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=Abstract=

Detection of BLV Proviral DNA in Korean Native Goats Experimentally
Infected with Bovine Leukemia Virus by Polymerase Chain Reaction

Moo-Hyung Jun, Kyung-Soo Chang, Young-Sung Cho,
Jong-Hyeon Park' and Soo-Hwan An'

College of Veterinary Medicine, Chungnam National University, Taejon 305-764, Korea and
"National Veterinary Research Institute, RDA, Anyang 430-016, Korea

PCR amplication using the primers for gag, pol and env genes in BLV (bovine leukemia virus)
proviral DNA and syncytium assay were carried out for the Korean native goats experimentally
infected with bovine leukemia virus to investigate pathogenesis of BLV in the goats, and to
establish a model animal for BLV infection. The oligonucleotide primers used in PCR revealed
very high specificity. The minimal amount of FLK-BLV cellular chromosomal DNA to detect
the integrated BLV proviral DNA was 10 ng. The peripheral blood lymphocytes from the goat
infected with BLV were examined at regular intervals by PCR amplification and syncytium
assay. Pol or gag genes were detected in none of three infected goats at the 1st week post-
infection (p.i.). At the 4th week p.i, one of three goats showed the amplified gag gene.
Thereafter detection rates for the genes were increased, indicating that the BLV proviral genes
were integrated in all of the lymphocytes from three goats, at the 16th weeks p.i., when it was
evident in syncytium assay that the lymphocytes from all of three goats were infested with
infective BLV. Investigating the tissues from the necropsied goats at the 8th month p.i., the
amplified BLV proviral genes and infective BLV were detected in all of the peripheral
lymphocytes from three infected-goats. Among various tissues examined, the amplified BLV
proviral genes were observed in spleen and superficial cervical, mandibular and retropharyngeal
lymph nodes, and the infective BLYV, in superficial cervical and mandibular lymph nodes. It was
assumed that the Korean native goat was quite susceptible to BLV infection, indicating that the
goat could be a good model animal for BLV.

Key Words: Bovine leukemia virus, Korean native goat, PCR, BLV pathogenesis, experimental
infection
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FEPA LM o] BelA= bovine leukemia
virus (BLV)Z Rerroviridae©l 4331 85~120 nm
2712, plus (+) A7k RNA Sk G AALE
AE 7FAH, B4 74 2 proviral DNAZ & 4] 3}
5 oA 3 WEko 2 gag pol, env 2 pXBL
AAE 7FA 2 81t} [1~3]. ©] proviral DNAE Al
¥ chromosomal DNA®|| A& o] 234 d &
o7t FkF-A A} (oncogene)= JFA| 2 A &
o} [1~3]. BLVE B-97o F2 g3t A
EE UYPAA TS e, FEAY 2
o} AWk E Ao} human T cell leukemia viruse} v
- AT [1,2,7,8] 28 v AHEE AuEy
FolA Y, I 7E g FAF 9 A= oA g
A A eksket [1~3).

FUlol A= 1968 o] 5 E Hio thd o
2T} e FAEA e AL
[4~6], agar-gel immunodiffusion (AGID)¥] | ¢
A= Rid g TE2IALNA A A&
20~30%= B3 E vk glen [10], B9 iyl
o] £+ BLV glycoprotein antigen¥} core antigen
o] Az} ofo] e FAAATF L ok LAY
o] I E o] Mg ge] A Yt [5].

A2 5Bl 2ugyd olgd 22F 7
A35t7] 9@ polymerase chain reaction (PCR)3}
enhanced chemiluminescence 7]HE o] &3l
BLV provirus DNAZ &3 9| ¢ A8 & 83 0t
o). =3 A %5 [9]2 bovine leukosis tumor-as-
sociated antigen (BL-TAA)o] t] 3} monoclonal an-
tibody & #| Z3}11, o} & o] &3] A~ d F&F
HEE Solstd A& F Id5& Bustgo
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AN AEEAE o S
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Aepikekd]l BLVE AdAo= ZHEA
BLVY] th3l aA A5de 2 ddg HE
AGIDY, B A9 &4 A4 AE SAAY, B
Z 392 syncytium inhibition testE ©]-8 u}o]
B 2348, B-37 2 BL-TAAS 3
5& ol g3t AxE A, = APl
BLVol thal] 5o &5 gt

