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ABSTRACT

Over the past 10 years, different immunostimulants have been tested in more than
18 fish species including: Carp, Yellow croaker, Turbot, Atlantic salmon and
Seabream, amongst others. The compounds tested are varied including bacterial
components, polysaccharides, animal, plant and algae extract, nutritional factors,
and even hormones and cytokines and some synthetics such as Levamisole.
However even although a lot of interest and studies have been carried out,
commercially available immunostimulant diets mainly contain B-glucans. The
majority of the studies reported are based upon cellular response assays such as
phagocyte activity and ROS and simple blood measurements such as total serum
IgM content. All studies have shown positive results, but little is known about the
underlying molecular response to dietary administration of immunostimulants. In
order to evaluate the transcriptomic response in gills we analyzed and evaluated
gene expression profiles associated with exposure to immunostimulant diets over

time, using both a molecular and cellular approach.

Experimentally, 360 healthy Gilthead Seabream (Sparus aurata) of average body
weight of 38+7.3 g were separated in 27 tanks and fed with two Skretting
immunostimulant diets (Diet A and Diet B) and a control diet (Diet C). Each diet
were fed at a feeding rate of 3% of body weight twice daily for 28 days with a period
of 14 days of pre-acclimation. Gills samples were taken at 2, 7, 14 and 28 days post
diet. All samples were divided for microarray analysis (specific Sparus aurata 44K
microarray, Agilent custom design) and in situ hybridization (ISH) analysis. A diet
dependent and a loop analysis were carried out, with control diet as a reference
point. Microarray results shown a differential expression of genes associated to
immunological processes such as inflammation, T and B cell response amongst
others but the intensity and magnitude of the modulation of these responses was
not high. ISH analysis showed localization of immunological transcripts in a specific

cellular type in the primary lamellae of gilthead seabream gills.



1. INTRODUCTION

1.1 FISH IMMUNE RESPONSE: A BRIEF OVERVIEW.

The host's ability to discriminate self from non-self mounting an appropriate
response to a potentially harmful antigen is the key feature of the immune system.
In this aspect, the majority of multicellular organisms are able to maintain their
integrity through innate immune system based on phagocytosis, complement and
secretion of soluble antimicrobial molecules, being a nonspecific and quick-
response mechanism to not depend on the specific surface structures recognition.
This is possible by the presence of cells involved in innate immune responses as
epithelial cells (Press et al, 1994), macrophages (Frgystad et al., 1998), dendritic
cells (DC) (Granja et al., 2015), and nonspecific cytotoxic cells (Press et al., 1994).
One of the key components of the innate immune system corresponds to the
physical barrier. The fish scales, mucosal surfaces of the skin, gills and skin act as
first barrier against infection (Shepard, 1994). In this ambit, the mucus plays a
fundamental role in the defense against the pathogen, as well as its efficient capture
of the pathogen contains key immune components such as lectins, pentraxins,
lysozyme, complement proteins, peptides and antibacterial IgM (Alexander and

Ingram, 1992; Fast et al., 2002).

One of the central activation pathways of innate immune response is the recognition
of pathogen-associated molecular patterns (PAMPs) and pattern recognition
receptors (PRR), in which the interaction between them leads to induce the immune
response (Kopp and Medzhitov, 2003). The identification and characterization of
TLR, including TLR1 (Yniv Palti et al,, 2010), TLR3 (Rodriguez et al.,, 2005), TLR5
(Tsoi et al,, 2006), TLR7 (Y Palti et al., 2010), TLR8 (Skjeeveland et al., 2009) and the
presence of conserved signal cascades (Purcell et al., 2007) lead to the presumption

of a conservative function in fish in regard to higher vertebrates.

Based on previous reports both in comparative genomics and cell biology studies, it
is possible to indicate that fish possess a specific immune response of both cellular

and humoral type. Accordingly, most primary and secondary lymphoid organs



present in higher organisms are also found in fish, except lymph nodes and bone
marrow (Press, 1999). Thus, the head kidney is the main immune organ that
performs functions as haematopoiesis (Abdel-Aziz et al., 2010; Kondera, 2011),
phagocytosis (Dannevig, 1994), antigen presentation (Kaattari and Irwin, 1985) and
immunoglobulins production (Meloni and Scapigliati, 2000), among others. In
addition, it has been assigned a function as endocrine gland to release

corticosteroids (Leblond et al.,, 2001).

Teleost fish have been designated as the first group of animals in the phylogeny in
which the antibody production has been reported (Andersson et al, 1995;
Magnadottir et al., 2005), suggesting that teleosts are the first to develop specific
immunity (Secombes et al, 1983). In general, it was thought that the
immunoglobulin repertoire was limited to only IgM in tetrameric form and an
approximate size of 800 kDa (Castillo Sanchez et al., 1993; Hordvik et al., 1999).
However, in the last years has shown the existence of other isotypes in the
immunoglobulin heavy chain such as IgD (Hordvik, 2002), which shows a high
relationship with mammalian IgD (Hordvik et al., 1999); and IgT/IgZ (Hansen et al,,
2005; Zhang et al, 2011), the specialized immunoglobulin at mucosal level and

proposed as the homologous IgA described in mammals (Zhang et al., 2010).

The master antibody-producing cells are B lymphocytes, also responsible of the
antigen presentation and activation of T cells. In higher organisms has been shown
that B cells are not able to carry out phagocytosis (Aderem and Underhill, 1999;
Vidard et al, 1996) but is performed by professional phagocytes cells such as
monocytes, macrophages and polymorphonuclear cells (Rabinovitch, 1995).
However, it has been shown that B cells have phagocytic and microbicidal capacity
(Li et al,, 2006), indicating that fish immune system might have some outstanding

features regarding higher organisms.

To date, the reports support the antigen processing and presentation by MHC class I
and MHC class II in fish. The expression of MHC class I in lymphocytes, macrophages
and neutrophils (Dijkstra et al., 2003), CD8 (Moore et al, 2005), and tapasin

glycoprotein involved in the stabilization and control of peptide molecule loaded



(Jorgensen et al.,, 2007) suggests that antigen presentation in the context MHCI is
performed. On the other hand, the antigen presentation in the context of MHC class
Il is carried out by antigen presenting cells (APC) and whose main objective is the
activation of CD4+ T lymphocytes. Illiev et al. (Iliev et al., 2010) reported that salmon
leukocytes secrete vesicles containing MHCII and the exosomes containing these
molecules are released by APC. Also, the existence of two CD4 (CD4-1, CD4-2) in fish
has been documented (Laing et al, 2006; Moore et al, 2009). The peptides
associated with MHC molecules in the plasma membrane form the MHC-peptide
complex which is recognized by the T cell receptor (TCR), whose alpha chain has
been reported in fish in terms of structure and organization (Hordvik et al., 2004).
The MHC-TCR complex is stabilized by CD4/8 and CD3, which is one of the
responsible of the intracellular communication mediated TCR leading to subsequent
cell activation. Different subunits of CD3 have also been described in fish: CD3(,
CD3y$¢, and CD3¢, and whose expression has been found more abundantly expressed

in the thymus (Liu et al., 2008).

In summary, the antecedents indicate that fish possess innate and specific immune
response and these mechanisms probably have similar characteristics to those

described in mammals.

1.1.1 MOST FREQUENTLY EVALUATED IMMUNOLOGICAL PARAMETERS IN FISH

FED WITH SUPPLEMENTED DIETS FROM THE IMMUNE RESPONSE PERSPECTIVE.

The immunostimulant effect of dietary supplements in fish has been focused mainly
on the evaluation of non-specific immune parameters and, therefore, on the
consequences of these treatment on the innate immune system. The innate immune
system has both cellular and humoral components by which it carries out its
protective function. The major components of the innate immune system at cellular
level are leucocytes, mainly monocytes, macrophages and granulocytes
(Magnadottir, 2006; Secombes and Fletcher, 1992). Among granulocytes,
neutrophils are the most abundant cell-type and its presence has been described in
Salmoniformes, Cypriniformes and Perciformes (Flerova and Balabanova, 2013).

Neutrophils and macrophages are the responsible to produce bioactive molecules



responsible of pathogen recognition and destruction, cellular communication and
activation, initiation of an adaptive immune response and later, resolution of an
inflammatory response and tissue repair. Thus, these cell types are the responsible
at cellular level of phagocytosis (Silva and Correia-Neves, 2012), one of the main
mediators of innate immunity to pathogens such as bacteria, viruses, and parasites.
For this reason, these immune cell types are also called phagocytes. This
microbe/Killing mechanism triggers rich antimicrobial processes that use a wide
variety of mechanisms such as cellular activation, production of oxidative radicals,
and the production of other mediators of the inflammatory response (cytokines),

among others.

Two of the most important antimicrobial systems of phagocytic cells are the NADPH
phagocyte oxidase and inducible nitric oxide synthase (iNOS) pathways, which are
responsible for the generation of superoxide (0;~) and nitric oxide (NO) radicals,
respectively. NADPH oxidase, a multi-subunit complex capable of one-electron
reduction of molecular oxygen into superoxide anion (02), also referred to as
reactive oxygen species ROS, which is spontaneously converted to H,0, and
enzymatically by superoxide dismutase (SOD). Compared to neutrophils, the size of
the respiratory burst is much reduced in macrophages (Iles and Forman, 2002).
Since 0O, is the first product to be released from the respiratory burst, the
measurement of 0.~ has been accepted as a direct and accurate way of measuring
respiratory burst activity (Secombes and Olivier, 1997): the reduction of
ferricytochrome c to determine extracellular O;-, and the reduction of the nitroblue
tetrazolium (NBT) redox dye to determine intracellular O, (Diigenci et al., 2003).
On the other hand, inducible nitric oxide synthase (iNOS) is the main responsible of
the nitrogen oxide (NO) and its derivatives, which are collectively known as reactive

nitrogen species (RNS)

Other antimicrobial molecule produce by phagocytes is nitric oxide (NO), also called
reactive nitrogen species (RNS). Unlike to ROS, macrophages generally produce
considerably more RNS than neutrophils (Nathan and Shiloh, 2000). iNOS is

activated by interferon-gamma (IFN-y) or by tumor necrosis factor (TNF) (Green et



al, 1993). Also, NO has been demonstrated to activate NF-kB in peripheral blood
mononuclear cells, an important transcription factor in iNOS gene expression in
response to inflammation (Kaibori et al, 1999). The ROS and RNS antibacterial

activity has been widely discussed (Fang, 2004).

Although less studied, myeloperoxidase (MPO) is a lysosomal protein stored in
azurophilic granules also involved in antimicrobial mechanisms and is also
produced by phagocytes, most abundantly expressed in neutrophils although is also
present in circulating mammal monocytes but is lost as these mature into
macrophages (Locksley et al., 1987). It possess antimicrobial activity via hypohalous
acids action (Klebanoff, 2005) and is released to the extracellular space during

degranulation (Spitznagel et al., 1983).

Among the immune cell parameters, red blood cells (RBC) count is one parameter
frequently used to evaluate possible undesired collateral effect provoked by
immunostimulant administered as dietary supplemented fed. However, RBC has
cited special attention in the last years. It has been reported the participation of
erythrocytes by the expression of immune-related genes in rainbow trout (Morera

etal, 2011).

In addition to the cellular response, humoral elements also participate in the innate
immune response including lysozyme or complement system (Magnaddttir, 2006;
Secombes and Fletcher, 1992). IgM is the most common immunoglobulin in serum
and mucus and the key player in systemic immune responses (Parra et al., 2015)
and, for this reason, the total immunoglobulin and total protein level (an indirect
antibody level measurement) are frequents among the immune parameters
evaluated in fed with immunostimulant supplemented diets. IgM also participates in
the opsonization of pathogens, facilitating their phagocytosis. In this ambit, the
complement is a vital component of innate immunity and represents one of the
major effectors mechanisms of the innate immune system (Dunkelberger and Song,
2010). It begins with the identification of pathogenic surfaces and lead to the
generation of potent proinflammatory mediators (anaphylatoxins), opsonization

(coating) of the pathogenic surface through various complement opsonins (such as



C3b), and targeted lysis of the pathogenic surface through the assembly of
membrane-penetrating pores known as the membrane attack complex (MAC). The
complement system can be activated through three major pathways: classical
(antigen:antibody immune complexes), lectin (PAMP recognition by lectins), and
alternative pathway (spontaneous hydrolysis/pathogenic surfaces) (Dunkelberger

and Song, 2010).

Various lytic enzymes, acting either singly or in a cascade, are also important in the
defense against pathogens. Without any doubt, lysozyme is one of the most analyzed
lytic enzyme to evaluate the improvement of the innate immunity by the
immunostimulant dietary supplements. Lysozyme is bactericidal, hydrolyzing (-
[1,4] linked glycoside bonds of both Gram positive and negative bacterial cell wall
peptidoglycans resulting in lysis (Magnadottir, 2006). As the innate components

described above, it is also present in the fish mucosa (Parra et al.,, 2015).

Finally, at gene expression level the expression of mainly pro-inflammatory (IL-1,
IL-6, TNF-a) and anti-inflammatory or immunosuppressive (IL-10, TGF-f) cytokines
have been evaluated in fish fed with immunostimulant supplemented diets. Thus,
the limited available information of the gene expression modulation does not allow
to understand the possible pathways and immunological functions stimulated by the

administration of $-glucan supplemented feed in a global context.

1.1.2 FISH MUCOSAL IMMUNITY AS TARGET OF IMMUNOSTIMULANT DIETS.

As it has been describe above, one of the main goal of the immunostimulant diets is
to confer resistant to pathogens potentiating the immune system. Thus, the studies
have focused in the immune response at systemic level. However, one key point in
the mechanism of fish resistance against pathogens is primary centered in the
portals of entry, i.e., the surfaces that are in contact with the external environment:
gills, nose, gastrointestinal tract, and skin. The non-self stimuli will be recognized at
first in these mucosal tissues and as consequence will produce local alterations that

may also produce messenger substances (hormones, cytokines, peptides) that will
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activate the overall physiological response (Parra et al, 2015) promoting the

immune response at systemic level.

As immunological sites, the mucosal tissues are capable to mount a robust immune
response against pathogens (Gomez et al, 2013; Salinas et al, 2011). In teleosts,
four mucosal-associated lymphoid tissues (MALT), responsible of the immune
response at mucosal site have been described: nose-associated lymphoid tissue
(NALT), skin-associated lymphoid tissue (SALT), gill-associated lymphoid tissue
(GIALT), and gut-associated lymphoid tissue (GALT) (Salinas, 2015). These
lymphoid tissues have four main characteristics: (1) the lack of organized lymphoid
structures, such as lymphoid nodes or germinal centers, that lead to a disperse
location of leukocytes; (2) the presence of secretory Igs in the mucus, which are
transported into the lumen through a polymeric Ig receptor (pIgR); (3) the presence
of a specialized mucosal immunoglobulin class, I1gT/Z; and 4) the presence of

commensal bacteria, some of them coated by Igs (Parra et al., 2015).

Regarding dietary supplemented immunostimulants in fish, few studies in carp
(Falco et al, 2014, 2012; Pionnier et al, 2014) have evaluated the [-glucan
supplemented diet effect on MALT, specifically in GALT.

At immunological level, GALT has as resident cells granulocytes, macrophages,
lymphocytes, and plasma cells (lamina propria leukocytes, LPLs), and T and B cells
among epithelial cells (intraepithelial lymphocytes, IELs). These immune cells
together with epithelial cells, goblet cells, and neuroendocrine cells produce and

regulate gut immune responses (Parra et al,, 2015).

Taking in account that the main portals of entry, and therefore the first fish
immunological barrier, are SALT and GIALT it exists the urgency in generate
knowledge that allow to understand the real influence of the immunosupplement
diets in fish. The skin is the largest mucosal tissue in teleost. The presences of
mucus-secreting cells in the epidermis of fish confer to teleost skin as mucosal
tissue. The innate immune response is represented by lysozyme, complement

components, lectins, and proteolytic enzymes (Nigam et al., 2012), while secreted
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IgM and IgT have also been detected (Maki et al., 2003; Xu et al., 2013). On the other
hand, GIALT takes special relevance due its continuous exposition to a high number
of pathogens and antigens as an aquatic organism. Lymphocyte cell aggregation in
the interbrachial lymphoid tissue (ILT) (Haugarvoll et al.,, 2008) mainly T cells and
some scattered B cells (Koppang et al.,, 2010) are present.

Thus, in the future will be possible to choose specific immunostimulants
administered as dietary supplements depending of the nature and MALT target as
portal of entry to each specific pathogen, immunopotentiating MALT-specific effect
according to the necessities that fish at mucosal level demand to enhance the

immune response.

1.2 IMMUNOSTIMULANTS DIETARY SUPPLEMENTS IN TELEOST: A REVIEW.

Aquaculture sector has showed a rapid growth in the last 30 years with also a
dramatic increase of disease problems in fish farms as result of the rapid expansion
and high stocking density. In order to maintain fish health and to improve fish
performance, the aquaculture has used immunostimulants as dietary additives in
fish farms to improve weight gain, feed efficiency, and/or disease resistance in

cultured fish.

An immunostimulant is a natural or chemical substance that stimulates the immune
system by specific (vaccines or antigens) or non-specific (irrespective of antigenic
specificity) route. In Aquaculture, the non-specific immunostimulants have been
widely used, probably due to the limited knowledge of the immune response in fish.
In this chapter we will focus on the recent studies on: (1) plant, herbs and algae; (2)
prebiotics and probiotics; and (3) PAMPs, as immunostimulants administered by

diets in fish.

1.2.1 PLANT, HERBS AND ALGAE EXTRACTS AS IMMUNOSTIMULANT DIETARY

SUPPLEMENT IN FISH.

Different efforts have been made in order to evaluate the immunostimulant effect of

algae, herbs and plant extract in different fish species. The immunostimulants
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presented here will be introduced according to the fish Order in which their effect
have been evaluated (Tables I and II). This in order to have a vision of all the
different supplements diets used to date in fish that share common physiological

and genetic characteristics.

1.2.1.1 Anguilliformes. In japanese eel was evaluated the immunostimulant effect of
korean mistletoe, a semi-parasitic woody perennial commonly found growing in
deciduous trees which possess activity as immunoadjuvant, induction of cytokines,
and stimulate the natural killer (NK) cell activity (Hajto 1986; Kuttan et al. 1992;
Mannel et al. 1991; Mertzer et al. 1985; Mueller and Anderer 1990), mainly reported
to be derived from lectins (Yoon et al. 1999; Yoon et al. 2003).An increase in
lysozyme and phagocytic activity in doses of 0.1, 0.5 and 1% (Choi et al. 2008), and
in total survival in eels challenged against A. hydrophila was registered, thus
probably could be implicated in potentiating the defense mechanism against

bacterial infections.

1.2.1.2 Cypriniformes. The immunostimulant effect of several Chinese herbs have
been evaluated: Astragalus root (Astragalus radix, AR), a plant that contains
polyssacharides, alkaloid and volatile oil that modulate the functions of the immune
cells including T cells, B cells, NK cells and macrophage (X et al., 2003,Liu 2002);
Ganoderma lucidum (GL), a mushroom whose polysaccharides have been reported
to be effective in modulating immune response inhibiting tumor growth, preventing
oxidate damage and is capable to activate B lymphocytes (Yin et al. 2009; Zhang et
al. 2002)(You and Lin 2002); Angelica root (Angelicae sinensis, AS), whose
polyssacharide possess biological activities such as haematopoiesis,
immunomodulation, antitumor, antioxidant, radioprotection and hypoglycemic
activity (Jin et al., 2012); Herba Epimedii, the aerial parts of species of many
Epimedium species (Berberidaceae) with immunostimulating effects (Kim et al,,
2001); Rehmannia glutinosa (RG) (also known as Di-Huang in China) which belongs
to the family of Scrophulariaceae; and Ficus carica polysaccharide (FCP), obtained
from a plant which belongs to the largest genus of the Moraceae family with anti-

inflammatory, antitumor and antioxidant properties (Baek et al., 2012; Chao et al,,
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2006; Yu et al,, 2006). These herbs showed an increase in plasma lysozyme activity
and leukocyte phagocytic activity in carp (Cyprinus carpio) (Wang et al.,, 2015; Yin et
al,, 2009) and in Chinese sucker (Beaufortia kweichowensis) (Zhang et al. 2009). In
Jian carp (Cyprinus carpio var. Jian) fed with AS the number of NBT-positive cells
(blood), and lysozyme and complement activity (serum) was also registered (Jian
and Wu, 2004). At gene expression level, an up-regulation of IL-13, TNF-a and iNOS
and a down-regulation of IL-10 and TGF-f has been detected in carp (Wang et al,,
2015) while in FCP-fed grass carp (Ctenopharyngodon idella) the up-regulation of
IL-1 and TNF-a with HSP70 down-regulation has been registered (Yang et al., 2015).
An increase in respiratory burst activity but also in phagocytic activity of isolated
blood cells and plasma lysozyme activity was observed when fish were
immunostimulated with AR+GL and vaccinated against A. hydrophila/ A. salmonicida
(Yin et al. 2009). A high survival rate in carp challenged with A. hydrophila in RG-
treated fish (Wang et al., 2015), and high resistance to Flavobacterium columnare in
grass carp fed with FCP (Yang et al,, 2015) was observed, indicating a potential

value of the immune response of these immunostimulants in aquaculture.

The immunostimulant effect of some Indian plants has been also evaluated as
immunostimulant in fish. The Indian medicinal plant Eclipta alba (L.), a herb
belonging to Asteraceae, has been reported anti-inflammatory and anti-microbial
properties (Leal et al, 2000; Wiart et al, 2004). In tilapia, the Eclipta alba
immunostimulant effect an increase of the non-specific humoral (lysozyme,
antiprotease and complement) and cellular response (myeloperoxidase content,
production of reactive oxygen and nitrogen species), with an improved cumulative
mortality against A. hydrophila (Christybapita et al, 2007). A higher protection
against A. hydrophila in Labeo rohita fed with Ocimum sanctum (Tulsi, “Queen of
plants”) has been reported accompanied with an enhanced non-specific immune
(super oxide anion production, lysozyme activity, total protein,immunoglobulin)
and haemato-immune parameters (total RBC/WBC counts, haemoglobin content)
(Das et al., 2013). The effect of azadirachtin, a high-value carotenoid from an Indian
plant (Azadirachta indica) responsible of its antibacterial property (Mistry et al,,

2014), has been evaluated in goldfish (Carassius auratus) registering high Nitroblue
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tetrazolium (NBT) activity, serum lysozyme, erythrocyte and leukocyte counts
(Kumar et al., 2013). The dietary effect of andrographolide, the main medicinal
compound of Andrographis paniculata native to India and Sri Lanka with
antimicrobial, antioxidant, anti-inflammatory, and immunomodulator properties
(Chao et al, 2010; Gao et al., 2009; Levita et al, 2010; Xu et al, 2006) had a
stimulatory effect on non-specific immune parameters in Labeo rohita (Basha et al.,
2013), a similar effect also observed with Rauvolfia tetraphylla supplemented diet
(Yogeshwari et al,, 2015), a plant of the family Apocynaceae distributed in tropical
countries including India. The effect of guava (Psidium guajava L.) leaves,
colloquially known as the “poor man's apple of the tropics” and widely distributed
throughout Asia, including India, have reported anti-microbial and anti-oxidant
activities (Chen and Yen, 2007; Metwally et al,, 2010) has shown not only better
growth and immune parameters in immunostimulated groups, but also changes in
the immune-related genes of Labeo rohita: up-regulation of IL-1f8 and TNF-«, and
down-regulation of IL-10, TGF-B, inducible nitric oxide synthase (iNOS),
cyclooxigenase-2 (COX-2)and transcription nuclear factor-xB (NF-xB) (Giri et al,
2015). Also, a better resistance against A. hydrophila (Basha et al,, 2013; Giri et al,,
2015; Kumar et al., 2013) and Aphanomyces invadans (Yogeshwari et al,, 2015) was

reported.

The evaluation of changes in the modulation of genes associated with the immune
system has not been a routine practice in evaluating the immunostimulant effects in
diets. Moreover, three recent studies have evaluated the gene expression profile in
fish fed with immunostimulant diets making an effort to complement the general
and systemic information provided in these types of studies such as growth, non-
specific humoral and cellular innate immune parameters, and cumulative mortality
against pathogens. Based on the limited existing information, it is interesting the up-
regulation of IL-18 and TNF-a (Giri et al., 2015; Wang et al,, 2015; Yang et al,, 2015)
and the down-regulation of IL-10 and TGF-f (Giri et al., 2015; Wang et al,, 2015) has
been observed, proposing the expression of these genes as potential candidates of

the immune modulation in fish fed with different immunostimulant diets. Further
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studies evaluating the transcriptomic response of fish fed with immunostimulant
diets are needed to confirm this hypothesis.

The algae-derived has centered the attention as potential immunostimulant and in
the last years has been evaluated its effect as immunostimulant in fish diets. In
Atlantic cod (Gadus morhua) has been reported the effect of alginate, a
polyssacharide found in brown algae cell wall composed by M- and G-blocks and
alternating both blocks (Haug et al. 1967), observing an increase in the specific
growth rate (SGR) (Vollstad et al. 2006). However, when the same alginate
treatments were evaluated in Perciformes like spotted wolffish (Anarhichas minor)
the SGR increase only in lower dose (0.01%) (Vollstad et al. 2006) indicating that
the immunostimulant effect may be specie-specific. Another algae-derived evaluated
as immunostimulant in fish is astaxanthin, a high-value carotenoid produced from
microalgae with anti-inflammatory activity, antioxidant benefits, and enhances the
IL-1 and TNF-a release (Guerin et al., 2003; Higuera-Ciapara et al., 2006; Lorenz and
Cysewski, 2000).. In carp fed with astaxanthin-supplementation diet formulation an
increase in red and white blood cells, hemoglobin, haematocrit, and a better survival

curve was also registered against A. hydrophila (Jagruthi et al., 2014).

A traditional medicine herb and one of the most used in both eastern and western
traditions is Mentha piperita (also known as peppermint), a perennial herbs
belonging to the Lamiaceae family with antioxidant, antiviral and antibacterial
properties, among others (McKay and Blumberg, 2006). Although an increase in the
haematological and both mucosal and systemic parameters were reported, a
decrease in the number of lymphocytes was observed in fry Caspian white fish
(Rutilus frisii kutum) fed with peppermint supplemented diets (Adel et al,, 2015).
Another plant used as immunostimulant in fish diets is the stinging nettle (Urtica
dioica), a herbaceous perennial flowering plant native to Europe, Asia, northern
Africa, and western North America with reported immunostimulatory, anti-
inflammatory, antioxidant, antiviral, antibacterial, and antifungal activities (Gil¢in
et al., 2004; Hadizadeh et al., 2009; Uncini Manganelli et al., 2005).Together with the
increase in haematological and immunological parameters, it was noted the plasma

cortisol and glucose decreased with increasing U. dioica in the diet of juveniles and
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adults Victoria Labeo (Labeo victorianus) after challenge with A. hydrophila (Ngugi
et al, 2015). The cortisol and glucose response against the immunostimulant
administration has not been extensively explored. Based on the different changes in
the diet composition over the last years (i.e. vegetal protein source instead animal
protein), the cortisol and glucose measurement to evaluate the effects of dietary
administration of new immunostimulant seems to be important to be analyzed not
only for the effect on the stress response but also for the consequences at systemic
level in the response against pathogens since the tight regulation between
endocrine and immune system (Tort, 2011). New efforts are necessary to evaluate
the dietary immunostimulant administration at the endocrine system and their
implications in the immune-related gene expression and serum immune

parameters.

Coffee is one of the most popular drinks in the world with Coffea arabica (coffee
bean, Rubiaceae family) representing the 75-80 percent of the world's coffee
production. The caffeine has been reported to improve the defense against different
stressors (Lacorte et al., 2013). In carp, coffee bean dietary administration showed
that roasted coffee bean did not improve fish growth and feed utilization but
improve some immune parameters (Abdel-Tawwab et al, 2015). This opens the

possibility of the use of non-conventional immunostimulants in fish diet.

1.2.1.3 Perciformes. The influence of the traditional Chinese medicine has also
tested in Perciformes. The effect of Astragalus root and in combination with Angelica
root was evaluated in large yellow croaker (Pseudosciaena crocea) with a
significantly enhance on respiratory burst activity of phagocytic cells, phagocytosis
and lysozyme activities in plasma (Jian and Wu, 2003). In Cypriniformes, a similar
effect in common carp fed with Astragalus and Ganoderma was reported (Yin et al,
2009). Similar non-specific immune parameters enhanced including superoxide
dismutase (SOD), peroxidase (POD) activity and a reduced mortality following A.
hydrophila challenge were obtained in tilapia (Oreochromis niloticus) supplemented

with a Chinese herbal mixture composed of Astragalus, Angelica, hawthorn, Licorice
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TABLE I: Effect of different plant and algal extracts used as immunostimulant diets in the
immune response in fish.

