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Although the maternal Xenopus laevis Eg mRNAs are deadenylated after fertilization, they are not immedi-
ately degraded and they persist in the embryos as poly(A)2 transcripts. The degradation of these RNAs is not
detected until the blastula stage of development (6 to 7 h postfertilization). To understand the basis for this
delay between deadenylation and degradation, it is necessary to identify the cis-acting element(s) required to
trigger degradation in blastula stage embryos. To this end, several chimeric RNAs containing different portions
of the 3* untranslated region of Eg2 mRNA were injected into two-cell X. laevis embryos. We observed that only
the RNAs that contained the cis-acting elements that confer rapid deadenylation were subsequently degraded
at the blastula stage. This suggested that deadenylation may be sufficient to trigger degradation. By injecting
chimeric RNAs devoid of Eg sequence information, we further showed that only deadenylated RNAs were
degraded in X. laevis embryos. Last, introduction of a functional cytoplasmic polyadenylation element into a
poly(A)2 RNA, thereby causing its polyadenylation after injection into embryos, protected the RNA from
degradation. Hence, in X. laevis embryos, the postfertilization deadenylation of maternal Eg mRNAs is suffi-
cient to cause the degradation of an mRNA, which, however, only becomes apparent at the blastula stage.
Possible causes for this delay between deadenylation and degradation are discussed in the light of these results.

In many species, transcription is effectively silent during the
period encompassing the meiotic maturation and the early
development that immediately follows fertilization. From this
it follows that the regulation of gene expression at the post-
transcriptional level (localization, translation and stability)
probably plays a critical role in the control of early develop-
ment. In Drosophila melanogaster the importance of control-
ling the localization and the translation of specific maternal
mRNAs has been clearly established (25). Furthermore,
changes in the stability of specific maternal mRNAs are a way
of removing transcripts that encode proteins nefarious for em-
bryonic development, as suggested for the Cdc25 gene product
in Drosophila (7).
In Xenopus laevis, members of the family of maternal

mRNAs, denoted Eg mRNAs, were originally identified as
mRNAs that were deadenylated and released from polysomes
after fertilization (17, 18). Two of these mRNAs encode pro-
teins implicated in cell cycle control: Eg1-cdk2 (16) and Eg5, a
kinesin-related protein (12). Sequence analysis suggests that
the Eg2 mRNA encodes a Ser-Thr protein kinase (20a). The
maternal Eg mRNAs, in addition to their postfertilization
deadenylation, also undergo characteristic changes in their sta-
bility during early development. These mRNAs appear to ac-
cumulate as poly(A)2 transcripts before being degraded (17).
The decay of these mRNAs becomes apparent during the
midblastula transition (MBT) (6).
In somatic cells, mRNA degradation can be triggered by

several different mechanisms, which include poly(A) shorten-
ing, translational arrest by premature nonsense codons, and
endonucleolytic cleavage (see references 5 and 22 for reviews).
Each of these events requires specific sequence elements in the
target mRNA.

It follows, therefore, that the apparent temporal uncoupling
between deadenylation and degradation for the Eg mRNAs
could be the consequence of a functional uncoupling between
these two processes. For instance, deadenylation and degrada-
tion could require different cis-acting sequence elements. The
delayed degradation of Eg mRNAs would then be triggered by
a cis-acting instability element recognized by a specificity factor
absent or inactive in early embryos. Alternatively, deadenyla-
tion could be sufficient to trigger degradation, but at least one
component of the decay pathway may be absent or limiting
during the early cleavage stages. The experiments described
here were undertaken to distinguish between these two hy-
potheses.
In a previous study (3) we showed, by injecting plasmids that

directed the in vivo expression of chimeric genes, that the last
800 nucleotides (nt) of Eg2 mRNA was sufficient to prevent
the accumulation of the chimeric RNA encoding the chloram-
phenicol acetyltransferase (CAT) reporter protein. An initial
mapping experiment, which used similarly constructed chi-
meric genes, suggested that the sequence information respon-
sible for this instability was located in a region consisting of the
last 230 nt of Eg2-coding sequence and the first 260 nt of the
39 untranslated region (39UTR). Since instability motifs have
been found in both coding sequences and 39UTRs (5, 20, 22,
23), it is possible that in these chimeric RNAs, the CAT stop
codon plays the role of an upstream nonsense codon relative to
the 230 nt of Eg2-coding sequence. RNA decay mediated by
upstream nonsense codons has been shown to occur in X. laevis
embryos (26). Hence, the instability of these chimeric RNAs
may have been a composite of several independent cis-acting
elements.
In the present study we have focused on the 39UTR of Eg2

mRNA so as to determine what sequence information in this
region is required for the post-MBT degradation of this RNA.
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This has been directly measured by monitoring the fate of
RNAs injected into two-cell embryos.

