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Total
numbers Ancient Modern
Osaka 175 130 (75%) 45 (25%)
Tokyo 113 87 (77%) 26 (23%)
Korea 64 46 (72%) 18 (28%)
£2. Ancient 2K EMORD181 BE DA W
No. of RD181
Anclent
isolates Positive Negative
Osaka 130 15 (12%) 115 (88%)
Tokyo 87 17 (20%) 70 (80%)
Korea 46 29 (63%) 17 (37%)
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Introduction

@It is one of the first-line drugs
included in short-course

anti-tuberculosis therapy in
combination with isoniazid, rifampin,
and pyrazinamide.

©®EMB is only active against dividing
mycobacteria, being bacteriostatic

Introduction

& EMB disrupts arabinogalactan synthesis
by inhibiting the enzyme arabinosyl
transferase.

®Disruption of the arabinogalactan leads
to increased permeability of the cell
wall.

The implication of embB gene polymorphism
in clinical Mycobacterium tuberculosis isolat
es.

2009. Jan. 20. RIT meeting

Youngkil Park
KIT

Introduction

®Ethambutol (EMB), a synthetic
compound with structural similarity
to D-arabinose, was first introduced
in 1961.

®This drug is used to treat TB and
other infections caused by such as
Mycobacterium kansasii.




Material and _smﬁ.:oa

®The strains were selected randomly
among strains isolated during from

2005 to 2007.

@®All of them were isolated from
primary pulmonary tuberculosis
patients registered in public health
center covered over south Korg :

Material and method

»We used 4 drugs - isoniazid, rifampicin,
ethambutol, and streptomycin - with
concentrations of 0.2 ug/M¢, 40 pg/Me2, 2 ug/
Mé, and 10 pg/M2 on the L) media,

respectively.

®We selected 77 pan-susceptible, 26 any
non-MDR but EMB

a_.cm_.mm_mﬁmsﬁ
susceptible, 42 MDR but EMB susceptible,
91 EMB resistant Mycobacterium

tuberculosis isolates.

Introduction

®Three contiguous embCAB genes

encoding arabinosyl transferase were
discovered in 1997 (Telenti et al).

®The mutation in the embB gene is
considered to be associated with
ethambutol (EMB) resistance.

Introduction

»Recently, the embB gene mutation is
controversial because the mutation

has also been found in ethambutol

susceptible strains
(2001,2002,2004,2007).

®This study aims to expand our
understanding of EMB resistance in
relation to embB gene mutation
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Metd06lie
MetdosVal
Met3oblle
Met3oélle
Met306Lou
Te3 19Asp
AspdSdAln
ViL30Vul
Asn399Thr

Glud0SAsp
GlysdeAsp
Glyd06Ala

Glyd0user

Gy 406G i
GlydS¥Asp
Glnd9TLys

Glad¥TPra

Glad97Arg
TOTAL

nane

Val360Vuln
Gly459Asp

TOTAL

none

susceptible (26)

ATG-ATC(1) ATG-ATC(S)
ATG-GTG{1) ATG-GTG(2) ATG-GTG(M )
ATG-ATAR) ATG-ATA(20)
ATG-ATT(1)
ATG-CTG()
TAT-GAT (1) He319 Ser TAT-TCT(2)
GAC-GCCL) GAC-GCC( 1)
GIGGTA (I
AAC-ACCR)
GAG-GAC(I) GAG-GAC( )*
GGC-GACE) GGC-GAC(3) GGC-GAC( 2)*
GGC-GOCR) GGC-GCC( )
GGC-AGCQ)
GGO-GOA(IM
GGC-GAC()
CAG-AAG{1) CAG-AAG(2)
CAG-CCGR)
CAG-CGG(1) CAG-CGG(10 )
HAPRNILAR) 4 (154%) 10 (45.2%) B2 (90.1%¥81(89.0%)
4 n 5] 9

Pan-Susceptible

This study
Korea

L-2
2ug/mil
(77)

TAT-GAT (1)
GIG-GTA (L)
GGC-GAC(1)
2(2.6%)
#isilent(1.3%)
™

Tuberc Respir | JCM2002,40;

50

PCR

‘The primers were designed to become
800bp including ethambutol resistance-
determining region(ERDR) of embB
gene in M. tuberculosis.

