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Rapid detection of Rifampicin-resistant M. tuberculosis
by PCR-SSCP of rpoB gene

Tae Sun Shim, M.D.**, Chul-Gyu Yoo, M.D., Sung Koo Han, M.D.,
Young-Soo Shim, M.D., Young Whan Kim, M.D.

Department of Internal Medicine and Tuberculosis Research Institute,
Seoul National University College of Medicine, Seoul, Korea

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) M. tuberculosis.
rpoB gene encodes the 3 -subunit of RNA polymerase of M. tuberculosis which is the target
of RFP. Recent reports show that rpoB gene mutations are the cause of RFP resistance of M.
tuberculosis and the main mechanism of rpoB gene mutation is point mutation. And PCR-SSCP
is a rapid and easy method for detecting point mutations. So we performed PCR-SSCP of rpoB
gene of M. tuberculosis and compared the result with traditional RFP sensitivity test.

Method : The 27 RFP sensitive M. tuberculosis culture isolates and 25 RFP resistant isolates
were evaluated. The RFP sensitivity test was done at the Korean Tuberculosis Istitute. The DNA
was extracted by bead beater method and was amplified with primers TR-8 and TR-9 in a 20ul
PCR reaction containing 0.1ul(1uCi) [ - p] - dCTP. After amplification, SSCP was done using
non-denaturating polyacrylamide gel electrophoresis. Then direct sequencing was done in cases of
different eletrophoretic mobility compared with that of H37Rv. In 19 cases, we compared
PCR-SSCP results with patient’s clinical course and the results of traditional RFP sensitivity test.

Results : 1) All 27 RFP sensitive M. tuberculosis isolates showed the same electrophoretic
mobility compared with that of H37Rv. And all 25 RFP resistant M. tuberculosis isolates
showed different electrophoretic mobility.

2) The mechanism of rpoB gene mutation of M. tuberculosis is mainly point mutation.
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3) The PCR-SSCP results correlate well with traditional RFP sensitivity and patient’s clinical

response to antituberculous treatment.

Conclusion : The PCR-SSCP of rpoB gene is a very sensitive and rapid mehod in detecting

RFP- resistant M. tuberculosis.
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Qg 4= 9l PCR-SSCP(single strand conformat-
ional polymorphism)*§l& ©]|-8-3lo] RFPU/AJ-E m
ZA g3t 9ol AL o] AkH
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2. AT DNAS| =&

Hurley S7(1987)) 42 ¢} 573 31o] DNAS
ZF2319t}. =, 1.5ml microcentrifuge tubeol] A #AF
ZAA 20012 2L F, 0.lmm Zirconium Bead 2
O00ul, TEN £<! 100ul, phenol/chloroformfiscamyl
alcohol 89 200 412 £33 5 mini-Bead beater
oiq 383 AHestd AXE Hgga FA @
BA-E WA R FAE 3000pm o2 SEIL 9
AR F 4EY 200115 o2 microcentrifuge
tubel] 27|31 Chloroformfisoamyl alcohol £<4 200
p1E ¥3 3000rpmo A 5EF APEYE 4F
#& o microcentrifuge tubes] HZTh S
100ulE 3 3}] 3M sodium acetate 10 113} 100% 3
% ethanol 220 ¢15 ¥ 11, -70°C 3F 39 158 ¥
g 10000rpmo 2 10837 44Ed v, 4%
NS vacuum suctiong o]t MAEIL, F71F

M &3] AxAZT F2¥ DNAL 2 33}
SHF 100 p10) BHAIAA 20T HA3IRAT}

3. PCR-SSCP

TR-8% TRY primerS ©]§3l] F7to] mpoB
FAA2] codon 31114 codon 3337kx]8] ¥-AE
X 157p F FTERELIAHANELE FIF3}

o] PCR-SSCPE A5ttt

) SEEACILEIE
Z8 &2 QAL Perkin ELMERA}S] Gene-
Amp PCR System 96008 AME-3}9ich W&
Korea Biotech. Inc.AFS] 20ul¢ PCR Pre-Mix kit
o] &35t SOpmoleful primerE O02ul® Wi
[ @-"pl-dCTP 0.1ul(1uCi), DNA 1ul'¥-2% 18.5ul9)

