CHAPTER V
RESULTS

1. Optimization of multiplex PCR

A multiplex PCR with primers as described by Wilton and Cousins [37] and
Kulski [38] was performed with modificz imers MYCGEN-F and MYCGEN-R
S ) were replaced by primers AFB-F
and AFB-R described by Han.et-a 18]. m performed in 50 pl mixture

containing 1x buffer, 2 muclcoside triphosphates (dNTPs;
dATP, dCTP, dGTP, and @ letase, primers ( 50 pmole each of
AFB-F, AFB-R and MY nd 5 pmole of each TB1-F

and TB1-R was determined yi - cntration ofﬂuners at 30, 375, 25, 125,
10, 7.5, and 5 pmole. It was found that the optimal concentration of AFB-F, AFB-R,

MYCINT-F, MY(ﬂ\;ld b ¥ mﬂﬂﬂ]@&ﬂz&] A, ﬂ;‘jz 5, 12.5, and 12.5,

respectively. After the optimal concgntration of Jrimers was , the optimal
e YY) KA BFRB14) 8} o
polymerase (9.5, 1.0, 1.25, 1.50, and 2.0 unit per 50 ul volume of the reaction mixture) in
the PCR reaction mixture. The lowest amount of Taq polymerase which gave a

satisfactory result was 1.25 unit per 50 ul volume of the reaction mixture.
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2. Sensitivity of multiplex PCR

The sensitivity of multiplex PCR was tested with serial 10-fold diluted purified
DNAs from reference strains of Mycobacterium species listed in Table 8. The PCR

products were electrophoresed on 2% agarose gel containing ethidium bromide. Figure 7
showed that with M. tuberculosis H37Rv, the detection limit was 10 pg of DNA, which

amounts to 2,000 mycobacteria. The detection limits were the same for other M.

tuberculosis complex such as M. tub lasis H3flRa, M. bovis ATCC 19210, M. bovis

The detection limit ; = . d M. intracellulare ATCC
13950 was found to be 10Pg (Hituré &) 2 f DNA, respectively. For
other mycobacterial specie 1
DNA. Only the result from./.

was found to be 10 pg of
n in Figure 10.
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640-665 bp

372 bp

Figure 7. Sensitivity of the de
multiplex PCR. Lane: M,
3,100 pg; 4, 10 pg; 5, 1 pg;

_}adeeF‘l, M tuberculosis H37Rv 10 ng; 2, 1 ng;
fg; 7, n‘égam[e control
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173 bp

Figure 8. Sensitivity of the detection of M. avium ATCC 25291 using multiplex PCR.
Lane: M, 100 bp-DNA ladder; 1, M. avium 10 ng; 2, 1 ng; 3, 100 pg; 4, 10 pg; 5, 1 pg; 6,

negative control
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640-665 bp
490 bp
Y
Figure 9. Sensitivity of the degéctie . intrae re usﬁ'lg multiplex PCR. Lane: M,

100 bp-DNA ladder; 1, M. 10 ng; 2, 1 ng; 3, 100 pg; 4, 10 pg;

5, negative control

.0

Figure 10. Sensitivity of the detection of M. kansasii using multiplex PCR. Lane: M, 100
bp-DNA ladder; 1, M. kansasii ATCC 12478 1 ng; 2, 100 pg; 3, 10 pg; 4, 1 pg; S,

negative control
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3. Specificity of multiplex PCR

The specificity of multiplex PCR was tested with 10 ng of purified chromosomal
DNAs from 10 nonmycobacterial strains listed in Table 8. Only Nocardia asteroides and
Nocardia brasiliensis which belong to genus closely related to Mycobacterium, could be

amplified as faint bands shown in Figure 11 (lanesl2 and 13).

