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               Figure S1 [A]. The convergence evaluation of the REMD simulations at 310 K



Table S1 [A]. Hydrogen bond interactions of histidine for each mutant isomer

(δδ) isomer
Donor HIS 268    

P Acceptor Donor
14.22% GLN_3@O HID_2@ND1
1.38% HID_2@O HID_2@ND1
0.28% LYS_1@O HID_2@ND1
0.22% PRO_45@O HID_2@ND1
0.18% GLN_3@OE1 HID_2@N
0.12% GLN_3@OE1 HID_2@ND1
0.12% VAL_33@O HID_2@ND1
0.06% PRO_34@O HID_2@ND1
0.06% PRO_45@OXT HID_2@ND1
0.04% GLY_6@O HID_2@ND1
0.04% GLY_35@O HID_2@ND1
0.04% TYR_43@O HID_2@ND1
0.02% ASP_16@OD1 HID_2@ND1
0.02% TYR_43@OH HID_2@ND1
0.02% GLY_36@O HID_2@ND1
0.02% GLN_10@OE1 HID_2@ND1
0.02% ILE_41@O HID_2@ND1
0.02% GLY_35@O HID_2@N
0.02% GLN_40@O HID_2@ND1
0.02% PRO_45@O HID_2@N
0.02% GLY_37@O  HID_2@N

Acceptor HIS 268    

P Acceptor Donor
1.38% HID_2@O HID_2@ND1
0.94% HID_2@O GLN_3@NE2
0.12% HID_2@O TYR_43@OH
0.1% HID_2@ND1 GLN_3@N
0.06% HID_2@O LYS_1@NZ
0.06% HID_2@NE2 TYR_43@OH
0.04% HID_2@O LYS_1@NZ
0.02% HID_2@NE2 GLN_3@NE2



Donor HIS 299

P Acceptor Donor
15% VAL_33@O HID_32@ND1
3.54% ASN_29@O HID_32@N
3.02% ASN_29@O HID_32@ND1
2.6% HID_32@O HID_32@ND1
2.1% ASN_29@OD1 HID_32@N
1.84% ASN_29@OD1 HID_32@ND1
1.7% ILE_30@O HID_32@ND1
1.62% GLN_40@O HID_32@N
1.34% SER_26@O HID_32@ND1
1.24% GLN_40@OE1 HID_32@ND1
1.24% ILE_30@O HID_32@N
0.94% LYS_31@O HID_32@ND1
0.46% ASP_28@OD1 HID_32@ND1
0.42% ASP_28@OD2 HID_32@ND1
0.38% SER_26@OG HID_32@ND1
0.34% GLY_25@O HID_32@ND1
0.32% CYS_24@O HID_32@ND1
0.32% GLY_37@O HID_32@ND1
0.18% ASP_28@O HID_32@ND1
0.16% SER_38@OG HID_32@ND1
0.1% TYR_43@O HID_32@ND1
0.1% GLY_36@O HID_32@ND1
0.08% LYS_23@O HID_32@ND1
0.06% VAL_39@O HID_32@ND1
0.04% ASP_16@OD2 HID_32@ND1
0.04% LYS_27@O HID_32@ND1
0.04% VAL_20@O HID_32@ND1
0.04% SER_22@O HID_32@ND1
0.02% PRO_45@OXT HID_32@ND1
0.02% VAL_42@O HID_32@ND1
0.02% PRO_45@O HID_32@ND1
0.02% ILE_41@O HID_32@ND1
0.02% LYS_27@O HID_32@N
0.02% SER_22@OG HID_32@ND1

Acceptor HIS 299      

P Acceptor Donor
2.6% HID_32@O HID_32@ND1
1.8% HID_32@O ASP_28@N
1.2% HID_32@O SER_26@OG
0.96% HID_32@O GLN_40@N



