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Chapter 1

Introduction to Mycobacterium tuberculosis, PE
and PPE proteins, Computational Methods and

General Molecular Biology Techniques






1.1 Tuberculosis

Tuberculosis (TB) is an airborne disease primarily caused by the bacterial pathogen M.
tuberculosis (Mtb). TB remains a major global health problem and one of the main causes
of mortality around the world. Two million deaths are caused worldwide by TB each year
and it remains the second leading cause of death from an infectious disease, after the
human immunodeficiency virus (HIV). Despite the availability of effective treatments,
there is a need to develop new therapeutic agents to combat the spread of Mtb infection
(Koul et al., 2004; WHO, 2014).

Mtb primarily infects humans in an aerosol droplet form by entering into the
alveolar space in the lungs causing severe fever, cough and chest pain. The first contact of
the bacterial pathogen is thought to be with resident macrophages/immune cells. Once
within macrophages, Mtb has the ability to avoid the bactericidal mechanisms of
phagocytic cells and therefore can replicate themselves. The aerosolized bacterium can
bind and invade epithelial cells, to replicate and establish the bacterial infection thereby
avoiding the potentially hostile environment of the macrophage (Bermudez and
Goodman, 1996; Smith, 2003). When contacted with Mtb, humans build an effective
response in the lungs primarily inhibiting the growth of Mtb, where the bacterium stays in
a dormant form; this condition is often referred to as latent TB (Thillai et al., 2014). After
latent infection, at the first opportunistic moment Mtb becomes active (Berry et al., 2013).
Individuals with HIVV/immunocompromised conditions are at a greater risk of developing
active TB (Fogel, 2015) as shown in Figure 1.1.

The tests commonly used to detect and diagnose latent infection are 1. Tuberculin
skin test (TST) and 2. Interferon-gamma release assays (IGRASs) (Thillai et al., 2014).
Both these methods work by measuring the response of T cells to TB antigens (Cruz-
Knight and Blake-Gumbs, 2013).

Mycobacteria can be classified into three groups. 1. Species that cause TB in
humans or in animals, which includes M. tuberculosis complex: M. tuberculosis, M.
bovis, M. africanum, M. microti and M. canetti. 2. Species that cause Hansen's disease or
leprosy which includes M. leprae and M. lepromatosis, and 3. Mycobacteria that does not
contain Mtb complex and that does not develop Hansens disease or leprosy are known as
non-tuberculosis mycobacteria (NTM) or MOTT (Mycobacteria Other Than TB).


https://en.wikipedia.org/wiki/Mycobacterium_tuberculosis
https://en.wikipedia.org/wiki/Mycobacterium_bovis
https://en.wikipedia.org/wiki/Mycobacterium_bovis
https://en.wikipedia.org/wiki/M._africanum
https://en.wikipedia.org/wiki/M._microti
https://en.wikipedia.org/wiki/Mycobacterium_canetti
https://en.wikipedia.org/wiki/Leprosy
https://en.wikipedia.org/wiki/Mycobacterium_leprae
https://en.wikipedia.org/wiki/Mycobacterium_lepromatosis
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Latent TB in Immunocompetent hosts

Figure 1.1. Schematic representation of invading Mtb by initiating phagocytosis

NTM are environmental organisms, they opportunistically cause diseases in
animals or humans (Wallace, 2010). NTM often present in soil and various water sources,
which include other mycobacteria like M. avium complex is one of the most commonly
observed pathogens in immunosuppressed patients, while M. kansasii, M. malmoense and
M. xenopi are predominant in immunocompetent people. NTM can cause pulmonary
disease resembling TB, lymphadenitis, skin disease or disseminated disease. Both Mth
and NTM can cause chronic lung infections but only TB spreads from person to person
by simply inhalation of organisms, discharged/expectorated into the air. NTM infections

are acquired directly from the environment (Kendall et al., 2011).

1.1.1 M. tuberculosis

In 1882, Robert Koch identified Mtb whose Latin-originated name describes the rod like
shape bacillus (Keshavjee and Farmer, 2012) then known as the causative agent of TB
and hence tubercle bacillus. He was awarded the Nobel Prize in Medicine and Physiology
in 1905, for his work on TB, the bacterium is also known as Koch's bacillus.
(http://www.nobelprize.org/nobel_prizes/medicine/laureates/1905/)

The origin of Mtb is that bacteria in the genus Mycobacterium, like other
actimomycetes, initially found in soil and some species evolved to live in mammals.
Previously it was thought that the domestication of cattle that occurred 10,000- 25,000
years ago, allowed the passage of a mycobacterial pathogen from domestic animals to

humans, during this adaptation the bacterium evolved to the closely related new host Mtb.
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Explicitly, M. bovis, which causes a TB-like disease in cattle, was the evolutionary
precursor of Mtb (Stead, 1997). A study of the distribution of deletions and insertions in
the genomes of the Mth complex proved the independent evolution of both Mth and M.
bovis from another precursor species, possibly related to M. canetti.

Tubercle bacilli, which are thought to most closely resemble the progenitor of Mtb
are human and not animal pathogens (Brosch et al., 2002; Smith et al., 2009). However
Mtb is an obligate pathogen and has no natural reservoir outside humans, where its main
target cells are macrophages. Mostly, parasitization of macrophages by pathogenic
mycobacteria involves the inhibition of numerous host-cell processes, which allows them
to survive within the host cells. Pathogenic bacteria inhibit host processes by the fusion of
phagosomes and lysosomes, providing antigen, apoptosis and the stimulation of
bactericidal responses due to the activation of pathways involving protein Kkinases
activated by mitogen, interferon-y and Ca* signalling (Koul et al., 2004). The success of
Mtb during the parasitization of macrophages involves a modulation of the normal
progression of the phagosome into an acidic and hydrolytically active phagolysosome,
that also avoids the development of localized, productive immune responses against Mtb
in the host (Meena and Rajni, 2010).

Mtb belongs to the genus Mycobacterium, that comprises filamentous Gram-
positive bacteria that are distinguished by complex surface lipids. Mtb is typically
visualized by Ziehl-Neelsen (acid-fast) staining and appears as a rod-shaped red bacillus
and is surrounded by an impermeable and thick cell wall/capsule that is made of
peptidoglycans, polysaccharides, glycolipids and lipids that primarily contains long-chain
fatty acids, such as mycolic acid. Unlike other bacteria, Mtb does not form spores but has
the capability to become dormant, a nonreplicating state characterized by low metabolic
activity and phenotypic drug resistance (Gengenbacher and Kaufmann, 2012). Dormancy
is a state where the bacillus remains inactive within infected tissue and reflects metabolic
shutdown resulting from the action of a cell-mediated immune response that can contain
but not eradicate the infection. As immunity wanes, the reactivation of dormant bacteria
starts, resulting an outburst of disease even often many decades after the initial infection.
The molecular basis of dormancy of the pathogenic bacteria and its reactivation remains
difficult to be understood but is expected to be genetically programmed and to involve
intracellular signaling pathways (Cole et al., 1998).

Indian scientists have contributed in many ways to Mtb like X-ray

crystallographic studies, to name few such as NADP dependent DNA ligase, NrdH family
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of redox proteins, transcription regulatory protein, Mtb ribosome recycling factor and etc
(Phulera and Mande, 2013; Saikrishnan et al., 2005; Shrivastava and Ramachandran,
2007; Srivastava et al., 2005). Nearly 30 unique structures were determined by the Indian
scientists that are now available at protein databank (PDB) (Arora et al., 2011). The
characterization of PE/PPE protein families in Mtb, their role in the virulence of the
bacterium was also explained by indian scientists (Akhter et al., 2012). For example PE
11 that belongs to pathogenic mycobacteria was overexpressed during bacterial infection,
PPE Rv2430c encourages strong B-cell response (Choudhary et al., 2003; Singh et al.,
2016).

1.1.2 BCG Vaccine and Drug Resistance
TB remains a burden to the society since ancient times because of its infectious nature
and several millions of annual deaths all over the world. Live attenuated Bacille
Calmette-Guérin (BCG) isolated in 1908 by and named after Calmette and Guerin in
Lille, France, is still the only vaccine available today which is being administered as
immunization for over 90 years with astonishing safety records for the prevention of TB
in humans. Tubercle bacilli were initially cultivated on glycerin and potato medium and
later on led to the development of this vaccine from attenuated tubercle bacillus
(Calmette, 1922).

However, there is a significant variation in the efficacy of immunization with
BCG which remains controversial (Luca and Mihaescu, 2013). Upon infection, the TB
therapy involves the combination of drugs to avoid resistance. Initially it started with the
effective medications like streptomycin and p-aminosalicylic acid in 1944, then came the
revelation of "triple therapy" streptomycin, p-aminosalicylic acid and isoniazid in 1952,
which assured cure; then in 1970s it was found that isoniazid and rifampincin could
reduce the duration of treatment from 18 to 9 months; in 1980's it was observed that
adding pyrazinamide to these drugs cured the disease in only 6 months (Iseman, 2002).

