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Introduction

« World Health Organisation reported that cardiovascular complications are recognized as the highest leading course
of death between 2000 and 2019.

« Cardiovascular complications are caused by the excess LDL cholesterol in the body or arteries.
» Excess LDL cholesterol in the arteries can build up to form plaque, which reduces blood flow
« Reduction of blood flow can result in cardiovascular disease which can lead to heart attack and stroke.

« Available drugs in the market are statins
=> Targets HMG CoA reductase enzyme (first limiting rate step for cholesterol
biosynthesis and isoprenoids)

* Those drugs that inhibit the 3-hydroxy-3-methylglutaryl-CoA (HMG CoA) reductase enzyme have severe side
effects mostly related to muscle disease.

« The aim:
=> |s to find molecules that have the potential to lower cholesterol through the inhibition of squalene
monooxygenase using computational approaches.
=> Computational methods used in this study include pharmacophore modelling, 3D-QSAR, ADMET, virtual
screening, and DFT simulations.

https://www.who.int/health-topics/cardiovascular-diseases#tab=tab_1

Gill, S., Stevenson, J., Kristiana, |., Brown, A.J., 2011. Cholesterol-dependent degradation of squalene monooxygenase, a control point in cholesterol synthesis beyond HMG-CoA reductase. Cell
Metab. 13, 260-273.

Fredrickson, D.S., Peterson, R.E. and Steinberg, D., 1958. Inhibition of adrenocortical steroid secretion by A4-cholestenone. Science, 127(3300), pp.704-705.
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Dataset

Various bisphosphonate
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Computational methods

 Pharmacophore modelling
— Used to generate hypotheses of molecules in the database by identifying features/atoms of molecules capable of

interacting with the biological target.
— Pharmacophore models were generated in Maestro using the Phase model.

— Ligands with pIC50 = 4 were assigned as active and the ligands with pIC50 < 4 were assigned as inactive.

« 3D- QSAR (Quantitative Structure and Activity Relationships)
— Provides a method for focusing on the group of most promising drug candidates.

— It relates or compares the predicted and experimental biological activities.
— 3-D QSAR model was generated using Partial Least Square (PLS) regression statistic maximum order factor of 2

for “green tea polyphenols” and 1 for “various bisphosphonates”.

« ADMET (Absorption, Distribution, Metabolism, Excretion, and Toxicity)
— Calculate physiochemical/pharmacokinetic parameters of the drugs.

— Calculations were performed using QikProp from maestro.

Akamatsu, M., 2002. Current state and perspectives of 3D-QSAR. Curr. Top. Med. Chem. , 2 (12), pp.1381-1394
Jiang, L., Rizzo, R.C., 2015. Pharmacophore-based similarity scoring for dock. J. Phys. Chem. B 119, 1083-1102.
Ekins, S., Waller, C.L., Swaan, P.W., Cruciani, G., Wrighton, S.A., Wikel, J.H., 2000. Progress in predicting human ADME parameters in silico. J. Pharmacol. Toxicol. Methods 44, 251-272.




Computational methods

* Virtual screening
— Used to identify new potential inhibitors.

— Predicts the binding modes of the ligand and known 3D structural protein and possible conformation of the receptor-
ligand complex.

— LigPrep was used for ligands preparation and Protein Wizards was used for protein preparation.

— Glide docking coordinates for maestro for 6C6P and 6C6N: x= -20.28, y= 74.71, and z= 54.91, grid box size 21A x
21A x 21A

 DFT (Density Functional Theory)
— The general reactivity of molecules with a better binding score was evaluated using density functional theory

— Opt freq DFT calculations were done with b3lyp/6-31+G (d,p) basis set.

— Gaussian 09.E01 module was used, and the results were visualized using gviews5.

& P B

Dias, R., de Azevedo, J. and Walter, F., 2008. Molecular docking algorithms. Curr. Drug Targets 9 (12), pp.1040-1 Z"'?"/.-’r
Seeman, J.1., 2022. Kenichi Fukui, Frontier Molecular Orbital Theory, and the Woodward-Hoffmann Rules. Part Ill. Fukui's Science and Technology, 1918-1965 o



Pharmacophore modelling

Tablel: Pharmacophore hypothesis for green tea extracts polyphenols

Survival Score |Site Score |Vector Score [Volume Score [Selectivity Score [Adjusted Phase Hypo
. Score Score
Hypothesis
Best
ADDRR_1 5.388 0.923 0.983 0.628 1.899 2.408 @ hypothesis

ADDRR_2 5.357 0.928 0.987 0.623 1.865 2.472 1.23

ADDRR_3 5.324 0.936 0.971 0.631 1.831 2.344 1.228
ADDRR_4 5.322 0.909 0.978 0.625 1.856 2.342 1.228

ADDRR_5 5.308 0.899 0.994 0.616 1.845 2.328 1.227

4.882 0.951 0.984 0.617 1.376 1.902 1.196

4.861 0.977 0.927 0.629 1.374 1.881 1.193

4.955 0.988 0.998 0.635 1.38 1.975 1.192

4.884 0.934 0.992 0.63 1.374 1.903 1.191

4.862 0.935 0.987 0.625 1.361 1.882 1.189

4.949 0.979 0.995 0.632 1.389 1.969 1.186




Pharmacophore modelling

Figure 1: Pharmacophore models with referencing ligand (A) the best hypothesis ADDRR_1 (B) least good hypothesis DDRR_2. The blue spheres show the hydrogen

donors; the red sphere shows the hydrogen acceptor, and the yellow rings represent benzene rings.




