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Effect of nutrition on mucosal health

OP-01 - (15) - APHYTOBIOTIC-BASED ADDITIVE
PROTECTS AGAINST THE DELETERIOUS EFFECTS
OF FASTING AND REFEEDING CHALLENGES

ON THE FISH SKIN MUCUS BARRIER

Ignasi Sanahuja’; Laura Fernandez-Alacid’; Pedro Lodeiro’; Marc Tejero’; Waldo G Nuez-Ortin?;
M.M Isern | Subich?; Carlos Balsalobre!; Cristina Madrid’; Antonio lbarz!

1 - University of Barcelona; 2 - Adisseo

Phytobiotics are of higher interest for the development and application of functio-
nal feeds due to their growth promoting, antimicrobial, immunostimulant, antioxidant,
anti-inflammatory and sedative properties. The aim of the present study is to evaluate
the benefits of a commercial phytobiotic-based additive (APEX® from Adisseo, France)
to improve fish performance and skin mucosa properties to cope with the occurrence
of fasting periods, a common situation in farmed fish. Here, we used the skin mucus
collection as a less-invasive method and an effective way to identify the early signs of
impaired welfare.

Gilthead sea bream juveniles (around 120g) were purchased from a local fish farm
and acclimated to UB facilities for a month fed a commercial diet or a functional diet
(including 0.3% of a commercial phytobiotic) in triplicate tanks. Then, fish were fasted for
15 days and later refed gradually for 7 days. Skin mucus was sampled from all fish at pre-
-fasting, fasting and recovery condition. Additionally, five animals from each sampling
were sacrificed to determine the effects on body indices and skin mucus barrier. Growth
parameters and plasma metabolites analyses showed the typical changes described
for fasting, such as a decrease in body weight, condition factor and hepatosomatic and
viscerosomatic indices together with a reduction in plasma protein (p<0.05). However,
the functional diet reduces the weight loss during fasting and improves the body weight
gain during recovery period, evidencing a better performance condition.

Exuded mucus, mucus metabolites, mucus antfibacterial capacity and different his-
tological parameters were analysed to better understand the mucus properties and
the status of skin barrier throughout fasting and refeeding challenge. The amount of
exuded mucus decreased during food deprivation, which would indicate a less-pro-
tective condition, and it was over-exuded after refeeding (p<0.05). Mucus defensive
capacity was measured by pathogenic bacteria co-cultures in vitro. In animals fed
commercial diet, fasting challenge reduced the mucus antibacterial capacity against
Vibrio anguillarum, Pseudomonas anguilliseptica and Tenacibacullum maritimum, with
regard pre-fasting condition, and the food reintroduction did not revert this deleterious
condifion. Interestingly, functional fed clearly preserves the antibacterial capacity of
skin mucus to inhibit bacterial growth during fasting, when the phytogenics are not
supplied, and during the recovery period. By its way, skin histological parameters (thi-
ckness, mucus cells area, density, and distrioution) are also studied to determine the
status of mucus skin barrier. The animals fed with the functional diet showed enhanced
skin barrier performance at pre-fasting and recovery periods (p<0.05), whereas the fas-
ting challenge affected similarly both groups.

The results obtained from this study allow us to conclude that fasting, even short, is
a deleterious condition for skin health, and by extension for the whole animal, affecting
the structure and mainly defensive function of this barrier tissue which extended during
the immediate recovery period. The use of a phytobiotic-based functional feed addi-
five protects the animals prolonging the skin mucus defensive properties during fasting
challenge further benefiting the recovery process.

Palavras-chave: Mucosal health, Phytobiotic, Skin Mucus Barrier, Fasting
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Effect of nutrition on mucosal health

OP-02 - (24) - INCREASING LEVELS OF DIETARY LIPID
AND CHOLINE INDUCED EPIGENTIC CHANGES IN
THE PYLORIC CEACA OF ATLANTIC SALMON

Daphne Siciliani’; Trond M. Kortner’; Ashild Krogdahl’; Anusha K.S. Dhanasiri’

1 - Department of Paraclinical Sciences, Faculty of Veterinary Medicine, Norwegian University
of Life Sciences (NMBU), As, Norway

Steady increase in replacement of fishmeal and fish oil with plant ingredients in the
diets of Atlantic salmon has caused challenges in health and welfare. Excessive lipid
accumulation or steatosis in the pyloric caeca and mid intestine is such a gut health
challenge predominant in farmed salmon. We have, through a series of studies, esta-
blished that supplementation of choline, which is low in plant-based diets, can prevent
the steatosis in Atlantic salmon (Hansen et al., 2020a; Hansen et al., 2020b; Krogdahl et
al., 2020; Siciliani et al., 2023). Choline is an essential nutrient important for many me-
tabolic and physiological processes and a precursor to produce phosphatidylcholine
the major phospholipid in the lipoproteins that facilitates the fransport of lipids from the
enterocytes.

Choline caninfluence epigenetic regulation by being the key methyl donor for DNA
or histone methylation. Epigenetic mechanisms, including DNA methylation, can pro-
duce heritable changes in gene expression without changing actual genomic sequen-
ce. Alterations in DNA methylation in different genomic regions differentially influence
gene expressions resulting diverse physiological and phenotypic changes. Considering
the importance of choline in methylation this study was conducted to evaluate the epi-
genetic changes in pyloric intestine of Atlantic salmon fed diets containing increasing
levels of lipid and choline.

A previous study of ours (Siciliani et al., 2023) showed that increasing levels of lipid
in the diet can increase the severity of intestinal steatosis symptoms by increasing the
choline requirements of Atlantic salmon. The pyloric caeca samples from that dose
response study were analyzed to understand the epigenetic effects of dietary lipid and
choline levels. The effect of increasing lipid levels was analyzed in the fish fed choline
deficient diets containing 16% and 25% of lipid (9% difference in lipid content and with
similarly low choline levels of 1.9 g/kg) and the effect of increasing choline levels was
analyzed in the fish fed diets containing 25% and 28% lipids respectively having 1.9 and
2.3 g/kg choline levels (difference of 3% in lipid level and 22% in choline). The diets were
fed for eight weeks to Atlantic salmon of 25 g of inifial weight. Methylation changes
were analyzed using reduced representation bisulfite sequencing.

This study revealed that increasing dietary lipid level induced methylation differen-
ces in genes involved in membrane transport and signaling pathways, and in microR-
NAs important for the regulation of lipid homeostasis. Increasing choline level influen-
ced methylation of genes involved in fatty acid biosynthesis and fransport, lipolysis,
and lipogenesis. Further choline induced epigenetic changes in important immune
genes including genes involved in the regulation of immune cell differenfiation, such
as T and B lymphocytes, macrophages, and dendritic cells, and gene important to
regulate T cell IFNy release from inflammatory cells. These epigenetic changes show
the involvement of choline in mucosal immune function in Atlantic salmon. Therefore,
such possible effects of choline should be investigated in follow up choline require-
ment studies.

References
Hansen et al(2020a). doi: 10.1017/S0007114520000434.
Hansen et al (2020b). doi: 10.1186/512917-020-2252-7.
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Krogdahl et al (2020). doi: https://doi.org/10.1016/j.aquaculture.2020.735552.
Siciliani et al (2023). doi: 10.1017/jns.2023.4.

Palavras-chave: Aflantic salmon, epigenetics, choline, lipids, pyloric ceaca
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OP-03 - (29) - CHARACTERIZATION OF INTESTINAL
DISORDERS IN FARMED ATLANTIC COD

Guro Lgkka'; Fredrik Strebel Skedsmo?; Elvis Chikwati’; Julianne Valla Jacobsen?; Arild Espenes?;
Trond M. Kortner!

1 - Nutrition and Health Unit, Faculty of Veterinary Medicine, Norwegian University of Life Scien-
ces (NMBU), As, Norway; 2 - Pathology Unit, Faculty of Veterinary Medicine, NMBU, As, Norway;
3 - Norcod AS, Trondheim, Norway

The production of Aflantic cod (Gadus morhua) is again increasing in Norway to
fulfil market demand for a stable fish supply unlike wild catch fisheries that often expe-
rience inferruptions from bad weather and variations in catch quality. One of the main
challenges for the Atflantic cod farming industry is a fatal intestinal disorder that com-
promise the animal welfare. The problem is mainly occurring after sea transfer (~100g)
and up until large slaughter-sized fish, causing large economic losses.

Intestinal disorders were already observed during the previous attempt to establish
Atlantic cod production in Norway more than a decade ago. Until now, the disease
has been referred to as “volvulus”, a condition where the intestine twists around itself
and the connecting mesentery resulting in obstruction in passage of luminal content
and blockage of the blood supply to the intestine. Due to a halt in the Norwegian
Atlantic cod production for about 10 years, the intestinal afflictions are not yet well des-
cribed, knowledge is lacking about their possible causes, and consequently, solutions
to the problem are missing.

Here, we present for the first time a detailed descriptfion of the intestinal disorders
occurring in farmed Atlantic cod correctly denoted as “strangulating obstruction™”. A
field study was conducted at Norcod's production facility at Jamnungen, Frgya, No-
rway in April 2023 as part of a project financed by the Norwegian Research Council
called "Development of feeding strategies for cod for better production and fish he-
alth” (grant no. 337056). Macroscopic investigations of the intestine including its in-situ
arrangement in the abdominal cavity was conducted on dead fish removed daily from
the net pens. In addition, macroscopic and histologic investigations were performed
and compared in live-caught fish with and without strangulating obstruction, as well as
in wild Atlantic cod caught in the area close to the net pens.

We found that the condition was caused by a part of the intestine being perma-
nently entrapped (incarcerated) under fibrous strands of the mesentery. The entrap-
ment blocked the luminal passage of the intestine, often causing luminal fluid build-up
and ascites, and strangulation of the affected segment caused severe venous conges-
fion with ischemia and total necrosis of the intestinal wall including the mucosa. Results
from the field study will be presented and discussed in relatfion to associated risk factors.

Palavras-chave: Aflantic cod, Intestinal disorders, Strangulating obstruction, Fish welfare, Fee-
ding strategies
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OP-04 - (57) - HOW DO PROTEIN HYDROLYSATES
MODULATE THE 5-HT SYSTEM IN STRESS-
GUT-BRAIN INTERACTIONS?

Marta Monteiro’?; Adriana Oliveira’?; Alexandre Lobo Da Cunha’?; André Almeida®#; Luisa M.P
Valente'?

1 - CIIMAR/CIMAR-LA, Interdisciplinary Centre of Marine and Environmental Research; 2 - ICBAS-
School of Medicine and Biomedical Sciences, University of Porto, Porto, Portugal; 3 - SEBOL,
Comércio e Industria do Sebo, S.A., Loures, Portugal; 4 - ITS, IndUstria Transformadora de Subpro-
dutos, S.A., Coruche, Portugal

In a changing climate scenario, aquaculture fish face increasing stress and disease,
culminating in major economic losses. Serotonin (5-hydroxytryptamine, 5-HT) acts as a
critical signaling regulator of the gut-brain axis (GBA), a network that communicates
bi-directionally, modulating complex physiological functions, such as stress recovery.
Given its relevance in pathophysiology, a better understanding of GBA response me-
chanisms to stress and modulators within the axis are essential for the development of
novel functional formulations for stress mitigation. This study aimed to test the hypothesis
that functional ingredients, such as protein hydrolysates, can mitigate the stress res-
ponse through the modulation of serofonin metabolism and consequentially the GBA
response.

Four diefs were formulated: a practical diet (CTRL) and 3 experimental diets (IN-
SECT, FISH, SWINE) including novel protein hydrolysates to replace 3% of high-quality
pre-digested fishmeal (CPSP90). Juvenile gilthead seabream were fed the experimen-
tal diets for 12 weeks at 20°C. Subsequently, fish underwent thermal stress by lowering
water tfemperature from 20°C to 15°C and kept at 15°C for 5 days. Plasma, intestine,
and hypothalamus samples were collected from both stressed and unstressed fish to
assess stress biomarkers (e.g cortisol, lactate, glucose) and the dynamics of serotonin
signaling and metabolism in stress-gut-brain interactions. Intestinal integrity was asses-
sed histologically in unstressed fish. Serotonin concentrations were measured using a
commercial ELISA kit. Stress and dietary impacts on gut serotonin signaling and me-
tabolism were assessed by mRNA expression studies of: glucocorticoid receptor (GR),
5-HT producing enzymes (Tph1, Tph2), 5-HT receptors (5HT1Aa, 5HT1AR) and transpor-
ters (SertA, SertB). These will be correlated with gut thermal stress and inflammation
markers: hsp70, IL-13 and TNFa, IL-17, and IL-22.

Results showed feed utilization remained consistent across groups. Final body wei-
ght significantly increased in INSECT and SWINE-fed fish compared to the CTRL. Intesti-
nal infegrity was preserved across all groups, exhibiting similar villus length, absorption
area, and goblet cells number. Results were corroborated using fransmission electron
microscopy Accordingly, in non-stress conditions, no differences in serotonin levels were
observed among dietary treatments. Under stress, these were significantly increased in
the INSECT group, being significantly higher when compared to the CTRL group. Under
stress, cortisol levels were reduced across all groups. Glucose remained unaffected.
Lactate decreased significantly in all groups except the SWINE group, which held simi-
lar lactate levels under both stress and non-stress conditions.

Overall, results suggest diets including INSECT and SWINE hydrolysates promote
growth in GSB, while preserving intestinal integrity. Following a cold stress, maintenan-
ce of lactate levels in the SWINE suggest the preservation of anaerobic metabolism.
On the other hand, the INSECT fed-fish exhibited higher levels of serotonin, suggesting
stress-coping mechanisms in these animals may be enhanced to counteract reduced
cortisol levels. Gene expression results are currently under analysis fo establish correla-
tfions between 5-HT system response and the gut immune response.



15

Acknowledgements

This work was supported by the Blue Bioeconomy Pact (Cé44915664-00000026), for the
exercise of activities in the WPé FEED (Pep4Fish project) through international funds
provided by the European Union. A. Oliveira acknowledges FCT for the PhD grant
(2023.02611.BD).

Palavras-chave: Protein Hydrolysates, Gut-brain axis, Stress resilience, Immunomodulation, Fish
Welfare



16

Effect of nutrition on mucosal health

OP-05 - (18) - SUPPLEMENTED FEEDING AS A METHOD TO
INCREASE THE RESPONSE TO VACCINATION IN FISH

Samuel Vicente-Gil'; Diana Martin'; Noelia Nuiez-Ortiz'; Silvia Nogales-Merida’; Benjamin
Costas?; Belén Fouz®; Claudia Serra?;, Carolina Tafalla’; Patricia Diaz-Rosales’; Rocio Simon’

1 - INIA-CSIC; 2 - CIIMAR; 3 - University of Valencia

For many years now, diet has been identified as a pivotal conditioner of health and
immune status in both mammals and fish. Yet the extent to which diet composition or
diet supplementation with immunostimulants affects the response to vaccination has
been scarcely studied. In this study, we have carried out a series of different feeding
experiments in rainbow frout (Oncorhynchus mykiss) to determine how diet composi-
tion can affect the antibody response to vaccination. For this, fish were fed the different
supplemented diets or a control diet for 30 days. At that point, fish were immunized with
different antigenic models through different administration routes and at day 30 post-
-immunization, fish were sacrificed and systemic specific antfibody responses analyzed
by ELISA. Antibody affinity was also defermined in some cases. These experiments inclu-
ded diets supplemented with methionine, or enriched with B-glucans or the probiotic
microorganism Bacillus subtilis. The diets tested were selected based on preliminary
in vitro experiments that demonstrated the capacity of these substances to increase
B cell function in rainbow trout. Our results demonsirate that an optimized diet can
improve the performance of vaccines in fish, being this especially useful for underper-
forming mucosal vaccines. The results presented will be useful for the design of holistic
vaccination protocols that will not only focus on antigen optimization or administration
regimes, but that will also include diet composition as an important factor to influence
the outcome of the immunization strategy.

Palavras-chave: rainbow frout, methionine, probiotics, glucans, vaccination
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Methionine, an essential amino acid, has been recognized for its beneficial effects on
immunity. While studies on dietary methionine supplementation have demonstrated its
ability to enhance systemic immune responses and disease resistance in fish, its role in mu-
cosal immunity and response fo pathogens remains underexplored. Additionally, poten-
tial adverse effects of excessive dietary methionine intake adyvise cautious dietary supple-
mentation. Therefore, this study aimed to assess the skin immune response of European
seabass fed dietfs with increasing levels of methionine against Tenacibaculum maritimum.

European seabass juveniles were allocated into triplicated tanks and fed experi-
mental diefs with increasing methionine concentrations: 8.6, 18.5 and 29.2 mg/g dry
matter for CTRL, MET2 and MET3 diets, respectively. After four weeks of feeding, skin mu-
cus and tissue samples were collected from three fish per tank and pooled within each
tank. Subsequently, the remaining fish were bath-challenged with T. maritimum and the
same samples were collected at 24 and 48 hours post-infection (hpi). Mortality was re-
corded daily for seven days. Skin mucus was used to assess innate immune parameters,
while skin tissue was sent for RNA-seq analysis (Novogene, Cambridge, UK). Differential
gene expression analyses were performed between the infected dietary groups (CTRL,
MET2 and MET3), at both 24 and 48 hpi, and the CTRL group before infection (CTRL Oh).

