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ABSTRACT: Resistance to antimicrobials by pathogenic bacteria is a global 

menace. An attractive pathway to resolve this problem of resistance may be 

achieved by targeting the bacterial quorum sensing (QS) process. Fighting 

bacterial infections by interfering with their command language and 

disrupting virulence expression could serve as a viable alternative. One of 

the current strategies is to attenuate virulence gene expression of agr quorum 

sensing system of some Gram-positive bacteria through inhibition of AgrA_ 

P2/P3 interaction. Tertiary structures of AgrA proteins of some pathogenic 

bacteria like Listeria monocytogenes, Chlamydia trachomatis, Enterococcus 

faecalis, Streptococcus pyogenes and Macrococcus canis showing 

antimicrobial resistance are not yet available in structural databases like 

PDB. These proteins play a key role in AgrA quorum sensing. 3D structures 

of these proteins are essential to determine most of their functions, and for 

the development of agents that can be explored as therapeutic agents. In 

order to derive structures of these AgrA proteins, homology modeling 

approach was employed. The modeled proteins were validated by several 

methods, and the physico-chemical properties of these refined protein 

structures were predicted using in-silico methods. The compositional and 

structural differences of the LytTR domain of AgrA proteins between the 

pathogenic and non-pathogenic bacteria were analyzed in our study. We have 

also identified the cleft and cavities in these structures and have explored the 

potential binding sites. The structural features of these sites have also been 

studied to have a better understanding of screening/designing inhibitors. 

INTRODUCTION: Nowadays, the treatment of 

bacterial infections such as bacteremia, urinary 

tract infections, infective endocarditis, skin and soft 

tissue infections, pneumonia, toxic shock 

syndrome, septic arthritis, and osteomyelitis is a 

major global challenge.  
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Bacteria are continuously developing resistance to 

current antibacterial compounds, and the problem 

is becoming more wide-spread 
1-4

 in third world 

countries where medical services are not always up 

to the mark, and monitoring drug abuse is quite 

impossible 
5
. It is estimated that bacterial resistance 

can increase mortality and morbidity by two-fold 
6
. 

It has been discovered that a large number of 

bacterial species produce many virulence factors 

and form biofilms, which are regulated by the cell 

to cell communication process called quorum 

sensing (QS) 
7-9

. An attractive pathway to resolve 

the problem of bacterial resistance to current 

antibacterial agents is targeting bacterial QS 
10-14

. 
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Fighting bacterial infections by interfering with 

their command language or QS and disrupting 

virulence expression could serve as an alternative 

way to inhibit growth 
15-18

. The accessory gene 

regulator (agr), a well-studied QS system, controls 

the expression of a series of virulence-associated 

protein genes in some Gram-positive bacteria 
19, 20

. 

At the agr locus, there are two divergent 

transcription units driven by promoters agrP2 and 

agrP3. agrP2 drives the synthesis of RNA II, 

which encodes Agr ABCD, the structural 

components of the QS system, while agrP3 leads to 

the synthesis of RNA III which encodes delta–

hemolysin 
20

 but also acts as a regulatory RNA that 

controls the expression of a series of virulence 

genes transcriptionally or translationally 
21

. One of 

the current strategies to attenuate virulence gene 

expression of agr QS system of Gram-positive 

bacteria is through inhibition of AgrA_ P2/P3 

interactions. The availability of good quality 

tertiary structure of LytTR domain of AgrA protein 

is necessary for the development of such 

therapeutic agents. Although the number of AgrA 

protein sequences has increased exponentially, the 

number of experimentally determined protein 

structures lags far behind. This is a general concern 

since the methods for determination of three 

dimensional structure of a protein are time 

consuming and expansive.  

This predicament can be overcome by exploiting 

tertiary protein structure prediction using the 

approach of homology modeling, which has the 

ability to determine protein structure from sequence 

data with an accuracy that is comparable to 

experimental methods. Homology modeling relies 

on the fact that during evolution, homologous 

sequences tend to have conserved structures and 

sequences having identity, less than 30% can have 

different structure 
22

. The 3D structure of a given 

protein sequence can be predicted using homology 

modeling provided an X-ray or NMR structure is 

available based on an alignment with one or more 

identified protein structure 
23

. In this study, a 

comprehensive in-silico analysis and homology 

modeling studies on LytTR domain of AgrA 

proteins of some pathogenic and non-pathogenic 

bacteria have been performed. The non-pathogenic 

bacteria have been included in this study to resolve 

the structural differences present, if any, within the 

bacteria having significantly different lifestyles. 3D 

structures of DNA binding LytTR domain of these 

proteins are not yet available.  

