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Background : The emergence of multidrug-resistant strains of Mycobacterium tubercudosis presents a signif-
icant challange to the treatment and control of tuberculosis, and there is an urgent need to understand the
mechanisms by which strains acquire multidrug resistance. Recent advances in molecular methods for the de-
tection of M. tuberculosis genetic targets have approached the sensitivity of culture. Furthermore the prospect
of determining resistance in mycobacteria at the nucleic acid level particulary to first-line drugs like rifampin,
isoniazid has provided a glimps of the next generation of sensitivity test for M. tuberculosss. Previous studies in
RMP resistant M. tuberculosis have shown that mutation in Asubunit of RNA polymerase is main mechanism
of resistance.

Method : In this study, 7poB gene for the §subunit of RNA polymerase from M. tuberculosis of 42 cultured
samples (32 were RMP resistant and 10 were sensitive cases) were isolated and characterised the mutations.
Direct sequencing data were compared with the results of INNO-LiPA Line Probe Assay (LiPA, Innogenetics,
Belgium), commercial RMP resistance detecting kit using reverse hybridization method.

Results : All of the RMP resistant samples were revealed the presence of mutation by LiPA. In 22 samples
(68.8%) out of 32 RMP resistant cases, the mutation types were confirmed by the positive signal at one of 4
mutation bands in the strip. The most frequent type was R5 (S531L) which were 17 cases (77.3%). Results of
direct sequencing were identified the exact characteristics of 8 mutations which were not comfirmed by LiPA.
S522W type point mutation and 9 base pair deletion at codon 513~ 515 were new identified mutations for the
first time.
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Conclusion : Mutations in 7poB gene is the main mechanism of RMP resistance in M. tuberculosis and LiPA
is a very useful diagnostic tool for the early diagnosis of RMP resistance in M. tubercudosts.

Key Words : multidrug-resistant, »poB, LiPA, rifampin, Mycobacterium tuberculosis, tuberculosis.
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£ =3 71489 2 A catalse-peroxidase &
28] FAAR] katG FAAY] 24e Basgrh
%3 Banerjee $'9& 2L 7Aooz 2wkl A
P30l Ak inhA {AHAS] E8Wol7t INH
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&8 Buslgct. £§ streptomycing] WAL 16S
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443td RMP Wld &2 A1 INNO-LiPA
Line Probe Assay(LiPA)d W%k 2327} iich
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A 887 o] vhgA1AT. 12,000 rpmo2 387 9
Hslo] A& SudE 20l TRe] PCRo AHe-E}
ack

3. PCRoj| 2i#t rpoB RTA 3%

Primer% rpobl, rpob2, rpob3, rpobd= BuE o
7] AEe Fasted® #® 13} Zo] ZAH oligonu~
cleotideE (F)3AFAFol| FE3IA AME3IATH
PCR urg &Fefe 10mM Tris-HCl, pH 8.3, 50
mM KCl, 1.5mM MgCl,, 0.01% gelatin, 200mM
dATP, 200mM dCTP, 200mM dGTP, 200mM
dTTP¢} t0pmol®e] Z} primer 2 1 unite] Tag
DNA polymerase® +4%%1il, template DNA 5
u 9}y A & 25 ué7t FA 3k mineral oil g 25
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1l 3259t Ericomp(U.S.A.)A}2] single block
thermal cycler2 —Fﬁ 94°C oA 583 718 ¥ 94
CTAA 18, 557CaA 18, 72CoA 18734 30
F718 yrEEia vpx)gte] 72°CollA 1083 o vhg
AJFch. o]z PCRA|dIE 92} PCR AHE-& 144}
L3} 4ul B FHFE HPHFE dde 4
PCRE Z& =HoA vhg-g dASIch. LiPAE
$§ o)z} PCRAJI= kitell £§2 amplification
buffer& 4 ¢, biotin-labelled nested primerg& 4
uf, MgCl, 2948 44¢ % Taq polymerase 0.5 ¢
o} 37 9z PCR A 1ud, 3F/T 6542 20
yé & 3o mineral oil 25u¢ & F339.
PCR %82 dxl PCR3 Z& 2doz AAEY
t}. LIPAE 9% o]z} PCR primers (rpob5¢}
rpob6)& biotino] AgEe] ¢la 257bpe] AMEo]
Fla= P L

