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OLIIHKA AHTAT'OHICTUYHOI AKTUBHOCTI BALIUT
OO0 ®ITOIMATOI'EHHUX MIKPOOPT'AHI3MIB

bionoeiunuii xonmponv pimonamozenis 3 UKOPUCMAHHAM HENAMOSEHHUX NPeO-
cmaesHuKie bakmepiil, 30kpema bayui, siIKk 0CHO8U Oilonpenapamis, € albmepHa-
MUBOI XIMIUHUM NeCMUYUOam i peanizye Hanpsm, no8's3aHuil 3 eKoN02i3ayicro
azposupoonuymea. Mema. Oyinumu aHmazoHicmuyHul nomenyianl oayui, eudi-
JIEHUX 13 PIZHUX NPUPOOHUX 0dicepell, w000 (PIMOnamoeeHHuX MiKpOOPeaHi3MIe.
Memoou. Anmazonicmuyny aKmueHiCme S-u IPYHMOBUX WMamie Oayui
(Bacillus spp. 6, 9, 13, 21, 50) ma 6-u wumamis, 6udineHux iz 2ib0K080OHUX OOHHUX
ocaodie Yoprozo mops (Bacillus subtilis ONU 559, ONU 1125, Bacillus pumilus
ONU 554, Bacillus velezensis ONU 553, Paenibacillus larvae ONU 1077, Priestia
megaterium ONU 1085), npomu Konekyitinux i 6UOLLEHUX [3 YPAICEHUX 31AKO-
BUX POCTUH (DIMONAMOLEHHUX MIKPOOP2AHIZMIE OOCHIONCEHO Memooom ONOKIE.
Pesynomamu. 11i0 enaueom dayun posmipu 301 I0CYMHOCMI POCY KOLEKYIIHUX
wimamis pimonamoecennux bakmepitl konusanucs 6io 16,5+0,2 mm 0o 21,3+0,2 mm,
suOiLeHux iz pocaur — y medxcax 15,4+0,2 mm — 18,2+0,2 mm; Ons pimonamozen-
HUx 2pubie susHaweno y medcax 15,6£0,2 mm — 27,7+0,3 mm (0ns1 KonekyitiHux
wmamig) i 14,0+0,1 mm — 23,4+0,2 mm (Ons sudinenux iz pociun). Maiixice 0o
yCix wmamie imonamozeHHUx Oaxmepiu 6ayuiu NPosGUIU AHMAZOHICIUYHY
akmueHicms cepedHbo2o cmynerio, v 8,3% eunadkie wimamu, uOileHi i3 OOH-
HUX 0caoi6, nposiGUIU AKMUGHICMb BUCOKO20 CIMYNEHIO 00 OKPEeMUX KOJEeKYIHUX
wmamie 6axkmepit. AnHmazonicmamu cepeoHb020 CMYNeHio Wo00 KONEeKYIHUX
[ guoinenux i3 ypasicenux pociun epudie eussunucs 65,0% i 85,0%, 6ionogiono,
rpynmogux wmamie oayu. LLImamu mopcokux bayun nposasuiu Oiibuiuil anmazo-
HicmuyHuil epexm npomu epu6bis: 45,8% Oynu 6Ucoko akmusHUMU 00 KOAEKYIIHUX
wmamis i 33,3% — sucoxo axmugHumu 00 udinenux epubie. Bucrnoexu. [lImamu
bayun, 6udineHi i3 pi3HUX NPUPOOHUX OJicepel, NPUSHIYYEANU PICT KOLeKYIIHUX
[ BUOILEHUX 13 YPAJICEHUX POCIUH (PIMONnamoceHHux Mikpoopeanizmie. Cmynino
AHMA2OHICMUYHOL AKMUBHOCMI OAYUL OYIHEHO SIK «CePeOHIlly | «BUCOKULLY Y 3a-
qedicHocmi 810 wmamy namoezery. Haiikpawuii anmaeonicmuunuti egpekm usi6ué
wmam B. subtilis ONU 1125 i3 enu6ox0600Hux 0onuux ocadie Yoproeo mops, wo
dae 3mo2y peKomeHoysamu 11020 OJisk NOOAILWUUX QOCTIONCEHb W00 3 SCY8AHHS
MOACIUBOCMI PO3POOKU npenapamy 0isi 60pomvOU 3i 30YOHUKAMU 3AXE0PIOEAHD
POCIUH.

Knwuosi crnoea: awmaconicmuuna axmuguicmov, Oayuiu, @Qimonamocenti
MIKPOOP2AHI3MU.
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OIITHKA AHTATOHICTUYHOI AKTUBHOCTI BAITHIT ...

3 aepoOHUX CIIOPOYTBOPIOBAIBHUX OAKTEPiii, SIK OCHOBH Oiompenaparis mpo-
TH iHQEKLUIHHUX ypakeHb POCIUH, HAMOUIBII MOMIKUPEH] MPEICTaBHUKU OaKTepii
Biiny Bacillota [11, 18, 29].

BakrepianpHi mpenapatd Ha OCHOBI IITaMiB Oamui MaloOTh HHU3KY Iepe-
Bar: — BUCOKAa aHTUMIKpOOHA aKTHBHICTH; — IIBUIKUN aHTaroHiCTUYHUHN e(deKT;
— 3[IaTHICTH OALMII 10 KOJIOHI3allli Pi3HUX YAaCTHH POCIIMHU Ta YTBOPEHHS O10TLi-
BOK y pu3ocdepi Ta Ha JIMCTOBIN MOBEPXHi; — YYTJIMBICTh MMAaTOT€HIB 10 MeTa0o-
JITIB OaIWi; — MOXJIMBICTh BUKOPUCTAHHS HA Pi3HUX CTaJisIX PO3BUTKY POCIIHH,
Ui 00pOoOKH HACiHHS Ta IpyHTY [7, 16, 18, 24]. Bacillus spp. TakoX MOXYTb JiITH
sk 010q00prBa 200 010CTUMYISTOPH, CIPUSIIOUN TTOMTMHAHHIO POCIIMHAMHE MTEBHUX
MOXXUBHUX PEYOBUH i3 HABKOJIUIIHBOTO cepenoBuia ((ikcaiis a3oTy, comoOimi-
3anis pocdary), Ta/abo 3adbe3neuyrour pOCIUHH IEBHUMU CTIONTyKamMH (010CHHTE3
pOCITUHHUX TOPMOHIB) [ 14, 16].

Opnak, anms Oamw, SIK 1 JUIS IHIIUX MIKPOOPraHi3MiB, IO € OCHOBOIO
MIKpOOHUX IpernapariB, 3 4aCOM BiMIYA€ThCS BTpATa MOYATKOBUX aHTArOHICTHY-
HUX BJIACTUBOCTEH, (Pi310J0TTUHUX OCOOTMBOCTEH, 3MiHU MOP(OIOTIYHIX XapaK-
TEPUCTHK 1 KOJHCHh aKTHUBHI IITAMH MOXYTh IMPOSBISITH HIKYY aKTUBHICTH a0o
B3araii ii BTpavyary Micisi TPUBAJIOro 30epiraHHs Ta MepeciBy Ha MITY4YHI cepeo-
Bumia. TOX MOIIYK aHTaroHiCTUYHO aKTHBHHUX IITaMiB OaKTepild JUIsi CTBOPEHHS
MIperapariB st 3aXUCTY POCIIUH BiJl (DiTOMATOreHIB B paMKax peastizailii KOHIemii
OPTaHIYHOTO 1 €KOJIOTIYHOTO arpOBUPOOHHUIITBA 3ATUIIAETHCS AKTyaTbHHIM.

Mopchke cepeoBHILe — IIe JHKEPEI0 BEIHMUE3HOI KITLKOCTI Pi3HOMAaHITHHX
MIKpOOPTaHi3MiB, cepell IKHX 130JITH MOPCBHKHX Oallni HaJexaTh 10 (iloreHe-
TUYHO Ta (DEHOTEHETUYHO T'eTePOreHHUX Tpyn OakTepiil. MeTaboaiuHO MOPCHKi
mTamMu OaluiI BiIpi3HSAE BiJl HA3EMHUX 37aTHICTh CHHTE3yBaTH YHIKaJbHI 010J10-
riuHo aktuBHI cionykw [10, 31, 32]. 3ot Mmopcbkux Bacillus spp. yTBOPIOIOTh
CTPYKTYpPHO Pi3HOMaHITHI KJIACH BTOPUHHHUX META0OITIB, TAKUX SIK JIMOTETITH/IH,
TOJIITTETI TN, MaKPOJIAKTOHH, JKUPHI KUCJIOTH, MOIKSTH/IN, JIIMOaMIiTu Ta 130KYy-
MapWHH, [0 3yMOBIIOE iX BUKOPUCTAHHS JUIsi CTBOPEHHsI OiompenapariB pizHOTO
MIPU3HAYCHHS, Y TOMY YUCII 1 U1t arpoBupoOHuITBa [15, 32]. A 3Bakarouu Ha Te,
IO [ITAMU MOPCBKUX Bacillus spp. MBUIKO POCTYTh Ha Pi3HUX CEPEAOBUIIAX Ha-
BiTh 332 CTPECOBHUX YMOB, JIETKO YTBOPIOIOTH CTiliKi CIOPH, BOHU MOXYTh OyTH KO-
PUCHHUMU SIK €(EKTHUBHHIA 3aci0 O10KOHTPOJIIO MPOTH Pi3HUX (piTOmaToreHis [6].

MeTta poOOTH: OLIHUTH AHTATOHICTUYHHMIA TOTEHIAN OaluiI, BUIUICHUX 13
PI3HUX MPUPOAHUX JKEPEI, MO0 (iTOMATOTeHHUX MIKPOOPTaHi3MiB.

Marepiauamu i meToan

Jnis  pocHiKeHHsT aHTHMIKpOOHOi aKTUBHOCTI MPOTH (DiTOMAaTOreHHUX
MIKpOOPIaHi3MiB BUKOPUCTAHO INTaMH OAalMJj, sSKi BHJIJICHI 13 TTTMOOKOBOIHHX
JOHHUX ocajiiB YopHOTO MOps 1 pu3ocdepHOi 30HU IPYHTIB Ta 30€piraroThCs y KO-
JIEKI[iT MOPCHKUX Ta KOPHUCHUX JIJIs1 O10TEXHOJOTIT ITamMiB MikpoopraHizmiB Onech-
KOTO HaIliOHAJIBHOTO YHiBepcuTeTy iMeHi I.I. MeunukoBa. ¥ po6oTi Oyino BUKOpH-
cTaHo 5 rpyHTOBHX mTaMiB (Bacillus spp. 6, 9, 13, 21, 50) Ta 6 mramis, BuaiIe-
HUX 13 JoHHUX ocauiB (Bacillus subtilis ONU 559, ONU 1125, Bacillus pumilus
ONU 554, Bacillus velezensis ONU 553, Paenibacillus larvae ONU 1077, Priestia
megaterium ONU 1085), BimiOpaHux 3a pe3yJbTaraMu MOMEPEIHIX JTOCHTIKCHb [ 3,
25, 26].

@ ISSN 2076-0558. Mixpobionozis i biomexnonoeis. 2025. Ne 1. C. 6-24 —— 7
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diromaToreHHi MiKpOOpraHi3aMu OyiH MpPEJCTaBICHI IMTaMaMu OakTepii i
rpu0iB, sIKi Takoxk 30epiratoTbes y KonekIrii MOpChbKHUX Ta KOPHCHUX TSI €KOJIOT1Y-
Hoi GioTexHonorii mramiB MikpoopranizmiB OHY imeHni I.I. MeunukoBa, i mrama-
MU, BUJUICHUMH 13 ypaK€HHUX 3JIAKOBHX KYJIbTYyp. BukopucTaHi KoneKIiitHi mramMu
¢itonarorennux Oakrepiii: Pectobacterium carotovorum ONU 318, ONU 320,
ONU 321, ONU 525, Ralstonia solanacearum ONU 376, 377, ONU 378, ONU
386, Agrobacterium radiobacter ONU 310, ONU 440, Allorhizobium vitis ONU
479; xonekuilHi mramu ¢iTonaroreHHux rpudis: Alternaria alternata ONU F 23,
Aspergillus niger ONU F 25, Aspergillus flavus ONU F 31, Aspergillus terreus
ONU F 32, Cladosporium cladosporoides ONU F 26, Fusarium oxisporum ONU
F 27, Paecilomyces variotii ONU F 28, Penicillium expansum ONU F 29. Bunineni
13 ypaXXeHUX 3J1aKOBUX POCIIMH IIITaMu OaKkTepiii: Xanthomonas arboricola (4 mra-
Mu), Pectobacterium carotovorum (1 mram); mramMu rpubiB: Fusarium oxysporum
(30 mrramiB), Sclerotinia sclerotiorum (16 mramiB), Alternaria alternata (3 mra-
MH).

Bu3HaueHHs! aHTarOHICTUYHOT AKTUBHOCTI IMTPOBOJIUIIA METOZIOM OJIOKiB. J{yist
[[OTO TOTIEPEIHE KYJIbTHBYBAHHS IITaMiB Oallyil 3I1HCHIOBAIIM HA arapu30BaHO-
my cepenosuii LB (LB agar (MILLER) for Microbiology (Merck), Darmstadt,
Germany) npotsirom 48 rox npu Temreparypi 28+1 °C. lramu ¢itonaroreHux
Oaktepiil KynbTHBYyBaJIM Ha >kuBWibHOMY arapi (Nutrient Agar, Biolife Italiana
S.r.l., Milan, Italy) mpotsirom 24 rox, rpu6iB — Ha cepenosuii Cadypo (Sabouraud
Glucose Agar, Biolife Italiana S.r.I., Milan, Italy) nporsirom 10 1i6 nmpu 28+1 °C.

B neHb eKkcnepuMeHTy TOTyBalld CyCHeH3il (piTomaToreHHuX MiKpoOpraHis-
miB y konueHtpamii 1x10° KYO/mn. Tutp nepeipsuin poromerpuuno. KoxHuit
mraM pironaroreny o 100 MkJ1 BUCiBau Ha MOBEPXHIi cepeaoBul 00’ emom 20 mit
noxuBHOTO arapy (6akrepii) i Cabypo (rpubu) B uamkax [lerpi. I3 48-romuaHIX
KyJbTYp Oanmi Bupizanu OJoKu aiaMeTpoM 12 M, sKi mOMIIaan Ha OIOWHO 3aci-
sIHI KyJbTypamu (piTomaToreHiB MoBepxHi cepenoBuil. Ha KokHy 3acisiHy 4Yamiky
MOMIIIIAJIH 110 6 OJIOKIB OaKTepiii-aHTarOHICTIB.

KonTposnem Oynu nociBu mramiB (hiTomaToreHiB Ha BiJIIOBIHI CEPEOBUIIIA.
[axy6aniro npoBoaunu npu 28+1 °C mpotsirom 2 116 (6akrepii) i 10 gi6 (rpudn).
OO0miK pe3ysbTaTiB 3AIHCHIOBAIN MOACHHO, BUMIPIOIOYM 30HH BiJICYTHOCTI POCTY
¢iTonaroreHiB HaBKOIO OJOKIB 13 Oarmiamu [2]. Po3Mipu 30H OOYHCITIOBAIH SIK
PI3HUIIIO JiaMEeTPiB 30H BiJICYTHOCTI pOCTy Ta arapoBux OnokiB. JlocmiKeHHs
MPOBEICHO B TPHOX MOBTOPAX.

CrymiHb aHTAarOHICTUYHOI aKTMBHOCTI Oalliii BU3HAYAIHU 32 PO3MipaMu 30H
BiZICYyTHOCTI pocty (itonaroreHis: 0,0 MM — mitam He akTuBHUH, 10 10,0 MM — cina-
0oaktuBHwmi, 10,1-20,0 MM — cepenHbOaKTUBHUH, OltbIne 20,0 MM — BUCOKOAKTHB-
Huit [1].

AHaJti3 OTpUMaHUX Pe3yJIbTaTiB 3I1IICHEHO 3 BUKOPUCTAHHIM OMHCOBOI CTa-
TUCTHKH 3a JoroMororo nporpamu Microsoft Office Exel-2016.

Pe3yabTaTH Ta iX 00roBOpeHHs

JloCIiIKeHHsSI aHTAaroHICTHYHOT akTMBHOCTI 11 mmramiB OakTepil Bimmaury
Bacillota, 5 13 sikux BuiIeHi i3 pu3ocdepHOi 30HH IPYHTIB, 6 — 13 NIMOOKOBOAHUX
JNOHHUX ocajliB HopHOTro Mops, MOKa3ajo, M0 BCi BOHU MPOSBUIIA aHTarOHICTHY-

8 —— ISSN2076-0558. Mixpobionoeis i 6iomexnonoeisn. 2025. Ne 1. C. 6-24



OIITHKA AHTATOHICTUYHOI AKTUBHOCTI BAITHIT ...

HUll epeKT npoTH mTamiB GiTONATOreHHUX MIKPOOPTaHi3MiB: KOJICKIIMHUX 1 BUMII-
JICHHX 13 YPaKEHHX 3TaKOBUX POCIIHH.

OTtpumaHni pe3yabraTH BU3HAYCHHS PO3MIpIB 30H BiJICYTHOCTI POCTY OKpe-
MuXx (hiToraToreHis 3a il Oanua HaBeAeHo y Tabmuisx 1—4.

[Tin BrumBOoM MeTaOOIITIB OaIMyl 30HU BIJICYTHOCTI POCTY KOJIEKIIIHHHX
¢iTonaroreHHux OakTepid, siki Oynu mpenctaBieHi mrTamamu Pectobacterium
carotovorum, Ralstonia solanacearum, Agrobacterium radiobacter i Allorhizobium
vitis, xonuBanucs Big 16,5+0,2 mm g0 21,34+0,2 mm.

OHO3HAYHO BCTAHOBUTH HAMOLIBIT BPA3JIMBI 1 HAMOLIBI CTIMKI IITAMH KO-
JEeKIiHHUX (hiTomaToreHHNX OakTepiil (HaBiTh y MeXax OJHOTO BUAY) 10 MeTabo-
JITIB OAIMiI BUSBUJIOCS HE MOXUIMBO, OCKUIBKM OJIMH 1 TOM caMuii 1mtam ¢itoma-
TOTEHY 3a Jii pi3HUX ITaMiB OalKi BUSBISAB Pi3HY UyTIUBICTh. Tak, HAPUKIIA,
30Ha BifCyTHOCTI pocty P. carotovorum ONU 318 3a BimuBy Bacillus sp. 6 ckiana
16,5+0,2 mm, a 3a By B. subtilis ONU 1125 —20,1+0,2 mwm; 3a BrutuBy Bacillus sp.
21 3o0na BigcyTHOCTI pocty P. carotovorum ONU 525 cknana 16,9+0,2 mm, a 3a
By B. pumilus ONU 554 — 19,4+0,2 mwm. [lono R. solanacearum, 30Hu BiiCyT-
HOCTI POCTY 3arajioM OyJu JIemio OUIbIIUMU, TOPiBHIOWYH i3 P. carotovorum, 1 Ko-
nuBanucs Big 18,04+0,2 MM 10 21,3+0,2 mm. Llltamu A. radiobacter 1 A. vitis Takox
MPUTHIYYBAIUCS METa0oIiTaMu Oalui 1 30HU BIJICYTHOCTI 1X pOCTY BU3HAUYEHI y
niamasoni Big 16,8+0,2 mm g0 20,040,2 Mm.

ramu ¢itomatorenHux 6akrepiit Xanthomonas arboricola i Pectobacte-
rium carotovorum, BUJAUICHI 13 ypaKeHUX 3JIAKOBUX POCIIMH, 3arajioM MpPOsBUIN
JICIIO MEHITY YyTJIUBICTb JI0 Jii OaIuii, MOPIBHIOKOYH 13 KOJCKIIMHUMH IITaMaMu
¢iTonaroreHHux Oakrepiii (Tabum. 1, 2). Po3mipu 30H BiICYTHOCTI pOCTY BU3HAUEH1
y Mmexax 15,4+0,2 mm — 18,24+0,2 mm. I3 ycix gocnimpkenux mram P. carotovorum
W5 BusBHB HalOUIBITY CTIHKICTB 10 MeTaOoiTiB Bacillus (30HU BiICyTHOCTI HOTO
pocty xonuBanucs Bix 15,4+0,2 mum 3a BBy Bacillus sp. 50 no 17,2+0,2 MM 3a
BIUBY B. subtilis ONU 1125). llltamu X. arboricola Gynu 4y TAUBIIIMMH, TIPO 11O
CBIAUMIIA PO3MIpPH 30H BIJICYTHOCTI iX POCTY, siKi A mramiB X. arboricola W1 i
B4 Oynu naitGinpmumu 3a BBy B. velezensis ONU 553, B. subtilis ONU 559 i
B. subtilis ONU 1125 (ta6m. 2).

OIiHIOIYY CTYIIHb aHTArOHICTUYHOI aKTUBHOCTI, Bi3HAYMMO, 10 Maixke
JI0 yCixX mTamiB (iTONaTOreHHUX OakTepiil Al MPOsSBUIM aHTArOHICTUYHY aK-
TUBHICTh CEPEIHBOTO CTYIEHIO, nuie y 8,3% Bunankis mramu Bacillus spp., BU-
JJIeH1 13 JOHHUX OCaJliB, MPOSIBIIIM aKTHBHICTh BUCOKOTO CTYIEHIO JI0 OKPEMHX
KOJICKIIIMHMX ITaMiB Oaktepii (puc. 1).

JlochipKy oY aHTaroHICTUYHY aKTUBHICTh MPOTH (ITONATOTEHHUX TPUOIB,
BUSIBJICHO OUIBIINIA BIUTMB META00MITIB Bacillus spp. Ha KOJEKIIIiHI IITaMH, HIXK Ha
LITaMU, BUJUICHI 13 ypaXXeHUX pociuH (tadm. 3, 4).

Takox KOJCKIIHHI ITaMy TPUOIB BUSIBUIIMCS Yy TIMBIIIUMU 0 OaIni, HiX
KOJICKI[i}HI mTamMu OakTepiid, HATOMICTh BUALUIEHI 13 ypaXeHUX pOCIUH (iTonaro-
TeHHI rpubu Oynu JIemo CTiKimi 1o aii Oarw, HiXk BUALUICH]I OakTepialbHi maro-
renu (tabm. 1-4).

I3 konmekuiiHUX mTamiB (iTomaToreHHUX rpubiB HAWOLIBIITY CTIHKICTH JI0
MeTabomiTiB Oaumn nposBuB mwrtam P expansum ONU F 29, po3mipu 30H Bif-
CYTHOCTI POCTy SIKOTO BH3Ha4eHi y mexax 15,6+0,2 mm — 20,2+0,2 mm 3a aii
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% [ITaMIB, AKI IPOSBILTH
AKTHBHICTH PI3HOTO CTYIIEHEO

CepeHiit Bucokmit CepeHiit Bucoxnit
Konekuiifni mramu OaxTepiit Buaineni mraMu GaKTepiit

I'pyaToBi Bacillus spp. " Mopcski Bacillus spp.

Puc. 1. CTyninb aHTaroHicCTUYHOI AKTHBHOCTI AOCTiKEHUX OaLMJI
moao (ironaroreHHNX 6aKTepii

Fig. 1. The level of antagonistic activity of the studied bacilli
against phytopathogenic bacteria

rpyHTOBUX Bacillus spp.iy mexax 16,0+£0,2 Mm— 16,7+0,2 MM 3a i1 Oariu i3 JOHHUX
ocaziB. 30HM BincyTHOCTI pocty mramiB 4. terreus ONU F 32 1 C. cladosporoides
ONU F 26 BuznHaueni y mexax Bijg 16,0+0,2 MM 3a nii rpyHTOBOTO Bacillus sp. 9
1o 20,2+0,2 mm 3a aii Mmopcekoro mramy P. megaterium ONU 1085. HaiiGinbiry
YyTJIUBICTH JI0 BIUIMBY META0OMITIB OAllMII SIK TPYHTOBOTO, TaK 1 MOPCHKOTO TIOXO-
JokeHHs nposiBuH A. alternata ONU F 23, A. niger ONU F 25 1 P. variotii ONU F
28, 30HH BiICYTHOCTI POCTY SIKUX MaiKe B yCiX BUIMaAKax rnepesuiryBaiu 20,0 Mm.

VYci nocnipkeHi OauaIu MPOsSBUIN aHTAarOHICTUYHY aKTHBHICTD CEPEIHBOTO
CTYIEHIO I10/10 KoJeKiiHoro mramy F. oxisporum ONU F 27. Ilpu ibomy po3mipu
30H BIJICYTHOCTI pOCTY 3a Jiii Oarfu1, BUAUICHUX 13 JOHHUX 0CaJliB, KOJTUBAIHUCS BiJl
17,6+0,2 mm (3a nii P. megaterium ONU 1085) mo 19,0+0,2 mwm (3a nii B. subtilis
ONU 1125), a 3a xii 6ammn i3 puzochepHoi 30Hu IpyHTY — Big 16,8+0,2 mm (3a il
Bacillus sp. 6) no 18,0+0,2 mwm (3a nii Bacillus spp. 13 1 50).

