. A. E. Potter and T. H. Morgan, Science 229, 651 (1985).

, Iearus 67, 336 (1986).

T. H. Morgan, H. A. Zook, A. E. Potter, ibid. 75, 156 (1988).

— ., Proc. Lunar Planet. Sci. 19, 676 (1988).

. J. W. Denneman, IEE Proc. 128A, 397 (1981).

. There are sixty 5800-lumen high-pressure sodium lamps in use in Alpine, but the
spectrum from a high-pressure sodium lamp is strongly self-absorbed near line
center. See J. A. J. M. van Vliet and J. J. de Groot, IEE Proc. 128A, 415 (1981).

11. B. W. Hapke, Icarus 59, 41 (1984).

12. J. W. Chamberlain and D. M. Hunten, Theory of Planetary Atmospheres (Academic

DPress, New York, 1987), p. 292.

13. D. E. Shemansky and A. L. Broadfoot, Rev. Geophys. Space Phys. 15, 491 (1977).

14. R. H. Manka and F. C. Michel, Geochem. Cosmochem. Acta Suppl. 32,1717 (1971).

15. D. M. Hunten, T. H. Morgan, D. E. Shemansky, in Mercury, E. Vilas, C. R.

Chapman, M. S. Matthews, Eds. (Univ. of Arizona Press, Tucson, in press).

16. A. E. Potter and T. H. Morgan, Icarus 71, 472 (1987).

SeeNan

—

17. S. R. Taylor, in Workshop on the Growth of Continental Crust (Lunar and Planetary
Institute, Houston, TX, 1987), pp. 108-110.

18. A. F. Cheng et al., Icarus 71, 430 (1987).

19. R.]J. Williams and J. J. Jadwick, Handbook of Lunar Materials, Report NASA-RP-
1057 (National Aeronautics and Space Administration, Washington, DC, 1980).

20. A. L. Tyler, R. W. H. Kozlowski, D. M. Hunten, Geophys. Res. Lett., in press.

21. We thank D. Doss and C. Opal of the University of Texas McDonald Observatory
and B. Graves of the National Solar Observatory for their help in obtaining the
observations. This article benefited from discussions with J. Chamberlain and R.
Killen of Rice University and with D. Shemansky of the University of Arizona.
Both authors are guest observers at the McDonald Observatory of the University of
Texas at Austin, TX, and are visiting astronomers at the National Solar Observa-
tory, operated by the Association of Universities for Research in Astronomy, Inc.,
under contract with the National Science Foundation.

2 May 1988; accepted 8 July 1988

Antisense RNA Directed Against the 3’
Noncoding Region Prevents Dormant mRNA
Activation in Mouse Oocytes

SIDNEY STRICKLAND,* JOAQUIN HUARTE, DOMINIQUE BELIN, ANNE VASSALLLt
RICHARD J. RICKLES, JEAN-DOMINIQUE VASSALLI

Primary mouse oocytes contain untranslated stable mes-
senger RNA for tissue plasminogen activator (t-PA).
During meiotic maturation, this maternal mRNA under-
goes a 3'-polyadenylation, is translated, and is degraded.
Injections of maturing oocytes with different antisense
RNA’s complementary to both coding and noncoding
portions of t-PA mRNA all selectively blocked t-PA
synthesis. RNA blot analysis of t-PA mRNA in injected,
matured oocytes suggested a cleavage of the RNA‘RNA
hybrid region, yielding a stable 5’ portion, and an unsta-
ble 3’ portion. In primary oocytes, the 3’ noncoding
region was susceptible to cleavage, while the other por-
tions of the mRNA were blocked from hybrid formation
until maturation occurred. Injection of antisense RNA
complementary to 103 nucleotides of its extreme 3’
untranslated region was sufficient to prevent the polya-
denylation, translational activation, and destabilization of
t-PA mRNA. These results demonstrate a critical role for
the 3’ noncoding region of a dormant mRNA in its
translational recruitment during meiotic maturation of
mouse oocytes.

