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Abstract : The causative agent of leprosy Mycobacterium leprae has a lipid rich cell wall which contributes to
virulence and antibiotic resistance. Acyl Coenzyme A Synthetase catalyzes the step fatty acid activation during
fatty acid synthesis. Analysis of genes FadD26 and FadD13 of Mycobacterium leprae and Mycobacterium
tuberculosis respectively demonstrated that melonate can be consider as FadD26 ligand and beetroot source of
melonate can be use as an herbal treatment of leprosy.
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. Introduction

Leprosy, a major source of morbidity in developing countries, is a chronic infectious disease caused by
the obligate intracellular bacterium Mycobacterium leprae [1, 2]. According to the system of classification of
Ridley and Jopling (1966), leprosy patients show two major manifestations of the disease, designated as
lepromatous leprosy (LL) and tuberculoid leprosy (TL) [1]. TL is observed in patients with good T-cell
mediated (Th1) immunity and is characterized by granuloma formation and death of Schwann cells (SCs)
leading to loss of myelin sheath and nerve destruction [3, 4]. TL shows only few lesions, and bacilli can
rarely be identified. Patients with poor T-cell mediated immunity show the lepromatous-type leprosy (LL). LL
leads to massive bacterial load inside host cells specially SCs and macrophages [3, 5-7]. The lesions of TL and
LL types are named as T-lep and L-lep lesions, respectively, but damage of the nerves is observed in most of the
cases of both types [7].

Lepromatous leprosy exhibits multiple lesions of the skin, eyes, nerves, and lymph nodes, which are
characterized by tumor-like accumulations of foamy macrophages. The foamy macrophages are fully packed
with lipid droplets (LDs) and contain high numbers of lepra bacilli. These aggregations of foamy macrophages
expand slowly and disfigure the body of the host [8].

M.Leprae has a small genome (3.2 Mb). The obligate intracellular organism shows a moderate genome
degradation and several genes are absent when compared with other Mycobacterial species. Due to the gene loss
M.Leprae is strongly dependent on the host for basic metabolic functions [9, 10]. Macrophages infected with
M.Leprae contain oxidized host lipids and it has been observed that M.Leprae up regulates 13 host lipid
metabolism genes in T-lep lesions and 26 in L-lep lesions. The oxidized lipids inhibit innate immune responses
and thus seem to be an important virulence factor for the organism [11].

Mycobacteria have outstanding mechanisms to escape from elimination and have a high degree of
intrinsic resistance to most antibiotics, chemotherapeutic agents and immune eradication [12, 13]. One major
obstacle for host defence mechanisms and therapeutic intervention is the robust, lipid-rich cell wall, which is
unique among prokaryotes [12, 14]. The major problem in combating Mycobacterial diseases is that these
bacteria produce unusual cell walls with low permeability, making them resistant to therapeutic agents.
Successful antimycobacterial therapy includes the use of agents that inhibit the biosynthesis of cell-wall
components. The widely used drug isoniazid inhibits the biosynthesis of mycolic acids [15, 16, 17], one of the
major cell-wall components. With the widespread appearance of resistance to such drugs, new drug targets must
be identified to combat mycobacterial infections. One of the unusual features of the Mycobacterial cell wall is
that it is composed of many unique lipids constituting 60% of the wall. An understanding of the biochemistry
and molecular genetics of the cell-wall lipids would provide a rational basis for seeking drugs targeted at the
production of such unique Mycobacterial lipids.

1.1 The wide variety of lipids in Mycobacteria

Mycobacteria have an extremely wide diversity of lipids that are quite unlike the usual bacterial
cellular lipids which are also present in Mycobacteria [18, 19]. As the biochemistry and molecular genetics of
this organism need to be understood in the context of production of such lipids, a brief look at their diversity is
useful. In addition to the usual fatty acids found in membrane lipids, Mycobacteria have a wide variety of very
long-chain saturated (C18-C32) and mono unsaturated (up to C26) n-fatty acids. The occurrence of a-alkyl B-
hydroxy very long-chain fatty acids, i.e. mycolic acids, is a hallmark of Mycobacteria and related species.
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Mycobacterial mycolic acids are the largest (C70—-C90) with the largest a-branch (C20-C25). The main
chain contains one or two double bonds, cyclopropane rings, epoxy groups, methoxy groups, keto groups or
methyl branches. Such acids are major components of the cell wall, occurring mostly esterified in clusters of
four on the terminal hexa-arabinofuranosyl units of the major cell-wall polysaccharides called arabinogalactans.
They are also found esterified to the 6 and 6 positions of trehalose to form ‘cord factor’. Small amounts of
mycolate are also found esterified to glycerol or sugars such as trehalose, glucose and fructose depending on the
sugars present in the culture medium.