Exposure to T. maritimum induced a local response in the skin of all dietary groups,
as evidenced by the increased protease activity in the mucus and up-regulation of se-
veral immune-related franscripts in the skin fissue upon infection. Although methionine
supplementation did not impact the studied skin mucus humoral parameters, it appe-
ared to influence the magnitude of the inflammatory response and immune mechanis-
ms activated in the skin tissue over time.

Consistent with previous studies, the CTRL group exhibited the strongest immune
response at 24 hpi, with the up-regulation of pro-inflammatory transcripts, such as in-
terleukins 1-beta and 8, diminishing thereafter. In contrast, the MET2 group displayed
an attenuated response at 24 hpi, intensifying at 48 hpi. The heightened inflammatory
response af 48 hpi may potentially be linked to advanced ftissue colonization by T. ma-
riimum, as indicated by the down-regulation of transcripts related to wound healing
capacity in the skin tissue of fish fed the MET2 diet. Conversely, the MET3 group had the
lowest number of differential expressed genes and minimal variation between 24 and
48 hpi. Moreover, the high down-regulation of the heat shock protein B11 (HSPB11) and
other immune-related transcripts suggested a potential impairment of the response to
infection in this dietary group. Although statistically non-significant, cumulative mortality
was higher in the MET3 group.

These findings underscore the importance of investigating both the beneficial and
adverse effects of methionine supplementation in fish diets. Further research is war-
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As a mucosa-associated lymphoid tissue (MALT), the gut contains myeloid leukocy-
tes and lymphocytes, as well as molecular components (e.g., cytokines, immunoglobu-
lins, antimicrobial peptides) that are needed to develop local and systemic responses
in coordination with other MALTs (e.g., in skin and gills) and/or immune organs such as
head kidney and spleen. This makes the gut a primary target for the use of immuno-
nutritional strategies with functional feeds to improve fish health and welfare, which is
highly relevant due to the high mortality in farmed fish such as Aflantic salmon (Salmo
salar) due to infectious diseases. Although the use of vaccines is a standard practice
in major salmon-producing countries to prevent and conftrol infectious diseases, there
is still a lack of commercial vaccines against emerging pathogens such as Tenaciba-
culum spp. These bacteria produce atypical skin wounds and are one of the major
health concerns in salmon farming during seawater phase in Norway and Chile. To
reduce salmon mortality, the modulation of trained immunity-related responses (focu-
sed on innate immunity) through functional feeds containing a fucoidan extract from
sugar kelp (Saccharina latissima, brown algae) and commercial vaccines (although
without anfigens from Tenacibaculum spp) offer an alternative approach. Our study
showed that using a specific nutritional program in vaccinated Atlantic salmon fed a
feed containing fucoidan during the freshwater phase induced an up-regulation of
pro-inflammatory cytokines (fnf-a and il-8) and effector molecules (e.g., cath2). Af-
ter exposing fish to inactivated Tenacibaculum maritimum by intraperitoneal injection
(i.p.) during the seawater phase, the same biomarkers showed a profile that could re-
semble frained immunity in gut and head kidney. Moreover, fish fed the fucoidan diet
up-regulated the expression of cytokines (il-6 and il-4/3) and antimicrobial peptides
(cath2 and hepcidin) in head kidney at 24 hours after the i.p. injection with T. mariti-
mum. The antimicrobial peptide results were also validated at the protein level in head
kidney samples from fish fed control diet and fucoidan diet. Therefore, we propose that
use of functional feeds containing fucoidan after vaccination in the freshwater phase
could prime the infestinal immune response resulfing in modulation of tfrained immu-
nity to heterologous challenges in seawater. Finally, the inclusion of fucoidan in novel
aqguafeeds could be part of an infegrated strategy to improve the immunity of Atlantic
salmon. This could strengthen the overall fish health and robustness against emerging
pathogens during fish farming.

Palavras-chave: Saccharina latissima, Salmo salar, Functional feeds, Immunonutrition, Cytoki-
nes, Effector molecules
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During salmon production, fish are exposed to several stressor conditions that can
lead fo reduced growth performance, increased mortality and large economical los-
ses. These problems could be mitigated by using novel microbial ingredients (Mils), le-
ading to a more sustainable aquaculture and improved animal welfare. Our group
is using an immune-nutritional approach to help overcome these challenges where
functional feeds containing MIs based-products are used. To evaluate the potential of
MIs on health and robustness of Atlantic salmon (Salmo salar), two bacterial pathogen
challenges were conducted. A special focus was paid to distal intestine (DI) since this
is a primary target for functional feeds and as a mucosa-associated lymphoid tissue
(MALT), DI can coordinate both local and systemic immune responses in other MALTs
(e.g., skin, gills) or organs such as head kidney, spleen and liver. Also, Dl is in direct con-
tact with the microbiota in the digesta, which harbors millions of bacteria with impor-
tant roles in host’s immunity.

In experiment 1, Aflantic salmon pre-smolts received a control diet (CD) or experimental diet
(CD supplemented with 20 mg kg of heat-killed Lactiplantibacillus plantarum - Feed LP20™)
for four weeks in freshwater (FW). Previous RNAseq analysis demonstrated dose-dependent
immunostimulant properties of LP20 in DI (modulation of cytokines and effector molecules) and
improved intestinal barrier function. In our experiment, after seawater transfer, fish were only
fed CD, tthen, they were exposed to Moritella viscosa. Results showed that fish fed LP20 had a
significantly lower mortality (40%) after pathogen challenge. While a lower number and smaller
size of skin wounds were observed in fish fed LP20, a higher level of plasma specific IgM against
the pathogen was detected. This suggests an improved humoral response related to adaptive
immunity when fish fed LP20. An ongoing franscriptional analysis in DI (by RNAseq) is currently
being carried out to determine the potential role of DI in response against the pathogen.

In experiment 2, Aflanfic salmon pre-smolts received a CD or a diet containing
15.6% of Paecilomyces variotii PEKILO® (corresponding fo 20% protein replacement)
for four weeks in FW. Considering previous results from an experiment that demonstro-
ted a regulation of immune homeostasis, in our current experiment (fish were only fed
CD after the 4-weeks period with the functional feed before they were exposed to
Yersinia ruckeri. Although prior to the bacterial challenge, the PEKILO-fed fish showed a
modulation of rorc, foxp3 and irf4, the mortality rate after the challenge did not differ
between the dietary groups. Currently, more analyzes are being carried out to defer-
mine the immune response of fish against Y. ruckeri.

Overall, these results suggest that there the use of MIs can modulate the immune
response of Aflantic salmon. However, the effects are species-dependent. LP20 can be
a cost-effective way to enhance fish robustness against pathogens, thus improving fish
health and welfare, while the effects of PEKILO® still requires a further evaluation.

Palavras-chave: immunonutrition, Paecilomyces variotii, Lactiplantibacillus plantarum, Atlantic
salmon, Pathogen challenge
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Salmon production is the keystones of Chilean aquaculture and one of the most
important economic activities in the country. However, this industry faces different is-
sues that threat the sustainable development of the sector. Among them, bacterial
infections cause massive mortalities that required antibiotic-based freatments to cope
with these diseases. With the urgent need to reduce the use of antibiofics in animal
production, new strategies are required to cope with bacterial infections in aquacultu-
re. Among them, functional diets based on pre and probiotics are a promising appro-
ach to increase animal health through the regulation of host microbiota. Therefore,
in this work we explored the effects of functional diets in the gut microbiome of the
Atlantic salmon (Salmo salar) and its modulation during the infection with bacteria Pis-
cirickefttsia salmonis. Our results evidenced that Atlantic salmons fed with diets supple-
mented with Saccharomyces cerevisiae had a lower cumulative mortality than groups
fed with mannan-oligosaccharides and the conftrol diet. This increased resistance was
associated with an increase in the alpha diversity of the microbiome in the probiotic
group when compared with pre and confrol groups. The taxonomic composition of the
gut microbiota evidenced that the probiotic group was mainly dominated by bacte-
ria from the Photobacterium genus in confrol conditions, while during the infestation
the predominant genus was Aliivibrio. A Linear Discriminant Analysis Effect Size (LEfSe)
analysis evidenced that most significant changes regarding the different diets were
associated with Acinefobacter, Sphingomonas and Lactococcus genus, while Photo-
bacterium and Shewanella had the most significant changes regarding the infestation.
In addition, our results evidenced that both the functional diet and the subsequent
infection with P. salmonis differentially modulated the co-ocurrence networks and the
functional potential of the gut microbiome in Aflantic salmon. Our results provide evi-
dence towards the feasibility of the use of functional diets as an alternative to improve
the disease resistance in salmonids to bacterial infections.

Palavras-chave: microbiota, piscirickettsia, functional diets, metagenome
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The salmon industry’s challenges with skin health and sea lice emphasize the necessity for
fish-sensitive measures like functional nutrition to boost skin health and fish welfare. The present
study investigated the efficacy of krill meal (KM) towards skin mucosal health and sea lice in
Atlantic salmon (170g). Following an 8-week feeding period on test diets (8%KM, 12% KM, and
control), fish underwent a 2-week sea lice challenge, reaching 350g. The 8% KM diet group
had thicker skin epithelium (72.3 u?) compared to 12% KM (51.3 u?) and control (43.8 u?) after 8
weeks. Additionally, skin mucosal health parameters: cell size (208 u?), cell density (25.2%), and
defence activity (1.19), were significantly enhanced with 8% KM compared to 12% KM (cell
size:162.3 u, cell density: 17%, defence activity: 1.04) and control (cell size: 173.5 2, cell density:
16.4%, defence activity: 0.93). Furthermore, fish fed with 8% KM significantly showed the lowest
sea lice, along with reduced cell size while maintaining high abundance of skin mucus cells,
suggesting efficient turnover of skin mucosal layer to remove sea lice effectively. This study
highlights potential of KM as a part of functional nutrition strategy to enhance skin mucosal
health and mitigate sea lice challenge.

Palavras-chave: krill meal, nutrition, salmon, skin, mucus, functional ingredients
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Vaccination is crucial in aquaculture for inducing immune protection and thus dise-
ase prevention. The fish immune system, particularly the adaptive immune arm is des-
cribed to be sluggish and temperature-dependent. However, in mammals the immune
system may be impacted by a transient temperature increase and it has been repor-
ted that temperature boost the effectiveness of the immune response during infections
by stimulating both the innate and adaptive arms of the immune system. In contrast,
temperature rise has been mainly studied as a stressor to assess the impact of climate
change. Therefore in the present study we aim to evaluate whether short-term elevao-
ted temperature can effectively enhance vaccine efficacy in the sea bass aquacul-
tured fish.

Material and Methods :

Temperature gradient groups of sea bass were assigned, with individuals either ser-
ving as controls (22°C) or being exposed to temperatures of 24°C or 26°C one day
prior vaccination. The designated temperatures were maintained for an additional day
post-vaccination. At the 21-day post-vaccination (dpv), blood and intestinal samples
were collected from all groups, and plasmatic cortisol, IgM, and expression of selec-
fed immune-related genes was assessed in the intestine.

Results and Discussion :

At 21 days post-vaccination (dpv), cortisol levels in plasma showed no significant
differences among temperature groups, in line with no changes in the expression of
grl (data not shown). However, there was a notable increase in plasma IgM levels in
122, 124 vaccinated fish. Moreover, 126 vaccinated group also showed increased IgM
but lower than 722 and 724 vaccinated groups.

Regarding franscription of the immune genes, vaccine alone increased the mRNA
levels of il1B, with agreater expression in T22 vaccinated fish. I8, the hallmark of che-
mokines was unaffected in all groups. Interestingly, igt B gene, playing a crucial role in
the mucosal response, was remarkably increased by the effect of the vaccine in the
T22 vaccinated group. However, this increase was only observed at a lesser extent in
the T24 and 726 vaccinated fish. Overall, our results suggest that 722 is still a desirable
temperature when sea bass is vaccinated, both systemically and locally in the gut res-
ponse, compared to increased temperature groups.
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Thanks are given to Pilar Tudela (UAB) and Iria Iglesias (CTAQUA) for their technical
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Palavras-chave: temperature rise, vaccination, immunity, stress, mucosae



24

Environmental effects on mucosal health

OP-12 - (22) - MODULATION OF MUCOSAL IMMUNITY
BY PITUITARY ADENYLATE CYCLASE-ACTIVATING
POLYPEPTIDE (PACAP-38) IN TELEOST

Yamila Carpio’; Mario Pablo Estrada’; Janet Velazquez'; Alianet Rodriguez’; Kenia Serrano’;
Fidel Herrera'; Tania Rodriguez-Ramos?; Brian Dixon?

1 - Center for Genetic Engineering and Biotechnology, Havana, Cuba; 2 - University of Waterloo

Pituitary Adenylate Cyclase-Activating Polypeptide (PACAP) is a multifunctional
neuropeptide that belongs to the secretin/glucagon/GHRH/VIP superfamily that is wi-
dely distributed and conserved across species. Some of these molecules have anfi-
microbial activity and they are capable of stimulating the immune system. The pre-
sent work studied the antibacterial and immunostimulatory activity of synthetic Clarias
gariepinus PACAP-38. PACAP-38 improved antimicrobial activity of skin mucus against
different Gram negative bacteria in different teleost species. The peptide also modulo-
ted the gene expression profile of antimicrobial peptides and immunoglobulins among
other genes involved in systemic and mucosal immune response. The influenced exer-
ted depended on the time and fissue analyzed. This study provides the first evidence
of a link between PACAP and antimicrobial peptides. Our results suggest further use of
PACAP as antimicrobial agent that could potentially be used to improve immune res-
ponse and confrol disease in aquaculture.

Palavras-chave: PACAP-38, Mucosal immunity, antimicrobial peptides, IgT
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In salmon production, fish are first reared in freshwater at land facilities, either in flow-
through or recirculating aquaculture systems. (RAS) At the end of this period, fish undergo
the smoltification process, through which they will progressively prepare to the marine
environment. This is marked by intense morphological and physiological changes and
challenges to the fish. One of the highest mortality rates in salmon farming and major
economic loss occurs when smolts are transferred from inland facilities to the sea cages.

As the interface between the salmon and its changing environment, a number of
the changes associated with smoltification will take place at the mucosal level. For
example, skin thickening of the epidermis and dermis layers have been reported in the
skin alongside an increase in the number of mucus cell and alteration in the expres-
sion levels of immune genes. On the other hand, bacteria are a constant presence
on all surfaces of the fish exposed to the environment and every interaction between
the fish and its environment will be filtered through this critical microbial interface. The
composition of the skin microbiota is known to change over the course of the smolti-
fication process and seawater transfer, likely due to a combination of changes in the
fish skin as well as the increased in salinity in the surrounding environment. Because of
the important role of the microbiota in the health of the fish, such changes have deep
implications at a fime when the fish are particularly fragile. However, the alterations in
composition and activity undergone by the skin microbiota during the smoltification
process and seawater transfer remain severely under-investigated.

As part of the project BlueRemediomics, we sampled the skin microbiota of Aflan-
tic salmon (Salmo salar) parr and smolt stages in both the wild and diverse farm envi-
ronmenfts. Total genomic DNA was exiracted and destined for sequencing by both a
metagenomics and metataxonomic approach. For metataxonomic, DNA amplicon
libraries were generated targeting the V3-V4 regions (341F/R805) of the 16S rRNA gene
and sequencing was performed on the lllumina platform. For metagenomic, samples
with good quality for library preparation were sequenced, resulting in about 10M reads
per library. Analysis of the sequences was performed following standards pipelines for
metataxonomic and metagenomic analysis. The microbial diversity and composifion
of the skin microbiota were assessed using various ecological indexes (alpha, beta and
differential taxa), and neural networks were established to unravel the relationship be-
tween microbial taxa. Key microbes observed in wild salmon were determined based
on their relationship with health markers, and finally tfracked in captive fish. Moreover,
functionality data of the microbial communities was crossed with composition.

Preliminary results showed clear differences between the microbiome of wild and
farmed salmon, leading to find key microbes related with the good status of both cap-
five and wild fish. These results shed light on the adaption and role of the microbiota
aft this critical phase of the fish’ life. The resulting knowledge has important implications
and will pave the way improve the performance and welfare of farmed salmon.

Palavras-chave: Aflantic Salmon, Wild, Recirculating Aquaculture System, farmed, smolf, parr
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A record 62.7 million salmon died in Norwegian net-pens in 2023. High mortalities in
Norwegian salmon farming are caused by e.g., pathogens, parasites, ulcers, gill dise-
ases and infense handling operations, such as delousing procedures. As the effects of
climate change become more prominent and impacts intensify, environmental condi-
fions may increase as a risk factor to fish health.

Using downscaled temperature projections based on the Infergovernmental Pa-
nel on Climate Change (IPCC) climate projection (Shared Socioeconomic Pathways,
SSPs), we have analysed potential future temperatures at selected marine fish farms
in Norway. Based on the regional climate projections, we designed experimental trials
with different temperature profiles reflecting the near future scenarios. Then we tested
the robustness of Atlantic salmon (Salmo salar) after exposure to sub-optimal tempero-
tures we exposed them to jellyfish fragments to simulate a jellyfish invasion.

Results from the temperature projections show that the farming area may experien-
ce increased temperatures the next 10-15 years, including more days with temperatu-
res above what is considered optimal for the species that are currently farmed in the
areas. Sub-optfimal environmental condifions induced micro-damages at the molecu-
lar and cellular levels in several mucosal organs, including gills and skin. These dama-
ges may make the fish less resilient to withstand other impacts from climate change,
secondary stressors arising from climate change or general stress from the production
systems. Salmon exposed to jellyfish and increased temperature in combination had
more damages in gills compared to fish kept at lower temperatures.

