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Background : Oligonucleotide chip technology has proven to be a very useful tool in the rapid diagnosis of in-
fectious disease. Rifampin resistance is considered as a useful marker of multidrug-resistance in tuberculosis.
Mutations in the »poB gene coding 8 subunit of RNA polymerase represent the main mechanism of rifampin
resistance. The purpose of this study was to develop a diagnosis kit using oligonucleotide chip for the rapid and
accurate detection of rifampin-resistance in Mycobacterium tuberculosis.

Method : The sequence specific probes for mutations in the rpoB gene were designed and spotted onto the
glass slide, oligonucleotide chip. 38 clinical isolates of Mycobacterium were tested. A part of »poB was ampli-
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— Detection of rpoB gene Mutation in rifampin-resistant M. tuberculosis by oligonucleotide chip —

fied, labelled, and hybridized on the oligonucleotide chip with probes. Results were analyzed with a laser scan-

ner. Direct sequencing was done to verify the results.

Result ; The low-density oligonucleotide chip designed to determine the specific mutations in the rpoB gene of
M. tuberculosis accurately detected rifampin resistance associated with mutations in 28 clinical isolates. Muta-

tions at codons 531, 526, and 513 were confirmed by direct sequencing analysis.

Conclusion : Mutant detection using oligonucleotide chip technology is a reliable and useful diagnostic tool for
the detection of multidrug-resistance in M. tuberculosis. ( Tubercuosis and Respiratory Diseases 2000, 49 : 546-

557)
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probe2 A&t AU 2] oligonucleotide chipg
Aztel, o] o]43te] rifampin WA Ao 7
e gtz S 2 e Y GE
A A3 viusted gQlgoax ATy kitzAe)
N 7he e gskic

chet 3¢ Uy
1. o

FAgag Y 2 IYvbEs A ydste A
doz FAFC AY Yot = ¥ wjPAAE A
A% gate] Al g FaEFFolM Qelz 388 Ay
sttt 28ol& rifampin WAdold, 109 rifa-
mpin ZHpAgdeo[ict

2. DNA Hxji

af o] BlE FF9] JTE 19F013 wA nyg
Ao Yy InstaGene matrix (Bio-Rad Co.
USA)E 2008 718t §-8 AZl & 24204
56 CE 3087 wgA7T 10x $9 Ag & &
100°CollA 883 FAejatyet. oAl 1027 =
& F 12,000 rpmell 4 387 GABE shof 4%
S A digoR &4 -20°Co Ruslg. e
DNAE 2 pf B PCR yhgof ARg-3}3c).

[

3. #¥ DNA Fd|

1) rpoB frAAe] 97149 AL 98 biotino]
AdE A 248 rpoB3(5’-TGCACGTCGCGGAC-

CTCCA-3")¢ rpoB4(5’-TCGCCGCGATCAAG-

GAGT-3’) primer& AME3lgo™ chip #eS ¢
8|41 rpoB3-biotin, rpoB4-biotin primer& o]%
skt Ao AFRE BE primer: Canadas]
BioBasicAlell 2)2]5}e] Perkin-Elmer DNA syn-
thesizer 2 50 nmol 52 #|2¥ oligonucleotide
& ARSI PCR Whg-Eo] zA4e 500 mM
KCl, 100 mM Tris HCI (pH 9.0), 1% Triton X-

100, 0.2 mM deoxynucleoside triphosphates
(dATP, dGTP, dTTP and dCTP), 1.5 mM MgCl,,
10 pmol primer$} 1 U Taq DNA polymerase
(BioBasic Inc. Canada)2 T4%%1, template
DNA 2 uf ot @7 & 2540 7} =) 8}¢ic}. o] &
FAE 94Tl 3R WHEAIA B WA
F 94°CAM 30%, 62°ColA 30, 72Tl 1%
¥ 353 whgAlZlen, viAgto g 72CoN 108
b AUk ¥gol B & 2% agarose geld)
H7]%9% 3t 157 bpe] PCR 222 #islgir}.

