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CuHTe30BaHI KOHICHTPOBaHI KOJOINHI PO3UYMHU OKCHIY MiJi, CTabiTi30BaHi paMHOJIIIITHUM
OiokomrutekcoM (PBK), sxuii € HH3BKOMOJEKYISPHAM BTOPHHHHM METa0OJITOM OakTepiii pomy
Pseudomonas sp. PS-17 i omHouacHo 3abe3meuye 3a0BiIbHY CTaGiIi3ali0 KOJOIMHUX PO3YHMHIB
oKcHIy Mifi Ta € HerokcmuHuM. Hanodacturuku okcuay migi (CUO—NPS) otpuMyBanu 3a peakiieto
PO3KIJIay CBDKOMPUTOTOBAHOTO TiAPOKCHUAY Mili B JYXHOMY cepeloBHIIi B mpucyTHocti PBK.
Otpumani CUO-NPsS gmocimipkeHi 3 BHKOPHCTaHHSM CKaHIBHOT EJIEKTPOHHOI MiKPOCKOMIT,
cekTpockonii B Y®-BpaumoMy Jniama3zoHi, a Takox Meromy X-IpoMeHeBol audpaxuii.
BcranoBneno, mo orpumani CUO-NPS dopmyroTs arimomepaTH HenpaBHIbHOI (HOpPMH po3Mipamu
35-90 um. 3a X-npoMeHeBUMH AU(paKTOrpaMaMy PO3paxoBaHO PO3MIPH KPUCTAJITIB CHHTE30BaHUX
CuO-NPs. BuzHaueHo, 0 po3Mip KPUCTATITIB 3MEHIIYEThCS Bim 12 10 5 HM 3 pOCTOM BHXIiTHOL
koHueHtpanii PBK. JlocmimkeHo aHTHMIKpOOHY aKTHBHICTH OTPHMAaHOTO KOHIIEHTPOBAHOTO 3010
CTOCOBHO JIBOX TeCTOBHX MikpoopranizmiB Agrobacterium tumefaciens ra Xanthomonas campestris.
Buseneno, mo otpumani CUO-NPS mposBISIOTE IOCTAaTHBRO BHCOKY aHTHMIKpOOHY AaKTHBHICTBH
CTOCOBHO 3a3Ha4YeHHX MiKpOOpraHi3MiB, a 3HaYE€HHs1 MiHIMaJbHOI iHri0OyBansHO1 KoHIeHTpanii (MIK)
Ta MiHiManbHOT OakTepunuaHoi konneHrpaiii (MBK) cranosmsats 20 ta 40 MKr/mi1, BiIOBIAHO.
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1. Beryn

Cepes; HalOLIBIT JOCITI/PKYBAHHMX HAHOYACTUHOK METANIB, SIKI CHOTOMHI IITHPOKO BH-
KOPHCTOBYIOTh SIK CYOCTaHIUi /UI1 CTBOPEHHS OPUTIHAIBHHX JHKAPCHKUX IperapariB, BHCO-
KOYYTJIMBUX JIArHOCTHYHMX 3ac00iB, MEMKaMEHTIB JULs JIIKYBaHHS Ta MPOQIIaKTUKN OaraTbox
iH(pEKIIHUX Ta HelH(EeKUIHHNX 3aXBOPIOBaHb, HAHOYACTUHKH cpi0lia Ta MiJli 3aCIIyTrOBYIOTH Ha
ocoOimBy yBary [1-3], OCKiIbKM XapaKTepu3yIOThCs SICKPABO BUPKEHUMH OIOLMIHUMH BIiac-
THBOCTSIMH, 1 3aBJISIKH IXHii1 OaKTepHITHIHIN, OaKTepiOCTATHYHIH Ta IMyHOMOTYITFOFOUIH JTisTX
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AKTHBHO 3aCTOCOBYIOTH Y CTBOPEHHI BHPOOIB MEMIHOTO MPH3HAYCHHS, CHHTCTHYHIX TKAHHH Ta
MaKyBaJIbHIX MaTtepialiB 3 IPOTUMIKPOOHOIO aKTHWBHICTIO, Y BHTOTOBIICHHI IIPUCTPOIB IS
3He3apakeHHs Boau [4-5] Ta iH. BogHouac 3arikaBieHICTh JOCTITHUKIB IO BUBUCHHS METOJIIB
CHHTE3Y, XapaKTEPHICTUK Ta MPAKTIHIHOTO 3aCTOCYBAHHS HAHOYACTHHOK CPi0iIa i Mi/Ti BIPOIIOBK
OCTAHHIX JECATHPIY 3HAYHO INBHILYETHCS y 3B’A3KYy 3 THM, IO INHPOKE BHKOPHUCTAHHS
CHHTETHYHUX AaHTUMIKPOOHHMX IIperapaTiB  IPUBOJUTH 0 PO3BUTKY AHTHOIOTHYHOL
PE3UCTEHTHOCTI TATOT€HHUX IITaMIB MIKPOOPTaHi3MiB.

3aranbHOBIZIOMO [6], 110 HAHOYACTMHKU Cpi0jia € TMEePCIeKTHBHUM IPOTUMIKPOOHHM,
NPOTH3aNaJbHAM Ta IMYHOMOJIYJIFOIOUMM areHToM. BojHouac Mifk po3nsiialoTh SIK KUTTEBO
HEOOXITHUM, TaK 3BaHUH “eccenyianbhuti” MIKpPOEJIEMEHT, SIKUi € Ko(haKkTopoM OUIBII HDK TPH/-
IITH CH3MMHHMX CHCTEM Y OKHBHX OpraHi3Max, 3a0e3ledyiodd YHCICHHI IpOIecH
JKUTTESUIBHOCTI OpraHi3My Ta HOTO CTIHKOCTI /IO Pi3HOMAHITHHX OaKTepiabHUX iH(EKIH Ta
iHBa3iH, a caMi HAHOYACTHHKH Ha OCHOBI MiJli € TIOTY)KHAM HPOTUMIKPOOHMM areHTOM 1 MOXKYTh
OyTH BHKOpHCTaHI y CTBOpSHHI e(eKTHBHOTO MeNMKaMEHTY I JIKYBaHHSA I1H(QEKIIHHIX
3aXBOpIOBaHb [7]. Xouya Mimp, MOPIBHAHO 31 CPIOJIOM, Ma€ MEHII BHpaXKCHiI AHTHCETITHYHI
BacTuBOCTI [8], mabopaTopHi MOCTIDKEHHS 3a 3aTBEpHKCHUMH IIPOTOKONIAMH ATEHTCTBA 3
OXOpOHM HaBKOJHUIIHKOTO cepenoruina CIIA moBenmu 3maTHICTH Ml 0 3HHUIICHHSA 0araThoX
GakTepiit ympomoBxk 2 rojl. KOHTAKTY 3 €heKTHBHICTIO OitbI HiX 99,9 % [9].

