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Experimental section 

Quantify of ALP activity  

At each culturing period, the cell-grown substrates were rinsed with PBS, and incubated in 500 

µL Tris buffer (10 mM, pH 7.5) containing 1% Triton X-100 for 30 min. Next, 100 µL of the 

lysate was added to a 96-well tissue culture plate containing 100 µL of p-NPP solution. The 

absorbance of the solution at 405 nm was measured by a microplate reader (Powerwave X, Bio-

Tek USA). The ALP activity was determined by the release of p-nitrophenol from p-nitrophenyl 

phosphate (p-NPP).  

Alizarin red staining 

Calcium mineralization was determined by alizarin red S staining of MC3T3-E1 cells at 14 

days of culture. This was based on Alizarin red-S (ARS) staining dye, which binds selectively 

calcium salts. The substrates with cells were washed three times with PBS and fixed with 4% 

formaldehyde for 1 h, washed five times carefully with distilled H2O and then stained with ARS 

(50 mM) for 30 min at room temperature. After several washes with distilled H2O to remove 

excess dye, substrates were examined under the optical microscope. 
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Figure S1 FTIR spectra of GO, carrageenan, and GO-Car composite. 

  

 

Figure S2 SEM images of GO after mineralization. 

 

 



Figure S3 Optical images of substrates modified with GO-based nanomaterials (top) and water contact 

angles of glass, GO, and GO-Car substrates.  

 

 

Figure S4. Quantitative analysis of the ALP activity of MC3T3-E1 cells cultured on glass, GO, 

and GO-Car for 1, 3, and 7 days. 

 



 

Figure S5 Typical SEM images of MC3T3-E1 cells cultured on GO-Car (A, C) and GO (B) for 14 days 

showing cells, HA, collagen, and vesicles. 

 



 

Figure S6 Alizarin Red S staining of mineral on glass (A, D), GO (B, E), and GO-Car (C, F) after 14 

days mineralization 

 


