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Figure 12.   A representative trajectory of the top stacking mode. Center-to-center 

distance (R), the drug-base dihedral angle, ligand RMSD and MM-GBSA binding energy 

(G). 5’ and 3’ of the DNA chain are indicated by a red and blue ball, respectively. 

 



42 
 

 

Figure 13.   A representative trajectory of the bottom stacking mode. Center-to-center 

distance (R), the drug-base dihedral angle, ligand RMSD and MM-GBSA binding energy 

(G). 5’ and 3’ of the DNA chain are indicated by a red and blue ball, respectively. 
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Figure 14.  A representative trajectory of the groove binding mode. Center-to-center 

distance (R), the drug-base dihedral angle, ligand RMSD and MM-GBSA binding energy 

(G). 5’ and 3’ of the DNA chain are indicated by a red and blue ball, respectively. 
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3.3 Results 

          3.3.1 Three drug binding modes were observed.  Starting from an unbound state 

(see the method section), ten simulation runs (1000 ns of each) were carried out. The 

convergence of the binding simulations was confirmed (see the method section).  At 1000 

ns, the ligand was bound to the G-quadruplex:  the ligand binded to the two ends of the 

quadruplex in seven runs (run 1-7, Figure S87) and binded to the groove/side of the 

quadruplex in the remaining three runs (run 8-10, Figure S87). The stable complexes, 

extracted from the ten trajectories (see the method section), were categorized into 

structural families based on a clustering analysis as described in the method section. By 

setting a threshold of 1% population, eight structural families of complexes were 

identified (Figure S88). These eight structural families were further merged into three 

binding modes: top stacking, bottom stacking and groove binding.  End stacking to the 

top of the quadruplex accounted for 16% of the total population, end binding to the 

bottom of the quadruplex accounted for 63% and groove binding made up 16% (Figure 

11).  In the top binding mode, telomestatin stacks on the top of the G-tetrad. This mode is 

similar to the binding pose of a telomestatin derivative, L2H, to the same telemetric G-

quadruplex in the NMR solved complex structure. In the bottom end stacking mode, 

telomestatin is sandwiched between a G-tetrad and G-triad.  In the groove binding mode, 

telomestatin inserts into the groove. Therefore, it is interesting that the latter two binding 

modes are the two additional modes for telomestatin, and that L2H is only able to access 

the first binding mode of telomestatin. The bottom binding mode is particularly 

interesting, because it is stable (63% of population) and G-quadruplex specific. The 

partial intercalation between G-tetrad and G-triad, increase its binding affinity to the G-
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quadruples. This mode differs from the ligand binding pose observed in existing G-

quadruplex-ligand complex structures.
[69, 79, 98-108]

 

          3.3.2 Bottom binding mode is the most stable mode of the three modes.  To 

examine the relative stability for the three binding modes observed, MMGBSA binding 

energy calculations were conducted on each complex (Table 3). Top stacking, which is 

the binding pose observed in the L2H NMR complex, displayed the lowest binding 

energy towards the quadruplex (-24.0±1.3 kcal/mol). Bottom stacking, on the other hand, 

displayed the highest total binding energy (-53.8±20.0 kcal/mol) making this binding 

pose the most favorable of the three. Telomestatin’s ability to intercalate in this bottom 

stacking pose may explain this (Figure 11C). The groove binding displayed the moderate 

total binding energy (-32.7±0.2 kcal/mol).  To decipher the binding nature, the binding 

energy was decomposed into van der Waal (VDW), hydrophobic interaction (SUR), and 

electrostatic interaction (GBELE). As expected, the bottom stacking pose exhibited the 

most favorable VDW (-77.5+26.7 kcal/mol), which is 38 kcal/mol more favorable than 

that of top stocking pose and 28 kcal/mol more favorable than that of Groove binding 

pose.  Although the bottom binding pose is ~8-10 kcal/mol less favorable than those of 

the other two binding poses, the total binding energy is much stronger than those of the 

other two binding modes.  

To characterize the binding pathway of the three modes, we calculated four order 

parameters as described in the method section. Here we show the data for a representative 

trajectory for each mode (Figure 12-14). For the bottom binding mode, the data for 

another trajectory is included in the Appendix (Figure S89).  
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 3.3.3 Top stacking of telomestatin displayed a similar binding pose to the 

L2H NMR complex. In the representative trajectory of the top stacking mode, 

telomestatin made initial interaction with the top of the telomeric quadruplex at about 21 

ns from the unbound state (Figure 12). From about 21-236 ns of the trajectory, 

telomestatin flips orientation and the quadruplex exhibits base flipping. The top binding 

system exhibits large fluctuations in each of the four order studies indicating that 

telomestatin binding to the top of the quadruplex is not as favorable as the bottom or 

groove. For example, MMGBSA calculations determined binding energy fluctuating 

between -10 and -35 kcal/mol (Figure 12). Because the binding pose fails to allow 

telomestatin to intercalate into the G-Quadruplex the binding affinity less favorable. 

Additionally, it is unclear where this system reaches a final steady state. 

 

 

Table 4 

MMGBSA Binding Energy of Telomestatin and L2H2 to G-Quadruplex DNA
[31-33, 72 109]

 

Ligands Binding Pose ΔVDW ΔSUR ΔGBELE ΔTOT ΔΔG TRAP IC50 IC50

Telomestatin Top Stacking -39.4±2.9 -3.1±0.3 18.5±2.0  -24.0±1.3 29.8

Telomestatin Bottom Stacking -77.5±26.7 -4.3±1.3 28.0±1.3 -53.8±20.0 0

Telomestatin Groove -49.2±0.5 -3.7±0.1 20.3±0.5  -32.7±.0.2 21.1

L2H (NMR) Top Stacking - - - - - 20 nM 7.4 µm

5 nM 0.5-4.0 µm

 

ΔVDW   Change of VDW energy in gas phase upon complex formation (Units: kcal/mol) 

ΔSUR    Change of energy due to surface area change upon complex formation (Units: kcal/mol) 

ΔGBELE   Change of GB reaction field energy + gas phase Elec. energy upon complex formation (Units: kcal/mol) 

ΔTOT = ΔVDW +ΔSUR + ΔGBELE Change of potential energy in water upon complex formation (Units: kcal/mol) 
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 3.3.4 Bottom stacking of telomestatin has the greatest percent population and 

strongest binding energy. Two representative trajectories for the bottom binding were 

analyzed, the result of one trajectory is shown here and the other trajectory is included in 

the appendix (Figure S89). In this representative trajectory, telomestatin made the initial 

interaction with the bottom of the telomeric quadruplex at about 53 ns (Figure 13). 

Interestingly, a deep intercalation of telomestatin can be seen at 133 ns. How does this 

intercalation occur? By watching the trajectory, we discovered that the initial contact 

with the G-quadruplex is concurrent with the flipping out of the bases and welcome 

telomestatin into the quadruplex. As a result, the ligand is sandwiched between the 

bottom layers of the quadruplex. We name this interaction mechanism as “flip-

intercalation” (Figure S90).  We compared this entrance mechanism to an additional 

bottom stacking trajectory and found that telomestatin intercalates in a different manner 

(Figure S91).  In this system, the ligand enters the quadruplex from the loop closest to the 

N-terminal where the short loop allows for easy insertion. Clearly, this intercalation is 

responsible for the high affinity of the bottom stacking mode of the telomestatin-

quadruplex complex.  

