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ABSTRACT

vl g} 7 o}v}l o] = (Pyrazinamide, ©]3} PZA)= ZAqFAIe] Az FAg 13}
FAA oty 2t vE 12 FAIA e} v A= PZAd gk WAt ol
=A%t PZAE 2 E P I(Prodrug) o= & (activity)S  7HA|7] fEiA =

A& 1t (Mycobacterium — tuberculosis)}|  =A5t= pned FAA7E G5 E S
y] g}z o} ] g] o] Z(Pyrazinamidase, ©]3} PZase)oll 2|3t pyrazinoic acid=2] Zlgho]
HET A o3t weEbA PzAO] Wik Aol U= M twberculosis®] 7 5-ol =
pncA AR EZAWo|(Mutation)”t  A=AE Felsteof . wEhA
st Al HEld AW A F(MDR-TB) 2 #H2] 28]  $x}(Extrapulmonary
Tuberculosis  Patients) ZZ oA F&g DNAE OIFS= FHA FEolA
PZAWAE S ZALsH7] 98l PZased A AHpncd)E =48It} X Sh(substitution),

A2 (deletion), A% (insertion), UFA| ¥ SdWo] (multi-site mutation) 7} pncA
AR el A Ao 1 REksE PZAXNZEAATE= TAgle]l oAl Ui

A3t A Aol W=7} Fokth 53] 169HA 728 LB o] =7 ColA GE
vl A &AM O] (point mutation)”} #H| 9] A3  SkX}(Extrapulmonary Tuberculosis
Patients) %= 2] of] ] g DNA®] A HHA = A 169H
772 2 2 EFo] =(nucleotide) 7} AFo] EAl(cytosine) ol A -0} (guanine) &= HlFl
EAWol=  Bacilli  Calmette-Guerin ~ (BCG)Y}  M.bovisO| A TF  LERH
M.tuberculosiso| A= S X] etk olgst AFdd= Ao oS 95|

HAEsE BCG ®W2l(vaccine)®] A& (reactivation) HUS& HATE A=
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ol M Alm7kA] Bais Al e ofE3k WAl BCGZE AEAY HASS
HolF= Aoty E3F Mbovis BCGE] 7% 1690 A4 2] W= PZAd] th&)A]
AdHo 2 WS Bt webMd Mituberculosis© 2]3F A3} BCGE] A& 9

o% Ade] thelA FHstel Az FAE Westolof & wolFE Astolr,

Key word: Mycobacterium tuberculosis, pyrazinamide, pncA, BCG, 23], #H |23,

T AU d A 3(MDR-TB), 3914 2 (XDR-TB)
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Aole] Azt AT YFLEA S = B oh|g Sl Lot} WelAE
Foll wo] AAY 10° MEELuitt & o] EdWelFr FdSEE[] oY

ERe YARAR AxHolm A7 RE AL AXom w13
A AA == ofo]i(Isoniazid, INH), &]¥& I (Rifampin, RMP), ol 5= (Ethambutol,
EMB), ¥ &}7lo}nlo] =(Pyrazinamide, PZA)5©] ATt o] w] zHEed Auk oFA) 9

1=} =
B, Qo9 Fep

rlo
Iz
ofo

= 12 FAHA def WS doA tAEZ
(Multidrug-resistant ~ tuberculosis, ©]3} MDR-TB), U] WAS Lo 4%
HH U A A N (Extensively drug-resistant tuberculosis, ©]3} XDR-TB)= Al3}¥ v}
WHO7ZE 200611 10€  Auvlv} Bl A Aegt 7]Fol wet isoniazid, rifampin®ll

WAS HolE 9= MDR-TB, MDR-TBS] ZH-S wHEAl7]W A fluoroquinolone 5

als

# 4 17}4], amikacin, kanamycin, capreomycin % Z 4 17FAo] s Ao WS zt

7A9-E XDR-TBZ A ¢t}

4

19941 3-8 Ao 2 1997\ 744, 357 +& o2 3t sAdl A YA BAS ZA)S
A3 357 AANA YASRE WA FoH[1] oM AR
A&z 2o A 2] MDR-TB H- & 1994118 A|&o 2 20030 o] 2717FA] 1.6%0) A

24%=2 A F7F FA

zredaR ZAdste] G AV fsiAE 9 PZasedl o3 SAHFEN
pyrazinoic acidZ2] W3lo] FHo|th, wElk] PZaseE: Y L3St predol A<

