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1. Dynophores models of the initial AMP-PNP ligand and

catalytic inhibitor
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Figure S1. (Top) Dynophore model of the AMP-PNP ligand. (Bellow) Detailed interaction

pattern of the obtained dynophore model.
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Figure S2. (Top) Dynophore model of the triazinone catalytic inhibitor. (Bellow) Detailed

interaction pattern of the derived dynophore model.



2. Pharmacophore-based virtual screening
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Figure S3. Master pharmacophore model derived from the joint dynophore model and the

three submodels (pharmacophore models 1-3) that were used in the virtual screening

campaign.



3. List of assayed compounds and their vendor IDs

Table S1. 2D chemical structures and vendor IDs of the assayed hit compounds
identified in the pharmacophore-based virtual screening campaign. All compounds were

supplied by AnalytiCon Discovery.

Number | Vendor id Chemical structure
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4 NP-001581
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4. Results of the human topo Ila decatenation assay
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Figure S4. Results of the second run of the of the human topo Ila decatenation assay for
compounds 6, 7, and etoposide. The assay was performed at 4 different concentrations
(0.05, 0.5, 5.0 and 10 uM) of compound 6, and 7. For the reference compound etoposide,
concentrations 3.9, 31.5, 125, 500 uM were used.

Table S2. Detailed data of the decatenation assay catalysed by the human topo Ila for
compounds 6 and 7, and positive control etoposide. Results are represented as % of the

decatenated kKDNA.

% Decatenated % Decatenated % Decatenated
Compound
Assay 1 Assay 2 Average
Concentration
39 | 315|125 |500| 3.9 (31.5| 125 | 500 | 3.9 |31.5| 125 | 500
(M)
Etoposide 100.0 | 92.4 {289 | 49 | 999 | 874|259 | 52 | 100 | 89.9 |274| 5.0
Concentration
005 05|50 |10 (005055010 |0.05| 05| 5.0 | 10
(M)
Compound 6 | 41.1 | 0.15]| O 0 | 88.3 0 0 0 | 647008 0 0
Concentration
005 (05|50 |10 |005]| 05|50 | 10 [005]| 05| 5.0 | 10
(»M)

Compound 7 | 98.0 | 98.6 | O 0 [992 81| 0 0 [98.6]939] 0 0
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5. Results of the human topo Ila cleavage assay

Human topo 1o DMSO Etoposide Compound 6 Compound 7
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Figure S5. Results of the second run of the topoisomerase Ila cleavage assay. The assay was
performed at 4 different concentrations 0.05, 0.5, 5.0 and 10 pM of compound 6 and 7 and at
3.9, 7.8, 31.5, 125 uM concentrations of the reference compound etoposide. The linear band
was measured as a % of the total DNA, with the 100% representing the amount of DNA in
track 1 (DNA alone).

Table S3. Percent of the linear DNA determined in the topoisomerase Ila cleavage assay for
compounds 6 and 7 and etoposide as a reference molecule (all measured at four

concentrations).

% Linear | % Linear | % Linear

Compound Assay 1 Assay 2 Average

DNA alone 0 0 0

DNA + topo II 0 0 0

DNA + topo II + DMSO 0 1.80 0.90
Etoposide 3.9 uM 10.31 5.52 7.92
Etoposide 7.8 uM 13.40 10.07 11.73
Etoposide 31.5 uM 21.43 16.90 19.16
Etoposide 125 uM 35.87 31.47 33.67

Compound 6 0.05 pM

Compound 6 0.5 uM
Compound 6 5.0 uM
Compound 6 10 uM
Compound 7 0.05 uM
Compound 7 0.5 uM
Compound 7 5.0 uM
Compound 7 10 uM

O O O O O o o ©
O O O O O o o ©
S|l S S @ e @ @ @
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6. Results of the unwinding assay