Hypotheses Survival Score [Site Score Vector Score Volume Score|Selectivity Score |Adjusted PhaseHypo
Score Score
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Pharmacophore modelling

Table 2: Pharmacophore hypothesis for various bisphosphonate
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Pharmacophore modelling

B

Figure 2: Pharmacophore models with referencing ligands (A) the best hypothesis AAAD_1 (B) least good hypothesis AAAH_3. The blue spheres show the

hydrogen donors, the red sphere shows the hydrogen acceptor and the green shows the hydrophobic group.




3D-QSAR

Table 3: The statistical results for QSAR green tea polyphenols

factors SD R?2 RZCV | R?scramble | stability F P RMSE Q? Pearson-r
1 082 [075 |0.23 0.48 0.672 152 | 0.012 0.44 0.88 1
2 068 |0.86 |0.55 0.70 0.762 126 ]0.019 0.34 0.93 1
Predicted Activityl vs. Activity - Standard deviation(SD) < 1 suggests that the predicted
' ' | | L and observed activity values are clustered close to the
. o mean (low variation).
_, rs ;' - « R?2 = 0.86 Indicate a strong relationship between
=70 e i predicted and observed activities.
= =
=I -
B °T . 11+ Q2> R2 which implies that the model has good predictive
i = e relevance.
L ) I Y - - -
[ - -
« Pearson-r = 1; this indicates the positive correlation
T L ] between predicted and observed activity for the test set.
2 = S ; = : - =1 * RSME is between 0.2 and 0.5 which shows that the model
Activity can predict the data accurately.

Figure 3: Relationship between experimental and predicted green tea extracts polyphenols inhibitory

activity values of both training set and test set molecules using field-based 3D-QSAR mode.




3D-QSAR

Table 4: The statistical results of QSAR various bisphosphonates.

Factors SD R?2 RZCV | R?scramble | Stability F P RMSE Q? Pearson-r
1 144 |085 |-1.02 |0.797 -0.737 22 |0.01 |o0.21 099 |1
o —Erediced AV ve Aoty . —— |+ Standard deviation (SD) > 1 suggests that the
T predicted and observed activity values are not clustered
’ o close to the mean (high variation).
« R2 = 0.85 Indicate a strong relationship between

predicted and observed activities.

€. e |1+ Q% > R? implies that the model has good predictive
3 . . relevance.

’ « Pearson-r = 1; this indicates the positive correlation

‘ o between predicted and observed activity for the test set.

* RSME is between 0.2 and 0.5 which shows that the
model can predict the data accurately.

| | i | I |
2 3 4 5 5 7 8 9 10
Activity

Figure 4: Relation between experimental and predicted bisphosphonates inhibitory activity

values of both training set and test set molecules using field-based3D-QSAR mode.




Table 5: ADMET pharmacokinetics of green tea extracts polyphenols.
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ADMET

Table 6: ADMET pharmacokinetics for various bisphosphonates.

MW CNS |volume accptHB QPlogPo/w | QPlIogHERG QPPCaco | QPlogBB | QPPMDCK | %HOR

YM175 287.189 -2 835.246 1.000 7.500 -0.517 3.231 0.202 -1.540 0.035 11.473 O
EB 1053 289.161 -2 806.576 1.000 8.750 -1.367 3.076 0.115 -1.927 0.019 2.099 0
PHPBP 303.188 -2 850.174 1.000 8.750 -1.026 3.071 0.150 -1.822 0.025 6.214 0

Parmidranate 235.070 -2 602.769 3.000 7.750 -2.395 3.930 0.034 -2.095 0.005 0.000 1
Alendronate 249.097 -2 665.451 3.000 7.750 -2.067 3.600 0.041 -2.204 0.006 0.000 1
Clodronate 244893 -2 558.476 0.000 6.000 0.731 4.605 0.676 -1.472 0.394 28.186 O

Etidronate 206.029 -2 547.868 1.000 6.750 0.302 4.734 0.367 -1.949 0.060 20916 O




Site Mapping

» Five binding sites were reported which are shown in the figure below as S1, S2, S3,
S4, and S5.
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Table 7: Results data obtained from site mapping simulations

1.130 574 1.140 913.066
1.127 638 1.133 912.380

0.895 97 0.865 179.732

1
0.836 77 0.850 223.979
0.754 64 0.681 139.944

Figure 5: The binding site map for 6C6P protein.




