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SUMMARY

In vitro Ll210(V) cell lines contained abundant intracyto
plasmic A-particles, numerous C-type particles, a small
number of B-type particles, and occasional intracisternal
A-particles. The intracytoplasmic A-particles were incorpo
rated into both spiked (B-type) and smooth-surfaced (C-
type) particles formed at the budding site. Both B- and
C-type particles also developed by gradual accumulation of
nucleoid material. The particles, particularly the C-type,
exhibited a wide range of densities. The cells showed strong
surface immunofluorescence for both murine mammary
tumor virus and Gross murine leukemia virus antigens and
variable degrees of cytoplasmic immunofluorescence for the
protein antigens (p1 to p6) of Rauscher leukemia virus. The
cells, the culture supernatant, and the purified virus each
gave positive reactions with murine mammary tumor virus
and murine leukemia virus antisera by immunodiffusion.
The viral particles failed to infect CS7BL, C57BL/6 x
DBA/2F1 (hereafter called BD2F1), BALB/c, Af, and
RIIIf mice. However, the cells were highly tumorigenic in
BD2F1 mice, moderately tumorigenic in BALB/c mice, but
not tumorigenic in C57BL, Af, and RIIIf mice.

INTRODUCTION

was established. After having been maintained in a gluta
mine plus asparagine medium for 8 months, L12l0(V) Glu
or Asn was obtained from it by gradually depleting the
medium of glutamine, leaving asparagine constant. The
cells of both lines possess the marker subtelocentric chro
mosome and have a modal chromosome number of4O. The
oncogenicity and host specificity of these 2 lines have been
determined (17). L12l0 cell lines have been commonly used
in chemical, biochemical, and chemotherapeutic studies.
Little attention has been directed to their associated virus.
StUck et a!. (33) described the presence of an antigen
designated ML in MuMTV3-positive mammary tumors of a
number of mouse strains and in several leukemias of
DBA/2 mice, including Ll210. Brandes et a!. (2), Seman
(31), and Chopra et a!. (9) briefly reported on observing
intracytoplasmic A-particles and particles that appear to be
C-type particles in Ll210 ascites cells. In a recent report,
typical B- and C-type particles and intracytoplasmic A-par
tides in Ll210 cells were described by Chen et a!. (8).

This report describes our studies of the structural and
biological features of virus in the above-mentioned cell
lines.

MATERIALS AND METHODS

Cell Lines
Ll210 leukemia was induced by Law et a!. (21) in an

8-month-old female DBA/2 mouse by skin painting with
0.2% methylcholanthrene in ethyl ether. The establishment
of the L12l0 leukemia in stable cell lines has been reported
(3, 11, 12, 18, 25). The L1210(V) leukemia is maintained in
ascitic form in C57BL/6 x DBA/2 (hereafter called
BD2F1) mice (19) and bears a characteristic subtelocentric
chromosome (1). From this in vivo line, the in vitro
L1210(V) G1u subline that requires glutamine for growth

The 2 cell lines, Ll210(V) G1u and Ll210(V) G1u or
Asn were used in this study. They were cultured in
Earl's-Eagle's medium with a double concentration of
glutamine and 20% fetal calf serum. The doubling time of
each line was determined by cell counts (Coulter counter)
following the suspension of approximately 5 x l0@cells/mI
of medium and incubation at 37Â°.Counts were made at 24,
48, 72, and 96 hr.
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The Virions ofLl2lO(V) Leukemia Ce!ls

In Vivo Passage

L1210(V) in vitro cultures were inoculated i.p. at 106
cells/mouse into BD2F1 mice. After 7 to 8 days the ascitic
fluid was harvested and 6 to 8 drops were delivered to each
of 8 T-30 plastic tissue culture flasks containing 5 ml
medium, agitating gently to disperse the fluid. These
cultures were fed with 5 ml medium after 48 hr and, after 96
hr. the cells and the fluid were transferred to 125-mI flasks
containing 12 to 15 ml fresh medium. From this point on
culture fluid was collected for viral isolation every 3 to 4
days.

Hormone Supplementation

Several cultures were grown in medium with 15% fetal
bovine serum, insulin, (10 zg/ml), and hydrocortisone
sodium succinate (10 jzg/ml).

Immunological Tests

Sera used were: (a) normal rabbit; (b) normal rat; (c)
rabbit anti-MTV of RILI milk (exhaustively absorbed with
MuMTV-negative C57BL milk); (6) rat anti-Gross leu
kemia virus;4 (e) rat anti-Rauscher leukemia virus proteins
(p1 top6)(gift of R. C. Nowinski, McArdle Laboratory); (f)
goat anti-rabbit fly-globulin (fluroescein conjugated); and (g)
anti-rat @â€˜-globulin(fluorescein conjugated).

