Palestinian Medical and Pharmaceutical Journal (PMPJ). 2024; 9(2): 235-234

Molecular and Physicochemical Studies of MRSA Resistant to Antibiotics: A Known be-
yond

Himanshu M. Bhogekar®, Ritesh P. Bhole**", Pramod B. Khedekar’, &
Rupesh V. Chikhale*

!Department of Pharmaceutical Sciences, Rashtrasant Tukadoji Maharaj Nagpur University,
Nagpur 440033, Maharashtra, India. 2Dr. D. Y. Patil Institute of Pharmaceutical Sciences and Re-
search, Pimpri, Pune, Maharashtra 411018, India. Dr. D. Y. Patil Dental College and Hospital, Dr.
D. Y. Patil Vidyapeeth, Pimpri, Pune-411018. “UCL School of Pharmacy, London, United King-
dom.

*Corresponding author: ritesh.bhole@dypvp.edu.in

Received: (13/9/2023), Accepted: (11/10/2023), Published (1/6/2024).
DOI: 10.59049/2790-0231.1201

ABSTRACT

As we see in the community, environment, and daily life, bacterial, microbial, and viral infection
creates the severe problem. The medical field is continuously worried about the treatment of infec-
tions caused by the microorganism. Day by day, the microorganism in nature becomes stronger and
gains more susceptibility to major infections. The researcher continuously works on the development
of new antibiotic to break infectivity of the microorganism. But bacteria have the characteristic to
adapt in a new environment by generating resistance. Many antibiotics since the discovery of peni-
cillin work on the effects of bacteria for a short duration of time, and after that the bacteria start
mutating themselves to overcome the effect of antibiotic. That stage is called antibiotic resistance.
At this stage, antibiotic lose their ability to show the effect. The bacteria that show a positive response
to gram stain and a negative response to gram stain both seem to be infectious. A resistant bacteria
like MRSA becomes more resistant due to the constant mutation of the gene and is susceptible to
causing various life-threatening infections. The antibiotics used to treat infection show a less effect
at the time of treatment. The review focuses on the problems related to antibiotic resistance and its
probable solution by using the derivatives of standard drugs to Methicillin resisted Staphylococcus
aureus (MRSA) bacteria, based on MIC study reports. The information collected by referring various
open-source databases such as PubMed, Chem Spider, ZINC, Google Scholar, ScienceDirect etc.
from year 2005-2022.
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INTRODUCTION

The word Bacteria has a meaningful evidential report in the Greek language. The Bacteria means
“little canes or little sticks.” The “little canes or little sticks can cause disease” in plants and humans.
Bacteria are ubiquitous species that adapt themselves everywhere in every natural condition due to
their ability to select spontaneous mutants. It is a single-celled microorganism that lacks a nuclear
membrane, metabolically active and it is divided by binary fission. Enterococci is a coherent illus-
tration from a reputable member of our gut microbiome. It can turn ugly at certain fortunes|[1]. The
bacteria, when it becomes dangerous to the body, starts to cause clinical complications. For that pur-
pose, the plasmids and phages (Bacterial mobilome) play an important part in circulating antibiotic
resistance. Bacteria are more dangerous than the beneficent to the mortal [2]. The bacteria help to
prepare the foodstuff and are susceptible to cause infection in the human habitat. The expansion of
bacterial infection depends on the power of infectivity of bacteria, which is determined by comparing
how many individuals are infected among the exposed ones. Secondly, the pathogenicity is counted
by the capability of the organism to cause a clinical complication. The bacteria are categorized into
the classes of gram-positive and gram-negative by observing the basics of their cell wall structure
[3]. And by another way, one can categorize using the basics of their colony formation in availability
or non-availability of oxygen, i.e., aerobic or anaerobic. Some organisms cannot be categorized by
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using the basics of their cell wall structure and expansion response to the oxygen, that organism
named Mycobacterium ex. Mycobacterium tuberculosis. Some infective organisms are categorized
as the infection causing efficiency to the certain organ, like Neisseria meningitidis [4]. There is a
variegated reservoir where the bacteria survive till it takes the entry into the host and starts the colony
formation. The reservoirs are human reservoirs, animal reservoirs, arthropod reservoirs, nonliving
reservoirs, etc. [5]. The transmittance of Bacteria is done by contact, airborne, droplets, vectors, and
vehicular transmittance by food, water, and formite transmission [6]. To find out the transmittance
frequency of methicillin permitting MecA-Positive Staphylococcus aureus a (Dormant MRSA), the
survey was performed among health maintenance workers. 447 patient caretakers and Doctors from
more than 10 common wards and ICUs were exploiters for sinusitis or throat infection that occurs
due to S. aureus between one year when the patient was treated. Antibiotic resistance opposes the
advantages, that are getting from an antibiotic. The real cause of antibiotic resistance is the overuse
of stronger antibiotics to common bacterial diseases like Legionnaire’s disease, meningococcal dis-
ease, fever, and strep throat infection. The treatment of general fevers and throat infections should
start with first-line antibiotics like penicillin and amoxicillin, and then move on to stronger antibiotics
like azithromycin and clarithromycin whenever needed. But nowadays physicians start abusing of
antibiotics and making the bacteria progress towards development of antibiotic resistance. It results
in bacteria start to develop resistance to the stronger and higher-class antibiotics. The major problem
faced by the pharma industry is the need to develop new antibiotic for the fulfillment of requirements.
At the stage of antibiotic resistance, the bacteria stay intact at the Minimum Inhibitory Concentration
(MIC)of the drug. The anthropogenic antibiotic becomes the most susceptible cause of antibiotic
resistance in the environment. Because, the foodstuff containing the antibiotic like garlic, honey,
ginger, clove, etc. is thrown out of the antibiotic production industry. The bacteria surrounding to it
makes that thrown foodstuffs feed them and develop resistance to the antibiotic present in that [7].
The factors that are responsible for the development of antibiotic resistance are categorized into be-
havioral and environmental/policy. The behavioral factors for the development of antibiotic re-
sistance include the practice of prescription. The medicinal practitioners prescribe antibiotics for
nonbacterial infections like common colds and flu. Sometimes senior community members self-pro-
vide the antibiotics for the normal infection without taking any consult from the physician. The sec-
ond behavioral factor responsible for antibiotic resistance is hygiene and infection control options.
The higher close contact with the animals, dwelling in crowded reasons, major use of contaminated
items, avoidance of the cleanliness in the environment and personal life can create susceptible con-
ditions for antibiotic resistance. Due to this practice, bacteria get the proper environment to grow,
and condition to mutate themselves in the new environment. The environmental factors include the
use of antibiotics in animals and plants. The higher loads of antibiotics used in agriculture for the
promotion of plant growth and avoidance of diseases in agriculture. Because of higher exposure to
fertilizers, the bacteria mutate themselves for living, and develop resistance. The drug development
process always lies in the pipeline. Major disincentive has to be faced for the development of new
antimicrobial agents. Due to the development of resistance in bacteria, epidemiologically in the year,
there are 10 million persons die because of tuberculosis, malaria, cholera, diarrhea, and pneumonia.
Currently, because of resistance developed to Amoxicillin, Azithromycin, and Doxycycline in Strep-
tococcus pneumoniae, Influenza A, Mycoplasma pneumoniae, and Chlamydophila pneumoniae Com-
munity-acquired pneumonia become the sixth major cause of death in the USA. The European Union
(EU), Iceland, and Norway published one report which includes data that shows infection caused due
to resistant microorganism’s records of 25000 deaths in hospital and societal costs. Again, one report
published by the USA suggests that 23000 people die every year in their hospital with associated
healthcare costs>$20 billion [8]. Another reason for antibiotic resistance is the prescription of higher
antibiotics to children for acute otitis, which caused due to Streptococcus pneumoniae, Moraxella
catarrhalis, and non-typable Haemophilus influenzae. Most of the children suffered from ear infec-
tions only at the age of below 7 years. It is increasing rapidly due to resistance developed by the
causative bacteria. A most famous example of antibiotic resistance is the MDR TB. Nowadays most
people face the problem of respiratory tract infection, conjunctivitis, otitis, strep throat, impetigo,
etc. that are caused by Streptococcus pneumoniae, Haemophilus influenzae, Moraxella catarrhal,
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Streptococcus pyogenes. It happens due to the resistance developed by bacteria to the B-lactam anti-
biotics. Currently, people facing the issue related to suffering from enteric fever caused by Sa/mo-
nella typhi because of 25 to 40% resistance developed to the Fluoroquinolones as well as third-gen-
eration cephalosporins [9]. The process for the development of newer antibiotics is too slow. As per
the report, only two classes of antibiotics developed and marketed in the past 25 years. Novel anti-
biotic resistance can be developed at any time and any place. There are about 1030 thousand billion
cells available on Earth that help with the mutation process in bacteria. And it helps for the horizontal
gene transfer process. The event of resistance in antibiotics we can’t detect at the required majority
[10]. The mechanism for the transfer of resistance genes includes conjugation (the process of transfer
carried out by mobile genetic element), transformation (transfer of the necked DNA), and transduc-
tion (Transfer of almost identical DNA by bacteriophage) [8].

