Kekkaku Vol. 85, No. 11:815-822, 2010

FesEKER

815

EE 2

. PURALIEPHIE DI & =

—3#r L\ drug target DFRFE—

&

=]

EE | ZAHMERFH L HIVEGE TORGHEEZ OB R EZETETHHELZDOICL TS
0, EFHE O & AT TERSBEAN ORI IR 228 T WHTEPURSAZSE, FRIIRIREL O FER% W 1A 3D
GEHORFEPTHREIN TS, AFTIE, BEE TOHBIRAZHEDORIEIRI L, bioinformatics &
NR=ZZLTOHF LW £ T drug target DIEFR & Nz o L TOFBAEZIEO R IEOHIKIT OV

f%gﬁ Lf:o

%=X A, SRR, FORBOE,

U &I

19994E DOV ETO [#HBRAHEES ] T2
TEIZH LS, 2007 4F O A 57 ) 4 o 4 TR E
FRAEFRUIA 64,000 N, A [H O H 5 5k H I AY 25,000
N, BEFIIAIT1077819.8, FETHEEIIHK 2,200 AT
HY, BHEETOREERE~OBIXEZELEZHR LD
Wb fl, HERHE TR CASZ L, BUE, FEHOH
BERIIA80 A, SECHBIIH 1607 N EHEE SN
T35, ZHIHE#EE (MDR-TB % XDR-TB) O
& HIVERE TOMBMEAZ oMY, MiZibHEz £
FTEFTWHZRDDICLTWAED, &AM, HENEO
e & SR PERE AN ORI R 0 2\ L W HLkE
3K, RIS RIEG A FARNIZAAE L T2 % dormant type
(PRIRTY) %o, PUBSEIAMEIZIDA L CHITHAE 2 405 1R
TEEL0H 5 VIERUNT 5 IZE 5 72 persistent type (FF
FeRIAFRI) ORBEWICH R RYIRIZE ORI E 2 &
L CHEA TV 23, fE%IRHEIC rifampicin 25 A & 7L
THHA40ELL B 720R, FiY) 7 7~ A4 ¥ Y RERD
Bi%E, &2V —AlWERGHEOmEIE L LTz S h
7ok 0 VEOREBAOBHILADINCIE, chiivs
AR RPAEEOSEYE b E FICRORF#EE T
Wb, AR, WIS T AIMER A AT A HE LD
FHMBEEDPRE SN TETWED, 209 B THEREIC

HH 7 —7 v b, RIRB LA

BRI X T w5 DI, diarylquinoline TMC207,
nitroimidazopyran PA-824, nitroimidazooxazole OPC-67683,
pyrrole LL3858, ethylene diamine SQ-109, oxazolidinone
(linezolid, PNU-100480) 7 & & Ak & L TABUCT & T,
ZOHRIIILTHLIVWLDEWFEZ WY, ZTH L7
WREHE A, RLTEIHBEOEBREZEZ 57200
WO MADEIEI R o TETEDY, MEHARIHLIC
) [HERZIEHIEHE O S L — 2008 4F | 2% up-date X1,
2008 412 1& D HIE T b rifabutin 2KR S Mize BRI
WOAT 7 AR S, R ZIE Lo L 2HRNE
DGR R D 2 BIZTICET 5% < DHIRD
EMINTETHY, FBPEEERED7Z00H L
drug target (2 B9 B WEZE DS EAERE DS ED S TW»
59 S HICHFEL, drugtarget& L THELEAED
SEARKE G 7 W TR RE TR 5 2 AN REIC R o T &
TBY, TN drug target &E XS 5 HEH OB %
DT T D B 7%, ZKITHEETEVENIB (3D-QSAR)
analysis & O F v ¥ 2 71280, SHBROPFBIFZLIED
FHFEME SN L b D LMFFEIN LYY ARTIE, B
1 TOHBPRALEOHFEIRI L, FrL vy A TOH
WREE R HEEDORIICE T 5 X 9 % drug target DIFEFRIC
DWTHHL L 72\

