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Abstract:

Mpycobacterium tuberculosis is the causative agent of the infectious Disease tuberculosis.
Mycolic acid, a major constituent of the outer layer of the cell wall of M. tb, is crucial to the
survival of the organism and the preservation of the integrity of the cell membrane. The mycolic
acid pathway's synthesis involves numerous stages and enzymes. Cell wall biosynthetic
enzymes, such as those involved in mycolic acid production and modification, are becoming
more and more likely therapeutic targets in M. tuberculosis.The pathogenicity, liveliness, and
innate antibiotic resistance of M. tb cell walls depend on the mycolic acid methyltransferases.In
this review We analyzed the novel and developing inhibitors of this pathway identified in the
post-genomic age of tuberculosis drug discovery, several of which show significant promise as

selective tuberculosis treatments.
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INTRODUCTION:

Tuberculosis the deadly bacillus infectious disease caused by various strains of Mycobacteria,
usually Mycobacterium tuberculosisin humans.Tuberculosis usually affects lungs but can also
affect other parts of the body like pleura, bones, spinal cord and brain. The other names are
“Consumption”, “White Plaque”, “Potts disease”, “phthisis”, “tabes”, “Schachepheth”, “wasting
disease”!'). The epidemiology states that 1/3rd of the world population is thought to be infected
with M.TB and new infections occur at a rate of about one per second. In 2007 there were an
estimated 13.7 million chronic active cases,9.3 million new cases and 1.8 million deaths, mostly
in developing countries.In addition more people in the developing world are contracting
tuberculosis because the immune systems are compromised by immunosuppressive
drugs,substance abuse or AIDS.The COVID-19 pandemic worsened the situation and TB
mortality was extraordinarily severe in 2020 than HIV/AIDS!*!. The main obstacle to successful
tuberculosis treatment is the emergence of drug-resistant TB, which poses a grave risk to the
public's health, as per WHO reports from 2021. Clinically, gene alterations in drug targets or
drug activating enzymes, compensatory evolution, activation of efflux pumps, poor patient
compliance, and prolonged treatment regimens are the main causes of drug-resistant tuberculosis
B34 The development of MDR, TDR, and XDR-TB is hypothesized to be caused by enzymes
involved in the synthesis and modification of mycolic acids as well as other enzymes connected
to cell wall component alteration °!. Given the growing threat posed by medication resistance,
more speed should be put into developing these innovative medicines.Understanding the
production and assembly of these critically important pathophysiological components of the
mycobacterial pathogenesis is crucial for the goal of preventing TB drug resistance. To
effectively treat TB, decrease the duration of MDR-TB and XDR-TB treatment, and enhance TB
control, new medications with unique mechanisms of action must be developed.

CELL WALL OF M. tb:

M. tuberculosis cytoplasmic membrane is composed of a Peptidoglycan (PG) layer that is
covalently attached to Arabinogalactan(AG), which serves as an attachment site for unique MAs

(Fig. 1). The cell wall core, also known as the MAGP complex!®").
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Fig-1: composition of cell wall

Drug Targets in Tuberculosis: There are 5 different types of targets in treatment of tuberculosis

Shown in Fig.2.

TB targets
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Fig.2. Drug targets in Tuberculosis

Because there are more enzymes involved, among all those medications, the inhibition of cell
wall and membrane production is playing a crucial role in the treatment of tuberculosis
(TB).Tb’s key virulence factor is mycolic acids, which make the bacteria naturally resistant to
most antibiotics. Fatty acid synthases (FAS-I, FAS-II, KasA, KasB, MabA, InhA, HadABC),
mycolic acid modifying enzymes (SAM-dependent methyltransferases, aNAT), fatty acid
activating and condensing enzymes (FadD32, Acc, Pksl13), transporters (MmpL3), and
transferases are the key regulators of M. tbcell wall formation(Antigen 85A-C)[8].FAS-I is
involved in fatty acid production in eukaryotes, whereas FAS-II is only found in M. ¢b cells and

is a target of anti-TB medicines. Because these biosynthetic enzymes (shown in fig-3&4) have
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no homologs in the mammalian system, enzymes involved in cell wall production afford a

variety of molecular targets for fighting tuberculosis.

fattvacid synthesis condensing cnrvmes

Fig.3.The major enzymes, transporters, and transferases involved in the biosynthesis of mycolic

acid are depicted in this diagram.
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1. FAS-1:

The Mtb fasl gene was demonstrated to be essential, and pyrazinamide (PZA) (1)
analogues and pyrazinoic acid were found to block FAS I action '*'!]. First-line anti-tuberculous
medication pyrazinamide is essential for the quickest cure regimen. Mtb FAS I is a prospective

therapeutic target for treating tuberculosis as a result.

