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Translational inactivation of ribosomal
protein mRNAs during Xenopus oocyte

maturation
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Ribosomal protein synthesis ceases upon maturation of Xenopus oocytes. We find that this cessation results
from the dissociation of ribosomal protein mRNAs from polysomes and is accompanied by the deadenylation of
these transcripts. A synthetic mRNA encoding ribosomal protein L1, microinjected into stage VI oocytes, is
deadenylated and released from polysomes upon maturation. Our results indicate that sequences located within
387 bp of the 3’ terminus of L1 mRNA direct both the deadenylation and polysomal release of this ribosomal
protein mRNA. The proper translational regulation of an exogenous ribosomal protein mRNA in microinjected
oocytes provides a basis for determining the sequence specificity for the differential utilization of maternal

mRNAs during oocyte maturation.
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The synthesis of ribosomal proteins during Xenopus oo-
genesis contributes to the production of a maternal ribo-
some pool that is sufficient to support protein synthesis
throughout embryogenesis. This elevated accumulation
of ribosomal proteins is due largely to the preferential
translation of ribosomal protein mRNAs (rp-mRNAs) in
vitellogenic stage III oocytes when ribosomal proteins
comprise ~20% of total protein synthesis (Dixon and
Ford 1982; Baum and Wormington 1985; Cardinali et al.
1987). In contrast, synthesis of the majority of ribosomal
proteins during embryogenesis is not observed until de-
velopment of the tail-bud embryo. Previous studies by
Pierandrei-Amaldi and colleagues (1982) and Baum and
Wormington (1985) have shown that two principal
factors contribute to the absence of ribosomal protein
synthesis in early embryonic development. First, ma-
ternal rp-mRNAs are degraded following fertilization.
Second, although zygotic rp-mRNAs begin to accumu-
late during early gastrulation, these transcripts are ex-
cluded from polysomes until the tail-bud stage. Thus,
the onset of ribosomal protein synthesis in both oo-
genesis and embryogenesis is regulated by selective rp-
mRNA utilization.

We are interested in determining the mechanisms that
direct the transition from active ribosomal protein syn-
thesis during oogenesis to the translational inactivity
and instability of these maternal mRNAs following fer-
tilization. The process of oocyte maturation comprises
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several events likely to participate in the cessation of
ribosomal subunit assembly. The induction of matura-
tion initiates a series of physiological changes, including
the resumption of meiosis, breakdown of the nuclear en-
velope, chromosome condensation, and repression of
transcription by all three classes of nuclear RNA poly-
merase (reviewed in Maller 1985). The absence of both
rp-mRNA and rRNA transcription and precursor rRNA
processing (Busby and Reeder 1982}, in particular, pre-
cludes the assembly of ribosomal subunits in mature oo-
cytes.

In this paper we have examined the regulation of ribo-
somal protein synthesis during oocyte maturation. Our
results indicate that the majority of ribosomal proteins
are not synthesized in mature oocytes, despite a twofold
increase in overall protein synthesis observed upon in-
duction of maturation (Woodland 1974; Richter et al.
1982). This translational inactivity results from the re-
lease of rp-mRNAs from polysomes and is accompanied
by the deadenylation of these transcripts. An SP6-de-
rived, polyadenylated mRNA encoding ribosomal pro-
tein L1 is actively translated upon microinjection into
stage VI oocytes. Our results show that this SP6 L1
mRNA is deadenylated and released from polysomes
upon oocyte maturation in parallel with the transla-
tional inactivation of endogenous rp-mRNAs. This indi-
cates that the exogenous rp-mRNA is subject to proper
translational regulation during oocyte maturation. Our
results show that sequences located within 387 bp of the
3’ terminus of L1 mRNA, when fused to a heterologous
mRNA, direct both deadenylation and polysomal disso-
ciation during oocyte maturation.
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Results

