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Abstract

Drug discovery through computational analysis has revolutionized drug discovery. The process has comparatively reduced the
time taken to develop and bring a drug into the market. Several steps are essential to be able to get results of the ligand
receptor interaction(docking). Minimization is one of the steps in drug discovery. Although this step has been highlighted a
step of in docking preparation, the docking can take place with or without the process. In this paper, the impact of the step
on the docking scores and the time taken between the initiation of the docking process and the popping up of the docking
results were examined. The results were analyzed and it was concluded that the depending of the molecule the minimization
process has an impact on the docking time as well as the docking score. Recommendations were made that the minimization
step should be evaluated on a case-to-case basis. This would hence reduce the time wastage associated with ligand minimization

for a ligand that the process is not necessary and improve results.
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Introduction

Drug discovery is a complex process aimed at finding
and creating new drugs for effective management of
diseases (Sadeghi & Keyvanpour, 2021). It has been
estimated that bringing a new drug into the market
world need at least 10-17 years on average with an
expenditure of about $0.8- $1.5 billion (Sadeghi &
Keyvanpour, 2021). The process begins with
identifying and confirming potential treatment the
targets and concludes with the approval of a new
medication for use in clinical settings (Drews, 2000).
Computational analysis is one of the methods of drug
discovery (Hung & Chen, 2014). Computational
drug analysis is a method that molecules are attached
to their targets including enzymes and transporter
receptors through simulations (Hung & Chen, 2014).
Due to the expensive nature of the drug discovery
process caused by the screening of molecules with less
chances of the having the desired outcomes,
computational analysis is becoming a preferred
method if drug discovery (Kapetanovic, 2008).
Computational analysis reduces the number of
molecules to few molecules with the potential
properties to serve as candidates for a potential drug
(Leelananda & Lindert, 2016). This reduces the time
used and the cost that is associated with the drug
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discovery process (Shaker et al., 2021) (Drews, 2000).
This method has been used successfully to bring drugs
into the such as atazanavir, indinavir. saquinavir, and
ritonavir (HIV)-l-inhibiting drugs), raltitrexed (an
anticancer), and norfloxacin (antibiotic) (Shaker et al.,
2021).

Computational analysis can be divided into two.
Structure based drug discovery (SBDD) and ligand-
based drug discovery (LBDD) (Brogi, 2019) Ligand
based screening allows analysis of similar looking
ligands to be determine which has the best properties
(Kapetanovic, 2008). This approach relies on the
notion that the structures of a ligand and its receptor's
binding site ought to fit together seamlessly,
demonstrating complementarity (Guido et al., 2012).
Online tools such as SwissSimilarity, uses canonical
smiles of available drugs to generate molecules with
almost similar structures to the parent compound
(Zoete et al., 2016). SBDD is a continuation of LBDD.
Structure-based drug discovery is based on the
computational analysis of the three-dimensional
structure of the target protein (Nascimento, 2023).
This can be obtained from online databases such as
Protein Data Bank. By docking the molecules
obtained from LBDD, the researcher can be able to
determine the binding affinities of the molecules and
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the protein targets. The process uses algorithms to
predict the binding poses and affinities of ligands
within the binding site of the target protein (Butt et
al,, 2020). To execute structure-based screening
effectively, access to the three-dimensional structure
of the target protein is imperative, which can be
obtained via experimental methods like Xray
crystallography or homology modeling. Docking
algorithms, molecular dynamics simulations, and free
energy calculations are frequently employed in
structure-based virtual screening to refine predictions
and gain insights into ligand-protein interactions
(Aziz et al, 2023). This method is wused
complementary to the LBDD to give out more
information about the molecules and their targets
(Blundell, 1996).

