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Detection of Mycabacterium Tuberculosis by In Situ Hybridization

Chang-Soo Park, M.D., Young Chul Kim, M.D.!, Jee Shin Les, MD.’,
Jong Jae Jung, M.D.’, 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, Korea.

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 mare specific assessment,
in situ hybridization assay with oligonucieotide probes is introduced.

Methods : The human surgical specimens were obtained from tuberculosis patients, and experimental speci-
mens were made by injecting cultured M. tuberculosis 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 iz situ hybridization assay produced a positive reaction in experimental specimens (80-90%
sensitivity) after pepsin-HC] pre-treatment for a good permeabilization of probes, but reliable result was not
obtained from human surgical specimens.
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— C. S. Park, et al —

Conclusion : It is, therefore, suggested that biotin-labeled aligonucleotide probes have considerable potential for
identification and 77 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.

N o=

2 BYFEYA (Mycobacterium tuberculo-
sis complex)2 &elA M. tuberculosis, M.
bovis, M. microti R M. africanum 5l 2sHA
Rt 4EiA] o o] F P £F 99lo]
< BYF(M. tuberculosis) 3x0.5 um =Z7)9
ot FAAY 2L Hpog a¥YA) 34N
oltk. Mycobacterium 4:¢] M- HEYe| &
AAEE ol Fo| A3lE A A P44
(acid fast)& Zevh. 2FAFoz ZAYL A
= Kinyoun %& Ziehl-Neelsen QMg 33t
¥ ZHAAANA FAAE e B F2des
W ool Ax A8 & 5 ok 22y oj2E |y
HE AlZko] Wol ZHalv, Holdx ¥ou & 4 9l
o} ol P& Jehlle A9 257} Mycoba-
cterium 42| o8] 7}A] #& X8l Norcardia
4, Rhodococcus 4, Legionella micdadei \} €
5] Corynebacterium & Bl &3 s &
Fo] 7] ot wapy Ao AL B
7] fiEiME B 58 Bol4dE A g4
=9jo] Hadk Ao}

ZFN2Y (4n situ hybridization) & 4=}
(probe) & o]8-3te] 2FAWo|} &lol=o) Bty
AZ HellA 3k 471494 2= DNAY RNA
o] 1XE AHoE HEY & e B
o s B3 1A dge] Adto] Bol o]g5
I Aok s o 53 (hybridization technique)
= g Axy 239 gegty 7z} 2 BEy
o} 217] W&el Al (genome) o} X @r|ZHoz

- A 5 2o Bolo] uf$- F2 whfom ¢
A Q. LS LE= 24x}(oligonucle-
otide probes)& o]&¥ ZAUEFYP S =AU
A WY E Ze ulolga? AlES, AT R 43S
& AEs=d Qo] & AIE Bolzn oy, 1
dHITE T YR AT AolME AEye)
W R w o] AR AFe W Fhe
53] Y7 AMEye 30 WA 9009 v iz
& Ze nEAEEe]  nE%(mycolic acid, 3-
hydroxy 2-alkyl branch-chain fatty acid)& v}k
¥t QUoht AlEde] B 4o nSahe 2§k
I e uEE 2¥A] B Ao vjEM a4l
Y ada A glolf, BFAE 2 B4Rt
AEYE FA3s o oleldol ok Y w4t
o] Zitall ofstche & o] 83le], G4 T8 ol&%
A2 (acid hydrolysis) #4& AXe 3¢ Axy
o #34E& YA 5 ok mags Qo o
2 & AN E Al AREL Y 5 Ye
AYY N 22 Poloz gelurade
HE B2 ol8% AW Yol 2YTHL HE
371 8 223 Jdgjoz olgd F Ug A9
U3 7hsd € 898 2zl sl

che S Uy

EEFH M
B AFNIAANE Bkl ZUoz Avd B
2099 UAZH EED A2Y WA 2 23 o)
MPE 28 AYHo= Fsked e 1149
424 mEo) nekY Tojzlg ol gaturh.
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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. (Hematoxylin-eosin
stain, X 40).

