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Evaluation of katG Codon 315 Mutations Among Iso-
niazid Sensitive and Resistant Mycobacterium tuber-
culosis Isolates from Thailand
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Abstract
Nine isoniazid (INH)-susceptible and 11 INH-resistant Mycobacterium tuberculosis clini-
cal isolates were analyzed for katG codon 315 mutations by polymerase chain reaction (PCR) assay
using primers MYC-32 and MYC-33, followed by restriction fragment length polymorphism. After
Acil digestion of PCR products, all 9 INH-susceptible isolates and S out of 11 (45%) INH-resistant
isolates showed 0.12 kb band, which was previously reported to indicate wild type, whereas, 6 of
11 (55%) INH-resistant isolates lacked this band.
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Tuberculosis is one of the leading causes
of death in humans worldwide. Although Mycobac-
terium tuberculosis, an acid-fast bacillus was recog-
nized as the causative agent more than one century
ago(1), the disease remains a major health threat.
Recent data has shown that many new cases are
infections with bacilli resistant to at least one first-

line drug(2). In Thailand, isoniazid (INH), a syn-
thetic, bactericidal agent is used as a first-line drug
against tuberculosis(3). The rate of primary resis-
tance to INH was 22 per cent in 1992(4). Approxi-
mately 50 per cent of INH resistances are linked to
mutations at a single genetic locus such as codon
315 of the catalase-peroxidase gene (katG), inhA,
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Fig. 1. ™he katG PCR amplification product (above). Given below are the expected Acil restriction fragment

sizes from wild-type (w.t.) products and those with codon 315 mutations (mut.) affecting the over-

lapping Acil restriction site.

ahpC and kasA(5.9), KarG substitution is the most
frequent mutation found in INH-resistant isolates(7-
10) and has lead to a high level of resistance to INH
at the concentration of 1 pg/ml or higher(5,6). We
conducted this study to determine the frequency of
katG mutation in INH-susceptible and INH-resistant
M. twberculosis isolates from Thailand.

MATERIAL AND METHOD
Mycobacterial isolates

Nine INH-susceptible and 11 resistant M.
tuberculosis clinical isolates were obtained from the
Tuberculosis Division, Bangkok, Thailand during
June-July 1999. Mycobacterial species were identi-
fied by biochemical and conventional methods. Drug-
susceptibility testing was done by the proportional
method(11). All INH-resistant isolates were resis-
tant to INH at a concentration of at least 0.2 ug/mL.

DNA extraction

A loop-full isolate, grown on Loewenstein-
Jensen media, was dispensed in 10mM Tris-HCl
pH 7.5 and 1 per cent Triton-X. SO pl lysis buffer
(Amplicor PCR Diagnostics, Roche Diagnostic
System, Branchburg, NJ) was added. After incuba-
ting at 60°C for 45 minutes, 50 pl neutralizing solu-
tion (Amplicor PCR Diagnostics, Roche Diagnostic
Systems, Branchburg, NJ) was added. The DNA was
stored at -20°C until used.

Polymerase Chain Reaction (PCR)

The primers MYC-32 (5"-TGG AGC AGA
TGG GCT TGG-3’) and MYC-33 (5-CAG TGG
CCA GCA TCG TCG-3") were constructed to

asymmetrically encompass codon 315 (AGC) with
its overlapping Acil restriction enzyme site (GCGG)
as described previously(12). Further Acil sites were
located 117 bp and 162 bp downstream (Fig. 1).
These sites served the purpose of internal controls
for the subsequent Acil digestion because they
yielded invariant digestion products of 45 bp and
34 bp for both wild-type and mutant genotypes. In
addition to these, the wild-type sequence will give
two more products of 68 bp and 117 bp, whereas,
the INH resistant genotype with a codon 315 sub-
stitution affecting the first Acil site will result in an
undigested product of 185 bp. The PCR reactions
were done by using a “hot start” technique in which
3 ul of the DNA eluate with 36.5 pl water were
denatured at 96 C for 2 minutes after the addition
of 2 pul each of 50 uM solutions of the primers, 1.5
ul of 50 mM MgCl,, 1 pl dimethyl sulfoxideo and
two drops of mineral oil. After cooling to 85 C, 6
ul of a freshly prepared mixture of 5 pul buffer (100
mM Tris-HCI, pH 8.3, 500 mM KCI), 0.5 pl of
ANTP-mix (25 mM each) and 0.5 ul (5 w/ul) of Tag
DNA polymerase was added.

