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Probed by All-Atom Molecular Dynamics Simulations with Explicit Solvent
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Table S1. Summary of RHPS4 use in treating various cancers

Cell line Target Disease Reference
U251MG, U87MG, T67 and T70 Telomeric A
strocytoma 1
G-quadruplex
DAOY Telomeric Medulloblastoma 2
G-quadruplex
PFSK-1 CNS PNET Telomeric CNS primitive )
G-quadruplex neuroectodermal
U&7, KNS42 Telomeric Glioblastoma 2
G-quadruplex
Res196 Telomeric Ependymoma 2
G-quadruplex pendy
Telomeric .
Cé6 G-quadruplex Glioma 2
Telomeric
HCT116 Colorectal 3

G-quadruplex
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Figure S2. Initial structures of the simulation systems with unbound RHPS4: duplex DNA (A),
parallel quadruplex DNA (B, pdb 1KF1), antiparallel DNA quadruplex (C, pdb 143D) and hybrid
DNA quadruplex (D, 2HY9). 5° and 3’ are indicated by a red and blue ball, respectively.
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Figure S3. RMSD plot of each system: 1NZM (with complex, ligand alone and receptor alone
in red, green and blue, respectively) (A), duplex DNA (B), parallel quadruplex DNA (C), anti-

parallel quadruplex DNA (D), and hybrid quadruplex DNA (E).
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Figure S4. RMSD of duplex DNA system and RHPS4 of each trajectory
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Figure S5. RMSD of parallel DNA quadruplex system and RHPS4 of each trajectory
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Figure S6. RMSD of antiparallel DNA quadruplex system and RHPS4 of each trajectory
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Figure S7. RMSD of hybrid DNA quadruplex system and RHPS4 of each trajectory
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Figure S8. Contact number between duplex DNA system and RHPS4 of each trajectory
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Figure S9. Contact number between parallel DNA quadruplex system and RHPS4 of each

trajectory
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Figure $10. Contact number between antiparallel DNA quadruplex system and RHPS4 of each
trajectory
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Figure S11.

trajectory
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Figure S12. Representative structures of the most populated complex structure families
(population > 1 %) of human telomeric duplex DNA from the clustering analysis of the
combined binding trajectories. 5’ and 3’ are indicated by a red and blue ball, respectively.
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Figure S$13. Last snapshot of ten parallel G-quadruplex-RHPS4 simulations. 5, 3’ and K+ are
indicated by a red, blue and yellow ball, respectively.




Figure S14. Representative structures of the most populated complex structure families
(population > 1 %) of human telomeric parallel quadruplex DNA from the clustering analysis of
the combined binding trajectories. 5’ and 3’ are indicated by a red and blue ball, respectively.
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Figure S15. Last snapshot of ten anti-parallel G-quadruplex-RHPS4 simulations. 5’, 3’ and Na+
are indicated by a red, blue and yellow ball, respectively.




Figure S16. Representative structures of the most populated complex structure families
(population > 1 %) of human telomeric antiparallel quadruplex DNA from the clustering analysis
of the combined binding trajectories. 5’ and 3’ are indicated by a red and blue ball, respectively.
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Figure S17. Last snapshot of ten hybrid G-quadruplex-RHPS4 simulations. 5, 3’ and K+ are
indicated by a red, blue and yellow ball, respectively.




Figure S18. Representative structures of the most populated complex structure families
(population > 1 %) of human telomeric hybrid quadruplex DNA from the clustering analysis of
the combined binding trajectories. 5° and 3’ are indicated by a red and blue ball, respectively.
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Figure S19. A trajectory of RHPS4 intercalating to human telomeric duplex DNA with a broken
base pair. The order parameters include hydrogen bonds in first (red), second (blue) and third
(yellow) of duplex base paring layer (H-Bond), center-to-center distance (R), the drug-base
dihedral angle, ligand RMSD and MM-GBSA binding energy (AE). 5" and 3’ of the DNA chain

are indicated by a red and blue ball, respectively.
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Figure S20. A trajectory of RHPS4 intercalating to human telomeric duplex DNA with a broken
base pair. The order parameters include hydrogen bonds in first (red), second (blue) and third

(yellow) of duplex base paring layer (H-Bond), center-to-center distance (R), the drug-base

dihedral angle, ligand RMSD and MM-GBSA binding energy (AE). 5" and 3’ of the DNA chain

are indicated by a red an

d blue ball, respectively.
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Figure S21. A representative trajectory of RHPS4 binding to the top of human telomeric
parallel quadruplex DNA. The order parameter include hydrogen bonds present in first (red),
second (blue) and third (yellow) of G-tetrad layer of quadruplex (H-Bond), center-to-center
distance (R), the drug-base dihedral angle, ligand RMSD and MM-GBSA binding energy (AE).
5" and 3’ of the DNA chain are indicated by a red and blue ball, respectively.
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Figure S22. A representative trajectory of RHPS4 binding to the side loop of human telomeric
parallel DNA quadruplex. The order parameter include hydrogen bonds present in first (red),
second (blue) and third (yellow) of G-tetrad layer of quadruplex (H-Bond), center-to-center
distance (R), the drug-base dihedral angle, ligand RMSD and MM-GBSA binding energy (AE).
5" and 3’ of the DNA chain are indicated by a red and blue ball, respectively.
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Figure S23. A representative trajectory of RHPS4 binding to the bottom of human telomeric
antiparallel DNA quadruplex. The order parameter include hydrogen bonds present in first (red),
second (blue) and third (yellow) of G-tetrad layer of quadruplex (H-Bond), center-to-center
distance (R), the drug-base dihedral angle, ligand RMSD and MM-GBSA binding energy (AE).
5" and 3’ of the DNA chain are indicated by a red and blue ball, respectively.
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Figure S24. A representative trajectory of RHPS4 binding to the bottom of human telomeric
antiparallel DNA quadruplex. The order parameter include hydrogen bonds present in first (red),
second (blue) and third (yellow) of G-tetrad layer of quadruplex (H-Bond), center-to-center
distance (R), the drug-base dihedral angle, ligand RMSD and MM-GBSA binding energy (AE).
5" and 3’ of the DNA chain are indicated by a red and blue ball, respectively.
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Figure S25. A representative trajectory of RHPS4 binding to the side loop of human telomeric
antiparallel DNA quadruplex. The order parameter include hydrogen bonds present in first (red),
second (blue) and third (yellow) of G-tetrad layer of quadruplex (H-Bond), center-to-center
distance (R), the drug-base dihedral angle, ligand RMSD and MM-GBSA binding energy (AE).
5" and 3’ of the DNA chain are indicated by a red and blue ball, respectively.
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Figure S26. A representative trajectory of RHPS4 stacking to the top of human telomeric
hybrid DNA quadruplex. The order parameter include hydrogen bonds present in first (red),
second (blue) and third (yellow) of G-tetrad layer of quadruplex (H-Bond), center-to-center
distance (R), the drug-base dihedral angle, ligand RMSD and MM-GBSA binding energy (AE).
5" and 3’ of the DNA chain are indicated by a red and blue ball, respectively.
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Figure S27. A representative trajectory of RHPS4 binding to the side-groove of human
telomeric hybrid DNA quadruplex. Center-to-center distance (R), the drug-base dihedral angle,
ligand RMSD and MM-GBSA binding energy (AE). 5" and 3’ of the DNA chain are indicated by a
red and blue ball, respectively.
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Figure S28. AMBER GAFF2 force field of RHPS4 (+1) in Mol2 format.
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