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Intracisternal A particles from the FLOPC-1 line of BALB/c myeloma have
been shown to contain high-molecular-weight RNA (60 to 70S) that is sensitive
to RNase, alkali degradation, and heat but resistant to Pronase treatment. The
intracisternal A-particle RNA contains tracts of poly(A) approximately 180
nucleotides long. As shown in a reconstitution experiment, by antigenic analy-
sis of A-particle preparations and the XC cytopathogenicity assay, the 70S RNA
was not due to contamination by type C virus particles. The FLOPC-1 intracis-
ternal A particles also possess an endogenous RNA-dependent DNA polymerase.
The enzyme required Mn2+ or Mg2+, dithiothreitol, detergent, and four deoxyri-
bonucleoside triphosphates for maximum activity. Enzymatic activity was maxi-
mally stimulated by poly(rC) oligo(dG)12.15 and less with poly(rG) * oligo(dC)Q0 or
poly(rA) * oligo(dT)12-1s as compared with synthetic DNA/DNA duplex templates
such as poly(dA) * oligo (dT)12 18. The enzyme can utilize the A-particle endoge-
nous RNA as template as shown by analysis of the early and late DNA products
of the endogenous reaction by CSSO4 isopycnic gradient centrifugation and
hybridization of purified 70S or 35S A-particle RNA with the purified comple-
mentary DNA product. Approximately 50% of the A-particle complementary
DNA also hybridized with oncornavirus RNA.

Intracisternal A particles are present in a
variety of normal and neoplastic mouse tissues
(2-4, 6, 7, 11, 15, 28, 36, 39). They have also
been observed in tumors of man (31), guinea
pigs (22), gerbils (33), and rats (23). They con-
sist of two concentric shells surrounding a rela-
tively electron-lucent core, range in size from
70 to 100 nm in diameter, form by budding from
membranes of the endoplasmic reticulum, and
after budding remain localized in the cisternae.
These particles have been considered in the
classification of oncogenic RNA virus (26) be-
cause of their morphological resemblance to
type C virus and the coincidence of their distri-
bution with type B and C viruses in various
murine tumors (9, 13, 30). However, intracis-
ternal A particles show minimal antigenic re-
latedness to murine leukemia virus (MuLV)
and, to date, no demonstrated biological activ-
ity (18).

Recent reports suggest that intracisternal A
particles represent some expression of a viral
genome since they contain high-molecular-
weight RNA (60 to 70S) as the endogenous nu-
cleic acid (27, 40), an endogenous RNA-depend-

ent DNA polymerase (RDDP) (27, 41), and a
group-specific structural protein of 70,000 mo-
lecular weight (18, 21).

In this report, evidence is presented demon-
strating the existence of high-molecular-weight
RNA (60 to 70S) associated with intracisternal
A particles isolated from the FLOPC-1 line of
BALB/c myeloma. This RNA, which is disso-
ciated to smaller-molecular-weight fragments
upon heating, can serve as template for an
endogenous RDDP associated with the A parti-
cles. This enzyme, which requires Mn2+ as op-
posed to Mg2+, dithiothreitol (DTT), and deter-
gent for maximum activity, transcribes the
synthetic template poly(rA) oligo(dT),,-,1 bet-
ter than poly(dA) oligo(dT),1 and synthesizes a
DNA product that will hybridize back to A-
particle RNA.

MATERIALS AND METHODS
Tumor and cells. The FLOPC-1 tumor, which

originated in this laboratory (36), was maintained
by subcutaneous transplantation of tissue frag-
ments in BALB/c mice.

Isolation and purification of intracisternal A
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particles. Preparation of purified intracisternal A
particles from MOPC-21 and FLOPC-1 cells was de-
scribed previously (17). Briefly, cytoplasmic extracts
from tumor homogenates were centrifuged at 10,000
x g for 15 min at 4 C, and the pellet was suspended
in Triton X-100 and incubated at 4 C for 30 min. The
suspension was expressed through a 23-gauge
needle 10 to 15 times, made 0.10 M potassium cit-
rate, and centrifuged at 105,000 x g for 30 min at
4 C. The resulting pellet was suspended in 0.05 M
potassium citrate (pH 7.2) containing 25% sucrose,
layered over a cushion of 48% sucrose in 0.05 M
potassium citrate, and centrifuged at 100,000 x g for
16 h. The resulting pellet was recycled over a discon-
tinuous 25 to 48% sucrose gradient and finally sub-
jected to isopycnic centrifugation on linear 33 to 68%
sucrose gradients. The A particles banded at a den-
sity of 1.22 g/ml. The appearance of a typical gra-
dient-purified A-particle preparation is shown in
Fig. 1.

Intracisternal A particles, isotopically labeled
with [3H]uridine, were isolated from cultures of
FLOPC-1 cells adapted to growth in vitro. Cultures
of rapidly dividing cells (5 x 106/ml) were pulsed
with 5 /ICi of [3H]uridine (43 Ci/mmol) per ml of
medium for 18 h in a 15% C02-85% air environment
at 37 C. The cells were pelleted by centrifugation at
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500 x g for 10 min, and the A particles were isolated
as described above.