Restriction Endonuclease Digestion

For each amplification 8 ul of the PCR
reaction, 8 pl water, 2 pl of digestion buffer (Nr. 3;
New England Biolabs, Beverly, MA) and 2 pl (5w/
pl) of Acil (New England Biolabs, Beverly, MA)
were incubated at 37°C for 90 minutes. Restriction
products were visualized in a 3 per cent agarose gel
containing 0.2 pg/ml ethidium bromide. The best
diagnostic aid is the absence of a 117 bp band in
mutated sequences, which is independent of possi-
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Table 1. Characterization of Mycobacterium tuberculosis.
No. INH Other katG
Susceptibility Resistances* Genotype by
(by Culture) (by Culture) PCR-RFLP
1 res - w.t,
2 res - mut.
3 res - mut.
4 res - w.t.
5 res - w.t.
6 res - mut.
7 res - mut.
8 sens R w.t.
9 sens R w.t,
10 sens R w.t.
11 sens R w.t.
12 sens R w.t.
13 sens R w.t.
14 sens R w.t.
15 sens R w.t,
16 sens R w.t.
17 res RS.E w.t.
18 res R.,S.E mut.
19 res R,S.E mut.
20 res RSE w.t.

* Resistances to rifampicin (R), streptomycin (S), and ethambutol (E) were tested.
Abbreviations : res., resistant; sens., sensitive; mut., mutation; w.t., wild type.

ble partial digestion products at 185 bp and which
separates well from smaller digestion products, even
in an agarose gel(12).

RESULTS

0.12 kb band, which indicates wild type
karG, was found in all 9 INH-susceptible isolates
and in 5 of the 11 (45%) of INH-resistant compared
to 6 of 11 (55%) INH-resistant M. tuberculosis iso-
lates in lane 2, 3, 6, 7, 18, and 19 (Table 1, Fig. 2)
(RR=2.8, p=0.01).

DISCUSSION

Failure to recognize (multi-) drug resis-
tance is a major threat not only for the affected
patients, but also for their contacts. While the result
of susceptibility testing using conventional, culture-
based techniques may take several weeks before the
results are available. Furthermore, patients may
transmit the disease to others. Detection of muta-
tions associated to drug resistance may offer an
alternative. However, techniques such as DNA
sequencing or single strand conformation analysis
may not be feasible in many diagnostic laboratories.
We used a relatively simple approach to detect

mutation in codon 315 of the katG gene, associated
with INH resistance. This RFLP-based technique
requires little more than a PCR machine and a mini-
gel chamber. It proved easy to perform and gave
results within one working day.

In our study, this technique identified katG
mutation in 55 per cent of INH-resistant isolates
and none of the INH-susceptible isolates. This find-
ing was within the range previously reported (Table
2). Correctly providing the result in a very short
time, this technique could be used to identify INH
resistance in clinical specimens. However, this
technique identifies approximately half of the INH
resistant isolates when time is critical for early diag-
nosis and treatment of (multi-) drug resistance. It
may also be valuable for epidemiologic surveys in
the absence of the possibility to culture mycobacte-
ria as well as for sentinel studies aiming to quickly
detect possible changes in resistance situations.
Nonetheless, there is still need for conventional
culture-based susceptibility test to further identify
the rest of the INH resistant isolates.

In conclusion, our study provided proof of
validity of PCR-based assay to identify INH resis-
tant M. tuberculosis isolates from Thailand. Although
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Fig. 2.  Acil restriction products of katG PCR products of INH-sensitive and INH-resistant M. tuberculosis
from clinical isolates. The absence of a 0.12 kb digestion product is indicative of INH resistance
(see discussion). M: DNA size marker with bands at 100 bp intervals starting at 100 bp.

Table 2. Previous studies of katG mutations in isoniazid-resistant strains of
Mycobacterium tuberculosis.

Authors Year Countries % Results
Musser JM, et al(6) 1996 Various countries 55 (47 of 85)
Haas WH, et al(8) 1997 South Africa 68 (59 of 87)
Dobner P, et al(10) 1997 Germany, Sierra Leone 54 (27 of 50)
Rinder H, et al(12) 1999 Germany, Italy, France 50 (50f10)
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