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FUNCTIONS REFERENCES

An enzyme that catalyzes the trasfer of
ADP-rybose from NAD+ to proteins
causing their inactivation.
Acetylcholinesterase, in vertebrates, has a
main role in the modulation of
neuromuscular impulse transmission. In
invertebrates pseudo cholinesterases are
pre-eminently represented.

(Esposito et al.,
2020)

(Cunha et al., 2005)

This gene encodes for heme-thiolate (Goldstone et al.,
monooxygenase enzymes, which are 2006; Albarano et al.,
involved in stress response 2021)

Member of oxidoreductase family that (Esposito et al.,

plays a kay role in the reaction of 2020)
hydroxypiruvate formation starting from

D-glycerate.

This enzyme is expressed in the intestine  (Cunha et al., 2005)

tissue and it is involved in the response of
environmental stresses

Activation of PARP causes the release of
AIF, mitochondrial oxidoreductase that
induces apoptosis

(Esposito et al.,
2020)

Protein that restricts and terminates
inflammatory responses through the
modulation of the ubiquitination status of
central components in NF-xB, IRF3 and
apoptosis signaling cascades

A family of proteins that are produced (Marrone et al.,
by cellsin response to exposure to 2012)

stressful conditions. They were first

described in relation to heat shock, but are

now known to also be expressed during

other stresses including exposure to cold,

UV light and during wound healing or

tissue remodeling; many members of this

group perform chaperone function by

stabilizing new proteins to ensure correct

folding or by helping to refold proteins that

were damaged by the cell stress.

(Vereecke et al.,
2011)
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A large group of enzymes that
all methylate their substrates but can be
split into several subclasses based on their
structural features; these enzymatic
reactions are found in many pathways and
are implicated in genetic diseases, cancer,
and metabolic diseases.

An enzyme that plays an essential role in
the metabolism of nitrogen by catalyzing
the condensation
of glutamate and ammonia to

form glutamine; the glutamine produced is
an essential precursor for purine and
pyrimidine synthesis, a modulator of
protein turnover or an intermediate for
gluconeogenesis and acid-base balance

A protein found in
the mitochondria of eukaryotic cells; it
works as part of the electron transport
chain and is the main subunit of trans
membrane cytochrome
bcl and b6f complexes.

A family of conserved
regulatory molecules that are expressed in
all eukaryotic cells; they bind a multitude
of functionally diverse signaling proteins,
including kinases, phosphatases,

and transmembrane receptors.

Protease enzymes playing essential roles
in programmed cell death
and inflammation; they are named
caspases due to their specific cysteine
protease activity.

A protein complex that controls
transcription of DNA, cytokine production
and cell survival; it is found in almost all
animal cell types and is involved in
cellular responses to stimuli such as stress,
cytokines, free radicals, heavy metals,
ultraviolet irradiation, oxidized LDL, and
bacterial or viral antigens.

(Marrone et al.,
2012)

(Marrone et al.,
2012)

(Marrone et al.,
2012)

(Marrone et al.,
2012)

(Romano et al.,
2011; Ruocco et al.,
2016)

(Russo et al.,
2014a)
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Tumor suppressors; they bind to DNA and
regulate gene expression to prevent
mutations of the genome.

A subunit of a heterodimeric transcription
factor hypoxia-inducible factor 1 (HIF-1)
that is encoded by the HIF1A gene; it is
considered as the master transcriptional
regulator of cellular and developmental
response to hypoxia.

These proteins direct spicules growth in
certain orientations and inhibit growth in
others.

Promote the oral-aboral ectoderm
specification in the sea urchin embryo.

adhesion
in Ca**-

Families of cellular
molecules involved
independent cellular adhesion.

Encodes for the Transforming growth
factor beta (TGF-B) promoting the
interaction of ectodermal cells and the
growth of skeleton in sea urchin embryos.

Two small acidic proteins involved in the
formation of the biomineralized skeleton
of sea urchin embryos and adults.

