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ABSTRACT

Pneumonia continues to pose serious threats to world health mainly due to the
emergence and spread of drug resistant strains. The advent of Computer aided drug
designing and discovery leads to the betterment of mankind by the amalgamation of
science and technology. More over it holds the promise to unlock the mysteries of
disease mechanism and its cure. Ligand-based pharmacophore modeling is carried
out on a set of 10 compounds and the standard drug Trimefhoprim that were
éuperimposed and merged into single pharmacophore showing three common
features: one aromatic volume, two hydrogen bond acceptor.and two hydrogen
bond donors. The pharmacophore triangle is determined using the /n-silico
approaches. Molecular docking was brought in to use to determine the Lead
compound as the P.carinii dihydrofolate reductase inhibitor. AutoDock Vina was
used for docking studies of data set and the target protein used was PDB ID: IDYR.
Héwever VMD was employed to identify the binding interactions of the active
conformations of the ligands and the target protein. Lead compound revealed strong
ligand-protein interaction which includes 7 ionic and 19 hydrogen bonds
interactions. Four analogues of the lead compound were designed and they were
also docked in order to predict their bioactivity. Quantitative structure-activity
relationship was established in order to attain the information useful for the design
of new compounds acting on a specific target. The activity parameter used in the
QSAR analysis is the 1C-50 gvalue;. The correlation reveals that Critical volume
(CV), Molar refractivity (MRi) and: LogP proved to be good descriptors for the
activity. This research study revealed novel anti P.carinii agents for clinical trials.

X
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CHAPTER 1 INTRODUCTION

1. Introduction

The fungal opportunistic infection, Prneumocystis carinii pneumonia (PCP) is a major
area of research and thus requires consistent efforts for further clinical investigations.
PCP remains a major cause of morbidity and mortality throughout the world among
patients with compromised immune systems and as a result PCP remains a leading
AIDS (Acquired Immune Deficiency Syndrome) defining opportunistic infection in
Human Immunodeficiency Virus (HIV) infected individuals.

PCP has remained the point of interest for the res;arch hub since its identification and
the major reason behind its selection is that Preumocystis has several unique features
that have proven Prneumocystis study to be exciting but quite difficult in part due to
the limitation that it cannot be reliably cultured outside the host lungs. Secondly the
organism’s source in nature has not been identified, as a result the question regarding
its transmission has remained difficult to examine. Thirdly the organism is ho§t
specific however the mechanisms that are responsible for its specificity have not been
elucidated extensively. Lastly this type of infection is essentially limited to lungs at all
times but it has also been revealed that the characteristics of the host that allow
progression of the infection are not understood completely. The life cycle of
Pneumocystis carinii is also not understood completely. The development and
application of various molecular techniques made over the past several years has
helped in understanding the organism and the disease, in order to achieve significant
advances (Huang et al., 2006).

The selection of Dihydrofolate rec:iuctasé: (DHFR) as a drug target for the cure of PCP
is based on the fact that DHFR is i:onsiciered to be a key enzyme in'terms of treatment

and ‘has been successfully used as a target against a variety of pathogenic

Computer Aided Drug Designing of Pneumocystis Carinii Pneumonia inhibitors using
Pharmacophore, Molecular docking and QSAR studies




CHAPTER 1 INTRODUCTION

microorganisms to aid the process of antimicrobial drug discovery. DHFR has the
potential to be used in the treatment of Pneumocystosis. The use of DHFR inhibitors
in this study as a research issue is significant in the sense, that it is the one of the best
known drug type for folic acid synthesis inhibition and yet this type of information is
important in developing new forms of therapy to cure PCP (Da Cunha et al,, 2010).
There are few Food and Drug Administration (FDA) approved drugs available for the
cure of PCP as the first and second line treatment namely Trimethoprim,
Sulfamethoxazole, Dapsone, Atovaquone and Pentimidine. Trimethoprim is a DHFR
inhibitor, but if the worldwide trends are brought into consideration it is obvious that
there exists a strong need for the identification of new potent compounds that possess
important drug features including effectiveness, selectivity and efficiency in order to
act as a potential drug.
Using the Computer aided drug design (CADD) or in-silico drug designing
approaches the identification of a novel drug for the treatment of Prewmocystis carinii
Pneumonia is promised to be developed in short time span. Research is conducted
with the sole purpose to identify a lead compound that possesses the potential to act as
candidate Pneumocystis carinii DHFR inhibitor. This can be achieved by the
involvement of the in-silico techniques by reducing the time required to develop new
drugs mainly focusing on drug bioavailability by increasing binding interactions. In
the present study, the research was focused on deciphering the following areas:
¢ In this research study pharmacophore models are generated by extracting
information from various anti PCP compounds included in the data set, as yet
not much focus has been laid on pharmacophore model identification for

Pneumocystis carinii DHFR inhibitors thus it will serve as a valuable

Computer Aided Drug Besigning of Pneumocystis Carinii Pneumonia inhibitors using
Pharmacophore, Molecular docking and QSAR studies




CHAPTER | INTRODUCTION

contribution.

* Moreover. a protocol is designed to aid the in-silico drug development by
including approaches such as pharmacophore modeling, molecular docking
and quantitative structure activity relationship (QSAR) for the identification of
potential lead compound followed by the analogue design using the lead to
discover the next potential drug candidates.

e 2D QSAR analysis was also performed by calculating the molecular
descriptors. The correlation was determined which helped in finding a
relationship betweén a biological activity and pharmacological descriptors.

e The effectiveness of the research work can be justified, since the most active
compound the lead was identified that was involved in a greater number of
binding interactions which enhanced the therapeutic ability. The research
study conducted would prove to be an extremely valuable and helpful source
for the cure of Prewmocystsis carinii Pneumonia by increasing the binding

interactions and the bioavailability of the lead compound.

Computer Aided Drug Designing of Pneumocystis Carinii Pneumonia inhibitors us;ing
Pharmacophore, Molecular docking and QSAR studies
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CHAPTER 2 LITERATURE REVIEW

2. Literature Review

Disease, a harmful deviation from normal structural or functional state can have
highly devastating effects if it remains untreated. The advancements in science and
technology have a great impact on the society when it comes to medicine and issues
related to the health of humanity. Devising a cure for a particular disease is not an
easy task since it requires consistent efforts for the amalgamation of modern science
and technology. However it cannot be denied that Pneumonia continues to represent a
major threat to world health and it is one of the major causes of childhood mortality,
as a consequence of which the World Health Organization (WHO) and the United
Nations Children’s Fund (UNICEF) have identified it as the major “forgotten killer of
children”. According to the statistics provided by WHO, almost 99.9% of childhood
deaths due to pneumonia occur in developing and least developed countries, with a
maximum death toll of 1022 000 cases per annum in sub-Saharan Africa followed by
a death toll of 702000 cases per annum in South Asia. However considering all the
deaths caused by pneumonia about 47.7% occur in the least developed countries
(Madhi er al., 2008). The mortality rate however decreases with age until adulthood
but the elderly individuals are at greater risk of pneumonia. The WHO estimates show
that one in three newbom infant deaths are due to the on.éet of pneumonia (Garenne ef
al, 1992).

The HIV epidemic has also contributed largely to the increase in incidence and
childhood mortality from pneurr:lom'a %‘m the recent years. The bacterial infection
remains a main cause of childl‘iood énortality in children with the incidence of
:pneumonja and HIV both, but in the c;se of HIV infected children other pathogens

also exist including the pathogen Pneu}noc;»'stis Jiroveci (Rudan et al., 2008). Figure

"Computer Aided Drug Destgning oﬁ_néumoc)'stiﬁarinix Pneumonia inhibitors using
Pharmacophore, Molecular docking and QSAR studies ' 6




CHAPTER 2 LITERATURE REVIEW

2.1 demonstrates the Global distribution of Acute Respiratory Infections including
pneumonia and influenza both.

