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Figure 1.
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Detection of Mycobacterium tuberculousis from acid fast bacillus

smear—positive sputum specimens by two-tube nested PCR -----

Figure 2. PCR amplification of the rpoB gene from acid fast bacillus
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DNA : deoxyribonucleic acid

bp : base pairs

ATCC : American Type Culture Collection

AIDS : aquired immune deficiency syndrome

EtBr : ethidium bromide

PCR : polymerase chain reaction

PCR—RFLP : polymerase chain reaction—restriction fragment
polymorphism

UV @ ultra violet

Taq : Thermopilus aquaticus

HIV : human immunodeficiency virus

EDTA : ethylenediamine tetra—acetic acid

TBE : tris borate EDTA

length
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A1 AE

AL Al T (Mycobacterium)S acid fast bacilli(AFB)g}11% 3w BE gao=w
A A=A gon 7ol du Aol HH Aboly, dFE Tt At &

Aol FH2 ke AAE VMR Jorm g A (acid fastness) & 4 AT (AFB)

rir

AT Fol = Mycobacterium 4?1 Mycobacterium tubersulosis(Z 3 3t)

Mycobacterium lepre(\t3t), atypical mycobacteria(H]| 3 3d Al F)e} of3t AT O
2 Nocardia, Gordona, Tsukamurella 2 Rhodococcus7} ATh EfF5Eo 285 A
o7 H#EE A FT(Mycobacterium tuberculosis complex)©]gf F2W M.
tuberculosis, M. africanum, M. bovis, M. microti, M. canetti 5°] &3t} Al
AE = AANFL Lehmann®t Neumanno] 18963l Mycobacterium tuberculosisetal 4
watk  Te wAEY AT oR oA+ mycobacteria other than tuberculosis
(MOTT), environmental mycobacteria, opportunistic mycobacteria 522 E#lo] ot}
Z o= NTM(nontuberculous mycobacteria) 2.2 A ¥ 1 9 th(Falkinham 1996).
A AL ofAA A AAA =& FHEN AMEY T8 ¥dle] H
glow o|F A3 F(Mycobacterium tuberculosis, MTB)& vl 2ol ol HAuww &Y
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(Falkinham 1996, Kennedy et al. 2003; Sakatani 1999).
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=& vy HAAES =33t 4 AAE4 Insta Gene Matrix(Bio-RAD,
Hercules, California, USA) 200 & #7F & & He=vh o] % 56T heat block
of 30 & WX F 8 B3 & v FA ice-waterell 23 F 12,000 rpmeol A

3% QARse] FFAL DNA template AHE3ATE. FA AHESHA 2

32. ¥ ¥ A= HAA DNA =

3% Ogawa "R A =gk 312 HAA= 200 2] Insta Gene Matrix < ol
Z0] 56C heat blockel 30 # Wx|gtr}, o]F 8 &3+ & thE FA] ice-water
of 213l 2 12,000 rpmolA] 3 & YAHEE 3] FF5AS DNA templateZ AF-E3h
AT

d

4. Polymerase chain reaction

41. A4} HAZY AIYFES FES7] AT two-tube

nested PCR

4.1.1. First PCR

AANH primers’F & Y-S 3N (mixture, 45 @)l Insta Gene Matrixel] ¢

)
)

FZ9 DNA A& 5 wWZE 7}8tar Thermal cycler(GeneAmp PCR system
9700, Perkin-Elmer Cetus, Boston, Massachusetts, USA)E ©|-&3 X7 DNAZ

FE gyssin.

kS Estol XS M. tuberculosis complex(M. tuberculosis, M. bovis)



of 541 o2 EAs= IS 61109 547 bpE %37 $18+e primer® pr-5%
5-CTC AAG GAG CAC ATC AGC-3" ¢ pr-6%1 5°-TCA TAG GAG CTT
CCG ACC-3'2 Ztzt 1 w® H7Fstal, Tag DNA polymerase(Perkin-Elmer
Cetus Corp., Norwalk, California, USA)E 025 0, ANTP(dATP, dCTP, dGTP,
dTTP) 22 1.0 WA, 10x reaction buffer 5.0 wl, Z=F4 3375 W= FH7lstAct
(Table 1).

