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Friend murine leukemia virus (F-MuLV) is a replication-competent, ecotropic,
NB-tropic retrovirus which produces a rapidly fatal erythroleukemia in suscepti-
ble strains of mice. We previously molecularly cloned the entire F-MuLV
genome. Transfection of this cloned DNA into NIH 3T3 mouse fibroblasts
produces a virus with the same leukemia-inducing characteristics as F-MuLV. To
identify which portion of the F-MuLV genome is responsible for causing
leukemia, we made recombinant viruses between subgenomic fragments of F-
MuLV DNA and another retrovirus-Amphotroph clone 4070. Amphotroph clone
4070 is a replication-competent, amphotrophic, N-tropic virus which does not
produce any detectable malignancy in mice. A 2.4-kilobase-pair fragment of F-
MuLV DNA was isolated. This DNA fragment encompassed approximately 700
base pairs from the 3' end of the F-MuLV pol gene and 1.7 kilobase pairs of the
env gene including all of gp70 and the N-terminal four-fifths of pl5E. A
molecularly cloned fragment of Amphotroph DNA was ligated to the 2.4-kilobase-
pair F-MuLV DNA, and an 8.3-kilobase-pair hybrid F-MuLV-Amphotroph DNA
was subcloned into a new plasmid (p5a25-H). Transfection of p5a25-H DNA into
fibroblasts resulted in the production of a replication-competent, ecotropic, N-
tropic retrovirus-5a25-H virus. Inoculation of this virus into newborn NIH Swiss
mice caused leukemia within 4 to 6 months. The disease caused by 5a25-H was
pathologically and histologically indistinguishable from the disease caused by F-
MuLV. We conclude that the F-MuLV sequences needed to cause disease are
contained in these 2.4 kilobase pairs of DNA.

Friend murine leukemia virus (F-MuLV) is a
replication-competent type C retrovirus ob-
tained from stocks of the Friend virus complex
(F-MuLV plus spleen focus-forming virus). F-
MuLV causes a rapidly fatal erythroleukemia
upon inoculation into NIH Swiss or BALB/c
newborn mice. This disease is characterized by
severe anemia, circulating erythroblasts, mas-
sive hepatosplenomegaly, and normal thymus
and lymph nodes (19). To insure that F-MuLV
and not a contaminating virus was responsible
for this disease, we previously purified the F-
MuLV genome by molecular cloning. Transfec-
tion of this molecularly cloned F-MuLV DNA
into NIH 3T3 mouse cells results in the produc-
tion of an infectious virus which exhibits the
same disease-producing characteristics as the
biological clones of F-MuLV (9).
Our laboratory has attempted to identify the

region of the F-MuLV genome which is respon-
sible for causing erythroleukemia. To do this,
we generated recombinant viruses between F-

MuLV and another retrovirus-Amphotroph vi-
rus clone 4070 (Ampho). Ampho is a replication-
competent virus isolated from a wild mouse (4,
11). Ampho grows on both murine and nonmu-
rine cells, but it is functionally distinct from the
dualtropic mink cell focus-forming (MCF) class
of murine retroviruses. Ampho does not form
foci on mink lung cells and does not produce any
detectable malignancy in animals examined up
to 18 months after inoculation of newborn mice.
Some F-MuLV-Ampho recombinants caused

erythroleukemia. These pathogenic recombi-
nants were generated with the entire Ampho
genome and a 4.1-kilobase-pair (kbp) fragment
of F-MuLV DNA. The disease produced by
these recombinants is indistinguishable from the
disease caused by F-MuLV. Therefore, the ge-
netic sequences responsible for F-MuLV-in-
duced disease must be contained in these 4.1
kbp of F-MuLV DNA (10). We have now ex-
tended this analysis by generating a new patho-
genic F-MuLV-Ampho recombinant virus. The
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genome of this new virus contains only 2.4 kbp
of F-MuLV DNA.

MATERIALS AND METHODS

Mice. Newborn (<24-h-old) NIH Swiss mice were
obtained from Microbiological Associates.

