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Abstract

Current life styles, stress and toxic wastes have extremely increased the incidence
of various infections in humans. Bacterial infections account for a major cause of
deaths throughout the developing world. It is estimated that by the end of 2025,
226 million people worldwide will be affected with infectious diseases. Due to mas-
sive use of antibiotics bacteria gain resistance by biofilm formation against certain
antibiotics. Multidrug resistance bacteria commonly use cell to cell communica-
tion which is called quorum sensing which leads to the regulation of numerous
virulence factors in bacterial biofilm for developing antibiotic resistance. Bacteria
may infect humans ,animals and the infections they cause are harder to treat than
those caused by non-resistant bacteria. A recognized Streptococcus agalactiae is
a pathogen known to cause infections in newborns, the elderly and immune com-
promised individuals. Bacterial infections such as urinary tract infection, intra
amniotic infection, bones and joint infection, tissue infection, brain fever, pneu-
monia and postpartum infection especially with opportunistic bacteria such as
Streptococcus agalactiae is hard to treat due to their high potential. The increas-
ing global expansion of multi-resistant bacteria which cause diseases and cannot
be treated with antibiotics or other anti-microbial drugs is particularly concern-
ing. Because there is no effective drug against these bacteria to treat infections.
In this study, pan genome approach was utilized to develop drug targets for 127
strains of Streptococcus agalactiae. From the total 572 core proteins, there were
355 non-host homologous proteins from which we selected 3 essential proteins by
applying 2 thresholds that are identity greater than 35 and e-value=0.001. From
these 3 proteins were selected as drug targets and docked against 9 anti-microbial
compounds. After docking, against each protein one compound is selected based
on the docking score and 3D structure of one docked compound is shown that
either have highest docking score or number of residues interaction. In the Drug-
targeting study, there are also some compounds that has shown highest docking
score with more than one protein. Lead compound was selected on the basis of

highest docking score and residues interations with protein named DNA binding
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response regulator. These results can be further validated by in vitro analysis and

can proceed for clinical trials.
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Chapter 1

Introduction

Streptococci are one of the important genera found in the oral cavity including skin
and mucosa [1]. Streptococcus agalactiae is Gram-positive cocci, which is among
the significant reasons for cow-like mastitis, a disease with high financial impacts
in agriculture. It is a normal flora in healthy adults but one of the most common
opportunistic pathogens in immune-compromised adults and old people [2]. And
also, can cause a hazardous infection that could even be fatal [3]. About 30
percent of bacteria are found in the digestive and reproductive tracts of children,
females, old age individuals, and also in immune compromised people. S.agalactiae
is a common pathogen for various clinical conditions including sepsis, brain fever,
pneumonia, urinary tract infections, bone infection and the epidermis or tissue

infections.

S. agalactiae has additionally been demonstrated to be present in breast milk
which could be a threat to the health of neonates, especially preterm babies [4].
In late onset bacterial infection, i.e., after 4 months of birth, breast milk could be

a source of exposure [5].

Meningitis is an extreme sign of invasive Streptococcus agalactiae infection. Mi-
crobial illness-causing sepsis and meningitis in newborns which could result in
acute illness, disability for a long time, and death [5]. This bacterium is pro-

gressively connected with infection and enters or invade non-pregnant women and
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men and elderly patients with malignant growth, causing blood sugar level high,
renal dialysis, and other huge hidden sicknesses [6]. Every year, more than 21 mil-
lion pregnant ladies worldwide are colonized with Streptococcus agalactiae, which
involve approximately 18% of pregnancies [3]. In addition to human illness, Strep-
tococcus agalactiae causes serious veterinary and agricultural problems, therefore

it can affect fishes and ruminant animals’ mammary glands.

The rate of pregnant women suffering from the colonization of S. agalactiae varies
but it is a common practice all over the world to have screening for S. agalactiae
between 35 and 37 weeks of pregnancy. it is also reported that the infection rate
among pregnant women is 12.5 % in south Asia, 11% in eastern Asia, and varies
between 11% to 34.7% worldwide [7]. As indicated by the part of the united
nation that deals with major health issues around the world called (WHO), S.
aglactiae causes 150,000 stillbirths and newborn children passing globally [8]. As
the amniotic fluid can be the source of infection in neonates, especially the children
born by vaginal birth. S. agalactiae must release a number of virulence factors in
order to cause illness, including capsular polysaccharide, the alpha and beta anti-
gens of the C protein, surface protein Rib, hyaluronate lyase, and Cba peptidase,
which are encoded by the cps, BCA, bac, rib, and scpBgenes, respectively. It is
biologically possible that direct face contact with anybody who is infected with
this virus, such as coworkers, family members, or healthcare staff, might result
in neonatal infection [2]. The major virulence component of S. agalactiae is the

capsular polysaccharide, which is often used for strain classification [2].

Antigenic differentiation of 9 distinct serotypes of S. agalactiae (Ia, Ib, II-VIII) is
possible because of differences in capsular polysaccharide structure. Serotypes Ia,
IT, IIT and V are recognized in 80-90 percent of all clinical isolates, as per studies
from the United States and Europe. The division of serotypes seen then again,
varies by ethnic background and geological region. Serotypes VI and VIII strains
are s most ordinarily in Japanese colonization examinations [27]. The rise of new
serotypes seems to be a non-stop process. Serotype V strains have been created as a
novel and major serotype in the last 10 years reflecting continuous epidemiological

changes and the need for proceeded with epidemiological observation [28], [9].
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Although based on the capsular polysaccharide S. agalactiae has historically been
divided into nine serotypes (Ia, Ib, II, III, IV, V, VI, VII, VIII) and in the the
United States, a tenth serotype (IX) among non-pregnant women was found in
2007 [9]. Serotypes Ia, II, and III were found to be the most frequently occurring
serotypes causing severe illness in V group(29% from 2005 to 2006) [11].Based on
the capsular polysaccharide, the dominant serotypes that cause illness differ by
invasive and colonizing isolates and vary regional-ly [10].

Serotyping of S. agalactiae is helpful to get the study of disease trans-mission,
for contributing to existing serotype profiles in the area for rational, viable, and
broad serotype inclusion S. agalactiae immunization advancement and monitoring
of serotype replacement or capsular switching. But there is a shortage of serotype
profile information on this microbe colonizing pregnant women and babies in Africa
where studies have S. agalactiae have reported resistance to tetracycline, chloram-
phenicol, ciprofloxacin, erythro-mycin, ampicillin, vancomycin, and penicillin. As
Penicillin is the most common medication of choice for the treatment of GBS dis-
eases. Intermediate sensitivity to penicillin as well as reduced Minimum Inhibitory
Concentrations (MICs) have also been reported. Alternative an-tibiotics including
macrolides and lincosamide are available for penicillin hypersensitive individuals,
while vancomycin may be avoided for penicillin allergic women who are at high

risk of hypersensitivity [11].

Similarly, clindamycin, erythromycin, and levofloxacin are utilized as choices for
Betalactam hypersensitive patients. An unfortunate increase in antibiotic resis-
tance among GBS as well as a side effect of the excessive use of antibiotics has
started to appear [3]. As a result, developing and implementing strategies to
not only identify hosts and use antibiotics properly, but also to prevent invasive
infections with medications is necessary to reduce the burden of S. agalactiae dis-
ease [12], [13]. Computational techniques have been developed to quickly find
new targets in the post genomic period. This strategy has been quite success-
ful in the cases of Cyanobacterium Dipheria and Burkholeria pseudiomellei [14],
[15] along with comparative microbial and differential analyses of the genomes of

Mycobacterium tuberculosis [16], Helicobacter pylori [17], Salmonella typhi [18],
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Pseudomonas aeruginosa [19] and N. gonorrhe [20], [21]. In the drug discovery
process, the identification of therapeutic targets is in earlier stages. When this
process is completed, research on target identification and drugs will step into a
new era [22], [23]. Host genome sequences on a genomic basis for any pathogens
and availability of pathogen has facilitated the efficient identification of drug tar-
gets [24]. For identification of the drug targets which are properly characterized
and functional analysis is validated, computational methods could be a way out to
avoid a lengthy process of hit and trial in the conventional drug discovery process
[25]. The pace of the ventures increases with the decrease in the expense that
systems can now see entire microbes by In- silico methods. The primary disease
molecular pathways have evolved in drug discovery processes, moving from classi-
cal ligand bbased drug discovery to structural and selective drug design. With cell
biology principles and an overall understanding of the microbe as a whole, new

opportunities for identifying computational drug targets will be opened [26].

1.1 Problem Statement

The main cause of morbidity and mortality in cystic fibrosis and immune compro-
mised patients is an opportunistic pathogen called S. agalactiae. These bacteria
form biofilm which helps them to resist multiple antibiotics. Therefore, its erad-
ication has become more challenging. Increasing extent of pathogenic resistance
to drugs has encouraged the search for new anti-virulence drugs. Our study will
help will help toward the identification of novel drug that may lead to discovery
of active treatment option against disease which are causing by S.agalactiae in

humans.

1.2 Research Objectives

This study is defined with the aim to explore the essential non host homologous

genes of Streptococcus agalactiae for the identification of drug targets.
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To achieve the aim of the project is designed with the following objectives.
1. To identification of core genome of Streptococcus agalactiae by Pan genome
analysis.

2. To identify antibacterial compounds of Streptococcuss agalactiae as potential

inhibitors of target proteins.

