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pncA GENE MUTATIONS IN CLINICAL ISOLATES OF TUBERCLE BACILLUS
BY POLYMERASE CHAIN REACTION - DIRECT SEQUENCING METHOD :
IN RELATIONSHIP TO PYRAZINAMIDE RESISTANCE

Shigehisa HOASHI*, Hisakazu TAI, and Mayumi TAMARI

We screened clinical isolates of tubercle bacillus for mutations in the pncA gene, which
encodes pyrazinamidase (PZase), by polymerase chain reaction (PCR) - direct sequencing
method. Sixty—eight strains of tubercle bacillus were isolated from 32 patients with pul-
monary tuberculosis. The patients were treated with antituberculous agents including
pyrazinamide (PZA) for 2 months. Thirty-two of the 68 strains were isolated from spu-
tum samples collected from the patients before treatment ; 29 strains and 7 strains were
collected after 1 month and 2 months of treatment, respectively. The pncA genes in these
strains, were assessed for mutations by direct sequencing of PCR products using an auto-
mated sequencer. Similarly, we examined two clinical isolates (ka567 and minami22) of
tubercle bacillus, determined to be deficient in PZase activity by the Wayne method. A
PZA-sensitive strain (H37Rv, ATCC27294), and a PZA-resistant strain (H37Rv-PZA-R,
ATCC35828) were used as negative and positive controls for mutations in the pncA gene,
respectively. None of the 68 strains demonstrated any mutations in the pncA gene ; how-
ever, the 2 PZase-deficient strains had missense mutations in the pncA gene resulting in
an amino acid substitution from His82 to Arg in clone ka567, and from Alal7l to Val
in clone minami22.

Key words : Drug-resistant Mycobacterium F—TU—-X . EHWMHESEEE, C5VF3IF,
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19964F 4 B > & A A% 90 AR HEVAHE S, BRI 2
# HM pyrazinamide (PZA) % & & EB LB D
Mz 5Nz, PZA 2 &t bF R E CHE R M%
bR LR, EEREEOERE, HERETROBHFRERD
EFARHLRATNE DY,

PZA RFEHEICH L TEBEOBRBE T IS TR 2 HRHE
EREZELTVEY,, ZOERABRFEICOWVWTIE, PZA
ASKERLE ML IZAEAEY B pyrazinamidase (PZase)
2 & o THKS R ST pyrazinoic acid &%), &
BEHZRTY EZZH6NTWA,

KERRHE L, PZA \Tnbd B A%H O A 2 M U
PULETH B, LAL, PZA x5 FHKZ M HER
X PZA 7"BEUBRET CHENE AT 5720, BREOR
HWiCTITbRTEE ST, DHPETEHWLRTY
/AN TO PZA IEOREEIRR I TV RV,
BAE, #REHR UCO, M L7 BACTEC radio-
metric method? % & TOEHEZMRESITHONT
W3S, PZA i ® minimum inhibitory concen-
tration (MIC) fEiZ pH REHIZL VW ELR D720,
PZA DOEHEZHREBRIIHL SN TRV,

1996412 Scorpio 5 ® 12 X ) PZase % code T 5%
pncA BETHFERIN, HOHIEEHICBNT
pncA BIEFERIZL Y PZase OIEEHEFROL 1,
X5 pncA BIETFICEREAL TV HBE IR
BACTEC radiometric method (2T PZA i TdH -

pncA 561bp
— PN
pza-1 <4—— pza-2
—p pza-3
—_— pza-4 -
Pl Pé

E1 pncA BIZFPUAER L7z primer OALE

& 1B L7 primer OIREEAFY

5 HERS 3
pza-1 TGCGGGCGTTGATCATCGT
pza—2 TCAGGAGCTGCAAACCAAC
pza-3 TTCGAAGCCGCTGTACGCT
pza—4 TCTGGACACGTCGGCAATC
P1 GTCGGTCATGTTCGCGATCG
P6 GCTTTGCGGCGAGCGCTCCA

