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Development of Oligonucleotide Chip for Detection of
Drug-Resistant Mycobacterium Tuberculosis
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Chulhun L. Chang, M.D.%, Cheolmin Kim, M.D., Ph.D.’
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Background : The resurgence of tuberculosis and the widespread emergence of multidrug-resistant M.
tuberculosis have emphasized the importance of rapid and accurate diagnostic procedures. Recently, the
oligonucleotide chip has proven to be a useful tool in the rapid diagnosis of infectious diseases. The
purpose of this study was to rapidly and accurately detect specific mutations in the rpoB, katG and rpsL
genes associated with rifampin, isoniazid and streptomycin resistance in M. tuberculosis, respectively,
using a single oligonucleotide chip. '

Method : For detection of drug-resistance, 7 wild-type and 13 mutant-type probes for rifampin, 2
wild-type and 3 mutant-type probes for isoniazid, and 2 wild-type and 2 mutant-type probes for
streptomycin  were designed and spotted onto glass slides. Fifty-five cultured samples of M.
tuberculosis were amplified by PCR, and then underwent hybridization and scanning. Direct sequencing
was done to verify the results from the oligonucleotide chip and to analyze the types of mutations.
Result : Thirty-five cases out of 40 rifampin-resistant strains(~83%) had mutations in the rpoB gene.
One case had a new mutation(D516F, GAC R TTC) and another known mutation together. Twenty
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cases out of 42 isoniazid-resistant strains(~50%) had mutations in the katG gene, while 7 cases out of
9 streptomycin-resistant strains(~78%) had mutations in the rpsL gene. From these results, the
oligonucleotide chip was confirmed to be able to detect the most frequent mutations from the genes
associated with rifampin, isoniazid and streptomycin resistance. The results proved that the
drug-resistance detection probes were specific. When the results from the oligonucleotide chip and DNA
sequencing were compared, the types of mutations were exactly matched.

Conclusion : The diagnostic oligonucleotide chip with mutation specific probes for drug resistance is a
very reliable and useful tool for the rapid and accurate diagnosis of drug resistance against rifampin,
isoniazid and streptomycin in M. tuberculosis infections. (Tuberculosis and Respiratory Diseases 2003,
55:41-58)

Key words @ Multi~drug resistance, Mycobacterium tuberculosis, Oligonucleotide chip, Rifampin,
Isoniazid, Streptomycin.
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Table 1. M. tuberculosis used for the detection of drug resistance

No Samplea Resistance b, ¢ No Samplea Resistance b, ¢
RMP INH SM RMP INH SM
1 MTBK-1 R S S 31 MTBK-1 R S S
2 MTBK-1 R R S 32 MTBK-1 R R R
3 MTBK-1 R R S 33 MTBK-1 R R S
4 MTBK-1 R R R K% MTBK-1 R R S
5 MTBK-1 R R S 35 MTBK-1 R R R
6 MTBK-1 R R S 36 MTBK-1 R R S
7 MTBK-1 R R S 37 MTBK-1 R S S
8 MTBK-1 R R S 38 MTBK-1 S R S
9 MTBK-1 R S S 39 MTBK-1 R R R
10 MTBK-1 R R R 40 MTBK-1 S R S
11 MTBK-1 S R S 41 MTBK-1 S S S
12 MTBK-1 R R S 42 MTBK-1 S S S
13 MTBK-1 S R S 43 MTBK-1 R R S
14 MTBK-1 R R S 4 MTBK-1 S S S
15 MTBK-1 R R S 45 MTBK-1 R R S
16 MTBK-1 S R S 46 MTBK-1 S R S
17 MTBK-1 R R S 47 MTBK-1 R R S
18 MTBK-1 R R S 43 MTBK-1 R R S
19 MTBK-1 R R R 49 MTBK-1 S S S
20 MTBK-1 R R S 50 MTBK-1 S S S
21 MTBK-1 R R R 51 MTBK-1 R S S
2 MTBK-1 R R S 52 MTBK-1 R R S
23 MTBK-1 R R R 53 MTBK-1 S S S
24 MTBK-1 S R S 54 MTBK-1 R R S
25 MTBK-1 S R R 5% MTBK-1 R S S
26 MTBK-1 R R S
27 MTBK-1 R R S Total No. of
28 MIBK-1 R R S sensitive strains 12 13 46
29 MTBK-1 S R S Total No. of
0 MTBK-1 R S S resistant strains “ )

a: MTBK, M. tuberculosis isolates from The Korean National Tuberculosis Association ;
MTBM, M. tuberculosis isolates from National Masan Tuberculosis Hospital

b: RMP, rifampin ; INH, isoniazid ; SM, streptomycin

¢ S, Susceptible in susceptibility test by the absolute concentration method
R, Resistant in susceptibility test by the absolute concentration method
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Table 2. Primers and probes used in this study

