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DNA and 2’F-ANA Initial Structures for MD Simulations. The original structure of the 2’F-ANA/ANA
duplex (PDB 2LSC?) contains U nucleobases in the ANA strand. These bases were modified to T bases
(using the Schrodinger’s Maestro molecular modeling software?) to match the analogous Dickerson-
Drew DNA sequence (PDB 4C643). Finally, the sugar moieties in the ANA strand were replaced with
the corresponding ones in 2’F-ANA to obtain a 2’F-ANA/2’F-ANA duplex.

MD Simulations. The dodecamers were solvated in a box of TIP3P water* that extended 10.0 A on
each side of the nucleic acid. The negative charge of the system was neutralized by Na*ions. AMBER
parameters for FANA were derived from ref. 5, while the AMBER force field ff99° was used for DNA.
The solvated DNA and FANA systems consisted of 13311 and 12069 atoms, respectively. We set the
scaling factor for 1-4 electrostatic interactions to 0.833333. The cutoff distance for truncating van
der Waals interactions was 12 A. The maximum non-bonded interaction distance for the periodical
calculation of the interaction energy was set to 14 A. The electrostatic interactions were computed
using the Particle Mesh Ewald method (grid spacing = 1 A). Full electrostatic interaction energy was
calculated each 2 time steps. The water molecules were maintained rigid using the SHAKE algorithm.
The unit cell vectors were (in A): (46.008, 49.610, 65.744) for DNA and (48.000, 65.000, 46.000) for
2’F-ANA.



All MD simulations were carried out using the NAMD 2.11 software.? Both nucleic acid structures
were first optimized by means of 8 x10* energy minimization steps. For DNA, the minimization was
followed by solvent equilibration (using a Langevin thermostat, with a damping coefficient of 1.0 ps-
! for the Langevin dynamics), by gradually increasing the temperature from 293 K (crystallization
temperature at which the system was equilibrated for 225 ps) to 295.5 K (for 50 ps), and finally to
298 K (for further 50 ps). For 2’'F-ANA, we only carried out 225 ps of solvent equilibration at 209 K,
namely, the temperature at which the 2’F-ANA solution structure was obtained. Next, both systems
were equilibrated at constant temperature and pressure for 1.5 ns, using Langevin thermostat and
piston® 19 (temperature = 298 K, pressure = 1 atm; barostat period = 100 fs, characteristic damping
time = 50 fs, damping coefficient = 2.0 ps™). The final MD production runs covered 50 ns, with a time
step of 0.5 fs. The DNA and 2’F-ANA snapshots used for electronic coupling calculations were taken
each nanosecond from 10 to 50 ns. Fig. S1 shows the RMSD evolutions over this time range for the

backbone and the base pairs.

Calculation of the Electronic Couplings. The hole transfer mainly proceeds through the sequence of
stacked nucleobases, and the electronic couplings between adjacent nucleobase pairs are critical
parameters to determine the efficiency of the hole transport, regardless of the kinetic model used
to study the double-strand conductance. Thus, for each selected MD snapshot we pruned dimers of
base pairs (from the set highlighted in Fig. 2) from the dodecamer structures. The resulting dangling
bonds were saturated by H atoms, whose positions were optimized by B3LYP/6-311G** calculations
in the presence of the electron hole (that is, with a total charge of +1). All DFT computations were
carried out using the NWChem package!! (versions 6.5 and 6.6), except for the two calculations with
the ®B97M-V functional?, which were carried out using QChem?*3 (version 4.4). Wave functions and
energies of the diabatic states (where the excess positive charge is constrained on either the donor
or the acceptor base pair) were obtained using CDFT as specified in the main text. The overlap
parameters in eqn (1) were obtained exploiting the ET module in the NWChem code or the overlap
matrix provided in the QChem output.

The electronic coupling values associated with the MD snapshots of DNA and 2’F-ANA are reported
in Table S1 and diagrammed in Figs. S2-S5. The norms of the corresponding ground-state vectors (as

expanded on the pertinent diabatic states) are given in Table S2. When the two-state approximation

is exactly satisfied, the normalization condition \/az + b? + 2abS;r = 1 holds. Table S2 shows that
the norm of the ground-state vector is very close to 1 (namely, well above 0.99) in most cases, while

a few values are in the range 0.97-0.99, thus supporting the validity of the two-state approximation.
2



Table S1. Effective electronic couplings (or generalize electron transfer integrals) for the CG-GC, GC-
A1T, A1T-AoT, and A T-TA dimers in the selected MD snapshots, at the simulation times indicated in
the first column. All couplings values are in meV.