BW

Administration

Ssp. IS Dosis . Immunological effects Ref
@) (Sampling)

A. japonica 200 Korean 0.10% 14d (14d) lysozyme activity (114d), phagocytic activity (114d) Choi et al.,
mistletoe 2008
(Viscum
album
Coloratum)

0.50% respiratory burst activity (114d), lysozyme activity (114d),
phagocytic activity (114d)

1% respiratory burst activity (114d), lysozyme activity (114d),
phagocytic activity (114d)

C. carpio 62.8 Chinese herb: 1% Astragalus 5 wk Respiratory burst activity (13waf), phagocytic activity of isolated Yin et al.,
Astragalus (1,2,3,4,5waf)  blood cells (13waf,4waf,5waf), plasma lysozyme activity 2009
radix (plant) (12waf,3waf, 4waf)
and 1% Ganoderma Respiratory burst activity (1 1waf), phagocytic activity of isolated
Ganoderma blood cells (12waf,3waf,4waf), plasma lysozyme activity
lucidum (12waf,4waf)

(mushroom)
0.5% phagocytic activity of isolated blood cells (13, 4waf), plasma
Astragalus + lysozyme activity (12waf,3waf)
0.5%
Ganoderma
Vaccinated 1% Astragalus Respiratory burst activity (12waf,5waf, | 3waf), phagocytic activity
againstA. of isolated blood cells (| 3waf,15waf), plasma lysozyme activity
hydrophilalA. (13waf)
salmonicida
1% Ganoderma Respiratory burst activity (| 3waf), phagocytic activity of isolated
blood cells (11waf,5waf, | 2waf,3waf), plasma lysozyme activity
(12waf)
0.5% Respiratory burst activity (15waf), phagocytic activity of isolated
Astragalus + blood cells (1 1waf,5waf, |2waf), plasma lysozyme activity
0.5% (15waf)
Ganoderma

M. asiaticus 58.2 Propolis and  0.10% 5 wk lysozyme activity (14waf,5waf) Zhang et
(RT3 (1,2,3,4,5waf) al., 2009
Epimedii (ratio
of 3:1 (wiw))

0.50% Respiratory burst activity of phagocytic cells (13waf,4waf),
phagocytic activity (t4waf,5waf), lisozyme activity (12waf,4waf)
1.00% phagocytic activity (13waf), lysozyme activity (1 1waf)

G. morhua  0.5-1 high-Malginate 0.01% 59d (every 10th SGR (1) Vollstad et

L (Durvillaea days from day al., 2006
antarctica ) 0 to day 60)

0.06% SGR (1)
0.10% SGR (1)
O. niloticus 0.8 Echinacea 1.0 ppt (begins E12 mo Total leucocytes count (13mo), lymphocytes (13mo), monocytes Aly &
(Echinacea in summer) control diet + 1 (13mo), body gain (13mo), SGR (13mo), sunival rate (13mo,7  Mohamed,
purpurea) mo Echinacea mo) 2010
extract (3mo)
E2 1 mo neutrophil adherence (13mo), Ht (13mo), total leucocytes count
control diet + 2 (13mo), lymphocytes (13mo), monocytes (13mo), body gain
mo Echinacea (13mo), SGR (13mo), survival rate (13mo,7mo)
(3mo)
E3 3 mo neutrophil adherence (13mo), Ht (13mo), neutrophils (13mo),
Echinacea monocytes (13mo), body gain (13mo), SGR (13mo), sunvival rate
(3mo) (13mo,7mo)

Garlic 1.0 ppt (begins G12 mo neutrophils (13mo), monocytes (13mo), body gain (13mo), SGR

in summer) control diet + 1 (13mo), sunival rate (13mo,7mo)

mo garlic
(3mo)
G2 1 mo neutrophil adherence (13mo), neutrophils (13mo), body gain
control diet + 2 (13mo), SGR (13mo), sunival rate (13mo,7mo)
mo garlic
(3mo)

G3 3 month neutrophil adherence (13mo), Ht (13mo), body gain (13mo), SGR
garlic (3mo) (13mo), sunvival rate (13mo,7mo)
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TABLE I: (...continuation)

BW

Administration

Ssp. IS Dosis . Immunological effects Ref
@ (sampling)

O. niloticus 8  crude propolis 1% propolis- 28d (28d) Mean weight (|0d,17d,14d,28d), average daily gain (128d), SGR Azza M.M.
and its ethanolic- (128d), FCR (| 28d), FER (128d), HCV (128d), small Abd-El-
ethanolic- extract lymphocytes (128d), monocytes (128d), neutrophils (|28d), Rhman,
extract serum lysozyme content (128d), serum bactericidal activity 2009

(128d)
1% ethanol Mean weight (128d), average daily gain (128d), SGR (128d), FCR
containing crude (128d), FER (128d), HCV (128d), small lymphocytes (128d),
propolis serum lysozyme content (128d), serum bactericidal activity
(128d)

O. 25y Ecliptaalba 0.01% 3wk (1,2,3waf) serum lysozyme activity (1 1waf,2waf,3waf), serum natural Christybapi

mosambicus 50 aqueous haemolytic complement activity (1 1waf), serum antiprotease taetal.,
extract activity (12waf,3waf), leukocytes myeloperoxidase content 2007

(1 1waf), reactive oxygen species production by peripheral blood
leucocytes (1 1waf,2waf)

0.10% serum lysozyme activity (1 1waf,2waf,3waf), serum natural
haemolytic complement activity (12waf), serum antiprotease
activity (12waf,3waf), leukocytes myeloperoxidase content
(1 1waf), reactive oxygen species production by peripheral blood
leucocytes (1 1waf,2waf), reactive nitrogen species production by
peripheral blood leucocytes (12waf)

1% serum lysozyme activity (1 1waf,2waf,3waf), serum antiprotease

activity (12waf,3waf), leukocytes myeloperoxidase content

(1 1waf), reactive oxygen species production by peripheral blood
leucocytes (1 1waf), reactive nitrogen species production by
peripheral blood leucocytes (12waf)

A. minor O. fry high-Malginate

0.01%

55d (every 10th SGR (1) Vollstad et

(Durvillaea days from day al., 2006
antarctica)) 0 to day 55)
0.06% NSD
0.10% NSD
H. Fish high-Malginate 50-150 ng per ~ 7-9, 20-22, 41- NSD (dry weight in larvae) Skjermo &
hippoglossus larvae (Durvillaea larva/day 43, 85-87d Bergh 2004
antarctica)) (7,20,41,85d)
S. Fish microalgae NS 12-81dph Sunvival (181dph), Number of CFU per fish in gut (| 64dph) Makridis et
senegalensis larvae (Tetraselmis (64dph) al., 2009
chuii’)
microalgae Sunvival (181dph), Number of CFU per fish in gut (| 64dph)
(Chlorella
minutissima)
S. 80 redalgae 1% 4wk (2,3,4wk) NSD Diaz-
senegalensis (Porphyridium Rosales et
cruentum') al., 2008
lyophilized
cells
S. maximus ~ Fish FMI 0.5g FMIwet  2-13dph protein synthesis (113d), protein degradation (113d), efficiency of Conciecao
L. larvae (Ascophyllum  weight (13dph) retention of synthetised protein (] 13d) et al., 2001
nodosum) capsules/I|
O. mykiss 14 Garlic 0.50% 14 days Haematological parameters [RBC (121d), WBC (| 28d), Nya &
(14,21daf) monocytes (114d,28d, |21d), lymphocytes (121d), neutrophils  Austin,
(128d), thrombocytes (121d)], electrolyte indices [Calcium 2011
(114d))], respiratory burst of blood leucocytes (114d,21d,28d),
lysozyme activity (114d,21d)
1.00% Haematological parameters [RBC (t14d), WBC (114d,28d),
monocytes (114d,28d), lymphocytes (121d), neutrophils
(121d,28d)], electrolyte indices [Calcium (114d,21d)], respiratory
burst of blood leucocytes (121d,28d), lysozyme activity (114d,
21d)
O. mykiss 89.2 tetra (Cotinus  0.50% 3wk (3,6,9wk) non-specific immune parameters [extracellular superoxide anion Bilen et al.,
coggyria) production (16wk,9wk), intracellular superoxide anion production 2011
(16wk,9wk), phagocytic activity (16wk, 9wk), lysozyme activity
(16wk,9wk), total protein level (16wk,9wk)]
1.00% non-specific immune parameters [extracellular superoxide anion

production (16wk,9wk), intracellular superoxide anion production
(16wk,9wk), phagocytic activity (16wk,9wk), lysozyme activity
(16wk,9wk), total protein level (16wk,9wk)]

TABLE I: (...continuation)
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BW Administration

Ssp. IS Dosis . Immunological effects Ref
@) (Sampling)
O. mykiss 14 ginger 0.05% 14d (14d) Growth parameters (SGRt, FCR|, PER?), average Nya &
(Zingiber haematological data (RBCt, WBCt, Hctt, lymphocytest, Austin,
officinale monocytes?, and neutrophils proportiont), phagocytic activity 2009
Roscoe) (phagocytic ratiot), superoxide anion production by blood
leucocytest, lysozyme activity (115, 30, 60 min), serum
bactericidal activity |, anti-protease activityt, serum alternative
haemolytic complement activity 1, biochemical indices (globulint)
0.10% Growth parameters (% weight gaint, SGRt, FCR|, PER?),

average haematological data (RBCt, WBC1, Hctt,
lymphocytest, monocytest, and neutrophils proportiont),
phagocytic activity (phagocytic ratiot), superoxide anion
production by blood leucocytest, lysozyme activity (115, 30, 60
min), serum bactericidal activity?, anti-protease activityt, serum
alternative haemolytic complement activityt, biochemical indices
(total proteint, globulint)

0.50% Growth parameters (% weight gaint, SGR?, FCR|, PERY?),
average haematological data (RBCt, WBCft, Hct1,
lymphocytest, monocytest, and neutrophils proportiont),
phagocytic activity (phagocytic ratiot), superoxide anion
production by blood leucocytest, lysozyme activity (115, 30, 60
min), serum bactericidal activity?, anti-protease activityt, serum
alternative haemolytic complement activityt, biochemical indices
(total proteint, globulint)

1.00% Growth parameters (% weight gaint, SGRt, FCR|, PER?),
average haematological data (RBCt, WBC1, Hct1,
lymphocytest, monocytes |, and neutrophils proportiont),
phagocytic activity (phagocytic ratiot), superoxide anion
production by blood leucocytest, lysozyme activity (115, 30, 60
min), serum bactericidal activity?, anti-protease activity 1, serum
alternative haemolytic complement activity?, biochemical indices
(total proteint, globulint)

O. mykiss 41 mistletoe 0.10% 3wk (3wk) Plasma protein concentration (13wk) Dugenci et
(Viscum al., 2003
album)

1.00% Plasma protein concentration (13wk)
nettle (Urtica  0.10% Plasma protein concentration (13wk)
dioica)
1.00% Plasma protein concentration (13wk)
ginger 0.10% NSD
(Zingiber
officinale)
1.00% Extracellular oxidative radical production (13wk), phagocytosis of

blood leukocytes (13wk), plasma protein concentration (13wk)

root and honeysuckle (Tang et al., 2014). Also, the up-regulation of IL-1 and TNF-«a
was reported (Tang et al, 2014), confirming them as candidates genes of the
immune modulation in fish fed with different immunostimulant diets as was
mentioned above and, at the same time, the need to evaluate the supplementary diet
effect at transcriptomic level in fish to provide information of other actors involved

in the immune response.

The North American plant species has also been evaluated as immunostimulant in
fish diets. The historical and traditional use of Echinacea purpurea, a flowering plant
that belongs to Asteraceae family was noted among the native Americans. Echinacea
activates macrophages and stimulates the phagocytic-function (See et al., 1997). The

effect of Echinacea extract was evaluated in Nile tilapia (Oreochromis niloticus)
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shown a higher effect in body gain, SGR, monocytes, neutrophil adherence, and

survival rate against A. hydrophila (Aly and Mohamed, 2010).

The dihydroquercetin obtained from deodar (Cedrus deodara, family Pinaceae), a
traditional plant used in the Hindu medicine native to the Indian subcontinent with
a broad spectrum of action (Chandur et al, 2011), was evaluated in gilthead
seabream (Sparus aurata) detecting a cellular (phagocytosis and respiratory burst
activities) and humoral (seric complement activity, antiprotease, total protein,
peroxidase, bactericidal activity and IgM level) increase with the highest parameters
with the lowest doses (Awad et al, 2015). Rhizophora apiculata (Family of
Rhizophoraceae) is one of the widely distributed mangrove tree species in tropical
countries, like India, with a reported antimicrobial and antiviral activity
(Bandaranayake, 2002; Premanathan et al,, 1999). The survival rate was high in
clownfish (Amphiprion sebae) infected with Vibrio alginolyticus (Dhayanithi et al.,
2015b) and, interestingly, the same survival rate (although with different
immunostimulant doses) was observed when fish were dietary supplemented with
Avicennia marina (Dhayanithi et al, 2015a), another mangrove tree widely
distributed along tropical and subtropical coastlines with antioxidant, antibacterial
and antiviral activity (Abeysinghe, 2010; Khafagi et al,, 2003; Lincy et al,, 2013).
Another tree mainly cultivated in subtropical regions is the sweet orange peel
(Citrus sinensis), a plant member of the Citrus family) with antimicrobial and
antifungic properties (Chee et al, 2009; Sharma and Tripathi, 2008).In tilapia
(Oreochromis mossambicus) fed with essential oil an increase in weight gain, specific
growth rate (SGR) and serum biochemical and haemato-immunological parameters
and survival against Streptococcus iniae infection, with a decrease compared with
control only in feed conversion rate (FCR), albumin (ALB), and mean cell

hemoglobin (MCH) (Acar et al,, 2015).

Aloe barbadensis, also called Aloe vera (family Xanthorrhoeaceae) is a plant
frequently used in herbal medicine with several properties such as antiviral and
immunomodulator, among others (Kim et al., 1999; Vazquez et al,, 1996). In a study

in Nile tilapia fed with Aloe vera supplemented diet and propolis no significant
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differences were found (Dotta et al, 2014). However, an increase on growth
performance but few and slight changes in red and white blood cell count (RBC,
WBC(C), hemoglobin and haematocrit, and no changes in glucose and cortisol were
observed in tilapia (GIFT) challenged with S. iniae (Gabriel et al, 2015). These
differences may be related with the differences in the A. vera concentration used: in
both works the fish were fed with 0.5%, 1%, and 2% of supplemented diet but in the
case of Nile tilapia the A. vera was equally mixed with propolis, although is clear no
big favorable health status changes were observed in tilapia (GIFT) fed with A. vera
supplemented diet. Similarly, no differences were observed in Nile tilapia fed with
propolis supplemented diet, although in 1% propolis-ethanolic-extract increased
the monocytes count and decrease neutrophils at 28 days after treatment (Abd-El-

Rhman 2009).

Green tea (Camellia sinensis L., GT) is a medicinal herb with non-oxidized and
unfermented leaves, which have anti-inflammatory, antioxidative, antiproliferative,
antibacterial, and antiviral properties (Crespy and Williamson, 2004; Isogai et al,,
2001; Weber et al,, 2003). In Nile tilapia fed with GT experimental diet for 12 weeks
a higher growth performance, haemato-immune parameters and cumulative
survival against A. hydrophila was observed (Abdel-Tawwab et al.,, 2010), while in
yellowtail (Seriola quinqueradiata) fed with green tea polyphenols supplemented

diet no significant differences were observed (Ishihara et al., 2002).

Other immunostimulant use as additive of fish farmed diets is the marine diatom
Navicula sp., a boated-shaped algae belonging to the family Naviculaceae rich in
antioxidant carotenoids and vitamins (Patil et al.,, 2007). Silage microalgae Navicula
sp enriched with Lactobacillus sakei enhanced the immunity in gilthead seabream
(Reyes-Becerril et al, 2013). This effect was evaluated in separate diets in a
different fish species, Pacific red snapper (Lutjanus peru), showing a better growth
rate, humoral immune response and antioxidant capabilities in fish fed
supplemented with Navicula + L. sakei (a probiotic) or L. sakei alone (Reyes-Becerril

etal, 2014).

1.2.1.4 Pleuronectiformes.
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The efforts have focused on the evaluation of derivates of algae mainly administered
to fish by artemia and rotifers (Conceicdo et al. 2001; Makridis et al. 2009; Skjermo
and Bergh 2004; Skjermo et al. 1995). In this fish order the only work whose
administration strategy is not by artemia and rotifers was did in Senegalese sole
using as immunostimulant red algae (Porphyridium cruentum) lyophilized cells with
commercial diet routinely used in fish farms; no statistical difference was found
when was evaluated the respiratory burst activity of phagocytes (Diaz-Rosales et al.,
2008). The same result was observed when fish larvae were immunostimulated
with high-M alginate with artemia feeding rate in halibut (Skjermo and Bergh 2004)
and turbot (Skjermo et al. 1995). However, in the work of Conceigao et al. (2001)
has been observed that turbot larvae fed with rotifers enriched with alginate
capsules containing FMI had three fold higher protein turnover compared to control
group. This will probably imply a higher larval viability and survival in case of
environmental/disease stress (L.E.C. Concei¢gdo 2001). The rich alginate compounds
showed an improved survival rate against Vibrio anguillarum both in juvenile turbot
(Skjermo et al,, 1995) and halibut larvae (Skjermo and Bergh, 2004). The high-M
alginate has a stimulatory effect on human monocytes inducing the expression of
TNF-a (Espevik et al. 1993; Otterlei et al. 1991). This cytokine production would be
induced by the membrane CD14 together with either TLR2 and TLR4/MD-2,
according to observed in human and mice (Flo et al. 2002) being more strong the
TNF-a induction depending of molecular weight of high-M alginate (Otterlei et al.
1993).Thus, the TNF-a production may be involved in the better survival against V.

anguillarum alginate-dependent.
1.2.1.5 Salmoniformes.

The efforts have been focused mainly in evaluate the immunostimulant effect in
rainbow trout (Oncorhynchus mykiss). As has been mentioned before, several studies
have used medicinal plants to evaluate its efficacy as dietary supplement. In
rainbow trout fed with a diet containing 1% aqueous extract of powdered ginger
roots for three weeks exhibited a significant non-specific immune response increase

such as extracellular respiratory burst activity and phagocytosis of blood
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leukocytes, processes considered to be one of the most important mechanisms
involved in the bactericidal activity of macrophages; and an increase in plasma
protein levels (Diigenci et al., 2003), indicating that humoral factors may enhance
phagocytosis in fish (Chung and Secombes, 1987). Also, a proliferation in the
number of neutrophils, macrophages and lymphocytes, and enhanced phagocytic,
respiratory burst, lysozyme, bactericidal and anti-protease activities were observed
in rainbow trout challenge with A. hydrophila (Nya and Austin, 2009). Ginger
(Zingiber officinale) has reported anti-inflammatory and anti-oxidative activity and
its effective control of a range of bacterial, fungal and parasitic conditions (Agarwal
et al,, 2001; Chrubasik et al., 2005; Endo et al., 1990; Grzanna et al., 2005; Kim et al.,,
2007). A higher survival rate was also observed in rainbow trout dietary

supplemented with garlic (Nya and Austin, 2011).

Among the medicinal plants, stinging nettle (Quercetin) and black cumin seed oil
(Nigella sativa) have been also evaluated. While black cumin has antibacterial,
antioxidant and anti-inflammatory effects (El-Saleh et al., 2004; Hanafy and Hatem,
1991; Zedlitz et al, 2002), stinging nettle possess antimicrobial activity with
effectiveness against a wide range of microorganisms (Giil¢in et al., 2004). These
supplements shown an increase in lysozyme, myeloperoxidase and antiprotease
activities, and total serum protein and IgM levels (Awad et al., 2013). Tetra (Cotinus
coggyria) is a medicinal plant with antimicrobial and antibacterial effects (Diilger et
al, 2009) that in rainbow trout fed with 1% increased the extracellular and
intracellular respiratory burst activity, phagocytic and lysozyme activity, and total
protein level (Bilen et al.,, 2011). However, not all the medicinal plant-derivates has
an effect in fish. Dietary Aloe vera inclusion had no effect on growth, non-specific
immune parameters, the expression of several immune-related genes, and the
immune response to formalin-killed atypical Aeromonas salmonicida in steelhead
rainbow trout (Oncorhynchus mykiss, Walbaum) (Zanuzzo et al., 2015). The authors
suggest that prolonged feeding with A. vera may have this effect undesired effect in
salmonids, but no significant differences were also found in Nile tilapia fed for 2
weeks (Dotta et al., 2014) and few and slight changes were observed in haemato-

immune parameters (RBC, WBC) in tilapia (GIFT) challenged with S. iniae prior fed
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for 8 weeks (Gabriel et al., 2015). Thus, further studies are needed to evaluate the
real impact and effectiveness of A. vera as immunostimulant dietary supplement in

fish.

Green tea (GT) has been also evaluated in rainbow trout. The decaffeinated GT
extract on rainbow trout showed a higher lysozyme and peroxidase content
(Sheikhzadeh et al, 2011). However when rainbow trout were fed with
Epigallocatechin-3-gallate (EGCG) supplemented diet, a very potent antioxidant
derived from GT, no significant differences were observed (Thawonsuwan et al.,
2010). These antecedents are consistent with the results observed in Nile tilapia fed
with GT with changes in immune parameters (Abdel-Tawwab et al., 2010) but no
significant differences were observed with green tea polyphenols supplemented
diet (Ishihara et al., 2002). The GT effect and the potential immune effects in fish fed

with supplementary diets should be addressed.

Spirulina platensis, which belongs to cyanobacteria (blue-green algae) family that
can up-regulate IL-1p and TNF-q, increase the phagocytic activity and superoxide
anion production in leucocytes of carp (Watanuki et al., 2006). In rainbow trout fed
with Spirulina supplemented diet, an increase in haemato-immune parameters
(RBC, WBC, total protein) and an decrease in cortisol and glucose was observed
(Yeganeh et al, 2015). The cortisol and glucose decrease in fish fed with
supplemented diet has been previously reported (Ngugi et al., 2015), confirming the
urgency in to evaluate the effects and mechanisms of dietary administration of new
immunostimulant on the stress response. S. platensis does not have cellulose cell
wall and therefore fish can digest it (Karkos et al., 2008); however, some non-
digestible components such as dietary fiber have been introduced as supplement
diet and evaluate their effect in fish as is the case of Vitacel, a pure raw fibers
composed of cellulose and hemicelluloses mainly. Vitacel has shown increased
plasma lysozyme activity and the number of neutrophil and eosinophil in giant
sturgeon (Huso huso) (Heidarieh et al, 2011). In rainbow trout, dietary
administration of Vitacel increased the serum lysozyme, ACH50, bactericidal

activity, and decreased the cumulative mortality after challenge with A. hydrophila.
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Importantly, the HSP70 gene expression was down-regulated (Yarahmadi et al,
2014). The down-regulation of HSP70 has been reported in fish fed with
supplemented diet (Yang et al,, 2015), thus the effect of immunostimulant diets on
the expression of stress-related genes response should be studied to elucidate the

mechanisms developed by these supplements in fish.

The medicinal mushroom Lentinula edodes extract as a trout supplement diet
showed an increase in the number of total leukocytes (percentage of monocytes and
neutrophils was higher but lymphocytes was lower), phagocytic, lysozyme activity,
and serum IgM levels. When fish were challenged against Lactococcus garvieae a

higher survival was observed in fish fed with L. edodes extract (Baba et al., 2015).

In synthesis, the researchers have mostly carried out different efforts to assess the
effect of dietary immunostimulants in fish from derivatives of algae, herbs and plant
extract in a non-specific manner based on (1) traditions and folkways transferred by
generations; and (2) their biological properties mainly evaluated in vitro or, in some
cases, in experimental animals. The results indicate that there are few studies in
which is possible to observe a clear and direct dose-dependent immunostimulatory
effect of the dietary supplement in the different fish species presented in this
review. Also, it seems clear that all the studies are focused on to evaluate the innate
immune response evaluating almost the same non-specific (both humoral and
cellular) and haemato-immune parameters and, hence, the ability of the
immunostimulant to confer non-specific immune protection against fish pathogens.
This limits the knowledge regarding the scope of treatment. Another critical
limitation is the arbitrary use of dose and timing of administration making difficult
the comparison and integration of results. Therefore, it is a priority to generate a
consensus on this matter. Finally, more efforts are needed using high-throughput
screening tools to elucidate the transcriptome and proteome response to assess the
scopes of the dietary supplementation of immunostimulants in fish in order to
establish in the future dietary supplemented immunostimulant according to the

specific fish requirements.
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TaBLE II: Effect of different plant and algal extracts used as immunostimulant diets in the immune response different fish species challenged with

a pathogen.
Time of "
Spp. BW (g) 1S Dosis Administration  Challenge Eiellenge Ddosis challenge UG Pf Effect Ref
route (dpd) evaluation
A. japonica 200 Korean 0.10% 14d Aeromonas i.p. injection 3x10° CFU 14d 0-14 dac 33.3% total sunival rates Choi et al.,
mistletoe hydrophila 2008
(Viscum (ATCC 49140)
album
Coloratum)
0.50% 66.6% total sunival rates
1% 80% total sunival rates
C. carpio 62.8 Chinese herb: 1% Astragalus 5wk Aeromonas i.p. injection 1x10°8 Swk 0-6 dac |cumulative mortality (60%) Yin et al.,
Astragalus hydrophila cells/fish (monitoring 2009
radix (plant) strain OB 212 at 4h
intervals)
and 1% Ganoderma |cumulative mortality (58%)
Ganoderma
lucidum
(mushroom)
0.5% |cumulative mortality (60%)
Astragalus +
0.5%
Ganoderma
Vaccinated 1% Astragalus |cumulative mortality compared with
against A. control group (% NS)
hydrophilalA.
salmonicida
1% Ganoderma lcumulative mortality compared with
control group (% NS)
0.5% |cumulative mortality (38%) compared
Astragalus + with control group
0.5%
Ganoderma
M. asiaticus 58.2 Propolis and 0.10% 5wk Aeromonas i.p. injection 5x107 Swk 1 wac NSD Zhang et al.,
Herba hydrophila bacteria 2009
Epimedii (ratio (Shering-
of 3:1 (w/w)), Plough,
also called Essex UK)
TCM
0.50% cumulative mortality (10.5% TCM)
1.00% NSD
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TaBLEII: (...continuation)

Spp. BW (9) IS Dosis Administration

C. catla 16 Aegle 5 g/kg feed 30d
marmelos

10 g/kg feed
15 g/kg feed
20 g/kg feed
25 g/kg feed

30 g/kg feed

Challenge

Challenge

Ddosis
route

Pseudomona water 19.5x10*
s aeruginosa exposure  cells/ml

Time of
challenge
(dpd)

30d

Time of
evaluation

from 5 dac
ewery 5 days
until 15 dac

Effect Ref

phagocytic ratio (15dac, 10 dac, 15 dac) Pratheepa et

al., 2011
phagocytic ratio (t5dac, 10 dac, 15 dac)
phagocytic ratio (15dac, 10 dac, 15 dac)
phagocytic ratio (t5dac, 10 dac, 15 dac)
phagocytic ratio (15dac, 10 dac, 15 dac)

phagocytic ratio (15dac, 10 dac, 15 dac)

C. catla 150 Achyranthes 0.5 g 4wk
aspera seed

Chicken red
blood cells (c-
RBC)

i.p. injection 500 pl of
cRBC
suspension
in PBS
(20%(VIv))

4wk

7 dac

14 dac

21 dac

28 dac

Antigen-specific antibody response (1), RaoY et al
al-antiprotease inhibitors level (1), total 2005
protease inhibitors level (1), RNA/DNA

ratio of spleen (1)

al-antiprotease inhibitors level (1),
RNA/DNA ratio of spleen (1)
Antigen-specific antibody response (1),
globulin level (1), a1-antiprotease
inhibitors level (1), total protease
inhibitors level (1), RNA/DNA ratio of
kidney (1)

al-antiprotease inhibitors level (1) total
protease inhibitors level (1), RNA/DNA
ratio of kidney (1)

O. niloticus 8 crude propolis 1% propolis- 28d
and its ethanolic-
ethanolic- extract
extract

1% ethanol
containing
crude propolis

Aeromonas
hydrophila

i.p. injection 1x10" cells

28d

0-15 dac

42% mortality (RLP=50.59%), Azza M.M.

compared with 85% mortality (RLP=0%) Abd-El-

in control Rhman,
2009

45% mortality, compared with 85%

mortality in control
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TaBLEII: (...continuation)

Time of

Spp. BW (g) IS Dosis Administration  Challenge CellEge Ddosis challenge himE Pf Effect Ref
route (dpd) evaluation
O. niloticus 0.8 Echinacea 1.0 ppt (begins E1 (2mo with  Aeromonas  i.p. 1x108 3mo,7mo 7 dac 70% mortality (RLP=26.32) 3 month. Aly &
(Echinacea in summer) balanced diet  hydrophila bacteria/ml 65% mortality (RLP=27.78) 7 month Mohamed,
purpurea) and 1mo with 2010
extract Echinacea)
E2 (1mo with 65% mortality (RLP=31.58) 3 month.
balanced diet 85% mortality (RLP=5.56) 7 month
and 2mo with
Echinacea)
E3 (3mo with 50% mortality (RLP=47.37) 3 month.
Echinacea) 50% mortality (RLP=44.44) 7 month.
Garlic 1.0 ppt (begins G1 (2mo with 80% mortality (RLP=15.79) 3 month.
in summer) balanced diet 65% mortality (RLP=27.78) 7 month
and 1mo with
garlic)
G2 (1mo with 65% mortality (RLP=31.58) 3 month.
balanced diet 75% mortality (RLP=16.67) 7 month
and 2mo with
garlic)
G3 (3mo with 60% mortality (RLP=36.84) 3 month.
garlic) 50% mortality (RLP=44.44) 7 month.
A. minor O. fry  high-M alginate in feed 55d Aeromonas bath (1h) 2.5x108 79d 0-48 dac NSD Vollstad et
alginate (0.02 and salmonicida cells/ml al., 2006
(Durvillaea 0.06%) or in
antarctica) bath (0.01%)
O. mosambicus 25 Eclipta alba 0.0001 3wk Aeromonas  injected 1x108 1wk 0-15 dac Percentage mortality (|) Christybapit
aqueous hydrophila cells/fish aetal.,
extract (AHO21) 2007
0.001 Percentage mortality (|)
0.01 Percentage mortality (|)
H.hippoglossus ~ Fish  high-M 50-150 ng per 7-9d, 20-22d,  Vibrio exposure 5x10° 90d 0-15 dac the mortality at the highest dose was Skjermo &
L larvae alginate larva/day 41-43d, 85-87d anguillarum  (1h) CFU/ml 45+1% in the control and 28+8% in the Bergh 2004
(Durvillaea serotype 02, stimulated group, corresponding to 38%
antarctica) strain HI-610 reduction in mortality
1.4x107 90d 0-15 dac NSD
CFU/ml
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TaBLEII: (...continuation)

. - . Challenge . T Time of
Spp. BW (g) IS Dosis Administration  Challenge Ddosis challenge X Effect Ref
route (dpd) evaluation
S. senegalensis 80 red algae 0.01 4wk Photobacteriu i.p. injection 6x108 2wk 3 and 4 wk respiratory burst activity of phagocytes Diaz-
(Porphyridium m damselae bacteria/ml from head kidney (14wk) Rosales et
cruentum) subsp. al., 2008
lyophilized piscicida
cells strain
Lgh41/01
S. maximus L Fish alginate with NS 1d Vibrio exposure (30 1x10° 2d 1 wac Average reduction in the mortality of Skjermo et
larvae high anguillarum ~ min) cells/ml 39% in the immunostimulated fish al., 1995
mannuronic respect to control
acid
(Ascophyllum
nodosum )
O. mykiss 14 Garlic 0.005 14d Aeromonas  i.p. injection 1x108 24 h after 0-14 dac 14 days (RPS=86%), 21 days Nya &
hydrophila AE cells/ml stopping (RPS=75%), and 28 days (RPS=68%) Austin, 2011
57 feeding trials
0.01 14 days (RPS=80%), 21 days
(RPS=55%), and 28 days (RPS=46%)
O. mykiss 14 ginger 0.0005 14d Aeromonas  i.p. injection 1x10’ 14d 0-14 dac 4% mortalities (RPS=94%) Nya &
(Zingiber hydrophila AE cells/ml Austin, 2009
officinale 57
Roscoe)
0.001 NS
0.005 0% mortalities (RPS=100%)
0.01 16% mortalities (RPS=75%)
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1.2.2 PROBIOTICS AND PREBIOTICS.

In the last years, probiotics have been incorporated in aquaculture practices to
improve the general health status of fish. Probiotics application could be via
artificial (Chiu et al. 2010) or alive feeding (Picchietti et al. 2009), by immersion in
water (Ringg 1999) or by injection (Abbass et al. 2010). Until date the most studied
probiotics were bacteria, mainly those belonging to the lactic acid group (Ringg et
al. 2010). Other bacteria that received considerable attention include Bacillus,
Pseudomonas, Aeromonas and Vibrio (Merrifield et al. 2010; Nayak 2010). More
recently, yeast and microalgae have also been the focus of some studies (Oliva-Teles

2012).

Several definitions were suggested along the decades for probiotics (Fuller 1989;
Reid et al. 2003). In the aquaculture context, they are found as alive, dead or
components of microorganisms that provide protection through several ways, as by
establishing an inadequate environment for pathogen proliferation, or competing
with potential pathogens, or reducing gut pH and adhesion sites, or releasing
inhibitory compounds with bactericidal or bacteriostatic effects on other microbial

populations or by improving the immune response (Merrifield et al. 2010).

