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Abstract

The main objective of our rational drug design is to predict the best novel shorter chain peptide leads for
analgesic effect from the designed set of templates with various descriptors such as Boman index, lipinski
rules and molecular dynamics simulations. We built sixty five candidate molecules (20 tripeptides; 45 tetra-
peptides) from chemical templates and subjected to Boman index through online antimicrobial peptide
database. The best resulting eighteen templates (3 tripeptides; 15 tetrapeptides) derived from this database
were passed them through empirical lipinski filters to assess drug like properties using various molecular
descriptors namely molecular mass, partition coefficient, Hydrogen bond donors and Hydrogen bond accep-
tors respectively. Later, we conducted molecular dynamics on the best resulting templates with twenty nano
second simulations of total atoms at an average temperature 298.15K in hundred steps with applying con-
straints to all bonds in pure water. Finally, the conformational stability of the candidates were analyzed with
measurement of Total potential energy, Total Kinetic energy, Bond stretch energy, Bond angle bending
energy, Torsion angle energy, Restraining torsional energy and Hydrogen bond energy. In addition, the
protein-ligand binding was tested with Lennard jones energy and Electrostatic energy for all the best templa-
tes. Among the results obtained with molecular dynamics for various non-bonded interactions, we identified
Phe-Lys-GIn-Tyr (FKQY), Phe-Trp-Lys-Tyr (FWKY), Phe-His-Arg-Tyr (FHRY) and Met-Met-Phe-Tyr (MMFY) as
potent tetrapeptide leads with maximum conformational stability for analgesic effect among the selected
sixty five template sets.

Key words: Tetrapeptides; Boman index; Lipinski rules; Molecular dynamics; Analgesics; Rational drug
design.
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Introduction

Lead molecular discovery and development is an
expensive and lengthy process. For the
Pharmaceutical Industry, the number of years to
bring a drug from discovery to market is approxima-
tely 14 years, costing up to US$880 million per
individual drug (Mathieu, 2001). Given the vast size
of organic chemical space (>10'® compounds)
(Walters et al., 1988), drug discovery cannot be
reduced to a simple "synthesize and test" drudgery.
There is an urgent need particularly for life threate-
ning diseases to identify and design lead like mole-
cules from the vast expense of what could be
Synthesized.

Peptides are key regulators in cellular and inter-
cellular physiological responses and possess enor-
mous promise for the treatment of pathological
conditions. Opioid peptide activity within the
central nervous system is of particular interest for
the treatment of pain owing to the elevated po-
tency of peptides and the centrally mediated
actions of pain processes (Witt and Davis, 2006).
The development of new drugs with pharmacologi-
cal efficacy and clinical utility is now a major activity
in the chemical and biological sciences. Successes in
mid-century have led to a level of confidence in our
ability to make some predictions in the design of
molecules with desirable characteristics. Today, we
are on the threshold of rational drug design based
on the occasional ability to recreate and model the
molecular level scene of action of a ligand molecule
and an effector using computer graphic simulations.
From such models, variations in structure may be
made with the objective of improving the
drug-receptor encounters leading to a better drug
(Kier and Hall, 2002).

Molecular dynamics (MD) simulations can be
used to model the motions of molecular systems,
including proteins, cell membranes and DNA, at an
atomic level of detail. A sufficiently long and accu-
rate MD simulation could allow scientists and drug
designers to visualize for the first time many criti-
cally important biochemical phenomena that
cannot currently be observed in laboratory experi-

ments, including the "folding" of proteins in to their
native three-dimensional structures, the structural
changes that underlie protein function, and the
interactions between two proteins or between a
protein and a candidate drug molecule (Brooks and
Csae, 1993; Frenkel and Smit, 2001). Such simula-
tions could answer, some of the most important
open questions in the fields of Biology and
Chemistry and have the potential to make substan-
tial contributions to the process of drug develop-
ment (Karplus and McCammon, 2002; Schlick et al.,

1999).

