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Introduction

1.1: Brief History of QSAR
Quantitative structure-activity relationships represent an attempt to correlate structural or
property descriptors of compound with activities. The QSAR modeling is to derive
empirical models that relate the biological activity of compounds to their chemical
structure. The biological potency of a compound may be revealed by its toxicity or
activity.
In 1863 A.F.A. Cros introduced a relationship which existed between the toxicity of
primary aliphatic alcohols with their water solubility [1]. Crum-Brown and Fraser (1968).
expressed the idea that the biological activity of alkaloids (<I>) was a function (f) of their
molecular constitution (C) [2].
<I>= f(C)
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This equation is considered to be the first general formulation of a Quantitative structureactivity relationship.
In 1893, Riche! correlated toxicities of alcohols, ethers, and ketones with their
corresponding water solubility and suggested that their toxicities are inversely related to
their water solubilities [3]. This relationship showed in equation 2, where t.<l> are the
differences in biological activity values and their corresponding changes in the chemical
and especially the physicochemical properties, t.C.
t.<l>

= f (t.C)
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Now only the differences in biological activities are quantitatively correlated with
changes in lipophilicity and other physicochemical properties of the compounds under
investigation. Therefore it is assumed that all QSAR equations correspond to eq. 2.
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Meyer (1899) and Overton (1901) independently suggested that the liner relationship
between the narcotic action of a group of organic compounds and their olive oil/water
partition coefficients [4-5].
In 1935 Louis Hammett introduced a method to account for substituent effects on reaction
mechanisms through the use of an equation which took two parameters into consideration
namely the (i) substituent constant and the (ii) reaction constant [6-7]. Hammett
correlated electronic properties of a substituent on benzoic acid with the dissociation
constants and reactivity. On the basis of free energy relationships he proposed a relation
while studying the dissociation constant of substituted benzoic acid and its benzoate ion
and postulated electronic cr-p constant. Hammett observed that a linear relationship
resulted when substitutions of different groups were made to benzoic acid.
Log KfKo = p Log K'IK'o = p cr3
Where Ko and Ko' represents equilibrium constants for unsubstituted compounds where K
and K' for substituted compounds. The cr denotes the properties of the substitution groups
i.e. descriptor. If an electron withdrawing group attached to the benzene ring, cr is
positive. But the presence of an electron donating group, cr is negative. The magnitude of
cr indicates the degree of these effects. If the effect of substituents is proportionally larger
than on the benzoic acid equilibrium, then p> I, but the effect is less than on the benzoic
acid equilibrium, p< 1. By definition, for benzoic acid is equal to I.
In 1939 Ferguson correlated depressant action with the relative saturation of volatile
compounds in their vehicle and gave a thermodynamic generalization to the toxicity [8].
Bruce, Kharasch, and Winzler were constructed a group contribution to biological activity
values in a series of thyroid hormone analogs. This study may be considered as a first
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Free Wilson-type analys is [9]. Zahradnik constructed an equation similar to the Hammett
equation, which was used for three decades to describe the reactivity of organic
compounds in a quantitative manner [ l 0-12].

The extensive work of Bell and Roblin ( 1942) established the importance of ionization of
a series ofsul fan ilamides wi th their antibacterial activiti es [1 3].
Taft ( 1956) proposed an approach for separating polar, steric, and resonance effects of
substituents in aliphatic compounds. He first introduced the steric parameter [ 14].
ln 1962 Hansen constructed relationship between the toxicities of substituted benzoic
acids and the electronic cr constants of their substituents, which is the first real Hammett
type relationshj p [ 15].
In 1962, Hansch and Mour correlated the biological activities of the plant growth
regulators with Hammett constant and hydrophobicity using the octanollwater system
[ 16].
In 1969 Hansch introduced a new hydrophobic scale using the octanollwater system and a
whole series of partition coe ffic ients were calcu lated. The parameter n is the relative
hydrophobicity of a substituent, which was analogous to the definition of sigma [ 17].
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n = log Px - log PH

Px, and PH are the parti ti on coefficients of a derivative and the parent molecule
respectively.
The contributions of Hamm ett and Taft together laid the basis for the development of the
QSAR model by Hansch and Fujita (1964), which comb ined the hydrophobic parameters
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with Hammett's electronic constants to yield the linear Hansch equation and its many
extended forms [18].
Log 1/C = acr + b1t + c k

5

After this equation over hundreds of equations were constructed and the failure of these
linear equations in cases with extended hydrophobicity ranges led to the development of
the Hansch parabolic equation (eq.5) [19].
Log 1/C = a log P- b (log

Pi + ccr + k
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The delineation of these models led to explosive development in QSAR analysis and
related approaches.
Besides the Hansch approach, other methodologies were also developed structure activity
relationship. The Free and Wilson (1964) constructed an additive model, where the
activity is a simple sum of contributions from different substituents [20].
7

BA is the biological activity, u is the average contribution of the parent molecule, and ai
is the contribution of each structural feature; xi denotes the presence Xi = 1 or absence Xi
= 0 of a particular structural fragment.

