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Abstract. Fodrin (nonerythroid spectrin) and its as-
sociated proteins have been previously implicated in
the establishment of specialized membrane-cytoskeletal
domains in differentiating cells. Using antiserum
which is monospecific for the a-subunit of fodrin, we
demonstrate that a-fodrin is present in oocytes and
adult tissues of Xenopus laevis. Analyses of the de
novo synthesis of a-fodrin during embryonic develop-
ment reveal that u-fodrin is synthesized in oocytes, but
not during early development. To investigate the level
of control of a-fodrin expression, we isolated two
cDNA clones for oocyte a-fodrin. The oocyte cDNA
clones were identified as encoding portions of a-fodrin
based on DNA sequence analysis and on the compari-
son of the predicted amino acid sequence of the
c¢DNAs with the known sequence of human erythro-

cyte a-spectrin. The Xenopus o-fodrin ¢cDNAs hybrid-
ize to a transcript of ~9 kb on RNA blots, and proba-
bly to a single gene type on genomic DNA blots. Both
RNA blot analyses and S1 nuclease protection assays
with the Xenopus a-fodrin cDNAs demonstrate that
the observed decline in the de novo synthesis of a-fod-
rin polypeptides is controlled by a dramatic decrease
in the abundance of a-fodrin transcripts after fertiliza-
tion. In contrast, levels of actin transcripts do not de-
crease during this period. Inasmuch as steady-state
levels of a-fodrin transcripts rise by the neurula stage
of development, these results suggest that the synthesis
of a-fodrin polypeptides during embryonic develop-
ment of Xenopus is regulated, rather than constitutive,
and that the primary level of control is the steady-state
abundance of mRNA.

as a 1-10-um-thick yolk-free region of cytoplasm lying

beneath the plasma membrane. Pigment and cortical
granules are enriched in the cortex relative to the deeper
cytoplasm, although some mitochondria, ribosomes, cyto-
skeletal elements, and other vesicles are also found in the
cortex (reviewed by Gerhart, 1980; Vacquier, 1981). Regard-
ing cytoskeletal elements in the cortex, previous studies have
shown that the cortex contains an intricate web of actin bun-
dles (Franke et al., 1976; Gall et al., 1983), microtubules
(Franke et al., 1976), and intermediate filaments (Franz et
al., 1983; Gall et al., 1983; Godsave et al., 1984qa.,b), al-
though little is presently known about the specific roles of
these submembranous filaments in the formation of asym-
metries in the oocyte. That asymmetries exist in the mem-
brane of Xenopus oocytes is evidenced by the segregation of
pigment granules to the cortex of the animal hemisphere, the
segregation of l-ium a-cortical granules to the animal cortex,
the segregation of 2.5-pm v-cortical granules to the vegetal
pole (reviewed by Gerhart, 1980), and the asymmetric distri-
bution of intramembranous particles in the plasma mem-
brane of Xenopus oocytes (Bluemink, and Tertoolen, 1978).
In contrast to the uncertain roles of submembranous fila-
ments in the formation of membrane asymmetries, the post-
fertilization roles of these filaments in the waves of surface
contractions, in the extrusion of the polar body, and in the

T HE cortex of Xenopus oocytes and eggs is often defined
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formation of the cleavage furrow are well established (re-
viewed by Gerhart, 1980).

Interest in the submembranous cytoskeleton or “mem-
brane skeleton” of nonerythroid cells has blossomed after the
detection of spectrin in numerous cell types (reviewed by
Nelson and Lazarides, 1984). Spectrin is composed of dis-
tinct a- (240,000 M,) and B- (220,000 M,) subunits in hu-
man erythroid cells. In nonerythroid cells, spectrin (often re-
ferred to as fodrin, after Levine and Willard, 198]) is also
composed of two nonidentical subunits, although the eryth-
roid B-subunit is replaced with a subunit of 235000 M,
(Glenney and Glenney, 1984; also referred to as y-spectrin
by Lazarides et al., 1984). Fodrin and other constituents of
the membrane skeleton may play an active role in the estab-
lishment of specialized membrane-cytoskeletal domains,
based on suggestions that membrane skeletons containing fo-
drin are involved in localizing integral membrane proteins to
specific regions of cells (e.g., Nelson and Lazarides, 1984;
Koenig and Repasky, 1985), and based on suggestions that
fodrin may be involved in the active mobility of membrane
proteins during receptor capping (Levine and Willard, 1983;
Nelson et al., 1983). Because variants of fodrin are differen-
tially expressed during differentiation of neuronal and myo-
genic tissues (reviewed by Nelson and Lazarides, 1984), and
because B- and y-spectrin are segregated to distinct regions
within single cells (Lazarides et al., 1984), it is of consider-
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able interest to determine the timing of expression of spec-
trinlike polypeptides, and to determine the spatial distri-
bution of membrane skeleton proteins during embryonic
development.

Immunofluorescence analyses have shown that gametes
and embryos of sea urchins (Schatten et al., 1986) and mice
(Sobel and Alliegro, 1985; Schatten et al., 1986) express
spectrinlike polypeptides which change in spatial distribu-
tion during fertilization and cleavage. We have initiated ex-
periments on the expression and function of fodrin during
embryonic development of Xenopus laevis. In the present
study we show that the de novo synthesis of a-fodrin declines
markedly during early embryogenesis in Xenopus laevis. To
determine the level of control of a-fodrin expression, we
have isolated cDNA clones for Xenopus oocyte a-fodrin, and
used them to demonstrate that there are dramatic decreases
in the steady-state level of a-fodrin transcripts after fertiliza-
tion, and that the level of a-fodrin transcripts increases late
in embryonic development. These results suggest that fodrin
may play a role in membrane functions in oocytes and during
organogenesis, but that early development proceeds nor-
mally without the constitutive expression of this membrane
skeleton polypeptide. Whether the fodrin that is synthesized
during oogenesis is utilized during early embryogenesis re-
mains unknown.