URING THE GROWTH PHASE OF OOGENESIS, MESSENGER

RNA molecules accumulate that are not translated until

after the oocyte enters the final phases of maturation or is
fertilized (1). This posttranscriptional regulation allows rapid alter-
ations in protein synthesis as maturation and embryogenesis are
initiated. For this process to occur, the dormant mRNA’s must have
characteristics, such as structural determinants and subcellular loca-
tion, that permit their selective and timely translational activation.
In mammals, little is known about mRNA recruitment during
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meiotic maturation, since specific dormant mRNA’s have only
recently been identified. The mRNA for tissue plasminogen activa-
tor (t-PA) is present in primary (germinal vesicle—containing)
mouse oocytes, but the enzyme is not synthesized until resumption
of meiosis, in the hours that precede ovulation. The dormant, stable
mRNA accumulates during the oocyte’s growth phase and is stored
in the cytoplasm of the primary oocyte. After resumption of meiosis,
the mRNA progressively acquires about 500 adenosine (A) residues
at the 3’ end, and concomitantly it is translated. Later, this mRNA
becomes unstable, so that it is undetectable in fertilized eggs (2, 3).
The expression of hypoxanthine phosphoribosyl transferase
(HPRT) has similar characteristics in that an increase in enzyme
activity during maturation and early embryogenesis may be due to
the activation of a maternal mRNA (4), and HPRT mRNA is
elongated during oocyte maturation and then degraded after the
two-cell stage (5).

Regarding maternal mRNA’s in mammals and other species, it is
still not known (i) what molecular determinants specify the initial
dormancy and then the temporally precise activation, structural
alteration, and destabilization; (ii) whether these events are interre-
lated; and (iil) what roles are played in early development by the
products of the genes whose expression is so exquisitely controlled.

Antisense RNA inhibition of gene expression (6) is well suited for
addressing these questions in general, and the regulated expression
of t-PA in mouse oocytes in particular. The amount of t-PA mRNA
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Fig. 1. Representation of mouse t-PA cDNA and of the RNA transcripts
used. The restriction enzyme sites shown were used to subclone portions of
the cDNA. (5’-UT and 3’-UT refer to the 5’ and 3’ noncoding regions. The
numbers above the arrows indicate the number of t-PA cDNA-derived
nucleotides contained in the transcripts; as indicates antisense, and s indicates
sense orientation.) RNA’s were transcribed from plasmids that contain the
indicated inserts from mouse t-PA cDNA [numbering defined in (7)]. For
5'-asRNA, a 207-bp Eco RI-Pst I ent (position 2 to 208) was cloned
between the Eco RI and Pst I sites of pBS M13+ (Stratagene). The plasmid
was linearized with Eco RI, and the antisense transcript was generated with
T3 RNA polymerase. For middle-asRNA, a 286-bp Pst I-Pvu II fragment
(position 1394 to 1679) was cloned between the Sma I and Pst I sites of
pSP65. The plasmid was linearized with PstI for transcription. For 3'-
asRNA, 3'-sRNA, and 3'b-asRNA, a 455-bp Dra I fragment (position 2050
to 2504) was cloned in both orientations into the Hinc II site of pSP64. The
plasmids were linearized with XbaI (3’-asRNA and 3’-sRNA) or Spe
(3'b-asRNA). The 3'b-asRNA transcript was gel-purified to remove trace
amounts of unlinearized plasmid in the transcription reaction, which would
give rise to a longer asRNA similar to 3’-asRNA. Both 3'a-asRNA and the
cRNA probe were derived from pSP64-MT;, which contains a Pvu II-Spe I
insert of t-PA mRNA (3). The plasmid was linearized with Dral (3'a-
asRNA) or Eco RI (probe) for transcription. Transcriptions with SP6
(Promega) or T3 (BRL) RNA polymerases were performed as described
(20). The transcripts were labeled ([a->?P]JUTP) to allow quantitation and
were capped by inclusion of 500 pM m’G(5')ppp(5')Gm and 50 pM
guanosine triphosphate in the reaction (21). The free nucleotides were

