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ABSTRACT

Multidrug resistance (MDR) bacteria are considered as the most emerging problem in the
world. Various kinds of antibiotics are produced for treatment of those bacteria but being
resistance against them by various causes. The main cause is the misuse of the antibiotics by
consumers which enhance the bacteria to develop different resistance mechanisms such as:
lack of cell wall permeability, enzymatic deactivation of antibiotics, alters the target of
antibiotics as well as efflux mechanism and many more. Most of the antibiotics are
discovered by targeting the cell wall permeability and efflux pump. But antibiotics identified
are not effective to act as bactericidal and bacteriostatic which may be due to the lack of

knowledge related to the specific target of the bacteria.

Moreover, these kinds of antibiotics, have enhance in certain modification in the bacteria
causing mutations in genetic sites and converting them into extensive resistance bacteria
(XDR) and multidrug resistance bacteria(MDR).Therefore, for specific identification of sites
as target and antibiotics for bacteria computational method should be used. This method is
being used as the most effective method to identify target molecule and to know

effectiveness of molecules against those bacteria without using lab equipment.

Some literature have reviewed that Streptomyces are being the most effective way to be
treated against different bacteria by developing different kinds of antibiotics. Antibiotics
produced were developed on the basis of targeting different sites of bacteria. Recently,
Streptomyces coelicolor is found be the most studied Streptomyces which is found to be
similar with Mycobacterium .So, instead of using BCG it is the most preferable one to act

against Mycobacterium tuberculosis without effecting human.

For the development of new drug ring structure is being preferable which can produce
biproduct from bacteria found in soil such as Streptomyces. In this study, target site was
identified by using the computation techniques such as the tools namely protein databank,
Discovery studio, pyrx etc. Target sites were taken as the protein TrmD, one of essential
proteins for bacteria for methylation process. S-Adenosyl methionine (SAM) or S-Adenosine
homocysteine (SAH) essential to carry out the activity of TrmD which was replaced by the
derivatives of indole such as: indole,indurubin,isatin etc and binding energy was calculated.
Higher binding energy indicates that it can replace original ligands and able to block the
methylation of the genetic material of bacteria. Furthermore, modified media was prepared
for the extraction of antibiotics in high concentration, and then AST was carried out. During
this process Candeula extract were used as comparative sample. Thus, it is presumed that
the ring structure phenolic compounds can potent for the antimicrobial activity and also act

as enhancer for other antibiotics producer bacteria.



CHAPTER-1
INTRODUCTION

1.1. Background

Multidrug resistance (MDR) is the antimicrobial resistance shown to the multiple drugs
used for managing their infections and the ability to grow in the presence of the
chemicals which normally kills them (VizcarraCora, C R N IBelcherDulce, B S N, 2006).

MDR property is mostly seen in bacteria by the various mechanisms which are:

e No longer relying (dependent on) on a glycoprotein cell wall.
e Enzymatic deactivation of antibiotics

e Decreased cell wall permeability to antibiotics

e Altered target sites of antibiotics

e Efflux mechanisms to remove antibiotics.

e Increased mutation rate as a stress response.

These resistance mechanisms in bacteria are mainly through the accumulation of
multiple genes coding for the resistance to the particular single drug in a single cell
which eventually increase in population. The expression of these genes coding for the
multidrug efflux pumps change the molecular structure of the target proteins, change
the metabolic status, helping in complex structure formation which make difficult for
the drugs to act against it( Piddock, 2006).

The MDR capacity in bacteria occur by different causes such as the accumulation
resistance coding genes present in resistance plasmids and the efflux which pumps out
drugs more than one. In addition, mutation in bacteria (Jose M. Munita and Cesar
A.Arias, 2016) may cause the resistance to the different antibiotics such as
Fluorquinolone due to the change in the target enzyme DNA. Fluoroquine susceptible
bacteria containing additional resistant gene does not make it fully resistance to it and
cannot be transferred into other through the plasmid but clonal selection can transfer
the gene by the selective pressure (Hooper DC, 2000).

The gram negative bacteria are different from the gram positive bacteria by their
different properties such as Gram-negative bacteria have what is referred to as
envelope, consisting of three principal layers: the outer membrane, containing the
(possibly fatal) lipopolysaccharide/endotoxin, the peptidoglycan cell wall with peptide
chains, partially cross-linked, and the cytoplasmic or inner membrane. The bacteria are
resistance due to cell permeability, enzymatic resistance towards the antibiotics, efflux
mechanism and mutation (Silhavy, Thomas Kahne, Daniel Walker, Suzanne, 2010).

