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= Abstract =
Detection of Mycobacterium Tuberculosis by In Situ Hybridization

Chang-Soo Park, M.D., Young Chul Kim, M.D.!, Jee Shin Lee, M.D.},
Jong Jae Jung, M.D.2, Doo-Hong Kim, M.S.°, and Jin Kim, M.D.?

Department of Pathology and
Department of Internal Medicine' Chonnam University Medical School, Kwangju 501-190,
Department of Pathology® and Department of Parasitology”,
College of Medicine, Seonam University, Namwon 590-711, Koreq.

Background : A presumptive histopathologic diagnosis of tuberculosis is commonly based on the finding of
acid-fast bacilli upon microscopic examination of a diagnostic specimens. Although this traditional histochemi-
cal staining method is satisfactory, it is time-consuming and not species-specific. For more specific assessment,
in situ hybridization assay with oligonucleotide probes is introduced.

Methods : The human surgical specimens were obtained from tuberculosis patients, and experimental speci-
mens were made by injecting cultured M. tubercudosis organisms into fresh rat liver. Oligonucleotide probes
complementary to ribosomal RNA portion were synthesized and labeled with multiple biotin molecules. For a
rapid detection, all procedures were carried out using manual capillary action technology on the Microprobe
staining system.

Results : The % sitx hybridization assay produced a positive reaction in experimental specimens (80-90%

sensitivity) after pepsin-HCl pre-treatment for a good permeabilization of probes, but reliable result was not
obtained from human surgical specimens.
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- C. 8, Park, et al —

Conclusion : It is, therefore, suggested that hiotin-labeled oligonucleotide probes have considerable potential for
identification and #» situ detection of M. tuberculosis but, there are some barriers to overcome for the diagnos-
tic use of this method. {Tuberculosis and Respiratory Diseases 2000, 48 : 699-708)
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gonucleotide probe.
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2 e AANFEA (Mycobacterium tuberculo-
sts complex)2 &#™ M. tuberculosis, M.
bovis, M. microti & M. africanum o) 2JsA
gt gejA Qo o] F b EF dgle] ¥
v BYTF (M. tuberculosis) 3x0.5 i =7)9)
ot FAY B o s Rl 3N
oltt. Mycobacterium 42 A|F& M¥He &
AAgF wjEo) Tl HatEn G A A4
(acid fast)& et 2Fstgoz 4y Agd
&= Kinyoun 3-& Ziehi-Neelsen 94& 433
¥ 2AREHNA F3EE 2 HUAE Ao
M ol Ax A8 & 4 qlv}h. 2y oleE g
e Alzto] o) Huln, Boldx wotm & 4 ¢l
o} ole S veERE AlFe 257 Mycoba-
cterium &9] 8] 714 & X8t Norcardia
<, Rhodococcus 4, Legionella micdadei r ¥
58] Corynebacterium & T &3k thgst @
Fol 7l el megr 2HeHoz FdL &
3] i B 52 Eol4de e gaye
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AR (én  situ hybridization) & )z}
(probe) & o] g8l 22 H o} Laloj=o] Euty
AE YellA g5k G714E& 2= DNAY RNA
o) SAE ERFEoR AEY & Jv B
AP s 53 7294 dgke o] Bo| o]8-5
A g e H3MY (hybridization technique)
= g AlEY 23] gegty 730} F E
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g zt= 1EAEke] olE4H(mycolic acid, 3-
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o] 7l oFith g o183, G4 5& o8
#AA) gl (acid hydrolysis) #4& A 34 Ay
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— Detection of Mycobacterium tuberculosis by in situ hybridization —

Fig. 1. The injected substance containing cul-
ture media for M. tuberculosis is locat-
ed at right edge of the lacerated legion
(arrow), caused by needle invasion into

rat liver tissue.
stain, x40).

