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Table S1 The most common hydrogen bonds formed by the MTS with the rest of the protein or 

itself sorted based on their occupancy. The hydrogen bonds formed with solvent or ions are not 

included. 

Alanine Valine 

Donor Acceptor Occupancy 

[%] 

Donor Acceptor Occupancy 

[%] 

Leu20 N Ala16 O 43.50% Arg23 Nh2 Glu66 OE2 36.30% 

Leu17 N Leu13 O 39.60% Arg23 Nh1 Glu66 OE 35.90% 

Thr9 OG1 Ala5 O 31.30% Tyr69 OH  Gln12 O 35.10% 

Cys7 N Ser3 O 29.70% Leu17 N Leu13 O 25.40% 

Ser10 N Val6 O 29.20% Arg23 Nh2 Glu66 OE 21.30% 

Thr9 N Ala5 O 28.50% Arg23 Nh1 Glu66 OE2 21.00% 

Leu13 N Thr9 O 27.60% Asn63 Nd2  Gln24 O 18.00% 

Arg23 NH1 Leu20 O 26.80% Cys7 N Ser3 O 16.20% 

Gly8 N Arg4 O 26.70% Thr9 OG1 Ala5 O 15.50% 

Arg23 Ne Asn63 OD 25.80% Arg23 NH2 Asn63 OD 13.50% 

Arg23 NH2 Glu66 OE 25.40% Val6 N Leu2 O 10.60% 

Arg23 NH1 Glu66 OE 23.90% Gly8 N Arg4 O 10.60% 

Arg23 NH1 Glu66 OE2 23.80% Thr9 N Ala5 O 9.80% 

Arg23 NH2 Glu66 OE2 22.80% Leu13 N Thr9 O 8.40% 

Arg11 N Cys7 O 17.20% Ser10 OG Val6 O 7.90% 

Ser10 OG Val6 O 16.80% Gln12 NE2 Gln81 OE 7.90% 

Val6 N Leu2 O 16.40% Ser10 N Val6 O 6.50% 

Tyr19 N Pro15 O 16.10% Leu2 N Gln70 OE 4.50% 

Gly21 N Leu17 O 14.20% Ser10 OG Cys7 O 4.00% 

Gln81 NE2 Thr9 OG1 12.20% Gly18 N Ala14 O 3.80% 

Gln12 N Gly8 O 11.90% Arg11 N Cys7 O 3.60% 

Arg23 NH2 Asn63 OD 9.70% Gln24 NE2 Hsd26 O 3.50% 
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Arg23 NH1 Gly21 O 6.10% Ser22 OG Gln24 OE 3.30% 