According to the Annual Report of Infectious Disease Epidemiology Sections (2004)
from the Louisiana Office of Public Health, Pneumonia is particularly caused by a
wide number of infections including the viral, bacterial and fungal infections. The
viral agents that. are capable of causing pneumonia commonly are the respiratory
syncytial virus, adenoviruses, influenza viruses and the parainfluenza viruses.
However the bacterial agents including Haemophilus influenza type B, Streptococcus
pneumoniae, Streptococcus pyogenes, Staphylococcus aureus, Klebsiella pneumonia,
Neiss.eria meningitides can cause pneumonia. Moreover other organisms, including
Escherichia coli are less commonly considered as causes of pneumonia. However the

pathogen P.carinii is a major cause of pneumonia in immunosuppressed hosts.

2.1 Pneumocystis Carinii Pneumonia

The ﬁxnga] opportunistic infection, Preumocystis Carinii Pneumonia (PCP) is caused
by the pathogen Pneumocystis jirovecii that is formerly known Pneumocystis carinii
(Redhead et al., 2006; Hawksworth er al, 2007). The opportunistic pathogen,
Pneumocytis carinii causes an interstitial pneumonia, A lethal type of pneumonia is
caused by the organism P.carinii in immunosuppressed hosts especially in AIDS
patients (Cushion, 1994). PCP also targets other patients such as those undergoing
organ and bone marrow transplants, cancer therapies and' possessing a weak and
compromised immune system (F:shman 1998). Originally, this disease was
assoclated to premature and marasmlc infants, but now it is being reported in

immunosuppressed and immunodeﬁciént patients with an increasing frequency

(Goodell et al., 1970; Hughes et al., 1973). The primary mode of transmission is the

Computer Aided Drug Designing of Pneumocysus Carinii Pneumoma inhibitors usmg
Pharmacophore, Molecular docking and QSAR studies ?
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CHAPTER 2 LITERATURE REVIEW

respiratory route that has been documented in the animal studies hbwever it is
unknown in case of humans thus the respiratory route is likely to be important
(Cushion, 1994). Pneumocystis pneumonia patients have fewer pneumocystis
organisms in their lungs but possess a greater number of neutrophils as compared to
patients with AIDs who have pneumocystis pneumonia (Limper er al,, 1989). In case
of patients with the onset of AlIDs, pneumocystis pneumonia occurs when the T-
helper cell count (CD4+) becomes less than 200 cells per cubic millimeter (Phair et

al., 1990; Masur ez al., 2002).

2.2 Biology and epidemiology of P.carinii

2.2.1 Historical perspective

In terms of a historical perspective P.carinii was first identified by Chagas (Chagas,
1909) and Carinii {Carini, 1910) in trypanosome-infected lungs of animals in the
years 1909 and 1910, who thought that it was a form of trypanosome. However thrée
years later it was reported that the organism was quiet distinct from trypanosome
hence the genus Pneumocystis was chosen by Delanoe and Delanoe which was
descriptive enough of the form of the microbe possessing small but highly refractive
and densely staining spherical cyst form (Delanoe and Delanoe, 1912). However it
was named in honor of Carinii after being recognized as a new genus by Delanoe and
Delanoe in the year in 1912. The organism P.carinii, for nearly 50 years has been
recognized as a human pathogen (Kovacs ef al, 1984). During the 1970s, P.carinii
was thought to be a protozoan but its molecular studies have helped in its

reclassification as a fungus (Edman er al., 1988).

H :
Computer Aided Drug Designing of 5ncumocystis Carint Pneumonia inhibitors using
Pharmacophore, Molecular docking and QSAR studies 8
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2.2.2 Incidence of PCP

Pneumocystis pneumonia is a major cause of morbidity and mortality among patients
with suppressed and weak immune systems (Huang et al, 2006). However the
individuals with impaired immune systems are at a greater risk of Pneumocystis
pneumonia. The incidence of pneumocystis ir;fection has increased dramatically in the
developing countries with mortality rates in the range of 20% to 80% (Fisk et al.,
2003). As far as the mortality rate among the non-HIV patients with the onset of
pneumocystis pneumonia is considered, it remains 30% to 60% depending on the
population at risk, since the patients with cancer are at a greater risk of déath as
compared to the patients undergoing transplantation or those suffering from
connective-tissue disease (Pareja et al., 1998; Sepkowitz, 2002).

2.2.3 Host specificity

Molecular as well as immunologic studies have revealed that there are multiple
P.carinii strains that are unique to single host specie in terms of causing infection
(Kovacs et al., 1989; Stringer, 1996). Amongst many different types of Pneumocystis
organisms some show sufficient differences to be declared as separate species. The P.
carinii isolates obtained from different host species indicate that they differ both
phenotypically and genetically. The variation of phenotypic characteristics among the
P.carinii organisms includes factors such as (i) host species specificity, (ii)
electrophoretic mobility of enzymes, (iii) antigens, and (iv) morphology (Stringer,
1996).

i.2.4 Genome of P.carinii

The genome of P.carinii that infects rats has been identified to be about 7.7 Mb in

sfzc, and consists of 13 to 15 linear chromosomes that range in size from 300 to 700

. * N B
Computer Aided Drug Designing of Pneumocystis Carinii Pneumonia inhibitors using
Pharmacophore, Molecutar docking and QSAR studies 9
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CHAPTER 2 LITERATURE REVIEW

kb. Amongst the genes identified to date most genes are found to have numerous short
introns (Thomas ef al., 1999). Pneumocystis Genome Project (PGP) has resulted in
the identification of new targets however the sequence of mitochondrial genome has
shown implications for its use as a potential target for future therapies. The therapies
including agents targeted to gene products within the Pneumocystis mitochondrion
have already been shown to be effective including the use of drug atovaquone’
(Sesterhenn et al., 2006). In order to explore and identify Pneumocystis gene function
an active Pneumocystis genome project exists which will highlight the homologies
between Pneumocystis to infer gene function.

2.2.5 Proposed Cell cycle of Pneumocystis

In the 1970s P.carinii could not be cultured as a result of which the life cycle of the
organism was unknown and the metabolism of the organism was also poorly
understood. The life cycle remains unknown currently, however some recent reports
show a greater degree of success which is encouraging in this particular area (Merali
et al, 1999). The advances in having a better understanding of the metabolism have
been achieved by the application of molecular biology approaches (Kovacs er al.,
2001). Currently it is not possible to propagate pneumocystis in culture media outside
the infected host, because of this limitation heterologous expression in related fungi is
brought into use to perform the functional analysis regarding the pneumocystis cell
cvcle and of signal-transduction molecules. The signal-transduction cascades for the
regulation of cellular responses in fungi including the responses for mating,
filamentous growth, environmental stress and cell-wall integrity make use of mitogen-
activated protein kinase. The mitogen-activated protein kinases identified in

pneumocystis are found to be homologous to the ones that are found in mating and
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cell wall integrity pathways (Fox and Smulian, 1999; Vohra et al., 2003). Because of
the difficulties with in vitro culturing the life cycle of Pneumocystis is found to
consist of a trophic form, a precystic form, and a cystic form that have been identified
with the aid of morphologic criteria (Huang et al., 2006).