MATERIALS AND METHODS

Plasmid constructions. For the chimeric genes constructed in this study which
contain a portion of the Eg2 39UTR, the limits of this portion are indicated by
two numbers. These correspond to the number of bases from the first nucleotide
of the stop codon that terminates the Eg2 reading frame.
pGbEg2(13-667) was derived from the pGb-Eg2-800-A65 construction (11) by

deleting the BglII-Bsu36I fragment. It contains all but the first 12 nt of the Eg2
39UTR cloned between the cDNA of the b-globin 59UTR and a poly(A) tail of
65 A’s. The BglII site is conserved (Fig. 1).
pGbEg2(13-667) was digested with BsmI, blunt ended, and then digested with

BglII. The smaller BglII-BsmI fragment was purified and cloned between the
BglII site and the Klenow-treated XbaI site of pGbEg2-497 (2). This generated
pGbEg2(13-414). The plasmid from which the BglII-BsmI fragment had been
deleted was blunt ended and recircularized. This generated pGbEg2(417-667).
All of these constructions had the same general structure: a T7 promoter fol-
lowed by the 59UTR of b-globin, a fragment of the Eg2 39UTR, the Eg2 poly-
adenylation signal (AATAAA), and a poly(A) tail of 65 A’s, as shown in Fig. 1B.
pBSGbORF was constructed as follows. pSP64 bXm (9) was digested with

HindIII and BsmFI and blunt ended. This fragment, which contained the portion
of b-globin cDNA consisting of the 59UTR, the entire coding sequence (open
reading frame [ORF]), and the first 70 nt of the 39UTR, was inserted between the
SmaI site and the blunt-ended SalI site of pBS(SK2) (Stratagene). In addition,
the BamHI site in the b-globin ORF of this plasmid was muted to SalI to allow
the chimeric genes to be linearized with BamHI. This mutation does not change
the reading frame.
pGbORF was constructed as follows. A PCR product was generated from

pBSGbORF containing theHindIII site reconstituted with the 59 PCR primer, all
of the 59UTR, the ORF, and 20 nt of the b-globin 39UTR, followed by an XbaI
site introduced by the 39 PCR primer. This product was digested with HindIII,
blunt ended, digested with XbaI, and cloned between the SmaI and the XbaI sites
of BSDP1400H2A65 (2).
The psGb/B4 construction (19) was used to generate an HindIII-PvuII frag-

ment corresponding to the B4 cytoplasmic polyadenylation element (CPE) and
the B4 polyadenylation signal followed by a BamHI site and vector sequences.
This fragment was blunt ended and inserted in the blunt-ended HindIII site of
pBSGbORF to generate pGbORF/B4. The chimeric gene pGbORF/B4-M6 con-
taining the mutated CPE (B4-M6) was made similarly by using the psGb/B4-M6
construction (19).
The pGbCAT gene was constructed as follows. pSP64CAT (10) was first

digested with BamHI, blunt ended, and then digested with HindIII. The
HindIII-BamHI fragment, which contains the CAT-coding region, was purified
and cloned between the HindIII and EcoRV sites of pSP72 (Promega) to gen-
erate pSP72CAT. pSP72CAT was digested with HindIII, blunt ended, and re-
circularized in the presence of BamHI linkers. This plasmid was digested with
BglII, blunt ended, and then digested with BamHI. The BamHI-BglII fragment
containing the CAT-coding region was purified and cloned between the BglII site
and the Klenow-treated XbaI site of pGbEg2-497 (2). The structures of these
chimeric genes containing the globin and CAT ORF are shown in Fig. 1C.
RNA synthesis. 32P-labeled and capped transcripts were made in vitro by using

the Promega kit as previously described (10). Poly(A)2 or poly(A)1 RNA was
made by linearizing the plasmid with BamHI or EcoRV, respectively, and tran-
scribing from the T7 promoter of the Bluescribe-based vector. The transcripts
were purified by electrophoresis on 5% denaturing polyacrylamide–urea gels.
After visualization by autoradiography, the gel slice containing the RNA was cut
out, crushed in 250 ml of extraction buffer (0.5 M NaCl, 10 mM Tris-HCl [pH
7.5], 10 mM EDTA, 1% [vol/vol] phenol-CHCl3) and incubated overnight at
338C. The acrylamide was pelleted by centrifugation (12,000 3 g, 2 min). The
supernatant was filtered by centrifugation (4,000 3 g, 10 min) through a cellu-
lose-acetate filter (0.22-mm pore size), extracted with 1 volume of phenol-chlo-
roform, and precipitated with 3 volumes of 100% ethanol and 1 volume of 5 M
ammonium acetate. The RNA pellet was washed twice with 70% ethanol, dried,
and resuspended in water at a final concentration of 50,000 cpm/ml, correspond-
ing to about 7.5 to 15 fmol/ml, depending on the transcript.
Biological methods. Eggs were obtained and fertilized by standard procedures

