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Supporting Methods

MD computation protocols. Our computational protocols follow recommendations of

the AMBER development team (http://amber.scripps.edu/tutorials/basic/tutoriall/

section5.htm). First, the starting models were subjected to 50 steps of conjugate gradient
energy minimization, using a distance dependent dielectric function with dielectric
constant 4.0. Then each system was neutralized with 20 Na* counterions and solvated
with explicit water using the LEAP Module of the AMBER 9 simulation package." A
periodic rectangular box of TIP3P water’* with 10.0 A buffer was created around the
DNA for each sequence. The Particle-Mesh Ewald® * method with 9.0 A cutoff for the
non-bonded interactions was used in subsequent energy minimizations and MD
simulations. Subsequently, 500 steps of steepest descent minimization followed by 500
cycles of conjugate gradient minimization were conducted for the waters and counterions
with 500 kcal-mol™-A restraint on the DNA. Then, 500 steps of conjugate gradient
minimization were carried out for the whole system without restraints. A 2.0 fs time step
and the SHAKE algorithm® were applied in the MD simulations. All other parameters
were default values in the AMBER 9 simulation package. The system was heated from 0
K to 300 K over 20 ps with the DNA fixed with a weak restraint of 10.0 kcal-mol™-A? at
constant volume, using the Berendsen coupling algorithm® with a 1.0 ps coupling
parameter. A constant pressure dynamics at 300K for 60 ps followed to further
equilibrate the system. Finally, a 30.0 ns production was conducted at a temperature of
300 K and constant pressure of 1 Atm. Temperature and pressure coupling constants

were both 1.0 ps.


http://amber.scripps.edu/tutorials/basic/tutorial1/%20section5.htm
http://amber.scripps.edu/tutorials/basic/tutorial1/%20section5.htm

Best representative structures. The best representative structure in the MD trajectory
for each adduct was obtained by using the cluster analysis option in MOIL-View.” The
best representative structure is a real frame from the ensemble; as determined by a cluster
analysis, it is the most populated conformation or the conformation that is the closest to

all other snapshots in an ensemble.

Hydrogen bond quality index analyses. We employed our hydrogen bond quality
index (HBI),® to quantitatively assess the quality of Watson-Crick hydrogen bonding, in

terms of the deviation from ideal Watson-Crick hydrogen bond distances and angles:
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where d, is the instantaneous donor-acceptor distance, d2, is an ideal donor-acceptor
distance ° [06 (G) to N4 (C) is 2.91 A, N1 (G) to N3 (C) is 2.95 A, and N2 (G) to 02 (C)
is 2.86 A] and  is the instantaneous donor-hydrogen---acceptor (D-H---A) hydrogen bond
angle with an ideal value of 180°. The summation is over all the Watson-Crick hydrogen
bonds in a base pair over the trajectory. The lower the value of Iy, the better the quality
of the Watson-Crick hydrogen bonding. Iy is zero when the Watson-Crick hydrogen

bonding is ideal during the dynamics. However, in real, even unmodified DNA,



sequence-dependent deviations from ideal Watson-Crick hydrogen bonding are normal.’
Therefore, comparing the Iy value of a modified step to its analogue step in the
unmodified control duplex provides an estimate of the perturbation of its Watson-Crick

hydrogen bond upon modification.



Supporting Tables and Figures

Table S1A. Hydrogen bond occupancies (%)*® for the central 3-mer?

B[c]Ph-N°>-dA  B[a]P-N°-dA DBJ[a,l]P-N°-dA

Hydrogen Unmod-
bond R S R S R S ified
C5:G18

N4-H41...06 99 96 93 92 99 98 97
N2-H22...02 100 100 99 97 100 100 100
N1-H1...N3 100 100 95 99 100 100 100
A6:T17

N6-H6...04 97 90 98 0 98 96 95
N3-H3...N1 99 95 84 0 98 95 99
C7:G16

N4-H41...06 96 98 92 94 97 98 96
N2-H21...02 100 99 100 98 100 100 99
N1-H1...N3 99 100 98 100 100 100 100

2 Criteria for hydrogen bonding: heavy atom-heavy atom distance < 3.3 A and donor-
hydrogen-acceptor angle > 140 °.



Table S1B. Hydrogen bond quality for the Watson-Crick base pairs adjacent to the lesion

site and their corresponding unmodified control base pairs.

HBI-Angle

B[c]Ph-N°-dA B[a]P-N°-dA DBJa,I]P-N°-dA Unmod-
Base pair

R S R S R S ified
C5:G18 306 649 555 795 240 367 301
A6:T17 218 258 220 38257 195 159 242
C7:G16 369 390 318 655 400 350 356
HBI-Distance

B[c]Ph-N°-dA B[a]P-N°-dA DBJa,I]P-N°-dA Unmod-
Base pair

R S R S R S ified
C5:G18 698 817 15979 1661 695 742 924
A6:T17 997 2525 2770 345561 1032 1580 1143
C7:G16 1218 867 2200 1364 835 797 991




Table S2. Ensemble average values with standard deviations (given in parentheses) for the structural properties at the lesion site.