BB R S

HARSG L E MR, BRI e E Y, T 693-8501
BRI I T SR 0T 89 -1

(E-mail : tomioka(@med.shimane-u.ac.jp)

(Received 23 Jun. 2010)



816

LU drug target Z BB & U 7-IEREORHR

BHERL A VB2 EERZREE LT, O
DOTS & H DOIRFEHET 2 AT 2 72D DI HE W 2 K&
§T5ZLDTELIERNOTE, OBIEMHNIE KN
WEPE 2 R T IEA O X 2 PR o HBBLIE, &
Ly 4 TOPFRERIEE O TORBOENELE P
THADRRE & 722 2 IRIREL O RAZE ORKE, 7% EVFTH
N5, MAEDTMEEOREN R RED 121X,
NOPEITHHE OB ZEN L LTnEEICH 52
LRAMOLEBYTHD, —MITHBEOWREICIE, B
DY A7 ZWRST 20, 67 HULEORMbSELE L
WThb, 2O LiF, LiIZUITEEOMRIELT O T
ZRE, ODWVWTESAIM RO BB & o RRE &
ho SHITHFMITIZ, F20E AN O %
ZFTBY, GRS~ ERT 2N R A &
o Twb IRIRI O EIZERNICB W TETED
DOMAEFERS 720, RIRBHZE SN L CTER 283k
ZREBOTFHICEDLOTHMNTH D LT 5. FRITH
g FENZ BT 2 BERGE 2 6 O Z KR OFREZ B <
L OEEMWEE 2 A, RIRE OB I3 L TR
BWIEHZRTH LW £ TOEHNORBHIEHETH 5,

HAEE TIT, #BWICHT29REEEZ A T54 <D
PBPEA DR E INTETWD, TDOFELRD D% Table
LHWYANT v 7 L7z L LA s, BT CTHAKRR
BRIZHE SN TE TWB DI, TMC207, PA-824, OPC-
67683, LL3858, SQ-109, linezolid % &X' DT A D VBT
Y, ZOMBEEWHLIVWHOEREL VWIS 5.
B LWy A4 TOPREIROBFRICB W TIE, HERHOM
FHRE R EU: FE BUC LB AR R R 8 - Bk R
B RE 2 R THERAOSCHMEKE T2 STz, #
BRPERRE LB E~r a7 7 — Y oMBNY 7 F UE
R closs-talk L T EMIB o E R 2 HELT 5 £ 5
7 H¥RE % b O protein kinase 72 EIC b HHEZ 1T, Z9 L
2L DDOHRIZH L\ F 4 7D drug target & i E L T <
ONEFM LRI E S 2 5. ZHICHEMEL T, BRI
WOEYT ) APHHINTHY, BERZIILDETS
YU ORI T 2 AL ERINTETE
D, #F L\ drug target DI % 2 B2 T OMFK - FE
DHED SN TWBE, B, WEEEETICa—-F3h
T BB D VARREE % SRR T3 5 2 L AYITHE
%D, LD DIFRIRE DR R AR % BLki B O B
HEEKLTO, TNHOEHAICKHT 5 HER ORI
HATHTH B 929D~ Z D X 9 7% bioinformatics % Bl
EL-FRICL L7 T u—F1%, FHbRBEEORTRIC
ELOTHEHTHLEZO5N 5, Table 2121%, #EHH
DIREHF L DHETHERE L EZ BN 5D drug target & Y

FER% H585% 5117 20104F 11 H

A NT v T LA, FRICHIRIE drug target \2D W TLL
TIBESL L 72w

i TRE - RIREYIEREICXTT B drug target

FEA% B AMiE F 9T persister & 72 b A 1 = R A DS &
g, FRARBRPRRREOBEREEZ Y —7 v ML
7L\ A TOHREIEL 74 35 2 EANHRIC
%0, TN FHEOEESHZ SN, Tk %
OB OTHEAER SN D, TS, KIRE O
W L AN IUEE L PG5G35 Z L1240,
HF D208 N DBEIEHH, F5IC HIVIERF 2 EDN A
VA RETOZRMBDOREREZ WD EEL ZENTE
b0 DU IR AR T AL 209 5 drug target & LT
HEGBREN TR T

