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S1 Materials and methods
S1.1 Materials
[bookmark: OLE_LINK79][bookmark: OLE_LINK2]Gelatin (Gel, from porcine skin), adipic acid dihydrazide (ADH), 1-hydroxybenzotriazole (HOBt, 97.5%), N-hydroxysuccinimide (NHS), 1-ethyl-3-(3-(dimethylamino) propyl) carbodiimide hydrochloride (EDC·HCl, 98%), hyaluronic acid (HA, MW = 2-4 kDa), and dodecylamine (DDA) were obtained from Sigma-Aldrich. Sodium hydroxide (NaOH, 99%), hydrochloric acid (HCl, 99%), sodium chloride (NaCl), sodium carbonate (Na2CO3), hydrogen peroxide (H2O2, 30 wt%), and potassium permanganate (KMnO4) were obtained from Sinopharm. Dopamine hydrochloride (DA) was obtained from Energy Chemical. Treaethyl orthosilicate (TEOS), rivaroxaban, and deferoxamine (DFO) were obtained from Aladdin. Streptozocin (STZ) was obtained from Meryer.
S1.2 Synthesis of adipic acid dihydrazide modified gelatin (GA)
[bookmark: OLE_LINK78][bookmark: OLE_LINK84][bookmark: OLE_LINK1]The grafting of hydrazide onto gel was carried out according to previous report [S1]. 1 g gelatin was dissolved in 100 mL deionized water, and 6 g ADH was added with stirring. Then, 1.83 g HOBt and 2.79 g EDC were dissolved in the 6.5 mL DMSO/H2O (1:1 v/v) mixture, and added to Gel/ADH mixture with stirring. The pH of the solution was adjusted to 5 and the amidation reaction was performed at room temperature for 24 h. Subsequently, NaCl was added to produce a 5% w/v solution and the Gel-ADH was precipitated in ethanol. After dissolution in deionized water, the precipitate was dialyzed for another 5 days to remove the salt. Finally, the solution was lyophilized to obtain a dried GA foam.
S1.3 Synthesis of dodecylamine modified hyaluronic acid (HD)
The amphiphilic polymer HA-DA was synthesized via the amidation reaction between HA and DA [S2]. Briefly, 388 mg (0.5 mmol) HA was dissolved in 30 mL distilled water and EDC·HCl (192 mg, 1 mmol)/NHS (115 mg, 1 mmol) were added to activate the carboxyl groups of HA for 1  h at 45  °C. 11.5 mg (0.0625 mmol) DA in 20 mL ethanol was then added into the HA solution, and the reaction proceed at 45 °C for 24 h. The products were dialyzed against distilled water for 5 days to remove byproducts, followed by lyophilizing to obtain HD.
S1.4 Synthesis of MnO2@DFO@PDA nanoparticle (MDP)
[bookmark: OLE_LINK80]Firstly, SiO2 nanoparticles were synthesized according to previously reported method [S3]. In brief, ethanol (280 mL), deionized water (40 mL), and ammonia water (10 mL) were added into a round-bottomed flask and magnetically stirred at 50 °C for 5 min. TEOS (10 mL) was then added dropwise to the above mixture, stirred for 2 h, and then centrifuged at 12000 rpm for 5 min to obtain mesoporous SiO2 nanoparticles. 
[bookmark: OLE_LINK81]Secondly, an aqueous solution of KMnO4 (6 g) was dropwise added into the suspension of SiO2 (800 mg, 100 mL) under ultrasonication. Ultrasonication was continued for another 1 h after the KMnO4 was completely added, and the solution was stirred overnight at room temperature. The reactant was centrifuged at 12000 rpm for 5 min, and the supernatant was removed to obtain SiO2@MnO2 nanoparticles. These nanoparticles were then dispersed into sodium carbonate solution (2 M, 200 mL) and stirred at 60 ℃ overnight, after which the reactant was centrifuged at 12000 rpm for 5 min. The precipitate was washed with deionized water to obtain h-MnO2 [S4].
Then, for DFO loading, h-MnO2 NPs (10 mg) were added to 10 mL of phosphate buffered saline (PBS, pH 7.4) containing DFO (10 mg) and stirred for 12 h in darkness.
The solution was then centrifuged to remove the remaining DFO and obtain MnO2@DFO.
