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Molecular Modeling

Ternary Complex. One SO, group with no biological significance was deleted from the original
crystal structure of the ternary complex. Hydrogen atoms missing from the crystal structure were added by
the LEaP module in AMBER [1]. A hydroxyl group was added to the 3’-end of the primer since in the
crystal structure, a dideoxynucleotide was used to prevent further incorporation of the incoming dANTP. We
then remodeled the active site. The single BF crystal structure contained one catalytic Mg>" ion and one
Mn?" ion presumably in the position of the nucleotide binding Mg*" ion. We substituted this Mn>" ion with a
more biologically relevant Mg ion. Then the positions of the two Mg*" ions were slightly adjusted and one
water molecule was added to achieve proper octahedral coordination. The catalytic Mg ion chelates 032 of
ASP653, 051 of ASP830, O¢2 of Glu831, O3’ of the primer end, O2a of ANTP, and the oxygen atom of the
added water molecule. The nucleotide binding Mg®" ion chelates 081 of ASP653, O of Tyr654, 082 of
ASP830, 02a, O2p and O2y of dNTP. Figure S1 shows the octahedral coordination of the two Mg*" ions.

Binary Complex. Five SO4> groups and two sucrose molecules with no biological significance were
deleted from the original crystal structure of the binary complex. There was one Mg ion in the structure but
not close to the 3’-O of the primer end. Since binary complexes do not appear to contain Mg”" ions [2-4], we
deleted it. Missing hydrogen atoms were added using LEaP.

Force Field Parameterization. New force field parameters need to be assigned to the modified residues for
MD simulations if not present in the AMBER force field for standard protein and nucleic acid residues, or in
GAFF [5]. The modified residues in this work included the [BP]G* adduct and the four incoming dNTPs.

We constructed both an anti (y = 188.4°, o> = 124.7°, and B’ = 232.9°) and a syn (x = 15.7°, o’ =
274.3°, and B’ = 239.3°) BP modified deoxyguanosine structures and carried out quantum mechanical
geometry optimization and electrostatic potential calculations for the two structures using Hartree-Fock
method with basis set 6-31G* in GAUSSIAN 98 [6]. The least square charge-fitting algorithm, RESP was
then employed to fit the charge to each atom [7]. Then, the charges were normalized so that [BP]JG* has a
charge of —1 [8]. The partial charges for the anti- and syn-[BP]G* are shown in Table S2. The conformation
of [BP]G* (anti or syn) in a specific system determined which set of partial changes was used during MD.
Partial charges for dATP, dGTP, dCTP and dTTP were computed previously [9]. Parameters added to the
AMBER 7.0 force field for [BP]G* were assigned previously [9] by analogy to chemically similar atom
types already available in the parm99 parameter set [10].

MD Simulation Protocol. MD simulations were carried out using the SANDER module of AMBER 7.0 [1]
with the Cornell et al. force field [11] and the parm99.dat parameter set [10]. Long-range electrostatic
interactions were approximated using the particle mesh Ewald method [12, 13], and a 9 A cutoff was applied
to the non-bonded Lennard-Jones interactions. The SHAKE algorithm [14] was employed to constrain all
bonds involving hydrogen atoms with a tolerance of 10, and a 2 fs time step was used in all dynamics
simulations. Periodic boundary conditions were applied. The translational motion of the center of mass was
removed at an interval of 1 ps.

The initial models were further prepared for MD by the LEaP module of AMBER 7.0. First, each
system was neutralized with counterions. Thirty-three Na+ ions were added to each of the systems. Next,
hydrogen atoms, Na+ ions and crystallographic water molecules were minimized by AMBER 7.0 for 600
steps of steepest descent (SD) followed by 400 steps of conjugate gradient (CG) while the solute (protein-
DNA complex) was held fixed with harmonic restraints of 60 kcal/mol A. Each system was then solvated
with a rectangular box of TIP3P waters [15] extending 10 A from the solute in each direction. To minimize
the number of water molecules added to each system, the Simulaid program [16] was employed to optimize
the orientation of the rectangular water box. About 25,000 water molecules were added to each system.
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Then, Na+ ions and all the waters in each system were minimized by AMBER 7.0 for 100 steps of SD
followed by 3900 steps of CG, while holding the solute fixed with harmonic restraints of 60 kcal/mol A.