Viruses. F-MuLV clone 57, used in these studies, is
a replication-competent, NB-ecotropic retrovirus ob-
tained from the transfection of molecularly cloned F-
MuLV DNA into NIH 3T3 mouse cells (19). The
original isolate of the Friend virus complex used in
cloning F-MuLV was obtained from C. Friend as the
Friend virus anemic strain. Ampho is a replication-
competent, FV-1 N, amphotrophic retrovirus obtained
from the transfection of molecularly cloned Ampho
DNA into NIH 3T3 mouse fibroblasts (2). The original
Ampho isolate used to generate the Ampho DNA for
cloning was supplied by Janet Hartley and Wallace
Rowe.

Cells. NIH 3T3 mouse cells were used in all trans-
fection studies (5). BALB/c 3T3 mouse cells and mink
lung cells clone 64 (American Type Culture Collection)
were also used to define viral host range.

Viral DNAs. Isolation and molecular cloning of the
entire F-MuLV and Ampho genomes has been de-
scribed previously (2, 9). Restriction enzyme digests,
agarose gel electrophoresis, and filter hybridization
techniques were all performed as previously described
(9). Molecular cloning techniques (DNA ligations,
bacterial transformations, and plasmid DNA purifica-
tions) were also carried out as previously described (2,
9, 10).

Transfections. Viral DNA transfections were per-
formed by a modification of the technique of Graham
and Van Der Eb (3). For viral assays, XC plaque
formation and reverse transcriptase levels were ana-
lyzed according to published procedures (13, 17). Viral
infection of cell cultures and viral isolation by end-
point dilution cloning were performed as previously
described (9, 10).

Metabolic labeling of cells, immunoprecipitation, and
gel electrophoresis. Metabolic labeling of cells and
analysis of immune precipitates were carried out as
previously described (16). Briefly, subconfluent mono-
layers of cells grown in 100-mm petri dishes were
labeled with 300 ,uCi of [35S]methionine (400 Ci/mmol)
per plate. Extracts of cells were then preabsorbed with
normal serum and Staphylococcus aureus to reduce
nonspecific background precipitation and immunopre-
cipitated with specific antisera and S. aureus. The
washed precipitates were electrophoresed on 7% sodi-
um dodecyl sulfate-polyacrylamide gels, which were
then fixed, flourographed, and exposed to X-ray film
at -70°C.
Animal studies. Newborn NIH Swiss mice were

inoculated by intraperitoneal injection of 0.2 ml of the
viral stocks, using a 27-gauge needle. Viral stocks for
inoculation were prepared from chronically infected
NIH 3T3 cells by harvesting the culture fluid 18 h after
feeding the confluent cells in a 100-mm petri dish. The
culture fluid was then filtered through a 0.45-p.m filter
and placed on ice for up to 1 h before inoculation.

Peripheral blood and spleen cell suspensions were
examined microscopically. Blood smears and cytocen-
trifuge preparations were allowed to air dry and were
then stained with dimethyoxybenzidene or Wright-
Giemsa stains, or both, as previously described (10).

RESULTS

Construction of recombinant viral genome. Our
previous F-MuLV-Ampho recombinants were
generated by transfecting a molecularly cloned
4.1-kbp F-MuLV DNA fragment into fibroblast
cultures and then infecting those same cultures
with Ampho. Recombinant viruses are reprodu-
cibly generated by this process, but the precise
contribution of each viral DNA to the recombi-
nant genome is unknown. We wished to create
recombinants with defined genetic sequences
donated from F-MuLV and Ampho. We hoped
to create these precise recombinants by ligating
specific pieces of F-MuLV DNA to the Ampho
genome in vitro. These hybrid DNA molecules
could then be tested for their ability to generate
virus upon transfection into fibroblasts. To carry
out this strategy, we first molecularly cloned the
entire Ampho genome (2). The Ampho genome
and the 4.1-kbp F-MuLV DNA fragment were
then analyzed by restriction endonuclease diges-
tions. Fig. 1 shows the restriction enzyme maps
of the Ampho DNA and the 4.1-kbp F-MuLV
DNA fragment. The 4.1-kbp F-MuLV DNA
fragment encompasses the F-MuLV envelope
gene, the long terminal repeat (LTR), and a
portion of the N-terminal gag gene sequences
between two HindIll sites (10). A ClaI site is
located near the 3' end of the F-MuLV envelope
gene. This ClaI site divides the 4.1-kbp DNA
fragment into two segments bound by HindIII
and ClaI (H-C segments). The 2.4-kbp H-C
segment contains primarily F-MuLV env gene
information, whereas the remaining 1.7-kbp H-C
segment contains p1SE, the LTR, and gag gene
sequences (see below). Each of these H-C seg-
ments was subcloned into new pBR322 vectors.
The Ampho DNA also possesses a ClaI site near
the 3' end of its envelope gene.
We chose to exploit the finding of a common

