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Experimental Section

2. Materials and Methods

2.3.1. Synthesis of (3-(4-Chlorophenyl)-4-methyl-6-phenyl pyrazolo[3,4-c]pyrazol-
2(1H,3H,6H)-yD)(pyridin-4-yl)methanone (1a)

Light Yellow solid; Yield: 82%; (8.702mg; M.p. 141-143°C); IR(KBr) v: 3323, 2974,
1655, 1640cm™*; *H NMR(DMSO-ds, 300 MHz): & 8.36 (2H, d, J = 6.23 Hz, -
Pyridin), 7.83 (-Pyridin, 2H, d, J = 6.22 Hz), 7.58 (5H, -Ar ring, t, J = 6.21 Hz), 7.30
(5H, m, -Ar ring), 6.13 (s, 1H, -CH), 4.0 (1H, s, -NH), 1.97 (s, 3H, -CHs); *C NMR
(DMSO-dg, 75 MHz): § 172.0 (C=0, 1C), 149.0-105.7 (-1C, 3C), 149.7-121.7 (5C, -
pyridine), 142.8-123.9 (12C, -Ar ring), 68.1 (1C, -CH), 12.7 (1C, -CHy); EI-MS, m/z:
381.43 (M*, 26.8%); Anal. calcd. for (Cx3sHigNsO): C, 72.42; H, 5.02; N, 18.36%;
Found: C, 72.43; H, 5.00, N, 18.30%.

2.4.2. (3-(4-Chlorophenyl)-4-methyl-6-phenylpyrazolo[3,4-c]pyrazol-2(1H,3H,6H)-
yl)(pyridin-4-yl)methanone (1b)

Yellow solid; Yield: 81%; (11.382 mg); M.p. 167-165°C; IR(KBr) v: 3323, 2974,
1655, 1640cm™*; 'H NMR(DMSO-ds, 300 MHz): & 8.36 (-Pyridin, d, J = 6.23 Hz,
2H), 7.83 (-Pyridin, 2H, d, J = 6.22 Hz), 7.58 (5H, -Arring, t, J = 6.21 Hz), 7.34 (-Ar
ring, 4H, dd, J = 7.33 Hz, J = 7.37 Hz), 6.23 (s, 1H, -CH), 4.0 (1H, s, -NH), 1.97 (3H,
s, -CHa3); *C NMR (DMSO-dg, 75 MHz): & 172.0 (C=0, 1C), 145.8 (-C, 3C), 149.7-
121.7 (-pyridine, 5C), 140.8-123.9 (12C, -Ar ring), 68.1 (1C, -CH), 12.7 (-CHjs, 1C);
EI-MS, m/z: 415.87 (M™, 32.6%); Anal. calcd. for (C,3H1sCINsO): C, 66.45; H, 4.33;
N, 16.81%; Found: C, 66.41; H, 4.32; N, 16.83%.

2.4.3. (3-(4-Hydroxyphenyl)-4-methyl-6-phenylpyrazolo[3,4-c]pyrazol-2(1H,3H,6H)-
yl)(pyridin-4-yl)methanone (1c)

White solid; Yield: 69%; (8.426mg; M.p. 176-178°C); IR(KBr) v: 3323, 2974, 1655,
1640cm™; *H NMR(DMSO-ds, 300 MHz): 8 8.36 (-Pyridin, 2H, d, J = 6.23 Hz), 7.82
(-Pyridin, d, J = 6.22 Hz, 2H), 7.60 (2H, -Ar ring, d, J = 6.21 Hz), 6.40 (2H, d, J =
6.23 Hz, -Ar ring), 7.58 (5H, t, J = 6.21 Hz, -Ar ring), 6.12 (1H, -CH, s), 5.35 (s, -
OH, 1H), 4.0 (s, -NH, 1H), 1.97 (s, 3H, -CH3); *C NMR (DMSO-dg, 75 MHz): &



172.0 (1C, C=0), 149.7-105.7 (3C, -C), 149.7-121.7 (5C, -pyridine), 156.2-115.2
(12C, -Ar ring), 68.1 (-CH, 1C), 12.7 (-CHs, 1C); EI-MS, m/z: 397.43(M", 25.2%);
Anal. calcd. for (Co3H19Ns0,): C, 69.51; H, 4.82; N, 17.62%; Found: C, 69.57; H,
4.81; N, 17.66%.

2.4.4. (4-methyl-3-(4-nitrophenyl)-6-phenylpyrazolo[3,4-c]pyrazol-2(1H,3H,6H)-
yl)(pyridin-4-yl)methanone (1d)

Light Yellow solid; Yield: 80%; (10.971mg; M.p. 157-159°C); IR(KBr) v: 3323,
2974, 1655, 1640cm™*; 'H NMR(DMSO-ds, 300 MHz): & 8.36 (-Pyridin, 2H, d, J =
6.23 Hz), 7.85 (-Pyridin, 2H, d, J = 6.22 Hz), 7.34 (-Arring, 4H, dd, J = 7.33 Hz, J =
7.37 Hz), 7.58 (5H,t, J =6.21 Hz, -Ar ring), 6.13 (s, 1H, -CH), 4.0 (1H, s, -NH), 1.97
(s, 3H, -CHs); *C NMR (DMSO-ds, 75 MHz): & 172.0 (C=0, 1C), 145.8 (3C, -C),
149.7-121.7 (5C, -pyridine), 148.2-123.9 (12C, -Ar ring), 68.1 (1C, -CH), 12.7 (-CHjs,
1C); EI-MS, m/z: 426.43 (M™, 25.2 %); Anal. calcd. for: (C3H1gNgO3): C, 64.78; H,
4.25; N, 19.71%; Found: C, 64.76; H, 4.26; N, 19.74%.

