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Currently, there is no approved drug to combat dengue. Various quinoline derivatives are known for potential
antimalarial, antiviral activities, etc. In the present work docking between 4-Amino-7-Chloroquinoline analogs was
performed with dengue virus NS2B/NS3 protease using CB dock, a web server. Lys74, Ile165, Vall47, Asnl152, Asnl67,
Trp83 and Leul49 amino acid residues were found to be in contact with designed 4-Amino-7-Chloroquinoline analogs.
Different modes of binding like hydrogen bonding, hydrophobic interactions, etc with designed compounds improve
potential anti-dengue characteristics in silico. ADME results are in acceptable range.
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Dengue is a viral diseasecaused due to the bite of Aedes
aegypti type mosquito'>. DEN 1, DEN 2, DEN 3 and
DEN 4 are four serotypes of dengue. Dengue virus
contains capsid, pre-membrane and envelope as
structural proteins. Whereas. NS1, NS2A, NS2B, NS3,
NS4A, NS4B, and NS5 are seven nonstructural
proteins’. The dengue virus replication is due to
cleavage between host cell protease and virus-encoded
two component protease NS2B/NS3 proteins. The active
site of dengue virus protease is located between His51,
Asp75, and Ser135 residues”.

Quinoline derivatives show antiviral activity®.
Moreover, the quinoline class also shows activity against
the dengue virus’. Quinoline derivatives have potential
anti-dengue characteristics against dengue in silico

approach®.  Substituted amino chloro  quinoline
derivatives were known to exhibit antiprotozoal’,
anti-HIV®, anti-zika’, antimalarial'’, and

anticancer' 'activities. For the development of the new
drug, docking is commonly used. It requires an
understanding of the protein drug interactions. These
interactions can be studied by using software like an
autodock, glide, etc. Virtual screening of compounds can

be easily done using docking'* .

*Correspondence:
E-mail: prasannaranade@yahoo.com
Suppl. Data available on respective page of NOPR

In the present work, the docking between new
4-Amino-7-Chloroquinoline derivatives and dengue
virus protease is performed using CB Dock, a
web-based server12. We hope our study will be helpful
in designing new entities against the dengue virus.

Experimental Section

Materials and Methods

Hardware

Molecular docking studies described herein were
performed on Dell Inspiron 15R Laptop (Intel®
Core™ i3-processor) running Windows 7 Home Basic
Operating System.

Docking studies

Docking between ligands and protein were performed
on CB Dock web server. (https://cadd.labshare.cn/cb-
dock2/php/index.php)".

Dengue virus NS2B/NS3 protease proteins were
downloaded from www.rcsb.org website in.pdb format.
(PDB ID: 2FOM)'*". Water molecules and other
heteroatoms were removed automatically from protein
when uploaded on CB Dock web server (Table 1).

Ligands Preparation

Ligands were drawn on Chemdraw software and
saved in .sdf file format for docking using CB dock
web server.
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Table 1 — Dock score of designed molecules

Sr No Compound R chain Dock Hydrogen bonding, Hydrophilic interactions with following
score amino acids
1 Compound 1 H -5.8 Lys74, Ile165, Val147, Asn152, Asn167, Trp83 and Leul49
2 Compound 2 Methyl -6.9 Lys74, lle165, Val147, Asn152, Asn167, Trp83 and Leul49
3 Compound 3 Ethyl -71.3 Lys74, lle165, Val147, Asn152, Asn167, Trp83 and Leul49
4 Compound 4 n-Propyl -7.7 Lys74, 1le165, Vall47, Asn152, Asn167, Trp83 and Leul49
5 Compound 5 n-Butyl -8.0 Lys74, Ile165, Val147, Asn152, Asn167, Trp83 and Leul49
6 Compound 6 n-Pentyl -83 Lys74, lle165, Val147, Asn152, Asn167, Trp83 and Leul49
7 Compound 7 n-Hexyl -8.9 Lys74, lle165, Vall47, Asn152, Asnl167, Trp83 and Leul49
8 Compound 8 n-Octyl -95 Lys74, Ile165, Val147, Asn152, Asn167, Trp83 and Leul49
9 Pinostrobin® - -7.8 Lys74, Ile165, Val147, Asn152, Asn167, Trp83 and Leul49
Table 2 — Dock score of designed molecules
ADME Prediction

Compound H-bond H-bond Consensus . BBB log K] s

P acceptors donors Log P GI absorption permeant (c}rgn/sr)) Lipinski violations

1 1 2.1 High Yes -5.78 0

2 1 1 2.61 High Yes -5.05 0

3 1 1 2.94 High Yes —4.88 0

4 1 1 3.3 High Yes —4.59 0

5 1 1 3.63 High Yes —4.42 0

6 1 1 3.98 High Yes —4.13 0

7 1 1 432 High Yes -3.82 0

8 1 1 5.06 High Yes -3.22 0

9 4 1 2.66 High Yes -5.68 0

Swiss ADME program helped in computing the drug-likeness of designed compounds given in Table 1. Table 2 shows predictions of
pharmacological properties. The pharmacokinetics of compounds that were analyzed using the descriptors and pharmaceutically

relevant properties of ligands.

