At bowiz BOG overexpressing M. mibereminnty desd3 and converted b the methyl estors (8).
Methryl esters (0.3 liu_.!,_} were dissnlved in 30 gl of 3 pymidine-divsane nuxure {1:8) tollowed by
the addition oF 500 pe of Os0, i S0 wl of dickanc (16). The solution was allowed Lo stnd for
2 b &t podem tempenatire Ballowed by snother hour after the sddition oT 1.5 ml of & suspenwion of
16% NaxS0 o weater-methimasl (1:3:4). The mixiure was pradually scidified Lo pll 3.0 with BC
and extracted twice with p-hexane. Tho combined hexane extracts wers dned undet nitrogen
imd silated gs deseribed above. The ommium-nuidized-siluted products were dissolved in
m-hemane. and 1 jul aliguots wers smalyeed by GUME (Thermo-Chuet gas chrmmitogrim and
sy wpectrarmoter) ynder (e following operating conditiony: 30 m by D25 mm capillary
colmmn (Stpelcol: the oven tempemture was programmed from 60°C 1o 170°C a 0°C per
L-qmatty mmmed e [rops 170°C 8o AOPC a1 4°C min ', the carrier gas was Hel tosl muoning tire was
32 rm. The following famy seid methyl sstars, C18:1 A6, C18:1 A7, C18:1 A9, C1811 All,
Pk AL CIRY ALS, punilissed from Supelio lng. {Bellefonte, PAL were likowise oxidized
nd oyl

Celi-Froe Radeiion fur Anadvis of in viteo Effoct of 1SQ on Oleic Ackd Smthexi=The
wildd bype M e BCG st was proven i Suiton imedium supplemetal with eS80,
(F0mg/L) (171 and 0:025% Tylowapol. Cells were harvestsd by sentrifugation, resuspunded jo
(125 M sucrose, pulke-trmpled by probe somication, dmd eeninfugaied at 27,600 x g for 30 s
41 4°C. The A% stesoyl-CoA disaturass sctivity was:asstyod s described with mingr
mindifications (184) ima rection mixtre conlaining | jimole NADPH (Stgma. S Lonis, MO i
0.1 1M potssssm phosphare bulfer (ptt 7.2), and 2 my of the A4 bovis BCG 27,000 = g
stpermatant 0 # fotal volune of 1 ml. Mixures werg preincubated ln the presaice or absence o

150 (dissobved in 20yl of 2 sobution m 5% dimothybultoxide smi 14 Tiween 20) 4l 37°C for




M0 min price1o-the addition of 25 mmoles (0,25 uC) of { [-*Cstesryb-CoA (10 pClpmnl i
0l M 1| sodium soetateetanol; American Radiolabeled Chemmsicais; SU Lows, MO). Purificd
recomshiznt six-histiding tgged protein £3.7 10 22je) protuced in M Aovis BUG (sec bolow)
was added to sorme wsayk. After fitrther ineubotion at 37° for 30 min, rezcbong were terminared
by the sddition of 2 ml of tetrehuiylemmeniom hydroxide solution, saponified and by fteed.
The nidiolabelid products were resalved by srgentation-TLT m petrolenm ether:acerone (90:10,
two developronts) wmid the incorporstion of mdiaisulivity into lele acid was analyzed using o
Rioscan System 2000 Tniaging Scannce (Biosenn Ine., Washingron, 12.C.).

Diétection af M- fubirubosis deed 3 Tranpeript-M, hberculosts HATRY was mislinaingd
it Banstor broth fue RNA isolation and subsequent ICIPOR, After the additian of lysmiyrme s
prodciresse I 40 & oell Ruspension in RNwse-free water, tolsl RNA wos bolated with Teizol
reagent secording 1 the munufuckerer’s instmetions (Giboo HRL). The purificd RNA was wsed
stmequently fn RT-PCR L detec] eicdd transaripla. Reverse tninscription und FCR wero carrriend
ot sexguenitally i aaligl tibe nsing Ruady-To-Cli RT/PCR beads (Amansham Pliatmeeln).
Lach roam-tahile beud comtotned M-Mul.V reverse transeriptae: RNmwie mhitinar, baffor,
rncloatides, ik LINA polymers and 30 b of KNA lemplute in BNase froe willer, The
RT-PUR teaction wid conducted in a programmuhle master-gmdicnt thesmal machine
{ Eppendort, Germumy ) ustiig spocific dasdd primes, 3'GGT GAC COA CTT AGC CAT ACG
CTT 3 upper primet: 3°AGC ATC ACC TCT AVC OGO AC TUL C 3, lower primes, The
thesrmad progrm frvilved feverse smnscription at S50 for 20 i followed by the initial
denaturction 5 0470 for 5.mn, The smplifiention wow perthrmed for 35 cycles ol denatitiion
st 0450 fler 1 ittln, sinncaling and exeision af 72°C for | min. The final extension wis selal

T25C foe 10 miin. - Neganve controls contamed 4ll reaction comprments except e RNA lemplaiz,
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To determine whether transcribed mRNA or contamingbing DNA was smplified, purified
nucleiz sciths were subjected in DNase 2ad RNase reament prior to clDNA synihesis il PCR.
The amplicons obtained from RT-PCR were 2mlyzed for the 34 1-bp frmgment spegific for
M. mbereulosiy dexd3 by 1.0% agsrose gel clectrophorsyis {19} in Tris-barae-EDTA butier
(0,089 M Tris-HCL, pH 8.0}, 0.044 M borie acic, and 0.001 M EDTA a2 100 V for | b, Gels
were stained with cthidinm bromide snd vikualized by UV transifhimirston.

Clanbng and Overexprezsion of the M. tuberculosls desd Gene Famtly tn M. bovly BOG—
Two primers were designed to consapond to the 3% and 3' ends of esch ORF previously
identificd as M. tuberendoels desAd and des4d { Rv0824c and Ry 100, r=pectively) {20). A
L.034-baet patr fragment of decd | was PCR nmplified with the promers,
& CTCTGAATTOTCACCGHGUTAACGAC 3" und
5 CAGOCAAACTGACCGACTTGCA 3%, venne and amisense, respeetively, A similur sirategy
was e 1o amplify 5 805-baie pair fragment of davd 2 wath the prumess,
5 CACAAAALCTOTTUCTUAAGCOGOTOACCC ¥ and
L GCTAGAATTCGAGTOOGACGCTACTOOG 3 Uiderlined sequenccs indicale the
wtroduced FoeoRl restriction sites. The PCR-amplificd deésdf nnd desd 2 genes were gel
preesified, cut with Ecofl nod eloned into Sall -Eooill sites of pMVI6 1 under thet control of the
transcriptionn! and tmslatioml sigmls of the beat shock prodem &80 (heptil)) promoter (21). The
del A3, Bv332%0, wik overexpressod in pVV IS, i derivative of pM VIS 1L alluwing the
prodiction of C-terminal six-Histidine tgged firsion proleing undes the contrm] of the phspad
promotor (221 The denA3 gene was smphized using the promers,
5" GICGAGCAAAUCTIGGCIGOCAGATOGTE * andl
5 AGGGAGAAGCATATGGOOATCACTOATTTE 3* {oderined soquences cumegpond 10
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HinalTl emud Mael reswriction sues. respestively). The | 360-base parr POR product was digested
with NeteT and HimAlll and cloned into the similarly digested pVV 16, The reuliing expression
vectpez, pMYVE61desA L, pMV2A]dssA? sl pVV I 6desA, were clocmoporated into M) Bowis
BCOG compeiznt cells as describad (23} and the production of recomdnmant DesAl, DesAZ and
DetA3 proteins was then umilvzed by tmmenoblidting (DesAd and DesA2) or SDS-PAGE
stained with silver pitrate and Coomassie Brillant Blue (DesA3). Totml protein extrcts from
sach strin wors loaded, separsted an 0.1% SDS-palyacrylamide gels and treilerred 10
nitmoeellulose (Schlsicher & Sohusll, Keene, NH). The production of necombinant DesAd and 6-
histidine tagged DesAd protein was revealed uting primary wnti-DesA | antibodies iged in o
motse (o it fromi Dy, Brigioe Gicguel) s promary mouse net-Hisagged mmnbedy (Cwgen,
Valencia, CA), respectively, Allaline phosphatase-conjugated seoondary mousy anbibudies
(Sijmm) were then used and color Setection for proteins was performed psing mm biue
termzolim end S-bromuo-d-chloro-3-lndolyl phesphate (Proniegd, Madican, W1), 1o locnie
Dear 3 wittun the bactonial osll, Western blotung was performed wearg suboe! lular fmctions
prepaned lrom the DegA% His tmgged rocombinmt ateain. The cytosal sas roovered ux the
supernatant after contrifugation of e=ii lysate at 200,000 % g for | b, wod the pellet represented
the oell membrmne Fraotion. Aliguos (100 pg) of protein from each faction were analyzed by
immumoblotting o described above. Adignment of aming acid sequences was achivved with
Multalign (hrtpiwww touluuse i inultalin btml),

