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Def§pite modern advancements in sterilization and medical practices, bacterial infections remain a
ncern in the implantation of medical devices. There is currently an urgent need for long-
igh-stable strategies to avoid the adhesion of bacteria on the wide range of materials
preSent in medical devices. Here, we report a versatile methodology to create anti-biofouling coatings
tha the adhesion of bacteria on silicone-based materials used in healthcare. These coatings
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consist of bifunctional EGDMA as an anchor between a zwitterionic polymer (SBMA), that provides
antifouling properties, and a polydopamine layer that operates as an interfacial binder, providing
mechanical strength and strong adhesion to elastomeric substrates. The coatings exhibit super-
Wnd anti-biofouling properties, creating a strong “bacteriophobic effect” that leads to a
>99%% reduction in bacterial adhesion. This bacteriophobic coating has been successfully implemented
d in a commercial urinary catheter, reducing bacterial adhesion by 1-2 orders of magnitude
@¢ bacterial colonization to prevent catheter-associated urinary tract infections (CAUTISs).
The results presented here demonstrate the versatility, durability, and scalability of our coating
B MBE8ISEY for preventing bacterial adhesion in silicone elastomers, which could be easily applied to
oths elastomeric materials used in medical devices beyond urinary tract infection prevention.

1. Introdu n

C

bladder when they are unable to urinate on their own, relieving buildup of

Urinary cathetegs,are one of the most ubiquitous medical devices in global healthcare. They are used
to drain a n

unwanted il lections, and administering medicines. During patient hospitalization, 17.5 to
23.6% of i

patients undergo urinary catheterization, which typically leads to catheter-

ties, and arise from periurethral contamination and subsequent migration of

associated j ions™. Catheter-associated urinary tract infections (CAUTIs) are commonly acquired
in healthc ili

uropathogeai eria through the urinary catheter to the bladder.”™ As a result, between 8.4 and

9.9 millio comial CAUTIs occur in the United States annually, being the most common

hospita complication in the US,” representing an additional healthcare cost of $451

million dollars (8]

To fight ag!nst these types of infections and the formation of bacterial biofilms that cause them, a

wide range g ace-engineering solutions have been developed for medical devices. Antimicrobial
surfaces e @ ke use of biocide release!® or surface functionalities that kill bacteria on
contact."? | st, antifouling surfaces prevent the initial adhesion of bacteria and the formation

of biofilms§hrough physical (surface topography modification) and/or chemical (surface chemistry
modificati cuesd' One of the most common antifouling strategy in medical devices consists in
coating th i urface with hydrophilic polymers to hinder hydrophobic interactions to reduce
the adhesion of pg@teins and bacteria.*?’ For example, polyethylene glycol (PEG) and its derivatives

[13,14]

are arguably t most widespread antifouling polymers in medical applications, while
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zwitterionic polymers are emerging as a promising alternative™® due to their enhanced antifouling
and biofouling properties.[17"l9] These polymers are typically grafted onto the surface of biomaterials
to prevw and bacteria adhesion via hydration protective Iayers[zo] and steric repulsion
through m igal agitation of their chains.'>*"! These antifouling coating methods have been
extensivel@ide array of applications and materials including micro/nanoparticles for drug
deliveryi®’ tlmamelmmetal surfaces for biosensing.”” Although they work reasonably well in rigid

substratesm in gold electrodes),”?® these methods present severe limitations in flexible and
stretchable@als due to poor substrate adhesion, leading to delamination problems and
- 8

decreased and durability. As a possible solution, polydopamine (pDA) coatings have been
explored a ional adhesion primer due to its catechol functionalities.””! This pDa layer also
contains f ines that can be modified through the aza-Michael reaction for further
functionalmth other polymers. This method has been successfully used on multiple rigid
materials itanium, TiO,, silicon, gold or polystyrene for antifouling functionalization.?*=°

However, this method presents delamination, cracking, and uniformity problems when applied to

(31] (28]

soft and f bstrates'™™, compromising their surface energy and antifouling properties.