Despite the availability of directly obseved therapy (DOTS) and the BCG vaccine,
the tubercle bacillus mostly remains naturally resistant to many antibiotics which makes
the treatment difficult (Cole and Telenti, 1995; Snider and La Montagne, 1994). The
emergence of multi-drug resistant strains (MDR), extensively drug-resistant strains
(XDR) and an alarming rise in the number of TB patients co-infected with HIV, have
stressed the urgency of developing new novel intervention strategies against TB

(Andersen and Doherty, 2005). MDR-TB strains are resistant to anti-TB drugs such as
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isoniazid and rifampincin, while XDR-TB strains are resistant to additional drugs
including fluoroquinolone and one of the anti-TB injectable drugs such as kanamycin,
capreomycin, or amikacin (Mani et al., 2014).

As per the reports presented in TB India 2014, there is a decrease in TB mortality
rate by 42% in 2012 compared to 1990 reports. India initiated a Revised National
Tuberculosis Control Programme (RNTCP) in 1997, to eradicate mortality and
prevalence of TB due to drug resistance and HIV co-infected mycobacteria. Due to the
high population in India, there is a tuberculosis endemicity and further, the strain type
varies from place to place. India is the second leading country with MDR-TB cases
according to WHO 2010 reports where Andhra Pradesh is leading with highest cases
reported in 2009. To combat MDR-TB and evaluate the extent of mismanagement of
drugs, RNTCP developed new strategies. One of the reasons for drug resistance is either
mismanagement of drug regime or the transmittance of primary drug resistant TB from
person to person. According to RNTCP reports, in 2011 nearly 19,178 MDR-TB suspects
were examined in India from 2007 to 2010 and 5,365 cases of MDR-TB were diagnosed,
and initiated treatment for 3,610 MDR-TB patients. Due to many TB control
programmes, nearly 2.3 million cases are reported in 2014 out of 8.6 million annual cases
that occur globally, thus making India world's highest TB populated country (RNTCP
Status Report 2011) http://www.tbcindia.nic.in/.

Resistance of the pathogenic Mtb is mainly due to the highly hydrophobic cell
envelope acting as a permeability barrier (Brennan, 1994) that includes many potential
resistance determinants like hydrolytic or drug-modifying enzymes such as B-lactamases
and aminoglycoside acetyl transferases, and many potential drug—efflux systems that
include 14 members of the major facilitator family and numerous ABC transporters.
Understanding of these putative resistance mechanisms will help and promote better use
of existing drugs and facilitate the conception of new therapies (Cole et al., 1998).

Recently the drug called Bedaquiline was approved by FDA that can attack Mtb in
different ways from the available current treatment. Bedaquiline was discovered by the
scientists of Janssen pharmaceuticals targetting mainly MDR-TB. Bedaquiline works by
inhibiting the ATP synthase, an important enzyme in the ATP synthesis of Mtb, which
leads to the death of bacteria (Mahajan, 2013).



1.1.3 Cell Wall Virulence Factors of M. tuberculosis

When mycobacteria are stained by gram staining, there is no decolorization by
acid alcohol and therefore these bacteria are classified as acid-fast bacilli. This is due to
high content of mycolic acids, long chain cross-linked fatty acids and other lipids in the
bacterial cell wall (Daffe and Draper, 1998). Mycolic acid and other lipids are linked to
underlying arabinogalactan and peptidoglycan (Ratledge, 1982). A variety of unique
lipids, such as lipoarabinomannan (LAM), trehalose dimycolate and phthiocerol
dimycocerate that are linked noncovalently with the cell membrane appear to play an
important role in the virulence of Mtb (Glickman and Jacobs, 2001). Most of the exported
proteins and protective antigens of Mtb are a triad of related gene products called the
antigen 85 complex, these have fibronectin binding capacity and thus play an important
role in disease pathogenesis (Belisle et al., 1997). LAM is also a major constituent of
mycobacterial cell wall and has been shown to induce tumor necrosis factor release from
the macrophages (Chatterjee et al., 1992), which plays a prominent role in bacterial cell
death. It was shown that LAM acts at several levels which can scavenge potentially
cytotoxic oxygen free radicals, inhibiting protein kinase C activity and block the
transcriptional activation of gamma interferon inducible genes in human macrophages
such as cell lines, and hence it is a chemically defined virulence factor causing the
persistence of mycobacteria inside mononuclear phagocytes (Chan et al., 1991).

The cell wall of mycobacteria is composed of two segments, upper and lower, as
shown in Figure 1.2. Beyond the plasma membrane is peptidoglycan (PG) covalently
bound to arabinogalactan (AG), which in turn is attached to the mycolic acids with their
long meromycolate. This is called as the cell wall core, the mycolyl arabinogalactan—
peptidoglycan (mAGP) complex. The upper segment of the cell wall comprises of free
lipids, some with longer fatty acids complementing the shorter fatty acid chains, while
some with shorter fatty acids complementing the longer chains. Interspersed somehow are
the cell wall proteins, the phosphatidylinositol mannosides (PIMs), the phthiocerol
containing lipids, lipomannan (LM) and LAM. When cell walls are disrupted/extracted
with various solvents, the free lipids, proteins LAM and PIMs gets solubilized, while the
complex mAGP remains as the insoluble residue. In simplistic terms, it can be considered
that these lipids, proteins and lipoglycans are the signaling effector molecules in the
disease process, while the insoluble part is essential for the viability of the cell. These
components should be considered in the context of new drug development (Brennan,
2003).



Transmembrane Protein

— Surface proteins

— Mycolic Acids

— Arabinogalactan

/ Peptidoglycan

Figure 1.2. The cell wall of Mtb. Sixty percent of the cell wall is composed of lipid;
peptidoglycan, arabinogalactan and in particular mycolic acids which is proposed to cause
virulence

Esterases or lipases are hydrolases that play significant role in lipid metabolism
from prokaryotes to eukaryotes. Sequence analysis by Cole et al., 1998 revealed that there
are at least 250 enzymes related to lipid metabolism which includes extracellular secreted
enzymes, integrated cell wall enzymes and intracellular esterases/lipases (Camus et al.,
2002; Cole et al., 1998). Most of the mycobacterial genes involved in lipid metabolism,
cell division, chromosomal partitioning and secretion are required during infection in
mouse model (Lamichhane et al., 2005; Sassetti and Rubin, 2003).

1.1.4 Metabolic Pathways

The compete genome sequence indicates that the pathogenic mycobacteria can synthesize
all the necessary amino acids, vitamins and enzyme co-factors, even if some of the
pathways may differ from other bacteria. Mtb has the ability to metabolize a variety of
hydrocarbons like carbohydrates, alcohols, ketones and carboxylic acids (Cole et al.,
1998; Ratledge, 1982). For the past 20 years no new drugs were developed though there
is an emergency for the development of new Mtb drugs with increasing resistance of the
present leading anti-TB drugs. Therefore, Amir et al., 2014 identified reliable drug

targets using computational approaches for Mth. They have also shown that there are 5
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unique pathways present in the Mycobacterium but not in the Homo sapiens, they are
metabolism of C5-branched dibasic acid, methane metabolism, carbon fixation pathways,
lipopolysaccharide biosynthesis, and peptidoglycan biosynthesis involving 60 new non-

homologous targets identified using KEGG database of metabolic pathways.

1.1.5 The Genome of M. tuberculosis

The complete genome sequence of Mtbh (H37Rv strain) consists of 4,411,529 base pairs
(bp), with a G + C content of 65.6%. Approximately 4000 open reading frames (ORFs)
were identified in the genome, accounting for 91% of the potential coding capacity. A
few of these genes appear to have in-frame stop codons or frameshift mutations and may
either use frameshifting during translation or correspond to pseudogenes. Several regions
showing higher than average G + C content were detected; these correspond to sequences
belonging to a large gene family that includes the polymorphic G + C rich sequences
(Cole et al., 1998).

Interesting discovery of two extensive families of novel glycine-rich proteins,
which may be of immunological significance as they were predicted to be abundant and
potentially polymorphic antigens were named as the PE and PPE genes (Cole et al.,
1998).

1.1.6 The PE and PPE Multigene Families

Two large unrelated families of acidic, glycine-rich proteins, the PE and PPE families
represent about 10% of the coding capacity of Mth genome, whose genes are clustered
and are often based on multiple copies of the polymorphic repetitive sequences (PGRS),
and major polymorphic tandem repeats (MPTR), respectively (Hermans et al., 1992;
Poulet and Cole, 1995). The PE family with ~100 genes and the PPE family with ~70
genes are exemplified by the presence of Pro-Glu (PE) motif at positions 8 and 9 in most
of PE proteins and Pro-Pro-Glu (PPE) motif at positions 8, 9 and 10 in most of the PPE
proteins near the N-terminus. The PE and PPE protein families are characterized by
highly conserved N-terminal domains with approximately 110 and 180 amino acid
residues, respectively towards N-terminal domain, that is followed by a C-terminal
segment that varies in size, sequence and repeat copy number (Figure 1.3) (Cole et al.,
1998; Gordon et al., 2001).
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1.1.7 Classification of PE Family

PE family sequences are generally categorized into three subgroups based on C-terminal
extensions, few members contain only the N-terminal domain, whereas most have C-
terminal extensions ranging in size from 100 to 1,400 residues (Figure 1. 3) The first
group of 29 members contains only the PE domain, the second group of eight members
contains the PE domain followed by a unique sequence (i.e. these sequences do not show
significant homology with other members of the PE family), and the largest group
comprises 67 members which exhibit a PE domain followed by multiple repetitive
tandem repeats of Gly-Gly-Ala or Gly-Gly-Asn, termed as PGRS domain and have a high
glycine content (up to 50%) (Balaji et al., 2007; Cole et al., 1998). Considerable variation
among PGRS sequences of Mtb clinical strains speculated that PGRS sequences could be
a source of antigenic variation (Mukhopadhyay and Balaji, 2011; Talarico et al., 2007;
Talarico et al., 2008).