AXZAHHL 1996 IE 1998 Atold] A
b ez Agdistayde] Wde X2 HH
dojz Aoz AHES = # 14, 5% 33 £ §
=3 332 A= Utk wjdE Aol £3E
Adzd A AFE s AP FHG o
3 FARH ©HE7] S8k o 22 EE o8
3t Hx 250 g Wele] Sprague-Dawley] &
FAE A F & 2A2HA AZSA oF 10%
10x5 mm =Z7]e] o8 xZtoz sttt #at
o] AgeA @& 10}t FYUI M. tuberculosis
@5 (ATCC27294) 13& BACTEC 460 ujz]o|
3] wjdet & Aol wigHE T FAIel H
sl o] mjgH-E A& 7+ =& el oF 0.2 cc
A Fg § A&E] 1AL, olFdle ALY
A3& AX g2 2ojE AFstg.

A 2Z] 2 APz metd ¥oj2HE 5
mm A2l ZAHHE THE0] Probe-on &glo|=
(Fisher Scientific, USA)o| ¥2A171 & F83] A
Zate] AR AzbE 2™ He|| diste] FuE
A~ oAl M (Fig. 1)& 535t F9UE uidy
9] SIXE & F AN, Ao SA R Ziehl-
Neelsen 94 (Fig. 2)& F3j3te] FRlstrt.
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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| X%} :

AYFEFA 2] rRNAC] FJEAQ A7IMEe 2=
Y x}eH2) 2} (primary probe ; Bioneer, Korea) ¢} n}
o]2El(biotin) & H3ZA|Z] o]xpE2]2} (universal
secondary probe ; Research Genetics, USA)E &
7 B3A)7]= sandwich ixz situ hybridization
(SISH) i & ol &3ttt dat E4zze Z3d
B3] 16S rRNA Q] ol FEA vjEE 2=
2749 ©22H(MT16-1, MT16-2)9} 5S rRNAd]
Ao AEZAQl 1709 B4xH(MTSS-1)& A2t
Qoul, ol BAxEe] @742 BLAST' 74
oA AYFEFA N 100% <] FHAZE 2= Zlo=
A=At FANRZFEe 2 Ui (Mycobac-
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Table 1. Sequences of primary and bictin-labled secondary oligonucleotide probes

Probe Nucleotide sequence Position Length
MT5S-1 5 >CCCGGAGGGGCAGTATCATCGGC(TAG);<3’ 58 38-mer
MT16-1 5 >CTCATCCCACACCGCTAAAGCGCTTT(TAG):<3’ 16S 41-mer
MT16-2 5 >CCGGCTTTTAAGGATTCGCTTAACC(TAG):<¥ 16S 40-mer
ML16-1 5 >CATCCTGCACCGCAAAAAGATT(TAG);<3 16S 37-mer
Secondary 5 >(CTACTACTACTACTA).CTACTA(Biotin),<3’ 39-mer

Table 2. Procedure of in sity 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

o RT : Room temperature

terium leprae )] 16S rRNAdg Eo|Zo g 2
Fsckn B ang GrIMEL? o] 8-F 4z (ML16
-1) 8 FE Aech. dargale 5 gge 3
Z3nAsh= rRNAC 4B 9rjMEe ZEE

sien, 3 Ygole WEAZ T-A-G melz 2
=% AZeidris. R 5 YRS YT
Aje] 3 Wl AuAe C-T-A F714Lo] 58
VRIS sgon, 3 Dol e ulol T
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— Detection of Mycobacterium tuberculosis by in situ hybridization —

FHAZ gejavEdE=rt H=8 i
(Table 1).