Mtamu F. oxisporum, BUAIICHI 13 ypaKeHUX 3JIaKOBUX POCIIUH, MIOPiBHIOKO-
YH 13 KOJICKI[IHHUM IITaMOM, y OLJIBIIOCTI CBOTH, OyJIM CTIHKIII 10 METaOOITIB K
IPYHTOBUX, TaK i MOpChKUX Oanmi (Tadi. 3, 4). HaiiMeHI1 30HH BiICyTHOCTI POCTY
(14,0+0,1 mMm) Bu3HAUeHO jutsl tamy F. oxisporum BS5 3a BiuBy Bacillus sp. 6,y
TOM e 4yac ais mramy F. oxisporum B11 BcTaHOBIIEHO HaWOUTBIIMN PO3MIp 30HU
BiJICyTHOCTI pocTty (21,7+0,2 MM) 3a BILTUBY TpboX ITamiB Oarwn (Bacillus sp. 13,
B. velezensis ONU 553 i B. subtilis ONU 1125). 3ayBaxxumo, 110 11i IITaMu Oarui
OyJIu MEHIII aKTHBHUMH 11010 KojekuiiHoro F. oxisporum ONU F 27 (tab6mn. 3).
I3 Buginenux ¢ysapiii HaiicTiikimum g0 aii Oamun OyB mram F. oxisporum BS,
pPO3Mip 30H BiJICYTHOCTI pOCTy SIKOTO HE mepeBuinyBaB 16,0 MM, HailuyTiIuBi-
M — F. oxisporum B16 (po3Mipu 30H BiICyTHOCTI POCTY SIKOTO KOJIMBAJIUCS BiJl
17,7+£0,2 Mmm 110 21,8+0,2 MMm).

UyTnuBiCTh BHIUICHUX 13 YPOKEHHX POCIUH IUTaMiB S. sclerotiorum 3ara-
JoMm Oyna jgenio Ounbioro, HiX (y3apii, ajie TakoXk 3ajexana BiJ IMTamy Maro-
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reHa 1 mramy aHraroHicra. HaiiMeHII 30HHM BiJICYTHOCTI POCTY IMX IaTOTCHIB
pocnuH Bu3HadeHi y mexax 18,0+0,2 mm (s wramy S. sclerotiorum BS51 3a nii
rpyHToBuX Bacillus spp. 21 i 50), HaiiOunbma 30Ha — 23,4+0,2 MM (U1 mramy
S. sclerotiorum B63 3a nii Mmopcbkoro B. subtilis ONU 1125). Buninenutii i3 pociux
mraM A. alternata W46 BUSBUB OLIbINY Yy TIMBICTh A0 OAIlvl, BUAUICHUX 13 JTOH-
HUX OcajiB: 3a il MeTtabomiTiB B. subtilis ONU 1125 30Ha BiICYTHOCTI HOTO pOCTY
Oyna HaiOIbmo 1 cTanoBmwiIa 19,7+0,2 MM. Y ToOil e yac HaOLIBIINE po3Mip
30HU BIJICYTHOCTI pOCTY IIBOTO IITaMy 3a il IpyHTOBOTO Bacillus sp. 21 craHOBUB
16,4+0,2 MM.

OIiHIOIYY CTYIMiHb aKTUBHOCTI OO I'pUOIB, 3ayBaKMMO, IO BCI JOCII-
okeHi mramu Bacillus (sk 1y Bumaaky ¢itonaroreHHUX OakTepiid) Oyslu aHTaro-
HICTaMH CEPEIHBOTO 1 BUCOKOTO CTYIICHIB (pHC. 2).

90
80

% nITaMiB, AKi IPOABIUIN AKTHBHICTTh
PI3HOTO CTYIIEHEO

Cepemniit Bucoxmit Cepemniit Bucoxmit
Koxexniifai mTamMH rpadiB BHzineHi mrama rpaois

IpyaTosi Bacillus spp.  ** Mopceki Bacillus spp.

Puc. 2. CTyniHb aHTAarOHiCTHYHOT AKTUBHOCTI TOCTiKEHNX 0l
moao (pitonaroreHHUx rpudis

Fig. 2. The level of antagonistic activity of the studied bacilli
against phytopathogenic fungi

Sk BUIHO 13 HaBeJeHUX Ha puc. 2 gaHux, 65,0% IpyHTOBHX IITaMiB OaIuI €
AQHTAroOHICTaMM CEPEeHBOTO CTYTMEHIO 100 KOJIEKIIHHUX ImTamiB rpubiB 1 85,0%
— aHTaroHICTaMH CEPEIHBOTO CTYTICHIO MO0 BUIUICHUX 13 YPaXKCHUX POCIHH IPH-
6iB. Y wnei xe yac 54,2% mramiB MOPCHKHUX Oamnmi Oyinu cepeHbOAKTUBHUMHU J10
KOJIKI[ITHUX mTaMiB TpHOiB 1 66,7% — cepeTHbOAaKTUBHUMH J10 BUIICHUX TPHOIB.

I3 ycix mociimkeHuX HaWKpally aKTUBHICTB J0 (iTOIMAaTOreHIB TPUOKOBOT i
OakTepianbHOI pupoau BUsBHB ItaMm B. subtilis ONU 1125, Buninenwnii x.0.H.,
c.H.c. HItenikopum M. /1. i3 moHHUX ocamiB, BiniOpanux Ha rubuni 1537 M (cTraH-
wist 233, 41°32°670 'N 37°37°460 'E). 3a BBy MeTaGOIITIB 1{OTO IITAMY PO3Mi-
PH 30H BiJICYTHOCTI POCTY KOJCKIIIHHUX MTaMiB (PITOMATOreHHUX OaKTepiid KOJIH-
Bayucs y Mexax 18,0+0,2 mm — 21,3+0,2 MM, rpubiB — 16,7+0,2 mm — 27,7+0,3 MM,
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BUJIUICHHX 13 YPOKECHUX POCIHH mTamiB Oakrepiit — 17,2+0,2 mm — 18,2+0,2 MM,
mramiB Tpu6iB — 18,0+0,2 mm — 23,4+0,2 MMm.

Mexanizmu 010KOHTPOJIIO, 32 IOTIOMOTOI0 SIKUX Bacillus spp. 6epyTh yuacTb
y 3aXHUCTI POCJIMH BiJ IMaTOTCHIB, JOCUTh PI3HOMAHITHI 1 BKJIIOYAIOTh CHHTE3 aH-
TUMIKPOOHHX CIIONYK (aHTHOI0THKIB, MO3AKIITUHHUX (DePMEHTIB, cuaepodopis Ta
JETKHUX CIHOJYK), KOHKYPEHIIIO 32 MOKMBHI PEYOBHHHU, MICIISI MEIIIKAHHS, a TAKOX
IHIYKIII0 CUCTEMHOI pe3UCTeHTHOCTI y pociud [33, 34]. Bacillus spp. MOXYTb
NPOIYKYBaTH BEJIHMKY KUIBKICTh Pi3HMX BTOPMHHHX METa0ONITIB, BKIIOUAIOUN aH-
TUMIKpPOOHI JTIMONENTHIU, ENTH/IU, MOTIKETHIU, TITHYHI (PepMEHTH, JeTI0Ul pe-
YOBUHHU, IKi €()EKTUBHI MPOTU POCIMHHUX MaToreHiB. OYHKIIOHAIBHI TeHU TpU
IbOMY MOXYTh CTAaHOBUTHU NTpuOIn3HO 5—10% ycboro renomy [6, 23, 27].

CunbHYy aHTHMIKpOOHY aKTHBHICTh BUSIBISIFOTH wTamu Bacillus spp., ski
YTBOPIOIOTh HEPUOOCOMHO CHHTE30BaHI JIMONCNTUAM 1 mentuad. Jlimonenruan
0anmi CKJIAIAOThCS 3 JIMIAHOTO XBOCTA, SIKMW 3B’S3aHUN 3 KOPOTKUM JIHIMHUM
a00 IUKIIYHUM OJIIFONENTUAOM. MexaHi3Mu O10CHHTE3y JIIMONENTH/IIB JTyKe
CKJIQJIHI, KaTaji3ylThCsl HEPUOOCOMHUMHU MENTUIHIUMH CUHTETAa3aMHU, BEIUKUMU
(epMEHTHUMHU KOMILIEKCAMH 3 MOAYJILHOIO CTPYKTYPOIO, JI€ KOXKEH MOYIb BiJIIO-
BiJIa€ 32 BKIIIOYCHHS TICBHOT aMiHOKHCIIOTH. MOJIEKYIIH BiJOMUX JTIIIIONIENITHIIB MiC-
TATH BiJ 4 10 16 aMiHOKHCIOTHUX 3a/MIIKIB y L- a6o D- koHdirypanisx. Kinbkicts
1 CKJIaJ1 JIIMOTENTU/IB, 110 MPOMYKYIOThCS Bacillus, BU3Ha4a€ThCs 1 3aJI€KUTH BiJl
npupoau maroreHa [13, 19]. ¥V Garwn Halikpaiile BUBUCHI [UKTIYHI JIITONCITHIN,
SIKi B OCHOBHOMY BKJIIO4arOTh: (1) ponuHy cyp(}hakTHHIB i3 BIACTUBOCTSAMU IMOBEPX-
HEBO-aKTHBHHUX PEYOBHH, iX MOXKHA BHIIJIUTH 31 mTaMiB B. subtilis, B. velezensis,
B. amyloliquefaciens, B. pumilus i B. licheniformis; (2) poauHy iTypHHiB i3 3Ha4-
HOI0 MPOTUTPUOKOBOIO AaKTUBHICTIO (HANPUKIAA, TpoTU Fusarium graminearum
1 F oxysporum), Bkmouatoun itypuH A/D/E, Gamwmnominuma D/F/L, mikocy0-
TWIIH 1 MOPKaBeH3WH, sIKI 3a3BUYall MPOMYKYIOThbCs B. subtilis, B. velezensis i
B. amyloliquefaciens; (3) ponuny (heHTILHHIB, SIKi TAKOXK MPOSBISIIOTh TPOTUTPUO-
KOBY JIit0 (Hanpukiaz, npotu F. oxysporum i Phytophthora parasitica). 3aransHuid
AHTUMIKpOOHUI MEXaHi3M JINOMENTH IIB MOJISTae B IPOHUKHEHHI Yepe3 KIITHHHY
MeMOpaHy Ta YTBOpEHHi arperaris 3 (ocdominigaMu, depe3 Mo 3MIiHIOETHCS TPO-
HUKHICTh KJIITHHHOT MeMOpaHu naroreHiB [22, 28]. Toxi sk BUALICH] 1 TOCTIHKEH]
JNONENTH U € OUTBII AKTHBHUMH 1010 (PITOMATOTeHHUX TPUOIB YaCTO MPOSIBIISIEO-
Y1 CHHEPT1YHUN e(DEeKT, MOJIKETH/IN BiIOMI CBOEIO aKTUBHICTIO 11010 (PITOMATOTeH-
HuX OakTepii. [lomikeTn ¥ — 11e BETMKUI K1ac MPUPOTHUX MTPOAYKTIB, IO YTBOPIO-
IOThCS Oe3MEPEePBHUMHU PEAKIISIMUA KOHICHCAI[IT HUKYMX KapOOHOBHX KHUCIIOT TIiJT
yac Oiokarainizy nosyikeruacuaTas [9]. Hanpukian, qudinuaut, o npoayKy€eTbes
B. velezensis FZB42, npurniuyBaB Xanthomonas oryzae pv. oryzae ta X. oryzae pv.
oryzicola MIISIXOM 3HAYHOTO 3MEHIIIEHHS €KCTPECii TeHIB, OB’ 3aHUX 3 BIPYJICHT-
HICTIO NIATOTEHIB, TOALIOM KIIITHUH 1 CHHTE30M KIIITHHHOI cTiHKK/O1Ka [20]. Kpim
TOrO, ITaMu Bacillus spp. TaKoX MPOLYKYIOTh TOPUIHI MOIKETHI-HEPUOOCOMHI
NEeNTHUIHI METabOoIIITH 3 aHTUMIKPOOHOO aKTUBHICTIO, HAIIPHUKIIAM, OaluinaeH (CHH-
Te3yeThes B. subtilis), sikuii iHri0ye MMUPOKU cieKTp Oakrepiii [5, 8].

AHTUMIKpOOHA aKTUBHICTH Bacillus spp. Takox Moxke OyTH 3yMOBIIEHA CHH-
TE30M TIPOTITUYHHUX (PEPMEHTIB, TAKUX SIK XITHHA3H, XITO3aHA3H, TIIFOKaHA3H, I1e-
JrOINIa3y, Jiinasu i nporeasu. Lli pepmenTH e(heKTUBHO TiAPOTI3yIOTh OCHOBHI KOM-
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MOHEHTH KJIITHHHUX CTIHOK IPUOKOBUX MATOTCHIB, THM CAMHUM IMPHUTHIYYIOUU X
pict [4, 34].

Kpim KOHTaKTHO-3aJIeKHHUX MPOTUMIKPOOHHUX MeTabomiTiB, Bacillus spp. Ta-
KO YTBOPIOE JICTKI OPTaHI4HI CHOIYKH, SKi MOXKYTh JAUCTAHIIIHO MPHUTHIYYBaTH
naroreHHi MikpoopraHizmu. HaiOinbil epeKTHBHUMU € 2-HOHAHOH, 2-JIE€KaHOH,
2-nponaHoH, Oen3anpaerin, 1,2-6en3oriazon-3(2H)-on ta 1,3-0yranien [12, 30].

3a pesynpratamu myOmiKamiii iHO3eMHHX (haxiBIIB, i130JSTH MOPCHKUX
Bacillus spp., TOpIBHIHO i3 130JI9TaMU, BUIUICHUMH 13 Ha3eMHUX JDKEPEJ, YTBO-
PIOIOTH CTPYKTYPHO Pi3HOMAHITHIII KJIaCH BTOPHHHHUX METAOOIITIB, TaKi SK JIIIO-
TICTITUAM, TTOJIMENTHAN, MAKPOJIAKTOHH, dHUPHI KHCIOTH, TIOJIKETHIH, JTIOaMIiIN
Ta i30kymapunu [15, 32]. Lli cTpykTypHO yHiBepCaabHI CHOTYKU BHUSIBISIOTH LIH-
POKUI CIIeKTp 010JI0TTYHOT AKTHBHOCTI 3 HOBUMH MEXaHi3MaMH JIii Ta MalOTh BEJIH-
KU TIOTEHITaJ JJIsl pO3POOKHU €(PeKTUBHUX CTPATEriil yIpaBIiHHA 11 00pOTHOU 3
¢iTonaroreHamu OGiopamioHansHUME MeToaamu [17, 21, 32].

OTtpumaHni pe3yabTaTd MO0 BU3HAUEHHS aHTArOHICTMYHOI aKTUBHOCTI Oa-
LW, BUIUJICHUX 13 PI3HUX MPUPOAHUX JDKEPET, IPOTH (PITONATOTeHHUX MiKpOOpra-
HI3MIB BKa3ylOTh Ha iX MOTeHIiand y 00poTh0i 31 30ynHUKaMU XBOpOO pociuH. Yci
JOCTI/DKEeH] ITaMu Oaluil IPUTHIYYBaJIM PiCT KOJMEKIIHHKUX 1 BUIUICHUX (iTOMaTo-
T'€HIB, MPOSIBIISIIOUN AKTUBHICTH CEPETHHOTO 1 BUCOKOTO CTYICHIB Y 3aJIE)KHOCTI BiJl
mraMmy naroreHa. Halikpamuii antaroHicTuaHuN e(eKT BUSBUB 1ITaM B. subtilis
ONU 1125, Buainenuii i3 rmuOOKOBOIHUX AOHHUX ocaniB YopHOro mops, 3a mii
MeTa0OJIITIB SIKOTO PO3MIpH 30H BIICYTHOCTI POCTY KOJEKIIHHHUX MITaMiB (iTona-
TOTeHHUX OakTepid 1 rpubiB Bu3Ha4eHi y mexax 18,0+0,2 mm — 21,3+0,2 MM i
16,7+0,2 mm — 25,44+0,3 MM, mTamiB Oaktepiil i rpubiB i3 ypakeHUX 3TaKOBHX
pociun — 17,2+0,2 MM — 18,0£0,2 mm 1 15,7+£0,2 MM — 23,4+0,2 MM, BiAIOBITHO.
Iltam B. subtilis ONU 1125 MoxkeMO peKOMEHyBaTH JUIsl HOAAIBIINX J0CIiKEHb
110710 3’SICYBaHHS MOXJIMBOCTI HOTO 3aCTOCYBAaHHS B arPOBUPOOHHIITBI.

O. V. Andriushchenko, I. V. Strashnova, T. V. Ivanytsia,
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EVALUATION OF ANTAGONISTIC ACTIVITY
OF BACILLI AGAINST PHYTOPATHOGENIC
MICROORGANISMS

Summary

Biological control of phytopathogens using non-pathogenic bacterial
representatives, in particular bacilli, as the basis of biological preparations, is an
alternative to chemical pesticides and implements a goal related to the greening
of agricultural production. Aim. To evaluate the antagonistic potential of bacilli
isolated from various natural sources against phytopathogenic microorganisms.
Methods. The antagonistic activity of 5 soil strains of bacilli (Bacillus spp. 6, 9,
13, 21, 50) and 6 strains isolated from deep-sea bottom sediments of the Black
Sea (Bacillus subtilis ONU 559, ONU 1125, Bacillus pumilus ONU 554, Bacillus
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velezensis ONU 553, Paenibacillus larvae ONU 1077, Priestia megaterium ONU
1085) against collection phytopathogenic microorganisms and microorganisms
isolated from affected cereal plants was studied by the block method. Results.
Under the effect of bacilli, the sizes of zones of growth absence of collection strains
of phytopathogenic bacteria ranged from 16.5+0.2 mm to 21.3+0.2 mm, isolated
from affected plants — within 15.4£0.2 mm — 18.2+ 0.2 mm, for phytopathogenic
fungi it was determined within 15.6+0.2 mm—27.7+ 0.3 mm (for collection strains)
and 14.0£0.1 mm — 23.4+0.2 mm (for isolated from affected plants). Bacilli showed
antagonistic activity of average level almost to all strains of phytopathogenic
bacteria, in 8.3% of cases, bacilli strains isolated from bottom sediments showed
activity of high level to some collection strains of bacteria. 65.0% and 85.0%
of soil bacilli strains, were moderately antagonistic to the collection fungi and
isolated fungi from affected plants, respectively. Marine bacilli strains showed
a greater antagonistic effect against fungi: 45.8% were highly active to the
collection strains and 33.3% were highly active to the isolated fungi. Conclusions.
Bacillus strains isolated from various natural sources inhibited the growth of
phytopathogenic microorganisms: collection and isolated from affected plants.
The level of antagonistic activity of the bacilli was evaluated as "average” and
"high" depending on the pathogen strain. The best antagonistic effect was shown
by the B. subtilis ONU 1125 strain from deep-sea bottom sediments of the Black
Sea, what allows us to recommend it for further research to clarify the possibility
of developing a preparation to combat plant disease pathogens.

Key words: antagonistic activity, bacilli, phytopathogenic microorganisms.
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AHAJII3 KJIACTEPIB BIOCUHTETUYHUX I'EHIB
BACILLUS PUMILUS ONU 554 IN SILICO

Memoro pobomu 6ye noeiubienuti ananiz Kiacmepie 2enié acoyio6anux 3 oOi-
ocunmesom emopunnux memaborimie (BGC) Bacillus pumilus ONU 554 3 eu-
Kopucmanusm Oioingpopmamuunux memooie. Memoou. [0enmuixayito eudy
nposodunu 3 suxkopucmanusm cepeepie TYGS, Comprehensive Genome Analysis
(CGA) Service ma KmerFinder-3.2; ons pospaxynxy ANI euxopucmosyea-
au KBase. I'enu ammubiomuxopesucmenmuocmi uwiykanu uepes cepeep CARD.
Ananiz nassnocmi knacmepie eenis, bakmepioyunis 3a donomoecorw antiSMASH,
Bagel4 ma PRISM sionosiono. Pesynomamu. Iloxkazano, wo 3a pe3yiemamamu
i0enmudghixayii, ginocenemuunoeo ananizy ma JJHK-/{HK-eibpuouszayii (DDH),
npogedenoi in silico, wmam Bacillus pumilus ONU 554 ionocumscsi 0o epynu
B. pumilus. B eenomi wmamy eusieiieni nociioo6Hocmi, wo i0eHmMupikosani sk
npogaeu, CpG-ocmpisyi ma CRISPR pezionu. [0oenmugirosano 15 xknacmepis
biocunmemuunux eemie (BGC) 3 eurxopucmanmusim incmpymenmis antiSMASH,
Bagel4 ma PRISM. [loxazana HasisHicmb mpbox KIACMeEpPI8 2eHi6 0aKmepioyuHie
6 eenomi Bacillus pumilus ONU 554, nepubocomnux nenmuocunmemas ma Kom-
OiHOBaHUX KIACMEPI8, WO CKAAOAIOMbCSL 3 HEPUOOCOMHUX NENMUOCUHMEMAas ma
nonikemudcunmemas 1 muny. Bucnoeku. Iliomeepooicena nanesxcnicms wmamy
Bacillus pumilus ONU 554 0o epynu B. pumilus. 3 euxopucmanusim oHOGIeHUX
an2OPUMMIE AHALIZY 2EHOMA GUHAYEHO OLIbULY KLIbKICMb Kiacmepie Oiocurme-
muunux 2enie (BGC). Cepeo knacmepie i0eHmMu@piko8anux 3 6UCOKUM CIMYNEHeM
nooionocmi oynu nixenizun (BGC0000381), 6ayunizun (BGC0001184), 6ayuni-
baxkmun (BGC0002695). Knacmepa ¢enciyuny (BGC0001095) ma wwusoxine-
Hu (BGC0002683) manu cmynine nodionocmi 6 dianazoni 6id 53,0 0o 60,0%%.
Busisneno CpG-ocmpisyi, CRISPR pecionu, inwi eenu cmiiikocmi 00 anmu6io-
muxie. Ompumani pesynomamu ceiouams, wo wmam Bacillus pumilus ONU 554
Modce bYmu nepcnekmuHuM O NOWLYKY HOBUX CHONYK 3 AHMUMIKPOOHOIO ma
AHMUPYHSTYUOHOIO AKMUBHICINIO.

Knwwoesi cnoea: Bacillus pumilus, xnacmepu eenis, 6ioingopmamuunuil
ananis.

[ramu Bacillus pumilus cTiikumMu 10 HECTIPUATIMBUX yMOB, Y® pamiarii i
ximMigHEX peuoBuH. Kpim toro, mramu B. pumilus CHHTE3yIOTh pI3HOMaHITHI dep-
MEHTH 5K 3HaXO/STh 3aCTOCYBaHHS B CLIIbCBKOMY IOCTIOAPCTBI, BAPOOHHUIITBI Xap-
YOBHX MPOMYKTiB, Oiopemeniallii CUCTeM CTIYHHX BoJ, Oioaerpazaarii 3a0pynHeHb
HaBKOJIMIITHROTO cepeAoBHIla Ta (papMarieBTHII K 010aKTHBHI conykH [5, 17, 33].
Mram Bacillus pumilus ONU 554, i3onp0Banuii 3 HopHOTO MOPS POSIBUB TIOTY K-
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HY aHTaroHiCTUYHY aKTHBHICTH [27] i OyB mpoaHasizoBanuii 6i0iHGOpMaTHIHUMU
meTonami [1]. Meroro poGotu OyB mormbIeHU aHalli3 KJIACTEePiB T'eHIiB acoLiiio-
BaHUX 3 OlocuHTe30M BTOpuHHKMX MeTaboiitiB (BGC) Bacillus pumilus ONU 554 3
BUKOPHCTaHHSM 0101HPOPMAaTHUYHUX METOIIB.

Marepiajim Ta MmeToaun

WMrtam Bacillus pumilus ONU 554 OyB BHIiNICHUU 3 JOHHHX BiJKJIaJCHb
Yopuoro mops 1 nenoHoBanuii y Konekuii MOPChKUX 1 MPAaKTUYHO KOPUCHHUX Mi-
KpoopranizmiB OnechKOro HamioHaJIbHOTO yHiBepcuteTy imeHi I.I. Meunukosa,
a BIJIMOBi/IHA CEKBEHOBaHA '€HOMHA MOCIIIOBHICTH Oyiia BHECEHA 10 0a3u JaHHX
GenBank mig inBenTapaum Homepom CP060799.1.