3. To identify anti-bacterial drug candidate from host lead compound.



Chapter 2

Review of Literature

2.1 Streptococcus agalactiae and its Character-

istics

Streptococcus, Lactococcus, and Lactovum are the three genera that make up the
Streptococcaceae family; however, Streptococcus is now the most diverse within
79 species. These Gram-positive pathogens often appear in pairs or chains, are
circular to ovoid in shape, need fermentative digestion, and form capsules in high
numbers [27]. Streptococcus species (for example S. agalactiae, S. pneumoniae
and S. pyogenes are divided from group A to V based on the carbohydrates found
in their cell walls [28]. Streptococci are characterized based on biochemical re-
actions, cell wall pili, morphological variations, type of hemolysis on blood agar,
associated protein, and polysaccharide capsule (specific for Group B streptococci).
More than 85 capsules antigenic of S. pneumoniae, there have been proposed nine
CPS (capsular polysaccharide) serotypes of S. agalactiae and 124 serotypes of S.
pyogenes. Streptococci’s cell wall is one of the most studied bacterial cell walls
[27].  S. agalactiae or group B. streptococci, is a human pathogen that causes
signifi-cant infections in human digestive and urogenital tracts like meningitis in
babies and pregnant ladies; as of late, its pathogenic significance in older and

immune-compromised patients, pneumonia and sepsis has been re-evaluated [28].

6
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In addition, 60 Streptococcus species have been identified so far.

Few of these, like S. agalactiae, S. equi, S. canis, S. pyogenes, and S. iniae pro-
duce hemolytic elements and when developed on strong me-dia containing blood
can be classified as beta-hemolytic [29]. S. agalactiae also contains a surface
polysaccharide capsule that acts as a protective antigen and virulence factor. The

genome of S.agalactiae is also prone to involve in recombination events [30].

2.2 Pathogenesis

2.2.1 Urinary Tract Infection(UTI)

During pregnancy the most well-known infection can occur is called urinary tract
Infection. GBS causes cystitis, asymptomatic bacteriuria, and pyelonephritis when
it enters the body through the vaginal canal. In pregnant and non-pregnant
women, UTI caused by GBS is clinically indistinguishable from UTI and caused
by other bacteria.

Up to 7% of pregnancies can be complicated by GBS bacteriuria, which is generally
associated with a low bacterial count with 70% of cases being asymptomatic [31].
Asymptomatic bacteriuria acquired earlier in life might cause higher prevalence of
symptomatic UTI in pregnancy. Around 10% of patients of acute pyelonephritis

are caused by GBS, which occurs primarily during the second trimester.

Acute pyelonephritis presents a severe risk to the health of both the fetus and the
mother. Septicemia, transient, low birth weight, early delivery, and fetal death
are all possible prenatal problems. Maternal acute pyelonephritis is connected to
transient renal failure, anemia, septicemia, thrombocytopenia, preeclampsia, preg-
nancy induced hypertension, and pulmonary insufficiency [30], [31]. Direct spinal
cord compression, vascular compromise, and mechanical spine instability may in-
crease the risk of a severe neurologic outcome in the spine surgical emergency

known as spinal epidural abscess (SEA) [32], [33].
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FIGURE 2.1: Ascending Group B Streptococcus (GBS) infection [34].

The presence of GBS vaginal colonization increases the risk of infection during
pregnancy. S.agalactiae infection during pregnancy is induced by bacterial traf-
ficking from the vagina which eventually leads to bacterial invasion of the placental
membranes (chorion and amnion), the amniotic cavity and the baby. S.agalactiae
generates number of of virulence factors that facilitate vaginal colonization, host
cell adhesion and invasion as well as the activation or suppression of inflammatory

responses [34].

2.2.2 Intra Amniotic Fluid

Intra-amniotic infection also known as IAI refers to infection layers followed by
signs and symptoms in the mother or fetus, as well as a clinical state of placental

disease. While the therapy based on clinical side effects, there are currently no
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commonly accepted standards /388C maternal fever, fetal tachycardia (/160 beat-
s/min), amniotic fluid that smells bad and uterine pain are often utilized criteria.
IAT occurs as a result of S.agalactiae, which spreads from the vaginal area. The
most well-known amniotic liquid segregates in women with IAI because of bacteria
that are routinely present in the vaginal area. S.agalactiae was found in 15.4%
of amniotic fluid patients, and it’s one of the most often isolated species infect

children delivered to IAI mothers [36].

2.2.3 Neonatal Sepsis

Based on the time of the infection and the presumed mechanism of transmission,
neonatal sepsis is categorised into late onset disease. Neonatal sepsis stays a
serious complication and remains a feared particularly extremely low birth weight
(VLBW) preterm infant. Early onset sepsis (EOS) is characterized by initial seven
days of life with some investigations limiting to EOS to disease happening in initial
72 hours that are brought about by maternal intrapartum transfer of invasive
pahtogen. Late onset sepsis (LOS) is normally characterized as infection occurring
after first week and is attributed to microorganisms obtained after birth [36]. Risk
factors for neonatal sepsis contain destructiveness of infecting organism life form,

maternal elements and neonatal host factors are also shown table 2.1.

TABLE 2.1: Risk factors for neonatal sepsis [36].

Sr No. Source Risk Factors

Colonization of group B

streptococci in the mother.

Early-onset UTT in number of
1 neonatal sepsis pregnancies.
(EOS) It is also

important in
recovery after

C- section and birth
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TABLE 2.1: Risk factors for neonatal sepsis [36].

Sr No. Source Risk Factors

Premature Rupture of

maternal membrane.

Late —onset UTT in number of pregnancies.
2 neonatal sepsis Prolonged use of antibiotics.
(LOS) Prematurity

Decreased the passage of specific
antibodies and mater immuno-

globulins.

2.2.4 HIV Infection in Relation to Neonatal GBS Relation

Recto vaginal GBS carriage in women with HIV infection is a significant risk factor
for GBS neonatal disease. HIV infection in women has been associated with a
higher prevalence of vaginal candidiasis and sexually transmitted infections, and
it is possible that HIV might have an impact on the microbial composition of the

vagina, rectum, and colon18-22.

HIV infection of women is associated with recto vaginal GBS carriage, a major
risk factor for GBS neonatal disease [37]. The aim of preventive techniques is to
prevent and reduce the transmission of GBS to neonates by giving antibiotics to
mothers who are GBS colonized during delivery and selectively giving antibiotics
to neonates after delivery. No strategy can completely stop newborn GBS sepsis,

even when it is strictly implemented.

The postpartum neonatal prophylaxis alone or in combination with intrapartum
maternal prophylaxis reduces the risk of early-onset rates by 80% and 95% re-
spectively [38]. The occurrence of S. agalactiae in the epaxial muscles of a wild
bottlenose dolphin that had stranded itself was reported. Human S. agalactiae

strains from fish, a dolphin and a frog revealed zoonotic and anthroponotic hazard
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by causing severe illness in fish and affecting food security. Dangerous fish disease

is another name for S. agalactiae [39].

2.2.5 Bones and Joint Infection

The involvement of bones of the foot are often connected with overlying ulcers and
spreads from contiguous skin and soft tissue infection and vascular insufficiency.
Vertebral osteomyelitis, normally in the lumbosacral region, is one more common
type of GBS osteo articular infection; hematogenous seeding is the most probable
system of disease, and vertebral destruction is insig-nificant. GBS septic joint
inflammation is generally mono articular, most frequently including the knee, hip,

or shoulder joints [40].

2.2.6 Postpartum Infections

Mastitis is a parenchymatous infection of the mammary organs, and puerperal
mastitis caused by GBS can be either symptomatic or non-symptomatic [40],
[41]. Intense puerperal mastitis affects 2.9 percent to 24 percent of pregnant women
[42]. Another instance of S.agalactiae meningitis has been reported as an obstetric
epidural an aesthetic complication [42]. Bacterial meningitis is usually caused by
a hematogenous spread of bacteria. The pathogen then enters the subarachnoid
space after crossing the blood-brain barrier. GBS shown that a high degree of
bacteremia is a major determinant of meningeal invasion in an animal experimental
model [43]. To employ the circulatory system to trigger meningitis, bacteria must
avoid the host’s defenses duplicate, and reach the threshold level bacteremia before

attacking the meninges [43].

2.2.7 Presence of Streptococcus agalactiae in Animals

Staphylococcus aureus and Streptococcus agalactiae are the most common bacteria

that cause mastitis. Milk is a basic food for people all over the world, but it
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also causes a public health danger when polished off unpasteurized because it has
a high bacterial concentration and is an ideal environment for bacterial growth.
Included identification of bacteria in milk and noticed that long chain streptococci
were mostly found in large numbers such as farmers can’t be blamed for having
saved the milk [43]. It is brought about by multi etiological microbes in that
bacterial species are viewed as the main causative agent that leads to loss of
milk production. The major microorganisms causing mastitis could be credited to

Staphylococcus aureus, Streptococcus agalactiae among the bacterial species [44].

Camelids are a significant production resource in numerous regions of the world.
In addition to low birthing rates, camel herds suffer from neonatal loss. Repro-
ductive productivity is generally viewed as very low. Infectious life forms are
responsible for the myriad of illnesses that directly or indirectly affect the regener-
ative progress of camelids. Uterine diseases are considered to be the most common
reason for regenerative failure in camelid [45]. Pathogens that cause mastitis can
be categorised as contagious and environmental [46], [46]. Contagious pathogens
are adapted to survive inside their hosts and they primarily transfer from cow to
cow during the milking process. Within a herd, contagious microorganisms have
the potential to spread quickly and widely. Environmental infections, on the other
hand, are able to live outside the host and are a normal part of the microflora of

the cow’s vicinity.

