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Abstract

Ozone depletion results in an increased flux of biologically damaging radiations reaching the earth. Although ultraviolet (UV)
penetration is attenuated by the seawater, harmful effects can be still observed at low depths where sea urchin embryos are living.
We have used Paracentrotus lividus embryos to study the impacts of UV radiation on their development. Blastula cultures were
exposed to different doses of UVB (312 nm) radiations and the resulting endpoint effects were evaluated in terms of embryonic mor-
phological abnormalities, variations in specific gene expression, and changes in the levels of stress proteins. We found that embryos
were moderately sensitive to 50 J/m2 UVB radiation; an increase in the number of developmentally delayed and malformed embryos
was detected when increasing doses, up to 1000 J/m2, were used. Major developmental defects, observed 24 and 48 h after exposure,
consisted in the failure of skeleton elongation and patterning. Accordingly, we found a reduction in the number of primary mesen-
chyme cells that expressed Pl-SM30, a gene coding for one of the specific matrix proteins of the skeleton. The morphological effects
observed 1, 24, and 48 h after exposure were correlated with a dose-dependent increase in the level and in the activation of two rec-
ognized stress markers, namely hsp70 and p38 MAPk, respectively, consistent with their role in mediating cellular response to stress
and suggesting a function in embryo survival.
� 2005 Elsevier Inc. All rights reserved.

Keywords: Development; Skeletogenesis; SM30; hsp70; p38MAPk
One of the major concerns among physical impacts
on the marine environment relates to ultraviolet rays
trespassing the atmosphere. Indeed, accumulating evi-
dence indicates that the ozone layer surrounding our
globe is deteriorating, resulting in an increased flux of
biologically damaging UVB radiation (280–320 nm)
reaching the earth. The deleterious effects of solar UV
radiation on aquatic ecosystems have been known since
1925, while in recent times it has been established that
dangerous UVB radiation can penetrate, dependent on
the optical properties of the water column, up to 20 m
of depth [1,2]. As a result, UVB radiation may damage
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those marine organisms that live most part of their
embryonic and larval lives in shallow waters, and per-
haps it contributes to mass mortalities that lead to
stocks� decline. One of the putative targets are sea urchin
embryos, planktonic larvae especially prone to UVB
radiation because of their small size, rapid rates of rep-
lication and morphogenesis, and lack of specialized pro-
tective tissues. Recently, sea urchin embryos have been
proposed as a suitable model system for eco-toxicologi-
cal and environmental studies aimed to the determina-
tion of the effects of chemical pollutants in the field or
in laboratory experiments [3–8]. However, in most of
the studies the investigated endpoint was the frequency
of abnormalities; rarely focusing on early events occur-
ring after the environmental insult, involving at first
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the expression of target genes. Attention to this aspect is
particularly relevant for a growing embryo where the
proper execution of a developmental program requires
well-orchestrated molecular and cellular processes, as
well as the correct activity of many different gene prod-
ucts. Among genes involved in the sea urchin embryo
developmental program, SM30 is coding for one of the
specific matrix proteins synthesized by the primary mes-
enchyme cells (PMCs) [9], the only cells in the embryo
that are essential for the set up of a simple, although
well-characterized, skeleton [10,11]. A number of labo-
ratories, including ours, have shown that SM30 expres-
sion, while it contributes to the elongation of the
growing tips of the embryonic skeleton [12,13], is depen-
dent on environmental and cellular cues [14–16].

