
ABSTRACT
Measles virus phosphoprotein tetramerization domain contains ligand named Acetate ion, (acetate, C2H3O2). 
It was identified as a Drug Target protein. Its protein structure (PDB format) was downloaded from the Protein 
Data Bank. Ligand Acetate ion, (acetate, C2H3O2) was obtained for further analysis. Compounds were selected from 
available drug libraries such as PubChem, DrugBank, ChemSpider etc. physical and chemical properties were 
tabulated in order to compare similarity score. Furthermore they were screened and docked with Acetate ion, 
(acetate, C2H3O2) using PyRx-virtual screening software for Structure based drug design (SBDD). Absorption, 
Distribution, Metabolism, Excretion and Toxicity (ADMET) properties were determined by using online tool 
Danish Quantitative Structure-Activity Relationship (QSAR) database. The Absorption, Distribution, Metabolism, 
Excretion and Toxicity (ADMET) analysis and docking results revealed 13 compounds as potential leads in our 
dry lab experiments. These chemical compounds can be further investigated in wet lab experiments with a view 
to finding effective drugs against Measles.
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INTRODUCTION

Measles infection is occurred by a virus from the 
paramyxovirus family. These viruses are small parasitic 
microbes. Once you got infected, the virus attacked 
host cells and utilizes cellular components to complete 
its life cycle(Taylor et. al., 2002; Kayeet al., 2001). 
The respiratory tract is initially infected by the virus. 
However, it ultimately increases to other parts of the 

body through the blood stream. There are twenty four 
recognized genetic types of measles, although only six 
are at present circulating(Aickin, et al., 1994). Measles is 
spread through droplets from the mouth, nose or throat 
of infected persons. Initial symptoms can be observed 
after 10–12 days of infection. It includes bloodshot eyes, 
high fever, a runny nose, and tiny white spots on the 
inside of the mouth. A few days later, a rash expands, 
starting on the face and upper neck and slowly spreading 
downwards, (Naim, 2015).

Measles virus, that is a single-stranded, negative-sense 
RNA virus belongs to the Mononegavirales order which 
includes a number of human pathogens such as Ebola, 
Nipah, and Hendra viruses whose genome is encapsidated 
by multiple copies of the viral nucleoprotein (N). This 
N-RNA complex is the template for transcription and 
replication by the viral polymerase complex contains  
the large protein (L) that carries the RNA-dependent 
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is as yet regular in many developing nations, especially 
in parts of Africa and Asia. However, the cases of 
measles are being reported in recent years. Undoubtedly 
the death ratio has been decreased still huge number 
of cases is reported. Measles is a very infectious viral 
illness. It remains a significant reason for death among 
youthful kids all around, in spite of the accessibility 
of a protected and successful antibody. An expected 7 
million individuals were influenced by measles in 2016 
(https://www.who.int/immunization/diseases/measles/
en/, 2019). 

Measles vaccine was replaced by mixing up measles, 
mumps, and rubella vaccine in 1988, with seekingthe 
elimination all three diseases from the UK. As the 
implementation of the vaccine, coverage has enhanced 
steadily with 93% of children now being vaccinated 
by 2 years of age. Though the overall reduction in the 
incidence of measles, outbreaks in older children have 
recently been reported, suggesting that a two dose 
strategy may be needed to make sure eradication(Brownet 
al., 1994).Evaluations of vaccination programs are 
generally based on the theory that vaccines have an 
impact only against specific diseases. This theory may 
not be true for measles vaccine. Current studies designate 
that vaccines may have significant non-specific effects 
as girls receiving high titre measles vaccines were 
established to have reduced long term survival compared 
with recipients of standard titre vaccines. Secondly, 
studies of standard titre measles vaccine have reported 
a better than expected reduction in mortality in areas 
with high mortality. Since these observations implies that 
measles immunization may have a non-specific, useful 
effect (Aaby et al., 1995).

