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ABSTRACT

The article discusses aspects of the interactioBsaherichia coli (25922) and Staphylococcus auf@09-P) with
particles of natural minerals (zeolititic tuff fromome deposits in the Far East and Siberia, Ruass@)g size
fractions 0.1-1, 1-10 and 10-50 pum. It is showrt featicles 0.1-1 and 10-50 um in size have vituab effect on
microorganisms. Whereas microparticles (1-10 projrfrdifferent deposits have a significant effectedeling on
the type of a rock-forming mineral: clinoptiloliteas a bacteriostatic effect, and mordenite — bagstéimulating
effect.

Keywords: nanoparticles, microparticles, zeolitite, antirolwial effect, ecotoxicology. corresponding author:
Golokhvast K.S., droopy@mail.ru

INTRODUCTION

Bacteria are the most ancient inhabitants of tlagil Earth. They interact with different granulorieetypes of
mineral particles from nanolevel to macrolevel itmare intimate manner and for a longer time thay ather
organisms.

In space, nanoparticles and microparticles arerthim dimensional form of a substance in gas antlcdasds that
formed our solar system long ago [1-3]. Before ¢tzene layer and dense atmosphere appeared, the \East
heavily exposed to the action of space dust pagti@p to 10 um), which was up to 40,000 tons¥ [/a

Then and now bacteria are in direct contact witkeaiparticles in all environments: atmosphere, bgphere and
lithosphere. For example, it is believed that mii@n 1.5 billion tons of mineral nanoparticles anitroparticles
are weighed only in the air of the planet Earth Fjr example, at an altitude of about 6 thousaatkrs above sea
level, 1 cni of air contains 20 nanoparticles, and in citisam altitude of about 100 m from the ground, their
number is about 45,000 per 1 tjé].

Nanoparticles, microparticles and mesoparticlestiad same solid insoluble substance may have differe
physicochemical properties, which, in turn, mariitaemselves in different responses of living organs.

One of the first scientists, who drew attentiorthis fact, was S. Douglas. As early as in 1917 Jeviiudying the
effect of "inert" substances on microorganisms,fdund that the presence of mineral substances asofjass,
asbestos or chalk in a broth medium enhanced thstigrof anaerobic bacilli [7]. The first largestviews on this
topic were made by G. Stotzky [8-11], D.G. Zvyageu [12] and M. Fletcher [13].
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Over the past 25 years, quite many papers have waten on the impact of the zeolite particles aine other
minerals on bacteria and fungi: [14-23]; and othéknost no papers contain additional measuremehtthe

particle size, and, according to the descriptiorthef methods (usually, single mechanical grinditg® papers
describe coarse millimeter-sized particles.

Certainly, now there is a large number of datalendffect of synthetic and metal nanomaterials actdyia [24;
25].

To investigate the effect of mineral particles dfedent sizes on bacteria, we chose zeolititi¢ tbét is one of the
most common rocks on Earth.

EXPERIMENTAL SECTION

To determine the microbiological activity of diftart-sized tuff particles (Vanchinskoye, Shivertuggk,
Kulikovskoye, Lyutogskoye, and Lyulinskoye depdmtds), we took cultures of opportunistic pathoigemacteria
E. coli 25922 and St. aureus 209-P received frarLtlA. Tarasevich State Institute of Standardizaiod Control
of Biomedical Preparations. The studies were cotedl@t the microbiology laboratory of the "Center f
Epidemiology and Hygiene in Primorsky Krai", Vladatok. We used standard methods and culture mewiat-
peptone agar (MPA) and Endo agar. After prepatiregsblution (1 billion cells) according to the tigiby standard,
zeolites were incubated together with bacterialftwour. Different-sized tuff particles were addedtte bacteria at
concentrations of 10, 20 and 50 mg/ml. Then, usiagdard methods, we inoculated the suspension\dRfd and
Endo agar and placed it in a thermostatic over2fbhours at a temperature of 37°C. The calculadiboolony
forming units (CFUs) was visual. The used zeolaeiples were sterile (treatment in an autoclavencat 180°C for
3 hours).

The concentration of zeolite (in most cases - giitalite, and in one case - mordenite (Kulikovskajeposit field))
in tuffs from all four deposits was about 60-70%ecémpanying minerals such as quartz, feldsparanidcglass,
and some others were also found in tuff.

