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S1. Materials, instrumentation and general methods. 

Materials 

All materials and solvents were commercially available and used as received unless otherwise indicated. The 

following materials and solvents were used: N-vinyl-2-pyrrolidone (VP) (Acros Organic, 99%), 4-

aminostyrene (TCI, 98%), methylmethacrylate (MMA) (Aldrich, 99%), ethylene glycol dimethacrylate (E) 

(Aldrich, 98%), hydrochloric acid (VWR, 37%), acetone (VWR, 99%), acetonitrile (VWR, 99.9%), 

dimethylsulfoxide (VWR, 99%), dimethylformamide (Supelco, 99.9%), diethyl ether (VWR-Prolabo, 99.9%), 

glutaraldehyde (Thermo Scientific, 25% aq. Soln.) glycerol (Aldrich, +99.5%), sodium dodecyl sulphate 

(SDS) (Sigma-Aldrich, 95%), bromophenol blue (Alfa Aesar), dithiothreitol (DTT) (TCI, 98%), glycine (Alfa 

Aesar, 99%), 40 % acrylamide/bis solution, 37.5:1 (BioRad, 99%), ammonium persulphate (BioRad), 

tetramethylethylenediamine (TEMED) (BioRad), Multicolour protein ladder, broad range, Spectra™ (Thermo 

Fisher Scientific), Coomassie Brilliant Blue R-250 (Thermo Scientific), acetic acid glacial (Merck, ≥99.7%), 

methanol (VWR-Prolabo, 99.9%), Legionella buffered charcoal yeast extract (BCYE) Agar Base 

(Liofilchem), Legionella BCYE Growth Supplement (Liofilchem), ACES (VWR, ≥99%), yeast extract 

(Sigma Aldrich), sodium hydroxide (VWR, 99%), 2-oxoglutaric acid (TCI, >99%), L-Cysteine HCL (VWR-

polabo, 100%), iron nitrate (VWR, 100%), Trizma (Aldrich, 99.5%), sodium chloride (VWR, 98%), 

magnesium chloride hexahydrate (Fisher Scientific, >99%), bactoTM tryptone (Gibco), soy peptone (VWR), 

agar (WVR), K2HPO4 (VWR, 99.7%), D(+)-glucose (Merck, 100%), beef extract (Sigma-Aldrich), peptone 

(Millipore), fluorescein (Fluka, ≥99%), resorcinol (Alfa Aesar, 99%), filter paper in reams (Filter Lab, 73 

g/m2). Fluorogenic peptide substrate: Fluorescein isothiocyanate-6-Aminohexanoic acid-phenylalanine- 

phenylalanine-lysine-Dabcyl (FITC-Ahx-FFK-Dabcyl) was synthesized by GenScript company (N-Terminus: 

FITC-Ahx, 97.0%, additional information in Figures S1 and S2, SI-Section S2). Azo-bis-isobutyronitrile 

(AIBN, Aldrich, 99%) was recrystallised twice from methanol.  

 

Instrumentation and general methods  

The material's thermal properties were determined using differential scanning calorimetry (DSC) and 

thermogravimetric analysis (TGA). DSC analysis was conducted with a TA Instruments Q200 DSC analyser 

at a heating rate of 20 ºC/min, using 10-15 mg of the sample under a nitrogen atmosphere. TGA analysis was 

performed with a TA Instruments Q50 TGA analyser at a heating rate of 10 ºC/min, utilising 10-15 mg of the 

sample under both synthetic air and nitrogen atmospheres. 

Infrared spectra (FTIR) were recorded using a Jasco FT/IR-4200 infrared spectrometer equipped with 

an ATR-PRO410-S single reflection accessory. 

Water swelling percentage (WSP) measurements were performed in triplicate and calculated using the 

following equation. 

𝑊𝑆𝑃 = [
𝑔𝑠𝑤𝑒𝑙𝑙𝑒𝑑 𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙− 𝑔𝑑𝑟𝑖𝑒𝑑 𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙

𝑔𝑑𝑟𝑖𝑒𝑑 𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙
] × 100  (eq. 1) 

The powder X-ray diffraction (PXRD) patterns were obtained using a Bruker D8 Discover (Davinci 

design) diffractometer operating at 40 kV with Cu(Kα) radiation. The scan step time was 2 seconds, and each 

spectrum was acquired from 5° to 70° with a step size of 0.05° (2θ). 

Inductively coupled plasma mass spectrometry (ICP-MS) measurements were recorded using an 

Agilent 7500 ICP-MS spectrometer. 

