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Table 1 Promising new anti-TB drugs in clinical studies
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Agents Remarks References (Authors)
Nitroimidazoles
Nitroimidazopyran Excellent in vitro activity against MDR-MTB Stover (2000)

(PA-824, PA-1343)

Nitroimidazooxazoles

(MIC=0.03 to 0.25 pg/ml)
Active against non-replicating MTB by intracellular nitric oxide release
Good in vivo activity against MTB infection in mice
Conversion to the active form by mycobacterial redox systems (?)
Inhibitory action against mycolic acid biosynthesis
RNI-mediated bactericidal activity
PA-1343 has oral bioavailability.
PA-824 is in a phase 2 study.

Excellent in vitro activity against INH or RIF resistant MTB

Tyagi (2005)
Lanaerts (2005)
Nuermberger (2008)
Tasneen (2008)
Singh (2008)
Ginsberg (2009)

Matsumoto (2006)

(OPC-67683) (MIC=0.006 gg/ml) Sasaki (2006)

Inhibitory action against mycolic acid biosynthesis Saliu (2007)
Bactericidal action against drug-tolerant MTB
Good in vivo activity against MTB infection in mice
OPC-67683 is in a phase 2 study.

Diarylquinoline TMC207  Excellent in vitro activity against drug-resistant MTB Andries (2005)

(R207910) (MIC=0.01 to 0.09 pg/ml) Rubin (2005)
Good in vivo activity against MTB infection induced in mice and Petrella (2006)

guinea pigs

Inhibitory action against ATP biosynthesis

Exhibits bactericidal action against dormant MTB by inhibiting
residual ATP synthase in non-replicating MTB organisms

Good in vivo bactericidal activity against non-replicating dormant MTB

Good therapeutic activity in treating MDR-TB patients in combination
with 2nd-line drugs

The addition of TMC207 to the standard therapy of MDR-TB patients
reduced the time to negative sputum culture.

TMC207 is in a phase 3 study.

Koul (2007, 2008)
Ibrahim (2007, 2009)
Lenaerts (2007)
Rustomjee (2008)
Lounis (2008, 2009)
Veziris (2009)
Nuermberger (2009)
Diacon (2009)

Pyrrole derivatives

Good in vitro activity against MTB and MAC

Deidda (1998)

(LL3858) Efficacious against MTB infection in mice (more active than INH) Biava (2002, 2003,
LL3858 is in a phase 1 study. 2004, 2005, 2006)
Oxazolidinones Good in vitro activity against MDR-MTB Zurenko (1996)
Linezolid (MIC=0.5 to 2.0« g/ml) Cynamon (1999)
Eperezolid Good in vivo sterilizing activity against MTB infection induced in mice Rodriguez (2002, 2003)
PNU-100480 Efficacious in treating MDR-TB patients Alcala (2003)
Linezolid is in a phase 2 study. Garcia-Tapia (2004)
PNU-100480 is in a phase 1 study. Fortun (2005)
Park (2006)
Condos (2008)
Williams (2009)
Nam (2009)
Schecter (2010)
DA-7157 Good in vitro activity against MDR-MTB Sood (2005, 2006)
RBx 8700 (MIC=0.25 to 1.0 pg/ml) Vera-Cabrera (2006)

Ethylene diamine SQ-109

Good in vitro activity against MDR-MTB
(MIC=0.16 to 0.64 pg/ml)
Drug target is in cell wall synthesis.
Good in vivo activity against MTB infection induced in mice
SQ-109 is in a phase 1 study.

Chen (2006)
Nikonenko (2007)
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Table 2 Promising drug targets in MTB related to mycobacterial cell wall components

Protein (Gene) Function Inhibitors References

Fatty acid synthetase-I (fas)* Mycolic acid synthesis Schwelzer (2004)
ACP (acpM)*; ** Mycolic acid synthesis Kremer (2001)
Malonyl-CoA : ACP transacylase (fabD)  Mycolic acid synthesis Kremer (2001)
B-Ketoacyl-ACP synthase III (fabH)* Mycolic acid synthesis Thiolactomycin Choi (2000)
B-Ketoacyl-ACP synthase (kasAB)* Mycolic acid synthesis Thiolactomycin Schaeffer (2001)

B-Ketoacyl-ACP reductase (fabG1)

Mycolic acid synthesis

Marrakchi (2002)