During the dry season or prior to a heifer’s parturition and between milking is a
period when environmental streptococci exposure occurs. Pathogen exposure is
correlated with environmental pathogen abundance, which is regulated by factors
including temperature and humidity. When the teat canal is opened after milking
or when there has been injury, environmental pathogens enter the udder [47].
Between 30 and 50 percent of all cows normally suffer from bovine mastitis each
year [48], [49]. Next to the financial losses due to lower milk yield and quality, the
veterinary care, medication, and higher human costs, mastitis is a crucial issue of
animal welfare and the primary factor in dairy cow culling. Symptoms of mastitis
infected cows include swelling, heat and pain in the udder, abnormal milk appear-

ance , higher body temperatures, lethargy, and anorexia [50]. According to the
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degree of the inflammation, there are three types of bovine mastitis: clinical, sub-
clinical, and chronic. Subclinical mastitis does not have the visible abnormalities
as-sociated with clinical mastitis in the cow or milk. Only the milk production and
somatic cell count are changed in this case. Subclinical mastitis is estimated to be
15-40 times occurs more frequently than clinical mastitis [51]. Since subclinical
mastitis occurs more frequently and has the ability to decrease milk production
while going unnoticed, it is economically more significant. Streptococcal mastitis

normally lasts 12 days but it can last up to 300 days in chronic situations [52].

2.3 Serotypes of Streptococcus agalactiae

All strains of GBS isolated from people and can be classified based on CPS struc-
ture and serology different encapsulated GBS serotypes have been identified: Ia,
Ib, 1L, IIIL, IV, V, VI, VII, VIII, and IX. Ia, Ib, II, and III were similarly prevalent
in normal vaginal carriage and beginning of onset sepsis (i.e., that developing at
under 7 days old enough). Even so, type V is presently an important reason for
S.agalactiae infection [53]. So, the strains of types VI and VIII have be-come

dominant among Japanese women [54].

A pan- European governed in the range be-tween 2008 and 2010 showed that
GBS serotypes Ia, III, and V together represented 88%, 96%, and 67% of strains
isolated from youngsters with early onset illness, children with late onset illness,
and vaginal rectal swabs of colonized pregnant women who delivered good health
babies, respectively types Ia and III and showed that type V is an important
serotype responsible for neonatal S.agalactiae infection in many regions of the

world [55], [56].

2.4 Biofilm Formation

GBS’s capacity to colonize and persist in different host niches is determined by

its ability to adhere to cells and tissues. Biofilms are known as the arrangement
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of sessile communities. Biofilms formed by bacteria are well-known virulence fac-
tors that contribute to illness persistence and chronicity. Bacteria in the human
environment are commonly protected from the immune system by forming sessile
colonies inside an extracellular polysaccharide matrix known as the biofilm.The
type II a pili and bacterial capsule have been shown to play an important role
in the production of biofilm in GBS. The host’s ecological characteristics are im-
portant variables in the formation of bacterial biofilms. pH that is acidic appears
to be ideal for GBS colonization as a regular vaginal inhabitant. GBS adhesion
to vaginal epithelial cells was shown to be higher at low pH than at neutral pH
in early studies. GBS isolates developed more biofilms in acidic pH environments
than in neutral pH environments, and the strongest biofilm-forming GBS isolates
were assigned to the ST-17 grouping type. When GBS was compared to strains,
neonatal strains had more solid biofilm producers than colonizing strains [57].
GBS isolated from asymptomatic transporters has been shown to be a powerful

biofilm producer [58].

Furthermore, human plasma was known to enhance the growth of GBS biofilms.
Biofilm production protects bacteria from immune system detection and allows for
long-term bacterial survival. Plasma and low pH are ecologically important factors
for GBS increase bacterial biofilm formation by affecting the expression of bacterial

surface-related structures such as capsule and pili which are both included [59].

2.4.1 Mode of Action

Group B streptococcus is a deadly pathogen that inhabits the gastrointestinal tract
or vagina in healthy people. S.agalactiae as a pathobiont has the ability to expand
from asymptomatic mucosal carriage to a bacterial infection that causes severe ill-
nesses in any situation. The ability of GBS is to adhere with cells and extracellular
matrix (ECM) is critical for colonization, persistence, motility, and targeting host
barrier. GBS is an opportunistic pathogen that lives in the physiologic flora of the
vagina and intestines [60]. Group B streptococcal fibronectin restricting protein

A-(SfbA), streptococcal Cha peptidase (ScpB), fibrinogen binding proteins-(Fbs),
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laminin-binding proteins (Lmb), and GBS immunogenic bacterial strains adhe-
sion are functionally characterized adhesions that mediate GBS adherence and
attack inside the host (Bi-bA).Biofilm formation, S.agalactiae colonization, per-
sistence and central nervous system (CNS) attacks are considered to be boosted

by surface-protruding structures involving a range of genes, such as pili [61]. Srrl

Srrl; vaginal colonization Srr2; invasion of

and persistence, invasion endothelial cells =

of endothelial cells Lmb: CNS tropism
Fibrinogen

FbsC: invasion of epithelial

and endothelial barriers, mb $cpB: Interference with

meIh formatier complement activation,
N invasion of epithelial
5, cells
FbsB: invasion g |
==\
FbsA: ECM adherence . Fibronectin

Epithelial cells ¢ Epithelial cells

HvgA: specific for ST-17
clone, meningeal tropism

BibA; disruption of complement
component (<] binding,
antiphagocytic activity

SN sfbA; invasion of endothelial cells,
Fibronectin invasion of vaginal and cervical
epithelial cells
Epithelial cells Pili; biofilm formation, evasion of innate

immunity, macrophage intracellular survival,
penetration of blood brain barrier

FIGURE 2.2: The interaction of S. agalactiae (GBS) with host cells is mediated
through main adhesions. Ca-pacity to attach with cells and extracellular matrix
proteins (ECM), which is a crucial stage in cell barrier breakdown, is a condition
for GBS persistence, colonization, motility or penetration of host barriers [61].

and Srr2, the laminin binding protein (Lmb), the streptococcal Cha peptidase
from group B (ScpB), the streptococcal fibronectin binding protein A (SfbA) and
the GBS immunogenic bacterial adhesion BibA is the most well studied surface
protein promoting the adherence of GBS.Furthermore, pili and other surface pro-
truding features are known as crucial adhesions in facilitating GBS colonization,
persistence, biofilm formation, and invasion of the central nervous system.While

FbsB has been found to be essential for human cell penetration, FbsA was largely
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proven to increase adherence. According to reports, Srrl and Srr2 have a role in
the invasion of micro vascular endothelial cells. Srrl has also been demonstrated
to promote vaginal colonization and persistence. Fbs has recently been shown to
promote the penetration of epithelial and endothelial barriers and the formation
of biofilms [61]. The LMB adhesion appears to play an important role in the bac-
terial tropism of the central nervous system (CNS). ScpB cleaves the neutrophil

chemo attractant Cha to interrupt complement activation.

Additionally, it contributes to the invasion of human epithelial cells. Invasion of
human brain micro vascular endothelial cells is facilitated by the SfbA adhesion.
Cervical epithelial cells and SfbA can help in GBS colonization and niche forma-
tion in the vagina because it promotes GBS penetration to vaginal and epithelial
cells. By attaching to the C4-binding protein and inhibiting the traditional com-
plement pathway, BibA has been shown to allow GBS remain in bloodstream.
It also shows anti-phagocytic effect against opsonophagocytic destruction of hu-
man neutrophils.The hyper virulent clone ST-17 is specific to HvgA. Promoting
meningeal tropism in new borns was suggested. Pili have been found to have a
major role in the invasion, translocation, biofilm formation, and colonization of
epithelial cells in GBS. Additionally, it was shown that PI-1 pili were crucial in the
evasion of the innate immune system. However, it has been shown that the PI-2b
protein increases macrophage intracellular survival. Pilus 2b was also identified to

be important for blood brain barrier penetration and infection [62].

2.4.2 Transmission of Disease

Although it is unknown if some S. agalactiae strains may transfer from a stage of
colonization to a stage of disease transmission ,there are number of risk factors have
been discovered that may affect this process [63], [64]. Host factors include like
low levels of type specific maternal antibodies during birth, a weakened immune
system or poor immunological response, race or ethnicity, etc [65], [66]. In
addition, other behavioural factors including sexual behavior in association with

various bacterial characteristics including pathogenic capability e.g., adherence
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capabilities, polysaccharide type, host evasion mechanisms and inoculum density
contribute to S.agalactiae colonization and subsequent disease [67], [68], [69].
Pathogenesis such as the majority of infectious diseases is a complicated process

whereas colonization leads to invasion and clinical symptoms in many individuals

70], [71].

2.5 Role of Streptococcus agalactiae Srrl

Protein

Streptococcus agalactiae Srrl adhere to number of host cell types. Streptococ-
cus, Staphylococcus, and Lactobacillus are Gram-positive genera that produce a
group of huge, glycosylated serine-rich repeat proteins (SRRPs) [72]. SRRPs en-
hance adhesion to sialic acid, fibrinogen, keratin, and even unknown compounds
on other bacteria in a strain or species dependent way.The adaptability of binding
partners implies that serine rich repeated proteins(SRRPs) promote colonization
of numerous and oral streptococci may remain in the mouth and produce infec-
tious vegetations on injured heart valves in different habitats [73]. Fibrinogen
and keratin are bound by the S. agalactiae SRRP (Serine rich repeat proteins),

Srrl, which enables the organism to colonize various body sites [74].

The capacity of Srrl to bind fibrinogen on the cell surface of human platelets
and brain endothelial cells is a direct result of its ability, whereas adhesion to
the vaginal and cervical epithelium is mediated by binding to both fibrinogen and
keratin [74], [75]. In a mouse vaginal colonization model, S. agalactiae srrl
mutants are carried for shorter periods of time and at lower densities indicating
that Srrl encourages persistent vaginal colonization [75]. A mutation in the srrl
gene impairs S. agalactiae can bind to brain endothelial cells, laryngeal and lung

epithelial cells, gut epithelial cells, vaginal and cervical cells, and platelets [75].