In fact the life cycle of pneumocystis is very complex as several forms are observed
after the progression of infection. Figure 2.2 shows. the proposed life cycle of
P.carinii. During the infection stage the trophic forms are more abundant as compared
to cysts usually in a ratio 9:1. During the normal growth majority of the trophic forms
are thought to be haploid along with a small fraction that is diploid. The electron
micrograph in the panel A shows a trophic form. This form is tightly adherent to the
alveolar cﬁitheliu‘in by apposition of its cell membrane with the cell membrane of the
host. The electron micrograph panel B shows that trophic forms attach to one another
as a result of which clusters of clumped trophic forms are witnessed during infection.
The events that lead to the formation of the cyst that is shown in electron micrograph
panel C are unclear but it is hypothesized that the trophic forms conjugate and mature
into cysts:-which on maturation contains two, four or eight nuclei (Thomas and
Limper, 2004). The infection is established when the pneumocystis trophic forms
adhere to the alveolar epithelium tightly. Specific signaling pathways in the organisms
are activated when the pneumocystis binds to lung epithelial cells including gene
encoding PCSTE20 kinase which involves in signaling responses in fungal organisms
for the mating and proliferation (Kottom et al., 2003). Other signaling molecules that
have been identified so far mclude the receptors such as the putative pheromone,
along with the transcription factors and th‘e heterotrimeric G-protein subunit (Smulian

et al., 1996; Vohra et al,, 2003),

[

£
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2.3 Clinical features of Pneumocystis Pneumonia

Clinical investigations reveal that a clinically apparent pneumonia is witnessed in
patients with suppressed immune systems. PCPs clinical finding suggest that it is
characterized by symptoms such as fever, shortness of breath, other symptoms include
substernal tightness and a nonproductive cough. However the symptoms can be mild
and progressing slowly specially in the case of HiV-infected patients, which is a
major cause of delay in diagnosis (Kovacs er al., 1984). Pneumocystis pneumonia
patients without the incidence of AIDs typically show an onset of respiratory
insufficiéncy that is abrupt which may correlate to a narrow or increased dosage of
immunosuppressant medications (Sepkowitz er al., 1992; Yale and Limper, 1996).
PCP appears with the onset of common symptoms including suffering from low-grade
fever and the onset of the subtle progressive dyspnea. Pneumothorax can develop that
can be indicated by acute dyspnea with pleuritic chest pain (Thomas and Limper,

2004).

2.4 Drug targets for PCP

The possible target enzymes due to their therapeutic importance have been cloned,
sequenced and characterized. These include the genes encéding the drug targets of
sulfamethoxazole and trimethoprim, the dihydropteroate synthase (DHPS) and
dihydrofolate reductase (DHFR) (Edman er al., 1989; Volpe et al., 1993). More recent
research studies have identified that Prneumocystis contains a set of several specific
énzymes including the DHFR (Alliegra e§r al., 1987; Kovacs et al., 1990), thymidylate
synthase (Edman et al., 1989), DI—flPS (l;(ovacs et al., 1989), omithine decarboxylase

(Lipschick er al, 1991), topoisoherasé (Dykstra et al., 1991) and B-1, 3-glucan

synthetase (Schmatz er al., 1990) can be used as the possible drug targets. Due to the
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immense importance of DHFR as a drug target in the treatment of PCP, pcDHFR was

selected as the target protein in this particular study.

2.5 Role of DHFR

Since the 1960s DHFR had been recognized and selected as a valid drug target with
the successful discoverv of methotrexate (Bertino, 1993). DHFR is a ubiquitous
enzyme that catalyzes the reduction process of dihydrofolate to tetrahydrofolate in the
presence of nicotine adenine dinucléotide phosphate (NADPH) as a co-factor. This
process yields reduced folates that are capable of functioning as carbon carriers in the
biosynthesis of nucleotides and amino acids which are essential for cell proliferation.
Thus if inhibition of DHFR is carried out, it leads to limitations in cell growth and
division. This reason accounts for the use of DHFR inhibitors as cytostatic agents in
cancer therapy.

The importance of DHFR cannot be neglected since it is a key enzyme in the
treatment of Pneumocystosis. Its role is to reduce 7, 8-dihydrofolate (DHF) to S, 6, 7,
8-tetrahydrofolate (THF) with the aid of the cofactor nicotinamide adenine phosphate
(NADPH) in the thymidine biosynthesis as represented in Figure 2.3. Afier the
process of reduction, regeneration of 5, 10-methylene-tetrahydrofolate is catalysed by
senine hydroxyl methyl transferase (SHMT) and methylation of deoxyuridine
monophosphate (dUMP) to give deoxythymidylate ({TMP) in a reaction catalysed by
thymidylate synthase (TS) occurs. This reaction causes the conversion of methylene-
tetrahydrofolaie back to dlhydrofolate thus completing the cycle (Da Cunha et al,
2010). Therefore, the entire process r&sults in the inhtbition of DHFR preventing the
biosynthesis of thymidine and, as a result the inhibition of DNA biosynthesis (Da

Cunha et al., 2005).
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2.6 Structure of pcDHFR

Comparing the structures of the fungal enzymes from C. glabrata and P. carinii
reveal that they are very similar to each other and a superimposition with a root mean
square deviation (RMSD) of 3.6 A over the 161 C-a atoms is shown. The residues
composing the active site exhibit a greater degree of structural similarity thus
highlighting the similarity between the two enzymes. The ¢gDHFR and pcDHFR
differ by only one residue, located at Met33 in the ¢cgDHFR and Ile33 in case of
pcDHFR. On the basis of the active site similarity and appeared fit of the lead to the
pcDHFR after the docking, the results show that the propargyl-linked antifolates are
more likely to act as the effective inhibitors. The key loop at the active site maintains
the same position and conformation in both enzymes and the residues Pro 66 to Phe
69 are observed (Liu et al, 2008). Figure 2.4 demonstrates the structures of both
enzymes the cgDHFR presented in black and pcDHFR shown in-gray bound to
antifolates and NADPH. The ligands are shown in stick form.

In this study the structure of pcDHFR with PDB ID: 1DYR with a resolution of 1.9 A
was selected (Champness er al, 1994). John and coworkers solved the structure of
pcDHFR composed of 206 amino acids with reduced NADPH and trimethoprim and
the pcDHFR ribbon diagram is shown in Figure 2.5. The structures are helpful to
show the interactions of two drugs with the fungal DFHR (Champness ef al., 1994).

However other pcDHFR structures have also been solved to date.

2.7 Importance of DHFR

The human and pathogen forms of DHFR reveal several critical differences in terms
of their sequence, fortunately as a consequence of this it has been possible to design

antifolates that are species selective for the treatment of infectious diseases including
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the urinary tract infections, toxoplasmosis and malaria (Liu ef al., 2008). DHFR has
been more prominently selected as a pharmacologic target and the protein chemists
are attracted towards the study of DHFR enzyme structure/function relationships
mainly beca'use of two reasons, firstly due to its small size (18-22 kDa) and secondly
due to the availability of purified enzyme. For molecular biologists it has immense
importance as a model for gene amplification studies and in terms of gene transfer
studies it can be used as a selectable marker (Schweitzer et al,, 1990). DHFR
inhibitors can be used in several other disease conditions including rheumatoid
arthritis (Bannwarth et al., 1994), inflammatory bowel diseases (Peppercorn, 1990),
psoriasis (Weinstein and Frost, 1971) and asthma (Mullarkey et al., 1988). In addition
to its app?ication in the above mentioned diseases DHFR has the potential to be used

as an effective target protein to combat infectious diseases (Queener, 1995).