Considerin inary catheters (and most flexible medical devices) are fabricated from silicones
that are hydfo ic, present high protein adhesion, and are difficult to modify chemically (due to
the lac ctive groups),®*** there is a need to develop effective and simple antifouling coating

technologie an be applied to soft, stretchable silicone substrates with complex geometries

includi ited to urinary catheters.

Here, we p @

perties on elastomeric silicone substrates using polydopamine, dimethacrylate

facile fabrication scheme for the deposition of anti-biofouling polymer coatings

with tunab
Iinkersﬂtaine. This method provides a robust anchoring of a zwitterionic film that is
resista ical stress and preserves its superhydrophilic surface properties after several

cycles OH, bending, and adhesion tests. We demonstrate a >99% reduction in bacterial

adhesion ethyl siloxane (PDMS) as our model medical-grade elastomeric silicone. We also
validate o ibiefouling coating method in commercial urinary catheters, observing a reduction in
bacteria ¢ on and observing a >99% reduction of bacterial adhesion against non-coated
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commercial catheters. The results presented here highlight the versatility and scalability of our
method for preventing bacterial adhesion in silicone elastomers, which could be easily applied to

other elmaterials used in medical devices beyond urinary tract infection prevention.

P

2. Results andaRiseussion

2.1 Multilahng strategy

Most flexi cal devices are made of silicone elastomers that are typically hydrophobic and

chemically ich makes the functionalization challenging due to the lack of functional groups

SC

on the sub e®Urface. In addition to the chemical functionalization challenge, the coatings must

resist the mec cal stresses associated to the normal operation of the flexible device, and

U

therefore t resist delamination and detachment while preserving its antibiofouling function.

Furthermof€, the coating method must be scalable and able to conformally coat complex

I

geometrie rd-to-access areas in devices (such as the inner tubular cavities of urinary

catheters). to achieve this, we have developed a solution-based multilayer coating strategy

for the bacteri

d

obic functionalization of elastomeric substrates consisting on a polydopamine

adhesi ional layer, a linker, and an antifouling polymer layer (Figure 1a).

M

We used PDMS as our model elastomer substrate to evaluate our method due to its biocompatibility

[

and biosta its widespread use in medical applications as a medical-grade silicone. As the

first step, polydopamine (pDA) was deposited on the elastomer substrate as an adhesive

0

functional ure 1b). Despite the lack of functional groups for functionalization in PDMS and

other silic B A was conformally deposited on silicones through their catechol functional

n

(35]

groups. mine groups that can be functionalized through the aza-Michael reaction,” and

L

thus th coating is used as a functional adhesive layer. This strategy has been previously

used in th e to attach functional polymers (including antibiofouling polymers) directly onto

U

a pDA lay ever, the coatings did not have enough stability and homogeneity to provide

effective h icity and antibiofouling properties. To avoid this problem, we introduced a

A
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bifunctional linker to provide robust anchoring for subsequent layers. We used a dimethacrylated
short linker (ethylene glycol dimethacrylate, EGDMA) as one methacrylate group can react with the

dopamiW (via aza-Michael) while leaving the other methacrylate for further
functionali the last step, sulfobetaine methacrylate (SBMA) is polymerized with the free
EGDMA mmgroup via radical polymerization, forming a uniform zwitterionic final layer
with high hyelmephilicity and antibiofouling properties.

L

a) Antifouling coating for elastomers

aza-michael
reaction

free acrylate

Linker
Adhesive functional layer
Elastomeric substrate

b) Coating process {antifouling layer |

adhesive functional linker addition | polymerization {  ;
layer {dopamine) (EGDMA) \\ (Zw) i /

S BTN ONEY

Figure 1. Zwi nic anti-biofouling coating for elastomeric surfaces. a) Multi-layer coating

approa dopamine layer bonds the zwitterionic layer to the elastomeric substrate using
EGDMA as linker.

