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Intracisternal type A particles are retrovirus-like structures found in embryonic
cells and many tumors of Mus musculus but having no clear relationship with
other retroviruses of this mouse species. We have observed a partial nucleotide
sequence homology between the high-molecular-weight (32S and 35S) RNA
components of intracisternal A-particles from a neuroblastoma cell line and the
70S RNA fraction from M432, a type of retrovirus endogenous to the Asian mouse
Mus cervicolor. M432 complementary DNA (cDNA) was hybridized to the extent
of 30% by the A-particle RNAs. The hybrids showed a lower thermal stability
(ATm, 7°C) than those formed with homologous RNA. The reaction was com-

mensurate with that found between M432 cDNA and divergent sequences in the
M. musculus genome. The capacity to hybridize M432 cDNA was closely corre-

lated with the concentration of A-particle sequences in the cytoplasmic RNA of
several M. musculus cell types. The major RNA fraction of M432 virus showed
a reciprocal partial reaction with the A-particle cDNA's; the virus, which was

grown in NIH/3T3 (M. musculus) cells, also contained a small proportion of
apparently authentic A-particle nucleotide sequences. A subset of A-particle
sequences seemed to be almost totally lacking in the main M432 RNA. The A-
particle cDNA's hybridized extensively with divergent sequences in M. cervicolor
cellular DNA, indicating that this mouse species may contain not only the
partially homologous M432 virogene, but also a more complete genetic equivalent
of the intracisternal A-particle.

Intracisternal type A particles occur regularly
in early embryonic cells of Mus musculus (3, 5,
8) and are widespread in tumors and cultured
tumor cells derived from both laboratory and
feral members of this species (12, 27). The par-
ticles have an associated reverse transcriptase
activity (11, 20, 26, 28, 30) and are known to
contain high-molecular-weight polyadenylated
[poly(A)] RNA similar in size to the RNAs of
recognized RNA tumor viruses (11, 15, 20, 28,
29). The A-particle RNA is homologous to se-
quence elements that are reiterated in the ge-
nome of M. musculus (14). Recently, we have
shown that A-particle-associated 35S and 28S
RNA components from cultured neuroblastoma
cells and a solid myeloma, respectively, can di-
rect synthesis of the 73,000-dalton major A-par-
ticle structural protein in a cell-free system (18).
Thus, the particles share many properties of
known retrovirus virions.
On the other hand, it has not been possible to

establish a positive connection between intracis-
ternal type A particles and the usual type B and

C extracellular viruses. The main A-particle
structural protein is immunologically and struc-
turally distinct (12), and attempts to establish
sequence homologies between the A-particle
RNA and the RNAs of known extracellular vi-
ruses have given conflicting, and therefore in-
conclusive, results (11, 15, 21, 28, 31). In a study
to be reported elsewhere, we have found no
homology between the 35S and 28S A-particle
RNAs mentioned above and a variety of extra-
and intracellular tumor virus RNAs derived
from M. musculus; these results confirm and
extend earlier observations by ourselves (15) and
others (28, 31).

In the course of this survey, we tested the A-
particle RNA for possible homology with the
M432 viral genome. M432 is one of three retro-
viruses recently isolated from the Asian mouse
Mus cervicolor (2, 6, 7). Two of these are type C
viruses having distinctive patterns of homology
with type C viral genomes in certain primates
and other mouse species (2). The third, M432,
resembled the murine type B viruses in some
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biochemical and morphological respects but
showed no nucleotide sequence homology with
any known mouse mammary tumor or type C
virus (6). There were about 25 copies of the
M432-related sequences per haploid genome of
M. cervicolor and about 3 such copies per hap-
loid genome of NIH/3T3 cells productively in-
fected with this virus. The DNA of uninfected
M. musculus cells hybridized only 25% of a com-
plementary DNA (cDNA) probe for the M432
viral nucleotide sequences, and these hybrids
showed a reduced thermal stability (ATm of
-9.5°0) compared to hybrids formed between
the cDNA and M. cervicolor cellular DNA. A
similarly divergent set of M432-related se-
quences was detected in the DNA oftissues from
Mus caroli (6) and in a retrovirus isolated from
this species (7).
We have detected a comparable degree of

partial homology between the purified high-mo-
lecular-weight RNA ofM. musculus intracister-
nal type A particles and that of the M. cervicolor
M432 virus.

