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Resistance to isoniazid (INH), which is one of the most important drugs in Mycobacterium tuberculosis chemotherapy,
has been associated with mutations in genes encoding the mycobacterial catalse-peroxidase (karG), the enoyl acyl
carrier protein (ACP) reductase (inh4), alkyl hydroperoxide reductase (ahpC), beta-ketoacyl acyl carrier protein synthase
(kasA), and NADH dehydrogenase (xndh). In this study, we examined INH-resistance related genes in 50 INH-resistant
and 24 INH-susceptible isolates by PCR-sequence analysis. In brief, mutations at the katG gene were found at codon
315 alone (2/50), at codon 463 alone (19/50), and both at 315 and 463 (29/50). However, while mutations at codon 315
were only detected in INH-resistant isolates, mutations at codon 463 were also detected in INH-susceptible isolates
indicating mutations at 463 alone do not seem to confer resistance to INH. Similar to the case of karG 463, some of
inhA mutations were also found among INH-susceptible isolates. For example, whereas mutations at 8 upstream of the
start codon (UPS) and 15 UPS of the ink4 gene were detected only in INH-resistant isolates, mutations at 101, 115, and
125 UPS were detected only in INH-susceptible isolates. Many different kinds of mutations were detected in INH-
resistant isolates at aspC, oxyR gene, and intergenic region of the oxyR-ahpC genes. Howerver, the mutations were not
found oxyR and the intergenic regions in INH-susceptible isolates. No mutations were found at either kas4 or at ndh
gene among INH-resistant isolates. In conclusion, some of mutations such as kafG 315, inh4 promotor region, and

oxyR-ahpC seem to be strongly related to INH-resistance. Currently we are developing a molecular diagnostic method
based on these results.
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Isoniazid (INH)= 3813 <] o]y melab8| =2bA = (iso-
nicotinic acid hydrazide)?] #2245 @ <F3 0|t} (Hatfull
and Jacobs, 2000). 1898'A 33MEH 2 P, 1952 2
Aol tha) EFH7E YHo] WK ol AR A AA
Aoz #AZAd oA UAE T Uk INHE Rifampicin
(RIF), Pyrazinamide (PZA)$} TlE-o] A3 x50 d4 oA
Z9] PR gz AME-EAL 2T} (Rattan, 1998). INHE 4 3]
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F ¢ ol A& inactived pro-drug?] AENZE FEA] S} passive
diffusion®l] &l & W= S0l S catalase peroxidaseol
)&l activedt AElE AR} ofo] o8] 7}A] ThFek drug
target (e.g. mycolic acid synthesis, DNA damage, lipid peroxida-
tion, and NAD metabolism)#} WH-§-51A| Hof A3t& Abds}
= 392 e AR dEA it (Bardou etal, 1998).
Aol INH WES 713E opz27bx] &3] el
AL opAul, #AIA ] A7 Aol ofstA A e
2 Fax ool EAlske EdRe]s Aol = Ao
2 el 9t}h (Ramaswamy et al, 2003). S&] 7FX] o}efst
SRR H9jel BedmolZt INH Aol #edshA|nl, 1 Fol
A catalase-peroxidase encoding®h= katG enoyl acyl carrier
protein (ACP) reductaseS encoding®}= inhd alkyl hydropero-

r!

xide reductaseS encodingdli= alhpC beta-ketoacyl ACP syn-
thaseS encodingSt+ kasd 123l NADH dehydrogenase=

- 455 -



encodingdl= ndh?] ) 57FA FHAEe] INH WS 2
gk Bdo) Jrka €eA] Slt) (Lee AS et al, 1999; Lee AS
et al.; 2001, Ramaswamy et al., 2003).

£ dyoMe &5 AKen s At INH
Wie AT & v BABETAC WEE ALs] 9
3] 8% markerE LSt TA} 3IQIT) o] & FIF FHHolA
2lE INH YATFE dide= INH Uid# #E s7HA
FRAR (katG, inhA, ahpC, kasA, ndh)*| SAWo|7} EAsh=
;(] oy 7k Eo:]tﬁo]g] .‘,?rsﬂ j=Ul - [=t-3 H/Hsloi/}q o]

5 fa4e] INH Wste] BRARE TS sk

1. NAEDF

ZynpitE A e A A2
o 233 sjFaAE B3 BYoRE -—t‘r ]
Z Lowenstein-Jensen WX o)A A5 —g— o]-g3}e], oF
A g AXE FAseith ng ézé Fxo] okAlZt
E5kE afR]el A ﬂ—rﬂ ‘41}%}' o Ul éii, aF7) 237ds

g zw BEIE
;H/\Lo

g e E% EE o}S’iDP.

