Supporting Information

A Semi-transparent Strong Biomimetic Wound Healing Material: Zinc Oxide and Sodium Alginate Based Bi-layer Nanofiber Membrane
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Experimental Section
Materials and Chemicals
The electrospinning solution included ethylene vinyl alcohol (EVOH) and polycaprolactone (PCL), and sodium alginate (NaAlg) sourced were from Sigma Aldrich. zinc oxide (ZnO) was purchased from Thermo Fisher Scientific, USA. Analytical-grade solvents like acetone, N,N-dimethylformamide (DMF), acetic acid, dimethyl sulfoxide (DMSO), and chloroform (CF) were purchased from Thermo Fisher Scientific, USA, and were utilized as received. Screen mesh from a local market facilitated the creation of transparent patterned nanofibers. Deionized water with a conductivity of 18.2 S/cm, obtained from a RiOs™ Essential deionized water purification system by Millipore, USA, served as the solvent. Isopropyl alcohol (IPA), procured from Sigma Aldrich, was used to remove excess solvent by immersing the electrospun nanofiber support. Square Al mesh (1.58 mm) was acquired from Home Depot in Canada. All other reagents employed in this study were of analytical grade, commercially available, and were utilized without additional purification steps.
Fabrication of Nanaofiber by Electrospinning
We employed a combination of 22% 27EVOH (hydrophilic) and, 15% PCL (hydrophobic) polymers to develop robust, transparent wound closure dressings following our previously established procedure.1 In our reported procedure, Al foil serves as the fiber collector to integrate transparency in fiber structures, We expanded our fabrication process to encompass fibers on both 1.58mm and 2.5mm Al meshes. Interestingly, our observations indicated that the fibers on these meshes displayed increased transparency, attributed to the specific fiber network topology within the membrane structure. Notably, in this study, we exclusively utilized a 1.58mm aluminum screen mesh as the collector to produce PCL/EVOH fibers with NaAlg or ZnO.
In summary, the electrospinning procedure was carried out under room temperature conditions with a relative humidity (RH) of 25-30%. Each solution, totally 3 ml, was dispensed through a syringe pump and electrospun onto a 1.58mm Al screen mesh serving as the base layer. Initially, we produced the EVOH layer at a flow rate of 0.5ml/hr for 30 minutes at 7 kV, followed by the formation of the PCL layer (1.5ml/hr flow rate for 60 minutes at 8 kV) a top side of the EVOH layer (Figure 1 (A)). The distance between the needle collector and the collector’s speed was maintained at 15 cm and 300 RPM, respectively. To create the bio-functionalized membrane, we dispersed NaAlg (at concentrations of 1%, 3%, and 5% w/v) or ZnO (at concentrations of 1%, 2%, and 3% w/v) within a hydrophilic polymer solution. First, We proceeded to fabricate the hydrophilic layer containing biologically active molecules. at a subsequent time. Afterwards, we fabricated the PCL layer using the same electrospinning conditions on the top surface of EVOH layer.
Characterization of Nanaofibers in the Membrane
The composite PCL/EVOH nanofibrous membranes’ transparency was evaluated at 25°C using a UV–vis spectrometer (Lambda 850, PerkinElmer) within the visible light wave- length range of 200–1000 nm. The surface morphology of both the PCL/EVOH electro- spun nanofibers and the NaAlg/ZnO loaded nanofibrous membranes was examined using a field-emission scanning electron microscope (FE-SEM, Hitachi S-4800). The successful impregnation of NaAlg/ZnO was confirmed by identifying functional groups on the surface of the electrospun composite nanofibers through Fourier transform infrared spectroscopy (ATR-FTIR, Alpha-P FTIR spectrometer, Bruker, USA). Additionally, the surface water contact angle (WCA) of the nanofibrous membranes was determined using the sessile drop method with a drop shape analyzer from KRUSS GmbH in Hamburg, Germany. These analyses were carried out in accordance with our recently published work.1 We conducted in vitro experiments to test the antibacterial effects on Escherichia coli; E. coli (ATCC 25922), Pseudomonas aeruginosa; P. aeruginosa (ATCC 10145), Staphylococcus aureus; S. aureus (ATCC 29213), Group A Streptococcus pyogenes; GSA (ATCC 12344), and Methicillin-resistant Staphylococcus aureus; MRSA (ATCC 12344) bacterial strains, while evaluating MMT biocompatibility using HaCaT cells. Our procedures for these experiments, including the blood clotting assay, closely followed the methods outlined in our previous publication.1
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