Finally, the MnO2@DFO NPs (10 mg) were dispersed in 10 mL of Tris buffer (pH 8.5, 1×10−2 M) containing dopamine hydrochloride (10 mg) for 6 h at room temperature in darkness and stirred to obtain MnO2@DFO@PDA. The final product (MDP NPs) was centrifuged and lyophilized for 48 h.
S1.5 Synthesis of GA/HD/MDP cryogel
[bookmark: _Hlk166263677][bookmark: OLE_LINK82][bookmark: _Hlk166264000]Firstly, GA and HD were dissolved in deionized water at 37 °C to form 6.25 wt% and 1.25 wt% solution, respectively. Furthermore, MDP nanoparticles were added to deionized water to form 10, 20, 30 mg/mL dispersions, which were uniformly dispersed under ultrasound. Then, GA, HD, MDP, EDC (75 mg/mL) and NHS (45 mg/mL) solutions were pre-chilled in an ice-water mixture for 2 h. Add 400 µL GA solution, 400 µL HD solution, and 100 µL MDP dispersions to the centrifuge tube. After sufficient shaking, add 50 µL EDC, 50 µL NHS and oscillate sufficiently. Then, immediately immerse in iced ethanol (-20 °C) for 24 h, and later it was transferred to a -7 °C refrigerator for 24 h. Finally, the cryogel was immersed in deionized water for 3 days to remove unreacted EDC and NHS. The cryogel was named GA/HD/MDP-X, X represents the concentration of MDP nanoparticles (mg/mL).
S1.6 Characterization
[bookmark: _Hlk142504847]The synthesized Gel-ADH (GA) were dissolved in deuteroxide. The 1H nuclear magnetic resonance (1H NMR) of GA were recorded at 25 ℃.
Fourier transform infrared spectroscopy (FT-IR) of freeze-dried GA, HD, and GA/HD/MDP cryogel were recorded in the range of 4000-450 cm-1 by employing a Bruker ALPHA II FT-IR spectrometer.
The morphologies of the freeze-dried cryogels were observed using a field emission scanning electron microscope (FEI Quanta FEG 250). Before observation, the surface of the cryogels was sprayed with a gold layer. The average pore sizes of the cryogels were measured and calculated using Image J software based on the SEM photographs. 
[bookmark: OLE_LINK86]For the maximum compression strain of the cryogels, the freeze-dried cryogels were processed into a cylindrical shape (with original length of 5 mm as L1). Then, the lyophilized cryogels were compressed as much as possible and keep this state for 5 min. The length of shape-fixed cryogels were recorded as L2. Each group was repeated for 5 times. The maximum compression strain was calculated as follows:
Maximum compression strain = (L1 - L2) / L1 × 100%
[bookmark: _Hlk124278143][bookmark: OLE_LINK87][bookmark: OLE_LINK93]For the equilibrium swelling ratio test of the cryogels, the cryogels (cylindrical shape with a diameter of 8 mm and height of 5 mm) were equilibrated in deionized water (or blood) at room temperature (25 ℃) and then weighed (Ww). Following that, they were sucked dry by the filter paper (or freeze-dried) and weighed again (Wd). Each group was repeated for 5 times. The swelling ratio (SR) was calculated as follows:
SR = (Ww -Wd)/Wd × 100%
[bookmark: _Hlk142505346]For the recovery time of the cryogels, the cryogels (cylindrical shape with a diameter of 8 mm and height of 5 mm) were sucked dry by the filter paper. Then the samples were soaked in water, and recovery time was measured. The test was cycled for five times.
S1.7 DFO release test of GA/HD/MDP cryogels
To follow the kinetics of DFO release, the cryogel sample (50 mg) were individually placed in 3 mL PBS (pH value = 7.4) release medium at 37 ℃ under stirring (100 rpm). The release vessels were all well-sealed to prevent medium evaporation. At pre-determined intervals, 1 mL samples were taken from the PBS medium. Then, 1 mL fresh PBS was added into the release medium to maintain the constant volume. The ferric chloride solution (3 mM) was mixed with the collected supernatant (1:1 v/v). After 30 min of reaction, the absorbance was read at 485 nm wavelength using a microplate reader (Molecular Devices) to calculate the release of DFO [S5]. Each experiment was done three times.
