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Lipopolysaccharide Induces Retroviral Antigen Expression in
129/J Mouse Lymphocytes: Evidence for Assembly of a

Defective Viral Particle
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Friedrich Miescher-Institut, CH-4002 Basel, Switzerland

In contrast to those of many other mouse strains, spleen cell cultures of 129/J
mice do not release reverse transcriptase activity into the supernatant upon
stimulation with bacterial lipopolysaccharide. We report here that lipopolysac-
charide induced the expression of intracellular viral proteins in 129/J spleen cells.
Furthermore, we found that stimulated spleen cells released retroviral particles.
We conclude that 129/J mice are inducible with lipopolysaccharide but that the
virus produced is a defective particle deficient in reverse transcriptase activity.

Certain B-lymphocyte mitogens, such as bac-
terial lipopolysaccharide (LPS) and lipoprotein,
induce the appearance ofendogenous xenotropic
retrovirus in cultures of spleen cells from a va-
riety of mouse strains (8, 18, 19). Induction by
LPS requires the lipid A portion of the LPS
molecule, which acts as the inducing determi-
nant by combining with a specific receptor pres-
ent on the cell membrane of a subset of B-
lymphocytes (6, 17, 24). Accessory cells, such as
T-lymphocytes or macrophages, are not re-
quired for induction.

Expression of xenotropic virus in mitogen-
stimulated B-lymphocytes appears to occur only
when accompanied by differentiation into im-
munoglobulin-secreting plasma cells. Mitogen-
stimulated T-lymphocytes do not release infec-
tious viral particles. These observations suggest
that induction of endogenous retroviruses is not
a simple consequence of de novo DNA synthesis
but depends on the differentiated state of the
lymphocyte and possibly on the process of B-
cell differentiation itself (20).

In this study we examined the induction of
endogenous viral genes by LPS in 129/J mice.
Although the cellular DNA of these mice con-
tains retrovirus-specific sequences and viral pro-
teins that can be found in spleen extracts or
serum, 129/J mice cannot be induced with LPS
to release measurable amounts of reverse tran-
scriptase activity (14, 25, 29). To explore this
seemingly noninducible behavior of 129/J lym-
phocytes, we investigated whether LPS induced
the appearance of intracellular viral proteins.
Here we report that 129/J spleen cell cultures
responded to LPS by expressing endogenous gag
and env genes. Furthermore, we present data
suggesting that stimulated 129/J lymphocytes
are not defective in their ability to assemble

viral particles but produce a particle defective in
reverse transcriptase activity.

MATERIALS AND METHODS

Mice. BALB/c mice were obtained from the Ciba-
Geigy animal breeding facility, Sisseln, Switzerland,
and 129/J mice were obtained from Jackson Labora-
tories, Bar Harbor, Maine. They were used at 1 to 4
months of age.

Cell cultures. Spleen cell cultures were prepared
with 2.5 x 106 viable nucleated cells per ml in RPMI
1640 medium containing 100 IU of penicillin per ml,
100 ,ug of streptomycin per ml, 10 mM HEPES (N-2-
hydroxyethylpiperazine - N'- 2 - ethanesulfonic acid),
and either no or 8% fetal calf serum (GIBCO Labora-
tories, Grand Island, N.Y., batch no. K 763101 S). LPS
(LPS-W from Escherichia coli O111:B4; Difco Labo-
ratories, Detroit, Mich.) was added at 16 jig/ml when
the culture was begun, and 5-bromodeoxyuridine (Cal-
biochem, La Jolla, Calif.) was added at 5 ,ug/ml after
17 h. For determination of the percentage of fluores-
cent cells and reverse transcriptase activity, five 1-ml
cultures were pooled; for protein blotting experiments,
cells were grown in flasks containing 25 to 30 ml.

Cells and viruses. NIH-3T3 cells and the mink
lung fibroblast cell line CCL64 were obtained from N.
Teich. NIH-3T3-AL cells are NIH-3T3 cells infected
in this laboratory with ecotropic murine leukemia
virus by cocultivation with LPS-stimulated AKR
spleen cells. CCL64-BLS cells are CCL64 cells infected
with xenotropic murine leukemia virus by cocultiva-
tion with LPS-stimulated BALB/c spleen cells. Friend
leukemia virus (FLV) was purified by sucrose density
gradient centrifugation from supernatants of Eveline
cells, an infected STU mouse fibroblast line obtained
from W. Schafer.