O ETAE BHE

TREMELZD . 0L hikdE> SEEE O PZA it
WEHETLHEL L THEBREO pncA BRFEE%
BHETAZEIERATHLEEZLND,

ZZTAE, biubiid PZA %Nz 7240 2 HE5 %
EDT bR BREDOE BB FEOER L RN
ENTBERDEEREHEARB L U PZase H B O
B#kIZD W T polymerase chain reaction (PCR)-
direct sequence ¥ % i\ T pncA BIZFER % BE
L7,

M EHE

1. % #

19964F 4 A LLRE, 4BEic ABE L 7- Rkt BE 324 D
R0 SN ERR S BERE AL 688K, 38 & RIS
FERFFERT A SR ILI R ST A & D 65 S /- PZase I
PO BRR BRI 2 Bk (55673 & U'H22) =3t
S L7z, RS EEMEESHROMNTUL, HHEAD2H
B (324) LR—BEOWER 17 %Ok (29%)
BIUOBELIBBO TR (THR) Thd, HEEOD
X AccuProbe i (HAMREE) 1IcTirbhiz, Hiifs
MEBEL, FE#20~84% (CF¥48%), B4, =i
1140328 THh o7z, EFMEERFITH Y, M 2
# BB PZA % & t Isoniazid (INH) * Rifampicin
(RFP) 3 & U Ethambutol (EB) F 72{3 Strepto-
mycin (SM) ® 4 #IPFHZ D%, 4 47 A INH - RF
PHLWIEIINH - RFP-EB®D 2 ~3#28HT 54
&6 7 A OBERBREN TN,

PZase 15T PZA B IO HEREZHME L, 37TCIC
TA4HMBERLE, 1%HEE (1) 7 E=v a8k%
Nz, @i 4ER%, By s amilgmeRrL Ty
L PZase [EMEDH h LW+ 5 Wayne DS 12X
STirbN, $72, MR E LT pncA BIZFICAR
D& BN\ Plase B M OEEGEHE /KR E LT
H37Rv (ATCC27294) %, pncA BIZFICEREET
% PZase 6RO PZA M EH & L T H3TRy
-PZA-R (ATCC35828) % F\v 37z,

2./

WAE A5 DNA ZHilE L, pncd &ZFAB L U4
HOYFEIRAIZERET L7 primer 2 VT PCR #2172
72o D% PCR EW A S L, sequence UG EITV,
auto-sequencer % i\ CIRHERFI % RE L7z,

1) #HHE DNA Ol

g & 9 Dk E RN SEEEO a0
——% 1 HEEHWL, 7 b, TritonX LHE1To
7tk 7=, zOukVARE Zotk, biEE
% ) —)Viklk LIHE DNA ZHih L7z,

2) pncA BIETF O primer %5 (K1 B L UR)
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19964E (= Scorpio 5 ® 5t L 72 PZase % code ¥
% pncA BIEFOBERINICE DX, 1 DRENOE
BT primer # ZNENED L H 12, Tm60TIZ THxE
L, annealing MImMEIX58CT & L7z,

3) PCR#

PCR D413 first denature #594°C 2 53, ZD#
denature 94°C40%, annealing 58 C40%},
72°C 147308 %35% 1 7 )V, final extention iX72°C10
53¢ L7z, sence primer & L T pza-1,
primer & LT pza—2 Zfif L7,

4) PCR EYORH

PCR EW % Suprec-02% 5 & (FiBEEMHREI) 12
THEL primer & dNTPs % K# L7z,

5) sequence Kt

pza-1 & pza-2 % i\ C, dideoxy chain termi-

extention

antisence

nation method {2 & ¥ Dye Terminator Cycle
Sequencing Ready Reaction Kit (Applied Bio-
systems Division, Perkin Elmer Corp.) (ZTH&
7%, 7x /=), yOnKRVAMBELY ) —)
LB %47\, auto-sequencer (ABI-PRISM373) %
FCIRRRS) &2 AT & ) %E L 72, sequence D —

