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Computer aided target Identification and drug
design for pathogen Chlamydophila psittaci

Surya Kant Singh
Delhi Technological University, Delhi, India

ABSTRACT

Whole genome sequences of three strains of the human pathogen Chlamydophila psittaci
were analyzed to identify common drug targets. Total number of 2926 protein sequences
were studied from three strains; in which 2720 proteins were having more than 100 amino
acids were selected; Further, 3 sequences were identified as non-human homologs which are
common in all the three strains. Bifunctional 3, 4-dihydroxy-2-butanone 4-phosphate
synthase/GTP cyclohydrolase Il protein has been found to have a structural hit in Protein
Data Bank with the ID 4114 which can be used as the target protein. Ligands were identified
based on the active sites and docked subsequently to find out the best ligand, N,N'-bis[(1-
benzyl-4-piperidylidene)amino]butanediamide. This ligand has better binding energy than the
natural ligand as well as the available drug molecules. Further, Lipinski’s filters, various
other physicochemical properties and toxicity studies were also done to check the
bioavailability and toxicity of the top ligands.

Keywords: Chlamydophila psittaci, DEG, BLAST, Subtractive genomic approach,
AutoDock.
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INTRODUCTION

Chlamydophila psittaci

Chlamydophila psittaci is a gram negative bacterium which is a parasite. Its cells are of
length 0.2 — 1.5 m. Chlamydophila psittaci causes an infective disease, psittacosis, within
avian species as well as vertebrate species. The pathogen is generally detected in the infected
birds’ feathers, faecal matter, etc. This can also be transferred to human species through
various ways like inhalation of dirt from infected bird. In the year 1930, a large epidemic of
the infectious disease, psittacosis affected approximately 800 people that cause the closing
off of Chlamydophila psittaci in US and Europe. A total number of 923 cases of the
infectious disease, psittacosis are bruited to UN Centers for the prevention and management
between the year 1988 and 2003.

The pathogen was detected through organism isolation by cell culture that involved the
pathogenic cells to be scratched from the infection site. Improvement in PCR as well as ligase
chain reaction amends this sample detection. These improved techniques include enzyme
linked immunoassays and microscopy as well.

Chlamydophila psittaci is a harmful microorganism which is responsible for chlamydiosis in
birds; and in humans, the psittacosis. Wild birds, humans, domesticated poultry and the cattle,
etc are the potential hosts. Chlamydophila psittaci is transferred by contact, inhalation among
the avian species and then shifted to mammalians. The disease, psittacosis within humans as
well as avian species begins with an indication of flu but lead to pneumonia which may be
sometimes life-threatening. The pathogenic strains remain quiet in avian species unless
activated during the stress condition. The avian species are generally good vectors because of
their mobility in spreading the infectious disease like psittacosis as they kill; get in contact
with any type of diseased animals frequently.

At first, Chlamydophila psittaci was termed as Chlamydia psittaci. The beta sheets aere
generally found in the outer membrane proteins of the pathogen, Chlamydophila psittaci,
which function similar to the prion protein. These ducts are generally porous for the
adenosine triphosphate and are the path through which the pathogen gets the benefit of
nucleoside triphosphates. The pathogen is unable to metabolise the glucose. So, it is well
understood that Chlamydophila psittaci gain adenosine triphosphate and other necessary
residues generally from the host cell (Kaye et al., 1996; Stead, 1997 and Sreevatsan et al.,
1997).

The pathogen is unable to perform the purines or pyrimidines synthesis, therefore the
bacterium is dependent upon its host to collect pyrimidines or purines.
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REVIEW OF LITERATURE

Chlamydophila psittaci is a harmful microorganism which is responsible for chlamydiosis in
birds; and in humans, the psittacosis. Wild birds, humans, domesticated poultry and the cattle,
etc are the potential hosts. Chlamydophila psittaci is transferred by contact, inhalation among
the avian species and then shifted to mammalians. The disease, psittacosis within humans as
well as avian species begins with an indication of flu but lead to pneumonia which may be
sometimes life-threatening. The pathogenic strains remain quiet in avian species unless
activated during the stress condition. The avian species are generally good vectors because of
their mobility in spreading the infectious disease like psittacosis as they Kill; get in contact
with any type of diseased animals frequently.

Life cycle

In its life cycle, Chlamydophila psittaci meet with diverse conversion. It occurs in between
the hosts as Elementary body. Elementary body is inactive in terms of life, still it can resist
against the stresses and also capable enough to live without any host. It is transferred from
diseased one to normal person or bird’s lungs in the form of a little bead and becomes the
main cause of disease. After that it is transferred by cells by the process of phagocytosis in
the form of a pouch, termed as endosome. But still it cannot be ruined by the lysosome
fusion. It translates into the reticulate body and starts to duplicate in the endosome. To
complete its replication, reticulate bodies must use host's body. Now, the conversion of
reticulate body to elementary body takes place and then the elementary body reaches the lung
generally after cell death. Now, elementary bodies are capable to infect new cells of same as
well as new host. Therefore, Chlamydophila psittaci life cycle lies between elementary body
and reticulate body. The elementary body is incapable of replication, however capable
enough to infect the new hosts, and the reticulate body, which can replicate, but cannot cause
new infection.
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Treatment
Drug of Choice

Tetracyclines are widely used as drugs of choice for the psittacosis treatment purpose, either
the tetracycline hydrochloride or doxycycline (Harding et al., 1962; Schaffner et al., 1967,
Verweij et al., 1995; Jawetz, 1979; MacFarlane and Macrae, 1983). Although they can
suppress pathogen growth and replication but the agent cannot be removed from host (Jawetz,
1979). The improvement can be seen in patient after twenty four to forty eight hours; some
patients respond slowly or not the least bit (Schaffner et al., 1967). Sensitivity to tetracycline
is universal. And resistant mutants identified till date are very less (Jawetz, 1979; Yung et al.,
1988; MacFarlane et al., 1983).

Children below the age of eight years ought to be treated with erythromycin unless they're
severely sick or don't respond to erythromycin, during which case tetracycline or doxycycline
ought to be used.

Researchers have done the comparative analysis of different metabolic pathways of human
and Chlamydophila psittaci. Enzymes participated in Chlamydophila psittaci biochemical
pathways taken from KEGG database were examined against proteins of humans, by protein
BLAST search i.e., BLASTP against database of Homo sapiens. The threshold for e-value
was 0.005. Enzymes having similarity below this cut-off value were separated out as
potential targets.

The research was very helpful in identifying drug targets against the pathogen. A study of
host and pathogen metabolic pathway by different bioinformatic methods can be helpful in
studying several pathogens which are of medical concern. (Altschul et al., 1997). The fully
genome sequence and inventions in structural biology furnishes activity for novel drug targets
discovery. An international pool has different labs from all around the world. The main aims
of this consortium is the identification of more than four hundred targets from the pathogen
genome and then study them using their functional data. Possible and novel targets can be
identified with the use of bioinformatics ways.

