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Mycobacterium tuberculosis (Mtb) is a pathogenic bacteria species in the genus Mycobacterium and the causative agent of most
cases of tuberculosis. Tuberculosis (TB) is the leading cause of death in the world from a bacterial infectious disease. This
antibiotic resistance strain lead to development of the new antibiotics or drug molecules which can kill or suppress the growth of
Mycobacterium tuberculosis. We have performed an in silico comparative analysis of metabolic pathways of the host Homo sapiens
and the pathogen Mycobacterium tuberculosis (H37Rv). Novel efforts in developing drugs that target the intracellular metabolism
of M. tuberculosis often focus on metabolic pathways that are specific to M. tuberculosis. We have identified five unique pathways
for Mycobacterium tuberculosis having a number of 60 enzymes, which are nonhomologous to Homo sapiens protein sequences,
and among them there were 55 enzymes, which are nonhomologous to Homo sapiens protein sequences. These enzymes were also
found to be essential for survival of the Mycobacterium tuberculosis according to the DEG database. Further, the functional analysis

using Uniprot showed involvement of all the unique enzymes in the different cellular components.

1. Introduction

Mycobacterium tuberculosis (Mtb), the causative agent of
tuberculosis (TB), remains a major health threat. Each year,
8 million new TB cases appear and 2 million individuals
die of TB [1]. Further, about half a million new multidrug
resistant TB cases are estimated to occur every year [2]. The
existing drugs, although of immense value in controlling
the disease to the extent that is being done today, have
several shortcomings, the most important of them being
the emergence of drug resistance rendering even the front-
line drugs inactive. In addition, drugs such as rifampicin
have high levels of adverse effects making them prone to
patient incompliance. Another important problem with most
of the existing antimycobacterials is their inability to act
upon latent forms of the bacillus. In addition to these
problems, the vicious interactions between the HIV (human

immunodeficiency virus) and TB have led to further chal-
lenges for antitubercular drug discovery [3].

Recently, genome-scale metabolic network reconstruc-
tions for different organisms have enabled systematic anal-
yses of metabolic functions and predictions of metabolism-
related phenotypes. By collecting all possible biochemi-
cal reactions for specific organisms, different groups have
reconstructed metabolic networks for bacteria, for exam-
ple, Escherichia coli, Helicobacter pylori, and Chromo-
halobacter salexigens, eukaryotic microorganisms, mice, and
even humans [4-6]. The website of the Systems Biology
Research Group at the University of California, San Diego
(http://gcrg.ucsd.edu/), provides a continuously updated list
of genome-scale metabolic network reconstructions. Anal-
ysis of metabolic networks can provide insights into an
organismy’s ability to grow under specific conditions. For
example, given a specific set of nutrient conditions, flux
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TABLE 1: Unique pathways of M. tuberculosis when compared to H. sapiens.
S. no. Pathway name Human Mycobacterium tuberculosis H37Rv
1 Carbohydrate Metabolism
11 C5-Branched dibasic acid metabolism Absent Present
2 Energy Metabolism
2.1 Photosynthesis Absent Absent
2.2 Carbon fixation pathways in prokaryotes Absent Present
23 Methane metabolism Absent Present
3 Lipid Metabolism
3.1 Fatty acid elongation in mitochondria Present Absent
3.2 Sphingolipid metabolism Present Absent
33 Arachidonic acid metabolism Present Absent
4 Nucleotide Metabolism All Present All Present
5 Amino Acid Metabolism All Present All Present
6 Metabolism of Other Amino Acids All Present All Present
6.1 Phosphonate and phosphinate metabolism Absent Absent
7 Glycan Biosynthesis and Metabolism
71 N-Glycan biosynthesis Present Absent
72 Various types of N-glycan biosynthesis Absent
73 Mucin type O-Glycan biosynthesis Present Absent
74 Other types of O-glycan biosynthesis Present Absent
75 Glycosaminoglycan biosynthesis—chondroitin sulfate Present Absent
7.6 Glycosaminoglycan biosynthesis—heparan sulfate Present Absent
77 Glycosaminoglycan biosynthesis—keratan sulfate Present Absent
7.8 Glycosaminoglycan degradation Present Absent
79 Glycosylphosphatidylinositol (GPI)-anchor biosynthesis Present Absent
7.10 Glycosphingolipid biosynthesis—lacto and neolacto series Present Absent
711 Glycosphingolipid biosynthesis—globo series Present Absent
712 Glycosphingolipid biosynthesis—ganglio series Present Absent
713 Lipopolysaccharide biosynthesis Absent Present
7.14 Peptidoglycan biosynthesis Absent Present
715 Other Glycan degradation Present Absent

