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Figure S1. Geometry and atomic numbering of PNA.



Table S1. Comparison between the geometry of PNA optimized by quantum mechanical (QM)
calculations at the B3LYP/def-TZVP level of theory and by molecular mechanical (MM) energy
minimization using the refined CHARMM general force field.

Bond/A QM MM Angle/deg oM MM Dihedral/deg QM MM
Cc1 Cc2 1.381 1.381 c2 Cc1 Cé6 120.7 120.7 (@) C1 Cc2 Cc3 -0.2 -0.0
c1 C6 1.407 1.406 c2 c1 H7 119.7 119.7 (&) Cc1 c2 H8 179.8 -179.9
Cc1 H7 1.084 1.084 ce Cc1 H7 119.6 119.6 c3 Cc2 Cc1 H7 179.8 179.6
c2 Cc3 1.392 1.392 c1 c2 Cc3 119.6 119.6 H7 C1 Cc2 H8 -0.2 -0.2
c2 H8 1.080 1.081 c1 c2 H8 121.0 121.0 c2 Cc1 Ccé6 c5 0.3 0.1
c3 c4 1.392 1.392 c3 c2 H8 119.4 119.4 c2 C1 C6 N11 178.0 -179.9
C3 Ni4 1.462 1.463 c2 c3 c4 120.8 120.9 c5 cé6 Cc1 H7 -179.7 -179.6
c4 Cc5 1.381 1.381 c2 C3 Ni14 119.6 119.6 N11 C6 Cc1 H7 -2.0 0.4
c4 H9 1.080 1.081 c4 C3 Ni4 119.6 119.6 C1 Cc2 Cc3 c4 0.1 -0.0
C5 Cé6 1.407 1.406 c3 c4 Cc5 119.6 119.6 Cc1 Cc2 C3 Ni14 179.8 179.9
C5 Hie 1.084 1.084 c3 c4 H9 119.4 119.4 c4 c3 Cc2 H8 -179.9 179.8
C6 Ni11 1.374 1.375 Cc5 c4 H9 121.0 121.0 N14 Cc3 Cc2 H8 -0.2 -0.3

N11 H12 1.006 1.006 c4 C5 cé6 120.7 120.7 c2 Cc3 c4 c5 -0.1 0.0
N11 H13 1.006 1.006 c4 C5 Hile 119.7 119.7 c2 Cc3 c4 H9 179.9 -179.8
N14 015 1.229 1.228 (@) C5 Hile 119.6 119.6 C5 c4 C3 Ni14 -179.8 -179.9
N14 016 1.229 1.228 c1 [€3) c5 118.7 118.7 N14 Cc3 c4 H9 0.2 0.3
Cc1 C6 Ni11 120.7 120.6 c2 C3 N14 015 -179.9 -179.8
c5 C6 Ni11 120.6 120.6 c2 C3 N14 016 0.2 -0.1
C6 N11 H12 118.6 118.3 c4 C3 N14 015 -0.1 0.1
C6 N11 Hi13 118.6 118.3 c4 C3 N14 016 179.9 179.8
H12 N11 Hi13 115.1 114.7 c3 c4 Cc5 cé6 0.2 0.0
C3 N14 015 118.0 117.9 c3 c4 C5 Hie -179.8 -179.6
C3 N14 016 118.0 117.9 (@) Cc5 c4 H9 -179.8 179.9
015 N14 016 124.1 124.1 H9 c4 C5 Hie 0.2 0.2
c4 Cc5 C6 C1l -0.3 -0.1
c4 c5 C6 N11 -178.0 179.9
Cc1 Cé6 C5 Hie 179.7 179.6
N11 Ccé6 C5 Hie 2.0 -0.4
Cc1 C6 N11 Hi12 165.0 163.0
C1 C6 Nl11 Hi3 17.2 17.0
C5 C6 N11 Hi12 -17.3 -17.0
C5 C6 N11 Hi3 -165.1 -163.0
RMSD = 0.001 A RMSD = 0.1° RMSD = 1.0°
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Figure S2. Comparison between the QM and MM rotation energy barriers of (a) the -NO, group and (b)
the —NH, group of PNA.



