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== Abstract ==

Application of Polymerase Chain Reaction (PCR) to the Diagnosis of Tuberculosis

Ho-Joong Kim, M.D., Young Whan Kim, M.D., Sung Koo Han, M.D.
Young-Sco Shim, M.D., Keun-Youl Kim, M.D. and Yong Chol Han, M.D.

Department of Internal Medicine, Seoul National University College of Medicine, Seoul, Kovea

Background: Since its development by Saiki et al, polymerase chain reaction (PCR) has been very
useful in various fields of molecular biology. PCR can be used for the detection of a very small
amount of microbial agent, and is especially useful in those patients who are difficult to diagnose
microbiologically or serologically. Mycobacterium tuberculosis is a very slowly growing organism
and AFB staining frequently shows false negative results, and therefore PCR would be a very rapid,
easy, and sensitive diagnostic method for the diagnosis of Mycobacterium tuberculosis.

Method: To compare PCR with conventional methods in diagnosing Mycobacterium tuberculosis
in sputum, we used sputa of patients who visited or were admitted to Seoul National University
Hospital. The amplification targets were 383 base pair DNA, a part of 2520 base pair DNA encoding
65 kD Mycobacterium tuberculosis specific protein (the primers are TB-1, -2}, and 123 base pair DNA,
a part of 156110 fragment, which multiple copies are known to exsist per one genome {the primers are
Sal I1, -2). We also requested AFB staing and culture to the lab of Seoul National University
Hospital with the same sample and compared the resuits.

Results: '

1) Using TB-1, -2 primers, PCR was positive in 73.1% {19/26) of culture positive sputa, in 12.5% (1/
8) of culture negative, but clinically diagnosed tuberculous sputa, and was negative in all sputa of
patients who were clinically diagnosed as non-tuberculous etiology.

2) Using Sal I-], -2 primers, PCR was positive in 94.1% (32/34) of culture positive sputa, in 23.1%
(6/26) of culture negative, but clinically diagnosed tuberculous sputa, and was negative in 87.5% (14/
16) of sputa from patients who were clinically diagnosed as non-tuberculous etiology.

Conclusion: PCR could be a very rapid, sensitive and specific method for the diagnosis of
Mycobacterium tuberculosis in sputa, and further studies should be followed for the development of
easier method.

Key Words: PCR, Mycobacterium tuberculosis, Sputum.
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Mycobacterium tuberculosis ¥ & & 4 H37Rv
(ATCC 27294)9} H37Ra (ATCC 25177)%, non-
tuberculous Mycobacterium %0 2= Mpycobacter-
ium intracellulare (ATCC 13950)2} Mycobacterium
bovis (ATCC 19210), Mycobacterium scrofulaceum
(ATCC 19981)% A-g-3tgla A& $5 371 Hsle
A& H37Rv 3ol A ¥-e]8 DNAE £a4 2.2 314
8o AR&-3lod e,
2) i AHA|

gadgtd e g ke Al Age AS
dgon Y AAE ¥ = A7 o vloke e
stad Ad Aol o ste] APyt A
L = HE, EUAA FAG T E =
o A7 SA4-G FAFE BRE 429 PCRE
Aldstgleh, w3 ¢4 dad Az 28y gl
gApe) Ak Alg-sloj PCRE Al Y3lsict,

44,

2% 4

1) g Xa|

FAAcz gaEe =% A% Y wFE Asked A
ot e Agsigdch & gl AH T Al
4% Sodium hydroxide %< 10mlg 43, 58%%F 15
ml A% ol H1 Vortex mixerol] t} 5% wzba] =
Babgi 3000 rpme.2 1587k 422l & F pellet
A-gol shod ALS-3lelet,