In this trajectory, the intercalation completed within the 450 ns and the ligand 

stayed there in the remaining time.  In the other trajectory (Figure S89), telomestatin 

completed intercalation within the first 50 ns and stayed there for the remaining 950 ns. 

Both trajectories support that the bottom stacking mode is indeed the most favorable of 

the three binding modes seen in the telomestatin-quadruplex systems. 
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 3.3.5 Groove binding of telomestatin provides additional support for the 

selectivity of this ligand to G-quadruplex DNA. In the representative trajectory of the 

groove binding mode, telomestatin made initial contact with the telomeric quadruplex at 

19 ns (Figure 14). After about 51 ns the ligand settles in its final pose. Additionally, this 

system reaches a steady state after about 200 ns, with minor fluctuations throughout the 

remainder of the trajectory.  The terminal MMGBSA binding energy is ~20 kcal/mol, 

which is much lower than ~75 kcal/mol of the bottom binding mode.   
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3.4 Discussion 

Interest in G-quadruplex DNA as a promising target for future cancer therapeutics 

has increased after it was recently discovered that quadruplex existence is greater in 

malignant tumors than in normal tissues.
[110] 

Telomestatin is a natural product that has 

been gaining interest as a potential quadruplex stabilizer (Figure 10B). It’s planar shape 

allows it to create pi-pi stacking with the quaduplex, increasing its affinity towards the 

target.
79

 More importantly, telomestatin’s macrocyclic scaffold hinders its ability to bind 

into a duplex intercalation, and in turn it exhibits low DNA duplex affinity.  However, the 

lack of efficient and systematic synthetic routes along with some of telomestatin 

molecular limits
[111,112]

 (high hydrophobicity and low solubility) has prevented this family 

of inhibitors from reaching to the market. To address the issues, multiple total 

syntheses
[111,112] 

were developed to obtain telomestatin and  its analogues.
[78, 113] 

Among 

these attempts, Rzuczk et al have recently developed a telomestatin derivative L2H 

containing two alky amine sidechains and six oxazole rings.  The solubility of L2H was 

greatly increased as the two charge sidechains added. Yet, the biological activities of 

L2H were slightly reduced (Table 4):  a) Whereas telomestatin has an IC50 (Inhibition 

Concentration at 50% activity) value of 0.5-4.0 µM in various cancer cell lines
[76-78, 114]

, 

L2H have IC50 of 7.4 µM.
[109] 

b) Whereas telomestatin has TRAP IC50 of 5 nM
[72]

 , L2H 

has TRAP IC50: 20 nM
[109]

 (TRAP: The telomere repeat amplification protocol for the 

human reverse transcriptase, telomerase, that is used for determination of telomerase 

activity).  This reduction is expected, because the side chain charge is supposed to 

increase the binding affinity of L2H to the DNA G-quadruplex backbone and thus 

improve the potency of L2H.  To understand why, high resolution structures of both 
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telomestatin and L2H in complex with a telomeric G-quadruplex are a must. Although 

the NMR structure of L2H in complex with a human telomeric G-quadruplex have been 

solved by Wan et al in 2013, a high resolution structure of telomestatin with a G-

quadruplex is not yet obtained probably due to its low solubility.
[79] 

In this study, we 

utilized molecular dynamics simulations and MMGBSA binding energy calculations to 

provide a thorough analysis of the binding of telomestatin to a telomeric G-qaudruplex 

DNA. By comparing with the NMR structure, we want to tackle the mentioned question.  

   In the NMR study
[79]

, only one binding mode was observed, in which  L2H binds 

to the top of the quadruplex in a stacking manor. In contrast, in our simulations we 

observed that telomestatin binds in three modes to the same telomeric G-quadruplex 

structure: Top end stacking (13% total population), bottom end stacking (63% total 

population), and in the front groove (16% total population). The top end stacking mode 

most closely resembles the L2H binding pose seen in the NMR structure. On one hand, 

sharing this common binding mode might explain why both L2H and telomestatin can 

stabilize the telomeric G-quadruplex, inhibit the telomerase, and restrict cancer cell 

growth. On the other hand, lack of two additional binding modes, in particular the 

intercalative mode in the bottom of the G-quadruplex, might be the reason L2H is less 

potent than telomestatin.  Therefore, although the addition of two positively charged alkyl 

amine side chains on two of the six oxazole rings was successful in improving the 

solubility of the compound, this addition actually prevents the ligand from adopting the 

intercalation mode,  thus reducing the potency of the compound. For example, the NMR 

structure of L2H shows the compound  laying on residues G21, G17, G9 and G3. The 

residues above the compound, T19 and T2, are unable to close in on L2H. The large 
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Appendix A 

A Mechanical Study of Anti-Cancer Drug Resistance Caused by 10 Topoisomerase I 

Mutations, Including 7 Camptothecin Analogs and Lucanthone 

 

Table S1. Decomposition of MM-GBSA binding energies (kcal/mol) for SN-38.  

Target ∆ Conformation ∆ GBELE ∆ Hydrophobic ∆ VDW ∆ Sum ∆∆ Conformation ∆∆ GBELE ∆∆ Hydrophobic ∆∆ VDW ∆∆ Sum

1K4T 4.0 8.4 -24.4 -89.2 -101.1 - - - - -

G363C 2.2 8.6 -15.9 -75.5 -80.5 -1.9 0.2 8.5 13.7 20.5

G717V 2.5 13.4 -16.3 -76.8 -77.3 -1.5 4.9 8.1 12.4 23.8

N722A 2.9 14.4 -15.9 -74.6 -73.2 -1.1 6.0 8.5 14.6 27.9

N722S 2.9 14.4 -15.9 -74.6 -73.2 -1.1 6.0 8.5 14.6 27.9

R364H 3.0 3.1 -16.7 -75.0 -85.6 -1.0 -5.3 7.7 14.2 15.5

G503S 2.4 16.5 -15.5 -80.4 -77.0 -1.6 8.1 8.8 8.8 24.1

D533N 2.9 14.9 -15.3 -77.7 -75.3 -1.2 6.5 9.1 11.4 25.8

F361S 2.3 5.7 -23.0 -55.2 -70.3 3.8 -2.8 1.4 34.0 30.8

T729A 6.9 6.8 -15.6 -75.4 -77.3 2.6 -1.7 8.8 13.8 23.7

D533G 14.7 24.3 -13.5 -61.9 -36.4 -4.0 15.8 10.9 27.3 64.7 ∆G 

= ∆Conformation + ∆GBELE + ∆Hydrophobic + ∆VDW, GBELE= 

GB+Coulom+Hbond, Hydrophobic=LIPO,  VDW= VDW+Pi stacking +self-contact 

correction. ∆∆G = ∆G_Mutant - ∆G_Wildtype 

 

Table S2. Decomposition of MM-GBSA binding energies (kcal/mol) for Topotecan.  