Using MD simulations, the thermodynamic
properties and time-dependent phenomena (i.e.
Kinetic) can be studied and this allows an under-
standing of various dynamic aspects of biomolecu-
lar structure, recognition and function. The major
strengths of MD simulations are the possibility of its
combination with statistical mechanics which
connects the microscopic simulation with macro-
scopic observables. Statistical mechanics can
provide a rigorous framework of mathematical
expressions that can relate the distribution and
motion of atoms with macroscopic observables
such as temperature, pressure, heat—capacity and
free energies.

In this way, we are able to predict changes in the
binding free energy of a particular drug candidate
or the mechanisms and energetic consequences of
conformational changes in a protein. Other aspects
which can be studied by the aim of MD are macro-
molecular stability (Tiana et al., 2004), the role of
dynamics in enzyme activity (Wang et al., 2001;
Warshel, 2003), molecular recognition and the
properties of complexes (Brooijmans and Kuntz,
2003) and small molecule transport (Roux, 2002;
Bond and Sansom, 2004).

Three analogues of B-endorphin have been
synthesized and tested for analgesic activities, in
which all three peptides at high doses exhibit either
no or much weaker analgesic activity than B-
endorphin (Li et al., 1978). A synthetic combinatorial
library containing 52, 128, 400 D-aminoacid hexa-
peptides was used to identify a ligand for the mu
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opioid receptor. The peptide Ac-rfwink-NH2, bears
no resemblance to any known opioid peptide.
Simulations using molecular dynamics showed that
three aminoacid moieties have the same spatial
orientation as the corresponding pharmacophoric
groups of the opioid peptide PLO17 and was shown
to be a potent agonist at the mu receptor and
induced long-lasting analgesia in mice (Dooley et al.,
1994). An invention provided a novel chimeric
peptide containing an opioid peptide moiety and a
nociceptive peptide moiety for producing analgesia
(Carretal., 2004).

Cell based therapy for neuropathic pain could
provide analgesics to local pain modulatory regions
in a sustained, renewable fashion and transplanta-
ble cells may be engineered to produce increased
levels of analgesic peptides using a potential sup-
plementary analgesic peptide, (Ser')-histogranin
(SHQ), the stable synthetic derivative of a naturally
occurring peptide with N-methyl D-aspartate
(NMDA) antagonistic properties. Transplantation of
such cells provided modest analgesia in a rodent
pain model consistent with low levels of SHG
peptide in the cerebrospinal fluid (Gajavelli et al.,
2008).

The synthesis of bioactive peptides in multiple
antigen peptide (MAP) dendrimeric form can result
in increased half life, due to acquired resistance to
protease and peptidase activity. The in vitro and in
vivo efficiency of dendrimeric peptides like MAPs is
generally ascribed to their multimeric nature, which
enables polyvalent interactions (Bracci et al., 2003).
The conotoxin peptides, about 10-20 residues in
length are naturally available in minute amounts in
the venom of the cone snails have analgesic activity
and are thus useful for treating or preventing pain
(Mcintosh et al., 2008).

Six analogues of (Hyp6) DM and (Pro6) DM of
dermorphins (DM) were synthesized and their
analgesic activity was assessed in mice using Eddy’s
hot plate method and tail-flick method. Peptides I, Il
and Il (Substitution of Ser at position 7; Gly at
position 4 in (Hyp6) DM; and (Pro6, Sar7) DM)
possessed considerable analgesic activity

(Sivanandaiah et al., 1997). The methanolic extract
of seeds of Citrullus lanatus has good analgesic
potential in a dose of 200 mg/kg and found signifi-
cant at p<0.05 as compared to diclofenac sodium
(Gill et al., 2010). As a novel unified theory of the
structure activity relationship of opioids and opioid
peptides is hypothesized, it was observed that the
first 3 amino acid sequences of beta endorphin (I-
tyr-gly-gly) and the active opioid dipeptide, I-tyr-pro
form a virtual piperazine like ring which is smaller in
size, shape and location to the heterocyclic rings of
morphine, meperidine and methadone and could be
important for future analgesic drug design
(Goldberg, 2010).

