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Bioelectrochromic hydrogel for fast antibiotic-susceptibility testing
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Materials science offers new perspectives in the clinical analysis of
antimicrobial sensitivity providing materials of high and fast responsivity to
environmental factors. However, biomaterial with capacity to respond to living bacteria
has not been developed to date. We present an electrochromic iron(IIl)-complexed
alginate hydrogel sensitive to bacterial metabolism, here applied to fast antibiotic-
susceptibility determination. Bacteria under evaluation are entrapped —and pre-
concentrated- in the hydrogel matrix by oxidation of iron (II) ions to iron (III) and in
situ formation of the alginate hydrogel in less than 2 minutes and in soft experimental
conditions (i.e. room temperature, pH 7, aqueous solution). After incubation with the
antibiotic (10 minutes), ferricyanide is added to the biomaterial. Bacteria resistant to the
antibiotic dose remain alive and reduce ferricyanide to ferrocyanide, which reacts with

the iron (III) ions in the hydrogel to produce Prussian Blue molecules. For a bacterial
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concentration above 10’ colony forming units per mL colour development is detectable
with the bare eye in less than 20 min. The simplicity, sensitivity, low-cost and short
response time of the biomaterial and the assay envisages a high impact of these
approaches on sensitive sectors such as public health system, food and beverage

industries or environmental monitoring.

1. Introduction

Infectious diseases are still one of the main causes of health complications and dead
worldwide [1]. The reasons for that have been identified and associated to the loose of
effectiveness of traditional antimicrobial treatments and the emergence of multidrug
resistant bacterial strains [2,3]. Personalized medicine, with person-specific treatments
adapted to the infection of each patient, is envisioned as the most promising alternative
to confront these limitations. The implementation of such strategies is limited by the
characteristics of contemporary antimicrobial susceptibility tests [4]. These tests are
based on culturing methods and require between 18 and 48 hours to provide a result,
which postpones medical decisions and the beginning of the treatment. The delay in the
treatment and the bad selection of the antibiotic type or dose are responsible of most of
bad prognostic and deaths related to infectious diseases.

In this context, material science is taking advantage of new biomaterials formulations
and the versatility of their synthetic routes to impact on several fields, also on clinical
analysis . Much attention has been paid to the development of the so-called stimuli-
responsive biopolymers (SRBP) [6], bio-macromolecular systems experiencing
significant physic-chemical changes in response to external environmental conditions.

Typical external stimuli include environmental factors such as pH [7], temperature [8],
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and electrolyte concentration [9] or the application of electric, magnetic, sonic and
electromagnetic (photo/light) fields [10,11,9]. Based on the latter, biomaterials with
improved properties as scaffolds for tissue engineering [12,13] or regenerative medicine
[14,15], drug encapsulation and selective delivery in response to external stimuli [16], as
well as sensors or actuators [6] have been already described. As a step forward,
biologically-responsive biopolymers (BRBP) are designed to respond to stimuli
inherently present in natural systems [17,18].0On the basis of this concept, BRBP
sensitive to glucose (glucose-responsive polymers) [19], the activity of enzymes
(enzyme-responsive polymers) [20] and selective biomolecules present in the natural
environment (antigen-responsive polymers) [21] have been already developed. However,
to the best of our knowledge, a BRBP with capacity to evaluate antimicrobial
susceptibility of bacterial isolates and to identify resistant strains has not been reported
yet.

With the aim to adapt antimicrobial susceptibility tests to the current requirements of
personalized medicine, we have developed an electrodepositable iron (III)/alginate
biomaterial, with capacity to retain (and pre-concentrate) bacteria as well as sensitivity
for fast evaluation of antimicrobial susceptibility (and resistance) to antibiotics.
Antimicrobial susceptibility/resistance tests with the biomaterial involved three steps:
(1) bacterial entrapment in the iron(Ill)-alginate hydrogel by electrodeposition at soft
reaction conditions (i.e. room temperature, aqueous solutions, pH 7), (i1) incubation
with the antibiotic (10 minutes) and (iii) colour development after incubation with
ferricyanide (20 minutes), enabling the determination of antibiotic susceptibility in 30
minutes and by simple visual inspection. Electrodeposition and sensing protocols are
evaluated and optimized in the manuscript. The final biomaterial is validated using

Escherichia coli and Staphylococcus aureus strains sensitive and resistant to kanamycin.
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2. Experimental section

2.1. Chemical reagents

All chemicals were of analytical grade and all solutions were prepared in distilled water,
unless otherwise stated. Sodium alginate, potassium ferrocyanide and potassium
ferricyanide were purchased from Sigma-Aldrich (US). Iron (III) chloride, iron (II)
sulphate, sodium chloride, ascorbic acid, Kmc and glucose were purchased from

Panreac (Spain).

