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ABSTRACT

Synchronized cat kidney cells chronically infected with Feline leukemia virus (FeLV) were
used to study virus production, the synthesis of group specific antigen (gag) and envelope (env)
proteins, the expression of env protein on the cell surface during the cell cycle, and the stability
of viral RNA. As detecting method, we developed the radicimmunoassay(RIA) system using
beta-emission of 3] and demonstrated the validity of this system by comparison with routine
RIA system using gamma-emission of '2°. The produced virus was analysed by developed RIA
system and the amount of virus released into the medium by synchronized cells during a 60min
interval was determined by measuring reverse transcriptase activity. The results show that
infected cells produce the complete virus particle containing products of gag, env and pel genes
of FeLV, and maximum virus production occurs during mitosis of synchronized cells. Labeling
of the cell surface of synchronized cells with !*I shows that the amount of gp70°"* on the cell
surface parallels cellular growth. Therefore, the cell cycel-dependent release of virus is not
accompanied similar variations in the amount of viral envelope protein on the cell surface. Com-
petition RIA of synchronized cells with '¥![-labeled viral proteins was used to measure viral pro-
tein synthesis during the cell cycle. The rate of synthesis of gag protein shows three peaks, cor-
responding to the G,, late S and late G, phases of cell cycle. But the rate of synthesis of env
protein dose not change, suggesting that in these cells the synthesis of these two gene products
is controlled seperately. In Actinomycin D treated cells, the synthesis of viral proteins decreased
sharply from 8 hours after treatment, and the late S and G; peaks of gag protein synthesis were

disappeared. This shows the stability of viral RNA for about 6 hours in the absence of continuing
viral RNA synthesis.
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INTRODUCTION

RNA tumor viruses confain a single-stranded
diploid RNA genome which is positive strand-
ed and approximately 9,000 nucleotides long
(sedimentation value 38S) (Baltimore, 1974;
Beemon, 1977; Fan, 1977). This 388 RNA
codes for three classes viral structural prote-
ins: the internal structural proteins(products
of the gag gene), envelope glycoproteins(pro-
ducts of env gene), and reverse transcriptase
(product of the pol gene) (Baltimore, 1974).
In addition, viruses that morphologically trans-
form fibroblasts encode a protein for this
transformation(a product of the src gene) (Pu-
rchio, et al., 1978; Erikson, et al., 1978; San-
tos, et al., 1982; Esther, ef al., 1982). No
cother viral proteins have yet been identified,
although it is possible that nonstructural viral
proteins could exist.

The patterns of synthesis and expression of
viral components in syncronized mouse and
chicken cells chronically infected with retrovi-
ruses have been shown to vary during the
cell cycle(Cikes and Frieberg, 1971; Humph-
ries and Coffin, 1976; Leong, et al., 1972; Na-
so and Brown, 1977; Paskind, ef «f., 1975;
Schauf and Panem, 1976; Balazs and Caldarell
a, 1981).

This report examines the pattern of synthe-
sis of FeLV gag and env proteins, the expres-
sion of euv protein on the cell surface, and
virus production during the cell cycle and the
stability of viral RNA in FelLV infected cat
kidney cells.

Radioimmunoassay developed by Yalow and
Berson(1956) is the very sensitive method
which can detect below nanogram quantity of
particlular molecules in heterogeneous sample.
RIA has been more sophistigated by introduc-
ing various efficient iodination methods(Green-
wood, ef al., 1963; Marchalonis, 1969; Pamela
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and Speck, 1978) and RIA has became indispen-
sible to the endocrinologists and the virclogists.
Radioisotopes used for RIA are mainly ! and
¥ 1, but recently '*] usage is preferred be-
cause of several physical advantages. Consider-
ing that there is no supply of '] in Korea
and ™1 is not only gamma-emitter but also
beta-emitter, we developed the RIA system
usin.g beta-emission of I and demonstrated
the validity of this system to study the viral

gene expression in this report.

