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Introduction

Zinc finger motifs are present in numerous proteins that
bind DNA or RNA in a sequence-specific manner (Klug
& Rhodes 1987; Saotome et al. 1995). A large number
of zinc finger proteins have Cys2/His2 motifs (made up
of two cysteine and two histidine residues) that chelate
a single zinc ion (Berg 1988; Klevit 1991). The function
of most zinc finger proteins is still unknown, although
several of the proteins that have been characterized
may act as transcription factors or activators. The cellu-
lar nucleic acid-binding protein (CNBP) presents seven
tandem zinc finger repeats of 14 amino acids. Each
zinc finger region contains the same arrangement of
Cys-X2-Cys-X4-His-X4-Cys residues. Cellular nucleic

acid-binding protein is highly conserved at the amino
acid and nucleotide levels in human, mouse, rat,
chicken and Xenopus laevis (Warden et al. 1994; Flink
& Morkin 1995a,b; Yasuda et al. 1995; van Heumen et
al. 1997; Ruble & Foster 1998; De Dominicis et al.
2000). The presence of mRNA coding for CNBP-like
proteins in different phyla such as insects, fish, lizard
and shrimp was also determined (van Heumen et al.
1997). The first X. laevis CNBP sequence reported in
the GenBank (Flink & Morkin 1995a) diverges from the
human and X. laevis sequence deposited later (De
Dominicis et al. 2000) in a deletion of 10 amino acid
residues. The region encompassing these residues
presents a putative protease susceptible PEST site and
includes a phosphorylation consensus site for casein
kinase II (Rogers et al. 1986).

The physiological and biochemical properties of
CNBP are largely unknown. Cellular nucleic acid-
binding protein was originally reported to be a trans-
cription factor involved in the cholesterol biosynthetic
pathway (Rajavashisth et al. 1989); in the regulation of
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CT elements of the c-myc oncogene (Michelotti et al.
1995); and in the regulation of the human b-myosin
heavy chain gene expression (Flink & Morkin 1995a).
However, CNBP has been shown to be a cytoplasmic
protein (Warden et al. 1994; Calcaterra et al. 1999), sug-
gesting that it may interact likewise with RNA. Indeed,
it was recently proposed that binding of CNBP to the
59 untranslated region (UTR) would result in the repres-
sion of rp-mRNA (mRNA coding for ribosomal proteins)
translation (Pellizzoni et al. 1998).

The expression pattern of CNBP during amphibian
development has been analyzed using a variety of
techniques. Northern blot and in situ hybridization
studies have shown that CNBP mRNA could be
detected in the unfertilized eggs and was expressed
in cells derived from early ectoderm, endoderm, and
mesoderm during X. laevis early development (Flink 
et al. 1998). On the other hand, western blot assays
were carried out to investigate CNBP expression
during oogenesis and development in Bufo arenarum.
The protein was not detected in stage I/II of oogenesis,
but detected from stage III/IV of oogenesis until 
the neural stage of development (Calcaterra et al.
1999).

In the present study, the Bufo arenarum homolog of
CNBP was cloned and a sequence analysis was car-
ried out to search for structural motifs and homologous
proteins. The protein was expressed in Escherichia coli,
purified and used to produce polyclonal antibodies.
The analysis of the expression pattern of this protein
during oogenesis and embryogenesis indicates
changes in the localization of CNBP during early
development.

Materials and Methods

Materials

Adult Bufo arenarum specimens were collected from
the outskirts of San Miguel de Tucumán and Rosario
cities and kept at 17°C in a moist chamber. Small
pieces of ovary were surgically removed from the
female and processed for immunostaining (Elola et al.
1998), or were treated to obtain oocytes at different
stages of oogenesis. Ovulated oocytes were fertilized
and cultured as previously described (Calcaterra et al.
1999). Ovarian oocytes and embryos were staged
according to Dumont (1972), and Del Conte and Sirlin
(1951), respectively.

