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INTRODUCTION

Indeed, it was a huge success in human health life expectance till 1990’s. After that some
bacteria, among them M.tb has become parallel to human success through developing
resistance against known first line drugs which had proved to be useful to kill and inhibit the
bacterial growth. Streptomycin resistant M.tb has put forth the question and to search for new

emerging target enzymes to stab bacteria at their ground state.

Here our review is focusing on four enzymes
1. Malate synthase

2. lIsocitratelyase

3. P-carbonic anhydrase

4. B-hydroxy acyl dehydratase.

Malate synthase and isocitratelyase emerged as target enzymes involved in glyoxylate shunt
present in dormant M.tb.™In latent state Mycobacterium tuberculosis undergoes inactive
state, due to insufficient nutrient environment it leads to activation of glyoxylate shunt, there
in the starting two initial step are same as that of kreb cycle skipping two carbon steps in kreb
cycle, resulting in netproduct malate and acetyl CoA, with the help from two enzyme
involved in glyoxylate shunt, Malate sythase(MS) and Isocitratelyase(ICL) (Figl).”?! B-CAs a
metalloenzymes, belonging to family of Carbonic anhydrase known to be present in bacteria
and plant, plays very important role in bacteria for physiological processes by converting
carbon dioxide to bicarbonate. B-CAs protein structure is dimer, tetramer or octamers,
containing the zinc metal in active site, which is essential for the catalysis. Sulphonamide
class of compound and few other which interact through zinc metal for inhibition of catalytic
processes which are required for physiological role in bacteria.*® B-hydroxy acyl
dehydratase(HadAB) enzyme involved in catalytic reaction in FAS-II, in combined form i.e.
heterodimer, HadAB.®® It is the target enzyme in drug resistant M.tb. These all above
mentioned enzymes may act as effective targets for development of newer anti-TB agents

with detail studies.

1. MALATE SYNTHASE

In glyoxylate shunt, the two steps from kreb cycle which involves CO,generating steps are
skipped. And it uses two carbon molecules like acetate, fatty acid and ethanol as source.
Malate synthase enzyme plays pivotal role in glyoxylate shunt producing malate which is

virulence factor for pathogenesis.[’® Active site of Malate synthase is composed of residues

WWW.Wjpr.net Vol 5, Issue 5, 2016. 515



http://www.wjpr.net/

Toraskar et al. World Journal of Pharmaceutical Research

as Glu-427, Asp-455 which binds with Mg**and residue Arg-338 which forms hydrogen
bonds with glyoxylate. Acetyl CoA shows interaction residues Try-126, Pro-538, Val-18 and
Pro-536. Since the MS are not present in mammals, they make promising target. They exists
in two isoforms MSA and MSG. By utilizing this structural data, inhibitors can be designed
to inhibit the activity of MS.
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Figl: Glyoxylate shunt cycle

2. ISOCITRATE LYASE

It started from the 1950’s when Hans L. Kornberg and co-workers elucidated the presence of
glyoxylate cycle in micro-organisms. From the strong investigation it becomes clear that the
glyoxylate cycle bypasses the decarboxylation steps of the citric acid cycle. Glyoxylate shunt
functions as anaplerotic in TCA cycle, that means glyoxylate cycle generates extra molecule
succinate which fuels up TCA cycle and allows other intermediates to be withdrawn and be
used for anabolism. Activation of glyoxylate cycle in Mycobacterium tuberculosis occurs due
to low nutrient environment. These two key enzymes of cycle isocitratelyase and malate
synthase which work sequentially resulting in net product malate and acetyl CoA required for

gluconeogenesis.

Isocitratelyase one of the specific enzyme in glyoxylate cycle catalyses the conversion of
isocitrate to succinate and glyoxylate. Expression of ICL is upregulated during infection of
macrophages by Mycobacterium tuberculosis and disruption of ICL gene inhibits the
persistence of M.tb in macrophages and in mice.[”) Besides the presence of ICL1 in the
glyoxylate cycle, some M.tb strains express a second enzyme ICL2 with same activity. ICL2

is observed to come into action when the intracellular isocitrate levels increase above a
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certain threshold. Inhibition of this enzymes leads to further inhibition of gluconeogenesis

required by the bacteria.l*"!