1.1.8 Classification of the PPE Family

The PPE protein family was also categorized into at least four subgroups based on C-
terminal extensions (Figure 1.3), one of which constitutes the MPTR class characterized
by the presence of multiple, tandem copies of the motif Asn—X-Gly—X-Gly—-Asn—-X-Gly.
The second subgroup contains a characteristic, well-conserved GxxSVPxxW motif
around position 350, whereas the third subgroup contains ~20 PPE proteins
corresponding to the conserved C-terminal region comprising 44 amino acid residues
with GFXGT and PxxPxxW sequence motifs and some of the last subgroup of PPE genes
share remote similarity at the C-terminus (Adindla and Guruprasad, 2003; Cole et al.,

1998) as shown in Figure 1.3.
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Figure 1.3. Classification of the PE and PPE protein families in Mtb

1.1.9 Pathogenicity of the PE and PPE proteins

The PE and PPE family proteins are highly polymorphic, localize to the cell surface either
secreted or expressed during the host infection (Kruh et al., 2010). These observations
and results support the possibility of antigenic variation, mycobacterial virulence and
pathogenesis (Banu et al., 2002). Although many PE and PPE proteins are recognized by
the immune system during infection (Sayes et al., 2012), it remains unclear whether they
are involved in antigenic variation (McEvoy et al., 2012). The findings that PE/PPE genes
are duplicated and expanded in the genomes of pathogenic mycobacteria during the
course of evolution lends further support to their role in virulence (Gey van Pittius et al.,
2006).

The PE and PPE genes are not randomly distributed in the genome but often form
operons, suggesting that PE and PPE proteins interact with each other. The crystal
structure of the complex of PE and PPE domains showed directly that they form a
heterodimer (Strong et al., 2006). The PE25-PPE41 protein complex has been shown to
induce increased humoral and cell mediated immune response (Tundup et al., 2008). The
crystal structure of a putative enzymatic domain of PE_PGRS16 was reported in 2013
(Barathy and Suguna, 2013), and PE25/PPE41 dimer structure (in complex with EspG)
only followed in the year 2014, underlining the inherently challenging nature of these
proteins. Nevertheless, the PE and PPE domains have no detectable sequence
resemblance or structural homology to other protein families, and their function remains

unknown (Ekiert and Cox, 2014; Korotkova et al., 2014).  With many potential roles of
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the PPE and PE proteins as discussed above, it is important that further studies have to be
performed to understand their activity. If extensive antigenic variability or reduced
antigen presentation were indeed found, this would be significant for vaccine design and
for understanding protective immunity in TB (Cole et al., 1998). The subcellular location
of the PE and PPE proteins is largely unknown. PPE family protein Rv1808 is associated
with the cell wall and exposed on the cell surface. Physical binding of Rv1808 to TLR2
manipulated the host cytokines via MAPK and NF-kB signaling pathways (Deng et al.,
2014).

The PE and PPE family proteins like Rv1168c and Rv2430c exhibit strong
immune response against the sera from clinically active TB patients and could distinguish
TB patients from M. bovis BCG-vaccinated healthy controls, indicating that probably
these proteins are highly expressed during active pathogenesis of Mtb (Choudhary et al.,
2003; Khan et al., 2008; Nair, 2014).

Several PE and PPE proteins are upregulated during stress condition, only during
macrophage infection and in host granulomas, supporting their role in pathogenesis of
mycobacteria (Voskuil et al., 2004). Despite these efforts, several ORFs in PE and PPE
gene clusters are largely unannotated with regard to their biochemical activity with very
few exceptions such as, Rv3097c¢ (LipYtub). The C-terminal domain of Rv3097c, a
homologous protein belonging to hormone-sensitive lipase family is characterized by the
conserved GXSXG active-site motif that hydrolyzes extracellular lipids and also it is the
most highly expressed gene during as early as 24 hours post infection (Cascioferro et al.,
2007; Daleke et al., 2011; Deb et al., 2006; Mishra et al., 2008; Srivastava et al., 2007).
The PE protein Rv3097 has been shown to possess lipase enzymatic function. The PE13
and PPE18 genes, a part of the Rv0485 regulon encodes a putative transcription regulator.
Mutation studies of Rv0485 indicates that it is Mtb virulent protein (Goldstone et al.,
2009).

The PE_PGRS region of protein Rv1818c (PE_PGRS33) plays an important role
in cellular immune response by influencing the antigen processing and presentation.
Further analysis indicated that expression of complete PE_PGRS33 protein in the non-
pathogenic fast-growing M. smegmatis, offers better survival advantage in the infected
macrophages (Delogu and Brennan, 2001; Dheenadhayalan et al., 2006). The PE domain
of PE_PGRS33 was found to be crucial for cell wall localization, while the PGRS domain
affects the bacterial shape and colony morphology (Delogu et al., 2004; Mishra et al.,
2008). Some PE and PPE members (Rv1818c, Rv1917c and Rv3873) were shown to be
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associated with the cell wall (Delogu et al., 2004). A PPE family member, Rv3018c was
shown to attenuate the growth in macrophages (Camacho et al., 1999). Some PPE
proteins such as Rv1807, Rv3873 and Rv3872 play an important role in mycobacterial
growth (Sassetti and Rubin, 2003).

Even after close to two decades of the availability of wealth of genome sequence
of Mth, TB persists as a major disease in the world and a major challenge to scientific
world. One of the major outcomes of the genome sequencing of this pathogenic bacteria
are PE and PPE multigene families which are the causative agents for the virulence of the
bacteria. It is therefore, important to work on the identification and characterization of the
PE and PPE proteins that are unique to mycobacteria virulence and these are extremely
important for understanding the mechanism of pathogenesis in TB. These PE and PPE
proteins are unique to mycobacteria, have evolutionarily expanded protein families
preferentially in the virulent mycobacteria (Gey van Pittius et al., 2006) and are absent in
the human host, making them ideal for diagnosis and drug targeting for the design of new
anti-TB drugs.

Since the number of sequenced genomes are increasing rapidly, bioinformatics
and computational methods play a major role in annotating and assigning the function of
uncharacterized proteins, thus making biochemical characterization of unknown proteins
easier with reasonable efficiency. Mostly sequence and three dimensional (3D) structure
based methods are used in annotating protein functions. Computational methods have
been developed to predict the catalytic residues important for the protein activity, thereby
their local spatial arrangements can be used to categorize protein fold and function. In
addition, these initiatives will add considerable value to the current volume of structural
genomics data by reducing the number of absent or inaccurate functional annotations of
the proteins. Thus, the challenge of assignment of function to proteins can be achieved by
implementing new and reliable computational methods. Also, once the fold and function
for a particular protein is available it may serve as a biological receptor to design new
anti-TB potential drug candidates/inhibitors with high affinity and selectivity using
various computer aided-drug design tools such as molecular docking methodologies
(Speck-Planche et al., 2010). Molecular docking techniques can be used to screen the
large databases available to select new and potent drug candidates/inhibitors, which

further can be synthesized and biologically tested against pathogenic mycobacteria.
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1.2 Computational Methods

1.2.1 BLAST

The Basic Local Alignment Search Tool (BLAST) is a program developed and
maintained by the National Center for Biotechnology Information (NCBI). BLAST is
widely used for comparing amino acid sequences or nucleotide sequences of different
proteins or the nucleotides of DNA sequences for sequence similarity search. Using
BLAST search researcher can compare a query sequence of interest with a database of
sequences, and can identify homologous sequences that are similar to the sequence
provided by the user above a certain threshold. BLAST uses a basic algorithm which is
heuristic and rapidly finds local alignments with scores that are statistically considerable.
The BLAST algorithm first looks for close matches to words within database sequences,
then searches these matches within longer and high-scoring local alignments finally
providing the results of the alignments ranked according to E-value. A low E-value is
indicative of matching between the aligned sequences (Altschul et al., 1990).

