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ABSTRACT

Human programmed death-1 with its ligand (hPD-1/PD-L1) is a promising target to blockade the checkpoints
immunology as anticancer therapy. Small molecules inhibitor of checkpoints immunology currently develop.
Natural bioactive compounds in rosella have the potential as promising small molecules that can inhibit the complex
of hPD-1/PD-L1. So this research aimed to determine the bioactive compounds in rosella against hPD-1/PD-L1 by
in silico molecular docking and molecular dynamics studies. A total 16 compounds in rosella were selected and
downloaded through the Pubchem and KNapSAcK compound databases. The compounds were then docked into
the binding pocket of hPD-1/PD-L1 protein and then simulated by the molecular dynamics method. It was obtained
three best compounds that have the best binding energy and interaction i.e. delphinidin-3-sambubioside, hibiscetin-
3-glucoside, and quercetin-3-rutinoside. The molecular dynamics simulation during 100 ns, showed the three
compounds have good stability, that analyzed by the RMSD, RMSF, and MM-PBSA binding free energy
calculation. The delphinidin-3-sambubioside showed the lowest binding free energy, i.e. -33.161 KJ/mol, and
provided the best stability compared to the other compounds.
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INTRODUCTION
Cancer is a disease class that is considered the most dangerous for society, based on Globocan data in
2018.! The new cancer incidence rate is estimated at 18.1 million, with the death rate reaching 9.6
million. Along with the increase in research for cancer, it has been able to develop knowledge of cancer
therapy with the latest approach, i.e. cancer immunotherapy.>* Immunotherapy can fight cancer growth
by binding to T-cells, so that the tumor and cancer cells are lysed and eradicated.* One of the
immunotherapy that is considered effective in increasing the immune system in inhibiting the growth of
cancer cells is by blockade the checkpoints immunology’, i.e. programmed death-1 (PD-1).%7
Programmed death-1 (PD-1) associated with apoptosis which is expressed on the surface of T-cells.® PD-
1 ligand (PD-L1) is expressed as a suppressor of the normal immune system, by forming a complex with
PD-1, to regulate the balance between T-cell activation, tolerance, and immunopathology.’ However, PD-
L1 is also expressed in cancer cells to take advantage of the immunosuppression function to avoid being
killed by T cells', which are reported to occur in various types of cancer such as small-cell lung cancer,
melanoma, leukemia, etc.''™* The development of immune checkpoint pathways targeting PD-1/PD-L1
focuses mostly on monoclonal antibodies, in contrast to the development of small-molecule-inhibitors,
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which are still far behind. However, small-molecule-inhibitors can be low-cost and can be given in
various administrations. Some researchers have tried to develop small-molecule-inhibitor to immune
checkpoint inhibitor PD1/PD-L1 from peptides.!* However, until now, only a few have developed or
identified the potential of natural metabolite compounds as immune checkpoint inhibitors. Rosella
(Hibiscus sabdariffa L.) reported to contain various bioactive compounds with various pharmacological
activities, among the compounds class that play a role in the activity, i.e. flavonoids, phenolic, and
anthocyanin.'> One of the specific pharmacological activities of the compounds in roselle has been
reported to have immune checkpoint inhibitor activity'®. However, until now there have been no reports
of specific activity of roselle against the PD-1/PD-L1 target. Therefore, we tried to screened and identify
the compounds that contained in roselle which have been studied as immunomodulators, as small
molecule inhibitors targeting immune checkpoint inhibitor PD-1/PD-L1 by in silico approach.

EXPERIMENTAL

Bioactive Compounds Preparation

The bioactive compounds in rosella were selected based on the KNapSAcK database
(http://www knapsackfamily.com/KNApSAcK/!” and http://knapsack3d.sakura.ne. jp/)'® with the keyword
Latin species name "Hibiscus sabdariffa L.", The bioactive compounds that selected were eugenol,
delphinidin 3-sambubioside, gossypetin, hibiscetin, hibiscetin 3-glucoside, myricetin, protocathecuic
acid, quercetin. Apart from the KNapSAcK database, we selected compounds based on those that have
been reported to have immunomodulatory activity, i.e. 5-hydroxymethyl furfural, chlorogenic acid,
cyanidin 3-sambubioside, gallic acid, methyl gallate, quercetin 3-glucoside, quercetin 3-rutinoside, were
obtained from the PubChem compound database (https:/pubchem.ncbi.nlm.nih.gov/)."”