Subtractive genome approach

Genomics are often used for the evaluation of possible targets quality. It includes two
measures:

1. Essentiality,
2. Selectivity.

The encoded proteins from the essential gene are of utmost important for any organism to
survive (Kobayashi et al., 2003; Mushegian et al., 1996; Itaya, 1995). Galperin proposed that
previous drug targets finding among qualified proteins are essential as well as specific for any
pathogen (Galperin et al., 1999). Database of Essential Genes, developed by Zhang, contains
essential genes of different bacteria (Zhang et al., 2004).

6
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There is increase in number of target identification employing genomics application. A
remarkable method known as Subtractive genomics (also known as Differential genome
display) is suggested for identification of possible targets (Huynen et al., 1997). It is
depending upon the concept that parasite has usually smaller genome and a lower number of
proteins are encoded in comparison with the nonparasites. Genes available only in the
parasite and absent within the genome of a associated nonparasite are essential for the
pathogen. And in addition to this, target shouldn't show any homolog within Homo sapiens.
Therefore, those can be treated as the possible targets (Dutta et al., 2006; Sakharkar et al.,
2004). This approach is used by various researchers to identify new drug targets in
Mycobacterum tuberculosis (Anishetty et al., 2005), Clostridium perfringes (Chhabra et al.,
2010), etc. These works had been perfectly done by using DEG (Zhang et al., 2004).

Docking

Docking is a process by which the best configuration of binding molecules is determined. In
this process, a complex structure is obtained having stable structure (Lengauer and Rarey,
1996). Knowledge of favored orientation in turn can be used in predicting strength of
association between the two molecules and binding energy can be measured in terms of
scoring function.

Docking is often used for predicting the binding of drug candidates to their target protein to
predict the activity and affinity of the drug candidates. Thus, docking perform a very
important role in the rational drug design (Kitchen et al., 2004).

Docking approaches

There are 2 approaches popular in molecular docking community. First approach employs a
method of matching where protein and ligand molecular surfaces are reported as
complementary to each other (Goldman and Wipke, 2000; Meng et al., 2004; Morris et al.,
1998). In the next approach, process of docking takes place and the interaction energy of
protein-ligand complex is determined (Feig et al., 2004).
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METHODOLOGY

Online Tools and Database:
1. NCBI

NCBI is one of the part of National Institutes of Health branch (United States National
Library of Medicine). There are a number of databases available in NCBI which are useful
for biomedicine and biotechnology. Major databases are:

-GenBank: For DNA sequences,
-PubMed: For biomedical literature,
-Protein: For protein sequences, etc.

2. BLAST

Basic Local Alignment Search Tool detects the local regions of similarity between protein or
nucleotide sequences. The BLAST program compares the query peptide or nucleotide
sequences to its own sequence databases and then computes the matching statistical
significance. BLAST is useful in inferring the functional as well as evolutionary relationships
between the sequences. It is also useful in the identification of gene family members.

Five different types of BLAST program available:
-BLASTP: Comparison of protein sequence against the database of protein sequence.
-BLASTN: Comparison of nucleotide sequence against the database of nucleotide sequence.

-BLASTX: Comparison of six framed translational of nucleotide sequence against the
database of protein sequence.

-TBLASTX: Comparison of six framed translation product of nucleotide sequence against the
database of six framed translational product of a nucleotide sequence.

-TBLASTN: Comparison of protein sequence against the database of nucleotide sequence
dynamically translated product in all six framed.

3. DEG

Essential genes can be defined as those genes required for any organism to live and so
regarded as a base of life. DEG hosts records of presently accessible essential genomic
elements, like non-coding RNAs and protein-coding genes, among eukaryotes, bacteria, and
archaea. In the bacteria, essential genes comprise a minimal genome, forming functional
modules set that play key roles in the multiple fields.

Users have four options to perform BLAST against DEG:
-A single gene: It gives raw BLAST output

-Multiple genes: It sum-ups homologous genes with the database of essential genes
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-Annotated genome: Complete genome sequence is accepted with the gene annotation.
-Unannotated genome: It will find out protein-coding genes.

4. PDB

The Protein Data Bank is a repository for 3D biological molecules (nucleotides and proteins)
structural data. The structural data found experimentally by NMR spectroscopy or X-ray
crystallography and put in by the biochemists or biologists and are accessible freely on
Internet.

Users can search in this database by PDB ID,macromolecule, author, sequence or ligands and
download the required files in pdb format.

5. ZINC Database

The ZINC database comprises of commercially available chemical compounds. ZINC
database is mainly used for virtual screening. ZINC is used by various scholars in research
field as well as by the investigators in pharmaceutical companies or biotech companies.

Users can search in this database by IDs, SMILES, etc. The ZINC database finds the
compounds based on similarity to the query compound. The output result of query can be
downloaded in the mol2, sdf, SMILES, ddb (flexibase) format.

Other uses of the ZINC database:

-obtaining a compound for purchasing,

-obtaining compounds which can be used as a drug molecule, etc.
6. RASPD

RASPD is used to excluding the ligand molecules in the beginning based on physicochemical
properties of ligands and active site of the target protein molecule. This tool searches based
on various physicochemical properties like chemical formula, H-bond donors as well as
acceptors, number of rings, etc. for every molecules.

Four methods are available for users in this tool:

-Method A: If protein-ligand complex information is available,

-Method B: If protein 3D structure is available but no information related to ligand is
available,

-Method C: Customized Dataset,

-Method D: Customized Molecule.

7. Toxicity checker
As the name suggests, Toxicity Checker aims to identify whether any toxic substructure of
the query compound is available or not and it also calculates the different properties of the
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compounds. It is available freely to the users. It helps the scholars, companies and research
institutes by allowing them to use the available tools online.

In this tool, users have two options to check for the toxic substructure in the compound. They
can check it either by drawing the molecule or by providing molecule 1D, SMILES, InChl,
InChiKey.

Software:

1. AUTODOCK 4.2.5
Auto Dock 4.2.5 is a software used for the purpose of molecular docking of ligand to
macromolecules like DNA, proteins, etc. There are two main programs in Auto Dock: (a)
Auto Grid program for the identification of pre-computing grids, and (b) Auto Dock program
for docking ligand molecule to a number of grids of the target protein.
Binding energy calculated is the combination of intermolecular and torsional energies.

2. OSIRIS DATAWARRIOR
OSIRIS Data Warrior is data analysis and visualization software. OSIRIS data warrior is
helpful in predicting various physico-chemical properties and toxicity risk indication that
must be optimized while designing pharmaceutically active compounds.