(Hematoxylin-eosin

A FE 19983 Alolol] A
I Addiztaddel WU JAzRE
Qolzl Aoz AARAE A 142, 57 34 2 9
=4 382 A= o wigE AeFo] vy
4Y2% Aue AAY A 24708 283} Ao
bR RE7) flskl thest e g ol
3ot WA 250 g W99 Sprague-DawleyA] &
AL APAY F & 2A2HA H2slo oF 10x
10x5 mm 27]9) o] zztoz Adsiich Fa}
o] AgellA Be 1039t FU M. tuberculosis
i‘—’."—(ATCC27294) 18E& BACTEC 460 =)o
Ee] e F AR widA L BF FAPlY) #
&t o] wjdA-e &3 7 27 Yol oF 0.2 cc
M 32U F A48 nASAT, o|Fds FA4H
H3& AA et ¥oja)E A2kt
Az 5o d¥xA 9 el TojalzRE 5
mm FAY] 2HHHE wE] Probe-on &glol=
(Fisher Scientific, USA)d] H&A17] & 283 A
Z3to] AR AAE 22 A ety el
dd-of 24l 94 (Fig. 1) & F23ste] 9 ujorey
o] AAE & F AU, BAF EA R Ziehl-
Neelsen 4 (Fig. 2)& 3jslo] 2qlsigdr).

ot

Fig. 2. Acid-fast staining reactions are observed
in bacterial organisms suspected as M.
tuberculosis (A . rat liver tissue injected
with culture media, B : human lung tis-
sue, Ziehl-Neelsen stain, X 200).

Probe2| |Z}:

A FEAA ] rRNAC] FRAQ dr|ME e Ze
A z2}EA) 2} (primary probe ; Bioneer, Korea) 9} v}
o] ®l(biotin) & FAA|Zl o|x}e+Alz}(universal
secondary probe ; Research Genetics, USA)E &}
7l H3tA]7]= sandwich ix sifu hybridization
(SISH) 8% olgsidich. 94 Az 297
E3hA 9] 16S rRNA o] Ao HH AN vjE L 2t
2709} =HAAH(MT16-1, MT16-2)9} 55 rRNAd]
Qo] A 1Ae] GARMTSS-1)E Azt
gow, ol YAAEe) @7142e BLAST! 74
oA AsFEFA o 100% 9] FRAPE 2t= RAo=
gea=8g. ST 2 UF (Mycobac-
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Table 1. Sequences of primary and biotin-labled secondary oligonucleotide probes

Probe Nucleotide sequence Position Length
MT5S-1 5 >CCCGGAGGGGCAGTATCATCGGC(TAG);<3’ 5S 38-mer
MT16-1 5 >CTCATCCCACACCGCTAAAGCGCTTT(TAG):<3’ 16S 41-mer
MT16-2 5 >CCGGCTTTTAAGGATTCGCTTAACC(TAG);<3 165 40-mer
ML16-1 5" >CATCCTGCACCGCAAAAAGATT(TAG):<¥ 16S 37-mer

Secondary 5 >(CTACTACTACTACTA),CTACTA(Biotin);<3’ 39-mer

Table 2. Procedure of {7 situ hybridization for detecting M. tuberculosis

Reagents Time (minute) Temperature (C)
AutoDewaxer 1 (2 times) 110
AutoDewaxer 1 (2 times) RT®
Absolute alcohol 0.1 (6 times) RT
Pepsin-HCl 5 110
Probe
heating 1 110
cooling 0.5 RT
heating 2 105
cooling 1 RT
heating 0.5 105
cooling 1 RT
heating 0.5 95
cooling 2 RT
heating 0.5 85
cooling 3 RT
heating 0.5 85
cooling 10 RT
2X SSC 0.1 (3 times) RT
Streptavidine-alkaline 10 45
phosphatase
Enhancer 0.1 RT
Fast Red TR and 10 (2 times) 45
Naphthol AS-MX phosphate
Distilled Water 0.1 RT
Hematoxylin 5 RT
Distilled Water 0.1 (2 times) RT

# RT : Room temperature

terium leprae)©] 16S IRNASIT Bolsoz 2 shglon, 3 Waole wEAq T-A-G xz 2
UL BTE GIIMDLT o8 BARMLIE  EE AR oA 5 BUe dxey
-DE FE ARG, GAGHAe] 5 gRe 4 A9 3 el 4RAA C-T-A FridLe] 3]
gohudshe rRNAG 4uql 9714ge 228 WEIEE sgov], ¥ 2dE 39 veleds
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— Detection of Mycobacterium tuberculosis by in situ hybridization —

FEA gElavEdEEr HEE sgn
(Table 1).