Antisera. Anti-FLV antiserum was prepared
against purified FLV in goats and was a gift from G.
Hunsmann. This serum contains group- and type-spe-
cific antibodies (11). For immunofluorescence studies,
this serum was used after in vivo adsorption: young
BALB/c mice were injected intraperitoneally with 0.5
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ml of anti-FLV diluted 1:3 in saline. Mice were bled
on the next day from the orbital sinus, and serum was
prepared by standard procedures. Rabbit anti-FLV
gp7O (batch no. 9187) was a gift from G. Hunsmann,
and rabbit anti-Moloney leukemia virus p30 (batch no.
3066) was provided by N. Miiller-Lantzsch and Fan
(21).
Immunofluorescence assay. Indirect immunoflu-

orescence on acetone-fixed cells was carried out essen-
tially as previously described (10). Cell suspensions
were put on specially prepared slides, air dried, fixed
in acetone for 10 min, and stored at -20°C. Several
slides were prepared for each sample, which allowed
us to restain parallel slides. Before immunofluores-
cence staining, the cells were rehydrated in saline for
15 min. Two wells were stained with antiserum diluted
in saline containing 1% bovine serum albumin (fraction
V; Fluka AG, Buchs, Switzerland). Normal serum or
saline controls or both were included on each slide.
Before counting, slides were coded for objective eval-
uation. Fluorescein isothiocyanate-conjugated anti-
immunoglobulin G antibodies were purchased from
Miles-Yedah, Israel, or Nordic, Holland.

Protein blotting. Protein blotting was done essen-
tially as previously described (30), with minor modifi-
cations. Viral pellets were dissolved by boiling for 3
min in electrophoresis sample buffer containing 20
mM Tris, 1% sodium dodecyl sulfate, 2% ,8-mercapto-
ethanol, and 3% glycerol and separated by sodium
dodecyl sulfate-polyacrylamide gel electrophoresis on
15% polyacrylamide gels. After electrophoretic trans-
fer of the separated proteins to filter paper (nitrocel-
lulose; Millipore, France), additional protein-binding
sites on the filter were saturated by incubation with
3% bovine serum albumin in saline for at least 1 h at
37°C. Filters were stained overnight at room temper-
ature in a humidified chamber with rabbit antiserum
or normal rabbit serum diluted 1:5,000 in saline con-
taining 3% normal goat serum. After washing in two
changes of saline for 30 min, filters were incubated for
2 to 3 h at room temperature with horseradish perox-
idase-labeled goat anti-rabbit immunoglobulin G anti-
bodies (Nordic) diluted 1:1,000 in saline containing 3%
normal goat serum, followed by washing and the color
reaction.

Separation of viable and nonviable cells. Cul-
tured cells were pelleted in 15-ml glass Corex tubes at
1,200 rpm for 10 min at 4°C and suspended in 2 ml of
35% bovine serum albumin (Path-O-Cyte, Pentex;
Miles Laboratories, Inc., Elkhart, Ind.). A total of 2 ml
of RPMI 1640 medium was layered on top, and the
gradient was spun in a Sorvall rotor, type HB-4, at
7,500 rpm for 25 min at 4°C. Viable cells were har-
vested from the interface, washed once in 50 ml of cold
phosphate-buffered saline, and fixed on slides as de-
scribed above for the immunofluorescence determi-
nation. Recovery of viable cells was routinely -80%,
with a viability level of >95%.
Enumeration of immunoglobulin-secreting

cells. Cells secreting antibodies against sheep eryth-
rocytes (SRBC) were determined by the Cunningham
modification of the Jerne plaque assay (3). A counted
number of cultured spleen cells were pelleted in a 15-
ml Falcon conical plastic tube and suspended in 50,l
of RPMI 1640 medium containing 8% (vol/vol) SRBC

(Graeub AG, Switzerland). After the addition of 50 [l
of complement diluted 1:7.5 in RPMI 1640 medium,
two 50-pd samples were added to microchambers sealed
with a 1:1 mixture of paraffin and petrolatum and
incubated at 37°C for 45 min. Clear plaques of lysed
SRBC were counted visually. Guinea pig serum was
used as the complement source and was absorbed
twice with a 1/10 volume of packed SRBC before use.
Reverse transcriptase assay. Supernatants of

