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Analysis of rpoB Gene in Rifampin-Resistant M. Tuberculosis by Direct
Sequencing and Line Probe Assay
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Background : The emergence of multidrug-resistant strains of M ycobacterium tuberculosis 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. tuberculosis. Previous studies in
RMP resistant M. tuberculosis have shown that mutation in 8subunit of RNA polymerase is main mechanism
of resistance.

Method : In this study, 7poB gene for the gsubunit 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 RS (5531L) which were 17 cases (77.3%). Results of
direct sequencing were identified the exact characteristics of 8 mutations which were not comfirmed by LiPA.
$522W 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. tuberculosis.

Key Words : multidrug-resistant, »poB, LIPA, rifampin, Mycobacterium tuberculosis, tuberculosis.

M2

A AeA UM b EF UL FES
sheln, A Q172 o 1/39] Mycobacterium tu-
berculosisol ZAE=0o] 311, AAHe R ud gyt
3ol Algto] WA ol2 Q1§ AR} 4= 3u¥nt
ol gebe dies] Az FEuAsEg) FAE o
718k Fgkolr}h.

1995\dell AlgiE $-elulete] A 72 A=A e
ZA} 2o B2@ FR 284 854 HAd9
FHEe 1.03% T3 A2 g8 0.22%2
ojAE& FAE wAE 7z} 429,000 % 91,000
Fog F3dch a8 S AHEY )
A oliel ofAlo] i3 W& 9.9%0l3L, isonia-
Zid(INH)E X33k 2714 ojde] okhAdge
INH®} rifampin(RMP)o] 5.3%2 7}4 & ¥e
& 93 X8| gl 34 7L HA AU
5.8%, Az#o] e Ao UAE&L 25%8 B
AT}, ‘

HU S A AYR T 27 ol INHS
RMP& 23t 2717] olidel ebAld] UliE& Hols

739 b A S (multidrug-resistant tuberculo-

sis) 0.2 Ao, H|E ZAYFH o] Brd= F
Al ddsttiaks A gEe] ks 289
2 A7t H1 flor A Jgat Xz o d
Toll By Be& x¥o] dag Aot

9=5o] A¢ B PF3] grdhe AN
o} 198538 Vidog HAss] Aztsle] 1985
S 1991870 ol 3E R 39,000 o B
& Bl WAE Aoy RuEn ok, w3 g
g weate] F7b Bk ojuet AT NEE 2
o] ZtEle Mg Holn*o, dalldde] Hug

d 2 gugde Bast Z7kgn oo, ol
Ade) 27} 53| AL ZeT] o o] BA
go8 8 B 27 LAT ZAHo|u% A
Aajw 2823 Mgk Ro| AR2Yh EE 27|
o) £2ld RE ZuFd U MARRA e A
Aokt 1 29 Rusjol dvkn FEa Yok
9, Be AAN ANEE BREQ AT AW
He oH FAFE Toyol) Aol AT FE
ANG F FRE shn ujorE Tl 2 &
AsprIgie Asietn AAE AFITH. o] AYe
AAARA R AT FANNR 4~657F 289
o, ol 12~ 18A7to} Aal= WY4 mycobac-
teriumg] AlTjAIZIe] 7lQ1@ch. ke Fo} kA7
#4 QRS goluE diE 2~437} 1) "kt
metA okAZSA AL ARt elate] o] EREle
W Wedylso] AstE Bxbe] AL oln] AT
o oJaf Algala ¢ 99l A$E A7)E Aotk of
Ao} AN B o A wHE Ay 2&F
SFAUA cjRel goloz aAH AYARE 7Vs
Aok Arpgol FAs] a9k

RMP2 INH$} 3 2dx|Re] 2718 ol Rt
2% opoln 197148 AMgEy] ARG Fag
ARAA o|THD. o] FekAo] FAMAE A Bzt
134018 diog x8gk Ao ak2H 879(65%)
7} Az WG 474(35%)= ARsiod I
Aol Agd oHAZE BeE, e Ade| gl
79 gl Egon?, e APIME gl
H&e 40~70%8 Huss urk?. Mitchison §!
Do) A )3 RMP W43& HY A% A&7
o] o Zolxx o7t Bargs wuaiict. dAt
7 Hausl RMPE A9 e ool yar)de
AHrEE INH 29 Zhang 5'o] Z&io] U4

% ofX

¢

- 252 —



5= 7149 24 catalse-peroxidase &
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T3k Banerjee S92 A2 s ogA At A
ol B inhA F737e EHWHol7l INHS}
ethionamide®] <kAlUA® P@o] Ui, 20~25%
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2. DNA &=

vl FHES rEde] B5A H & Ry
20 0 & FHsl 1.5md mAlgAEe 7 3 AR
gl71elA] 12,000 rpme 2 187 944381 BioRad
(US.A)AF] InstaGene™ matrix & 100 u£7}51
qezdlA 56 CE 3087 ¥HEAFI 1007Co
A 887 o] ¥hAlZc}. 12,000 rpme g 3R 9
Asle] Azd SulE 20 pdTEL] PCRe AMES}
.

