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ABSTRACT

leoxyl. @ thicurea (4, 4° disssmyexydiphenyithicersa) ahd new synthetic defivatives

warg Investigated In vitre for thelr antimycebscienal aclivity against Mycobaclenum
tubsrepigste. By employing tha tapld micenplate atamar blus 3s5ay, soxyl was shown to be
highly sffacive agatnst Thal chnichl solats of Mycobacfardum fubsrouwlosis with MIC of 0.30-

125 pLairmt Four now denvatives also axhitiled potent activily against M. Jubsyewiogis wilh
MIC in the ranga of 0.30-10.0 Lla/mi Tne selective mode of achon of thouwes was
temanstratid by wholi call lehaling of B fubwieudoss with |1, 2 -l.'.':“j neetnle Andlyst ol
labolad latty acids by thin layer chromatography (TLC) demonstrated e inhibitory affacts
an the synihasia of oleio acld, indicating & uisgue mechamsm of action. Thiz specificity of
thm Inkibibon on ole acd synthess pomtad fo a AY steareyl-desatumsn g4 & g tangat,
Tivs tranmeripis of Wi ML Seborcudoss oA which onccdis A9 slimitreryb-thamatutiae, wire
dutocted by mvarse thanscrinlion palymemss chain redschion (RT-PCRY damamttrating thia
expression and importance of oneymabe hnclmn, A oew LightCyoher realtime. RTPCR was
deveinpied lor guantitative datecten of mANA ol M tubarmubsis e M jpbseioss
RNA could to oxtractold by Wio use of @ modiliad commaicislly resdy-ta use guanidine
phnel axtraction matiod. Tha singin hite reecton of raaktrms BT-PCR was performed in
glass caplliary sontalning the SYER Grean | dys &% a datoction sigral The amplifimahon of
11 nuclaclide region of the cesA3 gene spectic for M Iwbemuos:s by regkimes JT-PCR
demomatrated thil desAd tmnecnpts wese dimmrshed i colls oxposed 1o thioursa. Thasg
tesults. coffitmead-thal thicursa 25 novel sntubsroulesis sgenl which fiad spocilie
machaniem by inhibiting the syihesis of oise acid and sitected the expressian af dasAd in
M fuboreuasls. We propdss hira ihal toouress serve 35 8 prommising compound for futurms
antituberculosis orug gevelspment and Dess3 =2 new herapsutis target worthy for further:
sliaidy

Keyword - Thicursga, olelz scid. fubsrouicsis. gesAd
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mpmmdmﬂmmamma-amndﬁmﬂmm
essential step 10.find snd validst= new trgets for drug desion snd development
Elucidation of such genes can be approached by using molecular genatics, biochamical
ﬁnmﬁhwﬂmhﬁmmmmmwmm.-mm
or drugs may seleotively Inhibit specific targeted enzymes and theraby cause an
aﬁumﬁmmmﬁﬂi}mm.ﬂm:lmhﬂﬁgﬁmmﬁmﬂmﬂ
mode of action of drugs nd the spaciic gens that encodes e targefed enzyma.

A thiourea, lsoxyl (thiocariice; 4, 4" dscamyloxy diphenylthioursa), s known to be an
elfoctive anth-tuberculosis diug, active sgeinat a angs of mulidrig-resistant straing of
Myvobuctarium tuberculasis, 8nd has been used cinically [Titscher, 1966; Urbariclk, 1086;
Urbancik, 1970),. Little was known of its moda of sction, Recantly, it haa baan ahown that
meposura of M. fubercidosss io an inhibitoey lvel of ISD caused an secomulalion ol stiaric
Ackt concomitant with the depletion of aleic ack, Synthesis af mycelic acid ls alwo affoted,
Trmmﬂ-ummuﬂmwﬁnmmmwmmmmﬂMwmm
dcld. The spocificity of olele ackd Inhibition painted to 0 A9 stearoyl-dessturase, an snzyma
tha mhudumannuwhhmulmmmHHMnﬁdhmﬂﬂnmh
A0 the drig target (Photsuksirt, of ai. 2003). Developmant of & callroe sssay for AQ
desaturass astivity allwed tirect demonstration of the Inhibiion of olaic acid myrithasin by
ﬁﬂ.Thummuthﬂyud:Mmhmummnmmf,
9esAZ, and desAi wers toned snd exprmssed in Mycobasterium bovis BGG. Whole call
Iabaling demonetrated increased synihisis of oleic acid only In he dead 3 avanqressing
mmmmmmmmmmhmﬁmumﬁ.mm,
2003), The rasults valdated AS desshurase. DesAd, a3 @ target of thicures, |n this study,
nnlhmmmramﬂﬂtmmmmw:hﬁﬁMMﬂfu
mmmmmmdmnMdewwsmmmm
ort the expreesion of the d2£43 gane, which & known to ancods A9 desstursse in Al
Miboroufesis wera exglored. This is the exent of pubiished work canducted on the néw drug
mmﬁwmmdammmmmM'm
worthy of frher development



MATERIALS AND METHODS
Mycobacterial strain and growth conditlons.

M. tiberonineis HATRa [TMCC 25711), M. fubsercwiosis H37Ry and Thai clinical
leolate of M. lubercwlasls ware grown in 250-ml Ussue culture flasks containihg 50 mi of
figuid Sauton's medium, and were Incubated without agitation.  Cells ware grown to early
exponenlial phase (~21 daya), and harvested, and sterle glycero| was added to a final
concantration of 10%,. Ceall suspension was dispensad Inlo Wbes and stored &t 707 until
required. For furlher studlas, hawed suapansions were added to 50 ml of Sautan's madium

cantaining 5% tyroxapol (Sigma) and incubsated at 37% € to midexponantial phasa,

Determination of MICa of 150 and now darlvatives.

1560, @ disrivative of Miouraa was a gift from M., Colstan and P, Draper, National
fnstiiuto of BMadical Rosaarch, Losdan, United Kingdom,  BNow dirfealpaed ol 1iouresn wore
included ne shown Tabla 1; the synthesis of 1S0 and now domatives will be documented
sepattaly.  Tha MICs of 150 poed now darvatives In lguid msdlum wam doetofminad by
picreplato alamar biue nusoy which was modifiod from tho method of from Yaofko eof of
{1545, Brofly, Inocula wore prapod ifom M. ibemiosis alinical Eolato Catls were grow
n Seutor's median W0 o ubidily sgual e that of o No. 1 MeFarland slandard (=20 HJI
CrUmmb. Sorlal diuflons of 150 wera prapared from DMS0 stock In Sauten's maedium
Fram oach diution % ul was than Inoculated imte 85 pbe! salturas (hal had been disponiod
Inte eloar-siotomed, BG-well microplates prior o adding thicoraa.  Duplicate reatmants wilh
difforent concentrations of aach thicures ware parformad.  Four confrols wers inciogded
which comtamed madum enly, culturg only, madiun plus DMSO. and oultune plus DMS0
Al the autset. 10 ¥ Atamar Bluo solulion (Acoumed; OH) was added (o the vontrols.  Altor
avarmght inculation at 4770 in o moEture-sontmbed chambar, Alamar Blue was addad o
the #ll freated walls.  Plates were furthen incubatacd, and the: color in each treated cullure
wans recordid untll he cotar in the milliare contral lurned pink. The MIC was determined as
the lawast concantration of 150 in whish (he blua dya in Ihe freated sollure did nol turm
pirtk. Antimysobactanal actvity of thioureas against M. tuberculosis was evaluated based on

tha MIC values,

Determination of effects of IS0 and new derlvatives on the synthesis of oleic acid and

myecolic acids, M fuberculosis chnical 1solate ware grown n Emlof Souton’s medium m a