Protein Preparation

The complex structure of human programmed death-1 (PD-1) and its ligand PD-L1 (hPD-1/PD-L1)
obtained from Protein Data Bank (http://www .rcsb.org/pdb/), with PDB ID: 4ZQK?° with crystallography
resolution 2.45 A. Furthermore, The downloaded protein prepared by removing the unique ligand and
water molecules and then added the polar hydrogen and charged with Kollman charges®!*>. The protein
preparation procedure was conducted using BIOVIA Discovery Studio 2017 and Autodock tools 1.4.6.2

Molecular Docking Simulation

The determination of the active site was carried out on the 4ZQK protein using BIOVIA Discovery Studio
2017. The active site identification was carried out using the amino acid in binding pocket catalytic, that
was the pocket of small molecule inhibitor of PD-1 / PD-L1 based on previous research by the desk in
2018. The amino acid in the binding pocket catalytic that was focused in the search was i.e. Glu:136,
Tyr:68, Arg:113, Tyr:123%, the attributes of the binding pocket. Furthermore, we docked all of the
bioactive compounds in rosella that have been obtained into the binding pocket of PD-1 / PD-L1 complex
using autodock4.

Molecular Dynamics of Bioactive Compounds in Rosella

The compounds in roselle were ranked based on molecular docking binding energy, then the top three-
ranked compounds were continued to the molecular dynamics (MD) simulation stage. The MD simulation
was carried out with the AMBER99SB-ILDN force field.*** Ligand topology was made using
ACPYPE?. The electrostatic force, neutralization of the system, and solvation were carried out using the
Particle Mesh Ewald method®’, carried out by adding Na* and CI ions, and with the TIP3P water cube
model?®, respectively. Furthermore, 100 ns of MD production was performed with a 2 fs timestep. The
simulations were carried out using Gromacs 2016.3 software.?’ Afterward, the Root Mean Square
Deviation (RMSD), Root Mean Square Fluctuation (RMSF), and binding free energy (MM-PBSA) were
used to measure the stability of complex systems. MM-PBSA calculations were performed using the
g mmpbsa package which is integrated with the Gromacs software. According to MM-PBSA method, the
binding free energy of complex (AGuina) is the difference between the free energies of the complex
(AGcomplex) and the unbound receptor (AGiec) and the free ligand (AGiie)*°.
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The binding free energy of each ligand-protein complexes were carried out based on the output of MD
simulation on 1000 snapshots taken from all 100 ns simulation trajectories’'.

RESULTS AND DISCUSSION
Molecular Docking Simulation
The active site was determined based on the receptor cavities, it is obtained the active site of the complex
was X =-1.113,Y =46.195, dan Z = 99.22 . The active site has amino acid residues that are identical to
the active site previously reported by the desk, 2018 from our analysis. Each bioactive compound was
then docked into the active site. The binding energy of each ligand can be seen in Table-1. Top 3 ranked
bioactive compounds with the best binding energy were quercetin 3-rutinoside (-7.6 kcal/mol),
delphinidin 3-sambubioside (-7.1 kcal/mol), and hibiscetin 3-glucoside (-7.1 kcal/mol). The binding
catalitic on the active site of inhibitory ligand that reported before has some important amino acids i.e.
Glu:136, Tyr:68, Arg:113, Tyr:123. The binding mode of quercetin 3-routineoside and hibiscetin 3-
glucoside showed hydrogen bond interaction with one of the catalytic amino acids, i.e. Glu:136, while
delphinidin 3-sambubioside interacts with 2 catalytic amino acids, namely Glu: 136 and Arg: 113.