Common software used include Avogadro (RRID:
SCR_011958) and chimera (RRID: SCR_004097)
are used in the preparation of the molecules for the
docking process. There are several processes that are
used to prepare the both the ligand and the target
protein for the docking process. The protein is
prepared by chimera by removal of all non-standard
residual compounds from the structure to make if fit
for ligand binding. The ligand on the other hand is
prepared by both chimera (RRID: SCR_004097) and
the Avogadro software. the ligand is first auto-
optimized by Avogadro (RRID: SCR_011958) then
minimized (adding hydrogen and charges) using
chimera and then the docking process us done using
the chimera software (RRID: SCR_004097) (Kamakia
et al.,, 2023). These processes are essential in the
determining the final docking scores. Computational
analysis aims at reducing the time needed during drug
discovery by narrowing the ligands to the few which
show desirable characteristics. As described above,
there are various steps used in the preparation of the
ligand and the protein target before the docking
process. This study analyses the process of ligand
preparation. The study focuses on the ligand
minimization process and the effect of the process on
the docking score, the time taken to obtain the
docking scores, as well as the ligand-receptor
interaction. Four different compounds; Paracetamol,
Losartan Suvorexant and Ibuprofen are randomly
selected as subjects of the study. 5 analogues of each
molecule are docked.

Objectives

e To identify compounds similar to Paracetamol,
Losartan Suvorexant and Ibuprofen from the
ZINC database.
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e To obtain the respective protein targets.

e Prepare both the ligand (minimized and non-
minimized) and the target proteins.

e To compare the docking scores and the time used
for docking for the compounds.

Methodology

Identifying Compounds Similar to Paracetamol,
Losartan Suvorexant and Ibuprofen from The ZINC
Database

Paracetamol, Losartan Suvorexant and Ibuprofen
were searched individually through PubChem online
tool (RRID:SCR_004284). The respective canonical
smiles were used to query the for similar compounds
from the ZINC database from SwissSimilarity. The
obtained compounds were saved inform of an excel
file to the local storage separately.

Ligand Preparation

Individual canonical smile was used to the query the
2D structures for the canonical smiles on PubChem
sketcher. The 2D structures exported to the local
storage. The resulting ligands were prepared in two
separate steps

Structure With Minimization: The structures were
individually opened on Avogadro. The structure was
then optimized using MMF94s force field with fixed
atoms movable. The resultant structure was then
saved in. mol format. The structure was then again
opened in chimera and minimized to add hydrogen
and charges. This was performed by clicking tools
section on chimera, then selecting structure editing,
using the steric only settings and then Gasteiger as the
other residues, in the setting section The resultant
structure was saved to be used in the docking
Structure Without Minimization: The same
structures used above were individually opened on
Avogadro. The structure was then optimized using
MMF94s force field with fixed atoms movable. The
resultant structure was then saved in. mol format. The
resultant structure was used in the docking.
Obtaining the Respective Protein Targets

The unique protein target ID was obtained from
PubChem. It was then used to query the respective
protein targets were obtained from the Protein
Databank (RRID:SCR_012820).The file was then
downloaded and saved as a PDB file on the local
folder.

Preparation of the Target Proteins
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The respective target proteins were “cleaned” by
removing all nonstandard molecules from the
structure using chimera. The structure was then saved
in a PDB to be used for the docking process.

Docking
The docking process refers to where the ligands

interact with the respective receptors on a simulation
using the chimera software. Chimera is embedded
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with AutoDock Vina (RRID: SCR_011958). The
results including docking scores and the time used for
docking scores was were recorded. The parent ligand-
receptor complex (for minimized and non-minimized
structures) were analyzed using the Biovia Discovery
studio (RRID: SCR_01565) to determine the

interaction between the receptor and the ligand using

the 2D and 3D models of the complexes.

Results

Table 1a: Docking scores for Ibuprofen unminimized ligands.