The great number of potentially dangerous environ-
mental pollutants dispersed in the sea has called for ra-
pid and sensitive biochemical tests that could reflect
their hazardous biological effects. Generally, stress pro-
teins have been recognized as one of the primary defence
mechanisms that are activated by the occurrence of
denatured proteins. Among these, hsp70 has been taken
as a valid tool for the assessment of the health state of a
cell. In fact, from lower organisms to human, its synthe-
sis is rapidly up-regulated by a great number of meta-
bolic insults and environmental stressors, including
temperature, glucose deprivation, infections, and even
cancer [17]. In marine invertebrates hsp70 expression
has been taken as an indicator of exposure to pollutants
[7,8,18–23], indicating a correlation between high con-
tamination and hsp70 protein levels. Similarly, compel-
ling evidence comes from many laboratories
investigating on the activation of the p38 mitogen-acti-
vated protein kinase (p38MAPk) induced by various
stress stimuli in many systems [24]. In the sea urchin,
the activation of p38MAPk, induced by hyperosmotic
deciliation of swimming blastulae, has been demon-
strated for the first time [25], indicating that the
p38MAPk signalling cascade is a common conserved
pathway of sensing stress, widespread in the animal
kingdom.

In this study, we investigated the putative malfunc-
tions, at the morphological, molecular, and biochemical
levels, in sea urchin embryos exposed in laboratory
experiments to different doses of UVB radiation, with
the aim of simulating embryonic vulnerability occurring
in natural seawaters in real life. We found that sea urch-
in embryos exposed to UVB undergo a severe impair-
ment of morphogenesis, with particular respect to
skeleton elongation and patterning, which we showed
to be dependent on an equivalent strong reduction in
the expression of Pl-SM30. The effects observed were
dose-dependent and partially reversible after two days.
In addition, we showed an increase in the hsp70 protein
levels and in the activation of the p38MAPk in UVB ex-
posed embryos. These results confirm the importance of
hsp70 and p38MAPk as markers of cell stress and sug-
gest a role for them as protective agents in the acquisi-
tion of tolerance and resistance to apoptosis.
Materials and methods

Embryo cultures. Sea urchin adults of the species Paracentrotus

lividus were collected in the North-Western coast of Sicily and used to
obtain gametes. After fertilization, embryos were reared at 16–18 �C in
Millipore-filtered seawater in the presence of antibiotics (30 mg/L
penicillin and 50 mg/L streptomycin sulfate) at the dilution of 4000/ml
in glass beakers, with gentle stirring.

UVB irradiation and morphological analysis. Embryos were har-
vested at the mesenchyme blastula stage, dispensed in 90 mm Petri
dishes (20 ml), and irradiated with a 312 nm UVB lamp (Labortechnik,
model VL-6.M.) placed at a distance of 6 cm. UVB doses used were:
50, 200, 300, 400, 500, and 1000 J/m2. After irradiation embryos were
cultured at 16–18 �C in the dark, to prevent the activity of DNA
repairing enzymes. Morphological analyses were performed according
to the procedure previously reported [26]. Briefly, about 100 embryos
in 100 ll were fixed in 0.1% formaldehyde (f.c.) to prevent swimming
and pipetted into chamber slides. Embryos were observed using an
inverted microscope (Zeiss Axioscop 2 plus) and images were recorded
by a digital camera. To determine the significant effects of UVB
exposure, univariate analyses on the percentage of normal or mal-
formed embryos found per each experimental point were performed by
ANOVA.

Whole-mount in-situ hybridization. Whole-mount in situ hybrid-
izations were performed as previously described [16]. Briefly, all pre-
hybridization and hybridization steps were carried out in 96-well
microtiter plates, using 30–40 embryos per well. Fixed embryos were
re-hydrated, digested with 10 lg/ml ProteinaseK (Roche) for 20 min
at 37 �C, and hybridized to 20 ng/ml single strand sense or anti-sense
Pl-SM30 DNA probes [16], overnight at 65 �C. After washings, em-
bryos were mounted on glass slides and observed using a Zeiss Axio-
scop 2 plus inverted microscope; images were recorded by a digital
camera. Hybridizations with sense probe showed no specific signal
above background.