Indirect im munofluorescence tests were perform ed fol
lowing the techniques of Hardy et a!. (13), Hirshaut et a!.
(14)andHilgerseta!.(15).Tenmoistenedfilterpaperdiscs
of 5 mm diameter were placed in 2 rows on 2 properly
cleaned microscope slides. The slides were lightly sprayed
with Fluoroglide (Chemplast Inc., Wayne, N. J.) and
allowed to dry. The discs were removed leaving distinct
wells on the slides. With 10 wells, 10 reactions with the test
and control sera listed above were performed in 4 steps.

Step 1. Cells were washed in Earl's balanced salt solu
tion and diluted to a final concentration of about 1 x 106
cells/mI. One drop was delivered to each well and allowed to
dry at 37Â°in an incubator and fixed in acetone for 10 mm at
room temperature.

Step 2. Cells in each well were incubated at 37Â°for I hr
with a drop of I of the 10 antisera diluted 1:10 in
0.02 M phosphate:0. I 5 M NaCI buffer (pH 7.4). The slides
were washed twice in 0.02 M phosphate:0.15 M NaCI
buffer (pH 7.4) and twice in distilled water at 5-mm inter
vals and dried with a hot air blower.

Step 3. One drop of fluorescent antiglobulin was added
to each well; goat anti-rabbit diluted 1:20 for MuMTV and
goat anti-rat diluted 1:10 for MuLV. The cells were
incubatedat 37Â°for I hr and the slideswerewashedtwice in
0.02 M phosphate:0.15 M NaCl buffer (pH 7.4) and once
in distilled water.

Step 4. Cells werecounterstainedby incubation in Evans

blue dye (0.06%) for 5 mm, washed twice in distilled water,
and dried as above. A small drop of glycerine in 0.02 M
phosphate:0. 15 M NaCl buffer (pH 7.4) ( 1: I ) was placed
in each well; the slide was covered with a long coverslip
and examined in a Leitz fluorescent microscope. Slides
can be kept at 4Â°for 2 months without fluorescent fading.

Immunoelectron microscopic examination of the cells
involved the procedure presented below. The cells were
centrifuged at 120 rpm for 3 mm, rinsed twice with 2 ml
isotonic 0.02 M phosphate:0.lS M NaCI buffer (pH 7.4)
and resuspended in I ml 0.02 M phosphate:0. I5 M NaCl
buffer (pH 7.4). One ml of 1% glutaraldehyde was added
to the cell suspension and the cells were fixed for about I
mm. The cells were rinsed 3 times with 2 ml 0.02 M phos
phate:0.l5 M NaCI buffer (pH 7.4), resuspended in 0.2
ml 0.02 M phosphate:0.l5 M NaCI buffer (pH 7.4), and
incubated with 0.2 ml antiserum at 37Â°for 1 hr. agitating
occasionally. The cells were rinsed 3 times in 0.02 M phos
phate:0.15 M NaCI buffer (pH 7.4) and resuspended in 0.2
ml 0.02 M phosphate:0.15 M NaCI buffer (pH 7.4): 0.2
ml of appropriate anti--y-globulin was added and the sus
pension was incubated at 37Â° for I hr with occasional
agitation. The cells were again rinsed 3 times as above and
resuspended in 1 ml hypotonic 0.02 M phosphate:0. 15
M NaCI buffer (pH 7.4) (0.02 M phosphate:0.15 M NaCI

buffer (pH 7.4): H20, 1:4) at 0Â° for 10 mm. One ml
of 2% aqueous 0504 was added and, after 20 mm at 0Â°,
the cells were rinsed twice in hypotonic 0.02 M phosphate:
0.15 M NaCI buffer (pH 7.4) and resuspended in I ml of
this buffer. One drop of the suspension was placed on a
Formvar-coated grid, stained with PTA, and examined in
an electron microscope.

Immunodiffusion tests were carried out by the micro
Ouchterlony method according to Charney et a!. (7). Cells,
culture fluid, and purified virions were tested for the
presence of soluble MuMTV and MuLV antigens.

