Tubercudosis and Respiratory Diseases A& 2 587148, Vol 48, No. 6, Jun, 2000
O¢g XNO

oHAlWE 23 FelA Rifabutinzt4~33} rpoB
Tl e nla A7

FAeta ool e viststnd, oRkkigustd e, (F)nlolen=y s

e, T, YolM®, sz, oldE, IRMY, UM, USE, HUS

= Abstract =
Rifabutin Susceptibility and rpoB Gene Mutations in
Multi-drug Resistant Mycobacterium Tuberculcsis

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 Co’,
University of Ulsan College 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 control 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. Ore 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 rpoB 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 7poB
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 7poB 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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23 A A AAF oz o= ZPAARROE &
& APge] fddo| He FWolrt. #Al MALTY 1
/3°] Zg=lol Jom!, vid 700-800%+30lA 23
o] W3lz, ¢F 200-300%to] Ao g Al
T ] A g FAN 4234 854 w9
FHEE 51%(1965)A] 1.0%(1995d)8
3] A3 YA, ofHm A= oF 4093
olde] AR} A& Aow FAHR JYri(1995
W) FE AAdess FINAGAYURIE
(AIDS) 9] Z7t¢} @7 dAUA Zde] Svb) &4
AXge 2% FAFHL=E AriEa Q). o}F
human imunodeficiency virus(HIV)Zg&& X
T FUollAl= ole} FE3H e 3EY FAUAS
€ Holm o], AIDS #x7} A S84 oL
ooz Ao g L WAoo dAr Vg
7Fs/3& FE3ka 3halch.

AU AL x5 Z ike-Ekx] gema o)
£ B-&3lx B3t Alg A S viEstd uiA
23] Aol Ho 23U F e AR 7}
Aol ok wEhA] A Ade] 245 U o
A7t BeAY= B3R ARV’ sEsiek

A EF7F A=l o= AR At wEkA
ol AE obd 1 Anpt FElo] ASHA &S A=
& 9IS, Z macrolide AlS 344 (clarithro-
mycin, roxithromycin), clofazimin, augmentin %
< B8t AMg-sk vk

Rifabutin(RBU)£ rifamycin #A]%2] spiro-
pipedrylf=d 24, v|AAFHFE, 53] Myco-
bacterium avium-intracellulare (MAI) 9=
AIDS #xzle] MAIoat] ALgE3 9ot In vitro
JAi= A, MAL Y594 rifampicin (RFP)
2ot o 2yt 958 Ao 4¥A Joem s o
& o8 HZAFAANE a7 dFol ¢EA AU
15, I oA Y= 5237 ol R
o5 RFPUA 28 Z& ddos § FdddA
RBU& RNA 32 I3y 43 v|XA g,
thymidineo] DNA] 3= A& dAsk= Ao
2 Y8 AA RFPIE t& 7|13z 243 74
o] AAHAH. 2elv} RBUE 1vto|x, ofAizte
AAAPY AE L A gong Bl Qe BAE
st AR 4 glo, A zAt Ald sz
E ZE gYsk=t ArIe] A85HR2 ofF thA]
WA 3@l REFo 2 AM-F3 9lA] B3t

AT EAEske] wdoz ZAsFo] GFAAI
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Bofshs B A RS 53] rpoB &
A Edulole A¥E 81 bpR-oolM BAs L,
RFPUA] Z8ie] oF 96-98% ol U ma® o
A Bol AREEI YT E AF AFqME
rpoB HA7e] EAWo] el wtek RBUZ A
ol zbol7h Slvke Rt AR, o}4 rpoB
FHA Ed¥o] oz RBUZSA oRE g
A Asael vad Hue ok weld =
W &AM AT J2AAE dides RBU 24
A B rpoB FAA G714 8S izt RBU
2453 DANE 233 B89 rpoB R E9
Wo] P& At syt

CHat 4 ey
1. gy

19973 7994 1999 69 Alolol] Al-&ZJ e
W Bl A3 Ag AR AA vt AP
oA ZAATLN AFEAAE 2Fsle, Hojxe
INHs} RFPel| oz dis AUy 297335
& Aoz sigdnh. 4] Aol WY Bz
A RBU 743 7A} rpoB f-32F 971923
of Nafsl1, RBUo| ¥3¢ A& 19 o4t AR
T BAEe oRI|Ee F¥Hog FAMlY RBU
E3 ofAle] idt QA 2 AT w23 rpoB
T84 £ddo] e vlwstgd. RBUE wid
300 mg& Z+ ¥831%ct. RBUARS ¥ 12 o4
o 2t o2 AT vgHEALIAM 23] ol Sz
b 92 oAl (negative conversion) AHo®