SDS–PAGE and Western blot. After irradiation embryos were
harvested at different time intervals, centrifuged at 1200 rpm for 5 min,
and the pellets were lysed at 4 �C in a buffer containing: 20 mM Tris–
HCl, 2 mM EDTA, 1% NP-40, 15% glycerol, and 2 mM DTT, sup-
plemented with a cocktail of protease inhibitors: 2 lg/ll antipain and
leupeptin; 1 lg/ll aprotinin and pepstatin, 1 mM benzamidine, and
0.1 mM PMSF. Lysates were centrifuged at 12,000 rpm for 10 min, at
4 �C; supernatants were collected, dialyzed against 50 mM Tris, pH
7.5, and total protein concentrations were determined by the Lowry
method [27]. Amounts of proteins corresponding to 20 lg were
lyophilized by speed vacuum centrifugation, re-suspended in the Lae-
mmli SDS–PAGE buffer [28], and denatured at 100 �C for 5 min.
Proteins were then separated by 7.5% SDS–PAGE minigels. High and
low molecular weight range markers (Bio-Rad) were used. After
electrophoresis proteins were transferred to nitrocellulose membranes
(Amersham) as reported [29]; blocking with nonfat dried milk in
20 mM Tris, pH 7.6, 137 mM NaCl, and 0.1% Tween 20 (TBS-T). An
anti-bovine brain 70 kDa heat shock protein mouse monoclonal
antibody (hsp70 McAb) (SIGMAChemical Company, H-5147) and an
anti-phospho-p38MAPkinase (Thr180/Tyr182) rabbit polyclonal
antibody (Cell Signalling, 9211) were diluted 1:4000 in TBS-T and
1:1000 in 3%BSA-TBS-T, respectively. Second antibodies used were an
anti-mouse peroxidase-conjugated (Amersham–Pharmacia, NA931)
and an anti-rabbit peroxidase-conjugated (Cell Signalling, 7074), di-
luted 1:18000 and 1:2000, respectively, in TBS-T. Proteins were de-
tected by chemiluminescence (Supersignal West Pico, PIERCE)
according to manufacturer�s instructions. Films were scanned and
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band intensities were quantified by the ChemiDoc system (Bio-Rad)
equipped with the software Quantity One, version 4.2.1.
Results

Dose-dependent damaging effects of UVB radiation in sea

urchin development

In the present study, we investigated the effects of UV
radiation on P. lividus embryo development and mor-
phogenesis. In preliminary experiments, in order to de-
fine the UVB range of embryo sensitivity, doses lower
than 50 J/m2 were used and no morphological effects
were observed, even if observation was performed after
66 h (not shown). Conversely, embryos exposed to doses
higher than 1000 J/m2 showed severe difficulties in
Fig. 1. Perturbation of embryo development correlates with the
increase in UVB exposure. Histogram shows the percentage of normal
(black bars) and malformed (hatched bars) embryos, exposed to the
indicated UVB radiation at the mesenchyme blastula stage, cultured in
the dark for 24 h, and microscopically inspected. Each bar represents
the mean value ± SD of three independent experiments.

Fig. 2. Different developmental defects in embryos exposed to increasing UV
the three major categories: (a) delayed; (b) gut defects; and (c) skeleton defec
mentioned categories, exposed to: (d) 300 J/m2; (e) 500 J/m2; and (f) 10
representative images for each category. Control embryos (A,G). Bar = 50 l
continuing development after the blastula stage, became
necrotic and eventually died (not shown). Then, we
investigated the ability of mesenchyme blastula stage
embryos to carry on normal development until the plu-
teus stage after exposures to 50, 300, 500 or 1000 J/m2.
Results of three independent experiments in which 100
embryos were scored for the presence of malformations
24 h after exposure are shown in Fig. 1. A significant ef-
fect (P < 0.001) on the percentage of normal embryos
scored was found, i.e., the number of delayed and mal-
formed embryos, expressed as one category, increased
with the increase in UVB dose used. In particular, at
300 J/m2 the number of embryos with severe malforma-
tions was about a 2-fold higher than those having the
same developmental patterns as controls. At 500 J/m2