AA 52 BLVE AZHGAIZ] &= Ait
okl f) &) PCR 7] © 2 BLV proviral DNA2] ¥
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AP kS BLY 7 ANERId=R FHer] 9
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1. dioj2iA 8 Miaulet

Akokg 2o FA] & BLVE BLV persistently in-
fected fetal lamb kidney cell line (FLK-BLV)S] H]
FEAL ol g oM, PR Fo| 4N 8 S
9]3l infectious bovine rhinotracheitis (IBR) virus
(5% 10% TCID5/0.2 m)E FA)3FATh. Syncytium
assay (SA)lA RAMEZEZE F81 MEF (cat
cell containing murine sarcoma virus genome) 2
BGK A3 (AMAPLF AFANEFE FAI6H
t}. A) ) kS Eagle's minimum essential medium
(MEM, Gibco BRL, Grand Island, NY)el| -$-¢fo}
AL 1~7%5 A 718tm HYA A (100 IU/m),
AE#Enlo]Al (100 IU/ml) 2 A Elnte] Al (50
pg/mhE& H7bg WA E F2 o]&3tth Fél
M ZFol A= 0.25% lactalbumin®} 2 ug/ml &
% 9] polybreneg H7}sle] wj b5k

p=} =
2. SE™E

AS¥ (Capra hircus, 6-

AR oz H7Fg A
= o 257k dAwEF

10Kg, &) 5%
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Aoz ANH LR Yol g 42 shol
ot 283 Ficoll- Hypaque densitogradient ¥
o8 BAYRTE LA [4] E A2
@ AamrE A 34, 4% D 7 Qe
& AAT e Adekn ABF TG (PBS,

pH 7.2 el X sl s A4l stel M 25 856}
Hom 1-5%10° cellsyml FE2 23 s A3
o FAletth

4. DNAS| =&

Chromasomal DNA2] 3% 2 Gatei 5 [14]¢]
ol wet et gokeb, FujE HES

nuclei lysis buffer {10 mM Tris-HCI, 400 mM
NaCl, 2 mM EDTA (pH 82)]Z o] &3to] 23)a}
Rem, ojoja HELs)Ao 10% sodium do-
decyl sulfate 0.2 ml¥} proteinase K &4 (1 mg in
1% SDS-2 mM EDTA) 0.5 mlZ 7}3le] 37C A
18A1 7t A8t A A A3 &, 6 M NaCl 1 mlZ 7}
sho] 3o 94‘}1 S AAEY. 292
2 Vol9] delEzg 713te] DNAE HAA 7]
% 10 mM Trls-HCl—O.2 mM EDTA (pH 7.5)¢] &
Al F o™, DNA 555 Axo (Spectronic Genesys
S, Milton Roy, Rochester, NY)oll x| 22 &} t}.

S. Oligonucleotide primer2| &}A

PCR-§ primert= Sagata 5 [15,16]0] B 318 BLV

provirus sequence®] gag, pol 2 env gene % 2]
conserved region (sense 9 antisence sequence)
Goj] BAE AL S BeATLYG Bexy
% solgyenE P ARACH, 4
A+ Table 13} 2o}

