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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 pmcA gene, encoding the PZase of M. tuberculosis, was com-
pletely sequenced. And it was reported that the mutation of pncA 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 prcA 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 I enzyme.
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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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 prcA 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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el cAlWAde] 5.3%, Pyrazinamide (PZA)WA
2.3%, 28|22 INH, RFP, PZA ZANJAle] 2.3%
d olf AxZ £& YASS HaFau o, a3
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A] pyrazinamidase A% 58 PZAC] g U
A RE B3t ot 2 Scorpio 5 (1996)
23 PZased AYSR= prncA FAHAe GriMEe
grEuiich. w3 PZA JAleoln] PZase A% &
el 87F RFAM prncA FRRe] EQWeE B
gto 28 pucA AL Edwol7t PZA WA
o] 2 AL Bk,

o} B AF = PCR-SSCPHE o] 43t
pncA FARte] Edelet PZA AR #E4
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Fate] Ak AAoA wjgE F A AT A
PZase 8427} 819 440 9] AsFTo} 2
Ao A] Boduke BCG-French strain, BCG-
Tokyo strain, Z22]31 1¢jj9] +¥ANF WfEPA &
hareg skt

2.9 ¥
1) 24T DNAS| 35

vloke #g WEoR 3ASH ¥AT F, 85C
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tubeo] ZA3F HEN 20040 & We F, 0.lmm
zirconium Bead 20044, TEN £9 100, phe-
nol/chloroform/isoamyl alcohol £ 200 uf & &
3% % mini-Bead beater 2 3%7F Aejsle] A%
g S FAol AL WYL A
3000rpme.2 587 YARD F, 42 2000
€ £ microcentrifuge tubee]] 7|3 Chloro-
form/iscamyl alcohol £ 200l & HE:
3000rpmofl A 5#3F YAResln FENe tE
microcentrifuge tubeo] &7t} AF=N 1004l S
#3le] 3M sodium acetate 10u¢ ¢} 100% B%
ethanol 200 ¢ & Y1, -70C %o 158 1
3k 10000rpm o2 1087 QAT 3, 43
Ao FFFUAE 0|83l AAS T, 7|24 &4
3] AxARAY. ¥ DNAE dF 33 F/+F
100 ¢ o) 83 A|AA -20°C ol B3

2) BEUELAMLES

GeneAmp System 9600 thermocycler (Perkin
ELMER Corp., Foster City, Calif. USA) & o]}
93 HkgHe Korea Biotech. Inc. A} 20 uf &
PCR Pre-Mix kitg& o]83l9 prncASAA}
(558bp)E XEF3h= 56lbp ¥HE FE3IAch
10pmole/ uf ] prcA-13 prncA-2 primerE 2zt
Z 1B gi [a¥p]-dCTP 0.1z (1uCi),
DNA 140 9&%F 169l o ZR/TE ¥l HZF
208 7} FA ¥ & 95Co)A 5EIE vrEAY F
95°CellA 30%, 60°CollA 30%, 72CoAA 184%
357718 ¥t Alela, 72°ColA 587 whg ARl
5 E83dt}. £Y [0 #p]-dCTPE ¥4 ¢ 2
& 209N FHELANNEE AT F agarose
geldlA] V)9 F3le 561bp HHo] 317bps}t
244bp A2 93] Had AL A

3) BstB 1 HMigtgaol 2fst Hct

BstB I A|3t&4 (Biolabs, Beverly, USA)= TT
VCGAAE <A pucA S48 339
561bp #£d& 244bp ¥43 317 bp £H= AdgH

o} 9o FHALAATSE 540 o] BstB I Ag
&2 10 (12.5unit/ uf )9+ buffer(x10) 446 &
Ye 3 65Tl 3212 ¥AIZ ] FHax
AreA] FHELE XA e WS ES
agarose geldlA] A7]dEsld 561bp £40] 317bp
9} 244bp A2 &3] HdE AL IS

4) PCR-SSCP

Ao) pro ArIGE =& vHEEA =] o]
A FRE 210 Agste] SSCPE Al
0.75ul¢] MDE gel®} 0.6v§2] TBE bufferg -
3= 75mle} TEMED 30u¢ ¢} 10% ammonium
persulfate 300 uf & 410] gel& TERIT. F992
7} EQde FHAALAHNNS HEF 1wl & FHskd
SSCP loading €9 2 uf 9} 4ol 95CoA 587
7t AZE FA] Bl WolA 583 Bug Ho
30 & loading3t 6watto]A] 16A)17FE¢E A0
A A7 953k A7]9Ee] FUE felde e
8lo] geld 3M papero €494 wrapoz H&H
80°CalA 2A7tESt gel& AZAZ] & X-ray film
& cassetted] Wi -70CoAM 12X gk
autoradiography & A|383}9ic}.