as described by Paris et al. (17). Embryos were dejellied and injected at the
two-cell stage with 18.4 nl of in vitro transcript (50,000 cpm/ml; 7.5 to 15 fmol/ml)
as described by Legagneux et al. (10). Embryos were allowed to develop at 228C.
Analytical methods. For each time point, the RNA from five injected embryos

was extracted as described by Harland and Misher (8). Samples were diluted in
50% formamide. In all of the experiments, half of the sample was analyzed by
electrophoresis on a 5% polyacrylamide–urea gel followed by autoradiography.
These gels were not used for quantification, since lane-to-lane differences in
signal intensity are due to variability in gel loading. RNA size markers were
synthesized in vitro by using the Bluescript-based plasmid containing the phos-
phatase 2A cDNA linearized with different restriction enzymes (1). The other
half of the RNA sample was electrophoresed on a 1% denaturing agarose gel
containing 2.2 M formaldehyde and transferred onto a nylon membrane (Hy-
bond N; Amersham) as previously described (6). The maternal ornithine decar-

boxylase (ODC) mRNA (1a) and the zygotic DG42 mRNA (21) were revealed
by hybridizing the membranes with 32P-labeled cDNA probes as described by
Duval et al. (6) except that dextran sulfate was replaced by 10% polyethylene
glycol (average molecular weight, 8,000). The radioactive signals were quantified
with an Instant-Imager (Packard) and the associated software (Packard Imager
for Windows V 1.05). For oligo(dT)-directed RNase H digestion, the RNA
extracted from five embryos was resuspended in water and treated as described
previously (15).

RESULTS

Stability characteristics of chimeric RNAs containing por-
tions of the Eg2 3*UTR. To determine whether the 39UTR of
Eg2 mRNA contained sequence information sufficient to con-
fer instability on a synthetic RNA, three chimeric genes were
constructed: pGbEg2(13-667), pGbEg2(13-414), and pGbEg2
(417-667). All of these genes are terminated by a 65-A track.
The structures of these chimeric genes are shown in Fig. 1B.
The RNAs corresponding to these genes were synthesized in

vitro as capped 32P-labeled poly(A)1 transcripts and injected
into two-cell embryos. Samples of five embryos were taken for
RNA extraction at various times after injection. The sequence
information required for the postfertilization deadenylation of
Eg2 mRNAs is contained within the distal 200 nt of the Eg2
39UTR (2). Hence, when injected as poly(A)1 transcripts, the
GbEg2(13-667) and the GbEg2(417-667) RNAs should be
shortened due to deadenylation. This was confirmed by ana-
lyzing these transcripts after injection into two-cell embryos
(Fig. 2). The GbEg2(13-667) and GbEg2(417-667) RNAs both
show the characteristic shortening that is due to sequence-
specific deadenylation (2, 11). As expected, the polyadenylated
GbEg2(13-414) RNA did not undergo any major change in
size. Several hours after injection, the size distribution of these
transcripts had become more dispersed with a slight decrease
in size, characteristic of default deadenylation (10, 11), but no
accumulation of the poly(A)2 form was observed even during
the prolonged period of this experiment.
The stabilities of these transcripts in X. laevis embryos were

analyzed by electrophoresis of the different RNA samples in
1% agarose–formaldehyde gels followed by capillary transfer
to a nylon membrane. Figure 3A shows the autoradiographic
data from an experiment in which the GbEg2(13-667) RNA
was coinjected with either the GbEg2(13-414) or GbEg2(417-
667) RNA. In addition, the maternal Eg2 mRNA was revealed
with a 32P-labeled cDNA probe, and sample recovery was
checked by hybridizing the membrane with a cDNA probe to
the maternal ODC mRNA. This mRNA is stable from fertil-
ization to at least 3 h after the MBT (6). The changes in the
amounts of these various RNAs were quantified by directly
measuring the radioactive signals with an Instant-Imager
(Packard). The data given in Fig. 3B shows that after injection,
the amounts of GbEg2(13-667) and GbEg2(417-667) RNAs
did not change significantly for the first 4 h (6 h postfertiliza-
tion) but thereafter, a clear decrease of these RNAs was ob-
served. Comparison of the data for the injected GbEg2(13-
667) and GbEg2(417-667) RNAs with that for the maternal
Eg2 mRNA showed that the instability characteristics of these
injected RNAs were very similar to those of the maternal
mRNA. The polyadenylated GbEg2(13-414) RNA, however,
showed a remarkably greater stability. Hence, the last 250 nt of
the 39UTR of Eg2 mRNA appears to contain all of the se-
quence information necessary to confer a temporal change on
the stability of a chimeric RNA, similar to that observed for the
maternal Eg2 mRNA.
Comparable results were obtained in three other experi-

