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Biochemical and Immunological Characterization of Murine Leukemia Viruses that
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The molecular size and pI of the viral structural proteins of four PVC viruses (PVC111, PVC211,
PVC321 and PVC441) were compared by single or two-dimensional polyaerylamide gel electrophore-
sis. PVC111 had slightly larger p15E and gPr85 molecules (about 0.5 kiledalton) than did the other
PVC viruses. On the other hand, the virion structural proteins p30, p15, p12E and p12 from all the
viruses had the same molecular sizes and pIs. The gp70s and p10s from all the viruses showed the same
molecular sizes. A monoclonal antibody to gp70 of PVC321 virus recognized the gp70s of all PVC
viruses, but not the gp70s of four clones of the wild mounse ecotropic viruses, Friend murine leukemia
viruses (F-MuLV), AKR ecotropic MuLV, dual-tropic F-Mul.V or NZB endogenous xenotropic
MuLV, revealing that these four PVC viruses are homologous with each other, but distinct from the

known mouse retroviruses.
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We previously isolated four clones (PVC111, PVC211,
PV(C321, and PVC441) of MuLVs from a paralyzed rat
which had been infected with rat-passaged Friend leuke-
mia virus." These viruses, except for PVCI111, induce
hind leg paralysis in rats and differ from the other
paralysis-inducing Mul.Vs in pathogenicity in the rat,”
in latency,” in the N-, B-tropism,* and in the distribution
of viral antigens in the CNS tissues.”

PVC211 and PVC321 induce paralysis in rats and kill
them within 1 month, and PVC441 does so within 2
months, whereas PYC111 does neither within 4 months,
though all of the PVC viruses induce neuronal degenera-
tion in the CNS tissues of infected rats. We were inter-
ested in this variation of the *latency’ among PVC viruses,
and in this study, tested whether the PVC viruses had
mutually analogous genome structures or had heterogous
genome structures by analyzing viral structural proteins
biochemically, as in the studies that revealed the relation-
ship between the N-, B-, NB-tropism of MuLV and the
variances of p 30 proteins derived from various
MuLVs,*® and immunologically, using a monoclonal
antibody.

Abbreviations used in this paper: pl, isoelectric point; gPr83,
env precursor protein; MulV, murine leukemia virus; CNS,
central nervous system; MEM, minimal essential medium; PBS,
phosphate-buffered saline; SDS, sodium dodecyl sulfate; epm,
counts per minute; RLV, Rauscher leukemia virus; IgG, im-
munoglobulin G; Pr6S, gag precursor protein.
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MATERIALS AND METHODS

Viruses PVC viruses and F-MuLV were cloned in NRK
cells as described previously."® The ecotropic viruses of
wild mice were provided by Drs. J. W. Hartley (National
Institute of Allergy and Infections Disease, USA) and
S. Rasheed (University of Southern California, USA).
They were 1504E, 292E, 4070F and 4996E" and were
cloned in SC-1 cells.'” AKR ecotropic virus, NZB en-
dogenous xenotropic virus, and dual-tropic F-MulLV
were cloned in mink cells, and were provided by Dr. A.
Ishimoto (Institute for Virus Research, Kyoto Univer-
sity). NRK and SC-1 cells infected with various viruses
were maintained in Eagle’s MEM (Nissui Co. Ltd.,
Tokyo) with 5% and 10% fetal calf serum, respectively.
Virus-infected mink cells were maintained in RPMI1640
medium (Nissui) containing 5% fetal calf serum.

Radiolabeling NRK cells infected with each PVC virus
were grown subconfluently in 100 mm plastic dishes
{Lux Corp., USA). After the removal of the culture
media, 200 gCi/ml of ‘*H-amino acid mixture
{Amersham Japan, Tokyo) in Hanks’ balanced salt solu-
tion supplemented with 109% dialyzed fetal calf serum
was added to the cultures. The cultures were incubated
with frequent rocking for 8 h. Then, 4 ml of normal
culture medium was added to the cultures. After 16 h of
incubation, the culture media were harvested and
centrifuged at 3,000 rpm for 10 min. The supernatant
fractions were overlaid on linear sucrose gradients of 15—



60%. The gradients were centrifuged at 25,000 rpm for
16 h in a Beckmann SW28.1 rotor at 4°C. The gradients
were fractionated and the radioactivity of every fraction
was counted. The fractions containing virions were col-
lected, dialyzed against distilled water and lyophilized.
These samples were used for analyses of virion structural
proteins.

