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BJIMAHUE HAHOYACTHUIL HA THAYKIHNIO OKUCIUTEJBHOI'O CTPECCA B
KIIETKAX PEKOMBUHAHTHBIX ITAMMOB ESCHERICHIA COLI
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L]envy uccnenoBaHus — u3ydeHue BIUsSHUS siHyc-yacThll CuO-Ag Ha CIOCOOHOCTh MHAY-
mupoBatb SOS-0TBET, B YaCTHOCTH OKUCIIUTENIBHBIA CTpEecC B KIJIETKAaX PEKOMOMHAHTHBIX
Escherichia coli MG1655, co BCTpOeHHBIMH POMOTOPAaMHU TeHOB PSOXS.

Mamepuanvr u memoowvl. Hanouactuusl (HY) ssuyc CuO-Ag OblM MOIy4eHbl METOJIOM
3JIEKTPUUECKOr0 B3pbIBa IPOBOJHMKA B aTMocdepe aproHa. Mopdooruio yacTul U pacipese-
JIEHHE 3JIEMEHTOB I10 YaCTHUI[aM MCCIE0BAIM METOA0M IIPOCBEYUBAIOIIEH 3JIEKTPOHHOW MUKPO-
ckonuu ¢ nomoibio Mukpockorna JEM 2100 (Jeol, Japan), co BCTpOEHHBIM MOJAYJIEM JHEPro-
nucniepcrorHoro ananusa X-Max (Oxford Instruments, GB). OmbiThI iN VIitro ObUTH BBITTOTHEHBI
Ha pekoMOuHaHTHBIX mTamMax E. coli MG1655 (pSoxS). MHTeHCHBHOCTD IFOMHHECICHIIMN
OMoceHCcopa OICHUBAIIH 110 MapaMeTpy aMIUIUTYbl oTBeTa (40).

Pezynomamer. Cornmacno nanaeiM [1OM, HU CuO umenu ¢dopmy, 6muskyro kK chepuue-
cKoil. OTMeueHO paBHOMEPHOE pacIipe/ielIeHUe 3JIEMEHTOB MEM M KUCI0po/ia 0 BCell YacTHIIe.
Coortnomenne 3memenToB CU n O Obw10 6sin3KO0 K 1:1, 9TO CBUAETENHCTBOBAIIO O MPUCYTCTBHHU B
HY oxcuna nByXBaJIeHTHOH MeAM. DKCIEPUMEHTANIbHO YCTAHOBJIEHO, YTO KOHTAKT MEXaHWYe-
ckoit cmecu CuO+Ag HY ¢ GroceHCOpOM COTPOBOKIANICS JOCTOBEPHBIM YBEIMYCHUEM MHTCH-
CHUBHOCTH OHoMoMHHecHeHIuH. Tak, MakcumanbHast 4O OuoceHcopa Obuia oTMeueHa Ha 120 u
150 mun. ipu koHuentparuu 0,125 mr/mi u cocraBuna 3,9 £ 0,2 u 3,8 = 0,2 yci. ea., COOTBET-
ctBeHHO (P < 0,05). Hapsany ¢ 3TuM, HAaHOOOBEKTHI CO CTPYKTypol ssHyc-yactul] CuO-Ag B KOH-
nenTpauuu 0,25 mr/mia Ha 120 u 150 MuHyTE SKCIIEpUMEHTa MOKa3aJii MakcuMalnbHyto 40 6uo-
ceHcopa, KoTopasi cocTaBmiia, cooTBeTcTBeHHO 3,5 = 0,03 u 3,7 £ 0,02 yen. exn. (p < 0,05). Cne-
JyeT OTMETUTh, YTO SHYC-4acCTHIIbl B KOHLEHTpauusax 4,0 mr/mia u 2,0 MIr/mMi1 o CpaBHEHUIO C
npyrumu HY okasbpiBanu Gojiee BbIpakK€HHOE TOKCHUYECKOE JIEHCTBHE Ha OMOCEHCOp, BBI3bIBAs
MOBPEXACHHUE KIIETOK, SIPKOCTh CBEUEHMs OMoceHcopa najana. [lonydeHHble pe3ynbTarhl MOJIHO-
CThbIO MOJATBEPAMIIN JaHHBIE O Oosiee BbIpaXKEHHOW OmouuaHON akTUBHOCTH siHyc CUO-Ag uya-
CTHII, OITyOJIMKOBaHHBIC HaMu paHee. B cBoro odepens, HY Ag u CuO, B xornentpanusax 0,125-
4,0 mr/min, nokazanu B 1,6-3,2 paza nocroBepHo 6osnee HU3KYIO HHAYKIKIO ADK 1o cpaBHeHUIO
C JIONMUPOBaHHBIMU (opMamH, TakuMHU Kak ssHyc CUO-Ag, u mexanuudeckas cMech CuO+Ag (p <
0,05).