B[c]Ph-N°-dA B[a]P-N°-dA DB[a,I]P-N°-dA
Unmodified

R S R S R S
Buckle (°)  —31.7(7.8)  418(84) —36.0(75) 36.4(8.1) —26.7 (7.5)  29.2 (7.5) 4.4 (11.1)
Propeller (°)  24.9 (8.6) —40.6 (10.0) 37.0(10.1) —48.2(12.4) 20.6 (7.4) -28.0(8.2) —6.8(9.1)
Twist (°) 20.0 (7.9) 47(10.5) 4.6 (6.3) 11.2 (14.8)  15.0(7.6) -13.2(6.0)  32.0 (5.4)
Roll (°) 11.7 (8.3) 21.7(7.9)  9.4(71.7) 17.9 (9.6) 7.6 (8.0) 21.8 (5.8) —4.2 (6.9)
Rise (A) 7.4 (0.4) 7.3(0.5) 8.8 (0.6) 6.4 (0.6) 7.6 (0.4) 7.1 (0.4) 3.3(0.5) 3.4(0.4)
Tilt (°) -8.7 (5.2) -14.7 (4.7) -148(4.6) -21.3(57) -106(58) -165(41) 04(57) 1.8(5.1)
Opening (°)  10.9 (8.8) 19.3(10.1) 6.5(8.9) -15.4 (12.1) 12.8(7.8) 13.1 (6.9) 2.2 (6.2)




Table S3. Ensemble average values with standard deviations (given in parentheses) for groove widths (A) 2

6 6 6
Minor groove B[c]Ph-N°-dA B[a]P-N°-dA DB[a,[]P-N°-dA B
) Unmodified
width (A) R S R S R S
P6-P21 6.8 (1.4) 6.9 (1.6) 7.7 (1.7) 5.2(1.8) 7.5(3.1) 6.6 (2.0) 6.0 (1.7)
P7-P20 11.1 (2.1) 9.9 (1.6) 13.1(2.2) 9.5(1.3) 9.6 (3.4) 9.6 (1.6) 8.1(2.7)
P8-P19 13.3(1.9) 12.0 (2.0) 17.6 (1.5) 11.5(1.8) 13.4 (1.9) 13.5(1.9) 7.9 (2.6)
P9-18 10.2 (1.7) 9.2 (1.7) 12.2 (1.6) 12.8 (1.5) 9.5(1.9) 13.1 (2.4) 5.3(1.7)
P10-P17 8.3 (1.5) 9.6 (1.8) 8.0 (1.5) 9.2 (1.6) 7.6 (1.9 9.1(1.9 6.4 (1.9)
6 6 6
Major groove  BICIPh-N-dA B[a]P-N°-dA DBJ[a,1]P-N°-dA B
) Unmodified
width (A) R S R S R S
P3-P17 17.1 (1.6) 16.1(1.6) 17.9 (1.2) 17.7 (1.8) 17.2 (1.9) 16.4 (1.6) 14.4 (1.7)
P4-P16 17.5(1.6) 17.5(1.7) 16.6 (1.4) 18.6 (1.9) 17.2 (1.5) 18.7 (1.4) 13.4 (2.0)
P5-P15 17.5(1.7) 17.6 (1.6) 16.7 (1.5) 16.0 (2.6) 16.8 (1.9) 17.8 (1.9) 14.5 (1.9)
P6-P14 16.9 (1.8) 16.4 (2.0) 17.1(1.3) 17.0 (2.3) 15.9 (1.7) 17.6 (1.8) 14.4 (1.9)

Definitions for minor groove and major groove widths are given in Figure S4.



Table S4. Ensemble average van der Waals interaction energies (kcal/mol) between PAH aromatic rings and nearby bases °.

VbW B[c]Ph-N°-dA B[a]P-NC-dA DB[a,I]P-N°-dA
Interaction

energy

(kcal/mol) R S R S R S

C5- PAH ~44(10) ~05(0.0) ~6.2(0.8) ~03(0.0) ~57(L.0) ~06(0.0)
A6- PAH —22(1.2) ~33(L.1) 1.6 (0.6) 2.0 (0.5) ~3.0(L.1) —29(L1)
C7- PAH ~0.3(0.1) —2.4(0.7) 0.2 (0.0) —2.4(0.7) ~03(0.1) —22(0.7)
G16- PAH ~0.6 (0.1) 8.1 (0.8) ~0.6 (0.1) ~9.1(0.8) ~0.8(02) ~9.8(L.1)
T17- PAH 6.6 (0.6) ~7.0(0.7) —85(0.7) ~7.7(0.9) ~9.0(0.7) -8.9(0.7)
G18- PAH 6.9 (12) ~05(0.1) 6.4 (1.0) ~13(05) ~9.3(L.0) ~05(0.1)
Total —21.2 (2.0) —218(18)  —235(L6) 216(L7)  —282(21) ~25.1(1.8)

& Standard deviations are given in parentheses.



