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Detection of bovine viral diarrhea virus by In situ hybridization
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Abstract : Detection and distribution of bovine viral diarrhea virus(BVDV) was studied in
formalin-fixed, paraffin-embedded tissues from two naturally infected cattle by in situ hybridi-
zation with a non-radioactive biotinylated probe. A 600 base pair cDNA probe from BVDV B-25
strain was used for probe.

The whole procedure of ISH to diagnose was carried out within 1~2 hours in Microprobe™
capillary action system. The biotin-labelled probe was demonstrated after hybridization under
standard conditions by the application of streptoavidin and biotinylated alkaline phosphatase.
Alkaline phosphatase was visualized using a fast red TR/naphthol phosphatase and the sections
were counterstained with hematoxylin. We have obtained the result of positive reactions in
digestive tract(sm1.all intestine and colon) and epidermis of tongue in the state of the intact
tissues.

The result suggested that in situ hybridization method can be considered as a useful diagnostic
technique for detection of specific nucleic acid sequences of BVDV.
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2 ulolg} 24 d A} (bovine viral diarrhea, BVD)2 To-
gavirus#} 9] pestivirus®] o] 9§ Zlo|n YA 49
4L wlojgt WA F HARNE don A¥7]A
o, A% L AAE ERez s F4 Ayolg
A7 FLF SFo|AT g BHFEFU &, 44, oHd
BHEFG A5 geAoel don AgdME BVD
vlo] g 20 B F88A 7 &g u gl

4 vlo]gj 24 AALE vlo] g 2(BVDV)E AEFEY
mi7jol o8] AAs e b Togavirusst 2 olv] 7
5o e 53949 HE, £¥oly 234 98 &
Y 522 32 2980” A LM Hirg
5% 299 QFFAA A4 5 Az 2aHg
E}_S,‘t,m.

BVD: 19464 vl 3ol A A& B 3g ol F @A 1],
Auch 98, 35, §4, golZedl § AAAF LR
BVDVe] ti @ F3134 20| 50-90%¢) |21 g}
ot FU N E 19870 M3} M%) o3 BVDVY
Aol JAHE &5, §%, 3204 BVDVE A& &
grozn AL AU, HFTHAE A 45%
AF7L o] vholg 2o U FAYAE HAEE T
Ao i} Ui A dad] FaE 49 A4
o2 1353 9l

BVDY| #gE 4& RYss dAREd oy
92 3%/ Ay FEF dJ g2 HoE oy
A%, £371A FAAHAEY &4 o|olx ezt
¥ FolA Y AHPHLA, WG T g H
£ Yoy 2§ FEAFGH $oiAY 2 1 vlo]
H29 & ARA2MY 48 A Hed’ 945
A4e FEaA Holx G& drf Bonz ofg oMy
34 BhHo] o]Fo|7] o]Fm AAH &4o} 2
q_z,za,m.

o] BVD ule]gi & tig B& A7} A #A
ol X % elope] HMEE o] &8 Hlojg A EAFYY,
BVDVd 78 & $olAoM das 2450 &8
9 ¥a” a9 g d $olAd gy Iy 39
2R, 2F4H9 oY 48 o435 BVDY 7¢¥Y
3 WY ww’ 5 AdRolsl opd Bofel H
A3 ol

BVD gy ol oE vlolgj2 Ade] E3) AH4
53 Y& enzyme-linked- immunosorbent assay(ELISA)™,
AAg o] 48 FFYANY® T YA AePdy
ZAY FUHEL 98 B9 RJAQLAY 28z
vro]g{ 29 £, ¥AL F¢ & Fol A% 1Y
HAEFYA YL Fojehgo] dojd & U] H&d
Adsted AEsHA S&571d0E of3E 3o Udx
Htolgi 2 ¢ FejE 1 AYfA o] UF du vf¢ 24
ZGA o]FolA o} 8t 9.Qo] HA golof e F o
g7bA] of#l & ol Wi At} o] o] 28FE
@3 gFo 48Ho)x kit

TUelA e 1987 M3 A7t 22 A& wholgiay
AALZ wolg A Ed 438U, A 5] nolg
28 Fzaddd # ol JAdAT F @A
T U$ dAdd fqes Add ¢85 48
cDNA A4 5 BAAEEH F2 A guig 977
7} o} FojA 1 i}

