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Abstract
Project code:  MRGH38003]
Project Title:  Invesugation tor the Role and Signiticance of Tandem Repeats within
Myvcobacteritm wberculosis leud Gene
Investigator: Wimon Chanchaem ' and Prasit Palittapongampi
' Department of Biology , Faculty of Science, Ramkhamhaeng
University . Huamark, Bangkapi. Bangkok 10240, Thailand.
r Department of Microbiology. Faculty of Science, Mahidol
University. RamaV1 Rd, Phayathai , Bangkok 10400, Thailand.

E-mail Address: wimole’'g hounail.com

Project Period: 2 vears

In order to investigate for the role and significance of tandem repeats within
Mycobacterium twuberculosis leud gene encoding alpha-isopropylmatate synthase (a -iPMS),
we compared the properties of native @ -IPMS and mutated «-IPMS of which the 2
copies of 57 bp repeats had been deleted. By using mutagenic PCR procedure , we
successfully constructed a recombinant plasmid of pET15b expression vector carrying the
mutated gene. Optimum expression conditions were studied and properties of gene
products were compared. Mutated gene was optimally amplified at 64°C annealing
temperature and well expressed in Escherichia coli BL21(DE3) at 25°C for 3-6 hrs using
isopropylthio - [ -galactoside at the final concentration of 0.5 mM as inducer. Properties
of both native and mutated enzymes were compared. The results showed that with
deletion of the 2 copies of 57 bp tandem repeats. the mutated /ewd can well expressed to
a functional mutated « -IPMS. The basic properties of mutated ar -IPMS was similar to
the native a -1IPMS. Mutated & -IPMS was smaller, corresponding to the delcted 2 copies
of 19 umino acids repeats and the native form of the enzyme was also dimer. The
optimal temperature and optimal pH for enzyme activity was between 30°-50°C and 7.5
respectively. The stability of mutated & -IPMS also similar to the native « -IPMS. From

this study, significant differenes was not observed between the two types of enzyme. These

results showed that the 2 copies of 57 bp tandem repeats may have no relation to leud

expression and & -IPMS basic properties.

Keywords: tandem repeats, alpha-isopropylmalate synthase, leud, Mycobacterium tuberculosis
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Mycobacterium tuberculosis daqmﬂuﬁ'ﬁumtﬁuhﬁ alpha-isopropylmalate synthase
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3.1 M3ANY enzymatic properties @199

3.2 winnaluwana (MW) veudulmiuasvtizvdesueudulel lneldinaiin
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- ' 4 R wt - H
Tusausniivsz Tomilun v hisene lsnrmnolSuddefianedeufiondy siiisrsdnluntinay
nanvinnisinwveagiquiueinlaas 17

o .« . o o
#miu VNTR-containing Jeud gene v M. tubercidosis Tiilutundmuanisadie
- L J . - - .
wulsidmivwalvdfuvearad ¥ luldinsmandudadufundsunivusnlavase Seeraduly

' w » v A& v A e 3 - ] .
1447 VNTR Asnaneniunumniearuddgiug  deeiinilundvesnsdiss¥iauazmsnelsan
s aluuyud

P -l . - -
uazfluiileaninnish M. tuberculosis uamlﬂummqﬂmtyummmw'lmls:anns Tan ms
fosiulsniulsnlaonis1¥iniu  BCG  wiezlidunlfesml¥swunuazl¥fuedrumsna  uq
thszdAnEnmysinmsilosiulsavesindusintidanaiinrmfunlsegun (28, 29) nisAafunienmuiindu
[ ) e UMJ ol a ] -l 9 ] L] * ar
flesfuinlinnfiqumniaaru  Smaduiifeinsuasiinimddgdediauedionn wu  nuwau

a . » J - - - - ar
mutant $WRUFIN9 ¥89 Mycobacteria  illsz@nsnmlunidnmih W lsadawisoadegiiduiulu
- J . - -
szAungane HilszaniamA uazamumedeaiulsaldussuzon



4

14Tifswaninsl leucine biosynthetic pathway fhuthmuwlunsvirbidetungy M
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wowled a-IPM isomerase gminawhl siblifedanaieglune attentuation idenameylumy uaslsi
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3N31aMuvee Hondalus uasamzluil A 2000 uaaslfifiuil leucine auxotroph ved
\do M. mberculosis Fand1a3ulavlfinniin allelic exchange TauumuTiou leuD &2v mutant copy 3
dauvesduiinwly 359 fiua ogluntie attenuation ienameuluny uazvilinyiisasnisseanosin
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msTiidunAnaudnsusuuenled o -isopropylmalate synthase (C-TPMS) Faiviua T
U feud WD URR s cobucterium iiberculasis WWUE H3T Ry TarhinviiBuufivussniani Tl
Taubu lewd Und unzinu ledAad 11160y Leud NARHIU repeated sequence & migRee 57 Fluadiua 2
ynnnuda Taufun i1 mutated enzyme (@§1357n mutated gene) TRiflni 33 Tnunz s wnzeiidail

1. ﬂ‘l'ﬁ‘l‘lf‘l;ﬂn‘\_‘ﬁﬁnﬁﬂ mutated leud gene UsEADUAM A1 mutation TAzRTT repeated nqume.'al
#yagane 57 Awer F1uau 2 gaeen Tael¥inaiin Mutsgenic PCR procedure

2 winuewland w-ipMS 9100y feud U (native o-TPMS) udz mutated leud gene
3. AnuinFouRsuguauifiney mutated ¢-[PMS 1l native.c-IPMS

1. meujuuniiinasyiave viaadia

wunREsAtnsAnu lun 1fife Mycobacterium tuberculosis suWu H37 Ry HalHifuuwd suns
T leud daTumianimou lil sipha-isopropylmalate synthase (ce-IPMS) uoz1Muniite £ sl ARy
DIHSe (BRL) iy Tandd m Fudiuanun1iii cloning TUHIUYET protein expression 1% & coli mimWug

BL21(DE3) (Novagen) kng 14wn 1mmiin pET15b (Novagen) 1iu cloninig vector RS expression vector AIUTAI
‘quﬂﬁ 1

PET-15k
T péerotar prmsd #ER0eh. |
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agin ik oo I . .. . S N L1
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STCATCATCA LA TEAE ALE MG GECT TEGICELOrREEaE ACCTATAEE ECAGEATEECRF 1EE TARC A BELERL
Pt o) gl Sae My g wM A 39 e g Se e SarG iyl mute r#niﬂr# yphari ane Lt ufsnPrad Tak gl gk y pkTadry
Va2 throeniin TT lsrminaice
nﬁn&.t SAET 1ERD TRE TROCACEGE TEAGL A TAAL TALCATAMCLLE 1 TRGEREC TETARACEGRI LT TESRERRTTTTTIR
Ll ok 192 1wl el BA bk e Tre & 18 L% L RERd

T7 smpeminator prrres #ESCLT-]

i1 uchs doning veeor (pET158) 719 lunmsAnw



2. M3a319 recombinant plasmid 1-;31 mutated /euA gene
2.1 MIIATUN mutated leud gene
2.1.1 N1I8OAUUY Primer

1¥d0y0 leu gene sequence TuN138BNLLY Primers $1u3n 3 § 1a0 2 § WdmSunmmuimm
Fud Ve by leud fiogmiuaznds tandem repeat AR IAY daugh 3 18 Tun1siRn 1M mutated gene
1IN UFINNBA gene 2 Faufiusw18ud ey

