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RESUME

Background. The development of photocatalysts with antibacterial properties seems
to be relevant for combating multiresistant microorganisms in medical institutions. Re-
cently, the peroxo method has been used to synthesize semiconducting metal dioxide
TiO, in the form of spherical particles (SPs) with size of 100-200 nm; its antibacterial
properties have not been studied.

The aim is evaluation of the survival and morphology of Escherichia coli and Staphy-
lococcus aureus after exposure of the TiO, SPs, and estimation their toxicity in biolumi-
nescence test.

Methods. TiO, at 0.5-2 g/L concentrations after 10-120 min UV irradiation were added
to E. coli or S. aureus suspension. Survival, microscopic examination (SEM, ASM), and tox-
icity bioluminescence test were made after 60-90 min contact.

Results. The antibacterial effect of TiO, SPs was maintained after UV irradiation was
stopped. TiO, at 0.5-2 g/L with UV pre-irradiation (120 min) decreased the viability
of both E. coli and S. aureus. According to the bioluminescence test, EC50 for TiO, SPs was
7.46,2.61, 1.87 g/L after 10, 60, 120 min UV pre-irradiation, respectively. The electron mi-
croscopic observations suggested that TiO,SPs have adhesion and adherence to E. coli
and S. aureus cells after UV pre-irradiation.

Conclusion. Understanding TiO, SPs interaction with bacteria allows development
of new photocatalysts with antibacterial properties.
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PE3IOME

O6ocHoeaHue. Paspabomka ¢omokamanauzamopos ¢ aHmubakmepuaabHoIMu
cgolicmeamu npedcmassisiemcs akmyasnbHoU 0718 60pbbbl ¢ NOAUPE3UCMEHMHbBIMU
MUKPOOP2aHU3MAamu 8 MEOUYUHCKUX y4Ypex0eHusx. HedasHo nepokcomemooom CuH-
Me3upoBaH NosynposodHUKo8bIll okcud memasna TiO, 6 8ude chepudeckux yacmuy
(CH) c pasmepamu 100-200 HM, €20 aHMuUbAKmMepuasabHele ceolcmad He U3y4eHsl.
Lenvtlo senaemca oueHka ewlxusaemocmu u Mmopgonoauu Escherichia coli
u Staphylococcus aureus nod sosdeticmsuem 4acmuy TiO,, OUeHKa ux MoKCUYHOCMU
8 6UOJIIOMUHeCYeHMHOM mecme.

Memooel. TiO, 8 koHyeHmpayusax 0,5-2 &/n nocsie 10-120 muH YP-0651y4eHus 006as-
nanu k cycnersuu E. coli unu S. aureus. Bbixusaemocms, MUkpockonu4eckoe uccie-
dosaHue (SEM, ASM) u buontomuHecyeHmH»Il mecm MmoKCU4YHOCMU Npo8ooUsILUCL
nocsie 60-90 MUH KOHMakma.

Pesynemamel. Anmu6akmepuaneHbil gppekm TiO, CY coxpaHanca nocne npekpa-
weHua YP-obnyyeHus. TiO, 8 koHyeHmpayuu 0,5-2 2/n, npedgapumesibHO akmueu-
posaHHbil YO (120 MuH), cHUXan xuzHecnocobHocme kak E. coli, mak u S. aureus.
CoenacHo 6uonomuHecyeHmHomy mecmy, EC50 ona HaHowacmuy, TiO, cocmasuna
7,46, 2,61, 1,87 2/n nocne 10, 60, 120 MuH npedsapumernvHol YO-akmusayuu, co-
omeemcmeeHHo. Habto0eHUs ¢ NOMOWbIO 31eKMPOHHO20 MUKPOCKONA NOKA3a/1u,
ymo HaHoyacmuysl TiO, c npedsapumenbHol YO-akmueayued obiadarom adzesueli
U NpOYHO npukpennaomca K knemkam E. coliu S. aureus.

3aknioueHue. [loHumaHue mexaHusma esaumodeticmesus TiO, CY ¢ 6akmepusmu
nosgosum paspabomame Hoswili homokamanuzamop ¢ aHMU6AKMePUAIbHbIMU
csoticmeamu.

Knrouyesoie cnoea: cihepuyeckue yacmuuel, OUOKCUO mumana, E. coli, S. aureus, mok-
CUYHOCMb, aHMuUbakmepuasbHole ceolicmea
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INTRODUCTION

Infectious diseases pose a serious threat to public health
worldwide, especially with the emergence of resistant bac-
terial strains to antibiotic and disinfectants [1]. Advances
in technology are contributing to the development of new
antibacterial agents used in the environment purification,
disinfection and sterilization [2, 3].