Target ∆ Conformation ∆ GBELE ∆ Hydrophobic ∆ VDW ∆ Sum ∆∆ Conformation ∆∆ GBELE ∆∆ Hydrophobic ∆∆ VDW ∆∆ Sum

1K4T 4.0 0.4 -25.8 -83.8 -105.2 - - - - -

G363C 3.6 3.7 -16.2 -81.0 -89.8 -0.4 3.3 9.6 2.8 15.4

G717V 3.8 4.1 -16.0 -83.2 -91.3 -0.3 3.7 9.8 0.6 13.9

N722A 4.2 10.6 -16.7 -78.9 -80.9 0.2 10.2 9.1 4.9 24.3

N722S 4.2 10.6 -16.7 -78.9 -80.9 0.2 10.2 9.1 4.9 24.3

R364H 4.3 -1.8 -17.0 -80.9 -95.4 0.3 -2.2 8.8 2.9 9.8

G503S 5.7 -1.5 -12.7 -76.9 -85.5 1.6 -1.9 13.1 6.9 19.7

D533N 3.1 18.8 -16.7 -83.6 -78.5 -1.0 18.4 9.1 0.2 26.7

F361S 5.0 -2.8 -12.8 -79.4 -89.9 0.9 -3.2 13.1 4.4 15.3

T729A 5.5 -0.7 -12.6 -78.5 -86.3 1.4 -1.1 13.2 5.3 18.9

D533G 4.7 1.0 -13.6 -77.1 -85.1 0.6 0.6 12.2 6.7 20.1 ∆G 

= ∆Conformation + ∆GBELE + ∆Hydrophobic + ∆VDW, GBELE= 

GB+Coulom+Hbond, Hydrophobic=LIPO,  VDW= VDW+Pi stacking +self-contact 

correction. ∆∆G = ∆G_Mutant - ∆G_Wildtype 
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Table S3.  Decomposition of MM-GBSA binding energies (kcal/mol) for Camptothecin.  

Target ∆ Conformation ∆ GBELE ∆ Hydrophobic ∆ VDW ∆ Sum ∆∆ Conformation ∆∆ GBELE ∆∆ Hydrophobic ∆∆ VDW ∆∆ Sum

1K4T 3.3 12.6 -22.8 -86.1 -93.1 - - - - -

G363C 1.3 13.6 -15.7 -76.7 -77.5 -2.0 1.0 7.1 9.4 15.5
G717V 1.0 16.6 -16.0 -77.7 -76.1 -2.3 4.0 6.8 8.4 17.0

N722A 2.0 18.7 -15.9 -76.0 -71.2 -1.3 6.1 7.0 10.1 21.8
N722S 2.0 18.7 -15.9 -76.0 -71.2 -1.3 6.1 7.0 10.1 21.8
R364H 1.9 6.2 -16.5 -75.6 -83.9 -1.4 -6.4 6.4 10.5 9.1

G503S 0.8 11.7 -15.2 -79.2 -81.9 -2.5 -0.9 7.6 6.9 11.1

D533N 1.3 14.5 -15.2 -77.0 -76.3 -2.0 1.9 7.7 9.2 16.7

F361S 6.8 15.8 -11.4 -65.3 -54.2 3.5 3.2 11.4 20.8 38.8

T729A 0.1 11.1 -15.3 -78.2 -82.3 -3.2 -1.5 7.5 7.9 10.7

D533G 6.9 10.7 -11.5 -69.9 -63.7 3.6 -1.9 11.4 16.2 29.3 ∆G = 

∆Conformation + ∆GBELE + ∆Hydrophobic + ∆VDW, GBELE= GB+Coulom+Hbond, 

Hydrophobic=LIPO,  VDW= VDW+Pi stacking +self-contact correction. ∆∆G = 

∆G_Mutant - ∆G_Wildtype 

 

Table S4. Decomposition of MM-GBSA binding energies (kcal/mol) for Exatecan.  

Target ∆ Conformation ∆ GBELE ∆ Hydrophobic ∆ VDW ∆ Sum ∆∆ Conformation ∆∆ GBELE ∆∆ Hydrophobic ∆∆ VDW ∆∆ Sum

1K4T 3.2 23.8 -33.0 -66.9 -72.9 - - - - -

G363C 6.0 38.9 -19.1 -65.1 -39.3 2.8 15.1 13.9 1.9 33.6

G717V 4.9 40.8 -19.4 -62.1 -35.8 1.7 17.0 13.6 4.9 37.1

N722A 7.3 44.6 -19.6 -64.2 -31.9 4.1 20.8 13.4 2.7 41.0

N722S 7.3 44.6 -19.6 -64.2 -31.9 4.1 20.8 13.4 2.7 41.0

R364H 10.6 42.0 -19.6 -52.6 -19.6 7.4 18.2 13.4 14.3 53.4

G503S 7.8 32.9 -18.7 -59.9 -38.0 4.6 9.1 15.7 7.0 35.0

D533N 3.0 39.7 -13.4 -62.2 -33.0 -0.2 15.9 21.1 4.7 40.0

F361S 5.7 15.9 -30.2 -45.5 -54.2 2.6 -7.9 12.1 21.4 18.8

T729A 4.2 35.9 -24.3 -71.7 -55.8 1.0 12.2 -1.7 -4.8 17.1

D533G 0.5 33.2 -22.2 -73.7 -62.2 -2.7 9.4 -1.8 -6.8 10.7 ∆G 

= ∆Conformation + ∆GBELE + ∆Hydrophobic + ∆VDW, GBELE= 

GB+Coulom+Hbond, Hydrophobic=LIPO,  VDW= VDW+Pi stacking +self-contact 

correction. ∆∆G = ∆G_Mutant - ∆G_Wildtype 

 

Table S5. Decomposition of MM-GBSA binding energies (kcal/mol) for Gimatecan.  

Target ∆ Conformation ∆ GBELE ∆ Hydrophobic ∆ VDW ∆ Sum ∆∆ Conformation ∆∆ GBELE ∆∆ Hydrophobic ∆∆ VDW ∆∆ Sum

1K4T 6.0 22.6 -34.3 -84.2 -89.8 - - - - -

G363C 6.9 36.1 -24.6 -75.8 -57.5 0.8 13.4 9.7 8.3 32.3

G717V 7.5 35.8 -25.0 -77.0 -58.7 1.4 13.2 9.3 7.2 31.1

N722A 6.0 36.4 -25.6 -74.6 -57.7 0.0 13.8 8.6 9.6 32.0

N722S 6.0 36.4 -25.6 -74.6 -57.7 0.0 13.8 8.6 9.6 32.0

R364H 5.8 24.4 -26.1 -75.7 -71.7 -0.3 1.7 8.2 8.5 18.1

G503S 2.3 34.2 -24.7 -79.8 -68.0 -3.7 11.6 9.6 4.4 21.8

D533N 6.0 40.6 -14.4 -71.6 -39.4 0.0 18.0 19.9 12.6 50.4

F361S 3.6 14.2 -33.0 -60.9 -76.0 -2.4 -8.4 1.3 23.3 13.8

T729A 7.5 36.7 -25.6 -74.8 -56.1 1.5 14.1 8.7 9.4 33.7

D533G 6.5 39.9 -14.9 -71.2 -39.7 0.4 17.2 19.4 13.0 50.1  

∆G = ∆Conformation + ∆GBELE + ∆Hydrophobic + ∆VDW, GBELE= 

GB+Coulom+Hbond, Hydrophobic=LIPO,  VDW= VDW+Pi stacking +self-contact 

correction. ∆∆G = ∆G_Mutant - ∆G_Wildtype 
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Table S6. Decomposition of MM-GBSA binding energies (kcal/mol) for Belotecan.  