2) DNAS| &

Hurley5'99] ¥y & 443l DNAE &390
Z 2ml screw-tubeo $19] b o2 Az A 200
2% 1ml FA47]2 FFde2 Y& F, 0.1mm
Zirconium Bead 200 1, TEN solution 100 zl, PCI
solution 100 x1% @3, mini-Bead beateroll 4] 3874
Agl st A2E st g A AE HAAA
o}, oju 2.5dol 2 9ok o] e wiAlsk] $3t
of B 3% FHFE AAY o] Agdd &4 =z
Fo.2 Ak, AAE 3000 rpme 2 587k YA Fed
3, 98 A2l 20041% A micro-tubeo] &7 CI
solution 200 ul& Y3 3027 A3 £€ ohg, oA
3000rpm o 2 587 dAEsigdn AFAE A
micro-tubeol] &%=}, °]oll 3M Sodium Acetate 10 ul
£ ¥e &, 100% W% Ethanol 220 u1 & ¥3, —70°C
WE 3ol 158 ©|4 £F 10000 rpme.2 1087 414
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9] hybridizationo] ®aiutEche 7)5‘% 4y F 44 OP
domz(Fig. 1, o1& w7 $isief Darbys' o]
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200 g1 & 4 7}33711 EEo] Ha, 3000rpmeE 15&
4 —“%J/g—r-?’(]??} Lo 1587 ¥ =8, 5% CTAB
solution 100 x5 Di 33 7pEA 48 &, 10000 rpm
22 1087 dAEES AFHE vaccum suc-
tiong o|-g38lod AAZ %, 1M Sodium Chloride 500
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p15 2310000 rpm e 2 1087 YAl e stz, AEd
200 g1 A} micro-tubed)l &7 %, o] & 9o Jed

(I solution, Ethaol precipitation w22 A 22
sto} DNAS 237}, 543 DNAx: 2 3% &
4 100 plol] S AR ~20°Coll 2RAs i,
3) PCREZ ol 8# DNA2| x|

o owkgale AHapgd zhzh 50 pla sk,
PCRe £4 Hazgoss = shis] B 3% $74
AA o} ol AYFsgch WA A, 2E 33 F
F4 13.5 ¢, 104 reaction buffer (500 mM KCl, 100
mM Tris-HCl:pH 8.3, 24 mM MgCl,, 1 mg/ml gela-

before CTAB after CTAB
M 1 2 3 N 1 2 3 N

Fig. 1. Ethidium bromide stained PCR results of sputa
before and after CTAB treatment using Sal I—
1, —2 primers. After CTAB treatment, non-
specific binding disappeared and specific 123
bp band is visualized. M; size marker, 1-3;
samples, N; negative control

tin) 10 gl, 7+ 1.25mM dNTP £38to8 16 pl (7 & 200
#M), 249} primer 5 14 (Z+ & 50 pM), 5U/ul Taq
Polymerase 0.541(& 2.5U0)c|%cl, Primer2 &
Brissons-22 TB-1(5-GAGATCGAGCTGGAGGA-
TCC-3)3# TB-2(5-AGCTGCAGCCCAAAGGT-
GTT-3) % Eisenach%19¢] Sal 1-1(5-CCTGCGAGC-
GTAGGCGTCGG-3")# Sal 1.2(5-CTCGTCCAGC-
GCCGCTTCGG-3) %5 DNA A 7|2 Alste] ALE
st} Taq Polymeraseg"* A2 gF uhg-olnl e
0.5 ml micro-tubeol] 4 50 pld e
%, 1527k 3000rpmo 2 YA €282, Thermal
cyclerel A TB-1, -2¢] %%+ pre-heating® 95°Col| A
587k, initial melting$ 95°Cell4] 5%7}, denatura-
tion 94°Coll#] 1871, annealingS 60°Coll 4 187,
extensionZ 71°Coll+ 1% 30&7}, last extension
71T Oﬂ/‘i 1087k shod, & 40818 A)8sigis, Sal I,
-29) 739 pre-heating® 95°Coll A 1087}, initial
95°Coll A 5%z}, denaturation® 94°Coll 4]
137}, annealing® 68°CollA 1871, extension® 71°
Coll A4 187}, last extension® 71°CellA] 104-7F 3lod,
% 353] & A3ttt PCRo] v 30°CE AL wl
AR Avkd F —20°Cefl B33},