balance analysis (FBA) of metabolic networks can accurately
predict microbial cellular growth rates. In a recent work, a
group of researchers used an approximate representation of
in-host nutrient availability inferred from the literature to
simulate the in-host metabolism of Salmonella typhimurium
[7]. Moreover, metabolic network analyses can then be used
to identify organism-specific essential genes by predicting the
attenuation of microbial growth of specific deletion mutants
[8-10].

The computational approach has been used to inves-
tigate novel drug targets in other pathogenic organisms
such as Pseudomonas aeruginosa and in Helicobacter pylori
(5, 11].

As most currently known, antibacterials are essentially
inhibitors of certain bacterial enzymes; all enzymes specific
to bacteria can be considered as potential drug targets [12].
In this study, we have adopted a strategy for comparative
metabolic pathway analysis to find out some potential targets
against M. tuberculosis (H37Rv). Only those enzymes which
show unique properties than the host were selected as the
target. Metabolic genes that are essential for pathogen growth

but are not present in humans constitute actual and potential
drug targets.

2. Materials and Methods

KEGG (Kyoto Encyclopedia of Gene and Genome) (http://
www.genome.jp/pathways.html) [13] pathway database was
used as a source of metabolic pathway information. Metabolic
pathway identification numbers of the host H. sapiens
and the pathogen M. tuberculosis (H37Rv) were extracted
from the KEGG database. Pathways which do not appear
in the host but are present in the pathogen accord-
ing to KEGG database have been identified as pathways
unique to M. tuberculosis as in comparison to the host
H. sapiens. Enzymes in these unique pathways as well as
enzymes involved in other metabolic pathways under carbo-
hydrate metabolism, energy metabolism, lipid metabolism,
nucleotide metabolism, amino acid metabolism, metabolism
of other amino acids, and glycan biosynthesis were identi-
fied from the KEGG database. The corresponding protein
sequences of enzymes involved in unique pathways were
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TABLE 2: Essential enzymes using DEG.