The majority of studies concerning the probiotic effects on fish focused on their
capacity to stimulate growth and protect against disease (Capkin and Altinok 2009;
Nayak 2010). However, recently more attention has been paid to the
immunmodulatory effects of probiotics on fish and, some complete reviews were
published (Dimitroglou et al. 2011; Merrifield et al. 2010; Nayak 2010; Oliva-Teles
2012). Despite the amount of available studies dealing with this question, the
mechanisms by which probiotics induce changes in immune function are still poorly
understood. In the present review, we will make a brief reference to the studies
already reviewed by the above cited authors and review the studies published
during the last two years that focus on the immune effects of probiotics

administered via diet to farmed fish.
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The available literature indicates that several probiotics either individually or in
combination can enhance both systemic and local immunity in fish (Harikrishnan et
al. 2011b; Nayak 2010). It was demonstrated that probiotics interact with immune
cells such as monocytes, macrophages, neutrophils and natural killer cells to
improve innate immune responses (Merrifield et al. 2010) and that some probiotics
induce the proliferation of erythrocytes, granulocytes, macrophages and
lymphocytes (Irianto and Austin 2002; Kumar et al. 2008). It was shown that
probiotics like Lactobacillus rhamosus (Panigrahi et al. 2004) and Clostridium
butyricum (Pan et al. 2008) induced an increase in the immunoglobulins levels in
fish and, Arijo et al. (2008) demonstrated that the administration of probiotics
resulted in the expression of immunoglobulins that protect against Vibrio harveyi

challenge.

Probiotics administered via diet stimulate different components of the immune
system, such as the phagocytic and respiratory burst activities, lysozyme,
complement, peroxidase and anti-protease activities (Nayak 2010; Reyes-Becerril et
al. 2008). However, many of these same treatments caused reduced activity in
different experiments and some incoherency was found. Concerning cytokines,
previous results revealed that probiotics such as Carnobacterium maltaromaticum,
L. rhamnosus and Bacillus subtilis induced an up-regulation on the transcription of
pro-inflammatory cytokines, such as interleukin-1f (IL-1f), tumor necrosis factor-oc
(TNFoc) and transforming growth factor-$ (TGF-) in different fish species (Kim and
Austin 2006; Panigrahi and Azad 2007). However, other probiotics like Lactobacillus
delbrueckiix induced a down-regulation in cyclooxygenase 2 (Cox-2) and TGF-B
transcription in Dicentrarchus labrax (Picchietti et al. 2009). Reyes-Becerril et al.
(2008) fed Sparus aurata with yeast and the treatment also strongly regulated the
transcription of immune related genes. Studies regarding the effect of probiotics on
gut immunity are still scarce and few results indicated that they can stimulate the
gut immune system of fish with a marked increase in the number of Ig* cells and

acidophilic granulocytes (Nayak 2010).
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Recent studies evaluated the effects of probiotics alone and in combination with
other probiotics or other substances suspected to have an immunostimulatory effect
(Harikrishnan et al. 2011a; Harikrishnan et al. 2011b). These authors found that
Paralichthys olivaceus fed a diet supplemented with Lactobacillus plantarum,
Lactobacillus acidophilus and Saccharomyces cerevisiae had increased superoxide
anion production and lysozyme activity. Furthermore, fish infected with Uronema
marinum and fed with L. plantarum supplemented diet had higher survival rate than
with other enriched diets (Harikrishnan et al. 2011a). The same authors evaluated
the effects of a diet enriched with the herb Scutellaria baicalensis and/or the
probiotic Lactobacillus sakei in Oplegnathus fasciatus challenged by Edwardsiella
tarda. These authors found increased white and red blood cell count in fish fed the
mixed diet and probiotics enriched diet. In the groups fed the mixed diet they also
found increased number of lymphocytes, monocytes, neutrophils and eosinophils, as
well as higher complement and antiprotease activities, reactive oxygen species and
reactive nitrogen species production. Furthermore, the lysozyme activity was
enhanced in all treated groups (Harikrishnan et al. 2011b). Pérez-Sanchez and
collaborators (2011) investigated the effect of lactic acid bacteria, including L.
plantarum, on the expression of immune-related genes in the head kidney and
intestine of Oncorhynchus mykiss and in the protection against infection by
Lactococcus garvieae. These authors found increased mRNA levels of IL-1(,
interleukin-10 (IL-10) and TNF« in the L. plantarum fed group. Moreover, the mRNA
levels of IL-10, interleukin-8 (IL-8) and IgT were significantly higher in the L.
plantarum group after L. garvieae infection. The findings of Harikrishnan et al.
(Harikrishnan et al. 2011a; 2011b) and Pérez-Sanchez et al. (2011) indicated that
the administration of probiotics alone or in mixed diets stimulated the immune

response of fish, protecting against challenge by different pathogens.

The widespread use of probiotics in aquaculture practices and the belief in their
positive effects on fish health laid to the appearance of new functional foods, like the
prebiotics. Prebiotics are non-digestible feed ingredients that promote growth of
beneficial gut microbes and depress the proliferation of harmful microbes or

enhance intestinal immunity (Oliva-Teles 2012; Tacchi et al. 2011). Instead of
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introducing favourable bacteria via the diet the aim of prebiotics is to stimulate

selected favourable indigenous microbial populations (Dimitroglou et al. 2011).

Prebiotics mainly consist of oligosaccharides, such as mannan oligosaccharides and
fructooligosaccharides, probably the most well studied in fish. However, some
information regarding applications of galactooligosaccharides, xylooligosaccharides,
arabinoxylooligosaccharides and isomaltooligosaccharides is also available (Oliva-
Teles 2012; Tacchi et al. 2011). While the effects of probiotics on fish immune
system are relatively well documented, that of prebiotics is more limited and was
recently reviewed by Tachi et al. (2011) and Oliva-Teles (2012). Some of the effects
of prebiotics on fish immune function include increased cytokine expression

(Russell et al. 2009) and activation of the complement cascade (Tsutsui et al. 2006).

1.2.3 IMMUNOSTIMULANT DIETS USING PAMPs.

On the last 10 years using PAMPs as immunostimulant has been published several
articles in different species (Table III). One of the most used PAMPs in the
Cypriniforms order are (3-glucans, a heterogeneous group of glucose polymers also
named f-1,3/1,6-glucans. In mammals, although various receptors e.g. complement
receptor C3 and TLR1/6 have been described (Dalmo and Bggwald, 2008), dectin-1
is considered as the main f-glucan receptor (Brown and Gordon, 2003). However,
dectin-1 has not been identified in fish and it has been suggested that 3-glucan could

be detected by toll like receptors (Pietretti et al.,, 2013).

Other immunostimulant fish diets are commercial supplements compounds by (-
glucans (Biosaf, DVAQUA, Ecoactiva, Ergosan, Fibosel, Macrogard, and VitaStim),
chitin, lipopolysaccharides (LPS), mannan-oligosaccharides (MOS), peptidoglycan

(PGN), and yeast extract (Table III), which have been also included in this revision.

1.2.3.1 Cypriniformes. In Falco (Falco et al., 2012) the effect of Macrogard in the
expression of selected inflammatory genes has been studied (tnfal, tnfa2, illb,
il6fam and il10) in gut and head kidney after 14 days of feeding. Only tnfa2 was
significantly down regulated in gut and head kidney, and 1110 was down regulated in

gut. The gene expression has been also analyzed analyzing the effect of baker’s yeast
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extract (Biswas et al, 2012), a supplement containing as mayor component
nucleotides and B-glucan, in immune parameters in carp in 10 days of feeding the
experimental diets. The expression of cytokines as IL-1f3, TNF-«, IL12p35, IL-12p40
and IFN-y2 was significantly increased in head kidney after 1 day of feeding the diet
and the expression of the CXC-chemokine was increased after 1, 5 and 7 days of
feeding the diet; also was observed a reduction in the IL-10 gene expression in all
days studied. The superoxide anion production and the phagocytic activity in head
kidney leucocytes showed that at 3 days after treatment the superoxide anion
production and the phagocytic index was higher for the fish fed with the IS diet, and
the phagocytic activity was increased at 1 and 3 days of treatment. By contrast, in
carp fed with B-glucan (Macrogard) for 25 days was observed that most of the
selected cytokines analyzed (ilb1l, il10, tnfal, tnfa2 and cxca) were down-regulated,
but the expression of mx was increased in liver and mid-gut (Falco et al., 2014). The
posterior injection with poly (I:C) did not affect the expression of the cytokines, but
was found also a up-regulation of mx in liver, head kidney, spleen and mid-gut
(Falco et al,, 2014). Also a down-regulation of complement-related genes at 7 and 25
days was observed in liver and head kidney carp fed with (3-glucan fed fish, although
a high serum CRP level at 7 days of administration of the diet and a increased in
alternative complement activity at 25 days of feeding was also detected (Pionnier et
al,, 2014). In mid gut at 7 days, bf/c2, c3 and map2 were up-regulated, and crp2 and
c3 were also up-regulated at 25 days of feeding. They also analyzed a subsequent
LPS or poly(I:C) injection, and the results shown a regulation on the CRP and
complement related genes profiles, with a greatest effect in fish fed with B-glucan;
however on CRP levels, and complement activity in the serum, the effect was less
than control fish, this suggesting that the pB-glucan immunostimulation was
sufficient enough to reduce the effects of LPS and poly(I:C) injection (Pionnier et al.,

2014).

In carp has been reported the use of 3-glucan on a basal diet for 1 week and have
not been significant differences compared to fish fed the control diet (Selvaraj et al.,
2005). In Rohu fingerlings four different diets with 100, 250 or 500 mg of 3-glucan

kg-1 diet for 56 days were administrated, immune parameters including the
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leucocyte count, phagocytic ratio, phagocytic index, lysozyme activity, complement
activity and serum bactericidal activity rose to their highest levels on 42 days after
feeding with the diet containing 250 mg of B-glucan kg-1 diet (Misra et al,
2006)(Misra 2006), while in Sahoo (Sahoo and Mukherjee, 2001) was found that the
fish fed for 1 week with -glucan at a doses of 0.1% showed an increase in bacterial
agglutination, haemagglutination and haemolysin titre, bactericidal activity, serum
phagocytic ratio, serum phagocytic index and serum leucocrit compared with the
control diet. A 60 days feeding trial using microbial levan at 0.25%, 0.5% 0.75%,
1.0% and 1.25% was conducted in juvenile Rohu, among the treatment groups the
albumin/globulin ratio decrease with a small decrease in lower levan-supplemented
groups and the haemoglobin content, total leucocyte count and serum total protein
were increased with a dietary supplementation of levan at 1% or more. As the levan
supplementation was increased, there was a gradual increase in serum lysozyme
activity and respiratory burst activity with the highest activity in the 0.75% and
1.0% levan groups (Gupta et al., 2008).

On carp was also publish the effect of a combined diet of 3-glucan and LPS (0.1% f-
glucan + 0.025% LPS, 0.5% B-glucan + 0.125% LPS, 1% B-glucan + 0.25% LPS)
administered at days 1, 7 and 14, at day 16, observing an increase on the
bactericidal activity compared with control diet on the 3 different doses being
greater at higher doses of B-glucan and LPS (Selvaraj et al, 2006). However,
administration of a diet only with LPS at doses of 1, 2.5 y 5 mg did not show any

immunostimulant effect compared the control diet(Selvaraj et al., 2009).

1.2.3.2 Perciformes. In Perciformes studies as been publish using different PAMPs
as immunostimulants, being the most frequently used those derived from yeast
cultures, by adding the whole yeast on basal diet (Cuesta et al., 2004; He et al,, 2009;
Ortuiio et al,, 2002; Rodriguez, 2003) and also extracts such as MOS (Torrecillas et
al, 2007), chitin (Cuesta et al., 2004; Esteban et al, 2001), and B-glucan either
extracted directly (Ai et al,, 2007; El-Boshy et al., 2010) or using those commercially

36



TaBLE III: Effect of different PAMPs immunostimulant diets in the immune response in fish.

BW

Administration

Ssp. @ 1S Dosis (sampling) Immunological effects Ref
C. carpio 40 B-glucan 10 mg/Kg of BW 25d Expression of il1B (] 25d in MG); il10 (|25d in spleen, HK and Falco et
Macrogard (S. (25d) MG); tnfa1 (125d in MG); tnfa2 (|25d in MG); cxca ({25d in al., 2012
cerevisiae ) spleen and HK); mx (125d in liver and MG)
Macrogard + 25d Expression of mx (125+1d in liver and HK)
PBS inyection (24hpi)
AAD
Macrogard + 25d Expression of mx (125+1d in liver, HK, spleen and MG)
poly(l:C) (24hpi)
inyection AAD
C. carpio 40 B-glucan 10 mg/Kg of BW 25d Expression of crp1 (| 7d,25d in liver and HK, |25d in MG); crp2  Pionnier et
Macrogard (S. (1,3,7,25d)  (17d in liver, HK and MG, 125d in MG); c1rs (17d,25d in liver),  al., 2014
cerevisiae) bf/c2 (17d in liver, 17d in MG); ¢3 (| 7d,25d in liver, | 7d in HK,
17d,25d in MG); masp2 (] 25d in liver, 125d in HK, 17d in MG)
C +4mg/kg LPS 25d Expression of crp2 (17d, in liver, | 1d in HK); c1rs (] 1d in liver,
inyection AAD (1,3,7dpi)  17d in HK and MG); bf/c2 (17d in HK); ¢3 (11d in liver, 13d in
liver and MG); masp2 (17d in HK and MG)
C +5mglkg 25d Expression of crp1 (| 1d in liver, 11d in HK and MG); crp2
poly(I:C) (1,3,7dpi)  (11d,7d in liver and HK); c1rs (] 1d in liver, 13d in liver, 17d in HK
inyection AAD and MG); ¢3 (11d in MG, 13d in liver, 17d in HK); masp2 (}1d in
liver, 13d in liver, 17d in HK)
10 mg/Kg 25d Expression of crp1 (11d,3d,7d in liver, | 1d 13d in HK, 13d in
Macrogard + (1,3,7dpi)  MG); crp2(t1d in liver and MG, |1d in HK, |3d in liver and HK,
PBS inyection 17d in HK and MG); c1rs (17d in liver, | 1d,3d in HK); bf/c2
AAD (11d,3d in liver, 11d,7d, |3d in HK, 17d in MG); masp2 (| 1d in
liver, HK and MG, |3d in liver and MG, 17d in liver and HK)
10 mg/Kg 25d Expression of crp1 (11d in liver, 13d in liver and HK); crp2(|3d in
Macrogard + (1,3,7dpi) liver, 11d,7d in HK); c1rs (|3d in HK); bflc2 (11d in HK and MG,
4mglkg LPS 13d in HK and MG, 17d in liver and HK); ¢3 (13d in liver, |3d in
inyection AAD MG, 17d in HK); masp2 (3d in HK and MG, 17d in HK)
10 mg/Kg 25d Expression of crp1 (11d in liver, 13d in liver and HK); crp2 (11d in
Macrogard +5 (1,3,7dpi)  liver, HK and MG, |3d in liver and HK, 17d in HK); c1rs (11d,7d
mg/kg poly(l:C) in liver, |3d in liver); bf/c2 (11d,7d in liver, HK and MG, |3d in
inyection AAD liver, HK and MGY); c3 (11d in liver, |3d in MG, 17d in HK);
masp2 (11d in liver and HK, 17d in liver, HK and MG, |3d in liver,
HK and MG)
C. carpio 100 baker’s yeast 5mg/Fish 3d Expression of il1 (11d, |3d,10d in HK); TNF-a (11d, Biswas et
extract CW-I (1,3,5,7,10d  |3d,5d,7d,10d in HK); II-12p35 (11d, |3d,5d,7d,10d in HK); I al., 2012
(TableMark) AAD) 12p40 (11d, |3d,5d,7d,10d in HK); CXC-chemokine (11d,5d,7d in
HK); IFN-y2 (11d,5d in HK); IL-10 ({1d,3d,5d,7d,10d in HK).
Superoxide anion (13d in phagocytic cells); Phagocytic activity
(11d,3d in kidney cells); Phagocytic index (13d in kidney cells)
C. carpio 78 MacroGard 6 mg/Kg of BW 14d Expression of tnfa2 (| 14d in gut and HK); i110 (| 14d in gut) Falco et
(14d) al., 2012
C. carpio 28 LPS (A 1mg 1,7,14d NE Selvaraj et
hydrophila) (16d) al., 2009
2.5mg 1,7,14d NE
(16d)
5mg 1,7,14d NE
(16d)
C. carpio 28 LPS (A 0.1% B-glucan + 1,7,14d HK-macrophage bactericial activity (116d) Selvaraj et
hydrophila) 0.025% LPS (16d) al., 2006
B-glucan (S. 0.5% B-glucan + 1,7,14d HK-macrophage bactericial activity (116d); HK-macrophage
cerevisiae ) 0.125% LPS (16d) oxigen burst activity (116d)
1% B-glucan + 1,7,14d HK-macrophage bactericial activity (116d); HK-macrophage
0.25% LPS (16d) oxigen burst activity (116d)
C. carpio 28 B-glucan (S. 1% 1,3,5d NE Selvaraj et
cerevisiae ) (7d) al., 2005
2% 1,3,5d NE
(7d)
4% 1,3,5d NE
(7d)
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TABLE III: (...continuation)

BW

Administration

Ssp @ 1S Dosis Sampling Immunological effects Ref
L. rohita 4.5 microbial levan 0.25% 60d Albumin/Globulin ratio (|60d) Gupta et
(60d) al., 2008
0.50% 60d Serum lyzozyme activity (160d)
(60d)
0.75% 60d Albumin/Globulin ratio (60d); Serum lyzozyme activity (160d)
(60d)
1.00% 60d Haemoglobin content (160d); Serum total protein content
(60d) (160d); Albumin/Globulin ratio (160d); Serum lyzozyme activity
(160d); Blood phagocytes respiratory burst activity (160d)
1.25% 60d Haemoglobin content (160d); Serum total protein content
(60d) (160d); Albumin/Globulin ratio ({60d); Serum lyzozyme activity
(160d); Blood phagocytes respiratory burst activity (160d)

L. rohita 35 B-glucan 100mg/Kg feed 56d Total serum protein content (142d); WBC count (142d); Blood Misra et
Sigma (S. (14,28,42,56d) leucocytes cells respiratory burst (142,56d); Blood leucocytes-  al., 2006
cerevisiae ) phagocytic ratio (114d,28d,42d,56d); Blood leucocytes-

phagocytic index (114d,42d,56d); Serum lysozyme activity
(142d,56d); Haemolytic complement activity (114d,28d,42d,56d);
Serum bactericidal activity (114d,28d,42d,56d)
250mg/Kg feed 56d Total serum protein content (128d,42d); WBC count (142d);

(14,28,42,56d) Blood leucocytes cells respiratory burst (114d,28d,42d,56d);
Blood leucocytes-phagocytic ratio (114d,28d,42d,56d); Blood
leucocytes-phagocytic index (114d,28d,42d, |56d); Blood
leucocytes-lymphokine production index (114d,42d); Serum
lysozyme activity (128d,42d,56d); Haemolytic complement
activity (114d,28d,42d,56d); Serum bactericidal activity
(114d,28d,42d,56d)

500mg/Kg feed 56d Total serum protein content (128d,42d); WBC count (| 14d,56d,

(14,28,42,56d) 128d,42d); Blood leucocytes-respiratory burst(114d,28d,42d);
Blood leucocytes-phagocytic ratio (114d,28d,42d,56d); Blood
leucocytes-phagocytic index (114d,28d,42d,56d, ); Blood
leucocytes-lymphokine production index (|42d); Serum
lysozyme activity (128d,42d,56d); Haemolytic complement
activity (114d,28d,42d); Serum bactericidal activity
(114d,28d,42d,56d)

L. rohita 39 B-glucan yeast 0.1% 53-60d Bacterial agglutination titre (160d); Haemagglutination titre Sahoo and
Hamilton (Sigma) (60d) (160d); Haemolysin titre (160d); Bactericidal activity (160d); Mukherjee,

Serum phagocytic ratio (160d); Serum phagocytic index (160d); 2001
Serum leucocrit (160d)

L. japonicus 18 Yeastcell 250 mg/Kg 72d NSD Yuetal.,
walls (S. (72d) 2014
cerevisiae)

500 mg/Kg 72d NSD
(72d)
1000 mg/Kg 72d NSD
(72d)
2000 mg/Kg 72d NSD
(72d)
20000 mg/Kg 72d NSD
(72d)
S. aurata L. 100- chitin (sigma) 25g/Kg Bwk Total serum IgM content (16wk) Cuesta et
200 (2,4,6wk) al., 2004
50g/Kg 6wk Total serum IgM content (12wk,4wk,6wk)
(2,4,6wk)
100g/Kg 6wk Total serum IgM content (16wk)
(2,4,6wk)
Yeastcells (S. 1g/Kg 4wk Total serum IgM content (12wk)
cerevisiae) (1,2,4wk)
5g/Kg 4wk Total serum IgM content (12wk)
(1,2,4wk)
10g/Kg 4wk Total serum IgM content (12wk)
(1,2,4wk)
levamisole 0.075g/Kg 10d Total serum IgM content (13wk)
synthetic (0,1,2,3,4,6wk)
(Sigma)
0.15g/Kg 10d Total serum IgM content (12wk,3wk4wk)
(0,1,2,3,4,6wk)
0.3g/Kg 10d Total serum IgM content (12wk)

(0,1,2,3,4,6wk)
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Ssp @ 1S Dosis Sampling Immunological effects Ref
S. aurata L. 0.3, B-glucan 1g/kg feed 2wk HK-Macrophage phagocytic activity (11wk) Couso et
5, Macrogard (S. (1,2,3wk) al., 2003
10 cerevisiae)
10g/kg feed 2 wk Spleen-Macrophage respiratory burst activity (11wk,2wk); Spleen-
(1,2,3wk)  Macrophage phagocytic activity (1 1wk)
B-glucan 1g/kg feed 2wk Spleen-Macrophage respiratory burst activity (12wk); Spleen-
Fibosel (S. (1,2,3wk)  Macrophage phagocytic activity (1 1wk)
cerevisiae)
10g/kg feed 2 wk Spleen-Macrophage respiratory burst activity (11wk,2wk)
(1,2,3wk)
B-glucan 1g/kg feed 2wk Spleen-Macrophage respiratory burst activity (12wk)
VitaStim (S. (1,2,3wk)
cerevisiae)
10g/kg feed 2 wk NSD
(1,2,3wk)
S. aurata L. 175 Whole yeast  10g/kg feed 6wk HK-Leucocyte respiratory burst activity (t14wk); HK-Leucocyte ~ Rodriguez
(S. cerevisiae) (2,4,6wk)  Natural cytotoxic activity (t4wk,6wk) et al., 2003
Whole yeast 6wk Natural complement activity (|6wk); Serum peroxidase content
(S. cerevisiae) (2,4,6wk) (16 wk); Serum lysozyme activity (12wk,4wk); HK-Leucocyte
fks-1 respiratory burst activity (14wk); HK-leucocyte natural cytotoxic
activity (14wk,Bwk); Leucocyte phagocytic ability
(12wk,4wk,6wk); Leucocyte phagocytic capacity (14wk)
S. aurata L. 150 whole yeast  1g/kg feed 4wk HK-leucocyte natural cytotoxic activity (14wk) Ortufio et
(S. cerevisiae) (1,2,4wk) al., 2002
5g/kg feed 4wk HK-leucocyte phagocytic ability (14wk); Leucocyte phagocytic
(1,2,4wk)  capacity (14wk)
10g/kg feed 4wk HK-Leucocyte respiratory burst activity (12wk); Leucocyte

(1,2,4wk)  phagocytic ability (t4wk); HK-leucocyte phagocytic capacity
(14wk); Leucocyte myoloperoxidase content (12wk)

S. aurata L. 125 chitin (Sigma) 25mg/Kg 6wk Natural haemolytic complement activity (12wk); HK-leucocyte Esteban et
(2,4,6wk) respiratory burst activity (14wk); HK-leucocyte natural cytotoxic al., 2001
activity (12wk)
50mg/Kg 6wk Natural haemolytic complement activity (12wk); HK-leucocyte
(2,4,6wk) respiratory burst activity (14wk); HK-leucocyte natural cytotoxic
activity (12wk)
100mg/Kg 6wk Natural haemolytic complement activity (12wk); HK-leucocyte
(2,4,6wk) respiratory burst activity (14wk); HK-leucocyte natural cytotoxic
activity (12wk)

P. auratus 180 B-glucan winter 0.1% viw 84d HK-Macrophage respiratory burst activity (13d,7d,14d,28d,56d) Cook et
EcoActiva (S. (0,3,7,14,28,56 al., 2003
cerevisiae) ,84d)

summer 0.1% 84d HK-Macrophage respiratory burst activity (128d)
viw (0,3,7,14,28,56
84d)
O. niloticus 80- B-glucan 10g/kg feed 21d Serum bactericidal activity (121d); Serum nitric oxide (121d); El-Boshy
100 Biosaf(S. (21d) Serum lysozyme activity (121d); HK-macrophage respiratory etal., 2010
cerevisiae) burst index (121d); HK-macrophage phagocytic activity (121d)
B-glucan 0.1% 21d Serum bactericidal activity (121d); Serum nitric oxide (121d);
(extracted) (S. (21d) Serum lysozyme activity (121d); HK-macrophage respiratory
cerevisiae) burst index (121d); HK-macrophage phagocytic activity (121d);
Lymphocyte transformation index (121d)
laminaria (L. "0.1% 21d Serum bactericidal activity (121d); Serum nitric oxide (121d);
Jjaponica) (21d) Serum lysozyme activity (121d); HK-macrophage respiratory
burst index (121d); HK-macrophage phagocytic activity (121d)

O. niloticus 0.2 chito- control +(0.1% 35d Intestine expression of TNF-a (] 35d); TGF-B (135d); HSP70 Qinet al.,

Q@ xO0. oligosaccharid commercial (35d) (135d) 2014

aureus & es (Panaeus  chitosan-
vannamei) oligosaccharides)

0.80% 35d Intestine expression of TNF-a (] 35d); HSP70 (| 35d)
(35d)

1.60% 35d Intestine expression of TNF-a (| 35d); TGF- (135d); HSP70
(35d) (135d)

2.40% 35d Intestine expression of TNF-a (| 35d); HSP70 (| 35d)
(35d)
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O. niloticus 51 DVAQUA 0.125g/Kd diet 8wk Serum lysozyme activity (18wk); serum C3 content (18wk); He et al.,

@ x0. (8wk) serum C4 content (18wk); HK-macrophage phagocytic activity =~ 2009

aureus & (18wk); HK-macrophage respiratory burst activity (18wk)

0.25g/Kd diet 8wk Serum lysozyme activity (18wk); serum C3 content (18wk);
(8wk) serum C4 content (18wk); HK-macrophage phagocytic activity
(18wk); HK-macrophage respiratory burst activity (18wk)
0.50g/Kd diet 8wk Serum lysozyme activity (18wk); serum C3 content (18wk);
(8wk) serum C4 content (18wk); HK-macrophage phagocytic activity
(18wk)
1.00g/Kd diet 8wk Serum lysozyme activity (18wk); serum C3 content (18wk);
(8wk) serum C4 content (18wk); HK-macrophage phagocytic activity
(18wk); HK-macrophage respiratory burst activity (18wk)
2.00g/Kd diet 8wk Serum lysozyme activity (18wk); serum C3 content (18wk);
(8wk) serum C4 content (18wk); HK-macrophage phagocytic activity
(18wk)
D. labrax 34 MOS 2% 9wk NE Torrecillas
(9wk) et al., 2007
4% 9wk HK-macrophages phagocytic activity (19wk)
(9wk)

D. labrax 80 B-glucan 0.1% 15d Serum complement activity (115d); Serum lysozyme activity Bagni et
Macrogard (S. (5,30,45d  (130d); gills-HSP70 content (130d); liver-HSP70 content (130d) al., 2005
cerevisiae) AAD)

0.1% 4 cycles: 15d NE
every 60d
(45d AEC |, Il
I, IvV)
B-glucan 0.5% 15d/15,30,45d Serum complement activity (115d,30d); Serum lysozyme activity
Ergosan (S. AAD (130d); gills-HSP70 content (130d); liver-HSP70 content (130d)
cerevisiae)
0.5% 4 cycles: 15d Serum lysozyme activity (145d/IV)
every 60d
(45d AEC |, I,
1, IV)

D. labrax 414 B-glucan 2% 2wk every 3  Serum complement activity (140wk); Plasma lysozyme activity ~Bagni et
Macrogard (S. months (140wk) al., 2000
cerevisiae) (40wk)

P. crocea 10 B-glucan(S.  0.09% 8wk Serum lysozyme content (18wk); HK-macrophages Aietal.,
cerevisiae ) (8wk) phagocytosis activity (18wk); HK-macrophages respiratory burst 2007

activity (18wk)
0.18% 8wk Serum lysozyme content (18wk)
(8wk)
T. maccoyii 18. B-glucan 52mg/Kgfeed every 2nd day Serum lysozyme content (18wk) Kirchhoff et
6 K Sanictum (S. at35%FR for 12 wk al., 2011
cerevisiae) Inyected in (0,8wk, and
baitfishes harvest)
O. mykiss 100 peptidoglican 10 mg/Kg feed 28d Expression of omDB-3 (121d,28d); omDB-4 (121d,28d); omCATH: Casadei et
(PG) (21,28d) 1(121d,28d); omCATH-2 (121d,28d); omLEAP-2a (121d,28d) al., 2015
14d PG+7-14d 14d + 7-14d Expression of omDB-3 (121d,28d); omDB-4 (121d,28d); omCATH-
control diet control diet 2 (121d); omLEAP-2a (121d,|28d)
(21, 28d)
O. mykiss 4 B-glucan 0.10% 3mo Total serum Ig content (13mo); Serum IgM content (13mo) Ghaedi et
Kg Macrogard (S. (3mo) al., 2015
cerevisiae)
0.20% 3mo ACH50 (13mo); Lysozyme (13mo); Total Ig (13mo); IgM (13mo)
(3mo)
.18 C+C (L1) 2mo NSD
(2mo)
C+0,1% (L2) 2mo ACH50 (12mo)
(2mo)
C+0,2% (L3) 2mo ACH50 (13mo); Lysozyme (13mo); Total Ig (13mo); IgM (13mo)
(2mo)
0,1% + C (L4) 2mo NSD
(2mo)
0,1% +0,1% 2mo NSD
(L5) (2mo)
0,2% + C (L6) 2mo NSD
(2mo)
0.2% +0,2% 2mo ACH50 (13mo); Lysozyme (13mo); Total Ig (13mo); IgM (13mo)
(L7) (2mo)
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O. mykiss 150 Peptidoglican 5 mg PG/Kg 14d Expression of omDB-1 (11d,7d in skin, | 7d in liver); omDB-2 Casadei et
(PG) (1,7,14d)  (17d in gills, |1d in gut); omDB-3 (11d,7d,14d in skin, 17d, | 14d al., 2013
in gills, 11d in gut); omDB-4 (114d in skin, |7d in gills, 11d in
gut, | 14d in gut and liver); CATH-1 (11d in gut, 17d in skin, 114d
in skin, gut and liver, 114d in gills); CATH-2 (11d in skin, gills and
liver, 17d in skin, 114d in skin, gills and gut); Hepcidin (11d in
liver, 17d in gills); LEAP-2a (114d in skin and gut, | 14d in gills
and liver)
10 mg PG/Kg 14d Expression of omDB-1 (114d in skin); omDB-2 (17d in gills and
(1,7,14d)  gut); omDB-3 (17d,14d in skin, 11d in gills, | 1d in gut, | 14d in
gills, gut and liver); omDB-4 (114d in skin, 17d in liver, | 14d in
gut and liver); CATH-1 (11d in liver, 114d in skin and gut, | 14d in
gills); CATH-2 (17d in skin, 114d in skin, gills, gut and liver);
Hepcidin (17d in gills, 11d,7d,14d in liver); LEAP-2a (11d in liver,
17 in skin, 114d in skin and gut, | 14d in gills and liver)
50 mg PG/Kg 14d Expression of omDB-1 (17d,14d in skin); omDB-2 (11d in skin,
(1,7,14d)  17din gills, gut and liver); omDB-3 (11d,7d,14d in skin, 11d,7d in
gills, | 14d in gills, gut and liver); omDB-4 (11d,7d,14d in skin,
17d in gills and liver, | 14d in gut and liver); CATH-1 (11d in skin,
gills and gut, 17d in skin, 114d in skin, gut and liver, | 14d in
gills); CATH-2 (11d in skin and gills, 17d in skin, 114d in skin,
gills and gut); Hepcidin (11d in skin, 17d in gills and liver, 114d in
liver); LEAP-2a (11d,7d in skin, 114d in skin and gut, | 14d in
gills and liver)
100 mg PG/Kg 14d Expression of omDB-1 (11d,14d in skin); omDB-2 (17d in gills
(1,7,14d)  and gut); omDB-3 (11d skin, gills, gut and liver, 17d in skin and
gills, 114d in skin, |14d in gills and liver); omDB-4 (17d in gills
and liver, 114d in skin, | 14d in gut and liver); CATH-1 (11d in gut
and liver, 17d in skin and gills, | 14d in gills, 114d in skin, gut
and liver); CATH-2 (17d, in skin, gills and liver, 11d,114d in skin,
gills and gut); Hepcidin (17d in gills, 11d,14d in liver); LEAP-2a
(11d in skin, 17d in skin and gills, | 14d in gills and liver, 114d in
skin and gut)

O. mykiss 4.2 IP-PA1 10 pg LPSs /Kg 93d NSD Skallli et
(lipopolysacch of body weight (93d) al., 2013
aride P.
agglomerans)

20 pg LPSs /Kg 93d Blood bactericidal activity (193d); Blood lysozyme activity
of body weight (93d) (193d); Blood hemolytic activity (193d); NBT (193d)

O. mykiss 8.8 PB-glucan 0.2% 21d NSD Kunttu et
Macrogard (S. (7,14,21d) al., 2009
cerevisiae)

0.6% 21d Blood-respiratory burst activity (121d)
(7,14,21d)
"1.8% 21d Blood-respiratory burst activity (121d)
(7,14,21d)
O. mykiss 714. B-glucan barley 12.2g/Kg feed owk NSD Sealey et
3 (H.wvulgare) (0,3,9wk) al., 2008
16.7g/Kg feed 9wk NSD
(0,3,9wk)
26.4g/Kg feed 9wk NSD
(0,3,9wk)
Wheat diet 4.5g/Kg feed 9wk NSD
(control) + (0,3,9wk)
2g/Kg
Macrogard
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S. salar fry LPS(A. 0.1% 62d NSD Guttvik et
salmonicida) (62d) al., 2002
C.batrachu 49 Lactoferrin 100mg/Kg feed 7d Blood phagocytes-respiratory burst activity (131d); Leucocyte Kumari and
s (bovine) (31d) phagocytic activity (131d); Leucocyte myeloperoxidase content Sahoo,
(131d) 2006
B-glucan yeast 0.1% in feed 7d Blood-phagocytes respiratory burst activity (131d); Leucocyte
(sigma) (31d) myeloperoxidase content (131d)
levamisole 50mg/Kg feed 10d Blood-phagocytes respiratory burst activity (131d); Leucocyte
synthetic (31d) myeloperoxidase content (131d)
(sigma)
vitamin C 500mg/Kf feed 30d Leucocyte phagocytic activity (131d); Leucocyte
CRNAROoche (31d) myeloperoxidase content (131d)

NS: no specified, AAD: After administration diet, dpi: days post injection, NSD: No significant differences,
MG: Mid-gut: HK: Head-Kidney, IS: Immunostimulant, AEC: After each cycle.

available as Biosaf (El-Boshy et al., 2010), VitaStim (Couso et al., 2003), Sanictum
(Kirchhoff et al., 2011), EcoActiva (Cook et al., 2003), Fibosel (Couso et al., 2003),
and MacroGard (Bagni et al., 2005, 2000; Couso et al., 2003).