There are contradictory data on the antibacterial ac-
tivity of Tio,, depending on concentration, sizes of parti-
cles, presence and time of photocatalytic irradiation. Some
studies with Escherichia coli show that in the absence of UV
irradiation TiO, (d = 6 nm, 0.002-0.2 g/L) may influence
on the colony-forming capacity, but under acidic condi-
tions [4]; may have bacteriostatic effect (d = 15 nm, 1 g/L;
d =100 nm, 0.3-0.6 g/L) [5, 6]; has no toxicity (d = 20 nm,
0.025-1 g/L; d =90 nm, 0-319 g/L) [7; 8]. Staphylococcus au-
reus is not influenced by TiO, without UV (d =20 nm; 1 g/L)
[9]. Photocatalytic activation of TiO, by UV (simultaneous
action) reduce the survival of E. coli and S. aureus (d = 20-
30nm, 0.025-1g/L)[7,9,10, 11]. However it has been shown
that TiO, NPs (10-30 nm, 0.00001-0.01 g/L) were not toxic
to the bacteria (E. coli, Bacillus subtilis) after preliminary UV
irradiation (20 min) [12].

Mechanism of TiO, action is associated with the desta-
bilization of cell membrane integrity, the direct mechanical
destruction of the cell wall, disruption of substances trans-
port, and oxidative stress, which affect the bacteria activity
and growth [13]. The antibacterial effect of photocatalytic
materials includes the formation of reactive oxygen species
(ROS: short-lived hydroxyl radicals and long-lived singlet ox-
ygen, hydrogen peroxide), and the release of metal ions [14,
15].TiO, has become a promising material due to its excel-
lent optical and electronic properties, high photocatalytic
activity, chemical stability, and low cost [16, 17].

Recent study has shown that monodispersed TiO,
spherical particles (SPs) with diameters in the range of 100-
200 nm provides a higher photovoltaic conversion efficiency,
and advantages in electron transport compared to the typ-
ical 20 nm-sized TiO, nanoparticle (NP20) or conventional
250 nm-sized SPs (SP250) [18]. We suggest that titanium di-
oxide, synthesized by the peroxo method with particle size
of 100-200 nm [19] may have the antibacterial effect after
preliminary UV irradiation. This TiO, has high pore volume
and large specific surface area, which contributes to the for-
mation of structure and porous coating [19].

The purpose of this work is evaluation of the surviv-
al and morphology of E. coli and S. aureus under exposure
of the photocatalytic TiO, SPs with size 100-200 nm, synthe-
sized by peroxo method; estimation its toxicity in biolumi-
nescence test.

MATERIALS AND METHODS

Titanium oxysulfate containing 33 % TiO, (Alfa Aesar,
USA), propanol-1 (LenReactiv, Russia), aqueous ammo-
nia (LenReactiv, Russia), hydrogen peroxide (Chimmed,
Russia), and hydrochloric acid (Reachim, Russia) were
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used for the experiment. All the chemicals were analyt-
ically pure. TiO, microspheres were obtained by peroxo
method [19]. The calcination temperature of 400 °C con-
sidered to be optimal as it allows obtaining a crystalline
material. The TiO, microspheres were perfectly spherical
and 100-200 nm in size. No irregular particles were detect-
ed. The microspheres were formed according to the sol-
vent exchange method [19].

Low temperature nitrogen adsorption analysis
showed that the SPs contained both micropores and mes-
opores. An XRD study shows that the material is crystalline.
Its phase is 100 % anatase, known as the most photocata-
lytically active polymorphic modification of TiO,. The crys-
tal size was determined using the Scherrer equation based
on the ratio of total width to half height for the most in-
tense peak at 25 °C and 93 A. No less photocatalytically
active TiO, phases in the form of rutile or brookite were
detected [19].

An aqueous solution of methylene blue (MB) dye (Bio-
pharm, USA) was prepared at a concentration of 10 mg/L.
TiO, photocatalyst (10 mg) was placed in a UV-transparent
quartz glass with 30 ml of the MB solution. The degrada-
tion process was activated by UV irradiation. Prior to irradi-
ation, an experiment on the absorption of TiO,-based MB
was carried out for 1-3 h. A control experiment was carried
out to determine the role of TiO,. During this experiment,
the MB solution was exposed to UV irradiation for 1-3 h
without the addition of the TiO, photocatalyst. The con-
centration of the MB solution was estimated from the peak
value at 665 nm.