®The sequence of forward primer was 5'-
ggtgatattcggcttcct-3’ and reverse
primer was 5'-atagcgcggtgatcaaaaag-3’.

®PCR was performed in a total volume of
50 p2 with 1 U of Ex-Taq polymerase
with annealing at 56 °C.

Sequencing

We sequenced the PCR products with
ABI 3730 XL.

©We confirmed 3 times with forward and
reverse primers when the mutation
type is rare.
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This study “ﬂ’.u.su‘hﬂ_uﬁ.-

Any R, non-MDR, EMB - susceptible

[sr)

Runsin

(29) (oniy30s)
Mets0blie ATG-ATCLS), $.5%
Mensoe\ul ATG-GTG(S ), 374% 53 (35.0% ) Val (10) 34.5% 10 ({20.0%}
Met i lle ATG-ATAQRO), 20.9% 20 (134%) he (4) 13.8% 4(8.0%)
Mol 3006 e ATG-ATTIIL LI%
Mol eu ATG-CTGI) 22% 3 (0% 1(2.0%)
i sagaca DALy ATG-ATC(1) Met-Lle (7),
Ay The AAC-ACCIR), 2.3% 3.8% 16.7%
GludaShnp GAG-GAC( ", L1% Met306Val ATG-GTG(1) Met-VallLeu (1), ATG-GTG(1)
Glybberap GGO-GACI 1) 11% 3 (2.0%) 38% 24% 1.6%

et peatd GlydD6Asp GGC-GAC(2)
71.7%

Glpd0sSer GGO-AGE, HLI%) 2 (4.0%) YTl T
Glydo6Glyn GGC-GGA(L)
e none 2
Glad¥ Ty CAG-AAGE ) L2% HLTW) 20%)
Glad9TArg CAG-CGG(I0 ), 1L.0% ¥ (6.0%) 2(4.0%)

Dese embB mutation confer

EMB resistance?

» Transfer of embB codon 306 mutation into
clinical M. tuberculosis strains alters
suceptibility to ethambutol, isoniazid, and
rifampin. AAC 2008. 52:2027

MDR but EMB- susceptible

ATG-GTG(2)4.8%  VallLeu (23) 2 (9.1%)

33.3%

Metdoalle ATG-ATA(ZH.8% lle (17)
24.6%

Hied19 Ser TAT-TCT(2) 4.5%

AspISdAla GAC-GCC(1)2.4%

Glud0SAsp GAG-GAC(1)2.4%

Gly406Asp GGC-GAC(HT.1%

Gly406Ala GGC-GCCO(2M.8%

Gly406Ser GGC-AGU(ZHE%

Gind97Lys CAG-AAG(1)2.4%

Glnd97Pro CAG-CCG(2M.8%

Glad97Arg CAG-CGG{1)2.4%

Al 19(45.2%) ISR )

Lol

Depend on DST media? BACTEC460 system
more sensitive? (JCM 2001, 39.636)

®Depend on mutation site? V4921, A680T, and
A1007V were not associated with EMB
resistance. (JCM 2007, 45:179)
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Arigadou gojaimas

Thank you very much.

Remanined experiments

@ DST with various concentrations of
EMB drug and
DST with various media such as
Middlebrook 7H11 agar media or
MGIT960

® Compare 1S6110 RFLP types or
VNTR types of the tested strains.

& We found embB gene mutations among
the pan-susceptible strains.

However, these mutation sites (319, 459)
may not confer EMB resistance.

® We found embB gene mutations among
the EMB susceptible but any other drug-
resistant strains.

@®However, these mutation sites (306, 354,
399, 405, 406, 497) may confer EMB
resistance.