LPS-stimulated spleen cell cultures were clarified by
centrifugation for 10 min at 250 x g at 4°C and then
for 10 min at 12,000 rpm in a Sorvall SS-34 rotor. The
virus was pelleted for 45 min in a Beckman SW40
rotor at 40,000 rpm, suspended, layered onto a 15 to
60% linear sucrose gradient, and centrifuged for 2.5 h
at 40,000 rpm in an SW40 rotor. Fractions with den-
sities of 1.13 to 1.17 g/ml were pooled, the virus was
pelleted and resuspended, and the reverse transcrip-
tase activity was determined by assay conditions as
described previously (19). The specific activity of the
TTP in the reaction mixture was 28,500 cpm/pmol.

[3H]thymidine incorporation. One-milliliter
spleen cell cultures were incubated for 48 h and pulsed
with 1 t,Ci of [3H]thymidine (23 Ci/mmol; Amersham,
Buckinghamshire, England) for the last 18 h. Then, 1
ml of 10% cold trichloroacetic acid was added, and the
cultures were incubated for 30 min on ice. Samples
(0.5 ml) were collected on a Whatman GF/C filter and
extensively washed with 5% cold trichloroacetic acid,
and radioactivity was determined by scintillation
counting.

RESULTS
DNA synthesis and differentiation in

129/J spleen cultures. Virus induction by B-
cell mitogens is correlated with induction of B-
cell differentiation (20). We therefore stimulated
129/J and BALB/c spleen cells with LPS and
assayed for induction of B-cell differentiation,
DNA synthesis, and the release of reverse tran-
scriptase activity in the supernatant. Since LPS
activates B-lymphocytes polyclonally (1), the
antibodies secreted from differentiated plasma
cells are specific for many different antigens. For
reasons of convenience, we chose to enumerate
cells secreting antibody specific for SRBC to
assess differentiation in our cultures. In contrast
to BALB/c cells, 129/J cells failed to release
reverse transcriptase activity upon stimulation
with LPS, although the strains responded simi-
larly with respect to DNA synthesis and B-cell
differentiation (Table 1). We confirmed the pre-
viously published observation (25) that the ad-
dition of 5-bromodeoxyuridine to BALB/c cul-
tures amplified virus release but had no effect
on 129/J cells (data not shown). Thus, 129/J
cells are competent to proliferate and differen-
tiate in response to LPS but appear to be
blocked with respect to virus production.
Induction of viral antigen in 129/J spleen

cultures. It seemed possible that, despite the
absence of reverse transcriptase activity in the
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supernatant, LPS might still induce the produc-
tion of intracellular viral proteins. We therefore
measured by immunofluorescence, using in vivo-
adsorbed anti-FLV antiserum, the appearance
of viral antigen in LPS-stimulated 129/J cul-
tures. After a lag phase of about 60 h, the per-
centage of antigen-positive cells increased rap-
idly in cultures containing LPS, and antigen-
positive cells could be detected up to 155 h after
culture initiation (Fig. 1). Cultures at later times
were not examined. These stimulation experi-
ments with 129/J cells were carried out in the
absence of fetal calfserum since B-cell mitogenic
substances in the serum also lead to induction
of viral antigen (16).
To determine the specificity of the observed

fluorescence, we tested replicate slides, using
antiserum adsorbed with purified FLV or NIH-
3T3-AL cells producing ecotropic AKR virus.
Adsorption with FLV or infected NIH-3T3 cells
reduced the number of fluorescent cells to back-
ground levels, whereas adsorption with unin-
fected NIH-3T3 cells had no appreciable effect
(Table 2). These results indicate that the ob-
served fluorescence was due to detection of viral
antigen and was not the result of antibody bind-
ing to normal mouse cell components. As a fur-
ther control, we stained replicate slides with a
monospecific antiserum directed against purified
FLV gp70 and found that LPS induced 13.5%
gp7O positive cells. This is in good agreement
with values found with the broadly reactive anti-
FLV serum. Since the host range of mitogen-
induced viruses in BALB/c and other mouse
strains is xenotropic (22), we adsorbed the anti-

TABLE 1. Virus induction, B-cell differentiation,
and DNA synthesis in spleen cell cultures