Each system was fully equilibrated prior to unrestrained MD. First, 30 ps MD was conducted at 10K
with 20 kcal/mol A restraints on the solute or part of the solute, while allowing the solvent to relax. In the
systems with the [BP]G* in syn conformations, the protein-DNA complex was restrained. However, in the
systems where [BP]G* is anti, only the DNA was restrained and the protein was relaxed. We had tried to
restrain both protein and DNA during this step for anti-|[BP]G*, but the subsequent equilibration failed due
to a SHAKE problem stemming from more close contacts in these initial models. Next, each system was
heated from 10K to 310K over 80 ps using the Berendsen coupling algorithm [17] with a coupling parameter
of 0.5 ps, and then held at 310K for 20 ps with harmonic restraints of 20 kcal/mol A on the solute. The rest
of the equilibration was performed at 310K. The restraints on the solute were decreased slowly over 170 ps
of MD by running 30 ps with 10 kcal/mol A restraints, 40 ps with 1 kcal/mol A restraints, 40 ps with 0.2
kcal/mol A restraints and another 60 ps with 0 kcal/mol A restraints. Finally, unrestrained production MD
was started right after equilibration, at 310 K with a temperature coupling time constant of 4.0 ps and at
atmospheric pressure with a 1.0 ps pressure relaxation time.



Table S1. Torsion angles (°) for [BP]G* in initial models at the four steps.

X o p
Step 1: [BP]G* at the Pre-insertion Site of Open BF
anti-[BP]G* 211° 276° 215°
syn-|[BP]G* 51° 43° 235°
Step 2: [BP]G* at the Insertion Site of Closed BF
anti-[BP]G* 188° 125° 233°
syn-|[BP]|G* 22° 293° 231°
Step 3: [BP]G* at the Post-insertion Site of Open BF
anti-1-[BP]G* 202° 179° 284°
anti-2-[BP]G* 202° 147° 234°
anti-3-[BP]G* 251° 179° 296°
syn-|[BP]G* 59° 357° 304°
Step 4: [BP]G* at the Post-insertion Site of Closed BF
anti-[BP]G* 211° 102° 234°
syn-[BP]G* 56° 232° 243°




Table S2. AMBER atom type, connection type, and partial charges of anti- and syn-[BP]G*.

Atom AMBER atom type Connection type Partial Tl];?]géiOfantl- Partial E]};Il:r]géi of sym-
P P M 1.221635 1.220344
O1P 02 E -0.793760 -0.792451
O2P 02 E -0.793760 -0.792451
o5 (ON) M -0.488727 -0.488880
Cs' CT M -0.023173 -0.001653
H5'1 H1 E 0.087625 0.079294
H5"2 H1 E 0.087625 0.079294
c4' CT M 0.091376 0.083341
H4' H1 E 0.130786 0.109386
o4 (ON) S -0.349694 -0.356587
cr' CT B 0.045171 0.131099
HT' H2 E 0.159850 0.073468
N9 N* B 0.012153 -0.068703
C4 CB E 0.089340 0.005465
C8 CK B 0.159083 0.128077
H8 H5 E 0.173852 0.162477
N7 NB S -0.595670 -0.560470
C5 CB S 0.238408 0.281443
Co C B 0.478598 0.437102
06 O E -0.539680 -0.539921
N1 NA B -0.430522 -0.262443
H1 H E 0.323012 0.296194
C2 CA B 0.515926 0.047887
N3 NC E -0.460478 -0.136580
N N2 B -0.642681 -0.352256
HN H E 0.378328 0.330451
CC10 CT B 0.047029 -0.003702
HC10 H1 E 0.107661 0.095641
CC9 CT 3 -0.015315 0.022331
HC9 H1 E 0.120994 0.091023
09 OH S -0.655097 -0.605140
H9 HO E 0.443949 0.401289
CC8 CT 3 0.267880 0.220123
HC8 H1 E 0.105830 0.096197
08 OH S -0.690495 -0.679699
HO8 HO E 0.442214 0.436788
cc7 CT 3 0.154345 0.174907
HC7 H1 E 0.083532 0.040466
07 OH S -0.667804 -0.648028
HO7 HO E 0.439819 0.439166
Co1 CA S -0.025802 -0.030552
CCo6 CA B -0.163070 -0.156771
HC6 HA E 0.172154 0.162272
Cs1 CA B 0.012076 0.028555
C123 CA E 0.024717 0.025805
CC5 CA B -0.164981 -0.167065
HCs HA E 0.143405 0.145191
CC4 CA B -0.194404 -0.185544
HC4 HA E 0.147819 0.147599
C31 CA B 0.040557 0.041082
C122 CA E 0.122960 0.085822
CC3 CA B -0.153060 -0.136852
HC3 HA E 0.144263 0.145333
cc2 CA B -0.203308 -0.217466
HC2 HA E 0.159531 0.165953
CCl CA B -0.154277 -0.138314
HCI HA E 0.147144 0.144636
Cl121 CA S 0.039600 0.048444
CCl12 CA B -0.210082 -0.204701
HCI12 HA E 0.157394 0.156943
CCl11 CA B -0.168785 -0.154158
HC11 HA E 0.154649 0.151745
C102 CA S -0.016382 -0.015237
C101 CA E 0.018008 -0.039553
C3' CT M 0.044490 -0.024426
H3' H1 E 0.124653 0.324895
C2' CT B -0.054611 -0.042350
H2'1 HC E 0.056044 0.043647
H2"2 HC E 0.056044 0.043647
0o3' oS M -0.515911 -0.542870