MATERIALS AND METHODS: 

Data Collection: LytTR domain of AgrA protein 

sequences of five pathogenic bacteria and five non-

pathogenic bacteria given in Table 1 were retrieved 

from the GenBank database of NCBI (National 

Centre for Biotechnology Information) 

(http://www.ncbi.nlm.nih.gov/), a freely accessible 

resource of protein sequences and functional 

information. 

TABLE 1: THE PROTEIN SEQUENCE RETRIEVED FROM THE GenBank DATABASE OF NCBI 

 Gene name Organism Accession number of 

the target protein 

Length of the  modelled 

protein (LytTR domain) 

P
at

h
o

g
en

ic
  

b
ac

te
ri

a
 

Accessory gene regulator 

protein A 

Listeria monocytogenes 

SLCC2378 

CBY71828.1 1-102=102 

Accessory gene regulator 

protein A 

Chlamydia trachomatis CRH93505.1 148-237=90 

Accessory gene regulator 

protein A 

Enterococcus faecalis Fly1 EEU78551.1 145-242=98 

DNA-binding response 

regulator 

Streptococcus pyogenes WP_014635338.1 79-168=90 

DNA-binding  response 

regulator 

Macrococcus canis WP_086043251.1 141-238=98 

N
o

n
-p

at
h

o
g

en
ic

 b
ac

te
ri

a Accessory gene regulator 

protein A 

Lysinibacillus sphaericus C3-41 ACA41473.1 116-212=97 

DNA-binding response 

regulator 

Eubacterium plexicaudatum WP_004058878.1 141-239=99 

DNA-binding response 

regulator 

Carnobacterium gallinarum WP_034560381.1 148-238=91 

DNA-binding response 

regulator 

Floricoccus penangensis WP_070788284.1 139-236=98 

DNA-binding response 

regulator 

Paenibacillus typhae WP_090712524.1 141-238=98 
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Physico-chemical Characteristics: Different 

physicochemical properties such as amino acid 

composition, molecular weight, number of positive 

and negative ions, theoretical isoelectric point (pI), 

half-life, aliphatic index, instability index, 

extinction coefficient, grand average hydropathy 

(GRAVY) associated with the primary structure of 

LytTR domain of AgrA proteins were predicted 

using Expasy’s ProtParam server 

(http://web.expasy.org/protparam/). Protein pI is 

calculated using pKa values of its amino acids. The 

pKa value of amino acids depends on their side 

chain and has a crucial role in defining the pH-

dependent characteristics of a protein. The 

extinction coefficient serves as an indicator of how 

much light a protein absorbs at a certain 

wavelength. It is possible to calculate the molar 

extinction coefficient of a protein from the amino 

acid composition 
24

. The stability of a protein in a 

test tube may be estimated using the instability 

index, where a value of less than 40 indicates a 

stable protein 
25

. The aliphatic index is defined as 

the relative volume occupied by aliphatic side 

chains of a protein, which include alanine, valine, 

isoleucine, and leucine and contributes to the 

thermostability of globular protein 
26

. The GRAVY 

value for a peptide or protein is the ratio of the sum 

of hydropathy values of all the amino acids to the 

total number of amino acid residues in the sequence 
27

. 

Secondary Structure Prediction: SOPMA (Self 

Optimized Prediction Method with Alignment) 
28

 

was employed for predicting the secondary 

structure of the LytTR domain of AgrA protein 

sequences considered for this study.  

Model Building: In order to derive the tertiary 

structures of LytTR domain of AgrA proteins, the 

template was selected from PDB (Protein Data 

Bank) 
29

 by using BLASTp algorithm 
30

. It was 

found that PDB ID: 4G4K of Staphylococcus 

aureus shared more than 40% identity with the 

queried proteins. The 3D  structure of the proteins 

was constructed using Modeller 9.16 modeling tool 
31

.  

Model Evaluation: The overall stereochemical 

property of the proteins was assessed with 

PROCHECK 
32

 by Ramachandran plot analysis 
33

. 

