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ABSTRACT Early mouse embryos express two morpho-
logical subtypes of intracisternal A-type particles, one resem-
bling those occurring in mouse tumors (referred to as IAP) and
the other apparently specific for early embryos [referred to as
IAP(s)]. Using cloned fragments of IAP genes as labeled
probes in dot-hybridization experiments, we detected IAP-re-
lated RNA sequences in mouse oocytes and preimplantation
embryos. IAP RNA is relatively abundant in ovarian oocytes,
is reduced in amount to l1/10th in the ovulated erg, and in-
creases f100 times (from -1.3 x 103 to -1.5 x 10 molecules
per embryo) between the one-cell stage and late blastocyst
stage. Most of the IAP RNA consists of a single size class of
about 5.4 kilobases, and a major fraction of this RNA is poly-
adenylylated. Quantitative considerations suggest that only a
few percent of the IAP RNA in embryos are associated with
particles. In two-cell embryos, the number of IAP RNA mole-
cules is <1/10th the number of IAP(E) particles, suggesting
that IAP(E) is genetically distinct from IAP and presumably
represents a family of as yet unidentified retrovirus-like ele-
ments.

Early mouse embryos regularly express several types of vi-
rus-like structures whose appearance is correlated with spe-
cific stages of development (for review, see refs. 1 and 2).
Intracisternal A-type particles (IAPs), of which two morpho-
logical subtypes have been distinguished (3, 4), are the most
prominent. Particles of one subtype, termed "small A parti-
cles" (3) or, more recently, "s-particles" to emphasize their
distinctness (4), seem to be specific for early embryonic cells
and form in large clusters in two- to eight-cell embryos but
are absent or sparse at other stages (3-7). We will refer to
these particles as IAP(E)s. The other subtype, designated
"large A particles" by Chase and Pik6 (3), is morphologically
very similar to the IAPs that are abundant in many mouse
tumors including myelomas (8). Large A particles are pres-
ent in ovarian oocytes until ovulation, are rarely seen in the
ovulated egg and early cleavage-stage embryos, but increase
in number from the eight-cell stage onwards through the
blastocyst (3, 4). In this report, we will restrict the term UAP
to this second type of A particle. The role of either subtype
of A particle in embryo development is unclear at present,
but there is evidence for the cell-surface expression of IAP-
related antigens in early embryonic cells (9, 10).
The IAPs found in tumor cells have many properties re-

sembling those of infectious retroviruses, but IAPs are ge-
netically distinct from the mouse type B and type C viruses
(11, 12). IAPs have reverse transcriptase activity (13) and
contain polyadenylylated RNA of 3.5 to 7 kilobases (kb) (14,
15), which codes for the major particle protein p73 (14).
There are 1,000 TAP genes (provirus-like genetic elements)
per haploid mouse genome (15-17), and genomic clones of

several of these have been isolated and analyzed (15, 18, 19).
The predominant gene form is 7 kb in length (18, 19), but
shorter units with major deletions and substitutions also
have been found (15, 17). IAP genes are bordered by direct
long terminal repeats (LTRs) of about 0.35 kb, which are
similar in structure to the proviral LTRs of infectious retro-
viruses (20, 21). IAP gene insertions were found in two mu-
tant mouse K light-chain genes (21) and in a cellular oncogene
(22), suggesting that IAP elements may be a significant
source of genetic variability in mice.

In the present work, we used cloned IAP DNA probes to
detect and analyze the IAP-related RNA sequences in mouse
oocytes and early embryos.

MATERIALS AND METHODS
Oocytes and Embryos. CD2F1 (BALB/c 9 x DBA/2c6; Si-

monsen Laboratories, Gilroy, CA) prepubertal female mice
were induced to superovulate and mated to CD2F1 males.
Unfertilized eggs (freed of follicle cells) and embryos up to
the early blastocyst (32 cells) stage were collected directly
from the oviducts; expanded blastocysts (64 cells) were ob-
tained by culturing early blastocysts overnight (23). Growing
and fully grown oocytes were isolated by the procedure of
Eppig (24).