ClaI site in the genomes of F-MuLV and Ampho
by using this site to join the 2.4-kbp F-MuLV
H-C fragment to the Ampho genome. This con-
struction would place F-MuLV env gene infor-
mation in continuity with Ampho sequences
coding for the remaining retroviral functions. To
do this, we first eliminated the Ampho env
sequences which lie immediately 5' to the Clal
site by subcloning out the region between the
Ampho ClaI site and the ClaI site in pBR322
(Fig. 1). The resulting plasmid contained 7.2 kbp
of Ampho DNA extending from the ClaI site to
an EcoRI site (C-E Ampho plasmid). We next
inserted a ClaI DNA fragment containing the F-
MuLV 2.4-kbp H-C fragment into the ClaI site
of the C-E Ampho plasmid. Several recombinant
clones were identified as containing the 2.4-kbp
F-MuLV H-C fragment by hybridization to a
nick-translated radiolabeled probe made from
gel-purified 2.4-kbp H-C DNA. Four of these

VOL. 46, 1983



720 OLIFF AND RUSCETTI

F-MuLV H-H FRAGMENT
4.1 KBP

F-MuLV H-C FRAGMENT
2.4 KBP

...3' 5'...
ENV LTR

CH PC P PH
,,,Sil El11I,

C P

CH PC
...lpk 109

...3' 5'...
ENV LTR GAG
CE H C P

AMPHO GENOME .9. .
8.3 KBP t

/

C P
AMPHO C-E ..99,.2. .

7.2 KBP -1?

\ CH
9 19 _5A25 RECOMBINANT

9.6 KBP

5A25 - H RECOMBINANT
8.3 KBP

F-MuLV -

ENV LTR GAG POL
H PC P H

to-go ..I s .

AMPHO - ====== PBR-322 - .....

FIG. 1. Schematic model of strategy used to clone 5a25-H viral genome. The plasmid containing the F-MuLV
H-H DNA fragment was digested with ClaI, and the 2.4-kbp F-MuLV H-C fragment was subcloned into a new
plasmid. The plasmid containing the entire Ampho genome (8.3 kbp) was also digested with ClaI, and the
sequences lying between the two ClaI sites were deleted. The remaining Ampho plasmid DNA was recircular-
ized, using T4 DNA ligase to form the Ampho C-E plasmid which contained 7.2 kbp of viral DNA. The 2.4-kbp
F-MuLV H-C fragment plus 5 bp of pBR322 DNA were digested out of their plasmid vector with ClaI and ligated
into the unique ClaI site of the C-E plasmid. This recombinant is designated 5a25 and contains 9.6 kbp of viral
DNA. 5a25 was digested with HindIll. An 8.3-kbp hybrid F-MuLV-Ampho DNA was recovered from this
digestion and subcloned into a new plasmid, creating the 5a25-H recombinant. C, Clal; H, HindlIl; E, EcoRI;
and P, PstI. Each schematic drawing of a molecular clone represents the viral DNA insert and a short stretch of
the flanking plasmid vector DNA. The remaining plasmid DNA regions are not shown.

clones were analyzed by digestion with HindlIl
to identify a recombinant plasmid which con-
tained the H-C fragment in the same 3'-5' orien-
tation as the Ampho DNA (data not shown).
One plasmid with the H-C fragment in this
orientation was identified and designated p5a25
(Fig. 1).
The p5a25 viral insert was 9.6 kbp in length.