\\,V/
M 1 2 34 5 . 8 9 10 11 12 13 14

640-665 bp
490 bp

372 bp

173 bp

genomic DNAs of the ]\Q tuberculosts, M. i@acellulare and the other
microorganisms in Table 8 . ¢Lanes M, 100 bp-DNA ladder; 1, M tuberculosis H37TRv

(positive control)ﬂ w &}u@%@wfj@wg ’qnﬂ15§3 M. intracellulare

ATCC 13950 (pos'ﬂve control); 4, Eécherzchza coli; 5, Klebsiella Upneumonzae 6,

o QAR AR WA P B

Staphylococcdus aureus; 10, Streptococcus pneumoniae; 11, Candida albicans; 12,

Nocardia aeteroides; 13, Nocardia brasiliensis; 14, negative control
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4. Sensitivity of the reverse dot blot hybridization

Biodyne C membranes were spotted with amino-linked probes as shown in Table
10. The sensitivity of the reverse dot blot hybridization assay with biotinylated 16S
tDNA amplified fragments was tested with 20 pl of the same PCR products used for
agarose gel electrophoresis. It was found that, the lowest template hybridized with
specific oligonucleotide probes was amplified from 10 pg of M. tuberculosis (Figure 12 ),

10 pg of M. avium, 1 ng of M. z'ntracel{t it d 10 pg of other mycobacterial species.

Representative result of M. xenopi

Positive control
Myc
MTb
MAv
MInt
MChe-ab
MFla
MFor

51, AN " 5
ARIAINTUUNIINYIA

Figure 12. Détermination of the sensitivity of PCR by the reverse dot blot hybridization
asaay. Lane: 1, M. tuberculosis H37Rv 10 ng; 2, 1 ng; 3, 100 pg; 4, 10 pg; 5, 1 pg
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MiInt
MChe-Ab

MFla

MFor

MKGSS

Figure 13. Determination efitl gse dot blot hybridization

CC 1925010 nEZ, 1 ng; 3, 100pg; 4, 10 pg; 5, 1 pg

AULINENTNEINS
AN TUNNINGAY

asaay. Lane: 1, M. xenopi A
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5. Specificity of the reverse dot blot hybridization

The specificity of the reverse dot blot hybridization assay with biotinylated 16S
tDNA amplified fragments was tested with 20 pl of PCR products amplified from 10 ng
of purified DNAs of 20 mycobacterial species listed in Table 8 and Nocardia asteroides,
and Nocardia brasiliensis. Table 11 showed the result of the hybridization of the probes
with PCR products from all the strains tested. Mismatches between the species-specific

species-specific probes. . bovis, and M. africanum,

hybridized correctly with_ \ mplex, while M. avium, M.
intracellulare, M. gordonagf ) 2sce . for and M. xenopi, reacted with
their specific probes. M. che ANV abdctssis hyb idized correctly with the probe

for MChe-ab. M. kansasii,"and’. @ " .. \5- correctly with the probe for

AULINENINYINT
PR TUNM NN Y
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Table 11. Results of hybridization of mycobacterial and nonmycobacterial 16S rDNA

PCR products with specific oligonucleotide probes

Species (n)®

Result of hybridization with probes

MTb

MAv

Mint®

MChe | MFla® | MFor® | MGor | MKGSS

MXef

ES
o

M. tuberculosis (2)
M. bovis (2)

M. africanum (1)
M. asiaticum (1)

M. avium (1)

M. intracellulare (1)
M. abscessus (1)

M. fllavescens (1)
M. fortuitum (1)

M. gordonae (1)

M. kansasii (1)

M. scrofulaceum (1)
M. marinum (1)

M. nonchromogenicum
M

M. xenopi (1)

M. terrae (1)

M. vaccae (1)

M. szulgai (1)

N. asteroids (1)
N. brasiliensis (1)

AT AN SR TINETAE

® pInt probes used were pIntl and pInt2
¢ pChe-ab probes used were pChe-Ab1 and pChe-Ab2

¢ pFla probes used were pFlal and pFla2

¢ pFor probes were used pForl, pFor2, and pFor3

f pXe probes were used pXel and pXe2

+ + + + 4+ o+ o+ o+ o+ o+ o+ o+ o+ o+

+ o+ o+ o+ o+ o+
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Positive control
Myc
MTb
MAv
MInt
MChe-ab
MFla
MFor
MGor
MKGSS

MXe

Figure 14. Representative exem&le of the specﬂf'hc.:}ty of the reverse dot blot hybridization

s eGSR T i

strip. Lane: 1, M. tdiierculosis H37Rv; 2 M. avium; 3, M. intracellulare; 4, M. abscessus;
¥