In the antibacterial test TiO, SPs were suspended
in 0.9 % NaCl, sonicated for 1 h (37 kHz, Elma 30S, Ger-
many), and used at concentrations of 0.5, 1, and 2 g/L. UV
irradiation of TiO, SPs was performed using a 30 W DB-
30-1 arc bactericidal lamp for 10, 60, and 120 min at a dis-
tance of T m from the irradiated plates. The wavelength
of 253.7 nm corresponded to the UV-C spectrum.

The cultures of Escherichia coli ATCC'25922 and Staph-
ylococcus aureus ATCC®25923 (Federal State Budgetary
Institution Scientific Centre for Expert Evaluation of Medic-
inal Products of the Russian Ministry of Health, Moscow)
were used as test objects for antibacterial analysis. Bac-
terial cultures were grown in LB medium (Amresco, USA)
at 37 °Cfor 24 h, then diluted with 0.9 % NaCl to concentra-
tion of 1x10° cell/mL. TiO, (100 pL; 0.5; 1; 2 g/L) was added
to 96-well plates and the photocatalyst was exposed to UV
irradiation for 10, 60, and 120 min. NaCl (0.9 %) was used
as a control. The bacterial suspension of E. coli or S. aureus
(100 pL) was then added to 96-well plates with / without
TiO,. The 96-well plates were incubated at 37 °C for 1 h,
then 10-fold dilutions of the cultures were plated on the LB
agar, and the number of viable cells (CFU/mL) was evaluat-
ed after 24 h. The logarithm of the reduction, i.e., Iog(C/Co),
where C is the concentration of control live bacteria with-
outTiO, in the dark, expressed in CFU/ml, and Cis the con-
centration of live bacteria for other conditions, expressed
in CFU/ml, was determined.

Samples of E. coli and S. aureus for scanning elec-
tron microscopy (SEM) and atomic force microscopy
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(AFM) were prepared as indicated at the viability assess-
ment assay. For morphometric and quantitative analysis
samples of E. coli and S. aureus were separated from TiO,
by centrifugation at 300 x g, supernatants containing
bacteria were removed to tubes, and glycerol (15 %) was
added before freezing. The samples were thawed, placed
on glass, and dried. The dried preparations were exam-
ined using a JEOL JSM 7001F SSA SEM and SMM-2000
AFM (PROTON-MIET, Russia) with MSCT-AUNM cantile-
vers (Veeco Instruments Inc., USA) with a beam stiffness
of 0.01 nm. Twenty-five cells were examined for statistical
manipulations.

For toxicity test of the photocatalyst by biolumines-
cence the lyophilized culture of the E. coli K12 TG1 strain
with the full lux operon of Photorhabdus luminescence was
used [20]. The lyophilized E. coli K12 TG1 was rehydrated
for 30 min in 1 mL of 0.9 % NaCl at 4 °C and then for 30 min
at 20 °C at the concentration of 10° cells/mL. TiO, suspen-
sion (100 pL) at concentrations of 0.5, 1, and 2 g/L were
irradiated with UV for 0, 10, 60, 120 min in a 96-well white
plate, and then the suspension of E. coli K12 TG1 was added
inaratioof 1:1. ZnSO, (Zn?*:0.5 or 1 mg/L) was used as pos-
itive control. Luminescence was estimated for 90 min us-
ing a Synergy™ H1 multiplate reader in relative light units
(RLU) (BioTec, USA). The index toxicity (T) was calculated
by the formula:

Ik — 1o
T=—

. 0,
Tk 100%

where l, 1 are the luminescence of the control
and samples after 30 min contact, respectively. The TiO,
SPs concentrations were classified into three groups ac-
cording to their toxicity level: T < 20, non-toxic; T > 20 < 50,
toxic; T > 50, very toxic [21].

Statistical processing was carried out using the stan-
dard Microsoft Office XP Excel and STATISTICA 6.0 soft-
ware suite. All indicators were presented as the mean

TABLE 1

PHOTOCATALYTIC DEGRADATION OF MB BY TIO, SPs

MB concentration

Experimental stage

Initial MB solution (C (MB))

1 hirradiation, without TiO,

2 hirradiation, without TiO,

3 hirradiation, without TiO,

1 h absorption on TiO, without irradiation
2 h absorption on TiO, without irradiation
3 h absorption on TiO, without irradiation

3 h absorption onTiO, 1 h irradiation

and standard deviation (M+m). The significance of differ-
ences was evaluated by Student’s t-test. Differences be-
tween the data were considered significant at p < 0.05.
Correlation analysis was performed using the Pearson’s
correlation coefficient.