[



thipureas included compound of COB, C26, JODD18, JOOD28, JODD4ES, JODDAE) and
INH) was sdded, The cells were then incubated with gantle shaking for 8 h prior to adding
(1.2- \Clacetate (110 miCimmol) (Cupsnt NEN; Bostan, Mass.} at 0.5 |LGiim! to both conteol
and drug-ireated culturas which were further Incubated at 377C with gentie agitation for an
additionsal 18 h. Tha rasulting {"E}-labalad celle wara harvested by centrifugation at 2600
x g, and washed twice with saling and onoca with sterile water (Siayden et al, 1856}, In
parallsl experments, M. tuberculosis H3TRa was grown in Sauton's misdium 1o early
axponential phase, pre-incubatad with IS0 far 6 b and exposed to I1r2-“G:mu:atam for 12 h.
After Inbaled, nells were harvested by centrifuge at 3,000 g, Fatty acids as well as mycalle
aolds woro darlvatized to be methyl esters as followad, The [Hﬂl-lﬂbnlad control and drug-
treated cells wera resuspanded In 2 mi of 15% teimbutylammontum hydroxide (Skama; St,
Leuls, MO) and sapenifind at 10070 avernight, -After cooling, 2 ml of water, 3 ml of
dichlaromathiane and 300 L of ladomethans (Aldrch Ghemiosl Co.; Miwaukes, Wis.} wers
pddod o the &ntire reaction miktura which was then shokan on a ralling shakar for 1 I
After cenirifugation, the upper tayer was discarded and the lowaer organla phaso was
washed Miee tmes with 3 ml of walsr. This washed lower phose was dried by a nitrogen
Moy, extrootod with 4 ml of diethyiethorn, sonleatiad fer 5 min, and cantrifugad st 2500 X g
(Desktop Contrifuge), Tho alhoranl eximel was lransforrod into new 13 % 1001 glass
Wbiis, driod. and resuspended in 200 L of dishloromathane for counting of radlioactivity,
Finnty, an aliquot of the aximcs containing fatty acid methyl estee (FAMES) and myoolic
ekt mathy| oatan (MAMES) (20 pl) from control std cureas-trostad calla wona subjectad
to thin layer chromatograpty (TLE) on sillea gal plates {alllea gal 60w, Merck: Darmstaadt,
Gemany} with fad baen mpregnated with 5% silver nitane and activatod (Morrs, 1966).
After b plates wara dovaloped four times in palroleum alhar-acalong (8 10),
auldradiograms wera produced by ovemight exposure at 70°C to Kodak X-Omat AR filn.
Separate bands of FAMEs and MAMEs were marked, oul from tha TLG plates, and placed
dirsntly iy 10 ml of EmLUHTEm.{EtrﬂILnTm T”; Cosla Masa, CA), and radicactivity was
saunied (o estimate the degree of inhibitien of tha synihasls ol oleic acid as well as mycallc
acids. Oleie acid mathyl ester standand was visualized by spraying with 180% sulfunc ackl
and gnlsaliahvilz [Dunph;: ot al. 1867).

RMNA isolation M. fwborctiosts was grown In Saulan's medium for RNA isolation and

subsEquent roverse transoription PCR (RT-PCR). Total RNA was isolated from A,



tubsreulosis as follows, Cel| peliets were resuspended In 94 LUl of RNase frec water
cantaining RNase inhibitor, The suspension was then senicated 2t 4 °C for 10 min followsd
by tha addifion of & LU of 3 mgiml lysozyme. After Incubation at 258 7C for 10 min, the 800

Hi ot phenol and guanidine thicoyanate was added, The homogenats mixture was stored
for & min &t room temperature to parmit the complete dissociation of nuclsopratain
complaxes. The following step Is phase separation, which performed by adding 100 Ll of
chloroform o homogenats mixturs, Resulling samples ware (hen shaken wigorausly in
seconds and allowed to stand at rom temperature for subsequent 15 min, Sampls tubes

ware then centilfiged at 12,000 x g at 4 G for 15 min. Aftar cantrifugation, the mixtures
was seprraled |nfo three phases; aquecus, interphase and amganle phasa, The aqueous
phase, which containg RNA was transforrad with caution to save the Interphiase and
organle yers, RNA pallet was Turther procipiteted Dy tho addition of absolute eoled athimnol,
0.3 M sodim aceliste wnd 1 L4 of 20 mgiml glycogon. The resulting pellet waes washed in
7% othanal, drisd ot room lemparatun, and solubiized In Riang fros watar, The prurifiog
RMNA was subsequently used In RT-PCR for determination ol he exprossion of dosad,

RT-FCR for dotactlon of the expresslon of desAd. A ravema Iransctiption and POR wara
earlad oul sacquontially in o singls lube using RT-PCR basds, Exsh roomssialie baad
cantaing M-MulY revarse tanscripatase, RNase inhibltor, buller, nuclootidos and Ty DINA

polymerase. Tha anly additionsl reagents neaded (o composa the reactions a1 bUi of 20
pmol of each primor, and 30 Ul ol BNA femplate in Riase fme waler, The BT-PCR
raaction was canducted in & pragrammable mastergradient thermal maching using spociio
desAd primers, GET GAC CGA CTT AGC CAT ACG CTT, upper priman; AGE AT AGG
TOT ATC GG AC TGC O, lowet primer, Thi thatmal progrm invalved raverse
trenscripfion at 55 ©C lor 30 min, lotlowed by tha Inllial danaturation at-84 °C for & min,

The amplification was performed for 35 cycles of deraturation at 84 °C fur 1 min, annealing

snd extension at 72 °C for 1 min, The final extension was set at 72 °C far 10 min
Negativa controls, which contained all reaction components excepl RMNA template, was
inchuded to datect carry over nontaminafion.

For expariment to determine whethor transcribed RNA or contaminaling ONA was
amphificd by this protocol, purifiesd neckeic-aclkds wers subjected to DMase and RHase
treatment pnor Yo cDNA synthesiz and PCR. I biriaf, DNass reaction was performed In &

matal volume of 30 LU containing 1 unit of Riase ires DMase and RMA templais. The



reaction mixture was incubated at 37 C for 10 min. Subsequanily, the enkyme was

mactivated at 80 C for 10 min. Tha rastilling DMess-treated RNA was subjectsd to RT-
PCR. To ensura that tha DNass reaction uvsed was an optimal condition, the DNase cantrol
reaclion, which containe RNase fres DNase and DNA templats was included. After
Incubation for DMAse activity, tha latter reaction mixture was subjected 1o PCR.

Again, to assure that amplicons derived from RT-PCR was originated from RNA, the
control containing RiNasa was parformed. Briefly, RNA obtained from extraction procadure
was treated with 1 LU of 10 mg/iml RNase. After incubation at 37 G the RNass reaction

was tarminated by heat inactivation at 80 °C for 10 min. The resulling RMasa froated RNA
wan used a3 a conlrol mplata in paraliel with RNase untreated RNA, which hen were
added directly to the mixture of RT-PCR reactlon. The control RT-PCR was complatad by
our slmpla protocol as descrlbod above

The amplicans, obtained from RT-PCR wers analyzad for 341-bp fragment of M.
luibereidosis by 2.0% agarose gol olactrophoresis in Tris-borato-EDTA (TBE) bultar (0,089
M TrineHE, M 8.0), 0,044 M Borle acld, and 0.001 M EDTA), Electrophoresia wiaa
conducted of 100V lor 1 h, Goels were stained with athldium bromide and visualizad by LY
translliuminaton

LightCyeler Raal-tinmn PCR for quantitotive dosA3 transeripts

Tha opfimized conditions In conventienal RT-PCR and LigMCyelsr meal-tme PCR (LC-
PCR) was appliol lo develop LightGyclar real ime RT-PCR (LC-RT-PCR) targeting 341 bp
of the desAd transcripty. In LG-PCR, the desdd amplicons werd ampliied 0 the reaciion
soakd capllary lube using o Rocha LightCyolar instrument, Flrstly, the "HatStan” rasition
mix was praparad by pipgeiting the fofal voluma 60 U LightCyeler-FastSian reaction Mix
SYBR Graan | [nlo the LightCycler-FastStart engyme (LightOyoler-DNA mastal mlx, Reche
Liagnostios). After gentle mixing, the resulting "HotStan" meaction mixlure iz raady for a lnal
volume of 20 LI sach reastion. The component of LE-PER In & final volire of 20 L
meluded 2 L of raady th use reaction mix which conteing Teg DNA polymarass, restion
tutler, decxynucleoside riphosphate mix, and MgGl. An aligust of 10 pmol of each primer
correspanding 1o/ 341 base pairs of M. lubarcuiosls desAd gene as used In coenvantional KT-
PUR was applied again. To determing the oplimal concentration of Mglls the concantration
of MoClywas variad from 1 to § mM. Prior to POR 4 pre-incubstion step (85° far 7 min)
was parforned to activated the Fasistart enzyme. The FCR consisted of 40 cycies with the



follewing thermal sequences: 95 C for 108, 70 C lor 8 S, snd 72 .C for 20 s. the reastion
was. parformed in capillary tubes in LightCyeler Instrument.