2) ZX DNA labeling

M. tuberculosis 9| rpoB #32 B4& 98 g4
DNA& PCR& 3l ZZ A7) &, bioting o235}
o productE 37°CeoA o 1AIZF 7}eF whx|sted
random labeling &}¢t}.

4. Oligonucleotide chip |&}

1) Oligonucleotide &}

olu] B3E rpoB FHANA ] Eddo] N
b 52 G7INEE niger Ed¥oE Azsle
12%5%] probes} wild type& ZHZsh= 6279
probe & 1QFE}t}(Table 1). 19~22 mere] 18
7He] probeE BioBasicAlell o]2]aled A #F3lgut.
Probe= spotting €< 3xSSC Lo 30 pmol
2 3|43}e] 96 well microplateso)] & A4 Micro-
spotting &g H7kste] Hoja AMgsigct. o)gl
Zo] AztE 2} T2HE Fig. 13} o] A3 wjds}
R, silylated® $2] slidee] PixSys nQUAD
4500 microarrayer(CartesianA}l, USA)E o]&-3}
of FHAIZ &, HeolA of 24417 FE |5}
FRo] ngAZ

2) I™E|X| k2 probe) X

2l slide ®Wo| F-25)=] 9F2 probed A3}
e Ao 0.2% SDS(Sodium dodecyl sul-
fate) &Holl MHF ¥, ZTHFE 23 AMHs)H).
Sodium borohydride 8-¥o & A H5 1 t}r] =
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Table 1. Probes used in rpoB oligonucleotide chip assay

Probe name*

Sequence

rpo 511-WL
rpo 511-MP
rpo 513-WQ
rpo 513-ML
rpo 516-WD
rpo 516-MV
rpo 516-MY
rpo 522-WS
rpo 522-ML
rpo 526-WH
rpo 526-MY
rpo 526-MD
rpo 526-MR
rpo 526-ML
rpo 526-MP
rpo 531-WD
rpo 531-ML
rpo 531-MW

5 -ACCAGCCAGCTGAGCCAATT- 3

5 ~ACCAGCCAGCCGAGCCAATT- 3

5" -CAGCTGAGCCAATTCATGGAC- 3
5 -CAGCTGAGCCTATTCATGGAC- 3’
5 -CCAATTCATGGACCAGAACAAC- 3
5" -CCAATTCATGGTCCAGAACAAC- &
5 -CCAATTCATGTACCAGAACAAC- 3’
5" -ACCCGCTGTCGGGGTTGAC- 3

5" ~-ACCCGCTGTTGGGGTTGAC- 3

5" -GGGTTGACCCACAAGCGCC- 3

5 -GGGTTGACCTACAAGCGCC- 3’

5 -GGGTTGACCGACAAGCGCC- 3

5" -~GGGTTGACCCGCAAGCGCC- 3

5" -GGGTTGACCCTCAAGCGCC- 3’

5" -GGGTTGACCCCCAAGCGCC- ¥

5’ -GCCGACTGTCGGCGCTGGG- 3

5 -GCCGACTGTTGGCGCTGGG- 3’

5" -GCCGACTGTGGGCGCTGGG- 3’

The variable sequences are in bold print.
W mean wild type. M mean mutant type.

*Characters following W or M refer to amino acid types encoded by codon at mutation region.

ol Al sttt d2olA 0.2% SDS¢} S/
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Cy5-streptavidin( Amersham pharmacia biotech,
USA)2 SSC¢ BSA(Bovine Serum Albumin) &
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@ rpo 511-WL
@ rpo 511-MP
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® rpo 516-WD
® rpo 516-MV
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Fig. 1. Schematic showing the probe layout for
the 19~22 mer oligonucleotide sequenc-
es noted in Table 1. The oligonucleotide
probes are patterned as triplet arrays.
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cover well& B W& 23t & 50°ColA oF 20
27 grgAIF ). WS & slideE 2xSSC, 28ln
0.2xSSC &A& AMR3t A& 3} E44 98
HlF274 #elA 278 (non-confocoal laser scan-
ner)¢l GenePix 4000A(Axon Instruments,
USA)E olg3le Zztg 248t oo tid o
FET BAME Fig. 20 Jepligidh. Fig. 24d&
rifampin 744 £447<9 Wild typed} 28NS
7t & 12FF] 490 &S 9% oligonuc-
leotide chip A3de] o4 2z} BAME& L511P,
Q513L, D516V, D516Y, S5221, H526Y, H526D,
H526R, H526L, H526P, S531L, S531W & el
t}. 28y Y% codono| A9t probeol = AA =]
Be Fddol AR dddn B L5117,
Q513?, D516?, S522?, H526?. S531?72 behyl
ot 2 9] 2EVIESL 4] 2o} probe A A