Table S3: Michaelis — Menten parameters determined from steady-state catalytic efficiencies of dGTP and
dATP incorporation opposite BP-modified guanine, G*. Pyrimidine dNTP insertion opposite G* is
significantly lower under the experimental conditions of [DNA]/[BF] ratios used, and were not investigated
further. Typical experimental results are shown in Figure S4.

DNA adduct sequence ket Kn  fis(uM'min™)
Polymerase CG*G base pairing (min™) x 107 (uM) (kcar'Km)
BF CG*G G*:dATP 56 + 8.8 650 £ 180 8.7x 107

G*:dGTP 17£1.2 580130 3.0x 107

CGG G:dCTP 3900+ 120 6.4 +0.98 0.60

Apparent k., values are calculated from Viax/[Eo]; [Eo] is the total enzyme concentration.
For adduct, [DNA]= 15 nM; [BF] = 2 nM; 37 °C. In the case of the unmodified sample,
[DNA]=20 nM; [BF] = 0.1 nM. The ratios f,s (G)/fins (G*) are ~ 7,000 and 20,000 for
dATP and dGTP insertion, respectively.




Table S4. Pre-insertion site width (A)“ in open BF (Step 1 and Step 3).

[BP]G* at the Pre-insertion Site of Open BF (Step 1)

control anti-|[BP]G* syn-|[BP]G*

6.7+0.3 10.4+0.5° 6.2+0.4

[BP]G* at the Post-insertion Site of Open BF (Step 3)

anti-1- anti-2- anti-3- Syn- syn- syn- syn-

control pp1Ga.dC  [BPIG*dC [BP]G*:dC [BP]G*:dA [BP]G*:dC [BP]G*:dG [BP]G*:dT

6.3+0.3  6.61£0.3 6.1+0.3 6.610.3 6.8+0.3 6.71£0.4 6.5+0.3 7.1+£0.6

“ Ensemble average values and standard deviations are provided.

? Yellow highlighted number denotes a disruption.



Table S5. Hydrogen bond occupancies (%)“ of base pairs involving [BP]G* and immediate neighbors.

[BP]G* at Pre-insertion Site of Open BF (Step 1)

Donor Acceptor control anti-[BP]G* syn-[BP]G*
G (T)N2 C (P’ 02 99.7 99.2 98.9
G (T)N1 C(P)N3 99.8 100.0 99.5
C (P)N4 G (T) 06 96.7 97.5 92.6
[BP]G* at Insertion Site of Closed BF (Step 2)

Donor Acceptor control [BP]?}IZ:SCTP [BP]é)i“rf;iATP [BP](?;‘%CTP [BP]&%GTP [BP]g’:l:;iTTP
[BP]G* (T) N2 dCTP 02 100 99.8 N/A N/A N/A N/A
[BP]G* (T) N1 dCTP N3 99.9 85.5 N/A N/A N/A N/A

