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mutant strain is incapable bf expressing the active

tyrosine phosphatase and is inpaired in its ability to

survive in activated macrophages and ani mal s. The
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t ad]&%&e I0€ % Edb%rc%nf)échlp Fé%rs@f\{ & atdl@élﬁfisdhﬁa%fduéndf fBmpicin, the two
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cat9a96xyl tern1na| catal ytic domain that is honol ogous
to a domain in the eukaryotic PTPases (Sory et al.
1995). It is postulated that YopH disrupts a genera
phagocyti ¢ mechani smas both Fc receptor and

conpl emrent nedi at ed phagocytosis is inhibited by YopH
(Ruckdeschel et al., 1996 and Fallman et al., 1995).
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proteins involved in connecting integrins to the actin
cytoskeleton and the third one is a tyrosine kinase
(Persson et al., 1997 and Black et al., 1997). The
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phosphati dylinositol 3 - kinase dependent secretion of
interleukin 2 in macrophages (Sauvonnet et al., 2002).
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cysteine residues in the catalytic motif (Cysll in the
case of Mt pA and Cysl60 in the case of Mot pB)

abol i shed the enzymatic activity (Koul e al., 2000).
By Southern blot analysis, it was reveal ed that nptpA
is present in fast growing as well as sl ow grow ng
speci es of mycobacteria. However, while the nptpB was
present in slow growers it was found to be absent in
M snegmatis, a fast growi ng species. (Koul et a
2000) The present |nvent|on was undertaken S|nce the
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bovi s. Anot her object of the present inventionis to
provide a nethod for assessing the role of tyrosine
webwspbmBase i n the virul ence and pat hogenesi sPGI/IN2004/000203
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25 bB@ bpcffttﬁgmwﬁ gotentl al target for devel oping °
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rel\/tp)tpas to an attenuated nutant Mycobacterium strain
havi ng nodi fied tyrosi ne phosphatase gene wherein the
said nutant is incapable of expressing the active
tyrosi ne phosphatase. The invention provides in
particul ar nutant strains of Mycobacterium

t uber cul osis and Mycobacteri um bovi s.



The present invention relates to two tyrosine

phosphat ase genes nptpA and npt pB and the rol e of
WEe@smO0I832 yr osi ne phosphatases in the virul encRCHING004/000203

pat hogenesi s of Mycobacteri4um The present invention

also relates to two nycobacteri al tyrosi ne
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| mrunobl ot anal ysis of expression of MptpAin the wild
type (W) and nptpA nmutant (MIl and Mr2) strains of M
tubercul osis. Analysis of expression of MtpA in the
wld type and nptpA nutant strain of M



tubercul osi s by inmunobl otting. The strains were grown
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SDS- PACGE, transferred to Hybond C Extra nenbrane and
expressi on of Mot pA was anal ysed by using poI ycl onal

sera raij sedaalnst bbits. Fi :
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of Mytobattedina wheren homoogatisnveeonibigstion rmﬁae:c!beadsed to replace active

Su&?o%ﬁ‘%\%%% oﬁa)!as%\ﬂé;&ﬁe ?r{)?g!nﬁ‘lg M)t 0819 gtm‘ﬁ‘l {)P@g?obg tg)é)ﬁlulg%gna ddouble
eutrhemdvee dvedit wilek mogified tyrasinegbospbataseaenel ons of i ver

and | Ur\@lﬁth\éﬁrﬂ?e Fn%[‘é‘?h‘!@@anh"ijﬂiycé&?a%i%brﬁ%af@é‘@ekbﬁasbaéél{jon the
fixed in 10% fornmalin. Five-mcron sections of tissues

wePEsaicq Heantifiptic, rasiskange SRarkGnvitity theopdifieth drasing ebqsehatase

t0gdrn'est opat hol ogi cal analysis at a magnification of

10X. r at i lve sect.i ons liver (A and | B), .
fr om arTurRG HeipiatBort e 5P S davlog mypant sfif of Mibobedterm
Separh@nwlydﬂycbbactanumrtdbdrwrg;lsfandanbaﬂeeommwvgui nea pig
were u

hi st ol (s)lﬁ.ﬁithgys tHeS &9%1%8 rsoivfg(asa t@ﬁﬁ{[ﬁdd Folr ?§§1'é§3|n? of thg rf)le of tyrosine
fr dmsghﬁ ?@a "put@e Vingleaes e'vulds edbmeaﬁee@ Yygphagtegum, P@thcularly
cf My&dbableliltf ' tubdreuiddid. dFdrhBe thdVimutarit SRAPOF MABRActdMI having
of M tuberculosis and euthani sed at 6 weeks post -

i nfection. Sections (5nm of liver and lung from

aninmals infected with the wild type, nptpA nutant and
conpl emented strains of M tubercul osis were fixed,
processed, stained with haematoxylin and eosin and
observed under m croscope at a magnification of 10X
Representative sections of liver (A) and lung (B) from
all the three groups of animals are shown. Sections of
l'iver and Iung from un| nf ect ed gul nea p| g were_ used as
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and Mr3) of M tubercul osis was digested with Not I,
separated on 1.2% agarose gel, transferred to Hybond N
woreoob/0ess89 and probed with 32P | abel ed npt pB DNECT/IN2004/000203
fragnent. The size of DNA st andards are shown on the
left side of the gel and size of hybridizing band on

t h@ogh%{] {ggogngfphg;pi{g&s%%ﬁ?% %ﬂB ?:%;J 't;urwva gc'?@ 1 'n?aé%phages

muarahaninaif.l, MI2 and MI3) strains of M _tubercul oSi s.

Anﬁl'iéfsdécr%tu}nr@‘tﬁé(%c% aﬂﬁngfdrMh inwld type and
tant strarn o t Uber cul osi s by

|nﬁ'9HE?o1 ‘otting. The strai ns were grown in 7H9 media to

4 gt s by O g o
Itor ansf &&é&%&%@’bﬁ‘d’eﬁc@f P-a menbr a(;ie the bl ot was
pr obed danomidBNAX (Bugh Bora theoWwild\Mybe BVTs amgmpipAyroilitentadtrain (MT1
23%%1 i\gi‘g#) 0 ?A ?L%Fffut%s%e ep oggesped V@t?l%(%[% S{eg):ér?tléa %nq 2°/5F aﬁrose gel,
t utanstenied &i idytkiond Nanmdphmgw prdthae with {$tlabeled mpwégw%@iigment
O i ﬂ‘fe éZJ gﬁh& Df‘@-\gstbi’{Ha%teﬁ'g sﬁ&/ﬁ‘%iﬂh%l ¥t Wb for Wie! gbi %M@ﬁie size of

tant strain of t ubercul osis at™ an
of h@f 'i‘@'“@ ﬁﬁ@?‘%ﬂi ifRewn patiel rigi“)s'de&f e gelerent tine
PoiB)t S $Wfthern'BleCariaf3is( sfaHe Wild ZypedW aRBUngipA mutant (MT1 and
nmacr oph@gﬁs wer e flﬁ%ied and the nunber of intracellul ar
mycobac Siraieof M JRRLCUOHS bl ating on MB7HLO pl at es
(A - i rGenestid DJAsERLGDIdra dies wilBtype (WTaetd mateddnutant strain (MT1
rmé:li(’?ﬁ Hﬁlﬁgogf%stué—e}gultggi{)\%e}er@% ?‘ed\é\tﬁ{ggﬁg&iﬁﬁ réeggraﬂe#it rf WZ? erfﬁ_arose
vagei,egansfeeee to Fiyande N9membltaae apd srohedr Wit EclabaledbmptpA DNA

gufrib‘?r%np g8 slz@fo?ﬁiquAV‘étSrtHagﬁsxaré-%\nﬁifdh tﬂe 1o difd dr¥iREgel and the
(WL npt pB_ nmut ant conplenented strain (

)
an%izee?fﬂ‘ﬁ%’iﬁ'zé‘&fra&f"egt ’ﬁé@{"g‘ C(“A5‘e HOft se QEBR 98k B) post -
i nfogct iigimdktoblckteaﬁaiyee oFf expressidn GﬁMpﬂﬂDRﬂﬂienlglchtyﬁeNWT) and
magni tu a I ver