Table (1): Duration wise development of bacterial resistance to its primary drugs [11].

Sr. no. Name of Bacteria Duration of Resistance
developed

1 Sulfonamide and Penicillin-resistant to Staphylococcus | In the 1930s and 1940s
aureus

2 Penicillin Resistant to Neisseria gonorrhoeae (PPNG) | In the 1970s
and B-lactamase-producing Haemophilus influenzae

3 Methicillin resistant to Staphylococcus aureus (MRSA) | In the late 1970s and
and resurgence of Multi Drug Resistant Mycobacterium | 1980s
Tuberculosis (MDR-TB)

4 Shigella species, Salmonella species, Vibrio cholerae, E. | In the 1980sand 1990s
coli, Klebsiella pneumoniae, Acinetobacter baumanii,
Pseudomonas aeruginosa

We can avoid antibiotic resistance in small amount by taking antibiotic whenever it is prescribed
by a well-qualified medicinal practitioner. When he has confirmation that feedback of lower-class
antibiotics is not satisfactory to the disease. Some doctors do the multifaceted interventions of anti-
biotics for the treatment of non-bacterial infections. If this practice is avoided, one can avoid antibi-
otic resistance on a major scale. The wide ecological interventions for bacteria should be avoided. If
the environment arranges proper survival of the bacteria and disruption, the man should not use an-
tibiotics to kill them. Otherwise, they may undergo mutation and develop antibiotic resistance. Dur-
ing daily practice, the hygienic environment concept should be adopted. Proper vaccination should
be given for vaccine-preventable diseases. The government also has to make strict use of federal
enactment and enforcement of regulations for the use of antimicrobial agents in agriculture. The new
amendment of routine incentives and regulations should be provided [9]. The present review focuses
on clinical complications caused by MRSA due to the development of resistance to various antibiot-
ics, and to find a solution for overcoming the problems that occur due to MRSA. The concept used
for finding the solution to antibiotic resistance is the repurposing of drugs by synthesizing new de-
rivatives of Marketed drugs. The concept was elaborated by using the example of various drug de-
rivatives and their MIC required to MRSA.

Methicillin Resistant Staphylococcus aureus (MRSA)

Staphylococcus aureus is an enormous bacterial human infectious agent that causes severe in-
fections. S. aureus is found in surrounding and human habitats. It can cause community-acquired and
hospital-acquired infections. S. aureus lies on the healthy human skin and mucous membranes of
healthy individuals. S. aureus generally does not cause any harm to the skin till it enters into the
bloodstream or an internal tissue. Epidemiologically, half of all adults are occupied by the S. aureus
bacteria and near about more than 10% of people bear S. aureus in their anterior nares. The problems
caused by S. aureus in humans are like as bacteremia, skin and soft tissue infections, impetigo, in-
fective endocarditis, carbuncles, folliculitis, osteomyelitis, furuncles, scalded skin syndrome, cellu-
litis, septic arthritis, prosthetic device infection, pulmonary infection, gastroenteric, meningitis, toxic
shock syndrome and urinary tract infection [12]. The special antibiotic used to treat; the infections
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caused by S. aureus is B-Lactam antibiotics. It is principally targeting the Penicillin Binding Protein
(PBP2a) to show its bactericidal action. Due to higher exposure to the antibiotic, it shows resistance
toward drugs and keeps infection-causing ability intact [13]. Methicillin is a key antibiotic that in-
hibits the PBP2a. The PBP2a is a protein that takes part in the process of cell wall development [14].
Methicillin resistance was observed because of over action of methicillin hydrolyzing B-lactamase
enzyme and due to over-rated action of PBP and PBP2a proteins [15]. Methicillin keeps the devel-
opment of PBP and PBP2a protein below level, but the mutation that is observed in the genome of
proteins becomes the enhancer to the development of resistance. The MSSA isolates itself from
MRSA only by gene coding. The MecA gene codes 76 KDa Penicillin Binding Protein (PBP2a)
[16][17]. The MecA gene is obtained through Staphylococcus sciuri7. ccrA and ccrB were found at
the Mec gene. Other than MecA on the staphylococcal chromosome, there are other two different
genes i.e. MecR1 and Mecl that are co-transcribed disparately to MecA. MecR1 helps for signal
transduction and Mecl works for the transcription process [18]. Homogeneous resistance is because
of an alteration in gene sequence at a particular location. Other than these factor that lie internally
and externally show effects on methicillin resistance. The internal factors that interrupt the effect of
the MecA or over-expression of PBP2a help in the development of methicillin resistance. Fosfomy-
cin, B-Chloro, D-alanine, and D-cycloserine help in the reduction of methicillin resistance. The Ex-
ternal agents that show involvement in the development of methicillin resistance are swab attention,
pH, medium composition, osmolarity, and temperature. Full growth of the external agents utilized in
a medical laboratory for enhancement of new searching of strains that evident from general methi-
cillin resistance; segregates are developed in the presence of NaCl solution at a temperature range of
(30-35°C) [19]. A resistance to methicillin was developed due to the interspecies repetition of the
MecA gene in a heritable Staphylococcus species to Staphylococcus mutated species by a unique
staphylococcal inheritable element. Till 1961 all the S. aureus strains were mthicillin susceptible but
when people started to use methicillin, the situation get changed, all strains started to make them-
selves as MRSA [20]. Methicillin in 1950 was first incorporated into the lethal drug category when-
ever it was used for the treatment providence of penicillin-resistant staphylococcal complications
[21]. MRSA can be categorized into HA-MRSA and CA-MRSA. In 1990 MRSA seemed to be the
main cause of nosocomial infection. Resistance power develops to the antibiotics and helps bacteria
to survive in exposure to antibiotics too [12]. The HA-MRSA is the lowest surviving strain. It is
survived when the antibiotic exposure is too much lower. The CA-MRSA strain counts in the cate-
gory of higher infection causal strain. Particularly in skin and soft tissue infections and dangerous
infections having similarities like necrotizing pneumonia, necrotizing fasciitis, and myositis. The
enhanced CA-MRSA clinical complications commonness could be ascribed to the development of
natural surveillance, enhanced transmission, higher colony formation, reduced bacterial entrance to
flare acridity genes, and enhanced disease causal capability at the time of infection. CA-MRSA dom-
inates itself to cause skin infections [22].