No. of
Reverse tran- SRBC-spe- [3H]thy-

Addi- scriptase activ- cific immu- pidine in-
Strain tion to ity (cpm of noglobulin- corpora

culture [3H]TMP secreting tion (stin-
incorporated)' cells per 10 dexn

BALB/c ~~~~~~~viablecefllsbde)
BALB/c NDd 11 5

LPS 11,660 + 1,853 49 ± 7 6.3

129/J ND 28 ± 5
LPS 1,244 ± 171 98 ± 18 5.7

a Results are the average ± the standard deviation
of two experiments performed in triplicate. The back-
ground value in the absence of added virus was 668 ±
482 cpm. Supernatants were harvested 96 h after cul-
ture initiation.

b Results are the average ± the standard deviation.
'Stimulation index is defined as the ratio of the

counts per minute measured in LPS-stimulated cul-
tures to the counts per minute in control cultures.

d ND, Not determined.

16-
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I

28

0 20 40 80 80 100 120 140 180
Hours in culture

FIG. 1. Serum-free spleen cell cultures from 129/J
mice were prepared as described in the text and
cultured for the indicated times, and the percentage
of fluorescent cells was determined by using in vivo-
adsorbed anti-FLV antiserum. Results are the aver-
age percentage of fluorescent cells ± the standard
error from two experiments performed in duplicate.
The value at 0 h was determined on freshly prepared
spleen cell suspensions. Normal serum controls were
1.0 ± 0.4%. Symbols: 0, control cultures; U, with LPS.

serum with CCL-64-BLS cells. Virus-specific flu-
orescence could be expected to disappear after
such an adsorption. Adsorption with infected
mink cells reduced the percentage of fluorescent
cells by more than 80%, whereas adsorption with
uninfected mink cells had no effect (Table 2).
These results show that, upon LPS stimulation,
129/J spleen cells express endogenous env gene
products carrying group-specific antigenic deter-
minants present on FLV and xenotropic viral
gp70.
Protein blotting analysis of culture 8U-

pernatant. We next examined whether the in-
duced viral antigen became packaged into a
particle and could be detected in a high-speed
pellet. We chose to use a recently developed
serological method for the detection of low
amounts of proteins not containing a radioactive
label (30). After sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis, the proteins are
electrophoretically transferred to a nitrocellu-
lose filter and stained with specific antiserum.
This method is an attractive alternative to met-
abolic labeling followed by autoradiography
since it is fast and obviates handling large quan-
tities of radioactive material. When a high-speed
pellet of 129/J culture supernatant was ana-
lyzed, staining with a monospecific rabbit anti-
p30 antiserum revealed a clear band of 30,000
daltons (Fig. 2, track a). This band comigrated
with viral p30 from purified xenotropic BALB/
c virus (Fig. 2, track b). To characterize further
the usefulness of the protein blotting procedure
for the detection of viral p30, we analyzed 500
and 50 ng of total xenotropic viral protein in
tracks b and c, respectively. No p30 band was
visible in track c, indicating that a few hundred
nanograms of virus was needed to detect the
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TABLE 2. Specificity of observed fluorescence on
129/J spleen cell cultures'

Fluorescent cells ± SE

Antise- A (%) in following culture:
rm Adsorbed with:rum ~~~~~~~~LPSstimu-Control lated

Anti-FLV _b 2.1 ± 0.7 12.2 ± 1.7
FLVc <0.2 2.0 ± 1.3
NIH-3T3d 2.1 ± 0.5 15.1 ± 3.2
NIH-3T3-ALd <0.2 0.6 ± 0.4

Anti-FLV __b 1.3 ± 0.4 13.5 ± 1.3
gp7O CCL64' 1.2 ± 0.3 11.5 ± 0.9

CCL64-BLSe 0.4 ± 0.1 2.6 ± 0.8

aAntiserum was adsorbed as indicated and used for fluo-
rescence determinations on replicate slides made of cells after
110 h in culture and stored at -20°C. Results are the average
of three duplicate experiments. Normal serum controls were
0.5 ± 0.2%. SE, Standard error.

bMock adsorbed.
'Adsorption was for 1 h at 4°C at a final antiserum dilution

of 1:10 with 120,usg of FLV per ml.
d Adsorption was for 1 h at 40C at a final antiserum dilution

of 1:10 with an equal volume of acetone-fixed NIH-3T3 cells
or NIH-3T3-AL cells.

