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ABSTRACT

Superhydrophobic surfaces are present in nature on the leaves of many plant species. Water
rolls on these surfaces and the rolling motion picks up particles including bacteria and viruses.
Man-made superhydrophobic surfaces have been made in an effort to reduce biofouling. We
show here that the anti-biofouling property of a superhydrophobic surface is due to an
entrapped air-bubble layer that reduces contact between the bacteria and the surface. Further,
we showed that prolonged immersion of superhydrophobic surfaces in water led to loss of the
bubble-layer and subsequent bacterial adhesion that unexpectedly, exceeded that of the control
materials. This behavior was not restricted to one particular type of material but was evident
on different types of superhydrophobic surfaces. This work is important in that it suggests that
superhydrophobic surfaces may actually encourage bacterial adhesion during longer term

exposure.



Bacterial biofilms on surfaces are known to produce adverse impacts in many situations such
as pipeline corrosion, water contamination, and hospital associated infections.!” Intensive
effort is focused on the design of antibacterial surfaces to limit bacterial attachment and
subsequent biofilm formation.®!! The use of superhydrophobic surfaces (SHS) is considered a
promising anti-biofouling strategy because such surfaces have been reported to significantly
reduce bacterial adhesion.'>!* Some variation in experimental design is evident in tests of
superhydrophobic surfaces with some studies employing a continuous flow of bacterial
suspension over the superhydrophobic surface whereas others have simply immersed the
material in a static bacterial suspension for various periods of time.!>! Crick et al. (2011) and
Ozkan et al. (2016) demonstrated a 58—80% and 50—-79% reduction in adhesion, respectively,
of S. aureus and E. coli to a superhydrophobic surface produced by aerosol-assisted chemical
vapor deposition (AACVD) compared with uncoated glass , and Privett ef al. (2011) showed a
99% and 98% reduction in the adhesion of S. aureus and Pseudomonas aeruginosa,
respectively, on silica-colloid-doped substrates, compared to the substrate without the
colloid.!>6 19 Freshauf et al. (2012) showed that superhydrophobic polystyrene, polycarbonate,
and polyethylene surfaces had low initial adhesion of E. coli and good removal efficiency:
about 2% of the initial bacterial population attached to the superhydrophobic surfaces and after
rinsing with PBS, only 0.1% cells of the attached cells remained on the surface.'® Previous
studies suggested that the reduced adsorption of proteins on to superhydrophobic surfaces
reduces bacterial adhesion, and enables easy detachment of bacteria.?*2*

In this work, a previously described superhydrophobic surface was used.>> Our work shows
that air bubbles are physically entrapped on a superhydrophobic surface when the material is
immersed in a bacterial suspension. This results in a reduced contact area between the bacteria
and the superhydrophobic surface, resulting in a significant reduction in the number of adherent

bacteria following 1 h of exposure. However, the air-bubble layer was not maintained at the
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surface over a longer period of time. After 2.5 h immersion time, the air-bubble layer
disappeared and after 24 h of exposure, bacterial adhesion on the superhydrophobic surface
was more extensive than on smooth intact glass, polyurethane, or polystyrene surfaces,

presumably due to the high surface roughness of the superhydrophobic material.