In the figure below 2.3 model of S. agalactiae and S. pneumoniae, RRP illustrates

the role in colonization and illness and group of bacteria’s which invades.
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FIGURE 2.3: Model of S. agalactiae and S. pneumoniae RRP illustrates the
role in coloniza-tion and illness.(A) A subgroup of bacteria invade deeper tis-
sue by Pneumococcal PsrP-mediated respiratory system, biofilm formation and
persistent colonization.(B) During coloniza-tion, S. agalactiae( blue and pur-
ple diplococci )that express Srrl and Srr2 adhere to intes-tinal epithelial cells,
respectively. In comparison to Srrl, Srr2 promotes invasion by transcytosis
through M cells and mediating bacterial adhesion. Srr2 increases the survival of
phagocytosed bacteria and forms large bacterial-plasma aggregates in the blood
circulation to facilitate persis-tence. Immune cell migration may be used by
internalised S. agalactiae to spread and cause other illnesses, such as meningi-
tis [76].

2.6 Risk Factors

GBS carriers who are not pregnant is to identify risk factors which are associ-
ated with colonization. Age less than 20 years, the presence of an intrauterine
device, the length of time since the last menstrual period, the use of tampons,
the consumption of milk, infrequent hand washing, the use of yeast medications

and African American ethnicity all appear to be common behaviours associated
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with GBS colonization [77], [63]. The sexual habits are linked with coloniza-
tion including fewer days since last sex ,increased frequency of sexual and having
multiple partners. GBS virulence is complex and multifactorial. Several virulence
determinants are involved in the adhesion to and invasion of host cells, as well as in
the immune system evasion. Surface components, including a polysaccharide cap-
sule and proteins, such as C(alpha), C(beta), Rib and the laminin binding protein
(LMB), and a number enzymes (like the Cha peptidase) and toxins/cytolysins, are
produced and have been associated with GBS virulence [78]. Numerous virulence
factors expressed by GBS promote the colonization of the vagina, the adhesion and

invasion of host cells and the activation or repression of inflammatory responses.

TABLE 2.2: Virulence factors of GBS

Virulence Host . Ref-
Function Phenotype

Factor Target erences

Mouse vaginal
. Blocks TLR2/4
HylB Hydraulic acid colonization and ~ [79]

signaling
increase infection.

Controls the

expression of Colonization [80],
CovR/S pH
hemolytic in the mouse [81]
pigment
Fibrinogen Adherence to Immortalized
BsaB/FbsC  and vaginal human cell 82]
laminin epithelial cells. line.
Mouse
vaginal
colonization.
Fructose 6- Vaginal [83],
FspS/R
phosphate persistence Immortalized [84]
human
cell line.

Cytolysis
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TABLE 2.2: Virulence factors of GBS
Virulence Host . Ref-
Function Phenotype
Factor Target erences
Colonization of
mouse vagina,
Amnion Cytolysis human chorio [85],
Hemolytic  Epithelial Mast cell amnion and [86],
Pigment cells degranulation  placenta. [87],
Neutrophils Proptosis Immortalized [88],
human [89]
cell line.
[90],
L Adherence Mouse vaginal
Srr Fibrinogen [91],
to vaginal colonization.
[92]

2.6.1 Extracellular Virulence Factors of GBS

A large number of GBS virulence factors are essential elements of the bacterial

surface. The GBS surface polysaccharide capsule is the most important of them

which through its terminal sialic acid motif to prevent complement deposition

and opsonophagocytic [93]. Other GBS extracellular virulence factors may be

associated with the bacterial surface but can be eliminated in an active state by

proteolysis or binding to host cell components. Some GBS extracellular virulence

factors are secreted directly into the medium [94].

TABLE 2.3: (a)Extracellular virulence factors of GBS and their contribution to

cause diseases.

Virulence Factor

Genetic Basis

Biochemical Nature

Beta-hemolysin

Hyaluronate lyase

cylE
scpB

Cbha peptidase /invasion pepB

CylE protein (87 kD)
HylB enzyme (110 kD)
ScpB protein (110 kD)
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TABLE 2.3: (a)Extracellular virulence factors of GBS and their contribution to
cause diseases.

Biochemical Nature
PepB peptidase (24 kD)
PepB peptidase (70 kD)

Virulence Factor Genetic Basis

CAMP factor

Unknown

Oligo-peptidase Unknown

TABLE 2.4: (b)Extracellular virulence factors of GBS and their contribution to
cause diseases.

Proposed
Virulence . Virulence
Cellular Actions contribution(s)
Factor Role
to disease
forms pores in cell ~ Penetration of
B membranes induces epithelial barriers  Yes
eta-
apoptosis promotes induction of sepsis (Rabbits,
hemolysin
cellular invasion syndrome, direct ~ Rats)
triggers. tissue injury.
cleaves
Hyaluronate chondroitin spread through N
0
lyase sulfate and host tissues.
hyaluronan
Reduce
opsonophagocytic
cleaves human
Cbha peptidase host cell Yes
Cba binds
invasion attachment and (Mice)
fibronectin.
inhibit PMN
recruitment.
CAMP
Impairment of
(co-hemolysin)
CAMP antibody function  Yes
Binds to Fc
factor and reaction (Rabbits)

portion IgG,
IgM.

tissue injury.
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TABLE 2.4: (b)Extracellular virulence factors of GBS and their contribution to
cause diseases.

Proposed
Virulence Virulence
Cellular Actions contribution(s)
Factor Role
to disease
cleaves bioactive
Oligo- promotion of
peptides and No
peptidase tissue invasion.

perhaps collagen.

2.7 Available Drugs

For non-allergic patients having S. pyogenes and S. agalactiae infections, penicil-
lin or one of its derivatives (e.g., amoxicillin and ampicillin) is the recommended
antitoxin treatment [94]. Azithromycin and clarithromycin are recommended for
hypersensitive persons, and azithromycin is recommended more commonly than
penicillin. A combination of penicillin and clindamycin is suggested for severe S.

pyogenes infections including toxic shock and necrotizing fasciitis [27].

S. pyogenes and S. agalactiae are not penicillin resistant, but they do develop resis-
tance to clindamycin, antibiotics, vancomycin, and macrolides (e.g., erythromycin,

azithromycin, and clarithromycin) over time [94].

2.8 Pan Genome Analysis

The advancements in next-generation sequencing technologies have transformed
our knowledge of a cellular localization, functional variation at the basic genome

level and more microbial hereditary repertoire [95], [96].

Also, the entire genome sequencing of bacterial pathogens helps in prioritizing the
insert of researchers towards the pathogenicity by precisely estimating the heredi-

tary varieties among the pathogenic groups [97]. The hereditary varieties among
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the number of genomes at the bench high level are deduced by the time consum-
ing and cost effective recognizable proof of the variable sites that are described as

the SNPs. These can be done by the entire genome multilocus sequence typing

(MLST) approach [98].

A comparative genomic approach is utilized to defeat the potential limitations that
are con-nected with these reference based approaches. This approach depends on
the sequence similarly search analysis [99]. The comparative microbial genomics
system that depends on the arrangement closeness helps in distinguishing the es-
sential hereditary content that is shared by all the pathogenic isolates with the
assistance of statistical analysis. It also helps in observing the qualities that en-
code the novel abilities and virulence as a variable genome [100]. Both variables
and core genome content of a life form is signified by the pan-genome [101]. The
entire genetic repertoire of the isolates is addressed by the supra-genome. Phyl-
logenomic examination with help of the pan-genome helps in the determination of
the genomic items in a group, for example, the core, variable, and pan genome of

an organism along with the way of life can be allopatric or sympatric [102].

2.9 Plant Derived Antimicrobial Compounds

PubChem (www.pubchem.ncbi.nlm.nih.gov) is the largest database of widely
accessible chemical information in the world. So, the chemical compounds that

could be used as ligands were selected directly from PubChem database.

TABLE 2.5: Showing the plant-derived antimicrobial compounds for docking in
drug designing.

Hyperenone A Hypecalin B

Rutin Sperimidine
Coumarin Stigmasterol
Querecetin Berberine

Kaempferol Scopoletin
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2.9.1 Molecular Docking in Drug Discovery

Molecular Docking is technique used to estimate the strength of a bond between a
ligand and a target protein through a special scoring function and to determine the
correct structure of the ligand within the target binding site. The 3D structure of
the target proteins and the ligands is taken as the input for docking. It represents
a frequently used approach in structure based drug design since it requires a 3D
structure of a target protein. It can be used to determine the correct structure
of the ligand within the target binding site, and to estimate the strength of the
binding between the ligand and the target proteins through a specific scoring func-
tion [103]. It also helps in the recognition of new small molecular compounds,
revealing the essential properties, such as high interaction between binding with
target protein having reasonable absorption, distribution, metabolism and excre-
tion, which help in the selection of lead compound for the target [104]. So, the

docking process includes following compounds which are discussed below:

1. The docking process requires a protein 3D structure which is downloaded

from pro-tein data bank (PDB).

2. Minimum size of molecules or compounds or virtual compounds that contain

a database is required.

3. A computational framework is also needed to perform the docking and find

the scoring process.

Protein and ligand docking is one of the key areas of molecular docking, which
is obtain high popularity and appreciation due to its role in structure based drug

designing [105].



Chapter 3

Research Methodology

This methodology includes selection of problem, genome selection, identification
of core genome, non-host homologues protein identification, target identification,

catalytic pocket detection and molecular docking.

