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Epoeneyoem Vazitiowcapean. biotexHosoris BUKOPUCTAHHS
HAaHOKOMIIO3UTHOTO OaKTepilaJibHOTO Tpernapary A3zorpaH 1 HOro MpOTEKTOpHA
poJib B arpoekocuctemi siumeHto. — Kpamigikariiina HaykoBa po0OoTa Ha IpaBax
PYKOITHUCY.

JlucepTariisi Ha 3700yTTS HAayKOBOrO CTyIeHs JokTopa (iocodii 3 ramysi
3HaHb 16 Ximiuna Tta biolmkeHepis 3a cnemianbHicTiIo 162 BioTexHonoris Ta
OioimkeHepis. — HamioHanpHuil TexHIYHMI yHIBepcuTeT Ykpainu "KuiBcbkuit
[Monitexuiunuit [ncturyt imeni Iropst Cikopebkoro", Kuis, 2020.

VY nucepTalliitHiii poOOTI pO3IIIAHYTO aKTyajJbHE MUTAHHSA PO BUKOPUCTAHHS
Olompemnaparis, Kl JOMOMAralTh MiABUIIEHHIO CTIMKOCTI POCIMH SYMEHIO A0 il
cTpec-GpaKkTopiB CEPeJOBHINA, TOJIMIISHHS BPOXAMHOCTI 1 SAKOCTI HACIHHS
KyJIbTYpH B PI3HMX KIIMAaTUYHUX 30Hax BupolnyBaHHsA. [lepeBipsiiacs
€(eKTUBHICTh BIUIMBY HAHOKOMIIO3UTHOTO KOMIUIEKCHOTO OaKTepiaabHOTO
npernapaty A30rpaH Ha PICT 1 PO3BUTOK POCIMH SYMEHIO PI3HUX COPTIB, IIO
BUPOIIYIOTCA B YKpaini, Monronii ta Kanami. ExcnepumenTtanbHa dYacTuHA
poOOTH BHUKOHYBajacs y BiIaull MIKpOOIOJOTIYHMX TIPOIECIB HA TBEPAUX
noBepxHsAX [HcTuTyTy MikpoOionorii 1 Bipycosorii iM. J[.K. 3a6onornoro HAH
VYkpainu.

[IpoBoaunoCch AOCHIIKEHHS BIUIMBY OakTepu3allii CTPECOBAHHOTO HACIHHS
SYMEHI0O HAHOKOMIIO3UTHUM KOMIUIEKCHUM OakTepiaibHUM TpemnapatoM A3orpaH
Ha picT i po3BUTOK suMmeHIO. KommoHeHTamMu mpemapaty € mramu Azotobacter
vinelandii IMB B-7076 1 Bacillus subtilis IMB B-7023, a Ttakox
HAHOCTPYKTYPOBAaHMM TIWHUCTUH  MiHepad OCEHTOHIT. Y  JOCHIKEHHSIX

BUKOPUCTOBYBAJIM HACIHHS ApOTO staMeHio copTiB bypxant (Monromis), Bipax



(Vxpaina) 1 Komnenn (Kanana). 3actocoByBaniu 2 BapiaHTH OOpOOKH MOCIBHOTO
Marepiaiy 3 Bukopuctanusam : 33% H2021 33% H2O2+A3zorpas.

Brepmie mokazana eQekTHBHa MTPOTEKTOpPHA POJb HAHOKOMIIO3UTHOTO
KOMIUJIEKCHOTO OakTepilaJIbHOro mpenapaty A3orpaH mnpu o0poOIi HaciHHSA
TOCTIMKYBAaHOI 37aKOBOI KYJIBTYPH CTPEC-alr€HTOM — TIEPOKCHAOM BOJIHIO.
[lokazaHo, 1O eQEeKTUBHICT, BIUIMBY OEHTOHITY Ha AHTHOKCHJAHTHI Ta
aHTHpaJMKaJIbHI BIIACTUBOCTI MeTaboITHUX KoMILIekciB Azotobacter vinelandii i
Bacillus subtilis 6yna xonnenTpaiitno 3anexHoro. BiAmoBigHO 3a KyJIbTHBYBaHHS
nocnipKyBaHux mramiB Oakrepit 3 0,05 — 0,1 r/n rauHuUcTOrO MiHepany
AHTUOKCUJIAHTHHUM MOTEHIIAN iX METa0ONITHIUX KOMIUIEKCIB 3pOCTaB, a MpU OLIbII
BUCOKHX HOTO KOHIIEHTPAIISIX B )KHBUJIBHOMY CEPEIOBUIII — 3HUKYBABCS.