AHoTanis reHoma

AHoTaI1i10 reHoMy poBoaniIH 3a toriomororo cepeepy PATRIC (Pathosystems
Resource Integration Center) mepexeBoro pecypcy BV-BRC (Bacterial and Viral
Bioinformatics Resource Center — https://www.bv-brc.org/) [32].

dinoreHeTHYHMI aHATI3

J1is BU3a4eHHS CHCTEMATUYHOTO TTOJIOKEHHS IITaMy OyJI0 BUKOPHCTAHO Ccep-
Bic TYGS (Type (Strain) Genome Server — https://tygs.dsmz.de/) [23, 24]. Ouinka
KOPEKTHOCTI TOMOJIOTi1 iepeBa Oa3zyBaiacsi Ha CEpeIHIX 3HAYCHHAX MIATPUMKH Ti-
7ok ta craructui O [16]. Cepennro ineHTHUHICTh HyKIeOTU B (ANI) po3paxoBy-
BaJIM 3a gonomororo kKaibkymsaropa ANI Ha mnardopmi KBase (https://www.kbase.
us/). Jlnsa yrouHeHHs pe3ynbTariB Bukopuctaian Comprehensive Genome Analysis
(CGA) Service Ha cepBepi BV-BRC, 1o ineHTH(IKYE HAROIMKIUX POJAUYIB 32 BU-
Opanum reHomoM. Bin BuOupae HaliOMMK4i €TajJoOHH] Ta penpe3eHTaTuBHI TeHOMU
3a gonomororo Mash/MinHash [25], a motim Gepe 11’s1Th 13 mo0anbHUX POAUH Oif-
kiB BV-BRC [10], m1o € ciiibHUMHE U1 BCiX BHOPaHUX T€HOMIB, 100 MOOyayBaTu
JIepeBO Ha OCHOBI aMiHOKHCIIOTHOTO Ta HYKJICOTUTHOTO BUPIBHIOBAHHS IIUX O1JIKIB,
K1 BUpiBHIOIOTHCS 32 tortomororo MUSCLE [11], a RaxML [29] BUKOpUCTOBY€Th-
cs 115t ToOyI0BH JiepeBa.

[Ile onny nepeBipky Ha cepBepi Center for Genomic Epidemiology (https://
www.genomicepidemiology.org/) mnpoBoawIM 3 BHKOPHCTaHHSIM BeO-cepBepa
KmerFinder-3.2 (https://cge.food.dtu.dk/services/KmerFinder/) [14].

BusiBjiennsi mia3mij, incepuiiHuUX ejieMeHTIB, MOOIJILHUX €JIEMEHTIB,
reniB antudioruxope3nucreHTHOCTi TAa CRISPR- Cas

Many renomy BigoOpaxkanu 3a gornomororo cepsepa CGView Server (https://
proksee.ca/) [12]. ITomyk mia3Mmif, iHCepIiHHUX eneMenTiB, a Takok CRISPR—Cas
npoBoauiaucs 3a jonomoror PlasmidFinder — https://cge.food.dtu.dk/services/
PlasmidFinder [8], ISEScan Ta CRISPRCasFinder — https://crisprcas.i2bc.paris—
saclay.fr/CrisprCasFinder Biamosigno [18].

Be6-ceprep PathogenFinderv.1.1 (https://cge.food.dtu.dk/services/
PathogenFinder/) BukopucToByBaBCs AJisl OLIHKK MAaTOTeHHOCTI Bacillus pumilus
ONU 554 [9].

[Tomyk MOOUTBHUX T€HETHYHHUX €JeMEHTIB, Bkitoyaroun CpG-ocTpiBli Ta
¢arosi ainsHKU B reHomi  Bacillus pumilus ONU 554, mpoBoauiiu 3a JOMOMOTOI0
inctpymenTiB IslandViewer 4 (https://www.pathogenomics.sfu.ca/islandviewer/
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browse/) Ta PHASTEST (PHAge Search Tool with Enhanced Sequence Translation
— https://phastest.ca/) [4].

Cepgic CARD (The Comprehensive Antibiotic Resistance Database — https://
card.mcmaster.ca/) BUKOPUCTAIU JUTsI TIOIIYKY T€HIB aHTUO10THKOPE3UCTEHTHOCTI
3a JOMOMOTOI0 TPhOX PI3HHX AITOPUTMIB, a came ‘perfect’, ‘strict’ Ta ‘loose’ [3].

InenTudikania kiaacrepiB rediB acouiiioBanux 3 0l0CHHTE30M BTOPHMH-
HHMX MeTa0oIiTiB

bioindopmaniiini inctpymentu antiSMASH («antibiotics and secondary
metabolite analysis shell» (https://antismash.secondarymetabolites.org/#!/start)
version 7.0.0 (amroputm relaxed) [6] i BAGEL4 (http://bagel.molgenrug.nl/)
[2, 31] Ta PRediction Informatics for Secondary Metabolites (http://magarveylab.
ca/prism/) [27], BUKOpUCTOBYBaM AJisi omryKy renHux kinacrepis (BGC), ski Oe-
PYTh y4acTbh y CHHTE31 MOIIKETU/IIB 1 OaKTEepiOLUHIB.

Pe3yabTaTi Ta iX 00roBopeHHs

3aranbHa aHoranist renomy Bacillus pumilus ONU 554

I'ernom Bacillus pumilus ONU 554 ckiagaeTbcst 3 OfiHI€T KUTBLIEBOI XpOMO-
comu (3642544 n.H. — inentudikarop CP060799.1), Ta ogniei mnazmigu pONUS554
(95374 map nykneoruni — ineHrudikarop CP060800.1). Bmict GC — map y no-
CIIiDKyBaHOTO MikpoopraHizmy ckinagae 41,8%. Busnaueno HasiBHicTh 3749 0Oi-
nok-konyrounx nocuigoHocrerd JIHK (CDS), siki Oynu po3noaisieHi B3A0BXK 000X
nanmoris. [nentudikosano 81 ren TPHK Ta 24 renn pPHK (8 renis 5S pPHK,
8 reniB 23S pPHK Ta 8 renis 16S pPHK), a Takox 3Haiiieno 47 perioHis, 110 MOB-
ToprotoThes, oaHy ausHKy CRISPR, omny ¢aroBy ainsaky Tta 16 CpG-octpiBiiB
(tabm. 1, Tabm. 2, puc. 1).

3a pe3ynbraraMu aHaiidy Ha nmaroreHHicth Ha cepBepi Center for Genomic
Epidemiology (anroputm PathogenFinder) wram Bacillus pumilus ONU 554 Busi-
BUBCSI HE MTAaTOT€HHHM.

3i 3nHaiinennx CpG-ocTpiBLiB, BiCIM € 1I€HTU(IKOBAHUMH 3a JOMOMOTOO
xoua 6 ogHoro meroxy. Yorupu CpG-ocTpiBii Oyiu BUSBIEHI 3 BUKOPUCTAHHSIM
metony SIGI-HMM, a inmi yotupu — i3 3actocyBaHHsM metony IslandPath—
DIMOB (tab:. 2).

Takum unHOM KOXKeH 3 CpG-ocTpiBLiB OyB MiATBEPIKEHUI ABiUi 32 PI3HUMHU
anroputMamu nouryky. [TpucytHicts reHoMHUX ocTpiBLiB (GI) nqomomarae Mikpo-
opraHizMam B aJianTailii, eBOJIOLI] Ta IepEeHECEHH] I'eHiB, IO MOB’s3aHi 3 MeTa0o-
JII3MOM, CTIMKICTIO 10 aHTHO10THKIB [19].

Bizyaunizaiiiro reHoMa poOWIH 3a 10IOMOTo0 cepBepa Proksee (puc. 2).

Takconomiune nosioxenus Bacillus pumilus ONU 554

JIJisi yTOYHEHHS CUCTEMaTHYHOro mnosiokeHHs1 Bacillus pumilus ONU 554
OyJ10 BUKOPUCTAHO KOMILIEKC Y3TO/PKEHMX MIX COOOI0 METOIB. 3TiHO i3 pe3yib-
taramu (pimorenernunoro anani3y Ha cepsici TYGS Bacillus pumilus ONU 554 €
Oomu3bkuM poauueM mramy Bacillus pumilus NCTC 10337 (NZ_LT906438.1), i30-
JLOBAHOTO 3 JIOHHUX BiJKJIaJIeHb MAaHTPOBHX 3apocieil y CayniBcbkoi Apasii [26]
ta pedepentHoro mramy Bacillus pumilus ATCC 7061 (puc. 3).

OTpuMaHMii BACHOBOK, 0a3yBaBCs Ha ITiJICTaBi OMAPHUX NOPIBHSIHB MiXK Ha-
0opoM reHomiB 3 BukopucTaHHsIM GBDP i To4HMX MI>KIT€HOMHHX BiJICTaHEH, BUBE-
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3aranbHi xapakrepuctuku renomy Bacillus pumilus ONU 554

Tabmuns 1

Table 1

General characteristics of the Bacillus pumilus ONU 554 genome

Toka3HuKH BaacruBocri Crarucruka

Craructuka reHOMY | KoHTHIH 1
JloBXKHMHA TeHOMY 3642544
Bwmict GC 41,78
KonTur L50 1

Tenomui CDS 3749

XapaKTePUCTUKH
tRNA 81
PerioHwu, 110 MOBTOPIOIOTHCS 47
rRNA 24

XapakTepuCTHKA lnoreruyni 61TKK 733

OinKiB
Binmku 3 pyHKITIOHATEHAMY IPHU3HAYCHHIMHI 3016
Binku 3 npuznauenasm EC-HoMepiB 922
Binku 3 mpuznagenssm GO 767
Binky 3 mpu3HAYCHHSM IUISIXIB 680
Bijku 3 npU3HA4YEHHSM MiJICUCTEM 1074
binku 3 npu3HadeHHsAM popocnenudiqyHol poIuHn 3629
PATRIC (PLfam)
Binku 3 npu3HaYeHHAM MIDXXPOZOBOT POANHH 3617
PATRIC (PGfam)

CremiasnbHi renu ®axrop BipynertHocTi (PATRIC VF) 2
®axrop BipynenTHOCTI (Victors) 2
Tpancnoptep(TCDB) 68
Jlikapcbka mimiens (DrugBank) 21
Jlikapcbka miniens (TTD) 1
Pesucrentnicts 1o antndioruxis (PATRIC) 41
Pesucrentnicts 1o antnbdiorukis (CARD) 2
PesucrentHicTh M0 anTHOIOTHKIB (NDARO) 2

neHux 3a popmynoto Biacrani dS [22]. Inst koxxHOTO OyIito po3paxosano 100 perrik
Bincrani. [{udposi 3nauennss DDH Ta noBipui iHTEpBalu poO3paxoByBalld 3 BUKO-
pucTaHHsAM pekoMeHaoBaHux HamamrtyBanb GGDC 4.0 [22, 23]. VYci pesynbratu
NOpPiBHSHB, OTpUMaHi 3a popmyrnoto 5 dDDH, Oynu BUIIMMEU 32 BHIOBHIA MOpIr

> 70%) [5].
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Tabmums 2
Xapakrepucruka CpG-ocrpiBuiB y renomi Bacillus pumilus ONU 554
Table 2
Characteristics of CpG islands in the genome of Bacillus pumilus ONU 554
Ne CpG- IouaTox Kineun JloB:kuHA Meton
oCcTpiBLSl | MOCJIIOBHOCTI | MOC/IiIOBHOCTI | MOCJIiZ0BHOCTI (11.H.) NPOrHO3yBAHHS
Island 1 591687 596050 4363 Predicted by at least one
method
Tsland 2 1711843 1718753 6910 Predicted by at least one
method
Tsland 3 2254521 2258700 4179 Predicted by at least one
method
Island4 | 2631604 2635747 4143 Predicted by at least one
method
Island5 | 2671766 2681125 9359 Predicted by at least one
method
Island 6 | 2691723 2707,393 15670 Predicted by at least one
method
Island7 | 2714020 2736640 22620 Predicted by at least one
method
Island 8 3553224 3568250 10026 Predicted by at least one
method
Island 1 591687 596050 4363 SIGI- HMM
Island 2 1711843 1718753 6910 SIGI- HMM
Island 3 2254521 2258700 4179 SIGI- HMM
Island 8 3553224 3568250 10026 SIGI- HMM
Island 4 2631604 2635747 4143 IslandPath— DIMOB
Island 5 2671766 2681125 9359 IslandPath— DIMOB
Island 6 2691723 2707393 15670 IslandPath— DIMOB
Island 7 2714020 2736640 22620 IslandPath— DIMOB

3a pesyabratamu ifeHTUQIKaLll mTamy 3a jornomoror pecypcy BV-BRC
(Comprehensive Genome Analysis (CGA) Service) moka3zaHo, 1o mrtam Bacillus
pumilus ONU 554 € makcumanibHO Toai0HUM a0 mtamy Bacillus pumilus SAFR-
032 (NC _009848.4), saxuii Oyno BUIUIEHO Ha 3aBOJI 31 CKJIAIaHHS KOCMIYHHMX

kopabmiB y JIabopatopii peaktuBHoro pyxy HACA (puc. 4).

[opiBHsbHMI aHaNI3 reHOMY Yepes BeO-cepBep KmerFinder-3.2 (Center for
Genomic Epidemiology) mnoka3aB BHCOKY iaeHTHuUHICTh Bacillus pumilus ONU
554 no mrramiB Bacillus pumilus EB138 (NZ_CP081199.1), i301p0BaHOTO 3 KOpi-
aHzpy nocisHoro, Bacillus pumilus BIM B-171 (NZ_CP085037.1), 130;150BaHOTO
3 JIEPHOBO-NIII30IMCTUX IPYHTIB Ta Bacillus pumilus 3-19 (NZ CP054310.1), i30-
JILOBAHOTO 3 TPYHTY.
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Puc. 2. Mana, mo isiroctpye xpomocomy reaoma Bacillus pumilus ONU 554
(oTpumaHna 3a gomomororo Proksee, A — kinbIieBa XpoMocoma,
B — 30inpmenHa ginsHKa XpOMOCOMN)

Fig. 2. A map illustrating the chromosome of the genome of Bacillus pumilus ONU 554
(obtained using Proksee, A is a circular chromosome,
B is an magnified enlarged section of the chromosome)

Jlnist IpoBeICHHsT PO3PaxyHKy CEPeAHbOT HYKICOTUAHOI IICHTUYHOCTI MiX
reHomMamMy BHKopHcTanu iHcTpyMmeHT FastANI na cepepi KBase. Busnaueno,
o MakcuManbHui moka3Huk ANI 3adikcoBano mix mramom Bacillus pumilus
ONU 554 i mrramamu Bacillus pumilus 3-19 (99,54%) Ta Bacillus pumilus EB138
(98,35%), mo 3a pexkomenpoBaHuMHU moporoBumu 3HadeHHIMU OrthoANI [20]
CBi/14aTh, PO BUCOKY CIOPiTHEHICTh MIX IITAMaMH.

[Monankmmiii aHami3 mokasaB MPHUCYTHICTh B reHOMI Bacillus pumilus ONU
554 onniei mocmimoBrocti CRISPR, mio nmokanizyerscst B perioni Bix 1149014 no
1149147 nykneotruaa B reHOMI. Y Iii MOCTIIOBHOCTI HasiBHI 2 CIIEHCEpHUX peri-
oHu (puc. 5).
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B Genome size (in bp)

B Percent G+C
B Protein count

| B. pumilus NCTC 10337
57
}B, pumilus ATCC 7061

@ HEEENENENMNBNE-N N Subspecies cluster

E EEENENENNMNMNMN N Species cluster

" H EE
B. pumilus ONU 554 HEOEN

Tor B. is FO-36b H EN
% B. safensis CECT 9344T [ |

B. limaris NH7I_1 (] |

Bacillus shangzhowensis MCCC 1A08372 NEEN

B. invictae DSM 26896 [ ] | |

’—I:B_ aerius 24K ] ] |

o \‘HTI: B. cellulasensis NCIM 5461 o |

B. altitudinis DSM 21631 i ] |

B. x is HYC-10 fEEN

Puc. 3. lenaporpama ¢isioreneruunux 3B'sa3kiB Bacillus pumilus ONU 554,
nodynosana Ha ocHoBi JIHK- JIHK riopnan3anii noBHoro renomy

Fig. 3. Dendrogram of phylogenetic relationships of the Bacillus pumilus strain ONU 554,
constructed on the basis of DNA-DNA hybridization of the whole genome
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Puc. 4. lenaporpama ¢isioreHernunux 3B's3kiB Bacillus pumilus ONU 554, nodynoBana
Ha ocHoBi Comprehensive Genome Analysis pecypcy BV-BRC

Fig. 4. Dendrogram of phylogenetic relationships of the Bacillus pumilus strain ONU 554,
constructed based on the Comprehensive Genome Analysis of the BV-BRC resource
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Jlokycu reHiB aHTHOIOTHKOPE3HMCTEHTHOCTI

Cepen 3HaliieHuX Oyau I'€HU KJIACTEpy TEHIB CTIMKOCTI O INIIKONENTH/IB
vanG, a came renu vanT ta vanY [7]; ren FosBxI, 1m0 € TeHOM CTIHKOCT1 10 (oc-
dbominmny [30]; rean gacG ta gacJ, MO BIAHOCATHCA 10 CUCTEMHU €(IIOKCHOTO
Hacocy 13 MyJabTUpe3ucTeHTHICTIO [15]. T'en gacG Bianosinae 3a CTIHKICTh A0 OCH-
3aJIKOHIIO XJIOPHUy Ta €TUAII0 OpOoMiy, a FeH gac/ 3a CTIMKICTb /10 CIIOJIYK YeTBEp-
TUHHOTO aMOHII0. ['eH cat86 BiIHOCUTHCS 0 XJopaMeHikonaueTuiTpanchepas

[13] (puc. 6).

B CRISPR
B caArRD

1.0 Mbp -

anT gene in vanG cluster
=
Bacillus pumilus catB6
NZ_CPe&e799_1 1

Puc. 6. PozramyBanns rexis antudioruxopesucrentHocti Ta CRISPR-Cas periony,
o Oysim ineHTudikoBaHi B renomi Bacillus pumilus ONU 554
(Mana orpuMaHa 3a gonomoror Proksee)

Fig. 6. Location of antibiotic resistance genes and CRISPR—Cas region identified
in the genome of Bacillus pumilus ONU 554
(map obtained using Proksee)

®DaroBi BCTABKHU

I'enom Bacillus pumilus ONU 554 mictuth oiHy (haroBy BCTaBKY, 11O CKJia-
naethbest 3 3737 rewiB (3 Hux 74 daroBux rena) (puc. 7). Perion 3 haroBoro BcTa-
KOO JIOKasTi3oBaHo 3 2662087 mo 2748716 nykieotuna B renomi. [lepeBaxkarounmu
B TOMY perioHi € mociigoBHoCTi dariB Bacillus phage vB_BtS B83 (NC_048762)
ta Bacillus phage vB_BtS BMBtpl4 (NC _048640.1). Menm npencrapieHi mo-
ciimoBHOCTI Brevibacillus phage Osiris (NC _028969.1) ta Aeribacillus phage
AP45 (NC 048651.1).

34 —— [SSN 2076-0558. Mixpobionozin i Giomexnonozis. 2025. Ne 1. C. 25-47 _—



AHAJII3 KJIACTEPIB BIOCUHTETUYHUX T'EHIB ...

LSALSVHJd punoj $yss NNO snjuund snjjong o dwiouds 3y) ur uonasui 3sgeyd ay) jo uorsax ayJ, °, “Siq

LSALSVHJ XMHIIrdBUd $SS (NO Shjtund snjjiopg TWOHAI 9 UMIRLIE 109018 eXHEBIT °/ *dud

ey O iT S OTLT oy OLET 0T
s . . . . . P . . . . '

.f

:
:z- -!Z!v AL L vv.!- ;!3';;-; )

_ 1
N\ —— -._._..L....n _

\ E!o...- _-U_S.Enr:: A :.:.u.n Dy dA R c_e.n:..._ PO R

-~ _ ._..t.t c_c.o.n ARt ,.
J i D
x_gs_...._o...o?u. 5.3... v-!n._. \ _ " onmitoyuy’ U o | _
o s H | | | upksosd dmi-eBuug /[ wdacad edjeuicdig WO _o:_on.:. __
A \ waicsd o) -ebwug |

L S -
[ A T

b | e e—r P L e
e ] i LR A
U S, | — _.:....n..-._ﬂ..,._.._.:ﬂ;._.-n!x wieosd” sni-eBeug upsiosd pesy | L
upsjoid - ooy ureyoad-pbpedgodidy | demclamoampodis oot o Su e
wisaud mhnspediy UPBLO (U 3R AN upagbad e Beg
| i i upagosd oi-aBey.g

wpeicud sy -ab e

|
upayoed o |-0Beyg
upipoutl pubpeyrodiyy

upapoad e

upayord Tl

35

ISSN 2076-0558. Mixpo6ionoeis i 6iomexnonoeisn. 2025. Ne 1. C. 25-47



H. I0. BacuianeBa, M. O. Kimuncbka, M. /1. llItenikos

Knacrepn reniB BTOpUHHUX MeTa0oaiTiB B reHomi Bacillus pumilus
ONU 554

Knacrepu reHiB acouiiioBaHux 3 010CHHTE€30M BTOPUHHMX META0OMITIB y re-
HoMi Bacillus pumilus ONU 554 Gynu BU3HaUCHI 3 BUKOPUCTAHHSAM IHCTPYMEHTIB
anTuSMASH [21], PRISM [28] Ta cepsepy Bagel4 [2].

3arajioM, 3 BUKOPUCTAHHAM PI3HUX O0101H(GOpPMAaTUYHUX Iporpam, Oyno BU-
SBJICHO 15 pI3HOMAaHITHUX PETIOHIB, 110 KOAYIOTh OI0CUHTETUYHI KJIACTEpU I'€HIB.
Cepen HUX TpH pPETiOHM BIAIOBIIAI0TH 32 CUHTE3 OakTepionnHiB — Pumilarin, UviB
ta Closticin_574 (Tabm. 3).

Tabmuusg 3
MocainoBHocTi 6akTepionuniB, 3HaiineHi y renomi Bacillus pumilus ONU 554
Table 3
Bacterocin sequences found in the genome of Bacillus pumilus ONU 554
IMocainoBHicTH IMouaroxk | Kineub Kuaac Mikpoopranizm, o mae
dakTepiounHiB noaioHuii 0akTepionuH
Pumilarin Bacillus subtilis
CP0607991.0.A0I 01 | 2252591 | 2272912 (W8QY45) (strain 168)

CP0607991.0.A01 02 | 2713932 | 2734121 | UviB (P15936) | Clostridium perfringens

Bacillus subtilis
Closticin_574 | (strain 168);
(Q8GCUY9) Bacillus pumilus
(strain SAFR— 032)

CP0607991.0.A01 03 | 3293027 | 3313906

binbricTe 3HaIEHUX KIACTEPIB BIIHOCATHCSA 10 HEPUOOCOMHHX TMETTH/I-
cuHTeTa3 abo 70 KOMOIHOBAHOTO KjacTepy HEepHOOCOMHA TMENTHACHHTETa3a/Tmo-
niketuacuateraza | tumy. Cepen imeHTH(IKOBAaHUX MPOAYKTIB MOKHA BUIUIATH
Oaruti3uH, OarIiOakTuH, CyOTWIIiH, (DeHTIMH, TIXeHI3UH Ta IBITTEPMIIHMH A.
[Tprdomy BUCOKUI MMOKA3HUK MOMIOHOCTI OysI0 OTpUMaHO TpH iAeHTH]IKAIT KiTac-
tepiB mixeHizua (BGCO0000381), Gamwmizua (BGC0001184) Ta OGamwmiOakTuH
(BGC0002695). Tami igenTrdikoBaHi KJIAacTEpu MalOTh MOKA3HUK MOMIOHOCTI 3
KJIACTEpaMHU TEHIB aCOIIHOBAaHUX 3 OIOCHHTE30M BTOPUHHUX METAOOIITIB Ha PiB-
Hi Bix 60% Ta MeHe. Y3arajibHeH1 pe3ynbTaTu aHajli3y Ooprasizaiii BU3Hau€HUX
KJIACTEPIB TeHIB acOI[iHOBaHMUX 3 010CHHTE30M HABEJACHO HA PUCYHKY 8 Ta TaOiu-
mi 4.

Pesynbratn momryky kiacTepiB OIOCHHTETHYHHUX TEHIB B T€HOMI ITaMy
Bacillus pumilus ONU 554 3 Bukopuctanasm cepepy PRISM cniBnanu 3 mome-
pennimu [ 1] gactkoBo (tabm. 5). [To-nepmie cepep PRISM inentudikysas suie 7
KJIACTEPiB O10CMHTETHYHUX T€HIB, MTO-IPYyTe MPUHIIMIIOBOIO BIAMIHHICTIO € 11€HTH-
dikamis kmactepy ComX.