Results from this study can be used to better understand how changing climate
conditions in combination with secondary stressors affect fish health. Understanding
how multiple stressors affect the biological performance of farmed species is essential
when planning for robust production in the coming years.

Palavras-chave: Skin, Atlantfic salmon, Climate change, Heat stress
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Epidermal mucus forms a protective layer over the epithelial cells in the fish skin.
Among other functions, mucus is crucial for ionic and osmotic regulation, respiration,
locomotion, and protection against contaminants, pathogens, and abrasion. The mul-
fiple functions of mucus can be attributed to its physical properties as well as its biolo-
gically active composition such as RNAs, DNA, lipids, carbohydrates, metabolites, and
microbiota. Variations in the molecules present in the mucus have made it possible to
identify their participation in biological processes such as osmoregulation, mechanical
and chemical protection, immunological activity, and defensive barrier against patho-
gens. On the other hand, given the differences in terms of the level of hormones that
occur between the sexes and the state of sexual development, mucus has been used
as an accessible source of endocrine-metabolic biomarkers for these purposes.

S. lalandi and G. chilensis are native species that present the greatest expectations
for Chilean aquaculture diversification. However, the success of its production depends
on efficient reproductive management, where minimally invasive methods of estima-
ting the gonadal maturity are required t contributed to the fish welfare.

To evaluate the use of mucus as an easily accessible matrix for the analysis related
fo ovarian maturation, in this work we show the results of different types of biomarkers in
the mucus of S. lalandi and G. chilensis. To achieve this objective, we compared mucus
and plasma samples from adult females in different states of gonadal maturation of S.
lalandi (5 to 10 years-15 to 25kg) acclimated to captivity and from wild adult females
of G. chilensis (1.8 to 3 kg). Markers such as vitellogenin and estradiol were measured
in both matrices. Commercial kits were used for these determinations; Estradiol ELISA
Kit Abx574169, Abbexa, Fish Vitellogenin VTG Elisa Kit MBS1603087, My BioSource. In
general terms, it was only possible to detect estradiol in the plasma of some individuals
with concentrations that did not exceed 2 ng/mL. However, vitellogenin could be de-
tfected in mucus (0.1 to 4 ng/mL), but with values tenfold less plasma level (1 to 40 ng/
mL). When the concentration of vitellogenin in plasma exceeded 20 ng/mL, a positive
correlation (Pearson Coef. 0.9) could be observed between mucus and plasma.

In addition, considering the available knowledge related to the impacts of oxidati-
ve stress on the reproduction in different fish species, we evaluated the oxidative status
in the mucus of both species by analyzing the antioxidant capacity using ORAC and
DPPH. The results show that it is possible to measure antioxidant capacity in mucus and
shows the antioxidant capacity of S.lalandi is higher than the antioxidant capacity of
G. chilensis, (2800 pumol ET/mL and 140 pmol ET/mL, respectively) via ORAC and DPPH
(1500 and 400 pmol ET/mL, respectively).

These results indicate that the mucus of S. lalandi and G. chilensis adults is a matrix
that can be used for the evaluation of ovarian development and vitellogenesis and
the oxidative status of native species, and emerging species of Chilean aquaculture.

Funding: Fondef ID22110131, Fondecyt 1201343.

Palavras-chave: biomarkers, gonadal maturation, mucus



28

Environmental effects on mucosal health

OP-17 - (20) - EFFECTS OF HYPOXIA ON
MUCOSAL IMMUNOENDOCRINE GENE
EXPRESSION OF RAINBOW TROUT
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In this work we have assessed the gene response of the three main mucosal sur-
faces of rainbow trout Oncorhynchus mykiss, skin, gills and gut, when subjected to a
repeated hypoxia exposure. The aim of the work was to determine whether a hypoxia-
-sensitive fish species could habituate to repeated episodes of hypoxia, a circumstan-
ce that can occur more often provided under the situation of climate changes and
global warming.

After the acclimation period, fish were randomly divided in 5 different freatment
groups, 2 control groups, absolute control (AC) and manipulated control (MC), and 3
hypoxia groups: H1 that only received 1 hypoxic exposure, and H2 and H3 which re-
ceived 2 and 3 hypoxic exposures respectively. Every exposure o hypoxia consisted in
reducing the water oxygen level in the tanks from 8-2 mg/L to 2 mg/L by removing the
aeration pumps and bubbling N2 into the system. After 1 hour hypoxia, fish were sam-
pled at 1,6 and 24 post exposure. We analyzed a set of endocrine stress genes (CRH,
GR1 and MR), immune-cytokines (IL1PB, TNFa, IL10 and TGF B) and hypoxia-associated
genes (HIF1, MYO).

The results showed that the response varied depending on the mucosa. Skin showed
an alteration of both hormonal stress genes and cytokines that did not recover control
levels, whereas hypoxia-related genes showed a ransient decrease followed by a re-
covery.

In gills, stress genes did not show relevant changes, cyftokines showed a transient
overexpression followed by a recovery for IL10 and TGF but not recovery for IL1 B and
TNFa. Regarding hypoxia-related genes, MYO was overexpressed after 1 and 2 hypo-
xias and then recovered, whereas HIF1 was overexpressed only after 3 hypoxias.

In intestine, stress genes downregulated at H1 and H2 hypoxias and recoved at H3.
Citokine genes showed a significant alteration at H1 but recovery at the subsequent
H2 and H3 except for TNFa that was maintained downregulated and hypoxia-related
genes showed an altered frend with a significant overexpression of HIF1 and a down-
regulation of MYO.

Overall the results show alterations in the gene expression after repeated hypoxia,
with some degree of adaptation. Thus both hypoxia-related genes and cytokines show
significant changes at H1 and H2, but also recovery at the third hypoxic repetition,
whereas skin showed maintained downregulation in skin, but minor alterations in gills
and intesfine.

Palavras-chave: Hypoxia, trout, immunoendocrine, gene expression



29

Mucosal immune responses and structures

OP-18 - (38) - A NOVEL LPS BINDING /BACTERICIDAL
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The mucosal surfaces of marine bivalves are constantly exposed to a dense and
diverse population of microorganisms, with some of them being pathogens. To cope
with this, they have developed robust molecular barriers to provide protection. LBPs (lipo-
polysaccharide binding proteins) and BPIs (bactericidal permeability increasing proteins)
play significant roles in the mucosal immune defense of organisms against bacterial po-
thogens. They are small, soluble proteins produced by immune and epithelial cells which
recognize and bind to bacterial lipopolysaccharides (LPS) of Gram-negative bacteria.
BPIs also display antibacterial activities. We have recently elucidated the transcriptio-
nalimmune response in resistant and susceptible Argopecten purpuratus scallop families
following infection with a pathogenic Vibrio, and we have identified a significant overex-
pression of a franscript showing homologies to the LBP/BPI protein family in the larvae of
resistant scallops. Hence, we aimed to characterize this new variant atf the transcript and
protein level, and to investigate its functional role in conferring host resistance against
Vibrio bivalvicida infection. ApLBP/BPI3 is a putative protein of 56.78 kDa which exhibits
three distinct domains: a 78-amino acid cytoplasmic domain, a 25-amino acid trans-
membrane domain, and a 403-amino acid extracellular domain. Upon cleavage, the
latter is a soluble protein of 44.99 kDa, featuring an apolar binding pocket, a BPI dimeri-
zation interface, and 2 BPI/LBP/CETP domains. Phylogenetic analysis highlights significant
identity between ApLBP/BPI3 and LBP/BPIs proteins from the scallop and other mollusks.
Aplbp/bpi3 transcripts were constitutively and highly expressed in hemocytes, mantle,
gills, and digestive gland, and it was induced in scallop larvae and in several mucosal
epithelia of scallops after Vibrio infection. Furthermore, ApLBP/BPI3 protein was detected
inside hemocytes, coating gills and mantle tissues and binding to the surface of V. bivalvi-
cida after infection, determined by immunofluorescence. ApLBP/BPI3 protein increased
in both infected larvae and in scallop plasma and mucus, revealed by Western blot and
ELISA, respectively. Finally, the silencing of Aplbp/bpi3 by RNA interference led to signifi-
cant higher mortality rates of scallop juvenile after infection when compared to confrol
infected scallops. The collective results highlight the importance of thismucosal immu-
ne effector in improving disease resistance among scallops.



Palavras-chave: LBP/BPIs, Pathogenic Vibrio, scallop aquaculture, host resistance, antimicrobial effectors
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OP-19 - (61) - TOWARD SUSTAINABLE

SCALLOP AQUACULTURE: HOST-DERIVED
ANTIMICROBIAL PEPTIDE’S PROTECTIVE AND
IMMUNOMODULATORY EFFECTS ON SCALLOP
LARVAE EXPOSED TO VIBRIO PATHOGEN
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In bivalve larvae, interaction with bacterial pathogens primarily occurs via muco-
sal tissues. Scallop aquaculture faces significant threats from Vibrio bacteria-induced
larval mortality, and developing sustainable pathogen conftrol strategies is imperative.
This study investigates a host-derived antimicrobial peptide (AMP) as an eco-friendly
alternative for aquaculture pathogen control. Leveraging the Argopecten purpuratus
scallop franscriptome, we identified a sequence with common AMP features, desig-
ning a novel 40-amino acid cationic pepfide named helixidin. Helixidin exhibited po-
tent broad-spectrum antibacterial activity, disrupting cell walls of Gram-positive and
membranes of Gram-negative bacteria. Notably, it selectively targeted Vibrio strains
isolated from healthy scallop larvae and larval pathogenic Vibrio strains. Biosafety tests
confirmed helixidin's harmlessness to A. purpuratus larvae. Subsequent experiments
evaluated its protective and immunomodulatory effects on A. purpuratus veliger and
pediveliger larvae exposed to the pathogen V. bivalvicida VPAP30. For this purpose,
the transcription patterns of five genes associated with different stages of the immune
response (sensors, a franscriptional regulator, and effectors) in scallops were assessed
after exposure to VPAP30, both in the absence and presence of helixidin. Helixidin exhi-
bited immunomodulatory effects by regulating a Toll-like receptor (TLR) expression after
24 hours of exposure to VPAP30 in veliger larvae. Additionally, in pediveliger larvae,
helixidin modulated TLR, the transcriptional regulator IkB, and the antimicrobial effector
big defensin expression after 24 hours of exposure to VPAP30. Moreover, helixidin-tre-
ated veliger and pediveliger larvae showed increased survival rates by 40% and 20%,
respectively, compared to untreated larvae when exposed to VPAP30. These findings
underscore helixidin as a promising AMP with antibacterial activity against host-asso-
ciated vibrios, including those posing a threat to scallop larvae, highlighting its biotech-
nological potential as a sustainable therapeutic agent for larval culture systems.

Palavras-chave: bivalve larvae aquaculture, host-derived antimicrobial peptide, immunomo-
dulation, AMP protective effect
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The genus Tenacibaculum comprises several species considered important patho-
gens to the marine aquaculture industry, which includes T. maritimum. This Gram-ne-
gative flamentous bacterium has a preference for mucosal tissues, causing severe ne-
crotic and ulcerative lesions on the body surface, leading to considerable economic
losses. In recent years, T. maritimum has been classified as an emerging pathogen, pri-
marily due to the increasing number of worldwide outbreaks in salmon industries, whi-
ch underlines the need to uncover the cellular and molecular mechanisms behind its
pathogenesis. Therefore, the present study combined a transcripfome and proteome
analysis using skin and mucus from the same animals in European sea bass (Dicentrar-
chus labrax) to evaluate the local innate immune response following a bath challenge
with T. maritimum.

Sefts of sea bass were divided into bath-challenged (infected) or mock-challenged
fish. Skin and skin mucus samples were collected (n=12) at 24 h post-challenge. Sam-
ples of skin or mucus were pooled together for franscriptomic (RNAseq) and proteomic
(LC-MS/MS) analyses, respectively (n=4). Mortality was recorded daily for ten days. Di-
fferential gene and protein expression analyses between the mock-challenged and
bath-challenged groups were performed with DESeq?2 (p-value <0.05). Gene Ontology
(GO) enrichment analysis was performed in the ShinyGo platform. Bath challenge with
T. maritimum induced 30% mortality, whereas no mortality occurred in unchallenged
fish. The bath challenge with T. maritimum triggered a local immune response in the skin
and its mucus protective layer, with increased expression of genes involved in the me-
tabolism of eicosanoids and other inflammatory mediators, acute phase response, iron
withholding and fissue remodelling. Furthermore, bacterial exposure resulted in down-
-regulation of multiple genes involved in wound healing. Genes codifying for collagens
and other extracellular matrix (ECM) structural proteins were downregulated, whereas
genes coding for proteinases responsible for the degradation of the ECM and respec-
tive growth factors were up-regulated. The proteomic analysis of the skin mucus of
challenged fish corroborated the existence of an inflammatory response in the skin, as
well as an increase of proteins associated with the negative regulation of angiogenesis
and vasculature development. These results show that besides inducing a classical in-
flammatory response, bath challenge with T. maritimum modulates host wound healing
and remodelling processes, indicating that this pathogen triggers a complex local mu-
cosal response in fish skin and mucus. Further studies must be developed to understand
if T. maritimum indeed impairs the skin healing process and to identify the virulence
factors involved in this process. This work was supported by national funds through FCT
- Fundacdo para a Ciéncia e a Tecnologia, I.P.- within the scope of UIDB/04423/2020
and UIDP/04423/2020. I. A. Ferreira and B. Costas benefited from grants by FCT (SFRH/
BD/147750/2019 and 2020.00290.CEECIND, respectively). A. do Vale was funded by
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Portuguese national funds through the FCT-Fundacdo para a Ciéncia e a Tecnologia,
I.P., and, when eligible, by COMPETE 2020 FEDER funds, under the Scientific Employ-
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The tongue is a muscular organ with key functions for taste, mastication, and sensa-
fion. It is rich in nerve innervation, blood supply and lymphatic drainage. In mammails,
the tongue is considered a first-line of defense organ with specialized macrophages
and microbiome populations that influence intestinal immunity. However, these barrier
features in teleost fish are not well described. In the aquatic environment, the fish ton-
gue is expected to be constantly exposed to a myriad of stressors and antigens and,
thus, is expected to mount defence mechanisms. Here, we present the molecular and
cellular features of Atlantic salmon tongue, particularly focusing on its immunological
functions. The fongue mucosa is lined with mucus cells containing acidic mucins. There
is no evidence of neutral mucin-containing mucus cells under basal and immune-s-
fimulated states. Scanning electron microscopy showed both filiform and fungiform
papillae, and evidence of desquamation was observed following bacterial infection.
Yersinia ruckeri could breach the mucosa of the tongue. RNA sequencing and targe-
tfed gPCR of key immune genes showed that the Aflantic salmon tongue could mount
immune responses to infection under ex vivo and in vivo conditions. Mapping of the
tfongue franscriptome against Nofima’s microarray database revealed similarities and
differences with primary lymphoid and mucosal organs at naive state. Single nuclei
RNA sequencing identified 9 cell clusters under lower resolution clustering while 24 clus-
ters at higher resolution clustering. Several immune cell types were identified including
B cells, T cells, NK-like cells, and thrombocytes. Spatial fransriptomics and metabolomics
are currently ongoing and will be presented at the meeting.