the number of embryos which were not able to develop
correctly was near to the total number of exposed em-
bryos. At 1000 J/m2 virtually no embryos were able to
develop into well-shaped early plutei. In order to iden-
tify which embryonic structures (germ layers, territories)
were specifically affected by UVB, embryos were classi-
fied under morphological categories on the basis of the
developmental defects observed. Figs. 2A–L show differ-
ent developmental patterns recorded in one representa-
tive experiment where embryos were scored at 42 h of
development. Observed defects fell into three major cat-
egories, defined by perturbed morphologies with respect
to controls. The first group consisted of embryos show-
ing an overall delay in development with no aberrant
morphologies; as a result, a typical pattern of normal
late gastrulae was observed (Figs. 2B and H) when same
age controls were found at the pluteus stage (Figs. 2A
and G). The second group was composed of embryos
which, in addition to a delayed development, showed
gut defects; i.e., they failed to elongate an archenteron
B radiation. Embryos, observed 24 h after exposure, were classified into
ts. Numbers refer to the percentage of embryos belonging to the above
00 J/m2. Bright field (A–F) and interference contrast (G–L) most
m.
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as it would be expected for late gastrula stage embryos.
However, PMCs ingressed into the blastocoel at the
right time and positioned at the appropriate sites; tri-ra-
diate spicule rudiments raised in the correct positions at
the two ventro-lateral sides of the embryo and spicules
began to elongate (Figs. 2C,D and I,J). The third group
was composed of embryos with major skeleton defects;
most of them showed the beginning of archenteron
invagination, but no initiation of the triradiate spicule
rudiments was observed (Figs. 2E and K). In extreme
cases, represented by a small proportion of embryos, a
reasonably good differentiation of the gut, denoted by
its partial constriction at the sphintere site, was found;
but again no spicule rudiments were visible (Figs. 2F
and L). The increase in UVB exposure paralleled a cor-
respondent increase in the number of embryos with very
aberrant morphologies. Quantitative data, expressed as
percentage of the specified morphologically-defective
categories observed at a given UVB dose (Fig. 2), indi-
cate that embryos with skeleton defects were first de-
tected at doses as low as 300 J/m2 indicating the
skeleton as a target structure damaged by UVB
exposure.

We next asked whether the perturbations observed in
endoderm and mesoderm derivatives would be perma-
nently found at later stages or if a recovery of the devel-
opmental program could be detected. We found that the
typical aberrant morphologies were maintained after
66 h of development; UVB exposed embryos were par-
tially inhibited in the differentiation of their endoderm
derivatives, as the three parts of the digestive apparatus
failed to be properly organized (not shown). In addition,
a moderate inhibition of skeleton development was ob-
served in embryos showing a failure either in proper
elongation or correct patterning of skeletal rods. As a
consequence, UVB exposed embryos had poorly or
asymmetrical developed arms (not shown). However,
as reported in Table 1, which summarizes results ob-
tained in six different experiments, a partial recovery
of embryo development was found, indicating the ability
able 1
bnormalities in sea urchin embryos exposed to UVB radiationa

0 J/m2 50 J/m2 300 J/m2 500 J/m2 1000 J/m2

M 91.6 68.6 75.1 62.4 53.1
SE 2.4 3.9 6.3 13.8 15.7

M 0.7 1.1 5.5 6.4 24.7
SE 0.5 0.6 2.8 2.8 6.8

M 7.6 14.7 19.3 31.0 21.8
SE 2.5 3.7 3.9 11.0 11.8

a Numbers refer to the percentage of 100 embryos, scored after 66 h
f development, having the following morphologies: N, normal; G, gut
efects; and S, skeleton defects. M, mean value; SE, standard error.
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of embryos to overcome the dangerous UVB effect ob-
served after 24 h.