ﬁ%’% ﬂgpegmaﬁ%n%q@ng p’sﬂg Ofﬁﬂ Lme?guq%sc'or es were

aSSI gneﬁdiab'elseé@kpr@s@anf Mgtpéersthemlédyn@yannwmm gwiant strain of M.
Toltuﬁercuﬁ&% By fiﬂhuﬁ&ﬁ&tl 'T'ﬁ@l sti\éﬁé \Péi-é 3gir6\/?rd iipYHb%@éié 8 mid-log
up t escoresotaine “for 1ndivid ans and 1s
de;gha@e cdaust ampednts ©of yhgieoeeliyysat%mogein Ahobhuwes resolved on 12.5%

rrys@@mber iraiisféiédaib ri@b@rioec EPh GleRfbrate ahd- exaeéiseon 6i OBIR was
- Bacterial load in spl eens QfSE&UI nes\ﬁ%) s i nfected

10:

> Wi %W?'yée%b&%“%ﬂwcwa'éﬁfaﬂéise%ﬁi’%‘ BERA( %rpt pB

mut ant (MT) or conplenented strain (CT) of

t ubercul osi s and eut hani sed 3 weeks (A) and 6 weeks
(B) post - infection. Spleens were honogenized in 5 m
of distilled water and ten- fold serial dilutions of

t he spl een honogenates were plated in duplicates on LJ
sl opes. Splenic bacillary |oad of animals euthanised 3
weeks (A) and 6 weeks (B) post- infection was

determ ned, converted to |0gl0 cfu and depicted as
mean + S.E on y- axis. Various nycobacterial strains
‘are depicted on the x - axis. Figure 11:

Hi st opat hol ogy of liver and lung from gui nea pigs
infected with 5 x 105 cfu of either wild type, nptpB
mut ant or conpl enented strain of -M tubercul osis and
eut hani sed at 3 weeks post- infection. Portions of
liver and lungs were renoved under aseptica

conditions and fixed in 10% formalin. Five-mcron
sections of tissues were stained with haenmatoxylin and
eosi n and subjected to histopathol ogi cal analysis at a
magni ficati on of 10X. Representative sections of |iver
(A) and lung (B) fromall the three groups of animals
-are shown. Sections of liver and l.ung from uni nfected
gui nea pig were used as reference for normal tissue
histol ogy. Figure 12: Hi stopathology of Iiver and |ung
fronigU|nea pigs infected mnth 5 x 105 cfu of either
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mut ant and conpl enmented strains of M tubercul osis
were fixed, processed, stained wth haematoxylin and

weomsnowsd observed under nicroscope at a nagnPE€T/e04090203

of 10X. Representative sections, with an inset of high
magni fication (20X), of liver (A) and lung (B) from

aI I‘-‘:gr I:L\GZ dg]‘rs‘%apc%quQ §vil8 #?J‘e%.{ﬂilgfs gtﬁilr ﬁlua?@%am§eoq’tﬂ)l qnﬁergfllos:s

om unl nea prg were used
r efreneeiﬂzgaaﬁcb?ctmﬁedmacmw@les hi st ol ogy. Detail ed

descri ptrh@ ho@de m&omgs BEI PR Jﬁmw waswmed wvremblvma type and
rOVI des a CO acterium strain rl‘w&/h h
tyme@r“rr@Utaﬁto%fﬁwa?fa(%’ewe%fﬁ%m'ﬁ S?ﬁaéat@]éﬁsﬁ@ %fr‘eu (rpgpgophage:

5 sabatilyy sodressére timg riﬂbi&tsrpbsﬁnﬂestldn néam | € 60dndesyphagsphages were

the_actiwv, hat n EFur r..t
I‘S(%eo L r{d tﬁa U%{ﬁng%eogl érgac?%%r g\ly ?ct rFf‘ \?/as a e‘ézge% b ;ng’ung on 7H10
coplsnest(/:\ rgn ofsting mecrbefrages, ds+ & @auvjatm rﬂagmplseg??h)e The experiments

| nyeRtdaRRdRUOMIASS daptieoBAS bk 'u&&@p’ﬁ&é@éé“mé\é]%ﬁéu%&r%lues +
nodi fied tyrosine phosphatase gene is either nodif

npPHA or nptpB gene. The nodified nptpA gene is as

10 ShBl‘ﬁOrd B SAceriaDIddd in spleens ol aﬁlhﬁlm&éﬁéuﬂmﬂﬁogen&mh 5 x

or U et 87 e s e (AT o5 e el Bt i g ane

npéythardsedgitpBeaks(8) ard B whals, (B) pest-dofestiomant vect or
constr %&qs'ﬁer@r&) o erﬁz%‘éD(A‘ 5 rmlpﬁ%%llemg}eénc@%e%ld serial

of the i'nvention relates to a reconbl nant vector

whdiliEens aftiee pRieanelimagenafes wereodated inhinfigeteropi Ly §lopes. Splenic

15 SheslalyNosEe ddindiOeuthlnibsd MWEél%d(A) BHY Bhedeks t(BPpost— lnfectlon

I nventilon r at es t a.reco ve tor er
R e g Gtrecd of e B ah eSS R e 1 S darty) s
| Dvaous iriYcotmcienal isfrainslare Tepicted we ke >onaxys.ovi des t he

" AT A 2VPR 1 KRGS Bf Byl FRER AlbcTBhBBEF Win' S 107

I on,

s u‘b‘gtqft%thleb fhe wild dyper (WT)m'! mntpéhmumt éﬁd&: Pf Meéqlll'efculOS'S and

20 PT &) h4&fSe Pat' BRI (RPdHd Nﬁ@él&r(B) BoQ ahfactiGg NPt pA or
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npt pB gene i s dified substjtutin i nterna

ooh on ool BossEr TR EHE by dhaRHeR it qod ten- fod

r esrialt dilotiensrof tHedunggitoneogehatediwer@rpldied insdeglidatys on LJ slopes. Lung
, ¢ : , . .

>k g EYGIDSE ARRAA: 83 S B30 BRI 5% fcton

meivace fetgenieed, repa\retrtgd rtededss afticend depitteches rngagr hnfeEi on g axis.

ch&é}roamﬁ@dyaa@haue&ﬁﬁ@é@%y.c«ee oRW#AMyGd N Further the
present |nvent|on provi des a reconbi nant vector

co'ﬂﬂ'é"enlq'lg istepathploova refi tivert i admdvng frganguingg  pigs  infected
k asubieyutanBolislp withas g e107 Rfu bEeitias the D&Ide/pé WwTpat thptpA mutant

re tor. g3 both t he

v GE1TBY BE Blpolciid ¥ ane YReadites WERTUGMERZAGR: | o

f or ns dlortiohe of weosmdwbmmwsrphama\m tgwsae&epfrdabcmrrw@ns R fixed
prlQWb%ei%rrﬁ‘élﬁl EOL-hftfors STIGRCS t@gués%rggfa%ﬂ%lﬂ%aematoxyﬁn and

encodi ng né acteria rosi ne phosphatase
sHORIN i#Rd sﬁ@ﬁc dngo h'SI‘ZPaHWH’QI‘Fﬁ'dlaP?'é%S nt pAMgeniicatign of 10X
S l'rRapfedentatie B dclbriN@f h;l@r (A By Iuﬁy @btﬂ'dh'ﬂ apﬂ'@\&hﬁésgroups of animals

nucl eoti de_sequen epe nco |n

B IR Er PEFARS BF Brsteondn Gop R LR fsct e yoed as
| Defd@nce 142 namuhl fissde histatbgypt pB gene as shovvn in SEQ I D
NGO 16. Anot her enbodi nent of the invention is for a
nmet hod of devel opi hg a nmutant Mycobacterium strain
with a nodified tyrosine phosphatase gene in its
genone conprising the follow ng steps: a. extracting
genom ¢ DNA from Mycobacterium strain, b. anplifying
the tyrosi ne phosphatase gene along with the fl anking
sequences using specific prinmers fromthe genom c DNA
of step (a) to obtain a DNA fragnent,c. characteri zing
the fragnent of step (b), d. cloning the fragnent of
step (b) in a non-replicative vector, e. nodifying the
fragnent in the non-replicative vector of step (d), f