PBP2a: Drug target for the antibiotics

The Penicillin Binding Protein 2a (PBP2a) consists of two chains, namely chains A and B. The
resolution and R-value of the protein molecule were 1.60 A and 0.202 A. A total 359 of amino acid
residues were found to be in the most favorable region. 6 unique ligands were present in chains
namely chloride ion on 404 B and 406 A, glycerol on 407 B, sulfate ion 402 A and 402 B, sodium
ion 405 and 406 B, zinc ion 403, 404, and 405 A and 403 B, ceftobiprole on 401 of both [23]. A
recent study has confirmed that following all residues Ser 75, Ala 182, Phe 241, Ser 262, and Arg
300 are crucial for binding with minocycline HCI1 [24]. The cell wall-producing enzymes with peni-
cillin sensitivity are focused on the B-lactam antibiotics. Their propensity to bind radio-labeled pen-
icillin makes them easily detectable [25].The Penicillin-Binding Proteins (PBPs) are historically di-
vided into a molecular mass or molecular weight, Penicillin-Binding Proteins (PBPs). High molecu-
lar weight Penicillin-Binding Proteins (HMW-PBPs) are divided into two categories. One is class A,
and the other one is class B. Low-molecular-weight PBPs (LMW-PBPs) are also divided into four
subclasses, and they have a tertiary structure. Penicillin-Binding Proteins with high molecular weight
are required for mobile survival and are vital to mobile survival, which is the actual target of f-lactam
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antibiotics. When the Class A Penicillin-Binding Proteins (PBPs) catalyze the biosynthesis of a spe-
cific linkage of monosaccharides called the O-glycosidic linkage of monosaccharides, the reaction
we also called trans glycosylation. Each category of Penicillin-Binding Proteins, namely category A
and category B causes cross-coupling reaction to catalyze during peptidoglycan biosynthesis [26].
PBPs have transpeptidase or carboxypeptidases in their Penicillin-Binding domains, which are in-
volved in peptidoglycan metabolism. Those Penicillin-Binding Proteins, which have a low molecular
weight, are not necessary for laboratory stipulations, so it signifies very few antibiotic goals that
consist of f-lactam antibiotics [27]. The Penicillin-Binding Proteins contains a donor strand. The D-
Ala-D-Ala residues of the 'Donor' peptidoglycan strand are hydrolyzed at the ends of amino acid
chains as an acyl intermediate which is generated between the carbonyl of the penultimate D-Ala and
the active site serine of the Penicillin-Binding Proteins. The 'Donor' peptidoglycan binds to PBP so
that the D-AlaD-Ala moiety is vulnerable to assault by the PBP active site's nucleophilic serine hy-
droxyl group. All bacteria contain PBPs. However, size, number, quantity, and affinity of B-lactam
antibiotics differ from one species to the next. When we are talking about Staphylococcus aureus,
we are talking about gram-positive bacteria. Scientists differentiate between gram-positive and gram-
negative cells based on a cell's core component. Peptidoglycan is a significant factor in determining
whether bacteria are gram-positive or gram-negative. When we talk about core components, we know
that peptidoglycan is the core and central part of the bacterial cell wall. When we think about the
mechanochemical properties of the bacterial cells and the pressure potentials, the highly complex
multicomponent structure present in the cell wall is known as peptidoglycan. And it is required for
movement (mechanical) strength, which counteracts the intracellular pressure of bacterial cells. As
the peptidoglycan is a core component of the cell wall, it is responsible for forming a continuous,
mesh-like structure around the bacterial cell membrane, which protects cells from destruction. Thus,
peptidoglycan plays a vital role in the biosynthesis of the cell wall for S. aureus bacteria and many
other gram-positive bacterial cell walls. Peptidoglycan is also called murein, glycopeptide, or muco-
peptide. Peptidoglycan is a polymer made up of long glycan chains connected by a flexible peptide
bridge [28]. A cell wall is present around the cytoplasmic membrane to maintain the pressure inside
the bacterial cell and prevent the leakage of essential components from being leaked through a sem-
ipermeable membrane. The pressure inside the cells helps to protect the cellular contents from exter-
nal environment, and thus it is helpful to balance shape of bacterial cell. The bacterial cell layer gives
desired auxiliary astuteness for bacteria or microbes, which then helps to resist osmotic pressure
differences between the cell divider and the exterior of the cell. We conclude that the bacterial cell
wall is a crucial component for differentiating distinct strains of bacteria. It is reported in various
papers that gram-positive bacteria contain folds of the cell wall; approximately 20-fold thicker cell
walls are about 15-80 nm. The cell wall is responsible for maintaining bacterial strength by simply
managing microbes' shape, size, and integrity. The core component of the bacterium is peptidoglycan,
a macromolecule composed of O-glycosidic linkages of main monosaccharides (glycan strands).
This is then cross-linked through movable and species-specific peptide bridges required to produce
a mesh-like structure surrounding the bacterial cell. Glycan strands are repeating units of N-acetyl-
glucosamine (GlcNAc) and N-acetylmuramic acid (MurNAc) amino sugars that are then attached
with B-(1,4) glycosidic bonds in an alternating manner. Each N-acetylmuramic acid (MurNAc) resi-
due is connected to short amino acid chain; L-alanine, D-glutamine, L-lysine, and D-alanine, which
are in contact with pentaglycine bridges, and these cause crossbridge formation. MurNAc and Glc-
NAc pentapeptides are used for peptidoglycan biosynthesis. To give better mechanical strength and
flexibility throughout entire cell cycles of bacterial life cycles, bacterial growth occurs when bacteria
get what they need for development. Crosslinking and glycan polymerization are two reactions. They
are two enzymatic activities. Both of them are required for cell wall biosynthesis. Transpeptidase
enzymes subsequently cross-link the polymerized glycans by forming amide bonds between bound
peptides [29]. B-lactam antibiotics act like suicide inhibitors and they bind to PBPs. Their mechanism
is explained as; the active site serine cleaves the B-lactam ring's carbonyl, causing the ring to open,
which results in a covalent acyl enzyme complex forming. This product is eventually hydrolyzed,
thereby inhibiting additional reactions [30]. The response in which core components are formed leads
to the generation of a backbone called stem peptides. In this phase, amino acids are cross-coupled
and create peptidoglycan, and this phase occurs in the outer cytoplasmic membrane; therefore, we
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call it as a transpeptidation reaction. The Penicillin-Binding Protein (PBP2) of staphylococcus aureus
are an enzyme that is involved in the final step of peptidoglycan assembly. It is a crucial factor in the
pathogen’s virulence factor. PBP2, a class A enzyme in Staphylococcus aureus, needs its ligand to
localize to the septum as well as engage in the division of cells. Undecaprenyl N-acetyl muramic
acid (UDP-MurNAc) is a pentapeptide, which is then shifted to Undecaprenyl phosphate (UNDP)
via the Mur Y enzyme, which works as a membrane-associated carrier. Mur G is a peripherally mem-
brane-associated protein to which GIcNAc is coupled and is responsible for producing Lipid II.