Reconstitution experiment. Rapidly dividing cul-
tures of either FLOPC-1 cells or normal rat kidney
(NRK) cells productively infected with Kirsten
MuLV (K-MuLV) were isotopically labeled with
[3H]uridine and [3H]adenine, as described previ-
ously (35). Virus was purified by isopycnic sucrose
gradient centrifugation as described previously (35).
Approximately 20,000 counts/min of 3H-labeled type
C virus was added to 0.5 g of unlabeled FLOPC-1
cells. Radioactivity was monitored at every step of
the A-particle purification procedure described
above by solubilizing an aliquot in 1.0 ml of Biosolv-
3 (Beckman) and then counting in 10 ml of TLA-
BBS-3 (Beckman) as described below. Samples that
were analyzed included: 10,000 x g pellet and super-
natant; potassium citrate supernatant and pellet;
48% sucrose pellet and interface; 33 to 68% linear
sucrose gradient fractions.
DNA polymerase assay. Details of the RDDP as-

say were described previously (35) except for minor
variations used to optimize the assay conditions.
Briefly, in a final volume of 100 ,ul, the assay mix-
ture contained: Tris-hydrochloride, pH 8.1, 40 mM;
NaCl, 40 ,uM; manganese acetate, 1 mM; DTT, 5
mM; and 5 to 20 ,ug of purified intracisternal A

FIG. 1. Electron microscope examination of a thin section ofgradient-purified FLOPC-1 intracisternal A
particles. Approximate magnification, xl00,000.
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particles treated with 0.1% Triton X-100 for 10 min
at 4 C. For assaying the endogenous reaction, unla-
beled dATP, dGTP, and dCTP at a final concentra-
tion of 0.1 mM each and 0.001 mM dTTP were added
along with 2 1ACi of [3H]TTP (52.5 Ci/mmol), and the
reaction was carried out at 30 or 37 C. For assays
with synthetic templates, the reaction mixtures
were as described for the endogenous reaction except
that the deoxyribonucleoside triphosphates were
deleted, 50 mM KCl was used instead of NaCl, a
synthetic template (50 gg/ml) was added, and the
reaction was incubated at 37 C. The reactions were
terminated by the addition of 0.5 ml of 0.1 M sodium
pyrophosphate and 0.5 ml of cold 25% trichloroacetic
acid, and 200 ug of yeast RNA was then added.
After 30 min at 4 C, the precipitates were collected
on Gelman type A filters, dried, placed in 10 ml of
TLA-toluene (Beckman Instruments Co., Fullerton,
Calif.) scintillation mixture, and counted to 1%
error in a Beckman LS-355 liquid scintillation
counter.

All chemicals were obtained from Calbiochem,
Los Angeles, Calif., and Sigma Chemical Co., St.
Louis, Mo. Triton X-100 was obtained from Packard
Instrument Co., Inc., Downers Grove, Ill. All iso-
topes were obtained from New England Nuclear
Corp., Boston, Mass. The synthetic templates were
obtained from Collaborative Research, Inc.

Purification and analysis of the DNA product of
the endogenous RDDP reaction. The radioactive
products from the endogenous RDDP reaction were
adjusted to 0.3 M sodium acetate (pH 5.0) and puri-
fied by two phenol-sodium dodecyl sulfate (SDS)
extractions and two ether extractions. The aqueous
phase was applied to a G-50 sulfopropyl Sephadex
column, and fractions eluting in the void volume
were pooled and precpitated with ethanol-sodium
chloride at -20 C. The DNA precpitates were dis-
solved in 0.3 M sodium acetate and centrifuged in
isopycnic CsCO4 gradients at 192,000 x g for 65 h at
4 C. The gradients were fractionated with an Isco
model 640 gradient fractionator, and appropriate
fractions were weighed for density determination
before precipitation with cold 10% trichloroacetic
acid. The trichloroacetic acid precipitates were col-
lected on Gelman 25-mm type A glass-fiber filters,
dried, placed in 10 ml of TLA-BBS-3 liquid scintilla-
tion cocktail, and counted in a Beckman LS-355
liquid scintillation counter to 1% error.

Hybridization reactions and analysis of the RNA-
DNA hybrids with S-1 exonuclease. The [3H]DNA
product of the endogenous RDDP of intracisternal A
particles was prepared, as described above, in the
presence of 25 ,g of actinomycin D per ml. The DNA
product was chromatographed over G-50 Sephadex,
and the material eluting in the void volume was
adjusted to 0.3 N KOH and hydrolyzed at 100 C for
10 min. The sample was then neutralized with HCl
and adjusted to 5x SSC (lx SSC is 0.15 M NaCl,
0.015 M trisodium citrate) and 50% formamide for
hybridization. Purified intracisternal A-particle
RNA (2 jig), 60 to 70S or 35S, was added to 200 ,ul of
the hybridization mixture, and the reaction was
incubated at 37 C for 20 h. Control samples were
prepared in the same way with or without heterolo-
gous Q,3 RNA at the same concentration. At the end

of the reaction, the samples were adjusted to 25 mM
sodium acetate (pH 4.5), 0.5 mM ZnSO4, and 0.15 M
NaCl, and 25 Mu of purified S-1 exonuclease was
added. The samples were incubated at 45 C for 60
min, and the reaction was terminated by addition of
10% trichloroacetic acid with 20 ,ug of yeast tRNA as
carrier. The precipitates were collected on mem-
brane filters (Millipore Corp., Bedford, Mass.), and
the radioactivity was determined as described ear-
lier.