RESULT AND DISCUSSION

Surface Roughness and Water Contact Angle of the Tested Samples

As control materials, a glass slide (VWR, PA, USA), polyurethane (PU, American Polyfilm
Inc, Branford, CT, USA), white polystyrene sheet A (WPSA, Station Road Baseboards,
Norwich, UK) and white polystyrene sheet B (WPSB, Station Road Baseboards were used, and
a robust superhydrophobic surface was produced wusing 1H, 1H, 2H, 2H-
perfluorooctyltriethoxysilane, P25 TiO, nanoparticles, ethanol, and double sided tape.>> The
size (2.5 cm x 5.5 cm) of all samples was the same. Before the bacterial attachment assay, the
water contact angle and surface roughness of the samples were determined using a drop shape
analyser (FTA 1000B, First Ten Angstroms, Inc., Portsmouth, Virginia, USA) and atomic-force
microscopy (AFM, EasyScan 2 AFM, Nanosurf, Liestal, Switzerland), respectively. As shown
in Table 1, Figure S1, and Video S1, the superhydrophobic surface showed a water contact
angle of >160 ° with low rolling off angle (0 °) and contact angle hysteresis (0.4 °) and displayed
good water-repellent property. The superhydrophobic surface had the highest water contact
angle and surface roughness of all the samples tested whereas the lowest water contact angle
(5.7 °) and roughness (4.9 nm) was observed with glass (Table 1, Figure S1, and S2) (water
contact angle: glass slide < WPSB < WPSA < PU < SHS; surface roughness: glass slide <

WPSA <PU< WPSB < SHS).

Bacterial Adhesion on the Samples after 1 h of Exposure
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In the bacterial attachment assay, the samples were immersed in bacterial suspensions (~108
CFU/mL) in either BHI broth or PBS and incubated for 1, 4, 8, 16, and 24 h at 37 °C. To
quantitatively compare bacteria attached to the samples, equal sized samples with attached
bacteria were stained by using 0.1% crystal violet (CV) solution. After thorough washing to
remove unbound CV, the bound CV was solubilized in ethanol and the absorbance, proportional
to the number of attached bacteria, was measured at a wavelength of 590 nm.?®? For this study,
a methicillin-sensitive strain of Staphylococcus aureus (S. aureus 8325-4), Escherichia coli (E.
coli ATCC 25922), a clinical strain of methicillin-resistant Staphylococcus aureus (MRSA
4742; obtained from P. Wilson, University College London Hospital), and a clinical strain
of Escherichia coli which expresses a carbapenemase enzyme (CRE 1030; obtained from J.
Wade, King’s College London) were used. Before the bacterial adhesion test, samples including
glass, polyurethane, polystyrenes which liquid does not penetrate, were chosen because liquid
absorbing materials such as textile, and paper can absorb crystal violet molecules resulting in
a production of wrong experimental result. it was confirmed that the superhydrophobic surface
alone was not stained by CV ? and that CV staining of the other surfaces was negligible (optical
density at 590 nm <0.01). As shown in Figure 1, the superhydrophobic surface showed less
bacterial adhesion compared to the glass, WPSA, PU or WPSB after 1 h of exposure to a
bacterial suspension in either BHI or PBS (Mann-Whitney U test: p-value <0.05 for all bacterial
species in either BHI or PBS). With S. aureus, MRSA, E. coli, and CRE in BHI, bacterial
adhesion on the superhydrophobic surface was 26-91% lower compared to the other surfaces,
and indeed the decrease in CRE attachment to the superhydrophobic surface was ~91%
compared to other surfaces. In PBS, bacterial attachment to the superhydrophobic surface was
35-82% lower compared to the other materials, and the most dramatic reduction in bacterial
adhesion was observed for S. aureus 8325-4 which adhered most readily to the control surfaces

and showed a 69-82% reduction in adhesion to the superhydrophobic surface compared to
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glass, WPSA, PU, or WPSB.

Bacterial Adhesion to the Superhydrophobic Surface with Increasing Exposure Time
Figure 2 (a) and (b) show that bacterial adhesion to the superhydrophobic surface increased
with exposure time. After 24 h, the number of bacteria attached to the superhydrophobic surface
increased 12-fold compared to the levels of adhesion at 1 h (as measured by CV staining) and
the most significant increases in adhesion was apparent for CRE in BHI and S. aureus in PBS:
the numbers of attached CRE and S. aureus after 24 h was 43 and 41 times higher, respectively,
than at 1 h. Figure 2 (c¢) and (d) show surface coverage of S. aureus, MRSA, E coli and CRE
on the superhydrophobic surface with increasing exposure time. The photograph insets in
Figures 2 (c¢) and (d) show the CV-stained materials after exposure to S. aureus. It was curious
that colonization occurred usually from the edges of the superhydrophobic material and
progressed uniformly across the entire surface. After 24 h of bacterial exposure, 95-99% and
93-99% of the superhydrophobic surfaces were colonized by bacteria in BHI and PBS,

respectively.