Purificuttion of Rivomblnust Hi-tagzed M, iebercilsts Desd =Y he récotsini
M Bover BOG contaliting pVV 1 6/desAZ were grown 1o tmd-log phase {Ase 0.7 2 37 Cin
Smuton. mediir contaiiing 20 paiml kanamyein and FeS0h 20 myl Cells ere hacieted mild
wazhed once m S0 mM MOPS buffer pH 8. Cell pelle {20 2 wet weight) was subsegquentiy
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resuspended in 30 ml of buifor A (50 mM MOPS pH 8, |6 mM MeCh. 1% glycerol. and 500
miM NaCl) aned sonicated for 10 cyeles (60 scc on; 90 sec offf o fes. After the cell bysate wis
cemarifuged 51 27,000 g for 30 min, the resulting supematant was collecsed and loaded onto 3
1 ml messt BO-Taton"™ resin chelating column {BE) Biosciences Clonrech, Palo Alto, CA)
previouslty equilibrsted with 20 ml of buffer A, Colurm washing was performed with 25 ml of
bufTer A fallowed by 25 mil buller A containing § mM fmidaole. Proloms were eluled LIy
linesr prudients of bTer A contaiming 50 mM, 100 mM and 200 mM midarole, The elution
Enctinoe wore cheoked by SDS-PAGE (12% gel) snd Western blot. The 200 mM imidarale
fruetion. which contningd His-tagped M fuberowlogiy DesAS was subsequently admstod to s
volume of 2.5 il with buffer B {10 mM MOPS pH 8, | mM MgCls, 10% glveeral), desalied
uwirtg & PT-10 columnn {Amersham Biosciences), concentented mnd the peatein concentrution
misssisreil prior W the determinaiion ol the enzymalic lunction of the purilied protesn
Determination of the Kffect of Overvipression of desd ) aoe MIC of 15O—The microplate
lmimar blue wssay ws modified from Yaiko ef ol (24) was used 1o delemmine the MIC of 150,
(nocats were propamd from ML bowis BCG end the rocoimbinam stmain harbosing thy
p VWV I ddes Al commimgt, Cells were grown in Suuton medium eontammg 0,025%: Tyloxapol to s
natbyidfity equal 1o that of o No, | MeFaiand standard (<20 % 1 CFLUmI), Sertal dilutivns of
150 from o stock solution in DMS0 wore prepared in Sauton medium,  Dupheated treatments
with dilferent poncentfuliong 61 150 weie condiicled, Foor comtrols wero ineluded wiich
contamed medimm only, cultifre enty, mediam plus DMSO, mnd cultire plos DMSO. At thie
pisbsel. 10« mllinmir bie solution was sdded to the controls. After incubation overmght-at 370
itt o starissiare cantrol chiamibef, atamar bloc was sdded b all troed wells, Plitey were further

incubated. and the color in each treated culture wits recurted. MIC was determuned asthe [owess
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RESIILTS

IS0 Imdviibits. the Synehases of Dsseirratsd Fity Avidy unal Mycdlle Acuds—Prsvitus
studics with [1,2-"CJacetate #s o preswrsor of fully scid synhisis showed that IS0 inlibited the
symihesi of both myealic acids and shorer chain-fanty aeids in M mbermlusle (3] In this laiter
rexpect, 1SO dilered from INH and ETH. sugpesting & differont mods of sction of 150, Tu
renlimiz the <fects of 150 on the synthesis of siurted fuity aeids, unesmrnied fatty seids, snd
miycalic ackis, Extmets contubning | “Cllaheled futy neld and mycolic usid methyl esters were
preparesd from unbrated and 150-wested M Adberoiloels pultunes snd analyzed by igeitaion:
TLC, I the presence of 150 ul concenttations s low o5 1 pg/nd, there wis un apparent decided
deerenss by the synihissiy of unmested fitty ociild congamitant with i pariial inerenss in the
syttt of wemruted Tty aeids (Fig. 20 Messaremont of the mdiosctive coun Lo the relevany
bands extahlishied that 150 at 1.0 juel inbibited nnsaturated faity achd syntheas by 6%, The
it of 150t myeite aeid synilesi, reported previoasly (8), con sl be seen by this simple
nnalya; clasrly, 150 inhibiteil the incomoration of [1,2-"*Cacetate lato all sypes of resolved
myvoolic acids (Fig. 2).

I'be cellulur Mty atids synbesteal under peesent conditions by AC tuberculpsis uml
M bovis BOG aee palimitic send, stewrs scid, olere acid, and iuheroulostearic acid ( Fig 3 A and
O\, i socsell with earller teports (25, 261 In M rbereulosts and A bovie RCT Lrented with
150w 2.0 ppimil. the menmeratian of [ 1.2-"1C Taeetate nto olcle s and luberculogteanic scid
wis sltnost totlly eliminated s det=mined by mdip-GiC {Fig: 2B and 13), Sriliir résuln wore
ol ot | pg'ml 6l 150

The Eftects of et Avid Supplement an Partial Resoue of M tubescnloris from 150-
The observations that TS0 inhibired olese soid synilicsis in M mberombocks and M hoviy BCG
fed 10 the concept that supplementation: of the growih mediui with picse sciil dhiould rrscas celis
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Toom the killing effect of 150, The addition of oleic acid w the THI | agsr medium in the form
of the picic acid-athmmin-dextrose complex (ATHY) paroadly reversed the bactencidal effect of
180); there was comparable prowth on the OADC-supplemented medmm with or withour 15Oy
however, the atbumin:dextross camplex withow oleic acid could not support growth In the
presence of 1S0) (Fag. 4).

Phemonseration of &9 Desanmrare Aciivity fn CeltFree Exracn and the Fffects of 150
The specific inhibition of oleic acid symhesia by IS0 sugpested thar the drg rarper (s the asrobic
dessmranon sysiem responsibie for the synthests of olole acid from srearoy-CoA in
mycobacteria (17, 14, 27, 28), To test this hypothesis, M howiy BOG was grown in Fe-
supplemenicd medium, somicsted, contrifuged gt low spoed, and both cell wall pellor and the
sypernstant cortalning both cymwant and plasma membrome were smayed for A9 fatty oeid
dessturse activity. The nssay was perfirmed as originnily deseribed by Fuleo amd Bloch (14)
with womor modifications, For mitunce, fermoos (ons were added to the calture medium mther
than b the reaction mixture itel{ bocmsse mom wits shiwn to be reguired dt the teminal stage of
symiherds and/or assembly of the demtimaas syvtem (| 7), Oty the sepormitant allowod the
crmveram af ﬂ:nﬁnﬂ-f_.‘uh 141 the oleie achl dervative in the presesce of atmasphietic oXygen
and NADPH, Constitent with the Findings of Fulio s Blogh (15, in-the shaenee of MADPH in
the evsay mixtue, no oleic scil wis detsctal. 180 vongistenily infiteied the ineormuniion of
rackieaactiviry lsito the olele peld, b ot info stearie acld, by 7% ot ) spml wnd 6% a1 4
cocenmration & 1,01 ig of IS0 I ooe typieal experiment.