OCHOBHMMH BHMOTaM{ 10 KOMIIOHCHTIB aHTUMIKPOOHMX IIperapariB OiOMEIUYHOTO
MpU3HAYCHHS (30KpeMa y BHIOTOBJICHHI OAKTCPHUIMAHHMX PO3YMHIB, OaHIXIB TOIIO) € iX
rigpoiIbHICTG Ta HHM3bKA TOKCHUYHICTh. BiANOBINHO, aKTyalbHUMH € TpOOJIEeMH CHUHTE3Y
rigpoiIbHUX HAHOYACTHHOK Ha OCHOBI MiJli, arperaTBHO CTIHKUX y IIMPOKOMY iHTepBaii pH,
NPUYOMY 3aBJaHHS BIiATBOPIOBAHOIO OTPHMAHHS TAKMX HAHOYACTHHOK [AIEKO HE BHpIIICHA
npobirema. [inpodimbHICTE € 0COOMHMBO IIHHOKO BIACTUBICTIO I MPAKTHIHOTO BHKOPHCTAHHS
HAHOYACTWHOK B AHAJITHYHIA XiMii, 0i0JNOrii Ta MEIWINHI, OCKUIGKH IPAKTHYHO BCi 00 €KTH
JIOCTIiPKEeHb, TOTUYHI JI0 3a3HAYCHHUX BUIIC 00JacTel, mepen0adaroTh HAsSBHICTH caMe BOIHOTO
cepemoBumIa. 3a0e3MeYeHHsT BUKOHAHHS TAKUX BHMOT JIOCSATAlOTh IMAOOpOM CTaOLTi3yrodoro
areHTa, METO/IiB CHHTE3Y Ta MPEKypCopiB.

J1s cuHTE3y HAHOYACTHHOK Ha OCHOBI Mili PO3pO0OJICHO NIMPOKHUIA CIIEKTP SIK (i3HUHHX,
TaK 1 XIMIYHKX CIIOCO0IB; BOIHOYAC OCOOJIMBO MEPCIICKTUBHUMU 3 €KOJIOTTYHOT TOUKH 30py METO-
JIAMH OTPHMaHHS KOJIOTTHHX PO3YHHIB € Tak 3BaHi ‘“3eeHi” crocodu cuntesy [10-14], cyTh sikux
TOJISITA€ Y BUKOPHCTAHHI TMPUPOAHKUX OlOJIOTYHO-aKTHBHUX PEYOBHUH, SIKi 3aBISIKM CBOTH MMOJTI-
(YHKIIOHANIBHIN TPUPOJI BIIIParOTh MOJBIHHY POJIb — CTAOUTI3YIOTh OTPHMaHI KOJIOIIHI pO3uH-
HH, 2 TaKOX MOXYTh ITJCHIIFOBATH aHTHUMIKPOOHY AaKTWBHICTh HEOPTaHIYHOTO KOMITOHEHTA.
[epcriekTHBHUM KJTaCOM TONI(pYHKITIOHATIFHIX PEYOBMH MOYKHA BBaXKAaTH Oi0T€HHI TIOBEPXHEBO-
aktuBHI pedoBuHU (0i0[TAP), a came mpomykTH MIKpOOHOTO CHHTE3Y, SIKi CHOTOJHI IITHPOKO
JIOCII/DKYIOTh 1 BB)KAalOTh €KOJIOTTYHO YHCTOIO AJIETEPHATHBOIO JI0 CHHTETHYHHX IOBEPXHEBO-
aktuHUX pedoBuH (I[TAP) [15-16]. Taxi GiolIAP wacTo Takok BOJOAIFOTH MPOTHMIKPOOHOIO 1
TIPOTHBIPYCHOIO aKTUBHOCTSMU [17], a ToMy X kKOMOIHAIIS 3 HAHOYACTHHKAMH Ha OCHOBI Miji
JIO3BOJIUTh TOEIHATH 1 MiJICHIIUTH BIIACTHBOCTI 000X KOMIIOHEHTIB JUISi CTBOPEHHSI Cy4acHHX
eKOJIOTIYHO Oe3MeYHNX TpemapariB 3 aHTEMIKpoOHOI0 miero. Cepex IIMPOKOTO CHEKTpa
MEPCIIeKTUBHIX ~ MiKpoopraHi3MiB-TipoaymeHTiB [IAP  ocoOmmBoi yBarm  3aciiyroBYIOTBH
NpEACTaBHUKKA poxy Pseudomonas, siki CHHTE3YIOTh IMO3aKIITHHHI ITOBEPXHEBO-aKTHBHI
TJTKOJIMIAN 3 BHCOKOIO IMOBEPXHEBOIO, €MYJbI'YBaJbHOI Ta TIHOYTBOPIOBAJILHOIO
aktuBHOCTsIMH [18]. Bmepme yTBOpeHHS CypdakTaHTiB (paMHOIIMIAIB) KyIbTypOIO
Pseudomonas aeroginosa noka3zaso e y 1949 p. [19].
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OpHak, HE3BaXKAIOYM HA HAI3BHYAWHO BUCOKY AKTHBHICTH NOCTITHHUKIB Y HBOMY
HampsiMi, 0araTo acrekTiB IMIOA0 CHHTE3y HAHOYACTHHOK Ha OCHOBI Milli 3aJIMINA€THCS
HEBMBYCHUMH, 30KpEMa, aKTyadbHUMH € IOCII/DKCHHS 3 BUBYEHHSA BIUIUBY NPHPOAN
0iolTAP Ha XapaKTepHCTHKH OTPMMYBAaHMX HAaHOYAaCTHHOK, 30KpeMa ix po3mip, dopmy
TOIIO, a TAaKOX BIUIMB MOPQONOTii 1 CKIaxy HAHOYACTHHOK Ha IXHI aHTHMIiKpOOHI
BITACTHBOCTI.

Merta Hamoi mpami — OTpUMAaTH KOHIIEHTPOBaHI KOJIOiAHI PO3YMHH OKCHUAY Milli B
NPUCYTHOCTI 0i10T€HHOT ITOBEPXHEBO-aKTUBHOT PEYOBUHH — PAMHOJIITITHOTO O10KOMIIIEKCY,
CHHTE30BaHOTO KyJbTyporo Pseudomonas sp. PS-17, ska ompHouacHO 3abesmedye
3aJ0BUIbHY CTaOlIi3alilo KOJIOIJHUX PO3YMHIB MiJi I € HETOKCUYHOIO, BUBUUTH BILIHB
koHuenrpanii PBK Ha xapakrepuctuku otpumyBannx CuO-NPS, a Takox JOCTHIAWTH TXHIO
AHTAMIKPOOHY JIiF0.