STEPS:
1. Novel Drug Target Identification:

Data Base Search Sequence

Whole genome sequences of three strains of Chlamydophila psittaci (C.psitattaci 082DC60,
C.psitattaci 02DC15, C.psitattaci 01DC11) were downloaded from the National Center for
Biotechnology Information (NCBI). These three strains are having 975, 978 and 973
respectively protein sequences. From the available complete genome sequences data, the
encoded peptide sequences whose sequence length is greater than 100 amino acids were
chosen. The selected protein sequences were then subjected to BLASTP against the DEG
database to screen out essential genes. A random threshold of E-value, i.e., 10"-100and a
score of 100 is applied as the threshold value. Then the screened out essential genes of
Chlamydophila psittaci were submitted to BLASTP against the human genome to identify the
non-human homologous proteins in the bacteria. The protein sequences showing homology
were removed and the list of non-homologous was piled up for all the three strains of
Chlamydophila psittaci. Further, non-human homologous proteins common to all the three
strains were identified.

This protein is considered as common drug target for all the three Chlamydophila psittaci
strains. The flow chart of the process is shown in the Figure-2.

10
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Fig2. In silico genomic approach for prediction of drug targets for Chlamydophila psittaci
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Finally, those common non-human homologous protein sequences were searched in PDB
(Protein Data Bank) to find the 3D structure of these proteins so as to find the drug target.

2. Docking of natural ligand with the target protein molecule

From Protein Data Bank, the natural ligand of our target protein molecule was found. And the
natural ligand molecule was downloaded in mol2 format from ZINC database.

Then, we had used the docking software, AutoDock 4.2.5 for docking the natural ligand with
the target protein molecule and binding energy had been recorded. Now we have to identify
the ligands having lesser binding energy.

3. Finding ligands based on the target protein active sites

Method B of the online available tool RASPD had been used to identify various ligands. This
method is useful when only target protein molecule is available. RASPD-Method B
determines ligands depending upon the active grooves present on the target molecule. So, we
obtained the library of ligands with their ZINC ID, IUPAC name and the 3D coordinates of
the atoms involved.

Then, all the ligands were downloaded from the ZINC database and thus we had generated
the virtual library of ligands. And in addition to ligands, the above mentioned drug molecules
(doxycycline and tetracycline hydrochloride) were also downloaded from the ZINC database.

4. Docking of different ligands with the target protein molecule

Each of the ligands as well as drug molecules was docked one by one with the target
molecule using AutoDock 4.2.5 software.

And obtained binding energies were noted down and the data is shown at Table 2. First 10
ligands having batter binding energy were also shown in fig. 15.

5. Checking Lipinski’s filters

Lipinski’s rule of five had been checked for top 10 ligand molecules, according to binding
energy. These filters are obtained from one of the drug design tools at scfbio-1IT Delhi,
“Lipinski Rule of five”. The results are summarized in Table 3.

6. Cheking Toxicity of ligand molecules
a) Using Toxicity checker

Using SMILES sequence of the ligand, molecule structures was drawn and was checked for
the toxic substructure. It is done for top 10 ligands and is shown in the Result section.

b) Using OSIRIS data warrior software

Using OSIRIS data warrior software, toxicity as well as physicochemical properties was
obtained for top 10 ligand molecules and compared with the available drug molecules and
summarized in Table 4.

12
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RESULTS

1. Novel Drug Target Identification:

Whole genome sequences of three strains of Chlamydophila psittaci (C.psitattaci 082DC60,
C.psitattaci 02DC15, C.psitattaci 01DC11) were analyzed to find out the drug target. Total
2926 protein sequences were found out from the three strains of Chlamydophila psittaci
(C.psitattaci 082DC60, C.psitattaci 02DC15, C.psitattaci 01DC11) by an in silico genomic
approach. These three strains are having 975, 978 and 973 respectively protein sequences.
And out of these sequences, 2720 were having more than 100 residues in their coding
sequence. This approach is applied based on the assumption that protein sequences having
less than 100 residues can affect proteins catalytic activity and they can also form protein
complex that affect their enzymatic activity [Yang et al., 1991].

The BLASTP against DEG database results to equal number of essential genes across the
strains. Each strain shows 526 essential gene hits against DEG database.

BLASTP RESULTS against DEG database for each strain are shown up in Fig. 3, 4, 5.

13
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909 genes
326 genes.

9313 genes.

No.of
homologs DEG AC Number
i DEG

DEGL0130133; DEG10250102: DEG10190046; DEG10320030; DEGL0280124; DEGL0270093; DEG10200167; DEGL080085:

diaputtary 1

02DC13

DEGL0020187; DEG10330177; DEGI0120143; DEGI0L601T4;

a1 844403 YP 003666634, transeription

DEGL0170220; DEG10250200; DEG10050182: DEG10070073; DEGLO140210; DEG10310029; DEG10020176; DEGL0060232;

elongation factor GreA domain protein [Chlamydia 9

ATV

DEGLO080131;

Fig4. C.psittaci 02DC15
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Organisnn

Parameters

Total protein-coding genes in your
sequence:

In your sequence, the No. of genes
having homologs with DEG:

[n DEG, the No. of genes having

homologs with your sequence:

Your Query Protein

34492083 ref YP 003664680.1 delt-

Acinetobacter baylyt ADP1; Bacillus subtilis 168; Bacterotdes fragilis 638R; Bacterosdes thetasotaomicron VPL-348 ; Burkholderia pseudomallet K96243;
Burkholderta thatlandensts E264; Campylobacter jejun: subsp. eyunt NCTC 11168 = ATCC 700819; Caulobacter crescentus; Eschenichia colt MG163 |
Escherichia coli MG1633 IT; Francisella novicida UL12; Haemophilus influenzae R KW20; Helicobacter pylort 26695; Mycobacterium tuberculosis H3 TRy
Mycobacterium tuberculosis H3Rv [T Mycobacteriuen tuberculosis H3 Ry IT; Mycoplasma genitalium G37; Mycoplastna pulmonss UAB CTIP: Porphyromonas
aingrvalis ATCC 33277, Pseudomonas aeruginosa PAO! Pseudomonas aeruginosa UCBPP-PAL4; Salmonella enterica serovar Typh; Salmonella enterica serovar
Typht Ty Salmonella enterica serovar Typhimurium SL.1344; Salmonella enterica subsp. enterica serovar Typhiraurium str. 140285; Salmonella typhimurium LT2;
Shewanella oneidensis MR-1; Sphungomonas wittichu RW!; Staphylococcus aureus N313; Staphylococcus aureus NCTC 8325; Streptococcus preumonize;
Streptococcus sanguinis; Vibrio cholerae N16%6!;

deg py - fvat o tubic/egy-binblastitemp seqYpjCERMRUseq,txt -db /var wownwitubsc/cgi-binblasttemp seq/YxpiCEMRLdb -type seq -score 100 -email
suryekentsingh 23 @omal com -job Yap)CBKMRI - T -2 000001 -M BLOSUME2 - T+ 100 -b 100 -blastprogram blastp

903 genes
326 genes.

0313 genes.