Overvapression of M. fuhh‘nh:u dezd |, desd 2, ond desd 1 prsie i M bovis BOG and
sviderics that disd 2 enisien s fatly seid desotivase—Three OREs 1 the senome of 4
fuebererdusty are annotitod s puistive bty scid desiblursis: dod ), died 2 ind secd3 (201 Al
thres DVRFs of dend were itmplifiod by PCR, cloned in-drauve intor the mycobacterial expression
veglor pMVI61 or pVV 16, and constitatively expivssed tnder the omsivel Of the Asgni) prometer
m AL S BOG Production of all thiise proteis was demonstsiad by SHE-PAGE anil Stsising
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with silver end Coomassie Briliant Bive (Des AZ) or by immunobiotime (TesAd, DesAZ)
(results not shown L. To assess the clonsd ORFs for AY desamrzse sonvity, the three
pvercapressin strains pid M bovis BOG wild-type were labelied with [1.2-"'Clacerare and
their dertved fany acid methyl cstors were anslyzed by srgemanon-TLC, Quantiation of the
producaion of [*CJoleio soid wes perfommed by scraping and connnng the hands corresponding
1o the methyl esier of oleate. The des4f- and desd2-overexpression strams synthasized oleic
scid approximarely 0.2-fold less than the A bovis BOG wild type i contrast to 8 2-fold increase
in odeie scid productlon by M bostr BOG averexpressing the desdd gene, suggesting that the
pegarive scyl CoA desnumase geoe decdd, ot not the puintive acyl-ACP dessturase genes desd
or dezd 2, encodes the A9 desaturse respomsible for the synihesis of olete acid, Annlysin ol the
radiolabeled farty acid methyl esters by mdlo-OC confisted this conehasion (Fig. 5). Contistent
with these resulin, vompariso over time of the &% desaturine sctivity exhibited by eéll-free
extracts of M, bovis BUG wild type md the M, bovis BOGp VY 1 dedd chone over time shuwes)
il 0% inerease o enzyme activity in the lubter Mriin at the loaget incubition periods

iFig &)

That Ihie € 14 utisarurated product formad in the cell lree sssays cotrespanded to olele
acid (Cyy o A9} s checked by sishjecting the methyl psters recovered from coldin vitrn aiays
Wt Oy xdiliitiont, rimethy|silylasion, and GUAMS mvwrlynis (16). The chiieterivtios ol the
CE-MS spectnun of Ui o A0 b o niafor Fagment o spe 257 and mince fragaueis ag /e 217 and
miz |ES Vowever, Uiy AY viclds tvpical frgrnents il s 250wl miz 217 Lfi.}.t:!!g'lh.b '
approach, the sule unsaturiied C 18 product Identified tn M hovis BOG ahd AL By
ACGHVY | feleb 43 reiddfion muxdures was Cig A0 Likewise, he olg peoduct idontifiod m
whisle c=lls af wild type M donis BCG and M boviy BOGHVV 1 6desdd was Cjal A9 (dota-not
shown)

Aetiuise the overcxpression of &4 in whole BUG ctlis could hive milirectly
stimmlated the-production of el¢ie seid, recoiwbinant DesA3 parificaton was sumeved (Fig TAL
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Although the purified enzyme s2ii showed no aeiivity in the desamrase gsssy, presumably due
10 missing eofactors or companents of the desaturase system (.. cytociwome ¢ reduciage o
ferredoxin, flavoprorein) (18, 28), addinon of the purified enzyme 1o the standerd A% cell-froe
assyy vevulied mon spproximate two-fold increase in specific acuviny of the enzyme (Fip. 71)
The earyme activity was dependent on the smount of recombinant {2esA S added 1o the assay
mintame (resiis not shown) asd the incubation tune (Fig. 7B). Thesc results confirmed the
Tumtion of the DesAS desatumase as respansible for the syntliesio of ol aoid. Finally, & desd.f
transerpt was detectod by RT-PUR in A2 fubercudownds HITRY dunng the exponentinl growih
(data pot shown), conlirming the expresson of this gene i vive and empasiring the imporumes
of the crrvmatio product and function

Chverexpreesion of the M. sabercslasts desd3Dcreased the Reststurce of M. bovis BEG o
(56— The MIC of 1513 agalnst the parent AL bovis BOG a8 dedrrmined by the micraplate alamar
blire asssy, wan 3.0 ug/nl compared 10 &0 apm] Tor the fur the M, bovir BOG/pVVdezd)-
wvsranpression strain, This the tetminal enzyose of the A9 dessiuestion system encoded by
bt d b very likely 1o be the lrgeet of the sbrug

Comparrativg Bifects af 150 and the Krvrwn A9 Davistiiriave Inbibisr, Steveulic Avied=The
uatirally eceurring eyeliprupene Gty seid, siereulic sgiil (9,10 eyelopropeanld), 54 poicu and
speeiic luhibitor of the AY decaturation of teariy b alele sl {29-32) and therefure provided 2
useefusl means 1 compure the effects of IS0 10 thase of an edtablivhed mhibitor of goylClod AD
desaturing,  The' effoet of storoulic acid on the growth of A boviy BOG rudtl:mﬂt}ﬁﬂh}‘llu
froth diliafon ischnijue (R0t contentrations of 10,25, 50 unil 100 dgfml. Constidont with the
feet that olelc acid i5 synthesized by o steaiovi-Co uillizing AV desansrese it myvobvcteria, M
dulvis BUG weai found to be scusitive 1o storouhe nond.  Steroufic acid at 50 jugmi way sufficient
by kbt the grivwth of the colls by sheat 2 and canyilele inhibilion oF sppeoXiiately. 1.0%
10" CF 10 iml wis obinined ot o concentration of 100 pgiml. Under present growth sonditions:
errplovingt the broth dilution lechnigue slecculic scid had a MIC valoe berseen 30-and
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10 el The Inhibitory effect of sterculic acid on the A9 desaturacs sctivity was ilso
cvalusted in intoct ceflcof ML bovis BCG by measuring the incorporabion of {1.2-"C aratate inty
aler =ond mnd analyzing the exiraciebic lipids by radio-GC At 50 pgiml there wos-complete
iibinien of the synthesis of oleic acid (Fig. B), and the effects of 150 and sterculic aeids on
oleic acid synihesis were simiiar in this respeet. However, st this conesntration, sterculic acid,
unlike IS0, hnd noveffect on mycolic seid synthesis, whersus. under these conditions, | jig

150 resulted in inhibition of synthens of o- and ketomycolates by 64% and 27%, respectively
(resuits mot shown), This comparison of the cffests of ISO aid sterculic scid loads to the
conclomon that the production of elewe acid and mycolic seids is not lisked. 4 conclusion
reimfimeed by the faor that stercube acid, unlike 180, does no resul in the seoumulation of Jong-
ehain Bty seiiby (2400 10 C20:0) (Fig. 8). This latter phenomenen is also soen under condifions
AFINH treatment (10), supgestog that lonig-chtin tity nod sconmulation i & conseyuencs of
the mhitntion of mycolle scid symbesis mnd provides lurther proof that the effects of 150 on
rmyeolie scids are disilnet from thise om olcie seld synthesis.
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OISCLSSION

Previous observations demonsimsied that (S0 inhibits the syntbesis of huth mycolic acids
amil shorter chain fimy acids (8103 In contrust, both INH and ETH inbibit mycolic wcid
synthesie {10, 11) anil result m the secmmmilation of farty acids{10), Cross-resistance berwaen
150 and ETH suggesis that these fwo drazs share a common step in their scrion, and a Tecent
grmetic and chimical study revealed that cross-resistamee 10 150 and ETT is wssociatod with the
swtivation af the thiocarbonyl moiety (Figg 1) sharcd by thess two dnsgs (33, 34). The product of
the tesistance-conferring gene was identified as 0 putative regulator controlling the expression of
o favin-conalting monoxygemae thet cutalyzes the S-oxidation of the thiocarhonyl 1o S-ide
electrophilic intrmedhites (34, 39)

The present wirk serves i charscterize the gite ol metion of thin sethvated form of 150,
Following on the eartier ohvervation of aa infibition of shor-chain fatty achils, eifocs were
Focussed b thais tren ol metiaholism, ssalting in the conilusion that IS0 ks wmiu fn it bility 1o
mhibsit Uhe symthests of oleie acid and mberculastienrlc uci! (Fig 2 amd Fig: 3). Olele acld s e
ot sbwandant wosuturnted fulty seid in Myeodactorfun spp, (36) 2l bs & vitul conitiuen of
my¢uhaierial marmbinne phospholipids (37, 32), whiese il upparsritly plays an essential mle iy
weniheans physiology (39). At physiological tempesaiuren, phoepholipids contalning only
sstuiratied ity aciis connot e o Tipid bilayer, but the intraduction of spprspriate gnsatursted
fhity acids decreases the transitim bompersture from gel 1o the lguid enpstwliine phases and
provides membmngs with the necessay Raidity for phiysioligical loman (40-43). e vital
functions o oleio soiil bend 0 e conchusdon that inhibiton of its svnihesis resulis in cell dewth,
el 1 thae enmyines involved in oleic acid synhesis ine probebly lethal targets-for drog
therapy.