Target ∆ Conformation ∆ GBELE ∆ Hydrophobic ∆ VDW ∆ Sum ∆∆ Conformation ∆∆ GBELE ∆∆ Hydrophobic ∆∆ VDW ∆∆ Sum

1K4T 3.6 13.7 -32.6 -84.7 -100.0 - - - - -

G363C 12.7 25.1 -21.6 -70.4 -54.2 9.2 11.4 11.0 14.2 45.8

G717V 3.9 28.9 -23.6 -73.2 -64.0 0.3 15.2 9.0 11.5 36.0

N722A -4.6 28.1 -21.5 -71.0 -69.0 -8.2 14.4 11.1 13.7 31.0

N722S -4.6 28.1 -21.5 -71.0 -69.0 -8.2 14.4 11.1 13.7 31.0

R364H 4.8 13.0 -23.2 -66.6 -72.0 1.2 -0.7 9.4 18.1 28.0

G503S 9.3 22.4 -13.5 -68.5 -50.3 5.7 8.7 19.1 16.2 49.7

D533N 3.4 38.1 -23.6 -70.2 -52.2 -0.2 24.4 9.0 14.5 47.8

F361S 5.8 13.6 -30.3 -57.9 -68.7 2.2 0.0 2.3 26.8 31.3

T729A 8.9 26.0 -23.8 -66.7 -55.6 5.3 12.3 8.8 18.0 44.4

D533G 2.5 30.5 -21.7 -67.5 -56.2 -1.0 16.8 10.9 17.1 43.8 ∆G 

= ∆Conformation + ∆GBELE + ∆Hydrophobic + ∆VDW, GBELE= 

GB+Coulom+Hbond, Hydrophobic=LIPO,  VDW= VDW+Pi stacking +self-contact 

correction. ∆∆G = ∆G_Mutant - ∆G_Wildtype 

 

Table S7. Decomposition of MM-GBSA binding energies (kcal/mol) for Lucanthone.  

Target ∆ Conformation ∆ GBELE ∆ Hydrophobic ∆ VDW ∆ Sum ∆∆ Conformation ∆∆ GBELE ∆∆ Hydrophobic ∆∆ VDW ∆∆ Sum

1K4T 2.7 14.8 -24.3 -64.9 -71.7 - - - - -

G363C 9.1 20.1 -25.1 -56.9 -52.8 6.4 5.4 -0.8 8.0 18.9

G717V 3.3 15.9 -20.6 -60.0 -61.4 0.6 1.1 3.8 4.9 10.3

N722A 4.5 27.2 -15.5 -63.5 -47.3 1.7 12.4 8.8 1.4 24.4

N722S 4.5 27.2 -15.5 -63.5 -47.3 1.7 12.4 8.8 1.4 24.4

R364H 6.2 5.2 -18.9 -51.0 -58.5 3.4 -9.6 5.5 13.9 13.2

G503S 0.4 22.5 -17.4 -61.3 -55.9 -2.4 7.7 7.0 3.6 15.9

D533N -0.3 25.8 -11.9 -61.5 -47.8 -3.0 11.1 12.5 3.4 24.0

F361 2.7 25.9 -13.2 -61.7 -46.3 0.0 11.1 11.2 3.2 25.5

T729A 2.2 19.2 -12.9 -65.0 -56.5 -0.5 4.4 11.4 -0.1 15.2

D533G 2.4 24.2 -14.7 -63.8 -51.9 -0.4 9.4 9.6 1.1 19.8 ∆G 

= ∆Conformation + ∆GBELE + ∆Hydrophobic + ∆VDW, GBELE= 

GB+Coulom+Hbond, Hydrophobic=LIPO,  VDW= VDW+Pi stacking +self-contact 

correction. ∆∆G = ∆G_Mutant - ∆G_Wildtype 

 

Table S8. Decomposition of MM-GBSA binding energies (kcal/mol) for Lurtotecan.  

Target ∆ Conformation ∆ GBELE ∆ Hydrophobic ∆ VDW ∆ Sum ∆∆ Conformation ∆∆ GBELE ∆∆ Hydrophobic ∆∆ VDW ∆∆ Sum

1K4T 13.0 -25.3 -21.1 -49.9 -83.4 - - - - -

G363C 16.0 -17.5 -21.0 -46.2 -68.8 3.0 7.8 0.1 3.7 14.6

G717V 23.8 -17.2 -21.5 -50.2 -65.1 10.9 8.1 -0.3 -0.3 18.3

N722A 26.4 -12.1 -20.5 -46.1 -52.3 13.4 13.2 0.6 3.9 31.1

N722S 26.4 -12.1 -20.5 -46.1 -52.3 13.4 13.2 0.6 3.9 31.1

R364H 39.4 -4.2 -22.5 -63.1 -50.4 26.4 21.0 -1.4 -13.1 32.9

G503S 26.0 -19.7 -21.5 -35.7 -50.8 13.1 5.6 -0.3 14.2 32.5

D533N 21.6 -17.3 -21.8 -37.5 -55.1 8.7 7.9 -0.7 12.4 28.3

F361S 26.5 -19.5 -21.5 -35.3 -49.8 13.6 5.7 -0.4 14.6 33.5

T729A 14.5 -13.1 -21.2 -51.4 -71.2 1.5 12.2 0.0 -1.4 12.2

D533G 20.6 -16.6 -22.3 -40.0 -58.3 7.6 8.7 -1.1 9.9 25.1 ∆G = 

∆Conformation + ∆GBELE + ∆Hydrophobic + ∆VDW, GBELE= GB+Coulom+Hbond, 

Hydrophobic=LIPO,  VDW= VDW+Pi stacking +self-contact correction. ∆∆G = 

∆G_Mutant - ∆G_Wildtype 
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Table S9. Interacting residues on WT with ligands 

 

*The distance cutoff between a ligand and contacting residues/water molecules is 5Å. 

 

 

 

 

 

 

 

Camptothecin Topotecan LE-SN38 Lurotecan Exatecan Irinotecan Belotecan Luanthone Gimatecan %

H20 H20 H20 H20 H20 H20 H20 77.8

DT9 DT9 DT9 33.3

DT10 DT10 DT10 DT10 DT10 DT10 DT10 DT10 DT10 100.0

DG12 DG12 DG12 DG12 DG12 DG12 DG12 DG12 DG12 100.0

DC111 DC111 DC111 33.3

DC112 DC112 DC112 DC112 DC112 DC112 DC112 DC112 DC112 100.0

DA113 DA113 DA113 DA113 DA113 DA113 DA113 DA113 DA113 100.0

DA114 DA114 DA114 DA114 DA114 DA114 DA114 DA114 88.9

TGP11 TGP11 TGP11 TGP11 TGP11 TGP11 TGP11 TGP11 TGP11 100.0

ALA351 ALA351 ALA351 ALA351 44.4

ASPN352 ASN352 ASN352 ASN352 ASN352 ASN352 ASN352 ASN352 ASN352 100.0

LYS354 LYS354 22.2

ILE355 11.1

GLU356 GLU356 GLU356 GLU356 GLU356 GLU356 GLU356 GLU356 GLU356 100.0

ARG364 ARG364 ARG364 ARG364 ARG364 ARG364 ARG364 ARG364 ARG364 100.0

LYS374 LYS374 22.2

ILE377 11.1

TRP416 11.1

LYS425 LYS425 LYS425 33.3

TYR426 TYR426 TYR426 33.3

ILE427 ILE427 ILE427 ILE427 44.4

MET428 MET428 MET428 MET428 44.4

LEU429 11.1

ASN430 11.1

PRO431 11.1

LYS436 11.1

ARG488 ARG488 ARG488 33.3

LYS532 LYS532 LYS532 LYS532 LYS532 LYS532 LYS532 LYS532 LYS532 100.0

ASP533 ASP533 ASP533 ASP533 ASP533 ASP533 ASP533 ASP533 ASP533 100.0

ILE535 ILE535 ILE535 ILE535 ILE535 ILE535 ILE535 ILE535 88.9

ASN631 11.1

HID632 HID632 HID632 33.3

GLN633 11.1

ALA715 11.1

THR718 THR718 THR718 THR718 THR718 THR718 THR718 THR718 THR718 100.0

ASN722 ASN722 ASN722 ASN722 ASN722 ASN722 ASN722 ASN722 ASN722 100.0

PTR723 PTR723 PTR723 PTR723 PTR723 PTR723 PTR723 PTR723 PTR723 100.0
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Table S10. Interacting residues on D533G with ligands. The highlighted row indicates the 

mutated residue is present within 5Åof the ligand. 