Ligands | Percentage Similarity Zinc ID Docking Scores | Time Taken to Dock
1 100 ZINC000000113398 7.6 9780
2 100 ZINC000000002647 1.5 9876
3 100 ZINC000007023266 7.8 8705
4 99.9 ZINC000036157909 1.3 9805
5 99.9 ZINC000000395681 1.1 8785
Ibuprofen 100 -1.6 8850
Table 1b: Docking scores for Ibuprofen minimized ligands.
Ligands | Percentage Similarity Zinc ID Docking Scores | Time Taken to Dock
1 100 ZINC000000113398 7.6 9943
2 100 ZINC000000002647 7.5 8997
3 100 ZINC000007023266 -7.8 9940
4 99.9 ZINC000036157909 1.3 9955
5 99.9 ZINC000000395681 1.7 9820
Ibuprofen 100 -6.8 7516
Table 2a: Docking scores for Paracetamol unminimized ligands.
Ligands Percentage Similarity Zinc ID Docking Scores | Time Taken to Dock
1 99.9 ZINC000001437230 -8.7 9743
2 99.9 ZINC000000394165 -8.1 10036
3 99.9 ZINC000000393257 -8.2 10008
4 99.8 ZINC000001596846 7.3 10009
5 99.7 ZINC000059562238 -8.7 10052
Paracetamol 100 6.9 7912
Table 2b: Docking scores for Paracetamol minimized ligands.
Ligands Percentage Similarity Zinc ID Docking Scores | Time Take to Dock
1 99.9 ZINC000001437230 -8.7 8222
2 99.9 ZINC000000394165 -8.7 7968
3 99.9 ZINC000000393257 -8.2 8826
4 99.8 ZINC000001596846 7.3 10014
5 99.7 ZINC000059562238 -8.8 9050
Paracetamol 100 -0.9 8136
Table 3a: Docking scores for Losartan unminimized ligands.
Ligands | Percentage Similarity Zinc ID Docking Scores | Time Taken to Dock (cs)
1 100 ZINC000014952767 9.1 12660
2 99.2 ZINC000022001266 9.1 12881
3 99.1 ZINC000077300648 -8.9 12670
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4 98.5 ZINC000077300650 -8.9 126.47
5 97.3 ZINC000065743146 9.7 17659
Losartan 100 9.3 12789

Table 3b: Docking scores for Losartan minimized ligands.

Ligands | Percentage Similarity Zinc ID Docking Scores | Time Taken to Dock (cs)
1 100 ZINC000014952767 9.1 13672
2 99.2 ZINC000022001266 9.1 13683
3 99.1 ZINC000077300648 8.3 13656
4 98.5 ZINC000077300650 9.1 13689
5 97.3 ZINC000065743146 9.1 17731
Losartan 100 9.3 12687

Table 4a: Docking scores for Suvorexant unminimized ligands.

Ligands | Percentage Similarity Zinc ID Docking Scores | Time Taken to Dock (cs)
1 100 ZINC000049036447 -10.5 9728
2 99 ZINC000095079930 9.2 10759
3 99 ZINC000253476142 9.8 9796
4 95.3 ZINC000206774725 9.3 7831
5 95.1 ZINCO00020677477 -8.8 8906
Suvorexant 100 -10.1 9757

Table 4b: Docking scores for Losartan unminimized ligands.

Ligands | Percentage Similarity | Cannonical Smile | Docking Scores | Time Taken to Dock (CS)
1 100 ZINC000049036447 -10.2 10759
2 99 ZINC000095079930 -10.0 9772
3 99 ZINC000253476142 9.6 9789
4 95.3 ZINC000206774725 9.2 8884
5 95.1 ZINC00020677477 9.2 8905
Suvorexant 100 9.2 9780

Table 5: Docking Score Analysis and Time analysis.

Minimized Ligand Unminimized Ligands
Mean | Median | Standard Deviation | Mean | Median | Standard Deviation
Ibuprofen | -7.45 | -71.55 0.37 148 | -1.55 0.23
Paracetamol | -8.1 -8.35 0.68 -8 8.15 0.64
Losartan 9 9.1 0.28 9.17 9.1 0.28
Suvorexant | -9.6 9.4 0.42 9.57 9.55 0.68
Discussion computational analysis using chimera, the docking

Minimization step is a common procedure that is used
computational analysis method of drug discovery
especially when using the chimera software (Otieno &
Kagia, 2023). This step involves both adding
hydrogens for docking preparation as well as adding
charges to the ligand and the parent compound
(Wang et al., 2006). This step is also important in
keeping some atoms optionally fixed but has a
limitation of not being able to solve large distortions
in molecules (Minimize Structure, n.d.). This process
is done as a docking preparation step for the ligand.
Although this step is a common practice in
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process can occur with or without the step determined
by the practical application obtained from the
experimental data from this study. This provides a
window to study the essentiality of this process and
the effects it causes of various parameters on the
process of computational analysis. Docking scores,
time taken for the docking results to be obtained were
some of the parameters analyzed in this paper.
Ligands were chosen through a purposive sampling
technique (Rai & Thapa, 2015). Purposive sampling
is a method that is selection of samples for qualitative
studies. According to this method of sampling, at a
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specific point the result would tend to be similar or
repetitive (Suri, 2011). Hence a specific number of
samples would produce same results at a given point.
For the research the sample was chosen to be 5 ligands
per compound on addition to the parent compound.
Docking score measures the affinity of the receptor
and target ligands (Durrant & McCammon, 2011).
The more negative the value the greater the
interaction. Various compounds have different
docking scores depending on the structural properties
relative to the receptor hence different ligands would
produce different docking scores on the same
receptor. Auto dock vina embedded in chimera
provides a virtual environment for docking to take
place (Durrant & McCammon, 2011). Secondly, time
taken for docking to take place is also an important
factor during the process of computational analysis
(Baldi, 2010). This is because the process is based on
time efficiency compared to the traditional method of
drug discovery (Brogi, 2019). Its hence important to
study the effect of ligand minimization in time used
for docking process to be completed. Time taken for
docking to take place is also an important factor
during the process of computational analysis (Baldi,
2010). This is because the process is based on time
efficiency, the compared to the traditional method of
drug discovery. The less the time the more efficient
the process (Brogi, 2019). It’s important to study the
effect of ligand minimization in time used for docking
process to be completed.

