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Background : Recently the incidence of tuberculosis is increasing in many countries and control of the disease
is further threatened by the emergence of multi-drug resistant tuberculosis. So rapid detection of drug
resistance is very important. Pyrazinamide (PZA) is a first-line chemotherapeutic agent for tuberculosis. Now
in Korea, we perform PZase activity test instead of actual pyrazinamide susceptibility test for the detection of
PZA resistant M. tuberculosis. Recently the prncA gene, encoding the PZase of M. tuberculosis, was com-
pletely sequenced. And it was reported that the mutation of pmcA gene would be associated with PZA
resistance of M. tuberculosis. Therefore we performed this study to evaluate the possibility for the rapid detec-
tion of PZA resistant M. tuberculosis using PCR-SSCP of pncA gene.

Method : 44 cultured clinical isolates of M. tuberculosis, BCG Tokyo strain, BCG French strain, and one M.
bovis isolate were studied. We used H37Rv as the reference strain, The PZase activity test was done at the ref-
erence laboratory of Korean Tuberculosis Institute. DNA was extracted by bead-beater method and 561 bp
fragment including prncA gene was amplified by PCR. The PCR product were digested by BstB [ erzyme.
SSCP was done using MDE gel. Of the 44 strains of M. tuberculosis, 22 strains were PZase-positive and other
22 strains were PZase negative.

Results : Of the 22 PZase positive strains, 18 strains(82% ) showed the same mobility compared with that of
H37Rv and 4(18% ) showed different mobility. Of the 22 PZase-negative strains, 19(86% ) strains showed the
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— Detection of pyrazinamide-resistant mycobacterium tuberculosis by PCR-SSCP of pncA gene —

same mobility pattern compared with that of H37Rv and 3(14%) showed different mobility. Naturally PZA-
resistant BCG-French strain, BCG-Tokyo strain, and one M. bovis isolate showed the same band pattern each
other, but their mobility were different from that of H37Rv. The results of PZase activity test and PCR-SSCP
of pncA of M.tuberculosis were statistically significantly correlated each other (p<0.01).

Conclusion : The PCR-SSCP after BstB I restriction of pncA gene of M.tuberculosis may be a useful meth-
od for the rapid detection of PZA-resistant M.tuberculosis. (Tuberculosis and Respiratory Diseases 1998,

45 : 1178-1187)
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A2 A&HQ ZAFHE Bold A% 44
&0] 1980 dd] FukRE ohA] Frebr] AlFsigct.
ol & HIV 7zt dgss =3 chAlAIuAg
Z2¥ 9] Fte} YA THo| At} A Sl
Ae FRRR 224 A28 8] 51%
(1965) A 1.0%(1995) 2 53] 7tAsle x5t
o= AFdl= oF 409 olge] AR} e
o8 FAso] FUAZ E FAZF H3 Y.
A= gd2A o Fule] HIV 2988 5x &
2%t HIV Z+d3} 28344 Isoniazid (INH) WAle)
9.2%(1995), INH®} Rifampicin (RFP) EAUA4
¢l AlAle] 5.3%, Pyrazinamide (PZA)UiA
2.3%, 12]: INH, RFP, PZA $AlAo] 2.3%
d ol& =2 £ UYAEE BAF . a8
22 e A4 Adde] UFAYdE ETeln
dAE 7ol vkl 4-6F7F 288w ZFEAAHA
2-437} &85 HAFo|t}.