For analysis of cellular virus-related proteins, virus-
infected cells were labeled with *H-leucine (Amersham;
200 pCi/ml) in leucine-free MEM (Nissui} with 10%
dialyzed fetal calf serum, for 7-8 h. The labeled cells
were harvested with a rubber policeman, washed three
times with PBS and lysed with a buffer composed of 1%
Triton X-100, 0.5% sodium deoxycholate and 0.19% SDS
in PBS. About 3X10° cpm of lysate was subjected to
immuncprecipitation performed in the same manner as
described previously.”

Antibodies Monospecific goat antisera to gp70 of RLV
were provided by the Division of Cancer Cause and
Prevention, NCI, Bethesda, USA. Rabbit antiserum to
RLYV was prepared with purified RLV virions. Rat anti-
sera to PYC321 virus were obtained from adult Fischer
(F344) rats injected four times weekly with the spleen
cells of 2-3 paralyzed F344 rats which had been infected
with PVC321 virus.

Monoclonal antibodies Spleen cells from a rat im-
munized three times as above with the spleen cells of
paralyzed rats were fused with the mouse myeloma cells,
NS-1 according to the method of Oi and Herzenberg'?
for obtaining somatic cell hybrids.'” Hybrids were
selected in HAT medium and the culture supernatants
were tested for anti-PVC321 reactivity with a peroxidase-
conjugated rabbit antibody to rat IgG (Cappel, USA), on
microtiter plates in which the NRK cells infected with
PV (321 had been grown confiuently, and fixed with 10%
formalin in PBS for 10 min. After two cloning cycles of
the hybrids, the culture media were harvested from the
hybridoma cultures, concentrated about 30-fold by pre-
cipitation with ammonium sulfate, and dialyzed against
PBS. Immunoprecipitation with these monoclonal anti-
bodies was carried out with the second antibody (rabbit
serum) to rat IgG.

Electrophoresis SDS-polyacrylamide gel electrophoresis
(SDS-PAGE) was carried out as described previously”
with the following molecular weight markers: §-
galactosidase (130 kilodaltons (K)), phosphorylase a
(94K), bovine serum albumin (67K), ovalbumin (45K},
chymotrypsinogen A (25K) and cytochrome ¢ (12.5K).
Two-dimensional gel electrophoresis was carried out
according to the method of O’Farreil et al.'® The non-
equilibrium pH gradient gel electrophoreses (NEPHGE)
were performed with 2% ampholite (LKB, Sweden) of
pH 3.5-10, for 5,000 V-h.
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RESULTS

Analyses of virion structural proteins of PVC viruses
PVC viruses were labeled with a mixture of *H-amino
acids and purified by ultracentrifugation in a 15-60%
linear sucrose gradient. Purified virions were analyzed by
SDS-PAGE or by two-dimensional gel electrophoresis
(Fig. 1). As shown in Fig. 1 (A}, the virion structural
proteins, gp78, p30, pl5, pl2E, pl2, and pl0 of various
PVC viruses all showed the same mobilities. The p!2E
protein, when immunoprecipitated with anti gp70 serum,
was revealed to be located between pl5 and pl2 gag
proteins (data not shown). When these virions were
subjected to two-dimensional NEPHGE-SDS-PAGE
singly or mixed with PVC321 virions, they all gave
similar electrophoretic patterns (Fig, 1: 1, 2, 3, 4, 1+3,
2+3, and 4+ 3), asillustrated in Fig. 1 (B). In NEPHGE,
a major spot and a minor spot beside the major ones of
p30 and pl5 were observed in the neutral region, while
pi2E and pl2 were located in a fairly acidic region, and
p10 was so far into the basic region that it almost moved
out of the gel, appearing as a trace in Fig. 1: 14 3. Thus,
no difference in the molecular sizes or the pls of major
structural proteins was observed among the PVC viruses.
Analyses of viral-specific proteins in virus-infected cells
The NRK cells infected with each of the PVC viruses
were labeled with *H-leucine. The cell lysate of infected
cells was immunoprecipitated with anti RLV rabbit
serum (Fig. 2, A), and with anti gp70 serum (Fig. 2, B).
From both panels, A and B, the precipitated 85K protein
was identified as gPr85, the 70K protein as gp70, the 65K
protein as Pr65, the 30K protein as p30, and the 19K
protein as pl5E. The gPr85 and plSE proteins of
PVCI11 virus (lane 1) moved slightly more slowly than
those of PVC211 (lane 2), PYC321 (lane 3) and PVC441
(lane 4), while the Pr65s and p30s of all the PVC viruses
showed the same mobilities (Fig. 2, A).