Results obtained from the above Ibuprofen studies,
minimized ligands (Tablela) and a unminimized
ligands (Table 1b) produced almost similar results.
Time used for docking was higher in minimized
compared to unminimized ligands except for ligand 1
which showed higher docking time in unminimized
ligand compared to minimized ligand. Docking scores
for paracetamol are almost similar for both minimized
(Table 2a) and the unminimized ligands (Table 2b)
although there was no clear comparison from the
tables. The time used for docking minimized and
unminimized ligands, indicated that the average time
for docking a minimized ligand was lower compare to
the time taken for the unminimized ligands. For
losartan the average docking score were higher for
minimized ligands (Table 3a) compared to the
unminimized ligands (Table 3b). Time used for
docking to take place. Minimized ligands had a lower
time need for docking to take place compared to the
unminimized ligands. Suvorexant was the last ligand
to be analyzed. Docking scores for the minimized
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(Table 4a) and unminimized ligands (Table 4b) were
analyzed as well as the time used for the docking to
take place. Generally, unminimized ligands had a
better docking score compared to compared to the
minimized ligand (Table 4a). The time needed for
docking to take place was comparatively higher in the
unminimized ligands compared to the unminimized
ligands. Calculation of mean median and standard
deviation of the docking score and docking time
(Table 5) showed that the Ibuprofen and Losartan
unminimized ligands showed better results compared
to the minimized ligands while Suvorexant and
paracetamol minimized ligands showed better results
compared to the unminimized ligand.

Conclusion

In conclusion, ligand which were minimized and
unminimized were successfully docked. The docking
scores and the time between the start of the docking
and the popping up of the docking results in chimera
was measured and used to compare between the
minimized and the ligands.
Comparatively, Ibuprofen and Losartan unminimized
ligands showed better results compared to the
minimized ligands while Suvorexant and paracetamol
minimized ligands showed better results compared to
the unminimized ligand.

unminimized

Recommendation

Based on the analysis, structure minimization step in
chimera during computational drug discovery has a
selective effect on docking time and docking score
based on the type of compound being studied. For
compounds like ibuprofen and losartan, where
minimized and unminimized ligands better results,
minimization may be unnecessary, thereby saving
time and computational resources. However, for
compounds like suvorexant and paracetamol, where
minimized ligands showed higher docking scores and
more significant receptor interactions, minimization
is essential. The docking time efficiency did not show
consistent differences between minimized and
unminimized ligands, suggesting that the need for
minimization should be evaluated on a case-by-case
basis. Additional studies should do to provide more
data for the essentially of the minimization step.
Developing a customized workflow that includes an
initial assessment of minimization's impact and
maintaining detailed records of docking outcomes
will further refine and enhance the drug discovery
process. This balanced approach ensures that
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minimization is

applied only when necessary,

optimizing both accuracy and efficiency.

References

1. Aziz, M., Ejaz, S.A.,, Rehman, H.M., Alsubaie,
ASA., Mahmoud, KH., et al. (2023).
Identification of NEK7 Inhibitors: Structure

10.

Based Virtual Screening, Molecular Docking,
Density Functional Theory Calculations and
Molecular Dynamics Simulations. Journal of
Biomolecular Structure and Dynamics, 41(14):6894-
6908.

