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RESP charges generated at different levels of theory for ligand 2 and Zn(His)3 core 
 
Table S1. The RESP charges of ligand 2 generated at different levels of theory.   

Ligand 2 HF B3LYP 
 6-31G(d) 6-31+G(d) 6-31+G(d, p) 6-31G(d) 6-31+G(d) 6-31+G(d, p) 

H1 0.11 0.11 0.10 0.08 0.08 0.08 
H2 0.11 0.12 0.11 0.09 0.09 0.09 
H3 0.13 0.13 0.13 0.10 0.11 0.11 
H4 0.13 0.13 0.13 0.10 0.11 0.11 
H5 0.11 0.12 0.11 0.09 0.09 0.09 
H6 0.30 0.30 0.30 0.27 0.28 0.28 
C1 -0.13 -0.12 -0.12 -0.12 -0.10 -0.10 
C2 -0.18 -0.20 -0.20 -0.16 -0.18 -0.17 
C3 -0.08 -0.08 -0.08 -0.07 -0.08 -0.08 
C4 -0.01 0.00 0.00 0.02 0.03 0.02 
C5 -0.08 -0.08 -0.08 -0.07 -0.08 -0.08 
C6 -0.18 -0.20 -0.20 -0.16 -0.18 -0.17 
N1 -0.92 -0.97 -0.97 -0.79 -0.88 -0.88 
O1 -0.64 -0.69 -0.68 -0.54 -0.62 -0.62 
O2 -0.64 -0.69 -0.68 -0.54 -0.62 -0.62 
S1 0.99 1.12 1.11 0.71 0.95 0.95 

 

 

Figure S1. Atom indices of ligand 2 
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Table S2. The RESP charges of Zn(His)3 core generated at different levels of theory. The zinc 
and coordinating nitrogens are highlighted.  

 HF B3LYP 
 6-31G(d) 6-31+G(d) 6-31+G(d,p) 6-31G(d) 6-31+G(d) 6-31+G(d,p) 

C  0.17 0.17 0.17 0.17 0.17 0.18 
H  0.03 0.03 0.03 0.03 0.03 0.03 
H  0.03 0.03 0.03 0.03 0.03 0.03 
C  -0.05 -0.05 -0.06 -0.05 -0.05 -0.06 
N  -0.07 -0.06 -0.05 -0.03 -0.04 -0.03 
H  0.31 0.31 0.31 0.30 0.30 0.30 
C  0.05 0.04 0.04 0.03 0.02 0.02 
H  0.21 0.21 0.21 0.19 0.19 0.18 
N  -0.51 -0.46 -0.46 -0.43 -0.39 -0.39 
C  -0.06 -0.08 -0.08 -0.03 -0.05 -0.05 
H  0.18 0.18 0.18 0.15 0.16 0.16 
C  0.23 0.24 0.25 0.24 0.25 0.25 
H  0.00 0.00 0.00 0.01 0.00 0.00 
H  0.00 -0.01 -0.01 0.00 -0.01 -0.01 
C  0.00 0.00 0.00 0.00 0.00 -0.01 
N  -0.17 -0.18 -0.17 -0.13 -0.15 -0.14 
H  0.36 0.36 0.36 0.34 0.35 0.35 
C  0.04 0.04 0.04 0.02 0.02 0.02 
H  0.22 0.22 0.22 0.20 0.20 0.19 
N  -0.41 -0.38 -0.38 -0.35 -0.32 -0.32 
C  -0.18 -0.19 -0.19 -0.14 -0.15 -0.14 
H  0.17 0.16 0.16 0.14 0.14 0.14 
C  0.29 0.30 0.30 0.28 0.29 0.29 
H  -0.12 -0.13 -0.13 -0.12 -0.12 -0.12 
H  -0.02 -0.02 -0.02 -0.02 -0.02 -0.02 
C  0.08 0.07 0.06 0.08 0.07 0.07 
N  -0.47 -0.42 -0.42 -0.41 -0.36 -0.36 
C  0.04 0.03 0.03 0.03 0.01 0.01 
H  0.20 0.20 0.20 0.18 0.18 0.18 
N  -0.08 -0.07 -0.07 -0.06 -0.06 -0.05 
H  0.34 0.34 0.34 0.33 0.33 0.32 
C  -0.24 -0.25 -0.24 -0.18 -0.19 -0.19 
H  0.25 0.25 0.25 0.22 0.22 0.22 
Zn 1.16 1.11 1.10 1.01 0.95 0.95 
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Table S3. DE(MM) associated with the three QM/MM model II with relaxed MM region 
according to criteria (a), (b), and (c). See Equations (2) to (4) in main text. 

