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Mouse neuroblastoma cells containing intracisternal type A particles were
treated with iododeoxyuridine and dexamethasone to induce the release of type
C oncornavirus particles. For 5 days after treatment, antigenic markers and
DNA polymerase activities specific to particles of each of the two types were

assayed in the cells and in pellets obtained by high-speed centrifugation of the
culture fluid. There was a marked release of C-particle antigen (p3O) and DNA
polymerase activity in extracellular particulate form, reaching a maximum on
day 3 after treatment and falling thereafter. In contrast, no extracellular A-
particle antigen was detected, and A-particle-specific DNA polymerase activity
in the medium pellets did not increase from the original very low level. Electron
microscopy confirmed the presence of free type C virus particles, but not intra-
cisternal type A particles, in the culture fluid. Although intracellular levels of
C-particle antigen rose 20- to 30-fold per milligram of cell protein, intracellular
A-particle antigen and DNA polymerase activity did not vary more than two-
fold. The relative rate of A-particle synthesis in the treated cells, as judged by
incorporation of radioactive amino acids into the major structural protein (P73),
was also unchanged over the period of observation. Thus, the induction of type C
virus particle formation in cultured neuroblastoma cells had no detectable effect
on the quantity, synthesis rate, or location of intracisternal type A particles.

Intracisternal type A particles are found reg-
ularly in mouse oocytes and in early embryos
produced by normal fertilization or parthenoge-
netic activation (2, 3, 5, 6). Thus, it appears
that the genetic information for production of
these particles is vertically transmitted in
mice. The particles are seen less frequently in
later embryos (5) and rarely in adult tissues
(23), but in many mouse tumors A-particle
expression is again activated and appears to be
a stable property ofthe transformed cells (9, 13,
20).
A biological function for intracisternal type A

particles has not been defined. They exhibit
some morphological properties characteristic of
known oncogenic RNA viruses (8), and A parti-
cles from a variety of tissues contain a common
structural protein (14) and characteristic DNA
polymerase activity (21, 22). The possibility has
been considered that intracisternal type A par-
ticles are precursors of known extracellular vi-
ruses, such as type C particles, or that they are
an alternative form resulting from incomplete
or aberrant expression of a viral genome.
Expression of type C and A particles is known
to vary independently among different cell
lines (12) and primary tumors (10, 11). Further-

more, the main A-particle DNA polymerase
and structural proteins are biochemically and
immunologically distinct from those of type C
particles (14, 21, 22). These results suggest that
there is no direct precursor-product relation-
ship between intracisternal A particles and ex-
tracellular type C particles. Also, a study of
interspecies hybrid cells producing both types
of particles has shown that the persistence of
intracisternal A- and C-particles is dependent
on retention of different mouse chromosomes
(28).
Preparations of mouse intracisternal A-parti-

cles from both myeloma and neuroblastoma
cells have been found to contain small amounts
of high-molecular-weight RNA (19, 25, 26) and
to carry out endogenous RNA-dependent DNA
synthesis reactions (19, 25, 27). A possible rela-
tionship between type A particles and type C
viral particles has recently been suggested by
the work of Robertson et al. (19), who found
significant homology between the RNA associ-
ated with intracisternal A-particles (isolated
from mouse myelomas) and the RNAs of sev-
eral murine leukemia and leukemia-sarcoma
viruses. On the other hand, Wong-Staal and co-
workers (25) reported that RNAs from both
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myeloma- and neuroblastoma-derived A-parti-
cles had minimal homology with the RNAs of
various mouse type C viruses. The problem of
genetic relatedness between the two types of
particles thus remains to be resolved.
The present study was undertaken to define

more clearly any relationship between C- and
A-particle biosynthesis taking place in the
same cell. We have exploited the observation of
Paran et al. (18) that corticosteroids greatly
enhance the production of type C particles by
mouse cells treated with iododeoxyuridine
(IdU). It has been reported (24) that mouse
neuroblastoma cells of the clonal line N4 re-
spond to treatment with IdU plus dexametha-
sone by releasing C-particles into the culture
fluid. Since these cells are also constitutive pro-
ducers of intracisternal A-particles (17), we
asked whether any change in A-particle
markers occurs as the cells begin producing
extracellular type C virus particles in large
numbers. The results indicate that C-particle
production is regulated independently of A-par-
ticle metabolism in these cells.