Selection of Problem

LY

Genome selection

A
Identification of core genome

AY

Non host homologous Protein Identification

\

Target identification

B

Catalytic pocket detection

\
Molecular docking

\

F1cURE 3.1: The flowchart of research methodology.
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Present research was based on several computational approaches which are de-

scribed below under headings sequentially:

3.1 Selection of Problem

In case of bacterial infections antibiotic treatment is recommended but it have
seen now that certain bacteria become resistant to those antibiotics because of

their massive use [106].

3.2 Genome Selection

The selection of strains was based on a review of the literature, which was obtained
from NCBI and PubMed.127 strains of Streptococcus agalactiae were used for this
study. The selec-tion was based on complete genome strains data for the accuracy
in the results. The whole genome of S.agalactiae was searched and obtained from

the NCBI (https://www.ncbi.nlm.nih.gov) [107].

3.3 Retrieval of Bacterial Sequences

The NCBI database is used to get genomic infor-mation (https://www.ncbi.nlm.
nih.gov/genome). To be used for further analysis, data on both nucleotide and
protein sequences are retrieved. A total of 127 strains are selected to be used in
this study. To see the variations between strains, other variables like as genome

sizes, G+C content, average gene count, coding DNA sequences (CDS).

3.4 Selection of Reference Strain

The availability of almost all complete genomes for Streptococcus agalactiae is

useful in identifying the essential, accessory and unique genetic characteristics for
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each strain. The core genome was identified using Edgar3.0 (https://edgar.

computational.bio.unigies-sen.de/cgi-bin/edgar.cgi) .

Core genes were extracted from all 127 strains using Streptococcus agalactiae
2603V R AE009948 as a reference strain according to its release date. The genes
found in all strains were chosen for further study. One strain, S. agalactiae, was
chosen as the reference strain using Edgar 3.0. 2603V R AE009948 was a strain

that was compared to all other strains [108].

3.5 Non-Host Homologous Protein Identification

Using the Blast P (https://blast.ncbi.nlm.nih.gov/Blast.cgiPAGE=Proteins),
non-host ho-mologous genes or proteins were found after the retrieval of core
genome. These non-homologous proteins were added to the DEG Database (http:
//tubic.tju.edu.cn/deg/) in order to identify essential proteins [108]. And
show important proteins that were retrieved from the DEG Database. Applying
criteria, i.e., identity e value=0.001, from the list of proteins 3 cytoplasmic proteins

were chosen out for a drug targeting study based on cellular localization [109].

3.6 Target Identification

Multiple factors, including molecular weight pathway analysis and others were

considered while determining possible therapeutics [110].

3.6.1 Molecular Weight

Protocols was used to identify essential genes such as molecular weight which is

identified by Prot Param (https://web.expasy.org/protparam/) [111].

It calculates the molecular weight in g/mol of every protein when it was conserved

in kiloDa that where units of weight.
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3.6.2 Pathway Analysis

Kyoto Encyclopedia of Genes and genome (KEGG) (https://www.genome. jp/
kegg/sess=ebfe2ad23e021e38540£798c803dd061) was used for the pathway anal-
ysis of an organism [112]. The TCA cycle, pentose phosphate, pentose and glu-
curonate interconversions, fructose and mannose metabolism, galactose metabolism,
ascorbate and aldarate metabolism, and elonga-tion of fatty acid biosynthesis are

all controlled by these three proteins.

3.6.3 Subcellular Localization

The location of cytoplasmic and membranous proteins were identified by using

prediction system named CELLO (http://cello.life.nctu.edu.tw/) [113].

3.7 Catalytic Pocket Detection

The catalytic pocket of the essential proteins to associated to a certain drug score
was identified using DoGSiteScorer (https://proteins.plus/) [114]. Dog Site
Scorer is an automated tool for measuring the drug-ability of protein cavities and
detecting pockets. PDB id or Protein’s 3D model can be provided for analysis.
From 0 to 1, the drug ability score can be given. A drug ability score of greater
than 0.60 is taken into consideration, but it is favored if it is higher than 0.80
[114].

3.8 Molecular Docking

The list of ligands for antibacterial compounds was taken from the literature review
and entered into the MOE software for molecular docking [115], [116]. By keeping
all default parameters both the minimized and prepared ligands and proteins were

subjected to docking. All of the ligand molecules docked into the target proteins’


https://www.genome.jp/kegg/ sess=ebfe2ad23e021e38540f7 98 c803dd061
https://www.genome.jp/kegg/ sess=ebfe2ad23e021e38540f7 98 c803dd061
http://cello.life.nctu.edu.tw/
https://proteins.plus/
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binding sites. All of the ligands showed acceptable results. But we selected only

one ligand that was effective against each ligand protein.

3.9 Antibiotic Resistance

One of the characteristics that a probiotic should ideally possess is antibiotic re-
sistance. Probi-otic strains with intrinsic antibiotic resistance have the ability to
increase their numbers in the gut after using antibiotics to treat infections. The
worldwide problem, on the other hand, is bacterial species’ resistance to antibi-
otics. Probiotic bacteria are screened for antibiotic resistance genes to ensure their
compatibility to be used as probiotics so that they cannot transfer these resistance
genes to other bacteria through horizonal gene transfer mechanisms. Comprehen-
sive Antibiotic Resistance Database is a database used to check for signs of antibi-
otic resistance (https://card.mcmaster.ca/analyze/rgi). The database was
used to identify that either particular strain harbors gene for resistance against

various drugs as well compare and evaluate the differences [117].


https://card.mcmaster.ca/analyze/rgi

Chapter 4

Results and Discussions

4.1 Sequence Retrieval of Protein

This chapter will explain the results that were obtained by following our method-

ological steps.

4.2 Genomic Data Collection

Streptococcus agalactiae is an opportunistic organism. For this study 127 strains

of Streptococcus agalactiae were used shown in table (4.10).

4.3 Selection of Strains

For this project first step was to select an inclusion and exclusion criteria for selec-
tion of bacteri-al strains, all the strains with complete genomic sequence available
along with a known source of isolation were selected. 127 bacterial strains were
selected. Selected strains were verified using literature analysis and their genomic

properties were analyzed. The whole genome sequences of all 127 strains were

downloaded from NCBI database [117].
30
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4.4 Selection of Core Genome

A nucleotide sequence assembly used as representative example of genes present
in a particular bacterial species is referred reference genome. These reference

genomes act as guide for annotation and as-sembly of new genomes.

4.5 Primary Sequence Retrieval

FASTA sequence of selected target proteins was retrieved through UniProt http:
//www.uniprot.org/. These proteins were selected on basis of their pathogenicity
and virulence causing factors. The FASTA sequence of Thioredoxin family protein,
DNA binding response regulator and UDP-N-D-glutamyl-2,6-D-alanyl ligase were
downloaded from uniport under accession number, AAM99084.1 , AANO00807.1
and AAM99655.1

TABLE 4.1: Primary sequence of the targeted proteins.

Protein FASTA Sequence

>AAM99084.1thioredoxin family protein[Streptococcus
Thioredoxin  agalactiae 2603V /R|MILPESYEEIAAYIDSTKKVVFF

family FTADWCPDCQFIYPVMPSIEKDFSDFVEFVRVNRD
protein DYIELQQWNIFGIPSFVVVENGQELGRLVNKNRK
TKAEITKFLAEINYK

> AAN00807.1DNA-binding response regulator[Streptoco-
ccus agalactiae 2603V /R| MYRLLIVEDEHLIRKWLRY
AIDYQSLNILVVGEAKDGKEGAQLIQEEQPDIVLSDI

DNA binding NMPIMTAFDMFEATKGQSYAKIILSGYADFPNAQSAI

response HYGVLEFLTKPLEKQALIDCLKTIMARIEEHKEKHLQ

regulator EHTELYLPLPQANDQVPEVIKDMLAWIHSHFHGKIVI
SQLAHDLGYSESYLYTVTKKHLHITLSDYINQYRINQ
AIQLMFREPDLMVYQIAEAVGIYDYRYFDRVFKKYL
GQTVKAFKEEHIFKQMD


http://www.uniprot.org/.
http://www.uniprot.org/.
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TABLE 4.1: Primary sequence of the targeted proteins.

Protein FASTA Sequence

>AAM99655.1UDP-N-acetylmuramoylalanyl-
D-glutamyl-2,6-diaminopimelate-D-alanyl-D-
alanyliase[Streptococcusagalactiae2603V /R|M
KLSLHEVAKVVGAKNQVSEFEDVPLGNIE
FDSRNISEGDLFLPLKGARDGHEFIEMAFD
NGATIATISEKEIEGHPYLLVSDALKAFQVLA
QYYIEKMNVDVIAVTGSNGKTTTKDMIAAI

UDP-N-D-

LSTTYKTYKTQGNYNNEIGLPYTVLHMPED
glutamyl-2,
Dol TEKIILEMGQDHLGDIHVLSEIAKPRIAVVTL
6-D-alany
y IGEAHLEFFGSREKIAEGKMQITDGMSSDGI
igase

LIAPGDPIIDPYLPANQMTIRFGHDQELQVTE
LKEEKHSLTFKTNALEHQLRIPVPGKYNATN
AMVAAYVGKLLAVAEEDIVDALENLQLTRN
RTEWKKSANGADILSDVYNANPTAMRLILE
TFSAIPNNDGGKKIALLADMKELGEQSVDL
HNQMIMSIRPDSIDTLICY GQDIEGLAQLAS
QMFPIGKVYFFKKNQEVDQFDQLLAKVKD
TLKEKDQILLKGSNSMNLSKIVDIL

EVG

4.6 Identification of Non Host Homologous Pro-

tein

Through the use of the Blast P https://blast.ncbi.nlm.nih.gov/Blast.cgi\

PAGE=Proteins tool,three non- homologous genes and proteins were identified as


https://blast.ncbi.nlm.nih.gov/Blast.cgi \PAGE=Proteins
https://blast.ncbi.nlm.nih.gov/Blast.cgi \PAGE=Proteins
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shown in table 4.2.