Hjzjol] E3hE 2zt ekAe] Ul 7]E FEE INH 0.2 pg/ml;
RIF 40 pg/ml; ofloxacin (OFX) 2 pg/ml; para-aminosalicylic acid
1 pg/ml; streptomycin 10 pg/ml; ethambutol 2 pg/ml; ethionamide
2 ug/ml; cycloserine 30 pg/ml; kanamycin 40 ug/ml; PZAT
pyrazinamidase testZ UJI5-E HABIITL EEATFEE
M. tuberculosis H3TRvE AL8-3131d)

2. 2 DNAL 2]

Ogawa WA A] g & Ag)2ldpo] &
oA 2027 B84 A7 dalde]std B
S ¥ 2 400 ul TEN (0.1 M Tris-Cl, 0.01 M EDTA, 1 M NaCl)
o] BH{AT F 59 saturated phenol@} A E 0.1
mm®] zilconium beadE ¥ 3L 2% 40% F<F minibead-beater

AA A&ow WErali 4T, 12,000 pmoll Al 1087 DA
E213kginh A 400 ol 120 ple) 5 M NaClZ} 100 pie)
CTAB (cethyltrimethylammonium bromide)/NaCl (10% CTAB,
0.7 M NaCly2 H7}atal &3hek & 70CollA 2082t 717]
ol ] A5t 7]‘g <200 pl2] chloroform/isoamylalcohol
Q4:1)S 713 4L £ 4T, 12,000 rpmol A 1057 Y5
e A5 °”°ﬂ 29| chloroform/isoamylalcohol (24:1)
S JhEta 2 EEE F 47T, 12,000 rpmo 4] 5E7E QAR
2atsink. Ao 3u)e) Rl BeS Wksn ¥ BE
T 20Tl a5 AL thE g 4T, 12,000 rpmell A
1587 942838t DNAS ZAAZ T ¥ DNAS

8}01 70°C
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70% FthanolZ A A3 o}e E7)& A|AsL &7
AT 30 W U7 R4l DNAZ 3¢ & A2kslar 2701
o ReshEA AL

3. Z2o|H EA

Zg}o]u]&= Rohde 5 (2002)9] ol F3l %Wz‘s}oﬂﬁ
Zajoluje) AL FAMA L Addd INH WEES
3} HHE katG, inhA promoter region, oxyR-ahpC intergenic
region, kasd, ndh AL 5714 FAAS dl o Zejo]
W& ISRt katG FAAN A g Zetom TRl
AA7HA] INH WA DA BEo) Aok €A e
315 B9k A3 72 polymorphism@ #H#Ho] U= 463 F4)
5 228 F Jx= ARSI inkd FRRA S =}
ol YRR inhd F-AR+S] promoter regione:, ahpC 3
2ol A= oxR-ahpC intergenic regions, kasd, ndh A=
AA7A) AR 2AY FAE 47 3 299 2 Be=
Y Mg 22 F A FEY 5 AES yRRIsIH

(Fig. 1).
4. DNA amplification

At N katG, inhA promoter region, oxR-ahpC intergenic
region, kasd, ndh AR} FE-L Telanti 59 WHE HE
&to] A A3HAT). Primere] B714E-S Table 10 Y3131
t}, PCR ¥Hg Aloll3= AccuPower® PCR PreMix (Bioneer Co.,
Daejeon, Korea)Z A3t} AccuPower® PCR PreMix2]
Qe vy gk HAFEF] 50 Wl AP, Tag DNA poly-
merase 2.5 U; dNTP 250 mM; Tris-HC1 (pH 9.0) 10 mM; KCl1
40 mM; MgCl, 1.5 mM; Stabilizer and tracking dye. PCR 4¥H-&-
Mol = primer (10 pmol)2] A 1w A, wollA 2l
genomlc DNA 5 pls} 43 plo] S7TE 718 HE3 o= 50

WwEQL o] BE 34 Filter Tipe AHESIR oM, &
"4\3]]1 (M tuberculosis H37RV)$} A TIZE (DNA 523 thal
FR4E 43 7 9 BE 23 sl HE A 4N
at9eh 2 fAAlel gk PCR #2712 Table 19 W<
sk