WEEZ2 128 HHz 7YY FAAE Tris-
EDTA buffere] 1 ug/ul ¥%2 ¢ £ 10 ul ¥
78l A& wj7hA] -70°C ol BBt 23
AP E AP o A= 2 B2 1-10 ng/ul
H27F SI=& ¥] formamide A2 Brigati Probe
diluent (Research Genetics)ol] 3]43}e] Al&-31Y
on] Uzt Y olatAx= 2 FEE AN
ZE WA $HDPY 2 AU agEe ARy
Probe-on slide& Ztjjo] A7) 2A|@EAH(capil
lary action gap)¢] {z]l& o|&£% Microprobe
immuno/DNA 47| (Fisher Scientific) & AR-3}
2tk Alzte 22 dHle Auto Dewaxer(Research
Genetics) & o] §-3la] melug AAS ¥, AYF
rRNA7ZL 2 =238 + UEE 37 9% Az A4y
o= 0.1M, 0.5M % 1M @4k g0 2 mg/ml &
=7 HEE A 71 HA-94F 3] 4 Y=
10 22 Mejsiick. =Fuiagye] FaabgolA
4M7]e) &% AA} B2]A)7F(incubation time)-&
Table 24l e ups} g}, 23 & wj50)3Q) 4

& & HRE A A S18le] 2X SSCol A 3s}
fom, HEAIY avidin-alkaline phosphatase
(DAKO, USA)el 1087 F4-AAct ¢4 Fast
Red TR sait®} naphthol AS-MX phosphate
(Research Genetics) & o]-43}] Aoz Uehls
£ 3l¢on hematoxylino . thz gM4% £ Uni-
versal mount(Research Genetics)2 ¥¢}5i¥c}.
+4 dxTo 2 ML16-1 @A} B ojxbgaa}
g Ag sl ZANmEE )

=
1 =3 W AR %ol

2Yazte) 224 AAHoz YR FRFE
FUS #A Y 3 2NN AuFe WA 9

8jo] Ziehl-Neelsen G4& A% 23} Ay} AL
T 203e] A=A 1189 FH2A 2FA §
g vehde AEg #Asch(Fig. 2). vy
o] AsfHog FUE HF e 7t ZIAHA Yo

< g9 AYFo] I B U= o Piay
2t

2. Tx2| #ge| N X

ZAURNE TUY o FAxle) anHQ Y58
F3L, 2487 = rRNAVE gzl & =249 5
AEE 3] Asixe A8 Axngo] st
et dAe B 3 7P A8 2108 gotws)
flsle], & d¥oXe 2YFe FYsla] BE 1138
o d¥xHe oz ANLH di FE ¢
Az Azbe 2 ¥ ¥ 2AuadEe sty o
AAE vmatget. U4 gae] ¥E8 0.1M= 3
of AAE APY Aol APz HH oA
2Yd& 43302 A2y & U, gie 5
E& 0.5Moju} IM& 3717 Zgolle Faz3 e
A Sgat Yol dse ol A5 WAso
ZAYRREE FYs717F k. debd 0.1M
Fggel 2 mg/mle] FE7} HEF WAL 717
A -GY ERA e A g0 MY F 4y
Z2 4%l 1083 Aie 2o, 58 ol A
g & ¢ BAFAM FNEE de 5 UY
o 22y "X ARre] 7H o)de] HE HA] =7
of &3l AsjAEA $1eAdol Yeht= 4971 Bt
o w23 O 2 dE &gl X
HAL PA-91H(2 mg/ml, 0.1M)§-A & AMg-3}e
5= 683 3k Aol M AT =AY ¢
+ At

3. ZFuwEiel St

A -G B g ARl B wsie
94 23] %L FAS A2 FE 1 ng/uldl
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Table 3. Reactivity of four different oligonucleo-
tide probes to ribosomal RNA of M. fu-
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 : In situ hybridization
with MT16-2 probe. X 150).