HF-3-57] = pre-denaturation 94C 5 ¥, denaturation 94C 1 ¥+, annealing

60C 1 ¥, elongation 72C 1 <& 30 cycle2 A &3t}

4.1.2. Second PCR

AeE primers7t & ¥FE- £33 (mixture, 48 )] First PCR product 2 ¢f
£ 7}8Fal Thermal cyclerg ©]&3] %% DNAE T3 A3

kS St e Ao MV tuberculosis complex(M. tuberculosis, M. bovis)
o ERXoz EAst= IS 61109 285 bpE T H3H7] #18tY] primerZ pr-79!
5-CTA CGG TGT TTA CGG TGC CC-3"¢} pr-8%! 5-TAG GCG TCG GTG
ACA AAG GC-3'E Z+7zt 1 w® H7Fsla, Tag DNA plymerases 0.25 ul,
dNTP(dATP, dCTP, dGTP, dTTP) 2z 1.0 xl 2, 10x reaction buffer 5.0 uf,
74 3675 wWE H7eA H(Table 1).

5 7]+= pre-denaturation 94C 5 &, denaturation 94C 1 &, annealing

o

@}

2C 1 ¥, elongation 72TC 1 & 30 cycleg A 335
HkSo] Zu oS WSE 10 wE FHal 2% agarose geldl A A7]d 53 &

ethidium bromide(EtBr, 0.5 pg/ml)=E IA3te] 302 mme UV  transilluminator
(Spectroline Co., Albany, New York, USA)Z DNA bandsE #2313t

4.2 9AY AT TAHEL ¢33 PCR-RFLP



NTM A& 93te] FE3¥ DNAAE mycobacteria®] %52 o2 &3}
= moB FAA F 4yl 360 bpE =EZ37] Yste] primer® RPO1 ¢l 57
-TCA AGG AGA AGC GCT ACG A-3" ¢ RPO2 21 5" -GGA TGT TGA
TCA GGG TCT GC-3" & PCR&}tHTable 1).

%3 PCRAE 15 ol Msp I (Boehringer Manheim Biochemicals,
Germany) 0.5 (10 U/ul), 10x Msp 1 buffer 2 w, B8 FF7HF 25 s ¢
o] 20 we EFES Z 4531, 13,000 rpm (2F 10,000 g)oll Al 3~5 3+ LA
e stk

37C F2FZFoA 90 7+ ¥+8-3 & PRA(PCR-RFLP assay) size marker
¢ 7 EAWFSH(10 )= 4% metaphor TBE agarose gel(FMC Bioproducts,
Maine, USA)oll A3 F 100 VoA 60~75 &3+ A7]95 B 45 ot
71953

Gel& EtBrZ 943 F UV transilluminator2 #4HAE& 2133y, A

A= mycobacteria &4 algorithms sl #2 FA4AATH(Lee et al

5. Niacin test
1-2 mee] AE FRFU AA5E BT wwe Arael WASe HEal
A st 5-30 & 2ok AL A (EE 37C) niacin®] FEHEE 3 & F=

=9 A5 05 mE vAZE = AR AdH A Wi, 05 mee 10%

=

cyanogen bromide =84S 7% 05 ml 4% anilin alcoholS ¥3lth AA
wjuich kA (M. tuberculosis)¥ 2T (e T8 HFSA Ze wix)E gz

Aoz o] XY

ot



Table 1. Primer sequences for Mycobacterium tuberculosisOMTB) and

nontuberculous mycobacteria(NTM)