Z55E Yol 3F 20u7) HA STk wkg
2 AR cyced 95ColA SEIF AR
theo] 95CellA 30&, 61CoA 30%, 72CoA
45%4 35cycled A#AsgTt. g N2TAA 58
S AIUH FESC

2) SSCP

0.75812] MDE gel?} 0.64]¢) TBE bufferE ¥
$3h= 75mle] TEMED 3019} 10% ammonium
persulfate 300ulS 410} geld TEUTE FALL
7b Eole FRHELAIANNE FEF 141E F
}o] SSCP loading £ 2419} 4o) 95TCoA] 5
B 719 AUSH FA] G0l 9oiA SEL B
% Fol 3p15 loading3d}il 6 Wattol X 12A]2F
T AL AVF5EATE AP Ee] BY
A FE8e 228t gel€ 3M paperd] 2914
wrapC & ALH 80ToA 2AF< geld AZ
A7) ¥ Xray film§ cassetted] @i -70°CojA
12A]7+ F<} autoradiography £ A] 8313t}

4. Direct sequencing

FU% AT PCR-SSCPE AlP3IAE o
H37Rv 8} ©h& 9714]9] band F3-& RAE 9719
#FE Q93] sequencingd A B3It o) 2
72 H3TRv 9 @71X g7} v)23H%t}. sequencing
4H--2 Sanger?] dideoxy-sequencing method S ©]§-
3+ 1. USBALS] Sequenase PCR Product Sequenc-
ing Kit(Sequenase version 2.0, Product number
UST0170)S A}E3HgiT}. AF7]e] ¥ o TR-83
TR-9 primerE &3t AP FFELANTE
AHE-& Exonuclease 17} Shrimp alkaline phosphatase
2 A2 35 0.5pmoleS H 3}l sequencing HHS-S
A&} sequencing RWHAMET 4ul®]  stop
solution EF3te] o]FofA] 3ulE H3lo uread
Z%% 6% polyacrylamides THE vertical gelo]]
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loading 3}3ith 55WeollA 908 AE H7|FFS Al
835 fixing solution® 2 gel EHE Ho| Yool
i+ ureas A A3t} Whatmann 3M papero]] gel2
%3 F Wrapo 2 H9-1 gel dryero|q 2412 &
¢t dxAZE Wraps H7|3 ovemight F<t
autoradiography 2 A] 33} ¢}.

5. Primers

AH8-# primers TRt} primers Korea
Biotech. Inc.ol| 2]2]3}e] Az}

TR-8 : 5*- TGCACGTCGCGGACCTCCA -3*

TR-9 : 5*- TCGCCGCGATCAAGGAGT -3*

2

1. rpoB {EX} 1570p BEUFLAYEIS
AFZ2| PCR-SSCP analysis

RFPol 749 27135 25 HIRvS} 59
bande) P& MAFSch RFPO] WA 255
wFolN H37RvS} ChE bands] SHAHS MolFS)
CHTable 1., Fig 1)

Table. 1. RFP sensitivity and PCR-SSCP results
of M. tuberculosis

RFP-S REP-R

SSCP(—) 27 0 27
SSCP(+) 0 25 25
27 25 52

*SSCP(—) : no mobility change compared with H37Rv
*SSCP(+) : mobility change compared with H37Rv

2. Direct sequencing

Fd¢§ =AOF PCRSSCPE AlP3%le o
H37Rve} ThE 971A|9] band ¥AHE Ho{FAch
(Fig 2.)

-’~'-—-

H37R R R § S S§S

Fig. 1. SSCP analysis of rpoB gene 157bp amplico
-ns of M. tuberculosis clinical isolates
The lane 1 is H37Rv. Lane 2 and 3 showes
different electrophoretic mobility compared
with that of H37Rv and turned out to be
RFP resistant phenotypes by traditional RFP
sensitivity test.