4) Wl g8

383 base pair DNA 2] 7 ¢ Agarose Gel$ TAE
buffers 2%} S|4l Y2 71d35te] F9l %, 60°CollA]
10 mg/ml®} ethidium bromide 3% volume2o & <3
3133, 123 base pair DNAS 3%+, Agarose Gel
2%} NuSieve Gel 2% 2 £33l TAE buffero] &
4%t SA 42 7t st 59l &, 60°Coll 4 10 mg/ml
2| ethidium bromide 3% volume2.2 A8 gl o
o] PCR3F ZA) 10 plo} gel load buffer 2 p14< 4
wello] Y9z 2718 ol size markeret a4 100V
9 ARz o W2k 5 AY] 45T o2, 260nme
A 43l 123 o 383 base pair 27| €]
bandE #¢lsly ARRS A o)

5) Nylon Membraneolle] 0| ¥ Southern Blot

24

3F TFEAERA F3hl 4
3o, Nylon membraneo| A o}3le Southern Blot &
44 st9=h Nylon membranedl| 9] Holk, A%
% geld 0.2N HCI 50 mloll g3 15371 #1¥A &5

4 7 mineral oil%

melting

Qg oA EolAlL

— 9519 —



o] mAAF %, FRFE A 0.
Hydroxide g8l 4 4 2k
Nylon membrane® A-2of4 b3 L3l & 4L
R e L

Southern Blot ¥ 4 € Mpycobacterium tuberculo-
sis 5ol £o]4-¢ 2t probes] TB-4 (5-CGAAA-
TCGCTGCGGTGGCCG-3) % Sal 1.3 (5-GTCGACA-
CATAGGTGAGGTC-3y% T4 kinase & ©| £ 3} 4
[72P] ATP2 5 -end labelingslod 10mle} SDS/
prehybridization €4 (6¥] SSC-g§o8, 5#] Denhardt
Loy o2 37°Coll4] 14|17t %<9t prehybridizationdt
% hybridization £} II(6=s} SSC-&<, 1¥] Den-
hardt € ¥, 1004 g/ml salmon sperm DNA, 0.05%
sodium pyrophosphate) 2. & 42°Coll A} 20417} 4t Al
Fsldeh ol F 64 SS8C/0.05% Sodium Pyrophos-
phateZ 10%7F Aol 43], 6v] SSC/0.05% Sodi-
um Pyrophosphate® 3027} 55°Cell4] A& &, 7+
3 A 3AEGA S 2R e] —T70°Coll A 24
A7k Bt 234712, AFAE @Ak
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1. PCRe| EojH

EolA-e Zwsly] ¢8led Alg%E Mycobacterium

M 1 2 3 45

an 2 Ethidium bromide stained PCR results of cul-
tured Myccbacterlum species using TB—1, —
2(A) and Sal 1-1, —2 (B) primers. M; size
marker, 1; M. tuberculosis {H37Rv, ATCC
27294) 1ng, 2; M. tuberculosis {H37Ra, ATCC
25177) 1 ng, 3; M. intracellulare (ATCC 13950)
Ing, 4; M. bovis (ATCC 19210) 1ng, 5 M.
scrofulaceum (ATCC 19981) 1 ng

tuberculosis (H37Rv, H37Ra)$} Mycobacterium
intracellulare, Mycobacterium bovis, Mycobacter-
ium scrofulaceume] PCRE primeroll ulzl 22 A 37}
ttz A gkt & TB-1, —2%& o] &3 PCRojA &
#73slo) A 25 383 base pair$) Xo} band¥ 2o o
Ag Vel b, Sal I-1, —2% ] 4% PCRAAE
w34 gholl 44 Mycobacterium tuberculosis (H37Rv,
H37Ra)¢} Mycobacterium boviszte] 123 base pair

2 2lol band® 104 ok432 vjebielch(Fig. 2). =8
1} Southern Blot ¥ 4 off &= § primer = F o 4]

Mycobacterium tuberculosm (H37Rv, H37Ra)¢t
Mycobacterium boviszte] A& vellgloes] My-
cobacterium intracellulare ¢ Mycobacterium scro-