IS0 aisn halw almmtic offcer oa the synthesis of the Clismbao-methyl-bravehed stéaric
wonl, twbercuiosteuricucid,  Fypoally. myoobacteriv contiwin @ lorge smoont of methyl-branched
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{atry acids (44, 45), mamly tubcronlesteane acid and mult-methyl hrenched scids such as
phibienoic {2.4.6 mmethyleracos-A2-caoic acidh 46, 47) und mycocerosie (2.4,0.8-
resramethyloctacasanoie) acis (98). The mycoeerouic scids are confined 1 the phibiocerol
contziming cefl wall lipids.and, althoush spparently implicated m the pathogencsis of
M. neherrsdoriy and M. bavis (49, 50, arc nov essentinl for visbillvg, However, wherculosieanc
actd is 2 key igredient of membrens phospholipids. |t sppears likely that the mhibition of
muberoulostearic acid by 180 is & consequence of its effect on eloic acid synthesis, since
ubcreulosrearic acid arises by direct methylution of olete aod by S-adenosyimethlonine once
nbeic weid i first exterificd in the form of yleyl-phosphatidylethanotumine (31, 529 The mdirec
effect of IS0 an rubermulostearic ssid profahly shio exienils o the syuinests of the
phasphatidylinowitol minnosides and eventially lipomanton and hpossshinomanman, simue
nbercukoutearic acil i a rmajor camstituent of ll of the mycobacteriat phosphoimsitides (53).
This evidence suppested a1 nrce that 15O sets by inhibiting stearoyl-desanurass, the
snryme respansibile for e ftertion of the double bond al crrbon 9 of stearic acid . The
sxisdenes of such o desnturation syt catalyzing the formaton af ole acid tn mycohiclena
hts actally been demnanstated i Myeobacterium phivi ns s model straln and siows 16
involee o particulite trmingl dessmymee earynie i desiturales stesryLCiA Wy form octailee-
Uenoie arid (bl utiil) in the presenee o MADEH 4 the reducing zgeac NATIFH-gylinchmmme
o reductass, won for elevtoon o, and oxygen o he fnkl sccoptor (17, 14, 27, 293, A
desmtumse gasay based on that deseribed by Fulio uml Bloch (181 and conducted with cell-(ree
extmsete of AL bovir BOG v the proseace of absetes of 150 dlearly dertmslniled the 150
sihitiibe AT detintmimeactivity fie e Furthormone, tho AY desanmmse of the present systei
appéars to be sticoded by the prutative acvi-CoA desatiitase pene, desdd, i overexprissaom ol
the A suberculisly doxa® pone in A bouls BEG. but pot those of the othier putative desstutise
genes of the geatme, desd ] ordegd ¥ resalted n mcreayed synthesis of picic agid and A
desstmraes grtivity in the recomibvinant stram (Fig. 5 uﬂﬂ-ﬁg.ﬁj. Ohre immbrifity b assoointe A9




A

desamrnse acavity with the purified Des AR enzyme hmt_smpﬁ:r‘:gin light ol iz membrnges
asture aid gomplex ¢ofactar requitements. Insmad, we hard o rely on demoasirating & hoosting
eilect on the endogenous aetivity ol the wild-tvpe stoon (Fig 7) The evercxpreision of desdd in
M. bavin BEG aluo resubted m increased MIC of 180 m BUGPVVIGdad S s compered 1o the
parent strain strangly sugpesting that thie toymiredl desarurase enzyme of 1he desalamuon sysism
15 ihe target of thit drue. Freidomiatly, Obukowice et al. |S4} have shuwn thet & wrea-derived
il witly o st ot welike thet of IS0 sclectively sbubis the stepwise AS desaamse
synlhess of smclhadanie acid (o g and offers promiss ss o anme inflanmatory agent, This wotk
ficther nnderlings the mie of uresbased prodics i mhibitars of membrane and CoA requirmg
desii itz

Cansisient wilh its demonstrated menitirane jocalimnon wnd affimty loy acy|-Llad
wibiitenbi, [heeA Y shuses slgnutire monfs of memieane acy | dipad nod scyl-Uod desatumnes
chinmaietioed by thies Feginnn of prinzary conserved sequences, M Ey et D00 ey HVEEL, il
T4 oYL, sy o reguoe b T and 1] |49, 39|, Huwever. the alignmend ul e
convervied “membinte deutense” repiom of Al with jome representalive wwtrebaene A
koA deenntutises From cil, yeast, antd mpuss roseabed cestan disincinny of some wirriakile
iy igids: I riegon b, oll ropresentative AY dessturac @ntam the veyuencs XL while
A mihirordaie DesA comams the sequemne HXH e seigion My, the roprescnittives of the AY
lisatimisien cortan the scauence H X TIH, winte AF Sibercudonn e AT b TEGHH. T poghrem
1, thee sane representanve A% dewaturmes iave 4 secatil] vocrreace of T, whereas [hesAd
leam M uberviloem hass second occarrerss W HXHTLFg ©) i these respects, '
irirestieg vt DesA S shires nlives siquemes ity wrth the Ah mcy |+l hpid il gy FE o
desptmases of gyanolacters ammd higher plamts fuaey weith A9 ey [-CoN ins agyl-lgnd despiimses
af ummmls, yeuste, higher plarts aml gyanahuciins 190 Fhe hyltogathy aoglysesof the
secondary wruehrte i DesA S provicel flursher evigence (hil DiesAl contamms up 1o thies

hadrophubic dimmmms. sufTreiedt b s the mrmbrane bilsvorsevergl imes. A0, CHITRILET-

e
-



Hit regions ure within hydrophilic loops. Al of the Hhis motifs (AA 90 1o 24; 25 1 130, mnd
300 10 308) ure located in the hydeiphilic regions of the prinary sequenioss na is the case i 4l
desnturses, sugmesting that the catlytic sile of DesA3 i Jocated o the oylosolie five of the
mebrane (55), Altogether, the presence of His comserved motifs and transmembrane domains

st ports the conelusion that DesAY s 2 membrane desaturese,  vonchusion reinforced by
Wllmhn blotring, danonstating dirccily thar DesA3 is localized in the bactenal membrine
[rmetion (resubis ot shown),

The use of sieveulic sovd proved to be myvalasble in demonstanng ihe prrllct
bretween 1t action as & known mbibmior of olere sod synthesnd und that oF 15O, Frstly. thio
‘soraparisan demonstrated that the inhibition of oleie scid synihesia i sullicient to Kl AL bovii
BCG, and thus that the enzyines involved | the synthesis of this fatty skt are indeed lethal
tarpers i iyeobactorin. Secondly, the use of sterenlic aoid demonstrated that there i3 Tikety no
ml:ltimﬂﬁpbnwem the two efTeety of TS0 olesc acnd wnd mycolic adid synihesis, 1e,
myrofie aeid probubly does oot originate in oleic acid. Rather, fhe resalis ruise the possibility
thr 180 exerts un sdditiona} effect, powsibly on e specialized enzymes, detiydratases and
Jussituases, i provide precirsors for mycohic scid synthesss (58). Although [5€) infubits the
for-ifion o both oleic azid and mycolic acilx, he data from this sndy support the cancept Lt
tis hiliitim ol the growih of myeotmelers results primanly from effects un oleic seid wther
thith iyeolie tild symhesic. This conclusion i» drmwst primanty from the observaon of the
mmmun&ﬁmﬂedu tbsieriatis i with oleic acid and the high MIC vulus of HUG oxpressing
deiA3. The mechanism by which 150 mhibis mycolic ack! synthesis has yot to be determined,
b‘.ﬂ;;—j:umiﬁf vtk inerely an offoct on obeic soid synthess.
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FOOTROTES
“The:sbbrevistions used are: SO, iy’ ETIL ethionamide; TNH. isaniazi: FAME, futry acsd
metlivlester; MAME, myculic seid methyl ester; MIC. minimal mbibitory concentrmion: FHS,
phosphiate-bufferod suline; SDE-PAGE. sfium dodecyd suifsic pulyserylamide ge
elec Tophoresis; OADC, oleic acid-sfbumin-dextross compicx, DMSO, dimethylsulfoxide.