ments. The data from these four experiments was used to
calculate the half-lives (t1/2s) of these RNAs in mid- and late
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FIG. 1. Schematic diagrams of the different chimeric genes used. The names of the genes are indicated on the right. (A) Partial restriction map of the cDNA
corresponding to the Eg2 39UTR. (B) Chimeric genes derived from the Eg2 39UTR cDNA. (C) Chimeric genes derived from the X. laevis b-globin, the CAT, and the
X. laevis maternal B4 cDNAs. Translation initiation (ATG) and termination (STOP) codons are indicated. 59Gb and 39Gb, 59UTR and 39UTR of b-globin mRNA,
respectively. Boxes represent the positions of the T7 promoter, the CAT sequence, the B4 CPE, and the track of 65 A’s, as denoted. The CPE box with a diagonal bar
denotes the nonfunctional CPE mutant. Heavy lines, portions of the Eg2 cDNA; medium lines, portions of the b-globin cDNA; thin lines, portions of B4 cDNA
sequence. Hatched box, Eg2 polyadenylation signal; black box, B4 polyadenylation signal. Lines of thin dots, deletions; lines of heavy dots, plasmid sequence. Restriction
sites: B, BamHI; Bf, BsmFI; Bg, BglII; Bs, BsmI; Bu, Bsu36I; EV, EcoRV; H, HindIII; X, XbaI. Restriction sites between brackets indicate sites lost during cloning.
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blastula stage embryos: maternal Eg2 mRNA, 3.9 6 1.1 h;
GbEg2(13-667) and GbEg2(417-667) RNAs, 3.8 6 0.9 h; and
GbEg2(13-414) and ODC, RNAs $20 h (see Fig. 6).
Stability characteristics of poly(A)1 and poly(A)2 globin

RNAs. The results described above show that the same region
of the Eg2 39UTR that confers deadenylation on an RNA was
also required for the subsequent degradation of these RNAs.
This opens the possibility that the degradation of these
mRNAs at the blastula stage could be a direct consequence of
their prior deadenylation. This would imply that no additional
cis-acting instability element(s) is required to trigger the deg-
radation of Eg mRNAs. We reasoned that it would be possible
to verify this hypothesis by analyzing the stability characteris-
tics of chimeric RNAs that are devoid of cis-acting sequence
information that controls adenylation.
Chimeric genes were therefore constructed that contained

all of the 59UTR and the coding sequence of X. laevis b-globin
and in which the 39UTR was composed of the first 20 nt of the
b-globin 39UTR followed by the polyadenylation signal and the
65-nt poly(A) track present in the chimeric RNAs used previ-
ously (Fig. 1C). The corresponding RNAs were synthesized as
capped 32P-labeled transcripts in a poly(A)1 or a poly(A)2

form. These RNAs were injected into two-cell embryos, and
samples of five embryos were taken for RNA extraction at
various times. The polyadenylation status of these two tran-
scripts was verified by electrophoresis of aliquots on a polyac-
rylamide-urea gel. The data given in Fig. 4A shows that after
injection, the poly(A)1GbORF RNA slightly decreased in size
in a manner indicative of default deadenylation (11). That the
vast majority of these RNAs remain adenylated was confirmed
by oligo(dT)-directed RNase H treatment of the 8-h sample
(Fig. 4B). The poly(A)2 GbORF RNA did not change in size
throughout the whole experiment. Essentially identical results
were obtained in all of the experiments performed with the
GbORF RNAs. The stability characteristics of these two
RNAs were analyzed by electrophoresis in 1% agarose–form-

aldehyde gels followed by transfer to nylon membranes. The
autoradiograms for two different experiments are shown in Fig.
4C. In both experiments the MBT, detected by the presence of
the zygotic transcript DG42, occurred at about 6 h of devel-
opment. Sample recovery was verified by hybridizing the mem-
brane with a 32P-labeled cDNA probe to ODC maternal
mRNA. From both of these sets of autoradiograms it is clear
that the poly(A)1 GbORF RNA is more stable than the
poly(A)2 counterpart. Quantitative data for the stabilities of
these RNAs and for the recovery of the maternal ODC mRNA
was obtained by using an Instant-Imager (Fig. 4D). Results
from experiments in which the signal for ODC mRNA fluctu-
ated by more than 10% from the average value were not
retained for further analysis. This quantitative data confirmed
that the poly(A)1 GbORF RNA was quasistable throughout
the period studied. However, in the five experiments per-
formed with the poly(A)1 and poly(A)2 GbORF RNAs, a
variability was observed in the time at which the degradation of
the poly(A)2 GbORF was initiated. The two experiments
shown in Fig. 4C and D represent the extreme cases. In the
experiment shown in the right panels, poly(A)2 GbORF RNA
was initially almost as stable as its poly(A)1 counterpart and
then started to decrease in amount after about 6 h postinjec-
tion (8 h of development). For the experiment shown in the left
panels, no delay in the degradation of the poly(A)2 GbORF
RNA was observed. Despite this difference, in all of the ex-
periments the poly(A)2 GbORF RNA was always degraded,
whereas the poly(A)1 GbORF RNA was essentially stable.
The data from five experiments was used to calculate the
average t1/2 of the GbORF RNA in X. laevis embryos. For the
transcripts injected in a poly(A)1 form, data from the whole
period studied was used for this calculation, which gave a t1/2 of
$20 h. For the transcripts injected in a poly(A)2 form, the t1/2
was calculated for the period after the 6-h-postinjection time
point, when degradation of these RNAs was always observed.
This yielded a t1/2 of 4.8 6 1.5 h. This value for the poly(A)2

