gr=t4=o]wl 2] 3}13] %], Korean J Vet Pathol 6(1):1~5(2002)

In situ PCRO| 2|8} alcelaphine herpesvirus-1 (AHV-1)2| ZIEHH JH 3
CIE EXMY=EA ZTIcHHS1e| Hin
AL

AlF 5T SRAYRTe

In situ PCR for the Detection of Alcelaphine Herpesvirus-1
and Comparison with other Molecular Biological Diagnostic Methods
Okjin Kim*
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Alcelaphine herpesvirus 1 (AHV-1) is a causative agent of malignant catarrhal fever which is a fatal and a
lymphoproliferative syndrome. AHV-1 is a gamma herpesvirus, which induces frequent latent infection and
often difficult to detect its antigens or specific nucleic acids because of its low viral copies in the infected tis-
sues. A new method, in sint PCR, is developed for the detection of AHV-1 nucleic acid in this study. Target
sequences of AHV-1 open reading frame 50 gene were detected within AHV-1 infected MDBK cells. As
compare with other molecular biological methods for the detection of AHV-1, in situ PCR was found to be
more sensitive than in situ hybridization and to be less sensitive than nested PCR. However, nested PCR can-
not afford to observe and differentiate AHV-1 infected cells. In situ PCR amplifies a target sequence within
cells that can be visualized microscopically with increased sensitivity compared to detection by in situ hybrid-
ization. In situ PCR has wide applications for sensitive localization of low copy AHV-1 viral sequences within
cells to investigate the role of viruses in a variety of clinical conditions and also provide the rapid, sensitive,

and specific detection of AHV-1 infection.
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Alcelaphine herpesvirus-1 (AHV-1)2 gamma herpesvirus=
A wtEFo]| WA el malignant catarrhal fever MCF)E
B, F4 AP HIARAEH 23S A AE,
Tz Z2 9 "3 5L 5HoE . YA E
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7b wig ¥ Wgol A7EHIL Ut} H2ol, PCRHY in situ
hybridization®] & F/3taL Y& in situ PCRO] 7= o]
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S AFS ATt In situ PCRE 7+ A= gk 7] v}
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Bovine epithelial kidney cell line MDBK (ATCC CCL 22)&
60712] 25 cm? culture flask™] 10% fetal bovine serum} 100 ug/
ml gentamicin, 350 ug/ml L-glutamine®] ¥7-¥ Dulbecco’s
modified Eagle’s medium©2 ¥j g3ttt v § 3] AE
7t gFo2 uid AL RIsta, SAUNRE 13 57 flask
£ Ael3lz YA MDBK WA o AHV-I strain C5002
AZsAT. BE Z 6, 12, 24, 48 2 72874 242} 370 flask
o] A|XZ PCR, in situ hybridizaton, in situ PCRS 93 A&
2 AREEAh B3, 72t A7k AHV-1S FESHA] 4
MDBKAZE SAUZZS A% AFE A&

DNA extraction

AHV-1 HF & Zzte] A7t} 7€ MDBK AlXE 1X
trypsin® 2 X2)at, EE E& ¥, 1500 pmollA 587+ 9
sz, AFFE FEHAEZFE AHV-1 Sl 5S4
3 PCRAAIS $]3}c] DNAE #2319}l DNA $2& Ax
25 500ule] 02% SDS9 10 mg/ml proteinase K 37}t
3 37°Coll A 3A17F ¥H-3-A17] 4L, phenol/chlorforme A&
G A QA F ethanol IFAXE A, DNAE FE3}
Atk %€ DNAE 100ul®] DEPC HE FHFE AFf
3, ODyeolA A & PCR ZAll AR TH

Cytospin

AHV-1 C500 strain®ll ZHE ¥ 6, 12, 24, 48 B 72A]7}]
¥¥ MDBK MXEE 7} AZPEE 37l flask®t S4UNZE
3k 1719 flaskZH-E wypsin A2 E st AEXEFAE B
F 1500 rpmellA] 52 A4 EA, AFFE T AEFRAY
cytospin 2 (Shandon Inc., USA)E ©]&3le] 1000 rpmelA 5
259 Y4319 silane-coated slide (Sigma, USA)I #2 &

