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Some characteristics of a porcine retrovirus from a cell line
derived from swine malignant lymphomas
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The characteristics of the enzyme of porcine retrovirus from a cell line derived from swine malignant
lymphomas fit with the template specificity and divalent cation requirement for reverse transcriptase. It is
further found that the virus particle contains a high molecular mass 70 S RNA as viral genome.

Template specificity

1. INTRODUCTION

In a preliminary report of some of our data {1},
it has been shown that a cell line derived from
swine malignant lymphomas (Shimozuma-1) pro-
duces spontaneously virus-like particles with type
C appearance by electron microscopy, with den-
sities of 1.15—1.16 g/cm’ in a sucrose gradient and
with reverse transcriptase activity measured by
poly(rA):oligo{(dT). This virus is referred to as
porcine retrovirus Tsukuba-1, but the biochemical
properties of its virus have not yet been demon-
strated. In general, reverse transcriptase of RNA
tumor viruses has a greater preference for poly(rA):
oligo(dT) over poly(dA):oligo(dT) as template/
primer [2]. However, poly(rA):oligo(dT) is also
the effective template/primer for DNA polymerase
«, B, and v [3,4], whereas viral reverse transcrip-
tase can use efficiently poly(rC):oligo(dG) or
natural poly(A)RNA(mRNA) [5,6]. Therefore,
appearance of an enzyme with the ability to use
these templates confirms the existence of viral
reverse transcriptase. On the other hand, since a
number of retroviruses contain RNA of high
molecular mass {7,8], genomic RNA should exist
in the virus particle. Here, we describe some
characteristics of a reverse transcriptase and viral
RNA of porcine retrovirus,

Divalent cation

Viral RNA

2. MATERIALS AND METHODS

The virus particles were obtained by methods
previously described [9] from the culture fluid of
Shimozuma-1 cells derived from swine malignant
lymphomas [1]. The culture fluid (11) was
sedimented to a cushion of 20% glycerol in STE
buffer {10 mM Tris-HCI (pH 7.6), 100 mM NadCl,
1 mM EDTA] and the pellet was subjected to
isopycnic centrifugation in preformed gradients of
15—-60% sucrose in STE buffer. The band of virus
at densities of 1.15-1.16 g/cm’® was pelleted,
dissolved in an appropriate volume of STE buffer
containing 50% (v/v) glycerol and stored at
~20°C. The viral RNA was prepared as in [10].
The virus pellet was suspended in STE buffer con-
taining 0.5% SDS, 0.01 M EDTA and 200 xg pro-
teinase K, then incubated for 1 h at 37°C. After
2-fold phenolization, the RNA was layered onto a
gradient of sucrose (15-30%) in TE buffer
[10 mM Tris-HCl (pH 7.6), 1 mM EDTA] contain-
ing 0.1% SDS, and then centrifuged in an SW 50.1
rotor at 48000 rpm for 90 min at 20°C. The viral
RNA was finally dissolved in sterilized water and
stored in liquid nitrogen. Rat liver mRNA was
isolated from rat liver polysomes as in [11], by the
SDS-proteinase  K-phenol  procedure  and
oligo(dT)-cellulose chromatography [12]. Syn-
thetic templates and primers, AMV reverse
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transcriptase, [°’HJdGTP and [PH]dTTP were ob-
tained commercially.

3. RESULTS AND DISCUSSION

It has been shown that globin mRNA carrying
oligo(dT) to the poly(A) strand of the 3'-end of
mRNA is an excellent template for reverse
transcriptase [15]. To demonstrate that the virus
produced by Shimozuma-1 cells can use mRNA
template for reverse transcriptase, we studied the
utilization of rat liver mRNA by the viral enzyme.
Table 1 shows that full activity is dependent on the
presence of the template, primer, the virus particle
and all 4 deoxynucleotide triphosphates, but is
markedly inhibited by RNase. Actinomycin D par-