Raman spectra were acquired using a confocal AFM-Raman system, model Alpha300R—Alpha300A 

AFM from WITec. A laser radiation of 532 nm was employed, with magnifications set at 100×. All spectra 

were collected at room temperature. 

Samples for PXRD and ICP-MS analyses were prepared by milling the polymeric materials using a ball 

mill machine, model MM400, from Retsch. The equipment operated at 25 Hz for 5 min, ensuring thorough 

homogenisation of the samples. Additionally, the capsules were pre-immersed in liquid nitrogen for 20 min 

before milling, facilitating efficient grinding and minimising potential thermal effects. 

Gel images were obtained using the Gel DocTM EZ Imager (BioRad). The Synergy HT microplate 

reader (BioTek®) was used to measure fluorescence. 

Electrospinning experiments were performed using a Spinbox Electrospinner System (Fluidnatek) and 

a rotating collector. The polymer was dissolved in DMF (15 % in weight) using a 20 mL vial and left in an 

orbital stirrer overnight.  
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Bacterial strains and inoculum preparation 

In this study, Legionella pneumophila CECT 7109, Staphylococcus aureus CECT 239, Klebsiella pneumoniae 

CECT 8453, Salmonella enterica CECT 915, Escherichia coli O157:H7 CECT 4972 and Pseudomonas 

aeruginosa CECT 109 were used. L. pneumophila CECT 7109 was grown on BCYE Agar Base (Liofilchem) 

supplemented with Legionella BCYE Growth Supplement at 37 °C for 7 days. S. aureus CECT 239, K. 

pneumoniae CECT 8453 and S. enterica CECT 915 were grown on tryptocasein soy agar (TSA; tryptone 

15g/L, soy peptone 5 g/L, sodium chloride 5 g/L, adjust pH to 7.2, agar 15 g/L) at 37 °C for 18 h. E. coli 

O157:H7 CECT 4972 and P. aeruginosa CECT 109 were grown on nutrient agar I (beef extract 5 g/L, peptone 

10 g/L, sodium chloride 5 g/L, adjust pH to 7.2, agar 15 g/L) and nutrient agar II (beef extract 1 g/L, yeast 

extract 2 g/L, peptone 5 g/L, sodium chloride 5 g/L, adjust pH to 7.2, agar 15 g/L) respectively, for 18 h at 37 

°C.  

 One colony of each bacteria was inoculated into BYE liquid medium (ACES 10 g/L, yeast extract 10 

g/L, potassium hydroxide 2.2 g/L, α-ketoglutarate 1 g/L, L-cysteine HCL 0.4 g/L, iron nitrate 135 µg/mL, 

adjust pH to 6.8-6.9 [42]) for L. pneumophila; tryptone soy broth (TSB; tryptone 17 g/L, soy peptone 3 g/L, 

sodium chloride 5 g/L, glucose 2.5 g/L, K2HPO4 2.5 g/L, adjust pH to 7.2) for S. aureus, K. pneumoniae and 

S. enterica; nutrient broth I (beef extract 5 g/L, peptone 10 g/L, sodium chloride 5 g/L, adjust pH to 7.2) for 

E. coli and nutrient broth II (Beef extract 1 g/L, yeast extract 2 g/L, peptone 5 g/L, sodium chloride 5 g/L, 

adjust pH to 7.2) for P. aeruginosa and growth at 225 rpm for L. pneumophila or 180 rpm for the rest of 

bacteria at 37 °C overnight to attain a viable cell concentration ranging from 1 × 108 to 3 × 108 CFU/mL.  

 

Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE)  

30 µL of protein extracts were denatured using a loading buffer (50 mM Tris-HCl pH 6.8, 1% SDS, 0.02% 

bromophenol blue, and 10% glycerol) with DTT 1 mM for 5 min at 95 ºC. Then, the samples were ready to 

load in the electrophoresis gel. Electrophoretic detection of proteins was performed using 10% denaturing 

polyacrylamide gels (10% acrylamide/bis solution, 37.5:1, 0.375 M buffer Tris-HCl pH 8.8, 0.01% SDS, 5% 

glycerol, 0.005% APS, TEMED 10% APS volume). The electrophoresis was carried out using Tris-HCl 25 

mM pH 8.3, glycine 192 mM, and 0.1% SDS as cathode buffer and Tris-HCl 25 mM pH 8.3, glycine 192 mM 

as anode buffer in the BioRad Mini Protein Electrophoresis Cell System for 60 minutes at 100 V and once the 

samples had entered the separating gel, run for 90 minutes at 200 V. In addition, Spectra™ Multicolor Broad 

Range Protein Ladder (Thermo Fischer) was used as a weight molecular pattern. After the electrophoresis, the 

gel was submerged into a staining solution of 0.25% Coomassie Blue R-250 in 40% methanol and 10% acetic 

acid to stain the proteins. The gel was initially destained with an aqueous solution containing 50% methanol 

and 10% acetic acid for 1 hour, followed by treatment with an aqueous solution containing 5% methanol and 

7% acetic acid overnight. Gel images were obtained using Gel DocTM EZ Imager (BioRad). 
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S2. Electrospun nanofibers characterisation. 