PCR FZ2HE-2 2% (w/v) agarose gel (Bioneer Co., Dagjeon

Korea)¥} 0.5 X TBE buffer (45 mM Tris-borate, ] mM EDTA,
pH 8.0)Z A2-3}%] Mupid-a (Advance, Japan)yS ©}8-8t] A
719453 5 ethidium bromide £l §45te] Gel Doc EQ
system (BIO-RAD, USA)Z DNA =& #2133t} PCR &
ZAE-9] A7)E 3¢18l7] Y&l 100 bp DNA Ladder (Bioneer
Co., Dagjeon, Korea)E AHE-3197 T}

5. G7IME2 4

=

247ke] ARt tigk PCR AHES] 471X ES BAJsH)
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98} GENECLEAN® III kit (Q-BlOgene, CA, USA)E ©] &35}
o] PCR AH&-& AT H |7I4<E

A) katG

P1(F) P2 (R)
L katG gene
) 564 bp g
B) inhA
TB92 (F) TB93 (R)
JI mabA gene |———{ inhA gene
N 233 bp g
C) ahpC
TBO1 (F) TB9YC (R)
| oxyR gene H Intergenic Regulatory Region H ahpC gene |
) 233 bp g
D) kasA
K1 (F) K1 (R)
— R S—
| 417 bp |
K2 (F) K2(R)
[ 525 bp |
K3(F) K3(R)
SV
382bp
I kasA gene
E) ndh
ndh1 (F) ndht (R)
[ 387 bp |
ndh2 (F) ndh2 (R)
I 372bp |
L ndh gene

Fig. 1. Primer designed for PCR of INH resistance target genes.

H o]
T':/HFE‘

tech, Dagjeon, Korea)oll 2|3}t

2 4

1. kafG LM EHHO| &4

PCR-37]44

A1
A

2 olgel NH W4 2

A= (Geno-

Eiviole] £

katG ol EQo7t EAsh=Ae] of e}
S BAsgith 2 A3 50 WA Tl M= 315 F919) 463
B9lof| A, A TFAAE 463 F-9lolA Edrelr} vy
$1al 315 F-9o A= GollA C29 point mutationol] 2|3
Ser7} Thre® X3t 4ol (31/50)7F EA S I 463
B GollA TZE point mutation®l] ]2 Arg®] Leu
o7 x3ky Eiolr} LA (Fig. 2). INH WA+
oM 3159 463 F-Ho] el LAEA= whEl

2 U AR

5ol
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Table 1. PCR primers and conditions for amplification of INH resistance related target genes

Target gene Name Primer-sequence Product size (bp) Anneal. Tm ('C)  Direction
U e i f

atG katP1 5-“TCACCAGCAGCATCGAGGT-3 564 65.0 orward
katP2 5'-ACCCGCCACGCAGCAGC-3' reverse
TB92 g -3 fi d

inhd 5'-CGCTGCCCAGAAAGGGA-3 "3 61.0 orwar
TB93 5$-CCCCGGTTTCCTCCGGT-3' reverse
TBI1 5-ACTGCTT -3 i d

oxR-ahpC c TGCCACC3 233 68.0 orwar
TB90 5-GACAAGTGGCGAGAGTAGC-3' reverse
kaslF 5-“CGTTCAGGCGAGGCTTGAGG-3' a7 forward
kaslR 5'-CACCGTTGGGCATGATCATC-3' reverse

fasA kas2F 5-GGTGCGCTAATGCTCATCGAG-3' 525 60.0 forward
kas2R 5'-CATTAACGCCCGAAGGCGAGC-3 ’ reverse
kas3F 5-“GTCGAGAGCTACGACCTGATG-3' 1% forward
kas3R 5'-CTCGATGAGCATCAGCGCACC-3' reverse
ndh2F 5-GCAATGTCCAGGTACTGTTG-3' 187 570 forward

wdh ndh2R 5-CCTTGGTCGAGTCGATGTG-3' ’ reverse
ndh3F 5-GACAGATCGCCGAGCTGGC-3' - 60.0 forward
ndh3R 5-TGGACAGGTCGGGCAGCAC-3' ' reverse

INH ZAdTolA s 315 2ol dAER] &1 463 &
Awo]vte] HAF AL 3159} 463 F-SlolA e E¢Holr
WA FF7) 20 TF (58%), 315 FHAT wAd B3
7k 2 05 (4%), 18]AL 463 FSle AT 29807t e
FE= WAL 7Rdl 19 T (38), BATS 71 7 75
oAt} (Table 2).

