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Rapid Drug Susceptibility Testing for Isoniazid and Rifampicin by
Reverse Hybridization Assay

Young Kil Park, Ph.D., Hee Kyoung Yu, B.S.,
Sung Weon Ryu, M.S., Gill Han Bai, Ph.D.

Korean Institute of Tuberculosis, Seoul, Korea

Background : Development of rapid drug susceptibility testing provides the opportunity for rapid
identification of individuals with drug resistant tubercle bacilli, allowing selection of appropriate therapeutic
regimens.

Methods : A total of 502 drug resistant isolates were subjected to reverse blot hybridization assay to
detect mutations within genes (rpoB, katG, inhA, and ahp(C) associated with rifampicin (RMP) and
isoniazid (INH) resistance.

Results : Among the 264 RMP resistant strains (RMPY) tested, the most prevalent mutation was the
Serd3lleu seen in 121 strains (46%). The second common mutation occurred in 84 strains (32%) at codon
526, And 27 strains (10%) showed the mutation at codon 516. Among all 469 INH resistant strains
(INH®), the katG mutation was responsible for INH. The inhA mutation was present in 88 strains (199%).
In 11 isolates (2%), coexisting of the katG and inhA mutations were identified. Reverse hybridization
assay successfully detected over 80% of INH® and over 92% of RMP® among Korean isolates.

Conclusion : Reverse hybridization was useful for rapid detection of INHY and RMP®. (Tuberculosis and
Respiratory Diseases 2003, 55:440-448)
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B Aol A4d 502 YARFE 198dRE 2
AdTelel ok A5FAAE g FF FoAA
A A3t oholu EE @A WA &
et 5007 ofolubst @S] BA o
9 CAUWAEE BIF, ololu BERAFol

1677, JRAANE ALE ofolite} thE %A F
AUARS MR dFE7E T1F, HREA GEAT
o] %%, otoluE A3 HFFAF o8t tE
okxle] FA] WAQIH 75 ToZ o]Foj At
okAl| 7H4A AAME Lowenstein Jensen (L]) i
A g ol &3 WAng gl ek AA AN, o
AR FEE, oty 02 meg/ml, 2 FIA 40
meg/ml, ZEZEno]Al 10 meg/ml, AFHFE 2
meg/ml, 7hetol Al 40 meg/ml, ] LwkolAl 40
meg/ml, 22X Qumtol= 40 meg/ml, AROIER
Ag 30 meg/ml, A 1 meg/ml, LEZA 2
meg/mlE 3ttt FetAlyrle| =& pyrazinami -

dase test® ZEABALE AA TGP

2. SHEANINEIE AuFHISH

rpoB, katG, inhA, ahpC F3Ae FHE& AR
primer % EdWolE HESV] A probes
Table 1o Uehhgich E£d¥e] A&& A%
probes= rpoB frAAte] ;AR 8l bp (codons
507-533), katG A9 codon 315, inhA 37t
9 ahpC FHAE promoter F$oA AAA<L
A7IMG T Bl ArIMEE vEeR 4

23 E A9 annealing £Ev 66Tl
i, ZFEAA NS S 100 wolA L, A
10x Tug polymerase buffer 10 ul, 2mM MgCl,
7} primer 20 pM, 2 mM$] 47Fx] dNTP, 1 U9l
Tag polymerase (AP Biotech, Uppsala, Sweden)
183 50~200nge DNAZE 2tk FdEL
A Hut2-S Perkin Elmer 480 DNA Thermal
Cycler (Perkin Elmer, Norwalk, CT. 06859 USA)
AEL ALgsle] AAEQrE 4L denaturation ¥F
2 BT oA 10% 391, o]F BT 1, 6T 1
B 70T 284 F¥EA A4NES 303 9HE 8kl

om upx|u} extention ¥HEoEE 72T 108& 4

— 441 —



— Y. K Park, et al —

Table 1. Primers and probes for detection of mutation in rpoB, katG, inhA, ahpC genes

Primers or probes

oligonucleotides

remark

rpoB forward primer
rpoB reverse primer
kat(; forward primer
kat(; reverse primer
inhA forward primer
inhA reverse primer
AhpC forward primer
AhpC reverse primer
Probes from rpoB, RW1
RM11
RM12
RW2
RM21
RM22
RW3
RM3
RW4
RM41
Rm42
RW5H
RMB51
RM52
Probes from katG;, KW
KM
Probes from inh4A, MW
MM
Probes from ahpC, AW
AMI