FelatAct.
2. ANF N AHF wHS

g wolx] Zgke] NALC (N-acetyl-L-cyste-
ine)-NaOHE& Y31 50 ml conical tube (Falcon,
NJ, USA)o| AN 253 &35 & A2q 158

HEQlh EEHSE BREM B A8 £ 3,

000 rpm (RT 6000B ; Sovall, CT, USA)ojA 30
7 gARelE 39S Heln doldle JAMY
0.5 mlE& Ogawa ®jA]o] HFsArh. HET: Hef
Ogawa ujz|ol| 3257} 1o wix|APHo| o=
R3A) stod AlEH AMEE ket &9 viEln, HEY
o} Axelgr A4 100 4E Fste] wiRAbE 25
sto] 27 1 e EEo FLF HITHES
algch. HEE wixE 3721CY 2AGN i
8F F<t v} o7t A8 B 29t
A 45% Axo| AMFAE olgste e A, A
e, g, A, 37-& TEAUR, Accuprobed
AH(Gen-Probe, San Diego, USA) & Aj3islo] 28
& TR

3. ofxizt AL

SRR L-JujAE ©]8-3le] Carnettigo]
A A1 Y4348 (proportion method)dl] wel 4
ASETHe FERFEE 107°F 10742 A4ty
RFP& 4, 8, 16, 32 % 64 xg/ml, RBUZ 1, 2, 4,
8, 16, 32, 64 pg/ml, 18] AV} XHEHA Fe
L-JujA& dizFer 3l AAE Algsigo). &
QFolM AMSE L-J m#@ulAjels RBU 7444
Ab Al BAR7EE ot 2 e A ¢fenz RFP
WA Aot vlazste], RFP wiAodlA JA=e 5%
9] 1/403te] TrolAM QAElE H9-E FRHo=E
RBUZsAl o2 @9t WilllamsE¥*& 7HY
WA A5 o8- A ZAtlIA RFPE MIC 2
g/ml Z22j1 RBUE 1/2 W& 5%¢ 1 pg/mlols}
& Aedor WA Al ARgd
RBU%+ Pharmacia & Upjohn (Michigan, USA)
oA A gro} ARE-EF T

4. rpoB At A7IML ZH
1) Z8TF DNAS| £&

Hurley$o] AM&-3F %& oFt 43t DNAE
23}, &, 1.5 ml microcentrifuge tubeo]
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2T A 200 48 ¥& F, 0.1 mm zirconium
bead 200 ¢, TEN (10 mM TRIS-HC], | mM
EDTA, 100 mM NaCl, pH 8.0) 8<% 100 4, phe-
nol/chloroform/iscamyl alcohol (25:24:1)8-o8
200 48 S F mini-bead beaterofjr] 387k
AMejete] NEE gl FAlo] BaAe HYA
k. AFE 3,000 rpm (RT 6000B ; Sovall, CT,
USA)oz 53 dAad ¥, 439 200 48
T2 microcentrifuge tubel] &7]3 chloroform/
isoamyl alcohol (24:1)4-9 200 4E Y3 3,000
rpmelA4 587 HAREE £ AFdE 98
microcentrifuge tubes] Stk A3 100 4E
#H3le 3 M sodium acetate 10 (4%} 100% ¥5
ofgre 220 UE ¥1, -70°C Yo 158 1A%
& 10,000 rpm (VS-15000 CF ; VISION SCIEN-
TIFIC, Seoul, Korea) oAl 1087 fA12ald thg,
45Ae AFFIoR HAsLL, Fr1FdA A3
AzA A 328 DNAE EF 33 25+ 100 A
o SHAAA AR A 744 -20°Col HEs.