Materials and Methods

Isolation and Culture of Xenopus Eggs and Embryos

Xenopus laevis females (purchased from NASCO, Fort Atkinson, WI) were
induced to lay eggs with an injection of 1,000 IU of human chorionic
gonadotropin (Sigma Chemical Co., St. Louis, MO). Embryos were ob-
tained by artificial insemination, cultured in OR-2 at 18°C (YoungLai et al.,
1982), and staged according to Nieukoop and Faber (1967). To monitor the
de novo synthesis of a-fodrin, oocytes were labeled by incubation in
[**S]methionine (1 mCi/mi, 1095-1103 Ci/mmol, from New England Nu-
clear, Boston, MA) and embryos were microinjected with 2 x 10° dpm of
[**S)methionine in a volume of 20 nl (Wasserman et al., 1982). After
labeling for 6 h, eggs and embryos were homogenized and boiled in 1% SDS
and diluted 10-fold in immunoprecipitation buffer (Moon et al., 1985), and
the insoluble residue was removed by centrifugation in a microfuge. The in-
corporation of [**S]methionine into hot trichloroacetic acid-insoluble poly-
peptides was determined as previously described (Moon et al., 1982).
To monitor the levels of fodrin transcripts after cocyte maturation in vitro,
oocytes were dissected manually into modified Barth’s solution, incubated
in 10 pg/ml progesterone (Sigma Chemical Co.) in modified Barth’s solution
for 15 min, washed extensively with modified Barth’s solution, and cultured
for 12 h at 18°C (Gurdon and Wickens, 1983). Oocytes were then processed
for either RNA extraction, described below, or assayed for germinal vesicle
breakdown by light microscopy of intact oocytes or by light microscopy of
oocytes which had been fixed in formalin and then dissected. Virtuaily all
oocytes underwent germinal vesicle breakdown in these experiments.

Immunoprecipitation and Protein Blotting with
a-Fodrin Antiserum

Polyclonal antibodies specific for a-spectrinlike polypeptides were prepared
by isolation of chicken erythroid a-spectrin from polyacrylamide gels and
injection of the gel bands into rabbits (Repasky et al., 1982). The resulting
antiserum detects a-fodrin in different tissues and divergent species (data
not shown) including Xenopus, as monitored by protein blotting methods
(Repasky et al., 1982). That the antiserum is specific for the membrane-
associated a-spectrin used as immunogen was confirmed by immunofiuo-
rescence of erythroid cells and by protein blotting-soluble and cytoskeletal
fractions (data not shown). To monitor the steady-state levels of a-fodrin,
protein blots were performed with a-fodrin antiserum as previously de-
scribed (Repasky et al., 1982), with the fluorograph in Fig. 1 b being ex-
posed for 3 h. To follow the de novo synthesis of o-fodrin, a-fodrin was
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immunoprecipitated from identical counts (2 X 10° cpm) of [*°S]methio-
nine-labeled polypeptides of oocytes and embryos, using methods similar
to those previously described (Moon et al., 1985). Immunoprecipitates were
separated on SDS 10% PAGE gels and processed for flucrography (Moon
et al., 1985), with Fig. 2 being exposed for 18 h.

Isolation of Xenopus Oocyte a-Fodrin cDNAs

Approximately 10° plaques of a Xenopus laevis oocyte cDNA library in
Agtl0 (Rebagliati et al., 1985) were screened with Ha-fod 3, a 1.15-kb cDNA
clone encoding several repeat units of human a-fodrin (McMahon et al.,
1987). Nitrocellulose filter lifts were prehybridized and hybridized at 42°C
in 50% formamide, 5x SSC, then washed at 42°Cin 0.2x SSC, 0.2% SDS
(Maniatis et al., 1982). The *?P-hybridization probe was prepared by hexa-
nucleotide primer extension (Feinberg and Vogelstein, 1984) of Ha-fod 3
to a specific activity of 1-3 X 10° cpm/pg cDNA. Plaques that initially
screened positive were isolated and rescreened to homogeneity.

Two cDNA inserts from unique recombinant Agtl0 were obtained by
digestion of the bacteriophage DNA with Eco Rl, followed by isolation of
the cDNA inserts from low melting point agarose gels (Moon et al., 1985).
The inserts were ligated into the Eco RI site of pGEM-1 (Promega Biotec,
Madison, WI) with T4 DNA ligase, and used to transform Escherichia coli
strain RRI (Maniatis et al., 1982). These two cDNA clones, designated Xen
al and Xen a2, were then characterized as described below.

Analysis of cDNA Sequences and Restriction
Endonuclease Sites

The DNA sequences of Xen al and Xen a2 were determined by sequencing
(Sanger et al., 1980) cDNA restriction fragments which had been subcloned
into pGEML. In all cases, the sequences were confirmed by multiple-
sequencing reactions for both strands of DNA. Restriction enzyme sites
based on DNA sequencing were confirmed by simultaneous digestion of
c¢DNA clones with one or more restriction endonucleases (Moon et al.,
1985).

The predicted amino acid sequence, sequence homologies, and restric-
tion endonuclease sites were generated on a Maclntosh computer by analy-
sis of the nucleotide sequence with the DNA Inspector Il computer program
(Textco, W. Lebanon, NH). Predictions of polypeptide secondary structure
were performed according to Chou and Fasman (1978a,b).

Hybridization of cDNA Probes to RNA and
Genomic DNA Blots

For the analysis of a-fodrin sequences in genomic DNA, Xenopus liver
DNA was isolated and digested with restriction endonucleases, separated
on 0.9% agarose gels, and transferred to nitrocellulose (Maniatis et al.,
1982). For the analysis of a-fodrin transcripts present in developing em-
bryos, poly(A)-containing [poly(A)*] RNA was isolated as follows. Oo-
cytes were digested with 10 mg/ml collagenase (Sigma Chemical Co.) for
15 min at 20°C, and eggs and embryos were dejellied for 1-2 min with 2%
L-cysteine, pH 7.8 (Gurdon and Wickens, 1983). Oocytes, eggs, and em-
bryos were then homogenized in extraction buffer (100 mM Tris, pH 8§,
50 mM NaCl, 5 mM EDTA, and 2% SDS) which had been mixed 1:1 with
liquified phenol (equilibrated with 100 mM Tris, pH 8). Chloroform/
isoamyl alcohol (24:1) was then added in a volume equivalent to that of the
phenol; the sample was then vortexed and centrifuged. The resulting aque-
ous phase was reextracted with the chloroform-isoamyl alcohol solution,
and finally the aqueous phase was precipitated with 2 vol of ethanol at
—20°C. Total nucleic acids in the aqueous phase were digested with DNase
1(RQ DNase, Promega Biotec) in the presence of RNasin (Promega Biotec),
and the poly(A)-containing RNA was purified by chromatography on
oligo(dT) cellulose (Aviv and Leder, 1972). This poly(A)* RNA was then
separated on denaturing 0.9% agarose formaldehyde gels, and transferred
to nitrocellulose (Moon et al., 1985). Both RNA and DNA blots were hy-
bridized as previously described (Moon et al., 1985), except that cDNA
probes were labeled by primer extension to specific activities of 1-3 x 10°
cpm/pg DNA (Feinberg and Vogelstein, 1984), and filters were washed at
68-70°C in 0.2x SSPE, 0.2% SDS before exposure to x-ray film.