Certain analogue compounds of analgesic pepti-
des derived from the venom of Crotalus durissus
terrificus snakes are used for the treatment, diagno-
sis and prevention of painful conditions or mediated
by opioid receptors with their corresponding
pharmaceutical compositions (Cury et al., 2009).
The Pharmaceutical potential of natural analgesic
peptides to cross the blood brain barrier with
increasing peptide cell membrane affinity through
drug design was carried out by grafting ibuprofen
to kyotorphin (I-Tyr-I-Arg, KTP), an analgesic neuro-
peptide unable to cross Blood Brain Barrier. Two
new KTP derivatives, IBP-KTP (IbKTP-OH) and IBP-
KTP-amide (IbKTP-NH(2)) were synthesized and
characterized for membrane interaction, analgesic
activity and mechanism of action. Ibuprofen enhan-
ced peptide membrane interaction, endowing a
specificity for anionic fluid bilayers and IBP-KTP-
amide (IbKTP-NH(2)) was identified as the most
potent analgesics in a dose of 25 pmol.kg™"(Ribeiro
etal., 2011).

Hence our main objective is to predict the best
novel tripeptide or tetrapeptide candidate from the
designed set of 65 test analogues for analgesic
activity using certain molecular descriptors as
empirical filters, Boman index for protein binding
potential and molecular dynamics for conformatio-
nal stability with various energy levels involving
numerous atoms within the designed molecule.
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Materials & Methods
Materials

For all the selected test analogues, we have
calculated the accessible topological descriptors
such as Lipinski rules as selective empirical drug
filters for correlating their biopotency (lvanciuc,
2002). The above study was carried out at
Supercomputing facility for Bioinformatics and
Computational Biology, IIT Delhi, Boman index of
the test set analogues was calculated directly from
the online Peptide Database
(http://aps.unmc.edu/AP/main.php).  Molecular
dynamics was performed with Schrodinger Suite
2011, Germany, supported by Windows 7, 32 bit
operating system with Intel (R) Core (TM) 2 Duo
CPU E 4600 @ 2.40 GHZ and 1 GB RAM in HP 754o0.

System Efficiency

We balance our design very differently from a
general-purpose supercomputer architecture.
Relative to other high performance computing
applications, Molecular dynamics uses much com-
munication and computation but surprisingly little
memory. Consider an MD simulation of 25,000
particles. If each particle requires 64 bytes of
storage, then the entire architectural state is just 1.6
MB. Divided among the 512 nodes of a typical
machine, this is only 3.2 KB per node, which would
fit handily in to the L1 cache of any modern proces-
sor. We exploit this property by using only 1GB RAM
and small L1 caches on our ASIC, with all code and
data fitting on-chip in normal operation. Rather
than spending silicon area on large caches and
aggressive memory hierarchies, we instead dedicate
it to communication and computation.

Methodology
1. Template Library

Chemical templates are conceived as building
blocks/structural frameworks for assembly and
generation of various tripeptide & tetrapeptide

analogue leads. We have built a structure based
template library for the design of tripeptide &
tetrapeptide leads and created a set of 65 templa-
tes using 2D viewer in Schrodinger Suite 2011. The
selected test set are given subsequently in Table 1.

2. Protein Binding Potential for Preliminary
Analgesic Screening

All the 65 inbuilt templates, in which 20 have an
input of 3 amino acid residues and the rest have an
input of 4 aminoacid residues each. The Boman
index estimates the potential for a protein to bind
to other proteins (Boman, 2003). In other words, a
high Boman index value indicates that the designed
lead will be multifunctional or play a variety of
different roles within the cell due to its ability to
interact with a wide range of proteins. All the 65
shorter chain peptide leads were subjected to
Boman index according to the online Peptide
Database  (http://aps.unmc.edu/AP/main.php),
which are believed to be important for establishing
analgesic activity. Following their design, peptide
leads were selected for further empirical drug like
lipinski filters by eliminating wrong candidates
through screening.