2.2. Hydrogel fabrication by direct gelation

Direct gelation was carried out by addition of iron (III) chloride solutions to sodium
alginate samples at room temperature. Alginate and iron (III) final concentrations in the
hydrogel were 0.5 % (w/v) and 30 mM, respectively. For bacterial hydrogel fabrication,
bacterial suspension in 0.9 % (w/v) sodium chloride was mixed with alginate solution
and gelation was carried out as previously. After gelation, excess liquid was removed
and hydrogels were washed 3 times with 0.9 % (w/v) sodium chloride to remove non-

gelled alginate, residual iron (III) and non-entrapped bacteria (if present).

2.3. Hydrogel fabrication by electrodeposition

An aqueous solution composed of sodium alginate and iron (II) sulphate was dropped
on screen-printed carbon electrodes (Dropsens, Oviedo, Spain). Electrodeposition of the
hydrogel was achieved by potentiostatic oxidation of iron (II) ions to iron (III) at 1.2 V
(vs Ag presudoreference) with a multichannel potentiostat driven by Dropview software
(Dropsens, Oviedo, Spain). For bacterial hydrogel electrodeposition, bacterial

suspension in 0.9 % (w/v) sodium chloride was mixed with alginate and iron (II)
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sulphate solution, and electrodeposited as before. Prior to hydrogel analysis, excess
liquid was removed and hydrogels were washed 3 times with 0.9 % (w/v) sodium

chloride to remove iron, alginate and bacterial residues.

2.4. Hydrogel characterization

Optical measurements were carried out in an optical setup already reported [23].The
setup consisted of a poly(methyl methacrylate) (PMMA) cuvette with a 120-pL
reservoir for alginate hydrogel formation and two 230 pm multimode optical fibers
(Thorlabs, Dachau, Germany) coupled to it. Optical fibers were located and aligned on
both sides of the PMMA structure (optical path = 1.6 cm) and respectively connected to
the emitter, i.e. a halogen/deuterium light source (DH-2000 UV-VIS-NIR Light Source,
Ocean Optics, Florida, US), and to the detector (USB2000 + XR microespectrometer,
Ocean Optics, Florida, US). SpectraSuite software (Ocean Optics, USA) was used for
data acquisition. Hydrogels were fabricated in situ on the cuvette reservoir by the
previous protocol. For hydrogels fabricated in 96-well plates optical measurements were
carried out using a microplate reader (Thermo-Fisher).

Hydrogel thickness was measured with an optical profilometer (PLp 2300, Sensofar-
Tech, Spain) and image analysis by PLu Confocal Imaging Profiler software (Sensofar-
Tech, Spain).

Cell viability in bacterial hydrogels was assessed by staining with Live/Dead Invitrogen
Kit Bac Light (Invitrogen) by following the protocol detailed by the supplier. Stained
hydrogels were visualized with a Zeiss AXIO Imager Al fluorescence microscope
(Zeiss, Oberkochen, Germany) and Laser Confocal Leica TCS SP2 AOBS (Leica,
Heidelberg, Germany) from the Servei de Microscopia at UAB. Imaris software was

used for 3D constructions.
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2.5. Bacteria cultivation and preparation

E. coli K12 (CGSC 5073) and Staphylococcus aureus (ATCC 6538) were grown
aerobically for 18 h at 37 °C in Luria-Bertani (LB) broth, centrifuged at 10100 x g 15
min and resuspended in 0.9 % (w/v) sodium chloride. Cell concentration was

determined by absorbance measurement at 600 nm.