Pst Pst Pwll Dra Spe Dra
cDNA : ]| (A)
5'-uUT Coding region 3-UT
Antisense transcripts
5'-as 207
middle—as (__2&_
m—as
3'—as 455
3'a—as <356
3'b—as <1_03
probe o 7%
Sense transcript
455

3'-s

—
removed, the transcripts were precipitated with ethanol, dissolved in water, filtered through a 0.22-pm filter (Sartorius), lyophilized, and then dissolved in
filtered 0.15M KCI. The size of all transcripts was verified by analysis on acrylamide-urea gels.

Fig. 2. Inhibition of t-PA expression in maturing oocytes by asRNA’s.
Primary oocytes injected with the indicated RNA were allowed to mature in
vitro and collected as secondary oocytes. Each panel represents a single
experiment, with injected and uninjected control (C) oocytes cultured in
parallel, and then assayed by zymography on the same gel. In each lane the
lysate of a single oocyte was analyzed. Oocyte collection (from B6/D2 F1
hybrid mice), oocyte culture, and analysis of t-PA activity by zymography
were as described (2, 3). RNA was injected into the cytoplasm of primary
oocytes as described (22); on average, 10 pl was injected into each oocyte.
For all riments (except Fig. 4), the concentration of the injected RNA
was adjusted (100 ng/p.l for a 500-nucleotide transcript) so that 10 pl would

2.3 4.5 .6)7.8. 8710

T

middle—as ¢ 3'—s

5 —as C

3 *—as

contain approximately 4 X 10° molecules. Approximately 50 percent of the oocytes survived the injection procedure and, of these, approximately 30 to 50
percent matured to secondary oocytes (as defined by the presence of the first polar body).

in the primary oocyte allows RNA blot analysis of individual
oocytes, and the sensitivity of the enzyme assay makes it possible to
analyze single oocytes for activity (2, 3). Also, a full-length mouse t-
PA cDNA has been cloned and sequenced so that antisense probes
that span the entire mRNA can be generated (7).

Antisense RNA inhibits translational activation of t-PA
mRNA during oocyte maturation. Uninjected, explanted oocytes
begin to synthesize t-PA approximately 5 hours after germinal
vesicle breakdown (GVBD), and all secondary contain
similar amounts of t-PA (2). To explore the possibility of inhibiting
this translational activation of t-PA mRNA, we prepared antisense
RNA’s (asRNA’s) directed against three different portions of the
mRNA (Fig. 1). These capped, non-polyadenylated transcripts were
injected into primary oocytes, which were then allowed to undergo
meijotic maturation in vitro; individual secondary oocytes were
assayed for t-PA activity by casein-agar zymography. The 5’-asRNA
(complementary to part of the 5’ noncoding region and to 115
nucleotides of coding sequence, including the initiator AUG), the
middle-asRNA (coding), and the 3’-asRNA (3’ noncoding) all
inhibited the appearance of t-PA activity in maturing oocytes (Fig.
2). The 3’-asRNA was the most effective, causing more than 97
percent inhibition of enzyme production. In contrast, injection of a
3’ sense transcript (3’-sRNA) (Fig. 1) had no effect.

The specificity of this inhibition was analyzed by comparing the
pattern of proteins synthesized in uninjected oocytes and in oocytes
injected with antisense or sense RNA. After the maturing oocytes
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were injected, they were metabolically labeled with [**S]methionine.
Extracts of pooled secondary oocytes were prepared, and each
extract was analyzed by zymography or electrophoresis with subse-
quent autoradiography. In contrast to the dramatic inhibition of t-
PA synthesis by the asRNA (Fig. 3A), the overall amount and the
general pattern of proteins synthesized were similar in SRNA- and
asRNA-injected oocytes (Fig. 3B). Therefore, as judged by this
analysis, the inhibition of t-PA synthesis is specific and does not
reflect a generalized decrease in protein synthesis after asRNA
injection.