2.4.5. (3-(4-Methoxyphenyl)-4-methyl-6-phenylpyrazolo[3,4-c]pyrazol-2(1H,3H,6H)-
yl)(pyridin-4-yl)methanone (1e)

Light Yellow solid; Yield: 79%; (10.755mg; M.p. 173-175°C); mw189; IR(KBr) v:
3323, 2974, 1655, 1640cm™*; *H NMR(DMSO-ds, 300 MHz): & 8.36 (-Pyridin, 2H, d,
J =6.23 Hz), 7.83 (-Pyridin, 2H, d, J = 6.22 Hz), 7.15 (4H, -Arring, dd, J = 7.33 Hz, J
= 7.37 H), 7.58 (5H, -Arring, t, J = 6.21 Hz), 6.13 (-CH, s, 1H), 4.0 (-NH, s, 1H),
3.89 (3H, -CHg, s), 1.97 (s, 3H, -CH3); *C NMR (DMSO-dg, 75 MHz): & 172.0 (1C,
C=0), 145.8 (3C, -C), 149.7-121.7 (5C, -pyridine), 158.7-114.1 (12C, -Ar ring), 68.1
(1C, -CH), 55.12 (1C, -CHa), 12.7 (1C, -CHa); EI-MS, m/z: 411.46 (M*, 27.9%); Anal.
calcd. for (C24H21NsO»): C, 70.06; H, 5.14; N, 17.02%; Found: C, 70.04; H, 5.13; N,
17.01%.

2.4.6. (3-(4-(Dimethylamino)phenyl)-4-methyl-6-phenyl pyrazolo[3,4-c]pyrazol-
2(1H,3H,6H)-yl)(pyridin-4-yl) methanone (1f)

Yellow solid; Yield: 75%; (10.285mg); M.p. 161-164°C; IR(KBr) v: 3323, 2971,
1655, 1640cm™; *H NMR(DMSO-ds, 300 MHz): & 8.36 (-Pyridin, d, J = 6.23 Hz,
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2H), 7.69 (d, -Pyridin, 2H, J = 6.22 Hz), 7.0 (2H, -Arring, d, J = 6.24 Hz), 7.58 (-Ar
ring, 5H, t, J = 6.21 Hz), 6.48 (-Arring, d, J = 6.23 Hz, 2H), 6.13 (1H, s, -CH), 4.0 (s,
1H, -NH), 3.07 (s, 6H, -CHs), 1.92 (s, 3H, -CH3); *C NMR (DMSO-dg, 75 MHz): &
191.0 (C=0, 1C), 145.8 (3C, -C), 149.7-121.7 (5C, -pyridine), 142.1-123.4 (12C, -Ar
ring), 76. 1 (1C, -CH), 41.3 (2C, -C), 12.7 (1C, -CHs); EI-MS, m/z: 424.50 (M*, 29.3
%); Anal. calcd. for (C,sH24N6O): C, 70.73; H, 5.70; N, 19.80%; Found: C, 70.72; H,
5.72; N, 19.81%.

2.4.7. (3-(2,6-Dimethylhepta-1,5-dien-1-yl)-4-methyl-6-phenyl pyrazolo[3,4-c]pyrazol-
2(1H,3H,6H)-yl)(pyridin-4-yl)methanone (1g)

Light Yellow solid; Yield: 81%; (11.108mg); M.p. 144-146°C; IR(KBr) v: 3323,
2974, 1655, 1640cm™"; 'H NMR(DMSO-ds, 300 MHz): & 8.36 (-Pyridin, d, J = 6.2
Hz, 2H), 7.42 (-Arring, d, J = 6.22 Hz, 2H), 7.58 (5H, t, J =6.21 Hz, -Arring), 5.53
(1H, d, -CH), 5.37,5.23 (2H, -H, s), 4.0 (1H, s, -NH), 2.00 (4H, CH,), 1.97 (3H, s, -
CHa), 1.84 (3H, -CHs, s), 1.88 (3H, s, -CHs3), .1.59 (3H, s, -CH3); *C NMR (DMSO-
ds, 75 MHz): & 172.0 (C=0, 1C), 145.8 (5C, -C), 149.7-121.7 (5C, -pyridine), 139.7-
123.9 (6C, -Ar ring), 123.5 (1C, -CH), 61.1 (1C, -CH), 39.7 (1C, -CH,), 26.4 (-CH,
1C), 116.2 (-CH, 1C), 26.7 (-CHs, 1C), 18.0 (-CH3, 1C), 16.1 (-CH3, 1C), 12.7 (-CHg,
1C); EI-MS, m/z: 427.54 (M*, 28.5%); Anal. calcd. for (CsH29NsO): C, 73.04; H,
6.84; N, 16.38%; Found: C, 73.05; H, 6.82, N, 16.82%.

2.4.8. (3-(1H-indol-3-yl)-4-methyl-6-phenylpyrazolo[3,4-c]pyrazol-2 (1H,3H,6H)-
yl)(pyridin-4-yl)methanone (1h)

Yellow solid; Yield: 73%; (10.011mg); M.p. 160-163°C; IR(KBr) v: 3323, 2972,
1651, 1643cm™'; 'H NMR(DMSO-ds, 300 MHz): & 10.1 (1H, s, -NH), 8.36 (d, -
Pyridin, J = 6.23 Hz , 2H), 7.84 (d, J = 6.22 Hz, 2H, -Pyridin), 7.18 (s, -CH, 1H), 7.15
(-Arring, 4H, t, J=6.23 Hz , J = 6.24 Hz), 7.58 (5H, -Arring, t, J = 6.21 Hz), 6.13
(1H, s, -CH), 4.0 (1H, s, -NH), 1.97 (s, 3H, -CH3); *C NMR (DMSO-dg, 75 MHz): &
172.0 (C=0, 1C), 145.8 (4C, -C), 149.7-120.3 (4C, -pyridine), 123.9 (1C, -CHy)
139.7-111.1 (12C, -Ar ring), 105.7 (1C, -CH,), 66.1 (-CH, 1C), 12.7 (1C, -CHj); EI-
MS, m/z: 420.47(M", 29.3%); Anal. calcd. for (CasHxoNgO): C, 71.41; H, 4.79; N,
19.99%; Found: C, 71.43; H, 4.80; N, 19.97%.