MATERIALS AND METHODS
Cultured cell lines. The neuroblastoma line N4

(1) originated from a tumor in A/Jax mice; C127 is a
line of flat cells derived from a mammary tumor in an
RIII mouse; the BALB/3T3 and NIH/3T3 derived
lines were as described elsewhere (10, 15). The M432
retrovirus of M. cervicolor (6) was propagated in NIH
clone 4 cells (10); the cells were infected with a sample
of the original M432 isolate (6) provided by R. Calla-
han, National Cancer Institute (NCI), and were main-
tained as a chronically productive line. Moloney mu-
rine leukemia virus (MoMuLV) was grown in NIH
clone 101 K- cells (10).

Particle isolation. Intracisternal type A particles
were prepared from subconfluent N4 cells as described
(13). The M432 retrovirus and the MoMuLV were
purified (22) from the culture media of the infected
cell lines.
RNA isolation. The preparation of high-molecu-

lar-weight poly(A) RNA species (35S and 32S) from
neuroblastoma A-particles has been described in detail
(18); briefly, the A-particle RNA, after phenol extrac-
tion and alcohol precipitation, was heated at 65°C for
10 min in 10 mM HEPES (N-2-hydroxyethyl pipera-
zine-N'-2-ethanesulfonic acid)-l mM EDTA, pH 7.5,
and then applied to a column of oligodeoxythymidylic
acid [oligo(dT)]-cellulose. Poly(A) RNA was eluted
from the column and fractionated by centrifugation in
isokinetic sucrose density gradients to yield the indi-
vidual RNA species. The 60-70S RNA fractions (re-
ferred to as "70S RNA") of M432 and MoMuLV were
purified as described elsewhere (22). The preparation
of total cellular RNA has also been described (15).
Preparation of DNA. Mouse liver nuclear DNA

were prepared by phenol extraction and sheared to an
average size of 450 base pairs (14). DNA from M.
cervicolor lung cells was a gift from R. Callahan, NCI.

Preparation of 3H-labeled cDNA's. The cDNA's
representing A-particle 32S and 35S RNAs (32S-
cDNA and 35S-cDNA) were prepared in exogenous
reactions, using avian myeloblastosis virus RNA-de-
pendent DNA polymerase (15) and calf thymus DNA
fragments as primer (24). This type of random priming
generates cDNA's that are broadly representative of
the template RNA (24). A subset of the A-particle
sequences was identified in earlier studies (15) and
designated the "abundant class" of sequences; the
cDNA specific for this group of sequences was selected
from the products of an oligo(dT)-primed exogenous
reaction directed by the poly(A) RNA of mouse mye-
loma A-particles (15); the preparation of abundant-
class cDNA was the same as that used in earlier
studies (14, 15). cDNA's were prepared from gradient-
purified M432 virus and MoMuLV in endogenous re-
verse transcriptase reactions, using calf thymus DNA
fragments as primers (22). All of the cDNA's were
labeled with [3H]dCMP and had specific activities
near 2 x 107 cpm/Lg of DNA. A cDNA representing
sequences common to a variety of murine (M. mus-
culus) type C viruses (MuLV common-sequence
cDNA) (9) was kindly provided by A. Frankel, NCI.