2.8 DHFR Inhibitors

Some anti-pneumocystis drugs have a well-established mechanism of action.
However in vitro DHFR inhibition can be achieved by Trimethoprim, pyrimethamine,
methotrextate along with other investigational agents including piritrexim and
trimetrexate (Allegra ef al., 1987). An important class of therapeutic compounds is the
folate antagonists, which is evident from their usage as antineoplastic, anti-infective
and anti-inflammatory drugs. Thus it is evident that all drugs that are clinically useful
belonging to thi; class have been inhibitors of DHFR. The folic acid inhibitors have a
major role in PCPs treatment. Major focus has been placed on the use of inhibitors of
pcDHFR primarily trimethoprim that is being used in combination with a sulfonamide
mainly sulfamethoxazole (Hughes et al., 1974; Kluge et al., 1978; Winston ef al,

1980; Siegel ef al., 1984; D'Antonio et al., 1936).

ey
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Figure 2.3: Role of DHFR in the synthesis of thymine (Da Cunha et al., 2010)
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Figure 2.4: The structures of cgDHFR shown in black and pcDHFR represented in

gray bound to antifolates and NADPH shown in stick form (Liu ef al., 2008)
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Other DHFR inhibitors have also been employed into use for the treatment of clinical
and experimental pneumocystosis which include inhibitors such as pyrimethamine,
tetroxoprim, pitrexim, and trimetrexate, sulfonamides and sulfones including the
sulfadiazine, sulfadoxine, sulfamonomethoxine, dapsone, and sulfonyl bisformanilide
(Kirby et al., 1971; Post et al.,, 1971; Whisnant ez al., 1976; Young et al., 1976;
Yoshida et al,, 1977; Hughes and Smith, 1984 ; Hussain et al., 1985; Yamada ef al.,
1985; Leoung et al., 1986; Allegra et al., 1987; Devita ef al.,, 1987, Pearson ef al,,
1987; Queener et al, 1987). Not much is known about the about the toxicity of the
different folic acid inhibitors and their relative efficacy in the treatment of P.carinii,
yet such type of information is of extreme importance in the process of developing
new formis of therapy (Walzer et al., 1987).

Compounds which effectively exhibit anti-P.carinii activity in various models
specifically the rat models include antifolate drugs that can be used alone effectively
or in combination with various other drugs. This group of antifolate drugs includes
DHFR inhibitors, sulfonamides, sulfones, and sulfonylureas (Frenkel et al., 1966;
Hughes et al., 1974; Yoshida er al., 1977; Kluge et al., 1978; Ulrich et al., 1984;
Hussain et al., 1985; Yamada et al., 1985; D'Antonio ef al., 1986; Hughes, 1987;
Queener et al., 1987; Kovacs et al, 1988; Hughes ef al., 1990). Sulfonamides are often
used in combination with other drugs and can also be used in combination with
macrolides, 8-aminoquinolones can be used effectiv.cly alone or in combination with
other agents (Queener et al, 1988; Bartlett er al.,, 1991), diamidines and related
cationic compounds (Debs et al., 1987; Tidwell er al., 1990) other compounds with
anti-P. carinii activity include nitrofurans (Walzer er al., 1991), 3-glucan inhibitors

(Schmatz et al., 1990; Matsumoto et al., 1991; Schmatz et al., 1991), hydroxyl

3
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naphthoquinones (Hughes et al., 1990), fluoroquinolones (Brun-Pascaud e al,
1992.), iron chelators (Clarkson et al., 1990) and immunological agents like cytokines
and antibodies (Gigliotti e al., 1988 ; Shear et al.,1990).

The task of evaluating anti-P.carinii drugs is a very expensive, time-consuming and
labor demanding process. In a given research experiment only a few compounds can
be tested. Various types of treatment studies have been performed by incorporating
several different experimental protocols also making use of various methods of
evaluating drug efficacy. Thus there is a lack of standardization. This deficiency has
prevented the results of one investigator from being compared directly with the
outcomes of another investigator. The set of compounds that have not shown activity

against P.carinii have few published sources of information (Walzer ez al., 1992).

2.9 Prophylaxis and Treatment of PCP

In terms of regime of prophylaxis, the most effective treatment of PCP is the use of
the drug combination trimethoprim—sulfamethoxazole (TMP-SMX; Bactrime",
Septra®). However it is unfortunate to witness that almost half of the HIV-positive
patients develop an allergic reaction on the intake of Esulpa drugs thus necessitating a
move towards other less effective drugs (Sattler ez al., 1988) including pentamidine
(NebuPent®, Pentacarinat®), dapsone (Avlosulfon®), and atovaquone (Mepron‘”).
Figure 2.6 shows the regime of prophylaxis for the treatment of PCP. However
important factors associated with these drugs such as the deleterious side effects,
limited efficacies of these drugs, and emerging mutations and drug resistance cannot
be neglected and thus provide a justification for the search of more effective and less

toxic medicinal agents (Eynde et al., 2004).
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Figure 2.5: The structure of pcDHFR to 1.9A resolution (Champness et al., 1994).

Drugs for Prophylaxis against Preumocystis Preumonia.
Drug Dose Route Comments
Trimethoptim- 1doublestrengthtabletdailyor ~ Oral  First choice
sulfamethaxazole 1 single-strength tablet daily
1 double-strength tablet 3 times Alternate choice
_ per week - ’
Dapsone 50 mg twice daily or "0ral " Ensure patient does not have glucose:
) 100 mg daily 6-phosphate dehydrogenase deficiency
Dapsone plus 50 mg daily Oral o '
pyrimethamine plus 50 mg weekly
leucovorin 25 mg weekly _
Dapsoneplos . 200 mg weekly Onal - E—
pyrimethamine plus 75 mg weekly
leucovorin 25 mg weekly _
Pentamidine 300 mg monthly Aerosol _
“Atovaguone Boomgdaly Oral— Gwvewith high-fat meals, for maximal
absorption

Figure 2.6: Regimes of Chemoprophylaxis of PCP (Thomas et al., 2004)
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2.10 Computer Aided Drug Design

The task of introducing therapeutically beneficial and relatively new solutions
requires expenses and is in fact a time consuming process (Song et al., 2009). Rapid
'expansion in this area has been achieved by advances in features such as
computational power, improvements in software and hardware sophistication,
identification of important molecular targets, and an increased availability of target
protein structure databases (Kapetanovic, 2008). The typical drug discovery cycle
initiating from the lead identification towards the clinical trials takes an estimated
time span of about fourteen years (Mvers and Baker, 2001) with a cost up to 800
million US dollars (DiMasi er al., 2003). The production of compounds in vast
quantities and the requirement to examine these corresponding huge libraries within
short time intervals are the characteristics of modem drug discovery. The essential
need for the storage, management and analysis of these rapidly accumulating
resources has given a major rise to the field of computer-aided drug design (CADD).
CADD is representation and embodiment of the computational methods and resources -
that are utilized in the therapeutic design and discovery of new solutions in order to
facilitate the process (Song er al., 2009). In this biomedical arena, CADD or in silico
design is being used to accelerate and facilitate drug design phenomena including the
hit identification, selection in terms of hit to lead, opumizing the absorption,
distnbution, excretion, metabolism and toxicity profile and avoid safety issues.
CADDD entails:

1. Utilizing computational power to streamline the drug discovery and

development process

2. Effective use of chemical and biological properties of ligands and or targets
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for the identification and optimization of new drugs (Kapetanovic, 2008).
CADD is a stimulating and highly diverse discipline where various aspects of applied :‘.
and basic research amalgamate and stimulate each other. With latest technological
advances by utilization of structure-based design, QSAR, combinatorial library
design, cheminformatics and bioinformatics, the ever increasing number of chemical
and biological databases and an exponential growth in currently available software
tools are providing a much upgraded and stronger basis for the ligands and inhibitors
design with desired and required specificity (Bajorath et al., 1999).

Computer aided drug design development process is being used with a major role to
identify active drug candidates as hits, select leads that are most likely the prominent
candidates for further evaluation and carry out the optimization of leads by the
transformation of biologically active compounds into therapeutically appropriate
drugs by posing considerable improvement in their physicochemical, pharmacokinetic
and pharmaceutical properties (Kapetanovic, 2008). The major role of computational
models is to make use of existing knowledge to increase prediction. Computational
methods are actively participating in drug discovery and development process by
playing an increasingly greater and extremely important role in drug (Kumar et al,
2006; Stahl er al., 2006) and they are thought to offer ways of improved efficiency for
the industry (Kumar et al., 2006).