dCTP N4 [BP]G* (T) O6 96.7 67.2°¢ N/A N/A N/A N/A
dATP N6 [BP]G* (T) N7 N/A N/A 733 N/A N/A N/A
dCTP N4 [BP]G* (T) 06 N/A N/A N/A 95.7 N/A N/A
dGTP N2 [BP]G* (T) N7 N/A N/A N/A N/A 99.2 N/A
dGTP N1 [BP]G* (T) O6 N/A N/A N/A N/A 73.2 N/A
G (T)N2 C(P)02 99.8 93.8 96.8 68.1 98.2 96.3
G (T)N1 C(P)N3 97.4 93.7 100.0 79.7 99.9 99.7
C (P)N4 G (T) 06 98.0 83.2 99.4 79.0 96.5 97.9
[BP]G* at Post-insertion Site of Open BF (Step 3)
[BP]G* (T) N2 C(P)0O2 99.8 100.0 100.0 100.0 N/A N/A N/A N/A
[BP]G* (T) N1 C(P)N3 99.9 99.0 95.0 99.9 N/A N/A N/A N/A
C (P)N4 [BP]G* (T) O6 96.3 86.9 86.7 99.2 N/A N/A N/A N/A
A (P)N6 [BP]G* (T) N7 N/A N/A N/A N/A 71.3 N/A N/A N/A
C (P)N4 [BP]G* (T) N7 N/A N/A N/A N/A N/A 24.4 N/A N/A
G((P)N2 [BP]G* (T) N7 N/A N/A N/A N/A N/A N/A 324 N/A
G (P)N1 [BP]G* (T) N7 N/A N/A N/A N/A N/A N/A 76.5 N/A
G (T)N2 C (P) 02 98.6 93.2 96.0 99.9 99.8 99.0 99.0 97.7
G (T)N1 C (P)N3 99.9 99.5 96.0 99.4 100.0 99.7 99.9 99.7
C (P) N4 G (T) O6 98.7 99.4 91.3 93.6 98.0 98.2 98.6 99.7
[BP]G* at Post-insertion Site of Closed BF (Step 4)

Donor Acceptor control anti-[BP]G*:dC syn-[BP]G*:dA syn-[BP]G*:dC syn-[BP]G*:dG syn-[BP]G*:dT
C(T)N4 dGTP 06 97.4 96.5 97.4 97.8 75.1 96.9
dGTP N2 Cc(T)02 100.0 93.3 99.7 99.6 99.5 100.0
dGTP N1 C(T)N3 99.9 99.3 99.8 99.9 96.7 99.4

[BP]G* (T) N2 C (P)02 99.2 1.6 N/A N/A N/A N/A
[BP]G* (T) N1 C(P)N3 99.8 6.0 N/A N/A N/A N/A
C (P)N4 [BP]G* (T) O6 99.3 52.0 N/A N/A N/A N/A
A (P)N6 [BP]G* (T) N7 N/A N/A 87.7 N/A N/A N/A
C (P) N4 [BP]G* (T) N7 N/A N/A N/A 73.8 N/A N/A
G (P)N2 [BP]G* (T) N7 N/A N/A N/A N/A 84.2 N/A
G (P)N1 [BP]G* (T) 06 N/A N/A N/A N/A 99.9 N/A
T (P) N3 [BP]G* (T) N7 N/A N/A N/A N/A N/A 87.6
G (T)N2 C (P) 02 99.8 97.7 98.6 98.3 98.6 95.1
G (T)N1 C (P)N3 100.0 100.0 100.0 99.8 99.7 98.7
C (P)N4 G (T) 06 98.7 99.7 98.2 99.2 98.3 95.9



“ % occupied indicates percentage of the time (time range, 0.8-2 ns) that the hydrogen bond was intact.
Hydrogen bonding criteria were 3.3 A between heavy atoms and a hydrogen bonding angle of 135°. Grey-
shaded region, non-shaded region, and green-shaded region denote hydrogen bonds in the 0, +1 and +2 base
pairs, respectively.

® T is the base on the template strand.

P is the base on the primer strand.

¢ Yellow highlighted number denotes a disruption.



Table S6. Hydrogen bond occupancies (%) of minor groove contacts.

[BP]G* at Pre-insertion Site of Open BF (Step 1)

Donor Acceptor control anti-[BP]G* syn-[BP]G*
GIn-797 Ne2 ¢ G (T19)N3 30.0 44.8 23.0
Arg-615Nnl* C(P1%0? 92.5 75.0 93.1

[BP]G* at Insertion Site of Closed BF (Step 2)

anti-[BP]JG*  syn-[BP]G*: syn-[BP]G*: syn-[BP]G*: syn-[BP]G*:

Donor Acceptor control :dCTP dATP dCTP dGTP dTTP
GIn-797Ne2 G (T1)N3 29.4 1.3°¢ 22.2 18.8 32.0 29.1
Ali\gl;]6115 C (P1) O 99.4 99.2 97.2 69.8 99.6 100.0
[BP]G* at Post-insertion Site of Open BF (Step 3)
anti-1- anti-2- anti-3- n- . syn- n- . syn-
Donor Acceptor  control gpiGrgc  [BPIGHAC  [BPIGHdC [BELG*' [BP]G*: dC [BE]GG*' [BP]G*: dT
GIn-797 [BP]G*
Ne2 (T)N3 22.5 0 0 0 0 0 0 0
Arg-615 N/ (P1)
Nnl 0Y/N3 96.9 0 0 0 89.7 94.6 70.1 95.1
[BP]G* at Post-insertion Site of Closed BF (Step 4)
anti- syn-|BP]G*:  syn-[BP]G*: syn-[BP]G*: syn-[BP]G*:
Donor Acceptor control [BP]G*:dC dA 4c 4G dT
*
GIn-797 Ng2 [BP](I\}B (Th) 40.5 0 0 0 0 0
Arg-615 N (P1)
Nnl O0Y/N3 99.4 0 99.5 94.6 85.1 91.1

“ % occupied indicates percentage of the time (time range, 0.8-2 ns) that the hydrogen bond was intact.
Hydrogen bonding criteria were 3.3 A between heavy atoms and a hydrogen bonding angle of 120°, as in the
crystal structure (PDB ID: 1XC9) [18].

> % occupied indicates percentage of the time (time range, 0.8-2 ns) that the hydrogen bond was intact.
Hydrogen bonding criteria were 3.3 A between heavy atoms and a hydrogen bonding angle of 135°.

“T1 is the +1 base on the template strand.
4Pl is the +1 base on the primer strand.
¢ Yellow highlighted number denotes a disruption.

IN=A/C/G/T
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Table S7. Post-insertion site width (A) “.

[BP]G* at pre-insertion site of open BF (Step 1)

control anti-|[BP]G* syn-|BP]|G*

10.9+0.2 10.6+0.2 10.5+0.2

[BP]G* at Insertion Site of Closed BF (Step 2)

trol anti-[BP]G*: syn-[BP]G*: syn-|BP]G*: syn-[BP]G*: syn-|BP]G*:
contro dCTP dATP dCTP dGTP dTTP
10.9+0.2 10.9+0.2 10.840.2 10.5+0.4 10.840.2 10.9+0.2
[BP]G* at Post-insertion Site of Open BF (Step 3)
control anti-1- anti-2- anti-3- syn- syn- syn- syn-

[BP]G*:dC  [BP]G*:dC  [BP]G*:dC [BP]G*:dA [BP]G*:dC [BP]G*:dG [BP]G*:dT

10.7£0.2  10.6x0.1 10.6+0.2 10.7£0.2 10.1+0.3 10.4+0.6 10.1+0.3 10.0+0.4

[BP]G* at Post-insertion Site of Closed BF (Step 4)

control anti-[BP]G*:dC syn-[BP]G*:dA  syn-[BP]G*:dC syn-[BP]G*:dG syn-[BP]G*:dT

10.8+0.2 12.120.4° 10.2+0.3 10.4+0.3 11.9+0.2 9.510.2

“ Ensemble average values and standard deviations are provided.

» Yellow highlighted number denotes a disruption.
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Table S8. Hydrogen bond occupancies (%)“ involving the incoming dNTP and the polymerase in closed BF.

[BP]G* at Insertion Site of Closed BF (Step 2)

anti- syn- syn- syn- syn- Identified

Donor Acceptor control  [BP]G*: [BP]G*: [BP]G*: [BP]G*: [BP]G*: in
dCTP dATP dCTP dGTP dTTP crystal?
Glu-658 N dNTP O3’  67.8 86.2 40.2 96.7 68.6 80.0 yes
Lys706 N§ dnga P 99.1 97.8 98.8 96.7 75.7 96.6 yes
Lys-706 N& dg; P36 258 332 16.9 10.7 32.6 yes
Gln-656 N dgg; 80.3 96.0 92.8 69.4 96.7 90.0 no
Lys-706 N¢  dNTPOly  90.5 100.0 99.0 97.8 30.4° 96.1 yes
Arg-702Nnl1  dNTP Oly 100.0 100.0 100.0 99.7 100.0 99.9 yes
Arg-702Nn2  dNTP O3y  100.0 99.9 99.8 95.4 99.4 99.9 yes
[BP]G* at Post-insertion Site of Closed BF (Step 4)
anti- syn- syn- syn- syn- Identified
Donor Acceptor  control  ppick 4o [BPIG*:dA [BP]G*:dC [BP]G*dG [BP]G*:dT Crylsliaw

Glu-658 N dGTP O3’  52.0 0 37.4 65.1 61.8 63.8 yes
Lys-706 N& dnga P 99.7 98.2 99.2 98.7 99.4 99.7 yes
Lys-706 NE d(c)}; P 18.9 23.8 16.9 20.5 25.4 27.3 yes
Gln-656 N dgg 998 909 97.4 95.2 96.9 94.9 no
Lys-706 N¢  dGTPOly  99.6 99.6 66.5 74.5 99.2 99.2 yes
Arg-702Nnl  dGTPOly 100.0  100.0 100.0 100.0 100.0 100.0 yes
Arg-702Nn2  dGTP O3y  99.8 98.8 100.0 100.0 100.0 100.0 yes

“ % occupied indicates percentage of the time (time range, 0.8-2 ns) that the hydrogen bond was intact.