ComX — e menTu, mio 6epe y4actb B peryiisilii KOMIETEHTHOCTI OaKTepii 1
MPOAYKIIii TOBEPXHEBO-aKTUBHOT pedoBUHHU B Bacillus subtilis. Takox Bizomo, 110
HENTHI, IO KOAYETHCS MM KIacTepoM Oepe ydacTh B PEryisiii CHCTEMH KBOPYM
CCHCHUHT.
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Tabmuns 5
Kuaacrepn renis, inentudikoani B renomi Bacillus pumilus ONU 554,
3a 1onoMorox nporpamu PRISM

Table 5
Gene clusters identified in the genome of Bacillus pumilus ONU 554 using
the PRISM program
Perion Tum kaacrepy Tumn npoaykry, Hai’llﬁinu“u Biomuid
0 CUHTE3YETHCHA HO}IIGHHI/I KJacTep
JlixenizuH
1 NRPS HepubocomHua nentuacuHTeTas’a (BGC0000381)
[omniketnn, HeprOOCOMaTHHAN LBitTepmimma A
2 | NRPS, TIPKS | Corryy (BGC0001059)
. ®depmenTtn GiocuHTE3y u3okineH
3 NI= siderophore TEpIICHOI B Ta cuaepodopiB (BGC0002683)
. . CyOtuiin
4 Bacteriocin bakrepioux (BGC0000559)
5 ComX HE BU3HAYCHO HE BU3HAYECHO
6 1HTIT iHTII Baranizum
(BGC0001184)
7 NRPS HepubocomHa nentuacuHTeTas’a ?gé@éggﬁg@g)

Caipn BIAMITUTH, IO NIPY aHaMi31 reHoma nporpamoro antiSMASH, OyB inen-
Tu(ikoBaHui perioH (2257590 — 2267916), mo xoaye 6akrepionus (puc. 9). [lpu
aHayi31 pe3ynpraris 3a 6a3or0 MiBIG 115 mocnigoBHICTh € MOAI0HOI0 10 KiacTepa,
1o koxaye enrepora AS—48, ane et kinacrep He OyB ineHTH(iKOBaHMIA (Ta0m. 4)
y 3B'AI3KY 3 HU3bKUM MOKa3HUKOM IJIEHTUYHOCTI. 3a pe3yJlbTaTaMH aHalli3y uepes
cepsep Bagel4 3naiineno kmnacrep, 1o koaye nmyminapu (2,252,591 —2,272,912),
Ta € aHAJIOroM eHTepouuny AS—48.

Tomy, ckopi 3a Bce, el kiaacTep MOXKHA i1eHTH(]IKyBaTH SIK K1acTep Oak-
TEPIOILMHY, 1110 KOAY€E IMyMinapHuH. /IBa 1HIII KJIAaCTepH I'€HiB, 1IeHTU(IKOBaHI cep-
BepoM Bagel4 (tabn. 3) iHmmMu nporpamaMu He Oyli MOBTOPHO 11eHTU(IKOBaHI.

Takum unmHOM, aHami3 reHomy Bacillus pumilus ONU 554 nokazaB nesiki
BIIMIHHOCTI IOPIBHSHO 3 MONEPEAHIMU pe3ynbTaraMu [1], a came: BU3Ha4YeHO &
CpG-ocTpiBLiB, HABHICTh JE€TEPMIHAHT PE3UCTEHTHOCTI HE TUIBKH JIO XJIOpaM-
¢denikonaneTmiTpancdepazam (car-86), ane U 10 DIIKONENTUMIB, (HOCHOMILUHY,
OEH3aJIKOHIIO XJIOpULy Ta €TUAII0 OpOMITy Ta CIIOJYK YETBEPTUHHOIO aMOHIIO; Ha-
SBHICTH ofiHi€T mocnigoBHocTi CRISPR, miaTBep/keHO HAIBHICTD OHOT TIJISTHKHU 3
(aroBoro BCTaBKOIO, 301JIBIIEHO KINbKICTh 1ICHTU(IKOBAHUX KJIACTEPiB I'eHIiB aco-
1iOBaHUX 3 010CUHTE30M BTOPUHHUX META0OITIB.
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[IpoBenenuii aHasi3 MOKpallye po3yMiHHS BIIACTUBOCTEH IITaMY, 10 TIPOSIB-
JISIETHCS Yepe3 (DEHOTHIIOBI O3HAKH Ta MOJICTIITY€E MOJICKYJIIPHO-TCHETHYHUHN aHaIi3
wramy Bacillus pumilus ONU 554, skuit Mmoxe OyTH NOTSHIIIHAM MPOITYIIEHTOM
HOBHX CITOJIYK 3 BUPQKECHOIO 010JI0TIYHOI0 aKTHBHICTIO.

N. Yu. Vasylieva, M. O. Kishynska, M. D. Shtenikov
Odesa I. I. Mechnikov National University,

2 Vsevoloda Zmiienka St, Odesa, 65082, Ukraine,
e-mail: tatkamic@onu.edu.ua

ANALYSIS OF BIOSYNTHETIC GENE CLUSTERS
OF BACILLUS PUMILUS ONU 554 IN SILICO

Summary

The aim of the work was an in-depth analysis of gene clusters associated with the
biosynthesis of secondary metabolites (BGC) of Bacillus pumilus ONU 554 based
on bioinformatics approach. Methods. Identification of species was performed
with tools of TYGS server;, Comprehensive Genome Analysis (CGA) Service and
KmerFinder-3.2 servers; KBase was used to calculate ANI. Antibiotic resistance
genes were searched through the CARD server. Analysis of the presence of gene
clusters associated with the biosynthesis of secondary metabolites, bacteriocin,
using antiSMASH, PRISM and Bagel4 respectively. The results. It was shown
that according to the results of identification, phylogenetic analysis and DNA-
DNA hybridization (DDH) performed in silico the Bacillus pumilus ONU 554
strain belongs to the B. pumilus group. Sequences identified as possible phages,
CpG islands and CRISPR regions were found in the genome of our strain. 15
biosynthetic gene clusters (BGC) were identified using antiSMASH, PRISM and
Bagel4 servers. The presence of three bacteriocin gene clusters in the genome
of Bacillus pumilus ONU 554, nonribosomal peptide synthetases and combined
clusters of nonribosomal peptide synthetase/polyketide synthetase type 1 were
shown. Conclusions. The affiliation of Bacillus pumilus ONU 554 to the B. pumilus
group was confirmed. Using updated genome analysis algorithms, a larger number
of biosynthetic gene clusters (BGC) were identified. Among the clusters identified
with a high degree of similarity were lichenisin (BGC0000381), bacillisin
(BGCO001184), bacillibactin (BGC0002695). The fengycin (BGC0001095) and
schizokinins (BGC0002683) clusters had a degree of similarity ranging from 53.0
to 60.0 %%. Updated results on the detection of CpG-islands, CRISPR regions,
and antibiotic resistance genes. The obtained results indicate that the Bacillus
pumilus ONU 554 strain is promising for use in the field of "Blue Biotechnology"
for the development of new drugs with antimicrobial and antifungal activity.

Key words: Bacillus pumilus, biosynthetic gene clusters (BGC), bioinformatic
analysis.
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AHTATOHICTUYHUH NOTEHIIAJ BAKTEPIH
POAY BACILLUS

30iticneno ananiz rimepamypu 3 NUMAaHb AHMA2OHICMUYHO20 NOMeHyiany baxme-
piti pody Bacillus. Oxapaxmepuzoeano ocHo6Hi Mexanizmu aHmu@yneaivHoi ma
anmubaxkmepianvHoi Oii npedcmasHuKie 0anoeo pody. Onucaui npuKiIadu pizHo-
MAHIMHUX NPUPOOHUX CROTYK, CUHME308AHUX OAKMEPIAMU, WO pOOUMb iX YiHHU-
Mu 06 ekmamu y Oi0MexHON02IUHUX NPOYecax, 30Kpemda y upooHuymei 0iogyHei-
Yuoig, ma po3KpUSAE NePCReKmusU ix nPaKmuuHo20 3aCMOCYBAHHS Y CLIbCLKOMY
20Cn00apcmei.

Knwuosi cnoea: Bacillus, anmaeonizm, gimonamoeenu, 6mopunHi memaoo-
aimu.

BukopucTaHnHs y CUIbCBKOMY TOCIOJAPCTBI XIMIYHUX MECTUIMAIB JUIs 00-
pOTHOU 3 MATOTEHHUMU MIKPOOPIaHi3MaMu 3ryOHO BIIJIMBA€ HA €KOJIOTTYHUM CTaH
arpolieHo3iB. BijoMo, 1110 3acTOCyBaHHS MECTULIUIB IPOTH LIJILOBOTO I'PYHTOBOTO
MaTOreHy HeraTUBHO BIUTMBae Ha moHaa 100 BUAIB HEUUTLOBUX OpraHi3MiB [3], 1110
MPU3BOJIUTEH 10 3MEHIIECHHS PI3HOMAHITHOCTI MIKpoOioTH. Y TOH ke 4ac, BiMi-
Ya€eThCs 3HAYHE MOUIMPEHHSI XBOPOO CLIILCHKOTOCIONAPCHKUX KYJIBTYpP, OCOOIMBO
rpu6HOi etiosorii. OfHNM 13 HUIAXIB BUPIIIEHHS NPOOJIEMH 3aXUCTy KyJIbTYpHHUX
POCIIMH BiJ] IaTOT€HIB MOYKE CTaTH 3aCTOCYBaHHs OakTepill, 110 MalOTh aHTU(YH-
raJibHi BIACTUBOCTI, CepeJl IKMX 3Ha4Ha KUIbKICTh MPEACTaBHUKIB poxy Bacillus.

3natHicTh OakTepii MPUTHIYYBATH PO3BUTOK (DITOMATOreHHUX MIKpoopra-
Hi3MiB Oyna BcranoBieHa y XIX cT., 1 B 1948 p. y )xypHani Nature omy0iikoBaHO
crartio C. Hassall «Subtilin C An Antibiotic Concentrare from Bacillus subtilisy,
Jie aBTOp MOBIJOMJISIE PO BUJIICHHS aHTUOIOTHKA CyOTWIIHY 3 JI1OQ1I1130BaHO]
KynabTypH B. subtilis [33]. Hanani Bce Ouiblie 3’ sIBIIATIOCS HAyKOBUX POOIT, y SIKMX
BUCBITJIIOBAJIMCS PE3yJIbTaTH 11010 BUAUIEHHS HOBUX aHTHOIOTHUYHMX PEYOBHUH
CHUHTE30BaHUX OalMIAMU.

ITpencraBuuku pony Bacillus — 1ie qy*e NOUMPEH1, TPaMIIO3UTUBHI, €HJI0-
CIIOPOYTBOPIOBAJIbHI, IIBUIKOPOCII, aepoOHi Oakrepii. 3MaTHICTh J0 IIBUIKOTO
pOCTy Ta CHHTE3Y PI3HOMAHITHUX MPUPOIHUX CIOJIYK pOOUTH iX LIHHUMH 00’ €K-
TaMH y 610TEeXHOJIOTTYHUX IpoIlecax, 30KpemMa y BUpOOHUITBI O10pyHTinuaiB [46;
47]. AepoOHi criopoyTBOproBaJibHI OakTepii pony Bacillus nHaituacTime oOupa-

© JI. A. lleBuenko, T. C. Cacina, 2025

48 —— ISSN 2076-0558. Mixpo6ionozin i Giomexnonozis. 2025. Ne 1. C. 4873



AHTATOHICTUYHWI [IOTEHI{IAJT BAKTEPIA ...

IOTBCS SIK TIOTEHIIIHHI areHTH O10TMpenaparis, MO 3yMOBICHO HU3KOKO 1X BasKIIMBHX
BJIACTUBOCTEH, a caMe BUCOKOIO (Di310JIOTIYHOK AKTHUBHICTIO Ta IIMPOKHM CIICK-
TpoM MeTabomiTiB. OcoOMMBOIO IIHHICTIO OAIMII € 3aTHICTh CUHTE3yBaTH (iTo-
TOPMOHAJIbHI PEYOBUHU, aHTHOIOTUYHI CIIONYKH, (PEPMEHTH, TOKCMHU Tomio. He
MEHIII BAYKJIMBOIO € y4acTh OaKTepii 1 y nmpouecax TpaHcopmallii HU3KH CIOIYK Ta
KOJIOOOITY TaKMX Ba)KJIMBUX OIOTCHHHMX €JIEMEHTIB sIK a30T Ta Gocdop. 3pydHicTh
BUKOPHUCTaHHs1 OakTepiit poxy Bacillus y 010TEXHOIOTIYHHX MpoOIecax 3yMOBJIe-
Ha TaKOX 1X BUCOKOIO TOJIEPAHTHICTIO J0 A1l HECTPUATIMBUX YNHHUKIB JOBKIJUISA.
Kpim Toro, Oaruu, sik HAWOUIBII YMCIIEHHA TPyIa IPYHTOBUX OakTepidl, MarOTh
Barome 3Ha4eHHs Y (pOpMyBaHHI CyNpPECUBHOCTI IPYHTY, sSIKa 3yMOBIIOETBCS JI0-
CTaTHBOIO KUJIBKICTIO aHTArOHICTIB B YTPYIIOBAHHSAX IPYHTOBOI MiKpOOiOTH.

3MaTHICTH TOKO YM 1HIIO MIpOIO MPUTHIYYBATH PICT i PO3BUTOK MATOTEH-
HUX BHUJIB OaKTepiil UM MIKPOMIIIETIB XapaKTepHa JJisi 6ararboX MiKpOOPraHi3MiB,
MIPOTE MEXaHi3MHU aHTArOHICTHYHOI Jii MOXKYTh OyTH pisHUMHU. Lle KOHKypeHIIis 3a
MOXUBHHIA cyOCTpaT (MPOSBISETHCS Y MIBUAKOCTI POCTY), CHHTE3 aHTUO10THYHHX
CTIOJIYK UM TOKCHHIB (aHTHO0103), a TAKOXK CHHTE3 JITHYHUX €K30(hepMEeHTIB, 31atT-
HUX PyHHYBaTH KIITHHHI CTiHKU TpHOiB. 10710 KOHKYPEHTHOTO B3a€MOBIUIHBY, TO
Ha nyMKy Backhouse ta Stewart [5] aist Gaun Ha maToreHHi rpudH HE € pe3ybTa-
TOM KOHKYPEHIIi1 32 MO>KUBHI PEYOBUHH.

Ha mymxy Kohl 1 Ravensberg [44] cepea mocmimkeHHX MIKpOOPraHi3MiB
HalOLIbIIe 3HAYCHHST Ma€ MEXaHi3M MPUTHIYEHHS POCTY MileiallbHUX TpuOiB
Oakrepisimu pony Bacillus, o 3yMOBIIEHO iX 3IaTHICTIO MPOIYKYBaTH PEYOBHHU
aHTHO10THYHOT ipupoau (puc. 1).

s ™y (
D
Netki cnoayku =l Binkw

[ ‘—1_._\ /_} /j ~ .
—‘\_‘} BaKTepiouMHW

MonikeTnam ) ‘—/—' \V -~ -
| | Awvnentgn/

onironenTraW

Ninonentuam )
KonoHizaujia pocnuHK- MpAME NPUrHiYEHHA Crumynauia imyHirery
rocnoaaps pocty 36yAHMKa pocauH (ISR)

Puc.1. Bniius pizHuX 6i010riyH0 aKTHBHMX BTOPUHHUX MeTa0o/IiTiB Ha TPH OCHOBHI
MEeXaHi3MH 3aXHCTY POCJIHH HIJISIXOM: KOJIOHI3alil Ta KOHKYPEHIIil 3a eK0JIOriYHy Hinry/
cyocTpar (no3naueno 3enenum Koibopom); NPsIMOTo NPUTHIYEHHSI POCTY NMaToreHa
(pionemosuii konip); crumyJsinii ISR (nomapanueeuit konip) [44]

Fig. 1. The influence of various biologically active secondary metabolites on three main
mechanisms of plant protection by: colonization and competition for an ecological
niche/substrate (marked in green); direct inhibition of pathogen growth (purple); ISR
stimulation (orange) [44]
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3aranom Oarato BUAIB poay Bacillus mposBISIOTh 3HAYHY aHTATOHICTHYHY
AKTUBHICTh MPOTH IIUPOKOTO CIEKTPY MATOTeHIB POCIWH. BiIbIICTh aKTUBHUX
Bacillus spp. Bunineno 3 pusocdepu, aemo Mexie 3 pitochepu [30; 45].

3 MOMiX HU3KH BTOPUHHUX OaKTepialbHUX META0OITIB LIHHUMH JJIs1 32CTO-
CYBaHHS y CIJIbCHKOMY TOCIIOJIAPCTBI, € Ti, 1[0 MAIOTh aHTATOHICTHYHY IO BiTHOC-
HO MAaTOT€HHMX BHUJIIB MIKpPOOpPTaHi3MiB.

Anmubiomuyni cnoayku. 3BaXalOud Ha BEIIMKY KUTBKICTH 0i0JIOTIYHO aK-
TUBHUX METa0OM]ITIB aHTHMIKpOOHOI Aii, ONMMCAaHUX ISl MPEIACTABHUKIB TPYIHU
B. subtilis, Caulier et al. [9] 3anpomnonyBau kiacudikyBaTy iX 3aj1eXHO Bijg 0ioc-
WHTETUYHUX IIISAXIB 1 XIMIYHOT MPUPOAM HA HACTYIHI TPyNH: puOOCOMabHI Ter-
tuau (RP), netki cionyku (JIC), moniketunu (PK), nepubocomui nenruau (NRP) 1
riopuau mixk PK 1 NRP (puc. 2).
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Puc. 2. Kinacu anTumikpoOHux mMoJiexy.a 3 rpynu B. subtilis
(mxeperno: [9], TOTIOBHEHO aBTOpaMM)

Fig. 2. Classes of antimicrobial molecules from B. subtilis
(source: [9], supplemented by authors)

CydacHi METOAM JOCIIHKCHHS OaKTepiil JO3BOJSIOTH 1ICHTH(]IKYBaTH aK-
THBHI BTOPUHHI METa0OJIITH, IO SKUX HaJIe)KaTh aHTHOIOTHUYHI CHOMYKH. [HTCH-
CUBHE JIOCII/DKCHHS TCHOMY OaKTepii, 30KkpeMa IpecTaBHUKIB pony Bacillus, ne-
MOHCTPY€E HasBHICTh BEJIMKOI YHCEILHOCTI TEHHUX KIJIACTEPIB, SKi KOAYIOThH CHHTE3
pedoBHH aHTU(YHTaNBbHOI Ta aHTHOaKTepianbHoi 1ii [11; 62]. CykynHicTb ycix re-
HIB, SIKi KOyIOTh OI0CHHTE3 aHTHOI0THKIB y B. subtilis, CTAHOBUTH y CEPETHLOMY
6mu3pko 4—5% renomy [79]. Tak, y 2016 p. BcTraHoBIEHO 31aTHICT B. velezensis
RC 218 cunTe3yBaTy BTOPHHHHA META0OIT — JAHTHO10TUK €PUIIHH, IKAW BIIEPIIS
3raay€eThes s qaHoro Buay [64]. [amn cniopigHeni Bumu rpynu B. subtilis yTBO-
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PIOIOTH TUIAHTA30IIMH, CyOTHIIIH, MEPCAIUINH, aMIJIOI31H, CyOTHIIO3HH, aMiJIO-
LUKJTIH Ta 1HIII aHTUMIKPOOHI MEeNTUAN, CTPYKTYpa SIKUX II€ BUBYAETHCS [44].

Hns B. amyloliquefaciens FZB42 BcranoBieHo, mo 01u3bko 340 Tuc. 1. H.
BIJIMOBIAIOTh 33 KOJYBaHHS BTOPMHHUX METa0OJIITIB aHTHOIOTHYHOI [ii, 1Ie cTa-
HOBHUTH Maike 8,5 % renomy manoro mramy [11]. Cepen mux MoOJeKyn — HOJTi-
ketuau, OakrepiouumHu abo Hepubocomanbhi mentuau (NRPs — non-ribosomal
peptides, ix cuHTe3 BinOyBaeThcs 3a ydacTi ()EpPMEHTATUBHUX METAKOMILIEKCIB),
SK1 MalOTh IIMPOKUH Jiarna3oH aHTaroHiCTUYHOI aKTUBHOCTI MPOTH MIKPOMIIIETIB
Ta Oakrepiil. Hanmpukiaza, GanutizuH iHAYKYE JIi3UC KIIITUHHOI CTIHKK MiKpoopra-
HI3MIB IUISIXOM MPHUTHIYEHHS TIIOKO3aMiH-6-pocdarasu i, sk HACHiJOK, O10CUH-
Te3y MaHONpOTEeiHy abo menTuAorIiKany y rpubiB i Oakrepiit, BiamosigHo [42].
Mexani3m il OaummnizuHy nependadae TPAHCIIOPTYBAaHHS JAHMX MOJICKYJ depes
IUTOIUIa3MaTHYHY MEMOpaHy y KJIITHHU IPUOIB-TIATOT€HIB 3 HACTYIHUM iX TiApo-
J30M JI0 AaHTHKAIICUHY, SIKMW Y CBOIO Yepry MPHUTHivye TIOKo3aMiH-6-pocdarazy
[83]. TToBimOMIISITIOCS TaKOXK MPO CUHTE3 JUIENITHIHOTO aHTHOI0THKA OaIMiTi3uHy
mramamu B. amyloliquefaciens AS 43.3 ta B. velezensis FZB42, 3naTHUMH 3HUXKY-
BaTH PIBEHb 3aXBOPIOBAHOCTI MIIEHUII (Py3apio3oM Ta MpUTHIYYBaTH picT Erwinia
amylovora Ta Xanthomonas oryzae, BinnoBiaHo [17].

3aranom, TpeACTaBHUKH pony Bacillus MOXyTh NPOAYKYBaTH CTPYKTYp-
HO PI3HOMAaHITHI BTOPUHHI METAOOJITH, SIKi BUSBISIOTh NIMPOKHIA CIIEKTP aHTH-
Oiotrunoi aii. Cepen aHTUMIKPOOHHMX CHOJNYK, CHHTE30BAaHUX MPEICTaBHUKAMU
pony Bacillus, 30kpema B. subtilis, B. amyloliquefaciens, B. cereus, B. coagulans,
B. pumilus 1 B. licheniformis, onucani nukiivHi ginonentuan (cyphakTuHu, iTy-
puHH, QEHTIIMHN), SKi OKPIM PEryIIsiiii YUCeTbHOCTI (HiTOMATOTEHIB 3/1aTHI 1HTY-
KyBaTH CTIHKICTh pOCIUH A0 XBOpoO [43; 41; 76]. CypdakTHH € MUKITIYHUM JIIIO-
MENTHIOM, CUHTE30BaHUM HEPUOOCOMABHOIO MENTHACUHTETa3010, 010JOTiYHUN
e(eKT KO0 BU3HAYAETHCS MOTO KOHIEHTpAI€r y cepenoBui. [Iposisie cebde sik
MoTy>Ha 010-MOBEepXHEBO akTHBHA pedoBuHa (0i0-ITAP abo GiocypdakranT), mo
3MaTHA PyHHYBaTH LITICHICTh KIITHUHHOI MeMOpaHHu ()iTONATOTeHHUX OPraHi3MiB
[2; 8; 39]. Skmio cyphakTuH € yHIBEpPCaTbHOIO CIIOIYKOIO, IPUTAMAHHOIO JUIS BCIX
BUMIB Tpynu B. subtilis, To Taki BapiaHTu cyp(]akTuHy, K JIXCHI3UH Ta MyMija-
LUUIMH € crieuuiYHUMU 1J1s1 BUAIB-TIPOAYUEHTIB — B. licheniformis Ta B. pumilus,
BiIMOBIAHO [46].

3a noBigomiieHHIM Benitez et al. [7] cuHTE3 JINONENTHIIB ITYpUHY Ta Cyp-
(dakTiHy, aKTUBHUX MPOTH (hiTomaToreHHUX rpudiB Aspergillus spp., Fusarium
spp. Ta Bipolaris sorokiniana, xapakrepHuii nias mramy B. amyloliquefaciens
LBMS5006. Onucana takox 31atHICTh B. amyloliquefaciens WH1 nipurHiuyBaru
pict rpubiB (Rhizoctonia solani) yHacminok cunTtesy cypdaxtuny WHIfungin
[69]. CuHTe3 HMKIIIYHOTO JIMONENTHAY (PEHTIUHY 3 aHTHOAKTEPiaTbHOO Ta MPO-
TUTPUOHOIO aKTHUBHICTIO mTaMoM B. amyloliquefaciens MEP218 onucanuii y po-
6oti Medeot et al. [59]. B. amyloliquefaciens TakoX TPOSIBIIIE€ aHTArOHICTHYHUN
BIUIMB Ha B. cinerea — 30yH1Ka 3aXBOPIOBaHb POCIHH [57].