Structure of tet(R) gene

Figure (1): Crystal structure of PBP2a which having 2 chains (Chain A & B).

The target suitability can be checked by performing an in-silico study such as docking and Mo-
lecular Dynamic Simulation (MDS). From docking, the better understanding can gain related to in-
teraction of synthesized derivatives of standard drugs with amino acids. For example, isoxazole-
carboxamide derivatives use as an antimicrobial agent against gram-negative bacteria like P. aeru-
ginosa (targeted protein elastase B, PDB:ID 1U4G), K. pneumonia KPC-2 (targeted protein car-
bapenemase, PDB:ID 20V5). It conforms that synthesized isoxazole-carboxamide derivatives are
suitable for antimicrobial action by calculating Root Mean Square Deviation (RMSD) of their docked
score.

Table (2): RMSD values of isoxazole-carboxamide derivatives to various bacteria.

Sr. No. Name of Bacteria Targeted Protein/PDB:1D RMSD
1 P. aeruginosa Elastase B/1U4G 0.90
2 K. pneumonia Carbapenemase/20V5 1.40

The calculated RMSD for isoxazole-carboxamide derivatives found to be less than acceptable
limit 2.0. that’s why the isoxazole-carboxamide derivatives shows accurate bonding with target and
shows the susceptible antimicrobial effect [31].
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Figure (2): Isoxazole-carboxamide derivative used for docking to targeted of protein of bacteria.

o

THR-216

A B
Figure (3): Interactions of amino acids with Isoxazole-carboxamide derivative.

A: Interaction with Elastase B/1U4G of P. aeruginosa interactive residues are GLU-141, TYR-
114, HIS-223, ARG-198, PHE-129, ASN-112.

B: Interaction with Carbapenemase /20V5 of K. pneumonia interactive residues are TRP-105,
LEU-167, THR-216.

Mannich bases of 7-piperazinylquinolones and kojic acid derivatives used as an antibiotic. Mo-
lecular docking of Mannich bases of 7-piperazinylquinolones and kojic acid derivatives to the S.
aureus bacteria having nucleic acid Topoisomerase II (PDB:ID, 2XCT) shows the promising result.
RMSD for the compound used for docking was found to be less than 2[32].

i
N
cl °
|
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o

Figure (4): Mannich base of 7-piperazinylquinolones and kojic acid derivative used for docking to
2XCT
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Figure (5): Docked conformation of Mannich base of 7-piperazinylquinolones and kojic acid de-
rivative in the binding site of topoisomerase Il DNA—gyrase.

Staphylococcus chromosome Cassette

The MecA gene which involves the PBP2a formation founds in all MRSA-strain. The blaZ gene
decodes the Penicillinase enzyme while the MecA gene decodes PBP2a located in the SCCMec gene.
Recent research elevates that granting of MecA gene alteration has a dominating effect on the con-
dition of MecA and PBP2a, which have very low results on the location of B-lactam resistance. The
MecA gene amongst 17 clinical MRSA clones was set up to have the heterogeneousness in gene
sequence and/or relinquish in the sequences, but the gene sequence was exclusively heterogenic to
every SCCMec gene, and had the exception for SCCMec Ill. It can be described using a genetic
arrangement that isolates itself because of one or two extraordinary base negotiations. The MecA
gene in the one SCCMec Il clone has a G to A negotiation located at 25 bp upstream position of the
MecA. Three out of six SCCMec IV clones (C103, M153, and V043) have a G to T negotiation in
the ribosomal gene sequence. Hence there is difference in two classes of genetic arrangement in this
SCCMec type. The MecA gen of the 7"SCCMec, 5 clones are able to separate into two different
classes of whole 7 clones which have a C to T negotiation at 33"positions, while three of the clones
possess new A-G negotiation at location 38"[33][34]. The complex gene for PBP2 and MecA, was
currently developed through a MRSA medical separation. The effort of these genes was boasted to
changing a methicillin-susceptible host Staphylococcus aureus clone to a methicillin-resistant strain.
It has long been identified that methicillin resistance is starts to be unstable at the time of more
exposure to culture in a drug-less medium. The whole methicillin-resistant Staphylococcus aureus
(MRSA) clones are examined. They possess the MecA gene, a 2130bp stretch of DNA for non-staph-
ylococcal inception which has the affiliation along with greater block ranges to 40-60 kb of outer
DNA, which is clinched into the Staphylococcal chromosome. MecA codes to 78 Kb Penicillin Bind-
ing Protein (PBP2a) which possesses distinctly less relation for lactam antibiotics. The sequence of
the MecA gene clone has a structural pattern and attribute of cell wall generation transpeptidase. In
case of identification of the relevant contributing factors involved in the methicillin resistance, one
can find phenotype jumping genes sequence alteration i.e. (Tn557) which is formed in the isogenic
origin of a highly resisted MRSA strain. The transposon unwinding trials show that activity of MecA
gene and subsidiary genes are both necessary for activation of high-located methicillin resistance.
The MecA gene is a segment of 21-60 kb Staphylococcal chromosomes. A little changeable thing is
that it also possesses an inheritable complex like Tn554, pUB110, and pT181, which provide re-
sistance to non-B-lactam antibiotics. The current consent model of MecA ordinance contains two
principal route (i) Gene list of the B-Lactam antibiotics to outer cellular detector sphere of MecR1 of
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the sensor inducer and activation of the cytoplasmic debase sphere, which materialize to be a PR
metalloprotease; (ii) the accelerometers debased sphere of MecR1 either straight cuts the promotor
compelled Mecl dimer or initiates the repressor fractionalization. It paralyzes the power of repressor
protein to dimerize and stick to MecA gene, which enables the activation of the resistant gene. The
MecA origination perpetuates along with availability of the drug. The initiation of MecA is due to
MecR1 which has been characterized as very-very moderate so that the cells accomplishing with
whole MecR1 and Mecl shows malignancy of MecA gene which is called pre-MRSA phenotype. It
has been presumed that more resistance towards B-lactams, which is a feature of various current
MRSA medical clones implies a non-functional MecR1 and Mecl executive system. MecA executive
location is nothing but the 3-component system which has MecR1 and Mecl genes, the MecR2 gene
is co-translated along with MecR1 and Mecl. The In-vitro and In-Vivo purification checking dis-
played that MecR2 functions as an anti-repressor by dealing directly with the Mecl repressor. Dis-
turbance to the MecA gene affects its non-functionalization mode by proteolytic fractionalization. In
the MRSA clone along with activated MecR1-Mecl genes, the MecR2 is necessary to complete the
activation of MecA recap. A reimbursement to the hamstrung initiation of MecA by MecR1 permit-
ting the normal exploration of f-lactam resistance.