The immunoprecipitates with anti gp70 serum were
further analyzed by two-dimensional gel-electrophoresis
to determine the pIs of p15E proteins. As shown in Fig.
3, the precipitate of PVC111 virus and that of PVC211
virus showed similar patterns (1 and 2}, even when both
precipitates were coelectrophoresed (1-+2), as sum-
marized in panel A. Two spots of pl15E of each PVC
virus were found in the neutral region and were distin-
guished clearly from each other. When coelectro-
phoresed, the pl5Es of PVCi1l and PVC211 virus
showed complete coincidence. Because the difference
found in the molecular weights of p15Es (Fig. 2) was so
small, the pl3Es of PVCI11 were not separable from
those of PVC211 in the second dimension. Thus, the
result shown in (1+2) seemed to be reasonable if the
p15Es of both PVC111 and PVC211 had the same pl.
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Fig. 1. Analyses of virion structural proteins of PVC viruses. ‘H-amino acid-labeled virions of about 10*
cpim were subjected to SDS-PAGE (A), or to two-dimensional electrophoreses. The results were obtained
with PVC111 (lane 1 and 1}, PYC211 (lane 2, 2}, PVC321 (lane 3, 3) and PVC441 (lane 4, 4) virions. (1)
indicates the mixing of samples. The results are summarized in illustration (B).



Fig. 2. SDS-PAGE of the immunoprecipitates from the
lysates of *H-leucine-labeled NRK cells infected with PVC111
(lane 1), PVC211 (lane 2), PYC321 (lane 3) and PYC441 (lane
4), with antisera to RLV (A) and gp70 (B).

Similarly the precipitates of PVC321 and PVC441 virus
were electrophoresed singly or together with that of
PVC211, and all of the p15Es showed complete coinci-
dence in mobility (data not shown).

Immunological characterization of PVC viruses Two
hybridoma clones, of the 20 clones obtained by fusing
mouse myeloma NS-1 cells with the spleen cells of a rat
immunized with PYC321 virus, appeared to be producing
monoclonal antibody which reacted with viral structural
protein. One monoclonal antibody precipitated only
pl3Es of PVC viruses, dual-tropic F-MuLV, and NZB
endogenous xenotropic virus, but did not coprecipitate
gp70 or gPr85 (data not shown). Thus, this monoclonal
antibody has broad specificity, The other monoclonal
antibody precipitated gp70, gPr85 and p15E of PVC321,
and so must have recognized gp70 of PVC321.

With this monoclonal antibody to gp70, the *H-
leucine-labeled cell lysates of NRK cells infected with
each of the PVC viruses or F-MulLV were immuno-
precipitated (Fig. 4 A). The gPr85, gp70 and p15E pro-
teins were immunoprecipitated from the lysates of the
PVC group, but not from that of F-MuLV. When the
supernatant fractions after the first immunoprecipitation
were immunoprecipitated with rat anti PVC321 serum,
the gPr85, gp70, Pr65, p30 and pl5E proteins were
precipitated from all of the lysates (Fig. 4 B). Because of
the low titer of the monoclonal antibody, fairly large
amounts of gPr83, gp70 and pl35E were left unabsorbed
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Fig. 3. Two-dimensional analyses of the immunoprecipitates
with the antiserum to gp70 from the lysates of *H-leucine-
labeled NRK cells infected with PVC111 (1) and PYC211 (2).
{+) indicates the mixing of samples. The results are summa-
rized in (A).

by the first precipitation. Thus, the monoclonal antibody
recognized the gp70s of PVC viruses but not the gp70 of
F-MuLV. Also, the monoclonal antibody did not recog-
nize the gp70s of AKR ecotropic MuLV, xenotropic
MuLV, or dual-tropic F-MuLV (data not shown). This
indicated specific recognition of the gp70s of PVC viruses
by the monoeclonal antibody.