PZA+ 1950dde] Xgo2 gAMF) e
Ao 2 g3 ov} X gl ARS-E R Yrirl, #a)
+ INH, RFP, Ethambutol (EMB)3} 34 444
£ @r1ao] ARSEHI itk PZAE A9}
Z& Q@AM B F e pyrazinamidaseo] ¢}a}
o pyrazinoic acid 2 ¥#}=5}, o] pyrazinoic acid
7} gEYaIE Jeplies Aoz geiA ot a3
D2 pyrazinamidase @4%7} §le¥ pyrazinoic
acid7} A=A gorva PZA 4ol H1?, uje}

A} pyrazinamidase 4% |52 PZAd] U3 W
Ao i g wdstn ok, 2 Scorpio £(1996)
&Y PZase& 2YS= pncA FAae] griNge
HUAct £¢ PZA Aol PZase ¥A4E &
A 8FF EFOA prcA FARe] Ed¥olE &
Ao ZH pncA FAA EdWelrl PZA WA
o] 3 fU9Ye s,

wetA # @M= PCR-SSCPY& o]43ld
pncA FAxe] Eddole} PZA WA=le By
€ Y8t sy n =3 SSCPYE o] 43}
o PZA W& A&3A A48 5 =] gojr
pig= 3

chat S Wy
Lo &

o] A ZAoA wide ¥ PG AT HNA
PZase ¥4 =7} ¥lE 444e] AYFFe} itasy
AFYollA Fojte BCG-French strain, BCG-
Tokyo strain, 28]3L 19| $-HAHF YA E
e g 3yt

2¢ 9
1) ZHZ DNAS =5

HFE d& WBLE IAFHFO 7% &, 85C
oAlA 3083t 71938ttt 1.5ml microcentrifuge
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tubed]] Z#MF FHH 2000 & P& F, 0.Imm
zirconium Bead 200 ¢, TEN &< 100 ¢, phe-
nol/chloroform/isoamyl alcohol &% 200 ¢ & &
%3 & mini-Bead beater 2 327t Xglsld] ME
2 g3 FAd dude Wy FAE
3000rpmo.2 587 YR F, 45 200l
Z t}Z& microcentrifuge tubecl] &7]3 Chloro-
form/iscamyl alcohol &% 200ul & Y1
3000rpmoll A 58zt AR F2AE ©E
microcentrifuge tubed] &Zct. 424 100ul &
#&}e] 3M sodium acetate 10uf ¢ 100% 4%
ethanol 200 ¢ & ¥, -70°C W&o 158 ¥
a4}, 10000rpm 2.2 1087 JA2F F, 45
AL AFEFQNE olgale] A|ASL, F7IFolA &4H
3 AzAZC 2% DNAE HF 33 /5
100 u¢ o &3 AAA -20°C o Bt

2) SgieLdMerS

GeneAmp System 9600 thermocycler (Perkin
ELMER Corp., Foster City, Calif. USA)&- 0|43}
%3 ukg-ole Korea Biotech. Inc. A2l 20uf &
PCR Pre-Mix kit& o|&3ld pncARAZ
(558bp)& EFsh= 561bp A& FEZAth
10pmole/ 18 ©] prncA-13+ pncA-2 primerg zt
Z+ 1B 2n [ ¥p]-dCTP 0.1 ¢ (1uCi),
DNA 1uf 9% 1694l o F/TE WolA AT
20u0 7} HA & F 95ColA 58I HREAIRl ¥
95°ColA 30%, 60°CA 30%, 72CoA 184
3537]8 wkE Ajgsla, 72°CoAM 587 ¥ A
5 Zasith ¥ [o "p]-dCTPE ¥4 &2 2
& ZAdA FRELQYNSE AT F agarose
gelolAl  AHrlgEsle) 561bp £3Ho] 317bpst
244bp B2 3] HAuE A& FI3HT

3) BstB I mMEIEA0l 2f8F Fct

BstB 1 Agtas (Biolabs, Beverly, USA)& TT
VCGAAE <A pncA FARE ERE
561bp £4-& 244bp £43} 317 bp £E2 HIg

ot 9jo] FRELAYNSE S5u0 9 BstB 1 A%
#A 1p0 (12.5unit/ € )8} buffer(x10) 4 ul &
Yo ¥ 65CAlA 3412 vheAIZIL A9 FHEL
AqureA] FAHUAE ISR g2 VHEER
agarose geloA] A7]9%3le] 561bp £3o] 317bp
o} 244bp £ 2 3] AdE AL Yl3A.