OCKibKH, SIK MU BHILE 3a3HAYUIIHN, CYp(aKTUH € noTykHOot 010-ITAP, Bap-
TO BIIMITUTH 1 HOTO Ba)JIMBICTh AJisi POPMYBaHHS CTiikux OiorutiBok. Kpim Toro,
MOJIEKYJIH 1Ii€i CIIONYKH, BU3HAYar0Th KBOpyM (QS, quorum sensing). L1i 6Gio-ITAP €
TOKCUYHHUMU JJIs1 BipyCiB, OakTepiil, rpuOiB Ta kiimiB [78]. [Hmmi ninonenTuau, Taxi
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SK ITypUHU Ta (EHTIUHH MPOSBISIIOTh CUJIbHY MPOTUIPUOKOBY aKTUBHICTH [16;
61; 49]. MexaHi3M IXHBOI [1ii 3SMIHIOETBCS 1 3aJIC)KHUTH BiJl CTPYKTYPH PEYOBUHH, aJie
B IIEPIILy Yepry CIPSIMOBAHHMIA HA MOPYIICHHS IUIICHOCTI MEMOpPaHU MIKPOMIIIETIB
Ta OMOCEPEIKOBAHO BILTUBAE HA IHIYKIIKO CUCTEMHOT PE3UCTEHTHOCTI pociuH. Hu
et al. [34] moBiZOMIISIFOTH, IO iITYpUHH Ta (EHTIIUHH, TIOPYIIYIOYH IEBHI BHYTPIIII-
HBOKJIITUHHI MPOLECH Y TPUOHUX MATOTEHIB, MPUTHIYYIOTh YTBOPEHHS TOKCHHIB,
K1 3ryOHO Ji0Th Ha pociuHu. CHHEpridyHa B3a€EMOIisl MK PI3HUMH THITAMH JIITIO-
NENTU/IB TOCUITIOE €(PEKTUBHICTh KOHTPOJIIO MOMIMPEHHS (PiTONaToreHiB OakTepi-
sMu pony Bacillus. Tloabuchi ta Spiteller mocmimkyBanu aHTHOIOTUYHHUNA TTOTEH-
mian HoOimaminiB, cuHTe30BaHuX Bacillus sp. G2112. BignoBigHi pe3yasraTa He
MIATBEPIWIH 31aTHICTh HOOLTAMIIHUX TICHTHIIB MPUTHIYYBAaTH PO3BUTOK BHUOpa-
HUX (piTONATOreHiB, aje CIoCTepiraau 3HauHe NpUrHideHHs pocty Staphylococcus
aureus [36]. TIpote nis MUKITIYHUX JIITONEHTH/IIB, MOYKE MATH 1 OTIOCEPEIKOBAHUI
BIUIMB Ha PICT Ta PO3BUTOK MIKPOOHUX YrpYIIOBaHb Yepe3 PeryloBaHHS MPOIECY
YTBOPEHHsI 010TUTIBOK, IO MOTPEOy€ MOJANTBIINX TOCIIIHKEHb 3 MOXKIIUBICTIO BHKO-
pPHUCTaHHS 3a3HAYEHUX META0OITIB Y CUTLCHKOMY TOCIIOAAPCTBI.

[{ukigHi JTIIONENTHAN CHHTE3YOThCS KIITHHAMH OaKTepild y BIIHOCHO Be-
JIUKIH KUTBKOCTI SIK B YMOBaX in Vitro, TaK i B IPUPOIHUX YMOBaX — pu3ocdepi poc-
JIMH, YTBOPIOIOUM O1OTLTIBKY Ha KopeHsx [14]. Xoua 1is MUKITIYHUX JIITOMENTH/IiB
Ha (ITONATOreHHI MIKpOOPTaHi3MH 1€ MaJl0 BUBYCHA, BKE € HU3KA POOIT, SIKi Mij-
TBEPUKYIOTh 1X BUCOKY €(DEKTUBHICThH Y O0POTHOi 3 MOMIMPEHHSIM XBOPOO POCIIHH.

[{ikaBi pe3ynbTaTH aHTArOHICTUYHOTO MOTEHLIaTy Oalui MpencTaBlieH] Y
po6oti Cawoy et al. [10]. 3 mocnimpKyBaHUX JTIMONENTHIHUX CIONYK, Cyp(paKTHH
HE MaB MpsAMoi i Ha TpUOHUX (DITOMATOTreHIB, ajle CUHTE3 JaHOI CIIOYKHU CIIPUSB
KOJIOHI3aIlii KOPEHEBOI CUCTEMH Ta MPWKUBAHHIO B Hill KOPUCHHUX PU300aKTEPiid,
10 € HEOOXIJHOI YMOBOIO JJIsl YCHIIIHOTO Oi0KOHTpoIto ¢itonaroreHiB. Kpim
Toro, cyphakTuH BimoMuil sk emxicurop st ISR (ingykuii cucTeMHOl pe3ucTeHT-
HOCTI). BUIBIIOI MipOI0 aHTArOHICTUYHA aKTHBHICTH OAIMJI 3ajie)kalia BiJl yTBO-
PEHHS ITYpHHIB 1 (DEHTILKHIB, aJle KONPOIYKIIis BCIX TPhOX KJIACIB JIMONENTHIIB €
JTy’K€ BUT1THOIO 1 HAYaCTIIlIe CIIOCTEPIracThesl Y HAOLIbI €(PeKTUBHUX 130JI5TIB,
HAIPUKIIAJ, TUX, IO BITHOCATHCS N0 B. amyloliquefaciens. Kpim Toro, Taki jino-
NENTUIN, K Cyp(haKTUH A, TIPOSIBIISATH BUCOKY aHTArOHICTUYHY aKTHBHICTh IPOTH
¢iTonaroreHHux rpudiB 3a pizHUX 3HaYeHb pH (5-9) Ta pizHux Temneparyp [76].

Jlo6pe BioMO, 110 MiKPOMILIETH YTBOPIOKOTH 1 BUALISIOTH PI3HOMAHITHI Mi-
KOTOKCUHH, HasIBHICTD SIKUX Y MMPOAYKTaX Xap4yBaHHs BiAMOBIJAIbHA 32 eKOHOMI4-
Hi BTpaTu Ta BUCOKY YaCTOTY BUHUKHEHHS OHKOJIOTIYHHX 3aXBOPIOBAaHb Y JIIOJIEH
10 BChbOMY CBiTy. EKCIiepuMeHTaNIbHO 0BeNeHO, o F moniliforme cunTe3ye Mi-
kotokcuH (hymonizud Bl (FBI1), skwuii 3a0pynHIOE 3€pHO pHUCY, ajle HHU3KOI J0-
CJIIJKeHb BCTAHOBIICHO, IO Taki Oakrepii, sk B. subtilis, B. velezensis 1 B. cereus
3[aTHI MPUTHIYYBaTH NPOAYKyBaHHs rpruOoM (hyMOHI3UHY, 1110 MOXKE OyTH HACIi-
KOM JIBOX TIPOIIECIB — JI€F0 BTOPUHHUX META0OJIITIB OaKTepiil Ta IX KOHKYPEHITIED
3a MOKUBHI PEYOBUHU ¥ MICIIs KosloHi3arii [54; 76].

bakrepionuau, cuHTe3oBaHi Bacillus spp., € aHTUMIKpOOHUMH PUOOCO-
MaJIbHO-CUHTE€30BaHUMH TENTHIAMH, SIKI BHUSBISIOTH PI3HOMAaHITHY Oi0JIOTIYHY
AKTUBHICTh, 30KpeMa 3[aTHI COPUYUHSITU JI3UC KIITHH, epdopaliito Ta IpUTHi-
YEeHHsl KJIITHHHOI CTIHKM TPaMIIO3UTUBHUX 1 TpaMHeraTuBHUX Oaktepiil. bakre-
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piounH, cuHTe30BaHuil B. subtilis 14B, eheKTUBHO 3HIKYE BIJICOTOK ypa)kKeHUX
Agrobacterim tumefaciens (HoBa BUAOBa Ha3Ba Rhizobium radiobater) pocavuH
Solanum lycopersicum L. 1 KiTbKIiCTh YTBOPEHUX HA HUX MyXJIMH (KOPOHYACTHX
raniB) [32]. AMIJOUMKIIIH TPOSIBIISE BUCOKY aHTHOAKTEpialibHY aKTUBHICTH JI0
Oonmu3bKOCTIOpiAHeHUX 1iisi B. amyloliquefaciens FZB42 rpaMno3uTUBHUX MTaTOT€H-
HuXx Oakrepiii [77]. bakTepionnH-noAi0HI MPUTHIYYBaIbHI PEYOBUHH, SIKi OOMEKY-
I0Th TIOIIMPEHHS TaKuX 30yMHUKIB K X. campestris Ta R. solanacearum, 3naTHa
npoxykyBatu B. subtilis A014 [26].

Bakrepii pony Bacillus BuainstoTh i aetki opranivsi crionyku (JIOC) — ciimp-
TH, aJbJICTiIU, KETOHH, BYIJICBO/IHI, KUCIIOTH, TEPIICHH, SIKi MPOSBISIOTh aHTHMi-
KpOOHY aKTHUBHICTh MPOTH (hiTOMaTOreHHNX Mikpooprani3mis [50; 85].

CuHTe3 TiapoIiaHOBOI KHCIOTH (JIETKa CIOJNyKa) BiIrpac BaXIIUBY POJIb Yy
crinku. [IpoxykyBanHst B. subtilis mpOTUTPUOKOBUX JIETKUX PEYOBHUH JO3BOJISIE
MPUITYCTUTH, IO JUIS 1€l OakTepii JOCTYMHI OUIBII HIX OJUH PEKHUM JIii aHTH-
(yHrajapbHOi aKTHBHOCTI, 1 116 HOBE JIOCIIJDKCHHS T0Ka3ajo, M0 JICTKI PEYOBUHU
B. subtilis Tako)k MOXYTb CIPUSITH aHTAarOHICTUYHIN Tipupoi Buay [22].

J1o MikpoOHUX MeTa0OMITIB, SIKi 3a1100Irat0Th POCTy (HITOMATOreHHUX IPYH-
TOBHX MIKpPOOPraHi3MiB, 10 3a0e3nedye OnocepeikoBaHy (HEMpsMy) CTUMYIIs-
[I}0 POCTY POCIHMH HAJEkKaTh i CUAEepo(Opr — PEUYOBHHHU, SIKI XEIATYIOTh 3ai30.
3naTHICTh TPOMYKyBaTH cuaepodopu BusiBieHa y B. pumilus [31], B. cereus [65],
B. licheniformis Ta B. megaterium [35].

HemonaBHo BcTaHoBIieHo, mo B. subtilis nponykye cuaepodop Oarmidax-
THUH, KU XeJaTye 3ai30, X04a paHilie sl TaHOTO BUAY OyB OMHMCAaHUU TUTBKU
OJTMH KaTexomuHui cuaepodop — itoeBa kuciora (DHB-glycine) [37; 58]. Lle
BaJTMBA (i310JI0T1YHA 0COOIMBICTE I OAIlWII, aJKE Y IPUPOTHOMY CEpPEIOBHIIT
3a MEeBHUX YMOB piBeHb (Di310JIOTIYHO JOCTYITHOTO 3aii3a MOXKE 3HHMKYBAaTHCS, a
HU3bKa HOTO KOHILIEHTpaIlisi 0OMexye picT Oakrepii. Tomy nesiki MiKpoOpraHi3mH,
30Kkpema, 1 B. amyloliquefaciens Bal3 MOXyTb CHHTE3yBaTu BTOPUHHHIA MeTa00-
JIT — OaruIiOaKkTHH, SKUA X04 1 HE Ma€ MPsAMOI TOKCUYHOI Jii Ha TaTOTeHH, aJie
OTIOCEPEAKOBAHO PETYIIIOE IXHIO YHCEIBHICTh 32 paXyHOK CTBOPEHHS Ne(ilUTy 10-
CTyIHOTO 3aii3a [39].

OTxe, aHTUMIKpOOHA aKTHBHICTh META0OIIYHUX CHOJTYK OaKTepill ChOTOIHI
AKTHUBHO BHBYAETHCS, IO MiATBEPXKYETHCS 3HAYHOIO KUTBKICTIO HAYKOBHX ITyOTi-
Kailiid. AJle BXKe BIJIOMO, IO MEXaHi3M 1X 0OMeXyBallbHOI Jii Ha mpodidepartito
¢iTonaroreHHUX rpuoiB MOB'sI3aHMIA 3 OaraTbma 3MiHaMH y Tidax Ta KOHIAISIX, TPU-
THIYEHHSIM CHHTE3Y MIKOTOKCUHIB, MOIIKO/KEHHSIM CTPYKTYPH KIITHHHOI CTIHKU
MIKPOMIIIETIB, 1110 TPU3BOAUTH JI0 1X 3aruoeri Tomo. [IpurnivyBaibauid eekT Mi-
KpOOHUX MeTaboIITIB MOXKe OyTH MOB'SI3aHUI HE TIJIBKU 3 TPSIMUM aHTaroHi3MOM,
a 1 3 BTpYYaHHSM IMX CIIOJNYK Y MPOLIECH KOJIOHI3allii MaToreHaMu KOPEeHiB poc-
muH. 1i crionmyku Bxke MaroTh MPaKTUYHE 3aCTOCYBAHHS Y CLIBCHKOTOCIIOAPCHKOMY
BUPOOHMIITBI y BUIISIII Oiompemnaparis.

Jimuuni ¢pepmenmu. CuexTp BTOPUHHUX MIKPOOHHX METa0OMITIB, SIKi TIPO-
SIBIISIIOTh QHTATOHICTHYHY aKTHUBHICTH MO BiJHOWIECHHIO JO IHIIMX MIKPOOPraHi3-
MiB Ta 3a0€3Me4y0Th TPaHC(HOPMALIiI0 CKIIQJHUX OPTraHIiYHUX PEYOBHH, BKITFOYAE 1
ex3odepmerTH. biomorivna 60poTh0a 3 MOMUPEHUMU (ITONATOTEHHUMHU TPUOaMuU
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BKJIFOYA€ 3/1aTHICTh OakTepiit poxy Bacillus cunTe3yBatu hepMeHTH, Ki pyHHYIOTb
KJIITUHHY CTIHKY Tpu0iB, HampuKiaj, B-IIIOKaHa3W, XiTHHA3U, MpOTea3H, KCuia-
Has3u Toulo. [IponykyBanHs nporea3 Bunamu B. subtilis ma B. lichenformis, norme-
penpo BUALICHUMH 3 ocaliB YopHOTo MOpsi, onucano y poooti Gudzenko et al [27].
Ha puc. 3 npencrasneno ¢otorpadii mikpockorrii ¢iTonaroreHHUX rpuiB, Ha SKi
BIUTMBaIM Oaktepii poxny Bacillus 3 BCTaHOBICHUMH aHTU(QYHTAIbHHUMH BIIACTH-
BOCTSIMH, a00 1X MeTabOIIITH.

Puc. 3. Bnius 6akrepiii pony Bacillus Ta ix MetadoJiTiB Ha 3MiHy MopdoJiorii
(piTonaroreHHuX rpubis (cTPiJIKM BKa3yIOTh HA 3AYTTS, 1e)OpMyBaHHSA Ti():
1 — Curvularia lunata; 2 — Helminthosporium oryzae [74]; 3, 4 — Fusarium oxysporum [68];
5, 6 — Macrophomina phaseolina [21]; 7-9 — Podosphaera fusca [71]

Fig. 3. The influence of bacteria of the genus Bacillus and their metabolites
on the change in the morphology of phytopathogenic fungi
(arrows indicate swelling, deformation of hyphae):
1 — Curvularia lunata; 2 — Helminthosporium oryzae [74]; 3, 4 — Fusarium oxysporum [68];
5, 6 — Macrophomine phaseolina [21]; 7-9 — Podosphaera fusca [71]

Hdusa B. subtilis W3.15 [68] onmcana 31aTHICTh NPUTHIYYBAaTH PO3BUTOK
3aXBOPIOBaHb, CIPUYMHEHUX Trpubamu poxy Fusarium, KIITHHHA CTiHKA SIKUX
MICTHTB XITHH Ta -IJIIOKaH, OCTaHHIH pO3IICTLIIOETHCS B-TIII0KaHA3010, CHHTE30Ba-
HOO JIaHuM mTaMoM. [Ipurnidenns pocty rid rpubiB Ta pyiiHyBaHHS HUTICHOCTI 1X
KIIITHHHOI CTIHKH 3a Jii epMeHTy [-TiItoKaHa3Hu, CHHTE30BaHOTO OaluaamMu, OIH-
caHo Takox s itonaroreHiB Colletotrichum gleosporioides, Curvularia affinis,
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Magnaporthe oryzae [15]. DepmeHT nporeasa, CHHTe30BaHu B. amyloliquefaciens
SP1 B ymoBax in vitro Ha 24,14 % npurniuyBas pict F. oxysporum [28].

Sk omuH 13 MOXJIMBMX MEXaHI3MIB aHTArOHICTUYHOI Aii y OakTepid pomy
Bacillus BusiBneHo XiTuHa3Hy aKTUBHICTh. 30kpema y pobori El-Aassar et al. [18],
B1JI0OpakeHi pe3y/abTaTH, IO CBiIUaTh Mpo 31aTHICTh B. amyloliquefaciens cunTte-
3yBarty 1ei ¢pepmeHT. Bucoka XiTHHA3HA aKTUBHICTh OMUCAHA JUIS MPEICTAaBHUKIB
BUIIB B. thuringiensis, B. licheniformis, B. subtilis, B. cereus 31aTHUX IPUTHIYYyBa-
TH picT i nomupeHHs R. solani, F. oxysporum, Penicillium chrysogenum — 30ynH#-
KiB iHQEKIIHHUX XBOPOO y pociuH [25; 73].

XituHaszu Bacillus BigirparoTh BUpIMIAIBHY POJIb Y TiAPOIi3i KIITHHHUX CTi-
HOK TpuOiB. B. circulans i B. licheniformis, B. paralicheniformis [56] npoaykyoThb
(dbepMeHT XiTHHa3y, KU po3kianae xituH. Came TOMY XiTHHOJITHYHI QepMEeHTH
BBXAIOTHCS BAXKIIUBUMHU B 010710T1YHOMY KOHTPOJII MAaTOTEHiB.

Baprto Takox 3ragaru mie oauH (PEpMEHT — JIAKTOHA3Y, KMl CUHTE3YEThCS
6aratbma Bacillus spp., Ta cipsAMOBaHUi Ha pylHyBaHHs N-aiuii-L-romoceprHo-
BUX JIAKTOHIB, sIKi € Moniekynamu QS. ToMmy J1lakTOHA3a PO3ITISIIAETHCS K (PepMEHT
QQ (quorum quenching), To0To Ais MaHOTO PEepMEHTY 3amolira€ HaAKOIMTUYCHHEO
curnaiy AHL, BiAMOBIHO T€HHU 3allydeHi y MPOLEC BIPYICHTHOCTI HE EKCIPECY-
IOTBCSI, TPU3YIUHSIETHCS 3B'I30K MK OakTepisiMi. 3MEHIIIEHHS PYXJIMBOCTI MaTo-
TeHa Ta TOCUJICHHSI KOHKYPEHIIIT 32 OKMBHI PEUOBHHH 3 MPEICTABHUKAMH 1HIITHX
BHJIIB ITPOKAPIOT MEPEIIKOKAE KOJIOHI3allii KopeHiB pociunu [4; 70].

Criz 3BepHYTH yBary Ha Te, 110 HE 3aBXKIU MOXKHA BCTAHOBUTH KOPEILALIIO
HaMpUKIaa, MK Ji€l0 JTTHYHUX (EepMEeHTIB 1 OiokoHTposieM Qitomarorena. Ase
i (pepMEHTH MOXKYTh BUKOHYBATH 1HIIY TIO3UTUBHY (DYHKIIIIO Y 33 J0OBOJIEHHI TPO-
(GiYHUX MOTPed aHTATOHICTIB 1 OMOCEPEIKOBAHO BIUIMBATH HA MOIIUPEHHS 30yIHU-
KiB 3axBoproBaHb pociuH [40]. B3arauni, sk 3a3Ha4eHO y poOOTi TpyNu HAYKOBIIIB
3 bonmoncekoro yHiBepcurety (Innocenti et al. [40]), He MoxkHa cepen pepMeHTIB
00paTH «HaWBXKIUBIMINANY, aJpKe i XITHHA3H € CHHEPTiYHOI0 3 TIIIOKaHa3aMH,
a (iromaToreHHi rpudM 3aJEKHO BiJ] CHCTEMAaTHYHOTO IMOJIOKECHHS MAIOTh PI3HUN
XIMIYHHE CKJIaJ] KJIITHHHOI CTIHKH, 1[0 BAPTO BPaxOBYBaTH y JOCIPKEHHSIX Ta 1H-
TEpIIpeTallii OTPUMaHUX PE3yJIbTATIB.

Taki edeKTHBHI Ta HETOKCHYHI CIIOCOOH, SIK PO3pOOKa Ta 3aCTOCYBaHHS Mi-
KpOOHUX MperapaTiB J03BOJISIIOTH KOHTPOIIIOBATH Ta 00MEXYBaTH NOMIUPEHHS (i-
TONATOT€HHUX MIKPOOPTaHi3MiB B arpoleHo3ax Ta 3aXHWIIaTH POCIHHH Bija ypa-
YKCHHSI TATOTeHHUMU OpraHi3MaM#, CTUMYJIIOIOYH iIMyHHY BiJIITOBi/Ib.

Bnnaue 6ayun na indykosamny cucmemmuy pe3ucmeHmHicms pociut, aK me-
Xanizm 6iokonmposnto. POCIMHHUIN OpraHi3M, SK LJTICHa caMOpery/iboBaHa 0i0J10-
rivyHa CUCTeMa, aKTUBHO B3aeMOJI€ 3 010- i a0i0THYHIMH YNHHUKAMH CEPEIOBUIIA
Ta 3/1aTHA YMHWTH OIp y BiIMOBIAb Ha JiI0 HETaTMBHUX YMHHUKIB. CHIy Takoi
CIPUHHATANBOCTI a00 HECTPUIHITIMBOCTI MOXXYTh TOCHITIOBATH/TIOCIA0IIOBATH
MIKpOOPTraHi3MH, SIKi ICHYIOTb y TICHIi B3a€MO/Iii 3 POCIMHAMMU.

[HyKOBaHA MPUpPOIHA CTIMKICTh POCIWH TOJNSTA€E Y CTUMYIIOBaHHI iXHBO-
ro iIMyHHOTO TOTeHIliary. BuCOKMil iMyHHUI CTaTyC POCIMHU J03BOJISE il BYACHO
PO3IMi3HATH TEBHI JEeTEePMiHAHTHI MeTa0OJIITH MaToreHa W aKTUBYBATH BiAMOBIIHI
3axHCHI peakuii. Bacillus spp. MOXyTh 1HIIIFOBaTH 3allyCK iIMyHHOI BiIIOBIi/I, sSIKa
CHCTEMHO TPOSIBIISIETHCS B YCIX OpraHax pociuHu. Takuii crioci0 3aXucTy Mae Ha3-
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BY «IHAYKOBaHA CUCTeMHa pe3ucTeHTHICTH» (ISR). ArpoHOMIYHO KOPUCHI MIKpO-
opranizmu (PGPM), 30kpemMa Oaimim, KOJIOHI3yI0YH KOPEHEBY CHCTEMY, aKTHBI3Y-
I0Th JIATeHTHUI 3axucHuil npouec [60]. Take npaiimyBaHHs 3a0e3meuye MBUALTY 1
CWJIBHINIY aKTHUBAIIIO 3aXUCTY BCi€l pOCIMHU Y pa3i iHpiKyBaHHS (iTONATOTCHHUM
MIiKpOOPTraHi3MOM.

Cunre3 Bacillus spp. elTCHTOpIB 3aXHCTy POCIHH, SIKi € OUTKOBUMH CIIO-
nykamu, Bukiukae ISR y Nicotiana tabacum L. npotu P. syringae [79]. Y
B. amyloliquefaciens NC6 BUsBICHO OLIKOBY €TICUTOPHY CHOJIYKY, SIKa CIIPHYH-
HsUJTa HU3KY 3aXMCHUX PEaKliil POCIHH y BIANOBIAb HA ypaxkeHHs Botrytis cinerea
Ta BipyCOM TIOTIOHOBOI MO3aiKH. 3aXUCHI peaKiii BKIIOYAIN YTBOPEHHS aKTUBHUX
dopm xucrro (H,0,, O,) Ta Hakonu4yeHHs EeHONBHUX cromyk [82].

KpiMm Toro, 3rajyBaHi BUIIE ITUKJIIYHI JIMONETHIH, CHHTE30BaHI OalMIaMH,
TaKOX € BOXIUBUMH €IICUTOpaMH y HH3I matocuctem: «Solanum lycopersicum
L. — Botrytis cinerea Pers.», «Phaseolus vulgaris L. — B. cinerea Pers.», «Cucumis
melo L. — Podosphera fusca (Fr.) U. Braun & Shishkoft», «Triticum aestivum
L. — Zymoseptoria tritici (Desm. Quaedvlieg & Crous)», «Fragaria * ananassa
Duchesne — Colletotrichum gloeosporioides (Penz.) Penz. Et Sacc.» [63; 48].

[HyKyBaHHS IMyHHOT CHCTEMH POCIHH MOKE OyTH 3yMOBJICHE 1 T1€10 JIETKUX
OpraHiYHHX CIIOJYK, CHHT€30BaHUX MPEACTaBHUKAaMU pony Bacillus. lamykTopamu
CUCTEMHOI PE3MCTEHTHOCTI € TaKi PEUOBHHH SIK alleTOH, 2,3-0yTaHIioa Ta KoMep-
IAHO TOCTYNMHUMN 3-nienTanon [12; 67].

3naTHiCTh OakTepiit poay Bacillus akTHBHO KOJIOHI3yBaTH KOPCHEBY CHCTEMY
Ta BCTYIMATH y TICHY B3a€EMOJIIO 3 POCIIMHAMYU MOYKE CTUMYJIIOBATH 3aXHMCHI peaKiii
OpraHi3Mmy-rocrojaps Ta 3ade3nedyuTu e(peKTUBHUIN 3aXHCT BiJl yPaKEHHsI TaTore-
HaMH.