1.2.2 PSI-BLAST

Position Specific Iterative BLAST (PSI-BLAST) can find matches with sequences that
were scored too low to be considered in a normal BLAST search. PSI-BLAST constructs
a multiple alignment from BLAST output data, it processes this alignment into a position
specific scoring matrix (PSSM), then it uses this matrix to search more matching words in
the database that can be used to detect even more distant homologs. The aim of PSI-
BLAST is to concentrate on the alignment of positions that are important, while allowing
for more variability in areas that are not so important. PSI-BLAST uses iterative searches
till no new sequences are identified or a user set limit threshold is reached (Altschul et al.,
1997). The PSI-BLAST program can also be used to search for homologous 3D structures
in PDB available at www.rcsh.org/, in order to select appropriate templates for
constructing 3D structure models of the template sequence using the comparative
modeling methods. The BLAST methodology is available at
http://blast.ncbi.nlm.nih.gov/Blast.cgi.
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1.2.3 Sequence Alignment
1.2.3.1 CLUSTALW
ClustalwW (Thompson et al., 1994) is one of the most widely used program for multiple
sequence alignment. The "W' signifies a specific version that is improvised from original
Clustal program.
Following steps are involved in CLUSTAL algorithm.
1. The method calculates all possible pairwise alignments and reports the score for
each pair of alignment
2. Calculates a guide tree based on the pairwise distances using neighbor joining
algorithm
3. Finds the two most closely related sequences
4. Aligns the sequences using progressive method in the following way
a. Calculates the consensus of the alignment
b. Replaces the two sequences with the consensus
c. Finds the two next-most closely related sequences
d. Iterate until all sequences have been aligned
5. Expands the consensus sequence alignment with the original sequence alignment

6. Finally reports the multiple sequence alignment

1.2.3.2 CLUSTALX 2.1

CLUSTALX is a graphical interface and a flexible advancement to the CLUSTALW
multiple sequence alignment program which can be used for both nucleotide and amino
acid sequences. CLUSTALX displays the multiple sequence alignment on the screen with
an opportunity for versatile coloring theme highlighting the conserved residues. It also
provides a pull-down menu bar which provides both customary multiple sequence and
profile alignment, similar to the CLUSTALW. New features of this program includes: the
facility to detect the suspected regions and realign selected residue sequence, user can
cut-and-paste sequences to alter the order of the alignment, then select the sequence of the
alignment realign and put it back into the original sequence alignment (Thompson et al.,
1997). CLUSTALW is available at http://www.ebi.ac.uk/Tools/clustalw?2/.
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1.2.4 Signal Peptide Server

The signal peptide is a short peptide sequence mostly present at the N-terminus initiating
the secretory pathways and determines the efficiency of secretion in newly synthesized
proteins. The SignalP is a program to predict the presence, absence and location of signal
peptide/signal sequence cleavage sites in amino acid sequences of Gram-positive/Gram-
negative bacteria. In this method cleavage sites/signal peptides are predicted based on
Hidden Markov models and  combination of some artificial neural networks
(Emanuelsson et al., 2007). Signal peptide server is available at
http://www.cbs.dtu.dk/services/SignalP/.

1.2.5 Protein Structure Databank

PDB is a 3D structural database of large biological macromolecules, for example proteins
and nucleic acids, and it was initially established at Brookhaven National Laboratories,
USA in 1971. The structures are solved by biologists and biochemists from all over the
world using X-ray crystallography, cryoelectron spectroscopy or NMR spectroscopy. This
database may help researchers in understanding the drug target and disease thereby
helping in designing new drug candidates using computational tools and thus creating a
niche for molecular biologists. The available PDB file format can be viewed by using
many freely available graphic software. PDB is accessible at www.rcsb.org/ (Berman et
al., 2000).

1.2.6 Modeling Methods

1.2.6.1 FUGUE

FUGUE is a computational technique to find distant homology by sequence and 3D
structure comparison in order to develop structural and functional relationship. FUGUE
uses global-local algorithm method to align and compare sequence structure pair, when
lengths vary significantly, or else uses the global algorithm. It utilizes structure-dependent
gap penalties and environment-specific substitution tables to evaluate the matching,
insertions and deletions using local environment. The gap penalty at every position of the
structure is assessed using its solvent accessibility, its position with respect to the
secondary structure elements (SSEs) and the preservation of the SSEs. Consequently,
FUGUE generates alignments which represent a better relatedness between the amino
acid sequences of the query protein and the template structure. FUGUE scans 3D

structural database, evaluates the sequence-structure compatibility scores finally
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providing potential homologues and alignments (Shi et al., 2001). It involves three steps,
the first step constructs the environment-specific amino acid substitution tables using
homologous structure alignments which are based on high-resolution 3D coordinates of
the known proteins, the second step generates a database of structural profiles from
structural alignments using the structure-dependent gap penalties and environment-
specific amino acid substitution tables and the last step aligns the sequence alignment
against each profile in the profile library. The statistical significance of each comparison,
is evaluated to predict the possible evolutionary relationships and the sequence-structure
compatibility. FUGUE is available at (http://tardis.nibio.go.jp/fugue/prfsearch.html).

1.2.6.2 Homology Models

When experimentally determined protein structures are not available, comparative or
homology modeling provides a useful method to build a 3D model for a protein target
that is related to at least one of the known protein structures (Blundell et al., 1987;
Browne et al., 1969; Marti-Renom et al., 2000; Sali and Blundell, 1993). From the 3D
structural comparison of homologous proteins it is obvious that 3D structures are more
conserved in evolution than their protein sequences because the mutual orientation of the
secondary structures are similar, further amino acid replacement mostly occurs at the
surface. The 3D framework of the homologous proteins can therefore be used for
modeling a protein with unknown tertiary structure. First, one has to align the fragment of
the known high homologous protein sequence with the unknown which provides the basis
for model building. After the mainchain construction, the next step is to model the
sidechain conformations. The simple method of modeling sidechain residues is to use the
most probable conformation where no useful guidance is available from equivalent
sidechain residues of the homologous proteins (Sutcliffe et al., 1987a; Sutcliffe et al.,
1987bh).

MODELLER is a program which uses homology or comparative modeling
method to predict a reliable 3D model structure from its amino acid sequence by
satisfaction of spatial restraints with respect to probability density functions. It is based on
the alignment between the sequences to be modeled with the sequence of known
experimentally determined template structure. The program automatically builds a model
based on target-structural alignment for all non-hydrogen atoms in the protein structure
by the satisfaction of the spatial restraints that includes loops which are not homologous

to target sequence and minimizes final 3D model. The proteins built using this method on
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low sequence homology can yield good quality and reliable models with great accuracy
comparable to low resolution experimentally determined structures (Sali and Blundell,
1993). Therefore comparative homology modeling using rigid body assembly, matching

segments and satisfying spatial restraints are the most reliable methods and widely used.

1.2.6.3 PHYREZ2

Protein Homology/AnalogY Recognition Engine (PHYRE?2) program can also be used for
predicting the structure of an unknown protein. This method also follows
comparative/homology modeling method for predicting protein structure by sequence-
structure comparison because proteins are most probably related with their 3D structures
than their protein sequences. PHYREZ2 provides results in a way that user can see the
template sequence matches in a color coded pattern based on confidence and coverage of
the sequence length. The presence of secondary structural elements such as a-helices, B-
strands and disordered regions are also presented in a colored confidence bar. This
method involves profile-profile or hidden Markov model - hidden Markov model
alignment procedure for building 3D structure of a target protein sequence (Kelley et al.,
2015). Using PHYREZ2 user can also find ligand binding sites/pockets which can be
further utilized by researchers in understanding the disease targets. PHYRE?2 is available

at available at http://www.sbg.bio.ic.ac.uk/phyre2.

1.2.7 Homology Model Validation

1.2.7.1 PROCHECK

A program that checks the stereochemical excellence and geometry of the protein
structures (PROCHECK). PROCHECK helps researches to evaluate the modeled 3D
protein structures. PROCHECK calculates two torsion/dihedral angles for amino acids in
the modeled protein (Ramachandran map) (Ramachandran et al., 1963). The first angle is
called phi (¢) angle present around the bond between N-Ca and the other angle is called
Psi (y) angle present around the bond Ca-C along the peptide backbone. These torsion
angles are restricted to certain values called allowed angles providing the needed
flexibility to proteins such that the proteins can be moulded in a certain fold otherwise
few torsion values may cause instability in protein fold due to rise in steric interactions
between mainchain and the sidechain atoms of the amino acid residues, these angles are
called disallowed angles. There is another possible flat torsion angle fixed to 180° called

omega (o). This planarity is developed due to the resonance by the partially double
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bonded peptide bond that restricts the rotation around the C-N bond. Thus the
arrangement of the amino acids in space of the protein 3D structures can be verified by
scrutinizing the Ramachandran angles. In this way PROCHECK is used to evaluate the
detailed stereochemistry of the protein structure, by checking residue-by-residue
geometry (Laskowski RA, 1993). PROCHECK IS available at
http://nihserver.mbi.ucla.edu/SAVES/.