2) BHaAiMeE

wA 18611084 gt PCR(ZHEAAAES)
< AEskeict. 1S6110-S9} IS6110-ASse] Al
(primer) & ol&3tglom, 95T 5£7F vEGA]
71 &, 95°CoA 30k, 68T 30x%, 72CAA
4532 353718 Al kg, 72CAAM 583w
$AI F 83l 123 bpo] FEZES A4lsiHc).
IS61108-40] tigk PCRAAM g4oz wgd A
g o R rpoB FA GrIMLEHHE A
#F3tAct. rpol059} rpo293 AlEAE |43}y
PCR& Alfste] 215 bp #4& FEFct. 10
pmole/ule} A3 rpol05, rpo293 & zbz} 1 44
Y1 DNA 1 dE ¥ F 17 d9] 3/FE YoM
#HF 20 [t =A) sk, vhg 24 954 5
B RS F, 72Tl 148, 95°C oA 3044
355718 Al8ig tg, 727 ColA 587 vheA ¥
Z%83}9ct. GeneAmp PCR System 9600 (Per-
kin-Elmer, California, USA) & AF2-8}9loH, vl

Ne 20 @8 PCR Pre-Mix Kit (Bioneer,
Cheongwon, Korea) & A18-814it}.

AH23k AldEsls Bioneer (Cheongwon, Korea)
o ejzlste] AzstPon, VNG E thEF 2

rpol05 : 5’-CGT GGA GGC GAT CAC ACC
GCA GACGT-¥

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

IS6110-S : 5"-CCT GCG AGC GTA GGC GTC
GG-3

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

3) PCR&ME A

215 bp PCR AHE-& QIAquick gel extraction kit
(QIAGEN, Germany)& ©]83to] ZA&r}. 2%
agarose gelojA] 50V& PCR AHES A719%53% &
215 bp #%ie] wi=g& Aa#}A polypropylene tube
ol 74 Btk Gel 100 uld 38 ¥} He
solubilization buffer (QIAGEN, Germany)& Y1l
2-38ui} B AoiFwEA 50T 1087 WA
At Gelo] ¥ ¥ o]g} 9] isopropanolg W
= & EET. ol% columnd] FAAE Y1 10,000
rpm  {VS-15000 CF; VISION SCIENTIFIC,
Seoul, Korea)ojlx] 18zt f44¥28tct. Wash
buffer (QIAGEN, Germany) 0.75 mlZ column
of ¥ 187 g4&escr. Column ol#ig]
tubed)] Wolal wash buffer €98 W vl 1
#2F AAEEHA E2 alcoholg AlAsT. Col-
umng A} polypropylene tubeo] Z3 ZF< 8 d
E Y3, 18 F9 13,000 rpmeilA 187 948e)
&t} DNAE $2&31t

4) grIxeEA

ABI PRISM 373 DNA Sequencer (Perkin-
Elmer, California, USA) & o]&3}q] A5Ar|A4E
ARUE HAE. FAAMeldls ABI PRISM
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Dye Terminator Cycle Sequencing Ready Reac-
tion Kit (Perkin-Elmer, California, USA)& o|&
gt AAl"g PCR Z2ZAHE 10 ng/ul$}t rpol05
A4 5 pmole, terminator ready reaction kit
(Perkin-Elmer, California, USA), 50% DMSO,
a3 FHFE Ut 10 Wt H5F 491
96 CollA 20% WkEAIZI E, 96°CAHA 10%, 50C
oA 5x, 60CANA 489 zHo=2 253] AN
o FEAEL e oSt AABIL.
Microcentrifuge tubeol] 3 M sodium acetate (pH
4.8) 2 (A%} 95% oll&tE 50 A& Y1, A 10 ul
o} FHT 10 dE YUtk # 4L Fo) dLd 10
F7F WX E 14,000 rpm (VS-15000 CF ; VISION
SCIENTIFIC, Seoul, Korea)llA] 4°ColA] 3087
AR &, ZA2HA 43AL HFY. DB
A 70% Agg 250 4E Hrist QUL F A
F9E& AARL F7] FoAM FRES A=A
‘Deionized formamide®} 25 mM EDTA (pH 8.0)
£ 5: 12 3]9] loading buffer& Zv|&}z, A 6
AE loading buffere} 4ol AMAIZITE 90CellA
282 71E9%F A&l FUt 6% polyacrylamide
gelol A A71FE34ct