No. of
homologs DEG AC Number
nDEG

aminolevulinic acid delvdratase [Chlamydia pattiact 12

DEG10130133; DEG10250102; DEGL0190046; DEG10320030; DEG10280124: DEG10270093; DEG10200167: DEGI0180063:

08DCA0

ol 38432086lre£ YP 0036646831 transcription

DEGL0020187: DEGLO330177: DEGLO120143; DEGI0160174;

elongatton factor GreA domain protemn [Chlamyds 9

DEGI0170220; DEG10250200: DEGL0030182; DEGL0070073; DEG10140210: DEG10310029: DEGI0U20176; DEGI0060232;

netttans IRNAN

DEG10080131;

Fig5. C.psittaci 08DC60

Out of these 526 protein sequences, the sequences having score > 100 and e-value less than
107100 were taken as essential genes in each of the strains. 60 essential genes were identified
for each strain of Chlamydophila psittaci.

Screenshots of some of the essential genes are shown in Fig.6, 7 and 8 for each strain:
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»gi| 384451133 |zef|YP_005663731.1] DNA fopgisomerase IV subunit B [Chlamydia pgitgagi 01DCL1]
MATYTEASVVSLASLEHIRLRAGMYIGRLGDGSQVEDGI YTLFKEVVDNAIDEF IMGYGRT ISIFTDDSTITVRDSGRGIPLGKMIDCVSKINTGA
KYTQDVFHRFSVGLNGYGLRAVNALSEKFTVRSVRRRKYHYATFYRGVLQDSRQGSTRDPDGTEITFSPDPTIFTNFAFNDEFLRKKIRRYTYLERG
LETTCHNNEVFI3(QGLLDLFKEE I PEETLY PR TAFQNSE L SFLF SHLETHSERYF SFVNG)ET LDGGSHLALFREAVVKGINE YFGENFTSNDIRE
GIVGCIAIRIASPIFESQTKNKLGNTQIRSGIIKEVRSATIQELKKNKSRSDLLLEKRLNERTRRNIQF TKQDLKDRQRKLAYK] PRLRDCKFHY
NERSLYGEASSIFVIEGESASASILSSRNPLTQAVESLRGKPMVESLEEERMYKNDELFYLATALGI TKNSTQHLRYNKT I LATDADVDGMHIRN
LLITFFLRTFL3VVENHLFTLET PLFKVRYKDT TL Y CY 3D ERT QAT (KL GRREARTEVTRFRGLGE IS PKEFRTF IGADMRLTEVT ISSLESLD
SLLQFYMGRNTRERRQFIMONLITHL

»gi| 384451158 |ref | YP_005663756.1| FeS assembly protein SufB [Chlamydia psifgagi 01DC11]
MSQSTEDFLENHEDYPYGFVTPIESEGLTRGLSEET I IRISQLRNEPSFILDFRLKAYQHWKKLQE PAHARLS YPT IDYDSIVYFSAPRQKNPLGR
LEEADPETLETFRKLGT PLIEQRRL LNV NV AVDLVFDSVS 16T T FREAL DRAGY TFCAMNE A TRE Y P LVKR Y LGS VVSHRONY FARLIARVFSD
GSFVYVPRGVRCEMEISTYFRINDRESGQFERTLI TAEDDSFVSYLEGCTAPS Y3 SNQLEALYVE LVAHERLVVRY STVONWE SGDRRTGEGET TN
FVTRRGLCAGYRSKISHSQVEVGAAT THKYPSCILRGRE SVGEFYSTALT SGRMQADTGTRMIHVGERTT STIVSKGI SSEDSHNTFRSLVSISEG
LVGSRNHTQCDSMLIGRACGAYTDPRI SVENSRS SVEREATTSRLRADQLMYLRSRGLSAEEAVS LVVHGFCREI IEQLPLEFAREASKLLFVELE
NSVG

»gi|384451184 |ref | P 005663782.1) agparyl-tRNA synthetase (Chlamydia psigtagi 01DC11]
MKYRTHRCNELSLSNVGERVRYSGHVHRYRNHGGVVFIDLRDRFGITQIVCREDEXPELEQLVDSVRSENVLS EGTVCRRLEGUENANLATGEIE
VDIEKVEIL3RAKNLEF3ISDDRTHVNEELRLEYRYLDMRRG)T LDRLV CREKVMMACRQ YMDKQGFTEVVT PTL GRS TPEGARDYLVESRIYPGS
FYALPQSPQLFR)TLMVGELORYFQTATCFRDEDLRADRQPEFAQT DIEMSFATPNDLE PT IEQLYVEMFAVQGIK T DLPLERMT YQEAKDLYGTD
KPDLRFGLQLADCRENAKEFSFSIFLDQLAQGET IRGFCVRGEADI SREQLDVY TE FVKRYGAMGLVWIKKQENGIASNVARFASEAVFQAMFADR
GAEDNDILLLIAAPEDVANQSLDRLRRLIARERNLYNESQYNCYWI TDF PLFAKEDGKI CSEHRPFT SPLDEDI FLLDKDPLSVRSSSYDLVLNGY
EIA3G3QRTANADLNRIFSILEL3PES TKERFGFFIDALS FGT PPHL G AL GLOR TMMV LT GAEGTREVIAF PR T QRAADLMMDAESKINT QLK
ELNIZVIS

>gi|384451222 | ref|YP 005663820.1| glyceraldenyde-3-phosphate dehvdrogenase [Chlamydia psittagi 01DC11]

MEVVINGFGRIGRLVLRQLLKRNS S TEVVAVNDLVEGEALT YL.FRADSTHGRFPAEV SHENGCLVVDGRE IQLLAQS DVORLEWKDLGVIVVIEST
GLFTEKEDAEKHLASGAREVLITAPAKGDVPT FVMGVNEREFDPER DLV SNASCT TNCLAPLAKVL.L.DSFGIEEGIMT TVHAATATQSVVIGESE

TRWM/oCDAATAMTTRACT/RATAITAT AT NTT TAPFT TAWA TRUTIATICTRINT TIMT AVCTTVERT TATNIFE A CTTUT OFTT AU TRATTRTIC O N T

Fig6. C.psittaci 01DC11
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»gi| 384454062 | ref | YP 005666657.1| DNA fopoisomerase IV subunit B [Chlamydia pgittagi 020C15]
MATYTEASVVSLASLEHTRLRAGMY TGRLGDGSQVEDGT Y TLFREVVDNAT DEF TMGYGRT IS IFTDDSTITVRDSGRGT PLGKMIDCVSKINTGA
KYTQDVFHESVELNGY G LKAV ALSERF TVRSVRKKRYHY AT FYRGVL D3RGS TRDEDGTE I TF SEDPT IFTNFAFNDEFLRRKIRRYTYLHEG
LETICHNEVFISQQELL0LFKEE I PEE TLY PRI AFQNSE LS FLF SHLETHERYF SFVNG)ETLDGESHLARFREAVVKGINE YFGRNF T SNDIRE
GIVGCTATKIASPIFESTRNKLGNT IR GI IREVESAT IQE LKENKSRSDLLLER TRLNERTREN I QF TR QD LK DR QKR LYK T PRLROCKFHY
NERSLYGEASSIFVTEGESASAS LS 3RNPLTQAVE LRGPV S LEEE R YRNDELFYLATAL GITRNS T QHLRYNK T TLAT DADVDGHETRN
LLITFFLRTFLSVVENQHLFTLET PLFKVRYRDT TLYCY SRR T QAT QKLCKRE AR IEVTRFKGLGE T SPREFRT FIGAIMRLT PVT ISSLESLD
SLLQFYMGKNTKERKQF IMDNLITHL