Hybridization reactions. 3H-labeled cDNA (5 x
103 to 10 x 103 cpm) and RNA or DNA were incubated
at 68°C in 25- to 50-td reactions containing 0.75 M
NaCl, 50 mM Tris-hydrochloride (pH 7.5), 0.1 mM
EDTA, 0.5% sodium dodecyl sulfate, and 10 ,g of
Escherichia coli tRNA; hybrid formation was assayed
with S1 endonuclease (14, 15). Fully denatured 3H-
labeled cDNA's were completely hydrolyzed under the
Si conditions used (background, 1.2% of input counts).
The calf thymus DNA-primed cDNA's showed less
than 5% S1 resistance even after long incubation times.
Reaction times with the A-particle abundant-class
cDNA were kept short to avoid the relatively high
levels of self-annealing reported previously (15). Re-
action rates have been corrected to 0.24 M sodium
phosphate (PB) (4) for RNA hybridization and to 0.12
M PB for DNA hybridizations. In Fig. 1 to 3, the
extent of hybridization of 3H-labeled cDNA's with
RNAs is expressed as the percentage of the following
maximum levels of protection attained when the
cDNA's were reacted with their homologous RNAs:
A-particle 35S-cDNA versus 35S RNA, 74%; A-particle
32S-cDNA versus 32S RNA, 75%; M432B cDNA ver-
sus M432 70S RNA, 80%; murine (M. musculus) type
C common-sequence cDNA versus MoMuLV 70S
RNA, 65%. A-particle 35S RNA hybridized 86% of the
A-particle abundant-class cDNA. Hybridization levels
for reactions of cDNA's with DNA (Fig. 4) are ex-
pressed as the percentage of input.
Thermal stability curves. After hybridization,

the reaction mixtures were diluted with 0.12 M PB
(pH 6.8) and applied to a hydroxyapatite (HAP) col-
umn at 50°C. Elutions were carried out in this buffer
at increments of 2 to 5°C.

Selection ofM432 cDNA homologous to A-par-
ticle RNA. A sample of M432 3H-labeled cDNA
(340,000 cpm) was hybridized to a Crt of 1.8 mol * s/liter
with A-particle 32S RNA (cf. Fig. IA). The reaction
mixture was applied to HAP as described above, and
the bound (hybridized) fraction ofcDNA (24% of total)
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was eluted with 0.4 M PB at 600C, treated with alkali
to degrade the A-particle RNA, and recovered by
alcohol precipitation in the presence of carrier E. coli
tRNA.

RESULTS
Sequence homology between intracister-

nal A-particle and viral RNAs. Intracisternal
type A particles from the N4 neuroblastoma cell
line contain two main poly(A) RNA species, one
of which (35S) is more active than the other
(32S) in coding for the A-particle structural pro-
tein in cell-free systems (18). In spite of these
apparent differences in size and functional ca-
pacity, we have not observed significant differ-
ences in sequence content upon reciprocal cross-
hybridization of the two RNA fractions with
their cDNA's (Lueders and Kuff, in prepara-
tion). Thus, in Fig. 1A, 32S A-particle RNA is
seen to have reacted with the 35S-cDNA to the
same extent and with the same kinetics as did
the 35S RNA itself. Both RNAs contain the
group of sequences previously shown to be spe-
cific for A-particles from a variety of mouse
tumors (15). These sequences were originally
defined by virtue of their high concentration in
the poly(A) RNA of A-particles from myeloma
cells and are referred to as the abundant class of
A-particle sequences. Data showing the reaction
of 35S RNA with cDNA representing this subset
of A-particle sequences are included in Fig. 1A.
The complexity of the A-particle genome has

not yet been precisely determined. The homol-
ogous A-particle hybridizations all fell on a curve
having a Crtl/2 of 2 x 102 mol s/liter. Electro-
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phoresis in agarose gels containing methyl mer-
cury hydroxide gave an estimated size of about
9,000 nucleotides for the 35S A-particle RNA
(18).
Both neuroblastoma A-particle RNAs gave

partial hybridization of the M. cervicolor M432
viral cDNA (Fig. 1A). The A-particle RNAs
reacted with this cDNA over the same Crt range
as they reacted with their homologous cDNA's,
showing that the heterologous reaction was not
due to a minor contaminating RNA species.
Maximum protection of M432 cDNA was 30% of
the level achieved when this cDNA was hybrid-
ized with its own RNA. M432 cDNA was hy-
bridized to the same extent by 28S RNA pre-
pared from myeloma A-particles (data not
shown). The hybrids formed between the A-
particle RNAs and M432 cDNA had lower ther-
mal stability (ATm, 6 to 8°C) than the homolo-
gous hybrids of M432 cDNA (Table 1), indicat-
ing a significant divergence between the reacting
sequences in the two nucleic acids. The reduced
thermal stability of the heterologous hybrids
may have contributed (23) to the slightly lower
reaction rate of the A-particle RNAs with M432
cDNA as compared to the rate of the homolo-
gous reactions (Crtl/2'S of 4 x 10-2 and 2 x 10-2
mol -s/liter, respectively; see Fig. 1A).
The possibility was considered that A-particle