S1 Nuclease Protection Assay
Our strategy for preparing probes for S1 nuclease protection assays was to

end label the cDNA strands which were complementary to their mRNAs,
and to incorporate 1.5 kb of plasmid DNA into the probe. Since the plasmid
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DNA would not hybridize to Xenopus RNA, digestion of hybridized probe
with S1 nuclease would result in the degradation of the plasmid sequence.
This would generate a smaller protected band on denaturing acrylamide
gels, with the size of the band now corresponding to the cDNA region of
the probe protected by hybridization with complementary regions of RNA.
To construct the probes, Xen al and Xen 02 in pGem 1 were linearized by
digestion at the 5’ Hind III site present in each cDNA. This Hind III site
(and the Hind III site in the vector) was labeled by a fillout reaction with
DNA polymerase I large fragment, in the presence of [a->?PJANTPs (each
3,000 Ci/mM). To obtain a DNA probe labeled only on the strand com-
plementary to mRNA, and to remove the Hind III site labeled in the vector,
each labeled plasmid was digested with Pvu 1. Because Pvu I cuts in the
vector, but not in either cDNA, this allowed for the isolation from low melt-
ing point gels of a 3.8-kb probe for Xen al (representing 2.3 kb of cDNA
insert plus 1.5 kb of plasmid DNA) and of a 2.65-kb Xen a2 probe (contain-
ing 1.15 kb of cDNA insert plus 1.5 kb of plasmid DNA). For both cDNA
probes, the 5’ Eco RI to Hind III sequences were, therefore, omitted from
the final labeled probes. The probes (12,000 cpm; sp act ~6 X 10° cpm/pg
DNA) were resuspended with 2 pg of poly(A)* RNA in 25 pl of 80% for-
mamide, 40 mM Pipes, 0.4 M NaCl, 1 mM EDTA, and the probe was dena-
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Figure 1. Detection of a-fodrin in tissues of adult Xenopus laevis.
(a) Extracts of various tissues were separated by SDS-PAGE and
stained for total protein with Coomassie Blue. To provide appropri-
ate size markers for a-fodrin, erythrocytes of mouse (lane 1),
chicken (lane 2), and Xenopus (lane 3) were extracted with 0.5%
Triton X-100 before separation of the detergent-insoluble cytoskele-
tons on the gel. Whole-tissue extracts of adult Xenopus skeletal
muscle (lane 4), brain (lane 5), and intestine (lane 6) were loaded
on adjacent lanes. Size markers of 94,000, 67,000, 43,000, and
30,000 M; are denoted to the left of the gel, and the position of
a-fodrin (spectrin) is indicated (a). (b) A gel identical to that in a
was blotted onto nitrocellulose and the proteins were probed with
antiserum monospecific for a-fodrin (spectrin), followed by local-
ization with 25I-protein A. The band detected in all lanes comi-
grates with the a-fodrin (spectrin) in a.

Giebelhaus et al. Expression of Fodrin in Xenopus

tured by heating the samples to 80°C for 5 min. For hybridization with
17 pg of total RNA, the sample volumes were increased 10-fold. The sam-
ples were then incubated at 52°C for 15 h, a temperature calculated to enable
hybridization of the labeled cDNA strand with RNA, yet sufficient to pre-
vent reannealing with the unlabeled strand of cDNA. After hybridization,
the samples were digested with 1,000 U of S1 nuclease (Boehringer Mann-
heim Biochemicals, Indianapolis, IN; or Bethesda Research Laboratories,
Gaithersburg, MD) for the poly(A)* RNA hybridizations, and with 10,000 U
for the total RNA hybridizations. After digestion with S1 nuclease, the sam-
ples were resolved on 0.3-mm X 40-cm 6% polyacrylamide gels, which
contained 7 M urea. For calculation of the size of the protected DNA frag-
ments, ?P-markers were prepared by digestion of pBR322 with Pvu II or
Bstn I, followed by end-labeling and electrophoresis on adjacent lanes.

Results

Synthesis of a-Fodrin during Development
of Xenopus laevis

We have researched the expression of membrane skeleton pro-
teins during embryonic development and cellular differentia-
tion in Xenopus laevis. Nonerythroid spectrin (fodrin) is an
attractive candidate for a plasma membrane-associated pro-
tein which may be involved in the specialization of mem-
brane-cytoskeletal domains. Before investigating the expres-
sion of fodrin during development of Xenopus laevis, we first
used protein blotting methods to determine whether a-fodrin
was present in various tissues of adult Xenopus. As shown
in Fig. 1 b, polypeptides immunologically related to chicken
a-spectrin (lane 2, see also lane 2 in Fig. 2) are present in
adult Xenopus erythrocytes (lane 3, with the lower molecular
weight bands representing immunologically-reactive frag-
ments generated through proteolysis), muscle (lane 4), brain
(lane 5), and intestine (lane 6). Although a band reacting
with anti-a-spectrin antibodies was detected in Xenopus
brain (Fig. 1 b, lane 5), the signal was reproducibly lower
than the signal obtained from erythroid cells. It is presently
unknown whether this result reflects the relative abundance
of a-spectrinlike polypeptides in these two tissues, or
whether the different signal intensities are attributable to
other factors, such as immunologic differences between the
spectrinlike polypeptides present in different cell types.
Given that a-fodrin was detected in adult tissues, we next in-
vestigated whether a-fodrin was expressed during embryonic
development of Xenopus laevis. Preliminary protein blots
demonstrated that a-fodrin was present in oocytes, but at
very low levels which could not be monitored reproducibly
(data not shown).

