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= Abstract =
Detection of Point Mutations in the rpoB Gene Related to Drug Susceptibility
in Mycobacterium Tuberculosis using an Oligonucleotide Chip

Hyun Jung Kim'*, Seong-keun Kim*, Tae Sun Shim*, Yong Doo Park’, Misun Park’

Microarray Center', Advanced Research Center’, Biomedlab Co.,
Institute of Medical and Biological Engineering, Medical Research Center, Seoul National University’,
University of Ulsan, College of Medicine, Asan Medical Center,
Institute for Biomedical Engineering, Swiss Federal Institute of Technology’

Background : The appearance of multiple-drug-resistant Mycobacterium tuberculosis strains has been seri-
ously compromising successful control of tuberculosis. Rifampin-resistance, caused by mutations in the »poB
gene, can be indicative of multiple-drug-resistance, and its detection is of great importance. The present study
aimed to develop an oligonucleotide chip for accurate and convenient screening of drug-resistance.

Methods : In order to detect point mutations in the »poB gene, an oligonucleotide chip was prepared by immo-
bilizing specific probe DNA to a microscopic slide glass by a chemical reaction. The probe DNA that was se-
lected from the 81 bp core region of the rpoB gene was designed to have mutation sites at the center. A total
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of 17 mutant probes related to rifampin-resistance including 8 rifabutin-sensitive mutant probes were used in
this study. For accurate determination, wild type probes were prepared for each mutation position with an
equal length, which enabled a direct comparison of the hybridization intensities between the mutant and wild
type.

Results : Mycobacterial genomic DNA from clinical samples was tested with the oligonucleotide chip and the
results were compared with those of the drug-susceptibility test in addition to sequencing and INNO-LiPA Rif.
TB kit test in some cases. Out of 15 samples, the oligonucleotide chip results of 13 samples showed good agree-
ment with the rifabutin-sensitivity resuits. The two samples with conflicting result also showed a discrepancy
between the other tests, suggesting such possibilities as existence of mixed strains and difference in drug-sensi-
tivity. Further verification of these samples in addition to more case studies are required before the final evalua-
tion of the oligonucleotide chip can be made.

Conlcusion : An oligonucleotide chip was developed for the detection of 7poB gene mutations related to drug-
susceptibility. The results to date show the potential for using the oligonucleotide chip for accurate and conve-
nient screening of drug-resistance to provide useful information in antituberculosis drug therapy. (Tuberculosis
and Respiratory Diseases 2001, 50 : 29-41)
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Fig. 1. The 157 bp PCR product containing 81
bp core region of rpoB gene amplified
with biotin-TR8, TR9 primers.

M : marker, N : negative control, Num-
ber . clinical isolate No.
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h : His>Gly), 531 codon (Ser>Leu)o.2 HEH
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Fig. 2. The hybridization of target DNA(mt511/531) treated with various concentrations of

DNase I on the oligonucleotide chip.

(a) image of 2% agarose gel electrophoresis:M, marker;lane 1, PCR product;(b) 0U
DNase I (a : lane 2); (c¢) 0.01U DNase I (a:lane 3);(d) 0.1U DNase I (a:lane 4);(e)
1U DNase I (a : lane 5);(f) 5U DNase I (a:lane 6);(g) 10U DNase I (a:lane 7)

x28 9} T3t Alm1de] Bl o3 v B0
g AgsA HEEH Al 507-533 codonof|A]
HAs e BE FEAROE 958 £ URE 19T
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Aol g Alade] zojg Qo] 458 By A
gs] M 5 AATH EE FHEA FFA7E
x| gtate] vlugo M o HEsHA AT 5 9l

I3 39 (e)E d2 W mtb3l ZT2H e} o]d) A
$3h= wt Z2EQ F79] Ald A7| & v|as) &
o] wt Al2do], 18|13 mt516a E 2 H 9} AL-3l=
wt 2232l F3e] Al1de] ¥ 7}élm = 531, 516
Ao = EARo7t flEo sAsit. FdHA
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531 526¢c 516a F7 F6 F3

Fig. 3. Fluorescence images of the oligonucleotide chip hybridized with biotin-labeled PCR
products:F3, F6, F7, wild type probes; 516a, 526c, 531, mutant probes:mutant-wt
probe comparison pairs;516a-F3, 526¢-F6, 531-F7.