2. MaTepiain Ta MeTOAMKA eKCIIEPUMEHTY

Cynbdar miai 5-Bomamii CuSO4x5H,0 (Aldrich, 99,9 %) BukopucTaHuid SIK PEKypCcop
st cuate3y CuO—NPs.

Perynsitopom pH cepenoruna mig yac cuntesy CuO-NPs ciyryBaB Hatpiil TigpoKcus
(crarmapt-TuTp, “XapkiBpeaxim”).

Pamuonimiguuii Giokomiiekc (PBK), sikuii € HHU3bKOMOJEKYJISPHUM BTOPHHHUM
MeTaboitom OakTepiii poay Pseudomonas sp. PS—17, BUKOpHCTaHU# SIK CTA0LTI3yIOUHIA areHT
orpumyBaHux CuO-NPs. Takuii KOMIUIEKC € TOBEPXHEBO-aKTHBHAM MPOMYLECHTOM 0io-
cuHTe3y KynpTypu Pseudomonas sp. PS—17 3 konekuii Mikpoopraismis Bimginenns ¢izuko—
ximii roprounx komanuH [HOOB im. JI. M. JlutBunenka HAH VYxkpainu, peectpamifiamii
Homep y Jenosurapii IMB im. [I. K. 3a6onorHoro Pseudomonas sp. IMB B—7434. Kyib-
TUBYBaHHs 1mtamy Pseudomonas sp. PS—17 npoBouiu B 1a00paTOpHUX yMOBax B KoJ0Oax
Epnienmeepa 3 BukoprcTanHsiM poTariiiiaoi kayanku (WL—2000, JV Electronic, Tlomnsima) (220
06/x8) npu 30 °C BIpOIOBK M’ATH 10 HA ONTMMI30BAHOMY PiJIKOMY CEPEIOBHILL, HKEPEJIOM
Byrieio B sikomy OyB riinepud (30 1/m) [20]. CymepHatanT xymsTypanbhoi piguau (CKP)
orpumyBanu 1eHTpudyryBanusmM mpu 6 000 06/xB ympomorxk 20 xB. IloBepxHeBo-
axtuBHuil PBK, 1o ckmagaerscst 3 paMHOIimiaiB i nomicaxapuny (4 : 1), suginsu i3 CKP
ocamkentsiM pozurHom HCI mpu pH = 3 [21].

CuO-NPs orpumysanu npu 80 °C B cKISHOMY pPeakTopi, 00J1aiHAHOMY MarHiTHOO
MIIIIAJKOO Ta 3BOPOTHUM XOJMOMUIbHUKOM. 1o 85 M po3zunny PBK 3amaHoi koHIEHTpamii
nociimoBHo momaBanu 10 mu 0,1 M po3umay CuSO4 ta 5 Ma 2 M poszunry NaOH, ot-
pUMaHy peaklLiiiHy CyMilll BATPUMYBAJIH 3a ITOCTIHHOTO IepeMillyBaHHs BIPOJOBX 3 TOI.

CuO-NPs BUIiIAIM 3 PO3YHHY HEHTPH(YTYBaHHAM peakmiiinoi cymimi mpu 10 000 xg*
yrnpoosx 30 xB. 3 BukopuctanasaM HeHtpudyru K24D (MLW, HimeuunHa).

Cnextpu mormuHanas CuO-NPS mocmipkeHO 3 BHKOPHCTaHHSM OJHOIPOMEHEBOTO
criektpooromerpa YD-suaumoro giamazony Uv-mini—1240 (Shimadzu Corp., Kyoto, Japan).

Hocmimkenns: Gopmu i po3mipy cuntezoBanux CUO-NPS mpoBommiu 3a METOI0M
CKaHIBHOI €JIeKTPOHHO{ MIKpOCKOIIii 3 BUKOPHUCTAHHSAM CKaHIBHOTO €JIEKTPOHHOTO MiKpO-
ckoria EVO-40XVP (Carl Zeiss) 3 cucteMoro eHeproaucepciitHoro peHTreHiBChbKOTO MiK-
poanaiizy INCA Energy 350 (3 omifi€ro KiIbKICHOTO aHAJIi3y €JIEMEHTIB y Miana3oHi Bix
6opy no miayroniro). 3pasku mus CEM-nmociipkeHp roTyBanu BucymnyBaHHsM | pl
pozunny CuO-NPs Ha mosipoBaHiii KpeMHI€Bil MIaCTHHI 332 MOHMXEHOTO THUCKY, MiCIS
YOro MiJKJIAAKY 3 BIANOBIIHMM 3pa3KoM INOMIIaNM B KaMmepy Mikpockoma. Posmip CuO—
NPs ouiHroBam 3 BUKOpUCTaHHSIM nporpamu AxioVision V 4.8.2.0.
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X-npomeneBuil anami3z cuHTe30BaHUX CuO-NPs mpoBOamiM 3 BHKOPHCTaHHAM
nopomikoBoro audpakromerpa JJPOH-3.0 3 Cu—K, BunpomintoBanHsaM. [[1s1 oTpuUMaHHs
X-mpomeneBux  mu¢pakrorpam  CuO-NPs  Bigmimsuin 3 peakmiifiHOi  cymimmi
neaTpudyryBanasm npu 10 000 006./xB 3 BukopuctanHsaMm Hentpudyrun K24D (MLW,
Himeuuynna). OTpumani AaHi aHami3yBajdl HMOBHONPO(DIIHPHUM YTOYHEHHSM 32 METOIOM
PitBenbaa 3 BUKOpUCTaHHIM Tporpamuoro makera WinCSD [22].

