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Survivin is one of the most cancer-specific proteins identified to date, being upregulated in almost all human tumors. 
Biologically, survivin has been shown to inhibit apoptosis, enhance proliferation and promote angiogenesis. Because 
of its upregulation in malignancy and its key role in apoptosis, proliferation and angiogenesis, survivin is currently 

attracting considerable attention as a new target for anti-cancer therapies. In these studies to identify potential inhibitor through virtual 
screening, molecular docking and ADME toxicity analysis revealed 2 hits compound with good docking score and included in ADME properties. 
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1. Introduction
Survivin, a member of the inhibitor of apoptosis (IAP) family of pro-
teins, regulates two essential cellular processes, i.e., it inhibits apop-
tosis and promotes cell proliferation. Although expressed at high 
levels during fetal development, survivin is rarely expressed in nor-
mal healthy adult tissues. It is however, upregulated in the majority 
of cancers (1, 2). Because of this upregulation in malignancy, and its 
functional involvement in apoptosis as well as proliferation, survivin 
is currently attracting considerable interest both as a potential can-
cer biomarker3 and as a new target for cancer treatment.1 The aim of 
this article is to discuss approaches currently under investigation in 
targeting survivin for the treatment of cancer. As mentioned above, 
survivin is rarely expressed in normal differentiated tissues but is up-
regulated in the majority of malignancies. Early studies using SAGE 
analysis showed that survivin was the top fourth ‘transcriptome’ in a 
number of common human cancers. These early findings have been 
largely confirmed using immunohistochemistry and RT–PCR (3).The 
increased expression of survivin in cancer cells is thought to occur 
through upregulation of gene transcription, rather than stabilization 
of protein. Indeed, several tumor-associated signaling proteins, such 
as c-myc and STAT-39(4,5) have been shown to increase survivin ex-
pression while the tumor suppressors genes, p53,(6) APC(7) and 
PTEN(8) have been shown to decrease its expression.so survivin is an 
attractive drug target for cancer treatment. We have performed the 
virtual screening and molecular docking studies of the active 2 com-
pounds for better understanding of the drug-receptor interaction.

2. MATERIAL METHODS 
2.1 Protein Preparation
Energy minimisation of the resulting protein was carried out by using 
Maestro 9.0.111 protein preparation wizard (Schrodinger, LLC, 2008, 
New York, NY). The energy minimisation was carried out at the default 
cut off RMSD value of 0.30 Å using OPLS 2001 force field [9]. The possi-
ble conformation of the refined protein was obtained using procheck 
analysis visualized with the aid of Ramachandran plot [19, 20] by check-
ing the dihedral Phi and Psi angles of amino acid residues.

2.2 Active Site
Identification and characterization of binding site is the key step in 
structure based drug design [10]. The active site region of the protein 
is identified by Castp [11]. This server analytically furnishes the area and 
the volume at the probable active site of each pocket to envisage the 
binding site.

2.4 Receptor Grid Generation
The scoring grid was generated using a box size of 30 ˚A ×30 ˚A ×30 
˚A and centered on the centroid  within a box of dimension 27 ˚A 
×16 ˚A ×46 ˚A that encloses the entire groove near the active site to 
fit the ligands[12] 

2.5 Virtual Screening

Virtual screening has become a promising tool for identifying active 
lead/active compounds and has combined with the pipeline of drug 
discovery in most pharmaceutical companies [14]. Glide [15] module has 
been used for all the docking protocol. Among 72,000 small mole-
cules of Zinc database that compounds have been used for screening 
and get less toxic compounds from the hits. The ligands were pro-
cessed with the Lig Prep program to assign the suitable protonation 
states at physiological pH= 7.2±0.2. Conformer generation was car-
ried out with the ConfGen torsional sampling and Ligand docking 
used OPLS_2005 force field. The van der Walls radii were scaled using 
a default scaling factor of 0.80 and default partial cutoff charge of 
0.15 to decrease the penalties. There are three modes to screen the 
compound such as by HTVS, SP and XP in Glide modeule 

2.6 Induce fit Docking
The protein structure of Survivin is applied with the induced-fit dock-
ing (IFD) method in the Schrodinger software suite [16]. All ligands 
were prepared using LigPrep and were optimized with the OPLS 
force field in the Macro Model module in Schrodinger[17]Ligands were 
docked to the rigid protein using the soften-potential docking in the 
Glide program with the vander Waals radii scaling of 0.8 for the pro-
teins. The resulting top 20 poses of ligands were used to the protein 
plasticity using the Prime program in the Schrodinger suite. Residues 
having at least one atom within 5A˚ of any of the 20 ligand poses 
were subject to a conformational search and minimization while res-
idues outside the zone were held fixed. In this way, the flexibility of 
proteins was taken into account [27].

2.7 ADME or pharmacokinetic predictions of best fit 
molecules
The ligands identified in IFD docked mode were subjected to predict 
the pharmacokinetic properties using Qikprop module of Schrodinger 
software suite[18]. Structures with unfavorable absorption, distribution, 
metabolism and elimination have been identified as the major cause 
of failure of candidate molecules in drug development. So there is an 
early prediction of ADME properties, with the objective of increasing 
the success rate of compounds reaching further stages of the devel-
opment. Glide score, glide energy, visual inspection and ADME predic-
tions were used as filtering in screening 2 hits for Survivin.

