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S.1. Molecular Dynamics Simulations
S.1.1. Methods

All-atom Molecular Dynamics (MD) simulations were carried out in explicit solvent using as
starting structures coordinates of: (i) quadruplex A of crystal structure PDB entry 1KF1 (/) for
parallel G-quadruplex (GQ); and (ii) model 1 of NMR structure, PDB entry 143D (2) for anti-
parallel basket GQ. We used 0.15 M NaCl excess salt conditions for the MD simulations. The
solvent molecules and additional ions for simulations were added using the xleap module of
AMBERI12. The water molecules and ions other than the channel cations were removed from the
native PDBs in the starting structure. The channel K ions in PDB entry 1KF1 were replaced
with Na" ions for the present simulations. The system was first neutralized by Na" ions and then
excess NaCl of 0.15 M concentration was added to the system. Water-model specific (SPC/E
here) AMBER-adapted Joung and Cheatham parameters for Na' (radius 1.212 A and well depth
of 0.3526418 kcal mol™) and CI ions (radius 2.711 and well depth 0.0127850) were used (3).
Since we do not simulate transitions between different structures, it is sufficient to make the
simulation using only one cation type, as the structural differences between NaCl and KCI
simulations of a given GQ fold are small (for more discussion see (4)).

The system was solvated in the SPC/E water model and placed in a truncated octahedral box
with a minimal distance of 10 A of solute from the box border. The MD simulations were carried
out with the Cornell et al. force field basic version parm99, with the bscO (5) and yor4
refinements (6). The bscO is essential to obtain stable DNA trajectories (35). xors4 has provided
further structural improvement in simulations of GQs with syn guanosines as it improves the
shape of the syn region and the syn/anti balance (6, 7). Both modules are standard and endorsed
by the latest versions of AMBER code ambertools for DNA simulations.

The protocol for energy minimization and equilibration in explicit solvent was adopted from
Stadlbauer et al. (7). Each system was first minimized with 500 steps of steepest descent
followed by 500 steps of conjugate gradient minimization with 25 kcal mol" A position
restraints on DNA atoms. It was then heated from 0 to 300 K for 100 ps with constant volume
and position restraints of 25 kcal mol' A Minimization with 5 kcal mol’ A™ restraints
followed, using 500 steps of steepest descent method and 500 steps of conjugate gradient. The
restraints of 5 kcal mol”" A were maintained on DNA atoms and the system was equilibrated for
50 ps at constant temperature of 300 K and pressure of 1 atm. An analogous series of alternating
minimizations and equilibrations followed using decreasing position restraints of 4, 3, 2 and 1
kcal mol! A™ consecutively. The final equilibration was carried out with position restraints of 0.5
kcal mol" A? and starting velocities from the previous equilibration, followed by a short free
molecular dynamics simulation of 50 ps. Temperature and pressure coupling during equilibration
was set to 0.2 and coupling during the last molecular dynamics phase was set to 5.

The final MD simulations were performed with the PMEMD CUDA version of AMBER12.
Periodic boundary conditions were defined by the PME algorithm and the non-bonded cut-off
was set to 9 A. The SHAKE algorithm was used to constrain hydrogen atoms with a tolerance of
0.0001 A and an integration time step of 2fs (8). The simulations were carried out at constant
pressure of 1 atm and constant temperature of 300 K maintained using Berendsen weak coupling
thermostat (9). The final production run without restraints was carried out for continuous 10 ps
and the frames were written at every 10 ps.
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For each of the resulting MD trajectory, snapshots at regular time intervals of every 10 ns
were collected. These were used as input structures for modeling inter-nitroxide distances using
the NASNOX program, following procedures described in the Methods section of the main text.

S.1.2. Additional MD data
S1.2.1. Inter-nitroxide distances predicted from MD trajectory obtained from PDB entry 1KF1
(parallel GQ).
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Figure S1: Histogram plots of the statistical distributions of the inter-spin distances in double
labeled (G9;G15), (G3;G15) and (G4;G15) hTel-22 DNA. The three Gaussian fits (orange
curves) have comparable accuracies and the predicted distances from the fits (peak center and
standard deviation) are: 23.6+1.6 A, 32.840.5 A and 32.9+0.8 A for (G9;G15), (G3;G15) and

(G4;G15), respectively.