(a) #2(mt531), (b) #(mt526), (c) #9(mt516a), (d) #12(mt531), (e) #27

(mt526¢).

mt526c2} I wt F69 Al1de wims] By
mt526ce] Ao B ZF3luz 526c Bl S
& Ao Ze oz (a)9 (b)e 7 531,
526c EAWolZ 9]¢ 4 1o} wt F39} mt516a
Alrdo] 25 oFgt Aoz B o 516 codon H-oj
516a7} opd Th& EQR0)7} AU Ao o 2H)

AellA AAIG gelarEeE= Joz 1579
A BelHE S48 v 2 11 ¥ onjx)E vl
gl M3 Hal, #9+= YuEYeEs Yoz
+ mt 516a2 RIB 74 Eadz wg=gon)
RIB 4 A¥A 4oz Yeht zlo]& B

a2y g7] ME £4 do 94 516a Bddolz
B 516a Edole] RIB A9 sl
= AE OE Bt dxEHe] gleng Y dapt &
Y Aoz 95l oJ¥uh. L. B. Heifetsol] o3}
® 511(Leu>Pro), 516a(Asp>Val), 516b(Asp
>Tyr), 522(Ser>Leu) o] EdWHo|& Zh= o
RIB MIC7} 0.5 pg/mlg @& YA FFoz 25
sojo gt BIEHJTHE &, 516 codone] 2]3t
RIB #4448 2 ool wel o $ tekslr] o=
B EGHe] EA) ol B3 HE Ao} o4 7
T4 AT (MIC) 7} A meigoiol shbn A zg
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(@) (b) (c) (d (e)

(f) (g)

(h) v

(M

Fig. 4. Fluorescence images of the oligonucleotide chip hybridized with biotin-labeled PCR prod-
ucts. (a) #22(mt516¢), (b) #24(mt526/mt526e), (c¢) $#30(mt531), (d) #36
(mt516b), (e) #48(mt526f), (f) #82(mt531/mt516¢c) (g) #87(mt531/mt516¢c) (h) #
90(mt516c/mt526d) (i) #91(mt531) (j) #94(mt511/mt531).

t}. 22ju} 526 codondl A FEE = E9Rel= His
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Fig. 5. The format of oligonucleotide chip used in Fig. 4

A block : RIF-resistant probes
B block : RIB-resistant probes

Wild type probes are placed right above the corresponding mutant probe groups for accu-
rate comparison; F1-F6, wild type probes; a-q, mutant probes.

a:mtb5I11 b:mt513 c.mtb518
g .-mt526b h:mt526c i:mt531
m:mt526d n:mtb526e 0 . mt 526f

HAY F 7R o4 EaAe gadel Ae] Wy
Aol BE MR 8 37 EAMsHL AE 5
fsleng geEunSdEs YA Pyt 2
7Festgct. 9714980 INNO-LiPA Rif. TB
kit 5o WHg o438 Sde] Wy ZAxe} RIB
A d9EaE FYela) dsie o, 2Ty
FHLEE F 4943} 713 AHAe) ok Al
At 2eHog ¥ AT AARRE 7GR
°Ju} INNO-LiPA Rif. TB kit % 7]&¢] Eao]
W Yoz B8 P57 okel RIF YA 2
RIB Z44¢ ge)anZdoEs 3 ojgsle 3
F, s WD Aol FYHYeH, o
2 @ A%3e Qg $eunIYeEs

d ! mt 521 e . mt 522 f : mt 526a
j . mt516a k:mt516b 1:mt516¢c
p:mt526g q:mt526h

& ol 83l YA oz AN BxoA AP k2
NEE ¢ 5 USE F4Y YHE ATY 5 9l
Aoz Avdd.