Change of the Water Contact Angle on Superhydrophobic Surface with Increasing Time
of Exposure to Bacteria

Figure 3 (a) shows the average water contact angle of the superhydrophobic surface in terms
of the exposure time to bacteria. Before the experiment, it was confirmed that neither sterile
PBS nor BHI affected the water repellency of the superhydrophobic surface over the course of
24 h. At time zero the superhydrophobic surface gave a water contact angle of >150 ° in both
PBS and BHI. After 24 h of bacterial exposure in BHI and PBS, the average contact angle of
the superhydrophobic surfaces exposed to different bacteria ranged from 111.9 to 96.4°,

indicating that the superhydrophobic surface had become hydrophobic. Figure 3 (b) shows the
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progressive reduction in the water contact angle across the superhydrophobic surface with
increasing time of exposure to bacteria. It was observed that after 1 h of exposure to bacteria,
the majority of the surface had a water contact angle of >150 ° although an edge of
superhydrophobic surface had a small contact angle reduction. However, after 4 h of the
exposure, a dramatic reduction (reduction angle: 50—60 °) of water contact angle on the edge
was observed and this area diffused across the superhydrophobic surface with increasing
exposure time and the reduction was confirmed across the superhydrophobic surface after 24
h of bacterial exposure. This is explained by the fact that the adhesion of bacteria, which have
a hydrophilic surface (Figure S3) causes a reduction in water contact angle of the
superhydrophobic surface. As shown Figure S4 and S5, SEM and confocal microscopy showed
that after the 24 h exposure, bacteria attached to the superhydrophobic surface. AFM analysis
showed that due to bacterial adhesion, the roughness of the superhydrophobic surface

decreased from 853.7 to 501.8 nm.

Bacterial Adhesion after 24 h of Exposure

Figure 4 (a) and (b) show a comparison of bacterial attachment to a glass slide, WPSA, PU,
WPSB, and the superhydrophobic surface after 24 h exposure in either BHI or PBS. In contrast
with a 1 h exposure in which the superhydrophobic surface showed reduced adhesion compared
to the control (Figure 1), at 24 h the number of bacteria attached to the superhydrophobic
surface was greater (>1.6 times, Mann-Whitney U test: p-value <0.01) than that attached to
either the glass slide, WPSA, PU, or WPSB in both BHI and PBS. Compared to glass, there
was a 9-fold or 11-fold increase in the density of adherent bacteria to the superhydrophobic
surface at 24 h for CRE (in BHI) and MRSA (in PBS), respectively. To determine if the
increased adhesion at 24 h was specific for this particular superhydrophobic surface, the

experiment was repeated with other superhydrophobic surfaces which are chemically different,
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and the results were similar (Supporting information Figure S6 and 7).

To determine the factors that contribute to the large increase in bacterial adhesion on
superhydrophobic surfaces after prolonged exposure, the materials were analysed in terms of
surface roughness, and water contact angle.?®3! As shown in Figure 4 (c) and (d), there was a
statistically significant correlation between the number of attached bacteria and the surface
roughness of the material (Pearson correlation coefficient (PCC): 0.94<r <1 for all bacteria in
BHI and PBS). However, there was no relationship between the water contact angle of the
sample and the number of attached bacteria (Figure S8). In previous research,
superhydrophobic surfaces, which are in the Cassie-Baxter slippery state, have been reported
to have less bacterial adhesion than glass, and hydrophobic or hydrophilic surfaces, and it was
speculated that when the superhydrophobic surface resulting from a rough surface with low
surface energy is immersed in bacterial suspension, air-bubbles are entrapped on the surface,
resulting in decreased bacterial adhesion.!®?® However, this present study showed that over a
longer period of time, bacterial adhesion on a superhydrophobic surface is more extensive than
on the other surfaces and this is due to the high roughness of the superhydrophobic surfaces.
This was confirmed with chemically different superhydrophobic surfaces (PCC: 0.95< 1 <0.99

at MRSA in BHI and PBS).