L

@ the proposed coating method and verify the chemical composition after each

In order tg

step of the@@ftilayer coating (Figure 2a), we performed Fourier transform infrared (FTIR)
spectroﬂDMS coated samples. The FTIR spectra for each layer indicate a successful
deposit h coating step (Figure 2b). The deposition of polydopamine (pDA) onto a PDMS
substrat ed by bands at 1600 cm™ from its aromatic ring (C=C stretching) and 3362 cm™
from its pmine (N-H stretching). Further addition of EGDMA via aza-Michael reaction is
demonstra he emergence of a band at 1740 cm™ from its carbonyl group (C=0 stretching).
The depqsi a zwitterionic SBMA layer via free-radical polymerization is challenging to observe

This article is protected by copyright. All rights reserved.

5



WILEY-VCH

directly due to the fact that its most significant functional groups overlap with the bands of previous
layers (notably dominated by the PDMS substrate). However, the successful SBMA deposition can be
verifiedw measuring an increase in absorbed moisture in ambient conditions due to the
increase hy, ilicity, observed as a shift in the amine-dominated band from 3362 cm™to 3393 cm’
' (0-H str&The function of each layer can be further described by analyzing control
samplesawibhmmissing key steps in the process (Figure S1). pDA provides an adhesion layer without

which othwles cannot adhere to PDMS substrates because of its lack of reactive groups (no
EGDMA obg@rved Furthermore, the role of the EGDMA linker can be observed by the N-H/O-H shift

due to a ho ous zwitterionic layer anchored by EGDMA, which is not observed in the negative
control samhout linker.
a) b) = C) 140
PDA (EGDMA 1 :ﬁ 120-»9;,._~ N o)
— w
3 5 100
{ R el - -
' = o < - -
g & & QO  so-
g =
= l 0 f—
( / Zeon 204
y —EGDMA
PDMS N e N e P
':b“ '(\Q \é N '\$ P{E’Q P\Q'Q \'\Q <@ ;0*:;&\30

Wavenumber (cm™)

Figure 2. Squctural and wetting analysis. a) Multilayer structure composed of (bottom to top) PDMS
(substrate), , EGDMA and SBMA layers. b) FTIR spectra at each step of layer deposition. ¢) Water
contact an ) at each step of layer deposition (n=5, error bars are one standard deviation).

In orde&verify the successful coating and to analyse the wetting properties of each layer,

water CH (WCA) measurements were performed on all samples (Figure 2c). Bare PDMS

exhibited Bntact angle of 115+3°, which is expected due to its hydrophobic nature and
u

agrees wit S reports.[37] With the deposition of the pDA layer, the WCA decreased to

80.2+1.4° d he addition of a polar amine group to its surface. The EGDMA layer further

This article is protected by copyright. All rights reserved.
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decreased the contact angle to 66.2+1.7° due to the incorporation of carbonyl groups from EGDMA,
indicating the successful attachment of the linker molecule. When EGDMA was added to the PDMS
substrat‘M pDA adhesion layer, no significant differences were observed from the bare
substrate, j ing that EGDA was not covalently attached. Last, when SBMA was added to
pDA/EGD&CA was reduced to superhydrophilic values (19+62) indicating a successful
zwitterioniemsemfaee modification. These low WCA values are characteristic of superhydrophilic

zwitterioniMes, and agree with previous reports of zwitterionic coatings on rigid

substrates ##81 owever, previous coating methods on flexible substrates (consisting in direct
functionalizati the pDA layer) did not provide a uniform zwitterionic coating resulting in higher
contact a 9).28 Our control experiments of direct functionalization of pDA with SBMA

without EGDMA &fso presented higher contact values (60.5+13.7°), and demonstrated the need of a

linker molecule t?achieve good uniformity and stability of the zwitterionic film to preserve the

superhydr roperties.

