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Background : Rifampicin(RFP) is a key component of the antituberculous short-course chemotherapy and
the RFP resistance is a marker of multi-drug resistant(MDR) tuberculosis. RpoB gene encodes the subunit
of RNA polymerase of M. tuberculosis which is the target of RFP. And »poB gene mutations are the cause of
RFP resistance of M. tuberculosis. Although several reports showed that PCR-SSCP would be a rapid di-
agnostic method for identifying the RFP resistance, there were few reports performed using direct,
clinical specimens. So we performed PCR-SSCP analysis of rpoB gene of M. tuberculosis in direct, clini-
ca:l specimens.

Methods : 75 clinical specimens were collected from patients at Asan Medical Center from June to August
1996. After PCR of IS 6110 fragments, 43 both AFB smear-positive and IS6110 fragment PCR-positive speci-
mens were evaluated. The RFP susceptibility test was referred to the referral laboratory of the Korean Tuber-
culosis Institute. DNA was extracted by bead beater method. And heminested PCR was done using 0.1ul
(1uCi) [o~"P]-dCTP. SSCP analysis was done using non-denaturating MDE gel electrophoresis.

Results : The results of PCR of IS6110 fragments of M. tuberculosis were positive in 55(73% ) cases of 75
AFB smear-positive clinical specimens. Of the 55 specimens, RFP susceptibility was confirmed in only 43 speci-
mens. Of the 43 AFB smear-positive and IS6110 fragment-positive specimens, 29 were RFP susceptible and
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14 were RFP resistant. All the RFP susceptible 29 strains showed the same mobility compared with that of
RFP sensitive H37Rv in SSCP analysis of 70pB gene. And all the other RFP resistant 13 strains showed the
different mobility. In other wards they showed 100% identical results between PCR-SSCP analysis and tradi-

tional susceptibility test.

Concluison ; The PCR-SSCP analysis of 0B gene in direct clinical specimens could be used as a rapid diag-
nostic method for detecting RFP resistant M. tuberculosis.
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gIoA e GEFRHAM 274 AW EYY
$H&8 196599 5.1% oy BRI
wane =goz 1Ed ZaHo $AT 1995
o] A= AgizAlA AA] Q179 1.0% 7} 29
Az FUAZ] & A7 " glon AFdE o
Ax oF 40utgolde] AP} QA& Aow 33
Ha Yot A AAFe s FAHAEGEAYZIT
(AIDS) e} Z71¢} 34 dAANAGEY ] F717t
PAYR R F2F BAHR Ar|=a . oFF
ZuolH AIDSe] $¥&e A A% AIDSe} 7
B8 Isonoszid(INH)ol e uidgol 9.2%
(1995'd), INH$} Rifampicin(RFP)d] thg FA]
Aol 53%(1995d) 2 E& UA&S HejRn
iy, =3 A= AIDS 27 A Z915A
o glenz A & ¢ WAge] dAET F
7¥e 7FeAL $Esitka sd. weti] 2YekAY
Aol A&F Agko] WyAoln, 3] FYUdr|X R
Z7to] He H2A dAGAINAEY] B2 A
RFPo gt UAS N&sA Adshe 4& I3
olc}.

AT EXES ] wHow U gAY 9
AEY5r|de) BEAFESY £ZA4 g ot
2, INH WAYSolE katG?, inhA®, 183
ahpCr® 59 F4dz FdHolsl Bojdln, RFP
WALSL rpoB? #Aze] EQuiold] ofF o=
v Aok, £3F streptomycin (SMYWASl= rspl