5" tggtecgcettgeacgagggtcaga 3

" cecteaggggttiegategg 3
" tggegctgatctacgtgaace 3
cecactegtagecgtacagg 3
cgacatacctgetgegeaat 3/
5 cgggatacgaatgggggttt 3’
5" gagaccggettecgaccace 3
gctggtaggeggggaatgat 3’
agccagctgagecaatteat 3’
agccagecgagecaattcat 3
agccagctgagectattcat 3
ttcatggaccagaacaacceg 3
5" ttcatggtccagaacaacccg 3
ttcatgtaccagaacaacceg 3
cegetgteggggttgace 3
ccgetgttggggttgace 3
ttgacccacaagcgeega 3’
ttgacctacaagegeegact 3/
ttgaccgacaagegecgact 3’
ctgteggegetgggge 3
cigttggcgctgggee 3
tcggegeeggggeecgee 3
tcaccageggceatcgaggt 3’
tcaccaccggeatcgaggt 3’
cggegagacgataggttgtcgg 3
cggcgagatgataggttgtegg 3’
ttcacggcacgatggaatgt 3’
ttcacggcacgatagaatgt 3
cacggcaagatggaatgte 3’
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biotin labeling at 5' end
biotin labeling at 5' end
biotin labeling at 5' end

biotin labeling at 5 end

wild sequences from codon 509 to 515

Point mutation from Leu to Pro at codon 511
Point mutation from Gln to Leu at codon 513
wild sequences from codon 514 to 520

Point mutation from Asp to Val at codon 516
Point mutation from Asp to Tyr at codon 516
wild sequences from codon 520 to 525

Point mutation from Ser to Leu at codon 522
wild sequences from codon 524 to 530

Point mutation from His to Tyr at codon 526
Point mutation from His to Asp at codon 526
wild sequences from codon 530 to 335

Point mutation from Ser to Leu at codon 531
Point mutation from Leu to Pro at codon 533
wild sequences from codon 313 to 319

Point mutation from Ser to Thr at codon 315
wild sequences from 23 to 2 promoter region
Point mutation from ¢ to t at position 15
wild sequences from 19 to +1 promoter region
Point mutation from g to a at position 6
Point mutation from ¢ to a at position 10

A8k
o2 fAdz

Kox

o o

=
=2
o

S Hgso’ a8 Agshd,

probes < dTTPR tailingsted Y27 (Amer-
sham Pharmacia Biotech, Buckinghamshire, Eng -
land)ol A7 cross blotter 7]5-(Accutran-
Cross ACC 100/0; Schieicher & Schuell, Dassel,
Germany)& ©o]8-3le] FHaLAHHE AES
Qugow whEAAT Probedt wd FTdaa
Ak A& streptavidin-alkaline phospha -
tase® Agt o3 NBT/BCIP 71&2 waA A}

Z

1. BBTN WNF 26452 rpoB FEX B9
0| 24

FaL ANk AES dAHRZ 430bpE e
I WA 2645 FolM 14709 rpoB
= AR dughiiel i F 244749 B

- = & UATE EMe] &

EE HY 7P B dWol Serbllleus A 121

WF(45.8%) 01U}, Codon 5260 A4 845+(31.8%),
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Table 2. Distribution of rpoB gene mutations among RMP resistant straing (RMPY).

Mutation type of Region of MDRx* RMP® non MDR RMP? al Total
rpoB gene probes (n=231) (n=33) p vaiue (n=264)
Leu511Pro ARWI1/RM11 4 0 0.4473 4(1.5%)
Ginbl3Leu ARW1/RM12 3 0 0.5109 3(1.1%)
Aspbl6Val ARWZ2/RMZ21 20 2 06139 22(8.3%)
Aspbl6Tyr ARW2/RM22 5 0 0.3949 5(1.9%)
Serb22Leu ARW3/RM3 3 0 0.5109 3(1.1%)
His526Tyr ARW4/RM41 30 5 0.7327 35(13.3%)
His526Asp ARW4/RM42 9 2 0.5622 11(4.296)
Others at W4 probe  ARW4 36 2 0.1457 38(14.4%)
Serd31Leu ARW5/RMb1 106 16 0.7443 121(45.8%)
Leub33Pro ARWSH/RMBG2 1 1 0.1072 2(0.8%)
None 15 5 0.0792 20(7.6%)

«MDR: multi drug resistance, M. tuberculosis strains with simultaneous resistance at least
in INH and RMP.