Table 1
Response of DNA synthesis by virus particles

Conditions PH]dGMP or
PHIdTMP
incorporated
(dpm/tube)
Complete 7457
— oligo(dT) 1197
—rat liver mRNA 1705
— virus particles 570
—-dCTP 778
+RNase A (10 xg/ml) 524
+ actinomycin D (50 #g/ml) 3394
+ poly(rC) : oligo(dG) 66031
+oligo(dG) 950
+ poly(rA): oligo(dT) 45320
+ poly(dA): oligo(dT) 850

The complete reaction mixture for DNA polymerase
assay contained in 50 z}: 50 mM Tris-HCl (pH 8.3),
50 mM KCl, 8 mM MgCl,, 10 mM dithiothreitol,
0.025% Nonidet P-40, 0.5 mM each of dATP, dCTP,
and dTTP, 0.05 mM [PH)dGTP (1 £Ci), 3 xg rat liver
mRNA,; 1 «g oligo(dT), appropriate amount of the virus
suspension. Rat liver mRNA and oligo(dT) were
annealed previously for 3 min at 60°C. The reaction
mixture with synthetic template/primer contained:
50 mM Tris-HCl (pH 8.3), 50 mM KCl, 4 mM MgCl,,
0.05 mM [PHJAGTP or [PPHIATTP, 14g synthetic
template or 0.5 g primer/virus suspension. The
reaction was carried out for 1 h at 37°C. Labeled
products were precipitated with cold 10% trichloroacetic
acid and the radioactivity was measured
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tially reduced the reaction, suggesting that it did
not proceed further than the DNA:RNA hybrid
under the conditions used. The slight activity in the
absence of mRNA is probably due to priming
oligo(dT) hybridized to endogenous viral RNA in
the virus particle. Such endogenous DNA synthesis
was less efficient (not shown), in contrast with the
exogenous templates. The viral enzyme responded
highly to poly(rC):oligo(dG) as well as to
poly(rA):oligo(dT), but was inactive with
poly(dA):oligo(dT). Oligo(dG) alone gave no ap-
preciable activity. It is clear from this table that the
viral enzyme is a reverse transcriptase and distinct
from cellular DNA polymerases [3,4].

Since the stimulation by Mn?* is a characteristic
of most viral reverse transcriptases [16,17], except
that reverse transcriptase of bovine leukemia virus
(BLV) has an absolute requirement for Mg>* [18],
it was of interest to study the dependence on
divalent cation concentration of DNA synthesis by
the virus particle. As shown in fig.1A, the mRNA-
directed DNA synthesis occurred well either in
Mn?* or Mg?*, but slightly preferred Mn?* to
Mg**. The reaction displayed a sharp optimum at
0.1 mM Mn?*, whereas the optimal Mg?* concen-
tration varied from 6 to 10 mM. These results are
similar to those reported for other type C viral
reverse transcriptases [16,17]. In contrast, as
shown by fig.1B, when poly(rC):oligo(dG) was
used as template/primer, the preference switched
from Mn®* to Mg?>* and the optimum for Mg>*
was found to be between 1 and 4 mM. Although
the reason for this reversal is not clear, differences
in the properties of homo- and hetero-polymers
presumably affect the divalent cation re-
quirements. Such a reversal has also been observed
with reverse transcriptase of human T-cell
leukemia virus (HTLV) {19].

To demonstrate the nature of the product syn-
thesized by the virus particle, CsSO, density gra-
dient analysis of the product was carried out as
shown in fig.2. Most of the labeled products lie in
an intermediate position between RNA and DNA
densities (1.56 g/cm®), suggesting that the product
is a DNA:RNA hybrid. After alkaline treatment,
the majority of the product shifted to the region of
DNA density (not shown).