2.4.9. (3-(Furan-2-yl)-4-methyl-6-phenyl pyrazolo[3,4-c] pyrazol-2(1H,3H,6H)-
yl)(pyridin-4-yl)methanone (1i)

Light Yellow solid; Yield: 74%; (7.109mg); M.p. 166-168°C; IR(KBr) v: 3323, 2974,
1655, 1640cm™; *H NMR(DMSO-ds, 300 MHz): & 8.36 (-Pyridin, d, J = 6.23 Hz, ,
2H), 7.85 (s, 2H, -CH), 7.65 (1H, s, -CH), 7.58 (5H, -Ar ring, t, J = 6.21 Hz), 6.43
(1H, -CH, s), 6.23 (1H, s, -CH), 6.13 (CH, 1H, s), 4.0 (1H, s, -NH), 1.97 (s, -CH3, 3H);
3C NMR (DMSO-ds, 75 MHz): 8 172.0 (1C, C=0), 149.0-106.7 (3C, -C), 152.5-
106.7 (4C, -furan), 149.7-121.7 (5C, -pyridine), 139.7-123.9 (6C, -Ar ring), 67.1 (-CH,
1C), 12.7 (-CHa, 1C); EI-MS, m/z: 371.39(M", 24.8%); Anal. calcd. for (C21H17N50,):
C, 67.91; H, 4.61; N, 18.86%; Found: C, 67.93; H, 4.63; N, 18.85%.

2.4.10. (4-methyl-6-phenyl-3-(pyridin-2-yl)pyrazolo[3,4-c]pyrazol-2(1H,3H,6H)-
yD(pyridin-4-yl)methanone (1j)

Yellow solid; Yield: 81%; (8.675mg); M.p. 157—-159°C; IR(KBr) v: 3323, 2974, 1655,
1640cm*; *H NMR(DMSO-dg, 300 MHz): & 8.36 (-Pyridin, d, J = 6.23 Hz, 2H), 7.42
(2H, -Pyridin, d, J = 6.22 Hz), 8.44 (s, 1H, -CH), 7.34 (3H, s, -CH), 7.58 (5H,t,J =
6.21 Hz, -Ar ring), 6.13 (1H, CH, s), 4.0 (1H, -NH, s), 1.93 (-CHs, s, 3H); *C NMR
(DMSO-ds, 75 MHz): 6 172.0 (C=0O, 1C), 145.8 (-CH, 3C), 158.7-120.7 (10C, -
pyridine), 139.7-123.9 (6C, -Ar ring), 68.1 (-CH, 1C), 12.7 (1C, -CHs); EI-MS, m/z:
382.42 (M*, 24.0%); Anal. calcd. for (C2HigNgO): C, 69.10; H, 4.74; N, 21.98%;
Found: C, 69.12; H, 4.73; N, 21.97%.

2.4.11. (4-Methyl-6-phenyl-3-(thiazol-5-yl)pyrazolo[3,4-c]pyrazol-2(1H,3H,6H)-
yl)(pyridin-4-yl)methanone (1k)

Light Yellow solid; Yield: 82%; (9.277mg); M.p. 150-153°C; IR(KBr) v: 3323, 2974,
1655, 1640cm™; *H NMR(DMSO-ds, 300 MHz): & 8.36 (-Pyridin, 2H, d, J = 6.23
Hz), 8.82 (1H, s, -CH), 7.85 (2H, d, J = 6.22 Hz, -Pyridin), 7.58 (5H, -Arring, t, J =
6.21 Hz), 7.16 (1H, s, -CH), 6.13 (s, 1H,-CH), 4.0 (1H, s, -NH), 1.97 (3H, -CHjs, s);
13C NMR (DMSO-ds, 75 MHz): 8 172.0 (1C, C=0), 145.8 (3C, -C), 153.7 (1C, -CH),
141.8 (1C, -CH), 149.7-121.7 (5C, -pyridine), 139.7-123.4 (6C, -Ar ring), 133.3 (1C, -
CH), 66.1 (1C, -CH), 12.6 (1C, -CHs); EI-MS, m/z: 388.45 (M", 24.7%); Anal. calcd.



for (C20H16N6OS): C, 61.82; H, 4.15; N, 21.63; S, 8.25%; Found: C, 61.83; H, 4.14; N,
21.61; S, 8.24%.

2.4.12.(3-(Benzo[d][1,3]dioxol-5-yl)-4-methyl-6-phenylpyrazolo[3,4-c]pyrazol-
2(1H,3H,6H)-yl)(pyridin-4-yl)methanone (11)

Yellow solid; Yield: 83% (11.382mg); M.p. 171-172°C; IR(KBr) v: 3323, 2974, 1655,
1640cm™; *H NMR(DMSO-dg, 300 MHz): & : & 8.36 (-Pyridin, 2H, d, J = 6.23 Hz),
7.42 (2H, -Pyridin, d, J = 6.22 Hz), 6.73 (dd, J = 7.33 Hz, J = 7.37 Hz, 3H, -Ar ring),
7.58 (5H, t, J = 6.21 Hz, -Ar ring), 6.16 (s, -CH, 1H), 6.03 (2H, s, -CH,), 4.0 (1H, -
NH, s), 1.97 (s, 3H, -CHz); *C NMR (DMSO-ds, 75MHz): § 172.0 (C=0, 1C), 145.8
(3C, -C), 149.7-121.7 (5C, -pyridine), 148.6-112.0 (12C, -Ar ring), 101.2 (1C, -CHy),
68.4 (-CH, 1C), 12.7 (1C, -CHz3); EI-MS, m/z: 425.44 (M*, 27.9%); Anal. calcd. for
(C24H19Ns03): C, 67.72; H, 4.50; N, 16.46%; Found: C, 67.75; H, 4.52; N, 16.44%.

Biological activity
Antibacterial activity

Additionally, six species of clinical bacterial isolates and two species of yeast
cells were obtained from various clinical laboratories. To prepare fresh overnight
bacterial cultures, a loop was used to transfer inoculate from stock cultures to test
tubes containing nutrient broth that had been sterilized at 121°C for 20 minutes. All
bacterial strains were maintained on nutrient agar slants (Hi-Media) at 37°C = 0.1°C.
Candida spp. was propagated on Sabouraud Dextrose agar slants (Hi-Media).