H37Rv 2728 225 12125 375 12§ 125 228 125 112§

Fig. 2. Different SSCP pattens in 25 RFP
resistant M. tuberculosis
When electrophoresis was performed at
constant conditions, 25 RFP resistant isolates
showed 9 different band patterns. If the gel
and electrophoresis condition is constant, the
fragments with the same mutations will
show the same electrophoretic mobility.
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H37Rv9} band oFFo) ThE 9719 #5E A€ 3. PCR-SSCP , ZI4$AM AL 2|1 &4
shel direct sequencing Al F3ISIT. 6&Toﬂ He Mow B oJAIADIO| H|m(Table 2.
174e) FEdols} Aol 1749 ofulxAty
gaagtede AN QaAne 24
HiE B F + 2L cod 2
st 2 1EFANE BE codonfel VH g ad odg giez skl PCR-SSCP

o] AEAMol7l WAst 1719 olw]Ate]

Azigl AFHA 254 2 28 9373
7 Aglen TE 1dE 279 AsAW
E e gE 19 4 AEAWVE o 0 aaeen

= I-A 5 =) ALe 13‘

T codonufjell LAASHA 2709 ofvieate] Mg AE 2349F ATTANY SHE =
7} UQithFig 3., Fig 4). WA 15+ codon i

RN AALS] $HE B 114
$31 7Sl bandgo] JHAN AR A derzos BRANT ARTE
@ Bao] Brhsgon 7 oldd 2o B e N

2 Agza oo AL} giAEA 9 deF
Adold BT F UYT AR BAM) X0 o molA 9 EoE 2wz
% codon 511 )4 codon 533744] Afolel] &t sTe grasE Tes
ek

H37Rv 516(Asp) 518(Asn) 522(Ser) 526(His) 531(Ser)

Jo

rir

E mlm

7—*1

oE., |o

—

ctgagccaaticatg  gac cag aac  aacocgetg  tcg  gggitgacc  cac  aagegecgactg g BCgCtg

mutations tac cac ttg tac(Tyr)
(Tyr) (His) (Leu) ctc(Leu)

gte gac(Asp)

(Val) cge(Arg)

tge(Cys)

Figure 3. rpoB gene mutations detected in 25 RFP resistant M.tuberculosis isolates

All mutations were point mutations. 516 GAC->TAC and 518 AAC->CAC mutations occured
simultaneously in one isolate. Because of the overlapping of the G,A,T,C bands in sequencing, we couldnt
find a 531 codon mutations which is the most common mutations reported in rpoB gene of RFP-resistant
M. tuberculosis.

Table 2. Correlations among patients clinical response to antituberculous treatment, and conventional
sensitivity, and PCR-SSCP results

GOOD RESPONDER POOR RESPONDER
RFP-S RFP-R RFP-S RFP-R
SSCP(—) i1 0 17 0
SSCP(+) 0 0 0 7
11 0 1 7

11 7+1(?)
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9] G A HA}E B T4HE poor respo-
nderi" 0. 5733tk good responder 116 T
#7337 bl Al RFPo 7hAol¢la PCR-SSCP
oA H37RvSl FUg bandddE& HAFch
poor responder 7o EFo| A RFPe] wj/do]3loH
PCR-SSCPo]| 4] H37RvS} T}E Aol bandS K.
qFUch

FAHEE Y LI E dEFHE YA
Aol 9la AYETHAME AFB7F X &H O
FdololA UAo] g HE 14 E d5H
/42 AME RFPo]| /3715019 3 PCR-SSC
POX % H37RvS} FUS ¥de] bandE HAF
At

