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A B S T R A C T   

An effort has been initiated to design pharmacophore-based 3D models pertaining to human RACK1 protein, 
(receptor of activated kinase-1) inhibitors were generated with accurate predictability. Such lead compounds 
were subsequently validated by screening measures to determine its biological activities and its 
adaptable stability in the systems. The benchmark for virtual screening was also treated to examine the selective 
RACK1 inhibitors. As a result of virtual screening experiment and in vitro evaluation of lead candidate com
pounds, resulted novel and appropriate RACK1 inhibitors were recognized. Therefore, the findings of the present 
investigation will be through a light on an innovative strategy for identifying biological adaptable RACK1 in
hibitors to control or arrest the proliferation of tumor cells using in vitro studies. Molecular Docking studies were 
performed to understand the capability of RACK1 inhibitor activity and to explore its high interactive accord or 
affinity.   

1. Introduction 

Lung cancer is a chronic fatal disease and represents in the globe 
wide due to lack of effective therapeutic medication to cure or extend 
life expectancy. Lung cancer remains the leading cause of cancer related 
mortality worldwide for both men and women (Siegel RL et al., 2017). A 
recent study estimated that the incidence of lung cancer death was 21, 
700 numbers while combined mortality and morbidity caused by colo
rectal, breast cancer was found to be 18,500. Small cell lung cancer 
(SCLC) is a type of cancer related diseases and is estimated around 13% 
attributed and determined by exposure of tobacco and smoking. It is 
interesting that 90% of the death caused by man, whereas 80% in 
women (World Health Organization, 2017). Receptor of activated C 
Kinase (RACK1), is a cytosolic protein with a subunit of G-protein (Ron 
et al., 1994). Shou Shi et al. (2012) have reported that RACK 1 is 
responsible for interacting mediate Gli1-dependent transcription in 
NSCLC cells. A study of the mechanism of intrinsic activation of 
epidermal growth factor receptor (EGFR) signalling pathways, has 
conferred and played a role in the occurrence of small cell lung cancer 
(SCLC). Several earlier studies demonstrated RACK1 has potential to 

induce in the proliferation of cancer cells and exposure was upregulated 
in various types of cancer related diseases covering lung cancer (Cao 
et al., 2011). Previously, RACK1 was recognized as anchoring protein 
and its role was believed to be involved gradual progression and 
expression of cancer cells (Csukai and Mochly-Rosen, 1999). RACK 1 has 
been identified as multiple coins and receptor and exerted various vital 
responses (Li et al., 2019). Currently, Small cell lung cancer cells showed 
a trend that RACK1 protein is a potent in accelerating or inhibiting ef
fects on cancer cells (Yi et al., 2016). Another cancer related study has 
reported that RACK 1 protein was recognized and noticed over exposure 
in colorectal cancer cells compared to precancerous tissues and it 
showed a strong correlation with lymph nodes and spreading process 
(metastasis) and involving cancer cells differentiation. 

Since the 21st century, tremendous changes have occurred in life 
science and a transformation of classical or traditional methods was 
minimized and system integration methods have evolved in favor of 
accuracy. Virtual screening is an advanced computer-based tool used in 
the drug designing process. This serves and guide to formulate or design 
innovative therapeutic agents with appropriate qualities. One main ac
tivity of using this tool was to analyses of interaction between drugs and 
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its receptor sites. Optimum affinity with its receptors indicates its 
resemblance and its chemical determined of the target receptor. Phar
macophore based virtual screening has been recognized as a hotspot in 
drug discovery paradigm and screening inhibitors (Liew et al., 2010). 
Therefore, in the present study, pharmacophore guided virtual screening 
was employed for docking and molecular dynamics simulations were 
performed to recognize and understand RACK1 protein inhibitors, 
compounds to reduce progressive effects on proliferation of (SCLC) Cells 
in vitro studies. 

2. Materials and methods 

By extensive search of literature and text mining process, the RACK1 
protein target structure was derived from (RCSB) Protein Data Bank, by 
thorough screening in drugability of the receptor, binding site options 
were performed. Selection of the most appropriate protein structure was 
imported from PDB into Maestro in the protein preparation wizard. Its 
results, hydrogen atoms display with polar option. Further, an interac
tive optimization of hydrogen-bonded species were selectively opti
mized RMSD value of the atom was minimized in Angstrom unit, 
subsequently optimized potentials for liquid simulations 2005 force field 
was determined. Ligand structure preparation was performed with high 
quality of 2D, 3D structure of huge numbers of drug like molecules were 
proceeded. The force field geometry and partial atomic changes were 
calculated using OPLS-2005 force field. Four grid boxes were generated 
using tools, with 4 taps such as Receptors, Sites, Constraints and 
Rotatable groups. All docking calculations were performed with maestro 
packages. 