Generation of cDNA of bCNBP

Molecular cloning of a cDNA from the coding 
region of CNBP protein was carried out by reverse
transcriptase–polymerase chain reaction (RT-PCR)
using total cellular RNA from B. arenarum liver extracts

purified by a spin or vacuum (SV) total RNA isolation
system (Promega, Madison, WI, USA), following the
manufacturer’s instructions.

Oligodeoxynucleotides used for RT-PCR amplifi-
cation were as follows: Sense, 59AAGGATCCAT-
GAGCAGCAATGAGTGCTTCAAGTG39; antisense,
59TTAAGCTTAGGCTGTAGCCTCAATTGTGCATT39.

The amplified product (550 bp) was cloned into 
the BamHI and HindIII sites of the pBluescript
KS(–) plasmid (Stratagene, San Diego, CA, USA) for
sequencing.

Production of cDNA from eggs and embryos was
done using purified total RNA and primers as described
earlier. Products were resolved in 1.4% agarose gel
electrophoresis and visualized by ethidium bromide
staining.

Sequence analysis, database homology searches
and sequence alignment

Sequence analyses were carried out on both strands
using universal primers and the TaqTrack® Sequencing
Core System, DEAZA (Promega). Database homology
searches using the nucleotide and amino acid
sequences derived from the cDNA insert were per-
formed using the BLASTN and BLASTP programs of the
BLAST network service (Altschul et al. 1997).
Parameters for the searches of the GenBank and
PROSITE databases were set as the default values.
Sequence alignments and identity and similarity
indexes were obtained using the software package
DNASTAR (DNASTAR, Inc., Madison, WI, USA).

Northern analysis of staged oocytes and embryos

Total RNA was isolated from B. arenarum oocytes, eggs
and embryos (50–100/developmental stage) by SV total
RNA isolation system (Promega). Twenty micrograms
of total RNA was fractionated by gel electrophoresis on
formaldehyde/agarose gels, and transferred by capil-
lary action to Zeta-Probe Blotting Membranes (BioRad
Laboratories, Hercules, CA, USA). The levels of rRNA
transferred and then visualized by ethidium bromide
staining or methylene blue staining (Sambrook et al.
1989) were used as an internal control of equal RNA
loading and integrity. Hybridization was carried out
using a 32P-labeled randomly primed full-length bCNBP
PCR-generated probe (550 bp) at 65°C (high strin-
gency) in 63 standard sodium citrate (SSC), 0.5% w/v
sodium dodecylsulfate (SDS) and 53 Denhardt’s solu-
tion (Sambrook et al. 1989). Membranes were washed
three times at 65°C in 23 SSC, 0.1% SDS and twice at
65°C in 13 SSC, 0.1% SDS and finally subjected to
autoradiography. Bands were analyzed using Image
Pro Plus software (Media Cybernetics, Silver Spring,
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MD, USA). Commercial RNA markers (Promega) and
20 µg of l/HindIII were used to determine RNA mole-
cular size. The marker lines were stained with methyl-
ene blue on the membranes (Sambrook et al. 1989).

Expression and purification of the recombinant
protein: Production of polyclonal antibodies

The 550 bp amplified product was cloned into the
BamHI and HindIII restriction sites of the pRSET A
vector primer (Invitrogen Corp., Carlsbad, CA, USA) for
expression and purification of the recombinant protein.
The protein was expressed in E. coli BL21(DE3) as 
soluble product and purified by means of a poly histi-
dine tag through immobilized metal affinity chro-
matography (IMAC) on Ni-NTA matrix (Qiagen Inc.,
Valencia, CA, USA) by following the manufacturer’s
instructions. The purified protein was used to produce
polyclonal antibodies in rabbits. From the third stimu-
lation, the anti-CNBP titer in the serum and the antibody
specificity were checked by dot and western blot analy-
sis. After about 4 months, a strong positive reaction was
obtained. Immediately after the animal was bled, the
serum was separated and fractionated. The immune
and pre-immune sera (obtained before stimulation)
were stored in aliquots at –20°C until used.