1.2.7.2 Verify_3D

Verify_3D is developed for evaluating the protein models constructed by various
modeling tools. The basic concept in this program involves determining the compatibility
of a built 3D protein model with its own amino acid primary chain by means of assigning
a stereochemistry based on its local environment of each residue, described based on the
following steps; 1. overall residue positions in model 2. the fraction of sidechain area of
the residues buried in the fold that is covered by polar atoms like O, N and etc, and 3. the
localization of SSEs such as a-helix, p-sheet and loop; and finally comparing the results
to good structures. For known 3D protein structures, the 3D profile score for the amino
acid sequence of the model is high. The profile score of a model depends on its size and
its validity. The 3D profile score of correct models enhance with molecular weight of the
protein (Bowie et al., 1991). 3D profile score is a 3D-1D score that measures the
compatibility of the amino acid sequence with its own 3D structure. This is most widely
used in the homology modeling projects to validate the structures. 3D-1D score is plotted
against each residue position to expose local regions or environment of the relatively
high/low 3D-1D compatibility (Luthy et al., 1992).

1.2.8 MAPSCI

Multiple Alignment of Protein Structures and Consensus Identification (MAPSCI)
follows heuristic algorithm. Users either upload the coordinates of the proteins or directly
obtain them from PDB. MAPSCI provides the results in PIR formats which can be
viewed using visualization software. MAPSCI is iterative method of computing the
multiple structural alignments for the given set of proteins, it also generates consensus
structure by representing every single protein as set of triplets which approximates the
multiple structural alignment and minimizes the sum of pairwise distances between
consensus and to the other proteins. MAPSCI is available at http://www.geom-

comp.umn.edu/mapsci/. (Ilinkin et al., 2010).
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1.2.9 Sequence Comparison

1.2.9.1 CD-HIT

Cluster Database at High Identity with Tolerance (CD-HIT) is used to cluster large
numbers of proteins or nucleotide datasets. CD-HIT program is faster than other tools in
comparing sequences and database search tools by reducing manpower. This program is
based on the incremental clustering algorithm. In this program sequences are first
arranged in decreasing order of their sequence lengths. The longest sequence is taken as a
representative for the first cluster. Now, each sequence is compared with the
representatives of existing earlier chosen clusters. If the similarity in the sequence with
any chosen representative occurs above a certain threshold, it is grouped and placed into
that cluster. Otherwise, that sequence is taken as a representative for a new cluster. Short
word filtering (counting words) is the algorithm applied by CD-HIT for the analysis of
each sequence comparison to prove if the resemblance between two sequences is below
the clustering limit. If this is not confirmed then an actual sequence alignment method is

used for sequence comparison (Li and Godzik, 2006).

1.2.9.2 MEGA

Molecular Evolutionary Genetic Analysis (MEGA) is a computer program used to
analyse DNA and protein sequence alignments and estimate evolutionary distances and
inferring the phylogenetic trees. It involves three steps. First step is to provide the DNA
or protein sequences of interest to the MEGA program. Second step is the alignment of
sequences using Clustalwwv and MUSCLE (Edgar, 2004). Third step is the construction of
a phylogenetic tree from the second step of aligned sequences (Kumar et al., 1994;
Tamura et al., 2011).

1.2.9.3 Phylogenetic Tree

Phylogenetic tree also known as evolutionary tree is a method of representing the
evolutionary relationships among a set of biological species or organisms called taxa. The
tips of the tree joined together indicates descendent and the nodes of the tree indicates the

common ancestors of those descendents. Phylogenetic tree is of three types

1. Rooted tree: It has a unique node representing the most common ancestor
2. Unrooted tree: No proper ancestor root
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3. Bifurcating tree: It can be either rooted or unrooted bifurcating tree. Rooted
bifurcating tree is a binary tree consisting of two descendents. Unrooted
bifurcating tree is a unrooted binary tree

1.2.9.4 Bootstrapping

Bootstrapping is a computational tool used for assessing the phylogenetic trees introduced
by Felestein (Felsenstein, 1985). Bootstrapping is based on Efron’s bootstrap re-sampling
technique, for example for the given sequences it generates new set of sequences by
randomly choosing nucleotides. A tree is rebuilt with these set of sequences and verifies
whether the same nodes are recovered i.e compared with the original tree. This is repeated
several times until a 95% bootstrap value is obtained i.e. the same node is recovered after
95 to 100 iterations (Efron et al., 1996).

1.3 Chemical Libraries

A chemical library is a database of chemical compounds which are generally used for
high throughput screening in drug discovery. Database is a storehouse with compound
information like purity, structure, quantity and etc. These databases of chemical
compounds are useful for the researchers in drug discovery. The selected drug target is
screened with a set of chemical compounds depending on the active site of the target.
Chemical libraries are classified based on their structure such as lead like, natural product
like, peptide like and etc. These databases are usually synthesized and maintained by
chemists. The chemical space around these compounds is usually large but increases with
the molecular weight of the compound. Initially, the screening of these chemical libraries
will be carried out against a particular drug target and then the chemicals with the desired
activity are chosen for the preliminary hits. After primary screening the hits are again
tested for their activity. Once hit chemical is confirmed, commonalities among the
different functional groups are studied for a particular chemical subspace and if needed
chemical library is extended in that particular subspace by synthesizing more derivatives
to the hit compound. Now, these library of compounds will be validated from hit to lead
in the active molecule drug discovery development (Huggins et al., 2011).

Several chemical libraries are available. For example,

National Cancer Institute (NCI): http://cactus.nci.nih.gov/

MDL Inc: http://www.mdl.com/products/experiment/available_chem_dir/index.jsp

ZINC database: http://blaster.docking.org/zinc/
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1.4 Virtual Screening and Molecular Docking

Virtual screening of databases is a common technique used in the early stage of drug
discoveries by evaluating very large databases which reduces experimental efforts and
time in making a drug by medicinal and computational chemists. Virtual screening is
classified into two types, structure based screening i.e. target based docking, another is
ligand based virtual screening i.e., using active library of compounds as templates.
Structure based screening is called molecular docking. Docking is most widely used
computational technique in the drug development process for structure based drug design
to calculate protein - ligand interactions and also binding affinities (Schneider and Bohm,
2002).

Here ligand is a small molecule docked into a protein that is a target structure with
all possible conformations and orientations where each docking position is considered as
pose. Further to screen the energetically allowed/favorable pose, each pose is validated
with a value known as dock score. These scores are based on the pose of the ligand in the
target protein by taking into account various terms such as electrostatic interactions and
van der waals interactions between the ligand and the target protein. This process is
iterated for all the molecules available in the database used and ranked in the order of
scores. A high score indicates the good binding of the ligand in the target protein or a best
fit and is considered as active ligand/inhibitor. Another more specific way of evaluating
the scores is by calculating the affinity score for the best fit ligands that can be obtained
from the following equation, where the change in free energy term upon binding of a
ligand molecule to the target protein can be described as a sum of individual contributions
(Kroemer, 2007).

AGping = AGint + AGsolv + AGeont + AGmotion

Gint is a specific ligand—receptor interactions

Gsolv IS the interactions of ligand and target protein with solvent

Geonf is the conformational changes in the ligand and the target protein

Gmotion Indicates motions in the target protein and the ligand during the complex

formation
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1.5 Molecular Dynamic Simulations

Molecular dynamic simulations (MD) is a computer based method applied to investigate
the dynamic behaviour of the atoms and the molecules on the whole. The atoms and
molecules are allowed from fast to slow internal motions. This method determines the
interaction between the particles by solving Newton's equations of motions. This method
is now widely applied to study the dynamic behaviour, thermodynamic stability,
appropriate folding of biological molecules like proteins. Molecular mechanical force
fields are applied to investigate the forces and potential energies of the interacting
particles (Karplus and McCammon, 2002; Snow et al., 2005).

MD simulations can be applied to investigate the proper orientations of protein
and ligand. Docking is a technique where the screening of large libraries of
inhibitors/ligand/drug-like molecules is carried out that allows them to use the vast
conformational space in a short time. Sometimes, docking does not allow the flexibility of
the protein and is restricted upon ligand binding. However, MD simulations allows
induced fit of the protein and ligand i.e. protein is flexible and the effect of solvent
molecules can also be studied. However, MD simulations are computationally expensive
and time-consuming therefore, the combination of the two techniques is used as a
standard method to reduce time and fast screening of large libraries of inhibitors.
Therefore molecular docking is done first, then MD simulations are carried out to search
appropriate conformations of the protein receptor, refinement of the protein - ligand

complex and calculation of accurate binding energies (Alonso et al., 2006).

