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Rifabutin Susceptibility and rpoB Gene Mutations in
Multi-drug Resistant Mycobacterium Tuberculosis

Tae Sun Shim, M.D., Jin Sub Kim, BSc', Misun Park, Ph.D.?,
Chae-Man Lim, M.D., Sang Do Lee, M.D., Younsuck Koh M.D.,
Woo Sung Kim, M.D., Dong Soon Kim, M.D., Won Dong Kim, M.D.

Department of Internal Medicine, Asan Institute of Life Science', Biomedlab Institute, Biomedlab Ca?,
University of Ulsan Cadllege of Medicine, Asan Medical Center, Seoul, Korea

Background : Following several decades of decline, the incidence of tuberculosis has recently begun to increase
in many countries and the contral of this disease has been impeded by the emergence of multi-drug resistant
tuberculosis (MDR-TB). The development of rapid diagnostic methods and effective new drugs are needed to
control MDR-TB. One of the new drugs for MDR-TB is rifabutin (RBU) which has been known to be effec-
tive in some patients with MDR-TB. A few reports showed that some types of mutations of the rpoB gene,
which were known to be present in 96-98% of rifampicin-resistant M. tuberculosis, were associated with the
rifampicin-resistant but RBU-susceptible phenotype. This study was performed to investigate the correlation
between RBU susceptibility and the patterns of »poB gene mutations in Korean MDR-TB.

Methods : Sixty-five clinical isolates of multi-drug resistant Mycobacterium tuberculosis, gathered from pa-
tients who visited the Asan Medical Center from July 1997 to June 1999, were investigated. Clinical responses
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to rifabutin-containing regimen were evaluated. An RBU susceptibility test and sequencing analysis of rpoB
gene were performed, and the results were analyzed to confirm which mutations correlated with RBU-suscepti-
ble MDR-TB.

Results : Fifty-three of 56 (95%) clinical isolates of MDR-TB had 60 mutations of the poB gene. The most
frequent mutations were found at codon 531 (43%), and two mutations were combined in seven clinical iso-
lates. Five of 53 (10%) clinical isolates showed the RBU-susceptible phenotype, and in them the characteristic
patterns of point mutations were found at codon 509, 516, and 526.

Conclusion : The frequency and pattern of mutations of the 7poB gene of Korean MDR-TB isolates were sim-
ilar to those in western countries, where the prevalence of tuberculosis is low, but some show RBU-susceptible
phenotypes. RBU-susceptible MDR-TB isolates showed the characteristic pattern of mutations of the »poB
gene which could be used to rapidly diagnose RBU susceptibility. {Tuberculosis and Respiratory Diseases 2000,

48 : 853-869)
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Z¥e ¥R A AAZoE o= FEAHEPEUE ¥
& Alge] f19lo] EE= Aolct. dxl AALTE 1
/30] Zadsle] glomi!, uid 700-8007g A 2
o] W3}, oF 200-300%+g0] Ao g APt
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olAte] ZAFA} g Aoz FA=T AH(1995
d)n 2 AAZese FANEYEUFIET
(AIDS) 9] Z7}s} 37 chAA 28e] F7P) 84
Yxzof 2aF BAHez A= Urh o
human imunodeficiency virus(HIV)Z88& #X%]
ok 2yl AE ol9} FuEA B $EY dAUdE
& Ho|i glen, AIDS #x7t A Z715Al AU
ocuz ANl e % UAgel ARG I
7FsAle $E3ivh shld.

tHlUA 28 280 2 hgEH gonz oA
£ B £73n A% 247 wiZsld WA
Ad el Agol Hof 2JuAZHE dAg 7}
AJo] Er}. wEbA T4 dde] A& 2 %
g7t YFAHYAE B3R AMTFeE #AY

Al2] 2571 A=l Ye ] AUk WA
AllAE oba o 37} F3le] AFHA S M2
& 9AS, Z macrolide AIE 34A (clarithro-
mycin, roxithromycin), clofazimin, augmentin %
£ W3tste] AMg-3k Yot

Rifabutin(RBU)& rifamycin Al'%2} spiro-
pipedryl A 24, wddddF, 53 Myco-
bacterium avium-intracellulare (MAI) 45
AIDS #xke] MAILdjate) ARl 9t} In vitro
e AMF, MA]L UYFFA rifampicin (RFP)
Bo} o 33 $09 Ao %A glens o
2 og vadagd s 5371 d-gol E2A A
38 48 oA d¥ds A7) Ud&e] HasH
o3 RFPUA 287 tidoz 3 AdYdA
RBUS RNA & Gyl 3 vjAA] &3,
thymidineo] DNA©] F3sls 2& A3k AL
2 93z RFPH:= o rides 248 74
o] A=t ey RBUL svlo|x, A4
AL Al YA ooz FIt S BAE
Aste] AR E = glen, A7 Al s
T 278 gQsked A7Ite] A8 5ER ofF oA
Ul Z8gxiolA BEF o g AMSEH I A B3t