Cytotoxic activity

The synthesized compounds were screened for cytotoxicity activity against
MCF-7 cell line and normal Vero cell line cell lines. All compounds (1a-l) was
significantly low active compared with other compounds and standard doxorubicin
(LCsp = 21.05 £ 0.82 pg/mL). As a result, both cell lines were exposed to cytotoxicity
of compound 1c, which was found to be extremely active against antioxidant

activities.

Three cell lines were treated with these compounds at one primary cytotoxic assay dose of

100uM for 48 h (MTT anticancer assay). Doxorubicin was used as a standard.
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In the current protocol, all cell lines were pre-incubated on a microtiter plate. The results of
each test were reported as the growth percentage of treated cells compared to untreated

control cells.

Compounds reducing the growth of any one of the cell lines to approximately 32% or less
were described as having cytotoxic activity. A 0.1mL aliquot of the cell suspension (5 x 10°
cells/100 pL) and 0.1 mL of the test solution (6.25-100 pg in 1% DMSO, with the final
DMSO concentration in media less than 1%) were added to the wells, with the plates kept in
an incubator (5% CO,) at 37 °C for 72 h. The blank sample contained only the cell
suspension, and the control wells contained 1% DMSO and the cell suspension. After 72 h,
20 pL of MTT was added, and the plates were kept in the CO, incubator for 2 h, followed by
the addition of propanol (100 pL). The plates were covered with aluminum foil to protect
them from light and subsequently agitated in a rotary shaker for 10-20 min. Afterwards, the
27-well plates were processed on an ELISA reader to obtain absorption data at 562 nm.

Molecular dynamics simulations

Molecular dynamics simulation was carried out using Desmond and Schrodinger
software to explore the stability of ligand 1b and 1g docked complexes with proteins
1AI9 and 1AJ0. The ligand topology was generated by the PRODRG server and
combined with the protein topology using the GROMOS 43al force field and a
solvation method involving a single point charge (SPC) water model. The system was
framed with a cubic box at a distance of 2 nm from the box to the protein surface. The
necessary ions were added to neutralise the system, and the docked complex energy
was minimised using the steepest descent algorithm. The LINCS algorithm was used
to constrain the bond lengths and electrostatics computed using the PME method. The
NVT and NPT ensembles were used to equilibrate the systems for each 100 ps, with a
reference temperature of 300 K, using the V-rescale thermostat. The production MD
run was conducted for 10 ns with a time step of 2 fs, and the docked complex structure
coordinates were saved every 10 ps for further analysis. The results were analysed
using RMSD, RMSF, gyration, and hydrogen bond plots, and Xmgrace software was
used to plot the graphs.



RMSD analysis

The Root Mean Square Deviation (RMSD) values indicate the stability of
complex structures. Analysing the RMSD plot of complex 1AI9 with 1b, it was
observed that the complex was stable between 20 and 40 ns and 40-50 ns, as the peak
fluctuation of the Ca backbone of the protein and heavy atoms of the ligand were
within the range shown in Fig. 9(a). On the other hand, analysis of the complex
structure of 1AJO with 1g revealed that the Ca backbone atoms and heavy atoms of the
ligand fluctuated, as shown in Fig. 9(b), which indicates that the complex was not
stable. Therefore, RMSD study of both complexes, 1AI9 with 1b and 1AJO with 1g,
provided insights into their stability.

RMSF analysis

Root Mean Square Fluctuation (RMSF) analysis was used to evaluate changes in the
protein chain during the simulation. No fluctuations were observed in the amino acid
residues, except for the N- and C-terminal residues. All residues were within an unacceptable
range (Fig. 10(a-h)).

Based on this MD simulation analysis, compound ligands 1b and 1g were stable and
exhibited good interactions with important protein residues (Fig. 11(a-b)-12(a-h)).
Therefore, these compounds may be effective inhibitors of the 1Al9 and 1AJO0 proteins.



'H NMR and **C NMR spectrum of compounds (1a-11)
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Figure S10. **C NMR spectrum of the compound 1e
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Figure S18. **C NMR spectrum of the compound 1i
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Molecular dynamics simulations for compound 1b
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SCHRODINGER.

Simulation Interactions Diagram HEWI"I:
Simulation Delalls

Jobname: desmond_md_job_1
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SCHRODINGER.

Protein-Ligand RMSD
Fr
— 0.0
- L.
= =
i
2 2
é . 173
c! &
E': - 78]
2 ‘ " =
|

Time (nsec)
. i fit Frut]

The Root Mean Square Deviation (RMSD0) Is used to measure the average change In displacement of a
selection of aloms for a pariicular frame with respect fo a refierence frame. It Is calculated for all frames In the
trajeciony. The RMSD0 far frame x Is;

i "
s ¥ L A (S T Y

S

L]
where N Is the number of abams In the atom selection; ¢ s e reference time, [fypically the first frame &
used 35 the reference and It ks regarded a5 tima f=0); and 16 he postion of the s2iected atoms In frame x
after sUperimposing on the reference frame, where frame x ks recorded at time £ The procedure Is repeated
faor every frame In the simulation trajectony.

Prateln RMSD; The abowve plot shows the RMSD evoluion of a probeln (lest Y-axis). All proteln frames are first
aligned an the reference frame backbane, and then the RM3D |15 calculated based on the atom selection.
Konibaring the RMSD of the proteln can ghve Insights inbo B structural comfarmafion throughout the
&imulatian. RMSD analysle can Indcate i the simulailon has equillbrated — s Nuctuations iowards the end of
the simulafion are around some thermal average siruciure. Changes of the order of 1-3 A are
atcepiable for small, globular proteins. Changes much larger than that, however, Indicate that the In I&
undergoing a lange comformailonal change during the simulation. it 15 also Imporiant thal your simulation
converges — the RM30 values stablize around a Nxed valus. If the RMSD of the protedn IS 50l Increasing or
decreasing on average at the end of the simulaiion, then your system has not equilibrated, and your
&imulatian may not be long enough for fgarous analys!s.