The Air Bubble Layer Prevents S. aureus from Recognizing the Surface

When bacteria associate with a surface, they are thought to recognize the adhesion force
exerted by the surface and respond by producing adhesive molecules which increase the
strength of the interaction. It has been shown that the adhesion forces cause nanoscale
deformation of the bacterial cell wall and this is thought to be detected by mechanically-
sensitive receptors in the cell membrane.?** Previous work has shown that a S. aureus pbp4

mutant, which has defective cell wall structure (reduced frequency of cross-linked
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peptidoglycan) exhibits increased cell wall deformation on interaction with a surface and a
reduced adhesion force indicating that normal peptidoglycan structure is crucial for proper
surface recognition.*® In this work, we hypothesized that the air bubble layer was effectively
‘cushioning’ the surface and preventing the bacteria from recognizing the surface adhesion
force. To test this, we investigated adhesion of a S. aureus pbp4 mutant to the superhydrophobic
surface in comparison with the isogenic wild-type strain. Figure 5 (a) shows that, while there
was no difference in the ability of the two strains to colonise the material at 1 h (both strains
colonized poorly) after 24 h the pbp4 mutant colonised significantly less well compared to the
parent strain. This suggests that the air bubble layer present initially on the superhydrophobic
surface masks the adhesion force thus preventing the bacterium from recognizing the surface.
Once the air bubble layer is lost, however, the force exerted by the surface is detectable by the
bacterium but only if it has normal peptidoglycan structure. (t-test: p-value <0.05 at BHI and
p-value <0.01 at PBS). This data agrees with previous work in that the pbp4 mutant is defective
in surface sensing.*® Further, it shows that the anti-adhesion activity of the superhydrophobic
surface is due to a short-term ‘cushioning’ effect of the trapped air bubble layer which prevents

bacterial detection of the force exerted by the surface.

Detection of the Air-Bubble Layer on Superhydrophobic Surface by the Plastron Effect.

When the superhydrophobic surface, in a Cassie-Baxter state (slippery to water), is
immersed in water and rotated about 49 degree (glancing angle), a mirror like surface appears
because of light reflection.’*3 It was reported that this effect is due to an air-bubble layer
between the water and the superhydrophobic surface which is known as a plastron effect.?* 3
Figure 5 (b) shows the mirror-like surface generated as a result of the plastron effect of the
superhydrophobic surface. The mirror like surface appeared right after the material was

immersed in water and the effect was present with all the superhydrophobic surfaces tested.
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However, after 60 min, the mirror like surface started to disappear and it was obvious only
around the edge of the superhydrophobic surfaces after 120 min, before it disappeared
completely after 150 min, indicating loss of the air-bubble layer between the water and the
superhydrophobic surface. The pattern of air-bubble loss on the superhydrophobic surface was
similar to the pattern of the bacterial colonization of the surface and the reduction of water
contact angle on the surface (Figure S9). Here the pattern of bacterial adhesion on the
superhydrophobic surface correlates with the pattern of air-bubble loss. Thus, it appears that
the presence of air bubbles prevents bacterial adhesion (Figure S10).

