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Fig. S1 Molecular dynamics simulation of base pairing at nick region on DNA ligase, when 5-

nitroindole (5-NI)-end downstream ligation fragment was used. a) front view, b) side view, c) DNA 

structure, and d) G:T (SNP site) and 5-Ni:C pair distance during simulation time. G:T pair distance 

means the length from guanine (H1) to thymine (O4) and 5-NI:C pair distance means the length 

from 5-nitroindole (O1) to cytosine (H4)
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Fig. S2 Molecular dynamics simulation of base pairing at nick region on DNA ligase, when normal 

base-end downstream ligation fragment was used. a) front view, b) side view, c) DNA structure, 

and d) G:T (SNP site) and G:C pair distance during simulation time. G:T pair distance means the 

length from guanine (H1) to thymine (O4) and G:C pair distance means the length from 5-

nitroindole (O1) to cytosine (H4)
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Fig. S3 (A) Time-dependent assays were performed with each of the three modified nucleobase-

end downstream ligation fragments; 5-Nitroindole- (B), Iso dG- (C), Iso dC-end fragment (D), by 

comparing with four normal base-end fragments (A). Each modified nucleotide is indicated by 

their respective abbreviation in the figure. 5-Nitroindole, NI; Iso-dG, IG; Iso-dC, IC
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Modeling Method

Protein preparation

The initial setup of DNA ligase for calculations was performed using Schrödinger’ “Protein 

Preparation Wizard” starting from the X-ray crystal structure (PDB ID: 2Q2T) of the DNA ligase 

and DNA complex1-4. We selected Chlorella virus DNA ligase because of lack of T4 DNA ligase 

crystal structure. ATP-dependent DNA ligase reveal a common tertiary structure of the catalytic 

core and a nucleotide binding pocket5. Protein residue bond orders were assigned and hydrogen 

atoms added, with the initial assignment of protonation states for basic and acidic residues, and 

tautomeric states based on residue pKas at their normal pH 7.0. Subsequent optimization of 

hydroxyl, histidine protonation states and C/N atom “flips,” and sidechain O/N atom “flips” of Asn 

and Gln was based on optimizing hydrogen bonding patterns, so that the final assignments were 

checked on visual inspection of the protein. In particular, all final His residues were assigned as 

neutral, either in a HIE or HID state6. Finally an “Impref” minimization of the DNA ligase and DNA 

complex was performed using the OPLA-AA(2005) force field to remove steric clashes and bad 

contacts7, 8. At the end of the minimization, the root-mean-square deviation (RMSD) of all heavy 

atoms was within 0.3 Å of the crystallographic positions. Using computationally prepared structure, 

guanine base at the 5’ end of the downstream fragment is modified to 5-nitroindole. We used 

Maestro’s edit tool of Schrödniger to modify part of guanine and its pair. Then, Macro model 

performed to minimize the structures.

Molecular dynamics simulations

MD simulations in the NPT ensemble were performed using the program Desmond9, 10. 

According to the software, the OPLS 2005 force field was used to build aqueous biological 

systems, and the TIP3P model was used to simulate water molecules11, 12. The orthorhombic 

periodic boundary conditions were set up to specify the shape and size of the repeating unit. In 

order to get an electrically neutral system, the minimum number of sodium and chloride ions 

needed to balance the system charge was placed randomly in the solvated system, and 0.15 

mol/L sodium and chloride were then added. Energy of prepared systems for MD simulation was 

minimized up to maximum 2000 steps using steepest descent method until a gradient threshold 

(25 kcal/mol/Å) is reached. The systems were equilibrated with the default protocol provided in 

Desmond. For this, the program ran six steps composed of minimizations and short (12 and 24 ps) 

molecular dynamics simulations to relax the model system before performing the final long 
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simulations. After that, a 20 ns MD simulation was performed in an NPT ensemble at 300 K and 1 

atm using a reversible system propagation algorithm (RESPA), a Nosé-Hoover thermostat and a 

Martyna-Tobias-Klein barostat. Energy and atomic coordinate trajectory data were recorded every 

4.8 ps
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