Western blotting

Extracts from embryos at different developmental
stages were done as has been described elsewhere
(Calcaterra et al. 1999). Proteins were resolved in
sodium dodecylsulfate–polyacrylamide gel electro-
phoresis (SDS-PAGE) and transferred to nitrocellulose
membrane. Purified (His)6-bCNBP was used as a
positive control. Membranes were treated according 
to previous reports (Calcaterra et al. 1999). Anti-(His)6-
bCNBP antibody was used in a dilution 1 : 500 and
antirabbit IgG coupled to peroxidase (Promega) was
diluted 2500-fold in blocking solution.

Immunocytochemistry

Serial sections of small ovary pieces containing folli-
cles of different sizes, and embryos at different devel-
opmental stages were treated as described elsewere
(Elola et al. 1998). The anti-CNBP antibody was then
added at a dilution of 1 : 100. The peroxidase-labeled
antirabbit antibody (Promega) was used at a dilution
1 : 2500. Peroxidase substrate solution was 1.25 mL of
0.8% 3-amino-9-ethylcarbazole in dimethylformamide,
12.5 µL of 30% H2O2 in 25 mL final volume of 50 mM

acetate buffer (pH 5.0). Slides were examined under
light microscopy with an Olympus BH-2 microscope
(Olympus, Tokyo, Japan).

Results

Cloning and sequence analysis of Bufo arenarum
CNBP cDNA

We performed RT-PCR on B. arenarum liver RNA using
forward and reverse primers designed according to the
sequence homology at the amino- and carboxyl-
terminal regions of human CNBP (Warden et al. 1994).
Both strands of the cDNA insert (550 bp) were
sequenced, and the complete nucleotide and inferred
amino acid sequence was determined (GenBank
Accession No. AF144698). The cDNA clone corre-
sponded to a sequence encoding a 178-amino-acid
polypeptide with a predicted relative molecular mass
(Mr) of 19.4 kDa and isoelectric point of 7.8. Further
analysis of the amino acid sequence revealed the pres-
ence of seven tandem repeats of 14 amino acids that
contain the CCHC zinc finger consensus sequence
(underlined in Fig. 1A). The first repeat is separated
from the second by an extension of 35 amino acids that
contains a glycine/arginine region and a serine-rich
region (boxed in Fig. 1A). The other repeats are sepa-
rated from each other by shorter amino acid sequences
(Fig. 1A). The protein analysis against PROSITE data-
base (Swiss Institute of Bioinformatics, Geneva,
Switzerland; Appel et al. 1994) also showed the 
presence of three putative casein kinase II sites, one
protein kinase C site and two tyrosine kinase phos-
phorylation sites (Fig. 1A). No nuclear localization sig-
nals were detected by protein analysis using the
PSORT www server.

Alignment and comparison of the B. arenarum CNBP
(bCNBP) amino acid sequence with CNBP and CNBP-
like sequences reported to date, revealed the highly
repetitive nature of the protein manifested by the indiv-
idual repeat sequences that make up the CCHC zinc
finger motif. All sequences analyzed showed a high
degree of conservation in their structural organization.
Most of them have several CCHC zinc finger motifs and
some have a glycine/arginine region, although the posi-
tion of this region varies widely in the different proteins
analyzed. Of the proteins studied, only the amphibian
CNBP has a Ser-rich region, next to the RGG box 
(Fig. 1B).