In 1971, Fujita and Ban simplified the Free-Wilson equation estimating the activity for
the series of non substituted compound and derived an equation that used the logarithm of
activity, which brought the activity parameter in line with other free energy related terms
[21].
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In equation 8, u is the calculated biological activity value of the unsubstituted Parent
compound of a particular series. Gi denotes the biological activity contribution of the
substituents, whereas Xi is the presence (Xi = I) or absence (Xi = 0) of a particular
structural fragment· structure.
In I 960s several molecular descriptor were proposed in the development of QSAR
modeling, which signaled the beginning studies on molecular descriptors based on graph
theory [22-25].
In I 976, Kubinyi examined the transport of drugs via aqueous and lipoidal compartment
systems and further refined the parabolic equation of Hansch to develop an advanced
bilinear (non-linear) QSAR model [26].
Log 1/C= alogP- b

log(~

P+1) + k
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In the early 1980s, Hans Konemann and Gilman Veith developed multi-class-based,
hydrophobic dependent models for industrial organic chemicals, must share credit for the
revival of QSAR [27, 28]. Simon developed the quantitative structure property/activity
relationships by the minimum topological difference (MTD) method and also Kier and
Hall studies on molecular connectivity. Connectivity indices based on hydrogen
suppressed molecular structures are rich in information on branching, 3-atom fragments,
the degree of substitution, proximity of substituents and length, and hetero atom of
substituted rings [29,30]. In 1997, Hansch and Gao developed comparative QSAR (CQSAR), incorporated in the C-QSAR program. Various attempts have been made to use
in QSAR model recognition and successful applications have been reported [31]. The
partial least squares (PLS) method offer better opportunity in QSAR model development.
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1.2: Molecular descriptors in QSAR

To derive QSAR models, an appropriate representation of the chemical structure is
necessary. For this purpose, descriptors of the structure are_ commonly used. These
descriptors are generally understood as being any term, index or parameter conveying
structural information. The molecular descriptor is the final result of a logic and
mathematical procedure which transforms chemical information encoded within a
symbolic representation of a molecule into a useful number or the result of some
standardized experiment. The descriptors have been used in the formulation of QSAR for
the prediction of a chemical properties, biological activity or toxicity. Several descriptors
are obtained directly from the chemical structure such as constitutional, geometrical, and
topological and electrotopological descriptors, although some of the descriptors represent
physicochemical properties such as lipophilicity and hydrophilicity descriptors, electronic
descriptors. An additional feature of the descriptors is that the values of some of them
depend only on the 2D chemical formula (constitutional, topological and electro
topological descriptors), whereas the values of others are influenced additionally by the 3D
molecular conformations (geometrical descriptors, electronic descriptors, energies of inter
actions). The main grouping of descriptors is given in Table I
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Table 1: Classification ofDescroptors

Descriptors
Lipophilicity

(hydrophobicity),

Examples
and aqueous solubility, oil-water partition coefficient

Hydrophilicity

(logP), oil-water distribution coefficient (logD)
molecular weight, total number of atoms, number
of individual types of atoms, number of rings,

Constitutional
total number of bonds, number of individual
types of bonds
van der Waals volume, molecular volume,
Geometrical

molecular

surface

area,

solvent

accessible

molecular surface area, shadow indices
Topological

and

electrotopological- Wiener index, Balaban index, Randic indices,

state

Kier and Hall, connectivity indi<;es, Kappa shape
indices; E-state atom type indices, E-state
extended atom type indices
dipole

moments,

polarizability,

hydrogen

bonding parameters, Hammett constant, HOMO
Electronic and quantum mechanical
and LUMO energies, orbital electron densities,
super delocalisabilities
steric, electrostatic, hydrophobic energies of
Energies of interaction
interaction

Descriptors of lipophilicity (hydrophobicity) and hydrophilicity

Lipophilicity or hydrophobicity is more attracted than the other physicochemical property
in QSAR studies, due to its direct relationship to solubility in aqueous phases, to
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membrane permeation and to its contribution to ligand binding at the receptor site.
Lipophilicity is defined by the partitioning of a compound between an aqueous and an
organic phase. Meyer and Overton made their seminal discovery on the correlation
between oil/water partition coefficients and the narcotic action of small organic molecules
[4, 5]. Ferguson extended this analysis by placing the relationship between depressant
action and hydro_phobicity in a thermodynamic context; the relative saturation of the
depressant in the biophase was a critical determinant of its narcotic potency [8]. Hansch et
a!. formulated a multi parameter approach that included both electronic and hydrophobic
terms, to establish a QSAR for a series of plant growth regulators [18].This study laid the
basis for the development of the QSAR model and also firmly established the importance
of lipophilicity in biosystems. Hydrophobic interactions are of vital importance in many
areas of chemistry such as enzyme-ligand interactions, the assembly of lipids in
biomembranes, aggregation of surfactants, coagulation and detergency [33-36]. Molecular
recognition depends strongly on hydrophobic interactions between ligands and receptors.
The classical model for hydrophobic interactions was defined by Kauzmann to describe
the van der Waals attractions between the nonpolar parts of two molecules immersed in
water [37]. Hydrophobicities of solutes can be calculated by measuring partition
coefficients designated as P.
Constitutional descriptors

Constitutional descriptors are the most simple and commonly used descriptors in QSAR
analysis and produced from the chemical composition of a compound without any·
information about its molecular geometry or atom connectivity. This includes molecular
weight (MW), number of atoms (nAT), number of Hydrogen atoms (nH), number of
Carbon

atoms (nC),

number

of

Nitrogen

atoms (nN), number

of

Oxygen

atoms (nO), number of halogen atoms (nX), number of rings (nCIC). They encode the size
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of molecules (molecular weight, number of atoms, number of rings), and chemical
properties (type and number of functional groups).
Geometrical descriptors