S-1 exonuclease, which was purified from a crude
enzyme preparation from Aspergillus oryzae by the
method of Godson (10), was provided by Ronald Cox.
One unit of enzyme will solubilize 5 ,g of single-
stranded DNA in 10 min at 45 C.
RNA extraction, purification, and analysis. RNA

was isolated from gradient-purified A particles by a
modification of the conventional SDS-phenol
method described previously (35). Approximately
200 Mg of A-particle protein equivalents, determined
by the Lowry assay (20) using bovine serum albumin
as the standard, was suspended in 0.5 ml of NET (0.1
M NaCl, 0.01 M Tris-hydrochloride [pH 7.4], 0.001 M
EDTA) containing 1% SDS, 1% DTT, and 1% dieth-
yloxidiformate. The sample was incubated at 4 C for
5 min and made 0.05 M 2-mercaptoethanol, and an
equal volume of redistilled phenol equilibrated with
NET was added. The mixture was shaken by hand
for 10 min, centrifuged at 30,000 x g for 10 min at 4
C, reextracted with phenol, and recentrifuged. The
aqueous phase was made 0.2 M potassium acetate,
and the RNA was precipitated either by the addition
of 2 volumes of cold 95% ethanol at -20 C for 20 h or
by the addition of magnesium phosphate as de-
scribed by Dessev and Grancharov (5). The ethanol
precipitate was suspended in NET, and the magne-
sium phosphate precipitate was resolubilized as de-
scribed by Dessev and Grancharov (5).
The resolubilized RNA was analyzed by electro-

phoresis on acrylamide-agarose gels. The gels con-
tained 1.5% acrylamide, 0.075% N,N'-methylenebis-
acrylamide, 0.5% agarose, and 0.1% SDS. Ammo-
nium persulfate (0.05%) was added for polymeriza-
tion. The electrophoresis buffer contained 36 mM
Tris-hydrochloride, 30 mM NaH2PO4, and 1 mM
EDTA. The gels were run at 10 V/cm and 3 mA/gel
for 90 min. Gels of radioactive RNA were cut into 1-
mm slices with a Mickle gel slicer, each slice was
dissolved in 0.2 ml of 30% H202 at 70 C for 30 min,
and 10 ml of BBS-III-TLA scintillation cocktail was
added and counted in a Beckman LS-355 liquid scin-
tillation counter to 1% error. Gels of unlabeled RNA
were scanned in a Gilford 2400-S recording spectro-
photometer fitted with a linear transport at 280 nm.

Poly(U)-Sepharose chromatography. Precipitated
RNA was dissolved in 0.5 ml of 1% lauroyl sarcosine-
0.03 M EDTA and applied to a 2-ml column of
poly(U)-Sepharose (Pharmacia Fine Chemicals,
Inc., Piscataway, N.J.) previously equilibrated with
CSB buffer (0.7 M NaCl, 50 mM Tris-hydrochloride,
10 mM EDTA, and 25% formamide [pH 7.5]) at room
temperature. The column was washed with 3 bed
volumes of CSB and then eluted with EB buffer (10
mM potassium phosphate, 10 mM EDTA, 0.1% lau-
royl sarcosine in 90% formamide [pH 7.5]). Fractions
of 0.5 ml were collected, and either the absorbance
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at 260 nm or the amount of acid-precipitable radio-
activity was determined.
The distribution and size of the poly(A) stretches

in myeloma intracisternal A-particle RNA were an-
alyzed by chromatography on poly(U)-Sepharose
and by the temperature elution regimen described
by Ihle et al. (14). Poly(A) preparations of various
chain lengths (Miles) were chromatographed on,
and eluted from, poly(U)-Sepharose columns to es-
tablish a standard curve. A plot of the log of the
polymer length versus elution temperature was lin-
ear for poly(A) fragments of 25 to 90 nucleotides and
comparable with the data of Ihle et al. (14) for frag-
ments of 20 to 200 nucleotides.
Complement fixation assay and radioimmunoas-

say for gs antigens. Microtiter assays for MuLV
antigen, using both a Fisher rat anti-MuLV-MSV
serum (obtained from Roger Wilsnack, Huntingdon
Laboratories) reactive towards the major group-spe-
cific (gs) antigen and rabbit anti-K-MuLV serum,
and FLOPC-1 C-particle antigen (rabbit anti-
FLOPC-1 C-particle serum) were carried out by a
modification of the procedure described previously
(16). Twofold dilutions (25 Al) of gradient-purified
virus (50 Ag/ml) were incubated with a 1:32 dilution
(25 AD) of antiviral serum in the presence of 3 U of
guinea pig complement for 1 h at 37 C and then for
24 h at 4 C in Cooke microtiter plates. The hemolytic
system (50 Ap), consisting of 5% sheep erythrocytes
optimally sensitized with hemolysin, was added and
the plates were incubated at 37 C for 1 h. The plates
were centrifuged at 250 x g for 15 min, the superna-
tant was removed, and the absorbance at 540 nm
(oxyhemoglobin) was determined. The data are ex-
pressed as the dilution of antigen (complement-fix-
ing antigen units) giving <50% hemolysis. The ra-
dioimmunoassay for murine gs-1 antigen was per-
formed under the direction of Wade P. Parks as in
the assay described previously (24).
XC syncytium assay. The syncytium assay for

type C viruses was carried out as described previ-
ously (34) using the XC rat tumor cell line.