MATERIALS AND METHODS

Cells and particle preparation. Neuroblastoma
clone N4, a continuous cell line derived from neuro-
blastoma C1300 (1), was obtained from M. Niren-
berg, National Institutes of Health. The cells were
grown as monolayers in Falcon T75 flasks in the
Dulbecco-Vogt modification of Eagle medium sup-
plemented with 10% fetal calf serum. Purified
Rauscher murine leukemia virus (MuLV) was pur-
chased from Electronucleonics, Inc., Bethesda, Md.
Type A particles from the neuroblastoma C1300
solid tumor were purified through the isopycnic
banding step as described previously (21).

Virus induction. Cultures were plated at 106 cells
per Falcon T75 flask (from cultures in logarithmic
growth) and grown in 10 ml of culture fluid for 2
days. The culture fluid was removed, and the cells
were treated with 10 ml of culture fluid containing
either 40 ,Ag of IdU per ml or 1 ,uM dexamethasone
sulfate, or with a combination of 40 gg of IdU per ml
plus 1 /LM dexamethasone as described by Paran et
al. (18). After 24 h, this medium was removed and
fresh culture fluid was added. Cells treated with IdU
alone were subsequently grown in the regular cul-
ture fluid, whereas those treated with dexametha-
sone or with IdU plus dexamethasone were grown in
culture fluid containing 1 ,uM dexamethasone. Ev-
ery 24 h the culture fluid was removed and fresh
culture fluid was added.

Preparation of culture fluid pellets. The culture
fluid from three to six flasks was pooled and centri-
fuged at 2,000 x g for 10 min. The supernatant
fraction was removed and from it a particulate frac-
tion was isolated by centrifugation at 78,000 x g for
30 min. Pellets were resuspended in 200 /1l of 50 mM
Tris-hydrochloride, pH 7.5, 1 mM EDTA, 5 mM di-
thiothreitol, and 30% glycerol; this resulted in a 150-
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to 300-fold concentration of the particulate material
in the 2,000 x g supernatant fraction. Pellets for
buoyant density analysis were resuspended in the
same solution without glycerol and analyzed by su-
crose gradient centrifugation as previously de-
scribed (16).

Cell extracts. Cell monolayers were washed three
times with Hanks saline solution. The cells were
then scraped in saline and collected by centrifuga-
tion at 200 x g for 5 min. Cell extracts were prepared
by shearing the cells five times through 23-gauge
hypodermic needles in 50 mM Tris-hydrochloride,
pH 7.5, 1.5 mM MgCl2, 5 mM dithiothreitol. Glycerol
was added to a final concentration of 20% after the
cells were broken.

Labeling of cells and isolation of A-particle anti-
gen. Cultures were labeled for 4 h with a mixture of
four L-3H- or L-'4C-amino acids, and Triton X-100:
EDTA-resistant pellets were isolated from the cyto-
plasmic fraction of the labeled cells as previously
described (15). The pellets were analyzed by electro-
phoresis in sodium dodecyl sulfate-polyacrylamide
gels (15).
DNA polymerase assays. The assay for C-particle

