Antimicrobial activity of graphene nanoplatelets against Staphylococcus aureus.
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The control of bacterial growth is one of the mdsallenging environmental issues, since surfaces
exposed to media rich in microorganisms can be dathar lose their functionality.

In this work, we have investigated the antimicrolpigperties of Graphene Nanoplatelets (GNPSs)
in acqueous suspensions agaifkphylococcus aureus to demonstrate the possibility to use
graphene based material in environmental applieatiin order to study the GNPs toxicity and
antimicrobial activity in an in vivo model, we repoan antimicrobial study of graphite
nanoplatelets on th& aureus-Caenorhabditis el egans infection model.

If compared with the traditional antimicrobial aggmanomaterials can go beyond some classical
limitations, such as antibiotic-resistance bactdaaelopment and release of highly toxic metals or
biocides. In this context, graphene based matesi@smerging as promising antimicrobial agents
[1]. The exact mechanism of bactericidal effectsitstill not well known, and it is strongly
dependent on their surface chemistry. In GNPs predurom graphite intercalation compound
(GIC), the mechanical wrapping, puncturing and dgin@ of the cellular membrane are the only
observed mechanisms, without any production oftre@oxygen species (ROS) [2]. Conroy et al.
have shown that non-oxidized nanoplatelets typiadd not produce ROS, demonstrating their high
biosafety, thus enabling their use as antimicrodggnts [3].

In the present work we have produced GNP using @G precursor. In the first step of the
process, GIC powders are thermally expanded inramleobtain expanded graphite. We have
investigated two different expansion conditionsontler to produce nanoplatelets with different
lateral size distributions and thicknesses, withghope of assessing how the morphology of GNPs
can affect their antimicrobial properties [4]. Teepanded graphite is then exfoliated by liquid-
phase exfoliation in a biocompatible solvent.
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The antimicrobial tests have been performed orsthereus cellswith the as prepared suspensions.
About 5 x 10 cells/ml were incubated in PBS at 37°C with GNPslifierent concentrations ranging from
10 to 750ug/ml under shaking for 24h. The viability of thecberia cells was evaluated by the Colony
Forming Units (CFU) methodAlthough GNP produced with GIC expanded at différeonditions
(1150°C for 5s and 1050°C for 30s) resulted inedéht lateral size dimensions (AFM and SEM
data not shown), the concentration dependent asrtimial activity showed no remarkable size-
dependent antimicrobial effect in the studied rafigjg.1e). Nevertheless, at high concentrations
(i.e. 750 pg/ml) the agglomeration effect of the RaMNo-c resulted in a drop of the antimicrobial
effect.



As shown in Fig.1 (c,d), the mechanical antimicableffect is intrinsically enhanced when a single
GNP interact with cells, so it is strongly depertd@nthe suspension stability quality.

In order to study the antimicrobial properties aftable suspension, a mixture of water and Pluronic
F108 surfactant has been used as medium in the liexfoliation phase. The obtained stable
suspension lasted more than 3 months without adyneatation. Fig.1f shows the antimicrobial
effect of the so produced suspensions, in a thesksvshelf-life experiment.

As a final test, using the nemato@eelegans as animal model, we found the ability of GNPs to
reducein vivo the infection in this mini-host model (Fig.1g),ndenstrating the possibility to use
GNPs as an antimicrobial and biocompatible mat@riahvironmental applications.
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Figure 1: (a,b,c,d) SEM Images of treated and ateeS aureus cells. (a,b) Untreated cells at
different magnitudes. (c,d) treat&daureus cells. Fig. 1(d) shows the effect of wrapping,itgb of

a suspension treatment. (e) Antimicrobial effectvad different GNPs at different concentrations.
Loss of cell viability rates was obtained by coloogunting method. Error bars represent the
standard deviation. (f) Antimicrobial effect of tsame GNPs suspension as a function of the first
three weeks of shelf-life at two different concatibns. (g)In vivo antimicrobial test results on
Saureus-C.elegans infection model.



