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Viral DNA of unintegrated closed circular form was isolated from a swine kidney cell line (SKL) which
was infected with a porcine retrovirus Tsukuba-1 (PRetV) produced from a swine malignant lymphoma-
derived cell line, Shimozuma-1 and cloned using a A phage vector; Charon 21A. One of ten independent
clones contained the 8.3 kb DNA fragment as an insert, which was thought to be a full length of viral DNA
molecule carrying a long terminal repeat (LTR) sequence. We have analyzed this insert by mapping the
recognition sites of some restriction endonucleases by Southern blot hybridization with appropriate probes.
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1. INTRODUCTION

In [1] we showed the presence of a new porcine
retrovirus which was produced from the swine
malignant lymphoma-derived cell line, Shimozu-
ma-1. It was further found that the virus particles
contained a high-M; RNA of 70 S which was con-
verted to 35 S as a viral genome. It was therefore
necessary to isolate and clone the unintegrated
¢ccDNA of PRetV from infected cells for an
understanding of the molecular characteristics of
the viral genome.

As a continuation of our previous work, we
report here the first isolation of molecularly cloned
unintegrated ccDNA of PRetV from infected SKL
cells using ACharon 21A as a vector, and deter-
mination of the map for some of the restriction en-
donuclease recognition sites.

Abbreviations: kb, kilobase pairs; cDNA, DNA com-
plementary to viral mRNA; c¢cDNA, closed circular
DNA; PRetV, porcine retrovirus Tsukuba-1; SKL,
swine kidney cell line; LTR, long terminal repeat; EtBr,
ethidium bromide
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2. MATERIALS AND METHODS

The SKL cell line was originally obtained from
Dr A. Fukusho, National Institute of Animal
Health. Purification of PRetV and the viral RNA
were carried out as described [1,2].

About 10® SKL cells were infected with 20 ml
PRetV-containing supernatant from 16 h cultured
fluid of Shimozuma-1 cells. At 40 h after infec-
tion, the cells were harvested and unintegrated
viral DNA extracted by the method of Hirt [3].
The extracted DNA (Hirt DNA) was subjected to
CsCI/EtBr density gradient centrifugation at
48000 rpm for 46 h at 20°C in an SW 50.1 rotor.
After centrifugation, the position at which ccDNA
molecules would band was detected by dot blot
assay as described in [4], and then the DNA was
pooled and precipitated with 75% of ethanol.
Restriction cleavage sites of ccDNA were obtained
by 0.8% agarose gel electrophoresis after digestion
with several restriction endonucleases, following
Southern hybridization with PRetV[*’P]cDNA.p
(see below) used as a probe and autoradiography
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The mixture of linearized ¢cDNA generated by
the single cut with Xhol digestion (about 20 ng)
and ACharon 21A DNA cut with the same enzyme
(150 ng) was ligated with T, DNA ligase, then
packaged in vitro into infectious particles and
amplified by lytic growth of E. coli, DP50supF ac-
cording to Blattner et al. [6]. ACharon 21A used
for the in vitro packaging was a genetic variant
from original ACharon 21A [7]. The recombinant
plaques were screened on the plaque hybridization
assay until pure recombinant plaque was obtained.
The single recombinant plaque was finally pro-
pagated using E. coli as a host in an appropriate
growth medium. The nature of cloned DNAs was
examined by EtBr staining and Southern blotting
on agarose gel electrophoresis after digestion with
Xhol. The sizes of the restriction fragments from
the clone were computed from HindIII-digested A
phage marker in the gel. Further subcloning of
cloned PRetV DNA to plasmid vector, pBR322, of
which the Pwull site was converted to Xhol
{denoted pBR322xs01), Was carried out by a stan-
dard method [8]. The resultant subclone was
designated pPRetV8.3.

PRetV[**P}cDNA,, was synthesized from
PRetV RNA by the procedure of Taylor et al. [9]
for use as a probe. *?P-labeled PRetV ¢cDNA of its
5'-terminal region (PRetV[*’P]cDNAs) was
prepared from detergent-activated PRetV as in
[10]. By digestion with Sa/l and Xhol, two
fragments of 1.4 and 2.95 kb were created from
pBR322x501. 0.3 kb fragment was separated from
viral DNA insert by digestion of pPRetV8.3 with
EcoRV. These fragments were used as hybridiza-
tion probes after nick translation for restriction en-
donuclease mapping.