IS

Table 3. Distribution of INH resistance mutations among INH resistant strains(INH")

. on MDR INH" Total
Mutated gene Mgi ZZISII?{ n (1=238) p-value (n=469)
katG 135 (58.4%) 155 (65.1%) 0.1337 290(61.8%)
katG & inhA 7 (3.0%) 1 (0.4%) 0.0304 8(1.7%)
inhA gene 31 (13.4%) 46 (19.3%) 0.0830 77(16.4%)
inhA & ahpC 1 (04%) 2 (0.8%) 0544 3(0.6%)
ahpC 7 (3.0%) 4 (1.7%) 0.3435 11(2.3%)
None 50 (21.6%) 30 (12.6%) 0.009 80(17.1%6)

katG: point mutation from Ser to Thr at codon 315 inhA: point mutation from ¢ to t at
position - 15 of promoter region; ahpC: point mutation from g to a at position -6 or from ¢
to a at position -10 of promoter region; katG & inhA: simultaneous mutation at katG and
inhA; inhA & ahpC: simultaneous mutation at inhA and ahpC

codon 516914 275(10.2%) 7t %= Ak Table At 3359 EBdwoe]l EXelAE, 94 SerS3lleu

2). AR FEE 231 29 2RI WAt Zalol7l 165:(484%) 2 7HE AN, FHA
o] Edwlo] BEE U #dth gAWA 2 Owe Bdwol: 526 codonoll Al 95(27.2%)0]

(455 %)019aL, 757(325%)+= 526 codonolA
Elgitl.  Asphléval  Edwolw 2550l
Leu511Prot= 4%, GInbl3Leus 37, SerdZZLleus
3%, Leud33Prox 150131t 157(65%) oHF-d
Edwio)7} gidleh chAlA el ol RaAu

# B1F FolA, Ser33lleu EAWOI7L 1065 Atk Asphl6Val EdWolE 2F(6.1%)0l AL

Leus33Prot= 15F(3.0%) 01 o™ 57(162%)E #
FAAANAM = WACIAElE Blbpdl =
3= 190 tH(Table 2). ThAlW8 T3 HlvbAIW

[eg)

3
2ol Eolwo] ¥ XN FAH fodE 2l
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2. OlOIL} LHME 469F9 katG, inhA, ahpC
X EHEH0| B

katG, inhA, ahpC Fr3#te] o SEEALAH0
59 A YN E 27 BHlbp, 264bp, 292bpE
e ofolut WIS dugtyor #HEev]
A3 A katG probe 27M, inhA probe 270, ahpC
probe 37H& AR&ate]l ofolu AT 829%E
AEHoR AT 7 AUk

ofolub U 4695 FollM, katG EQHol=
2085(635%)°1 9 1L, inhA EG W)= 88F(18.8%)
olglen ahpC EHHolE 147(29%)0I%0T}. o]
o= 5 E9¥E el #F7 11F7}
3 Eo] ltk(Table 3).

ol AU TE tAlulAe] ofd ofol}
AUFE Urol Y, thAWAT 23159 R
ME, katG EQWol= 1425(615%)019 2, inhd
EdHolE 395:(16.9%)0] o ahpC EQHol =

Hol = 49F(205%) 0100 ghpC EAMol= 63
(25%)01th. o] FolliE FE EduoE el
© wF7F 3F7F EFE ok gla o] A7t
FRAANA A2 = A FFE 30F(126%)
Z(Table 3), ugygyioz A& & gl o
o]  TAUATCLE%) R  FosA @)
(p<0.01).

L~

2@ Ale] WA 90%°]4e DNA dependent
RNA polymerase?] B-subunitS =& 422}

o A2 2 gaa
13t Aol W}l rpoB 4o E9o)
% line probe assay kit
(LiPA, Innogenetics, Zwijndrecht, Belgium)7} A
o2 Awsol SR Abg-Fo] g}t
B A7olME SerB3llen E4Hol7E 46%01%
, Hisb26Tyr &dW o]z} 13%0192, Hish26Asp
o7} 4%l 2™, 1 2| 526 codon EHW
%01, o] A= Syl A 2
dr2 AGdd B 5, 7 59 Ane v
SHE” " ok Lo AR A E Ser3lLen EAW
o7} 47%0)] 11, His526Tyr S@® o7} 12%0]1Y
31, Hisb26Asp E¥el7} 7%019108,” 7 59
A M= Serd3lLeu EAWOITL 244%0°]9) 3L,
His526Tyr EdW o7t 19%°] Q1L His526Asp &
Awlol7k 3%olN e, 1 9 5% codon £ o)
7} 16%0°1 Tk,