GbORF RNA is comparable to that for the maternal Eg2
mRNA and the GbEg2(13-667) and GbEg2(417-667) chimeric
RNAs that are deadenylated after injection (see Fig. 6).
Stability characteristics of poly(A)1 and poly(A)2 GbCAT

RNAs. To confirm that this differential stability of the poly
(A)1 and poly(A)2 GbORF RNAs was not specific to this
reporter gene, similar experiments were performed with poly
(A)1 and poly(A)2 GbCAT RNAs. In these RNAs, which
have the same general structure as the GbORF RNAs, the
globin-coding region was replaced by the coding region for the
CAT protein (Fig. 1C). Representative autoradiograms ob-
tained from the analysis of these RNAs by electrophoresis in
agarose-formaldehyde gels are shown in Fig. 5A. As described
above, hybridizing the membrane with the appropriate 32P-
labeled cDNA probes allowed the MBT to be situated and
sample recovery to be verified. Instant-Imager quantification
showed that the injected poly(A)1 GbCAT RNA was more
stable than the injected poly(A)2 GbCAT RNA (Fig. 5B).
Polyacrylamide-urea gel electrophoretic analysis did not detect
any significant change in the size of these RNAs (data not
shown). This was confirmed by oligo(dT)-directed RNase H
digestion of the 8-h-postinjection sample (Fig. 5C). The data
from four experiments was used to calculate the average t1/2s of
the poly(A)1 and poly(A)2 GbCAT RNAs in X. laevis em-
bryos: poly(A)1 GbCAT, 11.8 6 2.4 h, and poly(A)2 GbCAT,
5.9 6 1.2 h (see Fig. 6). Since no delay in the degradation of
this poly(A)2 RNA was observed, these values were calculated
for the entire period studied. The data summarized in Fig. 6
show that the poly(A)1 GbCAT RNA was not as stable as the
poly(A)1 GbORF RNA. This lesser stability of the injected

FIG. 2. Deadenylation of the chimeric GbEg2 RNA injected into two-cell
embryos. Between 0.15 and 0.3 fmol of the different 32P-labeled and capped Eg2
chimeric RNAs was injected as polyadenylated (A1) RNAs into two-cell em-
bryos, as described in Materials and Methods. Samples of five embryos were
taken for RNA extraction at the indicated times after injection, and aliquots
corresponding to 2.5 embryo equivalents were analyzed on a 5% polyacrylamide–
urea gels. After drying, the gel was subjected to autoradiography. ni, noninjected
mixture of these RNAs. The sizes of these poly(A)1 RNAs are as follows:
GbEg2(13-667), 828 nt; GbEg2(13-414), 607 nt; GbEg2(417-667), 429 nt. The
positions of the poly(A)1 and poly(A)2 forms of these RNAs are indicated on
the left. A, GbEg2(13-667); B, GbEg2(13-414); C, GbEg2(417-667).
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poly(A)1 GbCAT RNA relative to that of the poly(A)1

GbORF RNA is not due to a precocious deadenylation of the
GbCAT RNA (Fig. 5C). Rather, the reduced stability of the
poly(A)1 GbCAT RNA appears to be a characteristic of this
reporter gene.
CPE-driven polyadenylation protects injected RNAs from

degradation. A consequence of the results summarized in Fig.
6 is that if a poly(A)2 transcript were to be adenylated after
injection, it should be protected from being degraded. To test
this, a chimeric gene was constructed that contained all of the
59UTR and the coding sequence of the X. laevis b-globin and
in which the 39UTR was composed of the first 70 nt of the
b-globin 39UTR followed by the X. laevis B4 CPE and the
polyadenylation signal (GbORF/B4) (Fig. 1C). As a control a
chimeric gene was also made by using a mutant (nonfunction-
al) form of the B4-CPE (B4-M6) (GbORF/B4-M6) (19).
The RNAs corresponding to these genes were synthesized as
capped 32P-labeled poly(A)2 transcripts and injected into two-
cell embryos. After injection, samples of five embryos were
taken, and RNA was extracted and analyzed for changes in
both adenylation and stability.
The changes in the polyadenylation status of these two