TABLE 4.2: Shows essential proteins which were retrieve after DEG Database.

Sr.no Protein

1 Thioredoxin family protein
2 DNA binding response regulator
3 UDP-N-D-glutamyl-2,6-D-alanyl ligase

4.7 Physicochemical Characterization of Target

Proteins

ProtParam is a tool of Expasy which is used online for the prediction of different
parameters including both physical and chemical properties of selected proteins.
These several parameters calculate and estimate the following through ProtParam:
molecular weight, composition of amino acid, theoretical value of protein index,
atomic composition of protein, extinction coefficient, estimated half life of pro-
tein instability, aliphatic index and grand average of hydropathicity which was
abbreviated as GRAVY. The physicochemical properties of the Thioredoxin fam-
ily protein, DNA binding response regulator and UDP-N-D-glutamyl-2,6-D-alanyl

ligase were shown in Table (4.3) respectively.

TABLE 4.3: Physicochemical Properties of Target Proteins

Thioredoxin DNA UDP-N-acetyl
Target

Family response D-glutamyl
proteins

Protein regulator -D-alanyl ligase
MW 12573. 30117. 50399.

44 76 66
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TABLE 4.3: Physicochemical Properties of Target Proteins

Thioredoxin DNA

UDP-N-acetyl

Target

Family response D-glutamyl
proteins

Protein regulator -D-alanyl ligase
PI 4.78 5.73 4.92
NR 16 36 67
PR 12 27 44
Ext Co.1 18575 36330 24870
Ext CO.2 18450 36330 24870
Instability index 50.64 38.61 29.56
Aliphatic undex 87.38 100.58 98.84
GRAVY -0.102 -0.235 -0.187

MW stands for molecular weight, for theoretical isoelectric point at which pro-

tein is neutral, without any charge), NR for total number of negatively charged

residues (Asp + Glu), PR for total number of positively charged residues (Arg

+Lys), Ext.Col for extinction coefficients when assuming all pairs of Cyst residues

form cystines, Ext. Co2 for extinction coefficients when assuming all Cyst residues

are reduced and GRAVY for grand average of hydropathicity. All these parame-

ters which were selected for this research work were taken according to previous

research work [118].
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The calculated PI greater than 7 represents the basic nature of the protein while
less than 7 shows acidic nature of protein. PI value of targeted proteins (Thiore-
doxin family protein , DNA response regulator and UDP-N-D-glutamyl-2,6-D-

alanyl ligase) have shown less PI value so they are acidic basic in nature.

Extinction coefficient represents light absorption. Instability index if less than
40 show stability of the protein while greater than 40 indicates the instability
of protein [119]. Instability index of DNA response regulator and UDP-N-D-
glutamyl-2,6-D-alanyl ligase were less than 40. The aliphatic index represents the
aliphatic content of a protein. The high value of the aliphatic index indicates
the thermo stability of the protein. DNA binding response regulator has highest
aliphatic index value among others. Molecular weight contains both positive and
negative charged residues of protein. Low GRAVY shows better interaction with
water molecules. Thioredoxin family protein showed lower GRAVY values among

others.

4.8 Protein Structure Predictions

3D Structures of targeted proteins Thioredoxin family protein ,DNA response reg-
ulator and UDP-N-D-glutamyl-2,6-D-alanyl ligase were downloaded from RCSB
PDB in PDB format. Protein Data Bank is a three dimensional database of com-

plex molecules of living organisms like proteins and nucleic ac-ids [120].

Alphafold could be used if some structures were missing on PDB database. Al-
phafold https://alphafold.com/ is also a protein structure database used for

3D structure prediction of pro-teins [121].

The 3D structures of Thioredoxin family protein ,DNA response regulator and
UDP-N-D-glutamyl-2,6-D-alanyl ligase proteins were taken in PDB format under
AAM99084.1, AAN00807.1 and AAM99655.1 accession numbers respectively. The
protein structures were prepared in PyMOL by removing water molecules and

extra ligands if existed. After the removal of ligands and other atoms the missing


https://alphafold.com/
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polar hydrogens were added. This step was performed to get the stable confor-

mation by preventing overlaps and saved the modified file in PDB.

-,

F1GURE 4.1: 3D structure of Thioredoxin family protein.

Above figure 4.1 represented the three dimensional structure of Thioredoxin family

Protein. It is involved in redox signalling.

F1GURE 4.2: 3D structure of DNA binding response regulator
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Above figure 4.2 represented the three-dimensional structure of DNA binding re-
sponse regulator. It plays a key role in stress response and exerts either positive

or negative regulation of genes.

FIGURE 4.3: 3D structure of UDP-N-D-glutamyl-2,6-D-alanyl ligase (UMAL)

Above figure 4.3 represented the three-dimensional structure of UMALL.It catalyses
the addition of mesodiaminopimelic acid in the biosynthesis of bacterial cell wall

peptidoglycan.

4.9 Drug Targeting Analysis

Our methodology allowed us to identify three target proteins from the 127 S.
agalactiae strains that can be used as drug design for all of these strains. RAM-
PAGE, which stands for RNA Annotation and Mapping of Promoters for the
Analysis of Gene Expression, was used to validate the three dimensional (3D)
structures of all of these proteins. ERRAT is a non-bonded atomic interaction

overall quality factor with higherr scores signifying better quality. For Rampage,
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a score more than 80 is considered to be favourable, but for ERRAT, a score

greater than 37% is considered as favourable.

(a) ()

o®

28%% 97%

(©

26%

FIGURE 4.4: Shows the Ramachandran plot.

* Highly Preferred observations shown as GREEN Crosses.

TABLE 4.4: Validation scores of the selected proteins against Rampage and
ERRAT value.

Protein name Rampage* ERRAT**

Thioredoxin

98% 86.9565
family protein
DNA-binding

97% 87.395
response regulator
UDP-N-acetyl

96% 95. 9091

muramoylalanyl-
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TABLE 4.4: Validation scores of the selected proteins against Rampage and

ERRAT value.

Protein name Rampage* ERRAT**

D-glutamyl-2,

6-diaminopim-
elate-
-D-alanyl-
D-alanyl

ligase

*Rampage: percentage above greater than
or equal to 80 is considered to be a high
quality model for drug targeting studies.

**ERRAT:Range greater than or equal to
37% is acceptable for a high quality model.

4.10 Cellular Localization

CELLO tool was used for protein localization. It was online tool which was best

for find localization.

TABLE 4.5: Protein localization for drug designing.

Sr.no Protein Localization
1 Thioredoxin family protein Cytoplasmic
2 DNA-binding response regulator ~ Cytoplasmic
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TABLE 4.5: Protein localization for drug designing.

Sr.no Protein Localization
UDP-N-acetylmuramoylalanyl-
3. D-glutamyl-2, 6-diaminopimelate- Cytoplasmic

-D-alanyl-D-alanyl ligase

4.11 Catalytic Pocket Detection

Catalytic pocket detection was performed by the DogSiteScorer. For each selected
protein, pockets with the highest drug score were chosen.11 anti bacterial com
pounds were taken from the literature review and prepared by ChemBioDraw

Ultra 11.

TABLE 4.6: Catalytic pocket detection for docking process

Thioredoxin DNA-binding UDP-N-acetyl

Family response D-glutamyl
protein regulator D-alanyl ligase
residues residues

LYS_19_A TRP_16_A ASN_109_A

VAL 21_A LEU_17_A ASN_30
ILE_35_A TYR_19_A ARG _308_A
VAL_38_A ALA 20_A THR_309_A
MET_39_A ILE 21 A GLU_310_A



Results and Discussions

41

TABLE 4.6: Catalytic pocket detection for docking process

Thioredoxin DNA-binding UDP-N-acetyl

ILE_42_A

PHE51_A

PRO_72_A

SER_T3_A

PHE_74_A

VAL_75_A

VAL_76_A

LEU_83_A

GLY_84_A

ARG_85_A

LEU _86_A

VAL_87_A

ASN_88_A

THR_93_A

TYR_23_A

GLN_24_A

LEU_80-A

LEU_101_A

THR-102_A

LEU_105_A

GLU_106_A

LYS_107_A

GLN_108_A

ALA_109_A

LEU_110_A

ILE_111_A

TYR 2B

LEU_12.B

LYS_312

ILE_320_A

LEU_321_A

SER_322_A

ASP_323_A

VAL_324_A

TYR-325_A

ASN_326_A

ALA_327_A

ASN_328_A

PRO_329_A

ALA_331_

MET _332_

MET_357_A
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TABLE 4.6: Catalytic pocket detection for docking process

Thioredoxin DNA-binding UDP-N-acetyl

LYS 94 A TRP_16_B LYS_358_A
GLU_96_A LEU_17B LEU_360_A
ILE 97_A TYR-19_B LEU 437_A
LYS 99_A ALA 20.B LYS_438_A
PHE_100_A ILE_21_.B GLY_439_A
LEU_101-A TYR-23_B SER_440_A
GLU_103_A GLN 24 B ASN 441_A

4.12 Molecular Docking

MOE prepared these antibacterial compounds while using the energy minimization
for these compounds as ligands. By using the Swiss Prot protein PDB structures
were retrieved . MOE using 3D protonation and energy minimization. It proves

that MOE is reliable for docking studies.

It can also be used to determine the correct structure of the ligand within the
target binding site and to estimate the strength of the binding between the ligand

and the target proteins through a specific scoring function.