EZdHol= pzAUA

1o
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ko
(o
r o
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1™ PZase B3 Aol PZAW/ 9

Aol el B

i
jur}
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g
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M.tuberculosis?| | 74 <ol 7]x3sle] PZA WS ZAA37] $sl pncd
FAAE EAEAH. PZAC WF AeAde AAs] fside PZAE R
Hlj #] o] 4] €] MIC (Minimum inhibitory concentration)®l] w2 2] A HE Ftst=
Zlo]  URkAo|L}H4] pyrazinamidaset= AHJ(pH 5.5) FAANANE SA44S Holw

Al o] Ame] AMuiAAM= F AA RstRE aAuAES o] &d

~

AFAAME pyrazinamide WA RS A=A olggol glel @=e A

A&t 2] pyrazinamide WA AF-E

lo
-
N
[
&
o
o,
fljo
BN
~
>,
o
2
i)
o
o
Y
!
o
O

[56] L2t} #H]%S 71Eow 3= PZA WA AAMES Ha 37199 Ao

Zasty HAPHS AeEol ¥4 &2 Aoz dEA U7
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I Az 2 ¥y

2-1. Y& 27 R HZH A =7 DNA

DNAZS upak oA A AT A E, A&

o
Aebapeshidol A - AlgREskt. o] T 13971¢]  ddEE]l  A3d DNATL

#HZ33770 TB, 8371 MDR-TB, 197} XDR-TB)°|l o™ U A 297+ o223
3kx} A oAl 2] gt DNAOITE pnedol A2 &R o= PCR sequencing®|t} PCR-
el

ol @744

tjo

plasmid TA cloning-sequencings &3l PZA /g olH

=3

T2 H37RV(ATCC25618)3 H]alste] 21513l THS].

2-2. pneA AR S

pncA A S22 Thermocycler(GeneAmp PCR system 9600, PerkinElmer, Foster

City, CAE ©°I& ot pned +AA TF  ZEko|H(primen)S  ©]-8-38}]

ol\
|

stslom FH % 670bp 7ol WMEE IS F UATE WES cycle YT
2k 95T 5%, ©]sk 94T 45%, 60T 45%, 72°C 60, 403], 72°C 10%- A 33} o
ALE% primere  pned-F - (5-GGCGTCATGGACCCTATATC-3’), pncdA-R  (5'-
CAACAGTTCATCCCGGTTC-3")°]t}. pncd PCR ©] $-o]&= QIAEX II Gel Extraction
Kit(QIAGEN, Germany)Z A%t & Qo] uwz} cloningTOPO TA, Invitrogen,
Carlsbad, CA)S 3t =-2 v}Z BigDye Terminator cycle sequencing kit¥} AmpliTaq

DNA polymeraseE ©]-83] sequencing ¥H-5-= A] % TH(Scheme 1).
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DNA
From clinical isolates

pncA PCR
(pncA-F, pncA-R)

| |

Strong positive Weak positive
DNA 3
[ purification ] [ TA Cloning ]

:[ Sequencin ] <

!

[ Detection of the pncA ]

Scheme 1. &2} AA|o A F2lE A3t pned A F7IHE B4 B L
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2-3. pncA FRHA V1M E 4

pncA TR 9714 E-2 Biokdit software(version 5.0.9.1; T. A. Hall Software,
Ibis Biosciences, Carlsbad, CA), CHROMAS version 2.33, and BLAST (Basic

Local Alignment Search Tool) & o]-&3l HA13}%c}.
2-4. PZA °FA| 754 AA}

g % uE PZA WASd S A

o wjgE AdadFS 37°C 3~453F Lowenstein-

Jensen mediumoll Al Bl Y= AT} PZAUWA R PZA 7HRA AAMA I
pyrazinamidase assay(Wayne's method)E& &3] #etslsitt. PZA 4 ALY
749 pH 5.69 Lowenstein-Jensen #HJX]ol4 100pug/mle] PZAEE==2 AAEHATH