-

2. inhA LHO| Mo SAHHO| 4

PCR-G71ME £4E o]&3 inhd HellXe] Edo] H
Y B4 29 A7 inhd WolA BU-= inhd promotor region
A Edwolrt A AT WAATFAME 8 UPSS} 15
UPSOll A, 7375 4= 101 UPS, 115 UPS, 183l 125
UPSSllA] 9ot Ak 8 UPSHIM = T7F €2 X
SH AL, 15 UPSOM & C7F T2 Xk gle, 101 UPSe
AE AZE 115 UPSHIAE G 28 AVE 125 UPSHl A= A7)
AL =T (Fig. 3). INH WA FFolAE 8 UPSY 15 UPS
Edolnt BAE = 8 UPSHlA E@Hol7} wAd 7
T 1 (%), 15 UPSelA] Ed¥o|7l 4As F3E 11 5
(22%), 123 EQWet §le A5 38 T (76%)2) Bl
52 Yol INH 724 g5l 83} 15 UPS R0
7} LAE =] 29)Th 101 UPSOlA Eddo)rl v 75
7H 1 5 (5%), 115 UPSOl A EA®e)7 &9 4571 10
T (45%), 125 UPSOlA EdRe)7} Al #5711 o5
(5%), 1017} 115 UPSO A SR} A" 757} 2 o5
(10%), 115} 125 UPS A Eddoe|7l 28" #5711 ¢

T (5%)9] HI=Z Ed¥ol7} Bslon ol EdHol
T INH WAHFAME 2HEA] FUATH (Table 3).

3. ahpC LHO|Mel EHHO| 4

ahpC WellA 9] Edo] 73 £4] A% A7 Tl
M= oxyR, ahpC Z18] 3 oxyR-ahpC intergenic region U]o A
Eduiol7] &g whd, A5l A= intergenic region U]
oM Ed¥olr} =R gt} (Fig. 4). Intergenic region
Edo] &7 36 positionol A T7F A LS 3L, -10 posi-
tionol| A C7} T2 23H Qo™ _16 positiono| 4 A7} G2
A gho] el kARl o] FdWel= INH a5
A= ARA] ) oxyR-akpC intergenic region ©]9] F-$]
oA AAP EAWO)E agRAIA 29 FH A A7} CE,
ahpC 4= 2 2919 A7} GE, 5 99 7} A=, 16 F
A9l ¢7F GE AFE EdRolrt HAH 22t 16 F
Aol ¢ GE A FE EWolE INH 2T 1 dFellA
= ZAEIT (Table 4).

o

4. kasA LHOIAMQ EQIHO| SF BAM

2] kasd WollA o3t
7+ FFolA
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5. nah @7\ 2

katG, inhA, oxyR-ahpC intergenic, 18] kasd A2} B
& w3l ZHE EdiE INH WATSTY fdolr) ik
HA 2 7 #FE YR ndh FAAN BEWo) &

A=A %2 PCR-A7IMYE #4& T3 stk

ndh Fr732F Uiell A EAwe] BT} Ehar dlA £ (Lee,

et al, 2001) I 110 F9¢} = 268 BYE o= 2
3t A3} 7 75 BreA Eddels R R gkt

¢
-

i

i

By
i

5ol A AAHCE INHS RIFS 33 H43 F
7HA) o)) FAMA FANAE 7H gAY 2 @
7ol F7FE Qlste], WAdd Hate] g} ok Mele
olHgel $71 Ha e AAolth (Bloch et al, 1994; Cohn
et al,, 1997; McGray et al.,, 1997; Corbett et al., 2003). 23] 2
o] A T4 WAMAEE a7, e wm v)El 44
A

A = D oAl 2 oEaka, taluld 2]

G315T.AGC > ACC Ser->Thr

GAB3T.CGG~CTG Arg—Leu

G463T.CGG»CIG Arg—Leu

Fig. 2. Mutations found in the katG gene from INH-resistant
and INH-susceptible clinical isolates of M. fuberculosis. Mutations
marked on the upper part found among INH-resistant AL fuber-
culosis, whereas mutations on the lower part represent mutation
found among INH-susceptible M. tuberculosis.