 

 
Figure S1. (a) Gel Permeation Chromatography (GPC) spectrum of the copolymers used for the electrospinning experiments. 

The samples were dissolved in THF at a concentration of 5 mg/mL and filtered (polyamide 45 μm) before injection into the GPC, 

which consisted of a pump (Shimadzu LC-20AD), three columns (Styragel HR2, HR4 and HR6), and a refractive index detector 

(Waters 2410). Chromatograms were obtained at 35 °C. THF was used as continuous phase at flow rate of 1 mL/min. The 

obtained molecular weights were related to polystyrene standards. (b) SEM micrographs of the electrospun polymer nanofibers 

(average nanofiber diameter was 306 ± 29 nm). Scanning Electron Microscope (SEM), Hitachi TM 3030, was used to characterise 

the morphology of the nanofibers obtained by electrospinning. 3 photos were taken at different places of the sample with x6000 

magnification. ImageJTM open-source software (National Institute of Health) was used to measure the mean average fibre 

diameter. Fifty measurements were done from the three separate images. 
 

 

 

a)

b)
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S3. Characterisation of the fluorogenic peptide substrate FITC-Ahx-FFK-Dabcyl. 

a) 

 

b) 

 
Figure S2. (a) Certificate of analysis and (b) HPLC of fluorogenic peptide substrate FITC-Ahx-FFK-Dabcyl. 
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a) 

 

b) 

 

Figure S3. (a) Mass spectrum and (b) solubility test of fluorogenic peptide substrate FITC-Ahx-FFK-Dabcyl. 
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S4. Growth curves and extracellular protein extracts characterisation of L. pneumophila. 

 

 
Figure S4. Growth data of L. pneumophila strain. (a) Growth curve of L. pneumophila at 37 ˚C and 225 rpm 

expressed as Log10 of CFUs/mL. (b) L. pneumophila culture growth data; time of growth, optical density measured 

at 600 nm, the corresponding CFUs/mL and the growth phase are indicated. Lag, exponential (Exp.), and stationary 

(Sta.) phases are resalted in green, yellow and blue, respectively.  

 

 

Figure S5. Analyses of Legionella extracellular protein extracts. SDS-PAGE of secreted proteins from L. pneumophila to 

the extracellular media at different stages of growth. The black arrow indicates the major secretory protein band.  Spectra™ 

Multicolor Broad Range Protein Ladder (Thermo Fischer) was used as a weight molecular pattern. 
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S5. Detection limits of smart materials for the detection of L. pneumoniae. 

 

 

Figure S6. Calibration curves and detection limits of smart materials for L. pneumoniae.  
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S6. Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE). 

 

 
Figure S7. Analyses of extracellular protein extracts from K. pneumoniae, S. aureus, S. enterica, E. coli, and P. aeruginosa at 

the stationary growth phase. Black arrows indicate the most prominent bands found in the P. aeruginosa cell-free supernatant. 

TBS, NBI, and NBII mediums are the control mediums without proteins for each microorganism, depending on their culture 

conditions. Spectra™ Multicolor Broad Range Protein Ladder (Thermo Fischer) was used as a weight molecular pattern. 
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S7. Growth curves and extracellular protein extracts characterisation of P. aeruginosa. 

 

 

Figure S8. Growth data of P. aeruginosa strain. (a) Growth curve of P. aeruginosa at 37 ˚C and 225 rpm expressed as 

Log10 of CFUs/mL. (b) P. aeruginosa culture growth data; time of growth, optical density measured at 600 nm, the 

corresponding CFUs/mL and the growth phase are indicated. Lag, exponential (Exp.), and stationary (Sta.) phases are 

resalted in green, yellow and blue, respectively. 

 

 

Figure S9. Analyses of P. aeruginosa extracellular protein extracts. SDS-PAGE of secreted proteins from P. aeruginosa to 

the extracellular media at different stages of growth. Spectra™ Multicolor Broad Range Protein Ladder (Thermo Fischer) was 

used as a weight molecular pattern. 
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