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Reactive oxygen species (ROS), such as those produced by phagocytic cells of the immune
system, can trigger oxidative stress leading to cell death.1 In this line, titanium dioxide (TiO2)
constitutes an outstanding light-driven ROS generator. However, the wide band gap of this
semiconductor (3.2 eV)2 makes necessary the use of UV irradiation in order to achieve its
photoactivation. For this reason, plasmonic metal nanoparticles have been implemented over the
past years in order to extend the photocatalytic action of TiO2 to the visible light.3 Herein, we
present a series of nanostructured materials composed of TiO2 nanoparticles and plasmonic gold
nanorods (AuNRs). These composites are aimed at eradicating Escherichia coli (E. coli) biofilms
employing sunlight. To this end, multi-walled carbon nanotubes (MWCNTs) deposited onto
spherical silica nanoparticles (SSNPs), graphene oxide (GO) sheets, spherical silica nanoparticles
(SSNPs), and titanate nanowires (TiNWs) were used as different-dimensioned substrates in order
to assemble the TiO2 nanoparticles. The phototoxicity of these composites was initially tested in
vitro for the photoinactivation of rhodamine B (RhB). Then, their antibacterial properties were
evaluated. Remarkably, the SSNP/MWCNTs and TiNWs nanocomposites elicited the in vivo
photoinactivation of cytoplasmic GFP expressed in E. coli, as well bacterial death, that might be
due to ROS production. These architectures may pave the way for the development of solar lightresponsive antimicrobial surfaces.
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Figure 1. TEM images of the different hybrids, following the same composition as Scheme 1. (a) row:
CNT-SNP-based 1D structure (i); GO-based 2D structure sheets (ii); SNP-based 3D sphere structure (iii);
TiNW-based 3D wire structure (iv). (b) row: the aforementioned structures coated with AuNR@PSS (i, iii
& iv) and bare AuNR (ii). (c) row: substrates from (b) coated with TiO2. Scale bar (a): 1 µm; scale bar (b)
& (c): 100 nm; insets scale bar: 500 nm.

Figure 4. Fluorescence microscope images for two channels: green fluorescent protein (GFP) and bright
field (BF) for E. coli + substrates@AuNR@TiO2 after solar radiation. Scale bars: 25 µm
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Figure 2. Nanohybrids UV-Vis spectra: (i) substrates@AuNR; (ii) substrates@AuNR@TiO2. CNT-SNP,
GO, SNP and TiNW substrates are shown as pink, orange, green and dark cyan lines, respectively.

In vitro photodegradation of Rhodamine
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CONCLUSIONS

Different AuNR/TiO2 ratio is
optimized for the different
substrates

• Four different nanohybrids have been designed composed by AuNR
and TiO2
• Both TiNW and CNT-SNP lead to more phototoxicity than the other
substrates
• This nanohybrids are valid as a proof of concept for developing an
antimicrobial treatment
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Figure 5. Phototoxicity of the
(ii) four
different
substrates@AuNR@TiO2 in
E. coli (i) and E. coli biofilm
alone (ii) with simulated
sunlight (red bars) and
negative control in darkness
(black bars). Error bars
represent standard deviations
and *statistical analysis by
Student’s t-test were *p < 0.05
and ** p < 0.005 from three
(iv)
independent
experiments.
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Figure 3. Photodegradation of RhB after 3 h in the presence of CNT-SNP@AuNR@TiO2 (pink line),
SNP@AuNR@TiO2 (green line), GO@AuNR@TiO2 (orange line), TiNW@AuNR@TiO2
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