+4€ el iek (Fig. 3),

fulaceum-2

M 1 23 4 5M123 435

Fig. 3. Southern blot and autoradiographed PCR
results of cultured Mycobacterium species
using TB—1, —2 (A) and Sal I-1, —2 (B)
primers, M; size marker, 1; M. tuberculosis
(H37Rv, ATCC 27294) 1ng, 2; M. tuberculosis
(H37Ra, ATCC 25177) 1ng, 3; M. intracellulare
(ATCC 13950)1 ng, 4; M. bovis (ATCC 19210) 1
ng, 5; M. scrofulaceum (ATCC 19981) 1 ng

M 123 4 5M123 435

Fig. 4. Ethidium bromide stained PCR results of serial
dilution of Mycobacterium tuberculosis using
TB—1, —2(A) and Sal I-1, —2 (B) primers. M;
size marker, 1; 1 pg, 2; 100 fg, 3; 10 fg, 4; 1 fg of
M. tuberculosis (H37Rv) DNA, 5; negative con-
trol
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2. PCRe| Zs4

7+ AG ool r 7] 9t Mycobacterium tubercu-

losis (H37Rv)e] DNAE x4 o g 3l4sle] PCRE
A st edl, §F primer RFNA WA AR
Mycobacterium & 17§A]ol #jedz] 1fg DNAZR]
F4E et (Fig. 4).

M12345N

Fig. 5. Ethidiom bromide stained PCR results of sputa
using TB—1, —2 (A) and Sal I-1, —2 (B)
primers. M; size marker, 1-6; samples, N; nega-
tive control

3. 24 #xie| ZgoMe| PCR(Fig. 5)

1) TB~1, —2 Primer& 0|88 PCR(Table 1)
7373 kel Ayt 22603 18402 81.8%00 4
vebiilen, 29 47 24w} ok FeliA]
4ol 1041(25.0%), ejsl 4k 247 L4k &
TolAME 8ol 100(12.5%) 7 FA4S ehdgis
g A2 HA 16dol e 2% 244 el

©
T
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2) Sal I—-1, —2 Primer2 O[£% PCR(Table 2)

= A7 FATe] A 29¢)F 283] 96.6%014]
FAE vieblid e, 2k A7 LAk Tl A

501 40(80.0%), 28lz =2 AA F49-uF S
Aol A 260F 69(23.1%) 7} %48 vehd i,
=3 A N2 HA 160o]4 26 (12.5%) oA %A
& el

=

A AA A A
& w2 ol slA A ekslds uhdg Aubaled o
2 4 e e 24saR dgid, B
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Table 1. Result of PCR in Sputa Using TB—1 & —2 Primes After Ethidium Bromide Staining

Sample Group

Result of PCR (%)

Clinically Diagnosed as T8
Smear (+)}, Culture (+)
Smear (~), Culture (+)
Smear (-}, Culture (-}

Clinically Excluded

18/22 (81.8%)
1/ 4 (25.0%)
1/ 8 (12.5%)

0/16 ( 0.0%)

j 19/26 (73.1%)
20/34 (58.8%)

Table 2. Resuit of PCR in Sputa Using Sal'1-1 & —2 Primes After Ethidium Bromide Staining

Sample Group

Result of PCR (%)

Clinically Diagnosed as TB
Smear (+), Culture (+)
Smear (—), Culture (+}
Smear (-}, Culture (-}

Clinically Excluded

28/29 (96.6%)
4/ 5 (80.0%)
6/26 (23.1%) ——0ul

2/16 (12.5%)

] 32/34 (94.1%)
38/60 (63.3%)
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Witk F, AxEel AW wdiez PCRE AdE
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& ettt 3 4 gleh, PCRe] o <234 b}
ehd 4%, ok Al 1~204 Fo) AA Y fxizA

ole | AEgH o2 WAH L gixqt o] P4 AH
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tuberculous Mycobacterium) ¢} 714 -$- w2l 3}
BA¥E 2% FH Aasd,

et 7ol A A4 AL A BrbA A3 el Aok
Aol Yk, F, ol T AAL WS ofHA o] &3
of 3l A elvl, & PCRo} okl v|af ofl-¢ w2 ut
wolxjul BE A8 ghAjel glo] RHA R o] §5Y]
of & W ulnla #HFo] victay] L Aeicty A5
o}, 259 HZd Bl glo] Arho] ¥ ALE
, BAYA L Foi7l g FE Ko 2
Al FAHA gk w-Foich, webA] oA A5 B