R ST
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6. Comparison of two DNA extraction methods from colonies of clinical isolates

A comparison of two DNA extraction methods was performed in 10 clinical
isolates of M. avium. DNAs extracted by heat lysis method yielded a single band of
species-specific (173 bp) PCR product in all tested samples but yielded a genus-specific
(640-665 bp) band only in 7 of 10 tested samples. Alkaline wash and heat lysis method

gave better DNA preparation as bands of genus-specific and species specific PCR product

were detected in all 10 tested samples. Fmrh rgsult, alkali wash and heat lysis method

was then chosen for ampliﬁcatior_l_gf mycobacienz

from colonies. Representative

result was shown in Figure 15

490 bp

372 bp 640-665 bp

173 bp

rewe s AEAASAIHIDINLARYL ..

methods. Lanes M, 100 bp-DNA ladder; 1, M. tuberculosis H37Rv (positive control);

2, M. avium ATCC 25291 (positive control); 3, M. intracellulare ATCC 13950 (positive
control); 4, clinical isolate 1 (heat lysis); 5, clinical isolate 1 (alkaline wash and heat lysis);
6, clinical isolate 2 (heat lysis); 7, clinical isolate 2 (alkaline wash and heat lysis); 8,

negative control
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7. Results of multiplex PCR and reverse hybridization tested with of Mycobacterium
clinical isolates

In order to evaluate multiplex PCR and reverse hybridization for detection and
identification of the members of genus Mycobacterium, clinical isolates which have been
identified were tested first. Clinical isolates as listed in Table 9 were subjected to DNA
extraction by alkaline wash and heat lysis method and the extracted DNAs were amplified

by multiplex PCR. Expected DNA bands een from all clinical isolates as shown in
Table 13 and each PCR product hybridized v 1ﬁc probe. Representative result
of multiplex PCR and reversé hybridizati in Figure 16 and Figurel7,

ﬂ‘UEl’J‘YIEJ'VITWEI']ﬂi
’QW'lﬁﬁﬂ‘iflJ NN Y
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640-665 bp

490 bp
372 bp

173 bp

Figure 16. Electrophoresis separatlon of PCIi products obfamed by multiplex PCR.
genomic DNAs of the M _}ubercuio'm' M. avium, M. Wﬁz}lare and clinical isolates.
Lanes M, 100 bp-DNA la@rzr, 1, M tuberculosis H37Rv (pos1t1ve control); 2, M. avium
ATCC 25291 (positive control), 3, M. intracellulare ATCC 13950 (positive control); 4,

clinical isolates 4 (@4 “fubéraulolis)j 5y clinical-isolates’ 5 (M fayimn); 6, clinical isolates

10 (M. abscessus); T Negative control
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Representative oxa eVerse dot blot hybridization

|

assay from clinical isolate “'The oligonucleotide probes were-dot-blotted onto a Biodyne

abscessus

C membrane in a Sﬂﬁﬁ Wﬁﬁ{ﬂﬁﬁ ﬁw avescens; 4, M.

AN TUNNINGAY
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8. Results of multiplex PCR and reverse hybridization assay tested in hemoculture

samples and clinical specimens compared with results of conventional methods

In order to evaluate multiplex PCR and reverse hybridization for detection and
identification of the members of genus Mycobacterium in routine laboratory, fifty signal-
positive hemoculturee and fifty AFB-positive clinical specimens were tested. The
extracted DNAs were amplified by multiplex PCR. Table 14 showed that multiplex PCR
detected M. tuberculosis, M. avium, and Mycobacteruium genus from 6, 41, and 3 signal-