4% paraformaldehyde®] 1087} Y3 & ARSI, in siu
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In situ PCR

AHV-1 C500 strain®ll ZE 5 6, 12, 24, 48 3 727|739
cytospin® AH2-3He] silane-coated slidel] H]¥ FMSK A|X
€ H7¥ PBSol AlE &, 40 ug/ml9) Proteinase K (Roche,
USA)Z 37°ClA 3087 2d EelAA S Fsisint. of
%, 4% paraformaldehydeo] $327A-& 313, ¥ PBS9
DEPCHEE F575o] A=A slideSS in sitw PCR thermal
cycler (Perkin-Elmer, Gene Amp in situ PCR system 1000)Z
o]43la] PCRE 33Kt} PCRE 93 wexAdEL 3
AZEF 45mM MgCl,, 10uM digoxigenin-11-dUTP (Roche,
USA), 190uM dTTP, 200uM dATP, dCTP, dGTP, 1X PCR
buffer, 1 uM C500-3 2 C500-4 primer, 1X self seal reagent
(MIJ research, USA), 5U Ampli Taq Gold (Roche, USA)E §t
392, #0149 slideol 30ulE ZHE& F cover slipS B2,
94°C 5% denaturation 3733 94°C 303, 55°C 30%, 72°C 1
9 cycle® 353 A5t digoxigenin® EAH AHV-1¢]
5ol g AFEHA FZ3IUT) ©|F, Anti-digoxigenin-
AP Fab Fragment (Roche, USA)9} WH&A17]3, 71& <
nitroblue tetruzolium (NBT)3} 5-bromo-4-chloro-3-indoylphos-
phate (BCIP)Z 410 A AIZl & methyl green® 2. Hl|73 54
atal Fetn o2 AAsT

In situ hybridization

AHV-12] Eo] DNA AEE $3 in siu hybridization
porcine epidemic diarrhea virus®] Z&ol] AHEE Kim $4¢
WS Wl AMgslE o, o] S 7] At
23} 72t} AHV-1 open reading frame 5001 5-°]%<l C500-
1, C500-2. C500-3 2 C500-4 primerS AME-3l nested PCRE
Bkl 273bpe] AHV-1 Ho] H4t FEHES AUk o] F,
Wizard DNA purification system (promega, USA)S ©[-8-3}<]
purification$t AHV-1 PCR 33t3-Z-ES Digoxigenin (DIG)
DNA labelling and detection kit (Roche, USA)E ¥] EA)3}
of Aol AM&-E probeE FHISHIUTE. AHV-1 C500 strainol
729 ¥ cytosping AMESI slided] FH|E FMSK HNXE
PBSOl A& 3, oy R 34 A A F,
0.25%9] acetic acidE ¥t Triethanol-HCI®IA] acetylations
A4 73 Y. Digoxigenin-labelled DNA probeE 1ng/pl 5%
2 standard hybridization buffer (4XSSC Buffer, 50%
Deionized formamide, 0.1% lauryl sulfate, 1XDendhart soln,
0.4 mg/ml Salmon sperm DNA, 10% Dextran sulfate)= 3]4
3le] 95°Ce] 1027 denaturationAZ] F vEZ LS50l A
% 50ulE ZH|HE slided] 283} 45°C humified ovenolA]
15-16~17+5 <t hybridization #3-& 38 ol F, anti-
digoxigenin-APoll ¥H$-A]F]31, alkaline phosphatase®] 7]&¢l
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NBT/BCIP (Roche, USA)E 410} 2|71 F methyl green®.
2 wRgsta, Fkav) ez Esinh