FEo {3 EAddg YoM A LA
A EAAEEGL o]A AW Ad ¥ ol 1A,
o BF 5ol ZHA ol&H AT o ¥A
of oA Bol AdAH AYADe & 7|9 & 3A H
polymerase chain reaction(PCR)& o] 4% @73 o] BVD
£ Agsted 45907 PCR 7)Y B4 ERAAE
G718 %9 842 in sim hybridization(ISH) 713§ & 4| £
U 27 AL e vlolel 2o EAHF AR
A8 A2dd £ e AP 24U

o] ISHE 53] Alxy 229 g7t FA€E 4
A wpell 2 A% AT 5 7] WEY o} F F&3
o Y224 A BANOR AAsle F2YYH 1
A% sy Iojg 2AAAL AL HEE 5 dY)
oo 22 o} A Euje] wpol2 2] EFXE ¢+ I
o A4 - AFH BNL ¥ F ggPh

o] 71 &£ 5= At probel= cDNAL} oligonucleo-
tide probe 5& FetAn| =y we g e gtolA & o] &3

ZE, FANE F U BHo] YUP

23 7)Ed Zeise] A et 2AAHE 9
g3t o) A5t n™ JAF Aol FAE 9,
oy Fteta g, olztuhdy Fo $4F gEAg o)
Hsd Aoz Alg €.

£ d7dAe Adddd 29 BVD Y& Fds
7] 8t A& wpolzj2A] MALEF wholz2Ql BVDVY
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coat proteing ¢+ 3 31§k cDNAE nick translationo] ]3]
bioting labelling 3}¢] probe& #2331 Ay A
9 A71€9 2AHRE sl A ISHE S8t BVDV
o e YUY BHoz B 4YE sYsg

Mz 3

HYME - 198993 19959 T} B FAolN AE
A&, AA 28n FRAYY AYe ERoz Y
W 29 238 Y234 Halg 29 A
P73 #2E F3o & vtolgl 24 HALFBVD)LE &
J3H AL BYDE e ¥ETY 1A
g oty XojzA g o] g3 g ot

1) In situ hybridizationg £/8t X&le| FH| : A4
dHE 29 B4 4% 8 a8la 2%, g3 59
TR A8 10% 34 L2200 23 ¥ ety ¥
et SpmE whd Y wew 22HHE ProbeOn™
plus slide(fisher biotech®)ol| w}-2-8)3}e] in situ hybridization
Agd ol &3t

2) BVD-cDNA : & ufolgi2aA] HALE ulo) 2 2(B25
)¢l mRNAE B3 ¥ reverse transcriptases] 3 A
£ ¥ cDNA(600bp)Z: coat proteing 43 36l1 e &
1% pUC-199] EcoRI 14 R $jo] 414 ¥l DNAE 4]}
A T74 A3 QT BOZRE APute}l ALSEH

3) Probe labelling : #1¥%-& cDNAE spectrophoto-
meter(260nm)E o] &3t XL E ZAHdd FEE 2
g %o biotin-14-dATPS} BioNick™ labelling system
(BRL, USA)E o] &&leiA BYD ulo]e] 2] cDNA frag-
mentol] ¥ %) 3T},

WA BVD-cDNA(600bp)7} 1X TE buffer) Spgl20u =
43)5]o] gl DNA 419} BioNick™ labelling systems)
10X dNTP mix(0.2mM each dCTP, dGTP, dTTP, 0.1mM
dATP, 0.ImM biotin-14-dATP, S00mM Tris-HCl(pH 7.8),
100mM f-mercapto-ethanol, 0.5mM MgCl,, 100pg/ml nu-
clease-free bovine serum albumin S5pi9} 10X enzyme mix
5p 18] 2 36p19] autoclaved H,0E Wo| 3 4L ¥ 714
Al 94 (15,000% g for 5 sec)3te} 16 TAA 1A 715t vt
SAAHS. olH 9 F WHgA& S0pe 2 B

2 dolde whgg FuAs] A3 300mM
EDTA &9 Spl& 7}3} 3 repeated ethanol precipitation&
AAsE #A 02 1/10 volumes] 3M sodium acetate s} 2

volume cold absolute ethanol® 7}8te] -70C o] 147} A
Ag F 448t A& DNA pelletd 70% &L 2 A
A, AxA1A 10p¢] 1x TE buffer(10mM Tris-HC], pH 75,
1mM EDTA)9) ¢ hybridization cocktail(amresco®, 45%
formamide)e] #F 200ng/mio] = A 843t 20T A
LRI 5

4) In situ hybridization : In situ hybridization?] %
€ 3% & MicroProbe™ capillary action system(fisher bio-
tech®)2 0] 88}% o1 ProbeOn™ plus slide® Ttujo} A}
71e A Aol 2 RABE S 9sle] He oFo] Ao}
ol 4A 2 EA s F5A 0] F& pad Yol slideE
Foh ut3ata ¢ Aol 4A AAHE 9YE o4
3 A O Z Brigati ef al ®9] W] wielr 1-247F 0
TR 1 34L& o33} Zri(Table 1).