SAR9} rrs AR fluoroquinolones] Aol
t oA, gorB 2R IfrA {FERAY®,
pyrazinamide WAl prcA®*® #3dx, adn
ethambutol WA= embCAB gene cluster® 9]
Eddo)y} Boige] RuEm Ut} o|F rpoBRA
2}+= RNA polymerase?] G-subunit-& encodingd}
= Azttt o] KAl obF AgE 69 bp (F
< 81 bp)®9le] &AW, §3] FsaqWol7}soY
RFPuUA¢] ¢1do] vz, PCR-SSCP(single
strand conformational polymorphism)® 317,
Line probe assay'? (solid phase hybridization),
Heteroduplex formation'®, Dideoxy fingerprint-
ing'®, 18] automatic DNA sequencing® %]
oE7kA W& olg3sle] RFP yAde maA Ad
g & Adoke B Bk %l 2y il
A7e YE FFE e sigon A4 il
A & o g3 4] siMe HF Xl
A e YAAAE tdo stojof Sl ol oy
@ Bae A9 fidth wety & IRk A9
T3 ARHAE FA Aoz st rpoB FAA
9] PCR-SSCPY¥¢] RFPUA4& =74 A& +
U=A] Lolir] ko] B AFE APt
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Z9HolA FarE EREAME PP s & dN
AAE Y ggez syt vy AAlE Gen-
Probe(San Diego, CA, USA)E o|&3ld M. fu-
berculosis complex Y& e Fol FEHHI)
o ZEAAAE o2t RE FEY A 2
Q1 H37Rv Z&FF-E 7|£o2 vlzsigt.

2. Hx|e| %2

50ml Algeel] 10mle] AgzA et 10mle] NALC
(N-acetyl-L-cysteine)-NaOH£-9 & HolA] 20x%
7k vortex mixer2 et 1587 Lo wkx)s}
Aot dEEFrE 948E® g7 lem 2R A
& Hol 3,000rpmoz 1587 d48siqct. 4
A4e vgn FAHEY 0.5mle] @FFHssE ¥
vortex mixer2 &3} ¥ DNAZEZ] AR
Z|BRA XA H A} o] H{Hoz = Qe HA
+ vl2 DNA 39 AL}

3. ZYz DNA2| &g

Hurley®’ %9 We ot %8l 1.5ml
microcentrifuge tubeo] A7 A 200ulg {e
% 0.1mm Zirconium Bead 200ul, TEN&<
100ul, phenol/chloroform/alcohol €9 200ul&
£33 & mini-Bead beateroA 3E7F *g]dlo]
A EE gt FA0) gde FPAZY. NS
3,000rpmog 53¢3F AR F, 4HY 200ul
£ t}2 microcentrifuge tubed] £&7]3. chloro-
form/isoamyl alcohol £¢ 200ulE ¥x, 3,
000rpmellA] 583 fAEesn FPYE& o
microcentrifuge tubed] $Zch. AFdY 100ul&
#38le] 3M sodium acetate 10ul®} 100% ¥%
ethanol 220ulg Y3, —70C Y51 158 WX
3 ¥ 10,000rpmeg 1087 gAET oL, A
FEFLE o183t ARAL AT, F71FANN &
A3 AFAAY. 2% DNAE @7 3z F7/F

100ulel] &3AIAX —20T o RASFA.

4. ZESLANNS

HA 1S61108H g FHEAIH S (PCR)
& APst. 1611088 e PCRZHLE 95
Tl 583t ¥ F, 95C 30%, 68T 30
%, 72°C 4524 35 cycleg A3 g 72Cd
A 587 vke-& AFH Fgalo). 1S61108H9)
et FHELAANSOA FHoE wHE AN
& o2 rpoB&HAe] heminested PCRE A
gatddt.

FAHRA = primer rpol052} rpo2932 o]&3)e
215bpe] BAHL ZZslyrt. 10pmole/ul promer
rpol05, rpo2938 Z}z} 1ul¥d Y1 DNA lul& ¥
& ¥ 17mle] FHFE WolA HF 20ulo] A 3}
Ak, ¥hgRAE 95T olA 583 WAl &, 72
CTAA 148, 95ColA 3024 35 cycleg A&
the 72°ColA 587 wE-& AUH FEIGT A
Ha PCR ARE-& 1:100 W=} 1: 10008 348}
o] primer rpol059} rpo273-& ©]&% heminested
PCRe] 7|3z AM-3}%itt. 10 pmole/ul primer
rpol05, rpo273 22t 1ul¥, 349 PCRAME 1ul,
[e-*p]-dCTP 0.1ul(1uCi), 18] 16.9ule] 3z}
Z55E ¢ol 20ule] A shdrt. W= de 95
CTollA 583 AT F, 7T4TCA 18, 95T
A 30x% 50cycleg Al ohg 72 CA 587
g ADFE FEIUTY. FHAELIANEAE
GeneAmp PCR System 9600(Perkin ELMER,
Norwalk, CT, USA)g Al83iien wgdge
20ul8- PCR Pre-Mix Kit (Korea Biotech. Inc.,
Taejeon, Korea)& o]&3&tit}.