5) BstE II MgkELof ofst FHet

Scorpio 5(1996)q &3V M. bovisd prcA %
A= 169MA G717} CollA G2 EdHo7} 9l
t}. BstB II A8 sE GYGTGACCE Q43
H M. bovis 5= GGTGACG=Z EHHor} &3)
stog AR gerh 59 948 ¥ 4L
Ay ¥ AA o] 561bpe] FHELAHE 5
ué 9 BstB I AgkE4s 10 (12.5unit/ uf )2}
x10buffer 440 & ¥l 65CoA 3AZE kA7)
% agarose gelolA] A7)195E Al3lslo AP A F
I P FAT e 9] e v

6) AFREl primers
AR2E primers thS3 Zom Korea Biotech.
Inc.ol| 9)zl8le] A =3kdT).
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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 prcA gene of M. tuberculosis between
PZase-negative and PZase-positive groups.

PZase-positive

PZase-negative

SSCP(+) 4 19 23
SSCP(—) 18 3 21
22 22 44

The sensitivity, specificity, positive predictive velue, and negative predictive values of PCR-
SSCP methods are 86%, 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.

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

2 7

44¢)9] ZAFF 224 PZase FAH(PZA
Yol 22¢)= PZase 24 (PZA WA)o|%ir)
A 224)% 1841(82%)ollA BE 52 H37Rv
S} TLE band9 o]FAHE HYL 4dE e

f M

SSCP (+) BCG strains

Fig. 2. PCR-SSCP results of prcA gene after BstB
I restriction. Naturally PZA resistant BCG
Strains showed the different mobility 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& HATh WATFT 2215 194](86
%)X EZEHF#ZQl H37Rve} thE bande] o]%A
& B 3o H37Rvel $Yg bande) 3L
Hoja 5 FAARDHzEe] B4 AF2AY FAHes
SoJstgdtt(Table 1, Fig. 1, p<0.01). 2230,

PZAd] W& z&= BCG strainsd} 1¢9] 823
T 25 H37Rve} o2 band 9] ¥4& HAFT
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Fig. 3. Agarose gel electrophoresis of pncA

gene of M. tuberculosis and M. bovis
after BstE II digestion.
The PCR products of M. tuberculosis
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). $8287 Ad428 pncA #3419
E9d0lg 2T Q] Wi o] 28 Hdsl=
BstB 11 Agk&do] <8 RFLP (Restriction
Fragment Length Polymorphism) e <jsle <l
BRYFH A &) 7FedtArH(Fig. 3).

nE

INH, RFP, Z12l: PZAVZ £39 @rlado] 7hs
A Hi S7HEQ 2 AR A8E)
o8 Z¥ol FHEE AS ZaFAel Ut 2y
1} 1980dt] FubRE Aol AIDSe] Zvhsh
A ZEo] figol thA] 43 F7Hskia 53]

RS $717 & BAl2 dFEd &

3 fEieEllME INH WiAde] $9.2%(19954),
INH9} RFP $AMMAQ chAjekAluide] 5.3%,
PZA WAo) 2.3%, 28z INH, REF, PZA %—A]
UiAdo] 2.3%9) ol& Axz HIV 743 #d glo]
FARE & FAUALEE Bagton, 2 I
ME HIV o] Z7lAd) glornz ofAAZdY
7ol B8 F7VE 7heAdel didh

oFAlUAd ] Zigkell oA Aj7te] HElmg A|&ARI
#age] g Hojth, B2 ME AE8F Ex A
A oAU Aol HHAE XFHAE vPE &F
Hl st fog whdelth. e BAlA By
upe} o] g 7hx] Aol WAdolH ohE A= F
Aell WAl ZAs7t B3, A ddolA AMgTHsE
FANGA = 10495 B3} 28 7o A
Ha 3-4F0l9 FAE FAl] Foshs tANEE
o] 99 HAYS sl gt BFo] S
53140 AT ZEEHE Sx)9 7L
gojatkn ¢ 4 ok 22t AFH B4
e wigkol] 4-6371 HAeln A 2-4F
7t 28 A=z o ARME "o vt mabA of
ANAR-E A&a Agsin FEE ¢ s 53
8ol Mge] AlF3l 2A = gtk o]& fsiA
= g2GA g FE3 g1 WAl 7)de
gt A7t 4o}