 

*The distance cutoff between a ligand and contacting residues/water molecules is 5Å. 

 

 

 

 

 

 

 

Camptothecin Topotecan LE-SN38 Lurotecan Exatecan Irinotecan Belotecan Luanthone Gimatecan %

H20 H20 H20 H20 H20 H20 H20 77.8

DT9 DT9 DT9 DT9 44.4

DT10 DT10 DT10 DT10 DT10 DT10 DT10 DT10 DT10 100.0

DG12 DG12 DG12 DG12 DG12 DG12 DG12 DG12 DG12 100.0

DA13 11.1

DC112 DC112 DC112 DC112 DC112 DC112 DC112 DC112 DC112 100.0

DA113 DA113 DA113 DA113 DA113 DA113 DA113 DA113 DA113 100.0

DA114 DA114 DA114 DA114 DA114 DA114 DA114 DA114 88.9

TGP11 TGP11 TGP11 TGP11 TGP11 TGP11 TGP11 TGP11 TGP11 100.0

ILE350 11.1

ALA351 ALA351 ALA351 33.3

ASN352 ASN352 ASN352 ASN352 ASN352 ASN352 ASN352 ASN352 ASN352 100.0

ILE355 11.1

GLU356 GLU356 GLU356 GLU356 GLU356 GLU356 GLU356 GLU356 88.9

ARG364 ARG364 ARG364 ARG364 ARG364 ARG364 ARG364 ARG364 ARG364 100.0

LYS374 LYS374 22.2

TRP416 TRP416 TRP416 TRP416 44.4

LYS425 LYS425 LYS425 LYS425 LYS425 55.6

TYR426 TYR426 TYR426 TYR426 TYR426 55.6

ILE427 ILE427 ILE427 33.3

MET428 MET428 MET428 33.3

LEU429 LEU429 22.2

ASN430 11.1

PRO431 11.1

LYS436 LYS436 22.2

ARG488 ARG488 ARG488 ARG488 ARG488 ARG488 ARG488 ARG488 88.9

LYS532 LYS532 LYS532 LYS532 LYS532 LYS532 LYS532 LYS532 LYS532 100.0

GLY533 GLY533 GLY533 GLY533 GLY533 GLY533 GLY533 GLY533 GLY533 100.0

ILE535 ILE535 ILE535 ILE535 ILE535 ILE535 ILE535 ILE535 100.0

HIS632 11.1

THR718 THR718 THR718 THR718 THR718 THR718 THR718 THR718 88.9

ASN722 ASN722 ASN722 ASN722 ASN722 ASN722 ASN722 ASN722 ASN722 100.0

PTR723 PTR723 PTR723 PTR723 PTR723 PTR723 PTR723 PTR723 PTR723 100.0
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Table S11. Interacting residues on D533N with ligands. The highlighted row indicates the 

mutated residue is present within 5Åof the ligand. 

 

*The distance cutoff between a ligand and contacting residues/water molecules is 5Å. 

 

 

 

 

 

 

 

Camptothecin Topotecan LE-SN38 Lurotecan Exatecan Irinotecan Belotecan Luanthone Gimatecan %

H20 H20 H20 H20 H20 H20 H20 77.8

DT9 DT9 DT9 DT9 44.4

DT10 DT10 DT10 DT10 DT10 DT10 DT10 DT10 DT10 100.0

DG12 DG12 DG12 DG12 DG12 DG12 DG12 DG12 DG12 100.0

DA13 11.1

DC112 DC112 DC112 DC112 DC112 DC112 DC112 DC112 DC112 100.0

DA113 DA113 DA113 DA113 DA113 DA113 DA113 DA113 DA113 100.0

DA114 DA114 DA114 DA114 DA114 DA114 66.7

TGP11 TGP11 TGP11 TGP11 TGP11 TGP11 TGP11 TGP11 TGP11 100.0

ILE350 11.1

ALA351 ALA351 ALA351 33.3

ASN352 ASN352 ASN352 ASN352 ASN352 ASN352 ASN352 ASN352 ASN352 100.0

LYS354 11.1

ILE355 11.1

GLU356 GLU356 GLU356 GLU356 GLU356 GLU356 GLU356 GLU356 88.9

ARG364 ARG364 ARG364 ARG364 ARG364 ARG364 ARG364 ARG364 ARG364 100.0

LYS374 11.1

TRP416 TRP416 TRP416 TRP416 44.4

LYS425 LYS425 LYS425 LYS425 LYS425 LYS425 66.7

TYR426 TYR426 TYR426 TYR426 TYR426 TYR426 66.7

ILE427 ILE427 22.2

MET428 MET428 MET428 33.3

LEU429 LEU429 22.2

ASN430 11.1

PRO431 11.1

LYS436 LYS436 22.2

ARG488 ARG488 ARG488 ARG488 ARG488 55.6

LYS532 LYS532 LYS532 LYS532 LYS532 LYS532 LYS532 LYS532 LYS532 100.0

ASN533 ASN533 ASN533 ASN533 ASN533 ASN533 ASN533 ASN533 ASN533 100.0

ILE535 ILE535 ILE535 ILE535 ILE535 ILE535 ILE535 ILE535 88.9

HIS632 11.1

THR718 THR718 THR718 THR718 THR718 THR718 THR718 THR718 THR718 100.0

LEU721 LEU721 22.2

ASN722 ASN722 ASN722 ASN722 ASN722 ASN722 ASN722 ASN722 ASN722 100.0

PTR723 PTR723 PTR723 PTR723 PTR723 PTR723 PTR723 PTR723 PTR723 100.0
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Table S12. Interacting residues on F361S with ligands 

 

*The distance cutoff between a ligand and contacting residues/water molecules is 5Å. 