Virtual screening is brought in to use for the discovery of novel drug candidates from
different chemical scaffolds by involvément of the database searching including the
commercial, public or private 3-13 chemical structure databases with a major goal to
enhance and supplement various ;ets of molecules with desirable properties including

activity, drug-like, lead-like properties and side by side elimination of compounds
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possessing undesirable properties like inactiveness, reactive nature, toxic effects, poor
ADMET/PK. In alternative form it can be stated that in silico modeling is brought
into use to minimize time and resource constraints significantly that are usually
employed in the process of chemical synthesis and biological testing of drugs.

The most frequently emploved computational approaches include ligand-based drug
design by involvement of a 3-D spatial arrangement of chemical features, the
pharmacophore that is essential for biological activity, however the structure-based
drug design approach involves drug-target docking phenomena and use of other
computational methodologies such as quantitative structure activity relationships
(QSAR) and quantitative structure property relationships (QSPR) (Kapetanovic,

2008).

2.11 Pharmacophore Modeling

Three-dimensional (3D) pharmacophore modeling is a technique for elucidation and
description of the interactions of small molecule ligands with a macromolecular
protein target (Wolber er al., 2008). Considering the early pharmacophore modeling
techmiques including the Active Analog Approach scheme_proposed by Garland
Marshall and coworkers (Marshall et al, 1979) demonstrates that the features
constituting a pharmacophore could contain any fragment or atom type. Since 1998 a
more precise official definition in accordance with the IUPAC (Wermuth, 1998)
defines pharmacophore as: “an ensemble of steric and electronic features that is
necessary to ensure the optimal supramolecular interactions with a specific biological
target structure and to trigger or block its biological response” (Wermuth, 2006). A
pharmacophore model can be ihterprg‘eted as a spatial arrangement of atoms or

functional groups that are considered to be responsible for biological activity (Ghose
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and Wendoloski, 1998). In order to assist the process of drug design, a
pharmacophore model (Wermuth and Langer, 1993) should provide effective and
valid information for the investigation of structure-activity relationships by the
medicinal chemists. The pharmacophore model that have emerged as the most
effective type of models are the feature-based pharmacophores and these models have
been reviewed recently for their utility as queries for searching 3D database (Kurogi
and Guner, 2001; Langer and Krovat, 2003).

Pharmacophore modeling is conceptually simple and in many aspects it is capable of
producing results that would be intuitive and helpful for an experienced medicinal
chemist. This technique used is in a particular binding situation to rigidly formulate
and model the interactions between a ligand and its binding site. Pharmacophore can
be generated either in a structure based fashion by determination of complementarities
between a ligand and its corresponding binding site, or a ligand-based approach can
be used by flexible overlay of a particular set of active molecules and determining
those conformations that possess a maximum number of significant chemical features
that geometrically overlap when they are overlaid (Wolber ef al., 2008).

The most crucial and significant elements in terms of a pharmacophore might range
from a group of atoms to a part of the molecules volume, however other very
‘classical’ pharmacophoric features include Hydrogen bond acceptors and donors,
hydrophobic and/or aromatic rings, charged or ionizable groups along with
geometrical constraints such as distances, angles and dihedral angles. The set of these
properties 1s referred to as pharmacophoric ‘model’ or ‘hypothesis’. During the
process of pharmacophore generation if ligand information is solely available,

principally the pharmacophore identification involves two steps, firstly the analysis of
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molecules itself that are included in the training set in order to identify the
pharmacophoric features and secondly by determination of the best overlay of the
corresponding features by performing alignment of the molecules assumed bio-active
conformations (Wolber and Langer, 2005).

For construction of pharmacophore models using ligand information various software
programs are available these include Catalyst (Bamum et al, 1996) that is available
from Accelrys Inc, it is by far the most frequently used program because large
flexibility with an integration of high-speed 3D database searching capability is
offered during this process. Other successful programs also exist, including the
DiscoTech (Martin, 2000), and Gasp (Jones and Willet, 2000) both from Tripos Inc
(Wolber and Langer, 2005). Another software package for pharmacophore modeling
is GALAHAD (Richmond et al, 2004) that was developed at the University of
Sheffield and also marketed by the company Tripos effectively makes use of a
modified genetic algorithm. More recent and currently utilized pharmacophore
modeling software packages like Catalyst (Barnum et al., 1996), Phase (Dixon et al.,
2006), MOEs pharmacophore module, and LigandScout (Wolber and Kosara, 2006)
always have to face a trade-off in the design of a generally applicable universal
feature set and at the same time it needs to be selective enough to reflect all types of
ligand-receptor interactions that are relevant.

Using the software LigandScout (Wolber and Langer, 2005) available from
Inte:Ligand GmbH is one of the possibilities for the automatic generation of a
feature-based pharmacophore model based on a ligand target complex structure. The
program initiates the process qf phérmacophore generation by the assignment of

ligand information on the basis of features such as hybridization status and bond
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characteristics that are absent in the input data files retrieved from the Protein
Databank (Berman er al, 2000) by use of two approaches together the extended
heuristic method along with template based numeric analysis. Then the feature based
pharmacophores are then generated by determination of interactions on the basis of
charge, the hydrophobic contact and hydrogen bond formation between ligand and
target atoms, and a corresponding model refinement can be then be achieved with
reference to the binding data or one common feature pharmacophore can be obtained
by combination of several models (Wolber and Langer, 2005). The concept of
pharmacophore modeling is a fruitful and highly recognized approach for both ligand
and structure based drug design as well as for virtual screening process. For the
pharmacophore elucidation and virtual screening different alignment approaches
which constitute the computational methodology has significantly improved with the
ease in availability of newer software packages. Over the past few years performance
optimizations have been achieved by the application of new algorithms thus leading 'tc; .
modermn pattern recognition approaches that are capable enough to perform the
superpositioning of pharmacophores and molecules in a smaller portion of the time as

compared to the time required by earlier approaches (Wolber ef al., 2008).

2.12 Molecular Docking

Molecular docking is defined as a computer simulation process that is used for the

prediction of the conformation of a receptor-ligand complex where ligand is a small

molecule or a protein and the receptor is often a protein or a nucleic acid that can be a

DNA or RNA molecule (Dias et al, 2008). In order to execute the drug design
5 . .

process by discovering the new lead compounds, the virtual compound screening

through the application of molecular docking is widely used. Molecular docking is

1
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helpful in predicting the conformation of a protein-ligand complex and calculating the

binding affinity (Okimoto ef al., 2009). Most of the docking programs (Morris ef al,

1996; Rarey ef al., 1996) involve the use of two operations firstly the docking and

secondly scoring procedure. In the first operation, docking process involves the poses

generated by multiple protein-ligand conformations or deals with the sampling of the

ligand’s most likely conformations in the binding pocket of the macromolecular target

protein. However in the second operation a scoring function is brought in to use to

calculate the affinity for each pose between the target protein and the ligand (Okimoto

et al., 2009). A broader classification of the scoring functions reveals that they are

classified into three distinct categories the empirical, knowledge-based and force

field-based (Mohan et al., 2005).

Assuming that the structure of receptor is available the major challenge is the

prediction of both the orientation and binding affinity of ligand during the lead

discovery and optimization process; the former is often referred to as molecular

docking approach (Lybrand, 1995). The number of algorithms available for the task of
assessing and rationalizing ligand protein interactions, is considerably large' and

constantly increasing (Tavlor er al, 2002). The possibility to dock thousands of
ligands in a timeline has increased owing to the increase in the power of computers

and algorithm performance, which is valuable and of immense use to the

pharmaceutical industry (Abagyan and Totrov, 2001). The docking process employs
the use of the following principal techniques that are currently available these include

approaches such as the Monte C:arlo methods, molecular dynamics, fragment-based

methods, genetic algorithms, di;tancq geometrv methods, point complementarity

methods, tabu searches and systematic searches (Taylor et al., 2002).
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Kuntz et al developed the pioneer program DOCK about two decades ago in the year
1982 (Kuntz ef al., 1982) and during the span of these two decades development of
numerous docking programs took place (Morris er al, 1998; Li et al., 2004).
Molecular docking is rather a typical type of optimization problem since it is hard to
achieve a solution that is globally optimal (Boehm and Stahl, 2002; Ferrara et al,,
2004). It is unfortunate to reveal that no scoring function has been developed so far
that is effective enough to predict a ligand-protein binding mode and the binding
affinity at the same time reliably and consistently (Bissantz et al., 2000; Boehm and
Stahl, 2002; Ferrara et al., 2004).