Validation of generated models was further 

performed by VERIFY 3D 
34

, which ascertains the 

consistency of an atomic protein model with its 

own amino acid sequence as measured by a 3D 

profile. ERRAT 
35

 was also used for validation of 

generated models (it is a wave application which 

investigates the statistics of pairwise atomic 

interactions and is able to take into account six 

different noncovalently bonded atom-atom 

interactions: CC, CN, CO, NN, NO and OO).  

ProSA 
36

 was used for validating the protein 

structures by comparing the global energy profile 

of the modeled protein to that of a unique set of 

good quality models. Modeled structures were 

compared with the template protein by the 

superimposition of the structures using Chimera 
37

 

and MISTRAL tool 
38

. Binding site of the modelled 

proteins were analysed using CASTp online server 

(http://sts.bioe.uic.edu/castp/index.html?2pk9) 
39

. 

RESULTS AND DISCUSSION: The primary 

structure analysis Table 2 showed that the 

theoretical pI (pH at which protein remains stable) 

of all the proteins were predicted to be greater than 

pI=7 which implies that the proteins can be 

considered as basic in nature. The computed pI 

values were found to range from 9.59 to 7.14. The 

total number of negatively charged residues 

(Asp+Glu) were comparatively lesser than the total 

number of positively charged residues (Arg+Lys) 

in L. monocytogenes, C. trachomatis, E. faecalis, S. 

pyogenes, L. sphaericus, E. plexicaudatum, F. 

penangensis and S. typhae indicating the 

intercellular nature of these proteins. Although the 

Expasy’s ProtParam computes the extinction 

coefficient for a range of (276, 278, 279, 280, and 

282 nm) wavelength, 280 nm is favored, because 

proteins absorb strongly at 280 nm.  

Extinction coefficient values of all the proteins at 

280 nm measured in water ranged from 2980 to 

9065 M
-1

cm
-1 

with respect to the concentration of 

cysteine, tryptophan, and tyrosine. The extinction 

coefficient value of L. monocytogenes, C. 

trachomatis, S. pyogenes, and M. canis was 7575 

M
-1

cm
-1, 

and that of C. gallinarum was 9096 M
-

1
cm

-1
. Such a high value of extinction coefficient 

indicates the presence of a high concentration of 

cysteine, tryptophan, and tyrosine. The computed 

extinction coefficients are helpful in the 

quantitative study of protein-protein and protein-

ligand interactions in solution 
24

.  
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The instability index values for the proteins were 

found to be 39.28, 37.66, and 34.69 for M. canis, L. 

sphaericus and F. penangensis, respectively. The 

results suggest M. canis, L. sphaericus, and F. 

penangensis as stable protein in a test tube. The 

aliphatic index of a protein is defined as the relative 

volume occupied by aliphatic side chains, which 

include alanine, valine, isoleucine, and leucine and 

contributes to protein thermostability 
26

.  

Aliphatic index values of all the proteins were 

found to be ranging from 87.47 to 114.67. Such a 

high aliphatic index value of all the proteins 

suggests that these proteins may be stable in a wide 

range of temperatures. The GRAVY index values 

of the proteins were found to range from -0.016 to -

0.551. The low GRAVY index value of proteins 

indicates the possibility of better interaction with 

water. 

The secondary structure of LytTR domain of AgrA 

proteins predicted by SOPMA reveals that 

extended strand dominates among secondary 

structure elements followed by alpha helix, random 

coils, and beta turns for all the sequences except for 

P. typhae where extended strand dominates 

followed by random coils, alpha-helix, and beta 

turns. Secondary structure features as predicted 

using SOPMA are represented in Table 3. 