RESULTS

Gradient purification of intracisternal A
particles. Figure 2 shows the results of a repre-
sentative isopycnic sucrose gradient purifica-
tion of intracisternal A particles derived from
the cell culture line of FLOPC-1 myeloma (ra-
dioactivity) and the in vivo FLOPC-1 tumor
(absorbance). The A particles banded at a den-
sity of 1.22 g/ml, a result in agreement with
that of the A particles isolated from the MOPC-
104E myeloma (19). The isolates of purified
myeloma intracisternal A particles were exam-
ined by electron microscopy, and the appear-
ance of a representative preparation is shown
in Fig. 1.
Antigenic and XC syncytium assay for type

C virus. Kuff et al. (18) found that intracister-
nal A particles are antigenically distinct from
murine leukemia, sarcoma, and mammary tu-
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mor viruses. However, FLOPC-1 A particles
are antigenically related to FLOPC-1 type C
particles, although this cross-reactivity is weak
(unpublished data). Preparations of gradient-
purified FLOPC-1 A particles, whether tested
by complement fixation or radioimmunoassay,
contain minimal amounts of MuLV gs or
FLOPC-1 C-particle antigen (Table 1).

In the XC assay, gradient-purified or par-
tially purified FLOPC-1 A particles did not in-
duce the XC cells to form syncytium (34; Table
1). Thus, all evidence indicates that the results
presented here were not due to contamination
by exogenous type C virus.

Reconstitution experiment. The possibility
that a trace contaminant of type C virus might
have contributed to the results presented here
was examined in the reconstitution experiment
described above, in which [3Hluridine-labeled
FLOPC-1 type C particles or K-MuLV was
added to 0.5 g of unlabeled FLOPC-1 cells and
the standard A-particle isolation procedure was
carried out. When aliquots of the various pel-
lets and supernatants from the A-particle
scheme were monitored for radioactivity,
<0.01% of the radioactivity from labeled
FLOPC-1 C particles was layered on the 33 to
68% linear sucrose gradient, and no radioactiv-
ity was detectable in the 1.22-g/ml region of the
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FIG. 2. Isopycnic sucrose gradient centrifugation
on FLOPC-1 intracisternal A particles. Particles iso-
lated from FLOPC-1 tissue culture cells labeled with
[3H]uridine (0); particles isolated from in vivo
FLOPC-1 tumors ( ).
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TABLE 1. Assays for type C viruses in gradient-purified FLOPC-1 intracisternal A particles
Assay

Complement fixation0
Virus

Anti- Anti- Anti- Radioimmunoassayb XC assay"
MuLV- MuLV FLOPC-C
MSV

FLOPC-A 72 2 8 ND 5
FLOPC-C 128 64 512 9.6 x 103 728
K-MuLV 512 1,024 64 106 3,725

a Quantitative complement fixation carried out as described in the text. Data are complement-fixing
antigen units.

b Radioimmunoassay performed by W. P. Parks. Data are expressed as nanograms of K-MuLV p30 protein
per milligram of total protein in comparison with the K-MuLV standard. Viral protein per assay was:
FLOPC-A particles, 44 ,tg; FLOPC-C particles, 6.2 ,ug; K-MuLV, 0.08 ,ug. ND, Not detectable.

' XC assay carried out as described in the text. Data are the average number of syncytia per chamber from
duplicate samples in four assays after correction for the number of spontaneous XC syncytia (95/chamber).
The number of syncytial forming units per milligram of viral protein was calculated as: FLOPC-A particles,
102; FLOPC-C particles, 8.23 x 105; K-MuLV, 3.81 x 106.

gradient (not shown). When the labeled type C
particles were not put through the purification
procedure but admixed with the A-particle
preparation before isopycnic gradient centrifu-
gation, both particles banded at their charac-
teristic density with little or no cross-contami-
nation (Fig. 3). This type of experiment, which
is completely analogous to the results obtained
by Yang and Wivel (40) in an identical experi-
ment, reasonably eliminates type C virus con-
tamination as an explanation for the source of
the high-molecular-weight RNA and RDDP.