HZ BAPES ] wHez YA Al
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B3k B fAA7L AT 83 rpoB #
Aol gddole ATE 81 bpH-HolA wAElT,
RFPU Z¥ e oF 96-98% oA ez=ma® g
ol A wol AMEEI QU B A4 AFoNE
rpoB frAAte] Edo] Pl wekd RBUZSA
ol Aozt Arke st AR, olF] rpoB
#AZ EAWo] Fow RBULSA oRE At
AY g ave} vlag BaE gidch bty =
W 8AlN AHE - 3ANE ddez RBU 24
A2 F rpoB £AA 9714 E€ #Usld RBU
24 tAUA 293 B-3E rpoB A B9
Ho] P& gAstaa} st

-
1. S5y

1997 7¥elA 1999 64 Alojo] M-LFH el
WU Bl MY A AAA vike 2YF
FTAN ZYAFol Z5-HHAE Qe Hox
INH$} RFPo| WAog gyd thug 28335
& dios ok A7) Aol AHE BBl
A RBU 4417418} rpoB #32 971428244
o] Alg5|it, RBUC| E3¥ A& 18 ol AL
¥ BxEe 977158 $¥Hoa AllY RBU
E ofAlol digt dH o AT ws3 rpoB
382 2dwo] P¥e wimsiytt. RBUE ujg
300 mg& AT EB-23}9v)t. RBUAMS ¥ 19 )4t
o) Aoz AlYE wiRANA 28] o) SAoz
UL 798 &3 (negative conversion)® Hog
dojstgct

2. A W DT el

g wola Fake] NALC (N-acetyl-L-cyste-
ine)-NaOH& %3 50 ml conical tube (Falcon,
NJ, USA)oll $AA 383 £ F 4] 158
 FU9. AEEFTE ERER W 4e % 3,

000 rpm (RT 6000B ; Sovall, CT, USA)9}A] 30
B 428 43dE vga dolgls AAY
0.5 mlg Ogawa ¥jzle] FEsch HF Aol
Ogawa ¥jzlo] §Z&%7} Q1o wixjalgo] ofez
et Bt AlPY AEE w9 wEn, HEY
o AAE A 100 48 sl WA B2
gl 327 A H9-2 EFo TuE FFHES
k. HEE wiAE 37+1CY RANAN H42§
8F F gt 37t 435 wWe =9sto)
M 455 Ax9 ARRAIE olgsle e A, A
5=, g, 4, 78 B3UD, Accuprobe?
A Gen-Probe, San Diego, USA)& A|33}e] 2
& T4

3. efxizdZAL

AT R L-JuiRE o] 4319 Carnettigo]
AA1% W AlH]8 (proportion method)e) we} A
AT FFE-RAE 107°7 1072 )48ty
RFP& 4, 8,16, 32 € 64 xg/ml, RBUE 1, 2, 4,
8, 16, 32, 64 ug/ml, 2|1 oA} EFER e
L-Jujzl& dizgog 3to AR Algsict. &
QA AR L-J nuzjo|A RBU 2447
AL Al 837185 Tt 2 geiA AR ¥em2 RFP
WA deiet vlaisted, RFP wijxjo A dAlgE &
9] 1/40l8te] FEoA dAsEE 2498 AHHoz
RBUZASA o2 #HAsYr). WillamsE¥& 7H9
HARA§ o83 ZrAdzAtel A RFPL MIC 2 p
g/ml 18]1 RBU 1/2 @& %4l 1 ug/mlo)3t
& AvHez gAY ZAgZAel AMed
RBU+= Pharmacia & Upjohn (Michigan, USA)
AA AlFgo} ARg-EHHct.