Several dogking programs are being incorporated in to docking studies of biological
molecules these include softwares such as DOCK (Ewing et al., 2001), AUTODOCK
(Goodsell et al., 1996; Morris et al., 1998), GOLD (Verdonk et al., 2003; Joy et al.,
2006), FLEXX (Rarey et al.,1996; Kramer et al., 1999), ZDOCK (Chen et al., 2003),
M-ZDOCK (Pierce et al, 2005), MSDOCK (Sauton et al., 2008), Surflex (Jain,
2003), MCDOCK (Liu and Wang, 1999) and still others are available. Each of the
décking application is based on a particular search algorithm such as Monte Carlo
(MC) (Liu and Wang, 1999), Incremental Construction (IC) (Rarey et al., 1996;
Kramer et al, 1999), Genetic Algorithm (GA) (Jones et al.,, 1997; Morris et al.,
1998), etc. The extensively used docking methods make use of search algorithms
based on Monte Carlo, genetic algorithm, fragment-based and molecular dynamics
(Mohan et al., 2605). The Monte Carlo methods are one of the most established and
e:g(tensively used stochastic optimizfation fechniques (Clark et al., 2002). Evolutionary
p!?'ograming algorithms are used »w;ith thie purpose of discovering or approximating
sc;Iution in case of molecular dockiég and in search associated problems with an effort

- .
!
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to identify the exact or closest conformation of the global energy minimum and
genetic algorithms belong to this respective class. The GOLD algorithm has adopted
the GA and it has a requirement of the approximate size, the coordinates of protein
and a ligand conformation along with the location of the receptors active site as an
input (Joneset al, 1997; Verdonk et al, 2003). Another example of GA’s
implementation is the program DOCK which is capable of docking the entire ligand
inside active site or docking a ligands rigid fragment (Ewing er al, 2001).
AUTODOCK is amongst the most recognized molecular docking programs that make
use of “Lamarckian” GA (Goodsell et al, 1996; Morris et al, 1998). Many
improvements have been introduced and added to this algorithm since its
development in 1990s and applied to the virtual screening process for speed and
accuracy optimization (Morris et al., 1996; Vaque et al., 2006),

AUTODOCK is a software package that can be successfully applied for automated
docking of small molecules including peptides, enzyme inhibitors and drugs to
macromoleculer proteins, enzymes, antibodies, DNA, and RNA. In this software three
search methods are involved and tested the simulated annealing, genetic algorithm,
and Lamarckian genetic algorithm but the research study concludes that the most
efficient, reliable, and successful is the Lamarckian genetic algorithm (Morris ef al.,
1998). AutoDock4 makes use of a semi empirical free energy force field in order to
predict the binding free energies of small molecules the ligands to macromolecular
target proteins and it allows the fully flexible modeling of specific portions of the
protein in a similar way as the ligﬁnd. The major and most prominent limitation of
AutoDock4 is its dependence on a éﬁd-based energy evaluation (Morris et al., 2009).

AutoDockVina is an upgraded version of Auto Dock 4 and both work in a roughly

A
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similar manner by pairing an empirically weighted “scoring function by means of a
global optimization algorithm. The major difference lies between the parameterization
of the scoring function and local search function of the two. AutoDockVina is
compatible with the Auto Dock PDBQT file format and it offers the several
advantages over Auto Dock 4. One advantage is that Vina is designed to function
considerably faster and its accuracy in redocking protein-ligand complexes is greater
than AutoDock4 which is shown by the authors (Trott and Olson, 20$0). Other
advantages are that using AutoDockVina grid computation is not necessary which
was a complex process and it gives higher accuracy of binding mode, furthermore it is '
availabie for each operating system and it makes use of iterated local search algorithm

(Chang et al., 2010),

2.13 Quantitative Structure Activity Relationship

Three-dimensional quantitative structure-activity relationship (3D-QSAR) techniques
are very beneficial and useful approaches involved in the ligand-based drug design by
the correlation of a set of related compounds physicochemical descriptors to their
known molecular activity or the values of their molecular properties (Hansch et al.,
1972; Yang et al, 2007). 3D-QSAR is a mathematical model for a series of
compounds in which correlation between the variation on chemical structure and the
activity profile is found and is statistically validated (Da Cunha et al, 2009).
Nowadays the most commonly and routinely used 3D-QSAR techniques used in the
field of modem drug design are the comparative molecular similarity analysis
abbreviated as CoMSIA and comparative molecular field analysis abbreviated as
CoMFA (Cramer er al,, 1988). QSAR is a very useful approach for the analysis of

different potential drug molecul;esA It is basically employed into use to study the
!
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biological activities with various structure associated properties and is a helpful
source to elucidate how structural features in a drug molecule influence the biologicai
activities of molecules. Other softwares that can be used are the ChemDraw (Zielesny,
2005), HyperChem (Tsuji, 2010) and many more are used for finding molecular
descriptors.

A successful in silico-based QSAR analysis assures certain advantages like the higher

speed and lower costs for bioactivity evaluation in comparison to experimental testing o

procedures. Hansch and Fujita first developed the QSAR about 40 years ago and it
has remained a most valuable source in the lead discovery and optimization process
for understanding the drug activity relations. This particular method involves
recognition of organic, protein, peptide and still other molecules to be really three
dimensional. In terms of a QSAR analysis the most important properties are the steric
properties that include shape and volume along with the electronic properties such as
charge and electrostatic potential last but not the least lipophilic properties, i.e. degree
of polarity. Whole molecule descriptors are some of the earliest descriptors that are
most dense in terms of information and are extremely informative. This particular
type of descriptors captures information in relevance to molecular size and fhrough
the use of lipophilic properties such as molar weight or volume and logP that is the
log of octanol-water partition coefficient (Winkler, 2002). The ChemDraw software
package is a drawing tool for chemical structure and is capable of enabling several
features including boiling point, melting point, critical volume, heat of formation, Log
P and molar refractivity (MR) upé)n drawing the structure. HyperChem enables energy
minimization of the compoundsz whiéh lowers the systems energy by altering its

molecular geometry, and helps in yielding a more stable conformation by generating a
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log file using computational chemistry techniques such as semi-empirical formula,
molecular mechanics etc (hypercube et al., 2002).

Over several decades QSAR has been applied successfully and comprehensively to
bioactive agents in order to predict activity models. It has been extensively applied to
areas associated with the field of bioactive molecules discovery and development with
the sole purpose to gain therapeutic benefits. These areas include drug resistance
(Wiese and Pajeva, 2001), distinguishing drug like from non-drug like molecules
(Ajay et al., 1998), prediction of toxicity (Schultz and Seward, 2000; Andreas and
Joop, 2001), physicochemical property prediction (Gombar and Enslein, 1996),
peptide activity (Brusic er al,, 2001), datamining (Burden and Winkler, 2000), drug
metabolism (Lewis, 2000), other pharmacokinetic and ADME properties prediction

(Vedani and Dobler, 2000) and gastrointestinal absorption (Agatonovic ef al., 2001).
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3. Methodology

In-silico drug designing and development process makes use of screening huge set of
compounds. Large sets of compounds were screened and correspondingly selected on
the basis of particular 'selection criteria. The methodology adopted for this research
study involves the application of ten basic steps to a set of anti-Pneumocystis carinii
test compounds that have already been reported in several research studies. The
proto;:ol that compiles the entire methodology brought in to use for lead identification
and devising a cure for Pneumocystis carinii Pneumonia is summarized in the Figure
3.1.