FIGURE LEGENDS

FIG |. Stroctre of the thipures knawn as thincariide or hoxyl, a 4,47 dilssamyloxy
dipheny! thioure,

FIG. 2, Analysls of the effeet of ISO on fatry seid and mycolic scid synthesls in M.
tubcrealosts. mhhihilmrtﬂfmurlﬂﬂmih:iyuﬂuﬂSufﬁuymdumﬂ mycoliv scids wiss
asstiyed by whole-ccl) labeling with [1,2-"'Clacetatc in fhe presence and abscnee of 150,
{ateled FAMES sl MAMPSs were eximacted from cuateol and [§0-meted cullures and equal
éintnid of mubielabel were applied to TLC plates. which fisd been impregrated with & 10%,
alueons AgOy soluton, Mmmmmmmmhﬂmmu i
petolewn ether und beetons (9010) and eaposed 10 Kodax Xt AR film, Lo 4, emitreated
enliure; Lany 2, cultire treated with 1.0 jog/ml 10; Lame 3, cultume treated with 2.0 jgiml 150,

FIGH 3, Effecs of 180 ou dn vive synthesis of oleic acid and uberculostearic acld In

0. tubereutoris and M, bovis BCG. FAMES (and MAMEs) of [1,21C preestate-dnbelled AL
ibererilisis and A ovie BCG were prepred froen wmrsated and 150-trested Sislimres and)
equal counts were subjected to mudio-GC compled 1o the Labilogio GC-RAM mdio-detector unelet
cemiliiions thut fevolve only the PAMEs. A, untreated M. aberdudasts clifrurs; 1, 1SO-treated
{I.i:l wigimil) AL tubatrcnifusts cultare; O untreated AL boviy BOG cultone, 1Y, 150-peated

(20 pplml) M. hoviy BOG culnsse

{17 4 Effects of an oleic acid supplement in reversing the bactericidal effect al1SO. A

wekias of 10-Told dilutions of A mbervwlosis were prepared inmsduin. An ahiguor [3:p1) 0l

enth dilition wis grotted on TH T ager suppiomented with GADC o ADC with ov-without 1502
A TH11 wmeiliam spd QOADC: B, THI with OADC mnet 150 a1 0.5 jigfral, € THI | medium

5 ]



with/ADC; [, TH1 1 with ADC and {80 a70.5 ppiml

FIG. 5. GC analysis of the effects of the overexpression of the desd genes on olele acld
wyntaesis, 0] lubeled FAMIS snd MAMEs wers extrscted from A bovis BUG wild-type snd
thee M, bovie BUGPVY 1desdd. Equal counts of the sotures of FAMES and MAMES from
enrth strain were sltated and applied 8 Hewletr Packand HP 3890 GC squipped with 2 copullury
HP- 1 eotumm and the Lablogic GC-RAM dotector, Peaks wers idemtified by comparing the
retention times with thoss of FAME smndurds.

FIt. 6, Comparisan of the levels of AD desaturase sctivity ln M. bevis ROG wildd type and
M. bovix BEGIYV 16desAd, A final volume of | mi reaction mixture conmined crude coll
Iysat of A boviy BOO silibtype 9 (diamonds) or BOGVY ) Galecd 3 (squares), 20 pl of
walitton pomtming SO% DMSO und | % Tween2t, | pmole NADEH o 0,1 mM potassium
phosidhiate buffes (pH 7.2) anid 25 mmide [1-"57) 18:0-Clo a8 sattwtrate . Duplicates of sstay
were performel. Aflerihe mbieated meubation tises, the rescnoss wore stopped with Tml of
| %% retrabneyianmmoninm hvdroxide. FAMDS wete extracied. methylubed and analyzed tod] 1+

B 11 by arpentation 1LC and Bioscsnrer.

FICL 7. EfMeel of ndding purified DesAd un codogenons AY desatnrase activity.
A E?E«F-"lﬁ_!:l and Western Bl ol the purified DasAd sy W, RenchMark ™ Prostuined

Protiin Lidder (Tnvitrepent, Laoe T, Ucs A% sluted Trom e 1l mesl BO-Talop "™ resm




o
chatanng cilumi {BL .H]:l]:-..."i'i.‘l'li.'ﬂ!!-:l: with 30mM Fmidaenle. Lane 7, DesA T S cluted with
| iWreM intidazole. Lane 3. Puss DesAd as chued with J00mM ymjdmate. (thes details and
staining of the pel wre described |n Experdmenial meiur-":."::- B DezA3 purified prolen was
gadiad s the  cnzymeane rescton 1o dorermine e sifeer of punified DesAd an AY thosatuiration.
A fimal velmmg 6F | miveaction mixture conthined grude cell lysse of M. bovis BCU wild-type
(0355 mg), 20 pd of & sedunon contamng 508 LIMS0 amd | % Tween 20, | pmole NADPH
1 mM potessiun phesphale buffer (pH 7.21 and 25 nooole | | -] 18:0-CoA ussubstrae. o
purified DesA Y was added o the-assuy (black bam) or punfied DesAT was lded Ln e amsunl
af 4% g (rey hies), Duplicates af nssay were pertotmed. Afler | or 2. b of ineubiton af T

the T1="C)CT8 -CaA was quaniilied as dessribed i Fig, &

Tl & Comparstive effects of sterculic acid snd IS0 on the symthesls ol olvi and
nrhersutostenrie aids from |42 0 faeetate by ML dovis BOGL Comlitie we deseribil n
Figure 3. A, wntpented M bt BCCE BAR S BRCG rremees] itk SO g/l seertulic i2id; €,

A bt BOCT tromed wirh |0 pupiml 15463

Fl @ Muoltiple aigmmment of the putative " membrane desatierase™ regions of the

M. mubercilogds AY desatuease, DexAd, pnd other related profeins. Compirative smio acid
s sl yils ol the vare cegitns of tie sariotis niembrane desatmsesand the A9 anil
CoA-reguiring DexAS ol M fuligsciiliinds |5 shown. Thie vipht comeried [hs reswdues ure
indicated by shuding (fvo mregion |, theee i region T und ues i Region [T) joennoal
v il resldues ore i Bold fetters Gaps are intruduced to faziinue the sequence shpunent,
Represenitatives of membmne AT desaturses are from Rt sorsipens (Rat) Sacohromons

Cerpviiioe | Yeast)y, nmd Mus muyoores (IMooss)




OGO



C'iﬂ:l.'l
150

—0C

1=t

~ —Mycolates

=— Qrigin



to0an

A M, fuberciiosis (1500 ggimi]
C16:8
o181

T

mﬂ%

DETECTOR RESPONSE

B M fobereudoaly (150 2 jagimi)

SR
cham

| C240

|

crtd

d__.Jl.-mtA.Mm’wM

Fipue 3

1o % il o

Taog

Hoog

C. M bowis BCG (IS0 0 pghmil
€160

Cia3:1
ci8:0
TBSA

N’"-ﬂ-u—i-'m.l--ﬂ-ﬁqu

Ip,.-.hﬁ-.."ul-— L

0. M bovis BCG (130 2 pgimi)

RETENTION TIME (MIN}

L2






Foao

A_ M bovis BCG WT sirain
CYeD
6600
i
a200 G180
TIESA
(11 RENQ
2
n J
[+ 5 ‘ - h,‘ h,fh-,l
0 5400
s _
E T400 | B The dpsAd-ovornsxpression wirnin of M bovis BCG
w3 C18:1
LA
E 7000 c10:0
=0

a c18

GEHD

FA00 | THEHA

5800 1

H400 w

10 15 20 25
RETENTION TIME (MIN)