Geometrical representation involves knowledge of the relative positions of the atoms in
3D space, i.e. the (x; y; z) atomic coordinates of the molecule atoms. These descriptors
require access to the 3D coordinates of all the atoms in the given molecule. Geometrical
descriptors have more information and discrimination power than topological descriptors
for similar molecular structures and molecule conformations. Examples for such
descriptors include distances between particular points of the molecular surface (the
two Farthest points, the two closest points),

and distances between given chemical

groups. Several classes of geometrical descriptors descriptor can be distinguished, e.g.
quantum-chemical, grid-based, volume and surface descriptors, 3D-MoRSE (3D-Molecule
Representation of Structures based on Electron diffraction) descriptors, etc. The most
widely used geometrical descriptors are molecular surface area and molecular volume.
Topological descriptors

The topological descriptors treat the structure of the compound as a graph, with atoms as
vertices and covalent bonds as edges. Topological descriptors were divided in to two
different subsets: topostructural and topochemical. Topostructural descriptors encode
information about the adjacency and distances of atoms in moleculer structures
irrespective of the chemical nature of the atoms. But topochemical descriptors encode
regarding the connectivity as well as specific chemical properties of the atom making up
the molecule. The most popular and widely used topostructural indices are Wiener index
[38], Randic connectivity index [39], Balaban distance connectivity index [40], Schultz
molecular topological index [41], Kier shape descriptors [42], Kier and Hall valence
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connectivity index etc [43,44]. Topochemical descriptors are Burden eigenvalues, BCUT
descriptors [45,46], mean information content (IC,) [47], Structural information content
(SIC,) [48], Complementary information content (CIC,) [49].
Electrotopological state indices

In 1990, Kier and Hall was introduced the electrotopological state (E-state) as a new
approach to molecular structure representations [50]. A new method for molecular
structure description is presented in which both electronic and topological characteristics
are combined. The method makes use of the hydrogen-suppressed graph to represent the
structure. The focus of the method is on the individual atoms and hydride groups of the
molecular skeleton. The characteristics of the electrotopological state values are indicated
by, examples of various types of organic structures, including chain lengthening,
branching, hetero atoms, and unsaturation. Electrotopological state indices are E-state
atom type indices, E-state extended atom type indices, E-state bond indices etc.
Electronic and quantum mechanical descriptors

Electronic descriptors are of significant importance m determining the types of
intermolecular forces that lead to drug-receptor interaction. The three major types of
parameters that were initially suggested and still hold sway are electronic, hydrophobic,
and steric in nature. Electronic descriptors are calculated by the special distribution of the
electrons in a molecule. The descriptor characterizes molecular properties such as dipole
moment [51], polarizability [52].
The quantum chemical methodology applied to QSAR, by direct derivation of electronic
descriptors from the molecular wave functions [53]. The two most accepted quantum
chemical methods used for the calculation of quantum chemical descriptors are ab initio
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(Hartree-Fock) and semiempirical methods. Like other electronic parameters, QSAR
models incorporating quantum chemical descriptors will include information on the
nature of the intermolecular interactions involved in the biological response and can
easily be derived from the theoretical structure of the molecule. Quantum chemical
calculations have no statistical error. The errors are generally made in the assumptions
that are established to facilitate calculation [54]. Important quantum chemical descriptors
such as net atomic changes, highest occupied molecular orbital/lowest unoccupied
molecular orbital (HOMO-LUMO) energies, frontier orbital electron densities and super
delocalizabilities have been shown to correlate well with various biological activities
[55].
Energies of interaction

Major forces encountered m the drug-receptor intermolecular interactions including
electrostatic, hydrogen bonding, steric/van der Waals and hydrophobic. The electrostatic
and hydrogen bonding interactions are responsible for ligand-receptor specificity.
Hydrophobic interactions generally provide the strength for binding. These interactions
are used as descriptors in QSAR (30) analysis [56].
1.3: Antimicrobial drugs

Antimicrobial drugs are chemicals used to prevent and treat microbial infections.
Antimicrobial drugs can be classified as antibacterial, antifungal, antiviral or antiparasitic
depending on the type of microbe the drug targets. Antibiotics fight against bacteria by
inhibiting certain vital processes of bacterial cells or metabolism. There are five major
modes of antibiotic mechanisms of activity.
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bacterial infections carried in the bloodstream and they were the only effective drugs until
penicillin became available in the early 1940s.
In 1944, the antibiotic streptomycin, an amino glycoside antibiotic, was discovered from
a systematic search of soil organisms. It extended the range of chemotherapy to Tubercle
bacillus and a variety of Gram-negative bacteria. Several antibiotics were discovered
from the soil bacterium Streptomyces griseus such as chloramphenicol, tetracycline,
macrolide, and glycopeptide.
After the Second World War, the effort continued to find novel antibiotic structures. This
led to the discovery of the peptide antibiotics (e.g. bacitracin (1945)), chloramphenicol
(1947), the tetracycline antibiotics (e.g. chlortetracycline (1948)), the macrolide
antibiotics (e.g. erythromycin (1952)), the cyclic peptide antibiotics (e.g. cycloserine
(1955)), and in 1955 the first example of a second major group of (3-lactam antibiotics,
cephalosporin C. The synthesized antimicrobial agent isoniazid, a pyridine hydrazide
structure, was found to be effective against human tuberculosis in 1952.
In 1962 nalidixic acid, the first of .the quinolone antibacterial agents was discovered. A