DNA polymerase activity was performed as de-
scribed previously (16); unless indicated otherwise,
each reaction contained: 50 mM Tris-hydrochloride,
pH 7.7, at 37°C; 20% glycerol; 400 ,ug of bovine
plasma albumin per ml; 0.05% Nonidet P-40; 2 mM
dithiothreitol; 1 mM p-hydroxymercuribenzoate; 20
mM glycylglycine; 0.4 mM EDTA; 5 mM magnesium
acetate; 40 mM KCl; 40 ,ug of (dT)12 ,8per ml; 200 jig
of poly(rA) per ml; 0.5 mM [methyl-3H]dTTP (300
cpm/pmol); and 5 ,.1 of culture fluid pellet fraction.
The assay for A-particle DNA polymerase activity
was performed as described previously (21); reac-
tions contained either 3 pi of culture fluid pellet
fraction or 1 to 3 Ag of cell extract protein. In both
DNA polymerase assays, values were obtained in a
range of proportionality between the incubation
time and amount of enzyme-containing sample in
reactions.

Because the catalytic properties of the type A
particle and type C particle-associated DNA polym-
erases are different, reaction conditions may be se-
lected for the specific assay of each enzyme (16, 21,
22). A comparison of the two DNA polymerase as-
says is shown in Table 1. Activity with the purified
neuroblastoma type A particles was about twofold
higher under the A-particle assay conditions than
under the C-particle assay conditions. The prepara-
tion of purified type C particles (MuLV) was not
active under the A-particle assay conditions, and
under the C-particle assay conditions its activity per
microgram of protein was about 500-fold higher than
the activity of the purified type A particles. No
significant inhibition was observed when the two
kinds of particles were mixed.

Immunological assays. Murine type C viral anti-
gen was measured by a microtiter complement fixa-
tion assay with an antiserum directed against
MuLV p30 that had been purified by isoelectric fo-
cusing (16). Intracisternal A-particle antigen was
also measured by complement fixation, using anti-
serum to P73 under conditions that have been de-
scribed in detail (14).
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TABLE 1. Comparison ofDNA polymerase assays
and the activities associated with type A and C

particles

Rate of DNA polymerase
activitya (A pmol of

[3H]dTMP incorporated/
Prepn min)

Type A par- Type C par-
ticle assay ticle assay
conditions conditions

6 ug of purified type A 0.055 0.026
particles (from neuro-
blastoma C 1300)

0.7 ,ug of type C particles 0 1.31
(MuLV)

Mixture of 6 ,Ag of type A 0.054 1.15
particles and 0.7 ,Ag of
type C particles
a The values represent the difference between in-

corporation in reactions incubated with and without
enzyme; values in reaction without enzyme were
-c0.007 pmol of [3H]dTMP incorporated/min.

Electron microscopy. All fixation procedures
were performed at 4°C. Cells were washed with
Hanks saline solution and collected by scraping and
centrifuging at 800 x g for 10 min. A solution con-
taining 2% glutaraldehyde, 0.067 M sodium cacodyl-
ate buffer, pH 7.4, and 1% sucrose was added to the
cell pellets and to culture fluid pellets. After 60 min,
the pellets were cut into smaller pieces and fixed
overnight. The fragments were washed thoroughly
with 0.2 M sodium cacodylate buffer, pH 7.4, and
then postfixed in Dalton's chrome-osmium for 50
min (7). After being washed with the 0.2 M sodium
cacodylate buffer, the tissue was dehydrated by suc-
cessive exposure for 10 min to 30, 50, 70, and 95%
acetone and for 30 min to 100% acetone before being
embedded in Epon-Araldite. Sections were placed on
Formvar- and carbon-coated 200-mesh copper grids,
stained with uranyl acetate and lead citrate, and
photographed in a Siemens Elmiskop 1A at 80 kV.

RESULTS
Type C particle induction in neuroblastoma

N4 cells. From electron microscopy, A-particle
antigen assays, and DNA polymerase assays, it
was known that the neuroblastoma N4 cells
used in the current study contained abundant
intracisternal type A particles. To establish
that release of type C particles was induced by
IdU and dexamethasone in this cell line, the
experiment shown in Fig. 1 was performed.
Measurement of the amount of type C particle
DNA polymerase activity in the culture fluid
pellets after treatment of neuroblastoma N4
cells with 40 ,ug of IdU per ml plus 1 uM dexa-
methasone revealed that the enzyme activity
increased 29-fold during the period of 1 to 3 days
ofculture and then by day 5 had fallen to a level
similar to that on day 1 after treatment (Fig. 1).