. |nsert|ng an antlblotlc reS|stance mar ker gene
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obtain a non-replicative vector containing a nodified
tyrosi ne phosphatase gene, g. cloning of a second
W@niosioosse c resi stance marker gene in the backboneN2064/000203
the non-replicative vector ®f step (f), to obtain a
reconbi nant vector, h. introducing the reconbi nant
vector af st | nt 0 t gl u r g hi i
sdrsiei 8 Fishaltibloq'r GroaRE firg Tgh hiien, pios infected
stsubcutanessishywithrssx 18hefulpfaither the widd e (D IQIrmg@Aemutant

I Tt MbBRuldafs dHd iRfanideB &R BNeBRE bodd Gisrbatdrer | um
strai ns of ste(‘% harborlng}theflrs_t antihio
I

. (1), \ i otic.

r esi st arestiongr @em) @29\‘1’@!’ apd lugg|Teogt ?W@‘afsh'éfegf@edﬂtﬂa&?/ wild type,

5T %ﬁﬁ?'nﬂ@é’iﬁt oVl CoRBRhRhtel Birsihs af NG teraiBR Weérp fikkditprocessed,
sensitive

5 t he second, ant.ibioti ¢ resistance
priddingd: With 8ﬂ%m?}8’&yﬁ'brar5’aceﬁ?§f6n@?‘} I&Dsgrﬁﬂa? u?195G rtn%goggc’pe at a
s enayndiaationr & CloXb Represenidtige Isectioes iofifives t(Apamd lupg (B} Bpm all the
( wher ei n_t | couhi t: L i
T
s iwwerdabedas referefice farinoinal Heste bigtol®Ymacr ophages and
10 TGRSy (Eﬁé&hﬁém BIBCarial)spNbf B Wildiipd @mdamppBhadtant strains

wherein,_ the I\/%cobact erium species is selected froma
gr(BTA, MEnand MTALTY. thperedBS/Scul osis and M bovi s
Anot helgeasRONAY (3fd)8romWiRiItypeofv T)radu inthesB @utalt dwadh (MT1, MT2

wh it BAN I, | ect

R e e

nitapafeabatocHybbadNinesnkirérarsod mpbed it 75 lalraiedSEigi B DNRCragment.
15 f5| 'Fh% s%zefo(PbNﬂrgPéHdglldg %]fel éfhﬁ\gﬂ.fon rtﬂétlel.gsiaé e Whitdhdlsize of hybridizing

anki ng regions. invention further provides a
meend an thetrisntside efiles ggbt pA or npt pB gene is nodified by
| NBFT t iIhundB|ottan@lsis BF!tAd leRpre8sion WIMpthBLihGilld type (WT) and

specifically by s tjLruti n.interngl regipn.of the
npt pA d?’ptﬁﬁty“b‘égﬁ b@*gﬁ“‘gﬁ{r?&ﬁtfﬂ'?500‘42@-55"@?’%%’8’5@r ker
gene prabigsiabf the kygessiopaf MpipBsin sild hpe agd metpBlimetant strain of M.
20 ! %IIE%'&}/(?S'I)S Bﬁ%bﬁﬁ&)lo@ti RO QW0 Ghcd Trdyth fNPHE §F M to mid-log
antibrotic marker geng& inparting resistance to
k anvasg: diqual smpurge of adiolercell Hysateeprotell (o) wee tregolved on 12.5%
basgfﬁ?-@ﬂ%ﬁ Y&lsr@RAt By bR ECE il méMBrah@ IRE told® Wak Srétd for the
nmodi Ty tyrosine p.hosp}'hat ase gene I n the genone of
MRXBIsasiIeR Pl NipEPB 8piRg PRYANa} seraraisse paaingt BrabdRDA or
PBEe SHBUrANAISET\ild fe MndQRpfBr hbent previ A 4. aubdichedis in
wher ei n_honol ogous reconbi nati on may be used to
r SPRHORNIYPE" acti ve tyrosine phosphatase gene
of nycolThetrasusa rgcraphdgalbéleliner §F4Adveas fentad sdpabately with wild
. | R
cui oS (RS bt Bk 98 oF AEARioUERD MO 4T (acrophage:
askasiy. Atigiiferant Bme poiptstet-iafReliondaye, Rnthand By Mp@pRIages were

angsdaasio eRNAGhBerobs Mtsehast Rivkdbatiri@Gldsvadsessed by plating on
macr o Furt her the, i tion sh

ages and ani mal s. .1 nye WS
50 i HEE Re 2 By EBs PerDUiRoeT e SHiEAe fRstanags). The
angkperimeénts @drd dcarfidiedut twite Ini duplidatessarndvdata isi depitedi asaheah of all
nafgrro\%magg% @nd animals. Further the invention relates
_to WG Fyr-os'l'ne phosphat ases Mot pA and Mt pB of
myioe: Jotah posti nertem sceretal guingh pigs igectedrwith 5 x 10° cfu of wild
d ' I | Qiih&tised at
e B e = T e
35 ty’?Wg?'fFe‘%%‘éBN@Fh%@ Peskoifeqtion: with eit her Mot pA was
enpl oyed to understand the role of these proteins in
the survival of .M tuberculosis in nurine macrophages
and in the ability of the nutants to cause disease in
gui nea pigs. The wild type tyrosi ne phosphat ase gene
was nodified to devel op a nutant strain of
Mycobacterium The genone of Mcobacterium encodes for
two tyrosine
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phosphat ase, Mot pA and Mpt pB. The genom c DNA from

mycobacterium strain was extracted by CTAB standard
woreiloas3as gi ven in Exanple 3. The gene for nptpIN208£000203

anplified fromthe genonme using specific priners as

shown in Table 1 and also given in Exanple 4. Based on

t he genone sequence of M tubercul osis, the prine .

vere désihgriee of saciifes idependino oR theseegigiref pﬁ%logé‘?agaﬁ“age n

Wi dpleeh ! ifvet) m&rgr Baph aﬁd’esd@wflﬁtbsf 6ﬁ|maf:tloan Kdones wegl asaignedo each

e Brironte o MR 581 8 fEsdsh et w B Oy gaing
angpl thé sexesyptairsidrier IMwuuuabeﬂgemﬁ etmlns;demmem@s mearpt &tEeorangaxis.
B S e L A

carryrn anmpl i con wa
erf'dglﬂr@p"d’i Ragtotiakload i epiepn of geeﬁ* 9‘9&| 'g@ﬁe&dwwéétbw cfu of

pLé:ﬁn@H%m%&yb@f(wfr; I:ﬁﬁthnmuﬁﬁt @T)PS &Ahplemﬁheed s@ahl(cm) of M.

was transforned | nto
THEbFeUlss AN gthanised) a“l"“eeg‘sim)oﬂﬂdt%w q‘@é%hB?%ﬁ fecfign.
gl ven iSpleEnameire hémogddnized eio divioil rd rdistilleve matea nexidy teod fdlg serial

o LS 5 BB S0 el o e oo
cchacd_igrpmagh i @ninesls: ¢Hghagised ﬁkaS &) @ng,qs Wek%@)&gs@ na‘ﬂﬁlon was

W' deferd@ag, %v&%ﬂﬁ%%ﬁ@&ﬂﬁaﬂd td@?ct@@ta@%c—gﬁﬁ BES ofPGRaxis. Various

mpl 1 fied usi ng gene ic primers, primer C
S’E!SOP@"N@‘ St@'nscﬁi?ﬁ"%‘? &% te at the 5 end and
pfFIQEtfe 13 (I-ﬁ&QoétRolN@l o4)|vétraiirrcylung feonBgpineh s nfacted mdth 5 x

n r fe
5 S G D R I, R i o .
i ntubemulnSIqaa_ndmhaﬁm ay @anesks ppstt Nfeqm?@ di gested with
Nde | Wloﬁg%f ||vei""ﬁgd fuh&s W%%ho@%nﬁéﬁéﬂ@f'&al eSHHitRhE BAWfixed

the initial 156 A CRF al on
L OB oI He R ReaR g WA PN Y TepRinayl and
pr&féﬁ\dléh& ‘Qbjegitade i |HstdpativRigizald aaalgsi® . atSanmlagnifigation of 10X.