2.2 Mechafic ility

The stapili polymer coatings was tested to evaluate whether the surface properties were

retained unde hanical stress. First, the adhesion of coated PDMS to a flat glass substrate was
measur| a) using previously established methods.""” Briefly, a flat glass probe was loaded
with a specified preload and contact time, and the maximum retraction force was measured and
used to cal@ulate the adhesion stress (Figure S2). While PDMS substrates exhibited an adhesion of

7.4 + 0.5 kP hich agrees with previous reports"**?), each successive coating reduced the

adhesion. @homenon can be clearly observed in the retraction force curves of each coating

layer (Figur here each successive coating step reduces the retraction force. The homogeneity
of adhesioR\tests indicated that the coatings are not delaminated after several loading cycles, and
thus can q’thsta’ repeated contact with other materials without compromising their structural
integrity a e properties. In addition to adhesion and contact, the stability of the coatings

was examined under substrate stretching (Figure 3c). The WCA of SBMA-coated PDMS substrates

showed a decre: from 115 + 3° to 19 + 6° as previously discussed. Upon stretching to 25%, 50%,

This article is protected by copyright. All rights reserved.
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75%, and 100% strain, the WCA did not significantly vary and remained within the range of
unstretched samples. These results suggest that the coating was not damaged upon stretching and
that theWsubstrate was not exposed, therefore preserving the surface properties. We also
tested our s against other types of mechanical stress including torque (Figure S3) and
clamping (&Nhich are relevant to the clinical application of these coatings to catheters.
Good si)_hesion is important to prevent coating delamination and loss of function in
flexible d speC|aIIy when subjected to clamping, torsion, and tension forces during

impIantaUUlng, and overall operation. Hence, the coatings developed here can provide good

durability ability as the mechanical stability and function are preserved under large

mechanica d deformation.

Usgrk
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Figure 3. Mechanical stability of coated PDMS substrates. a) Adhesion after each deposited layer. b)
Adhesion fsce curves for each deposited layer. ¢) WCA of ZW-coated PDMS under strain. (n=5, error

bars are o rd deviation).

2.3 Bacteri properties
After e surface properties and mechanical stability of the zwitterionic coatings, we
evaluate cterlophoblc properties. First, we measured the adhesion of Escherichia. coli

CFT073 (a comm uropathogenic clinical isolate) bacteria on bare PDMS control substrates (Figure
4a). FIuor imaging (with live/dead staining) after 24 hours of incubation revealed a

generaliz ence of metabolically active bacteria and showed that the bacteria population

This article is protected by copyright. All rights reserved.
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adhered on PDMS was forming microcolonies, indicating the consolidation of the first stages of
biofilm formation. This was observed both in bare PMDS and in fetal bovine serum (FBS)-treated
PDMS, Wed protein on the substrate surface can facilitate bacterial attachment./*™**! SEM
images of incubated PDMS samples confirmed that bacteria were adhered forming an
homogene&yer. The presence of clusters distributed on the surface suggested the
beginnimg efmbaeteria stratification, which indicates the irreversible formation of a biofilm. On the

other han ence images of zwitterionic-coated (ZW-coated) PDMS substrates did not exhibit

1

significantlyffargeareas with live bacteria adhered on the surface (Figure 4b), in contrast with the
uncoated ntrols. This fact demonstrates that the surface was able to prevent bacterial-

surface int hindering the biofilm formation. The absence of dead bacteria (red) attached to

SG

the ZW su n good agreement with the fact that bacteria detachment is not caused by the

release of potenfjally bactericidal agents present in the coating. Furthermore, FBS-treated ZW

Ul

surfaces di ow an enhanced bacterial adhesion compared to non-treated surfaces, indicating

that ZW sdfaces hinder protein adsorption and avoid facilitating bacterial interactions and future

n

adhesion [2246748) 1y addition, SEM images of ZW-coated substrates showed only individual

adhesion a on the surface without forming a structured monolayer and without forming a

a

biofilm, validati e bacteriophobic coatings.