This induction of C-particle DNA polymerase
activity and its dependence on both IdU and
dexamethasone were essentially identical to
the results of Paran et al. (18) obtained with
mouse fibroblast cells.
Some properties of the DNA polymerase ac-

tivity in the culture fluid pellet fraction isolated
after day 3 of treatment were examined in the
experiment shown in Table 2. The properties of
the DNA polymerase activity were as expected
for C-particle DNA polymerase and were simi-
lar to those of the sample of MuLV that served
as a reference enzyme; these reaction properties
were different from those ofthe A-particle DNA
polymerase, because the A-particle enzyme was
relatively inactive with Mn2+ and was not in-
hibited by either 250 mM KCl or MuLV DNA
polymerase antiserum (22).
Attempts to determine the buoyant density of

the structure containing the type C particle
DNA polymerase activity were unsuccessful
due to extensive loss of enzyme activity during
centrifugation. Such extensive loss of activity is
unusual, since it had not been observed with
the DNA polymerase associated with A-parti-
cles or with the various other C-particles tested.
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FIG. 1. Effect of time in culture on the amounts of
type C particle DNA polymerase activity in the cul-
ture fluid pellets from neuroblastoma N4 cells.
Treatments of cells, preparation of pellets, and en-
zyme assays were performed as described in Materi-
als and Methods. On each day, pellets were prepared
from the culture fluids of cells that had been treated
with IdU dexamethasone (A) or IdU alone (A). Also
shown are values for pellets prepared on day 3 from
culture fluids of control cells (0) and cells treated
with dexamethasone alone (0).
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Comparison of A- and C-particle markers
during induction. As noted above, the reaction
properties of the DNA polymerase associated
with A- and C-particles are different, and condi-
tions have been selected for the specific assay of
each enzyme in samples containing a mixture
of the two particles. Intracisternal A- and C-
particles also have distinct antigenic markers;
intracisternal A-particles contain a major

TABLE 2. Comparison ofproperties of the DNA
polymerase activities associated with MuLV and

with the culture fluid pellet from N4 cells grown for 3
days after treatment with IdU plus dexamethasone

Amt ofDNA polymerase ac-
tivity (%)a

Culture fluid
pellet fromModification of reaction day 3, IdU

plus dexa- MuLV
methasone-
treated cul-

tures

None 100 (131)b 100 (136)
(+) 1 ,ul of antiserum to 20 22
MuLV DNA polymerase

(+) 1 ,ul of control serum 70 82
(+)210 mM KCl 0.2 0.5
(-)Mg2+, ( +) 1.5 mM Mn2+ 136

(-) poly(rA) (dT)12 18, 0.5 0.5
()poly(dA) *(dT)12 18

a Unless otherwise indicated, reactions were performed
as described in Materials and Methods, using 1 jig ofMuLV
or 3 Al of the culture fluid pellet fraction.
bValues in parentheses indicate the A pmol of [3H]dTMP

incorporated per reaction.

structural protein of 73,000 daltons (P73), which
is localized in the detergent-resistant inner par-

ticle shell (14) and carries a specific antigenic
determinant not detected in type C particles
(14). Conversely, intracisternal A-particles do
not react with antisera against C-particle p30
antigen. This combination ofmarkers was used
to evaluate production ofboth kinds of particles
after treatment of cells with IdU plus dexa-
methasone (Table 3).
The increase in C-particle DNA polymerase

activity in culture fluid pellets after treatment
with IdU plus dexamethasone was accompa-
nied by an increase in the amount of p30 anti-
gen in the culture fluid pellets as well as in the
cells. The peak in release of C-particles from
the cells, as judged by the increase in both
markers, occurred on day 3 after treatment.
The amount of enzyme activity per unit of anti-
gen was not constant during the induction pe-
riod, however, showing that enzyme and p30
were not coordinately expressed in the extracel-
lular particles.
The low levels of A-particle DNA polymerase