5. INNO-LIPA Rif. TB kitg 0o|&$#t rpoB RZX}
ScHol2| HE

RBUZA tiAlUlA ZA3l@o]l INNO-LiPA Rif.
TB kit (Innogenetics, Belgium ; o]} ‘LiPA’g} ¢F
HIAAIN B P JeRkieA #elsiaxt
RBUZAd o2 g€ #590& oz LiPA 2
AFE AJ388lg . LiPA stripe rpoB 3%t &
A¥olE #Ir] 93t 5709 wild-type probe
(S1-S5)9} &3] ¥As= 47129 mutant probe
(R2, R4a, R4b, R5)E FAso] o). R2&= 516
3ES] Asp -> Val 44018 39E & o,
R4a= 526 His -> Try, R4b=526 His -> Asp,
agjal R5& 531 Ser -> Leu EYHolE A2
a Atk AzZRA AAG BdE AL AlE

st

M
icH

1. RBU Zis=dZAl 2=t

AW 653F F 52@FoM RBUZRGA Z3E
AT + AU 11FFE Aol o3 ez
At E7Fsa, 2dFE WHAALIA RFPZS
dog BRE ATdgA A=A 2dFF 5
5 (10 %)lA RFPUA, RBUZHo2 97
=3t

2. rpoB 7T} EHHO| S

AN 653FF 56FFlA rpoB H32F H7IAM
go] #elHTt. 56FFF  53FF(95% )olA
rpoB fAx EdWelrt HAHAUE 2% 60719
Aoyl B eH, 531 FES EdWor}
2670(43%) 2 7P¢ B¥%2, o F 531 TCG ->
TTG Eddol7t 2341 (38%) = 714 H=rt =3k
ok 79dlME EdWelr} 2 EAsiect E9d
ole] FHE BT 237kA 9, 3 EAWe] 214, 2
A 14, zEla 4] 1oo]ict(Table 1).

3. rpoB FEX} E¢iH0| STt RBU /g9
CJim

A A 65TFF 44TFNA rpoB Az E71A

B3 RBU 247471 BA)9) A8E91, o
47FE dgo s Y3 47T FolA 5
F(11%)7} RBUZAez #9Ex, #HAF
rpoB Az Eddol= thewl Zgith(Table 2).
5d% 2qoA= 526 AE ] EdWol7l AN,
ldl& 516289 EWo], 1= 50923} 526
AT EdHoe], Iz]n UnA] 1lee 516ZEY
52639 EQML Al BRHUS. 7P BE
iz g 339 5313Fe] gddels % RBUUA
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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 (Gln) 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 (GIn) 1 1 (1.7)
511 CTG(Leu) CCG (Pro) 1 1 (.7
527 AAG(Cys) ATG (Met) 1 1 (L7
533 CTG{Lew) CCG (Pro) 1 1 (1.7
516-521 codon deletion 1 1 (1.7)
CAA insertion(514 codon) 1 1 (7
Total 60 60 (100)
& eR Ut & #18c} (Fig. 1). 53F% 1#5= Reb =

4. LiPA ZAIE o|8% rpoB R} E¢iHole]
Ha

RBUS} A& H 57359 DNAE tiide=
LiPA 7ZAHg olg3tal rpoB f7zt Bdo] g4

P4 (526 GAC)og Yehx £4 Eddolg &l
g Ao, BE 475 B WEF I8t
aAdslolA Bt AlEE oA §A
E4HolE A& & YU Table 3). R4b Wiz
Fez Ug IFE GrMIdERYME 526
CAC -> GCC E9do|7} #25]ley, LiPA 3
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Table 2. Relationships between susceptibility to rifampicin and rifabutin and genetic
alterations in the 7rpoB 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 TCG
TGG R R 3
526 CAC TAC R R 3
AAC R S* 1
AAC R R 1
CCC R R 1
CGC R R 1
TGC R S* 1
516 GAC TAC R S* 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.
AtflA= RBUWAT @ Aoz Bad GAC o &

S AR
5. RBU Z# %4H|2 |28 #xte| a4t

RBU Z4A7A ) rpoB 32 @714 do] FAld
e 4 “’é% 7oA RBUZI X34 A2 1A
9 o4 A=akrh. 604 RBUWAolgl 170
A RBUZ$A0IT}. 7poB Azt Sddol= o}
23} Z9ktH(Table 4). RBUZ4A 3ix1= RBUX
A3 oM AR = Bt F2 o) Akt