To design the drug with the help of the computer is a 
specialized branch that uses computational approaches 
to create drug-receptor interactions (Bissantzet al., 
2000).These types of methods are greatly dependent on 
the tools of bioinformatics, applications and databases. 
Many of the promising drugs fail in clinical trials after 
many years of research. The failure is due to toxicity 
or problems with metabolism. The ADMET properties 
of drugs are Absorption, Distribution, Metabolism, 
Excretion and Toxicity in other words bioavailability 
and bioactivity. However; these properties are typically 
measured in the wet lab, they can also be assumed with 
help of bioinformatics software and tools. The wide 
range of bioinformatics tools and web indexes (search 
engines) are available for this work (Bissantz et al., 2000; 
Iskaret al., 2011). Once potential lead molecules have 
been identified the next step is to find their structural 
and ADMET properties. This commonly consists of the 
arrangement of changes in accordance with the essential 
and secondary structure of the compound. The protocol 
can be enhanced by using software that explores related 
compounds to the lead candidate (Songet al., 2009).

MATERIAL AND METHODS

Target Identification: Phosphoprotein tetramerization 
domain of Measles Virus, which is responsible for 

RNA polymerase activity and the phosphoprotein 
(P), the polymerase cofactor (Communieet al., 2013).
The phosphoprotein of measles virus is a modular 
protein contains an essentially disordered N-terminal 
domain and of a C-terminal moiety (PCT) made up of 
alternating disordered and globular regions(Johansson 
et al.,2003).

In measles virus, during genome replication, synthesis 
of viral RNA and encapsidation by nucleoprotein 
are associated. Nucleoprotein also has the ability to 
self-assemble on cellular RNA to form nucleocapsid 
resembling particles in the absence of viral RNA and 
viral proteins. The association of phosphoprotein with 
the soluble, monomeric form of Nucleoprotein avoids 
it from binding to cellular RNA. The nucleoprotein 
– phosphoprotein (N-P) complex is the substrate
employed by the polymerase to initiate encapsidation 
of genomic RNA. Nucleoprotein forms complexes with 
phosphoprotein and with the phosphoprotein - large 
protein (P-L) complex during transcription and, during 
replication too (Johansson et al.,2003).

Measles was an unavoidable disease during the human 
advancement with considerable level of morbidity and 
mortality. The seriousness of measles infection was 
to a great extent contained by the advancement of 
a live attenuated antibody that was brought into the 
vaccination programs. However, all efforts to eliminate 
the disease failed and continued to result in major 
deaths yearly. The expansion of molecular biology 
techniques permitted the rescue of measles virus from 
cDNA that facilitated vital insights into a variety of 
aspects of the biology of the virus and its pathogenesis. 
Consequently these technologies aided the development 
of novel vaccine candidates that stimulate immunity 
against measles and other pathogens. Depending on the 
promising prospective, the utilization of measles virus 
as a recombinant vaccine and a therapeutic vector is 
concentrated (Naim, 2015).

Measles is a viral infection that begins in the respiratory 
system. It stays a significant cause of death amongst 
young children all over the world, in spite of having, the 
accessibility of a safe and effective vaccine. According to 
the World Health Organization (WHO), there were almost 
1,10,000 worldwide deaths happened due to measles 
in 2017 and majority of them were children under the 
age of 5. Measles was a predictable infection during 
the human development with considerable degree of 
morbidity and mortality. The severity of measles virus 
infection was mostly contained by the improvement 
of a live attenuated vaccine that was commenced into 
the Vaccination Plans. Still, all efforts to eliminate the 
disease are unsuccessful and it sustained to yearly result 
in significant deaths (Naim, 2015).

Vaccine of Measles has been found years ago. The 
disease was remained under control due to vaccination 
program for many years. Worldwide measles deaths have 
diminished by 84 percent worldwide as of late — from 
550,100 deaths in 2000 to 89,780 out of 2016 — measles 
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the induced folding of the C-terminal Domain of 
the Nucleoprotein (figure 1) was taken as target 
protein(Johansson et al., 2003).

Docking: Docking was performed on the structure 
filessuch as .sdf/.mol/.pdb of the compounds usingPyRx 
docking program with a view to obtaining binding 
energy(Table 2).