Recently, it has been known that most of the bacteria are resistance due to the mutation
occurs in the genes involved in the functions as well as the interactions between the
resistances mutations also helped in the emergence of the antibiotic resistance bacteria.
Among all bacteria Escherichia coli, is found to be faster bacteria to carry out the single
resistance mutation gene. Various antibiotics are produced for treatment of these kinds
of bacteria but in some condition, Broader spectrum antibacterial or the combination of
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the antibacterial therapy can be used for the treatment of the multidrug resistance
bacteria when it exceeds the threshold in the community. Multidrug resistance bacteria
mostly occur during the process of treatment and after the treatment of the microbial
infection ( Levy, S. B.,2002).

The multidrug resistance bacteria gets colonized by various indwelling medical devices
such as urinary catheters, feeding tubes, endotracheal tubes, and vascular lines also the
risk factors for the infections includes the immunosuppressed states such as solid organ
or hematopoietic stem cell transplant recipient and other comorbid conditions such as
renal failure.(van Duin, David Paterson, David L., 2016).Random use of the antibiotics in
animals as it being a good carrier also contribute in persistence and spread of antibiotics
resistant bacteria( CDC, Centers for Disease Control and Prevention,2013).

Centers for Disease Control (CDC)is one of the agency which is conducting various
activities for prevention of multidrug resistant bacteria at the national, regional and
local levels by providing the guidance to health facilities interested in better antibiotics
use and to control all patients infection by infection control guidelines so it has
conducted four main ways to prevent from the deadly infections are:

* Preventing the infections and preventing the spread of resistance.
» Tracking resistant bacteria
* Improving the use of today’s antibiotics.

* Promoting the development of new antibiotics and developing new diagnostic test for
resistant bacteria.

(States, United,2013)
1.2. Tracking Resistance Patterns

CDC is tracking cause of infection and analyzing whether it is infection or not in the
people as well as providing protection and prevention related to infection and spreading
of resistant bacteria ( Frieden, Tom,2013). CDC’s National Healthcare Safety Network
(NHSN),electronically reporting infections ,use of antibiotics also helping in regular
tracking and benchmark antibiotics resistance in all bacteria as well as track antibiotics
usage( CDC, US Department of Health and Human Services,2013).

CDC is reference laboratory conducts antibiotics susceptibility test for the identification,
isolation of sporadic cases and outbreak including the resistance pattern shown by the
antibiotics resistance bacteria. NARMS provides the information about the way of
resistance among enteric pathogens to stakeholders, including federal regulatory
agencies, policymakers, consumer advocacy groups, industry and the public, to guide
public health prevention and policy efforts that protect people from the resistant
infection(States, United,2013).

It helps to prevent the antibiotics resistance by the tracking the infection and change in
resistance; improving prescribing at national, regional and local levels; limiting or
interrupting the spread of the infections. These techniques are similar to that of the
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medical settings but the approach may differ due to the large population and different
setting. Some techniques to prevent antibiotics resistance in communities are:

eTracking community infections and resistance, helping in the identification of
theoretical infections in the community and monitor resistance trends shown by the
different bacteria.

eActive Bacterial Core surveillance (ABCs): It includes tracking infections caused by
Neisseria meningitides, Streptococcus pneumonia, Groups A and B Streptococcus and
Methicillin-resistant Staphylococcus aureus.

eGonococcal Isolate Surveillance Project (GISP): Collecting isolates from gonorrhea
infections to monitor resistance.

eNational Tuberculosis Surveillance System (NTSS): National Electronic Disease
Surveillance System (NEDSS)-based reporting of tuberculosis cases including resistance
data.

eHealthcare-Associated infections-community interface (HAIC): Tracking infections with
Clostridium.difficile and with multidrug-resistant gram-negative microorganism.

(Center for Disease Control and Prevention, 2013).
1.3 Antibiotic Stewardship: Improving Prescribing and Use

Tracking resistant bacteria and providing guidance for improvement of antibiotics and
developing new antibiotics and diagnostic tests. Program called Get Smart , campaign
has been carried out for prescription of antibiotics against bacteria published annually in
November to raise awareness among patients, healthcare provides, hospital
administrators and policy makers relating the antibiotics resistance and decrease the
inappropriate antibiotics use (Centers for Disease Control and Prevention,2016).