Using as immunostimulant diet the whole yeast on doses of 1, 5y 10 g/Kg of feed for
4 weeks, the main effects was observed with the highest doses, finding an increase
of respiratory burst activity, phagocytic ability, natural cytotoxic activity and
myeloperoxidase content in head kidney seabream leucocytes (Ortufio et al.,, 2002).
It has also been report an increases in the serum IgM content after 2 week of
treatment (Cuesta et al, 2004). On the other hand, Rodriguez et. al (Rodriguez,
2003) evaluated the effect of a modified strain of S. cerevisiae (fsk-1) which has a
lower glucan composition and higher chitin on is cell wall, and they found that doses
of 10 g/kg of feed increase levels of lysozyme activity in serum, the leucocyte
phagocytic ability and leucocyte phagocytic capacity and a decrease in natural
complement activity and peroxidase content in serum after 6 weeks of

administration of the diet (Rodriguez, 2003).

The commercial product DVAQUA (product of fermentation of S. cerevisiae) was
used in doses of 0.125, 0.25, 0.50, 1.0 and 2.0 g/kg of feed in hybrid tilapia
(Oreochromis niloticus @ x O. aureus &) for 8 weeks and found for all doses an

increase in serum lysozyme activity, serum C3 and C4 content and macrophage
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phagocytic activity isolated from head kidney at the end of the period of
administration of the diet; and also an increase in head kidney macrophage

respiratory burst activity at 0.125, 0.25 and 1.0 g/Kg of DVAQUA (He et al., 2009).

Also has been used as immunostimulant derivates of yeast as chitin (poly [1 — 4]--
N-acetyl-D-glucosamine), which is an insoluble polysaccharide present in the
exoskeleton of shellfish, insects and in the cell walls of fungi. The synthetic
compound (Sigma) was used to test the immunostimulatory action on seabream
with doses of 25, 50 and 100 mg/kg of feed for 6 weeks. All doses showed an
increase at 2 weeks of administration in natural haemolytic complement activity
and HK-leukocyte natural cytotoxic activity and an increased HK-leukocyte
respiratory burst activity at 4 weeks of administration compared to the control diet
(Esteban et al., 2001), also with a doses of 25 mg/kg was observed an increase in the
total content of IgM en serum of fishes feed for 6 weeks with the diet (Cuesta et al,,
2004). Other derivatives of yeast has been used as IS diets is MOS (mannan
oligosaccharides) extracted from S. cerevisiae, which when is administered in doses
of 4% in the diet for 9 weeks and observed an increase in phagocytic macrophages

HK-activity in Sea bass (Torrecillas et al., 2007).

The yeast component more used as immunostimulants has been the (-glucan,
extracted directly or from commercial extracts. Ai et al (Ai et al, 2007) used a -
glucan extract added to the diet of large yellow croaker in doses of 0.09% and 0.18%
for 8 weeks and it was observed that the lower doses produce an increase in
lysozyme content in serum, and phagocytic and respiratory burst activity on
macrophages isolated from head kidney at the end of the administration period. In
addition, Nile tilapia was fed with doses of 0.1% obtaining an increase, in addition to
the after mentioned parameters in serum bactericidal activity, serum nitric oxide
and the lymphocyte transformation index after 21 days of treatment (El-Boshy et al.,
2010). Also in tilapia fed with a composition of 10g/kg of feed of Biosaf (commercial
extract) was detected an increase in the same parameters except lymphocyte
transformation index which had no significant differences with the control diet (El-

Boshy et al,, 2010).
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The effect of EcoActiva, other commercial B-glucan, was administrated in diet to
Snapper at doses of 0.1% on winter and summer season during 84 days. It was
observed that when the diet was administrated during winter season was an
increase on the respiratory burst activity of head kidney macrophages even at 56
days from the administration of the diet, however when was administrated in
summer season this parameter increase only at day 28 from the administration of

the diet (Cook et al., 2003).

On Sea bream also has been used the commercial extract Fibosel and VitaStim (1
g/Kg of feed, 10 g/Kg of feed) observing an increase of respiratory burst activity on
spleen macrophages at lower doses with both supplements and with the higher
doses of Fibosel whereas no effect was observed in higher doses of VitaStim. Also
with the lower doses of Fibosel was observed an increase of phagocytic activity in

spleen macrophages (Couso et al., 2003).

Sea bass fed with macrogard 2% for 2 weeks every 3 months showed an increase in
serum complement activity and plasma lysozyme activity at the end of 3 cycles
(Bagni et al., 2000) when this fish was feed with Macrogard at 0.1% for 15 days, was
found an increase in serum complement activity, serum lysozyme activity and gills
HSP70 content at 30 days from the end of the diet, but when this diet was long term
administrated (4 cycles of 15 days every 60 days) no effect was found compared
with control diet (Bagni et al., 2005). On seabream fed with Macrogard for 2 weeks
(1 g/Kg of feed and 10 g/Kg of feed) after one week of treatment an increase in head
kidney macrophage phagocytic activity with the lower doses and an increase of
spleen macrophage respiratory burst and phagocytic activity for the highest doses

was detected(Couso et al., 2003).

1.2.3.3 Pleuronectiformes. The immunostimulatory effect of MacroGard also has
been analyzed in Pleutonectiformes. In turbot fed with 2 g/Kg for a period of 5
weeks and was observed an increase in total white blood cells after 8 and 21 days
from the end of the diet and an increased in the phagocytic activity of head kidney
leukocytes after 1 day of the end of the diet (Ogier de Baulny et al., 1996).
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1.2.3.4 Salmoniformes. In Salmoniformes, as in Perciformes, most of the reports
have focused on evaluate the immunostimulant effect of $-glucan. However the
capacity of this diet to stimulate the immune system activity has not achieved the

results observed in Perciformes.

In 1994, Siwicki described the effect of different B-glucan feed as Macrogard
0.2g/100g feed, C. utilis 2.7g/100g feed, S. cerevisiae 2.7g/100g feed and a
deacylated chitin 0.5g/100g feed) on rainbow trout administered for 7 days, which
was observed in all diets an increased respiratory burst activity of blood, blood,
phagocytic index, myeloperoxidase activity blood, serum total Ig and Blood potential
killing activity after 1 week from the end of the diet (Siwicki et al., 1994). However,
Kunttu et al. (Kunttu et al.,, 2009) administered MacroGard in doses of 0.2, 0.6 and
1.8%, finding only an increase in blood-respiratory burst activity in the two higher
doses after 21 days of diet administration. In another study in rainbow trout was
also administered MacroGard at a dose of 4.5 g/kg of feed and a B-glucan extracted
from H. vulgare to 12.2, 16.7 and 26.4 g/kg of food for 9 weeks. None of these
treatments were able to immunostimulate fish compared with control diet (Sealey

etal, 2008).

In 2015 an interesting study was realized by Ghaedi et al in which they fed 4 Kg
female broodstock for 3 month prior spawning with 0.1% and 0.2% of Macrogard
and the control diet, and then for 2 month the descending fry in the same dosis of
the immunostimulant diet. Brood fish fed with 0.2% f-glucan diet showed the
highest levels of ACH50 and Lysozyme activity. The total serum Ig and IgM content
was significantly higher in both treatments than the control diet. The descendent fry
showed an increase in the levels of ACH50, lysozyme, Total Ig and IgM in descending
fish from control feed and 0.2% Macrogard feed broodstock after 2 month with
0.2% of Macrogard, showing that feeding the immunostimulant diet in the

broodstock did not promote the immunity in the fry.

In Atlantic salmon fry was evaluated the immunostimulant effect of LPS extracted
from A. salmonicida at a concentration of 0.1% for 62 days, but neither was able to

increase the immunoglobulins level (Guttvik, 2002).
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1.2.3.5 Siluriformes.

Finally, in Siluriforms was also evaluated the effect of yeast derivates, on diets with
B-glucan and synthetic levamisole (Sigma). The results showed the increase of
blood-phagocytes respiratory burst activity and leucocyte myeloperoxidase content

at 31 days post diet in both treatments (Kumari and Sahoo, 2006).

1.2.4 FISH IMMUNE RESPONSE INDUCED BY B-GLUCANS.

Previous reports suggest that f-glucans modulate the expression of pro-
inflammatory cytokines and chemokines. In carp head kidney macrophages has
been observed that the (-glucan injection induced the expression of IL-1f3 (Selvaraj
et al,, 2005). Also, in rainbow trout (Oncorhynchus mykiss), the increase of IL-1 and
also IL-6 was detected in head kidney, spleen, and liver after -glucan injection
(Lgvoll et al,, 2007). On the other hand, the up-regulation of pro-inflammatory (IL1,
IL-6, TNF-a) and immunosuppresor cytokines (IL-10) and down-regulation of TGF-f8
was observed in rainbow trout head kidney leukocytes stimulated with (3-glucan
(Chettri et al, 2011). However, a diet supplemented with B-glucan (MacroGard)
reduced the gene expression levels in gut of some pro-inflammatory-related

cytokines (IL-1, IL-6, TNF-al, TNF-a2) in common carp (Falco et al., 2014, 2012).

Thus, it seems that some controversy exists between in vitro experiments and the
stimulatory effect of 3-glucan administered as dietary supplement in fish. Moreover,
the limited available information of the gene expression modulation does not allow
to understand the possible pathways and immunological functions stimulated by the

administration of $-glucan supplemented feed in a global context.
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2. AIMS AND OVERVIEW

Based on the antecedents described above, the aims of this study were to
evaluate the transcriptomic response in the gills of Gilthead sea bream (Sparus
aurata) fed with B-glucan supplemented diet. Accordingly, the following tasks

were proposed:

i) Determine the immunological and physiological effect of two different
B-glucan supplemented diets from Gilthead seabream (Sparus aurata)
serum samples.

ii) Evaluate the transcriptomic response in in the gills of Gilthead sea
bream (Sparus aurata) fed with two different B-glucan supplemented
diets in order to determine the possible immunological pathways
modulated by the immunostimulant administration.

iii) Investigate the localization in the tissue of interest of the

immunorelated genes differencially expressed in the microarray.
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3. MATERIALS AND METHODS

3.1 FIsH.

Juvenile Gilthead seabream (Sparus aurata) of 38.6%7.3g mean weight, were
obtained from Institut de Recerca I Tecnologia Agroalimentaries (Sant Carles de la
Rapita, Spain). Fish were acclimatized to laboratory conditions for 14 days before
the start of the experiment, maintained in a closed seawater recirculation system at
23°C, in a 12-h light/12-h dark cycle. Water quality indicators, such as dissolved

oxygen, pH, nitrite, and ammonia, were analyzed periodically.
3.2 FEEDING.

Two different experimental diets, Diet A and Diet B (Skretting), and a control diet
(Diet C, Skretting) were used in this study, using B-glucan as the main
immunostimulant. For diet A was used the commercial diet Protec (5mg, 3mm,
Skretting) which contains in its composition (3-glucans, nucleotides, elevated levels
of vitamins and minerals. These components were added in the diet in the
fabrication process before extrusion of the pellet. Diet B also contains as main
immunostimulant B-glucans but, unlike diet A, the component was added by top-
coated to the commercial Nutra parr (Skretting) diet. Nutra parr with no additives

was used as control diet (diet C).

The specimens were divided randomly into three groups; 120 fish per group
distributed in 9 tanks (total 27 tanks, N=360), each group receiving one of the above
mentioned diets. Fish were fed for 28 days at a rate of (3% body weight) thrice

daily. Mortality in each group was recorded for the entire experiment.
3.3 BLooD COLLECTION.

At 7, 14 and 28 of administration of the diet, 30 fish of every diet were randomly
selected and sacrified by anesthetic overdoses (MS-222) and blood was taken from

the caudal vein. The total erythrocytes were counted in a Neubauer camera; plasma
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was separated by centrifugation at 720 x g per 5 minutes at 4 °C. Plasma aliquots

were kept at -80 °C.

3.4 PLASMA PHYSIOLOGICAL MEASUREMENTS.

3.4.1 PLASMA LYSOZYME ACTIVITY was measured by a turbidimetric assay adapted to
96-well microplates (Sitja-Bobadilla et al.,, 2005). Briefly, lyophilized Micrococcus
lysodeikticus (Sigma, cat.#M3770) resuspended to 0.3mg/ml in 0.05M sodium
phosphate buffer at pH 6.2 was used as a substrate for lysozyme (Sigma,
cat.#L6876). Triplicates of plasma were added to 200pl of bacterial suspension and

the reduction of the absorbance at 450 nm was measured after 0.5 and 5min.

3.4.2 PLASMA GLUCOSE CONTENT was measured in triplicates using the commerecial kit
Glucose LG (Spinreact, cat#41011) under manufacturer’s instructions, with a

detection limit of 1mg/dl. The reading was done at 490nm in VICTOR3.

3.4.3 PLASMA LACTATE ACTIVITY was measured in triplicate using the commercial kit
Lactate LO-POD (Spinreact, cat#1001330) under manufacturer’s instructions
adapted for 96 wells plate. The reading was done at 490nm in VICTOR3. The
sensibility of the method is 1mg/dL and the linear limit is 150mg/dL.

3.4.4 PLASMA PROSTAGLANDIN (PGE:) LEVELS were measured using the commercial
kit Prostaglandin E2 EIA Kit - Monoclonal (Cayman, cat#514010.480) according

manufacturer’s instructions.

3.4.5 CorTISOL was measured in the plasma by radioimmunoassay (Rotllant et al,,
2000). The antibody for the assay was purchased from M.P. Biomedicals LLC and
used in a final dilution of 1:4500. Antibody cross-reactivity with cortisol is 100%.
The radioactivity was quantified using a liquid scintillation counter. The lower

detection limit of the cortisol assay was 0.16ng/ml.
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3.5 TISSUE SAMPLING.

Gills samples were taken at 2, 7, 14 and 28 days of administration of the
Immunostimulant diets. All samples were divided and one part was frozen and kept

at -80°C for RNA extraction.
3.6 RNA EXTRACTION.

100mg of frozen gills were used for RNA extraction using 1ml of TriReagent (Sigma,
cat#T9424) following manufacturer’s instructions. Total RNA concentration was
determined by NanoDrop-1000 spectrophotometer (Thermo Scientific) and the
integrity was measured by Agilent 2100 Bioanalyzer (Agilent Technologies).
Samples with RIN values greater than 7 were chosen for microarray analysis. For
diet A and B RNA from 3 different fish of the same treatment were pooled and 3
different pools of each group were used for microarray analysis (n=9). Control fish
RNA from 4 different fish in every sampling point was pooled and 3 different pools

were used for the microarray (n=16).
3.7 GILLS MICROARRAYS HYBRIDIZATIONS.

Hybridizations were performed using the Aquagenomic Sparus aurata
oligonucleotide-microarray (SAQ) enriched in immune-related genes was used in
this study. A full description is available in Gene Expression Onmibus (GEO) public
repository (GSE28610). Briefly, a total of 43,398 oligonucleotide probes were used
to construct a high-density seabream microarray based on the Agilent 4 x 44 K
design format. 7,285 transcripts with annotated sequences were spotted in
triplicate onto the slide (total probes 21,855), as well as 8,377 ESTs without
annotation, 183 enriched sequences (GenBank) with 15 replicated probes (total
probes 2,745), and finally 1,417 internal control probes of Agilent (N = 43,398). The
platform developed used all available public ESTs stored and annotated in the

Aquagenomic Consortium seabream library (10K).
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Microarray analyses were conducted in pools samples obtained at 2, 7, 14 and 28
days of feeding (dof). For immunostimulant diets A and B, three pooled samples
(n=3 fish per pool) were employed, whereas for diet C (reference sample) three

pooled samples (n=4 fish per sampling point) were analyzed.

One-color microarray was applied in order to analyze the gene expression pattern in
fish fed with three different diets. Briefly, Cyanine-3 (Cy3) labeled cRNA was
prepared from 200ng of total RNA using the LowInput Quick Amp Labelling kit
(Agilent, cat#) according to the manufacturer's instructions, followed by RNAeasy
column purification (Qiagen, cat#). Dye incorporation and cRNA yield were checked
with the NanoDrop ND-1000 Spectrophotometer. Then 1.65ug of Cy3-labelled cRNA
(specific activity >6.0pmol Cy3/ug cRNA) were fragmented at 60°C for 30min in a
reaction volume of 55ul containing 25x Agilent fragmentation buffer and 10x
Agilent blocking agent following the manufacturer’s instructions. On completion of
the fragmentation reaction, 55 pl of 2x GEx hybridization buffer were added to the
fragmentation mixture and hybridized to Sparus aurata custom array for 17h at
65°C in a rotating hybridization oven. After hybridization, microarrays were washed
1 min at room temperature (RT) with GE Wash Buffer 1 (Agilent, cat#), 1min at 37°C
with GE Wash buffer 2 (Agilent, cat#), 45s at RT with Acetonitrile (Sigma, cat#), and
30s at RT with stabilization and drying solution (Agilent, cat#).

3.8 MICROARRAYS SCANNER, EXTRACTION AND DATA ANALYSIS.

Slides were scanned immediately after washing on the Agilent DNA Microarray
Scanner (G2505B) using one color scan setting for 4x44k array slides (Scan Area:
61x21.6mm; Scan resolution: 5um; Dye channel was set to Green and Green PMT
was set to 100%). Spot intensities and other quality control features were extracted
with Feature Extraction software version 10.4.0.0 (Agilent). Quality reports were

checked for each array.

Extracted raw data were imported and analyzed with Genespring 12.5 GX software
(Agilent technologies). Standard analytical methods were used to analyze the data.

The percentile normalization (75%) was carried out and data was filtered by
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expression. All samples were analyzed at gene-level by two different analytical
approaches: relative to time (loop analysis), and a relative analysis to compare the
immunostimulant diets with control diet (reference design). An unpaired t-test (p

<0.01) was used to identify significant differences between groups.

3.9 MICROARRAY VALIDATION BY ABSOLUTE QUANTIFICATION.

Specific primers for CD3C, MHC Ila, CD209, C/EBPB and PU.1 transcripts were

designed. Plasmids were obtained using the pGEM-T easy vector (Promega,
cat#A1380) and transformed into JM109 competent cells (Promega, cat #A1380).
The plasmid was sequenced to check identity. A total of 1ug of RNA of all samples
included in the microarray analysis were used to synthesize cDNA with iScript™
cDNA Synthesis Kit (BioRad, cat#170-8891). The cDNA was used as a template for
absolute quantification in real-time RT-PCR (qRT-PCR) expression analysis, using
the prepared plasmids as standard curve. The copy number of each transcript was
analyzed using the MylQ real-time PCR system (Bio-Rad, CA). Standard curves (Ct-
Threshold cycle versus log copy number) of each transcript were done with serial
dilutions of DNA plasmid purifications from 1x100° to 1x10° copies. Each sample was
tested in triplicate in a 384-well plate (Bio-Rad, CA). The reaction mix (10pL final
volume) consisted of 5uL of iQ SYBR Green supermix (Bio-Rad), 0.5uL of each
primer (500nM final concentration), 1.5uL of H20, and 2.5uL of a 1/40 dilution of
the cDNA sample. The running condition consisted of one step at 95°C for 3min,
followed by 40 cycles of 10s at 95°C and 30 s at 60°C, following a melting curve
dissociation analysis, from 65 °C to 95°C with increments of 0.5°C. Data were
analyzed by one-way analysis of variance (ANOVA) followed by the post hoc

multiple comparison (Bonferroni’s analysis, p<0.05).
3.10 PARAFFIN EMBEDDING.

Gills samples, previously fixed in 4% of paraformaldehyde (PFA), were embedded in
paraffin. The inclusion protocol was performed in an automatic inclusor (Leica
TP1020) as follows; increasing ethanol concentrations (70% for 30min; 80%, and

96% two times for 20min each; 100% two times for 30min, and 100% for 40min),
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then ethanol 100%/xilol for 30 min, xilol two times for 40min, and paraffin two
times for 1h were added to the samples. The blocks were made with paraffin Histo-
comp fusion temperature 56-58°C. The blocks were maintained at RT until

sectioning.

3.11 IN SITU HYBRIDIZATION.

In situ hybridization was performed to characterize the mRNA distribution of some
interesting differentially expressed genes related with immune response and
obtaining in the microarray analysis. CCAAT/Enhancer Binding Protein (C/EBP)
Beta (C/EBPB), transcription factor PU.1, transmembrane receptor CD209, major
histocompatibility complex class Il alpha (MHC Ila), T-cell receptor CD3-g, and
tumor necrosis factor receptor (TNFRSF1A) were monitored in gills of seabream fed
with immunostimulant diets. Hybridization of each gene was performed in several
fish. Probes were amplified with specific primers (Table V) from cDNA synthesized
from fish fed with the immunostimulant diet. The probes were cloned into vector
pGEMT-Easy (Promega, cat#A1360) cloned into E. coli DH5a purified with
NucleoSping Plasmid QuickPure (Macherey-Nagel, cat#74065) and the insert was
sequenced in order to check identity and orientation. Riboprobes) Antisense (AS)
and Sense (S were synthesized with the linearized plasmid using Riboprobe in vitro
Transcription Systems (Promega) according to manufacturer's instruction, with

0.35mM digoxigenin-UTP (Roche). The RNA probes were kept at -802C until use.

TABLE IV: List of primers used for ISH probes.

Gen Primer Primer Rev Length  T°Annealing
(pb) 0

CD3-z Fwd CCACCAAGGACACCTACGAC 277 60
Rev TTAACGCAGAACGTCCACGA

MHCII-a Fwd CCCAACACCCTCATCTGCTT 318 60
Rev GACAACTCCAATCAGGCCCA

CD209 Fwd GGGAAGTGGTGTCCTGATGG 314 60
Rev CATGATGCGTACTGGCTCCT

C/EBPB Fwd GGAGACAAGTCAGTGCGACA 314 60
Rev ACCTGCTTTTACCTGACGGG

TNFRSF1A Fwd TTTTAGCTGCTGTTGCTGCG 300 60
Rev GACGGAAGAACCTCCTGTGG

PU.1 Fwd CCCCGCTTGAGGTTTCAGAT 347 60
Rev CACTGCCTCACTGAACTGGT
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Sections of 5um were deparafined washing 2 times with xilene for 10min, followed
in decreasing concentrations of ethanol (100% two times, 70% and 50%, 2min
each) and washed in 1x KPBS for 2min. Hybridization was performed as followed, 5
minutes with 10pg/ml Proteinase K, (100mM Tris-HCI pH=8, 50mM EDTA) and the
tissue was post-fixate with 4% PF pH=7.5 in 1x KPBS, sections were rinsed again 2
times in 1x KPBS for 2min. Slides were treated with 0.1M of TEA buffer
(Triethanolamine pH=8.0) for 3min and then incubated for 10min in 0.25% acetic
anhydride in 0.1M of TEA buffer followed by a wash for 1min with 2x SSC. The tissue
was dehydrated in increasing concentrations of ethanol 1min each (50%, 70%, 90%
and two times in 100%). The slides were hybridized with 100ng each probe S and
AS in hybridization buffer (10mM Tris-HCl pH=7.5, 1ImM EDTA, 50% formamide,
10% dextran sulphate, 0.2% tween 20 and 0.1% block solution) for 16h at 65°C in in
situ humid chamber. The slides were washed two times for 30min with 2x SSC at RT
and treated with 50% of deionized formamide in 2x SSC at 65°C per 30min followed
by two washes for 10min in 2x SSX at 37°C. The tissue was treated with 0.02mg/ml
RNase A in RNase buffer (10mM Tris-HCl pH=7.5, 500mM NaCl, 1ImM EDTA) for
30min at 37°C and then washed with RNase buffer per 30min at 65°C. Non specific
sites were blocked with 2% of block solution (0.05% Triton x-100, in 2x SSC) for 3h
and then rinsed in maleat buffer 2 times per 5min and sections were incubated for
immunohistochemical detection with antideoxigenin-alcaline phosphatase FAB-
fragment (1:2000) (in 1x maleate buffer, 1% block solution, 0.3% triton x-100)
overnight in humid chamber. Sections were rinsed 2 times per 10min with 1x
maleate buffer, and washed with visualization buffer per 10min (100mM Tris-HCl
pH=9.5, 5mM MgC(Cl, 100mM Nac(l) following by the revelation with NBT (nitroblue
tetrazolium chloride, Sigma) and BCIP (5-bromo-4-chloro-3-indolyl-phosphate, 4
toluidine salt, Sigma) in visualization buffer, slides were incubated in dark until
developed of the color, the reaction was stopped with 10mM Tris-HCI pH=7.5, 1mM
EDTA, 150mM NaCl. Sections were mounted with DAPI and laid overnight. The

pictures were taken with Eclipse 80 at 20x or 40x.
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4. RESULTS

4.1 PLASMA PHYSIOLOGICAL MEASUREMENTS.

The mortality was recorded each day from the beginning until the end of the
experiment, and no significant differences in mortality were found between the fish
feed with the control diet and the immunostimulant diets A and B (Figure 1A). The
erythrocyte count was analyzed at 7, 14 and 28 days of administration of the diets.
There were no significant differences through all the time sampling points and

between the groups in this study (Figure 1B).
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FIGURE 1: (A) Mortality rate after 28 days of feeding with the control diet (black line)
and IS diets A (blue line) and B (green line). (B) Erythrocytes count after 7, 14 and 28
days of administration of IS diets. Control diet (black bars), diet A (grey bars), diet B
(white bars). Data are expressed as means *SEM. No significant differences are
observed after two way ANOVA and Bonferroni post-test (p< 0.05).
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Serum lysozyme activity, cortisol, glucose, lactate, and prostaglandin plasma content
were measured. A significant increase was found in lysozyme activity at 7 and 14
days when diet A was compared with control diet. Also was observed an increase in
the lysozyme level in diet B compared with control diet at 14 days of feeding. At 28
days there were no significant differences between the IS diets and control diet

(Figure 2).
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FIGURE 2: Serum lysozyme activity of Sparus aurata after 7, 14 and 28 days of
administration of IS diets. Black bars represent control diet , grey bars represent diet A
and white bars represent diet B. Data are expressed as means +SEM. Asterisks represent
significant differences compared with the control group. (*= p< 0.05, **=p<0.01,
***=p<0.001). Different letters represent significant differences between IS diets A and
B. P values from two way ANOVA and Bonferroni post-test.

The cortisol results (Figure 3) showed at 7 and 14 days a significant lower level of
cortisol in the fish that were feed with both immunostimulant diets. This reduction
in the cortisol level was observed in all sampling time-point, although at 28 days of
administration of the IS diets only diet A shows a significant reduction compared

with the control group
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FIGURE 3: Cortisol plasma levels of Sparus aurata after 7, 14 and 28 days of
administration of IS diets. Control diet (black bars), diet A (grey bars), diet B (white
bars). Data are expressed as means +SEM. Asterisk represents significant differences
compared with the control group (*=p< 0.05, **=p<0.01, ***=p<0.001). Different letters
represent significant differences between IS diets A and B. P values from two way
ANOVA and Bonferroni post-test.