Because the low a-fodrin signals on protein blots pre-
cluded the use of this technique for monitoring the steady-
state levels of a-fodrin during development, we next investi-
gated whether de novo synthesis of a-fodrin could be detected
at any stage in development. Oocytes and embryos were
labeled with [*3S]methionine, and identical amounts of ra-
dioactive polypeptides (2 X 10¢ cpm) were processed for
immunoprecipitation with a-spectrin antiserum. These ex-
periments revealed that oocytes synthesize detectable levels
of a-fodrin (Fig. 2, lane 4). Surprisingly, the amount of
a-fodrin synthesized as a proportion of total protein synthesis
declines markedly during early development, as shown by
the greatly reduced levels of a-fodrin recovered by immuno-
precipitation from labeled 16-64 cell embryos (lane 5),
blastula-stage embryos (lane 6), and gastrula-stage (lane 7)
embryos. However, it is clear that the decrease in the expres-
sion of a-fodrin during early development is only transient
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Figure 2. De novo synthesis of a-fodrin during early development
of Xenopus laevis. To provide erythroid spectrin markers, chicken
embryo erythroid cells were labeled with [**S]methionine, and
100,000 cpm of the Triton X-100-insoluble cytoskeleton was applied
to lane /. Immunoprecipitation of the chicken erythroid cytoskeletal
fraction with antisera raised against chicken erythroid a-spectrin
recovers a single polypeptide species (lane 2). Oocytes and embryos
of Xenopus laevis were labeled with [3*S]methionine, and 160,000
cpm of labeled oocyte polypeptides (lane 3) were electrophoresed
to indicate the spectrum of polypeptides synthesized. o-Fodrin was
then immunoprecipitated from 2 X 10° cpm of labeled protein
from oocytes (lane 4), 16-64-cell embryos (lane 5), blastula-stage
embryos (lane 6), and gastrula-stage embryos (lane 7).

in that protein blots of various tissues of adult frogs, probed
with this antiserum, then with 2®I-protein A, demonstrate
the presence of a-fodrin in adult tissues of frogs (Fig. 1 b).
Because the unexpected decrease in the expression of fodrin
could be regulated at several levels, the following experi-
ments were pursued.

Characterization of cDNAs for Xenopus
Oocyte a-Fodrin

To investigate whether the steady-state level of o-fodrin
mRNAs is a contributing factor in the observed reduction

in the synthesis of a-fodrin during development, we isolated
two cDNA clones encoding portions of Xenopus oocyte
a-fodrin. Using a cDNA for human a-fodrin which has been
previously sequenced and characterized (McMahon et al.,
1987), we screened a cDNA library in Agtl0 which had been
prepared with poly(A)* RNA from Xenopus oocytes (Re-
bagliati et al., 1985). Two putative a-fodrin cDNAs were ob-
tained, designated Xen al (2.6 kb) and Xen a2 (1.4 kb). Be-
fore using these probes to monitor the steady-state levels of
o-fodrin transcripts during embryonic development, the fol-
lowing analyses were undertaken to confirm the spectrinlike
nature of the polypeptides partially encoded by these cDNAs.

Restriction enzyme sites in Xen al and Xen a2 were as-
signed by single- and double-enzyme digests, revealing re-
striction site similarities at the 5’ ends of the cDNAs, yet with
evident polymorphism in other restriction endonuclease
sites (Fig. 3). To determine the molecular basis for this re-
striction site polymorphism, and to enable sequence com-
parisons with the amino acid sequence of human erythroid
a-spectrin (Speicher and Marchesi, 1984), the entire se-
quence of Xen a2 and the related 5’ Eco RI-Sal I restriction
fragment of Xen al was determined, using the sequencing
strategy depicted in Fig. 3. The nucleotide sequences of these
two cDNAs are compared in Fig. 4. Of the 951 nucleotide
overlap obtained in the best fit comparison of the two se-
quences, there are 79 nucleotide differences, designated by
solid dots, and 872 identical nucleotides at the respective po-
sitions, designated by colons. The 83% identity between
these sequences indicates that these are highly related
cDNAs, as substantiated by the following comparison of the
predicted amino acid sequences.

Both Xen al and Xen a2 encode portions of spectrinlike
polypeptides, as determined by a comparison of the amino
acid sequences encoded by the cDNAs with the amino acid
sequence of human erythrocyte a-spectrin (Speicher and
Marchesi, 1984). Human erythrocyte a-spectrin is com-
posed of 20 repeated units, containing 106 amino acids on
average. Within these repeat units are highly conserved
residues at specific positions, indicated by the single-letter
amino acid abbreviations in the top line of Fig. 5 a (e.g., I
at position 1, W at position 12, etc.). When variations at
these residues occur in human erythrocyte a-spectrin, there

v

PR B 1% 2 B v S 14t
Figure 3. Restriction endonuclease maps of the
Xen al and Xen 02 spectrin cDNA clones. Re-
striction endonuclease sites are designated as
follows: (e) Acc I; (v) Ava I; (w) Bam HI; (v)
Xena2 i i it 14 Bgl I; () Bgl II; (a) Eco RI; (@) Hind III; (O)
— — Pst I, (@ PvuIl; (¥ Rsa I; (O) Sal I; (¢)
-— -— -— Sma I; (3) Xba I; (¥) Xho I. The size marker
- - is in base pairs (bp). Arrows indicate the
lengths and directions of fragments which were

200bp sequenced.
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|
ACAAGGATIGGTGGAAGGTGG AAG TG AATG ATOG TCAGGG CTTTG TG CCTG CTG CATATG TG

Figure 4. Nucleotide sequences for Xenopus a-fod-
rin cDNAs. The nucleotide sequences for the 5’
Eco RI to Sal I restriction fragment of Xen al (see
Fig. 2) and for all of Xen a2 are aligned. Colons
(:) denote nucleotides which are identical at that
position, whereas dots (-) indicate nonidentical
nucleotides. The sequences of the Eco RI linkers
have been omitted.

are preferred substitutions, designated by the amino acids in
parentheses on line 2 of Fig. 5 a (e.g., Y, R, or F instead
of W at position 12; after Speicher and Marchesi, 1984). A
comparison of those amino acids conserved within the spec-
trin repeat units with the predicted amino acid sequences of
the Xenopus putative a-fodrin cDNAs reveals that those
residues conserved in human erythrocyte a-spectrin are also
highly conserved in the sequences of the Xenopus cDNAs
(e.g., L atpositions 17 and 26, W at position 45, E at position
48, H at position 72). Furthermore, most deviations from
these conserved amino acids are consistent with the substitu-
tions that also occur in human erythrocyte a-spectrin (e.g.,
K for R at position 22, E for D at position 42, and K for G
at position 59). Finally, within the overlap region of 318
amino acids, Xen al and Xen a2 are 94% identical on the
amino acid level (83% identical on the nucleotide level).
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About half of the differences between the two Xenopus amino
acid sequences result from the substitution of an amino acid
which is found at that position in human erythrocyte a-spec-
trin (e.g., D vs. E at position 7 in repeat 7).

