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Figure 1: Initial constrained trajectories for the conformational transitions in the 8-oxoG:dATP
complex obtained from TMD.
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Figure 2: Initial constrained trajectories for the conformational transitions in the 8-oxoG:dCTP
complex obtained from TMD.
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Figure 3: Sample unconstrained trajectories for the transition states in the closing profile of the
8-oxoG:dATP complex.
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Figure 4: Sample unconstrained trajectories for the transition states in the closing profile of the
8-oxoG:dCTP complex.
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Test for convergence of path sampling

To verify the convergences of the harvested trajectories in TPS simulations of the

transition states, we computed the time correlation function for each path sampling

simulation 〈χ(0)χ(t)〉, where χ(0) is the order parameter value at time 0, i.e. χA,

χ(t) is the order parameter value at simulation time t, and 〈·〉 denotes the ensemble

average over all the accepted paths of a transition state. At the end of each accepted

trajectory, χ(t) is expected to reach the target basin of the transition, that is, χB.

Additional Figs. 5 and 6 show the time correlation functions for all the transition

states in the 8-oxoG:dATP and 8-oxoG:dCTP complexes, respectively. These plots

indicate convergence to the final state B in all the accepted trajectories.
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Figure 5: Correlation functions of order parameters for transiton states in the closing pathway of
the 8-oxoG:dATP complex.
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Figure 6: Correlation functions of order parameters for transition states in the closing pathway of
the 8-oxoG:dCTP complex.

7



−180 −160 −140 −120 −100 −80 −60 −40
2

3

4

5

6

7

8

9

10

20 40 60 80 100 120 140
1

2

3

4

5

6

7

8

9

10

1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6 6.5 7
−10

−8

−6

−4

−2

0

2

4

P
o

te
n

ti
al

 o
f 

M
ea

n
 F

o
rc

e 
(k

B
T

)

Order parameter

TS1 TS2

TS3 TS4

60 80 100 120 140 160 180 200 220 240
−4

−2

0

2

4

6

8

10

12

14

Figure 7: Potential of mean force plots for the 8-oxoG:dCTP complex computed by umbrella sam-
pling.
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Figure 8: Potential of mean force plots for the 8-oxoG:dATP complex computed by umbrella sam-
pling.
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Critical distances Crystal data*

O3’−Pα

Mg2−O1α

Mg2−OD1−Asp190

Mg2−OD2−Asp190

Mg2−OD1−Asp192

Mg2−OD2−Asp192

Mg2−OD2−Asp256

Mg1−OD2−Asp192

Mg1−OD1−Asp190

Mg1−O−Asp190

Mg1−O1α−ATP

Mg1−O2β−ATP

Mg1−O1γ−ATP

5.49

4.42

Mg2−O3’ 6.96

1.92

1.89

1.90

2.17

1.83

3.95

5.03

2.11

1.86

1.90

1.80

6.65

6.40

2.04

1.89

1.87

1.80

3.09

1.79

5.36

5.96

4.80

1.85

3.16

1.83

3.40

2.19

2.19

3.37

2.05

2.01

3.33

2.15

2.02

1.95

4.12

2.06

2.04

2.08

Table 1.The average critical distances for the chemical re action after the
final transitions o f pol β/DNA complexes with  8−oxoG ( syn):dATP ( anti) and 
8−oxoG ( anti):dCTP(anti) compared to those  of the crystallogr aphic data.

* The PDB ID code f or the crystal stru cture is 2FMS.

8−oxoG:dATP 8−oxoG:dCTP
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Testing the TPS method on a model system — sugar puckering in dG

To validate the reliability of our TPS method, we reproduced the conformational

transition pathway of sugar puckering between the C2′-endo and C3′-endo of dG and

the associated free energy barrier using the protocol employed in our study for pol β

complexes with 8-oxoG.

The pseudorotation angle (p) of a nucleoside defines the sugar conformation based

on a wave-like motion from chosen mean plane defined by five ring atoms [1]. The

definition of the pseudorotation angle (p) can be found in [2–4]. The sugar puckering

conformational space for standard DNA is characterized by two energy minima at

C3′-endo and C2′-endo conformations, also called north and south ranges, centering

around p=18◦ and p=162◦, respectively. From experimental structures of DNA du-

plexes, typical C3′-endo state lies in the N (north) range of pseudorotational values,

-1◦ ≤ p ≤ 34◦, and the C2′-endo is in the S (south) range, 137◦ ≤ p ≤ 194◦. The

interconversion between C2′-endo and C3′-endo deoxyribose conformations has been

investigated by many theoretical studies [4–14]. The estimated energy barrier value

for deoxyribose sugar puckering with the sugar in its ambient solvent environment is

about 1.5 to 5 kcal/mol according to [4,6,9,14].

For our study, we use the published Cartesian coordinates (see Additional Fig. 10)

for the dG in C2′-endo and C3′-endo energy minima computed at MP2/6-31G* level of

theory [10]. The two dG molecules are then solvated in a water box with a dimension

of 20.04 Å × 22.40 Å × 26.27 Å containing 329 water molecules. The resulting models
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are minimized and equilibrated following the procedure described in the Method

section of the main text. An initial tentative trajectory linking the C2′-endo and

C3′-endo conformations is generated using TMD. TPS simulations are performed

to sample the conformational space for sugar puckering with each trajectory of 20

ps long. 100 such trajectories are harvested to map the conformational pathway.

The free energy barrier for the C2′-endo and C3′-endo interconversion is computed by

umbrella sampling (“BOLAS” [14]) simulations. The length of the umbrella sampling

trajectory is set to 10 ps and 150 trajectories are collected for each of the 10 sampling

windows.

Figure 10: The C3′-endo (left) and C2′-endo (right) sugar puckering conformations of dG.

As seen from the computed two-dimensional distribution plot of the pseudorota-

tion angle (p) and the phase amplitude (Additional Fig. 11), the pseudorotation angle

p is mainly clustered around two regions, 0-30◦ (C3′-endo) and 100-180◦ (C2′-endo),

which represent the two metastable states. The barrier region separating them is the

bottleneck for the transition.

Additional Fig. 12 shows the final energetic profile of dG sugar puckering resolved
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Figure 11: The population distribution of the sugar puckering amplitude as a function of the pseu-
dorotation phase angle (p) for all structures observed in 1500 TPS trajectories connecting the dG
C2′-endo and C3′-endo conformations.

from umbrella sampling: the C2′-endo conformation appears to be thermodynamically

favored over the C3′-endo conformation by 0.37 kcal/mol; the free energy barrier for

the transition between C2′-endo and C3′-endo is 1.92 kcal/mol. These free energy

values are in good agreement with previous experimental and theoretical estimates

on nucleosides [4–6,9,12–16].
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Figure 12: The potential of mean force plot for sugar puckering interconversion between C2′-endo
and C3′-endo of dG calculated by umbrella sampling simulations.
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