Figure 5 (c) shows the shape of the air-bubble layer entrapped on the superhydrophobic
surface. Because the size of air-bubble layer on the superhydrophobic surface with a surface
roughness of approximately 1 um was too fine, it was not possible to detect the layer on the
surface immersed in water using optical microscopy. Thus, to confirm the bubble layer, a
superhydrophobic surface with a surface roughness of about 139.5 um (Ra) was produced. The
surface was immersed in water and it was photographed side on using optical microscopy.
Right after its immersion in water, it was clearly observed that air-bubbles were entrapped
between humps of the superhydrophobic surface. This clearly explains how the
superhydrophobic surface has less adhesion than other surfaces over such a short period of time.
The bubble layer reduced the contact area between the bacteria and the superhydrophobic
surfaces and the air/water interface was not penetrated by the bacteria.!¢ However, the thickness
of the air-bubble layer decreased with immersion time because air dissolved into the water.*
3 The air bubble layer vanished at the surface after 60 min. This shows why the bacterial
adhesion on the superhydrophobic surface significantly increased with increasing the exposure
time. As the air-bubble layer vanished, the high roughness (Ra: 853.7 nm) of the
superhydrophobic surface offers a favourable environment for bacterial colonization (E. coli:

~500 nm in diameter and <2000 nm in length, and S. aureus: <1000 nm in diameter).***!
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To determine the ease with which adhered bacteria could be removed from the various
surfaces by cleaning, the materials were repeatedly and vigorously wiped with a gloved finger.
As shown in Figure S11, bacteria were least efficiently removed from the superhydrophobic
surface. This is presumably because bacteria were lodged in the grooves of the rough surface
and were protected from the wiping motion.

With respect to the anti-biofouling mechanism of a superhydrophobic surface, previous work
showed that a superhydrophobic surface was selective in that it prevented colonization by P
aeruginosa but not S. aureus and the authors proposed that this was due to the degree of surface
contact made by the morphologically different bacteria.**** Other published studies present
contrasting results, however, suggesting that superhydrophobic surfaces are effective in
preventing colonization by S. aureus although the anti-biofouling mechanism is unknown and
several theories were proposed.!® 2124 44

This study is to show that superhydrophobic surfaces have only a short-term anti-biofouling
activity when exposed to a bacterial suspension and indeed show an increased propensity for
bacterial colonization compared to control materials after prolonged exposure as a result of
their surface roughness. The air-bubble layer entrapped on a superhydrophobic surface appears
to have two actions: firstly, it reduces the area of contact between a bacterium and the surface
and secondly, it may cushion the bacterium from the adhesion force exerted by the surface
effectively rendering the surface undetectable by the bacteria. These actions are short-lived
however, as the air bubbles dissolve in water® and the high roughness of superhydrophobic
surface becomes a favourable environment for bacterial colonisation. As a result, the number
of bacteria attached to the superhydrophobic surface was significantly higher after 24 h than
other substrates including glass, polystyrene, and polyurethane, and, it was more difficult to

remove the bacteria by wiping.
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CONCLUSION

Many previous studies which report the anti-biofouling property of superhydrophobic
surfaces have only investigated bacterial adhesion over short time periods (<4 h).'>'7:1 We
have shown that the anti-adhesion activity of superhydrophobic surfaces is short-lived and that
their rough nature may actually enhance bacterial colonization over the longer term. This is
important, since rather than reducing bacterial colonization, superhydrophobic surfaces may
actually function as bacterial reservoirs which has important implications for their use in
healthcare or food-preparation environments. This study corrects a misunderstanding on anti-
biofouling property of superhydrophobic surface at least under full immersion and it offers

useful and valuable information for further development of antimicrobial surfaces.
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METHODS

Sample Preparation

Superhydrophobic surface (SHS): 1.0 g of 1H, 1H, 2H, 2H-perfluorooctyltriethoxysilane
(PFOTES, CgF13H4Si(OCH2CH3)3, Sigma-Aldrich, St. Louis, MO, UK) were mixed with 99.0
g of pure ethanol (EDM Millipore Co., Billerica, MA, UK), and then agitated for 5 min. 4 mg
of P25 TiO; nanoparticles were dispersed in 40 mL of the mixture and sonicated for 1 min. To
produce robust superhydrophobic surfaces, double sided Sellotape (Henkel AG & Company,
KGaA, Diisseldorf, Germany) was attached to a slide glass, it was dipped in the mixture, and
then the material was stored in the dark for 24 h before use.