' Reverse hybridization assay could identify
w lonae and M. abscessus by probe

identified as M. abscessus and

positive hemoculture samples, respectiv

Mycobacterium genus in these three
MChe-Ab. Of these three Mycoﬂhm
ﬁ
one as M. chelonae by con result of multiplex PCR of
hemoculture samples and Figure 18 and Figurel9,
respectively.  Representati hemoculture samples and

clinical specimens was sho

berculosis, M. avium, and
Mycobacteruium genus from 36, AR siti ical specimens, respectively.
Reverse hybridization assay could r&éitiﬁy' Myeo Sadter sp. in these seven samples as
M. fortuitum (two samples) by prob;.wfpr; 1. flavescens (one sample) by probe MFla,
M. chelonae and M. abscessus (two samples) by probe=IVit He-Ab and M. kansasii, M.
gastri, M. scrofulaceum, Ot M. IKGSS. Identification of

culture obtained from the samples by conventional method confimed the correct

identification of re ﬁﬁﬁﬁ% WWV dozhblot hybridization could
identification Mycob ﬁﬁfl &Jj] ﬁ abscessus by probe
MChe-Ab and the culture obtained was identified to be-M. abscessus.

wwaﬂﬂmumwmaﬂ
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640-665 bp
490 bp
372 bp
173 bp
Figure 18. Electrophoresis sgpara i prod ts obtained from AFB-posmve

hemoculture samples. Lanes M,/ OQE@NA__
control); 2, M. avium ATCC 25291 (pssmvc

..-e,..l___-!

(positive control); 4, samﬂeMBl By samp

ﬂe MB l(mgf 1 ng M. tuberculosis); 6,

sample MB 2 ; 7, sample | el
(signal-positive hemoculturj but AFB negative); 9, sample MB 53 (sp1ked with 1 ng M.
tuberculosis); 10, sample MB.3 ;. 11, sample MB&(spiked with 1 ng M. tuberculosis); 12,

v (1 11TV TWENT
AMIANTAUMINGIAY
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640-665 bp
490 bp

372 bp T —

173 bp

Figure 19. Electrophoresi§ s ar 1on of PéR products obtained from AFB-positive
clinical specimens. Lanes M, OO DN‘A Iadd‘zr 1, M tuberculosis H37Rv (positive
control); 2, M. avium ATCC 252§l gposmwe conﬁdb 3. M. intracellulare ATCC 13950
(positive control); 4, specimen Sl,_§,}_s_pe§elmen _§31}(ﬂpiked with 1 ng M. tuberculosis); 6,
specimen S2; 7, specim__gig S2 (spiked with 1 ng M. tubercu__{o_;is); 8, specimen S3; 9,

specimen S3 (spiked wrtl;’r 1 ng M. tuberculosis); 10, speci;qén S4; 11, specimen S4
(spiked with 1 ng M. tubercudosis); 12, negative control 3
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Positive control >

Myc —»

ﬂuEI’J‘VlEWIiWEI’]ﬂi
::;i;‘;ﬁmmmmﬁ (1w

were dot-blotted onto a Biodyne C membrane in a strip. Lane: 1, sputum sample (S 23);
2, sputum sample (S 40); 3, sputum sample (S 46); 4, Hemoculture sample (MB 13)
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9. 16S rDNA sequencing

Ten samples (3 hemoculture samples and 7 clinical specimens) in which
Mycobacterium genus was detected by multiplex PCR and reverse dot blot hybridization,
were subjected to PCR-sequencing of 16S rDNA region A. Sequencingt gave concordant
results with those obtained by conventional methods. Representative result of 16S rDNA
sequencing of M. abscessus, M. fortuitum, M. kansasii, M. scrofulaceum and M.
flavescens was shown in Figure 21, Figure 22, Figure 23, Figure 24, and Figure 25,

respectively.

AULINENINYINT
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0 20 20 40 50 &0
TCCGT T GA 6 C ACTGGTGAGTACACGTG GTGATCT CCTGCACTTTG GGCATAAGCCT G GGAATC

CCTEGPCCT&?EASETTGT?‘
i
i

..f.t“‘\&éa- Lmu ‘Umh“t&..&mu 4

™,
CGG ACACTGGGACTGIG& F‘LATAT‘IECACAL!’GGECGC

¢

|
Figure 22. Chromatogra.mﬂ‘ sequencing by automate sequenger of M. fortuitum
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Figure 24. Chromatogram oﬂ'sg.lencmg by autentate sguencer of M. scrofulaceum
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Figure 25. Chromatogram of sequencmg by automate sequeg er of M. flavescens
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