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Table S1. Summary of clustered MD simulations of AAG bound to DNA-containing Hx, G, or 7MeG. a,b 

  Cluster Occupancy Avg Distance (σ)c Avg Cluster Distanced 

Hx 1 97.6% 0.544 (0.107) 0.818 

 2 2.3% 0.594 (0.122) 0.846 

 3 0.1% 0.487 (0.101) 0.885 

G 1 95.8% 0.606 (0.105) 0.897 

 2 2.7% 0.521 (0.103) 0.874 

 3 0.7% 0.587 (0.124) 0.929 

7MeG 1 93.7% 0.517 (0.102) 0.837 

 2 6.2% 0.436 (0.069) 0.882 

 3 0.1% 0.567 (0.056) 0.913 
aEach trajectory was clustered according to the positions of the bound nucleotide and active site 
residues (E125, Y127, A135, H136, Y159, and N169) using a hierarchical agglomerative average linkage 
rmsd algorithm. bFinal production simulations were taken from reference 41 in the main text. cAverage 
distance (Å) between each point within a cluster. dAverage distance (Å) between each cluster.  
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Table S2. Deviations in calculated position of active site residues (rmsd, Å) when AAG is bound to Hx, 

G, or 7MeG using different ONIOM(QM:MM) methodologies. 

Bound Nucleotide Stationary Point Calculation Method rmsda 

Hx RC Constrained B3LYPb Constrained B3LYP-D3c 0.134 

Hx TS Constrained B3LYPb Constrained B3LYP-D3c 0.141 

Hx PC Constrained B3LYPb Constrained B3LYP-D3c 0.143 

Hx RC Unconstrained B3LYP-D3d Constrained B3LYP-D3c 0.010 

Hx TS Unconstrained B3LYP-D3d Constrained B3LYP-D3c 0.025 

Hx PC Unconstrained B3LYP-D3d Constrained B3LYP-D3c 0.164 

G RC Constrained B3LYPb Constrained B3LYP-D3c 0.170 

G RC Unconstrained B3LYP-D3d Constrained B3LYPb 0.188 

G RC Unconstrained B3LYP-D3d Constrained B3LYP-D3c 0.037 

7MeG RC Constrained B3LYPb Constrained B3LYP-D3c 0.151 

7MeG TSdissociative Constrained B3LYPb Constrained B3LYP-D3c 0.278 

7MeG IC Constrained B3LYPb Constrained B3LYP-D3c 0.162 

7MeG TSassociative Constrained B3LYPb Constrained B3LYP-D3c 0.179 

7MeG PC Constrained B3LYPb Constrained B3LYP-D3c 0.213 

7MeG TSconcerted Constrained B3LYPb Constrained B3LYP-D3c 0.221 
armsd (Å) of active site residues in the QM layer (including the bound nucleotide, E125, Y127, A135, 
H136, Y159, and N169). bConstrained ONIOM(B3LYP/6-31G(d):AMBER) stationary points. cConstrained 
ONIOM(B3LYP-D3/6-31G(d):AMBER) stationary points. dUnconstrained ONIOM(B3LYP-D3/6-
31G(d):AMBER) stationary points.  
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Figure S1. Overlay of the X-ray crystal structure of AAG bound to DNA-containing εA (red, see reference 

34) and corresponding complex optimized with ONIOM(B3LYP/6-31G(d):AMBER) (blue). 
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Figure S2. Structures of constrained a) ONIOM(B3LYP/6-31G(d):AMBER) and b) ONIOM(B3LYP-D3/6-

31G(d):AMBER) stationary points (RC, TS, and PC) corresponding to AAG-mediated excision of Hx 

displayed as line diagrams, with distances in Å, angles in deg, and hashed bonds denoting π–π stacking 

or T-shaped interactions. 

  



S6 
 

 

 

 

Figure S3. Overlay of the unconstrained ONIOM(B3LYP-D3/6-31G(d):AMBER) RC (blue) and 

representative MD (AMBER) structure (red) of Hx bound in the AAG active site.
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Figure S4. NCI plots depicting interactions between the nucleotide and a) H136, b) Y127, c) Y159, or d) 2 

water along the AAG-mediated excision of Hx. Promolecular densities are reported when the reduced 3 

density gradient is less than or equal to 0.3 and the color ranges from –0.0500 au (attractive interaction) 4 

to +0.0500 au (repulsive interaction). 5 

 6 

 7 
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Figure S5. Overlay of the constrained ONIOM(B3LYP-D3/6-31G(d):AMBER) RC (orange) and 9 

representative MD (AMBER) structure (red) of G bound in the AAG active site. 10 

  11 
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Figure S6. NCI plot depicting interactions between the nucleotide and a) H136, b) Y127, c) Y159, or d) 13 

water for the G reactant complex (RC) and representative structure with an elongated glycosidic bond 14 

obtained from the G reaction surface (denoted RSC). Promolecular densities are reported when the 15 

reduced density gradient is less than or equal to 0.3 and the color ranges from –0.0500 au (attractive 16 

interaction) to +0.0500 au (repulsive interaction). 17 

 18 
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Figure S7. Overlay of the constrained ONIOM(B3LYP-D3/6-31G(d):AMBER) RC (green) and representative 21 

MD (AMBER) structure (red) of 7MeG bound in the AAG active site. 22 

  23 



S11 
 

 24 

 25 

 26 

Figure S8. Structures of constrained ONIOM(B3LYP-D3/6-31G(d):AMBER) concerted TS corresponding to 27 

AAG-mediated excision of 7MeG displayed as a line diagram, with distances in Å, angles in deg, and 28 

hashed bonds denoting π–π stacking or T-shaped interactions. 29 

  30 



S12 
 

 31 

 32 

Figure S9. NCI plots of the constrained ONIOM(B3LYP-D3/6-31G(d):AMBER) stationary points (RC, 33 

TSdissoc, IC, TSassoc and PC) corresponding to AAG-mediated excision of 7MeG. Promolecular densities are 34 

reported when the reduced density gradient is less than or equal to 0.3 and the color ranges from  35 

–0.0500 au (attractive interaction) to +0.0500 au (repulsive interaction). 36 
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