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Table S4-2. Energy decomposition analysis (EDA) analysis for mC/hmC/fC/caC with all 
protein residues. 

WT enzyme with all nucleobases and most mutants with hmC were simulated 2–5 times for 50 ns 
each; for these systems, the values shown are mean ± s.d. over all simulation runs, with the number 
of simulations specified in parentheses. For systems simulated one time for 50 ns, the single EDA 
results are shown. Values are kcal/mol, time averaged over the entire ensemble. 
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Table S4-3. EDA analysis for key interactions. 
EDA analysis between key residues and (a) mC, (b) hmC, (c) fC, and (d) caC for all systems. 
X1372 denotes the residue at the 1372 position. Energies of Coulombic (Coul) and van der Waals 
(vdw) interactions are given in kcal/mol. As noted in Supplementary Table 2, some systems were 
simulated 2–5 times for 50 ns each; for these systems, the values shown are mean ± s.d. over all 
simulation runs. The values in parentheses are for the model with Fe(II) parameters. The 
simulations with iron were performed two times, each time for 50 ns. (Continued on next page) 
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(Table S4-3, continued) *The altered orientation of hmC relative to Tyr1902 tends to destabilize 
this non-bonded interaction but in T1372E/D can serve as a stabilizing force even though the 
orientation is disrupted. 
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Table S4-4. Major hydrogen bonding interactions observed in simulations. 
Hydrogen bond analysis between key residues and (a) mC, (b) hmC, (c) fC, and (d) caC. X1372 
denotes the residue at the 1372 position. Values are percentage of simulation time in which the 
hydrogen bond was observed. For systems simulated 2–5 times, the results from each simulation 
were averaged. The values in parentheses are for the model with Fe(II) parameters. The simulations 
with iron were performed two times, each time for 50 ns. Only bonds observed in >10% of 
simulation time are included. (Continued on next page) 
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(Table S4-4, continued) *This value is the summation of hydrogen bonding between R1261 and 
caC, which both have two hydrogen bonding groups. Since the hydrogen bonding is simultaneous, 
the percentage is >100%. 
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Table S4-5. Hydrogen bond analysis for hmC in WT and all mutants. 
Atoms are labeled using PDB nomenclature. Values are percentage of simulation time in which the 
hydrogen bond is observed. For systems simulated 2–5 times, the results from each simulation were 
averaged. Only bonds observed in >10% of simulation time are included. *The hydrogen bonds 
percentage is the summation of hydrogen bonds over both hydrogens of the indicated atom. **The 
percentage of hydrogen bond for α-KG(O) is the summation of hydrogen bonds percentage over 
O1, O2, and O3 and for E1372(O) is over OE1 and OE2. 
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Table S4-6. Comparison of hydrogen bond analysis for hmC in WT across simulations. 
The hydrogen bonds are reported for five simulations on WT, each performed for 50 ns. Atoms are 
labeled using PDB nomenclature. Values are percentage of simulation time in which the hydrogen 
bond is observed. The mean ± s.d. across the five simulations is reported in the last row. *The 
hydrogen bonds percentage is the summation of hydrogen bonds over both hydrogens connected to 
heavy atom. Hydrogen bonds with water molecules are not included. 
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Table S4-7. Hydrogen bond analysis for mC/fC/caC in WT. 
Atoms are labeled using PDB nomenclature. Values are percentage of simulation time in which the 
hydrogen bond is observed, averaged over three simulations of 50 ns each. Only bonds observed in 
>10% of simulation time are included. *The hydrogen bonds percentage is the summation of 
hydrogen bonds over both hydrogens connected to heavy atom. Hydrogen bonds with water 
molecules are not included. 
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Table S4-8. Comparison of Mg(II) and Fe(II) modeling parameters. 
(a) All simulations presented in the main text were carried out using established parameters for 
Mg(II) serving as an Fe(II) surrogate. This choice was made since there are no Fe(II) parameters 
defined by default in the ff99SB parameter set. Note that for these classes of force fields, all cations 
(divalent or otherwise) are represented as a charged sphere (van der Waals radii and positive 
charge); therefore, the only difference between cations in point-charge force fields is the size of the 
sphere. Nevertheless, before making this approximation, we performed quantum mechanical energy 
decomposition analysis calculations on heterodimers comprising Fe(II)/Mg(II)/Mn(II) ions and 
water (using LMOEDA in GAMESS) and MM (using force fields in Tinker) to make sure that 
Mg(II) parameters provide a correct description of the non-bonded interactions for our system. The 
parameters used for Fe(II) are from the Amber parameter database at the University of Manchester 
(http://research.bmh.manchester.ac.uk/bryce/amber). The energies are in kcal/mol. (b) EDA 
analysis between key residues and hmC for WT in presence of Fe(II) and Mg(II). Energies of 
Coulombic (Coul) and van der Waals (vdw) interactions are given in kcal/mol. (c) Hydrogen bond 
analysis for hmC in WT in presence of Fe(II) and Mg(II). Atoms are labeled using PDB 
nomenclature. Values are percentage of simulation time in which the hydrogen bond is observed. 
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