Palavras-chave: transcriptomics, oral immunity, innate immunity, mucosal barrier
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Teleost external and internal surfaces are covered by mucus, which protect against infection
and abrasion. In the rainbow trout (Oncorhynchus mykiss) gill and gastrointestinal tfract mucus
have been shown to be impenetrable to bacteria. In the gastrointestinal fract, mucus acts as
a barrier, keeping bacteria-sized beads away from the epithelial surface. In the gills, the mucus
is arranged in strands, possibly the gill clearance system acting similar to that described in pig
airways, where strands or bundles remove foreign material while rolling over the epithelial cells
[1,2]. Very large glycoproteins called mucins are a major component of mucus, making up

a gel that acts like a scaffold for keeping secreted defensive molecules in place. Skin mucin
glycans from the hereto investigated rainbow trout and Atlantic salmon (Salmo salar) are
short and sialylated with low ability fo bind pathogens and strong ability fo inhibit bacterial
communication, in line with a concept of salmonid skin mucins actin akin teflon, limiting
pathogen adherence and biofilm formation [4-7]. In confrast, salmonid mucin O-glycans from
the gastrointestinal fract and gills are larger and more complex and bind pathogens more
efficient, suggesting that they act like releasable decoys, limiting pathogen interactions with
the epithelial cell surface, similar to what has been shown in mammalian systems [4, 5, 8].
When we analyzed gilthead seabream (Sparus aurata) mucin glycosylation, we found major
differences compared to the rainbow frout and Atlanfic salmon. We identified 217 glycans,
differentially distributed in skin, gill and intestine. Surprisingly, skin mucus contained neutral
O-glycans with N-acetylhexosamine (HexNAc) units linked to each other, ‘poly HexNAc' motifs.
This type of glycan has not been observed on mucins before. We detected poly HexNAc type
glycans with up fo nine HexNAc and one hexose (Hex) residue, with or without Fucose (Fuc).
MS? data supported that the poly HexNAcs were arranged in one or more branches with up

to 4 HexNAcs/branch. The majority of the seabream gill O-glycans were also neutral with poly
HexNAc motifs. In confrast, seabream intestinal O-glycans were highly acidic and similar to the
glycans found in rainbow trout and Aflantic salmon, i.e. they were not of the ‘poly HexNAc’
type. Together, this suggests that the protective mechanisms of seabream skin and gill mucus
functions distinctly different from that of rainbow frout and Atlantic salmon.
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The immune architecture of teleosts, such as the European seabass, encompasses
a sophisticated array of immune cells, the functions of which are not yet comprehen-
sively understood. Specifically, there is an urgent need to address the knowledge gap
concerning the intestinal immune system of farmed fish European seabass. This knowle-
dge-gap of the fish immune system combined with the lack of established cell lines to
perform in vitro studies poses a barrier to the development of effective immunomodu-
latory strategies in aquaculture. In response, this study refined the protocol for isolation
of immune cells from the head kidney (HK) and posterior intestine (Pl) of European seo-
bass, aiming to establish a in vifro model. This model will serve as a valuable tool for un-
derstanding cell population-specific mechanisms in disease states and within the con-
text of immunonutrition. The HK and Pl of European seabass were collected following
the methodology of Park et al. [1], with minor modifications [2]. Tissues were pushed
through cell strainers, cell suspensions were layered on a Percoll gradient and the inter-
mediate band was thereafter collected. The isolated cells were resuspended in L-15+
media with 10% FBS and allowed to adhere to cell culture dishes for 24h at 23°C. Sub-
sequent analyses included flow cytometry and cell sorting, with morphological evalua-
tions through cytospinning and Diff-Quik staining. Our results revealed a heterogeneous
cell population from both HK and PI, with a predominance of leucocytes (lymphocytes,
neutfrophils, and monocytes) in the HK, in contrast to their sparce presence in the PI.
Based on their morphology, the adherent cells seemed to be enriched in monocytes
and/or macrophages. These findings hold the key to unlocking exciting and valuable
research opportunities that will significantly benefit fundamental research on fish immu-
nology and nutrition, thereby enhancing the sustainability of the aquaculture industry.

1. Park, Y., Zhang, Q., Wiegertjes, G. F., Fernandes, J. M. O., Kiron, V. Adherent Intes-
tinal Cells From Atlantic Salmon Show Phagocytic Ability and Express Macrophage-Spe-
cific. Genes. Front. Cell Dev. Biol. 2020, 8, 580848.
2. Salazar-Gutierrez, D. Fish cell culture as a tool to assess the cellular and molecular changes
induced by environmental contaminants. Master thesis in Environmental Contamination and
Toxicology. Erasmus* Programme of European Union. Universidade do Porto. 2023.
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Turbot (Scophthalmus maximus) is an important species in Aquaculture however,
the infectious diseases are a problem. The assessment of immune response and pro-
tection conferred by vaccines in different fish species is challenging due to lack of
specific reagents. While considerable efforts have been undertaken to increase turbot
genomic and transcriptomic resources, there is limited knowledge about mechanisms
underlying the B and/or T cell mediated immune response. Innovative techniques are
needed to expand the set of tools applied in this field. As in mammails, the basis of tele-
ost humoral adaptive immune response is the clonal expression by B cells of somatically
diversified immunoglobulins (IG), either as membrane bound or secreted in response to
infections or immunizations. The implementation of high throughput sequencing (HTS)
to characterize the IG repertoire has begun in relevant teleost species for Aquaculture,
such as salmonids, reflecting a growing interest for an accurate and comprehensive
description of the response against common pathogens and vaccines. In this context,
a high-quality reference set of the germline IG genes belonging fo the studied species
is required. Three high-quality genome assemblies, based on long reads sequencing,
are now available for turbot which allows a fully annotation of IGH locus. Here, we pre-
sent a reference dataset of furbot IGH genes and how it helps to analyze the diversity,
structure, and the dynamics of systemic and mucosal antibody repertoires using HTS.
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Induction of stress gene transcription in rainbow trout (Oncorhynchus mykiss) muco-
sal surfaces following vaccination against vibriosis and furunculosis

Infroduction:

Like in mammals, vaccines are employed to confer protection against pathogens
in fish. However, our knowledge regarding the immune activation following vaccina-
tion is yet limited in aquacultured species due to their great species-variation in disease
susceptibility and immune defence. The vaccine succuess may be influenced by bidi-
rectional communication between the neuroendocrine and immune system. Indeed,
vaccination involves injection and antigen exposure, both of which can activate the
neuroendocrine system and thereby elicit a stress response at systemic and mucosal le-
vels. The mucosal immune system as the first line of defence is also boosted by vaccine,
and may be affected by both the systemic and local stress response induced by vacci-
nation. However, stress negatively affects the pivotal factors of the immune system e.g,
antibody response consequently compromising the overall health status of the animal.
By now, our knowledge about the stress-effects induced by the process of vaccination
is limited. Therefore, our present work aimed to investigate the effect of vaccination on
key stress- and immune related genes in mucosal fissues.

Material and Method:

Juvenile rainbow frout weighing on average 70 g were immunized with bivalent
Alpha Ject 3000 vaccine or sham-injected with PBS as confrols and were sampled 2-,
7- and 12-week post vaccination (wpv). Skin mucus, blood and tissues (skin, gills and
intestine) were collected.

Results and discussion:

In gills, the expression of stress-related genes (grl, Par, crh, hsp70, cox2, sod2, gpx)
showed a general significant increase compared to the non-vaccinated fish regardless
of timepoint. This agrees with previous findings that vaccination in rainbow trout incre-
ased the expression of stress genes (hsp70 and cox2) and the oxidative stress response
(Khansari et al., 2018). A similar expression pattern was observed for lysozyme, il1B, il10
and ck9. The expression of these genes indicates activation of the innate immune sys-
tem, a perquisite for adaptive immune response. Also, vaccine seemingly stimulated a
fime-independent transcript expression of adaptive immune indicators igm, pigr, cd4
and cd8ain the gills. Time-dependent regulation was only observed in the expression of
ck10, igt and mhc I, with induction ranging from 2- to 7 weeks. Accordingly, vaccina-
tfion gradually increased the expression of ck10 at 7- and 12 wpv with higher up-regu-
lation at 12 wpv, whereas mhc Il and igt franscript expression was elevated 7 wpv and
then dropped to the basal expression levels at 12 wpv. This indicates that the bivalent
vaccine tested here also enhanced transcription of B cells and T cells markers in the
gills. In summary, we show for the first fime that vaccination induced the expression of
stress-related genes from various pathways within weeks after immunization.

References:

Khansari, A. R., Balasch, J. C., Vallejos-Vidal, E., Parra, D., Reyes-Lopez, F. E., and
Tort, L. (2018). Comparative immune- and stress-related transcript response induced by
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OP-27 - (34) - DEFINING FUNCTIONAL HEALTH:
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In fish, the skin, gills, and intestines are equipped with mucosal epithelia, defined by
the presence of mucous cells (MCs). Mucosal mapping, frademarked as Veribarr™,
was developed as an objective method to quantify the patterns of MCs. This method
employs design-based stereology for measuring cell area (size), volumetric density of
MCs in the epithelium, and the calculated abundance of MCs (defense activity, pre-
viously referred to as barrier status). By analyzing skin, gills and gastrointestinal tracts
(mucosal barriers) of 12 diverse fish species, we identified distinct MC patterns, elucido-
ting the roles of these barriers in physiological homeostasis and species-specific adapti-
ve responses. Our findings revealed that larger MCs in the skin indicate a robust barrier
function crucial for external defense, while gill fissues exhibit specialized adaptations—
sparse, smaller MCs in lamellae for efficient gas exchange, and a greater number of
larger MCs in filaments, potentially, for metabolic waste excretion.

On the basis of standardized sampling, analyses and reporting of mucosal barrier
data of several thousand fish in many systems we have discovered the conserved nao-
fure of measurable mucosal homeostasis in skin and gills. We established a homeostatic
statistically robust index for Atlantic salmon, facilitating the distinction between healthy
physiological states and stress-induced deviations. The statistical measures of functio-
nal mucosal health provide a powerful tool for enhancing fish welfare, identifying chal-
lenges before visible disease, and promoting sustainability in aquaculture practices.

Palavras-chave: mucous cells (MCs), gills, skin, Atlantic salmon, homeostatic index
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Germinal centers (GCs) or analogous secondary lymphoid microstructures (SLMs) are
believed to have emerged in warm-blooded species. Thus, for decades the outstanding
question has remained as to how and where adaptive immune responses are induced in
cold-blooded vertebrates in the absence of GCs or analogous SLMs. Here we show that

upon infection of rainbow trout (a teleost fish) with the parasite Ichthyophthirius multifilii, large
aggregates of highly proliferating IgM* B- and CD4* T cells are induced contiguous to splenic
melanomacrophage centers (MMCs). Most of these MMC-associated lymphoid aggregates
(M-LAs) contained numerous antigen (Ag)-specific B cells. Analysis of the IgM heavy chain
CDR3 repertoire of microdissected splenic M-LAs and non M-LA areas from these fish showed
that the most frequent B cell clones induced upon the response were highly shared only within
M-LAs of infected animals. These analysis also showed that M-LAs represent highly polyclonal
SLMs in which Ag-specific B cell clonal expansion occurs. M-LA-associated B cells expressed
high levels of activation-induced cytidine deaminase and underwent significant apoptosis.
Critically, we found that somatic hypermutation of Igm genes occur for the most part in M-LA
associated B cells. Recent data also points to a role of M-LAs in the generation of IgM responses
against microbiota thus suggesting that part of the IgM that coats a large portion of the fish
microbiota is induced systemically outside of mucosal-associated lymphoid fissue areas. In
conclusion and contrary fo current dogma, we show that ectotherms evolved organized SLMs
with GC-like functions. Our data suggests that in addition to inducing systemic antigen-specific
IgM responses, M-LAs are also involved in the generation of IgM responses against microbiota.
In addition fo unveiling the most ancient SLMs described thus far in vertebrates, our resulfs

also point to primordially conserved mechanisms by which fish M-LAs and newly discovered
polyclonal GCs of mammals develop and function.

Palavras-chave: germinal centers, fish, microbiota, spleen, pathogen
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Sparicotyle chrysophrii (Polyopisthocotyla: Microcotylidae) is a hematophagous ectoparasitic
flatworm atftaching to gilthead seabream’s (Sparus aurata, GSB) gills, causing severe anaemia
and up fto 30% of mortality in enzootic GSB on-growing sea-cages in the Mediterranean

Sea. Previous research evidenced that GSB that nafurally overcame sparicotylosis were less
susceptible to reinfection and had significantly higher levels of specific IgM and IgT in gill mucus.
The current study aims to further explore the adaptive immune response of S. chrysophrii-
reexposed GSB (RE) compared to previously unexposed naive GSB (NAI) regarding the
presence of IgM* and IgT* B-cells in spleen and gill flaments. In addition, we localized parasite
structures with antigenic capacity where specific IgM and IgT of plasma and mucus bound.

Two groups of GSB (RE and NAI) were exposed to a secondary challenge with po-
rasite eggs. RE fish hadexperimentally been infected with S. chrysophrii in a primary
challenge and naturally overcame sparicotylosis after 4.5 months. Both groups were
sampled 8 weeks after the secondary challenge and hemoglobin, hematocrit and in-
fection intensity were recorded. In addition, adult S. chrysophrii specimens, gill and
spleen samples were processed for routine paraffin histology, and gill mucus and plas-
ma samples were obtained.

Probe sets for RNA-in situ hybridization (RNA-ISH) were designed using the heavy
chains sequences of gilthead sea bream IgM and IgT. Variable domains and regions
not expressed both in the soluble and the membrane-bound forms were excluded, to
allow the detection of all franscripts. Probes were differentially labelled to detect the
two molecules simultaneously. RNA-ISH was performed in spleen and gill sections of 4 RE
and 4 NA| fish. Plasma and gill mucus samples of RE and NAI were selected based on
previous specific ELISAs, and applied in an immunohistochemical protocol in order to
localize specific IgM and IgT immunoreactivity to the parasite in 4-um paraffin sections.
RE fish had a stafistically significant lower infection intensity and higher hemoglobin levels than
NAI IgM* B cell counts in the splenic parenchyma and around melanomacrophage centres,
and IgT* B cell counts in gill flaments, lamellae and blood vessels were significantly higher in RE
than in NAl fish. Moreover, specific IgM and IgT in plasma and gill mucus immunoreacted with
antigenic epitopes in the S. chrysophrii tegument, but, surprisingly, parasite clamps that are in
direct contact with the fish tissues were not recognized by fish Igs.

To conclude, GSB that overcome a primary infection with S. chrysophrii develop a
long-lasting mucosal and systemic antibody response, supported by high numbers of
systemic IgM+ and mucosal IgT+ B cells. Specific circulating and mucosal antibodies
that bind to the parasite’s fegument may be the key to the relative protection against
reinfection. This memory response is not fully protective, but it can help GSB to cope
better with the disease.

Palavras-chave: Monogenea, RNA-in situ hybridization, Adaptive immunity, Sparus aurata,
Polyopisthocotyla
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Enteromyxum leei is an intestinal myxozoan parasite that causes serious problems in
aquaculture. It infects gilthead seabream, among others, invading the paracellular spa-
ce of the intestinal epithelium and slowly progressing from the posterior to anterior intesti-
ne, inducing anorexia and poor food conversion rate, leading to diminished growth and
condition factor, cachexia and eventually death. We have been studying the intestinal
cellular response to this parasite for several years, mainly by histopathology, immunohis-
tfochemistry and whole fissue transcriptomic analyses. The infection is characterized by
an increase of mast cells, T lymphocytes, IgM+ and IgT+ B lymphocytes, and a depletion
of acidophilic granulocytes. It also induces a significant increased expression of soluble
and membrane IgM and IgT, Th17 and Th1 markers, and markers for cytotoxic responses.
Infected intestines show a decrease in the number of the mucus producing goblet cells.

In the current study, we aimed to dig deeper in the local cellular response upon
an E. leei infection at a single cell resolution. For that purpose, the posterior intestine of
control and heavily infected fish were collected and the epithelium and lamina propria-
-submucosa were dissociated into single cell suspensions by enzymatic and mechanic
methods. Then, 10X Genomics single cell sequencing was performed aiming for 10,000
cells per sample with 20,000 mean reads/cell. The obtained >340M reads were analysed
with STARsolo for mapping, demultiplexing and quantification, and Seurat for clustering
and differential expression analyses.

Thirteen different clusters were initially identified and labelled as broad cell types re-
garding identified cell markers. Clusters corresponding to epithelial cells, including entfe-
rocytes, goblet cells or Paneth cells, were significantly reduced upon infection. An expec-
ted outcome of the disease, as the intestinal epithelium is progressively destroyed and
replaced by the parasite. Focusing on immune cell populations, the cluster containing
monocytes/macrophages showed the clearest differences, where parasite infection in-
duced activation and polarization info two separate populations. The largest macro-
phage population mainly contained M2 markers and showed downregulation of MHCI
genes. Three clusters enriched with T cell markers were further subdivided into 8 subpopu-
lations. The T cell clusters also showed significant shifts in their franscriptomic profiles upon
infection, upregulating genes related to NF-kB, 1112, IIT and Ifn signalling, attributing to this
cell population the prototypical type | response previously described in this disease. A
small cluster, close to the T cell clusters, containing typical markers of mammalian NK cells
was not regulated upon infection. The B cell cluster showed a significant activation pro-
file with upregulation of proliferation and maturation markers. Further analysis of specific
markers within each T and B cell subpopulation will help to identify different lymphocyte
subsets present in gilthead seabream intestine and their regulation during enteromyxosis.

This study confirms the significant role of intestinal B and T lymphocytes during E. leei
infections and highlights the macrophage population as a new key player in this inte-
raction, which has been poorly studied up to date due to insufficient tools and markers
in this fish species. The dataset obtained here will also help define unknown immune cell
subpopulations in gilthead seabream.

Palavras-chave: Single cell sequencing, Sparus aurata, Enteromyxum leei, Infestinal immune
responses
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Red mark syndrome (RMS) is a prevalent disease affecting farmed rainbow trout
(Oncorhynchus mykiss) across Europe and the Americas. Although the precise etfiology
of this disease remains elusive, a Midichloria-like organism (MLO) is suspected as the
triggering agent. Although usually a non-lethal condition, RMS provokes typical red
skin lesions that result in significant economic losses due to decreased product value.
Previous investigations using immunohistochemistry and transcriptomics, pointed to a
localized immune response primarily characterized by the influx of B cells. In this study,
we have performed an extensive characterization of this B cell response, both at local
and systemic levels. The local influx of IgM+ B cells to the skin lesions was confirmed by
flow cytometry, while ELISpot and transcriptomics on sorted B cell populations revealed
a local differentiation of these B cells to plasma-like cells, which was especially no-
teworthy in the wounded area. Moreover, observed alterations in B cell-related genes
in systemic immune organs hinted additional systemic effects on B cell populations,
possibly responsible for the increased IgM levels also detected in blood. IgM repertoires
in the skin and head kidney were also compared between control, infected fish with no
symptoms, and infected fish with visible pathology, to further dissect how B cells were
affected by the disease. The results presented provide further evidence of the role of
fish B cells in mediating RMS, which might be a consequence of the implication of B
cells in innate functions and early response to pathogens in teleost fish.