AHmazonicmuyHUIl 6NAUE BMOPUHHUX Memabdonimie OGaxmepii pooy
Bacillus na nowupenns ¢pimonamoczenie 6 azpouenozax. AHTaroHiCTU4HI Bia-
CTUBOCTI OaIui1 € HAHOUTBII TOCITIDKEHUMH CepeJl IHIIMX OaKTepiit i ToMy MiKpoO-
Hi penaparu, 0ioareHTaMu sIKuX € 0akrepii poxy Bacillus, CTaHOBIATH Maike MO-
JIOBUHY KOMEPIIIHHO TOCTYIHUX 3ac00iB 010OKOHTPOJIO, PO3POOJICHUX HA OCHOBI
Mikpooprani3mis [13].

AKTUBHICTb MPEICTaBHUKIB pony Bacillus y 3aXuCTi pOCIUH BijJ 3aXBOPIO-
BaHb BH3HAYAETHCS, MO-TIEPIIE, iX 3JaTHICTIO KOJIOHI3yBaTH KOPEHEBY CUCTEMY, IO
€ HeO0OXiTHOI0 YMOBOIO €()eKTHUBHOT KOHKYPEHIIIi 32 MPOCTIp 1 MOKUBHI PEUOBHHH,
NO-Apyre, CHHTE30M BUCOKOC(PEKTHBHHUX MPOTHUMIKPOOHUX CHONYK (aHTHO103) i,
MO-TPETE, 3AATHICTIO BUKJIMKATH IMyHHY PEaKIi0 Y POCIIHH, IO B JIITEPATypi OMH-
caHo sk ¢penomen ISR [55; 10].

Kononizarist kopeHiB pocinuH O6akrepisimu pony Bacillus mounHaeThCs 3 Xe-
MOTAKCHCY, 32 IOTIOMOT0I0 SIKOTo OakTepii pyxarThes 10 KopeHiB. KopeHnesi ekcy-
JIaTH € XEMOATPAKTaHTAMH, CKJIAJl SIKUX 3MIHIOETHCS 3aJIE)KHO BiJl TEHOTHUITY POC-
JUHHM 1 cTaaii 11 Bererauii Ta mpuBabiroe 6akTepii, Cpusie pyXJIMBOCTI 1X KIIITHH,
CTHUMYJIIO€ YTBOPEHHS O10TUTIBKH. SIKIIO POCIMHA YPaKyeThCs (PiTONATOTCHHUM
MIKpOOPraHi3MOM, BOHA 3MIHIOE XIMIYHHUU CKJIaJl KOPEHEBHX BUALIEHb. Tak, Liu
et al. [53] BcraHOBM/IM, IO MOCHJICHA KOJIOHI3AISI KOPEHIB POCIMH OaKTepiero
B. velezensis SQR9 Oyna 3ymoBneHa 301IbIICHHSM KUTBKOCTI CHHTE30BaHUX Xe-
MOATPAKTAHTIB, TAKHX SIK JIMMOHHA Ta (hyMapoBa KKCIOTH (CUTHATBHUX MOJICKYI),
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y BIAMOBIb Ha ypaxkeHHs F. oxysporum f. sp. cucumerium. BinnoBigHo, ¢popmy-
BaHHS O10TUTIBKH 32 paXyHOK X€MOTaKCHUCY Bij puszocdepu 1o pusoruianu PGPR e
YyJIOBHM IHCTPYMEHTOM JJIsl YCYHEHHS! KOHKYPEHTHHUX B3a€MOBITHOCHH 3 IHIIUMU
IPYHTOBUMH MIKpOOpPraHi3Mamu, B TOMY YHCII i 3 TATOTEHHHUMHU BUIAMHU.

Sk Bke 3a3Ha4anocs, (itornaToreHHi rpuluU 371aTHI CHHTE3yBaTH MiKOTOKCH-
HU, AKi € JpKepesoM 3a0pyIHEHHs CLIbChKOTOCIONApChkoi mpoaykiii. CrexTp
TaKUX TOKCHHIB JIy’K€ BEJIUKUN — a(IIOTOKCUHH, OXPAaTOKCUHH, (DYMOHI3UHH, Je-
30KCHHIBAJICHOJ, TATYIiH, 3€apajeHOH, TPUXOIMHU TOIIO, aje BCi BOHU HECYThb
BEJIMKY HeOe3neKy JUIsl 37I0pOB’s 1 XKUTTs Jrofei Ta TBapuH. HalieekTuBHIIIIM
MiAXO0A0M JUIsi OOMEXKEHHS! X HEraTUBHOTO BIUIMBY Ha 3/I0POB’Sl OPTaHI3MiB € 3a-
noOiraHHs 3apaKEHOCTI CLIIBCHKOTOCIIONAPCHKUX KYJIBTYP MIKpOMILIETaMH Ta Jie-
rpajailis TOKCHHIB 0 HEMIKITUBUX CIIONyK. OKpiM XiMIYHHX PEUOBHH 1 (hi3MUHUX
METOJIIB JieTpa/iallii TOKCHHIB, €)EKTUBHOIO € OiojioriuyHa jetokcukariis [81; 83].
e ekcniepumenTanbHo 3’sicyBanu Fu et al. [23], BuB4aroun po3IIenyIeHHS 3eaparie-
HOHY Yy KOpMi TBapuH Oakrtepismu B. licheniformis.

Baxnusi nociimkenns, nposenaeHi Juan et al. [64], miaTBepKYIOTh 371aT-
HICTB B. velezensis RC 218 oOMexxyBaT MOMKUPEHHS Ta YPaXEeHICTh pOCIUH (iTo-
naroreHHuM F. graminearum Ta TOB’sI3aHUM 13 [IUM HAKOIMYCHHSM HEOE3MeYHOTO
MIKOTOKCHHY JI€30KCHHIBAJICHONY, TOMYCTUMUN BMICT SIKOTO € YiTKO PETIaMEHTO-
BaHUM Yy KkpaiHax €Bpornelicbkoro Coro3zy ta Cnonyuenux [ltartax Amepuxu [20;
80]. Kpim Toro, maHuii TOKCHH, iFOYU SIK YUHHUK BIpYJIEHTHOCTI, CIIpHUSE OUIBIIO-
My TMOIIUPEHHIO Ta 1H(PIKYBaHHIO CUTECHKOTOCIIOAAPCHKUX POCIHH.

Bapro 3a3naunth, mo Bacillus spp., OKpiM 0i0KOHTPOIO (PiTOMATOTE€HHUX
rpubiB, MOXKYTh 3MEHIIYBATH MOIIUPEHHS 3aXBOPIOBaHb, CIPUUYNHEHUX I'paMHe-
TaTUBHUMHM OakTepisiMu. JlOCHDKEHHS in Vitro JEMOHCTPYIOTh, 10 B. velezensis
LS69 BusiBisie anTuOakTepiadpHy [il0 OnIpa3y MPOTH NEKUIBKOX 30yIHUKIB —
Erwinia carotovora ta Ralstonia solanaceum [52]. [lnsa B. amyloliquefaciens S1 ta
B. amyloliquefaciens Ba0l BcraHOBIIeHA 31aTHICTh IPUTHIYYBATH PO3BUTOK I'paM-
MO3UTUBHUX TaToreHHUX Oakrtepiit Clavibacter michiganensis Ta Streptomyces
scabies [51; 24].

Haiigacrimnie mpoBOIUTHCS MOIIYK MiKPOOPTraHi3MiB-aHTAroHICTiB JI0 MaTo-
TeHIB, SIKi YPaXXYIOTh €KOHOMIYHO Ba)XKJIUBI CUITLCHKOTOCTIONAPCHKI KynbTypu. Jliist
VYkpainu, B mepury 4epry, 1e Taki KyJabTypH sIK MIISHHIS 03UMa, KyKypyasa, co-
HSIIIHUK, U KpaiH A3ii — puc. ToMmy OUTbIIICT HAYKOBUX POOIT MOB’s3aHa 3 T10-
IIYKOM areHTiB OIOKOHTPOIIO, SIKi 6 00MeXyBaIK MOUIMPEHHS MEBHUX (iTOMaTo-
TeHiB. Y MOCiBaX 3epHOBHX KYJBTYp CEpe]] MaTOTeHIB HAuacTilIe 3yCTPi4atoThCs
rpubu pony Fusarium, BTpatu 3epHa Ipu IIbOMY MOXYTh cTaHOBUTH 20—50 %.

[ToBimOMIISIETBCS TAKOXK IMPO 3/aTHICTH OAIMII MPUTHIYYBAaTH PO3BUTOK Bi-
pycHux xBopo0 [29]. Takux moBiomieHb He Oarato, ajie e MOXXe CBITYHTHU MPO
3HA4YHUU TOTeHIian 6akrepiit poxy Bacillus sik GioareHTiB MiKpOOHUX IperapariB
3 MMPOTEKTOPHOIO JI€FO0.

[MomupeHnoro 3acTocyBaHHSi HaOyBarOTh OI1OIHCEKTHIIMIM HA OCHOBI
B. thuringiensis [72; 19]. Croroani 6;n3bko 75 % KOMepIiHHUX O10JOTIYHUX 1H-
CEKTHIIM/IIB CKJIIAI0ThCS 3 MPOAYKTIB, OTpUMaHuX Ha 0cHOBI Bt [75]. Lli mpoxyk-
! Oynu KomepiiitHo BurotosieHi y @panuii y 1938 p. i B CILIA B 1956 p., ane
iX BUKOPHCTaHHSI B YChOMY CBIiTi 3pocio B 1980-x pokax, KOIM KOMaxu HaOyiu
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3HAYHOI CTIUKOCTI 0 XiMiuHUX iHCeKTUIMAIB [1]. [IpoxykTH, orpumani 3 Bt, HuHi
BUKOPHUCTOBYIOTHCS I OOPOTHOU 3 PI3HUMH MIKiTHUKaMU POCIIUH [66].

B3aeMonis Mk MIKpOOpraHi3MaMu MpOSBISETbCSA HE JIUILIE Y BUNIAII KOH-
KypEHIIil 1 aHTaroHi3My, 1HOJ{l BOHU MOXYTb OyTH CyMICHUMH 1 IPOSIBIISATH CUHEP-
rivanii edekt. Takuii Thm B3aeMomii XapakTepHuid 1js Oakrepiit poxy Bacillus Ta
rpubiB poxy Trichoderma. KynbTUBYBaHHS y PiIKOMY KHUBHJIBHOMY CEpPEIOBHIII
B. amyloliquefaciens accC11060 omnouacno 3 7. asperellum GDFS1009 cripusio
MiABUILIEHHIO CHHTE3y aHTHOIOTUYHHX CIIONYK, a KYJIbTypajbHa PiAMHA TPUTHIYY-
Baja picT B. cinerea Ha 66 % y naboparopHomy aociuifi [84].

CywmicHe kyneTuBYBaHHS B. amyloliquefaciens 1841 3 T. asperellum
GDFS1009 inaykyBano y TpUXOJAEpMHU €KCIIPECIIO TEHIB, MOB’I3aHUX 13 CHHTE30M
BTOPUHHUX METAOOITIB, MIKOTIAPa3UTH3MOM 1 aHTHOKCHIaHTaMu. Kpim Toro, KOH-
KYPEHIIisl 32 CYMICHOTO KYJITHBYBAaHHSI 1HIIIFOBaJIa TPOAYKYBAaHHS HOBHUX CITOJTYK,
SKI HEe BHSBISIIOTBHCS 3a X oKkpemoro BupouryBanHs [41]. Izquierdo-Garcia et al.
[38] mocnimKyBanu in vivo B3aEMOAII MK JABOMa MiKpoopraHismMamu 7. virens
GI006 ta B. velezensis Bs006, KOHCOpILIiyM SIKHX MPOSIBUB BUCOKUHM TMOTEHIIAT Y
060poTh0i 3 matoreHHUM F. oxysporum f. sp. physali, 3mataum BUKIHKaTH Qy3api-
O3HE B’SIHEHHS POCJIMH.

He3Bakaroun Ha Te, mo JBI aOCOMIOTHO BiIIMIHHI TPYNH MIKPOOPTaHi3MiB
— OaxTepii Ta rpuOU MarOTh Pi3HI MeXaHi3MH OIOKOHTPOJIIO Ta CHHTE3YIOTh Pi3-
Hl aHTUOI0TUYHI CIIOJYKH, TEXHOJIOTIS IX CYyMICHOTO KYJbTHBYBaHHS Ta 3aCTOCY-
BaHHS B arpoIlleHO3aX MOKE MOCHJIMTH 3aXHMCT POCIMH Bifl ypakeHHs (iTOmaTo-
reHamMu. ToMy MO€IHAHHS y Pi3HUX KOMOIHAIISX MIKPOOPTaHi3MIiB «TpuO-Tpud»,
«rpub-0aKTepisiy, «OaKTepis-0aKTepisn» TOMIO y PO3poOI MIKpOOHHX IMpemnapa-
TiB MOXKE 3a0€3MEeYUTH BUPOOHHUKIB CUTHCHKOTOCTIOAAPCHKOT MPOIYKITIT T1e O1ThII
e(heKTUBHUMH MIKpOOHUMH IIperapaTamMu.

Bapro 3a3HauuTtH, 110 JOCTIIKEHHS aHTUMIKPOOHUX METaOOJIITIB, CUHTE-
30BaHMX OaKTEpisIMU, € CKJIAJAHUM mporecoM. KilbkicHe 1 sSIKICHE BUSBIEHHS Ta-
KHX HEBEIIMKHX 32 PO3MIpPOM XIMIYHO HECTAOUTbHHUX CIIONYK YTPYIHIOETHCS IIe U
JIOBOJII CKJIaTHUM CEPEJOBHIIEM — IPYHTOM, JIe¢ BOHH MOXYTh a/IcOpOyBaTucCs Ha
MTOBEPXHI YU B CEPEAMHI IPYHTOBHUX YaCTOYOK, PO3KIIAAATHCS IHIIUMHU OpraHi3Ma-
MU Ta 3a3HaBaTU IHMIKMX 3MiH. ToMy OUIBLIICTH MOCIHIHKEHb MPOBENCHO in Vitro,
a BUMIPSATH KOHIICHTpAIlii aHTHOIOTUYHUX CIIONYK Yy pu3ocdepi pOCIHH JOBOII
ckianHo. OfHaK, 11e BaXJIMBE NMUTAHHS Ul HAyKOBLIB, K€ MOTPIOHO BUPILIMTU
a0u 3pO3yMITH sIKa KUTBKICTH JITOMENTH/IIB, JICTKHX CIOIYK Yi 0aKTEepIOIMHIB Ma-
TAME O10JIOTIYHIM eeKT in situ.

OTXe, 31aTHICTh TPYHTOBUX MIKPOOPTaHi3MiB JI0 CHHTE3y IIMPOKOTO CIIEK-
Tpy 010JIOT1YHO aKTUBHHUX PEYOBHH JIOCIIIHKYBAIACH IPEICTABHUKAMH Pi3HUX Hay-
KOBHX IIIKLJI POTSITOM TPUBAJIOTO Yacy i aKTyalbHICTh X HE BTPa4Y€Ha 1 10 ChOTO/I-
Hi. Bee dacTime 3’sIBISIOTHCS MOBIIOMIICHHS IIPO BIIKPUTTS HOBUX (D1310JI0TTYHO
AKTUBHUX PEUOBUH, SIKI MPOAYKYIOTh MIKPOOpPTraHi3MH, IO BKa3y€ Ha iX BHCOKY
MeTa0OJIIYHy aKTUBHICTh. 30KpeMa, 3p00JIeHO BETUKUN KPOK Y TIOIIYKY 1 BIAKPHT-
Ti HOBHX (PITOTOPMOHATBLHUX Ta AHTHOIOTHYHUX CIOJYK, BCTAHOBJICHHS (DYHKITIH
SIKHMX JIO3BOJISIE MTOBHIILIE 3p03yMITH (hi310JI0T1YHI POLIECH, SIKi BiIOYBAIOTHCS B KH-
BUX OpraHi3Max, Ta JIa€ MOXKJIMBICTb CTBOPEHHSI Ha OCHOBI IIPOAYKTIB iX MeTabo-
J13My MIKpOOHMX IperapariB Ta METabOIIuYHO aKTUBHUX Olompenaparis, 110 po3-
KpPHUBA€ NEPCHEKTUBH MMPAKTUYHOTO 1X 3aCTOCYBAaHHS Y CUIBCHKOMY I'OCIIOJIAPCTBI.
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ANTAGONISTIC POTENTIAL OF BACTERIA
OF THE GENUS BACILLUS

Summary

The literature on the antagonistic potential of Bacillus bacteria was analysed.
The main mechanisms of antifungal and antibacterial action of the representatives
of this genus are characterised. The examples of various natural compounds
synthesised by bacteria are described, which makes them valuable objects in
biotechnological processes, in particular in the production of biofungicides, and
reveals the prospects of their practical application in agriculture.
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BREVIBACILLUS REUSZERI AS A POTENTIAL
RESOURCE FOR SUSTAINABLE AGRICULTURE

The species Brevibacillus reuszeri was separated into a specific taxonomic unit 30
years ago, during which it has been studied. The aim of the study was to collect and
analyze the available scientific information on the species Brevibacillus reuszeri.
A search was conducted in scientific literature databases using the queries
"Brevibacillus reuszeri” and "B. reuszeri". Only studies that identified B. reuszeri
using MALDI-TOF, phylogenetic or phylogenomic methods were included in the
review. Brevibacillus reuszeri is characterized by the ability to produce chitinases
with antifungal activity, bacteriocin and the ability to counteract environmental
pollution by heavy metals and the ability to hydrolyze polyurethane. Paradoxically,
this species is also a plant growth-promoting rhizobacterium with an unusual
activity, the ability to promote mycorrhiza formation. Further research should
test the possibility of developing biological products based on cultures of this
species for bioremediation and plant growth promotion. Another promising area
is the search for new antimicrobial compounds based on products of unidentified
biosynthetic clusters of Brevibacillus reuszeri strains.

Key words: Brevibacillus, Plant-growth-promoting rhizobacteria, Mycorrhiza-
helping bacteria, angifungal activity, bacteriocin.

Introduction

The species of the genus Brevibacillus are studied extremely unevenly [22].
The aim of the study was to collect and analyze the available scientific information
on the species Brevibacillus reuszeri. As the topic for this review was chosen
Brevibacillus reuszeri because of the presence of determinants of antimicrobial
ribosomal peptide biosynthesis in its published genome, which coincides with the
current scientific interests of the authors of this work. As of 2025, enough data have
been collected to talk about the ecophysiological individuality of this species.

The species Bacillus reuszeri was described in 1995 as a result of a polyphasic
taxonomic analysis of a series of strains previously classified as B. brevis [29].
It was named in honor of the American microbiologist Herbert W. Reuszer from
Purdue University, who isolated the strain that became the type of this species.
Unfortunately, there is little biographical information on this specialist, except for
his special works.

Over the next 25 years, with the development of molecular genetic methods of
systematics, species of the genus Bacillus were divided into dozens of new genera.

© M. [1. llrenixos, /. O. Mapuenko, B. B. Cy6ora, 2025
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Brevibacillus was one of the first to be isolated [30] as a result of comparison of
16S rRNA nucleotide sequences of the bacterial group in the Bacillus brevis cluster.
Additionally, the similarity of the Bacillus brevis group was proven by the detection
of serologically related S-layer proteins. In addition, segments of the 16S rRNA
nucleotide sequence were found to be group-specific for all members of the genus
Brevibacillus. Bacillus reuszeri was reclassified as Brevibacillus reuszeri comb.
nov. Together with it, the genus Brevibacillus includes B. reuszeri and nine other
species from the former intrageneric cluster Bacillus brevis. Today, the species
Brevibacillus reuszeri belongs to the domain Bacteria, type Bacillota, class Bacilli,
order Caryophanales, family Paenibacillaceae, genus Brevibacillus (date of access
to the List of Prokaryotic names with Standing in Nomenclature — 14.04.2025 [24]).

The type strain of B. reuszeri was isolated from soil and is designated NRRL
NRS-1206 (alternative numbers: DSM 9887, ATCC 51665, CIP 104543, IFO
15719, JCM 9170, NBRC 15719, BCRC 17828, CGMCC 1.3106, LMG 16012,
NCIMB 13367). The strain is deposited at the Japan Collection of Microorganisms,
Saitama, Japan, as JCM 9170 and at the Institute of Fermentation, Osaka, Japan, as
IFO 15719 [29].

The scientific literature databases were searched using the queries
"Brevibacillus reuszeri" and "B. reuszeri". Only papers where B. reuszeri was
identified using MALDI-TOF, phylogenetic or phylogenomic methods were used
for the review.

1. Features of morphology, physiological and biochemical characteristics

The fundamental traits of this species has not been adjusted over the past 25
years and is based on the original publication [29].

The cells are Gram-positive motile rods with peritrichial flagella, 0.5-0.9 by
2.0-5.0 um in size. Ellipsoidal spores are formed in swollen sporangia. Colonies
are flat, smooth, round and with a smooth edge. No soluble pigment is formed
on nutrient agar. Specific S-layer proteins are present. The main fatty acid is
anteiso-C15:0 acid. The main quinone is menaquinone 7.

The optimum growth temperature is 30 °C, the maximum is 45 °C, the
minimum is 10 °C (the minimum test temperature), and growth is inhibited at
50 °C. Growth of B. reuszeri is observed at pH 5.5 and 5.6, at 2% NaCl, but is
inhibited at 3% NaCl. It is also inhibited by lysozyme at a concentration of 0.001%.

B. reuszeri is strictly aerobic, catalase-positive and oxidase-negative.
Acetylmethylcarbinol is not produced (as determined by the Voges-Proskauer test).
The pH of the broth is above 7.0. Hydrogen sulfide, indole and lecithinase (based
on the results of the egg yolk test) are not produced. Nitrate is not reduced to nitrite.
Casein, gelatin, starch, DNA and urea are not hydrolyzed. Tyrosine is degraded.
Citrate, propionate, acetate, fumarate, L-malate, DL-lactate, succinate, L-glutamate,
L-aspartate, alginate, gluconate, a-ketoglutarate, malonate and tartrate are not used
as carbon sources.

B. reuszeri forms an acid, but not a gas, from D-glucose, D-fructose, maltose,
glycerol, D-mannitol, D-cellobiose, D-ribose, and raffinose. However, L-arabinose,
D-galactose, lactose, sucrose, D-xylose, trehalose, salicin, D-sorbitol, L-sorbose,
D-mannose, melibiose, L-rhamnose, inositol, erythritol, and adonitol are not
converted [29].
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The genome of B. reuszeri was characterized by the presence of different types
of carbohydrate-active enzyme families. 85 genes of such enzymes were identified,
which is 1.35% of the total number of coding sequences. In particular, it was found
that the number of chitinases in Brevibacillus was significantly higher than the
number of cellulases and hemicellulases. Only in Brevibacillus panacihumi JCM
15085 and B. reuszeri J31TS6 was observed the only representative of the cellulase
family GH9 (endo-glucanase) [12].

2. Genomic characterization

As of 11.04.2025, 7 partial genomic sequences of this species are available
in the online GenBank database; the last published one dates back to October 2024.

The G+C content ranges from 46.4 to 47%; the G+C pair content in the
genome of the typical NRRL strain NRS-1206" in vitro was estimated at 46.5%
[29], and according to the results of in silico calculation in [31], it was 46.95%.

The genome sizes of J31TS6 and NRRL NRS-1206T strains are 6.559 mb
and 6.98 mb, respectively. Among all Brevibacillus species described for 2025, this
size is the largest. Until a complete genome assembly is obtained for at least one of
the strains of this genus, these estimates should be taken with caution. The genome
of the J31TS6 strain is slightly smaller than that of the type species Brevibacillus
brevis (6.72 mb), but it is the leader in the total number of genes (6580) and coding
sequences (6303). A total of 6817 genes were identified in the genome of the NRRL
strain NRS-12067, including 6463 coding sequences, 254 pseudogenes, 96 tRNAs,
and 3 rRNA genes. For the B. reuszeri NIT02 strain, 6774 open reading frames,
121 tRNAs, and 10 non-coding RNAs of the Bacillaceae-1 type were found [12,
25, 31].

3. Auto- and synecology of the species Brevibacillus reuszeri

Interactions between B. reuszeri and other species can be either mutualistic
or antagonistic. The former is manifested in the form of promoting plant growth
through its role in the development of mycorrhiza and inhibiting the growth of
phytopathogenic fungi; the latter partially derives from the former and consists in
the ability to inhibit the growth of mycelial fungi and bacteria through the release
of various toxic products. Also, strains of this species show the ability to combat the
effects of anthropogenic impact on the environment — the presence of heavy metal
ions in high concentrations and the decomposition of artificial polymers.

The B. reuszeri strain J31TS6 contains about 200 heavy metal resistance
genes and ranks second (after Brevibacillus choshinensis) among all Brevibacillus
species in this regard [12]. Interestingly, the studied strains of B. reuszeri were
also the most active degraders of polyurethanes [12]. The ability of strains of this
species to selectively remove As** from the environment has been shown [6].