The tuff particle size analysis was carried ouhgsi laser particle sizer Analysette 22 NanoTecits(th).

In this paper, we use the term "nanoparticles" wiedarring to the objects that are not actuallyapanticles, as
their size is greater than 100 nm. Unfortunatelys iextremely difficult to obtain nanoscale tuffing a grinding
method due to the deformation of the crystal lattBut since their size is less than 1 pm anywaygcensidered
that we could call them "nanopatrticles.”

Fig. 1. Photomicrograph of zeolite particles undean electron microscope
Segment sizeis 1 um
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Nanoparticles (0.1-1 um) were obtained by grindimghe planetary mill Fritsch Pulverisette 2 (Genyiafor 10
minutes at the speed of the main disk of 400 rpoh sreed of satellites of 800 rpm in a beaker (250amd
tungsten carbide balls. In the sample, there wemerthan 85% of particles of this size (Fig. 1).

Microparticles (1-10 pm) were obtained by zeolitending in the sonifier Bandelin Sonopuls 3400 Iffefor 10

minutes with power consumption of about 20,000jkildes per sample. In the sample, there were niae $5% of
particles of this size and smaller particles weraaved with the supernatant (Fig. 2a and b).
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Fig. 2. a) Grain-size chart (X axis - size in um, “éxis - proportion of particles of a certain sizechart - integral function); b)
Photomicrograph of zeolite particles under an elecon microscope
Segment size is 5 um

Coarse microparticles (10-50 pm) were obtained firyding in the Fritsch jaw crusher (Germany) andtfsifted

through a sieve with a cell diameter of 50 um, #meh - through a vibrating screen with a diamefet® pm.
Middle portion was kept. In the sample, there warge than 85% of particles of this size (Fig. 3d Bh
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Fig. 3. a) Grain-size chart (X axis - size in pm, “éxis - proportion of particles of a certain sizechart - integral function); b)
Photomicrograph of coarse zeolite microparticles uder an electron microscope
Segment size is 50 pm

RESULTS

Nanoparticles

The experiments showed that mineral nanopartiche irtually no effect on the growth of bacteff&us, on Fig.
4 you may see a chart showing the effect of clitmie from the Vanchinskoye deposit field on tgeowth of
Escherichia coli.
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Fig. 4. Chart shows the effect of the zeolite nanapticles from the Vanchinskoye deposit field in diferent dilutions (10°, 10° and 107)
and concentrations (10, 20 and 50 mg)

Even if there is a change in number of CFUs whetirmdmineral nanopatrticles, it is within the samdes of
magnitude. Thus, on Fig. 5 you may see a chart sipthe effect of nanoparticles from the Lyulinskogeposit

field on the growth of Escherichia coli. As we csa®, there is a more pronounced response - atcamoation of
50 mg / ml nano-sized zeolite reduces the numb@fafs 4 times.
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Fig. 5. Chart shows the effect of the zeolite nanagticles from the Lyulinskoye deposit field in different dilutions (10°, 10° and 10”) and
concentrations (10, 20 and 50 mg)

Zeolite tuff from other deposits used in the exmennt slightly changed the number of CFUs - valuss #uctuated
within the same order of magnitude.

As shown in a number of papers [26; 27], synth@tnostly carbon nanotubes) and metal nanopartidtes ar
inhibit the growth of bacteria. It is believed thhts is due to the electric charge on the surfafceanoparticles,
which causes an oxidative burst, disrupts the mantand kills the bacteria [28]. Also, it was folgé] that the
response of the cell membranes to nanoparticlel different charge varied dramatically. Positivelgarged
nanoparticles (in this case, gold) penetrated tiinahe membrane and destabilized its structurelewtggatively
charged nanoparticles could not pass through thmbrene and even hindered its breakdown at highvfiseover,
they retained its integrity under conditions whiafithout them would lead to the complete destructadnthe
membrane. There are even papers showing the pagsddi artificial increase in the electric chardge order to
increase the antibacterial activity of metal nambgias [30; 31].
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In our experiment, there was almost no effect afaral nanoparticles on the growth of bacteria ludfations in
the number of CFUs within the same order of magieitare not indicative. Most likely these fluctuasoin the
number of CFUs are caused by the elimination ofemsihnanoparticles on the surface of bacteria &aehge in the
state of vital activity of microbial cells due teetinfluence of the particle surface charge.