1.6 General Reagents and Methods for Biochemical Studies.

1.6.1.1 pET-28a Vector for High-Level Expression of Recombinant Proteins in E.
coli

The pET-28a vector is designed with N-terminal His tag/thrombin cleavage site/T7 tag
configuration and an optional C-terminal His tag sequence, kanamycin resistance and
restriction enzyme cloning. These sites are shown in the circular map below (Figure 1.4
and 1.5). T7 RNA polymerase allows transcription of the cloning/expression region of the
coding strand. The f1 origin in the pET-28a vector is framed such that the infection with
helper phage produces single-stranded DNA that correspond to the coding strand. Hence,
sequencing of the single stranded DNA (virions) must be performed with the T7

terminator primer.
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Figure 1.4. pET-28a-c vector circular map (Source: Novagen, http://www.helmholtz-
muenchen.de/fileadmin/PEPF/pET _vectors/pET-28a-c_map.pdf)
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T7 terminator primer #69337-3

Figure 1.5. pET-28a-c vector cloning or expression region (Source: Novagen,
http://www.helmholtz-muenchen.de/fileadmin/PEPF/pET _vectors/pET-28a-c_map.pdf)

1.6.1.2 Preparation of Media, Transformation buffer, Glycerol Stock , E. coli DH5a
Competent Cells, E. coli BL21 Competent Cells, Gel loading dye and IPTG

Luria Bertani (LB) Broth

LB is a widely used bacterial culture medium in the laboratories. The LB medium was
prepared by dissolving 10 g of tryptone, 5 g of yeast extract and 10 g of NaCl in ~800 mL
of distilled water. The contents were stirred and finally made up to 1 L with distilled
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water. The pH of the medium was adjusted to 7.2 with 1 N NaOH and then sterilized by
autoclaving at 15 Ib/sq from 121-124 °C for 15 min. When required antibiotic was added
after cooling the medium to 45 °C. Whenever necessary LB agar plates were prepared by
adding 1.5% agar to LB broth, before pouring into the plates, sterilized LB broth

containing agar.

Super Optimal Broth (SOB) Media

1. Measured 900 mL of distilled H,O
Added 20 g Tryptone
Added 5 g Yeast Extract
Added 0.5 g NaCl
Added 10 mL of 250 mM KCI
Added 5 mL of 2 M MgCl,
Added 5 mL of 2 M MgSQO,
Adjusted to 1 L with distilled H,O

Sterilized by autoclaving

© 0o N o g bk~ w DN

Transformation buffer
Prepared 0.5 M PIPES, adjusting the pH to 6.7 with KOH.

Mixed the following to get the required concentrations

Reagent Amount/liter Final concentration
MnCl,.4H,0 10.88 ¢ 55 mM
CaCl,.2H,0 2209 15 mM
CaCl,.2H,0 18.65¢ 250 mM
PIPES (0.5 M, pH 6.7,) 20 mL 10 mM
H,0 1L

Then it is filtered using a Millipore filter and stored at -20 °C.

Glycerol Stock Preparation

Added 0.5 mL bacterial culture in a sterile eppendorf tube and added 0.5 mL of sterile

80% (v/v) glycerol solution and stored at —20 °C.
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DHS50 Competent Cells
DHS5a supports blue/white screening, recAl and endAl mutations in DH5a™ increases

insert stability and improves the quality of plasmid DNA prepared. DH5a cells have the

following benefits-

1.

High transformation efficiency and wide range of efficiencies from >1 x 10°

to >1 x 10° transformants/pg

Enhances the plasmid yield and quality due to endA1 mutation

Allows blue/white screening of recombinant clones due to lacZAMI1S5. Also
increases insert stability due to recAl mutation

Competent Cell Preparation (E. coli DH5a)

1.
2.

Sterilized glassware, media and buffers

Day 1: Streaked out frozen glycerol stock of bacterial cells onto LB plate (no
antibiotics were added since these cells do not have a plasmid in them). Allowed
to grow overnight at 37 °C

Day 2: Prepared primary inoculum by selecting a single colony of E. coli (DH5a
cells) from fresh LB agar plates and inoculating a 10 mL culture of LB (no
antibiotics). Allowed to grow culture at 37 °C in shaker overnight

DH5a cells were grown in LB broth of 100 ml at 37 °C with primary inoculum of
1% till the cell density reached to an absorbance 0.6 OD at 600 nm

Cultures were chilled on ice for 30 min. Harvested the cells by centrifugation at
4000 rpm for 15 min at 4 °C

Decanted the supernatant and the pellet was then resuspended in 40 mL of ice cold
0.1 M MgCl, and incubated on ice for 30 min

After incubation harvested the cells by centrifugation at 4000 rpm for 15 min at 4
°C, Decanted the supernatant

Resuspended the pellet in 10 mL of 0.1 M CacCl;, and incubated on ice for 60 min.
After incubation harvested the cells by centrifugation at 4000 rpm for 15 min at 4
°C. Decanted the supernatant

Cells were resuspended gently in 15% sterile glycerol and frozen 200 ul aliquots

in liquid nitrogen and later stored at -80 °C
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E. coli BL21 (DE3) CodonPlus-RIL Competent Cells

BL21-CodonPlus competent cells are bacterial cells obtained from Stratagene for high
levels of expression. These cells are designed such that they increase the expression levels
of heterologous proteins in E. coli which otherwise are inadequate due to the shortage of
certain tRNAs that are plentiful in the organisms containing heterologenous proteins.
Forced high-level expressions causes scarcity of tRNA molecules thereby disrupting the
translation resulting in truncated protein expression or sometimes no protein expression.
BL21-CodonPlus strains are designed such that they contain extra copies of tRNAs that
mostly reduce the translation of heterologous proteins in E. coli and resolve codon bias
problem. Therefore BL21-CodonPlus (DE3)-RIL cells are widely used strains for high-
level protein expression. These cells provide easy induction in T7 promoter derived
vectors for example pCAL and pET vectors. Further, BL21-CodonPlus (DE3)-RIL cells
are designed such that they hold extra copies of the argU, ileY, leuwW and proL tRNA
genes. The role of these genes is to encode tRNAs that recognize the codons of some
amino acids like arginine codons AGA and AGG, the leucine codon CUA, and the
isoleucine codon AUA, respectively. The CodonPlus-RIL strains contain tRNAs which

reduce the translation of heterologous proteins from containing AT-rich genomes.

E. coli BL21 Competent Cells Preparation

1. Sterilized glassware, media and buffers.

2. Day 1: Streaked out frozen glycerol stock of bacterial cells onto LB plate (with the
appropriate antibiotics added. Allowed to grow overnight at 37 °C

3. Day 2: Prepared primary inoculum by selecting a single colony of E. coli (BL21
cells) from fresh LB agar plates and inoculating a 10 mL culture of LB (with
appropriate antibiotics). Allowed to grow culture at 37 °C in shaker overnight

4. DH5a cells were grown in LB broth of 100 ml at 37 °C with primary inoculum of
1% till the cell density reached to an absorbance 0.6 OD at 600 hm

5. Harvested the cells by centrifugation at 4000 rpm for 15 min at 4 °C

6. Decanted the supernatant and the pellet was then resuspended in 40 mL of ice cold
0.1 M MgCl,

7. Harvested the cells by centrifugation at 4000 rpm for 15 min at 4 °C, decanted the

supernatant
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8.

Resuspended the pellet in 10 mL of 0.1 M CacCl, and incubated on ice for 45 min.
After incubation harvested the cells by centrifugation at 4000 rpm for 15 min at 4
°C. Decanted the supernatant

Cells were resuspended gently in 15% sterile glycerol and frozen 200 ul aliquots
in liquid nitrogen and later stored at -80 °C

Gel loading dye (6x)

1.

0.25% Bromophenol blue

2. 0.25% Xylene Cyanol blue
3.
4. Appropriate amount of DNA samples were mixed with 4 ul of 6X loading buffer

30% Glycerol in water

and loaded into the wells of submerged gel. Electrophoresis was carried out at 100
volts till the bromophenol blue reaches the end of the gel

Isopropyl B-D-thiogalactoside (IPTG)

1 M IPTG stock solution was prepared by dissolving 0.238 g of IPTG in 10 mL of sterile

double distilled water. The stock solution was stored in 1 mL aliquots in eppendorf tubes

at -20 °C. When required the stock solution was thawed and adequate amount was added

to the medium to get 1 mM working concentrations of IPTG.

1.6.1.3 Polymerase Chain Reaction (PCR)

Following steps are involved in PCR

1.

Denaturation: DNA is heated at 95 °C for 20-40s. The double-stranded DNA
melts and yields a single-stranded DNA

Annealing: This is done at medium temperatures ~ 54 °C (depending on GC
content) for 20-40 s, the primers anneal with the single-stranded template DNA
the polymerase enzyme attaches and starts copying the complementary part of the
template. The annealing temperature is maintained 3-5 °C lower than the melting
temperature (Tm) of the primers

Extension/Elongation: This step is done at ~ 72 °C. In this step polymerase
synthesizes new DNA strand that is complementary to the template DNA by
adding dNTPs
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4.

Final elongation: This step is performed at a temperature of 70-74 C for 5-15
min after the last PCR cycle to make sure that the remaining single-stranded DNA
is fully extended

For every cycle, a single molecule of double-stranded template DNA is amplified into

two separate molecules of double-stranded DNA. These two molecules are further used

for amplification in the next cycle. These cycles are repeated such that more copies of

DNA are generated, increasing the number of template copies exponentially.

1.6.1.4 PCR Purification Protocol
In this protocol (Qiagen) single or double stranded DNA fragments are separated from

PCR. Fragments ranging from 100 bp to 10 kb are purified, using QlAquick spin columns

in a micro centrifuge.