ADMET: Docked chemical substances were tested 
using QSAR database for ADMET properties such as 
Carcinogenicity, Lethal concentration, Mutagenicity, In 
vitro tests, Health End points etc. Thirteen compounds 
lastly considered as drug target candidates since they 
accomplish most of the characteristics(Table 3).

RESULTS AND DISCUSSION

In the present study 80 chemical compounds were 
analyzed as drug target candidate for Measles virus 
phosphoprotein tetramerization domain. Physical and 
chemical properties including pKa value, Molecular 
weight(MW), State, Polarizibility, Melting and Boiling 
Point were obtained from DrugBank, PubChem, 
ChemSpider etc. online databases with a view to 
understanding the essentiality of the compound as a 
drug target(Table 1)(Dias et al., 2008). pKa value of a 
weak acid varies between -2 to 12. pKa values more than 
twelve area unit are considered to be alkaline drug and 
lower than  -2 area units are considered to be a strong 
acid. The ability of a molecule to be polar or non polar 
is indicated by Polarizability, which is reliant upon the 
charge distribution and affects the bond formation in 
a chemical compound.The standard range of binding 
energy is between -3 to -9 Kcal/mol.Docking results 
indicate that lower binding energy illustrate the higher 
affinity of the drug target candidate(Table 2)(Modiset 
al., 2003).
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Figure 1: Measles virus phosphoprotein tetramerization 
domain

The structure file of protein with PDB ID 4BHV was 
downloaded from Protein Data Bank. The experimental 
details are, Resolution[Å]:  2.1, R-Value: 0.232 (obs.) 
and R-Free:0.242.

Drug Library: Compounds having related structures 
and properties with Acetate ion, (acetate, C2H3O2) 
were obtained and screened using online chemical 
databaseswizPubChem, DrugBank, KEGG, ChemSpider 
etc.(Table 1) (Dias et al., 2008; Fernando et al., 2008).

Drug 
Accession Log P	  State	    pKa		 Polarizability	 Molecular
Number						 Weight	 Boiling	 Melting

(g/mol)	 Point	  Point

CID 176  -0.12	 Solid	 4.54		 5.34 Å3	 60.052 117.9 °C	 16.6 °C
CID 757	 -1	 Solid	 3.53		 6.2 Å3	 76.0514 	N A	 79.5 °C
CID 760	 -0.59	 Solid	 3.3		 5.35 Å3	 74.0355 	N A	 98 °C
CID 763	N A	N A	N A		N A	 117.108 	N A	N A
CID6116	 0.24	 Solid	 4.54		 4.96 Å3	 158.166	N A	 > 160 °C
CID 6144	 5.01	N A	N A		N A	 380.171 	N A	 300 deg C 
CID 7997	N A	N A	N A		N A	 102.133 214.9° F	 -93 °C
CID 8471	N A	  liquid	N A		N A	 101.193 192.7° F 174.5° F 
CID 82741	N A	N A	N A		N A	 133.19 	N A	N A
 CID 101751	N A	N A	N A		N A	 104.016 	N A	N A
CID 517045	N A	N A	N A		N A	  82.034 	N A	 328°C
CID 3474584	N A	N A	N A		N A	 65.984 	N A	N A
CID 6917684	N A	N A	N A		N A	 472.5 	N A	N A

Table 1. Physical and Chemical Properties of Chemical Compounds

Each drug has to fulfill its ADMET properties such as 
Mutagenicity, Toxicity, In-vitro test and Carcinogenicity 
etc. in order to prove their potentiality as a drug. These 

properties are analyzed by confirmative tests such as 
Ames test, Food and Drug Administration’s Center for 
Drug Evaluation and Research (FDA- CDER) properties 
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on Rat and Mouse,Skin irritation, Skin sensitization, 
Respiratory sensitization, Lethal Concentration, 
Lethal Dose in human, and Hypoxanthine-guannine 
phosphoribosyltransferase (HGPRT) test(Yang and 
Chen, 2004).Negative results of Skin sensitization, 
Skin irritation, Respiratory sensitization, Ames test and 
Hypoxanthine-guannine phosphoribosyltransferase 
(HGPRT) tests denote that the molecules can be taken 
into consideration for drug designing.