Hydrogen bonding criteria were 3.3 A between heavy atoms and a hydrogen bonding angle of 135°.

» Yellow highlighted number denotes a disruption.
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Table S9. Width and height (template and primer sides) of active site in closed BF (A) “.

[BP]G* at Insertion Site of Closed BF (Step 2)

anti- syn- syn- syn- syn-
Model control [BP]G*: [BP]G*: [BP]G*: [BP]G*: [BP]G*:
dCTP dATP dCTP dGTP dTTP
[BPIG* (T)"
CLdNTP Ol 107HOL 105402 11002 11.0£03 113302 114%03
Phe-710 Co-G ¢ .13 9.440.6 8.2+0.3 9.040.3 8.540.3 7.540.4
(T) C6
Lys-706 Ca-C 4 1463 92404  9.9+03  9.0+04  94+03  9.7+03
(P)° C6
[BP]G* atPost-insertion Site of Closed BF (Step 4)
anti- syn- syn- syn- syn-
Model control ppiGedC  [BP]G*dA [BP]G*:dC [BP]G*dG [BP]G*:dT
cm %11 “AGTP 107001 109402 107401 107402  10.8402  10.7+0.1
Phe-710 Ca- d
(BPIG* (T) 0 8:2%03 80403  105+03¢ 104403  8.1+03  10.0+0.3
Lys-706 Co-N 9.140.3 98+0.6  9.8+03 107404  8.9+05 9.140.3

(P) C6

“ Ensemble average values and standard deviations are provided.

’T1 is the +1 base on the template strand.

“P1 is the +1 base on the primer strand.

“Yellow highlighted number denotes a disruption.

“N=A/C/G/T
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Table S10. Occupancies of near reaction-ready distances in the range of 3.1-3.5 A (%)“ and ensemble
average of the attacking angle (°)’.

[BP]G* at Insertion Site of Closed BF (Step 2)

anti-[BP]G*:  syn-[BP]G*:  syn-[BP]G*: syn-[BP]G*: syn-[BP]G*:

models control dCTP IATP ST gt 1571
Distance
Occupancy (%) 333 56.7 59.3 65.6 54.2 42.5
Angle (°) 163.4+59  169.3t5.7  164.844.8  169.4+50  169.5t4.6  164.8%5.7

[BP]G* at Post-insertion Site of Closed BF (Step 4)

anti- Syn- syn- syn- syn-
models control [BP]G*:dC [BP]G*:dA [BP]G*:dC [BP]G*:dG [BP]G*:dT
Distance
Occupancy (%) 458 63.9 523 35.6 50.8 53.0
Angle (°) 170.4+4.3  169.1#4.8  169.2444 1714343  169.8t4.4  169.34.3

“ 9% occupied indicates the percentage of the time (time range, 0.8-2 ns) that the hydrogen bond was intact.
Hydrogen bonding criteria were 3.3 A between heavy atoms and a hydrogen bonding angle of 135°.

’ Ensemble average values and standard deviations are provided.
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Table S11. Average distances (A)* between Mg>" and chelating residues and between the two Mg*" ions in
closed BF.

[BP]G* at Insertion Site of Closed BF (Step 2)

anti-[BP]G*:  syn-[BP]G*: syn-[BP]G*: syn-[BP]G*: syn-[BP]G*:

models control dCTP dATP dCTP dGTP dTTP
MgA-3°0 2.240.1 2.140.1 2.140.1 2.140.1 2.240.2 2.240.1
MgA-0O02 of Asp 653 1.940.0 1.940.0 1.940.0 1.940.0 1.940.0 1.940.0
MgA-Od1 of Asp 830 1.940.0 1.940.0 1.940.0 1.940.0 1.940.0 1.940.0
MgA-Og2 of Glu 831 1.940.0 1.940.0 1.940.0 1.8+0.0 1.940.0 1.940.0
MgA-Oo. of dNTP 2.040.1 2.240.3 2.040.1 2.540.3 2.0£0.1 2.0£0.2
MgA-O of a water 2.040.1 2.0+0.1 2.040.1 2.0£0.1 2.040.1 2.0£0.1
MgB-0041 of Asp 653 1.940.0 1.940.0 1.940.0 1.940.0 1.940.0 1.940.0
MgB-O of Tyr 654 1.940.1 2.0+0.1 1.940.1 2.0+0.1 2.0+0.1 1.940.1
MgB-0352 of Asp 830 1.940.0 1.940.0 1.940.0 1.940.0 1.940.0 1.940.0
MgB-Oq. of dNTP 2.840.2 2.440.3 2.840.2 2.140.3 2.540.3 2.740.3
MgB-OB of dNTP 1.940.1 1.940.1 1.840.0 2.0£0.1 1.940.0 1.940.1
MgB-Oy of dANTP 1.8+0.0 1.840.0 1.840.0 1.840.0 1.8+0.0 1.840.0
MgA-MgB 3.840.1 3.7+0.1 3.840.1 3.840.1 3.7+0.1 3.840.1
[BP]G* at Post-insertion Site of Closed BF (Step 4)
models control [BPﬁlg;:dC [BP%*:dA [BPS])(}?*:dC [BP?g*:dG [BPS]Jg*:dT

MgA-3°0 2.140.1 2.140.1 2.240.2 2.140.1 2.140.1 2.240.1
MgA-0O02 of Asp 653 1.940.0 1.940.0 1.940.0 1.940.0 1.940.0 1.940.0
MgA-O81 of Asp 830 1.9+0.0 1.940.0 1.940.0 1.940.0 1.940.0 1.940.0
MgA-Og2 of Glu831  1.94+0.0 1.940.0 1.940.0 1.940.0 1.940.0 1.940.0
MgA-Oo. of ANTP 2.310.2 2.340.3 2.0+0.1 2.1+0.2 2.240.2 2.0+0.1
MgA-O of a water 2.010.1 2.0+0.1 2.0+0.1 2.0+0.1 2.0+0.1 2.0+0.1
MgB-041 of Asp 653 1.940.0 1.940.0 1.940.0 1.940.1 1.940.0 1.940.0
MgB-O of Tyr 654 2.040.1 2.040.1 2.0£0.1 2.0£0.1 2.0£0.1 2.0£0.1
MgB-0382 of Asp 830 1.9+0.1 1.940.1 1.940.0 1.940.0 1.940.0 1.940.0
MgB-Oa of dNTP 2.140.1 2.140.2 2.540.2 2.240.2 2.240.2 2.440.3
MgB-Op of ANTP 1.940.0 1.940.0 1.940.0 1.940.0 1.940.0 1.940.0
MgB-Oy of dNTP 1.940.0 1.940.0 1.840.0 1.840.0 1.840.0 1.840.0
MgA-MgB 3.610.1 3.740.1 3.740.1 3.640.1 3.740.1 3.740.1

“ Ensemble average values and standard deviations are provided.
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Scoring Criteria for Table 1:

Pre-insertion Site Pocket: a score of -1 denotes an increase in the distance compared to the control by more
than 1 A. See Table S4 for details.

Base Pair Hydrogen Bonding Geometry: a score of -1 denotes a decrease in occupancy compared to the
control by more than 30%, or a loss of one hydrogen bond. See Table S5 for details.

Stacking Interaction: a score of -1 denotes a severe disruption of the stacking interaction or two diminished
stacking interactions. See Figure 4 for details.

Minor Groove Contact: a score of -2 denotes a disruption of one minor groove contact [either a very low
hydrogen bond occupancy (less than 2%) or a loss of one hydrogen bond]. See Table S6 for details.

Post-insertion Site Width: a score of -1 denotes an increase or a decrease in the distance compared to the
control by more than 1 A. See Table S7 for details.

Nucleotide Binding Pocket: a score of -5 denotes blocking of the nucleotide binding pocket. See Figure 6
for details.

Protein-dN'TP Interactions: a score of -1 denotes a decrease in occupancy compared to the control by more
than 50%, or a loss of one hydrogen bond. See Table S8 for details.

Active Site Pocket: a score of -1 denotes an increase in distances compared to the control by more than 1 A,
or a displacement by BP of one of the four amino acids comprising the pocket wall. See Table S9 and Figure
5 for details.