Mouse Strains

Four of the 5 strains of mice used in this study, CS7BL,
Af, Rilif, and BALB/c, have been maintained at the
Institute for Medical Research, Camden, N. J., since 1966.
Their mammary tumor incidences are: 0, 47, 10, and 27%,
respectively. These strains are susceptible in varying degrees
to virus from various strains (23). The 5th mouse strain,
BD2F1, was purchased from The Jackson Laboratory, Bar
Harbor, Maine, for the initial infectivity experiment. These
hybrids were later produced in our laboratory.

Thin-Section Electron Microscopy

Cells were pelleted by centrifugation and were prefixed in
2.5% glutaraldehyde. They were fixed in either Dalton's
chrome osmium (10) or 1% 0504 and embedded in Epon
812 following the method of Luft (22). Thin sections were
cut on a Porter-Blum ultramicrotome and stained with
uranyl acetate and lead citrate.

Whole-Cell Mount Electron Microscopy

The control preparations used for immunoelectron mi
croscopy (see above) were used for these studies.

4 From adult rats given injections of Gross leukemia cells produced in

isogenic rats that had been inoculated as newborns with Gross leukemia
virus. The serum is therefore free of anti-mouse antibodies. (Gift of R. C.
Nowinski. McArdle Laboratory. Madison. Wis.)
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Virus Isolation

When the cultures reached a concentration of2 to 3 x 106
cells/ml of medium in 3 to 4 days, they were processed for
virus isolation. Usually, 8 cultures (each of 15 to 20 ml
medium) were pooled for this purpose. The cultures were
centrifuged at 1000 rpm for 5 mm to remove the cells. The
supernatants were centrifuged at 5000 rpm for 10 mm. The
resulting pellets were discarded and the supernatants were
further centrifuged at 25,000 rpm for I hr. These pellets
were resuspended in a small volume of TNE, layered over
25 to 45% w/w sucrose or 5 to 35% w/v CsC1 density
gradients, and then centrifuged for I or 2 hr at 30,000 rpm
in a Spinco SW 50. 1 rotor. The bands at density 1.16, 1.18,
I .20, and 1.22 were collected separately, diluted in TN E,
and centrifuged at 32,000 rpm for 1 hr. The resulting virus
pellets were resuspended in about 4 drops of TNE and were
used for negatively stained preparations, antigen detection,
and infectivity experiments.

Negativeâ€”Stain Electron Microsopy

Preparations of purified particles were studied by elec
tron microscopy after being negatively stained with buff
ered PTA (pH 7.0). The isolates were also pretreated with
2.5% glutaraldehyde in order to reveal the internal struc
ture of the virions more clearly.

Infectivity Experiment

The infectivity experiment was repeated5 times within a
period of 8 months and involved 637 female mice (weanlings
and newborns) of 5 different strains (C57BL, BALB/c,
RIIIf, Af, and BD2F1). All inoculations were made i.p. Of
the 5 strains of mice, 82 female weanlings each received 106
cells, 206 weanlings, were given injections of 0. 1 ml
millipore-filtered culture supernatant per mouse, and 349
weanlings and newborns were inoculated with 0. 1 ml density
gradient-purified virus at the dilution of lO_2 in 0.02
M phosphate:0.15 M NaCI buffer (pH 7.4) (see Ta

ble 2). When the inoculated mice reached the mating age,
a male was placed in each cage of 4 females whose milks
were tested fpr MuMTV antigen at the 3rd lactation,
following the method of Charney et a!. (7).

RESULTS

Cell Lines. The doubling time for L12l0(V) G1u and
L1210(V) G1u or Asn in their maintenance medium was
30 to 32 hr. In the asparagine containing medium devoid of
glutamine, Ll210(V) G1u did not maintain viability, while
the L12l0(V) G1u or Asn doubledat the normal rate. The
cells of the former line are smaller than the cells in the latter
line. About 20 to 30% of the cells of both lines bear 2
conspicuous surface extensions: (a) stout protrusions of
varying size and shape, the largest of which can be resolved

by light microscopy and (b) microvilli. In most of the
microvilli 1 budding particle was seen, usually at the tip
[Figs. lb. 2b, 3 (a and b), and 4a], and the stout protrusions
consisted of large aggregates of C-type particles (Fig. 2a).
These 2 lines are identical in that they contained a small
proportion of cells that are 2 to 3 times larger than the
average cells and they carry the same type of viral particles
and antigens. No distinction between these 2 lines will be
made further in this text.

