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Figure S1. The root mean square deviation of backbone atoms of all thirteen collagen 
models throughout 40 ns MD simulation.
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Figure S2. The overview of Ca-P cluster formation for all thirteen collagen segments 
after 10 ns MD simulation.
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Figure S3. (A) One typical cluster (Ca182(PO4)127(OH)9) formed on the second 
collagen surface extracted from the last frame of MD trajectories. (B) The water 
distribution around the cluster with distance of 5 Å.
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Figure S4. Mean square displacement (MSD) values for ions of Ca2+, PO4
3- and OH- 

along the simulation time.
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Figure S5. The cluster occurrence rate of the nucleation site containing different amino 
acids. 
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Figure S6. The detailed interaction patterns between the protein and one of clusters 
extracted from the second collagen segment, in which the cluster has the stoichiometry of 
Ca182(PO4)127(OH)9.
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Figure S7. The evolution of one example cluster (Ca108(PO4)72(OH)10) in the 7th 
collagen segment extracted from the trajectory along the simulation time course 
(0ns,2ns,4ns,10ns). For detailed view, zoom-in presentations are given in the insert.
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Figure S8. The probability of the nucleation on the collagen protein surface during the 10 ns 

simulation. In particular, the black curve denotes the possibility of calcium and phosphate 

ions occurring on the collagen surface, while the red color means the occurrence rate of 

clusters around the regions including charged residue.
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Figure S9. The evolution of distance between Ca and P atoms in the clusters close the 

collagen surface.
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Figure S10. The initial state of collagen model, for which the Z direction is elongated by the 
40 angstroms.
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Figure S11. (A) The 7th segment of collagen model with box size 290 Å × 80 Å × 90 Å; (B) 
The 7th segment of collagen model with box size 290 Å × 80 Å × 130 Å
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Figure S12. (A) The nucleation of the 7th segment of collagen model after 10 ns with box 
size of 290 Å × 80 Å × 90 Å; (B) The nucleation of the 7th segment of collagen model after 
10 ns with box size of 290 Å × 80 Å × 130 Å; (C) The nucleation of the 7th segment of 
collagen model after 15 ns with box size of 290 Å × 80 Å × 130 Å.
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Figure S13. (A) The nucleation of the 7th segment of collagen model after 10 ns using 
INTERFACE force field; (B) The nucleation of the 7th segment of collagen model after 10 ns 
using the force field parameters from the reference of Yang et al., Langmuir 2010, 26, 
9848-9859; (C) The nucleation of the 7th segment of collagen model using the same force 
field as (B), but 20 ns MD simulation.
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Table S1. The summary of clusters formed in the 7th segment of collagen models after 
2 ns MD simulation.

Number of Atom Stoichiometry Ca/P
Ponser's 

Cluster

110 Ca25(PO4)17 1.471 Y

108 Ca23(PO4)17 1.353 N

105 Ca25(PO4)16 1.562 Y

102 Ca23(PO4)15(OH)2 1.533 Y

99 Ca20(PO4)15(OH)2 1.333 N

90 Ca20(PO4)14 1.429 Y

90 Ca18(PO4)14(OH) 1.286 N

72 Ca17(PO4)11 1.545 Y

67 Ca12(PO4)11 1.091 N

55 Ca10(PO4)9 1.111 N

52 Ca12(PO4)8 1.5 Y

48 Ca9(PO4)7(OH)2 1.286 N

45 Ca10(PO4)7 1.429 Y
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