Transcription factor required for the
progression through the G1 phase of
the cell cycle.

Initiates the specification of the sea urchin
posterior ectoderm.

(Varrella et al.,
2016)

(Varrella et al.,
2016)

(Marrone et al.,
2012)

(Marrone et al.,
2012)

(Marrone et al.,
2012)

(Marrone et al.,
2012)

(Costaetal., 2012)

(Russo et al.,
2014b)

(Varrella et al.,
2014)
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Activates endoderm in the sea urchin gene
regulatory network.

Regulates left-right asymmetry during
cleavage and early blastula stages, acting
on the right side of the embryo.

Members of the Tcf/Lef family
responsible for the specification of cell
fates along the sea urchin animal-vegetal
axis, by interacting with -catenin.

Members of the Forkhead transcription
factors involved in the regulation of
embryonic  development, cell fate
specification, cell differentiation, and
morphogenesis.

Zinc finger transcription factor expressed
in the presumptive ciliary band at the
mesenchyme blastula stage.

Transcription factor expressed in the early
gastrula stage giving rise to the future
ciliary band regions and later in the
definitive ciliary band of the sea urchin
pluteus, including the apical organ.

The major intracellular mediator of the
highly conserved TGF  beta/BMP
signaling pathway implicated in many
other different signaling pathways
including TNF and interleukin as well as
JNK and p38 activities.

VEGF/VEGFR signaling between
ectoderm and the primary mesenchyme
cells (PMCs) plays a key role in the
positioning and differentiation of these
migrating cells during gastrulation and in
the morphogenesis of the sea urchin
embryonic skeleton.

Required for cell movements during
embryonic development, especially for
invagination of the archenteron.

(Varrella et al.,
2014)

(Ruocco et al.,
2017)

(Ruocco et al.,
2017)

(Ruocco et al.,
2017)

(Ruocco et al.,

2017)

(Ruocco et al.,
2017)

(Ruocco et al.,
2017)

(Ruocco et al.,
2017)

(Ruocco et al.,
2017)



Calcium/calmodulin-
dependent protein
kinase type 1D

Camp-responsive
element

Frizzled7

Goosecoid

Hedgehog

Janus kinase

DETOXIFICATION
Metallothionein
Metallothionein 4
Metallothionein 5
Metallothionein 6
Metallothionein 7
Metallothionein 8
Multi drug resistance
protein 1

Catalase

CM-K

CREB

FZ-7

GOOS

HH

JAK

MT

MT4
MT5
MT6
MT7
MT8

MDR1
CAT

Supplementary Material

Calcium-binding protein that is present in
eggs and involved in the control of nuclear
envelope breakdown (NEB) during mitotic
division

Transcription factor that binds certain
DNA sequences, named cAMP response
elements (CRE), increasing or decreasing
the expression of target genes

Binding to Wnt6, this receptor is
responsible  for initiating p-catenin
nuclearisation in macromeres at the 5th
cleavage, which is necessary for endoderm
specification

Trascription factor able to induce the
expression of two genes, FOXA and Bra ,
involved in stomodeal formation. It

also inhibits the ciliary band formation
and the dorsal genes

expression.

Protein expressed downstream to
Brachyury and FoxA in the
endomesoderm gene regulatory network
during gastrulation that participates to the
mesoderm organization

Transcription factor that, binding to the
STATTI, plays a kay role in the
developmental processes

Proteins capable of binding to heavy
metals, involved in the transport of heavy
metals and cellular detoxification.

ATP-binding cassette protein.

Catalyzes the decomposition of hydrogen
peroxide to water and oxygen; it is
important in protecting the cell

from oxidative damage by reactive
oxygen species.

(Floyd et al., 1986;
Baitinger et al.,
1990; Albarano et
al., 2021)

(Ingham, 1998;
Albarano et al.,
2021)

(Lhomond et al.,
2012)

(Esposito et al.,
2020)

(Walton et al.,
2009; Albarano et
al., 2021)

(Hou et al., 2002;
Ito et al., 2004)

(Marrone et al.,
2012; Ragusa et al.,
2013)

(Varrella et al.,
2014)
(Varrella et al.,
2014)



Supplementary Table 1. Genes name, acronym, function and reference.