Extraction of RNA. Batches of embryos were digested
with 0.5% NaDodSO4 containing 100 ,ug of proteinase K per
ml, and the RNA was extracted with phenol/chloroform in
the presence of Escherichia coli tRNA carrier as described
(25). Unlabeled embryo lysates also contained about 1 ng of
[3H]cRNA made to X phage DNA (26) (specific activity, 2.5
x 107 cpm/,ug) as an internal recovery marker. An RNA
standard containing IAP RNA was prepared from a post-
membrane supernatant fraction (10,000 x g for 20 min) (27)
of a homogenate of MOPC-104E myeloma maintained in
BALB/c mice by subcutaneous passage. The high molecular
weight RNA in this fraction was precipitated and washed ex-
tensively with 2 M LiCl (28). For use in dot hybridization,
embryo and standard RNAs were digested with 20 ,ug of
DNase I (RNase-free, Worthington) per ml of 0.1 M NaCl/10
mM Tris HCl, pH 7.5/5 mM MgCl2 at 37°C for 15 min.
Recombinant DNA Clones. Recombinant X phage clones

carrying IAP gene sequences were selected from a mouse
genomic library. BALB/c sperm DNA fragments of 12-20
kb were isolated after partial digestion with the restriction
enzymes Hae TIII/Alu I and inserted into X phage Charon 4A
by means of EcoRI linkers (29). (We are indebted to Mark
Davis and Lee Hood for making this library available to us.)
Poly(A)+ RNA was isolated from gradient-purified TAP from
the mouse myeloma line MOPC-104E and transcribed into
32P-labeled cDNA as described by Lueders et al. (27) except

Abbreviations: IAP, intracisternal A particle of the type occurring in
mouse tumor cells; IAP(E), intracisternal A particle of the type oc-
curring in early mouse embryos; LTR, long terminal repeat; kb, ki-
lobase(s).
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the use of calf thymus DNA fragments as primer. This separated (36), and the self-hybridizing fraction of the tracer
NA was used to screen (30) "104 plaques on E. coli was removed by hydroxyapatite chromatography (37).
5OSupF, yielding -100 reactive clones, and to analyze Assay of RNA by Dot Hybridization. Unlabeled embryo
DNA of reactive clones by Southern blot hybridization RNA and myeloma RNA standard were denatured by heat-
). Of 20 clones selected at random, 10 were found to con- ing in 0.02 M sodium phosphate, pH 7/1 mM EDTA/2.2 M
complete copies or large segments of IAP genes, and formaldehyde/50% formamide (deionized) at 60'C for 5 min,

se were examined in greater detail as to restriction-site brought to 20x standard saline citrate (lx is 0.15 M
tern and sequence homology of heteroduplexes. Specific NaCl/0.015 M Na citrate) in a volume of 150-200 ,1, and
? gene fragments were subcloned into the single-stranded dotted onto a nitrocellulose sheet (BA85, Schleicher &
[A phage M13mp8 (32) or the plasmid pUC8 (33) for use Schuell) in a Hybridot apparatus (Bethesda Research Labora-
hybridization probes. M13 vectors, pUC plasmids, and tories). The filters were baked at 80'C for 2 hr in a vacuum
t cells E. coli JM103 and JM83 were obtained from Be- oven; prehybridized for 3 hr at 420C in 1 M NaCl/50 mM
sda Research Laboratories. sodium phosphate, pH 7, containing 0.02% each of bovine
Jabeled DNA Probes. Single-stranded M13 phage DNA serum albumin, Ficoll, and polyvinylpyrrolidone, 0.1%
rying the appropriate inserts was isolated by precipitation NaDodSO4, 4 mM EDTA, 50% (vol/vol) formamide, and
the phage with polyethylene glycol and extraction with 100 ,g of sonicated denatured calf thymus DNA per ml; and
-nol/chloroform (34). By using a 17-nucleotide primer hybridized in the same buffer with 1-2 x 107 cpm of 32p_
L Biochemicals) complementary to the region 5' to the labeled DNA probe per ml for 20 hr at 420C. The filters were
ltiple cloning site, a duplex segment -1.5 kb long was washed with vigorous shaking three times for 5 min at 250C
ithesized (35) with the Klenow fragment of E. coli DNA and six times for 20 min at 680C in 0.25 M NaCl/12.5 mM
lymerase (Bethesda Research Laboratories). [a-32P]dTTP sodium phosphate, pH 7/1 mM EDTA/0.1% NaDodSO4,
s added to the reaction mixture to give a specific activity dried, and autoradiographed for 1-4 days at -70'C on pre-
-1-2 x 108 dpm/,4g of recombinant DNA (M13 DNA plus flashed x-ray films with intensifying screens.
ert). A 32P-labeled single-stranded DNA tracer comple- Hybridization of Labeled RNA to Filter-Bound DNA.
ntary to IAP RNA was prepared by using the 1.4-kb Recombinant DNA samples were denatured and dotted onto
mHI fragment of the IAP gene (see Fig. 1) also inserted nitrocellulose filters (2 ,g of DNA per dot) in the Hybridot
o M13. In this case an upstream 15-nucleotide primer (P-L apparatus as described above and were hybridized with la-
)chemicals) was used for duplex synthesis. The double- beled embryo RNA for 20 hr at 68°C in 50 ,ul of 0.6 M NaCl/
anded insert was excised with BamHT, the strands were 0.12 M Tris HCl, pH 7.5/4 mM EDTA/0.2% NaDodSO4/1