PCR Primer Sequence(5'—3") Target

pr-5 |CTC AAG GAG CAC ATC AGC

Twotube nested PCR | PF6 |TCA TAG GAG CTT CCG ACC

pr=7 |CTA CGG TGT TTA CGG TGC CC

MTB

pr-8 |TAG GCG TCG GTG ACA AAG GC

RPO1 |TCA AGG AGA AGC GCT ACG A
PCR-RFLP NTM
RPO2 |GGA TGT TGA TCA GGG TCT GC




A3 2

-
o0t
>

4 98 ¥4 AFHAS PCR

Mok AA A DNAE F23 F, Add7 434S =317 9184

LB

two-tube nested PCR¥} rpoB gene?| 360 bpF+& S3%3l= PCRS A 3ss
LM M. tuberculosis complexd] EAZ oz ZA3l= IS 61109 EA R
547 bpst 285 bp HES =23 two-tube nested PCRE Al&stgitt. = A3
MTB+= 285 bp 2ol bands YWERHIL(Fig 1), band7} YEbFA ke HAA=
NTM #A= A4 dEdddo. o %, 4 NTM AAE mycobacteria®l & -&
Hog ZA3+= rpoB FHAA T dH<2 360 bp BFES T3 F(Fig 2), Msp
[& %7F PCR-RFLPE Al3ste] NTM 57447
Table 2).

2 9 =+ AATKFig 3,

kg AA Aot traced! 48 HAE PCRS Al A3 MTB7F 1, NTMo]
0, &7¢] 47 HANA FA¥x, Fad d4 237k 1+ <A 16 AANA =
MTB7} 5, NTMe] 0, &4 #AAZF 11 = A=A =3 g d4 A5
7b 2+ 91 104 HA A= MTB7F 100, NTMe] 3, &4 1 AA= &A=, &
A A Asr 3+ 9 98 AAClME MTB7F 96, NTMe] 2, 549 #A7F 0
o2 Rl (Table 3).



2000 bp ——=»

500 bp ———==
400 bp ——=

300 bp — “<— 285 bp

200 bp ——=

100 bp ———>

Fig 1. Detection of Mycobacterium tuberculousis from acid fast bacillus
smear—positive sputum specimens by two-tube nested PCR. PCR products
were run on a 2% agarose gel stained with ethidium bromide(EtBr). Lane M,
DNA size marker(Bioneer, Alameda, California, USA); lanes 1, 3, 4, M.
tuberculousis; lane 2, negative; lane N, negative control, distilled water; lane P,

positive control, M. tuberculosis(ATCC 25177 standard strain).
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B — <— 400 bp

<— 300 bp

Fig 2. PCR amplification of the rpoB gene from acid fast bacillus
smear-positive sputum specimens. PCR products were run on a 2% agarose
gel. Lane M, DNA size marker; lanes 1~5, positive; lane N, negative control,
distilled water; lane P, positive control, M. tuberculosis(ATCC 25177 standard

strain).
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200 bp

100 bp

Fig 3. PCR RFLP analysis of acid fast bacillus smear-positive sputum
specimens. Amplified DNAs were digested with MspI and run on a 4%
metaphore agarose gel. Lane M, PCR-RFLP size marker; lane 1, M.
intracellulare; lane 2, M. intracellulare; lane 3, M. abscessus, lane 4, M.
intracellulare; lane 5, M. abscessus; lane N, negative control, distilled water;

lane P, positive control, M. avium.
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Table 2. Isolation of NTM using acid-fast bacillus smear—-positive sputum

specimens by PCR-RFLP with Msp I

Specimens Identified NTM PCR product DNA fragment
No. species size(bp) size(bp)
1 M. intracellulare 360 175, 95, 80
2 M. intracellulare 360 175, 95, 80
3 M. abscessus 360 105, 95, 80
4 M. intracellulare 360 175, 95, 80
5 M. abscessus 360 105, 95, 80
c Positive control M. avium 105, 80, 50, 45
c Negative control distilled water

_13_



Table 3. Detection rate of M. tuberculosis and NTM from the acid-fast

bacillus smear—-positive sputum specimens using two-tube nested PCR and

PCR-RFLP
AFB No. of sample MTB NTM Negative D/R(%)
-/+ 48 1 - 47 2.0
1+ 16 5 - 11 31.2
2+ 104 100 3 1 99.0
3+ 98 96 2 - 100.0
Total 266 202 5 59 77.8

D/R : Detection rate.
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Table 4. Colony growth for medium from the acid fast bacillus positive

specimen
AFB No. of sample Growth Non—-growth
-/+ 48 47 1
1+ 16 15 1
2+ 104 104 -
3+ 98 98 -
Total 266 264 2

* The culture was performed at 3% Ogawa medium.
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3. FAA A FAAAY AT EYuiF AAH S T3 PC

Fod A4 traceol ] HAE wistol EElg Al Here] DNAE =
st A3t H 7] 93le] two-tube nested PCR¥ rpoB
gene?] 360 bpi-io %3t PCRS Al dstStt.