Complete murine leukemia virus (MuLV) ge-
nomes contain approximately 8.3 kbp including
a single copy of the LTR (18). The extra 1.3 kbp
of MuLV information in p5a25 were derived
from Ampho sequences located between the
HindlIl and EcoRI sites in the C-E Ampho
plasmid (Fig. 1). This segment of Ampho DNA
is analogous to a portion of the F-MuLV 2.4-kbp
H-C DNA fragment. These 1.3 kbp of Ampho
env gene DNA were not deleted before ligation
of the F-MuLV H-C DNA into the C-E Ampho
plasmid. Thus, p5a25 contained two sets of
sequences spanning the same region of the
MuLV genome. To eliminate these additional

1.3 kbp of Ampho DNA from our recombinant
viral genome, we digested the p5a25 plasmid
with HindlIl and subcloned the resulting 8.3-kbp
HindIll-HindIll viral DNA into a new pBR322
vector (Fig. 1). The resulting plasmid was desig-
nated p5a25-H.
p5a25-H contained an entire MuLV genome

consisting of 2.4 kbp of F-MuLV DNA and 5.9
kbp of Ampho DNA. A limited restriction en-
zyme analysis of p5a25-H is presented in Fig. 2.
Lanes 1, 2, and 3 indicate that the p5a25-H viral
DNA insert is similar in size to the DNAs of F-
MuLV and Ampho. Lanes 4, 5, and 6 contain
p5a25-H DNA cut with both Hindlll and a
second enzyme. The restriction map shown in
Fig. 1 is consistent with this analysis and con-
firms the identity of the p5a25-H viral insert as a
recombinant between the F-MuLV H-C frag-
ment and the Ampho C-E DNA. The 2.4-kbp F-
MuLV H-C fragment has been sequenced (R.
Friedrich, W. Koch, and G. Hunsmann, Confer-
ence on RNA Tumor Viruses, Cold Spring Har-
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FIG. 2. Autoradiograph of a re
analysis of molecularly cloned retro'
mid DNAs containing either the F-N
5a25-H genomes were digested wi
enzymes indicated below and eleci
0.5% agarose gel at 35 V for 18 h.
Southern blotted onto nitrocellulose

5.9 kbp of Ampho DNA in p5a25-H should
encode the remaining one-fifth of pl5E, the R
peptide, the LTR, the gag gene, and the major-
ity of the pol gene sequences. If these sequences

are contained in the Ampho DNA in p5a25-H,

then p5a25-H should contain a complete MuLV
genome. Transfection of the p5a25-H viral DNA
into fibroblasts should result in the production of
a complete retrovirus.

Generation and characterization of 5a25-H vi-
rus. The recombinant viral DNA insert con-
tained in p5a25-H was released from its pBR322
vector by digestion with HindIlI. The resulting
DNA preparation was transfected into NIH 3T3
cells, using the technique of Graham and Van
Der Eb (3). The recipient 3T3 cells were pas-
saged three times and then tested for virus
production by XC plaque formation. Multiple
experiments of this kind have repeatedly yielded
an XC-positive virus preparation. This virus
preparation was designated 5a25-H.
The host range and growth characteristics of

5a25-H virus were assayed by infection of NIH
3T3 cells, BALB/c 3T3 cells, and mink lung

vstriction enzyme cells. 5a24-H virus grew on murine cells but did

4vral DNAs. Plas- not grow on mink cells (Table 1). This ecotropic

thLthVe Aremstprhictionr host range must be derived from the F-MuLV

trophoresed on a genome since Ampho grows equally well on
The gel was then murine or mink cells. 5a25-H was an XC plaque-
filter paper. The forming virus which exhibited single-hit kinetics

filter was hybridized with a nick-translated probe
made from a mixture of F-MuLV and Ampho genomic
DNAs, washed to remove the excess label, and then
exposed to X-ray film for 18 h. The complete F-MuLV
and Ampho DNAs are inserted into their plasmid
vectors at EcoRI sites (2, 9). The 5a25-H viral DNA is
inserted into its plasmid vector at a HindIII site (see
text). Lane 1, F-MuLV-containing plasmid cut with
EcoRI. Lane 2, Ampho-containing plasmid cut with
EcoRI. Lanes 3 through 6, p5a25-H cut with HindIll,
HindIII plus EcoRI, HindIlI plus ClaI, and HindIII
plus PstI, respectively. Note the similar migration
distance of the single band of viral DNA in lanes 1
through 4. Viral DNA bands can be seen at 5.6 and 2.5
kbp in lane 5, and at 4.4 and 2.2 kbp in lane 6. A 1.4-
kbp viral DNA band is also present in lane 6 but is
poorly visualized on this exposure. The numbers at the
side of the autoradiograph indicate the location of
HindIII-digested wild-type lambda DNA fragments (in
kilobases) run in an adjacent lane.