Author M
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Figure dhesion to PDMS substrates. Surface characterization of a) uncoated PDMS and

b) ZW-coated S by confocal fluorescence and SEM, showing adhered bacteria in green. c)
Growth acterial biofilm in uncoated (visible) and ZW-coated PDMS (not detected). d)
Quantification of adhered bacteria on uncoated and ZW-coated PDMS. (n = 3, error bars are one
standard deviation, *** denotes P < 0.001).

To further the coating performance in a bacterial rich environment for a long period of

time, PDM -coated samples were submerged on culture media with E. coli CFT073 for 50

n

hours wi inuous refill of the bacterial growth medium to ensure bacterial viability (Figure

4c). Aftegi iOn, bacterial biofilm had grown to form a thick mucus structure. When removed

{

from the i er incubation, coated and uncoated samples exhibited significant differences
(Movie S1) iofilm was strongly adhered on the uncoated PDMS substrates, not detaching after
removing the les from the solution and aggressive washing. In contrast, bacteria were poorly

A
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adhered to the ZW-coated samples and were easily removed after gently rinsing the surface. This
demonstrates that the zwitterionic coatings preserve their bacteriophobic properties and function
after IoWn times and can prevent bacterial adhesion at different stages of biofilm growth,
which is i for a performance assessment in realistic environments."”” Last, the adhered
bacteria omand ZW-coated PDMS samples was quantitatively analysed (Figure 4d). The
modificatiommefsBBRIMS substrates with ZW coatings reduced the number of adhered bacteria by 1-2
orders of We (90-99 %) in comparison with PDMS controls for the tested timeframe. The
presence offfBS Pheteins enhanced the bacterial adhesion in both samples (uncoated and ZW-coated
PDMS); hou-coated samples did not reach the number of bacteria attached on PDMS in any

case, remajffin ders of magnitude below uncoated PDMS controls.

2.4 Valida(nmedical device

Although lg zwitterionic coatings on PDMS were effective and exhibited good hydrophilic and

bacteriophgbi erties as well as good adhesion to the substrate, they were performed on flat
substrates QW with real flexible devices such as a urinary catheter presents additional
challen plicate the successful coating, including but not limited to complex geometries,

inner cavities, ogeneity over large surfaces, etc. For this reason, we adapted our coating
metho odify the inner walls of tubular structures and validated it in a commercially
available urinary catheter. We verified the successful coating of the inner walls by FTIR (Figure 5a),
with similafresults than with flat surfaces (including the aromatic carbon stretching of pDA at 1600

cm™ and the cagbonyl stretching of EGDMA and SBMA at 1740 cm™). WCA measurements (Figure 5b)

on the inn @ f the catheter showed a drastic decrease of the contact angle with each coating

step: 103.1+2./° for the bare commercial catheter, 79.310.8° for pDA, 69.31£2.0° for EGDMA, and
32.8+6.1° f@r SBMA. These results agree with those of flat substrates, and indicate that the coating
of the inngr catheier walls was successful. Furthermore, we evaluated the wetting properties of
uncoated and ZW-coated catheters on an incline, and measured the spread of liquid (dyed water) on

the tubular structSe (Figure 5c, Movie S2). Commercial catheters where hydrophobic, which caused

the droplets to ii e fast but also to break up into smaller droplets that were pinned to the walls

This article is protected by copyright. All rights reserved.
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along the catheter. In a realistic medical scenario with urine, these small droplets can remain

adhered to the surface and become sites of bacterial infection due to prolonged contact times.

HowevWed catheters where hydrophilic and exhibited a more homogeneous and

continuoudhe liguid that will facilitate its extraction.

Commerdial catheter ZW-coated catheter
a) C) 1s 5s 10s 20s: Os 1s 55 10s 20s
h I I r F 7
o . . .

_ iE i | TH
E] | g
= . « o i f ! |
~ 1 !
=
3 . .