%amm: nd RMSD (right ¥-axs) Indicates how stable the igand ks with respect fo the protein and
binding In the abave plok, "Lig it Prot shows the RMS0 of a lgand when the pratein-igand

complex ls first alligned on the proteln backbone of the reference and then the RMED of the ligand
atomes |5 measured. If the values obsenved imwruﬁlmm RMSD of the proteln, then | I
Ikedy that the Igand has diffused away from It inlital binding sHe.

Echivfinged h Ragen phesratd 11042023 1457 Paga 2 al 1
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SCHRODINGER.

Protein RMSF

i
L1

RMSI

m—,\-"/—\v\_)

Residue Index
-f.n'|

The Root Mean Square Fluciualion (RMSF) Is usshul for characierizing local changes along the protein chain.
The RMSF far reskdue /152

RMST T‘I:- ETI N
'lmHEThmen}ednrinemrﬂtﬂﬂﬂﬂﬁhrﬂlﬂ!ﬁbhmhmrhﬂmpﬂlﬂnm
residue [, ¢ |5 the posiiion of atoms In resldue | afier supenposition on the reference. IEII.IIE-IirIgEIJmEEh
Indicate that the average of the square distance s taken over the selaction of atoms in the residue.

On this plot, peaks Indicate areas of the proteln that uctuale the most during the simulasion. Typically you

will observe that the talls (N- and C-terminal) fluctuate mare than any ofher part of the profein. Secondary
siruciure elements ke alpha helices and sirands are usually more rigid than the unstructured part af the

pratein, imhsmmdﬂ less than the inop reglons.

Ecsrodinger Ing. Mot paserated 11-04-2023 1457 Page 3ol 18
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SCHRODINGER.

Protein Secondary Structure
% Hel % Sirared % Total 35E
1153 EXE] 1505
u 111}
|_|l'| .
o
.'='-:." 1 =
fl:: N l‘ l
" I'I i A

Residue Index
Prateln secondary sfruciure elements (S3E) ke alpha-nalices and b2ta-ciands are monkored throughout the
simulation. The plot above reports SSE distribulion by resiiue Index throughout the proteln structure. The piot
below summarizes the 35E composiion for each frajectory frame over ihe course of the simulation, and the
plat & the bottom montors each residue and fis S5E assignment over me.

w ]
i -

i

£

P mmw o

.g; w00 o 0 o el g W B0 —
£ A R O
i
._:; BT 0 o R0 0 —
a
S L O D P
1)
.'.|' -:I.
Time {nsec)
Beaiedingss . Riugen gusarie 11043033 1457 Pugn 4 a1

25



SCHRODINGER.

Ligand RMSF
25"25 .

30 21 23 Ef E,'
200 “z2 16T 2R

RMSF (A)

-5 it 'I;ié.al.'l;d an Protein |

The Ligand Root Mean Square Fluctuation [L-RMSF) Is useful for charactedzing changes In the ligand atom
posiions. The RMSF for atom | 15

i}
rf.-

||1| i

A

nmeTHmen}aﬁ:rmemrnmnheHuﬁlsm ﬁ thleremmhrle[l.nnllymrhel:t
frame, and Is regarded as the zero of time); ris the posHion of In the reference at ime £, and r'ls the

posiion of atom [ at ime ¢ after superposiion on the reference frame.

Ligand RMSF shows the ligand's fluctsations broken down by atom, comesponding to the 20 structure in the
panel. The igand RMSF may ghve you Insights on how ligand fragments interact with the protein and thelr
E‘iﬂpnmmﬂmuﬁl aj'ghh:umpﬂmm Ligand on Prodein’ line shows the Bgand
Nuctuations, with the protein. The proteln-iigand complex 1s first aligned on the protedn Backbone
aﬂlﬂnmellgindRHSthmmedunﬂiellgimmmma.

Setivalineged |Fd B agen pesarated 10-04-2003 (457 Pagh § ol 13
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SCHRUDINGER.™

Protein-Ligand Contacts

s *\.
30D fw $P a* SR EOPIDS DD

S EE LS FEPeeeE

L

H-bonds = Hydraphobic M lonic mWater bridges)

Pratain Interacions with the Bgand can be monibored throughout the simulation. These interactions can be
mtegurlmclbj'tme and summarized, a5 shown In the plot above. Protein-ligand interacions jor ‘contacts’)

cﬂﬂ:aeu Into fiour types: Hydrogen Bands, Hydrophobic, lonkc and Water Bridges. Each Interaciion
fype co more speciiic subfypes, which can be explored through the ‘Simulaiion interactions Diagram®
panel The stacked bar charts are normalized over the course of the - flor example, a value of 0.7
suggests that 70°% of the simultation ime fhe speciic interaction Is maintained. Values over 1.0 are possible
a5 50me profeln resldue may make multiple confacis of same subfype with the Bgand.

Hydnogen Bonds: (H-bonds) a significznt ok In binding. Conslderation of ydrogen-oonding
mmwmﬁmm&%ummnﬁﬂmmm.m“ . Hydrogen
bonds betwean & prodsin and a ligand can ke further broken down into Sour subtypes: backbone accepbor; backbons
donar; side-chiain accepior; side-chaln donor.

The cument geomeinc: crttesta for probein-igand H-bond ks distance of 2.5 A bebween ihe donor and accepiar atoms
[D—H—-A) 3 donor angie af &120° befwesn ihe donor-hytrogen-aceepor aloms (D—H—A); and an accepiar angle of
200" bedween the hydrogen-accepior-bonded_atom aioms (H—-A—X).

Hydrophobic contacts: fall it three sublypes: =-Calion; x-x; and Other, non-speciic Interactions. Generally hese type
of Inferaciions invalve a hydrophoblc aming ack] and an aromalic or aliphatic group on e igand, but we have extendesd
this cafegory fo alse Include x-Cation Infsracions.