Aetell= ofA] 4 AL 277} dpafolnt dpbaos
AHEERE ANNAE o] 85k oA A AAKe] TR 2 E
AR WEAFE FA7] W7k 8F o)de] AlRte] &
aFo] Fe vy Jdg 257t AA7E go] FA7F
F 3 gle}. CDC (Centers for Disease Control)ol| A= A ]

O

F F 309 ool A= dXteloll Al A (Tenover et al.,
1993)8HA Bz &), 4l&sbAl oAl A HARE 317
A3t 2] 74A| theke WP Eo| Mty ol &5 9
(Johansen et al., 2004).

e FAANET e R Aslge) ekjulade T

il

sl o) §AAEe] WAFo] o] F o] &F A& DY
So] AEHD Q) webd A PA AL AsE
Ao GAMA H B FURe gF drt 2
FRIASOT AT B AT RAAREY Sy
o] e glal INH A3 BEEe) rkn 4 57
& =

=5 2
AR BN (katG, inhd, ahpC, kasA, and ndh)yS #2830},
katG FAAS A9 315 Bo) A e B0 W
Aol AR AT Tl A E A edTh
ol9} "l Z 463 H-2lellMe] EdHol= INH WA 744
T ZEA A A] Wil INH W E S Beisio]
2171 ®rbe= A3 polymorphismell 7191k FHoE A
ZrEl ),

rr
Z

ok
15

& B, inhd gene®) promotor F-Flell Al Eixo)7)
Hoick 837 15 UPS E<1deols INH WA o Foll ek &
93 INH A dFolAs 2AsA] @2k el 8

15 UPSE INH WA 2 #do] gloks Azbdc) ¢ 101

>

£l
AR 7] wiel] o)5 F-9fe] Eeidoe] k3 INH WSS
o Ao} drhr] Brh= polymorphismel FAZF vk
eipagsi=g

ahpC?) 73-%-1= oxyR gene, ahpC gene, 12|31 oxyR-ahpC
intergenic region®ll A1l E<He|7F INH ATl A 24
i, 77Tl oxyR gene®}t oxyR-ahpC intergenic

Table 2. Types of mutations found in the karG gene from INH-resistant and INH-susceptible clinical isolates of M. tuberculosis

No. (%) of isolate with

Phenotype (n) Codon Mutation Nucleotide change Amino acid change indicated mutation
INH-R (50) 315 G- C AGC — ACC Ser — Thr 29(58)
463 G-T CGG — CTG Arg — Leu
315 G—-C AGC — ACC Ser — Thr 2( 4)
463 G—T CGG — CTG Arg — Leu 19 (38)
NM 0( 0)
INH-S (24) 463 GoT CGG — CTG Arg — Leu 7(29)
NM 17 (71)
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Table 3. Types of mutations found in the inhd4 gene from INH-resistant and INH-susceptible clinical isolates of M. tuberculosis

Phenotype (1) UPS Mutation Nucleotide change No. (%) of isolates with indicated mutation
INH-R (50) 8US T—C TAGGTT — TAGGCT 1(2)
15UPS C—>T AGACGA — AGATGA 11 (22)
NM 38(76)
INH-S (24) 101 UPS A insertion CGAGCG — CGAAGCG 1(5)
115UPS A insertion CGACAA — CGAACAA 1(5)
115 UPS G insertion CGACAA — CGGACAA 9 (40)
125 UPS A insertion GAGTCA — GAAGTCA 1( 5)
101 UPS A insertion CGAGCG — CGAAGCG
115UPS A insertion CGACAA — CGAACAA 2(10)
115UPS G insertion CGACAA — CGGACAA 1(5)
125 UPS A insertion GAGTCA — GAAGTCA
NM 7(20)

UPS: nucleotide position (base pairs) upstream of the start codon

15 UPS C - T:AGACGA - AGATGA

8 UPS T->A:TAGGTT > TAGGAT /8 UPS T>C:TAGGTT » TAGGCT

| rRBS |

mabA (3-ketoacyl-ACP reductase) H inhA (enoyl ACP reductase) |

+1 (GTG)+
101 UPS A insertion: CGAGCG - CGAAGCG

125 UPS Ainsertion: GAGTCA->GAAGTCA

744 bp 810bp

115 UPS G insertion: CGACAA - CGGACAA / Ainsertion CGACAA— CGAACAA

Fig. 3. Schematic presentation of mutations in the promoter region of the ink4 gene from INH-resistant and INH-susceptible clinical
isolates of M. tuberculosis. As in the Fig. 2, mutations found among INH-resistant and INH-susceptible isolates are shown on the upper

part and lower part of the gene map.