In some cases, a large excess of asRNA is necessary to be effective
(8). Primary oocytes contain about 10* copies of t-PA mRNA (3)
and, in the experiments reported above, we estimated that approxi-
mately 4 X 10° molecules of asRNA had been injected. In order to
address the efficiency of inhibition in this system, the 3'-asRNA was
serially diluted and injected into oocytes, generating a dose-response
relation for the inhibition; the remaining activity was compared to
that expressed by varying amounts of oocyte extract (Fig. 4, lanes 1
to 4). A 40-fold excess of asRNA inhibited generation of t-PA
activity by more than 90 percent (Fig. 4, compare lanes 5 to 7 with
lanes 3 and 4), a fourfold excess inhibited by about 90 percent (lanes
8 to 10), and less than stoichiometric amounts still inhibited to some
extent (lanes 11 to 13). These results demonstrate that, with mouse
oocytes, the asRNA is an extremely effective inhibitor of t-PA
mRNA translation (9).

Injection of asRNA induces cleavage of endogenous t-PA
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Fig. 3 (left). Pattern of protein synthesis.
The maturing were injected with
RNA and metabolically labeled (3) for 18
hours with [**S]methionine (200 pCi/ml).

Extracts of five secondary were
p! . (A) A portion (10 percent) of
extract was analyzed by zymography.

(B) The remainder was subjected to elec- an

trophoresis and analyzed by autoradiogra-
phy; ¢, uninjected oocytes; as, injected
with 3'-asRNA; s, injected with 3'-sRNA.
The migration of molecular-size markers is
indicated.  Fig. 4 (right). Dose de-
pendence of 3’-asRNA inhibition of t-PA
expression. Lane 1, uninjected oocyte;
lanes 2 to 4, fraction of a single, uninjected
oocyte for quantitative comparison
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; lanes 5 to 13, the 3'-asRNA was adjusted to the concentrations indicated, and injected into primary oocytes, which were

then cultured overnight. Individual secondary oocytes were analyzed for t-PA activity.

Fig. 5. RNA blot analy- A T AR

sis of t-PA mRNA from
primary and secondary
oocytes injected with
asRNA’s. For each lane,
ten were ana-
lyzed. Lanes 1 and 8,
uninjected primary oo-
cytes containing an in-
tact i vesicle
(GV); lane 9, uninjected
secondary oocytes (OII).
Control oocytes and oo-
cytes injected with the
indicated asRNA were
cultured for 16 to 18
hours in the presence of
Bt,-cAMP at 100 pg/ml
(maturation  inhibited,
GYV) or in the absence of
Bt,-cAMP (oocytes that
matured to OII were
collected). RNA isola-
tion and RNA blot anal-
ysis were performed (3)
with the cRNA probe
shown in Fig. 1.
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mRNA. The mechanism of asRNA-mediated inhibition of t-PA
synthesis was investigated by analyzing t-PA mRNA in injected
oocytes. For RNA blot hybridization, a single-stranded cRNA
probe was used (Fig. 1). Primary oocytes contain a high level of t-
PA mRNA, which is approximately 2500 nucleotides long and has a
stretch of less than 40 A residues at its 3’ end; secondary oocytes
contain smaller amounts of a longer t-PA mRNA, which has had
400 to 600 A residues added to its 3’ extremity (Fig. 5, lanes 1, 8,
and 9) (3). When primary oocytes were injected with the 5'-asRNA
or the middle-asRNA, and maintained as primary oocytes by culture
in the presence of dibutyryl cyclic adenosine monophosphate (Bt,-
cAMP), neither the amount nor the size of the mRNA
(Fig. 5, lanes 2 and 4). In contrast, injection of the 3'-asRNA
resulted in a decrease in size of t-PA mRNA suggesting that the 3’
terminal region complementary to the injected transcript had been
removed (Fig. 5, lane 6). The kinetics of mRNA cleavage induced
by the 3'-asRNA in primary oocytes was rather slow, with a pattern
suggesting that the molecules were undergoing consecutive cleav-
ages to yield progressively shorter products; cleavage was detectable
at 3 hours and was almost complete 17 hours after injection.

