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Endogenous feline leukemia RD124 virus genome rendered capable of infecting mouse cells by
phenotypic mixing with an ecotropic murine leukemia virus (MuLV) exhibited the Fv-1 restriction
pattern of the ecotropic murine virus. However, RD114 genomes phenotypically mixed with ecotropic
MuLYV showed one-hit dose-response kinetics, even when titrated with murine cells with the restricted

Fy-1 phenotype.
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Restriction of murine leukemia virus (MuLV) infec-
tion by the murine Fv-1 gene is a major element in the
pathogenesis of MuLV infection. The mechanism of the
restriction is not clear, but blocking of viral replication
appears to occur prior to integration of the provirus.™
Reports that linear DNA is synthesized normally while
circular forms and integrated DNA are greatly reduced
in the restricted cells have suggested that inhibition of
circular DNA formation is a part of the Fv-1 restriction
mechanism.*” However, recent studies on the mecha-
nism of retroviral DNA integration have shown that
linear DNA is an intermediate in the integration process
rather than circular DNA.*?

Phenotypic mixing of ecotropic MuLVs with different
degrees of tropism has provided several important in-
sights into Fv-1 restriction.'® ' In particular, it has been
shown that the Fv-1 restriction phenotype is not deter-
mined directly by the genome carried by the virion, but
by the p30 gag-gene product carried by the virion.'*'>
The infectivity of defective murine leukemia virus
genomes and retrovirus vector genomes constructed with
MuLV was also reported to be restricted by the Fv-1
gene.'” However, the phenomenon of multihit kinetics
was not observed in the case of infection by virions with
defective replication genomes carried by a retrovirus
vector system. Although much is known about biological
phenomena which are related to the Fv-1 gene, little is
known about the mechanisms underlying these phenom-
ena. We investigated which kinds of viruses in addition to
the murine retroviruses were restricted by the Fv-1 gene
when phenotypically mixed with ecotropic MuLV, in
the hope that analysis of the properties of different
viruses restricted by the Fv-1 gene might give us some
new knowledge about the mechanisms of the Fv-1 gene
system.
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In this paper, we report that RD114 viral genomes,
which were rendered capable of infecting mouse cells by
phenotypic mixing with an ecotropic MuLYV, exhibited
the Fv-1 restriction pattern of the ecotropic MuLV.

MATERIALS AND METHODS

Tissue culture Secondary mouse embryo cultures (ME)
were prepared by standard techniques,'” and were grown
and maintained in 5% heated fetal calf serum (FCS) in
Eagle’s minimal essential mediom (EMEM). Mink lung
cells,'® mink S+L— cells,”” and ecotropic MuLV-
producing AKR-mink, B-mink and Fr-mink cells*” were
grown and maintained in 5% heated FCS in the
Dulbecco-Vogt modification of EMEM.

Viruses Endogenous feline leukemia RD114 virus™’ was
obtained from Dr. P. S. Sarma, NIH, USA. The various
virions in the phenotypically mixed harvests are referred
to as the genotype followed by the host range phenotype
in parenthesis; ie., RDI114(MulLV) virions contain
RD114 genomes in an envelope capable of penetrating
mouse cells.

Assay Ecotropic MuLV genome with an MuLV host
range, MuLV(MulLV), was detected by infecting mouse
cells (embryonic cells from NFS mice) and 5 days later
carrying out the UV-XC test.” RD114 virus genome
with an ecotropic MuLV host range, RD114(MulLV),
was detected by infecting the mouse cells. Three days
later UV irradiation and overlaying with mink S+L—
cells' were performed, and 7 days later the cultures were
assessed for foci of transformation. Ecotropic MulV
genome with an RD114 virus host range, MuLV(RD-
114), was detected by infecting mink cells. Three days
later UV irradiation and overlaying with SC-1 cefls™
were performed, and after 3 more days the UV-XC test
was performed. RD114 virus genome with an RD114
virus host range, RD114(RD114), was detected by in-
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fecting S+L — cells and 7 days later reading the culture
for foci of transformation.

