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MATERIALS AND METHODS 

Bacterial strains. Eighteen reference strains of mycobacteria and 9 clinical 

isolates of nonmycobacteria ( Table 1) together with 8 clinical isolates of 

Mycobacterium tuberculosis (Table 2) were used in this study. The reference strains 

were gift from Dr. Chiyoji Abe, Research institute of Tuberculosis, Japan Anti- 

Tuberculosis Association, Japan. Clinical isolates of nonrnycobacteria were obtained 

from diagnostic laboratory of Department of Microbiology, Faculty of Medicine, 

Chulalongkorn University. Clinical isolates of M. tuberculosis comprised of 2 

rifampin- sensitive and 6 rifampin-resistant strains for which the nucleotide sequence 

in the rpoB region was known ( Table 2). These M. tuberculosis clinical isolates were 

analyzed for rifampin susceptibility by the proportion method with Lowenstein-Jensen 

egg slants and DNA sequencing of the amplified fragment of rpo B gene (28) 

All mycobacterial strains were cultured on Ogawa medium at 37OC, except M. 

marinum at 30°C. Escherichia coli, Haemophilus influenzae, Klebsiella pneumoniae, 

Pseudomonas aeruginosa, Staphylococcus aureus, Streptococcus pneumoniae and 

Rhodococcus equi were cultured on blood agar. Nocardia asteroides, and Nocardia 

brasiliensis were cultured on Sabouraud's dextrose agar at 25OC. 

Preparation of chromosomal DNA. Purified chromosomal DNAs from 

mycobacterial reference strains as listed in Table1 were prepared by lysozyme- 

proteinase K-sodium dodecyl sulfate ( SDS) procedure (29) with modification. DNAs 

prepared by this method were used to determine the sensitivity and specificity of 

duplex PCR. Briefly, culture on solid medium was suspended in 10 mM Tris-HCL, 1 

mM EDTA ( TE buffer) and subsequently heated at 100 'C for 10 min in a heating 

box to inactivate cells. Lysozyme was added to a final concentration of 1 mglml and 
\ 

the mixture was incubated at 37OC for 90 min. Proteinase K and SDS were added to 

final concentration of 0.1 mglml and 1%, respectively and the mixture was incubated 

overnight at 55OC. DNA was phenol extracted three times and ethanol precipitated. 

The DNA was dried in a heating box at 37OC for 1 h , dissolved in TE buffer and 

stored at -20°C until needed. The sample was checked for purity and determined for 

the amount of DNA by measuring the optical density at wavelengths of 260 nrn and 

280 nm. 



Table 1. Mycobacteria and nonmycobacteria used to determine the specificity of 

duplex PCR-reverse line blot hybridization ( RLB). 

Microorganisms 

Mycobacteria 

M. tuberculosis H37Rv KK 1 1-20 

M. bovis BCG KK 12-02 

M. avium ATCC 25291 

M. intracellulare ATCC 13950 

M. abscessus ATCC 19977 

M. asiaticum ATCC 25276 

M. flavescens JATA 67-01 

M. fortuitum ATCC 6841 

M. gordonae ATCC 14470 

M. kansasii ATCC 12478 

M. marinum ATCC 927 

M. nonchromogenicum ATCC 19530 

M. scrofulaceum ATCC 1 998 1 

M. simiae ATCC 14275 

M. szulgai KK 32-01 

M. terrae ATCC 15755 

M. vaccae KK 66-01 

M. xenopi ATCC 19250 

Nonmycobacteria 

Escherichia coli 

Haemophilus influenzae 

Klebsiella pneumoniae 

Nocardia asteroides 

Nocardia brasiliensis 

Pseudomonas aeruginosa 

Rhodococcus equi 

Staphylococcus aureus 

Streptococcus pneumoniae 

Pattern of RLB 

WT, wild type 

NA, not applicable 



Table 2. Clinical isolates of M. tuberculosis with known rpo B gene mutation. 

Preparation of bacterial lysates. All clinical isolates were treated by the 

method described by Hall et.al.( 30 ) as follow. Bacteria from one large colony or 

several small colonies were resuspended in 0.5 ml of alkaline wash solution 

composed of 0.05 M sodium citrate and 0.5 M NaOH by vortex and allowed to stand 

for 5 min. After centrifigation at 12,000 rpm for 5 min, the cell pellet was washed in 

0.5 ml of 0.5 M Tris-HC1 (pH 8.0) and resuspened in 100 p1 of TE buffer. The 

suspension was then boiled at 100°C for 10 min, centrifuged at 12,000 rpm for 5 min 

Isolates 

M. tuberculosis 

Rifampin-sensitive 

Rifampin-resistant 

5 1 6 GAC (Asp) -+ GTC (Val) 

526 CAC (His) + TAC (Tyr) 

526 CAC (His) -+ CGC (Arg) 

526 CAC (His) -+ GAC (Asp) 

53 1 TCG (Ser) + TTG (Leu) 

53 1 TCG (Ser) -+ TGG (Trp) 

to precipitate cellular debris. The supernatant was transferred to a sterile eppendorf 

tube and stored at -20 "C until needed. 