3. MALATE SYNTHASE AND ISOCITRATELYASE INHIBITORS

As described above the function of malate synthase and isocitratelyase enzymes in the
glyoxylate shunt. The need for inhibitors for inhibition of this enzyme present in pathway is
required, since the glyoxylate cycle enzymes are not present in mammals. In current scenario,
there is new invention for malate synthase inhibitors patented by Freundlich et. al.
Substituted diketo acid, comprising of structure (Fig.2), Where R* is a phenyl, a naphthyl, a
thienyl, bithiophenyl, imidazolyl, benzothienyl, furanyl, benzofuranyl, pyrimidine and R? is
H, OH, NH,or a pharmacologically acceptable salt.!*"!

O
OH

R1
RE‘

Fig. 2

Anti-tuberculosis drug targeting ICL, salicylanilide, benzanilide, 3-nitro propionamide and
pthalazinyl derivative have also been shown.[*?! An reviewed synthetic compound pthalazinyl
derivatives, phthalazin-4-ylacetamide, 5-Nitro-2,6-dioxohexahydro-4-
pyrimidinecarboxamides and 3-Nitropropionamide derivative, shown to have 1Cs00.1uM,
respectively.[**!

4. BETA CARBONIC ANHYDRASE

The carbonic anhydrases (CA) are zinc metalloenzymes that catalyze the simple

—_—

interconversion of CO, and HCO3(CO, + H,O~——""—— HCOs; + H"). A reaction
fundamental to many biological processes such as photosynthesis, respiration, renal tubular
acidification, and bone resorption. These metalloenzymes evolved independently into five
distinct groups o-CA, B-CA, 8-CA, y-CA, and (-CA.*1>®1718_class of carbonic anhydrase
are widely spread among domains of life, present in chloroplast of both plant and algae as
well as enzyme from diverse species of Archaea and Bacteria.l****?” 8-CAs are oligomers,

generally formed of 2-6 monomers of molecular weight of 25-30kDa./*"! These enzyme from
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M. tuberculosis is encoded by gene Rv1284, Rv3588c and Rv3273 gene belonging to B-
class.”? The mentioned CAs reaction mechanism depends on the presence of zinc-
coordinated hydroxide as the reactive species. Indeed, the zinc co-ordination with protein
ligand in the domain of a-CA, y-CA, and 5-CA is consistent by at least one water molecule in
the active site structure. On contrary, B-CA shows a considerable difference of the zinc
ligation within the class. The B-CA have notably different zinc ligation comprising one
histidine and two cysteine with fourth co-ordination position occupied by either a water
molecule or an aspartyl side chain.[!%20:2122.23

4.1. Overall structure

The two B-CA enzymes from M. Tuberculosis after cloning and crystallizing with X-ray
crystallography technique are Rv1284 and Rv3588creported at the resolution of 1.75-2.00 A.
There is no enzymatic activity found for the Rv1284 gene, whereas for the gene Rv3588c
activity was detected, because the gene Rv1284 active site is small and occupied with
solvent. Rv1284 crystal structure contains two dimers which form the part of tetramer via
crystallographic two-fold axis. Crystal structure 0ofRv3588c contains single subunit that forms
dimer by the interaction around a crystallographic two-fold axis. In Rv1284, all of the metal
ligands are contributed by one subunit of the dimer. Residues Cys35, His88, Cys91 and a
water molecule coordinated with the metal ion (Fig2A from reference!®). A thiocyanate
molecule is also positioned in the active site of Rv3588c, though it is not co-ordinate to the
metal ion. In Rv3588c, the active site residue Asp53 displaces the water molecule, and
coordinated directly to the zinc ion, so breaking a potential salt link to Arg55(Fig2B, C from

referencel?™) 124

4.2 p-Carbonic anhydrase Inhibitors

Some clinically significant used drugs, such as acetazolamide (AAZ), methazolamide
(MZA), ethoxyzolamide (EZA), Topiramate (TPM), benzolamide (BZA), celecoxib (CLX)
have shown B-CAs inhibition. There are comparable results available in micro molar range
for the series of simpler sulphonamide and sulfamate compounds synthesized.*YOther than
sulfonamide group, investigation on series of carboxylic acids for their interactions with three
B-CAs strains from M. tuberculosis i.e. mtCA1, mtCA2 and mtCA3 have also done.!!

