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ABSTRACT

The treatment of tuberculosis (TB) usually considteadministrating series of drugs over a span igfte nine
months. The important drugs prescribed to TB p#ieme Rifampicin and Isoniazid. The activity dampicin is
attributed to its ability to bind and inhibit theND\ dependent RNA polymerase enzyme of bacteriaativhg
conferring rifampicin resistance (R)fmap almost exclusively to the rpoB gene that pced beta subunit of RNA
polymerase enzyme. The mutation thus created pesdtlee protein which has less binding affinity fbe
rifampicin thus escapes the inhibitory action of tlifampicin. Thus in the present study an insikigproach has
been done to modify the structure of rifampicinusture in such a way that it can bind effectivelytie mutated
RNA polymerase enzyme. The three dimensional steuof RNA polymerase of M. tuberculosis and ittamtis are
predicted by homology modelling by MODELLER sofewdihe predicted 3D structure was then validatetth wie
Ramachandran plot. The derivatives of the rifampigiere prepared in ACD chemsketch software. Théejpre-
ligand docking was performed by Hex version 8.Brom the present study it is evident that therpdssibility of
preparing rifampicin derivatives that can be sensitfor the rifampicin resistant strain of M. tuloefosis. The
study also has proposed four rifampicin derivatised on binding energy values that can be seasit the
rifampicin resistant strain of M. tuberculosis.
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INTRODUCTION

The tuberculosis (TB) continues to be major hedftoughout the world. In the last report of worldalth
organisation (WHO) in 2013, there were an estima&@edmillion incident cases of TB in 2012 and 1.8lion
deaths were attributed to the disease. More thHrahaillion cases occurred in children and 320,@@@&ths were
reported among HIV-infected persons [1]. The treatt of TB usually consists of administrating seré drugs
over a span of six to nine months [2]. The impadr@dnugs prescribed to TB patients are Rifampicid &oniazid.
The other first-line drugs such as StreptomycinraPyamide, and Ethambutol have also been usedhtor
treatment of TB [3].

The rate of multi-drug resistant TB strains resiste at least two of the first-line TB drugs vigoniazid and
rifampicin has caused a great difficulty in theatraent of TB [4]. The resistance to second-liné-aBtdrugs such
as fluoroquinolones and at least one of the infdetahas been known as extensively drug resistdosrdulosis
(XDR-TB) [5].

Rifampicin (Figure 1), one of the key componentsanfibiotic therapy, is the most important and lregectrum

antibiotics [6]. The activity of rifampicin is aifruted to its ability to bind and inhibit the DNAegendent RNA
polymerase enzyme of bacteria [7]. Mutations cairfgrrifampicin resistance (Rif map almost exclusively to the
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rpoB gene, that produces beta subunit of RNA polymeesssyme [8,9]. The mutation thus created produces th
protein which has less binding affinity for thearfipicin thus escapes the inhibitory action of ffaampicin [10].

Figure 1: Rifampicin

The change in the amino acid residue(s) in thenpiain binding site of the mutated RNA polymeraseyene is
the key to the rifampicin resistance of tetuberculosisThe change thus occurred never allows the rifaimpec
bind to the RNA polymerase there by escapes itibitidm. Thus in the present study ansilico approach has been
made to modify the structure of rifampicin struetim such a way that it can bind effectively to thetated RNA
polymerase enzyme.

EXPERIMENTAL SECTION

The work was performed in the bioinformatics fagitbf Department of Microbiology, Tagore Medical llege and
Hospital.

Prediction of three dimensional structures of proténs

The three dimensional structure of beta sub unRA polymerase of. tuberculosisand its mutants are predicted
by homology modelling. It is the method to deterenBD structure of protein with the help of 3D stue of
homologous proteins. Softwares used were Modellgl @nd Easy modeller 2.0 GUI [11]. First the priyna
structure of beta sub unit of RNA polymerase Mf tuberculosiswas retrieved from UniProtKB database
(www.uniprot.org/help/uniprotkb). The primary stture in FASTA format was submitted in BLASTp
(blast.nchi.nim.nih.goy/to find the homologous proteins. The proteindaf e value were selected for further
study. The 3D structures of the homologous prot€iiable 1) were retrieved from RCSB database\.rcsb.org).
The 3D structures of homologous proteins were stibchalong with the primary structure of beta suli af RNA
polymerase oM. tuberculosisto Modeller software through GUI Easy Modeller.eTpredicted 3D structure was
then validated with the Ramachandran plot. It walso afurther validated in ProQ online tool
(www.sbc.su.se/~bjornw/PrgQThe primary structures of beta sub unit of RNAypoérase of various rifampicin
resistant strains dfl. tuberculosiswere also collected from uniprotKb. The name & WHarious strains with the
details of the mutation is given in Table 2. These also subjected to homology modelling to develap 3D
structure.