Polyurethane (American Polyfilm Inc, Branford, CT, USA), and glass (VWR, PA, UK),
white polystyrene sheet A (WPSA, Station Road Baseboards, Norwich, UK) and B (WPSB,
Station Road Baseboards, Norwich, UK) were purchased and cut to the same size (2.5 cm X
5.5 cm).

Preparation of Bacterial Suspensions

Staphylococcus aureus (S. aureus 8325-4), Escherichia coli (E. coli ATCC 25922),
methicillin-resistant Staphylococcus aureus (MRSA 4742), and a multidrug resistant,
carbapenemase-producing clinical strain of Escherichia coli (CRE 1030) were used for this
study. S. aureus, E. coli, MRSA, and CRE were stored at —70°C in brain-heart-infusion broth
(BHI broth, Oxoid Ltd., Hampshire, England, UK) with 20% (v/v) glycerol. E. coli and CRE
were propagated on MacConkey agar (Oxoid Ltd., Hampshire, England, UK), and S. aureus
and MRSA were propagated on mannitol salt agar (Oxoid Ltd.) 10 mL of BHI broth was
inoculated with one bacterial colony and incubated at 37°C in air with shaking at 200 rpm.
Bacterial Adhesion to Samples
Bacteria in BHI broth: after 18 h incubation, the bacterial suspension was diluted 10-fold to

~108 colony forming units per milliliter (CFU/ mL) using BHI broth.
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Bacteria in phosphate buffered saline (PBS): After incubation for 18 h, the bacteria were
harvested by centrifugation at 5000 rpm for 10 min, washed using 10 mL of PBS, and
centrifuged again to recover the bacteria which were re-suspended in 10 mL of PBS. The
washed suspension was diluted 10-fold to obtain ~10® CFU/mL.

The glass slide, WPSA, WPSB, PU, and superhydrophobic surfaces were immersed in the
bacterial suspensions and incubated at 37°C for 1, 4, 8, 16, and 24 h. The samples were removed
from the bacterial suspensions, washed in distilled (DI) water to remove non-/weakly adherent
bacteria and placed into 0.1 % crystal violet (CV) solution for 15 min to stain the bacteria. The
stained samples were vigorously washed in DI water twice, placed in 10 ml of pure ethanol,
and then vortexed for 5 min to solubilise the CV. Particulate debris was removed by
centrifugation at 14,500 rpm for 2 min, and the absorption of the solution at 590 nm was
measured using a UV-vis spectrometer.

Bacterial Surface Coverage Measurement

Following exposure to the bacterial suspensions, the samples were placed in CV solution to
stain bacteria, then washed in DI water twice, and dried in the dark for 24 h. The extent of
coverage of stained bacteria on the samples was determined using Image] software

(http://imagej.nih.gov/ij/): Colour threshold via image adjust was chosen and then hue,

saturation and brightness of the sample image was controlled to select bacteria covered area
which is stained by crystal violet. After that, the covered area was measured through analysis
Bacteria coverage was calculated as below

bacteia coverage area

bacteria surface coverage(%) = 100 X
total area

Confocal Microscopy
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SYTO 9 green fluorescent nucleic acid stain in Live/Dead BacLightTM Bacterial Viability
kit (L707; Invitrogen, Carlsbad, CA, USA) was used to confirm the bacteria attached to the
surface of samples. SYTO 9 generally labels all bacteria. The excitation/emission wavelength
of the stain are 485/530 nm. 1.5 pL of SYTO 9 was mixed with 1 mL of PBS, and the solution
was inoculated on the bacteria attached samples, and kept in the dark at room temperature for
15 min. The bacteria were visualized using confocal layer scanning microscopy (Bio-Rad
Laboratories, Inc., Hercules, CA, USA).