(1) Preparatory phase : ProbeOn™ plus slide ¢} ¥-2+3
ety AUz e &gy 37 02 Histochoice™ clear-
ing agent 1 X (amresco®)S A} 481a] 110T A 287 &
A8k HA4 & 53] WS T 100% LA 39Y 5
AE 28 89

(2) Enzyme predigestion : ¥ 5-e}8 = HHWE probe
o F3}4 FA% Yado] F LFHEE G BEHEL
2l pepsin(research genetics 750102)2 A 7}&tef 110 ol A
2B AT

(3) Heat denaturation & hybridization : Z& A A tar-
get vimus S WA A]7]7] 818 prehybe plus(research
genetics 750124)& 110T oA 3¥3 8-&A 7 & 15-30
%3t cooling 3} 94t} A48t biotinylated cDNA probe S
A g3te] 10T A 183 & 15~3027F cooling, 105C
2% ¥ 15~30% cooling, 105C 30% B X 1% cooling,
95T 30% ¥-X] 2 cooling, 857 30% %X 3% cooling,
85C 30% A 4259 cooling XA annealing &5 &
At

A3t &2 pobed A A37] 9J3te] posthybe wash
(2% SSC, research genetics 750125) 2o 2 527} 48 &
Al 22ln AEd EAsE peroxidases] BHL
A 3k7] 918t Auto blocker(research genetics 7501102
28] A AT

(4) Detection : Streptoavidin-alkaline phosphatase detection
kit(research genetics 750144)E o] &8l 50T A 1087}
U8 A7) 2 24 strepto-avidin phosphataser} 2o &
A 8= BVD ulo]2j 2 9] RNAS} &3¢ biotinylated probe
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Table 1. Procedure for In sitw hybridization

Reagent Cycle Time Temp
Auto dewaxing 5 2 min 110¢
Auto alcohol 3 1 wash RT

Auto alcohol 3 1 wash RT

Pepsin 1 2 min 110T
Prehybe plus .

(Probe enhancer) 1 3 min 110t
Probe 1 1 min 110t
Cooling 1 15~30 sec RT

Probe 1 2 min 105T
Cooling 1 15~30 sec RT

Probe 1 0.5 min 105¢C
Cooling 1 1 min RT

Probe 1 0.5 min 95¢C
Cooling 1 2 min RT

Probe 1 0.5 min 85T
Cooling 1 3 min RT

Probe 1 0.5 min 85T
Cooling 1 4 min RT

Posthybe wash(2X SSC) 4 5 sec RT

Auto blocker 1 2 min 50T
Posthybe wash(2X SSC) 4 5 sec RT

STREP-AP detection 1 10 min 500
system

Probe lock(chromogen 1 1 wash RT

enhancer)

STABLE FAST TR/NP .

chromogen 1 10 min 50T
STABLE FAST TR/NP .

chromogen 1 15 min 50T
Auto wash 1 1 wash RT

Auto wash 1 1 wash RT

Auto hematoxylin 1 1 min RT

Distilled water wash 2 1 wash RT

1X immuno/DNA 1 1 wash RT

buffer

Distilled water wash 2 1 wash RT

RT: Room temperature.

It AZAYE | FEE FH) o] AL biotind} strepto-
avidin®] 78 2% & o] 4% Flojth

(5) Chromogen : Chromogen$ ut-3-A}7]7] Ao alkaline-
phosphatase®] 2§38 & Ft)A]7)7] 98 probe lock(chro-

mogen enhancer, research genetics 750148)8 A X8z
alkaline-phosphatased]] o §+ W4 &) 2 red signalg 1}E})
i stable fast TR salnaphthol phosphate(research genetics
750152)8 S0TA A 1084 23] AN o2 N FAur
& Z3A Yei =S sgig.