: T T L] |'

v T

& & & & W Commerclal 5.mm P8

N N N N N Catheter PDA EGDMA SBMA
d ) Wavenumber (cm™) 160

\ Commercial catheter
Commercial catheter + bacteria

-

T

ZW-coated catheter + bacteria

G dal [ ZW Coated

=== K =
Catheter Galvanic Cetheter  Siver Catheter Cathater

Figure -biofouling zwitterionic coatings in urinary catheters. a) FTIR spectra of coating layers

inside a urinary catheter. b) WCA data of coating layers inside a urinary catheter. c) Wetting

demonstration of surface-functionalized urinary catheters. d) Commercial and ZW-coated urinary

to uropathogenic bacteria, exhibiting bacterial colonization in the uncoated

1

catheters
catheter. e)q@ tification of adhered bacteria on commercial, antibacterial, and ZW-coated
catheters. @ or bars are one standard deviation, *** denotes P < 0.001).

N

To eval cteriophobic performance of our coatings in urinary catheters, ZW-coated and

[

uncoate were incubated with water or FBS for different times (0, 3 or 24 hours). Then, E.

coli CFT073 bactégia were incubated in the urinary catheters for more than 18 h ensuring biofilm

L

formation he catheter lumen. Commercial urinary catheters without bacteria (above),

commercj eters with bacteria (middle) and ZW-coated catheters with bacteria (below) showed

A
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significant differences in coloration after bacterial incubation (Figure 5d). After incubation, the
commercial catheter showed a large biofilm mucus strongly attached to the lumen. After draining
the entiM biofilm remained adhered to the catheter inner surface (circled, in Figure 5d). It
can be also ed how the catheter changed its transparent colour to a greenish tone indicating
strongly a@eria to catheter surface and the high production of pigments as virulence
signals.WS“ other hand, ZW-coated catheters avoided the formation of adhered biofilm and
exhibited Meneous surface inside the tubular structure, preventing lumen blockage or
narrowingmr diameter by the biofilm. ZW-coated catheters showed a brownish coloration,

however, used by the polydopamine coating and not by the bacteria.®” Furthermore,

bacterial ere evaluated on urinary catheter samples after bacterial incubation for a
\Y alWsi

quantitati

results to tEose o§erved on PDMS flat coupons were obtained, validating the reproducibility of the

s of the bacteriophobic properties of the coater catheter (Figure 5e). Similar

coating on dical devices. ZW-coated catheters have shown a reduction in bacterial adhesion

throughouSEe entire drainage tube. In ZW-coated catheters, bacterial adhesion was reduced by 1-2

=

orders of e in all cases, including urinary catheters previously incubated with FBS. In

contrast, al urinary catheters significantly increased the adhered bacteria to lumen after

being in comtacé®With FBS. This fact demonstrates that the zwitterionic surface on ZW-coated
cathete reduces the enhanced bacterial growth caused by adsorbed protein, thus hindering
bacterial a i nd biofilm formation on commercial urinary catheter.

In addition to uncoated commercial catheters, commercial urinary catheters with two different
antimicrobi@l strategies have also been evaluated for comparison: an antimicrobial commercial

catheter based.an silver release (release of silver ions from a hydrogel coating on the lumen) and an

antimicrobijé ercial catheter based on galvanic effect (caused by the selective immobilization

of different on the inner surface of the device). The silver release catheter exhibited adhered
bacteria cdficentrations similar to the base commercial catheter in water (~10° CFU/cm?) and in FBS
(~10® CFU/gm*?) after 3 hours of incubation, indicating that this method loses effectivity after 3 hours
(probably due to the diffusion of silver ions to the media at concentrations below the minimum

inhibitory conceniation). The galvanic antimicrobial catheter shows a reduction on bacteria

adhesion similar :the ZW-coated catheter when incubated in water. However, when incubated in

This article is protected by copyright. All rights reserved.
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FBS (protein-rich medium that promotes bacteria adhesion), the galvanic catheter reaches similar
levels of bacteria as adhered to the other controls. Under the evaluated conditions, the bacteria

adhesioW provided by the ZW coating outperforms the three commercial urinary catheters

(including dobial commercial catheters) by 1-2 orders of magnitude.