RESULTS

RD114 virus is an endogenous feline C-type retrovirus
which infects mink cells and does not infect mouse
celis.”” However, a phenotypically mixed RD114 viral
genome with a murine leukemia host range can infect
mouse cells and produce RDI114 viral progeny.
Phenotypic admixture between the RD114 virus and
ecotropic MuLVs was achieved by superinfecting eco-
tropic MuLV-producing mink cells with RDD114 virus.
Clonal lines of mink cells producing N-tropic, B-tropic,
and NB-tropic ecotropic MuL Vs, which are referred to

Table 1,

Fv-1 Restriction of RD114 Virus

as AKR-mink, B-mink, and Fr-mink, respectively, were
isolated by infecting mink cells with phenotypically
mixed ecotropic MuLVs with a xenotropic MuLV host
range.”® The infectivities of RD114 virus and MuLV
singly and when phenotypically mixed are shown in
Table I. RD114 genomes were rendered capable of in-
fecting mouse cells and MuLV genomes were rendered
capable of infecting mink cells by the phenotypic mixing
process. Mixed harvests were titrated in duplicate in a
variety of mouse cell cultures. One set of cultures was
assayed for foci of ecotropic MuLV production by the
XC test, ie., the MuLV genome with an MuLV host
range shown as MuLV(MuLYV) in Table II. The other set
of cultures was assayed for cells producing RD114 virus,
i.e., cells infected by the RD114 genome with an Mul.V

Infectivity of the RD114 Virus and MuLVs Singly and when Phenotypically Mixed

Titer (log/0.2 ml, PFU or FFU) in assays for

Virus Harvested from

MuLV(MuLV)?  RDI14(MuLV)® MuLV(RD114)® RDI14(RD114)?

RD114 mink cell neg. neg. neg. 4.3
MulLV

AKRI-1 AKR-mink? 39 neg. neg. neg.

WN1802B B-mink” 0.8(2.8)» neg. neg. neg.

Friend Fr-mink® 4.0 neg. neg. neg.
Mixed infection harvest

AKRI-1 & RD114 AKR-mink 35 1.3 2.0 3.3

WNI1802B & RD114 B-mink 0.6(3.6)" 1.2(2.7)% 1.9 39

Friend & RD114 Fr-mink 3.6 2.6 2.5 4.0

a) Ecotropic murine leukemia virus (MuLV) genome with an MuLV host range.
by RD114 virus genome with an ecotropic MuLV host range.
¢) Ecotropic MuLV genome with an RD114 virus host range,

d) RD114 virus genome with an RD114 virus host range.

¢) Clonal mink cell line producing N-tropic ecotropic AKRL-1 MuLV.

f) Clonal mink cell line producing B-tropic ecotropic WN1802B MuLV.

g) Clonal mink cell line producing NB-tropic ecotropic Friend MuLV.

k) Titers infecting permissive mouse cells (embryonic cells from BALB/¢ mice).

neg, =negative

Table II.

Fv-1 Restriction of RD114 Virus with an Ecotropic MuLV Host Range

Titer (log.PFU or FFU/0.2 ml) of RD114 virus phenotypically mixed with

Cell titrated on

AKR-LI MuLV WNI1802B Mul.V Friend MuLV

{Fv-1 type) (N-tropic) (B-tropic) (NB-tropic)
NFS-ME® (Fv-1™) 2.39 (3.5)° 0.6 (1.0) 2.0 (3.6)
BALB/c-ME (Fv-1%) 08 (1.0) 2.7 (3.6) 27 (3.4)
$C-1 (Fv-1"") 2.9 (3.6) 3.0 (2.7) 2.8 (3.9)
BALB/c X NFS-F,-ME (FV-I"b) 1.0 (0.6) 0.9 (1.1) 1.8 (3.4)