FiEmi 3



=k

U AT
i

Figure &

L ¥




Fraoes 7

prvdea of D 1Loa
Bryred |7 The reecilise

L -

il |

42K +

M i 2 |
1137
[ESH I e
GEH
HWE . i
ara j
204
L] m

TrezeBadion Ymn {min}



bipme 3

DETECTOR RESPONBE

B, 50 jigimi aterculln eald
Chg:a cra:0

10 14 Al a5

RETENTION TIME (MIN)

da



Bar  L[Ex

Yeiar ES56
Malde Ti1a
M., b BS
nesaz

Rar I57
Teagh 295
Mougs FEY
M. th T84
DeEsal

Fiinure 9

CRpgies T2 sraton IE

I-'I'E.E't BELWEED Tﬁﬂ-ﬂlmﬂﬁ—mmm e S HE H#RRT‘HJJHNHR e
ITAGY BOLWEHE SYIAHWPLR PYASECIASYEGIAKNNELE ERTHE HYTOTLEOPTSAR 415
LTAGA HEtesme ﬂmt.rmmmwmww EstES FFORTHADFSHSE 1719

MELS HRY FED QRIWHADTEIIS=STRoRrECEEE. HWRTT BFVEl EYTHNILEETETE 143

J!.EE_lf..ﬂ: It
I L
LIRATH LYNEEAALY BV R Y DINI CORENTIVATGIVGE. GF THYIN AFFYOYEAREYEN] 115
mrmﬂmrmmmmm ST ONFIN EFETHYRHATEWYQ 183
THATRLVHEAR T YO EFYIRNI ARSI IVEMGAVAE BF INYEH AFPYDYIASEYEND I11E
EFTRTRIOEDYOGY | ROMLOSARVERSTALERPISGN IO #0TENBLYPDLTANRLEETS 322

£




NEW LIGHTOYCLER REAL-TIMFE REYERSE TRANSCRIPTION PCR
SPECIFIC FGR QUANTITATVE DETECTION OF des 43 TRANSCRIPTS OF
Mycobacteritm tuherculosis

Benjawan j’heisuksm"*" Jamsara E:udmnnrl.mnu Yaroen F'1",.B.1‘11w:tl:a:pr:m Putrnick
J RArenmar’ and Prasit Falnra;'angamplm '

‘Digpariment of Medreal Sciences, ﬂeparmqm of Dissase Conrral, Mimsmry of Public
Health, Nenthabur, THAILAND. 11000, ' Deparment of Microbisiozy, Facuiry of

Setenee, Mahido! University, Ranghok, THANAND, 10400, Department of Micrakiodagy,
Jomuanlogy aed Pathology. Colovade Srate University, Fort Colline, Coloredo, US4
30526

ABSTRACT

Mycohactenia bave modulated their pene expression ln respanse to disparate
eavironmenta In order tomonitor bicterial jene éxproésion, methods for dircet analysis
of transcopis are nesdsd. Hers we develop o melbnd of quaniiabive reverse transenphon:
PUR TRT-PER) 1o detect the teanseription of decd B gene bn Myeohactermn tubvecnlois
By the use of & modi fed commereinlly remdy-lo-nse gunidine-phenol extruction method
M nebervufpoes RNA could be isolated. A single-tube reaction of a very fast reverse
tamscription and amplification of eDINA waa performed in glass comilancs contmnmy; thy
SYBR Creea §idve an o detestion signal, Detsetive of the seal-tine RT-PCR prodil was
proribrmmiod dnt the LaghtCvoler [LOCY by anelbing curve analvsin Agarnse el
clectrphoresis was also condugtoed o verify that the LC-RT-1"CK product was
cutrespanding to the nuoleotlibe sequence ol 3db:bp mgmem of M wderewlonis des g3
Phe asgav could be ¢asity mid rapidly applicd to nionitor chonges of dec]} expression m
M, rubercudoys ang appese w e gpplicable in :1.:..'m¢rrmtmm15 wsprectine yeme thn
asoettesd with driig effests The spevificity of this assay 1s hased on the we highly
spectfic primers to M mderenlorid dev 3, Beeunse mBENA s mapidly dezmded epon coll
sleith, e methisd of LO-RT-POR specific-for miBNA of M. dcheroulontiv dind 7 conlid,
thesefone, be adapted as potentinl moleenlar ool for ropid detection of vable A

tubereniaste s wall ds Tor quant| Geabion of mRNA In esperitenial welimgs

e T ]




L INTRODUCTION

Diifferent methuds van be applicd o the quantification of bactensl trmscrmts such
5 porihen: hists, dot blote, revérse transoription _[I_{T-PCE} or microamay, All these
metheds Tave different characteristics in terms ol sensilivity, selectivity, dynamic range
and snalysis throughpul. Recently, with the advent of saphisticated PCR mackines thar
incorpanited software-driven fluarsscencs analysis sysicms, real-time PCR is rapidly
becoming a more common method for snnlysis and quamification of DNA & well a5
RNA (Higuchi et al., 1993; Epsy ot ul., 2000; Brengel-Pesce et ai,, 2002). Moreover, il
was noted that real-time POR has advantuges over conventional PCR in that PCR
products can be monitored in each mound of amplification and hence yuantification con be
perfomued [Aldres ot ud., 2002; Wittwer etal,, 1997): In tis report we presenta
LightCyeler real-time RT-PCR i 4 single-mbe eapllliry format which combined both
raplid-tiele of reverae oranseription and PCR and reil-time monitoring of the processimg
usiint thie SYBR Green I (uoreseent dye. With this method M, rubercelonis desd
trnnseripts eould be detected and relatively quantified. In our rodl-time RT-PCR sssay, the
spesificity of prmers was also determined, Becanse mRNA is rupidly degraded upon cell
denth, this method therefore, may be used ai o mpid PCIR based snitegy for quantitative
tetleenon of viable AL mﬁmmfmﬁ iy wrialyzed gpocimens.

2 MATERIALS AND METHODS
M. tuboreulosts culture and RNA extraition

Al tubrendar was grown w Sauton medivm containing 0.5% Tyroxapol to carly
expasential phase. Cell lyse and fsulution of erude 1l RMA was performed a8 follrws
Cell policts were barvesied By contrifugition ae 5,000 mim 4° C and subseguently
resuspenided i S5 ) o RNise Free witer sontaitdng RNasg inhibitor (GIBCO ARG,
Gaitherberg. M), Thos suspenston was then sonicated ul 4% C for 10 min fillowdd by the
addition o 6 ul ol 3 me'ml Isoryre { Amershirn Pliarmacia. Alameilds, Calif. Afer
ncuhation ul 754 C for 10 min, the 900 i of Trizol reagent (GIRCO BRL) contaiming
phengl s gusmidine thiceyanate was adilbil. Afler thorongh mixine, the homogenate
mixtire was' stored 4t room lemperature for S b (o permit the complete dissoctition of
nuclcoprotco complaxes. The ﬁ.}ﬂﬂ.wing stepis- phase-separation, whick poformed by
acdding 100 pl oS chloroform . bomogenate-mbxivee Resaiing samples were (herchaken




vigomuusiy i secends and allowed tostand st room temperamure for subssquent £5 mun
Sample tnbss wers hen contrifiged at 12,000 x g 21 4 %C for 15 min, Aﬁucmﬁagaum,
the mixtnres wis separated {nto three phases; pueous, inlorphase and organic phase The
ajuenns phise, which contains RINA was transférred with caution W Jesis the micerphase
snd organic tavers, RNA-peliet was further precipiiated by fhe addition of sheolus cold
ethanal, 1.3 M sodium acetate and | pl of 20 mg/m! glvcogen. Finally, the resulting RNA
pellet wis washed once in 75% sthano], dried 2t rivom tempersture, end solubilized fn
RMNuic frec water, The purified RNA was subsequently used in RT-PCR to quantify M
nahererdosts desdd ranscnps:

Cloomesomal DNA was also isolited from baeterial enltores. The chremosomal
DN A was sl In optimrstion of canventional and real-lime PCR prior to the
development of roverse rensenption PCR (RT-PCR) and real-time RT-PCR,
respectively. Afler hurvestmg cell pellets, DNA from culiures was extracied by heanng at
A0° € for 20 min. The supermmtant was direetly vaed for smplification,

Conventlonal BT-PCR

A prelimunary experiment on mverse trangoription and PCR (RT-POR) was carried
vl soxquenmaltly i3 pingle ube pung RT-1PCR roady TO-GO beads (Amessham
I'harmacia), Bach rovmestable bead eantalm M-MuLV roverse transorpatiss, tMase
inlithitr, birffor, nncleatided ind Fag DRA polyimerai, The enly additlonal roagents
needad 1o conpose the reactiom are | il of 20 pmal of gich primer, and 30 1) of RNA
template i RNase free water. The RT-PCR reacticn (na Actal valume of S0 gl was
carrieil ont in 3 progeameabile master-grodient thermal maching wiing speeifie deid 3
pritiess, GGT GAC TGA CT'F AGE CAT ACG CTT, upper primen; AGE ATC ACC
TCT ATC OGG ACTUC C, lowsr primar, which wero du]gmd by the ﬂh:,gu software
(Yermon 0.4 National Bipseience Ine; Plymouny; Mmr.}:mﬂ wete synihesized at
BIOTEC, Thaitand. The thermal pogram involved reverss irmscrption 51 55° C for 30
muind, follewend by the initial denmtition ) 4% C-foar 5 min. The ampification was
purfarmed lir 3% cycles of dematusstion u) 94% £ for | min, smealing and-extensson at
AT for § min. Thie Anal cxtersio was sel ul 72° € for 10 min. Negative controls,
whieh conimmed =il reaction compinenis Greept ENA tnilale, was includsd o detogl
ATy Over conlmumnastion.