3. Conclusi

We have désigned¥and characterized a functionalization methodology for the obtention of a high-
stable antifouling coating that reduces significatively (by 1-2 orders of magnitude) the adhesion of
bacteria togeldStomeric substrates, hence avoiding the formation of biofilm structures. The coating

was develﬂa simple and direct immobilization of poly-sulfobetaine macromolecules on a

polydopamine subStrate through a di-methacrylate linker using aza — Michael reaction. This scalable

methodolres a good substrate adhesion preventing coating delamination and preserving
obi

superhydr bic and anti-biofouling surface properties. These properties play a critical role
avoiding b i hesion on a wide range of substrates, reaching a reduction of >99% validated
through bagte uantification, microscopy of immobilized bacteria and macroscopic observation
of the us biofilm. This approach also offers several other advantages for its clinical

application, ing the ability to be implemented on complex shapes and sizes by an easy

modific s, as we demonstrate by functionalizing a commercial medical device such as the
urinary catheter. The characterization of coated urinary catheters under CAUTI-relevant
environmefits revealed that our coating maintains the bacteriophobic properties and the mechanical

performance,as well as avoids bacteria adhesion and biofilm formation inside the urinary catheter.

antibacterial_strategies, especially in bioenvironments with high protein content. This coating

The effecti the coating in reducing bacterial adhesion outperforms that of two commercial

methodol provides a solution for the control of CAUTIs in urinary catheters, but due to its

versatility and scajability, it can also be applied to other device-relevant substrates and materials

th

including flexible biocompatible elastomers to prevent bacterial colonization and biofilm

development in a yariety of medical devices.

5

A
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4. Experimental Section/Methods

Deposition dmine (PDA) interficial binder layer
A Tris buff as prepared at a concentration of 6 g/L and titrated to a pH of 8.5 using 0.1M

HCl solatiommAmi=sd mg/mL solution of dopamine hydrochloride in Tris buffer was prepared and
poured int;a reaction container. PDMS substrates were placed on the surface of the solution, and
Ion

polymeriza he submerged side of the PDMS was allowed to occur overnight. Coated samples
were then ‘nsed ]>th DI water to remove excess dopamine and stored.

Depositionwm linker layer

A Bicine buﬂtion was prepared at a concentration of 8.15 g/L and titrated to a pH of 8.8 using
0.1M NaO n. A 11.25 pl/mL solution of ethylene glycol dimethacrylate (EGDMA) in Bicine
buffer wa d and poured into a reaction container. PDA-coated PDMS substrates were
placed on surface of the solution overnight and rinsed with DI water to remove excess EGDMA.

Depositionm antifouling layer

PDMS sa after pDA and REGDMA coating) were placed in a solution of 10 mg/mL 4,4'-
azobis(4-c ic acid) (V-501) and 0.2 M of sulfobetaine methacrylate (SBMA). The reaction
assemb d in an oven at 70°C and allowed to polymerize overnight and rinsed with DI

water to remove excess reagents.

L
y

Coated elastomeric substrates were analyzed by Fourier transform infrared spectroscopy (FTIR) in a
ThermoFissr Elco!et iS20 with a platinum ATR accessory, using 128 scans at 4 cm™ resolution.

Z

Infrared sp
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10 pL DI water droplets were places on the functionalized substrates and devices, and images were
taken with a Dino-Lite AM73915MZTL (R10A) digital microscope with an imaging software

(Dinocapture 2.0). iontact angle images were analyzed in ImageJ.
Mechanica@ts

The ex@rmere performed in a Discovery HR 30 rheometer (TA Instruments) with custom
parallel pl easure the adhesion between the coated substrates and flat borosilicate glass
substrates. Samples were loaded at a constant linear rate of 5 um/s to a constant compression
preload fofge whigh was maintained for 30 seconds. Samples were unloaded at a constant linear
rate of 20 u until the two substrates detach. This cycle was repeated multiple times to detect
coating del@mifati®n or detachment.