1.

o ok~ w D

Added 5 volumes of Buffer PB to 1 volume of the PCR sample and mixed
thoroughly

Placed the Qiaquick spin column in a 2 mL collection tube

Applied the sample to QIAquick spin column and centrifuged for 60 s

Discarded the flow-through and kept the QlIAquick spin column back in the tube
Washed the column with 0.75 mL PE Buffer and centrifuged for 60 s

Discarded the flow-through and centrifuged for an additional 1 min at maximum
speed

Kept the QIAquick column in a clean 1.5 mL micro centrifuge tube

Eluted the DNA by adding 10 ul of EB Buffer or water to the center of the

membrane and waited for 1 min, then centrifuged for 60 s

1.6.1.5 Agarose Gel Electrophoresis
Tris Acetic acid EDTA (TAE) Buffer (stock 50 X)

Reagent Amount/liter
Tris base 242 g
Glacial acetic acid 57.1mL
0.5 MEDTA 100 mL
Distilled water 900 mL
Final volume 1L
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Measured 1 g of agarose. Agarose gels are commonly prepared in concentrations
of 0.7% to 2% depending on the size of DNA needed to be separated. This is
achieved by simply adjusting the amount of starting agarose (i.e. 29/100mL will
give you 2%)

Poured agarose powder into microwavable flask along with 100 mL of 1XTAE
Microwaved for 1-3 min (until the agarose is completely dissolved)

Now agarose solution is allowed to cool for 5 min, then added ethidium bromide
(EtBr) approximately 0.2-0.5 pg/mL. EtBr binds to the DNA and allows
visualization of the DNA under ultraviolet (UV) light

Poured the agarose into a gel tray with the well comb in place

Allowed newly poured gel to sit at room temperature for 20-30 minutes, until it
has completely solidified

1.6.1.6 Gel Extraction of DNA
This protocol (Qiagen) is designed to extract and purify DNA fragment of 70 bp to 10 kb

from standard agarose gels in TAE or TBE Buffer. Up to 400 mg agarose can be

processed per a spin column.

1.

Excised carefully the DNA fragment from the agarose gel with a clean, sharp
scalpel. Minimized the size of the gel by removing extra agarose

Weighed the scalped gel slice in a colorless tube. Added 3 volumes of QG Buffer
to 1 volume of gel (100 pl ~ 100 mg)

Incubated at 50 °C for 10 min until gel slice is completely dissolved. Mixed
thoroughly by vortexing the tube to enable and dissolve the gel during incubation.
Solubilised agarose completely when required increased the incubation time

After the gel slice is dissolved the color of the mixture turned to yellow. When
colour of the mixture is orange or violet, added 10 pl of 3 M Sodium acetate pH
5.0 and mixed. The color turns yellow

Added 1 gel volume of isopropanol and mixed thoroughly. For 100 mg agarose
slice added 100 pl of isopropyl alcohol

Now placed the QIAgick column in the 2 mL collection tube

Applied the sample to the QlAquick column which allows binding of DNA,
centrifuged for 1 min

Discarded the flow-through and kept the column back in collection tube

31



9. Added 0.5 mL of QG Buffer to QIAquick column and centrifuged for 1 min

10. Washed the QIAquick column with 0.75 mL of PE Buffer and centrifuged for 1
min Discarded the flow-through and centrifuged for an additional 1 min at 13000
rpm

11. Placed the QlAquick column into a clean 1.5 mL micro centrifuge tube

12. Eluted the DNA by adding 40 pl of EB Buffer or water to the center of the
QIAquick membrane. Allowed it to stand for 1 min and centrifuged at maximum
speed for 1 min

1.6.1.7 Transformation into E. coli DH5a cells

1. The frozen competent DH5a cells were allowed to thaw by placing them on ice
bath
1-2 pl of plasmid having desired gene was added and incubated on ice for 30 min

2. After 30 min, the cells were subjected to heat shock at 42 °C for exactly 90 s and
immediately chilled on ice for 5 min

3. 1 mL of LB broth was added and incubated at 37 °C for 60 min

4. The cells were collected by centrifugation at 4000 rpm for 10 min and again
suspended in 200 pl of LB broth

5. Cells were plated on LB agar plates containing required concentration of
antibiotic. The plates were then incubated at 37 °C to allow the 12 h for colonies

to appear

1.6.1.8 Plasmid Purification Protocol
Followed method of Qiagen
1. Picked a single colony from a freshly streaked selective bacterial plate and
inoculated a primary culture of 2-3 mL LB medium containing the appropriate
antibiotic. Incubated for approximately 8 h at 37 °C with vigorous shaking
(approximately 300 rpm)
2. Diluted the primary culture 1/500 to 1/1000 into 3 mL selective LB medium.
Grown at 37 °C for 12-16 h with vigorous shaking (approximately 300 rpm)
3. Harvested the bacterial cells by centrifugation at 6000 x g for 15 min at 4 °C
4. Resuspended the bacterial pellet in 0.3 mL of Buffer P1. RNase A has been added

to Buffer P1 before use
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5. Added 0.3 mL of Buffer P2, mixed thoroughly by briskly inverting the sealed tube
4-6 times, and incubated at room temperature (15-25 °C) for 5 min

6. Added 0.3 mL of chilled Buffer P3, mixed immediately and thoroughly by
vigorously inverting 4-6 times, and incubated on ice for 5 min. Precipitation is
enhanced by using chilled Buffer P3 and incubation on ice. After adding P3
Buffer, a fluffy white material forms (like precipitate) and the lysate becomes less
viscous. This fluffy white material contains genomic DNA, proteins, cell debris
and etc. The lysate was mixed thoroughly. Centrifuged for 10 min at maximum
speed of 10,000-13,000 rpm in a microcentrifuge. Removed supernatant
containing plasmid DNA promptly

7. The supernatant from above step is added to the QIAGEN-tip 20 and allowed it to
enter the resin by gravity flow

8. Washed the QIAGEN-tip 20 with 2 x 2 ml Buffer QC. Allowed Buffer QC to
move through the QIAGEN-tip by gravity flow

9. DNA is eluted with 0.8 mL Buffer QF. Collected the eluate ina 1.5 mL or 2 mL
microcentrifuge tubes

10. Precipitated DNA by adding 0.7 volumes of room temperature isopropyl alcohol
to the eluted DNA. Mixed and centrifuged immediately at >15,000 x g rpm for 30
min in a microcentrifuge. Carefully decanted the supernatant

11. DNA pellet was washed with 1 mL of 70% ethyl alcohol and centrifuged at
15,000 x g for 10 min. Carefully decanted the supernatant without disturbing the
pellet

12. Air-dried the pellet for 5-10 min and redissolved the DNA in a TE buffer, pH 8.0,
or 10 mM Tris-HCI, pH 8.5)

1.6.1.9 Expression of Protein by IPTG Induction

1. On Day 1, a single bacterial colony of BL21 cells carrying plasmid was inoculated
into 5 mL of LB medium containing kanamycin (35ug/mL) and was grown by
incubating at 37 °C with vigorous shaking (200 rpm)

2. On day 2, 10 mL of LB media was inoculated (it is not necessary to include
antibiotics for expression) with 2 % of the overnight culture

3. Culture was grown at 37 °C with vigorous shaking until the absorbance at 600 nm
reaches to 0.4-0.6
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1 mL aliquot of cells prior to IPTG induction was removed, centrifuged in a micro
centrifuge, the supernatant was separated carefully. The cell pellet was frozen at -
20 °C. This was the time zero sample

IPTG was added to a final concentration of 1 mM and was left to grow for 4- 6 h
After incubation, expression was checked with coomassie stained protein gel, 1
mL sample was removed and centrifuged as described in Step 4. Cell pellet was
frozen at -20 °C and induced samples were checked for expression. Checked
expression in both the total cell extract soluble and insoluble fractions. If the
target protein is insoluble, repeat expression at a lower temperature (15 to 30 °C)
Cell pellets were suspended in 50 pl of 4 X SDS-PAGE sample buffer

30 pl of each of the pellet samples were loaded on 18% SDS-PAGE after boiling

for 5 min and electrophoresis was carried out

1.6.2 SDS- PAGE Electrophoresis

12% Resolving gel,( pH 88)|4%  stacking gel,( pH 6.8)
volume volume

1.5 M Tris-HCI buffer 1.25 mL 0.5 M Tris-HCI buffer 0.416 mL
30% acrylamide 3mL 30% acrylamide 0.5mL
10% SDS solution 33.3 ul 10% SDS solution 33.3 ul
10% APS solution 33.3 ul 10% APS solution 67 ul
TEMED 7 ul TEMED 8 ul

H20 0.684 mL | H.0 2.5mL

4X SDS sample buffer (8 mL)

2.5mL

0.5 M Tris-HCI pH 6.8

0.8 g SDS

4mLg
20% B-

lycerol
mercaptoethanol or dithiothreitol (DTT)

0.08 mL bromophenol blue slurry

Above all contents were mixed and made up to the volume to 8 mL with deionized water

Stored

in 1 mL aliquots at -70 °C.

Coomassie Blue Staining Protocol
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Procedure

First step is to fix the gel in fixing solution for 1 h or overnight containing 50% methanol

and 10% glacial acetic acid with gentle agitation.