PCR AHZ& ethidium bromider} X3H 2%
agarose gelolA] TAE £%%(40mM Tris-ace-
tate, ImM EDTA, pH 8.0) 2.2 100VolA 3087t
A719ESE A4 FAZR FolFH o] 44
HUSE I ¥ FHYrIHE EF E LiPAd
o] &3ttt

4. DNA 7|4 T3

7MY AL AN S AEAE o2 Y [-®

PJATP (3000Ci/mmol ; 10mCi/ml)& rad-
iolabelling® ¥ fmol™ DNA Sequencing System
& ARl 43819} wkgdo] E YAHTEE g
95 CE 7}4dso] e thermal cyclero] Adx)3tn
95°CAA 28 718 ¥ 95C 30%, 42T 30%,
72°C 18€ 4037 AA8k ykgo] Euhd fmol™
sequencing stop £9& 3 us 715t ¥H-& A
FHeon 30We] JdA dgoz 24175t Aridse
AAEES. A7]9% F Felig £2AU the gel
€ Watmann 3M oj#}x]o] &4 €A gel =7
2 80TCE 7MdstdA 245t 2% A=AH
H[ZE gel2 Foz 74 KODAK XAR-5 €§
3 A FHIES Wol 12~24A7HE< AL Ee
48} 70°C ol Tt 2F 7|2 @8

5. Line Probe Assay (LiPA)

(1) ¥4d (denaturation) ¥ 3 (hybridization)
Biotino] 2%4 Al 3¢ ©]x PCR AHE 10 u4%}
W Aol (denaturation solution) 10u¢ & &%
(trough)ell £33l 20C~25CoNA 587 4]
vhg AIRIF wE 37C~62CE d¥ =Y
(hybridization solution)€ 1mf 713l 4& H
LiPA strip& ZA71A slo ZggeFRolA 62C
2 3087 o 80rpm &= ZetEA mFuke-Al
Zit}.

Table 1. Primers Used in rpoB Amplification

PCR Size Primer name Sequence
. rpobl 5"-TACGGTCGGCGAGCTGATCC-3"
primary 411bp . .
rpob2 5°-TACGGCGTTTCGATGAACC-3
secondary 157h rpob3 5"-TGCACGTCGCGGACCTCCA-3"
(unlabelled ) P rpob4 5"-TCGCCGCGATCAAGGAGT-3"
secondary 257b rpob$s 5"-GGTCGGCATGTCGCGGATGG-3"
(biotin-labelled ) P rpobé 5°-GACGTCGCGGACCTCCAGC-3~
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(2) A1 ¥ (stringent washing)

Stripe] FAJYE WA wgd & BF AAHS L
37C~62C=E A9 MAY (wash solution) 1mf
g 718l 10~20&23 EE059A AXstz, &
W ol W AE F AR slelo] 62Tl 108
Tt A Jggepzoa Jeetas AHAFH

(3) ‘&A¥H3-(color development)

8 Zd (rinse solution) 1mfZ 1874 23] g%
3 A" conjugate?] (conjugate solution, conju-
gate 539 conjugated|Ad oz 100w A3
IS B33t Agtauty|s ¢k 160rpme] £52
AAgsAA 20C~25CoAA 3083 EECIFEA
BgAZch. Conjugate & AA3 L 7]Z4FY
(substrate buffer) 1mé= 187 A3 £} 714
(substrate solution, 714 XZ9& 7)dYgEdoz
1004] E43H) 1nlE 7}3ke] FgspHA 20C~25
ColA 3083 wHgAIF ZIdd g AR} FF
F 10l E 713t JgstHA 20°C~25ColA 308
o HgAIF stripg DA AxAIF-

(4) 23} %5 (interpretation of strips)

LiPAE 9u%(reverse hybridization)2] <zl
o] &3 Ao 2 A oligonucleotide probes”} nitrocel-
lulose stripoll YE=2 AFE ol vjg] A= o
1 o714 biotine] HA¥H PCR iHEo] Eo|xo
2 73814 biotind] streptavidino] A=, ol
g7 A%so]l JY alkaline phosphatasedl| 2js}e]
chromogen¢! NBT/BCIP7} 2R o 2 W= A2
S o83t 2% 19] panel A9t Zo] A o= L
ARre-g Rlshe Fddzren, B4 d= FTH
PCR 1Hgo] M. tuberculosis T2 oA #alld
AL & #RISk= probeoli, S1eA S571xj9] wj=
SRR B FrAx wde Agshe wild-
type probeol™, R2, R4a, R4b @ RS5ul:= B3
HIE7t & Aoz 43A e 459 HEguold
Eo0]&<Ql mutant-probeo]t}. Wild-type probe:

codon 50994 codon 534717 % &% & U=
= ZHEA dAlEe] Qemz of xHoA EdH]
7} A& Aol 3= E 9429 S probed] PCR
AHEo] Ajetx] Rtz wAS JehiA 23lA4 "
o & dAER g oyl dg FAfdde AT
probe?] $JA|o] EWe|7} A= RMP ujAdaolx,
25 dAME Jepd Ao QW) fle
RMP A€ 9jvigitt. a8y SHE to2s
Y Ed¥ole T/ ¢ 47 ¢9lod, R2, R4
a, R4b ¥+ RSTZ th-25+= mutant-probecfjA]
GAER] e Wrh g A9t AEgE Eduio]
#38e & 4 Ut o] v R2, Rda, R4b == RS
o A wr} eld Heddle 42 DSI6Y, H
526Y, H526D E=x= S531L9 HEAW7} 2
o) gict.

g o

1. Jo|&¢el ol PCR Abmo| M4t

427A k¥l RMP A<l 32@F= RMP#
INHel FAlell WA thAWAdgEFEdL, 10388
FAZFA HANA & shte] SfAlol = A& e
Wz] ol A=A #5%ck. RNA polymerase2]
B subunit& codingdl= rpoB fAA}e] codon
511941 codon 533°] o]2+& 69bp(base pairs)E
233K 157bpE 3FE 4 UEF rpobl, rpob2,
rpob3, & rpob4 primers& #F8]3led PCRE& AA
SATH(E 1). °lak PCR ZAAE A7|9%SH
ethidium bromide g4 Foff x}]Xd FA]7] Aol
#3ka 157bpe] wwkg Zehfo] DNAE AHAIs
of DNA @71M g2 A o] 833t

LiPAE 9i8i4lt rpob5 ¥ rpobé primersE A}
a3l o, A7|9%7} ethidium bromide g2 F
o L] FA[7] AdellA Hol FojA<l 257bpe o
7h Vo® BiSoll wlo] FE ofFo TAIgle]
LiPAE AAEl9e 1 i 18 1-Bo JEel
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2. Line Probe Assay (LiPA)ol| 28t rpoB |&X}
o8y By

RMP ZA 4F 10¢] AddjA LiPA A3= S
~85 w7} 2% wAE vehfo] Ed¥olr} gle
wild-type2] rpoB Y€ & F AU 1Y 1. Panel
B, 0). RMP W4 73 324 2% S1~S5 09 &
st o)ide] A& UER]R] ghotA EHWolE 71X
I e Aoz vebgti(Panel B, 1~9). o] F 22
o (68.8%)= Ruje] wale] Fulslo} &3 AW

ol 8L & + ANy 104(31.3%)%IA4= Ry
o} wjo] Fuks]A] gol FH3 EQWe] YL &
FE ok 28y 22 St S24] 59 Q9
97} e Aoz FHSE A (451, S2)
7} 1o (Panel B, 9)93, S2x]4d] EdWel7t 8L
B Aoe 2HH= 79-(452)7 19 (Panel B, 1
), 4S37} 34| (Panel B, 3), 4S47} 3<)(Panel
B, 6) 2@ AS57} 2¢j(Panel B, 8)%t}. webA
LiPA Z3 RMP U4 Zd¥Fde H4$ 557
o] EdHol7} rpoB FAZlY] EAY Aoz 23
=it

w
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o

3 J
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dom
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0 1 2 4 5 6 7 8 9
4 7 3 7 - S I 3, & n 3,
2 & <] LN 2 £ 4 e
Contro =l = wilm~ =
MT complex :"‘ . ) . - B
sz ) N < ; <
S3
sS4 i 14 ¢ <
S5 < <
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Rda < <
R4b ! <
RS <4
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Fig. 1. Strip design and representative results obtained with the Line Probe Asssay (LiPA)

strips.