7
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u};q ol o

$- A3 e, PCRE Agke] Ade) Akto) gl
CES R R 4e =g AFsnA @

PCRE 9= g1t DNAS ¢ $alhs 7o
2% o] -3t Aol FuFoz EATNL Yt ¥
AE FE A 7o) hS ZHaA o] BA ARk WD 4 9
& gl & 2%ulo] slntal 12w DNA 845

dzn*z

5A17kell dovle AR, 1/4°89 28, F 1=
2] 18] FolAg Rolx ol EH wlA L N F7HA] e
o whyizte oY 4 gl P F& Ak ubile]
T de Aoz Azs oA get, ARz A G| Fof
A<l o42)7}4] primer AW o2 AFAE] AY
A% whokdt A& o] 1~107049t gl PCRE
A" 4 glear shglepee,

2ol E E7-3ER o] & Al S-&3hE vl F ot
A EAG ol A s ghet, AAZ widd T2 AY
& Anst A4 AA2 A AAe] AeAlel Ao
7} ‘L} 100081] A= A @‘31"/} °u‘ 4 Al

ol N, el

o

-

4\N

“15‘1 DNA~4 BA) 7} ‘ﬂlﬂl%"‘i.‘?-i dojdrie R4
ol ol EAFA A gt dEHd Ao
hemoglobin®} SDS (sodium dodecyl sulfate)grh, =
2} £ ATrbEe] Agol M ojei g T g WA A7)
Fol= gak4 =k oy Aste] PCRo| Fale] &40
B UgteH o|& = of4 o] Ax ok F33lel A DNA

% #AA FAHE A7sglen, AAF Axg

of thako 2 3143 chabAdo} o dle] DNAZS hybrid-
izatione] #&dtetie A4 T3 A Ax dASA
sgich 2% CTABE ©]$% thdF9) ¥ #4& 4
daldem 2 Ak, gl Agak AAE wA 5o
(Fig. 1), A Sxle] Aol 2851w Hojch, =7
v} TB—1, =2 primer% °| &3 =2 o wo} ¢4 A
wHe] PCRell A oF 10%e et &40} velgen]
ole] F8-& sl PCRY #H4AE Eol7] 23 oy
A=E dtglont 237 ke Fde] AAsiA
ANE zesA =ik, el oo FEE g5ty
oozt Sal [—-1, ~2 primerg ARSEA =59
o}, Sal [—1, —2 primer+, IS6110¢]zte A&F 4
genomic DNAo] ofzjsl ulE3le] EAgs $=)¢]
YYE-E BE 2 3lE primer2AY, o] F targeto
sto] PCRE dvtdd 7444 ol & AT 4 g Ao
2 Azsgleon A4z =5 g wof ok Ak 98
Agol 5% olst2A ZgAde AR o] Fen} &4
Nago HFEol 12.5%34 ol 299 Wiz}
¢ ojelF FA UL Atz gleh,

2 <3 (contamination) o] g}+ FA4 3 PCRe &
T FAATE S T2 24024 olg] A E 9
8 oJelrlA] wigke] AjAls|m 9leont oAy EolAdl
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dEtietE g
J 42 &Folr} pipet
tip, A3kl ALE3 tube Fol
tamination(F % 2.%4)"3 45 DNA~} viwsio g
pipetHlol A& EA3A Y F7) ol wlehd ez whay
8 “replicon contamination(ZAxt 2.9)”eg 1}