ADME Prediction

The swiss ADME program is used to predict
physicochemical parameters and ADME parameters
(http://www.swissadme.ch/) (Table 2).

Results and Discussion

Designed 4-Amino-7-Chloroquinoline derivatives
were docked on dengue virus protease using CB dock
web server. Previously reported anti-dengue compounds
contains either hydrogen bonding or hydrophobic
interactions with amino acids residues including
Ile165, Lys74, Asnl52, Leul49, Trp83, Ser135 and
Val 147"%2*. Pinostrobin® a flavanone derivative is
known to exhibit anti-dengue activity with a docking
score of —7.8 and it comes in contact with Lys74,
Leul49, and Trp83 which are responsible for anti-
dengue activity as per literature’.

Compound 1 to compound 9 were found to exhibit
hydrogen bonding and/or hydrophilic interaction with
Lys74, Leul49 and Trp&3. It Indicates, the 4-Amino-
7-Chloroquinoline class has potential for anti-dengue
activity in silico. The docking score increases as the

carbon chain at the fourth position increases. The
docking score is found to be comparable with
Pinostrobin”.

Therefore, it can be concluded that the 4-Amino-7-
Chloroquinoline class has a potential anti-dengue
character.

The supporting images are provided in the
supporting information file. The designed 4-Amino-7-
Chloroquinoline compounds contact with amino acid
residues is summarized in table.

Conclusion

It can be concluded that 4-Amino-7-Chloroquinoline
analogs have potential anti-dengue activities in-silico.
The interacting amino acid residues have a role in
proteolytic cleavage in dengue replication, which is
observed in designed 4-Amino-7-Chloroquinoline
analogs indicating potential anti-dengue character. Blind
docking helps in identifying potential target molecules
for their activity against the dengue virus. CB dock
program helps in predicting the potential anti-dengue
compounds from dock score in less time.



RANADE et al.: BLIND DOCKING OF 4-AMINO-7-CHLOROQUINOLINE ANALOGS 57

Acknowledgement

Authors
gratefully

Prasanna Ranade and Dinesh Navale
acknowledge the wuse of central

instrumentation facilities at Vivekanand Education
Society’s College of Arts, Science and Commerce
(Autonomous) funded by FIST-DST (Ministry of
Science and Technology Govt. of India. and DBT STAR
college scheme.

Conflict of interest

All authors declare no conflict of interest.

References

1

10

11

Mira AMB, Christoph N, Veaceslav B & Christian DK, The
Medicinal Chemistry of Dengue Virus. J Med Chem, 59 (2016)
5622.

Jonathan C, Javier M, Soila SP, Michael SD & Rebeca RH,
Mosquito Bite Delivery of Dengue Virus Enhances
Immunogenicity and Pathogenesis in Humanized Mice.
J Virol, 86 (2012) 7637.

Rozana O, Tan SK, Norzulaani K, Rohana Y, Irene E,
Newhouse JS, Newhouse MA & Noorsaadah AR, Docking
of Noncompetitive Inhibitors into Dengue Virus Type 2
Protease: Understanding the Interactions with Allosteric
Binding Sites. J Chem Inf Model, 48 (2008) 1582.
Ramandeep K & Kapil K, Synthetic and medicinal
perspective of quinolines as antiviral agents. Eur J Med
Chem, 215 (2021) 113220.

Carolina de la G, David ES, Hang TD, Mario Q, Oleg VL &
Ricardo L, Antiviral Activity of Novel Quinoline Derivatives
against Dengue Virus Serotype 2. Molecules, 23 (2018) 672.
Chelsea NP & William NS, An in silico investigation of
phytochemicals as antiviral agents against dengue fever.
Comb Chem High Throughput Screen, 19 (2016) 516.

Faist J, Hinteregger C, Seebacher W, Saf R, Miser P,
Kaiser M & Weis R, New derivatives of 7-chloroquinolin-4-
amine with antiprotozoal activity. Bioorg Med Chem, 25
(2017) 941.

Violetta C, Cristina P, Stefano M, Teresa P, Enrica F,
Arianna C, Oriana T, Barbara G, Manlio P, Arnaldo F &
Giorgio P, 6-Aminoquinolones as New Potential Anti-HIV
Agents. J Med Chem, 43 (2000) 3799.

Giselle BL, Ligia S da SP, Carlos RK, James LW,
Caroline SF, Yasmine RV, Andressa M, José CN,
Patricia TB, Solange MS, Marcus VN & Thiago MLS,
N-(2-(arylmethylimino) ethyl)-7-chloroquinolin-4-amine
derivatives, synthesized by thermal and ultrasonic means, are
endowed with anti-Zika virus activity. Eur J Med Chem, 127
(2017) 434.