The cument geometrc critena for ydrphabic interactions 5 a6 follows: x-Calion — Aromatic and changed groups within
4.5A; n-n — Two anamatic groups stacked face-to-face or tace-o-edges Ofher — A non-spesiflc hydrophabilc sidechain
within 3.6 A of 3 ligand's aromatic or aliphalic carbons.

I Inberaciones: or polar inferaciions, are between two oppostiely charged aloms that ane within 3.7 A of each ofher

and o not Invoive 3 bond. We also moniior Protein-hMetai-Ligand Inferactions, which are defined by a meial
lon coordinaied wiihin 3.4 A of 's and ligand's heavy atoms (except carbon). All loniz Inferacions are broken down
It fwo subtypes: hose Iy 3 prodein backbone of skie chalrs.

Waler Bridges: are hydrogen-banded proteir-igand Interacions mediated by a waler molecule. The hydrogen-band
geamedry | slighily relaxed from the standard H-bond defintbon.
The cument geomeinc: crttesta for a proein-water or water-igand H-bond are- 3 distance of 2.5 A befween the donar and

accepiar atoms {C—H- -ﬂ.].am:ngeu’:ﬂn’behnmlreumwmmm—H -AL and an
acceplor angle of 200" bebween he hydrogen-accepiar-bonded_atom

Eenreadingad Ir. Mugedt gasarated |1-04-2003 1457 Page 8 af 1
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SCHRODINGER.

Protein-Ligand Contacts (cont.)

AN

LE %

WAL 19

ALA 11

ILE_1% 1

T 3

ThP_ 27

LEV_£% 4

[PTIJEF

ILE_33 4

TR 2% 4

PHE 36 I IR
THA_&%

MET

LY5.57 4

THR 5

SER_BL

ILE_62 4

PHI_Bi

LEL B% 4
ARG_T2 +

LE 113 | | | |
Ald_115 4
TR 38 | I || JANTR
LEU_B% 4
LEAL_i5 4

PHE_LE2

Time {(nsec)

A imeline representafion af the inferactions and contacts (H-bends, Hydrophobie, lonle, Water bridges)
summarized In the previows page. The fop panel shows fhe total number of spectic contacts the prodein
makes with the ligand over the course of the trajeciony. The bottom panel shows which reskdues Interact with
the ligand in each trajectory frame. Some residues make more than one contact with the ligand,
which Is represenied by a darker shade of orange, accarding fo the scale o the right of the plot.

MW:HMWIMIIH Pags 7l 10
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SCHRODINGER.
Ligand-Protein Contacts

A
NET
a5

g2

K
Cl o .

Hydraphobic = PFi-Fi stacking Sohvent axposure

A schemalic of detaled ligand atom Interacilons wih the protein residues. inferactions that occur more than
30.0% of the simulation time In the selected trajectary | 0.00 throwgh 50005 neac), are shown.

Note: I |5 possible in have Interactions with =100% a6 some reskiues may have multiple Interactions of a

single type wiih the same Bgand abom. For example, the ARG slde chaln has four H-bond donors that can all
hydrogen-bond to a single H-bond acceptar.

Eenredingsd I Regedt pessrated 11-04-2025 1457 Page 8 af 10
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S2LARUDINGER.

Ligand Torsion Profile
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The Nigand forslons plot summartzes the conformational evalution of every rotatable bond (REB) in the ligand
Mrmgrmtummnﬂmhqem”ummﬁ;u.nsm The top panel shows the 2d schematic of 3
ligand with color-coged rotatable bonds. Each bie band Is accompanied by a dial plot and bar
plats of the zame color.

Cilal {ior radial) plots describe fthe confarmation of the torslon throughout the course of the simulation. The
beginning of the simulation Is In the center of the radial plot and the ime evoluion Is plotted radally outwarnds.

The bar plots summarize the data on the dial plots, by shawing the probabiity d af the torskon. if
torslonal potential Infarmation |5 avallable, the plot also shows the potenilal of the bond (by
summing ihe potendlal of the refated torslons). The values of the potential are on the [eft Y-axis of the chart,
and are expressed In keabimal. Looidng at the histogram and torslon al relationships may give Insighis
Inéo the conformational strain fhe Igand undergoes to malmtain a In-bound conformation.

Eearodinger Ine. Magert paseraied 10-04-2025 1457 Page g i 10
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SCHRODINGER.

Ligand Properties

"

[ime {nsec)

Ligand RMS0- Roo mean square deviation of a ligand wih respect to the reference comformation (byplcally
the first frame 5 used as the reference and It Is regarded a5 fime f=0)

Radius of Gyrafion rEyr); Measures the ‘exiendedness' of 3 ligand, and ks equivalent to Ik principal moment

Number of internal hydrogen bonds {HE) within a Bgand malecule.

Molecular Surtace Area (MolSA): Molecular surface calcutation with 1.4 A probe radius. This value Is
equ a van der Waals surface area.

A Surface area of a molecule accessible by & waler molscule.
Polar Surface Ared (PSA): Solvent accessible surface area in @ maleculs confributed only by axygen and

Schiodingsd Ine. Razedt gassnated 11-04-2003 1457 Page 10 af 10
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SCHRODINGER.

Simulation Interactions Diagram Report
Simulation Detalls

Jobname: desmond_md_job_1
Entry tifie: Full System

CPU# JobType  Encemble  Temp. ] Sim Time[ns] #Afoms & Walers Charge

1 mdsim MET 3000 E[L08E 16064 4755 ]
Prateln Information
Tot Residuse  Prot. Chain(s) Fes. in Chainjs)  #Aloms S Heawy Aloms  Charge
112 ' 112 1709 E34 3
-] 5 4E 1+ (2] LI% il (£} 155 10 183 HLH
= K 17 TSI SR T DV EE TR FOAAE BV D TEND IRBC ROV PETMOEAR E VD FGFFGEHLAENTL 210
- A
15 L] = ] 1% L] 51
- & il LLLYGASRESH tL ]
H [ 51 —— - -
Ligand Information
SMILES CO{C OO C O CaEH] | N{C(=Dc2ooncc2Neic 1 3n{ne3C -odcooood
P8 Mame UM
MumL. of Aiams 1 {iodal) 32 heany)
Afamic Mass AT 554 au
Charge o
Kiol. Farmula CAEHIONSD

Mum. of Fragments. 4

Mum. of Rot Bands T

Counter lon/Zal Information
Type  Num.  Concenfration Jmb]  Tobal Charge
] 16 61180 +16
a 13 40,708 -13
Scsrexiinger it Bagor geserated 1 1-08-3033 (5.42 Page 1 af 18
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SCHRODINGER.