Ribosomal proteins are not synthesized in mature
oocytes

The induction of oocyte maturation results in an in-
creased recruitment of mRNAs onto polysomes, leading
to a twofold increase in protein synthesis (Woodland
1974; Richter et al. 1982). Therefore, we determined
whether the synthesis of ribosomal proteins is elevated
in parallel with overall translation in mature oocytes.
Fully grown stage VI oocytes and oocytes matured in
vitro with progesterone were metabolically labeled by
incubation in modified Barth’s solution (MBS) con-
taining [33S|methionine. Total protein was extracted and
analyzed by electrophoresis in a two-dimensional gel
system that resolves basic proteins (Baum and Wor-
mington 1985). The autoradiograms in Figure 1A and B,
show the patterns of basic proteins synthesized in stage
VI and mature oocytes, respectively. Ribosomal proteins
comprise a relatively significant fraction of the proteins
synthesized in stage VI oocytes. In contrast, the over-
whelming majority of these proteins are not among the
basic proteins synthesized in mature oocytes. Only two
40S ribosomal proteins, S2 and S$4, continue to be syn-
thesized in mature oocytes. None of the other 355-la-
beled basic proteins shown in Figure 1B comigrate with
proteins purified from ovarian ribosomes in this two-di-
mensional gel system. The absence of ribosomal protein
synthesis in mature oocytes does not reflect a general-
ized reduction in the production of basic proteins. For
example, the synthesis of Xlo 63, a basic, nonribosomal
protein, increases at least twofold in response to matura-
tion. Figure 1B also shows clearly that maturation re-
sults in a marked translational recruitment of core his-
tone mRNAs, as has been reported previously {Adamson
and Woodland 1977). These results indicate that the ma-
jority of rp-mRNAs do not contribute to the elevated
level of protein synthesis in mature oocytes. The ab-
sence of ribosomal protein synthesis, in conjunction
with the cessation of both TRNA transcription and pro-
cessing of precursor rRNA sequences (Busby and Reeder
1982), effectively terminates the de novo assembly of ri-
bosomal subunits in mature oocytes.

rp-mRNAs dissociate from polysomes in mature
oocytes

Previous studies have shown that the levels of maternal
rp-mRNAs decline after fertilization {Pierandrei-Amaldi
et al. 1982; Baum and Wormington 1985). However, the
behavior of these transcripts during maturation was not
examined. Therefore, we compared the levels of these
mRNAs and the extent of their polysomal association in
stage VI and mature oocytes. RNA was extracted from
polysomal and nonpolysomal [ribonucleoprotein (RNP)|
fractions, prepared as described in detail elsewhere
(Baum et al. 1988), and the relative distribution of rp-
mRNAs L1, L14, L15, and S1 was determined by
Northern blot analyses. As shown in Figure 2, these four
rp-mRNAs are about evenly distributed between RNP
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and polysomal fractions isolated from stage VI oocytes.
Upon maturation, the levels of these four transcripts are
not significantly reduced. However, all four rp-mRNAs

Figure 1. Ribosomal proteins are not synthesized in mature
oocytes. Two-dimensional gel electrophoresis of basic proteins
synthesized in stage VI {A) and mature (B) oocytes. Each autora-
diogram represents 10% cpm of 35S-labeled proteins equivalent
to the total protein of one stage VI, or 0.5 mature oocytes. Con-
ditions for two-dimensional gel electrophoresis have been de-
scribed previously (Baum and Wormington 1985). Ribosomal
proteins were identified by their comigration with proteins ex-
tracted from ribosomal subunits and stained with Coomassie
blue. The positions of representative ribosomal proteins L1, S1,
S2, S4, L14, and L15 are indicated. Nonribosomal protein Xlo 63
and the core histones are also indicated. Electrophoresis in the
first dimension acid—urea gel is from left to right, and in the
second dimension SDS-polyacrylamide gel is from top to
bottom.
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are dissociated from polysomes and have been quantita-
tively shifted to the nontranslating RNP fraction (Fig. 2).
To exclude the possibility that polysomes isolated from
mature oocytes are unusually susceptible to degrada-
tion, we examined the same RNA preparations to deter-
mine the RNP-polysome distribution of Xlo 63 mRNA,
which is actively translated in both stage VI and mature
oocytes. As shown in Figure 2, the mRNA corresponding
to Xlo 63 is associated with polysomes from both oocyte
stages. Indeed, it appears that the polysomal association
of this mRNA has increased upon maturation. The re-
lease of rp-mRNAs from polysomes in mature oocytes
contrasts with the increased translational recruitment of
the overall ococyte mRNA population and illustrates the
distinct translational regulation encompassing this class
of maternal mRNAs.