It provides the public health message for the improvement of antibiotic use in
healthcare setting and is working in the improvement of the use in antibiotics in
healthcare (Centers for Disease Control and Prevention (CDC),2011).It provides local
public health authorities with the messages and resources for improving the antibiotics
use in outpatient settings and helping in the prescription for the treatment of diseases
by identifying new approaches to improve the use of antibiotics (CDC, Centers for
Disease Control and Prevention,2013).

It has carried out the various activities to control the spread of the antibiotics resistance
infections such as: Contact tracing, vaccination, treatment guidelines, promotion of safe
sex. It has also being working for the antibiotic resistance in food working with the state
and local health departments and also with the U.S. Food and Drug Administration
(FDA)which helps in the regulation of the antibiotics ,many foods, animal feed and other
products as well as the U.S. Department of Agriculture(USDA) which regulates meat,
poultry ,and egg products. It is being supporting the FDA’s plan for the improvement of
the training curriculum for veterinarians use in animals and also to improve prescribing
in humans because there is the linking between the antibiotics resistant infections in
humans and the food-producing animals ( Prevention, Centers for Disease Control,2011).
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For prevention, it is conducting the activities for the treatment of the foodborne and
other enteric infections by the following activities such as estimation, monitoring,
investigating, educating, identifying the foodborne infections and also promoting the
proper hand washing (Centers for Disease Control and prevention,2013).

1.4 Developing New Antibiotics and Diagnostic Tests

Antibiotic resistance is considered as the natural process which can be slow down but
cannot stopped so new antibiotics should be develop continuously by new diagnostic
test and by tracking development of resistance by bacteria.

Various steps are carried out for the treatment of various microorganisms which are in
threat level and is urgent for the treatment which includes the Clostridium difficile,
carbapenem-resistant Enterobacteriaceae ,Drug-resistant Neisseria
gonorrhoeae,Multidrug resistant Acinetobacter, drug resistant Campylobacter, Extented
spectrum B lactamase(ESBL), Vancomycin-Resistant Enterococcus (VRE), Multidrug-
Resistant Pseudomonas aeroginosa,Drug-Resistant Non-Typhoid Salmonella, Drug-
Resistant Salmonella Typhi, Drug-Resistant Shigella ,Methicillin-Resistant (MRSA), Drug-
Resistant Streptococcus pneumoniae, Drug-Resistant Mycobacterium tuberculosis,
Vancomycin-Resistant Staphylococus aureus (VRSA), Erythromycin-Resistant Group A
Streptococcus, Clindamycin- Resistant Group B Streptococcus etc( CDC, Centers for
Disease Control and Prevention,2013).

NIAID research is focusing in new drug discovery related to the Mycobacterium
tuberculosis by studying their physiological and its interaction with the host. It has also
concluded that the first line and the second line therapies related to the Tuberculosis
should be reexamined and optimized to determine that whether it is causing the
emergence of the new disease in the children, while doing the antiretroviral therapies
and also with other comorbidities. Also, FDA —approved the antibiotics which are not
currently used for the treatment of the diseases and is further tested whether they can
contribute to treatment of the drug —resistant and drug-susceptible tuberculosis which
will be very helpful for the avaibility of the drug related to global threat to MDR/XDR
TB(Lowy et al., 2004).

The antimicrobial peptide can be one of the main target for the treatment of diseases
related to MDR, carbapenem resistant bacteria etc. Late-stage clinical trial are being
carried out in some derivatives of antimicrobial peptides such as pexigenan, omiganan
and OP-145 which is related with disease such as diabetic foot ulcers ,rosacea and ear
infection respectively. For the toenail fungal infections and MRSA other peptides are
used such as Novexatin and Lytixar. Till now around 2000 natural and designed
antimicrobial peptides are used for the treatment of the various kind of disease related
to the gram —positive, gram-negative, fungal, Mycobacterial and protozoan pathogens
(Centers for Disease Control and Prevention, 2014).

Antimicrobial peptides are the positively charged so they can be easily attracted by the
bacteria due to the negative charge on the cell surface. The attraction of the peptide
bond helps in binding to the bacterial cell surface causing death of the bacteria. The
bacteria is killed by three different mechanisms which are toroid pore formation, carpet
formation and barrel stave formation. The mechanisms difference but the main activity
is the binding in the membrane and causing the leakage of cytoplasm causing the
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ultimate death. Antimicrobial peptides activity can act differently such as metabolic
inhibitors, inhibitors of the DNA, RNA and also the protein synthesis process. As well as it
can also inhibit the cell wall synthesis and septum formation causing ribosomal
aggregation and delocalize membrane proteins (Zhang, Gallo et al.,2016).

