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under the ff12SB force field.

Table S1. The binding free energy components and the standard errors of the mean

Energy
(kcal/mol) AEeie AEyqw AGsol AH —TAS AG g AGexP
WT -81.73+0.65 -30.65+0.14 80.94+0.51 -31.43+0.22 17.7740.00 -13.66+0.22 -18.1
S45A -70.114+056 -29.11+0.14 73.92+0.46 -25.294+0.23 14.904+0.01 -10.39+0.23 -13.8
D128A -87.66+0.59 -27.65+0.15 87.20+0.48 -28.114+0.20 15.2540.00 -12.85+0.20 -13.8
DM -86.91+0.57 -26.39+0.15 90.30+0.48 -23.00+0.20 11.84+0.00 -11.16+0.20 -8.1
Cooperativity -1.03 -0.54 -1.58 1.4
Table S2. The binding free energy components and the standard errors of the mean
under the ff02 force field.
Energy
(kcal/mol) ALete AEyvaw AGSO' 4AH —T4S AGeq AGexP
WT -61.69+0.45 -29.37+0.14 66.444+0.38 -24.62+0.18 10.63+0.00 -13.99+0.18 -18.1
S45A -63.244+0.52 -28.80+0.13 72.06+0.45 -20.01+0.20 12.00+0.01 -8.00+0.20 -13.8
D128A -91.274+0.80 -28.67+0.13 92.114+40.70 -27.82+0.17 20.7940.03 -7.03+0.18 -13.8
DM -80.914+0.49 -27.65+0.14 85.2940.43 -23.26+0.16 10.924+0.00 -12.34+0.16 -8.1
Cooperativity -0.05 -11.24 -11.30 1.4
Table S3. The binding free energy components and the standard errors of the mean
under the ff15ipq force field.
Energy
(kcal/mol) AEeie AEyqw AGsol AH —TAS AG g AGexP
WT -75.504+0.62 -31.96+0.15 72.63+0.51 -34.82+0.22 17.9440.01 -16.88+0.22 -18.1
S45A -63.59+0.71 -29.86+0.15 68.05+0.59 -25.40+0.29 18.41+0.01 -6.984+0.29 -13.8
D128A -69.484+0.65 -28.144+0.14 72.494+0.53 -25.134+0.19 16.4440.01 -8.69+0.19 -13.8
DM -68.25+0.66 -27.30+0.13 73.52+0.57 -22.03+0.15 17.86+0.01 -4.17+0.15 -8.1
Cooperativity -6.32 0.95 -5.38 1.4
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Table S4. The binding free energy components and the standard errors of the mean

for the second simulation under the PPC force field.

Energy
(keal/mol) AE,, AE, 4., AG,, AH —TAS 4G,y AGerp
WT -132.414+0.70 -26.20+0.20 112.79+0.55 -45.82+0.26 19.31+0.01 -26.50+0.26 -18.1
S45A -120.28+0.64 -24.90+0.20 102.37+0.46 -42.82+0.25 17.64+0.01 -25.17+0.25 -13.8
D128A -115.39+0.55 -24.46+0.18 105.38+0.41 -34.46+0.18 15.67+0.01 -18.80+0.18 -13.8
DM -123.494+0.59 -23.06+0.18 113.92+0.44 -32.62+0.24 16.86+0.01 -15.76+0.01 -8.1
Cooperativity -1.16 2.86 1.71 1.4
Table S5. The binding free energy components and the standard errors of the mean
for the third simulation under the PPC force field.
Energy
(kcal/mol) AE,,, L AGg, AH —TAS 4Gy AGeyp
WT -130.58+0.59 -27.13+0.18 109.94+0.43 -47.77+0.25 19.36+0.01 -28.41+0.25 -18.1
S45A -120.07+0.68 -24.96+0.19 103.35+0.50 -41.68+0.27 16.77+0.00 -24.91+0.27 -13.8
D128A -124.4840.50 -24.88+0.17 114.09+0.39 -35.274+0.20 13.59+0.00 -21.68+0.20 -13.8
DM -121.25+0.58 -23.33+0.17 112.97+0.45 -31.61+0.19 15.65+0.01 -15.96+0.19 -8.1
Cooperativity -2.43 4.65 2.22 14
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Table S6. The occupancy of the hydrogen bonds between the eight residues of the

streptavidin and biotin under the four force fields.