RNAs were reacting primarily with the fraction
of M432 cDNA which failed to hybridize with
its homologous viral RNA (about 20% of the
total; see Materials and Methods). To test this
possibility, M432 cDNA was incubated with a
saturating amount of A-particle 32S RNA (as in

io-3 io-2 10-l iop o 10-3 10-2 10-1 1dD1ol 10-2 10- 1dD101 (F
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FIG. 1. Hybridization of high-molecular-weight A-particle and M432 viral RNAs with homologous and
heterologous 3H-labeled cDNA's. (A) Neuroblastoma A-particle 35SRNA was hybridized with A-particle 35S-
cDNA (0), A-particle abundant-class cDNA (U), and M432 cDNA (0); also, A-particle 32S RNA was
hybridized with the 35S-cDNA (A) and M432 cDNA (A). (B) M432 viral 70S RNA was hybridized with M432
cDNA (-) and the A-particle 35S (0)-, 32S (A)- and abundant-class cDNA's (-). (C) MoMuLV 70S RNA was
hybridized with MuLV common-sequence cDNA (0) and A-particle 35S-cDNA (A). In (A), vertical lines
indicate the Ct positions for the two hybridization curves.
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TABLE 1. Thermal stability (T,,) of hybrids between
M432 (M. cervicolor) and intracisternal A-particle
(M. musculus) RNAs and their respective cDNA'sa

T. (OC)

RNA M432 'H- A-particle :H-labeled cDNA
labeled Abundant
cDNA 32S 35S clant

A-particle
32S 69 78b 75
35S 67 78 75.5

M432
70S 75 68.5c 75.5

74d

' The cDNA's were hybridized with the indicated
RNAs to Crt values between 1.6 and 3.1 mol s/liter
except as indicated. The samples were then applied to
HAP columns at 500C in 0.12 M sodium phosphate,
and the thermal elution pattern was determined as
described in the text. Values obtained for homologous
hybrids are shown in boldface type.

b Hybrids formed at Crt values of 0.03 and 3.1 mol s/
liter had the same Tm,.

c Hybrids formed at Crt of 0.11 mol s/liter.
d Hybrids formed at Crt of 20.4 mol s/liter.

Fig. 1A), and the hybridized portion was re-
covered after binding to HAP (see Materials and
Methods). This A-particle-homologous fraction
of M432 cDNA reacted with M432 viral RNA in
the same way as did the total M432 cDNA.

Callahan et al. (6) showed that M432 cDNA
was fully hybridized by M. cervicolor cellular
DNA but only partially (24%) by divergent se-
quences in the DNA of M. musculus (see also
Fig. 4A). In this context, our present data suggest
that intracisternal A-particles could contain the
entire set of M. musculus sequences related to
the M432 virus.
The M432 high-molecular-weight RNA re-

acted with its own cDNA as a single kinetic
species (Fig. 1B). The Crt1/2 of this reaction, 2.8
x 10-2 mol s/liter, was consistent with a genome
size of 3 x 106 daltons (about 9,700 nucleotides)
suggested by the data of Callahan et al. (6).
Figure 1B also shows the reactions ofM432 viral
RNA with cDNA's representing the 32S and 35S
A-particle RNAs and the subset of abundant-
class, A-particle sequences. The abundant-class
cDNA was maximally protected in a reaction
having a relatively high Crtl/2 (1.3 mol s/liter);
that is, the M432 preparation contained all of
the A-particle abundant-class sequences but at
a concentration about one-fiftieth (0.028 + 1.3
= 0.02) that of the RNA species responsible for
the reaction with homologous (M432) cDNA.
The reaction of M432 RNA with A-particle 32S-
and 35S-cDNA was more complex. At higher Crt
values, the hybridization curve was congruent
with that obtained for the abundant-class

cDNA. However, an additional prominent ki-
netic component was evident in the same Crt
range as the reaction between M432 RNA and
M432 cDNA.
The results in Fig. 1B show that the M432