Deadenylation of rp-mRNAs in mature oocytes

The results in the previous section indicate that the dis-
sociation of rp-mRNAs from polysomes does not lead to
a concomitant reduction in the levels of these tran-
scripts in mature oocytes. Examination of the Northern
blots shown in Figure 2, however, reveals that in con-
trast to Xlo 63 mRNA, rp-mRNAs isolated from mature
oocytes migrate more rapidly in denaturing formalde-
hyde gels, consistent with a reduction in their size. This
increased electrophoretic mobility approximates the
shift predicated for removal of the poly(A) tracts from
the 3’ termini of these rp-mRNAs. Previous studies have
demonstrated that the total amount of poly(A) is re-
duced in unfertilized eggs relative to stage VI oocytes
(Darnbrough and Ford 1976; Sagata et al. 1980). There-
fore, we determined whether the altered mobility of
these transcripts is due to their deadenylation. Total
RNA extracted from stage VI and mature oocytes was
fractionated by oligo(dT)-cellulose chromatography,
and the distribution of L1 and Xlo 63 mRNAs in the
poly{A)* and poly(A)- fractions was determined by
Northern blot analysis. As shown in Figure 3, L1 mRNA
from stage VI oocytes is found exclusively within the
poly{A}* fraction. An equivalent amount of L1 mRNA is
recovered from mature oocytes but is now found almost
entirely within the poly(A)~ fraction. This result is also
observed for other rp-mRNAs (data not shown). L1
mRNA in mature oocytes appears to have undergone ex-
tensive deadenylation because it is not retained on
oligo(dT)-cellulose under conditions in which a min-
imal poly(A) tail consisting of 20-30 residues is capable
of quantitative binding (Nudel et al. 1976). L1 mRNA
isolated from mature oocytes also does not bind to

Figure 2. Ribosomal protein mRNAs are dissociated from
polysomes in mature oocytes. RNA was extracted from nonpo-
lysomal (R} and polysomal (P) fractions from stage VI and ma-
ture oocytes, electrophoresed on a 1% agarose—formaldehyde
gel, and blotted onto nitrocellulose. Filters were hybridized
with 32P-labeled RNA probes specific for mRNAs L1, S1, L14,
L15, and Xlo 63. Each lane contains the RNA equivalent to the
polysomal or nonpolysomal fraction of two oocytes.


http://genesdev.cshlp.org/
http://www.cshlpress.com

Downloaded from genesdev.cshlp.org on August 24, 2022 - Published by Cold Spring Harbor Laboratory Press

Figure 3. Deadenylation of rp-mRNAs in mature oocytes.
Total RNA was extracted from stage VI and mature oocytes and
fractionated by oligo(dT)-cellulose chromatography. RNA
present in the flow-through (A-) and bound {A*) fractions was
electrophoresed on a 1% agarose—formaldehyde gel, transferred
to nitrocellulose, and hybridized with 32P-labeled RNA probes
specific for mRNAs L1 and Xlo 63. Each lane contains the RNA
equivalent to the (A~ or {A*) fraction of two oocytes.
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poly(U}—Sepharose (data not shown), providing addi-
tional evidence for the loss of the poly(A) tract from this
transcript. Interestingly, Xlo 63 mRNA, which is effi-
ciently translated in both stage VI and mature oocytes,
undergoes an apparent lengthening of its poly[A) tract
upon induction of maturation {Fig. 3). These results in-
dicate that a strong correlation exists between the disso-
ciation of rp-mRNAs from polysomes during maturation
and the loss of poly(A) tracts from these transcripts.