Gln12 NE2 Gly8 O 4.60% Gln12 N Thr9 O 3.00% 

Ala14 N Ser10 O 4.40% Hsd95 Nd Leu20 O 2.70% 

Lys25 Nz Arg23 O 4.30% Gln12 NE2 Gln85 OE 2.30% 

Thr9 OG1 Gln81 OE 4.00% Gln12 N Gly8 O 2.20% 

Ser27 OG Gln24 O 3.90% Gln12 NE2 Gly8 O 1.90% 

Gln85 NE2 Gln12 OE 3.60% Ala14 N Ser10 O 1.90% 

Ala16 N Gln12 O 2.60% Gln85 NE2 Gln12 OE 1.80% 

Hsd26 N Gln24 OE 2.20% Arg11 NH1 Arg11 O 1.70% 

Gln24 N Gln24 OE 1.70% Ser27 OG Gln24 O 1.40% 

Leu28 N Gln24 OE 1.30% Ser22 N Hsd95 NE2 1.20% 

Arg11 NH1 Arg11 O 1.30% Gly8 N Ala5 O 1.20% 

Gln24 NE2 Hsd26 O 1.20% Val16 N Leu13 O 1.00% 

Ala5 N Leu2 O 0.80% Gln24 NE2 Ser27 O 1.00% 

Gln24 NE2 Ser27 O 0.80% Gln24 NE2 Arg23 O 0.90% 

Arg23 NH2 Glu66 CD  0.70% Gln24 N Ser22 OG 0.80% 

Ser10 OG Cys7 O 0.70% Hsd26 N Gln24 OE 0.80% 

Ser27 N Gln24 O 0.60% Lys25 N Gln24 OE 0.80% 

Gly18 N Ala14 O 0.60% Gln24 NE2 Ser22 OG 0.70% 

Gln85 NE2 Gln12 O 0.60% Ala5 N Leu2 O 0.70% 

Tyr69 OH  Gln12 O 0.60% Met1 N Gln70 OE 0.70% 

Gln81 NE2 Thr9 O 0.50% Gln24 NE2 Hsd55 NE2 0.70% 

Ser22 OG Ser27 OG 0.40% Tyr19 N Pro15 O 0.60% 

Lys25 N Gln24 OE 0.40% Ser3 OG Gln70 O 0.60% 

Ala5 N Met1 O 0.40% Arg11 N Gln81 OE 0.60% 

Gln24 NE2 Leu28 O 0.40% Arg11 Ne Gln12 OE 0.50% 

Ser27 N Gln24 OE 0.40% Met1 N Ala74 O 0.50% 

Gln12 N Thr9 O 0.40% Leu13 N Ser10 O 0.50% 

Ser27 OG Ser22 OG 0.30% Cys7 N Arg4 O 0.50% 

Tyr19 N Ala16 O 0.30% Gln12 N Gln81 OE 0.50% 

Arg4 NH1 Arg4 O 0.30% Ser22 OG Gln24 O 0.40% 

Arg4 Ne Arg4 O 0.30% Gln81 NE2 Thr9 OG1 0.40% 

Gln12 NE2 Gln12 O 0.30% Ser10 OG Gln70 OE 0.40% 

Gln12 NE2 Gln81 OE 0.30% Gln12 NE2 Arg11 O 0.40% 

Gln24 NE2 Ser22 O 0.20% Leu17 N Ala14 O 0.40% 

Ser22 OG Gln24 OE 0.20% Arg4 NH1 Ser3 O 0.40% 

Gln171 NE2 Gly18 O 0.20% Gln81 NE2 Thr9 O 0.40% 

Gly18 N Pro15 O 0.20% Gly8 N Ala74 O 0.40% 

Leu20 N Leu17 O 0.20% Tyr69 OH  Ser10 OG 0.40% 

Leu28 N Gln24 O 0.20% Arg23 NH1 Gly21 O 0.30% 

Asn63 Nd2  Gln24 O 0.20% Arg23 NH1 Leu20 O 0.30% 

Gln24 NE2 Asp30 OD 0.20% Lys25 Nz Ser22 O 0.30% 

Tyr19 OH  Gln85 OE 0.10% Tyr19 N Val16 O 0.30% 

Gln171 NE2 Tyr19 O 0.10% Val6 N Ser3 O 0.30% 

Gln24 N Ser22 OG 0.10% Gln24 NE2 Ser22 O 0.30% 

Gln24 NE2 Leu20 O 0.10% Arg11 NH1 Gln12 OE 0.30% 

Gln24 NE2 Ser22 OG 0.10% Thr9 OG1 Gln12 OE 0.30% 

Met1 N Lys75 O 0.10% Ser3 N Gln70 OE 0.30% 

Ser27 OG Ser22 O 0.10% Arg11 NH1 Thr9 O 0.30% 

Met1 N Ala74 O 0.10% Ala5 N Met1 O 0.20% 

Ser3 OG Leu2 O 0.10% Arg23 NH2 Val16 O 0.20% 
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Ser3 OG Gly76 O 0.10% Arg11 NH1 Ser10 OG 0.20% 