2}E codong oligonucleotide chip d&o)Aje] o
A9 BAe codon 5129 A$ S51272 Uehd

£

6. DNA oMY 24

DNA ¢7]M¥ 242 ABI 377A AEE7 1984
71(PE Biosystems, USA)E& o]&3}e] 2M35c}.
F8 DNA ¥%E 20 ng/ul, primer =5E€ 1.6
pmolZ 3} ABI prism BigDye terminator se-
quencing kit ©]-&-3}d ¥HSA1F) 1L, 95°C o)A 55
ZFREEAIZL §, 96°CellA 10%, 50TCAlA 5%, 70
TollA 48¥ 253] WA oy, nixjgte g 72°C
A 1083 AR ¥Hgo] #4d & PCR 42
& Jgergg AAAT T AZAIA loading buffer)
formamide/50mM EDTA (5:1) 6 uf o = 90
CTelA 287 WAAzZch.  ABI 377A DNA
sequenceroj| 4] A7|GFsln GriME EMzz Iy

o® Aag EH43glt
4 o

1. Oligonucleotide chipdi| 2t rpoB &oiHo|
HE

£ d39] oligonucleotide chip ®A4dl&= rifampin
WA o5 2849t A FF 109124 2F 384
o] M. tuberculosis ¥FE g &ttt Oligonu-
cleotide chip 4923} rifampin 24 FF 104
27z Fig. 20149 wild type o4} 273}
83} Zo] probe rpo 511-WL, rpo 513-WQ, rpo
516-WD, rpo 522-WS, rpo 526-WH, 28] rpo
531-WS2} 6%5F2] wild type probes} uMe3}od
rifampin 24 #5UE& AT F Ut (Fig.
3A). WAddFe] 74 Table 13 Fig. 19 &3Wx
7t 28 EA¥olE &3 12379 probeste
oA 67bA)9] FEo 2 Yegti(Fig. 3). F+ &
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6 00 e L O e 16 6000
17 17 17 17
18 18 18 18

Fig. 2. Interpretation of results an oligonucleotide chip for rpoB mutation detection. The num-
bers on left side means probe number on Fig. 1.
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Fig. 3. Hybridization patterns produced on an oligonucleotide chip. A total of 18 oligonucleotide
probes were used to interrogate each of the 157 bp in the amplified product. A; rigampin-
sensitive M. tuberculosis, presence of all 6 wild-type probes, B; riampin-resistant M. fx-
berculosis (codon 526 His — Tyr), C: riampin-resistant M. tuberculosis (codon 526
His — Asp), D; riampin-resistant M. tuberculosis (codon 531 Ser — Leu), E; riampin-
resistant M. tuberculosis (codon 531 Ser — Trp), F; riampin-resistant M. tuberculosis
(codon 513 Gln — Lys), G; riampin-resistant M. tuberculosis (codon 526 His — Thr).

¥l Fig. 3B} C= o384 A<l Fig. 29144 749+ codon 5262] mutant probes}= A EE}HA
¥ 242 codon 5269 FWo] probest wHgdt Hhgo] Ydojror codon 5319M= wild typest
H526Y29t H526D 8o =2 velged Fig. 3C9 mutant type probed|x 2% Hk$-2 B @O} wild
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typeoll M Kt} ZH8HA- signal& “eERlo] mutant
probesl= H|5o|ZQl Hhgo] dojt Fow FAF
AtH(Fig. 3B, C). th& 27k4] 3L Fig. 2949 y]
WA 242+ codon 5319 EWo| probest ¥H2-3)
ZA¥<l S531L3} S53IW 3oz yelgr(Fig.
3D, E). UHA] & §8Z 3li}= codon 5139 rpo
513-WQ¢} rpo 513-ML probe oj=#3 %yt
YRl A] &2 Fig. 29} Q5137 ZAsle} e £33
vebd o H (Fig. 3F), of& ¢ #3& codon 5269
wild type probe?l rpo 526-WHe} 57}x]e] S
o] probe?] rpo 526-MY, rpo 526-MD, rpo 526-
MR, rpo 526-ML, rpo 526-MP ojr- Zzlz ukg-
o] Yojuix] &L Fig. 29 H526? 23} 88< et
W (Fig. 3G).