Number 

2 

1 

1 

1 

1 

1 

1 

Clinical specimens and specimen processing. Between October 2005 and 

December 2007, 18 13 sputum specimens were received for the mycobacterial culture 

at the 'diagnostic laboratory of Department of Microbiology, Faculty of Medicine, 

Chulalongkorn University, Bangkok, Thailand. The sputum specimens were first 

decontaminated with NaOH-sodium citrate-N-acetyl-L-cysteine method ( 3 1 ) and 

concentrated by centrifugation after decontamination. The concentrated specimens 

were examined microscopically after Kinyoun acid-fast staining, aliquotted 500~1  into 

eppendorf tubes and inoculated onto Ogawa medium and MGIT 960 ( Becton 

Dickinson, Sparks, Md.). The aliquots were stored at -70°C until analysis. 



Identification of mycobacterial culture from sputum specimens. 

Mycobacterial culture was identified by growth rate, pigmentation with and without 

exposure to light and biochemical reaction tests. For rapid identification, 

mycobacterial colonies were tested with AccuProbes (Accuprobe;Gen-Probe, Inc, San 

Diego, CA). The selection of appropriate probe depends on growth rate, pigmentation 

and colony appearance. In case that M .tuberculosis was identified, the clinical isolate 

was subjected to drug susceptibility testing upon the request of physician. 

Drug susceptibility testing ( DST ) of M. tuberculosis . DST with isoniazid 

(INH), rifmpin (RMP), ethambutol ( EMB) and streptomycin (SM) was performed 

by the BACTEC MGIT 960 method ( Becton Dickinson, Sparks, MD). Tests were 

performed with the standard concentration of 0.1 pg/ml INH, 1.0 pglml RMP, 3.5 

pglml EMB and 0.8 pg/ml SM. 

DNA extraction from sputum specimens. Based on drug susceptibility results, 

80 specimens were randomly selected from the frozen aliquotted specimens for testing 

by PCR- reverse line blot hybridization. These specimens were thawed, centrifuged at 

13,000xg for 15 rnin and subjected to DNA extraction by using QIAarnpBDNA Mini 

kit (Qiagen Corporation, Germany) according to the manufacturer's directions. In 

brief, 200 p1 of sample was added with 20 pl of proteinase K, 200 pl buffer AL and 

mixed by vortex for 15 s. After lysis for 10 rnin at 56OC to reach DNA yield, 200 pl 

absolute ethanol was added and mixed by vortex for 15 s. To remove drop from the 

inside of the lid, the tubes was spinned at 8,000 rprn for 1 rnin . The mixture was 

transferred to QIAarnp spin column and centrifuged at 8,000 rpm for 1 min. QIAarnp 

spin column was then washed with 500 p1 buffer A w l  and 500 p1 buffer AW2 

followed by the spin at 8,000 rpm for 1 min and at 14,000 rpm for 3 min, respectively. 

After centrifugation the QIAamp spin column was placed in a clean 1.5 ml 

microcentrifuge tube and 200 pl buffer AE were added and incubated at room 

temperature for 1 min. After incubation, the suspension was centrifuged at 8,000 rpm 

for 1 rnin and the DNA containing eluted buffer was stored at -20°C, ready for the 

PCR analysis. 



PCR for IS 6110 and rpoB gene. A duplex PCR with primers which detect IS 

61 10 of Mycobacterium tuberculosis complex ( 32 ) and the rpoB gene ( 13) was 

performed. The duplex PCR primers were Pt 18 (5'- GAACCGTGAGGGCATCGA 

GG-3' ), 5'- biotinylated INS-2 (5'-GCGTAGGCGTCGGTGACAAA -3' ), TR9 

( 5'-TCGCCGCGATCAAGGAGT-3' ) and 5'-biotinylated TR8 (5'-TGCACGTCGC 

GGACCTCCA - 3' ) . A product of 249 bp, amplified by Pt 18 and INS-2 was 

indicative of M.tuberculosis and smaller fragments of 157 bp amplified by TR9 and 

TR8 was positive signal for rpoB gene. 

Amplification was performed in 50 p1 mixture containing lx  buffer, 2 rnM 

MgC12, 200 pM deoxynucleoside triphosphates (dNTPs; dATP, dCTP, dGTP, and 

dTTP), 1.25 U of Tag polymerase and primers (25 pmoles each of TR9 and TR8 , 

and 12.5 pmoles each of Pt18 and INS-2). The reaction was performed in 0.2 ml 

eppendorf tube with target DNA on a thermal cyclers ( GeneArnp PCR System 9700, 

PE Applied Biosystems, USA). The PCR cycling parameters were 95 OC for 6 min, 

followed by 40 cycles of denaturation at 94°C for 1 min, primer annealing at 62°C for 

1 min, extension at 72°C for 1 min, and one cycle of 72 "C for 10 min . 