S1.8 Mechanical performance
The mechanical performance of the cryogels was tested by uniaxial and cyclic compression test using TA rheometer (DHR-2) at room temperature [S6]. The cryogels were fabricated as cylindrical shapes with a diameter of 8 mm and height of 5 mm. The freeze-dried cryogels were firstly swollen in DI water, and then the compression test of the wet cryogels was conducted at a strain speed of 50 µm/s. A drop of water was added around the wet cryogels sample on the platform before the test, and then 80% compression strain was employed to conduct the uniaxial compression test. Meanwhile, the fatigue resistance of the cryogels was measured by cyclic compression. The compression strain was firstly performed up to 80% strain and then released to 0% strain by using constant compression and release strain rate, which was repeated for 10 times.
S1.9 Photothermal performance
To test the cryogels’ photothermal property, the swollen cryogels were cut into disks (a diameter of 8 mm and a height of 5 mm) and then exposed to a NIR laser (MDL-III-808 nm-1000 mW, Changchun New Industries Optoelectronics Tech Co., Ltd.) at power density varying from 1.0 to 1.4, and 2.0 W/cm2 for 10 min, respectively. To study the photothermal stability of the cryogel, GA/HD/MDP was irradiated in four repeated cycles of 5 min irradiation ON and 5 min OFF. The heat maps and temperature profiles of the cryogels were recorded using an infrared (IR) thermal camera. 
S1.10 Photothermal antibacterial performance
The GA/HD/MDP disks (with a diameter of 8 mm and height of 5 mm) were sterilized by immersing them in 75% alcohol and then equilibrated using sterilized PBS. 10 µL of E. coli and MRSA bacterial suspension in sterilized PBS (108 CFU mL-1) was added onto the surface of the cryogels. After that, the samples were exposed to NIR laser light (808 nm, 1.4 W/cm2) for different time intervals from 0 to 1, 3, 5 and 10 min, respectively. 10 µL of bacterial suspension (108 CFU mL-1) suspended in 990 µL of PBS was used as a negative control, which was also exposed to NIR laser light (808 nm, 1.4 W/cm2). 990 µL of sterilized PBS was introduced into each well to re-suspend any bacterial survivor. Then, 10 µL of the above resuspension was added onto agar plate, the colony-forming units on the agar plate were calculated after cultured for 12 h at 37 ℃. The antibacterial efficiency was expressed as antibacterial ratio using the following equation: 
Bacterial killing ratio = ((bacterial count of control - survivor count on cryogel) / bacterial count of control) × 100%.
S1.11 Antioxidant performance
[bookmark: _Hlk166266353]The antioxidant abilities of GA/HD/MDP cryogels were tested by scavenging efficiency for H2O2, ·OH, ·O2-, and intracellular ROS scavenging. H2O2 scavenging ability was evaluated according to the publication [S7]. 300 μL GA/HD/MDP cryogel samples were added to 1 mL PBS buffer containing H2O2 (2 mM) and incubated in the shaker at 37 °C for 4 h. 100 μL of supernatant was collected and mixed with 200 μL of titanium sulfate solution (1.33 mL of 24 % Ti(SO4)2 and 8.33 mL of H2SO4 dissolved in 50 mL deionized water) for 30 min, and then the 200 μL supernatant was introduced into a 96-well plate. The absorbance was read at 405 nm wavelength using a microplate reader (Molecular Devices). The scavenging ratio of H2O2 was calculated as follows:
H2O2 scavenging (%) = (Am - An) / Am × 100%, Where Am and An represent the absorbance values of the blank and the GA/HD/MDP cryogel, respectively.
[bookmark: OLE_LINK95][bookmark: OLE_LINK97][bookmark: OLE_LINK92][bookmark: OLE_LINK91][bookmark: OLE_LINK4]·OH scavenging ability was evaluated according to the publication [S7]. The solution containing H2O2 (5 mM) and Fe2+ (2 mM) was incubated at 37 °C for 10 min to produce ·OH. Subsequently, 300 μL of GA/HD/MDP cryogel sample was added into 1 mL of the above solution and incubated at 37 °C for 30 min. Then 900 μL of the supernatant was mixed with 100 μL of salicylic acid (SA) solution (15 mM) for 30 min. Thus, ·OH scavenging activity of cryogels can be determined by detecting the 2, 3-dihydroxybenzoic acid with an absorption peak at 510 nm using a microplate reader (Molecular Devices). The scavenging ratio of ·OH was calculated as follows:
·OH scavenging (%) = (Ab - Ac) / Ab × 100%, 
[bookmark: OLE_LINK96]Where Ab and Ac represent the absorbance values of the blank and the GA/HD/MDP cryogel, respectively.