bor Laboratory, Cold Spring Harbor, N.Y.
1982, p. 71). These sequences span approxi-
mately 700 base pairs (bp) from the 3' end of the
F-MuLV pol gene, the entire gp-70 coding re-
gion, and approximately four-fifths of the pl5E
gene (6). The Ampho genome has not been
sequenced. However, by analogy to the F-
MuLV DNA sequence and restriction map, the

TABLE 1. Host-range growth characteristics of
5a25, F-MuLV, and Amphoa

Growth titers

Virus NIH BALB/c Mink lung
3T3 3T3cel
cells cells cells

F-MuLV i05 XC 1is XC <100-3 RT
Ampho 104 RT 102 RT 104 RT
5a25-H 10i XC 102 XC <100-3 RT

a Host range of each viral isolate was ascertained by
inoculation of serial dilutions of virus into 60-mm
culture dishes containing 105 NIH 3T3, BALB/c 3T3,
or mink lung cells. Murine cells were assayed by the
XC test, and the results are presented as PFU/ml.
Reverse transcriptase (RT) titers were performed with
5 ml of freshly harvested medium obtained from con-
fluent cells (in 60-mm culture dishes) fed with 5 ml of
medium 18 h before harvest. Viral stocks were diluted
in log dilutions onto 60-mm plates as noted above.
When the cells in the plates had reached confluence,
30% of the cells were subcultured to a new 60-mm
plate and grown again to confluence. At that time, the
reverse transcriptase assays were performed. Plates
that were negative for viral reverse transcriptase were
subcultured in a similar way two more times and
retested for reverse transcriptase to ensure that cor-
rect endpoint titers were obtained. Ten plates of mink
cells were assayed at each viral dilution.
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for XC plaque formation (Fig. 3). This property
must also derive from the F-MuLV genome
since Ampho does not form XC plaques. T.here-
fore, the properties of ecotropism and XC
plaque formation must be contained within the
2.4-kbp F-MuLV H-C fragment used to generate
the 5a25-H viral genome. 5a25-H grows to high-
er titers on NIH cells than on BALB/c cells and
is therefore Fv-1 N-tropic. This property must
be derived from the Ampho genome since our
Ampho isolate is N-tropic whereas our F-MuLV
is NB-tropic.

Leukemogenicity. 5a25-H virus was harvested
from chronically infected NIH 3T3 cells and
used to inoculate newborn NIH Swiss mice (see
above). Additional mice were similarly inoculat-
ed with F-MuLV and Ampho. Beginning 4
weeks after inoculation, all mice were tested for
the presence of leukemia by weekly examina-
tions of peripheral blood smears and hemato-
crits. Of the F-MuLV-inoculated mice, 100%
developed leukemia by 8 weeks of age and were
sacrificed and autopsied (Table 2). None of the
Ampho-infected mice has developed any signs
of leukemia to date (1 year after inoculation).

100

2 Hit 1 Hit

C-,cX\
10 \

E

10o-3 lo 4 lo'-5 lo -6

Virus Dilution
FIG. 3. Titration kinetics for XC plaque formation

by 5a25-H virus (0) and F-MuLV (0). Virus infections
were performed with filtered (0.45-Rxm filter) 18-h
supernatant fluids from confluent cells (in 100-mm
petri dishes) chronically infected with 5a25-H or F-
MuLV. Virus dilutions were prepared as serial 10-fold
dilutions and applied in the presence of Polybrene
(Aldrich Chemical Co.) to 60-mm dishes seeded the
previous day with 105 NIH 3T3 cells per dish. XC
plaque assays were performed 6 days after infection.

TABLE 2. Autopsy results of mice inoculated with
F-MuLV, Ampho, or 5a25-Ha

Incidence of
leukemia Slewt He- Latency

Virus (no. leuke- Spleen wt mato- period'
mic/no. crit (%) (wks)
injected)

F-MuLV 12/12 0.65 - 2.2 28 - 11 4 - 8
Ampho 0/20 26
5a25-H 5/20 0.80-1.7 22-14 16- 26
None 0/20 0.06 - 0.14 48 - 50 26

a Spleen weights and hematocrits for the F-MuLV-
and 5a25-H-inoculated mice only represent the dis-
eased animals.

b Latency period is the time after inoculation until
the development of obvious disease or until the mice
were sacrificed for autopsy.