WG topo 1 mAMSA Compound 6 Compound 7
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Figure S6. Results of the second run of the unwinding assay. The assay was performed at
four different concentrations of compounds 6 and 7 (0.05, 0.5, 5.0 and 10 pM) and of the
positive control intercalator mAMSA (5.0, 10, 50, 100 uM).
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7. Results of the human topo Ila ATPase activity
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Figure S7. Representative graphs of the human topo Ila ATPase assay for compounds 6 (left)

and 7 (right). The reaction was performed at four concentrations (0.05, 0.5, 5.0 and 10 uM)

for each investigated compound.
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Figure S8. Representative graph of the performed ATPase assay for the etoposide reference

molecule. The reaction was performed at four concentrations (25, 50, 100, 250 uM).
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Table S4. Results of the human topo Ila. ATPase assay for compounds 6 and 7, and etoposide
given as the % activity which were calculated as follows: The spectrophotometer produces an
output as change in OD340 with time. After 40 or 60 minutes the blank reading (no enzyme)
was subtracted from the readings for each compound and divided by the positive reading (no

inhibitor, 100% activity) minus the blank to give the percentage ATPase activity for each

compound.
Rate ATPase activity (umol/min)
Run 1 Run 2
No human 0.342 0.218 0.342 0.612
topo o 0.769 0.28 0.363
Human topo 4.08 4.38 3.63 4.03
Ila only 4.12 3.94 3.86 2.87
Average no 0.443 Average no 0.399
human topo I1a human topo I1a
Average human 4.13 Average human 3.60
topo Ila only topo Ila only
Percentage ATPase activity of Percentage ATPase activity of
compounds compounds
Concentration (uM) Run 1 Concentration (uM) Run 2
[Etoposide] 250 100 50 25 250 100 50 25
Percentage 14.9 55.1 69.3 71.8 19.9 50.1 70.0 87.9
[cpd 6] 10 5 0.5 0.05 10 5 0.5 0.05
Percentage 58.7 48.8 60.0 89.2 43.9 533 76.3 114.6
[epd 7] 10 5 0.5 0.05 10 5 0.5 0.05
Percentage 53.2 71.8 81.4 96.4 63.4 66.9 83.6 120.4
Average Percentage Activity
[Etoposide] pM 250 100 50 25
Percentage activity 17.4 52.6 69.7 79.9
[epd 6] pM 10 5 0.5 0.05
Percentage activity 56.0 60.3 68.2 101.9
[epd 7] pM 10 5 0.5 0.05
Percentage activity 58.3 69.4 82.5 108.4
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8. Results of the competitive cleavage assay for compound 6
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Figure S9. Results of the second run of the topoisomerase Ilo. competitive cleavage assay.
The assay was performed at 4 different concentrations of compound 6 (0.05, 0.5, 5.0 and 10

puM) in the presence of etoposide at the 50 M concentration.

Table S5. Results of the competitive cleavage assay for compound 6, tested at four

concentrations: 0.05, 0.5, 5.0, 10 uM in the presence of 50 uM etoposide.

Compound % Linear | % Linear | % Linear
Assay 1 | Assay2 | Average
DNA alone 0 0 0
DNA + topo Ila 1.58 2.08 1.83
DNA + topo Ila + DMSO 1.25 2.37 1.81
+ Etoposide 50 uM 22.25 17.33 19.79
+ Compound 6 0.05 uM 19.03 17.70 18.37
+ Compound 6 0.5 uM 16.41 16.50 16.45
+ Compound 6 5.0 uyM 19.61 8.86 14.24
+ Compound 6 10 uM 6.51 4.74 5.63
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9. Results of the competitive ATPase assay for compound 6
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Figure S10. Representative graph of the competitive ATPase assay for compound 6,
performed at 4 different concentrations of compound 6 (0.05, 0.5, 5.0 and 10 uM), and 9
different ATP concentrations (0.025, 0.05, 0.075, 0.1, 0.25, 0.5, 0.75, 1, 2 mM).
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10.HR-MS analysis of active compounds

The HR-MS analysis were performed at the Centre for Mass spectroscopy, Josef Stefan

Institute, Ljubljana, Slovenia.

