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Fig.1 Molecular structures of mycolic acids. There are three types of mycolic acids in Mycobacterium tuberculosis illustrated with a-mycolic acid

methoxy-mycolic acid and keto-mycolic acid.

3 o-
70% o .
10% - 15% (FAS-T)
. . (FAS-T1)
o FAS-1
o o= FAS-TI CyS5-CoA  claisen-type
o C,sS-CoA. FAS-II
FAS-T A\FAS-I FAS-IIB
8 o o
: A
o A 2 FAS-1

Cyy5-CoA  (C,-S-CoA
2 ! FAS-II a- :

C,-S-CoA S-CoA

Cs6-6a Cas -2 ACP (FabD) . Bketoacyl-ACP m



Hongli Luo et al. /Acta Microbiologica Sinica(2012)52(2)

148
(FabH) . B-ketoacyl-ACP (MabA). B-
hydroxyacyl-ACP (HadABC) . 2-trans-enoyl—
ACP (EchA10/11) Cy Cy,
(  FAS-TT A); FabD. B-ketoacyl-ACP
( KasA ). MabA. B-hydroxyacyl-ACP
(HadABC)  2-rans-enoyl-ACP (InhA)
5 Cy, ( FAS-II);
FabD . KasA/B. MabA. B-hydroxyacyl-ACP
(HadABC) EchAl0/11 Cy,
(FAS-1IB); FAS-TI ( KasB
KasA) Css (MmaA2
PcaA) a-meroacyl-S-ACP.
a-meroacyl-S-ACP
MmaA4 . MmaAl. MmaA3. MmaA2 CmaA2
MmaA4 . MmaAl . MmaA2. CmaA2 Redox

Acetyl-CoA + Malonyl-CoA ——————p

l—l—'abD

FAS- 11 MabA

EchA10/11

MmaA2. PcaA
A

4

a-meroacyl-S-ACP

MmaA4 MmaAl
MmaA3 MmaA2
CmaA2

cis/trans-methoxy-meroacyl-S-ACP

Fad32
A

MmaA MmaA4
MmaA2 Redox
CmaA2

cis/trans-keto-meroacyl-S-ACP

y

meroacy

-AMP

Pks13 l-‘-

mycol

2

ic acid

A

4

S methoxy—
meroacyl S-ACP  keto-meroacyl-S-ACP.
o 3 FadD32
(fatty acyl-AMP ) o~ methoxy—
keto-meroacyl-S-ACP meroacyl-AMP;
C,sS-CoA ( FASH) AccD4
AcceD5 (acyl-CoA ) 2-carboxyl-C—
S-CoA; meroacyl-AMP 2-carboxyl-C,S-CoA
Pks13( 13) .
2 o Pksl3
5 : PPB (N/C~terminal phosphopantetheine—
bingding) -KS(ketoacyl-synthase) + AT (acyliransferase)
TE (thioesterase) o 5
1.
C20-8-CoA + C26-S-CoA
FabH
HadABC AccD4
InhA(Isoniazid) T
KasA/B (Thiolactomycin) AccD5

2-carboxyl-C26-S-CoA

Fig.2 Biosynthesis pathway of Mycobacterium tuberculosis mycolic acid and well-characterized antibiotics targets.
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Table 1 Enzymes and corresponding genes involved in the biosynthesis of Mycobacterium tuberculosis mycolic acid
System or step Gene Enzyme Sanger identification

FAS-1 Fas Fatty acid synthetase—] Rv2524c¢
FAS-1 to FAS-II FabD Malonyl-CoA : ACP transacylase Rv2243

acpM Acyl carrier protein Rv2244

fabH Bketoacyl-ACP synthase IIl Rv0533¢
FAS-II KasA/B B-ketoacyl-ACP synthase Rv2245/2246

MabA B-ketoacyl-ACP reductase Rvl483

echA10/11 2-rans£Enoly-ACP isomerase Rvl142c¢/1141c¢

inhA 2-rans—Enoly-ACP reductase Rvl484
Methyltransferases mmaAl mmaA2 MmaAl MmaA2 Rv0645¢ Rv0644c

mmaA3  mmaA4

MmaA3 MmaA4

Rv0643¢  Rv0642c¢

cmaA2 pcaA CmaA2 PcaA Rv0503¢  Rv0470c¢
Claisen-type condensation aceD4/5 Acyl-CoA carboxylase Ru3799¢/3280
fadD32 phsi3 Fatty acyl AMP ligase Polyketide synthase-13 Ru3801¢/3800¢
FAS-II
2 4
fabD-acpM-*kasA“+kasB-accD6 mabA-inhA ° .
fabD Rv2242 ",
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Biosynthesis and regulation of mycolic acids in
mycobacterium tuberculosis—A review
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Abstract: Tuberculosis (TB) is one of the world” s deadliest diseases. Approximately eight million individuals develop
active tuberculosis annually and two million die of tuberculosis. The emergence of multi-drug resistance strains HIV co—
infection and an increasing aging population further worsen this scenario. Mycolic acids (MAs also mycolate) are
integral cell wall components of Mycobacterium tuberculosis other mycobacterium and most actinomycetes engaging in the
remarkable survival ability of Mycobacterium tuberculosis within infected hosts virulence and evasion of immunity. The
biosynthesis and regulation of mycolic acids are rife with anti-tuberculosis drug targets. Firstdine tuberculosis drugs such
as isoniazid and ethambutol target this pathway. In-depth investigation of this aspect will provide more opportunities to find
better measures to combat tuberculosis. To this end we reviewed the structures classification biosynthesis pathway
regulation factors in pathway of mycolic acid as well as promising drug targets.
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