The glucose content showed no significant differences in both IS diets at 7 or 28
days of administration of the diet; however, a small significant increase at 14 days
was found in diet A compared with the control diet (Figure 4A). For plasma lactate
content an increased trend is observed among all days analyzed, noting also a
significant decrease in both IS diets levels compared with the control diet at 28 days

of feeding (Figure 4B).
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FIGURE 4: Plasma glucose (A) and lactate level (B) in Sparus aurata after 7, 14 and 28
days of administration of IS diets. Control diet (black bars), diet A (grey bars), diet B
(white bars). Data are expressed as means *SEM. Asterisk represents significant
differences compared with the control group. (*=p< 0.05, **=p<0.01, ***=p<0.001).
Different letters represent significant differences between IS diets A and B. P values
from two way ANOVA and Bonferroni post-test.
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The serum prostaglandin content showed an increase only at 14 dof in diet A

compared both with control diet and diet B (Figure 5).
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FIGURE 5: Plasma Prostaglandin (PEG2) content of Sparus aurata after 7, 14 and 28 days
of administration of IS diets. Control diet (black bars), diet A (grey bars), diet B (white
bars). Data are expressed as means +SEM. Asterisk represents significant differences
compared with the control group (*=p< 0.05, **=p<0.01, ***=p<0.001).. Different
letters represent significant differences between IS diets A and B. P values from two way
ANOVA and Bonferroni post-test

4.2 TRANSCRIPTOME RESPONSE TO IMMUNOSTIMULANT DIETS.

To understand the effect of the immunostimulant diets in the seabream at
transcriptomic level, an oligunucleotide-specific microarray was carried out. Two
analysis were conducted, a control reference analysis (Figures 6 and 7) and a loop
analysis (Figure 8). The control reference analysis showed 462 genes for diet A and
337 genes for diet B were differentially expressed compared to the control diet
(Figure 6A), with 179 common genes between both IS diets. For the diet A, 164
transcripts showed a absolute fold change (AFC) between 1 and 1.5, 154 transcripts
with a AFC between 1.5 and 2, 138 transcripts with a AFC between 2 and 3, and 5
transcripts with a AFC higher than 4 (Figure 6A). Diet B shows a similar profile than
diet A, except for the transcript with AFC higher than 3, in which were differentially
expressed 15 transcripts. Only the 1% (Diet A) and 4% (Diet B) of them has a fold
change highest than 3.
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FIGURE 6: Magnitude of gills transcriptome response of Sparus aurata fed with
immunostimulant diets in a control reference analysis. Number of differential expressed
genes (DEGs) with an AFC interval of 1.0< [AFC] <1.5 (grey), 1.5< [AFC] <2.0 (red), 2.0<
[AFC] <3.0 (blue), 3.0< [AFC] (green) are represented. (A) Total numbers of DEGs in diet
A and diet B using as reference the control diet (p< 0.01). The number of DEGs for each
IS diet are shown (B) DEGs in diets A and B in a time-dependent analysis using the
control diet as reference (p< 0.01). The number of DEGs for each time-point analyzed
for diet A (left) and diet B (right) are indicated.

The time-dependent analysis of diets A and B using the control diet as reference
point showed that the regulation of the response it is higher at 7 days for diet A and
at 14 days for diet B (Figure 6B). Also at 7 days in diet B was observed the lowest
quantity of DEGs, with only 159 transcripts. For both diets, most of the transcripts
that were differentially expressed had an absolute fold change (AFC) value under
1.5 (Figure 6B).

When the IS diet A was compared with diet B (A vs B) 130 DEGs were obtained
(Figure 7). When we look into the time-dependent analysis between both diets, the
highest difference was observed after of administration of the diet with 514 DEGs
and the most of them had an AFC less than 2, indicating the transcripts that are

differentially expressed between both diets had a low magnitude (Figure 7).
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FIGURE 7: Time-dependent analysis between diets A and B of Sparus aurata fed with
immunostimulant diets after 2, 7, 14 and 28 days of feeding. The number of DEGs
between diet A and B are shown on the left, and the time-dependent analysis between
diets A and B is shown on the right. The AFC interval of 1.0< [AFC] <1.5 (grey), 1.5< [AFC]
<2.0 (red), 2.0< [AFC] <3.0 (blue), 3.0< [AFC] (green) are represented. DEGs with p< 0.01
are shown.

In order to observe the transient changes in both IS diets using the control diet as a
starting point, a loop analysis was performed comparing each time-point with the
previous one in a temporal scale. The loop design analysis of gills transcriptome
response showed on day 2 of feeding a high total number of DEGs, both in diet A
(307) and diet B (358) (Figure 8). This result is mainly because on day 2 both IS
diets were compared with the control diet. The total number of DEGs became larger
from day 7 onward for both IS diets, up- and down-regulated genes, noting that
there was more down- than up-regulated genes with exception of diet B at 28 days
of feeding in which were found 390 up-regulated and 294 down-regulated genes

(Figure 8).
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FIGURE 8: Number of differentially expressed genes (DEGs) on gills transcriptome
response of Sparus aurata fed with immunostimulant diets after 2, 7, 14 and 28 days
obtained from the loop design analysis. Green bars are up-regulated genes and blue
bars are down-regulated genes. DEGs with p< 0.01 are shown. The fold change is
represented by color scale (bottom).

4.3 CLASSIFICATION OF MICROARRAY DEGS INVOLVED IN THE SPARUS AURATA

IMMUNE SYSTEM.

To unveil the effects of the IS diets on sea bream immune system at expression level,
the DEGs involved in the immune response in fish fed with each diet were listed
based on the loop analysis. The list of differentially expressed immune-related genes
with a p value <0.01 and with a cut-off fold change higher than 1.0, is shown on the
Table G. For diet A, most of the immune-related genes were mainly expressed
among days 2, 7 and 14 of feeding. In the case of diet B, the immune-related genes

were expressed on day 2, 14 and 28 but not immune-related relevant genes were
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expressed on day 7 of feeding. The complete list of the microarray analysis is

provided in the Supplementary Tables S1 to S8.

The loop analysis shown the regulation in the expression of genes involved in
Inflammatory response, B and T cell response, transcription factors and dendritic
cell response, apoptosis related process, among others. For diet A, on day 2 of
feeding were up-regulated genes like perforin 1 (Prfl), programmed cell death 7
(PDCD7), Interferon induced 35kD protein (IFP35), and caspase 1 (Casp1) while on
diet B only IFI35 and hepcidin were also up-regulated. At day 7 was found immune-
related DEGs only in diet A such as Mast cell preprotein (CMA1), T cell receptor
(TCRB), CD82 and C type lectin domain family 4 member E (CLEC4E, also named
Mincle). On day 14, for diet A were up-regulated several genes involved in innate
and adaptive immunity such as interleukin enhancer binding factor 2 (ILF2),
Granulocyte colony stimulating factor receptor (CSF3R) and B cell receptor
associated protein 31 (BCAP31) among others. On day 14 for diet B were found up-
regulated genes like T cell receptor gamma chain (TCRy), CLEC4E, lysozyme and
CCAAT/ enhancer binding protein beta (C/EBPB). At 28 days we found up-regulated
Neurolina and Gamma interferon inducible lysosomal thiol reductase (IFI30) for
diet A, while Tumor necrosis factor receptor 1 (TNFRSF1A), C/EBPB, chemokine
receptor 7b (CXCCR7) were also up-regulated on diet B.

Several immune-related genes were down-regulated in fish fed with the IS diets like
FYN binding protein (FYB) and Tyrosine protein kinase BTK (BTK) for diet A, and
genes like Complement component C7 (C7), MHC-II or CMA1 for diet B at 2 days. On
day7 was down-regulated only cathepsin L (CTSL1) in diet A. At 14 days
adrenomedullin 1 (ADM1) and CD40 for diet A, and CD38 for diet B were also down-
regulated. At 28 days was down-regulated only C7 on diet A, and on diet B several
genes were involved with T cell function as TCR{, CD3¢, CD8a, and transcription

factors such as PU.1 and Suppressor of cytokine signaling 1 (SOCS1).
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TaBLE G: Differential expressed genes involved in the immune response of in fish fed with each IS
diet. The DEG classified based on the loop analysis with a cut-off fold change higher than 1.0 on
day 2, 7, 14, and 28 of feeding are shown. The immune-related genes p-value and the fold
change (FC) for up-(green) and down-regulated genes (blue) are represented

Accession . Diet A Diet B
Gene Annotation

Number p-value FC  p-value FC
Day 2

gb:AM972222.1 PRF1 Perforinl precursor 7,18E-05 2,65

gb:AAT68065.1  PDCD7 Programmed cell death 7 7,75E-03 2,02

gb:ACI34366.1 IFI35 Interferon induced 35 kDa protein homolog 6,29E-04 1,57 1,74E-03 1,36

gb:ABB05055.1  CASP1 Caspasel 2,46E-03 147

gb:AM952446.1  CD59 CD59 6,98E-03 1,35

gb:FP332189.1 HAMP Hepcidin 5,05E-03 1,27

gb:FP338632.1 CLEC Ctype lectin receptor 5,04E-03 -1,19

gb:AAH98511.1 TRIMS8 Tripartite motif containing 8 4,94E-03 -1,26

gb:ACI33377.1 FYB FYN binding protein 2,46E-03 -1,27

gh:AM979060.1 MAP3K8, Mitogen activated protein kinase kinase kin 6,26E-03  -1,28

gb:ACI33181.1 BTK Tyrosine protein kinase BTK 1,29E-03 -1,34

gb:AM970253.1 CD209 CD209 antigenlike protein A 6,20E-03 -1,44

gb:ACI32892.1 C7 Complement component C7 3,60E-03 -1,58

gb:AM965522.1  MHC2 MHC class II alpha chain 4,38E-03 -1,90

gh:P23946.1 CMA1, Mast cell preproprotein 6,15E-03 -2,15 8,41E-03 -2,06
Day 7

gb:P23946.1 CMA1, Mast cell preproprotein 517E-03 1,55

gb:AM971036.1 TCRB Tcell receptor beta chain (tcrb gene) 8,36E-03 141

gh:AM962749.1  CLEC4E Ctype lectin domain family 4 member E 6,16E-03 1,37

gb:AM976088.1  CD82 CD82 antigen 7,93E-03 1,36

gb:AM954188.1  CTSL1 Cathepsin L 7,55E-04 -1,46
Day 14

gb:AM968967.1  TCR T cell receptor gamma chain 1,68E-03 1,89

gb:AM951455.1  ILF2 Interleukin enhancer binding factor 2 4,77E-03 1,60

gh:AM950807.1  CSF3R Granulocyte colony stimulating factor 1,16E-03 1,51

gb:AM966093.1 TRPM4 Transient receptor potential cation 538E-03 1,49

embl:CAQ15712.1 IGSF2_3 Member 3 (IGSF3) 8,33E-03 1,45

gh:AM962749.1  CLEC4E  Ctype lectin domain family 4 member E 9,18E-04 1,44

gb:AM959877.1  BCAP31 B cell receptor associated protein 31 4,70E-03 1,43

gb:AM954714.1 C/EBPB CCAAT/enhancer-binding protein beta 2 7,95E-03 1,39

gb:AM955284.1 Lysozyme Lysozyme 7,68E-03 1,30

gb:AM976088.1 CD82 CD82 antigen 3,52E-03 1,25

gb:AAV52829.1 p38 Mitogen activated protein kinase p38a (MA' 1,41E-03 -1,22

ddbj:BAD02341.1 ADM1 Adrenomedullinl 9,01E-03 -1,27

dg:AM976484.1  CD40 Tumor necrosis factor receptor 2,54E-03 -1,50

sp:Q64244 CD38 CD38 antigen (ADP-ribosyl cyclase 1) 2,30E-03 -2,19
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TABLE G: (continuation...)

Accession . Diet A Diet B
Gene Annotation

Number p-value FC  p-value FC

Day 28

gb:AM975118.1  TNFRSF1A Tumor necrosis factor receptorl 3,53E-04 1,76

gb:AM964255.1 Class I helical cytokine receptor number 29 3,39E-03 1,74

gb:AM954714.1 C/EBPB CCAAT/enhancerbinding protein beta 2 1,58E-03 1,64

gb:AM961799.1  CXCR7 Chemokine (CXC motif) receptor 7b 1,60E-03 1,58

gh:AM963610.1  IFI30, GILT Gamma interferon inducible lysosomal 567E-04 1,58

gb:ABC50098.1  ALCAM Neurolina 3,73E-03 1,54

gb:ABC70999.1  CASP9 Caspase9 1,41E-03 1,32

embl:CAL90974.2 ITGB2 CD18 protein 6,45E-03 -1,33

gb:AM954103.1  CASP3 Caspase3 (CASP3) 6,46E-03 -1,37

gb:AM974862.1 PU.1 Transcription factor PU.1 2,88E-03 -1,41

gb:AM971036.1 TCRB T cell receptor beta chain 8,04E-04 -1,43

gh:AM976122.1  CD247 T cell surface glycoprotein CD3 zeta chain 1,47E-03 -1,46

ddbj:BAD02341.1 ADM1 Adrenomedullinl 8,81E-04 -1,57

gb:AM970739.1 CD8 CD8 alpha 9,36E-03 -1,60

gb:ACI32892.1 c7 Complement component C7 4,51E-03 -1,73

gb:AAH77158.1  SOCS1 Suppressor of cytokine signaling 1 2,06E-03 -2,19

4.4 TEMPORAL MODULATION OF THE IMMUNO-RELATED GENES IN THE IS

DIETS.

In order to associate the immune-related DEGs obtained from the loop analysis to
functional processes, the genes were grouped in inflammatory response (Figure 9),
T cell-mediated immune response (Figure 10), and apoptosis (Figure 11). The
temporal modulation was represented by the normalized expression for each

immune-related gene in all days of feeding evaluated in this study.

Several genes involved in inflammatory response were differentially expressed
based on the loop analysis. It was noted that some genes had a similar expression
curve on the days of feeding analyzed such as TNFRSF1A and C/EBPB, CLEC4E and
CMA, SOCS1 and CD18, and CSF3R and Hepcidin (Figure 9).

Among these genes, TNFRSF1A was up-regulated after 14 days of administration of
diet A, with a higher increase at 28 dof, also is significantly up-regulated at 28 dof in
diet B. Similar curve is observed on C/EBPB for both immunostimulant diets, with a

significant up-regulation in the loop analysis at 14 and 28 days of feeding on diet B,
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FIGURE 9 (PAGE 66): DEGs involved in INFLAMMATORY RESPONSE based on the loop analysis
The temporal modulation of TNFRSF1A, C/EBPB, CLEC4E, CMA-1, Caspase 1,
Transcription factor PU.1, SOCS1, CD18, CSF3R and Hepcidin on days 2, 7, 14 and 28 of
feeding of diet A (square, blue line), diet B (triangle, green line), and pooled fish fed with
control diet (discontinuous line) is represented.. Asterisk represent significant
differences compared to control group (*=p< 0.05, **=p<0.01, ***=p<0.001), latin
letters represent significant differences between diet A and B (a=p< 0.05, b=p<0.01,
c=p<0.001), and greek letters represent significant differences in the loop analysis (a=p<
0.05, B=p<0.01, y=p<0.001).

also at 28 dof was found an up-regulation compared to control diet. For diet A,
despite the curves were very similar with diet B, there were no significant
differences among the loop analysis or compared to control diet. In the case of
CLEC4E and CMA1 on day 2 of feeding a down-regulation was found on diet A and
both IS diets, respectively. Moreover, this trend in the expression of CLEC4E on diet
A was maintained during the days evaluated in this study. Both in CLEC4E and
CMA1 the expression increased on day 14 and 28 although this change was
significant only for diet B on day 14. Casp 1 showed an up-regulation only at the
beginning of the experiment (2 dof) for diet A, while on diet B the levels remain
unchanged the whole experiment. The transcription factor PU.1 and SOCS1 are both
up-regulated on diet B at 14 days of feeding with a significant reduction at 28 days
of feeding, which was also observed in CD18 in both IS diets. Significant differences

were found between diet A and diet B at 14 dof in the expression of SOCS1.

Similar expression is found in CSF3R, at 14 dof it is observed an increased in the
expression of this gene for diet A both compared to control diet and at 7 dof; in
contrast, for diet B only a down-regulation at 28 dof compared to control diet was
noted. For hepcidin gene, a trend in up-regulation was observed in all days
compared to control diet, but this regulation was significant only at 2 and 14 dof in

diet B.

Regarding T cell-mediated immune response, on diet A an increased in CD209, CD40
and CD82 was observed mainly at 7 days of feeding (Figure 10). By contrast, on diet
B most of genes (CD209, TCRB, TCRy, CD8, CD3{ and CD82) were up-regulated at 14

days of feeding and then the levels returned to the basal level on day 28. Also was
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**=p<0.01, ***=p<0.001), latin letters represent significant differences between diet A

and B (a=p< 0.05, b=p<0.01, c=p<0.001), and greek letters represent significant

differences in the loop analysis (a=p< 0.05, B=p<0.01, y=p<0.001).
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noted for MHC Ila a trend toward down-regulation in regard to the control diet on
both IS diets, whose decrease was significant for diet B at 2 days of feeding.
However a significant slight increase in the loop analysis was found at day 7 on diet

B (Figure 10).

The expression of Perforin 1, BCAP31 and IFI35, involved in apoptosis-related
processes (Figure 11), shown a similar profile with an up-regulation at the
beginning of the immunostimulant diet administration and then fell to control diet
expression level whit a posterior return to basal levels. In the case of Perforin 1 a
significant increased was observed for diet A at 2 dof and then return to basal level,
but for diet B no significant differences were observed in all days tested. For
BCAP31 also an increased expression trend was observed at the beginning of the

feeding, but only in the loop analysis a significant up-regulation was observed
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FIGURE 11: DEGs associated with APOPTOSIS based on the loop analysis. The temporal
modulation of Perforin 1, BCAP31, and IFI35 on days 2, 7, 14 and 28 of feeding of diet A
(square, blue line), diet B (triangle, green line), and pooled fish fed with control diet
(discontinuous line) is represented. Asterisk represent significant differences compared
to control group (*=p< 0.05, **=p<0.01, ***=p<0.001), latin letters represent significant
differences between diet A and B (a=p< 0.05, b=p<0.01, c=p<0.001), and greek letters
represent significant differences in the loop analysis (a=p< 0.05, B=p<0.01, y=p<0.001).
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at 14 dof compared to 7dof. For IFI35 a slight significant decrease in the expression
level was noted until 14 days of feeding on both IS diets and then the values fell to

control diet expression level.
4.5 MICROARRAY VALIDATION BY ABSOLUTE QUANTIFICATION QPCR.

To validate the microarray results, absolute qPCR quantification was performed.
Five different transcripts were analyzed, Perforin 1, TCRB, CLEC4E, C/EBPB and
PU.1. Fold-change regulation values of the microarrays and the qPCR are
summarized in Table 5, supporting and corroborating the results obtained in the

transcriptomic analysis.

TABLE V: Microarray validation analysis by absolute qPCR quantification based on mRNA
fold change (FC).

Microarray QPCR

Gene Annotation Diet Condition FC Regulation  FC  Regulation
Perforin1 Perforin 1 precursor A 2dvsC 2.65 Up 1.93 Up
TCRB T cell receptor beta chain A 7dvs2d 1.40 Up 2.19 Up
CLEC4E  Ctype lectin domain family 4 memberE = A 7d vs 2d 1.36 Up 117 Up

B 14dvs7d 144 Up 1.65 Up
C/EBPB  CCAAT /enhancer-binding protein beta B 14dvs7d 1.40 Up 1.56 Up
PU.1 PU.1 B 28dvs14d -1.14 Down -3.07 Down

4.6 IN SITUHYBRIDIZATION ANALYSIS.

In situ hybridization was performed in gills of seabream, in order to characterize the
mRNA distribution of some interesting differentially expressed genes involved in

the immune response to 3-glucan suplemented immunostimulant diets.

Gill tissue sections were analyzed with gene-specific designed probes for CD3C,
MHC Ila, CD209, C/EBPB, TNFRSF1A and PU.1. PU.1 did not give a clear signal, and
therefore was discarded for further analysis. In all the analyzed genes the specificity
of each probe was checked showing the antisense probe (target gene) a very strong
brown signal localized in the secondary lamellae (Figures 12 and 13), whereas no
signal in the sense probe (S, control) was found in any genes tested. For CD209

(Figure 12 A and B) and C/EBPB (Figure 12C and D) a strong signal was found in the
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secondary lamellae cells. The morphology of this cell type is granulated and about 8
um of diameter. For TNFRSF1A (Figure 12E and F) a strong staining in the same
cellular type was detected, but only in a few cells in the gill filament. For CD3-Z and
MHC Ila the strong signal was observed in the same cell type but only on few
positive cells (Figure 13A, B and C and Figure 13 D, E and F, respectively).
Importantly, in an oblique tissue section a greater number of CD3-¢ and MHC Ila
positive cells were observed located in the secondary lamellae (Figure 13 C and F

respectively).
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FIGURE 12: In situ hybridization using antisense riboprobes of CD209 (A and B), C/EBPB
(C and D) and TNFRSF1A (E and F) in saggital sections in gills of Sparus aurata. The
arrowhead shows the positive reactions for each probe (brown staining). S: sense probe
(control, top-right); PL: Primary lamellae; SL: Secondary lamellae; CVS: Central venous
sinus; E: Erythrocytes. Microscope augment: 20x/40x. Bars: 20um.
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FIGURE 13: In situ hybridization using antisense riboprobes of CD3Z (A, B and C) and
MHC lla (D, E and F) in saggital sections in gills of Sparus aurata. The arrowhead shows
the positive reactions for each probe (brown staining). S: sense probe (control, top-
right); PL: Primary lamellae; SL: Secondary lamellae; CVS: Central venous sinus; E:
Erythrocytes. Bars: 20um.
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5. DISCUSSION

The present work describes the effect of the oral administration in Seabream
(Sparus aurata) of two different diets supplemented with 3-glucan. For this, 360 fish
were feed the control and IS diets for a 28 days period. Non-specific immune
parameters in plasma were measured, and also a high-throughput screening of the

genes involved in this process on gills were conducted using microarrays.

The majority of studies centered on evaluate the immunostimulant dietary
supplement effect in fish have been mainly focused to its suitable application in
aquaculture. However, very few immunostimulants are currently used in this
industry. In this line, B-glucan is the most used immunostimulant dietary
supplement among the aquaculture feeds producers. In nature, (-glucans are
widespread and are found in plants, algae, bacteria, yeast and mushrooms, with
differences in their molecular weights and degree of branching depending of their
source (Dalmo and Bggwald, 2008). Currently, there are several commercial
supplements compounds by (-glucans which are used as additives to the basal diets
and whose immunostimulant effect in fish has been studied. Among them, there is
Macrogard which includes 3-1,3/1,6 glucans from S. cerevisiae (Bagni et al., 2005,
2000; Couso et al.,, 2003; Falco et al., 2014, 2012; Ghaedi et al,, 2015; Kunttu et al.,,
2009; Pionnier et al., 2014; Sealey et al., 2008); Fibosel which contains yeast (-
glucan (Couso et al., 2003); VitaStim which contains the mycelia of the fungus
Schizophyllum commune (Couso et al., 2003); Ecoactiva which contains a mixture of
B-(1,3)-linked-glucan and mannan from S. cerevisiae (Cook et al, 2003); Biosaf
which contains a live yeast concentrate (El-Boshy et al., 2010); Ergosan that consist
in an extract of Laminaria digitata and Ascophyllum nodosum (Bagni et al., 2005);
Sanictum, composed from B-glucan (Kirchhoff et al, 2011); and DVAQUA, a S.

cerevisiae fermentation product (He et al., 2009).

As alternative to these commercial additives for basal diets, the aquaculture feeds
producers have also developed commercial diets which include the
immunostimulant together with all the components needed in a basal diet and to

prepare fish to stressful or challenging periods. To date, exist three main products
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available for its use in gilthead seabream: EFICO Plus 805 (Biomar), which contains
nucleotides, mannan-oligosaccharides (MOS), 3-glucans, and anti-oxidant vitamins;
Ewos have immunostimulant formulations (Ewos Functional feeds), including
natural extracts in the form of nucleotides, glucans and prebiotics; and Protec
(Skretting). Skretting and Ewos include yeast B-glucan in their fish feed, while
BioMar includes bioactive alginate (Dalmo and Bggwald, 2008). The yeast 3-glucan
is the major constituent of its cell membrane that consists of glucose and mannose
and whose immunstimulant effect has been previously reported (Ai et al,, 2007;
Biswas et al,, 2012; Cook, 2001; Cuesta et al., 2004; Ortufio et al.,, 2002; Rodriguez,
2003; Selvaraj et al, 2006, 2005; Yu et al, 2014). In our study, two
immunostimulant diets using 3-glucan as the main immunostimulant were used. For
diet A was used the commercial diet Protec (5mg, 3mm, Skretting) which contains in
its composition B-glucans, nucleotides, elevated levels of vitamins and minerals.
These components were added in the diet in the fabrication process before
extrusion of the pellet. Diet B also contains as main immunostimulant $-glucans but,
unlike diet A, the component was added by top-coated to the commercial Nutra parr
(Skretting) diet. Nutra parr with no additives was used as control diet (diet C). The
addition of B-glucan in the diet before the extrusion (Ai et al., 2007; Bagni et al,,
2005; Couso et al,, 2003; He et al.,, 2009; Sahoo and Mukherjee, 2001; Sealey et al,,
2008; Yu et al,, 2014) or using a top-coated strategy (Bagni et al., 2005; Cook, 2001;
El-Boshy et al, 2010),with immunostimulant effect in both cases, has been

previously reported in fish.

Feeding this immunostimulant diets shows no effect in the percent of survival or

Erythrocytes counts.

Lysozyme activity is one of the most studied parameter in innate response in fish
(Tort et al., 2003). It is an enzyme which hydrolyses N-acetylmuramic acid and N-
acetylglucosamine that form part of the peptidoglycan layer of bacterial cell walls
(Ellis, 1999), resulting in the lysis of the bacteria (Tort et al., 2003). Lysozyme is also
known to be an opsonin and activate the complement system and phagocytes

(Magnadoéttir, 2006). Lysozyme has been identified in fish mucus, serum and tissues
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rich in leucocytes. Histochemically has been found in monocytes and neutrophils,
which are probably the source of the serum lysozyme (Ellis, 1999). In this study, we
found that at 7 days of feeding a significant increased in the serum lysozyme activity
in fish fed with diet A, and a significant increased in the lysozyme activity at 14 dof
with both immunostimulant diets. Other studies has been carried out in seabream
fed with B-glucans with no significant differences found between fish fed with (-
glucans and the control diets (Rodriguez, 2003; Verlhac et al,, 1998). Otherwise, in
other fish species has been reported an increased in lysozyme activity in fish fed
with B-glucans such as European seabass after 30 days of feeding (Bagni et al,
2005), and at 40wks in a cyclic administration for 2 wks every 3 month. In other fish
Order the increase in serum lysozyme activity has been also reported as in Rohu
(Labeo rohita) at 28, 42 and 56 days of feeding (Misra et al., 2006), Nile tilapia after
21 days of feeding (El-Boshy et al., 2010) and after 8wks (He et al., 2009), and also .
in trout after 3 months of administration (Ghaedi et al.,, 2015; Skalli et al., 2013). The
increase in serum lysozyme activity has been also reported when -glucan was
administered by other routes than oral (REF). Thus, the antecedents in other fish
species support the augmented serum lysozyme activity, whose increase was

significant with only 7 days of feeding in the case of diet A.

Cortisol is the central corticosteroid metabolite in teleosts (Barton and Iwama,
1991), and plasma circulating levels is the most common indicator of stress in fish
(Wendelaar Bonga, 1997). Its secretion from interrenal tissue by activation of the
hypothalamic-pituitary-interrenal (HPI) axis is the main indicator of the primary
stress response (Barton, 2002; Mommsen et al., 1999; Reid et al., 1998). As the main
hormone produced in stress situations in fish, studies in vivo and in vitro testing the
effect of cortisol over the immune system have been widely used as model to
understand the stress process in teleosts. The consequences of cortisol on the
immune response have been shown mainly in the systemic compartment (blood,
head kidney, spleen, liver) affecting directly the fish immune system due to
immunosuppression of several genes related to antigen presentation, as well as
down-regulating B- and T-cell activation, inflammatory responses, and antiviral

responses (Krasnov et al, 2012), and thus exposing fish to an increased
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susceptibility to disease (Iguchi et al, 2003; Tort, 2011). At mucosal level, few
studies have been published regarding the effect of stressors on gills in fish, which
have focused on salmonid smoltification and their adaptation to sea water
(McCormick, 2001; Olson, 2002; Shrimpton and McCormick, 1999; Wong and Chan,
2001). Moreover, few studies have been focused on evaluate the effects of diets, and
particularly immunostimulant diets, on the fish stress response and their
consequences at immunological level. In the present study, a significant high plasma
level of cortisol was observed in the control diet (diet C) while a lower cortisol level
was observed in fish fed with the immunostimulant diets, more markedly in diet A.
This result indicate that the IS diets have no effect on the fish stress response
whereas the control diet induce the cortisol release at systemic level. Considering
that fish used in this study were kept under laboratory conditions and sacrificed by
anesthetic overdoses (MS-222), the intrinsic experimental effect on fish stress
response should have been minimal. Thus, only the fish nutritional state may have
had significant effects on cortisol level. The studies focused on the effect of the IS
diets on cortisol are quite minimal. Despite this, the lower cortisol level in fish fed
with IS diets is in agreement with previous data in which tilapia (Oreochromis
nilotocus L.) fed also with a IS diet containing 3-1,3 glucan had lower serum cortisol
values than basal diet (Cain et al.,, 2003) supporting that supplementation of 3-1,3

glucan in the feed may serve as a potential stress reducer.

The primary response can lead to secondary stress responses if the stress duration
persists, as many of the steroids can have longer-term effects than the initial
catecholamine release. These secondary responses, as a result of circulating cortisol
and catecholamines, can result in physiological changes including plasma lactate
and glucose increase (Ellis et al, 2007). Importantly, a time-dependent
accumulation trend in all diets was detected in the lactate but not in glucose content,
with the lesser values at 7 and the greater values at 28 dof. It has been reported
when insufficient oxygen is available to support aerobic ATP production, fish may
resort to anaerobic metabolism resulting in the accumulation of lactate (Dunn and
Hochachka, 1986; van Raaij et al., 1996; Zhou et al.,, 2000), suggesting an anaerobic

machinery activation due to IS administration diets in seabream. Normal level of
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glucose was observed in the control diet compared with the previous glucose levels
observed in teleosts (Yeganeh et al, 2015). However, the marked differences
observed for cortisol were not observed in glucose and lactate content when were
compared the control with both immunostimulant diets. In this perspective, the
plasma glucose and lactate results seem unexpected based on gluconeogenesis and
lipolysis effects produced by cortisol (Brown et al., 1984; Sheridan, 1986). However,
in some studies the plasma cortisol was not accompanied by plasma glucose
increase (Pacheco and Santos, 2001; Tamm et al., 1988). The effect of IS diets on
cortisol and glucose has been poorly described. Eslamloo et al. (Eslamloo et al,,
2012) evaluated the dietary bovine lactoferrin effect on Siberian sturgeon
(Acipenser baeri) with no changes in plasma cortisol and glucose, while a decreased
in cortisol and glucose with increasing percentage of S. platensis inclusion has been
reported (Yeganeh et al,, 2015). This antecedent together with our result using f3-
glucan as immunostimulant opens the possibility that the IS nutritional composition
of the diet may be involved in the cortisol and glucose secretion at systemic level
and this regulation is not directly associated with the HPI axis cortisol/glucose
release. Taken together, the results suggest that sea bream fed (3-1,3 glucan
supplemented diet may have a greater ability to fight against the stress conditions
although more studies are needed to understand the mechanisms involved upon

plasma cortisol, glucose and lactate regulation.