Elemental Composition Report Page 1
Compound 3

Single Mass Analysis
Tolerance = 10.0 PPM / DBE: min =-1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3 O =
HO o] OH

Monoisotopic Mass, Even Electron lons O

471 formula(e) evaluated with 5 results within limis (all results (up to 1000) for each mass)

Elements Used: (o]

C:0-100 H:0-100 N:0-20 0:0-20

Kaja Bergant

NP-000008 neg 30 (1.219) Cm (29:31-3:10) 1: TOF MS ES-
1.97e+005
100 2711
%;
; 2721 2731
ol 2601 2611 %% T26472652 267.1 g 2004 | | L ZTMZS orragrrs omia 2esa asso 2871 288
260.0 262.5 265.0 267.5 270.0 B525 28750 2715 280.0 2825 2
Minimum: -1.5
Maximum: 5.0 10.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT  i-FIT (Norm) Formula
271.0613 2710612 01 04 35 6178 2 H7 N12 06
L271.0606 07 26 105 6159 09 C15 H11 05]
271.0620 -0.7 -2.6 155 616.0 1.0 C16 H7 N4 O
271.0625 -1.2 -44 85 6184 3.3 C H3 N16 02
271.0638 -25 92 25 617.3 23 C4 H11 N6 08
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Elemental Composition Report Page 1

Compound 5

Single Mass Analysis

Tolerance = 10.0 PPM / DBE: min =-1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT =3

Monoisotopic Mass, Even Electron lons

1539 formula(e) evaluated with 20 results within Imits (all results (up to 1000) for each mass)
Elements Used:

C:0-100 H:0-100 N:0-20 0O:0-20

Kaja Bergant

NP-001009 neg 41 (1.680) Cm (41:42) 1: TOF MS ES-
8.35e+003
i 463.1
%
1 464.1
] 462.1 5.1
o 4532 455.2 457.2 4592 4611 466.1467.2467.5469.2 471.2 473.2 4752 4766 .
i Sl T T i T T T | T T T T T T TTTrT

T T L T B SRR RN T T T T
454.0 456.0 458.0 460.0 462.0 760.0 4786.0 468.0 470.0 472.0 4

Minimum: -1.5

Maximum: 50 100 500

Mass Calc. Mass mbDa PPM DBE i-FIT  i-FIT (Norm) Formula

463.0873 463.0871 02 04 305 1761 1.2 C34 H11 N2 O
463.0876 -03 -06 235 178.8 3.9 C19 H7 N14 02
[463.0877 __-04 -09 125 1777 28 C21 H19 012]
463.0868 05 11 05 1820 7.0 C5 H19 N8 017
463.0882 -09 -19 55 1819 6.9 C6 H15 N12 013
463.0863 10 22 185 1789 3.9 C18 H11 N10 O6
463.0890 -1.7 37 175 1776 2.6 C22 H15 N4 08
463.0855 18 39 65 183.0 8.0 C2 H11 N18 O11
463.0895 22 -48 -05 181.0 6.1 C9 H23 N2 019
463.0895 22 -48 105 1818 6.8 C7 H11 N16 09
463.0850 23 50 1356 179.0 4.1 C17 H15 N6 010
463.0850 23 50 245 180.1 5.1 C15 H3 N20
463.0903 -3.0 -65 225 1776 286 C23 H11 N8 04
463.0841 32 69 15 183.3 8.3 C H15 N14 015
463.0908 -35 -76 45 1809 6.0 C10 H19 N6 O15
463.0908 -35 -76 155 181.7 6.7 C8 H7 N20 05
463.0836 3.7 80 195 180.2 5.2 C14 H7 N16 04
463.0836 37 80 85 179.3 4.3 C16 H19 N2 O14
463.0831 42 941 26.5 176.1 1.1 C29 H11 N4 O3
463.0917 44 95 275 1778 2.8 C24 H7 N12
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Elemental Composition Report