Far LC-RT-PCR), the réaction mixture of tha real-time RT-PCR was composad of
raatiion mixiure contalning 10 pmal of each of the primers, 4 mM MgCl; and ready to use
real-tims RT-PCR maction mixture, The RT-PCR conslsts of the reverse ttansaription &t
55° Cfar 60 S snd PCR cyclas. Inltial denaturation step In PCR was parformed at 85° ¢
far 40 8 fillowsd by 40 cydles of two-step thermal saquancas: (957 C for 10 5 and 88°

tor 10 8). Amplicons were datestad by flucrometer equippad with the LightCyolar machine
‘and data acquisiiion was tacilitated threugh the detection of the flusrescent dsDNA binding
dya, SYBRE Grest, Tha melling temparature (T, ) was used 1o characteriza the amplilisd
mroduct, When the amplification was complsted, a melting program af from 80 to 93 G af
02 ¢ /5 with eontindous monitoring of tha fuoraacenca, A negatlive contrel, which |s &
renction that tlemplate RNA, way reploced by the PCR-grate waler was run with samplas,

Determination of affacts of thiourea on tho axpression of desAd

Roouitly doveloped LC-RT-PCR targeting 341 bpeof dosd 3 enscripts was applied to
dueterming the affects of inureas on Ihe exprassion of e desAd in M. hubarculosly, Brinfly,
M. fubaraidosis was grawn in & mi of Sauten's medicm in o et of cullure Wubes to early
naponontial phaso, ol which point 150 and INH was sdded 1o o ingl eoneentration of 2.0
Mafml. Thio colts wera thon incubited wilh gentle shaking for & b prioe to confrifugation o
4,000 g tor harvesting, M. fuberculiosis RNA was extracted as doscribed previously, The
rasulting RNA wos subjectad o quantifcation of desAd trameeripts by LO-RT-PCR,



RESULTS
MICs of IS0 and new derivatives
it i3 impossible to find accerd N the literature on-a standardized means of measuring
MICs applicabla to the differant physical properties of drugs and different mycobacteria.
Accardingly, MICs were avaluated under the definad condilions described In Materials and
Mathods, with spacies of M. fubercuiosls selactad to reflact clinical appllsetion. Isoxyl, &
thiouraa, and naw darlvatlves were subjected to & svaluation of their in vifro activity against
-spacies of M. tuberculosis by applying our dofined quantiafive micropiste alamar blue test
I'n{n:_rl"{rlr:'g' the uso of Suaton's lguld medium contalning 0.5% tyroxapol, The Alamar Blus
‘oxidation-reduction dys was appllad as an Indicator to detarmine the MIC of isoxyl and new
darhvatives In M. tubarcidosts. In this assay, the blus, oxldized form hacomes red due o
this normal redox reactiens within mycabactardal calls and thus the red color repressnts ool
viability.
Tha MIC ol 150 fof M. fubeeculoss as anslyzed by micraplate alamar blue assay
was Ify the ranga of 0.30-1.25 Ligiml comparad to published values af 0,02 to 0.2 Jaiml for

INH and 6 to 10 Plgdml for ETH (Bemsteln, 1952) The MICs of tho newly synihosized
disrivalives of Iisunes (Fig. 1) (Dedvatives of thisuda ncluded compound of CCO, ©28,
JOCIEN 8, JOOOAE, JODDAS, JODODEE) agamst A fuborcuiosis wara o the range af 0,30,
100 Ji'ml Undar this test conditions, soxyl and now darlvallves exhibllad potint
antimycobncterial notvity agsnat chinizal lsolate of M. fubsrculoals,

Selective effects of 150 and new doerivative on Inhibitlon of slale acld and mycalic acid
synthesis,

Fravious studiea with [1 .E~“I:|auata:s a5 a procursor of fally acld symhasls shewid
that 150 inhibited the synthesls of both myeclic agids and shorter ehala-fally acide in
M. lubareplasls (Phalsukalr, ot al, 2003}, Iniha lalies mspect, 150 diffarad fram INFL and
ETH, suggasting 8 differanl mode of acton of 130, |n s study, effects of S0 and
thicurmas on the synthesis of olaic acld, a major unsalurated fatly acid, snd myselic agids
werg determined. M Iibercilos’s Was grown in tho prosenca and absence ol 1SCEand new
terivatives, following whith cultures were labeled with {1.2- Clacotats. Extracts containing
[I*G]Iahalrad fatty acids and mycolic acld melhyl estars ware prepared from unireated and
[hlcireas-traated. M lebersifosiz cullures and anslvzed by argeniation-TLG. Combined
MAME= and FAMEs were resolved and fractionated on TLE plates: The reslts

demonsireted a decrease in the incorporation of radicactivily’ inte FAMES and MAMES in the
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presence of 150 or new dartvatives (Fig. 2), With the use of oleic acid standard (Fig. 2), this
simple means of analysls demonstrated that isoyl-and new derivatives inhibited the
synthasis of cleic acid. Methyl ester form af elele acid was applied on the Impregmentad
TLC plate. The olsle acld standard could be visualized by staining with anisaldehyds and
10% sulfunc soid a4 describad previously (Fig. 2). The decreasa in the incorporation of |1,2-
" Clanstate Into alels acld was quantitated by liguld ssintilation counting. The inhibltien of
isoxyl and new derivatives pn the synthesis of mycolic acids could be ssan (Fig. 2},
According to ene-timensional TLG plates, lsoxyl al ita respective MICa Inhiblted the
synthesis of fatly ackis and mycolic acids defined as to Ol-mycolates, mathoxy mycclatos
and ketomygalates by in M. fubercuiosis H37RY (Flg. 2).
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Flgure 2 : 24 Identification of separatad Mycobacteniym fuborcuingie Olait acid using
oleic aeld standard in form of methyl sther, Lana 1-2, fsfiy acid from M. Iubercufosis:
Lare &, standard of oleic-acid; 28: Lane 1, confrol; Lane 2, JOD38 2 Llgfmi; Lane 3,
JODE5-2 }lg.fml: Lane 4, JODDE6 2 Lgimi) Lane 5. confrol with DMS0




The general affects ol isoy| wers in accordance with those reported by Winder et sl
(1871}, Le., a gensrafized Inhibition of fatty scid and mycolic acid symhesis, The spproach
pxtandad foan axamiration of theeflects of isoxyl and new danivatives on oleic acd
aynlhesis confinmad a selechive action of thioureas, in the presence of soxyl or new
derivafives at conceniration a3 ow as 2 Llgiml, there was an apparant decroaga In tha
synthasiz of oleis acid concomitant with ‘e partial inorease in the synthesis of saturated fatty
seid (Fig: £} Measurement of the radiosclive counts in the retevant bands establisted that
IS at 2 Jgdmi Inhibited olele acid by 60%. Clearly, new derdvatives wira also Inhibied (he
Incorporation of [1, E-H(:]ﬂuﬁlal& intd olefe acid and resolved mycolle acid (Flg. 2).

Comparisons of the effocta of lsoxyl and now daerlvatlves of thiourea with those of INH
an tha synthesls of olele acld.