3. Molecular descriptors and drug like filters

A successfully lead discovery strategy must
ensure bioavailability from the very start in genera-
ting leads while eliminating wrong candidates from
considerations. Lipinski rules of five (Lipinsky et al.,
1997) helps in distinguishing between drug like and
non-drug like molecules. The Lipinski rules predicts
the high probability of success or failure due to drug
likeness for molecules complying with 2 or more of
the following rules:-

1. Molecular mass less than 500 Dalton.

2. High Lipophilicity (Log p less than 5).

3. Less than 5 Hydrogen bond donors.

4. Less than 10 Hydrogen bond acceptors.

5. Molar refractivity should be between 40-130.

We have introduced only 18 template leads to this
stage which were already screened through Boman
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index from the 65 templates and few of the the
structure inbuilt as for example are given in Fig. 1.
The selected 18 templates, viz., MKY, MVY, MIY,
MCY, MRY, MALY, MMFY, MFWY, MWKY, MICY,
MHRY, FALY, FLMY, FWKY, FKQY, FVIP, FHRY and
TRRH was subjected to some empirical computatio-
nal Lipinski filters based on drug like proper-
ties/molecular descriptors.

The above mentioned molecular descriptors
could act as computational filters based upon their
accepted limits to screen the candidate compounds.
Introduction of filters facilitates computational
tractability by restricting the chemical space for
potential candidates, saving much time and cost in
new lead discovery.

4. Molecular Dynamics

In rational drug design, one of the most impor-
tant problems to be solved is the description of the
molecular aspects and the related energetics which
are at the basis of the interactions between pro-
teins or more general macromolecular receptors,
and molecules which could be either endogenous
natural ligands or a drug.

Given the structure of a biomolecular system i.e.
the coordinates of the constituent atoms, there are
various computational methods able to investigate
the dynamics of the molecular system. All the
dynamics methodologies employed are highly
dependent upon the description of a suitable
potential energy function to describe the energy of
the system with respect to the molecular degrees
of freedom.

In particular, the choice of an appropriate energy
function for describing the intermolecular and
intramolecular interactions is critical for a succes-
sfull MD simulation. In conventional MD, the energy
function is calculated by means of molecular mecha-
nics methods, thus considering the atomic motion
only from a nuclear point of view according to the
Born-oppheneimer approximation (Born and
Oppenheimer, 1927).

An MD computation simulates the motion of a
collection of atoms (the chemical system) over a

period of time. The chemical system may consist of
a peptide and its surrounding environment (solvent,
usually water), and may also include other types of
molecules, such as lipids, carbohydrates, nucleic
acid or drug molecules. This MD computation
breaks time in to a series of discrete time steps,
each representing a few femtoseconols of simula-
ted time. A time step has two major phases. Force
calculation computes the force on each particle due
to other particles in the system. Integration uses
the net force on each particle to update that parti-
cle's position and velocity.

Methodology

In recent years, molecular dynamics (MD) simula-
tions have been increasingly used to understand the
complex conformational equilibria of polypeptides
in solution and to predict structural preferences
(Roccatano et al., 1999; Colombo et al., 2002; Garcia
and Sanbonmatsu, 2001).

Eighteen systems were simulated with molecular
dynamics. For each tripeptide & tetrapeptide,
20-nano second simulations for total atoms at an
average temperature 298.15K in 100 steps with
applying constraints to all bonds in pure water was
performed.

All MD simulations were performed in the con-
stant surface area ensemble with the NAMD2
program (Philips et al., 2005) and the CHARMM 27
force field (Mackerrell et al., 1998). A short-range
cutoff of 12A° was used for non-bonded interac-
tions, and long-range electrostatic interactions
were treated with the Particle Mesh Ewald method
(Darden et al., 1993). During the run, translational
and rotational motions for the system are removed
and the whole simulations were integrated with
verlet integrator.

The structural and dynamical properties of the
resulting ensemble of structures were analysed
accordingly with Schrodinger Suite 2011 in order to
explore the conformational space of the candidate
molecule by measuring the total energy of system,
total potential energy, total kinetic energy, bond
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stretch energy, angle bending energy, torsion angle
energy, restraining energy for torsions, H-bond
energy and various types of Lennard Jones energy
and electrostatic energy. Finally, the conformational
stability of all the 18 tripeptide & tetrapeptide leads
are to be compared and a suitable template lead
having maximum stability and analgesic activity
should be identified by this MD simulation techni-
ques.