Prostaglandin E2 (PGE2) is one of the most abundant metabolites of arachidonic
acid, generated through an enzymatic cascade controlled by cyclooxgenase (COX)
enzymes (Chizzolini and Brembilla, 2009). PGE2 has a role in inflammation
increasing vascular permeability, fever generation and T-cell adaptive immune
response (Boniface et al, 2009; Solomon et al, 1968; Yao et al., 2009). In fish,
prostaglandins are found in different cells and tissues, including macrophages
(Pettitt et al., 1991), red blood cells (Cagen et al.,, 1983) and oocytes (Stacey and
Goetz, 1982). Although in fish there is no previous reports whether $-glucan could
promotes the PGE2 production, the antecedents in mammals indicate that $-glucan
induces the production of PGE2 (Gagliardi et al., 2010; Smeekens et al., 2010). In the

present study is shown that -glucan present in diet A induces the serum PGE2
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increase after 14 days of administration of the diet in gilthead seabrem. This is the
first report of B-glucan-mediated PGE2 production in fish fed with supplemented
diet.

The role of prostaglandin in glucose metabolism by controlling glycogen metabolism
in liver has also been reported (Okumura et al., 1993; Piischel and Christ, 1994).
Busby et al. (2002) found that PGE2 induces glycogenolysis and glyconeogenesis in
rockfish (Sebastes caurinus) hepatocytes, activating the plasma membrane adenyl
cyclase and hepatocyte glycogen phosporylase leading to increases in hepatocyte
glucose output. Importantly, in this study was observed the same increase in the
serum PGE2 and glucose levels at 14 dof in seabream fed with diet A, suggesting a
relation between PGE2 and glucose metabolism in vivo after administration of f3-
glucans as dietary supplement. Further studies are needed to verify this hypothesis

and the mechanisms involved in this process.

In order to characterize the gills transcriptomic response in Gilthead seabream fed
with B-glucan supplemented diet, a microarrays analysis was carried out. GIALT
(gill-associated lymphoid tissue) is one of the most relevant portal of entry due is
directly in contact with the water external environment and, together with skin, the
first fish immunological barrier. Curiously, to date no previous reports have been
published in regard to the gene expression modulated of 3-glucan administered as
dietary supplement. Hence, this is the first report in characterize the gills
transcriptomic response in seabream fed with (-glucan supplemented diet at fish

mucosal level.

In a general overview of the gills transcriptomic response, it was observed that the
changes with the administration of both IS diet in terms of the intensity of the
response (expressed as AFC) was not so high. Most of the DEGs had a fold change
smaller than 2.0 and only a few DEGs had a fold change greater than 3. Thus, the
administration of B-glucan does not highly manipulate the response in gills of the
seabream, suggesting that this immunostimulant may prevent an exacerbated and

potentially dangerous response to the host.
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To understand the effect of this dietary immunostimulant diets in the seabream two
analysis were conducted according to the MIAME guidelines manual (Brazma et al.,
2001): a reference design, that allowed us to evaluate the accumulative changes in
feeding the immunostimulant diets; and a loop design, comparing each sampling
point with its previous one that allowed us to determine the transient changes
based on the modulation of the response in a time dependent manner. In the
reference analysis was observed a greater number of DEGs with the administration
of diet A. At day 2 of feeding, a similar number of DEGs were observed in both diets;
however differences in the number of DEGs were detected at 7 and 14 dof, turning
to similar levels in both diets at 28 dof. Thus, based on the number of DEGs, it seems
that diet A induced an early and most marked immunostimulant effect while a later
response compared to diet A was observed in diet B in gills of seabream fed with 3-
glucan supplemented diets. Despite this, results interesting the cyclic number of
DEGs observed during the study. In diet A from the basal number of DEGs at 2 dof an
increase was observed at 7 dof and then this trend was repeated at 14 and 28 dof. In
contrast, in diet B from the basal number of DEGs a decrease was observed at 7 dof
and then the same trend, although with an increased magnitude, was observed at 14
and 28 dof. On the other hand, the loop analysis showed a similar number of DEGs
during the study but in diet B a drop in the number of genes was noted at 7 and 14

dof compared to 2 dof, with a remarkable increase at 28 dof.

Some of the genes with a marked regulation (up- or down-regulated) correspond to
transcripts with an unknown function (Supplementary tables). Therefore, further
studies are necessary to determine the nature of these genes and their role and
implications in fish immune response and their implications in the effect of (-

glucans administered as dietary supplement.

Taking together, these results suggest that the immunostimulant dietary inclusion
(extruded versus top-coated strategy) has a direct effect on gene expression

modulation in gills fed with $-glucan supplemented diets.

According to functional classification, several immune-related genes modulated by

the administration of the IS diets were related with the T-cell mediated immune
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response. In this study, CD209 was up-regulated in the loop analysis in fish fed with
diet A at 7dof, and a tendency to up-regulation was also observed in fish fed with
diet B at 14dof. CD209, a C-type lectin receptor (CLR), is a transmembrane protein
categorized as pathogen-recognition receptor present in the surface of dendritic cell
and macrophages. CD209 is directly associated with MHC class II since CD209 is
thought mediate the endocytosis of the pathogens degraded in lysosomal
compartments and then the pathogen-derived antigen are presented in a context of
MHC class II to resting T cells to initiate the adaptative immune response. As in the
case of CD209, also MHC Ila was up-regulated in the loop analysis at 7dof in fish fed
with diet B, but no modulation was observed in diet A. The antigen presentation by
the APCs via MHC class II leads to the activation of T cells (Bromley et al., 2001)
mediated by T cell receptors (TCR). Each TCR is composed of ligand-binding
subunits, the alpha and beta chains, and signaling subunits, namely the CD3 epsilon,
gamma, delta and zeta chains. Small population of T cells contains TCRs that consist
of gamma and delta chains instead alpha and beta (Nel, 2002). In this study was
found the up-regulation of TCRB and TCRy chain in the loop analysis at 14 days
compared to 7 dof in diet B, an also a significant up-regulation was observed at 14
days compared to control diet. Importantly, the same modulation was observed for
the signaling subunit CD3 zeta, which was up-regulated in diet B at 14 dof. The TCR-
MHC class II complex is stabilized by several co-stimulatory molecules i.e. CD40, a
gene member of the TNF-receptor superfamily expressed in a wide variety of cells
including APC (B cells, macrophages, and dendritic cells), endothelial cells, and
fibroblasts. The binding with is counter receptor CD40L in T cells, leads to both
humoral and cellular immune responses (Pype et al., 2000). In our study, the up-
regulation of CD40 in the loop analysis at 7dof compared with the 2 dof followed
with a down-regulation at 14dof was regulated in fish fed with the
immunostimulant diet A. By contrast, in fish fed with the diet B, a down-regulation

was found at 28dof compared with the same diet at 14dof.

The co-stimulation, activation and mobilization of T cells is a key process for the
development of the Immune response. A molecule involved in this process is CD82,

that it is a member of tetraspan family (tetraspanin), is a multifunctional molecule

80



that is involved in cell activation, co-stimulation, and cell spreading of T cells (Iwata
et al, 2002). In this study the expression of CD82 was up-regulated in the loop
analysis at 7dof in the diet A, and at 14dof for the diet B.

The interactions of these components lead to the activation of the humoral or
cellular immune response. In the cell-mediated immune response , one of the actors
is the citotoxic T linfocyte (or CTL) CD8*. CD8 is a surface glycoprotein that mediates
efficient cell-cell interactions within the immune system. This antigen, act as a co-
receptor, that helps T cell to the recognition of antigens presented for the APC in the
context of MHC class I molecules (Cresswell et al., 2005). The functional co-receptor
is either a homodimer composed of two a chains, or a heterodimer composed of one
a and one {3 chain. Our result shows the up-regulation of CD8 3 chain at 14 dof with

the diet B.

CTLs may Kkill target cells by one of at least three distinct pathways. One of this
mechanisms required direct cell-cell contact between the efector and the target cell,
and it is mediated by the release from the CTL of perforin and granzymes into the
intercellular space (Andersen et al.,, 2006). The uptake of the granular material by
the target cell causes cell death in a caspase-dependent and -independent manner
(Trapani and Smyth, 2002). In our study was detected the up-regulation of Perforin
1 at 2 days of feeding with diet A. Perforin has previous been described in Japanese
flounder (Jee et al., 2004), trout (Athanasopoulou et al., 2009) and ginbuna (Toda et
al, 2011). Jee et al. (Jee et al, 2004) demonstrated the lytic activity of Japanese
flounder recombinant perforin, and also inhibitors of perforin suppressed cytotoxic
activity of T cell clones (Zhou et al.,, 2001). Also, Toda et al. (Toda et al.,, 2011) has
demonstrated that the citotoxicity of CD8+ cell is dependent of perforin 1,
suggesting that fish perforin has a mechanism of killing similar of those described in
mammals, and that the cytotoxic mechanism of CTLs is highly conserved through
vertebrates. In our work, others molecules that are involved in apoptosis were
differentially expressed. BCAP31 was also up-regulated in the loop analysis at 14
dof with diet A. BCAP31, member of the B-cell receptor associated protein 31

superfamily, is a multi-pass transmembrane protein of the endoplasmic reticulum
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that is involved in the anterograde transport of membrane proteins from the
endoplasmic reticulum to the Golgi and in caspase 8-mediated apoptosis. IFP35 was
also up-regulated in fish fed with both immunostimulant diets from the beginning
until 14dof. There is some evidence that IFI35 associated with N-myc interac- tor
(Nmi) interacts with STATs and is involved in the apoptosis process (Chen and
Naumovski, 2002). Also, IFP35 is known to be induced by interferon gamma, a
cytokine involved in the cellular-mediated immunity, reinforcing the possibility that
a cellular-mediated immune response may be stimulated in seabream fed with (3-

glucan supplemented diets.

From the gills transcriptomic response, some immune-related genes were selected
to find out in the gills architecture, the spatial localization of the cells which
differentially express those mRNAs. In this study, the ISH showed a strong signal in
the same cell type in five (CD209, C/EBPB, TNFRSF1A, CD3(, MHC class Ila) of the
six (PU.1) selected genes. This cell type is located in the secondary lamelae in the
interlamellar space, and morphologicaly is a granulate cell with a diameter of 6um.
Based on localization and morphology these cells appear to be chloride cells. The
chloride cells (CCs) tend to be concentrated in the afferent region of the filament
epithelium and have an intimate association with the arteriovenous circulation,
although in the interlamellar region mitocondrial rich cells (MRCs) are also
associated with the basal channels of the lamellar arterioarterial circulation
(Laurent, 1984; Wilson and Laurent, 2002). In teleost fish, CCs are cells presented
mostly in the secondary lamelae but also can be found in the primary lamelae, and it
is characterized for a very granulated cytoplasm, due to the presence of a rich
population of mitochondria and an extensive tubular system (Uchida et al., 2000).
The term “chloride cell” relates to the function of the mitocondrial rich cells (MRC)
in Cl elimination. In seawater teleosts, the MRCs have quite convincingly been
shown to be sites of active Cl elimination and hence the name is fitting (Marshall et
al,, 2002; Wilson and Laurent, 2002). However, as far as our knowledge, no studies
have been carried out to investigate the role of this cell type in the immune
response. On the other hand, a study published in 2014 shows the abundance and

distribution of T cells in gills of European sea bass using a specific T cell mAb DLT15
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in a immunohistochemistry analysis (Nufiez Ortiz et al, 2014). The presence of
these T cells in the epithelium of sea bass gills are in the same localization than our
in situ hybridization-positive cells, opening the possibility of the presence of T cells
in the lamellae of seabream fed with (-glucan supplemented diets. Further studies
are needed in order to confirm the presence of chloride cells, T cells and other
possible cell types involved in the expression of these immune-related genes

differentially expressed in gills seabream fed with -glucan dietary supplemented.
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6. CONCLUSION

This study describes the effect of the oral administration in Seabream (Sparus
aurata) of two different diets supplemented with B-glucan. At physiological level, (3-
glucan produced the decrease in the cortisol level in both immunostimulant diets.
Although the serum glucose level was not associated with cortisol, it seems to be
related with non-specific immune parameter as prostaglandin and whose
interaction at metabolic level has been demonstrated in mammals. The first
transcriptomic response in teleost to evaluate the (-glucan effect showed the
modulation of genes related with inflammatory response, T cell response and
apoptosis. Based on these results, B-glucan could stimulate the antigen presentation
and cell-mediated immune response, mainly through T cell-mediated cytotoxicity.
The in situ hybridization-positive cells found in the interlamelar space of the
secondary lamelae opens the possibility to the presence of chloride or T cells. The
results indicate that f-glucan administered in diet produces an immunostimulant
effect in gills of seabream. Further analyses are needed to confirm the hypothesis

and scope considered in this study.
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8. ANNEX

TABLE S1: List of differential expressed genes (p<0.01) in gills of seabream fed with
immunostimulant diets. Loop analysis with a cut-off fold change higher than 1.0 between CONTROL
DIET (DIET C) AND DIET A 2 DAYS OF FEEDING. The p-value and the absolute fold change (FCA) for up-
(green) and down-regulated genes (blue) are represented.

Control diet (all days) vs Diet A day 2

Description p-value FCA  Regulation
Deoxycytidylate deaminase [Salmo salar 4.93E-03 3.19 u
unknown 3.11E-03 2.50 up
unknown 2.81E-03 2.13 up

Pyruvate dehydrogenase E1 component subunit alpha, somatic form,

mitochondrial irecursor Salmo salar 3.10E-03 1.94 ui
Dna]like subfamili B member 6 Paralichthis olivaceus 3.35E-03 1.84 ui
80 up

unknown 1.96E-03 1.

unknown 2.44E-03 1.72 up

unknown 6.31E-03 1.65 u

Zincbinding alcohol dehydrogenase domaincontaining protein 1
Salmo salar 7.00E-03 1.6

3 u;
YY1 transcription factor a [Danio rerio 6.80E-03 1.62 u;

Heiaran sulfate 20sulfotransferase 1 [Salmo salar| 8.70E-03 1. i

61 u
unknown 8.71E-03 1.60 up

unknown 5.57E-03 1.56 ui
Naceililucosaminelihosihate transferase |Danio rerio 5.32E-03 1.55 ui
u

member 6 [Xenopus (Silurana) tropicalis 3.88E-03 1.54

coiledcoil domain containing 94 [Danio rerio] 8.49E-03 1.51 up

Protein niihtcap 2.77E-03 1.49 up

Peroxisomal 3,2transenoylCoA isomerase [Salmo salar] 6.56E-03 1.48 up

short coiledcoil protein [Danio rerio] 2.37E-03 1.43 up

2.42E-04 1.43 u

=

transforming, acidic coiledcoil containing protein 3 [Takifugu rubripes

isoform CRA_e [Mus musculus] 4.31E-03 1.43 up
COX4 neighbor isoform 2 [Homo sapiens] 723803 142 up
unknown 6.71E-03 141 up
wnknown 470803 140 uwp
unknown 4.44E-03 1.39 up
Chloride intracellular channel protein 4 [Esox lucius] 7.82E-03 1.39 up
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TABLE S1: (continued...)

Description -value FCA Regulation

unknown 3.36E-03 1.39 up

unknown 5.34E-03 1.38 u

unknown 7.39E-03 1.38

=
a=

unknown 4.65E-03 1.38

=
a=l

unknown 2.24E-03 136

prowinaseactvated receprorza [sabmo sl 550603 136w

unknown 1.98E-03 1.35

=
=]

RAB1, member RAS oncogene family [Mus musculus 7.67E-03 1.35

=

Lithognathus mormyrus clone Imos9p04f08 mRNA sequence 5.41E-03 1.33

LYR motifcontaining protein 4 [Esox lucius 8.50E-03 1.32

(=

nknown 1.69E-03 1.30

unknown 4.03E-03 1.30

=
=]

mitochondrial precursor [Oncorhynchus mykiss] 1.51E-03 1.29

=
=]

nknown 7.19E-03 1.28

unknown 4.35E-03 1.27

=
=

Lithognathus mormyrus clone lithmor139 mRNA sequence 3.23E-03 1.26

Dynein, cytoplasmic 1, light intermediate chain 2 [Danio rerio] 7.93E-03 1.25

=]
5=

Lithognathus mormyrus clone Imos9p04f09 mRNA sequence 2.99E-03 1.24

RecName: Full=Glutamine and serinerich protein 1 9.33E-04 1.23

=
=

alpha polypeptide [Danio rerio] 6.81E-03 1.23

=1
=

unknown 8.55E-03 1.22

=
s=

Factincapping protein subunit alphal [Salmo salar] 8.28E-03 1.20

=}
5=

unknown 6.71E-03 1.17

=1
=]

unknown 6.29E-03 1.17

=
a=l

unknown 8.49E-03 1.16

=
a=}

=

04



TABLE S1: (continued...)

Description -value FCA  Regulation

component of oligomeric golgi complex 7 [Danio rerio 6.09E-03 1.15

Lithognathus mormyrus clone Imos3p03H03 mRNA sequence 3.82E-03 1.12

wkown T e 10w

unknown 4.14E-03 8.25

:

unknown 6.71E-03 3.62 down

unknown 1.00E-04 3.54 down

unknown 8.18E-03 3.20 down

unknown 7.31E-03 3.16 down

unknown 2.30E-03 2.90 down

unknown 3.21E-03 2.74 down

unknown 7.66E-05 2.63 down

unknown 1.16E-03 2.62 down

unknown 6.03E-04 2.58 down

unknown 5.34E-03 2.51 down

unknown 5.33E-03 2.47 down

unknown 2.25E-03 2.36 down

unknown 7.91E-03 2.34 down

unknown 1.44E-03 2.27 down

unknown 1.27E-03 2.22 down

unknown 4.88E-03 2.14 down

unknown 3.15E-03 2.13 down

unknown 1.88E-05 2.11 down

unknown 5.86E-03 2.10 down

unknown 1.21E-03 2.09 down

Efha2 protein [Mus musculus] 1.06E-03 2.05 down

10
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TABLE S1: (continued...)

Description -value FCA Regulation

unknown 5.88E-03 1.99 down

unknown 4.28E-03 1.97 down

unknown 5.75E-03 1.96 down

unknown 4.52E-03 1.96 down

unknown 1.42E-03 1.94 down

unknown 2.38E-03 1.92 down

unknown 5.15E-03 191 down

unknown 8.97E-03 1.89 down

ribosomal protein L12 [Solea senegalensis 4.57E-03 1.87

unknown 7.83E-03 1.85 down

unknown 1.62E-03 1.84 down

viral Atype inclusion protein [Trichomonas vaginalis G3 8.27E-03 1.83 down

unknown 2.48E-03 1.83 down

unknown 6.30E-03 1.82 down

unknown 6.49E-04 1.79 down

unknown 1.53E-03 1.78 down

unknown 7.81E-03 1.76 down

unknown 1.88E-03 1.75 down

unknown 4.36E-03 1.70 down

unknown 5.97E-04 1.70 down

unknown 9.86E-04 1.66 down

unknown 6.29E-03 1.65 down

Oryzias latipes PSMB10 and PSMB8 genes for proteasome subunit,
beta type 10 and proteasome subunit, beta type 8, partial cds,
haplotype: 24 6.55E-03 1.64 down

reverse transcriptase [Cyprinodon variegatus] 4.36E-03 1.63 down

10
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TABLE S1: (continued...)

Description -value FCA  Regulation

FBP32II precursor [Morone chrysops 5.88E-04 1.63 down

unknown 7.54E-03 1.62 down

unknown 8.95E-03 1.62 down

unknown 2.55E-03 1.60 down

unknown 4.89E-03 1.59 down

unknown 4.96E-03 1.58 down

unknown 6.67E-03 1.57 down

hosphoglucomutase 5 [Bos taurus 2.28E-03 1.56 down

unknown 4.27E-04 1.55 down

unknown 2.82E-03 1.54 down

3.26E-03 1.54 down

9.59E-03 1.53 down

1.39E-03 1.51

7.70E-03 1.51 down

1.77E-03 1.51 down

8.68E-03 1.50 down

2.10E-03 1.48 down

7.43E-03 1.48 down

2.76E-03 1.47 down

5.07E-03 1.46 down

1.48E-03 1.45 down

2.95E-03 1.45 down

8.73E-04 1.44 down

unknown 9.35E-03 143 down

10
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TABLE S1: (continued...)

Description -value FCA Regulation

im:7038599 [Danio rerio] 1.57E-03 1.42 down

unknown 6.56E-03 1.42 down

unknown 6.16E-03 1.42 down

Lithognathus mormyrus clone Imos7p06f06 mRNA sequence 7.19E-03 141 down

3Nacetylglucosaminyltransferase 5 [Danio rerio 1.65E-03 141 down

unknown 4.25E-03 141 down

unknown 1.14E-03 1.40 down

unknown 7.84E-03 1.39 down

Tetraspanin4 [Salmo salar 7.75E-03 1.38

1a [Danio rerio] 6.05E-03 1.38 down

Ras association domaincontaining protein 2 [Salmo salar 4.63E-03 1.37 down

Bos taurus TSC22 domain family, member 2 (TSC22D2), mRNA 3.49E-03 1.36 down

unknown 5.00E-03 1.35 down

Ctbp2 protein [Danio rerio 8.84E-03 1.35 down

unknown 6.76E-04 1.34 down

Salmo salar clone ssalrgf531382 deltex3like putative mRNA, complete

cds 7.55E-03 1.33 down

unknown 6.68E-03 1.32

unknown 8.66E-04 131

TANKbinding kinase 1 [Danio rerio] 4.64E-03 1.31 down

unknown 7.07E-03 1.29 down

unknown 4.30E-03 1.28 down

ZNF554 protein [Homo sapiens] 2.35E-03 1.28 down

unknown 5.91E-03 1.28 down

FYNbinding protein [Salmo salar] 2.46E-03 1.27 down

10
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TABLE S1: (continued...)

Control diet (all days) vs Diet A day 2
Description -value FCA  Regulation

Mus musculus enhancer of polycomb homolog 1 (Drosophila) (Epc1),
transcript variant 2, mRNA 3.88E-03 1.26 down

tripartite motifcontaining 8 [Xenopus (Silurana) tropicalis 4.94E-03 1.26 down

unknown 3.71E-04 1.25 down

unknown 1.04E-03 1.24 down

DAP12 [Ictalurus punctatus] 8.50E-04 1.24 down

Diplodus sargus igfll mRNA for preproinsulingrowth factor I,
complete cds 8.04E-03 1.23 down

unknown 9.57E-03 1.21 down

unknown 2.14E-03 1.20 down

unknown 3.21E-03 1.19 down

unknown 4.09E-03 1.16 down
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TABLE S2: List of differential expressed genes (p<0.01) in gills of seabream feed with
immunostimulant diets. Loop analysis with a cut-off fold change higher than 1.0 between DIET A 2
DOF AND DIET A 7 DOF. The p-value and the absolute fold change (FCA) for up- (green) and down-
regulated genes (blue) are represented

Description p-value FCA  Regulation
unknown 7.48E-03  7.76 u

AAD32909.1 [Dictyostelium discoideum 8.97E-03 2.28

zinc finger, DHHC domain containing 7, isoform CRA_a [Rattus
norvegicus 9.22E-03 1.78

nknown 8.19E-04 1.68

unknown 7.11E-03 1.63

unknown 9.19E-03 1.59

nknown 3.74E-03 1.57

unknown 4.22E-03 1.56

mast cell preproprotein [Homo sapiens 5.17E-03 1.55

[=1

nknown 6.08E-03 1.52

unknown 3.44E-03 1.52

unknown 6.02E-03 1.50

unknown 2.01E-03 143

I

nknown 2.74E-03 1.42

I

Lithognathus mormyrus clone lithmor242 mRNA sequence 6.95E-03 1.39

wkown T ey 139w

nknown 9.32E-03 1.38

unknown 5.72E-03 1.38

unknown 4.10E-03 1.37

CD82 antigen [Salmo salar 7.93E-03 1.36

=}

unknown 3.29E-03 1.32

Cold shock domaincontaining protein E1 [Salmo salar 2.28E-03 1.32

{=1

nknown 2.89E-03 1.3

1

Lithoinathus mormirus clone lithmor89 mRNA seiuence 7.03E-03 1.31 ui
unknown 7.29E-03 1.29 up
11

0



TABLE S2: (continued...)

Description -value FCA  Regulation

3Nacetylglucosaminyltransferase 5 [Danio rerio 8.42E-03 1.26

unknown 8.30E-03 1.26

unknown 9.09E-03 1.26

unknown 5.23E-03 1.22

unknown 3.05E-03 1.21

PREDICTED: id:ibd5057 [Danio rerio 9.21E-03 1.19

unknown 7.11E-03 1.17

unknown 9.73E-03 5.20 down

transmembrane 7 superfamily member 2 [Bos taurus 7.46E-03 3.16

unknown 6.44E-03 2.64 down

unknown 7.26E-03 2.46 down

unknown 7.99E-03 2.39 down

unknown 8.56E-03 2.31 down

Betaureidopropionase [Salmo salar] 5.94E-03 2.01 down

1Q motif containing GTPase activating protein 3 [Homo sapiens 9.29E-03 1.78 do

Nephtys incisa 28S ribosomal RNA gene, partial sequence 5.92E-03 1.76

unknown 1.09E-04 1.72 down

Cyclindependent kinase inhibitor 3 [Salmo salar 4.37E-03 1.69

3hydroxyisobutyrylCoA hydrolase, mitochondrial precursor [Salmo
salar 6.67E-03 1.68

Protein nightca 8.76E-03 1.66

cyclin B3 [Oreochromis niloticus] 2.44E-03 1.58 down

unknown 8.61E-04 1.57 down

UPF0420 protein C160rf58 homolo 4.49E-03 1.56 down

unknown 6.51E-03 1.55 down

11

=



escription -value FCA  Regulation

RecName: Full=Probable 2oxoglutarate dehydrogenase E1 component
DHKTD1, mitochondrial; AltName: Full=Dehydrogenase E1 and
transketolase domaincontaining protein 1; Flags: Precursor 1.81E-03 1.54 down

Lithognathus mormyrus clone Imos7p03b05 mRNA sequence 7.67E-03 1.50 down

unknown 6.42E-03 1.48 down

unknown 6.95E-03 1.44 down

unknown 5.50E-03 1.43 down

unknown 9.47E-03 141 down

unknown 5.49E-03 141 down

unknown 3.48E-03 1.39 down

unknown 2.58E-03 1.38 down

unknown 8.14E-03 1.37 down

unknown 4.65E-03 1.36 down

delta9desaturase 1 |Takifuiu rubriies| 9.25E-03 1.36 down
alectin 8 [Sparus aurata 3.14E-03 1.35 down
unknown 1.05E-03 1.34 down

methyltransferase Mb3374 [Salmo salar 4.14E-03 1.33 down

component of oligomeric golgi complex 7 [Danio rerio 9.09E-03 1.31 down

selenoprotein W2a [Oreochromis mossambicus 7.41E-04 1.29 down

epidermal growth factor receptor pathway substrate 8like protein 1

isoform a [Homo sapiens 6.72E-03 1.28 down

member 9 [Xenopus laevis 7.23E-03 1.27 down

unknown 7.04E-03 1.27

unknown 3.77E-03 1.25 down

Transmembrane protein 103 [Danio rerio 4.29E-03 1.23 down

C6orf64 homolog [Esox lucius 2.12E-03 1.22 down

unknown 7.95E-03 1.21 down
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TABLE S2: (continued...)

Diet A day 2 vs Diet A day 7
Description -value FCA  Regulation

unknown 7.26E-03 1.18 down

Plateletactivating factor acetylhydrolase IB subunit gamma [Salmo
salar 9.94E-03 1.18 down

unknown 4.01E-03 117 down

unknown 6.37E-03 1.16 down

Lithognathus mormyrus clone Imos8p02h02 mRNA sequence 1.13E-03 1.15 down

similar to cullin 4A (predicted), isoform CRA_b [Rattus norvegicus] 4.85E-03 1.11 down
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TABLE S3: List of differential expressed genes (p<0.01) in gills of seabream feed with
immunostimulant diets. Loop analysis with a cut-off fold change higher than 1.0 between DIET A
7DOF AND DIET A 14 DOF. The p-value and the absolute fold change (FCA) for up- (green) and down-
regulated genes (blue) are represented
Diet A day 7 vs Diet A day 14
Description p-value FCA  Regulation
Vibrio vulnificus YJ016 DNA, chromosome II, complete sequence 1.43E-04 8.95 u

4.89E-03 2.18

:

tryptophanyltRNA synthetase [Danio rerio 6.65E-03 1.85

(=]

cyclin B1 [Larimichthys crocea 5.35E-03 1.78

TraB domaincontaining protein [Salmo salar] 8.24E-03 1.67

i up

Retinol dehydrogenase 3 [Oncorhynchus mykiss 6.73E-03 1.64

{=1

unknown 6.42E-03 1.60

nknown 8.83E-03 1.59

c
=}

nknown 3.21E-03 1.55

member 20 [Danio rerio 8.46E-03 1.55

(=1

Borealin [Salmo salar] 3.07E-03 1.52

=
s=l

centromere protein P [Danio rerio] 6.78E-03 1.50

shugoshinl [Oryzias latipes] 8.14E-03 1.48 up

lecithincholesterol acyltransferase [Xenopus (Silurana) tropicalis 6.74E-03 147

member 3 (IGSF3) [Danio rerio] 8.33E-03 1.45

Mannoselphosphate guanyltransferase alphaA [Salmo salar] 2.98E-03 1.45

mitochondrial 1 [Homo sapiens] 9.36E-03  1.44

lysophosphatidic acid receptor 2 [Xenopus (Silurana) tropicalis] 1.65E-03 1.43 up

nknown 4.11E-03 1.43

C8orf55 homolog precursor [Salmo salar] 2.69E-03 1.42

Nephtys incisa 28S ribosomal RNA gene, partial sequence 2.43E-03 141

unknown 3.02E-03 141

Protein zwilch homolog 2.60E-03 1.39

Replication rotein A 70 kDa DNAbinding subuni [Semo salar] 293503 138 up

PRP4 premRNA processing factor 4 homolog B [Danio rerio] 1.16E-03 1.38 up
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TABLE S3: (continued...)

Description -value FCA  Regulation
aldehyde dehydrogenase [Danio rerio 4.72E-03 1.37 u
Cellular apoptosis susceptibility protein 9.05E-03 1.37

unknown 4.48E-03 136

RGD1311345 protein [Rattus norvegicus 4.25E-03 1.35

member 3 [Xenopus (Silurana) tropicalis 2.01E-03 1.34

Dynactin subunit 5 [Salmo salar 9.73E-03 134 u
Oleoyl[acylcarrierprotein] hydrolase 5.77E-03 1.32 u

MKL/myocardinlike 2, isoform CRA_b [Homo sapiens] 8.84E-03 1.31

transducin ta)like 2 i i 7.69E-03 1.30

novel protein similar to human and mouse cytochrome b561 domain

containing 2 (CYB561D2) [Danio rerio 7.24E-03 1.30
Hnrnpu protein [Danio rerio 1.58E-03 1.30 u
soluble [Danio rerio] 7.90E-03 1.29 up

ADPribosylation factorlike protein 4D [Salmo salar 4.40E-03 1.28

unknown 8.87E-03 1.27

candidate 1 [Bos taurus 8.67E-03 1.27 u

unknown 2.90E-04 1.26

mesoderm specific transcript [Takifugu rubripes 6.24E-03 1.26
kinetochore associated 1 [Xenopus tropicalis] 1.26E-03 1.25

Vesicleassociated membrane protein 3 [Salmo salar 8.83E-03 1.25

Mitochondrial folate transporter/carrier [Salmo salar 1.24

unknown 4.97E-03 1.23

leucine rich repeat containing 57 [Danio rerio] 8.62E-03 1.23

mitochondrial ribosomal protein L19 [Danio rerio 7.33E-03 1.22

unknown 8.74E-03 1.21 up
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TABLE S3: (continued...)