Arg4 NH1 Ser3 OG 0.10% Gln70 NE2 Val6 O 0.20% 

Lys89 Nz Tyr19 OH  0.10% Arg23 N Hsd95 NE2 0.20% 

Gln24 NE2 Hsd26 NE2 0.10% Arg4 NH1 Ser3 OG 0.20% 

Gln12 NE2 Gln85 OE 0.10% Gln12 N Thr9 OG1 0.20% 

Cys7 Sg Ser3 O 0.10% Gln12 NE2 Thr9 OG1 0.20% 

Gln24 NE2 Asp30 OD2  0.10% Met1 N Glu71 OE 0.20% 

Asp30 N Gln24 OE 0.10% Gln81 NE2 Gln12 OE 0.20% 

Ser27 OG Arg23 O 0.10% Arg11 N Thr9 OG1 0.20% 

Ala14 N Arg11 O 0.10% Tyr19 OH  Ser22 OG 0.20% 

Hsd26 Nd Gln24 OE 0.10% Arg4 NH1 Ala74 O 0.20% 

Gln24 NE2 Arg23 O 0.10% Met1 N Glu67 OE 0.20% 

   ARG4 NE LEU73 O 0.20% 

   ARG4 NE VAL6 O 0.20% 

   SER3 N  LYS75 O 0.20% 

   THR9 OG1 GLY8 O 0.20% 

   SER10 OG GLN12 O 0.20% 

   ARG23 NH2  ASP30 OD 0.10% 

   GLN171 NE2 LEU20 O 0.10% 

   TYR19 OH  GLN85 OE 0.10% 

   GLN24 NE2 SER27 OG 0.10% 

   SER22 OG HSD95 NE2 0.10% 

   ARG4 NH2 SER3 OG 0.10% 

   LYS25 N SER22 OG 0.10% 

   LYS25 NZ ARG23 O 0.10% 

   GLN85 NE2 GLN12 O 0.10% 

   TYR69 OH  GLN12 OE 0.10% 

   LYS89 NZ GLY18 O 0.10% 

   SER27 N GLN24 OE 0.10% 

   GLN24 NE2 HSD26 NE2 0.10% 

   SER22 OG HSD26 NE2 0.10% 

   GLN70 NE2 SER10 OG 0.10% 

   ARG23 NH1 GLU66 CD  0.10% 

   MET1 N GLU71 OE2 0.10% 

   GLN12 NE2 CYS7 O 0.10% 

   HSD95 CE SER22 O 0.10% 

   CYS7 SG SER3 O 0.10% 

   SER22 OG HSD55 NE2 0.10% 

   GLN24 NE2 GLN24 O 0.10% 

   ARG11 NH2 SER10 OG 0.10% 

   LEU28 N GLN24 OE 0.10% 

   ARG4 NH2 ALA74 O 0.10% 

   MET1 N GLU67 OE2 0.10% 

   GLN12 NE2  TYR69 OH  0.10% 

   ARG4 NH1 GLN70 OE 0.10% 

   ALA14 N ARG11 O 0.10% 

   CYS7 SG ARG4 O 0.10% 

   ARG4 N GLY76 O 0.10% 

   HSD95 ND SER22 O 0.10% 

   ARG4 NH1 VAL6 O 0.10% 

   HSD26 ND GLN24 OE 0.10% 
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   THR9 OG1 CYS7 O 0.10% 

   CYS7 N GLY76 O 0.10% 

   ARG11 NH2 GLN12 OE 0.10% 

   ARG4 NE MET1 O 0.10% 

   ARG11 NE THR9 OG1 0.10% 

   GLY18 N PRO15 O 0.10% 

   GLY8 N LEU73 O 0.10% 

   SER10 OG GLN81 OE 0.10% 

 

 

Figure S1 A graphical comparison of the PEP-FOLD3 Val-MTS model in three different force 

fields: Amber, CHARMM, and GROMOS. The graphs depict (a) RMSD values and (b) the lengths 

of the α-helix. 

 

Figure S2 A cartoon representations of the initial PEP-FOLD3 Val-MTS structure with the most 

common structural clusters in MD simulations using Amber, CHARMM, and GROMOS force 

fields. 
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Figure S3 A comparison of MTS sequences between various species. Red letters represent amino 

acids different from the Homo sapiens MTS sequence. Bolded letters represent the Ala16Val substi-

tution in the Homo sapiens genome, which is scarcely present in other species’ genomes. 

 

Psipred secondary structure prediction 

 

ALA variant 

 

job,step,type,name,version,parameters 

psipred,0,Dataset,uniref90,latest,"null" 

psipred,0,Dataset,hhdb uniclust30,2018_08,"null" 

psipred,0,Software,psiblast,2.2.26,"-a 2 -b 0 -j 20 -h 0.01 -I F" 

psipred,0,Software,hhblits,2.0.16,"-iterations 3 -diff inf -cov 10 -Z 10000 -B 10000 -maxfilt 10000 -maxmem 5 -norealign" 

psipred,1,Software,psipred,4.1,"null" 

psipred,2,Software,psipass2,4.1,"null" 

 