Y L Lhs G LR

nmpdrp AhORR. Sectioes b idkrnand ting H@@um@fenieﬁagmrp@gplganﬁ used as
Np,re%rﬁg%}g,owglﬂsshgmt% ydownstream to the npt pA ORF
I e

uri | ar ger fragfrrent obtained b

di @sgtei "b?topﬂﬁhf)!&lgyaﬁd“’?hé“%!fﬁ'lg EM fquUInGa-RigS d'bfﬁg‘ieﬁéfﬂth 5 x
by1d5h8fudbﬂ%ﬂhén0m|ﬂf type tridpBemaidnbest Lowpleatintapethir of 1.

2 L P R LS 1, 2 ™

non OV e3dctgapi (5gm) asliver aed ling Jfrotrhaniraals tidected. witiDAvild type, mpipB

8]9 n&%ﬂ{] %rgd %c?r%gjﬁcrﬁ di nogsetrna? r)\dolfubémﬁlg$§ %ﬁn@ﬂdﬂo%és%‘ stained
prltrDba@mmryﬂns @pd reagih eaodmeersesh ueder enigreseane\at 4 magiiiation of

(preé%sel%gtﬁ/e sB&ht, mﬁtﬁ%H%?of'rﬁbhtrﬂggnW@Qﬁdhr(stof liver (A) and

charact rize sequenci ng shown 1 n n&]
30 Thiang E)fiem all e heon arouss Oii@@‘,‘alﬁﬁfeo?homas%fé'a?ﬁ ﬁ‘&efffﬂdi'"g from
bpu&ﬁfe@l@d\@@héaﬁﬂ@wfeiea@lsd BYrekRenteicremras dissuelbtojogy. Nde |
é Oél ﬁf/ Aat the deletion site for the
?ﬁaH@d S?SQW’ P9 ‘&eﬁ" eé‘§'°§’t ance gene. The hygromycin
r esi st dftegpregentinvantioreprovidesda- dycobacterivm strain with a modified tyrosine
P! %ﬁc;séﬁétgé i Ft‘sc‘ n‘% %Qijé'in '\tlge sgf@"i‘/i})col;efc?&ﬂﬁf dtrain is incapable
alred and one into di"gest ed,
35 en@lf ﬁﬁp@ﬁsmdthswctﬂm tyresiog tnhﬁ@ohm@% IgenBaRurthes the nidggopacterium
SegIRRE S ééfbcié&@fro\'iﬁ%@ﬁp BEBisERPEIM (tedraRssisBhd I PeesCi NY
as shown in Exanple 11. The vector pLitDAH conprises
an i nsert having nucl eoti de sequence as shown in SEQ
ID NO 15. A 4.8kb DNA fragnment containing nptpAA ::
hy was excised out from pLitDAH as a Spe \- Nnhe |
fragnent and cloned into Xba.l -digested pJQO0OSK (a
nonreplicative suicide vector) yielding pJQA A
second anti biotic resistance marker for kanamycin
resi stance was inserted in the vector backbone as
glven belom1 The gene conferrlng reS|stance to

o o g, r R e o o ~ 4 -




The reconbi nant vector pAKDA conprises the nodified
npt pA gene (SEQ I D NO 15) and a second antibiotic
wo e@spomace marker in the backbone. (B) ConstrRCT/IN20045§00203
reconbi nant vect or pBKDB. Fd# disruption of nptpB of M
t ubercul osi s, vector pBKDB was constructed. The

0o AL SO S AT A R BERES B
f Omhmwe(gﬁlié@isl dlihéﬁodlﬁbﬂ)mplsmﬂsonanmbB tesd The omdifiae mptpA gene
geIQ %'sT%héJv“ﬁ’ﬁ H%Eﬁ%xﬁf NG °|5péddgﬁé ﬁmgﬁrﬁec? Pvﬁﬁ!‘é gde'ﬂe T2l &ohndn8eq ID

ven enome sequence
fNM 16ubercu| osis, the priners were designed to

sanpli f Wh@ﬂﬁ%ﬁtl&rﬁﬁ@ﬂér[brmesla’z}ec@'ngﬂgntw&:{%r 'cbﬁﬁphﬁiﬁd theafadified

and downstream fl anking regions. For this

f r BBRARE MPGHR 9ang; Tithen rwmmr \é%?Fﬂf@%nS[trH%teW“BPr PAKAA or
rrp‘gEgeABal ong with the initial 356 bp of O?F of npt pB

was PCR anplified using M tubercul osis

t enpl atﬁéwg}ﬁ:a aphechel e p_nve% relstesce aSI)ec%mlan?n,tIVﬁ%tpr pherein the
(Sﬁﬁlelofﬂjé\@eq@hce Shepamphdneois asashomundinrSEGIID edoand is modified.
?lelglﬂﬁ‘p glt ?W%}E@? relageE %tﬁle%%\é%&ngét pééckorvr'\g\ﬁ’ne?’e%n the nucleotide
t r saysémnend dipiol genEis aschowam SHQ u‘hNOMEx amglifieds5. The

pl asm eV‘Yﬁ\ye%tlérﬁ B#o@ﬁ@sdthterrgé'ﬂrﬁtn%n{ 9%W%@ﬁsth@%;ﬂfbﬂ 8AmptpB

in Exanple e recombi nants were anal ysed by
r e@¥neiix MpgifiedhyApshstion @%%‘Pf‘dﬂ”@@”g?r\%?ﬁquﬂor&anpl e 7.
Anot herrUahér, fHerigvanibn egutifisaliyi p’ﬂ@/lé’&@ kiombinamit yeBioR¥herein the

corr pondln to the on

5 i AR ERCTRIBE 86 s Py R e oy Mihen KRl cordegebion or
anmbthl gede by ann gntipitie resjstancd markpr gemevaiighrcanbe useq BESR!¢ation.
NG 7) ARshed" oﬁtr{eqﬁ@nF& @Pvrdeg)a re&g}ﬁblﬁéﬂ?lv’e&gp WHPein the
end- r epal red a arate ned i nto EcoR

di entibioliel resistenee PNFrKerLFEBB 'mé@tﬁ tresiganc meét'tb?r pygremycin or
Th&l&ﬁﬁbﬁémd&-b@%bb‘ﬁqﬁ hgdréfgdied Wi th Nde | and Sea |

andthe fra nt containin nitial
20 pp of n'iﬂ'@%g %QFP?F%Q“‘%W‘PF PEAE *Bf %‘%ﬂtb %’%C"?rhgc’rgiﬂ?—‘”g a
\NaSechdi apiibioticinestkergeng fa k@hargysin geistapge inaibe ibapkbone of the said
{’ Bké’ntv?{ﬂbrt B2 was digested with Nde | and Sea | ‘
er DNA fragment containing the 367 bp of
rrpt pB Gt ingenties mvmeﬁgbotfothehwﬂctiupérrmcw agig geaiengps and the
NpFnB&ﬂ@d R8s W b phdh B Q@M&%t eAadnThe lﬁﬁﬁlﬁﬁom BlRdeotide

purified. The |arger fragpmen n
25 (i GRTRHOS PR IR e pefeat e bpsiatage A =s
by stidw ifiSgesiDi N : 0f amlmbdBidwepipA ghenad $l@>&h&|ﬁlSE®g§tN@r15 The