When the entire amino acid sequence of Xen a2 is com-
pared with the human erythrocyte spectrin repeats, the
greatest homology (53% identical residues, not including
many evident conservative changes) is with repeat units 6-9
of human erythrocyte a-spectrin. Note that the best fit to re-
peat 6 of human a-spectrin requires that the corresponding
Xenopus repeat unit be composed of 105 amino acids, one
less than in the other repeat units. As the next best fit of the
Xenopus repeat units with any other repeat units of human
erythrocyte a-spectrin was <30%, these data strongly argue
that Xen a2 is homologous with repeat units 6-9 of human
a-spectrin, and is hence a cDNA encoding an a-spectrinlike
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Figure 5. Analysis of the predicted amino acid sequences of the Xenopus o-fodrin cDNAs. (a) The predicted amino acid sequences of the
cDNAs sequenced in Fig. 3 are arranged into 106 amino acid repeating units, and compared with the known sequence of human erythrocyte
a-spectrin (denoted a-Spec 5 to a-Spec 9 to designate the number of the repeat unit; designation from Speicher and Marchesi, 1984).
The position of the conserved residues in the repeating structure of human erythrocyte a-spectrin are indicated in the top line (e.g., |,
W, L, etc.) and the preferred amino acid substitutions at these positions are indicated in parentheses in the second line (e.g., TV, YRF,
etc.). (b) Positions of hydrophobic ({e] A, F, I, L, M, V, W, Y); polar ([0] E, H, K, Q, R); small polar ([@] D, N, S, T), and glycine
and proline ([©] G, P) residues in the predicted amino acid sequence of Xen 2. (¢) Secondary structure predictions of repeat units 7-9
of Xen a2, with positions indicated for predicted helical (hasched), B-turn (stippled), and nonhelical connecting regions (open bar).

polypeptide (as is the highly homologous Xen al). This con-
clusion is further supported by a comparison of the hydro-
phobic and polar residues in the a-fodrin repeats of Xen a2
(Fig. 5 b) with the comparable data presented by Speicher
and Marchesi (1984) for human erythrocyte a-spectrin.
Moreover, analysis of the predicted secondary structure
(Chou and Fasman, 19784a.b) of repeat units 7-9 in the pro-
tein encoded by Xen a2 indicates that these Xenopus repeat
units share a common secondary structure with human
erythrocyte a-spectrin. The repeat units of both Xenopus
o-fodrin (Fig. 5 ¢) and human a-spectrin (Speicher and
Marchesi, 1984) are composed of three large o-helical do-
mains, linked together by short stretches of § turns. Each re-
peat unit is then connected with the next repeat unit by a non-
helical region. The excellent agreement in the positions of
these secondary structures within both Xenopus a-fodrin and
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human a-spectrin repeat units confirms that we have isolated
Xenopus cDNAs encoding o-fodrin.

Genome Blot Analysis

Previous work has raised interesting questions concerning
the number of o-fodrin and a-spectrin genes that have
evolved in various species (Glenney and Glenney, 1984). Fig.
6 shows the hybridization pattern obtained on a genome blot
with Xenopus liver DNA, using as a probe an ~500-bp se-
quence derived from the 5' Hind III to Xba I restriction frag-
ment of Xen al. These bands represent a subset of the bands
obtained when the entire Xen a1 cDNA is used as a probe;
the bands not detected with the 5’ probe are detected by a 3'
probe containing the Xba I to Sal I restriction fragment (data
not shown). A homologous 5’ probe was prepared from the
5" Hind III to Bam HI restriction fragment of Xen a2, which
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Figure 6. Genome blot analysis using Xenopus a-fodrin cDNA
probes. 3 pg of Xenopus liver genomic DNA were digested with
Bgl II (lane 1), Sac I (lane 2), Kpn I (lane 3), Hind III (lane 4),
Eco RI (lane 5), and Bam HI (lane 6), then electrophoresed on a
0.9% agarose gel, and blotted onto nitrocellulose. The blot was then
hybridized with a 32P-labeled probe prepared by primer extension
of the 0.5-kb 5’ Hind III to Xba I restriction fragment of Xen al
cDNA. Bars indicate the relative mobilities of markers (23, 9.4,
6.56, 4.36, 2.32, 2.03, and 0.564 kb) prepared by digestion of A
DNA with Hind III.

was hybridized to identical enzyme digests coelectropho-
resed on the same gel shown in Fig. 6. The only difference
between these two genome blots was that the lowermost of
the three bands in lane 5 (Eco RI digest) was not obtained
with the Xen a2 probe (data not shown), which may reflect
differences in the number of Eco RI sites in the introns
spanned by the two cDNAs.

Giebelhaus et al. Expression of Fodrin in Xenopus

Our cloning of two highly related Xenopus oocyte cDNAs,
both homologous to the same repeat units of human erythro-
cyte 0-spectrin, raises questions about the number of a-fod-
rin genes in Xenopus. 1t is clear that the nucleotide differ-
ences between the two cDNAs are not due to differential
splicing of a single primary transcript, inasmuch as the
nucleotide differences are sporadic and present throughout
the regions which have been sequenced. Two possibilities
are that these cDNAs represent different alleles of the same
gene, or that Xenopus oocytes express two distinct a-fodrin
genes which happen to be highly related in the regions that
we have cloned. Future analysis of the nucleotide sequences
of the untranslated regions of the transcripts complementary
to the Xen al and Xen 02 cDNAs may resolve this issue. Be-
cause Xenopus laevis has been shown to have duplicated
much of its genome during evolution (reviewed by Kobel and
Du Pasquier, 1986), it is likely that Xen al and Xen o2 are
encoded by distinct genes, which arose through duplication
of a unique a-fodrin gene.