Some types of aerobic bacteria form mutualistic symbioses with higher plants.
Such microorganisms are called Plant Growth Promoting Rhizobacteria (PGPR).
A specific category of such bacteria is Mycorhiza Helping Bacteria (MHB); few
of them are known among bacilli, but B. reuszeri belongs to this small category.
The positive effect of MHBs on plants is exclusively or partially mediated by their
ability to promote mycorrhiza development [7].

The strain Brevibacillus reuszeri MPt17 was isolated from the
mycorrhizosphere of the symbiotic pair Pinus massoniana (Lamb.) — Pisolithus
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tinctorius. The basidiomycete fungus Pisolithus tinctorius is a low-specialized
mycorrhizal mycorrhizal organism that forms ectomycorrhiza with both
representatives of the gymnosperms (Abies, Pinus, Tsuga, Pseudotsuga) and the
angiosperms (A/nus, Betula, Eucalyptus, etc.), and has been used in forestry for
many years to promote the survival of seedlings [5]. In experiments [35], the growth
of the fungus was significantly stimulated by sterile B. reuszeri culture fluid: the dry
weight of the mycelium increased by 16.8%.

Acidic polypeptides of the fungal cell wall surface involved in the interaction
with the plant rhizoplane may be part of the intercellular adhesion system necessary
for hyphal aggregation in ectomycorrhizal plants [16]. Three genes encoding acidic
polypeptides PtBrS008, PtBrS054, and PtBrS105, which are hypothesized to be
involved in symbiosis regulation, were identified in P. tinctorius. The expression
of all three acidic polypeptides was increased when P. tinctorius interacted with
B. reuszeri culture fluid. The expression of the PtBrS054 gene was increased
the most among the others — by 4.1 times [35]. The search for an intermediary
molecule produced by B. reuszeri that increases the expression of PtBrS genes
seems promising for studying symbiosis processes, since the molecular mechanism
of interaction has not yet been described.

Fusarium oxysporum and Rhizoctonia solani are two types of phytopathogens
that often attack horticultural crops [17]. The main component of fungal cell walls
is chitin, so one of the biological control strategies is the use of bacteria that
produce chitinolytic enzymes [1]. This method of pathogen control has significant
advantages over chemical control, as it does not threaten the rapid emergence
of resistant pathogens and does not have a long-term negative impact on the
environment.

B. reuszeri was able to completely stop the growth of R. solani and partially
stop the growth of F. oxysporum [18]. The mechanism of protection of the latter is
probably due to the presence of glycoprotein compounds in the outer layer of the
cell wall, which make up 50-60% of the total cell wall mass [26]. Unfortunately,
not all studies on the antagonistic activity of B. reuszeri indicate the origin of the
strains. It is all the more valuable that in some studies antifungal activity is observed
in rhizosphere isolates [20].

There are several approaches to controlling mycotoxin contamination,
including physical removal of toxins using binders, enzymatic degradation,
or preventive control of toxin contamination using antifungal microbes. Since
decontamination of mycotoxins is difficult due to their chemical stability, an easier
and more effective approach to controlling mycotoxins is to prevent contamination
rather than remove them after they occur [27].

It is known that B. reuszeri produces chitinases [12], and therefore it can be
used as a biological control agent to prevent fungal infection of plant crops. Indeed,
culture filtrates of B. reuszeri completely inhibited the germination of conidia
from 8 Fusarium isolates on ears of maize. These conidia remained intact without
germination for at least 21 days of incubation, while the other conidial isolates
germinated on the first day. Bacterial isolates of B. reuszeri were antagonistic to
48 of the 68 fungal species tested: most Fusarium spp. (39 of 46 species), two
Epicoccum spp. (2 of 2), and one Alternaria sp. (1 of 1) were inhibited by the
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bacterial isolates. However, only a fraction of Aspergillus and Penicillium species
were affected (3 out of 11 and 3 out of 8, respectively). This broad spectrum of
action included most of the mycotoxic Fusarium spp. and therefore B. reuszeri may
be a worthy candidate for the development of biological plant protection products
[11].

The inhibition of fungal growth from an agar block placed on nutrient medium
without contact with a colony of B. reuszeri isolate indicates that the substance(s)
released from the antagonist are responsible for the inhibition. The nature of the
antagonistic activity of the culture filtrate has not been studied, but it is known that
this substance is stable and active in solution for 21 days and can be produced by
bacteria within 3 days of cultivation [11]. This stability and activity is a significant
advantage for a biological control agent, but the degree of safety of this substance
has not yet been determined.

According to Gholizadeh et al. [10], bioactive compounds of B. reuszeri
strain isolated from soil in southern Iran showed antimicrobial properties against
Escherichia coli and Staphylococcus aureus, Salmonella typhi and Bacillus cereus,
whereas, Aspergillus niger, Candida albicans and Pseudomonas aeruginosa were
resistant to their action.

It is known that bacteriocins are produced in the exponential phase, while
antibiotics are produced in the stationary phase of growth [21]. Bacteriocins are
known for representatives of the genus Brevibacillus, in particular, quite non-
standard ones, such as encapsulin derivatives [3]. In the stationary phase, the activity
of bacteriocins decreases, which may be due to their destruction by proteases [23].
According to Gholizadeh et al. [10], the production of antimicrobial compounds
in B. reuszeri culture began at the 5th hour of cultivation and reached a maximum
level at the 25th hour of bacterial growth, i.e. in the exponential growth phase.
After 25 hours of growth, the antibacterial activity of the compounds decreased
moderately. The molecular weight of the antibacterial compound is about 40 kDa.
Proteinase K inhibits the antimicrobial activity of the identified compounds, which
is an additional argument in favor of their peptide nature.

B. reuszeri was detected as part of microbial associations in clinical
material [9].

4. Practically useful properties and applications

The properties of some isolates of B. reuszeri mentioned in the previous
section indicate the prospects of this species as a plant protection agent and
potential growth stimulator. Indeed, numerous studies on the effects of B. reuszeri
inoculation of agricultural plants have reported an increase in yield and nutritional
value, as well as an improvement in the general condition of plants. B. reuszeri was
found to be capable of producing a biotechnologically promising broad-spectrum
carbamoylase enzyme and a thermolysin metalloproteinase inhibitor.

Many agricultural soils around the world are deficient in one or more elements
necessary to support healthy plants. The use of chemical fertilizers has a negative
impact on the complex system of biogeochemical cycles, so there is a growing
interest in environmentally sustainable and organic farming methods [8]. One of
the possible ways to reduce the negative impact on the environment is to inoculate
the soil with PGPR. Given the high costs of producing nitrogen and phosphorus
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fertilizers, B. reuszeri can be a promising alternative as a biofertilizer, as the results
of a study by Young et al. 34 showed that at least 50% of chemical fertilizers can be
saved if PGPR is applied together with fertilizers or manure.

The success in increasing yields with PGPR was experimentally confirmed
when using B. reuszeri as a fertilizer supplement in the cultivation of pecan Carya
illinoinensis (Wangenh.) K. Koch, broccoli Brassica oleracea var. italica and
strawberry Fragaria * ananassa Duch.

B. reuszeri increases the surface area of the pecan root and causes positive
changes in the overall architecture of the root, promoting the growth of mycorrhizal
fungi in the soil and the ability to absorb water. After 60 days of cultivation, the
content of total phosphorus in the roots and the content of total potassium in the
pecan stems were significantly increased by 78% and 111.53%, respectively [28].

In the study of the effect of B. reuszeri inoculation on broccoli, it was
possible to achieve an increase in broccoli yield by 12%, and the number of heads
by 27%:; the head diameter and stem diameter also increased. Chlorophyll levels in
the leaves increased by 14% [32]. In a study the following year, yields increased by
20% and plant weight increased by 17% [33]. There is also a paper describing the
stimulation of eggplant growth and yield by a culture of this species [2].

In addition to simple quantitative indicators of the crop, there are other
parameters that can be favorably affected by processing. An important problem
of nutrition in developing countries is the lack of micronutrients in food, which
is also called hidden hunger. According to studies [32, 33], when cultivated with
B. reuszeri, the maximum content of such elements as Sulfur (78.5%), Copper
(134%), Ferrum (75%), Manganese (98%) and Zinc (80%) increased in broccoli
leaves.

Inoculation of the strawberry rhizosphere with B. reuszeri bacteria increased
the yield by 18.0% [13].

An important method for the synthesis of optically pure L-amino acids is a
two-step process involving the enzymatic conversion of substituted L-hydantoins
to L-carbamoyl amino acids, followed by the cleavage of the urea residue by L-N-
carbamoylase. Because of this, there is a need for a versatile and stable L-N-
carbamoylase for the production of L-a-amino acids, which are used in various
industrial applications and human health products. A physicochemically stable
trimeric native L-N-carbamoylase obtained from the culture of B. reuszeri strain
HSNI was characterized, which is characterized by a broader substrate specificity
and significantly higher specific activity compared to those reported for L-N-
carbamoylases previously [19].

The strain B. reuszeri IFO 15719T was found to be capable of producing a
thermolysin metalloproteinase inhibitor. The inhibitor is a monomeric protein with
a molecular weight of approximately 60 kDa. Compared to the inhibitors of other
bacteria investigated in the cited study, the molecular weight of the inhibitor from
B. reuszeri strain IFO 15719T is much higher and the thermal stability is lower [14].

5. Future prospects

It is worth noting that in the pool of the literature, where Brevibacillus
reuszeri 1s mentioned, the identification of its strains is based on the homology
of the 16S rRNA gene. Today, the gold standard for identifying microorganisms is

— ISSN 2076—0558. Mixpobionoeis i 6iomexnonoeis. 2025. Ne 1. C. 74-87 —— 79



M. /1. U renikos, 1. O. Mapuyenko, B. B. Cy6ora

phylogenomics, in particular, genome comparison using algorithms that result in an
equivalent DNA-DNA hybridization in vitro. It can be assumed that at the moment,
the name Brevibacillus reuszeri refers to a cluster of closely related species in the
literature, which, however, does not deprive the analysis of the biology of this
group of scientific content.

The antiSMASH database, which stores taxonomically organized information
on sets of biosynthetic clusters found in the genomes of archaea, bacteria, and fungi,
contains data on the cluster of two strains of Brevibacillus reuszeri: Brevibacillus
reuszeri DSM 9887 and Brevibacillus reuszeri J31TS6. The discrepancy between the
number of genomic sequences in GenBank and antiSMASH databases is explained
by the fact that the genomes in the latter database were filtered on the basis of
similarity (to avoid duplication of information) and the degree of fragmentation
(to avoid fragmentation of the detected biosynthetic clusters, which would make
their analysis impossible) [4]. In the genomes of both strains of this species, 8
biosynthetic clusters were detected, of which one belongs to linear azole-containing
peptides and an unidentified ribosomal peptide. Unlike the others, these clusters
have no homologues in the MIBiG and antiSMASH databases and are responsible
for the synthesis of new biologically active peptides, the isolation, purification and
characterization of which remain to be conducted.

Conclusion

B. reuszeri is a widespread, poorly understood species of aerobic spore-
forming bacteria. It lives in the soil in association with plants and fungi, improves
plant growth, in particular, by promoting the formation of mycorrhiza; it is resistant
to heavy metals, can reduce their concentration in the local environment, can grow
in areas of industrial emissions, and thus may be involved in bioremediation. It is
also capable of synthesizing potentially useful compounds, including polyurethane
degradation enzymes, L-N-carbamoylase, chitinase, metalloproteinase inhibitor,
and bacteriocin. The unidentified biosynthetic clusters of ribosomal peptides
found in the genomes of these strains are subject to further study for the purpose
of isolation, purification and analysis of the properties of the compounds whose
synthesis they determine.
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BREVIBACILLUS REUSZERI SIK TOTEHIIMHUM
PECYPC JJIAA EKOJIOTI'TYHOI'O CIJIBCBKOT' O
roCrnogAPCTBA

Pe3rome

Buo Brevibacillus reuszeri 6y10 8i00KpemaieHo 8 OKpemy makCoOHOMIUHY 0OUHULIO
30 poxkie momy, npomscom AKux 6in 0ocaiodicysascs. Memoro pobomu 6y10 3i0pa-
mu ma npoananizyeamu HAs6Hy Haykogy ingopmayilo wooo eudy Brevibacillus
reuszeri. byno 30iticneno noutyk ¢ 6asax 0amux HAyKoeoi aimepamypu no 3anu-
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mam «Brevibacillus reuszeriy ma «B. reuszeriy. /[nsa oensidy 6yno euxopucma-
HO nuwe pobomu, Oe idenmudpikayis B. reuszeri 6UKOHY8ANACS 3 GUKOPUCMAH-
wsim MALDI-TOF, ¢hinoeenemuunux abo ¢hinocenomnux memodis. Brevibacillus
reuszeri Xapakmepusyemucsi 30amuicmio 00 npoOyKyii Ximunaz 3 anmugyneans-
HOIO axmueHicmio, baxmepioyuny ma 30amuicmio 00 Npomudii 3a6pyoHenHs.
€epeoosuIa BaAXNCKUMU Memanamu, ma 30amHuicmio 2ioponizyeamu noaiypeman.
Tlapaodoxcanvho, wo danuii U0 MaKolc € piz0baKmepiero, wo CAPUIE pOCmy poc-
JIUH 3 He36UUAUHUM BUOOM AKMUBHOCTI — 30AMHICIIO 00 CRPUAHHSA YMEOPEHHS
Mmikopusu. Tlooanviui 00caiodicenHss Maoms nepesipumu MONCIUBICMb po3poOKU
Oionpenapamisé Ha OCHOGI KYIbMYp WmMamie oanoz2o eudy 0s biopemediayii ma
cnpuanHa pocmy pocaun. Takoxc nepcneKmusHUM HANPAMKOM € NOULYK HOBUX AH-
MUMIKPOOHUX CNONYK HA OCHOGI NPOOYKMIE HelOeHMUpIKo8anux Oiocunmemuy-
Hux Kknacmepie wmamie Brevibacillus reuszeri.

Knwuoegi cnoea: Brevibacillus, Plant-growth promoting rhizobacteria,
Moycorrhiza-helping bacteria, aneugpyneanrvha akmusHicms, 6aKmepioyun.
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TH®OPMANIMHE MMOBIJJOMJIEHHS JIJISI ABTOPIB

Hayxosuii sorcypnan «Mikpobionoeis i 6iomexnonozia» zanpoutye Bac 0o cni-
6npayi 3 NUMaHb BUCBIMIEHHS Pe3yIbMAamie HAYKOGUX OOCHIONCEHb V' 2any3i Mi-
Kpobionozii i 6iomexHonozii.

IIporpamui uijii BUAAHHSA: BUCBITICHHS PE3yIbTaTIB HAYKOBUX JOCIIHKCHD
y raiy3i Mikpo0OioJorii Ta 610TeXHOJIOr11, 00'eKTaMU SIKUX € POKapioTHI (OaKTepii,
apxebakTepii), eykapioTHi (MiKpOCKOTIYHI TprOH, MIKpPOCKOTIIYHI BOAOPOCTI, HAM-
MPOCTIIlli) MIKPOOPTaHi3MH Ta BipyCH.

TemaTH4YHA CIPSIMOBAHICTH: MIKpOO10JIOTis, BIpyCOJIOTisl, IMyHOJIOT151, MOJIE-
KyJIsipHA O10TEXHOJIOTisl, CTBOPEHHS Ta CEJIEKI[isl HOBUX IITaMiB MiKPOOPTaHi3MiB,
MIKpOOHI1 penapaTH, aHTUMIKpOOHi 3aco0H, 010CEHCOPH, T1arHOCTUKYMH, MIKpPOO-
Hi TEXHOJIOTIi B CIIbCHKOMY T'OCIIOJAPCTBI, MIKpOOHI TEXHOJIOTIi Y Xap4oBiil mpo-
MHCJIOBOCTI; 3aXUCT Ta O30POBJICHHS HABKOJIMIIHBOTO CEPEIOBUINA; OTPHUMAHHS
€HEeproHoCiiB Ta HOBUX MaTepialiiB TOMIO.

MogBa (MOBHM) BHIAHHSI: YKpaiHCbKa, aHIVIIHCHKA.

Pyopuku :kypHaiay: «OmIsgaoBi Ta TCOPETUYHI CTATTI», «EKCIIepuMeHTab-
Hi npani», «Juckycii», «KopoTki nosiioMiaeHH», «XpOHIKa HAyKOBOTO KUTTS,
«Cropinku icTopii», «fOBinei 1 qarny», «Penensii», « KHmkkoBa mommisy.

Jlo cTarTi 10JAa€ThCsl PEKOMEHAllls YCTaHOB, OPraHIi3allii, y SIKUX BUKOHY-
Bajacs po6oTa, 3a IMiIMMCOM KepiBHHUKA Ta MMChMOBA 3rojla KEPIBHHUKIB YCTAHOB,
oprasisallii, Jie mparrOTh aBTOPH.

Bumorn 1o opopmitenHs crareil, siKi NOAAKTHCS 10 PeJaKUil ;KypHaJIy:

Crartst Mae BiAMOBIAATH TEMAaTUYHOMY CIPSIMYBAHHIO JKypHAIY 1, BiIOBII-
HO 70 1. 3 IloctanoBu BAK Vkpainu Bix 15.01.2003 p. Ne7-5/1, Bkiatouaru Taxi
CTPYKTYpHI €JIEMEHTH: TOCTAaHOBKA MPOOJIeMH y 3arallbHOMY BHIJISL Ta 11 3B’ 30K
13 BKJIMBUMHU HAYKOBUMH YU MPAKTUYHUMH 3aBIaHHIMU; aHAJ13 OCTaHHIX JOCIi/I-
JKEHb 1 TyOITiKaIliid, B IKUX 3all09aTKOBAHO BUPIMICHHS IaHOI MPOOIeMH 1 Ha sIKi
OINUPAETHCS ABTOP; BUOKPEMIICHHS PaHillle HE BUPIMICHUX YaCTUH 3arajibHOI MPo-
OJIeMH, KOTPUM TIPUCBSIIYETHCS CTATTS; (POPMYITFOBAaHHS METH CTaTTi (TOCTAaHOBKA
3aBIaHHS); BUKJIAJ OCHOBHOTO MaTepialy JOCTIHKEHHs 3 MMOBHUM OOIPYHTYBaH-
HSIM HAayKOBHX PE3YJbTATiB; BUCHOBKHU 3 JAHOTO JOCITIKEHHS 1 MEPCIEKTHUBH TO-
JaNbIINX MOIIYKiB Y JaHOMY HampsMi.

Jlo nmpyKy mpuiiMaroThCs pyKOTTUCH (2 TpUMIpHUKH) 00csiroM 710 18 cTopiHOK
(3 ypaxyBaHHSIM PUCYHKIB, TaOIWIb 1 MIAMKUCIB 10 HUX, aHOTallii, pedepary, cru-
CKy JiTeparypu), orisiau — 10 30 cTop., penensii — 10 3 cTop., KOPOTKi MOBITOM-
JIeHHS — 710 2 cTop. BinxuieHi pyKonmucH He TOBEPTaIOThCS.

Jlo pykonucy 10Aa€ThCsl €IeKTPOHHUN BapiaHT pykonucy mpudt Times New
Roman, xernp 14, inTepBan aBToMaTHuHUi, He Oibine 30 psAAKiB HA CTOPIHII, OIS
mo 2 cM).

IIpu HanmMcaHHi cTATTI HEOOXiIHO NOTPUMYBATHCS TAKOIO IVIAHY:

* ingexc YK y niBoMy BepXHbOMY KyTKY MEPIIOTO apKylla;

* Pecpepar MmoBoOIO OpHriHaily cTaTTi:

— Ha3Ba CTATTi BETUKUMH JITCPaAMU;

— Tpi3BUIIIA Ta iHILIAJIK aBTOpa (aBTOPIB);

— Mictie poOOTH KOKHOTO aBTOpa; MOBHA TOIITOBA a/peca yCTAaHOBH (32 MiXk-
HApOJTHUMH CTaHIApPTaMu); TenedoH, eJIeKTpOHHA ajpeca (e-mail);
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— Mpi3BHUIIA aBTOPIB Ta HA3BU YCTAHOB, JI€ BOHH MPAIOIOTh, TO3HAYAIOTh OfI-
HUM 1 TUM CaMUM IIU(PPOBUM 1HJEKCOM (Bropi);

— pedepar i3 3a3Ha4CHHIM HOBU3HH JocikeHHs (200-250 coiB);

— KJIFOUOBI CJIOBA (HE OUIbIIE T'SITH).

* Pedpepar anmiiicbkoro MOBOIO:

— Ha3Ba CTAaTTI BEJIMKUMHU JIITEPAMU;

— MpI3BUIIA Ta 1HILIaau aBTOpa (aBTOPIB), TPAHCIITEPALLIS;

— MicIie poOOTH KOJKHOTO aBTOPa; IMMOBHA TIOMITOBA aJpeca YCTaHOBH (32 MikK-
HapOJAHUMHM CTaHJapTaMu); TesedoH, elleKTpoHHa aapeca (e-mail);

— Mpi3BHUIIIA aBTOPIB Ta HA3BU YCTAHOB, JIe BOHH MPAIIOI0Th, TO3HAYAIOTH O~
HUM 1 TUM CaMUM IIU(PPOBUM IHJEKCOM (Bropi);

— pedepar i3 3a3Ha4eHHSIM HOBU3HH HocikeHHs (200-250 coiB);

— KJIIOUOBI CJIOBa (HE OlIbIle M'ATH);

* [ToBHMIA TEKCT CTATTI MOBOIO OPUTIHAITY.

TexeT cTarTi Ma€c BKJIIOYATH TaKi CKJIAA0BI:

BCTYII, MaTepiajy 1 METOMN; pe3yJbTaTh Ta iX 0OTOBOPEHHS; BUCHOBKH; CITH-
COK BHKOPUCTAHOI JITepaTypu MOBOIO OPUTIHAITY IIUTOBAHOI CTAaTTi, CIIMCOK BUKO-
puctanoi niteparypu (Referens) anrmificbkkoro MOBOO (32 BUMOTH MIXKHAPOJTHUX
HAayKOMETPUYHHX 0a3).

J10 KO’KHOTO MPUMIPHHUKA CTATT1 JOAAETHCS pedepar MOBOKO OPUTIHAY CTATTI
Ta YKpaiHCHKOIO/aHTIIIHCHKOI0 MOBOIO.

BpaxoByrouu, 1o pedepar BijjoOpakae OCHOBHHM 3MICT CTATTI 1 BUKOPUCTO-
BYETHCS B iH(HOpMAIIHHUX, B TOMY YUCJII aBTOMAaTH30BAHUX CHCTEMaX ]IS TTOIITYKY
JIOKyMEHTIB Ta 1H(popMallli, He0OX1IHO JOTPUMYBATUCS MEBHUX BUMOI IIPHU HOToO
HaNMCaHHi:

— pedepar mae 6yt iHPOPMATUBHUM (HE MICTUTH 3alBUX CIIB);

— CTPYKTYPOBaHHUM, TOOTO MICTHTH PO3MILUIN: METa; METOJIH, 110 BUKOPUCTAHI

B po0OTi Ta/ab0 METOI0JI0TIsI POBEACHHS J0CIIHKEHb; pe3yJIbTaTh Ta cde-
pa X 3aCTOCyBaHHS; BUCHOBKH;

— aHIiicbKa Bepcis pedepary Mae OyTH HarMcaHa sSIKiCHOIO aHIIIHCHKOIO MO-

BOIO (32 MOTpedU JOUUIBHO KOPUCTYBAaTHUCS MOCIyraMH KBali(iKoBaHHX
CHEUIaTICTIB-TIHIBICTIB 3 IOAAJBIINM HAYKOBUM PEIaryBaHHIM TEKCTY aB-
TOpPOM), 3 BUKOPUCTAHHIM TEPMIHOJIOTI], sIKa BUKOPUCTOBYETHCS B AHIJIO-
MOBHHUX MEIUKOOIOJIOTIYHUX JKypHAJIaX, YHUKATH BUKOPUCTAHHS TEPMIHIB,
K1 € IPSAMOI0 YKPaiHCHKOI/POCIHCHKOIO KaJIbKOIO;

— xomnaktHUM (200-250 ciB);

— KJTIFOYOBI €JI0Ba (He OUIblIIe 5-TH) pO3MIIIYOTHCS 3 a03alty micis pedepary.

V KiHIII TEKCTY CTATTi yKa3aTy Mpi3BHUIIla, IMEHA Ta M0-0aThKOBI yCiX aBTOPIB,
MOIITOBY ajpecy, TenedoH, gakc, e-mail (s KopecnoHACHIIIT).

Crarts Mae OyTH mianucana aBTopoM (ycimMa aBTOpaMu) 3 3a3HAYEHHSIM JaTh
Ha OCTaHHI# CTOPIHIII.

ABTOpY HECYTh MMOBHY BiJIIOBIAAJIbHICTD 32 Oe370raHHE MOBHE O(OPMIICHHS
TEKCTY, 0COOJIMBO 32 MPaBUIIbHY HAyKOBY TepMiHOIOTIO (11 CI1ij1 3BipsATH 3 (haXxoBH-
MU TEPMIHOJIOTITYHUMHU CIIOBHUKAMH).