0.38% HID_32@O GLY_25@N
0.24% HID_32@O LYS_27@NZ
0.2% HID_32@O SER_26@N
0.16% HID_32@O TYR_43@OH
0.12% HID_32@O LYS_27@NZ
0.08% HID_32@O GLN_21@NE2
0.08% HID_32@NE2 ASN_29@ND2
0.06% HID_32@O LYS_27@NZ
0.04% HID_32@O ASN_29@ND2
0.04% HID_32@NE2 ASP_28@N
0.04% HID_32@NE2 GLY_25@N
0.04% HID_32@NE2 LYS_27@NZ
0.04% HID_32@ND1 VAL_33@N
0.04% HID_32@O GLN_3@N
0.04% HID_32@O ASN_29@N
0.04% HID_32@NE2 LYS_27@NZ
0.02% HID_32@O GLN_3@NE2
0.02% HID_32@NE2 SER_26@OG
0.02% HID_32@O GLY_5@N
0.02% HID_32@O GLN_10@NE2
0.02% HID_32@NE2 ASN_29@ND2
0.02% HID_32@NE2 GLN_40@NE2
0.02% HID_32@ND1 GLN_40@NE2
0.02% HID_32@NE2 ASN_29@N
0.02% HID_32@NE2 GLY_37@N

(εε) isomer
Donor HIS 268 

P Acceptor Donor
0.86% HIE_2@ND1 HIE_2@N
0.4% GLY_6@O HIE_2@NE2
0.34% GLY_7@O HIE_2@NE2
0.2% VAL_42@O HIE_2@NE2
0.1% GLN_10@O HIE_2@NE2
0.1% GLN_10@OE1 HIE_2@NE2
0.08% PRO_45@O HIE_2@NE2
0.08% ASP_16@OD1 HIE_2@NE2
0.06% ILE_11@O HIE_2@NE2
0.06% VAL_9@O HIE_2@NE2
0.06% PRO_45@OXT HIE_2@NE2
0.06% VAL_42@O HIE_2@N
0.06% SER_38@O HIE_2@NE2



0.06% TYR_43@O HIE_2@NE2
0.04% ILE_30@O HIE_2@NE2
0.04% PRO_45@O HIE_2@N
0.04% PRO_45@OXT HIE_2@N
0.04% GLN_40@O HIE_2@NE2
0.04% VAL_39@O HIE_2@NE2
0.04% LYS_8@O HIE_2@NE2
0.02% PRO_34@O HIE_2@NE2
0.02% ASP_16@OD1 HIE_2@N
0.02% ASP_16@OD2 HIE_2@NE2
0.02% ASN_13@OD1 HIE_2@N
0.02% TYR_43@OH HIE_2@NE2
0.02% ASP_16@OD2 HIE_2@N
0.02% SER_22@O HIE_2@NE2
0.02% ILE_41@O HIE_2@N
0.02% LYS_44@O HIE_2@NE2
0.02% LYS_27@O HIE_2@NE2
0.02% HIE_32@O HIE_2@NE2
0.02% LYS_14@O HIE_2@NE2
0.02% ILE_41@O HIE_2@NE2
0.02% SER_26@O HIE_2@NE2

Acceptor HIS 268     

P Acceptor Donor
3.86% HIE_2@ND1 GLN_3@N
2.16% HIE_2@O GLN_3@NE2
0.86% HIE_2@ND1 HIE_2@N
0.16% HIE_2@O GLN_3@NE2
0.06% HIE_2@O TYR_43@OH
0.06% HIE_2@O LYS_1@NZ
0.06% HIE_2@O LYS_1@NZ
0.06% HIE_2@O LYS_1@NZ
0.04% HIE_2@ND1 TYR_43@OH
0.02% HIE_2@O GLY_36@N

Donor HIS 299        

P Acceptor Donor
2.16% ASN_29@O HIE_32@N
1.48% ILE_30@O HIE_32@N
1.36% ASN_29@OD1 HIE_32@N
0.88% HIE_32@ND1 HIE_32@N
0.58% ASP_28@O HIE_32@N