B A7 codon 531 E@Ho] HEL 46%ZA
THolA #ElE g o83 Yue 59 AFH41%)
¢k H]=3F4 L, codon 516 (10% o 5%)3 codon
526 (32% ©l 40%)oN X5 {23 2}0]Z Ho|x] &
b Mexicodl = Halg #55 ALEH 43
A= Serd3lLeu EHHOlE 54%, codon 526 &
Aol 309%°193”, codon 531 E<1¥ol7} rpoB
ol 7 Be 2 dubdel d@4dolry,

ofolub YA T2 catalase peroxidase® A4}
BAZE ke #Ae oF Yoy Zhang 5

' 734 katGE HAToeH
ofeluf A & AT} FdkatAl Ho . ofe]
U WA oF 50%+ katG HARFS] Edd ol
ojaiA wAlgtHE Harl B HYqutE B oo
TAME ofelut WA 62%7t katG FHA
Ser315Thr E@WelE Uehlo] thg Russ) v
skt

ofelut ZHpA AL mycolic acid 4ol o

b3
=

=
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e
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Agrhs Ade dA AW M smegmatisE
HE mycolic acid 4ol #EE A4S 24 H
qom* 1 A o] AAE InhA, F enoyl acyl
carrier protein (ACP) reductaseo]il 1 fr#zbe=
inhA o9, o] FAzte] promoter EXWolE
EAE g Aasld ofolitell &4k mycolic acid
4 dA 5a73E "olxme WAE Yedua B
253 Q. 9% Type I Fatty Acid Synthe-
tase(FAS) system® InhA, KasA(ketoacyl ACP
synthase), AcpM(acy! carrier protein specific for
long chain fatty acids)®] Ed®o]7} ofol} W4
S 2 7H5Ae AW o5 FelAd HAAE
inhA & Edolrt otojut AT ol )
Roz EIHAYY. & AFdAME inhd ER
o] n]&o] 187%=* South AfricaclA £&¥
o2 A%a Kiepiela® ZAIHA4%)T BT tha
Flg=g
T & olo]ut uiAdBHE A= alkylhydro-
peroxidase(AhpC)E =¥ ghpCoitt. AhpC €Y
Holo] WA 71Fe ghd3] wheElA dAE EA
ot promoterd] E@HolE o] 49 HAAIE
el KatG 84§ B8] & 7
o7 AzHm Yo’ B dAFo|ME ofojut A
T FolAM ahpC EdWolE 3%o EFsH o
Kiepiela®] A7(13%)" ®r} wgkth. 123 Kie-
piela®l Aol UeEbd katG} ahpC EA B
HolyE B diddMe wHHA it EE
T35 KatG 84¢ 7HA5 9l
% ahpC €99 #59 KatG €43 4
A BAE gl Aoz HAd E AFdA
Augion WA & glooy Ramaswamy
Aol e fugd, iniC, Rvls92c %9 9%
oo 93t ololu} WAFE & 5 ATy
BoAdFe A AR 3 AFUNoRE g
oA WA e 929%01d-E, ofolut Ao 83%

o,

rir

’

oo

=]

FE8a, ole &%
]

f_&

l

2 o

SETES

SANGEY 4R BAL TbsA HFEE 4%
HAAME A4S APA4S B B4 As
4EES B4 NPT FAO gAY At
g z7lo) AW & U s, 27 2w 4
de x&HE FYNY & Ut

TR

rpoB, katG, inhA, ahpC 59 Ed9 5}
F ¥ probed FA}AL, F 0279 WAEE
Ao FFEAAHNE FugEHo R
At AEE AEskh

# 3}

264709 2lgual AT FAM SerB3lLeuEAW
o7} 46%E 2FAEH AL, codon 526 oA 32%9
#FolA EAHOE BAPOM, codon 516904+
10%9] w7F EAME VERCh 469709 ofeu}
WAHE FolME 64%7F katG A2 Ser315Thr
EddolE JEhA N, 19%Y & inhA A4}
promoter EQWolE 7R Agled, apCHA
A EQ¥ole 3% EHtHt Q'%'T’Lﬂmit”ﬂ]
o3 HEEL ololut AT F 80%0]ol

o, ZE JATEANNE 2% e HEd —’F
A

ofelu} E= A Wil #¥E fdR
R \

O
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