Developmental Changes in the Abundance of
a-Fodrin Transcripts

The primary purpose for the isolation and characterization
of Xenopus a-fodrin cDNAs was to determine whether the
dramatic changes in the de novo synthesis of a-fodrin poly-
peptides during development (Fig. 2) were controlled at the
level of mRNA abundance. To address this issue, poly(A)*
RNA was isolated from oocytes and from several stages
of embryonic development, separated on 0.9% agarose-
formaldehyde gels, blotted onto nitrocellulose, and hybrid-
ized with 3P-probes prepared from Xen al and Xen o2
cDNAs. As shown in lane I of Fig. 7 a, the Xen ol probe
hybridizes to a transcript of ~9 kb in poly(A)* RNA iso-
lated from mature oocytes. Upon comparing this signal with
the signals obtained from embryonic RNA, it is evident that
a dramatically lower a-fodrin signal is detected in RNA pre-
pared from cleavage-stage (16-64 cells) embryos (lane 2),
from gastrula-stage embryos (lane 4), and from neurula-
stage embryos (lane 5). Fodrin transcripts were detected in

Figure 7. Developmental changes in the
abundance of a-fodrin transcripts. (a)
Poly(A)* RNA (5 pg per lane) was
denatured and electrophoresed on a
0.9% agarose formaldehyde gel, blotted
onto nitrocellulose, and hybridized with
a 3P-labeled cDNA probe prepared by
primer extension of Xen al cDNA.
Stage 6 oocyte (lane 1), 16-32-cell em-
bryos (lane 2), blastula-stage embryos
(lane 3), gastrula-stage embryos (lane
4), neurula-stage embryos (lane 5), and
hatching tadpoles (lane 6). The nitrocel-
lulose blot shown in a was rehybridized
with a probe for Xenopus 278 ribosomal
RNA (b), mouse a-actin (c), and the

moderately abundant poly(A)* transcript
- - - SPr5B (d), with the six lanes oriented as
in a.
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4 Figure 8 Expression of a-fod-

1 2 3
a . rin in early oocytes and adult
b

tissues. (@) Poly(A)* RNA
Swmee

(3 ng) from stage 2-3 oocytes
(lane 1), stage 6 oocytes (lane
2), adult skeletal muscle (lane
3), and adult brain (lane 4)
were electrophoresed and hy-
bridized as in Fig. 7 a. Only
the region corresponding to
the a-fodrin signal is shown.
(b) The nitrocellulose blot shown in a was rehybridized with a
probe for 278 ribosomal RNA. Only the 27S region is shown.

both blastula-stage embryos (lane 3) and hatched tadpoles
(lane 6), though at lower levels than in oocytes (lane ). This
pattern of hybridization and relative signal intensities was
consistently obtained with three different RNA blots, under-
taken with RNA isolated on three different occasions from
developing embryos. Identical patterns and relative signal in-
tensities were obtained when the Xen a2 cDNA was used as
the probe for hybridization.

The reproducibility of the above results argues strongly
for the conclusion that a-fodrin transcripts are less abundant
in embryos than in oocytes. Additional experiments support
this conclusion. First, all three RNA blots similar to that in
Fig. 7 a were hybridized with a probe prepared from a cDNA
for Xenopus 278 ribosomal RNA (clone pXIrlOlA, kindly
provided by Dr. A. Bakken, University of Washington). All
three blots gave the pattern shown in Fig. 7 b. Since the
poly(A)* RNA fractions contain comparable levels of ribo-
somal RNA, which is present in poly(A)* RNA fractions at
similar levels during early development of Xernopus (Dwor-
kin et al., 1981), we conclude that the efficiency of recovery
of poly(A)* RNA relative to ribosomal RNA was similar
for each sample, with the reproducible exception that less
ribosomal RNA was present in the poly(A)* RNA isolated
from blastula-stage embryos (lane 3). Therefore, potential
differences in RNA isolation cannot account for the observed
data. With regard to the levels of ribosomal RNA in the
poly(A)* RNA fractions, it is presently unknown whether
the lower 278 signal in blastula RNA is due to a change in
adenylation of this ribosomal RNA. The lower abundance of
27S RNA relative to poly(A)* RNA in blastula RNA may,
however, bias signals for both a-fodrin (Fig. 7 @, lane 3) and
actin (described below); hence we cannot conclude that there
is a transient increase in the abundance of a-fodrin tran-
scripts at the blastula-stage.

To determine whether fodrin transcripts are specifically
degraded during early development, the RNA blot shown in
Fig. 7 a was stripped and rehybridized with a clone for
mouse a-actin (Minty et al., 1981), which has previously
been shown to detect at least two transcripts in Xenopus
(Heikkila et al., 1985). As shown in Fig. 7 ¢, this actin probe
detects greater levels of actin transcripts in cleavage-stage
(lane 2) and blastula-stage (lane 3) embryos than in stage 6
oocytes (lane /), which demonstrates that not all poly(A)*
transcripts decline during early development as shown for
a-fodrin in Fig. 7 a. The marked increase in actin transcripts
in embryos relative to oocytes (Fig. 7 ¢) in the absence of new
transcription is probably due to changes in the adenylation
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of actin transcripts. Next, we rehybridized the blot shown in
Fig. 7 a with the clone SPr5B (kindly provided by Sargent
and Dawid), which hybridizes to a moderately abundant
maternal poly(A)* transcript. As shown in Fig. 7 d (lanes
1-3), low but constant levels of this transcript are present
during those developmental stages when levels of a-fodrin
transcripts decline, further supporting the conclusion that
there is a preferential degradation of fodrin transcripts during
early development. The last set of experiments that demon-
strate that a-~fodrin transcripts decrease in abundance during
embryonic development involves the use of S1 nuclease pro-
tection assays to monitor the level of a-fodrin in total RNA.
These experiments are described in a subsequent section.

The greater abundance of a-fodrin transcripts in mature
stage 6 oocytes relative to developing embryos led us to test
whether the relative abundance of a-fodrin transcripts in oo-
Cytes was greater than in any other cell type. To partially ad-
dress this question, we examined the level of a-fodrin tran-
scripts in previtellogenic oocytes and in two tissues from
adult frogs. As shown in the RNA blot in Fig. 8 a, a-fodrin
transcripts are less abundant in previtellogenic stage 2-3 oo-
cytes (lane 1) than in mature vitellogenic stage 6 oocytes
(lane 2), suggesting that transcripts for a-fodrin accumulate
during oogenesis. Interestingly, the a-fodrin cDNAs isolated
from the oocyte cDNA library also hybridize to transcripts
present in adult Xenopus skeletal muscle (Fig. 8 a, lane 3)
and brain (lane 4), indicating that the decline in a-fodrin
transcripts during early development is followed by an in-
crease in the expression of a-fodrin transcripts during tissue
differentiation. These data also confirm the immunologic
analyses (Fig. 1) demonstrating that adult tissues of Xenopus
contain a-fodrin. The RNA blot shown in Fig. 8 a was rehy-
bridized with the ribosomal cDNA probe to demonstrate that
there was comparable contamination of the poly(A)* RNA
with 27 S ribosomal RNA (Fig. 8 b).