0.56% LEU_17@O HIE_32@N
0.3% SER_38@O HIE_32@NE2
0.26% GLN_21@O HIE_32@NE2
0.24% PRO_45@O HIE_32@NE2
0.22% SER_22@OG HIE_32@NE2
0.2% GLN_40@OE1 HIE_32@N
0.18% GLY_36@O HIE_32@NE2
0.18% SER_22@O HIE_32@NE2
0.18% GLN_21@OE1 HIE_32@NE2
0.16% PRO_45@OXT HIE_32@NE2
0.12% ASP_16@OD2 HIE_32@NE2
0.12% ASP_28@OD1 HIE_32@NE2
0.12% GLN_40@OE1 HIE_32@NE2
0.12% ILE_41@O HIE_32@NE2
0.12% GLN_10@OE1 HIE_32@NE2
0.1% ASN_29@OD1 HIE_32@NE2
0.08% ASP_28@OD2 HIE_32@NE2
0.08% ASN_29@O HIE_32@NE2
0.08% LYS_14@O HIE_32@NE2
0.08% CYS_24@O HIE_32@NE2
0.06% PRO_4@O HIE_32@N
0.06% PRO_4@O HIE_32@NE2
0.06% LYS_27@O HIE_32@NE2
0.04% SER_26@O HIE_32@NE2
0.04% SER_18@O HIE_32@N
0.04% ASN_13@O HIE_32@NE2
0.04% SER_18@O HIE_32@NE2
0.04% SER_38@OG HIE_32@NE2
0.04% LEU_17@O HIE_32@NE2
0.04% GLY_25@O HIE_32@N
0.04% SER_18@OG HIE_32@NE2
0.04% VAL_42@O HIE_32@N
0.02% ILE_11@O HIE_32@NE2
0.02% GLN_40@O HIE_32@NE2
0.02% ASN_19@O HIE_32@N
0.02% GLN_10@O HIE_32@NE2
0.02% VAL_20@O HIE_32@NE2
0.02% ASP_16@O HIE_32@NE2
0.02% ASN_19@OD1 HIE_32@NE2
0.02% SER_26@OG HIE_32@NE2
0.02% ASP_16@OD1 HIE_32@NE2
0.02% VAL_39@O HIE_32@NE2
0.02% GLY_37@O HIE_32@NE2
0.02% LYS_44@O HIE_32@NE2
0.02% TYR_43@OH HIE_32@N



0.02% LYS_23@O HIE_32@NE2
0.02% GLY_7@O HIE_32@N
0.02% LYS_23@O HIE_32@N
0.02% GLY_25@O HIE_32@NE2
0.02% GLN_40@O HIE_32@N
0.02% GLN_21@OE1 HIE_32@N

Acceptor HIS 299   

P Acceptor Donor
2.1% HIE_32@ND1 VAL_33@N
1.16% HIE_32@O SER_26@OG
0.88% HIE_32@ND1 HIE_32@N
0.5% HIE_32@O TYR_43@OH
0.32% HIE_32@O ASN_29@ND2
0.28% HIE_32@ND1 SER_26@OG
0.14% HIE_32@O GLY_25@N
0.14% HIE_32@O SER_26@N
0.1% HIE_32@O GLN_21@NE2
0.08% HIE_32@O SER_18@OG
0.08% HIE_32@ND1 SER_38@OG
0.08% HIE_32@O ILE_41@N
0.08% HIE_32@O GLY_7@N
0.08% HIE_32@ND1 GLN_21@NE2
0.06% HIE_32@O TYR_43@N
0.06% HIE_32@O LYS_31@NZ
0.04% HIE_32@O GLY_5@N
0.04% HIE_32@O ASN_19@ND2
0.04% HIE_32@ND1 ASN_29@ND2
0.04% HIE_32@ND1 ASN_29@ND2
0.04% HIE_32@O ASN_29@ND2
0.04% HIE_32@O LYS_31@NZ
0.04% HIE_32@O GLN_40@NE2
0.02% HIE_32@O LYS_27@N
0.02% HIE_32@O LYS_8@NZ
0.02% HIE_32@O LYS_23@NZ
0.02% HIE_32@ND1 TYR_43@OH
0.02% HIE_32@O GLN_10@NE2
0.02% HIE_32@O HIE_2@NE2
0.02% HIE_32@O LYS_27@NZ
0.02% HIE_32@ND1 GLN_40@NE2
0.02% HIE_32@O LYS_31@NZ
0.02% HIE_32@ND1 GLN_21@NE2
0.02% HIE_32@ND1 SER_26@N
0.02% HIE_32@O LYS_23@NZ