S. no. Entry no. Protein name Essential enzyme
L Rv1820 Acetolactate synthase Yes
2. Rv0951 Succinyl-CoA synthetase subunit beta Yes
3. Rv2987¢ Isopropylmalate isomerase small subunit Yes
4. Rv1475c¢ Aconitate hydratase (EC: 4.2.1.3) Yes
5. Rv0066¢ Isocitrate dehydrogenase (EC: 1.1.1.42) Yes
6. Rv2454c 2-Oxoglutarate ferredoxin oxidoreductase subunit beta (EC: 1.2.7.3) Yes
7. Rv1240 Malate dehydrogenase (EC: 1.1.1.37) Yes
8. Rv1098¢ Fumarate hydratase (EC: 4.2.1.2) Yes
9. Rv0247c¢ Fumarate reductase iron-sulfur subunit (EC: 1.3.99.1) Yes
Bifunctional 5,10-methylene-tetrahydrofolate
10. Rv3356¢ dehydrogenase/ 5,10-meythylene-tetr}':\hydrofolate Cyclohydrolase (EC: 1.5.1.5 3.5.4.9) Yes
11. Rv0951 Succinyl-CoA synthetase subunit beta (EC: 6.2.1.5) Yes
12. Rv0904c Putative acetyl-coenzyme A carboxylase carboxyl transferase subunit beta (EC: 6.4.1.2) Yes
13. Rv0973c Acetyl-/propionyl-coenzyme A carboxylase subunit alpha (EC: 6.3.4.14) Yes
14. Rv1492 Methylmalonyl-CoA mutase small subunit (EC: 5.4.99.2) Yes
15. Rv3667 Acetyl-CoA synthetase (EC: 6.2.1.1) Yes
16. Rv0409 Acetate kinase (EC: 2.7.2.1) Yes
17. Rv0408 Phosphate acetyltransferase (EC: 2.3.1.8) Yes
18. Rv0243 Acetyl-CoA acetyltransferase (EC: 2.3.1.9) Yes
19. Rv0860 Fatty oxidation protein FadB Yes
20. Rv3667 Acetyl-CoA synthetase (EC: 6.2.1.1) Yes
21 Rv0373¢ Carbon monoxyde dehydrogenase large subunit (EC: 1.2.99.2) No
22. Rv2900c Formate dehydrogenase H (EC: 1.2.1.2) No
23. Rv1023 Phosphopyruvate hydratase (EC: 4.2.1.11) Yes
24, Rv1240 Malate dehydrogenase (EC: 1.1.1.37) Yes
25. Rv0070c Serine hydroxymethyltransferase (EC: 2.1.2.1) Yes
26. Rv2205¢ Hypothetical protein Yes
27. Rv076l1c Zinc-containing alcohol dehydrogenase NAD dependent AdhB (EC: 1.1.1.1) Yes
28. Rv0489 Phosphoglyceromutase (EC: 5.4.2.1) Yes
29. Rv0363c Fructose-bisphosphate aldolase (EC: 4.1.2.13) Yes
30. Rv2029c¢ Phosphofructokinase PfkB (phosphohexokinase) (EC: 2.7.1.—) Yes
31 Rv1908c Catalase-peroxidase-peroxynitritase T KatG (EC: 1.11.1.6) Yes
32. Rv0070c Serine hydroxymethyltransferase (EC: 2.1.2.1) Yes
33. Rv0728¢ D-3-phosphoglycerate dehydrogenase (EC: 1.1.1.95) Yes
34, Rv0505¢ Phosphoserine phosphatase (EC: 3.1.3.3) Yes
35. Rv0884c Phosphoserine aminotransferase (EC: 2.6.1.52) Yes
36. Rv0409 Acetate kinase (EC: 2.7.2.1) Yes
37. Rv0408 Phosphate acetyltransferase (EC: 2.3.1.8) Yes
38. Rv3667 Acetyl-CoA synthetase (EC: 6.2.1.1) Yes
39. Rv26llc Lipid A biosynthesis lauroyl acyltransferase (EC: 2.3.1. —) Yes
40. Rv0114 D-alpha,beta-D-heptose-1,7-biphosphate phosphatase (EC: 2. —.—.—) Yes
41. RvO113 Phosphoheptose isomerase (EC: 5. —.—.—) Yes
42. Rv1315 UDP-N-acetylglucosamine 1-carboxyvinyltransferase (EC: 2.5.1.7) Yes
43. Rv0482 UDP-N-acetylenolpyruvoylglucosamine reductase (EC: 1.1.1.158) Yes
44. Rv2152¢ UDP-N-acetylmuramate-L-alanine ligase (EC: 6.3.2.8) Yes
45. Rv2155¢ UDP-N-acetylmuramoyl-L-alanyl-D-glutamate synthetase (EC: 6.3.2.9) Yes
46, Rv2157¢ UDP-N-acetylmuramoylalanyl-D-glutamyl-2,6-diaminopimelate-D-alanyl-D-alanyl Yes

ligase MurF
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TaBLE 2: Continued.

S. no. Entry no. Protein name Essential enzyme

47. Rv2156¢ Phospho-N-acetylmuramoyl-pentapeptide-transferase (EC: 2.7.8.13) Yes

48, Rv2153¢ Undecaprenyldiphosph.o—muramoylpentapeptide Yes
beta-N-acetylglucosaminyltransferase (EC: 2.4.1.227)

49. Rv2911 D-alanyl-D-alanine carboxypeptidase (EC: 3.4.16.4) No

50. Rv2981c D-alanyl-alanine synthetase A (EC: 6.3.2.4) Yes

5L Rv2136¢ Undecaprenyl pyrophosphate phosphatase (EC: 3.6.1.27) Yes

52. Rv2911 D-alanyl-D-alanine carboxypeptidase (EC: 3.4.16.4) No

53. Rv2158¢ UDP-N-acetylmuramoylalanyl-D-glutamate-2,6-diaminopimelate ligase (EC: 6.3.2.13) Yes

54. Rv2157¢ UDP—N—acetylmuramoylalanyl—D— glutamyl-2,6-diaminopimelate-D-alanyl-D-alanyl Yes
ligase MurF

55. Rv2156¢ Phospho-N-acetylmuramoyl-pentapeptide-transferase (EC: 2.7.8.13) Yes

56, Rv2153¢ Undecaprenyldiphosphf)—muramoylpentapeptide Yes
beta-N-acetylglucosaminyltransferase (EC: 2.4.1.227)

57. Rv3910 Transmembrane protein Yes

58. Rv0016¢ Penicillin-binding protein PbpA Yes

59. Rv2163¢ Penicillin-binding membrane protein PbpB Yes

60. Rv2911 D-alanyl-D-alanine carboxypeptidase (EC: 3.4.16.4) No

identified and their protein sequences were retrieved in
FASTA format from KEGG database.