mg of E. coli tRNA per ml in siliconized plastic tubes under
0 2 3 4 5 6 7 mineral oil. Filter-bound X phage DNA was included in each

A I kb sample for background correction. After hybridization, the
P E E E P PB B HP PH filters were washed three times for 5 min at 25°C and six

A2 5 11 11 I 13 timesfor20minat68°Cin0.15MNaCl/30mMTris-HCl,pH
7.5/1 mM EDTA/0.1% NaDodSO4, air-dried, and counted

E P E P PB B HE in 2,5-diphenyloxazole/toluene. The data were corrected for
efficiency of hybridization (40-60%) determined in parallel
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FIG. 1. Structure of three IAP genes carried in different X phage
Charon 4A clones, 2, 11, and 13. (A) Restriction enzyme maps of the
three genes with respect to some conserved restriction sites: E,
EcoRI; H, HindIII; B, BamHI; P, Pst I. *, LTR of about 0.35 kb
(20, 21); -, flanking mouse sequences; and'x-\-x, X phage se-
quences. In clone 11, brackets indicate the locations of two seg-
ments, A 0.6 and A 2.1, which are deleted in clone 13; in the latter
clone, an inserted segment (E) of about 0.5 kb is indicated. Under
the diagrams of clones 11 and 13 are shown the locations and sizes in
kb of fragments subcloned in the plasmid pUC8 and the single-
stranded DNA phage M13mp8 for use as hybridization probes or for
heteroduplex analysis. (B) Electron micrograph and diagrammatic
representation of a heteroduplex between the 7-kb EcoRI (partial
digestion) fragment of clone 11 and the 4.2-kb HindIll fragment of
clone 13 in A; both fragments were subcloned in pUC8 and excised
with Hind1II (for the 7-kb fragment using the HindIII site at the 3'
end and the HindIII site of the pUC8 cloning sequence located at the
5' end of the fragment). The diagram depicts the origin and size in kb
of the mismatched segments.

RESULTS
Recombinant DNA Clones. Fig. LA shows the restriction

enzyme maps of three IAP genes selected from the mouse
genomic library and used in the present study. Clone 2 con-
tained a complete IAP gene, -7 kb in size including the two
LTRs. The IAP gene in clone 11 was truncated at its 3' end,
abutting X phage sequences, but formed a well-matched
heteroduplex over its 6.3-kb length with the IAP gene in
clone 2 (not shown). The two genes also had identical restric-
tion sites with three of the enzymes tested but varied in
EcoRI sites. These genes are clearly representative of the
predominant 7-kb IAP gene described previously (17-19).
The IAP gene in clone 13 is flanked by mouse DNA se-
quences, but its 5' end is truncated at an EcoRI site, presum-
ably due to accidental recombination at this site during con-
struction of the clones. Heteroduplex analysis between this
clone and clone 11 revealed deletions of about 2.1 and 0.6 kb
as well as an inserted segment of about 0.5 kb in clone 13
(Fig. 1B); this sequence organization appears to be repre-
sentative of a subfamily of IAP genes, designated type II
genes by Shen-Ong and Cole (17). Of the 10 IAP genomic
clones analyzed by us, 6 contained typical 7-kb genes (or
segments thereof), 2 contained type II genes, and 2 con-
tained genes with deletions of about 0.6 and 3.7 kb, the latter
being similar in sequence organization to the 81-B gene of
Cole et al. (38).