Intracisternal A-particle RNA. Analysis of
labeled and unlabeled A-particle RNA by elec-
trophoresis on SDS-acrylamide agarose gels is
shown in Fig. 4. Purified RNA possessed high-
molecular-weight species that migrated with
the K-MuLV RNA marker (60 to 70S), with
minor species migrating from 28 to 10S. After
heating, the high-molecular-weight RNA was
lost with the appearance of lower-molecular-
weight structures of approximately 35, 20, and
18S plus a variety of even lower-molecular-
weight species. This RNA was sensitive to pan-
creatic RNase and hydrolysis by KOH (not
shown). The high-molecular-weight RNA of the
FLOPC-1 intracisternal A particles, if similar
to oncornavirus 70S RNA, appears to have
many scissions as evidenced by the presence of
the variety of low-molecular-weight structures
after denaturation. Yang and Wivel (40) and
Robertson et al. (27) showed previously that the
intracisternal A particles from MOPC-104E
and MOPC-460 myelomas possessed high-mo-
lecular-weight RNA.
The fact that the putative RNA was com-

pletely sensitive to RNase or 0.5 M KOH sug-
gested that this material was indeed RNA. To
assess whether the high-molecular-weight ma-
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FIG. 3. Isopycnic sucrose gradient centrifugation
of [3H]uridine-labeled FLOPC-1 C particles (0) and
unlabeled FLOPC-1 intracisternal A particles. The
labeled C particles (10,000 counts/min), isolated as
described previously (35), were mixed with the A
particles just before layering on the linear 33 to 68%
sucrose gradient. The radioactivity in each gradient
fraction was determined as described in the text. The
density was determined by weighing a 100-pi sample
from every fourth fraction.

terial was a ribonucleoprotein complex, the
purified preparations were subjected to Pronase
digestion (50 ,ug/ml) at 25 C for 60 min before
electrophoresis on acrylamide-agarose gels.
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FIG. 4. SDS-acrylamide gel electrophoresis of RNA from FLOPC-1 intracisternal A particles. Purified

native and denatured RNA was subjected to electrophoresis on 1.5% acrylamide-SDS gels, and the gels were
analyzed. (A) RNA from A particles isolated from FLOPC-1 in vivo tumors: ( native RNA; (--- -)
denatured RNA. (B) [3H]uridine-labeled RNA from A particles isolated from FLOPC-1 tissue culture cells:
(@) native RNA; (0) denatured RNA.

The results showed that this treatment did not
alter the radioactivity profile, suggesting that
this was high-molecular-weight RNA (not
shown).
Poly(U)-Sepharose chromatography. Gen-

erally, 50 to 83% of the RNA was bound to, and
eluted from, a poly(U)-Sepharose column (Ta-
ble 2). The low level of binding of some of the
purified native A-particle RNA preparations
suggests that it may be contaminated with
rRNA, that some A-particle RNA lacks poly(A),
or that the RNA is nicked so as to alter its
binding to the poly(U) chains on the Sepharose.
When 70S RNA was isolated on sucrose gra-
dients, the amount bound increased to approxi-
mately 80%, in good agreement with the data of
Ihle et al. (14) for MuLV. These results indicate
that the high-molecular-weight A-particle
RNA contains poly(A) regions and that some of
these regions are probably not hydrogen
bonded in the 60 to 70S form and available to
hybridize with the poly(U) on the Sepharose.
When the RNA preparation was heated at 80 C
for 5 min and cooled slowly, the amount ofRNA
that bound to the column decreased to approxi-

TABLE 2. Binding ofRNA from FLOPC-1
intracisternal A particles to poly(U)-Sepharose

Amt applied to %
Virus RNA column Bounda

(counts/min)

K-MuLV Native 20,000 62
Native, 70S 20,000 82
Denatured 20,000 41

FLOPC-1 Native 12,500 50
A par- Native, 70S 2,400 83
ticle Denatured 10,200 37
a The percentage of the viral RNA that bound to

the column was assessed by the two different proce-
dures described in the text. Data are for the proce-
dure utilizing lauroyl sarcosine-formamide contain-
ing the binding and elution buffers. The amount of
RNA bound to the column was that fraction eluting
in the EB buffer. Approximately 20,000 counts/min
of K-MuLV and 12,500 counts/min of A-particle
RNA were applied to the column.

mately 40% (Table 2). When the bound RNA
was eluted from the column by increasing the
temperature (14), approximately 80% of the
high-molecular-weight and 60% of the dena-
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tured RNA eluted as a homogeneous peak at 40
to 45 C (not shown). This elution position corre-
sponds to that of RNA with poly(A) regions
approximately 180 nucleotides in length.