If, after injection, the oocytes were allowed to mature to second-
ary oocytes, t-PA mRNA was not detected in cells that had been
injected with the 5’-asRNA (Fig. 5, lane 3). In oocytes injected with
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middle-asRNA, a small amount of fully polyadenylated mRNA was
detected (Fig. 5, lane 5), which probably accounts for the incom-
plete inhibition of t-PA is by this antisense transcript. In the
oocytes injected with 3’-asRNA, t-PA mRNA was present in the
same amount and shortened to the same degree in secondary as in
primary oocytes (Fig. 5, compare lanes 6 dnd 7).

On the basis (i) of our current understanding of mRNA metabo-
lism and (ii) of experiments described below, we can interpret our
results as follows. There exists in primary and secondary oocytes a
ribonuclease activity (dsRNase) that can cleave the asRNA‘mRNA
duplex region. Such a cleavage generates two fragments of t-PA
mRNA: a stable 5' fragment that retains the cap structure and an
unstable 3’ fragment. In the primary oocyte, only the 3’ portion of
t-PA mRNA is accessible for hybrid formation, and thus only the 3'-
asRNA induces cleavage, leading to an mRNA shorter by about 500
nucleotides (the region complementary to the injected antisense
transcript plus the short stretch of 3’ A residues). In secondary
oocytes, the mRNA is fully and all three antisense tran-
scripts can form hybrids, which are then cleaved. The probe used in
our RNA blot hybridizations recognizes the 5’ mRNA fragment
generated by 3'-asRNA—directed cleavage, but not the 5’ fragments
that are generated by 5'-asRNA and middle-asRNA directed cleav-
ages (Fig. 1). Thus, stable t-PA mRNA fragments would not be
detected in secondary oocytes injected with the 5’ and middle
antisense transcripts. Finally, since the size of t-PA mRNA is the
same in primary and secondary oocytes after injection of 3'-asRNA,
the shortened mRNA clearly does not undergo the polyadenylation
that normally accompanies maturation.

Antisense RNA to the 3’ terminal 103 nucleotides prevents t-
PA mRNA translation, polyadenylation, and destabilization.
Several facts suggested that the 3’ noncoding region of t-PA mRNA
participates in the control of t-PA synthesis during oocyte matura-
tion. First, the 3'-asRNA was more effective than the 5'- or middle-
asRNA’s (Fig. 2), even though the 5'- and middle-asRNA’s are
complementary to coding sequences (Fig. 1). Second, the 3’
noncoding region of the mRNA appeared to be more exposed in
primary oocytes than the other regions (Fig. 5). To refine our
analysis, two other asRNA’s were injected into primary oocytes: 3'a-
asRNA and 3'b-asRNA (Fig. 1); each of these transcripts represents
a portion of the 3'-asRNA. Both were as effective as the originally
used 3'-asRNA in preventing t-PA esis in maturing oocytes
(Fig. 6). Injection of poly(U), which could hybridize to poly(A)
tails and possibly interfere with translation, had no detectable effect.

Analysis of t-PA mRNA in secondary oocytes after injection of
the various 3'-asRNA’s provided further evidence for an RNase
cleavage in the hybridized regions. Injection of the 3'-asRNA and
the 3’'a-asRNA yiclded an mRNA shortened to the same extent
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(Fig. 7, lanes 3 and 4); this result was expected since these two
antisense transcripts have identical termini, and would therefore
generate, after hybridization to the mRNA and cleavage, the same
5' fragment of t-PA mRNA. Injection of 3'b-asRNA, which is
complementary to only the last 103 nucleotides of the mRNA,
yielded an mRNA shortened by about 100 nucleotides (Fig. 7, lane
5). After poly(U) was injected, some t-PA mRNA molecules were
not elongated (Fig. 7, lane 6); this could result from cleavage of
poly(A)-poly(U), or from a reduction in the rate of polyadenylation
of the mRNA.