Enhancement of Virion Production. In vivo passage and
hormone supplementation in in vitro culture, which were
used for this purpose, gave the following results. Virion
production became detectable 10 to 12 days after the cells
had been returned to in vitro culture, increased for another
10 to 12 days, and thereafter remained constant for about 2
months. With long-term culture (3 months or more), the
yield of virions, especially B-type particles, dropped consid
erably. Thus it is apparent that cells cultured in vitro
gradually lose their efficiency in virion production and, to
replenish their productivity, cells must be passaged in vivo.
Hormone supplementation did not appear to increase virus
production significantly.

Intracytoplasmic A-Particles. The A-particles in the cyto
plasm exhibited 3 general distribution patterns: (a) aggre
gated (Fig. Ia); (b) scattered, covering a large area in the
cell; and (c) near the cell margin (Fig. 7), as if moving
outwardly toward microvilli. Usually, A-particles were
found singly in microvilli (Fig. 7), but occasionally several
of them were also seen aligned in 1 microvillus (Fig. 8).

The Budding Phenomenon. There were 5 modes of particle
morphogenesis. One began with the formation of the
nucleoid as a crescent at the plasma membrane and spikes
on its outer surface (Figs. lb and 3a). Another mode was by
the incorporation of preformed nucleoids and the formation
of external spikes (Fig. 3b). Fig. 3, b and e, illustrates
various stages of the release of the particles. The 3rd mode
was with the formation of an internal crescent in a bud
without spikes (Fig. 4a). The sequence of this mode of viral
assembly and release is shown in Fig. 4. The 4th mode was
with the incorporation of an A-particle within a spike-free
envelope (Figs. 7 and 8, arrows). The 5th mode was with the
formation of a thick crescent within the endoplasmic
cisternae (intracisternal A-particles) (Fig. 9).

In negatively stained whole-cell mounts, the same types of
budding, except for the intracisternal A-particles, were
observed: (a) spiked virions with nucleoids in the process of
assembly (Fig. lOa); (b) spiked virions with preformed
nucleoids (Fig. lOa, arrowhead); (c) spikeless particles
with nucleoids in the process of assembly (Fig. lOc); and
(d) spikeless particles with preformed nucleoids (Fig. lOb).

Extracellular Viral Particles. Only 2 morphologically
distinct types of extracellular particles were observed:
virions covered by uniformly spaced surface spikes (Figs.
2b, straight arrow, and 3e) and virions with smooth (spike
less) envelopes (Figs. 5 and 6). We refer to the former as
B-type and the latter as C-type particles. In negatively
stained preparations, both B- and C-type particles usually
exhibited head and tail forms (Fig.s I I, 12a, and 13a).
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No. ofpositive reactions/totaltimestestedImmunodiffusion
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4/26 2/245/5

5/53/3 2/4

The Virions of L1210( I') Leukemia Cells

Occasionally, some rounded particles were observed (Figs.
12b, 12c, and l3c).

In preparations that were fixed with glutaraldehyde prior
to negative staining with PTA, the internal structures were
often revealed more clearly than in unfixed preparations.
These internal structures were usually filamentous, occa
sionally occurring at the periphery as a paired filament 30
nm in diameter (Fig. l2b). Whether the paired strands
represent a helical structure (30, 32) or a capsid with cubic
symmetry (26) remains to be established.

Density of Viral Particles. Mixtures of B-type particles of
MuMTV and C-type particles of Rauscher leukemia virus
can be separated by density gradient centrifugation in
sucrose or CsCl (28). Density gradient separation of B- and
C-type particles of L1210 cells, however, was unsuccessful
because both particles were found at all densities, ranging
from 1.16 to 1.24. However, the ratio of C- to B-particles
was greater at lower densities.

Immunological Tests. The cells, the culture fluid, and the
purified virus all gave positive reactions to MuMTV and
MuLV antibodies by immunodiffusion (Table 1). The cell
preparations tested with indirect immunofluorescence dem
onstrated strong fluorescence for MuMTV (Fig. l4a) with
control (Fig. l4b) and MuLV antigens (Fig. ISa) with
control (Fig. l5b). Using the same method for testing with
antibodies made against 6 isolated protein components of
Rauscher leukemia virus, the antibody against the MW.
30,000 (P3) protein gave the strongest reaction (Table 2).

Immunoelectron Microscopy. L 1210 cells prepared for
immunoelectron microscopy gave the following results: the
majority of the budding virions had preformed nucleoids,
and they were coated with a precipitate of electron-lucent
fibrils embedded in the electron-dense PTA in cells treated
with anti-MuMTV serum (Fig. 17). When this antiserum
was absorbed with purified MTV, it failed to coat the buds
(Fig. 18). Anti-MuLV serum also did not produce any
coating on these virions. A few budding virions that did not
react with anti-MuMTV serum but did react with anti
MuLV serum had less clearly defined nucleoids (Fig. 19).
Cells incubated with normal rabbit or normal rat sera did
not show any coating (Fig. 16).

