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Table S1. List of MD simulations conducted in this work.



Table S2. Top 20 sites of NP-CH3 binding to Fn-III7-10 predicted by molecular 

docking.



Table S3. Top 20 sites of NP-OH binding to Fn-III7-10 predicted by molecular 

docking.



Table S4. Top 20 sites of NP-COO- binding to Fn-III7-10 predicted by molecular 

docking.



Table S5. Top 20 sites of NP-NH3
+ binding to Fn-III7-10 predicted by molecular 

docking.



Table S6. Top 20 sites of NP-CH3 binding to Fn-III7B89 predicted by molecular 

docking.



Table S7. Top 20 sites of NP-OH binding to Fn-III7B89 predicted by molecular 

docking.



Table S8. Top 20 sites of NP-COO- binding to Fn-III7B89 predicted by molecular 

docking.



Table S9. Top 20 sites of NP-NH3
+ binding to Fn-III7B89 predicted by molecular 

docking.



Fig. S1 Two preferred binding sites of NP-CH3 (a), NP-OH (b), NP-COO- (c), and NP-

NH3
+ (d) on the Fn-III7-10 segments. The bottom shows the docking score reflecting the 

binding affinity of different NPs to Fn-III7-10. 



Fig. S2 Two preferred binding sites of NP-CH3 (a), NP-OH (b), NP-COO- (c), and NP-

NH3
+ (d) on the Fn-III7B89 segments. The bottom shows the docking score reflecting the 

binding affinity of different NPs to Fn-III7B89.



Fig. S3 Time sequence of typical snapshots depicting transfer of NP-CH3 toward 

terminal of the Fn-III7B89 segment, which is regarded as invalid because Fn-III7B89 is an 

intermediate segment with both terminals connected with other domains.



Fig. S4 Time evolutions of the interaction energies between different NPs and two 

protein segments. (a) NP-CH3 on Fn-III7-10; (b) NP-OH on Fn-III7-10; (c) NP-COO- on 

Fn-III7-10; (d) NP-NH3
+ on Fn-III7-10; (e) NP-CH3 on Fn-III7B89; (f) NP-OH on Fn-

III7B89; (g) NP-COO- on Fn-III7B89; (h) NP-NH3
+ on Fn-III7B89.



Fig. S5 Migration of NP-CH3 on the Fn-III7B89 segment. (a-f) Time sequence of typical 

snapshots. (g) Time evolutions of residues in contact with the NP-CH3. As is seen, NP-

CH3 firstly acquired contacts with residues in domains Fn-IIIB and Fn-III8. At t = 38 ns, 

it lost contacts with Fn-IIIB and acquire more favorable contacts with residues in the 

domain Fn-III9. (h) Time evolutions of the van der Waals and electrostatic interaction 

energies between NP-CH3 and Fn-III7B89. (i) The numbers of residues of different types 

in contact with NP-CH3 at different time points.



Fig. S6 The numbers of hydrogen bonds formed between different NPs and two protein 

segments. (a) Fn-III7-10, (b) Fn-III7B89.



Fig. S7 Time evolutions of the secondary structures of Fn-III7-10 (a-e) and Fn-III7B89 

(f-j) before (a, f) and after interactions with NP-CH3 (b, g), NP-OH (c, h), NP-COO- (d, 

i), and NP-NH3
+ (e, j)



Fig. S8 Time evolutions of the root-mean-square displacement (RMSD) for the entire 

Fn-III7-10 (a-e) and Fn-III7B89 (f-j) segments and different domains before (a, f) and after 

interactions with NP-CH3 (b, g), NP-OH (c, h), NP-COO- (d, i), and NP-NH3
+ (e, j).



Fig. S9 Time evolutions of the gyration radius (Rg) of Fn-III7-10 (a) and Fn-III7B89 (b) 

segments before and after interactions with different NPs.



Fig. S10 Protein deformation induced by different NPs. (a-d) Illustration of the 

calculation of the inter-domain distance (a, b) and angle (c, d). (e, f) The distributions 

of angles between adjacent domains in Fn-III7-10 (e) and Fn-III7B89 (f) segments before 

and after interactions with different NPs.



Fig. S11 Dimerization of Fn-III7B89. (a, b) Equilibrium structure of the dimerized Fn-

III7B89 from top (a) and side (b) views. (c) Time evolutions of the interaction energy 

between two dimerized proteins. (d) The map of probability of inter-subunit residue 

contacts at the dimer interface of Fn-III7B89. 



Fig. S12 Perturbation of the Fn-III7B89 dimerization by different NPs. (a-d) The 

equilibrium structures of the Fn-III7B89 dimer. Resides in contact with NP-CH3 (a), NP-

OH (b), NP-COO- (c), and NP-NH3
+ (d) identified from monomer simulations are 

displayed with stick models. (e) The number of residues at the dimer interface of Fn-

III7B89 in contact with different NPs in monomer simulations. (f) Time evolutions of the 

RMSD of the Fn-III7B89 dimer before and after interactions with different NPs. (g) Time 

evolutions of the Rg of the Fn-III7B89 dimer before and after interactions with different 

NPs. (h) The average Rg of the dimerized Fn-III7B89 before and after interactions with 

different NPs.



Fig. S13 Final snapshots of five independent simulations of the mechanical stretching 

on Fn-III7-10 (a) and Fn-III7B89 (b). 



Fig. S14 Time sequences of typical snapshots depicting the mechanical stretching of 

Fn-III7-10 bound with NP-CH3 (a), NP-OH (b), NP-COO- (c), and NP-NH3
+ (d).



Fig. S15 Time sequences of typical snapshots depicting the mechanical stretching of 

Fn-III7B89 bound with NP-CH3 (a), NP-OH (b), NP-COO- (c), and NP-NH3
+ (d).



Fig. S16 Time evolutions of the intra-domain interactions in stretched Fn-III7-10 (a-d) 

and Fn-III7B89 (e-h) bound with NP-CH3 (a, e), NP-OH (b, f), NP-COO- (c, g), and NP-

NH3
+ (d, h).