# PSIPRED VFORMAT (PSIPRED V4.0) 
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   1 M C   0.999  0.001  0.000 

   2 L C   0.633  0.371  0.018 

   3 S H   0.249  0.713  0.013 

   4 R H   0.141  0.838  0.016 

   5 A H   0.148  0.837  0.009 

   6 V H   0.270  0.731  0.005 

   7 C H   0.272  0.720  0.006 

   8 G H   0.200  0.793  0.004 

   9 T H   0.160  0.828  0.003 

  10 S H   0.101  0.891  0.005 

  11 R H   0.333  0.658  0.003 

  12 Q H   0.223  0.762  0.004 

  13 L H   0.193  0.798  0.004 

  14 A H   0.124  0.863  0.005 

  15 P H   0.068  0.927  0.005 

  16 A H   0.155  0.839  0.007 

  17 L H   0.394  0.609  0.008 

  18 G H   0.361  0.634  0.013 

  19 Y H   0.149  0.840  0.027 

  20 L H   0.223  0.769  0.021 

  21 G H   0.462  0.545  0.012 

  22 S C   0.668  0.345  0.017 

  23 R C   0.767  0.212  0.026 

  24 Q C   0.895  0.089  0.027 

  25 K C   0.859  0.055  0.067 

  26 H C   0.544  0.065  0.387 

  27 S C   0.606  0.022  0.373 

  28 L C   0.948  0.008  0.039 

  29 P C   0.986  0.007  0.011 

  30 D C   0.974  0.015  0.007 

  31 L C   0.982  0.010  0.005 

  32 P C   0.988  0.005  0.004 

  33 Y C   0.979  0.010  0.005 

  34 D C   0.977  0.012  0.004 

  35 Y C   0.746  0.277  0.004 

  36 G C   0.833  0.191  0.007 

  37 A C   0.827  0.190  0.015 

  38 L C   0.820  0.201  0.018 

  39 E C   0.590  0.376  0.016 

  40 P C   0.537  0.379  0.032 

  41 H C   0.663  0.269  0.086 
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  42 I C   0.424  0.393  0.224 

  43 N C   0.903  0.070  0.020 

  44 A H   0.043  0.950  0.001 

  45 Q H   0.022  0.978  0.001 

  46 I H   0.028  0.973  0.001 

  47 M H   0.030  0.971  0.002 

  48 Q H   0.073  0.927  0.004 

  49 L H   0.061  0.939  0.007 

  50 H H   0.170  0.828  0.005 

  51 H H   0.387  0.600  0.003 

  52 S H   0.079  0.914  0.003 

  53 K H   0.051  0.948  0.003 

  54 H H   0.094  0.898  0.003 

  55 H H   0.034  0.965  0.002 

  56 A H   0.011  0.990  0.001 

  57 A H   0.010  0.991  0.001 

  58 Y H   0.022  0.978  0.001 

  59 V H   0.033  0.968  0.001 

  60 N H   0.045  0.954  0.001 

  61 N H   0.046  0.952  0.001 

  62 L H   0.015  0.985  0.001 

  63 N H   0.009  0.991  0.000 

  64 V H   0.007  0.993  0.000 

  65 T H   0.005  0.995  0.000 

  66 E H   0.010  0.990  0.000 

  67 E H   0.010  0.990  0.000 

  68 K H   0.009  0.992  0.000 

  69 Y H   0.008  0.993  0.000 

  70 Q H   0.005  0.996  0.000 

  71 E H   0.004  0.996  0.000 

  72 A H   0.006  0.995  0.000 

  73 L H   0.017  0.984  0.001 

  74 A H   0.084  0.915  0.002 

  75 K C   0.799  0.231  0.000 

  76 G C   0.989  0.011  0.000 

  77 D C   0.978  0.019  0.001 

  78 V H   0.216  0.783  0.001 

  79 T H   0.095  0.895  0.003 