»gi| 384454087 |ref| YR 005666682.1| Fe3 assembly protein Sufs [Chlamydia pgiftaci 020CL3)
MSQSIEDFLANHEDYPYGFVT PIESEGLTRGLSEET I RISQLRNEPSFILDFRLKAY QHWKKLQE PANARL S YPT IDYDSIVYF SAPKQRNPLGR
LEEADPEILETFRKLGI PLDEQRRLLNVONVAVDLVFDSVS IGT TFREALDKAGY I FCSMNEATREY PELVRKYLGSVVSHRDONY FAALNAAVESD
GSFVYVPRGVRCEMEISTYFRINDRESGQFERTLI IAEDDSFVSYLEGCTAPSYSSNQLAAAVVELVARERAVVRY STVONHFSGDKRTGKGGIYN
FVTKRGLCAGYKSKI SWSQVEVGAATTWRY PSCI LRGKE SVGEFY STALT SGRMQADTGTRMIHVGERT TST IVSKGI SSEDSHNTFRSLVSISEG
AVGSRNETQCDSMLIGRACGAYTDPKI SVENSRS SVEHEATT SKLRADQLMYLRSRGLSAEE AV SLYVHGFCRE T IEQLPLEFAREASKLLFVKLE
NSVG

»gi]384454112 | ref| P 005666707.1| zspartyl-tRNA synsherase [Chlamydia psitgagi 02DC15]
MKYRTHRCNELSLSNVGERVRVSGHVERYRNHGGVVE IDLRDRFGI TQIVCREDEKPELHQLVDSVRSEWVL S IEGTVCRRLEGMENANLATGEIE
VDIERVEILSKAKNLEFSISDDHIHVNEELRLEYRYLOMRRGQILDRLVCREKVMMACRQYMDRQGFTEVVT PILGKST PEGARDYLYPSRIYPGS
FYALPQSPQLFXQILMVGGLDRYFQIATCFRDEDLRADRQPEFAQTDIEMSFAT PNDLFPTIEQLVVEMFAVQGIK IDLPLERMT YQEARDLYGTD
KPDLRFGLQLHDCREHAREFSFSIFLDQLAQGET IKGFCVPGRADI SRRQLIVY TEFVKRYGAMGLYW IKKQENGI ASNVAKFASEAVFQAMFADE
GAEDNDILLLIAAPEDVANQSLDHLRRLIAKERNLYNESQYNCYWITDFPLFARE DGKI CSERHPFT SPLDEDI PLLDKDPLSVRSSSYDLVLNGY
EIASGSQRIENADLQNKIFSILELSPESIREKFGFFIDALSFGTPPHLGIALGLDRIMMVLT GAEGIREVIAFPKTQRAADLMMDAPSKIMI SQLE
ELNIRVTS

>gi | 384454150 |ref|YP 005666745.1| glygeraldehvde-3-phosphate dehvdrogenage [Chlamydia pgitgaci 020C15)

MEVVINGFGRIGRLVLRQLLKRNSSIEVVAVNDLVEGEALT YL.FRADSTHGREFPAEV SHENGCLVVDGRRI QLLAQSDVORLPWEDLGVIVVIEST
GLFTHKEDAEKHLASGARRVLITAPAR GOV PT FVMGVHEHKF DPER DLV SHASCTTNCLAPLAKVLLDSFGIEEGLMT TVHAATATOSVVIGESK
KDWRGGRGAFONI TPAST GARRAVALCLPELENE LT GMAFRVEVADV SVVDLTVRLOE ST TYEEICKVVREASETHLSGILGYTDQEVVSSDFIGC
EY35IFDAGAGIALTDRFFRLVAWYDNEIGYATRIVDLLEYVARNSE

Fig7. C.psittaci 02DC15
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»gi 384452109 | zef | ¥P 005664706.1) DNA fopoisomerase IV subunit B [Chlamydia paifsaci 03DC60]
MATYTEASVVSLASLERIRLRAGMYTGRLGDGSQVEDGI YT LFREVVDNAIDEFIMGYGRTISTFTDDSTITVRDSGRGI PLGRMIDCVSKINTGA
RYTQDVERE SVGLNGY G LKAV AL SERF TVRSVRRKRYRYATFYRGVLQDSROGS TRDEDGTE I TF SPDPT IFTNFAFNDE FLRKKIRRYTYLARG
LETICHNEVFISQQALLDLFREE IPEETLY PP IAR(NSE LS FLF SHLETHSERYFSFVIG)ETLDGGSHLAAFREAVVKGINEYFGKNF T SNDIRE
GIVGCTATRIASPIFESQTNKLGNTQIRS G IKEVRSAT IQE LRENK SRS DL LLEK TKLNEKTREN T {F TR DLRDRQRKLEYK I PRLROCKFHY
NERSLYGEAS3TFVTEGESASASTLS SRNPLTQAVF LRGPV E SLEEE K Y RNDELF Y LATAL GTTRNSTQRLRYNE T TLATDADVDGMHIRN
LLITFFLKTFLSVVENQHLE ILE TP L FRVRYKDTTLYCYSDERT QAT QKL GRRE AR TEVTRFRGLGE ISPREFKTF IGADMRLT PVTISSLESLD
SLLQFYMGRNTKERRQF IMONLITNL

>gi|384452134|zef | YP 005664731.1] FeS assembly protein Suff [Chlamydia psifgaci 08DCEO]
MSQSIEDFLENHEDYPYGFVTPIESEGLTRGLSEETT TRTSQLRNEPSFILDFRLEAYQHWKKLOE PAARLS YPTIDYDSIVYFSAPKQKNELGR
LEEADPEILETFRKLGIPLOEQRRLLNVNVAVDLVEDSVS 16T T FREALDKAGYTFCSMNEATRE Y PELVRK YL G5VVSRRONY FAALNAAVFSD
BSFVYVPKGVRCEME IS TYFRINDRE SGQFERT LI TAE DS VS YLEGCTARS Y5 3N L HAAVVE LVARE RAVVRY S TVQUWE SGDRRTGRGGTYN
FVTKRGLCAGYKIK I SHS GVEVGAATTHRY DS CTLRGKE SVEEFY S TAL T SCRUADT GTRM IVGERTTSTIVSRGI SSEDSHNTFRSLVS ISEG
AV GSRNHTOCDSML I GRACGAY TDPK T SVENSRS SVEHEAT TS LAAD LY LS RGLS AR R AV SLVVHGFCRET [EQLPLEFAREASKLLFVRLE
NSVG