The unique enzymes were further analyzed for essential-
ity to pathogen by DEG (Database of Essential Genes) data-
base (http://tubic.tju.edu.cn/deg/) [14], and considered cutoff
score was >100 to enhance the specificity of enzyme in M.
tuberculosis.

The obtained targets genes were further analyzed by
UniProt (Universal Protein Resource) (http://www.uniprot
.org/) database to find out their functions. This is required
to find out the surface membrane proteins which could be
probable vaccine targets.

3. Results and Discussion

3.1. Identification of Unique Pathways and Potential Drug
Targets. Tuberculosis (TB) is a major cause of illness and
death worldwide, especially in Asia and Africa. Globally, 9.2
million new cases and 1.7 million deaths from TB occurred
in 2006, of which 0.7 million cases and 0.2 million deaths
were in HIV-positive people [2]. The existing drugs have
several shortcomings, the most important of them being the
emergence of drug resistance.

No new anti-Mtb drugs have been developed for well over
20 years. In view of the increasing development of resistance
to the current leading anti-Mtb drugs, novel strategies are
desperately needed to avert the “global catastrophe” forecast
by the WHO (World Health Organization). Therefore, com-
putational approach for drug targets identification, specif-
ically for Mtb, can produce a list of reliable targets very
rapidly. These methods have the advantage of speed and low
cost and, even more importantly, provide a systems view of
the whole microbe at a time. Since it is generally believed
that the genomes of bacteria contain genes both with and
without homologues to the human host. Using computational

approach for target identification it is very quick to produce
a desirable list.

In the present study, 5 unique pathways, C5-branched
dibasic acid metabolism, carbon fixation pathways in prokar-
yotes, methane metabolism, lipopolysaccharide biosynthesis,
and peptidoglycan biosynthesis with 60 new nonhomolo-
gous targets were identified through in silico comparative
metabolic pathway analysis of Homo sapiens and M. tuber-
culosis H37Ryv using KEGG database. Pathways which are not
present in the Homo sapiens but present in the Mycobacterium
are designated as unique pathways. Design and targeting
inhibitors against these nonhomologous sequences could
be the better approach for generation of new drugs. Thus
total 5 unique metabolic pathways have been taken in M.
tuberculosis (Table 1).

3.2. Identification of Essential Genes. Essential genes are those
indispensable for the survival of an organism, and their
functions are, therefore, considered a foundation of life. Total
55 enzymes out of all were found to be essential for M.
tuberculosis life cycle (Table 2). These targets were found to
be potential targets and could be considered for rational
drug design. Using metabolic pathway information as the
starting point for the identification of potential targets has
its advantages as each step in the pathway is validated as the
essential function for the survival of the bacterium.

3.3. Identification of Drug Target’s Functions Using UniProt.
The subcellular localization analysis of all supposed essen-
tial and unique enzymes of M. tuberculosis were evaluated
by UniProt server. As it was suggested that, membrane
associated protein could be the better target for developing
vaccines. After functional analysis unique enzymes involved
in cellular components like cell wall, cytoplasm, extracellular
region, plasma membrane, and so forth, their biological
processes and their functions have been retrieved (Table 3).


http://tubic.tju.edu.cn/deg/
http://www.uniprot.org/
http://www.uniprot.org/

International Journal of Evolutionary Biology

Ayanoe asejerpAy ajeanihdoydsoyd Gurpurq uor wnisauSen

Ayanoe ased] yoD-arejaoe ‘Surpulq 1V Surpuiq JINV
A1A110® 95231ONPAIOPIXO0 ‘SUIPUIq SWAZUD07)