4) PCR-SSCP

Ao yEol A7Y% 20L& vPprHA WEo] Fio]
AY F)3 =10& Agsie] SSCPE Algsidlot.
0.7588¢] MDE gel#} 0.6v}¢] TBE buffer& %+
8H= 75mlo| TEMED 30u¢ ¢} 10% ammonium
persulfate 300 uf & 4101 gel& TEJUT}. FHHEA
7} BolE FHALQHNS AEF 1wl E Ao
SSCP loading &9 2 uf 9} 4o} 95°ColA 587
742 AIE FA] gl Yol 583 Bug Hel
3¢ & loading3}il 6wattollA] 16A17kEet 489
A A7jQ9Esldch. A7|9Eel BUd felud Fe
3laf gel® 3M papero] €A wrapoZ X&H
80°CollA 2A7HEQLt gel& AEAZ § X-ray film
£ cassetted] Wi -70°CAA 122 B
autoradiography & A|8s}gc}.

5) BstE II M|&tELol 28t Fet

Scorpio 5(1996) ¢l 2518 M. bovise] pncA
A= 1694 9717} CollA G2 Eaol7t 9l
t}. BstB I A§8 4= GYGTGACCE Qs
M. bovis #5= GGTGACGZ E9Hol7} 4
sloz AoEx gt 39 948 FH8H gL
Y77 Y 2P| 561bpe] FHALAHYIE 5
pé ol BstB Il AgEA 1p0 (12.5unit/ uf )}
x10buffer 4 ¢ & 231 65°ColA 3A|7F wkgAlZ)
¥ agarose gelo|A A7|9EE Al JYAUTE
3} SYAF £ P& vlwstct.

6) ARREl primers
AHe-El primerv TRE-3 o Korea Biotech.
Inc.ol| 253} A|z&3Act
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— Detection of pyrazinamide-resistant mycobacterium tuberculosis by PCR-SSCP of pncA gene —

Table 1. Comparison of the results of SSCP analysis of pncA gene of M. tuberculosis between
PZase-negative and PZase-positive groups.

PZase-positive PZase-negative
S5CP(+) 4 19 23
8SCP(—) 18 3 21
22 22 44

The sensitivity, specificity, positive predictive velue, and negative predictive values of PCR-
SSCP methods are B6%, 82%, 83%, and 86%, respectively, if we consider the traditional
PZA susceptivility test as the gold standard diagnostic method of detecting PZA resistance,

561 bp

317 bp
244 bp

Fig. 1. Agarose gel electrophoresis of pncA
gene after BstB I digestion. The PCR
product is 561 bp fragment. After in-
complete digestion, 561, 317, and 244
bp fragments were seen.

PrcA-1:5 -ATG CGG GCG TTG ATC ATC
GT-3' (20 mer)
PncA-2:5 -TCA GGA GCT GCA AAC CAA
CT-3" (20 mer)

2 o

449)e] BeFF 22¢lc PZase FY(PZA A+
Aol 22¢)c PZase $4(PZA WA)ollH
44 2291F 1891(82% )94 EEZF H3TRv
¢} FY¢ band9] o]F4E& HAUL 44 &

L b

SSCP (+) BCG strains

Fig. 2. PCR-SSCP results of pncA gene after BstB
I restriction. Naturally PZA resistant BOG
Strains showed the different mohility com-
pared with that of reference strain H37Rv.
The SSCP(+) lane showed the different
mobility compared with that of H37Rv and
turned out to be PZase negative.

