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Table 1 Oligonucleotides used for PCR amplification and sequencing

Drugs Target gene Sequence of primers for PCR reference
RFP rpoB 5-CGACCACTTCGGCAACCG-3 Kim, et al (5)
5-TCGATCGGGCACATCCGG-3
INH katG 5-TTTCGGCGCATGGCCATGA-3 Haas.et al (6)
5-ACAGCCACCGAGCACGAC-3
inhA-1 5-GCTGAGTCACACCGACAAACGS Fang, et al (7)
5-CCAGGACTGAACGGGATACGA-3
inhA-2 5-GCAAAACGAGGAGCACCTGGC-3 Fang. et al (7)
5-AATACGCCGAGATGTGGATGC-3
ahpC 5-CTTGCGGCACTGCTGAACCAC-3 Fang, et al (7)
5-ACAGGTCACCGCCGATGAGAG-3
SM rpsL 5-GGTAGATGCCAACCATCC-3 Katsukawaet al (8)
5-GACCAACGGACGCTTGGG-3
rrs 5-GGTCCGGGTTCTCTCGGATTT-3 Katsukawa, et al (8)
5-ACATGCTCCGCCGCTTGTGC-3
EMB embB 5-GGGCGGGGCTCAATTGCC-3 Mokrousov, et al (9)

D
5-GCGCATCCACAGACTGGCGTC -3

LTH L7z, $A R 88 X ORARO MU
F T P3 ik N TIro 7.
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LoHUIZEy b AXZ ML SR Y THHEDO A A
L, MICfiZ7a X 3y 2 MTB-I {: (i 4o
#) T L7

MGIT #:4&, MGIT ARSI LW &,
INH (0.lug 'mL) , RFP (lug/mL), SM (0.8ug/
mL). EMB (35ug mL) % Z L ZH ORI
L7 MGIT Bl efii L, e Ahzevwa s b
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(AT DPAR DYl K R (VR BYAN
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R L7754 <—="""%F\ PCRIETHEIEL,
Montage PCR Centrifugal Filter Device (Milli-
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(Applied Biosystems #t) % H \», Dye Termina-
tor IECHA I Ny —7 TV AR To .
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Fig.2 Association between MIC to rifampicin and amino acid mutation in rpoB gene
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Fig.3 Association between MIC to isoniazid and amino acid or nucleic acid mutation

in katG.inhA. or aphC gene.

No. I to 5 are INH resistant strains which have multilocus gene mutations.
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Fig. 4 Association between MIC to isoniazid and mutation at regulatory region of
ahpC gene
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Fig. 5 Association between MIC to streptomycin and amino acid mutation in rpsL
gene or nucleic acid mutation in rrs gene
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Fig. 6 Association between MIC to ethambutol and amino acid mutation in embB

gene
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Use of Real-Time PCR and Fluorimetry for Rapid

Anti-drug Pattern of Drug-resistant Mycobacterium tuberculosis and Analysis of
Mutation in Drug-target Genes

Jun MUKAIGAWA, Miyoko ENDOH, Yoshitoki YANAGAWA & Satoshi MOROZUMI
Department of Microbiology, Tokyo Metropolitan Institute of Public Health

The antimycobacterial susceptibility test was performed and minimal inhibitory concentration
(MIC) to drugs was determined in 98 strains of Mycobacteium tuberculosis (MTB) isolated in Tokyo
from 2000 to 2003, to find which were resistant to any of the four main anti-MTB drugs. isoniazid
(INH), rifampicin (RFP), streptomycin (SM), and ethambutol (EMB). 27strains of them were resis-
tant only to SM, and 16 strains were resistant only to INH. 51 strains of them were resistant to not
only INH but also other drugs. 38 strains were resistant to both INH and RFP. 19 strains were resis-
tant to all four drugs, including 7 strains resistant to new quinolon anti-biotics also.

Nucleotide or amino-acid mutations in drug resistant MTB genome were determined by DNA
sequencing method. Mutation of codon 516, 526, or 531 of rpoB gene was detected in 98% of MTBs re-
sistant to RFP. Deletion or insertion of katG gene or nucleotide mutation at regulatory region of ahpC
gene was detected in MTBs highly resistant to INH. Amino acid mutation of katG gene, especially at
codon 315, was detected in MTBs resistant to INH intermediate. Nucleotide mutations at regulatory
region of inhA gene were detected in MTBs resistant to INH at low level. Amino acid mutation at co-
don 43 or 88 of rpsL gene was detected in MTBs highly resistant to SM, and nucleotide mutation at
512, 513, or 516 of rrs gene was detected in MTBs resistant to SM at low level. Amino acid mutation
at codon 306 of embB gene was detected in 87% of MTBs resistant to EMB.
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