0.02% HIE_32@O SER_38@OG

(δε) isomer
Donor HIS 268 

P Acceptor Donor
13.78% GLN_3@O HID_2@ND1
1.48% HID_2@O HID_2@ND1
0.5% LYS_1@O HID_2@ND1
0.16% PRO_34@O HID_2@ND1
0.06% PRO_45@OXT HID_2@ND1
0.04% ASP_16@OD1 HID_2@ND1
0.04% GLY_6@O HID_2@ND1
0.04% PRO_45@O HID_2@ND1
0.02% GLN_10@OE1 HID_2@ND1
0.02% GLY_35@O HID_2@ND1
0.02% ASP_16@OD2 HID_2@ND1
0.02% LYS_31@O HID_2@N
0.02% VAL_42@O HID_2@ND1
0.02% GLN_3@OE1 HID_2@ND1
0.02% HIE_32@O HID_2@ND1
0.02% GLN_3@OE1 HID_2@N
0.02% CYS_24@O HID_2@ND1
0.02% LYS_31@O HID_2@ND1

Acceptor HIS 268  

P Acceptor Donor
1.48% HID_2@O HID_2@ND1
1.1% HID_2@O GLN_3@NE2
0.08% HID_2@O GLN_3@NE2
0.06% HID_2@O LYS_1@NZ
0.04% HID_2@O TYR_43@OH
0.04% HID_2@NE2 TYR_43@OH
0.04% HID_2@ND1 GLN_3@N
0.02% HID_2@O GLY_36@N
0.02% HID_2@NE2 GLY_36@N
0.02% HID_2@NE2 LYS_44@NZ
0.02% HID_2@O LYS_1@NZ
0.02% HID_2@O LYS_1@NZ



Donor HIS 299 

P Acceptor Donor
1.6% GLN_40@OE1 HIE_32@NE2
0.9% GLY_36@O HIE_32@NE2
0.74% ILE_30@O HIE_32@N
0.74% ASN_29@O HIE_32@N
0.68% ASN_29@OD1 HIE_32@N
0.6% HIE_32@ND1 HIE_32@N
0.28% GLY_37@O HIE_32@NE2
0.1% TYR_43@O HIE_32@NE2
0.06% ASP_16@OD2 HIE_32@NE2
0.04% SER_18@OG HIE_32@NE2
0.04% ASP_28@OD1 HIE_32@NE2
0.04% GLN_21@OE1 HIE_32@NE2
0.04% GLN_3@OE1 HIE_32@N
0.04% LYS_27@O HIE_32@NE2
0.04% ASP_16@OD1 HIE_32@NE2
0.04% ASP_28@OD2 HIE_32@NE2
0.04% LYS_23@O HIE_32@NE2
0.04% SER_18@O HIE_32@NE2
0.04% GLN_21@O HIE_32@NE2
0.02% ILE_41@O HIE_32@N
0.02% PRO_4@O HIE_32@NE2
0.02% LYS_14@O HIE_32@NE2
0.02% VAL_39@O HIE_32@NE2
0.02% ILE_12@O HIE_32@NE2
0.02% ILE_41@O HIE_32@NE2
0.02% GLY_25@O HIE_32@NE2
0.02% ASN_13@OD1 HIE_32@NE2
0.02% SER_22@OG HIE_32@NE2
0.02% ASP_28@O HIE_32@NE2
0.02% SER_38@O HIE_32@NE2
0.02% ASN_29@OD1 HIE_32@NE2
0.02% ASP_28@O HIE_32@N
0.02% SER_26@OG HIE_32@NE2