Baldi, A. (2010). Computational Approaches for
Drug Design and Discovery: An Overview.
Systematic Reviews in Pharmacy, 1:99-105.
Blundell, T.L. (1996). Structure-Based Drug
Design. Nature, 384(6604):23.

Brogi, S. (2019). Computational Approaches for
Drug Discovery. Molecules, 24(17):17.

Butt, S.S., Badshah, Y., Shabbir, M., Rafig, M.
(2020). Molecular Docking Using Chimera and
AutoDock  Vina  Software  for  Non-
Bioinformaticians. JMIR  Bioinformatics and
Biotechnology, 1(1):e14232.

Drews, J. (2000). Drug Discovery: A Historical
Perspective. Science, 287(5460):1960-1964.
Durrant, J.D., McCammon, J.A. (2011). NNScore
2.0: A Neural-Network Receptor-Ligand Scoring
Function. Journal of Chemical Information and
Modeling, 51(11):2897-2903.

Guido, R.V.C., Oliva, G., Andricopulo, A. D.
(2012). Structure- and Ligand-Based Drug Design
Approaches for Neglected Tropical Diseases. Pure
and Applied Chemistry, 84(9):1857-1866.

Hung, C.L., Chen, C.C. (2014). Computational
Approaches for Drug Discovery. Drug Development
Research, 75(6):412-418.

Kamakia, F., Ouma, S., Kagia, R. (2023).
Pharmacokinetic and Pharmacodynamic Profiling
of Compounds Similar to Paracetamol from Zinc
Database: An Analysis  (12:720).
F1000Research.

In-Silico

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

ISSN: 2997-6103 BioRes Scientia Publishers

Kapetanovic, [. M. (2008). Computer-Aided Drug
Discovery and Development (CADDD): In Silico-
Chemico-Biological Approach. Chemico-Biological
Interactions, 171(2):165-176.

Leelananda, S. P., Lindert, S. (2016).
Computational Methods in Drug Discovery.
Beilstein Journal of Organic Chemistry, 12(1):2694-
2718.

Minimize Structure. (2024).

Nascimento, 1. J. dos S. (2023). Applied
Computer-Aided Drug Design: Models
Methods. Bentham Science Publishers.
Otieno, F., Kagia, R. (2023). Virtual Screening for
Chemical Analogues Similar to Phytochemicals
That Inhibit Aldose Reductase in The
Development  of  Diabetic  Microvascular
Complications (12:314). F1000Research.

Rai, N., Thapa, B. (2015). A Study on Purposive
Sampling Method in Research. Kathmandu:
Kathmandu School of Law, 5(1):8-15.

Sadeghi, S. S., Keyvanpour, M. R. (2021). An

and

Analytical Review of Computational Drug
Repurposing. I[EEE/ACM  Transactions  on
Computational ~ Biology  and  Bioinformatics,
18(2):472-488.

Shaker, B., Ahmad, S., Lee, J., Jung, C., Na, D.
(2021). In Silico Methods and Tools for Drug
Discovery. Computers in Biology and Medicine,
137:104851.

Suri, H. (2011).
Qualitative  Research  Synthesis.
Research Jowrnal, 11(2):63-75.

Wang, J., Wang, W., Kollman, P. A., Case, D. A.
(2006). Automatic Atom Type and Bond Type
Perception in Molecular Mechanical
Calculations. Journal of Molecular Graphics and
Modelling, 25(2):247-260.

Zoete, V., Daina, A., Bovigny, C., Michielin, O.
(2016). SwissSimilarity: A Web Tool for Low to
Ultra High Throughput Ligand-Based Virtual
Screening. Jowrnal of Chemical Information and

Modeling, 56(8):1399-1404.