·O2- scavenging ability was determined by calculating the inhibition ratio of the photoreduction of NBT [S8]. Briefly, 300 μL GA/HD/MDP cryogel sample was added into 1 mL PBS buffer (pH 7.4) containing riboflavin (20 µM), methionine (12.5 mM) and NBT (75 µM), and treated with a constant light intensity for 30 min. Then, 200 μL of the supernatant was collected, and the absorbance was read at 560 nm wavelength using a microplate reader (Molecular Devices). The ·O2- scavenging was calculated using equation:
·O2- scavenging (%) = [(A1 - AP) - (A0 - Ap) / (A1 - Ap)] × 100%,
Where A0, Ap, and A1 represent the absorbance values of the GA/HD/MDP cryogel, PBS, and positive control, respectively. 
[bookmark: OLE_LINK99]The intracellular ROS scavenging test was evaluated according to the publication [9]. Briefly, RAW 264.7 cells in a 48-well plate (3×104 cells/well) were incubated with GA/HD/MDP for 24 h. Next, 500 µM H2O2 was added to the culture media to induce oxidative stress for 1 h. Then, the media and samples were aspirated, and the cells were washed carefully with PBS for 2 times. The cells were incubated with 10 µM DCFH-DA solution at 37 °C for 1 h in dark. The fluorescence intensity of DCFH-DA was read using a microplate reader (Ex. 495 nm; Em. 530 nm) and the fluorescence images were observed by confocal microscope.
S1.12 Oxygen production performance
The 10 mg GA/HD/MDP cryogel was placed in 5 mL of deionized water containing H2O2 (200 μM), and the concentration of O2 was recorded using a portable dissolved oxygen analyzer (JPBJ-608, Shanghai Leici) at the pre-set time.
S1.13 Biocompatibility performance
The biosafety of GA/HD/MDP cryogels was evaluated by hemocompatibility, cytocompatibility, and in vivo biocompatibility tests [S8].
For hemocompatibility test, erythrocytes were separated from the mouse blood by centrifugation at 116×g for 10 min. The obtained erythrocytes were washed three times with PBS and then diluted to a concentration of 5% (v/v). Then, the lyophilized cryogels were dispersed to form dispersion liquids with the concentration of 10 mg/mL. 0.5 mL of the dispersion liquid was added into 2 mL tube, and then gently mixed with 500 µL of erythrocyte suspension (5% (v/v)). After incubated at 37 ℃ for 1 h, the tubes were centrifuged (at 116×g) for 10 min. The obtained supernatants were introduced into 96-well microplate. The absorbance of the solution was read at 540 nm by a microplate reader (Molecular Devices). 0.1% Triton X-100 was used as the positive control while PBS was used as the negative control. Each group was repeated for three times. The hemolysis ratio was calculated as follows: 
Hemolysis ratio (%) = [(Ac - Ab) / (At - Ab)] × 100%,
[bookmark: OLE_LINK101]Where Ac, At, and Ab represent the absorbance values of the GA/HD/MDP cryogel, positive control, and PBS, respectively.
