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This supporting information file includes  supporting figures and data
Table S1: List of synthetic, natural, and hybrid scaffold materials with their respective morphology used for cartilage regeneration.
1. Color changes during the different reaction stage for the synthesis of GO from graphite using modified Hummers
Figure S1: Digital images representing color changes (A-C) of solution during the different reaction stage for the synthesis of GO from graphite using modified Hummers and (D) Graphene oxide flake obtained after reaction by lyophilization. 
2. Arginine adsorption and quantification 
Figure S2: Quantification of Arginine using Bradford standard plot. (A) BSA concentration-dependent Bradford standard curve, (B) Arginine concentration-dependent Bradford standard curve, and (C) Absorbance of Arginine left in supernatant after 72 hr incubation with GO solution at different pH.  
3. Porosity measurement of Aerogel 
4. Aqueous stability of stage 2 Aerogel samples
Figure S3: Aquaeous stability of aeogel samples. (A) Digital images of aerogel immersed in water for 2 weeks show good stability without releasing aerogel fragments or GO flakes. (B) UV-Vis spectra of control GO, CNF solution, and aqueous solution collected from CNF and CNF-GO immersed aerogel.
5. Indirect bioactivity analysis of CNF-GO-Arg aerogel
Figure S4: Digital image showing Alican blue and Alizarin red S staining of stem cells in control and arginine treated media at day 21
6. References 





Table S1: List of synthetic, natural, and hybrid scaffold materials with their respective morphology used for cartilage regeneration.
	Material
	Scaffold Fabrication Method
	Type of material
	Morphology
	Citation

	Collagen
	Freeze drying
	Natural
	Micropores
	[1]

	Hyaluronic acid - chitosan
	Wet spinning
	Hybrid
	Fibrous
	[2]

	Chitosan
	Freeze drying
	Natural
	Micropores
	[3]

	Chitosan – Polyglycolide (PGA)
	Freeze drying
	Natural
	Micropores with mesh
	[4]

	Fibrin
	Freeze drying
	Natural
	Porous
	[5]

	Polycaprolactone (PCL)
	Electrospinning
	Natural
	Nanofibrous
	[6]

	poly(l-lactide-co-ε-caprolactone) and Collagen 
(PLCL) (COL)
	3D Printing
	Natural
	Microporous
	[7]

	poly(l-lactide-co-ε-caprolactone) and chitosan
	Freeze drying and crosslinking
	Natural
	Microporous
	[8]

	ACI Maix (MACI) – collage type I and type III
	crosslinking
	Natural
	Nanofibrous
	[9]

	Chitosan, pectin and Poly -L- Lactide
	Freeze drying
	Natural
	Microporous
	[10]

	Polycaprolactone (PCL)
	3D Printing
	Natural
	Micropores
	[11]

	poly(l-lactide-co-ε-caprolactone) PLCL
	Gel pressing
	Hybrid
	Microporous
	[12]

	Polyurethane
	Freeze drying
	Synthetic
	Micropores
	[13]

	Poly(lactic-co-glycolic acid) (PLGA)
	Electrospinning
	Natural
	Fibrous
	[14]

	Polyether sulfone (PES)
	Electrospinning
	Synthetic
	Nanofibrous
	[15]

	Alginate
	Microfluidic technology
	Natural
	Honeycomb shaped micropores
	[16]