Association of an endogenous RDDP with
FLOPC-1 intracisternal A particles. Figure 5
shows the association of endogenous DNA po-
lymerase activity with purified intracisternal A
particles banded by isopycnic sucrose gradient
centrifugation. The absorbency (254 nm) peak
at 1.22 g/cm: contains a sharp peak of polymer-
ase activity, and other enzyme activities were
localized at 1.18 g/m:, which may represent
particles bound to excess membrane, and 1.28
g/cm3, which may represent nucleocapsid cores.
No polymerase activity was observed at 1.16
g/cm3; hence, C particles were not contami-
nating the A-particle preparation. The possibil-
ity of C particles contaminating the intracister-
nal A-particle preparation was also ruled out by
the immunological, biological, and reconstitu-
tion experiments described above. The coinci-
dent banding of endogenous polymerase activ-
ity with the bulk of the intracisternal A parti-
cles suggests that the RDDP activity is an in-
trinsic property of the particles.
Some of the requirements of the endogenous

intracisternal A-particle polymerase are indi-
cated in Table 3. This enzymatic activity shares
many of the general characteristics common to
the RDDP of oncornaviruses (32). The require-
ments for a maximum endogenous reaction in-
clude a divalent cation (either Mn2+ or Mg'+;
Table 4), a monovalent cation (Na+ or K+),
DTT, and all four deoxynucleoside triphos-
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FIG. 5. Analysis of the RDDP associated with

FLOPC-1 intracisternal A particles on a linear su-

crose gradient. Incorporation of [PH]TTP in the en-
dogenous reaction (0); absorbance at 254 nm ( ).

TABLE 3. Requirements for endogenous RDDP
activity associated with FLOPC-1 intracisternal

A particlesa
Incorporation % Com-

Conditions of [3H]TTP5 plete reac-
(counts/min) tion

Complete 4,375 100
-Mn2+ 430 10
-KCl 2,680 50
-dATP 1,310 30
-dGTP 1,440 33
-dCTP 1,110 26
-dATP, dGTP, 340 7
dCTP

-DTT 15 4
-Triton X-100 treat- 760 17
ment

+Actinomycin D 2,110 48
+DNase 2,310 53

Preincubation with 44 1
RNase

a Complete endogenous assay was as described in
the text. Each assay contained 12 ug of A-particle
protein. Preincubation with RNase (25 ,ig/ml) was
carried out in 0.15 M NaCl at 37 C for 2 h.

bIncorporation of [3H]TTP per 10 tug of A-particle
protein in 30 min at 37 C.

TABLE 4. Divalent cation requirements of the
FLOPC-1 intracisternal A-particle RDDP

Counts/min of 13H]TTP incor-
porated per gg of viral pro-

Cation Concn tein at:a

30C 37C

Mn2+ 0 31.3 50.5
1 174.2 724.7
2 126.9 446.7
3 113.7 396.2
5 50.8 148.8
7 25.2 86.4

10 15.9 35.2

Mg2+ 2 50.0 50.5
5 90.7 185.4
7 318.7 279.2

10 200.5 381.9
12 85.2 531.9
15 86.8 282.4

a Complete endogenous assay was as described in
the text. The data are the average of duplicate ex-
periments with two different viral preparations. The
italicized values are the optimal concentrations of
cation at each temperature.

phates. Elimination of dGTP, dCTP, and
dATP, either singly or in combination, de-
pressed the polymerase activity, indicating
that the observed activity was not due to a
terminal deoxynucleotidyl transferase. DTT
and detergent treatment were required for
maximum activity either for solubilization of
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the DNA polymerase, to increase accessibility
of the endogenous RNA template to the sub-
strates, or both.
The enzymatic activity was inhibited by

preincubating gradient-purified particles in the
presence of high salt (i.e., 0.15 M NaCl), indi-
cating that the endogenous polymerase was
probably dependent on the intrinsic RNA as
template, consistent with the data reported for
oncornavirus RDDP (32). The activity was par-
tially inhibited by actinomycin D (25 ,ug/ml)
and DNase, results consistent for the oncorna-
virus enzymes (Table 3).
The endogenous RDDP activity was stimu-

lated maximally by Mn2+ rather than by Mg2+
(Table 4). At the optimal Mn2+ concentration (1
mM), approximately 1.5-fold greater incorpora-
tion was observed than for a broad range of
Mg2+ concentrations. The preference of the
FLOPC-1 intracisternal A-particle endogenous
RDDP activity for Mn2+ is characterisitic of the
polymerases of most oncornavirus (12, 29, 32)
and other myeloma intracisternal A particles
(27, 41). However, other workers (1, 38) have
reported that the polymerase of intracisternal
A particles from MOPC-104E preferred Mg2+
rather than Mn2+, data consistent with the
presence of a poly(dT) polymerase that resem-
bles the cellular enzyme associated with mu-
rine tissue culture cells (8, 37).
The kinetics of the endogenous and

poly(rA)oligo(dT)-stimulated reaction for a
typical intracisternal A-particle preparation
are shown in Fig. 6. The endogenous reaction

was linear for 20 to 30 min before it slowed, and
the presence of actinomycin D (25 gg/ml) re-
sulted in decreased incorporation of [3H]TTP
beyond 30 min. This effect suggests the pres-
ence of a DNA/RNA hybrid as a reaction
intermediate. In the presence of poly(rA)-
oligo(dT),,,8, the initial rate of the RDDP
activity was increased significantly.
Table 5 compares the RDDP activity of the