Sampling in
Qualitative

Purposeful

Cite this article: Oronyi I. Osoro, James M. Onsinyo. (2025). Effects of Structure Minimization on The Docking
Score and Docking Time During Computational Analysis Using the Chimera Software, International Journal of
Biomedical and Clinical Research, BioRes Scientia Publishers. 3(4):1-6. DOI: 10.59657/2997-6103.brs.25.049

Copyright: © 2025 Oronyi [saac Osoro, this is an open-access article distributed under the terms of the Creative
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium,
provided the original author and source are credited.
Article History: Received: December 31, 2024 | Accepted: February 24, 2025 | Published: March 10, 2025
© 2025 Oronyi Isaac Osoro, et al.


https://bioresscientia.com/
https://www.tandfonline.com/doi/abs/10.1080/07391102.2022.2113563
https://www.tandfonline.com/doi/abs/10.1080/07391102.2022.2113563
https://www.tandfonline.com/doi/abs/10.1080/07391102.2022.2113563
https://www.tandfonline.com/doi/abs/10.1080/07391102.2022.2113563
https://www.tandfonline.com/doi/abs/10.1080/07391102.2022.2113563
https://www.tandfonline.com/doi/abs/10.1080/07391102.2022.2113563
https://www.tandfonline.com/doi/abs/10.1080/07391102.2022.2113563
https://www.tandfonline.com/doi/abs/10.1080/07391102.2022.2113563
https://www.researchgate.net/profile/Ashish-Baldi/publication/291336652_Computational_approaches_for_drug_design_and_discovery_An_overview/links/56a0811b08ae4af525496c14/Computational-approaches-for-drug-design-and-discovery-An-overview.pdf
https://www.researchgate.net/profile/Ashish-Baldi/publication/291336652_Computational_approaches_for_drug_design_and_discovery_An_overview/links/56a0811b08ae4af525496c14/Computational-approaches-for-drug-design-and-discovery-An-overview.pdf
https://www.researchgate.net/profile/Ashish-Baldi/publication/291336652_Computational_approaches_for_drug_design_and_discovery_An_overview/links/56a0811b08ae4af525496c14/Computational-approaches-for-drug-design-and-discovery-An-overview.pdf
https://www.researchgate.net/profile/Ashish-Baldi/publication/291336652_Computational_approaches_for_drug_design_and_discovery_An_overview/links/56a0811b08ae4af525496c14/Computational-approaches-for-drug-design-and-discovery-An-overview.pdf
https://www.nature.com/nature/supplements/collections/drugdesign/pdf/iddsupp-v384-n6604-23a.pdf
https://www.nature.com/nature/supplements/collections/drugdesign/pdf/iddsupp-v384-n6604-23a.pdf
https://www.mdpi.com/1420-3049/24/17/3061
https://www.mdpi.com/1420-3049/24/17/3061
https://bioinform.jmir.org/2020/1/e14232/
https://bioinform.jmir.org/2020/1/e14232/
https://bioinform.jmir.org/2020/1/e14232/
https://bioinform.jmir.org/2020/1/e14232/
https://bioinform.jmir.org/2020/1/e14232/
https://bioinform.jmir.org/2020/1/e14232/
https://www.science.org/doi/abs/10.1126/science.287.5460.1960
https://www.science.org/doi/abs/10.1126/science.287.5460.1960
https://pubs.acs.org/doi/abs/10.1021/ci2003889
https://pubs.acs.org/doi/abs/10.1021/ci2003889
https://pubs.acs.org/doi/abs/10.1021/ci2003889
https://pubs.acs.org/doi/abs/10.1021/ci2003889
https://pubs.acs.org/doi/abs/10.1021/ci2003889
https://www.degruyter.com/document/doi/10.1351/PAC-CON-11-11-07/html
https://www.degruyter.com/document/doi/10.1351/PAC-CON-11-11-07/html
https://www.degruyter.com/document/doi/10.1351/PAC-CON-11-11-07/html
https://www.degruyter.com/document/doi/10.1351/PAC-CON-11-11-07/html
https://www.degruyter.com/document/doi/10.1351/PAC-CON-11-11-07/html
https://onlinelibrary.wiley.com/doi/abs/10.1002/ddr.21222
https://onlinelibrary.wiley.com/doi/abs/10.1002/ddr.21222
https://onlinelibrary.wiley.com/doi/abs/10.1002/ddr.21222
https://onlinelibrary.wiley.com/doi/abs/10.1002/ddr.21222
https://f1000research.com/articles/12-720