Microparticles
The experiments showed that mineral micropartiaféect the growth of bacteria depending on the typeinerals.
And the same types of minerals may have differéfieteon different kinds of bacteria.

For example, zeolite microparticles from the Lywkagye deposit field completely inhibited the growdh St.
aureus 209-P in dilutions of P@o 10°(Fig. 6).

Fig. 6. No growth in St. aureus in the largest diltion (10®) when adding zeolite microparticles from the Lyutgskoye deposit field in the
concentration of 10 mg / ml

As for Escherichia coli, the "antimicrobial" effeof microparticles from the same deposit field wass
pronounced (Fig. 7).
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Fig. 7. Chart shows the effect of zeolite micropaitles from the Lyutogskoye deposit field in differat dilutions (10°, 10° and 107) and
concentrations (10, 20 and 50 mg)

Similar results were also obtained when adding oparticles from other tuff deposits, where the meiok-
forming mineral was clinoptilolite (Vanchinskoyeda8hivertuyskoye).

When adding tuff microparticles from the Kulikovgleo deposit field to these two bacteria, we got a

bacteriostimulating effect. Thus, in the case ofébreus, we observed a 4-8 time (depending otiafiluincrease
in the number of CFUs (Figure 8).
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Fig. 8. Colonies of St. aureus in a dilution of THwhen adding zeolite microparticles from the Kulikowskoye deposit field in a
concentration of 50 mg / ml

When zeolite microparticles from the Kulikovskoyepdsit field interacted with E. coli in all dilutis (10’ to 10°)
and concentrations (10, 20 and 50 mg / ml), we mieskethat colonies grew together — the number d€as
uncountable.

It is worth noting that there were different respes to zeolite microparticles from different depdisids, which is
due to the different types of rock-forming minerals

Coarse microparticles
Microparticles with a size of 10-50 um are objabiat are 5-15 times greater in size than two tygfdsacteria in
the experiment, which means that the only way tdraction is adhesion [32] (Fig. 9).
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Fig. 9. Chart shows the effect of coarse zeolite anbparticles from the Vanchinskoye deposit field indifferent dilutions (10°®, 10° and
107) and concentrations (10, 20 and 50 mg)

During the experiment, coarse microparticles framg deposit field showed no pronounced effect ortdyac All
fluctuations in the number of CFUs were within sane order of magnitude.

DISCUSSION

It is possible to make a preliminary conclusiont i@ particle size and the type of rock-forminghergals are very
important when contacting with bacteria.
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Graphically, this difference can be showed in thartbelow (Fig. 10).

1-3 mkm

Fig. 10. E. coli (blue cylinder marked with a dimesional rule) compared with nano-, micro- and coarsenicroparticles

For example, Escherichia coli (E. coli) has an agersize of 1 to 3 um, and all its relationshipghwiano-, micro-
and coarse mineral microparticles can be descrisethree processes: adhesion of nanoparticlesaieriza direct
contact with microparticles and adhesion of baateri coarse microparticles.

In this situation, the main role is played by theface charge of the solid substance, its chensizaiposition and
texture.

According to the results obtained, natural mineao- and coarse microparticles from the invesigjaeolite tuff
deposits have virtually no effect on the growttstfaureus and E. coli.

In the case of microparticles from the same depositl depends on the type of a rock-forming mihera
clinoptilolite has a bacteriostatic effect, and demite — bacteriostimulating effect.

CONCLUSION

According to the data obtained, it must be condutfat the relationships between different-sizederal particles
and bacteria are often ambiguous and require fumheéepth research.

Search for the mechanism of relationships betweenoorganisms and particles of mineral dust desefeeused
attention, if only because every grain of atmosigcherist inhaled by us carries on its surface tams laundreds of
bacteria and viruses.

Acknowledgements

This paper is supported by the Scientific Founaatibthe Far Eastern Federal University (13-06-081L&, 14-08-
02-24_i) and the Grant from the Ministry of Eduoati and Science of the Russian Federation
(RFMEFI59414X0006).

REFERENCES

[1] VS Safronov. Evolution of protoplanet cloud andyoriof Earth and planets, Moscow, Nauk@6g 244.
[2IA Coradini, F Capaccioni, S Erard et @tience2011,334(6055); 492-494.