RFPo| ¥3g & 1z okAlZ 27049 o] A=
a3 Ang A Ay Aty deFRaa)
A47AY 1S BYoH, A% WAARHAL
oM A ow BAFEUT SSCPATLE
H37Rve} TG Fd& HoFrt

b o

o

” 526 Codon
- e CAC — TGC
ey

- =S (His) — (Cys)
~ g
-~ .
®E

Fig. 4. Direct sequencing of RFP-resistant M.tuber-
culosis isolates.
This RFP-resistant M.tuerculosis isolate
shows two consecutive point mutations in

codon 526 of rpoB gene

U

1965\ Rifampicino] A= o] FAHSSIQ
o AHg-¥ o]FE "WrigWe] JbsdA HAn
F7HARL A AAAY AEFEe] FHo®
289 FHES AS FAaFAC ok a8y
1980\t FRERE AFerE AIDSS] F7ist
A A FE&o] A F&3HA SRR
53| AR 7T SV & AR dF
HArk 53 fEvietelA s INH gt uj4o]
9.2%(1995d), RFP] . 3t fAdo] 53%¢) oj&
AL AIDSS #¥ glo] HAAFH F2 oA
AE&E BAgod, HT FudAE ADST F
1Al JeBE AR F] 9 Ut
& 7bs/de] ok 53] RFPe] digt Wi/d2 oAl
AU S XEIF HtE F2F AF2S AA§)
A = U] REPo didt u4d&o] 53%<1
ol INH$} RFPo]| o3t FAUAdo] 53%4-& 7t
sbd RFPUATFE oif-E INHOE UAddS
& Ak

oAU Y] EAEE oiFEY Ao dAA
A AHE AT E=F FAUAY Fdd
LW AZto] AelBz X435l o] Ao
Holth. dAZME XNEF Ex EH A
Udo] WA XFRFAE vbtE 2FFH o
A7F 14 ol aEu Al B
o} o] gt 717 okAle] YAold o A=
Aol WAL A7 g3, "R dadelA AHg
7hsdt dA AL 10oFe] Bsh A8
w2 BN H2 34F9 FAE FAl Fos)
T A& eo] 929l A3 s Hskd 4
Adto] WS F5AY FAWE Al 2
H @x]9] 7HEde "ojdvz & 4 ik
gy AEAHA AeAAATES widd 465
7V Al Al 2437 A" Ax®
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2 AE e ¥k weby AUAE A
A Addtn FEZ + Y& FFFHA M=
o Ado] AF3] 23H T gt o)F YHA
© YIRS AT FEURAF Y 7
Aol gt A7} BerAolt,

A €] Escherichia colio]X]= RNA polymera-
seE codingdh= F3AA 53 4719 Ao
rifampicin i 3} A@E o] QFo] LA stu'?,
A FANME RFP UA4-& RNA polymerases]
3 WEoltn BAEAAAT FGH AL m=
T AQAH. Az BARESA Wy glow
A3 FAAGA L WP E 1Mo BAPESHA
FEANA 2P AA RFP YAHYEL moB” §4
2ol gAWole] g Rog RusEm Utk
poB-A A= RFPS] #4592l RNA polymerase
2] B-subunit-g codings}= $-AXE 1993 Telenti
ol g3t AAFNN AL IRk Buo
Sjshd RFPUAe] #oidt: moB #F3A1e B
Hole giFE AEQWololH o] EdWo|Ee
ol AgE 69bpH HollA Yojupmz, HZo] A
EANOIE H1 wWE=A FAFT & Y& PCR-
SSCP(single strand conformational polymorphism)
< |83l RFPUAS A&3 sl 94
o A&atele xHo| AxHm Uk