T TCTACAAGGGT GCC TACAC

T TCTACAAGGGTGC CTACAC
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EROSABHBE 2 ARARIZEE L CTid, pncA BEEFORMEIAE
B L7z primer @ pza-3 5\ i pza-4 (£) 2HV
THARIC sequence G % 17572, & 512, pncA &z
F oL & ik codon DER %R 5728, Scor-
pio 67 HHE L7 P1 & P6 @ primer (1B LT
£) ZHVTHB LR UEHED PCR Kb 21TV R D
EBEITo72,

BONTIRERF 2 MBL LB L, BETEROER
ERET L7z,

& R

1) H37Rv, YREERRSEEREALH O 185 & H3TRy
-PZA-R ® sequence DB %# X 2 1278 L7z, HERFR
R ERIE H3TRy & F—0EEEFTH > 720
H37-PZA-R & Scorpio 5 © D #i4 & F#I2256% H
DIFE G BREL Tz, PZA %I 7B [ 4E
BIGREVITONIZR2BDBEOEK X YRSk
HERU32BRR, VA 1 7 BHR2THBRB L 072 7 B 9 Btk
DIERHEETE T R TIZB VT pncA BIETF LICIEE
ERER, BEOWHA, REFIRDT, @B sH
TV ERBOERDWD A SN ho7z,

TTC TACAAGG TGCCTACAC

| Wmﬁm« MMM Mm«

H37Rv

LREERR BRI O 1 B

H37Rv-PZA-R

2 H3TRv, UBEERKRSMERZREO 1 #kEB L O H3TRv-PZA-R® sequence DB

H37Rv: pncA BIZFER (—) OEEEKE K
H3TRv-PZA-R: pncA #BIZFER (4+) O PZA R E
YR ERR 5 BERS A 1L H3TRy & A —DiE A %R, H3TRv-PZA -RTIX&E]

DAL G DREDPRBOOND,

CGGACTTCCATCCCAGT

it

H37Rv

v
CGGACTTCCGTC CCAGT

e,

FRPR 5 MERE AL B R (42 567)

X3 H37Rv & PZase WM % R TERRSBERAZE R (4°2567) @ sequence M B
FRIR 7> BEREAL AR (4°2567) TIL 2457 B D3EH (KED) 2SA 55 GNERELTwW3,
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CGTCGCCGCGCTG

il

H37Rv

M ET4E B5 5

v
CGTCGCCGTGCTG

il

FRIR S BERE A B R (78 22)

4 H3TRv & PZase iM% /R4 BRSO BRI BMR (7922) @ sequence DB
ERER B AR (5922) TIX512F B O (RED) CALTICERL TV 2,

2) K312 H3TRv & PZase IG MM % /R 3 BRRS
BEREALHIRR (2°567) @ sequence DB Z /R L7, W
B 567 TIlE245F B DN A 25 G IZER (His82
—Arg) LTw/iz,

FkElz, ®412, H3TRv & PZase &M %R
ROEERERER (F522) O sequence DB Z/R L7z,
BidkE22 T, SI2BFEHOEESCH S TICER (Ala
171-Val) LTwiz, 2HE#kE b ICMDEM TD se-
quence {¥ H37TRy L A—THh o7z,

£ =

PZA X AR E ORI BRI I T
W, R OEFTE I REA EOZRERNP S A
LaEEZLNTWVD, FE, HIEHEOEATIERET
OFFEHFTbI, RFP @ rpoB 7% & OFEH i 4 #1= T+
BHEINTWVS D, RFP MEEEEICB W TIZINT%
\Z rpoB ORIEFERNALND LHESNTEY 12,
WM H O RFP Wttt rpoB BIETFERERHT L2 &
WZEDIFIZTRETH S, SMIHERBEEICBVTIE rrs
BIETF L rpsL BIZTFOERDT0%IZEDLNTE Y,