5. PCR-SSCP(single strand conformational poly-
morphism)

0.754)¢} MDE gel&<3} 0.69le}] TBE buffer&
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#43k= 75mle] TEMED 30ul$} 10% ammoni-
um persulfate 300ulg 4o gel& W=D ¢
27t EYE FTHES vk AES g F
8lo] SSCP loading €9 2ul®} 4j0] 957 58
7t 712 AE FA g8l Wold 587 nad 5
9] 3ulg loadingd}z 6WattollA] 12417159t A&
A A719Es. ArjgdEel BUA el 2
28t gel€ 3M papero]l £jA wrapo @ X5
80°CAA 2A17H51t gel& AZXAIZ] £ X-ray film
& cassetted] WX —70TCoA 1247 E<
autoradiography-& A)383}$ick.

6. Primers

AME%E primere thgdt Zow primer:= Korea
Biotech. Incoll 9]gsle] A=3tT). rpolds : 5'-
CGT GGA GAT CAC ACC GCA GAC GT-3'
(26mer)

rpo273 : 5-GAC CTC CAG CCC GGC ACG
ACG T-3'(25mer)

rpo293 : 5’'-AGT GCG ACG GGT GCA CGT
CGC GGA CCT-3'(27mer)

IS6110-S : 5-CCT GCG AGC GTA GGC GTC
GG-3'(20mer)

IS6110AS : 5-CTC GTC CAG CGC CGC TTC
GG-3'(20mer)

1. HA

% 75748 Wz STt ojF A 704, B
AAHY 24, S 2¢], T g
hydrocele F<1§o] 14jojgr}. o]Fd|A] 1S6110%
4 PCRYAQ AAE A 529(74%), 7|BAA
HA 19(50%), STt 261(100%), 2z
hydroceleo] 0(0% )2 §3l4 % 55¢(73%)0]
ItH(Table 1). ZA9] A9} Angio] F144
Erdsiel 1S61108d PCRAnE wlwald 84
A =2ETI) trace2 VM 2592 169)(64%), 1
+ 14613 990(64%), 2+ 161% 144](88%), 3
+ 6% 54(83%), 4+ 149%F 11¢(79% )lA]
IS611084 PCRAR}7} gdolth(Table 2).

1S611084d PCRAF/} g o= 1} 55613 1)
ol Hx) @AY HjFE e Aol oM 2ol
HAAY F& uiE ARG 2.90] Hol
RFPol gt 244 298 418 4 ggld 1248
A LJg 439)9)A] rpoB f-Axte] PCR-SSCP &4
& Algsirt.

2. PCR-SSCP #4

Z 439%F 294l EEFF H37Rve} $9F A

Table 1. Results of PCR of IS6110 fragments in 75 clinical specimens

Specimens Sputum Bronchial Pleural Hydrocele* Total
PCR washing fluid
IS6110 PCR(+) 52 1 2 0 55(73%)
1S6110 PCR(—) 18 1 0 1 20(27%)
70 2 2 1 75(100%)

* Hydrocele of testis
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Table 2. Results of PCR of 1S6110 fragments according to the result of AFB smear in 75 clini-

cal specimens

AFB smear
Trace 1+ 2+ 3+ 4+ Total
PCR
IS6110 PCR(+) 16(645) 9(64%) 14(88%) 5(83%) 11(79%) 55(73%)
IS6110 PCR(—) 9(36%) 5(36%) 2(12%) 1(17%) 3(21%)  20(27%)
25 14 16 6 14 75(100% )

o

© - $:RFP sensitive
PR : RFP resistant

RFPSSSRSSSSSSSSSSRSSSRSRS

Fig. 1. Analysis of 7poB gene of M. tuberculosis in direct clinical specimens.
The arrows show the reference strain H37Rv. The isolates with different mobility com-
pared with that of H37Rv turned out to be RFP resistant by traditional RFP

susceptibility test.