18 th§ auto wash(research genetics 750108)2 23} 2=
At 2 Q4R HFo FFHAL BE AL oA
A FAHRT,

(6) Counterstain : J 02 G FAul 2 Hols
7] $38t<] auto hematoxylin(research genetics 750107)0. 2
HE2ANEE SFFZ 41 8929 1X immuno/
DNA buffer2 13] 4@ & OA $H50) 28 £438
AL 2o AzHA REE 39 crystal/mount(bio-
media M0)E 2-3% ¢ i = o}$9 8 o Fedn]
Aoz Baa

(7) Control : t§Z2F 2.2 BVDY| 29 H A %< 29
A% 239 dFEAL 10% T4 T22Ud) 2§
¥ o2y ¥ojg 22 HA S target tissues} §7) ISH 7
HE AAlste] HAuke g M2 vl ws g

i

& Hiolg A4 AALZd dE Aoz #UY A9
22| % in situ hybridization(ISH)oj] o] &8} %t} 2o
14" 24& B Iojd F, & vlojg Ay HAE
Hfo] 2 2 o] cDNAY| H| WAL vlol e ®1 & EA 3T}

A 2tE biotinylated cDNAE A XU} 230 2A 3t
BVD ujolg| & gita} 44 2¢E o]Fo] Aage
probeo] ™ o] R E 3148 MicroProbe™ capillary action
system 3ol A F g} 28)m 2HHHL Y ©
Fo Dojx ] YL E ProbeOn™ plus slided] v} 3
o o] &g}

Ao AAHRA) R 29 ARG YRES
33 ISHY RE A3 & AAE & Batgdnzjes
A A7, By 288 2HAAE ol 7Y tAwL S
Holz ggteh(Fig 1). 4HH BVDY) Qg 4 25 B %
AN A 22 (Fig 2, 3), 3 (Fig 4, 5) 283 AR Aty
ot 53] &AM E(crypt celh)e] A X Dol Hae B
¥ FAuE(Fig 6~8)8 JEion nfEdE wy
o] B AT EE H9 peyers pache] g7
oA Fgutgol Ao Ho FAHITAANE 1)

to o hHu
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F¢ H49 wajo] AYHMUY. F, ISHY T4H$E
T8 AT YE 2UE FAGFEA & upol Y
AALg uolg| 29 Y4 EEHEE € 7 AR

o #

& vpolgi2ay AHAE Hio] 2 2FBVDV B-25) A
A 2% cDNA probe(600bp)eil Bl ¥FA}AIQ] vlolo &1 &
o] 4 8l0) EA 3o in situ hybridization(ISH) 43 & $} 3
probeZ A &3¢t ZE 34-& MicroProbe™ capillary
action system& ©] 83} & wlolg 24 AAFd 74
g 49 23& 320 23 F g4 2@ 23
ZHA ISH 71 AAE v 2AWd SAste
vlo]H 24 MALF wlolgi2o Yig FEdE LY
Z2 o 4% ISH 71 8¢ Agsg.

A¥2d 239 AFS RS S 2 AHARY
AEZAA Fg ek § 8% & vi(Fig 2~8) ol
AL Pz FAA 288 2 FIYAXY B2
A% 2, Md AY” Fo) A& WARHY A3
gk HolA g Fai yde B#EHA gD F 49
Hhgo] AAEHIE RAT &L P4 F AUt

BVDY Aoz 743 JAF ulolgxg £,
T, Z33A A9, ELISAY, 33 43"° 59
AGH dAge] FE AFHUDL HZ EANES
714 ¢} &bl polymerase chain reaction(PCR)™ ol 33
A7t o] &7 E ok 2t SHEAAF

+atn 98 482 e g eR A
4 vpolg 24 HALE9) g o] 481 Ut

LM T o] FHEANANYE o] 8 £ vojd
24 ANFY B9 AE R ATHOR 38%'% 3
A Gol A 8% F3FA BAES Bt LA
AARA A E M Bol 71A 1 AT 4 AEFY 3
Ug& 94539t 25|22 BVDY dwraggiges
A AERHE JAFEE HolA GF 49 HA4H
A g Y3 ds AH Adgo] a7+

A dlolgiad AAlFe] gg A7 HolEx 72
wde A2 AA4ITF Osloss79 NADLF 5
o uloje]2 RNA @7 4ol AUl Fo29
WA} o] o] 82 FHA HZF DNA A4t
5 TFstA o] Foj A",

£ A7 E EALESH 7P & o] 3o FEQ

BVD utojgi2 di& Fedtd A¥ga 449 Ad
7V4& AEE A hybridization(H4H4 ) 71EE £
g3t o] 7 & S48 YEFEE BolA g A
& 799 29 HE 7oA F2 BYD volg 2 8t
& A28920” o8 7}1x] cDNA probeE °]-§ % blot
hybridization 59} @7%%2 BEAMELSH 7Y ¢4
o] 758 A .