Results & Discussion
1. Boman Index

The results of Boman index and total net charge
of subjected 20 tripeptide & 45 tetrapeptide leads
were summarized in Table1.

see Table 1.

The above results from Table 1 clearly indicated
that the templates subjected to drug design have
shown very low to high penetration power with
their corresponding total net charge ranging from
-1to +3 respectively. In addition, the Boman index
values in K.cal/mole for the above 65 templates
showed wide margin of interaction with proteins
and narrow margin of interaction with proteins.
Some of the templates doesn't show satisfactory
interaction with proteins.

Among the 65 templates subjected to Boman
index, only 18 template analogues are selected with
the rational drug design approach as far as the
analgesic potency is concerned and these selected
analogues along with their corresponding hydro-
phobic ratios are depicted as final outcome with
Table 2 with their structure inbuilt as few for exam-
ple from Fig. 1.

see Table 2.

Fig. 1. Inbuilt structure of selected tripeptide & tetrapeptide leads
from their best predicted total net charge and Boman index values.
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As from the results of Table 2, we observed that
certain tripeptide & tetrapeptide leads fulfill the
designed characteristic descriptors, viz.,
Hydrophobic ratio, total net charge and Boman
index. Hence, it is concluded that the designed
tripeptide & tetrapeptide leads, viz., Met-Arg-Tyr
(MRY), Met-His-Arg-Tyr (MHRY), Phe-Lys-GIn-Tyr
(FKQY), Phe-His-Arg-Tyr (FHRY) and Thr-Arg-Arg-His
(TRRH) are found to have theoretical active analge-
sic effect and has to be further tested invivo to
predict their analgesic effect after synthesizing the
same corresponding leads.

2. Molecular descriptors and drug like filters

The results of Lipinski rules for the 18 template
leads are indicated in Table 3. As per Lipinski rules,
we observed that 4 out of 18 test sets are found to

be drug like molecule, which clearly indicated that
the drug design what we have performed is a
rational drug design. Among the test set of 18
analogues, Met-Lys-Tyr (MKY), Mat-Val-Tyr (MVY),
Met-lle-Tyr (MIY) and Met-Arg-Tyr (MRY) were
fulfilling all the molecular descriptors, viz., H-bond
donors, H-bond acceptors, Molecular mass and Log
P tested with empirical Lipinski filter. The remaining
14 test analogues namely MCY, MALY,MMFY,
MFWY, MWKY, MICY, MHRY, FALY, FLMY, FWKY,
FKQY, FVIP, FHRY and TRRH exhibited partial drug
like characteristics as screened through empirical
Lipinski drug filter, since they doesn't fulfill all the
molecular descriptors used in the study.

see Table 3.

3. Molecular dynamics

All the 18 templates are subjected to molecular
dynamics simulations and their corresponding final
energy reports are summarized in Table 4.

see Table 4.

Computation of absolute binding free energies
from atomic level descriptors of the systems is a
formidable task (Kalra et al., 2001; Beveridge and
Dicapua, 1989; Jayaram et al., 2002). In a phenome-
non logical view, the net binding free energy may
be considered to be a sum of the free energy
changes due to the following contributions, (i.e.),
the Vander Waals interactions between the protein
and the inhibitor indicating the influence of shape
complementarities and packing effects and net
electrostatics which includes interactions between
partial or full charges, hydrogen bonds and electro-
statics of desolvation upon binding and added salt
effects.

Molecular dynamics simulations were configured
on the unbound species (free protein and free
ligand), with explicit solvent under ambient tempe-
rature and pressure conditions. In a nutshell, the
electrostatic contribution to the interaction energy
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is computed via Coulomb's law with a sigmoidal
dielectric function. The vander waals interactions
are modeled (Novotny et al., 1989; Ajay and Murcko,
1995) using a Lennard-Jones potential between the
atoms of the protein and ligand.

The energy function described in Table 4 enables
evaluation of the total non-bonded interaction
energy of a protein-ligand complex in aqueous
environment from the cartesian coordinates of all
the atoms.