N9 OBHE HET, 1S DE o5y
BAZSIcH(Fig. 1). 3UE o] 5HE M 29e] =
% 2447403 REPZAos Basgla, e
°154& %l 14¢] 25 REPYAO = Bgsgl).
(Table 3). & 7|&2] AEZQ RFPZAAA 2
9 rpoBR-AAE o] L3 PCR-SSCP&4-2 100
% YN ABE BRI

o %
Rifampicin(RFP) & 1963wi4] Streptomyces me-

diterraneid| X A& SA"H FAAZA 196531
H AHGA2A MR ol&xo] ). ojkz o

718e] 75l FRT el s el
AN QRS oz A sue
& A% ZaFAel o 2e 1080dY) Fukiie
Mol AIDSe] Z71sh ) B S¥eol o
A FES) KRR AR 271t
2 2AZ dH 53] $euelAs Isonia-
zid(INH) o] digt WAJo] 9.2%(1995d), RFPd
e WAo] 5.3% (19954 o] o8& =2 AIDSSH
B0 AARE & MRS Higton, 2
Z FUME AIDS7} 7KMo Yoma oA
JAUTo] t% 718 7Hs4o] Itk £3] RFPo|
e e chAlkAAe) At gue 2aw o
¥ Axsta Yeul F el RFPo] g8t WS
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Table 3. PCR-SSCP results of M. tuberculosis in clinical specimens according to the RFP

susceptibility.
Sensitivity . .
RFP Sensitive RFP Resistant
PCR
SSCP(—) 29 0 29
SSCP(+) 0 14 14
29 14 43

SSCP(—) : the result of same mobility compared with that of RFP sensitive H37Rv in PCR-
SSCP of rpoB gene of M. tuberculosis.

SSCP(+) : the result of different mobility compared with that of RFP sensitive H37Rv in PCR
-SSCP of 7poB gene of M. tuberculosis.

o] 5.3% <1t v|sle] INHSF RFPO tigt FAA
o] 5.3% ¢& Z¢tsld RFPUATSF= & INH
A= WAYLE & F AT

A EAIHES tiREe] Al dAAEN
o] AE AXn E=F FAUAGe] Ak oA Az
o] djug A& ZPdol Brk= Holrh. dA
BEME A8F Ex A8 FAWAdo] H3AE A
Boplg e A3 A £9E Polch
gy FAA B vk} o] & 71R] kAol WA
ol thE oAl FAlol WA 497 B, dA
AollA AR E FERRA = 109F o £33
1 2L Fe] B Ha 4~5F9] JAE FAl
Fojghs ot g0 Y3 43S ZAdsiE o
@ A¥Fo] WAE FEAY AT 2Es
A gX9] 7eAe "ol & 4 ok 28y
AE3A ZFAFAPPEE il 4~6F71 FHeEln
ZAeAAZAL 2~4F371 Y A= o) AHE ¥
82 g} wepr] AU S AEEA Adstn F
B8 4 Qe AT A9 € A5y o] AlF
3] a¥=HT et o]E M FEYLAIES] F
3 L7147 WA Z1A-d g G5t A o)
o}.

BARE Escherichia colidl*l= RNA poly-
meraseE encoding3l= {33t £3 9]¢ X3
o] RFPUAd=} das]o] glgol doix 2, 23

A= RFP A& RNA polymerase?] ¥3} of
Folgka BaATt A8 7|4 e man A,
| BAAESHe] dg2 A3 EAyokA o YA
571do] #ARETH £ 2EEEA RFP U
RESE rpoB® fAAe] Bl g Aoz
Q. rpoB $AA RFPe] 24392 RNA
polymerase 2] £ subunit& enéodingt‘s}—}:— A=
19934 Telenti Tl 2jst] AFolA A& WA
o9, 1ol &3 RFP Aol #efdh= rpoB #
Aol EQdols YR HEaWololy o] AW
olE< o} AIFE 6%bpHoA dolvtmg, HE
o] FEPWUIE 91 WA A 4 A= PCR-
SSCP(single strand conformational polymor-
phism)®¢]y} Line probe assay %& o]&3}
RFP U4 & 7Wstn was Jdsieie =8o| A
=53 itk $Ho2E rpoB FAAH] 69bp¥-sie]
E9d¥o)x: =B7 silent mutationd] w3+ Euv}
dedl, o] Fe- AAZE ofvlicite] WE) glo
ug RFPZAAelAR 4oz} gloma SSCP
A E A7NGTE o184 Aol& xHo RFP
W4 R Al yeA Hug o)y EAHE 8]
71 YJ8A= A= sequencingo] RFPWA] Age 9
T AY T2 WPoleks Bk Uk,