 

 

 

 

 

 

Camptothecin Topotecan LE-SN38 Lurotecan Exatecan Irinotecan Belotecan Luanthone Gimatecan %

H20 H20 H20 H20 H20 H20 66.7

DT9 DT9 DT9 DT9 44.4

DT10 DT10 DT10 DT10 DT10 DT10 DT10 DT10 DT10 100.0

DG12 DG12 DG12 DG12 DG12 DG12 DG12 DG12 DG12 100.0

DA13 11.1

DA14 11.1

DA15 11.1

DT110 11.1

DC112 DC112 DC112 DC112 DC112 DC112 DC112 DC112 DC112 100.0

DA113 DA113 DA113 DA113 DA113 DA113 DA113 DA113 DA113 100.0

DA114 DA114 DA114 DA114 DA114 DA114 DA114 77.8

TGP11 TGP11 TGP11 TGP11 TGP11 TGP11 TGP11 TGP11 TGP11 100.0

MET263 11.1

HIS266 11.1

TYR268 11.1

ALA351 ALA351 22.2

ASN352 ASN352 ASN352 ASN352 ASN352 ASN352 ASN352 ASN352 88.9

LYS354 11.1

GLU356 GLU356 GLU356 GLU356 GLU356 GLU356 GLU356 GLU356 88.9

GLY363 11.1

ARG364 ARG364 ARG364 ARG364 ARG364 ARG364 ARG364 ARG364 ARG364 100.0

LYS374 11.1

TRP416 TRP416 22.2

LYS425 LYS425 LYS425 LYS425 LYS425 55.6

TYR426 TYR426 TYR426 TYR426 44.4

ILE427 11.1

MET428 MET428 22.2

LEU429 11.1

ASN430 11.1

PRO431 11.1

LYS436 11.1

ARG488 ARG488 ARG488 ARG488 ARG488 ARG488 ARG488 88.9

LYS532 LYS532 LYS532 LYS532 LYS532 LYS532 LYS532 LYS532 LYS532 100.0

ASP533 ASP533 ASP533 ASP533 ASP533 ASP533 ASP533 ASP533 ASP533 100.0

ILE535 ILE535 ILE535 ILE535 ILE535 ILE535 ILE535 ILE535 ILE535 100.0

HIS632 HIS632 22.2

GLN633 GLN633 22.2

ARG634 11.1

ALA635 11.1

ALA715 11.1

THR718 THR718 THR718 THR718 THR718 THR718 THR718 THR718 THR718 100.0

ASN722 ASN722 ASN722 ASN722 ASN722 ASN722 ASN722 ASN722 ASN722 100.0

PTR723 PTR723 PTR723 PTR723 PTR723 PTR723 PTR723 PTR723 PTR723 100.0
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Table S13. Interacting residues on G363C with ligands 

 

*The distance cutoff between a ligand and contacting residues/water molecules is 5Å. 

 

 

 

 

 

Camptothecin Topotecan LE-SN38 Lurotecan Exatecan Irinotecan Belotecan Luanthone Gimatecan %

H20 H20 H20 H20 H20 H20 H20 77.8

DT9 DT9 22.2

DT10 DT10 DT10 DT10 DT10 DT10 DT10 DT10 DT10 100.0

DG12 DG12 DG12 DG12 DG12 DG12 DG12 DG12 DG12 100.0

DC111 11.1

DC112 DC112 DC112 DC112 DC112 DC112 DC112 DC112 DC112 100.0

DA113 DA113 DA113 DA113 DA113 DA113 DA113 DA113 DA113 100.0

DA114 DA114 DA114 DA114 DA114 DA114 66.7

TGP11 TGP11 TGP11 TGP11 TGP11 TGP11 TGP11 TGP11 TGP11 100.0

ALA351 ALA351 22.2

ASN352 ASN352 ASN352 ASN352 ASN352 ASN352 ASN352 ASN352 ASN352 100.0

LYS354 11.1

ILE355 11.1

GLU356 GLU356 GLU356 GLU356 GLU356 GLU356 GLU356 GLU356 88.9

PHE361 11.1

ARG364 ARG364 ARG364 ARG364 ARG364 ARG364 ARG364 ARG364 ARG364 100.0

LYS374 11.1

ARG375 11.1

ILE377 11.1

TRP416 TRP416 TRP416 33.3

THR417 11.1

GLU418 11.1

ILE420 11.1

LYS425 LYS425 LYS425 LYS425 LYS425 LYS425 66.7

TYR426 TYR426 TYR426 TYR426 TYR426 55.6

ILE427 ILE427 22.2

MET428 MET428 22.2

LEU429 11.1

ASN430 11.1

PRO431 11.1

LYS436 11.1

ARG488 ARG488 ARG488 ARG488 ARG488 ARG488 ARG488 77.8

LYS532 LYS532 LYS532 LYS532 LYS532 LYS532 LYS532 LYS532 LYS532 100.0

ASP533 ASP533 ASP533 ASP533 ASP533 ASP533 ASP533 ASP533 ASP533 100.0

ILE535 ILE535 ILE535 ILE535 ILE535 ILE535 ILE535 ILE535 88.9

ASN631 11.1

HIS632 HIS632 HIS632 33.3

GLN633 11.1

ARG634 11.1

THR718 THR718 THR718 THR718 THR718 THR718 THR718 THR718 THR718 100.0

ASN722 ASN722 ASN722 ASN722 ASN722 ASN722 ASN722 ASN722 ASN722 100.0

PTR723 PTR723 PTR723 PTR723 PTR723 PTR723 PTR723 PTR723 PTR723 100.0
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Table S14. Interacting residues on G503S with ligands 

 

*The distance cutoff between a ligand and contacting residues/water molecules is 5Å. 

 

 

 

 

  

Camptothecin Topotecan LE-SN38 Lurotecan Exatecan Irinotecan Belotecan Luanthone Gimatecan %

H20 H20 H20 H20 H20 H20 66.7

DT9 DT9 22.2

DT10 DT10 DT10 DT10 DT10 DT10 DT10 DT10 DT10 100.0

DG12 DG12 DG12 DG12 DG12 DG12 DG12 DG12 DG12 100.0

DA13 11.1

DA14 11.1

DA15 11.1

DC111 11.1

DC112 DC112 DC112 DC112 DC112 DC112 DC112 DC112 DC112 100.0

DA113 DA113 DA113 DA113 DA113 DA113 DA113 DA113 DA113 100.0

DA114 DA114 DA114 DA114 DA114 DA114 66.7

TGP11 TGP11 TGP11 TGP11 TGP11 TGP11 TGP11 TGP11 TGP11 100.0

TYR268 11.1

HIS266 11.1

ALA351 ALA351 22.2

ASN352 ASN352 ASN352 ASN352 ASN352 ASN352 ASN352 ASN352 88.9

LYS354 LYS354 22.2

GLU356 GLU356 GLU356 GLU356 GLU356 GLU356 GLU356 77.8

ARG362 11.1

ARG364 ARG364 ARG364 ARG364 ARG364 ARG364 ARG364 ARG364 ARG364 100.0

LYS374 11.1

TRP416 11.1

LYS425 LYS425 LYS425 LYS425 LYS425 55.6

TYR426 TYR426 TYR426 33.3

ILE427 11.1

MET428 MET428 22.2

LEU429 11.1

ASN430 11.1

PRO431 11.1

LYS436 11.1

ARG488 ARG488 ARG488 ARG488 ARG488 ARG488 ARG488 88.9

LYS532 LYS532 LYS532 LYS532 LYS532 LYS532 LYS532 LYS532 LYS532 100.0

ASP533 ASP533 ASP533 ASP533 ASP533 ASP533 ASP533 ASP533 ASP533 100.0

ILE535 ILE535 ILE535 ILE535 ILE535 ILE535 ILE535 ILE535 100.0

HIS632 HIS632 22.2

GLN633 GLN633 22.2

THR718 THR718 THR718 THR718 THR718 THR718 THR718 THR718 THR718 100.0

LEU721 11.1

ASN722 ASN722 ASN722 ASN722 ASN722 ASN722 ASN722 ASN722 ASN722 100.0

PTR723 PTR723 PTR723 PTR723 PTR723 PTR723 PTR723 PTR723 PTR723 100.0
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Table S15. Interacting residues on G717V with ligands 

 

*The distance cutoff between a ligand and contacting residues/water molecules is 5Å. 