3a 101mMoMoror KBaHTOBO-XiMI4HOI nporpamu Gaussian 09W oTpumani HOBI
PO3paxyHKH TEPMOJMHAMIYHUX TOKA3HUKIB MEXaHI13MIB 1HAKTHBAIlli arpeCUBHHX
cTpec-areHTiB g 2,3-purigpokcu-6-metmi-(4H)-mipan-4-ony  (DDMP)
metabouity Bacillus subtilis IMB B-7023. BcranoBieHo, 0 JaHa CIIOJIyKa
JI€3aKTHUBY€E€ aKTHUBHI (QOPMU KHUCHIO 3a MeEXaHi3MaMU OJHOEJIEKTPOHHOTO
nepereceHdss (SET) 1 eneKTpoHHO-IOHOPHOTO, IO  CYHPOBOKYETHCS
BiameruieHHst npotona (SET-PT).

Brnepmie BcTaHoBieHO, MmO 00poOKa IMOCIBHOTO Marepiaiay JIOCTIKYyBaHUX
3-X COpTiB AYMEHIO, IEPOKCUIOM BOJIHIO 1 IpernapaToM A30TpaH ICTOTHO BILTMBAaJa
Ha SAKICHUN 1 KUIBKICHUW CKian (eHoIkapOOHOBUX KUCIOT 1 (JIaBOHOINIB B
pOCIMHAX II€] 371aKOBOT KYJIBTYPH.

B poGoti mokazaHo, mo edeKTHuBHA MPOTEKTOPHA POJIb HAHOKOMITO3UTHOTO
KOMIUIEKCHOTO OaKTepiaJIbHOTO MpernapaTy A30TpaH B arpoO€KOCHCTEMI SUMEHIO
KOPEJIOE 3 PaHillle BCTAHOBJICHUM CTUMYJIOIOUNM e(eKToM OiompemnapaTy Ha picT

1 pO3BHTOK IHmMUX 31akiB. lle Bka3dye Ha MEPCHEKTUBHICTH BUKOPUCTAHHS



A3zorpana Ha 1HIIII EPCIEKTUBHI 00'€KTH POCIMHHUITBA B YMOBaX OKCUAATUBHOTO
CTpecy.

PesynpraTn nucepraniiHoi poOOTH BUKOPUCTOBYIOTHCS B HABYAIbHOMY
nporiect kadeapu OioiHpopMatuku GakyabTeTy O10TeXHOJIOTTT 1 OlOTeXHIKU
HanionanbHoro texuiyHoro yHisepcutety Ykpainu "KIII im. Iropst Cikopcskoro”
pH po3po0LIl JEKIIH 1 MPAKTUYHUX 3aHATD.

[IpoBenenuii aHani3 JaHUX MOKa3aB, IO MPU MOCT-00POOIl CTPECOBAHHOIO
NOCIBHOTO MaTepially SUMEHIO MpernapaToM A30TpaH BiIOYBa€ThCS MPHUPICT IO
BUCOT1 POCIIMH JJisl BCIX COPTIB AUMEHIO y (ha3zax BUXOAY B TPYOKY Ta “LBITIHHS —
BOCKOBAa CTHUIJIICTE” B TOPIBHSHHI 3 BapiaHTOM, J€ POCIWHU DPO3BHBAIUCS 3
HACiHHsI, 0OpOOJIEHOTO TUIBKH MEPOKCHIOM BOJIHIO. B po0oTi Oyna BcTaHOBIIEHA
TaKOX 3aJICKHICTh IHTOYIOUOro BIUIMBY MEPOKCHU]IY BOJHIO HA CXOXICTh HACIHHS
PI3HUX COPTIB SIMMEHIO BiJl KOHIIEHTpAIIil CTpec-areHTa.

[Tokazano, MmO mMOCT-00poOKa IIOCIBHOTO MaTepialy HAHOKOMITIO3UTHUM
OakTepialbHUM HpenaparoM A30rpaH MPOSBIsIa aHTUOKCUAAHTHY A0 Ha PICT

POCJIMH B Pi3HUX (Da3ax PO3BUTKY.

KuarouoBi ciioBa: npenapar A3orpaH, HaHOYACTKH OCHTOHITY, MEPOKCHUIHUN
CTpeC, aHTHOKCHUJIAHTHI 1 aHTHpaJUKalIbHI BJIACTHUBOCTI, OaKTepu3allisl HACIHHA,

Apuil TIMiHb, (HEHONTKAPOOHOBI KUCIOTH 1 (hJIaBOHOIIH.