¥ 2xd ddz 7" @azk= Tris-
EDTA buffero} 1 ug/ul 528 =< T 10 ul 4
ete] AR wi7lR] ~70°C o Baekloh A
PP AFY o g4zhs 2 57 1-10 ng/ul
U7t HE2 4] formamide A Q9] Brigati Probe
diluent (Research Genetics)o| 34&he] Algstg
on] Uzt 9 oA AR 2 FER AMEIg
ZHUDEYS $HRPY 22 mdye ARAe
Probe-on slideE 9o} 8rj= 2A#EA(capil
lary action gap)¢] glE o83t Microprobe
immuno/DNA €47 (Fisher Scientific) & ARg-5}
k. Azt 224 HL Auto Dewaxer(Research
Genetics) & ol8-38l] slebl e AAT ¥, Ao
rRNAZL 2 =29 5 =5 3] g Axe] 33
o2 0.1M, 0.5M ¥ 1M @4t &9) 2 mg/ml &
=7t HES f41e 71 Hal-aik £ 4 YA
10 22 AZstgeh. 2AuaEe] 3agela
4719 &= 443 FA A7 (incubation time)&
Table 20] Uk wig} e}, 3¢ F vSolxa 2
e & FAE AAS] 98k 2X SSCel| A1 M3}
gdeon, 2H2A< avidin-alkaline phosphatase
(DAKO, USA)o] 1087 2H8-A)zic). 248 Fast
Red TR salt®} naphthol AS-MX phosphate
(Research Genetics) & o]&3}le] ZMo 2 Jepls
= 3o hematoxyline 2 iz g43% & Uni-
versal mount{Research Genetics)2 B¢3}c}.
4 dxgozEs ML16-1 92 EBE olxlg4at
e ARgEte] 2AW RS ek

2 3
1. ZREHE | AYHo| 2ol

2dAte] 2AdER AiHoz vgE AREE
FUT #Ae 7 2HE UM AT HAE) 9

3lo] Ziehl-Neelsen G2-& A%k A3} A7 AR
% 2029 QA2 1189 #F x4 2R &
A Yeile Aldg 18k (Fig. 2). vigy
o} QlgjHog FiE #HY 1 2FEA YoM
Be o] ol 4 By e RegoE @3y
Lk

2. Mxj2| 2ol M =

ZAPRAHE YT o S a9 AFE
53, 2879 9= rRNAV} ©2ixjo) & =29 &
VEE 317) SAsie AP Aol oz,
by AAe] WY F 7P AR 2UE dotry)
Siste], £ Ao AdE FUsted TE 113
o] A¥2ASE o AAgde i vE 2
A AZre 2y & & 2AYEEe Agsie g
BANEZ vwsiet. WA Gike] FEE 0.IME 3§
o AXYSE AP Aol APz HA oA
AdF S AT HAE2E F ddoy, Fake &
=& 0.5Molu} IME F7HAZ Z9olls FuzF
A% & delro] geEE date] A5 wAEk
FAYRSYE S FH7E oA ek wepA 0.1IM
gargedo] 2 mg/mle] FEIt HEE HAL V1%
A -gat T e dAe] fdog HEg) F H3
Z3o| 44 1027 Ml 27, 58 oM dA

2 3 B39 Aol FAHeE 4¢ F AN
o} 22y AAe] Ajzo] T olido] HA i) 23
of Aol AsiAEA 9180l Uelks 4971 Bt
o} w22 g Zgo] did anE A
B4 HA-"AH(2 mg/ml, 0.1M) £} & ALE-5le
5] 6837 sk Zlo] 7MY AEe 2UYE &
£ Adch

2]
al

3. ZEHuEHe| s

H-G4r AAEler A AR 5 Hsie
QM Ao 9L FA TR F= 1 ng/uld)
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Table 3. Reactivity of four different oligonucleo-
tide probes to ribosomal RNA of M. tu-
berculosis injected artificially into rat

liver tissue.