Tun1s 88NUVY Primer 9391015 8onuuL I 1dnanGad 1M 1904 tandem repeat 1 Uaro 3° iluie
derufuduNE111 tandem repeat 1fuAWEI 12 o sImiunii PCR sovfides Tavlduandannnisiiia
DNA TuseuusniiiumihlfuTgniuduozgn anneal 198 20fuiilu template ezl 2 ¥iai] Primer & 3
1&eonuuu il cloning site (Ndel, BamHD tfia 191un 131 cloning #o

dsumiiRepeated

Sall

Sall
BamHI
MCS

-4 - ' . - - :
N 2 uamsdMmiaves Primers AlFlunmRU§IUTINYEBU lewt 10 1 Tun1s NN
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2.1.2 PSS IHIUFUTINYDI Jeud gene FIUNOYNR AT HAS tandem repeat
] -3 q' o aa’ L] -l 1 4 . - J
16inaiia PCR i istind niuFuduvesdu 2 diusin template Failu recombinant plasmid 1
»
152 neuAUFUT VDI chromosomal DNA 8MURTITY M. ruberculosis A WWu§ H37Rv aamonlssina

L v ' o - w P
42 Kb 'AINIJ complete feuA gene Elu.ﬂ'lﬂ‘l.u fofiu cloning vector pGEM-7zf (+/-) 158N pBB4.2 (4 ) ﬁw‘l'{ﬂ‘lﬂS

dumisRepeated

seque
Y Pstl

Sall

Pstl Sall
. pBB 4.2 BamHKI
AT Sall 7200 bp MCS
leuA

BamHI

- - < v y
i3 umeananiia pBB4.2 Fail complete leud gene amuludIuveslaslulynenide
M. tuberculosis 3373 42 Kb
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sinmliumanisfimuzanite Wd PCR product AR S umisuasTuSynwnme yints
AsvasuNandaIn PCR 1au193% agarose gel electrophoresis 1as19R2midu91ive49 agarose 11l 1% n3e
1.5% 11 0.5 M Tris Boric EDTA buffer (TBE) 3ufU41 1883 PCR product
2.1.3 NMsAe¥UE I 1 (3uNT1 tandem repeat) AT FURIUT 2 (FIUNET tandem repeat) 19719011 U
uaz MIAL§ MU mutated gene
TunisseSuduit 1 nas 2 109 lewd gene vrdpvinMsUsUMITANE AUt IS ud s
aosnedd wiu1detdinouit i 191l template tfoIANE 1Y mutated gene Fand 1 I IAUS MM
#m5u 1 lundanAs1d 11U cloning vector nsABduA N BUsIna 1SRRI annealing TUNABANANDY
Aauni1 PCR uazfumannizfmuizaud miunshi PCR Tunisiiis §1uau mutated gene AV
2.2 n1n¥eNAD mutated gene 1 ITLNAADT
11 mutated gene fragment AN M 18uA u i I¥LT qnE1au ¥ PCR purification kit (Qiagea) M1
AMMVUTUAIWIT Spectrophotometry (260 nm) nmiudadsieulend Fas Ui Ndel uag BamHI figungd
37°% e 3 v, i luondonseua s 1aol 0.8% low melting agarose A2 WANANG 100
Taar! Dunat 40 wiH FausndIuiisl DNA Adeenisumiinis adasunu DNA senlauld gel extraction kit
(Qiagen) MH39 1M IAIMITUTLYS mutated gene fragment a3 un1d inmedendiunamas pET1Sb 3
Fadrueulaniyaduafiu Tauld molar ratio Fnuwan halsums 20 uTasdas 991m¥uri ransformation

g £ cotimneWug DH5a JanTouilu competent cell $1mInmzifosuu L agar RlusuRFiuanndudu
100 lulasnsu/ua,

2.3 p13fmden clone Hil recombinant plasmid ARBINTS
YN Aalden clone i1l recombinant plasmid fi%09n73 Bail insert (mutated gene) 2 Sedail
2.3.1 7% restriction analysis
SANALLON recombinant plasmid 89N 1A 1adi1au1¥38 alkaline lysis method smiudadan

wulmidniuniz BamHI unz Ndel TauldilSuim DNA 3 Tulasnsy qungd 37 o ifluiam 3 su. emiu
ﬂ‘niana'iauqlm agarose gel electrophoresis

2.3.2 3% PCR amplification 18u14 colony extract
i InToflfin1A315 recombinant plasmid Fe¥eansnameu Usura 1 loop u i iy
suspension A3V NdNUT ™I 30 TulnsSas dTlusudafiqumail -70 "y dhuinan 15 e swfusiin
smounzilulfivadunndiv vortex mixer iflwa 3-5 wit Hududula Tavlfiases centrifuge i3

791 6000 58U w5 w1 TU template Tun13vi1 PCR 1a61E primer § 3 wasanmz#i
wmuzauh 1adsum3uds



3. mundoueulanl a-1PMS 9 niu leud tnRnazdufiidu mutated Zeud gene

3.1 015143 8% @-IPMS DInbuLnA

11 recombinant plasmid $430u leud Un@ (pLEU151) ( 6 ) 1191 transformation wWhiglaad £ coli aw
¥uf BL21(DE3) e 1§ Tunsnineu leiSutamuin Tasld LB broth finausueudgauaimududu 100
1ulasnduma. uazl¥ isopropyl-B-D-thiogalactopyranoside (IPTG) tiuer13 inducer Mnisnaniou i Tauly
anmzRmuzaudadl

o a7 J ] -' d'd
Y1 E. coli 8 wWuf BL21(DE3) ¥33) recombinant plasmid pLEU151 uuwizifisalu LB broth iliwn

aoa o - ° -l 4 4 o - A A - ar at t
UBUNTFAU NQUNAH 37 "% UasPUMILANBIHND INIAA JUAITG 2 200 sEU/AUT 1TBFIIT g aunszsiin
- s - oo ™ v el -
OD,,, Y5210t 0.5-0.6 1A a3 PTG Wiinamdudu qano 0.5 GadTuats w11y incubate Apfiguungil 25 °
z g 4 -
% 1ua 3-6 wu. entiuihuuenad TauldinT 04 centrfuge A5 2581 6000 sBUA DU 10 UWI A
guvndl 4 °y uazdruaad 1 /53470 50 mM Tris HCL buffer pH 7.5 diuyadifiufiquwngi -70%
3.2 n9IAs -IPMS 31 leu
™ . . < ' - o [ - . [ o
111 recombinant plasmid 91N clone ¥@539e0UUAII insert NQNABI W transformation 197¢ Taara
»
E. coli uWu§ BL21(DE3) yimiuduiiunsimneadufunisiaieulmisndulnd Tavszdsainisiliv

MITATIE MU TULBIN 1511 protein expression A28 TAUA Aduduves IPTG, et uasnTIMpBuUnins
4 <
oo IRvaz a3 e Tl