2 9

AT

@A Aol rpoB HAA WIMYE BAMo)z
A& YA rifampin(RIF) A& sistegxa
SN Uehke SAge) BAAEN Be A7}
° glom rifabutin(RIB)& o]2j% RIFe] e
Holz odf HEddold el 24 == yye
Holz Aoz Bugm Qe asjme B AT A
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Table 1. Mutations occurring in codons 507 through 533 of the M. tuberculosis rpoB gene

Codon Variant nucleotide (Amino acid change)
510 CAG(GIn) >CAT(His)
511 CTG(Leu)>CCg(Pro), CGG(Arg)
512 AGC(Ser)>ACC(Thr), CGC(Arg)
513 CAA(GIn)>CTA(Leu), AAA(Lys), CCA(Pro)
515 ATG(Met) >ATA(Ile)
516 GAC(Asp) >GTC(Val), TAC(Tyr), GAG(Glu), GGC(Gly)
521 CTG(Leu)>ATG(Mst)
522 TCG(Ser)>TTG(Leu)
526 CAC(His) >TAC(Tyr), GAC(Asp), OGC(Arg), CTC(Lew), 0CC(Pro), CAA(Glu), AAC(Asn), CAG(Gln)
531 TOG(Ser) > TTG(Leu), TGG(Trp), TGT(Cys), CAG(Gin)

Table 2. Sequences of oligonucleotide primers and probes

probe or primer

Sequence

Wild type probes

F1
F2
F3
F4
F5
F6
F7

Rifampin-resistant probes

mt511
mt513
mt516a
mtd16b
mt518
mtb21
mt522
mt526a
mt526b
mt526¢
mt531
mt516¢
mtH26d
mtH26e
mtH26f
mt526g
mt5>26h

¢f) Rifabutin-sensitive probes : “Bold character”

Primers

Bio-TR 8
TR 9

5" Amine-T,,-cagccagctgagccaat 3’
5' Amine-T,,-gctgagecaattcatgg 3’
5’ Amine-T,,-attcatggaccagaaca 3’
5' Amine-T,,-tggaccagaacaacceg 3’
5" Amine-T,~caacccgetgicggggt 3
5" Amine-T,~ggttgacccacaagege 3’
5" Amine-T,,-ccgactgtcggegetgg 3

5" Amine-T,,—cagccagcegagecaat 3’
5’ Amine-T,,~gctgageceattcatgg 3’

5" Amine-T,,-attcatggtccagaaca 3’

5’ Amine-T\,-attcatgtaccagaaca 3’

5’ Amine-T,,-tggaccageacaacceg 3’
5" Amine-T,,~caacccgatgtcggggt 3’
5" Amine-T,,—caaccegctgttggegt 3

5' Amine-T,,~ggttgacctacaagege 3’
5' Amine-T,,~ggttgaccgacaagege 3’
5" Amine-T,,~ggttgacccgcaagege 3’
5" Amine-T\,~ccgactgttggegetgg 3

5 Amine-T,,-attcatggagcagaaca 3’
5 Amine-T,,-ggtigaccaacaagege 3’
5" Amine-T,~ggttgaccgecaagege 3’
5" Amine-T,,~ggttgacctgcaagege 3’
5" Amine-T,,-ggttgacccagaagecge 3’
5" Amine-T,,~ggttgaccggcaagege 3’

5’ biotin-tgcacgtegeggacctee 3’
5 tcgecgegatcaaggagt 3’
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Table 3. Oligonucleotide chip results of clinical isolates and comparison with other test.

Sample # Chip result Sequencing data RIB susceptibility
2 531 - g
3 526 - A
9* 516a 516a gac>gtc WA
12 531 - WA
22 516¢ 517 FrAd
504 gag>gat
550 gtg>atg
24* 526b/526e 509 agc>aga 4.071A] WA, 254
526e cac>gcc
27 526¢ - A
30 531 - 327k WA
36 516b 516b gac>tac A
517
48 526f 517 s
526f cac>tgc
82 531/516¢ 531 teg>ttg WA
87 531/516¢ - Rk
90 516¢/526d 516¢ gac>gag A
517
526d cac>aac
91 531 - A
94 511/531 - A

*Samples with chip result different from RIB susceptibility test.
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