£ d7e E3e Suel A A8 dARAd 23l
X RBUZA 239 ¥EE miosta, rpoB #2
o] EdRo] S ofein, of Aol FolA
RBUZ A d#3de SJW0E &3k RBU
24 oA Aeg Akl AeE 5 gde
o & asly] 998 J)zAaE monat Foly
. o] AFA} rpoB FHA G| = & P
YZoA Bug 279} A UXsh= AL
4 AU, oF 10% o] TR Zgdo] RBUR

o ¢
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1 2 3 4 5

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 isolate No. 4 (Fig. 2C), so these
data suggest that clinical isolate No. 4
may be a mixed growth of Mycoba-
cterium tuberculosis with different
mutations of the rpoB gene.

THEE & F UM £ o] SHWe] P 7]
Zste] RBUZAY T Zde AgstA dg
g 7 e 712AEE vhdeiY.

Rl el whe gk gl Ay NEE 2o =
Holl AL aaddd® ETetn FuldMe A
o] viF R AR APAR] R 2NAE o
St R Ao e of 2-37090) 48
A HG w2t =9 2 sie]l IR HldME
rpoB FAzte] QMo A& S ol§T A&T WA
AEYE QgollA ARBSlaL Qeh™* &3 thAjuA
of gt Aj2g AA8A =AM RBUO AR thAl Ao

3} 9ol EEA F, YA ARSI ot
7t43 Agkd &7 g ARgo] Ao rt.

Ohno% 2 rpoB fAx}2] EQuo] okatd wla}
tFst RFPUA & Jeidcka B, §
A rpoB #AA EGHIEL RFPUAo|RA
RBUZIA & Kol 28Tt Bdo] vk B
P B dAFdiMz 526 ZEAA CAC
(His) -> GCC (Ala), TGC (Cys), = AAC
(Asn) FEFWo], ela 516 IZEA GAC
(Asp) -> TAC (Try) %= GAG (Glu) 594
o], gla 50922 AGC -> AGAEHMol7t
RBUZ+4 v Zdadda 2=
Bodmer%-2] 979 511, 516, 522 ZE9 49
Holz} RBUZSA oA Z2dsl g&o] Ad&e
HojFRlou, 526 IEL] gAY} de dFe
2% RBUYIE WAolt}®. WilllamsEx 526
=9 Ed¥olZt e #F v 5 RBUYAYS B
DEFET®, 2L B dolA HA" 62/ 526
FE F9¥olF 4FF+ RBUYWAE vz,
yo2] & FqRe 244dE JEHITH(Table 2). o]
5 ZRe BA¥olE 1€ Bodmer E& Wil
liams%Ee] Hioas gz gokd Ed¥olsl
. Yang%el RioMx= £ Ardnel o] 526
FEQ] ERo] gl wEt RBUZAO] HEre
HAFG. o] oo RBUZSA thAuld 29
7 #Hel e rpoB AR FAHRE 519
F=9] AAC (Asn) -> Lys, 5292F9 CGA
(Arg) -> AAA (Lys), 5143%9) TTC (Phe)
AHl, 5183E0) AAC (Asn) A4dGTo] Higd
Ak,

B oogoa 5263%e] CAC (His) -> AAC
(Asn) E¥io)7} 2 #F oM B5o2 WAHY
3, 1 #FAE 516FE2] EAH(GAG) S ¥
§ale] dAYStATE 28y o] FolA 5262E ©E
o7 Wy 1 FFolAe RBUWACR B9
1, & 2 5 RBUZASAECR dgEo 2ed
AxE BolFch. ®3 51629 GAC (Asp)

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

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

S-band R-band

1 516 GAC -> TAC S2 (-) all ()

2 526 CAC -> TGC S4 () all (-)

3. 526 CAC -> AAC S4 (=) all (<)

4 509 AGC -> AGA, 526 CAC -> GCC S1(-), 84 (=) R4b (+)*

5. 516 GAC -> GAG, 526 CAC -> AAC S2 (-), 4 (=) 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
ge Sex Clinical response® Mutations .

No. drugs® (Mo)® susceptibility?