Murugan K, Panneerselvam C, Subramaniam J, Jayapal S,
Manickam P, Rajapandian R, Murugan V, Jagannathan M,
Syed S, Mathath R, Johan SPP, Stelia CM, Jonny ED,
Al TA, Balamurugan C, Devakumar D, Shanmughavel P &
Jiang-Shiou H, Synthesis of new series of quinoline
derivatives with insecticidal effects on larval vectors of
malaria and dengue diseases. Sci Rep, 12 (2022) 4765.

Ferrer R, Gricela L, Gamboa N, Rodrigues J, Abramjuk C,
Jung K, Lein M & Charris J, Synthesis of [(7-chloroquinolin-
4-yl) amino] chalcones: Potential antimalarial and anticancer
agents. Sci Pharm, 77 (2009) 725.

12

13

14

15

16

17

18

19

20

21

22

23

24

Manisha C, Dolly S, Manas D & Karabi D, Molecular
docking studies of natural and synthetic compounds against
human secretory PLA2 in therapeutic intervention of
inflammatory diseases and analysis of their pharmacokinetic
properties. Indian J Biochem Biophys, 59, (2022)38.

Jenny J & Kumar PB, Dihydroxyberberine from Tinospora
cordifolia: In silico evidences for the mechanism of anti-
inflammatory action through dual inhibition of Lipoxygenase
and Cyclooxygenase. Indian J Biochem Biophys, 58 (2021)
244,

Ganeshpurkar A & Saluja A, In silico interaction of
hesperidin with some immunomodulatory targets: A docking
analysis. Indian J Biochem Biophys, 56 (2019) 28.

Yang L, Maximilian G, Wen-tao D, Mu-chun H,
Zhi-Xiong X & Yang C, CB-Dock: a web server for cavity
detection-guided protein—ligand blind docking. Acta
Pharmacologica Sinica, 41 (2020) 138.

Liangzhong L, Mei D, Amrita R, Jian K & Jianxing S,
Curcumin Allosterically Inhibits the Dengue NS2B-NS3
Protease by Disrupting Its Active Conformation. ACS Omega,
40 (2020) 25677.

Samina KY, Hasnah O, Mohammad SK, Basma M Abd R,
Mohammed OE, Suriyati M, Othman S, Jualang AG &
Thaigarajan P, 4-Thiazolidinone coumarin derivatives as
two-component NS2B/NS3 DENV favivirus serine protease
inhibitors: synthesis, molecular docking, biological evaluation
and structure— activity relationship studies. Chem Central J,
12 (2018) 69.

Sriram RVU, Rajdip M, Annaram H, Sandip D, Achintya S,
Uttam P, Nakul VR & Maiti C, Dabrafenib, idelalisib and
nintedanib act as significant allosteric modulator for dengue
NS3 protease. PL0S One, 10 (2021).

Othman R, Othman R, Baharuddin A, Ramanan RN, Rahman
Abd, N, Yusof R & Karsani S, Molecular Docking Studies of
Selected Medicinal Drugs as Dengue Virus2 Protease
Inhibitors. Sains Malaysiana, 46 (2017) 1865.

Vijayakumar S, Ramesh V, Prabhu S, Nirajmohan S,
Manogar. P, Natanamurugaraj G & Vathsala M, Virtual
screening of phytochemicals that bind to dengue viral
serotypes using molecular docking methods. Int J Eng Res, 9
(2018) 379.

Tahir ul Q, Arooj M, Usman AA, Samia A, Tabeer F,
Muhammad H, Syed SH, Waheed A & Sobia I, Computer
Aided Screening of Phytochemicals from Garcinia against
the Dengue NS2B/NS3 Protease. Bioinformation, 10(2014)
115.

Sharoen Yu Ming Lim, Jin Yu Chieng & Yan P, Recent
insights on anti-dengue virus (DENV) medicinal plants:
review on in vitro, in vivo and in silico discoveries.
Pharmacol Pharm, 14 (2021) 1.

Sneha RC, Poonam AT, Rabindra KN & Sohan SC,
Docking of Phytoconstituents of Cynodondactylon on
NS2B NS3 protease domain of Dengue virus. Res
J Pharm Tech, 12 (2019) 5865.

Sharmin S, Shafi M, Trina ET, Saad AS, Ahmad AA,
Uzzal KA, Gobindo KP, Talha BE, Shahriar Z, Md. SU,
Md. AS, Sultan A, Mohammed MG, Alruwali M,
Ahmad JO, Nabilah RJ, Junghwan K & Bonglee KP,
Phytochemical Compound Screening to Identify Novel Small
Molecules against Dengue Virus: A Docking and Dynamics
Study. Molecules, 27 (2022) 653.



