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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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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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VATACEATRZLEALCACTL

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