 

 

 

  

Camptothecin Topotecan LE-SN38 Lurotecan Exatecan Irinotecan Belotecan Luanthone Gimatecan %

H20 H20 H20 H20 H20 H20 H20 77.8

DT9 DT9 DT9 DT9 44.4

DT10 DT10 DT10 DT10 DT10 DT10 DT10 DT10 DT10 100.0

DG12 DG12 DG12 DG12 DG12 DG12 DG12 DG12 DG12 100.0

DC111 DC111 22.2

DC112 DC112 DC112 DC112 DC112 DC112 DC112 DC112 DC112 100.0

DA113 DA113 DA113 DA113 DA113 DA113 DA113 DA113 DA113 100.0

DA114 DA114 DA114 DA114 DA114 DA114 DA114 77.8

TGP11 TGP11 TGP11 TGP11 TGP11 TGP11 TGP11 TGP11 TGP11 100.0

ALA351 ALA351 22.2

ASN352 ASN352 ASN352 ASN352 ASN352 ASN352 ASN352 ASN352 ASN352 100.0

LYS354 11.1

ILE355 11.1

GLU356 GLU356 GLU356 GLU356 GLU356 GLU356 GLU356 GLU356 88.9

PRO357 11.1

PRO358 11.1

ARG364 ARG364 ARG364 ARG364 ARG364 ARG364 ARG364 ARG364 ARG364 100.0

GLY369 11.1

LYS374 LYS374 22.2

ARG375 11.1

TRP416 TRP416 TRP416 33.3

GLU418 11.1

ASN419 11.1

ILE420 11.1

LYS425 LYS425 LYS425 LYS425 LYS425 LYS425 66.7

THR426 TYR426 TYR426 TYR426 TYR426 TYR426 66.7

ILE427 ILE427 22.2

MET428 MET428 22.2

LEU429 11.1

ASN430 11.1

PRO431 11.1

ARG488 ARG488 ARG488 ARG488 ARG488 ARG488 66.7

LYS532 LYS532 LYS532 LYS532 LYS532 LYS532 LYS532 LYS532 LYS532 100.0

ASP533 ASP533 ASP533 ASP533 ASP533 ASP533 ASP533 ASP533 ASP533 100.0

ILE535 ILE535 ILE535 ILE535 ILE535 ILE535 ILE535 ILE535 88.9

THR718 THR718 THR718 THR718 THR718 THR718 THR718 THR718 THR718 100.0

LEU721 11.1

ASN722 ASN722 ASN722 ASN722 ASN722 ASN722 ASN722 ASN722 ASN722 100.0

PTR723 PTR723 PTR723 PTR723 PTR723 PTR723 PTR723 PTR723 PTR723 100.0
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Table S16. Interacting residues on N722A with ligands. The highlighted row indicates the 

mutated residue is present within 5Åof the ligand. 

 

*The distance cutoff between a ligand and contacting residues/water molecules is 5Å. 

 

  

Camptothecin Topotecan LE-SN38 Lurotecan Exatecan Irinotecan Belotecan Luanthone Gimatecan %

H20 H20 H20 H20 H20 H20 H20 77.8

DT9 DT9 DT9 DT9 44.4

DT10 DT10 DT10 DT10 DT10 DT10 DT10 DT10 DT10 100.0

DG12 DG12 DG12 DG12 DG12 DG12 DG12 DG12 88.9

DC111 0 DC111 22.2

DC112 DC112 DC112 DC112 DC112 DC112 DC112 DC112 DC112 100.0

DA113 DA113 DA113 DA113 DA113 DA113 DA113 DA113 DA113 100.0

DA114 DA114 DA114 DA114 DA114 DA114 66.7

TGP11 TGP11 TGP11 TGP11 TGP11 TGP11 TGP11 TGP11 TGP11 100.0

ALA351 ALA351 22.2

ASN352 ASN352 ASN352 ASN352 ASN352 ASN352 ASN352 ASN352 ASN352 100.0

PHE353 11.1

LYS354 0 LYS354 LYS354 33.3

ILE3355 11.1

GLU356 GLU356 GLU356 GLU356 GLU356 GLU356 GLU356 GLU356 GLU356 100.0

PRO357 11.1

PRO358 11.1

ARG364 ARG364 ARG364 ARG364 ARG364 ARG364 ARG364 ARG364 ARG364 100.0

LYS374 LYS374 22.2

ARG375 11.1

ILE377 11.1

TRP416 TRP416 TRP416 33.3

THR417 11.1

GLU418 11.1

ASN419 11.1

ILE420 11.1

LYS425 LYS425 LYS425 LYS425 LYS425 LYS425 66.7

TYR426 TYR426 TYR426 TYR426 TYR426 TYR426 66.7

ILE427 ILE427 ILE427 33.3

MET428 MET428 22.2

LEU429 11.1

ASN430 11.1

PRO431 11.1

LYS436 11.1

ARG488 ARG488 ARG488 ARG488 ARG488 ARG488 66.7

LYS532 LYS532 LYS532 LYS532 LYS532 LYS532 LYS532 LYS532 88.9

ASP533 ASP533 ASP533 ASP533 ASP533 ASP533 ASP533 ASP533 88.9

ILE535 ILE535 ILE535 ILE535 ILE535 ILE535 ILE535 77.8

HIS632 11.1

THR718 THR718 THR718 THR718 THR718 THR718 THR718 THR718 88.9

LEU721 11.1

ALA722 ALA722 ALA722 ALA722 ALA722 ALA722 ALA722 ALA722 ALA722 100.0

PTR723 PTR723 PTR723 PTR723 PTR723 PTR723 PTR723 PTR723 88.9
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Table S17. Interacting residues on N722S with ligands. The highlighted row indicates the 

mutated residue is present within 5Åof the ligand. 

 

*The distance cutoff between a ligand and contacting residues/water molecules is 5Å. 

  

Camptothecin Topotecan LE-SN38 Lurotecan Exatecan Irinotecan Belotecan Luanthone Gimatecan %