2. FAS-II:

Thiosemicarbazone (TAC) (2) is an old anti-TB drug that is mostly utilized in developing
nations because of its inexpensive cost. TAC inhibits cyclopropanation of mycolic acid on a
macromolecular level, although it may not be blocking individual cyclopropane synthases. TAC,

and its derivatives prevent a- and methoxy-mycolic acid biosynthesis in Mtb!'?

H
X N NH,
T
\/\O/O/\ S
(2)

3. Kas A/B:

Beta-ketoacyl-ACP synthase (Kas) enzymes belong to the thiolase superfamily. Kas enzymes
catalyse malonyl-ACPand aid fatty acid condensation to form beta-ketoacyl- ACP (Kas I/II
catalyse acyl-ACP and Kas III catalysesacyl-CoA) after CoA (Fig. 1). This reaction follows the
‘ping-pong’ mechanism: KasA catalyses the initial step ofthe elongation reaction and KasB
extends the elongation products to full length!'*'Y.B-Ketoacyl-ACP synthase I, B-Ketoacyl-
ACP synthase II-KasA : 3-Ketoacyl-ACP synthase III -KasB, B-Ketoacyl-ACP reductase -
mtFabH, B-Hydroxyacyl-ACP dehydrase -MabA, HadA, Enoyl-ACP reductase - Had
B,These enzymes are necessary for the early growth of the long chain fatty acids which become

mycolic acid!*>*®.,
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Thiolactomycin (TLM),(3) is a natural product having low molecular weight compoundderived

from Nocardia sp.'""*!

is a recognized inhibitor of mycolic acid production. Thiolactomycin is a
reversibleinhibitor of Kas A/B that also kills gram-positive bacteria andgram-negative bacteria.
several FabHinhibitors were reported such as platensimycin, platencin, thiazole,and pyrazol-

.. ) . 19.20.21
benzimidazole amide derivatives'' %!,

OH OH

OH
o)
(e) NHJ'I\///,"E %Of
o
(3)
4. MabA& InhA:

MabA (mycolic acid biosynthesis A) and InhA, are two proteins that catalyze the first, second,
and fourth phases of the elongation rounds respectively. Functionally and structurally, InhA a
NADH-dependent 2-trans-enoyl-ACP reductase, and MabA a NADPH-dependent -ketoacyl-
ACP reductase (KAR), are similar. These two classes of enzymes have extremely similar
catalytic processesas cofactors. enoyl acyl carrier protein (ACP) reductase, which reduces the -
olefin ACP intermediate in the FAS-II metabolic cycle, is encoded by the Mtb gene InhA. InhA
is the FAS-II complex enzyme that is most frequently used for pharmacological intervention and
a target for anti-TB chemotherapeutics **).0One of the earliest InhA inhibitors discovered,
triclosan showed a submicromolar (0.2 M) IC50 for the target but had poor antimycobacterial
action™™). The prodrugs like (INH)Isoniazid(4) and (ETH) Ethionamide(5) require KatG and
EthA, respectively, to activate them!**.Currently, carboxamides and pyrrolidine were the most

effective InhA inhibitors with good bioavailability and MIC™*.

Os N
“NH, S
\ N~
4 ©)

5. B-hydroxyacyl-ACP Dehydratase (Had) Inhibitors:
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HadAB and HadBCcatalyze the conversion of -hydroxy acyl-ACP to trans- o, B unsaturated
carbonyl R-CH=CH-CO-S-ACP, which is InhA's substrate. NAS-21(6) and NAS-91, (7) which
were previously identified as anti-malarial drugs that target the -hydroxyacyl-ACP dehydratase,
FabZ, in Plasmodium falciparum, and also possibly target the same enzyme in whole cell
M.bovis, BCG and M. smegmatis cell-free extracts and shown anti-tb activity®**" Isoxyl (ISO)
and thiacetazone (TAC) are both prodrugs that block M. tuberculosis's FAS-II elongation cycle's
dehydratase phase, but ISO's poor absorption kinetics and limited bioavailability prevented it

from acting as a potent inhibitor in clinical settings

o o
OH NZ

O;N (o]}
(6) )