o] SSCP£ non-denaturating polyacryl-

amide gel& ol§81o] A7 9EL Aok Wyo=
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A Ze =719} DNARAoRIE grIxge] Rlod
w2} o] 5-Ae] Aolg JEpdrh. IEE HEQR]
2 1709 g7I9t uhiol= DNA9] a3l o
SAAN EdolE YA ¥ &2 =7]9 DNA
27 0|59 AolE B HEQR] J5-E HA
TEE & Aok A71GFAAM FEsHA W= (band)
7} FEE7] A3XE gele] et AR 2l Y]
d59 xdFo Fedlng £ dFdAs MDE
gel(Hydrolink, AT biochem Inc., Malvern, Pa.)
& ARRBt] FUE gel Q3 FLE 294 A
B5E AWt

SSCPY& ol&§ 959 d747E EY RFP
WA 662%F 64, 8q]F, 8o, 134]%F 134, 29
% 28qdlA SSCPHez RFPUAL 2AsA
SSCP7} o} 91§ A S BoFa Qlr}s 1,
£ A7At= RFPo 7443 27 wj¥#59 RFP
o W]l 25 wikaFolA rpoB f3zke PCR-
SSCP& Alsisle RFPe] Al 27@4F =2F
H37Rve} $U% ¥i=(band) 9] %4e& BAFn
RFPe] W41 25@F EFel4 H37Rve} the W
E(band) 8] Fd& Bo3Fo F HARE 100% &
sk ZAAE TRIHAUG. £F FUof thE Bu
oA o]F0]*® RFPWYA 12¢1F 114X rpoB &
Azre] Aol E Bt 2t AF7Ae] o
TEAE 27 Al k. A, o|& dFEe
ATES HGE FFEL o2 stk Holdh
A2 AuellA whE AR A 8317 Al B
A AN HHLE YFAAE HFo R stofof Fit
E4, thyo] & TR-8, TR-9 primer& A3}
Ak, 22y Ho B o3 rpoB FAAE
t}& Z9] mycobacteriumi} G-CAJ&o] Fx% o}
E AFENAME HSolHog FExoz HeHo
AL BY] A BT FolF
F7IMEE primerE AMgslojol = ook,
EE & d7AE A9 #8ME TR-8, TR-9
primer & ARE-&to] T3 E A A LS Al sl T,
Iy o dFAe HigE 258 R gl

o 8|3 Gen-Probed o]&3lo] A¥Fo= &
dg FFERE goz 3197 Wil SSCPEAE
sAsk=dl Fert sl o 28y Add 2
o] gRNAA AY AT Al AT dJelx
thFst AlFEel 7] Aol dAF Qo] e AT
o] ARt FEFEYUE SulE 2AE 44 R
2 Aojt}h. ¥ d7A= vigd AAE ddez TR
-8 TR-9 primer& o}83lo FHELAHES
A83dE& w= 157bp Z7]9] Wi=(band) 3ligt
AZEA AT AgE Ao s Qe = ook
3 =U)9] B uiSo|FQl Myl FAEHQIL wat
A B A gt oMozt nuy B
1 ol g3t HE primerE o] 43l FHEAAH
uks-2 AlElyc). 1S6110849] ZHFAdqune
o] 249 = B3l TR-83 TR-9 primer& o]
£ FHEAAANIME B H]5o|HQ) W
7} o, 2] Eoldog B uE prim-
erg o]4% FHEALAMNZAAS vEolFY W
=7} flo] IS611084 & o] 43 Anjel Axsh= &
g AT 5 AU

£ dFdAe Ag% dEAE Adddes §
o rpoB§Ax} PCR-SSCP¥e] RFP UjAdel Agk
7 F8A4E& Yol Aol F FFollonz 947
o2 FAFEg FAo|HA 1S611022e] PCR
A FAEQ FFUE e gy gET o
A9l 7591%F 554 oAet 1S611083 PCRoJA] o
oz ve} thg A9 AFNYE ¥ PCRY o
UEE B F90uh. £ dFdNE HFAE 2ol 8
AqAAM ANFHAA G el =T
AL oFso] =UAAAL 2 vl St B A
B B 47 ojg3lyenz Ui AAE ofF n)
gro] AN 3] gotM &4 At o] &
Ut A4 oz FRAA Af2e] AAE
AHSETHE £ o] £ AAYE BYE Ao Yz}
Lis= o