4. n1:uﬁ'mmnuazmsm"?numu"lmfu‘iqni‘
4.1 N3ATHU crude extract
imznowsadninuliRaumgd -70° uniIazatsuasi Wil suspension Tu sonication buffer
Taul95m31691 sonication buffer 10 18 : cell culture 300 wa. 11U Iiraduandtni e sonicator law
wiadly aliquot Avszey smbailufuduladmnios centrifuge # 10000 g 10120 WIT 9214 crude
extract 10 18 lumsuonew lwius gnias 11
4.2 miﬁuau'lmﬂ'lﬁu?gni'ﬁmﬁ affinity column chromatography (His-tagged protein purification
system)
nsvineuleiIusqni v lavl¥ TALON spin column (CLONTECH Laboratories) Taunidaed e
94 crude extract 0.6-1 wa. Tdastu column A9 1¥Usz a1 30 3uF Simfurmy I RuBTes 2T
il swsuue Wunan s uii vl centrifuge # 700 g a2 ui fadunaoneIn column 91NN

N15813 column 8-10 A48 washing buffer 1 WA, ABUNS elute @70 elution buffer 400-600 W lnsdns
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5. NIINTIDNI enzyme activity

NS enzyme activity 111 UUUY end point assay TauTlun15@3 2991 coenzymea 3RS v1daun1s 1
DTNB [5.5 " -dithiobis (2-nitrobenzoic acid))

Assay mixture Ysznaudiu

Tris-HC} buffer pH 8.5 50 lulasTua
KCl 20 TuTnslua
acetylCoA 2 luTns Tua

a- ketoisovalerate 0.5 lulasTua

N - -~ o v o g - . o [
N13M1 enzyme activity M1 lamAndast 1o u lasiuunas 100 Tulasdnsaalu assay mixwre Al
-l - - - - oo
prewarmed 1AMgunnil 37 °y 910114 incubate 1u17a1 2-10 U Tangal§ATu1dw absolute ethanol 0.75
- - . - - o 1 P ] A
ua. ud uANMITOTaIw DTNB A1ndudu 1 Had Tuaid USuws 0.5 ua. v 1U5anR1 OD Anuumadu 412

wiluwas Houn unit Y89 enzyme activity 1801503 MU § UV coenzymeA

6. MImaInntudvesalysauludenis

asnrnududuvesTisdauld33ves Bradford (32) lunsdif Ts@uiinmududugaez 1958 Lowry
130 spectrophotometry iR IMETITIINAY 280 Wi Tuwns

7. nsAnymToufpuguuiRves mutated a-IPMS U native a-IPMS

AUANVAR 1) vouewlsiRAnufiTEn s deil

7.1 N15M1 molecular weigh W

7.1.1 NI MW YBIMI068Y (subunit) ¥ aoulanl 1au3% sodium dodecy! suifate polyacrylamide

gel electrophoresis (SDS-PAGE)
1391 SDS-PAGE ¥ polyacrylamide A2 undiutiu 10% ¥17 SDS 84&20 0.1% az 1 stacking
gel AN 4 % AW TB¥03 Lacmmli (33 ) uAT Weber and Osbom ( 34 ) #28671395QN reduced A2 SDS
uay dithiothreithol (DTT) fiauthTuvi I denature #20n13dn 3 WA YT lusduilld hundaznquues

waiidTuadseuin 300 T lasniy Tavil Prestained Protein Marker (Biolab) 1iuTisaudada

7.1.2 131 MW vaueu 1ol Tauis non-denaturing poiyacrylamide gel ¢lectrophoresis (ND-PAGE)

[ o s o . ] [
ND-PAGE l¥%0has zviowloni lunisuszuius mauniudevveweu sinazns
dszuiua MW vaaeu il luanmsssura
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7.2 NIENIA optimum temperature §M3UN13 1914 v oY 1]

) . ‘. = = L) o o o
fi1 optimum temperature wilaunis At enzyme activity i@ Hua 199 D 4%y, 20 %W, 30 %, 37 ¥,

40°%, 50 %, uaz 60 %

7.3 NIINIA optimum pH FMTuNITRIUYB 1Y Ton]

! . 3 Lo ol 3
A1 optimum pH mlaonisnial enzyme activity ¥t pH 917399 fio pH4,5.6,7.7.5,8.85u0z 9

7.4 n13#NW1 pH stability Yooy last

pH stability Ainw11ABN 13481 enzyme activity WisnInifiu'137 pH @19 (pH4, 7.5 uae 8.5) silu

[ o ] =l &~ o
ssvza 1Ay TAun 1 v, 3 Tu. 6 ¥, 12 Yu.. uaz 48 Yu. Rigangl o'

7.5 anilassade 3 daveusulel
1 g = iy ' J £ . -
nisfnu luduiiewode s fuianisianie Tasdueulxilifnumaindvuad s Inunmeans

UMIINUIABNN AR
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1. M3a379 recombinant plasmid N3l mutated leu.4 gene

1.1. D151ASUY fragment Y84 mutated gene

1.1.1 Pdmers

9IN903y len.d gene sequence VOUFD M. rubercilosis @10YE H37Rv 181013 09U Primers
$1uu 3 4 #wFulHlunisad i mutated fend gene Taumaila PCR 1ao Primer g9 1 uae 2 19 lunisinu
§ 1 UA IV lewd gene NOYHMIIAT MY repeated sequence MM RD g9 3 18 Tun151H1 51134 mutated
5 o - ) o
gene ¥1142MA 15917 fragment Y4 2 dun ey ud 21945y template
leud : 5° GGAATTCCATATGACAACTTCTGAATCGCCC 3'
leu6 : 5° CGCGGATCCCTAGCGTGCCGCCCGGTTGAC 3°

lmutA : 5" CCGTGACGAGTAAGACGG 3’

ImutB : 5" TACTCGTCACGGAGGCCTCCACATACGCGG ¥

#1519 1 510a2180A Primers A1%14N1539D

Primer Pairs d3ud amplify A28 PCR product
A7 1 Uewd- ImutB) : 31/30 mers | @3UM repeated sequence Y04 fowd 1726 bp
' ﬁ\;ﬁ 2 (Im-u;\-!eué) - 18/30 mers | & 3IUNSY repeated sequence Y99 ferd 110 bp
Fj‘?\ 3 (ewd- feu6) : 31/30 mers mutated feud 1836 bp




1.1.2 NSty THIUA JUYD 0 fewd
%11 Primers 87 1 uaz A 2 1 1Flumsiu s mau daumivaz d 1una9983 repcated sequence

. 4 a ) v .
#1819 DNA fragment 41 lewd gene ¥0U¥® M. ruberculosis WU H37Rv 8¢ 1ug plasmid pBB 4.2

(3U3) BRI 1uvDa lewt 1A reaction mixture 50 TuTnsAns Usznoudaw

10 X PCR buffer 5  lulasdas
MgCl, 1.25 dadluard
dNTP (cach) 200 Tulasluand
primer {each) 1.0 lulnsTuars
Vent Polymerasc 0.4 yun

DNA template 100 wiluniu

sInmsUTuMIEn I Rz au TN TR S MLDUHURBS 01U LDE mutated gene UTAINAT IART
o -
A3 1N 2 ubsjUN 4