Pa-03’: no disruption of the near reaction ready distance is observed (a decrease in the distance occupancy
compared to the control by more than 30% is considered to be a disruption). See Table S10 for details.

Attack Angle: no disruption of the attack angle is observed (a decrease compared to the control by more
than 10° is considered to be a disruption). See Table S10 for details.

Mg*" ions coordination: no disruptions of the chelating interactions involving the two Mg”" ions are
observed (an increase in any of the distances compared to the control by more than 0.5 A is considered to be
a disruption). See Table S11 for details.

Mg*" ions Distance: no disruptions of the distance between the two Mg”" ions are observed (an increase in

the distance compared to the control by more than 0.5 A is considered to be a disruption). See Table S11 for
details.
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Figure S1: Modeled geometry of the octahedral coordination of the two Mg”" ions.

Primer dNTP

terminal base
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Figure S2: Stereoviews of the initial models. All stereo figures were made for viewing with a stereoviewer. The
color code is the same as in Figure 5 except that the protein is shown in darker pink and the O and O1 helices
are shown in magenta.

Step 1: [BP]G* at the Pre-insertion Site of Open BF
(a) control

Step 2: [BP]G* at the Insertion Site of Closed BF
(d) contrvol ,
Wi ’
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Step 3: [BP]G* at the Post-insertion Site of Open BF
(j) control

w




Figure S3: All-atom (red) and active-site (blue) RMSDs of each system with respect to time.
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Figure S4: Determination of Michaelis-Menten parameters V., and K, for dCTP insertion opposite an
unmodified guanine (CGG), and dATP or dGTP insertion opposite [BP]G* in the same CG*G sequence
context, catalyzed by BF. (a) Typical polyacrylamide gel for one-step dNTP insertion. Left panel: dCTP
insertion opposite the underlined G in the unmodified sequence context CGG; [DNA] = 20 nM, [BF] =

nM, incubation time = 3 min, and the dCTP concentrations are denoted for each lane (UM units). In the case
of the [BP]G*—modified sequences (CG*G), the concentrations were: [DNA] = 15nM, [BF] = 2nM,
incubation time = 30min, and the dATP and the dGTP concentrations are indicated in each case. Ctr shown
in each panels are markers representing “-1”” and “0” position. (b) Plots of the rates of ANTP incorporation,
V(nM/min), as a function of the dNTP (uM) concentration. Each of the data points is the average of three
experiments; the standard deviations are indicated by the error bars. The solid lines are plots of the

Michaelis-Menten equation: V' = V. * [ANTP]/(K,, + [dNTP]), using values of the V,,,, and K,, shown in
Table S3.
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Figure S5: Stereoviews of the simulated systems (whole structure) after 2 ns MD. The color code is the
same as in Figure S2.
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Step 3: [BP]G* at the Post-insertion Site of Open BF
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Figure S6: Stereoviews of the simulated systems (active site) after 2 ns MD. The color code is the same as in
Figure S2.
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Step 3: [BP]G* at the Post-insertion Site of Open BF
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Figure S7: Width of the pre-insertion site measured by the distance between the Ca of the Gly-711 from the
O helix and the Ca of the Leu-721 from the O1 helix.
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Figure S8: Hydrogen bonds between [BP]G* and different partners at Steps 2-4. Black dashed lines denote
hydrogen bonds. The BP ring is shown in red.
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Step 3: [BP]G* at the Post-insertion Site of Open BF
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Step 4: [BP]G* at the Post-insertion Site of Closed BF
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Figure S9: Time dependence of the distance between the 3°O of the primer terminus and a-phosphate of the
incoming dNTP and the attacking angle in the BF closed ternary complexes. Color code: black, unmodified
control; blue, syn-[BP]G*:dATP/dA; green, syn-[BP]|G*:dCTP/dC; cyan, syn-[BP]G*:dGTP/dG; red, syn-

[BP]G*:dTTP/dT; magenta, anti-[BP]G*:dCTP/dC.
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Figure S10: y as a function of time for the primer terminal C in the syn-[BP]G*:dC system at Step 4.
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Figure S11: Time dependence of torsion angles governing the orientation of the [BP]G* adduct. Ensemble
average and standard deviations are provided beside each panel. Color code: black, y of the unmodified dG;
red, y of [BP]G*; blue, o’ of [BP]G*; green, B’ of [BP]G*.
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Step 2: [BP]G* in the insertion site of closed BF
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Step 3: [BP]G* in the post-insertion site of open BF
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Step 4:

Torsion Angles (°)

[BP]G* in the post-insertion site of closed BF
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