Half of the Ampho-inoculated mice were sacri-
ficed at 6 months after inoculation for compari-
son of autopsy results with the 5a25-H-inoculat-
ed animals. The mice inoculated with 5a25-H
virus were sacrificed as they developed disease.
The earliest leukemia observed in these mice
occurred 4 months after inoculation. The re-
maining mice were sacrificed at 6 months after
inoculation. Of the 5a25-H mice, 25% developed
erythroleukemia within this 6-month period. The
pathological features of this disease (i.e., hepa-
tosplenomegaly, severe anemia, and normal thy-
mus and lymph nodes) were indistinguishable
from the disease caused by F-MuLV. Micro-
scopic examinations of peripheral blood smears
and cytospin preparations of spleen cells were
also indistinguishable between F-MuLV- and
5a25-H-diseased mice. Using a combination of
benzidene and Wright stains, we identified he-
moglobin in the cytoplasm of numerous blast
cells. The majority of the nucleated cells in the
peripheral blood and >90% of the spleen cells
were judged to be erythroblasts.

Viruses recovered from 5a25-H-diseased mice.
To examine the viruses present in the diseased
tissues of mice infected with 5a25-H, we pre-
pared spleen homogenates from two mice with
severe leukemia. The spleen homogenates were
used to infect NIH 3T3 fibroblasts (see above).
After three cell passages, the fibroblasts were
assayed for XC and reverse transcriptase activi-
ties. Both spleen homogenates produced XC-
positive, polymerase-positive virus prepara-
tions. One of these virus preparations was end
point diluted and used to infect new NIH 3T3
fibroblasts. Two types of virus were obtained
from this experiment, an XC-positive virus (Cl-
A) and an XC-negative, polymerase-positive vi-
rus (Cl-D). We attempted to infect mink lung
cells with each of these viruses. Only Cl-D was

J. VIROL.
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extracts were immunoprei
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with Rauscher MuLV (lane
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polyacrylamide gel. The gel
X-ray film.

-ells, as evidenced by a
ty. Cl-D virus obtained
cells was able to infect
is most likely an isolate
ch was initially used to
appears to be a dualtro-
have been generated in

cells infected with 5a25-H exhibited only a single
gp70 precursor protein (gPr85), which was not
recognized by the anti-MCF virus gp70 antisera
(Fig. 4, lanes 1 and 2).

DISCUSSION
5a25-H virus is a recombinant MuLV artifi-

oteins of ecotropic and cially constructed and produced in vitro with
mia viruses (MuLVs) pieces of molecularly cloned F-MuLV and Am-
n one another on the pho DNAs. This recombinant virus caused a
retic mobility in acryla- lethal erythroleukemia upon inoculation into
e 5a25-H-infected mice newborn NIH Swiss mice. The disease caused
and dualtropic viruses, by 5a25-H was pathologically and histologically
lp70 precursor proteins indistinguishable from the disease caused by F-
murine cells infected MuLV. Since the Ampho isolate used in these

-s from these animals. studies does not cause leukemia, the genetic
vith the spleen homoge- sequences responsible for the erythroprolifera-
mouse inoculated with tive disease caused by 5a25-H must be contained
p70 precursor proteins within the F-MuLV DNA fragment used to
he more rapidly migrat- construct the 5a25-H genome.
-80) in these cells was The diseases caused by 5a25-H and F-MuLV
-i-gp7O antisera raised were not identical. F-MuLV caused leukemia
rirus (lane 5). NIH 3T3 within 8 weeks of inoculation and affected 90 to

100% of the injected mice. 5a25-H caused leuke-
mia in only 25% of the injected mice and re-

4 5 6 quired an incubation period of 4 to 6 months
before disease became apparent. It is unlikely
that these differences are due to chance muta-
tions which arose during the cloning of p5a25-H
since two parallel but independently isolated F-
MuLV-Ampho DNA constructs (2a13 and 2a25)