M1 2 aansAImNZoNEIMIVIANS TN INFUT IUYBITY UBS mutated gene

Primer sz ey lunsiRuduud e sy
i MgCl, fiadlua1s | Denaturation Annealing Extension Cycles
| A7 1 Ueud- ImutB) 1.25 95°%, 1 UM | 64°%, 3 WW | 727, 1.45 Ui 35
'r;:ﬁ_z (:nﬁm-leuﬁ) 1.25 95°y, LuW | 61%0, 3 uW | 72, 1 asw@ | 35 |
| 491 3 (leud- leus) 1.25 95y, UMW | 64w 3uW | 72w 145 uW@ | 35




Preparation of mutated /ew4 gene by mutagenic PCR procedure

M frael fraoe2

{1 1726 bp

kel T 110 bp

Amplification of gene fragment and preparation of mutated gene

jilfi4 uaAs PCR Product ¥0af1siiy S IudIUYBI0UNBYMII repeated sequence N9 repeated

sequence
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» Py w = =
1.2 N5 liﬂllﬁﬂ mutated gene l{1ﬂUl3ﬂlﬂB§llﬁ=ﬂ1‘i Aadon clone iy recombinant plasmid 'nﬁ'mms

Vi1 PCR product 483 mutated leud gene ¥ tu3qnt udrdadavenlaaldaiunie Ndel uay
BamHl sm\fuﬁmuhu gel electrophoresis AN gel uﬁ'tu#amiaﬁu pET15b expression vector éaﬁm’f’w
touTwhiAuaiu 910U wransform 197g £. coli mwu{ DHSOL SunSvuifiucompetent cells 11NN TIALY
1u L agar AdusuRSauamdtutu 100 T insniuma.

N3 AALfen clone MABINTST 2 33 A1 restriction analysis 1az PCR amplification of colony lysate

ol .. 4
i'l.lYl 5 11arAY PCR amplification YB3 mutated /euA inscrt 170 colony extract Y03 positive clone LB

e - o -
iNvUf product 910 terplate NUTUUNA



recombinant plasmid carrying mutated gene

M +clone control

Kb
150 o
08 ___,

210 __,

-— 1950 bp
1836 bp

selection of positive clone by PCR

)

;ﬂﬂ S PCR amplification 493 mutated /exA insert 910 colony extract Y94 positive clone o
tMuuy control
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2. m1nniouonlusl O-IPMS 008w lewdt UnAnaz8uiidu mutated feud gene
2.1 MsATey Q-IPMS 31ngullnd
- a i & e -
MINTSIN DO recombinant clone Ml recombinant plasmid ¥INOU lfewd UNR (PLEULS1)
[] o » - © eeas 3 aF
ogluland £ coli anuWuyg BL21(DE3) 1u LB broth AiluT ampicillin A3 mududu 100 Tulasniu/aa.
vIRaz 400 ua. $1uu 3 e TuduuFedgunand 37 Tavmpundsafiaamuda 200 sowu
..i ; = - 1 » L]
sunsznuvoeigyduaziinl OD0y1u¥120.4-06 FudAumsazaw PTG Wldn ududuganiioluy
- A a_ = P4 ry v A& v 4 - 3 - m) o
sMTEpATe 0.5 Hadluary ymiubuFersigungll 25°y Wuna 3 . Sflufuaznewwaduaz
. | ’ : ar L4
FafuninAaniminsaddion
- » -
AT N 3 wARIR1 OD,, uasiiminvearadnasoudmiviFlunnafauomeulsi o-PMs
=k -
vIntulna

3 * u' L4 £ i & P
M3 3 710D, uaztinninasiunii lAsnnsmazide (viraz 400 wa) 1o

WSy O-IPMS

[ " oD, dmnradiSlun (ndw)
1 0562 2.0923
2 0.564 2.2122
| 3 0.552 2.0945

dmznewandnouiigungd -70° % wuaTen crude extract aSERna A UIATIATEN
wulefuTqnslavlfinailn affinity column chromatography maeaanawauﬁﬁnﬁ'ﬁﬁunmnu'lmﬁi’;'lﬁ'
TAun aamduduveslusdu SDS-PAGE uazasivg enzyme activity

HANIN1 SDS-PAGE %83 crude extract U0% purified OL-IPMS AiRAAIAN13M1 protein

expressior 994 lewd gene UndAnuiiwuldl O-IPMS 10 SDS-PAGE {%L1AY0S subunit Y3a1 80
kDa



sufie  urunmnaainisviuonlmniliuignifl033 affinity column chromatography 1ag
1% Immobilized Metal Affinity Chromatography System
A : Metal Affinity Rasin (P: Sepharose, TC: Tetradenate chelator, 2+: metal ion)

B : H: Histidine - tagged recombinant protein
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Tun1s ﬁiﬂﬂ'l‘ll?lﬁﬂ?i‘[ﬂi%’?ﬂ‘ﬁ affinity column chromatography (His-tagged protein system) 151
FBN15HY crude extract 8314 Immobitized Metal Affinity Chromatography column (CLONETECH
laboratorics) FaoulanfergniihiuTgnt 1ave Wondnn159e9n15iAA interaction 35MIN electropositive
transition metals (¥38191% CO™ Ni*.Cu” unz Zn™ ) U histidine TaudiswTuulavnzeeis cobalt unz
nickel §1 coordination site 6 AWMU FIXWISEFUFY electron-rich ligand 19U histidine, tryptophan M3

cysteine

PP | -
ou'lusd O-IPMS Fawdaiuluztuuuves His- tagged protein 92QALUNIIN crude extract TAuiing
o = - - ol
nsuwneu leiul gns Aaeaaluaisan 4

13197 4 LARINANITIHI UL OL-TPMS 9 INTU leud Un@Alauld affinity column

Chromatography
Sample ! Specific activity (unit/mg) Fold
purification
cr:-e extract 0.071 1
purified enzyme 0.699 9.85
22 MEATUN O-IPMS 970 mutated lewd gene

o) -
M3MS0N OL-IPMS 31N Jend gene NQN mutated uA21A638 Mutagenic PCR procedure i1
dunoulunIsMIZ1883 recombinant clone MIHBURBITUNMTIATUN OL-IPMS 9INOU leud UNA LDZADIN

[ :i [ ) - - £
mslFumaniziminsaudmiumsii protein expression 1AUARITMGNYUYEY IPTG 1301 uasns

»

- A A w
wpunsaiamve meluvazadrusulel vamsaToueuluitidad

2.2.1 SDS-PAGE 9843 mutated enzyme



1750k Da

83.0 k Da

62.0k Da

Optimization of expression condition

0D, ~ 0.4-0.6
IPTG conc’ 0.5 mM
Temp. 25°C

M 7 SDS-PAGE woanwindmeuland O-IPMS 370 mutated gene
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& o Q’
2.2.2 Enzyme activity unznansfineulasiuigns
I Qe ¢ ) o -2 o =g - ]
N13M1 Enzyme activity 984 mutated enzyme 1A Aun ANy e laivintulnd A1 enzyme

.. . ¥ o o -
activity lazranmsii hheulwiusgniuaasliluaisan s

AISIN 5 LTAINANTIIATON OL-IPMS 9N mutated leud gene 1aul¥ affinity column

Chromatography
Sample - Specific activity (unit/mg) Fold
purification
crude extract 0.048 1
purified enzyme 0.120 2.50