ZrAdAAL 298 22 Agols PCR-SSCP
§ A AFsiE AAE BMEH e g s
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HEAFS H37Rve} v|nE9)E o o}F nju]§t o
A9 Aolg R WAYHRE wEaly) oj=ig.
o] A9 HiRHAAE o & AFAAE W9 o)
S/l BE3] TR0 £4d olzffo] gl
ol¢} vlw3ld Wl=e] o] o}F Sfujsldct. 27
u oju] ZrAdZAL Ayt BaE o uigre] s
A SSCPZE#E vwsded olF ojuldt o)A g
atolg EYY #F 2E7} RFPo WAl@qlo] ¥4
ot webx AL 23 o1 BgEzR] o
< UniA g AR eME o] ARE V2= dly
PCR-SSCP Z3& A EMslgen] Uge) 24
A7 A B e F ZAAE M= vusde 9
100% LRk 2oE 2o FUct. mabs & a7
o BA2A YIAAE AH dPo= ¥ rpoB &
Azte] PCR-SSCPY& RFPUIAE A3 Agg
T QUE oFF 88 A Wye s HZ4dEr. oy
U oju] AFE e} o] Wimo] TRo] o} Lo)3t
A7t Qgkons ol§ & o Tl TR sdsiA
+ M2& PCR-SSCPe z=#A& AU Nz
primer& AM-3te] WEo] FTRo] & o FIY 4
Y=E =Hfof & Aoz Btk F3 FAYLE
ARE3IA] olE Hi= silver staining 59 Al2&
e Alzdeof d33, SSCPYo] 2% EddolE
Follie HH BhF EGHo)E 44 okl 5 9
T UE AR MYPES olgslo & s Z v}
B AAF &AL WHEE FEE ol A
o2 Azbdr},
ZEHo 2, AATRY rpoB §-7x PCR-SSCP=
o]&3 RFPW/de] 27|Ade Yazos 4438
Hoz 7ldgr}.

2 o
AR

AYF9] rpoB 2 2= Rifampicimo] 23l o
2288 Yehll= RNA polymerase®] A-subunit

€ encodingdl= fAHA 0|k, A2 PCR-SSCP 5
o] TFE e ol83le rpoB 1At Bl
€ wEgeax FAF AU AEQ
Rifampicin WA& Z7]d) A& 4 = o) o)
& oz 23k ok gy giRE vjod dxe
ez stgn AYse JAANE Y gos
¥ A7 ¥ otk £ 9FE JW Yyuds
Wdeg A9 rpoBHAx PCR-SSCPE A%
224 rifampicin W& 4143 A9E 5 Qlex]
Lol gtr}.

CHAH 5 b

1996'd 647H 8€71x] oAtk A&l o)A
FAAETAAL P 754 Yados &gt
°|F AYFe] IS611024L& o|8¥ FFas A4
ihgo] Fdoln RFP ZA7AL A3yt 89 43
AAE o= 35rt. Bead beaterj o2 DNA
& 323l heminested PCRE AJ8¥3}91 MDE
gel& o]83le] SSCPE Algaidr. of AASL u)
% FA] HEEA Yo 2P AAE )8l PCR
-SSCP A9} rifampicin Z4A47A} 2348 vin
st}

H 1}

75HAZ  559(73%)NA  IS61108-"d] e
PCR golfitt. o]FolA RFPd i3 2442}
7t &91E 43918 ddeg sy} 294 ¥EFSE
?l H37Rve} U3t A71953e] o584 Bgn,
14eE O ol3AE R Y. Y oA
B 29¢] 25 247 RFPZsAHos B
HAL, T o]FAL Q) 149 5 RFP WAe
2 #YEHAN. & 71€9 FEHQ RFP 244741
2ol AHYSHANN rpoB FAAE o]4F
PCR-SSCPH4 100% L&t}

4 B

A3 ZAANAN AA rpoB §-AA+2] heminested PCR
£ o]g¥ SSCPYE RifampicimfAe 443 2
9 e Wyes Jgdct
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