Virtual screening at the active sites were carried out using Glide, 
Schrodinger suite, virtual screening workflow docking program. The 
virtual screening workflow was designed for analyses large collection of 
compounds against the target RACK1 protein. Workflow covers ligand 
preparation using ligand peptide. Filtering method was used in Qikprop 
characterization at Glide Docking with HTVS, SP and XP accuracy level 
analysis. Ligands were sourced from the database, such as May bridge, 
Enamine and Life chemical. Virtual screening offers three options for 
pre-filtering ligands using the Lipinski Rule of 5, deleting ligands with 
reactive functional groups using a custom filter. 

Binding free energy was calculated by using prime MM-GB/SA 
approach. It could be predicted free energy of binding of ligands to re
ceptors, energies of complex were performed by using OPLS-AA 2005 
force field and GB/SA continuum solvent following the formula 
ΔGbind ¼ΔE þΔGsolv þΔGSA. Simulations were performed using GB/ 
SA continuum model (Nisha Chandna et al., 2015) in prime version 2.2 
(prime, 2010). Prime use a surface GB model of Schrodinger. 
TIP31-2005 force field was used to analyze protein interactions and 
solved SPC incorporated DPPC membrane model overlapping molecules 
were deleted and system neutralized with Na þ ions. 

Subsequently, protein-ligand complex was placed on set MD simu
lation stability analysis. Various interaction diagrams were generated, 
trajectory and plots were also obtained. The trajectory was formed to 
serve stable and confirm appropriate docking of the ligand and protein. 
Such obtained complex was further subjected to the ADMET Property 

analysis using Qikprop module. This was essential to evaluate physi
ochemical significant descriptor and pharmacokinetically relevant 
properties. Acceptability of analogues was performed based on Lip
inski’s rule of 5 covering Adsorption, Distribution Metabolism and 
Excretion. 

The materials used to perform all the techniques is Schr€odinger suite, 
USA (see Fig. 1). 

3. Results and discussion 

3.1. Virtual screening 

Virtual screening based on pharmacophore device and docking 
simulation was carried out in the present investigation using library 
comprising of huge number of small molecules and compounds. As a 
result, uncountable number of potential RACK1 inhibitors were ob
tained using the Schrodinger software within the limit of the Lipinski 
rule of 5 Top three compounds identified from virtual screenings on the 
basis of docking score and glide energy. Top three docked ligands were 
99452, 1278 37937 and 33314,96874,87686 from ENAMINE and LIFE 
CHEMICAL database, shows a high docking score of about -6.906,- 
6.693,-6.668 and-8.722,-8.211,-7.607 respectively using potent ap
proaches of the scoring method (Fig. 1 & Table 1). The chemical struc
tures of these lead compounds are illustrated in Fig. 2. Top three 
compounds docked with protein are represented in Fig. 3. Two- 
dimensional ligand interactions with the protein of the LIFE CHEMI
CAL database is shown in Fig. 4. Summary of ENAMINE database 
compounds represented in Fig. 5. 

3.2. Binding free energy 

The prime MM-GBSA method was performed based on the docking 
complex and used to know the binding free energy (d Gbind) of the li
gands. Prime MM-GBSA salvation energy (dG bind) was assessed and 
resulted the followings were categorized, 33314_lifechem, 96874_life
chem, 87686_lifechem ranged (Table 3). The role of water as a ligand is 
mandatory to adjust both increase or decline binding energy of a drug 
(Thilagavathi and Mancera, 2010). 

Fig. 1. The chemical structures of lead compounds.  

Table 1 
showing Top hits compounds identified inhibitors both in ENAMINE and LIFE 
CHEMICAL database in Molecular Docking against RACK1 Protein.  

S.No Inhibitor coding id Docking score Glide energy Glide emodel 

ENAMINE database- compound ID 

1 99452 -6.906 -53.132 -74.337 
2 1278 -6.693 -54.593 -70.615 
3 37937 -6.668 -43.627 -54.176 

LIFE CHEMICAL database- Compound ID 

4 33314 -8.722 -62.419 -96.360 
5 96874 -8.211 -71.248 -97.520 
6 87686 -7.607 66.789 -90.803  
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3.3. Molecular dynamics 

The present study shows the top lead ligands were identified from the 
structure library (Yadav et al., 2014) such based on the hits molecule 
were technically coded as 99542 from ENAMINE database and others 
coded as 33314 from LIFE CHEMICALS. All two complexes were 

simulated for a period of 10ns. On the basis of active site observed, data 
sets are further bifurcated into catalytic site, peripheral and deal sites 
(Schrodinger, 2013). The changes in the structural features have been 
analyzed through the calculations of the root mean square deviations 
(RMSD) and the root mean square fluctuations (RMSF) over the back
bone atoms. 