Drugs Primer and g b Tm GC
(Target gene)  probe name® equence (T) (%)
Rpo 4F 5'- B-TCGCCGCGATCAAGGAGT-3' 5 6l

Rpo 3R 5 B-TGCACGTCGOGGACCTCCA-Y B 6

RMP-WSIIL  5'-Tjs-CAGCCAGCTGAGCCAATTCA-3' 5 67

RMP-M5IIL  5'-Ti-AGCCAGCCGAGCCAA 3" N %

RMP-W513Q 5 Tis-CTGAGCCAATTCATG-3 N 4

RMP-M5I3L 5T CTGAGCCTATTCATGG-3' B 50

RMP-W516D 5 T TTCATGGACCAGAACA 3 1w

RMP-M516V  5'-Ts TTCATGGTCCAGAACA 3 TR

RMP-M56Y 5T ATTCATGTACCAGAACA. 3 0 %

RMP-W522S 5Ty CTGTCGGGGTTGAC 3 3 6

Rifampin ~ RMP-M520L  5-Tis-CTGTTGGGGTTGAC -3 0 5
(RpoB) ~ RMP-W526H 5Ty GTTGACCCACAAGCGCCGA -3 %5 6
RMP-M526Y 5 Tis GGTTGACCTACAAGCGC -3 9 5

RMP-M526D 5 Tis-GGTTGACCGACAAGCGC- 3 26

RMP-M526R  5'-Tis- TTGACCCGCAAGCGC 31 a6

RMP-M526L.  5'-Tis- TTGACCCTCAAGCGC-3' 56

RMP-M526P  5'-Tis-TTGACCCCCAAGCGC -3 a7

RMP-WS31S 5~ Tiy-CGACTGTCGGCGCTG -3 507

RMP-MS3IL 5 Ti5-CGACTGTTGGCGCTG-3 a6
RMP-MS3IW  5'~Tis-CCGACTGTGAGCGCT 3 7 &

RMP-W53L 5~ Ti5-GGCGCTGGGGCCCGRC-3 6 o

RMP M533P 5"~ Ti5-GTCGGCGCCRGOGCCCG-3 IR

Kat IF 5'- B AAGAGCTCGTATGGCACCGG 3 5 60

Kat 4R 5'- B-AGCGCCAGCAGGGCTCTTC. 3 5B 6

Kat 5F 5'- B-GGCGAAGCCGAGATTGCCAG-3 B 6

g KPR 5~ B-CTGCAGGCGGATGCGACCA-3' B 63
(Kare) ~ INHW3I5S  5-Tu ATCACCAGCGGCATC -3 560
INH-M3IST 5T ATCACCACCGGCATC -3 560

INH-M3ISN 5Ty ATCACCAACGGCATC -3 28

INH-W463R ~ 5'-Ti5- CAGATCCGGGCATCG -3 a6

INH-M48L 5Ty CAGATCCTGGCATCG -3 56

SM 1IF 5- B-GATGAGTAAGGTCAAGACCG-3' 52 50

SM IR 5~ B-GTTCTTGACACCCTGCGTAT-3' 52 50
Strepomycin - SM-W43K 5’ T15-TCGGCTTCTTCGGAGT 3’ 6 56
(RpsL)  SM-MA43L 5-T15-TTCGGCTTCCTCGGAGTGG-3' 53 61
SM-W8K  5-TI5-GCAGGTCCTTCACCCG 3 51 69

SM-MSSL 5'-T15-GCAGGTCCCTCACCCG -3 54 75

“ F, forward primer; R, reverse primer; W, wild type. M, mutant type.
Characters following W or M refer to amino acid types encoded by codon at mutation region.