- -5 [ -
2.2.3 msdSumannemmuraudmiunsuda O-IPMS 910 mutated leud
o ar ol 1
NISANYIA IS TUNN I ANTMIV mutated leud gene expression ¥ TAUAMTIUSruRvuraveans 14
A o 4 a
anMERia 19 uLe A IlNTHYe PTG (0.5 mM, 1.0 mM) 1381 (6, 12 W) AswywmsafieiineInin

vazardraoulwl mlirwnsoaduenlsl14dd uaasluglé s



Enzyme activity of crude cell lysate

positive clone negative clone control

U8  UNAINAN1IATITY Enzyme activity Y84 Positive clone
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3. msannBoufirugaaanifueaeulel o-1PMs finduuontudniina: mutated gene

3.1 NMI5M1 molecular weight (MW)

3.1.1 Molecular weight UDINU0808 (subunit) ¥oudw 1901) ( SDS-PAGE)

'

ou'lan] a-1pMS 7199 mutated lewd gene expression uﬁ:ﬁﬂﬁﬂ?i}ﬂﬁﬁ”w
affinity chromatography @MIMINIU SDS-PAGE 1#0l¥ Polyacrylamide A1midudu 10 % uazasegwun

Trudoai9ada coomassie brilliant blue A3aAITUZUTA 7 91031 subunit ¥BY mutated CL-IPMS byt
Annuaszuini 80 kDa

3.1.2 Molecular weight Y93 mutated OL-IPMS CRRL non-denaturing polyacrylamide gel
electrophoresis (ND-PAGE)

91nN1511 mutated OL-IPMS 31W U ND-PAGE M11¥M351u91 mutated OL-IMPS i
i1 MW 152181 160 kDa uAz native form veuou lmivszneuludumizotes 2 miludeuw activity
vouou lmiuu Non-denaturing Polyacrylamide ge! uﬂ'ﬂﬂuzﬂﬁ 9



Non-denaturing polyacrylamide gel + Activity staining

crude purified crude

cell lysate enzyme cell lysate

ﬂﬁ9 Non-denaturing polyacrylamide gel electrophoresis U831 affinity column

purified mutated OL-IPMS A Activity staining



3.2 fi1 Optimum temperature ¥84N 13911919 youowu Tl

Al Optimum temperature Y83IN13Y119TUYDY mutated L-IPMS finualaon1snaat enzyme
-t - ' o o ° o ° a
activity Nguugiian «q lAun 4w, 20°%, 30°%, 37°%, 40°¥, 50°¥ uoz 60"«

ol v d L) . o
wanANEIAMIUN 10 uaaslfiiuI AT optimum temperature ¥BINT3YI 14 MYD mutated
-l - o ° - - o ' . .
o-IPMS Aeviquugil 37°- 50°w Tauiqungdl 40° 5 1WA enzyme activity geqn

Mutated alpha-IPMS activity at various
' temperature
12
oo 101
s o
- £ 84
oz E 41
I.l=.l e' 2 i g
| ol : . ‘
4] 20 40 60 80

Iincubation temperature (oC)

21l 10 A1 enzyme activity Y84 mutated OL-IPMS 1donageufiqungiiatenu 1dus
4%, 20°%, 30°%, 37°%,40°%, 50 v unz 60°¥
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3.3 1 optimum pH 4831319 veuan Tad

A1 optimum pH ¥99N139191Y83 mutated O-IPMS #nu1TAONIIHIAT cnzyme activity 9
pH a4 1Aun pH 4.6.7.75.8.8.5uaz 9
- - [ a 0
wan1sANE W WEUR 11 vaaslfiiinim optimum pH &15UN1s M90S mutated OL-

IPMS Aan pH 7.5

Mutated alpha-IPMS activity at various

pH
20 ;
>aq 15 5.
- |
8 x
=T 10
g3
0
0 2 4 6 8 10

incubation pH

4 . P A - 1 o 1
31l 11 A1 cozyme activity Y99 mutated OL-IPMS 1Jonageudi pH anfu 18un pH
4.6,7,75.8.85u02 9



Enzyme activity assay

3‘dﬁ 11 (cont) UNAINA enzyme activity assay Y99 mutated OL-IPMS Lﬁa'nnmm
¥ pH A13fu



Pri ]
3.4 M3finN1 pH stability yeuew el

pH stability %83 mutated OL-IPMS AnM11AUNISATINNOL enzyme activity nafiu' iR pH
“WN 9 (H 4, 75008 8.5 Wuszoznawieiuldun 1 v, 390, 12 Y. uns 48 W Hguugdl 0w
T | - )
HONTSANYINYI1 7l pH7.5 mutated OL-IPMS 3 stability qan3¥ pH 4 uaz 8.5

. - ] L) r 4
ileran kel 48 vy, wou'lmlil activity aanamie Tiliiu 75% A pH4.0, Titfiv 82%
pH7.5 uaz v 30% # pH8.S

pH stability of mutated alpha-IPMS

16

E 14F"”—\

2 4

£

E’.-N 10 A —eo—pH4
gé 8 ' —a— pH7.5
> 6- pH8.5
S

®

E

Sn

N

[~

m - *

0 20 40 60
storage time (hrs)

-l '
il 12 wonsAnu pH stability ¥Baeu1w mutated OL-IPMS dotu1AR pH A q
(H 4, 7.5, une 8.5) Auszeziinwieiu 1ud 1o, 39, 691,12 W,
unz 48 wu, fiqungil 0%



Enzyme activity assay

Wig

i¥ 1ie %8

das Wy ey

; Vi 4 o
3UN 12 (cont) uama waNIIANYT pH stability ¥BUBL %3] mutated OL-IPMS 1ilaifiu

138 pH @13 7 Wluszoznowiady Ngmngil 0°w
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ajinanisnanss

13 Tnavdu feua Fadmuanisadraonlad Q-isopropylmalate synthase (0L-IPMS) Tudnuus
@3U tandem repeat éaﬁmmunqnaz 57 bp 31 2 9@ 1Agndaeen TaueWuinAlin mutagenic
PCR 0 u130%1148 13 Tavmutated gene FsgniFenderdrmuiammed pET15b 18154 recombinant
plasmid am3nad1aeu’land mutated 0-1PMS 1daile 1¥an s vz on

Mutated (-IPMS ﬁlﬂ'; uiuﬁrh enzyme activity YINN1591 enzyme activity assay UP4 crude cell
tysate 1n&1AvIUIVD4 native (-IPMS

@130 N3 TAAUUN LUDL purify mutated O-IPMS 91N cell lysate @30 His-tagged protein
purification system 1A AU Y native A-IPMS

101917 mutated Q-IPMS TiA1 MW Tauilszaiii91nn1591 SDS-PAGE Liaz ND-PAGE #i1ndifus
uazaeandvaiuAl MW ¥84 native G-IPMS TAuWUI1 native form Y04 mutated O-TIPMS
YsznouAI 2 subunits LYUALINVYBY native O-IPMS