SSCP+= non-denaturating polyacrylamide gel& o]
83t A719%& Alshed, 22 379 DNA
TROITE G7IAEY Alolo] wel o5 2}
°lg Yehdch gDz HEAWo|E /)9 o
7]%F ¥}¥o]= DNAS]  conformational changed
YoAX FAMOE Po|A g 2L 2719
DNAZEZT o] FA <] Apo]E Ko HEWH] o
& 44 7EE 7 s ol AV|gEd
A AQGEA band7t TEET] M E geld) A
Hel AE gdn HrdEe A5 Fo3
o B AFA AHgele kst 559 polyac-

rylammide gelo]] glycerol& T}k H=2 4jo] B
%1 A79E 2AX dhdstA upby Bgkoy
band7}  FEo] fol&x] Qigttk. MDE  gel(
Hydrolink, AT Biochem Inc., Malvern, Pa)& A}&
dA band7} FREA FEEHUL, 01F Y
g ogel AT FUAF ZAGM A7NYF L A
AT AREEY e HIEL 669F 640),
8AZF 841, 1391F 134, 200)F 28¢§¥0)A]
SSCPZ RFPUA-& B33]A SSCP7} o5 o9
# AARE BFa gtk B dFoAE RFP
WA 2575 EFA 7|95 H37RvS) o e
band®] A E R 3 RFPGA 2735 RFE
H37Rve} SY# band®] $X & R Fo] AEH
A FARFHALY 100% YA s AL JE)
Uitk ole e RuERE dxeh= Aol
a3y 89 AFeNe BAHA AT o
2 By oahd silent mutations Ao
RFPo|| Z}44Q1 #FoldME SSCPo|A] A &
A& Bol&: A7t AUtk $29 EA2 sScp
E RFPUYAS MEA] Jd3le] o] F AatofA 3
&atelE Zolng ol $JoFd(silent mutation),
S RFPZIT/do|RlA SSCPAAMY 4, & T8
dtojokit SSCPAWE W3l RFPALECIRE ZAF
g5 g Folth. EE sequencing® A3t
silent mutationd -5 L4 YAX T ZE oA
sequencing & AJ3H= R o}F ojHrim Er}

T EE YPEE HEEA TR feiME
UG gl U AVNFFY 2AL 2F
o]x wuhEalo] SSCPE A|33}o] silent mtationA|
Holt Y3 bandd] P Folhm AA I
oA HEA o]gt FUF band?] Fito] Yeh}A
sequencingS- £3}to] silent mutationoe] B-E 13}
A A Zoltk AAZ FAF @7 B oojA
SSCPE A35HE o band o] T HoL
22 mutationo] 3122 Q5T
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B A7olA sequencing®] Az Edwol: B
F71 AEEWoIg o silent mutatione QT
526 codon®] HEAWoZ} AU w©Htth 1¢9)A
= codon 5160] GAC(Val) - > TAC(TynE, codon
5180] AAC(Asn) - > CAC(His)Z 27]9] ofu)y-A}
o] vl A$E YTk SSCPA FAdoz w
S 97HA FAF UMM E 12357 2L
band®] Y& HI=U|(Fig. 2.), sequencing of4]
531codon )7} bandEo] HAA GrHGe
g £ AL Adstus g RYquE =
Aol 7t it

UE HUES B3 531 codon®] Zgwols}
515%%, 31% AEZ A T34 2AHE 29
olEE, & ATl Jehd EdMol ool
e Bugt fARE AS mEshd olntx o] 12
TFE 531 codon-$lof AEAW)T} g 75
gol AR A HE FHE 5 YU 199
AME FEHAS g Yk kA7
43 183 SSCPo] AE vl waldth good
responder” 1291 55 SSCPo|A 249 A#E
HERHAAL WEell A3t HEA ALl A = RFP
A dTE BEHAT) poor respondery: 749
Me BT SSCPAlA 1AL Yehigy, v
oA N AP ARE Yo Ay
ok F&Eo] ofdFd 14 A 7AALe} SSCP
a4 BEF drddFE oA RFPS T892
= 1AkE AKFo2 Roggon 2 AY ¥
FAHANM SAHE 274 2ok =3 23
HARE ZrAZARY SSCPEF RFP ZHeAom
HYHIY. o]2R SSCP A= A4A AL}
FEAAANRFY A As} dHE AAS By
=& 99 ook

o]4de] ZA3}Z RFPS RNA polymerase®] subu-
nitg codingdl:= mpoB §-3A+e] PCR-SSCPH o))
o3 o)) A& RFPUAS A&3tA 2