3. PCRoj 28t rpoB REA &

PrimerZ rpobl, rpob2, rpob3, rpobd+ Hii® ¢
7} Mg Fusled® #1134 Zo] HAH oligonu-
cleotide® (F)EFAF] FE3P ARGt
PCR wrg Egtele. 10mM Tris-HCl, pH 8.3, 50
mM KCl, 1.5mM MgCl,, 0.01% gelatin, 200mM
dATP, 200mM dCTP, 200mM dGTP, 200mM
dTTP$ 10pmol®e} 2z} primer % 1 unite] Tag
DNA polymerase2 T-A1E%13, template DNA 5
uésy A % 25 47} 9A 644 mineral oll-g 25
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HASS HU08 F IHEING 23 £ LiPAY
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4. DNA &97|Md &3
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5. Line Probe Assay (LiPA)

(1) ¥4 (denaturation) ¥ 3% (hybridization)

Biotino] Z%d 3| ZZ4 olx} PCR A& 10449}
WAl (denaturation solution) 10pf & BE
(trough)ell £-F3le] 20°C~25CoA 583 oy

S Ee AE mjE] 37C~62TCR JUE 1Ry

(hybridization solution)& 1mf¢ 78l 4 H
LiPA strip& Z71A 3l Agg25zoA 62T
2 3083t oF 80rpm SE2 EBIAA JTREA]
#Hck.

Table 1. Primers Used in rpoB Amplification

PCR Size Primer name Sequence
. rpobl 5°-TACGGTCGGCGAGCTGATCC-3"
primary 411bp . .
rpob2 5"~-TACGGCGTTTCGATGAACC-3
secondary 157 rpob3 5"~-TGCACGTCGCGGACCTCCA-3"
(unlabelled) P rpob4 5°-TCGCCGCGATCAAGGAGT-3"
secondary 257h rpob5 5°-GGTCGGCATGTCGCGGATGG-3"
(biotin-labelled ) P rpob6 5"-GACGTCGCGGACCTCCAGC-3"
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2. Line Probe Assay (LiPA)ol 2i8t rpoB S}
chee M
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o] gA¥olr} rpoB HAAY 24 Ao 33
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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, 3-48S3, 4-Rda, 5-R4b, 6-454, 7-RS, 8-455, 9-451-2)
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Ed¥ole] RS & F AAD 224 F 179
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39 (13.6%)2A codon 5262] AR G717} ColA T
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2 g A (H526Y)9 9, R28 (Panel B, 2
Yo 1e)(4.5%)2A codon 5169 = Wal @717+ A
A T2 @r|HZs]o] ojn|=Ak2 aspartateofA]
valinec g X&¥ A$-(D516V)¥1, R4b3 (Pa-
nel B, 5)% 14(4.5%)24 codon 5269] 3% &7
7} ColA G& E71¥3tE]o] o}m =i histidine o]
asparagine® = X & A4 (H526D) At 7] 2
IE F 20 goFEsi).

LIPA E44] S, RS ¥ 455344 Rbaulr}
oFstA|RE Al A= A9t Qo] BE FolE
s3tgth. ol HAE B3| Foste AAHGIIME
ARE ANl Els] 2 Z¥ R4aws S0l
7} of A WAo] He o] WAt webA
ol FHIAY #xd FoE 7Y Ut AN
ok LiPACIA Ed%olr) BRIsR] ¢k A= &
Eolx &l A9z 25 AHA7IME 24 A
Alste] Jgg EdWolY f3& dohin LiPA9
AgdE AR Hokt

3. DNA 7| MHAHol 28t rpoB EA} CiEM
24

olxt PCR 1&g #7195F 157bp ] W& Fehi
o] AAIE cycle sequencing'Hdl| 23l GrixEe
A4t 1 g ® 2] ok, dY AxE
a3 29 27 3¢ eIt
AFA7IME B4 Z gl %]
rpoB A e Ed¥olZ} BATA e AN &
MEE Bvh AT F AE 11359 FEARo]
gb 1%9] 9bp Ade] #EH A 12F

rpoB %A EQWolrt Adlte] RMP W 850
ol Aoz REHATH(HE 2). LIPA A4
Edo)7l gl S531L, H526Y, H526D 2 D
516VeS g7INg B4 23 2% dX3ke ez
T, LiIPA #4404 F8s] vepd 4 ¢lld
SQHo|EL 1 9X= LiPA B4 ZAuiel 454y
tH(1g 2). LiPAdA EdWolrt EI=A] ¥
ZA$E 29, S13} S24] F5< Ao 7}