4. rpoB 7T H7IMYE HH
1) S47 DNAS &

Hurley@o] AMG-# W& ot 33l DNAE
23t 0h® #, 1.5 ml microcentrifuge tubeoj
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A8 AA 200 4E ¥ F, 0.1 mm zirconium
bead 200 44, TEN (10 mM TRIS-HC], I mM
EDTA, 100 mM NaCl, pH 8.0)&% 100 4, phe-
nol/chloroform/isoamyl alcohol (25:24:1)8&
200 ©4E E3S 3 mini-bead beaterofjr 3¥7}
Hlsld AEE g} Al dyAE AYARA
t}. AAE 3,000 rpm (RT 6000B ; Sovall, CT,
USA)e g 587 ddEald ¥, 439 200 dE
t}& microcentrifuge tubesl &713 chloroform/
isoamyl alcohol (24:1)8&-< 200 4E ‘%i 3,000
rpmollA]  587F AR F AEAE O
microcentrifuge tubedl] &Zth A&H 100 dE
#3sled 3 M sodium acetate 10 42} 100% 3%
olekg 220 UE W3, -70°C WEI 152 YT
% 10,000 rpm (VS-15000 CF ; VISION SCIEN-
TIFIC, Seoul, Korea) oA 1087t 41223 o},
e AFFQes AAsL, F7IFNAM #H3
AzAZT. 329 DNAE= EF 33 5575 100 A
o 3AAA A A 747 -20C ol BB

2) BEAciRIE

A 18611084 digt PCR(F¥aALAHLE)
£ Asgt. 1S6110-S9F 1S6110-ASe] AjdH|
(primer) & o}&3lon], 95CHA 587 W34
7 &, 95°ColA 30%, 68°ColA 30%, 72Tl
45%% 3577|18 A8 o, 72CoA 5E¢ @
$A1Z1 & 8314 123 bpe] FZEL A
156110280l g PCRAAMY o s Bdd 3
At Ao rpoB FHA A7IMEZEHE Al
3}t rpol052 rpo293 AEAE ol &3t
PCR& Al#3led 215 bp £HE FF3t. 10
pmole/ule] A rpol05, rpo293 & 2t 1 W4
Y1 DNA 1 A8 ¥e § 17 de] 2758 ¥olA
HE 20 @47} A st¥rt. g 214 957CollA b
B2 kAl 3, 72°ColA 18, 95CelA 3024
3577]18 A3 o, 72TCoA 583 WA F
Zg3l9ctt. GeneAmp PCR System 9600 (Per-
kin-Elmer, California, USA) & AF-3l%l o1, v

ge 20 48 PCR Pre-Mix Kit (Bioneer,
Cheongwon, Korea)-& A+2-3}9c}.

ARE3F AlbH= Bioneer (Cheongwon, Korea)
o elzald AzsYeH, GMGe thew gt

rpol05 : 5'-CGT GGA GGC GAT CAC ACC
GCA GAC GT-¥

rpo293 : 5'-AGT GCG ACG GGT GCA CGT
CGC GGA CCT-3’

1S6110-S : 5-CCT GCG AGC GTA GGC GTC
GG-3'

1S6110-AS : 5'-CTC GTC CAG CGC CGC TTC
GG-3’

3) PCR&E TN

215 bp PCR AHE-& QIAquick gel extraction kit
(QIAGEN, Germany)& o]g3lo] JA 34Tt 2%
agarose gelo]A] 50V PCR AHE-& A7195d &
215 bp ¥-¢je] W=g #zelA polypropylene tube
of &7 gurh. Gel 100 ulg 3@ 237} FHe
solubilization buffer (QIAGEN, Germany)& #3
2-38ult} & HolFHA 50TAM 1083 ¥HEA
Act. Gelo| & % o|9} 9| isopropanold ¥
3 Z FEYrh o]% columnd] AAE ¥ 10,000
rpm (VS-15000 CF ; VISION SCIENTIFIC,
Seoul, Korea)olr 127} f4¥zlslxct. Wash
buffer (QIAGEN, Germany) 0.75 ml& column
Jd ¥x: 18z Y4EEsldd. Column oo
tubeo] @Wol® wash buffer £98-& wjal: oA} 1
B gARejasia 3 alcohold AAEAT. Col-
umn$ A} polypropylene tubedl 23 F3{< 8 d
2 gm, 18 39 13,000 rpmoA} 187 dA&e]
3l DNA & 32330