3. Results and discussion

3.1. Biomaterial electrodeposition and cell entrapment

Alginate present ideal functional and structural properties as cell support and intrinsic
responsivity, derived from its huge versatility [22]. An alginate concentration of 0.5%
was selected according to bibliography [23] to ensure homogeneity, cell entrapment
capacity and stability. From the myriad of gelling agents, iron (III) ions were chosen for
enabling hydrogel electron-mediated deposition and sensitivity to redox species.
Electrodeposition is very valuable for enabling: (i) control of the deposition process (ii)
control of hydrogel properties (i.e. porosity, thickness, density, definition of the
deposition area, among others), (ii1)) homogeneity and (iv) repeatability. Iron(III)
/alginate hydrogels were prepared following the protocol detailed in [24]. Iron (II) ions
were mixed with the alginate solution and in situ oxidized for local formation of the
iron(I1I)/alginate hydrogels at very soft experimental conditions (i.e. room temperature,
pH 7, aqueous solution). Thick hydrogel films were potentiostatically electrodeposited
on the working electrode of screen-printed carbon electrodes (SPCEs; Figure 1a). A
potential of 1.2 V (vs Ag) was chosen from iron (II) sulphate cyclic voltammetry data
(Figure 1a inset), as the lowest potential allowing iron (II) oxidation and hydrogel

formation. As shown in Figure 1b, electrodeposition enabled the definition of the
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deposition area with high precision, generating hydrogels with very vertical walls.
Optimal iron (II) sulphate concentration and electrodeposition times were selected from
hydrogel thickness (from profilometry) and chronoamperometry data. Thicker
hydrogels were obtained when increasing either the iron (II) concentration in the sample
(Figure 1c¢) or the electrodeposition time (Figure 1d) up to stabilization at values
around 60 mM iron (II) and 450 - 500 s, respectively. The thickness of the hydrogel,
however, also affected ferricyanide diffusion. Chronoamperometry data shows
important current limitation by hydrogels containing more than 20 mM iron (Figure 1e),
which corresponded to thicknesses above 100 um. Diffusion was, however, less
affected by the electrodeposition time (Figure 1f) since the influence of this parameter
to the hydrogel thickness was lower. Electrodeposition at 1.2 V (vs Ag) of 20 mM iron
(IT) samples for 500 s, providing hydrogels of around 100 um was selected for further
experiments.

High bacterial densities were entrapped in the 3D matrix of the alginate hydrogel
biomaterial, without compromising cell integrity or activity. It is clear in the live/dead
stained hydrogel shown in Figure 2a, where most of entrapped cells present a green
fluorescence indicative of the integrity of their plasmatic membrane and their viability
(in opposition to red microorganisms which are non-viable). However, bacterial
concentrations above 2.5-10% colony forming units per mL (CFU/mL) limited current
flow and hydrogel formation (Figure 2b). This concentration was considered, therefore,
as the highest bacterial concentration able to be electrodepositated. Ferricyanide
concentration for the bioassay was adjusted to the number of immobilized bacteria.
Based on previous works [25,26,27], ferricyanide concentration was set at 1 mM (for a
hydrogel containing 2.5-10° CFU/mL) with the objective to ensure a sensitive response

of the biomaterial in less than one hour.
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3.2. Electrochromic response of the biomaterial

The presence of iron (III) ions in the hydrogel provides the biomaterial with redox
activity and reactivity. This reactivity is exploited in the development of a biomaterial
with sensitivity to bacterial metabolism, reporting on bacterial susceptibility to
antibiotics and antibiotic resistance. The sensing principle of the biomaterial takes
benefit from the selective reactivity of iron (III)/alginate hydrogels to hexacyanoferrate
molecules, which is illustrated in Figure 3a. As shown, the biomaterial was not
sensitive to the presence of ferricyanide, while it reacted with ferrocyanide producing an
intense blue colour as a result of PB nanoparticles formation. This selective reactivity is
clearly demonstrated by spectrometric analysis of the hydrogels. After addition of
ferricyanide, an intense absorption band at 420 nm appears in the hydrogel by the
presence of ferricyanide molecules (Figure 3b). The absorption band of ferricyanide,
however, remained stable over time, which confirmed the low reactivity of this reagent
with the biomaterial. Ferrocyanide, on the other hand, reacted with the biomaterial,
producing PB nanoparticles with an intense absorption band at 680 nm (Figure 3c). The
increase in the absorbance magnitude at 680 nm (Absegp) over time reported on the PB
formation kinetics. After 30 minutes, Absggy reached a maximum indicating the end of
the reaction under this experimental conditions.

The formation of PB molecules depended on the initial concentration of ferrocyanide,
being either directly added to the biomaterial (Figure 3d) or in situ generated by
reduction of ferricyanide with ascorbic acid (Figure 3e). Biomaterial reactivity after
direct addition and in situ formation of ferrocyanide was compared. To allow
comparison, the stoichiometry of the reduction reaction, where one molecule of ascorbic

acid reduced two molecules of ferricyanide, was considered. In both cases, similar
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results were obtained after 30 minutes of reaction with the biomaterial (Figure 3g).
Minor differences were observed in the saturation region, mostly due to kinetic
limitations of the reduction reaction [28]. Therefore, the biomaterial was also sensitive
to processes involving the reduction of ferricyanide.