[26].
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. 2 3}

ofAlel wHEl M A R vt WA dEE Hols F 1687 2 H

R8s

o4 =4 DNAJIA pred §AA U SAWelE ARE AW ol T
2

FE EAdWolE: Ze Afe Wt FAJeHmEd 117 EdWelrr dojye
A9 %= Promoter A& E9FalA o] Aol A dojtrh. o]l gk pned AL
Hol= EAWo|7F Algtd o2 dojibi= rifampin, streptomycin, kanamycin, ethambutol,
quinolone W/dQl Z-5-o Hla] thE 545 7S HolF+= Ayo|th26]. o]
tgofsk EdWolE HAE olfrol Uls|Ai=  adaptive mutagenesis©] 711} DNA
mismatch =41 712k Ao, pneda A9 AA|Q] A, FHHRA ZFe =AWl

Ak e Fpo] A glert of W ueHA etripe]
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Ge CCT CAT  GGA cce TAT  ATC TGT elely TGC coc GTC
GGT AGG ChA ACT Gec oele] GCA GTC clele CGA ACG

GOT GoA CoT ATG oele} cee N ~Tc ATC GAC 6T
CAG GAC TTC TGC GOT (ele’s TCG CTG GTA

AAC GAG
sce [EEEE coc e ceo RN ccc coe Gec ATC AGC GAC
GCG

TAC CTG [elslo Gk (elle] GAC TAC CAT cac [IEEE cr1c
EE oo TTC ATC GAC GeT GAC CAC
TTC TCC GGC CCe GAC TAT TCC TCG TGG CCA

cce | Tcc GTC AGC cor B ccc GGC GCG GAC TTC

CAT cce AGT CTG GAC ACG TCG GCA ATC
TAC ssc [ ccc BEEE Acc GGA GO
TTC GAA GG GTC GAC GAC AAC ele’s ACG
AAT TGG CTG (el CAA coe aoc GTC GAT
GoT CAT el
ACT Goe GAG AAT Goc
B 1o CTG CTG GCG GGT
GAT ACC ACC GTC Gec GAG GAG ATG CeC ACC
Gec AGC GTC GAG TG BT TGC AGC TCC TCA GG CAC
coe CGA  ACC GGG ATG AAC TGT TG
i o o O X T A=
Figure 1. pned w3 W EdWo] F&. =AM A9S AS e FAsH

sdwol FEMt ABHA TE oAl WA EAwold Ha) ulg T
| AEEAs AR BE kA WA Jol ws) v o

Aol A7t EAgS & & do (@ A A primer<] 4, : TB, mm :
MDR-TB, mmm : XDR-TB, == : TB, MDR-TB ¥ &, : MDR-TB, XDR-TB %)
_8_
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3-1. HZ2AY fRpo A B2 AN pned 3 EdW] £Y A

oFAl 754 A8 DNA F 37/0F 1371(35.1%)7F EdWolE 7R o glglon
1070(27%)7F A2, 270(5.4%)7F A4, 17HQR.7%)7F A3t AdS SAldl 7L
AT PZA A AARE olIAE 2T Adjsigdnh dofut Eevold] A
Z g AR 270(54%)E ol xabddd WEz e Al EAMo)(silence
mutation) 3 © 7 1AQ7%)E ASE Aol TR AES FEsiele] Prasedol

e Eeeel =t AYsE EANCIATHSL 1% ABAA OHY A3

4719] vlR 3 EdAH o7} A E A TH(Table 1).
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Table 1. pncA4 sequences of M. tuberculosis from South Korean (total 37)

Nucleotide change(s) (nucleotide no.) Amino acid change(s) (codon no.)" oofA)ibS(()ll\;(:.e)s Sust:)e;))tzil:}ity Diagslll)(;sciisril(é:li:ical Remarks
GAC>GAT (147) Asp (49) >Asp 2.7(1) NA¢ pulmonary TB/Sputum ar:;fgi‘i‘g?ﬁange)
GGT>GGC (396) Gly (132) >Gly 2.7 (1) NA pulmonary TB/Sputum (no ar:&kfggil(tii?:r}iange)

GCG>GTG (29) Ala (10) >Val 2.7 (1) NA pulmonary TB/Sputum Substitution
GTG>TTG (388) Val (130) >Leu 2.7 (1) NA p‘#g‘;‘g‘;zy Substitution
GAT>AAT (376) Asp (126) >Asn 2.7 (1) NA TB"H‘;IEI?:;S;";Y%}I Substitution
AAT>ATT (446) Asn (149) >1le 2.7 (1) NA pulmonary TB/Sputum Substitution
GCC>GCT (429); CCC>CCA (231); Ala (143) >Ala; Pro (77) >Pro;
TTG>TCG (35); TGG>AGG (355); Leu (12) >Ser; Trp (119) >Arg; 2.7 (1) NA pulmonary TB/Sputum  Substitution at multiple sites
CCA>CCG (345) Pro (115) >Pro’