MATERIALS AND METHODS

Thelian strain of FelV
which was used for purification of viral prot-

Cells and viruses,

eins and for infection was grown in a cat
embryo cell line(FL-74).
new born domestic cats were infected with

Kidney cells from

FeLV and Feline sarcoma virus(FeLV) and
transformed cells were maintained in Eagle’s
minimal essential medium supplemented with
10% new born calf serum.

Purification of virus and viral proteins. The-
lian strain of FeLV was grown in a monolayer
culture of a cat embryo cell line(FL-74), and
purified by two cycles of sucrose density gra-
dient(Rho and Gallo, 1979).
purified FeLV was disrupted by incubation at
37°C for 30min with buffer containing 0. 05M
Tris-HCI(pH 8.9), 0.01M EDTA, 1M NaCl,
and 0.5%- Triton X-100, and then centrifuged
at 30,000rpm for 30min. The supernatant was
dialysed against 0.01M N, N-bis(2-hydroxye-
thyl)-2-aminoethanesulfonic acid-NaOH at pH
6.5, 0.00IM EDTA, and 0.1% Triton X-100
at 4°C for 18 hr, and loaded on a phosphocellu-

Around 2mg of

lose column(pll) equlibriated with the same
buffer. Proteins were eluted with 0.0-1.0M
linear KCI gradient and the elution patterns
of p30 and gp70 were determined by radioim-
munoassays (Stepheson, e al., 1976; Hino, ef
al., 1977).
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Purified viral

proteins were radiolabeled with 1285 gr '] by

Iodination of viral proteins.

the chloramine-T method (Greenwood, et al.,
1963). The viral proteins (lug) were labeled
in a 100/ reaction mixture containing 1mCi of
125] (New England Nuclear) or "I and 50ng
of chloramine-T. The free iodine and labeled
proteins were seperated by gel filtration with
Bio-Gel P-10 column(Rho and Gallo, 1980).
The radicactivity of 1] was measured by
Packard gamma-scintillation counter and that
of [ measured in scintillation fluid by Pac-
kard Tri-Carb liquid scintillation spectrometer
adjusted C-D channel at 5% amplification thr-
oughout these studies.

SDS-PAGE analysis.
were analysed on the 10% slab gel and stained

Purified viral proteins

with Coomassie blue as described by Laemmii
(1970). lodinated viral proteins and immune
precipitates were analysed on the 10% cylindi-
cal polyacrylamide gel containing 1% sodium
dodecyl sulfate. After electrophoresis, the gel
was sliced into 2mm and the radioactivity was
determined.
Radioimmunoassays. Radioimmunoassays
were performed by the double antibody me-
thod as described(Rho and Gallo, 1980). Serial
two-fold dilutions of goat antisera were incu-
bated with iodinated proteins(approximately,
15, 000cpm) for 2hr at 37°C and further over-
night at 4°C A 20-fold excess of anti-goat rab-
bit serum(Cappel Inc., Pa.) was then added
and incubated 2hr at 37°C followed by lhr at
1°C The incubation mixtures were diluted to
1m/ with buffer and centrifuged at 8§, 000 rpm
for 4min, and the percent radioactivity bound
in the pellets determined by gamma-and beta-
counters. In competition radioimmunoassays,
serial dilutions of competing antigens were
preincubated with a limiting amount of anti-
the labeled

proteins before addition of the labeled antigens.

sera capable of precipitating of

Further steps of the procedure were the same
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as described above for standard radioimmure
precipitations. In quantitative radioimmunocas-
says, the known amount of competing antigens
was used.

Cell synchronization. Nearly confluent cul-
tures of FeLV-infected cells were synchrcnized
by mitotic arrest with 0.03,g/ml of Colcemid
(Naso, et al., 1967). After 3hr treatment,
cells were suspended in complete growth me-
dium withcut drug and seeded in petri-dishes
at 1-hr interval. Cell cycle was examined by
pulse-lakeling of synchronized cells with [*H]-
thymidine (5:Ci/ml).