3.3. Electrochromic sensing of bacterial metabolism with the biomaterial

Ferricyanide, and other electrochromic molecules, present high redox potentials and can
report on bacterial metabolism by the mechanisms summarized below [25]. Bacteria
oxidize nutrients to obtain energy. In this process, they generate an electron flow in the
cell membrane through a number of proteins known as electron transfer chain. This
chain of coupled proteins transfers the electrons to a final electron acceptor, oxygen in
the case of aerobic metabolism. However, due to its redox potential, oxygen may be
replaced by a suitable electrochromic molecule such as ferricyanide, which is
metabolically reduced to ferrocyanide. Since the reduction is directly linked to bacterial
metabolism, only living bacteria (and not dead ones) can produce ferricyanide reduction.
The metabolic reduction of ferricyanide is here employed in the development of a
biomaterial for fast antibiotic susceptibility testing.

First, bacteria were entrapped in the alginate matrix by electrodeposition with the
previous protocol. Due to the iron complexation in the matrix, entrapped bacteria could
not reduce iron (III) ions directly, ensuring the integrity and stability of the biomaterial.
Figure 4a schematizes the sensing mechanism of the biomaterial, where only living
bacteria, and not dead ones, reduce ferricyanide to ferrocyanide inducing PB formation
and the consequent change of colour. The response of the biomaterial containing
2.5-10° CFU mL" of Escherichia coli (E. coli, used as model bacterium) to the addition
of 1 mM ferricyanide solution is illustrated in Figure 4b. The presence of bacteria in

the hydrogel increased absorbance due to cell scattering. Apart from scattering,
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absorption bands corresponding to ferricyanide (420 nm) and PB (680 nm) were clearly
identified. Spectrometric changes in the sensing biomaterial were mostly due to the
formation of blue-coloured PB, while ferricyanide reduction was difficult to appreciate.
The increase in Absegy was fast and only required 30 - 35 minutes to reach a maximum
in the absorbance magnitude. However, the sensitivity (slope in the curve) was smaller
than that obtained by direct addition of ferrocyanide due to kinetic limitations of
bacterial metabolism (Figure 4c¢). Even though, the biomaterial was able to provide
quantitative data after short time periods.

Due to the metabolic nature of the electrochromic reaction in the biomaterial, the
response of the hydrogel was subjected to the influence of environmental factors
affecting bacterial activity such as metabolic stimulators (e.g. nutrients) or inhibitors
(e.g. toxic agents). This modulation of metabolic activity was evaluated using glucose
as stimulator and ethanol as inhibitor. Figure 5a shows the absorbance spectra of
hydrogels incubated with samples containing different glucose concentrations. After 30
minutes of incubation, PB formation, measured as Absgsonm, presented a high
dependence on the concentration of glucose in the sample up to saturation around
0.05% (w/v), while no significant changes were observed in the absorbance band
corresponding to ferricyanide, Abssyonm (Figure Sb and Sc). The presence of ethanol
influenced the absorbance spectrum of the biomaterial (Figure 5d). In this case, ethanol
reduced the metabolic activity and viability of cells, and consequently the PB formation.
As before, most of the chromatic change recorded was associated to PB (Figure Se),
demonstrating the enhancement of sensitivity when coupling ferricyanide reduction to
PB formation. There was a clear relationship between metabolic activity inhibition and
the concentration of ethanol in the sample, reaching 100% inhibition by values around

10% (v/v) of ethanol (Figure 5f). These results validated the use of this biomaterial for
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fast and sensitive determination of bacterial activity and viability, as well as bacterial

susceptibility to toxic agents such as ethanol.