' Adsorption was for 1 h at 40C at a final antiserum dilution
of 1:50 with a 0.5 volume of acetone-fixed CCL64 cells or
CCL64-BLS cells.

presence of p30. Staining duplicate samples with
nonimmune rabbit serum revealed only some
nonspecific staining of high-molecular-weight
bands present in the 129/J culture supernatant
(Fig. 2, track d). Tracks e and f, containing 500
and 50 ng of purified xenotropic virus, respec-
tively, did not show nonspecific bands.
To show that the p30 molecule present in

pellets of culture supernatants was, in fact, part
of a viral particle and not brought down by cell
debris, we determined the density of the particle
containing the antigenic material by sucrose gra-
dient centrifugation. Pellets prepared from in-
dividual gradient fractions were subjected to
sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis and examined as described above.
As shown in Fig. 3, tracks a through i, p30 could
be detected in only two fractions, analyzed in
tracks e and f and corresponding to densities of
1.15 and 1.13 g/ml, respectively. Track j con-
tained 500 ng of purified xenotropic virus. Stain-
ing with normal rabbit serum revealed only some
high-molecular-weight bands, as described in
the legend to Fig. 2 (data not shown). Parallel
analysis of LPS-induced virus from BALB/c
cultures revealed the presence of p30 in particles
banding at densities of 1.16 to 1.15 g/ml. Thus,
stimulated 129/J cultures produced viral parti-
cles with slightly lower densities in comparison
with the particles isolated from BALB/c mice.
Electron microscopy of LPS-stimulated

spleen cells. Thin sections from LPS-stimu-
lated spleen cells were examined by electron

@, .r,..
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FIG. 2. Protein blotting analysis of 129/J culture
supernatant andpurified xenotropic virus. Blots were
stained with anti-p30 or with normal rabbit serum.
Particles werepelleted as described in the text for the
reverse transcriptase determination. In tracks a and
d, pellets from 3 ml ofLPS-stimulated spleen culture
supernatant were analyzed. Tracks b and e received
500 ng of purified mouse xenotropic virus isolated
from LPS-stimulated BALBIc spleen cultures and
propagated in mink lung cells; tracks c and freceived
50 ng. The middle column indicates the position of
marker proteins bovine serum albumin, ovalbumin,
and chymotrypsinogen, with their respective molecu-
lar weights given in thousands.

microscopy for the presence of virus particles.
We observed rare budding particles with the
morphology previously described for immature
type C virus (Fig. 4). These observations show
that retroviruses can assemble in and bud from
stimulated 129/J spleen cells.

DISCUSSION
We have previously reported that 129/J

spleen cell cultures do not release measurable
amounts of reverse transcriptase activity into
the supernatant upon stimulation with LPS, in
contrast to cultures from a variety of other
mouse strains (17, 20, 25). The defect responsible
for this behavior might be due to the different
genetic background of 129/J mice. Alternatively,
differences in the endogenous proviral sequences
in 129/J cellular DNA, as compared with those
present in other, inducible strains, might be the
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FIG. 3. Sucrose density gradient analysis of a

high-speed pellet from 40 ml of 129/J spleen cell
culture supernatant. Particles were pelleted as de-
scribed in the legend to Fig. 2, suspended in 100 ,ul of
NET buffer (0.1 M NaCl, 0.01 M Tris-hydrochloride
[pH 7.4], 0.01 M EDTA), layered onto a 10-ml linear
gradient of 15 to 60%o sucrose in NET buffer, and
spun for 2.5 h at 40,000 rpm at 4°C in a Beckman
SW40 rotor. Ten 1-ml fractions were collected by
pumping from the bottom. After the density was de-
termined, the fractions were diluted with 11 ml of
cold NET buffer, and the material present was cen-

trifuged for 30 min at 40,000 rpm and dissolved in 50
,ul of1% SDS at 37°C for 30 min. After the addition of
25 ,lA of 3x electrophoresis sample buffer, samples
were layered on a 15%polyacrylamide gel and run at
110 V for 4 h. Tracks a through i were individual
gradient fractions, with tracks a and i containing the
bottom and top fractions, respectively. Track j con-

tained 500 ng ofpurified xenotropic virus. Blots were

stained with anti-p30. Numbers at the right indicate
molecular weights of marker proteins as in Fig. 2.