28 = e ol F4% dog gt
a8y o] AT WYE 7FE e & 29
olth. Wity YAFHow wEA YHIRE 3
A7) st o] APZAE AHAAAA
o]} PCR-SSCPE A|#3tojopgt o) w§ 3
oo 2ae] 93hd moB AR OE F9
Mycobacterium#} G-CAJ#o] FH-3 &2 AaE
ANME H|FojHoz FEHuz ANFq &
o]l F7IHLE primerE Algtojol Fr}h
AR, B d7AE oujados dd9
HAlA TR-83 TR primerZ FFHEAHAL
2 ANASRA 186110742 FHELA

o] SAYlE E73t1 TR-83} TRO primerof A
= B2 HEo|F<l band’} BAHYOY, AAF
of BojAoz Hu¥ primer”E o83 Z¥F
29 E IS611084E o] g3 Axgl
AR AHAE RS B AFolAE w)
G 2IFFY FFE Yoz sgors
TR-83} TR primerE ©| 3% ZA3}9] EA o
TAZE AATE, FF AFAAHAAE e
& ATelMs Aol SolAQ primerE A}
&3tojopt & Foloh mF FUA9 Ao
2 APdolY xFo] fEHEd o)y silver
staining¥ 722 WHo g Y £+ gloga A
Zterh ol4e EA7F A=W A8 poB
A2 RCR-SSCPH-E 29 ZAFAAALE x|
ato] A&3HAl Z¥He RFPUYAS Add 4
A& Aoz 7Pt

=
o & oft kI

Y
I,

2 o

H2HiF ; Rifampicin(RFP)S &43 d7)1x 8
o] Z3to] Hi okAZA RFPO| oidt hA4le ot
ARG XNEFE BIE st} rpoBgAtE
RFPo] dgato] ofe] 242 JER)E= RNA poly-
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merase ] 4-subunit codingshe fHALo|T. THE
B3Ee| 8w REPUAZFIN mpoBfAR)
Eduelrt B2 53 AEAHo) Fa%
149le] AT YTk olo] ARE moBHA
bl AEAHE 44 &2 4 9l PCR-SS
A& o] &3] AN&EA RFPY tidt viidol
£ FAE & J&Ad tisty doprgith

W AEAQQ FAWAAHAME RFPo) WS
Holx 25 wjFdF9} RFP 74491 279 %+
F 181 EFFFQ HIRvE iAo g sigch
TR8, TRY primerE ©]&&t mpoB #2348 511
codon®l| A 533 codon & XF3H= 15Tbp2
DNAE ZFZ% § ZEoladolvlol=4 A7
ECE% PCR-SSCPE A3ty band®] o] FF4
£ v)w3igdct 18) 1 H37RvE} tHE bandQ] o
& Bl FFolA direct sequencingg A 33}
H37Rve] @7\ A7} va3pget =8 347
E FAE 5 U9 194004 QAT A%
3l ZA3A A 29, J83 PCR-SSCPAAE
H) @&k

43} 1) PCR-SSCPZi}E RFPEASA 2743
B5o)4 HI7RvS ST bandd] P4 B,
RFPUY 2535 E5o)4 H3RvSh TFE band]
WAE BAA HFZF RFP 4 7HAS} mpoB
F2Ake] PCR-SSCP Alolo] 100% A3k 2
IZ rAFY}

2) poB AR} Eddoele FH 7|A
Axojgth

3) mpoB §-32}e] PCR-SSCP A= zE A<l
RFPZAAAN FEHX 59 A3 7
A3kt

HE 2384 poB FFAE] PCR-SSCP| 2|
%ol FRlE RFPUY AT 43 A
ol ol 83 AR JdEch &5 AU
AAE e s & A7/ BadEE Alsdnh

Qx\l

qE

flo
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