Polymerase Chain Reaction

AHV-1 C500 strain®ll 4 F 6, 12, 24, 48 R 7247}l 5
Z9¥ DNAYIA AHV-19] 5o] g A&7 ¢ PCRE
AHV-1 open reading frame 502] ¥7|A Bl Eo|Z2l primer
E A3 T, €500-1 primer$! 5-TACGGG GAGCCC-
TGACATTTCATCTCTCTTTTG-3' (Nucleotide position: 73917-
74014)3 C500-2 primer 5'-ATAACTGGTTGATGTGGCAGAT-
GCATCTAT-3' (Nucleotide position: 74292-74321)& A}8-3}eq
PCRE 33+ &, C500-3 primer?] 5-TCTGGC CCGTGCTG-
CAGCAAGACTCTCTCAG-3' (Nucleotide position: 73986-
74014)¢} C500-4 primer 5'-TATAGTAGAATCCCGTCTGAGT-
GGTAGCTG-3' (Nucleotide position: 74230-74259y& A}8-3}q
nest PCRS T334t} 13} PCRS 913 wh3RAES 1ug
2] template DNA, 10mM Tris-HC]l, 50mM KCl, 2 mM
MgCl,, 400uM$] dATP, dCTP, dGTP, dTTP (Roche, USA),
20 pmo! C500-1 ¥ C500-2 primer, 5 U Tag DNA polymerase
(Roche, USA)7} 50 ul®] ®h3-8-3Fof] Z}7} XFHEZH 319
T}. Thermal cycler 9700 (Perkin-Elmer, USA)S ©] &3}
94°C 5%-2] denaturation #73 F, 94°C 30, 55°C 1 min,
72°C 129 cycleg 403] AAGH F 72°C 72-9] #F extension
GAE AX AHV-19] So] AT FZEHT 13} PCRE
Tt Qe Fo] Y] FFHE 2ukE C500-33 C500-4
2] primers AME3IH, 12 PCR¥Y A W23 E3 Thermal
cyclerd] ¥ ZACE nest PCRS 57308+ & ethidium bromide
E 8T 2% agarose geldllA Ar19E5L & F UVely
273bp 3719 HAFEZES] {FFE AUt

4 1

Polymerase Chain Reaction

AHV-1 C500 strain®] 7 & 6, 12, 24, 48 & 7oA 7] &
£% DNAYA AHV-19] 5o} g HEs7] A4S nested
PCRE 433+ A3= Fig. 13} 23t} C500-13 C500-2 primer
£ AM83l9 13} PCRE FY310E wle A7 |9% & S¢e
2 3EE 4 A& AR o] FFHEA Xt C500-3
# C500-4 primerS AHE-3}] nested PCRAH O Z 13} FEH
ke O] 2ESR-E W, AHV-1 2 & ZF A7hE=E 77
37N flaskol &3 NP-6-1, NP-6-2, NP-6-3, NP-12-1, NP-
122, NP-12-3, NP-24-1, NP-24-2, NP-24-3, NP-48-1, NP-
48-2, NP-483, NP-72-1, NP-72-2, NP-72-32] MZEZHE
273bp2] AHV-19] Eo]&d Mg AT 4= U} W,
AHV-19} Z+E5A] ¢4 MDBK A E2HE F&3 DNA A
ZAE nested PCRS A7, W3- 1% + Aot

Fig. 1. Gel electrophoresis of amplicons by nested PCR. M, 100-bp
DNA ladder; 1, Positive control; 2, Negative control; 3, 6
hours after infection; 4, 12 hour after infection; 5, 24 hours
after infection; 6, 48 hour after infection; 7, 72 hour after
infection.

Fig. 2. In situ hybridization of MDBK cells of 12 hours after infec-
tion. No specific dark brown signals are present. NBT/BCIP
colorization, methylgreen counterstain. Bar=50 pm.

In situ PCR

ABV-19) Z+8 & AZPE=R cytospin- ©)-8-31e) F=M)H slide
E9 in sim PCRE F43 A3}, 7Y F 1243 0|59
MDBK AEE94, AHV-18] Fo|31te] SE& ST +
Ae LA A wh-gEo] AT THFig. 3). FE F Al



Fig. 3. In situ PCR of MDBK cells of 12 hours after infection. Spe-
cific dark brown signals are present in the nuclei or cyto-
plasm of AHV-1 infected cells. NBT/BCIP colorization, me-
thylgreen counterstain. Bar=50 um.

Fig. 4. In situ hybridization of MDBK cells of 24 hours after infec-
tion. Some signals are observed but they are weak. NBT/
BCIP colorization, methylgreen counterstain. Bar=50 pm.

Fig. 5. In situ PCR of MDBK cells of 24 hours after infection. There
are a lot of specific strong signals in the nuclei or cytoplasm
of AHV-1 infected cells. NBT/BCIP colorization, methyl-
green counterstain. Bar=50 um.