Palavras-chave: Red mark syndrome, rainbow trout, B cells, Midichloria-like organism (MLO),
skin, IgM
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Ceratomyxosis due to the myxozoan parasite Ceratonova shasta affects salmonids,
causing severe enteritis leading to hemorrhaging and necrosis. Waterborne parasite
stages penetrate host gills and reach the fish intestine through the blood stream. Three
parasite genotypes have been described, and genotype-0 (GO) causes infection but
rarely results in mortality. Steelhead trout (Oncorhynchus mykiss) populations from C.
shasta endemic watersheds (sympatric, SYM) are less susceptible than populations from
non-endemic watersheds (allopatric, ALLO). This study fries to understand the immune
effectors behind these different susceptibilities.

The two steelhead trout strains were exposed to GO C. shasta by effluent exposure. Intestine
and serum samples of control (non-exposed), and exposed SYM and ALLO fish were taken at
15,22, 29, 57, and 183 days post exposure (dpe). In addition, gill samples of all experimental
groups were taken at 1 and 8 dpe. Tissue samples were processed for routine paraffin histology.
Histopathological evaluation on Giemsa-stained tissue sections included quantification

of submucosal hyperplasia and scoring of epithelial ymphocyte infiltration and parasite
abundance. Further, Zap70* T cells, IgT* B cells and IgD* B cells were quantified in intestines and
gills by immunohistochemistry. Fish sera were used to evaluate the presence of specific IgM
against the parasite by indirect immunohistochemistry.

In both SYM and ALLO fish, prevalence of infection in intestines reached 100% from 15 dpe on,
though parasite counts were significantly lower and restrained to a shorter time span in SYM fish.
The intestinal inflammatory response in both fish strains was led by significant hyperplasia of the
lamina propria-submucosa and epithelial infiltration of lymphocytes. Remarkably, hyperplasia
was triggered earlier and resolved by 57 dpe in SYM fish, whereas in ALLO fish hyperplasia was
not resolved by the end of the experiment, coinciding with high intestinal parasite counts.
Significant lymphocyte epithelial infiltration was evident from 15 dpe on in both fish strains.
Zap70* T cells peaked earlier (at 22 dpe) in the intestines of SYM than in ALLO fish (29 dpe). An
increase of infestinal IgT* B cells occurred at later times, peaking also first in SYM (29 dpe) and
then in ALLO (57 dpe) fish. IgT* B cells were more abundant in the intestine of SYM than in ALLO
fish along the entire experiment. Low numbers of infestinal IgD* B cells were only detected

in SYM at 22 and 29 dpe and were almost absent in ALLO fish. In the gills, an early increase

of Zap70* T cells was observed in both fish strains at 1 dpe, and an increase of IgD* B cells
occurred only in the ALLO strain at 1 and 8 dpe. Specific circulating IgM was detected in both
fish strains only at the last two samplings.

Concluding, SYM steelhead trout restrains intestinal proliferation of GO C. shasta
more effectively than ALLO fish, probably due to an earlier innate immune response
friggering an earlier IgT-based mucosal adaptive response in the intestine, the target
organ of the parasite. Specific circulating IgM appears later during infection, probably
also contributing systemic protection.

Palavras-chave: intestinal inflammatory response, myxozoan parasite, steelhead trout strains,
lymphocytes, specific antibodies
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Pathogens in the Rickettsiales order are obligate intracellular bacteria. In humans, the
bacteria typically invade leukocytes and vascular endothelial cells. A rash-like skin patho-
logy is common. Bacteria in this order are very rarely diagnosed from fish. One notable
exception is the bacterium causing red mark syndrome (RMS) in rainbow trout, Oncorhyn-
chus mykiss. Only the 16S IDNA sequence is known from this bacterium, but the sequence
places it in the Midichloriaceae family, and hence the bacterium is provisionally named
Midichloria-like organism (MLO). The bacterium causes a marked skin pathology with lar-
ge, oedemic and hyperemic lesions, but without ulceration. Vasculitis can be observed
in histological sections of the skin. Little pathology is observed elsewhere. Additionally, by
gPCR we detected MLO in leukocytes isolated from skin of RMS-affected rainbow trout.
RMS pathology in rainbow thus has similarities to diseases caused by obligate infracellular
bacteria in humans. While symptoms associated with this disease can be costly for the fish
farmer, the disease is non-lethal, and symptoms eventually spontaneously heall.

Since the cognate pathogen remains largely uncharacterized, there are no current
freatment options apart from antibiotics. However, since the disease is non-lethal, we spe-
culated whether we could purposely infect fingerlings without causing excessive morbi-
dity. And in addition: Would the fish recover and develop protective immunity lasting the
remainder of the production cycle?

To this end, we experimentally infected rainbow trout fingerlings with MLO by coha-
bitation RMS-affected seeders. The fingerlings developed RMS pathology — importantly
without any associated mortality. They were re-exposed to MLO by cohabitation after
13 months, together with naive controls. Pathology was observed in naive fish, but not in
previously exposed fish. Thus, this management practice can potentially avoid RMS-po-
thology in large fish.

We further investigated the basis of the observed protective response. Traditionally, a
cellularimmune response involving CD8* T cells and/or natural killer cells/natural cytotoxic
cells are considered important for an efficient protection against intracellular pathogens
such as viruses and infracellular bacteria — although mostly during the primary infection,
with specific anfibodies also playing an important role against re-infection. In fish, three
types of antibodies are produced: IgM, IgD and IgT. IgM is the major serum immunoglobu-
lin, while IgT is considered a mucosal immunoglobulin. It could thus be speculated that IgT
and cellular responses constituted important immune responses against MLO. However,
we have found heavy infiliration of B cells info RMS lesions with local differentiation into
IgMsec-producing plasma cells. We lack the tools to test whether the secreted IgMs are
specific to MLO. We instead tested the protective effect of plasma fromm RMS-recovered
rainbow trout (hypothesized to mainly be conveyed by MLO-specific serum IgM) by intra-
peritoneal injection into naive rainbow frout. Subsequent exposure to MLO by cohabitation
resulted in reduced pathology relative to naive rainbow trout injected with plasma from
non-infected fish. Thus, it appears that a mucosal or cellular response is not imperative for
protection against disease caused by MLO. In the future, it would be interesting to investi-
gate the effect of cellularimmunity by transplantation between clonal rainbow tfrout.

Palavras-chave: red mark syndrome,, humoral, rainbow trout, obligate intracellular bacteria,
Midichloria-like organism, Immunity, Skin
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In vitro scale cultures and in vivo fish frials with bath and co-habitant models gives
insight into infection dynamics of winter ulcer disease in Aflantic salmon and the effects
of pro-biotic treatment on the skin.

Lene Sveen, Aleksei Krasnov, Elisabeth Ytteborg, Gerrit Timmerhaus, Sara Linden,
Henrik Sundh, Terje Klemetsen, Christian Karlsen

The winter ulcer disease, induced by the Gram-negative bacterium Moritella visco-
sa, is a significant concern in the Atlantic salmon farming industry, particularly during
the growth phase in the sea, where infections by M. viscosa ranks as the third most con-
cerning disease in regards to reduced animal welfare and mortality. The winter ulcer
disease is systemic, affecting many organs; however, in the skin, it manifests as ulcers in
the scaly regions of the fish body.

Here we investigated the hypothesis that Atlantic salmon smolts, pre-exposed to
sea water commensal bacteria while the fish were sfill in the freshwater environment,
would exhibit improved growth in sea water and enhanced resistance to M. viscosa in-
fection compared to conftrols.

Selection of commensal bacteria for pro-biotics was conducted based on 100 bac-
terial isolates collected from healthy fish. The bacteria were subjected to laboratory
screening (such as hemolysis) and analysis for genetic markers, including those associa-
ted with antibiotic resistance (less suitable candidates), prior to selection of three pro-
-biotic candidates.

The chosen pro-biotic candidates underwent testing across an in vifro cell culture
experiment. Skin cells from fish scale explants exposed to commensal and pathogenic
bacteria, being alive or dead, showed conformational changes and activation of nons-
pecificimmune responses as observed with microarray analysis. Differences between live
and dead bacteria were larger than those induced by probioftic / pathogenic bacteria,
suggesting that live bacteria are potent activators of immune functions in skin cells.

A total of three fish trials with probiotic exposure were carried out: one bath-mo-
del, one co-habitation trial with M. viscosa infection, and one fish trial with fransfer of
fish info marine cages. In the infection trials, comparative analysis between bath and
co-habitation models showed that the latter more accurately reflected the infection
dynamics observed in natural sea environments. Histological analysis of fish skin showed
significant changes in M. viscosa-infected specimens, affecting the scales, epithelial
tissue, and mucous cell composition. Picture analysis of fish skin showed less scale loss
in the M. viscosa infected fish compared to non-infected fish. There were few effects
of the probiotic freatments in the infection trials. Results of the sea water frial are fo be
analyzed and presented in the conference.

Overall, our findings highlight the immunological effects induced by both probiotic
bacteria and M. viscosa on the skin, suggesting potential implications for mucosal pro-
tection.

Palavras-chave: Fish skin, Aflantic salmon, probiotics, winter ulcer disease
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Amoebic gill disease (AGD) is a devastating disease that causes multi-million-dollar
losses annually in salmonid fish farming. The causative agent of AGD in Atlantic Salmon
is Neoparamoeba perurans which belongs to the Paramoebidae family. An interesting
feature of most of the Paramoebidae is the endosymbiotic relationship they have with
the Perkinsela-like organism (PLO). The PLO is a kinetoplastid, distantly related to dise-
ases causing parasites in humans such as Leisnmania and Trypanosoma spp. and fish
diseases such as Ichthyobodo spp. As there appears to be a high level of metabolic
inferdependence between host and the symbiont, eliminating the PLO, which resides
adjacent to the nucleus of its host, will hypothetically eliminate N. perurans. In pursuit of
this goal, we have opted to ufilise frontline and experimental trypanocidal drugs targe-
ting the PLO both in vitro and in vivo. As N. perurans cannot be cultivated axenically,
conventional drug screening methods face hindrance due to bacterial activity within
the amoebic culture. To assess in vifro efficacy, holographic microscopy was utilised fo
evaluate cell motility and viability under drug pressure. Drugs demonstrating promising
in vitro efficacy were subsequently tested in two rounds of in vivo frials on the West Co-
ast of Ireland which had exhibited encouraging signs of effectiveness. It is anficipated
that establishing a market for tfrypanocidal drugs in aquaculture could enhance fish
welfare and potentially reduce production costs for the application of these drugs in a
medical context within the tfropics.

Palavras-chave: Endosymbiont, Amoebic Gill Disease, In vitro drug screening, Holographic Mi-
croscopy, Kinetoplastid, Amoeba
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Extracellular vesicles (EVs) are nanometer-sized membrane-derived particles released by
bacteria and eukaryotic cells. Bacterial EVs have a broad spectrum of action and are
involved in pathogenesis, antibiofic resistance, nutrient uptake and nucleic acid transfer.
Over the last years, the potential of EVs as vaccines, adjuvants and immunotherapy agents,
among others, has been explored in mammails, yet this has been scarcely addressed in fish.
In the current study, we have purified EVs from the probiotic Bacillus subtilis and evaluated
their immunomodulatory capacities using rainbow trout splenic leukocytes. First, we
optimized a physical separation protocol and characterized the isolated EVs by fransmission
electron microscopy, dynamic light scattering and electrophoresis. To determine their
immunostimulatory effects, rainbow trout spleen leukocytes were incubated for 72 h with
different concentrations of EVs. Thereafter, their effects on IgM* B cells were evaluated by
flow cytometry and ELISpot. Additionally, how the EVs affected the transcription of a wide
range of immune-related genes was also established by real-tfime PCR in splenocyte cultures.
EVs significantly increased the percentage of IgM+ cells and their levels of surface MHC II.
Furthermore, they were also capable of inducing on their own the proliferation of IgM* B cells,
also increasing the number of IgM-secreting cells in the cultures. Finally, a dose-dependent
up-regulation of the levels of franscription of several pro-inflammatory genes was also evident
in response to EVs. The data presented demonstrates the immunomodulatory capacities of B.
subtilis EVs and point to their potential as adjuvants or immunostimulants also in aquaculture.

Palavras-chave: Extracellular vesicles (EVs), Bacillus subtfilis, Probiotics, B cells, Rainbow trout,
Immunostimulants
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Global salmon aquaculture is facing a significant threat from pathogens that affect
the health and welfare of fish. One of the most common pathogens in the industry is
sea lice, and the primary confrol method is the use of pesticides. Current strategies
for improving fish resistance include in-feed additives and genetic selection. Howe-
ver, the immune response to ectoparasites involves interplay with the host’s microbiota
community during infestation. To develop sustainable strategies in fish aquaculture, it
is essential fo use the hologenomics approach to uncover the molecular interactions
among the host, parasites, and their microbiome. This study aimed fo report new sea
lice vaccines using the hologenome approach. Here, we challenged Atlantic salmons
against sea lice and analyzed them after different immunization strategies using inac-
fivated and live vaccines delivered orally or intfraperitoneally. The investigation obtai-
ned franscriptional information of skin fissue through RNA lllumina and nanopore se-
guencing. Additionally, we analyzed the skin's microbiome through full-length 16S RNA
nanopore sequencing and functional analysis. The hologenomics approach revealed
that the microbiome of Atlantic salmon is a key component in the immune response o
pathogens and a novel research field for developing novel fish vaccines.

Palavras-chave: Sea lice, microbiome, skin, transcripto, vaccines
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Fish aquaculture is a crucial component of sustainable global fish production, of-
fering significant contributions to the world's food supply. However, the industry faces
ongoing challenges due to infectious diseases, which cause substantial economic los-
ses and negatively impact fish health. Vaccination is the most effective method for
preventing these disease outbreaks, with oral administration being the most practical
approach. However, oral vaccines face a notable limitation due to insufficient stimula-
tion of the complex gut-associated lymphoid fissue caused by factors such as vaccine
degradation and poor absorption. A promising solution to these hurdles may lie in the
plant-based production of recombinant vaccines, which enable targeted storage of
recombinant antigens in specific cell organelles while providing superior antigen pro-
tection.

Our study explores the potential of barley (Hordeum vulgare) for producing orally
administered subunit vaccines. Through the Agrobacterium-mediated fransformation
of immature barley embryos, we generated homozygous T2 generation fransgenic
plants expressing recombinant antigens for spring viremia of carp virus (SVCV). Immu-
nodetection and fluorescence observations confirmed the production of this antigen,
specifically in the seed endosperm.

Next, the antfigenicity of resulting plant material was evaluated using an infubation
model of common carp (Cyprinus carpio). Following a single dose of transgenic anfi-
gens, we monitored the modulation of expression in immunoglobulin franscripts in both
systemic and mucosal tissues over period of 28 days. Collectively, our results revealed
a dynamic modulation of systemic and mucosal immunoglobulins across all intestinal
segments, with the posterior intestine exhibiting the highest modulation. Mucosal immu-
noglobulins IgZ1 and 1gZ3 reached the highest fold increase, while systemic IgM also
showed substantial upregulation by day 28. Future research should focus on the spatio-
temporal orientation of the adapftive response, its longevity, and protfective potential
to fully harness the benefits of plant-based recombinant antigens for oral vaccines in
aquaculture.

Palavras-chave: fish vaccines, fish viruses, recombinant antigens, molecular farming, barley,
Immunoglobulins
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Developing new vaccination strategies for aquaculture is crucial, with oral vaccines
administered through feed being particularly promising. Bacillus subtilis are microorgo-
nisms recognized for their safety, probiotic properties, and capacity to produce spo-
res, which serve as ideal vehicles for oral antigen delivery. The spores’ robust structure
allows it to resist the harsh conditions of the gastrointestinal fract and to be incorporo-
fed info fish feed, maintaining its characteristics. However, the effect of engineered
antigen-displaying spores on fish mucosal immunity, is still under investigation.

Our first approach was to use a laboratory strain of B. subtilis to display a Vibrio anti-
genic protein (OmpK) at the spores’ surface. The potential vaccine — “Sporovaccine” —
was fested by immersion in zebrafish larvae (Danio rerio) and by incorporating the spores
in commercial feed used to orally vaccinate European seabass (Dicentrarchus labrax)
juveniles. The survival of zebrafish larvae increased by 50% and that of European seabass
by 26% upon a challenge with V. anguillarum. These results showed that antigen-dis-
playing B. subtfilis spores could act as efficient vehicles for oral vaccination in fish.

Next, we decided to test the efficacy of different anfigens (VAA and TolC) in pro-
viding protection against vibriosis when displayed in spores from the laboratory strain
(Sporovaccine) and from probiotic B. subtfilis strains FI314 and Fl442, which were pre-
viously isolated in our laboratory — developing the concept of "Probiovaccine”. To
understand if using probiotic spores to build our vaccines, could be an advantage,
we assessed the effect of the Sporovaccines and Probiovaccines on the expression
of immune-related genes by using an epithelial gut cell line from rainbow frout (On-
corhynchus mykiss). Intestinal cells (RTgutGC cell line) were routinely maintained and
exposed for 24h to 1x107 cfu ml' of purified spores from each engineered and parental
strain. Transcription effects were evaluated by real-time quantitative PCR analysis of
immune-related genes: tumor necrosis factor a (TNF-a), interleukin 1R (IL-1B), interleukin
8 (IL-8), cyclooxygenase 2 (COX-2), heat-shock protein 70 (Hsp70) and caspase 302
(Casp3a2). Control spores (not carrying an antigen) and Sporovaccines significantly
induced the transcription of the pro-inflammatory cytokine IL-1p and pro-inflamma-
tory chemokine IL-8. Spores from ProbioVaccines did not affect the expression of the
genes analyzed, whereas conftrol spores from the parental strain FI314 decreased the
expression of Casp3a2, a caspase involved in the apoptotic death cascade. These
results indicate that spores from different B. subtfilis strains have different effects on the
franscriptional level of immune-related genes, which appear to be independent of the
antigen displayed on the surface of the spore.