olidoll A9} o], oligonucleotide chipg ©} &3
A= ¢4 rifampin 244 #F22 HE
AEE & Udem, Wy oF A4 24 T3
43 xolE E 4 YUt Oligonulceotide chip
& o] &% U #F HE Fde] A8 4 &
dAwole] K& dohll7] fal AHEIME 2He

ERLTES

tlo

Pl

2. A B

& A7l A€l 3844 F rifampin WAIQ) 287
Fo Al 1044E dides rpoB 3t
hot spot #9|& rpo37} rpo4 primer& o] &3l
codon 51194 codon 5339] 69 bpE T sl=
157 bp& ZZ A7 DNA g7149¢ 2489
o 2 @3he Table 2o aoFatich. 4397
NE £4 A 10009 F5d FFA A

Aolst BFHA de Y 414G e

o1 o]+ oligonucleotide chip A &o) A}
wild typeel @79 A&eiA st 28¢)
9] rifampin W4 @39 AHEIIMG 24 2
7 21.4%°] Ze= 6ooA= H526Y Soiw

ol
%

ol7} A& HUo W 3994 =(10.7%) H526D<)
EQRolE YEIWTh o] Fig. 3B2t Col A A}
£ dF9 dAsl= AL 2 oligonucleotide
chipe] Zatel g3 A UXgE ¢ + AU
€ A7 EdYe] 2ENE F 1F e 39
3%% 3.6%E =AAF S531Le] Ed¥oly
S631W Ed®o] 94 Fig. 3D, E9 oligonucleo-
tide chip Z#9} dx3le= Ax g Yebyc. o
+20.2 codon 5134 EdWo|st Yot Ae=m
Q513K¢}t Q513P7F 4zt 10.7% < 7.1% 2 2%
&t o= Fig. 3Fo)l Al2® F39] dr|Ng
2 & AT Eddel 28ENES) =2 o}
probeo] A} AlJ® AL 2 A codon 51329 wild
type?} mutant type(Q513L) probe oj= Azx
Phg3tA] 9¢-& 513 mutation §3 02 oligonu-
cleotide chip ®AZx9} Ux3Arh(Fig. 2).
Codon 526042} = & G714 YE &4 Azel
H526C Ed¥ole Fig. 3G Ao ALg3 72
24 codon 5269 wild type probes} 57}z ¢]
mutant type probe o= A= w23z 9o
Fig. 29| 526 mutation A3} 2 chip 4¢ Az
9 AHE7IMNE B4 2ot e

3. rpoB &¢iHo| FHYIx

718 Bn® M. tuberculosis rpoB FAz}e)
codon 507~5337x]] Edo] @M & o
ToAA] rpoB FHz EQEe] B4 AnE v|ma}
o Fig. 49 Ueiich. Codon 5319 S531L&
39.3% 24 7V 5 WEE UEhYen], tgeog
+ codon 526 2] H526Y 9] 21.4% 7} & o]
FANEE B ol ofF] R2E ABAME 7}
7t 39.1% % 19.7% 2 £& EMo] 2¥WEE 1
ojx Y& AT F ATk Barg Arops D
£ dgo M+ codon 5139 Q513K7} 10.7% 24
433 =& vxE Yehhdeh(Table 2).
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Table 2. Sequence analysis of 28 rifampin-resistant M. tuberculosis strains