second generation of this class of drugs was introduced in 1987 with ciprofloxacin [63].
Many antibacterial agents are now available and the vast majority of bacterial diseases
have been brought under control (e.g. syphilis, tuberculosis, typhoid, bubonic plague,
leprosy, diphtheria, gas gangrene, tetanus, gonorrhoea) [64].
Bacterial resistance to antimicrobial drugs is one of the most serious threats to global
public health. Initially treatment with antibiotics is

se~sitive

to microorganism. But

prolonged treatment with antibiotics can lead to the development of resistance in a
microorganism and later it can adapt gradually and develop resistance to antibiotics.
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Previously in some cases, antimicrobial agents are effective but now they are no longer
useful. The bacterium S. aureus is the resistant bacterium most common in the clinical
setting and rapidly acquired resistance to sulfonamides drugs. Penicillin was initially
effective to S. aureus but resistant strain sof S. aureus produce penicillinase increased in
the 1950s. In 1960, penicillinase stable methicillin was developed. However, in1961,
.

.

methicillin resistant S.aureus (MRSA) was isolated in the UK [65]. Nosocomial infection
with MRSA became a social problem in 1990s.During this period, the targets of new
antimicrobial agents including second and third-generation cephems were widely used.
The antimicrobial activity shifted from Gram-positive to Gram-negative bacteria, and
agents with wide spectra but weaker activity against Gram-positive bacteria. MRSA
obtained resistance to most of the

~-lactam

antibiotics through its acquisition of the

penicillin-binding protein (PBP) 2' gene. PBP2' is an enzyme, which involved in cell
wall synthesis that has low binding affinity for

~-lactam

antibiotics.

S. pneumoniae was originally susceptible to penicillin. But, in the latter half of the 1960s,
penicillin-intermediate S. pneumoniae (PISP) strains were found and penicillin-resistant
S. pneumoniae (PRSP) strains in the latter half of the 1970s. In Japan, PRSP was isolated
in the 1980s and the detection of PRSP strains began to increase around 1990. Plenty use
of oral cephern antibiotics seems to be responsible for the increase in PRSP.
Initially antimicrobial activity of Ampicillin was effective for Haemophilusinfluenzae.
Some of this species were found to produce

~-lactamasein

resistant to ampicillin. However, in the 1990s, such

the 1980s and thereby proper

~-lactamase-producing

decreased in Japan. Strains that acquired highly resistance to
in PBP genes, increased instead. These are known as

~-lactam

strains

through mutations

~-lactamase-negative

ampicillin-

resistant (BLNAR). It has been considered that use of a large amount of oral cephems
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antibiotics is also responsible for antimicrobial resistant, similar to the situation with
PRSP.
Many antimicrobial agents produced antimicrobial effects towards the P. aeruginosa. The
emergence of P. aeruginosa strains resistant to all of three classes of antimicrobials, i.e.,
carbapenems, quinolones, and aminoglycosides. This multidrug resistant P. aeruginosa
(MDRP) sometimes seems to cause an epidemic in a body. MDRP has complex
mechanisms of drug resistance. Antibiotic resistance may be classified in to Genetics of

• and Biochemistry of antibiotic resistance
antibiotic resistance
Genetics of antibiotic resistance

Mutations
Spontaneous mutations

These mutations occur as errors replication or an incorrect repair of a damaged DNA in
actively dividing cells. They are called the growth spontaneous mutations or growthdependent mutations. These mutations present an important mode of generating antibiotic
resistance [66]. Quinolone resistance in Escherichia coli is a result of change in at least
seven positions in the gyrA gene or three positions in the parC gene [67, 68], where as
only a single point mutation in the rpoB gene is associated with a complete resistance to
rifampin [69]. There are several biochemical mechanisms of antibiotic resistance related
to Spontaneous Mutations. Different types of genes can be involved in antibiotic
resistance. Reduced the affinity of sulfonamides is due to the chromosomal mutation in
dihydropteroate synthetase [70].
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Hype rmutators

A small bacterial popul ation during a prolonged nonl ethal selection of m icroorganisms
may achieve a transient state when the population mutates at a very high rate (71 ].
Hyperm utators are observed in many bacteria species such as E. coli, S. enterica,
Neisseri a meningitides (N. meningitides),H. influenzae, S. aureus, Heli cobacter pylori (H.
pylori), Streptococcus pneumoniae (S . pneumoniac),and P. aeruginosa (72]. Various
studies suggested that hypermutations play an important role in acquis ition of antibiotic
res istan ce in pathogens (73].

Adaptive mutagenesis
The mutation process has classically been studied in actively dividing bacteria. It was
assumed that most mutations occur as the consequence of errors during the DNA
replication process. But recent experimental data have clearly revealed that mutations
occur also in non-dividing or slow ly dividing cells. These mutations are called adaptive
mutations. A large number of antibiotic resistant mutants may come from adaptive
mutation process under bacteri al normal conditions. E. coli exposed to antibiotic
streptomycin exhibits a hypermutable phenotype. Some antibiotics (quinoloncs) are able
to induce the SOS mutagenic response and increase the rate of emergence of resistance in
E. coli (7 1, 74].