Funding: FEDER, POCI, PT2020, and FCT/MCTES through project PTDC/CVT-
-CVT1/2477/2021, PhD fellowship 2021.07724.BD (GG), CIMAR Strategic Funding
UIDB/04423/2020 and UIDP/04423/2020.

Palavras-chave: Bacillus subtilis, Antigen-displaying spores, Probiofics, Gut immunity
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Microbial Dynamics of Atlantic Salmon Skin Through 16S Metagenomics: Implicao-
tions for Mucosal Health in Aquaculture
Helene Bevan'!
'Pharmaq Analytiq, Bergen, Norway

E-mail: helene.bevan@zoetis.com

Aquaculture represents a crucial pillar in meeting global food demands, with Aflan-
tic salmon (Salmo salar) being a cornerstone species in this industry. Mucosal heal-
th, particularly skin integrity, plays a pivotal role in safeguarding the overall well-being
and productivity of these fish. Maintaining opfimal mucosal health in Atlantic salmon
is imperative for sustainable aquaculture practices. The skin serves as a critical barrier
against pathogenic invasion, making its microbial composition pivotal in determining
overall mucosal integrity. Looking at the microbial dynamics across various states of
Atlantic salmon skin health, ranging from healthy to at-risk for ulcer development and
ulfimately ulcerated skin, can provide valuable insights in understanding changes in
the microbiome during ulcer development. This could improve the development of
targeted interventions aimed at preserving and enhancing mucosal health in Atlantic
salmon aquaculture.

In our presentation, we will explain the key findings derived from our 16S metage-
nomic analyses, shedding light on the taxonomic composition, diversity, and relative
abundance of microbial taxa inhabiting Atlantic salmon skin. By looking at microbial
profiles between healthy skin and ulcerous lesions, we aim to unravel potential micro-
bial biomarkers indicative of mucosal health stafus.

Palavras-chave: metagenomics, Microbial community, ulcer
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Salmon aquaculture is constantly threatened by pathogens that impact fish health,
welfare, and productivity. The sea louse, one of the significant problems for salmon
aqguaculture, is controlled using pesticide treatments; however, the intensive use has
evidenced the emergence of delousing drug resistance. Therein, strategies based on
salmon breeding selection represent a sustainable alternative to produce fish resistant
to sea lice infestation. The increase in the application of sequencing fools in productive
processes such as aquaculture allows us to explore how phenotypic traits like growth
and health are associated with genetic markers, transcriptional variation, or host mi-
crobiome. Thus, this study uses a model of controlled repeated infestations to explore
the skin transcriptomic and microbiome changes in fifteen Atlantic salmon families with
contrasting phenotypes after three successive infestations with the sea louse Caligus
rogercresseyi. Transcriptional information of skin tissue from two phenotypes, a resistant
(R) and a susceptible (S), was obtained by RNA sequencing by lllumina. In addition,
16S RNA Nanopore sequencing determined each phenotype’s skin microbiota. Trans-
criptome data was assembled into the Atlantic salmon genome, and the chromosome
genome expression (CGE) index was applied fo the salmon phenotypes, showing diffe-
rences in chromosome modulation among the phenotypes. The R families showed up-
-modulation of immune genes compared with the S family. Notably, the skin microbiota
of the R exhibited the highest diversity. Moreover, among bacteria identified in the R
highlining Pseudomonadaceae, which produces metabolites with anfiparasitic func-
fions. Also, the functional prediction analysis of the S microbiota showed the highest
proportion of proteins associated with epidermal evasion. This is the first study to descri-
be the franscriptional and microbiome variation of Atlantic salmon families related to
sea lice resistance and susceptibility under successive infestations.

Palavras-chave: Sea lice, Atlantic salmon, resistance
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Rising global temperatures present a significant survival challenge for cold-wa-
ter fish species, such as the redband trout—a subspecies of rainbow frout native to
freshwaters of the Pacific Northwest in North America. Previous studies have primarily
examined the genetic factors influencing the adaptability of redband frout to warmer
temperatures. Our research extends these findings by treating the redband trout as a
holobiont unit, incorporating analyses of both host and environmental microbiomes, in
addition to genetic factors, to achieve a comprehensive understanding of their adap-
tability to warmer temperatures. This study consisted of two seasonal field samplings
(summer and winter) and a common-garden study, where trout from disparate thermal
habitats were acclimated fo identfical femperature regimens (constant: 15°C, 18°C,
21°C, and diel: 13-17°C, 16-20°C, 19-23°C). Samples included mucosa from gills, skin,
and digesta of redband frout, along with sediment and water samples from desert and
cold montane creeks, as well as the common-garden system. To investigate bacterial
and archaeal taxonomic information—including alpha and beta diversity and differen-
fial abundance—16S rRNA sequencing was employed. The data was analyzed using
the DADA2, Vegan, ANCOMBC and Phyloseq packages in R. Nanopore sequencing
was carried out to reveal microbial functions and relative abundance of Bacterial and
non-Bacterial sequences. GTseq was used to genotype SNPs in individual fish, where
neufral and adaptive markers were analyzed based on the habitat the frout was from.
Our research explores the interaction between redband frout and its microbiome as
a possible mechanism contributing fo variations in traits, from genetic makeup to ob-
servable characteristics, in response fo changes in femperature. The results revealed
statistically significant variations (p<0.05) in both alpha and beta diversity among field
samples from different populations in the gill and skin microbiomes. In contrast, the
common-garden samples displayed no significant differences (p>0.05) across populo-
tions in either gill or skin microbiomes. These findings indicate a potential environmental
influence on mucosal microbiome composition. The forthcoming results will focus on
comparing microbial compositions (bacterial and non-bacterial) between different
tissues and sites, encompassing both the host and the environment. Furthermore, the
investigation will parse the gene by environment (GxE) regulation, integrating insights
from both field and laboratory studies.

Palavras-chave: Microbiome, Redband trout, Holobiont
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The co-evolutionary relationship between secretory immunoglobulins (slgs) and mi-
crobiota dates back over half a billion years. Coating of gut microbiota by secretory
immunoglobulins (slgs) determines which bacteria colonizes the gut while also it directly
influences bacterial metabolism. Our current understanding of this mechanism of ho-
meostatic and metabolic control of microbes is essentially limited to sIgA in endotherms
and slgT in ectotherms. Yet, recent studies have shown that in addition to slgA and
sIgT, slgM also coats a substantial proportion of the human and fish gut microbiota.
This suggests an important and conserved role for sigM in the maintenance of micro-
biome homeostasis while it also challenges the dogma that sigA and sigT are the key
players in that role. To investigate this hypothesis, we conducted temporary and selec-
five depletion of IgM in rainbow frout (Oncorhynchus mykiss), a bony fish species. Our
findings demonstrate that IgM depletion led to the loss of gut-associated bacteria. This
was accompanied by bacterial franslocation into the gut tissue, as well as severe gut
tissue damage and inflammation. Critically, IgM-depletion led to long-lasting shifts in
the gut microbial community composition, thus indicating a role for sigM in the control
of microbiome homeostasis. In support of a protective role for sigM in the gut, high
mortalities of IgM-depleted fish occurred in a DSS-induced colitis fish model. Interes-
tingly, significant increases in beneficial bacterial metabolites were detected in the
gut of IgM-depleted fish thus pointing to a role for sigM in the modulation of microbial
metabolism. Our findings uncover sigM as an ancient master regulator of microbiota
homeostasis and metabolism.

Palavras-chave: IgM, Microbiota, coating, metabolome, microbiome regulation
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The gills are critical organs and the first site of colonization with the pathogen Aero-
monas salmonicida. The gills are covered by profective mucus, mainly comprised by
the highly glycosylated mucins. The aim of this study was to characterize the rainbow
frout (Oncorhynchus mykiss) gill mucus and mucin production in healthy fish and du-
ring colonization with A. salmonicida. Ex vivo imaging of gill mucus demonstrated that
it was heterogenous in its glycosylation and organized in strands. Metabolic labelling
fime-course experiments in vivo revealed that the label was incorporated into mucins
in the perinuclear region of interlamellar mucus producing cells 4 h post intraperitoneal
injection of the label. The newly produced mucin gradually moved through the mucus
theaca, and 20 h post injection, the majority of the labelled mucin was in the apical
compartment of the cell. A. salmonicida colonization decreased gill mucin production
during early time points (8 and 32 h) post immersion [PI] for 1 hin 108 A. salmonicida/mL.
Mucin production was recovered by day 7 Pl, coinciding with decreased A. salmoni-
cida density. No major effect on the mucin production was detected in fish immersed
in 107 A. salmonicida/mL. A. salmonicida also decreased mucin production in an RT-
gill-W1 based in vitfro mucosal surface, demonstrating that the pathogen directly can
inhibit mucin production. Thus, A. salmonicida can inhibit gill mucin production, but
mild colonization does not have major effects on the gill mucus production. Possibly,
restoring or enhancing mucin production may provide an avenue to combat infection
in aquaculture.

Palavras-chave : mucus, mucin, host defense, infection



60

Effect of nutrition on mucosal health

PP-02 - (13) - ACIDIFICATION CHALLENGE EFFECTS
ON SKIN MUCUS BIOINDICATORS OF GILTHEAD SEA
BREAM FED WITH INSECT MEAL REPLACEMENT

Laura Fernandez-Alacid’; Marc Tejero’; Pedro Lodeiro’; Ignasi Sanahuja’?; Daniel Garcia De La
Serrana’; Enric Gisbert? Antonio lbarz’

1 - University of Barcelona; 2 - IRTA

Ocean acidification, associated with global climate change, negatively impacts
on all marine life by limiting growth and survival. This study aims to evaluate the effect
of a conftrolled acidification (pH 7.9 versus pH 7.3) challenge on sea bream alevins
by analysing non-invasively the main skin mucus bioindicators. In particular, it will be
evaluated how new feed formulations can interact in productive ferms with the acidi-
fication of seawater. Animals were exposed to two pHs (7.3 and 7.9) and fed with two
experimental diets (commercial or with 25% inclusion of insect meal (from Tenebrio
molitor) for a period of 10 weeks in friplicate tanks. Mucus samples have been taken
from a total of 12 animals for each condition. We have obtained the mucus exuded
volume and the soluble and insoluble fractions as well as the main mucus metabolites
(according to Fernandez-Alacid et al., 2018). We have analysed the mucus antibac-
terial capacity against three pathogenic bacteria (Vibrio anguillarum, Pseudomonas
anguilliseptcia, and Tenacibacullum maritimum) by means of in vitro co-cultures chal-
lenges (according to Sanahuja et al., 2019).

A clear effect on the mucus production has been observed by the acidification
challenge, being the volume exuded higher at pH 7.3 without differences between
diets. Likewise, acidic condition presented more soluble fraction indicating greater
exudation of these components with defriment of insoluble structural components. Mu-
cus metabolites (total protein, glucose and lactate) decreased in animals subjected to
water pH 7.3, again irrespective of diet. The antioxidant power is also reduced, which
may affect the animal’s defensive sensitivity af the level of the skin mucus.

The co-culture challenges in vitro against pathogenic bacteria demonstrated that
the diet with insect replacement at pH 7.9 presented the higher growth-inhibition ca-
pacity against V. anguillarum, whereas no differences existed against P. anguilliseptica
growth. Interestingly, T. maritimum growth-inhibition reduced at the lower pH, espe-
cially in the first hours of co-culture, which would imply changes on mucus protection
under the scenario of water acidificafion.

All these results will be further analysing within the multidisciplinary framework of
ACUISOST project which aims to defermine how new feed formulations can interact in
productive terms with the acidification of seawater. These preliminary results suggest
that a 25% fishmeal replacement by insect meal did not alters mucus properties. Howe-
ver, the ocean acidification would provoke a greater exudation of skin mucus, with a
greater soluble fraction and a lower quality composition fogether with a reduction of
the antioxidant power and the antibacterial skin mucus properties.

Palavras-chave : Mucosal Health; Skin Mucus; Acidification; Antibacterial capacity; Insect meal
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The confinuous decrease of fishmeal in aquafeed formulations for economic and
sustainability reasons implies attention to other formulative aspects, such as compen-
sating for essential nutrients and maintaining feed palatability. Enzymatic hydrolysis of
marine and aquaculture raw materials could bring new functionalities to finished pro-
ducts. This is of special relevance in diets containing high levels of plant protein sources.
Here, we assayed the inclusion of a new ingredient composed for selected marine
peptides from shrimp origin (PEPSEA S), aiming at improved feed intake, optimal grow-
th, and digestive and skin mucosal barriers.

Gilthead sea bream fingerlings (of 11, 1 20,16 g average individual body weight)
were purchased from a local fish farm and acclimated to Testing Blue facilities (Puerto
Real, Spain) for two weeks and then randomly distributed in 12 tanks of a marine re-
circulating aquaculture system (RAS). Three experimental diets fed for 15 weeks were
evaluated differing in meal source: control or high-fish meal H-FM (20% of fish meal),
low fish meal L-FM (10% of fish meal and 10% of vegetable meal) and peptide marine
concentrate or FPC (10% of fish meal and 10% of peptide concentrate from shrimp by-
-products). Growth performance parameters were evaluated showing a pair evolution
between H-FM and FPC whereas animals fed L-FM reduced growth and feed conver-
sion efficiency.

The intestine of fish is one of the most essential and dynamic physiological barriers
of the organisms with their environment. We have measured gut integrity using electro-
physiology techniques of tissue resistance and permeability. Electrophysiology results
indicate a clear negative effect of diet L-FM on the paracellular permeability and the
absorptive direction. In parallel, the shotgun proteomic analyses showed an interacto-
me with the down-regulation of vesiculation processes for L-FM with regard H-FM and
FPC, whereas FPC did not shows differences in the protein-protein intferactome ne-
tworks with regard H-FM.

The impact of the low fish meal and peptide concentrate replacement on the skin
mucus antibacterial activity were measured by the in vitro co-culture growth challen-
ges for E. coli, V. anguillarum, and P. anguilliseptica bacteria. L-FM fed animals evi-
denced a clear reduced bacterial growth-inhibitory capacity for all assayed bacteria
compromising the skin mucus defenses with regard H-FM. Contrary, FPC maintained
skin mucus properties like H-FM condition.

Present work unravels the role of protein concentrates from shrimp by-products in
enhancing fish gut physiology and nutrient assimilation together with the skin mucus
defensive properties when compared to vegetable sources for the fish meal replace-
ment. The assayed protein concentrate evidenced some chemo-attractant properties
which could promotes higher palatability of aquafeeds and the presence of bioactive
pepftides, beyond its expected nutritional value, exert a beneficial effect on mucus
defenses.

Palavras-chave : Mucosal Health, Skin mucosal barrier, Shrimp-peptide, Antibacterial capacity
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In aquaculture, the use of P—glucans or probiotics in supplemented diets has been
shown to be a suitable strategy to increase the immune status of fish and reduce the
impact of pathogens. The immunostimulatory effects of both p—glucans and probiotics
have also been confirmed in several previous studies both in vitro and in vivo. In some
experiments, these substances have been co-administered with vaccine antigens,
and therefore their adjuvant capacity was also revealed. However, whether feeding
fish with B—glucan- or probiotic- enriched diets affects the adaptive immune response
mounted to a vaccine adjuvant has been scarcely addressed in fish and this is what we
tested in this study, using rainbow frout (Oncorhynchus mykiss) as a model. For this, fish
were fed the different supplemented diets or a control diet for 30 days and thereafter
immunized with different antigenic models through different administration routes. At
day 30 post-immunization, fish were sacrificed, and systemic specific IgM titers were
analyzed by ELISA. Antibody affinity was also studied for some antigens, using the BIA-
core instrument, which allows direct detection (in real-time) of antibody-antigen inte-
ractions by surface plasmon resonance (SPR) changes. Our results demonstrate that
supplemented diets not only increase the titer of the specific IgMs but also their affinity
to the antigen when compared to those of fish fed the control diet. BIAcore analysis
demonstrated its utility to study antibody responses, and offers the potential to become
a valuable tool for the study of the immune responses in fish.

Palavras-chave : Glucans, Probiotics, IgM, Surface Plasmon Resonance, Rainbow trout
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The presence of nanoplastics (NPs) has been reported in aquatic systems all over
the world, making them one of the emergent contaminants of greatest concern to the
scienfific community. In addition, predicted climate change scenarios are expected
fo lead to considerable fluctuations in environmental parameters, such as increases in
salinity in certain coastal regions. The impact of variations in salinity and waterborne
exposure to nanoplastics has been studied individually in a variety of aquatic species.
However, given the fact that fishes are likely to encounter a combination of stressors in
real-life scenarios, it is of utmost importance to investigate the possible synergistic ef-
fect of commonly occurring stressors. Furthermore, gilthead seabream (Sparus aurata)
is one of the most economically important species for the Mediterranean aquaculture
industry, and climate change in combination with nanoplastic contamination might
cause deleterious effects on the performance of the sector. Therefore, the present stu-
dy aimed to investigate the effects of increased salinity levels and waterborne exposu-
re to nanoplastics both alone and in combination, on the mucosal health of S. aurata.