Proteins containing CCHC-type zinc finger motifs are
found across a broad range of evolutionarily distant
eukaryotes. Analysis of the aligned amino acid
sequences of CNBP and CNBP-like proteins showed
a high degree of identity among vertebrates, but these
values were lower when the analysis was made com-
paring other eukaryotic sequences. It was possible to
generate three major groups according to the per-
centage of similarity and identity (Table 1). Although the
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identity indexes clearly separate the members of the
first two groups, the third group share identity values
that are too low to use as separation criteria. The group-
ing is obvious, taking into consideration the similarity
indexes. The first group (%I > 65 and %S > 82) com-
prises the CNBP for all vertebrates reported to date,
and includes the translation of an open reading frame
(ORF) in an expressed sequence tag (EST) from the
zebrafish Danio rerio. The second group (% > 54 and
%S > 75), includes the translated ORF from two EST
from insects; that is, the silkworm Bombyx mori and the
fruit fly Drosophila melanogaster. Finally, the third group
(%I > 35 and 50 < %S < 60) involves sequences
informed as CNBP homologs or poly zinc finger pro-

teins from inferior eukaryotes (Table 1). The highest
bCNBP homology was observed with the X. laevis
CNBP (xCNBP) sequence determined by Pierandrei-
Amaldi’s group (De Dominicis et al. 2000). The only
detectable difference between the two sequences was
a conservative substitution of a Thr12 of the bCNBP,
which is replaced by a Ser in xCNBP.

Expression pattern of CNBP mRNA from Bufo
arenarum during development

Temporal expression of CNBP mRNA was determined
during oogenesis and early development in B. aren-
arum. Northern blot analyses were performed using

Fig. 1. Sequence analysis of the Bufo
arenarum cellular nucleic acid-binding
protein. (A) The complete amino acid
sequence is presented. The seven repet-
itive 14-amino acid sequences (CCHC)
of the zinc finger motif are shown under-
lined. The Arg/Gly-rich region and Ser-
rich region between the first and second
zinc finger are boxed. Putative casein
kinase II (*), tyrosine kinase (P) and pro-
tein kinase C (.) phosphorylation sites
are indicated. (B) Diagrammatic struc-
tural comparison of motifs of known 
proteins predicted to contain several
CCHC-type zinc fingers. The proteins are
drawn in the same scale to emphasize
the similarities in spacing between the
different motifs.
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total cellular RNA extracted from oocytes, eggs and
embryos. A major band of ~4.4 kb was observed in liver
(used as control) and in all stages of oogenesis
(Fig. 2A) and early development (Fig. 2B) that were ana-
lyzed. From mid-blastula stage, we also clearly
detected a second prominent transcript corresponding
to a ~3.3 kb transcript. This transcript was not detected
during oogenesis nor in liver (Fig. 2A,B). The 3.3 kb and
4.4 kb transcripts showed a consistent particular
behavior during early development: The ratio between
the levels of the 3.3 kb and the 4.4 kb species showed
a clear rise, reaching a maximum at the late gastrula
stage (Fig. 2C). This ratio indicates the amount of
shorter transcript relative to longer script, and is inde-
pendent of the absolute amount of each of the species
analyzed.

Reverse transcriptase–PCR was carried out using
total RNA obtained from eggs and embryos at different
developmental stages. In all the conditions analyzed,
no significant differences in the size of the coding
region of the cDNA were detected (Fig. 3).

Immunolocalization of bCNBP during oogenesis
and early development

The cDNA encoding B. arenarum CNBP was cloned
and the recombinant protein was expressed in 
bacteria and purified by affinity chromatography. The
His-tagged product was used to raise polyclonal anti-
bodies in rabbits. Anti-(His)6-bCNBP-antibody speci-
ficity was tested on western blot. Antibodies were
strongly reactive with both bCNBP from the blastula
stage and the recombinant protein (Fig. 4). Bufo aren-
arum cellular nucleic acid-binding protein showed a
slightly lower Mr than recombinant (His)6-bCNBP. This
may be because of the presence of the His-tag (six His
plus 30 extra amino acids) fused to the coding bCNBP
amino acid sequence. Antibodies also reacted strongly
with bCNBP from oocytes, eggs and embryos at dif-
ferent developmental stages (not shown).