CID6917684 shows positive Respiratory sensitization; 
hence it requires modifications in the structure. The result 
of the Ames testproves that the drug is mutagenic(Wadood 
et al., 2013; Williamson, 2014). CID82741compound 
requires structural modifications as it gives positive 
Ames test.CDER proprietary male rat, FDA cancer male 
rat, FDA cancer female rat, FDA cancer male mouse, 
CDER proprietary male mouse, FDA cancer female 
mouse, CDER proprietary female rat, -CDER proprietary 
female mouse determine Carcinogenicity(Wadood et al., 
2013; Williamson, 2014).No compound indicates positive 
Carcinogenicity(Table 3).

Lethal dose (LD)is taken into consideration to notify 
the short term poisoning potential of the material. 
Lethal concentration (LC)denotes the concentration of 
the chemical. This toxicity is dependentupon Lethal 
concentration of the drug. If therange of Lethal 
concentration is 100 – 1000mg/L that shows moderate 
toxicity of compound and based on that concentration of 
Lethal dose is set as 0.5-5 gm/kg.  If Lethal concentration 
range is 10 -100 mg/L then it shows high toxicity of the 
substance and therefore Lethal dose must be 5-50 mg /
kg. If Lethal concentration ranges between 1000 – 10000 
mg/L then it showsminute toxicity of the compounds and 
Lethal dose is set as 5 – 15 gm/ kg(Wadood et al., 2013; 
Williamson, 2014). Mentioned all thirteen compounds 
possese Lethal concentration range 100 – 1000 mg/L 
as a result they are sensibly toxic and their Lethal dose 
should be kept 0.5 – 5 gm/Kg.

Drug Accession Number	 Binding energy
	 kca/mol

CID176	 -5.01
CID757	 -5.29
CID760	 -5.14
CID763	 -4.76
CID6116	 -5.01
CID6144	 -4.44
CID7997	 -6.51
CID8471	 -5.98
CID82741	 -5.01
CID101751	 -5.01
CID517045	 -5.01
CID3474584	 -5.01
CID6917684	 -5.28

Table 2. Showing Binding Energy of Chemical 
Compounds

Drug
Accession 		  Health End Point		  Mutagenicity	 In	 Carcinogenicity
Number	 Severe	 Skin	 Respiratory	 Ames test	 Vitro
	 skin	 sensitization	 sensitization	 (Salmonella)	 Tests
	 irritation				    HGPRT
				  
CID176	 NEG	 NEG	 NEG	 NEG	 NEG	 NEG
CID757	 NEG	 NEG	 NEG	 NEG	 NEG	 NEG
CID760	 NEG	 NEG	 NEG	 NEG	 NEG	 NEG
CID763	 NEG	 NEG	 NEG	 NEG	 NEG	 NEG
CID6116	 NEG	 NEG	 NEG	 NEG	 NEG	 NEG
CID6144	 NEG	 NEG	 NEG	 NEG	 NEG	 NEG
CID7997	 NEG	 NEG	 NEG	 NEG	 NEG	 NEG
CID8471	 NEG	 NEG	 NEG	 NEG	 NEG	 NEG
CID82741	 NEG	 NEG	 NEG	 POS	 NEG	 NEG
CID101751	 NEG	 NEG	 NEG	 NEG	 NEG	 NEG
CID517045	 NEG	 NEG	 NEG	 NEG	 NEG	 NEG
CID3474584	 NEG	 NEG	 NEG	 NEG	 NEG	 NEG
CID6917684	 NEG	 NEG	 POS	 NEG	 NEG	 NEG

( * POS = POSITIVE)				     (* NEG =NEGATIVE)

Table 1. Physical and Chemical Properties of Chemical Compounds
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We validate below chemical compounds as potential 
lead molecules for Measles virus phosphoprotein 
tetramerization domainafter assessing physical and 
chemical properties, docking and ADMET analysis of 
all the screened chemical compounds,. ACETIC ACID 
– (CID176), GLYCOLIC ACID – (CID757), GLYOXYLIC 
ACID – (CID760), GLYCOCYAMINE – (CID763), CALCIUM 
ACETATE – (CID6116), SODIUM EDETATE – (CID6144), 
PROPYL ACETATE – (CID7997), TRIETHYLAMINE 
– (CID8471), TETRAMETHYLAMMONIUM ACETATE 
– (CID82741), DISODIUM ETHENE-1,1-DIOLATE – 
(CID101751), SODIUM ACETATE – (CID517045), LITHIUM 
ACETATE – (CID3474584), AMETANTRONE ACETATE 
– (CID6917684).