To this end, juvenile gilthead seabream (14.2 + 0.8 cm fotal length) were subjected
to a 28-day challenge under four distinct experimental conditions, namely, Control (35
ppt, no NPs), Control salinity (55 ppt, no NPs), NPs (35 ppt, 1000 ug/L NPs), Salinity + NPs
(55 ppt, 1000 ug/L NPs), using artificial seawater (AquaForest) and 44nm polystyrene
NPs (PSNPs, Bangs Laboratory). Following exposure, fish were humanely euthanised and
gills, gut and skin were sampled. The collected organs were processed to obtain cDNA
from exiracted RNA, and gPCR were performed fo investigate the relative expression
of genes related to the general stress response (grl, mr, hsp70), oxidative stress respon-
se (sod, cat), lipid metabolism (ppara), and immune response (tnfa, ill10, il1B).

The results suggest a slight effect of increased salinity on the investigated endpoints,
showing an activation, to some extent, of the primary stress response, antioxidant me-
chanisms and immune response, with little to no effect of NPs alone. However, in some
cases the combination of both stressors appears to have a synergistic effect on the
expression of the studied genes. Overall, the data indicates tissue-specific responses to
these stressors, with skin being the least impacted organ, and gills the most.

Palavras-chave : immune, stress, hypoxia
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Initially believed as an immune-privileged tissue due to the presence of blood-brain
barrier (BBB), the central nervous system (CNS) has been recently shown to maintain a
bidirectional communication with systemic tfissues under specific physiological states
that lead to changes in BBB permeability. Of particular importance is what has been
designated as the brain-gut axis, by which the brain has been shown to influence the
immune and digestive responses of the gut. Furthermore, it is also currently accepted
that the CNS has a unique immune system that reacts in specific physiological situa-
fions. In fish, for example, the response of immune cells in the CNS to infections that
colonize these fissues has been described in several studies. However, the regulation
of the brain-gut axis has been scarcely investigated in teleost fish. To contribute to a
better understanding of how gut and brain responses are coordinated in fish, we have
investigated in the current study how the brain reacted to the administration of a pro-
biotic bacteria in the feed. For this, rainbow trout (Oncorhynchus mykiss) were fed for
a month a diet supplemented with Bacillus subtilis spores and the transcriptional res-
ponses of the brain were determined and compared to those of fish fed a control diet.
Our results demonstrated that there is an active communication between brain and
gut also in fish, which might ultimately condition the systemic response to the probiotic
strain.

Palavras-chave : Brain-gut axis, Bacillus subtilis, Spores, Rainbow trout
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One of the main drivers of the physiological stress response is the release of the
hormone cortisol because of its pleiotropic effects in multiple tissues. In fish, cortisol acts
through two glucocorticoid receptors, GR1 and GR2, and a mineralocorticoid recep-
tor MR. In the first study, we evaluated the kinetics of modulation of cortisol receptors
expression (grl, gr2, mr) and the expression pattern of selected genes associated with
stress (hsp70; enolase) and immune response (lysozyme; c3; il-1b; tnf-a; il-10; tgf-bl) in
gilthead sea bream mucosal tissues (skin; gills; anterior gut) subjected to an acute stres-
sed (3 min air exposure), and the expression profile was evaluated at 0, 1 h, 6 h, and
24 h post-stress. All mucosal tissues showed a time-dependent and tissue-specific upre-
gulation of gri and mr, but not gr2. The immune related genes showed upregulation
of il-1b at 6 hps (gills; anterior gut), and tnf-a and c3 at 24 hps (anterior gut). Globally,
acute stress activated the innate immune response after but in a time- and tissue-de-
pendent manner.

In the second study, we wanted to answer whether the modulation of the mucosal
franscriptomic profile is coordinated through the presence of cortisol in the mucosal
tissue surface or through a systemic mechanism. For this purpose, tissue explant cultures
were incubated with cortfisol (100 ng/100 mg fissue) for 2-, 4-, and 24 h, and the gene
expression profile of a set of immune- (il-1b, il-6, tnf-a, and cox-2) and stress-related
(hsp70, grl) genes were evaluated at each time point. No differences were found be-
tween cortisol-incubated tissue explants and mock-incubated tissues in any time-points
tested. These results suggest that the modulation of the gene expression is coordinated
and mediated through a systemic-dependent mechanism but not through a periphe-
ral/local response.

Acknowledgments: This work was supported by the grant PID2020-117557RB-C.
Agencia Estatal de Investigacion. MINECO (Spain). Fondecyt Regular 1211841, Fonde-
cyt Iniciacién 11221308 (ANID; Chile)
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The epithelial surfaces of fish are coated with mucus, which shows a plethora of
functions, such as increasing mucosal lubricity or preventing infection by pathogens,
among others. In addition, mucus regulates the passage of particles through it on their
way fo the epithelial cells. Mucins are the main mucus glycoproteins. Their molecular
structure consists of alternating hydrophilic and hydrophobic regions that allow them to
interact and entrap bioactive molecules of interest. These are the reasons why mucins
have been proposed for the preparation of drug delivery systems. This technology will
be of utmost importance in aquaculture as it would allow the preparation of treat-
ments to fight the high fish mortality rates registered in aquaculture farms. As a first step
on this path, we have studied the cytotoxic activity of porcine gastric mucin (PGM) in
SAF-1 (fin) and SaB-1 (brain) cells, two Sparus aurata cell lines. Surprisingly, both cell lines
showed different responses to PGM. While the viability of SAF-1 cells was affected by
high concentration of PGM after 72 h, the viability of SaB-1 cells was not. In addition,
the production of reactive oxygen species was different between both cell lines after
exposured to PGM. Further investigations are necessary to understand the differential
impacts of PGM on each cell lines to obtain valuable information for future applica-
fions in aquaculture.
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B cells exclusively expressing IgD on the cell surface (IgD*IgM™B cells) have been
described in caftfish (Ictalurus punctatus) peripheral blood and in several mucosal fis-
sues of rainbow trout (Oncorhynchus mykiss) such as gut, gills, and skin. In these mu-
cosal surfaces, these cells coexist with IgM*IgD™ B cells, with both populations having a
plasma-like profile. Interestingly, in gills, IgD*IgM~B cells had been seen to express high
levels of the chemokine receptor CCR7, but whether this receptor identifies a specific
subpopulation of IgD*IgM~B cells with a defined role had not been established. Further-
more, there are two isoforms of CCR7 in rainbow trout, and whether only one or both
of them are being expressed in IgD*IgM~ B cells is sfill unknown. This is what we have
investigated in the current study, this fime using the skin as a mucosal tissue model. As
in the case of gills, we have demonstrated by flow cytometry that the percentage of
IgD*IgM™ cells expressing CCR7 in the skin is significantly higher than that of IgM*IgD~ B
cells expressing the receptor, using a specific antibody that recognizes both isoforms.
Furthermore, the levels of CCR7 expression on the cell surface were always higher for
IgD*IgM~ B cells than for IgM*IgD~B cells. When comparing the phenotype of IgD*IgM~B
cells that express CCR7 to those that do not, we found that although similar in size, Ig-
D*IgM~CCR7* B cells had more granular complexity than IgD*IgM-CCR7- B cells. Further-
more, the franscriptional profile of IgD* IgM-CCR7* B cells was also coherent with cells
that were more differentiated to plasma-like cells when compared to IgD*IgM-CCR7- B
cells. Interestingly, real-time PCR analysis revealed that only one of the two isoforms of
the CCR7 was expressed in skin IgD*IgM™ B cells, namely CCR7A. Additionally, IgD*IgM-

‘CCR7* B cells were seen to be mainly located in the skin epidermis. Alfogether, these

findings conftribute to increasing our knowledge regarding the enigmatic IgD*IgM~ B
cell population, also poinfing fo an important role of a specific isoform of CCR7 on the
adaptive response of rainbow frout skin.

Palavras-chave : IgD+IlgM- B cells, CCR7, skin, rainbow frout
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The basis for the successful vaccines relies on the activation of both innate and the
adaptive immune response mediated by B and T lymphocytes. As in other vertebrates,
fish B and T cell mediated immunity relies on the clonal expression of somatically diver-
sifying antigen receptors on lymphocytes, the immunoglobulins (IG), in B cells, and T
cell receptors (TR) in T cells. T lymphocytes are classically subdivided in two major cell
populations, the a/B (TRA/B) or y/6 (TRG/D), based upon the two distinct polypeptide
chains of antigen specific TR expressed. The lack of specific reagents makes it difficult
to assess the role and dynamics of the a/p or y/6 T cells at mucosal or systemic level in
teleost species such as turbot (Scophthalmus maxima). This issue could be circumven-
ted with the application of quantitative, high throughput approaches for deciphering
the diversity of T cell receptor repertoire. However, the analysis of TR gene repertoire
requires the use of high-quality germline gene reference sets. Fortunately, three high-
-quality genome assemblies obtained from different turbot specimens are released. In
this work, we present the annotation and a standardized nomenclature of turbot TR
genes using these available genome assemblies. We thus produced a non-redundant
dataset of TRV, TRJ and TRC sequences to be used in the analysis of expressed TR re-
pertoire in this species.
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Gills, as one of the main mucosal immune barriers in fish, are the first line of defense
against all kinds of biotic and abiofic insults. In farmed salmonids, gill diseases have
become one of the most important health issues worldwide. In freshwater, the problem
of nodular gill disease (NGD), an emerging infectious disease and causing proliferatfive
gill lesions, is more prominent in rainbow trout farming in several European countries.
Leaving the fish untreated, the mortality associated with NGD can reach up to 50-60%.
In addition, gill lesions caused by other pathogens and environmental factors have also
resulted in significant challenges.

Anfibiotic and chemical treatments to manage gill diseases in frout farming are not
only expensive, labor dependent and highly stressful for the fish, but also bring up great
concern for development of antibiotic resistance and environmental pollution. Good
tools to support a proactive and sustainable strategy toward improved fish health are
always needed. Inrecent years, the inferest in incorporation of functional feeds info the
farming management has been significantly increased.

In this study, one experimental diet containing phytogenic extracts and enhanced
micronutrients was tested in one commercial rainbow trout farm in Spain, which has
been suffering from gill diseases associated mortality in the past years. The trial was
conducted by using duplicate tanks, comparing the test diet with one clean grower
diet (conftrol). The ftrial started with four identical tanks with ca 8400 rainbow trout at
~20 g. The fish were fed continuously for 49 days and switched to commercial feed
afterwards.

Two weeks after initiation of the frial, the mortality started fo differentfiate between
the two diet groups. At end of the trial, the fish fed the test diet had significantly lower
cumulative mortality (p<0,001). After switching to commercial feed, the significantly
lower mortality in the fish group previously fed experimental diet had lasted for af least
1,5 months, in comparison with the confrol group which had even received several
chemical freatments. Periodic macroscopic evaluation showed the fish fed the test
diet had consistently better gill scores (p<0,05). Laboratory analyses on gills and livers
are currently ongoing. Results will be presented and discussed in the conference.

Palavras-chave : Rainbow frout, gill health, phytogenic exiracts, micronutritents, mortality
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Immune system sexual dimorphism is widely observed in various vertebrate species.
There are notable differences in the immune responses of male and female mammails,
which are often linked to the existence of estrogen receptors on many immune cells.
Currently in fish, it has been established that, mirroring mammails, the immune response
is shaped by sexual hormones, given that their immune cells also have receptors for
these hormones. Additionally, the response to an infection might be influenced by the
sex of the organism. The mucosal and their associated tissues constitute the major and
more extended primary immune barrier in fish due to their close interaction with the
aguatic environment, leading to a local immune response that has been extensively
investigated in fish. However, there is a considerable gap in understanding concerning
their sex-biased immunity. In this work, we investigated the innate immunity by means of
humoral activities of the mucus of juvenile female and male yellowtail kingfish (Seriola
lalandi), while also assessing the expression pattern of various immune marker genes in
the skin. Additionally, a functional and franscriptional study was conducted using ho-
mogenates from the anterior intestine of both females and males. Our results demons-
frated clear contrasts between sexes, showing in males a higher level of antiprotease
or peroxidase and protease activity in mucus or anterior intestine, respectively. Similarly,
franscriptional levels of genes encoding for lyzg, ifngra, and mx in the skin and il8 in the
anterior intestine were significantly higher in males than in females. This evidence point
to differential suscepfibility to foreign stressors between sexes. To our knowledge, this is
the first study addressing sex-specific immune function in mucosal-related fissues in fish.
Future research should explore the mechanisms behind these distinctions to enhance
aguaculture health management strategies.
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The immune system'’s response o infection or injury requires the coordinated mi-
gratfion of immune cells from lymphoid organs to the bloodstream and then to the
affected area. In mammals, this movement is facilitated by chemokines, which are
chemoattractant cytokines. The purpose of our study was to identify and characterize
the components of the CXCL?-11/CXCR3 chemokine axis in Atlantic salmon (Salmo
salar), as they are associated with the Th1 type response and could have a significant
impact on antiviral immunity.

We analyzed the protein sequences of CXCL?, CXCL10, and CXCL11, which are
all putative CXCR3 ligands, along with the CXCR3 receptor of Atlantic salmon using in
siico methods. Phylogenetic analysis showed that the identified ligands are grouped
with chemokines containing the CXC motif, to which this group of ligands belongs.
The chemokines from Atlantic salmon clustered with similar ligands from other fish spe-
cies, while those from human (H. sapiens) and mouse (M. musculus) clustered toge-
ther and separated from the fish ligands. We also conducted 3D structure modeling of
both the ligands and receptors to determine conserved structures. In Aflantic salmon,
chemokines CXCL9, CXCL10, and CXCL11 displayed the typical structure of CXC che-
mokines, which includes a short N-terminal region, a large core stabilized by two disul-
fide bonds, three anfiparallel beta-strands, and a C-terminal alpha-helix. The CXCR3
receptor in Atlantic salmon has been found to exhibit seven tfransmembrane domains
and three extracellular loops, which is like CXCR4 in human. The structure of CXCR3
demonstrated high similarity to the crystal structure of the template. The analysis of
the CXCL9?-11/CXCR3 complexes revealed that the CXCL?/CXCR3 complex had the
highest affinity, followed by CXCL11-CXCR3 and CXCL10-CXCR3, with interactions pri-
marily based on van der Waals and electrostatic forces. These findings highlight the
crucial role of N-ferminal regions in binding to CXCRS3.

We also conducted a real-time gPCR analysis of the CXCL?-11/CXCR3 genesin ten
organs fo assess their constitutive transcriptional expression. Our findings showed that
the genes were expressed in both lymphoid and non-lymphoid fissues. Additionally, we
examined the potential upregulation of the CXCL?-11/CXCR3 genes in Atlantic salmon
after treatment of the SHK-1 cell line with rIFN-y, a viral PAMP and viral infection. The
expression of CXCL?, CXCL10, and CXCL11 genes significantly increased after freat-
ment with rlFN-y, Poly I:C and IPNV infection, which supports a role of these Thl-type
chemokines in fish antiviral immunity.

Financed by Fondecyt 3210634 (NV), and 1201664 (MI).
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Chile is the largest producer of the rainbow trout Oncorhynchus mykiss worldwide,
where salmonid farming represents the second most important economic activity. Chi-
le produced more than 1 million tons in 2020, generating returns of over 5,000 million
dollars. However, during the productive cycle of salmonid species the fish is affected
by a diverse range of pathogenic outbreaks, where the bacteria Piscirickettsia salmonis
is the biggest threat of the industry. One of the main entryways for different pathogens
in salmonids, including P. salmonis, are the gills. This tissue can deploy an immune res-
ponse against pathogens using different mechanisms like immune cells (i.e., monocy-
tes, macrophages, and lymphocytes among others), and mucosal immune molecules
like IgT (immunoglobulin T). Among the different mechanisms involved in the gill health
and immune activity we can find the autophagy. This ancestral process is implicated
in the health of the cell, acting as a cytoplasmatic quality control machinery, by self-
-eating unfunctional organelles and protein aggregates. In mammals, autophagy can
participate in the clearance of pathogens from the cell and its activation is mediated
by pattern recognition receptors (PRRs) activity like the toll-like receptors (TLRs). In this
context, the recognized ability of PRRs ligands to stimulate autophagy can be used fo
freat infracellular pathogens. In fish, P. salmonis can trigger a TLR response, however,
the possible activation of the autophagy by these or other immune receptors is unk-
nown in the gills. In this context, our main goal of the present study was to characterize
the implication of autophagy on the intracellular immune response in gills cells of O.
mykiss challenged with P. salmonis. Specifically, we aimed to demonstrate in vitro that
P. salmonis stimulate PRRs signaling inducing an infracellular molecular pathway that
activate the expression of autophagy genes during an immune response. To do this,
two experimental approaches were considered: (i) RT-gill cell line challenged with P.
salmonis, and (ii) use of autophagy activator and inhibitors such as Rapamycin and
3MA. Samples were processed and analyzed for transcript expression by RT-gPCR and
protfein detection by western blot and immunofluorescence. Results showed that P. sal-
monis triggered an immune response in RT-gill cells through the up-regulation of pro-in-
flammatory cytokines (IL-1R, IL-8 and TNFa) and PRRs (TLRs and NLRs) gene expression.
Moreover, genes involved in the autophagy response were up-regulated in cells after
challenged with the bacteria for 96 h. Finally, western blot and immunofluorescence
microscopy showed that the protein content of autophagy molecular marker LC3-Il/
LC3-I was increased in the cells challenged with the bacteria. These results suggest
that P. salmonis is able of triggering autophagy during a developing immune response
through the increase in the expression of genes associated with this process, as well as
through the increase in the protein content of LC3-Il. Overall, the results suggest a tight
relation between the epithelial immune response and autophagy process in rainbow
trout. Our next research phase involves conducting functional analysis to validate whe-
ther autophagy plays a role in pathogen clearance or if the pathogen exploits this
process for its own advantage.