3. RESULT AND DISCUSSION
3. 1Virtual screening and docking studies 
High-throughput screening is a computational technique to find 
potent small molecules against protein targets of Survivin. Various 
parameters such as Glide score, Glide energy and hydrogen bond 
interactions are used to assess which conformation or binding site 
orientation is best complement in the protein-binding site. Two 
main aspects were taken into account to assess the quality of dock-
ing methods: (i) Docking accuracy, which identifies the true binding 
mode of the ligand to the target protein, and (ii) Screening enrich-
ment, which is a measurement of correlation between docking meth-
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od and true binding ligands rather than random compound selection.

As explained in materials and methods we calculated our calculations 
in HTVS first, SP second and then XP mode. We filtered out 1,500 
compounds from the HTVS process against the target GlgE protein. In 
the second stage compounds with Glide score > -6.00 were screened 
for Glide SP docking. In the next stage, only compounds with Glide SP 
score > -8.00 were screened for Glide XP mode docking. This third run 
identified 5 hits with best glide score. 

3.2 Induce fit Docking Analysis
With the aim of investigating dynamic behavior of the active site 
during the binding of ligand, we performed IFD experiments on best 
ranked from virtual screening compound using Survivin based on 
glide scores. Glide score is an empirical scoring function that con-
siders the energy contribution, the effects of the hydrophobicity as 
well as the hydrogen bonding and penalizes the steric clashes [29]. 
The best 2 compounds out of 1500 compounds screened and their 
corresponding chemical names are: compound 1 (ZINC03830432): 
(6R,7R)-7-((R)-2-(4-Ethyl-2,3-dioxo-1-piperazinylcarboxami-
do)-2-(4-hydroxyphenyl)acetamido)-3-((1-methyl-1H-tetrazol-5-yl)
thiomethyl)-8-oxo-5-thia-1-azabicyclo(4.2.0)oct-2-en-2-carbonsaeure, 
compound 2 (ZINC19594535): (6R,7R)-7-((R)-2-Amino-2-(p-hydroxy-
phenyl)acetamido)-3-methyl-8-oxo-5-thia-1-azabicyclo(4.2.0)oct-2-
ene-2-carboxylic acid.

3.3 Predicted ADME toxicity properties
QikProp Program predicted pharmacokinetic of the ligands. Predict-
ed ADME properties values (Table 2) were analyzed with the recom-
mended values such as Stars, QPlogHERG which are essential for drug 
design and The Lipinski’s rule of 5, it  is a rule of thumb to determine 
if a chemical compound with a certain biological activity[30]. All the 
Compounds that satisfy ADME properties are considered drug like. All 
the predicted ADME values are in the accepted ranges. Hence our in-
silico analysis can conclude that these ligands can be act as survivin 
inhibitor. 

Table 1: .Binding interactions between survivin with hits 
compounds 

S.no Compounds 
name Gide score Glide energy

1 ZINC19594535 -11.821054 -66.173682

2 ZINC03830432 -7.721306 -64.082500

3    ZINC48056990 -7.36959 -43.316314

4    ZINC48056993 -7.13903 -48.266853

5    ZINC40163389 -7.98193 -43.156586

6 ZINC04349038 -7.05837 44.470794

Table 2. ADME or pharmacokinetic predictions of the top five docked molecules 

Compound name H-bond 
donor

H-bond 
acceptor PSA Mol MW #stars QPlogBB QPlog

HERG
QPP
Caco

QPP
MDCK QPpolrz

ZINC19594535 4 8 150 363 0 -1.72 -2.037 1.593 1.437 32.78

ZINC03830432 2 15 259 645 5 -4.76 -1.83 0.226 0.253 58.90

ZINC40163389 2 15 233 594 2 -3.002 -2.67 0.312 1.112 56.19

ZINC48056990 5 17 226 385 5 -3.044 -0.412 0.234 0.095 26.64

ZINC48056993 5 17 223 384 5 -3.455 -0.370 0.203 0.81 28.22

ZINC04349038 4 11 200 254 3 -2.405 -3.866 1.31 0.482 39.22

ZINC03830432- 6R,7R)-7-((R)-2-(4-Ethyl-2,3-dioxo-1-piperazinylcarboxamido)-2-(4-hydroxyphenyl)acetamido)-3-((1-methyl-1H-
tetrazol-5-yl)thiomethyl)-8-oxo-5-thia-1-azabicyclo(4.2.0)oct-2-en-2-carbonsaeure

4. Conclusions
The present study was carried out to generate potential inhibitors for 
Survivin. A virtual screening of suitable drugs was performed, which 
identified ZINC03830432 and ZINC19594535 compounds proven 
to result in improved inhibition of cancer and active amino acid resi-
dues, which will be useful in designing other potent drugs and drug 
analogs. This study provides new insights into the identification of 
drugs in the in vitro laboratory. The novel molecular entities have the 
potential as leads which certainly aid in designing anti cancer mole-

ZINC19594535 - (6R,7R)-7-((R)-2-Amino-2-(p-hydroxyphenyl)
acetamido)-3-methyl-8-oxo-5-thia-1-azabicyclo(4.2.0)oct-2-ene-
2-carboxylic acid.
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cules in short span of time. As whole results throw light for future de-
velopment of more potent and drug like inhibitors for Survivin.