RNA preparation contains two sets of nucleotide
sequences. The major component, making up
about 98% of the total, is presumably the au-
thentic M. cervicolor virus RNA, responsible for
full hybridization of the homologous cDNA and
for the partial hybridization of A-particle 32S-
and 35S-cDNA's in the lower Crt range. A sec-
ond, quantitatively minor component accounts
for complete hybridization of the A-particle
cDNA's at higher Crt values; since the M432
virus is produced in M. musculus cells (NIH
Swiss), this component could be A-particle RNA
itself. In this case, one would expect the hybrids
found late in a reaction between M432 RNA and
32S-cDNA to have a higher proportion of well-
matched base pairs and therefore a greater av-
erage thermal stability than the partial hybrids
formed at low Crt values. The data in Table 1
confirm this expectation. In addition, it is seen
that hybrids of A-particle abundant-class cDNA
with M432 RNA melted at the same tempera-
ture as authentic hybrids between this cDNA
and 32S A-particle RNA. Since M432 RNA gave
little hybridization of the abundant-class cDNA
in the low Crt range (Fig. 1B), this class of A-
particle-associated sequences is probably poorly
represented in the M. cervicolor viral genome.
The presence of A-particle-specific sequences

is not a general property of retroviruses secreted
by NIH Swiss cells. 70S RNA of MoMuLV pro-
duced by a line of NIH/3T3 cells did not hybrid-
ize the A-particle cDNA significantly, even when
tested at Crt values far above those required for
hybridization of a homologous type C virus
cDNA (Fig. 1C). This point is discussed further
below.
A-particle and viral sequences in cellular

RNAs. The concentration of A-particle-related
RNA sequences varies greatly among different
cell types (15). We sought to determine whether
the concentration of RNA sequences reacting
with the M432 cDNA would vary in parallel
fashion. Figure 2 presents data on three M.
musculus cell lines that differ markedly in their
content of intracisternal A-particles as judged
by electron microscopy of thin-sectioned prepa-
rations. The particles are very abundant in neu-
roblastoma cells, appear regularly but in much
reduced numbers in the C127 mammary tumor
cell line, and are ordinarily not seen in
BALB/3T3 cells. Figure 2 shows that all of these
types of cells contain the full complement of the
sequences represented in A-particle 35S-cDNA,
and at concentrations that varied in the expected
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FIG. 2. Hybridization of cellular RNAs with A-particle and M432 viral 'H-labeled cDNA's. A-particle 35S-

cDNA (0) and M432 viral cDNA (-) were hybridized with cellular RNAs from N4 neuroblastoma (A), C127
mammary tumor cell line (B), and BALB/3T3 fibroblasts (C). In (B), some reactions with M432 cDNA (A)
also contained saturating levels of32S A-particle RNA, i.e., amounts sufficient to provide a Crt of I mol s/liter
in the hybridization reactions shown in Fig. JA.

order. Thus, the Crtl/2'S for hybridization of the
35S-cDNA were 1.1, 37, and 445 mol -s/liter for
the RNAs prepared from N4, C127, and
BALB/3T3 cells, respectively, indicating that A-
particle-specific sequences were concentrated in
the neuroblastoma RNA more than 30-fold with
respect to C127 and 400-fold in comparison with
BALB/3T3 RNAs. All of these cellular RNAs
gave a partial hybridization of the M432 cDNA
(Fig. 2), and in each instance this heterologous
reaction took place in the Crt range correspond-
ing to hybridization of the A-particle cDNA.
Direct evidence for identity of the reacting spe-
cies was obtained in a mixing experiment with
C127 cellular RNA (Fig. 2B). Here, addition of
saturating amounts of 32S A-particle RNA to
the hybridization reaction did not increase the
protection of M432 cDNA above the maximal
level achieved with the cellular RNA alone. Al-
though the C127 line originated from a mam-
mary tumor in strain RIII mice, the cellular
RNA failed to react with mouse mammary tu-
mor virus cDNA, and we found no evidence of
type B or cytoplasmic type A particle production
on electron microscopy.
A-particle and viral sequences in RNA of