Horizontal gene transfer
A principal mechanism by which is a transfer of resistance genes from one bacterium to
another is called a hori zontal gene transfer. The key mechanisms of resistance gene
transfer in a bacterium are plasmid transfer, transfer by viral delivery, and transfer of free
DNA. Antib iotic resistance genes may be transferred by three different
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transduction (via bacteriophages), conjugation (via plasmids and conjugative transposons)
and transformation (via incorporation into the chromosome of chromosomal DNA,
plasmids, and other DNAs) [71, 75]. Resistance genes can be further incorporated into the
recipient chromosome by recombination or transposition and may have single mutations
or several changes in gene sequence. This type of genetic transfer not only happen
between closely related bacteria but can also occur between phylogenetically distant
bacterial genera, in particular between gram-positive and gram-negative bacteria. The
horizontal genes transfer is more effective than chromosomal mutation [75]. Plasmid
encoded genes that give antibiotic resistance to main classes of antibiotics such as
aminoglycosides, cephalosporins and fluoroquinolones [76]. Horizontal transfer of
resistance genes is a process for the propagation of multiple drug resistance because
resistance genes can be found in clusters and transferred together to the recipient. This is
possible by the existence of specific DNA structures, are called integrons. Integrons are
DNA elements with the ability to capture genes that encoding antibiotic resistance by
specific recombination mechanism. These elements are placed either on the bacterial
chromosome or on broad host range plasmids [77, 78]. Integrons forming clusters of
antibiotic resistance genes by the capture one or more gene cassettes within the same
attachment site. Gene cassettes are the smallest mobile genetic materials that can carry
resistance determinants. These can encode several types of resistance including to blactams, chloramphenicol, trimethoprim, aminoglycosides and quinolones [79]. Each of
these antibiotic classes several distinct gene cassettes have been reported. Resistance gene
cassettes have been found for the most classes of antibiotics. Horizontal transfer of the
resistance genes can be done when an integron is incorporated into a broad host range
plasmid. A plasmid with a pre-existing resistance gene cassette can get additional
resistance gene cassettes from donor plasmids, thus spreading multi resistance
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[80]~

Biochemistry of antibiotic resistance

The main types of biochemical mechanisms that bacteria used for resistance are generated
by several mechanisms: (i) Antibiotic inactivation (ii) Target modification (iii) Efflux
pumps and outer membrane (OM) permeability changes (iv) Target bypass. Each of these
four categories also contains an amazing diversity of resistance mechanisms. Sometimes a
single bacterial strain may have several types of resistance mechanisms. Each of the four
main categories will be discussed below
Antibiotic inactivation

The mechanisms of antibiotic inactivation consist of the production of enzymes that
degrade or modify the drug itself. Biochemical strategies include hydrolysis, group
transfer, and redox mechanisms [71].
(i)Antibiotic inactivation by hydrolysis

Large number of antibiotics may contain hydrolytically susceptible chemical bonds such
as esters and amides. Several enzymes have evolved to target and cleave these susceptible
bonds. As a result, provide a means of destroying antibiotic activity. These enzymes can
be emitted by the bacteria, inactivating antibiotics before they reach their target within the
bacteria. The

~-lactamase

enzyme breaks the

~-lactam

ring that have ester and amide

bond of the penicillin and cephalosporin antibiotics. Several Gram-negative and Grampositive bacteria produce such enzymes and above 200 different
identified.

~-Lactamases

~-lactamases

have been

are divided into four groups on the basis of functional

characteristics, including preferred antibiotic substrate. Clinical isolates normally produce
~-lactamases

having different functional groups. Extended-spectrum

19

~-lactamases

(ESBLs) mediate resistance take placed to all penicillins, third generation cephalosporins
(e.g. ceftazidime, cefotaxime, ceftriaxone) and aztreonam [81-83].
(ii)Antibiotic inactivation by group transfer

The most diverse family of resistant enzymes inactivating aminoglycosides,
chloramphenicol, streptogramin, macrolides, or rifampicin is called transferases. They
can inactivate antibiotics by binding adenylyl, phosphoryl, or acetyl groups to the
periphery of the antibiotic molecule. These modifications reduced the affinity of
antibiotics to target enzymes. Chemical strategy includes transferof 0-acetylation and Nacetylation, 0-phosphorylation , 0-nucleotidylation, 0-ribosylation, 0-glycosylation and
thiol. All these modification strategies require a co-substrate for their activity (ATP,
acetyl-CoA, NAD+, UDP-glucose, or glutathione) and therefore these processes are
restricted to the cytoplasm [71, 84, and 85].
(iii)Antibiotic inactivation by redox process

Oxidation and reduction reactions are used by pathogenic bacteria as a resistance
mechanism against antibiotics []. For example, one is the oxidation of tetracycline
antibiotics by the TetX enzyme and other is Streptomyces virginiae, producer of the type
A streptogramin antibiotic virginiamycin Ml, protects itself from its own antibiotic by
reducing a critical ketone group to an alcohol at position [71,86].
Target modification

The second major resistance mechanism is the modification of antibiotic targets which
makes the antibiotic unable to bind the targets properly. It is possible for mutational
changes to occur in the target that reduce susceptibility to inhibition even as keeping
cellular function [71, 87].
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Peptidoglycan structure alteration