All the total atoms present in the tripeptide &
tetrapeptide were subjected to molecular dynamics
simulations. The lower the potential energy of
molecule, the more stability of the lead. Among the
18 templates simulated, only 6 tetrapeptide leads
have shown minimum potential energy, viz., TRRH
(-8.735 K. cal/mol); MHRY (-7.347 K. cal/mol);
FKQY(-6.875 K. cal/mol); MMFY (- 5.982 K. cal/mol);
MICY (- 5.864 K. cal/mol); FALY (- 5.464 K. cal/mol)
and proved to have maximum conformational
stability.

Bond energies represent a state of potential
chemical energy. Bond energy must be introduced
to break a bond. The more bond energy, the more
stability has enhanced for the lead. This has been
confirmed with the Bond stretch energy obtained
for following template leads, viz., MIY(9.580 K.
cal/mol); FWKY (2.073 K. cal/mol); FKQY (2.053 K.
cal/mol); FHRY (2.011 K. cal/mol) and MFWY &
MWHKY (1.979 K. cal/mol) respectively.

Higher torsion angle energy leads to distorted
local conformation. The low torsion angle energy
was observed with MRY(1.426 K. cal/mol); MWKY
(1.443 K. cal/mol); MMFY (1.548 K. cal/mol); MVY
(1.621 K. cal/mol); FWKY (1.637 K. cal/mol) and FKQY
(1.647K. cal/mol) correspondingly. Without a Bond
angle bending energy, a stable configuration cannot
be found. The maximum bond angle energy was
observed with FVIP (4.091 K. cal/mol); FHRY (3.621
K. cal/mol); MALY (3.553 K. cal/mol); MICY (3.427 K.
cal/mol); FWKY (3.198 K. cal/mol) and FKQY (3.046
K. cal/mol) respectively.

The loss in surface area from the minimum

number of atoms (61) to maximum number of
atoms (96) among the 18 tri & tetrapeptide leads
indicating that the net loss in surface area is favou-
rable for binding. The net contribution of
Vanderwaals component with electrostatic interac-
tions indicating higher negative values in TRRH (-
1.920 K. cal/mol); FHRY (- 3.102 K. cal/mol); FLMY
(-3.601 K. cal/mol); MMFY (-3.639 K. cal/mol); FALY
(-3.678 K. cal/mol) and MRY(- 3.729 K. cal/mol),
which are responsible for the proper binding of
ligand and protein atoms. This was further observed
with the non-bonded count for the above template
leads as seen from Table 4. All the above datas have
shown the binding affinity prediction of protein-
ligand design. The Lennard-Jones parameters
adopted for the system have improved the sensiti-
vity of binding affinity between the protein and
ligand.

Conclusion

The discovery of new pharamceuticals via compu-
ter modeling is one of the key challenges in modern
medicine. Computational methods are anticipated
to play a pivotal role in exploiting the structural and
functional information to understand specific
molecular recognition events of the target peptide
molecule with candidate hits leading ultimately to
the design of improved leads for the target. In this
article, we sketch a realization of the various stages
in the pathway proposed with our own research to
demonstrate the way in which an iterative process
of computer based rational drug design can aid in
developing potent tetrapeptide leads such as Phe-
Lys-GIn-Tyr (FKQY), Phe-Trp-Lys-Tyr (FWKY), Phe-
His-Arg-Tyr (FHRY) and Met-Met-Phe-Tyr (MMFY)
with maximum conformational stability by MD
simulations for potent analgesic effect as final
outcome from the selected 65 inbuild templates.

In analyzing all the most active analgesic peptides
identified from Schrodinger suite, the aminoacid
present in all the combination of tetra peptides,
atleast possess either Lysine & tyrosine; Arginine &
tyrosine or Tyrosine alone as evidenced with Phe-
Lys-GIn-Tyr (FKQY), Phe-Trp-Lys-Tyr (FWKY), Phe-
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His-Arg-Tyr (FHRY) and Met-Met-Phe-Tyr (MMFY)
respectively. This clearly shows that our identified
test leads are well correlated with tri peptide beta
endorphin (I-tyr-gly-gly) and di peptide kyotorphin
(I-tyr-l-arg) containing aminoacid moieties.