cells productively infected with M432 and
MoMuLV. RNA from M432-infected cells was
assayed for virus sequences by hybridization
against the M432 and A-particle cDNA's. Essen-
tially complete hybridization of both types of
cDNA was found (Fig. 3A). The curves for the
A-particle cDNA's showed less displacement
from the M432 reaction than was the case when
hybridization was carried out with RNA from
the extracellular virus (Fig. 1B); therefore, it was
not possible to resolve two kinetic components
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FIG. 3. Hybridization of A-particle and viral ;3H-

labeled cDNA's with cellular RNAs from produc-
tively infected NIH/3T3 cells. (A) RNA from cells
infected with M432 virus was hybridized with M432
cDNA (-), A-particle 35S-cDNA (0), and A-particle
abundant-class cDNA (-). (B) RNA from cells in-
fected with MoMuLV was hybridized with MuLV
common-sequence cDNA (0) and the same two A-
particle cDNA's (0, U).

in the reaction with A-particle 35S-cDNA.
These data almost certainly reflect a relatively
higher ratio of A-particle to M432 sequences
within the cell as compared to the virus and
show that (as expected) encapsidation and se-
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cretion of the virus select in favor of the appro-
priate RNA. Nevertheless, this discrimination is
not complete, since A-particle sequences appear
in the 70S RNA fraction of the extracellular
virus. A contrasting situation was observed in
the case of MoMuLV production by NIH/3T3
cells (Fig. 3B). The infected cells also contained
both A-particle and leukemia virus RNA species.
Yet, as seen earlier (Fig. 1C), the 70S RNA of
extracellular virus was devoid of A-particle se-
quences. Thus, during assembly and secretion of
this type C virus, there was stringent selection
against the unrelated A-particle RNA.
Although A-particles can be prepared in large

numbers from mouse tumor tissues, the isolated
particles have been uniformly devoid of infectiv-
ity. The current study indicates that A-particle
RNA can be incorporated into M432 extracel-
lular virions more effectively than into type C
virus and raises the possibility of horizontal
transmission of the pseudotyped A-particle ge-
nome.
Viral sequences in the nuclear DNA ofM.

musculus and M. cervicolor. The reactions of
A-particle and M432 cDNA's with cellular
DNAs were assessed both by the development
of Si resistance over a range of Cot values (Fig.
4) and by binding to HAP after hybridization to
Cot of 4,000 mol s/liter (Table 2). The Tm's of
HAP-bound hybrids are also shown in Table 2.

Multiple copies (22,000 per cell) of A-particle
abundant-class sequences were known to be
present in the mouse genome (14). The reaction
of 35S cDNA with NIH Swiss liver nuclear DNA
(Fig. 4A) had a Cot1/2 corresponding to about 560
copies per haploid genome, showing that the full
complement of A-particle sequences was also
reiterated to a remarkable degree in M. muscu-
lus DNA. The hybridization of M432 cDNA
with its homologous (M. cervicolor) cellular
DNA is shown in Fig. 4B. In agreement with a
previous report (6), these viral sequences appear
to be reiterated 25 to 30 times per haploid ge-
nome.

In the heterologous reaction between M432
cDNA and NIH Swiss DNA (Fig. 4A), 20% of
the input probe was protected (29% bound to
HAP [Table 2]), and the hybrids were ofreduced
thermal stability compared to those formed in
the homologous reaction (cf. 6). The DNA se-
quences that reacted with M432 cDNA were
multiply represented in the genome of NIH
Swiss mice (Fig. 4A). Their copy number was
determined more precisely using the fraction of
M432 cDNA that had been selected by hybridi-
zation with A-particle 32S RNA (see Materials
and Methods). Sixty percent of this selected
M432 cDNA was found to hybridize with NIH

0
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FIG. 4. Hybridization ofA-particle andM432 viral

'H-labeled cDNA's with mouse liver nuclear DNAs.
(A) A-particle 35S-cDNA (0) and M432 cDNA (0)
were hybridized with liver DNA from NIHSwiss mice
(M. musculus), and in (B), with liver DNA from M.
cervicolor. In addition, (A) shows the reaction ofNIH
Swiss DNA with a fraction ofM432 cDNA that had
been selected by hybridization with A-particle 32S
RNA as described in the text (0 - -4). (B) also
shows the hybridization ofA-particle abundant-class
cDNA with M. cervicolor DNA (-).