Mutated CQt-IPMS Tif1 optimal temperature LA A1 optimal pH #MFuUN3 19 uYeueU 5] (enzyme
activity) TndiRuariu native -IPMS 1AufA1 optimal temperature LATA optimal pH Y84 mutated O~
IPMS BT 37°-50°% uay pH7.5 AWAINY HIUY1 native O-IPMS agi 37°-50°% 19wiAuITU uay
pH8.5 AT AU

HANIANNT pH stability Y84 mutated G-IPMS Wuinisfuew'lynf14 pH7.s Wunfiqe uay
Aninsifiueulnl13 pHE.S az pH4 &3 native O-IPMS Tnantsiiuenlxl137 pH7.5 uaz
pH8.5 IndiAvsiu uasithu pH fou'landsi stability 30319 pH4 ¥ufiu

Mutated O-IPMS 3303130 100M leud 113AA 57 bp tandem repeat 2 gABEN A1snitem1da Taw
UAAIDIN enzyme activity vouewlwl AiinrwIndiAveduvsseuleifiadneniulnd uazen
M3 activity staining 11‘:‘:)~11Elu'l=lfﬁ'7‘li)rjuu non-denaturing polyacrylamide gel electrophoresis WHI

w . - | o
N4 pure cnzyme 1182 crude cell lysate LTAIWND enzyme activity Al uLa DA MU INAs I
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ailuazIorsaivanisnaasy

-t W ) W ) . . ' - o 1 aa
fuuidn1ld TB control program AMmMMUIMINES WHO 19w poTS  szilufivensuid
- . . . o ~_ "W v ~ S e a o e o

UszdinEnmlunuvisnininuiialsaldne uazllesfunisiinisaidasety wmdvasgiAnis el

ol -l - ar H
niifinlsndndiu (35.36) Tsniulsndinadhilgnwenlszyinslan Tauf o8 % yoawikdviinsegly
ﬂ,- ¢ o o , -[ é‘!qvaq-} ) . & ) o . ol
IMANMINAUT (37)  lagisuaugaeriaiessmyeilszuim 2 iuswAlfiden (38) gy
ﬁ'.- -5 1] - -5 '4~ . y ) A . & o ) ]
APLINNIMUTZNIINUIAD MITUNINTTILUBY multidrug-resistant (MDR) TB daiimadwusalundgss

. - r3 P - - e - . . . ar ™ " []
flhwAmde HIV Wesnmhibhifadasinmduiiagann  (39)  nmsinunildon dildsege uoss

UszimEnmar Feoreihblifarnatharosdenuld (40)

uniinulsatidesiviivsednam  wdlaom Wimaldnamm wazetsdes s
wawrin Suduaunqdwgues MOR (38)

AMIun13fAnYT metabolism uaz biochemical pathway 'II,EN_-H‘;E M. tuberculosis ﬁe’i'lﬁ,
mudwgBsluns aduanufuazamudeludesnndinSisveaderitad Hagudoyoideadu
genome Yo u¥pa1L15 0920 Wn13ANN1 metabolism 1Tl A wsedy Fredvu TunisAnmanuddy
¥84 lipid metabolism MIANY NI UNIZYY M. tuberculosis (38, 41) uazlunisfAnumi drug target
miq dmfuRaunsSnuils Al dludu (38)

Tuusveansviilmina attenuation ﬂaitga'[ﬁuﬁ mutation # ‘gene 11 leucine biosynthesis 1&%
QSMWnnﬁi"Nattenuatgd strain Y0¥ M. luberculosis wag M. bovis Tau allelic exchange izsﬂum:
unu wild-type leuD gene %'aﬁmua-mm%’umu"lmﬁ QL -IPM isomerase @3t mutant copy %gnﬁ'a
tiuvesbuueen 359 fua wodsngd1 lunnzyia leucine INAWUBN leucine auxotrope f14 i
ﬂ.m‘nnﬂﬂﬁtﬁamsi‘an‘fa‘lung_uazﬁaﬁumiamiws‘q;’lﬂ macrophage voudndndin (18, 30, 31)

Tandem repeats (TR) Wy repetitive ‘DNAﬂs'zlnﬂﬂﬁQﬁﬂn'\muLga M. tuberculosis dam‘wu*hﬁ
vaniability Tuildves repeats number 110 13gni3oni1 variable number tandem repeat (VNTR) loci (42)
130N 1Y Tandem Repeat Finder program (43) Tigwuin M. tuberculosis §i TR segions 1iidn
N1 200-300 regions (44, 45)

VNTR u M. tuberculosis HigAnuuazswa Tidluinauun wazldgnih il dedundweanlu
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¥ o »
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| 4
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Fuuz31 Mycobacterial Interspersed Repetitive Units (MIRUs) ulag interspersed repetitive sequence

h. =b.

fu dnsiunymdngdo3fauinis uazmufannunainralwueana lansiinudn q nwlusradues
lgﬂﬂiill Mycobacteria @3t (54)

MIRU Sl repetitive units RAFRU0s M. tuberculosis 1B DNA #efinamernlszuim 40-100
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genomes 1InMsAnw1lands PCR uag sequence analysis Nif51091u71 § variation waluuduesduau
¥Bl repeat copy uaz DNA sequence Yauludaudiil hypervariability 409 repeat number hlvifa
AumniA polymorphism gaisundl  “VNTR loci” (7) IS drus Hiniwsfinein relaxation ves
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system YBILUARNIS AL (55)
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§1MUYBY  tetranucleotide  Tdu  igtc  Huiludufifeadesiu  phenotypic. switching  ves
lipopolysaccharide epitope iAo variable expression weneINd mutation  vB4 Igtc vldaaniae
attenuated virulence VB0 H. influenzae siamiﬁmi';a'luny,usmﬁa‘ﬁﬂﬁ‘m (50, 51) vifaf:ﬁswam'ﬁan“ﬂ
§TuMNATNEAITT short sequence repeats (SSR)Tunan Prokaryotes Hunumuazniiifuaiy gene
expression ueneINi polymorphism 483 SSR §1Qn51091431 WisslinnudifigaaI Tauinisues gene
regulation A0 (60, 61, 62, 63, 64)

Tuidves activity vouenlmnd INMITANEINTITI MUY mutated CL-IPMS #9ar3 19910 mutated /euA
#18%ad1uves 57 bp-tandem repeat 712 ¥noBN (tandem repeat deletion mutant) i enzyme activity
Wovmineu lmiUnd

n1IRNMIaLYes mutated enzyme Tiuana1a9imewulanind Juaaslavst enzyme activity i
uaAI 57 bp tandern repeat 91U 2 YaRNA1 DI luTIATUFUNUEAVTU feuA Tundues gene
expression ua:qmauﬁﬁi"fugmmmmu'lmﬁ a3 manInn1sfi | mutated feuA 31 Geletion U89 57 bp
tandem repeat $17u 2 ¥ Fiegludnume in frame vz ¥ifndeletionys amino acid 19 residues
fou 2 g egalsfimn Koon unzaAmzldswadt d1mves VNTR sequence #ananegluniiom
regulatory domain (R domain) vouou lniiidan (38) FuiuvNTR iy 57 bp-tandem repeat 911U
2 yafiwulubu feua veude M. wberculosis muWug H37Rv & pniumumdwyduuialsenisdesu

A ar o ] |
leuA Fadesofonisanyiluszduae il



1PNE1591984

Fink P. Biosynthesis of branched chain amino acids. In:Sonenshein A, Hoch J,
ed. Bacillus subtilis. The model gram positive organisms. Washington DC:
American Society for Microbiology; 1993: pp 307-317.