The MecR2 Interaction:

The MecR2 correspondent to the translating repressor of the xylose operon that has an N-termi-
nal of DNA binding sphere and a C-terminal dimerization sphere. The mode of action for MecR2
possesses the straight contact with the Mecl dimer. Ultimately interpose along with its gene list to
the MecA promoter [35].

-
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Figure (6): Genetic Activation of MRSA

The MecR2 obstructs along with the gene list of Mecl and MecA in an imperative way. The
MecR2 can be oligomerized in an imperative type and restrict the interference with Mecl. The Mecl
and MecR?2 are translated through the MecR1gene as like to the cellular counts of MecrR1 and Mecl
proteins. MecR2 functions like an anti-repressor, which disturbs the gene list of both proteins. The
cutting of the Mecl sequence seen at the time of MecA initiation, which alternated with the actual
MecR1, degraded sphere and became a consequent task which not claimed for the initiation of
MecR2. By interfering with Mecl and disrupting its gene list, the MecA gene cherishes an actual
disruption of Mecl-MecR2 dimer by preparing the bonds highly permissible to proteolytic inactiva-
tion. The MecR2 retroactively pays to the MecR1 alternated initiation of MecA, which is essential
to the normal activity of B-lactam resistance. It manages the complete initiation of the MecA gene
due to harsh type MRSA clone, which is positive to the MecR1-Mecl interaction. And become also
positive to the MecR2 clone. These clones are susceptible to expression in normal conditions of 8-
lactam resistance. The MecA is effectively persuaded on exploration towards B-lactams with its 3-
component system. The MecR1 no longer stays activated and forms a steady Mecl dimer and re-
maining replica of MecR1 on the cell membrane, and free MecR2 vanishes by the protein synthesis
pathway.
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Clinical Complications associated with MRSA

The S. aureus is among the principal inception to the Community-acquired, Healthcare related
and Hospital-acquired infection [36]. Hospital-acquired SAB patients along with intraventricular de-
vice-assisted complication, wound sepsis, or nosocomial pneumonia admitted due to numerous rea-
sons and inherent situations that can be highly affected by distance of staying and existence. Staph-
ylococcus aureus can be the continuous cause of Healthcare assisted fever [37]. CA-MRSA compli-
cations seem to initiate in normal individuals who do not possess the traditional risk agents for MRSA
[38][39].

Endocarditis: The S. aureus has the ability to cause infections in the endothelium of heart. A
viewpoint of infectious endocarditis should be contemplated in this type of case with furnishing the
threat agent, heart murmurs, vasculitis, and embolic marvels related to the infectious endocardi-
tis[40]. The changing lifestyle gives rise to the decadence of valvular complaints. The S. aureus is
nothing but the continual causal agent in the infectious endocarditis. The mortality reporting in these
cases is more than the HIV patient. Despite the fact, the mechanical heart faucets are probably at
improved threat for complication than the bio-prosthesis in the first three months [41]. The patient
suffered during the two months following surgery is known as the prosthetic-stopcock endocarditis
and is normally gained in the sanitarium [42]. The general stopcock endothelium is variably resistant
to the infection. The mechanical lesions of this endothelium are the results of exploration of the
underpinning extracellular matrix protein. The original inflammation, depot of the fibrin and the
platelets, form a nonbacterial thrombotic endocarditis (NBTE) which is vulnerable to colony for-
mation. Infectious endocarditis can be done devoid of recognizable preceding stopcock lesions. This
is exactly accurate for Staphylococcus aureus, which poses the surface as the principal cause of in-
fectious endocarditis in recent times [43].

Impetigo: Impetigo is originating from -hemolytic streptococci or Staphylococcus aureus. The
fatal skin allows bacterial colony formation. Extra growth of the bacteria originates skin problems,
i.e., bullous impetigo and simmered skin patterns, which caused due to staphylococcal toxins and
toxic shock patterns, initiated by the Staphylococcal and Streptococcal toxins. It is the exemplifica-
tions of toxin intermediate of Staphylococcus aureus. It continuously initiates in a healthy child from
inside of skin in a flashy manner. Bullous impetigo is nearly as broad, originating from one organism.
S. aureus considerably associates with group II, having the phage type 71. The Staphylococcus au-
reus creates a depilated toxin which are protease that widely hydrolyzes intracellular adhesion nodes,
Desmoglein-1, which is available in the desmosomes of the keratinocytes located above the upper
skin grainy subcase. There is a minimum of 2 distinguishable types of depleted toxin, toxin A related
to bullous impetigo, and toxin B, which stewing the skin pattern. The clone of Staphylococcus aureus
spreads the depleted toxin, which is continuously protected to the patient suffering from impetigo.
Bullous impetigo arises more normally in an internal region which is similar to the dipper area, axil-
lae, and neck although the cutaneous region may be damaged, again it may include the triumphs and
soles, etc. [44]. Impetigo is a major contagious complication, along with straight proximity between
the main way of spreading. The beginning of the skin complications is initiated through the ETA and
ETB, which are functionalized serine proteases generated from some of the clones of S. aureus. The
ETA is decoded on the stage of prophage while ETB is decoded on a major penicillinase type plasmid.
The ETA and ETB lead to upper skin fractionalization, from which the results on desmoglein-1 are
known as the desmosome adherent. This type of fractionalization is directly related to the medical
personification of the blistering skin complaint found in Pemphigus neonatorum and/or nonspecific
Staphylococcal stewing skin patterns [45].

Folliculitis: The Folliculitis decalvans is an infrequent inflammation. Staphylococcus aureus
and an inadequate entertainer of unprotected reply sense play the most important role in the building
of this inflammation. The lesions occur principally in the vertex region and the ocipitalaria. S. aureus
appears to play a key role in the pathogenesis of folliculitis declavans. It may be found majorly in
each case that suffered from undressed folliculitis declavans. It has been predicted that “Superanti-
gens” or cytotoxins can attached to the high histocompatibility complex of class II molecules. It can
trigger the T-cells, although can escape the investigation from the host's inadequate system. It depicts
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the key role in the pathogenesis. The patients periodically describe mechanical bleeding as well as
rigid complications like Pain, Itching, as well as burning sensation[46]. Rarely this prognosticate
susceptibility has been changed, due to the Methicillin-Resistant Staphylococcus pseudintermedius
(MRSP) as well as Methicillin-Resistant Staphylococcus aureus (MRSA) which gets the other cur-
rent in canine SBF patients [47].