Mycobacteria contain a wide variety of methyl-branched fatty acids. These include 10-methyl C18
fatty acid (tuberculostearic acid found esterified in phosphatidyl inositide mannosides), 2,4-dimethyl Cl4acid
and mono-, di- and trimethyl-branched C14 to C25 fatty acids found in trehalose-containing
lipooligosaccharides, trimethyl unsaturated C27 acid (phthienoic acid), tetramethyl-branched C28-C32 fatty
acids (mycocerosic acids) and shorter homologues found in phenolic glycolipids and phthiocerol esters, and
multiple methyl-branched phthioceranic acids such as heptamethyl-branched C37 acid and oxygenated multiple
methyl-branched acids such as 17-hydroxy-2,4,6,8,10,12,14,16-octamethyl C40 acid found in sulpholipids. In
addition, mycocerosic acids and other branched acids are esterified to phthiocerol and phenolphthiocerol and
their derivatives.

1.2 Biosynthesis of n-fatty acids

Both multifunctional fatty acid synthase (FAS) (type 1), usually found in eukaryotes, and
multicomponent FAS (type Il), usually found in prokaryotes, have been found in Mycobacteria. The
multifunctional synthase catalyses not only the synthesis of C16and C18 fatty acids, the normal products of de
novo synthesis, but also elongation to produce C24 and C26 fatty acids [20, 21].

Mycobacterial FAS is larger than the other multifunctional synthases. Presumably, this synthase has
unusual acyl transferase and ketoacyl synthase domains that could account for the elongating activity of this
synthase [22]. The outlined diagrammatic process is shown below:
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1.3 Acyl Co A Synthetase

Activity of Acyl Co A synthetase in fatty acid biosynthesis has been demonstrated in Mycobacteria. This is
identified as one of the important enzyme involve in biosynthesis of fatty acids in Mycobacteria. In
Mycobacterium leprae Br4923, this enzyme is encoded by gene FadD26, which activates fatty acids by binding
to coenzyme A and the reaction, is -

octanoate + ATP + coenzyme A <=> octanoyl-CoA + AMP + diphosphate [23]

Fad genes also found in other mycobacterial species like M.tuberculosis .this organism contain FadD13
gene encoded acyl Co A Synthetase. In M. tuberculosis melonate is one of the ligand of this enzyme [24]. By
blocking of enzyme active site through melonate we can block activity of acyl Co A synthetase enzyme and
further fatty acid activation.

To prove this hypothesis we used Blast, blast gave 100 % sequence similarity between FadD26 and
FadD13 both encoded acyl Co A Synthetase.

Fig.1 melonate ion
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As compared to the synthesis route in Humans is quite different and in summary it is:
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1. Results
Blast between FadD26 and FadD13

Basic Local Alignment Search Tool

ZBIf BLAST/ blastn suite-2sequences/ Formatting Results - 7JA4HNZVJ11N

Download
ast report description

Blast 2 sequences

ucleotide Sequence (1512 letters)

RID 7A4HNZVI11N (Expires on 11-03 21:54 pm)

Query ID [cl|23547 Subject ID Icl|23549
Description None Description None
Molecule type nucleic acid See details
Query Length 1512 Molecule type nucleic acid

Subject Length 1752
Program BLASTN 2.2.28+

Graphic Summary
Distribution of 12 Blast Hits on the Query Sequence

Color Key for alighment scores
<40 40-50 80-200 »>=200

1 300 €00 D00 1200 1500

Fig.2 blast result

Descriptions

Description = Max score Total score Query cover E value Ident Accession

None provided 276 260 9% 0.013 100% 23549

Fig.3 descriptions

I11.  Discussion
From the observation using the Bioinformatics software protein data base and Blast suggest that
melonate will inhibit the activity of Acyl Co A Synthetase enzyme and as a result M. leprae should not able to
use this enzyme and synthesis of fatty Acids. This must lead to a porus cell wall by which the external particle
can enter inside and the bacteria in early stages should die because of leakage.

IV.  Conclusion
The lipid rich cell wall in M. leprae plays an important role in pathogenesis. Several enzymes of the
mycobacterial lipid-biosynthesis are regarded as targets for new drugs and this study shown that If research
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work of Acyl Co A Synthetase enzyme is encouraged, this will be a vital step to find the life saving drug in case
of leprosy.
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