Probe Positive(%) Negative(%)
MT5S-1 0(0) 11(100)
MT16-1 10(91) 1(1)
MT16-2 9(82) 2(18)
ML16-1 0(0) 11(100)

Fig. 3. Some positive signals are observed as red
-stained dots and rods aggregated irregu-
larly in the lacerated legion of rat liver
sections containing cultured M. tubercu-
losis. (A :In situ hybridization with
MT16-1 probe, B : [n situ hybridization
with MT16-2 probe. x150).

Fig. 4. No positive signal is observed in human
tissue of pulmonary tuberculosis patient
(In situ hybridization. X 150).

AR w|oFek FAINHS
A3 Fgurgo] B =& 9F 5 ng/ul o]}
ojglon, =7l F7HEC met 7F 2HAME B
EolQl FAutgo] BAHAY. weby 7 Ag
stk A4EE dagAAte] F5 5 ng/uldlA] =
AUy & Mgk 27z Table 3o et nle}
Zth, MT5S-1& dAgaztz Algste] Ay
FHe Al 23 1139 APEZ BTN 1
P4 weE BEE Q% AdF9 16S
rRNAd| ZRAHI @7]NE S zte MT16-1 ©4
A= 102 A Adg AEst 91% 9 UUREE
Yelis, MT16-2 E4xl= 9 #& HAEslo
82%¢] WAEE BT PANLLe 7b 2Zo] &=
Ahbsol o8 AId ez 4" B8 g
2 $AE e g WollA HMoz %‘*“5’
A & e gzl B 2 =

Foz AAHJH(Fig. 3). FH Yol 5*0]*0*%
Zte ML16-1 &5 AMEHAY 58 dapghy
2L glo] oAb Aluhg AHg-aled AFSE?"‘ Al =
T QUM E BE oA PSS FEE F
AATk. AA =2Z-AH 208 sk —r?“ﬂi =3
WagoiMe 145 vl oz R

il
8]

g g Afon, &

rir
off
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AYE B2 5 Aoy, o gAY yEE
10 ng/ul ooz 3] 12412 o] &S 3
2] (overnight incubation) ¥t 7 9-ojt}. i} Fu
ZHNME FAgukgo] BEEAI] R v Eo]H
Q ¥hgo g 7kt uleba whole¥o] B2d
N EULEE BRE o]§¢ ZAWmAY
o2y A 2AAANM TS #EE] od
#cH(Fig. 4).

U

ZAYRFY S Aol & ¥ B AFd
ZHEAAAM A HAAE aHoR Hag
QA Hgolrk s A RAHE A9 kel
A e AA42] DNAY RNAS 328 3 2
$H(hybridization) & 438}17] W& Mxe| Fei&
FAAR 4 Qe vE 2 Y A2y 249
Fei7h HAE el FANe-S AT 5 )
o] Fojyo] ¥} E3 AU YL Ay
A vwate T HE sk otk & |
22318t 94 (immunohistochemistry ) & 4
T o AsEn o PP vEz FAHo
peug 2o 1%, PR Fs] XA Fo 9
afo] WAdo] E7] 4du &dzte] AAukg, vFoly
A GG Tol EAZE 8 F 2louh, DNAE o
7H 239l =2 Eol® A3e HEAAE gton gy
2t DNA 32 ghzle} RNA<}e] Zjte gt
A Aol vzl dgFoln 743 AFE o]F7] d
wolct.

ZARWRLHY] FEA0l AE FI e 84%
Uk, ol AMGEE AR Alde] MEEe g3
sk o oY, B3] IR Aol A Fol
& dethe Holtt . olg neksly] daMeE HE
th/de] s Alde] DNAY RNA7E §2]&d] &
22 7 YRS sk T DX 2Ao) Wasdy,
oleid 21& e At Al&Ea e, A
A 53] Aol B Alxy ujo) g4z}
ek A g% Algke A "ok & A7
Aol FiElol Je WA, lipooligosacchar-