AHTHMIKpOOHY akTuBHICTH cuHTe30BaHUX CuO—NPS omiHrOBa M 32 3HAYSHHAMH Mi-
HimManbHOI iHri0yro4oi koHueHTpauii (MIK). MIK — ne HaliHmk4ya KOHLEHTpAIisl aHTUMIK-
pPOOHUX Mpemnaparis, sika IPUTHIYYE PICT JOCHIIPKYBAaHUX MIKPOOpraHi3MMiB (Y LIbOMY BH-
najKy — rpaM-HeraTuBHUX (iTomaroreHHuX OakTepiit Agrobacterium tumefaciens ta Xan-
thomonas campestris) micist IXHBOI 1HKYOAIIii B MiKPOIUTAHIIETI 3 KPYTJIUM JTHOM 3 24 nyH-
xamu 3a TemmnepaTypu 37 °C Brmpomosx 20 rox. Jlns Toro, mo6 BU3HAYUTU MiHIMAIbHY
OaxrepuuuaHy KoHeHTpamniro (MBK), cyOKyIbTypH BHCIBalOTh Ha arapoBUX IUTACTHHAX Ha
cepenoBui 0e3 iHridOiTOpPiB 3 KOXKHOI MpoOipkH 3 cepil nocmimkens MIK, micns iHKyOamii
npu 37 °C Bpomosxk 20 rox. [23].

3. Pe3yabTaTH A0CTiIKEeHB Ta iX 00r0BOpPEHHSA

CuO-NPs oTprMyBaii 32 peakIli€ro po3KIaay CBIHKOIPUTOTOBAHOTO TIAPOKCHAY Mifi B
JY>)KHOMY CepeIoBHIIll B ipUcyTHOCTI 1, 2 Ta 5 r/nm PBK. 3Baxaroun Ha METOMKY MPOBEACHHS
eKCIIePUMEHTY, XIMIUHi IepeTBOPEHHSI, SIKi BiIOYBalOThCS B CUCTEMI, MOJKHA OITUCATH SIK:

CuSO4 + PBK — [Cu(PBK)]?* + SO4%;

NaOH — Na*® + OH~;

[Cu(PBK)]?* + 20H~ — Cu(OH)2/PBK;

Cu(OH)/PBK ——> CuO/PBK + H,0,
ne Cu(OH)2/PBK ta CuO/PBK — 4acTHHKH TiIpOKCHAY Ta OKCHAY Mifi 3 amcop-
OoBaHuM Ha ixHiit moBepxHi PBK.

>
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Puc. 1. X-ipomenesi audppakrorpamu CuONPS, CHHTE30BaHMX 3a Pi3HUX BUXITHUX KOHIeHTpalii PBK
Fig. 1. X-ray diffraction patterns of CuONPs obtained at different starting concentrations of RBC
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OTtpuMaHi ocagy TOCHIIKEHO 3 BHKOPHUCTaHHAM METOXy X-TIPOMEHEBOI AU(paKIii
(puc. 1). BusiBneHo, mo audpakiiiHi MK y TOCTiKEHOMY iHTepBami 20 BiANOBIZAIOTH
MoHOKIIHHIA (a3zi CuO, po3paxoBaHi HMapaMeTpH KPUCTAIIYHUX KOMIPOK IJISI OTPHUMAaHIX
3pas3kiB HaBeneHo B Tabin. 1. Bapro 3a3HaunTh, mo Ha audpakTrorpamax HE BHABICHO JIO-
JATKOBUX HElIeHTH(IKOBAHMX TMIKiB, IO CBIMYMTH NPO BiACYTHICTP B OTPUMAaHUX OcCaxax
HEITbOBUX TPOIYKTiB, 30kpemMa Cup0 ta Cu(OH)s.
Tabnuys 1
[Mapamerpn kpucTamigHOi rpaTku Ta po3Mip kpucraiitis (L) cnare3oBannx CuO-NPs

Table 1
Lattice parameters and size of crystallites (L) of synthesized CUONPs
cPeK) | aA | bA | cA ] B | V,A® | Lauwm
1r/n 4,682(3) 3,426(2) 5,141(3) 99,12(2) 81,4(2) 12,3
2 1/n 4,668(7) 3,414(5) 5,120(7) 99,17(4) 80,6(4) 6,7
51/n 4,72(1) 3,409(7) 5,14(1) 99,58(7) 81,5(5) 4,9

Bonnouac 3 pocrom konneHtpaiiii PBK, Ha audpakrorpamMax mpocTeKyeThCs CYTTEBES
po3mmpeHHs TikiB, ToMy 3a piBHSHHAM llleppepa [24] po3paxoBaHO PO3Mip KPUCTANTITIB B
yrBoproBaanx CuO-NPs (tabmn. 1). Ak i BapTo Oyno odikyBary, po3Mip kpuctainitiB CuO-—
NPs 3menmyetscs 3 pocroMm KoHmeHTpanii PBK, mpudomy HaiicyrreBime 3meHmeHHs L
MPOCTSKYETHCS B Jlialla30Hi KOHIEHTpamiid Bim 1 mo 2 T/m, MmO CBIMYHATH HPO BHCOKY
e(eKTUBHICTH 0IOKOMITIEKCY SIK cTabiTi3aTopa HAHOYACTHHOK.

LN
EHT =15.00 kv Signal A= SE1 Date :28 Oct 2020 f— EHT = 15,00 kv Signal A = SE1 Date :28 Oct 2020 ZEISS|
WD =105 mm Photo No. = 9695 Time :14:35:47 — WD = 8.0mm Photo No. = 9696 Time :14:42:17

Puc. 2. CEM-306paxensst CuO—NPs, orpumanux 3a Buxigunx konmenrpaniii PBK 1 (a) ta 2 (b) r/m.
Kparnicts 36inpmenss — 200 000
Fig. 2. SEM-images of CuO—NPs obtained at starting concentrations of RBC 1 (a) and 5 (b) g/L.
Magnification 200k

3 BukopucranusiM CEM (puc. 2) BusnaueHo, mo CuO KpUCTANI3YEThCS y BUIJISII
YACTHHOK TEPEBAKHO HENpaBMIBHOI (hopmu po3mipamu 35-90 HM, mpHIoMy MOIiAHCTIEp-
chicte CuO-NPs 3umxyertscst 3 pocrom konneHrpauii PBK. Tak, 3a konnentpanii PBK 1 r/n
PO3MIp YaCTHHOK 3HAXOIUTHCSA B Mexax Bim 40 mo 90 HM, a 3a KOHIEHTpaIii 5 r/i — me-
peBaKHA OUIBLIICTD YACTHHOK XapaKTepu3yeTbcs po3MipoM 35-55 Hm. [lomaTkoBo BapTo
3a3Ha4YnTH, MO: 1) 3Baxkarouu Ha po3Mip Kpucranitie CuO, BU3HaYEHHX HA OCHOBI X-IIpoMe-
HeBux qudpakrorpam, yreoperi CuO—-NPs MorkHa BBaXKaTH arjioMepaTaMy, sIKi CKJIaJIaf0ThCsl
3 O110KIB 3 po3mipamu 5—12 HM; 2) okpemi BesuKi arsiomeparu 3 po3mipamu 100-200 Hwm, ski
MoxHa BiaMiTHTH Ha CEM-300pakeHHAX, YTBOPIOIOTHCS, HMOBIPHO, Ii/T Yac MiArOTYBaHHS
3pasKiB I TOCHTIHKEHb (BICYITYBaHHI KOJIOITHOTO PO3YHMHY Ha ITiIKIIaIIi).
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3aranpHOBiIOMO, 10 CuO € HaMiBIIPOBITHIKOM p-THITY, TOMY TAKHM HAHOYACTHHKAM
CuO-NPs npuramanHe sBHINE MOBEPXHEBOTO IDIA3MOHHOTO pe3oHaHcy. Hamu mocmimkeHi
CHEKTpalbHI XapaKTePUCTHKA OTPUMAHUX KOJOIMHIX PO3YHHIB OKCHIY Mifi (puc. 3).