FLOPC-1 intracisternal A particles, FLOPC-1
C particles, and K-MuLV with various syn-
thetic templates. The intracisternal A-particle
polymerase activity was stimulated to a greater
degree by synthetic RNA/DNA hybrids as com-
pared with the synthetic DNA/DNA duplexes,
similar to the polymerase of the other two vi-
ruses. When the activities stimulated by
poly(rA)oligo(dT) and poly(dA)oligo(dT) are
compared, a ratio [poly(rA) - oligo(dT)/poly-
(dA)oligo(dT)] of >9.0 was observed consist-
ently, a characteristic of oncornavirus RDDP
(32). FLOPC-1 A-particle polymerase was stim-
ulated by poly(rC)-oligo(dG) to a greater
extent than by poly(rA)-oligo(dT), whereas
K-MuLV had more activity with poly(rA).
oligo(dT) than poly(rC)-oligo(dG) (Table 2), as
was also true for another myeloma intracister-
nal A particle (41).
The nature of the DNA product, as analyzed

on Cs2SO4 equilibrium density gradients, in the
endogenous RDDP reaction differed depending
on the duration of the reaction (Fig. 7). The
[3H]DNA synthesized early in the reaction
(i.e., 5 min) was linked to endogenous RNA;

Q:

QZ)

(j4,

Q)

10 30 50
Minutes of incubation

FIG. 6. Kinetics of the RDDP ofFLOPC-1 intracisternal A particles with (0) and without (0) exogenous
synthetic templates. The time course ofDNA synthesis in the presence of actinomycin D is also shown (A).
The kinetics ofthe RDDP activity for FLOPC-1 C particles and K-MuLV with (0) and without (0) exogenous
synthetic templates is shown for comparative purposes. The synthetic template was poly(rA) .oligo(dT)12_18.
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TABLE 5. FLOPC-1 intracisternal A-particle, FLOPC-1 C-particle and K-MuLV RDDP: comparison of
activity with various synthetic templates

% Endogenous reaction (x 102)
Reaction conditions Template added FLOPC-C par- K-MuLV A particles

ticle

Endogenous 1 1 1
Template stimulated Poly(rA) oligo(dT)b 23.09 193.8 3.91

Poly(dA) oligo(dT)b 2.23 3.71 0.13
Poly(rC) oligo(dG)c 6.91 96.50 10.69
Poly(dC) oligo(dG)c 0.91 2.35 1.41
Poly(rG) oligo(dC)d 2.72 6.09 4.77
Poly(dG) oligo(dC)d 0.68 2.93 1.18
Poly(rU) oligo(dA)# 3.06 7.21 0.20

a Reaction conditions were as described in the text. Virus samples were purified on isopycnic sucrose
gradients. Data are calculated from the counts per minute of [3H]TTP incorporated per 10 tig of viral protein
in a 30-min reaction at 37 C.

b Incorporation of [3H]dTTP.
C Incorporation of [3H]dGTP.
d Incorporation of [3H]dCTP.

1.8 5 min
FQ 1.6
\ 1.4

L~i
10 20 30

10 min

1.65 1.44

i1i55i
_

10 20 30
-roction number

L 30 min

1.65 1.45
i 1.55

10 20 30

FIG. 7. Analysis in CsCO4 isopycnic gradients of the products of the endogenous reaction of FLOPC-1
intracisternal A-particle RDDP. A 1-mg amount ofpurified A particles was assayed for endogenous activity at
37 C in a final reaction volume of 0.5 ml. Samples (100 ,ul) were withdrawn at the indicated times, and the
product was then purified and analyzed.

depending on the proportion of the newly syn-
thesized DNA to endogenous RNA, the product
banded at an RNA density of 1.65 g/cm3 and at
the DNA/RNA hybrid region from 1.50 to 1.55
g/cm3. Later in the reaction (i.e., 15 min), the
[3H]DNA radioactivity shifted to the hybrid
density, the density of single-stranded DNA
(1.44 g/cm3) and double-stranded DNA (1.40 g/
cm3). However, even late in the reaction (i.e.,

30 min), some radioactivity was still associated
with the endogenous RNA (1.65 g/cm3). This
product was completely sensitive to DNase (not
shown) and hybridized with the RNA intrinsic
to the A particles (Table 6).

S-1 nuclease, which hydrolyzes the unhybrid-
ized region of single-stranded DNA in a DNA/
RNA hybrid, was used to assess the extent of
reaction of the [3H]DNA product of the endoge-

10K
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6K(IZ
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2
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nous RDDP reaction to the A-particle RNA.
Approximately 70% of the [3H]DNA product
hybridized with the high-molecular-weight
RNA intrinsic to the A particle and 90% hybrid-
ized to denatured high-molecular-weight A-
particle RNA. The [3H]DNA product did not
hybridize to a significant extent with heterolo-
gous QJ RNA (Table 6) or BALB/c liver cellu-
lar RNA. The very low level of [3H]DNA hy-
bridized to liver RNA was probably due to the
fact that the FLOPC-1 A-particle preparations
were contaminated with low levels of rRNA.
A preliminary assessment of the genetic rela-

tionship of FLOPC-1 A particles to known mu-
rine oncornaviruses or FLOPC-1 C particles is
shown in Table 7. The FLOPC-1 A-particle
complementary DNA hybridized to a signifi-
cant extent with the RNAs from FLOPC-1 C
particles, K-MuLV, or K-MuLV-MSV. How-