Time VI]%NA VIZF'F—ANA

(ns) CG-GC GC-AT AiT-AT A;T-TA CG-GC GC-AT AT-A, T A T-TA
10 8.5 78.8 4.1 2.4 27.6 355 47.3 68.1
11 9.0 100.1 55.8 140.1 4.8 46.1 18.9 10.1
12 11.0 89.2 45.6 23.1 5.2 27.8 85.5 260.5
13 15.7 22.4 46.4 42.3 6.0 49.2 22.3 384
14 2.0 22.4 79.0 29.7 22.5 27.4 16.9 16.3
15 2.9 6.6 45.1 19.6 13.1 355 64.6 3.0
16 21.6 11.2 0.1 10.8 10.5 54.5 19.2 3.2
17 18.2 70.7 43.3 0.6 9.1 28.0 04 4.9 %107
18 0.6 146.4 27.9 30.7 23.7 23.3 4.5 22.2
19 9.5 40.9 12.5 7.1 6.5 8.0 11.7 4.6
20 8.7 177.0 44.6 52.3 5.0 28.1 88.0 11.6
21 3.3 154.2 31.8 29.2 0.4 34.5 23.8 04
22 3.0x10?% 151.7 57.5 52.5 6.3 2.3 212.9 0.1
23 5.9 141.0 4.2 7.6 0.6 60.8 26.5 20.5
24 2.2 49.7 29.6 14.1 7.4 9.5 22.5 3.6
25 13 13.6 39.0 7.2 31.0 48.4 20.5 13.0
26 6.6 6.7 50.9 4.8 16.3 334 15.8 16.6
27 4.2 8.9 8.0x10% 11.7 9.1 45.7 10.4 1.2
28 4.5 47.9 74.3 18.0 9.7 29.5 5.1 12.2
29 17.5 40.3 51.1 1.3 1.5 62.5 14.9 354
30 13 1.2 11.7 1.8 7.9 9.9 31.6 110.3
31 31.8 23.4 5.9 14.4 14.2 8.8 23.6 20.0
32 3.1 1229 42.4 12.7 22x10?% 141 20.2 13.1
33 9.3 64.8 17.6 44.3 5.4 9.5 51.0 5.4
34 44.1 175.6 32.5 51.6 6.7 8.7 71.8 2.9
35 12.1 10.6 48.8 8.6 30.7 41.7 3.0 62.9
36 24.6 40.9 75.7 24.6 10.2 30.2 4.4 8.2
37 0.4 41.4 9.0x103% 424 12.7 43.9 19.5 151.1
38 3.1 173.6 60.5 46.8 14.1 76.1 58.8 8.2
39 21.5 2.1 14.8 5.6 34 30.7 5.3 0.4
40 11.2 36.1 5.7 22.1 6.4 11.6 23.8 56.2
41 24.1 18.0 31.9 23.8 2.5 1.2 0.2 156.5
42 7.7 138.5 55.6 10.4 0.4 69.9 3.8 3.2
43 19.1 161.4 97.9 20.2 5.9 2.7 52.5 3.2
44 2.5 182.4 21.7 3.6 8.6 46.5 36.4 2.2
45 10.5 26.5 13.4 13.6 8.9 17.4 18.8 2.3
46 4.7 9.8 16.5 33 21.5 15.1 5.7 129.7
47 2.2 41.5 21.0 0.8 20.6 17.6 109.5 6.4
48 0.9 42.8 11.0 19.4 3.4 13.6 8.3 4.9
49 14.9 76.5 18.6 10.2 21.8 41.9 27.5 1.2
50 3.6 53 11.3 34.0 38.0 7.3 79.8 4.7




Table S2. Norm, N, of the ground state vector for the indicated base pair dimers across all selected
MD snapshots.

