= H
s Te), Pt rdista ol shofet izbehaa AL £ E 1, *owﬂrﬂvﬁ ol zheja} vl Eetaa
- 1 =

- 1t
1 o= 1 =1 = a40]! A=l 1 = o| =2 2 3
s, Sal, e BaR olas, A Berl| 1AF AOR, maRl, us

Detection of embB Gene Mutation of Mycobacterium  tuberculosis
by Reverse Hybridization Assay
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'Korean Institute of Tuberculosis, Seoul, Korea, “Division o Pulmonary and Critical Care Medicine, Department of Medicine,
Samsung Medical Center, Sungkyunkwan University School of Medicine, Seoul, ’Department of Microbiology, Yonsei University
College of Medicine, Seoul, Korea

Background : Ethambutol (EMB) is one of important first-line drug in the treatment of tuberculosis. Molecular
techniques to detect embB gene mutations have been considered as an method to define the EMB resistance. We
investigated the mutation rate within embB gene among EMB resistant strains using reverse hybridization
techniques.

Methods : We made 11 probes that had wild or mutated sequences containing codons 306, 406, or 497 within embB
gene respectively. These probes were reverse—hybridized with PCR products amplified from embB gene which were
isolated from 149 ethambutol resistant strains and 50 pan-susceptible strains.

Results : Out of 149 ethambutol resistant strains, one hundred (67.1%) had mutation at least one base at codon
306, 406, or 497 in embB gene. Mutation at codon 306, 406, 497 were demonstrated in 75 (50.3%), 16 (10.7%), and
13 strains (8.7%) respectively. There were four strains that showed multi-mutation at codon 306 and codon 406
simultaneously. A high proportion (8.1%) had single mutation at codon 406. There was no mutation observed in
embB gene among 50 pan-susceptible strains.

Conclusion : Reverse hybridization will be useful technique for detection of gene mutation correlated to ethambutol
resistance. (Tuberc Respir Dis 2006 58:129-134)
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Table 1. primers and probes for detection of mutation in embB gene.
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Primers or probes Oligonucleotides

Remark

embB forward primer 1 (EF1) 5 agetectoctcaggocegtte 3
embB reverse primer 1 (ER1) 5 cagactggegtegetgacat 3
embB forward primer 2 (EF2) 5 agtgtgctgactgctgetgt 3
embB reverse primer 2 (ER2) 5" cagtgtgaatgcggeggtaa 3
embB forward primer 3 (EF3) 5' ttaccgoegeattcacactg 3'
embB reverse primer 3 (ER3) 5" accctggtggcttccaacac 3'
Probes from embB, EW10 5" tectgggeatgggecgagt 3'
EM11 5’ tectgggectgggeegagt 3
EM12 5’ tectgggegtgggecgagt 3
EM13 5" tcctgggeataggecgagt 3
EW20 5" ccggagggceatcategegete 3
EM21 5" ccggaggcecatcategegete 3
EM22 5" ccggaggacatcatcgegete 3
EM23 5 ccggagagcatcategegete 3'
EW30 5 gecgaccagaccectgtcaacy 3'
EM31 5" gecgacaagaccetgtcaacg 3'
EM32 5" gecgaccggaccctgtcaacg 3

from codon 250 to codon 256

from codon 342 to codon 349, biotin labeling at 5 end
from codon 359 to codon 365

from codon 436 to codon 442, biotin labeling at 5 end
from codon 436 to codon 442

from codon 502 to codon 508, hiotin labeling at 5 end
wild sequences from codon 304 to codon 310
Point mutation from Met to Leu at codon 306
Point mutation from Met to Val at codon 306
Point mutation from Met to lle at codon 306

wild sequences from codon 404 to codon 410
Point mutation from Gly to Ala at codon 406
Point mutation from Gly to Asp at codon 406
Point mutation from Gly to Ser at codon 406

wild sequences from codon 495 to codon 481
Point mutation from GIn to Lys at codon 497
Point mutation from GIn to Arg at codon 497
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Figure 1. PCR products amplified from 3 sets of primer.
A : size marker 100bp DNA ladder.
B: 200 anplfied by pimer EF/ERT for oodon 306

mutation.

C: 2p anpified by pimer EF2ER2 for ocodon 406
mutation.

D: 217p anvplfied by pimer EF3ER3 for codon 497
mutation.

Tag polymerase buffer 10 ul, 2mM MgCls, 2} primer
20 pM, 2 mM2] 47}4] ANTP, 1 U¢] Taq polymerase
(AP-Biotech, Uppsala, Sweden) % 50-200 ng¢] DNA
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s o viA9; extention W22 72T 1085 A
SEE
Probe EWI10-EM317}4]
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EW20-EM237H4] ZALe primer EF2/ER201] €] 3 4h=
2 250bp oStk 7] 1L probe EW30-EM325 %A}
317] 913k primer EF3/ER3 AHe-2- 217hp o] $AtHFig 1).

oft] FHz EdWe] AES Sl JuggS
Kox 59 WS A4391 = probe5S dTTP
2 tailingdle] Y429 (Amersham Pharmacia Biotech,
Buckinghamshire, England)oll 212217111 cross blotter
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Dassel, Germany)& ©|-&3}o] FhaAAHNS Ak
25 Jugoz WA A Probedt A FEE
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£ A3 o NBT/BCIP 7| A2 S Z o

Z o

1. OB E WMTOIM embB AL S01H0| B
S WA T 1497 Foll A= ZF probeol]
gt EAWO)E 2AKS A3 embB AR 3069 A
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=
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Table 2. Distribution of embB gene mutation among ethambutol resistant strains.

Mutation site Amino acid Sequence No. of strains (149) No. of strains (4)x*

Met — Leu alg — cig 2 (1.3%)

codon 306 Met — Val atg — dtg 53 (35.6%) 3
Met — lle atg — ata 20 (13.4%) 1
Gly — Ala ggc — gee 11 (7.4% ) 3

codon 406 Gly — Asp ggc — gac 320%)
Gly — Ser ggc — age 2 (1.3% ) 1

codon 497 Gn — Lys cag — aag 4 27% )
Gin — Arg cag — ©gg 9 (6.0% )

none 49 (32.9%)

= : Percentages in parenthesis were calculated using by total EMB resistant strains as a denominator(149).

= 4 strains were overlapped because of multi loci mutations.
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Table 3. Distribution of embB gene mutated loci of strains with various drug resistance.

Mutation site EQ@ ER(1) EHN(20) EHRN(126) Total(149)
codon 306 1 11+ 63+ 75w
codon 406 2+ 14 1B
codon 497 9 13
none 1 1 5 42 49

E: ethambutol resistant strain. ER: ethambutol and rifampicin resistant strain.

EHN: ethambutol, isoniazid, and any other drug resistant strains except rifampicin.

EHRN: ethambutol, isoniazid, rifampicin, and any other drug resistant strains.

Numbers of strains were indicated in parentheses.

*f+: 2 strains had multiple mutated loci at codon 306 and 406 simultaneously.
= Total 4 strains had multiple mutated loci at codon 306 and 406 simultaneously.
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