4) G7IMEZEA

ABI PRISM 373 DNA Sequencer (Perkin-
Elmer, California, USA) & o]&3lod A587144
2AWe AAsigd. AMAzledls ABI PRISM
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Dye Terminator Cycle Sequencing Ready Reac-
tion Kit (Perkin-Elmer, California, USA)& o]&
3t FAl® PCR ZEAME 10 ng/ul$} rpol05
AlgM 5 pmole, terminator ready reaction kit
(Perkin-Elmer, California, USA), 50% DMSO,
223 FRTE Ul F 10 7t HES 40
96°CellA 20% ¥HgAIZ] ¥, 96°CollA 10%, 50°C
A 5%, 60TCelA 489 o= 253 HA3Y
o FEREL qEdE olgdld  AAN.
Microcentrifuge tubeo] 3 M sodium acetate (pH
4.8) 2 449} 95% olgre 50 & B3, A 10 ul
¢ FF4 10 B8 WUTh F He T F&9 10
2+ A% 14,000 rpm (VS-15000 CF ; VISION
SCIENTIFIC, Seoul, Korea)dlA] 4CoA 3087
LT F, ZAHA A34L v AAE
a9 70% e 250 48 Hrlsle QHAID F A
YL AA}L F7] FoM JAEL AZAHC.
Deionized formamide2} 256 mM EDTA (pH 8.0)
€ 5: 18 9] loading buffer& Zu|3}3, HA] 6
A& loading buffere} 4{o] WAAFch 90T oA
283 71E¥F L&l FUot 6% polyacrylamide
gelollA H7jg5sst.

5. INNO-LiPA Rif. TB kit 0|88 rpoB |Tx}
weiHolo| Hi

RBUZA dAlllA4 Zd¥ze] INNO-LiPA Rif.
TB kit (Innogenetics, Belgium ; o]} ‘LiPA’g} oF
AN B g Jehiex #Rldtaz
RBUZH o2 g€ #5398 d4es LiPA
ARE A133k%ich. LiPA strip@ rpoB #3218 &
A¥olg ¥A}7] 913l 5749 wild-type probe
(S1-S5)¢} &3] ¢A=E 47122 mutant probe
(R2, R4a, R4b, R5)2 P40} Itk R2& 516
FEL] Asp -> Val EQ4¥0lE HU¥ 4 9o,
R4a& 526 His -> Try, R4b 526 His -> Asp,
28] R5& 531 Ser -> Leu §9Molg &Y
T Atk AZ3ALAA A AR YOz ARXE Als

3t
d o
1. RBU Zid2iAl 2iat

AN 6575 F 52734 RBUZGA dne
B9 5 AT 117F5E Ao 9 ooz
ZAZF B7Fs R, 275 WA RFPZ4:
4oz Wgslo] J7oA AHYct. 52FFF 5
#3(10 %)°1A RFPUA, RBUZSA oz Bg
52}

2. rpoB REXA RAHHO| Y4

AW 653FF 56 FFNA 7poB AR G714
do] _ASQATE. 56FFF  53FF(95% ) NA
rpoB 7% EAWolr} BRI BT 607he)
EQdolyt wAsglen, 531 IZEY EAWos}
2670(43%)2 7V B3, o) & 531 TCG ->

 TTG Ed¥ol}l 2301(38%)2 713 Wer} Est

o} 7delMs Ao} 204 EA5IY. Bay
ol9] FH= BF 237X 0|0, ¥ §AWo) 214, &
A 14, 218]3 4] 190}l (Table 1).

3. rpoB {EAL ReAHO| atnt RBU Zpadel

LJim)

AR 65TFF 44TFNA rpoB FA 9714
¥4} RBU #5438 AP BA9 AlgEga, o
44778 dgos M3, 473 FA4 57
F(11%)7} RBUAeoz @9=Egn, @dd
rpoB £AX €dWel= v 23Uri(Table 2).
5% 24dol M= 526 FF2] EQMol7t BASY L,
19& 51629 EdWe], 1ld= 5093=7} 526
g gade], 282 Unz] 14 5163E7}
526E2] EAWo7} FAlG) BAEAT. MY B
=2 g3 531289 EQ¥ols 25 RBUYWA

— 857 —



— T.S. Shim, et al —

Table 1. Genetic alterations in the rpoB gene of 56 clinical isolates of multi-drug resistant