X M. tuberculosis complexd] EAZ o2 ZAslE IS 61109 EA R

o
oft
iy
e
=Y
ftlo
-
Sh
ol

547 bpet 285 bp HES FZ3 two-tube nested PCRE Al 3stdtt. 1 Ay}
MTB+= 285 bp -3¢l bandE YWEWL(Fig 4), band7} WEbFA] 42 AA =
NTM AA=Z AZ2UYH. o] 3 NTM A+ mycobacteriad] #5402 &4
3t rpoB FAA & 4F< 360 bp &S FE3 $(Fig 5), Mspl & #H7}
PCR-RFLPE Ald&3sled NTM 54235 &Aqdd 4 AAh(Fig 6, Taable 5).

ok AA AL trace] 48 HAZ PCRS Alde A3 MTB7F 40, NTM
o] 7, &7°] 1 AAlA A=A, i A Aot 1+ Q1 16 HANA=
MTB7} 12, NTMe] 3, &< dA7F 1 o2 FA=HAvk. w3 Fibd 94 2
H7F 2+ 21 104 AAA = MTB7F 100, NTMeo] 4, &4 0 AR FA= A,
g A AFrE 3+ 9l 98 AAIAE MTB7F 96, NTMe] 2, 542 AA7
0 o2 1Atk (Table 6).
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2000 bp ——>

500 bp ——=>
400 bp —

300 bp—>
P <— 285 bp

200 bp 5,

Fig 4. Detection of Mycobacterium tuberculousis from cultured colony of
acid-fast bacillus smear-positive specimens by two-tube nested PCR.
PCR products were run on a 2% agarose gel. Lane M, DNA size marker;
lanes 1, 2, 6, M. tuberculousis; lanes 3, 4, 5, negative; lane N, negative control,
distilled water; lane P, positive control, M. tuberculosis(ATCC 25177 standard

strain).
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123 456 78 910111213141516 NP M

<— 400 bp

360 bp— <— 300 bp

Fig 5. PCR amplification of the rpoB gene from -cultured colony of
acid-fast bacillus smear-positive specimens. PCR products were run on a
29 agarose gel. Lane M, DNA size marker; lanes 1~16, positive; lane N,
negative control, distilled water; lane P, positive control, M. tuberculosis(ATCC

25177 standard strain).
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M1 2 3 4 56 N P M

200 bp——>

100 bp——>

Fig 6. PCR RFLP analysis using cultured colony of acid-fast bacillus
smear—-positive specimens. Amplified DNAs were digested with Msp1 and
run on a 4% metaphore agarose gel. Lanes M, PCR-RFLP size marker, 25/100
bp mixed DNA ladder; lane 1, M. intracellulare; lane 2, M. intracellulare; lane
3, M. abscessus; lane 4, M. intracellulare; lane 5, M. abscessus; lane 6, M.
avium; lane N, negative control, distilled water; lane P, positive control, M.

avium.
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Table 5. Isolation of NTM species from acid-fast bacillus smear—positive

colony specimens using PCR-RFLP with Msp I

Specimens Identified NTM PCR product DNA fragment

No. species size(bp) size(bp)
1 M. intracellulare 360 175, 95, 80
2 M. terrae 360 130, 62, 57