Virus aseaye. Synchronized cells were rinsed
twice with warm medium and allowed to grow
for additional 1hr and medium was removed
and cleared of cells and debris and then virus
was pelleted by centrifugation at 50, 000rpm
for 30min. The amount of virus was determ-
ined by the reverse transcriptase assay(Rho
and Gallo, 1980). The pellet was suspended in
0.1m! reaction mixture containing 50mM Tris-
HCl(pH 7.9), 1mM DTT, 0.05mM MnCl,, 0.
019 Triton X-100, 20% glycerol, 10ug BSA,
1ug of poly(A)-oligo(dT), 15uM of [*H]-TT
P(50Ci/m mol). The reaction mixture was in-
cubated at 37°C for 30min and the synthesized
polymer was measured on Whatman DEAE-
cellulose (DE-81) paper disks.

Cell surface labeling with ©*'I. Synchronized
cells were collected from flasks at 1-hr inter-
val, washed with phosphate-buffered saline,
and radiolabeled with '*'I by iodogen method
(Pamela and Specks, 1978).

RESULTS
Purification of viral proteins. Since the pu-
rity of antigens is the critical factor which can
determine the sensitivity of RIA, the eluted
gpT0(0. 15~0.20M KCI) and p300. 3~0. 4M
KC!) frcm phesphocellulese(pll) column were

analysed by polyacrylamide gel electrophor-
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esis in the presence of 19 sodium dodecyl
sulfate. Asshown in Fig. 1 and inserted figure
in Fig. 4, gp70 and p30'were bresented as
one band corresponding to molecular weight
70, 000 and 30, 000 respectively, and the purity
appeared to be greater than 90% pure. These
purified FeLV gp70 and p30 were used as an-
tigens for RIA throughtout these studies.

Fig. 1. SDS-polyacrylamide gel electrophoresis of
FeLV gp70. Purified FeLV gp70 by phospho-
cellulose column was subjected to electrophoresis
on a 10% slab gel, and the gel was stained with
Coomassie blue. The following proteins were
used as markers: bovine serum albumin(BSA)
(68,000) : ovalbumin(Oval) (45,000): chymotry-
psinogen(Chy) (25,000): RNase A(i4,000).

Comparison of RIA system using beta-emiss-
ion of '] to RIA system using gamma-emission
of I, We developed the RIA system using
beta-emission of ! to study the viral gene
expression. As descrited in the Methods, the
beta-emission of '*'] was measured effectively
by liquid scintillation counter adjusted C-D
channel at 5% amplification. To demonstrate
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the validity of this developed RIA system, we
compared specific activity, gel filtration profile,
immunoprecipitation pattern, and SDS-PAGE
analysis pattern of '*I-labeled FeLV p30 with
those of ™'I-labeled p30.
sensitivity and the efficiency of this system in
competition RIA were compared to those of

Furthermore, the

RIA system using !25],

First, purified p30 was radiolabeled either
with '5[ or "I, and were seperated frcm free
iodine by Bio-Gel p-10 column. Gel filtration
profiles of either '**[-or 3'I-labeled p30 obta-
ined by the radioactivity of 50u aliguot of
each fraction (Fig. 2) were the same in both
system. For Further characterization of each
fractions, we immunoprecipitated with anti-p30
gcat serum. As shown in Fig. 3, the immun-
oprecipitation pattern demonstrated that only
9th fraction had labeled p-30 in both system.
About 100, 000cpm of '?5[-and '*'[-labeled p30
were precipitated by 10% TCA and were ap-
plied to 10% cylindrical polyacrylamide gel at
2.5mA/gel. As presented in Fig. 4, the labeled
probes migrated as a single, sharp peak of
30, 000 molecular weight in both system where-
as "¥-labeled p30 were slightly lower in rad-
iozctivity than '*I-labeled p30 because of quen-
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Fig. 2. Gel filtration profiles of iodinated p30. lodi-
nated £30 with '*I(@) and BU(D) was sepera-
ted from free iodine by Bio-Gel P-10 column.
Fadioactivity of each fraction was counted by
beta- and gamma-counter as described in the
text.
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ching effect in counting the gel. Furthermore,
the specific activity of '®[-and '*'[-labeled p30
were very similar. In subsequent experiment,
we checked the ability of anti p20 goat serum
to precipitate **I-and '"®!I-labeled p30.

