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Cytoplasm of Sea Urchin Unfertilized Eggs Contains a
Nucleosome Remodeling Activity
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Abstract After fertilization the sea urchin sperm nucleus transforms into the male pronucleus which later fuses
with the female pronucleus re-establishing the diploid genome of the embryo. This process requires remodeling of the
sperm chromatin structure including the replacement of the sperm histones by maternally derived cleavage stage histone
variants. In recent years, a group of protein complexes that promote chromatin-remodeling in an ATP-dependent
manner have been described. To gain understanding into the molecular mechanisms operating during sea urchin male
pronuclei formation, we analyzed whether chromatin-remodeling activity was present in unfertilized eggs as well as
during early embryogenesis. We report that in the sea urchin Tetrapygus niger, protein extracts from the cytoplasm but
not from the nucleus, of unfertilized eggs exhibit ATP-dependent nucleosome remodeling activity. This cytosolic activity
was not found at early stages of sea urchin embryogenesis. In addition, by using polyclonal antibodies in Western blot
analyses, we found that an ISWI-related protein is primarily localized in the cytoplasm of the sea urchin eggs.
Interestingly, SWI2/SNF2-related proteins were not detected neither in the nucleus nor in the cytoplasm of unfertilized
eggs. During embryogenesis, as transcriptional activity is increased an ISWI-related protein is found principally in the
nuclear fraction. Together, our results indicate that the cytoplasm in sea urchin eggs contains an ATP-dependent
chromatin-remodeling activity, which may include ISWI as a catalytic subunit. J. Cell. Biochem. 83: 554±562, 2001.
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Sea urchin sperm chromatin is a tightly
packaged structure formed by the interaction
of sperm-speci®c histone proteins with the
DNA within the sperm nucleus [Ausio, 1995].
Following fertilization, the sperm nucleus
decondenses and transforms into the male

pronucleus, which later fuses with the female
pronucleus to re-establish the diploid genome of
the embryo. This process requires chromatin-
remodeling and involves the removal of sperm
basic nuclear proteins and their replacement by
histone proteins of maternal origin [Poccia,
1986]. It has been indicated that sperm chro-
matin-associated proteins are degraded by
proteolytic activities present in the unfertilized
egg and that this degradation is required for
male pronuclei formation and subsequent
amphimixis [Cameron and Poccia, 1994;
Imschenetzky et al., 1997]. However, it has not
been established whether this degradation
takes place while the proteins remain asso-
ciated to the sperm chromatin or after they are
released from it.

It has been described that protein transitions
during male pronuclei formation are promoted
by nucleoplasmin, a widely distributed acid
protein that functions as a chaperone [Philpott
et al., 2000]. Hyperphosphorylated nucleoplas-
min stimulates the assembly of nucleosome
cores by facilitating the addition of histone
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H2A/H2B dimers to preformed histones H3/H4
tetramers. In addition, the involvement of the
chaperones N1 and N2 in the disassembly of
nuclear sperm-speci®c basic proteins in Xeno-
pus laevis has been postulated [Leno et al.,
1996].

In recent years, a group of protein complexes
that promote changes in chromatin structure
have been described [Peterson, 2000; Vignali
et al., 2000]. The catalytic subunit in all of these
complexes is an ATPase and requires ATP
hydrolysis to promote alterations in the nucleo-
somal organization. Most chromatin-remodel-
ing complexes identi®ed are classi®ed as those
containing homologues of the yeast SWI2/SNF2
ATPase subunit, including the BRG1 and BRM
complexes [Tamkun et al., 1992; Imbalzano
et al., 1994; Kwon et al., 1994; Wang et al.,
1996] or those containing homologues of the
Drosophila imitation SWI (ISWI), including
NURF, CHRAC, and ACF complexes [Tsu-
kiyama et al., 1995; Ito et al., 1997; Varga-
Weisz et al., 1997].