Protein-Ligand RMSD
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[ oy ELR Prnt]

The Root Mean Square Devlation (RMED) s used o measure the average change In displacement of a
selection of aloms for a pariicular frame with respect fx a reference frame. If Is calculaded for all frames In the
trajectory. The RMED for frame x Is:

WS, = :.'?*_:'.'-If-"" wahw
L]
where M ks the rumber of atoms In the atom selectlon; § s the reference time, (fypically the first frame s
used 36 the reference and It ks regarded a6 fime f=0); r’lIs the posiion of the seiected atoms In frame x
after superimposing on the reference frame. where frame x Is recorded at ime . The procedure s repeated
far every frame In the simuitation trajeciory.

Pratein RMSD; The above plot shows the RMSD ewslution of 3 proteln (left Y-axis). All proteln frames are first
aligned on the reference frame backbane, and then he RM3D |s calculated based on the atom selection.
Monitaring the RMSD of the proteln can ghve Insights inbo Bs structural conformation throughout the
simulation. RMSD analysls can Indicate i the simulation has equillbrated — is Nwctuaiions iowards the end of
the simulaiion are around some thermal average siruciure. Changes of the arder of 1-3 A ane

far small, giobular proteins. Changes much larger than thad, however, Indicate that the In Is
undengoing a large confarmalional change during the simulation. it 15 also Imporiant that your simulation
conwerges — the RMSD values siablize around a Mxed value. I the RMSD of the prodedn Is 58l Increasing or
decreasing on average at the end of the simulafion, then your system has not equilbrated, and your
simulation may not be long ensugh for rigorous analysis.

%ammn: nd RMSD (fght Y-axis) Indicates how stable the igand s with respect to the pratein and
binding In the abave plod, "Lig Mt Prot’ shows the RMSD0 of a ligand when the proteln-igand

complex ks first aligned on the protein backbone of the reference and then the RMSD of the igand heavy
atoms |5 measured. If the values obsended imwruﬁlrmie RMSED af the proteln, then it s
lkedy that ihe lgand has diffused away from s inikal binding sike.

Essrodinges 1. Mugen paserated 11-08-3033 08:43 Page 2 of 18
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SCHRODINGER.

Protein RMSF

\

RMSH

M v

Residue Index
. |

The Root Mean Square Fluctuadion (RMSF) 16 useful for characiernzing local changes along the prateln chaln.
The RMSF for residue f 152

HMSS 'TE O ke
5 r

where T s fhe trajectory ime a:rv.rEr'nl'lnt'.rl11'||!FIH.ISI= Is calculated, tﬂﬁbhereliermhrle.rhhepmlmm
reskue [, r Is the posiiion of atoms In residue | after superpositian Mmm.mlmjimhm
Indicate that the average of the sguare distance ks taken over the selaction of atoms in the residue.

O ithis plot, peaks Indicate areas of the protein that fuciuate the most during the simuladion. Typically you
will cbserve that the talls (N- and C-terminal) fiucfuate mare than any other part of the profeln. Secondary

structure elements ke alpha helices and sirands are usually more rigd than the unstructured part of the
pratain, and thus Muctuate less than the loop reglons.

Eemiedinged I Mapo gassraled | LO5-J00% (.43 Pags 3.6l 18
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SCHRODINGER.

Protein Secondary Structure

% Hellx % Sirand % Total 55E
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Residue Infdex

Prateln secandary struciure elements (S3E) M alpha-nalices and beta-sirands are monored throughout the
simulation. The plot above reports S5E distribufion by resldus Index throughout the protein structhare. The plot
below summarizes the S5E composklon for each trajectony fame over the course of the simulation, and the
plot at the bottom monfiors each resldue and s S3E assignment over {ime.
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SCHRODINGER.

Ligand RMSF
slz 4
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it Ligand on Protein|

The Ligand Root Mean Square Fluctuation (L-RMSF) Is ussiul for charactenzing changes in the ligand atom
|posilons. The RMSF for atom /|52

FMIF, =, 11-*':.‘:-;. ot}
nrmeThmen}adnylnemrnmnheHH?mm ﬁ Fblm-reliarmllrueunnllyirlmlit

Trame, and ks regarded a5 the zero of fime); ris the position of In the referance at fime I, and r'is the
|posEion of atm §at fime ¢ amter superposiion on he reference rame.

Ligand RMSF shows the ligand's Nuctuasions broken down by atom, cumesponding b the 20 struchire in e

The ligand RMSF may give you | on how ligand inieract with the n and thelr
meﬂfmm Exmnma evanw %hfmhnmggmhe LFWPM line shaws ﬂ;ﬁm
Tuchuztions, with pratein. The pratelr-Bgand complex |6 Arst aligned on the protedn backbone
mmmellgindﬂuwhmaﬂndunheuginﬂhemmmm

Essredingsd Inc. Rapert paseraied 11082023 (942 Page § of 10
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SCHRODINGER.

Protein-Ligand Contacts

Fraction

Irut
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H-bonds & Hydrophobic B lonic BWater bridges |

Pratein Inferactions with ihe Bgand can be monitored throughout fhe simulation. These interactions can be
categarized by type and summarlzed, a& shown In the plot above. Proéein-ligand interactions [or contacts)
ane It four types: Hydrogen Bonds, Hydrophobic, lonic and Water Bridges. Each Inferaciion

type more specific sublypes, which can be explored through the *Simulafion Inferactions Diagram®

panel The stacked bar charts are nomalized over the course of the - for example, a value of 0.7

suggests that 70% of the simulation ime the speciic inferaction |s maintained. Walues over 1.0 are possible
a6 some protein residue may make muftiple contacts of same subtype with the Bgand.