Restriction endonucleases were purchased from
Toyobo (Tokyo), Bethesda Research Laboratories
or Nippon Gene (Toyama, Japan). T4 DNA ligase
and bacterial alkaline phosphatase were from
Toyobo. (a-**P)-labeled deoxynucleotide triphos-
phates were from Amersham or NEN Research
Products. E. coli DNA polymerase 1 was obtained
from New England Biolabs. Reactions were condi-
tioned under those recommended by the suppliers.

3. RESULTS AND DISCUSSION

To isolate the unintegrated ccDNA of PRetV,
we extracted Hirt DNA from SKL cells infected
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with cultured fluid from Shimozuma-1 cells, a
spontaneous producer of PRetV, and obtained
DNA materials banded at the region of closed cir-
cular molecules on the CsCl/EtBr density gradient.
The DNA was electrophoresed on agarose gel and
subjected to Southern blot analysis with
PRetV[*?P]cDNA,., as a probe. As shown in lane
1 of fig.1, this DNA revealed a single band cor-
responding to a hybridization signal of approx.
5.9 kb in size. To confirm that this band is a kind
of closed circular molecule, the corresponding
DNA was digested with several restriction en-
donucleases. As shown in lane 2 of fig.1, digestion
of the DNA with Xhol gave a major band of ap-
prox. 8.8 kb. A faint hybridization band of about
2.7 kb was also observed. If the 5.9 kb band con-
sists of the sizes of 8.8 and 2.7 kb, the 2.7 kb band
should appear at approx. one-third of the density
of the 8.8 kb band. From estimation of the den-
sities of these bands, however, the ratio of the 2.7
to 8.8 kb band was approx. 1:17. This indicates
that the majority of the 5.9 kb had a unique Xhol
site and hence digestion with this enzyme produced
the 8.8 kb band. At that time, it was not clear what
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Fig.1. Identification of PRetV ccDNA. Lanes: 1, PRetV

ccDNA; 2, Xhol-digested PRetV ccDNA. The marker

DNA fragments (left) are wild-type ADNA digested with
HindlIII.
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the minor, moving band represented and investiga-
tion of this band was deferred. On the other hand,
digestion with other enzymes (EcoRl, BamHI,
HindIII and PstI) generated smaller hybridization
bands than 8.8 kb (not shown). Thus, we conclud-
ed that the 5.9 kb DNA isolated by the Hirt
method from infected SKL cells was the
unintegrated PRetV ¢ccDNA and use of the single
Xhol site was available for molecular cloning of
PRetV ccDNA.

The Xhol-digested PRetV ccDNA was ligated
into the same sites of ACharon 21A vector, then
packaged in vitro and amplified in E. coli as a
host. Fifty positive signals were obtained in the
primary screening of about 10° plaques. To deter-
mine whether recombinants contained DNA in-
serts of full size PRetV ccDNA, 10 positive clones
were purified by successive screening and the resul-
tant clones designated APRetV-1, -2, -8, -9, -10,
-11, -21, -22, -24 and -26, respectively. The DNA
from these clones was digested with Xhol, elec-
trophoresed on agarose gel and analyzed by EtBr
staining followed by Southern blot hybridization.
Fig.2A and B shows that all 10 recombinants car-
ried a single DNA insert and hybridized with
PRetV[*?’P]cDNAp. Of these recombinants, the
insert from APRetV-2 revealed a size of 8.3 kb.
PRetV ccDNA, however, had migrated at 8.8 kb
as a linear molecule cleaved with X#hol (fig.1). It is
well known that the retroviral LTRs have a wide
range in size from 0.33 to 1.33 kb [11]. One possi-
ble explanation for the discrepancy in size between
ccDNA and its clone is that the DNA insert may
correspond to a full length of viral DNA carrying
one copy of LTR, although the possibility that
0.5 kb of the Xhol fragments was deleted cannot
be excluded. The appearance of the various sizes of