Multiple antigen peptides have a peptidyl core of
radially branched lysine residues (Bracci et al.,
2003), which is very well correlated with our most
potent analgesic target lead containing lysine
residue with Phe-Lys-GIn-Tyr (FKQY), identified by
the above experimental computer aided drug
design approach. All the previous research done
showed aminoacids like serine, glycine and proline
as one of the substituent derivative in their combi-
nation of short chain peptides for the analgesic
action, whereas our rational drug design approach
with identification of lead moieties does not contain
any of these residues and they possess the structu-
ral resemblance of natural mu opioid receptor
analgesic beta endorphin and analgesic neuro
peptide kyotorphin. This is the first evidence based
report derived from computer aided drug design
and being a rationale approach for the identification
of target leads for analgesic potency, which has to
be synthesized & further tested for in vivo potency
also.
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S5.No. | Selected Lead Set H}'drup:;:;ic Ratio Total Net Change B;s::uil;g;::
1. MEKY 33 +1 1.11
2 MVY 66 0 -2.08
3. MIY 66 0 -2.37
4. MCY 66 0 -1.16
3. MRY 33 +1 423
b. MALY 75 0 2123
i MMEY 75 0 -1.88
2. MEFWY 75 0 -1.88
0. MWKY 30 +1 0.25
10. MICY 73 0 -2.1
11 MHRY 25 +2 434
12. FALY 75 0 -2.39
13: FLMY 75 0 -2.52
14. FWKY 50 +1 0.09
15. FEQY 25 +1 2.06
16. FVIP 75 0 -2.98
17. FHRY 25 +2 4.18
18. TRRH 0 +3 8.26

Table 2. Rational Drug Design outcome for Analgesic peptide leads with their Hydrophobicity ratios.
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: Mola
:?c}. TestSet | Observed H-bonds fu]l?]lrI:EnhtL:'ith M;]I‘*::':“ LogP Refra Dr:_%{ﬁﬁ::ﬂf” R};':;]rk
respect to -
tivity
B:fn;-;er N ::1};:_er bill;d bond Mlul Log l%:;:::_
bond bond acceptor Mas | P TR
donor | acceptor donor 5 eIy
1. MEKY 0 4 s 8 409 0241 | 8963 | 8 8 8 DL
2. MVY 0 4 8 8 383 0036 | B3517 | 8 8 5 DL
3. MIY 0 4 5 8 305 0025 | 8842 8 8 8 DL
4. MCY 0 3 s 5 30l 0 0 8 8 N5 FDL
5. MEY 0 4 3 5 437 0088 (9302 8 8 3 DL
6. MALY 0 6 5 8 461 0 0 3 8 NS FDL
7. | MMFY 0 5 s 5 533 0 0 NS | 8 NS FDL
§. | MFWY 0 & 3 5 607 0 0 NS | 3 NS FDL
9. | MWKY 0 5 5 5 585 0 0 NS | 38 N5 FDL
10. | MICY 0 5 8 s 493 0 0 8 8 NE FDL
11. | MHEY 0 5 3 5 367 0 0 NS | 8 NS FDL
12. | FALY 0 5 8 5 477 0 0 5 8 NS FDL
13. | FLMY 0 5 8 s 533 0 0 NE | 8 NE FDL
14. | FWKY 0 5 5 5 601 0 0 NS | 38 NS FDL
15. | FEQY 0 6 5 5 545 0 0 NS | 3 NS FDL
16. | FVIP 0 4 8 8 437 0 0 8 8 NE FDL
17. | FHRY 0 5 5 5 383 0 0 NS | 3 NS FDL
15. | TRRH 0 6 g 8 529 3426 1114 | NS | 3 8 FDL

S=Satisfied; NS=Not satisfied; DL=Drug like characteristics; PDL=Partial Drug like characteristics.

Table 3. Molecular descriptors of test data set analogues by Lipinski rules.
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