Translational inactivation of an exogenous rp-mRNA
during oocyte maturation

To determine the involvement of cis-acting sequences in
the translational inactivation of rp-mRNAs, we have ex-
amined the regulation of exogenous transcripts during
maturation of microinjected oocytes. Polyadenylated L1
and B-globin mRNAs were transcribed in vitro, using
SP6 RNA polymerase (Fig. 4). Previous studies have
shown that each of these SP6 transcripts is translated in
a dosage-dependent manner in microinjected stage VI
oocytes (Baum et al. 1988). As shown in Figure 5, SP6 L1
mRNA is predominantly associated with polysomes fol-
lowing its microinjection into stage VI oocytes. In vitro
maturation of these microinjected oocytes results in dis-
sociation of the majority of SP6 L1 mRNA from poly-
somes (Fig. 5). The SP6 L1 mRNA that is associated with
RNPs in mature oocytes has also undergone a reduction
in length that is consistent with its deadenylation. Inter-
estingly, the very small proportion of SP6 L1 mRNA
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Figu.re 4. SP6 plasmids used as templates for mRNA synthesis. (P) The SP6 promoter; (—) the direction of transcription. L1 and
globin sequences are indicated by the open and hatched boxes, respectively. The construction of the fusion plasmid pSP64-Xpm/L1 is

described in Methods.
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Figure 5. Polysomal association of SP6 mRNAs in stage VI
and mature oocytes. Five nanograms of each 32P-labeled RNA
was microinjected into the cytoplasm of stage VI oocytes. Oo-
cytes were incubated for 8 hr in MBS following microinjection.
Injected oocytes were then incubated for an additional 12 hr in
either the absence or presence of 1 pg/ml of progesterone. RNA
was extracted from nonpolysomal (R} and polysomal (P) frac-
tions of stage VI and mature oocytes and was electrophoresed
on a 1% agarose—formaldehyde gel, which was dried prior to
autoradiographic exposure. Each lane contains the RNA equiva-
lent to the polysomal or nonpolysomal fraction of two oocytes.

that remains polysomal in mature oocytes is not re-
duced in length, providing further evidence that deaden-
ylation is associated with the polysomal release of these
transcripts.

To confirm that the reduced size of the SP6 L1 mRNA
following maturation is, in fact, due to its deadenyla-
tion, total RNA extracted from microinjected stage VI
and mature oocytes was hybridized with oligo(dT);,_s
and digested with RNase H to remove the poly(A) tracts.
As shown in Figure 6, in vitro deadenylation with RNase
H reduces the length of SP6 L1 mRNA recovered from
stage VI oocytes but does not alter the size of the same
transcript isolated from mature oocytes. The size of SP§
L1 mRNA isolated from mature oocytes is virtually
identical to that observed for stage VI oocyte RNA di-
gested with RNase H, indicating that deadenylation ac-
counts for the size reduction of the exogenous L1 tran-
script during maturation. This result indicates that the
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exogenous SP6 L1 mRNA is subject to both polysomal
release and deadenylation, as is the cognate endogenous
L1 mRNA.

To ascertain the selectivity of the inactivation of mi-
croinjected mRNAs during maturation, we examined
the behavior of the SP6 B-globin mRNA. The results
shown in Figure 5 indicate that SP6 B-globin mRNA is
associated with polysomes in both stage VI and mature
oocytes, in agreement with previous studies of native
globin mRNA by Richter et al. (1982). Furthermore, no
reduction in the length of SP6 B-globin mRNA is ob-
served upon maturation. As shown in Figure 6, RNase H
digestion of RNA isolated from microinjected stage VI
and mature oocytes indicates that the SP6 B-globin
mRNA remains polyadenylated following maturation.
Thus, in contrast to the SP6 L1 mRNA, the SP6 B-globin
transcript is neither released from polysomes nor dea-
denylated in response to oocyte maturation.

To localize sequences within L1 mRNA that are re-
sponsible for its translational inactivation during oocyte
maturation, we constructed a hybrid SP6 template con-
taining sequences derived from the L1 and B-globin
cDNAs. Figure 4 shows the structure of pSP64-XBm/L1,
which directs synthesis of a hybrid transcript containing
300 bp of the 5' end of the B-globin mRNA fused in
frame to 387 bp of the 3' end of L1 mRNA. Figure 5
shows that this fusion transcript is efficiently recruited
onto polysomes upon microinjection into stage VI oo-
cytes. The induction of maturation results in the poly-
somal dissociation of the fusion mRNA, just as is ob-
served for the SP6 L1 mRNA (Figs. 5 and 6). Moreover,
the fusion transcript is deadenylated in mature oocytes
analogous to the behavior of SP6 L1 mRNA (Fig. 6).
These results indicate that sequences present within 387
bp of the 3’ terminus of L1 mRNA are sufficient to di-
rect translational inactivation during oocyte maturation
when fused to a heterologous mRNA.