Swiss mouse DNA as assayed by S1 resistance
in a reaction having a Cot1/2 corresponding to
600 copies per haploid genome (Fig. 4A). Eighty
percent of the selected M432 cDNA bound to
HAP after hybridization to high Cot with Swiss
mouse DNA (Table 2); these hybrids had re-
duced thermal stability, showing that the se-
lected probe did not represent M. musculus A-
particle sequences that might have been present
in the original M432 cDNA preparation.

A-particle 35S-cDNA was hybridized by M.
cervicolor liver nuclear DNA to a surprising
extent (Fig. 4B, Table 2). A similarly high level
of hybridization was found with DNA from cul-
tured M. cervicolor lung cells (not shown). The
hybrids showed a lower thermal stability than
the homologous hybrids between 35S-cDNA and
M. musculus DNA (Table 2), consistent with
the evolutionary divergence between the two
mouse species (19). The sequences responsible
for hybridization of the A-particle cDNA and
those that reacted with the M432 cDNA were
reiterated to a similar extent in the M. cervicolor
genome.
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TABLE 2. HAP binding and thermal stabilities (T,,) of hybrids between A-particle and M432 cDNA's and
the cellular DNA of various Mus speciesa

Cellular DNA

'H-labeled cDNA M. musculus M. cervicolor M. caroli

% Tm, (OC) % T, (OC) % T. (OC)

A-particle
35S 91 84 91 77 88 78
Abundant class 77 79 67 72 65 72

M432
70S total 28 73 77 78 39 72
70S selected' 80 74
' The 3H-labeled cDNA's were hybridized with liver nuclear DNA to Cot values of approximately 4,000 mol s/

liter. The samples were then fractionated on HAP columns as described in the text. Binding is expressed as
percentage of total cDNA which was bound at 60'C in 0.12 M sodium phosphate. Values obtained for
homologous hybrids are shown in boldface type.
'By hybridization with A-particle 32S RNA; see text.

The hybridization of A-particle abundant-
class cDNA with M. cervicolor liver DNA is also
shown in Fig. 4B. The abundant class of A-
particle sequences was reiterated in M. cervico-
lor DNA to approximately the same degree as

the full complement of A-particle sequences

(Fig. 4B) and showed a comparable reduction in
thermal stability of the hybrids (Table 2). Pre-
viously, we reported that these sequences were

reiterated in M. cervicolor to the same extent as

they are in M. musculus and had minimal diver-
gence as judged by thermal stability (14). We
now know that this was an error resulting from
misidentification of the mice used as the source

of putative M. cervicolor DNA.
Reactions of A-particle cDNA with M.

caroli nucleic acids. Callahan et al. (7) have
isolated from another Asian mouse species, M.
caroli, a retrovirus M832 whose RNA has partial
homology (25%) with that of M432 and whose
proteins show immunological cross-reactivity
with those of the M. cervicolor virus. The reac-

tion of A-particle 35S-cDNA with liver nuclear
DNA of M. caroli was similar in extent to its
reaction with M. cervicolor liver DNA (Table
2), and the hybrids showed a comparable reduc-
tion in Tm. RNA from an M832-producing M.
caroli cell line (kindly provided by R. Callahan,
NCI) hybridized 40% of the A-particle 35S-
cDNA and 22% of the M432 cDNA in reactions
having the same Crtl/2 of 30 mol s/liter (reaction
curves not shown). Control RNA from nonpro-

ducer M. caroli cells gave only a minimal
reaction with the 35S-cDNA (10% hybridization
at Crt of 2,000 mol s/liter). Thus, intracisternal
A-particles may also have sequence homology
with the M832 retrovirus endogenous to M. car-

oli.