bande] o}54& Bch AT 22915 194(86
%)o]A EZ2FF H37Rvel ohE band2] o154
£ 297 34 H37Rve} £ bande] e
HaA 5 ZApgie] #3d4 54 3A3e=
£9)3l9c}(Table 1, Fig. 1, p<0.01). Z&Fo=2
PZAod] W/3& zt= BCG strains3} 1¢]¢] S84
7 25 H37Rve} th& band 8] 4H& B3t
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- 501 bp
~ 398 bp—

561 bp

103 bp
B0 bp _

123

Fig. 3. Agarose gel electrophoresis of prncA

gene of M. tuberculosis and M. bovis
after BstE 1I digestion.
The PCR products of M. fuberculosis
isolates showed the 398bp and 103bp
segment. But M. bovis lacked these
two bands. Instead they showed the 501
bp fragment(sum of 398 and 103) be
cause they were not digested by BstE
II enzyme. These results meant that
naturally PZA resistant M. bovis
strains have pncA gene mutation, and
these restriction analysis easily differen-
tiates between M. tuberculosis and M.
bovis strains. 1 : BCG Tokyo strain.
2 : BCG French strain. 3 . M. bovis iso-
late. other lanes . M. tuberculosis iso-
lates.

(Fig. 2). $32897 L QAF2 =2 prncA F32
EA¥olE Za 7] Wi o] #9& Hdse
BstB II Algk&so] 23k RFLP (Restriction
Fragment Length Polymorphism)o] 2l3ld <
FRuFH 4A 7ol 7Hs3H(Fig. 3).

U -

INH, RFP, 2121 PZA7} 238 @r)a¥e] 7b5
3 1 271AQ) 29 HAARIG 85T 3
oz A FHEEE A% FaFAd AUt 28
1980t FukRE] ATo= AIDSe] F7)e}
3 Ao Ao A F43M Sl 53
tH A A TR Z7P) & EA R dFEIT. &

3] $eluEiMe INH uAde] 9.2%(19954),
INH®} RFP FAWAQY AlekAllAdo]l 5.3%,
PZA JAdo] 2.3%, Zel1 INH, REF, PZA F4]
Aol 2.3%9l ol& A== HIV 743 8d glo]
FARE & FAWAEE Bogo, A2 T
Mz HIV Zgo] 7130 slomz oA AdZAY
ol tf 71 7ksAdol .

SRl ko] o Aol Helnz X&FH
Zddol drh= Holoh. AAQZAME AEF e A
8- Aol HHAH ANEHAE vHtE AF
2l A7t /L yoltt. 22y AN BRe
uie} Zho] & 7HA] epAlof] WAdold T Ao x F
Al WAL A9t B, A dielA ARSTHsd
FAYRA = 1095 Esht 2¥L 7o B4
Hx 3-4Fold] AE FAlA Fosks TS
8350] 93¢ 43¢ ARIBIE At A¥do] WAL

AU ATl ZEEE e THeAe
FojAckn & & ok 22t AEAHA e aAk
W& vkl 4-6F7F deln ARl 2-45
7t 28 HE2 oW AR Haw ik oy o
AL A&t Adstn S8 4 e HFHY
g e] sido] AlFs] Q=L Ut} o]E A
< FAYNAE FEE 287 A A A
g A7 yHolt.

FH BAAES ] dHos AR shAdekA o W
AEYE7|Ho] EARETRH FElA WAL Qo).
2, INH WAgSd= kate”, inha®, 181
ahpe® "5 9] 32 E@Wol7t #od3tx, RFP 4
AYEL rpoBY KA Yol oJF oz
W th. £33 streptomycin WA= rspl 32
2} rrs HAAY fluoroquinolone?] YAl
gyrA, gyB, AL IfrA A", pyra-
WAddle  prcA®  fdx, dgn
ethambutol WAol= embCAB gene cluster'V 9]
Eddel7t #ojgo] Husn gl