SEM and AFM Analyses

The samples were coated by gold nanoparticles to inhibit charging. Scanning Electron
Microscopy (SEM, JEOL Inc., Peabody, MA, USA) was used at an accelerating voltage of 5
kV. Images were captured using SEMAfore software. Atomic force microscopy (AFM,
EeasyScan 2 AFM, Nanosurf, Liestal, Switzerland) was used to investigate a roughness of the
sample surfaces (50 um x 50 pm). For the tapping mode, both the NCLR mode and dynamic
force mode was employed, and the resonant frequent of the cantilever ranged from 150 to 200
kHz.

Water Contact Angle

The water contact angle on the samples was measured by a contact angle meter (First Ten
Angstroms, Inc., Portsmouth, Virginia, USA). A droplet (~5 puL) of DI water was put onto the
sample surface, photographed side on and the images were analyzed by Surftens 4.5 software.
The contact angle hysteresis (CAH) was investigated by the “add and remove volume”
method.*® CAH was calculated by the variation of advanced angle and receding angle.
Measurement of Water Contact Angle cross Superhydrophobic Surface

To determine if the superhydrophobic surfaces kept their properties after bacterial exposure,
the measurement of water contact angle was conducted. As shown in Figure S12, the angles

across the superhydrophobic surface were determined after 1, 4, 8, 16, and 24 h bacteria
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exposures.
Plastron Effect of Air Bubbles on Superhydrophobic Surface.

The superhydrophobic surface was vertically immersed in DI water and rotated about 49
degree resulting in that the surface appearance changing from a white surface into mirror-like
surface. Images of the surface were taken at intervals of 5 min.

Air-Bubble Layer on Superhydrphobic Surface

To confirm the air-bubble layer on the superhydrophobic surface, the uniformly structured
surface was coated by superhydrophobic paint. The surface was immersed in DI water and it
was photographed side on at intervals of 20 min.

Mutant Bacteria Test

S. aureus (USA300 JE2, methicillin-resistance S. aureus (MRSA)) and S. aureus pbp4

(transposon mutant NE679, derived from JE2 strain) were used.*”*® BHI and PBS bacteria

suspensions were prepared. The number of the bacteria is ~10® colony forming units per
milliliter (CFU/ mL). The superhydrophobic surface was placed in the bacterial suspension for
1 and 24 h at 37 °C. The sample was collected from the bacteria suspension, washed using DI
water, and then placed into 0.1 % crystal violet solution for 15 min. The stained sample was
vigorously washed using DI water twice, placed in 10 ml of pure ethanol, and then vortexed
for 5 min to transfer the crystal violet molecules from the sample to ethanol. After that, the
solution was centrifuged at 14,500 rpm for 2 min and the absorption of the solution was
measured at 590 nm using a UV-vis spectrometer.
Measurement of Remaining Bacteria on Sample Surface after Finger Wiping

Samples were immersed in bacterial suspension and incubated for 24 h at 37 °C, washed
using DI water and then dried in the dark for 3 h. To determine how many bacteria remained

on the samples after cleaning, finger wiping was performed across the surface of the samples.
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As shown in Figure S13, a glove-wearing finger contacted the surface, moved forth and back
for 5.5 cm and then sample was washed using DI water. Wiping was repeated three times on
each sample. After that, they were placed in 0.1 % crystal violet solution for 15 min, washed
by DI water twice, and then placed in 10 ml of ethanol solution. The solutions were vortexed
for 5 min and then spun at 14,500 rpm for 2 min. The absorption of the CV solutions was
measured at 590 nm

Statistical Analyses

T-test, Mann—Whitney U test, Pearson correlation coefficient on experimental data were

analysed using SPSS (IBM Corporation, Armonk, New York, USA).
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Table Legends