Lampanszon of the effects of IS0 and the dervatives of thiouras 10 hose of INH on
olala noid seid bigsynihesis was studied through cell labeling with [1 .E«“i:]m:rzrtufu- The
offects of oll thete drags waie similae in that the synihenia of mycolls aald aoids wan
inhibited. hMora importantly, 150 inhibited the synihests of olec ackd bul this etfect had not
boan obasivod wilh INM In M, Nbercgiosis, suggeating that target oF diag) meght e ciffarent
(o) ol v dorfenlivis wiar ol g mhibitory offects on e syninesis of olelo soid os

shiwn In Fig. 2

Duetection of tho axprossion of dosAd by RT-PCR,

In the wroplification presanted 0 this-study, prmens spacihio for M. fuborewfosis dosAd
was dealgnad raaullltg n s dligls band ol PCR predust @ the size of 341 bp a5 anolyzed
by agarass gul alectmphorssa, Speallioity of primers for M, (oberewiosis woro fuithar
analyzed with varibus myccbacterm| genomic DNA as wall as those of othar organisms.
PR produst dose not exist with other DNA Indicating spectlic of the piimers. Flgure 3
showedd that The promers desined aod used ware spaifio for M, fuberouioss inoluding M.
bowle, which classified as to a mambaor of M. ubsroulosis complax. RT-PGR targetiog the
340-bp region of desAd spacific for MoOlubarcifosis was Tufdhor develobxd.
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Figure 3 Specificity of degdd prmet;: Lane M, DNA macker; Lane 1, MG dnboroulosis
(HATRYY; Lune 2, M, tuberclosis (elinical isolate); Lane 3, M. smogemarts, Lung 4, M, vy,
Lang 5, M. kansasti ATOC 12478; Lane &, M. avinn ANTCC 2529 Lane 7, M. gordonee 3304
Lone 8, M. inpracellufore ATCOC 18950 Lane 9, M. fortuinom ATCC 23048, Lane 10,
Momarinym ATCC 927; Lane 1), Mserofulopom; Lang 12, Negative control,



Subsequently, the conditlans of convenfienal PCR were further applled to set up &
system of conventionsl RT-PCR and regl-tima RT-PCR. It proved thal the RT-PUR product
was dorresponding to the presence of RNA templata in the reaction by the use of Dias=
and RNasa (Fig. 4).

Using spacific prmers resulling In a-single band product of RT-FCR as showad In Fig
4, Tha desAs transcript was detected by RT-PGR during axponential growth emphasizing
the imporiance of enzymatlc product and funclion (Fig. 4).
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Fignure 4 Detection of mRNA transeript of M. tubsretdasiy desd by RT-POR.
RNA wolated from M, teberulosis HITRv was subjected to eDNA synihesis,
PUR, ugarose gel electrophornsis, Replicate RNA samples were treated

with DMuse prior to e DNA synthesis. Lane 1, DNA marker; Lano 2. O Mg
Latve 3, DNusc.amd R MNase; Line 4, Negative conteal
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Flgure 5 Determination of allact of thiourea on tha expression of M1 vbercidosis desad by
canvantional RT-PCR. Lapa 1, ONA Marker; Lana 2, M. libarculisis withaul iyl

treatmant; Lane 3, M. fuborculosia with [soxyl Weatment at 2 ug/ml for 18 1 gxposire,



Quantitative analysis of M. fuberculosis desA3 transeripts by conventional RT-PCR,

RT-PCR targeting the mRNA of desA3was successfully developad and could be
detect des3 trapscripts. Howsaver, quantiative analysis of the expression of desA3
transoripts could not ba echieved by the conventional RT-PCR. Thig applleation cauld nat
ba able to determing the difterence in small amocnt of MRMNA of desA3, Figure § showad
that the diffarance In amount of deadd transcripts could not be distinguished at the end of
mulliple cycles of convantional RT-PCR (Fig. 5)

Guantitative analysis of the effect of 150 on the expression of desAZd by real-timae RT-
PCR.

Wa deslgnad a reiltlme RT-PCR appronch using the SYBR Grean 1 flugragcant dya
and the LightCyclor. Primers deslgned e amplify & 341 bp of dosAd of M. tuberculosis in
eenvantianal RT-PCR was appllad In réaktime RT-PCR. Wa used Ihe aams primers far
eonvantlional PCR and LightCyclor, because the target wos smmll anough that thig mpld
cycling worked wall, The eatabiishment of real-lime RT-PCR was succassully performed 1o
guantitate rmnscrpte of M. fuberoulgis desAd, Thi LighlCyélar realdimo RT-PCR win
nimipla to perlom and imerprot and was able to quantify M, lnbercwlosis desASiranscrips,
Vary fast amplification of DNA In small volums ean be continuausly monilored wills o rapld
ayQlar that incorponytis Nuormetric deteation. Tha 34 1-bp cONA lamplabe wis omplified,
wnd the RT-FCR product was quantitatively detacted using SYBR Greon | shemistry, The
scesmulnlion of PCR product was monltorad by measuring he level of lluorescance: The
usi of SYBR Grean | In o real-timi PCR assoy pamilttad he quantimiive detection of RT-
POR product. Based on tha princlpla that PCR predudts s labeled by fiuorescant dya In
cach found of raal-time PCR eycle, PCR products could then be monitored and quantiatsd
by (naaguring the lavel of ludressence (Fig. 6).
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For afficient amplification by real-time RT-PCR, i iz ezsential to optimize the targst-
apacific Mgl concantralion, Tha result of affects of MgCl, concantration on tha
amplification of desAd was shown In (Fig. 8). The PCR preduct was ebeerved to
accumulate in an exponential manner. The soncentrations of Mgi? also sifected the
efficiency of amplification, Il ean be saan thal ihe signal started to risg al differam imss
depending on the efficancy of ampliication and the DNA concentration. The concanirations
of DNA dose not affect the Interpetation of the Tm, When the amplification was complated,
o meliing step was performed, In which the temperature of the tube was slowly [ncrease 1o
analyze tha metting patiem of PCR product. Melling pattem was monitored directly from the
LC Instrumant. Within 45 min, tha LightCyeler (LC) method amplify target sequonce without
the need of any post-PCR sampile manipulation. The approach described here s rapid,
redlaties and shmple and can be used (o estimate relatively levels of transcripts of desAd
M. lubareuloss colls. As oxpoctad, Iho feaklms RT-PCR provide a single peak of tha RT-

POR product which had 8 maling eurve was squivatant 10 80° G approximotely
corresponding to 34 -lragment of desAd RT-PCR product (Fig, 7).
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Flgure 7. Roprasontativa axperimental meliing pattern for 341-bp ragmen

of M. tubareulosts desA2  The tamparature of the tube was slowly increascd 1o analyze
tha malling temperature of RT-PCR product. Maiting pattam wiaa manitarad dimctly
from the LG Instrument.



Agarose gel electrophoresis of real-time RT-PCR product indicated the single product of the

reaction, which has & melling polnt at approximately 0% G ls equlvalant to 341-bp specific
ty desAd saquence (Fig. B,

Demanstration of effects of thiourea on the expression of M. tuberculosis desAd

Thia usi of reakfims RT-PCR demonstrated that the ranscripts of M. huberouloss
desad decreased whan M. fuberoulosis was Wreated with iscxyl at 2 Lalmi for 18 h (Fig
8), Using this technology we found (hat desA3 transcripts of M. fubsrewinals decressed
when calls exposed Lo thiourea,
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Flaure 8 Agarvse gel electrapharasis for verilication of real-time RT-RCR produdt,
Realtima RT-POR produst was verified for 341-bp fragment specific o the portion
af M, fubercilosis desAd gone-hy 1 % sgamse gel slsctrophoresis.
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Flgura 8 Anolysin of e offect of thioures, moxyl, Gn the expression of desdd in
Mt nborculasis by raaklimo RT-POR, A; Flueraseance signal detected In
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DISCUSSION

The devalopmeant of new anfiubercutosis drugs |s essantial in combating drug
ragigtant M. fubsroulosis. |soxyl (IS0), a 4, 4"dilssamyloxydiphenyithiourea (4,4'
ditscamyloxythiocarbanilide; thiocarfide] (Winder, 1882) is an old drug used for the clinlcal
treatmant of fubsrctlosis in the 1960s. Titscher (1968} and Urbancil {1966, 1970)
demanstrated modest therapeulio efficacy of thloursa monotherapy in cases of untreatod
pulingnary tuberculcsis of vancus degraes of dificulty, The drun wes abla ta conven about
£5% of bacterologleally chronlcally positive cases fo negative afler 610 B waeks of & g of
IS0 dally. Howaver, whaon the treatment waa extended th 10 1o 18 waska, abgut 50% of
tha patlent population hed their spula converted o neagative (Kampalmann, 1970), Schimid
(1870) cancluted that combined INH and 150 was mom oflective than monotherapy with
althar drug. It had been noted in the aarly 1850a thot 180 exhibilad sireng
antimycobactarlal activity [n vitro (Winder, 1882), A note from Winder, et al. (16871) showad
thaid Nkee INH and ETH, 150 strengly InhibHed myeolle aold synthesin in Mycobaeiadiom bovis
durlng O h of axposure to 10 Wgiml, 150 also partlally nhibled the symthess of the fatty
nelids of fraa lpids, which were stirfiulated by INM and ETH. The oxamination ol effsits of
Whkeutan i M, tubarcufosis may enobla s to dofing s mode ol actlan,