S1 Nuclease Protection Assay

We undertook S1 nuclease protection assays with both the
Xen al and Xen a2 cDNAs as an independent test of the
number of transcripts complementary to each cDNA (Fig. 9
a) and as a further investigation of the level of expression of
a-fodrin transcripts during development (Fig. 9, b and ¢).
32P-labeled DNA probes were prepared as described in
Materials and Methods, and hybridized either to poly(A)*
RNA or to total RNA under conditions that allow hybridiza-
tion of the probe to RNA, but not to the unlabeled com-
plementary DNA strand present in the assay. For both the
Xen al (Fig. 9 a, lane 7) and Xen a2 cDNAs (lane 5), the
undigested probes migrated as single bands of 3.8 and 2.6 kb,
respectively, on denaturing acrylamide gels. Each of these
probes contained 1.5 kb of plasmid sequence, which could
be digested with S1 nuclease to yield a smaller band corre-
sponding to the length of the probe protected by hybridiza-
tion to RNA. As expected, the control lanes showed that
digestion of these probes with S1 nuclease in the absence of
RNA (lanes 2 and 6) or in the presence (lanes 4 and 8) of
2 ug of tRNA resulted in the complete digestion of the 3?P-
probes. Hybridization of these probes to 2 pg of poly(A)*
oocyte RNA, followed by digestion with Sl nuclease,
resulted in the protection of a 2.3-kb fragment for Xen al
(lane 3) and of a 1.2-kb fragment for Xen a2 (lane 7). The
sizes of the protected probes represent full-length protection
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Figure 9. S1 nuclease protection of Xen al and Xen a2 cDNA by
Xenopus RNA. [**P]DNA probes were prepared and hybridized to
2 ug of poly(A)* RNA as described in Materials and Methods and
Results. (a) Lanes / (Xen al probe) and 5 (Xen a2 probe) contain
end-labeled probes which were not digested with Sl nuclease.
Lanes 2 (Xen al probe) and 6 (Xen a2 probe) demonstrate com-
plete digestion of the probes by S1 nuclease. Lanes 3 (Xen al probe)
and 7 (Xen a2 probe) show the protection of each probe by 2 ug
of poly(A)* RNA isolated from Xenopus stage 6 oocytes. Lanes 4
(Xen al probe) and 8 (Xen a2 probe) demonstrate that the
probes are not protected from digestion after hybridization with
2 ug of tRNA. Bars indicate the relative mobilities of end-labeled
DNA markers of 3.4, 1.85, 1.1, and 0.929 kb. The arrowhead
denotes the origin of electrophoresis. (b) S1 nuclease protection as-
say of poly(A)* RNA from developing embryos. Poly(A)* RNA (2
pg per lane) from stage 6 oocytes (lane ), 16-64-cell embryos
(lane 2), blastula-stage embryos (lane 3), gastrula-stage embryos
(lane 4), neurula-stage embryos (lane 5), and hatching tadpoles
(lane 6) were hybridized with the Xen al probe, digested with S1
nuclease, and electrophoresed as in a. Identical results were ob-
tained with the Xen a2 probe. Only the relevant region of the gel
is shown. (c) SI nuclease protection assay of total RNA from
selected stages of developing embryos. Either 2 pg of poly(A)*
RNA from oocytes (lane /) or 17 pg of total RNA from stage 6 0o-
cytes (lane 2), gastrula-stage embryos (lane 3), neurula-stage em-
bryos (lane 4), or hatching tadpoles (lane 5) were hybridized with
the Xen al probe and processed as in b. In the experiments shown
in b and ¢, control lanes demonstrated that the bands shown repre-
sent full-length protection of the cDNA region of the probe, and not
undigested probe (note the size differences between the input probe
and the protected probe in a), and that hybridization of the probe
to tRNA did not result in a protected band (data not shown).

of each cDNA, indicating that both cDNAs are complemen-
tary to endogenous a-fodrin transcripts in the oocyte. While
these data appear to indicate that only a single species of
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mRNA is complementary to each probe under these ex-
perimental conditions, it is presently unknown whether the
83 % identical Xen al and Xen a2 cDNA probes are specific
for their own transcripts, or hybridize with each others tran-
scripts as well.

The conclusion that Xenopus a-fodrin transcripts are much
less abundant in the poly(A)* RNA of early embryos than
in oocytes, and that the level of a-fodrin RNA increases by
the tadpole stage, was substantiated using the Xen al probe
in the S1 nuclease protection assay (Fig. 9 b). Similar S1 pro-
tection patterns were obtained using Xen a2 as the hybridiza-
tion probe, with no indication that Xen al and Xen a2 are
expressed differentially during embryonic development (data
not shown). Significantly, a similar developmental pattern of
expression was obtained using 17 ug of total RNA as the in-
put RNA for the S1 nuclease protection assay (Fig. 9 ¢). Be-
cause this RNA was not passed over an oligo(dT)-cellulose
column, this result eliminates the formal possibility that the
apparent decline in o-fodrin transcripts was due to the
deadenylation of these transcripts, followed by a failure to
detect these transcripts in poly(A)* RNA fractions. The
greater fodrin signal in total RNA from tadpoles (Fig. 9 c,
lane 5) relative to total RNA from oocytes (lane 2) suggests
that a considerable amount of fodrin RNA in tadpoles is not
adenylated, given that a greater fodrin signal was obtained
with poly(A)* RNA of oocytes than with the poly(A)* of
tadpoles (Fig. 9 B).

In that the decrease in abundance of a-fodrin transcripts
involves the degradation rather than deadenylation of these
maternal transcripts, we next investigated whether this
degradation occurred after oocyte maturation or after fertil-
ization. Poly(A)* RNA isolated from stage 6 oocytes (Fig.
10, lane 1), from oocytes 12 h after in vitro maturation with
progesterone (lane 2), from zygotes 30-60 min after fertil-
ization (lane 3), and from 16-64-cell embryos (lane 4) was
separated on denaturing agarose gels, blotted onto nitrocel-
lulose, and probed with a 3P-labeled pXen al probe. The
data clearly demonstrate that degradation.of a-fodrin tran-

Figure 10. Destabilization of fodrin
transcripts follows fertilization, but
not oocyte maturation. Poly(A)*

- RNA (5 pg/lane) from stage 6 oo-
cytes (lane 1), progesterone-stimu-
lated oocytes (lane 2), fertilized
eggs (lane 3), and 16-32-cell em-
bryos (lane 4) was prepared, blot-
ted onto nitrocellulose, and probed
as in Fig. 7 to determine whether
the decline in steady-state levels of
o-fodrin occurs after maturation or
following fertilization.
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scripts does not occur within the 12 h after in vitro matura-
tion with progesterone; rather, these transcripts are degraded
within 30-60 min after fertilization. (Fig. 10). The apparent
decrease in the size of the a-fodrin transcripts in hormonally
matured oocytes (lane 2) as compared with stage 6 oocytes
(lane 1) may reflect a modification of the a-fodrin tran-
scripts, such as deadenylation, though this has not yet been
determined.