The in-silco drug designing approach adopted in this research study begins with the
initial step of disease identification and followed by the identification of the potential
protein target. The next step involves the collection of appropriate compounds to
compose the data sets that meet the selection criteria in relevance to this research
study, followed by drawing of selected compounds using the 2D view. The process of
Pharmacophore generation was brought into use by the aid of LigandScout software
which proceeded to the docking of compounds included in the data set. Molecular
docking and QSAR study was performed as a next step in this study. The molecular
docking results were interpreted and binding interactions were studied, as a result of
which the lead compound was identified. The identification of the lead compound
helped in the design of the respective analogues for further investigation. The steps

involved in this protocol along with the challenges faced are discussed.
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3.1 Disease Identification

One of the leading causes of pneumonia is the pathogen Preumocystis carinii
especially in patients with suppressed immune systems. PCP was selected as a target
disease, since it is a fatal illness if it remains untreated. Despite advances in the
treatment of AIDS the incidence of Pneumocystosis has increased markedly over the
past decade (Walzer er al, 1987). The incidence of PCP has also increased
dramatically in the developing countries with mortality rates in the range of 20% to
80% (Fisk er al., 2003). Moreover the anti-pneumocystis drugs that are currently
available have a limited use due to the advent of various problems such as emerging

resistance, efficacy and toxicity (Fishman, 1998).

3.2 Protein Target

Multiple set of targets can be brought into consideration in order to cure PCP. These
targets include various specific enzymes found in Pneumocystis that can be used
effectively as drug targets. DHFR was selected as the drug target in this study and the
protein structure was extracted from Protein Data Bank. The protein structure used for

this study 1s pcDHFR with the PDB ID: 1DYR (Champness ef al., 1994).

3.3 Data Set Formation

Various Pneumocystis carinii inhibitors specifically the pcDHFR inhibitors have been

identified aand selected for study along with anti P. carinii drugs. Large sets of

compounds were screened and correspondingly selected to compose the data set on
the basis of particular selection ériterid The considerations for the selection of
compounds include the fact that all compéunds included in the data set should have a

reported ICso value not greater than 100 uM and these test compounds had already

-
&
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Figure 3.1: Protocol for the Insilco drug designing and development.
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passed through bioassay. More over the compounds must belong to different classes
that have numerous functional groups. Lastly all the compounds in this data set must
not be reported earlier than 1990. The drugs should show pcDHFR inhibition activity
and selected compounds should also be capable of taking part in combinatorial drug
therapy.

The data set includes 46 compounds along with 4 drugs making a total of 50
compounds in the data set (Queener ef al., 1993; Bartlett ef al., 1995; Rosowsky et al.,
1995; Jackson ef al., 1996; Patrick et al., 1997; Cushion et al., 2004; Cushion et al.,
2006; Ganéjee et al, 2006; Da Cunha e al, 2010). The FDA approved drugs
incorporated into this study were namely Atovaquone, Primaquine, Sulfamethoxazole
(SMX) and Trimethoprim (TMP) with ICs values of 4.2 uM, 2.5 uM, 0.104 uM and
12 uM respectively (Broughton and Queener, 1991; Cushion ef al., 1999; Cushion et
al., 2004; Vale et al., 2009). The compounds included in the data set are shown in

Table 3.1.

3.4 Compounds Drawing

In order to draw compounds many types of softwares are available. Compounds
included in the data set were drawn using Chem Draw Ultra Version 8.0
(Cambridgesoft.com) (Mendelsohn et al., 2004). ChemDraw provides user friendly
drawing environment where one can draw structures by simple drag and drop method.
It is basically a molecule editor that can be used to draw the chemical structures of
compounds. It is the part of the ChemOffice suite of programs and is available for
Macintosh and Microsoft Windows operating systems. Chemdraw supports a wic{e
range of feaitures such as chemicalf propérties, logP values, molar ;efractivity, volumcfa",

melting point, chemical structure to name conversion and many other features.

P}
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2

Chemical structures of all compounds were drawn using this tool and saved in ‘cdx
format and then saved correspondingly in ‘pdb’ format using Chem3D Ultra 8.0 from

the Chem Office suit of programs for pharmacophore modeling.

3.5 Pharmacophore Modeling

The 2D and 3D pharmacophores of the compounds were generated by the effective
use of LigandScout Version 3.0, (Cambridge et al, 2009) which is a powerful
structure and ligand based pharmacophore model generator that is based on
sophisticated algorithms for performing alignments, interpreting and customizing
ligand-macromolecule interactions.

The main aim of this particular study was ligand based drug designing therefore
ligand based pharmacophore models were generated. A ‘pdb’ file i§ taken as an input
by the software. It extracts and interprets ligands and their macromolecular
environment from ‘pdb’ files and visualizes advanced 3D pharmacophore models
with multiple features. Pharmacophore was generated by using simple commands.
Hence ‘pdb’ files were created for all compounds included in the data set followed by
visualization of each compound using LigandScout The command Create
pharmacophore with default parameters was used to generate 3D -pharmacophore for
ligands. After the process of pharmacophore generation the common features -of
ligands were predicted. All the pharmacophore features i.e. aromatic rings;
hydrophobic region, hydrogen bond acceptor and hydrogen bond donor were studied
and analysed. Shared pharmacophore model was generated using the command
‘generate shared feature phan:naco;;hore’. As a result, the common feature
pharmacophore was identified and obtained by superimposition of ligands. At the end

a unique or shared pharmacophore was predicted for inhibitors of pcDHFR.
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Table 3.1: Molecular Structures along with their ICso Values of the dataset
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3.6 Molecular Field Analysis

FieldTemplater makes use of the molecules electrostatic and hydrophobic fields for
finding common patterns by comparison of molecules. FieldTemplater helps to
determine the bioactive conformations and relative alignments of molecules without
requiring any receptor or binding site information when it is applied to several
different molecular structures that have a common activity. It provides the complete
pictorial layout defining how the active molecules bind, which features they make use
of, their shape along with the view that how different series can be compared. Most

important binding regions of a molecule are summarized by the Fields.

FieldTemplater can be used for visual comparison of fields of two molecules and -

accurate determination of the overall similarity of the fields of two different
molecules. It works with the common fields including van der Waals effects, the
positive and negative electrostatic fields, and l;ydrophobic effects on and near the
surface of a molecule. Highly similar interactions are displayed by molecules which
bind to a common active site and hence they possess highly similar field point
patterns. FieldTemplater is a tool that explores the conformational space of a set of

ligands inspecting for commonality and it also searches for common field patterns.

For this particular study two most active ligands along with one standard
Trimethoprim were taken as the input set for FieldTemplater. After the processing of
these compounds by FieldTemplater, a template was generated. After the generation
of the template, it was used as a :'refererjlce for the alignment of further repr;sentative

ligands of remaining classes usiixg FiéIdAlign. For this purpose a set of about 19

e . i
pcDHFR inhibitors were aligned to the selected template. Thus a common template
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was found which reveals the field points that are common in all structurally-distinct

ligands against PCP.

3.7 Molecular Docking

In the field of molecular modeling, docking is the computer aided simulation of a
candidate ligand binding to a receptor. The two important ingredients for the docking
phase are the target protein and the ligand. In order to enter the docking phase the
basic requirement is the identification of specific target protein hence a suitable target
protein was chosen for anti-Preumocystis carinii activity i.e. the pcDHFR with PDB
ID: 1IDYR (Champness et al., 1994) was selected which met all the requirements to-
be a suitable target protein. Docking was performed using software AutoDock
(Goodsell et al., 1996; Morris et al., 1998) and its patch AutoDock Vina (Trott and

Olson, 2010).