RESULTS AND DISCUSSION

According to our data, the MB concentration de-
creased in suspension with the TiO, SPs by 44 % in the dark
regardless of the exposure time, which positively cor-
related with the high surface area of the photocatalyst
(Table 1), thus indicating the good adsorption properties
of this material. After the adsorption process was com-
pleted, UV light was turned on to perform photocatalysis
experiments. The MB solution with the photocatalyst was
subjected to UV irradiation for 1 h, which completely de-
graded the dye and reduced its concentration to 0.5 mg/I.
The 90 % of MB was degraded via adsorption and pho-
to-catalysis synergy, which indicates high photocatalytic
activity of TiO, SPs under these conditions and potential
antibacterial effect. It indicated that TiO, SPs contained
photocatalytically active sites. According to recently pub-
lished data these sites contribute to the generation of elec-
tron-hole pairs and radicals [16].

To access the antibacterial property of TiO, SPs, the vi-
ability of E. coli and S. aureus after contact with photocata-
lytically active TiO, SPs was evaluated after cessation of UV
irradiation (Fig. 1). It was found that there was no complete
bactericidal effect at the studied concentrations of TiO,
SPs after all UV pre-irradiation periods. However, the anti-
microbial effect in term of CFU/mL was detected on both
E.coli(log C/C;:-(0.79-1.25)) andS. aureus (log C/C:-(0.31-
0.51)) after UV pre-irradiation of TiO, SPs for 120 min
at all concentrations; the number of bacteria decreased
by 65.8 % for S. aureus and by 93.4 % for E. coli. The viability
of E. coliwas also less by 40 % and S. aureus by 83 % after UV

Degradation

(C(MB)), mg/I CIMB)/C,(MB) efficiency, %

5 - 0

4.7 0.94 6

4.5 0.90 10

4.3 0.86 14

29 0.58 42

2.8 0.56 44

2.8 0.56 44

0.5 0.10 920

Note. CD(MB) - initial concentration, C(MB) - final concentration of methylene blue.
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pre-irradiation for 60 min of TiO, SPs at 2 g/L. No antibac-
terial effect was found when TiO, SPs were added to bac-
teria without UV pre-irradiation (0.5-2.0 g/L), after 10 min
(0.5-2.0 g/L) and 60 min (0.5-1.0 g/L) of UV pre-activation.
The latter was in agreement with the previous research,
which showed that the TiO, NPs (10-30 nm, 0.00001-
0.01 g/L) pre-activated by UV for 20 min were nontoxic
for E. coli and Bacillus subtilis [12]. Increasing the preactiva-
tion time of SPs to 120 min by UV in our research resulted
in the appearance of antibacterial properties. According
to the literature, when TiO, affected bacteria together
with UV (15 min), the decrease in viability of Pseudomonas
aeruginosa and S. epidermidis compared to the control was
43 % and 45 %, respectively [22]. The mechanism of an-
tibacterial action of titanium dioxide NPs may be associ-
ated with conformational changes in surface characteris-
tics (hydrophilic / hydrophobic ratio) or / and dissociative
adsorption of water on metal particles, the appearance
of short-lived hydroxyl radicals and long-lived singlet oxy-
gen and hydrogen peroxide in the media [15]. We assume
the similar mechanism for small TiO, SPs in our research.
TiO, anatase NPs are more prone to attach to bacterial
surfaces than rutile nanoparticles, and larger nanoparti-
cles interact less with cells than smaller nanoparticles [23].
As the particle size decreases, the surface area to mass
ratio increases and the physicochemical properties (e.g.,
reactivity of surface atoms, electronic and optical proper-
ties) of the nanoparticles change. Therefore, smaller par-
ticles tend to agglomerate more, which can further affect
their reactivity and binding properties [23]. Small TiO,
NPs can penetrate into cells and then induce a potential
photocatalytic process inside, as well as adsorb and de-
activate biomolecules, such as proteins [24, 25]. The SEM
images (Fig. 2) obtained in our research showed that
bacterial morphology was also significantly altered after
incubation with both TiO, SPs and TiO, SPs pre-activated
by UV. However, these changes depended on the bacte-
ria and the conditions of exposure. TiO, SPs adhered well
to S. aureus cells and damaged the cell wall. The great-
er contact with TiO,, the greater the adhesion of TiO, SP
to bacteria cells (Fig. 2 a, b). However, the adhesion of TiO,
SPs to S. aureus cells did not affect their viability (Fig. 1 b,