@) Secondary culture of mouse embryonic cells,

b) Titer of RD114 virus with an ecotropic MuLV host range (see Table I},

¢) Titer of MuLV detected by the XC test.
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host range shown as RD114(MuLV). The different
classes of virions in Table I are shown as the genotype
followed by the host range phenotype in parenthesis.'”
Data in Table II show that the infectivity of RD114 virus
with a murine leukemia virus host range was regulated by
the murine Fv-1 gene system, since RD114(MuLV) par-
ticles produced by mixture with ecotropic N-, B-, or
NB-tropic viruses showed the corresponding Fv-1 tro-
pism. For example, RD114 virus with an Mul.V host
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Fig. 1. Titration of MuLV(MuLV) and RDI114(MuLV)

virions in a mixed harvest of N-tropic ecotropic MuLV (A) and
B-tropic ecotropic MuLV (B) with RD114 virus in permissive
or restricted cells. The phenotypic mixtures between ecotropic
MuLV and RD114 virus and the methods for assay were as
described in the text.
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range produced by AKR-mink cells achieved the infec-
tion of N-type mouse embryo cells prepared from INFS
mouse embryos (Fv-1"") more efficiently than that of
B-type cells prepared from BALB/c mouse embryos
(Fv-1") or heterozygous cells prepared from (NFSX
BALB/c)F, embryos. The magnitude of restriction for
MuLV(MuLV) in restricted cells was more than 100-fold
greater than in permissive cells, but the magnitude of re-
striction for the RD114{MuLV) virion in restricted cells
was less than 100-fold greater than in permissive cells.

Investigation of phenotypic mixing among Mul Vs has
shown that N-tropic and B-tropic viruses, but not NB-
tropic viruses, can contribute Fv-1 tropism determinants,
while NB-tropic viruses can acquire the B-tropism
phenotype in mixed infection harvests."™!*?® Qur find-
ings indicated that the RD114 virus does not contribute
Fv-1 determinants of its own to the ecotropic MuL Vs, as
has been shown in the case of xenotropic MuLV.* Thus,
the RD114 virus can be considered as being analogous
to NB-tropic MuLV genomes in this respect.

Fv-1 restriction may be due in part to a multihit
requirement for initiation of infection, i.e., in permissive
cells an ecotropic MuLV would show single-hit dose-
response kinetics.”® Experiments were conducted to de-
termine whether or not RD114(MuLV) showed a similar
phenomenon, The infection procedure used to obtain the
dose-response curves was slightly different from the one
used to obtain the data in Tables I and II, since the titers
of ecotropic MuLVs and RD114 virus in the mixed
harvests from mink cells were low to give dose-response
curves in restricted cells. To obtain the data shown in
Tables I and 11, embryo cells grown in 5-cm dishes with
4 ml of tissue culture medium were inoculated with 0.2
ml of diluted virus. The virus inoculated was diluted
again 21-fold by the medium in the dish. However, to
obtain the dose-response curves shown in Fig. 1, dishes
without tissue culture medium were inoculated with 4 ml
of diluted virus.

The MuLV{(MuLV} particles from the mixed harvest
infected permissive cells with one-hit kinetics and showed
clear two-hit dose-response kinetics in the restricted cells
(Fig. 1). However, the RD114(MuLV) particles showed
one-hit kinetics for the both permissive and restricted
cells.

DISCUSSION

The phenomenon of multihit titration kinetics in re-
stricted cells has been one of the controversial problems
with respect to the Fv-1 gene system. The lack of a
two-hit kinetic response by restricted cells infected with
RD114(MuLV} particles may have been due to the
effects of coinfection by MuLV(MulLV) particles present
in the mixed virus pool,””*® as has been shown for



ecotropic and xenotropic MuLVs. Coinfection with
MuLV(MuLV) might have converted the two-hit titra-
tion pattern of RD114(MuLV) virions in restricted cells
into a one-hit pattern. However, the titer of RD114-
(MuLV) virions in restricted cells, even with the MuLV-
(MuLV) helper, was more than 10 times lower than the
titer in permissive cells, and coinfection with excess
MuLV(MuLV) virions (>m.o.i. 10) did not raise the
titer detected in permissive cells.

Another possibility for the lack of two-hit kinetics with
the RD114(MuLV) virus is that RD114(MulLV) parti-
cles do not produce a two-hit kinetic pattern in restricted
cells like the retrovirus vector particles irrespective of
coinfection with the MuLV(MuLV) helper.'®

Resulis obtained with RD114 virus and a retrovirus
vector suggest that some of the viral RNA sequences
carried by the MuLV virus, but not by the RD114 virus
may have a role in the production of multihit titration
kinetics in Fv-1-restricted cells.

Although the evidence that there is a recognition
factor of the viral or cellular genome for the Fv-1 deter-
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