Toxic shock Syndrome: The multiple health complications of Staphylococcal complaints and
the hike in the number of gram-positive infections, which involves the sanitarium as well as commu-
nity-acquired Methicillin Resistant S. aureus (MRSA) complication. The S. aureus develops a vari-
ability index for the protein exotoxins, which are significant for grasping pathogenesis of TSS. This
type of bacterial toxin involves Staphylococcal endotoxins, as well as the Staphylococcal entero-
toxin-like toxin. Toxic Shock syndrome is nothing but the monogenic complications that are normally
available along with inception of fever, hypotension, and continual multiorgan complication to the
event of several minutes. In spite of the fact that, highest parts of toxic shock syndrome are menstrual
assisted. Another accepted root of the toxic shock syndrome is, S. aureus involves in a surgical injury.
Soft tissue infections involve infected becks, postpartum complications, intrauterine complaints, na-
sal packs, and pneumonia. The autopsy of toxic shock syndrome is the major normal cause of alter-
nate autopsy of day as well as can be related to a benign crack[48].

Urinary Tract Infection (UTI): Urinary Tract Infection (UTIs) is one of the major frequent
infections of the urinary tract. It is greeted in the medical health practice. It is the major frequent type
of Nosocomial infection in the US. The S. aureus has been known for its period of infrequent urinary
insulation. Classically, the S. aureus has been contemplated by foreplay, in order through blood route
by practicing internal and external ulcers. In vitro, the S. aureus is susceptible to binding with the
complete uroepithelial tissues from the glycoproteins set up in the urinary bladder as analogous to
GP51, which is notably growing in the availability of urinary tract infection [49]. Previously in the
bladder urine, the bacteria can be rejected through the bladder protection mechanism and it can seg-
regate to foreplay the bladder wall and evolve in infection. The power of bacteria to evolve, multiply
and cause complications is not entirely found in distinct characteristics of the bacteria. Enterococci
establish a bunch of gram-positive Streptococcus species.

Necrotizing fasciitis: The life-converting complication that needs a complex surgical or clini-
cal-related situation and the pressured agent involves in previous MRSA complication. As like hep-
atitis C, diabetes mellitus, cancer, and HIV infection [50].

Pyomyositis: Pyomyositis was originally accepted as an equatorial disease it is now perceived
in the region of high-temperature weather and mainly in the person who is an HIV intravenous drug
user [51].

Necrotizing community-acquired pneumonia (CAP): It is related to influenza and it is nor-
mally reported in the primary fit new children. At the time of 2003-2004, 15 patients of MTSACAP
along with 4 expiries of the patient, with a casualty rate of 26.7 noted throughout the 9 countries.
Necrotizing pneumonia is descripted by pulmonary inflammation along with supplemental necrosis
as well as multiple small depressions. The unavailability of the blood flow towards the blood-per-
fused area obstructs the dose of antibiotics and causes unrestrained complication or other damage to
the lung tissue. Pulmonary gangrene is nothing but the last phase in sequence of improving enfee-
blement of pulmonary parenchyma which is judged through the “chucking of the pulmonary lobe”
[52].

Septic arthritis and osteomyelitis: It may occur due to the direct abrasion and a complication
occurs due to the S. aureus infection. The osteomyelitis may be staying mature and asymptomatic to
the multitudinous period, prior to refreshing begin of medically characterized osteomyelitis. Habitual
osteomyelitis creates intermediate bone analgesia, humanness and disgusting effluent accompanied
by a time of dormancy. Sometimes the effluent is intact. In spite, small septic arthritis is a popular
problem of small osteomyelitis [53].
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Sepsis: It is a water house of Friedrichsen manner which is indicated as petechial rash, coag-
ulopathy, cardiovascular collapse, and bilateral adrenal hemorrhage. sepsis is nothing but the clinical
exigency that explains the body’s systemic immunological response towards an infectious operation.
It tends to last phase of organ dysfunction and leads to death. The time of incidence is critical sepsis
and septic shock in the US, which is 300 patients per 1000 people. Sepsis is the major health caretaker
difficulty in the US. The computation for sepsis was 20 million in 2011 alone [54].

“Molecular and Physicochemical Studies of

Antibiotics used to treat the complication caused by MRSA

To treat the above infection some discovered drugs used, they are as follows:

Table (3): Various antibiotics to MRSA

Sr.no. Class Name of drug Structure Reference
1 Glycopeptide Vancomycin >r ~ [55]
antibiotics -
M - i JIj' -
e .,:L_ e
1 T.
e
2. Cyclic lipopep- | Daptomycin [56]
tide antibiotics g
T
C
3. Oxazolidinones | Linezolid i ; [57]
A~
N K/N‘”\\ ¢\
A S\
4. Sulfonamides Sulfamethoxa- /N\ ”\ //O [58]
zole Q //S
— (o]
NH,
5. Folic acid inhib- | Trimethoprim o [59]
itors o N N
I TY“:
6. Streptogram- Quinupristin — [60][61]
positivein anti-
biotics
Dalfopristin
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7. | Lincomycin an- | Clindamycin L 62
tibiotics - “r”'(:
\’/I’ . o‘ j-/’ OH
\\ cl
8. Glycylcycline Tigecycline \L o i :J f owj ﬂ [63]
Antibiotics bt
C S ,/¥\ 1 «T/‘x\m
9. B-Lactum Anti- | Amoxicillin ™. [64][65]
biotics = " §
HO’ \ ‘ ° j;r!:><
Ho/L o
Keflex ©\)I
R, oj/—( =
10. Combination of | Amoxicillin + Vancomycin [66][67]
Glycopeptide
and B-Lactam
Antibiotics
11. Combination of | Amoxicillin + Daptomycin [68][69]
Cyclic lipopep-
tide and B-Lac-
tam Antibiotics
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All the above drugs are basically used for the treatment of diseases caused by MRSA. But from
the above list, many drugs suffer from resistance to MRSA. They do not show a proper effect at the
time of treatment. And that’s why the phenomenon of repurposing of drugs by synthesizingnew de-
rivatives of existing drugs can be used. From the study, it is found that the derivatives of marketed
drugs seem more susceptible than the standard drugs.

a. R=H

b. R=(CH,),-NH-(CH,)o-CH;

Figure (7): Chemical structure of vancomycin with its substituents
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Table (4): Effect of Vancomycin derivativesto MRSA

Sr.n Derivative Code MIC (uM)
- 1o vatv S. aureus ATCC 33591
1 a 0.67
2 b 0.42
Figure (8): Chemical structure of b derivative of vancomycin.
Table (5): Effect of Ry, R, substituted b derivative of vancomycin to MRSA
MIC (uM)
Sr. no. Ry R S. aureus ATCC
33591
1 NHM H 0.87
EE/ NMe;
2 H 0.69
3 H 0.44
4 OH OH |\|/|e H 0.11
N
HOAJ\HV ¥
OH OH
5 _~_CO2H H 0.11
%—NH
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MIC (uM)
Sr. no. Ry R S. aureus ATCC
33591
6 HO,C H 0.28
: CO5H
§_NH
7 OH OH OH 0.65
N
| OH OH
8 OH k 0.16
CO,H
NH/\/ 2
9 OH N 0.28
§ ~ CO,H
CO,H

From the Above data ofRi, R, substituted b derivative of vancomycin, it is observed that, MIC
required for vancomycin is 0.67 uM. However, the MIC required for derivatives of vancomycin is
less than the standard drug. So, the derivatives can work effectively as compared to the standard
drug. And it helps to overcome the problem of vancomycin resistance to MRSA [70].