H BARESte] wriow AR ghAsiokA o
HEE7Ho] BARESH EA WA Ut
&, INH JUAgSole= katgh, inha®, 31
ahpc® %9 fAx EA¥e|7t @4k, RFP W
5L rpoB® FAxe Eddeld o3 Ao
vl At} T streptomycin WA= rspl §382}
2 rrs SAAM®, fluoroquinoloneg] Aol
erA, gyrB, B3 [frA 3R, pyra-
zinamide WAdlE  prcA® FAx, dgln
ethambutol WAldle= embCAB gene cluster'® 9l
Edol7} #ojgo] BaEx it

Pyrazinamide(PZA)= Atz gl 29
ol st Aaae-g Uehile 2424 3
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Adle EHT FAE dEd olxdog ANl E
| oAl o} Al 1xpekA2A 4488 D7) 8 et
L9 £83 ofAolct. PZAE ol 71 U=
pyrazimanidase©l] 9}&}¢] pyrazinoicacid 2] z-87]
Aol digtede obx] deizl vh glck. PZAC digh 7
T R pyrazinoic acid®] 28-g 9]¢ HHE
87T Adgo] ARshr] A’ H4% pHe =
Aol olgrh. kA dA) Seluet MR PZA 24
AAAF o] PZase 4FARE Bogy PZA
AFARE g gsta Qo wiE 9o oJshd
FHMA RS WHo| gl 176018 ulyer 9%
W PZAZA 1619)%  14891(91.9%) A
PZase 84x7} 4dolda PZA WA 159594
15¢100%)o] 25FojA PZase A= Aot
%A% torek pH(4.65, 4.85, 5.05)0lA Zslg
& wjFEEA FAE AldEE S o 37 pHzA
A BE 2t PZAY] 2449 12141%F 1014
(83.5% )4 PZase A%t PAolddi, 3714
pHolA 25218 PZAWA 307573 244(80%)
A4 Plase BAE LAt @& pHoAde= 2
FAdoli ¥& pHolME W4d 184F 8=
PZase B=840l1, 10 PZase 4% %A
ojitt. Z2eut pH 4.85 ool Awt At 64755
PZA 4359 85.7% 1A PZase 4% &240]
A, pH 5.05 o]gellAzt 2 PZAWA 1143
Z 79(63.6% )Mt PZase BT 2/d01gich.
o] Zil= PZase 4%t PZA 14474 2
Heole o=Ar AT HAFx|u pHel ¥l
wels] Al datel PZase 84543} 2tol7t Q)
ouz AFHR] ZpAd7AARL Plase 4RAA
A& Hof.

Scorpio E&(1996) Z¥FHe| pyrazinamidase
€ codingdhs prncA FEAY] G7IMEE AHE ¥
o] Basiart. £33 PZA JAoln PZase
Ax7t Q= Ao PZAd] ZpiQ Ad T
pncA FRAAE o|]ldt PZA 7443} PZase &
AEE 458e RoFi. PZA 49 38F

% pncA F3Ae] Eddolrt glgla PZA U4
Ql 5TF BF pncA A Eddelr} #E
pncA F3xe 207 PZA WA #o4 A
olgln Bualyrt. 7|[EHoz PZA W4 BCG
strainolu} AN FL 25 169U 9717} CAC
(histidine) 9|41 GAC(aspartic acid) 2 FHENHo]
7} wAF] o] Ed prcA AR FHWolt
PZA Aol #ojslelels 3771 doh o] & Scor-
pic(1997)%-& ' PZA A<l 38FF5 337
A prncA AR 2ot 98-8 WY ®
3 UeA] 5EFE AdFE PZA #UA (false-
resistant) #5-0]205% o)E 2% PZase BAI% %A
ojgir}. ot 1737 PZAC) 93 (MIC=100-200
pg /ml) WS BT PZase 4% SAlolo]
A BE YAz de) sHsAE AAsie Aok
1} o] #3F% pyrazinoic acidojs A Bt
Hirano(1998)%2'" pH 6.00|A4 PZA] digt
MIC7} 400 ug /ml o]4toly PZase &9 3345
9} PZase 9¥Aolit PZA| did MIC7} 200 ug/
ml ©)3}Q) 1353 FE WFeR pnclA FEAY &
o] g TSIt Plase YA 135FF