Single Mass Analysis

Tolerance = 10.0 PPM / DBE: min = -1.5, max = 50.0

Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

Compound 6

HO

OH
o A

OH

Page 1

(o]
1419 formula(e) evaluated with 15 results within limits (all results (up to 1000) for each mass) OH OH
Elements Used:
C:0-100 H:0-100 N:0-20 O:0-20 L o
Kaja Bergant
NP-002326 15 (0.609) Cm (13:16) i: TOF MS ES+
7.97e+003
100— 4431
%,
: 4441
0| 437:2 438.4 439.1439.2439 4 440.5% 4421 4424 4438 MD1 463 4473 a2 M1 aspq 07
i : T S o R o e IR T o SR .
438.0 440.0 442.0 444.0 446.0 448.0 450.0
Minimum: =15
Maximum: 5.0 10.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT i-FIT (Norm) Formula
443.0984  443.0983 0.1 0.2 6.5 218.4 182 C7 H15 N1z 011
[243.0978 0.6 1.4 1345 205.2 0.0 C22 H19 010]
443.0978 0.6 1.4 24.5 2126 Tia c20 H7 N14
443.0992 -0.8 -1.8 18.5 209.1 3.9 C23 H15 N4 06
443.0997 -1.3 -2.9 0.5 215.4 10.3 Cl10 H23 N2 017
443.0997 -1.3 -2.9 11,5 218.1 12.9 C8 H11 Nl6 07
443.0970 1.4 3.2 1.5 218.7 13.6 C6 H19 N8 015
443.0965 1.9 4.3 19.5 211.3 6.2 €19 H11 N10 04
443.1005 -2.1 -4.7 238.5 212.4 7.2 C24 H11 N8 02
443,1010 -2.6 -5.9 16.5 217.9 12.8 c9 H7 N20 03
443.1010 -2.6 -5.9 5.5 216.0 10.8 cl1 H19 N6 013
443.0956 2.8 B3 T 22153 163 €3 H11 N18 09
443.0951 3.3 7.4 14.5 211.9 6.8 Ccl8 H15 N6 08
443.1023 -3.9 -8.8 L5 2162 gl | Cl2 H15 N0 09
443.0943 7 9.3 2.5 222.0 16.8 C2 H15 N14 013
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Elemental Composition Report

Single Mass Analysis

Tolerance = 10.0 PPM / DBE: min =-1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT =3

Monoisotopic Mass, Even Electron lons

2314 formula(e) evaluated with 29 results within Imits (all results (up to 1000) for each mass)
Elements Used:

C:0-100 H:0-100 N:0-20 0:0-20

Kaja Bergant

Compound 7

Page 1

NP-018721 21 (0.868) Cm (18:21) 1: TOF MS ES+
o 3.22e+004
T 5932
OH
%
504.2
587.8 1 oq 4588.8 593.4 o952
ol 55881777 589.2 590.05005 50125914 59245025 T pead | 996250645973 59835985
588.0 589.0 590.0 591.0 592.0 9883.0 59%94.0 595.0 596.0 597.0
Minimum: -1.5
Maximum: 50 10.0 500
Mass Calc. Mass mDa PPM DBE i-FIT  i-FIT (Norm) Formula
593.1505 [ 593.1506 01 -02 135 227.0 1.7 C27 H29 015]
593.1506 01 -02 245 2292 4.0 C25 H17 N14 O5
593.1501 04 07 315 2290 3.8 C40 H21 N2 O4
593.1511 06 -10 65 233.1 7.9 C12 H25 N12 016
593.1498 07 12 15 2334 8.2 C11 H29 N8 020
593.1515 -1.0 -1.7 36.5 2298 46 C41 H17 N6
593.1493 1.2 20 195 2292 39 C24 H21 N10 Q9
593.1520 -1.5 -25 295 2296 44 C26 H13 N18 O
593.1520 1.5 -25 185 226.9 1.7 C28 H25 N4 011
593.1525 20 -34 115 2330 7.8 C13 H21 N16 012
593.1485 20 34 75 2346 93 C8 H21 N18 014
593.1480 25 42 145 2295 43 C23 H25 N6 013
593.1479 26 44 255 231.1 5.9 C21 H13 N20 O3
593.1533 28 -47 235 2275 23 C29 H21 N8 O7
593.1474 3.1 52 325 2293 441 C36 H17 N8 02
593.1538 -3.3 -56 55 2318 6.5 C16 H29 N6 018
593.1538 33 -56 165 2329 76 C14 H17 N20 O8
593.1471 4 57 25 2349 96 C7 H25 N14 018
593.1542 37 62 355 2300 47 C45 H21 02
593.1543 38 -64 -15 2364 1141 C H25 N18 019
593.1466 39 66 205 2313 6.1 C20 H17 N16 Q7
593.1466 39 66 95 2301 4.8 C22 H29 N2 017
593.1547 4.2 -71 285 2285 33 C30 H17 N12 03
593.1461 44 74 275 2285 3.2 C35 H21 N4 06
593.1552 47 -79 105 2316 6.4 C17 H25 N10 O14
593.1453 52 88 155 2316 64 C19 H21 N12 O11
593.1560 55 -93 225 226.9 1.6 C33 H25 N2 09
593.1448 57 96 335 230.0 47 C32 H13 N14
593.1448 57 96 225 2274 22 C34 H25 010
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11. Molecular docking calculations