Description -value FCA  Regulation

nknown 6.06E-03 1.19

nknown 9.97E-03 1.19

Nacylaminoacylpeptide hydrolase, isoform CRA_d [Homo sapiens 9.48E-04 1.18

=}

novel protein similar to vertebrate translocated promoter region (to

activated MET oncogene) (TPR) [Danio rerio 5.54E-03 1.17

3hydroxybutyrate dehydrogenase type 2 [Salmo salar 8.24E-03 1.15 u

TruB pseudouridine (psi) synthase homolog 1 variant [Homo sapiens 7.98E-03 1.14

unknown 5.70E-03 1.12 ui

Extracellular matrix protein 1 precursor [Salmo salar] 2.74E-03 1.10

StARrelated lipid transfer protein 7 [Salmo salar] ~ 259E03 110 wp
oosefish kalliklectin [Lophiomus setigerus 7.53E-04 2.37

AAD32909.1 [Dictyostelium discoideum 5.08E-03 2.31 down

unknown 5.47E-03 2.19 down

unknown 3.45E-03 1.94 down

unknown 1.89E-03 191

unknown 3.86E-03 1.72

unknown 4.31E-03 1.67

absent in melanoma 1 [Mus musculus] 5.09E-03 1.63 down
ADPribosylation factorlike 16 [Danio rerio 3.03E-04 1.58 down
unknown 2.02E-03 1.57 down

unknown 8.79E-03 1.53 down

unknown 1.68E-03 1.50 down

truncated type I keratin KA21 [Bos taurus] 9.82E-03 1.50 down

unknown 1.75E-03 1.49 down

Lithognathus mormyrus clone Imos2p05g04 mRNA sequence 6.62E-03 1.48 down

DNA segment, Chr 7, Wayne State University 128, expressed [Mus
musculus] 8.50E-03 1.47 down
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TABLE S3: (continued...)

Description -value FCA Regulation

unknown 4.31E-03 1.46 down

unknown 6.49E-03 1.43 down

unknown 5.80E-03 1.42 down

unknown 2.14E-03 1.42 down

unknown 1.23E-03 1.39 down

unknown 6.72E-03 1.37 down

unknown 5.77E-03 137 down

unknown 9.58E-03 1.36 down

unknown 3.25E-04 1.35 down

unknown 5.30E-03 1.34 down

unknown 3.49E-03 1.33 down

unknown 4.68E-03 1.32 down

unknown 9.35E-03 1.32 down

unknown 6.98E-03 131 down

PREDICTED: im:6912447 [Danio rerio] 4.16E-03 1.30 down

unknown 8.66E-03 1.30 down

unknown 3.98E-05 1.29 down

unknown 4.82E-03 1.28 down

adrenomedullin1 [Takifugu rubripes] 9.01E-03 1.27 down

unknown 3.70E-03 1.27 down

unknown 7.42E-03 1.25 down

PEST proteolytic signalcontaining nuclear protein [Salmo salar] 1.17E-03 1.25

ko PR oekes 125 down

similar to FL]J46154 protein (predicted) [Rattus norvegicus 8.00E-03 1.24 down

torsin A interacting protein 2 [Rattus norvegicus] 4.32E-04 1.24 down

11
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TABLE S3: (continued...)

Description -value FCA Regulation

unknown 2.16E-03 1.23 down

unknown 3.96E-03 1.23 down

unknown 9.25E-03 1.20 down

unknown 3.84E-03 1.20 down

PREDICTED: centrosomal protein 57kDa [Taeniopygia guttata 7.13E-03 1.20 down

unknown 3.11E-03 1.20 down
unknown 314803 119  down
unknown 4.41E-03 1.19 down
polypeptide 1 [Daniorerio] ~ 702E03 119  down
unknown 9.40E-03 1.18 down
unknown  445E03 118  down
member 1b [Danio rerio 5.14E-03 117 down
FXYD domain containing ion transport regulator 8 [Salmo salar] 3.07E-03 1.17 down

unknown 4.30E-03 1.15 down

unknown 2.48E-03 1.14 down

unknown 8.89E-03 1.13 down
unknown 9.53E-03 1.09 down
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Description p-value FCA  Regulation
unknown 5.55E-03 3.22 ui
AAD32909.1 [Dictyostelium discoideum 2.07E-03 2.60 u
unknown 8.43E-03 2.43 up

nknown 2.70E-03 2.27

Acetylcoenzyme A synthetase 2like, mitochondrial precursor [Salmo
salar 5.91E-03 2.13

{=1

unknown 9.41E-03 199

unknown 5.44E-03 1.84

=
s=l

nknown 8.35E-03 1.83

. -

unknown 2.43E-03 1.77

transposase [Rana pipiens 5.15E-03 1.75

unknown 7.61E-03 1.72
unknown 1.72E-03 1.68 u
EDICTED: similar to zinc finger protein [Hydra magnipapillata 1.81E-03 1.64 u;

unknown 6.04E-03 1.63

nknown 6.40E-03 1.62

Lithognathus mormyrus clone lithmor89 mRNA sequence 5.08E-03 1.61

Sparus aurata thyroid hormone receptorbeta mRNA, complete cds 9.44E-03 1.61

gammainterferoninduciblelysosomal thiol reductase [Pseudosciaena
crocea 5.67E-04  1.58 u

Coiledcoil domaincontaining protein 127 [Salmo salar 2.45E-03 1.56

neurolina [Takifugu rubripes 3.73E-03 1.54

8.56E-03 1.52

:

u 3.30E-03  1.50
unknown 5.90E-03 1.48 u
Programmed cell death protein 2 [Salmo salar] 5.82E-03 1.46 up
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TABLE S4: (continued...)

Description -value FCA  Regulation

unknown 8.91E-03 1.46

unknown 3.97E-04 1.44

wieown  emes 1w

transposase [Oryzias latipes 3.74E-03 1.44

[=1

Lithognathus mormyrus clone Imos2p05g04 mRNA sequence 3.14E-03 1.42

absent in melanoma 1 [Mus musculus 2.84E-03 141

[=1

unknown 6.08E-03 1.40

unknown 8.49E-03 1.39

[=1
5=l

ADPribosylation factorlike 16 [Danio rerio 8.28E-03 1.38

[=1

unknown 6.32E-05 1.36

unknown 1.49E-03 1.34

[=1
5=l

unknown 5.29E-03 1.33

=1
=]

unknown 1.89E-04 1.33

unknown 9.84E-03 1.32

[=1
5=l

Vesicleassociated membrane proteinassociated protein B/C [Salmo
salar] 6.12E-03 1.32

=
g=]

ataxin 2 [Mus musculus] 6.59E-03 1.32

=1
=]

unknown 2.31E-03 1.32

unknown 7.78E-05 131

[=1
5=l

unknown 2.27E-03 1.30

[=}
=]

roline racemaselike [Bos taurus 6.28E-04 1.30

[=1

unknown 5.36E-03 1.29

weown  ismes 1m  w

unknown 3.72E-03 1.28

=
g=]

unknown 6.38E-03 1.27

[=1
=]

unknown 3.03E-03 1.26 ui
BolAlike protein 2 [Oncorhynchus mykiss] 8.91E-04 1.26 up
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TABLE S4: (continued...)

Description -value FCA  Regulation

o sl 1w

clone A24K23, A4118 of Tetraodon niiroviridis 8.92E-03 1.25 ui
unknown 4.86E-03 1.25 ui

Angelman syndrome 2 [Danio rerio 5.67E-03 1.24

=

unknown 3.46E-03 1.23

unknown 4.71E-03 1.23

wknown  gowos 12w
unknown 6.53E-03 1.22 ui

nknown 7.60E-03 1.21

WD repeat, sterile alpha motif and Ubox domain containing 1, isoform
CRA_c [Homo sapiens 3.45E-03 1.21

PEST proteolytic signalcontaining nuclear protein [Salmo salar 4.65E-03 1.20

4.62E-03 1.18

known 9.60E-03 1.18

=}
o

unknown 8.75E-03 1.17

Immediate early response gene 5 protein [Salmo salar 3.03E-03 1.16

=}

unknown 5.69E-03 7.94 down

Vibrio vulnificus YJ016 DNA, chromosome II, complete sequence 3.43E-03 4.29 down

immunoglobulin light chain L2 [Oncorhynchus mykiss 7.08E-03 3.35 down

Pvalb3a [Danio rerio 4.79E-04 3.22 down

unknown 6.03E-03 2.84 down

unknown 1.07E-03 2.69 down

aldehyde dehydrogenase 1 family, member L1 [Xenopus tropicalis 2.92E-03 2.29 down

unknown 7.56E-03 2.21 down

lysyl oxidaselike 2b [Danio rerio 8.71E-04 2.12 down

Cellular retinoic acidbinding protein [Salmo salar] 9.54E-05 2.07 down

ol B (Larimichtbyscroceal 269603 207 down

unknown 5.05E-04 2.03 down

=
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TABLE S4: (continued...)

Diet A day 14 vs Diet A day 28
Description -value FCA  Regulation

Epinephelus coioides EPO gene, 3' flanking region 6.71E-03 1.97 o

Lithognathus mormyrus clone Imos2p02a02 mRNA sequence 9.95E-03 1.93

unknown 3.58E-03 1.90 down

wn

Leucinerich repeatcontainin, i 6.63E-04 1.86 do

cytochrome c1 [Danio rerio 9.93E-04 1.84 down

monooxygenase 1 [Danio rerio 8.73E-03 1.80 down

CD81 antigen [Salmo salar 1.82E-03 1.79

Tetraspanin14 [Salmo salar 1.23E-03 1.79 down

family with sequence similarity 54, member A, isoform CRA_b [Homo
sapiens 1.03E-03 1.76 down

Protein zwilch homolo 2.85E-03 1.75 do

unknown 6.44E-03 1.75 down

ornithine decarboxylase antizyme AZS [Salmo salar 6.28E-04 1.74 down

cholesteryl ester hydrolase [Salmo salar 4.13E-03 1.73 down

U3 small nucleolar RNAassociated protein 15 homolog [Salmo salar 2.96E-03 1.72 down

unknown 8.59E-03 1.70 down
CDC28 protein kinase 1 [Oreochromis mossambicus] ~ 985E03 169  down
GrpE protein homolog 1, mitochondrial precursor [Salmo salar 1.56E-03 1.68 down
Cfactor [Salmo salar 4.28E-03 1.67 down
rCG25895 [Rattus norvegicus] 2.28E-03 1.67 do

smooth muscle cellspecific protein SM22 alpha [Epinephelus coioides] 1.03E-03 1.66

:

Lipocalin precursor [Esox lucius] 8.41E-03 1.65

NADH dehydrogenase 1 alpha subcomplex subunit 4 [Esox lucius] 1.51E-03 1.64 down

centromere protein P [Danio rerio] 6.80E-03 1.64 down

carbamoylphosphate synthetase 2, aspartate transcarbamylase, and
dihydroorotase [Danio rerio] 9.66E-03 1.63 down

unknown 1.03E-03 1.62 down
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TABLE S4: (continued...)

Diet A day 14 vs Diet A day 28
Description -value FCA  Regulation

Ezrinradixinmoesinbinding phosphoprotein 50 [Salmo salar 1.74E-04 1.61 down

Sept2 protein [Danio rerio] 2.28E-04 1.61 down

lysocardiolipin acyltransferase [Danio rerio 8.10E-03 1.60 down

unknown 2.92E-04 1.60 down

Integrin beta2 precursor [Salmo salar 8.05E-03 1.59 down

AP2 complex subunit sigmal [Salmo salar 2.16E-04 1.59 down

C1rsA [Cyprinus carpio 8.23E-03 1.58 down

histone acetyltransferase 1 [Danio rerio 1.58

Carbonic anhydrase 12 [Salmo salar 3.29E-03 1.57 down

member 3 [Xenopus (Silurana) tropicalis 1.56E-03 1.57 down

MOB1, Mps One Binder kinase activatorlike 1B (yeast), isoform CRA_b
Mus musculus 3.82E-03 1.55 down

exosomal core protein CSL4 [Bos taurus 7.90E-03 1.54 down

unknown 7.87E-03 1.53 down

unknown 1.49E-03 1.52 down

unknown 7.35E-03 1.52 down

mitochondrial ribosomal protein L19 [Danio rerio 2.67E-03 1.51 down

Trifunctional enzyme subunit alpha, mitochondrial precursor [Salmo
salar 4.39E-04 1.51 down

unknown 1.40E-03 1.50 down

DEAH (AspGluAlaHis) box polypeptide 15 [Danio rerio 9.44E-03 1.50 down

alphal globin [Sparus aurata 9.78E-03 1.50 down

unknown 9.88E-03 1.48 down
Glycogen phosphorylase, muscle form [Salmo salar 8.95E-03 147 down
unknown 9.69E-03 146 down
unknown 9.41E-03 1.46 down
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TABLE S4: (continued...)

Diet A day 14 vs Diet A day 28
Description -value FCA  Regulation

reductase SDR family member 1 [Salmo salar 4.84E-04 1.46 down

unknown 7.16E-03 1.45 down
PSTX20A [Siniperca chuatsi] ~ 289E03 145  down
Fbox only protein 42 [Salmo salar 3.61E-03 1.45 down
mitochondrial [Danio rerio 9.79E-03 1.44 down
unknown 9.93E-03 1.43 down

alpha subunit [Danio rerio 3.86E-03 142 down

ATP synthase H+ transporting FO complex subunit ¢ [Epinephelus
coioides 1.62E-03 1.42 down

hydroxyprostaglandin dehydrogenase 15(NAD) [Salmo salar 1.19E-03 141 down

P1 complex subunit mu2 [Salmo salar 141

28S ribosomal protein S24, mitochondrial precursor [Salmo salar 3.90E-03 1.40

Vacuolar proton translocating ATPase 116 kDa subunit a isoform 3

Salmo salar 9.81E-03 1.40
Lithoinathus mormirus clone lm058i01h10 mRNA seiuence 9.83E-03 1.40 down
mitogenactivated protein kinase kinase 2 [Danio rerio 8.02E-04 1.40 down
unknown 3.03E-03 1.39 down

Clathrin light chain A [Salmo salar 3.24E-03 1.39 down

Centromere protein O [Xenopus tropicalis 9.92E-03 139 down

4.79E-03 1.38 down

1.97E-04 1.38 down

unknown 9.09E-03 1.37 down

unknown 9.11E-03 1.37 down

CREG2 protein [Salmo salar 1.54E-03 1.37 down

Plasma glutamate carboxypeptidase [Salmo salar 6.04E-03 137 down

acid lysosomal [Bos taurus 5.43E-03 136 down

unknown 4.42E-03 1.36 down
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TABLE S4: (continued...)

Diet A day 14 vs Diet A day 28

Descriition i-value FCA Reﬁlation
39S ribosomal protein L15, mitochondrial precursor [Salmo salar 6.88E-03 1.36 down
unknown 3.10E-04 1.35 down

malate dehydrogenase [Sphyraena idiastes 6.96E-03 1.35

S100AS5 [Salmo salar 7.74E-03 1.35

Aa2141 [Rattus norvegicus 7.46E-03 1.34

Nacetyltransferase ARD1 homolog (S. cerevisiae), isoform CRA_c [Mus

musculus 8.44E-03 1.34

StARrelated lipid transfer protein 7 [Salmo salar 8.45E-03 1.33

unknown 9.00E-03 1.33

Sb:cb283 protein [Danio rerio 9.80E-03 1.33

mitochondrial ATP synthase FO complex subunit ¢ isoform 3 [Takifugu
rubripes 1.65E-03 1.32

CHCH domaincontaining protein C220rf16, mitochondrial precursor
Salmo salar 7.15E-03 1.32

CDGSH iron sulfur domaincontaining protein 2 [Salmo salar 7.71E-03 1.31

acid binding protein Hé6isoform [Gobionotothen gibberifrons 2.50E-03 1.31

6.18E-04 1.31 down

9.77E-03 1.30 down

dynamin 1like [Danio rerio 2.98E-03 1.30 down

mitochondrial 1 [Homo sapiens 1.17E-03 1.30 down

TATA binding protein associated factor 9 [Sander vitreus 8.17E-03 1.29 down

unknown 5.31E-03 1.29 down

unknown 4.37E-03 1.29 down

Lysosomal thioesterase PPT2A precursor [Salmo salar 1.97E-03 1.27 down

similar to RIKEN cDNA 8430437G11, isoform CRA_b [Rattus
norvegicus 4.31E-03 1.26 down

unknown 8.84E-03 1.26 down

ATPdependent RNA helicase DDX18 [Salmo salar] 6.62E-03 1.26 down
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TABLE S4: (continued...)

Diet A day 14 vs Diet A day 28

Description p-value FCA  Regulation
microfibrillarassociated protein 1 [Danio rerio] 7.76E-03 1.26 down
centrosomal protein 68, isoform CRA_b [Mus musculus] 2.56E-03 1.26 down
unknown 1.97E-03 1.25 down
unknown 8.42E-03 1.24 down
unknown 4.70E-03 1.24 down
adenine phosphoribosyl transferase [Scophthalmus maximus] 7.57E-03 1.24 down
glutaminerich 1 [Mus musculus] 1.06E-03 1.24 down
Vps8 protein [Mus musculus] 1.56E-03 1.24 down
unknown 1.54E-03 123 down
RecName: Full=Cryptochrome DASH; AltName: Full=Protein CRYDASH;

Short=zCRYDASH 9.83E-04 1.23 down
unknown 9.80E-03 1.23 down
unknown 7.62E-04 1.23 down
novel protein with a Prominin domain [Danio rerio] 2.65E-03 1.22 down
novel protein similar to vertebrate dynactin 1 (p150, glued homolog,

Drosophila) (DCTN1) [Danio rerio] 1.11E-03 1.22 down
Rras [Kryptolebias marmoratus] 1.07E-04 1.22 down
unknown 4.94E-03 1.21 down
RNA polymerase B transcription factor 3 [Scophthalmus maximus] 2.73E-03 1.21 down
TATA box binding protein, isoform CRA_b [Mus musculus] 6.80E-04 1.21 down
unknown 5.00E-03 1.21 down
unknown 7.65E-03 1.21 down
subunit 1 [Danio rerio] 6.56E-03 1.21 down
similar to RIKEN cDNA 3110043021, isoform CRA_b [Rattus

norvegicus] 2.28E-03 1.21 down
Lithognathus mormyrus clone Imos9p10f06 mRNA sequence 6.54E-03 1.21 down
receptorlike tyrosine kinase [Rattus norvegicus] 1.89E-03 1.21 down
copper chaperone [Scophthalmus maximus] 1.91E-03 1.20 down
Signal peptide peptidaselike 2A [Salmo salar] 7.08E-03 1.20 down
kinetochore associated 1 [Xenopus tropicalis] 1.83E-05 1.20 down
Calciumbinding mitochondrial carrier protein Aralar1 [Salmo salar] 7.06E-03 1.20 down
PRP4 premRNA processing factor 4 homolog B [Danio rerio] 1.35E-03 1.20 down
deoxyhypusine hydroxylase/monooxygenase [Danio rerio] 7.96E-03 1.20 down
Replication protein A 70 kDa DNAbinding subunit [Salmo salar] 9.31E-03 1.20 down
similar to thymineDNA glycosylase [Xenopus laevis] 7.53E-03 1.19 down
unknown 3.44E-03 1.19 down
CN130 protein [Salmo salar] 6.07E-03 1.19 down
unknown 7.48E-03 1.19 down
Zinc finger HIT domaincontaining protein 3 [Salmo salar] 6.43E-03 1.19 down
PREDICTED: zinc finger, CCHC domain containing 11 [Taeniopygia

guttata] 8.03E-03 1.18 down
brain and reproductive organexpressed protein [Danio rerio] 2.09E-03 1.18 down
RAN binding protein 3 isoform RANBP3a [Homo sapiens] 7.24E-03 1.16 down
proteasome activator subunit 3 [Danio rerio] 6.30E-03 1.15 down
unknown 7.67E-03 1.15 down
Galactoselphosphate uridylyltransferase [Salmo salar] 3.98E-03 1.15 down
Phosphatidylinositol 4kinase type 2alpha [Salmo salar] 9.20E-03 1.15 down
Cisd3 protein [Mus musculus] 6.64E-03 1.12 down
Major facilitator superfamily domaincontaining protein 5 5.39E-03 1.05 down
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TABLE S5: List of differential expressed genes (p<0.01) in gills of seabream feed with
immunostimulant diets. Loop analysis with a cut-off fold change higher than 1.0 between CONTROL
DIET (DIET C) AND DIET B 2 DOF. The p-value and the absolute fold change (FCA) for up- (green) and
down-regulated genes (blue) are represented

Control diet (all days) vs Diet B day 2
Description -value FCA  Regulation

Nisch protein [Mus musculus 7.74E-04 4.86 u

Salmo salar clone ssalrgf524002 Cyclindependent kinase inhibitor 1B
putative mRNA, complete cds 4.92E-03 3.41

=
o

RNA binding motif protein 22 [Xenopus (Silurana) tropicalis 1.98E-03 2.68

(=1

unknown 7.70E-04  2.09

chromosome 2 open reading frame 7 [Bos taurus] 1.64E-03 197

unknown 8.43E-03 1.85

unknown 4.14E-03 1.82

eukaryotic translation termination factor 1, isoform CRA_d [Homo
sapiens] 3.93E-03 1.78

=
=]

unknown 2.18E-03 1.75

hydrox: uvate reductase [Salmo salar 5.27E-03 1.71

=

nknown 8.76E-03 1.68

unknown 9.94E-03 1.61

RAB1, member RAS oncogene family [Mus musculus 1.65E-03 1.56 u
unknown 1.13E-03 1.55 ui
Lithoinathus mormirus clone lmos9i01c01 mRNA seiuence 6.61E-03 1.52 ui
kinesin family member 15 [Homo sapiens 2.47E-04 1.51
Deoxyribonuclease gamma precursor [Salmo salar 3.85E-04 1.45 u
low density lipoprotein receptor [Danio rerio 7.57E-04 1.45 u

Livertype aldolase 5.20E-04 1.42

rotein kinase C substrate 80KH [Danio rerio 5.14E-03 1.40

Origin recognition complex subunit 2 [Salmo salar 3.65E-03 137

Interferoninduced 35 kDa protein homolog [Salmo salar 1.74E-03 136

SERPINE1 mRNA binding protein 1 [Danio rerio 5.18E-03 1.36 u
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TABLE S5: (continued...)

Control diet (all days) vs Diet B day 2
Description p-value FCA  Regulatio
type I keratin isoform 1 [Solea senegalensis] 4.61E-03 1.35 up

7.93E-03 1.34

DNA replication complex GINS protein PSF2 [Salmo salar 8.59E-03 1.33

transforming, acidic coiledcoil containing protein 3 [Takifugu rubripes 7.23E-04 1.33 u

Cytosolic sulfotransferase 3 [Salmo salar] 7.99E-03 1.32 up

nknown 8.64E-03 1.32

isocitrate dehydrogenase 3 (NAD+) beta, isoform CRA_d [Homo

sapiens] 1.97E-03 1.31

=1
=]

Setb protein [Danio rerio] 4.43E-03 1.30

=1
=]

Lithognathus mormyrus clone Imos8p01e08 mRNA sequence 3.08E-03 1.29

Betacatninlie protein  [Salmo salar] 673803 128w

Sadenosylhomocysteine hydrolaselike protein [Pimephales promelas 5.93E-03 1.28 u

ubiquitin specific protease 14 [Danio rerio 2.18E-03 1.27 u

heat shock protein 60 [Pseudosciaena crocea 5.79E-05 1.25

Suppressor of actin mutations 1like protein B 5.92E-03 1.24

nknown 8.33E-03 1.23

subunit 5 (epsilon) [Danio rerio 4.88E-04 1.22 u
coiledcoil domain containing 94 [Danio rerio 7.53E-03 1.22 u
Transmembrane protein 32 [Salmo salar] 9.41E-03 1.21 up

WD repeat domain 5 [Danio rerio] 2.98E-03 1.19 up

nknown 8.13E-03 1.19

Cell division cycle 5like protein [Salmo salar 8.45E-03 1.17

=

RING finger protein 170 [Salmo salar] 2.36E-03 1.13

i up

unknown 7.68E-03 6.26 down

unknown 7.37E-04 557 down

unknown 5.67E-04 4.20 down
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TABLE S5: (continued...)

Description p-value FCA  Regulatio
unknown 3.50E-03  3.80 down

unknown 8.35E-05 3.58 down

unknown 2.46E-03 3.31 down

asparaginelinked glycosylation 9 protein [Danio rerio] 1.24E-03 3.20 down

unknown 9.87E-03 3.16 down

hypothetical protein LOC560226 [Danio rerio 1.46E-03 2.96 down

unknown 9.78E-03 2.94 down

unknown 8.67E-05 2.87 down

unknown 8.09E-03 2.82 down

unknown 1.11E-03 2.72 down

StefinD1 1.95E-03 2.69 down

unknown 7.82E-03 2.64 down

unknown 5.61E-04 2.56 down

alkyldihydroxyacetone phosphate synthase [Takifugu rubripes 7.10E-04 2.53 down

unknown 8.27E-03 2.47 down

unknown 1.30E-03 2.38 down

unknown 1.30E-03 2.35 down

unknown 8.55E-03 2.33 down

Cytochrome bcl complex subunit 8 [Salmo salar 7.13E-03 2.29 down

unknown 6.47E-05 2.19 down

unknown 6.66E-03 2.15 down

unknown 5.83E-03 2.14 down

unknown 1.45E-03 2.09 down

unknown 9.94E-03 2.07 down

H ‘
N
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TABLE S5: (continued...)

Description p-value FCA _ Regulatio
unknown 1.95E-03  2.04 down

unknown 8.63E-03 2.01 down

unknown 8.67E-03 1.99 down

unknown 5.75E-04 1.96 down

unknown 9.77E-03 1.95 down

unknown 1.41E-03 1.94 down

unknown 5.67E-03 193 down

MHC class II alpha chain [Oncorhynchus mykiss 4.38E-03 1.90 down

unknown 7.60E-04 1.87 down

4.83E-03 1.87 down

7.34E-03 1.85 down

unknown 7.42E-03 1.83 down

unknown 7.54E-03 1.82 down

unknown 9.97E-03 1.81 down

unknown 4.21E-03 1.80 down

HIG1 domain family member 2A [Salmo salar 6.79E-03 1.78 own

unknown 9.90E-03 1.78 down

unknown 3.39E-04 1.76 down

unknown 4.52E-03 1.75 down
PREDICTED: similar to ReO_6 [Danio rerio 8.40E-03 1.74 down
unknown 3.93E-03 1.71 down

unknown 4.79E-03 1.71 down

unknown 5.68E-04 1.69 down

unknown 8.36E-03 1.66 down

H ‘
w
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TABLE S5: (continued...)

Description p-value FCA  Regulatio
unknown 8.98E-03  1.65 down

unknown 2.76E-03 1.65 down

unknown 3.94E-03 1.62 down

Exocyst complex component 3like protein 4.47E-03 1.61 down

BPhand cacum binding domain 2 soform a [Homo saplens] 979503 160 down

Quo protein [Danio rerio 8.22E-03 1.60 down

unknown 2.48E-04 1.60 down

unknown 2.45E-04 1.59 down

unknown 1.08E-03 1.58 down

unknown 7.95E-03 1.58 down

complement component C7 [Paralichthys olivaceus 3.60E-03 1.58 down

unknown 3.38E-04 1.56 down

unknown 2.44E-03 1.55 down

unknown 5.40E-03 1.54 down

unknown 9.94E-04 1.53 down

unknown 6.65E-03 1.52 down

unknown 4.83E-03 1.51 down

unknown 8.02E-03 1.50 down

unknown 2.29E-03 149 down

unknown 3.30E-04 1.49 down

unknown 5.98E-03 1.48 down

unknown 4.31E-03 147 down

FAM49B [Salmo salar 8.11E-03 1.46 down

unknown 4.41E-04 1.45 down

unknown 2.74E-03 1.45 down

H ‘
w
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TABLE S5: (continued...)

Description p-value FCA _ Regulatio
unknown 4.29E-03  1.44 down

Diplodus sargus igfll mRNA for preproinsulingrowth factor II,
complete cds 7.11E-03 1.44 down

unknown 7.19E-03 1.44 down

unknown 6.99E-03 1.44 down

ZPA domain containing protein [Oryzias latipes 9.94E-03 143 down

unknown 9.38E-04 1.42 down

unknown 9.84E-03 1.42 down

unknown 2.38E-03 142 down

unknown 6.85E-03 141 down

unknown 8.18E-03 141 down

ectoADPribosyltransferase 5 precursorlike [Ictalurus punctatus 5.03E-03 1.40 down

unknown 1.15E-04 1.39 down

unknown 5.10E-03 1.39 down

unknown 5.73E-03 1.38 down

Mus musculus dystrophin, muscular dystrophy (Dmd), mRNA 9.30E-03 1.37 down

unknown 4.97E-03 1.37 down

unknown 1.12E-03 1.36 down
rCG32598 [Rattus norvegicus) 49603 135  down
unknown 1.21E-03 1.35 down
unknown 802603 135  down
PREDICTED: im:7163520 [Danio rerio 7.88E-03 1.35 down
unknown 8.14E-04 134 down
unknown  694E03 134  down
Takifugu rubripes ZnT1 (ZnT1) mRNA, complete cds 5.78E-03 1.33 down
unknown 2.53E-03 1.33 down

unknown 5.51E-03 1.33 down

unknown 1.06E-03 1.32 down

H ‘
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TABLE S5: (continued...)

Description p-value FCA  Regulatio
unknown 7.73E-03 1.32 down

unknown 6.53E-03 1.32 down

unknown 4.24E-03 131 down

unknown 8.78E-03 131 down
Musculoskeletal embryonic nuclear protein 1 [Esox lucius] ~ 848E-03 131 down
unknown 7.65E-03 1.31 down
Fugu rubripes cosmid 259C6, complete sequence  9.19E-03 130  down
Heat shock protein 14 [Danio rerio 4.89E-03 1.30 down
unknown 8.58E-03 1.29 down

unknown 7.38E-03 1.29 down

Lithognathus mormyrus clone lithmor1043 mRNA sequence 3.49E-03 1.29 down

unknown 4.79E-03 1.27 down

unknown 6.58E-03 1.27 down

unknown 4.54E-03 1.25 down

unknown 7.05E-03 1.25 down

unknown 8.57E-04 1.24 down

unknown 3.72E-03 1.24 down

unknown 8.52E-03 1.24 down

tcomplex 11 (mouse) like 2 [Homo sapiens 1.55E-03 1.24 down

unknown 7.34E-03 1.23 down

unknown 9.30E-03 1.23 down

unknown 8.40E-03 1.23 down

Lithognathus mormyrus clone Imos8p09f04 mRNA sequence 6.66E-03 1.21

unknown 6.24E-03 1.21

:

unknown 3.92E-03 1.21 down

6.59E-04 1.20 down

13
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TABLE S5: (continued...)

Control diet (all days) vs Diet B day 2
Description p-value FCA  Regulatio
unknown 6.77E-03 1.19 down

=

Ctype lectin receptor [Paralabidochromis chilotes] 5.04E-03 1.19 down

Lithognathus mormyrus clone Imos7p01E07 mRNA sequence 5.68E-03 1.18 down

unknown 3.19E-03 117 down
unknown 915603 116  down
unknown 8.37E-03 1.16 down
unknown 38203 116  down
unknown 7.69E-03 1.16 down
Lithognathus mormyrus clone Imos7p03all mRNA sequence ~ 958E-03 116  down
unknown 9.31E-03 1.16 down
unknown 614603 115  down
unknown 3.43E-03 1.14 down
Ubiquitin thioesterase OTUB1 [Esox lucius] ~ 587E-03 113 down
lakophilin 3 [Bos taurus 9.44E-03 112 down
unknown 7.66E-04 112 down

member 6 [Danio rerio] 8.39E-03 1.10

:

Chiloscyllium plagiosum sHRI protein 2 mRNA, complete cds 6.06E-03 1.08 down
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TABLE S6: List of differential expressed genes (p<0.01) in gills of seabream feed with
immunostimulant diets. Loop analysis with a cut-off fold change higher than 1.0 between CONTROL
DIET B 2 DOF AND DIET B 7 DOF. The p-value and the absolute fold change (FCA) for up- (green) and
down-regulated genes (blue) are represented.