UuS

Bacterial ¢

Bacterial In-was purchased from ATCC®, The Global Bioresource Centre in United States of
used was Escherichia coli CFT073 (ATCC 700928™), which is a gram-negative
eria (human clinical isolate) strain. A single colony from the stock of each strain

America. T,
uropathog
was culturgd mL of appropriated growth media (Luria Bertani, (LB) at 37 2C with overnight

all

agitation to ©b he initial inoculum. Bacteria growth was observed through optical density at 600

nmin a ometer (Spectramax M2, Molecular Devices, USA) between 18 to 50 h at 37 eC.

M

Bacterial adhesion tests

Bacterial in@culum was diluted in fresh media and grown to OD 0.02 (600 nm). The bacteria were

L

incubated with sample coupons placed on 24 — well cell culture plate in static conditions at 37 2C
overnight nately 18 h). After bacterial incubation, samples were removed from wells and

P
washed t ﬂ erile PBS at room temperature to remove non-attached bacteria. Samples were

0

then place ile tubes with 2 mL of PBS and the tubes were sonicated for 10 min at 70 Hz,
vortex for @ min and sonicated again for 10 min. Bacterial pellets were collected at 4,500 g for 20

h

min, ri nd resuspended in sterile PBS, to perform serial dilutions. Serial dilutions were
made i

18to36h

ria were plated in tryptic soy-agar (TSA) plates and incubated at 37 2C between

1

total colony forming units (CFUs).

U

Bacteria ation FE-SEM

A
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To test bacterial adhesion on surfaces by FE-SEM, initial inoculum of E. coli CFT073 was diluted in
fresh media and grown to OD 0.02 (600 nm) and the bacteria were then put in contact with coupons
in static conditions at 37 2C overnight. Surfaces were washed twice in sterile PBS at room
temper ove non-attached bacteria. The attached bacteria on samples were then fixed
adding 4% 4f
formaldehy

dehyde at room temperature for at least 2 h. To keep the size of bacteria,
ashed with sterile PBS and a serial dehydration using ethanol 30%, 50%, 70%

(30 min each) with a final wash in ethanol 90%. After that, a gold sputtered coating was performed
on the s-argles !o enhance electron conductivity. The images were artificially colored in green to

improve thelwissalization of the bacteria.

C

Bacterial visdaliaaition Fluorescence microscopy

5

Surfaces in with E. coli CFT073 were prepared according to the protocol provided by the
the kit LIVE / DEAD™ BacLight™ Bacterial Viability kit, L7007 (Thermofisher®,

USA) to obtain coglfiocal microscopy images to visualize live (green fluorophore, SYTO 9) or dead (red

manufactu

U

fluorophore, Propidium iodide) bacteria. Images were obtained using a Scanning Confocal
Microscopyileica SP-8.

Coating of .‘@ ‘

The co

N

atheters was done following the same steps used for the PDMS substrates. The

catheters wer with the different solutions and a cap was used to prevent any leakage.

V]

Statistical gnalysis

It

Data is presented as mean x standard deviation throughout the manuscript. Sample size for each
statistical 3 's n = 5 for WCA and mechanical tests, and n = 3 for bacterial adhesion tests.
GraphPad amd Q#igin software have been used to analyse the data and present the figures. TRIOS

software (T ments), OMNIC (ThermoFisher), Dinocapture (Dino-Lite), and Imagel were used
for data collection and analysis for mechanical adhesion, FTIR, and WCA respectively.
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Supporting Information

Supporting Information is available from the Wiley Online Library or from the authors.
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A multilaygk zwitt€rionic coating strategy is introduced to avoid bacterial colonization on medical

eIastomerms. The coating combines high mechanical stability and strong bonding to
s

C

stretchabl es with high hydrophilicity and antibiofouling properties. Bacterial adhesion on a

coated uri eter is significatively reduced (2 orders of magnitude decrease from commercial

devices) af ation with uropathogenic bacteria.
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