6. PCRO|| 2|5t DNA = Z

4958 T2YRT e A 29
8] BLV proviral DNAS] &7 o] RZ ZAA}s}7)
H3lA 2 5 [8] & Maniatis 5 [17] & &&
shed 50 pl ’\1 Zelofl X el ke, &
%8 target DNAE 0.1~0.5 pg/50 pl, dNTPE= 2zt
2} 200 pM, 28] 32 primere 0.2 uM/S0 & 3 %
TER 3o, gag, env L pol A 2o o) 3t
primerg 77t AMgetg om, 2o wal 3 A
o] %8| primerE FAlol] Al&3E
plification-& A] &) 3}-$3 1, automated thermal cycler
(DNA thermal cycler 480, Perkin Elmer Cetus, Noru-
alk, CT)E A}-83t%t). PCRS] 7] % parameter®
E 95Tl 183} denaturation, 55T ol A} 3037t
annealing, ~1.2] 1 727C oA 3027t (v cycle w}c}
234 F7h) extentione 2 A3la, =Z cycled)
B4 19Aldl A 29-34 cycles, 29HA] o] 1 cycle
2M F 30-35 cycles® g om], 2dhA A=
55CHlA 2%, 72Tl A 482 wh-g-Ehgi ) PCR
Z 83 BLV 59| provirus DNA2] &A1& &9l 3l
71918 PCR FZAE 15~20 plol] ethidium bro-
mideE 7} ¥ 1% agarose geldl] A7) 538t}

multiplex am-

7. Syncytium assay (SA)

AdFE do3 33}4141011 24 5= BLVE
AZs7] Y& = e
3t F&stH %ﬂ— H TZAFGTE MEM

Table 1. Oligonucleotide primers used for amplification of BLV proviral DNA

Amplified Pri Location of primer Predicted length
region in rlnlsgr:ecégence in BLV genomic of the amplified
BLV genome sequence fragment (bp)
ag-p24 CTGACCTAGAACAACTTTGC 1109-1218 226
e8P GACGAGTAGGGAGATTTTTCC 1315-1335
ol (RT) GTGTCCTATATGGACGATATCC 2791-2812 506
p AGTCTGCAGGTATTGGCATCC 3367-3387
env-gp51 GTCTCCCAGATACACCTTGG 5042-5061 434
@ GAAGGTTCCCAACATATAGC 5457-5476
env-gp51 AGCCTTCAAATGCCTAAAGA 4812-4831 473
I AATTCCATGACATTGTTTGA 5266-5285
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Fig. 1. Specificity of oligonucleotide primers for BLV proviral genes in PCR amplification. A) Lane 2, 3, 4
and 5: FLK-BLV cells, showing amplification of gag gene (226 bp), Lane 1: lymphocyte of normal goat, Lane
6: IBR virus, Lane 7: BGK cells, Lane M: marker (AHindIII-+¢ X 174/Haelll digest mixture). B) Lane 1, 2 and
4: FLK-BLV cells, showing amplification of gag gene (226 bp), Lane 3 and 5: FLK-BLV cells, showing am-
plified env (434 bp) and gag genes by multiplex PCR, Lane 6: lymphocyte of normal goat, Lane 7: BGK cells,
Lane M: marker (¢ X 174/Haelll digest).

Table 2. Detection of BLV proviral DNA and infective BLV in the peripheral blood lymphocytes from the
Korean native goat experimentally infected with BLV by using PCR and syncytium assay

N ¢ A S Weeks after BLV infection

0. O ge, Sex

goats & Weights Treatments 1 4 8 16
PCR SA PCR SA PCR SA PCR SA

S5 dave FLK-BLV X
I 3 71{ ip-50 ml NN (O N/N 0 PP 0 PP 22
» /08 sc-20 ml
11 60 days " NN 0 NP O PP 12 PP 38
3, 9Kg
55 days
I 7. ke ” N/N 0 NN 0O NN 0 PP 142
v go fg{fg control NN 0 NN 0 NN 0 NN 0
v o 530’ c;"‘lg control N/N 0 NN 0 NN 0 NN 0

2 PCR was carried out using the primers for pol and gag genes: pol/gag. P= detected, N= not detected.
> Mean number of syncytium forming cells in each sample, estimated from triplicate.