%AC/%GZAG%?&((L%?),, %C;fé?éilé ggg’ A(;ellu((l?l)) >>LA};:” 31; Ell(; 1; j:r:;’f 2.7 (1) NA pulmonary TB/Sputum  Substitution at multiple sites
TCG>CCG (52); GTC>GCC (218) Ser (18) >Pro; Val (73) >Ala ’ 2.7 (1) NA pulmonary TB/Sputum  Substitution at multiple sites
CCG>CCA (162); CCC>CC_ (249) Pro (54) >Pro; Frameshift f 2.7 (1) NA pulmonary TB/Pleural Substitution and deletion

CCA > C_A (206) Frameshift 2.7 (1) NA pulmonary TB/Sputum deletion at 206

CCG>C_G (185) Frameshift 2.7 (1) NA pulmonary TB/Sputum deletion at 185

TGG>TGA (357) Trp (119) >Stop 2.7 (D) NA pulmonary TB/Sputum Substitution (termination)
Wwit¢ Wt 64.9 (24) NA pulmonary TB/Sputum

*Number of codon position was counted from the start codon (ATG) of the pncA

® Percentage calculated based on non-multidrug category

¢S, sensitive; R, resistant
9NA, not available; °wt, wild type
fNew mutation not reported in previous studies

@ jeju
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MDR-TBAIAM &= & 837 AZolA ©X 127l%ke]  oFA & (Wild type)©] o™
T1I70(85.2%) M E0] EAMolE 7HA AL A} EAWole] {& H HeE AyHA
1 gko] 397(46.8%), Aol 1070(12%), Aol 970(10.8%), L&]aL of2] Aol A
thekeh EdAmo) 7t gk TR Edel7) 137](15.6%) 31 .

PZA 74 HAF A3 710(85.2%)7F EdHol S zh=d Hl8] 6170(73.2%)%to]

PZA WS zZte= Ao uysgkort 1470(16.8%)7F PZA A HANS Al

W& EdWo]l HlE Atolo] #AE WES whd 5 QUATh oAl A
Aol Mol vR7HA| A go]l  TgE AAEe™  AF S(start

-
=
~
o0
i
>
é
e
=2
X
P
mlo
4
Yo
32
=
=
~
(8]
2
é
é
il
=2
X
o\
i)
R
rift

(stop codon)=

Gzt FAwolsl ojdoris] W WX AM FAwollAEL oA

MDR-TB DNA% 17](1.2%)% pned A Ul Wol7b BAE A A A5 PZA2FA|
A A A pzadl dE WS JHHE 4SStk ol PZased] A}
#A o] PZAUNAE S ft A A< 7 Z(alternative pathway)”} =4S HoATF+=
ANZA9], £ 2& A¥} Pyrazinoic acid®) A o] Wol &2 it AA 9

I
=
Pyrazinoic acid fr&%9 Hod &2 7Hdo] AAHILE oy ofA7t#] 3

urs]zl wh gloh2e6].

_11_
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Table 2. pncA sequences of multidrug-resistant tuberculosis of pulmonary TB from South Korean (total 83)