This resgulls of [he MIC studies show Ihat [soxyl is cagabilo of Inkiblting the growih of
clinical molstes of M, (uberculosie. Tho organlam oxbibited suscaptibiity 1o woxyl when

expofad 16 soxyl in the rmange af 0.3 te 1.25 ghml, tsoxy! is a-substiuted dlacy! thioures,
and pravicues sludies had demonstrated thil the thiourea nuclaus |s racuired for
anlimycobactansl activity, 10 tha hops of genarating more-allectiva variants, randam
substitilions were made in tha sldo chalns attachod to the key stfruclure,  This strategy
restifted in an array of new dorvativos of aurea with varalipns in the symmetry g
asymmairy of the side chains attached to the key structure. Some denvatives: of thiournas:
lor instance, the: butyl dervative of thiourea (Phetsakair stal, 1999) the first synthosized
thivurea derivative, possessad low MICs {01 1o 0.5 ug/mil} and was chosan for further
evaluation of its effects on myecobactara, Il was demonstrated In this sludy that thlourea
derivatives with different side chains were effective against M. fubsroolosis-clinical isciate.

Fotental new iargets for entimyoobactenal drug development may exist among the
-zyninetic enzymes nesded fo make the unigue lipids producs by mycobacteria, such as



fafty acids and mycolic acids (Parrsh, =t al, 2001), Recently, it was reported that fameyl
Inhibited the synthesis of olele acida and caused ascumulation of staaric acid. Basa on the
specifle Inhibition It was proposad that made of action of Isoxyl is through the inhibition of
97 desaturase. Olsic asid Is the most abundant unsaturated fatty acids in Mycobacterium
spp (Ratledge, 1982) and iz 8 vital constituent of mycobacterial membrane phospholiplds
fﬂ}r.ug,rama_}&’[ ak, 1867; Walker, et al, 1870), whera |l apparsntly plays an essenfial rola In
mamirana physiclogy (Los and Morata, 1998} A1 physical tomperatures, priospholipid
cantaining anly saturated fatly ackl cannat form a lipkd bilayer, but the Introduction of
appropaate latly scids decraass s the Fansiion om gl to the figuid erystaline phases and
provide membranes wilth necessary Muldity far phystologioal function (Stubbs and Smilh,
1904; Russel, 1984) Hagel, 1995; Holslay and Gordon, 1984}, This report showod that
keooryl Bnd new dervallves are offective against M, ubsrewiosis and Inhibited the syithesis
oF alele acki which (s an impottant melecule to colls, Tha vital funclion of olee acid pad fo
the conotugion ihal e Inhibitian of s synthests leads to cell daath and the ANEYITEs
Invelvistl i oleic acld synthesls are probably ol target Tor druge effoctive againet ML
tabergi)ogis

M kay tochnltue ot analysing purthiod RNA is exprossion anilyels Ihfough quaniliathe
renldima POR. RT-PCR can bo pedormed In either ona o two staps. depanding on the
enzymes, primam and buflom used, Tho one-step realdine FT-RCR approach proseptad iy
i stucly was able o quantity M, fuberoaosis deadd Iranseripts. Tha primers dosignod
conforrett spaclos speaificity iIn PCR assays, Based on thi notlan that PIRMA 16 present in
viable baotern and vulherabls 1o degradation upon call death (Albart el al,, 1948, Gabrisile
ol al,, 1945), e presence ol mRNA may Indiate call vigbility (Hal, 1989; Patol, 1983). Thin
RT-PCR nssay, which is-able o tfetoit mRNA mixy be yseful In datestion af viable M,
fubsriailosis In & nomber of clinical situations, Gomparing to convertional RT-POR, which
tetect PCR product at the end point of POR aycles, Iha LE-RT-PCR soupled to fluoragenic
detection would provide suparior advantages espeoally n e of rolative quantitallve
detection parficularly when bsed to determina the differance in amount of mMENA In small

soales.

An understanding of the spezific mode of actian of 1zaxyl invoivad e defining. of drug
sffects in W twberculosis i mportant b the search for new anllmycobactarial drug targots
and for the development of nore effoctive shemotherany, It is prudent 1o re-sxamine drugs



Whal were formarly deemed effective against tubsrculosis. We canclude that Isayl and now
derivatives hava antimycobactarial activity. Tha unigue mechanism of imoxyl and new
thioweas derivatives on the Inhibition of alelt scid was abssrved. The reduction of cleic
acid m:':i::ﬂells-wzcs due to-the inhibition of enzyme involved In clsic acid synihesis, the 8/
tesalurase. The decrease |n the expression of desA3 may be related to the
antimycabacterial activity of thisuraa, which resulted in the decrsase of collular metabollc
Tate, lsoxyl and new thiourea derlvatives inhibitad the growth of M. Libsrculosis and hance
matabolic rale was retard and may cause a decreass of desd3d gene axXpreasion in M
tuberculosis. Further study to davelop now generation of Inhibitors of olale acid synthasls
and othar spprosches to show thal desAd is an essential gena for M, tubsrculosis should
b prsLied,

CONCLUSION

Iyl nd new dervitives ol thiaurean pessess antlmycobsatatial activity and ot

cffective ngainot Mycobagterium tuborewtosls clinieal fnakile with MIC of 0.90-10.0 Fepimi
Thar selectve action of thioures, lsexyl and now dorvatives & on ha inhibltien of olela acl
syrithasls. The expresslon of desAd, a gene that encades he 94 hanaliraes Involad in
he synihesis of oldis neld axlsting in M, tubrrewosis indicatet the Impotancs of fen
tunetion, The use of real-imo RT-PCR damonstmted that the trnnsarpte ol M. fuberculosis
dosAd decroasod when M. tubsrowlosis was treated with lokyl ot 2 LLigfmi far 18 b
Dlssation of effects of Misurea an M, tulidreuiosis thoralore, revealad & promiso of now
anfituberculosis agents and o new thorapautla new g -target,
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ABSTRACT

soxyl, & thiouraa (4, 4' disoamyloxydiphenyithioures) and new synihstc genivalives were
Imvestipated in vitre lor their antimycabacterial activity against Mycabactanum tugscaisis. By
amplaying the repld micropiate slamar blus-assay, lsoxyl was shown to be fighly sffective
againat dinkal isokte of Mysotacterum lubsrmulosis with MIC of 0.30-1.25 [g/ml. M
dotivatives aiso exhibited potort activity agalnst M. tutiercidosis with MIC In the range of 0.30-
100 Hgimi. The ssiective mads of action of thiourea was demonstmtad by whole cell labeding of
M. tubsreciosis with [1, 2 -C | acetae. Analysks of labeled fafty neids by thin layer
ehromitography (TLG) demonstrated (he inhibitory affocts on the synthesis of cles ecid,
indicaling a unioue machanism of oction, The specificly of the inhibificn on clelc aoid synthean

pointed fo n (B stedroyi-desmurase as a drug target The tmnscripls of e M. fubsrculost
desa 3, which wncodos AR stsaroyl-deraturase, weore doticted by revarse tamerition
polyimatass chaln reaction (RT-PCR) demanstraling ihe exprassion and imporanca of enzymalic
funotion, & més LighiCycler mai-ime RT-PCR was. duvoloped o monitne the axpression of
dosA3 it respores to Iicurea, M fubsrtglis’s RNA could be eaxtractod by Ihe ume of 8 modified
pommercially ready-o-use guaniding-phenal-extaction mathod . The single tube raction of real
fime RT-POR was gsoriormed In glass caplilary containing (e SYBR Green | dye aa a detection
sitinat. The amplification ol 341 nucleotide raglon of the desAJ gere specilic for M. fiberoulosis
by rasbtirn AT-PCA damerstiated thal desAs iransofipts wesa diminished in oslis sxposad to
thiggres. These fesults confirmad that thioures is'a novel antitubsmutosis agant wiich had
specific mechansm by Inhititing Ihe synthess of olels awit and affected the sxprassion of
desad n M fuberuioss We propose hera that thioureas serva 38:3 promisng sonpound for

futurs anttubercuinsis drog devaiopment 'ﬂMDﬁ.‘ﬂ- is-a naw thecapeutic temat wordhy for
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furthier study,