RNAs was verified by electrophoresis in polyacrylamide-urea
gels (Fig. 7A). As expected, the GbORF/B4 mRNA rapidly
increased in size after injection. This RNA attained a length
about 100 nt longer than that of the in vitro-synthesized
poly(A)2 transcript. The GbORF/B4-M6 RNA showed no sig-
nificant change in size throughout the duration of the experi-
ment. Chromatography of the 0- and 8-h samples on poly(rU)
agarose columns confirmed that the size increase for the
GbORF/B4 RNA in the 8-h sample was due to polyadenyla-
tion; the GbORF/B4-M6 RNA in the 8-h samples was not
retained on the poly(rU) agarose column (data not shown).

The stability characteristics of these two RNAs were ana-
lyzed by electrophoresis in a 1% agarose–formaldehyde gel
followed by transfer to a nylon membrane and autoradiogra-
phy (Fig. 7B). As described for the previous experiments, hy-
bridization of the membrane with the appropriate 32P-labeled
cDNA probes allowed the MBT to be situated and sample
recovery to be verified. The quantification (Instant-Imager) of
this experiment (Fig. 7C) showed that the GbORF/B4 RNA
did not change in stability throughout the entire experiment.
The amount of this RNA decreased slightly, with a t1/2 of about
20 h. In contrast, the GbORF/B4-M6 RNA clearly started to
decrease in amount after 6 h postinjection, with a t1/2 of about
3 h. Therefore, the in vivo adenylation of the GbORF/B4
RNA, which was injected in a poly(A)2 form, protected the
RNA from degradation.

DISCUSSION

Previous work from this laboratory has shown that although
the deadenylation of the maternal X. laevis Eg mRNAs is
initiated at or soon after fertilization, no decrease in their total
amount was detected before the MBT (6, 17). One possible
hypothesis to account for this temporal separation between
deadenylation and degradation was that of completely inde-

FIG. 3. Comparison of the stabilities of the chimeric GbEg2 RNAs and of
the maternal Eg2 and ODC mRNAs. Two-cell embryos were injected with
32P-labeled, capped, and polyadenylated RNAs. Samples of five embryos were
taken for RNA extraction at the indicated times after injection, and aliquots
corresponding to 2.5 embryo equivalents were analyzed on a denaturing agarose
gel (1%) and transferred to a nylon membrane. This membrane was autoradio-
graphed and quantified with an Instant-Imager. The maternal ODC and Eg2
mRNAs were then revealed with the appropriate 32P-labeled cDNA probes, and
the membrane was autoradiographed and quantified as described above. (A)
Analysis of the injected 32P-labeled transcripts and of the maternal Eg2 and
ODC mRNAs. GbEg2(13-667) RNA was coinjected with either the GbEg2(13-
414) RNA or the GbEg2(417-667) RNA, as indicated on the left. (B) Graphical
representation of the data obtained by Instant-Imager quantification of the
experiments shown in panel A. The values at the different time points are
expressed as percentages of RNA remaining. (Top) Data for the maternal Eg2
and ODC mRNAs. (Bottom) Data for the injected chimeric GbEg2 RNAs.
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pendent pathways targeted by distinct cis-acting elements. Al-
ternatively, the degradation of Eg RNAs may be triggered by
deadenylation, with the delay in degradation being caused, for
instance, by a limiting amount of a component in this pathway
(see the introduction). In the present study we showed that

when the sequence information from the Eg2 mRNA was
restricted to that of the 39UTR, only those chimeric RNAs that
were deadenylated were also degraded. Next we showed that
the poly(A)2 form of RNAs containing either the globin or the
CAT coding sequence, and devoid of a CPE or a deadenylation

FIG. 5. Analysis of the stability and the adenylation-deadenylation behaviors of the injected poly(A)1 and poly(A)2 GbCAT RNAs. The indicated 32P-labeled
chimeric RNAs were injected and analyzed as described in the legends to Fig. 2 and 3. (A) Analysis of the stabilities of the injected poly(A)1 and poly(A)2 GbCAT
RNAs on formaldehyde-agarose gels. The maternal ODC mRNA was visualized to control for the efficiency of RNA extraction. The MBT was situated relative to the
signal for the zygotic DG42 mRNA. (B) Quantification of the injected RNAs. The data are expressed as described in the legend to Fig. 3B. Symbols: ■, injected
poly(A)1 GbCAT RNA; h, injected poly(A)2 GbCAT RNA. (C) Oligo(dT)-directed RNase H analysis of the injected poly(A)1 and poly(A)2 GbORF RNAs. The
8-h RNA samples were treated with RNase H in the absence (2) or presence (1) of oligo(dT). Lanes M, RNA molecular weight markers. On the right the positions
of the poly(A)1 and poly(A)2 GbCAT RNAs are indicated.