Table 1: The name of the homologous proteins and ¢ir RCSB code

S. No. Name of the protein RCSB codg
1. Thermus aquaticusore RNA Polymerase 1HQM
2. Recombinanthermus agquaticuRNA Polymerase| 2GHO
3. ThermusaquaticusRNA Polymerase holoenzyme 119U
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Table 2: The name of the various strains with the etails of the mutation

Position(s) | Length | Description of mutation and thename of the strain
423 — 423 1 /> A in strain: vrl; rifampicin-resistant.

436 — 436 1 |— P in strain: vr2; rifampicin-resistant.

437 — 437 1 S T in strain: vr3; rifampicin-resistant.

438 — 441 4 QFMDB- H in strain: RJ49; rifampicin-resistant.
438 — 438 1 Q> L in strain: vr4; rifampicin-resistant.

439 — 439 1 F- V in strain: RJ37; rifampicin-resistant.
440-443 | 4 Missing in strain: RJ55; rifampiciniséant.

441 — 441 1 D— V in strain: vr3; rifampicin-resistant.

449 — 452 4 LTHK— WPQ in strain: RJ48; rifampicin-resistant.
451 — 451 1 H- D in strain: vr5; rifampicin-resistant.

451 — 451 1 H- L in strain: SP28; rifampicin-resistant.

451 — 451 1 H- N in strain: vr6; rifampicin-resistant.

451 — 451 1 H- P in strain: vr8; rifampicin-resistant.

451 — 451 1 H- Q in strain: vrl; rifampicin-resistant.

451 - 451 1 H- R in strain: vr7; rifampicin-resistant.

456 — 456 1 S L in strain: vrl1 and RJ37; rifampicin-resistant.
456 — 456 1 S- Q in strain: vr9; rifampicin-resistant.

456 — 456 1 S-» W in strain: vr10; rifampicin-resistant.

458 — 458 1 L P in strain: vr12 and SP22; rifampicin-resistant.

Generation of rifampicin derivatives

The structure of rifampicin is obtained from pubchdatabase in sdf format. The structure was coesgtét MDL
format in Open Babel software (www.vcclab.org/labl/start.html). The derivatives of the rifampioivere
prepared in ACD chemsketch software. ACD/ChemSkeésclthe powerful all-purpose chemical drawing and
graphics package from ACD/Labs developed to drav dbsired molecules and to store it in variousrddsi
formats. It also helps to generate IUPAC namestarmhlculate certain chemical properties of thentbals. The
pharmocophore region of Rifampicin molecule is ¢ibumed by ap lactam ring which was maintained in the
preparation of rifampicin derivatives. Hence osige chain modifications were performed to prepheelibrary of
ligands for docking with the receptor RNA polymeranzyme. A total of 120 derivatives were prepaned all the
prepared compounds were saved in MDL format. Rralllthe compounds were converted to pdb forma®pgn
Babel software.

Protein — Ligand docking

The protein — ligand docking was performed by Hersion 8.0.0. Hex is an interactive molecular giapprogram
for calculating and displaying feasible docking rsaf pairs of protein and DNA molecules [12,13xHan also
calculate Protein-Ligand Docking, assuming ther@és rigid, and it can superpose pairs of molezuising only
knowledge of their 3D shapes. It uses SphericaPBburier (SPF) correlations to accelerate theutations and
its one of the few docking programs which has bniljraphics to view the res#fit

The parameters used for the docking process were:

. Correlation type — Shape + Electrostatics
. FFT Mode - 3D

. Post Processing- MM Energies

. Grid Dimension - 0.6

. Receptor range — 180

. Ligand range — 180

. Twist range — 360

. Distance Range — 40

oO~NO O, WNBE

RESULTS AND DISCUSSION
Three structure prediction

The primary structure of beta subunit of RNA polyase ofM. tuberculosiswas retrieved from UniprotKB
database. The primary structure in FASTA formathiswn in Figure 2. It consists of 1172 aminoacids.
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¢ >s5p|P9WGY9|RPOB_MYCTU DNA-directed RNA polymerase subunit beta
0S=Mycobacterium tuberculosis (strain ATCC 25618 / H37Rv) GN=rpoB PE=1
Sv=1

