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Fig. S1. RMSD as a function of time along MD trajectories of complexes that underwent an additional 50 ns of simulation.
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Fig. S2. 3RMSD of DNA-Tag DNA polymerase complexes (with nucleoside triphosphate and two magnesium ions) as a function of
time along MD trajectories. Shown are the last 50 ns of the 100-ns simulations, used for subsequent analysis. For clarity, trajectories
are vertically offset relative to one another.
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Fig. $S3. RMSD of Tag DNA polymerase within the complexes as a function of time along MD trajectories. Shown are the last 50 ns of the
100-ns simulations, used for subsequent analysis. For clarity, trajectories are vertically offset relative to one another.
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Fig. S5. RMSD of DNA in complex with Taq polymerase as a function of time along MD trajectories, including the single-stranded template
overhang (left) and excluding it (right). Shown are the last 50 ns of the 100-ns simulations, used for subsequent analysis. For clarity,
trajectories are vertically offset relative to one another.
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Fig. S6. RMSD of DNA with the single-stranded template overhang (left) and without it (right) as a function of time along MD trajectories.
Shown are the last 50 ns of the 100-ns simulations, used for subsequent analysis. For clarity, trajectories are vertically offset relative to one
another.
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Fig. S7. Heatmap of RMSD values for the most representative protein structures from MD trajectory clusters.
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Table S1. Average RMSD values between Ca atoms of the protein structures and their standard deviations
for the various complexes. RMSD values were calculated for each structure relative to all other structures
in this study
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Table S2. Comparison of RMSD values for the duplex region of nucleic acid substrates

R1’ R2' St S2! Without Taq Comparison Comparison with DNA
with free DNA3>  from MD sim. with Tag*

T Comparison of structures obtained after MD simulations of DNA in complex with the protein for different rotamers and stereoisomers. 2 Comparison of
structures with the same initial modification position for a single stereoisomer, simulated with and without Taq polymerase. >4 Comparison of structures
after MD simulations of modified and unmodified DNA in complex with the protein.
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Fig. S8. Dihedral angle of the P-N bond in the phosphoramidate moiety along MD trajectories for free DNA (left) and DNA in complex with
the protein (right).
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phosphoramidate moiety along MD trajectories for free DNA.
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with Tag DNA polymerase.
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A.A. BepatoruH, B.M. Tonbiwes CTpyKTypHble 0CHOBbI yanuHeHuna Taq IHK-nonumepason 2025
A.A.Jlom3oB nparimepoB. ¢ N-6eH31Mnga3onbHo MogudrKaumein 29.7

Table S3. Positioning of the N-benzimidazole modification in the DNA-Taq polymerase complex
and its impact on structure

Location Number of atoms Impact

inproten pocket i i i 354
xR A % 82 Non-planarity of base pairs 2and3
xR o+ o8 s Non-planarity of base pairs Tand2
oxist -2 7 Modification interacts with the incoming dNTP
oxis2 - s a7 Non-planarity of base pairs Tand3
oemt - s a Non-planarity of base pair 3and disruption

of Watson—Crick pairing in base pair 2
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Table S4. Amino acid residues located within 3 A of the phosphoramidate N-benzimidazole moiety

Complex Residues
CLOXIRT LeuS8l,GIns82,Arg595,Val783, Glu7se, Tre827
. |_o/x1/R 2 ......................... Va | 5 3 6 Ar9587 Leu65 7Ar9660 ........................................................................................................
. |_o/x1/51 ......................... Va | 5 3 6 |_yn 6 53 ....................................................................................................................................
. |_o/x1/52 ......................... Va | 5 3 6 Ar9537 LeUG57 ......................................................................................................................
|_o/x2/R 1 ......................... A5n583 Va|536 Ar9587 ......................................................................................................................
CLOX2/R2 Lys540,Leusl,Tyrs4s,Prosss,Args87
|_o/x2/51pro585Va|536Ar9537 .......................................................................................................................
Lo/xz/szpro585Va|536Ar9537 .......................................................................................................................
. |_ 1/)(2/R 1 ......................... Arg5 8 7 |_e u 657Ar 9660 .....................................................................................................................
Lem2 Glus37, Leus41, Prosss, Valsse, Thrsgs, Leusoo,Glysol
|_1/x2/51pro585Va|536Ar9537 .......................................................................................................................
|_1/x2/52pro585Va|536Ar9537 .......................................................................................................................
LR Glus37,leus3s, Thrses, Leusoo
LRz Glu537,Lys540, Leusal, Pros8s, Thrsgg, Leusoo
|_o/x3/51|_yn54oAr9537 ...................................................................................................................................
. |_o/x3/52 ......................... A|as16 G|u537 |_yn54oArg5g7+ ......................................................................................................
|_2/x3/R 1 ......................... G|u537 : |_yn5 40 |_eu 541 Thrsgg ........................................................................................................
|_2/x3/R2 ......................... A|3516|_eu533Arg5366|u537 ........................................................................................................
. |_2/x3/51 ......................... A|3516 A| 35 1 7 ! L yn5 4 0 A r9587 ........................................................................................................
. |_2/x3/52 ......................... Arg5 g 7 ..................................................................................................................................................
Loxamt Ser515, Ala516, Leus19, Glu520, Arg523, Val529, lle532, Leus33, Args36
LOX4R2  Leud90, Thr514, Ser515, Alas6, Leus19, lles32, Leus3s, Args36
|_o/x4/51 ......................... se r515A| 351 6 Ar9536 ......................................................................................................................
xR Sers15,Alasi6, Leus33, Arg536,Glus37
L3/X4R2 Leud90, Thr514,SerS15, AlasT6, LeusTo, lles3, Leus3s
|_3/x4/51 ......................... se r515A| 351 6 Ala517Ar9536 .........................................................................................................
LasRl Arg487,Leudod Thrs06, Sers13,Thrs14
Laxsr2 Asp48s, Glu491, Thr506, Lys511, Arg512, Ser513, Thrs14, ArgS36
lasst Arg487,Lys505, Thrs06, Sers13, Thrs14,Sers1s
laxss2 Arg487,Lys505, Thrs06, Sers13, Thrs14, Sers1s
LsxeR1 Thr506, Glus07, Lyss08, Thrs09, Lyss11
. |_5/x5/R 2 ......................... Th r506 |_y55 0 3 Th r509 .......................................................................................................................
|_5/x5/51_ ............................................................................................................................................................
|_5/x5/52 ......................... G|u507 . |_y5508 ....................................................................................................................................
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Table S5. Energies of the entire complex, DNA duplex, and protein calculated
using the MM/GBSA method with a single-trajectory approach (in kcal/mol)