Table. 1. Water contact angle and surface roughness of glass slide, polyurethane (PU), white polystyrene
sheet A (WPSA), white polystyrene sheet B (WPSB), and superhydrophobic surface (SHS)

Figure Legends

Figure 1. Comparison of bacterial attachment to a superhydrophobic surface (SHS), white polystyrene
sheet A (WPSA), polyurethane (PU), white polystyrene sheet B (WPSB), and glass after 1 h exposure
to a bacterial suspension: in (a) BHI broth and (b) PBS.

Figure 2. Total bacterial attachment (a and b) and surface coverage (c and d) on the superhydrophobic

surface after 1, 4, 8, 16, and 24 h of exposure in BHI broth (a and c¢) and in PBS (b and d).

Figure 3. (a) Average WCA reduction of a superhydrophobic surface after 1, 4, 8, 16, and 24 h of
bacterial exposure in BHI broth and PBS, and (b) WCA across the surface after the bacterial exposure

Figure 4. Comparison of bacterial attachment on a glass slide, polyurethane (PU), white polystyrene
sheet A (WPSA), white polystyrene sheet B (WPSB), and a superhydrophobic surface (SHS) after 24 h
of exposure to bacterial suspension: (a) in BHI broth and (b) in PBS, and correlation between the

quantity of attached bacteria and surface roughness of samples: (c) in BHI broth, and (d) in PBS.

Figure 5. (a) Surface adhesion of S. aureus and S. aureus pbp4 before and after disappearance of the
air-bubble layer, (b) mirror like surface through the plastron effect of an air-bubble layer in DI water,

and (c) disappearance of air-bubble layer between water and surface
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Samples Surface roughness (R.)  Water contact angle (°)

Glass slide 4.9+ 0.9 nm 57+0.7°
Polyurethane 182.9 £ 72.6 nm 102+1.1°
White polystyrene sheet A 160.5 + 26.4 nm 88.9+19°
White polystyrene sheet B 316.8 + 67.8 nm 84.8+£2.9°
Superhydrophobic surface 853.7 £ 109.4 nm 163.3 +£2.8°

Table. 1. Water contact angle and surface roughness of glass slide, polyurethane (PU), white
polystyrene sheet A (WPSA), white polystyrene sheet B (WPSB), and superhydrophobic surface

(SHS)
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Figure 1. Comparison of bacterial attachment to a superhydrophobic surface (SHS), white
polystyrene sheet A (WPSA), polyurethane (PU), white polystyrene sheet B (WPSB), and glass
after 1 h exposure to a bacterial suspension: in (a) BHI broth and (b) PBS.

Staphylococcus aureus (S. aureus)
Escherichia coli (E. coli)
Methicillin-resistant Staphylococcus aureus (MRSA)

Carbapenem-nonsusceptible extended-spectrum B-lactamase producing strain of Escherichia coli (CRE)
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Figure 2. Total bacterial attachment (a and b) and surface coverage (¢ and d) on the
superhydrophobic surface after 1, 4, 8, 16, and 24 h of exposure in BHI broth (a and c¢) and in

PBS (b and d).
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Figure 3. (a) Average WCA reduction of a superhydrophobic surface after 1, 4, 8, 16, and 24 h
of bacterial exposure in BHI broth and PBS, and (b) WCA across the surface after the bacterial
exposure

'WCA: water contact angle across superhydrophobic surface.
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Figure 4. Comparison of bacterial attachment on a glass slide, polyurethane (PU), white
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and correlation between the quantity of attached bacteria and surface roughness of samples: (c)
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Figure 5. (a) Surface adhesion of S. aureus and S. aureus pbp4 before and after disappearance
of the air-bubble layer, (b) mirror like surface through the plastron effect of an air-bubble layer
in DI water, and (c) disappearance of air-bubble layer between water and surface
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