Figure 2: Showing the Docking Pose of ACETIC ACID 
(CID176) with Measles virus phosphoprotein tetramerization 
domain

Figure 3: Showing the Docking Pose of GLYCOLIC 
ACID (CID757)with Measles virus phosphoprotein 
tetramerization domain

Figure 4: Showing the Docking Pose of GLYOXYLIC 
ACID (CID760) with Measles virus phosphoprotein 
tetramerization domain

Figure 5: Showing the Docking Pose ofGLYCOCYAMINE 
(CID763) with Measles virus phosphoprotein tetramerization 
domain

Figure 6: Showing the Docking Pose ofCALCIUM 
ACETATE (CID6116) with Measles virus phosphoprotein 
tetramerization domain

Figure 7: Showing the Docking Pose ofSODIUM 
EDETATE (CID6144)with Measles virus phosphoprotein 
tetramerization domain

Further we attempted to find out nature of the obtained 
compounds. These compounds include naturally 
occurring plant/ animal, metabolites or secondary 
metabolites, human metabolites, metabolite intermediates 
and synthetic compounds in order to understand the 
possible role of nutraceuticals intervention. Here none 
of the compounds are natural compounds.  Acetic acid, 
glycolic acid, glyoxylic acid are intermediate metabolites, 
glycocyamine is a human metabolite whereas calcium 
acetate, sodium edetate, propyl acetate, triethylamine, 
tetramethylammonium acetate, sodium acetate , lithium 
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acetate, ametantrone acetate disodium ethene-1,1-diolate 
are synthetic compounds. Glycocyamine plays a role as 
a human metabolite, involved in metabolic pathways of 
amino acids ( https://www.drugbank.ca/drugs ;  https://
pubchem.ncbi.nlm.nih.gov/).

Figure 8: Showing the Docking Pose of PROPYL 
ACETATE  (CID7997)with Measles virus phosphoprotein 
tetramerization domain

Figure 9: Showing the Docking Pose of TRIETHYLAMINE 
(CID8471)with Measles  virus phosphoprote in 
tetramerization domain

Figure 10: Showing the Docking Pose of TETRAMETHYL 
AMMONIUM ACETATE (CID82741) with Measles virus 
phosphoprotein tetramerization domain

Figure 11: Showing the Docking Pose of DISODIUM 
ETHENE-1,1-DIOLATE (CID101751)with Measles virus 
phosphoprotein tetramerization domain

Figure 12: Showing the Docking Pose of SODIUM 
ACETATE (CID517045) with Measles virus phosphoprotein 
tetramerization domain

Figure 13: Showing the Docking Pose of LITHIUM 
ACETATE (CID3474584)with Measles virus phosphoprotein 
tetramerization domain

Figure 14: Showing the Docking Pose of AMETANTRONE 
ACETATE (CID6917684) with Measles virus phosphoprotein 
tetramerization domain

Trivedi et al.,
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CONCLUSION

Measles virus phosphoprotein tetramerization domain 
contains ligand named Acetate ion, (acetate, C2H3O2). 
It was considered as a Drug Target protein. Its protein 
structure (PDB format) was attained from the Protein 
Data Bank. Ligand Acetate ion, (acetate, C2H3O2) was 
considered for investigation. 80 compounds were selected 
from available online chemical libraries and they were 
screened and docked with Acetate ion, (acetate, C2H3O2) 
using PyRx virtual screening software. Upon ADMET 
analysis using QSAR database, 13 compounds were 
identified as potential leads. These thirteen chemical 
compounds can be further characterized and examined in 
wet lab for the development of new drug for Measles.
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