Pyrazinamide(PZA)& AHdz8)e) QU A
ol it Aaae-& Vel FAYGA 24 2

zinamide
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Ade 54T 2248 G o]0z AL
R ot dAs 12k 441889788t
a9 8% ofAloltt. PZAE #Fo] 7|1 Y=
pyrazimanidaseo]| £]3le] pyrazinoicacid 2] z}&7)
) sl ok @i u} glch. PZA) oid 7
/473 K= pyrazinoic acide] #8-& 9% HYY
e 2] 43sl] 1% B8P pHel =
ol ojfrt. wety A LU ME PZA 74
AAAL il PZase SAEARE Hozx PZA
AT -E diA wdEtn Qo WS ojsha
FAYA g9 HEYo] glx 17648 Aoz 39L&
o PZAZSA 161913 1489(91.9%)9)A
PZase 4=} k4olel PZA WA 15¢]FolA
15(100%) 4l 25oA PZase @AE 24lojct.
2R kg pH(4.65, 4.85, 5.05)9)A] Ad
& WiUBAEA ZARE MBS o 37A] pHRZ
A 25 zEn PZAG 7442 12143 1014
(83.5% )4 PZase AE7} Fdoldx, 371R]
pHAllM BE2I PZAUYA 30733 244 (80%)
dix PZase 8AE &40t} @& pHolNE 7
TAol ¥ pHoME WA 184%F 8de
PZase 842401, 109 PZase B4% 4
ojct. 28t pH 4.85 o)l Aut xigt 64733
PZA WAdT32] 85.7%°A PZase AL 24J0]
A1, pH 5.05 oldlAgt A3 PZAUYA 1173
F 7¢1(63.6%)°lATt PZase BAE 2Alolgic).
oldel Hik= PZase 459 PZA #4474 2
FHoe A=A x IAFE BoJFAur pHel Wl
w2tA e Aatel PZase §45297} xjo)7) 9}
oung AEFHA 25482 PZase RAEFAL
PAS & BoFEL.

Scorpio F&(1996) ZA#Fe] pyrazinamidase
& coding3k= pncA ARt Gr1MYE e Ae W
&ulo] Busict. £ PZA JYAoln PZase &
A=l Qi AT PZAC A AdFe)
ncA FAAE olQ)std PZA 74432 PZase &
=g H5UL RAFY. PZA #5AQ 373

E5 pncA F3xe] 2GR} gl PZA WA
A 5TF BF pncA fARe] Bl Basof
pncA FAAe} EAMel7L PZA WA B8 A
olztm Em3dlgdnt. sl¥Hoz PZA W49l BCG
strainolu} §¥AWF L BF 1695 9717} CAC
(histidine) o]} GAC(aspartic acid) & HEHo]
7b #A=o] o] E& pncA fAHAe EdMoln}
PZA WXdoll #ejstelele 247} "rt. o] & Scor-
pio(1997) & '® PZA WAQ 38732 33730
M prcA #A BRI} AL wEUIY. =
¥ Joiz 5333 47F= PZA U4 (false-
resistant) #F0|0 3L o|F 25 PZase BAHE %A
ol9ich. Tiek 1239 PZAS] ok (MIC=100-200
ug/ml) WAE RoFQ)m PZase A% 4ol
A e WA71Ae 7R L AAste Fio o
L} o] #F% pyrazinoic acidoll= 7448 Bt}
Hirano(1998)%&'” pH 6.0914 PZAo] ojg
MIC7} 400 1g /ml o)i}o]n] PZase 249l 3333
9} PZase JAdoliL PZA tigk MIC7} 200 ug/
ml 0|3}l 135dF& e g pncA #Aze =
dwo] P& A3 PZase YA 13573
BT pncA Al Edd¥ol:= glglen PZase
/8% 33FF F 327F(97%) A prncA 34
o] Qg BEZY prcA AR S0z}
PZA WAl 3 94U A¥atA Areict. g3
Sreevatsan §-(1997)2'® PZA JA#3Z 28%
AME pncA HAzte] EQWolE LAY 4= i)
I R33Ycl. Martiniuk $£'9 1609444 S
ez ste] WusAl PZA WY 4FFe)A
allele specific oligonucleotide(ASO) hybridi-
zation o2 W0 H& sl BE
qA EdR)E LAY < U