Complex DNA Protein
|_1/x2/R1_26333 ................................ _43851_21299 ..............................
|_1/x2/Rz_26363 ................................ _43803_21309 ..............................
|_1/x2/51_26367 ................................ _43971_21303 ..............................
|_1/x2/52_26473 ................................ _43793_21333 ..............................
|_2/x3/R1_26149 ................................ _47576_21245 ..............................
|_2/x3/Rz_26117 ................................ _47531_21203 ..............................
|_2/x3/51_26213 ................................ _47569_21244 ..............................
|_2/x3/52_26229 ................................ _47593_21263 ..............................
|_3/x4/R1_26337 ................................ _43165_21340 ..............................
|_3/x4/Rz_26351 ................................. _43084_21360 ..............................
|_3/x4/51_26356 ................................ _43083_21357 ..............................
|_4/x5/R1_26356 ................................ _43373_21322 ..............................
|_4/x5/Rz_26323 ................................ _43352_21235 ..............................
|_4/x5/51_26355 ................................ _43349_21293 ..............................
|_4/x5/52_26334 ................................ _43313_21275 ..............................
Ls/xe/R1_26360 ................................ _493”_21249 ..............................
Ls/xe/R2_26331 ................................. _49297_21284 ..............................
Ls/xe/51_26362 ................................ _49290_21254 ..............................
Ls/xe/52_26394 ................................ _49296_21293 ..............................
Nat|ve_26711 ................................. _43003_21616 ..............................
|_o/x1/R1_2651o ................................ _49559_21363 ..............................
|_o/x1/Rz_26544 ................................ _49109_21432 ..............................
|_o/x1/51_26516 ................................ _43959_21414 ..............................
|_o/x1/52_26517 ................................ _49162_21393 ..............................
|_o/x2/R1_26577 ................................ _49397_21432 ..............................
Lo/xz/R2_26417 ................................ _49024_213]4 ..............................
|_o/x2/s1_26486 ................................ _49202_21353 ..............................
Lo/x2/52_26435 ................................ _49192_21347 ..............................
|_o/x3/R1_26514 ................................ _43962_21404 ..............................
|_o/x3/Rz_26459 ................................ _49095_21350 ..............................
|_o/x3/s1_26495 ................................ _49225_21385 ..............................
|_o/x3/52_26512 ................................ _49159_21398 ..............................
|_o/x4/R1_26529 ................................ _49034_21399 ..............................
|_o/x4/R2_26549 ................................ _49183_21413 ..............................
|_o/x4/s1_26461 ................................. _49174_21327 ..............................
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Table S6. Binding energies of the nucleic acid substrate to Taqg DNA polymerase,
calculated using the MM/GBSA method with a single-trajectory approach (in kcal/mol)

AE (MMGBSA) AAE, between AE_min between one AAE, between
conformers type of stereoisomers stereoisomers
nat|ve/Lo_181o ...................................................................................................................................................................
Nat|ve/|_3_221o ...................................................................................................................................................................
Nat|ve/|_5_2497 ...................................................................................................................................................................
LRl Sro12 T T2 T e 60
|_o/x1/R2_2014 ..................................................................................................................................................................
|_o/x1/s1_2063 ............................... 20_2083 ...............................................................................
|_o/x1/52_2083 ...................................................................................................................................................................
Tloxart L2087 e es 25
Lo/xz/R2_2012 ...................................................................................................................................................................
Tloxast 2082 307 T 082
|_o/x2/52_1686 ...................................................................................................................................................................
TLert Lrss 300 oas T 04
|_1/x2/R2_2043 ...................................................................................................................................................................
TLxast 2047 383 Loar
|_1/x2/52_1665 ...................................................................................................................................................................
L3R 137 s s 156
|_o/x3/R2_zooo ...................................................................................................................................................................
Tloxssst cwero na2 T qesn
|_o/x3/52_1981 ...................................................................................................................................................................
L3Rl Lwara 02 T sea T s04
|_2/x3/R2_1562 ...................................................................................................................................................................
st 260 Sas 10
|_2/x3/52_2015 ...................................................................................................................................................................
CLoxamrt 267 88 67 99
|_o/x4/R2_2179 ...................................................................................................................................................................
|_o/x4/51_2163_2163 ...............................................................................
xR as2 s s 87
|_3/x4/R2_1327 ...................................................................................................................................................................
|_3/x4/51_1914_1914 ..............................................................................
LaxsRI 1456 122 -1s78 03
|_4/x5/R2_1573 ...................................................................................................................................................................
Cwxsst o s ssL7en
|_4/x5/52_1781 ...................................................................................................................................................................
TLs/xeR1 —1goe 34 g9 T 7
|_5/x5/R2_1576 ...................................................................................................................................................................
CLsxesst —az92 g7 e
|_5/x5/52_1715 ...................................................................................................................................................................
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