The cytotoxicity of the cryogels was evaluated by a contacting test method. For the contacting test method, the freeze-dried cryogels were firstly cut into disks with diameter of 8 mm and height of 1 mm, and then sterilized by immersing them into 75% alcohol. The complete growth medium was Dulbecco’s modified eagle medium (DMEM) (Gibco) supplemented with 10% fetal bovine serum (Gibco), 1.0 × 105 U/L penicillin (Hyclone) and 100 mg/L streptomycin (Hyclone). L929 cells were seeded into 48-well plate with cell density of 7500 cells/well. After cultivated for one day, the cryogels disks equilibrated in the culture medium were added into each well and kept the culture medium level slightly lower than the cryogels upper surface to ensure the fine contact between cell and cryogels. After cultured for 24 h, the cell viability under the cryogels was tested by Live/Dead Viability/Cytotoxicity Kit assay. After cultured for 1 day, 2 days and 3 days, respectively, the cell viability under the cryogels were tested by alamarBlue® assay. 20 µL of alamarBlue® reagent in 200 µL culture medium was added into each well after removing the cryogels disks and medium. After incubated at 37 ℃ for 4 h, 100 µL of the medium in each well was transferred to a 96-well black plate (Costar). Fluorescence was read by a microplate reader (Ex. 560 nm; Em. 600 nm). Tests were repeated four times for each group. Cell adhesion and viability were observed under an inverted fluorescence microscope (IX53, Olympus).
For in vivo biocompatibility, all the samples were cut into the same shape and size (diameter of 8 mm and height of 2 mm), sterilized with 75% ethanol, and rinsed in phosphate-buffered saline (PBS) overnight. Four symmetrical small incisions were created on the back of each rat (female, Sprague Dawley, 180-210 g). The prepared samples were placed into the incisions, and then the skin was closed. After 7 days and 28 days, the rats were sacrificed, and the testing samples were excised with the adjacent tissues. The obtained material-tissue samples were embedded in paraffin, sectioned, and mounted onto slides. The acute inflammatory response and chronic inflammatory response were measured by both hematoxylin and eosin (H&E) staining, and toluidine blue (TB) staining. The stained slides were observed and analyzed by microscope.
[bookmark: OLE_LINK100]14. In vitro hemostasis performance
The in vitro hemostasis properties of the cryogels were evaluated by red blood cell and platelet adhesion test, and dynamic whole blood clotting test [S6].
For blood cell and platelet adhesion tests, the cryogels were cut into disks with a height of 5 mm and a diameter of 8 mm, and then immersed into PBS for 1 h at 37 ℃. Following that, the ACD-whole blood was added dropwise onto the sample and then incubated for 5 min at 37 ℃. Platelet-rich plasma (PRP) was separated from the ACD-whole blood by centrifugation of blood at 116×g for 10 min. The PRP was then added dropwise onto the sample and incubated for 1 h at 37 ℃. All samples were then washed with PBS solution three times to remove the physical adhered blood cell and platelet and then fixed by 2.5% glutaraldehyde for another 2 h. After that, blood cells and platelets were dehydrated using 50%, 60%, 70%, 80%, 90%, and 100% ethanol solutions with time interval of 10 min. Finally, the samples were dried and observed using SEM.
For the whole blood clotting test, the cryogels were cut into cylindrical cryogel with a height of 3 mm and a diameter of 8 mm, and then the cylindrical cryogels were formed into shape-fixed situation. A volume of 50 μL of recalcified whole-blood solution (0.2 M CaCl2, 10 mM in the blood) was added onto the pre-warmed cryogels (37 ℃) in polypropylene tubes, respectively. Then, the tube was incubated at 37 ℃ for 30 s, 60 s, 120 s, and 180 s, respectively. The gauze and gelatin sponge were used as control groups. After the pre-set period, 10 mL of DI water was gently added to release unclotted blood without disturbing the clot. The absorbance of the supernatant was recorded at 540 nm by using a microplate reader (Molecular Devices). Three replicates were performed. The absorbance of 50 μL of recalcified whole-blood in 10 mL DI water was used as the reference value (positive control). The blood-clotting index (BCI) was calculated using equation:
BCI (%) = (Is - Io) / (In - Io) × 100%,
where Is, In, and Io represent the absorbance of samples, positive control, and DI water, respectively.
S1.15 In vivo hemostasis performance
The in vivo hemostatic performance of GA/HD/MDP cryogel was evaluated by using the rat liver non-compressible hemorrhage model and coagulopathic rat liver non-compressible hemorrhage model [S10]. All animal studies were approved by the animal research committee of Xi’an Jiaotong University.