Table-1: The Binding Energy of Bioactive Compounds to PD-1/PD-L1 Protein

Binding
Bioactive Compounds Structures energy H-bond Interaction
(Kcal/mol)

5-Hydroxymethyl furfural “°m° -4.2 Ser:127, Lys:131
Eugenol : -4.6 Glu:60, Asp:61
A\

—, Asn:63, Ile:134,
Chlorogenic acid o \ -6.6 Glu:58, Arg:113,
on ° o Glu:136

Cyanidin 3-sambubioside -6.8 Val:111, Glu:136

Glu:136, Asn:74,
— -7.1 Arg:113, Val:111,
Glu:58, Asp:61

Delphinidin 3-sambubioside

Gallic acid oH -5.1 Asp:77, Asp:117

1396
SOME SELECTED COMPOUNDS IN ROSELLA (Hibiscus sabdariffa L.) Wa Ode Yuliastri et al.



RASAYAN J. Chem.
Vol. 14 | No. 2 |1394-1401| April - June | 2021

‘ o Asp:61, Arg:113,
Gossypetin ) Q N -6.5 Tyr:56, Asn:63

b O o Arg:113, Asp:61,
Hibiscetin ) Q o -6.6 Asn:63, Tyr:56

Glu:136, Ile:134,

Hibiscetin 3-glucoside -7.1 Glu:60, Val:111,
o Asn:74
a Arg:113, Val:111,
Methyl gallate @—g} -5.0 Glu:60, Asp:61
Myricetin -6.2 -
Protocathecuic acid -5.1 Asp:77, Ser:118,

Asp:117

Leu:79, Ser:93,

Quercetin 64 Ala:81, Glu: 84

. . Ile:134, Glu:136,
Quercetin 3-glucoside -6.6 Ser:137, Val:111
Quercetin 3-rutinoside -7.6 Glu:136, Asn:74
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The molecular interaction of the best-three bioactive compounds in the hPD-1/PD-L1 protein was
revealed (Figs.-1 to 3). The delphinidin-3-sambubioside compound interactions were conventional
hydrogen bonds (Glu:136, Asn:74, Arg:113, Val:111, Glu58, Asp:61), pi-cation (Arg:113), pi-anion
(Glu:58), pi-alkyl (Val:111), and some van der Waals interaction with 9 amino acids. Hibiscetin-3-
glucoside interactions were conventional hydrogen bond (Glu:136, Asn:74, Val:111, Glu:60, Ile:134), pi-
cation (Arg:113), pi-anion (Glu:136), pi-alkyl (Val:111), carbon-hydrogen bond (Arg:113), Unfavorable
donor-donor (Glu:60 and Asn:74) and some van der Waals interaction with 11 amino acids. Quercetin-3-
rutinoside interactions were conventional hydrogen bond (Glu:136, Asn:74), pi-cation (Arg:113), pi-anion
(Glu:58), pi-alkyl (Val:111), and van der Waals interaction with 13 amino acids. The molecular
interaction analysis showed that the three compounds have high similarity in amino acid interactions, but
different in the type of interactions, as can be observed at 2D interaction analysis. Hibiscetin-3-glucoside
showed higher intensity in a total interaction at the binding pocket of hPD-1/PD-L1.

(ASN
(B7a

Interactions
[] van der waals Hl Fcoton
I Conventional Hydrogen Bond Il Pi-Anion
- Unfavorable Acceptor-Acceptor :’ Pi-Ally
Fig.-1: Delphinidin-3-sambubioside interaction in hPD-1/PD-L1
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Fig.-2: Hibiscetin-3-glucoside interaction in hPD-1/PD-L1
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Fig.-3: Quercetin-3-rutinoside interaction in hPD-1/PD-L1