FIG. 4. Analysis of the adenylation-deadenylation and stability behaviors of the injected poly(A)1 and poly(A)2 GbORF RNAs. The indicated 32P-labeled RNAs
were injected as described in the legend to Fig. 2. Sample of five embryos were taken at the indicated times after injection, and the eventual changes in sizes were
analyzed on 5% polyacrylamide–urea gels as described in the legend to Fig. 2 or by oligo(dT)-directed RNase H treatment of the 8-h samples. Changes in stability were
analyzed as described in the legend to Fig. 3. (A) Analysis of the sizes of the injected RNAs. On the left is shown the data for the injected poly(A)1 GbORF RNA.
On the right is shown the poly(A)2 counterpart. Lanes M, RNA molecular weight markers. The lanes ni, corresponding noninjected RNAs. (B) Oligo(dT)-directed
RNase H analysis of the injected poly(A)1 and poly(A)2 GbORF. The 8-h samples were treated with RNase H in the absence (2) or presence (1) of oligo(dT). Lanes
M, RNA molecular weight markers. On the right are indicated the positions of the poly(A)1 and poly(A)2 GbORF RNAs. (C) Analysis of the stabilities of the injected
poly(A)1 and poly(A)2 GbORF RNAs in two different sets of experiments. The maternal ODC mRNA was visualized to control for the efficiency of RNA extraction.
The MBT was situated relative to the signal for the zygotic DG42 mRNA. (D) Quantification of the injected RNAs. The data are expressed as described in the legend
to Fig. 3B. Closed symbols correspond to injected poly(A)1 RNA, and open symbols correspond to injected poly(A)2 RNA. The circles correspond to the GbORF
data for Fig. 4C, left panel, and the squares correspond to the GbORF data for Fig. 4C, right panel.
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element, was degraded at a rate similar to that of the maternal
Eg2 mRNA or the deadenylated chimeric RNAs derived from
this maternal transcript. Last, we showed that an RNA injected
as a poly(A)2 transcript was protected from degradation by in
vivo polyadenylation. We conclude, therefore, that deadenyla-
tion is sufficient to cause the degradation of an mRNA in
blastula stage embryos and that the degradation of the Eg2-
derived RNAs does not require any specific sequence infor-
mation, other than that necessary to achieve deadenylation.
Harland and Misher (8) have shown previously that RNAs

encoding the CAT protein were degraded in X. laevis embryos.
Over the 27-h period studied, the nonadenylated CAT RNA
was degraded with a t1/2 of 3 to 4 h, and the CAT and human
globin RNAs with poly(A) tails of 80 and 60 nt, respectively,
were degraded as rapidly as the nonadenylated CAT tran-
scripts. This is at variance with the results presented here,
where a poly(A) tail of 65 nt efficiently stabilized both b-globin
and CAT RNAs (Fig. 6). Differences in the rates of default
deadenylation (that which is not sequence specific) could be
the cause of this apparent discrepancy.
In X. laevis embryos, RNAs that are devoid of both a CPE

and a cis-acting deadenylation element, such as the GbCAT,
GbORF, and GbEg2(13-414) chimeric RNAs, are still sub-
strates for default deadenylation (reference 10 and this study).
This default deadenylation, which is much slower than the
Eg-specific deadenylation (11), causes the gradual decrease in
size that was observed for the poly(A)1 GbEg2(13-414),
GbORF, and GbCAT transcripts (Fig. 2, 4, and 5). In the
present study the vast majority of these RNAs remained ad-
enylated and therefore protected from degradation. Harland
and Misher (8) noted that in their experiments the adenylated
CAT RNAs were initially heterogeneous in size and that they
were continuously shortened until they reached the size of the
poly(A)2 RNA. This is indicative of a default deadenylation
which was much more active than that in the experiments

described here and which would render the overall rate of
degradation of the RNAs injected with a poly(A) tail of 60 or
80 nt indistinguishable from that of the injected poly(A)2

RNAs. Similarly, the presence of a longer poly(A) tail (200 nt)
would probably only marginally increase the overall stability of
the RNAs, as was observed by Harland and Misher (8). The
apparent difference in the rates of default deadenylation in
these two studies could be related to the way in which the
embryos were allowed to develop. In the experiments de-
scribed here, all of the embryos were incubated at 228C. In the
experiments performed by Harland and Misher (8), batches of
the injected embryos were incubated at various temperatures
between 15 and 228C, so as to obtain, at any one time, embryos
at different developmental stages. Thus, if embryonic develop-
ment was slowed by the reduced temperature to a greater
extent than the rate of default deadenylation, then at a partic-
ular stage of development at the low temperature, deadenyla-
tion would have proceeded further than in embryos at the
same stage but incubated at 228C.
In a previous study (3) we showed that the 490-nt portion of