Discussion

Deadenylation and the translational inactivation of
rp-mRNAs during oocyte maturation

The translation of rp-mRNAs comprises a significant
proportion of overall protein synthesis during oogenesis
{Baum and Wormington 1985; Cardinali et al. 1987). The
results presented here demonstrate that the induction of
oocyte maturation results in the cessation of ribosomal
protein synthesis. The absence of these proteins, the
generalized repression of transcription, and the inability
to process preexisting rRNA precursors effectively ter-
minates the further assembly of ribosomal subunits in
mature oocytes. Our results show that the absence of
ribosomal protein synthesis in mature oocytes is due to
the translational inactivation of these mRNAs. Al-
though rp-mRNAs are efficiently translated in stage VI
oocytes, these transcripts are quantitatively released
from polysomes and stably sequestered as nontrans-
lating RNPs in mature oocytes. This loss of translational
activity is accompanied by the extensive deadenylation
of rp-mRNAs. Additional studies are clearly required in
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order to determine the causal relationship between these
two events. The deadenylation of these mRNAs does
not lead to their immediate degradation. The instability
of deadenylated rp-mRNAs is not apparent until after
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Figure 6. Deadenylation of exogenous L1 and globin/L1 fusion
mRNAs during oocyte maturation. Five nanograms of each 32P-
labeled RNA was microinjected into the cytoplasm of stage VI
oocytes. Oocytes were incubated for 8 hr in MBS following mi-
croinjection. Injected oocytes were then incubated for an addi-
tional 12 hr in either the absence or presence of 1 ug/ml of
progesterone. Total RNA was extracted from stage VI and ma-
ture oocytes. The RNA equivalent to two oocytes was hybrid-
ized to oligo{dT);,_,s and incubated with or without RNase H.
RNAs were electrophoresed on a 1% agarose—formaldehyde
gel, which was dried prior to autoradiographic exposure. The
position of 18S rRNA is indicated in samples recovered from
oocytes microinjected with pSP65-L1 RNA. The endogenous
rRNA was labeled by incorporation of residual [«-32PJUTP
present in this RNA sample.
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fertilization and continues throughout early embryo-
genesis preceding the onset of new rp-mRNA synthesis
(Pierandrei-Amaldi et al. 1982; Baum and Wormington
1985).

Previous studies by Darnbrough and Ford (1976) and
Sagata et al. (1980) showed that the total amount of
poly{A) is reduced by ~40% upon oocyte maturation,
whereas the level of total RNA remains unchanged.
Colot and Rosbash {1982) demonstrated that this reduc-
tion is due to the selective deadenylation of a subset of
oocyte mRNAs. Taking into account the levels of indi-
vidual rp-mRNAs (Baum and Wormington 1985), our re-
sults indicate that these transcripts as a group may com-
prise as much as 25% of the total deadenylated maternal
mRNA population. Interestingly, abundant proteins
such as cytoskeletal actins (Sturgess et al. 1980; Hyman
et al. 1982) and translation elongation factor la (P. Krieg,
D. Melton, S. Varnum, and M. Wormington, unpubl.),
which are actively synthesized in stage VI oocytes, are
no longer produced after maturation. The mRNAs en-
coding these proteins are also deadenylated in mature
oocytes. It appears that deadenylation may be a central
mechanism in the translational inactivation of these
‘housekeeping’ maternal mRNAs. The relationship be-
tween deadenylation and translational inactivation of
specific maternal mRNAs is not unique to Xenopus 0o-
cyte maturation. Extensive studies of mRNAs in Spisula
oocytes by Ruderman and colleagues have shown that
an excellent correlation exists between the translation
of individual maternal mRNAs and their polyadenyla-
tion states (Rosenthal et al. 1983; Rosenthal and Ru-
derman 1987).