METHODS

M. Tuberculosis isolates : Use of JATA 12—-locus VNTR

They have no significant epidemiological linkage. to amjz?. clusters in IS6770
Genotyping methods
IS6770based RFLP analysis : based RFLF
Band patterns were analyzed using the BioNumerics
software, fingerprint type.
12-locus VNTR(JATA) typing :
Molecular sizes of PCR products were confirmed in
2.5% agarose gels and analyzed using the m_oz:Bm:ow
software, character type.
PCR based strain classification method :
To identify a strain belonging to the Beijing or non- _ Korean Institute of Tuberculosis
Beijing evolutionary lineage, DNAs were PCR amplified

with averlapping primer sets complementary to Rv2820 #ﬁ 2009. Jan. 20, RIT. Japan
and Rv2819.

Hee-yoon Kang

RFLP Result(1) PURPOSE
When position tolerance

selting of comparison data Comparison of effectiveness for clustering

L mnecs daslysis s between the IS6770 based RFLP analysis and the
dlassified from R1 to R11, 12- locus JATA(Japan Anti-Tuberculosis

1 OEE Association) VNTR Typing

Al this time, HGDI' is

osts. A OBJECTS )\

mmmzm,:mhzmwimaonmqm”mam_u_.vm:m_ﬁ.am:a
analyzed using BioNumerics version 5.1. On 5@ R
other hand they were classified 11 clusters E:m:
position tolerance setting was 5%, they were
_ classified 8 clusters and other 7 genotypes E:m:,
Mandas-Oeskon desimineny position tolerance setting was 1%.
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The allelic profiles of 12 JATA VNTR loci in 28
strains and the /1 values for each locus

“h presents the allelic diversity of each locus and was calculated /=1- X2

VNTR BERE

RFLP Result(2)

LIRS e S
Resuit 1 a | . When position tolerance
As a result of i _= ! setting of comparison data

in BioNumerics analysis is
1%, 28 strains are
classified 15 genotypes
and they show 8 clusters,
Ri to Ruiii.

VNTR typing - ...m“——ﬁ_ _~_

using JATA 12 | gilil
locus, 28 strains n

are classified ; ..m——___—
22genotypes and

they show 4

clusters, Vi to.V4. :1
i BT 4 13
| L
i ... nBE

I

- e
:-vr_rlr

_.ﬁ

ﬁ RN 0037
I i 7.L0PFS

e

At this time, HGDEIs,.

ﬁ

MIRU31{VNTR3182)

LT 8

'
1

MIRU26(VNTR2096)

CHHTIIET

(e
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lllustrations of gel images for PCR
products of VNTR Typing

QUB11(VNTR2163b)
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; : Genotyping results ordered by similarity on the basis
Comparison of cluster groups analyzed in each typing n_w_a VNTR Gu_:w Tosults 4

genotyping method(2)

68

Comparison of cluster groups analyzed in each
12-locus(JATA) S,:,_u genotyping method(1)
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Estimation of cluster R4 in IS6770RFLP using
12-locus(JATA) VNTR

Estimation of cluster R2 in IS6770 RFLP using
12-locus(JATA) VNTR

|
NS

Estimation of cluster R3 in IS6770RFLP using
12-locus(JATA) VNTR

Estimation of cluster R5 in IS6770 RFLP using
12-locus(JATA) VNTR

RPLP Pattarn

e

HAEm"

1 | WP | SM
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Estimation of cluster R8 in IS6770RFLP using Estimation of cluster R6 in IS6770 RFLP using
12-locus(JATA) VNTR 12-locus(JATA) VNTR

AR Famacn | 3 WALP Petmen

HEHE z I

:___.___ ] ]
BN .

Estimation of cluster R9 in IS6770RFLP using Estimation of cluster R7 in IS6770 RFLP using
12-locus(JATA) VNTR 12-locus(JATA) VNTR
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Summary(1)

To determine the presence of either Beijing or
non-Beijing strains for the 28 strains, we applied
the PCR method.

20 strains(71.4%) are belonged to the Beijing
evolutionary lineage, 7 strains(25.0%) are
belonged to the non-Beijing evolutionary lineage,
and 1 strain(3.6%) isn't observed any PCR
amplification. \
p
We need more analyses to define more mmmo:,\m
combination of VNTR loci between Beijing and |

non-Beijing strains.

