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Summary

One of the effective strategies to decrease incidence of tuberculosis (TB) is to find out
patients as soon as possible. Therefore, the patients can be treated appropriately and avoid to
transmit to other people. Regarding multi-drug resistant (MDR) TB patients, they need longer
period of treatment and easily acquire extra drug resistance if they do not get correct regimen.
Base on our preliminary study, of the 242 MDR Mycobacterium tuberculosis isolates, only
78.5% can be rapidly identified using the GenoType MTBDRplus commercial kit. Additional
13.5% of the MDR isolates can be detected by sequencing drug resistance associated genes,
including the rpoB core-region, katG, inhA, inhAr, and oxyR-ahpC genes. The mechanisms of
isoniazid (INH) resistant are more complicated than that of rifimpin (RMP) resistance. The
INH-associated gene mutations till not yet completely identified. In order to improve the
detection rate of MDR M. tuberculosis isolates using DNA sequencing, we focus on
identification of novel INH resistant-associated genes including the furA, ndh, kasA, mabA,
efpA, Rv0340, iniB, iniA, and iniC genes. In this study, we analyzed 57 INH-resistant isolates
without mutations in the katG, inhA, inhA regulatory region, and oxyR-ahpC genes. The
results showed that 14 mutations among 8 new sequenced INH resistant-associated genes
(mabA, kasA, ndh, furA, iniB, iniA, iniC, and efpA) in 33.3% (19/57) of the INH-resistant
isolates. Besides the 12-bp deletion of codon 222 in the iniB gene, we identified 13 novel
mutations that were associated with INH resistance. While, 18 INH-susceptible isolates do not
harbored any mutations in those 8 genes sequenced.



|. Purpose

The objective of this study is to identify new mutations of the INH resistant-associated
genes to inctease the detection rate of INH-resistant isolates using the DNA sequencing
method without waiting for results of time-consuming conventional drug susceptibility testing
(DST). Therefore, prompt and proper treatment MDR TB patients can improve the treatment

outcome.
I1. Methods

Mycobacterium tuberculosis isolates. We received M. tuberculosis isolates from clinical
mycobacteriology laboratories in Taiwan. One isolates was selected from individual TB case.
In this study, 57 MDR M. tuberculosis isolates which were INH resistant confirmed by DST
but harboring no mutation on the katG, inhA, inhA regulatory region, and oxyR-ahpC genes
were selected to be sequenced. In addition, 18 INH-susceptible isolates were analyzed
concordantly as a control.

Drug susceptibility testing. The agar proportion method on either Middlebrook 7H10 or 7H9
(Creative Microbiologicals or Sancordon, Taiwan), and BACTEC™ MGIT™ 960 SIRE Kits
(Becton Dickinson Diagnostic Systems, Sparks, MD) with a liquid culture system were used.
The critical first-line drug concentrations for the agar proportion method on 7H10 were 0.2
pg/ml and 1.0 pug/ml for INH, 1.0 pg/ml for RMP. Growth on the control medium was
compared to growth on the drug-containing medium to determine susceptibility. The tests
were validated by comparison to the susceptibility of M. tuberculosis H37Rv included in the
same DST. MDR was defined as M. tuberculosisisolates resistant to at least INH and RMP.

Routine INH-resistant associated gene sequencing. Primer sets were used to analyze the
variation at the katG, inhA, inhA regulatory region, and oxyR-ahpC genes and sizes of the
PCR products were listed in Tablel. The PCR reactions were performed as follows: 33 cycles
at 95°C for 1 min; annealing at 55°C (katG) or 60°C (inhA and inhA regulatory region) for 1
min; and elongation at 72°C for 1 min. Thereafter, the PCR products were analyzed with an
ABI Veriti automated sequencer (Applied Biosystems, USA), and the sequence data were

assembled and edited using the Sequencher 4.7 Demo software.

Novel INH-resistant associated gene segquencing. Primer sets were used to analyze the
variation at the furA, ndh, kasA, mabA, efpA, Rv0340, iniB, iniA, and iniC genes and sizes of
the PCR products were listed in Table 2. The PCR reactions were performed as follows: 30
cycles at 95°C for 30 sec; annealing at 62°C for 30 sec; and elongation at 72°C for 1 min.

Thereafter, the PCR products were analyzed with an ABI Veriti automated sequencer



(Applied Biosystems, USA), and the sequence data were assembled and edited using the

Sequencher 4.7 Demo software.

I1l. Results

Gene sequencing analysis

The INH-resistant associated mutations identified in this study were list in Table 3 and
Table 4. We identified 14 mutations among 8 additional INH resistant-associated genes
(mabA, kasA, ndh, furA, iniB, iniA, iniC, and efpA) in 33.3% (19/57) of the INH-resistant
isolates that did not harbored any mutations in the katG, inhA, inhA regulatory region, and
oxyR-ahpC genes. Besides the 12-bp deletion of codon 222 in the iniB gene, we identified 13

novel mutations that were associated with INH resistance.