M. avium, 105, 80, 50, 45
3 . 360

ntracellulare 175, 95, 80
4 M. gordonae type 1 360 150, 95, 45
5 M. abscessus 360 105, 95, 80
6 M. avium 360 105, 80, 50, 45
7 M. avium 360 105, 80, 50, 45
8 M. intracellulare 360 175, 95, 80
9 M. abscessus 360 105, 95, 80
10 M. forturtum 11 360 175, 105, 70
11 M. fortuitum 10 360 175, 105, 70
12 M. intracellulare 360 175, 95, 80
13 M. intracellulare 360 175, 95, 80
14 M. abscessus 360 105, 95, 80
15 M. intracellulare 360 175, 95, 80
16 M. abscessus 360 105, 95, 80
C Positive control M. avium 105, 80, 50, 45
C Negative control distilled water
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Table 6. Detection rate of M. tuberculosis and NTM from colony of the

acid-fast bacillus smear—positive specimens using two-tube nested PCR and

PCR-RFLP
App  o-of sputumo g NTM Negative  D/R(%)
specimens
—/+ 48 40 7 1 97.9
1+ 16 12 3 1 93.7
9+ 104 100 4 - 100.0
3+ 98 96 2 - 100.0
Total 266 248 16 2 99.2

D/R : Detection rate.
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4, FAA A kM AA S AT B Y ¥ niacin test

Fad A trace ©]/FQl AA O =FwE 4L 8t 3% Ogawa HiA 9
HitS S8 Feolw APl niacin testE A Al MTB AAZS 233t
M EFuE & MTBE &21317] 93814 niacin testE A A3 A3 ikA
A traceS! - FZH(colony)e] ¥4 47 HA ST 40 A, 1+ <1 A colony
7F FA8R 15 AAT 12 A, 2+ <1 A5 colony”b ¥4l 104 AAS 1
3+ ¢ A% colonyZF A<l 98 AAF 96 AA 7 niacin test ¥ YL elst 4

AATH Table 7).
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Table 7. Niacin test of acid—fast bacillus smear—positive colony specimens

. Niacin test Niacin test
AFB Culture positives o .
positives Negatives
-/+ 47 40 7
1+ 15 12 3
2+ 104 100 4
3+ 98 96 2
Total 264 248 16
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5. PCR -RFLPE °]| &% H|AY Z3TF9 54

5.1. A% AA A %3 DNAE °| &3 33 AT

A A traceol Al A AA e DNAS F%3F9] mycobacteria®l 3%
o7 &A= rpoB A T 452 360 bpE SEIAtHFig 2). Mspl &
A7bet $ PCR-RFLPE o83t thekgh A7]o] A olde] A5 F3to] ¥
s1x8k 9l algorithm= ©]-&ste] BAY ZAIqHd sAHAS FUdT 5+ AAH(Fig

3, Table 2).
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52. A# EEMEF AHA F=3 DNAE °] &3 HAIF
23 A

kg A traceol 3l HAE YT 5, = (colony)®] DNAE &8}

mycobacteria®] FE 2 o2 ZEAEE rpoB AR F AFQA 360 bpE FE3Y
th(Fig 5. Mspl<& #7be ¥, PCR-RFLPE o] &3¢ tder Z7]e] AL ¢
Ao A5 Fske #Ent Q& algorithm$ o] &3te] W gy AT TAHS

gl o UAJrH(Fig 6, Table 5).

_26_



g GAL olgd AP BRAAE AdEi w4y A9Fe TA

e
v
rr
2
rot
o
o,
%0
k1

(American Thoracic Society 2000), ¥ Ez]ujkAAL= A7k
o] e AdthE ©Ho] Qlo], B AFdAE o]y ATHE 7 7= AA
A

= BEARAYESA v el PCRS o] &3Fo] At

rlr
—
wn
(@)}
—
=
()
o,
Jlm
04.4
i
ro
a1
N
A§]
g
o)
o
[\
0
A
g
(o)
-z
S
o
o|\
e
g
—t
g
o
—t
c
o
D
j}
¢
a
D
(e

polymerase chain reactions Al 33312, NTM 54 % 2%+ mycobacteria®l &
A om EAstE mpoB FAA F AF-<Ql 360 bp FiES FEHI F AEL
Mspl< #7F PCR-RFLPE A& 23 MTB NTM s & A9 Aol7}f
gtk Wb 1+ 9 A= AFHA A PCRE A7t 31.2%00 A4 F=h A€
PCRE A3 93.7%7+4 MTBe NTMe] &4 E0°] EobAiL, traced] 4% A4
Aol PCR A7 2%°lA HetdAle] PCRE A3 97.9%7H4 MTBH NTMe]
THES =Y 7 U ojAo® LA A 2+ ol wi= A A%
et Alel PCR Aol A MTB9 NTMe] 5A4e @ate]7h glow, 1+ o3ty
3¢ MTBS NTMe| &Aool Zel7t des & o+ UrkFig. 7).