Since the 3'b-asRNA directed against the last 103 nucleotides of
t-PA mRNA inhibits translational activation and polyadenylation, it
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Fig. 6. Inhibition of t-PA production in maturing oocytes by different 3'-
asRNA’s. Pri were injected and allowed to mature in vitro for
16 to 18 hours; individual secondary oocytes were then assayed. (A to D)
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Fig. 7 (left). RNA blot analysis of t-PA mRNA in secondary oocytes
injected with different 3’-asRNA’s. Primary oocytes were injected, culturcd
for 16 to 18 hours, and then secondary oocytes were processed for RNA
analysis. Each lane contains RNA extracted from ten oocytes. Lanes 1 and 8,
uninjected primary oocytes (GV); lane 7, uninjected secondary oocytes
(OII); lanes 2 to 6, oocytes injected with the indicated asRNA. U, indicates
goly(U) Fig. 8 (rlght) Stablllty of t-PA mRNA determined by RNA
lot analysis after injection of 3'b-asRNA. Each lane contains RNA extract-
ed from nine oocytes. Uninjected primary oocytes immediately after isola-
tion from the ovary (lanes 1 and 5) or after 24 hours culture in the presence
of Bt,-cAMP at 100 pg/ml (lane 6); uninjected secondary oocytes after 19
hours (lane 2) or 24 hours (lane 3) in culture. (Lane 4) Secondary oocytes
collected 24 hours after injection of 3'b-asRNA into primary oocytes.

Hours in culture
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was of interest to determine whether this asRNA could also prevent
the destabilization of the mRNA. The t-PA mRNA was stable in
primary oocytes cultured for 24 hours under conditions that prevent
resumption of meiosis (Fig. 8, compare lanes 5 and 6) (3). When
oocytes were collected after 19 hours of maturation, the level of t-
PA mRNA was drastically reduced (Fig. 8, lane 2), and after 24
hours, the mRNA was no longer detectable (Fig. 8, lane 3). In
contrast, after injection of the 3'b-asRNA, most of the shortened
mRNA was still present after 24 hours of maturation (Fig. 8, lane
4). Therefore, cleavage within the terminal 103 nucleotides prevents
t-PA mRNA degradation as maturation proceeds.

The effectiveness of injections of asRNA at preventing t-PA
synthesis in maturing oocytes has made it possible to assess the
consequences of this deficiency. Primary oocytes injected with 3'-
asRNA mature to secondary oocytes with a frequency similar to that
of oocytes injected with saline or “irrelevant” RNA’s; at the
resolution of the light microscope, these secondary oocytes are
indistinguishable from controls. Thus, t-PA synthesis is not required
for in vitro meiotic maturation. A more extensive analysis is
necessary to define exactly the phenotype of t-PA—deficient oocytes.

Translational control of oocyte mRNA’s. Our present informa-
tion makes it possible to exclude a number of potential control
mechanisms for t-PA mRNA translational activation. (i) The abso-
lute rate of protein synthesis (10) is similar in primary oocytes,
which do not synthesize t-PA, and maturing oocytes, which do,
indicating that the activation of this message does not result from a
general increase in translational activity. (ii) t-PA mRNA in primary
oocytes is cytoplasmic (3), and therefore dormancy is not due to
nuclear compartmentalization. (iii) The dormant mRNA is not
structurally unusual: its size is comparable to that of the molecule in
somatic cells, its 3’ terminal sequence appears to be identical to
somatic t-PA mRNA (11), and it has had approximately 40 A
residues added (3).

In many cases, a correlation has been observed between the extent
of polyadenylation of oocyte or embryo mRNA’s and their transla-
tion (12). In mice, this correlation applies to the expression of actin
(13), whose mRNA becomes deadenylated as its translation de-
creases, and t-PA (3) and HPRT (5), whose mRNA’s are adenylated
concomitant with translational activation. The mRNA for c-Mos
also undergoes elongation during meiotic maturation (14), and may

. be another example of this phenomenon. In spite of the association

between polyadenylation and translation, nothing is known about
what determines message-specific elongation, and, most important-
ly, whether this modification is sufficient or even necessary for
message activation. However, this structural change points toward
the 3’ end of the molecule as a region of particular interest in the
context of translational control.