RADIOACTIVITY (CFM 2 104}

FRAUTION NUMBER

Fig. 3. Immunoprecipitation patterns of gel filtra-

tion fraction. 2yl aliquot of each fraction was
immunoprecipitated with anti-p30 serum as des-
cribed in the text. The precipitates (ppt) (@)
and supernatants(spt) (O) of %] were counted
by gamma counter as so ppt(A) and spt(A) of
131] counted by beta-counter.

As illustrated in titration curve(Fig. 5. A),
the antiserum titer which could precipitate 50%
of labeled p30 were the same (1 : 2,500) in
both system. Using this titered antiserum, com-
petition RIA of labeled-p30 with disrupted

FeLV were performed to evaluate for their
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Fig. 4. SDS-PAGE analysis of *I-and 3!-labeled
FeLV p30. lodinated p30 with !*I(®) and
1I(O) was diluted to radicimmunoassay buffer
and around 100,000cpm of labeled p30 was ap-
plied to 109 cylindrical polyacrylamide gel at
2.5mA/gel. After electrophoresis the gel was
sliced and the radioactivity was measured. The
inserted figure shows SDS-PAGE analysis of
purified FeLV p30.
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ability to comgete for limiting amounts of anti-
p30 serum.

As illustrated in Fig. 5.B, the competition
was started at the presence of subnanogram
quantity of competing antigen in both system
but the sensitivity of developed system was
lower than that of RIA system by *I. How-

ever, this degree of sensitivity acquired by
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Fig. 5. Competition radioimmunoassay for !25]
-and ¥*!I-labeled p30 with disrupted-FeLV.
Around 10,000cpm of #5I(@) and 2H(O)
-labeled p30 were incubated with the kno-
wn amount of disrupted-FeLV in the pre-
sence of 50% precipitable anti-p30 serum.
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this system is enough to study the viral gene
expression. :
Immunological analysis 6f viral particles pro-
duced from FeLV-infected cells. When cultures
were positive for virus production, we tested
the pelleting virus particles for its complete-
ness with RIA. The virus pellet disrupted by
Triton X-100 were used as competing antigen,
competition RIA was performed in the pres-
ence of "I-labeled p30 and gp 70. In Fig. 6,
we observed the effective competition of virus
particles with p30 and gp70 and therefore
knew that the FeLV-infected cells produced
complete virus particle containing products of

gag, env and pol genes of FelV.
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Fig. 6. Competition radicimmunoassays of virus par-
ticles produced from FeLV-infected cells with
FelLV p30 and gp70. Around 10,000cpm of 13!]-
labeled p30(A) and gp70(®) were incubated
with serial two-fold dilutions of viral particles,

Virus production during the cell cycle. Medi-
um was collected from synchronized cells at
hourly intervals, and the amount of virus pro-
duced during the cell cycle was quantitated
by measuring the reverse transcriptase activity.
The result indicated that in infected cells the
maximum rate of virus production occured
during the first hour after post release and

during an interval coinciding with the next G,
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and M periods(Fig. 7).