Description p-value FCA _ Regulation
5.27E-03 234 u

=
@
=
=]
o
=

unknown 6.57E-03 1.84 up

unknown 3.96E-03 1.61

ectoADPribosyltransferase 5 precursorlike [Ictalurus punctatus 5.74E-03 1.55

unknown 8.50E-03 1.50

unknown 1.90E-03 1.40

[=1
=]

unknown 4.81E-04 1.40

[=1
=]

unknown 4.57E-03 1.39

[=1
5=l

unknown 9.30E-04 1.37

unknown 1.31E-03 1.35

nknown 4.03E-03 1.32

unknown 7.64E-03 1.28

Transmembrane emp24 domaincontaining protein 1 [Salmo salar] 5.29E-03 1.28

unknown 8.29E-03 1.26

=1
=]

Exostosin2 [Salmo salar] 9.68E-03 1.20

=}
5=l

Lithognathus mormyrus clone lithmor598 mRNA sequence 9.37E-03 1.19

[=}
5=l

Annexin A3 [Salmo salar] 9.93E-03 1.18

[=}
5=l

unknown 3.06E-03 1.17

[=1
5=l

Lithognathus mormyrus clone lithmor242 mRNA sequence 9.12E-03 1.15

o}
@

ie protein 2b [Takifugu rubripes] 1.22E-03 1.12

=1
=]

Chiloscyllium plagiosum sHRI protein 2 mRNA, complete cds 6.23E-04 1.11

i i up

unknown 2.14E-03 1.08

[=1
=]

unknown 1.28E-03 3.56 down

unknown 4.96E-03 1.81 down
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TABLE S6: (continued...)

Diet B day 2 vs Diet B day 7
Description -value FCA  Regulation

unknown 6.85E-03 1.77 down

Lithognathus mormyrus clone Imos9p01c01 mRNA sequence 2.21E-04 1.73 down

unknown 8.61E-03 1.70 down

unknown 4.48E-03 1.54 down

unknown 6.14E-04 146 down

Cyclindependent kinase inhibitor 3 [Salmo salar 7.76E-03 1.44 down

Mitochondrial 39S ribosomal protein L23 [Esox lucius 4.83E-03 1.41 down

transforming, acidic coiledcoil containin; in 3 [Takifugu rubripes]  3.58E-03 1.40

unknown 6.12E-03 1.38 down

CDC28 protein kinase 1 [Oreochromis mossambicus 4.83E-03 1.33 down

antigen processing proteasomeassociated protein [Oryzias luzonensis 4.20E-03 133 down

ribosomal protein S272 [Solea senegalensis 1.86E-03 1.32

Chain A, Crystal Structure Of The Ubiquitin Conjugating Enzyme

Ube2g2 Bound To The G2br Domain Of Ubiquitin Ligase Gp78 Chain B,

Crystal Structure Of The Ubiquitin Conjugating Enzyme Ube2g2 Bound

To The G2br Domain Of Ubiquitin Ligase Gp78 9.97E-03 1.28 down

Peptidylprolyl cistrans isomerase H [Salmo salar 2.01E-03 1.23 down

unknown 3.54E-03 1.22 down

unknown 2.21E-03 1.19 down

ATAD?2 protein [Homo sapiens 9.45E-03 1.17 down

Fbox protein 2 [Bos taurus 5.73E-03 1.15 down

136



TABLE S7: List of differential expressed genes (p<0.01) in gills of seabream feed with
immunostimulant diets. Loop analysis with a cut-off fold change higher than 1.0 between CONTROL
DIET B 2 DOF AND DIET B 7 DOF. The p-value and the absolute fold change (FCA) for up- (green) and
down-regulated genes (blue) are represented

Description p-value FCA _ Regulation
Vibrio vulnificus YJ016 DNA, chromosome II, complete sequence 6.29E-03 4.02 u

unknown 7.98E-03 2.07

unknown 1.91E-03 1.95

unknown 2.88E-03 1.75

unknown 7.31E-04 1.70

Lithognathus mormyrus clone lithmor906 mRNA sequence 2.84E-03 1.59

Lithognathus mormyrus clone Imos8p05a11 mRNA sequence 7.68E-03 1.48

Ctype lectin domain family 4 member E [Esox lucius 9.18E-04 1.44

CCAAT/enhancerbinding protein beta 2 [Epinephelus coioides 7.95E-03 1.39

lysozyme [Sparus aurata 7.68E-03 1.30

II1rap protein [Rattus norvegicus 2.85E-03 1.28

unknown 4.10E-03 1.26

unknown 5.28E-03 1.25

unknown 5.97E-03 1.24

receptorlike tyrosine kinase [Rattus norvegicus 5.85E-03 1.22

=1

unknown 1.23E-03 1.20

unknown 9.35E-03 1.19

unknown 7.77E-03 1.18

G proteincoupled receptor 183 [Danio rerio 9.76E-03 1.16

Cytoplasmic dynein 1 intermediate chain 2 [Salmo salar 1.47E-03 1.14

unknown 5.78E-03 1.14

unknown 2.17E-04 1.10

hepatic glucose6phosphate dehydrogenase [Rhabdosargus sarba 3.45E-03 3.25

goosefish kalliklectin [Lophiomus setigerus] 9.47E-03 242 down

TABLE S7: (...continued)
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Descriition i-value FCA Reﬁlation
unknown 2.68E-04 2.38 down
unknown  336B04 231  down
unknown 9.28E-04 2.25 down
(D38 antigen [Rattus norvegicus] ~ 230E03 219  down
unknown 9.61E-03 2.13 down
unknown 119603 212 down
unknown 9.79E-03 2.12 down
Lithognathus mormyrus clone lithmor771 mRNA sequence ~ 815E03 211 down
unknown 2.74E-03 2.09 down
unknown 820603 204  down
DNAdamageinducible transcript 4like [Salmo salar 9.37E-03 2.04 down
unknown 6.88E-03 1.98 down

unknown 5.65E-03 193 down

ablinteractor 1, isoform CRA_b [Mus musculus] 2.94E-03 1.87 down

unknown 9.85E-03 1.87 down

unknown 1.36E-03 1.83 down

threonineprotein phosphatase 2B catalytic subunit gamma isoform
[Salmo salar] 1.98E-03 1.81

lycogen phosphorylase [Oreochromis mossambicus] 7.59E-03 1.78

Lithognathus mormyrus clone Imos8p07h02 mRNA sequence 7.42E-03 1.70 down

unknown 5.29E-03 1.59 down

Cystathionine gammalyase [Salmo salar] 1.41E-03 1.58 down

Pagrus major gstA2 gene for glutathione Stransferase, complete cds 4.38E-04 1.55 down

Bloodthirsty [Danio rerio]///bloodthirsty [Danio rerio] 2.49E-03 1.47 down

member 1 [Bos taurus] 6.80E-03 1.46 down

unknown 1.11E-03 144 down

unknown 7.41E-03 1.36 down

actin binding proteinlike [Danio rerio] 1.05E-03 1.32 down

Srp72 protein [Danio rerio] 9.29E-03 1.31 down

unknown 9.54E-03 1.29 down

TABLE S7: (...continued)
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Diet B day 7 vs Diet B day 14
Description -value FCA  Regulation

deoxyribosephosphate aldolaselike [Danio rerio 4.73E-03 1.28 down

translocase of outer mitochondrial membrane 40 homolog (yeast),
isoform CRA_d [Homo sapiens] 7.83E-03 1.28 down

unknown 1.94E-04 1.26 down

unknown 1.57E-03 1.25 down

Lithognathus mormyrus clone Imos9p01a02 mRNA sequence 6.22E-04 1.25

Z [Salmo salar 8.80E-03 1.23

subunit 3 [Danio rerio 4.93E-03 1.22

KIAA0459 protein [Homo sapiens 6.64E-03 1.20

mitochondrial 1 [Homo sapiens 5.73E-03 1.20

unknown 1.41E-04 1.19

unknown 4.55E-03 1.17

novel protein similar to vertebrate ER degradation enhancer,
mannosidase alphalike 3 (EDEM3) [Danio rerio 4.91E-03 1.17

Inositol monophosphatase [Salmo salar 7.69E-03 1.15 down

vacuolar protein sorting 13 homolog B [synthetic construct 9.56E-04 1.12

Influenza virus NS1Abinding protein homolog A [Salmo salar 4.36E-03 1.10

alpha globin regulatory element containinglike [Danio rerio] 6.01E-03 1.08 down

TABLE S8: List of differential expressed genes (p<0.01) in gills of seabream feed with
immunostimulant diets. Loop analysis with a cut-off fold change higher than 1.0 between CONTROL
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DIET B 14 DOF AND DIET B 28 DOF. The p-value and the absolute fold change (FCA) for up- (green) and
down-regulated genes (blue) are represented

Description p-value FCA _ Regulation
unknown 2.87E-03 3.80 u

unknown 1.93E-03 3.23 up

unknown 4.46E-03 3.09 up

unknown 6.19E-03 2.80 up

unknown 4.55E-03 2.65 up

unknown 8.90E-05 2.57

=1
=]

unknown 8.38E-03 2.50

=1
=]

rCG57161 [Rattus norvegicus] 8.01E-03 2.44

unknown 1.07E-03 2.40

=
5=

52 kDa Ro protein [Salmo salar] 4.90E-03 2.35

=
=]

unknown 5.34E-04 2.31

=
=]

unknown 1.34E-03 2.25

=
=]

Rab GTPasebinding effector protein 2 [Salmo salar] 5.05E-03 2.17

=
=]

unknown 6.63E-03 2.10

j=1
=]

phosphatidylinositolspecific phospholipase C, X domain containing 2
[Rattus norvegicus] 7.92E-03 2.07

=}
5=

unknown 4.77E-04 2.06

=}
5=l

unknown 5.32E-03 2.00

[=1
.=l

unknown 5.99E-03 1.99

[=1
.=l

similar to RIKEN cDNA 4933411K20 [Rattus norvegicus] 6.63E-03 1.98

[=1
.=l

unknown 7.54E-03 1.98

[=1
.=l

unknown 6.38E-03 1.96

[=1
o

unknown 1.96E-04 1.96

[=1
=l

Mon2 protein [Mus musculus] 1.25E-04 1.95 up
unknown 5.95E-03 1.95 up
140



TABLE S8: (...continued)

Description -value FCA  Re

=)
=2
I
=

unknown 1.42E-03 1.94

=
=]

unknown 9.00E-03 1.94

unknown 9.93E-04 1.93

=
=]

Paralichthys olivaceus insulinlike growth factor I mRNA, complete cds 4.93E-03 1.92

low density lipoprotein receptor [Danio rerio] 5.21E-03 1.92

[=1
=]

unknown 4.28E-03 191

unknown 2.04E-03 191

=
=]

unknown 3.09E-03 1.89

j=1
=]

unknown 1.39E-05 1.88

unknown 5.41E-03 1.87

unknown 1.88E-03 1.84 up

unknown 9.20E-03 1.83 up

unknown 7.20E-03 1.83

unknown 5.29E-03 1.82

ectonucleotide pyrophosphatase/phosphodiesterase 3 [Mus musculus] 2.39E-03 1.82

[=1

unknown 3.14E-03 1.82

unknown 7.67E-03 1.81

[=1
5=

vacuolartype H+ transporting ATPase B1 subunit [Anguilla anguilla] 3.55E-03 1.80

unknown 2.99E-03 1.80

=1
5=

unknown 3.10E-03 1.79

=1
=]

unknown 6.60E-03 1.79

=1
=]

unknown 4.87E-03 1.78

=
=]

unknown 1.42E-03 1.77

=
=]

Rho GTPase activating protein 29 [Danio rerio] 9.15E-03 1.76

=
=]

TABLE S8: (...continued)
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Description -value FCA Re

I
=
3
=

unknown 9.17E-03 1.76

sodium bicarbonate cotransporter 1 [Zoarces viviparus 2.68E-03 1.75

[=1

unknown 1.06E-03 1.75

unknown 4.40E-03 1.74

class I helical cytokine receptor number 29 [Tetraodon nigroviridis 3.39E-03 1.74

[=1

unknown 1.19E-03 1.73

unknown 4.40E-03 1.72

unknown 1.21E-03 1.72

unknown 3.23E-03 1.71

[=1
5=

unknown 5.84E-03 1.71

[=1
5=

unknown 9.72E-03 1.70

[=1
5=

unknown 2.33E-03 1.69

=1
5=

unknown 5.44E-03 1.69

=1
5=

GDPLfucose synthetase [Salmo salar] 7.43E-03 1.69

=1
=]

unknown 2.97E-03 1.68

=
5=

unknown 9.69E-04 1.68

j=1
5=

transposase [Rana pipiens] 9.47E-03 1.67

=}
=

unknown 8.76E-03 1.67

[=}
5=

unknown 3.95E-03 1.67

=
5=

unknown 4.09E-03 1.67

=
5=

unknown 6.34E-03 1.66

=}
5=

unknown 4.56E-03 1.66

=}
5=

unknown 5.13E-03 1.66

=}
5=

unknown 1.47E-03 1.65

=}
sl

1
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TABLE S8: (...continued)

Description -value FCA  Regulation

Transmembrane BAX inhibitor motifcontaining protein 1 [Salmo salar]  8.35E-03 1.65

unknown 3.00E-03 1.65

Lithognathus mormyrus clone lithmor170 mRNA sequence 1.35E-03 1.64

=
=]

unknown 2.64E-03 1.64

=
=]

unknown 4.29E-03 1.64

unknown 3.71E-03 1.64

j=1
=]

unknown 8.12E-03 1.63

unknown 8.54E-03 1.63

j=1
=]

unknown 5.09E-03 1.63

lutathione peroxidase [Thunnus maccoyii 5.97E-03 1.62

=}

unknown 9.45E-03 1.62

serum and glucocorticoidregulated kinase [Fundulus heteroclitus] 5.33E-03 1.61

=
5=

unknown 1.12E-03 1.59

=}
5=

unknown 6.12E-03  1.59 ui
appalysin 1 (PAPPA) [Danio rerio 9.04E-03 1.59 u
unknown 5.92E-03 1.59 ui
rCG33097 [Rattus norvegicus 7.17E-03 1.58 u
unknown 5.80E-03 1.57 up

unknown 5.90E-03 1.57 up

unknown 1.70E-03 1.56 up

unknown 9.87E-03 1.56 up

unknown 7.96E-03 1.56 up

unknown 1.26E-04 1.55 up
unknown 1.93E-03 1.54 up
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TABLE S8: (...continued)

Description -value FCA  Regulation

nknown 1.58E-03 1.54

Chain A, Solution Structure Of The Uas Domain Of Human Ubx Domain
Containing Protein 7 6.75E-03 1.53 up

novel protein similar to vertebrate fibronectin type IIl domain
containing 1 (FNDC1) [Danio rerio] 4.37E-03 1.53

unknown 5.61E-03 1.53 up

‘

Glutathione reductase, mitochondrial precursor [Salmo salar 6.37E-03 1.52

unknown 4.49E-03 1.51 up

unknown 4.21E-03 1.50 up

Cell cycle control protein 50B [Rana catesbeiana 4.45E-04 1.50

nknown 6.31E-03 1.49

unknown 9.54E-03 149 up

Multidrug and toxin extrusion protein 1 [Salmo salar] 1.17E-03 148

Lithognathus mormyrus clone Imos2p09h05 mRNA sequence 4.83E-03 148 up

unknown 7.47E-03 148 up

rCG24089, isoform CRA_c [Rattus norvegicus] 9.52E-04 148 up

unknown 9.03E-03 147 up

Translocationassociated membrane protein 2 [Salmo salar] 1.01E-04 147

lysophosphatidic acid receptor 2 [Xenopus (Silurana) tropicalis] 7.73E-03 1.46 up

Peroxisomal 3,2transenoylCoA isomerase [Salmo salar] 3.47E-03 146 up

Hypoxia upregulated protein 1 precursor [Salmo salar] 6.61E-03 1.45 up

unknown 3.09E-03 145 up

unknown 1.78E-03 145 up

pumiliolike protein 1 [Xenopus laevis] 2.09E-03 1.44 up

unknown 1.55E-03 144

chromatin modifying protein 4C [Danio rerio] 3.82E-03 143 up

=
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TABLE S8: (...continued)

Description -value FCA  Regulation

o kw18 w

Stromal cellderived factor 2like protein 1 [Salmo salar 9.92E-03 1.43

deltex homolog 3 [Xenopus (Silurana) tropicalis 5.09E-03 1.43

unknown 5.39E-03 1.42

unknown 4.84E-03 1.42

Srp72 protein [Danio rerio 3.02E-03 1.42

=

unknown 4.99E-03 1.42

nknown 2.54E-03 142

Fucoselphosphate guanylyltransferase [Salmo salar 3.29E-03 141

=

Oryzias latipes eyal mRNA for eyes absent 1, partial cds 2.93E-03 141

wnknown R e w
unknown 4.45E-03 1.40 ui

Nicotinic acid receptor 1 [Salmo salar

4.25E-03 1.40

e

1110020G09Rik protein [Mus musculus 6.60E-04  1.40

nknown 1.10E-03 1.40

Transposable element Tc1 transposase [Rana catesbeiana 5.39E-03 1.39

e

nknown 2.85E-03 1.39

nknown 1.19E-03 1.39

Takifugu rubripes TPM41 mRNA for tropomyosin41, complete cds,
spliced variant:exon 1b, 3, 4, 5, 6b, 7, 8 and 9d 3.83E-04 1.39

unknown 2.03E-03 1.38

nknown 4.22E-03 1.38

=]
=]

nknown 6.60E-03 1.37

Sec23like protein B [Danio rerio 3.28E-03 1.37

(=

unknown 8.08E-03 1.36

wlow  semes 13w

Sorting nexin14 [Salmo salar

2.38E-03 1.36

Rana lessonae mRNA for Pl10related protein (pl10 gene) 5.68E-03 1.36 up
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TABLE S8: (...continued)

Description -value FCA  Regulation

unknown 1.38E-03 1.36

=
=]

unknown 9.08E-03 1.35

reverse transcriptaselike protein [Salmo salar] 1.78E-03 1.35

=
=]

unknown 4.55E-03 1.35

wiows  7mEe 1w

unknown 7.94E-03 1.35

[=1
=]

unknown 1.15E-03 1.34

heat shock protein 10 [Monopterus albus 8.57E-03 1.34

39S ribosomal protein L14, mitochondrial precursor [Salmo salar] 3.90E-03 1.34

unknown 8.07E-03 1.34

mannosePdolichol utilization defect 1b [Danio rerio 4.23E-04 1.33

=}

unknown 7.25E-03 1.33

RIKEN cDNA 2700097009 gene [Mus musculus] 6.59E-03 1.32

=}
5=

caspase9 [Dicentrarchus labrax] 1.41E-03 1.32

=}
5=

UPF0420 irotein Cl60rf58 homoloi 6.71E-03 1.31 ui
Probable palmitoyltransferase ZDHHC4 [Salmo salar 1.02E-03 131 u
unknown 8.30E-03 131

Hydroxysteroid (17beta) dehydrogenase 7 [Xenopus tropicalis] 3.42E-03 1.30

[=1
5=

Vacuolarsorting protein SNF8 [Salmo salar] 6.31E-03 1.30

Sparus aurata growth hormone receptor type II (GHRII) gene,
promoter region and exon 1 8.88E-03 1.30

unknown 3.56E-03 1.29

=1
5=

15 kDa selenoprotein precursor [Oncorhynchus myKiss] 4.25E-03 1.29

=1
=]

unknown 7.19E-04 1.29

=1
=]

unknown 6.33E-04 1.28 up
unknown 7.13E-03 1.28 up
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TABLE S8: (...continued)

Description -value FCA  Re

=2}
o
I
©
=

Transposable element Tcb1 transposase [Salmo salar 3.30E-03 1.27

=

nknown 9.21E-03 1.26

histone lysine demethylase [Danio rerio 7.80E-03 1.26

e

unknown 9.32E-03 1.26

nknown 7.50E-03 1.25

magnesium transporter 1 [Homo sapiens 9.63E-03 1.24

Leydig cell tumor 10 kDa protein [Oncorhynchus mykiss 6.22E-03 1.24

PREDICTED: similar to lysosomal alphaNacetyl glucosaminidase [Danio
rerio| 4.23E-03 1.23 up

CDKS5 regulatory subunitassociated protein 1like 1 [Salmo salar 5.76E-03 1.23 u

unknown 5.02E-03 1.23

novel protein similar to vertebrate ER degradation enhancer,
mannosidase alphalike 3 (EDEM3) [Danio rerio 4.66E-03 1.22

4 [Salmo salar] 6.24E-03 1.22

unknown 4.41E-03 1.22

Antizyme inhibitor 1 [Salmo salar 5.36E-03 1.21 u

oxidativestress responsive la

Transmembrane protein 49 [Salmo salar 9.64E-03 1.20

nknown 3.14E-03 1.20

Nicotinamide mononucleotide adenylyltransferase 1 [Salmo salar 4.90E-03 1.19

=

nknown 2.84E-03 1.19

unknown 3.49E-03 1.19

leucine aminopeptidase 3 [Danio rerio 9.48E-03 1.17

=

Interferonrelated developmental regulator 1 [Salmo salar 7.55E-04 1.16

unknown 1.67E-03 1.15

whown  smes 1w

Dolichol phosphatemannose biosynthesis regulatory protein
[Oncorhynchus mykiss] 8.27E-03  1.13 up
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TABLE S8: (...continued)

Description -value FCA  Re

i i ﬁlatlon

E3 ubiquitinprotein ligase MARCH3 [Salmo salar] 8.12E-03 1.12

cytoplasmic [Salmo salar 9.65E-03 111

=

Homo sapiens striatin, calmodulin binding protein 3 (STRN3),
transcript variant 1, mRNA 3.84E-03 1.11

=
=]

Chain A, Crystal Structure Of HoloCrbp From Zebrafish Chain A, Crystal
Structure Of ApoCrbp From Zebrafish 7.91E-03  15.50 down

secretory calciumbinding phosphoprotein 5 [Takifugu rubripes 2.71E-05 6.76 down

unknown 6.50E-03 5.93 down

Retinoidbinding protein 7 [Salmo salar] 3.14E-03  5.55 down

Adipophilin [Salmo salar 3.49E-04 4.47 down

unknown 5.33E-03 4.00 down

ubiquitin [Dictyostelium discoideum AX4] 2.14E-03 3.45 down

Ntd5 protein [Danio rerio] 3.11E-03 2.83 down

unknown 3.45E-03 2.74 down

unknown 8.29E-03 2.48 down

myocilin [Danio rerio 3.41E-03 2.27 down

unknown 6.05E-03 2.25 down

unknown 1.96E-03 2.13 down

unknown 4.71E-04 2.07 down

ranzymelike III [Ictalurus punctatus] 8.46E-03 2.04

whown o oswmes 201 down

Lipocalin precursor [Salmo salar] 2.87E-03 2.00

unknown 2.32E-03 1.99

unknown 1.09E-03 193

zinc finger protein 706, isoform CRA_c [Mus musculus] 6.07E-03 1.87

myelin associated glycoprotein isoform a precursor variant [Homo

sapiens] 9.36E-03 1.85 down
Lithognathus mormyrus clone Imos8p01h10 mRNA sequence 2.90E-03 1.77 down
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TABLE S8: (...continued)

Description -value FCA  Regulation

GH17343 [Drosophila grimshawi] 3.81E-03 1.76 down

unknown 9.10E-03 1.73 down

unknown 3.26E-03 1.72 down

FAMG60A [Salmo salar 5.67E-03 1.72 down

CAPN1 protein [Danio rerio] 8.39E-03 1.70 down

unknown 6.53E-04 1.69 down

unknown 9.98E-04 1.69 down

unknown 7.59E-03 1.67 down

viral Atype inclusion protein [Trichomonas vaginalis G3 4.46E-03 1.66 down

unknown 2.36E-04 1.64 down

unknown 2.76E-03 1.64 down

unknown 1.70E-03 1.63 down

CD8 alpha [Sparus aurata 9.36E-03 1.60 down

GATS [Salmo salar 8.56E-03 1.59 down

unknown 1.66E-03 1.58 down

unknown 9.97E-03 1.58 down

1433 protein gamma2 [Salmo salar 1.76E-03 1.57 down

exosomal core protein CSL4 [Bos taurus] 6.45E-04 1.57 down

unknown 2.47E-03 1.56 down

unknown 9.23E-03 1.53 down

unknown 2.66E-03 1.53 down

unknown 3.62E-03 1.52 down

unknown 3.16E-03 1.51 down
Aa2141 [Rattus norvegicus] 9.61E-03 1.51 down
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TABLE S8: (...continued)

Description -value FCA  Re

=)
=2
I
=

Salmo salar clone ssalrgf502253 Transmembrane protein 16H putative 4.98E-03 1.51 wn

lysosomalassociated membrane protein 3 [Bos taurus 4.65E-03 1.50 down

unknown 5.02E-03 1.49 down

unknown 4.26E-03 1.48 down

unknown 5.06E-03 1.47 down

unknown 2.66E-03 147 down

catalase [Oplegnathus fasciatus] 8.98E-03 146 down

Tcell surface glycoprotein CD3 zeta chain precursor [Oncorhynchus myl 1.47E-03 146 down

unknown 9.69E-03 1.45 down

unknown 1.62E-03 1.45 down

Samd9l protein [Xenopus tropicalis] 7.36E-03 1.44 down

unknown 5.99E-04 1.43 down

unknown 2.66E-03 1.43 down

Tcell receptor beta chain [Sparus aurata 8.04E-04 1.43 down

unknown 9.45E-03 1.42 down

CDC42 effector protein (Rho GTPase binding) 3 [Bos taurus 4.79E-03 1.42 down

unknown 1.23E-03 1.42 down

unknown 4.79E-03 141 down

unknown 2.48E-03 141 down

b [Danio rerio 7.13E-03 1.40 down

Lithognathus mormyrus clone lithmor94 mRNA sequence 5.70E-04 1.40

wkown R eres 139 down

dsRNAdependent protein kinase [Paralichthys olivaceus 3.92E-03 1.39

unknown 8.94E-04 1.39

unknown 8.72E-03 1.39 down
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TABLE S8: (...continued)

Description -value FCA  Re
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unknown 7.94E-03 1.38 down

Endonuclease domaincontaining 1 protein precursor [Salmo salar 6.85E-06 1.38 down

Dicentrarchus labrax caspase3 (CASP3) gene, complete cds 6.46E-03 1.37 down

unknown 7.88E-03 1.37 down

unknown 2.24E-03 1.36 down

unknown 2.68E-03 1.36 down

unknown 9.97E-03 1.36 down

unknown 8.76E-03 1.35 down

unknown 6.91E-03 1.35 down

unknown 1.73E-03 1.34 down

Prefoldin subunit 3 [Salmo salar] 3.95E-03 1.34 down

Thyroid transcription factor lassociated protein 26 homolog [Salmo sal 9.60E-03 1.33 down

unknown 3.34E-03 1.33 down

unknown 1.54E-03 1.33 down

CD18 protein [Oncorhynchus mykiss 6.45E-03 1.33 down

Fugu rubripes gammaaminobutyric acid receptor beta subunit gene, par  3.92E-03 1.33

ko e R ks 132 down

member 1 [Danio rerio 5.12E-03 132

unknown 3.36E-03 1.32

PHD finger protein 2 [Mus musculus 1.27E-03 1.31

receptorlike tyrosine kinase [Rattus norvegicus 6.72E-03 1.31

Myosin9 [Salmo salar 6.32E-04 1.30

unknown 2.17E-03 1.30

Anaphasepromoting complex subunit 13 [Salmo salar 3.11E-03 1.30

Response gene to complement 32 protein [Salmo salar] 5.03E-03 1.29 down
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TABLE S8: (...continued)

Description -value FCA  Regulation

mFLJ00348 protein [Mus musculus] 7.84E-03 1.29 down

unknown 5.54E-03 1.29 down

unknown 9.73E-04 1.29 down

telomeric Rap1 [Xenopus laevis 8.50E-03 1.29 down

unknown 8.20E-03 1.28 down

rCG62161, isoform CRA_a [Rattus norvegicus 5.78E-03 1.28 down

radixin isoform 1 [Danio rerio] 7.17E-03 1.28 down

unknown 6.54E-03 1.28 down

unknown 3.68E-03 1.27 down

unknown 1.48E-03 1.27 down

kelch domain containing 4 [Danio rerio] 7.07E-03 1.27 down

unknown 6.01E-03 1.26 down

ZNF554 protein [Homo sapiens 5.68E-03 1.26 down

unknown 9.08E-03 1.26 down

DNAbinding protein [Takifugu rubripes 4.40E-03 1.25 down

Interactor protein for cytohesin exchange factors 1 [Salmo salar 1.56E-03 1.25 down

IK cytokine [Danio rerio 5.55E-03 1.25 down

unknown 5.98E-03 1.24 down

cohesin subunit Rad21 [Oryzias latipes] 4.05E-03 1.24

unknown 9.09E-03 1.24

unknown 2.96E-03 1.23 down

unknown 2.19E-03 1.23 down

septin 2 [Danio rerio] 5.22E-03 1.23 down

unknown 5.81E-03 1.23 down
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TABLE S8: (...continued)

Description -value FCA  Regulation

unknown 6.79E-03 1.22 down

unknown 5.92E-03 1.22 down

unknown 6.77E-03 1.21 down

unknown 8.47E-03 1.21 down

unknown 8.49E-03 1.21 down

unknown 7.09E-03 1.20 down

copine III [Danio rerio] 1.84E-03 1.20 down

sorbin and SH3 domain containing 3 [Danio rerio] 5.71E-03 1.19 down

unknown 8.47E-03 1.19 down

3 complex subunit 4 [Salmo salar] 1.32E-03 1.18 down

Mediator of RNA polymerase II transcription subunit 22 [Esox lucius] 5.74E-04 1.18 down

potassium channel tetramerisation domain containing 6 [Danio rerio] 7.48E-03 1.18 down

unknown 3.12E-03 1.18 down

unknown 5.97E-03 117 down

unknown 3.20E-03 117 down

unknown 3.67E-03 1.17 down

unknown 9.72E-03 1.16 down

Abhydrolase domaincontaining protein 14A [Salmo salar 1.68E-03 1.15 down

unknown 4.12E-04 1.15 down

UNQ655/PR0O1286 precursor [Salmo salar 7.45E-03 1.15 down

unknown 8.32E-03 1.14 down

unknown 9.41E-03 1.13 down

Rho GTPase activating protein 27 [Rattus norvegicus 1.91E-03 112 down

unknown 1.81E-03 111 down

15

w



TABLE S8: (...continued)

Diet B day 14 vs Diet B day 28
Description -value FCA  Regulation

unknown 1.84E-04 1.10 down

unknown 7.49E-03 1.10 down

unknown 2.03E-03 1.10 down

Takifugu rubripes HoxDa gene cluster, complete sequence 5.37E-03 1.09 down

unknown 3.19E-03 1.09 down

unknown 8.43E-03 1.09 down
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