Mycobacterium tuberculosis

Position(codon) Wild-type Mutations No. Total No.(%)
531 TCG(Ser) 26 (43)
TTG (Leu) 23
TGG (Trp) 3
526 CAC(His) 16 (27)
TAC (Try) 4
AAC (Asn) 3
CGC (Arg) 3
CTC (Leu) 2
CCC (Pro) 1
CAA (GIn) 1
GCC (Ala) 1
TGC (Cys) 1
516 GAC(Asp) 6 (10)
GTC (Val) 2
TAC (Try) 3
GAG (Glu) 1
509 AGC(Ser) AGA (Arg) 1 1 (1.7)
513 CAA(GIn) CCA (Pro) 3 3 (5)
524 TTG(Leu) TTA (Leu) 2 2 (3.3)
510 CAG(GIn) CAA (Gln) 1 1 (1L.7)
511 CTG(Leu) CCG (Pro) 1 1 (1.7)
527 AAG(Cys) ATG (Met) 1 1 (1.7)
533 CTG(Leu) CCG (Pro) 1 1 (1.7)
516-521 codon deletion 1 1 (1.7)
CAA insertion(514 codon) 1 1 (L.7)
Total 60 60 (100)
& JepidTt & A& (Fig. 1). 53FF 17F= Réb ¥is

4. LiPA ZAHE o|8% rpoB ¥ &eHo(2|

e

RBUS #4448 B¢l 57F9 DNAE gio=
LiPA ZAALE o] 83ld rpoB 42 S@do) o4

P4 (526 GAC)o2 Yoir 54 EddolE &
g 5 Ao, g 435 e HeF gt
A4HA A7t dHEE LAUAT 5
EYRIE YUY = /I (Table 3). R4b e
e UL #Fe F7iMQEZYAME 526
CAC -> GCC Egyiop}t g#=%ley, LiPA 4
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Table 2. Relationships between susceptibility to rifampicin and rifabutin and genetic .
alterations in the rpoB gene in 44 clinical isolates of multi-drug resistant

Mycobacterium tuberculosis

Susceptibility No.

Position(codon) Wild type Mutations RFP RBU (n)
533 CTG CCG R R 1
TTG R R 19
531 TeG TGG R R 3
526 CAC TAC R R 3
AAC R S* 1
AAC R R 1
CcCC R R 1
CGC R R 1
TGC R S* 1
516 GAC TAC R sS* 1
GTC R R 1
513 CAA CCA R R 2
Combined 509 AGC—AGA, 526 CAC—-GCC R S* 1
511 CTG—CCG, 516 GAC—TAC R R 1
516 GAC—GAG, 526 CAC—AAC R S* 1
524 TTG—TTA, 531 TCG-TTG R R 2
526 CAC—CAA, 18 bp deletion R R 1
527 AAG—ATG, 531 TCG-TTG R R 1
No mutations R R 2
R : Resistant, *S : Susceptible.
ARlAME RBUWAE BdE Reoz Hag GAC a1 @

Eddol7t #2HU-.

5. RBU 22t o4x2 |28t pxte] atd

RBU ZA47AMS} rpoB #3A 971490] FAlo
A 4493 7904 RBUZE ZHE FAZ 17)
4 ol 2wt 694 RBUWACI 134]
A RBUZ4AIt}. rpoB f4A EelE o
&3} Zstch(Table 4). RBUZ4A #2l= RBUX
3 oA ABo= B3l F&-del A3t

B Ao B3 oA AHE okl Zdl
A RBUZA @539 B Holsln, rpoB #4
zke] EQWe] g ey, o] o] FolA
RBUZSA d@dgle EdWlE 33t RBU
254 oA Zug A4 A9 F de A
w9y & e % 71xAEE 2ozt golg]
t}. o] AFEH rpoB KA EGWl NI B P
& oM Bag A8} A9 dAF A& ¥
T 5 AL, oF 10% 9] chAA ZA¥Fe] RBUZR
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Fig. 1. The results of LiPA assay in the patients
with rifabutin-susceptible multi-drug
resistant tuberculosis. Clinical isolate No.
4 shows R4b mutation, namely codon
526 CAC -> GAC, although it showed
codon 526 CAC -> GCC mutation in se-
quencing analysis. But mutation analysis
using DNA chip found both mutations in
clinical 1solate No. 4 (Fig. 2C), so these
data suggest that clinical isolate No. 4
may be a mixed growth of Mycoba-
cterium ltuberculosis with different
mutalions of the rpoB gene.