¥ Scorpio(1997) $&'® PZA<] targete] W
7 el fi]le]l HeAE Yolrsl $isy
pyrazinoic acidof WAQl #FE 7] Y5l 9
stdo} Aafsldt. olRA PZA 9] targeto] w3
of 9% PZA <kAluiAe] glE ol olil= PZA
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targete] W3l= AeFo] A7] ol & =] AW
Q1 W3kE & o] ohdrt HztEth. ABE AF7
z)e] B@2= PZA7} pyrazinoic acid2 WH3EA]
Rk Aol Aol PZA WS 714 588 71
o 47Ey, gejog PZase $AE d¥7t F8
&y,

B AP NE AUF prcA FARY] EAROl &
o= solsl=s PCR-SSCP(Single Strand Con-
formational Polymorphism) & o]&3lc}
PCR-SSCP & non-denaturating polyacryl-
amide gel& o]g3ld A7|YTL Agshedl, &
371¢] DNA Edojgte g7IMge] Aol whe} o
F49) 2tol§ Uehdth. 12jmz HEQHR 1A
o] g719t wlolx DNAe] #2235} (confor-
mational change)& QoA EQHE Yo7l
2 e A7)e] DNA A3} o549l Aolg B
olmg EdWlo] JRE 4A TET & AT ol
o F& 43E M Ao ¥ ¢ Ar9Fe
ZZo] Fa3H °]§ Sj&ld ArA HE F=
(MDE A, 0.5-1u])8} 27N A7]|95L A3
o W=el ol AY FHF AL AN
SSCPE& Algdslsity. ASS™ o] Mg |3l
RFP W4 Z28& A&sin astA 8% 5+ A+
& st 2au SSCP W& 200-300bp ol
o] e BAd Mg Edole] Fo] 7kt w
BA pncA fFARe] E@¥lE B Sdtde
ncA FAAE o EAZ Yol 3EE 7 U=
2 ol primerE AMREl] FHAELAHTEE
Algsle] 24zt ukz SSCP e Algd 4 o). o}
U Zd 719239 e o83t gdRlolE &
g 4 glk. a2y o] A7 5HL pncA f3
2ke] PCR AHE-2 BstB 1 AZtasz AYd ¥ v}
2 SSCPE& Algste] 244 73t & Holo. EE
oba pncA Az BNt PZA WA Z¥7
9} 100% M HAHE A& oAt Scorpio F
(1996) 9} Bl 93P prcA FARte] Ed¥ol
7} PZA WAe F f99e& AAH, o|& Il

4317 SIS E sl EQolE #U8 F A
= el sigel Fesdlth & AF@ddMe F
4400} AYFFAAN PZase BT ¥4 (FH5A)
22e0% 49 (18%)NAT pncA FAAe] EQM]
8 BAs3, PZA 845 AR TF 2294
Z 199 (86%)%IM prcA fARe] EQMlE ¥
sl 5 Aol Aol YAl tiE HFA
EARo R %259tk (p<0.01). 12} PZase &
e FAo|dME SSCPIA EAROIE HoE 4
o9} PZase AT SAolHA SSCPolA EQR o]
g kAl 7Y 3d, &, PZA #A=ZAS
pncA §3Ae] SSCPHel Anprt YA 7t AU
ooz ol e FF o AN HAPE M8
stelet gz 715 Ao PZA 4= A}
7} AR =Y. A$, SSCP Ao Ao} HI|Y9%
o] 27 HHHEA ZUE AT, pncA FAAE
Ed¥ol9e] g WAdel 7 Aol EAY B9SE S
F JAG. 2¥eng $AHom T AANEFH} 8
AP AAE WFo2 pucA FAAe] A7IMEE &
st} 3o, F o e Fo FFE dde=
pncA SAAS] ga¥ole] Tt FEE Bt
oF 32t} Scorpi(1997) & 3%9] primerg& o]
g3le] PCR-SSCPE Alg3ldedl PZA 44
1075 2504 EETFe T8 H¥E 2L,
PZA WAlZoA SSCPYog EdHo|E #IY &
Atkn wH3GoH B dE ez AeA, 2
21 =AM EQHE HAY & A=A
sl AR 7l&e] it