Lf%ﬁ%ﬁtubﬁ%g@ %ﬁ@?g S%Eh gﬂ?ﬁr{%ﬁnﬂé& @ar}é %E%& b%ﬁ%yco cterial
wetyeosinerheeptiatgspibhgs swralanﬂm IR NG hé2 wed medifigd jinaie3 gene as
COEH&JnrhE@E?TB N®dgng region of nptpB (with a deletion

omthe central region of ORF) and 1045 g)
30 of upst/hrpénﬁrmoqwot piphe fnverihnds f%mﬁh% [ Agveloping a mutant
Sew&ib'éefénﬂﬁdstﬁlmmtﬁ]tée nmiddified tgiokiRe | phospratdcRigemk iMpitg Benome
n.site for the cloning of hygronycin

reg?rgqrgwgéhegléﬁ WGEEY t e. The vector pLitDB conprises
nuel eot éxdactinggencroie DNA fedmoicabacBE@ BIRINO : 14. The

I ngert

seguenciﬁﬁ%wyﬁﬁ (;(%ng iRE p@h&% é/‘?%\ecgﬁﬁ@ﬁl rtHeZﬁ’ég}kE% sequences
 35resi st aHded gwlcdﬁgﬁé‘t ff‘émvth% geRaimis &Ny gt g‘ﬂbfﬁ) to obtain a DNA
pLi t 28r gggrhy@gres as a BanH | - Xba | fragnent,

end- repalred and cloned into Nde | digested,

endrepaired pLitDB resulting in pLitDBH The insert
sequence in the vector was characterized by sequenci ng

as shown in Exanple 11. The vector pLitDBH conprised

the insert having nucl eoti de sequence as shown in SEQ

ID NO: 16.A 4.9 kb DNA fragnent containing

npt pDB: : hygr was excised out frompLitDBH as a Spe \-

Nhe | fragnent and cloned into Xba | -digested

pJCQOOSK (a nonrepllcatlve SUICIde vector PeI|C|c et

A NSNS\ e e~ 'Y o o - .



reconbi nati on to occur between targeting DNA and the

mycobacteri al genone. The reconbi nant vector pBKDB
weowpnd®es t he nodi fied npt pB gene (SEQ | D NO PABIN2a0MA000203

as second resistance markenlin the backbone. (O

Modi fication of the nptpA in the genone of

Mycobacteriumand its role in the virul ence and

pafhogefeescienignd e fegnerto#eR (. 1 n order to eval uate

t ha. r ol Gorfrfg thptragdnioft Sied (ppihRoBaNEsicativefvedibr,

tuber cul osj s t t ant S ructed

by usi 0SB R EgmeRde MR s It SEP T

nodi f i eidsenttomh alelqot@neﬁstas:esmm gere @itQn the figgment] &f step (e) to
sThe rec &@5?% dmbliifiect BfsiH@ phosphat
regl on o h’pnd?g gér?g\r/%\nvt it ngﬁ{llﬁds% rE% upstg)?desam ICfimoc?p alase
1240 pr%R?wnstreamfI anki ng sequences of nptpA A

t | ONciéHin JSan §&6hdﬂ entibRgit AEbistahtad nitPiker Qend/it A bs@EboONe of the
et ed an ene, conf er resktso,il; ance

rin
Lo by ipepicabye eRRr b AP PeBRIL PSR
t uber cuhtnrxiusm&tr@rrmom:taht veotor piegidp (ghintoldyopéadierium SIFISA
Oang al kghdq ﬁgeﬁ)?é Fltqﬁ ob§8erim %IMI% flrst antibiotic
onyC|n resi St an trans nts, respectively
7H10 pl ealectior MeHERRPRL ed Wi t h hygromycin (50ng/ m )

The det élilthrﬁhg&ﬁ@ phrhaf ! r8sohibiiaat RjdoBBctanien Sirai@ofi step ( i) harboring
Exanpl al kal Fgﬁr etreatment is as given in

Exanpl ethfé'rs"ﬂ‘teb'ott'ﬁéesls RFBHAEIR"E wer e PCR positi ve

f ok. hygseteaging the seesridatyarecenigene Myoggestiimgtrainatf step (j) that is
5pI asm d (Q’]%Fu tE‘ptBQ %c% Eﬁ‘tﬁhdtﬁtr%& @E&d EH& ﬁ)rééa t in the vector

mycobacteri a IC exc ange onol ogous

reconbi bagkbene, shoul d result in incorporation of the

hy gr ony&Giitlringe HeS lseenBary € RRoMbihai OMyédbaciéeh OstraiRC kb aR® (k)

carryi ng kananycin resistan into
nycobacwg‘?rﬁ‘élthﬁéﬁ'grfﬁcowt N&ﬁ@%fgg%{gfsgﬁwal?ﬁ@m\,\gr fhe modified
scr eenegrdsive bads@ﬁmas;eﬂ deasi whiet cshoge ndefégtive®CiRowti g activated
gene spegi flﬁ: Sa he transformants obtai ned upon
el ect roﬁg‘frgf’ 2 %’Rﬂ were PCR positive for the
kanarny cFurtheasrseetnt/@tlomp@w@eag meftfodt wWiterein.dhe Myeorastegum species
obfal.Redq WBrk CR&G@&&Jneﬁmga&f P n,bef-cu/ak)é ahd pigeA ur ed -
- pAKDA wer e negati ve for kana CI n cas
These r8asiiar spashiida @me&tlﬂ%lpmmeﬁ%? W}r@?ﬁa‘?fi‘f&?”m%
at argdapbtdddmnta hRUp eopristtd dof SEQO NEGSEtoOi for amplification of mptpA
trapsf or nsobta ned t tion. of '
25 4o ARG B DGR P ATS Epd REPJB AR, EPRLT atictlyfrie atong
hygﬂbﬂyﬂanﬁmbm@glmn& tive to kananycin were selected to
score fgre ; %%m RRPHEr dr (ﬁ%tﬁ m@%b&)%r@\/&ﬁwm rﬁ,ﬁﬁA or mpth gene is

dlSl'UtIOﬂ Aint cobact er1 al genone

veriopifed bbgnssﬁ'eﬁ gHom| rawtamaﬂrﬁbﬁmﬁ'eﬂ ﬁge%&ffal&wy stbsttuting an

Spﬁﬁérﬁél@’e%ﬂh@ b@tﬁ/SEaniBB@ne b¥ Jah. anfibieticlRisBtdnse @farker gene
t her n thrl di zati on and preparation of

30 TRy B ESUaE SPGen | Exanpl e 14 and 15).
As expetTheeidyertion prabitied a me&wdhm‘mg@n ewtb@sectood actiipticanarker gene
horﬁ?é Qtﬂ\%qg isthdBito kiha 8 in ARG teh glnggt\fe Flg‘e?ckﬁm
% YT AnSt OF Tan a sing 1'Zing fragnen
4 1 kb, Y@tl@@oth@hg@pcwé}nﬁ lnmlomwtpmodmvmoq'% osph gene in
24 orW@%f f éo%éé’t@:ﬂ:m Jﬁugse.ﬂhe%sﬁﬁ@nérmvéd?& pAKAR o%skm
an ans transformants
35cor res pUPﬁJI élﬂe%eﬁt t'mf@“?%blf‘ﬂ'g'@ﬁeﬁff’v"i‘ﬁs £12%phqdh tverRlp  homologous
fr a&ioRBinaidn FRY PR VEd td YeplRBAE MhchRS ty3bsHic BhapRsta¢digene of
1A). | munobl ot analysis (as given in Exanple 10) of
whol e cell |ysate denonstrated that disruption of
npt pA resulted in | ack of expression of MptpA in the
mutant strain (Fig. 1B). To investigate the role of
Mpt pA in the intracellular survival of M
tubercul osis, the survival rates of nptpA nutant and
its parental strain were conpared in resting as well
as in IFN-g activated nouse macrophage cell Iine,
J7T74A. 1 The nunbers of intracellular surV| VI ng

T o o - o N | o, I ~ o~
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both the strains differed in their ability to survive

in IFN-g activated macrophages. In activated
wor@sopsages approxi mately 45% 50% and 70% ki PCT/moe/000203

wild type bacilli was obsenf%ed, at days 2,4 and 6

post-infection, respectively, in conparison to 70%

9596and 980 Yo kil ling of ant strain a ays. 2,

2 ENADEgEADY ¢ el o VPRl Bmpied gindle X¥e 8 mutant

obm/gsobatieramsstradi cat ed that di sruption of nptpA had

I mpaire f

| FN- g agr{o:irgeg terzlgbérlr@(eﬁrft é)?{l?g Mevgﬁﬁb?% & esggs'is%e I%# of Mﬂtb//?aﬁdeth

stindi s \firnlen@car@pmrg@eneﬁf%ofsmmﬁa@waawaaﬁﬁv%eqmaCfPehageS and
5 dejfhasne whether MptpA plays a role in the

pat hogenesi s of M tubercul gsj uinea pigs in groups

of 16 dHFREY L8, dMentofs ShaEq el fte Tl G PRp pRkrg Spains are

10sttepliate@fanp ameaiteal in it &ablityoto swnipd énmrentivetbds tiaeiophagies and

M tuqercuIOS|s Ani mal s were eut hani sed 3 weeks and 6

wedKE? Bost-lnfectlon At both tine points of

eut hani satheoihe (anfomerklatesde twr tigsine phaskitatases Mpis) ey MptpB
10 f Ogg rﬂﬂ:oHéEt%% Hﬁhsa% gﬁgnt%nlgrdeﬂﬂglsdé(y@%&n§BMI@B&%@Qr drugs.