Second step is staining the gel in staining solution containing 0.1% coomassie brilliant

blue R-250, 50% methanol and 10% glacial acetic acid for 20 min with gentle agitation.

Last step is destaining the gel in destaining solution containg 40% methanol and 10%

glacial acetic acid by changing the solution several times till the background of the gel is

completely destained.

After this the gels can be stored in the storage solution containing 5% glacial acetic acid.

Silver Stain Protocol

1.

Fixed the gel in fixation solution containing 50% methanol, 12% acetic acid and
37% formaldehyde (100 mL) for 30 minutes or overnight

Washed gel twice with at least 30 minutes per wash (50% ethanol)

Incubated gels in sodium thiosulfate (10 g in 50 mL of double distilled water) for
60 s exactly

Washed gels with double distilled water twice

Added silver nitrate solution (0.1 g silver nitrate and 30 ul formaldehyde in 50 mL
double distilled water) and allowed the gels to stain for 30 min in dark

Washed gels with double distilled water twice

Added developer solution (3 g sodium carbonate 30 ul formaldehyde in 50 mL
double distilled water). Kept it for 10 min

The reaction was stopped by adding destain (12% acetic acid)

Washed gels with double distilled water twice

1.6.3 Western Blotting
1x Towbin buffer

Reagent Amount/Liter
Tris HCI 309
Glycine 144 ¢
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Dissolved the above in double distilled water, added 400 ml of methanol, adjusted
volume to 1 L with double distilled water.

10x TBS buffer - 100 mL

Reagent Amount/Liter
Tris HCI 1.21¢g
NaCl 8.77¢

Adjusted pH with HCI (~ 3 mL) to 7.4; made up the volume to 100 mL.

IXTBST: 1x TBS prepared from 10x Stock, add 0.05% of tween 20.

Blocking solution-1x TBS with 5% casein.

Ponceau Stain-100 g of Ponceau salt in 5% acetic acid.

Primary antibody (Mouse anti-His monoclonal antibody)-1:2000 dilution
Secondary antibody (peroxidase-conjugated Goat anti Mouse 1gG)-1:2000 dilutions
Developer- 250 mL

Packet A 49
Packet B 22 ¢
Dissolve first A then add B
Fixer- 250 mL

60.75 g dissolved in water.

Protocol for Western Blotting

1. Soaked the SDS-PAGE gel and methanol pretreated PVDF membrane in 1x
Towbin buffer for 30 minutes

2. Placed the PVDF membrane in the sandwich chamber with 2 fiber pads and 2
filter papers all soaked in transfer buffer with facing the black side of the
sandwich down

3. The sandwich is black side, fiber pad, filter paper, SDS gel, membrane depending
on the size of the protein, filter paper, fiber pad and red side. After each layer roll
out to remove the air bubbles

4. Runthe gel at 4 °C (in the cold room) at 40 volts, overnight

5. After the trans-blot, air dried the blot and stained with the Ponceau reagent and

after visualization of the protein destained the blot by 1XTBST buffer
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6. Blocked the nonspecific sites with blocking solution

7. Kept in primary antibody on a rocker at 4 °C (in the cold room), overnight

8. Removed the primary antibody and washed the blot 3 times with 1XTBST buffer,
each for 5 minutes

9. Kept the blot in the secondary antibody at room temperature for 1 h on a rocker

10. Removed the secondary antibody and washed 3 times with 1XTBST buffer, each
for 5 min

11. Chemiluminescence reagent was prepared by mixing enhanced luminol reagent
from brown bottle and oxidizing reagent from white bottle immediately before use

12. Incubated the chemiluminescence reagent with the membrane for 30 seconds

13. The blot was developed with Supersignal west pico chemiluminiscent substrate

(GeneX) and visualized on a versa doc V5 (Bio-Rad)

1.6.4 Purification of Recombinant Protein by Affinity Chromatography
Denaturing Buffers for Talon™ column
Equilibration buffer/ Wash buffer (pH 7.0)
50 mM sodium phosphate

300 mM sodium chloride

8 M urea

Imidazole elution buffer (pH 7.0)

50 mM sodium phosphate

300 mM sodium chloride

150 mM Imidazole

Column regeneration buffer (pH 5.0)

20 mM MES

0.1 M NaCl

Column Preparation
1. Thoroughly resuspended the TALON Resin
2. Transferred the required amount of resin suspension to a column, for 100 pl bed
volume of resin 200 pl resin was added
3. Centrifuged for 2 min at 2000 rpm. Supernatant was separated carefully
4. 10 bed volumes of equilibration buffer was added and mixed briefly to pre-

equilibrate the resin
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5.

Centrifuged for 2 min at 2000 rpm. Supernatant was taken out carefully

Sample Preparation

1.

10.

Cell culture was harvested (cells expressing the desired protein checked by SDS-
PAGE) by centrifugation at 1,000—3,000 x g for 15 min. Supernatant was removed
Cell pellet was resupended by vortexing in 2 mL of chilled equilibration buffer
per 25 ml of culture <100 mL For cultures >1L, resuspended the pellet in 1-2% of
the original culture volume

This cell suspension was incubated for 20-30 min. Freeze thawed in order to lyse
the cells

Centrifuged for 15 min at 12000 rpm. Supernatant was taken out carefully and
loaded on the pre-equilibrated column

Column was gently agitated for 30 min on a platform shaker to allow the
polyhistidine-tagged protein to bind the resin

Centrifuged for 2 min at 2000 rpm. Supernatant was taken out carefully that is the
flow through (FT)

Column was washed thrice by adding 10 bed volumes of equilibration/wash buffer
first with 10 mM imidazole, later 20 mM imidazole and finally with 30 mM
imidazole respectively to remove non- specific binding of protein

Suspension was gently agitated for 10 min on a platform shaker to promote
thorough washing

All the washes were collected and kept at 4 °C for SDS-PAGE
Polyhistidine-tagged protein bound to the resin was eluted thrice by 200 ul of

elution buffer containing 150 mM imidazole (E)

All the samples were run on SDS-PAGE to determine the extent of purification

1.6.5 Gel filtration

Gel filtration is a technique used for purification of proteins/biomolecules. It is also called

as size exclusion chromatography. This technique is based on the differences in the size

of the biomolecules to be separated as they pass through the column packed with the gel

filtration material. Gel filtration is also used for the refolding of the denatured/unfolded

proteins. In gel filtration column, resin is made up of porous material/matrix with

physical stability and inertness. Here resin is stationary phase and the buffer is a mobile

phase.

Sephadex G-10, G-25 and G-50 are resins used for this purpose. Sephadex is
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cross-linked dextran gel available in various fractionation range that vary in the degree of
the polymerization. During gel flitration, larger proteins travel faster than the smaller
proteins and are eluted first.
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Chapter 2

Prediction of Certain Well-Characterized
Domains of Known Functions Within the PE and

PPE Proteins of Mycobacteria
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2.1 Introduction

As discussed in Chapter 1, TB caused by Mtb remains a major global health problem and
one of the main causes of death around the world (Zaman, 2010). Although DOTS and
BCG vaccine are available, the tubercle bacillus remains naturally resistant to many
antibiotics, making the treatment complicated and difficult (Cole and Telenti, 1995;
Snider and La Montagne, 1994). One of the major issues associated with TB patients is its
co-infection with HIV, significant variations in the efficacy of immunization with BCG
and the drug resistance resulting in the resurgence of MDR and XDR-TB (WHO, 2006).
Thus stressing the need for the development of novel strategies against TB (Andersen and
Doherty, 2005). The drug resistance is partially due to the highly potential hydrophobic
cell envelope (permeability barrier) (Brennan, 1994), drug-modifying enzymes and
potential drug—efflux systems (Cole et al., 1998). Hence efforts should be made in
developing new anti-TB therapeutic agents that could be administered for shorter duration
and most effective in completely killing the pathogen present in the human host (Koul et
al., 2004; WHO, 2014) and to control the infection of highly drug resistant strains
(Udwadia et al., 2012).

The complete nucleotide sequence of Mtb H37Rv strain comprising ~4,000 genes,
contains two new gene families; PE and PPE, accounting for ~10% of the total genome
(Cole et al., 1998). These proteins are characterized by highly conserved N-terminal
domains with approximately 110 and 180 amino acid residues, respectively. The names
PE and PPE for these proteins are due to the presence of amino acid sequence motifs,
Pro-Glu and Pro-Pro-Glu, respectively towards the N-terminus (Akhter et al., 2012; Cole
et al., 1998; Sampson, 2011). Mostly these genes are arranged in such a way that the PE
genes are always followed by the PPE genes and spread all over the genome (Tundup et
al., 2006).

The PE and PPE genes are known to be present in pathogenic and non-pathogenic
mycobacteria but not yet in non-mycobacterial species (Abdallah et al., 2009; Ishikawa et
al., 2004; Nair, 2014). PE and PPE genes have a strong evolutionary selection in the
pathogenic mycobacteria since their expansion is linked to the ESAT-6 gene clusters