3.7.1 Steps for Molecular Docking

Docking of the chosen pcDHFR test compounds and standard drugs was performed
using Autodl)ck 4.0. The 3D structures of all compounds were placed in the same
directory that contained the installed software. The ‘pdb’ file of the macromolecule
was taken jas input by software, modifications were made and the resultant
macromolecule was saved in ‘.pdbqt’ format. Kollman and Gasteiger charges were
computed for the macromolecule. The macromolecule was then repaired for missing
atoms after the charges were computed. The next step involved the addition of polar
hydrogens to the macromolecule. After the processing the macromolecule was saved
as a ‘pdb’ file in the Autodock folder of the software’s directory as RH.pdb.

After modifying the protein the Kollman and Gasteiger charges were computed for

the ligands. Similarly ‘pdb’ file of ligand was given as input to modify ligand file
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which allowed the program to calculate its parameters such as non-polar hydrogen,
aromatic carbons and rotatable bonds along with the ligand torsions. The Torsion
count option was used to adjust the number of rotatable and non-rotatable bonds. For
all the ligands Torsions were defined by the use of Torsion Tree option from the
Autodock software. The Torsion Tree option was used to Choose Torsions, Set
Number of Torsions to most atoms and to Detect Root which is the rigid part of the
ligand. The number of active torsions was set to the maximum number of atoms. After
the modifications the ligand was saved as a new file with the extension .pdbqt with
the file name L.pdbqt. The rigid macromolecule was saved with an extension of
.pdbqt after computing the charges and merging the hydrogens. This rigid protein file
was brought into use for the preparation of gnd parameter file which was prepared by
using the ligand L.pdb. In order to provide the appropriate docking area and
dimensions the properties of the Grid Box were set and saved later. The grid settings
were saved as a grid parameter file with the extension *.gpf*. Afler this processing a
text file was created that contained majorly three features: (I) macromolecular file in
‘pdbqt’ format, (II) ligand file in ‘pdbqt’ format and (III) 3D location of the grid from
where docking algorithm was incorporated in order to search for docked site.

Gnd loc§tion is important in the sense that it depends upon the active site of the
protein. If the active site of the protein is the central pocket then grid must point at the
center and so on in the specified direction accordingly. In case of pcDHFR active site
the grid pointer was set at the center where center points of x axis = 17.32, y axis=
6.071, z axis = 1.694 respectively and size of the affinity grid was set to 60 x 60 x 60
and then the docking was performéd.

For docking purpose AutoDockVina (Trott and Olson, 2010) was used which is an
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open source program. Vina uses a ‘conf” file that was helpful in referring the pdbqt
files of macromolecule and ligands that were already prepared using AutoDock. Log
parameter files was generated by running the command ("\Program Fileﬁ\The Scripps
Research Institute\Vinalvina exe" --config c(;nf.lxt --log logtxt) on the command
prompt. The outputs generated by Vina are the log files and pdbqt files of different
energy models in accordance with the data set. For each ligand, the model with the
lowest energy was selected amongst the list of models generated by Vina and was
appended at the end of original protein file. The entire procedure outlined for one
ligand was applied to all the 50 compounds. The docking parameter files for the entire
set of ligands docked into the 1DYR macromolecule were obtained and analyzed.
3.7.2 Ligand-Protein Interactions

The ligand-protein interactions. were visualized using Visual Molecular Dynamics
(VMD) software. VMD (Humphrey et a/, 1996) is a molecular visualization and
analysis program designed for biological systems such as proteins, nucleic acids, lipid
bilayer assemblies, etc. The active conformation of ligand along with the target

protein after being docked successfully was provided as input to the YMD. After this

the interactions including ionic, hydrogen and hydrophobic between the ligand and

the active site of the target were drawn by selecting atoms within 5 A.

3.7.3 Lead Identification

After the extensive and detailed analysis of the ligand-protein interactions the most
active pcDHFR inhibitor was identified. Binding interactions of all the compounds
were observed thoroughly and tfle compound showing the best interactions was
identified as the potential lead a’mongi all compounds in the da_ta set. Lead was

_ identified keeping in mind three éonsidérations these include properties such as the

Yy
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ICso values, the Energy values of the model generated through docking and last but
not the least the number of interactions, most prominently Hydrogen and ionic
bonding.

3.7.4 Analogue Designing

After the identification of the lead four structural analogues of the lead were designed
by introduction or elimination of various functional groups with the main aim of
increasing the activity. Docking studies were then performed on the analogues using
the same procedure already mentioned with the aid of the softwares, AutoDock 4.0
and its patch Vina.

3.8 Quantitative Structure Activity Relationship

A quantitative structure activity relationship (QSAR) anglysis was performed for a set
of 21 analogues derived from the pentamidine (Cushi?)n et al., 2004). These analogues
were obtained by addition of linker, 1, 4-piperazinediyl parent compound with alkyl
or cycloalkyl groups introduced on one side of the nitrogen atoms of the amidine
moieties. QSAR was performed by computing a number of electronic and steric
descriptors. To accomplish the task of descriptors computation ChemDraw (Zielesny,
2005) and HyperChem (Tsuji, 2010) were brought in to use. Hyper Chem generates a
log file that was used to study electronic parameters whereas ChemDraw was used to
study and calculate the steric parameters that were computed on several mouse clicks.
More over the QSAR equation was calculated along with estimation of different
statistical parameters. The values for IC-50 value are predicted and a graph is

generated by plotting the actual and predicted IC-50 values.
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CHAPTER 4 RESULTS AND DISCUSSIONS

4. Results and Discussions

The research work is based on the extensive stildy and analysis of a series of
compounds that exhibit anti Pneumocystis carinii activity in order to identify the most
active compound. Computer aided drug designing (CADD) was incorporated to
identify the most active compound i-¢ the Lead from the set of 46 compounds.x" :

Analogue designing and lead identification was accomplished by the effective use of

CADD.
4.1 Data set formation

With referenge to this research study a wide range of pcDHFR inhibitors were taken -
into consideration and a comprehensive analysis was conducted on the data set of
compounds belonging to different classes. The data set was extended by including 4
FDA approved drugs along with the rest 46 compounds as the potential hits for this
study.

These compounds belong to following classes: Piperazine-Linked and Alkanediamide
or phenylenediamide-Linked Bisbenzamidines, the 8-Aminoquinolines, 2,4-
diaminoquinazolines, the dicationic carbazoles, disubstituted Diaminopteridines,
disubstituted pyrimidines, benzanilides and benzylamines derivatives , 1-naphthyl
derivatives, :diamide derivatives, triazolyl analogues, trimethoprim derivatives,
methotrexate analogs .trimetrexate analogs, Pyrimethamine analogs, Triazines and1,3-
diamino-?,S,9,lO-tetrahydropyrimicio[4,5;c]isoquinol'mes (Queener et al, 1993;
Bartlett ef al., 1995; Rosowsky et dl., 19?5; Jackson et al., 1996; Patrick et al., 1997;
Cushion et al., 2004; Cushion ef al., 2606; Gangjee ef al., 2006; Da Cunha et al,,

2010).
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CHAPTER 4 RESULTS AND DISCUSSIONS

4.2 Rule of Five

Although the compounds and drugs included in the study have already undergone
through the bioassay but in order to counter check their drug-likeness properties in-
silico techniques such as the rule of 5 or Lipinski rule was brought in to use to
incorporate the pharmacokinetics of the drugs. Lipinski rule or the rule of 5 should
obey the following characteristics:

» Hydrogen bond acceptors should not be more than 10

o Similarly Hydrogen bond donors should not exceed 5

s The molecular weight s<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>