(represente for eac roup he npt pA

mitAnt Gansiuptiomaf rsp«gnbmaeta/i%w Flﬁ'g%uat ed for growth

in gui nga rﬁutgnt@ﬁgiﬁ'lacﬂﬁg&WM&MO@%a‘iaseétasé’oCW\ﬁlth either MptpA

post-infection a 9-fold red ct served in t
bak? leRPYEd 48 vweefﬁnsewg ohitheses Pro ?ﬂ"&f“egthPW'VﬁF of M.
npiupércivosigintmeine anaerdphages Gnd ir0Be +ability 28 )heasutamspacaide tiisease
15thg ﬁ gp g strain (log 10 5.99 + .27, Fig. 3A). A
sim Sduction in efu was al so observed in the
| ungs ofheawildntsbes tirgsinecphegphkitash gepe pyesrnediind tordexelap a mutant

(l chﬂrp 013 A/?/Zob*écfeﬂr&}ﬁl e g&m Sfj[\/ﬁlébb%tbzgg&rﬁ r§1cé>’de@5for"two tyrosine

nimal s
2P EhpiAtase, MaiA Tt UPtoBAl e ganontss BRESH ByCoeHum srain was
baettatiealby I0TAS stamdérdenaimdde @s gaed in Exagplens. Thnigapd for mpipA was
|nfec A - t0
b a%qmglﬁleglfroin otg% H@.}o%an%@% er?t‘ée?%l 4s sl?cﬁ/w il T%gle 1 rtdhaqso given
st ind&ixampleck eased from 9 folds to 90 folds at SIX weeks

post - i r%é%%& bRthe Eh@m@ §§ddeh@é o M, qaﬂer&dks%h %egﬂ?ﬂrﬂﬁé were designed

i nfecte strajin was

ant
0. tezreRlfy @awéégg%ﬂd\l% 71 2logg whﬂtawpﬁttﬁ?gsa"%wmam flanking
COf@@he datmat ﬂ"@n’@ﬂ%drﬂymgyw&t&dupsﬂeaﬁ |tmbsnptmﬁ ©RFeatbng with the

s ' btab P P Ao PR Ve GR el b BB A Qp OB oo

r etoplatoand prinvdrd (S&EQ IDI NO:y1) lapd @riinar B KSEQ [P &lén ) earding a Nde |
| un@s.9he FUEBHR: él’ﬂ{llﬁ:&tl Gids Wnky I?eﬂg%@%nénéfoﬁgé intd ERbR \N‘@éested
found to be stati st Sl frcant (p< 0.002 in th

cag@t%prérpueé%sesalﬁ@ﬂ wdee%oeh nT'th lioagigr was fransfegned into E ol

r e§sp§i(iéd e XénpleE GThé PRSMMAE wete/ i@éla’@ﬂ (ﬁ‘ohﬂﬁ@ rdcoMBIndpts ia@ lgﬁlen in
eterm

o R el S B Ao

pem&eema@a'of granulona and cellular conposition in

l'iver g )
a3 B Plar@| iy oibr S P HERARRS chteRiliflo e C
t htenpiaelsagian ob¥iptaf gloas with i1 240 bmdamsireara fo e AMiARRF was PCR
Thgmb“f\é@ by Qisfhg 5#}820 & ke pﬂﬁleﬂ@%kmnmhmyﬁ)e@rryﬁ%’a Nde |

macr ophagés an theI0| ells

15 TESLORIROES 900 Lot o) DMl > BT G o sona. T
| i waplicoh anal endrapaded aaé reepdratend ciohed dntanBtoRW digested vector
conprised of 21% | ynphocytes, 11% macrophages and 68% .
epitheloid cells (Fig. 5 In case of lung, no

significant difference was observed in the percentage

of granul omatous tissue and cel lul ar conposition of

the granuloma in case of animals infected with various
strains. The animals infected with parental strain

exhi bited 14% | ung granul oma and | ung granul ona

conpri sed of 30% | ynphocytes and 70% macr ophages. In

case of anlnals |nfected mnth nptpA nut ant straln

~ A A7 o o o o



sui cidal vector pBKDB having a nodified nptpB sequence

as shown in SEQ ID NO 16. The targeting vector, pBKDB
wae aosioesd3s he codi ng regi on of nptpB al ong wi t hPADIR0B000203

upstream and 1140 bp downstiBeam fl anki ng sequences. A

portion of the coding region (108 bp) of MtpB was

del eted and replaced with the gene conferring

r eghignuEriSaesdingyig Ve LIAR T HSBREE! P WRSAigFbtes) Wi Nde | and
calsth €and e I4E8EDICR RbGhént ralntéuamg #iedinial 158 HpasfanpieAd ORFralong

RIS G30 55 A HE AL iR B oo

t heivao mﬁmgmw and 2. Sifllatyt vesfo phitA2owasdigddted with Nde | and Sca |

t u Qﬁ(]s 9\%‘"51‘2[?%& ﬁg&@éﬁ@orﬁgqmgm\é 16'7 rbrpqg nﬂaﬁ‘,ﬁgoﬁs}ﬁ@ﬁespondmg fo

resu In res
t r ﬁ]@é} tﬂrrm;nltrgglorp efd\idpA plqgg \ylth 1248 b@élpypqstgeamrto the mptpA ORF was

dfuﬁ@&f ahb %gérf%g%meébtélﬁbdﬁ%ﬂﬁ@ loRyedtbn HKpRitAl ¥nd the smaller
|rra ationis as

 CRATEY PRI ) HESTICA PO AL NES DaRIGR Fb ot fesuling in

hy grieny ahe npass §idcic iphrbeatrinteg Bt(SEQ IDhﬂ!GEZ)deqmm C (SEQ ID
were n

ont aneous_resi st an mut a ar.ose . from
10] DG 195h "B T REPROY A e Iy L NG cOrianed e Baing
Ny efiomCdf eipigd wige A aetetionfdfl @Ribp fiexcthangetrat vepidn @yORF. The vector

Tt wEs ST
t heegeot®in teacktbowes (iemdtaigedbynsauyenoinaassheva m:@(ag@hiem
into t h?hﬂ&c?rﬁraé‘iéoe [:érﬁéd Q%L:PEE of -Uaéifeanjr' LROSDAH rEﬁrﬁfsdownstream

resistant to sensitive to kanany

15ve flankingl seguesges @‘Qs%\ﬂ"@@{‘? Wﬁl sfie oho §BEOf Mersvas #r%iq'eé'ﬁ” site for
eVt elofthd of RPgrbmeas fredidiite SgePB! Ihd @gremycin resistance gene was

el ectroporation upt r eat ed
r e SXGsed Ut {AM %.It? BS-PYREs aﬁﬁamy\engﬁlaklafgag% k &gd 6%)8"’6(1 and
el e@hé@rm a¥deon digestel VenqaﬁﬁélredammtdADNéulﬂw & pbihgiH. i e insert

‘to S suggest.ed t Leld
ev LRt PrBearar ot oo ey e o A selibufingris o o RRHRe 11
20 caJee oéctoriphisAH horegrishy gn inkear Bamrrgamsfeohdmsemtaaﬁh@m in SEQ
up%}NgJ_ gectroporation of U V. irradiated DNA. nptpB
gene drsruption was assessed by hybridizati on anal ysis
of genoAi4SkDRNA feagmentepntaining mﬁfeﬂ%ar"é g twgs exgised out from pLItAAH
EA\U%%A? W05l frs | RlgMeANgnd BbR& G REANS-di C}{eaféaf QISR - (a non-

fragnent containing the entire co i on of
nptr%ce(tlgg@lplge Nertor) md'%@%d\ %coﬂqi @B%blcgg rgqsn anee; marker for
25EX @Hiﬁﬁn@ycﬁesnft@hﬂe%sﬁnééh@& indReV et Baék@ﬁnegéé@ﬁbri Below.