Tubercsiosis confinues to ba ha leading cause of death caussd by Infectious agent
worldwida (Bioom and Murray, 1952). The prevalance of tuberculosis, paricuiary i concar wit
HIV infection-and AIDS, has bean wall tecumented (WHO, 2002, Williams and Dye. 2003} In
this regard, It s estimated that over 8 milllon pecple contract Wbercultsis each year, ond
approximately 2 10 3 milion peagle dis of this disease (Murray and Salomon, 198&; Dye et al.
1684), In addltion, it B though! that &s many &3 2 billlon peeple have been exposad ta tha
Wibarculosis bacilus and are tharafore:al nsk of doveloping active disease. This problem s
furthar compoundad by & dmmmtic inerenss In milldiug-redistant siraing of A. hibarciiosis [Dye
gt al, 2007) At presant, thara & o imit of slarnative chemelharapoutic regamans, resufting In
poor tharapeufic culeamas and high mamilily rles amang MOR-TH patients (Espinal, 2003),
The devélopment of new sfactivie anlituberculosis drugs with bactaricidal mochanssma difforant
from those of the presantly avaiible agonts i3 an urgent poed 1o peovida mote effeciive
Iraatiesl ard ko sherton trestment courst to improva patient compiiancs. I s hoped thal new
drug et could be identified and mew coripaunts would bis effective against ihe growing
nutmbes of dhug-resistant stisins and againg: baclll that may be ine siate-of latsncy (Crme,

2001].

Tra thibuses Isonyl (thiocaride: 4,3 disgamyiosy diphenylihiourea), s &n ok drog and
was ysed cimcally to freat uberculosis during 19608 (Tischer, 1966; Urbancik, 1986, Urbancik,
1870} Litie wais keown of its moda of agtion. Previously, isaxyl was shown 1o have

gensiderabls antimyoobacianal achvity i vito and to bie-effsrlive against vatious cnicsl =oiates
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of muftidrug-resist=nt sirsins: of Mycobacterium fuberculssis in tha sensitve range of 1-10 pgimi
(Phetsuksin| st 21 4989}, An early note reported that IS0, like soniszid (INH) end sthisnamids

(ETH), istwyl exhibited smong inhitition on the synthasis of mycolic acids (Windsr, 1882), 2
result since confirmed with the demanstration that all types of mycolic acids are afiectad
(Phetsuksin, ot sl, 1993). In addiion, it was noted that isuxyl partiafly inhibtsd the synthesis of
shorier chan fmfty acids of res liplds (Phatsuksirl &l &1, 1838 Winder and Coliins, 1570;
Winder, et al.. 1971 Winder, 19832). which was slimulated by INH and ETH. suggesting
inhibitory efiecls déferent from thosa of INH and ETH, Recantly, we documentsd ihat lscxyl
Inhibited the synthesss of unsaturated Tatly acids Idoniified as to oleic acd. in tum, estarfied
olai acld s & direct pracursor of tubarculostearic acid (Lennorz, e al, 1962), and, themiors, tho
conpeqient wfiect of ISO is the inhibition of Wbarculostsars acld synthesis. Inhibitory affocis of
isoxyl, on the synthosis of oleic aeid and berculpstoarit acid in M, fuberculcsss was in tote-
réupengs manner with complebs inhibition st 3 pgiml. An m resull, l6oxyl chled scsurmitation of
sieanic acd in M tubeniosis and M. bovis BCQ (Phatugkeir, of al, 2003). This evidince
supgestsd hat 150 scty by hibiting A9 desalurase, an enzyme that intoduces ana daiibie
pond al carbon B of stearic seid 10 form oleic aoid (Fuloo and Bioch, 1954; Kashiwabara and

Satn, 1973, Kashiwebars, at al, 1975)

It & a fundamental and essential step (o find and validate new tetgels lor diug design
g developmeni. Blucidation of such  gene encode-enzymalle target was approached by using
molesmiar penetics, biochamical anatysis amd enzyms (nhibltors that =fsct the lmction of gens
products. Ismod wes ussd &= = tool I itentily & spesific gene ihal encodes A2 dessturase The

putlied DesAS enzyms from the M. fubercitosis was perfially chamEitarizad and shown o



incresse s synihesss of oleic a0d and wes susceplible to iowyl. These resulls vaidatod
membrane-bound A% dezstursss, DesAd, as d new thorapeutic tergst, and the thiowess s
ant-ubarculosis drugs worthy of farther development (Phatsuksir, st si., 003

Tha aims-of this study were 1o assess tha In vitro actlivity of new dervatives of thioursss
agakist M. tubercuiosis and examine potential sffects of thinurea compounds on ihe sxpression
of the tesA3 gane, known to encoded A8 dasaturase In M tubarcufosis. In this stiudy, three new
terivitives of thioureas wore tastad for capacily 1o kil M. fubarculoess In vitro by a ropid test, 8-
microplate alamar blus sssay. Effects of new derlvativan on the inhibition of cleks acld synfhesls
wan detrminied by whole call lateling using [1, 2-C 1 sodium oetstn, o procursse for fatty acid
syniliesis. Mondaring of change in tha axpression of the desAd gone 1o lsoxyl was performed by
lighiGyeher rosk-lime reverse imnsonption PR, In gonetal, the meults were promising and tha

apparent anthmycobactses) atipcty of now derdvativas af hitures could be seean

T micropiste slamar blya assay modifiod from Yajko & ol (1995), was wsad o
determine tha MIC of lsoxyt #nd new darvatives. Inoculs waero prepaed Irom M bomuioss.
Culls ware grown in Sauton's meadiim o & wrtidlty equal 1o thet of a No 1 MoFanand atandaed
{~2.0 % Iﬂ? CPUmi). - Seral dilvtions of isoxy| and new derivalives were prepared fom
dimetyisulioxids (DMSO) stack i Sauton's medium, From each dilution & uf wes then
mooulsied inte 35 Ul of culluies et had beandispepsed into clear-bottomod. Se-wall
milsropiates prioe 1o =dding the drug,  Cupiicate treatments with difforent concentr=tons of 150
were perfomod.  Fodr confrols ware included. which sontained mediam only, cullure only,

medium pius OMED, and sufturo plus DMSO, At the outsel, 10 x Alsmsr Biue soltion



(Accurmed. OH) was sdded to the contréls. After ovamight incubation st 37°C in & moisture-
controied chamber, Alamar Slus wiss added to 1hé all reatsd walls. Piates wers further
hu;t_m‘-ﬁaﬁ;andmm!urinmmmd'mﬁumwaanemmmmmgmmﬂum
controd turmed pink. Tha MICs was determined &4 the lowest soncentration of isoxyl and fiew

mmnmmm'dﬁhmawma:ummﬁmumtmﬁ

To detarmine inhibéony offect of thicureas an the synthasis of oleic ackd. whols cef
inbaling with [1,2-" Clacetate, of M. habarculoels falty bckds and mycobc acisé were performed.
Brimfly, M. tbarculosts HITRY wars grown in 5§ mi ol Saufon's mediom in n set of cullirs tubes
te sarly sxpanential phase, al which paint diffaront concentrations of sach thiourea was ackiad,
tollowad by further incubiatien gentie ahaking ot 37°C for 6 h prior  the additon of (1.2 €1
nostate (Dupont NEN; Boston, Mass.) at 1.5 uCiiml. Cells wars labaled for 18 h, haevestad by
cantrifugation at 2.500 ¥ g, and washied twiea with stline and ance with steriie water. (Stayden,
ot-al. 1966). Saponification wies cofiductad with 15% tetrsbutilarmmanim hydroxida at 100° ©
ovamight.  After coocling, dichiommeathane and lodomethan ware sdded to ponarate ntty aox)
mnthyl asters (FAMES) and mysobc acid malhyl estera (MAMES) which then weare extracted by
diethyleles (Phetsuksin. et al. 1899). Finally, equal valimes of this asdract, which contsinad
FAMES and MAMEs, were applied to preparative 2llica gal TLE plates {elics gei B0 Fe, Marck
Darmstad, Germany) imoregrnated with 5% silver nitrale (Morris. 1956). Afer lha pistes were
daveloped two limes in patroleum sthir-acstona (80:10), sutoradiograme wera produced by
‘overmight exposure of the impregnated TLC plats fo Kodax X-Omat AR fim at -70°C.
Soparsied bands of oleic acld, satiurmted fetty acid and individisal myoolic scids ware marked,
cul lror the TLC plates. placed dirsclly in 5 mi of scinfiitatlan fluid (Ecolumes). Badlesstivity