Ayanoe asersjsuenjfoe-0) Yo)-[A100y

Ay1anoe aserajsuenfieoe ajeydsoyq

Ayanoe oseuny 2)e3a0e ‘Jurpulq 4.1V

Ayranoe asedi] yoD-ajejaoe ‘Gurpulq J1v ‘Surpuiq JINV

Ay1anoe asenw
yoD-[AuotewrAyiow ‘Gurpuiq uor [ejouwr ‘Surpurq urwe[eqo))
Ay1anoe asedxoqred unjorq ‘durpuiq unoiq ‘Surpulq 41V

Surpuiq

urdjoxd £yanoe asejfxoqres yoD-j41eoe ‘Surpuiq 1V
Ayanoe (Suruio}-Jqv)

ase3I] yoD-areurons ‘Jurpuiq uor [ejowr “Surpulq J,1V

Ayanoe (+JVN) aseuaSorpAyap aje[ojoIpAyeIialoudAyjour
£1anoe ase[0IpAyooAd 2ye[ojorpAyenAIAUsyow ‘Surpurg

Ayanoe aseuaSorpAyap oyeuroons
‘Surpurq 193sn[d INJTNS-UOIT KITAT)O. IOLIIED UOTIIIT

Ayanoe asejerpAy ojerewny

Surpuiq “Ky1anoe aseusSorpAysp sjerewr-

Surpuiq jeydsoydoidd surureryy
Gurpurq uor wnisauSew £J1Anoe aseyIuLks ajereIn[3ox0-g

£yanoe uonezuawipowoy urejold ‘Surpurq uor wnrsaudewr
£1anoe (+dqyN) 2seusdorpAyap ayenost ‘Surpuiq (VN

Surpuiq juowdd aarsuodsar-uoir
£y1aT)0€ 9sejeIpAY 2)BIIUO0OE ‘GUIPUIq IAISN[D INJ[NS § ‘UOIT

Ayianoe asejerpAyap arereurjAdoidosy-¢

Ayanoe (Surunioj-dqv)
ased1] yoD-ayeuroons ‘Gurpurq uor fejouwr ‘Surpuiq J,1V

Surpuiq ajeydsoydordd surwreryy
Burpuiq uor wnisauSew A)IAT)OL ISLYIULS 2)BJOB[0JIOY

yImoid S1sA[004[D)

UMOTY JON

ssaooxd

UO0I}ONPAI-UOTIEPIXO ‘$52501d dT[0qelawt proe A)je]
T[22 1SOY UT JUOTQUIAS JO IMOID)

uMOwy JON

ssaoo01d orjoqejowr proe oTuedIQ

uMOY JON

Kemyyed

[Auorewrdyaw ‘ssaooid srjoqejaw ajeuordoxd
9183908 pue ajeuordord o) UoTIRIUSULIDY )L)ORT
IMOID)

$59001d o130YIULSOIq PIoE OIOIAIA

304> proe JIAX0QIBILI) YIMOID)

ssao01d onjeyyudsorq spnospnu surnd

‘589201d UOT}ONPAI-UOTJEPTXO ‘s59001d drj0qEIoW
T0QIe2-9UO ‘$59201d d1)YIUASOTq SUTUOTY)ITT
‘ss9001d o13oyIUASo1q uIpnISIY Ym0 ‘ssaoo1d
snajuisorq punodwod ururejuod-proe d1jo,g

924> proe dIAxX0qIedLI],

3245 proe JI[AX0qIeILI} YIMOID)

3045 proe d1Ax0qIedLI}
‘ss9001d d1j0qRIoUT B[R ‘SISA[0JA[D)

$s9501d UOTIONPAI-UOTIEPTXO
924> proe d1AxX0qIedLI],
UoI UOIT 0] asu0dsar YImoIn)

$59501d o119JUASOIq SUIONS] YIMOID)

304> pIoe JIAX0QIBILI) YIMOID)

ssavoxd
o1)aJuAsorq pIoe ouruIe AJIUIe) Ureyd payouelg

suRIqUIDUI
ewse[d xordwoo aseyerpAy ayeaniidoydsoyd
‘w0131 IB[N][9D.IIXS DRJINS [[o))

suerquiour ewserd rem [[9D
sueiquiowr ewse[d 0s014D)

suerquiow ewse[d 0s0}4D
uor3ax refnyeoenx ‘wsedoif)
wse[doidD

suerquiour ewserd rem [[2D

sueiquow ewise[d 0s014d [rem [[9D

JueIquIoW ewse[qd

suBIqUIDUI
ewse[d xo[dwod ase[dxoqies yo)-14100y

[0S0145 “[[em [[oD

sueiquiow ewseld ‘wordar yenyEoenXy

JueIquIou ewse[q

sueIqUIDUI
ewse[d ‘worda1 Ie[n[[aoenxd 0s034D

suerquiow ewse[d 0s0}4D)