Retroviruses contain single-stranded 70 S RNA,
which sediments at about 35 S after denaturation,
and slow-sedimenting RNAs [7,8]. As shown in
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A. Rat liver mRNA
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B. Poly(rC):oligo(dG)
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Fig.1. The effect of divalent cations upon DNA polymerase activity of the virus particle. The assay was the same as
in table 1, except that divalent cations were added as indicated in the figure. Rat liver mRNA in (A} or
poly(rC): oligo(dG) in (B) was used as template.

fig.3A, the RNA from the virus particles yielded
two components upon sedimentation, The first
component sedimented in the vicinity of the 70 S
area and slow components in the vicinity of the
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4--28 S areas. When the 70 § area was recentri-
fuged in a sucrose gradient and then agarose gel
electrophoresis carried out, it can be seen in fig.3B
and C that the viral RNA migrated in the 70 S
position as single bands and was converted into
about 35 S by treatment with dimethyl sulfoxide.
Consequently, the size of the viral RNA was found
to resemble that of the RNA genomes of other
retroviruses [7,8]. Table 2 shows the DNA syn-
thesis directed by the 70 S RNA with AMV reverse
transcriptase. Evidently, the 70 S viral RNA is an
active template primed by oligo{(dT), indicating the
presence of RNA-containing poly(A). The remain-
ing activity without oligo(dT) may reflect priming

P Ty

Fig.2. Cs2S0, density gradient analysis of the product
synthesized by the virus particle, in response to rat liver
mRNA. The DNA synthesis was done as in table 1,
except that the reaction was scaled up to 4-fold volume
and contained 10 g actinomycin D. The product was
purified by the SDS-phenol procedure. The density
gradient was performed by mixing the product with
Cs:80, at a density of 1.15 g/cm® and centrifuging this
mixture in an SW 50.1 rotor at 33000 rpm for 66 h at
15°C.
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Fig.3. Sedimentation analysis and agarose gel electrophoresis of RNA from the virus particle. (A) The sucrose gradient

centrifugation was performed as described in section 2. The absorbance of each fraction was measured at 260 nm. (B)

70 S area from (A) was sedimented as in (A), and fractions were electrophoresed in 30 mM Tris-acetic acid (pH 7.8),

2 mM EDTA buffer [13] on 0.8% agarose gel. (C) 70 S RNA from (B) was electrophoresed in 10 mM phosphate buffer

after denaturation with 1 M glyoxal and 50% (v/v) dimethyl sulfoxide for 1 h at 50°C [14]. Ribosomal 28 S and 18 S
RNAs and MS2 RNA were used as markers.

by trace oligonucleotides in the RNA preparation.
RNase destroyed the template activity,
In summary, the virus particle from

Table 2
Template activity of 70 § viral RNA

Conditions [*H]dGMP
incorporated
(dpm/tube)
Complete 14082
—70 S viral RNA 314
—oligo(dT) 1879
+RNase A (10 xg/ml) 215

The DNA synthesis was carried out as in table 1, except

that the complete reaction mixture contained 0.5 g of

70 S viral RNA from fig.3A, 0.5 xg oligo(dT) and 3

units AMYV reverse transcriptase instead of the virus
particle

Shimozuma-1 cells had the following properties: (i)
Its enzymatic properties correspond to those of
viral reverse transcriptase. (ii) Its enzymatic pro-
duct was a DNA:RNA hybrid. (iii) It contained
viral RNA of 70 S which converted to 35 S. (iv) Its
viral RNA had template activity primed by
oligo(dT). (v) It showed type C appearance by elec-
tron microscopy. (vi) Its density in a sucrose gra-
dient was 1.15~1.16 g/cm®. From these observa-
tions, we can conclude that the swine cell line
(Shimozuma-1) produces a new porcine retrovirus.
Direct involvement of the porcine retrovirus in
leukemogenesis remains obscure. Since recent
reports show some similarities between HTLV and
BLYV with respect to the genetic structure of their
proviral DNA [20--22], these findings will be infor-
mative in the genetic characterization of viral DNA
of lymphoma-derived porcine retrovirus and in the
understanding of leukemogenesis by this virus.
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