  80 A H   0.024  0.976  0.001 

  81 Q H   0.025  0.974  0.002 

  82 I H   0.025  0.975  0.002 

  83 A H   0.044  0.957  0.002 
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  84 L H   0.077  0.924  0.001 

  85 Q H   0.075  0.925  0.001 

  86 P H   0.029  0.970  0.002 

  87 A H   0.050  0.951  0.002 

  88 L H   0.034  0.965  0.003 

  89 K H   0.149  0.845  0.005 

  90 F H   0.438  0.562  0.010 

  91 N C   0.747  0.225  0.017 

  92 G C   0.812  0.171  0.032 

  93 G C   0.779  0.223  0.034 

  94 G C   0.569  0.338  0.041 

  95 H C   0.602  0.337  0.047 

  96 I H   0.363  0.561  0.038 

  97 N H   0.235  0.713  0.032 

  98 H C   0.639  0.269  0.029 

  99 S C   0.472  0.446  0.048 

 100 I H   0.201  0.723  0.046 

 101 F H   0.229  0.691  0.057 

 102 W C   0.753  0.224  0.013 

 103 T C   0.539  0.410  0.021 

 104 N C   0.731  0.238  0.014 

 105 L C   0.919  0.086  0.015 

 106 S C   0.983  0.008  0.008 

 107 P C   0.981  0.010  0.007 

 108 N C   0.959  0.027  0.006 

 109 G C   0.964  0.022  0.005 

 110 G C   0.968  0.022  0.006 

 111 G C   0.972  0.014  0.009 

 112 E C   0.976  0.008  0.012 

 113 P C   0.982  0.006  0.008 

 114 K C   0.978  0.013  0.003 

 115 G H   0.300  0.703  0.001 

 116 E H   0.063  0.932  0.003 

 117 L H   0.010  0.990  0.000 

 118 L H   0.006  0.994  0.000 

 119 E H   0.003  0.997  0.000 

 120 A H   0.004  0.997  0.000 

 121 I H   0.005  0.995  0.000 

 122 K H   0.006  0.995  0.000 

 123 R H   0.018  0.983  0.001 

 124 D H   0.064  0.936  0.002 

 125 F H   0.432  0.581  0.001 
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 126 G C   0.940  0.081  0.001 

 127 S C   0.974  0.025  0.002 

 128 F H   0.020  0.980  0.000 

 129 D H   0.015  0.985  0.001 

 130 K H   0.007  0.994  0.000 

 131 F H   0.004  0.996  0.000 

 132 K H   0.003  0.997  0.000 

 133 E H   0.003  0.997  0.000 

 134 K H   0.003  0.997  0.000 

 135 L H   0.006  0.994  0.000 

 136 T H   0.010  0.991  0.000 

 137 A H   0.010  0.991  0.000 

 138 A H   0.024  0.979  0.001 

 139 S H   0.035  0.966  0.002 

 140 V H   0.109  0.896  0.003 

 141 G H   0.229  0.775  0.014 

 142 V C   0.806  0.142  0.011 

 143 Q C   0.879  0.061  0.043 

 144 G C   0.886  0.028  0.065 

 145 S C   0.941  0.014  0.044 

 146 G C   0.697  0.026  0.274 

 147 W E   0.089  0.005  0.860 

 148 G E   0.023  0.002  0.949 

 149 W E   0.021  0.002  0.934 

 150 L E   0.017  0.001  0.931 

 151 G E   0.014  0.001  0.964 

 152 F E   0.014  0.003  0.944 

 153 N E   0.091  0.006  0.893 

 154 K C   0.966  0.010  0.020 

 155 E C   0.983  0.011  0.006 

 156 R C   0.981  0.013  0.004 

 157 G C   0.984  0.004  0.021 

 158 H E   0.392  0.006  0.591 

 159 L E   0.041  0.003  0.955 