Eg2 mRNA that contains the last 230 nt of Eg2-coding se-
quence and the first 260 nt of the 39UTR conferred instability
on a chimeric RNA (named CAT-497) containing the CAT
reporter gene. RNAs containing this region of Eg2 RNA are
not rapidly deadenylated in X. laevis embryos (2, 10). There-
fore, the degradation of the CAT-497 RNA presumably occurs
by a deadenylation-independent mechanism. We have shown
here that the poly(A)1 GbEg2(13-414) RNA is not unstable,
implying that the first 260 nt of the Eg2 39UTR does not
contain an instability element. Hence, the deadenylation-inde-
pendent degradation of the CAT-497 RNA could be due either
to an instability element in the last 230 nt of the coding region
or, as mentioned in the introduction, to nonsense-mediated
mRNA decay, triggered by the CAT stop codon. Work is in
progress to elucidated this point.
In both yeast and mammalian cells, poly(A)2 intermediates

are not normally observed, which implies that the rate at which
the deadenylated RNAs are produced does not exceed the
capacity of the degradation machinery in these cells. In X.
laevis embryos the situation is somewhat different, as there is a
transient accumulation of poly(A)2 mRNAs, presumably due
to a lag between deadenylation and degradation. Several hy-
potheses can be formulated to explain this lag between dead-
enylation and degradation in X. laevis embryos. For instance,
the capacity of the degradation machinery could be insufficient
to immediately degrade all of the poly(A)2 RNA produced by
deadenylation. Alternatively, the poly(A)2 RNA could be (or
become) associated with RNA-binding proteins, thereby form-
ing a type of storage particle in which the RNA is at least
partially protected from degradation. These proteins may be
related to those implicated in the storage of maternal mRNAs
in oocytes (reviewed in reference 24). For yeast, decay path-
ways where deadenylation leads to either 59-decapping and
degradation by a 59-39 exoribonuclease (13) or, in some cases,
to degradation by a 39-59 exoribonuclease (14; for a review, see
reference 4) have been described. Uncapped RNAs are rapidly
degraded in X. laevis embryos. Therefore, if the degradation of
RNAs in X. laevis embryos was to proceed along similar path-
ways, the lag between deadenylation and degradation could be
caused by a limiting amount of one of the components respon-
sible for the poly(A)2-dependent 59-decapping activity. As
mentioned above, protection of the RNA from the degrada-
tion machinery could also explain the lag between deadenyla-
tion and degradation. In this case it would be the dissociation
(partial or total) of the storage particle that would allow deg-
radation of the RNA.

FIG. 6. Comparison of the t1/2s of the injected and maternal RNAs. Values
are given as averages 6 standard deviations calculated from the number of
experiments indicated above each bar. Black bars, maternal mRNAs; hatched
bars, injected poly(A)1 RNAs; open bars, injected poly(A)2 RNAs.
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FIG. 7. Analysis of adenylation and stability behaviors of the injected poly(A)2 GbORF/B4 and GbORF/B4-M6 RNAs. The indicated 32P-labeled, poly(A)2 RNAs
were injected and analyzed as described in the legends to Fig. 2 and 3. (A) Analysis of the sizes of the injected RNAs on 5% polyacrylamide–urea gels. Lanes M, RNA
molecular weight markers. ni, noninjected RNA. (B) Analysis of the stabilities of GbORF/B4 and GbORF/B4-M6 RNAs on denaturing agarose gels with the same RNA
samples as analyzed in panel A. (C) Graphical representation of the Instant-Imager quantification of the experiment shown in panel B. The data were expressed as
described in the legend to Fig. 3B.
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In fact, there is some circumstantial evidence to support
both hypotheses, which suggests that it may well be a combi-
nation of both a limiting component and protection that is
responsible for the observed delay in the degradation of the
poly(A)2 maternal mRNAs. In some experiments described
here, the injected poly(A)2 GbORF RNA was degraded con-
tinuously, whereas in others these RNAs were initially stable.
It is conceivable that these different behaviors for the same
transcript could be due to a batch-to-batch variations in the
rate at which the injected RNA becomes protected by associ-
ation with the endogenous RNA-binding proteins. For the
maternal mRNAs this association with protective factors
should always be effective either because it already exists or
because it proceeds continuously as the poly(A) tail is short-
ened. Alternatively, we have shown previously that the ongoing
translation of one or several maternal mRNAs appears to be
required for the degradation of the maternal Eg2 mRNA (3,
6). This observation is compatible with the notion of a limiting
component of the degradation machinery that is a labile pro-
tein.
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