=
S 33TF F 327F(97%) MM prcA H-H=
o] ZPHE FA3A prcA FHEAL AWt
PZA WA9) 3 414 Z=stA AAkit. €3
Sreevatsan =(1997)&1® PZA WATEFZE 28%
HNME pncA FAAMY EGEels WHEE  ji%dd
T gastglck. Martiniuk £&'9 160¢4HAE
e sle] Wulsld PZA Ul 47304
allele specific oligonucleotide(ASO) hybridi-
zation Yo g EG¥o] o5& FsldEd BF
o q Edwle]E 2AE 4 gl

3} Scorpio(1997) 5&'% PZA2] targete]
7 el folel HeAE ¥otRr] Slsid
pyrazinoic acid]l A9 #5& 3] el =¥
sout Austdnt. o]gA PZA 9] targeto] Wist
of 93 PZA FAWAo] gle olfi+ ol PZA
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target 9] Wal= A3 to] 4] olg}e P XPH
A WSkE F= Ro| opdr} Aztdr). olHE AF7)
2e] B&2= PZAY} pyrazinoic acid2 3R]
Roh= Aol A PZA A9 713 83 7
o2 AzZtey, aelng PZase $AE q¥0) 9
s,

2 AFNM = BT pncA S4Ae] Bl &
T8 #<lsl=t] PCR-SSCP(Single Strand Con-
formational Polymorphism) & o]&3}g}.
PCR-SSCP & non-denaturating polyacryl-
amide gel& o]43le] A7|QYFL Agsh=dl, 22
=719} DNA ®Holgts Q714 g2] zjold] ul} o
F9 Aolg vehdt). a3=e HEAWE 1)
o 717 wiyolz DNAe] FzAw3}l(confor-
mational change)& Yo AN ESddolE Yo|x]
%e 2L 3719 DNA BAs o]$A9] lolg& B
ol Ed¥o] oRE 4A FEE F Ut Wio
o 2 Z29E YaMe Ao AR ¢ AV9EY
ol 834 ol& 8ty odrA oE B=
(MDE A, 0.5-1u)9} 2494 A7)95 238}
of Wlzo] TRo] AY FF AL MR
SSCPE Algsigict. A5L® o] WHe olgaly
RFP WA Z8& 24310 7HHs A 818 ¢ A8
£ B2ustgo}. 22y SSCP e 200-300bp o3}
o] 2he BA-ANAMTE EdWo]e] FRo] Jls3lct. wt
TA prcA ARl EQW0lE HI] dld:
ncA FAAE QY FAH2 o] 2EF £ U=
£ o2)7)9] primer§ AE3l] FRELIANLS
Aljste] Zkz} b2 SSCP W& Algd = o}, of
Yd Hd A7IMEEAYPE ol83sle] EFE
A& 4 Sk a2y o] AT EAL pncA #A
zke] PCR 4H2-& BstB 1 AgtaAz Add F u}
2 SSCP& Al3gste] #3-& 7H83) 3 oo}, B2
obd pncA FAze] Bl PZA WA 287
9] 100% 914 LA E= AL ol Scorpio ¥
(1996)9] End ol&HH prcA 382 Edol
7} PZA WAe] F o2 AR, o]& At

24317 daiMe Es Edviols U 5 A
 ye] Ao} Fgslth. B dFEAdME F
44dje] A FZo)A PZase BHE I (ZFA)
2241%F 44(18%) NN pncA Al EQo]
g B89, PZA 8= A (W) TEF 2249
% 1991(86%) M pncA {AAY] EAWlE &
sl F AApIe] Ante] Ao dE HE3EH
SAAo 2 folaldrt(p<0.01). L2t} PZase &
A= FAodME SSCPIA E4WelE HAE 4
o9} PZase A= &AJo|HA] SSCPojlA &40
€ BdskA R¥ 39, F, PZA LA=EHEAL
pncA RAke] SSCPH el At EYAT &7t A
oog olgd WaiMe FF o MG FAPL da
sle)et A4 Fsd Aoz PZA 4% AL
7} AR UL A, SSCP Ao Ao} Ar|d%
o] 248 HAsEA XYL BF, prncA AR
Fd¥ol99) thE W49 7]do] EAE A4 E E
4 Atk asoz $AFo s T AAEI) BY
2§ AAE AFo g prucA A G7INE L &
Q3loiol &, AF o] B o FFE ddoR
pncA fAxte] Ediole] Tt e HUsH
of a}Act. Scorpi(1997) T& 34| primerE o]
£3led PCR-SSCPE& Al33igledl PZA 7244
1073 2FoM & $L8 Fe B,
PZA UA#elA SSCPYoz FaWolE T &
Aok R oy ¥ ¢ & e deA, 3
1 ol=AHxoA EdRolE AT F AJEA
dated= A 71l it

