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Fig. S1. Verification of CMC incorporation and spatial distribution within the BC network. (a) Dry 

weight of BC hydrogels after soaking in 2 wt% CMC solution for 0 h (Control), 24 h, and 72 h. Increased 

dry weight in the 24 h and 72 h groups indicates successful incorporation of CMC into the BC network, 

with no significant difference between the two soaking times. (b) Weight percentage (wt%) of CMC 

incorporated into the dry BC network after soaking in 2 wt% CMC solution for 24 h and 72 h. Data are 

presented as mean values ± SD (n = 5). No statistically significant difference was observed between 24 

h and 72 h (Student’s t-test, p > 0.05). (c) Cross-sectional confocal laser scanning microscopy (CLSM) 

images of the BC hydrogel after diffusion of FITC-dextran (MW ≈ 150 kDa), used as a model molecule 

for CMC (MW ≈ 90 kDa). The yellow dashed lines indicate the positions at which the fluorescence 

intensity profiles were extracted. (d) Fluorescence intensity profile measured across the depth of the BC 

hydrogel cross-section. The consistent intensity values throughout the depth quantitatively confirm the 

uniform spatial distribution of the model molecule within the porous BC network.



Fig. S2. FTIR analysis of NHS ester conjugation and citric acid-mediated crosslinking. (a) ATR-FTIR 

spectra exhibiting a new peak near 1200 cm-1, corresponding to the symmetric stretching of the C-N-C 

bond, indicating the formation of NHS esters. (b) ATR-FTIR spectra revealing a peak at 1713 cm-1, 

attributed to the C=O stretching vibration of ester bonds.



Table S1. Evaluation of BC/CMC tissue adhesive formulations with varying CMC contents, NHS-EDC 

activation conditions, and citric acid concentrations. Shear strength values are presented as mean ± SD 

(n ≥ 3).



Fig. S3. Quantification of active NHS ester groups. (a) Colorimetric images of standard solutions with 

varying concentrations of NHS obtained from the ferric-based colorimetric assay. (b) Calibration curve 

constructed for determining active NHS ester content. (c) Active NHS ester content (mmol g-1) 

measured for all BC/CMC tissue adhesive formulations listed in Table S1. Data are presented as mean 

± SD (n = 3).



Fig. S4. Comparison of the wet ultimate tensile stress (UTS) of the BC/CMC tissue adhesive with 

various tissue adhesives reported in the literature, categorized into natural and synthetic polymer-based 

systems.1-19



Table S2. Summary of polymer type, material composition, and wet ultimate tensile stress (UTS) of 

the BC/CMC tissue adhesive and representative tissue adhesives reported in the literature.1-19



Table S3. Comparison of elastic modulus of the fabricated materials (CMC, BC, and BC/CMC) and 

target biological tissues (skin, heart, and lung). Elastic modulus values of tissue adhesive are presented 

as mean ± SD (n =3).20-28



Fig. S5. Shear adhesion performance of BC/CMC adhesive films formulated with varying CMC 

contents, NHS-EDC activation conditions, and citric acid concentrations. Shear strength values are 

presented as mean ± SD (n ≥ 3).



Fig. S6. Scanning Electron Microscope (SEM) images and corresponding binary images obtained via 

ImageJ. Samples are BC aerogel, BC/CMC aerogel (without NHS), CMC tissue adhesive and BC/CMC 

tissue adhesive (with NHS). In the binary images, polymer regions appear in white, while pore regions 

appear in black.



Fig. S7. Representative shear stress-displacement curves obtained from lap-shear adhesion tests of the 

BC/CMC tissue adhesive on wet porcine skin at different adhesion times (10 min, 1 h, and 24 h). The 

specimens were prepared with a bonding overlap area of 12 mm × 12 mm, and the tests were conducted 

under tensile shear loading at a crosshead speed of 25 mm min⁻¹.



Fig. S8. Representative shear stress-displacement curves obtained from lap-shear adhesion tests of the 

BC/CMC tissue adhesive on wet biological tissues (porcine skin, heart, and lung). The specimens were 

prepared with a bonding overlap area of 12 mm × 12 mm, and the tests were conducted under tensile 

shear loading at a crosshead speed of 25 mm min⁻¹.



Fig. S9. Optical images showing the adhesive failure behavior during lap shear testing of various tissues 

(porcine skin, heart, and lung) and stereomicroscope images of the tissue surfaces on the non-adhesive 

side after failure.



Fig. S10. SEM images comparing the surface morphology of various tissues (porcine skin, heart, and 

lung) before and after the detachment of the BC/CMC tissue adhesive. For each tissue type, the pristine 

surface and the fracture surface on the non-adhesive side after detachment are shown at 200× 

magnification. 



Fig. S11. Evaluation of shear adhesion properties on porcine heart tissue. (a) Representative shear 

stress-displacement curves of BC and BC/CMC (without NHS) versus CMC and BC/CMC (with NHS). 

(b) Comparison of shear force at adhesive failure for formulations with and without NHS 

functionalization. Shear force values are presented as mean ± SD (n = 3).



Fig. S12. Laser-cutting-based fabrication of customized BC/CMC adhesive sheets into various 

geometries, including rectangular, circular, strip-shaped, and micro-perforated patterns (< 1 mm 

diameter).
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