1. 51 M 5 12 Failure, Death 531 TCG->TTG R

2. 4 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 g Failure 526 CAC->AAC R

Transient(-)converstion

6. 78 M 7 6 Failure 526 CAC->TAC R

7. 38 F 9 10 Failure 526 CAC->TGC S
a

Korean Tuberculosis Institute.
: Duration of rifabutin therapy.

o o

o

: R: resistant, S susceptible.

-> GTC (Val) E93oP} ol @5+ RBUJA
o2 fisels, RBUZSA gt Bag o o
TEY  Avel dAsx @uukr. v
Moghazeh$-9] Hudx 526 ZE9 & CAC
(His) -> CTC (Leu) Eg¥oldx E7sln & ¢
Fv RBUZSA, U2 7%= RBUWAS el
o}l RBUWAIY 7poB #47t 9ol th& 7]do] 2
82 7hede RoFm ub® 2 493 AMd

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

: Clinical response to rifabutin-containing regimen.

RFPUA AT 2-4% M rpoB 429 &
Aol HARA] gom tfE YAgride] de A
e Akt 9l 518 2FEe] AAC (Asn)Zd4
% wpyult} thekst RBUZGA 298 Boldq 9
th wlgbA] & ATelA RBUWAOoZ wd® 516
FE9o] Asp -> Val E9wole} 52629 His -
> AsnEGNo)E oprte thE RBUWA 7Mool ¥
FE NS 7Hed e AT 5 Uk RFP WAl 9

>
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516M

T so6M
526W

S

526M1

— sew N
A. B. C. : ’

Fig. 2. The preliminary results of DNA chip analysis for the detection of »poB 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
GACQC), 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.

o 7)ol gig At dasle)el AjzbEch

3 FFAe= 511289 CTG (Leu) -> CCG
(Pro) s} 516282 GAC (Asp) -> TAC (Try)
F9dol7t ol Wt e, dzte] Aol
< RBUZAS Yehlls EQdolydx B3l
o] #FlAe= RBUWAE Yehli2ich. Williamse)
BidiME 5163Ee] Asp -> Val, 522389
Ser -> LeugdWol7l Witslo] e dFolA 2
zZte] EQWolE MICYE 0.5 1g/mlielsla RBUZME
2& vehdels E7ska Hihe #F5de MICHE
2 pg/ml2 YIS JET 289y Moghazeh%
9] BaoAe 511 CTG (Leu) -> CGG (Arg)$}
5163F2] GAC (Asp) -> TAC (Try) Edulo]
7t B3E #FA rifamycinAlE %Al24 RBU
I AR KRM-16489FAlol 7hpAde vehigio) s

& 7oA 5113 5162Ee] By} Wit &
Folq rpoB fAA EQWe] ol9lq] th& RBUY
37170] o] WAEHUE 7Fsx nEsteof 33l
A, 2p gd¥ole] ol Wt A2 g2 45
& ¥ 7540l U8 g5 Folok ). olg
T BAES S sids] dsiMe AR
Aggel 54 Eduiolzt THE FAHAE o]dAMA
A el WSt Eelshe Aol Fasit. &% o
o g 7+ A7) "estelzl Azbdch
50923 526 3Fe] Eddolrl wiE #Fe