The peptidoglycan component of the bacterial cell wall gives an excellent selective target
for the antibiotics: This is crucial for the growth and survival of most bacteria. Thus,
enzymes involved in synthesis and assembly of the peptidoglycan component of the
bacterial cell wall, which give excellent targets for selective inhibition. The presence of
mutation in penicillin-binding proteins (PBPs) leads to a reduced affinity to
antibiotics and possibly causing

~-lactam

~-lactam

resistance in many bacteria strains, such as H.

influenzae, N. gonorrhoeae, N. meningitidis, anaerobes, S. dysenteriae [71, 88].
Protein Synthesis Interference

A wide range of antibiotics (aminoglycosides, tetracyclines, macrolides, chloramphenicol,
fusidic acid, mupirocin, streptogramins, oxazolidinones) can interfere with protein
synthesis on different levels of protein metabolism. The resistance to antibiotics that
obstruct the protein synthesis or transcription via RNA polymerase is achieved by
modification of the specific target [89]. The macrolide, lincosamide and streptogramin
Bgroup of antibiotics (MLS antibiotics) block protein synthesis in gram negative bacteria
by binding to the 50S ribosomal subunit [90].Then the 50S subunit undergoes a
posttranscriptional modification (methylation). RNA methyltransferase involves RNA
that is close to the binding place of antibiotics. Mutations in 23S rRNA is same as
nonmethylated rRNA, which are associated with MLS resistance. Nonmethylated 23S
rRNA and 16S rRNA in Haloarcula marismortui cause resistance to kasugamycin and
sparsomycin [91].
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DNA synthesis interference

The mechanism of resistance is a modification of two enzymes, DNA and topoisomerase
IV. Resistance is conferred by mutations in specific regions of the structural genes that
sufficiently alter these enzymes preventing the binding of antibiotics. The most common
mutations in this region cause resistance through decreased drug affinity for the altered
gyrase-DNA complex [92].
Efflux pumps and outer membrane (OM) permeability

Efflux pumps are the membrane proteins that export the antibiotics from the cell and
maintain their low intracellular concentrations. Reduced outer membrane (OM)
permeability results in reduced uptake of antibiotics. The reduced uptake and active
efflux induce low level resistance in many clinically important bacteria [71].
Efflux pumps

Efflux pumps affect all classes of antibiotics such as macrolides, tetracyclines, and
fluoroquinolones. Because these antibiotics inhibit different parts of protein and DNA
biosynthesis and therefore must be intracellular to exert their effect. Efflux pumps vary in
both their specificity and mechanism [71, 93]. Although some efflux systems are drugspecific, many are multi drug transporters that are capable of expelling a wide spectrum of
structurally unrelated drugs. Thus Efflux pumps are contributing significantly to bacterial
multidrug resistance (MDR). Efflux transporters can be classified into single or multi
component pumps. Single component efflux systems transfer their substrates across the
cytoplasmic membrane e.g. tetracycline and macrolide transporters are single component
efflux systems. Multi component pumps found in gram-negative bacteria and together
with a periplasmic membrane synthesis protein e.g. resistance-nodulation- division
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(RND) family members have broader substrates. Antibiotics of all classes are susceptible
to the activation of efflux systems except polymyxins. Efflux pumps can be specific to
antibiotics and are multidrug transporters that are capable to pump a wide range of
distinct antibiotic (e.g. macrolides, tetracyclines, fluoroquinolones) and thus significantly
contribute to multidrug resistance (MDR) [71, 94].
Outer membrane (OM) permeability changes

Outer membrane is an asymmetric bilayer. Gram-negative bacteria have an outer
membrane consisting of an inner layer containing phospholipids and an outer layer
containing the lipid a moiety of lipopolysaccharides (LPS). This outer membrane (OM)
composition slows down drug penetration and transport across the OM is accomplished
by porin proteins that form water-filled channels. Drug molecules can enter the OM
employing one of the following methods: (i) by diffusion through porins, (ii) by diffusion
through the bilayer, (iii) by self-promoted uptake. The mode of permeability employed by
a drug molecule largely depends on its chemical composition. For example, hydrophilic
antibiotics either enter the periplasm through porins (e.g. P-lactams) or self-promoted
uptake (aminoglycosides). Antibiotics such as

P-lactams, chloramphenicol and

fluoroquinolones pass the Gram-negative outer membrane via porins [71].
Target bypass

This type mechanism of bacterial resistance to antibiotics is specific. Bacteria generate
two types of targets: one is sensitive to antibiotics and the alternative one (usually an
enzyme) that is resistant to inhibition of antibiotic. Bacteria produce an alternative target
enzyme that is resistant to inhibition of antibiotic. The example is in bypassing inhibition
of dihydrofolate reductase (DHFR) and dihydropteroate synthase (DHPS) enzymes in
tetrahydrofolate biosynthesis. They are inhibited by trimethoprim and sulfonamides,
23

generate angiotensin I.

Figure 1: Ribbon diagrams of human renin (helixes are shown in red, sheets are in
yellow, and loops in green).

Renin was one of the first hormones to be discovered in 1898, the first data were
presented indirectly suggesting the existence of a renally derived factor that increases
blood pressure [98]. This hormone enzyme initiates the enzymatic cascade generating the
angiotensin peptides that regulate blood pressure, cell growth, apoptosis and electrolyte
balance, to mention only some of the foremost recognized functions. Renin is rate
limiting in the production of angiotensin II (Ang II), a hormone that ultimately integrates
cardiovascular and renal function in the control of blood pressure as well as salt and
volume homeostasis. For instance, renin seems to be of vast importance for maintaining
arterial blood pressure. Renin is an aspartyl protease involved in the regulation of blood
pressure and electro! yte, homeostasis. As abnormalities in the level of circulating renin
contribute to certain forms of hypertension, the enzyme has been a target in ·the
development of antihypertensive drugs.