Fig.2. Viral DNA insert in recombinants. DNAs of
recombinants were digested with Xhol and
electrophoresed on 0.8% agarose gel. They were then
stained with EtBr (A), and hybridized with
PRetV[*?P}cDNA,, as a probe (B). Lanes in (A,B): 1,
APRetV-21; 2, APRetV-24; 3, APRetV-26; 4, APRetV-22;
5, APRetV-2; 6, APRetV-8; 7, APRetV-9; 8§ APRetV-10;
9, APRetV-1 and 10, APRetV-11. In (A), the two bands
indicated by arrows correspond to the fragments of
ADNA arms for cloning. Lane 11 in (B) indicates Xhol-
digested PRetV ccDNA. In (C), recombinant plasmid
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(pPRetV8.3) digested with Xhol was stained with EtBr
after electrophoresis (lane 1) and applied to blot
hybridization with PRetV[*’P]cDNA., (lane 2). The
arrows in (C) represent the 8.3 kb viral insert subcloned
in pPRetV8.3. M in (A,C): standard markers of
Hindlll-digested wild-type ADNA.
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Fig.3. (A) Preliminary map of recognition sites for some
restriction endonucleases on the 8.3 kb insert in
APRetV-2. The thick lines represent the fragments
hybridized to PRetV[*?P]cDNAs". (B) Restriction
endonuclease map of PRetV c¢cDNA subcloned in
pPRetV8.3. Because of the lack of an Sa/l site on the
8.3 kb insert, nick-translated 1.4 and 2.95 kb fragments
from pBR322x01 digested with Sa/l and Xhol were used
as probes for hybridization. Sa/l-cut pPRetV8.3 was
partially cleaved with each enzyme on time course, then
electrophoresed on 1.2 or 1.5% agarose gel and
examined by Southern blot hybridization using the same
probe as above. In some cases, 0.3 kb EcoRV fragment
from the 8.3 kb insert was used as a probe.
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the DNA inserts may be due to defective provirus
or deleted ones during the cloning process.

Fig.3A shows a restriction cleavage map of the
8.3 kb insert in APRetV-2. To locate the position
of LTR sequences on this clone, we hybridized
each fragment generated by these digestions to **P-
labeled strong stop PRetV DNA. As shown in
fig.3A, this probe hybridized with fragments A by
Sacl or Kpnl digestion and fragment B by Sacl
plus Kpnl double digestion, suggesting the possible
location of LTR on fragment B generated by diges-
tion with Sacl and Kpnl.

To facilitate the construction of a finer map for
restriction endonuclease recognition sites, this
8.3 kb insert of APRetV-2 was further subcloned
into plasmid vector pBR322xs,1. The resultant
plasmid was designated pPRetV8.3 (fig.2C). The
map of cleavage sites was obtained by Southern
blot hybridization of single- or double-digested
fragments of the plasmid. The results are sum-
marized in fig.3B. Hpal, Xbal, Kpnl, EcoRV,
Nrul and Ndel gave a unique site on this insert,
whereas no site for Aatl, Aatll, Banlll, Bcll,
Miul, Pvul, Sall, Scal, Sphl and Stul was
observed.

In summary, we isolated the unintegrated form
of PRetV ccDNA from SKL cells infected with
PRetV and accomplished the cloning of the
ccDNA into ACharon 21A using a single site on it
for a restriction endonuclease, Xhol. Thus, this is
the first report of cloning of the PRetV genome.
The obtained recombinant fragment had 8.3 kb as
a viral insert (APRetV-2) and may correspond to
almost a full length of PRetV ccDNA carrying an
LTR sequence. The preliminary physical map of
the APRetV-2 insert also suggests a possible loca-
tion of LTR on fragment B generated by digestion
with Sacl and Kpnl. Subsequently, we constructed
the subclone, pPRetV8.3, harboring the 8.3 kb in-
sert in pBR322xx01 and determined 65 restriction
sites for the 18 endonucieases.

Direct involvement of PRetV in swine malignant
lymphomas has thus far been unclear. Molecular
cloning of the unintegrated PRetV DNA offers the
prospect of studying the structural organization of
the PRetV genome and its relationship with trans-
activating retroviruses (HTLVs [12,13] and BLV
[14]). These studies are also important for an
understanding of the pathogenicity of PRetV.
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