o2t

4 =, A& 292 polyethylene gloved =12
7ot 713, tubest pipet tipS A A sted AL&5hA] ko
of, Alekoln} AA Y HF L S FAGA FozH &
#HE ATAEL ojr A oulo] Fh5ain}d, zehv 2
Al 23 st 2= 3 8o) ol ojiz, Ayt
3 717kl vl ste] 2 A8t Folgbehee] o A7k o
ek AAR 2 AFAEES B2 290 Qo] 7
2 e BF 4574 FFY FHSFIME
PCRH A& Adagn o|9 AA7 Brhssie
primers t}& E‘g%—i ulRo] tha] A sled ok sigw
7A8E 7R ek EAA 9908 sl yow
DNAsed AH&3he whio] A A5 715 a2k U2 7}
Zol vlsA} f2je] A2 E ozt AF4Hd, we)
A B dpaee Aeke, PCR Fof tube B4% 93
A 71°4£“6} #*&, ZAol4 DNAE #4831 PCRE
A AgAdd s Eejalid, sbgHeld e
A& "—J"“‘Oﬂ A oE T2} A e g Aol A
{ote Zolck, 2L Fofell Ao PCRY] o] 42,
TR ek BAE A deted o] & sixln g
| AH83he Aoz o9 FAZE a8 2484
9 7te] PCR7ZA A2 Ao 748

4Ye 299 A7) 2 4% fEecn

o3 ot PCRYl Aol 3 4—- sleh & PCR A&

AUF ofm 54 $9e) DNAZF Aok Holx]
Ase) ednie e Aoz 1 4=l Beke] Lg
B % £ ARAE Fole BAe AT

4L b+ 9lo] 38

ul

AeR9,

#A FA A2 Taq Polymerase7t ‘4-‘?‘ 27k2A
Auishalrol £ b2 o] 2ok ald] o)k A Az
@ Wiez AzsE Agel ARFA ose o
9o Aeflol A 2)e}l wlon] Hans PCRE o+

2}3 “fomites con-

k]l 50 pl2 sh= whio] IAfol e,
o]z{ 3t PCRe| Ak FAox £ Ao} AL L3
TB—1, —2 primer?] FAAE =45 ofof 3t} =]

Mpycabacterium tuberculosis complex ¢ non-
tuberculous Mycobacterium®] 7 eo] H4 %l
A& TB-1, -2 primerel Ao o rs o|Fe 7y
o] A8 ¥ 7ol = DNA sequenced] o]zt 3le +
Az QAL B3] primerd WAdslodof Fx} B
A& 2] Southern Blot probe® A28 TB—-49 TB—
< primer2 A4% 7%, 279base paird target
DNAZ A4Ad 4 gle o tiole] & 4= 9} Holrh
gk 1S6110 fragment - targeto 2 3k Sal [—1, —
2 primer: TB—1, —2 primero}| #|8)] ¥ 7}x #4%
i 9wl A, Mycobacterium complexql My-
cobacterium tuberculosis®} Mycobacterium bovisel]
Eol4¢ sbal o 24 Southern ¥4 glolx elEe] 7
gzt el Heke Aold, &4+ 156110 fra-
gment7} & AHF ol 10HA] 16¥ ub5-3te ZAT
o724 o] &4 Aol 2wk Fobdlvhe AHoln, 4
A= Sal I-1, —2 primere] &4l 4712 F4o] GC A
o] =} AHelrk, Z hybridizatione] 2t} 4A o
doz A, oleirtx] ue) A dskg 2abE AHA
by ¥l HE L 5olA % annealinge] Ydoid 471 9
o}, oeivl gA e g B DNAS Zelrl 123 base
pairg vl 7] wlfoll A7| G Fol AEslE gels ¥
o} u|sz HFo] 7 Z-E polyacrylamide gelo|i}
NsSieve gel2 sled o} et A7 Yol A AFT 54|
A} 9 9do] AdlA o 2 oty frhs Fole,

2 o

AFEHA - 19853 Saikisol o8, EA3 DNAE
dazxlog Bagd 4 Mt ul¥lo]l polymerase chain
reaction (PCR)o| 724 ofai, PCRE ZAel 5
go g EAsa 9 % aé%iiﬂﬂ Azl & =&
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