TABLE 2: PHYSICO-CHEMICAL CHARACTERS AS PREDICTED BY EXPASY’s PROTPARAM 

Organism Sequence 

Length 

Molecular 

Weight 

pI -R +R EC II AI GRAVY 

Listeria monocytogenes 102 12028.05 9.34 12 18 7575 49.86 87.84 -0.449 

Chlamydia trachomatis 90 10534.22 9.04 9 12 7575 68.79 114.67 -0.093 

Enterococcus faecalis 98 11473.23 8.61 14 16 4595 50.20 89.39 -0.364 

Streptococcus pyogenes 90 10520.2 9.04 9 12 7575 62.96 113.56 -0.097 

Macrococcus canis 98 11728.33 7.22 14 14 7575 39.28 92.45 -0.492 

Lysinibacillus sphaericus 97 11471.34 7.96 15 16 4595 37.55 93.30 -0.264 

Eubacterium plexicaudatum 99 11815.75 8.50 15 17 4595 53.38 87.47 -0.336 

Carnobacterium gallinarum 91 10902.63 7.14 14 14 9065 49.22 93.08 -0.465 

Floricoccus penangensis 98 11430.47 9.59 9 15 2980 34.69 106.43 -0.016 

Paenibacillus typhae 98 11497.17 8.93 13 16 6085 48.29 77.55 -0.551 

TABLE 3: CALCULATED SECONDARY STRUCTURE ELEMENTS BY SOPMA 

 Secondary structure 

Organism Alpha 

helix 

310 

helix 

Pi 

helix 

Beta 

bridge 

Extended 

strand 

Beta 

turn 

Bend 

region 

Random 

coil 

Ambiguous 

states 

Other 

states 

Listeria 

monocytogenes 

29.41% 0.00% 0% 0.00% 37.25% 5.88% 0.00% 27.45% 0.00% 0.00% 

Chlamydia 

trachomatis 

28.89% 0.00% 0% 0.00% 32.22% 7.78% 0.00% 31.11% 0.00% 0.00% 

Enterococcus 

faecalis 

29.59% 0.00% 0% 0.00% 36.73% 9.18% 0.00% 24.49% 0.00% 0.00% 

Streptococcus 

pyogenes 

32.22% 0.00% 0% 0.00% 34.44% 6.67% 0.00% 26.67% 0.00% 0.00% 

Macrococcus 

canis 

26.53% 0.00% 0% 0.00% 39.80% 7.14% 0.00% 26.53% 0.00% 0.00% 

Lysinibacillus 

sphaericus 

27.84% 0.00% 0% 0.00% 40.21% 8.25% 0.00% 23.71% 0.00% 0.00% 

Eubacterium 

plexicaudatum 

29.29% 0.00% 0% 0.00% 37.37% 7.07% 0.00% 26.26% 0.00% 0.00% 

Carnobacteriu

m gallinarum 

31.87% 0.00% 0% 0.00% 34.07% 4.40% 0.00% 29.67% 0.00% 0.00% 

Floricoccus 

penangensis 

28.57% 0.00% 0% 0.00% 39.80% 10.20% 0.00% 21.43% 0.00% 0.00% 

Paenibacillus 

typhae 

26.53% 0.00% 0% 0.00% 36.73% 9.18% 0.00% 27.55% 0.00% 0.00% 

 

A comparative study of the primary structure of the 

proteins revealed the absence of certain amino 

acids. Tryptophan was found to be absent in all the 

proteins. Besides this alanine and methionine were 

absent in C. trachomatis, S. pyogenes and M. canis. 

Proline and threonine were also found to be absent 

in E. faecalis and L. sphaericus, respectively. Each 

amino acid has its own individual physicochemical 
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characteristic to perform a specific function in the 

protein. The percentage of polarity, charge, 

aliphatic, and aromatic nature of proteins vary 

based on their location and function. The frequency 

of the different amino acids was estimated using 

ProtoParam Table 4 in which lysine was found to 

be the most abundant amino acid in L. 

monocytogenes (14.706%), L. sphaericus 

(11.340%), E. plexicaudatum (10.340%) and P. 

pyphae (10.204%) whereas serine was the most 

frequent in C. trachomatis (13.333%), E. faecalis 

(12.245%) and S. pyogenes (13.333%). Isoleucine 

was found to be maximum in M. canis (14.286%) 

and F. penangensis (17.347%). 