Kohlhaw G B. QL - Isopropylmalate synthase from yeast. Methods Enzymol
1988; 166: 414-423.

Patek M, Krumbach K, Eggeling L., Sahm H. Leucine synthesis in
Conymebacteriuom glutamicion: enzyme activities, structure of leuAd, and effect of
leuA inactivation on lysine synthesis. Appl Environ Microbiol 1994, 60: 133-140.
Namwat W, Luangsuk P, Palittapongampim P. The genetic diversity of
Mycobacteriiom ruberculosis strains in Thailand studied by amplification of DNA
segments containing direct repetitive sequences. /n J Tuberc Lung Dis 1998; 2:
153-159.

Smittipat N, Palittapongarnpim P.Identification of possible loci of variable
number of tandem repeats in Mycobacterium tuberculosis. Tuber Lung Dis 2000;
80: 69-74.
Chanchaem W, Palittapongarnpim P. A variable number of tandem repeats
result in polymorphic QL - Isopropylmalate synthase in Myvcobacterium
tuberculosis. Tuberculosis 2002; 81(1)1-6.

Supply P, Mazar E, Lesjean S, Vincent V, Gicquel B, Locht C. Variable
human minisatellite-like regions in the Mycobacteriien tuberculosis genome.
Mol Microbiol 2000; 36: 762-771.

Kremer K, van Soolingen D, Frothingham R et al. Comparison of methods
based on different molecular epidemiological markers for typing of
Mycobacterium tuberculosis complex strains: Interlaboratory study of
discriminatory power and reproducibility. J Clin Microbiol 1999; 37: 2607-2618.
Frothingham R, Strickland P L, Bretzel G, Ramaswamy S, Musser J M,



10.

12,

13.

14.

15.

16.

17.

18.

35

Williams D .. Phenotypic and genotypic characterization of Mycobacteriton
africanum isolates from West Africa. J Clin Microbiol 1999; 37: 1921-1926.
Frothingham R, Meeker-O'Connell W A. Genetic diversity in the
Mycobacterium tuberculosis complex based on variable number of tandem DNA
repeats. Microbiology 1998; 144: 1189-1196.
Filliol I, Ferdinand S, Negroni L, Sola C, Rastogi N. Molecular typing of
Mycobacteriuum tuberculosis based on variable number of tandem DNA repeats
used alone and in association with spoligotyping. J Clin Microbiol 2000; 38:
2520-2524.
Bifani P, Moghazeh S, Shopsin B, Driscoll J, Ravikovitch A, Kreiswirth B
N. Molecular characterization of Mycobacterium tiherculosis H37Rv/Ra
variants: distinguishing the mycobacterial laboratory strain. J Clin Microbiol
2000; 38: 3200-3204.
Bifani P J, Mathema B, Liu Z et al. Identification of a W variant outbreak
of Mycobacteriian tuberculosis via population-based molecular epidemiology.
JAMA 1999; 282: 2321-2327.
Magdalena J, Supply P. Locht C. Specific differentiation between
Mvcobacterium bovis BCG and vinulent strains of the Mycobacteriun
tuberculosis complex. J Clin Microbiol 1998; 36: 2471-2476.
Magdalena J, Vachee A, Supply P, Locht C. Identification of a new DNA
region specific for members of Mycobacterinm tuberculosis complex J Clin
Microbiol 1998; 36: 937-943.
Supply P, Magdalena J, Himpens S, Locht C. Identification of novel
intergenic repetitive units in a mycobacterial two-component systern operon. Mo/
Microbiol 1997 26: 991-1003.
Van Belkum A, Scherer S, Van Alephen L, Verbrugh H. Short- sequence
DNA repeats in prokaryotic genomes. Microbiol Mol Biol Rev 1988; 62: 193-
275.
Hondalus M K, Bardarov S, Russell R, Chan J, Jacobs W R Jr, Bloom B R.



19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

Attenuation of and protection induced by a leucine auxotroph of Mycobacterium
tuberculosis. Infect Immun 2000; 68: 2888-2898,

Kohlhaw G B, Leary T R. (L - [sopropylmalate synthase from Salmonella
tvphimurium: purification and properties. J Biol Chem 1969; 244: 2218-2225.
Wiegel J, Schlegel H G. (L - Isopropylmalate synthase from Alcaligenes
eutrophus H 16. I1. Substrate specificity and kinetics. Arch Microbiol 1977; 112:
247-254.

Leary T R, Kohlhaw G B. QU - Isopropylmalate synthase from Sa/monella
typhimurium. Analysis of the quaternary structure and its relation to function. J
Biol Chem 1972; 247: 1089-1095.

Beltzer J P, Chang L F, Hinkkanen A E, Kohthaw G B. Structure of yeast
LEU4. The 5’ flanking region contains features that predict two modes of control
and two productive translation starts. J Biol Chem 1986; 261: 5160-5167.
Jungwirth, C, Margolin P, Umbarger E. The initial step in leucine

biosynthesis. Biochem Biophys Res Commun 1961; 5: 435-439.

Margolin P. Genetic fine structure of the Leucine operon in Salmonella.
Genetics 1962; 48: 441-457.

Burns RO, Calvo J, Margolin P, Umbarger HE. Expression of the leucine
operon. J Bacteriol 1966; 91(4): 1570-1576.

Bartholomew JC, Calvo JM. Isopropylmalate synthase from Salmonella
typhimurium : amino acid composition, NH, terminal analysis and fingerprint
analysis. Biochimica ET Biophysica Acta 1971; 250: 577-587.

Ricca E, Calvo JM. The nucleotide sequence of leud from Salmonelia
typhimurium. Nucleic Acid Res 1990; 18: 1290.

Dolin, PJ, Ravinglione MC and Kochi A. Global tuberculosis incidence

and mortality during 1990-2000. Bull WHO 72: 213-220.

Colditz GA, Brewer TF, BS, Wilson ME, Burdick E, Fineberg HV,

Mosteller F. Efficacy of BCG vaccine in the prevention of tuberculosis. 1994.
JAMA 271: 698-702.