5. B-HYDROXYACYL-ACP DEHYDRATASE
Mycobacterium tuberculosis shows tolerance against various drugs by developing a lipid rich

outer layer in its cell wall. Lipid rich layer plays major role in pathogenesis and responsible
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for the bacillus persistency within the host cell.””®! The layer composed of long chain fatty
acid derivative of which one of the prevalent components is mycolic acid (MA). MA are
crucial not only for the cell wall architecture but also contribute to the drug resistance by
forming a selectively permeable envelope. There are two distinct fatty acid synthesis (FAS)
pathways that come in sequence, FAS-I and FAS-II. FAS-I is mammalian cytoplasmic like
single enzyme, multi domain, that has the ability to extend fatty acid up to Cyo-Cygstarting

from acetyl-CoA.

The bacterial or plant FAS-I1 is a disintegrated system in enzymes where it further elongates
the FAS-I products to full length fatty acids required for MA synthesis. In M. tuberculosis,
the process is initiated by the condensation of acyl-CoA and malonyl ACP, a reaction
catalysed by M.tbfabH, a B-keto acyl-ACP synthase. The newly form p-keto acyl-ACP is first
reduced by a -keto acyl-ACP reductase (MabA) to a B-hydroxy acyl-ACP intermidate which
is then dehydrated by B-hydroxyacyl-ACP-dehydratase to form an enoyl-ACP intermidate.
This is further reduced by an enoyl-ACP-reductase (InhA) to yield an ACP-bound acyl chain
that is two carbons long. Gene encoding FAS-1I enzymes are essential for mycobacterium
survival, conditional depletion, or inactivation of these enzymes leads to bacterial lysis.!?>2®!
This makes FAS-1I enzymes an attractive target for drug development. Among seven M.
tuberculosis proteins contained in a double hot-dog fold. Of these, two genes, Rv3538 and
Rv0636, were proposed to be essential for the mycobacterial growth. The bioinformatic
analysis and drug inhibition studies together suggested that the putative protein encoded by
Rv0636 was likely the FAS-11 dehydratase.!”?

5.1 B-hydroxy acyl dehydratase inhibitors

Flavonoids act as growth inhibitor in E. coli and P. Falciparum, that have shown exact action
as inhibition of enzymes in fatty acid biosynthesis. Butein, isoligirtigenin, 2,2’,4-
trihydroxychalcone, Quercetin, and fisetin, these five flavonoids were initially tested for in
vivo inhibitory activity on M. Bovis BCG, which is recognized as close surrogate of M.tb.
MICggcalculated values indicated anti-mycobacterial potency for each flavonoids.”

From bioinformatics approach the product of Rv0636 as a candidate has generated, that might
represent the unknown B-hydroxy ACP dehydratase component of M.tbFAS-II. Since, the
overexpression of Rv0636 in M.bovis conferred resistance to growth inhibition of butein and
four other significantly relevant drugs and relieved inhibition of fatty acid and mycolic acid

biosynthesis in vivo. Futhermore, after overexpression of Rv0636 in M.smegmatis FAS-II
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was less sensitive of these inhibitors in invitro. Here M.bovis is close surrogate for M.tb
inhibition studies reviled that Rv0636 is the strong candidate for p-Had ACP dehydratase
enzyme of M.th FAS-I1. %]

Clinically used anti-TB drugs like thiacetazone (TCA) and isoxyl (ISO) as well as flavonoids
inhibit the enzyme activities of the M.tb HadAB complex. The first crystal structure of the
M.tb HadAB complex bound with flavonoids inhibitors, depicted inhibition, which has revel
in the publication(PDB codes: 4RLT, 4PLV, 4RLW).1"]

6. CONCLUSION

Though drugs of diverse chemical structures acting through different mechanisms are
available for the treatment of M. tuberculosis, there are still many problems associated with
the currently available compounds. Therefore, medicinal chemists worldwide are designing,
synthesizing and evaluating a variety of novel molecules for inhibiting the bacterium’s
growth, with a special emphasis on identifying new drug targets. This review presents an
overview of the few enzyme targets of Mycobacterium tuberculosis which may be the

promising target for the development of drugs for TB therapy.
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