; a rake in Consigeraion of In
(3 S s porant s of el Son fescs (g ety TEabolalion and eI Fhrogen
bonds A profein and a ligand can be further broken down inio four subtypes: backbone accephor; backbone

dionor; side-chain accephor, side-chaln donor.

The curment geometic: critera for protein-igand H-bond ks distance of 2.5 A bebween the donor and acceplar atoms

m—u—uammdmm‘mmmmmmm—ﬂ—a;Nmmmu
bedween the hydrogen-accepiorbonded_atom aboms. (H—A—5).

%ﬂhﬁﬂllﬁh&ﬂﬂﬁrﬂ“ﬁm{tﬁmmmmw
o Ivaive 3 hyarophabic aming ackl and an aromabic or aiphatic group on e lgand, but we have extented
this category o also Inciute x-Cation Interaciions.
mmmmmmmmmumm Aromatic and charged groups within
4.5 A; w-n— Twio aromatic groups stacked face-to-face ar tace-io-edpe; Ofher — A non-specific hydrophablc sidechaln
within 3.6 A of a ligand's aromatic or aliphalic carbons.

lonic: Inberaciiors: or polar ineraciions, are betwaen two oppostiely charged atoms that ane within 3.7 A of each other

and do not Involve 3 Ibord. We Flso monitor Probein-MetaHL igand Inberactions, which ane defined by a metal
lon coordnated wiihin 3.4 A of and ligand's heavy atoms (excepd carboni. All lonk: Interaclions ane broken down
Int Bwo subtypes: Mose Iy a3 prodein backbone o siie chains.

Vialer Bridges are hyirogen-banded proteir-ligand Inferacions mediaied by 3 waler molecule. The hytdrogen-band
geametry |s sighily relaxed fom the standam H-bond definttion.

The curment geometic citera for & profein-water or walerdigand H-bond are- a distance of 2.6 A befween the donar and
accepiar atoms (C—H- a.;amageumwmumwmdmnp—ﬂ -AJ and an
acceplar angle of 250" between the hydrogen-accepior-bonded

Bekiodingid I Ripedt gessrated 10-08-2003 (8:43 Page A ol 13
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SCHRODINGER.

Protein-Ligand Contacts (cont.)

RE_ZN
LEW 21
AEK_2E
WAL 73
THR,_1&
Ws_a3
THR_G¢
ARG B3
PRO_Ai
aLy_G5
LA BB
ALA 6T

AR LS
MET 190
MET_1aB
GLAN_ 149
GLU_150
BLE_15]
TrR_154
SP_1As
GLY_1a7
PHE_LBE
PHE_15% | I TN

Vel 116

GLy 217

MET_21R

3ER_218 |

ARG 330 | e
Lre_221
SER_ 12T
PO_777
ARG_23%
HU& 15]
ARG 78
HI5_15T
HEP 258

Nime (nsec)

A timeine represeniafion of the inferactions and contacts (H-bonds, Hydrophobie, lonic, Walsr bridgas)
summarized In the previows page. The fop panel shows ihe iofal number of speciic contacts the protein
makes with fhe lgand over the courss af the trajeciony. The bofiom panel shows which reskdues Interact with
the ligand In each trajectory frame. Some residues make more than one contact with ihe Bgand,
which Is represenied by a darker shade of orange, accarding ta the scale io the rigit of the plok.

Sesrodinger Ine. Bager geeerated 1083003 (5,42 Page T ol 13
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SCHRODINGER.

Ligand-Protein Contacts
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140
W Charged (nagativa) Hydroghodis ‘Waltar
W Chasged [positivel Polar

Salvent expasura

A schemafic of detalied llgand atom Interacfions wilh the proteln residues. Inferactions that cceur mare than

30.0% of ihe simulation time In the selecied

{ 0,00 throwgh 50005 nsec), are shown.

Mote: It 16 possible fo have Interactions with =100% a5 some reskiues may have multiple Ineractions of a
singie fype wiith the same Bigand atom. For example, the ARG slde chaln has four H-bond donors that can all

hydrogen-bond to a single H-bond acceptar.

Eeiodingsd |ne. Rogen passrated |1-08-2003 (643
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SCHRODINGER.

Ligand Torsion Profile
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mqamhmmpﬂwmmamﬂmmmnamm aleuur rofatable bond (RE) In fhe ligand

throughowt ihe simulation irajeciony [ 0.00 50.05 nsec top panel shows the 2d schematic of 3
ligand with color-coded molatable bonds. Each bie bond Inmarledhyaulapntmﬂba
plats of the same color.

Oilal (or radial) plods describe the conformadion of the torslon Shrowghout the course of the simulation. The
beginning of the simulatien i in the center of the radial piot and the ime evaluiion s potted radially outwarnds.

The bar plods summarize the data on the dial plats, by shawing the probabiity d af the torsion. I
torslonal podential Information |5 avallable, ihe piot also shows ihe potendlal of the bond (by
summing fhe potendial of the refated torslons). The values of the pobential are on the |eft Y-axis of the chart,
and are expressed In kealimol, Looking at the histogram and torsion al refationships may give nsighis
Inéo the conformational sirain the lgand undengoes to maintain a In-bound conformation.

Echiiadinged Ife. Maged ghssnrd 11-08-3003 (8:43 Page 3 af 13
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SCHRODINGER.

Ligand Properties

|| N

- Root mean square deviation of a ligand wiih respect to the reference conformaiion (typlcally
e first frame I5 used as the reference and It Is regarded a5 fime =0

Radlus of Gyration [rGyr): Measures the ‘exiendedness’ of a ligand, and ks equivalent to its principal moment
of Ineila.

Number of intenal hydrogen bonds (HE) within a Bgand malecule.

Molecular Surtace Area (MolSA): Malecular surface calcutation with 1.4 A probe radius. This value ks
equ a van der Waals surface area.

Surface area of a WEMMEHHME.

Echioadingsd Ine. Bugert gassnated 11-08-2023 0543 Pags 10 af 10
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