36



30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

37

McAdam R A, Weisbrod T R, Martin J et al. /n vivo growth characteristics
of leucine and methionine auxotrophic mutants of Mycobacteriien bovis BCG
generated by transposon mutagenesis. nfect Immumn 1995; 63: 1004-1012.
Bange F C. Brown A M. Jacobs W R Jr. Leucine auxotrophy restricts
growth of Mycobacterium bovis BCG in macrophages. Infect Immun 1996; 64:
1794-1799.
Bradford MM. A rapid and sensitive method for the quanttation of
microgram quantities of protein utilizing the principle of protein -dye
binding. Anal Biochem.|976: 72: 248-254,
Laemmli UK. Cleavage of structural protein during the assembly of
bacteriophage T4. Nature. 1970; 227: 680-685.
Waber K. Osborm M. The reliability of molecular weight determinations by
dodecylsulfate polyacrylamide gel electrophoresis. J Biol Chem. 1969;
244: 4406-4411.
Dye C, Watt C ], Bleed D. Low access to a high effective therapy : a challenge
for intermational tuberculosis control. Bull W.H.O. 2002; 80: 437-444.
Ministry of Health of the People's Republic of China. Report on Nationwide
Random Survey for the Epidemiology of Tuberculosis in 2000. Ministry of
Health of the People's Republic of China. 2002.
Dye C, Scheele S, Dolin P, Pathania V, Raviglione MC. Global burden of
tuberculosis: estimated incidence, prevalence and mortality by country. JAMA
1999; 282: 677-686.
Koon N, Squire C J, Baker E N.Crystal structure of LeuA from Miycobacteriton
tuberculosis. a key enzyme in leucine biosynthesis. Proc Natl Acad Sci USA.
2004; 101: 8295-8300.
Corbett L, Raviglione M.Global Burden of Tuberculosis : Past, Present and
Future. in "Tuberculosis and the Tubercle Bacillus” (Cole S T, Eisenach K D,
Mc Murray D N, Jarcobs Jr. W R.eds.)2005, ASM Press, Washington DC, USA.
Espinal M A, Salfinger M. Global Impact of Multidrug Resistance. in



41.

42.

43,

45.

47.

48.

49.

"Tuberculosis and the Tubercle Bacillus” (Cole S T, Eisenach K D,

Mc Murray D N, Jarcobs Jr. W R.eds.)2005. ASM Press. Washington DC, USA.
Wheeler P R, Blanchard J S.General Metabolism and Biochemical Pathways of
Tubercle Bacilli. in "Tuberculosis and the Tubercle Bacillus” (Cole S T,
Eisenach K D, Mc Murray D N. Jarcobs Jr. W R.eds.)2005, ASM Press,
Washington DC, USA.

Nakamura Y, Leppert M.O'Connell P, e tal. Variable number of tandem
repeat{ VN TR) markers for human gene mapping. Science 1987; 235: 1616-
1622.

Benson G. Tandem repeats finder : a program to analyze DNA sequence.
Nucleic Acids Res. 1999; 27 : 573-580.

Le Fleche, Hauck P Y, Onteniente L, et al. A tendem repeats database for
bacterial genomes : application to the genotyping of Yersinia pestis and
Bacillus anthracis. BMC Microbiol. 2001 ; 1: 2.

Yeramian E, Buc H.Tandem repeats in complete bacterial genome sequence:
sequence and structural analyses for comparative studies. Res Microbiol.

1999; 150: 745-754.

Roring S, Scott A, David B, et al. Development of variable number tandem
repeat typing of Mycobacterium bovis : Comparison of results with those
obtained by using existing exact tandem repeats and spoligotyping. J Clin
Microbiol. 2002; 40: 2126-2133.

Drobniewski F. Balabonovs Y. Ruddy M, et al. Rifampin and multidrug resistant
tuberculosis in Russian Civilians and prison inmates : dominance of the Beijing
strain family. Emerging Infectious Diseases 2002; 8: 1320-1326.

Le Fleche P, Fabre M, Denoeud F, Koeck J L, Vergnaud G. High resolution,
on-line identification of strains from the Mycobacterium tuberculosis complex
based on tandem repeat typing. BMC Microbiol. 2002; 3: 37.

Moxon E R, Rainey P B, Nowak M A, Lenski R E. Adaptive evolution of highly
mutable loci in pathogenic bacteria. Curr Biol. 1994; 4: 24-33.

38



50.

51.

52,

53.-

5S.

56.

57.

58.

59.

Hood DW, Deadman ME. Jennings MP, Bisercic M, Fleischmann RD. Venter
JC,Moxon ER. DNA repeats identifv novel virulence genes in Haemophilus
influenzae. Proc Nat Acad Sci USA. 1996; 93: 11121-11125.

Peak IR. Jennings MP. Hood DW, Bisercie M, Maxon ER.Tetrameric repeat
units associated with virulence factor phase variation in Haemophilus also
occur in Neisseria spp. and Moraxella catarrhalis, FEMS Microbiol. Lett 1996;
137: 109-114.

Van Belkum A, Scherer S.van Leeuwen W.et al. Variable number of tandem
repeats in clinical strains of Haemophilus influenzae. Infect.Immun. 1997, 65:

5017-5027.

Weiser J N, Love ] M, Moxon ER. The molecular mechanism of phase variation

of H. influenzae lipopolysaccharide. Cell; 59: 657-665.

Gordon S V, Supply P.Repetitive DNA in the Mycobacteriiun tuberculosis
complex in "Tuberculasis and the Tubercle Bacillus” (Cole S T, Eisenach K D,
Mc Murray D N, Jarcobs Jr. W R.eds.)2005, ASM Press, Washington DC,
USA.

Mizrahi V, Andersen S J. DNA repair in Mycobacteriian tuberculosis. What
have we leamt from the genome sequence ? Mol Microbiol 1998; 29: 1331-
1339.

Riehle MM, Bennett AF, Long AD. Genetic architecture of thermal adaptation
in Escherichia coli. Proc Natl Acad Sci USA. 2001; 98: 525-530.

Coggins LW, O'Prey M. DNA tertiary structures formed in vitro by misaligned
hybridization of multiple tandem repeat sequences. Nucleic Acids Res. 1989;
17: 7417-7426.

Hauge X Y, Litt M. A study of the origin of **shadow band” seen when typing
dinucleotide repeat polymorphisms by the PCR. Nucleic Acids Res.1993; 2:
411-415.

Chiurazzi P, Kozak L, Neri G.Unstable triplets and their mutational mechanism:

Size reduction of the CGG repeat versus germline mosaicism in the fragile X

38



61.

62.

63.

40

Syndrome. Am J Med Genet. 1994; 51: 517-521.

Arie RG, Cohen C J, Yuval E, et al. Simple sequence repeats in Escherichia

coli: Abundance, distribution, composition and polymorphism. Genome

Reseasch 2000; 10: 62-71.

Rosenberg SM, Longerich S, Gee P, Harris RS. Adaptive mutation by deletion

in small mononucleotide repeats. Science 1994; 265: 405.

Kashi Y, Soller M.Functional roles of microsatellites and minisatellites. in

"Microsatellite evolution and application” (Goldstein DD, Schlotterer C.eds.)

1998 oxford university Press. Oxford, UK.

Tonjum T, Caugant DA, Dunham SA, Koomy M.Structure and function of
repetitive sequence elements associated with a highly polymorphic domain
of the Neisseria meningitidis PilQ protein Mol Microbiol. 1998; 29; 111-124,
Moxon ER, Wills C.DNA microsatallites : Agents of evolution ? Sci.Am 1999;

280: 94-99.




HIANUIN

1) asdanudrasulusesinmsunma

- BUIEHINAUTUMS

2) muauenasulufidszquinns
- lAdhsmdszgunanivuanninumsiselumsdszygy “amilizyguveaue

=y o

o a o e ' ar = ’y 4 o o
Na\11Uﬂ15']ilﬂﬂf)ﬂﬂﬂ')ﬂﬂiu1“u l!ﬂxWUﬂ'UUJﬁ'J'nUO]?Tﬂ Nl . WWDIUN 14'16

unsmnu 2548



	MRG4580031_01
	MRG4580031_02