>gi|384452160 | ref|YP_005664757.1 agpaztyl-tRNA synshetase [Chlamydia pgittagi 08DCED]
MKYRTHRCNELSLSNVGERVRYVSGHVERYRNHGGVVE IDLRDRFGITQIVCREDERPELHQLVDSVRSENVLS [EGTVCRRLEGHENANLATGE TE
VDIERVEILSKARNLPFSISDDHIRVNEELRLE YRYLOMRRGQTLDRLVCRHKVMMACRQYMDRQGFTEVVT PILGKSTPEGARDYLVESRIYPGS
FYALPQ3PQLFK)ILMVGELDRYFQTATCFRDEDLRADRQPEFAQTDIENS FATENDLFP T IEQLVVENFAV)GIKIDLPLPRMT Y QEARDLYGTD
RPDLRFGLOLADCREAAKEF3F 3 TFLDQLAQGGT IKGECVPGEADT SRR LIVY TEFVRRY GAMGLVW IR QENG T AS VAR FASEAVFQAMFADF
GAEDNDILLLIAAPEDVANGSLDHLRRL I ARERNLYNE SQYNCVWITDF PLEAKE DGR ICSERREFTSELIE DI FLLDKDPLSVRE S5 YDLVINGY
ETASGSQRIANADLONRIFSILEL3PES IXEKFGFF IDALSFGTEPRLGTALGLDR MMV LT GAEGIREV IAF PRT QRAADLMMDAPSKINT SQLE
ELNTRVIS

»gi 384452198 |zef | YP 005664735.1) glyceraldenyde-3-phosphate deliydrogenase [Chlamydia pgigsaci 08DCE0]
MKVVINGFGRIGRLVLRQLLKRNSS EVVAVNDLVPGEALT YLFRHDS THGRF PAEVSHENGCLVVDGRRIQLLAQS DVQKLEWKDLGVIVVIEST
GLFTRKEDAERHLASGAKRVLITAPARGDVETFVMGVNEHRF DPEK DLV SNASCTTNCLAPLAKVLLDSFGIEEGLMT TVHAATATQSVVDGPSE
RDWRGGRGAFGNT IPASTGAAKAVAL CLPELKNKLTGHAFRVEVADVSVVDLTVRL RS TTYEE ICKVVREASETHL 36 LGYTDQEVVISDFIGE
EY35IFDAGAGTALTDRFFKLVANYDNEIGYATRIVILLEYVARNSR

Fig8. C.psittaci 08DC60

Human non homologous gene:

Comparison of the essential genes of the bacterial strain with human genome illustrates -----
number of human non homolog essential genes in the genome of three strains of the
pathogen. All essential genes of each strain can be put in the protein blast of NCBI which
were aligned against human to find non human homologous sequences. Sequences showing
homology with any of the human proteins are filtered out from total sequences determined.
This time Chlamydophila psittaci 02DC15 and Chlamydophila psittaci 08DC60 shows 5 non
human homologous essential protein sequences but the Chlamydophila psittaci 01DC11
shows only 4 non human homologous protein sequences. These non human homologous
protein sequences which are essential for the pathogen can be putative targets. And these
proteins inhibition can inhibit the pathogen without affecting the host metabolism.
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Fig9. NCBI BLASTP result for “bifunctional 3,4-dihydroxy-2-butanone 4-phosphate
synthase/GTP cyclohydrolase Il protein”.

Screenshot of NCBI BLASTP result is shown in Fig. 9 for “bifunctional 3,4-dihydroxy-2-
butanone 4-phosphate synthase/GTP cyclohydrolase 11 protein” which is one of the non-
human homologous among all the three strains.
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CHARACTER C. psittaci C. psittaci C. psittaci
01DC11 02DC15 08DC60

TOTAL 975 978 973

SEQUENCES

SEQUENCES HAVE | 906 909 905

>100 RESIDUES

DEG BLASTP 526 526 526

RESULTS

ESSENTIAL GENE | 60 60 60

HUMAN 56 55 55

HOMOLOG

NON HUMAN 4 5 5

HOMOLOG

Tablel. Variation of the various genes across different strains of C.psittaci .

200 : B C.psittaci 01DC11

W C.psittaci 02DC15

C.psittaci 08DC60

N O o o
S ¥ (;b\? & SN
T & NN
& RS

Fig10. Shows that blue, red and green bar represent the analysis of sequences found in this
experiment for all the three strains.

The common non-human homologous protein sequences in all the three strains are:
e FeS assembly protein SufB
e Dbifunctional 3,4-dihydroxy-2-butanone 4-phosphate synthase/GTP cyclohydrolase 11
protein
¢ RNA polymerase sigma factor

These common non-human homologous protein sequences were searched in Protein Data
Bank (PDB) to find the 3D structure of these proteins. Out of these three proteins | got one
structure hit for “bifunctional 3,4-dihydroxy-2-butanone 4-phosphate synthase/GTP
cyclohydrolase Il protein” with the PDB ID 4114.
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S Refine Query with Advanced Search
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Shawing 1- 1 of 1 Results
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‘ Filter; CheckAll v View: Detailed v Download Results &

Reports:| Selectone. v Sort:| | Relevance v

Residue Count 850

The crystal structure reveals the molecular mechanism of bifunctional 3,4-dihydroxy-2-butanone 4-phosphate synthase/GTP

4114  Crystal Structure of Mtb-ribA2 (Rv1415)
: 5‘3 Authors: Singh, M. . Kumar, P.[, Yadav, 5./, Gautam,R.[, Sharma, N.[, Karthikeyan, 5./
Release: 2013-08-23
U Experiment:  X-RAY DIFFRACTION with resolution of 3.00 &
Ty
%4/&%& Compound: 1 Polymer { Display Full Polymer Details | Display for Al Results |
' 2 Ligands [ Display Full Ligand Details | Display for All Results ]
Citation:
cyclohydrolase I (Rv1415) from Mycobacterium tuberculosis
(2013) Acta Crystallogr, Sect.D 69: 1633-1644 [ Display Full Abstract | Display for All Results |
Search Hit: COMPND 2 MOLECULE: RIBOFLAVIN BIOSYNTHESIS PROTEIN RIBBA; ...

COMPND 3 CHAIN: A, B; ...

COMPND 4 SYNONYM: 3,4-DIHYDROXY-2-BUTANONE 4-PHOSPHATE SYNTHASE, DHEP ...
COMPND 5 SYNTHASE, GTP CYCLOHYDROLASE-2, GTP CYCLOHYDROLASEIT; ...
IRNLTITL 2 BIFUNCTIONAL 3,4-DIHYDROXY-2-BUTANONE 4-PHOSPHATE

Figll. Structure hit for “bifunctional 3,4-dihydroxy-2-butanone 4-phosphate synthase/GTP

cyclohydrolase 11” protein in PDB.

For the other two common proteins, no 3D structure is available in PDB. So, the protein
sequence with PDB ID 4114 can be used as the drug target molecule against the pathogen

Chlamydophila psittaci.