Multiple ISWI-containing chromatin-remo-
deling complexes have been recently identi®ed
in X. laevis [Guschin et al., 2000]. In addition, a
BRG1-containing complex was isolated and
characterized from X. laevis nuclear extracts
and found to be present throughout oogenesis
(stages I±VI) and embryogenesis [Gelius et al.,
1999]. Interestingly, Wolffe and colleagues have
reported that cytoplasmic extracts from X.
laevis eggs contain a chromatin-remodeling
activity that includes ISWI as a catalytic
subunit. This remodeling activity promotes
incorporation of proteins involved in pronuclei
formation (e.g., linker histone B4 and nucleo-
plasmin) to a transplanted somatic nuclei in an
energy-dependent manner [Kikyo et al., 2000].
However, the role of chromatin-remodeling
complexes in male pronuclei formation has not
been established.

To gain insight into the molecular mechanism
operating during sea urchin male pronuclei
formation, we have analyzed whether unferti-
lized eggs contain chromatin-remodeling activ-
ity. We have found that cytoplasmic, but not
nuclear, protein extracts isolated from eggs of
the sea urchin Tetrapygus niger exhibit ATP-
dependent nucleosome remodeling activity. In
addition, using speci®c polyclonal antibodies,
we detected signi®cantly higher concentrations
of ISWI, but not BRG1, in the cytoplasm of these
unfertilized eggs. Taken together, our results

show for the ®rst time that the cytoplasm from
sea urchin eggs contains an ATP-dependent
chromatin-remodeling activity, which may
include ISWI as a catalytic subunit.

MATERIALS AND METHODS

Cell Culture

Sea urchin T. niger were collected from the
Bay of Concepcion and maintained at 158C in
natural seawater. Eggs were collected by gently
shaking the female gonads into ®ltered natural
seawater, and rinsed several times by ®ltering
through a 100 mm plankton net. Sperm cells
were collected on a Petri dish. Embryos were
grown at 158C with gentle agitation and aera-
tion to the desired stage of development.

Preparation of Nuclear and
Cytoplasmic Extracts

Protein extracts from the cytoplasm or
nucleus of sea urchin eggs and embryos were
prepared according to Dignam et al. [1983] with
minor modi®cations. All procedures were per-
formed at 48C. Eggs or embryos were collected
by centrifugation at 50g for 5 min, washed in a
solution containing 1.5 M dextrose, 10 mM
HEPES pH 7.5, and 0.1 mM EDTA and
centrifugated at 100g for 5 min. The eggs or
embryos were then resuspended in 5 volumes
of complete buffer A [buffer A (10 mM HEPES,
pH 7.5, 10 mM KCl, 0.2 mM EDTA) supplemen-
ted with 0.75 mM spermidine, 0.15 mM sper-
mine, 1 mM EGTA, 1 mM DTT, 0.5 mM PMSF,
100 mg/ml TPCK, 1 mg/ml leupeptin, 1 mg/ml
pepstatin] and kept on ice for 10 min. This
procedure was repeated twice centrifugating at
270g for 5 min each time. The cell suspension
was then homogenized in the same buffer using
a Dounce homogenizer (Pestle A) with 5±15
strokes. The integrity of nuclei was microscopi-
cally assessed following Trypan blue staining.
The lysed cell suspension was ®ltered through a
55 mm plankton net to retain intact cells and
centrifugated at 1,000g for 15 min. The cytosolic
supernatant was supplemented with 0.3
volumes of 80% glycerol, frozen in liquid nitro-
gen, and stored atÿ808C until use. The nuclear
pellet was washed in 5 volumes of complete
buffer A and then centrifugated at 17,000g
for 10 min. The pellet was then extracted for
30±60 min under constant agitation in 1 volume
of high salt complete buffer C [buffer C (20 mM
HEPES, pH 7.5, 420 mM KCl, 25% glycerol,
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0.2 mM EDTA) supplemented with 0.75 mM
spermidine, 0.15 mM spermine, 1 mM EGTA,
1 mM DTT, 0.5 mM PMSF, 100 mg/ml TPCK,
1 mg/ml leupeptin, 1 mg/ml pepstatin]. Following
centrifugation at 19,000g for 15 min, the super-
natant containing the nuclear extract was
separated and then rapidly frozen in liquid
nitrogen and stored at ÿ808C until use.