Discussion

We are investigating the expression and functions of spectrin
during embryonic development and cellular differentiation in
Xenopus laevis. In the present study we use antiserum raised
against avian a-spectrin to show that a-~spectrinlike polypep-
tides (referred to as a-fodrin in nonerythroid tissues) are
present in Xenopus adults and oocytes, but that the de novo
synthesis of a-fodrin declines during early development.
RNA blot analyses and S1 nuclease protection assays with
c¢DNAs encoding portions of Xenopus oocyte a-fodrin dem-
onstrate that this decline in the synthesis of a-fodrin polypep-
tides is controlled at the level of mRNA abundance. RNA
blot analyses also show that this dramatic decrease in steady-
state levels of a-fodrin transcripts occurs within 30~60 min
after fertilization, but not within 12 h after progesterone-
mediated maturation. Although o-fodrin transcripts de-
crease in abundance after fertilization and remain low
throughout early development, o-fodrin transcripts increase
in abundance by the tadpole stage of development, and are
expressed in adult skeletal muscle and brain.

The dramatic decline in a-fodrin transcripts during em-
bryonic development of Xenopus is quite distinct from the
levels of many other transcripts present during development
of Xenopus. For example, levels of most abundant poly(A)*
RNA species do not change appreciably until after the
blastula-stage (Dworkin and Dawid, 1980; Colot and Ros-
bash, 1982), in distinct contrast to the levels of o-fodrin tran-
scripts monitored in the present study. Also, the level of his-
tone mRNAs increases somewhat during the period when
o-fodrin transcripts decrease in abundance (Ruderman et al.,
1979), demonstrating that known mRNAs do not follow the
pattern of fodrin transcripts. That many maternal mRNAs
persist during those embryonic stages when levels of a-fod-
rin transcripts decline is well established and consistent with
the fact that embryonic protein synthesis requires maternal
transcripts until transcription from the embryonic genome
occurs at the mid-blastula transition (Newport and Kirsch-
ner, 1982). Furthermore, we have shown that the levels of
two maternal poly(A)* transcripts (actin and SPrSB) remain
constant or increase in the poly(A)* fraction during those
developmental stages when levels of fodrin transcripts de-
cline. Hence, we suggest that the loss of a-fodrin transcripts
after fertilization of Xenopus may involve the preferential
destabilization of a-fodrin transcripts that had been synthe-
sized during oogenesis, independent of the overall stability
of many abundant maternal poly(A)* mRNAs. Although it
is likely that a-fodrin transcripts are indeed subject to
preferential degradation in early embryos, the mechanisms
responsible for this proposed degradation may not be
specific for fodrin transcripts. A more generalized mecha-
nism for enhanced turnover of certain transcripts may be
operative during early development since several other tran-
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scripts have been reported to decline markedly during early
development, including XOC-2-7 transcripts (Colot and Ros-
bash, 1982), GS17 transcripts (Krieg and Melton, 1985), and
homeo-box transcripts (Muller et al., 1984).

It is intriguing to speculate whether this transitory de-
crease in fodrin expression indicates that fodrin serves little
function during early development, and that it reappears
only when tissue differentiation requires specific membrane
properties influenced by fodrin. Two alternative speculations
are that the expression of fodrin may decline during early
development because fodrin may be deleterious to certain
membrane functions in the developing embryo, or converse-
ly, because there is a sufficient pool of fodrin in the oocyte
to supply the needs of the developing embryo. Microinjec-
tion of fodrin into developing embryos may distinguish be-
tween these possibilities. Although the functional signifi-
cance of the observed decline in fodrin expression during
early embryogenesis is presently unknown, the data demon-
strate that the constitutive expression of fodrin is not a pre-
requisite for normal early development in Xenopus, and that
the regulation of fodrin expression occurs principally at the
level of mRNA abundance. Similarly, we have previously
shown that there are signficant changes in spectrin expres-
sion during myogenesis which are controlled at the level of
mRNA abundance (Moon et al., 1985).

Previous studies on the expression of fodrin during the de-
velopment of mice (Sobel and Alliegro, 1985; Schatten et al.,
1986) and sea urchins (Schatten et al., 1986) have been based
on the use of immunofluorescence to define the spatial local-
ization of fodrin in embryos. These studies have shown that
fodrin is nonrandomly distributed in ococytes and embryos.
In mouse oocytes, fodrin appears to be enriched at the corti-
cal region near the meiotic spindle. In cleaving mouse em-
bryos, the cleavage furrow stains more intensely than the
outer membranes of the blastomeres. Although this pattern
of staining is not observed in cleaving sea urchin embryos,
it is interesting to note that an increase in fodrin fluorescence
is detected at the site of sperm entry in sea urchins (Schatten
et al., 1986). Collectively, these studies have clearly shown
that fodrin changes in localization during early development,
and that it is probably involved in the specialized properties
of plasma membranes in discrete regions of oocytes and of
the blastomeres of early embryos. In light of the unexpected
reduction in the synthesis of a-fodrin during early develop-
ment in Xenopus, we are presently studying the spatial orga-
nization of fodrin in oocytes of Xenopus, and we are follow-
ing the developmental fate of the maternal fodrin which is
either preexisting or synthesized in the cocyte. We speculate
that preexisting fodrin may be nonrandomly distributed in
cortex of the oocyte, and that this asymmetric distribution
may persist in blastomeres during early cleavages.

Relatively little is known about the structure of the plasma
membrane of Xenopus oocytes (reviewed by Gerhart, 1980),
and whether a membrane-associated fodrin network plays a
role in development by influencing pattern formation or the
establishment of functionally specialized membrane-cyto-
skeletal domains. Our demonstration that a-fodrin is synthe-
sized in oocytes of Xenopus, that this synthesis declines after
fertilization, and that this decline is controlled at the level of
abundance of fodrin mRNA, raises questions concerning the
functions of fodrin and the control of fodrin mRNA stability
during early development in vertebrates.
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