Summary(2)

RFLP typing differentiated 11 genotypes when
position tolerance setting is 5% in.analysis software
and 15 genotypes when position tolerance setting is
1%. So the former HGDI is 0.913 and the latter is
0.937.

VNTR typing differentiated 22 genotypes mSo:m the =
28 isolates. So HGDI is 0.976. ,.

So the discriminatory power of VNTR using .rpﬂp 12-
locus is higher than RFLP.

Estimation of cluster R10 in IS6770 RFLP using
12-locus(JATA) VNTR

Iﬂﬂﬂj . o | e [ [ oo
A
1

Estimation of cluster R11 in IS6770 RFLP using
12-locus(JATA) VNTR




Summary(3)

sl Especially, the strains containing low IS6770
._.jmjx you Vo copy number(1 and 5) are certainly divided into
each different genotype.

Therefore 12-locus JATA VNTR is more mmmoﬁzm
genotyping method for these TB strains.

/.
A

A
The A value presented discriminatory power % -

each VNTR locus is the most high in <z.ﬁmuww
and the most low in MIRU10.

Summary(4)

Only 3 out of 7 strains belonged to cluster R2(K
strain) revealed identical VNTR profiles.

So VNTR typing could compensate _mm 1710 RFLP
typing to clarify K strain. -

.

However we found one strain which m:os_an /..f
identical VNTR profile with K strain but differgnt ===
IS617170 profile.

So we need more data to set up precise
classification.




Use of mycobacterial interspersed repetitive unit
variable-number tandem repeat(MIRU-VNTR)
genotyping to analyze the genetic diversity of
Mycobacterium tuberculosis

National Tuberculosis Reference Laboratory

China CDC

Objective

To provide some data to make comparison
with other countries.

To evaluate the usefulness of MIRU-VNTR
typing in China.

| Objective

is a heavy burden for most of country in Asia.
A technique for strain typing of M. tuberculosis
based on MIRU-VNTR has been introduced. A
number of studies have proven that MIRU-VNTR
typing is a reliable and reproducible genotyping
method, this PCR-based method can be performed
easily, and this typing method also has a high
discriminatory power for M. tuberculosis strains.

.* Materials and Methods

1.Clinical isolates and DNA samples

M. tuberculosis clinical isolates were selected from different
provinces of China. (different regions)

M. tuberculosis DNAs were obtained by resuspending
mycobacterial colonies into 100-200ul 10mM Tris-
HCI/ImM EDTA (pH 7.0) followed by incubation at 93 C

for 30 min. After centrifugation of the suspension, the
supernatant containing the DNA was harvested and stored at

220 °C until further use.
M. tuberculosis H37Rv were used as controls.
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Materials and Methods

MIRU-VNTR PCR

PCR primers flanking each polymorphic MIRU-
VNTR locus and conversion table were sent by
molecular epidemiology division, mycobacterium
reference center, Tokyo,Japan.

Each MIRU-VNTR locus was individually amplified
in a 20ul reaction volume in a 96-well PCR plate.

JF Materials and Methods

Thermocycling parameters:

95°C 15 min,

then 30 cycles of 94°C 30sec, 63°C 30sec, 72°C 2min.
72°C Tmin

4C w

*Zmﬁam_m and Methods

The reaction mixture contained:

0.2u M concentration of each primer,

0.2 mM concentration (each) of dATP, dCTP, dGTP, and dTTP,
2.0 mM MgCI2,

1% Q solution,

1 X PCR buffer,

| U of HotStartTag DNA polymerase (Qiagen, Hilden, Germany),
and 2ul of DNA.

Materials and Methods

RU-VNTR analysis:

The PCR fragments were separated on 2% agarose gel. The sizes of the
amplicons were estimated by

comparison with 50- and 100-bp maker. The numbers of MIRUs per locus

were calculated with Bio-Rad software on the basis of convention table.

The MIRU-VNTR allelic diversity (k) at each of the 15 loci was calculated by
the equation:

h=1-XX? nfn-1)]

where xi is the frequency of the ith allele at the locus and n the number of
isolates.
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Strategy

= Test and optimize the 19 VNTR loci using ABI
3100 Genetic Analyzer.