3D structure view of the hit molecule for “bifunctional 3,4-dihydroxy-2-butanone 4-
phosphate synthase/GTP cyclohydrolase 11 protein” (PDB ID 4114) is shown in fig.12.
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Fig12. 3D structure view of the protein with PDB ID 4114.

2. Docking of natural ligand with the target protein molecule

The natural ligand identified for protein with PDB ID 4114 is Sulfate ion. And ZINC ID of
Sulfate ion is ZINC06827621. After docking of natural ligand with the target protein results
into the complex with binding energy -2.79 kcal/mol. Now we have to identify the ligands
having lesser binding energy.
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Fig13. Docking result of natural ligand with target protein.

3. Finding virtual library of ligands and docking results

Submitting of our target protein to the Method B of RASPD results into a virtual library of
100 ligands with their ZINC ID, IUPAC name and involved atomic 3D co-ordinates. The
docking results of each ligands with the target protein molecule are shown in Table 2 and
screenshots for top 10 ligands are also shown below. Then, all the ligands were downloaded

from the ZINC database and thus we had generated the virtual library of ligands.

Docking of doxycycline and tetracycline hydrochloride results into the binding energies of -
3.33 and -3.87 respectively in terms of kcal/mol shown in figures.
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Figl4a. Docking result of Doxycycline with the target protein.
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Figl4b. Docking result of Tetracycline hydrochloride with the target protein.
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Rank | Ligand (ZINC Binding
ID) energy
1| zinc_4113772 -8.86
2 | zinc_11963881 -8.09
3| zinc_12243261 -7.8
4 | zinc_12191590 -7.75
5 | zinc_12453654 -7.25
5 | zinc_19813096 -7.25
7 | zinc_15001976 -6.86
8 | zinc_11881196 -6.84
9 | zinc_11786333 -6.74
10 | zinc_2811191 -6.72
11 | zinc_11790367 -6.71
12 | zinc_20919473 -6.67
12 | zinc_2895958 -6.67
14 | zinc_19842927 -6.63
15 | zinc_3664754 -6.6
16 | zinc_19811543 -6.47
17 | zinc_11783578 -6.42
18 | zinc_11974393 -6.34
19 | zinc_12333572 -6.17
20 | zinc_11882026 -6.08
21 | zinc_1807072 -6.02
22 | zinc_11913293 -6
23 | zinc_19835705 -5.97
24 | zinc_20451377 -5.95
25 | zinc_19758600 -5.94
26 | zinc_20601870 -5.91
27 | zinc_12455413 -5.89
28 | zinc_12242812 -5.77
29 | zinc_32603782 -5.76
29 | zinc_11841107 -5.76
31 | zinc_4122191 -5.75
32 | zinc_15005335 -5.72
33 | zinc_11784200 -5.66
34 | zinc_15823058 -5.65
35 | zinc_1158015 -5.61
36 | zinc_11784161 -5.59
36 | zinc_12242780 -5.59
38 | zinc_14992522 -5.47
38 | zinc_20909250 -5.47
40 | zinc_2760064 -5.38
40 | zinc_12190465 -5.38
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42 [ zinc_12247658 5.33
43 | zinc_14990472 5.17
44 | zinc_12245742 5.16
45 | zinc_19797529 -5.02
46 | zinc_15003908 -4.99
47 | zinc_12576410 -4.98
47 | zinc_20562945 -4.98
49 | zinc_2745710 -4.96
50 | zinc_13081002 -4.95
51 | zinc_11840986 -4.84
52 | zinc_12050585 476
53 | zinc_14885566 474
54 | zinc_2952200 472
55 | zinc_2985323 -4.61
56 | zinc_12247323 -4.56
57 | zinc_3143011 45
57 | zinc_14981325 45
59 | zinc_808592 -4.49
60 | zinc_19774479 448
61 | zinc_20999348 447
62 | zinc_3656658 -4.45
63 | zinc_2822264 -4.28
64 | zinc_19830686 -4.26
65 | zinc_12217375 412
66 | zinc_16480347 -4.09
67 | zinc_20508667 -4.04
68 | zinc_15856729 -3.97
69 | zinc_11980933 -3.94
70 | zinc_11783262 -3.88
71 | zinc_9041389 -3.87
72 | zinc_8769779 -3.86
73 | zinc_8892130 -3.85
74 | zinc_9226916 -3.78
75 | zinc_2836173 371
76 | zinc_19114279 -3.68
77 | zinc_12524375 353
78 | zinc_2831975 351
79 | zinc_9191993 -3.48
80 | zinc_15441607 -3.39
81 | zinc_675736 -3.34
82 | zinc_1139950 33
83 | zinc_2109070 -3.27
83 | zinc_8935093 -3.27
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85 | zinc_6239462 -3.25
86 | zinc_8442648 -3.21
87 | zinc_12419770 -3.2
88 | zinc_16248054 -3.18
89 | zinc_19805326 -3.16
90 | zinc_16275934 -3.14
91 | zinc_3877717 -3.04
92 | zinc_19857639 -2.95
93 | zinc_9261062 -2.93
94 | zinc_22147048 -2.91
95 | zinc_2851420 -2.87
96 | zinc_1794178 -2.69
97 | zinc_20494835 -2.55
98 | zinc_22064237 -2.5
99 | zinc_17195094 -1.62
100 | zinc_16667348 -1.08

Table2. Binding energy of different ligands with the target protein
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Figl5b. Docking with ligand 2 (ZINC11963881)
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Figl5e. Docking with ligand 5 (ZINC12453654).
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Figl5f. Docking with ligand 6 (ZINC19813096).
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31




MAJOR PROJECT II

74 Conformation 1 Info

AutoDockTools X

= a
7 zinc_11881196 .:-

Compute

binding_energy=-6.84 Hydrogen Bonds ~ Grid3D Help

ligand_efficiency=-0.18
inhib_constant=9.63
inhib_constant_units=uM

T

el fsrf o[ w[m[af o] —

intermol_energy=-9.23

vdw_hb_desolv_energy=-6.64
electrostatic_energy=-2.59
total_internal=-1.48
torsional_energy=2.39
unbound_energy=-1.48 Jlcmp |
k.dig <
clRMS=0.0 E 6% g&’f\
refRMS=47.95 (XXX
rseed1=None
rseed2=None ;:gg
*00C
o | Bl

o R

o
HSS
RS

1o
SR
e

2 Screenshot Added R x

Figl5h. Docking with ligand 8 (ZINC11881196).
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4. Checking Lipinski’s filters

o = T e _

ng with ligand 10 (ZINC02811191)

Lipinski’s rule of five had been checked for top 10 ligand molecules selected based on the
binding energy. The results are shown below in Table 2.