483 (8522L)
CTAG

483 (8522W)
CTAG

484 (H526N)
CTAG

485 (L533P)
CTAG

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, 4S3 (8522L), 483 (S522W), 4S5
4 (H526N), and 4S5 (L533P). Arrows
indicate the nucleotide substitutions.
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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 7poB 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

A= Ao FHEUY 451, S27} codon S1394]

S 7 9719 Aol AW dEes wEAn
(28 3), S2Ao)] EgWolr} Qe Aoz 24y
A 4S2& DS16Y Edolgen, 45371 24)
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7b 1efolA H526N Eduiolgn 1404 HS26R
Ed¥oIfen T & 19 H526C Sddo|ge
o, 4553 2¢= 2% LS33P EdAsolgnl. & 4
TolA @A B 1259 Edo] 7k 9bp A

S522We B deidl vhs $UE AXAA
o Ed¥el} Rud vp} g Ngom Husle

89 Ediojolth. ol ZAHE ¥ 20} LiPA 2
o} vlwate] gokslgn 1) 44 =3atgch

-

AL oMol FFAGA Y == grizte 7
9 Aol oAU 7HA = oleld Wi
2 A Al 2o 2 FEE ¥ F ot 74
A Age WA a3 3UHE 2Hsk 9o 34
Fokx) X8 27] Hmdf ofsld 1~3%2 AW
Aol HaEa glom EHow ek 3
-gg-_% HYoH®,

Fischl $%¢] A7) o8ty dAWAEZY =
6291E d=2F (DY AU == AF4HEY) 55
e} wlmale] zARE A @Ajel ddat Azl
BAAsS oAU T VM8 AR Bt e
D2 A2 27 A g AEe Azye] Ade] H
A3 g7ty sk A2 £ A8 ddR
AR TH BTl slold fAEde] 72 &
ol& o83y hdske oy A WY Tol B
A=

RMP& INH¢} g4 Zsixjge] 27& olF& o
A2A, Telenti 58 Mycobacterium tubercu-
losisol A rpoB 7322 cloningdt gGriMg 2
A& AN ¥ GrMLe vimsisith 2 3
RMP W4 6699 BedF 6494 15%9 84
Holz} AR, WAdd #AE FEdHelrt 23
Ne] obu)xAt(codon 511~533)& codingdhs 69
7% Aol mF 2o Adom 53R ofvl=it
¢l serineo] leucine, glutamine®} tryptophan¥o.
2 AgE Ro] 7 B Aoz eyt g
codon 5$162] GAC-—-TAC (His— Tyr) ¥
codon 5319 TCG— TTG (Ser—Leu)s] & &
Fol HEAHEI) 61%9 & UEE Y} o
& A&"E AT A Orita 5 0] @3 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 L
substitution substitution substitution®
Ds516Y 482 GAC - TAC Asp — Tyr 1( 3.1%)
D516V R2 GAC - GTC Asp — Val 1( 3.1%)
S5522L 483 TCG - TTG Ser — Leu 2( 6.3%)
S522We 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%)
HS26N 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 R5 TCG - TTG Ser — Leu 17(53.1%)
L533P 485 CTG —- CCG Leu — Pro 2( 6.3%)
deletion® 481,82 CAATTCATG GIn-Phe-Met 1( 3.1%)
*The 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.
[ Rda(H526Y) 1
{ Rb(H526D) !
RADG16YV) { R5(SS3IL) ]
sz : i 4 j
5i { Ty | C % l
510 512 513 B4 515 516 517 SI8 522 02 531 533

C AGC CAG CTG AGC CAA TTC ATG GAC CAG AAC AAC CCG CTG TCG GGG F'TG ACC CAC AAG CGC CGA CTG TCG GCG CTG GGG C

Ser Gln Leu Ser Gln Phe Met Asp Gln Asn Asn Pro Leu Ser Gly Leu Thr His Lys Arg Arg lLeu Ser Ala Leu Gly
TAC TG TAC TG CCG
Tyr Leu Tyr Leu Pro
GTC TGG | GAC
Val T Asp
AAC
_513 514515 Asn
ICAA TTC ATG |
I e
4
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 seqences 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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