It also helps in the recognition of new small molecular compounds, revealing the
essential properties such as high interaction between binding with target protein

which help in the selection of lead compound for the target [112].
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FIGURE 4.5: Docking of multiple ligands

The top nine compounds with high binding affinities were selected after each pro-

tein was docked against all of the prepared ligands.

4.13 Thioredoxin Family Protein

Thioredoxin is a cytoplasmic protein known to be present in all organisms. It
plays a role in many important biological processes, including redox signaling.
Molecular weight of Thioredoxin family protein is 12573.44. The docking results
of Thioredoxin family protein are explained below in the table 4.7.

TABLE 4.7: Compound’s name, binding affinity and Residue interaction of top
10 compounds with thioredox-in binding.

Energy
Residues No. of
Compound minimize S-Score
Interactionxx Interactionxxx
(MM\GBVI)
Arg9dl
Sperimidine  -15.103 -7.9566 2
Asn90

Canpesterol  -8.710 -6.6651  Asp4b 1
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TABLE 4.7: Compound’s name, binding affinity and Residue interaction of top
10 compounds with thioredox-in binding.

Energy
Residues No. of
Compound minimize S-Score
Interactionx+x Interactionxxx
(MM\GBVI)
Lys94
Berberine -10.473 -6.7166 2
Thro8
Coumarin -10.530 -7.7234 Thr93 1
Asp4b
Quercitin -13.12331 -9.3293  Thr94 3
Lys94
Stigmasterol  -10.537 -6.5439  Asn90 1
Rutin -20.639 -11.0333  2\Lys9%4 2
Kaempferol  -18.906 -10.3699  Asp31 1
Hypercalin B -16.308 -6.9508  Glu43 1

FIGURE 4.6: 3D interactionof Thioredoxin family protein
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This structure (4.6) is extracted by using chimera. Rutin as a ligand was found
to be most promise compound. In the case of Rutin,2 no of interactions were
observed. We predicted that residues 2/lys of Thioredoxin family protein were

interacted and docking score was predicted as -11.0333.

4.14 DNA Binding Response Regulator

It is a cytoplasmic protein. DNA binding response regulators are involved in var-
ious uptake processes, including nitrate/ nitrite. The molecular weight of DNA
binding response regulator is 30117.76. The docking results of DNA binding re-

sponse regulator protein are explained below 4.8.

TABLE 4.8: Compound’s name, binding affinity and Residue interaction of top
10 compounds with DNA-binding response regulator.

Energy
Residues No. of
Compound minimize S-Score
Interactionxx Interactionxxx
(MM\GBVI)
Sperimidine -9.733 -6.1197  ProA104 1
Campesterol -10.953 -5.8724  GInA108 2
AspAl112
Scopoletin -13.134 -9.0037 3
Thr93
LysA107
Berberine -7.621 -6.6444  TyrB19 3

SrrA25
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TABLE 4.8: Compound’s name, binding affinity and Residue interaction of top
10 compounds with DNA-binding response regulator.

Energy
Residues No. of
Compound minimize S-Score
Interactionxx Interactionxxx
(MM\GBVI)
Coumarin -7.629 -5.7264  LysA125 1
Hyperenone A -14.604 -6.6166  TyrB19 1
Quercitin -18.052 -8.8192  LysA107 1
Stigmasterol ~ -9.169 -5.1830  GIn108 1
SerA25
Rutin -13.127 -9.6658 2
TyrB19
Kaempferol -13.127 -7.0724  2\LysA107 1
Hypercalin B -7.608 -76095 Glu43 1

FI1GURE 4.7: 3D interaction of DNA binding response regulator.
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3D zoomed image showed two interaction of SerA25 which is interacted with hy-
drogen group of rutin compound and TyrB19 is interacted with oxygen group of

rutin compound.

4.15 UDP-N-acetyl-D-glutamylD-alanyl ligase

UDP-N-acetylmuramoylalanyl-D-glutamyl-2, 6-diaminopimelate-D-alanyl-D-alanyl
ligases is a cytoplasmic protein and has 50399.66 kDa molecular weight. It is in-
volved in the synthesis of a cell-wall peptide in bacteria and has 50399.66 molecular

weight. The docking results of UDML are explained below 4.9.

TABLE 4.9: Shows compound’s name, binding affinity and residue interaction
of 10 compounds.

Energy
Residues No. of
Compound  minimize S-Score
Interactionxx Interactionxxx
(MM\GBVI)
Sperimidine -16.599 -7.2594  Thr309 1
Campesterol -16.022 -9.2844  Asnl34 1
Berberine -9.954 -10.4248 Asnl34 1
Coumarin -4.939 -5.7318  Asnl34 1
Hyperenone A -8.184 -7.6417  Trp3l1 1
Ser108
Quercitin -15.439 -11.8090 2
Gly185

Stigmasterol ~ -16.531 -9.1501  Gly185 1
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TABLE 4.9: Shows compound’s name, binding affinity and residue interaction
of 10 compounds.

Energy
Residues No. of
Compound minimize S-Score
Interactionx* Interactionxxx
(MM\GBVI)
Rutin -25.091 -15.0364 GInl61 2
Kaempferol -10.079 -12.2667  Ser108 1
Hypercalin B -28.481 -12.2500 Asn136 1

FIGURE 4.8: 3D interaction of UDP-N-acetylmuramoylalanyl-D-glutamyl-2, 6-
diaminopimelate-D-alanyl-D-alanyl ligase are interacting with rutin ligand.

3D zoomed image showed two interaction of Gln 161 which is interacted with hy-

drogen group of Rutin compound and Asn 136 is interacted with oxygen group of

rutin compound. Rutin as a ligand was found to be most promising compound

which is selected on the basis of binding score and number of interactions.

*The intensity of the binding relationship between a protein and compound (lig-

and).
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*xResidues that are involved in the interaction.

**xxNo of interactions formed between active site and ligand.

Previous studies have suggested that several antibiotic candidates have been ex-
plored for their anti-virulence effectiveness against bacteria. The research showed
that these compounds inhibited the early stages of bacterial communication. Cur-
rently, there are hundreds of thousands of natural compounds that can be used

for screening to find new therapeutic targets.

Hyperenone A, Rutin, Sperimidine, Coumarin, Stigmasterol, Querecetin Scopo-
letin, Hypercalin B , Kaempferol and Berberine compounds and three cytoplasmic
protein namely Thioredoxin family binding protein, DNA binding response reg-
ulator and UDML showed in this study. Rutin showed docking score with these
cytoplasmic proteins such as -11.0333 , -9.6658 and -15.0364.Rutin also showed 2
interactions with cytoplasmic proteins. Best lead compound is selected on the ba-
sis of number of interactions and docking score .Our analysis predicted that Rutin
showed highest docking score and interactions with DNA binding response regu-
lator as compared to other two proteins. However, these findings revealed Rutin
had demonstrated itself as a promising potential anti-virulence agent against DNA
binding response regulator proteins. Consequently, it might be an excellent can-
didate for drugs to treat bacterial infections.

TABLE 4.10: Summarizes the details of selected strains of Streptococcus agalac-
tiae for further analysis [117]

Strain name Bio project Assembly Size(Mb) GC%
NCTC13949 PRJEB6403 GCA_900638415  2.03288 35.6
SA111 PRJEB12926 GCA_900078265.1 2.27514 35.9

105B PRJNA388485 GCA_003288035.1 2.27372 35.7
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TABLE 4.10: Summarizes the details of selected strains of Streptococcus agalac-
tiae for further analysis [117]

Strain name

Bio project

Assembly

Size(Mb) GC%

NCTC8184

GBS1-NY

GBS6

HU-GS5823

CUGBS5910

NGBS 061

Sagl153

NGBS357

BM110

SG-M8

GBS ST-1

PRJEB6403

PRJNA24385

PRJNA244773

PRJDBT7410

PRJNA293392

PRJNA246096

PRJNAb/21644

PRJNA293858

PRJEB 18603

PRJNA293392

PRJNA96923

GCA_900636375.1

GCA_000831145.1

GCA_000831105.1

GCA_003966545.1

GCA_002197205.1

GCA_000730215.2

GCA_012222485.1

GCA_001712835.1

GCA_900155855.1

GCA_002197325.1

GCA_001448985.1

2.26597

2.24371

2.23148

2.23131

2.22768

2.22121

2.1745

2.17287

2.17028

2.16712

2.16597

35.8

35.5

35.8

35.6

35.8

35.5

35.8

35.6

35.5

35.6

35.4
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TABLE 4.10: Summarizes the details of selected strains of Streptococcus agalac-
tiae for further analysis [117]

Strain name

Bio project

Assembly

Size(Mb) GC%

2603 V/R

874391

BJ 01

32790

H002

GBS11

09mas 018883

GBS28

NJ 1606

FDAARGOS_512

A909

C001

SG-M1

SG-M158

PRJNA330

PRJNA395243

PRJNA647240

PRJINA472222

PRJNA258310

PRJNA 556442

PRJE1693

PRJNA556442

PRJNA430486

PRJNA231221

PRJNA326

PRJNA252450

PRJNA293392

PRJNA293392

GCA_000007265.1

GCA_002289205.1

GCA_013786965.1

GCA_006716245.1

GCA_001190885.1

GCA_014218095.1

GCA_000427035.1

GCA_014218135.1

GCA_009930915.1

GCA_003812805.1

GCA_000012705.1

GCA_002214425.1

GCA_001275545.2

GCA_002197265.1

2.16027

2.15394

2.14957

2.1489

2.14742

2.141

2.13869

2.1374

2.13644

2.13414

2.12784

2.12137

2.11681

2.11681

35.6

35.5

35.7

35.7

35.7

35.6

35.5

35.7

35.7

35.6

35.6

35.6

35.5

35.5
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TABLE 4.10: Summarizes the details of selected strains of Streptococcus agalac-
tiae for further analysis [117]