 160 Q E   0.019  0.002  0.977 

 161 I E   0.013  0.001  0.947 

 162 A E   0.013  0.002  0.942 

 163 A E   0.084  0.008  0.872 

 164 C C   0.843  0.010  0.123 

 165 P C   0.951  0.027  0.023 

 166 N C   0.977  0.013  0.007 

 167 Q C   0.949  0.033  0.013 
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 168 D C   0.963  0.019  0.015 

 169 P C   0.944  0.032  0.018 

 170 L C   0.904  0.071  0.024 

 171 Q C   0.875  0.080  0.028 

 172 G C   0.863  0.139  0.020 

 173 T C   0.878  0.137  0.018 

 174 T C   0.927  0.061  0.018 

 175 G C   0.964  0.015  0.023 

 176 L C   0.888  0.014  0.117 

 177 I C   0.588  0.008  0.413 

 178 P E   0.219  0.009  0.754 

 179 L E   0.147  0.012  0.822 

 180 L E   0.051  0.005  0.891 

 181 G E   0.035  0.003  0.914 

 182 I E   0.064  0.010  0.870 

 183 D E   0.194  0.020  0.725 

 184 V H   0.446  0.534  0.049 

 185 W H   0.270  0.805  0.036 

 186 E H   0.291  0.697  0.009 

 187 H C   0.829  0.171  0.012 

 188 A H   0.391  0.603  0.006 

 189 Y H   0.412  0.574  0.011 

 190 Y H   0.161  0.826  0.008 

 191 L H   0.170  0.819  0.009 

 192 Q H   0.425  0.561  0.014 

 193 Y C   0.719  0.274  0.014 

 194 K C   0.849  0.145  0.015 

 195 N C   0.872  0.137  0.009 

 196 V C   0.922  0.102  0.003 

 197 R C   0.974  0.026  0.002 

 198 P H   0.065  0.933  0.000 

 199 D H   0.064  0.933  0.003 

 200 Y H   0.014  0.986  0.001 

 201 L H   0.007  0.993  0.001 

 202 K H   0.014  0.987  0.001 

 203 A H   0.022  0.979  0.002 

 204 I H   0.047  0.955  0.003 

 205 W H   0.028  0.974  0.013 

 206 N H   0.124  0.853  0.048 

 207 V C   0.472  0.414  0.050 

 208 I C   0.531  0.392  0.071 

 209 N C   0.955  0.036  0.014 



Antioxidants 2022, 11, 2348 11 of 21 
 

 210 W H   0.034  0.963  0.001 

 211 E H   0.022  0.978  0.001 

 212 N H   0.011  0.989  0.000 

 213 V H   0.004  0.996  0.000 

 214 T H   0.003  0.997  0.000 

 215 E H   0.003  0.997  0.000 

 216 R H   0.005  0.996  0.000 

 217 Y H   0.010  0.992  0.000 

 218 M H   0.011  0.990  0.000 

 219 A H   0.043  0.960  0.001 

 220 C H   0.145  0.859  0.004 

 221 K H   0.457  0.550  0.004 

 222 K C   0.999  0.000  0.000 
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VAL variant 

 

job,step,type,name,version,parameters 

psipred,0,Dataset,uniref90,latest,"null" 
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psipred,0,Dataset,hhdb uniclust30,2018_08,"null" 

psipred,0,Software,psiblast,2.2.26,"-a 2 -b 0 -j 20 -h 0.01 -I F" 

psipred,0,Software,hhblits,2.0.16,"-iterations 3 -diff inf -cov 10 -Z 10000 -B 10000 -maxfilt 10000 -maxmem 5 -norealign" 

psipred,1,Software,psipred,4.1,"null" 

psipred,2,Software,psipass2,4.1,"null" 

 

# PSIPRED VFORMAT (PSIPRED V4.0) 

 