0.8

275 nm

365 nm

0.01 0.02 0.03 0.04 0.09
(1/L)?, nm?

Optical density

Y T T T ¥y T z T 3 T ¥
200 300 400 500 600 700 800
A, NM
Puc. 3. Cniektpu mornuHaHHs KoJIoinHuX po3uuniB CuO, otpumanux y npucytHocTi 1 /1 (@), 2 r/n
(b) Ta 5 r/n (c) PBK. BeraBka — 3a51e)KHICTh ONTHYHOI TYCTHHU PO3YHHIB TpH 275 HM
Ta 365 HM Bix po3mipiB kpucramitie CuO
Fig. 1. Absorption spectra of colloid solutions of CuO, obtained in the presence of 1 g/L (a), 2 g/L (b)

and 5 g/L (c) RBC. Insertion is the dependence of the optical density of solutions at 275 nm
and 365 nm on the size of CuO crystallites

BusiBieno, mo enektpoHHi criekTpH 307iB CuO—-NPs xapakTepu3yroThCsl HasBHICTIO
IHTEHCHBHOI CMYTH TIOTJIMHAHHA TpH 275 HM, a TakoX CcIaOKOBHPaXEHOTO “Tureda” B Jia-
na3oHi noBxuH XBWwib 300400 uMm. Taki cnekrpu normuaaHHEs CuO—NPs € TrmoBumu 11
KOJIOITHAX PO3YHMHIB OKCHIY Mifi. 30KkpeMa, B [25] moka3aHo, mo 30 HaHommacTuHOK CuO
pomipamu 60200 HM XapaKTepU3yIOTLCS ABOMa cMyramu HoriuHaHHs npu 290 ta 365 HM,
BOJIHOYAC 31 3MEHILIEHHSIM PO3MIpiB YacTHHOK Ta KprcTaniTiB CuO IHTEHCUBHICTh CMYTH I10T-
JIMHAaHHS P 365 HM 3HMKYETHCS 1 IPAKTUYHO 3HHUKAE, & JUISl KOPOTKOXBUIILOBOI CMYTH TIPO-
CTEKYETHCSI TITICOXPOMHHIA 3¢yB [26].

Sk 6aunMo 3 puc. 3, IHTEHCHBHICTb MOTJIMHAHHS KOJOTMHUX po3urHiB CuO HemiHiiHO
3pocrae 31 30inbLIeHHsM KoHneHTpanii PBK. Takuii edexr, iMOBIpHO, MOXKHA TTOSCHUTH Ha-
CTYIIHAM YMHOM. 3rifiHO 3 Teopieto Mi [27] koedimieHT eKCTUHKIT (Cext) MaTHX YaCTHHOK
OITHCYETHCSI PIBHSIHHSIM:!

C, - 24nPreyy ' €, : , 1)

A (e, +2¢, ) +€2

Jie I — pajJiyc 4aCTHHKH; A — JIOBXXMHA XBHWJII NaJIal040r0 CBITJIA; €y — JiEIEKTPUYHA
MPOHUKHICTh CEPENOBHINA; €1 1 € — 3HAUCHHS AIHCHOI 1 YSBHOI JIieIEKTPUYHOI TPOHUKHOCTI
MeTaiy, SIKi 3aJIe’KaTh BiJl YaCTOTH EIEKTPOMATrHITHOTO BUIIPOMiHIOBAHHS.
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3Baxaloul Ha OJHAKOBY BHXiIHY KoHIeHTparito CuSOs B peakuiiiHiil cymimri, KOH-
nerTparist CUO-NPS y xonoinaux po3zunHax Oyzne oOepHEHO MpONOopIliifHa 0 po3Mipy dac-
THHOK Y KyOi:

C(CuONPs) ~ (1/L)3. 2)
SAxmo o6’exnatu (1) 1 (2) 3 piBHsAHEAM Byrepa—Jlambepra—bepa, orprumaemo:
O.D. ~ (1/L)% 3)

Sk Gaunmo 3 puc. 3, OTpUMaHi JaHi 3a0BUIBHO JIiHEAPU3YIOThCS (KOe(illieHT KO-
pemsuii 0,99) B koopanHaTtax piBHsAHHSA (3), IO MIATBEPPKYE HABEJACHI BHIIE MipKyBaHHS,
OJIHAK TaKi HPHITYIIEHHS TOTPEOYIOTh OLBII IETAILHOTO JIOCIIHKEHHSI.

Bingomo, 1110 HAaHOYACTUHKH OKCHIY MiJli IPOSIBIISIFOTh 3aI0BUTbHI aHTUMIKPOOHI Bac-
TUBOCTI, @ MexaHi3M MikpooiormaHoi aii CuO—NPs MOSCHIOWOTh “edhexmom mposHCbKo2o
kons” (Trojan-horse type mechanism) [28]. CUO—NPs npoHHKalOTh Yepe3 KIITHHHY MeM-
OpaHy i cyryroTh mxepesioM onis Cu?*, ki B3a€MOJIIOTh 3 OPraHeNaMy KIiTHHH, IPUTHi-
YylO4Yl iX JKHTTENSUIBHICTH. [lpmdomy, Ha BimMiHy Bim cpibma, HaHOLIBOI MOMITHO
aaTHOakTepianbHa gis CuO—NPs nposBIsieThCs Ha CTafii eKCIIOHSHIIIITHOTO POCTY KOJIOHii
MikpoopraHi3miB [29], mo mae 3mory BBaxkatn CuO—NPS nepcrieKTHBHUM KOMIIOHCHTOM JIJIs
OaKkTepHIMIHUX MpernapaTiB IIMPOKOro crekTpa mii. Ha mnpukmanmi rpam-HeraTHBHHX
6akrepiii—¢iromarorenis Agrobacterium tumefaciens i Xanthomonas campestris gocmimxeno
aHTHMiKpoOHYy akTuBHICTh CuO-NPs, oTpumanux 3a BuximHol konueHtpauii PBK 5 r/n.
Bapro 3a3HaunTH, 1110 AJIsI IPOBENCHHS JOCIIKeHb oTpuManuii 3016 CuO—NPs po3basisiiu
JICTUIILOBAHOIO BOJIOO B mpomopiii 1 : 9.