activity found in culture fluid pellets did not
increase after treatment, and there was little
change in the activity in the cells. No A-parti-
cle P73 antigen was detected in culture fluid
pellets, and the P73 antigen levels in the cells
were unchanged. Thus, there was a dramatic
increase in the C-particle markers both in the
cell and in the culture fluid, whereas the A-
particle markers remained relatively constant.
Treatment of cultures with IdU alone re-

TABLE 3. Comparison of intracisternal A- and C-
particle markers in the cells and in the culture fluid pellets after treatment with IdU plus dexamethasonea

C particle A particle

Cell protein DNA polym- p30 antigen DNA polymerase p73 antigenDaySb (gfak ersaci-activity
ity (medium Medium Cells Medium Cells Mediumc Cells

pellet) pellet Cls pellet Cel; pellet Cel

Treated cells
1 1.22 0.7 79 49 0.10 1.87 <13 785
2 1.82 5.6 106 264 0.08 1.00 <9 528
3 1.42 16.2 723 519 0.11 0.75 <23 1,040
4 1.00 4.6 410 519 0.11 0.76 <26 1,038
5 1.26 1.4 NT 1,015 0.16 0.70 <80 1,020

Untreated cells
3 4.10 0.07 62 15 0.09 0.69 <31 480

a Values in table are expressed as picomoles of [3H]dTMP incorporated per minute per milligram of cell
protein for DNA polymerase and as complement-fixing units per milligram of cell protein for antigen
measurements. One unit ofcomplement fixation is equivalent to the reciprocal ofthe end point dilution (14).
NT, Not tested.

b Cells were grown as described in Materials and Methods, and on day 0 IdU and dexamethasone were
added to the treated cells.

c Complement fixation was equal to or less than the values shown, which represent the level of anticom-
plementary activity of the samples.
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sulted in a much smaller increase in C-particle
DNA polymerase activity in culture fluid pel-
lets than did treatment with IdU plus dexa-
methasone (Fig. 1). The levels of p30 in these
culture fluid pellets were also only slightly in-
creased, but total levels of p30 in cultures (cells
and culture fluid pellets) appeared to be in-
creased to almost the same extent as in IdU
plus dexamethasone-treated cultures (870 and
1,240 complement-fixing units/mg of cell pro-
tein, respectively, compared to 77 units/mg of
cell protein in untreated cultures). IdU treat-
ment alone caused a slight increase in A-parti-
cle antigen (threefold) and A-particle DNA po-
lymerase activity in the cells, but this increase
did not appear to be the result of increased
synthesis of A-particles (see below). Treatment
of cultures with dexamethasone alone had no
effect on C- or A-particle markers in the culture
fluid pellets or in the cells.
Comparison of particle markers in opti-

mally induced and control cultures. Examina-
tion of A-particle markers after induction of
cultures with IdU plus dexamethasone re-
vealed that no major changes had occurred on
any of the days after treatment. Also shown in
Table 3 is a comparison of the levels of A- and
C-particle markers in control cultures and in
cultures on day 3 after IdU plus dexamethasone
treatment, when C-particle markers had
reached their peak. C-particle DNA polymer-
ase activity in the culture fluid pellets was
markedly increased, whereas the A-particle
DNA polymerase activity was unchanged. The
C-particle p30 antigen was increased 34-fold in
the cells and 12-fold in the culture fluid pellet
after IdU plus dexamethasone treatment of the
cultures, whereas the A-particle P73 antigen in
the cells had increased only slightly and was
not detected in culture fluid pellets before or
after treatment. Cell division was inhibited in
the treated cultures, accounting for the lower
amounts of cell protein compared to the un-
treated cells.