For rat liver non-compressible hemorrhage model, the rats (SD rats, weight 250-300 g, male) were randomly and equally divided into 4 groups. The animals were anesthetized and fixed on a surgical corkboard. The liver of the rat was exposed by abdominal incision, and serous fluid around the liver was carefully removed to prevent inaccuracies in the estimation of the blood weight obtained by the hemostatic samples. Then, created a 6 mm wide and 3 mm deep narrow wound. Immediately after wiping off the blood by using gauze, the shape-fixed dried cryogels or gelatin sponge was applied onto the site of the lesion. The group without hemostatic materials was used as blank control group. The hemostatic time and blood loss were recorded. Each group contains 6 rats.
For coagulopathic rat liver non-compressible hemorrhage model, the rats (SD rats, weight 250-300 g, male) with coagulopathy were prepared by injection of a clotting factor inhibitor. First, rivaroxaban solution (1 mg/mL) was prepared in a mixture of water and ethanol (10:9 v/v) with the help of ultrasound. Then, the rats were given 3 mg per 1 kg by gavage. After 90 min, the animals were anesthetized and fixed on a surgical corkboard. The liver of the rat was exposed by abdominal incision, and serous fluid around the liver was carefully removed to prevent inaccuracies in the estimation of the blood weight obtained by the hemostatic samples. Then, create a 6 mm wide and 3 mm deep narrow wound on rats. Immediately after wiping off the blood by using gauze, the shape-fixed dried cryogels or gelatin sponge was applied onto the site of the lesion. The group without hemostatic materials was used as blank control group. The hemostatic time and blood loss were recorded. Each group contains 6 rats.
S1.16 In vivo wound healing performance
All animal experiments were approved by the institutional review board of Xi’an Jiaotong University. Firstly, type 1 diabetes was induced in male Kunming mice using streptozotocin (100 mg/kg) according to previous literature [S11]. Three days after STZ administration, the blood glucose level of the mice was measured by the tail vein glucose meter (Yuwell, China), and the establishment of diabetes was determined when the blood glucose level of the mice exceeded 16.7 mmol/L. All mice were randomly and equally divided into 5 groups: TegadermTM film, GA/HD/MDP0, GA/HD/MP2, GA/HD/MDP2, and GA/HD/MDP2+NIR groups. Each group contained 15 mice. 
The mice were anesthetized, and then the dorsal region of mouse above the tail but below the back was shaved for further surgery. Two full thickness wounds with a diameter of 7 mm were made on each side of the mouse midline, and 10 μL MRSA (108 CFU/mL) was injected into the wound to establish infection. Subsequently, different groups of dressings were applied to the wound site. For wound area monitoring, on the 5th, 10th, and 21st day, the mice were anesthetized, and then the wound area was photographed. The wound closure area was calculated by Image J. Wound closure ratio (%) was calculated by the following equation:
Wound closure ratio (%) = (A0 - An) / A0 × 100%,
Where A0 and An represent the wound area of Day 0, and Day n (n = 5, 10, 21), respectively.
To evaluate the epidermal regeneration and inflammation in the wound area, the collected samples on the 5th, 10th, and 21st day were fixed with 4% paraformaldehyde for 1 hour, embedded in paraffin, and then cross-sectioned into 4 μm thickness slices. The obtained slices were then stained by Hematoxylin-Eosin (Beyotime, China) and Masson. All slices were analyzed and photographed by a microscope (IX53, Olympus, Japan). Meanwhile, CD80 and CD206 immunofluorescence staining was performed to observe the inflammatory response of the wounds in each group. The angiogenesis of wounds in each group was observed by VEGF immunofluorescence staining.
S2 Results
	[bookmark: OLE_LINK104][image: ] 
Fig. S1 1H NMR spectra of Gel-ADH (GA) [image: ] 
Fig. S2 The particle size distribution of (a) SiO2 and (b) h-MnO2
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	Fig. S3 The concentration of DFO before and after encapsulation
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	Fig. S4 The particle size distribution of (a) h-MnO2, (b) MnO2@DFO, (c) MnO2@PDA, and (d) MDP
Table S1 The concentration of GA/HD cryogels components
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	When the HD concentration was 0.25 wt%, it was difficult to form a cryogel with stable mechanical properties due to the low crosslinking degree. Therefore, in subsequent experiments, only three concentrations of 0.5, 1.0, and 1.5 wt% were tested.
 [image: ] 
[bookmark: _Hlk124367494]Fig. S5 (a) Swelling ratios of GA/HD cryogels. (b) Absorption time of GA/HD cryogels 
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