Antibodies against (His)6-bCNBP were used in
immunolocalization assays in sections of B. arenarum
ovary and embryo. In the ovary there was no signifi-
cant immunocytochemical staining of previtellogenic
oocytes (stages I/II from Dumont 1972). In contrast, in
early vitellogenic oocytes (stages III/IV) treated with
anti-CNBP, a weak reaction was observed in the cyto-
plasm. Signals appear to be associated mainly with the
yolk platelets. The reaction was more evident at stages
V/VI of oogenesis; with the staining evenly distributed
in the cytoplasm, and apparently associated to the sur-
face of the yolk platelets. In these stages, CNBP was
not associated to the germinal vesicles of the oocytes
(Fig. 5A). At the early blastula stage, CNBP was alsoTa
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evenly distributed in the cytoplasm of the blastomeres,
and no difference in staining was observed between
the epiblast and hipoblast (Fig. 5C). When visible,
nuclei do not present staining, indicating a non-nuclear

localization of the protein at this stage (Fig. 5D). 
Some cells in the roof of the blastocoele are more
intensely stained in their cytoplasm than the rest of 
the blastomeres (Fig. 5E). This differential staining was

Fig. 2. Northern blot hybridization
during oogenesis and early embryo-
genesis. Twenty micrograms of total
RNA were fractionated on a 1.2%
formaldehyde/agarose gel and trans-
ferred to a nylon membrane. (A) The
4.4 kb transcript is detected through-
out oogenesis. (B) Differential expres-
sion pattern behavior of the 4.4 kb
and 3.3 kb transcripts detected dur-
ing early development of Bufo are-
narum. (C) Relative quantitation of the
northern blot. Ratios were measured
between the levels of hybridization
signals of 3.3 kb and 4.4 kb trans-
cripts in each developmental stage.
The results are expressed as a mean
of the ratio ± SEM; n 5 6. Experiments
were carried out stringently.

Fig. 3. Reverse transcriptase–
polymerase chain reaction on total
RNA from different developmental
stages. The oligonucleotides were
used to amplify only the coding cel-
lular nucleic acid-binding protein
(CNBP) region. An arrow shows the
unique 550 bp product detected.
Stages analyzed were eggs (lane 2),
4-cell embryos (lane 3), mid-blastula
(lane 4), blastopore dorsal lip (lane
5), late gastrula (lane 6), and tail-bud
(lane 7). Positive controls were done
on total liver RNA (lane 8) and on
0.01 µg of Bufo arenarum CNBP
cDNA cloned (lane 9). Negative
controls were done in the absence
of RNA (lane 10) and without the
addition of reverse transcriptase
(lane 11). Molecular size markers
are shown in lanes 1 and 12.
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consistently observed in several embryos, excluding
the possibility of artifacts. Sections of ovary (Fig. 5B)
and embryos at early blastula stage (Fig. 5F) were
incubated with pre-immune sera as a control for anti-
body specificity.

Cellular nucleic acid-binding protein localization
pattern changed from mid-blastula stage. At this stage
of development (stage 9 of Del Conte & Sirlin 1951),
CNBP was detected on the whole embryo; however,
staining was not uniform because a stronger signal was
observed in the epiblast. Cells belonging to this region
were more stained than those in the rest of the embryo
(Fig. 5H,I). Although there was an important change in
embryonic localization of CNBP, no change in sub-
cellular localization was observed. Cellular nucleic
acid-binding protein was present inside the cytoplasm,
while no signal was detected inside the nuclei
(Fig. 5J,K). Pre-immune sera were used as antibody
specificity control (Fig. 5G).