Detection of IAP RNA in Embryos by Dot Hybridization.
Total embryo RNA (treated with DNase) was dotted onto
nitrocellulose filters and hybridized with 32P-labeled M13
DNA containing IAP gene sequences. A 1:1 serial dilution of
an RNA preparation from the myeloma MOPC-104E was
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also dotted in each experiment as a standard of comparison.
The content of IAP RNA in the standard was determined by
titration against the 32P-labeled template strand of the 1.4-kb
BamHI fragment from clone 13. From the slope of the titra-
tion curve, an IAP RNA content of 2.13 x 105 molecules per

ng of total RNA was derived (Fig. 2).
IAP-related RNA sequences were detected in both ovari-

an oocytes and early embryos, but the intensity of hybridiza-
tion varied widely depending on the stage of development
(Fig. 3 A and B). When RNA from a constant number of
embryos (50 embryos each) was dotted (Fig. 3A), mid-size
and fully grown oocytes reacted strongly, but the reaction of
ovulated unfertilized eggs was barely detectable; the reac-

tion of two-cell embryos was several-fold stronger, and the
intensity of the reaction continued to increase during cleav-
age to a high level in the preimplantation (4-day-old) blasto-
cyst. Although most of the dot hybridizations were per-

formed with the 0.8-kb HindIII fragment (which includes the
3' LTR) as a probe, an identical pattern of reactivity was

obtained with the 1.4-kb BamHI and the 3.4-kb EcoRI-
HindIII fragments, which lack LTR sequences (data not
shown). Control hybridizations with labeled M13 DNA con-

taining the nontranscribed strand of these fragments were

completely negative, indicating that the above reactions
were due to the presence of RNA sequences in the embryos
rather than to contaminating nuclear DNA. On the basis of
densitometric tracings of the autoradiographs, we estimated
the number of IAP-related RNA molecules per embryo in
relation to the myeloma RNA standard (Table 1), assuming
that the number of reactive sites per molecule is the same in
the two preparations (presumably both ends of an RNA tran-
script when hybridized with the 0.8-kb HindITI probe con-
taining LTR sequences).
To estimate how much of the IAP RNA is polyadenylylat-

ed, total RNA from early and late blastocysts was fractionat-
ed on poly(U)-Sepharose (28), and the bound and unbound
fractions were dotted and hybridized with the 0.8-kb HindIII
probe. About 60% of the total reactive RNA was in the
bound fraction in each sample, suggesting that the majority
of the TAP RNA in the embryos is polyadenylylated but a

substantial fraction lacks poly(A) sequences (data not
shown).

4
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FIG. 2. Titration of single-stranded 1.4-kb BamHI fragment with
a standard RNA preparation (treated with DNase) from myeloma
MOPC-104E. Increasing RNA concentrations were incubated for 44
hr with 50 pg of 32P-labeled probe DNA (specific activity, 3.0 x 108
cpm/pg) in 10 p1 of 1.0 M NaCl/50 mM Tris-HCl, pH 7.5/5 mM
EDTA/0.1% NaDodSO4 with 1 mg of E. coli tRNA per ml in sealed

glass capillary tubes (DNA Cot =- 8 times C0t1/2 for the probe). Hy-
brid formation was assayed by S1 nuclease digestion and collection
of the resistant material on DE81 filters for counting. The specific
activity of the probe was monitored by titration with known
amounts of the complementary strand. In two experiments, the av-

erage number (±SD) of IAP RNA molecules per ng of myeloma
RNA was 2.13 ± 0.09 x 105.

A
MYELOMA EMBRYO
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FIG. 3. Autoradiographs showing the hybridization ofRNA dots
from mouse oocytes and embryos with labeled cloned DNA. All
RNA preparations used for dotting were treated with DNase. (A)
Total RNA derived from 50 oocytes and embryos was dotted onto a
nitrocellulose filter, hybridized with 32P-labeled M13 phage DNA
containing the 0.8-kb HindIII fragment of clone 13, and autoradio-
graphed. A 1:1 dilution series of myeloma MOPC-104E RNA was
dotted on the same filter as a standard of comparison. (B) The same
experiment as above, but the amount of embryo RNA was varied so
as to bring the intensity of the reaction within the range of the stan-
dard RNA; the number of embryos used is shown in parenthesis.
Stages of embryo development: MO, mid-size oocyte 50-55 pm in
diameter recovered from 9-day-old mice; LO, large fully grown oo-
cyte '70 ,m in diameter obtained from 15-day-old mice; UF, unfer-
tilized tubal egg; 2c, two-cell embryo; 8c, eight-cell embryo; EB,
early blastocyst (32 cells); LB, late blastocyst (64 cells). The chrono-
logical age of the embryos is given in Table 1.