The location of the consecutive lines on the strips are schematically represented in panel
A. In panel B examples of LiPA strips are shown. Strip 0 represent sensitive pattern.
Strip 1 to 9 represent resistant patterns. Arrow heads represent each specific mutation
sites. (1-482, 2-R2, 3-4S3, 4-Rda, 5-R4b, 6-454, 7-RS, 8-485, 9-4S1-2)
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Eduole 43e & # UAAD 229 F 179
(77.3%)= R5% (Panel B, 7) 2.2 Edde] £33
& codon 5319 ¥ W 9717t CollA T=E |714
#xlo] olujix At serineo] leucineo 2 X|@H 73
2 (S531L) ¥} theo 2= R4a® (Panel B, 4) 9]
36)(13.6%)24 codon 5269] A} G717k Colld T
2 9r7|A8s0o] ofux=ArS histidineo] tyrosineo.
2 X3E A (HS526Y)¥9en, R28 (Panel B, 2
Yol 1¢(4.5%)24] codon 5162 F ¥A @717t A
qx Tz g7|dg=o] o}mjiAld aspartatediAl
valineo 2 X|3tgl 79-(D516V) 1, R4bH (Pa-
nel B, 5)% 19(4.5%)2A codon 5269 A 7]
7} CollA G2 G71¥gE o] ofm|=AkS histidine o]
asparagine® 2 &g A9 (H526D) A} 471 2
IHE ¥ 20 293t

LiPA B4A] S, RS ¥ 4S5%dAME= R4auw]7}
okatA|gt 3 BAHE A4t Aol BHel FolE
23yc}. ol ANE B3| Tt APFAVIME
AL AAsk Qs £ da R4ads 990
7} ohgEA galo] i 9ol B watA
olE f¥A e BE FoE /&Y Favt AN
t}. LiPACIN Ed¥ol7} ERI=A] ¢4 B 2
Eolx &Y ALdx 2F AHF7ING AHE 4
Agle R EGWolel §8E dohlln LiPAS
e AAH Byt

3. DNA H7|Mgzddoll 2fgt rpoB 7EX ctdd
=4

o|x} PCR 4H&-& #719%% 157bpel wE Z2hi
o] AAFE cycle sequencing®ol] &Jdle] FrIMEL
A8t 1 FdAE B 20 2981, 4F 2HE
% 29 1§ 3of vERAIG

ARG7IMNGE B 2 gedd dFe Be
rpoB FAAe) EdWelrt BEER &S AN AV
MEe vy, WAZEA 3¢ 1159 FEdH0
o} 139 9bp AMol TEE A 12F¢]

rpoBf-A EdWol7t A¥Fe] RMP Ul &5
o3l A2 HIHATHE 2). LIPA 404
Eoolr} #eld S531L, HS526Y, H526D ¥ D
S516VES 97IMQ 84 27 25 dX3e 22

vz, LIPA 404 3&3] Uebd 4 AL
EdHolEE 1 X LiPA £ ZAzlel A3
tH(ag 2). LiPAdA Eddelrl ERIEA &2
ZA$-E B4, S13 529 F5 "G Ed¥o|7}

483 (8522L)
CTAG

453 (8522W)
CTAG

454 (H526N)

485 (L533P)

CTAG CTAG
-
¥ .
e

RO

& , ;i
AR 1 [ e ]

" Fig. 2. Mutations identified by direct sequencing

of PCR products

Localization is shown of the 4 of 7 point
mutations which were not confirmed by
LiPA, 453 (8522L), 453 (5522W), 45
4 (H526N), and 485 (L533P). Arrows
indicate the nucleotide substitutions.
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CT A G 6T A G

x99 0 2 o4 0

Fig. 3. Deletion mutation identified by direct se-
quencing of PCR products
Localization is shown a 9 bp deletion at
codon 513~515. Left panels show the
wild-type sequences of rpoB gene in M.
tuberculosis and right panels show se-
quences of mutant rpoB gene. Nucleotide
sequences at right border of left panel in-
dicate the deleted nucleotides in right
panel. Arrow in right panel indicates the
location of deletion

AE Aoz FHFHAY 4SI, S27} codon 513941
515 742 99719] Aol AW wEo g AT
(228 3), S2A Yol EQHo7l Q& Aoz 24y
A" 482 D516Y E@Wolgdon, 4S37} 24
NA S522L, 14olA] S522W E@wo|gm, 4S4
7b TdelM H526N Ed9ol¥ 1994 H526R
=¥l E 08 14+ H526C S99
™, 4553 2¢s 2% L533P S@yo|yt. & o
Tl @A € 12%9] Edde] 7hed 9bp AU

S522We dAA L3R viee $UE IR
o) gd¥ol}t BuY Wb gt Agos Hume
#9e) Edololt). o5 2nE ¥ 20] LiPA &
e} vmate] okaigln 29 4o Esfshaic).