3.4. Antibiotic susceptibility testing with the electrochromic biomaterial

As a step forward, the biomaterial was finally applied to fast and simple antibiotic
susceptibility testing. To this end, kanamycin (Kmc) was chosen as antimicrobial agent.
High bacterial concentrations (i.e. 2.5-10° CFU mL™") of the strains under study (in this
case E. coli sensitive and S. aureus resistant to Kmc antibiotic) were entrapped in the
hydrogel matrix by direct gelation in 96-well plates. The susceptibility of these two
strains to Kmc was previously characterized showing sensitivity in E. coli and
resistance in S. aureus for the tested antibiotic concentrations (from 1 to 128 mg L™).
The biomaterial was then incubated with Kmc concentrations between 1 and 128 mg/L
for 30 minutes, rinsed with distilled water and incubated with 1 mM ferricyanide for
inducing the electrochromic response. The images of the biomaterials with resistant
(RS) and non-resistant strains (NRS) at different incubation times are shown in Figure
6a. From the images it is clear that there was a big difference between biomaterials
containing NRS, which remained yellow for the presence of ferricyanide, and RS,
which started developing blue colour (due to PB formation) even after only 5 minutes of
incubation. With time, these differences between RS and NRS were accentuating since
the colour in the RS increased colour depth. At this antibiotic dose range, RS were
completely resistant and no significant differences were observed. NRS, on the other
hand, presented a dose-dependence on the antibiotic concentration range under study.
Images in Figure 6a show how there was a delay in colour development even in the
sample that did not contain antibiotic (labelled as 0). This may be due to differences in

the metabolic state or concentration of both strains. However, sample 0 and 1, which
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corresponds to a concentration of 1 mg/L of Kme, presented a similar kinetic of blue
colour development whereas samples containing 32 and 128 mg/L remained yellow.
The same result was obtained when comparing the absorbance magnitude at 680 nm
after 20 minutes of incubation with ferricyanide (Figure 6b), which confirmed that the
half maximal inhibitory concentration (IC50) of this antibiotic for this bacterial strain
should be between 1 and 32 mg/L. Control samples correspond to the biomaterial
without bacteria.

According to these results, the electrodepositable iron(Ill)/alginate hydrogel here
presented is ideal for fast and sensitive testing of antibacterial susceptibility and for the
identification of bacterial resistance by a simple change of colour, which can be even
perceptible with the bare eye (without the need of external instrumentation). The
simplicity and versatility of the biomaterial and the sensing mechanism make this
metabolic stimuli-sensitive material very interesting in a broad spectrum of applications,

such as toxicity assessment, food quality control and clinical diagnosis.

4. Conclusions

In conclusion, we present an electrodepositable hydrogel biomaterial composed of iron
(ITT) ions and alginate with a strong electrochromatic response to bacterial metabolism,
here applied to the fast and sensitive determination of bacterial susceptibility to
antibiotic, also enabling the identification of resistant bacterial strains. Bacteria under
study are entrapped and pre-concentrated in the biomaterial by electrodeposition at soft
reaction conditions (i.e. room temperature, aqueous solution, pH 7) without
compromising bacterial integrity or activity. Electrodeposition ensures the repeatability
and reproducibility of the assay. During incubation with ferricyanide, bacteria resistant

to the antibiotic type or dose use this molecule as final electron acceptor and reduce it to
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ferrocyanide. The in situ generated ferrocyanide reacts with iron (III) ions from the
hydrogel producing PB molecules and an intense change of colour that can be detected
with the bare eye in less than 30 minutes. Non-resistant bacterial strains present a dose-
dependent response to the antibiotic which enables the determination of clinically
relevant parameters such as the minimal inhibitory concentration or the half maximal
inhibitory concentration. The biomaterial enables fast and sensitive determination of
susceptibility to antibiotics and the identification of resistant strains, something of key
relevance in the development of new protocols for personalized treatments and
medicine. The impact of the current biomaterial, however, is not limited to this area of
interest but it is envisaged to impact on other sectors where fast methods for microbial
analysis are also required, such as environmental monitoring or the food and beverage
industries.
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Figure Captions

Figure 1. Optimization of biomaterial electrodeposition. a) Image and b) profile
plot of iron (III)/alginate hydrogel electrodeposited on the working electrode of a
screen-printed carbon electrodes. Inset a) cyclic voltammetry of 30 mM iron (II)
sulphate solutions. Electrodeposited hydrogel thickness (from optical profilometry)
as a function of c¢) the iron (II) sulphate concentration (from 15 to 120 mM) and d)
electrodeposition time (from 150 to 600 s). Green area indicates dynamic ranges
until thickness stabilization. Chronoamperograms of ferricyanide (-0.4 V vs Ag)
illustrating the diffusion of this molecule through iron (Ill)/alginate hydrogels
electrodeposited at different e) iron (II) sulphate concentrations (from 5 to 50 mM)
and f) electrodeposition times (from 50 to 500 s).

