaev, A.D. Voloshina, S.T. Minzanova, L.G. Mironova, Kh.R. Khayarov, E.K. Badeeva.
White phosphorus neutralisation by microbial culture. 2019. P.185-188. (russian)

[136] A.Z. Mindubaev, E.V. Babynin, E.K. Badeeva, S.T. Minzanova, L.G. Mironova. Effect of cultural
medium composition on white phosphorus biodegradation. Environmental, Industrial and Energy
Security — 2019: a collection of articles on the materials of the international scientific and practical
conference, Sevastopol. 2019. P.1060-1064. (russian)

[137] A.Z. Mindubaev, E.V. Babynin, E.K. Badeeva, S.T. Minzanova. The effect of culture media on the
biodegradation of white phosphorus. Materials of International scientific-practical conference “World
Environment Day (Environmental readings-2019)”,Omsk. 2019. P.265-270. (russian)

[138] A.Z. Mindubaev, E.V. Babynin, A.D. Voloshina, E.K. Badeeva, S.T. Minzanova, L.G. Mironova, Y.A.
Akosah. Resistance of aspergillus and bacteria to white phosphorus. The effect of the composition of
culture media on biodegradation. Abstracts of the All-Russian scientific-practical conference "Natural
and social ecosystems". Cheboksary.2019. P.106-114. (russian)

[139] A.Z. Mindubaev, E.V. Babynin, A.D. Voloshina, Y.A. Akosah, K.A. Saparmyradov, S.T. Minzanova,
L.G. Mironova, E.K. Badeeva. On the biological degradation of white phosphorus. Living and bio-inert
systems. 2019. No.28. P.1-24. (russian)

[140] A.Z. Mindubaev, E.V. Babynin, E.K. Badeeva. Effect of divalent copper on white phosphorus
microbial metabolism. The North Caucasus Ecological Herald. 2019. Vol.15. No.3. P.62-69. (russian)

[141] A.Z. Mindubaev, E.V. Babynin, E.K. Badeeva, S.T. Minzanova. Gene damaging effect of white
phosphorus. Abstracts of the XXI Mendeleev Congress on General and Applied Chemistry in 6 volumes.
St. Petersburg. 2019. Vol.3. P.335. (russian)

[142] A.Z. Mindubaev, E.V. Babynin, E.K. Badeeva, S.T. Minzanova. Genetic damage of white
phosphorus.Book of abstracts XXI Mendeleev congress on general and applied chemistry in 6 volumes.
Sankt-Peterburg. 2019. Vol.3. P.324,

[143] A.Z. Mindubaev, A.D. Voloshina, E.V. Babynin, E.K. Badeeva. Biodegradation of white phosphorus to
phosphate by fungal cultures. Actual issues of the development of agricultural sectors: theory and
practice. The collection of materials of the Il International Scientific Conference “Problems and
Prospects of Biological Agriculture” and the I All-Russian Conference of Young Scientists of the Agro-
Industrial Complex “Actual Issues of the Development of Agricultural Sectors”, Rassvet, Rostov-on-
Don. 2019. P.91-94. (russian)

[144] A.Z. Mindubaev, A.D. Voloshina, E.V. Babynin, E.K. Badeeva, S.T. Minzanova, L.G. Mironova, Y.A.
Akosah. White phosphorus biodegradation — a step towards environmental problem solving. 2019.
No.3(34). P.81-85. (russian)

[145] A.Z. Mindubaev, A.D. Voloshina, E.V. Babynin, E.K. Badeeva. Resistance of microbiota to white
phosphorus. Materials of the IX All-Russian Conference of Young Scientists "Strategy for the
interaction of microorganisms and plants with the environment."Saratov. 2019. P.39. (russian)

[146] A.Z. Mindubaev, E.V. Babynin, E.K. Badeeva, S.T. Minzanova. The effect microbiota species and the
cultural media composition on the biodegradation of white phosphorus. Seventh International
Environmental Congress (Ninth International Scientific-Technical Conference) "Ecology and life
protection of industrial-transport complexes” Samara-Togliatti, Russia. 2019. Vol.2. Scientific
symposium "biotic components of ecosystems". P.107-113. (russian)

[147] A.Z. Mindubaev, E.V. Babynin, A.D. Voloshina, S.T. Minzanova, L.G. Mironova, E.K. Badeeva.
Factors of white phosphorus Biodegradation. Aktual 'naja biotekhnologia. 2019. No.3(30). P.441-445.
(russian)

[148] A.Z. Mindubaev, A.D. Voloshina, K.A. Saparmyradov, S.T. Minzanova, L.G. Mironova, E.K.
Badeeva. Selection of microorganisms for resistance to white phosphorus. Collection of articles of the
111 International Ecological Conference “Ecology of River Landscapes”, Krasnodar. 2018. P.221-233.
(russian)

8 http://butlerov.com/ © Butlerov Communications.2019. Vol.60. No.12. P.1-24.