TABLE 4: PERCENTAGE OF AMINO ACIDS PRESENT IN LytTR DOMAIN OF AgrA PROTEINS 

 

A
m
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s 
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C
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m
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E
n
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S
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M
a
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o
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u
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L
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u
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h
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E
u
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a
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C
a
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F
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cc
u

s 

p
en

a
n

g
en

si
s 

P
a

en
ib

a
ci
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u

s 

ty
p

h
a

e
 

Ala 1.961 0.000 1.020 0.000 0.000 3.093 2.020 2.198 2.041 3.061 

Cys 1.961 2.222 2.041 2.222 2.041 2.062 3.030 2.198 1.020 2.041 

Asp 4.902 4.444 4.082 4.444 8.163 6.186 7.071 3.297 5.102 7.143 

Glu 6.863 5.556 10.204 5.556 6.122 9.278 8.081 12.088 4.082 6.122 

Phe 5.882 4.444 6.122 4.444 7.143 8.247 8.081 4.396 10.204 7.143 

Gly 3.922 3.333 4.082 3.333 3.061 4.124 4.040 4.396 3.061 5.102 

His 4.902 2.222 4.082 2.222 7.143 3.093 4.040 5.495 2.041 3.061 

Ile 8.824 11.111 10.204 10.000 14.286 10.309 9.091 8.791 17.347 8.163 

Lys 14.706 5.556 10.204 5.556 8.163 11.340 10.101 9.890 13.265 10.204 

Leu 8.824 13.333 7.143 13.333 7.143 5.155 6.061 8.791 7.143 7.143 

Met 2.941 0.000 3.061 0.000 0.000 3.093 4.040 3.297 2.041 3.061 

Asn 5.882 2.222 5.102 2.2222 6.122 6.186 7.071 6.593 10.204 7.143 

Pro 0.980 3.333 0.000 3.333 2.041 1.031 1.010 2.198 2.041 1.020 

Gln 1.961 6.667 1.020 6.667 1.020 3.093 1.010 1.099 2.041 3.061 

Arg 2.941 7.778 6.122 7.778 6.122 5.155 7.071 5.495 2.041 6.122 

Ser 6.863 13.333 12.245 13.333 9.184 5.155 4.040 4.396 9.184 7.143 

Thr 4.902 2.222 3.061 2.222 4.082 0.000 2.020 1.099 2.041 4.082 

Val 5.882 6.667 7.143 7.778 3.061 10.309 9.091 7.692 3.061 5.102 

Trp 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

Tyr 4.902 5.556 3.061 5.556 5.102 3.093 3.030 6.593 2.041 4.042 

In order to predict the 3D structure of LytTR 

domain of AgrA proteins, pairwise sequences 

alignment between target and template was 

performed using ClustalW (BLOSUM) 
40

. Fig. 1 

depicts the target-template sequence alignments 

obtained using ClustalW. The modeling of three-

dimensional structures of proteins was performed 

using the homology modeling program, Modeller 

9.16. Model structures are given in Fig. 2.  

Ramachandran plots for all the modeled proteins 

have been illustrated in Fig. 3. The result reveals 

that more than 95% of the residues were found to 

be in the most favored regions for all the proteins 

except for E. plexicaudatum and C. gallinarum 

where 93.5% and 92.9% of the residues 

respectively were in the most favored regions. The 

values assigned by the Ramachandran plot indicate 

that the predicted models are of good quality.  

The overall G-factors of the modeled proteins were 

found to lie between -0.08 to 0.02. As the values 

are greater than the acceptable value -0.50, this 

suggests that the modeled structures are acceptable. 

VERIFY 3D showed that more than 80% of the 

residues have scored greater than 0.2 in the 3D/1D 

profile for E. faecalis, S. pyogenes, M. canis, E. 

plexicaudatum, F. penangensis and P. typhae.  

This implies that these models are compatible with 

their sequence. The modeled structures were also 

validated by another structure verification program, 

ProSA-web. ProSA Z-score values for all the 

modeled proteins were found to be within the range 

of scores typically found for native proteins of 

similar size, showing the good quality of the 

models. A plot showing the ProSA Z-score is 

presented in Fig. 4. 



Basak et al., IJPSR, 2020; Vol. 11(6): 2828-2839.                                         E-ISSN: 0975-8232; P-ISSN: 2320-5148 

International Journal of Pharmaceutical Sciences and Research                                                                              2833 

 
FIG. 1: AMINO ACID SEQUENCE ALIGNMENT OF TEMPLATE (4G4K) AND TARGET PROTEINS BY CLUSTALW 

  

    

    
FIG. 2: MODELLED STRUCTURE OF LytTR DOMAIN OF AgrA PROTEINS. (A) L. MONOCYTOGENES (B) C. 