Since the ecotropic viruses of wild mice induce paraly-
sis in mice and the viral gene related to paralysis induc-
tion is suggested to be env gene,'™ ' it was of interest to
test whether the monoclonal antibody to gp70 recognizes
gp70s of wild mouse ecotropic viruses, SC-1 cells infected
with 1504E, 292E, 4070F or 4996E viruses were labeled
with *H-leucine, and the cell lysates were immunoprecipi-
tated with the monoclonal antibody. As shown in Fig. 5,
the monoclonal antibody did not precipitate the gp70 of
wild mouse viruses {panel A) as normal rat serum did
(panel B), while the anti PVC321 rat serum precipitated
gPr85, gp70, Pr65, p30 and p15E proteins (panel C). Of
the wild mouse viruses, 4996E virus is not paralysis-
inducing,” and interestingly, had large gp70 and pl15E
(panel C, lane 4).

DISCUSSION

Among PVC viruses, obvious genetic differences were
observed only in the molecular size of p1SE among the
proteins tested. The gag proteins pl5, p12, and p30, and
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Fig. 4. (A): SDS-PAGE of the immunoprecipitates
with the monoclonal antibody to gp70 of PVC321 virus
from the lysates of *H-leucine-labeled NRK cells in-
fected with PVCI111l (lane 1), PVC2i1 (lane 2),
PVC321 (lane 3), PVC441 (lane 4) and F-MuLV (lane
5). {B): The supernatants resulting from the first immu-
noprecipitation were further immunoprecipitated with
rat anti-PVC32] serum and analyzed as in (A). The
numbering of the lanes is the same as in (A).
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: -—p30 Fig. 5. SDS-PAGE of the immunopre-
- cipitates with monoclonal antibody to gp70

the env protein p12E derived from various PVC viruses
coincided in both molecular size and pI (Fig. 1). Since
the Pr65s of all PVC viruses showed the same mobility in
SDS-PAGE, the pl0s of these viruses may also be the
same, at least in molecular size (Fig. 2). The gp70s of the
PVC viruses coincided in molecular size (Fig. 1) and in
immunological reactivity to the monoclonal antibody to
gp70 of PY(C321 (Fig. 4). Thus, the PVC viruses have
very similar genome structures. The pl5E of PVCI11l
was larger (about 0.5K) in molecular size than those of
the other viruses (Fig. 2). Since this protein had the same
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of PVC321 virus (A), normal rat serum (B)
and anti PVC321 rat serum (C) from the
lysates of 'H-leucine-labeled SC-1 cells in-
fected with 1504E (lane 1), 292E (lane 2),
407CE (lane 3) and 4996E (lane 4).

pl as those of the other PVC viruses (Fig. 3), several
additional neutral amino acids may be linked covalently
to the common structure of pl5Es of the others. The
large p!5E might cause poor growth of PVC111 virus in
rats, especially in CNS tissue,” as a result of unsatisfac-
tory processing from pl5E to pl12E.

The polymorphism of p30 was observed as one major
spot and one minor spot in our case, unlike other cases in
which several species of p30Q0 are present in the
virions,'*'” and rather like the case of Katoh et al'®
Since the polymorphism was demonstrated not to be due



to a technical artifact,’”® the minor p30 might be a
product of processing of the gag-pol precursor protein, as
proposed by Katoh et al.'® In these previous studies, the
virions used were all produced from mouse cells, which
may produce endogenous MuLV, while our virions were
produced from cells originating from rat tissue (NRK)
which produces no comparable endogenous MuLV.
Thus, it seems that the expression of endogenous MuLV
may contribute to the polymorphism of p30.

The polymorphisms of pl3E and pl2E were also
reported by Karshin et al'® They found two major
species of p15E and p12E in the neutral region, while we
found two species of pl15E in the neutral region and one
species of p12E in a fairly acidic region (more acidic than
pl2) (Fig. 1 and Fig. 3). It is unknown whether this
apparent difference in the character of p12E was caused
by the difference of virus strain or by the different first
dimensions of gel electrophoresis performed (equilibrium
or non-equilibrium pH gradient electrophoresis).

In this report, we could not obtain any critical evi-
dence as to whether some gene product(s) of PVC
viruses is related to paralysis induction. We tested whether
the PVC viruses code a gene responsible for paralysis
induction in their genome, like the sre gene of Rous
sarcoma virus, but not the usual gag, pol, and env genes,
by immunizing F344 rats with homogenate of the spleens
of F344 rats paralyzed with the PVC321 virus. However,
no specific protein was found (data not shown). On the
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