ides % peptidolipid 5-2] %ol wie} thae] Aol
AR, AEHe] EAjst v|Ete] U] wet
agAle] F7MEE A4S BdYn delA A7) dE
of* Aagx thE Ao vja) vy L4A4e] Ik
3§ ek wpepA] old APPAAE-E AAT RN
gaate] A5EE A7) A% vkt Al A
ek WA Aol 2 dE-g AAHEAY FAAT
= e 0] 83 Agas, 2nHEes Uyag
A&she FAAM AEYY AASE AASY) 99
F7180 L@ (xylene) & AMEStS AEE A7t
rHz =7 v)F4ko] 7k ofsihs & o] 83t
o't ZA gl GiHE VIt ZA A nFt
& 7IRAIE AXa e B g A5
g 7 ASE ok F, AEdd vjEihe
Hiahe o 1A Alde] mEEEel st gt
2 ¢ & EUB338 @4AE ol&ato Ae3e
2 A3 Rusidvtt E o wyees 2
AFe] AEyo] vlmA & A4S 2 He 19l
sto] Azl AA Y] AL E AAaAT e BHE A
&}7]% 3cHS, Peptide nucleic acid(PNAYE AW
Zel driddeg zZE DNAY FFE + Ue
pseudopeptidescjct. DNAW RNA 9] 23} ¢lakg
oluato g AgE PNAE Adaes 4ol
Z7F Ao, ol2igt el Ak PNA 247
7} Ade] NxEg T g ¢ UEE § Ao
=5
A& W=E wole E UE WX HHo=
Ag#e] rRNAVF Al 2 =38 & J=8F =
AMA = £3] dBFE BaE 4 I ELE X
S AF o] fHE faE EYAT HA O
gl o e & 4 (protease) ¢l proteinase-K &-&
pronase %] ARE-E I QUrHE ol FA9 Fx%
el AIZke 229 FHu FAld wet s ¥
A = lon, Agdnict Hds =0g AR
o} g}l EAao) 9% W7 AR ARHE F
AAF1E AL vigAshd v FAosil 5E 239
7l & FA5A] ¥ @il I 2 dFdMe
olg¥ Mz A& Fhshs ¥l oA, At =
28 e gAe destya, Alxele] IARge
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Eole HAolle 9 ol o8 Ao v]

# WA dHeR giw A AR £ Aoke
Aol Atk & AAUAARE Tl FYPFoIN
o) 7] o o) &4 9 A gL
HastAd # 7] figoitt. £ ddAMx o2
AAY AL Vs, 2 Haloly dikukg
9502 ASE Aede 2 HEe U A
e Fatgleou, AN 98 Egdos ANy
g 9% Folle v =& 72&e ¥y 34

i

g5-Ee] 48 58 YN EL FFH 0T v
rRNAE 732 Qv wep FFELA4NES
(polymerase chain reaction ; PCR) %2} ¥Wis
o]g3lo] rRNA & ZFE31A] golx F83] 23
Hagde 798 471 7] W @4zke] A=
FHAZ u)¢ 83 o]&HT Ut} dl& B 29
a3 @A Mycobacterium &9 LZEE A9
e Ugddlz vlel 7 38 7ie] rRNAY} Slckn
g E=F rRNAE g7i4g9 ¥st g2
7hAX-2l(variable portion)2} W37t Al Qe B
£3.9] (conserved portion) 7} BAlola e viY
go] o], AgT FojHoz vehle 2AHE
A3l A 230& 22 vt debA £ A
TFAME B42E ARXE | rRNAS §7]1MEq)
ARAAE Ze SELTEHHE FRE A
Aok 2¥Fe] rRNA F 55 39) 52 165 394
FRAE ZEF AFE gAAES 2Ydg Hes
=9 Jol 47 e Zxe) AREE Ve,
olg ¥ MT16-171 7 && A&EE B 79

o web ZUZAME 165 rRNA Ho7h oz

o Az A% 7 AP FAYE ¢ 5 AU
afgEl 2¥g oY ] ddxAue 2
AR 2HFRAME FLE PHes 2R
e FAAICE Evetn 2AEE AEshevl
AF3A £ 8ol olM¥ S184do] UEd & e
olfEE, U AT YRFFYEE FAAP]
E2UYY 139 24T Axge JFA X3}