FAYE ¢ 5 AT E=F o] EAWO] gl 7
%3t RBUZSA dAlA 2¥e N&s) g
g & e 71ZARE olask

Al mE A W HEF XEe AY =
Aol A aaYdE Bpstn FuUdhe 2y
9] g 9 FALFARAA] 2 TP RE o
fSstea FAIAFA e A o 2-371Y¥0] 28
A Boh ot Zel 2 Jule]l AF BHYdME
rpoB fARe] Aol AES o847 A& Ui
AP E Aol ARt Qo= dhE oAy A
o digh M2e A8A2A RBUC| U gAUAd

27t Agol &R F, dAelM ARRE L glont
7183 A &3 2ol ARg-o] AFs o] Ut

Ohno5¥& rpoB #AA}te] Edo] o uie}
tjFgt RFPUA g Jehdda Bnsiz, &
A rpoB FHA EIH0|EL RFPUA|EA
RBUZE & Holv 2¥ S} #do] i mu
it dAPdME 526 IE|oA CAC
(His) -> GCC (Ala), TGC (Cys), = AAC
(Asn) HedWe], gln 516 IEIAN GAC
(Asp) -> TAC (Try) = GAG (Glu) 594
o], 1g]l2 5093F2] AGC -> AGAEEH}
RBUZAY  tHAY ZeFdlN  daseld
Bodmer%2] dA& 511, 516, 522 2Ee] 4
Hol7t RBUZSA dAIUA 2da) g@ddo) &g
HoFEglon}, 526 ZES gddolr) e TFE
2% RBUOIZ WA o]} WillamsS X 526
9] d¥ol7l e dFE BF RBUUAYE B
23 e} & dTolA wAadE 6579 526
FE EQW0IF 4FFc RBUYAR Jehildx,
yojA] F FFE 244E JeRARItH(Table 2). o]
5 79 Ed¥oles 7I1€2] Bodmer F& Wil
liamsEo] BioAe 9324 e E9del
t}. YangSe BaoAMx £ A7ZAze} o] 526
2ES] 90| dgol wet RBUZASAo] Wge
HoFerp. o] gldix RBUZRA thAlUAl 24
I fRe] Y& rpoB FHAe] EdHol2E 519
29 AAC (Asn) -> Lys, 5293F2] CGA
(Arg) -> AAA (Lys), 51438 TTC (Phe)
24], 5183F AAC (Asn) ZAYTo] Bngo]
QJTpe 3,

B dAFoA 5265Fe] CAC (His) -> AAC
(Asn) EGRO} 2 FFAME G508 HAHA
1, 1 #FH A 51629 UM (GAG)S ¥
et A 28} o] FolA 526 RE ©F
o2 YA 1 #FXE RBUYA o= By=
2, & 2 #5c RBURASAH s ddgse] v&d
AHNE HoFdch. T8 5162 E2 GAC (Asp)

— 860 —



— Rifabutin susceptibility and rpoB gene mutations in —

Table 3. The results of LiPA assay in patients with rifabutin-susceptible multi-drug resistant

tuberculosis
. . INNO-LIPA Rif. TB kit
Patient No. Mutations

S-band R-band
1 516 GAC -> TAC S2 (-) all (-)
2. 526 CAC -> TGC S4 (<) all (<)
3. 526 CAC -> AAC 5S4 (-) all (-)
4 509 AGC -> AGA, 526 CAC -> GCC S1(-), 84 (-) R4b (+)*
5. 516 GAC -> GAG, 526 CAC -> AAC S2 (-), 84 (- all (-)

*R4b : codon 526 CAC (His) -> GAC (Asp) mutation. Patient No. 4 showed 526 CAC->
GCC mutation in sequencing analysis, CAC -> GAC mutation in LiPA assay, and both mu-

tations in DNA chip analysis.

Table 4. The rifabutin susceptibility, »poB gene mutations, and clinical response to rifabutin-

containing regimen

Patient Sensitive Duration

RBU

Age Sex Clinical response® Mutations L
No. drugs* (Mo)® susceptibility?
L. 51 M 5 12 Failure, Death 531 TCG->TTG R
2. 49 M 2 3 Failure 524 TTG->TTA, 531 TCG->TTG R
3 53 M 3 12 Success 531 TCG->TTG R
4 52 M 7 3 Failure 531 TCG->TTG R
5. 1 M 4 9 Failure 526 CAC->AAC R
Transient(-)converstion
7 M 7 6 Failure 526 CAC->TAC R
8 F 9 10 Failure 526 CAC->TGC S

a : The number of susceptible drugs according to the results of susceptibility test performed in

Korean Tuberculosis Institute.
b : Duration of rifabutin therapy.

¢ : Clinical response to rifabutin-containing regimen.

d : R: resistant, S: susceptible.