Expression of a skeleton specific gene is reduced in

embryos exposed to UVB

At the beginning of gastrulation PMCs, a subset of
epithelial cells at the vegetal plate, elongate, lose connec-
tions with their neighboring cells, and move into the
blastocoel. Later, they will become localized in two clus-
ters within the prospective ventrolateral region of the
blastocoel. Here PMCs fuse into syncytial cables, which
will form the axis of the calcium carbonate spicules of
the larval skeleton. Occluded within the spicule is a
number of specific extracellular matrix proteins which
are important for biomineralization [30] and whose dif-
ferential expression has been extensively studied in nor-
mal and perturbed embryos [12,15,16]. To determine if
UVB could affect the expression of skeleton-specific
genes, we analyzed the expression of Pl-SM30, a gene
coding for a spicule matrix protein and known to be ac-
tive during the spicule elongation phase of skeletogene-
sis [12,13]. As shown in Fig. 3, which illustrates one of
the in situ hybridization experiments performed on
whole mount embryos, a significant reduction
(P < 0.001) in the number of Pl-SM30 expressing cells
is found in response to an increase in the UVB dose
used. Specifically, about 30 positive cells were found in
control embryos harvested 42 h after fertilization (Figs.
3A and B), in agreement with our previous study [16]; on
the contrary, virtually no Pl-SM30-positive cells were
found in embryos exposed to the highest dose (1000 J/
m2) (Figs. 3K and L). Quantitative information, ex-
pressed as the number of Pl-SM30-positive cells scored
in 30–40 embryos per each experimental point (see Figs.
3C–J), is reported in Fig. 3M. This is consistent with the
observed skeleton defective embryos found in the mor-
phological analysis (see Fig. 2). However, a partial
recovery of gene expression and subsequent rescue of
skeleton development in embryos cultured for longer
periods (66 h, see Table 1) is very likely.

Sea urchin embryos respond to UVB exposure by

increasing the hsp70 protein levels and activating the

p38MAPk

Since the exposure of embryos to UVB radiation re-
sulted in developmental delays and in severe morphoge-
netic abnormalities, it was interesting to measure the
putative expression of recognized stress markers. To
the best of our knowledge, no studies on the up-regula-
tion of the constitutive and/or inducible hsp70 levels in
sea urchin embryos exposed to UVB have been reported
so far. To obtain some information on this issue, we
analyzed embryos collected 1, 24, and 48 h after UVB
exposure for their hsp70 expression by immunoblotting



Fig. 3. Effects of UVB exposure on Pl-SM30gene expression. Whole mount in situ hybridization of control (A,B) and 50 J/m2 (C,D), 200 J/m2 (E,F),
300 J/m2 (G,H), 400 J/m2 (I,J), and 1000 J/m2 (K,L) UVB exposed embryos. Bar = 50 lm. Histogram shows the number of Pl-SM30 expressing
PMCs, reported as a mean value ± SD of two independent experiments (M).
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on total cell lysates (Fig. 4). We found that embryos are
able to promote hsp70 expression as early as 1 h after
irradiation, with an apparent increase in the protein lev-
els over control values which was measured as 2.8- and
3.8-fold for 300 or 500 J/m2 exposures and 1000 J/m2,
respectively. A dose-dependent increase in hsp70 levels
was found also in embryos collected after 24 h. Interest-
ingly, 48 h after irradiation, exposed embryos continued
to show high hsp70 levels at the higher doses tested (500
and 1000 J/m2), but show no obvious increase over con-
trol values for the lower doses (50 and 300 J/m2). It
should be recalled here that commercially available
McAbs to hsp70 used, previously shown to cross-react
Fig. 4. Increase of hsp70 expression in UVB irradiated sea urchin embryos. W
UVB, collected 1, 24, and 48 h after irradiation, and reacted with anti-hsp70
each experimental point relative to unexposed control samples (B).
with other marine invertebrate cells [21,31], recognize
both constitutive and inducible protein forms, known
to be both up-regulated by other stresses [8].