cause of this apparent noninducible behavior.
Studies in other mouse strains have revealed
that certain host functions are prerequisites for
mitogen induction ofvirus expression. In BALB/
c mice, mitogen-induced virus release takes
place only when accompanied by differentiation
of small B-lymphocytes into immunoglobulin
M-secreting plasma cells (20). Male CBA/N
mice, which have a recessive X-chromosome-
linked genetic defect affecting B-cell differentia-
tion, respond poorly to LPS both with respect
to proliferation and differentiation and with re-

spect to virus induction (22). 129/J spleen cell

cultures have levels of DNA synthesis and dif-
ferentiation comparable to those ofthe inducible
BALB/c cultures (Table 1). This suggests that
the noninducible character of 129/J mice is not
due to a gross cellular defect resulting in an

abnormal response to LPS.

No infectious virus has been isolated in 129/J
mice (13, 22), although several authors have
reported the partial expression of endogenous
viral genes. Thymocytes of 129/J mice express
GlX cell surface antigen, which was shown to be
part of a viral gp7O molecule (28, 31), whereas
extracts of spleens of these mice contain both
gp7O and p30 (15, 29). It was also reported that
the bone marrow of 129/J mice contains eco-
tropic viral gp7O (15). It is thus clear that func-
tional genes coding for these viral proteins are
present in the cellular DNA of 129/J mice and
that they can be expressed spontaneously in
vivo. To determine whether at least some of
these genes were inducible with LPS, we per-
formed fluorescence studies (Fig. 1 and Table 2).
The results show that 129/J DNA contains LPS-
inducible endogenous viral genes.
Our gradient analysis shows that the induced

p30 molecule can be assembled into a sediment-
ing particle. We consistently found the density
(1.15 to 1.13 g/ml) of this particle to be slightly
lower than the typical density of retroviruses of
1.16 g/ml (7). It is noteworthy that for the par-
ticle induced from BALB/c cultures, we found
a density of 1.16 to 1.15 g/ml. It remains to be
seen whether the lower density of the 129/J
particle is a reflection of its defective nature.
Further evidence for viral particle assembly in
129/J mice comes from electron microscopic
analysis of LPS-stimulated spleen cells, in which
we detected particles budding from the cell
membrane. The observed particles had the mor-
phology previously described for immature type
C viruses (4, 9). The frequency of these particles
was low and comparable to that in BALB/c mice
(18), and no quantitative analysis has been per-
formed.
The fact that 129/J particles are defective in

reverse transcriptase activity is not a result of
our enzyme assay conditions, for the following
two reasons: first, a variety of mouse viruses,
including mitogen-induced ecotropic and xeno-
tropic viruses from several mouse strains, are
readily detected by the assay as described above;
second, cocultivation experiments with fresh
spleen cells or LPS-induced 129/J spleen cells
have not resulted in the isolation of a replicating
virus (13, 22; unpublished data). Taken together,
the data presented in this paper suggest that
LPS induces the appearance of retroviral parti-
cles, defective in reverse transcriptase activity,
in spleen cultures of 129/J mice. We do not
know whether the 129/J particle contains a non-
functional enzyme molecule or whether 129/J
mice have a defect in synthesizing or packaging
this enzyme.
UsingDNA complementary to AKR ecotropic

viral RNA, Lowy et al. (14) found two classes of
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I
FIG. 4. Cell pellets of LPS-stimulated 129/J spleen cell cultures were fixed with glutaraldehyde and

postfixed with 1% osmium tetroxide. Ultrathin sections ofdehydrated and embedded material were examined
in a Phillips EM400 electron microscope. Bar = 0.1 pum.

endogenous viral sequences in the DNA of high-
and low-virus-yielding strains. 129/J DNA lacks
the class representing ecotropic specific viral
sequences but contains the 7 to 10 copies of
sequences presumably representing xenotropic
or as yet unidentified viruses or both present in
all other strains. Until now, only a few of these
proviral genes had been implicated in induced
or spontaneous expression. Kozak and Rowe (12)
found that iododeoxyuridine-induced expression
of xenotropic virus from BALB/c and C57BL/
10 mouse fibroblasts segregated with a gene
closely linked to the Dip-i isoenzyme marker on
chromosome 1. The spontaneous expression of
xenotropic virus in NZB mouse spleen cells
probably involves two genes (5, 13, 27). In AKR
mice, it was shown that two genetic loci, Akv-1
and Akv-2, control the spontaneous expression
of ecotropic virus in vivo (23). These loci were
shown to contain virus-specific sequences and
thus presumably represent proviral copies (2,
26). Thus, some of the several endogenous viral
copies are expressed and have been identified
genetically. At present, we do not know whether
the remaining copies represent viral genomes,
the expression of which is more tightly con-
trolled, partially defective copies, or genomes of