%" (No.) Susceptibility  Diagnosis/Clinical

Nucleotide change(s) (nucleotide no.) Amino acid change(s) (codon no.)" B ol oo o PZAC specimens Remarks
Substitution
TAT>TGT (-11) Tyr(-4)>Cys 8.4(7) R cultured Substitution
TTG>TCG (11) Leu(4)>Ser 1.2(1) R cultured Substitution
TTG>TGG (11) Leu(4)>Trp 1.2(1) R cultured Substitution
GTC>GGC (20) Val(7)>Gly 1.2(1) R cultured Substitution
CAG>CCG (29) GIn(10)>Pro 1.2(1) R cultured Substitution
GAC>GCC (35) Asp (12) >Ala 1.2(1) NA pulmonary TB/Sputum Substitution
TGC>CGC (40) Cys(14)>Arg 1.2(1) R cultured Substitution
GAC>GCC (146) Asp (49) >Ala 1.2(1) NA pulmonary TB/Sputum Substitution
CAC>TAC (151) His (51) >Tyr 1.2(1) R pulmonary TB/Sputum Substitution
CAC>CCC (152) His(51)>Pro 1.2(1) R cultured Substitution
CCG>CTG (161) Pro(54)>Leu 2.42) R cultured Substitution
TCG>CCG (198) Ser(67 )>Prof 2.4(2) R cultured Substitution
TGG>CGG (202) Trp(68)>Arg 1.2(1) R cultured Substitution
TGG>TCG (203) Trp (68) >Ser 1.2(1) R pulmonary TB/Sputum Substitution
TTC>TTG (282) Phe(94)>Leu" 1.2(1) R cultured Substitution
GGT>GAT (290) Gly(97)>Asp 1.2(1) R cultured Substitution
TAC>GAC (295) Tyr (99) >Asp 1.2(1) NA pulmonary TB/Sputum Substitution
TAC>CAC (307) Tyr(103)>His 1.2(1) R cultured Substitution
GTG>GCG (389) Val(1l 30)>AlsF 1.2(1) R cultured Substitution
ACC>CCC (403) Thr(135)>Pro 3.6(3) R cultured Substitution
GAT>AAT (406) Asp (136) >Asn 1.2(1) S pulmonary TB/Sputum Substitution
CAG>CCG (422) Gln (141) >Pro 1.2(1) NA pulmonary TB/Sputum Substitution
GCG>GTG (437) Ala(146)>Val 2.4(2) R cultured Substitution
AGG>GGG (460) Arg(154)>Gly 1.2(1) R cultured Substitution
GCG>GAG (512) Ala(171)>Glu" 1.2(1) R cultured Substitution
GAG>TAG (271) Glu (91) >Stop 1.2(1) NA pulmonary TB/Sputum Substitution (termination)
TAC>TAA (309) Tyr(103)>stop 1.2(1) R cultured Substitution(termination)
CAG>TAG (421) GIn(141)>Stop 1.2(1) R cultured Substitution(termination)

(continued)

_12_
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Table 2. (continued)

i . %" (No.) Susceptibility  Diagnosis/Clinical
Nucleotide change(s) (nucleotide no. i i D? . Remarks
u i ge(s) (nu i ) Amino acid change(s) (codon no.) of isolates to PZA® specimens
Deletion
GGA>G_A (-71) frameshift’ 3.6(3) R cultured deletion at -71
80bp deletion (-11) frameshift’ 2.4(2) R cultured deletion from -11 to 78
GCA>_ ,ACC>__ (136-141) loss of 2 exact amino acid (46, 47)f 1.2(1) S pulmonary TB/Sputum deletion at 136 to 141
GTC>GT_ (393) frameshift’ 1.2(1) R cultured deletion at 393
10bp deletion (454) frameshift 1.2(1) R cultured deletion from 454 to 463
CTG>_TG (514) frameshift’ 1.2(1) R cultured deletion at 514
TAC>__ , AGC>__C (307-311) Frameshift 1.2(1) NA pulmonary TB/Sputum deletion at 307 to 311
Insertion
GGT>CGG (67) frameshift’ 2.4(2) R cultured insertion at 67
Sbp insertion(80) frameshift’ 1.2(1) R cultured insertion at 80
GTC>GTA (132) frameshift’ 1.2(1) R cultured insertion at 132
GAT>GAA (408) frameshift’ 1.2(1) R cultured insertion at 408
GTG>GTT (489) frameshift’ 1.2(1) R cultured insertion at489
4bp insertion (80) Frameshift 1.2(1) S pulmonary TB/Sputum insertion at 80
ACA>AAC (182) Frameshift 1.2(1) NA pulmonary TB/Sputum Insertion at 182
ACC>CAC (403) Frameshift 1.2(1) S pulmonary TB/Sputum insertion at 403
Wild type
Wt© Wt 1.2(1) R pulmonary TB/Sputum
Wt Wt 1.2(1) NA pulmonary TB/Sputum
Wt Wt 12(10) S pulmonary TB/Sputum

@ jeju
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Table 2. (continued)