Table Analyzed NH4 RAS vs Ctrl
Paired t test

P value 0,0017

P value summary *x

Significantly different (P <  Yes

0.05)?

Supplementary Table 2. Paired t-test to compare concentration trends of NHa in the control tanks
(open cycle) and experimental tanks (RAS system).

Table Analyzed NO2 RAS vs Ctrl
Paired t test

P value 0,0002

P value summary oAk

Significantly different (P < Yes

0.05)?

Supplementary Table 3. Paired t-test to compare concentration trends of NO2 in the control tanks
(open cycle) and experimental tanks (RAS system).
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Paired t test

P value

P value summary

Significantly different (P <
0.05)?

NO3 RAS vs Ctrl

<0,0001

skskok sk

Yes
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Supplementary Table 4. Paired t-test to compare concentration trends of NO3 in the control tanks

(open cycle) and experimental tanks (RAS system).

Table Analyzed

Paired t test

P value

P value summary

Significantly different (P <
0.05)?

PO4 RAS vs Ctrl

0,0566

ns

No

Supplementary Table 5. Paired t-test to compare concentration trends of PO4 in the control tanks

(open cycle) and experimental tanks (RAS system).

Table Analyzed

Paired t test

T RAS vs Ctrl




P value <0,0001

P value summary kK

Significantly different (P <  Yes
0.05)?

Supplementary Table 6. Paired t-test to compare concentration trends of Temperature in the control
tanks (open cycle) and experimental tanks (RAS system).

Table Analyzed pH RAS vs Ctrl
Paired t test

P value <0,0001

P value summary oAk
Significantly different (P < Yes

0.05)?

Supplementary Table 7. Paired t-test to compare concentration trends of pH in the control tanks
(open cycle) and experimental tanks (RAS system).

Table Analyzed 02 RAS vs Ctrl
Paired t test

P value <0,0001

P value summary stk ko




Significantly different (P <
0.05)?

Yes
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Supplementary Table 8. Paired t-test to compare concentration trends of O2 in the control tanks

(open cycle) and experimental tanks (RAS system).

Table Analyzed

Paired t test

P value

P value summary

Significantly different (P <
0.05)?

Salinity RAS vs
Ctrl

<0,0001

skskok sk

Yes

Supplementary Table 9. Paired t-test to compare concentration trends of Salinity in the control

tanks (open cycle) and experimental tanks (RAS system).

Table Analyzed

Unpaired t test

P value

P value summary

Significantly different (P <
0.05)?

Mortality

0,0099

k3

Yes
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Supplementary Table 10. Unaired t-test to compare Mortality in the control tanks (open cycle) and
experimental tanks (RAS system).

A

Table Analyzed Delayed larvae

Unpaired t test

P value 0,0133

P value summary *

Significantly different (P < 0.05)? Yes

B

Table Analyzed Normal Plutea

Unpaired t test

P value 0,0133

P value summary *

Significantly different (P < 0.05)? Yes

Supplementary Table 11. A) Unaired t-test to compare results of larval development and
abnormalities produced at 48 hpf in the fertilization tests from reproducers coming from the control
tanks (open cycle) and experimental tanks (RAS system). As delayed larvae we considered all the
embryos arrested at the blastula and gastrula stage and the prisms; B) Unaired t-test to compare results
of normal larvae produced at 48 hpf in the fertilization tests from reproducers coming from the control
tanks (open cycle) and experimental tanks (RAS system).
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Table Analyzed Gonadosomatic index
Unpaired t test

P value 0,6852

P value summary ns

Significantly different (P < 0.05)? No

Supplementary Table 12. Unaired t-test to compare Gonadosomatic index from animals reared in
the control tanks (open cycle) and experimental tanks (RAS system).
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