Tabnuys 2
AnTHMIKpOOHa akTHBHICT cuHTe30BaHUX CuO—-NPs
Table 2
Antimicrobial activity of synthesized CuO-NPs
Posseenms Agrobacterium tumefaciens Xanthomonas campestris
PBK (I /m) | CuO-NPs/PBK | PBK(lr/m) | CuO-NPs/PBK
1:1 + - + -
1:2 + - + -
1:4 + - + -
1:8 + + + +

Ipumimka: «+» — € picT 6aKTepil, «—» — HEMa€e pocTy OaKTepii.

Busineno, mo moaudikoani PEK CuO—NPs nposBisiFoTh BUCOKY aHTH MIKpOOHY
AKTHUBHICTb CTOCOBHO JIOCIIKEHUX MiKpoopraHi3Mis, a 3HaueHHsi MIK ta MBK craHoBnsiTh
20 Ta 40 Mkr/mi, BianoBigHO. Bapro 3a3HaunTw, 110 3HaueHHss MBK mist cuHTe30BaHUX Y
npucytHocti PBK CuO-NPs € Ounbm, HiX yABiYi, HIDKYAM TOpPIBHSHO 3 BiJIOMHMH 3Ha-
yeHHsMH 111 CuO—-NPs, cTabini30BaHUX MONMIBIHUTIIPONTZOHOM [25], a TOMy OTpHMaHi KO-
JIOTJHI PO3YMHH MOJKHA 3aCTOCOBYBATH SIK CKJIaI0BI aHTUMIKPOOHHX TIPEHapariB Jisl 3aXHCTY
POCIHH.

4. BUCHOBKH

Ha ocHOBI npoBeneHNX AOCIIPKEHb MOXKHA 3pOOUTH BICHOBOK, III0 PAMHOJIIITHIH
OlokoMIIIeKC, KW € HU3BKOMOJEKYISIPHHM BTOPDHHHHM MeTabomiToM OakTepi poxy
Pseudomonas sp. PS-17, € edpexkruBaum crabimizatopom CUO-NPS, Meromuka CHHTE3Y
SKHX € TIPOCTOI0 B amapaTypHOMy oGOpMIICHHI, MacImITaboBaHOIO, a OAEP)KyBaHI NPH
I[bOMY HAaHOYACTHHKHU HE MICTSTh IMIKiIJIMBUX pPEeU40oBUH. 3’ acoBaHo, o CuO y npucyTHOCTI
PBK kpucramizyerscst y BHITIAl HOJMIKPUCTAITHUX YaCTHHOK NMEPEBAKHO HENPaBHUIILHOT
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thopmu 3 poszmipamu 35-90 HM, pudomy momiauctepcHicTs CuO—-NPS 3HIDKYETBCS 3 pOCTOM
konneHtparii PBK. BusBneno, mo iHTCHCHBHICTHP CMYT NOTJHHAHHS IIOBEPXHEBOTO
TUIA3MOHHOTO pe3oHancy cuHTe3oBaHMX CuO-NPs mpm 275 i 365 HM € obOepHEHO
TIPOTIOPIIIHHOI0 110 KBajapata po3mipy kpucramita CuO. JlocmimkeHO aHTUMIKpOOHY
aktuBHiCTE  CUO-NPS  cTOCOBHO  Tpam-HeraTMBHHX  (ITONATOTeHHUX  Oaktepiit
Agrobacterium tumefaciens Ta Xanthomonas campestris i mokasaHo, MmO 3HAYEHHS
MiHIMaJIbHOT OakTepuimanoi koHueHTpaiii CUO-NPS, crabimizoBanux PBK, € Oinpmr Hik
BIBI4i HMk4UM TOpiBHAHO 3 CUO-NPS, cTabini3oBaHUX MOIBIHUIMIPONIIOHOM, & TOMY
oTpuMaHi KoJoifgHi po3unHu CuO MOKyTh OyTH PEKOMEH/IOBaHI SIK €KOJIOTIUYHO Oe3neyHuid
KOMITOHEHT JUIs OaKTepHIUAHUX TIpenapaTiB 010MeIMYHOT0 MPU3HAYCHHSI.

5. Hoaska

VY crarTi HaBEACHO PE3YNBTAaTH IOCHTI[HKeHb, OTPUMAaHI IIiJ] YaC BHUKOHAHHS OIOA-
skeTHOI TeMu Bimomyoro 3amoBieHHA Bimminenas OXI'K [Hd®OB im. JI. M. JIuTBuHEeHKA
HAH VYxpaiau (xon ¢inancyBanHs 6541230 — “IlinTpuMka po3BUTKY MPIOPUTETHHUX IS
JIepKaBU HAYKOBHX TOCTIKCHb 1 HAYKOBO-TEXHIYHUX (EKCIIEPIMEHTAIFHIX) JOCIIIKEHb;
HampsM 17), a Takox 3a 4acTKoBOI (iHaHCcOBOi miaTpuMku HarioHansHOTO (GOHIY J0C-
mimpkeHs Ykpainu (rpant Ne 2020.02/0309).

1. Yexman I. C., Vivbepe 3. P., Mananuyk B. O. ma in. HanoHayka, HaHOOIOJOTis,
HaHodapmaris. / Kuis: [Tonirpad mmoc, 2012. 328 c.

2. Hanomarepuanbl 1 HAHOKOMIIO3UTHI B MEIUITMHE, OMOJIOTHH, SKOJIOTUU / mon pen. A.
I1. lInaka, B. ®. Yexywna. // Kuis: Hayk. qymka, 2011. 444 c.

3. Yexman I. C. Hanodapmakonoris. // Kuis: 3aapyra, 2011. 424 c.

4. Li G, Li X., Zhang Z. Preparation methods of copper nanomaterials // Prog. Chem.
2011. Vol. 23. P. 1644-1656.

5. Giannossa L. C., Longano D., Ditaranto N. et al. Metal nanoantimicrobials for textile
applications // Nanotechnol. Rev. 2013. Vol. 2, No 3. P. 307-331.