Occupancy (%) N23  S27 Y43 S45 N49 S88 T90 D128

ff12SB  63.22 99.93 9950 92.75 53.18 38.47 9545 99.81
f02 711 9931 99.81 91.22 9788 57.39 8579 35.56

w ff15ipq 92.15 98.89 99.90 94.75 75.47 41.68 8573 99.70
PPC 53.33 100.00 100.00 96.32 98.63 94.91 98.10 100.00

ff12SB  0.00 9567 98.84 N/A 90.60 60.31 96.67 0.25

f02 0.00 5957 79.08 N/A 8296 2511 76.69 1.25

SR ff15ipq 61.58 85.84 98.69 N/A 5551 1516 81.88 67.14
PPC 32.77 100.00 100.00 N/A 99.97 92.72 98.76 100.00

ff12SB  0.06 9991 99.95 97.98 70.93 2190 9423 N/A

f02 0.00 99.82 99.97 9594 99.12 72.69 90.99 N/A

D128A

ff15ipqg  0.00 98.32 99.91 93.58 51.41 1299 5895 N/A

PPC 0.00 100.00 100.00 99.24 98.44 97.81 97.35 N/A

ff12SB  0.00 98.15 99.92 N/A 6648 16.62 88.61 N/A

oM f02 0.00 99.34 99.12 N/A 8214 1577 7218 NI/A

ff15ipqg  0.00 96.34 99.37 N/A 60.65 280 40.25 N/A
PPC 0.00 99.94 100.00 N/A 9795 96.50 97.74 N/A
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Table S7. The decomposition of the binding free energy of S88 residue under the PPC

force field.
S88
AE,, AE,qw AGpyp AGyy AH -TAS AG.q
(kcal/mol)
WT -16.00+0.87 0.26+0.12 14.88+0.71 -0.12+0.00 -1.00+0.11 7.88+0.00 6.88+0.11
S45A -23.70+0.59  1.384+0.17 20.62+0.42 -0.12+0.00 -1.82+0.09 6.96+0.00 5.14+0.11
D128A  -20.96+0.32 0.90+0.17 18.88+0.18 -0.184+0.00 -1.34+0.08 8.08+0.00 6.74+0.11
DM -22.44+0.47 1.20+0.16 19.88+0.31 -0.16+0.00 -1.54+0.09 7.38+0.00 5.84+0.11
Table S8. The decomposition of the binding free energy of T90 residue under the PPC
force field.
T90
AE,, AE,qw AGpp AGyy, AH -TAS AG,
(kcal/mol)
WT -1.04+0.09 -0.9440.07 3.06+0.09 -0.10+0.00 0.98+0.08 0.20+0.00 1.18+0.11
S45A -1.66+0.08  -0.54+0.09 3.58+0.08 -0.10+0.00 1.284+0.10 0.20+0.00 1.48+0.11
D128A -1.20+0.07  -0.9840.07 3.24+0.08 -0.08+0.00 0.98+0.09 0.16+0.00 1.1440.11
DM -1.80+0.09 -1.00+0.06 3.96+0.10 -0.0840.00 1.06+0.08 0.1940.00 1.25+0.11
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Figure S1. The comparison of B-factors between simulated and experimental values

at the four systems under the PPC force field.
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Figure S2. The comparison of simulated B-factors in four system of different
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mutation types under the PPC force field.
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Figure S3. The interaction energy and interaction entropy as function of time during
the last 10 ns MD simulation under the PPC force field. (A) is interaction energy; (B)

IS interaction entropy.
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Figure S4. The hydrogen bonds and distance as a function of the reaction coordinates
during the unbinding process of streptavidin and biotin. (A): The average number of
hydrogen bonds between biotin and streptavidin. (B): The distance between CA atoms

of Asn49 and Alal12.
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Figure S5. The distances between CA atoms of Asn49 and Alall2 in the apo and

holo structure.
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