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Figure S1. Overview of the synthesis and purification process of RCPhC1 from working cell 
bank (WCB) of Pichia pastoris strain X-33 carrying pPICZ-RCPhC1 plasmid.
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Figure S2 A. Overview of the manufacturing process of RCPhC1 Bone Graft. B. RCPhC1 Bone 
Graft granules.
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RCPhC1

Thin layer freeze casting

1. Dissolution: 7.5% in pure water
2. Filtration: 0.22 µm
3. Defoaming: Vacuum mixer
4. Thin layer: Tray
5. Freezing: -45°C
6. Drying: 15°C, 39 hrs         23°C, 1hr 

Granule formation

1. Pre-Grinding
2. 1st Grinding
3. 2nd Grinding
4. Final Grinding
5.Packaging: 10 mL Glass Vial

Heat crosslinking and Sterilization

1. Temperature: 135°C
2. Duration: 4.75 hrs
3. Atmosphere: Nitrogen

RCPhC1 Bone Graft
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Figure S3. Difference in the bone formation ability due to each heat cross-linking time in rat 
calvarial defect model (4 weeks after implantation). This RCPhC1 Bone Graft was used with the 
condition of the red dashed line frame. Statistical analysis was performed using one-way 
ANOVA with Tukey multiple tests to compare treatment groups. (From Fushimi et al., 
Communications Materials, 2020. https://doi.org/10.1038/s43246-020-00089-9)
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Figure S4. Cell adhesion of RCPhC1 Bone Graft. NIH-3T3 that stained calcein AM were 
incubated for 24hrs on RCPhC1 Bone Graft. The fluorescence labeled cells were observed.
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Figure S5. Protein composition of demineralized bone matrix allograft (Puros DBM, Zimmer 
Biomet, Warsaw, IN, USA). 

A total of 78 proteins were identified, including 7 collagen molecules. Collagen type I, alpha 1 
and alpha 2 chains were the predominant proteins. Other minor components were ECM 
molecules and bone metabolism-related proteins. BMP was not detected.
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Figure S6. Time course bone volume measurements of individual animals implanted with DBM 
with chip or RCPhC1 Bone Graft.
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Figure S7. Tooth extraction wound healing in dogs. One week after tooth extraction of distal 
root of 3rd premolar, gingival tissue was closed. The extraction socket was clearly identified in 
microCT images. 