® B, biotin
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Fig. 1. Scheme of the probes layout in oligonucleotide chip.
“W, wild type. M, mutant type.
% Characters following W or M refer to amino acid types encoded by codon at mutation
region,
The oligonucleotide probes are patterned as duplex arrays.
The oligonucleotide sequences noted in table 3.
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Fig. 2. Detection of rifampin resistance of strain No. MTBK-8 by the oligonucleotide chip.
A Hybridization image of rifampin resistance in strain No. MTBK-8 by oligonucleotide chip.
Numbers indicates the oligonucleotide probes in noted in RMP region of Fig. 1.
B: Pixel intensity of rifampin resistance after hybridization in strain No. MTBK-8.
C: Detection of rpoB mutation in strain No. MTBK-8 by sequence analysis Arrows indicate
the nucleotide substitution. This example sequence is obtained using reverse primer, so G

indicated by arrow interpreted C.
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Table 3. Comparison of results determined by oligonucleotide chip and DNA sequencing
methods to determine rifampin susceptibility of M. tuberculosis in cultured samples.

Result fromc Result frome
Gt No R Oligo DNA. Gt No. pb Oligo DNA'
chip sequencing chip sequencing
A 8 R L511P L511P 37 R S531L S531L
17 R D516V D516V 43 R S531L SH31L
21 R D516Y D516Y 52 R S531L SH31L
32 R H526P H526P 11 S WT WT
5 R 1L.533P 1533P 13 S WT WT
18 R H526Y H526Y 16 S WT WT
22 R H526Y H526Y 29 S WT WT
30 R H526Y H526Y 38 S WT WT
47 R H526Y H526Y 40 S WT WT
A4 R H526Y H526Y 42 S WT WT
55 R H526Y H526Y 44 S WT WT
33 R H526D H526D 49 S WT WT
A R H526D H526D 50 S WT WT
3 R S531L S531L 53 S WT WT
4 R S531L S531L B 2 R WT WT
6 R S531L S531L 26 R WwT WT
7 R S531L 553110 39 R WwT WT
9 R S531L S531L 45 R WT WT
10 R SE31L SG31L 48 R WT WT
12 R SG3IL Sh31IL 24 S I511P L511P
14 R S531L S531L 25 S S531L S531L
15 R S531L SH31L 41 S SH31L S531L
19 R SH31L S531L 46 S SE3IW S5E31W
20 R S531L S531L C 1 R Q5137 Q513P
23 R SH31L Sh31L 31 R Q5137 Q513P
27 R S531L S531L 51 R Q5137 Q513P
28 R S531L S531L 36 R D516? D516F
H R SH31L SH31L

% Group; A, Matching of results of three methods; B, Only mismatching of result of susceptibility test; C,
Mismatching of results of three methods P S, Susceptible in susceptibility test by the absolute concentration
method; R, Resistant in susceptibility test by the absolute concentration method © The numbers of correspond
to E. coli RNA polymerase codon alignment; WT, wild type
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Fig. 3. Detection of isoniazid resistance of strain No. MTBK-2 by the oligonucleotide chip.
A’ Hybridization image of isoniazid resistance in strain No. MTBK-2 by oligonucleotide chip.
Numbers indicates the oligonucleotide probes in noted in INH region of Fig. 1.
B: Pixel intensity of isoniazid resistance after hybridization in strain No. MTBK-2.
C: Detection of kat( mutation in strain No. MTBK-2 by sequence analysis Arrows indicate
the nucleotide substitution. This example sequence is obtained using reverse primer, so A

indicated by arrow interpreted T,
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Table 4. Comparison of results determined by oligonucleotide chip and DNA sequencing
methods to determine isoniazid susceptibility of M. tuberculosis in cultured samples