L -

YT ojdo) gAYt 2R Fs B
28] EA¥0IZ UL 7HAA H o))F WA
< AAF FAo] xfow e 5 gloy) 13
Y Aae WY 239 918 2984 9. 32
R Mg 27] Huol o3t 1~3%2] Ay
o] HuSw glom BRFHo s GEFNYS 73
FE BT,

Fischl §¢] A7 o3 chANEY 3}
624& U= (DY AU E= 2-AHAY) 55
s} vimate] =AM} Z3 BAje] Aga Azl
A OANAEZY F7HE AN Raln Yo
g A2 27) g § HAY N5y sge] A
43 aTEg sk HT x4 YEe) wge
AT H WAFN AoIA FAEAe 72 2}
)& o]§3le zEske o8] 71X WY Fo] B
3t

RMP& INH¢} 3 Zelxgo] 2748 o2& of
A2Al, Telenti $2& Mycobacterium tubercu-
losisol A rpoB #AAE cloning3ln Q7)ME 2
e AN ¥ ArMLe wmsiyt. o dn
RMP W4 664l9] 287F 64004 1529 =4
Hol7b HAEUT, Aol BAIY AEddel} 23
7He] ofm:4t(codon 511~533)8 coding3h= 69
A7V A Gl 25 2o Qlglon S31HA ofn)xit
Q1 serine©] leucine, glutamines} tryptophang-2.
2 AgE o] 7 ¥e Rez it %
codon 5169] GAC— TAC (His— Tyr) 2
codon 531¢] TCG — TTG (Ser —Leu)e] 5 &
7o HEAWol7l 61%9] &L WIEE B} o5
2 A&E AN Orita 520 7§w3 PCR-
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Table 2. Sequence analysis of 32 rifampin-resistant M. tuberculosis strains

) . ) Nucleotide Amino acid Frequency of
Mutation Type* LiPA profile o o o

substitution substitution substitution®
D516Y 452 GAC - TAC Asp — Tyr 1( 3.1%)
D516V R2 GAC - GTC Asp — Val 1( 3.1%)
S522L 453 TCG - TTG Ser — Leu 2( 6.3%)
S522W- 483 TCG — TGG Ser — Trp 1( 3.1%)
H526Y R4a CAC—->TAC His — Tyr 3( 9.4%)
H526D R4b CAC - GAC His — Asp 1( 3.1%)
H526N 454 CAC - AAC His — Asn 1( 3.1%)
HS526R 454 CAC - CGC His — Arg 1( 3.1%)
H526C 454 CAC - TGC His — Cys 1( 3.1%)
S531L RS TCG - TTG Ser — Leu 17(53.1%)
L533P 4S5 CTG - CCG Leu — Pro 2( 6.3%)
deletion® 451,82 CAATTCATG GIn-Phe-Met 1( 3.1%)

2The numbers correspond to E. coli RNA polymerase codon alignment
*Numbers of isolates and percent among total 32 rifampin-resistant strains
“Two new mutations identified for the first time in this experiment.

N Rda(H5%6Y) ]
{ RAB(H526D) ]
R2(D516V) ] R5(S531L) ]
s ] L 4 ]
i s1 i s [ £ ]

511512 513 514 515 516 517 518 522 e 6 531 5
C AGC CAG CTG AGC CAA TTC ATG GAC CAG AAC AAC CCG CTG TUG GGG TG ACC CAC AAG CGC CGA CTG TCG GCG CTG GGG C
Ser Gln Leu Ser Gin Phe Met Asp Gin Asn Asn Pro Leu Ser Gly Leu Thr His Lys Arg Arg Leu Ser Ala Leu Gly

TAC PG TAC TG CCaG
Tyr Leu Tyr Leu Pro
GTC TGG GAC
Val Trp Asp
AAC
513 514 515 Asn
[P
{CAA TTC ATG ¢
S o6e
14
TGC

Cys

Fig. 4. Wild-type nucleotide and amino acid sequence of the relevant part of the rpoB gene
The numbering system is based on the E. coli RNA polymerase codon alignment.
The numbers above the wild~type nucleotide sequences indicate the mutation sites yet re-
ported. The nucleotide and amino acid segences below the wile-type sequence indicate
mutations detected in this experiment. The horizontal bar below the wild-type nucleotide
sequence indicate 9bp deletion site from codon 513 to 515.
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