FE pncA FARE M. tuberculosis$t M.
bovise] ol F&3lth. M. bovisell 9% Zdol
22 A= F FFE FHF 2N PZAYL X
g2 AMSE WP} SEAY, B3 5 F5e]
& JAFNME Fasitt. A 7 AsiEt
Al HAALE olgdte] FRIL ort Agte] e
A Y& ZAYPolrt. T EAPETHoZ M.
bovise pncA AR L] 169WA G717} CAA G
(histidineoll 4] aspartic acid)2 Edwol7} Qo
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2 gGA FE¥ F Aok Scorpis(1997) 8 pucA
AR 169H4 975 Edshs B8-S FgEs
At o g ZEsle] PCS-SSCPHoz M. tu-
berculosis®t M. bovisE TE3IFch. 89 M.
bovis & o2 e 875 SSCP=&
M. tuberculosis$} T-2o] 7Vsdtitt. +&o ¢rel
277 ddE M. bovis TFE A=Y F30
M. africanum 02 HHHY. M. africanum-<
PZase ¥Aoln TEAo =2 wild-typed] prcA
AAE zkugltl. Sreevatsan(1997) 52 1073
F 8FF9 M. bovisAA pncA FA=Ie] 16907
E719] EdRlelE AT, B dFAME 1_3}]
B PZAd] WA<l BCG strains® 1eo¢] 934
T 2% SSCPE o]&3le] Ed¥ol7l s -'%}?l
At =3 ¢S 7HAEF 4bH¢l RFLP(Restriction
Fragment Length Polymorphism)& o]&-3te] M.
tuberculosis$t M. bovis& TEE 4 = WS
st k= el 2)n|7} et

Z2EHog ZAHNFe PlaseE coding Bh=
tmcA F3AE o]83 PCR-SSCPH-& PZA WA
Adsh= g o g o]8d 4= Qlg oz A8
ot 22y ool prcA FHxte] G7IMIARY
€ ¢ B2 A7) daskelz 449

Ol
-

mlo

2 <

ATl

Pyrazinamide(PZA)= t4JA] ¥ (macrophage) W
o] A F2 RL3= FAYGA=A ©r)5E
3] FaF gaolth HI ATor AIDS 2§
o] 7k} 7 kAU Al ajo] FrshAA
AN E Z7)dl LAstEE =Eo| A= Qo).
A fEu=ldXE PZA 744 ZAL didldd
pyrazinamidase(PZase) B4 % §53 PZA tj
St AR E shdstn Qloh. 2 Adlne] PZase
& codingd= prcA SAxY @EA o] A
o] Aoz} Aol PZA Wdol] Btk B

2} A% olell & AFRKe BUFS prcA £

A2 gate g 8 PCR-SSCPH oz PZA Ao
2 A9 5 duA Qotry| gt 2 AT7E A

shach.

Y 9

oA Z&Fo] wUE A ATFAA

PZase AT} 8918 4449 AAFFe} thEHAE 3
Yol A] Fojuke. BCG-French Strain, BCG-
Tokyo strain, 22|22 1de] $HAATF vlFdAE
daoz &guck. ZAA|dA  bead beatert oz
DNAE #asi9en prncA +3AxE Xk
561bp 23 & EgFAQAEog FEFN). o
%29 DNAE BstB 1 Aasre Addt & 2z
o}z oluloleAlo| A SSCPE Al3fsled 1 AE
HFE7+F H37Rve} vlws}ic.

a 1}

44¢0] A8F F 22¢] PZase BAE Fdolx
2249 PZase 4% 240Utk 4 224%F 18
o (82% )N A FFHF<2l H37Rve}l S band ]
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