TRACHOMATIS (C) E. FAECALIS (D) S. PYOGENES (E) M. CANIS (F) L. SPHAERICUS (G) E. PLEXICAUDATUM 

(H) C. GALLINARUM (I) F. PENANGENSIS (J) P. TYPHAE 

A B 

C D E F 

G H I J 
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FIG. 3: RAMACHANDRAN’S MAP OF LytTR DOMAIN OF AgrA PROTEINS. (A) L. MONOCYTOGENES (B) C. 

TRACHOMATIS (C) E. FAECALIS (D) S. PYOGENES (E) M. CANIS (F) L. SPHAERICUS (G) E. PLEXICAUDATUM 

(H) C. GALLINARUM (I) F. PENANGENSIS (J) P. TYPHAE 

J 

H 

F 

D C 

E 

G 

I 

B A 
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FIG. 4: PROSA-WEB Z-SCORE PLOT. (A) L. MONOCYTOGENES (B) C. TRACHOMATIS (C) E. FAECALIS (D) S. 

PYOGENES (E) M. CANIS (F) L. SPHAERICUS (G) E. PLEXICAUDATUM (H) C. GALLINARUM (I) F. 

PENANGENSIS (J) P. TYPHAE 

A B 

C D 

E F 

G H 

I J 
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FIG. 5: ERRAT PLOT OF AgrA PROTEINS. (A) L. MONOCYTOGENES (B) C. TRACHOMATIS (C) E. FAECALIS (D) 

S. PYOGENES (E) M. CANIS (F) L. SPHAERICUS (G) E. PLEXICAUDATUM (H) C. GALLINARUM (I) F. 

PENANGENSIS (J) P. TYPHAE 

I J 

G H 

E F 

C D 

A B 
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TABLE 5: DIFFERENT STRUCTURE VALIDATION PARAMETERS OF THE MODELLED PROTEINS 
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G-factor -0.080 -0.080 -0.010 -0.020 -0.070 0.200 -0.060 0.020 -0.030 -0.020 

Z-Score -4.900 -5.060 -5.860 -4.910 -6.130 -6.050 -4.880 -4.630 -5.950 -5.990 

RMSD 0.589 0.289 0.162 1.318 0.163 0.281 0.336 0.223 0.213 1.272 

Structural comparison between the modeled 

proteins and template using root mean square 

deviation (RMSD) matric measures the difference 

between C-alpha atom positions between the 

modeled and template proteins. Smaller the 

deviation, the better is spatially equivalent of the 

modeled and template proteins. Superimposition of 

the protein structures was done following the 

online server MISTRAL and Chimera program. In 

MISTRAL, the RMSD values of two superimposed 

protein structures between template and model 

structures were found to range from 1.892 Å to 

0.162 Å. RMSD value is maximum in the case of 

L. monocytogenes and minimum in the case of E. 

faecalis in MISTRAL. The RMSD values in 

Chimera are given in Table 5. RMSD values imply 

the good quality of the modeled structures.  

ERRATA showed an overall quality factor of 

68.085, 80.247, and 89.024 for L. monocytogenes, 

C. trachomatis, and C. gallinarum, respectively 

Fig. 5. The modeled 3D structures were submitted 

to the CASTp server. The protein structures when 

submitted to the server in its default proves radius 

of 1.4 Å, which generated 13, 11, 13, 9, 8, 16, 8, 

15, 8, and 13 pockets for L. monocytogenes, C. 

trachomatis, E. faecalis, S. pyogenes, M. canis, L. 

sphaericus, E. plexicaudatum, C. gallinarum, F. 

penangensis, and P. typhae respectively. Area, 

volume, and residues of pocket 1 (largest pocket) 

of the modeled proteins are given in Table 6, 

which shows that the largest binding pockets are 

made up of preferably leucine, phenylalanine, 

isoleucine, glutamine, valine, and lysine. 