DNuse and KNase frestment. For oxperiment 16 delorming whether tnuserbed BNA o
contmminsting DNA was amplifid by this protocal, purifivd mucleic acids were subjccted




ea Divase and RMNase meatment prioc to ¢DNA synthesis and PCR. In brief, DNase
reacton wes performed 15 5 wotal volume of 30 il contaimng 1 onit of RNt free DNgss
tAmersham Phammacia) oed RNA wemplare. The reaction mixtore was moobsted at 37° ¢
for 10 min Subscyuently, the enryme was inactivated ui 80° € far 10 wim The resalting
Nase-troutod BNA was suhjected to RT-FER. To ensure thatthe DNasc reactinn nsed
was an optinal coodiion, the DNase control resction, which containg BNase free DNase
sndd DA templute was meloded. After neubarion for DNAso activity, the Lutter reaction
mixlun was subjertad 10 PCR.

Again, 1o assure that amplicons detived From R1-PCR was origimted from BNA, the
control contuinmg RNase was performed: Briefly, RNA obtained from extraction
procedore was treated sith 1 pl of 10 myfml RMNase (Qiagen, Valeneli), After incubation
Wl 375G, the RNtese roaetion was terminnted by heat inmﬁwﬁm ar BO* C Sor 10 min. The
resulting BNase ireated RMA was used os & control (omplate in pamiiel with RNsse
ihreated BNA, which then were adiled divectly 1o e mixture of RT-PCR reaction, The
contro) RT-PCR was comploted by our simple pritoeol as described above.

The wmplicons obtatnod from RT-PCR were analyzed for 341-bp Inigment of A
tichgreufosls by | 0% agarose pal elegirophioresis in Tris-barnte-BEDTA (TRE) huller
(1.06% M Tnis-CL pH 8.0), 0044 M Boric neld, uned 0.001 M GDTA). Electrophorens
wos camtbucted at 1060 Y for | b Gels were staied wilk sthidinm bromide and visuadieed
by UV transilburiivator. Vo vedly RT-VCHR produst, direct sequencing of RT-FCH
produLt was parformed with autoinated seyuencer using forward and roverse primers.
Real-time PCIC

Prelimitiary expenments of toul-fime PCR (ungoting 34 Ebp fraument of dasis
sequence tsing chionuuemial DNA us o emplite was pecformed pror to the developmen
af nreak-time RT-PCIL The desid 3 ainpl bt ware amplificd i the resclion scaled
capifiiry tube using n Roche LightCyeler (LE) insirument: Firsily, the "HotSaet™ resetian
tis Wity prepared by pippetiing the wotil volume 60 4 LaghtCyoler-Fus(Sturt seaotinn
ke SYEE Ciresni Tindo the LighiCyeler-FastStar cnzyme. Aller sentle mixmg, the
rosallunge “HotStart”™ reaction mixture (4 seadiy for 2 fia] vislime 6f 20 ) sach reaétion
T tomiponent of L{=PCR in & findl vilume af 20 il insluded 2 pl o resdy to nes
relchun mix, which comtems Fag DNA polymerase, resction bufler, BT, MOl and [0
i of the pirimer peirs that were iised n convenlional POR and SYBR Green [dve To
determime ihe optimul concentestion of Mgy, the coliEniration of Mgl was Yaos)




fromi | o 3mML Prior to.amplification, » pre-eibalion step a1 95° € for 7 mun was
perfodmied o aotivats the HotSiart enzymie. The 10R consisted of 40 cyeles with the
-follewing thermal sequencey: 9597 for 305, 69° € ok 105 and 72° Cfar 155
Subsequently, LightCycler reak-time RT-PCR far detcetion of desd trassripf was
developad. The reaction mixture of the real-time R’FlPefinwasmmpuﬂd'nf 1Y prool of
cach of the primeny, 4 mM MaCl; and RT-PCR reaction mixture containing buifer, dNTP
mix, enzymes and SYBR Green | dya. The thermal program of RT-PCR consista of the
rEverse Danscription at 55° C &r.&ﬂﬁ.ﬂﬂf‘ﬂf_lm.ﬁﬁﬁﬂdﬂmuuﬁmm WS
performed st 93° C for 30 5 foliowed by 40 cyelas'of twosstep thermal ssquences: 954 ¢
for 10 5 and 69* C for 10 5. Final exienzion was perfomicd sl T2° C fir 158, Amplicens
were dztnctod by Neorometer squipped with the LightCyeler maching ind dat
nequisition wis fcilitated thradgh the detection of the flureseent deDNA binding dye.,
NYHR Green. The melting temperuture (7,) 0F RT-PCR product was used to charoterize
the umplified product. When the amplificution wias completed, o melbing program was
conducred from 80° C to 59° € at 20 C/S with continuous monitoring of the
Nuorescense Lty unslysis win cartied out with system software of LightCyeler (Roche),
A negative eidtrol. which bs a reaction that templite RNA was repliced by the PCR
grade water run with sample. was naluded,
Determination of specificity. To nssess the speciiicity of the primers with A,
dudveriielotin varjous fpecics of mycobacteria wnel ather ampnii;m wWere grown and
‘enmtragied Tor RNA. Resulting RNA wag amplified by comventional amd real-time PCR,
texprectively, Amplicons obimned fram POR were anillyzed for iht 341 by fragment by
PG agarove g8l electioplioress. The Mnirces and strans numbers of the hacterinl spegiss
asod totest the spedificity of the sy are listed i Pig 1,

3ORESELTS

Accoiding o the fhet that prokaryotic a®NA hassvery short malflRE it s
diffiouit 1o obtain intect BNA [y this study, RNA eoulil be isolated by the e of
vornmercial ready to-vss phenolthiviyigate snlition (Hej =i, 1991; Pased ==l 1993) 1y
the wmplificstion pressnted, pemers specilie for M. tuberpiilotis dgsA3 veas dosionad
resulting in the single bond of PCR product t the size 0F 341 by us-amalyzad by aparess
gl wecctrghoress [Fie 1) The désigned primers teproducihly smphifisd = 344.bp
Irsment when cDINA prepared from M sabercilosli INA wrah el PUR product dose




rot existwith other DNA, except that of M. bovis indicatng specific of the primers 10 M
nebercuivne complex (Fie: 1), subsequently, the condifians of comentional PEp wEIng
DNA 25 = jommplate were fitrther applied 10 36t up s yatem of copventional RI-PCR and
redk-time RT-FCR. We shiowed that the 341-bp [fmgment of decd SEULIONCS Wis
amplified from tanseribed mRNA and nit from smill amisunt of genomie DNA
canlmminating our KNA preparation by pre-treiling identicsl samples with R Nase or
DNase (Fig. 2} RNase restment prevented amplification of the34 1-bp produc), while
DiNase treatment had no effeat, s indicated n Fig. 2 supporting thit the RT-PCR prodict
originuted from the RNA template