A > i il
SHAPKL O N Y

Figure S11. Comparison of the docked AMP-PNP ligand (gray) and its x-ray

conformation (blue) in the ATP binding site of the human topo Ila (PDB: 1ZXM,
chain A). A RMSD of 0.9 A between heavy atoms of both poses was determined.
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12.Partial charges and Atoms Types of the simulated Compound 6

Table S6. Atom types and partial atomic charges for compound 6 generated using

General Amber Force Field (gafY).

L
e NN
o |
_—a cm\cw%m\C -~ 01\620’011\“6/ ~ ;
T
o C13%c7/ cs\czz/ cm‘om " it - Ha
e [
07\H6 09/C19\c10/c15%c4/04
|
o N TN
|
H2
Name Type q Name Type q

05 oh -0.661984 H9 ha 0.275341
H4 ho 0.470859 HS8 ha 0.23262
Cs ca 0.234378 c9 ca -0.50207
C16 ca -0.315206 C22 c3 0.019471
H12 ha 0.176945 H17 hc 0.051225
Ceé ca 0.37889 H18 hc 0.051225
06 oh -0.641321 C21 c3 0.270078
H5 ho 0.471277 H16 hl 0.067092
C17 ca -0.309891 010 0s -0.593503
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H13 ha 0.218938 C19 C 1.045.982
C18 ca -0.242514 09 o -0.662182
H14 ha 0.171712 C10 ca -0.254459
C11 ca 0.031387 C15 ca -0.322011
C20 c3 0.236837 H11 ha 0.232831
H15 hl 0.072468 C14 ca -0.322011
01 0s -0.431101 H10 ha 0.232831
C1 ca 0.510958 C3 ca 0.374428
C12 ca -0.670155 03 oh -0.61413
C8 ca 0.603985 H2 ho 0.446264
08 oh -0.640153 C2 ca 0.062867
H7 ho 0.449332 02 oh -0.590765
C13 ca -0.618825 H1 ho 0.415796
Cc7 ca 0.570294 C4 ca 0.374428
07 oh -0.634612 04 oh -0.61413
Heé ho 0.44402 H3 ho 0.446264
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RMSD [A]

—

13. Analysis of the MD trajectory of the topo Ila - compound 6 complex
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Figure S12. (left) Time-dependant RMSD of the ligand 6 (right), Time-dependant
RMSD of the protein (Ca atoms) and (bellow) RMSF graph of the protein during the

MD simulation.
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Figure S13. Positional shift of ligand 6 in the ATP binding site during the MD simulation.

(Left) Position during the first 150 ns. (Right) Position from 150 ns onward.
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