Infectivity Experiment. The cells inoculated i.p. into
various mouse strains produced generalized leukemia in
12 of 12 BD2F and 9 of 19 BALB/c mice 8 to 10 days
postinoculation but produced generalized leukemia in 0 of

32, 0 of 6, and 0 of 13 mice of C57BL, Af, and RilIf
strains, respectively. The culture of supernatants did not
infect any of the 5 strains inoculated. The purified virions
also failed to demonstrate infectivity. Only I of 82 BD2F1
and I of 48 BALB/c mice inoculated with purified virus
were found positive for MuMTV antigen in their milks by
immunodiffusion at the 3rd and 4th lactations. The
BALB/c mouse subsequently developed a mammary tu
mor at 12 months of age, but no virus was found by electron
microscopic examination of the tumor (Table 3). Since
MuMTV antigen was never found in the milks or tumors
of BALB/c mice that developed spontaneous mammary
tumors, this single incidence merits further study. The
BD2F1 mouse has not developed a mammary tumor but is
being kept for further observation.

DISCUSSION

The L1210(V) cell suspension lines, although they differ
from each other in 1 nutritional requirement, produce the
same types of viral particles. Their cell surfaces showed
immunofluorescence against MuMTV and MuLV anti
bodies. The cells also gave cytoplasmic immunofluorescence
when tested against the 6 protein antigens of Rauscher virus
anddemonstratedthe strongestreaction to the 30,000MW.
protein. This suggests that at least some of their viral
antigens are related to Rauscher leukemia virus.

The budding phenomenonand morphological featuresof
B- and C-type particles observed here correspond to those of
the mouse mammary tumor virus and to murine leukemia
virus, respectively (20, 27, 29).

Although the intracytoplasmic A-particles have usually
been considered to be precursors of MuMTV, the observa
tion of A-particles being incorporated into both budding B-
and C-type particles argues for the possibility that many of
the A-particles contain hybrid genomes and that a great
proportion of the extracellular C-type particles are also
hybrids. However, to distinguish between the pure and
hybrid C-type particles by morphological analysis is impos
sible because in the extracellular fluid there are only
structurally distinct B- and C-type virions. To resolve this
question, further investigation is required. B-particles have
a higher density than do C-particles (p = 1.20 and 1.16,
respectively, in CsC1), and the 2 viruses can be separated

Table I

Detection of antigens in L 1210( V) cell cultures
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0
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0
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Table 2

Result of indirect immunofluorescence test

a GLV, Gross leukemia virus: RLV, Rauscher leukemia virus.

a@ occasionalfluorescence.

Table 3

Summary of infectivity experiments
requirement for prefixation may be due to the lability of the
viral surface antigens in the unfixed cells. We interpret the
coating of the budding virions by anti-MuMTV serum as
being specific because: (a) the reaction is confined to the
actual virion; (b) the reaction could be eliminated by
absorbing the serum with MuMTV, (c) control sera did not
produce any coating; and (d), anti-MuLV serum, which
coated the MuLV- buds, did not give the coating reaction
with the MuMTV-like buds. Anti-MuMTV serum also did
not coat the MuLV-like buds.

B-particles have previously been found in the epididymus,
the thymus, lung tumors, and ependymoblastomas of mice
infected with MuMTV (4, 5, 24, 32). Chen et a!. (8) and
Calafat et a!. (6) recently demonstrated the production of
B-type particles by leukemia cells that originated in
MuMTV positive mice. This report confirms thesefindings
and shows that virion production is maintained after
long-term in vitro culture.

In this study we demonstrated that viral particles in the in
vitro Ll210(V) cells are morphologically and immunologi
cally identical to MuMTV and MuLV, respectively, but we
could not show the tumorigenic activity of these particles.
Since the Ll210 cells are highly malignant in proper hosts,
noninfectivity ofthe virions produced by these cells suggests
that the oncogenic function of these cells may be independ
ent of the virions, which are probably defective in some
respects. Thus, studies aimed at elucidating the biological
role of these viruses in L12l0 cells may provide valuable
information in relation to oncogene and virogene ( I 6).
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Figs. I to 9. Electron micrographs of Ll210 cells and their viruses. Figs. 1 and 2b to 9, thin sections. Fig. 2a, whole-cell mount.
Fig. I . Segment of cells. In a, aggregation of intracytoplasmic A particles and 3 budding B-type particles; b. budding B-type particle with

crescent-shaped nucleoid. a, x 45,000; b, x 60,000.
Fig. 2. Two types of cell-surface extensions. In a, stout protrusions containing aggregates of C-type particles; b, a microvillus (curved arrow) with a