Molecular Dynamics Simulation and Stability Analysis

The top-three ranked bioactive compounds from roselle then identified their stability at the hPD-1/PD-L1
protein complex, to see their bond strength as an inhibitor that can disrupt the binding of the hPD-1/PD-
L1 complex. Molecular dynamics was successfully carried out during 100 ns simulations of delphinidin-
3-sambubioside - hPD-1/PD-L1 complex, hibiscetin-3-glucoside - hPD-1/PD-L1 complex, and quercetin-
3-rutinoside - hPD-1/PD-L1 complex. The binding stability, RMSD and RMSF, of each complex were
analyzed that can be seen in Fig.-4. The average of RMSD fluctuations were 2.37 A (delphinidin-3-
sambubioside - hPD-1/PD-L1 complex), 2.04 A (hibiscetin-3-glucoside - hPD-1/PD-L1 complex), and
2.36 A (quercetin-3-rutinoside - hPD-1/PD-L1 complex). The average of RMSD fluctuations were 1.29 A
(delphinidin-3-sambubioside - hPD-1/PD-L1 complex), 1.09 A (hibiscetin-3-glucoside - hPD-1/PD-L1
complex), and 1.20 A (quercetin-3-rutinoside - hPD-1/PD-L1 complex). The RMSD graph showed
delphinidin-3-sambubioside and quercetin-3-rutinoside fluctuation characteristic during the simulation
was similar, and hibiscetin-3-glucoside showed lower fluctuation during 100 ns simulation. The RMSF
graph showed higher residue fluctuation in amino acid numbers 141-146 in delphinidin-3-sambubioside
complex. However, the fluctuation of amino acids between the three ligand complexes shows a fairly high
similarity

RMSD RMSF
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Fig.-4: Comparison of the RMSD and RMSF Graph of delphinidin-3-sambubioside (blue), hibiscetin-3-glucoside
(red), and quercetin-3-rutinoside (grey) in complex with hPD-1/PD-L1

Binding Free Energy Calculation
The binding free energy was done calculated using MM-PBSA method from timestep 0-100 ns (Table-2).
Van der Waals, electrostatic and SASA energies in both complex systems showed a negative value, while
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the polar solvation energy showed a positive value. These results indicated, in all system complex, the
polar solvation energy terms opposed the binding, van der Waals, electrostatic and SASA energies
favored the binding. The best binding free energy was represented by the delphinidin-3-sambubioside
compound with total binding energy -33.161 KlJ/mol, while the hibiscetin-3-glucoside and quercetin-3-
rutinoside represented total binding energy -12.721 KJ/mol and -14.317 KJ/mol, respectively. The lower
binding free energy of the delphinidin-3-sambubioside compound than other, majority was due to the
contribution by the low polar solvation energy (277.597 KJ/mol in delphinidin-3-sambubioside : 296.088
and 299.962 KlJ/mol in other compounds) and SASA energy (-16.836 KJ/mol in delphinidin-3-
sambubioside : -15.674 and -16.057 KJ/mol in other compounds).
Table-2: The MM-PBSA Binding Free Energy Calculation of delphinidin-3-sambubioside, hibiscetin-3-glucoside,
and quercetin-3-rutinoside in Complex with hPD-1/PD-L1 Protein

Ligand Complex | Van de waals Electrostatic Polar Solvation Total Binding
: SASA Energy
with hPD-1/PD- energy Energy Energy (KJ/mol) Energy
L1 (KJ/mol) (KJ/mol) (KJ/mol) (KJ/mol)
delphinidin-3- -138.380 +/- -155.542 277.597 -16.836 -33.161
sambubioside 21.783 +/-33.511 +/- 38.738 +/- 1.522 +/-22.783
hibiscetin-3- -141.115 -152.020 296.088 -15.674 -12.721
glucoside +/-16.450 +/- 34.237 +/- 47.261 +/- 1.059 +/-22.127
quercetin-3- -116.858 -181.364 299.962 -16.057 -14.317
rutinoside +/-19.517 +/- 45.697 +/- 50.429 +/- 1.766 +/-21.768
CONCLUSION

This study was conducted to determine the activity of bioactive compounds contained in rosella against
hPD-1/PD-L1 using in silico approach. We found 3 best compounds with the best binding energy and
showed have an interaction with some catalitic residue. The best compounds were quercetin 3-rutinoside
(-7.6 kcal/mol), delphinidin 3-sambubioside (-7.1 kcal/mol), and hibiscetin 3-glucoside (-7.1 kcal/mol).
Molecular dynamics were carried out during 100 ns simulations, and from evaluation of the stability
assessed by the RMSD and RMSF values showed that the three compounds have identical values and
have good stability complex. The binding free energy was assessed by the MM-PBSA method showing
that from the three compounds, delphinidin-3-sambubioside showed the best binding free energy than
other compounds with total binding free energy -33.161 KJ/mol, while the hibiscetin-3-glucoside and
quercetin-3-rutinoside showed total binding energy -12.721 KJ/mol and -14.317, respectively.
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