Nucleosome Reconstitution

Labeled DNA fragments of about 150 bp
containing either the sequence ÿ161 to ÿ10
from the rat osteocalcin (OC) gene promoter
orÿ163 toÿ10 from the sea urchin early histone
gene promoter [Medina et al., 2001], were
generated by PCR using speci®c primers, one
of which had been previously end-labeled with
polynucleotide kinase (New England Biolabs,
Beverly, MA) and [g-32P]ATP (New England
Nuclear, Boston, MA). The labeled fragments
were puri®ed using G-50 Quick Spin Columns
(Boehringer Mannheim, Indianapolis, IN) and
then reconstituted into nucleosomes by the
histone octamer transfer method or mock
reconstituted (negative control) as previously
described [Gutierrez et al., 2000]. Successful
nucleosome reconstitution was veri®ed by ana-
lyzing reconstituted samples by electrophoresis
in native polyacrylamide gels and autoradio-
graphy. In addition, the cleavage pattern
generated by incubation of these mononucleo-
somes with DNase I, micrococcal nuclease and
speci®c restriction enzymes was determined.
Speci®c primers used in the PCR reactions:
for the OC promoter, PR1-pOC3.4B (50-CCTT-
CGCCCCGGCAGC-30) and PR2-pOC3.4B (50-
CTGTTCTGCAATACCTTTTATATCC-30). For
the early histone H3 promoter, PR1-
pp1TnH3 (50-CACTCTCTGCTTTGA-GATCC-
30) and PR2-pp1TnH3 (50-CAAATGCGGTGCG-
TATTTAT-30).

Nucleosome Remodeling Analysis

Nucleosome remodeling was analyzed either
by testing changes in the DNase I digestion
pattern or by evaluating increases in the
restriction enzyme accessibility. For the DNase
I analyses, reactions were performed in a 40 ml
total volume containing 10 mg of nuclear extract
and 40 fmol of labeled reconstituted mono-
nucleosomes in the buffer 12 mM HEPES
pH� 7.5, 60 mM KCl, 7 mM MgCl2, 2 mM
DTT, 13% glycerol, 80 mg/ml BSA, and 60 mM
EDTA. Following incubation for 40 min at 308C,

the reaction mix was supplemented with 1 mM
CaCl2 and digestions with DNase I (Worthing-
ton, Freehold, NJ) (0.02 U for mock reconsti-
tuted DNA and 0.2 U for the nucleosomal DNA)
were performed for 2 min at room temperature
(188C). The digestions were stopped by addition
of a solution containing 92% ethanol, 7 mg/ml
tRNA, and 0.7 M ammonium acetate. The DNA
fragments were fractionated on a 6% sequen-
cing gel and detected by autoradiography. For
the restriction enzyme accessibility assays,
reactions were performed in a 20 ml total volume
of buffer (12 mM HEPES pH� 7.5, 60 mM KCl,
7 mM MgCl2, 2 mM DTT, 13% glycerol, 80 mg/ml
BSA, 60 mM EDTA), containing 10 mg of protein
extract and 5 fmol of labeled reconstituted
mononucleosomes. The protein extracts were
depleted of ATP by gel ®ltration using G-25
columns (Boehringer Mannheim). Following
40 min of incubation at 308C, the reaction
mix was supplemented with 3 mM MgCl2 and
20 mg/ml BSA, and then digested with 10 U of
Hha I during 30 min at 308C. Reactions were
stopped by addition of 20 mM EDTA, 0.5% SDS,
and 50 mg/ml of Proteinase K and then digested
for 60 min at 378C. After phenol extraction and
ethanol precipitation, the samples were ana-
lyzed by electrophoresis on a 5% polyacrylamide
gel (29:1) and visualized by autoradiography.