[BIH Sierks, P Lamy, C Barbieigcience2011,334(6055); 487-490.

[4] AE Rubin, J.N GrossmaMeteoritics & Planetary Scien¢2010,45 (1); 114-122.

BIRM Garrels, FT Mackenzie. Evolution of Sediment&gcks. W.W. Norton and Company, New Yod971,
397.

[6]OA Bogatikov.Herald RA$2003 73 (5), 426-428.

[7] SR Douglas, A Flemimg, MB Colebroadkancet 1917,2; 530-532.

[8] G Stotzky.Can. J. Microbiol 1966a,12(4); 831-848.

[9] G Stotzky.Can. J. Microbiol 1966b,12(6); 1235-1246.

[10]G Stotzky, LT RemCanad. J. Microbial1966,12(3); 547-563.

[11]G Stotzky, LT RemCanad. J. Microbial1967,13(11); 1535-1550.

[12]DG Zvyagintsev Interactions of organisms and sslidfaces. Moscow, Moscow State Universit973 176.
[13]M Fletcher.Mech. And Physiol. Signifid985,7; 339-362.

[14]1DM Kim, YE Kim, CY Choi.Biotechnology Letterd 995,17; 1043 — 1046.

758



Kirill S. Golokhvast et al J. Chem. Pharm. Res., 2015, 7(3):752-759

[15]T Maeda, Y NoseArtif. Organs 1999, 23; 129-130.

[16]B Galeano, E Korff, WL NicholsorApplied and Environmental Microbiolog9003,69; 4229-4231.

[17]AA Shurubikova Influence of natural zeolites onc&sromyces cerevisiae. PhD thesis, Ulan-2064 23.
[18]L Vesna, S Ivkovic, T Vesna. Prebiotic activity oéolite based products. 5-th International Confezeand
Exhibition on Nutraceuticals and Functional Fodssn Francisco, SA2004 483.

[19]B Concepcion-Rosabal, N Bogdanchikova, | De la Rdd& Olguin, D Alcantara, G Rodriguez-Fuentes.
Bactericidal action of Cuban natural clinoptilolitentaining clusters and nanoparticles of silvayolBof abstracts
7th International Conference on the Occurrencepéntes, and Utilization of Natural Zeolites «Z¢g06»,16—21
July, Socorro, New Mexic®008 88-90.

[20]L Foglar, L Sipos, N BolfWorld Journal of Microbiology & Biotechnolog2007,23; 1595-1603.

[21]GA ZavarzinHerald RAS2008 78(4); 328—-336.

[22] EB Naimark, VA Erouschev-Shack, NP Chizhikova, BlnffpantsevaZzhurnal Obshchei Biologi2009 70(2);
155-167.

[23]NG Kuimova, AP SorokinDoklady Earth Science201Q 430(1); 43—-47.

[24]1N Musee, M Thwala, N Nota.Journal of Environmental Monitoring@011,13(5); 1164-1183.

[25]PJP Espitia, NFF Soares, JSR Coimbra, NJ de AndRfsleCruz, EAA MedeirosFood and Bioprocess
Technology2012,5(5); 1447-1464.

[26] KR Raghupathi, RT Koodali, AC Mannd.angmuir, 2011,27(7); 4020-4028.

[271L Jin, Y Son, JL DeForest, YJ Kang, W Kim, H Chun&cience of the Total Environme2014, 466-467;
533-538.

[28]RK Dutta, BP Nenavathu, MK Gangishetty, AVR Red@plloids and Surfaces B: Biointerface2012 94;
143-150.

[29]S Tatur, M Maccarini, R Barker, A Nelson, G Fragnéangmuir 2013 29 (22); 6606—-6614.

[30] VA Kolikov, VE Kurochkin, LK Panina, FG Rutber@oklady Akademii NaylR005,403(4); 561-563.

[31]VA Kolikov, AF Rutberg, FG Rutberg, VN Snetov, AY8togov, VE Kurochkin, LK Paninalechnical
Physics. The Russian Journal of Applied Phy£i687,52(2.); 263-270.

[32] DB Knaebel, KE Stormo, RL Crawfor@8ioremediation Protocols. Methods in Biotechnolot§97,2; 67-78.

759