Fig. 2. Two dimensional ligand interactions with protein (ID Code)(A: 99542, B: 1278, C: 37937, D: 33314, E:96874, F:87686).  
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3.4. Root mean square deviations 

The stability of protein-ligand (RACK1-99542 and RACK1-33314) 
complexes were studied using MD simulations. Each system was sub
jected to positions restraint simulations for 10ns. RMSD of backbone 
atoms were calculated over the entire MD simulation trajectories. RMSD 
results were shown in Fig. 6. 

3.5. Root mean square fluctuation 

RMSF was estimated in the average fluctuations of the macromo
lecular target protein at the residue level during the period of stimula
tion. Peaks in the RMSF plot indicate residues of the protein fluctuate 
many times. In general, the higher fluctuations found at the ends of the 
plots correspond to the termini. This stabilization of residues in the 
active site is an essential feature for any good inhibitor. The RMSF re
sults were shown in Fig. 6. The RMSD and RMSF of the complexes are in 
good agreement with one another. Overall, the current simulation 
studies convincingly show that the 99542 and 33314 protein complex is 
stable at the active site and can serve as a better inhibitor for inhibiting 

in Non-small cell lung cancer. 

3.6. ADME prediction 

ADME prediction was performed to find the pharmaceutical prop
erties of the lead compounds. The lead compounds have 
acceptable ADME properties which was tabulated in Table 2. 

4. Conclusion 

In the present investigation, receptor of activated kinase 1 (RACK1) 
was targeted using in silico predictive ability with a cause for preventing 
the proliferation and growth factors of tumor cells. Using energy mini
mization and molecular dynamics simulations, predicted model was 
found to be stable. MD simulations indicated that the theoretical pre
diction was more consistent and matched with the known set of 

Fig. 3. LIFE CHEMICAL database.  

Fig. 4. Summary of LIFE CHEMICAL database compounds.  
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experimental results. Using structure based virtual screening and 
docking approach, identified six best ligand molecules showing better 
binding affinities to RACK1 protein and other molecular interactions 
within the active site of the stable receptor were also documented. The 
identified compounds were coded as 99542 and 33314 exerted prom
ising and candidate molecules to inhibit activity of the Receptor of 

activated kinase 1 protein. Therefore, our findings confer significant 
novel inhibitors for RACK1 and it would serve as a new therapeutic 
alternative to cure small cell lung cancer, however, the result of the 
interaction profile required subsequent validation using in vitro studies. 

Fig. 5. The RMSD analysis of two complexes A) RACK1-99452, B) RACK1-33314.  

Table 2 
showing ADME properties of ENAMINE and LIFE CHEMICAL database using QikProp.  

S.No Compound Id MW Donor HB AcceptHB %HOA QPlogPo/w QplogHE RG QPP Caco QPPMD CK 

ENAMINE database 

1. 99452* 319.3 3.250 8.750 57.537 -0.208 -3.453 59.880 59.299 
2. 1278 298.3 5.000 7.000 33.616 -0.387 -4.554 16.722 13.116 
3. 37937 268.3 3.00 4.250 91.908 2.280 -5.186 764.780 370.226 

LIFE CHEMICAL database 

4. 33314* 492.5 2.000 8.500 81.702 3.490 -6.209 82.708 78.814 
5. 96874 498.7 4.250 8.250 82.732 3.515 -6.891 92.651 772.992 
6. 87686 412.4 3.250 3.250 89.510 3.224 -6.677 275.934 192.075 

* Represents high potency to inhibit RACK1 protein and believed to be a promising inhibitor for therapeutic usage. 
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Table 3 
showing Binding free energy of identified compound sourced from Database.  

Compound 
code 

Docking 
score 

MMGBSA dG 
Bind(NS) 

MMGBSAdG Bind(NS) 
Coulomb 

MMGBSAdGBind(NS) 
Hbond 

MMGBSAdG Bind 
(NS) Lipo 

MMGBSA dG Bind 
(NS) Solv GB 

MMGBSAn dG Bind 
(NS) vdW 

33314 -8.722 -97.432 -34.250 -2.007 -28.346 -26.182 -58.051 
96874 -8.211 -100.296 -28.676 -1.201 -45.190 -36.094 -60.238 
87686 -7.607 -85.037 -29.851 -1.977 -29.179 -37.845 -61.276  

Fig. 6. The RMSF analysis of two complexes A) RACK1-99542, B). 
RACK1-33314. 
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