Injection of asRNA’s complementary to different regions of t-PA
mRNA has uncovered two striking properties of its 3' noncoding
region. (i) It is a region of t-PA mRNA that is exposed in primary
oocytes: in contrast to the 5’ and middle antisense transcripts, the
3'-asRNA induces cleavage of the mRNA in primary oocytes. The
high inhibitory efficiency of the 3’-asRNA may be due to the
accessibility of the region in the primary oocyte, that is, before
translation begins. Other asRNA’s may have to compete with the
translational machinery as the mRNA is unmasked during matura-
tion. (ii) The presence of the terminal 3’ noncoding sequences is
crucial for regulated expression of t-PA mRNA; removal of the last
103 nucleotides generates a stable mRNA that is neither polyadeny-
lated nor translated. Whether there is a “maternal” sequence imbed-
ded in this portion, or whether it is the classical cleavage and
polyadenylation sequence (AAUAAA) which resides in this 103-
nucleotide segment that is exclusively responsible, remains to be
determined. Although in general the 3’ untranslated regions of the
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human and mouse t-PA mRNA’s have little homology, the terminal
100 nucleotides are very similar, possibly reflecting functional
significance for this region. Comparison of the 3’ noncoding
regions of the mRNA’s for t-PA, HPRT, and c-Mos, all of which
may have comparable regulation, reveals short stretches of similar-
ity. The significance of these similarities should become clearer as
the sequences required for translational activation are better defined.

The shortening of t-PA mRNA after injection of 3'-asRNA
prevents the polyadenylation, translational activation, and destabili-
zation of the mRNA that normally occur in concert during matura-
tion. This fact suggests that these three events are related. Transla-
tion of t-PA mRNA is not necessary for polyadenylation; treatment
of maturing oocytes atter GVBD with inhibitors of protein synthe-
sis prevents t-PA production, but the mRNA undergoes full elonga-
tion (3). One possibility is that polyadenylation may be necessary to
assemble the mRNA into polysomes, thus allowing its translation
and eventual degradation.

There is increasing evidence for posttranscriptional control of
gene expression in somatic cells (15), both through varying rates of
translation of a given mRNA and selective mRNA degradation (16).
A role of 3’ untranslated regions in mRNA translation (17) and
stability (16) has been demonstrated by in vitro translation, mnRNA
injection, or transfection of recombinant genes. We have shown
here the importance of the 3’ untranslated region of an endogenous,
oocyte mRNA in the control of its translation and subsequent
degradation. The mechanism of controlled maternal mRINA expres-
sion may thus be generally relevant to posttranscriptional regulation
of gene expression.

Use of asRNA to study mammalian oocytes and early embry-
os. Analysis of t-PA mRNA in oocytes injected with different
antisense transcripts showed that the duplex region is progressively
cleaved. The presence, in both primary and maturing oocytes, of a
dsRNase could account for our observations. The stability of t-PA
mRNA in uninjected primary oocytes in the presence of a dsRNase
activity implies that there are no exposed intramolecular or intermo-
lecular double-stranded segments in the mRNA. Unlike Xenopus
laevis maturing oocytes and early embryos (18), mouse oocytes in
our experiments do not exhibit an RNA duplex unwinding activity
that would preclude the formation of double-stranded regions;
similarly, preimplantation mouse embryos do not contain dsRNA
unwinding activity (19).

The effect of asRNA injection on t-PA synthesis indicates that this
approach may have general applicability in studies on mammalian
oocyte biology, and that asRNA’s complementary to 3’ noncoding
regions may be particularly valuable. Cleavage of asRNA'mRNA
duplexes by the oocytic dsRNase should allow the selective destruc-
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tion of individual mRNA’s, and help to explore the function of
maternal mRNA products in meiosis and fertilization.
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