050340 “[rem [[2D
QueBIqUIDUI
ewse[d ‘wordar re[n[aoenxd 0s034D

QuBIqUIDUI
ewrse[d ‘UOIZaI Te[NJ[aLIIXD [0S0IAD ‘[[em [[PD)
xorduwroo asejerpLyap

serewrjAdoadost-¢ Querquiowr eurse|J

050340 “[rem [[2D

umouy J0N

€201AY

£99¢rd

098044

£veond

80700d

607044

£99erq

covinyg
2¢2608Y
2706044

156049

29¢¢ead

2L¥T0ad

2860144

0vTIAg

dvSvead

2990044

6LvInd

2./86¢Ad

156044

0781AY

TC

0¢

‘ol

81

At

91
<l

VI

el
!

L

0r

UonOUNJ I[NOJOJN

ssao01d Teordoforg

jusuodurod Ie[nypD

‘Ou "UOISSadIy ‘ou °'§

.wC_OHO.H& [enyuassy [[e Jo uonsunj SMOYS :¢ 41dV],



International Journal of Evolutionary Biology

Surpuiq urajoxd yanoe asedy
sjewre)nyS- (-aurtueejfowreInuwjaoe-N-dan Surpuiq 4.1y

£yanoe
ased1] surtuere-T-ajeureInwd}aoe-N-Jdn Surpuiq 41V

Surpuiq apnoapnuIp urudpe
uraefy Ay1anoe aseuadorpAyep ajewremuwdlaoe-N-dan

A1anoe aserajsuenjAurAfxoqred-T aururesoon(S[419oe-N-dd N

Surpuiq redns ‘Surpuiq
uor [ejow A)1An)oe aserawrost Aeydsoyd-/ asonidayopas-(

Ayanoe aseyeydsoyd-jourprst

Ayanoe aseroysuen Loy

Ayanoe asedi] yoD-ayejeoe ‘Surpulq J 1 Surpuiq JINV
Ay1anoe aserajsuenfieoe ajeydsoyq

Ayanoe aseuny ajejooe ‘Surpuiq IV

Surpuiq ajeydsoyd rexoprid Kyanoe

aseIojsuejOUTIE d)eren[Soxo-g duLIds-T-oydsoyd-Q
Ayanoe asejeydsoyd ‘Gurpurq uor [e3oN

Ayanoe aseuadorpAysp oyeraof[Soydsoyd ‘Surpuiq VN
umouy JoN

Surpuiq sway £y1anoe asefere)

J01doooe
se dnoi3 [oyoore £1anoe aserdysuerjoydsoyd Kyranoe aseury

Surpuiq uor ourz €31anoe asejopre ajeydsoydsiq-2s0jonig
Ayanoe aseynw ajeraf[Soydsoyg

Surpuiq uor ouiz Ky1anoe (qQyN) oseusorpLysp [oyoore
£1anoe aseuny 23eI04[0

umouwy J0N

Surpurq “Ayranoe aseusaSorpAyap ajerew-

adeys 195 Jo uonenSar ‘ssavoxd

snaussorq uedsf[dopndad ‘qimord ‘voneziuedio
TTeM [[92 Ten[[22 “UOTSIAIP [[29 9[Ld [[9D

adeys [[oo jo uonem3ar ‘ssaooxd

snayuhsorq uedok[dopndad ‘qimoid ‘uoryeziueSio
TTeM [[92 Ten[22 “UWOTSIAIP [[32 9[Ld [[9D

adeys [joo

J0 uonerngar ‘ssavoid onarpuisorq ueoL[Sopndad
‘$89501d UOTIONPAI-UOTJLPTXO “‘UOTJEZIUESIO

TTeM [[92 Ten[[22 “UWOTSIAIP [[32 9[Ld [[9D

adeys 2o Jo uopenSar ssavoxd

snapussorq uedsfdopndad qimord ‘voneziuedio
[[eM [[22 JB[N[[D “UOISIAIP [[20 [2Ld [[d