Refined CGenFF parameters for PNA (in GROMACS format)
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[ angles ]
2 1 6 5 1.204171e+02 3.347200e+02 2.416200e-01 2.928800e+04
2 1 7 5 1.196673e+02 2.510400e+02 2.152500e-01 1.840960e+04
6 1 7 5 1.199552e+02 2.510400e+02 2.152500e-01 1.840960e+04
1 2 3 5 1.156394e+02 3.347200e+02 2.416200e-01 2.928800e+04
1 2 8 5 1.248960e+02 2.510400e+02 2.152500e-01 1.840960e+04
3 2 8 5 1.194730e+02 2.510400e+02 2.152500e-01 1.840960e+04
2 3 4 5 1.283736e+02 3.347200e+02 2.416200e-01 2.928800e+04
2 3 14 5 1.158008e+02 1.673600e+02 0.000000e+00 0.000000e+00
4 3 14 5 1.158008e+02 1.673600e+02 0.000000e+00 0.000000e+00
3 4 5 5 1.156394e+02 3.347200e+02 2.416200e-01 2.928800e+04
3 4 9 5 1.194730e+02 2.510400e+02 2.152500e-01 1.840960e+04
5 4 9 5 1.248960e+02 2.510400e+02 2.152500e-01 1.840960e+04
4 5 6 5 1.204171e+02 3.347200e+02 2.416200e-01 2.928800e+04
4 5 10 5 1.196673e+02 2.510400e+02 2.152500e-01 1.840960e+04
6 5 10 5 1.199552e+02 2.510400e+02 2.152500e-01 1.840960e+04
1 6 5 5 1.194818e+02 3.347200e+02 2.416200e-01 2.928800e+04
1 6 11 5 1.202707e+02 5.020800e+02 0.000000e+00 0.000000e+00
5 6 11 5 1.202707e+02 5.020800e+02 0.000000e+00 0.000000e+00
6 11 12 5 1.161023e+02 5.020800e+02 0.000000e+00 0.000000e+00
6 11 13 5 1.161023e+02 5.020800e+02 0.000000e+00 0.000000e+00
12 11 13 5 1.099271e+02 2.594080e+02 0.000000e+00 0.000000e+00
3 14 15 5 1.159473e+02 5.439200e+02 0.000000e+00 0.000000e+00
3 14 16 5 1.159473e+02 5.439200e+02 0.000000e+00 0.000000e+00
15 14 16 5 1.281306e+02 8.786400e+02 0.000000e+00 0.000000e+00
[ dihedrals ]
6 1 2 3 9 180.000 12.956579 2
6 1 2 8 9 180.000 17.567946 2
3 2 1 7 9 180.000 17.611795 2
7 1 2 8 9 180.000 10.042614 2
2 1 6 5 9 180.000 12.940181 2
2 1 6 11 9 180.000 18.547928 2
5 6 1 7 9 180.000 17.593726 2
11 6 1 7 9 180.000 8.966596 2
1 2 3 4 9 180.000 12.967766 2
1 2 3 14 9 180.000 8.362177 2
4 3 2 8 9 180.000 17.582922 2
14 3 2 8 9 180.000 4.184496 2
2 3 4 5 9 180.000 12.967766 2
2 3 4 9 9 180.000 17.582922 2
5 4 3 14 9 180.000 8.362177 2
14 3 4 9 9 180.000 4.184496 2
2 3 14 15 9 180.000 6.260000 2
2 3 14 16 9 180.000 6.260000 2
4 3 14 15 9 180.000 6.260000 2
4 3 14 16 9 180.000 6.260000 2
3 4 5 6 9 180.000 12.956579 2
3 4 5 10 9 180.000 17.611795 2
6 5 4 9 9 180.000 17.567946 2
9 4 5 10 9 180.000 10.042614 2
4 5 6 1 9 180.000 12.940181 2
4 5 6 11 9 180.000 18.547928 2
1 6 5 10 9 180.000 17.593726 2
11 6 5 10 9 180.000 8.966596 2
1 6 11 12 9 180.000 5.080000 2
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