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

MRE ook gAuke-S FAT = Ao,
A Pgukgo] FAEE FEE oF 5 ng/ul o]
olen, Fx7} Z7HEd wel b ZHME H]
Eo]&Ql FAurgo] AU wEtAM 7 A
sitka AZEE daigate] 5% 5 ng/uldlA =
AYnHS AF 2= Table 30 Uebd uvie}
2. MT5S-1& dargatz ARg-ste] =AUn
AELe AgE 23 1189 APxF 2FoA A3
G e WAL & QS FIHF9 16S
rRNA ] ZRZQ F71ME S 2t MT16-1 &2
A= 1089M Zld-E A& 91% 9 IAEE
Yehila, MT16-2 24xk= 9 dE HAEsy
82% 9 VAEE Bt FANES b 2Fo] F
Aubsd| o8 ZlAH g &44E RS uel 7
o 98k e Mg Wl HMoz FAH
A% &e 7o) eyl s 2o e B
&oz BAEJTH(Fig. 3). A Udo] Solde
Zte ML16-1 928 AMSHAY S daes
2} glo] o|xtgAzke: AME-3te AlgE SAUE
T FHME ZE dolA FANHSS BEE &
itk A =AA 2089 st 3 =3
WagHolMe 45 vofdt Ao FAHE
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A4E AT F Added, ol @A ¥ g
10 ng/ul o}ido 2 3] 12AI2t o)A} @xlE &
%] (overnight incubation) ¥ 7 $-olt}, 22jv} =w
ZFHJME FANH-g-o] BEEYI] o] v]EolH
Q ¥hgoz FET wetA vlo) o] Ratg
SR FEULEE FAAE o8¢ ZANaFY
o2¢ AA 2FAHANM AYFE Al o8
fAct(Fig. 4).

I #

ZAUnAYL Bzold & ¥ F4Hoe Ay
ZAHUNA 294 HUNE EFHos F2Y F
Ae Hgolnk s 2AYnAUL AP YurH
YU H e 7Me DNAY RNAE 2% % &
3t (hybridization) & $=3§3}7] wjd] Mxel s
FAAE 4 gle B 2ARaRYe AlEy 239
Fei7t fA€E Aol A BIY 5 W
ol FolAde] Frt. T3} 2AYnAPS AYHH
QY vlmsle) Y B9 AT Ut & |
gz 38t 44 (immunohistochemistry) & 4
g% o HEsieln s g gfds 7A=Y
Aeng xAo 1Y, GHEHELS] XA Fof 2
3led WAde] 57] fn Yzte] mapekg, viEo)y
A G4 Fol EAI7F € 4 2o, DNAE o3
7H 239 =2 HO = 4P GPAE Zon) 7
Ztet DNA £2 w4zie} RNAsle] gt 33
A Aol vigte] ddFoln 7Y YL olF7] o
Eolr}.

ZHRndYe] 844 A¢E FL Ye 4%
Att. olE AMEEE BTt AT AEye Et
3= dl lol, 53] agPR AzelMe 438 3ol
£ et Holth . o] Bel] fEiNE A
o] = Aol DNAY RNA7Z g2zl & =
2€ 7+ U=E 3= HYg A o] Wasy,
olg¥ =& FE AW A& opres A
Y 53] ARAdEe] e Axy i g4zt
FFe BoA UL Agkg B g & A7
NEH gH= e @A, lipooligosacchar-