‘ss9501d onjayuhsorq auruwresojoeedA100e-N-dan

ssaoo1d orjoqejowr aerpAyoqie))

ssa001d onjeruisorq
aurpnsTYy ‘ssa001d orjoqelaw AeIpAyoqre)

ssaooxd
sneyuhsorq uordar 2100 aprreydoesLjododry
amoid ‘ssaooid oneyjudsorq pidijooL[n

umouwy 10N
umouy| J0N
ssao01d orjoqejour proe dTuedIQ

ssa001d onatuhsorq
surxoprid ‘qymois ‘ssaooxd onayyuhsorq surias-T

umouy| JON
ssa001d wonoNpaI-uoHEpPIXQ
umMouwy| JON

onoique
03 asuodsar ‘ss2001d WOTIONPAI-UOTIEPIXO
‘ssa001d o1joqeres aprxorad uaSorpAH

ssao01d orjoqejowr ajeIpAyoqre))

uonezIIWEINOWOY uro1d S1sA[024[D
SISAJ00AD)

suerquiow ewse[d ‘wse[doifD)
uone[dioydsoyd poe oruesio

uMowy JON

924> proe d1AxX0qIedLI)

‘ss9001d oT[OQEISW d)B[RU ‘SISAJOIA[D)

[05034D

wse[dojdD

wserdojdD

wserdojdD

wserdojdn

wse[dojdD

sueiquiow ewse[d ‘Queiquiow o) [e1ajuy

suerquiour ewsefd rem [0

uordar re[nyoenx ‘wsedolf)
wse[dojdD

QuBIqUIDUI

ewuserd ‘uordar renyoenxa wsedojf)
suerquiow ewseld o) erdajuy

umouwy| JON
umouy| JoN

umowy J0N

umouy JON

sueiquiour ewse[d ‘uorSor remypoenxy
QUBIqUIDUI BUISE[]

$s9501d UOTIONPAI-UOTIEPIXO

uMOwy JON

uMmowy JoN

suerquiowr ewse[d 0s0}4D)

26GTeay

J¢siead

8yv08d

SIeIad

€1roay

I10AY

J119TAY

£99¢8q

80700
60¥04d

278804Y

2505044
28CL0AYT
2040044

2806144

26207y

2¢9¢08d
68700
RICVAILY |
250TTAY
20£004Y

oveiayg

R34

w

%

oy

6¢

‘8¢

VA

9¢
‘o¢
Te

€

e

e

0¢

6C

‘8¢

yX4

9¢
14
Ve
€T

K44

uonOUNJ Ie[NOON

ssao01d [eordojorg

jusuodwod reyRd

‘OU "UOISSadIY ‘ou °§

"panunuoy) :¢ A19V],



International Journal of Evolutionary Biology

Surpurq urs301d ‘Surpuiq iU
Ayian)oe aserdysuer) ‘SUIpuIq UI[IDIUd
umowy J0N

Ayanoe aserdysuenyjAururesoonyS[4jooe-N-e3oq
apndadejuadifourernur-oydsoydipidusidesopun
Gurpuiq arerpAyoqre)

£yanoe
aseroysuen)-opndadeiuad-Lowrenuifieoe- N-oydsoy g

Ayanoe

ased1] suruere--jAuere--jeurdoururerp-9g
-[AwrenS-q-jAueedowrernurdiooe- N-Jqn “ianoe asedy
suruere-q-jAuee-q-opndadin-Aowremufiooe-N-dan
Burpuiq 41V

Aanoe

ased1] ajeowrdoururerp-9<g
-orewrein[3-q-[Aueredowremwiiaoe-N-ddn ‘Surpuiq 41V

Ayanoe aseyeydsoydip-jAusidesopun

Surpuiq
uol [eow 4)1anoe ased| suruee-(-auruele- ‘Surpuiq 4,1V

£yanoe aseraysueniAururesoonyS[41ooe-N-e3oq
spndadejuadifowrernur-oydsoydipidusidesopun
Burpuiq ayerpLyoqie))