viruses which have different biochemical and
host range characteristics which would be diffi-
cult to detect by standard methods.
The retroviral 129/J particle described in this

paper is possibly a representative of the group
of defective endogenous viruses. The fact that it
is inducible by LPS might facilitate direct study
of this viral class. Further protein and nucleic
acid studies are necessary to determine the ex-
tent of its defectiveness and its relation to the
known mouse retroviruses.

ACKNOWLEDGMENTS
We thank H. Towbin for teaching us the method of protein

blotting and M. Ackermann for skillfully performing the elec-
tron microscopy.

LITERATURE CITED

1. Andersson, J., A. Coutinho, and F. Melchers. 1977.
Frequencies of mitogen-reactive B cells in the mouse.
II. Frequencies of B cells producing antibodies which
lyse sheep or horse erythrocytes, and trinitrophenylated
or nitroiodophenylated sheep erythrocytes. J. Exp.
Med. 145:1520-1530.

2. Chattopadhyay, S. K., W. P. Rowe, N. M. Teich, and
D. R. Lowy. 1975. Definitive evidence that the murine
C-type virus inducing locus Akv-1 is viral genetic ma-
terial. Proc. Natl. Acad. Sci. U.S.A. 72:906-910.

3. Cunningham, A. J., and A. Szenberg. 1968. Further
improvements in the plaque technique for detecting

VOL. 37, 1981



1050 JONGSTRA AND MORONI

single antibody-forming cells. Immunology 14:599-600.
4. Dahlberg, J. E., S. R. Tronick, and S. A. Aaronson.

1980. Immunological relationships of an endogenous
guinea pig retrovirus with prototype mammalian type
B and type D retroviruses. J. Virol. 33:522-530.

5. Datta, S. K., and R. S. Schwartz. 1976. Genetics of
expression of xenotropic virus and autoimmunity in
NZB mice. Nature (London) 263:412-415.

6. Forni, L., and A. Coutinho. 1978. Receptor interactions
on the membrane of resting and activated B cells.
Nature (London) 273:304-306.

7. Gilden, R. V. 1977. Biology of RNA tumor viruses, p.
435-542. In D. P. Nayak (ed.), The molecular biology of
animal viruses, vol. 1. Marcel Dekker Inc., New York.

8. Greenberger, J. S., S. M. Phillips, J. R. Stephenson,
and S. A. Aaronson. 1975. Induction of mouse type-C
RNA virus by lipopolysaccharide. J. Immunol. 115:
317-320.

9. Gross, L. 1970. Oncogenic viruses. Pergamon Press, Inc.,
Ehmsford, N.Y.

10. Hilgers, J., R. C. Nowinski, G. Geering, and W.
Hardy. 1972. Detection of avian and mammalian on-
cogenic RNA viruses (oncornaviruses) by immunofluo-
rescence. Cancer Res. 32:98-106.

11. Hunsmann, G., V. Moennig, L. Pister, E. Seifert, and
W. Schiafer. 1974. Properties of mouse leukemia vi-
ruses. VIII. The major viral glycoprotein of Friend
leukemia virus. Seroimmunological, interfering and
hemagglutinating capacities. Virology 62:307-318.

12. Kozak, C., and W. P. Rowe. 1978. Genetic mapping of
xenotropic leukemia virus-inducing loci in two mouse
strains. Science 199:1448-1449.

13. Levy, J. A., J. Joyner, K. T. Nayar, and R. E. Kouri.
1979. Genetics of xenotropic virus expression in mice. I.
Evidence for a single locus regulating spontaneous pro-
duction of infectious virus in crosses involving NZB/
B1NJ and 129/J strains of mice. J. Virol. 30:754-758.

14. Lowy, D. R., S. K. Chattopadhyay, N. M. Teich, W. P.
Rowe, and A. S. Levine. 1974. AKR murine leukemia
virus genome: frequency of sequences in DNA of
high-, low-, and non-virus-yielding mouse strains. Proc.
Natl. Acad. Sci. U.S.A. 71:3555-3559.