 DE(MM) kcal mol-1 
Ligand (a) (b) (c) 
1 -4.4 -3.2 -2.2 
2 -13.3 -12.0 -11.3 
3 -15.6 -14.3 -12.5 
4 -15.6 -14.1 -13.2 
5 -14.7 -12.8 -10.9 
6 0.2 1.0 3.1 
7 -16.9 -17.3 -16.4 
8 -18.3 -18.7 -17.9 
9 -19.3 -19.4 -18.7 
10 -20.4 -20.9 -19.9 
11 -24.3 -24.6 -22.6 
12 -28.0 -27.1 -24.0 
13 -20.7 -19.6 -17.3 
14 -24.6 -23.2 -21.2 
15 -14.8 -15.2 -14.8 
16 -19.4 -19.6 -18.6 
17 -12.8 -11.1 -10.2 
18 -6.7 -8.3 -8.0 
19 -26.5 -25.5 -21.3 
20 -21.9 -21.8 -21.1 
21 -32.1 -28.6 -26.8 
22 -38.3 -37.6 -33.4 
23 -46.7 -45.8 -46.3 
standard deviation 10.4 10.2 10.0 
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Table S4. QM/MM binding energies (DEgas) in kcal mol-1 computed with Zn(His)3 and ligand 
charges generated at different levels of theory.  

 HF B3LYP 
Ligand 6-31G(d) 6-31+G(d) 6-31+G(d,p) 6-31G(d) 6-31+G(d) 6-31+G(d,p) 
1 -46.9 -47.7 -47.6 -45.8 -46.8 -46.7 
2 -45.8 -46.6 -46.5 -44.8 -45.8 -45.8 
3 -47.3 -48.1 -48.1 -46.3 -47.4 -47.3 
4 -53.6 -54.9 -54.9 -51.2 -53.1 -53.0 
5 -50.1 -50.8 -50.8 -48.9 -50.0 -49.9 
6 -41.4 -42.2 -42.1 -40.5 -41.6 -41.5 
7 -47.1 -48.1 -48.1 -45.8 -47.2 -47.2 
8 -27.0 -27.8 -27.7 -25.8 -27.0 -26.9 
9 -46.8 -47.7 -47.6 -45.7 -46.8 -46.7 
10 -23.4 -23.8 -23.7 -24.2 -24.5 -24.4 
11 -40.7 -41.7 -41.6 -39.4 -40.8 -40.7 
12 -47.3 -48.2 -48.2 -46.1 -47.4 -47.3 
13 -40.4 -41.1 -41.1 -39.5 -40.4 -40.4 
14 -51.8 -52.9 -52.1 -49.8 -51.5 -51.4 
15 -57.1 -57.8 -57.8 -55.3 -56.5 -56.4 
16 -36.9 -37.4 -37.4 -36.7 -37.4 -37.4 
17 -37.9 -38.6 -38.5 -36.7 -37.7 -37.6 
18 -50.0 -51.0 -50.9 -48.2 -49.6 -49.5 
19 -43.6 -44.2 -44.1 -42.5 -43.3 -43.2 
20 -41.4 -42.2 -42.1 -40.6 -41.6 -41.5 
21 -49.9 -51.0 -51.0 -48.4 -49.9 -49.9 
22 -56.7 -57.5 -57.4 -54.0 -55.6 -55.5 
23 -51.2 -52.0 -51.9 -49.3 -50.6 -50.5 
R2 0.64 0.64 0.64 0.64 0.65 0.65 
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Electrostatic embedding vs mechanical embedding for energy calculations.  

Comparison of ME and EE calculations utilized the ONIOM(B3LYP-D3(BJ)/def2-

TZVPP:AMBER*) energies computed using Gaussian16. This is due to complications with 

exporting MM point charges into the ORCA external program for the EE calculations. The 

comparison between ME and EE energies were made for all three QM/MM models to 

investigate dependence on the QM region size (position of the QM/MM boundary). The mean 

absolute deviation (MAD) in binding affinities between ME and EE differed on average 4.0, 

1.9, and 6.6 kcal·mol-1 for QM/MM model I, II, and III, respectively. The correlation 

coefficients showed a smaller difference with EE consistently resulting in a slight decrease in 

the correlation.  

 

Table S5. Pearson correlation coefficient (R2) between QM/MM-ME, QM/MM-EE (DEgas) 

binding free energies with experimental binding free energies. Energies computed at the 

ONIOM(B3LYP-D3(BJ)/def2-TZVPP:AMBER*) level on ONIOM(r2SCAN-3c:AMBER*) 

geometries for the three QM/MM models.  

QM/MM model Mechanical Embedding Electrostatic Embedding 
I 0.70 0.64 
II 0.66 0.61 
III 0.63 0.61 
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