JlatuHCBHKi 610JI0TTYHI HA3BU BUJIB, POAIB MOJAIOTHCS KYPCUBOM JATUHHIICIO.
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SIKII0 9acTO MOBTOPIOBaHI y TEKCTI CIOBOCIONYYEHHS aBTOP BBAXKa€ 3a IO-
TpiOHE CKOPOTUTH, TO abpeBiaTypu 3a MEpIIOro BXKUBAaHHSI 00YMOBIIIOIOTh Y JTyXK-
kax. Harpuknana: momimepasHa jianimrorosa peakiis (ITJIP).

[Tocunanus Ha niTeparypy MOJAIOThCS y TEKCTI CTATTi, LudpaMu y KBajapar-
HUX JIy’Kax, 3T1HO 3 MOPSIIKOBUM HOMEPOM Y CITUCKY JiTepaTypH.

Po3nin «Marepiaau i MmeTogm»:

— Mertoau nOCTIDKEHHS Ta CXEeMHU eKCIIEPUMEHTY MaroTh OyTH Tpe/CTaBIeHI
TakK, mo0 X MO)KHA OyJIO BIATBOPHUTH.

— JInst BUKOpHCTaHUX PEaKTUBIB Ta MaTepiajiiB BKAa3aTH HA3By KaMIMaHii Ta
KpaiHu-BUpPOOHUKA.

— OuHuLi BUMiprOBaHHS BKa3aT B cuctemi ClL.

— KoHnnenTpartiro po34unHiB npeactaBisatd B M, MM, MkM (MoJIsipHa KOHIICH-
Tpaiis).

— Monekynsapuy macy (Mm) — Jla (nansTonn) abo x/la.

— IIpu BukopucTanHi (pepMEeHTIB HABECTH iX HOMEHKJIATYPHY CUCTEMAaTHUHY
Ha3By Ta WUQD.

— AKXTUBHICTh (DEpPMEHTIB BHPAKatOTh B MKMOJISIX BHKOPHCTAHOTO CyOCTpa-
Ty a00 YTBOPEHOro MpoAyKTy 3a 1 XB Ha 1 Mr mporeiny abo BUKOPUCTATH
cragaaptHy omuHUIO akTUBHOCTI U (IU) 1 karam (CKOpOYeHO Kar), MMHUTO-
Ma aKTUBHICTh €H3UMY BHPa)Ka€ThCsl B MMOJISIX/XB Ha 1 MT mpoteiny abo B
OJ1.aKT/MI, KaT/KT.

— Bkazatu ymoBU mpoBefieHHs (hepMEHTaTUBHOI peakilii (temmeparypa, pH,
KOHIICHTpAIlisl CyOCTparty).

— BkazaTu BUKOpHCTaHI METOIU CTATHCTUYHOTO aHAIi3y, MpOrpamy CTaTH-
CTHKH.

Tabmuii MatoTh OyTH KOMITAKTHUMH, MaTH MOPSAKOBUI HOMEp; Tpadu, Ko-
JIOHKH MaroTh OyTH TOYHO BH3HAUYEHUMH JIOT1YHO 1 rpadiuyHo. Marepian Tabnuip
(sIK 1 pECYHKIB) Mae OyTH 3pO3yMUIHM 1 HE nyOmroBatu TeKcT ctarti. L{udposuit
Mmarepiaj TaOJIMIb CIIiJ] OIPAIFOBATH CTATUCTHYHO.

PrcyHKH BHKOHYIOTHCS y BUTJISIII YITKMX KPECIIEHb (32 JIOMOMOTOI0 KOMIT O-
TepHoro rpadiunoro penakropa y ¢opmari Word, TIF, JPG). Oci koopaunar Ha
rpadikax MarTh OyTH MO3HAYCHI. PUCYHKH PO3MINITYIOTHCS Y TEKCTI CTATTI.

Jlo puCyHKiB MaioTh OyTH MiJIHCH HE 3rpYNOBaHi 3 HUM 1 HE BCTaBJEHI B
00’ €XT pHUCyHKa.

[To3Ha4yeHHs1 HA pUCYHKY MalOTh OyTH IHTETPOBaHi B HHOTO, TOOTO KOMIIOBAaTHU-
Csl pa30M 3 PHUCYHKOM, @ HE OKPEMUMH YaCTHHAMHU.

Beci imrocTpartii MaroTh OyTH po3MilieHi B (paiiii pyKomucy, Takox 000B’sI3K0-
BO JI0ZIaH1 JI0 €JIEKTPOHHOIO BapiaHTy y BUIIIAl QaiiniB popmary JPEG.

[Tignucu, a TakoX MOSICHEHHS, MPUMITKH 10 TaOJIHIIb Ta PUCYHKIB MOAIOTHCS
MOBOIO OpPHUTIHATY Ta aHINIIHCHKOIO MOBOIO.

Poznin «Pe3ynbTaTH 10C1i1ZKeHb Ta IX 00roBOpeHHsD» Mae OyTH HalMCaHUN
KOpPOTKO: HEOOX1THO YITKO BHKJIACTH BHUSBJICHI €()DEKTH, IMOKA3aTH MPUIMHHO-PE-
3yJBTaTUBHI 3B’ SI3KM MK HUIMH, IOPIBHATH OTpUMaHy iH(GOPMAIIiIo 3 TaHUMHU JIiTe-
parypu, AaTy BiIIOBiAb HAa MUTAHHS, TIOCTABIICH] Y BCTYTII.
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Cnucoxk BUKOPUCTAHOI JIiTepaTypu

1. Criucok BUKOPHUCTAHOI JiTepaTypd B OpHUTiHAIlI IIUTOBAHOI CTaTTi CKJa-
Ja€Thes 3a al(haBiTHO-XPOHOJIIOTIYHUM MOPSAKOM (CIIOYATKy KHPUIIUI, TOTIM Jia-
TUHUI). SIKIIO MepIimii aBTop y ACKUTHKOX Mpalsix OIWH 1 TOW caMHid, TO mparli
PO3MIIIYIOTECS Y XPOHOJIOTIYHOMY MOPsAAKY. CIIHCOK MOCHIIaHb Tpeda MpoHyMepy-
BaTH, a y TEKCT1 MOCUJIATUCS Ha BIAMOBIIHUN HOMED JiKepena JiTepatypH (y KBa-
JPATHUX JTYKKaX).

VY nocuiiaHHi MUY Th TPi3BUINA YCiX aBTOPiB. B eKCrIepUMEHTATBHIX Mparisix
Mae OyTu He Oubie 15 mocunansk JIiTeparypHUX JDKEped.

[TaTeHTHI TOKYMEHTH PO3MIIILYIOThCS y KIHIII CIIUCKY [TOCHUJIaHb.

2. Ciucok BUKOPHCTAHOI JiTeparypu aHmIiichkor0 MoBoro (References), 3a Bu-
MOTaMH MDDKHApOJHUX HAyKOMETPHUYHUX 0a3.

Crunb opopmiiennss — NLM (National Library of Medicine).

[Tpi3Buia, iMeHa Ta Mo-0aTbKOBI aBTOPIB, HA3BY IIMTOBAHOTO BHJIAHHS (3Kyp-
Haj, MoHorpadisi, 30ipHUK TOIO) HABOJSATH IMOCIYTOBYIOUHCH O€3KOIITOBHUMU
caitframu (http://www.easybib.com/, http://www.bibme.org/, http://www.sourceaid.
com/, https://www.citethisforme.com/), 1110 103BOJSAIOTH 3AIMCHUTH TIEPEKIIAT] 3 BU-
KOPUCTaHHSM OJTHIET 3 MKHAPOIHUX CHCTEM TPAHCIITEpaIlii.

Ha3Bu crareii HaBOIATh AaHIVIIICHKOIO MOBOIO.

[Topsimox moganHs mocuinadbk References (cimcok 2) Mae IOBHICTIO
CHIBIAJaTH 31 CIIHUCKOM BHUKOPHUCTAHOI JliTeparypu (CUcok 1).

3pa3ku MoCuJIaHHs JiTepaTypu
Bumoru no odopmieHns O6ibmiorpadidyHUX MOCHIAHH MOBOIO OpHUTIHATY
(B TOMy YHCIIi IUTOBAaHI aHIJIIOMOBHI JIXKepera)

Ha monozpadgpii

Anopeiok K. 1., Koznoea I. I1., Konmeesa K. I1., Ilinawenko-Hosoxamuuii A. 1.,
3anina B. B., Ilypiw JI. M. MixpoGHa kopo3is mim3emMaunx criopya. Kuis: Haykosa
nymka. — 2005, — 258 c.

Mikpo06iooriaHi METOIM OYHIIEHHS CTIYHUX BOJ| BiJl OpPraHIYHUX 3a0pyIHIO-
BauiB: MmoHorpadis / B. O. Ianurs, T. B. I'yazenko, b. M. I'ankin, O. B. Bomtosau,
O. I'. TopmkoBa — Oneca: Onecvkuii HarlioHansHUHN yHiBepcuteT imeHi . [. Med-
HuKoBa, 2020 — 135 c.

Kanpenvany JI. B., Hopeauosea O. I ®ynxmionanshi mpoayktn. — Oneca,
2003. - C. 229-237.

TI'8030sk P. L, Ilaciunuk JI. A., HAxosnesa JI. M., Mopo3z C. M., Jlumeuryyxk O. O.
ditonarorenni 6akTepii. bakrepianpai xBopoou pociuH. — K.:TOB «HBIT «IaTep-
cepBicy, 2011. — 444 c.

Rogers H., Perkins H., Ward I. Microbial cell walls and membranes. — London;
New York: Fcfd. Press, 2020. — 364 p.

Ha scypnanvni cmammi

Cmpawnosa I. B., [lomanenxo K. C., Kopomacsa H. B., Jliciomin I B., Meme-
qiyuna I. I1. AHTaroHiCTUYHI BIACTUBOCTI YOPHOMOPCHKUX CTPENTOMIIIETIB, BHIi-
JIEHUX 13 00pOoCTaHb YepenanrHuKy i Mifii // MikpoOionoris i 6iorexHosoris —2022.
— Ne 3(56). — P. 6-23. https://doi.org/10.18524/2307-4663.2022.3(56).268585
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Boubekri K., Soumare A., Mardad 1., Lyamlouli K., Ouhdouch Y. et al.
Multifunctional role of actinobacteria in agricultural production sustainability:
a review // Microbiological Research. — 2022. — Vol. 261. — P. 1-15. https://doi.
org/10.1016/j.micres.2022.127059

bynueina T. B., Bapbaneys JI. JI., Iaciunux JI. A., )Kumkesuu H. B. Pe3uc-
TEHTHICTh JI0 aHTUMIKPOOHHX TpenapariB Oakrepiii Pantoea agglomerans // Mi-
KkpoOiosoris i 6iorexHomorist. —2016. — Ne 1. — C. 68-75.

Ha me3u oonosioeit

Mayentox b. I1. Po3pobka GiotexHomorii ogepxanns nanaominuny E // Mix-
HapoaHa HayK. koH(. ,,MikpoOHni Giorexnomnorii” (Oneca, Bepecenn, 2006 p.): Tes.
jom. — O.: ,,Actporipunr”, 2006. — C. 17.

Ha oenonosani naykosi pooomu

3ammuceka O. C. MikpoOHi cumepodopu K MOXIHBI (HaKTOpHU aHTarOHI3MY
Oaxrepiii Bacillus megaterium momo marorenanx Agrobacterium spp. // 36ipka ma-
TepiaiB HAyKOBOTO TOBAPHCTBA CTYJCHTIB, aCIIPaHTIB 1 MOJIOANX y4eHuX. — Ofeca:
PemnosuTapiit HaykoBoi 6i6morekn OHY imeHi 1. I. Meunukona, 2019. — C. 17-18.

Ha cmanoapmu

JICTY 7355:1213 Monoko, MOJIOYHI HPOXYKTH Ta 3aKBacku. MeTon
BU3HAUEHHs KUIbKOCTI Oidinobaxrepiit. — 14 c.

Hepowcasna cnyncoa cmamucmuxu Yxpainu. TTociBHI miom CiTbChKOTOCIIO-
JMApChbKUX KynbTyp 3a ix Bumamu. Jloctynm ownnaitH: http://www.ukrstat.gov.ua/
[mToBano 28 Gepes. 2021].

Ha namenmu

Ilamenm Yxpainu Ne 90119, MIIK CO2F 1/24. Cnoci6 MikpoGioJ0ri4HOro
OYHIIICHHS BO/IU BiJ 10HIB IMHKY / Bomosau O. B., Topmikosa O. I'., bensieBa T. O.,
Konyn I. II., bapanos O. O. (Ykpaina). — N 90119; 3asasn. 24.12.2013; omy0u.
12.05.2014, bron. N 9.

Ilamenm na Bunaxin Ykpaina, MIIK A23G 3/34, 3/48.Cnoci06 oxepxaHHs
KOHJIUTEPCHKOTO AaHTUOKCHUIAHTHOTO MPOAYKTY, BiacHUK Ojec. Hall. TEXHOIL
Vuieepcutet / [Tununenko JI. M., Porosa H. B., Kunumenuyk O. O., Kpycip I. B.,
CesactbsiHoBa O. B., binenbka . P. 3asBka na Bunaxin No a 2022 03697 Vkpaina,
3asBi. 04.10.22. TTarenT Ha BuHaxig Ykpaina, MITK A23G 3/34, 3/48.

Ha asmopegepamu oucepmauiii
binsecvxka JI. O. AxtuHoOakTepii pomy Streptomyces 1 iXHI MeTabONITH y
Oiloperysiii poc-JIuH : Iuc. ... 1oK. Oiomn. Hayk : 03.00.07. Kuis, 2018. — 485 c.

3pa3ku NOCWIAHB JIITEPaTypH, TPAHCTITEPOBAHUX JATHHHULICIO
References
Crune ohopmienns ans criucka xepen gatuauneto — NLM (National Library
of Medicine), 3pa3ok:
Author AA, Author BB, Author CC. Title of article. Title of Journal.
2005;10(2):49-53.
Cmammi 6 yncypuanax:
Shtenikov MD, Strashnova IV, Korotaieva NV, Tytarenko NV et al
Characteristics of marine strain Streptomyces sp. with antimicrobial and cytotoxic
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activity. Biosyst. Divers. 2023;31(4):451-459. https://doi.org/10.15421/012354

Qi D, Liu Q, Zou L, Zhang M, Li K et al. Taxonomic identification
and antagonistic activity of Streptomyces Iluomodiensis sp. nov. against
phytopathogenic fungi. Front. Microbiol. 2024;15:1-14. https://doi.org/10.3389/
fmicb.2024.1402653

Mamepianu 3°i30i6, Konghepenuii:

Strashnova I, Andriuschenko O, Vasylieva N, Shtnenikov M, Korotaieva N.
Antagonistic potential of Black Sea actinobacteria. Absract book of the 9th Interna-
tional Weigl Conference, 27-29 June, 2024, Rzeszow, Poland, 2024:53-54.

Dikova B, Djourmanski A, Lambev H. Establishment of economically
important viruses on Echinacea purpurea and their influence on the yield. In:
Proceedings of the conference "Innovative aspects to coneflower study". Ed.
Pospelov S. Poltava: Dyvosvit, 2013:36-45.

Yin R, Francis F, Bragard C, Liu Y, Chen J. Study on transmission efficiency
of CMV transmitted by Myzus persicae from different places. In: Proceedings of
9th International Symposium on Aphids, Beijing, China. 2013:49-50.

Mucepmauiitni pooomu:

Koreneva AA. Biological properties of medicinal plants viruses. PhD thesis,
Taras Shevchenko National University of Kyiv, 2009:22.

3bipnuku:

Zinchenko OYu, Shmatkova NV, Seyfullina 1Y Evaluation of antiviral
activity 4-dimethylaminobenzaldehyde 2-hydroxybenzoyl-, nicotinoyl- and
isonicotinoylhydrazones and their chelates with SnCl, on "phage-host" model.
«MODERN ASPECTS OF SCIENCEy, 21th volume of the international collective
monograph / Publishing Group «Védecka perspektivay. 2022:62-73.

Dunich A, Mishchenko L. Heavy metals content in virus infected purple
coneflower plants. Bull T Shevchenko Nat Univ Kyiv Ser Biol. 2013;65(3):22-26.

Ilamenmu, 3as6xu:

Patent Ukrainy na vynahid No 116299. Method of defenolization of industrial
effluents / Ivanycja V.O., Gorshkova O.G., Gudzenko T.V., Voljuvach O.V.,
Konup I.P., Bjeljajeva T.O. Nomer zajavky No a201608635 vid 25.07.2016 .
Opubl. 26.02.2018, Bjul. No 4. [in Ukrainian].

Patent Ukrainy na vynahid No 116058. Method of biological treatment of
surface water / Gvozdyak P.I., Kaparnyk A.I., Dombrovs’kyj K.O., Ryl’s’kyj O.F.,
Bolgova O.S. Opubl. 25.01.2018., Bjul. No 2. [in Ukrainian].

Cmammi 3 eneKmpoHHUX HCYPHATIG

Author AA, Author BB, Author CC. Title of article. Title of Journal. 2005;10
(2):4953, available at https://www.ascusc.org/jcme/vol5/issue2/
3a nasBaocrti B cratti DOI (Digital Object Identifier), sika € mi>xkHapogaum ISO
crangaprom (http://www.doi.org/), B cnucky auTepaTypu BKas3aT ii imeHTH]ikaTop,
HaIPUKIIAL:
Author AA, Author BB, Author CC. Title of article. Title of Journal.

2005;10(2):49-53. https://doi.org/10.1134/S1023193508080077
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J1aTor0 HA/JIXOIKEHHSI CTAaTTI BBAXKAIOTh JCHb, KOJIM JI0 PEIKOJIETil HaiHIIOB
NEPIINA BapiaHT TEKCTY CTATTI.

[Ticnst opeprkaHHs! KOPEKTYPH CTATTi aBTOP MOBUHEH BUMPABUTH JIUIIIE TIOMHLI-
KU 1 TEPMiHOBO BilicTIaTH CTATTIO Ha aJ[pecy peAKoJerii abo MOBiIOMUTH PO CBOT
NPaBKH 10 TelNe(POHY YH IEKTPOHHOIO MOIITO0.

V pasi 3aTpUMKH peaxiis, T0JepKyOUnuCh Tpadika, 3auiae 3a codor npa-
BO 3/1aTH KOPEKTYpY 110 ApyKapHi (y BHPOOHHUIITBO) O3 aBTOPCHKUX MPABOK.

[Tignuc aBTOpa y KiHI CTAaTTi O3HAYAE, 110 aBTOP Iepe/iae MpaBa Ha BUIAHHS
CBOE€1 CTaTTi peaxiiii. ABTOp TapaHTye, IO CTATTs OPUTiHAJIBHA; Hi CTATTS, HI PH-
CYHKH 10 Hei He Oynu ormyOniKoBaHi B IHIIUX BHIAHHSIX.
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AJI®ABITHUN MOKAKUYUK CTATEMN,

OIIYBJIIKOBAHUX Y KYPHAJII

«MIKPOBIOJIOI'TA I BIOTEXHOJIT'ISA»

Y 2024 POLLI

ABTOpH Ne gum. | Ne crop.
Anoprowenxo A.B. nus. [ anxin M.b. 2 28
Anoprowenxo O.B., Cmpawmnosa I.B., leanuys T'B.,
Paxumcovxa C.1., I'anxin M.b. 3 59
AHTaroHiCTU4YHa aKTUBHICTh YOPHOMOPCHKHX
aKTMHOOAKTEpii MpOTH (PITOMATOreHHUX MIKPOOpPTraHi3MiB
Bacunvesa H.10., Kiwuncoxka M.O., llImenixos M./].
AHauni3 knactepiB 010CHHTETUYHHUX T€HIB 1 45
Bacillus velezensis ONU 553 in silico
Tanxin M.B. nuB. Anoprowenko O.B. 3 59
Tanxin M.b., Pyswcancokuii b.11.
Ponb Bacillus spp. y cramoMy 3emiepo0OcTBi 3 6
Ta O10KOHTPOJTI
Tanxin M.b., Cmpawmnosa I.B., Anoprowenxo A.B.
BukopucranHs Mikpooprasi3miB y OiopemMeiallii IpyHTiB, 2 28
3a0pyAHEHUX BHACIIIOK OOMOBUX Miit
Tanywxa A.A. nus. Komnaixeguuy C.A. 1
Thamyw C.O. nuB. Komnnixesuu C.A. 1
I'vozenxo T.B. nu. Cawyx O.B. 2
3inuenko O.10., Yebanos H.C., [[Imenixoe M./].
CKpHUHIHT YOPHOMOPCBKHX CIIOPOYTBOPIOBAJILHUX OakTepiit 3 33
110710 3/1aTHOCTI J10 Glofierpaaaliii mojiMepHUX MaTepiaiB
leanuysa B.O. nus. Mepniu A.I" 2 56
lsanuysa B.O. nus. Cawyk O.B. 2 6
leanuys T.B. nuB. Anoprowenxo O.B. 3 59
leanuysa T.B. nus. Cmpawnosa I.B. 2 69
Kanvnuywvka O.10. nus. Mepniu A1 2 56
Kiwuncoxa M.O. nus. Bacunvesa H.IO. 1 45
Kosmyn O.0O. nus. Mepniu A.I 2 56
Konoap JI.A. nus. Ilouxa O.B. 3 50
Komnnixesuu C.A., Macnoscvka O./1., I'anywka A.A.,
Thamyw C.O. 1 6

3MiHU MrMeHTHOTO cKIanxy Rhodopseudomonas yavorovii
IMB B-7620 3a BIUITMBY COJIEH BaXKKUX METaJIiB
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AJIGABITHUN TTOKAXXYUK CTATEN ...

Jiciomin I'B. nuB. Cmpawmnosa 1.B. 2 69
Macnoscoxa O./]. nu. Komnnixesuu C.A. 1 6
Mawxkosa A.K. nuB. Cmpawnosa 1.B. 2 69

Mepniu A.I', Karonuyoka O.FO., [Llymunro M.B.,
Kosmyn O.0., Isanuya B.O. XapakTrepucTuka

U S 2 56
JaKToOaKTepiii 3 Boau Ta Migii YopHOro mops
3 MOTEHIIAJIOM JI0 IPOYKI[iT aHTHOAKTEPiaIbHUX CIOIYK
Hevyumaiino K. FO. nus. Tecniox H 1. 1 36
Ilouxa O.B., Konoap JI.A.
Perenepariiina 31aTHICTh €KCIUIAHTIB BUTY 3 50
Prunus laurocerasus L. in vitro
Paxumcoxa C.I. muB. Anopiowenxo O.B. 3 59
Pyocancoxuii b.11. nus. ['ankin M.5. 3 6
Cawyx O.B., I'yozenko T.B., Iéanuysa B.O.
MikpoopraHi3sM1 MOPChKUX XOJIOJHUX MPOCOYYBaHb 2 6
BYIVIEBOJIHIB
Cmpawmnosa I.B. nuB. Anoprowenxo O.B. 3 59
Cmpawmnosa I.B. nus. ['anxin M.B. 2 28
Cmpawmnosa 1.B., Mawxoea A.K., Jlicltomin I''B.,
Isanuys T.B. 5 69

AHTaroHiCTUYHA aKTUBHICTh aKTHHOOAKTEPil, BUIIIICHUX
i3 ry6ok Haliclona spp. Onecbkoi 3aTOKH

Cmpawmnosa 1.B., Tkauenxo @.11., Yuepina €.1.
AHTHUMIKpOOHA aKTUBHICTB OJIiHi 3 HaciHHS rapOy3a 1 22
3BHYAIHOTO, KICTOYOK BUHOTPALY 1 TUIOIB OOMIMUXH

Tecniox H.L, llynvea K.O., Heuumatino K.IO.
BusHaueHHs1 BUpaXEHOCT1 BILTUBY Oaktepii poxy Bacillus 1 36
Ha KYJIBTYPY HAaCIHHS pUCY Ta KYKypy/A3H B YMOBAX in Vitro

Trxauenxo @.11. nuB. Cmpawmnosa 1.B. 1 22
Yebanos H.C. mus. 3inuenxo O.1O. 3 33
Yuepina €.1. nus. Cmpawnosa 1.B. 1 22
IImenixoe M.J]. nuB. Bacurvesa H.IO. 1 45
LlImenixos M.J]. muB. 3inuenxo O.FO. 3 33
llynvea K.O. nus. Tecniox H.1. 1 36
Llymuno M.B. nus. Mepniu A.I" 2 56
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VBara: mepeapyk, yci BUIU KOMIFOBAHHS Ta BiITBOPCHHS MaTepiaiB,
110 HA/IPyKOBaHi y sKypHai «MikpoOGionorist 1 610TeXHoIoTisN,
MOYKJIMBI JIMIIIE 32 YMOBH ITOCHIIAHHS Ha JHKepero iHpopmarii
Ta 3 JI03BOJY PEIAKIIIIHOT KOJICTii.
VYei npaBa 3aXHIIEHI 3T1THO 3aKOHOAABCTBA YKpaiHu.

Bepcmka C. O. Ocmanenxo

[Migmucano o apyky 25.04.2025 p. @opmar 70x100/16.
YMm.-apyk. apk. 7,88. Hakman 100 mp.
3am. Ne 2947.
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