= H37Rv .i . Strains in O_..:._m

< 4 Japanese strains
= KIH5015CS, KIH5054SH, KIH2037KS, KIH6045NT
= Using optimized loci to test the clinical mqm__._m
from three provinces in China .

= Determine the discriminatory power of a_mm_,ma Bia

loci z_._w;r, _u:.nm: Univers _E\
o n. .. ‘_; i~ .w 1 ha L._.d.a:.
Our Task
= H37Rv as the standard to evaluate the ABI MIRUO4 MIRU40 ETRA QUB 11b
genetic analyzer.
: MIRU10 Mtub04 ETRC QUB 15
(VNTR0424)
MIRU16 Mtub21 VNTR2074  |QUB 26
(VNTR1855)
MIRU26 Mtub30 VNTR2372 | QUB 4156
(VNTR2401) (VNTR4156)
MIRU31 Mtub3g VNTR3336
(VNTR3690)
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Compare with Japanese Strains «

VTR oot KTH203TKS KIH50155C

Bxpected Analyzer Argrose gel | B Argrose gel
wn-1 . W22 104 N80 113 . w51 &8 ML T4
e 1 0.2 AT MO 4O 1 ™1 Ls Lo 19
QUB-IIx B ™1 K0 MO0 KB 7 MLE To -
QUB-26 ? 82 87T 1080 BB . .3 T ueo s
QUB-1IN ‘ WE LY M0 43 1 F - FUTHRE f JRE T S |
Wirus " $93.2 &1 60 82 1 8.3 0F ;0 L3
i : uzz 4 wne 29 1 24 L8 0 LE
wiruis ) #Le LT MED A6 1 oLl D AmO0. 13
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Electrophoresis of Japanese Strains
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Expected and
Observed Results in

VNTR loci Amplicons in H3TRy Resulis A
MIRU 04 353 341 -12

MIRU 10 7 364 -14

MIRU 16 471 459 -12

MIRL26 387 390 3

MUK 264 257
MIRU 40 408 308 =10
> ETRA 420 119 -1
R ‘EIRC 382 361 =21
m”...v M4 269 284 -15
= Muh2| 206 200 v
Miub3o 363 358 -5
I vk 388 189 [T |
VNTR 2074 49 2% -11
VNTR 2372 298 27 25
TR 3336 407 - ]

QUH.|Ib 412 409 3

QUB-26 708 684 24

QUB 15 297 283 1

QUB-4156 224 215 5 4

Optimized 19 loci VNTR
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MIRUO4 MIRU40 ETRA QUB 11b
MIRU10 Mtub04 ETRC QUB 15
(VNTR0424)
MIRU16 Mtub21 VNTR2074 QUB 26
(VNTR1955)
MIRU26 Mtub30 VNTR2372 QUB 4156
(VNTR2401) (VNTR4156)
MIRU31 Mtub39 VNTR3336
(VNTR3690)
VNTR3820 | QUB-11b | QUB-I8 QUB-1Ia [MIRU26 | QUB-26 Miub2i




19 VNTR loci
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45 VNTR loci in Chongming

Chongming Island is the third
largest island which has a
population of 635,000 people,
mostly farmers and some migrants, |
2003-2005, 224 clinical isolates
were available

45 VNTR loci were used 10 test
189 of the total 224 isolates

Two optimized sets of loci,
VNTR-7 and VNTR-16, were the
most parsimonious and
discriminatory sets of loci .

 The mﬁ_mg__? __o_*.__ the Analyzer

= We tested the 19 loci in H37Rv for five times and
read the VNTR repeat number.

VNTR  QUB-llb  QUB-1§

QUB-lla  MIRU26 QUB26 Miub2l

Expedted __ $ SRre o 2
. 4.8, 55 T8 2.1
49 o 53 2
m__:. s 4.7 5 1.9
59208 53 L0 B U
J 5.1 a4 24
48 4 = S TR
Genetic 4.8, NanisS: 2
analyzer 48 5 2
. 4.8 5 2
4.8 50 5 2

20 strains
from

Shandong

Province

20 strains from
Sichuan Province
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