6. Methyl Transferase Inhibitors:

Methyl transferases change the meromycoloyl chain through cyclopropanation and methylation,
among other things. Mtb requires these alterations to maintain its pathogenicity, virulence, and
persistence. Methyl transferase enzymes also aid in the oxygenation of the meromycoloyl chain,
which is necessary for M. tb pathogenicity. As a result, mycolic acid methyl transferases could
be useful targets for drug development.AdoHcy (8) and sinefungin (9)were identified to have

limited activity against MmaA2 **

, whereas they have high activity againstcyclopropane
fattyacid synthases CFAS. S-adenosyl-N-decyl-aminoethane (SADAE),(10) an analogue of
AdoHcy with a saturated 10 carbon chain in place of the amino-acid component, was

(%] The production of epoxy-, keto-, and hydroxyl-

demonstrated to have activity against E. coli
MA was nearly totally suppressed in cells treated with SADAE at the MIC dose, indicating on

target mechanism of action.

Volume 28, Issue 9, 2022 730 http://www.gjstx-e.cn/



High Technology Letters ISSN NO : 1006-6748

N NH2
M N NH, N NH;
N i 1

N N # N N o

N\// N=Y N\//N

6]
NH /\Sj\ NH, 0 0
HO
HOW\ OH NHy Oy HN\/\S o

OH
0 OH

) ©) (10)

Delamanid(11) has been shown to prevent Mtb cell wallcomponents such as methoxy
mycolic acid and ketomycolic acid from being synthesized[30]. Pretomanid(12) (PMD) is a type
of prodrug 1. A deazaflavin (F420)-dependent nitroreductase (Ddn, Rv3547) activates PMD to
produce a des nitro metabolite, which releases nitric oxide (NO). 3-(2-morpholinoacetamido)-N-
(3.,4-dihydro-4-oxoquinazolin-6-yl) benzamide(13) were synthesized to target for Mma-10),
This molecule exhibited an MIC of 100 pg/mlagainst M. tuberculosis H37Rv in invitro studies.

This compound was developed on structure-based drug design studies.

(0] (0]
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11
(11) (12) (13)

7. Arylamine N-Acetyltransferase Inhibitors:
Arylamine N-acetyltransferase (aNAT) is a cytosolic enzyme that hydrolyzes acetyl-CoA and
transfers an acetyl group to an arylamine *~**. Piperidinols (14)exhibitedgood antibacterial

action against entire bacterial cells?®”.
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8. Acyl-CoA Carboxylase (Acc) Inhibitors:

Mycobacteria have their own Acc enzymes that are essential for carboxylating the
mycolic acid-chain precursor, which is one of Pks13's substrates. The Acc enzymes specifically
catalyse the carboxylation of C26-S-CoA, resulting in 2-carboxyl-C26-S-CoA.In the M. tb
genome,six Acc enzymes (AccD1-6) were discovered. These are the first inhibitors of M. tb Acc
enzyme that have been discovered. The Lin T et.al., Crystallized AccD5 was used to find AccD5
inhibitors (15) with IC50 values ranging from 10 M to 300 M through docking studies and

structure-based drug design ).

HO3S

NH,

(15)
9. FaD32:
The FAS-II system's product is meroacyl-S-ACP, which is converted to meroacyl-AMP by the
fatty acyl-AMP ligase, FadD32, after being modified by methyltransferases. An aniline-
substituted coumarin (16) with a MIC of 0.24 M was the most efficient chemical against Mtb

H37RvP7.