Molecules

Proteins 6C6P
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Virtual Screening

Table 8: Molecular docking results of green tea extracts polyphenols

Docking scores

6C6N
-6.944

-15.173
-15.190
-11.246

-3.214

-11.514

-10.801

-10.404

-10.255

-13.842

-14.751

Only 6 molecules of green tea polyphenols ligands docked
on the active site of 6C6P

EGC, EC, GC, and C have better binding affinity than the
native ligand EMV

The order of potent inhibitor based on the molecular
docking prediction for 6C6P is as follows: EGC > EC > GC
= C > EMV > EGCE > gallic acid.

All green tea polyphenols docked to 6C6N protein except
O-Methyl EGCE and theasinensin A.

GCG and O-Methyl GCG have the highest docking score
that is less than -15 kcal/mol, better than the native ligand
EKV.

The potential inhibition for 6C6N based on molecular
docking is as follows: GCG > O-METHYL_GCG > EKV >
O-METHYL_ECG > EGC > EC >GC > E > EGCE > ECG

> gal]lic acid.
& P s
ES“X:
N\



&3

e
o

~ el ot e —e Praten >
b ) & Wipecsed restu ~ satbedoe
v Sobare wpsaurs
el x (1pacnd) o B

Figure 8: 2D and 3D figures of EGC showing the position, pose, and
interactions on the active site of 6C6P protein.
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Figure 9: 2D and 3D figures of EC showing the position, pose, and
interactions with 6C6P protein.
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Figure 10: 2D and 3D figures of GCG showing the position, pose, and
interactions with 6C6N protein.
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Virtual Screening

Table 9: Molecular docking results of various bisphosphonates

Docking scores

Proteins 6C6P 6C6N

Molecules

Alendronate -3.385 -3.311
EB 1053 -5.335 -4.554
Parmidronate -4.252 -3.907

Etidronate -4.070 -3.802

PHBP -4.716 -4.930

Figure 12: 2D and 3D figure of YM175 showing the position, pose, and interactions on
YM175 -5.279 -6.003 the active site of 6C6P protein.

Clodronate -4.430 -4.299 ’Ss)‘/j) -
ik S
Native ligands -11.800 -14.751 570 N/
LR
. . . = o I \
» bisphosphonates have a higher docking score than the L 1)
native ligand EMV and EKV. -
3':‘)\5\@ *:;\
%)

* The order of potent inhibitors:
for 6C6P: EMV > EB1053 > YM 175 > PHBP > clodronate  |.. L
> parmidronate > etidronate > alendronate SEP o e
for 6C6N: EKV > YM 175 > PHBP > EB1053 > clodronate
> parmidronate > etidronate > alendronate.

the active site of 6C6N protein.




Density Functional Theory

. . * Dipole moment: Suggest that the polarity of these
Gallic acid compounds is as follows GCG > EC > gallic acid >
EGC.

« All molecules were predicted to have a C; point group
except garlic acid with C4 point group.

Table 10: Dipole moment, polarizability, and thermal parameters

Gallic acid

Total Dipole Moment st 4.92 1.63 5.28
Polarlzablllty ¢ 104.92 202.51 199.47 308.83
Bohr3

-646.39 -1031.13  -1106.35  -1676.33
-646.44 -1031.13  -1106.42  -1676.42
-646.39 -1031.20  -1106.35  -1676.74
Cs c, c, c,

Figurel4: Optimized structures and dipole moment values




Density Functional Theory
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Figure 15: Calculated frontier molecular orbitals of garlic acid, EGC, EC and GCG.



Density Functional Theory

Gallic acid EC EGC GCG
o

4.770e-2

Figure 16: Molecular electrostatic potentials of green tea polyphenols




Conclusion

Hypothesis ADDRR_1 for green tea polyphenols and AAAD 1 for various bisphosphonates.
3D-QSAR shows a strong correlation between the predicted activities and observed activities for both
green tea polyphenols and bisphosphonates molecules.

All molecules showed good ADMET properties except theasinensin A.

Green tea polyphenols showed good inhibition properties for squalene monooxygenase.

Molecular docking simulations suggest various bisphosphonates are not good for inhibiting squalene
monooxygenase.

Garlic acid is as reactive as GCG, EGC, and EC.

Good inhibitors of squalene monooxygenase should at least have 3 to 4 benzene rings.

For future molecular dynamics.




Acknowledgments

PROJECT SUPERVISOR: DR TENDAMUDZIMU TSHIWAWA
PROJECT CO-SUPERVISOR: PROF. KEVIN LOBB
NATIONAL RESEARCH FUND (NRF)

CENTRE FOR HIGH PERFORMANCE COMPUTING (CHPC)
CMCDD RESEARCH UNIT

RHODES UNIVERSITY

National
Research

Foundation  cusresie: coMPUTING

RHODES UNIVERSITY

Where leaders learn