ides B peptidolipid 52| %l we} chae] 2ol
AR, AEYo] EAsHs v)FAte] FUite] wel
2740] F7Hse A BYdm gejA ) W
d° ZYFx thE Migel w8 vlnE AFAo] I}
I ¥ F Aok gEbA o] AWAEL AATe =N
Bzl AT G THAIF)7] A% I AET
Aot A MEe ol 2PARE A A AY ZaA]7)
T Y o188 AEE, ZAYaRYes UFe
A&k HANA Axe] A3 AA] 8
R71870Q 2HLd (xylene) & MR8l A47E oy}
A2 EF njFito] ZH4te) ekslti= Hg o) 43}
of'? MW JAL ZHto =M Ao njEgik
& 7RI AR e B Ay A%
g /M A9 Aok F, AEdd nEie
ke o8 71A] AEe] EREE thale] gako
2 XNe$ F EUB338 ©AE o|gsle] 4FHo
2 ot Basgo. E o Wieg: 3
e MEYo] vima & ALA4E 2= He 18
3to] ®HAz}t ApAle] A4S AT WEe AY
3l7|% $uHS, Peptide nucleic acid(PNA)E= Aty
H 9rIMEE& ZE DNAs Z¥Y 4 Y=
pseudopeptideseit}. DNAY RNA<9] 33} ¢lake
olmixileo g diag PNAE Addos A44o
F7HEAC Y, ol3¥ Yej= Az PNA @z
7t 2o AEYe F FAY F UASE § Ao
o}.

g9 URAEE Folv ® UE AN AYo=
27| rRNAV} F2ale] 3 x2d & s 2
@Ml E3] @iFe Y 5 J= 548
A 2 olfEE Alus EYAH AN O
glz S B8 & (protease) Q] proteinase-K £-&
pronase Fo] AMR-EISL o}l o FA9] FEe}
A Ak 239 {4 FAldl me} oA W
AE o, dgdeit HAY =L AR
of g}, Aol o3 HAEr} gHale] YFYL
AA7E e vl v goslA 5w 239
o7t 2 FRAEA s dHol Ak £ ARME
olgig ANz AL FYshe d UM, Yike] =
¢ AAME QIS e, AEyel P
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Eole FAdE G ol g3ttt th& A v
3 P FAHoz gitd ¢ ARE F Atk
Aol k. & AAMHARE FA FAFoEN
A} 7ade) offt 2] &4 & AYFe| g
FHasAd # A7) d&olvt. & dHAM= o]efdt
AAe] #R3E& gAY, T GAo} Jawtg
G502 AN Hedle 2YEE AEste Wl 4
F5HA Eatglodt, WA g Egos A
g 9% Foe vud & AFEE BY 3
.
i) 93 22 UM ELS Ao vk
rRNAE JIAxn 9o, w2ty FFaLAdds
(polymerase chain reaction ; PCR) %9 W&
o] g3t rRNA 4& FE3HA] Gote 83| =3
WadHe 38 771 A7) Wil g2ake] Azt
FA2 o9 f83H o18-H1 U, d & So] 29
a3 A Mycobacterium % EFs= Ale
3l Yol = mle] 7 43 7je] rRNAZ} iz
A £F rRNAE 7149 H3pt g
7P 9] (variable portion)$} ¥W3ly} A9 ¢ B
Z2.9)(conserved portion)7} 2A}o|a Hel= wid
5ol 9lof, Ayt BojFoz Jehh= 2EE&
Ayl A3 248 233 vk g 2 d
FAME B2 AZY o rRNAS @71
ARAE e EEavrEHeHE §RE ARt
et 28] rRNA 3 55 59 52 16S 749
AR Z=E AR e FUFE HEs)
£ 4l Aol 47 e B WEEE JepidEd,
ol F MT16-17} 713 =& F&&& B 4
t}. e oAM= 16S rRNA §9)7} &4z
of Azhe A 7MY HEE FHYE ¢ 5 AU
e g o) 83 #FY dd=Aa= g
AR 2AFEAME TUE oz 2AUn
e FRUSs Brsta 2dgE Akl
A & o). o|AFE #8440l JErd + Sl
olfZe, WA AMF SElurEHEHE AL
Fagdd nyE YA AEHg ARIA X3t