19974, Scorpio 57 i3 pncA BIEFERP A LN
7R W 33Kk T PZase DIBEHHEEPTR O LI,
BACTEC radiometric method (pH6.0) 2 T29%k
1 MIC 900 £ g/mi L LD E PZA Wift4, 4 #kid 300
prg/ml LD PZATES AN/ L 2#E Lz, &
5124% 513 BACTEC radiometric method (pH6.0)
12T MIC 600 #g/mi Pl LR L PZA E L HES I
EBESHRICBYT pncA BIETFERERZRD T
PZase EM L BIETH o 72720 MIC EOBEHREL 1T >
72T Ah, 18RIZ200 g/ mi 55300 g/ ml DEZMEE
OB & R IED 5\ ik KRR PZA THEEZRL,
4 ¥R1Z2002g/ml LT ® PZA Bt % R L7 MIC f&
X BBIHEAITH o ERELTRE T,

4, PZA #INZ - MEREERENITbN/2328 D
Wi B DB FRET R OWEHE L 0 M S N7 BRIR - BERS
MR ET681k 3 & U PZase IEEREDOKBEE 2 HRIZB 1T
% pncA Bz FERDEHE% PCR-direct sequence
ExHVHE L7z, sequence Kt idbiLb L AER L
724 >® primer B X VTN S primer DFEEIBL DS
I BIETFERPGETIUREIRETE 2V
&, B e #IE codon DEE % F % HET Scor-
pio 57 H#RiE L7z P1 & P6 @ primer W7z,

AIRETIE, BT ORILHEI28k (324) 12 pncA &
BFERIAON o, T2EH 1 H ARRKE
L2 B T BRI I6HRIC BT b FARICHEIR
FERIIH SN 077, Sreevatsan 5 1 id PZA B
WA R TEMESIBRICBVT, pncA BIETERIR
DONLEDo2Z EEHELTWS, FRF D24 3E
33 7 B DRI EBIR OB - BEticBtE 2o
72

PZase IEHEM 0BRSS HEAEILE 2 8 (42567, F22)
IZ2WT D pncA BIETEROKRE T, 2HHKRED T
IBOBHREE) REREREFL TV, BKD
56TOERIMICOVTIE, ThETHRESIL TRV,
F7, BHERICEOONAERTBMICELTIE Ala
17175 Pro ~OEBHRIIHE D STV B A, Alalll
25 Val N\OBEROFHE A LN LV, ThE TOR
EPSERERI T, pncld BiETOSKICHAE
LTHBY, HERERZTTHT7 I/ BRERI2DERE
ENTWAE W 5%, SO Plase IHHEBEE O
pncA BEFEROBEI TbhL L, S5IZEDT
IBBERIRESNSLZ ENTFEEND, pncA BiE
FEREZBRBT 57201213, ZEESBREFEICBELT
Whkw, BETHIEERY 2 EERETE %5 PCR-
direct sequence IEDSIEMELR HEEEZ BN,

4%, PZase IR E BT 5 pncA BIZF
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EROEE, BACTEC method (2 X % PZA it D
MICEE pncA BIZFERLOBER EIZOWVTOHR
HITAULENH D,

BIE, ERRmtkrh O * EERIH T 2 BERAEE
£ LT, PCRE#ZHV/ Amplicor™ (AA&T ¥ =)
BRHVWLNTWS, 5%, BEOHICHVLN1S PZA
T B AR Ol 2 R IZHIE T B 7 O BRI X
DEE, EEEO pncA BRIZTEROFELRIET
FETH S,

] i

PZA % &R AEHEIRHREE DT b 1L 72 Jiti 45 4% L 32
LOWEHE X ) BRI SN EEOM (AR, 6
17 ABXU2 7 BHOGK) B LU Plase HHEENME
DR AT 2 ke xff & L, PCR-direct se-
quence % B\ pncA BIETFEROFELRE L712,
68 tkIE pncA BIZTFOER RO %D > 72, Plase
EEEE 2EKTIE, BRICHEEIA TV ARVT I
JBERSEA LN,

AW OE G IIETIE H AR ERRE (i) 12
THEREL,

o 33

BHROME % L TRV 72 E LS FERT ZEHT B AR 1L
RIS IR L L B E ¥, MERZBIZHZD,
AWFFI IR HRE LB Y  LARREESERK
SNREHEES 4 ZA ERFEERIFEHF LI,
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