TABLE 6: AREA, VOLUME, AND RESIDUES OF THE LARGEST POCKET 

Organism Pocket 1 (Largest) 

Area (Å
2
) Volume (Å

3
) Residues 

L. monocytogenes 40.219 16.046 Try4, Phe5, Leu19, Asp20, Leu56, Asp57, Phe60, Asn70 

C. trachomatis 268.806 200.664 Gln3, Ile4, Gln5, Val6, Pro7, Phe8, Asp10, Leu11, Ile14, Leu23, Leu25, 

Ser27, Lys29, Gln30, Arg31, Val32, Phe34, Tyr35, Gly36, Gln37, 

Glu40, Ile41, Gln44, Leu48 

E. faecalis 15.893 3.403 Phe3, Lys6, Phe42, Gly44, Glu48, Ile49 

S. pyogenes 421.480 315.767 Lys1, Ser2, Gln3, Ile4, Gln5, Val6, Phe8, Asp10, Leu11, Tyr13, Ile14, 

Lys22, Leu25, Ser27, Lys29, Gln30, Arg31, Val32, Glu33, Phe34, 

Tyr35, Gly36, Gln37, Glu40, Ile41, Gln44, Leu48, Val56, Asn58 

M. canis 6.352 1.374 Ser24, Ser25, Pro28, His29, Arg30, Ile31, 

L. sphaericus 23.191 17.284 Arg57, His59, Asn60, Ser90, Arg92, Met93 

E. plexicaudatum 47.050 33.300 Phe3, Ser4, Lys6, Phe42, Leu43, Gly44, Lys45, Glu48, Ile49 

C. gallinarum 885.067 85.741 Val4, Ile5, His6, Val7, Pro8, Tyr9,Ile12, Phe15, Met26, Phe35, Leu42, 

Leu45, Phe49 

F. penangensis 47.325 32.206 Tyr75, Lys76, Phe78, Arg92, Ile95, Lys96 

P. typhae 66.348 50.938 Ile12, Val14, Asp18, Leu33, Ala35, Asn37, Arg38, Gln39, Val40 

Our study suggests that the LytTR domain of AgrA 

proteins of the selected pathogenic organisms have 

different amino acid compositions from the non-

pathogenic ones. An interesting finding was the 

absence of an aliphatic amino acid alanine from the 

LytTR domain of AgrA proteins of pathogenic 

bacteria like C. trachomatis, S. pyogenes and M. 

canis.  

These organisms were also found to be devoid of 

methionine in the LytTR domain. The frequency of 

lysine was also found to vary within the LytTR 

domain between the pathogenic and the non-

pathogenic organisms. Lysine content was found to 

be lower in pathogens such as C. trachomatis, S. 

pyogenes, and M. canis compared to the non-

pathogens. 
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It was also observed that the LytTR domain of 

AgrA proteins of pathogenic bacteria possesses a 

higher amount of serine and leucine residues and 

lower amount of asparagine than that of the non-

pathogenic bacteria. It was further analyzed that 

frequency of acidic residues such as aspartic acid, 

glutamic acid, asparagine, and glutamine in 

pathogenic bacteria is higher than the non-

pathogenic bacteria Table 4. Thus, our comparative 

study suggests that there is a substantial difference 

in the amino acid composition of the LytTR 

domain of AgrA protein between the pathogenic 

and the non-pathogenic organisms. 

CONCLUSION: The availability of a reliable 3D 

structure of a molecular target is essential for the 

development of therapeutics. In this study, ten 

LytTR domain of AgrA proteins were selected. 

Physico-chemical characterization suggests that the 

total number of negatively charged residues was 

comparatively lesser than the total number of 

positively charged residues in most of the proteins, 

which indicates the intercellular nature of these 

proteins. A higher value of the aliphatic index 

indicates higher stability of all the proteins in a 

wide range of temperatures.  

All the proteins showed a very low GRAVY index 

value indicating the possibility of better interaction 

with water. Secondary structure analysis revealed 

that the extended strand dominated among 

secondary structure elements followed by an alpha 

helix, random coils, and beta turns for most of the 

sequences employed here.  

The models were validated utilizing a variety of 

methods like Ramachandran plot, VERIFY 3D, 

ERRAT, and ProSA. Ramacandran plot showed 

that more than 92.8% residues were falling under 

the core region for all the proteins, which means 

that the predicted structures are stereochemically 

stable. The structural comparison showed that there 

is not much significant deviation of the structure of 

the modeled proteins from that of the template. 

Binding pockets of the modeled proteins were 

predicted using CASTp server. The comparative 

study suggests that there is a substantial difference 

in the amino acid composition of the LytTR 

domain of AgrA protein between the pathogenic 

and the non-pathogenic organisms. The findings of 

this study will add to the existing knowledge base 

of LytTR domain of AgrA protein structures, which 

will provide a reliable platform for designing of 

novel antibacterials targeting the agr quorum-

sensing mechanism. 
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