At the late gastrula stage (stages 11–12 of Del 
Conte & Sirlin 1951) one more differential staining 
in the embryo became obvious. A relatively light
staining, similar to that observed in the blastula 
stage, was detected in most cells. However, in the 
roof of the archenteron, two layers of cells were 
clearly distinct; the outer layer was weakly stained,
while the internal one (facing the archenteron)
presented as strong staining. Stained cells also
covered the sides of the archenteron, and more
scattered and weakly stained cells were observed in
the archenteron floor (Fig. 5L,M). Furthermore, a clear
change in CNBP subcellular localization was observed.
Nuclei in the internal layer were stained even stronger
than the cytoplasm (Fig. 5N,O). This differential stain-
ing was not observed when slides were incubated with
pre-immune sera as a control for antibody specificity
(Fig. 5P).

For a better interpretation of the regions of embryos
analyzed, please refer to the schemes indicating
planes of sections in Fig. 5Q.

Discussion

The cDNA coding for B. arenarum CNBP was cloned
and the full-length coding region was sequenced and
compared to homolog sequences from vertebrates and
invertebrates. Every CNBP analyzed revealed simi-
larities with the zinc finger consensus sequence,
CYXCGX2GHX2RXC, and with structures present in pro-
teins from retroviruses, including those encoded by the
gag genes of Rous sarcoma virus (RSV), human T cell
leukemia virus (HTLV)-1, HIV-1 and Mo-MuLV, which
bind single-stranded nucleic acids (Coleman 1992).
Amino acid sequence analysis showed that bCNBP
also shares a peculiar glycine/arginine-rich region that
has some of the reported proteins with multiple copies
of the CCHC zinc finger. Proteins with CCHC-type zinc
finger motifs and glycine-rich sequences are found
throughout a broad range of evolutionarily distant
eukaryotes (Fig. 1B). This region is highly similar to the
RGG box of RNA-binding proteins, especially nucleo-
lin, fibrillarin and those that bind hnRNA. Structures like
these are often found in combination with other single-
stranded nucleic acid-binding motifs in RNA-binding
proteins (Burd & Dreyfuss 1994) and are called auxil-
iary RNA-binding domains (Biamonti & Riva 1994).
Protein analysis also showed the presence of putative
phosphorylation sites, which conserve the general
amino acid sequence, and localization in all CNBP
reported sequences. Although there is no experimental
data suggesting a physiological role for these phos-
phorylation sites, the high degree of conservation could
indicate the implication of these sites in the regulation
of CNBP biological function.

Fig. 4. Analysis of polyclonal anti-
body specificity by western blot.
Purified (His)6-cellular nucleic acid-
binding protein (CNBP) was applied
at 0.5 µg (lane 1) or 1 µg (lane 4) to
sodium dodecylsulfate–polyacryl-
amide gel electrophoresis (SDS-
PAGE). Total proteins from the
blastula stage were analyzed on
SDS-PAGE at 25 µg (lane 2) or 50 µg
(lane 3). Pre-stained molecular mass
markers are shown on lane 5. The
molecular masses of marker proteins
are shown on the left.
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Alignment and comparison of the bCNBP amino acid
sequence with other CNBP and CNBP-like sequences
showed that B. arenarum protein shares the highest
identity with X. laevis CNBP. Two gene copies of CNBP
have been reported in X. laevis. Both of them are
expressed at comparable levels in oocytes and
embryos and can generate two alternatively processed
isoforms, aCNBP and bCNBP. However, the shorter
bCNBP transcripts are represented slightly less than
the longer aCNBP transcripts (De Dominicis et al.
2000). By RT-PCR we have obtained a bCNBP trans-
cript in which the sequence is aligned with the longer
transcript aCNBP. Nevertheless, we can not rule out the
possible existence of a processed smaller transcript in
B. arenarum. A comparison of the arrangement of the
consensus motifs along the primary sequences of all
proteins analyzed (Fig. 1B) revealed a clear structural
relationship between them with potential functional
consequences.