-> GTC (Val) E94¥ol7} & #5+v RBUWA
o= @ysejA], RBUZSFACEL Hug & ¢
FEo sl gHEA eyd . 2y
MoghazehEe] HidE 526 g9 Z& CAC
(His) -> CTC (Leu) E¢doldl= E73ln & &
z= RBUZ4A, g @53 RBUWAE dehd
ojx} RBUWAS] rpoB 32 9l the 71do]
£33 JPsAe BoFn Uoks I @A AAY

RFPUA 2T 2-4%HE rpoB #AX &
Adolr} A=A gerpz o Widride] g A
& Aatetn Utk 518 ZE9] AAC (Asn)ZE4
% Baeitt tokgk RBUZSRA 2318 BoF:R 9l
t}. ojeld B dFoM RBUWA ez #3d 516
FEQ] Asp -> Val E3duol9} 5263 F¢ His -
> AsnEdulojE opnlxz thE RBUW/Z|Ho] B
#5908 7HsAe MAE 5= glch. RFP W49
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‘ 516M
l— - 516W

A. B.

o soem
526W

Fig. 2. The preliminary results of DNA chip analysis for the detection of rpoB gene mutations
associated with rifabutin-sensitive M. tuberculosis. All are duplicated. A. 516M spot
(mutant, 516 GAG) showed more dense fluorescence than that of 516W(wild type, 516
GAC), meaning that this organism had mutation in the 516 codon of rpoB gene (GAC -
> GAG). B. 526M spot (mutant, 526 TGC) showed more dense fluorescence than that
of 526W (wild type, 526 CAC), meaning that this organism had mmutaion (mutation)in
the 526 codon of the rpoB gene (CAC -> TGC). C. 526M1 (mutant, GAC) and 526M2
(mutant, GCC) spots showed more dense fluorescences than that of 526W (wild type,
526 CAC), meaning combined mutations of 526 CAC -> GAC and GCC.

the 713l dig d7} gastelet Qo

3 #F A 5112%F9 CTG (Leu) -> CCG
(Pro)$} 5163&2} GAC (Asp) -> TAC (Try)
EdRel7t o] Wil Adet, Gae] Edo)
£ RBUZ4E Jehlls EdWo|Yddle B78la
o] #FolA+ RBUWAE Jelct. Williamse
BadlME 5163Ee] Asp -> Val, 5223E9]
Ser -> LeuEgddol7} ¥gEo] Qe #3olA 2z
zte] Edmol= MIC7} 0.5 pg/mlo)dt2 RBUZS:
3& vehdolx B73ln W #FolAe MICHH
2 pg/ml2 WAL JeRIATE 1894 Moghazehs
o] »3e] = 511 CTG (Leu) -> CGG (Arg)s}
51653F9 GAC (Asp) -> TAC (Try) Egoj
7t " ZFlA rifamycinAl$ %Al24 RBU
3} AR KRM-16489A0] A4S Jehl o)