A A M E F81 (3x10° cells/ml) multi-well cell Ao g shzl MR BEEE Fdor 3
culture plate (Falcon, 20 cm*well)ol] & &3 3 CO st th ¥hg-9] EojA 2 UdT E{ HEFA
2 B ek7] ol A 2441 7F v okt oS DEAE-dextran BLV A &AL 10%5 A A28l syncytium
£ (25 pg/ml) 0.5 mlE ¥ 1 37Col A 147+ P XA BEE BAsla] syt

2/ & MEM ®j=| 2 23] A& 33 1‘4

0.25% lactalbumin %3 polybrene (2 pg/ml)yS 23 U AA

1}6} HiA] 1 mlE 7T°}-T—’ EAl v " C{:!J'}‘:TL 1. Primere| 50| Al

Bl 1 me AEW S 37CAN U3 TE

Wkt 71 Giemsa @M-& 43 5lod syncytium & Gag, pol 2 env gene % Aol U3l oligonucleotide
A ARG du|4g o g #EEAT. olu 57 o] primer®] 50]4-3 &<¢15t7] #fa FLK-BLV Al
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Fig. 2. Detection of BLV proviral genes in the various tissues obtained from the Korean native goats ex-
perimentally infected with BLV by using PCR amplification. A) Lymphocytes from the goats at the 8th week p.
i. (Lane 3) and the 16th week p.i. (Lane 7, 8, 9) post infection, showing po! gene products (596 bp). Lane 1, 2,
4,5, 6, 10 and 11: lymphocytes from the control goats. Lane M: marker (¢ X 174/Haelll digest). B) The tissues
obtained at necropsy: Lane 1, 2, 3 and 5: superficial cervical lymph nodes of goat No I and II, showing am-
plified env gene, Lane 4: mandibular lymph nodes from goat No I, showing amplified gag gene, Lane 6: The
tissues showing negative reactions. Lane M: marker (¢ X 174/Haelll digest). C) The tissues obtained at necropsy,
showing amplified env gene (434 bp). Lane 2, 3 and 4: peripheral blood lymphocyte of goat No I, I and i,
respectively, Lane 5: spleen of goat No II, Lane 6, 8, 9 and 10: mandibular lymph nodes from goat No I, Il and
1T and retropharyngeal lymph node of goat No II, respectively, Lane 1, 7 and 11: The tissues showing negative

reactions. Lane M: marker (¢ X 174/Haelll digest).

E, AAWAF A9, BGK Al ¥3F 18] 3 IBR
vinsg FAlgte] PCRE Fastdt. 1 247
FLK-BLV A} Z oA 226 bp2] gag geneo| Eo]3}
A FE5J 1 (Fig. 1A), multiplex PCRo|AM =
gag gene¥} 434 bp2] env geneo| EA| o] ZE59)
o} (Fig. 1B). T3 596 bp2| pol gene (Fig. 2A)3}
473 bp2] env gene= FLK-BLV A ¥ o) & Eo]3}
A BZEH A

N FA AT & SEAE] ¥
2 2] ot 37 geneol] e primere] So]4do
A A At

2. PCRE| oiZt M

I

#y " PCRY ) o) 7% 753 DNAS 3
2%E 2337 Yél FLK-BLV A %¢] chro-
mosomal DNAE- 10 pg, 1 pg, 100 ng, 10 ng 2 1

ng §F o2 23t} PCRE A3 v} §¢42]
o7 ZIZNEE AHE § Y= DNA H4- 32
10 nge) 21 v}

3. BLV ZteiAlekol| CHEt PCR 2 SAA|E

(1) BLV &% 15-8F

FLK-BLVE 7 &3¢t 2heFoll A a3 g 2 x4 vt
ol thal pol gened} gag geneol|l TSt primersS
o] &3} PCR A| @AY (Table 2), FF3F 159 &
3% RE Aol 4—?3‘1]0115 AN A gag
geneo] HEH 1, I‘ﬂﬂr LIRS =2 N PR =
85 ol = IH 3} IIHH 4Fokol A pol gag geneo|
AZHY 1, AL SAo1len, 1655 HAL
oM e 35 BF pold} gag genee] HEE Ut
T3} syncytium assayol| A+ HEF 159 450
Me 25 S0 457 o I Ak, 12
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Table 3. Detection of BLV proviral DNA and infective BLV in the various organs from the Korean native goat
experimentally infected with BLV by using PCR and syncytium assay at necropsy at 8 months post-infection