Proper regulation of an exogenous rp-mRNA during
oocyte maturation

To investigate the translational inactivation of rp-
mRNAs during maturation, we have demonstrated that
an exogenous L1 mRNA is correctly regulated in mi-
croinjected oocytes. An SP6 L1 mRNA is efficiently
translated upon microinjection into stage VI oocytes
(Baum et al. 1988). In vitro maturation of these oocytes
results in both the deadenylation and polysomal dissoci-
ation of the SP6 L1 transcript that parallels the inactiva-
tion of endogenous L1 mRNA. This represents the first
demonstration that an injected RNA is subject to the
same translational regulation that controls the cognate,
endogenous oocyte mRNA. Our results indicate that se-
quences present within 387 bp of the 3’ end of L1 mRNA
specify both deadenylation and polysomal dissociation
when fused to a heterologous, B-globin mRNA. This
suggests that the RNA processing activity that deadeny-
lates rp-mRNAs in mature oocytes recognizes cis-acting
sequences present within this region of the L1 mRNA.
As is observed for endogenous rp-mRNAs, the release of
the SP6 L1 and SP6 globin/L1 fusion mRNAs from poly-
somes appears to be tightly associated with the removal
of the 3’ poly(A) tracts from these transcripts.

The deadenylation of the SP6 L1 mRNA upon matura-
tion of injected oocytes provides an in vivo assay to char-

GENES & DEVELOPMENT 603


http://genesdev.cshlp.org/
http://www.cshlpress.com

Downloaded from genesdev.cship.org on August 24, 2022 - Published by Cold Spring Harbor Laboratory Press

Hyman and Wormington

acterize the requirements for this RNA processing
event. The mechanism for deadenylation of eukaryotic
mRNAs has not been defined. This is in contrast to a
number of studies that have clearly demonstrated that
3’-end formation of mammalian mRNAs is a nuclear
event involving an endonucleolytic cleavage and subse-
quent polyadenylation. The hexanucleotide sequence
AAUAAA is essential in specifying the site of 3'-end
formation (reviewed in Birnstiel et al. 1985). The pos-
sible role of this conserved sequence, or other cis-acting
sequences present within the 3'-terminal region of L1
mRNA in the deadenylation reaction, remains to be de-
termined. It is important to note that although 3'-end
formation and polyadenylation of primary transcripts
occurs in the nucleus, the deadenylation of rp-mRNAs
during oocyte maturation is a cytoplasmic event. Pre-
liminary experiments indicate that deadenylation of rp-
mRNAs cannot be detected prior to germinal vesicle
breakdown (L.E. Hyman, unpubl.). One consequence of
nuclear envelope dissolution could be the release of a
putative RNA processing activity into the cytoplasm
where it would selectively deadenylate transcripts con-
taining the appropriate recognition sequences.

Two potential, although not mutually exclusive,
mechanisms can be postulated to address the contribu-
tion of deadenylation to the translational inactivation of
rp-mRNAs. First, the role of polyadenylation in en-
hancing the translational efficiency of heterologous
mRNAs (Drummond et al. 1985), as well as ribosomal
protein L1 mRNA (Baum et al. 1988}, in microinjected
oocytes has been well documented. Jacobson and col-
leagues have proposed that the poly(A} tract has a posi-
tive function by interacting with ancillary proteins
which, in tum, facilitate efficient translation initiation
{Jacobson and Favreau 1983; Palatnik et al. 1984). Thus,
the loss of the poly(A) tract and its associated factors
could reduce drastically the translational efficiency of
deadenylated rp-mRNAs relative to polyadenylated
transcripts recruited onto polysomes during maturation.
Second, translational inactivation may not be due to re-
moval of the poly(A) tract per se but, instead, reflects the
potential contribution of negative cis-acting elements
whose influence would be circumvented by the normal
presence of a poly(A) tract. Cis-acting sequences that re-
duce translational efficiency have been identified re-
cently by Kruys et al. (1987) within the 3'-untranslated
region of the human interferon-8 mRNA. It is inter-
esting to note that highly conserved sequences have
been identified within the 3'-untranslated regions of the
Xenopus ribosomal protein genes sequenced to date
{Loreni et al. 1985; Beccari et al. 1986). The presence of
these conserved sequences renders them initial candi-
dates to be assayed for their contribution to the transla-
tional inactivation of these mRNAs during maturation.