Ayanoe
aseraysuen)-apndadeiuad-Lourernuiieoe- N-oydsoy g

£1anoe

ased1] suruefe- - jAuere--aeurdourwrerp-9¢
-[AwreniS-q-jAuerelowrernurdiooe- N-Jqn 41anoe asedy
suruere--jAuere-q-apndodin-lowremurf)ace-N-dan
Burpuiq 41V

sisouadorq [rem [0 paseq-ueof[Sopndad ‘yimoin

adeys 190 jo uonenar ssavoxd onaruisorq
ueoA[3opndad ‘woneziuedio [rem 95 IR

umowy J0N

ssa001d onjatjuhsorq sururesojoe[edi100e-N-dan
adeys 192 Jo uonenSar ssavoxd

snapussorq uedL[dopndad ‘qimois ‘uoryeziuesio
[TeM T[22 Je[N[[9 UOTSIAIP [[9D D24 [[9D

adeys 9o Jo uonenSar ssavoxd
snaussorq uedsf(dopndad ‘qimord ‘voneziuedio
[TeM [[2 Je[N[[3 “UOTSIAIP [[20 D24 [[2D

adeys 1120 Jo uomjengar ‘ssavoxd
sneyuhsorq ueoL[dopndad ‘qimoid ‘uoneziueSio
[TeM [[22 TeN[2D “UOTSIAIP [[22 VLD [[2D

adeys [0 Jo woryendax
‘ss9501d onjayuhsorq ueoL[3opndad ‘uoryeziueSio
[TeM [[2 Je[N[[3 ‘UOTSIAIP [[20 D24 [[2D

$SI)$ JAT)ESOIIIU 0} dsuodsar

noiquue 0) asuodsax ‘uonefroydsoydop
<adeys 190 jo uonendazx ‘ssavo1d onaussorq
ueof[Sopndad ‘uoryeziueSio [[em [[20 IeRD

adeys [o0
Jo uonensar ‘ssavo1d onayuhsorq ueof[dopndad
moid ‘uonjeziue3io [[em [[o0 Je[nyRD

ssaoo1d

onaussorq uedsf[dopndad ‘vonedsoo4[S prdiy
‘ssa001d onjeyuisorq aurwresojoeres[A1ooe-N-ddN
odeys 195 jo uonendar ymoid ‘uonjeziuedio
[[eM [[2 Je[N[[20 UOTSIAIP [[20 D24 [[2D

adeys [[oo jo uonem3ar ‘ssavoxd
snayussorq uesfSopndad qimord ‘voneziuedro
[[eM [[32 JR[N[[30 UOTSIAIP [[2D D240 [[2D

adeys [[oo jo uonem3ar ‘ssaooxd
onaussorq uedsf[dopndad ‘Yimord ‘voneziuedio
TTeM [[92 Ten[[22 “UWOTSIAIP [[39 9[Ld [[9D

uor3a1 Je[n{[eoRIIX

suerquidwi eurse[d
QueIquIaW 0) Terdajur os034o wmydas [[pD

sueiquiow ewse[d o) [e1dauy

JueIquIoll ewse[q

sueIquow ewse[d ‘QueIquIaW 0) [e13aju]

wse[doidD

sueiquiowr ewse[d 0s014D)

suerquiow ewse[d ‘QueIquiaw 03 [e1dajuy

suerquiow ewse[d ‘wse[doifo em 2D

QUBIQUIW BUISEJ

suerquiowr ewsed ‘QueIquiaw 03 [e1Sajuy

wse[dojdD

2¢91ead
291004Y

0T6eAYd

2¢sIeayd

29¢TTAYd

2LSTTAYd

28sIead

29¢Tead

JI86TAY

2¢STIAd

296TTAd

2/5Tead

'ag

7S

€S

s

IS

08

‘oF

8V

Ly

9

14

R4

UOr}dUNJ IO

ssao01d [eordojorg

jusuodwod renyRd

‘Ou "UOISSadIy ‘ou °§

"panunuoy) :¢ A14V],



In conclusion, the computational genomic approach has
facilitated the search for potential drug targets against M.
tuberculosis. Use of the DEG database is more efficient than
conventional methods for identification of essential genes
and it facilitates the exploratory identification of the most
relevant drug targets in the pathogen. The current study can
be carried forward to design a drug that can block these drug
targets. The microorganisms are fast in gaining resistance to
the existing drugs, so designing better and effective drugs
needs a faster method.

Appendix

See Tables 1, 2, and 3.
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