In many organisms, in response to a variety of stres-
ses, including ultraviolet radiation, the activation of the
p38MAPk takes place by the phosphorylation of both
threonine and tyrosine residues. To establish whether
sea urchin embryos activate a p38MAPk signalling cas-
cade in response to UVB, we performed Western blot
analysis on exposed embryos using an antibody which
specifically recognizes only the (Thr180/Tyr182) phos-
phorylated p38MAPk (Fig. 5). We found a dose depen-
dent increase in the activation of the p38MAPk in
estern blot of total lysates from embryos exposed to different doses of
(A). Histogram shows the quantification, expressed as fold increase for



Fig. 5. Sea urchin embryos respond to UVB radiation by the activation of the p38MAPk. Western blot analysis of total lysates from embryos
exposed to different doses of UVB, 1 and 24 h after irradiation, and reacted with anti-phospho-p38MAPk (Thr180-Tyr182) (A). The histogram shows
results obtained by densitometric scannings of the filters, band intensities are reported in arbitrary units (B).

R. Bonaventura et al. / Biochemical and Biophysical Research Communications 328 (2005) 150–157 155
embryos analyzed 1 h after irradiation. The levels of
phosphorylated p38MAPk remained especially high,
when compared to control values, in embryos exposed
to 500 and 1000 J/m2 observed after 24 h. Western blots,
performed in parallel on the same samples using an anti-
body which reacts specifically with the non-phosphory-
lated, non-activated form of p38MAPk, showed a
band of the same intensity in any of the samples exam-
ined (not shown), indicating that p38MAPk protein lev-
els were not changed upon UVB exposure.
Discussion

In the present study, we analyzed the effects of UVB
radiation, artificially produced in the laboratory, on the
development of the sea urchin embryo P. lividus. In
addition, we examined the correlation between the aber-
rant morphologies produced and the induction of spe-
cific responses at the biochemical and molecular levels.
We demonstrated, for the first time in this Mediterra-
nean species, that development is seriously impaired
when embryos are exposed to UVB at the blastula stage:
gastrulation is inhibited or delayed; and skeletogenesis
has an abnormal pattern of development or is com-
pletely blocked. We found that the severity of malfor-
mations is dependent on the UVB dose used and it is
partially reversible in the long periods. Our results are
in agreement with those reported on the effects of
UVB radiation on larvae and early juveniles of Strongy-
locentrotus intermedius [32], which suggest that repro-
duction of sea urchins might be greatly affected by
sunlight in shallow water. Using UVC radiation on the
Japanese sea urchin Hemicentrotus pulcherrimus, earlier
reports described a biphasic inhibition of gastrulation
[33] and a complete inhibition of pluteus larva forma-
tion [34]. However, although UVC has the highest en-
ergy among ultraviolet radiation, UVB is believed to
be the most dangerous radiation since, through photo-
chemical absorption, it causes damage to molecules of
biological significance [2,35]. The above-mentioned
studies paid attention to the toxic effects on develop-
ment and only in one case correlated morphological
abnormalities to the formation and repair of thymine di-
mers, without any consideration to changes in the
expression of specific developmentally significant genes.
In this report, we addressed this issue by measuring the
expression of Pl-SM30, a gene coding for one of the spe-
cific matrix proteins of the sea urchin embryo skeleton.
We found that Pl-SM30 expression is inhibited, in a
dose-dependent manner, in embryos exposed to UVB,
consistent with the observed reduction in skeleton elon-
gation. In addition, we investigated the levels of hsp70,
one of the proteins known to be up-regulated by a wide
range of environmental stressors in many animal model
systems, including human [36,37]. Originally discovered
as a protein induced by heat treatment, its over-expres-
sion has been fully documented in the sea urchin embryo
in response to a variety of different stimuli [38].
Recently, we demonstrated its increased synthesis in em-
bryos continuously cultured in the presence of sub-lethal
cadmium chloride concentrations, a treatment which
also caused severe impairment of skeleton development
[7]. It was later shown that also nickel and lead induced
hsp70 up-regulation, eliciting different levels of the
inducible or constitutive forms, according to the metal
used [8]. In the present study, we demonstrated for the
first time in the sea urchin embryo that the induction
of hsp70 expression is triggered by UVB. This is in
agreement with studies on hsps involvement in the cellu-
lar response to UV radiation [39]. Interestingly, it has
been recently reported that hsp70 expression increased
resistance to UVB of various cell lines [40], in accor-
dance with emerging evidence claiming for a hsps role
in resistance to apoptosis [41], defence mechanisms,
and immunity [17]. Similarly, it has been recently shown
that exposure of Strongylocentrotus droebachiensis em-
bryos to UVB (290–320 nm) causes an increase in the
protein content of the transcriptional activators p53
and p21, and a concomitant significantly lower protein
concentration of the cell cycle downstream activator
cdc2, which leads to apoptosis [42]. On the other hand,
we have previously shown that 20% of early pluteus
cells undergo apoptosis under physiological conditions
[43], thus confirming the presence of a functional apop-
totic machinery. Therefore, on the basis of previous
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observations and present results we propose that one
way the embryos have to cope with dangerous UVB
radiation is to elevate the levels of hsp70 as protection
to apoptosis.