S.N | Ligands (ZINC | Molecular LogP | Hydrogen Hydrogen
ID) Mass Bond Donors | Bond

Acceptors

1 zinc_4113772 | 490 047 |4 6

2 zinc_11963881 | 493 199 |2 7

3 zinc_12243261 | 494 168 |3 4

4 zinc_12191590 | 537 243 |2 4

5 zinc_12453654 | 490 059 |2 6

6 zinc_19813096 | 511 -042 |5 4

7 zinc_15001976 | 494 453 |3 4

8 zinc_11881196 | 497 3.09 |2 5

9 zinc_11786333 | 495 149 |1 8

10 zinc_2811191 | 488 9.78 |0 2

Table3. Lipinski’s filters for top 10 ligands

5. Cheking Toxicity of ligand molecules

a) Using Toxicity checker
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Presence of any toxic substructure was checked by the online tool Toxicity checker by
providing the SMILES sequence of the ligand. It is done for the top 10 ligands and the result
is shown below.
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No toxic substructure found

Figl6a. Toxicity checker result of ligand 1.
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No toxic substructure found

Figl6b. Toxicity checker result of ligand 2.
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Figl6c. Toxicity checker result of ligand 3.
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Figl6d. Toxicity checker result of ligand 4.
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Figl6e. Toxicity checker result of ligand 5.
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Figl6f. Toxicity checker result of ligand 6.
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Figl6g. Toxicity checker result of ligand 7.
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Figl6h. Toxicity checker result of ligand 8.
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Figl16i. Toxicity checker result of ligand 9.
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Figl6j. Toxicity checker result of ligand 10.
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b) Using OSIRIS data warrior software

Toxicity as well as various physicochemical properties was again checked by OSIRIS data
warrior software for top 10 ligand molecules as well as for tetracycline hydrochloride and
doxycycline. These results are summarized in Table 4.

tetracy
cline
hydroc | doxyc ZINC | ZINC | ZINC | ZINC | ZINC | ZINC | ZINC | ZINC | ZINC | ZINC
hloride | ycline 0411 | 1196 | 1224 |1219 |1245 |1981 | 1500 |1188 | 1178 | 02811
Ligand 3772 | 3881 |3261 |1590 |3654 |3096 |1976 |1196 |6333 |191
Total | 44443 | 444.4
Mol. 9 39 490.6
Wi. 5 494 495 538 491 511 495 498 496 489
-4.702 | -4.54
cLogP -054 [ 111 |07 0.7 -0 -1 3 1.6 022 |91
-1.265 | -1.37
cLogS -4.25 | -4.76 | -3.7 -4 -4 -3 -5 -5 -3.3 -11
H-
Accept 10 10
ors 8 8 6 6 8 7 6 6 9 2
H- 6 6
Donors 4 2 3 2 2 3 2 2 1 0
Polar 185.6
Surface 185.65 |5
Area 91.8 |75 505 |76 71 72 67 67 85.1 |25
. 2.423
Druglik 30017 |9 1.913
eness 5 1.13 |-0.2 2.9 5.3 4 6.7 4.2 -1.1 -04
Mutage None none ) .
nic none | none | None | none | None | None | High | None | None | High
Tun_10r| None none ] )
genic none | none | None | none | None | None | High | None | None | High
Reprod
UCtive | tigh | high _

Effect Low | low None | none | None | None | High | None | Low | None
] None none )
Irritant None | none | None |none | None | None | Low | None | None | High

Non-
CH 110 10
Atoms 8 8 6 7 8 7 6 6 9 2
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Stereo

5 6
Centers 0 0 3 2 1 2 0 2 1
Rotatab
le ) )
Bonds 9 7 12 9 7 13 8 8 8
) 4 4
Rings 4 ) 4 S) 3) 4 5) 5) )
Aromat
|c. 1 1
Rings 2 2 2 3 3 2 4 3 2

Table4. Physicochemical properties and toxicity results for top 10 ligands and drug

molecules.
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CONCLUSION

The whole genome analysis of the pathogen and use of database or tools like DEG, BLAST,
etc. can be helpful in the prediction of possible protein targets. And use of docking software
like AutoDock may lead to novel or optimized drugs against the pathogen. Chlamydophila
psittaci is a bacterial pathogen which causes psittacosis in humans. Available drugs against
this disease are doxycycline and tetracycline hydrochloride which can’t eradicate the
pathogen completely. Here we present a computer aided prediction of target protein against
the protein product of the essential gene of C.psittaci which is important for the survival of
pathogen. In this study, we docked 100 ligands with this protein which are identified through
RASPD tool based on their active site of protein, to identify the best ligand which can be the
possible drug molecule. Further, we check different physicochemical properties like Lipinski
filters, etc. and toxicity was also checked to find out whether any harmful substructure is
present in our ligand molecules. In this study, we come up with top 9 ligands (based on their
binding energy against target protein) which are having better binding energy than the
available natural ligand as well as drug molecules, and also no toxic substructure is found in
our ligand molecules.

N,N'-bis[(1-benzyl-4-piperidylidene)amino]butanediamide (ZINC ID 04113772) is the best
ligand among the 9 ligand with the binding energy of -8.86 kcal/mol. So, it can be our
candidate drug molecule.
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DISCUSSION AND FUTURE PERSPECTIVE

The knowledge of full genome and the application of subtractive approach have been very
useful for drug target identification against many bacterial pathogens. In this work we have
tried to identify potential drug targets against the bacterial pathogen Chlamydophila psittaci
through essential genes identification using the database DEG. Then through NCBI BLAST
and PDB, we could get a non-human homologous protein structure common to all the three
strains of the pathogen. So, our target protein is “bifunctional 3,4-dihydroxy-2-butanone 4-
phosphate synthase/GTP cyclohydrolase I1” protein. Biosynthesis of Riboflavin is carried out
by this protein. The pathways and chemical reactions required in riboflavin biosynthesis leads
to riboflavin (vitamin B2) formation. According to some researchers, the enzymes required in
pathway of riboflavin biosynthesis may also be helpful in developing the antibacterial drugs
for the cure of Gram-negative bacteria and yeasts infections. This is based on the fact that
Gram-negative bacteria are unable to consume riboflavin from outside i.e. the external
environment (Fischer and Bacher, 2008; Cushman et al., 2001). Since, the Gram-negative
bacteria are required to produce riboflavin by themselves, inhibiting the riboflavin synthase
or any other enzymes required in riboflavin biosynthesis can be very helpful in the
development of antibacterial drugs.

So, our next aim is to identify the potential drug molecule against our protein target molecule.
The natural ligand is determined from PDB as Sulphate ion and docking of natural ligand
with the target protein gives a cut-off value of binding energy for any ligand to be the drug
molecule. Then based on the active sites present on our target protein, 100 ligands were
identified as suitable ligands. Thus, virtual library of ligands were generated. And each ligand
was separately docked with the target protein to determine top 10 ligands having better
binding energy. And the best shows better binding energy than the natural ligand as well as
available drugs. Then, various physicochemical properties and toxicity of the selected ligands
were determined. Finally, we come up with ligand, N,N'-bis[(1-benzyl-4-
piperidylidene)amino]butanediamide (ZINC ID 04113772) as the best ligand molecule and
have the potential to be a drug molecule.

So, in future one can go for clinical trials with the best ligand and study their different
properties like pharmacodynamic, pharmacokinetics, solubility etc.
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