region®l A= TAHR] T} (Table 4). HRATH katG gene
o|t} inhd promotor TN A g} o] EARQo A9} B
o7} && RIEZ dHEE Fo] o2} intergenic regions:
Z3H ofe] FYoA EdARolrt BHEAY] wEel WA
I AEE G T8 &) M e o B 758 §
Sato] ddshe Zo] ¥asiria Azbdrt

kasAS} ndn®] Z3-5-elle ol HA¥A= INH WA H
Fdo] gutw BaEo] AT (Lee et al, 1999, Lee et al.,
2001) olH AEANE F AR FhA 9 BERA WA
TN B HAFA Bt o] e A=
T 714 E9He A Aoz AzbeE) A o

2= o]
9}\%‘

Aol AT ARERE FYuIARE LN PPE
2 @l ﬂﬂ—'ir o & 49 B

’VHE: ’\]Xﬂi ‘1“’4‘43}01]’\15 ¥ INH A 237
o] INH WA E5) kasdol} ndho]l B glvh= Folth
kA 3 F o] takgt A9 F BxtelA EeE INH
YAEFE IR kasd E ndh® G744 £4o] Ba
g Ao = AR H

B A8 Aulol) o}3PH katG inhd promotor region, 113
ahpCo] INH WAl oF 86% A% #AFo] e ALE B
eIt} (Bak er et al, 2005). ©l21d 235 T3 INH WH5
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29 A—C (CAC-CCC):His~>Pro
36 T Insertion (AGA - TAGA)

16 A>G(TCA-TCG) 2 A->G (CCA—>CCG)
Pro-Pro
5C-A (ACC~AAC)
-10 CHT(CAC~CAT)
Thr— Asn

T
0

Intergenic Region
105 bp

16 C-»G (ACC~AGC)
Thr— Ser

Fig. 4. Schematic presentation of mutations in the oxyR-ahpC region from INH-resistant and INH-susceptible clinical isolates of M.
tuberculosis.

Table 4. Types of mutations found in the oxyR-ahpC intergenic region from INH-resistant and INH-susceptible clinical isolates of M.
tuberculosis

No. (%) of isolate with

Phenotype (n) Position Mutation  Nucleotide change ~ Amino acid change indicated mutation
INH-R (50)
oxyR gene 29 A—-C CAC — CCC His — Pro 3(6)
intergenic region -10 C—>T CAC — CAT 2( 4)
ahpC gene 16 C—>G ACC — AGC Thr — Ser 3( 6)
A—-G CCA — CCG Pro — Pro 1(2)
5 C—A ACC — AAC Thr — Asn 1(2)
multiple mutation 2 A—>G CCA — CCG Pro — Pro
16 Tinsertion  AGA — TAG 1(2)
2 C—>T CCA — CTA Pro — Pro 12
29 A-C CAC — CCC His — Pro
2 C->T CCA - CTA Pro— Pro
16 C—G ACC — AGC Trp — Ser 1(2)
L16 A—G TCA — TCG
NM 37(74)
INH-S (24)
ahpC gene 16 C—>G ACC — AGC Thr — Ser 1( 4
NM 23 (96) -
N katG 315 F-91, inhd 83} 15 UPS, 18]I ahpCe] 3 ¥ £31A & 4 A& WilEo] /dd Roz AZbwrt o
A% AR AL ol 8te) DA el & B PRES olESHH WRHoR A Ade) &4
# maker® AT F AT BRHED, BT AvE b AR 2AR AR AR 29 SE F AR
utge 2 A W Ao INH WS /FAaAE B4 2 ol gk &gk A okAhiA A #xte] A
&84 719 (PCR-dot-blot hybridization = reverse line blot 2o i3k gulzletx g Huke] AAdE =gE &
hybridization)& ©]-8-3ko] E415hhH INH] WXHARE 4l gtk AR v} o} A 7kA = INH WS 100% 4



& glome HA2RE 9o AT ne} 2L Ay
A e Hedls= dE Askdel ). weki INH W
A §2e) BN guE ¥ A7 By A

AR =2

o] =E-2 200250 AAg® Tt 47
WA ARG ATH] (KRP-2002-003-E00140) A Lol 23}
o]FojH o o]d A=Yt
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