15. McClintock, P. R., J. N. Ile, and D. R. Joseph. 1977.
Expression of AKR murine leukemia virus gp7l-like
and Balb (X) gp7l-like antigens in normal mouse tissues
in the absence of overt virus expression. J. Exp. Med.
146:422-434.

16. Monckton, R. P., and C. Moroni. 1980. Foetal calfserum
acts as an inducer of endogenous C-type virus in mouse
lymphoid cells. J. Gen. Virol. 47:59-66.

17. Moroni, C., and G. Schumann. 1976. Mitogen induction
of murine C-type viruses. II. Effect of B-lymphocyte
mitogens. Virology 73:17-22.

18. Moroni, C., and G. Schumann. 1978. Mitogen induction
of murine C-type viruses. IV. Effects of lipoprotein E.
coli, pokeweed mitogen and dextran sulphate. J. Gen.

J. VIROL.

Virol. 38:497-503.
19. Moroni, C., G. Schumann, M. Robert-Guroff, E. R.

Suter, and D. Martin. 1975. Induction of endogenous
murine C-type virus in spleen cell cultures treated with
mitogens and 5-bromo-2'-deoxyuridine. Proc. Natl.
Acad. Sci. U.S.A. 72:535-538.

20. Moroni, C., J. P. Stoye, J. F. DeLamarter, P. Erb, F.
A. Jay, J. Jongstra, D. Martin, and G. Schumann.
1979. Normal B-cell activation involves endogenous
retroviral antigen expression: implications for leuke-
mogenesis. Cold Spring Harbor Symp. Quant. Biol. 46:
1205-1210.

21. Miuller-Lantzsch, N., and H. Fan. 1976. Monospecific
immunoprecipitation of murine leukemia virus polyri-
bosomes: identification of p30 protein-specific messen-
ger RNA. Cell 9:579-588.

22. Phillips, S. M., J. R. Stephenson, and S. A. Aaronson.
1977. Genetic factors influencing mouse type-C RNA
virus induction by naturally occurring B cell mitogens.
J. Immunol. 118:662-666.

23. Rowe, W. P. 1972. Studies of genetic transmission of
murine leukemia virus by AKR mice. I. Crosses with
Fv-l strains of mice. J. Exp. Med. 136:1272-1295.

24. Schumann, G., and C. Moroni. 1976. Mitogen induction
of murine C-type viruses. I. Analysis of lymphoid cell
subpopulations. J. Immunol. 116:1145-1150.

25. Schumann, G., and C. Moroni. 1977. Mitogen induction
of murine C-type viruses. III. Effect of culture condi-
tions, age, and genotype. Virology 79:81-87.

26. Steffen, D., S. Bird, W. P. Rowe, and R. A. Weinberg.
1979. Identification of DNA fragments carrying eco-
tropic proviruses of AKR mice. Proc. Natl. Acad. Sci.
U.S.A. 76:4554-4558.

27. Stephenson, J. R., and S. A. Aaronson. 1974. Demon-
stration of a genetic factor influencing spontaneous
release of xenotropic virus of mouse cells. Proc. Natl.
Acad. Sci. U.S.A. 71:4925-4929.

28. Stockert, E., L. J. Old, and E. A. Boyse. 1971. The GIx
system. A cell surface allo-antigen associated with mu-
rine leukemia virus; implications regarding chromo-
somal integration of the viral genome. J. Exp. Med.
133:1334-1355.

29. Strand, M., F. Lilly, and J. T. August. 1974. Host
control of endogenous murine leukemia virus gene
expression: concentrations of viral proteins in high and
low leukemia mouse strains. Proc. Natl. Acad. Sci.
U.S.A. 71:3682-3686.

30. Towbin, H., T. Staehelin, and J. Gordon. 1979. Elec-
trophoretic transfer of proteins from polyacrylamide
gels to nitrocellulose sheets: procedure and some appli-
cations. Proc. Natl. Acad. Sci. U.S.A. 76:4350-4354.

31. Tung, J.-S., E. S. Vitetta, E. Fleissner, and E. A.
Boyse. 1975. Biochemical evidence linking the G,x thy-
mocyte surface antigen to the gp69/71 envelope glyco-
protein of murine leukemia virus. J. Exp. Med. 141:
198-205.