Exanpl e_14) showe resence of a
par ent afh %%chﬁnﬁﬁﬁ@gé%?ést%{’cg t%kali‘ﬁm%%{'ﬁ Wa??\ﬁ’éc'st’):’aé)ghj\j%ﬁ p$R5 asan
al Innehe Ashr I@ﬁaé’iﬁ@‘iﬁ@ﬂ%ﬂd‘re@ shdelorratinto Smad xiyested ¢JQPA resulting

repl acenent of 108 interpal fra t, qf ith

hygﬂ BT r}ee@F@P%l%E vagp]rep/{@g’s By 'Egc'f Ei?’g'f% 9'%0% 'Q%?\gp%oémlogous
T esetidrion BitHiet aide cbf &ﬁwhygmﬁymﬁi remistadi ganeforecombiadtiontih@ccur at
t hr ee an an t pB was
ané’?pfs@%gu Nt eee%rr% étr@ Wéﬁdﬂt&%ﬁ&%&%ﬁkﬁé\&gf&%a " sera '
rai sed agaramsmbnwpmtpllachonpAlﬁmmmpﬂﬁésﬂ@rmOdﬂi@t mpindlggsé §SEQ 1D
(a - Mpt pB
QSIS el R BiohO e BORME AaRTFR ko 05 )

TheBL onpbasteurtion of receimbinand vedaspPisBed by :

el ect ropgf Al O BB MRIRRuIOL ek oﬁgémwa@e&r%n&cted The

cells o ectroporation of
35pSoenomigtiiA frem traycebrdtaiimesiiainewas exirasted \yt GE\B ptapgpsd methods
conpl enmented strain (Fig. 7B). To study the effect of
di sruption of nptpB gene on the intracellular survival
of M tuberculosis, resting and | FN-7 activated murine
macr ophage cells were infected with either the wild
type or nptpB nmutant strain of M tuberculosis. The
nunber of surviving intracellular bacteria was
determ ned on days 0, 2, 4, 6 and 8 post - infection.
Both parental as well as the nptpB nutant strain
d| spl ayed a simlar pattern of [ ntracel I ul ar grovvth at
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At later tinme points, a reduction in the nunber of
bacilli was observed in both cases. Wiile the wild

W 2wse/004634 uber cul osi s was reduced to 50% and 2BCBYS2004/000203
days 4 and 6 post- infectidh, respectively, a much
sharper decline was noted in the case of nptpB nutant

whi d 1OW d 4% d 6

et Oron BERbEe TS e pergrB el R TARES Al rom the
i ngéroateadinglsaécifiti psime st dsahowh imfzbjeB aeredsolghniimpzamplel4.

the ablgldbyo omhem%ancntgge%h%cﬁd {ifheRliosls! e ombFidte designed

activate tro studies
i ntorarenibphaigB<SER D NB\IR) RlanEwihnss @psteammdmﬁtwaﬁe flanking
5 WhighlRgs. f:&e(hlg' aSDNRtfr‘aQrﬂeﬁfcoﬁﬂaﬁwﬁ@ 1@@5‘ Bp WedHleBmRa i @R¥ of mptpB

effect on the surV|va 0Si s, in Vi

guflRRaWi: 1§s nitial $g8Rsd QﬁF fé‘u"gqf/téj Was éré*‘? ed HSH‘P@&%” culosis

SubNAta%rtemtiléieyandd p‘nhueEstttosEcaﬂtu Y13 5¢|ahdnerimaaﬁ ¢3EQIID NO: 6). The

mut ant or t .
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15 COBBR G nﬁ&? Qat | eﬁﬁ# %ﬂht@rsc;%rﬁhe?@ Ert?q} f[\@ Madni QPener H

gr ou S oneut ani ma
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anidgRhnSof| WSS ta%ﬂg \Nlth My 1@@%@"&0@%3&&% tdPRE- @29 wab el purlfled The

| t d
Pt Baoraetebiatec by e diadRon ofitib) B Bk sl Tadi Stained
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Statistical analysis Data are depicted as arithnetic
mean + standard error nean. Data were anal yzed for

wat@bsiosieBzal significance using the Student's PCT/E@64004/000203

Di fferences between the guilfea pig groups were
considered significant if p values were <0.05.Brief
description of the acconpanying table: Table C&@
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upon electroporation of alkali denatured pAKAA were PCR-negative for the kanamycin

cassette. These results indicated that homologous recombination at mpipA locus had



The DNA was precipitated by adding 1/10th vol une of 3M
sodi um acetate and two volunes of chilled ethanol. The
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overnight at 370C with shaking at 200 rpm The cells

were harvested by centrifugation at 6,000 rpmfor 2

m nutes at 4C. The cell pellet was resuspended in 200

m of TEG sol ution containing |lysozynme (to a final

concentration of 20 ng/m ) and the suspension was

i ncubated at roomtenperature for 10 mnutes. After
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on ice for 10 mnutes. The cell |ysate was subjected
to centrifugation at 12,000 rpmfor 15 m nutes at 40C,

wo edosovdsad by phenol chl orof orm extraction, f ol POEtoBy000203
chl orof orm extraction, predipitated by adding 540 m
of isopropanol (0.6v/v) and DNA fol | owed by
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resuspended in 750 m of TE buffer. The DNA was
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tenperature, as per manufacturer's reconmendati ons.

The anal ytical digestion was carried out in a reaction
waeeloanesesd 20 m and preparative di gesti ons WePEI/IN2004/000203
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wer e sequenced by using an ABlI Prism 377 sequencer
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<51 X> DNA <513> Synt hesi zed <i 4D0> X gggcat at gg
caacaccccg gccgcccget eg X <E10> 3 <S11> 33 <X1X> DNA
<X13> Synt hesi zed <t"OD> 3 gggcatatga cgctcggctg

t t geuycagespemiddIn 4611 [0F clilBhlgycarok B0 dntlAtored Baliquots of 100 pl

Synt hesi <i "DO> "N ccatcatgac ggtggctggc cccgcggtge
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S0 M LIS 88 BhOBrgn o
DN/erg1(380 Syimputegﬁ(jfdcam]:i(a]nse,ﬁkOhms resistance, 2.4 kV output using

_cuvette with 0.15 cm gap width). Cells were recovered in 1ml of 7H9 medium at 37°C,
200 rpm for 24 hours. The transformants were selected on Middlebrook 7H10 agar |
plates supplemented with ADC and containing appropriate antibiotic(s). Plates were
incubated for 14-21 days at 37°C.

Example13: Alkali and U.V. pretreatment of DNA:

The targeting DNA was pretreated with alkali before its electroporation into the
competent cells of M. tuberculosis as per the method described by Hinds et al 1999
(Hinds et al., 1999). The vector was denatured in 20 pl of 0.2M NaOH containing 0.2
mM EDTA for 30 minutes at 37°C. The denatured DNA was precipitated by addition of
1/10" volume of 3M sodium acetate and 2.5 volumes of chilled absolute ethanol. The
DNA was precipitated by incubating the samples at —70°C for 15 minutes and
recovered by centrifugation at 12,000 rpm for 15minutes at 4°C. The pellet was
washed twice with chilled 70% ethanol to remove salts, air dried and resuspended in
10 pl of double distilled water. For U.V. pretreatment, DNA was subjected to U.V.
irradiation in an U.V. stratalinker 1800 (Amersham) at 100-mJ cm™ for 5 minutes. For
alkali and U.V. pretreatment of DNA, the DNA was prepared by Qiagen column as
described above.