Acceptor HIS 299  

P Acceptor Donor
1.58% HIE_32@ND1 VAL_33@N
0.66% HIE_32@ND1 GLN_40@NE2
0.6% HIE_32@ND1 HIE_32@N



0.12% HIE_32@ND1 GLN_40@NE2
0.08% HIE_32@ND1 SER_38@OG
0.06% HIE_32@O SER_26@OG
0.04% HIE_32@O SER_22@OG
0.04% HIE_32@O GLY_36@N
0.04% HIE_32@O LYS_31@NZ
0.04% HIE_32@O ASN_19@ND2
0.04% HIE_32@ND1 ASN_29@ND2
0.02% HIE_32@O SER_18@OG
0.02% HIE_32@O GLN_21@NE2
0.02% HIE_32@O HID_2@ND1
0.02% HIE_32@O GLN_21@NE2
0.02% HIE_32@O LYS_8@NZ
0.02% HIE_32@ND1 ASN_13@N
0.02% HIE_32@O GLN_3@NE2
0.02% HIE_32@O LYS_31@NZ
0.02% HIE_32@O GLY_5@N
0.02% HIE_32@O TYR_43@OH
0.02% HIE_32@O LYS_14@NZ
0.02% HIE_32@ND1 ASN_29@ND2
0.02% HIE_32@ND1 ASN_13@ND2

(εδ) isomer
Donor HIS 268  

P Acceptor Donor
0.5% HIE_2@ND1 HIE_2@N
0.48% GLY_6@O HIE_2@NE2
0.26% PRO_45@OXT HIE_2@NE2
0.26% ASP_16@OD2 HIE_2@NE2
0.18% VAL_42@O HIE_2@NE2
0.12% PRO_34@O HIE_2@NE2
0.1% TYR_43@O HIE_2@NE2
0.1% ILE_41@O HIE_2@NE2
0.08% LEU_17@O HIE_2@NE2
0.08% PRO_45@O HIE_2@NE2
0.08% ILE_11@O HIE_2@NE2
0.08% VAL_9@O HIE_2@NE2
0.06% CYS_24@O HIE_2@N
0.06% GLY_7@O HIE_2@NE2
0.04% ASP_16@O HIE_2@NE2
0.04% GLY_5@O HIE_2@NE2
0.04% VAL_20@O HIE_2@NE2



0.04% SER_22@O HIE_2@NE2
0.02% VAL_39@O HIE_2@NE2
0.02% GLY_36@O HIE_2@NE2
0.02% SER_18@O HIE_2@NE2
0.02% GLN_3@OE1 HIE_2@N
0.02% GLY_35@O HIE_2@NE2
0.02% LYS_8@O HIE_2@NE2
0.02% LYS_44@O HIE_2@NE2
0.02% ILE_12@O HIE_2@NE2
0.02% GLN_40@O HIE_2@NE2
0.02% LYS_23@O HIE_2@NE2
0.02% GLN_10@O HIE_2@NE2
0.02% SER_26@O HIE_2@NE2

Acceptor HIS 268    

P Acceptor Donor
4% HIE_2@ND1 GLN_3@N
2.02% HIE_2@O GLN_3@NE2
0.5% HIE_2@ND1 HIE_2@N
0.14% HIE_2@O SER_26@OG
0.04% HIE_2@O TYR_43@OH
0.04% HIE_2@O LYS_1@NZ
0.04% HIE_2@O GLN_3@NE2
0.02% HIE_2@O GLN_21@NE2
0.02% HIE_2@O LYS_1@NZ
0.02% HIE_2@O LYS_1@NZ
0.02% HIE_2@ND1 GLN_40@NE2