OH

@?;,g;

O

g;f}

IT
kao
o

Y

Figure (9): Structure of Daptomycin showing 8" and 11 position for the substitution.

Daptomycin shows resistance to MRSA. But the cationic residues if attached on amino group
present on 8™ and 11" position, it is predicted that the daptomycin shows good activity to resistant

bacteria [71].
Table (6): Effect of Linezolid derivatives to MRSA
Parent structure with position of substi- . MIC (uM)
Sr. no. . -R Substituent S. aureus
tution (R)
MRSA
A/ No substitution 2.96
1 . ~ /n\ ! /\N RN N ’.‘/‘_"N\/_ij\c
I i )
- — -F 1.16
S - S -Br 1.01
2‘ K\,/“ s 7“?:\> o >/ NZ
é,_,‘< f_&F S
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As observed in the above table, the activity of linezolid derivatives is more than the standard
linezolid drug. The MIC required for linezolid to MRSA was 2.96uM, but when it was converted to
its derivatives, the MIC reached down to less than 2.96uM. It means that with the proper substitution
on proper position drug becomes susceptible to avoiding antibiotic resistance [72].

Table (7): Effect of Sulfamethoxazole derivatives to MRSA

. MIC (uM)
Sr. Parent structure with position of -R Substituent S
no. substitution (R) o R iv?]l{g‘izs
H H 62.5
OH OH
A N CI/©1% CI/@i/ 15.62
N OH O
1 J//\I(/ 2, N\\:}' on H 15.62
R ~n %/
|
Cl
Cl cl

The above data shows that sulfamethoxazole has its own MIC 62.5 uM. But nowadays it shows
the resistance. So, to overcome this problem derivatives of sulfamethoxazole can be utilized. Above
derivatives show more potency to MRSA. And it conforms from MIC of derivatives. All the MIC of
derivatives is lesser than standard sulfamethoxazole [73].

Table (8): Effect of Trimethoprim derivatives to MRSA

MIC (uM)
:(l; Parent structure with position of substitution (R) -R Substituent re :;:{% C
29213
i C|IH3 17.22
HoN N NH Q.
2! 2 \ O
o _ S
R R= MIC (uM)
5 HaN MM o Cl 4.24
| \ Br 4.24
N o I 424

From the above table it is seen that standard trimethoprim has a MIC17.22uMand derivatives of
standard trimethoprim give an MIClesser than standard drug. It is 4.24 uM for all three derivatives.
So, from this, it can be said that derivatives are helpful in avoiding resistance [74].

Minocycline susceptibility to MRSA

The MRSA shows a resistance to most of the antibiotics. The minocycline is counted under the
family of tetracycline. Which has a nucleus of four cyclic rings. Whole tetracyclines are mildly bitter
and possess slight solubility in water, but hydrochloride salt possesses most solubilityin the water.
The minocycline in the tetracycline family works as a bacteriostatic agent. It shows susceptibility
towards binding with 30sribosomal subunit and disrupts protein synthesis. The minocycline can be
used in dermatitis, periodontal diseases, theumatoid arthritis, CNS pathologies, neuropathic pain,
ischemia, atherosclerosis, inflammatory bowel disease, allergic asthma, autism, osteoporosis, etc.
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[75]. The minocycline considered a highly lipophilic molecule can effectively surpass Blood-Brain
Barrier and blocks different gram-positive and gram-negative bacteria[76].

Figure (10): Chemical structure of Minocycline

In Minocycline, amide group is present at 2™position of A ring, four Hydroxy groups are located
on 3" position of A ring, 12% position of B ring, 10" position of D ring, and last at the fused position
of A and B ring i.e., on 12%"a position. The two ketone groups are present on 1% position of A ring and
11" position of the C ring. Two disubstituted amino groups are located on the 4™ position of A ring
and 7™ position of the D ring. The replacement of amide with aldehyde or nitrile abolishes the activ-
ity. Slight modifications in A ring can be possible at the 3™ position. The presence of Dimethylamine
group at 4™ position is necessary for an antibacterial activity. The ring structure possesses upper and
lower periphery region. With the modifications done at upper periphery, the lipophilicity of drug can
be enhanced particularly at 7% and 9™ position which helps to detect target quickly [77].

Tet(K) efflux Tet(B) efflux mutated Tet(A) AdeFGH(RND AdelJK(RND
efflux family of efflux) family of efflux)
L

A
Unattached Minocyclin
from the ribosome

helical region
(H34)

Tet(0)
Tet(M) RPP +
Teu(S)

Figure (11): Mechanism of action of Minocycline.

For entry into bacterial cell wall, the minocycline HCI binds to efflux pumps and forms GTP
complex (Tet(R)-GTP) complex. The formed complex is attached to a ribosome. GTP molecules get
cleaved and then convert to Tet(R)-GDP complex [78]. Then complex gets detached from ribosome
and allows it to retain the standard conformation [76]. Minocycline blocks the bacterial process of
protein synthesis by avoiding binding with aminoacyl tRNA along with bacterial ribosome. To enrich
up to its target, the compound requires to traveling more than one membrane depending upon the
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organism, whether it is gram-positive or a gram-negative. Much of the research explains thatthe high
affinity of binding site to tetracycline in the 30sribosomal subunit along with protein S7 and 16s
rRNA bases involved in binding pocket. Some of the researchers pointed out that, in reality, this
evident site is for drug interaction with the ribosome. It cannot reflect proper location and that’s why
it seems the attachment towards ribosome, which shows high complex changes in 16s rRNA [79].
The minocycline once takes entry into cell, it binds with more concentration of Mg2" ion with the
help of C11 and C12 attached oxygen atom. The complex goes to bind with 30s ribosomal subunit
and decodes genetic information [80].

Metabolism and Elimination

Minocycline shows different properties from another tetracycline in which it contains a different
metabolite in which a minimum of 6 metabolites explains some antimicrobial activity detected in
urine. The main metabolite is nothing but the 9-Hydroxyminocycline.Minocycline possesses a deli-
cate half-life of 15-19 hrs., the probability is because of, over-tissue transmission and protein binding
of 5-12% of given dose, which retrieved in urine, as well as in fecal elimination. 20-35% of minocy-
cline elimination is unfortunately with the renal or hepatic metabolism. But half-life of drug is highly
enhanced in cases with Azotemia [79].

Development of Minocycline derivatives

The various minocycline derivatives were synthesized by researchers and tested for their Mini-
mum Inhibitory Concentration (MIC) to the MRSA and gram-positive bacterial strains. The MIC
requiredfor minocycline derivatives gives a satisfactory count [81][82][83]. The minocycline shows
satisfactory inhibition to MRSA. Hence, the researchersmove ahead to develop new minocycline
derivatives to MRSA. The minocycline derivatives are more potent than the standard minocycline
drug.