3axnouenue. Tlockonbky HaHOOOBEKTHI MexaHuueckoi cmecu CUO+Ag HY u smyc-
yactul, CuO-Ag nokaszaiu HauOOJbIIYyI0 NOTEHUUATbHYI0 aKTHUBHOCTh B aCMEKTE MPOAYKLUU
aKTUBHBIX (HOPM KHCIOpOJa, ¥ B YACTHOCTH MHIYKLHUHU CyNEepOKCU aHuoH-pagukana (O27), 3To
JIeNlaeT MX TOTCHIUAIBHBIMHA TIPETCHICHTAMHU JUIS Pa3pabOTKH OMOJIOTUYECKH aKTHBHBIX Be-
IIECTB.

Knioueswvie crnosa: pekombunantasie mrammbl E. coli MG1655, okucauteapHbIN cTpecc,
HaHouactuibl, CuO-Ag.

DOI: 10.24411/2304-9081-2025-14002 1



GronnemeHb OpeHbypackozao Hay4yHoz20 ueHmpa YpO PAH, 2025, Ne4

M.V. Fominal, O.V. Bakina?, E.A. Sizova®, D.E. Shoshin®

EFFECT OF NANOPARTICLES ON INDUCTION OF OXIDATIVE STRESS IN RE-
COMBINANT ESCHERICHIA COLI CELLS

! Orenburg State Medical University, Orenburg, Russia

2 Institute of Strength Physics and Materials Science SB RAS, Tomsk, Russia

% Federal Research Centre of Biological Systems and Agrotechnologies of the Russian Academy
of Sciences, Orenburg, Russia

4 Orenburg State University, Orenburg, Russia

The aim of the study was to investigate the effect of CuO-Ag Janus particles on the abil-
ity to induce SOS response, in particular oxidative stress, in recombinant Escherichia coli
MG1655 cells with integrated pSoxS gene promoters.

Materials and methods. Janus CuO-Ag nanoparticles (NPs) were obtained by electrical
explosion of a conductor in an argon atmosphere. Particle morphology and elemental distribution
within the particles were studied by transmission electron microscopy using a JEM 2100 micro-
scope (Jeol, Japan) with a built-in X-Max energy-dispersive analysis module (Oxford Instru-
ments, UK). In vitro experiments were performed on recombinant E. coli strains MG1655
(pSoxS). The biosensor's luminescence intensity was assessed using the response amplitude (RA)
parameter.

Results. According to TEM data, the CuO NPs had a nearly spherical shape. A uniform dis-
tribution of copper and oxygen elements was observed throughout the particle. The Cu:O ratio was
close to 1:1, indicating the presence of cuprous oxide in the NPs. It was experimentally established
that contact of the mechanical mixture of CuO+Ag NPs with the biosensor was accompanied by a
significant increase in bioluminescence intensity. Thus, the maximum RA of the biosensor was
observed at 120 and 150 minutes at a concentration of 0.125 mg/ml and amounted to 3.9 + 0.2 and
3.8 £ 0.2 conventional units, respectively (p < 0.05). Along with this, nanoobjects with the Janus
structure of CuO-Ag particles at a concentration of 0.25 mg/ml at 120 and at 150 minutes of the
experiment showed the maximum RA of the biosensor, which amounted to 3.5 £+ 0.03 and 3.7 +
0.02 conventional units, respectively (p < 0.05). It should be noted that Janus particles at concen-
trations of 4.0 mg/ml and 2.0 mg/ml had a more pronounced toxic effect on the biosensor, causing
cell damage and a decrease in biosensor luminescence brightness. The obtained data fully con-
firmed the more pronounced biocidal activity of Janus CuO-Ag particles, which we had previously
published. In turn, Ag and CuO NPs at concentrations of 0.125-4,0 mg/ml showed a 1.6-3.2 times
significantly lower induction of ROS compared to doped forms such as Janus CuO-Ag particles
and their mechanical mixture (p < 0.05).

Conclusion. Since nanoobjects of a mechanical mixture of CuO+Ag NPs and Janus parti-
cles of CuO-Ag demonstrated the highest potential activity in terms of the production of reactive
oxygen species, and in particular the induction of superoxide anion radical (O2), this makes
them potential candidates for the development of biologically active substances.

Key words: recombinant E. coli MG1655 strains, oxidative stress, CuO, Ag nanoparti-
cles.
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