S1.2.2. Inter-nitroxide distances predicted from MD trajectory obtained from PDB entry 143D
model 1 (antiparallel GQ).
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Figure S2: Histogram plots of the statistical distributions of the inter-spin distances in double-
labeled (G9;G15), (G3;G15) and (G4;G15) hTel-22 DNA. The three Gaussian fits (orange
curves) have comparable accuracies and the predicted distances from the fits (peak center and
standard deviation) are: 27.5+0.9 A, 22.3+1.0 A and 26.5+0.7 A for (G9:G15), (G3:G15) and

(G4;G15), respectively.
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S1.2.3. Analyses of all inter-R5 distances.
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Figure S3: Distribution of all inter-R5 distances, computed with the program NASNOX from the
MD trajectories of 1KF1 (left) and 143D (right) over 10 us. The results of multi-Gaussian fits are
collected in Table S1. Note that the predicted distance of set (G9;G15): 22.9 A in 1KF1 and 27.7
A in 143D, belongs to the 4™ peak in 1KF1 and 4™ peak in 143D. Each of them is one of the
narrower distributions in respective profile.

Table S1: Peak center and standard deviation (o) for the multi-Gaussian fits illustrated in Figure
S3.

peak # center (A) o (A)
1 9.5 0.9
2 14.8 2.6
3 20.0 1.2
4 24.1 1.3
5 28.7 1.6
6 32.7 0.9
1 10.7 15
2 17.6 1.0
3 23.0 1.7
4 26.7 0.8
5 29.4 15
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S.2. DEER control
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Figure S4: An example of DEER measurement on a single-labeled hTel-22. The spin label was
attached to site G9, and the sample was designated as (G9; --). The black trace represents the
measured echo decay, and the red trace represents the background computed by fitting an
exponential decay corresponding to a homogeneous 3-dimentional distribution of electron spin to
the last half of the data.
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S.3. Additional NASNOX predicted distances

Table S2: Predicted inter-R5 distances for antiparallel (PDB entry 143D), parallel structure
(PDB entry 1KF1), hybrid-1 (PDB entry 2HY9) and hybrid-2 (PDB entry 2]JPZ) structures.

Predicted distances (A)
Data set* 143Db 1KF1 2HYO¢ 2]PZd
(antiparallel) | (parallel) | (hybrid-1) | (hybrid-2)
(G9; G15) 27.7 22.9 28.9 12.0
(G3; G15) 21.7 30.6 26.4 30.3
(G4; G15) 24.0 29.9 29.1 30.3

®data set residue numbers are according to the hTel-22 sequence. The corresponding residue
number for G3, G4, G9 and G15 are G5, G6, G11, and G17, respectively, in the 26-nt sequence
for 2HY9 and 2JPZ.

*average of 6 NMR models

‘average of 10 NMR models

Yaverage of 10 NMR models

S6



S.4. Additional DEER data analyses
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Figure S5: Two-Gaussian fit of DEER distance distribution profiles generated by Tikhonov
regulation. Fitting was carried out following a reported approach (10-13), with the amplitude,
center position, and width of each Gaussian function varied; and a 2 metric calculated to
identify the best fit. Tables in insets show the resulting center distance (r) and percentage (%) for
each Gaussian, as well as the assignments of parallel (p.a.) or anti-parallel (a.t.) conformations.
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S.5. Interactions between compound | and R5 labeled hTel-22
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Figure S6: Molecular docking of compound 1 on PDB entries 143D (antiparallel GQ) and 1KF1
(parallel GQ) (14). The nucleotide G3 and its corresponding NASNOX predicted R5 rotamers
are shown in red, and G15 and its R5 rotamers are shown in blue. The black box indicates the
region where compound I and R5 rotamers on G3 may have crashed into each other.
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