Expression of gp70 on the cell surface during
the cell cycle. To detect the cell surface-asso-
ciated FelV gp 70,
of synchronized cells at 1-hr interval were
labeled with 'I and lysed. The same amount

the cell surface proteins

of cellular proteins was immunoprecipitated
with anti-gp70 serum and fractionated on the
cylindrical polyacrylamide gel and peak frac-
tions of each synchronized cells were localized.
The total counts of the peaks was interpreted
as the amount of gp70 on the cell cycle. As
shown in Fig. 8, it was found that the amo-
unt of gp70 on the cell surface did not change

during the cell cycle.
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Fig. 7. Virus production during the cell cycle. The
amount of virus produced during the cell cycle
was quantitated by RT activity(@#). As control,
uninfected cat kidney cells were used ().

Synthesis of gag and env proteins during the
cell cyele. Synchronized cells were lysed, re-
acted with titered anti-p30 and anti-gp70 serum
and competition radioimmunoassays were per-
formed respectively. The result was inter-
preted as the relative rate of synthesis of gag
and env proteins during the cell cycle. As
presented in Fig. 9, the rate of synthesis of
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gag protein in infected cells changed during
the cell cycle and there were three peaks,
corresponding approximately to Gy, late S and
late G, periods. But the rate of synthesis of env
proteins did not change during the cell cycle.

Effects of ActD on the synthesis of viral pro-
teins during the cell cycle. Synchronized cells
were treated with ActD(0.0lug/mé), and the
synthesis of viral proteins during the cell cycle
was investigated by the same procedures as
above. At this concentration of ActD, the cy-
totoxic effects were minimal at least for 20hr
(Messer, et al., 1981) but virion RNA synthe-
sis was inhibited by 90% within 2hr after addi-
tion of the drug. The result have shown that
in ActD treated cells the synthesis of wviral
proteins sharply decreased from 8hr after treat-
ment and the late S and late G, peaks of gag
protein synthesis were disappeared (Fig. 9).
And this result also suggest that viral mRNA
is funtional for about 6hr in the absence of-
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Fig. 8. Expression of gp70 on the cell surface dur-
ing the cell cycle. Synchronized cells labeled
with '3 were lysed and precipitated with anti-
gp70 serum. Viral proteins were analyzed on 10
25 sodium dodecyl sulfate-polyacrylamide gels.
The band of '3!-labeled gp70 was localized and
exised. The amount of radioactivity in each band
was measured by liquid scintillation counter. As
control, uninfected cells were used(().
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continuing viral RNA synthesis.
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Fig. 9. Relative rate of synthesis of gag and env
proteins during the cell cycle. Synchronized cells
were lysed and same amount of cellular proteins
were competed with !3![-labeled p30(®) and
gp70(A). The percent competition was interpre-
ted as the rate of synthesis. As control, uninfec-
tedcells were used(l). In Act D treated cells,
relative rate of synthesis of gag(Q) and env(A)
proteins were measured as the same method as
above.

DISCUSSION

There have been several studies dealing with
retrovirus gene expression during the cell cy-
cle. But the patterns of synthesis and expres-
sion of viral components in synchronized cells
chronically infected with retroviruses have
been shown to vary differently during the cell
cycle in each study. However, those studies
used several different cell-virus combinations.
In addition, a variety of methods were used
to synchronize cells(i.e., excess thymidine, se-
rum starvation, mitotic detachment). Some of
these methods seem to alter normal cellular
metabolism(Balazs and Caldarella, 1981). The-
refore, it has been difficult lo distinguish bet-
ween results representing the properties of
particular cell-virus combination and changes

caused by the synchronization procedure.
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The results presented here were obtained
with cells synchronized by mitotic arrest of
cells with colcemid. This method did not ap-
pear to change normal cellular growth and
could be applied to a broad range of cell line
(Naso and Brown, 1977). In additicn the study
of retroviral gene expression in a specific co-
mbination shculd allow us to distinguish bet-
ween changes caused by the synchronization
methods and specific interaction of virus and
its host.