Real-time RT-PCR method that monitored product seeumulution was subssquently
developeld Very fust amplification of DNA in small volumes could be continuoisly
menitored with & rapid cyeler thit incorporated Nuorimetric detection. Based on the
plinciple that PCR products are lebeled by Nuarescent dye in eaish round of real-time
PCR eyele, FCR producis could then be monitored and quantilufed by mexsuring the leve)
of fliorescence. We designed a renl-time RT-PCIE approach using the SYBR Gecer |
fuorcscent. The 341-bp cDNA teinpluts was implified, and the RT-PCR produe was
uuniatively detected, For spoaifie and efficient umplification by real-time RT-POR, i ts
eisentinl ts optimize the MgCl, concentrtion, 'The resulr of effects ol MgCl,
vancediration on the amplifieation ol desd 3 was shown in Fig. 3, The PCR prodiuct was
observed (o sccumulate o an exponential imanner, e concemmtions of Mgtl; affected
e =fficiency of ampiification. 1t can be scon thar the slignidl storiell v rise gl differen
bimes depenling on the <fficiency of amiphtication (Fig: 3) and the DINA concatration
(data not shown). Insueh condition, (hg sl produced in Hi:-pﬁy gxponential phase of
the resctlon s praportional to the mitial u;m'nuht OFDNA of RNA templates. The
concenirations of DNA duse fint affeet the inforpretation of the Tim. When the
amplification wus completed, = melling sten wiig pérlarmod. in which e tempesiturc of
the nihe was stowly mepeased 1o analyee the melting paticrn of RT-PCR produst. Melting
pattern was marmiored direstly fom the LC instrumsent. The melting femperatone (T} of
te RI-PCR product comesponding to the 341-bp fragment of desA3 wis i 90° €,
spproximustely (Fig 4), Agares pel uiéﬂtn:phaﬁeﬁg_hﬂg:a:ﬂd]hqtnmnﬁ:mudm! of
real-time RI-PCR. which hail Timahout 90 ¢ was eyuivaleni 6 fhe 341-bp fragment of
M. tibereninns dext3 (Tig ) The LightCyeler roal-titie RTPCR (LC-RT-PCR) preseni
hecewas sitinile 4o perform and iterprot and wis ableto: guantify M. sxbercitasis e T




mransenipls. Within 45 mum. the LC-RT-PCR} nmplified & target séquenes without the
nced 0l sny post-PUR sample mumpulasion for produet 1dentifigation, A rpid evcler
allowed continuus monitor of the accumulation ol RT-FCR prodoor. The approach
‘desoribed horeis rapid, relishle and sitple and Gorild be used to estimate relanvely levels
of traneeripls of M. suberculasis desAd, which encodss desaturse czyime, a larget of
amituberenlosts agent, thiovres {Phetsuksin en, 1999 Phetsubsin &t ol 2004). Specificity
of'the primers proved to be applicable for detection of M. tuberculosis in clinieal
SPECIHTIEn..

4. DISCUSSIONS

A key lochnique for analysng purified RNA s cxpression analysis through
Quuniianve real-time PCR. RT-PCR can he performei in either one or two steps,
dependitig on the eeymes, primers and buifers used, This ong-&lep real-time RT-ICR
upprosch presented in this study was able to aquanify Af, meberculoss deidd transeripls,
The primiers designed conferred species specificity in PUR assays. Based on the notion
that mRNA 19 preseut in visble bacteriy ind viltieralile Ho degridation upon cell desth
(Albert et al., 198%; Gabrielle st nl, 1996}, the presente of mENA muy indleste cell
viahility (Tej, 1991, Patel, 1993). This WRT-PCH assuy, which iv able 10 deteet mRNA
iy be useful in detecticn of Viakle A tubrculosts 10 b mmber of cliical stuations,
Cothpuring to comventiona! RT-FOR, wiiih datsel BCH proddiset 4 the end pomt of PCR
eyeles, ihe LO-RT-PCR coupled (o ] worogerie detsciion would pirovide superine
advantages especially in tem of relative quantitative detection purticalaely when used s
doterming the diffircnes in wmoun| of R NA& i sl seates,
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LEGEND

Figure 1. Speeificity of des?4 primers by RT-PCIR: A: Micobactermm species; Lane
M, DNA mericer; Lane 1, M mibereulssis (H3TRY), Line 2, M, fuberculosis {lnical
Isalaie); Lane 3. M. smeemans, Lancd, M. bovis; Lane 5, M, kansi ATCC 12478 Lanc
6, M. avisey ATCC 2329, Lane 7, M, gordonae 330; Lanc 8, M. intracellulare ATCC
VESS(, Lane 8 M, fornuinan ATCC 23048; Lane L0, M.marmum ATCC 927: Lans 11, A0
serofilecenm, Lane 12, pesative conteal, Bs nen-Mycobgeterium species: Lane M. TINA
marker, Lane 1, Buriilus cereus; Lanc 2, Comamonas aeidomorans ATCCL1778; Lane

S Corpnebacierum sleerans 3375, Lane 4, Escherichia eoli ATCC 25827 Lane £,
Mlehatella prenomae ATCC 2736; Lane 6, Listeria monocytopenss; |Lame T,
Mycobacterium mabarculosts ¢linical Isolute; Lone 8; Prendomonas aaruginced ATCC
27853; Lane 9, Staphylococeus aurens ATCC 23023: Lane 10, Streprococcay agalactive
ATCC 16992; Lane 11, Salwionells typhimurium ATCC 13311; Lane 12, Negative
conmtrol,

Figure 2. Detection of mRNA transeript of M. nuberculosis desA? by RT-POR, RNA
fsolated from Af. mbercuforls wos subjected bo cDNA synhesis, PCR agamse pel
eleotrophorests. Replicate ENA samples were tegated with DNaze prior to cDNA
synthesie. Lane |, DNA market; Lane 2, DNuse: Lane 3, DNase und RNase: Lanc 4,

Negative contyol,

Figure 3, Aceumulution of the Auprescense during PCR using different
coneentrations of MgCly; 2, 3, and 4 mM Mgy, NC; Negative contol, £2 is the
channed used by the LightCyeler to detect the [uoreeenge.

Figure 4. Representative experimental melting pattern for 341-bp fragment of M.
tuberenlosis desA 3. The lemperatirs of the (ube was stowly increascd fram 86° C (o 9
C analyse the melting temperatisre of RT-PCR prodict. Melting pettem was monitared
direotly fram the LC inktrument

Fignre 5. Agarose gel electrophoresis for verification of real-time RT-PCR product,
Real-time HT-PCR product was verified for 341 -bp [agment speoific to e partion of M
thberculinds desd ¥ gene by | % agarose eleattuphoresis,
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Figure 1 Specificity of destd primer: Late M, DNA marker; Lane 1. M tubercufous

ITRY 1 2 ¢ ey &
(H3TRv Y, Lane 2, M. nebereilosls (elinieal wolate); Lane 3, M smommatiy, Lune 4, M bovix:
Lane 5, M. kansearti ATCC [247R:

e b, M avinem ATCC 2529; Lane 7, A8 gordonae 330,
Lomc 5, I e ({1217 e o J.d'.-“[ |$"II-;'::"- |___;1n;_" ':JI ”‘l i'I:-'n' PR -'"'-T'r.-t: :?I-[IF-IH: Lane i.-l.,
M. marinm A 1L 1JE'I Lans 11 A l'-'--"r'-:i'."'-'!-"rrrwr.'.'.'r: Lt 13 ":'-'Hh'ff el



Figure 2 Detection of miRIMA Lraiseripl 6F M. tibenculios dasdd by RT-PCR
FUNA tsaiared (rom M. leberculoely TEYTR s subijecied lo cDNA synthesis,
PLR, agarose gl clectirophoresia: Replicate RNA sqit ples wers osted

with DNae= pror o cINA yminesis, Lane 1, DNA mackar, Lane 2, DN Asc
Lang 3, IMNaze and RNasc; {ane d. Nepailve dontral
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Figure 3 Accamulation of the Auoresconce diring POR using diferent
eotcentralion of MgCly; 2, 3 and 4-mM MgCly NC; Negative control.
¥2 is the cannel usod hy the LighiCyeler 1o detéot the flu :
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Figure 4 Representative experimental melting paticrn for 341-bp lragment

Of M. tuberculosis ilesA3. The emperatare of the tube was glowly increased to ulyze
the melting temperature of RT-POR product. Melimg pattern was montored dirsctly
from the 1.C instrumient
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