H20 H20 H20 H20 H20 H20 H20 77.8

DT9 DT9 DT9 DT9 44.4

DT10 DT10 DT10 DT10 DT10 DT10 DT10 DT10 DT10 100.0

DG12 DG12 DG12 DG12 DG12 DG12 DG12 DG12 88.9

DC111 DC111 22.2

DC112 DC112 DC112 DC112 DC112 DC112 DC112 DC112 DC112 100.0

DA113 DA113 DA113 DA113 DA113 DA113 DA113 DA113 DA113 100.0

DA114 DA114 DA114 DA114 DA114 DA114 66.7

TGP11 TGP11 TGP11 TGP11 TGP11 TGP11 TGP11 TGP11 TGP11 100.0

ALA351 ALA351 22.2

ASN352 ASN352 ASN352 ASN352 ASN352 ASN352 ASN352 ASN352 ASN352 100.0

PHE353 11.1

LYS354 LYS354 LYS354 33.3

ILE3355 11.1

GLU356 GLU356 GLU356 GLU356 GLU356 GLU356 GLU356 GLU356 GLU356 100.0

PRO357 11.1

PRO358 11.1

ARG364 ARG364 ARG364 ARG364 ARG364 ARG364 ARG364 ARG364 ARG364 100.0

LYS374 LYS374 22.2

ARG375 11.1

ILE377 11.1

TRP416 TRP416 TRP416 33.3

THR417 11.1

GLU418 11.1

ASN419 11.1

ILE420 11.1

LYS425 LYS425 LYS425 LYS425 LYS425 LYS425 66.7

TYR426 TYR426 TYR426 TYR426 TYR426 TYR426 66.7

ILE427 ILE427 ILE427 33.3

MET428 MET428 22.2

LEU429 11.1

ASN430 11.1

PRO431 11.1

LYS436 11.1

ARG488 ARG488 ARG488 ARG488 ARG488 ARG488 66.7

LYS532 LYS532 LYS532 LYS532 LYS532 LYS532 LYS532 LYS532 88.9

ASP533 ASP533 ASP533 ASP533 ASP533 ASP533 ASP533 ASP533 88.9

ILE535 ILE535 ILE535 ILE535 ILE535 ILE535 ILE535 77.8

HIS632 11.1

THR718 THR718 THR718 THR718 THR718 THR718 THR718 THR718 88.9

LEU721 11.1

SER722 SER722 SER722 SER722 SER722 SER722 SER722 SER722 SER722 100.0

PTR723 PTR723 PTR723 PTR723 PTR723 PTR723 PTR723 PTR723 88.9
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Table S18. Interacting residues on R364H with ligands. The highlighted row indicates the 

mutated residue is present within 5Åof the ligand. 

 

*The distance cutoff between a ligand and contacting residues/water molecules is 5Å. 

 

  

Camptothecin Topotecan LE-SN38 Lurotecan Exatecan Irinotecan Belotecan Luanthone Gimatecan %

H20 H20 H20 H20 H20 H20 H20 77.8

DT9 DT9 DT9 DT9 44.4

DT10 DT10 DT10 DT10 DT10 DT10 DT10 DT10 DT10 100.0

DG12 DG12 DG12 DG12 DG12 DG12 DG12 DG12 DG12 100.0

DC111 DC111 DC111 33.3

DC112 DC112 DC112 DC112 DC112 DC112 DC112 DC112 DC112 100.0

DA113 DA113 DA113 DA113 DA113 DA113 DA113 DA113 DA113 100.0

DA114 DA114 22.2

TGP11 TGP11 TGP11 TGP11 TGP11 TGP11 TGP11 TGP11 TGP11 100.0

ALA351 ALA351 ALA351 33.3

ASN352 ASN352 ASN352 ASN352 ASN352 ASN352 ASN352 ASN352 ASN352 100.0

LYS354 LYS354 22.2

ILE355 ILE355 22.2

GLU356 GLU356 GLU356 GLU356 GLU356 GLU356 GLU356 GLU356 88.9

HIS364 HIS364 HIS364 HIS364 HIS364 HIS364 HIS364 HIS364 HIS364 100.0

LYS374 11.1

LYS532 LYS532 LYS532 LYS532 LYS532 LYS532 LYS532 LYS532 LYS532 100.0

ASP533 ASP533 ASP533 ASP533 ASP533 ASP533 ASP533 ASP533 ASP533 100.0

ILE535 ILE535 ILE535 ILE535 ILE535 ILE535 ILE535 ILE535 88.9

TRP416 11.1

LYS425 LYS425 LYS425 LYS425 LYS425 55.6

TYR426 TYR426 TYR426 TYR426 44.4

ILE427 ILE427 22.2

MET428 MET428 MET428 33.3

LEU429 LEU429 22.2

ASN430 11.1

PRO431 11.1

LYS436 LYS436 22.2

ARG488 ARG488 ARG488 ARG488 ARG488 ARG488 ARG488 ARG488 88.9

ASN631 11.1

HIS632 HIS632 HIS632 33.3

GLN633 11.1

ALA715 11.1

THR718 THR718 THR718 THR718 THR718 THR718 THR718 THR718 THR718 100.0

LEU721 LEU721 22.2

ASN722 ASN722 ASN722 ASN722 ASN722 ASN722 ASN722 ASN722 ASN722 100.0

PTR723 PTR723 PTR723 PTR723 PTR723 PTR723 PTR723 PTR723 PTR723 100.0
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Table S19. Interacting residues on T729A with ligands 

 

*The distance cutoff between a ligand and contacting residues/water molecules is 5Å. 

 

 

 

  

Camptothecin Topotecan LE-SN38 Lurotecan Exatecan Irinotecan Belotecan Luanthone Gimatecan %

H20 H20 H20 H20 H20 H20 H20 H20 88.9

DG12 DG112 DG12 DG12 DG12 DG12 DG12 DG12 88.9

DA114 DA114 DA114 DA114 DA114 55.6

DT10 DT10 DT10 DT10 DT10 DT10 DT10 DT10 DT10 100.0

DA113 DA113 DA113 DA113 DA113 DA113 DA113 DA113 DA113 100.0

DC112 DA112 DC112 DC112 DC112 DC112 DC112 DC112 DC112 100.0

DT9 DT9 DT9 33.3

DA13 11.1

DC8 11.1

TGP11 TGP11 TGP11 TGP11 TGP11 TGP11 TGP11 TGP11 TGP11 100.0

ALA351 ALA351 ALA351 ALA351 ALA351 55.6

ASN352 ASN352 ASN352 ASN352 ASN352 ASN352 ASN352 ASN352 ASN352 100.0

ILE355 11.1

GLU356 GLU356 GLU356 GLU356 GLU356 GLU356 GLU356 GLU356 88.9

ARG364 ARG364 ARG364 ARG364 ARG364 ARG364 ARG364 ARG364 ARG364 100.0

LYS374 11.1

TRP416 TRP416 22.2

LYS425 LYS425 LYS425 LYS425 LYS425 55.6

TYR426 TYR426 TYR426 TYR426 TYR426 TYR426 66.7

ILE427 ILE427 ILE427 ILE427 ILE427 55.6

MET428 MET428 MET428 MET428 44.4

LEU429 LEU429 22.2

ASN430 ASN430 22.2

PRO431 11.1

LYS436 LYS436 22.2

ARG488 ARG488 ARG488 ARG488 ARG488 ARG488 ARG488 ARG488 88.9

LYS532 LYS532 LYS532 LYS532 LYS532 LYS532 LYS532 LYS532 LYS532 100.0

ASP533 ASP533 ASP533 ASP533 ASP533 ASP533 ASP533 ASP533 ASP533 100.0

ILE535 ILE535 ILE535 ILE535 ILE535 ILE535 ILE535 ILE535 88.9

GLN633 11.1

THR718 THR718 THR718 THR718 THR718 THR718 THR718 THR718 THR718 100.0

ASN722 ASN722 ASN722 ASN722 ASN722 ASN722 ASN722 ASN722 ASN722 100.0

PTR723 PTR723 PTR723 PTR723 PTR723 PTR723 PTR723 PTR723 PTR723 100.0
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Figure S1. Change in binding energy (∆∆G) of Top I inhibitors to mutants 
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Figure S2. Change in binding energy (∆∆G) of Top I inhibitors A-H bound to mutated 

complexes. A) Camptothecin B) Topotecan C) SN-38 D) Lurtotecan E) Exatecan F) 

Gimatecan G) Belotecan H) Lucanthone 
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