BLV-infected goats Control
I I I v v

PCR® SA PCR SA PCR SA PCR SA PCR SA
Peripheral blood lymphocytes P 27 P 96 P 112 N 0 N 0
Liver N 0 N 0 N 0 N 0 N 0
Spleen N 0 P 0 P 0 N 0 N 0
Kidney N 0 N 0 N 0 N 0 N 0
Lymph nodes
Superficial cervical P 18 P 44 N 14 N 0 N 0
Mandibular P 0 P 11 P 56 N 0 N 0
Retropharyngea N 0 P 0 N 0 N 0 N 0
Mesentric N 0 N 0 N 0 N 0 N 0

@ PCR was carried out using the primers for gag, env and pol genes. P= detection of any one of three genes. N=

not detected.

® Mean number of syncytivm forming cells in each sample, estimated from triplicate.

T 1654 o= BLV 3% A%
FEAT (22-142). A7)
PCR3¥} SA A3 Oﬂ B

() BLV &% 874«

FLK-BLVE 353 4%E HE5 s/ Aol
Labstn ARV E AH s HA 2 S F gag,
pol ¥ env gene primerE 0]3-”5}'01 PCRE F3) 3}
A, A9A BLVY §32 sAa¥ o= 71239
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BLV= Retroviridaeo)| 43} RNA 3 A4S 7}
A v} replication cycle 38 5 Aok Al Lo Y5}
W reverse transcriptase®] Z+g-o| 2o}a] provirus

L

DNAZ #A 51, oA

& 22 A% 2] chromoso-

mal DNAY @ ske] 24230 Sol7he 44
S 7}741.1__ it [1,2,7,18,19]. BLV proviral DNA

ZH 2 FHo] 9lar, 8714 7= FAHH
‘;}Oﬂ 530 &4719] long terminal repeat (LTR)®] $J
31, Retroviridaeol]| &% 282 ZA)3+= F+2FA
[1,2,7,18,
group specific antigen < virus

=
L.
oy

F

2391 gag, pol 2 envE codingdtil gl
19]. Gag FA A+
core &-g coding3l 31, pol F-R A} reverse tran-
scriptaseZ, 18] a1 env - A= envelope glycopro-
tein2- codingdtt}. BLV proviral DNAC] &= 53

Al enve} LTRA}o)o|| pXBL A A2 codingd} il
AT} [7,20]. 27 ©] ORFE Zt= o] FrA A& HAL
A3l olzle) 3t tax9} RNA processingS A
ofgte @¥l& A dE rex FHAE 7HAH o
% A X+ human T cell leukemia virus (HTLV)

W 35402 Bl S5 A2 ud

A 3t [1,2,7].

BLVE= & dofA] QI F4 /*é
A Al BAH
oo thgh ek} o5 Oﬂfﬂ
Ped 1, E3] 2= BLV, HTLV % human
viruses Atolell A} 3
$AHo] Eohe ARol wEWezH BLVO
W Be A7) ol FolAn Ak (27.821) &
ATl e BLV tigh &= Aefbde] A4
A3 HAZ AL A s, AAge 28 2d

%22 0|88 & YEAE THI] o8l PCR

Zx:
L
=1

immunodefficiency
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oF gt} [17].
@ oll A AL-8-3F primers9} PCR %712 Fig,
1°ﬂ’\1 7)< % vieb o] BLVZE 2+ so] gl&=
FLK Al Z 3o A% BLV §AA7) BolatA =
250} Solye] Wlg L AoE AFAA,
thxulo] g A2 HTLVLY} avian leucosis viruseh
2ol A ddol FALE ubolgl o] Wiat &
o] 4 A1 @3} Southern blotting2 3t PCR pro-
ducts®] A4 EAAFo} FEwjojof &l ut, 2
AN M e 47FA] primersE thoFelAl L8380
2 0l BAE IR0k S, & 4Y
oj-£¥ PCRe] @ z+Ad 2 FLK-BLV Ak 10 ng
HdAzadAd ez Vel chromosomal DNA 3
proviral DNA2] ke ¢k 107 * =2 §25 )