Most of the vaccines such as BCG acting against Mycobacteria tuberculosis help in cell
mediated immune responses which causes the limitation of the bacteria growth but not
the prevention. The latest update include that not only the T-cell (cytokines IFN-Y and
TNF-a)but also the antibodies can also act as the protection for the body. Selection was
done on the basis of proteolytic activity between Streptomyces. So, Streptomyces
lividans were used instead of S. coelicolor (Glacomini,Remoli,Gafa et al.,2009).

Mycobacterium bovis and Mycobacterium tuberculosis has different lifestyle in
comparison to Streptomyces coelicolor but showed high synteny and similarity in their
individual gene sequence. DnaA is used for showing the central broken diagonal. DnaA is
used for the for showing the central broken diagonal cross pattern formed by the
synteny.So Streptomyces can be a potent gram positive bacteria to act against
Mycobacterium (Prasanna and Mehra, 2013).BCG and other vaccines are related to the
cell-mediated immune response which helps in the limitation and dissemination but
cannot prevent the infection (Watanabe,Watari,.Matasunaga et al.,2006).

Phytochemicals are naturally present in many foods but it is expected that through
bioengineering new plants which can make it easier to incorporate enough
phytochemicals with our food (Surh, YJ, 2003).

More than 80% of the world population solely relies on medicinal plants for their
primary health care needs. Some of these herbs are proven to provide symptomatic
relief and assist in the prevention of the secondary complication of the diseases, while
others are reported to help in regeneration of abnormal cells and in overcoming disease
causing pathogens. Moreover, these natural substances are readily available, cheap and
do not result in adverse side effects usually associated with synthetic drugs. Most of the
side effects caused by phytotherapy methods of disease management are not as severe
as those caused by conventional methods. The therapeutic effects of these medicinal
plants can justifiably be attributed to, among others, the phytochemicals in them
especially the flavonoids, alkaloids, sterols, terpenoids, phenolic acids, stilbenes, lignans,
tannins and saponins. They cover a wide range of therapeutic indications with a great
diversity of chemical structures. Therefore, these phytochemicals provide qualified lead
for the development of new drug entities in drug design and discovery (Nyamai et al.,
2016).

The session on phytochemicals included talks describing recent research achievements,
with examples of successful agricultural use of various phytochemicals as antibiotic
alternatives and their mode of action in major agricultural animals (poultry, swine and
ruminants). Scientists from industry and academia and government research institutes
shared their experience in developing and applying potential antibiotic-alternative
phytochemicals commercially to reduce AGPs and to develop a sustainable animal
production system in the absence of antibiotics.
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Oleanic acid of triglycoside was first reported in Calendula which as the property of anti-
oxidant and anti-inflammatory in nature which are able to protect cell damages caused
by oxidation and inflammatory factor (Varnava, 2016).

Identification of Streptomyces was conducted by providing the sucrose as the source of
carbon and by the basis of morphologically differences such as spore color, aerial and
substrate mycelium formation and production of diffused pigment. Five Streptomyces
which were isolated showed zone of inhibition towards Staphylococcus aureus, Bacillus
cereus, B. subtilis, and Pseudomonas aeruginosa also showed antifungal activity against
Candida albicans and Aspergillus niger. 1t has been found that the microorganisms of
rhizopheric region of fertile areas showed the antibacterial and antifungal activity which
represented that soil of that area can be site for identification of new antibiotics. As well
as deserted soils can also be target area for the exploration of new bio products
(Al_husnan, Latifa A.Alkahtani, Muneera D.F, 2016).

Computational technique can be effective method can be used for drug development
.Structure and ligand based methods are mostly used in drug discovery field whereas
proteochemometrics is emerging combinatorial techniques ( Katsila et al.,2016).

1.5. Statement of Problems

Multidrug resistance is the most emerging fatal problem in hospital and health care
center overall in world due to the lack of the antibiotics being effective against the
bacteria it is being dangerous to conduct the medical procedures related to the surgery
such as organ transplantation, caesarean sections, joint replacements. Multidrug
resistance is mostly associated with the nosocomial infections (van Duin, DavidPaterson,
David L, 2016).

Multidrug resistance bacteria are mostly possessed in the hospitals and nursing homes.
The list of the bacteria which causes the severe and deadly cause of the infection such as
blood infection and pneumonia. Some bacteria which is high and medium priority drug
resistance bacteria causes common diseases such as gonorrhea and food poisonings
causing by Salmonella (Tacconelli, E.Magrini, N., 2017).