Size of IAP RNA. The size of the 1AP RNA in late blasto-
cysts was estimated by electrophoresis on a formaldehyde-
agarose gel and blot hybridization with 32P-labeled cloned
DNA probes (Fig. 4). A single reactive band was observed
with an estimated size of -5.4 kb. The reactive material on
the top of the lane is assumed to be nuclear DNA; this mate-
rial was absent when the RNA sample was precipitated with
2 M LiCl, which does not precipitate DNA (28).

Synthesis of IAP RNA in Early Embryos. To obtain infor-
mation on the overall rates of 1AP RNA synthesis, we la-
beled mouse embryos in vitro with [3H]adenosine and as-
sayed the amounts of labeled IAP-related RNA sequences

Table 1. Amounts of 1AP-related RNA in oocytes and
early embryos

Hours IAP-related RNA per embryo
after HCG Stage of No. of molecules
injection* development x 0l-t Mass, fgt
- Mid-size oocyte 20.3 61

Fully grown oocyte 17.0 ± 1.0 51
24 Unfertilized egg 1.3 ± 0.3 4
53 Late two-cell 7.1 ± 0.4 21
72 Eight-cell 9.7 ± 0.2 29
96 Early blastocyst 37.9 ± 7.9 115
120 Late blastocyst 156.0 ± 33.0 472

*Approximate age of embryos used for RNA extraction. Ovulation
occurs at 12-14 hr, first cleavage at 31-33 hr, and second cleavage
at 53-55 hr after the injection of human chorionic gonadotropin
(HCG).

tCalculated from densitometric tracings of autoradiographs ob-
tained in dot-hybridization experiments as shown in Fig. 3 by using
a concentration of 2.13 x 105 IAP RNA molecules per ng of total
RNA in the RNA standard. The autoradiographs were exposed for
different times so as to bring the density of the experimental dots
within the linear range of the tracings of the standard RNA. The
mean ± SEM for three experiments is given except for the value for
mid-size oocytes, which was obtained in a single experiment.
tCalculated by using a molecular mass of 1.8 x 106 daltons.
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FIG. 4. Blot hybridization of RNA from mouse blastocysts with
32P-labeled cloned DNA. A total nucleic acid extract from 200 ex-
panded (4-day-old) blastocysts was electrophoresed on a 1% agar-
ose/2.2 M formaldehyde slab gel (39), blotted onto a nitrocellulose
filter in 20x standard saline citrate for 18 hr, and hybridized as de-
scribed for dot hybridization. The labeled probe (a total of 4 x 107
cpm/ml) was an equimolar mixture of the 0.8-kb HindIII and 1.4-kb
BamHI fragments carried in M13 phage DNA which was 32P-labeled
by partial duplex synthesis to a specific activity of 2 x 108 cpm/,ug.
Autoradiography was for 16 hr. The marker DNAs were IAP gene
restriction fragments and 2.7-kb linear pUC8 DNA, which were run

on a parallel lane and were blotted and hybridized together with the
embryo RNA. The location of the 18 and 28S rRNAs was deter-
mined from 0.6 ,g of myeloma RNA run on a parallel lane and
stained with ethidium bromide.

by hybridization to filter-bound cloned IAP genes. The syn-
thesis of IAP RNA was detected between the two-cell stage
and the late blastocyst, and the rate of synthesis per embryo
increased about 30-fold during this period (Table 2). This in-
crease appears to be due almost entirely to an increase in cell
number per embryo, as the rate of synthesis per cell re-

mained about the same, =4 fg over a 5-hr period, at all the
stages examined. The same rate of hybridization was ob-
tained whether total clone 2 DNA or the 7-kb EcoRI frag-
ment of clone 11 inserted in pUC8 was used as a probe, thus
ruling out the possibility that flanking mouse DNA rather
than IAP gene sequences are involved. Some synthesis of
IAP RNA appeared to take place also in late one-cell em-

bryos, but the level of radioactivity hybridized was too low
to assess the rate of synthesis (data not shown). Thermal
melts of hybrids between labeled embryo RNA and IAP
genes indicated a sharp transition, with a tm about 3°C below
that of hybrids between X phage [3H]cRNA and X phage
DNA, suggesting a good match between the embryo IAP
RNA and IAP gene sequences (Fig. 5).