Last, we present the first evidence that sea urchin em-
bryos elevate the levels of the phosphorylated, activated
form, of the p38MAPk in response to UVB. Our results
are in agreement with what is known for keratinocytes
where the activation of the p38MAPk has been proven
to be protective against acute damaging effects caused
by UVB [44].

In general, stress signalling triggered by acute UVB
results in either cell cycle arrest or apoptosis. In the first
case, affected cells have the time to repair the damaged
genome before progressing through DNA replication
and cell division [44]. This possibility could account
for the delay in the developmental program observed
in a certain proportion of UVB exposed sea urchin em-
bryos described in this paper. Alternatively, severely
damaged cells in the embryos might be eliminated by
programmed cell death, as previously shown [42]. Inter-
estingly, p53 has a role in both promotion of apoptosis
and enhancement of DNA repair. Similarly, the
p38MAPk, known to phosphorylate p53, thus increas-
ing its stability and activity, has been reported to pre-
vent [45] or induce [46] apoptosis of keratinocytes in
response to UVB. As a consequence, we can assume that
the UVB-mediated activation of the p38MAPk and the
balance in its many downstream activated targets will
determine whether sea urchin embryos exposed to
UVB undergo to apoptosis or become stress resistant
and survive. Since we detected persistently high hsp70
levels 24 h after UVB exposure at low doses (50 and
300 J/m2), in contrast with a decline in the p38MAPk
activation found after the same period of time, we can
suppose that hsp70 is located downstream on a hypo-
thetical linear cascade in the p38 signal transduction
pathway, as suggested by other authors in cells over-ex-
pressing hsp70 in response to cadmium [47]. The fact
that embryos exposed to low UVB doses (50, 300 J/
m2) showed low, if any, hsp70 protein levels and acti-
vated p38MAPk, after 48 or 24 h, respectively, can be
explained either by a negative feedback on the
p38MAPk itself or by the inactivation of any of the
components of the UVB activated MAP kinase cascade.
Further studies are needed to determine the precise role
of each of the factors involved in the UVB stress acti-
vated pathways in the sea urchin embryogenesis.

In conclusion, we propose that increased hsp70 levels
as well as p38MAPk activation might provide an adap-
tive cellular response of UVB exposed embryos and in-
crease the probability of their survival. Finally, hsp70
and p38MAPk detection, together with that of UVB in-
duced genes, could be used as a useful molecular bio-
marker to identify sunlight dangerous effects occurring
in marine organisms living in shallow waters.
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