Alet el AAE A3 bt 4 266 AAT 264 AAZE =t

filo

4
stgom, AT A4 tracedt 1+ HAME 27 1 wgE A kgt
o= AFAA NN DNAE FZ3ato] PCR A3 wjdS E3) Hete] DNAS *
Z3oto] PCREE A o= Hol® SR &2 o=z o] i EA & A4
o wolglth(Table 4).
A E2ie 5 MTBE

r.(

stolsl7] YA niacin testE A3 Ay FAA
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A traceQl A-F- 40 AHA, 1+ Q1 AS 12 HA, 2+ Q1 A$ 100 AA, 3+ 1 F
¥ 96 A7} niacin test U FAT F AANSH(Table 7), ©] A4
2to] DNAE FE3le] PCR3 MTB7F 4A8S &0 = A

o7IM= vdd FFE NTM AAZE 2asd=d, A A AledA
DNAE F%3te] PCR-RFLPE ©|&3tel M. intracellulare$} M. abscessus”}t
T4 HAdeod, MIFs B J=Fe DNAS F%E39 PCR-RFLPE o] &3 7l
— M. intracellulare, M terrae, M. avium, M. gordonae type 1, M. abscessus,
AAANA DNAE FZE3}o]
PCR-RFLPE °]&3ate] 548 NTMe| b Ao A= 2+ o FelA e

M. fortuitum T S°] BAHZAC 122

(ot
~N
=

.
N

Mycobacteria®ll = ¢F 70 ojF°] glom olF dF= AAH, v} Az
A, HEARA, FSAGHARES dela glo] A Aol e

A TH(Vareldzis et al. 1994; Wolinsky et al. 1992). ©o]¥H Adox HAH=E NTM
% M. abscessust A&t &opm WelAdo] gk Aow HiEo] 9
(Metchock et al. 1999). =tlell A &= WA et ghxpe] Frhel whel M. abscessus
of o3 el F7kskal lew, M. abscessusol 1% 7+ e 749 i
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(%) Detection rate of mycobacteria
(e}

100.0 97.9 99.0 100.0 " 400.0 100.0
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40.0
30.0
20.0
10.0

0.0

2+ 3+ (AFB. stain)
O Detection of MTB and NTM from sputum specimens

W Detection of MTB and NTM from colony specimens

Fig. 7. The graph presents detection rate of mycobacteria from sputum
and cultured colony of acid fast bacillus smear-positive specimens by

two-tube nested PCR and PCR-RFLP.
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Abstract

Identification and sensitivity comparision of
mycobacteria using polymerase chain reaction

and sputum specimen

Lee, Jung Min
Dept. of Biomedical Life Science
The Graduate School of Health and Environment

Yonsei University

Although Mycobacterium tuberculosis complex strains remain responsible
for the majority of diseases caused by mycobacterial infections worldwide, the
increase in HIV(human immuno deficiency virus) infections resulted in the
emergence of other non-tuberculous mycobacteria as clinically significant
pathogens. In this study, M. tuberculosis was detected by two-tube nested
polymerase chain reaction(PCR) and non-tuberculous mycobacteria was detected
by PCR-restriction fragment length polymorphism(RFLP) with MsplI.
The two-tube nested PCR results were confirmed by niacin test after culture
for M. tuberculosis. For acid—fast stain > 2+ case, detection of mycobacteria
was similar for both sputum and cultured colony specimens. However, it was
different for acid-fast stain < 1+ case. In conclusion, it is necessary to use
both culture and PCR tests for the faster and more accurate mycobacteria

identification.
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Key words: Mycobacterium tuberculosis, nontuberculous mycobacteria, acid-fast
stain, culture, polymerase chain reaction, PCR-restriction fragment length

polymorphism, restriction enzyme Msp 1
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