FeLV infected-cat kidney cells produced co-
mplete viral particle and synchronized cells
show an increase in virus production just after
post release and again during the next mitctic
pericd. These results suggest that virus pro-
ducticn could be related to changes on the cell
surface during mitosis(M) that allow viruses
to be released into the medium. Alternatively,
some essential step necessary for virus pro-
duction could take place before M. This latter
possibility might help to explain the results
obtained with cells synchronized by inhibition
of growth(Go-arrested cell). In thcse cells,
upon restoraticn of growth, there was an in-
crease of virus production during G,(Leong,
et al., 1972; Paskind, et al., 1975),
in thymidine-synchronized cells(Schauf and
Panem, 1976)
mitotic selection(Balazs and Caldarella, 1981)

whereas

and in cells synchronized by

the increase of virus production occured only
during M. The finding that virus production
was inhibited in Go-arrested cells, whereas the
synthesis of viral RNA and p30 antigen was
not affected(Humphries and Coffin, 1976), sug-
gest that the control of virus production was
a posttranscriptional event. It was shown by
Panem(1977) the virus production can be in-
hibited by treating cells during the G,-M in-
terphase with cytochalasin B without affecting
M and cell division. After inhibitor was re-
moved, there was a rapid release of virus, in-

dicating that, upon completion of some final
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events fcr viral replicaticn, virus rreduction
could cccur in other phases of cell cycle. But
increase in virus production during M might
be a general case in rodents(Paskind, et al.,
1975).

The envelope glycoprotein(gp70) of feline
leukemia virus have been found on the cell
surface of feline cells infected with these vir-
us(Stepheson, ef al., 1977).
are budding viruses, it might be expected that

Since retrovirus

the amount of this protein on the cell surface
might be related to the time of virus release.
The amount c¢f gp70 protein cn the cell sur-
face was measured by labeling the cell sur-
face with '*!I. The result indicate that gp70
is present cn the cell surface at a more or
less constant level relative to cellular mass.
This suggested that the release of virus dur-
ing M did not have a ncticeable effect on the
amount of gp70 on the cell surface. In con-
trast to our result, immunoflucrescence studies.
with MLV-infected cat cells(Schauf and Pan-
em, 1976) synchronized by excess thymidine
treatment, show an increase of gp70 during S
and G,. It is not known whether discrepancies
is due to differences in the cell line used or
is a consequence of unbalanced grcwth pro-
duced in cells synchronized by thymidine.
The quantitative radioimmuncassay of gag
proteins from synchrcnized cells indicate that
the rate of synthesis cscillates during the cell
cycle. There are three peaks, corresponding
approximately to G,, late S and late G, perio-
ds. These changes are the result of an incre-
ase in net synthesis rather than variations in
the rate of processing of viral proteins as in-
dicated by Balazs and Caldarella(1981). These
result are similar to the ones described(Naso
1977, Balazs and Caldarella, 19
81). The rate of synthesis of env proteins ap-

and Panem,
pears to be constant during the cell cycle.
Therefore, in these cells the synthesis of these
two gene prcducts seem to ke controlled se-
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perately. In trying to understand the mechan-
isms controlling the synthesis of retroviral
proteins it is interesting to note that the gag
and env proteins have been found to be syn-
thesized in different cellular compartments.
Purchio ef ai., (1980).

sarcoma virus-infected cells 85% of the gag

showed that in avain

protein is synthesized in free polysome, wher-
eas the env protein is made exclusively in
membrane-bound polysomes.

In ActD treated cells,
here are the same with earlier studies on the
1979; Ya-

the results obtained

viral protein synthesis(Levin, ef al.,
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kobson, et al., 1981).

that viral mRNA species are present in cells

These results suggest

.and are funtional for about 6 hr in the absence

Further
investigation of viral gene expression in the

of continuing viral RNA synthesis.

FeLV-infected cells at the nucleic acid level
are needed for {ull understanding of virus-host

interaction.
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