* a
-1,8 .
-1,6 R
14 *
-1,2 * _*
-0
< 08
906
-0,4
-0,2 %
0,0 T = Tt —
0,2
0051 2 0051 2 0051 2 0051 2 gL
0 min ;:f’ 10 min i:z’ 60 min ‘;:3120 min
* b
-1,0 I
08 .
-0,6
*
Y 04 -
2 00 Bl il
] 0 l
0,2 J T
0,4
0,6
0051 2 0051 2 0051 2 0051 2 9L
0min & 1omin ¥ 60min 3% 120 min
FIG. 1.

Influence of photocatalytic TiO2 SPs on E. coli (a) and S. aureus
(b) cell viability after UV pre-irradiation. Bars indicate standard
deviations, i} — time of UV pre-irradiation. * (p < 0.05), indicate
the significance of the difference between sample using Student’s
t-test. The contact timeis 1 h

without pre-UV irradiation). It was shown that TiO, SPs
with UV pre-activation (120 min) damaged the cell wall
by pore formation (Fig. 2 c). This is confirmed by an in-
crease in inhibition of bacterial growth (Fig. 1 b, pre-UV
irradiation 120 min, 2 g/L).

Recent studies have shown [26-28] that the antibacte-
rial mechanism of NPs involves the destruction of the bac-
terial cell membrane. Liou, et al. (2011) showed by AFM
that the antibacterial properties of visible light-sensitive
photocatalysis were associated with hole-like structures
after 1-5 min of treatment [29]. In this work, we observe

FIG. 2.

SEM images of S. aureus exposed to 2 g/L TiO,: a - TiO,; contact 60 min, b - TiO,; contact 180 min, ¢ - TiO, with pre-UV irradiation (120 min);

contact 60 min. Arrow indicates pore
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that mesoporous TiO, SPs synthesized by the peroxo
method have excellent adhesion and also adhere tightly
to bacterial cells too, thus deforming the cell and damaging
the membrane of bacterial cells.

Morphometric studies showed that the diameter
of S. aureus varied from 0.66 um to 1.28 um, with an aver-
age of 1.05 £ 0.13 um (Table 2). Upon contact with TiO, SPs,
the diameter of S. aureus increased significantly, correlat-
ing with the time of UV pre-exposure. (Table 2, Fig. 2 a, b).
The area and volume of S. aureus changed in a similar man-
ner. S. aureus cells exposed to TiO, SPs became less round-
ed and increased in volume. This can be considered as an
adaptive mechanism of the cell upon contact with SP TiO,.
However, as the diameter of the cell increases, its surface
area to volume ratio (S/V) decreases, which is accompanied
by a disproportion between the intensity of cell metabolism
(V) and the transport of substances (S) across the bacterial
membrane. Moreover, an absolute increase in the surface
area of the bacteria contact with TiO, can make an addition-
al contribution to the disruption of transport. The decrease
in the surface/volume ratio was observed after a 1-hourTiO,
SPs contact with/without UV pre-activation (2 h): the ana-
lyzed indicators were 1.4 times lover than the control value.

The shape of the gram-negative microorganism, E. coli
bacteria, was slightly distorted (cells became rounded) al-
ready after contact with TiO, SPs even without UV (data not
shown). The morphology of the E. coli cells changed sig-
nificantly from rod-shaped to spherical or biconcave disk.
Similar observations were made in [29], which showed that
E. coli cells undergo significant morphological changes after
an hour of UV incubation in a TiO, film, namely, becoming
oval or round with small protrusions.

Toxicity bioluminescent test showed that photocata-
lytically active TiO, SPs reduced the luminescence of E. coli
K12 TG1 (lux?). The addition of TiO, SPs without prior UV
activation had no toxic effect on E. coli K12 TG1 (lux*) cells
(Fig. 3). When exposed to TiO, SPs without UV activation,
the correlation coefficient between TiO, concentration
and luminescence was -0,95. Similar effects have been de-
scribed previously for bioluminescence under the influ-
ence of photocatalysts without UV activation [15] or under
the combined influence of NPs and UV [30]. In our research
when the culture was contacted with TiO, after UV pre-ir-
radiation, the bioluminescence level of E. coli K12 TG1 de-
creased throughout the entire time and reached a mini-
mum in the range of 60-90 min (Fig. 3).