]




WES Coumed 1o sstimate the degree of inhibition of the synthesis of olsic acia snd Individua
popilations of MAMEs by Equid =seinliliation counter,

Real-time RT-PCR was devsloped and applied to monitor the changs of the expression of
#8sA3 in responss o Eoxyl in M. H.mamuhai:. Ceils wore grown in Sauton medium lo esrly
axponantial phasa, at which ime isoxyl was added to final concentrations of 2.0 Hgiml To
contred csll numbers i bath control and juoxyl treated culture, celts wers hirvestsd aftar B B
BXpasus to the drug. Total ANA waa than extractad by the se of Trizod reagant accomding o
manufactira’s instruction with modification, Briefly, calls were lyssd by sonisten ot 4 C for 10
il Folitesrad by the oddition of frsomyme (Amershan Pharmaeela] pror 1o the addiion of Trisel
faagent. Al the final step, RNA peliel was racavered by procipititing with sbsohuta cold sthandl,
U3 M sodium scetabe ond t L of 20 migimi glycogan. ey waskiod and drisd, thr purified RNA
Wik resusphnded i ANazo me water for submequint analysts to quantity M. fuborcilcsin desdd

wanuerpt by i res-lime RT-PCR.

A single-lube realtina RT-PCR raaction in.a fotal volume: of 20 L1l was carried oul In &
programimahis lightcvcler maching. [Roche) using specific desa3 prmess, GGT GAC CeA CTT
AGC CAT ALG CTT, upper primer; AGE ATE ACC TCT ATC OGG AG TGC ©, kwer piimar,
which wete S=signed by ihe Olige software (Version 8:0; Nationad Biostianco s, Flymount,
i), arid were Syiihesioed st BIOTEC, Thalland. The component of LE-PCR & a firal volims
of 20 Ll inchedod 2 LU of 72ady 1o use reaction mix, which contsins reaction tufer, ravesss
ransonpiase end Tog polymerase snzymasdNTP, 4 mM MyCh 10 prisl of the primer peirs and

SYHR Green | dys. The thermal progesm of RT-RCR corsists of Hha reverss tameeriptin 5t 557

T




C for 80.5 and PCR oycles. Initial denaturation stap was performed st 95° € for 30 2 Sollowed
Ly 40 oycles of wa-step thermal sequences; 85° C for 105 ana 68” C for 10 S. Amgiicons
were astecied by lluorometer equigped with the LightCyelar maching and data scquistion was
facliitated through the detection of the fiuarescent dsDNA binding dye, SYER Gresn The
miafling temperatute (T.) of RT-PCR product was uséd to charsclerze the amplified product
When the ampiification was complated, a malting program was condusted from £0% G to 88° ©
at 20 ° /S with confinuous manittoring of the Nuckescense. Direct sequancing of RT-PCR
product wae pergemed with-automatod sequentar waing forwand and mverss primess. Dl
AR was camied out with system software of LighiCyelar (Rocha), The amphcons ebiained
from reallima RT-PCR wore itlsa analyzod for 341-4p tragment of M, lubercuiosis by 1.0%
agarosy gel elocirophoresis A negaiive contro), whieh u & reactian that lemplate RNA, was
raplnced by the PCR-grada water was intluded 1o delect Carry over contamination.

Figure 1 shows tha slractures of soxyl and new thiourse dervalives The rapkd migroplate
Alamar blue sssay was mmploved 1o Investigala fhy inhibitary aotivty of lhese thisoreas agairs!
M. tubermuites. Resufts indizate Hhal thiouress; wero slletive against M, fubbmuissis
Thiouseas nnbied te growth ol e M, uberuloss dinles) Isodito in & dose-gdopendent
mRfner. Tha minimsl imhibitory concentration of isoxy] 18 0.30 mgil and four new dervstives
were D30, 50 and 10.0, rmspectively. Studies canfirméd the in vitrn sctivity of thicureas against

286 % 10 CFU of drug-suscaptibls sirsin of M, lubseciosis clfiicsl lslate.

Mechaniem-of-scton studies were conducted by examining the effect of thisuraz on the
incarporation of redioisbeliad peecursors of fatty Boids inlo respedive mycobsciens! oisic acids,

3




Tha inhibitory effsct of axyl and thicureas on the synthesis of disic scid i Indieated in Fig. 2.
180 inhititsd the Incomorafion of | C] from [1,2- Glaretals Ints olsie acid and MAMES of M,

tabercuicss.

Genamic lechnplogies hiove the:petential to greatly Increase the efficiancy of the drug and
drup target dseevesy. By convenlional RT-PCR, the fragment of 341-bp speciiic 2 the portion
of desAT sequence could ba detacted; The prosence of mRNA of desAI was domansteated In
M. hsbirrpiicats by conventional RT-POR Indiosling the ossantial of gens function. Fig 3 showed
Ihni the offects of imcxyl on the exprassion of desAS In AL tuberouloils could ot be abesived by
means of convitional RT-PCR (Fig 2), in atlempt o defing eftect of thiourss on the expression
of degAd In ML luberoulosis, we have devoloped a real-lime RT-PCR twgeting 341.bp fragrmant
Bl M. tubsrmsdess ¢nedd tranvacripte, The RT-FOR produst could bo identified ty: melfing cur
Rnelysis. The singla product of RT-FCR a8 lustarted in Fig 4 has. a metling temesnstur patiern
an showi in Fig 4. This reak-time RT-PCR Is able to damonstmin the change of desAd gene
axprEssion W ouma-treated M (ubendulosis. This approath provided a meseas to mpidly

vonfirmy the mode of action of thisuress involvod olel seid synikess

it s prudent 1o re-examing drugs thal were formerty deemed effective againgt ubsrmulosis.
lsoxyl is & thioutod destustive ihat was succassiully used in the 18605 o beat fiboreuinais
{Titsoher, 19585; Urkanck, 1968; Urbancik, 1970], We concluda thal isoxyl and now. dedvatives
have antimyecbsctenal activity. Tha unigue mechanisty of ow derivatives on the inhibition of
ulsic acid was cheanved, Isonyl infilbited the growth ol M. tubercuicsis and henos metsbolic rate

was-retard and mEy Gouse 8 decrease ol desAd nene sxpreEsion In M, biberndosis
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Figure 2 - 2A; |dentification of ssparated Mycobacterium lubsreuinsis oleic ackl using
olic acid standard in form of mathyl effier; lane 142, fatly acid from M. riberzudosis:
lana 3, stamtard of el aoit, 28: Lane 1, controky Lane-2, JDD38 2 pgimi; Lane 3,
IDDMS 2 jigmd; Lana 4. JODO 46 3 ugrmi Lane 6, controltOME0

Figure 3 Determination of effzct of thioursa on the expression of M. fubarcudssis desAd
by conventonal RT-PCR. Lane 1, DNA Markar: Lang 2, M, lubersuiosis without soxyl
raaimant; Lana 3, AL fubercuions with [soxyl troatmont st 2 poimi for 78 h expesure.