Western Blot Analysis

Protein extracts were electrophoresed in a
7.5% SDS±PAGE gel and blotted onto a nitro-
cellulose membrane (BIO-RAD, Hercules, CA).
Immunodetection was performed using a
1:1,000 or 1:2,000 dilution of either anti human
BRG1 or anti ISWI primary rabbit antisera,
respectively (kindly donated by Dr. Anthony
Imbalzano, University of Massachusetts Medi-
cal School and by Dr. Patrick Varga-Weisz,
Marie Curie Research Institute, UK), and by
using the Renaissance Chemiluminescence
Plus reagent (NEN Life Science, Boston, MA).

RESULTS

Nucleosome Remodeling Activity is Found in
the Cytoplasmic Fraction of Unfertilized

Sea Urchin Eggs

Following fertilization, the sea urchin sperm
nucleus decondenses and transforms into the
male pronucleus, which later fuses with the
female pronucleus to re-establish the diploid
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genome of the embryo. To gain insight into
the molecular mechanisms operating during
sea urchin male pronuclei formation, we inves-
tigated whether sea urchin eggs contained chro-
matin-remodeling activity. We evaluated the
presence of this activity in either cytosolic or
nuclear protein fractions and determined their
requirement for ATP hydrolysis to function.

As a source of chromatin for the remodeling
assays, we reconstituted DNA segments of
about 150 bp into histone H1-free mononucleo-
somes by the histone octamer transfer method
as described in materials and methods. Succe-
ssful and ef®cient nucleosomal reconstitution
was veri®ed analyzing samples by electrophor-
esis in native polyacrylamide gels as well as
by assessing resistance to digestion enzymes
or micrococcal nuclease digestion. As shown in
Figure 1, our reconstitutions showed a high
degree of packaging (above 75%) and resistance
to cleavage by the restriction endonuclease
Hha I (Fig. 1A). Similarly, the reconstituted

mononucleosomes were micrococcal nuclease-
resistant as compared with the mock-reconsti-
tuted DNA fragments, which resulted comple-
tely digested at signi®cantly lower enzyme
concentrations (Fig. 1B, compare lanes 4 and 8).

We next evaluated nucleosome remodeling
activity by analyzing if proteins present in
either partially puri®ed cytoplasmic or nuclear
fractions could alter the periodic cutting pat-
tern every 10 bp, characteristic of nucleosomal
DNA cleaved with DNase I [Cote et al., 1994;
Imbalzano et al., 1994; Kwon et al., 1994;
Wang et al., 1996]. It was found that protein
fractions isolated from the cytoplasm of sea
urchin eggs contained nucleosome remodeling
activity (Fig. 2A). Moreover, this activity was
found to be ATP-dependent as it was not
detected in the absence of ATP (Fig. 2A, com-
pare lanes 1 and 2).

Interestingly, we did not ®nd nucleosome
remodeling activity when the nuclear extracts
from unfertilized sea urchin eggs were tested

Fig. 1. Reconstitution of the nucleosomal particles. End-
labeled DNA segments containing sequences ÿ163 to ÿ10
from the sea urchin early histone H3 gene promoter (A) and
ÿ161 to ÿ10 from the rat osteocalcin (OC) gene promoter (B)
were reconstituted as mononucleosomes by the histone octamer
transfer method as described [Gutierrez et al., 2000]. Successful
nucleosomal reconstitution was then evaluated by assessing
resistance of the particles to nuclease digestion. A: Resistance to
Hha I cleavage for 30 min at 308C. Lane 1: Reconstituted
nucleosome alone; lane 2: mock-reconstituted DNA cleaved