DOI: https://doi.org/10.1515/ntrev-2013-0004

6. Marambio-Jones C., Hoek E. M. A review of the antibacterial effects of silver nano-
materials and potential implications for human health and the environment // J. Nanopart.
Res. 2010. Vol. 12. P. 1531-1551. DOI: https://doi.org/10.1007/s11051-010-9900-y

7. Chekman I. S., Ulberg Z. R., Gorchakova N. O. et al. The prospects of medical appli-
cation of metal-based na noparticles and nanomaterials // Lik. Sprava. 2011. No 1-2.
P.3-21.

8. Andrusishina I. N., Holub I. 4., Didikin G. G. et al. Structure, properties and toxicity
of silver and copper oxide nanoparticles // Biotechnology. 2011. Vol. 4, No 6.
P. 51-59. (in Russian).

9. Sahithi K., Swetha M., Prabaharan M., Moorthi A., Saranya N., Ramasamy K.,
Srinivasan N., Partridge N., Selvamurugan N. Synthesis and characterization of
nanoscale hydroxyapatite-copper for antimicrobial activity towards bone tissue
engineering applications // J. Biomed. Nanotechnol. 2010. Vol. 6, No 4. P. 333-3309.
DOI: https://doi.org/10.1166/jbn.2010.1138


https://doi.org/10.1515/ntrev-2013-0004
https://doi.org/10.1007/s11051-010-9900-y
https://doi.org/10.1166/jbn.2010.1138

1. Basunsk, A. Knus, T1. JTiotun Ta iH.
ISSN 2078-5615. BicHuk JlbBiBCbKOro yHiBepcuteTy. Cepis ximiyHa. 2021. Bunyck 62 319

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21,

22,

Zain N. M., Stapley A. G. F., Shama G. Green synthesis of silver and copper nano-
particles using Ascorbic acid and Chitosan for antimicrobial applications //
Carbohydrate polymers. 2014. Vol. 112. P. 195-202.

DOI: https://doi.org/10.1016/j.carbpol.2014.05.081

Mondal S., Roy N., Laskar R. A., Basu S., Mandal D., Begum N. A. Biogenic synthesis
of Ag, Au and bimetallic Au / Ag alloy nanoparticles using aqueous extract of ma-
hogany (Swietenia mahogani JACQ.) leaves // Colloids Surf. B. 2011. Vol. 82.
P. 497-504. DOI: https://doi.org/10.1016/j.colsurfb.2010.10.007

Murali Krishna 1., Bhagavanth Reddy G., Veerabhadram G., Madhusudhan A. Eco-
friendly green synthesis of silver nanoparticles using salmalia malabarica: synthesis,
characterization, antimicrobial, and catalytic activity studies // Appl. Nanosci. 2016.
Vol. 6. P. 681-689. DOI: https://doi.org/10.1007/s13204-015-0479-6

Alam M. N., Roy N., Mandal D., Begum N. A. Green chemistry for nanochemistry:
exploring medicinal plants for the biogenic synthesis of metal NPs with fine-tuned
properties // RSC Advances. 2013. Vol. 3. P. 11935-11956.

DOI: https://doi.org/10.1039/C3RA23133J

Kumar N., Salar R. K., Kumar R., Prasad M., Brar B., Nain V. Green synthesis of
silver nanoparticles and its applications. A Review // Nano Trends: A Journal of
Nanotechnology and Its Applications. 2017. Vol. 19. P. 1-22.

Sotirova A., Avramova T., Stoitsova S., Lazarkevich I., Lubenets V., Karpenko E.,
Galabova D. The importance of rhamnolipid-biosurfactant induced changes in
bacterial membrane lipids of Bacillus subtilis for the antimicrobial activity of
thiosulfonates // Current Microbiology. 2012. Vol. 65. P. 534-541.

DOlI: https://doi.org/10.1007/s00284-012-0191-7

Yerokhin V., Karpenko O. Optimization of parameters of biosynthesis of surface-active
rhamnolipids by the strain Pseudomonas sp. PS-17 in the bioreactor with injection-vortex
aeration system // Journal of Microbiology Research. 2014. Vol. 4. P. 1-5.

Remichkova M., Galabova D., Roeva I., Karpenko E., Shulga A., Galabov A. Anti-
herpesvirus activities of Pseudomonas sp. PS-17 rhamnolipid and its complex with
alginate // Zeitschrift fiir Naturforschung. 2008. Vol. 63. P. 75-81.

DOI: https://doi.org/10.1515/znc-2008-1-214

Abdel-Mawgoud A. M., Aboulwafa M. M., Hassouna N. A. Characterization of
rhamnolipid produced by Pseudomonas aeroginosa isolate BS-20 // Appl. Biochem.
Biotechnol. 2009. Vol. 157. P. 329-345. DOI: https://doi.org/10.1007/s12010-008-8285-1
Ron E., Rozenberg E. Natural role of biosurfactants // Environ. Microbiol. 2001. Vol.
3. P. 229-236. DOI: https://doi.org/10.1046/j.1462-2920.2001.00190.x

Yerokhin V., Pokynbroda T., Karpenko O., Novikov V. Study of the growth and
synthesis of the target product by the strain Pseudomonas species PS-17 — producent
of extracellular biosurfactants // Visn. Natsion. Univers. “Lvivska politehnika”. 2006.
Vol. 553. P. 124-127 (in Ukrainian).

Karpenko E. V., Pokynbroda T. Ya., Makitra R. G., Palchykova E. Ya. Optimal
methods for isolating the biogenic surfactant rhamnolipids // Journal of General
Chemistry. 2009. No 12. P. 2011 (in Russian).

Akselrud L., Grin Y. WiIinCSD: software package for crystallographic calculations
(Version 4) // J. Appl. Cryst. 2014. Vol. 47(2). P. 803-805.

DOI: https://doi.org/10.1107/S1600576714001058


https://doi.org/10.1016/j.carbpol.2014.05.081
https://doi.org/10.1016/j.colsurfb.2010.10.007
https://doi.org/10.1007/s13204-015-0479-6
https://doi.org/10.1039/C3RA23133J
https://doi.org/10.1007/s00284-012-0191-7
https://doi.org/10.1007/s12010-008-8285-1
https://doi.org/10.1046/j.1462-2920.2001.00190.x
https://doi.org/10.1107/S1600576714001058

320

J1. Basunsk, A. Knug, M. JTiotuin 1a iH.
ISSN 2078-5615. BicHuk JTbiBCbKOro yHiBepcuteTy. Cepis ximiyHa. 2021. Bunyck 62

23.

24,

25.

26.

27.

28.

29.

Sotirova A., Avramova T., Stoitsova S., Lazarkevich I., Lubenets V., Karpenko E.,
Galabova D. The importance of rhamnolipid-biosurfactant induced changes in
bacterial membrane lipids of Bacillus subtilis for the antimicrobial activity of
thiosulfonates // Curr. Microbiol. 2012. Vol. 65. P. 534-541.