The identity and similarity indexes obtained by
CNBP sequence comparison are in agreement with the
accepted phylogenetic relationship, which is based on
other means, of the organisms studied. For instance,
vertebrates that have diverged recently show the high-
est degree of homology (S > 82%), whereas inferior
eukaryotes display about 50–60% of similarity. To date,
there have not been any sequences of CNBP from
insects reported. An homology search of the EST data-
base (GenBank) allowed us to detect sequences from
Drosophila melanogaster and Bombyx mori, which
share 74.7% similarity. Despite the low identity index
of the members of group 2 and especially of group 3
(Table 1), the higher similarity indexes reveal that most
of the substitutions are conservative.

Expression patterns of CNBP mRNA during B. aren-
arum oogenesis and early embryogenesis were
analyzed by northern blot. We clearly detected the
presence of ~4.4 kb and ~3.3 kb transcripts, whereas
in other animals the size of the major transcript for

CNBP detected was about 1.5 kb. We did not detect a
~1.5 kb transcript in any of the experiments carried out.
Several RNA extractions were resolved in formalde-
hyde/agarose gels together with two different RNA
markers, and northern blot assays were carried out at
very high stringent conditions to confirm this discrep-
ancy. The reasons for the accumulation of these kinds
of transcripts in B. arenarum are at present poorly
understood. Perhaps these transcripts may represent
additional isoforms of CNBP with different functions or
partially processed messages. Reverse transcriptase–
PCR from eggs and embryos at different developmental
stages yield the same 550 bp cDNA, suggesting that
both kinds of transcripts might code for essentially the
same protein form. However, it is not possible by
RT-PCR to detect the different alternatively processed
versions of CNBP mRNA that have been determined
in human (Flink & Morkin 1995b), mouse (Kingsley 
et al. 1996) and X. laevis (Flink et al. 1998; De Dominicis
et al. 2000).

During B. arenarum oogenesis and early embryo-
genesis, only one transcript for CNBP could be
detected. Another shorter transcript was also evident
from the mid-blastula stage. A similar pattern expres-
sion was also observed in X. laevis (Flink et al. 1998).
Interestingly, the relative amount of both transcripts was
different in each developmental stage analyzed. We
detected an important rise in the level of the shorter
transcript relative to the level of the longer one, reach-
ing a maximum at the late gastrula stage. The detec-
tion of a new type of transcript immediately after the
initiation of zygotic transcription could implicate differ-
ent temporal functions of CNBP.

When the spatial and temporal expression pattern of
the CNBP protein was analyzed by immunostaining, we
clearly detected that the protein is absent in previtello-
genic oocytes, which supports the fact that it is mater-
nally synthesized during the oogenesis (Calcaterra 
et al. 1999). Post-vitellogenic oocytes embody the pro-
tein inside their cytoplasm, showing no signal inside
the germinal vesicle. This pattern is also detected at
the early blastula stage of development, where the
protein is preferentially visualized in the cytoplasm of
the blastomeres. Therefore, it is tempting to speculate
that the CNBP present in these developmental stages
of oogenesis and early embryogenesis is a maternally
inherited protein form. Although the meaning of this
cytoplasmic localization is still unknown, it could
indicate the association of CNBP with RNA in the
cytoplasm, which might have some regulatory
consequences.

Later in development, the mRNA expression and
protein spatial patterns begin to change. From mid-
blastula stage a new transcript is detected and a major

Fig. 5. Temporal and spatial expression of cellular nucleic acid-
binding protein (CNBP) during oogenesis and early embryogen-
esis of Bufo arenarum. Ovarian sections were treated with (A)
anti-CNBP or (B) pre-immune antiserum. 1, Previtellogenic
oocytes; 2, III/IV staged oocytes; 3, V/VI staged oocytes.
Sections of embryo at the early blastula stage were treated with
(C–E) anti-CNBP or (F) pre-immune antiserum. Sections of
embryos at the mid-blastula stage were incubated with (H–K)
anti-CNBP or (G) pre-immune antiserum. Sections of embryos
at the late gastrula stage were incubated with (L–O) anti-CNBP
or (P) pre-immune antiserum. A, B, G, H, L: Bar, 250 µm; C, D,
I, J, M, P: Bar, 100 µm; N, K: Bar, 25 µm; E, F, O: Bar, 10 µm. (Q)
Scheme indicating planes of sections of blastula and late gas-
trula embryos. Ar, archenteron; Bc, blastocoele; Bdl, blastopore
dorsal lip.