A giAreFe] BLY 7Hgel tigk raa e
Z 5 [6] 2 o] & [4]c] €A ALt 3 ol 3}
4 49% Boa 2@ v Ak 2y 2
1% ol 4] PCRE 3} SAR [22]2 W el 5ha] 438 51
it PCRY S i = A% 454 28 2w
Fol BLV 9jate] A2 9S00, SAY O 2t 9
T 8FA o] w)2kg AR O] A =HAom, 7
A 1650l 3% L5 pold} gag genee] PCR
o e, SAY) o ek oF
< (22-142)0) J&zggm BLV proviral DNAS]
244 BLVY #HZoE o 45 H o]
7} hthe= AR o] B Qi

Ohtsu 5 [23] Corridales} SuffolkE kol
BLVE HZF8I5 & o 2~4d0] A S0 o
H5F ool #HAHUY T Hug vl glon
QJ]_OC}:_S__ BLVoﬂ z.}/“}ﬂ 01 }-X]— O AFER o]
e AH 3T (24 B AQolN BLY BEF
SREA ] AUEAD ke S ¥a2
G4 Bolg wWvo] BATA Beinh 4 9]
Y BLV G A B E ZALE v} (Table 2) 229
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g tell = ASFed A BLV proviral DNASH 744
A BLVZL i H ot} 7h v A 2 Al Z o A=
I Akekel wgg Aostne AEHA %3
o 3 o] e Ao AR
A, ot utdoA FRIETL EdTh g
359 AbeF = I Abeko] A7 BLV HEHl ¢
7b 7h g skoh ol b e A Ao T2
QutTo A 42 o 2 BLV proviral DNAZ 7
2% F Uve AR AFAME F o)A A
@ BLVe) 2237 7o) YAv|del Fa
T REE AT AL Fud T 4
24} (8] =3 o] 5 [4o] BLVel 4FGE
SFolq HEF 127197 E BLTAA 4 ol
7t 27bsba 1849 A5 TEHze] Ba
%132, bovine leukaemia-tumor associated antigen--
742 A3, surface Ig A3 A £9) B-9) 379
F7t FhE e Aol dtkn B A} b
W& o) PCR7|Y 9 2]3} proviral DNA 7 EH &
gou & Arpdo) s Aol n Alg"Th

%.‘r

< AN@dF o] oz Aok tig BLVY
Z2AY AFA2E FEACE & F UL, A
Hatd2 BLV ZEA PRI R o] &d & U
ol A=A 2t Aeadge] BLV g
Hof FEPUE Lod=A qdRE FAs)
A e Bk F714 < FkA el addct
g B

8k A 2 Akekoll bovine leukemia virusE 1%
ZE A1 7] 2 PCRY 7} syncytium assay (SA)H 22
#7172 2 A7 2 BLV proviral DNAS 4%
3ti €4 BLVE 54 3o24 BLVY| A
A dg WA7IMS Bela, BLV ZEAE
2dE 893ty A 7111}‘32 dur 4«
o A Eg FYstod o2 22 s Ayt

1) PCRe] A}&%  oligonucleotide primerse
BLV?] gag, pol & env genedl] W3] EojAo] &
gtow, FLK-BLV A| 9] chromosomeo] £
BLYV proviral DNA 2 &%= 10 ngoj .

2) BLVe| A3 8oz 7| Areke] w9l s
ol 3l PCR¥ 7 SAY ©.2 BLV 7l A 2
A2 bk PCRYCIA & HEF 15740 A7
F7b eI, 45 35F 150 gag
geneo| AEHY A, 8FR A& 3%F 2% 181
165 o] = 357 Rl 4] pol == gag geneo] 7
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9o, SAY M= HEF 8TANE 4
4 BLVZ} A& A1, 165A e D547} 22-
1429) 4% &< eI,

HAHAST NEA N =dd RE G T2
< 1}-ofl 4] BLV proviral DNA 2 7,.}%‘ A BLV7]—
Aedgon, A7Eees ¥R
otetlotd 9 9 FA 55 «4@_011*1 BLV pro-
viral DNA 2 BLV7F A &5 1, 4494 BLVE

Aydshast st saols AgHch 2,
Ayg 2 A E 7 EAA gt
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