O NH,

LT

o~ O O
(16)

10. Pks13 inhibitors:
Pks13 is a polyketide synthase that catalyses the Claisen-type condensation of meroacyl-AMP
and 2-carboxyl-C26-S-CoA to generate mycolic acid. Although there hasn't been a
comprehensive list of inhibitors for these enzymes (AccD4, AccDS, FadD32, and Pks13), recent
studies describing novel inhibitors for these enzymes.Wilson et al., reported that these
thiophenes(17) have a new mode of action, which helps to establish Pks13 as a potential target

for future antitubercular research”™.Cerulenin, plastensimycin, thiolactomycin, thiophene
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compounds, -lactones, benzofuran derivatives (MIC 2.0 M), and coumestan compounds are

among the recognised Pks13 inhibitors %4041
F. F
N
HoN 7~ NH F
o F F
O
7
(17)

11. MmpL3 Inhibitors:

MmpL3 (mycobacterial membrane protein large 3) is a membrane transporter that transports
mycolic acid to the outer membrane of mycobacteria. Only MmpL3 is required for TB viability.
The Mtb genome codes for twelve MmpL proteins, but only MmpL3 is required for TB vitality.
MmpL3 is a 944-amino-acid protein with 12 transmembrane domains.BothBM212(18) and
BM635(19) exhibit significant antitubercularactivities and show good drug-like properties!**'1-
adamantyl-3-heteroaryl ureas, also known as AU1235, is a bactericidal anti-TB agent with a
MIC of 0.01 g/mL . It has a high level of efficacy against strains that are resistant to first line
antitubercular drugs.Sackstederet.al., identified that EMB inhibits the biosynthesis of
arabinogalactan and SQ109 (20) inhibits the membrane transporter MmpL3!*¥.

H
F Yg} @ oy Ly
F NH cl Q

F Cl

(18) (19) (20)
12. DprE- Inhibitors:

Multiple NCEs effectively inhibit the epimerase activity of MitbDprEl
enzyme.Decaprenyl phosphoryl-4-D-ribose-2'-epimerase (DprE) is a heterodimeric enzyme
comprising DprE1 and DprE2 proteins involved in arabinan synthesis. Inhibition of DprE1 by
these NCEs is through the covalent or the non-covalent binding. Scaffolds like

nitrobenzothiazinone (BTZ-043),(21)benzothiazole,triazolesand nitro benzamide derivatives are
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covalent inhibitors and nitrobenzothiazinone (PBTZ-169)(22) thiophene (TCA1)*! are non-

Y OOk

-
-

covalent inhibitors.

o (22)

13. Antigen 85 / cell wall transferase inhibition:

The antigen 85 (Ag85) complex is a collection of enzymes that helps in the transfer of
mycolic acid from one TMM to  another, resulting in TDM or
arabinogalactan.Ag85A, B, and C are the three enzymes that make up the Ag85 complex. These t
hree enzymes have a sequence homology of 70.8 to 77.5 percent [*). Ag85C appears to be the m
ost significant gene for the incorporation of mycolic acids into the cell wall, according to genetic
research.

Alkyl-phenyl-phosphonates (23) were created as transition-state mimics '*’. The alkyl
groups (C4-C14) were chosen to resemble mycolic acid's -branch, whereas the phenyl group was
chosen to mimic trehalose. Short C4 alkyl chainshad the best action against Ag85C, with an
IC50 of 2.0 M.Ibrahim et.al., developed a series of glycoconjugates as potential inhibitors of the

Ag85 complex ¥,

(o]
I
\/\/Fr\o/\O/o\O
(o]
(23)

1.1.Conclusion:

The most pressing issues for scientists today are TB that is both multi- and extensively
medication resistant (MDR- tb and XDR- tb respectively). There available regimen for resistant
TB treatment are handicapped by toxic side effects. For the treatment of drug-resistant
tuberculosis, research is still being done on creating and perfecting a novel medicinal molecule.

Due to their size and greasiness, mycolic acids act as a lipophilic barrier to cell entrance, which
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poses a general issue with the therapeutic targeting of this route. Thus, it should not come as a
surprise that many lipophilic hits are frequently obtained from these targeted screens. Lipophilic
compounds have poor physicochemical and PK properties, such as poor solubility, high protein
binding, and rapid hepatic metabolism, which necessitates a lot of medicinal chemical effort to
overcome. For instance, SQ109 and BM212, two adamantyl ureas, are all very non-polar and
have significant serum binding. In addition to their high hydrophobicity, substances that focus on
the mycolic acid pathway frequently exhibit strong selectivity indices for antimycobacterial
activity over cytotoxicity and MIC activity against other bacteria.This is because the enzymes
required for the synthesis, transportation, and transfer of mycolic acids are either absent from the
human body or found in other bacteria. This results in a broad therapeutic window that is

appropriate for the lengthy course of therapy typically needed for chemotherapy for tuberculosis.
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