TABLE 6. Analysis of the [3HIDNA product of the
endogenous FLOPC-1 intracisternal A-particle
RDDP: hybridization with A-particle RNAa

[3H]DNA hy-
bridized to

Condition RNA (counts/
min per reac-

tion)

[3H]DNA input 4,025
[3H]DNA + S-1 exonuclease 201
[3H]DNA - native RNA + S-1 ex- 2,818
onuclease

[3H]DNA + denatured RNA + S-1 3,623
exonuclease

[3H]DNA + Q8 RNA + S-1 exonu- 242
clease

L:H]DNA + cellular rRNA + S-I 400
exonuclease
" All experimental conditions were described in

the text. LPH]DNA from an endogenous reaction in-
cubated at 37 C for 30 min. Background radioactiv-
ity was 25 counts/min.

TABLE 7. Hybridization of the [3H]DNA product of
the endogenous FLOPC-1 intracisternal A-particle
RDDP with A-particle or C-type virus RNA"

[3H]DNA hybridized
RNA to RNA (counts/min

per reaction)

None - input 6,040
FLOPC-1 A particle 5,496
FLOPC-1 C particle 3,080
K-MuLV 2,960
K-MuLV-MSV 3,019

All experimental conditions were as described in
the text. 13H]DNA from the endogenous reaction
incubated at 37 C for 30 min. Background radioac-
tivity was 25 counts/min. The viral RNAs were de-
natured by heating at 80 C for 5 min before addition
to the hybridization reaction.

ever, no significant difference in the extent of
reaction was observed for the reaction of the A-
particle complementary DNA and any of the
heterologous viral RNAs. Although prelimi-
nary, the data suggest that the genome of the
FLOPC-1 A particles shares homology with cer-
tain sequences with the genomes of type C vi-
ruses.

DISCUSSION
The experiments described in this report

demonstrate the presence of an RDDP and
high-molecular-weight RNA associated with
the intracisternal A particles of the FLOPC-1
line of BALB/c myeloma. These conclusions are
in agreement with the reports of Yang and
Wivel (40, 41) and Robertson et al. (27) for
intracisternal A particles from other BALB/c
myelomas.
The possibility that the results are artifacts

due to contamination by C-particle nucleocap-
sid cores must be considered. Although some
myeloma lines have been observed to produce C
particles, especially when adapted to growth in
cell culture (25), we have never observed C
particles in a solid, subcutaneous FLOPC-1 tu-
mor (34, 35; T. Warner and R. G. Krueger,
manuscript in preparation), the tissue from
which the intracisternal A particles were iso-
lated and purified. Nevertheless, if some C par-
ticles had been present in this in vivo tumor,
their nucleocapsid core (p > 1.20 g/cm3) theoret-
ically could have co-purified with the A parti-
cles and be the source of the high-molecular-
weight RNA and the RDDP activity. However,
the results of the immunochemical and biologi-
cal assays, plus the reconstitution experiment
described in this report, indicated that such
contamination would be absolutely minimal. In
addition, other lines of evidence suggest that
the C particles are not a significant source of
either the high-molecular-weight RNA or the
RDDP activity. These include the nature of the
RNA intrinsic to the FLOPC-1 C particle (35; R.
G. Krueger, manuscript in preparation) plus
the specific activity and template specificity of
the C particle as compared with the A-particle
DNA polymerase.
The RNA isolated from the FLOPC-1 A parti-

cles contained a major component of high-mo-
lecular-weight RNA, but minor components (28
to 5S) were also observed. The RNA contained
tracts of poly(A) of approximately 180 nucleo-
tides long. Thus, the presence of an RDDP
plus high-molecular-weight poly(A)-containing
RNA suggests a relationship between type A
particles and oncornaviruses. Furthermore, the
extent of hybridization of the [3H]DNA product
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of the endogenous A-particle RDDP to oncorna-
virus RNAs, as described here and previously
(27), further substantiates the notion that these
particles are related to tumor viruses. Yang
and Wivel (40) compared the properties of intra-
cisternal A particles and oncornaviruses and
suggested that they arose from an incomplete
expression of a viral genome rather than being
an aberrant cellular constituent. Robertson et
al. (27) suggested that A particles are defective
sarcoma-like viruses that mistakenly bud into
the cisternae of the rough endoplasmic reticu-
lum instead of into the extracellular medium. It
is also possible that A particles may be true
viral entities with their own mode of action or
spectrum of activity that play some, as yet un-
known, role in the biology of tumor tissue. For
example, this structure could be a prototype
oncornavirus that lacks true oncogenic activity
but which activity may be acquired in time
(phenotypic and/or genotypic mixing), result-
ing in the formation of an ultrastructurally
different virus known as the C particle.
Type A particles appear to possess many of

the properties of known oncornaviruses, save
for biological activity. It would appear impor-
tant, therefore, that additional attempts be
made to demonstrate some type of activity in
either an in vitro or in vivo system for intracis-
ternal A particles. If some type of activity were
observed, then A particles would satisfy the
essential requirements for a virus, and they
would be removed from the realm of merely a
biological curiosity.
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