Donor HIS 299  

P Acceptor Donor
5.08% VAL_33@O HID_32@ND1
4.12% ILE_30@O HID_32@ND1
3.64% ASP_28@OD1 HID_32@ND1
3.42% ASP_28@OD2 HID_32@ND1
2.84% ASP_28@O HID_32@N
2.5% HID_32@O HID_32@ND1
2.46% GLN_40@OE1 HID_32@ND1
2.06% ASN_29@O HID_32@N
1.5% ASP_28@O HID_32@ND1
1.44% ASN_29@O HID_32@ND1
1.2% LYS_31@O HID_32@ND1
0.9% GLY_37@O HID_32@ND1



0.72% ILE_30@O HID_32@N
0.64% ILE_41@O HID_32@ND1
0.56% GLN_40@O HID_32@ND1
0.44% ASN_29@OD1 HID_32@N
0.32% SER_22@O HID_32@ND1
0.26% SER_38@OG HID_32@ND1
0.26% ASN_13@O HID_32@ND1
0.22% SER_26@O HID_32@ND1
0.2% ASN_29@OD1 HID_32@ND1
0.18% CYS_24@O HID_32@ND1
0.14% TYR_43@O HID_32@ND1
0.14% VAL_39@O HID_32@ND1
0.12% VAL_20@O HID_32@ND1
0.08% ASN_19@O HID_32@ND1
0.08% VAL_42@O HID_32@ND1
0.06% TYR_43@OH HID_32@ND1
0.04% VAL_42@O HID_32@N
0.04% GLN_21@O HID_32@ND1
0.04% LYS_23@O HID_32@ND1
0.04% SER_18@OG HID_32@ND1
0.04% ASN_19@OD1 HID_32@ND1
0.04% ASP_16@OD1 HID_32@ND1
0.04% GLY_25@O HID_32@ND1
0.02% LYS_44@O HID_32@ND1
0.02% ILE_11@O HID_32@ND1
0.02% LYS_27@O HID_32@ND1
0.02% SER_38@O HID_32@ND1
0.02% VAL_33@N HID_32@ND1
0.02% CYS_24@O HID_32@N
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P Acceptor Donor
2.5% HID_32@O  HID_32@ND1
0.46% HID_32@O SER_26@OG
0.2% HID_32@O TYR_43@OH
0.12% HID_32@O SER_26@N
0.1% HID_32@NE2 GLN_40@NE2
0.06% HID_32@O SER_22@OG
0.06% HID_32@O ASN_29@ND2
0.04% HID_32@O SER_18@OG
0.04% HID_32@O TYR_43@N
0.04% HID_32@O GLN_3@NE2
0.04% HID_32@O GLN_3@NE2
0.04% HID_32@NE2 SER_26@OG



0.04% HID_32@O LYS_31@NZ
0.02% HID_32@O LYS_31@NZ
0.02% HID_32@NE2 LYS_14@NZ
0.02% HID_32@O LYS_31@NZ
0.02% HID_32@NE2 GLN_21@NE2
0.02% HID_32@O GLY_5@N
0.02% HID_32@O GLN_40@NE2
0.02% HID_32@O ASN_29@ND2
0.02% HID_32@NE2 ASN_13@ND2
0.02% HID_32@O LYS_14@NZ
0.02% HID_32@O GLN_21@NE2
0.02% HID_32@NE2 ASN_13@ND2
0.02% HID_32@O GLY_25@N
0.02% HID_32@NE2 LYS_27@NZ
0.02% HID_32@O LYS_23@NZ
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       Figure S2 [A]. The convergence evaluation of P301L δε and εε isomers, at 310 K 



Figure S3 [A]. a) Antiparallel sheet content, b) α-helical content, c) contact map, and d) 

clustering of P301L δε isomer

Figure S4 [A]. a) Antiparallel sheet content, b) α-helical content, c) contact map, and d) 

clustering of P301L εε isomer 