. Nucleotide Amino acid Frequency of
Mutation Type?® o L o

substitution substitution substitutionb

Q513K CAA — AAA Gln — Lys 3(10.7%)
Q513P CAA - CCA - Gln— Pro 2(71%)
H526Y CAC — TAC His — Tyr 6 (21.4%)
H526D CAC — GAC His — Asp 3 (10.7%)
H526T CAC — ACC His — Thr 1(3.6%)
H526C CAC — TGC His — Cys 1(3.6%)
S531L TCG — TTG Ser — Leu 11 (39.3%)
S531W TCG — TGG Ser — Trp 1(36%)

*The numbers correspond to E. coli RNA polymerase codon alignment
"Numbers of isolates and percent among total 28 rifampin-resistant strains

o

Age] ofA WAL WA f-Hzte] F5 ofsiAz}
olz} ofAl WA #Fe] 94~98% 7t B SHAK)
rpoB FAAe] HEAMolo oJsiA Ai}s zejA
Ao olde FAuA o] =25 Fuiete Tz
9 EGHolZ FAWAEE 7HA =A%, AHE &
Ao 2o S8 T F Urk olyE HEAWE
A&s7] 9 B WEE AM-E Qo). Telenti
"2 rpoB HAAE 7MY EAE HAEA
rifampin 4ol BRE AWl Rolg BAa
o). oleid A @rING B4 whge ol fda)
sl otel Aulg Waw doke BH R AL
o] APUANNE HESPE oleith HepM, FHA
2% i<l PCR& 0]8-3 PCR-SSCP (PCR-sin-
gle strand conformational polymorphism)$}
PCR-RFLP (PCR-restriction fragment length
polymorphism) & AMS-8le] Rz} 23S
Ao EZA WA FA2E A & AT H2
o, rifampin W4 H2¢ A8 E43 wg zolo)
71%2& & line hybridization assay (INNO-LiPA
Rif. TB kit ; Innogenetics, Belgium)7} 7|5 o]
AREBET UTeS . olF WL v|Ee & WY

o vl& 423] HM=Eqont, prober} filtero] F4=
sold= o]z wiiel stripAel]l $ix]sk= i
lineo] Ajgt=lojglet. rifampin WAdeoll #dE o B
& Eddelrt 2tEohy, B £/ filterg 2u)
sloksh Aol Atk

Oligonucleotide chipe}3t #3z} HMgoan,
71 e olgEe {Hx 24U Southern
3} Northern blot 2] F#)%¢) §HHel 4] 7 o]Ale]
FAREE AN o3l He FH3) A8 Be
729 probeE nUERE DA A BdEe A
£ @, £ 7o o]8% oligonucleotide chip-&-
157 bp WellA] Z&HF9] rifampin YA-& do7)=
rpoB EAHe] FEHVEI) & 1271AE E¥Fsh=
Ro g g7 K1 rifampin WA AdFe 90
% o4& HET 7 A=E tARJEYTH(Table 1).
Fig. 39| Z3}oA rifampin 54 FFAME &
codon®] wild type probexto] wre-5l T, codon
526 E9Wol7l e 7% codon 526 A 9% r}
& FsolMe wild type probert wd=glon
codon 52694 EdWe] HE 7bsd 55 Fe =
2B F g71Xge] BE3] dX8l= dhte] probest
Y-8k Z& Fig. 29 o4 #Aduel 3 ¢ &
Adict. Codon 5312 79 codon 5269 Z-$-o)A
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xEd codon 5318 A3t HEo|A= wild type
probe”} Whg-slgd ot} codon 5319 ZHfole A
HFEE F7|Agel EAshs EAWo| probegto]
Bhgte ol AR RS dATE ¢ F U
th(Fig. 2). 12719] 4%} probedlA Ajojd
Zo] A9 sl codone wild typed} EH o]
probe BFoA ¥hgo] dojux] ¢&& AT 4
ATt oot e A= AH GVIME 4 d8e
S8 3 AfrF g g #0  ddrt