DISCUSSION
Our data indicate a genetic relationship be-

tween the intracisternal type A particles of M.
musculus and the M432 prototype retrovirus of
M. cervicolor. The M432 cDNA was hybridized
to about the same extent (25 to 30% of the
homologous reaction) by both M. musculus cel-
lular DNA and A-particle RNA; therefore, the
entire group of M432-related M. musculus se-
quences could be represented in the A-particle
RNA. On the other hand, a portion of the A-
particle sequences, the so-called abundant class
(15), appeared to be lacking in the M432 genomic
RNA (Fig. 1B). The abundant-class cDNA was
generated by an oligo(dT)-primed exogenous re-
action (15), and evidence to be presented else-
where shows that these sequences are concen-
trated in the 3' regions of the A-particle RNAs.
Thus, the homology between A-particles and
M432 may be confined to the remaining, more
5' portions of their genomes. A more precise
analysis of this relationship would be facilitated
by the use of M432 virus produced in M. cervi-
color (rather than M. musculus) cells, should
this type of preparation become available.

Multiple copies of both M432- and A-particle-
related sequences were also present in the M.
cervicolor DNA. However, the M. cervicolor
genome seemed to contain a more complete
representation of the intracisternal A-particle
information than was found in the M432 virus,
since (i) the A-particle 35S-cDNA was hybrid-
ized to a greater extent by M. cervicolor cellular
DNA than would have been expected on the
basis of its partial homology with M432 viral
RNA, and (ii) sequences homologous to the A-
particle abundant-class probe were present in
the DNA even though they had no counterpart
in the M432 viral genome. A-particle-related
sequences were also detected in the DNA of M.
caroli cells. Electron microscopy of M. cervico-
lor and M. caroli tumor cells and embryonic
tissues should be carried out to determine

J. VIROL.



INTRACISTERNAL A-PARTICLES AND M432 RETROVIRUS

whether intracisternal A-particles are expressed
in these mouse species as well as in M. musculus.
The cellular precursors of M432 virus are in-

tracytoplasmic rather than intracisternal A-par-
ticles (6). Nothing is known about the proteins
of the precursor particles; however, the extra-
cellular M432 virus contains components rang-
ing from 65,000 daltons (a glycoprotein) to 12,000
daltons, with a major internal structural protein
of 24,000 molecular weight (7). The main intra-
cisternal A-particle structural protein (73,000
daltons) is similar in size to an oncornavirus
precursor polypeptide; although the particles
contain small amounts of heterogeneous struc-
turally related 45,000- and 30,000-dalton pro-
teins (12, 16), there is little evidence for a distinct
protein maturation process. Intracisternal A-
particles also lack significant amounts of struc-
tural glycoprotein (12), a deficiency that could
be related to the failure of the particles to asso-
ciate with the plasma membrane of the produc-
ing cells. The question of protein relatedness
between intracisternal particles and the M432
virus is currently under study. An interesting
similarity between the two types of particles is
the strong magnesium preference of their DNA
polymerases (7, 26).

Intracisternal A-particles might be regarded
from one viewpoint as a defective form of endog-
enous retrovirus that fails to achieve egress from
the cells. On the other hand, it would be pre-
mature to conclude that these particles are sim-
ply the evolved M. musculus analog of the M.
cervicolor and M. caroli retroviruses. Alterna-
tively, a common set of 5' sequences may have
become linked to different sets of 3' sequences
to generate two related but distinct classes of
particles. Precedent for such a possibility is pro-
vided by the recombinant events involved in the
origin of certain other RNA tumor viruses (e.g.,
22). Our data are consistent with the presence of
A-particle-related information in a Mus progen-
itor common to M. musculus, M. cervicolor, and
M. caroli. In that case, linkage between A-par-
ticle structural genes and additional information
for an envelope glycoprotein could have pro-
duced a new class of replication-competent vi-
ruses in a later common ancestor (2, 19) of the
two Asian mouse species.
The biological significance of intracisternal A-

particles has remained obscure in spite of their
widespread occurrence in embryonic and trans-
formed cells of M. musculus and in tumor cells
of other mammals (references in 17, 29). Our
results suggest that A-particle-related sequences
may be a general property of the Mus genus and
that they could have contributed to the genome
of at least one replication-competent retrovirus
during the evolutionary past. The programmed

expression of intracisternal A-particles in the
early cleavage stages of mouse (M. musculus)
embryogenesis (3, 5, 8) shows that this type of
particle can be regulated by normal develop-
mental mechanisms. Thus, the particles may
represent an intermediate stage of virus evolu-
tion (25) with potential for further exchange of
information with endogenous viral genomes or
other cellular genetic elements.
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