Synthesis of A-particle structural protein.
To further investigate the effect of the drug
treatment on A-particle metabolism, the rela-
tive rate of synthesis of P73 was compared in
treated and control cells. Cultures were labeled
for 4 h with 3H- or '4C-amino acids, and the cells
were then fractionated to yield pellets of Triton
X-100:EDTA-resistant cytoplasmic material.
We have previously shown that this fraction
contains 95% of the total cellular A-particle
antigen and displays P73 as a prominent com-
ponent when the proteins are subjected to elec-
trophoresis in sodium dodecyl sulfate-contain-
ing polyacrylamide gels (15). In the present
experiments, Triton X-100:EDTA-resistant pel-

lets from control cells and from cells cul-
tured for 3 days after IdU plus dexamethasone
treatment contained similar proportions (8.1
and 8.3%, respectively) of the total cellular in-
corporated radioactivity. The electrophoretic
patterns of the pellet proteins are shown in Fig.
2. The radioactivity profiles were essentially
identical, and P73 represented about 19% of the
protein label in each case. Thus, in both control
and treated cells, synthesis of the major A-
particle structural protein accounted for ap-
proximately 1.5% (8% x 19%) of the total pro-
tein synthesis. Cells labeled on the other days
after treatment with IdU plus dexamethasone
also were analyzed this way, and no differences
in the proportion of P73 synthesized were
found. Treatment of cells with IdU alone, or
dexamethasone alone, also had no effect on the
relative rate of P73 synthesis 3 days after treat-
ment.
Electron microscopic observations. Three

days after treatment with IdU plus dexametha-
sone, neuroblastoma cells still contained large
numbers of intracisternal A-particles (Fig. 3a).
In addition, large numbers of type C particles
were observed between the cells, both in singu-
lar form and in clusters (Fig. 3b). Immature
type C particles (also referred to as enveloped A
particles but distinct from intracisternal A-par-
ticles) were observed between cells, but bud-
ding particles were seen only occasionally (Fig.
3c). Examination of culture fluid pellets from
these cells revealed clusters of C-particles and
scattered immature C-particles (Fig. 3d). Frag-
ments of rough endoplasmic reticulum contain-
ing intracistemal A-particles (Fig. 3e) were
occasionally observed, and this may have ac-
counted for the low levels of intracisternal A-
particle DNA polymerase activity found in the
culture fluid pellets.

DISCUSSION
The kinetics of induction of type C particle

release from neuroblastoma cells after treat-
ment with IdU plus dexamethasone were iden-
tical with those found by Paran et al. (18) for
induction of C-particles from mouse fibroblasts.
The peak of particle release occurred the same
number of days after treatment whether as-
sessed by antigen levels or by DNA polymerase
activity. Budding and release of type C parti-
cles from the cells were confirmed by electron
microscopy. In addition, the reaction properties
of the DNA polymerase activity associated with
the culture fluid pellets in these experiments
were those expected for murine C-particle DNA
polymerase. Our inability to band the enzymat-
ically active material suggests, however, that
the extracellular particles induced from neuro-
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FIG. 2. Labeling of A-particle structural protein
(P73) in treated and control cells, analyzed by so-
dium dodecyl sulfate-polyacrylamide gel electropho-
resis. Triton X-100:EDTA-resistant pellets were iso-
lated from neuroblastoma cells grown for 3 days after
treatment with IdU plus dexamethasone and then
labeled with 3H-amino acids for 4 h (0), or from
untreated cells similarly labeled with 14C-amino
acids (0). The pellets were dissolved in sodium dode-
cyl sulfate and mercaptoethanol, and samples con-
taining 19,000 cpm of 3H and 15,800 cpm of 14C were

subjected to co-electrophoresis on the same gel. The
label in each gel fraction is expressed as percentage of
total 3H or '4C label in the gel. Recovery ofradioactiv-
ity from the gels was 110% for 'H and 120% for '4C.
Molecular weights were obtained by reference to
known standard proteins analyzed simultaneously
on separate gels.

blastoma cells were less stable than those in-
duced from fibroblasts (18).