Example 14: Southern Blot hybridization:

The genomic DNA was isolated from M. tuberculosis, and subjected to
restriction digestion by appropriate restriction endonuclease. The digested fragments
were resolved on a 1.2% agarose gel at low voitage (40V) overnight in 1X TAE gel
running buffer. The DNA fragments were depurinated by soaking the gel in 0.1N HCI
for 10 minutes followed by a wash with double distilled water. The DNA was then
denatured by soaking the gel in denaturation buffer (1.5M NaCl, 0.5 M NaOH). The gel
was then rinsed with double distilled water and neutralized in neutralization buffer (1M
Tris pH 7.4, 1.5 M NaCl). The DNA was then transferred to Hybond N membrane by
capillary transfer in 20X SSC overnight (Southern 1975). The membrane was air-dried
and DNA was cross-linked to the Hybond N membrane by U.V. irradiation for 2
minutes at 700mJ. The blot was prehybridized in a solution containing 50% deionised
formamide, 5X SSC, 5X Denhardts solution, 50mM Tris-Cl, pH7.5 and 200 pg/ml
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template DNA, 1x klenow buffer (having random primers), 1mM dGTP, 1mM dCTP,
1mM dTTP and 10uCi of o*2P dATP, 1U of klenow fragment. The template DNA was
denatured at 100°C for 5 minutes and kept in ice for 2 minutes, dNTPs and enzyme
were added and end labeling was carried out at 37°C for 2hours. Unincorporated
dNTPs were removed by using Qiagen nucleotide removal kit and the labeled probe
was added to the biot. '

Example 16: In vitro infection of mouse macrophage cell line by M. tuberculosis:

J774A.1 mouse macrophage cell line (resting or activated with rIFN-y 50Umi™ for
16hours) was seeded in a six well plate at a density of 2x1 0° per well. Before infection,
the cell lines were washed once with 1 x Hanks Balanced Salt Solution (HBSS) and
medium was replaced with Dulbeccos modified eagle’s medium (DMEM)
supplemented with 10% heat inactivated fetal calf serum (FCS). The bacterial strains
were washed twice with DMEM and resuspended in DMEM supplemented with 5%
FCS. The cells were infected with wild type or mutant strain at an MOl of 1:10
(macrophage : bacteria). The cells were incubated at 37°C in a 5% CO, atmosphere.
After 6 hours of infection, cells were washed twice with 1x HBSS and overlayed with 2
ml DMEM supplemented with FCS (10%), Antibiotic-antimycotic (1%) and amikacin
(20 pug/mi). On days 0, 2, 4, 6 and 8, infected cells were lysed in 1 ml of 0.1% Triton X-
100 for 15 minutes. The number of bacilli at different time points was determined by
plating 10-fold serial dilutions in duplicates on MB 7H10 m.edium and incubating the
plates at 37°C for 3 weeks.
Example 17: Virulence studies in guinea pigs:

The effect of disruption of tyrosine phosphatases on the virulence of M.
tuberculosis was evaluated in the guinea pig model of experimental tuberculosis. This

work was carried at Tuberculosis Research centre, Chennai. Random-Bred guinea
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After euthanasia the following investigations were carried out
1) Gross body weight of the animal.

2) Weight of infected organs — liver, spleen and lung.

3) Scores of the gross pathological damage to the organs (Post-mortem scores).

4) Viable count of the tubercle bacilli from spleen and lung (Bacterial
enumeration).

5) Histopathological evaluation of liver and lung.

The gross body weight of the animals was measured at the time of beginning of
the experiment, and at weekly intervals till euthanasia. Liver, lungs, spleens and lymph
nodes were removed aseptically and the weight of the infected organs was measured.
The bacterial load was enumerated in spleens and lungs. Portions of liver and lung
tissues were fixed in 10% formalin for histopathological analysis of granuloma
formation and cellular composition of granuloma.

Post-mortem scores:
The virulence was measured based on the rate of progression of the disease in

guinea pig as described by Mitichison. (Mitichison, 1964). At the post-mortem
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out prior to staining. The slides were first immersed twice in xylene for 5 minutes each

w

followed by treatment with isopropanol twice for 3 minutes each. The slides were
finally treated with 95% alcohol for complete removal of tracés of wax.

25 The sections were stained with hematoxylin and eosin for the presence of
granuloma. The sections were washed in water and stained with hematoxylin for 5
minutes. Excess stain from the slide was removed by washing with distilled water. The
slides were then counterstained with eosin solution for 1 minutes, washed with water
and air-dried. For viewing the slides under the microscope, the slides were mounted

30 using DPS mount and covered with a coverslip. The proportion of the granuloma and
extent and type of cellular infiltration in the sections were microscopically assessed as
described earlier (Ridley, 1977 and Jayashankar and Ramanathan, 1999). The tissue
sections were analysed for following parameters to determine the effect of disruption of
tyrosine phosphatases on the virulence of M. tuberculosis; size of typical granuloma;

35  amount of caseous necrosis; relative number of neutrophils; macrophages; giant cells;
epitheloid cells and lymphocytes; degree to which lymphocytes were organized in the
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20 sequence of mpipA gene as shown in SEQ ID NO: 11 is modified.

12)  The recombinant vector as claimed in claim 9, wherein the nucleotide
sequence of mpipB gene as shown in SEQ 1D NO: 12 is modified.

13)  The recombinant vector as claimed in claim 7 or 9, wherein the mptpA or
mpipB gene is modified by insertion, deletion, mutation or substitution.

25 14)  The recombinant vector as claimed in claim 7 or 9, wherein the mptpA or
mpipB gene is modified by substituting an internal region of the mptoA or
mpipB gene by an antibiotic resistance marker gene.

156)  The recombinant vector as claimed in claim 14, wherein the antibiotic
resistance marker gene imparts resistance to either hygromycin or

30 chloramphenicol preferably to hygromycin. ‘

16) The recombinant vector as claimed in claim 7 or 9, wherein a second antibiotic
marker gene is inserted in the backbone of the said recombinant vector.

17)  The recombinant vector as claimed in claim 16, wherein the second antibiotic
marker gene imparts resistance to kanamycin or gentamycin.

35 18) An isolated nucleotide sequence of the mpipA gene encoding the
mycobacterial tyrosine phosphatase A as shown in SEQ ID NO : 11.
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i. selecting for primary recombinant Mycobacterium strains using the first
antibiotic selection marker gene,

i culturing the primary recombinant Mycobacterium strains of step (i)
harboring the first antibiotic resistance marker gene,

K. selecting the secondary recombinant Mycobacterium strains of step (j)
that is sensitive to the second antibiotic resistance gene present in the
vector backbone,

L culturing the secondary recombinant Mycobacterium strains of step (k),
wherein the said recombinant Mycobacterium strain harboring the
modified tyrosine phosphatase gene which shows defective growth in
activated macrophages and animals.

23) The method as claimed in claim 22, wherein the Mycobacterium species is

selected from a group consisting of M. tuberculosis and M. bovis.
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modified by substituting an internal region of the mpipA or mptpB gene by an
antibiotic resistance marker gene.

34)  The method as claimed in claim 33, wherein the antibiotic resistance marker
gene imparts resistance to either hygromycin or chloramphenicol preferably to
hygromycin. '

35) The method as claimed in claim 22, wherein in step (g) the second antibiotic
marker gene imparts resistance to kanamycin.

36)  The method as claimed in claim 22, wherein in step (g) the recombinant vector

" is either pAKAA or pBKAB.

37) The method as claimed in claim 22, wherein in step (h) the introduction of the
vector is by either electroporation or phages.

38)  The method as claimed in claim 22, wherein in step (i) the selection of primary
recombinant Mycobacterium strain is by using either hygromycin or

chloramphenicol.
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