Type Ila ·receptor protein tyrosine phosphatases sigma
Type IIa RPTPs contain variable number of extracellular immunoglobulin (Ig) domains
and two to nine fibronectin type III (FNIII) domains and two cytoplasmic phosphatase
domains Chicken RPTPcr contains 203 number of amino acid residues.

Coles et a!.

determined crystal structures of the two N-terminal Ig domains (Igl-2), which formed the
minimal stable unit, for examples across family members and species (chicken and
human RPTPcr, human RPTP8 and LAR, Drosophila DLAR). A V-shape arrangement of
lgl and Ig2 is stabilized by conserved interactions. Hydrophobic residues (LEU124,
LEU129, PR0130, and PHE133) of Side chains lie on the Igl-Ig2 Pro-rich loop and also
pack closely with ILE42, VAL44, and ALA 212 in a hydrophobic interdomain region,
Two salt bridges ARG91- GLU205 and GLU126- ARG215 and a network of hydrogen
bonds were formed by the hydroxyl groups of SERSO and TYR216, the side chain amide
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of GLN41 , the backbone carbonyls of ILE42 and PHE171 , the backbone amide of
Y AL214 and two water molecules, hold lgl and Ig2 in a rigid arrangement. The inter
domain interactions, including the two water molecules make the Igl and Ig2 in a rigid
arrangement (99].

Figure 2: Ribbon diagrams of Type lla receptor protein tyrosine phosphatases
sigma (helixes are shown in red, sheets are in yellow, and loops in green).
The complex pattern of neural connectivity established during nervous system
development depends on the ability of the axon 's motile tip, the growth cone, to receive,
transduce and integrate multiple environmental signals. Protein phosphorylation on
tyrosine residues plays a key role in these processes. Cellular phosphotyrosine levels are
controlled by two major families of enzymes, the protein tyrosine kinases and the protein
tyrosine phosphatases (PTPs). Enzymes, tyrosine kinases and protein tyrosine
phosphatases (PTPs) controls

the extent of phosphorylation of tyrosine residues on

cellular proteins. These enzymes are found in both cytoplasmic and transmembrane
(receptor-like) form s, and the biochemical interactions between them lead to a diversity
of cellular behaviors. Receptor protein tyrosine phosphatases (RPTPs) are a family of cell
surface receptors important for growth and development of the nervous system from
worms to humans. Twenty one human RPTPs were identified, and highly conserved
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orthologues and homologues exist in vertebrates and invertebrates. Vertebrate family
members (RPTPcr, LAR and RPTPo) and invertebrate orthologues (Drosophila DLAR)
have particularly well recognized roles in axonal growth cones, regulating neuronal
growth and guidance and participating in excitatory synapse formation and mamtenance.

RPTPa mice show neurological and neuroendocrine defects as well as increased nerve
regeneration. Deficiency of RPTPo mice show impaired learning and memory. RPTPcr
and 5 double mutant mice have a developmental loss of motor neurons leading to
paralysis.

Anthrax Lethal factor
Anthrax lethaJ factor have four domains: domain I is the N terminal attached With PA ~
domain II, III, IV closely associated with each other and also hold the N terminal tail of
MAPKK2 [ 100).

Figure 3: Ribbon Diagrams of Anth rax Letha l fa ctor (helixes a re shown in red,
sheets a re in yellow, and loops in green).
Anthrax is a disease most commonly noted among herbivores and people who work with
or handle ani mal products. Anthrax is caused by the spore-forming orgamsm Bacillus
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anthracis. Many bacteria that colonize mammalian hosts have evolved mechanisms for
introducing bacterial enzymes into the cytosolic compartment of host cells. These
enzymes disrupt metabolism in various ways, disabling professional phagocytes or other
cells of the host's immune system. Bacillus anthracis secretes three distinct proteins:
protective antigen (PA, 83 kDa), oedema factor (EF, 89 kDa) and lethal factor (LF, 83
kDa), none of which is toxic if tested separately [101]. The diseases are marked by the
production of protective antigen, the protein that allows the penetration of the cell
membrane by either edema factor or lethal factor. Edema factor functions within a human
cell as a powerful calmodulin and calcium dependent adenylate cyclase, resulting in
edema of the tissues. LF is a zinc- metallopeptidase that can specifically cleave the
mitogen-activated protein kinase (MAPK) of the cell. This activity thought to be
responsible for the detrimental and life-threatening effects of the enzyme as immune
cells, such as macrophages are particularly susceptible.

Human bifunctional glutamyl-prolyl-tRNAsynthetase
Human EPRS contains three tandem-repeated peptides motifs (EPRS-R123) of 57 amino
acids. EPRS-Rl23 contains 208 amino acids. EPRS-Rl consists of two helices (residues
679-699 and 702-721) arranged in a helix-tum-helix. Two helices (679-699, 702-721) are
interacting each other with hydrophobic residues (Val692, Leu695, Ala670, Val705, and
Ala708) proximal to the tum involved in helix-helix interactions. The C-terminal loop
folds back to interact with the aromatic residues (Tyr682 and Tyr719) in the helices. The
hydrophobic interactions between Tyr727 in the loop and Tyr682 and Tyr719 in the
helices play an important role for the C-terminalloop formation. Also some hydrophobic
residues are involved in helix-helix interactions, but others are exposed on the surface.
These observations suggest that they may play a role in protein-protein or protein-nucleic
acid interaction [1 02].
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Figure 4: Ribbon Diagrams of Human bifunctionalglutamyl-prolyl-tRNAsyntbetase
(helixes are shown in red, and loops are in green).