B ASoAY, 32 gaayl 28¥ 4 A= rRNA
o] Hrjgko] Y7 Hojx zFuagyel IEE W
ot A%z A4 £ ict. & Adxes 28Rt
o] A zHAU YA AP Ui FLE
AAAAL FPslgonz Axle] e o= 4
= A 5 ok e e 2dEs JA W
o Zdd ZAF o EA3k= rRNAS gl 2t
o7} A& Ao A, 53] =l FHeh= Al
FENA ol ul$- 88 g4} Hi vt F, Al
# el &A= rRNAS] e AAle] 43454
vl 493 2olg Hltkm &Aoo
dulygo 2= A Yol 10° WAl 10* 749 rRNA
7F EA%cn deiA Qn?, A& 48k Al
9] Aol ol v] B ¥9] rRNAE zh=thn
ok 22y =2 Bddhe 2dEe O AEs
o wal ol ot 100 WA 107 =9
rRNA7} E43ti . g2iA Ao, ol o] e o]
23y gay-HoEs gzl durAgl R
%7} 102 WA 8x10% 7§ WA E odel He
8 o w2 FA3 iy e 29I A%
7Fse Ul Bolgd A=) rRNA %& 7kxa 9l
v B 4 Qo 2 FEE 859 xyd F
g% o] YA L FA8h= S W, &
) B 27 Yo AT A AlF 2
28 oAle] AME Tog s AEYEH I =
24444 NS Aoz FHAD. wehy g
Z3 Yolld xgiA FHsid Zdgd EAske
rRNA 9] ok wijoke o] Aegof vis] @A 7
2% Aoz Az}, 22 PP F&d oJ§t F
27 e B3l dojd zFAHH oA vlo]2Elo]
Bakel gAAE o83 2AqUngYer AYAE
4237 2R ol 2o vt Azgnt
ety g3 QA AW 2IAYmAYeoR
Zage Adsr] siME 7 el rRNAS
%e 42t FEAIZ F 2R e FIPske AR
gl 2aAAH WL (in situ polymerase chain re-
action ; 77z situ PCR)E2 =4stAY, &2 njo)e
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o ¥)8 o L uUAEE 2= 424 299
& F-HAIR) garte] Abge] "asitin PtE= ﬁ}
ojt}.

2 %

v &
LY AFEHQET FARE o]L3 2w
24 A Jdo o]lgH 1 e #aby el
Apioltt. i) Ase] MEH= Tt 2
el X350 Qlo] fazte] AT ofaigol
o mebr & TN e BAAle] AFYHL Y 5
U 2AE Dotrn, Ao 238 Ahio gy
ZANWRPY ] 0|4 7HeA S B8 Huz} d).
I
23 oz Jd Axle] A=A Azl wjd A8
& 8Fe 1 27 e IgF oz Fsled A=
¢ dixz dAg oo da, woleds
FHAIZ P FEHQEE BARE olgste] =
AR UE AdEgon, g4zt FnbzQl A%
£ 938 AN E Axs.
A 1}
HA-F4H(2 mg/ml, 0.1M) EFYL o]2d X
g A (5-6%) F AP L 9% 23} vy
FE TS FAT AP2FNA A7) HEd)
A3E & AUk 2 2Fo) Falupzd o 71AH
o2 &4d #elE wel ZulFd YAsln e
FA WollA BFHsA s MY B 7439
FNEE BEE £ ooy, UPEE 80-90%
FEolct. 22y Audte] ZAHHME =7
WA o]t AYFS HEE + Sl
A E:
ol vige oA m2A FA3= AYade g
A ZdE AAFo M= rRNAS] o] Hof, v}
o|e¥lo] RAE GAxE o] & ZAWmPAH 7l
HEE Holkg Aow FHH. weby FF 23
Huggoez azz e Az Adsly] 43
Me AAte] FHEAAN8 (in situ PCR) 39

0 o Y flo

]

I x

SQlolu, BY} o UPES 2E 5994
A7 GAjApe] Aol Basa Az,

i

32}

8 3
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