T3 pncA A= M. tuberculosisst M.
bovise] TWol S35kt M. bovisdl 2% Zgol
Be NYixe T FE FEFezM PZAV} X
ol AMEE AW gAY, £3 F FFe] 7
& ARATNNE Fa3it) AL oA A
Al HARE olgsle] TR glov} AlZto] o8
Az JE Aojtt. e} EXYESHo2 M.
bovise pncA +AA 9 169HA 9717t CaA G
(histidineo|*] aspartic acid) 2 Sdo|7} Qlen

— 1184 —
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2 4A Y = A} Scorpis(1997)2 prcA
#A7te] 16994 d718 TPk BEe SHaLs
AHutgog FEalo] PCS-SSCPHog M. tu-
berculosis®} M. bovis& 835t 89 M.
bovis TFE& W32 s 87#5FE SSCP=
M. tuberculosis$} FE-o] 7V53lict. F&o] ¢dl
245 e M. bovis 538 Lgk=d] 3o
M. africanum o2 WAL, M. africanum &
PZase ¥doln ZEA o2 wild-typee] pncA &
AAE Zaot. Sreevatsan(1997) 58 1073
T 83F9 M. bovisolA pncA fAze] 169
"719) EddolE FA3IYT B IFME By
E] PZA<)| WAl BCG strainsi} 1qj2] 9329
T 25 SSCPE o]43lo EQWolr} e-g &elsh
k. =3 62 778 wel RFLP(Restriction
Fragment Length Polymorphism)& o]&3le M.
tuberculosis$} M. bovis& 7HE 4 U= Ul
AL3IAThe A 2u]7} ik

HdEgdoz AT PZaseg coding 3=
ncA F-AAE o]435 PCR-SSCPY<e PZA 44
& Aeehs @ o o848 & Ug FHog AR
"ot 2y o]l pncA f3A Q9719 E Y
€ o ¥ d7t Yaslele 449

2 <%

Al

Pyrazinamide(PZA)& o441 ¥ (macrophage)u]
o 279 F2 Fe3h= FHYIR 24 Br)siet
889l 8% aiolct. HZ M)A AIDS 24
o F7ket 7 FAINA Bde] wao] ZslaHAl
AU E 2710 BhERE k¥o] A5 T Qi)
A fevelMe PZA 7454 A Al
pyrazinamidase(PZase) 84X 452 PZA9 o
¥ WA g wdsla oy A2 Y7ol PZase
€ codingdh= pncA FAAL PR o] AR
o] Edolrl A¥e} PZA WA Fodditk= v

7t AU, olo] B A7aks 28R prcA A
218 4oz ¥ PCR-SSCPo 2 PZA WAoR
& A8 4 UeA] Gotny] 9lste] B A5 Ay
L=

o Y.

RollA FEEHY wiYE  diTEHAT LA
PZase 47} 88 4440 Y73 @AY
Ao A Fogure BCG-French Strain, BCG-
Tokyo strain, 22|31 142} L¥ANYF wiYHAAS
oz ok HMolA bead beateroz
DNAE 333ddon pncA $448 xgsi=
561bp BEE& FHFAQHNE 2 FE3 ). o
%% DNAE BstB I Aggasz A9 F Z&
olaYojnje|= oA SSCPE Al3Ysle 1 AxE
X&7F H37Rvs} vimsisict.
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