B-type budding particle. Note the mature B-type particle showing surface spikes (straight arrows). a, x 30,000; b, x 90,000.
Fig. 3. Two modes of morphogenesis of B-type particles. In a, budding with incomplete nucleoid; b and c, budding with complete nucleoid; d, an

advanced bud with a complete nucleoid that may be sequential to either mode of budding; e, a completely enveloped and detached immature B-type
particle. a, b. and e, x 150.000; c, x 200.000; d. x 135,000.

Fig. 4. Budding C-type particles: a, with crescent-shaped nucleoid; b, c, and d, nucleoid complete and progressively enveloped by the membrane; e,
detached immature C-type particle. x 200,000.

Fig. 5. Extracellular viral particles. They appear to be a C-type particle except for 1 that is different (arrow) and has characteristics of a B-type
particle.

Fig. 6. Extracellular mature C-type particles showing condensed nucleoids and somewhat polygonal shapes. x 160.000.
Fig. 7. Edge of cell with many budding C-type particles and intracytoplasmic A-particles that seem to constitute the nucleoids of the C-type particles

at the tips of the microvilli (arrows). x 75,000.
Fig. 8. Microvilli containing an abundance of intracytoplasmic A-particles that appear to be forming the nucleoids of budding particles (arrows). x

75,000.
Fig. 9. Intracisternal A-particles budding into the cisternae ofthe endoplasmic reticulum. x 75,000.
Fig. 10. Negatively stained whole-cell mounts. In a, 2 B-type particles budding from the same microvillus showing spikes (arrow). One with

incomplete nucleoid (large arrow), the other with preformed nucleoid (arrowhead). In b. microvillus with budding C-type particle (smooth envelope)
with preformed nucleoid. In c, microvillus with budding C-type particle (smooth envelope) with less clearly defined nucleoid. x 150,000.

Figs. I I to 13. Negatively stained purified particles from culture medium.
Fig. I I . Particles seen in a negatively stained resuspended pellet from culture supernatant. Smooth-membraned C-type particles (C) and spiked B-type

particles (B) are distinct. x 95,000.
Fig. 12. High magnification of negatively stained particles. In a, C-type particles with head-and-tail form and smooth surface; b, C-type particle

treated with glutaraldehyde before being negatively stained with PTA to show internal structures. Note double-stranded filaments at the periphery of the
nucleoid. In c, 2 B-type particles (not glutaraldehyde-treated) showing peripheral spikes and filamentous structures of the nucleoids. The particle at
the left has an eccentric nucleoid. a x 187,500: b, x 300,000; c. x 200,000.

Fig. 13. Details of B-type particle morphology. a, B-type particle showing head and tail completely covered by spikes of uniform length and regular
spacing; b, B-type particle with filamentous strands neatly packed in the periphery of the nucleoid. a and b, 180,000; c, x 150,000.

Figs. 14 and 15. Indirect immunofluorescence tests.
Fig. 14. Test @orMuMTV antigen. a, Ll2lO cells fluorescing with MuMTV antibody; b, same specimen, normal rabbit serum control, no

fluorescence. a, x 875; b, x 400.
Fig. 15. Test for MuLV antigen. In a, L12l0 cells fluorescing with MuLV antibody; b, same specimen, normal rat serum control, no fluorescence. a,

x 875; b, x 400.
Figs. 16 to 19. Immunoelectron microscopy of L1210 cells; negatively stained whole-cell mount preparations. Arrows, viral envelope; arrow-head,

surface spikes. brackets, antibody accumulation.
Fig. 16. Cells treated with normal rabbit serum; budding virions not coated with globulin (control). x 120,000.
Fig. 17. Cells treated with rabbit anti-MuMTV serum; virion bud coated with immunoglobulin. x 120,000.
Fig. 18. Cells treated with rabbit anti-MuMTV serum that had been absorbed with MuMTV; coating ability ofthe antiserum removed. x 120,000.
Fig. 19. Cells treated with rat anti-MuLV serum; budding virion coated with globulin. Note the difference between the core structure ofthis virion and

those of the virions in Figs. 16 to 18. x 120,000.
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