Multidrug resistance organisms has created a challenging to care the wounds causing
the shortage of the safe and effective antibiotics which created the chronic skin and soft
tissue infection, osteomyelitis and in some cases leads to limb loss, sepsis and death
(Defense, Office of the Secretary).

The causes of the multidrug resistance are the overuse and inappropriate consumption
of the drugs causing the increase in the morbidity, mortality, length of hospitalization
and healthcare costs. The cause of multidrug resistances are: 1.Natural causes (selective
pressure), 2.Mutation, Gene transfer, 3.Societal pressure, 4.lnappropriate use,
5.Inadequate Diagnostics,6. Hospital use, 7.Agricultural use (Seebeck, T Maser, P, 2009).

1.6. Significance/Rationale

The emerging problem related to the multidrug resistance microorganisms is addressed
by the extract produced by putative Streptomyces extracted from the soils collected
from the different areas of Nepal by the different processes such as Antibiotics
susceptibility test (AST) and Minimal Inhibitory Concentration. Being the Streptomyces a
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good antibiotics producing bacteria which kills and inhibits the growth of other bacteria
by blocking the different enzymology sites of the pathways which is essential for the
bacteria for its growth .The targeted sites and the proteins were identified by the
computational docking method.

Recently researchers found the Global Natural Products Social (GNPS) molecular
network, database of mass spectra of natural products collected by researchers
worldwide, which represents the goldmine for the drug discovery.

Most of Streptomyces are known to be saprophytic indicating that it can degrade lignin.
Lignin degradation is known to release phenolic compound suggesting that
Streptomycetes could potentially produce secondary metabolites consisting of phenolic
ring and indole derivatives or indurubin upon phenolic stress and stress. Since, 5mM
indole is reported to be toxic to bacteria.

Present work of computational docking model revealed that the indurubin core appears
to bind at ATP binding pocket of the kinases with binding energy equal too or higher
than native ligand ATP. It has been reported that some of Streptomycetes produce isatin
which is reported to be precursor of indurubin, isatin and indole have been reported to
have bactericidal effect.

1.7. Hypothesis
1.7.1. Null hypothesis:
Antimicrobial molecule will not be screened against WHO priorities bacteria.
1.7.2. Alternative hypothesis
Antimicrobial molecule will be screened against WHO priorities bacteria.
1.8. Objectives
1.8.1. Main Objectives
¢ To develop strategy for putative antimicrobial agent production.
1.8.2. Specific Objectives
® To rationalize interaction of kinase inhibitors with methyl transferase (TrmD).
® To isolate Streptomyces from soil samples collected from different area of Nepal.

® To confirm the character of putative Streptomyces by Polymerase Chain
Reaction.

® To confirm the character of putative Streptomyces by Antibiotic sensitivity test
and antioxidant test.

® To confirm the character of putative Streptomyces by Biochemical test and
specific PCR.



CHAPTER- 2
LITERATURE REVIEW

2.1. Literature review on Mycobacterium tuberculosis

Mycobacterium tuberculosis is one of the fatal infectious agents with high mortality rate
but effective drug has potential to prevent death. Due to emerging cause of multidrug
resistance bacilli (Smith, 2003), mostly showing resistance to isoniazid (30%) and
rifampicin (5%). they are mostly resistance to quinolone and three drugs used as second
line drugs: Kanamycin, Amikacin or Capreomycin (Gillespie et.al., 2002), causing fewer
option for the treatment and risk high mortality especially in HIV infected persons
(Gandhi et al., 2006),s0 to overcome these limitations different tools are used. One of
such attempts have been use of bioinformatics for the identification of specific genes
and to develop the drugs against it and some have gone for chemotherapy trials
(Fathima, Boopathi, Selvam.,2017). The intrinsic drug resistance is caused due to the
highly impermeable mycolic acid and efflux shown by the bacteria (Jarlier and Nikaido.,
1994).The acquired drug resistance is not transfer to other microorganisms due to the
absence of plasmids and transfer of the gene is not reported yet (Ramaswamy, Dou,
Rendon., 2004).BCG is being used for the treatment of the different stages of
mycobacterium which is the live attenuated vaccine of Mycobacterium bovis.

As a vaccine BCG,main strategy include the use of live microorganisms as vector which
can express the mycobacterium antigen, express long term immunologi