Methods

Oocyte microinjection, in vitro maturation, and protein
analysis

Fully grown stage VI oocytes were isolated from mature
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Xenopus laevis ovaries, defolliculated with collagenase, and
maintained in MBS (Gurdon 1976) at 18°C. Maturation was in-
duced by the addition of progesterone to a final concentration of
1 wg/ml. Maturation was ascertained by the presence of a white
spot in the animal hemisphere indicative of germinal vesicle
breakdown. Newly synthesized proteins were metabolically la-
beled by incubation of stage VI and mature oocytes in MBS
containing [**S]methionine at 2 mCi/ml for 6 hr. Proteins la-
beled with 35S were isolated from oocytes and analyzed by two-
dimensional gel electrophoresis, as described previously {Baum
and Wormington 1985). SP6 mRNAs were dissolved in 88 mm
NaCl and microinjected into the cytoplasm of stage VI oocytes.
Microinjected oocytes were incubated in MBS for 8 hr prior to
the addition of progesterone in order to allow the exogenous
transcripts to reach a steady-state level of polysomal associa-
tion in stage VI oocytes (Baum et al. 1988).

Plasmid DNAs and in vitro transcription with SP6 RNA
polymerase

pSP65-L1, containing a cDNA corresponding to ribosomal pro-
tein Lla (Loreni et al. 1985), inserted at the EcoRI site of
pSP65AT [Baum et al. 1988) was linearized with BamHI for use
as a template for in vitro transcription. pSP64-Xpm, containing
a Xenopus B-globin cDNA (Melton et al. 1984), was linearized
at the Pstl site, and the 3’-protruding ends were removed by
digestion with T4 DNA polymerase prior to in vitro transcrip-
tion. To construct the fusion plasmid pSP64-XBm/L1, pSP65-L1
DNA was digested with Bglll and BamHI to isolate a 570-bp
fragment containing 387 bp of the 3’ end of the L1 cDNA and
the dA—dT insert from pSP65AT. This fragment was ligated to
pSP64-XBm DNA digested previously with BamHI to remove a
300-bp fragment containing the corresponding 3’ region of the
B-globin cDNA. The resulting plasmid, pSP64-XBm/L1, was
linearized with BamHI for use as a template for in vitro tran-
scription. A schematic representation of each template is
shown in Figure 4. The RNAs produced by SP6 transcription of
pSP65-L1 and pSP64-XBm/L1 have poly(A) tracts of 111 res-
idues. The pSP64-XBm transcript has a poly{A) tract of 23 res-
idues. In vitro synthesis of capped transcripts with SP6 RNA
polymerase was performed as described (Krieg and Melton
1984). SP6 RNAs were labeled by inclusion of [¢-32P]JUTP in the
transcription reaction. RNAs were stored under ethanol at
-20°C.

Isolation and analysis of RNA

Total oocyte RNA was extracted, as described (Wormington
1986), and fractionated by oligo(dT)-cellulose chromatography,
as described (Maniatis et al. 1982). RNA was isolated from po-
lysomal and nonpolysomal fractions, prepared as described in
detail by Baum et al. {1988). Electrophoresis of RNAs in dena-
turing formaldehyde—agarose gels, Northern blot transfer to ni-
trocellulose, and hybridization to 32P-labeled RNA probes have
been described previously (Baum and Wormington 1985; Wor-
mington 1986). RNA yields were quantitated by measurements
of rRNA content. In vitro deadenylation of total oocyte RNA by
digestion with RNase H was performed by modification of a
procedure described by Swartwout et al. (1987). Briefly, 8 pg of
total RNA (two oocyte equivalents) was preincubated with 2 pg
of oligo{dT);,_;s for 30 min at 37°C in a 20-pl reaction con-
taining 20 mm HEPES-KOH (pH 8.0), 50 mm KCl, 10 mm
MgCl,, 2 mm dithiothreitol, and 20 units of RNasin {Promega).
Digestions were started by the addition of 1.8 units RNase H
(BRL) and incubated for an additional 1 hr at 37°C. Reactions
were terminated by the addition of 10 mm EDTA, and samples
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were precipitated with ethanol. Samples were analyzed by
formaldehyde—agarose gel electrophoresis and autoradiography
of the dried gels.
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