An enzymatic cascade system based on molybdenum-derived single atom nanozyme for bacteria infected wounds treatment
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2. EXPERIMENTAL SECTION

2.1 Reagents and apparatus. 2-methylimidazole (Sinopharm Chemical Reagent Co., Ltd.), Zn(NO3)2•6H2O (Sinopharm Chemical Reagent Co., Ltd.), MoO2(acac)2 (Sinopharm Chemical Reagent Co., Ltd.), methanol, hyaluronic acid (HA), hydrogen peroxide (H2O2), and 3,3,5,5-tetramethylbenzidine (TMB), glucose, and terephthalic acid (TA) were purchased from Aladdin Chemical Reagent Co., Ltd (Shanghai, China). Glucose oxidase (GOx)and hyaluronidase were purchased from Sigma-Aldrich (USA). LB broth, LIVE/DEAD BacLight Bacterial Viability Kit, and cell counting kit-8 (CCK-8) were purchased from Thermo Fisher Scientific Co., Ltd. (USA). Phosphate buffer solution (PBS), DMEM medium, fetal bovine serum (FBS), trypsin, cell culture bottle, 96-well plate, were purchased from Gibco Life Technologies (USA). Enhanced BCA Protein Assay Kit and 2.5% glutaraldehyde were purchased from Beyotime Biotechnology (China).
TEM images were taken on a transmission electron microscopy (TEM, JEM-1230, Japan). The zeta potential of nanoparticles was measured by dynamic light scattering (DLS) using a Nano Zetasizer (Malvern). X-ray diffraction (XRD) analysis was carried out on a D/max 2500PC X-ray diffractometer (Rigaku, Japan). The hydrophilicity of different samples was evaluated on a DSA25 water contact angle goniometer (Kruss GmbH, Germany). A model U-3900 UV-vis spectrophotometer (Hitachi, Japan) was used for the determination of GOx concentration according to the standard curve predetermined.
2.2 GOx loading loading and encapsulation. The GOx loading and encapsulation rate of Mo-SAzyme to GOx was determined by BCA method, and the loading and encapsulation ratio of GOx was calculated by the following equation: 

Encapsulation ratio (%) = (1 − wr/wa) × 100                              (1)

Loading ratio (%) = (we/wt) × 100                                       (2)

Here, wa (mg) and wr (mg) represent GOx added to the solution and remained in the supernatant after encapsulation, respectively. we (mg) and wt (mg) represent GOx encapsulated in the system and total weight of drug-containing system, respectively.

2.3 Study on bacterial morphology. 10 mL LB broth suspensions of 108 CFU bacteria and incubated with the grouping as described above for 6 h, then washed the suspensions thoroughly with PBS, and resuspend with 2.5% glutaraldehyde for 2 h at 4 ℃. Then the bacteria were dehydrated by using graded ethanol, and the morphology of the bacteria with different treatment was carried out on a scanning electron microscope.

2.4 Laser confocal fluorescence microscope (CLSM) study of antibacterial activity. After the bacteria with different treatment was collected, the LIVE/DEAD BacLight Bacterial Viability Kit was used to stain the bacteria for the further study the survival status of the bacteria with different treatment.

2.5 Safety evaluation of Mo/GOx@HA. Hemocompatibility of Mo/GOx@HA. The whole mouse blood was collected into heparinized tubes to prevent coagulation and the obtained fresh red blood cells were diluted to 2% in saline. Mo-zyme or Mo/GOx@HA of 500 μg/mL were added in 2% red blood cell (RBC) suspensions at a final concentration of 1 mg/mL. Besides, RBC incubated with deionized water or saline were used as positive or negative controls, respectively. All samples were kept in static condition at 37 ℃ for 12 h. The supernatants were collected and the absorbance at 560 nm were determined. Hemolysis ratio was calculated by the following equation: 

Hemolysis ratio (%) = (sample absorbance – negative control absorbance) (positive control absorbance – negative control absorbance) × 100.                   (3)

The cytotoxicity of Mo/GOx@HA was evaluated by a CCK-8 assay on HUVEC and NRK cells. Briefly, different cells were seeded into the 96-well plate (5×103 cells per well) and cultured for 24 h at 37 oC with 5% of CO2, respectively. Then the medium was replaced by medium containing Mo/GOx@HA with different concentrations and incubated for 24 h. After that, the cell viability of carriers was measured by CCK-8 assay. Results were recorded using a microplate reader (Thermo Fisher Scientific-Waltham, USA) at 450 nm.

Cell Viability (%) =(As−Ab)∕(Ac−Ab)×100                                (4)

where As was the absorbance of cells treated with HMMo/GOx@HA, Ab was the zero adjusted hole, and Ac was the control hole.

Inaddition, Mo/GOx@HA was injected into BALB/c mice via caudal vein (5 mg/kg), the main organs and serum were collected after 3 days. Blood biochemical examination and HE-stained were used to investigate the biological safety of the Mo/GOx@HA nanoreactor in vivo.

2.6 Statistical analysis. Student t-test (two­tailed), Pearson correlation coefficient test, Wilcox test, and repeated-measures analysis of variance (ANOVA) were used for data analysis. Data were presented as mean ± SD from at least triplicate measurements. Statistical analyses were performed using SPSS 20.0 (SPSS, Chicago) or R software (https://www.r-project. org). P < 0.05 was considered as statistically significant.
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Fig. S1. XRD patterns of ZIF-8, Mo-zyme, HA and Mo @HA.
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Fig. S2. FTIR spectra of of Mo-zyme, HA, GOx and Mo/GOx@HA.
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Fig. S3. Hydration particle size of Mo-zyme, Mo/GOx and Mo/GOx@HA.
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Fig. S4. The standard curve of GOx by using BCA Protein Assay Kit.
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