Sample of 5 pl was used for PCR in a total volume of 50 p1. In case of clinical 

sample, one part of treated specimen was spiked with 100 pg of M. tuberculosis 

DNA for testing of the amplification inhibitor in the sample. The sample was scored 

as negative if the test sample was negative and the spiked sample was positive. If both 

test and spiked sample were negative, then there was inhibitor in the sample. 

Detection of amplification product. Five microliters of PCR product were mixed 

with 2 p1 of gel loading buffer (20% ficoll, 0.05% bromophenol blue), analyzed by 

electrophoresis on 2.0% agarose gel, consisted of 0.5 pglml ethidiun bromide, in 1X 

Tris-b,orate-EDTA (1XTBE) buffer (pH8.0). The electrophoresis was carried out at 

80 volt'$ for 40 min. Gel was visualized with W fluorescence and the result was 

photographed by using the Bio-Rad Gel Doc system (Bio-Rad Laboratories, Hercules, 

CA). 

Analytical sensitivity and specificity of duplex PCR. In order to determine the 

analytical sensitivity, purified DNA of M.tuberculosis H37Rv was diluted to a 

concentration of 2 nglpl and then fixther lox diluted in TE buffer to provide samples 



with concentration ranging from 200 pg to 0.2 fg of DNA per p1. Five microliters of 

these samples were amplified by duplex PCR. The amplified products (5 pl) were 

electrophoresed in 2% agarose gel containing ethidium bromide and visualized by UV 

fluorescence. The analytical specificity of duplex PCR was determined by using 10 

ng of DNAs from micr~or~anisms listed in Table 1. For negative control, DDW was 

used as the template for duplex PCR 

Reverse line blot hybridization. In reverse line blot hybridization, the 

biotinylated PCR products of IS 61 10 and rpoB gene were hybridized to a set of 

oligonucleotide probes which were covalently bound to Biodyne C membrane by line 

blotting in a Miniblotter MN 45 ( Irnmunetics, MA, USA) ( 33) .The membrane was 

then cut into strip of desirable size for testing. The hybridized PCR product was 

detected by incubation with streptavidin-alkaline phosphatase and a color substrate of 

nitroblue tetrazolium chloride and 5-bromo-4-chloro-3-indolyl phosphate ( NBTI 

BCP solution, Roche Diagnostics GmbH, Penzberg, Germany). 

Oligonucleotide probes were designed based on the sequences of rpoB gene mutation of 

M. tuberculosis. A total of 11 oligonucleotide probes to detect wild type and mutant 

genotypes were designed and the diagram of the probes was shown in Figure1 . M. 

tuberculosis positive control was included by using Pt3, an oligonucleotide probe 

specific to M. tuberculosis complex (32). These oligonucleotides were 5' amino linked 

( Table 3). ). The wild type probes Wl,W2,W3,W4 and W5 overlap the entire rpoB 

hotspot region and the 6 mutant probes covered the mutations most frequently observed. 

The location of the probes on the strip was illustrated on the left side of Figure 4. The 

presence of rifampin-susceptible M. tuberculosis was demonstrated by the positive 

signal of hybridization with all wild-type probes and negative signal with all mutant 

probes. The presence of rifampin-resistant isolate was indicated either by the loss of 

hybridization of relevant wild-type probe with or without the hybridization with the 

mutant probe. 



Table 3. Nucleotide sequences of the amino-link oligonucleotide probes. 

Sequence (5'+ 3') 

GAA CGG CTG ATG ACC AAA CT 

AGC CAG CTG AGC CAA TTC ATG 

ATT CAT GGA CCA GAA CAA CCCG 

GCT GTC GGG GTT GAC CCA 

TTG ACC CAC AAG CGC CGA C 

ACT GTC GGC GCT GGG G 

TTC ATG GTC CAG AAC AAC CC 

TTG ACC TAC AAG CGC CGA C 

'M'G ACC GAC AAG CGC CG 

TTG ACC CGC AAG CGC CGA 

ACT GTT GGC GCT GGG GC 

ACT GTG GGC GCT GGG GC 

GGT TGC ACG CAT TTTCCC TTAA 

Type 

M. tuberculosis 

complex 

Wild 

Wild 

Wild 

Wild 

Wild 

Mutant 

Mutant 

Mutant 

Mutant 

Mutant 

Mutant 

Conjugated 

control 

Oligo name 

Pt3 

W1 

W2 

W3 

W4 

W5 

M2 

M4.1 

M4.2 

M4.3 

M5.1 

M5.2 

Conjugated Control 

5 ' aminolink and 3 ' 

biotinylated 

Position 

(codon) 

5 12 (AGC) 

5 16 (GAC) 

522 (TCG) 

526 (CAC) 

53 1 (TCG) 

5 16 (GTC) 

526 (TAC) 

526 (GAC) 

526 (CGC) 

53 1 (TTG) 

53 1 (TGG) 
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