-RBUZSAE deldolr, 5092% AGC ->

AGA¢9} 526 2%¢ CAC -> GCC Egdo] 71zt
o] RBUZAZ 83 gle Eddolz 338 4 3l
Act. 234 o] TFE o2 g LiPA ZAMIA
£ R4bFA, & 5262% CAC -> GAC E¢ulo)
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2 38=9Y. 5263%F GACE RBUAE WyAdo.
2 2ed sdvolnz Az 4FuE Angr. 1
¥d RBUZ4AS o9d Sd¥0lg slzz @
DNA & wEold A8 oz A7% Ao (e
E53 o33, o #FoE 5262 SAWols}
% 7 EAsie Aoz WA (Fig. 20). BEA
A ZFAAAE dAEE AN B £ (1T 1
%) olde] a3t Aeke AE Wdes e A
Y, 22 FAAM AHHE AAg= gt FF7)
Ao A& F A, o] FFEY Bl btA A
AoAR7t A9 a & 4 Y3 opnlx o] #F9
B4 5262F GCC EdWolE 7IXe #5771 B
7] W&ol @7IMEAA N GCC= wEs 1 RBU
24402 UsAY, dFdAe 5263F GACE
AWolE Zte FF7F LF 419 U1, LiPA ke
5265F GCC Eddoles H&EE 4 g7l Wil
R4b (526 GAC) Yoz & oz 323 £
AUt FZo] vy ojd Aol RBUZSAY
A= E7ati LIPA ZAR; o w3d 5 gl
o2 Fogtojof &zlch. ¥A YiollAl RFPUA
€ A&3HA 83lr] Ystd SSCP (single strand
conformational polymorphism) %3+ reverse
hybridization®§ & o]&3}o] A&} A LiIPA AALE
ol Abg3ka gtk SSCPYE §4%-5le] Eavlol
F70e B AldlA A" RBURSA
of%g WEsheYE Bl 94 93, LIPA 74}
£ $19) AN B%o] R2, R4a, R4b, 283 R5
band7} 49 A48 Aslslns 5% Bddcle
g 4 §7] 4ol RBUZSA ol elos =
2ol 57 2R ¥ AFIH RBUZSA 5 75
% 1 @59] Rb o2 54 SR8 I
T 7 UL, U2 4 FFAME 5 2ol &
9T 71 flYe.nz RBUZSA o585 ¢ 4 Q1%
o 7IMEZGEE ol8shE =E RFPUAY 4
RBUZFAARE rpoB #8x Ed0] il o
2t sl 4 JAAT, ofF dHHo= Unk A
oith 25 AMS7|E oYtk A DNAY 7]gel

ALEAA 9o oJ7tR] BAE BT UHAA F
A& Aoz 7|dE 1 ). Troesch& mho|52dte]
gl¢e ¥4 2 RFPUAE FAld 3 = Ue
DNA 2 /astet®. DNAZS F& " Be
probeE A& = Jorg, AN FEH {4
A2o0] g Ho) uiel FHE ZE EAHUE & J)
o] Foz ZAARL 4= e 7He S AL vk &
ol gith. watd B ATlA 93zl RBU 744
3} By Boddo] ARE ol43le] DNAFE A%
& RFPUAEY ohel RBURSGAZIAE E<1
g 4 J& DNAZ9] Aol rhgstelet Az4EH,
AA2 o] ARE 7|2 3o DNAYE NeFdl
Ak (Fig. 2). 7R T2 A7ellA Bug 2o}
B oA 92 RBUZEAR #dg Aoz &
H7 rpoB 4R EdWo] Fe Tt e
3l Hkth(Table 5)*°%. &%, deixl BE rpoB
Sz EAdo] opymitt RBUZLRA o5ete] 4
FAL Bolskn, o] BE WIS T & A
= probeE ¥ 33dh= DNA o] Az 5 ojo} 5171t}

Tt o] Aol EIHA Ajgde] k. A,
£ gddioll dAUAS FUB=RE )
Astols ATl B8 EAME 3=
FARE o|JYNAA Aoz Aol WIS
gelste]ok gk, 531 2E2] Ser -> Leu &= 526
3Ee] His -> Trysgdloje o9 & A7E &
sle] RFP®T olg} RBUGE WAL vehdo] &
1=, 5163E2] Asp -> Valgd®¥o|= RFP
WAlolxlet RBUZASAS Yehdo] FIHAT. o
5o 2ol o] AT wHEHoR FlY
Qe oz fARelg]E e A7t da o A
ZtEjxjet, 5267F9 His -> LeuEgwolL} 518
FES AAC (Asn)ZAAF 7189 dTelA 27
O 278 BoFE 79 T =84 245 o
Wojel Agolle Azt o)y A2 AT Fart
AAT}. T3 F 71A] o)ite] Aoyt WIHE Y-
qz Mg ofH g njda mE2e2 gRlo] Hg
a3t
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Table 5. Summary of correlations between rifabutin-susceptibility and mutations of the fpoB
gene in multi-drug resistant Mycobacterium tuberculosis™