TABLE 2

a
8000
7000 120 min
6000 —-60 min
5000 10 min
3 4000 § 0min
==Control
3000
2000
1000
0 - T T T T T T ]
0 15 30 45 60 75 920 105
T, min
b
8000
7000 120 min
6000 =#-60 min
5000 10 min
2 4000 0 min
3000 =t=Control
2000
1000
0 T T T T T T ]
0 15 30 45 60 75 90 105
T, min
8000 - ¢
7000 120 min
6000 —#-60 min
5000 10 min
24000 | 0 min
=
3000 Control
2000 -
1000
0 T T T T T T |
0 15 30 45 60 75 90 105
T, min
FIG. 3.

Luminescence of E. coli K12 TG1 pF1 after UV pre-irradiation of TiO,
SPs exposure at 0.5 (a), 1.0 (b), 2.0 (c) g/L. * - the difference between
the luminescence level of the control (without TiO,) and the vari-
ant with TiO, pre-irradiated by UV is statistically significant (t-test:
p <0.05); a =the difference is significant from the luminescence level
of the sensor strain after 10-minute UV pre-irradiation

MORPHOMETRIC AND QUANTITATIVE INDICATORS OF STRUCTURAL CHANGES IN S. AUREUS AFTERTIO, SPs

EXPOSURE
Variant Diameter, pm
Control 1.05+£0.13
TiO, SPs 141 +0.23*
TiO, SPs with UV pre-activation (2 h) 1.51 £ 0.40*%

Area, pm? Volume, pm3 Relative area (S/V, p/m)
344 £0.07 0.60 £0.23 5.73
6.42 +2.16* 1.59 + 0.83* 4.04
7.13£4.32*% 1.79 £ 0.97* 3.98

Note. * - the difference is statistically significant in the control (t-test: p < 0.0005). # -~ 2 g/LTiO, SPs, 1 h exposure.
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According to the luminescence inhibition index (T),
the toxicity of TiO, SPs was concentration-dependent and in-
creased with the duration of UV pre-irradiation (Fig. 3, 4).
Ten minute of UV pre-irradiation induced the toxicity of TiO,
SPs at all concentrations, but the T values did not exceed
17.2 % (toxic effect). At all concentrations after 60, 120 min
UV pre-irradiation TiO, SPswere very toxic (T > 20 %).The in-
hibition of luminescence was maximum (50.8 %) with TiO,
SPs at 2 g/L after UV pre-irradiation for 120 min. The toxic-
ity of TiO, SPs with 10 min UV pre-irradiation was less than
that with 60 min UV pre-irradiation at all photocatalyst con-
centrations (t-test: p < 0.05). The toxicity of TiO, SPs with 60
and 120 min UV pre-irradiation was not statistically differ-
ent. Notably, a significant difference between the action
of TiO, at a concentration of 0.5 and 2.0 g/L was registered
for all UV pre-irradiation periods (t-test: p < 0.05).

According bioluminescence, EC50 (concentration
of TiO, SPs that cause 50 % inhibition of luminescence
from the control) was 7.46, 2.61, 1.87 g/L after 10, 60,
120 min UV pre-irradiation, respectively.

The photocatalytic antibacterial properties of TiO, SPs
that found in our research may have wide practical appli-
cation in the production of various dual-action materials.
Progress towards a more widespread use in clinical set-
tings depends on the key outstanding issues such as anti-
bacterial property of photocatalysts.

CONCLUSIONS

The creation of new compounds and structures
with antimicrobial activity, including those based on met-
al nanoparticles, is a promising and intensively developing
area in the physical chemistry of nanomaterials. TiO, is one
of the most commonly applied photocatalysts.

This paper presents the results of characterization
of photocatalytically active TiO, SPs synthesized by the per-
oxo method from an inorganic precursor. Their antimicro-
bial effect was shown on two representatives of clinically
important bacterial species: E. coli and S. aureus. The data
suggest that the use of TiO, SPs as biocidal components
in coatings for medical organizations is promising. Further
research will be aimed at studying the antibacterial activi-
ty of films containing TiO, SPs.
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Luminescence inhibition index of E. coli K12 TG1 after contact with
pre-UV activated TiO,. Bars indicate standard deviations,{('— uv
pre-irradiation time. * (p < 0.05), indicate the significance of the dif-
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