   1 M C   0.999  0.001  0.000 

   2 L C   0.660  0.349  0.014 

   3 S H   0.229  0.744  0.009 

   4 R H   0.125  0.858  0.012 

   5 A H   0.131  0.854  0.006 

   6 V H   0.146  0.854  0.004 

   7 C H   0.117  0.878  0.004 

   8 G H   0.121  0.873  0.003 

   9 T H   0.089  0.904  0.003 

  10 S H   0.098  0.896  0.005 

  11 R H   0.348  0.642  0.003 

  12 Q H   0.167  0.821  0.004 

  13 L H   0.163  0.827  0.004 

  14 A H   0.129  0.856  0.005 

  15 P H   0.064  0.932  0.006 

  16 V H   0.093  0.902  0.010 

  17 L H   0.196  0.798  0.018 

  18 G H   0.253  0.731  0.017 

  19 Y H   0.147  0.838  0.027 

  20 L H   0.217  0.777  0.023 

  21 G H   0.457  0.549  0.011 

  22 S C   0.664  0.348  0.016 

  23 R C   0.758  0.211  0.028 

  24 Q C   0.874  0.097  0.035 

  25 K C   0.846  0.057  0.073 

  26 H C   0.512  0.059  0.418 

  27 S C   0.585  0.021  0.395 

  28 L C   0.947  0.008  0.040 

  29 P C   0.985  0.007  0.011 

  30 D C   0.974  0.015  0.007 

  31 L C   0.982  0.010  0.005 

  32 P C   0.988  0.005  0.004 

  33 Y C   0.979  0.010  0.005 

  34 D C   0.977  0.012  0.004 



Antioxidants 2022, 11, 2348 14 of 21 
 

  35 Y C   0.750  0.274  0.004 

  36 G C   0.842  0.184  0.007 

  37 A C   0.834  0.184  0.014 

  38 L C   0.818  0.204  0.018 

  39 E C   0.563  0.402  0.015 

  40 P C   0.506  0.415  0.030 

  41 H C   0.648  0.282  0.086 

  42 I C   0.431  0.383  0.226 

  43 N C   0.901  0.070  0.021 

  44 A H   0.043  0.950  0.001 

  45 Q H   0.023  0.976  0.002 

  46 I H   0.029  0.972  0.001 

  47 M H   0.032  0.970  0.002 

  48 Q H   0.076  0.924  0.004 

  49 L H   0.062  0.937  0.008 

  50 H H   0.167  0.830  0.005 

  51 H H   0.381  0.605  0.003 

  52 S H   0.079  0.914  0.003 

  53 K H   0.050  0.949  0.003 

  54 H H   0.094  0.898  0.003 

  55 H H   0.035  0.963  0.002 

  56 A H   0.011  0.989  0.001 

  57 A H   0.010  0.991  0.001 

  58 Y H   0.021  0.980  0.001 

  59 V H   0.030  0.971  0.001 

  60 N H   0.039  0.961  0.001 

  61 N H   0.045  0.954  0.001 

  62 L H   0.014  0.986  0.001 

  63 N H   0.009  0.992  0.000 

  64 V H   0.007  0.993  0.000 

  65 T H   0.005  0.995  0.000 

  66 E H   0.011  0.990  0.000 

  67 E H   0.010  0.990  0.000 

  68 K H   0.009  0.992  0.000 

  69 Y H   0.008  0.993  0.000 

  70 Q H   0.005  0.996  0.000 

  71 E H   0.004  0.996  0.000 

  72 A H   0.006  0.995  0.000 

  73 L H   0.017  0.984  0.001 

  74 A H   0.085  0.914  0.002 

  75 K C   0.801  0.227  0.000 

  76 G C   0.989  0.011  0.000 
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  77 D C   0.978  0.018  0.001 

  78 V H   0.226  0.774  0.001 

  79 T H   0.100  0.888  0.003 

  80 A H   0.025  0.975  0.001 

  81 Q H   0.025  0.974  0.002 

  82 I H   0.024  0.976  0.002 

  83 A H   0.043  0.958  0.002 

  84 L H   0.077  0.923  0.001 

  85 Q H   0.092  0.907  0.001 

  86 P H   0.031  0.969  0.002 

  87 A H   0.052  0.950  0.002 

  88 L H   0.036  0.963  0.003 

  89 K H   0.145  0.849  0.005 

  90 F H   0.439  0.561  0.011 

  91 N C   0.745  0.225  0.017 

  92 G C   0.813  0.170  0.032 

  93 G C   0.787  0.215  0.034 

  94 G C   0.586  0.325  0.040 

  95 H C   0.622  0.320  0.046 

  96 I H   0.373  0.554  0.037 

  97 N H   0.228  0.724  0.030 

  98 H C   0.634  0.269  0.029 

  99 S C   0.505  0.427  0.045 

 100 I H   0.189  0.738  0.042 

 101 F H   0.235  0.687  0.053 

 102 W C   0.770  0.212  0.012 

 103 T C   0.550  0.405  0.020 

 104 N C   0.727  0.245  0.013 

 105 L C   0.916  0.091  0.015 

 106 S C   0.984  0.008  0.008 

 107 P C   0.982  0.009  0.007 

 108 N C   0.959  0.028  0.006 

 109 G C   0.964  0.023  0.005 

 110 G C   0.969  0.021  0.006 

 111 G C   0.973  0.014  0.008 

 112 E C   0.976  0.007  0.011 

 113 P C   0.982  0.006  0.008 

 114 K C   0.978  0.013  0.003 

 115 G H   0.312  0.691  0.001 

 116 E H   0.066  0.928  0.003 

 117 L H   0.011  0.990  0.000 

 118 L H   0.006  0.994  0.000 
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 119 E H   0.003  0.997  0.000 

 120 A H   0.004  0.997  0.000 

 121 I H   0.005  0.996  0.000 

 122 K H   0.006  0.995  0.000 