B-Ketoacyl-ACP reductase (mabA)* Mycolic acid synthesis Isoniazid Cohen-Gonsaud (2002)
Enoyl ACP reductase (fabl/inhA) Myecolic acid synthesis Isoniazid Rozwarski (1999)
Triclosan
Diazaborines
Enoyl ACP isomerase (echA10?) Mycolic acid synthesis
S-adenosyl-methinine-dependent Mycolic acid synthesis S-adenocyl-N- Yuan (1997)
methyltransferase (mmaA1l-A4) decyl-amino- Glickman (2003)
ethyl Boissier (2006)
Vaubourgr (2009)
Cyclopropane synthase (pcaA)* Mycolic acid synthesis Sinefungin Glickman (2000)
Thiacetazone Alahari (2007)
Cyclopropane mycolic acid synthase Mycolic acid synthesis Thiacetazone Yuan (1995)
(cmaAl, A2)* Glickman (2001)
Alahari (2007)
Acyl-CoA carboxylase (accD4, D5)* Mycolic acid synthesis Naphtalene Portevin (2005)
sulphonate Lin (2006)
Fatty acyl-AMP ligase (fadD32)* Mycolic acid synthesis Portevin (2005)
Polyketide synthase (pksi3)* Mycolic acid synthesis Cerulenin Gavalda (2009)
Phosphatidylinositol mAGP complex synthesis ~ Phosphonate Guerin (2005)
mannosyltransferase (pimA) analogues Dinev (2007)
Glucose-1-phosphate thymidyl- mAGP complex synthesis Blankenfeldt (2000)
transferase (rmlA) Qu (2007)
dTDP-glucose dehydratase (rmiB) mAGP complex synthesis ~ Rhodanines Li (2006)
dTDP-keto-deoxyglucose mAGP complex synthesis ~ Rhodanines Li (2006)
epimerase (rmlC)
dTDP-deoxyhexulose reductase (rmlD) mAGP complex synthesis ~ Rhodanines Ma (2001)
Polyprenol monophosphomannose LAM synthesis Gurcha (2002)
synthase (ppmlI)* Alexander (2004)
Mannosyltransferase (pimB, F)* LAM synthesis Schaeffer (1999)
Phthiocerol dimycocerosyl PDIM (Wax) synthesis Buglino (2004)
transferase (papAS5)*
Phthiocerol synthase (ppsA-E) PDIM (Wax) synthesis Azad (1997)
Mycocerosic acid synthase PDIM (Wax) synthesis Mathur (1992)
(mas, fad26, fadD28) Sirakova (2002)
Mycobacterial membrane protein PDIM (Wax) synthesis Domenech (2005)
large family of proteins (mmpL7)*
Filamentation temperature-sensitive Septum formation Taxanes Rajagopalan (2005)
protein Z (ftsZ)
Mycolyltransferase I (Rv3802c¢)* TDM synthesis Brand (2003)
Matsunaga (2008)
Mycolyltransferase II (Rv1288, TDM synthesis Brand (2003)
Rv518c¢, Rv0774c)
Mycolyltransferases (Ag85 complex) TDM synthesis Phosphonates Belisle (1997)

(fbpA,B,C)

Trehalose analogs

* Indispensable for bacterial survival and growth in macrophages and in animals.

**ACP: acyl carrier protein

DR EIMET 95 DT, PeaA lZHBIIFLIE D target
ELTHETH b,
(3) ZOMDAHL% target FHH
IifL, nitroimidazopyran PA-824 2S¢k A4 5 B REAZ 14 12
BUWTEHART AN = AL E LT, #BH O Ddn & HE

1 % nitroreductase DIEFZIEM X 1) PA-824 03I SN T
HUBTHERILER OGS EZ 5N TS, FERRIZ,

% H @ nitroimidazole {L & W) 2> & O IGEBRIL 82 38 D Ak
AR F ST TGl 2 R IE U 72 e A sR RS A 12
9 HRMREIE L CAHBIT A L, 72, nitric oxide (NO)
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Table 3 Properties of MTB STPKs?®

PK» ORF Adjacent genes

domain

Transmembrane

MW

(kDa) Functions

Substrate

PknA Rv0015¢ oriC/pbp +

PknB* Rv0014c oriC/pbp +

PknL* Rv2176 Transcriptional +
regulator
(Rv2175¢)