DISCUSSION
The results of this study show the presence of IAP-related
RNA sequences in mouse oocytes and early embryos. Most
of the IAP RNA isolated from blastocysts consisted of a sin-
gle size class of -5.4 kb, and a major fraction of this RNA
(=60%) was polyadenylylated. IAP RNA species isolated
from mouse tumor cells fall into several discrete size classes
of 3.5-7 kb (14, 15, 17), and there is some evidence suggest-
ing that the size variability is due to the transcription of dif-
ferent sets of genes rather than to differential processing of
the RNA transcripts (17). If this is the case, then the IAP
RNA of early embryos may be the product of a deletion vari-
ant of the predominant 7-kb gene.

Dot hybridization experiments revealed a marked varia-
tion in the amounts of IAP RNA at different stages of devel-
opment. IAP RNA was relatively abundant in growing and
fully grown oocytes, decreased to -1/10th in the ovulated
egg, and increased by '100-fold between the one-cell and
late blastocyst stages (Fig. 3 and Table 1). The change in
abundance of IAP RNA during this period is quantitatively

Table 2. Rate of synthesis of IAP RNA in early mouse embryos
IAP RNA

Adenosine incorporated, synthesized,t
Stage of fmol/5 hr per embryo fg/5 hr per

development* Total RNA IAP RNA ± SEM Embryo Cell

Late two-cell 12.7 0.007 ± 0.002 7.8 3.9
Eight- to 16-cell 104.2 0.038 ± 0.006 42.1 3.5
Early blastocyst 296.7 0.143 ± 0.011 156.9 4.9
Late blastocyst 329.2 0.230 ± 0.007 251.0 3.9

Batches of 200-600 embryos were incubated for 5 hr in the pres-
ence of 50 ytM [2,8-3H]adenosine (42 Ci/mmol; 1 Ci = 37 GBq).
Total adenosine incorporation per embryo was calculated from the
total acid-precipitable radioactivity in a sample of 3-6 embryos and
the specific activity of the ATP pool (ranging from 25% to 45%) at
the termination of labeling. Pool specific activity was derived from
the total soluble radioactivity contained in a parallel sample of em-
bryos (assuming that 90% of this label was converted into ATP) and
the known size of the endogenous ATP pool (28, 40); for blastocysts,
this value was corrected for the estimated [3H]ATP content of the
blastocele fluid (40). The values of adenosine incorporation repre-
sent the average of 2-4 determinations. More than 90% of the acid
precipitable radioactivity was sensitive to digestion with alkali or
RNase A/T1 in low-salt buffer. The total labeled embryo RNA was
extracted, treated with DNase I, and hybridized to filter-bound
cloned IAP DNA (total clone 2 DNA or the 7-kb EcoRI fragment of
clone 11, subcloned in pUC8 as shown in Fig. 1; 4 jig of DNA per
sample). Adenosine incorporation into IAP RNA per embryo was
calculated from the fraction of 3H label in hybrid form in relation to
the total acid-precipitable radioactivity in the hybridization mixture
and the rate of adenosine incorporation per embryo determined as
described above. The values are corrected to an efficiency of hybrid-
ization of 100%.
*The chronological age of embryos at the beginning of radioisotope
labeling was the same as in Table 1 except that two-cell embryos
were set up for labeling 48 hr after injection of human chorionic
gonadotropin.
tThe amount of IAP RNA was calculated on the basis of an A+T
content of 60 mol% for the IAP genome (19). For 8- to 16-cell em-
bryos, an average cell number of 12 was used.

more pronounced than that observed for total poly(A)+
RNA and also differs from the latter in its timing, inasmuch
as most of the maternal IAP RNA appears to have been elim-
inated in the ovulated egg, whereas the bulk (=70%) of the

1000
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W -/ Tm 61.5 ° C

40
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40 50 60 70 80 90
TEMPERATURE (0C)