Result fromc Result frome
G' No. R’ Oligo DNA G' No R Oligo DNA
chip sequencing chip sequencing
A1 S WT315, R463L  WT315, R463L |[B 2 R  WT315, R463L WT315, R463L
S WT315, R463L.  WT315, R463L 3 R  WT315, R463L WT315, R463L
37 S WT315, R463L  WT315, R463L 4 R  WT315, R463L WT315, R463L
42 S WT315, R463L.  WT315, R463L 5 R WT315, R463L WT315, R463L
49 S WT315, R463L.  WT315, R463L 13 R WT315, R463L WT315, R463L
50 S WT315, R463L  WT315, R463L 14 R WT315, R463L WT315, R463L
51 S WT315, R463L  WT315, R463L 17 R WT315, R463L WT315, R463L
53 S WT315, R463L  WT315, R463L 19 R WT315, R463L. WT315, R463L
6 R S315T, R463L  S315T, R463L 23 R WT315, R463L WT315, R463L
7 R S315T, R463L  S315T, R463L 26 R WT315, R463L. WT315, R463L
R S315T, R463L  S315T, R463L 27 R WT315, R463L WT315, R463L
10 R S315T, R463L  S315T, R463L 28 R WT315, R463L WT315, R463L
11 R S315T, R463L  S315T, R463L 29 R WT315, R463L WT315, R463L
15 R S315T, R463L  S315T, R463L 38 R WT315, R463L  WT315, R463L
18 R S315T, R463L  S315T, R463L 39 R WT315, R463L WT315, R463L
20 R S315T, R463L  S315T, R463L 45 R WT315, R463L WT315, R463L
21 R S315T, R463L  S315T, R463L 46 R WT315, R463L.  WT315, R463L
22 R S315T, R463L  S315T, R463L 48 R WT315, R463L WT315, R463L
24 R $315T, R463L.  S315T, R463L 52 R WT315, R463L WT315, R463L
32 R S315T, R463L  S315T, R463L 12 R WT WT
33 R S315T, R463L  S315T, R463L 16 R WT WT
34 R S315T, R463L  S315T, R463L 25 R WT WT
35 R S315T, R463L  S315T, R463L 30 S S315T. R463L  S315T, R463L
36 R $315T, R463L  S315T, R463L 31 S S315T, R463L  S315T, R463L
40 R S315T, R463L  S315T, R463L 41 S S315T, R463L  S315T, R463L
47 R S315T, R463L  S315T, R463L 44 S S315T, R463L  S315T, R463L
54 R S315T, R463L  S315T, R463L 55 S S315T. R463L  S315T, R463L
43 R S315T, R463L  S315T, R463L

% Group; A, Matching of results of three methods; B, Only mismatching of result of susceptibility test bg,
Susceptible in susceptibility test by the absolute concentration method: R, Resistant in susceptibility test by the
absolute concentration method © The numbers of correspond to F. coli RNA polymerase codon alignment; WT,
wild type; -, not determined
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Fig. 4. Detection of streptomycin resistance of strain No. MTBK-4 by the oligonucleotide chip.
A: Hybridization image of streptomycin resistance in strain No. MTBK-4 by oligonucleotide

chip. Numbers indicates the oligonucleotide probes in noted in SM region of Fig. 1.

B: Pixel intensity of streptomycin resistance after hybridization in strain No. MTBK-4.
C: Detection of rpsL mutation in strain No. MTBK-4 by sequence analysis Arrows indicate
the nucleotide substitution. This example sequence is obtained using reverse primer, so C

indicated by arrow interpreted G.
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Table 5. Comparison of results determined by oligonucleotide chip and DNA sequencing
methods to determine streptomycin susceptibility of M. tuberculosis in cultured

samples.
Result fromc Result fromc
G No. R Oligo DNA G No. R Oligo DNA
chip sequencing chip sequencing

A 4 K43R K43R 28 WwWT wWT
19 K43R K43R 29 WT WT
21 K43R K43R 30 WT WT
23 K43R K43R 31 WT WT
3B K43R K43R 33 WT WT
39 K43R K43R A WT WT
10 K88R K&8R 36 WT WT
1 WwWT WT 37 WT WT
2 WwT WT 38 WT WT
3 WT WT 40 WT WT
5 WT WT 41 WT WT
6 WT WT 42 WT wWT
7 WT WT 43 WT WT
8 WT WT 44 WT WT
9 WT WT 45 WT wWT
11 WT WT 48 WwWT WT
12 WT WT 49 WT WT
13 WT WT 50 WT wWT
14 WT WwWT 51 WT WT
15 WT WT 53 wT WT
16 WT WT 54 WT WT
17 WT WT B 25 WT WT
18 WT WT 32 WT WT
20 wT WT C 52 K43R WT
22 wWT wT 55 K43R WT
24 WT WT 46 ND WT
26 WT WT 47 ND WT

27 WT WT

% Group; A, Matching of results of three methods; B, Only mismatching of result of susceptibility
test; C, Mismatching of results of three methods b S, Susceptible in susceptibility test by the
absolute concentration method; R, Resistant in susceptibility test by the absolute concentration
method & The numbers of correspond to E. coli RNA polymerase codon alignment; WT, wild type;
-, not determined; ND, not detected
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Fig. 5. Detection of drug resistance in strain No. MTBK-35 by the single oligonucleotide chip.
A: Hybridization image of drug resistance in strain No. MTBK-35 by oligonucleotide chip.
B: Pixel intensity of rifampin resistance after hybridization in strain No. MTBK-35
C: Pixel intensity of isoniazid resistance after hybridization in strain No. MTBK-35
Dt Pixel intensity of streptomycin resistance after hybridization in strain No. MTBK-35
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