Induction of C-particles from neuroblastoma
cells had no detectable effect on extracellular
A-particle levels. The low levels of A-particle
DNA polymerase activity found in culture fluid
pellets probably resulted from A-particle-con-
taining fragments of endoplasmic reticulum de-
rived from damaged cells. Such fragments were
observed in medium pellets from both treated
and control cultures, whereas free A-particles of
the intracisternal type were not seen. There
was no evidence from antigen assay, enzyme
measurements, or electron microscopy that in-
tracisternal type A particles were actively re-

leased from cells either before or after treat-
ment. If the failure of these particles to become
extracellular under usual growth conditions re-
sults from lack of some essential cell or viral
component(s), this component was not provided
by activation of C-particle production in the
cells.

Intracellular levels of A-particle antigen and
DNA polymerase activity also showed little or
no change during C-particle induction, and the
relative rate of synthesis of the main A-particle
structural protein was not altered in the
treated cells. The twofold increase in A-particle
antigen per milligram of cell protein seen in
Table 3 was of questionable significance, since
variations of this magnitude are within the
limit of precision of the complement fixation
assay. If real, this increase could well have
resulted from preferential loss of other cell com-
ponents in the treated cultures, since N4 cells
exposed to IdU (with or without dexametha-
sone) ceased dividing and showed ultrastruc-
tural changes indicative of cell damage.
The lack of significant increase in A-particle

markers after drug treatment might be attrib-
uted to the fact that the genetic information for
these particles is already fully expressed in the
untreated neuroblastoma cells. Billiau et al. (4)
have described a fourfold increase in the con-
centration of A-particles visualized by electron
microscopy in transformed mouse fibroblasts
exposed to bromodeoxyuridine and dimethyl
sulfoxide. However, more marked changes in
intracisternal A-particle levels or induction of
A-particle expression in previously negative
mouse cells have not been demonstrated after
treatment with halogenated pyrimidines. In-
tracisternal A-particles may differ characteris-
tically from type C viruses in the extent to
which their expression is augmented or acti-
vated by this class of compounds.

In conclusion, the synthesis rate, quantity,
and localization of intracisternal A-particle
markers remained relatively constant during a
time when extracellular C-particles increased
markedly and when there were high levels of C-
particle-specific protein in the cells. The possi-
bility remains that intracisternal A-particles
are in some way related to an endogenous type
C virus that did not respond to IdU-dexameth-
asone induction in the neuroblastoma cells.
Nevertheless, the present results do not sup-
port the concept that murine intracisternal
type A particles are precursors of extracellular
type C virus and are consistent with earlier
studies showing independent regulation of type
C- and intracisternal type A-particle produc-
tion in mouse cells (10-12, 28).

7

6

5F
(I,
H
z
D
0
0

H
0

0

4

3

J. VIROL.



, s '
A. %

*. ,~ 1

**
4 *V

k'5' .}

59; 7,.. .'5:;/'4'

9. - ^ '49 v'

3c )

'4~~~~~~ ~ ~ ~~~~~~~~~~~~~~~~~4

FIG. 3. Electron micrographs of thin-sectioned material from neuroblastoma N4 cultures treated with IdU
plus dexamethasone. (a) Rough endoplasmic reticulum containing intracisternal A particles in a cell 3 days
after treatment. Magnification, x 70,000. (b) Cluster ofC particles between two cells 3 days after treatment.
Magnification, x 70,000. (c) Typical particle budding from the plasma membrane ofa treated cell. Magnifica-
tion x140,000. (d) Immature C particle and a C particle in the culture fluid pellet from cells 4 days after
treatment. Magnification, x140,000. (e) Fragment ofrough endoplasmic reticulum containing an intracister-
nal A particle in a culture fluid pellet from cells 3 days after treatment. Magnification, x140,000.
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