with Hha I; lane 3: reconstituted nucleosome cleaved with Hha
I. The position of the labeled cleavage product (92 bp), the
nucleosome (N), and the free DNA (F) is marked at the right side
of the gel. B: Incubation with increasing concentrations of
micrococcal nuclease (MNase) for 5 min at 378C. Lanes 1±4:
Mock reconstituted DNA segments, and lanes 5±8: reconsti-
tuted mononucleosomes. The position of the nucleosome (N)
and the free DNA (F) is marked at the right side of the gel. The
asterik (*) marks the presence of a non-speci®c labeled product
generated during the PCR ampli®cation.
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(Fig. 2B). The addition of an excess of ATP or
further puri®cation of these nuclear extracts
did not change this result (data not shown).

To further con®rm the presence of chromatin-
remodeling activity in the cytoplasm of sea
urchin eggs, we evaluated whether incubation
of reconstituted nucleosomes with this extract
resulted also in accessibility to restriction
enzymes. As shown in Figure 2C, we found
signi®cantly higher cleavage with Hha I only
in the mononucleosomes pre-incubated with
cytosolic extract and ATP (Fig. 2C, lane 5).
Thus, because the cutting sequence for Hha I
is localized internal into the nucleosome core
particle (92 bp from the 50-end and 62 bp from
the 30end of the 154 bp DNA segment), it
requires a previous ATP-dependent remodeling
step to become accessible for cleavage.

Taken together, our ®ndings indicate that
unfertilized sea urchin eggs contain an ATP-
dependent chromatin-remodeling activity loca-
lized primarily in the cytoplasm of the egg. In
contrast, the nuclear fraction is devoid of signi-
®cant levels of this activity.

Cytoplasm of Sea Urchin Embryos at Early
Stages of Development Does not Contain

Chromatin-Remodeling Activity

We investigated whether the chromatin-
remodeling activity detected in the cytoplasm
of sea urchin eggs could still be found following
fertilization, throughout the initial stages of
embryogenesis.

After fertilization in vitro, sea urchin
embryos were cultured until they reached
either the 32- or the 128-cell stage. The emb-
ryos were then harvested, cytosolic protein
extracts prepared, and the presence of nucleo-
some remodeling activity tested. As shown
in Figure 3, we did not ®nd chromatin-remode-
ling activity in the cytoplasm of embryos at
the 32- or 128-cell stage. Addition of an excess
of ATP did not change this result (data not
shown).

Hence, these results indicate that in contrast
to unfertilized eggs, sea urchin embryos at early
stages of development do not contain nucleo-
some remodeling activity in the cytoplasm.

Fig. 2. The cytoplasm of sea urchin eggs contains an ATP-
dependent nucleosome remodeling activity. The presence of
nucleosome remodeling activity in the cytosolic (CE) or nuclear
(NE) extracts of sea urchin eggs was assessed as described in
materials and methods. A: Cytosolic extracts (10 mg) were
incubated with end-labeled mononucleosomes in the presence
(lane 2) or absence (lane 1) of ATP (also marked at the top of the
gel). The samples were then digested with DNase I and the
cleavage products analyzed in a sequencing gel and autoradio-
graphy. Lane 4: Mock-reconstituted DNA (M) digested with

DNase I. The arrowheads at the right of the gel, mark the
subbands that represent the loss of DNase I periodic cutting
every 10 bp. B: Nuclear extracts (10 mg) assayed for nucleosome
remodeling activity as described in A. C: Following incubation
with cytosolic extracts (10 mg), the nucleosomes were digested
with Hha I as described in materials and methods. Then, the
puri®ed DNA samples were fractionated by electrophoresis on a
5% polyacrylamide gel, dried, and visualized by autoradiogra-
phy. The components added to each of the samples are
summarized at top of the gel.
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ISWI is Located Primarily in the Cytoplasm
of Sea Urchin Eggs

Most chromatin-remodeling complexes iden-
ti®ed are classi®ed as those containing homo-
logues of the yeast SWI2/SNF2 ATPase subunit,
including BRG1 and BRM complexes [Tamkun
et al., 1992; Imbalzano et al., 1994; Kwon et al.,
1994; Wang et al., 1996] and those containing
homologues of the Drosophila ISWI, including
NURF, CHRAC, and ACF complexes [Tsu-
kiyama et al., 1995; Ito et al., 1997; Varga-
Weisz et al., 1997].