Table S5. Distortion energy (kcal/mol)?

MM-PBSA energy

Distortion energy

R-B[c]Ph-N°-dA -1074.4 13.0
S-B[c]Ph-N°-dA -1073.0 14.4
R-B[a]P-N°®-dA -1072.7 14.7
S -B[a]P-N°-dA -1069.6 17.8
R-DBJ[a,I]P-N°-dA -1076.6 10.8
S -DBJ[a,l]P-N°®-dA -1072.5 14.9
Unmodified —1087.4 0

4 Only the central 3-mers were considered. See Materials and Methods for details.
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Table S6. Box size and numbers of waters added to the MD simulation starting model for each system

System Box size (A%) Number of water added
R -B[c]Ph-N°-dA 51 x 49 x 69 3924
S -B[c]Ph-N°-dA 49 x 51 X 72 4079
R-B[a]P-N°-dA 55 x 58 x 68 5252
S -B[a]P-N°-dA 58 x 64 x 60 5369
R -DB[a,I]P-N°-dA 51 x 48 x 74 4157
S -DBJ[a,[]P-N°-dA 49 x 51 x 69 3911

Unmodified duplex 50 x 51 x 67 3872




R-B[a]P-N°-dA

Figure S1. (First of two pages)

S-B[a]P-N°-dA

Unmodified
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R-DBJ[a,l]P-N°-dA S-DB[a,I]P-N°®-dA
Figure S1. The initial models (See Methods) for the R and S B[c]Ph-N°-dA, B[a]P-N°-dA, and DB[a,l]P-N°-dA adducts and their
unmodified control in the CAC sequence context (shown in Figure 1D). The color codes for the modified duplexes are: PAHS,
yellow, A6*(A6):T17 base pair, cyan; the rest of the DNA is white, except for the phosphate atoms, which are red. Hydrogen atoms

and pendant phosphate oxygen atoms in the DNA duplexes are not displayed for clarity.
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R-DB[a,/]P-N5-dA  Unmodified
| 5-DB[a,/]P-N°-dA

R-B[a]P-N¢-dA Unmodified
| S-B[a]P-N°-dA

R-B[c]Ph-Né-dA  Unmodified
| 5-B[c]Ph-N5-dA

(=)
D
L)

RMSD (Angstrom)
i

RMSD (Angstrom)
F-Y
N

RMSD (Angstrom)
-

N
N

20 40 60 80 100 120

0
20 40 60 80 100 120 20 40 60 80 100 120
Time (ns)

Time (ns) Time (ns)
Figure S2. Time dependence of RMSDs for the R (red) and S (blue) PAH containing adducts and the unmodified control duplex
(green). Ensemble average values and standard deviations are given. Only the central 9-mers is considered in this analysis. The
ensemble averages and standard deviations over the 100.0 ns MD simulations are 2.6 + 0.4 A, 25+ 05 A, 1.6 £+ 0.3 A, 22+ 0.4 A,
3.0+0.8A,32+0.7 Aand 1.8 + 0.5A, for the R -B[c]Ph-N°-dA, S -B[c]Ph-N°-dA, R-B[a]P-N°-dA, S -B[a]P-N°-dA, R -DBJ[a,[]P-N°-

dA, S -DB[a,I]P-N°-dA and the unmodified control, respectively. Note that for the S -B[a]P-N°-dA adduct, the trajectory from 45 ns

to 135 ns is analyzed.
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Figure S3. (Second of four pages)
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Figure S3. (Third of four pages)

N3-H3...N1

e

N W A 00O N ®

20 40 60 80 100
Time (ns)

——

100

50

° 20 40 60 80 100

Time (ns)

S-DB[a,/]P-N6-dA

N6-H6...04

—

20 40 60 80 100
Time (ns)

Distance (angstrom)

- -
[=} (4]
o o

Angle (degree)
(4]
o

20 40 60 80 100
Time (ns)

N3-H3...N1

8

7

6

5

4

2

20 40 60 80 100

Time (ns)

100

50

0

20 40 60 80 100
Time (ns)

17



Unmodified
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Figure S3. Time dependences of hydrogen bond distances and angles at A6*:T17 for lesion-containing adducts and at analogous

A6:T17 site for the unmodified control. Note that the S B[a]P-N°-dA with a blue box, is the only one displaying very dynamic

hydrogen bond disturbance.
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Figure S4. Definitions for minor groove (A) and major groove (B) widths.
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Figure S5. (First of two pages)

R-B[c]Ph-N°-dA

S-B[c]Ph-Né-dA

R-B[a]P-Né-dA
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S-B[a]P-Nb-dA

R-DB[a,/]P-N¢-dA

S-DB[a,/]P-N°-dA

Figure S5. Stereo views looking down the helix axis of the intercalation pockets showing the stacking interactions.
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