SUMMARY

Ulziijargal Erdenetsogt. Biotechnology of using the nanocomposite bacterial
preparation Azogran and its protective role in the agroecosystem of barley.
— Qualification of scientific work as a manuscript.

Thesis for the scientific degree of Doctor of Philosophy in specialty 162
Biotechnology and Bioengineering (Field of study 16 Chemical and
Bioengineering). — National Technical University of Ukraine "Igor Sikorsky Kyiv
Polytechnic Institute”, Kyiv, 2020.

In this dissertation work, the topical issue of the use of biological products,
that help increase the resistance of barley plants to the action of environmental
stress factors, improve the yield and quality of barley in different climatic zones of
cultivation is considered. The growth and development efficiency of the
nanocomposite complex derived from bacterial preparation Azogran was tested on
various barley plants grown in Ukraine, Mongolia, and Canada. The experimental
part of the work was carried out in the department of microbiological processes on
solid surfaces of the Institute of Microbiology and Virology named after
D.K. Zabolotny National Academy of Sciences of Ukraine.

The effect of bacterization of barley seeds using the bacterial preparation
Azogran on their growth was inspected under peroxide stress. The components of
the preparation are the strains Azotobacter vinelandii IMV B-7076 and Bacillus
subtilis IMV B-7023, as well as bentonite nanoparticles. Seeds of bright barley
varieties Burkhant (Mongolia), Virazh (Ukraine), and Copeland (Canada) were
used in this work. Two variants were used for the treatment of seeds, including
33% H02 and 33% H20,+Azogran solutions.

For the first time, the effective protective role of the nanocomposite complex

bacterial preparation Azogran in the form of an antioxidant effect on seeds of



different varieties of barley, when treated with a stress-agent — hydrogen peroxide,
Is shown. It was noted that the effectiveness of bentonite on the antioxidant and
antiradical properties of the metabolic complexes of Azotobacter vinelandii and
Bacillus subtilis are determined by the concentration of this mineral in the nutrient
medium. At concentrations of bentonite (0.05 — 0.1 g/L), the antioxidant potential
of the metabolite complexes increased, and at higher concentrations of this
nanostructured mineral in the nutrient medium, the antioxidant status of bacterial
components of Azogran decreased.

Using the Gaussian 09W quantum chemical program, new calculations of the
thermodynamic parameters of the mechanisms of inactivation aggressive stress
agents for 2,3-dihydroxy-6-methyl-(4H)-pyran-4-one (DDMP) metabolite Bacillus
subtilis IMV B-7023 were obtained. It has been obtained and established that
during inactivation, a single-electron transfer mechanism (SET) and electron donor
mechanism accompanied by proton elimination (SET-PT).

It was found, for the first time that the treatment of seed material of 3 varieties
of barley obtained from different countries with hydrogen peroxide and Azogran
preparation was significantly influenced the qualitative and quantitative
composition of phenol carboxylic acids and flavonoids in plants of this cereal
culture.

The effective protective role of the nanocomposite complex bacterial
preparation Azogran in the agroecosystem of barley correlates with the previously
established stimulating effect of the biological product on the growth and
development of other cereals. This indicates the potential and promising use of the
antioxidant effect of Azogran on other objects of crop production.

The results of the dissertation work are used in the educational process of the

Department of Bioinformatics of the Faculty of Biotechnology and Biotechnics of



the National Technical University of Ukraine "lgor Sikorsky KPI" in the
development of lectures and practical lessons.

The analysis of the data showed that when the seeds were treated with
hydrogen peroxide and Azogran, there was an increase in height for all varieties of
barley in the phase of entering the tube in comparison with the variant where the
plants developed from seeds treated with only hydrogen peroxide.

All varieties of barley in the “flowering — waxy ripeness” phase retained the
differences in the height of barley plants with variable treatments of the seed
material. The work also established the dependence of the inhibitory effect of
hydrogen peroxide on the germination of seeds of different varieties of barley on
the concentration of the stress factor. It was also shown that post-treatment of the
inoculum with the nanocomposite bacterial preparation Azogran exhibited an
antioxidant effect on plant growth in different phases of development.

The work shows the effective protective role of the nanocomposite complex

bacterial preparation Azogran in the agroecosystem of different varieties of barley.

Keywords: Azogran preparation, bentonite nanoparticles, peroxide stress,
antioxidant and antiradical properties, seed bacterization, spring barley, phenolic

carboxylic acids, flavonoids.
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