o] g 71H L &4 & o]-&& hybridizationz} sol-
id support hybridization® 2 oA &=d* H2 B4
E83 7o $HOE solid support hybridizationd] &
8 ISH 7]yjo] Aeriold] £z glon Uelulo]
29 £, ¥4 €84 1 YA probeE o] &3}
A3 dAAd ga4¢ A2 T AFIAY
A2" o RE AEAHA AHe] Qe d7tE §
£8 4 o

223 o] ISH 7]4& probe FZ o] o ) FPA T}
oligonucleotide probed] #A47]1¢ A" 5 w A 237

7149 dAd Yo FIAH FPo] A B =F
£ Z A0z 7|dEn Yot

ISHE AA371d 4 71 88 R target nu-
cleic acid® HEH ool o] 45 & probed] A gl
t}. Probel= G714 €99 ol uz} 20~50bp(base pairs)
9} oligonucleotide probe®*’, RNA probe 12 1 &4} )
%% cDNA probe2 JETH™ Zojr} 112 F& oligo-
nucleotide probe= 23 & & Fildle= L NUAEE 7
A S0l Aol APTE goyE v g 7 Re
vjokg uhe-& YehlER 4 H-G ZdolE 50~150
bpZ BE YT

£ Ao H e 600bpe] HliLH Z )7} 71 cDNA probe
ol g8t A} ARoA FE N FPREE 8]
I EelA wofg FANEE FHY 5 Qe HEE
AHA UM TS o Hg2o BEHA ¥
Ao 2 Hof BVD upolg| &7t 2817] Ao wld) 23
A A& For ¥ AN Aol Agd

Z Ao} H ¥ 19 target nucleic acids}t 4842 A
& 4% probeE EA 37 48 7P, °H, C 59 W}
4 A3 wgA4Y vlol QR(HIER H)”¢} digoxi-
genine® o] ol £H 1 glovt WA B9 Mg
EAS A B AL v BEHE F
Z ojgsta A

olf@ BXZ {F, 37 L AL THY 4574
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oA Yehbe Ao W& BVD vlolg|2 4t
o EAE HldlFE= FA A Z(positive signal) 2 Q14 T
4 A%tk og71x9) DNAE o] 4§ Avd %)
s 2o v g ¢ o $5F probed] Mzt
37 oligonucleotide 343 o] <] & probed] 714 ISH &
w1y B 7o E Aolr}.

BVD 719z 3 & o] &% ISH 7] 9 &L vlojzjx
2, Y BE AAE0HE o] §3te RHogRE
npol gl 28 Ao X s AR 4 7
A7 Age] Fhadt A 71 &9 AT F3EA
A4E9E& A g% A& AP AdE £33

U 2A E3e] 2 Aojgn At

4 &

BVD ujo]2{~ B-25 £ 59 cDNA Probe(600bp)]
sto] ¥l BAE 8t A wpole{ 2y HAFd #EH
Ad 29 FQ WV E xagd 1A, g3y 2@
Z2 & ©] &3} MicroProbe™ capillary action system 3}
o] A} in situ hybridization(ISHYZ 1~2A] 7+ o]ujof] A A3}
of g 28 288 U

A2AEEY AT AGER FHAAAE
o MEAYe & vlolg{ay HALF nlolg 29 A
o] ZAg-& $RE T Y& F4Y B NS &
18} o},

ool A uPALA nio] ¥ F A ¢ cDNA Probe

o] §35te] & F Ajztolule] Mxe 2A A e
IR FAF 2AG A A& vpolgaA HAEE A
A #28 & Q= ISH 71¥ & ALy

rO

o A

Legends for figures

Fig 1. Non red color pigmentation, control for in situ hybridization(ISH). Stained normal epithelium of intestine. X 100.

Fig 2. Positive red signal in the ileal epithelium. ISH. x 200.

Fig 3. Red color showed BVD viral genome in ileal cytoplasm of ileal epithelium. ISH. X 400.

Fig 4. Red color(positive signal) appearing in the cytoplasm of jejunal epithelium. ISH. X 200.

Fig 5. Red color indicating BVD viral nucleic acid in the jejunal epithelium. ISH. X 400.

Fig 6. BVD viral nucleic acid persistence in the colonal epithelium. ISH. X 100.

Fig 7. Red color showing in the cytoplasm of colonal epithelium. ISH. x 200.

Fig 8. High magnification of colonal epithelium showing strong positive red signal in the cytoplasm of colonal epithelium. ISH. X 400.
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