 123 R H   0.018  0.984  0.001 

 124 D H   0.060  0.940  0.002 

 125 F H   0.420  0.592  0.001 

 126 G C   0.948  0.070  0.001 

 127 S C   0.975  0.023  0.002 

 128 F H   0.020  0.981  0.000 

 129 D H   0.015  0.985  0.001 

 130 K H   0.007  0.994  0.000 

 131 F H   0.004  0.996  0.000 

 132 K H   0.003  0.997  0.000 

 133 E H   0.003  0.997  0.000 

 134 K H   0.003  0.997  0.000 

 135 L H   0.006  0.994  0.000 

 136 T H   0.010  0.991  0.000 

 137 A H   0.010  0.991  0.000 

 138 A H   0.023  0.980  0.001 

 139 S H   0.034  0.967  0.002 

 140 V H   0.113  0.891  0.003 

 141 G H   0.223  0.782  0.013 

 142 V C   0.808  0.143  0.010 

 143 Q C   0.882  0.061  0.040 

 144 G C   0.888  0.027  0.064 

 145 S C   0.939  0.015  0.045 

 146 G C   0.686  0.029  0.280 

 147 W E   0.090  0.005  0.857 

 148 G E   0.023  0.002  0.948 

 149 W E   0.021  0.002  0.933 

 150 L E   0.017  0.001  0.930 

 151 G E   0.014  0.001  0.964 

 152 F E   0.014  0.003  0.943 

 153 N E   0.092  0.006  0.892 

 154 K C   0.966  0.010  0.021 

 155 E C   0.983  0.011  0.007 

 156 R C   0.981  0.013  0.004 

 157 G C   0.984  0.004  0.021 

 158 H E   0.370  0.006  0.615 

 159 L E   0.039  0.003  0.957 

 160 Q E   0.019  0.001  0.977 



Antioxidants 2022, 11, 2348 17 of 21 
 

 161 I E   0.013  0.001  0.947 

 162 A E   0.013  0.002  0.942 

 163 A E   0.084  0.008  0.869 

 164 C C   0.824  0.010  0.137 

 165 P C   0.945  0.029  0.025 

 166 N C   0.976  0.014  0.008 

 167 Q C   0.948  0.034  0.014 

 168 D C   0.962  0.019  0.015 

 169 P C   0.944  0.033  0.018 

 170 L C   0.905  0.070  0.024 

 171 Q C   0.878  0.079  0.027 

 172 G C   0.866  0.138  0.020 

 173 T C   0.874  0.140  0.019 

 174 T C   0.926  0.061  0.018 

 175 G C   0.963  0.016  0.023 

 176 L C   0.892  0.015  0.111 

 177 I C   0.549  0.008  0.446 

 178 P E   0.215  0.009  0.759 

 179 L E   0.151  0.013  0.812 

 180 L E   0.052  0.005  0.889 

 181 G E   0.035  0.003  0.912 

 182 I E   0.063  0.010  0.870 

 183 D E   0.189  0.019  0.729 

 184 V H   0.449  0.526  0.051 

 185 W H   0.280  0.791  0.039 

 186 E H   0.310  0.675  0.012 

 187 H C   0.832  0.163  0.015 

 188 A H   0.440  0.547  0.007 

 189 Y H   0.432  0.551  0.013 

 190 Y H   0.172  0.815  0.009 

 191 L H   0.178  0.808  0.010 

 192 Q H   0.438  0.546  0.015 

 193 Y C   0.726  0.262  0.015 

 194 K C   0.854  0.138  0.015 

 195 N C   0.872  0.136  0.010 

 196 V C   0.925  0.091  0.003 

 197 R C   0.972  0.028  0.002 

 198 P H   0.071  0.928  0.000 

 199 D H   0.065  0.933  0.003 

 200 Y H   0.015  0.985  0.001 

 201 L H   0.008  0.992  0.001 

 202 K H   0.014  0.987  0.001 
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 203 A H   0.024  0.977  0.002 

 204 I H   0.046  0.955  0.003 

 205 W H   0.029  0.973  0.013 

 206 N H   0.128  0.845  0.052 

 207 V C   0.496  0.382  0.055 

 208 I C   0.534  0.388  0.076 

 209 N C   0.955  0.036  0.014 

 210 W H   0.035  0.962  0.001 

 211 E H   0.022  0.978  0.001 

 212 N H   0.011  0.989  0.000 

 213 V H   0.004  0.996  0.000 

 214 T H   0.003  0.997  0.000 

 215 E H   0.003  0.997  0.000 

 216 R H   0.005  0.996  0.000 

 217 Y H   0.009  0.992  0.000 

 218 M H   0.011  0.990  0.000 

 219 A H   0.042  0.961  0.001 

 220 C H   0.144  0.861  0.004 

 221 K H   0.459  0.548  0.003 

 222 K C   0.999  0.000  0.000 
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In the supplementary files we also enclose two videos: 

 

Movie S1: MD simulation video of the Ala-MnSOD variant around the time where the Val-MnSOD exhibits a helical breakdown. 

The protein is presented in a green cartoon model while the MTS sequence is highlited in a blue-colored cartoon model. The Mn 

ion is depicted as a purple colored sphere. 
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Movie S2: MD simulation video of the Val-MnSOD variant around the time where it exhibits a helical breakdown. The protein is 

presented in a green cartoon model while the MTS sequence is highlited in an orange-colored cartoon model. The Mn ion is 

depicted as a purple colored sphere. 

 

 

 