. 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 (Glw)
519 Asn Lys
522 Ser Leu
526 CAC (His) CAG (Gln)
GGC (Gly)
Ala
Cys
529 CGA (Arg) AAA (Lys)
Rifabutin-resistant 510 CAG (GIn) CAT (His)
513 CAA (Gln) 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 Gln 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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=4, RBU 23741 ool M Ul 2 284S
I 7IEo] E)iE] A k. AR AL
2 W53} YEME BY7IEFE(critical
concentration)g AdA&tx, MICE o] =59} vlw
stojol gt MICE A7} gl vixoll A wfoFslsd
& o Boh 9% ol B8E Ak AAsEE Y
3oy, 1% WAuleye AV v 3EA] ge wA
o vjgte] BHY7I1EExe] A7 £3E wiRjolA 1
%ol A2t Yoz #ARY. & BANEEE
o] FAE XFF wiAA 1%vigtez xehd 1
oHAlo] Ao UAEHT MICE L B#37I1EsE
ojstzb "ok, £ dAFdMe ZFAAAM] ege-
based ¥iz|¢] L-J n¥wix& ol&3ta, INHE
0.2 pg/ml, RFP+ 40 gg/mle] gl 947)18%
& AMETE 22 RBUS) ZH$dle BA7)E
T & A AR 2o, 7 dFuid o u)
AE AMS3Ig 3, 713 MICE tsigdtt. RFPe
FEFHINS B LT BEF ¥3FHuwes) 3.
5 pg/mlld] vldte RBUL 0.46 pg/mlyte] =%
= el RBUE @88 = (lipid solubili-
ty)7t 433 & AHo] EAoln%, 23 /¥% ¥
Bl7} FoF 1247 5ol 5.6-6.8u) 0] wdslng ¥
FE=os MICE 7l oot we git
ZHE oz MICS U4 aafof @3¢ AgE
T3 AR BA7IEFE T WATRE 7)F0)
S MICE Fsjodol ahxjnt, o} old] tigt =4
T A7t gl AAolth At} e dFe F=2
JAuRR] E= agar-based THMWRAE AMESIH oD
2 olsle] miux oyth. wabA B dPolMe o}
¥ %9 RFP3 RBUSEAM 7€ widsielr
RFP ZpAzAket vissle], o 43 ¢43] 9o
AE= RFPEY 529 1/40)5te] ¥& RBURE
A o] widElA] &= A9 RBUZASA tHAY
4 AYdog syt FF RBU #5474
BEF 7] AAHE 0] 7|2 Fo v o
ok & Zog yg).

A, RBUZpA o2 BHe w37} 38 81
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¥ ddAtart FEEAT. ZeddabdA #3471
TExo] FF7F A ARIAE dAAM =
SHE A FErxehs #¥o] §l1, 9 FAE
A3 S A BPVEFEANM Aol T
Pl FEX B ¥HE-§ A ¥ RAolgtn 74
v Aot} 18jpg AA oA &E FWs)
7] flsiME QFA AEAY] Fadich £ A7
Ae bgFste] RBUZY tHAUA d3oz 9
HY A, o] FollA 1d9Avt RBUE AMg3tglen
2 1 538 WAs] o4tk RBUE 263 1
o= 526 ZE] CAC (His) -> TGC (Cys)ESa4
o7} qidd Az, RBUE k& ofAlel Wiksie
997 A8stont & A Awsidct. 2o
AgA AL ay o] g¥olng, O Bl B
T Ul Aol g sbA 2] AT AR
A= vk2 2 ofAlo] WAdo] EAEA &t glod
A ot WA BRAAYE BE RES AHSS
T X5 Asf3 Al RBUE ARSstAl =W
RBUZSY #FYd= 78l vz RBUWAC]
WAE 4 Q. Table 494 B%o] RBUARS- 2A
2Rl o ApA oAlY] e BAR, A7)
HAE e Fo RBUE %33l A& A3}
ooz dHozE i AlE A WA
tx gadch. i oAuAd Aoz AdsEd
vz RBUZSA o5& #Uste RBUZA Y]
wg=d RBUS #HraHd IAsle X5l
aejstdol st EE ZAMY RBUZTACZ B
Hylojx A4 JQAdA e At g & B,
RBU #7434 Ao} QAo e] aaiele] A4
Aol ther A3A A7t A Alsis]ofof sl

Aoz, s oAg Bl rpoB H3
A Edieole] Nk 2 gL B fHgo] Be
=99 B} viszsilon, Y= RBUY 4
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