PknF* Rvi746 ABC transporter +

Pknl Rv2914c fh
PknJ* Rv2088
PknD#* Rv0931c

Transposon
Phosphate-uptake
operon

+ + +

PknE Rvi743 ABC transporter +

PknH* RvI266¢ embR +

PknG* Rv0140c glnH —
PknK Rv3080c

luxA, virS — ok

45.6 EmbR, FabH
KasA, KasB
GImU, MurD
GroEL1
FadE?

66.5 EmbR, FadD
KasA, KasB
GarA, GlmU
PbpA, RshA
GroEL1
Rv1747
Rv0020c
FadE?9

42.8 Rv2175¢
GroEL1
FadE?
FtsE?, FtsH?

50.7 KasA
GroEL1
Rv1747
Rv0020c

61.8 Cell division

61.6 FadE?

69.5 FabD, FabH
KasA, KasB
MmpL7, GarA
GroEL1

60.5 KasA
GroEL1
Rv1747

66.8 EmbR
KasA
GroEL1
Rv1747
Rv0020c

81.6 GarA

119 VirS

FtsE?, FtsH?

Cell elongattion/
division

Cell elongattion/

division

Transcription ?

Membrane transport

Unknown
Phosphate transport

Membrane transport

Arabinan metabolism

Amio acid uptake
Transcription

¥ Modified from the review articles of Av-Gay and Everett (2000) and Chao et al., (2009) by supplementing additional informations.

Y PK: protein kinase; ORF: open reading frame; MW: molecular weight; EmbR: transcription factor involved in arabinogalactan

synthesis; GarA: Forkhead-associated domain-containning protein; GlmU: N-acetylglucosamine-1-phosphate uridyltransferase; MurD:

UDP-N-acetylmuramoylalanine-D-glutamate ligase; FadE: acyl-CoA dehydrogenase; PbpA: penicillin-binding protein; RshA: anti-
sigma factor; Rv1747: ABC transporter; Rv2175c: DNA-binding transcriptional regulator; FtsE, FtsH: cell division proteins; ABC:

ATP-binding cassette; VirS: transcriptional regulator.

9 FadE?, FtsE?, FtsH?: These proteins are reported to interact with PknA, PknB, PknJ, and PknL (FadE) and PknK and PknL (FtsE,

FtsH) in a protein-protein network (Cui et al., 2009).
* Autophosphorylation

** PknK has recently been reported to be located to the cell wall fraction.

%o Székely H 1%, PknG HEHED B 2 1LEH AX20017
(tetrahydrobenzothiophene) & & @ % & & AX33510 &
AX14585%%, K~ 717 7 — YT BCG R D 55k
END PknGOMEHIC L 5 PLAGHEL VW) BL %2 T
Oy 7352228, WTIEBCG WICHT 5~
077 — IREEESAE IS NS L O Ilhb Ik
ERENPD TS, F72, KW O protein tyrosine phos-

phatase PtpA 12 P-LEIA 32 70 v ¥ 7 EH A
W ENRTVBED, DI E L, PknGR PipA®D X 9
BAEEMIED Y 7P MEERISHEEZ RITT L) 55 A
TOREHT D F 72BN drug target & 2 5 b O & JIFF
Ehbe
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PROSPECTS FOR THE DEVELOPMENT OF NEW ANTITUBERCULOUS DRUGS
PUTTING OUR HOPES ON NEW DRUG TARGETS

Haruaki TOMIOKA

Abstract Worldwide, tuberculosis remains the most frequent
and important infectious disease to cause morbidity and death.
However, the development of new drugs for the treatment and
prophylaxis of TB has been slow. Therefore, novel types of
antituberculous drugs, which act on the unique drug targets
in Mycobacterium tuberculosis, particularly the drug targts
related to the establishment of mycobacterial dormancy in
host’s macrophages, are urgently needed. In this context, it
should be noted that current antituberculous drugs mostly
target the metabolic reactions and proteins which are essential
for the growth of M. tuberculosis in extracellular milieus. It
may also be promising to develop another type of drug that
exerts an inhibitory action against bacterial virulence factors
which cross talk and interfere with signaling pathways of
M. tuberculosis-infected host immunocompetent cells such as
lymphocytes, macrophages and NK cells, thereby changing

the intracellular milieus favorable to intramacrophage survival

and growth of infected bacilli. In this review article, I will
describe recent approaches to identify and establish novel
potential drug targets in M.tuberculosis, especially those
related to mycobacterial virulence, dormancy, and cross-talk

with cellular signaling pathways.

Key words: Mycobacterium tuberculosis, Multidrug-resistant
tuberculosis, Antituberculous drugs, Drug targets, Dormant-
type tubercle bacilli
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