(1) 770 F 2 )V R

P geIRRBIC B R T, 7V 4 F Y OvRn %
2% up-regulate SNTH Y, MWF, MESRIEIHIS A TW
b0 THUZX )RR, RO gMRILIZL 5T C2
LWz kFZRE LTHHTES L) 10h b, ZHICH
B LT, BERWERE TR~ 207 7 — YN TR
ST BB 7)) o 2 OVERIRIE O isocitrate lyase (Icl) 2%
up-regulate SN %, FHEBEE D Aicl ZFARD < 7 Z LKA
TOEGet 2 MM F COBGEBEEIL, BARMOREE &
HARTEEIIED SN, 15 EOZEPUE~ DM
JVESRYE DRI #21E, Nl ZEFRRITHL P IHERR S
TV ZEDPHBEINTWE Y, 51T, icdiEfzT i
FRW~ a7 7 =Y TR EEE x0T 7 =V
TORBROAAFICLETH LI LOHLNMTENTS
D, il BIETIAERNIZBT 2B E O HEICEE
LEEERZL TV EEZLND D, M RZOMD
BT, 77U A F VOVEREIERIEIEEL TWRWwWoo,
Il H L drug target & LTH R D FETHLEEZ LN
5o F72, aceABIE TR gleBBIZTICI—FE3N 5
isocitrate lyase X°> malate synthase b 4% & O Wi 3 Pk 12 L2
ThbEZEZLNTEY 9, ThbOREHE D HBPT
FEPHFED 72 D drug target & L THIRFTE %,

(2) yruraxyHlEEE

EHEOMIBEEL, I I—VEBICE A X b T
HREEERELTEBY, £9vo 2ERIFEI, EEEO
EL AR ORBUCEE TH L, x707 7 —
TOT7 7 IV —ANIZRET BRI, ) Lo
ZHNRE 2 BN Y — & LT, =7 a7 7 — TV OKE
L7z ¥ =0 K BB LTl EBuTE & JE
THIENTE DL, lL, superfine cord XL HE % K\ 72
QU= —REEL R TEREKE A7) -2 7952 L1
X0, pcaA#nF 12 T — F E 11 % methyl transferase
(PcaA) PHEHBEOE VL Y ZARFD—2 & LTRHES



Educational Lecture /Drug Targets for New TB Drugs/H. Tomioka

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 (mmaAl-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 (papAS)*
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 (Rv3802¢)* 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

DWEHREIMET 95 DT, PeaA lZFBPUFLIE D target
ELTHETH b,
(3) ZOMDOAHLL target FHH
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% H @ nitroimidazole {L &) 2> & O IGEBRIL 22 3% D Ak
AR R ST TGl 2 R IE U 72 R A sR AR A 12
9 HRMREIE L CAHBIT A L, 72, nitric oxide (NO)



Educational Lecture /Drug Targets for New TB Drugs/H. Tomioka
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> R Organella B KB % W72 B TH L2l 7% -
TWw529, 7, ZHIZHEB) LT, PknGKIHBCGTId
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BEXI7T7 7=V DY T FIVRERNDIN AL 5T
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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~ 2707 7 — YT BCG R D 5 5Mh
END PknGOMEHIC L 5 PLAGHEL VW) BL %2 T
Oy 7352228, WTIEBCG WICHT L~
077 — I REEESAEIE SN L O Ilhb Ik
ERENPD TS, F72, KW O protein tyrosine phos-

phatase PtpA {2 & P-LEIA 32 70 v ¥ 7 EH A
WS TVwBE®, DI E L, PknGR PpA®D X 9
A EMIED Y 7P MEERISHEE RITT L) 55 A
TOIREHT D F 72BN drug target & 72 5 b O & IFF
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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