22 P. Armas et al.

localization of CNBP in the epiblast zone is observed.
This zone is the future inner layer in the gastrula stage.
The modification in the pattern of localization of the pro-
tein in the embryo occurs immediately after the induc-
tion of the mesoderm. Probably, CNBP could be
differentially expressed and/or localized as a conse-
quence of this differentiation process. Some kind of
association of CNBP with mesoderm induction could
also be possible. Furthermore, a change in CNBP sub-
cellular localization is observed at late gastrula stage.
The protein is still present in the cytoplasm, but it is also
observed inside the nucleus (Fig. 5N,O). The variation
in the staining pattern could represent either the
synthesis of CNBP from the new transcripts or a redis-
tribution of existing CNBP according to a potential new
function during early development. Hypothetically,
CNBP could be acting as a nuclear factor, perhaps
regulating mesodermal gene expression, but the
evidence supporting this contention is scant.

Although the data presented here show that CNBP
shifts its subcellular localization from cytoplasmic to
nuclear, amino acid sequence analysis does not show
the presence of nuclear localization signals. The mol-
ecular mechanisms through which this translocation
could eventually be accomplished are unknown. One
explanation may be that CNBP is bound to carrier
molecules containing a nuclear localization sequence
(Silver 1991) for selective transport through pore com-
plexes in the nuclear envelope. In the specific case of
rp-mRNA, it has been proven that Ro60 autoantigen is
involved in the binding of CNBP to the 59UTR sequence
(Pellizzoni et al. 1998). In X. laevis oocytes, Ro60 auto-
antigen is able to enter the nucleus (Simons et al. 1994),
while the Ro ribonucleoparticles are found to reside
mainly in the cytoplasm (Pruijn et al. 1997). Another
possible explanation for this change could be that
CNBP uses its glycine/arginine-rich region to interact
with a nuclear import complex. The function of
glycine/arginine-rich motifs has been reported previ-
ously (Biamonti & Riva 1994; Weighardt et al. 1995).

In X. laevis, whole-mount in situ hybridization experi-
ments have detected transcripts in the early gastrula
throughout the animal pole and in the marginal zone
that contains prospective mesoderm (Flink et al. 1998).
In B. arenarum, we clearly detected CNBP protein
expression preferentially in mesoderm (Fig. 5E,F). It is
interesting to note that the layer of cells stained differ-
entially corresponds to those that are invaginated
during gastrulation, and to the future notochord of the
embryo. For decades notochord has been thought of
as an important inducing center in the amphibian
embryo. Moreover, the expression pattern of CNBP
mRNA during mouse embryogenesis correlates with
regions of the embryo that have proliferated and are in

the process of differentiation (Palis & Kingsley 1995;
Kingsley et al. 1996).

Upon its initial isolation, CNBP was thought to be a
transcription factor (Rajavashisth et al. 1989); however,
the role of CNBP as a transcriptional regulator remains
to be proven. There is also strong evidence supporting
that CNBP is involved in the translational control of ribo-
somal protein mRNA (Pellizzoni et al. 1997, 1998). The
changes in mRNA expression patterns, accompanied
by changes in subcellular localization, could suggest
that CNBP may interact with both nuclear (RNA and/or
DNA) and cytoplasmic nucleic acids. Perhaps the
particular transcript detected from the mid-blastula
stage onwards could be related to the nuclear form.
Experiments are being carried out to answer this
question.

Clarification of the more specific functions of CNBP
will require the identification of upstream regulatory
elements and downstream targets. But evidence pres-
ented here suggests that these functions could be dual;
that is, involved in transcription and translation control,
or at least not exclusive of the cytoplasm or the nucleus.
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