Figure 2. Bacterial entrapment in the biomaterial. a) Confocal and
epifluorescence images of electrodeposited bacterial hydrogels stained with
Live/Dead Invitrogen Kit Bac Light from Invitrogen (live bacteria appear green and
dead bacteria appear red). b) Potentiostatic electrodeposition (1.2 V vs Ag) of
bacterial hydrogels at different bacterial concentrations (from 2.5-10°* to 10° cfu
mL™). Black arrow indicates an increasing concentration of bacteria in the initial
suspension.

Figure 3. Electrochromic response of the biomaterial. a) Scheme and b)
representative pictures illustrating the chromatic response mechanism of iron
(Il)/alginate hydrogels after reaction with (i) ferricyanide and (ii) ferrocyanide.
Absorbance kinetic spectra of hydrogels after addition of c¢) ferricyanide and d)
ferrocyanide (black lines). Black arrow indicates the time flow. Grey spectrum
corresponds to the initial hydrogel (before reagents addition). Absorbance spectra
of iron(Ill)/alginate hydrogels after e) direct reaction with ferrocyanide
(concentrations range = 0.1 mM to 1 mM) and f) in situ generation of ferrocyanide
by reduction of 1 mM ferricyanide with ascorbic acid (concentrations range = 0.05
mM to 1 mM. g) Comparison of PB formation (absorbance at 680 nm) in iron (III)-
alginate hydrogels after reaction with directly added or in situ generated
ferrocyanide concentrations ranging from 0.1 mM to 1 mM. Error bars represent
standard deviation (n = 3, confidence interval of 95 %).

Figure 4. Metabolic sensing of the biomaterial. a) Schematic illustration of the
metabolic response mechanism of the hydrogel/bacteria hybrid biomaterial for live
and dead bacteria. b) Absorbance kinetic spectra of bacterial hydrogel before (grey
curve) and after (black curve) addition of 1 mM ferricyanide. Black arrow indicates
the time flow. ¢) Comparison of the variation of PB formation kinetics (absorbance
at 680 nm over time) after reaction of the hydrogel with ferrocyanide directly added
(1 mM; black dots) or metabolically generated in situ from 1 mM ferricyanide (grey
dots). S1 and S2 correspond to the slope (or kinetics) of PB formation from directly
added and metabolically generated ferrocyanide, respectively.

Figure 5. Response of the biomaterial to metabolic stimulators and inhibitors.
Absorbance spectra of bacterial hydrogels after addition of samples containing
different concentration of a) glucose (from 0.01 to 0.1 % w/v), used as metabolic
stimulator, and d) ethanol (from 0.25 to 25 % v/v), used as metabolic inhibitor.
Black arrow indicates increasing glucose and ethanol concentrations, respectively.
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Absorbance spectra corresponding to hydrogels without bacteria are also included
in both plots to illustrate bacterial scattering. Variation of the absorbance magnitude
(after bacterial cell scattering subtraction) of ferricyanide (black dots; absorbance at
420 nm) and PB (white dotes; absorbance at 680 nm) with the concentration of b)
glucose and e) ethanol. Concentration-response curves for bacterial hydrogels after
¢) metabolic stimulation with glucose and f) metabolic inhibition with ethanol. The
chromatic response of the bacterial hydrogel to incubation in Luria Bertani (LB)
medium, corresponding to standard growing conditions, was used as reference.
Error bars represent standard deviation. (n = 3, confidence interval of 95 %).

Figure 6. Antibiotic susceptibility test with the biomaterial. a) Images of iron
(IlT)/alginate hydrogel biomaterial in independent wells after 5, 10 and 20 minutes
of incubation with ferricyanide. In the image, hydrogels containing resistant (RS)
and non-resistant bacterial strains (NRS) are labelled accordingly. In both cases,
biomaterials are previously incubated 30 minutes with Kmc samples with a
concentration ranging from 1 to 128 mg/L. Control samples correspond to the
biomaterial without bacteria. The blue colour is the result of the formation of PB. b)
Absorbance spectra corresponding to hydrogels with RS (orange), NRS (blue) or
without bacteria (in grey) for samples of biomaterial after 20 minutes of incubation
with ferricyanide. The biomaterial was previously incubated with Kmec samples of 1,
32 0 128 mg/L. Error bars represent standard deviation. (n = 3, confidence interval
of 95 %). For statistics, a Kruskal-Wallis one-way analysis of variance was
performed.