7be] Aol wah, o5 PAA WHeE Hole ATEL HE
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SATHFig. 5). YaAle] whge FAMEe] S, Ee AED
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In situ hybridization

In situ hybridization?] 43 Z = Table 15} 2SIt} AHV-
1o 24 F 2447} ©] F] MDBK A EE914, AHV-19]
ojgite) ZZ-g T = v e WAl wkgEo)
= AchFig. 4). ] ¥H8ELE in siw PCRE A7}
AEHAL A E] WU, e AERA FFEGoH,
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32 942 MDBK negative-6-1, negative-12-1, negative-24-1,
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Table 1. Results of nested PCR, in situ hybridization and in situ PCR
as a molecular diagnostic method for the detection of alcelaphine
herpesvirus-1

Sampling time (hour) after alcelaphine

Method herpesvirus-1 infection

Case No. 6 12 24 48 72

NP-#1-] 4442 4+ +H+ A

Nested PCR  NP-*-2 e T e s
NP-*-3 ++H+ e+

o sit ISH-*-1 - - + ++ ++
hybll‘ind;zlalzion ISH-#-2 - - + ++ +
ISH-*-3 - - + A+

ISP-*-1 - + ++ A

in situ PCR  ISH-*-2 - + ++ A+
ISH-*-3 - + ++

1: sampling time (hour) after alcelaphine herpesvirus-1 infection 2:
—; negative reaction, +; weak positive, ++; moderate positive, +++;
strong positive

negative-48-1, negative-72-19141= AHV-19] S-0]&<] 1k-8-0]
A=A gopd).

&

K

AHV-19] 2 F4ee) A HEL 918+ in siw PCR
o} /g 48 & £ A7 A, in siw PCRE ¥
Z AHV-1¢] Bo] gatg AZUelr ZZsHt). oj3d o
T4 AAEFE, & I NLE AHV-19] in situ PCR
o] AHV-19] At 2 B A7E 943 583 =72 A}
48 4 9l Aoz ADXH) Nested PCRY Ao} vlwa)
Qe o, 749 F 6A7F] M FEoNA, nested PCRE AHV-19]
Eo] ke g = Ao, in sitw PCRE AHV-1¢] 7
Zol A3t Nested PCRO] 1xF PCRS 3] & inner
primer %% o83t T ZEZHH L A7) wj &, 3 ¥
9] PCRAA TS AXE in sim PCRo] BT} RIZEE 7} Holx]
= "ol 7o Aldolt), AT, nested PCRS HUA A+
g 93td a7se 2] vlojgxe] ¥ o 71dd Alx
R HEE AFHFA Feh ", 2 7o) A
H, AHV-19) in situ PCRS AHV-19] B4 dF % Rghd
FEg o2 AR 4 9t} 7|Eo] BaE AHV-19] &
A A AE WHQ in site hybridization®] ZA o] wh=
A, detgdabde] AR M EAAMTE Bo] whgo] AFEUL
B OZ ZFoM AHV-1S A& Ralgod, ok gy
o] JIFE 2447 wiFEIS wol|of Pafola] Eo]

=

e AT F AT SET. ol¥E JI1Ee] A A
=, AHV-10] 298 &9 24U u]$ 2F& copy 2
EAdke A& AR, B 912 AW 3E o] 2
g AL & weiFa ok B A7 A, in siw PCRE
in situ hybridization Rt} ©-& vlo]gA Fro Z4dd Ax
Ex HETY 7 e =2 WEEE 7R Yo, e 7
d AEe] FeEH FE=E L= S 7L UUh

AHV-12 gamma herpesvirus24] Q3o ZEEE Ao
2 FARAT, ZERGoE HYA| ZAEFES AEo] ¥
3, o aglel o3f wlo]aArt FAsle] kA BE

| 8 Ao Bk HAgdd st g#A Rt AY
e Aol wEkA, FAa%e] AW AHV-10] A& ¢ 7
A Z e BRE AT AHV-1 in sie PCRS =5
&35 AR-E AoR dAgETh g, B Aol AEd
AHV-1 in situ PCRO] BT} @& ©o]&02, AHV-19] &744
A& A7 HRIE 7ol B8-S B IS AeE JidiEd.
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