£ ASolAY, T2 ©aapl Y 5 2= rRNA
o] ddjgko] YT FHojx zAYmayel RIZEE ¥
ot A¢-2 AR + Ak, & YoM Fugxat
o] A =FYun AF e JPEHd d&l FIF
AP L FRsigeng Azle] A4 o= A
= wiAlE & Aok 2y widE AYET A W
o e AYF ol EAd= rRNA Y Yol 2}
o7} & Aoz Azsn, 53] =gA Fsh= Al
ZEANA ol ¢ Fad 2471 H3 Qo F, Al
7 el EAlske rRNAQ] ok 7Ale A4
ulsle] AP 2jolg HAtkm LA e,
Qo zE AE Yolis 10° WA 10¢ e rRNA
7h EAQT g AR, A& ks Al
o] ZAfolle olutt o B 49 rRNAE Zetn
gt} ey =2)A Bgshs YRS 1 AdEs
of wel ol Yot 102 WA 107 Fx=9
rRNA7} S g2i4 Qdo® ol nlo|2®o]
Fatg E|nvEH Qs gaate] dutAl Qizt
5o} 102 Wz 8x10% 7] WHEAMY ol Hg 1
A o w2 FAss gy e Zuge A
7Fs H9ldl 8o12 3= rRNA %& 7Hxx ¢
oz & § ok 2u A28 f459 =z F
g Aol YA £QE F4sk= F v, 8
2te] A7 =3 Yo FYFLS A9 WA FL
Ay oHAo AN o A FEANH Fe =1
Z44dd ANE Aoz FAHL. geiy AAe
23 oA =gA F23d ZAUFd EAzks
rRNA o] & wjg W] Aol vis) A3
A% Aoz 449 12 YFoh F&d AE
239142 B3l dojd ZAHH YoM ujo]2¥o]
Rty G4zE o3 FFYnAYes FUFE
A&y Y9 olf 59 stz Azrd.
by FE UM 2AHEANA ARG R
AYFE ADsy] AsiMes Fd¥E e rRNA9
%e dat FEA F 2AYRFYE FYse AA}
2] 2¥EAAHNE(in situ polymerase chain re-
action ; in situ PCR) & =434, & vlo]e

— 706 —
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ol vle) o Be TS 2E ARAY SALL
& 3347 S4As] AHgo] Washohn Y2 v
oltt.

2 o

By &

SN FEHQLEE BAAE o]47 2AYaREe
294 dge] g o]= 1 gle Ay 3
Aol 1aiu dYe] MiE Y= ko] At
d8ol EiEo] Qo] gajzte] AR oj2ige] 9l
o} mabA & ATl Baale] YFYL =Y
e £1E dolin, AYo] 3o Ao am
ZANRAY Y ol 7FsA e ¥Qls] Haxa} Pl
Y 9.

Aoz AT Bxe] ANz PHa} vy FY
& 8F9 2 23 Yo AFH ez FYsto] Azt
& d¥=4 d¥g dYdides dm, bloleEle
F2A2 L RFEYQEE HAAE ol =
AR uAYE Agstdon, gazle] a3l Y%
& 918 AXeEE A

#d o}

A -42H2 mg/ml, 0.1M) EFRE o] HH
g #H4(5-6%) ¥ ZAUWaAYE 8% A3} o)
E YT E FYT AE2F)N BHF] F2d
438 & AUt T o] FAhukz o8 71AA
o2 &4E AElg de ey fxgkn de vl
FA Yol A Bl 2efle WA & e
FEE BRY F 2o, UEEE 80-90%
T2l ey 2YUPA}e] 2AFHNME 23
Wi o] 83t AYFE A2y + AU

# B

ol v ol A meA stk AUTI= g
QA ZAE A¥FAM= rRNAS] o] FHo], u}
olo.¥o] Ratg @xE o] 43 ZAUmYe W
Z=E Woltg Aoz g uely $f =3
Yoz AMz32 e AYFe Adsly] 9
Ae Aze FRELAHE (i situ PCR) W9

SQlol, BT o NPEE RE FAULE B2
A7 gAAe] Abgo] Basitin Azech

# 1 2 #®
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