* MLEGCILADSRQSKTAASPSPSRPQSSSNNSVPGAPNRVSFAKLREPLEVPGLLDVQTDSF
EWLIGSPRWRESAAVNPVGGLEEVLYELSPIEDFSGSMSLSFSDPRFDDVKAPVDECKDKD
MTYAAPLFVTAEFINNNTGEIKSQTVMDFMMTEKGTFIINGTERVVVSQLVRSPGVYFDET
IDKSTDKTLHSVKVIPSRGAWLEFDVDKRDTVGVRIDRKRRQVTVLLKALGWTSEQIVERF
GFSEIMRSTLEKDNTVGTDEALLDIYRKLRPGEPPTKESAQTLLENLFFKEKRYDARVGRYKY
NKKLGLHVGEPITSSTLTEEDVVATIEYLVRLHEGQTTMTVPGGVEVPVETDDIDHFGNRRL
RTVGELIQNQIRVGSRMERVVRERMTTQDVEAITPQTLINIRPVVAAIKEFFGTSQLSQFM
DQONNPLSGLTHKRRLSALGPGGLSRERAGLEVRDVHPSHYGRMCPIETPEGPNIGLIGSLS
VYARVNPFGFIETPYRKVVDGVVSDEIVYLTADEEDHVVAQANSPIDADGRFVEPRVLVRR
KAGEVEYVPSSEVDYMDVSPRQMVSVATAMIPFLEHDDANRALMGANMQRQAVPLVR
SEAPLVGTGMELRAAIDAGDVVVAEESGVIEEVSADYITVMHDNGTRRTYRMRKFARSNH
GTCANQCPIVDAGRVEAGQVIADGPCTDDGEMALGKNLLVAIMPWEGHNYEDAIILSNR
LVEEDVLTSIHIEEHEIDARDTKLGAEEITRDIPNISDEVLADLDERGIVRIGAEVRDGDILVGK
VTPKGETELTPEERLLRAIFGEKAREVRDTSLKVPHGESGKVIGIRVFSREDEDELPAGYNEL
VRVYVAQKRKISDGDKLAGRHGNKGVIGKILPVEDMPFLADGTPVDIILNTHGVYPRRMIG
QILETHLGWCAHSGWKVDAAKGVPDWAARLPDELLEAQPNAIVSTPVFDGAQEAELQG
LLSCTLPNRDGDVLVDADGKAMLFDGRSGEPFPYPVTVGYMYIMKLHHLVDDKIHARSTG
PYSMITQQPLGGKAQFGGQRFGEMECWAMQAYGAAYTLQELLTIKSDDTVGRVKVYEAI
VKGENIPEPGIPESFKVLLKELQSLCLNVEVLSSDGAAIELREGEDEDLERAAANLGINLSRN
ESASVEDLA

Figure 2: Primary sequence of beta subunit of DNA épendent RNA polymerase oM. tuberculosis

The 3D structure of beta subunit of RNA polymerasses successfully predicted by homology modellinge T
predicted 3D structure is given in Figure 3. Thadtre is stored in pdb format for further use.

WebMal  Normal_pro|| Open || Print || Cn'P || ResetSisb || Center || Control || Info Help |21 | 1

Figure 3: Three dimensional structure of beta subuit of DNA dependent RNA polymerase oM. tuberculosis viewed by pymol molecular
viewer

Similarly the 3D structures of other 19 mutant pila$ were also successfully determined by homotoggelling
and were stored in pdb format.

Validation of the structure

The Ramachandran plot was generated from the peed®D structure of beta subunit of RNA polymerése
validate it. The Ramachandran plot is shown in Feglt From the figure it is seen that the mosthef tesidues
clustered tightly in the most-favoured regions wighy few outliers showing that the predicted st is good.
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The predicted structure was further validated ly@Ponline tool. The predicted LGscore and Maxsub7a433 and
0.602 respectively. The values obtained showsttigapredicted structure is extremely good model.
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Figure 4: Ramachandran plot of three dimensional sticture of beta subunit of DNA dependent RNA polymease ofM. tuberculosis
Similarly the 3D structures of all the mutated pins were validated and were found to be good.

Molecular docking

First the rifampicin was docked with the normalabstibunit of RNA polymerase to find its efficacybifiding. The
docking pose of the rifampicin- beta subunit of RNélymerase is shown in Figure 5. Its energy valas -324.72
which shows a very good binding.
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Figure 5: Docking pose of rifampicin- beta subunibf RNA polymerase performed in Hex 8.0

Similarly rifampicin and its 120 derivatives wereated with all the 19 mutated beta subunit of RNAymerase.
As expected the rifampicin showed a poor bindingrgy with the all the mutated beta subunit of RNdAlymerase.
Among the 120 rifampicin derivatives, four deriva$ showed good binding energy with all 19 mutdteth
subunit of RNA polymerase. The results are showethble 3.
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Table 3: The mean docked energy values of the rifgoicin and the selected four derivatives with all 19nutated beta subunit of RNA
polymerase enzyme

S. No. Ligand Mean E value (K. Cal.) for 19 mutaté RNA polymerase enzyme
1. Rifampicin -28.6+7.2

2. Derivative 1 -304.2+34.1

3. Derivative 2 -312.8 +44.6

4. Derivative 3 -293.7 £49.4

5. Derivative 4 | -306.8 £ 37.7

The four rifampicin derivatives are simple substitns of functional groups of rifampicin. The deaiiwves and the
modifications from parent rifampicin are shown iguire 6.

Derivative 3 Derivative 4

Figure 6: Rifampicin derivatives having good bindirg energy to the mutated beta subunit of RNA polymerse enzyme oM. tuberculoss
CONCLUSION

From the present study it is evident that thengoissibility of preparing rifampicin derivatives thaan be sensitive
for the rifampicin resistant strain ®. tuberculosis The study also has proposed four rifampicin ddives that
can be sensitive to the rifampicin resistant stodill. tuberculosis
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