https://f1000research.com/articles/12-720
https://f1000research.com/articles/12-720
https://f1000research.com/articles/12-720
https://f1000research.com/articles/12-720
https://f1000research.com/articles/12-720
https://www.sciencedirect.com/science/article/pii/S0009279706003541
https://www.sciencedirect.com/science/article/pii/S0009279706003541
https://www.sciencedirect.com/science/article/pii/S0009279706003541
https://www.sciencedirect.com/science/article/pii/S0009279706003541
https://www.sciencedirect.com/science/article/pii/S0009279706003541
https://www.beilstein-journals.org/bjoc/articles/12/267
https://www.beilstein-journals.org/bjoc/articles/12/267
https://www.beilstein-journals.org/bjoc/articles/12/267
https://www.beilstein-journals.org/bjoc/articles/12/267
https://www.cgl.ucsf.edu/chimera/docs/ContributedSoftware/minimize/minimize.html
https://books.google.com/books?hl=en&lr=&id=t7DpEAAAQBAJ&oi=fnd&pg=PP1&dq=Nascimento,+I.+J.+dos+S.+(2023).+Applied+Computer-Aided+Drug+Design:+Models+and+Methods.+Bentham+Science+Publishers.&ots=k8Dt2qZE1T&sig=gbz9ML2i91PPNm-C4osKfP_S1Yk
https://books.google.com/books?hl=en&lr=&id=t7DpEAAAQBAJ&oi=fnd&pg=PP1&dq=Nascimento,+I.+J.+dos+S.+(2023).+Applied+Computer-Aided+Drug+Design:+Models+and+Methods.+Bentham+Science+Publishers.&ots=k8Dt2qZE1T&sig=gbz9ML2i91PPNm-C4osKfP_S1Yk
https://books.google.com/books?hl=en&lr=&id=t7DpEAAAQBAJ&oi=fnd&pg=PP1&dq=Nascimento,+I.+J.+dos+S.+(2023).+Applied+Computer-Aided+Drug+Design:+Models+and+Methods.+Bentham+Science+Publishers.&ots=k8Dt2qZE1T&sig=gbz9ML2i91PPNm-C4osKfP_S1Yk
https://f1000research.com/articles/12-314
https://f1000research.com/articles/12-314
https://f1000research.com/articles/12-314
https://f1000research.com/articles/12-314
https://f1000research.com/articles/12-314
https://www.academia.edu/download/48403395/A_Study_on_Purposive_Sampling_Method_in_Research.pdf
https://www.academia.edu/download/48403395/A_Study_on_Purposive_Sampling_Method_in_Research.pdf
https://www.academia.edu/download/48403395/A_Study_on_Purposive_Sampling_Method_in_Research.pdf
https://www.academia.edu/download/48403395/A_Study_on_Purposive_Sampling_Method_in_Research.pdf
https://ieeexplore.ieee.org/abstract/document/8794708/
https://ieeexplore.ieee.org/abstract/document/8794708/
https://ieeexplore.ieee.org/abstract/document/8794708/
https://ieeexplore.ieee.org/abstract/document/8794708/
https://ieeexplore.ieee.org/abstract/document/8794708/
https://www.sciencedirect.com/science/article/pii/S0010482521006454
https://www.sciencedirect.com/science/article/pii/S0010482521006454
https://www.sciencedirect.com/science/article/pii/S0010482521006454
https://www.sciencedirect.com/science/article/pii/S0010482521006454
https://www.emerald.com/insight/content/doi/10.3316/QRJ1102063/full/html
https://www.emerald.com/insight/content/doi/10.3316/QRJ1102063/full/html
https://www.emerald.com/insight/content/doi/10.3316/QRJ1102063/full/html
https://www.emerald.com/insight/content/doi/10.3316/QRJ1102063/full/html
https://www.sciencedirect.com/science/article/pii/S1093326305001737
https://www.sciencedirect.com/science/article/pii/S1093326305001737
https://www.sciencedirect.com/science/article/pii/S1093326305001737
https://www.sciencedirect.com/science/article/pii/S1093326305001737
https://www.sciencedirect.com/science/article/pii/S1093326305001737
https://www.sciencedirect.com/science/article/pii/S1093326305001737
https://pubs.acs.org/doi/abs/10.1021/acs.jcim.6b00174
https://pubs.acs.org/doi/abs/10.1021/acs.jcim.6b00174
https://pubs.acs.org/doi/abs/10.1021/acs.jcim.6b00174
https://pubs.acs.org/doi/abs/10.1021/acs.jcim.6b00174
https://pubs.acs.org/doi/abs/10.1021/acs.jcim.6b00174
https://pubs.acs.org/doi/abs/10.1021/acs.jcim.6b00174