V. Discussion

Based on the sequence analyses of the new INH resistant-associated genes, we found 14
mutation sites in the INH-associated genes in 33.3% (19/57) of the INH-resistant isolates with
no mutations in the katG, inhA, inhA regulatory region, and oxyR-ahpC genes. These results
can be applied in a high throughput system to detect these mutation sites simultaneously. In
this study, the results showed that using additional mutations that associated with the INH
resistant-associated genes will be helpful in identifying MDR M. tuberculosis isolates without
waiting for time-consuming conventional DST results. In addition, a rapid molecular

diagnosis kit can be as developed with an improved sensitivity.
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VIIl. Tables

Table 1. Primer sequences used to analyze the variation at the katG inhA, inhA regulatory

region, and oxyR-ahpC genes

Gene Primer name Primer sequence Size (bp)
katG katG-F 5'-GTC ACA CTT TCG GTA AGA C-3' 658
katG-R 5'-TTG TCG CTA CCA CGG AAC G-3'
inhA inhA 1713-F 5'-CCG AGG ATG CGA GCT ATA TC-3' 543
inhA 1713-R 5'-GGC TCG GGT CGA AGT CCA TG-3'
inhA 2194-F 5'-AGG CGC TGC TGC CGA TCA TG-3' 456
inhA 2194-R 5'-CCG AAC GAC AGC AGC AGG AC-3'
inhA regulatory inhA locus-F 5'-AAT TGC GCG GTC AGT TCC AC-3’ 453
region
inhA locus-R 5'-GTC GGT GAC GTC ACA TTC GA-3’
oxyR-ahpC ahpC-F 5'-GCT TGA TGT CGG AGA GCA TCG-3' 701

ahpC-R

5'-GGTCGC GTA GGC AGT GCC CC-3'




Table 2. Primer sequences used to analyze the variation at the furA, ndh, kasA, mabA, efpA,
Rv0340, iniB, iniA, and iniC genes

Gene Primer name  Primer sequence Size (bp)

furA furA-F 5'-CTCATCGGAACATACGAAGGCT-3' 700
furA-R 5-ATTTCATATGACCCACGACGGGAC-3'

ndh ndh-1F 5'-GCACGCTGTGGTGTGGCTGATGAC-3' 906
ndh-1R 5'-CGGAGTCCTTGACGGTGATGCCGT-3'
ndh-2F 5'-CCGGCACATCGACTCGACCAA-3' 888
ndh-2R 5'-GCATTCACCGACGCCATCGACG-3'

kasA kasA-1F 5'-GGTGACGTTGTCGCCTACATCC-3' 884
kasA-1R 5'-CGTCTCGATGAGCATCAGCGCA-3'
kasA-2F 5'-CGTCAGATCGTGATGGGCGAC-3' 854
kasA-2R 5'-GCGATGCCGGTGACGACTACGTA-3'

mabA mabA-1F 5'-GCAATTGCGCGGTCAGTTCCA-3' 674
mabA-1R 5'-CGACCGAATTTGTTGCGCTGC-3'
mabA-2F 5'-GCTGTTTGGCGTCGAATGTGAC-3' 685
mabA-2R 5'-TACCCGTGCGATGTGAAACGCGAT-3'

efpA efpA-1F 5'-AACAGACGTTGCGGGCCACCCT-3' 1019
efpA-1R 5'-CGCTCCACGATGACAAACGCGAC-3'
efpA-2F 5'-GCCTTCTCGATCGGTCCTGAA-3' 952
efpA-2R 5'-GGTGCGCAAGAACAACTCGGACAT-3'

Rv0340 Rv0340-F 5'-TAATGCGGCCATCCCCTAACG-3' 797
Rv0340-R 5'-ATCGACGCTATGGATTCCGCCT-3'

iniB iniB-1F 5'-GCCGATCCCGATAGGTGTTTGG-3' 981
iniB-1R 5'-GCATAGCAGCGCCGTTCAAGG-3'
iniB-2F 5'-CGCTAGCCAGATCGGTGTCTC-3' 837
iniB-2R 5'-GCTCGTTTACGCCTCAGATCACG-3'

INiA iniA-1F 5-TCGGTGTTTGACGTCGGTCACGAG-3' 891
iniA-1R 5'-CAGATGTGCTGCATTGGCATTGAC-3'
iniA-2F 5'-CGATGCCGTCTTGGTGGTCAG-3' 800
iniA-2R 5'-CGAAGTCGGTGCCCATGACGTG-3'
iniA-3F 5'-TGTGACCCGACTGCGCATTGG-3' 835
iniA-3R 5'-CGGTCCAGCTGGCAAAAAACGTCG-3'

iniC iniC-1F 5'-CGGAAACCGAGCGGGACAATCG-3' 890
iniC-1R1 5'-TCAGCGCAAGAAGTCCGGATACC-3'
iniC-2F 5'-CTCAAACAGATCGGTGGGCTGGT-3' 1009
iniC-2R 5'-GCTCGAAAACATGTTCCACCCGGT-3'




Table 3. Mutations identified in novel INH-resistant associated genes, mabA, kasA, ndh, and furA genes

mabA kasA ndh furA
katG
inhA, inhAr, DST result codon 74 codon 253 codon 68 codon 40 codon 40 codon 61 codon 122
OxyR-anpC Ala—Thr His—Tyr lle—>Thr Thr—Pro Thr—Ala Asp—His Asp—Lys
mutation 1 1 5 1 1 1 1
R* 57
wild type 56 56 52 56 56 56 56
wild type
mutation 0 0 0 0 0 0 0
S* 18
wild type 18 18 18 18 18 18 18

*: R, resistant; S, susceptible



Table 4. Mutations identified in novel INH-resistant associated genes, iniB, iniA, iniC, and efpA genes

iniB iniA iniC efpA
katG
codon
inhA, inhAr, DST result codon 222 L64-175 codon 19 codon 84 codon 634 codon 476 codon 47
oxyR-ahpC
12-bp del 48-bp del Lys—Asn Ser—Arg Arg—Pro Arg—Cys Pro—His
mutation 2 1 1 5 1 1 1
R* 57
wild type 55 56 56 52 56 56 56
wild type
mutation 0 0 0 0 0 0 0
S* 18
wild type 18 18 18 18 18 18 18

*: R, resistant; S, susceptible