BIODEGRADATION OF A PHOSPHORUS COMPOUNDS BY THE CULTURE OF BLACK ASPERGILL 1-24

[149] Y.A. Akosah, A.Z. Mindubaev, E.V. Babynin, E.K. Badeeva, S.T. Minzanova. Biodegradation and
toxicity of white phosphorus. Materials of the 2nd All-Russian conference of young scientists
"Biochemistry — the basis of life sciences." Kazan. 2019. P.130-131. (russian)

[150] A.Z. Mindubaev, E.V. Babynin, E.K. Badeeva. The influence of the composition of culture media on
the effectiveness of biodegradation of white phosphorus. Proceedings of the International Scientific
Conference "Chemistry and Environmental Engineering” — XIX. Kazan. 2019. P.316-320. (russian)

[151] A.Z. Mindubaev, E.V. Babynin, A.D. Voloshina, K.A. Saparmyradov, E.K. Badeeva, S.T. Minzanova,
L.G. Mironova, Kh.R. Khayarov. Vestnik IAELPS. 2019. Vol.24. No.3. P.53-64. (russian)

[152] A.Z. Mindubaev, E.V. Babynin, S.T. Minzanova, L.G. Mironova, E.K. Badeeva. Genotoxicity of white
phosphorus for eukaryotes. Proceedings of the IlI International Scientific Conference "Problems of
Environmental Education in the XXI Century". Viadimir. 2019. P.242-247. (russian)

[153] A.Z. Mindubaev, E.V. Babynin, E.K. Badeeva, S.T. Minzanova, Y.A. Akosah. The biological
neutralization of white phosphorus — a hazardous substance of the first class. Collection of materials of
the All-Russian scientific-practical conference "Environmental monitoring of hazardous industrial
facilities: current achievements, prospects and environmental safety of the population”, Saratov. 2019.
P.193-196. (russian)

[154] A.Z. Mindubaev, E.V. Babynin, A.D.Voloshina, Kh.R. Khayarov, E.K. Badeeva, S.T. Minzanova, L.G.
Mironova. Study of white phosphorus biological detoxication. Proceeding sofnational polytechnic
university of Armenia. Chemical and environmental technologies. 2018. No.2. P.9-20. (russian)

[155] A.Z. Mindubaev, A.D. Voloshina, Y.A. Akosah. Neutralization of white phosphorus by fungal culture.
Abstracts of the fifth international scientific-practical conference "Assessment of the impact of waste on
the environment of the administrative region, cleaning and processing." Yerevan, (Armenia). 2019. P.
12-13. News of NAS RK. A series of geological and technical sciences. 2019. Vol.5. No.437. P.122-128.

[156] A.Z. Mindubaev, E.V. Babynin, A.D. Voloshina, K.A. Saparmyradov, Y.A. Akosah, E.K. Badeeva,
S.T. Minzanova, L.G. Mironova. The possibility of neutralizing white phosphorus using microbial
cultures. News of NAS RK. Series of geology and technical sciences. 2019. Vol.5. No.437. P.122-128.
https://doi.org/10.32014/2019.2518-1491.63

[157] G.M. Mukhametova, E.G. Vinokurov, E.S. Babusenko, V.D. Skopintsev. Biodegradation of solutions
for chemical nickel plating. News of higher educational institutions. "Chemistry and Chemical
Technology”. 2018. Vol.61. No.9-10. P.89-97. (russian)

[158] L.R. Herrera-Estrella, D.L. Lopez-Arredondo, A.H. Herrera-Estrella. Fungi adapted to metabolize
phosphite as a source of phosphorus. Patent US 2012/0285210 Al. Nov.15, 2012.

[159] M. Klimek-Ochab. Phosphate-independent utilization of phosphonoacetic acid as sole phosphorus
source by a psychrophilic strain of Geomyces pannorum P15. Folia Microbiol. 2014. Vol.59. No.5.
P.375-380.

[160] B. Jahn, A. Stéuben, S. Bhakdi. Colorimetric Susceptibility Testing for Aspergillus fumigatus:
Comparison of Menadione-Augmented 3-(4,5-Dimethyl-2-Thiazolyl)-2,5-Diphenyl-2H-Tetrazolium
Bromide and Alamar Blue Tests. Journal of clinical microbiology. 1996. Vol.34. No.8. P.2039-2041.

[161] S.A. Balajee, K.A. Marr. Conidial Viability Assay for Rapid Susceptibility Testing of Aspergillus
Species. Journal of Clinical Microbiology. 2002. Vo0l.40. No.8. P.2741-2745.

[162] E. Deak, S.D. Wilson, E. White, J.H. Carr, S.A. Balajee. Aspergillus terreus Accessory Conidia Are
Unique in Surface Architecture, Cell Wall Composition and Germination Kinetics. PLoS ONE. 2009.
Vol.4(10). No.e7673. P.1-7.

[163] Y.B. Rivera, T. Olin, R.M. Bricka. Summary and Evaluation for White Phosphorus. A Literature
Remediation: Review.US Army Corps of Engineers Waterways Experiment Station.
TechnicalReportIRRP-96-7.1996. P.61.

[164] A. Geerlings, D. Hallard, A.M. Caballero, I.L. Cardoso, R. van der Heijden, R. Verpoorte. Alkaloid
production by a Cinchona officinalis ‘Ledgeriana’ hairy root culture containing constitutive expression
constructs of tryptophan decarboxylase and strictosidine synthase cDNAs from Catharanthus roseus.
Plant Cell Reports. 1999. Vol.19. No.2. P.191-196.

[165] H.P. Rothbaum. Red phosphorus as a possible fertilizer. Outlook on Agriculture. 1966. Vol.5. No.3.
P.123-128.

[166] D. Boskou. Olive Oil. Chemistry and Technology. Academic Press. 2006. 282p.

© Bymaeposckue cooouenus.2019.T.60. Nel12. E-mail: journal.bc@gmail.com 9