9-Acylamino Derivatives of Minocycline

In minocycline, the 9™ Position hydrogen is replaced by the acyl amino group and derivatives
are prepared by attaching the various substituents on the amino group. The formed derivatives show
the activity to the MRSA with the following MIC [83].

Table (9): 9-Acyclamino derivatives to MRSA with their MIC

MIC (uM)
S.au-
reus S. au-
Sr. | Parent | -RSub-1 pyre | S.au- ) UBMS S.au- S. aureussmith
no. | structure | stituent reusUBMS . reusUBMSS8 e
90- 90-2 (tetM) 90-3(sensi- 8-7(tetK) (sensitive)
1(tetM tive)
)
1 \Nﬁ 25.82 12.91 12.91 25.82 6.45
|
2. @ 6.93 6.93 1.73 13.88 1.73
3. NG ©f 6.72 3.25 1.62 13.46 1.62
F
AAAN
4, 13.54 3.38 1.69 6.77 1.69
o CHs
F3C Lo
5, \O 1.55 1.55 0.77 1.55 1.55
6. ST\ 6.86 6.86 343 54.92 343
<
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7. et 1373 | 1373 6.86 13.73 6.86
8. ™ 039 NT 0.20 3.34 0.42
9. e 13.99 6.99 3.49 27.98 3.49
10. HO @ | 7.74 3.87 1.93 >61.95 0.96

9-Sulfonylamino derivatives of minocycline

In minocycline, the 9" Position hydrogen is replaced by sulphonyl amino group and derivatives
are prepared by attaching various substituents on the amino group. The formed derivatives show
activity to MRSA with following MIC [83].

Table (10): 9-Sulphonylamino derivatives to MRSA with their MIC

MIC (uM)
S. au- S. au- S. au-
Sr Parent . reus reus S. aureus reus S. aureus
no | structure | Roubstituent | ;s | UBMS | UBMS 90-3 | UBMS | smith (sen-
90-1 90-2 (sensitive) 88-7 sitive)
(tetM) (tetM) (tetK)

6.74 6.74
1. 6.74 0.16 6.74
2. /@NW 0.39 0.19 0.19 1.59 0.19

S

3. | rodd @W 1.67 | 041 0.41 3.34 0.005

o)
4. "’/< %S]% 57.53 6.09 3.04 57.53 3.04
HN—
N

CHz
5. 2 0.47 0.11 0.22 15.07 0.22

9-Glycylcyclines Derivative of minocycline

In minocycline, the 9"position hydrogen is replaced by glycylcyclinegroup. The formed deriva-
tives show the activity to the MRSA with the following MIC [84].

Table (11): 9-Glycylcyclines derivative to MRSA with its MIC

MIC (uM)
S. au- S. au- S. aureus S. au-
Sr. | Parent struc- . reus reus ’ reus S. aureus
no. ture -R Substituent | ;pvis | UBMS Uf@“g;?' UBMS |  smith
90-1 90-2 tive) 88-7 (sensitive)
(tetM) | (tetM) (tetK)
1. %/HN\/(LNH/% 0.79 0.79 0.35 0.35 0.35

Apart from standard drugs, various research has been performed regarding development of new
chemical nucleus to MRSA. The bis-thiazolyl pyrazole derivatives shows effective action to MRSA
[85]. Thiazolidinonederivatives also have good MIC ranges as well as good docking score to MRSA
[86]. Indole-based derivatives show better action to MRSA. It also helps to reduce resistance in
MRSA [87]. Designing of truncated derivatives to MRSA [88].Carbazole-oxadiazole derivatives
which shows effective action to various gram-positive as well as gram-negative bacteria[89].
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Discussion

From the above study, it is clear that the problem starts with various mistakes of humans. The
main cause of antibiotic resistance is the false practice of humans. For self-advantage, humans started
to use major antibiotics for small infections. And it becomes a severe region for antibiotic resistance.
The major issue that occurs nowadays is that various good effective drugs become resistant to differ-
ent bacteria. The major point of discussion is that if the environment arranges to destroy every living
being properly, then man should not interfere with that. Man should not use a major number of ferti-
lizers in agriculture. The industrial waste should be properly disposed. Antibiotics should be used
whenever it is only prescribed by doctors. Physicians also do not make an abuse of antibiotics. Oth-
erwise, bacteria continuously mutate themselves and alter gene sequences, to adapt to a new condi-
tion. The reason to adopt these practices is that the development of antibiotics is very slow it requires
a long-time duration. Because of many reasons, day by day bacteria become too much resistant.
Every year mortality counts increase due to resistance of bacteria to various drugs. Because of the
development of resistance, many life-threatening infections grab to humans. The standard drugs do
not show any effect.Due tothis day by day the rate of mortality due to bacterial infections increases.
To overcome this problem, various solution has to be found. Amongst them, one solution can become
the use of derivatives for standard drugs. The concept can be counted under the repurposing of drugs.
The discovery of newer antibiotics is useful. But till the discovery of newer antibiotics, another way
as described in this review can be used. Derivatives of vancomycin, daptomycin, trimethoprim, and
linezolid show better effect to resistant bacteria. The dangerous bacterial infection, as mentioned in
the section on clinical complications associated with MRSA, can be avoided to a major extent. The
development of a greater number of antibiotics can be possible in this way. Many of the medical
challenges can be avoided by making availability of various derivatives of the standard drugs. The
synthesis of newer derivatives of existing drugs not only helps to avoid antibiotic resistance but also
creates a good weapon to fight to bacterial infections. In the future, this concept of repurposing drugs
will fight successfully in the war on antibiotic resistance. However, it is possible only when people
adopt the practice of not abusing antibiotics. Many of the drug derivatives show potent action to the
resistant MRSA. The concentration required to inhibit the growth of the bacteria is also less than the
standard drugs. The researchers also have to think in this way of synthesizing new derivatives of
standard antibiotics, rather than only focusing on the development of newer drugs. Various in-silico
techniques like docking and Molecular Dynamic Simulation (MDS) are also available to speed up
the development process. Another aspect for developing new derivatives is to finding out new nu-
cleus which acts as an antibiotic. The government should also focus on that and force the people,es-
pecially doctors, to avoid misuse of antibiotics. So, from the above study, it seems that the synthesis
of newer derivatives of standard existing drugs can help to avoid antibiotic resistance in MRSA. It
gives the ray of hope for saving people's lives from microorganisms, especially from bacteria.

Conclusion

In summary, as per theabove-mentioned study, MRSA become resistant to most of the discov-
ered antibiotics and is susceptible to causing dangerous infections from children to adults. The MRSA
becomes resistant due to alteration that occur in the genome sequence of the PBP2a protein. Most
antibiotics show no activity to MRSA due to the high expression of resistant genes. But derivatives
of existing antibiotic show better effect than the standard drugs. The derivatives of drugs also adopt
the same mechanism of action as a standard drug. From MICrequiredto the MRSA as well as gram-
positive bacterial strain, the review directs to develop the new derivatives of existing antibiotics until
the development of the potent drug. The new derivatives show the effect better than the standard drug
and hence the problems created by the MRSA can be restricted by using the newly synthesized de-
rivatives of antibiotics. The process of development of newer antibiotics can be made faster by using
this concept of repurposing of drugs.
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