Aminoacyl-tRNA synthetases catalyze the attachment of specific amino acid with the
correct tRNA for subsequent use in protein biosynthesis. Moreover to this fundamental
role in translation, these enzymes are extensively studied as models for the evolution of
modular proteins and for insight into the mechanisms of RNA-protein recognition. These
enzymes also have additional cellular functions, such as synthesis of signaling
dinucleotides.
One of the most interesting and least understood properties of aminoacyl-tRNA
synthetases, in higher eukaryotes several of these enzymes are exists in a high molecular
mass multi enzyme complex. As isolated from a variety of sources, this complex has nine
individual aminoacyl-tRNA synthetases and one bifunctional polypeptide. These are the
enzymes specific for arginine (dimer of70-kDa polypeptides), aspartic acid (dimer of56kDa polypeptides), glutamine (95 kDa), isoleucine (140 kDa), leucine (132 kDA), lysine
(dimer of 77-kDa polypeptides), methionine (1 05 kDA), and the glutamyllprolyl-tRNA
synthetase ( 160 kDa). Human bifunctional glutamyl-prolyl-tRNA synthetase (EPRS) has
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three tandem repeats (EPRS-R I, EPRS-R2, EPRS-R3) of 57 amino acids linking the two
catalytic domains. These repeated motifs have been shown to be involved in proteinprotein and protein-nucleic acid interactjons. The single copy of the homologous motifs
has also been found in a number of different aminoacyl-tRNA synthetases [I 03].

P38 MAP kinase
The crystal structure of p38 kinase shows a conserved catalytic core having a small Nterminal lobe and a large C-terminal lobe. The complex structure of kinase w1th ATP
disclosed that the ATP nucleotide is bound in the deep cleft at the interface between the
two lobes and phosphate groups are found near the opening of the cleft. C-terminal
residues interact with the g-phosphate and initiate the kinase reaction [104].

Figure S: Ribbon Diagrams of P38 MAP kinase (helixes are shown in red, sheets are
in yellow, and loops in green.
Mitogen activated protein kinases (MAPK) are a c lass of serine/threonine protein kinases
that play a crucial role in signal transduction in many cellular process including growth,
differentiation, cell death, and survival. The p38 MAP kinase plays an important role in
regulating the production of proinflammatory cytokines, such as tumor necrosis factor-a
and interleukin-1 ~ [1 05]. The prointlammatory cytokines (tumor necrosis factor- a and
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interleukin-1 ~) mediate the inflammatory response associated with the immunological
recognition of infectious agents. Elevated levels of proinflammatory cytokines are
associated with several diseases of autoimmunity, such as rheumatoid arthritis,
osteoarthritis, toxic shock syndrome, diabetes and inflammatory bowel disease. Therefore
blocking the p38 MAP kinase may offer an effective therapy for treating many
inflammatory diseases. In humans cells six different groups of MAPK that have been
identified, such as the extracellular signal- regulated protein kinases (ERK.l, ERK2); cJun N-terminal kinases (JNKI, JNK2, JNK3) p38s (p38a, p38b, p38g, p38d); ERKS;
ERK3s (ERK3, p97 MAPK, MAPK4); ERK7s (ERK7, ERKS). Each group ofMAPKs
can be simulated by a separate signal transduction pathway in response to different
extracellular stimuli.
1.4: Objectives of the research work

I.

Quantitative structure activity relationship (QSAR) between the structure and
physiochemical properties of inhibitors (drug molecules) to their corresponding
biol9gical activity. This would help in search of new medicines. With the
mathematical and statistical analysis we predict the drug activity and this lead to
designing of new potent drug.

II.

To improve the biological activities of drug molecules and also predict the
biological activities of untested compounds.

III.

The increasing resistance of harmful microorganisms to conventional antibiotics
has created demand for new antimicrobial agents. Computational approaches such
as cheminformatics and bioinformatics are accelerating the process of
antimicrobial drug discovery and design of new potent antimicrobi&[ drugs by a
rational basis for the selection of chemical structure.
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IV.

Quantitative structure-activity relationships (QSARs), molecular simulation
dynamics and, molecular docking ·have all benefited from the genomic and
proteomic databases and have thus become standard tools in the developed novel
products for treating infections.

V.

Docking is frequently used to predict the binding orientation of ligand (drug
molecule) to their protein targets in order to in tum predict the affinity and activity
of the small molecule. Hence docking plays an important role to predict the ligand
conformation and orientation (or posing) within a protein binding site. Generally
there are two aims of docking studies: accurate structural modeling and correct
prediction of activity. Thus docking studies identified the molecular features that
are responsible for specific biological recognition, or the prediction of compound
modifications that improve potency of drug molecules.

VI.

Molecular dynamics simulation of protein to understand the motional and
structural properties. The trajectory files obtained during the whole simulation run
was analyzed and was interpreted to understand the structure function relationship
in contest of the biological activity of protein.
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