Strain name

Bio project

Assembly

Size(Mb) GC%

SG- 50

SG-M163

SG-M- 29

SGEHI2015-95

ILR1005

SG-M6

1173

GBS19

Saglh8

NCTC13947

PLG BS13

CJB111

GBS- M002

SS1

PRJNA293392

PRJNA293392

PRJNA293392

PRJNA293392

PRJEB1694

PRJNA293392

PRJNA627590

PRJNA556442

PRJNA376652

PRJEB6403

PRJNA473176

PRJNA6663970

PRJNA307137

PRJNA274384

GCA_002197245.1

GCA_002197425.1

GCA_002197285.1

GCA_002812445.1

GCA_000427075.1

GCA_002197365.1

GCA_013000945.1

GCA_014218115.1

GCA_002025005.1

GCA_900638495.1

GCA_006874565.1

GCA_015221735.2

GCA_001932715.1

GCA_001026925.1

2.11681

2.11681

2.11677

2.11677

2.10976

2.10602

2.1053

2.10056

2.09688

2.09519

2.09503

2.09399

2.09257

2.09207

35.5

35.5

35.5

35.5

35.4

35.6

35.7

35.5

35.7

35.6

35.5

35.5

35.6

35.5
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TABLE 4.10: Summarizes the details of selected strains of Streptococcus agalac-
tiae for further analysis [117]

Strain name

Bio project

Assembly

Size(Mb) GC%

GBS7

FWL1402

CU_G BS.08

B507

TFJ0901

GBS30

NGBS128

SG- M4

FDAAR GOS-669

COH 1

7Q0910

HNO016

NCTC11930

GD201008-001

PRJNA556442

PRJNA323692

PRJNA274685

PRJNA388485

PRJNA475097

PRJNAb’56442

PRJNA293561

PRJNA293392

PRJNA231221

PRJEB5232

PRJNA611468

PRJNA258321

PRJEB6403

PRJNA169338

GCA_014218075.1

GCA_001683515.1

GCA_001592385.1

GCA_003288055.1

GCA_003939065.1

GCA_014218155.1

GCA_001552035.1

GCA_002197385.1

GCA_008693505.1

GCA_000689235.1

GCA_011383065.1

GCA_001190805.1

GCA_900474905.1

GCA_000299135.1

2.09043

2.09029

2.08451

2.08248

2.08094

2.07562

2.07912

2.07201

2.06568

2.06507

2.06494

2.06472

2.06327

2.06311

35.5

35.4

35.4

35.4

35.7

35.5

35.7

35.5

35.4

35.4

35.7

35.7

35.4

35.6
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TABLE 4.10: Summarizes the details of selected strains of Streptococcus agalac-
tiae for further analysis [117]

Strain name

Bio project

Assembly

Size(Mb) GC%

NGBS572

B509

S73

SGEHI2015-25

NCTC8187

SGEHI2015-113

015

CU_ GBS98

SGEHI2015-107

CNCTC10/84

GBS85147

ILR I112

SA95

SA97

PRJNA246096

PRJNA388485

PRJNA479809

PRJNA293392

PRJEB6403

PRJNA293392

PRJNAb594846

PRJNA274685

PRJNA293392

PRJNA229124

PRJNA263907

PRJEB1774

PRJNA369821

PRJNA369822

GCA_000730255.1

GCA_003287995.

GCA_003319215.1

GCA_002812465.1

GCA_900475355.1

GCA_002812505.1

GCA_012593885.1

GCA_001592425.1

GCA_002812425.1

GCA_000782855.1

GCA_001266635.1

GCA_000427055.1

GCA_002881375.1

GCA_002881935.1

2.06143

2.06064

2.05992

2.05471

2.05246

2.04385

2.03274

1.029672

2.01681

2.01384

1.99615

2.0292

1.8565

1.85641

35.5

35.5

35.4

35.4

35.4

35.4

35.5

35.4

35.4

35.4

35.4

35.3

35.5

35.5
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TABLE 4.10: Summarizes the details of selected strains of Streptococcus agalac-
tiae for further analysis [117]

Strain name

Bio project

Assembly

Size(Mb) GC%

SA132

SA85

SA218

SA102

SA136

SAT5

SA289

SA256

SAbH3

SA245

SAT3

SA191

SA374

SA375

PRJNA369827

PRJNA369820

PRJNA369839

PRJNA369826

PRJNA369828

PRJNA369817

PRJNA369843

PRJNA369842

PRJNA369815

PRJNA369841

PRJNA369816

PRJNA369832

PRJNA369849

PRJNA369850

GCA_002882035.1

GCA_002881355.1

GCA_002881515.1

GCA_002881395.1

GCA_002881415.1

GCA_002881865.1

GCA_002881595.1

GCA_002881575.1

GCA_002881235.1

GCA_002881555.1

GCA_002881195.1

GCA_002882125.1

GCA_002881695.1

GCA_002882745.1

1.852

1.84999

1.84998

1.84952

1.8491

1.84902

1.84899

1.84897

1.84897

1.84896

1.84884

1.84868

1.84225

1.84222

35.5

35.5

35.5

35.5

35.5

35.5

35.5

35.5

35.5

35.5

35.5

35.5

35.5

35.5
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TABLE 4.10: Summarizes the details of selected strains of Streptococcus agalac-
tiae for further analysis [117]

Strain name

Bio project

Assembly

Size(Mb) GC%

SA623

SA341

SA330

SA627

SA333

SA346

SA343

SA212

SA20

SAT9

SAb

SAl

SA9

SA184

PRJNA369851

PRJNA369846

PRJNA369845

PRJNA36985

PRJNA369844

PRJNA369848

PRJNA369847

PRJNA369838

PRJNA174852

PRJNA369818

PRJNA369810

PRJNA369807

PRJNA369809

PRJNA369831

GCA_002882835.1

GCA_002882555.1

GCA_002882375.1

GCA_002881775.1

GCA_002882465.1

GCA_002882645.1

GCA_002881615.1

GCA_002882275.1

GCA_000302475.3

GCA_002881315.1

GCA_002881255.1

GCA_002881215.1

GCA_002881275.1

GCA_002881455.1

1.84211

1.84211

1.84208

1.84207

1.842

1.84198

1.84198

1.84196

1.84195

1.84195

1.84194

1.84194

1.84193

1.84189

35.5

35.5

35.5

35.5

35.5

35.5

35.5

35.5

35.5

35.5

35.5

35.5

35.5

35.5
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TABLE 4.10: Summarizes the details of selected strains of Streptococcus agalac-
tiae for further analysis [117]

Strain name

Bio project

Assembly

Size(Mb) GC%

SA16

SA209

SA201

SA30

SA195

SA33

SA159

GX026

SA81

525

222

138P

138Spar

S13

PRJNA369811

PRJNA369834

PRJNA369835

PRJNA369813

PRJNA369833

PRJNA369814

PRJNA369829

PRJNA254961

PRJNA369819

PRJNA323652

PRJEB643

PRJNA226756

PRJNA226756

PRJNA356737

GCA_002881295.1

GCA_002881495.1

GCA_002882205.1

GCA_002881155.1

GCA_002881475.1

GCA_002881175.1

GCA_002881435.1

GCA_001190865.1

GCA_002881335.1

GCA_001655175.1

GCA_000967445.1

GCA_000599965.1

GCA_000636115.1

GCA_001908255.1

1.84186 35.5
1.84186 35.5
1.84184 35.5
1.84173 35.5
1.84171 35.5
1.84163 35.5
1.84148 35.5
1.84065 35.5
1.84036 35.5
1.83899 35.5
1.83887 35.5
1.8387 35.5
1.83813 35.5
1.83516 35.4
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TABLE 4.10: Summarizes the details of selected strains of Streptococcus agalac-
tiae for further analysis [117]

Strain name Bio project Assembly Size(Mb) GC%

QMAO0271 PRJNA41753 GCA_003186145 1.80247 35.3

2012-845 PRJNA626549 GCA_016454805.1 1.53049 35.3




Chapter 5

Conclusions and

Recommendations

Streptococcus agalactiae is responsible for a number of fatal illnesses that affect
people all over the world, S.agalactiae is the reason of numerous fatal diseases that
increases to find a solution that may effectively stop this dangerous infection. The
purpose of this study was to understand the genomic diversity of S.agalactiae as
well as to find novel drug against this pathogen. 3 essential proteins were selected
through the core genome analysis that were used for this study. On the basis of
cellular localization, these proteins were divided into cytoplasmic studies for drug
targeting. All of the identified targets are playing an important role in the selected
pathogen.

The first objective of this study was to identify of core genome S.agalactiae by pan

genome analysis and for this purpose 127 strains of S.agalactiae were analyzed.

The second objective of this was to evaluate the potential of natural compounds
against S.agalactiae as a drug. For this purpose, 10 natural anti-bacterial com-
pounds were collected through literature against 3 essential genes that were found
through the cellular localization after drug prioritization. This is done in the drug-
targeting approach. For this objective 10 anti-bacterial compounds were selected

against all the proteins based on residues interactions and binding affinities.
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The third objective was to identify the antibacterial drug candidate from host
lead compounds. One best lead Rutin compound which showed highest binding
score and residues interactions with DNA binding response regulator for drug
target against S.agalactiae that was selected can be further precede for clinical
trials. The data given in this study require further experimental authentication
for verification but we anticipate promising outcomes from this predicted drug

targets against the deadly toxins of S.agalactiae.
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