DOI: https://doi.org/10. 1007/s00284-012-0191-7

Monshi A., Foroughi M. R., Monshi M. R. Modified Scherrer equation to estimate
more accurately nano-crystallite size using XRD // WJINSE. 2012. Vol. 2(3).
P. 154-160. DOI: https://doi.org/10.4236/wjnse.2012.23020

Shahmiri M., Ibrahim N. A., Shayesteh F., Asim N., Motallebi N. Preparation of PVP-
coated copper oxide nanosheets as antibacterial and antifungal agents // J. Mater. Res.
2013. Vol. 28(22). P. 3109-3118. DOI: https://doi.org/10.1557/jmr.2013.316

Sankar R., Manikandan P., Malarvizhi V., Fathima T., Shivashangari K. S.,
Ravikumar V. Green synthesis of colloidal copper oxide nanoparticles using Carica
papaya and its application in photocatalytic dye degradation // Spectrochimica Acta
Part A. 2014. Vol. 121. P. 746-750. DOI: https://doi.org/10.1016/j.saa.2013.12.020
Mie, G. Beitrige zur optik trilber medien, speziell kolloidaler metallésungen // Ann.
Phys. 1908. Vol. 330(3). P. 377-445. DOI: https://doi.org/10.1002/andp.19083300302
Ivask A., Juganson K., Bondarenko O., Mortimer M. et al. Mechanisms of toxic action
of Ag, ZnO and CuO nanoparticles to selected ecotoxicological test organisms and
mammalian cells in vitro: a comparative review // Nanotoxicology. 2014. Vol. 8.
P. 57—71. DOI: https://doi.org/10.3109/17435390.2013.855831

Dadi R., Azouani R., Traore M., Mielcarek C., Kanaev A. Antibacterial activity of
Zn0 and CuO nanoparticles against gram positive and gram negative strains // Mater.
Sci. Eng. C. 2019. Vol. 104. P. 109968.

DOI: https://doi.org/10.1016/j.msec.2019.109968

SYNTHESIS AND ANTIMICROBIAL ACTIVITY OF CuO NANOPARTICLES

STABILIZED BY RHAMNOLIPID BIOCOMPLEX
OF MICROBIAL ORIGIN

L. Bazylyak'", A. Kytsya®:?, P. Lyutyi >3, V. Dozhdzhanyk?,
A. Prokopalo?, N. Shcheglova?, O. Karpenko?, O. Kuntyi®

!Department of Physical Chemistry of Fossil Fuels
Institute of Physical Organic Chemistry and Coal Chemistry named after L. M. Lytvynenko
NAN Ukraine,
Naukova Str. 3a, 79060 Lviv, Ukraine
e-mail: bazyljak.L.I@nas.gov.ua;

2Physico-Mechanical Institute named after G. V. Karpenko NAN Ukraine,
Naukova Str. 5, Lviv, 79060, Ukraine;

3Lviv Polytechnic National University,
Bandery Str. 12, 79013, Lviv, Ukraine


https://doi.org/10.%201007/s00284-012-0191-7
https://doi.org/10.4236/wjnse.2012.23020
https://doi.org/10.1557/jmr.2013.316
https://doi.org/10.1016/j.saa.2013.12.020
https://doi.org/10.1002/andp.19083300302
https://doi.org/10.3109/17435390.2013.855831
https://doi.org/10.1016/j.msec.2019.109968
mailto:bazyljak.L.I@nas.gov.ua

1. Basunsk, A. Knus, T1. JTiotun Ta iH.
ISSN 2078-5615. BicHuk JIbBiBCbKOro yHiBepcuteTy. Cepis ximiyHa. 2021. Bunyck 62 321

A wide range of both physical and chemical methods has been developed for the synthesis of
copper-based nanoparticles. At the same time, especially promising from the ecological point of view
methods of obtaining colloidal solutions are the so-called “green” methods of synthesis, the essence
of which is the use of natural biologically active substances and can also enhance the antimicrobial
activity of the inorganic component. A promising class of polyfunctional substances can be
considered biogenic surfactants (biosurfactants), namely the products of microbial synthesis, which
are now widely studied and considered an environmentally friendly alternative to synthetic
surfactants. Such biosurfactants often also have antimicrobial and antiviral activities, and therefore
their combination with copper-based nanoparticles will combine and enhance the properties of both
components to create modern environmentally friendly drugs with antimicrobial action. Among the
wide range of promising microorganisms-producers of surfactants, the genus Pseudomonas deserves a
special attention, which synthesizes extracellular surfactant glycolipids with high surface, emulsifying
and foaming activities. Therefore, the aim of this work was to obtain concentrated colloidal solutions
of copper oxide in the presence of a biogenic surfactant, so-called rhamnolipid biocomplex
synthesized by culture of Pseudomonas sp. PS-17, which simultaneously provides satisfactory
stabilization of colloidal copper solutions and is non-toxic, to study the effect of rhamnolipid
biocomplex concentration on the characteristics of the obtained copper oxide nanoparticles, as well as
to investigate their antimicrobial action.

Concentrated colloidal solutions of copper oxide, stabilized by rhamnolipid biocomplex
(RBC), which is a low molecular weight secondary metabolite of bacteria of the genus Pseudomonas
sp. PS-17 and at the same time provides satisfactory stabilization of colloidal solutions of copper
oxide and is non-toxic have been synthesized. Copper oxide nanoparticles (CuO—NPs) were obtained
by the decomposition reaction of freshly prepared copper hydroxide in an alkaline medium in the
presence of RBC. The obtained CuO-NPs were investigated using scanning electron microscopy,
spectroscopy in the UV-visible range, as well as the method of X-ray diffraction. It was found that the
obtained CuO-NPs form agglomerates of irregular shape with a size of 35-90 nm. The sizes of
crystallites of synthesized CuO-NPs were calculated by X-ray diffraction patterns. It was found that
the size of the crystallites decreases from 12 to 5 nm with increasing initial concentration of RBC.
The antimicrobial activity of the obtained concentrated sol against two test microorganisms, namely
Agrobacterium tumefaciens and Xanthomonas campestris was studied. It was found that the obtained
CuO-NPs show a sufficiently high antimicrobial activity against these microorganisms, and the
values of the minimum inhibitory concentration (MIC) and the minimum bactericidal concentration
(MBC) are 20 and 40 pg/ml, respectively.

Keywords: nanoparticles of copper oxides, green synthesis, antimicrobial activity.
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