] ] ] %" (No.) Susceptibility  Diagnosis/Clinical
Nucleotide change(s) (nucleotide no. i i . c . Remarks
ge(s) ( ) Amino acid change(s) (codon no.) e o PZA specimens
Multi-site mutation
GGA>G_A (-71); GCG>ACG (58); frameshift; Ala(20)>Thr; ) o
= 1.2(1 R cultured deletion at -71; substitution
GCC>ACC (400) Ala(134)>Thr M
GGA>G_A (-71); ACT>CCT (226) frameshift; Thr(76)>Prof 1.2(1) R cultured deletion at -71; substitution
GGA>G_A (-71); ACC>CCC (403) frameshift; Thr(135)>Prof 1.2(1) R cultured deletion at -71; substitution
GGA>G_A (-71); ACA>CCA (478); o ¢ deletion at -71; substitution;
TTG>T__ (545-546) frameshift; Thr(16Q8gro 1.2 R i deletion at 545,546
GGA>G_A (-71); ACC>CCC (298) frameshift; Thr(100)>Pro’ 1.2(1) R cultured deletion at -71; substitution
GGA>G_A (-71); 4bp insertion (537) frameshift’ 1.2(1) R cultured deletion at -71; insertion at 537
GGA>G_A (-71); AAT>ATA (446); frameshift; Ala(152)>Ala; fieletlf)n at-71 ;deletlop aF 151;
TTG>T_G (453); GCC>GCA (457); THIG SAEProf 1.2(1) R cultured insertion at 446; substitution at
ACC>CCC (458); TTG>T__ (545-546) oo 457; deletion at 545,546
. deletion at -71;
. : G >
GGA>G_A (-71); 9bp deletion (382) frameshift 1.2(1) R cultured deletion from 382 to 390
TAT>TGT (-11); TTG>T__ (545-546) Tyr(-4)>Cys’ 1.2(1) R cultured S“bs“t“;lf";‘; 5‘16616“” at
GTG>GAG (134); 4bp insertion (537) Val(45)>Glu; frameshift’ 1.2(1) R cultured substitution; insertion at 537
of substitution; deletion at
GCA>GAA (137); TTG>T__ (545-546) Ala(46)>Glu; frameshift 1.2(1) R cultured 545.546
. . . . . deletion from 385 to 393;
obp delet?}l((}iS;), il;z;r_l;zgt)lon (537; frameshift’ 1.2(1) R cultured insertion at 537,
— deletion at 545,546
CAG>CCG (422); 4bp insertion (537) GIn(141)>Pro; frameshift" 1.2(1) R cultured substitution; insertion at 537

* Number of codon position was counted from the start codon (ATG) of the pncA
® Percentage calculated based on MDR pulmonary TB category

¢S, sensitive; R, resistant

9NA, not available; “wt, wild type

fNew mutation not reported in previous studies
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XDR-TBOIA = & 197} 2F7F Edwols 745 sdlom X#ko] 137(68.4%),

Aol 271(10.4%), Aol 171(5.2%) 18]ar thAS =AWl 7t 370(15.6%) ©] ATt
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i
J

s

XDR-TB EF7F PZAC gk WidS 7HA dden Ho RHEsFE 7
ZoWol= 403W A T e mo e X3 ZdWolZ E  671(31.2%)° A
DAFAT Tibpoll Aol A4 ZdAWol= 117](13.2%)2] MDR-TBO A= A E =

EdRoleon F 1070 MR EAWolE E Aol A B 8} Th(Table 3).
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Table 3. pncA sequences of extensively drug-resistant tuberculosis of pulmonary from South Korean(total 19)

%" (No.) Susceptibility Diagnosis/Clinical

Nucleotide ch: leotid . i i )? R R k:
ucleotide change(s) (nucleotide no.) Amino acid change(s) (codon no.) of isolaths pzAl specimens emarks
single-site mutation
GGA>G_A (-71) frameshift' 5(1) R cultured deletion at -71
GTG>GAG (134) \/'a](45)>G1uf 5(1) R cultured Substitution
AAG>GAG (142) Lys(48)>Glu" 5(1) R cultured Substitution
AGC>AGA (312) Ser(104)>Arg" 5(1) R cultured Substitution
GTG>GGG (470) Val(157)>Gly' 5(1) R cultured Substitution
CAT>___ (211-213) frameshift’ 5(1) R cultured deletion at 211,212,213
4bp insertion (537) frameshifit 5(1) R cultured insertion at 537
ACC>CCC (403) Thr(135)>Pro 30(6) R cultured Substitution
TGG>TCG (203) Trp(68)>Ser 5(1) R cultured Substitution
CTG>CGG (347) Leu(116)>Arg 10(2) R cultured Substitution
multi-site mutation
CTG>CGG (347), 4bp insertion (537) Leu(116)>Arg, frameshift’ 5(1) R cultured Substitution, insertion at 537
ACC>CCC (403), 4bp insertion (537) Thr(135)>Pro, frameshift’ 5(1) R cultured Substitution, insertion at 537
GTG>GGG (470), TTG>T__ (545-546) Val(157)>Gly, frameshif’ 5(1) R cultured Substitution, deletion at