Figurs 4 Malling curve analysis pattant. Matting point analysis of ampiicons was
pertarmisd @ fhe end of e nmplification run 1o kentity the 341-bp fmgment of the
s aequence of M tebarslos

Figure § Analysis of ma efipet of thiourea; leoxyl, o tha oxpression of desA3 In

M. tuborcumsiy by real-fime RT-PCR. A; Fluorascance signsl detected o

M. hubarouingis withoul treatment of thiourea, lsoxyl. B Frumm ditectod
i M, hubersidosts treated with jacxyl al 2 pgim! for 18'h,
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SUMMAHRY

The thivorea lsoxyl (thiocariide; 4, 4" dilsonmyloxy dighenyithiourea), is knuown o
b an cffective anti-tuberculosis drug, active against a range of multidrog-rosistant stralog
ol Mycobacierim niberculosis, and has been uséd clinically. Little was known of Ity mode
of action, We now demonstrate that fsoxyl results In a dose-dependent decrease i the
symthiesis of oleic and, consequently, tuberculpstearic achd in M. rubercalosds with complete
imhibition at 3 g fol. Synthesh of mycalle acld was also affected. The anti-bacterial effect
uf saxy! was partially reversed by supplementing growth medine with oleic acid. The
specificity of this inhikitlon peinted te 5 AD steuroyl-desaturase a8 the drug target.
Development of o cell-free nssay for A9 desaturase activity allowed direet demonstration of
the inhibition of olele oeld synthesls by lsoxyl, Interestingly, sterculic scid, o known
inhibltor of A9 desaturuses, emulated the offect of Hoxy] un lele acld synthesis but did not
affect mycalic uehl synthesls, demonstratiog tie lack of a relationship hetween the two
effects of the drug. 'Ihe three putaiive fatty acid desaturases in the M. tubercifoxiy genoime,
devAl, deed2, and desA3, were eloped and evpressid in Myeobacserium boviv BOG. Cell-
free avsayy goil whole cell labeling demuonstrated increased A 9 desaturase acetlvity and
ulele acid synthesiy only in the des 43 overexpressing strain and sn Inerease in the minimel
inhibitory concentvation for oyl indieating that Des A3 is the target of the drug. These
results vatidate membranc-boiund A9 desaturase, DesAd, us @ new therapentic target, and
the thingreus a8 anti-tubercolisis drogs worthy of Torther development.



INTRODUCTION

The prevalence of luberculosis, particalarly m concert with HIV itfection el ALDYE, hs
been well documented (1), An cqually serious public henlth problem s mercusing multi-drug-
resismnt mberculosis (MDR-TH) {2 ) At present, only o [w altemasive chemathempentic
regimens are available, esulting in poor therapentic outcomes and figh mortality nules umong
MDE-TH parients (3), There is an orgent need to develop new effective antiiubierculosis drugs
with Bactericidal mechnaisms different from thise of the presently avallable ugeus.

It is protlent 1o re-cxamine drugs that were formerly deomed effective aguinil
mberoulonis. Lsoxyl (IS0) {thiseariide) (Fig. 1) i i thiourcs derivative that was succossfully
wsed m the 19605 to freat tibersubmin (4, $, 6, 7). ftecently, ISO was chown Lo hive
conpiderable mitimycobactorml scaivity i o and to be elfeclive sgaing various ghinal
wolases of multidrug-resintant sirakes of Mvubocterion tberculints in the sensitive Fange of
1=10 pgm! (§). Anenrly note reporied dheat 150, Jikiee fhaninrid (INH) and ethionumide (ETH),
stromdy bkt te synitherts of myealic acids [4), a el ninge confirmed withl the
demomstrition that all lypes of myeolic ackds are nffected (8}, In wikditson, it waounoted that 150
sl trikiibitod shorter ehmin fity s6id synthesis (8,9, 10, 11), suggesting shilwary effeen
dif¥rcnt froem i o LVH s ETH snd ruising the proispects of novel fuity aeid bosynihests
therpenti: targats exloilubie lor new drug dent agiimst MDR-TH.




EXPERIMENTAL PROCEDURES

Sacierial Strains and Girowth Comdirions—Eschérichi colistrain XL-1 Bloe (Strawmgens,
L Julle, CA). cutoured on Luria-Bertani brogh or syar medium {(Giboo BRL, Rockville, MB) sad
containing kanamysin 4t 8 copcenimtion of 23 /il wiss usiedl Tor geoerubng recominnan
lomes. AL bovir BCGtrain 117372 was used for whole-cell labeling, MIC deberminmiong, coli-
froe reactions, and expression of AL mberculosiz L3R didl, desih2 and dexdd genes. Liguid
cultures of M bovis NCG and M. tubereulosis HYTRY (ATCC 2571 | ) svere wrown in Sauton
isedim comtziming 0,025% tylowapel (1Y), Recoribinit A4 bovis OO clones were $elected on
Middichrook TH | -agar supplememed with eleie acli-ulbumin-dexirose-gatalase (OADC)
entichment (Difou, Detmoit, ME) (133 0 on Saulon medium conaining 20 g/l kemunyean, To
dutermine whither the sddition of (his leis achd supplement could overnde the effécts of ISLL &
serves of 10-Eald diliisiing of M fubereufinic wis prepared from stock culture it 2 filyeerl-
iliine-salts tedium with PTI5 asdleset An aliquot (5 jll of esch dibutivm was apeited on wo
types of wiar plated, thse with THIT ngar midivern supplemented with QAL of these with
pon-aiese ackdscontiinmg ADU (alhamin-tesirose-calslase), prepaced with he inehparmiion ol
1500 1o & findl concentrutions of 0.1, 0.5, 1.0, 2.0, 30,40 and S0 ugml. Al tnoculition, the
plares were mcubuted at 37C for 21 dups The wroiwtly ks and bactericilal elfecty were scoral
by comparing sire and pumbet of colonieson plaios

Wierteecoll Rathifubpltme sl Arselysis of the nvivi Effects of 1500 aned Storerelic Aeid on
Fatty Ak peed Miziie Akl Symhesia—M ycubactiin wore rown Satiton mediom ol 3770 10
Ao D230 ESOY (0 gift froms D 1" Firapier, Mutional [nstiote of Medical Research, Londim,

LK. wis addedt. followed by farhet neubatin for § 11 prior (o the sdditien of | 2" "Clacetare



{110 mC i mmole; Thipuint NEN, Besson, MA) to « final concentmation of | pCiiml. Cells wers
labelad for 24 b, harvested, washed. ssponified with 15% wetmabatylsmmomium hydroxede ar
100°C ovemnight, methylated, smi extracted (8), Extraets comuinimg eoqusl smmunis of
radinldbeled ity acid methvi csters shd myenolic acud methyl esters from conmol and 130-
treated cells were subjosted to TLC o silica gel plates (silieu gl 60F=ss Mesck, Darmatadr,
Germany) which had been impresoated with 10% silver nitrate and sctivated (14), Plites were
developed twice in petrolenm ether-aestons (9(0:10), radioactive bands were locuted by
autoredograpliy, and the oleic seid methyl esier smodard was visalized by spoy ing with 0%
sulluric acld and anisaldehyd= (13)

To mmilyre (he effecs of £50 an the synihesis of individual faty acids, extrocted methy!
wktprs wore treated with Trisillt {Piesee, Rockeford, 1) 1 silate any fioe hydnoxyl groups, and
producs were dissolvedd in hexane and injectal onto o caplilary HE-1 cobarm (5 mox 0,53 mm
L) (Swpelen Doe., Bellelote, fPA) voupled tr o Hewlett Packard HP S890 Series 1 GO with o
therrral conduetivity detéotor attectied ta a "OC-RAM™ ndla-descesar™ (Inus Systens, Tampa,
FL). The initin] colunn tefypetatine wis 80°C. which waszancremad to |ESC ot o e of
3 mitn, followed by im inenesse at the mte of S"Chnin i - final senpeniture of 345°C. The
chited peaks of labeled FAMES wiere identified by comparnson of theer resention time with thoss
of wvaltable fntty ackil nicthyl esier stondards. Anilysin of the effects of sicecutic neid, the A9
(desdturgse itiibisor; o oleic acid synthests was performed by whole-oct] labelng with
| L.2- " Clamviaite, fllowed b srgortaion-TLL ot €5 nnalysis, a6 desoribed shove. The-effct
of serculic acid and 180 on mycolic sad synthesis were comparcd by argentation- 1140
Carfirmativn of Porition hj-'ﬂuubfﬂ Bl {01 My Untsitiraied Futy Scid—Fatty acids wee

derivied from hervests of At uberudasiy 15T Ry wilih-type, M bovis BCG wildeLype, and