FIG. 5. Thermal melt of hybrids formed between 3H-labeled em-
bryo RNA and IAP gene sequences. Eight-cell embryos were la-
beled with [3H]adenosine for 5 hr, and the total RNA was extracted,
treated with DNase I, and hybridized to filter-bound clone 2 DNA as
described in Table 2. Thermal elution of RNA was carried out as
described by Childs et al. (41). After scintillation counting, the fil-
ters were washed three times with chloroform, dried, and suspended
in O.1x standard saline citrate. The temperature was raised in 5°C
increments, and the eluted RNA was removed and assayed for ra-
dioactivity. The total eluted radioactivity was 400 cpm. In the same
conditions, hybrids between X phage [3H]cRNA and X phage DNA
melted with a tm of 65°C.
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maternal poly(A)+ RNA is lost at the two-cell stage (23, 25).
New synthesis of IAP RNA occurs from the two-cell stage
onwards at an approximately constant rate per cell (-4 fg
per cell over a 5-hr period; Table 2) and accounts for the
steep rise in IAP RNA content by the blastocyst stage. The
mass of IAP RNA is 0.25-0.5% of the estimated poly(A)+
RNA content in cleavage-stage embryos (25).

It is interesting to compare the number of IAP RNA mole-
cules derived in the present study with the pattern of expres-
sion of morphologically detectable particles in oocytes and
early embryos. Although no direct information is available
on A-type particle expression in the CD2F1 mice used by us,
the general pattern of particle expression has been similar in
>12 mouse strains that have been examined, and the CD2F1
mice may be expected to resemble the maternal BALB/c
strain, which has been studied in detail (3-7). A qualitative
correlation appears to exist between the presence of IAP
predominantly in oocytes up to the time of ovulation and in
embryos from the 8- to 16-cell stage onwards, on the one
hand, and the relative abundance of IAP RNA, on the other.
However, even in oocytes and morula-blastocyst stage em-
bryos, the number of IAPs amounts to only a few particles
per equatorial section-on the order of 1,000 particles per
embryo (refs. 3 and 4; unpublished data), which is 1/30th to
1/100th the number of IAP RNA molecules at these stages
(Table 1). Therefore, in contrast to tumor (myeloma) cells,
where most of the IAP RNA is associated with particles (27),
nearly all the IAP RNA in embryo cells occurs in a form not
bound to particles and, thus, is potentially available for pro-
tein synthesis. However, the distribution of IAP RNA be-
tween the nucleus and cytoplasm of embryonic cells remains
to be determined.
A comparison of the number of IAP RNA molecules with

the expression of IAP(E) or "small A" particles in early em-
bryos reveals a striking discrepancy. Not only is there no
correlation between the pattern of expression of IAP(E) and
the relative abundance of IAP RNA, but the massive bud-
ding of IAP(E) in two-cell embryos, -1-2 x 105 particles per
embryo in an average particle-producing strain such as
BALB/c (refs. 3 and 4; unpublished data), occurs at a time
when IAP RNA is relatively sparse, <104 molecules per em-
bryo (Table 1). This large quantitative difference suggests
that IAP(e) is genetically distinct from IAP and presumably
represents another family of endogenous retroviral genes. A
possible antigenic relationship between IAP(E) and IAP has
been suggested by an immuno-electron-microscopic study in
which treatment with anti-IAP antiserum produced a diffuse
staining of endoplasmic reticulum cisternae containing bud-
ding IAP(E) (10); however, it is not clear in this study wheth-
er the reaction is due to an antigen associated with the
IAP(E) particles themselves or some other antigen that is se-
creted into the cisternae.

Immunological studies suggest that the IAP RNA of early
mouse embryos is active in protein synthesis. Antibody
against IAP from mouse myeloma precipitated a set of five
proteins with Mrs of 67,000-77,000 synthesized in two- to
eight-cell embryos; two of these proteins with Mrs of 75,000
and 77,000 were synthesized also in morulae and blastocysts
(42). The relationship between the five protein species-
namely, whether they represent modified forms of the same
precursor-is not known. IAP-related antigen(s) have been
detected on the cell surface from the zygote to the eight-cell
stage (9, 10), but the functional significance of this finding is
unclear. Nevertheless, the lack of association of most of the
IAP RNA with particles, the variability of form of IAP-relat-
ed antigens, and the occurrence of these antigens on the cell
surface suggest that the control of expression ofIAP gene(s)
in embryos is different from that occurring in tumor cells.
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