To determine whether BRG1 or ISWI homo-
logues were present in the nuclear or cytosolic
fractions of sea urchin eggs, we performed
western blot analyses using speci®c polyclonal
antibodies directed against the mammalian
isoforms of these nucleosome remodeling fac-
tors. As shown in Figure 4A, we found that a
130 kDa sea urchin ISWI homologue was
enriched in the cytosolic fraction of sea urchin
eggs, although signi®cantly lower concentra-

tions were also detected in the nuclear fraction.
We neither detected a BRG1-related (Fig. 4B)
nor a BRM-related (data not shown) subunit
within the cytosolic or nuclear fractions of sea
urchin eggs.

It was also found that the concentration of the
ISWI-related protein in the cytoplasm was
decreased following fertilization (Fig. 4C), espe-
cially after the 4-cell stage of embryogenesis
(Fig. 4C, compare lanes 2 and 3). Interestingly,
this ISWI homologue remained in the nucleus
during early embryogenesis (Fig. 4D), suggest-
ing the presence of nuclear chromatin-remode-
ling activity containing ISWI as catalytic
subunit. The preferential nuclear localization
of ISWI correlates with the increase in tran-
scriptional activity observed during sea urchin
development [Lee et al., 1999; Medina et al.,
2001].

Taken together, these results indicate that
in sea urchin eggs, the chromatin-remodeling
activity localized in the cytoplasm might con-
tain an ISWI-related protein, but not BRG1, as a
catalytic subunit. Our ®ndings also suggest that
following fertilization, and correlating with the
enhancement in transcriptional activity during
sea urchin development, the ISWI subunit is
preferentially localized in the nucleus.

DISCUSSION

Sea urchin sperm chromatin is a tightly
packaged structure formed by the interaction
of sperm-speci®c histone proteins with the DNA
within the sperm nucleus [Ausio, 1995]. Follow-
ing fertilization the sperm chromatin is remo-
deled in a process that involves the removal of
sperm basic nuclear proteins and their replace-
ment by histone proteins of maternal origin
[Poccia, 1986]. Here, we have investigated the
presence of chromatin-remodeling activities
that might be facilitating the removal of the
sperm-speci®c proteins and their subsequent
replacement process.

We determined that an ATP-dependent chro-
matin-remodeling activity is present in the
cytoplasm but not in the nucleus, of unfertilized
eggs from the sea urchin T. niger. Moreover,
using speci®c polyclonal antibodies that recog-
nize the mammalian ISWI ATPase, we deter-
mined that an ISWI-related sea urchin protein
is present in signi®cantly higher concentrations
in the cytoplasm of unfertilized eggs. Surpris-
ingly, we did not ®nd BRG1 homologues in the