NDNA NZF-ANA
Time
(ns) CG-GC GC-A:T A T-AT A, T-TA CG-GC GC-AT A T-A,T A T-TA
10 0.997 0.999 0.995 0.997 0.997 0.999 0.996 0.994
11 0.998 0.999 0.996 0.995 0.996 0.999 0.998 0.998
12 0.998 0.999 0.998 0.997 0.999 1.000 0.994 0.993
13 0.999 0.999 0.994 0.996 0.998 0.999 0.994 0.998
14 0.999 0.999 0.997 0.992 1.015 0.999 0.993 0.994
15 0.998 1.000 0.996 0.991 1.000 0.998 0.994 0.998
16 0.999 0.999 0.998 0.998 0.998 0.997 0.998 0.992
17 0.998 0.999 0.994 0.997 0.998 0.999 0.998 0.998
18 0.998 0.999 0.998 0.988 0.998 1.000 0.999 0.997
19 0.999 0.999 0.998 0.996 0.997 1.000 0.996 0.991
20 0.997 0.999 0.997 0.988 0.997 0.998 0.996 0.981
21 0.998 0.999 0.997 0.992 0.999 0.998 0.999 0.986
22 0.999 0.999 0.996 0.995 0.998 0.999 0.988 0.977
23 0.998 0.999 0.999 0.996 0.998 0.998 0.996 0.986
24 0.998 1.000 0.999 0.999 0.999 1.000 0.995 0.992
25 0.998 0.999 0.998 0.993 0.999 0.998 0.992 0.991
26 0.997 1.000 0.997 0.988 0.999 1.000 0.999 0.978
27 0.999 0.997 0.997 0.997 0.998 0.999 0.998 0.982
28 0.998 0.999 0.998 0.994 0.998 0.999 0.998 0.995
29 0.998 0.999 0.997 0.999 0.999 0.999 0.998 0.996
30 0.998 0.999 0.999 0.986 0.998 0.999 0.999 0.973
31 0.997 0.999 0.997 0.997 0.996 0.999 0.998 0.994
32 0.998 0.999 0.997 0.998 0.999 1.000 0.995 0.995
33 0.999 0.999 1.000 0.993 0.999 1.000 0.994 0.982
34 0.999 0.999 0.998 0.994 0.998 1.000 0.997 0.986
35 0.999 0.999 0.997 0.998 0.998 0.999 0.994 0.994
36 0.998 0.998 0.996 0.999 0.997 0.999 0.996 0.987
37 0.997 0.999 1.000 0.993 0.997 0.999 0.998 0.996
38 0.997 0.998 0.998 0.996 0.998 0.999 0.995 0.994
39 0.999 1.000 0.998 0.990 0.996 0.999 1.000 0.985
40 0.998 0.999 0.999 0.993 0.999 0.999 0.995 0.993
41 0.997 1.000 0.991 0.979 0.997 1.000 0.998 0.985
42 0.998 0.998 0.997 0.985 0.999 0.998 0.997 0.998
43 0.998 0.993 0.998 0.982 0.999 1.000 0.995 0.996
44 1.000 0.998 0.996 0.968 0.999 0.998 0.996 0.984
45 0.997 0.998 0.999 0.991 0.999 0.998 0.997 0.982
46 0.996 0.999 0.997 0.994 0.999 0.999 0.993 0.976
47 0.997 0.999 0.996 0.994 0.998 1.000 0.997 0.979
48 0.999 0.999 0.997 0.986 0.998 0.998 0.997 0.988
49 0.998 1.000 0.995 0.995 0.998 0.998 0.991 0.980
50 0.999 1.000 0.998 0.994 0.997 1.000 0.988 0.988
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Fig. S1 RMSDs (excluding the H atoms) along the MD production simulations of DNA and 2’'F-ANA.
(a) RMSD of the nucleic acid backbone (bb). For DNA, the RMSD ranges from 1.6 A to 4.6 A (hence,
with a maximum range of 3.0 A), with an average value of 2.8 A and a standard deviation of 0.45 A.
For 2'F-ANA, the RMSD ranges from 1.2 to 4.2 A, with an average of 2.3 A and a standard deviation
of 0.46 A. (b) RMSD of the base pair (bp) stack. For the natural DNA, the RMSD ranges from 1.45 A
to 3.62 A, with an average of 2.3 A and a standard deviation of 0.36 A. For 2’F-ANA, the RMSD ranges
from 0.84 A to 3.61 A, with an average of 1.9 A and a standard deviation of 0.42 A.
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Fig. S2 Plot of V., . versus MD simulation time (ns) for DNA and 2’-FANA.
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Fig. S3 Plot of VGC_AlT versus MD simulation time (ns) for DNA and 2’-FANA.
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Fig. S4 Plot of V,, ;_,; versus MD simulation time (ns) for DNA and 2’-FANA.
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Fig. S5 Plot of V,, ; , versus MD simulation time (ns) for DNA and 2’-FANA.
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