545,546

# Number of codon position was counted from the start codon (ATG) of the pncA
® percentage calculated based on XDR pulmonary TB category

¢S, sensitive; R, resistant

4NA, not available; ® wt, wild type

fNew mutation not reported in previous studies
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3-2. AYAANAY pned TR QW] THY HE

A3 DNANA Q] pned A2 SOl = Mtuberculosis, MDR-TB, XDR-TBoI| 4]
35.1%(13/37), 85.5%(71/83), 100%(19/19)Z kAl Aol AN EFF  pnedol A<
EdWo] MIELE Folx= Ao® AAHUL AWl v &S o Hrete
HAglel A ZAWel "ygs AAE] AtelAe EdWol T 44.6%E

AR A EdWole] HES 10% W@ 10%, A 7.2%, TUAY
A
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3-3. W23 32 =7 DNAYNA pned FAA Wo] B4}

el Add g2} £2 DNA F 2970 T 7700l &< ol7F ¥ =gl

H o Aol g A Al(specimens)el]l Aol A SRS weps 2
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Table 4. pncA sequences of M. tuberculosis of extra-pulmonary TB from South Korean (total 29)

. ; %" (No.) Susceptibility  Diagnosis/Clinical
Nucleotide change(s) (nucleotide no. i i )P ! Remarks
ge(s) ( ) Amino acid change(s) (codon no.) ofisolates  to PZAS B cimans
extrapulmonary TB
. /Tissue (HIV positive) Bacille Calmette-Guerin
£ His (57) > A 17.2 (5 d = ’
CAC>GAC (169) s (57) 8 5) NA CSF (HIV positive), (BCG) or M. bovis
Lymph node
CCC>CGC (248 Pro (83) >A 34(1 NA extrapulmonary TB Substituti
(248) ro (S3re A4 /Colon tissue ubshitution
. extrapulmonary TB o
>
CGC>CAC (419) Arg (140) >His 34(1) NA /Lymph node Substitution
extrapulmonary TB
Wi Wi 75.9 (22) NA /Sputum, Pus, Bone,

Tissue, Bronchial wash,
Lymph node

* Number of codon position was counted from the start codon (ATG) of the pncA
® Percentage calculated based on extra pulmonary TB category

¢S, sensitive; R, resistant

4NA, not available; ¢ wt, wild type

fNew mutation not reported in previous studies

€ only present in M. bovis and BCG

@ jeju
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169 A nucleotide”}  AFo]EAI A Foldo =z  wiyl  EAWol= M
tuberculosis| A= WAEXR &L= WHOlE Mbovis 3F3, Mbovis BCG o=
3TOlMNE AN sdAWelR o]yt =dwel®=  <ls) PzA o diEiA
AGA S 7HAA HH, 169H A o] EA- AR XSS M. tuberculosis <l M.bovistt
M.bovis BCG= WA #3513 A3tz Fg w3 UTHs).

webA 5709 wH A SR Muberculosis® 913 7F o]l obd  Mbovistt

M.bovis BCG o} Z<dell o A& on|at] Mbovisol o7t A 5ol vi-

s7hel #H el Asle] g FAARE B 24 olsk fof 21, 744 @4 114
HIVZE $bap 2 02 B e o] ofsiAL Aol # Al o] v}, wahA
f1el A= FudlME k=3t AMAQ BCGE A2/l oJsi Aol
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PZA #5A AAME st Aol olygt A5 E WS- (Polymerase Chain Reaction,
PCR)S 7|%= 3+ pncd PCR-SSCP(Single Strand Conformation Polymorphism)®} -2

BAFAA A A%e o AketA AdF] 9@ At BCG A

EF preaol Aol EBeAmolst pzA uUlgatel wAC dald dow H we
A7} olFol kA pred fAAWE] Mol Felo] Fbsw A7IHARA o]
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Aol ozt A T Eo thaj A ko r AAH R Avrsloior ok
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