1. Graphene oxide (GO) synthesized by oxidation of graphite using modified Hummers
[image: ]
Figure S1: Digital images representing color changes (A-C) of solution during the different reaction stage for the synthesis of GO from graphite using modified Hummers and (D) Graphene oxide flake obtained after reaction by lyophilization. 
2. Arginine adsorption and quantification 
To quantitatively determine the amount of Arginine adsorption, Bradford protein assay was used. First, a standard curve for Bradford assay using bovine serum albumin (BSA) protein was prepared. BSA aqueous solution of different concentration  (2, 1.5, 1, 0.75, 0.5, 0.25 mg/ml) were prepared and 40 µL of different concentrated BSA solutions were added in a 96 well plate in triplet. 160 µL of Bradford reagent was added to each well containing BSA solution and incubated for 10 minutes. The plate was read in a plate reader (Agilent Biotek LX multimode) at 595 nm. Similar to BSA, arginine aqueous solutions of different concentrations (100, 75, 50, 25, 10, 0 mg/ml) were prepared, and a standard curve for Arginine solution was obtained using Bradford reagent similar to BSA. Using the obtained standard Arginine plot, the amount of Arginine in the collected supernatant from GO-Arg solution was evaluated and subtracted from the main solution to measure the amount of adsorbed Arginine on the GO surface indirectly. 
We used the Bradford assay to evaluate the adsorption of Arginine on GO surface. Bradford reaction primarily works on the presence of basic amino acids like Arginine in protein. Coomassie blue dye in Bradford reagent readily binds to Arginine and Lysine groups of proteins which shift the Coomassie dye color brown to the blue [17]. Using BSA protein, Arginine amino acid, and Bradford reagent, we showed how simple arginine amino acid can chemically interact with Bradford reagent similar to that of BSA protein, turning the brown color of Bradford reagent to blue. Figures S2A and S2B show concentration-dependent spectroscopic quantification for BSA and Arginine using Bradford as a standard curve. The obtained Arginine standard curve was later used to quantify the amount of Arginine on the GO surface. 
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Figure S2: Quantification of Arginine using Bradford standard plot. (A) BSA concentration-dependent Bradford standard curve, (B) Arginine concentration-dependent Bradford standard curve, and (C) Absorbance of Arginine left in supernatant after 72 hr incubation with GO solution at different pH.  
Figure S2C showed that supernatant collected after 72 hr incubation revealed minimum absorbance at pH ̴ 9. Minimum absorbance of Arginine at pH 9 suggested a low amount of free Arginine in the supernatant, which indirectly indicated a high amount of Arginine got coated on the GO surface leaving behind the low amount of free Arginine in the supernatant. Similarly, the amount of Arginine on the GO surface at different pH was evaluated using the standard arginine curve.
3. Porosity measurement of Aerogel 
Porosity of prepared aerogels was evaluated using the liquid displacement method in accordance with reported literature [18]. In brief aerogel sample (diameter: 13 mm, height: 10 mm) was immersed in a graduate measuring cylinder containing a known volume of solvent Ethanol (V1). Porous aerogel samples were left in the small measuring cylinder for 10 min allowing ethanol to infiltrate into the pores of aerogel. Then the total volume of ethanol and the ethanol-soaked scaffold was recorded (V2). Soaked aerogel sample was then removed, and the remaining ethanol volume was measured (V3). The skeleton volume of the aerogel scaffold was represented by the volume difference (V2–V3), whereas the void volume of the scaffold was represented by the volume difference (V1–V3). The porosity (ε) of the aerogel scaffold was calculated as ε(%) =  [ (V1–V3) / (V2–V3) ] * 100.




4. Aqueous stability of stage 2 Aerogel samples
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Figure S3: Aquaeous stability of aeogel samples. (A) Digital images of aerogel immersed in water for 2 weeks show good stability without releasing aerogel fragments or GO flakes. (B) UV-Vis spectra of control GO, CNF solution, and aqueous solution collected from CNF and CNF-GO immersed aerogel.
The leakage of the CNF fragment or leaching of GO flakes from the aerogel was evaluated by the appearance of aqueous solution and UV-Vis spectroscopy measurement. Aqueous solution of immersed aerogel appeared transparent even after 2 weeks (Figure S3A), suggesting no release of CNF or GO fragments from aerogel. The UV–Vis absorption spectroscopy of the control GO solution (0.05 mg/ml) exhibited a shoulder peak around 300 nm (Figure S3B) corresponding to the n → π* transition from the carbonyl (C=O) groups on the surface of GO [19]. A low concentration of CNF solution (0.1 mg/ml) did not show any clear peak or shoulder in the UV–visible wavelength range (230 – 600 nm) in the spectrum (Figure S3B). However, the presence of nanoscale cellulose fiber and GO fakes may cause absorption in the whole wavelength range due to the light scattering resulting in baseline shift for CNF and GO solution as shown in UV-Vis spectra (Figure S3B) [20]. In contrast, aqueous solution collected from CNF and CNF-GO immersed aerogel showed similar absorbance reading with an almost flat line in the entire UV–visible wavelength range, indicating the lack of any nanoscale cellulose fiber or GO flakes in the respective solution.
5. Indirect bioactivity analysis of CNF-GO-Arg aerogel
We have indirectly measured the bioactivity ability of CNF-GO-Arg aerogel to promote chondrogenic differentiation due to release of arginine. To mimic the release of  arginine from CNF-GO-Arg aerogel, we added Arginine 0.4 and 0.7 mM in culture media corresponded to actual release of arginine from CNF-GO-Arg aerogel at day 14 and 21. After 21 days of culturing stem cells in control culture media (lacking arginine) and arginine treated media were stained with Alcian blue and Alizarin red S dye to evaluate their chondro and osteo differentiation respectively.  Stem cells cultured in arginine treated media showed high Alcian blue staining in comparsion to Alizaring Red S, indicating presence of arginine 0.7 mM promoted more chondrogenic differentiation in comparison to osteogenic differentiation. 
[image: ]
Figure S4: Digital image showing Alican blue and Alizarin red S staining of stem cells in control and arginine treated media at day 21
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