Oligonucleotide chip £43} 23 F71M¥E &4
23 rpoB FAAY S99 P AHEA, £
A7 A rifampin WA Ad&dF2] 82% 7} codon
5313} 52694 EQWol7} A& =t Codon 531
3} 526042 EQ¥o| WiEE Table 32 Fig. 49
MAY B AAE 71Ee] 9ol Vixe vug g
] codon 5319] serineo] leucine .2 X|3gl 7%
7} 39.3% & el e codon 526¢] histidine©]
tyrosinee 2 X|¥d 9= 21.4%, aspartic acid
2 289 A9 10.7% 5 HeEfo] 5 codon 531
¥} 5269] 3742 EQRoIt & AT rpoB EAW]
o] 711% & AAgh= Ao = YEPTh codon 5313}
526 AlYg EHMo] FHEE codon 513404
17.8% & JERT). rifampin W4 ZdFF2] 80%
o]4e] codon 5313} 52694 EWH|7F EX 8}
£ AFRIAAMAHE B AFoME 82% 7} o] F
oM HEE A2 Ko} rifampin WA F 7]A
2 rpoB o 490 48 ¢ F UM 1 FoA
% codon 5313} 5262] EAWoelzt & H|EE 24
g8 4 U

ZUle]H oz vy Bdtel F77t A8 &
et Han et 2F v FddelA
rifampin WAdo] 7} &3] Yelts Aoz U4
dodle A7t rpoB fAAe] dAHE xH€d
codon 51194} codon 5339] o]2+ 69 bpd] =
Ho 2 Eelong o] F99] M) HZo| tiA|
WA AdFe Fa3 FARE o) f QUi

B 39 0|83 oligonucleotide chip 7]&& =+

eME= AffymatrixeflA] U= oligonucleo-
tide chip& A &8t AT-A#E Hustn o =
el e AdEe] chipo]#7t HA9) 7I&g A&
2 Hgsted Bage 1 998 § 4 Ag Foih
o]8{%t oligonucleotide chip 7)&& 42 £¥, &
Mz} o], thEA (polymorphism), 2] DNA
FI7IMEEN T A7 &8 2 Aoz sdsin

[e3]
AA

2 o

HAHEE

Ay g A ZdaTe Stz gl
A 9 #eE A8 2ot AE3k AEek oA
o] ko] Ja gk Aotk old Tl Aol
Fo% ®AAQ rifampin WAge] Fa 7]H<]
rpoB fAA EQW0] A& & 98 719 AH d7)
MEEMT HT A& 3E, fAx de] 3 g
4, 2zn G7IAEES T 97 383 vER
o]8-5ojz]+= oligonucleotide chip 7{&& ©]83}7]
A% rHE T RS EAWo] AEHE MEsiaxt

A3}t

oo

B oFo= rifampin WA 23 3 28¢12} 104
o] 24 w3 % 3849 rifampin WA A 75
£ Melslgn, wild type probe 6%F9} Euio]

AN =7t 2 12372 probeE Aj#ste] £ 18
9] oligonucleotide probeZ& & A|=|Hof] 22t
AlZl AWE oligonucleotide chip& #|a}shsd o.m
oligonucleotide chip& ©]8-3 rpoB Edwo] #H2
I s AHGVIME B Ae} vlasieich
3}

Oligonucleotide chip 4] ZE3} rifampin 254 o
Fo| X 25 2 codon?] wild type probes} wF-o]
Uelgto, WA gFeMe Eddelrt uehd
codon-& A ¢J3}+ codon®] 7%= wild type probes}
Hkgo] doltom, z+ #F ¥ EdAWolr} Jehd

o i)
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codon AFEA 19| | Feh= EQMo] probest
e A 4= Atk olHF Auh= Ay 4y

Al 24 2ot M2 dAFE &+ Asl £ 8.

oligonucleotide chip ¥4 Zdzle} g4y 4 2

Lol A rpoB f-3dA+2] codon 5313} 52604 o
EA™o7F AEE O] rpoB FHAe] BAM] F

H5E A% BF L 5 Aok

2. 9

==

3]

W oy do

A8Fe rifampin WY YSo Fsg @
rpoB fAAe] EdWolE AWES oligonucleo-
tide chip& olg3le] A2Y & oW &% A%
Hel AN sjsted BAA WA dAeke] AEstE 9
3 448 4ol @ Ao slhHc).
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