Fig. 3. The cytoplasm of sea urchin embryos does not contain
nucleosome remodeling activity. Cytosolic protein extracts (CE)
(10 mg) isolated from sea urchin embryos at the 32 (A) and 128
(B) cell stages of development, were analyzed for nucleosome
remodeling activity as described in materials and methods. For
both gels, lane 1: nucleosome�CE; lane 2: nucleosome -
�CE�ATP (4 mM); lane 3: nucleosome alone; lane 4: mock-
reconstituted DNA (M) digested with DNase I.
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Fig. 4. An ISWI-related protein is localized in the cytoplasm of
sea urchin eggs. The presence of ISWI and BRG1 homologues in
the protein extracts isolated from sea urchin eggs and embryos
was assessed by Western blot using polyclonal antobodies
raised against the mammalian isoforms of these chromatin-
remodeling factors as described in materials and methods. A: 15
mg of nuclear (NE) or cytosolic (CE) extracts were loaded and
revealed with the anti ISWI antiserum. B: 20 mg of nuclear
extract from the rat-derived ROS 17/2.8 cell line (lane 1) used as
a control and 35 mg of sea urchin egg CE (lane 2) or NE (lane 3)
were loaded and revealed with the anti BRG1 antiserum. C: CE
(20 mg) obtained from sea urchin eggs (lane 1) or embryos at the

4-cell (lane 2), 32-cell (lane 3), 128-cell (lane 4), and prisma
larvae (lane 5) stages (marked also at the top of the gel) were
loaded and revealed with the anti ISWI antiserum. D: NE (20 mg)
obtained from sea urchin eggs (lane 1) or embryos at the 4-cell
(lane 2), 32-cell (lane 3), 128-cell (lane 4), and prisma larvae
(lane 5) stages (marked also at the top of the gel) were loaded
and revealed with the anti ISWI antiserum. In all the gels, the
position of either the 130 kDa band representing the ISWI
homologue or the 200 kDa band corresponding to BRG1, is
marked at the left. Also, the position of the molecular size
markers is marked at the right of the gels.
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cytosolic or nuclear protein fractions of these
eggs, suggesting that the nucleosome remodel-
ing activity detected in the cytoplasm may
contain an ISWI-related subunit as a catalytic
component.

This chromatin-remodeling activity was not
detected in the cytoplasm from sea urchin
embryos during early stages of development.
Similarly, we found that during embryogenesis,
the cytosolic concentration of the ISWI-related
protein was signi®cantly decreased and its
nuclear localization increased, suggesting that
following fertilization ISWI-containing chroma-
tin-remodeling activity localize predominantly
in the nuclei. Interestingly, this result corre-
lates with the increased transcriptional activity
found in these embryos. We have reported
that in T. niger, the mRNA levels for the early
histone genes which are one of the most abun-
dantly transcribed genes following fertilization
[Lee et al., 1999], are increased at the 32-cell
stage [Medina et al., 2001].

Multiple ISWI- and BRG1-containing chro-
matin-remodeling complexes have been also
recently identi®ed in X. laevis [Gelius et al.,
1999; Guschin et al., 2000]. Interestingly, it was
found that cytoplasmic extracts from X. laevis
eggs contain a chromatin-remodeling activity
that includes ISWI as a catalytic subunit. This
remodeling activity promotes the incorporation
of proteins involved in pronuclei formation
to transplanted somatic nuclei in an energy-
dependent manner [Kikyo et al., 2000].
Although the authors do not establish a speci®c
link between the presence of this activity and
the male pronuclei remodeling process, its
localization in the cytoplasm of this unfertilized
X. laevis eggs, suggest a function unrelated to
transcription.

It has been found that following fertilization,
sea urchin sperm chromatin-associated pro-
teins are degraded by proteolytic activities pre-
sent in the unfertilized egg. This degradation is
required for male pronuclei formation and
subsequent amphimixis [Cameron and Poccia,
1994; Imschenetzky et al., 1997; Imschenetzky
et al., 1999]. However, it has not been estab-
lished whether this degradation takes place
while the proteins remain associated to the
sperm chromatin or after they are released from
it. One attractive possibility is that the tightly
packaged sperm chromatin may be remodeled
as a result of the sequential activity of ATP-
dependent chromatin-remodeling complexes

and chaperones such as nucleoplasmin [Phil-
pott et al., 2000], N1, and N2 [Leno et al., 1996]
facilitating then the subsequent degradation
of the chromatin-associated proteins. Experi-
ments to test this mechanism are in progress.
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