- P 80 also produced virus with the same pathogenic
gPr8O potential as 5a25-H. Our previous F-MuLV-

Ampho recombinant viruses caused disease in
40 to 50% of inoculated mice with a latency
period of 6 to 8 weeks (10). The F-MuLV DNA
fragment used in those studies was the 4.1-kbp
H-H fragment (Fig. 1). This DNA contained the
2.4 kbp of env gene sequences used in the
present study plus an additional 1.7 kbp of F-
MuLV DNA. These additional 1.7 kbp of F-
MuLV sequences encode the C-terminal one-
fifth of p15E, the R peptide, the LTR, and a
portion of the N-terminal gag gene sequences.

Of sodium dodecyl sulfate Although this 1.7-kbp region of the F-MuLV
cipitates of metabolically
cts after immunoprecipita- genome is not required to construct a leukemo-
abolic labeling was carried genic virus, these sequences may influence the
tahionine. Lanes 1 through growth characteristics and pathogenic potential
chronically infected with of F-MuLV. In the case of avian leukosis virus,
*ough 6, precipitates from differences between the U3 regions of different
homogenate obtained from avian leukosis virus isolates have been shown to
uced by 5a25-H virus. Cell affect the ability of those viruses to grow and to
cipitated with goat anti- cause disease (8, 12, 20). In 5a25-H, the C-
erum (lanes 1 and 4), goat terminal one-fifth of pl5E, the R peptide, and
gp7O antiserum absorbed . . '

rs 2 and 5), or normal goat the entire LTR region are encoded by Ampho
unoprecipitates were then sequences. Thus, the increased latency period
sodium dodecyl sulfate- or decreased incidence of leukemia (or both)
was dried and exposed to caused by 5a25-H versus F-MuLV or our earlier

recombinants may be due to functional differ-
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ences between F-MuLV and Ampho encoded in
this 1.7-kbp region of their genomes.
F-MuLV and 5a25-H share env gene se-

quences. In the case of 5a25-H, these sequences
are contained in the 2.4-kbp H-C fragment of F-
MuLV DNA (Fig. 1). This DNA fragment en-
compasses the entire gp70 coding region and the
N-terminal four-fifths of pl5E. In addition, the
H-C fragment contains 700 bp of F-MuLV DNA
which lie immediately 5' to the gp70 coding
sequences. By analogy to the published se-
quence of Moloney murine leukemia virus, these
700 bp may encode specific polypeptides (18). It
is therefore possible that the leukemia-inducing
capacity of the F-MuLV H-C fragment is not
due to the env gene sequences present in this
DNA. Instead, an as yet unidentified gene con-
tained in the 700 bp lying upstream from env
may be needed to cause leukemia. We consider
this possibility to be unlikely in light of the
genetic analysis of another murine erythroleuke-
mia virus, spleen focus-forming virus. Using
molecularly defined deletion mutants of spleen
focus-forming viral DNA, Linemeyer et al. (7)
have shown that the spleen focus-forming viral
envelope gene sequences are needed to cause
leukemia.

Although it is clear that the 2.4-kbp F-MuLV
H-C fragment contributes to the development of
erythroleukemia, the mechanism of leukemo-
genesis remains unknown. The 5a25-H viral
gp7O or p15E proteins encoded by these se-
quences may act to stimulate the proliferation of
erythroid precursor cells. Alternatively, 5a25-H
virus may not be the direct cause of leukemia.
Instead, 5a25-H may produce disease by induc-
ing the formation of a pathogenic MCF virus.
This hypothesis is consistent with the fact that
dualtropic virus was recovered from the dis-
eased tissues of mice inoculated with 5a25-H.
Previous studies from our laboratory have impli-
cated a dualtropic virus (Friend-MCF virus) in
the pathogenesis of F-MuLV-induced erythro-
leukemia (14, 15). Leukemias caused by other
ecotropic MuLVs (e.g., Moloney and AKR)
have also been associated with the formation of
dualtropic viruses (1, 21). If MCF viruses are
responsible for the leukemias associated with F-
MuLV and 5a25-H, then the 2.4-kbp F-MuLV
H-C fragment may be needed to participate in
the recombinational event which creates these
leukemogenic viruses.
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