& d7dA 5113 51652 EdMol/} Wgd &
FllA rpoB A=} EQWo| ol9jd) t}& RBUW
‘g717o] o] WAL JFsAE melstoof 313
A, 2 Aol Pl m2t M2 thzA Azt
& & 7FsAol Ass AFel Folof lAt). ofy
B BAES U5 s S8 AR
Ao 53 EQHol7} XgE FAAE o|YAA
A g el ¥stE gRlshs o] a8t &% o
o g F71 A7t "astelel 4zdr.
50937 526 ZES] E@¥ol7l WYY FFE
RBUZAE uehlolr, 5092% AGC ->
AGA¢9} 526329 CAC -> GCC E%d4o] ztzt
o] RBUZA= #d Qe B9z 338 4 9}
Art. 2] o] #FE uldez F LiPA AN
+ R4b¥A, & 5262F CAC -> GAC S¥o)
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2 ¥9gEch. 5263F GACE RBUYE yAjo
E <37 g9¥0lze M2 43"e Ang. o
dd RBUZA® d@® Ed¥olg 7lxz @
DNARYE wheolM ZAg dios 478 Ao(e
TFL 43Y), of oM 526EF FdWo)r}
F 71 EAshs Aoz wEA (Fig. 2C). AEA
A AR R E AN BY Bg(RE |
%) o9 FFV} Alehe A9¢-E Moz s= A
A, 2& Bl AHE ANSE ot 2o}
A A 5 A, o] FFE Bed gy g
AqR7 2Rk £ & YA ojulx o] F2e)
B¥E 5262€ GCC EQHOlE 7 327} B
7] Wl 4719928444 GCC= BEgn RBU
Ao UgAT, dRME 5268 GACS
dUolg 2= 737 YX 4o Ux, LiPA FA=
5263€ GCC gddol: HEE 4 7] wsq)
R4b (526 GAC) ¥4oz UL Ros aay &
At} F&o] Wiy o] o= RBUZrA ]
o= #72k3 LiPA AN} Wios B9Y 4 9
28g Foslaol stk ¥4 AatolA RFPUA
& A& Asly] 9lsted SSCP (single strand
conformational polymorphism) % reverse
hybridization® & o]8-5}o] AHE3} @ LiPA e
o] ALg-3t3 Uk SSCPH & SE4Ese] Edwo]
e Sstna 47N AAE RBUZSA
I7-& WEthsde %0 94 43, LiPA 1A}
€ $19 d7olN BXo] R2, R4a, R4b, 28)3 RS
band7} 349 398 ASsin= B4 sadolg
FJAE 4 817] 2o RBUZSA o Bloles &
#ol HA| Rk, & dpox RBUZs4 5 #3
T 1 @5%o] Rb F4o2 4 gdulojg 9
¥ T AU, e 4 FFHME B Bdvol= B
¥ 7} gi2e.m 2 RBUZSA o458 < 4 gig]
o 971X 2YWE olgsd EE RFPUY @
RBUZARE rpoB #3x Eddo] ok o}
2 etd 5= ARG, olx WAUFo 2 Yuk HAR
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2ol WEe) uel BE RE SU0lE @ )
o Yo HAR £ Uk FFsAE AUT Uok= 3
Aol Aot waty & A7 wad RBU 744
o gEd §9v0] YR ol83le] DNAYE A3
31 RFPUYARY ozt RBUZSAZIAE 841
¥ & & DNANS Alzto] 7hssielet Azben),
A2 o] A8E 7122 2le) DNAYS AL
AcH(Fig. 2). AF7HA) The AT w1y Axe}
€ d7A ¥z RBUZSA7 gdg Aoz o
A% 7poB FARLe) EdW] de Esle Mg
3le] Mgtrh(Table 5)3. &%, Aaid BE rpoB
82 gd¥o] Pgrit RBUZSA ojisle] A
YL YA3ln, o] BE SAMoIEE YUY £ 9
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e o] ATl RrHA AgHHo| Ytk N,
54 B9¥olt AL fusiexE gelsy)
Higtele ARSI F BY BQUHolE T
FHAE olYAAN kYo Yo Hpge
Hl3leo} g}, 5313E9] Ser -> Leu T 526
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8] RFP#% olujz} RBUOIE WA S ehdo] &
QEQliL, 5162E9) Asp -> ValEdwoj= RFP
HdolAT RBUZSAE Yeldo] glsio®, o
2o gl o3 AN o = Hly
Ueng fAxYE E8 A7) Wa Qo Ay
Zte|x)]l, 5267Ee] His -> LeuEd®o L} 518
HEe] AAC (Asn)ZAAY 7|1Z9] doA 2Z37)
UE ZIE HYE A B =2 wags 4
Hoje] Aol FH7) olgd 97 $Ay "t
RS E=G F 71x] oje] BdMolr} Wy Ao
A= M2 on Jgg mYx mEoa Helo] Wy
313t

— 863 —




— T. S. Shim, et al —

Table 5. Summary of correlations between rifabutin-susceptibility and mutations of the rpoB
gene in multi-drug resistant Mycobacterium tuberculosis™ '

o Position Sequences
Susceptibility results .
(codon) Wild-type Mutant
Rifabutin-susceptible 509 AGC (Ser) AGA (Arg)
511 CTG (Leu) Pro
515 ATG (Met) GTG (Val)
516 GAC (Asp) GTC (Val)
TAC (Tyr)
GAG (Glu)
519 Asn Lys
522 Ser Leu
526 CAC (His) CAG (GIn)
GGC (Gly)
Ala
Cys
529 CGA (Arg) AAA (Lys)
Rifabutin-resistant 510 CAG (GIn) CAT (His)
513 CAA (GIn) CTA (Leu)
AAA (Lys)
Pro
515-517 Met-Asp-Gln
deletion
517 GIn deletion
518-519 Asn deletion
521 Leu Met
526 CAC (His) TAC (Tyr)
CCC (Pro)
Leu
CGC (Arg)
GAC (Asp)
527 Lys GIn deletion
531 TCG (Ser) TTG (Leu)
TGG (Trp)
Tyr
TTT (Phe)
Pro
Borderline 514 TTC (Phe) insertion
or 516,518 Asp, Ser Val, Leu
Debatable 518 AAC (Asn) deletion
526 CAC (His) AAC (Asn)
533 CTG (Leu) CCG (Pro)

*These data were summarized from the results of this article and from the references 29, 30,

and 31.
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