Palavras-chave : Immune response, Gills, Salmonid, Autophagy
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While the effect of nutrition on intestinal development and incidence of enteric
disease in farmed animals has been fairly well studied, information concerning the im-
pact of zinc (Zn) nutrition, with regards to its level and source optimization, in the intes-
final development and immune function of fish is still imited. We propose to present a
short review of the role played by Zn nutrition in mucosal health and disease in terrestrial
farmed and aquatic animals.

Trace minerals are key elements for activation and function of hormones and hun-
dreds of enzymes. They are essential for proper development and function of bone,
nervous and reproductive systems, being critical to epithelial tissue production and
maintenance and thus affect health through enhanced skin, gill, fin, scale and gas-
trointestinal integrity. By playing essential roles in activation and modulation of several
processes involved in animal immune response, optimal trace mineral nufrition is very
important in helping fight stress (e.g. heat stress, nutritional stress) and disease. Among
these, zinc (Zn) can promote intestinal epithelial wound healing by enhancement of
epithelial cell restitution, the initial step of epithelial wound healing. Nutritional deficien-
cies in Zn may result in oxidative damage to the structural integrity of cell membranes
and alter cell permeability. In pigs, it has been demonstrated that Zn-AA complex can
improve trans-epithelial resistance and help maintain epithelial cell morphology in the
presence of a stressor such as heat stress. Feeding Zn in the form of Zn-AA complex
was shown to increase villi height:crypt depth ratio in steers challenged by heat stress
and fo increase villi length in broilers subjected to nutritional stress. Moreover, intestinal
inflammation and T-cell abundance was reduced while tight junctions were maintai-
ned in heat stressed birds fed Zn-AA complex, reducing the occurrence of ‘leaky gut’.
Optimized Zn nuftrition has also shown 1o be key in the recovery of pigs challenged with
pathogenic bacteria (Lawsonia infracellularis), with Zn-AA complex shown to streng-
then the intestinal barrier leading to less gut damage and accelerated the formation
of antibodies to pathogenic bacteria. In fish, partial or complete replacement of inor-
ganic frace minerals with mineral-AA complexes had a clear impact on the number of
goblet cells in the intestine and skin of European seabass and intestine of Nile filapia. As
part of the mucosal immune system, goblet cells play an important role in protecting
fish against pathogens, especially in aquatic animals that are in close contact with their
environment. Enhanced antioxidant capacity (i.e. GPx) and barrier defense lines (i.e.
goblet cells) are expected to franslate to better response of fish to disease, and thus
result in healthier fish, especially when grown under commercial farmed conditions.

Global warming may impose severe risks for animal health if increasing water tem-
perature leads to an increase in the incidence of disease outbreaks. Considered the
key role played by Zn under stressful situations, namely environmental ones, adopfion
of strategies proven successful in terrestrial farmed animals should be considered for
the promotion of fish mucosal integrity and function and mitigation of disease under
increasingly demanding production conditions.

Palavras-chave : Zinc, nutritional stress, mucosal health
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Fish health and welfare are great concerns to the aquaculture industry, therefore
the search for sustainable feed compounds with bioactive properties to support fish
health is highly relevant. Seaweeds are important natural resources for the food and
feed industry. Seaweeds contain bioactive compounds such as laminarin and fucoi-
dan which have shown antioxidant, immunostimulant and anti-bacterial properties in
several mammalian and fish cells. Few studies have evaluated effects of laminarin in
salmon cells, and so far, no studies have evaluated laminarin as a bioactive compound
in diefs for salmon aiming to improve fish health by supporting immune responses. To
assess whether laminarin has immune-modulating activity on salmon cells, and to redu-
ce the use of experimental animals, a “stepwise approach” was used: Step 1, anin vi-
fro screening of differentially processed laminarin on viability and on immune responses
of salmon cells; Step 2, an in vivo salmon trial evaluating the effects of different dietary
inclusion levels of laminarin on growth performance and immune-related parameters.
For this, Laminaria hyperborea biomass was processed and treated to obtain 3 lami-
narin-enriched fractions: L1, hydrolyzed 1 h, L2, hydrolyzed 3 h, and L3, control fraction
without hydrolysis. For Step 1, Atlantic salmon leukocytes from spleen and head kidney
(HK) were isolated, and viability and bioactivity assays were performed. None of the
fractions reduced viability of the cells from both organs. Regarding bioactive properties
of the laminarin enriched-fractions, L1 elicited an up-regulation of tnfa, illb, inos, ifng,
cath-2, tgfb and sod in both organs, evidencing a short-term inflammatory response
that decreased 24 h after the exposure to laminarin. In HK, L3 induced an up-regulation
of tgfb, while no significant gene expression modulation was observed with L2. In Step
2, data showed that inclusion of L1 in diets (0,1%, 02% and 0,4%), did not affect any
parameter related to growth (weight gain, FCR and SGR). Regarding immune-modu-
lation after feeding, results from gills, distal intestine (DI), spleen and HK are currently
been analyzed. Preliminary data indicates that L1 in-feed elicited an anfi-inflammatory
and anti-oxidant profile in DI with the highest inclusion level (0,4%). Further data is being
generated to fully conclude about the immune modulatory properties of laminarin-en-
riched fractions as functional component for aquafeeds.
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Environmental hypoxia has become the main cause of death of farmed salmonid
fish worldwide. Hypoxia is characterized by a reduced level of oxygen supply to tissues
or organs, leading to physiological and biochemical alterations. The first organ affec-
ted by hypoxia in fish are the gills, which undergo morphological and functional adap-
tations to make O2 fransport more efficient. Hypoxia impacts the organism's immunity,
especially its innate immunity, a vital system comprised of cells and molecular mechao-
nisms crucial for organism survival. This system plays a pivotal role in defending against
pathogens. Despite the vital role of the immunity in the gills, very liftle is known about
how the gills respond immunologically to hypoxia. Among the molecular components
of innate immunity are the pathogen recognition receptors (PRRs), which are key mo-
lecules involved in detecting pathogen-associated molecular patterns (PAMPs) such
as lipopolysaccharides or peptidoglycans. These receptors can direct or mediate the
type of immune response that will ensue by activating immune cells such as macrophao-
ges. This activation allows for the initiation of signaling pathways and the subsequent
expression and secretion of cytokines. Generally, when a PAMPs are sensed, a Th1/
M1 type response is triggered, characterized by being pro-inflammatory/oxidant, cy-
fotoxic to eliminate pathogens. This type of response is critical for the resolution of the
innate immunity. However, what occurs at the immune level in the gills under conditions
of low oxygen availability remains unknown. In this confext, we aimed to analyze the
effect of continuous hypoxia on the expression of Toll-like receptors (TLR 1, TLR 3; TLR 5;
TLR 7; TLR 8; TLR 9), Nod-like receptors (NOD 1, NOD 2; NLRX1; NLRC3 and NLRCS5) and
genes related to type 1 immunity (Th1/M1) such as ifn-y, -bet, statl, stat4, il-12, inos, il-
-1B, tnf-1, statl, nfkb, socsl, trim8, il-12 by gPCR. For this, fish were exposed to an oxygen
saturation of 45% for 24 h (T1) and 48 h (T13), using normoxia (control condition) as TO.
The results obtained showed that the receptors most affected by the hypoxic condition
were the TLRs, where a downregulation was observed in their franscript levels. On the
other hand, fewer NLRs were affected by hypoxia, such as NLRC3 and NLRX1, which in-
creased their transcript levels. Among the panel of molecular markers associated with
the Th1/M1 phenotype, only ifn-y and inos were downregulated. This data suggests that
hypoxia negatively affects the ability of detection and phagocyte activations in the
gills of Salmo salar, increasing susceptibility to pathogens, which can explain the high
mortality due to hypoxia in productive conditions.

Palavras-chave : Immune response, Hypoxia, Toll-like receptors, Nod-like receptors, Th1 respon-
se, Gills
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Biofloc technology (BFT) has emerged as a sustainable aquaculture strategy due to
its water-saving nature and support for heterotrophic bacterial growth, enhancing ni-
frogen recovery by converting it info biomass, which serves as a nutritional supplement.
Juvenile river shrimps, Cryphiops caementarius, endemic fo the arid regions of Chile
and Peru, exhibit higher survival and growth in BFT compared to traditional clear water
(CW) systems. Therefore, our study aimed to assess the impact of these culture systems
on bacterial communities in the rearing environment, as well as the infestinal bacterial
microbiota and immunity of C. caementarius juveniles cultivated for 14 months under
these conditions. We characterized microbiota in water and intestines using partial 165
rRNA gene sequencing and functional prediction, along with intestinal immune profi-
ling via RNAseq analysis. Bacterial diversity was significantly greater and more stable
in the environment and intestines of Biofloc-cultivated shrimps compared to those in
the CW system. Planctomycetes dominated and remained stable throughout the cul-
tivation period in both the environment and prawn intestines in BFT. Initially abundant
Alphaproteobacteria, mainly Rhodobacterales, gradually fransitioned to Gammapro-
teobacteria, primarily Bhurkolderiales, in BFT. Conversely, Alohaproteobacteria, mainly
Rhodobacterales, were predominant initially but were replaced by Gammaproteo-
bacteria, mainly Enterobacteriales, tfowards the end of the culture period in CW. While
the CW system exhibited enhanced genomic potential for beneficial processes like
aerobic denitrification and degradation of toxic substances, it also showed undesired
side effects such as potential pathogen proliferation. In contrast, the stable community
in BFT demonstrated metabolic versatility, with genetic potential for fermentation, ae-
robic nitrification, and breakdown of complex organic compounds. After 8 months of
rearing, shrimps underwent an immune challenge using microbe-associated molecular
patterns (MAMPs) to assess intestinal microbiota stability and immune gene transcrip-
tional patterns. Both BFT and CW-cultivated shrimps exhibited significant over-coloni-
zation of shrimp intestines by Gammaproteobacteria, particularly Aeromonadales, a
well-known aquatic animal pathogen, after the 48-hour immune challenge. Basal le-
vels of immune genes were higher in BFT intestines. Our results underscore the microbial
stability and higher diversity facilitated by BFT, coupled with a bacterial composition
conducive to improved exploitation of nutritional resources, potentially enhancing the
productivity and immune performance of C. caementarius through BFT technology.

Palavras-chave : river shrimp aquaculture, biofloc fechnology, intestinal health
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The hypothesis of this study proposes that the inclusion of the Bacillus wiedmannii
strain as a probiotic in the diet of Aflantic salmon (Salmo salar) improves both their
growth and health. The general objective of the research was to evaluate the impact
of this bacterium as a probiotic on the immune response of the fish.

To achieve this objective, two specific objectives were set. Firstly, the impact of ad-
ding Bacillus wiedmannii to the diet on the growth and feed efficiency during the juve-
nile stage of salmon was evaluated. Secondly, the effects of the diet with the probiotic
Bacillus wiedmannii on the health and functioning of the salmon’s immune system in
response to an infection challenge with Caligus rogercresseyi were examined. This was
done by evaluating the expression of immune system marker genes in liver and head
kidney samples using RT-gPCR analysis.

Furthermore, the mucosal microbiota was evaluated fo better understand changes
in the microbial community in response to probiotic supplementation. The results of this
study provided valuable information on the potential use of Bacillus wiedmannii as an
effective probiofic in Atlantic salmon aquaculture, thus contributing to the develop-
ment of strategies to improve the health and well-being of the fish. Evidence was found
suggesting that supplementing diets with the probiotic could modulate the genetic
expression of immune system markers by modulating the microbiota, implying that fish
could better cope with infections.

Palavras-chave : Probiotic, Bacillus, Microbiota
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Viruses are probably the most destructive pathogens encountered in the fish aqua-
culture industry and represent a serious threat since no specific freatments are com-
mercially available. In addition fo viral outbreaks causing significant mortality, chronic
infections also pose a serious problem due fo their impact on the animal welfare. In
mammals, it has been recently observed that viral infections, especially chronic ones,
interact with the host's microbiota and have the ability to substantially alter it. Viral
infection-induced dysbiosis can impact the progression of the infection, as well as the
overall health of the organism.

Our objective was to study the effects of repeated sublethal infections of several
RNA viruses on the bacterial microbiome in zebrafish. Infectious pancreatic necrosis
virus (IPNV), spring carp viremia virus (SVCV) and the red-spotted nervous necrosis virus
(NNV) are viruses that affect several farmed fish producing important mortalities, but in
some cases, they can be present in asymptomatic carriers. We set up a chronic infec-
tion by bathing with several sublethal doses of the 3 viruses in zebrafish and analysing
the 16S ribosomal DNA profiles of infected fish. These three infections share the presen-
ce of 21 of 81 bacterial families, although in different abundances. The most drastic
changes in the bacterial microbiome were observed in those fish infected with RGNNYV,
followed by SVCV. IPNV did not cause huge alteration in the microbiota in comparison
with the non-infected zebrafish. The different modulation observed in the infected fish
by each of the viruses reveals the differential ability of pathogens to affect the host
microbiota. Our results could help clarify the interplay between the host-bacterial mi-
crobiota and chronic viral infections, and vice versa.

Palavras-chave : zebrafish, microbiome, viruses, pathogens, chronic infection
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Ensuring good skin health is a persistent challenge in salmonid aquaculture. Mecha-
nical delousing, ulcerative disease, and routine handling may all cause disturbances
and wounds to the skin barrier. These open wounds challenge the internal environ-
ment and provide an access point for pathogens, which increases the incidence of
infection and mortality. Given the prevalence and countless sources of skin wounds
and infection in salmonid aquaculture, the ability to quickly repair the skin barrier is
of critical importance. Under optimal conditions, small wounds can heal within a few
hours, thus limiting the influx of pathogens. However, the environmental factors that
affect wound healing atf these early stages are poorly understood. Therefore, there is a
need for a model that can quantitatively measure the early stages of wound healing
in fish, thus allowing the factors that affect these processes to be elucidated. Here,
we present an ex vivo model for the measurement of wound healing using the Ussing
chamber method. The Ussing chamber method allows for the real time measurement
of epithelial permeability using live, excised tissue. Additionally, different environmental
parameters can be simulated within the Ussing chambers i.e. salinity, temperature, and
pH can all be controlled. In a pilot experiment, two skin sections were excised from live
rainbow trout (N=20). For each fish, one section was experimentally wounded by remo-
ving a row of scales. The other section was unwounded and served as the control. The
skin sections were mounted in Ussing chambers and allowed to heal under isosmotic
conditions for 24h. Transepithelial resistance, a proxy measurement for epithelial per-
meability, was measured every five minutes. The wounded skin was significantly more
permeable than the conftrol skin for the first four hours following wounding. After 4h, the
wounded and confrol skin did not differ significantly, indicating that the wound had
healed. The permeability of the conftrol skin reached a steady state while the perme-
ability of the wounded skin continued to decrease. Histological analysis of the healed
skin confirmed that skin keratocytes migrated and formed a new epidermis within 24h
after wounding. Gene expression analysis is currently ongoing, and will assess genes
related to cell migration, inflammation, and cell proliferation. The described model has
high potential for the salmon aquaculture industry, and may be used to elucidate the
role of different environmental parameters in regulating wound healing. The capacity
of the method to provide quantitative measurements of the healing process is particu-
larly valuable when compared to traditional imaging techniques.

Palavras-chave : wound healing, Ussing chamber, Skin
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While the aquaculture sector continues to expand, pressures on feed sources, in-
cluding fish meal and plant-based proteins and oils, such as competing interests for
human consumption, freshwater dependence, and climate change, are increasing.
Thus, there is a pressing need to identify and evaluate alternative ingredients that can
support the sustainable development of aquaculture. The intestine plays a central role
in this evaluation, serving as the fissue in direct contact with the feed and a primary
site of nutrient uptake, pathogen exposure, antigen presentation, and osmoregulation.

In the present study, we evaluated two locally produced (Swedish) alternative feed
ingredients for their effects on the intestinal health of rainbow trout. These ingredients
included sea squirt (Ciona intestinalis) and fava bean (Vicia faba). Five isonitrogenous
and isoenergetic diets were formulated and compared in a 3-month feeding trial using
rainbow trout (Oncorhynchus mykiss). The diets comprised a control diet containing fish
meal and soy protein concentrate as the main protein sources, and four experimental
diets in which soy protein concentrate was substituted with 10% fava bean meal, 15%
fava bean meal, 15% adult Ciona meal, and 15% young Ciona meal respectively.

Histological analysis of the intestines revealed no differences among the diets, with
all freatments exhibiting normal morphologies. Additionally, no differences were ob-
served in electrophysiological parameters assessed using the Ussing chamber method
(TEP,TER and SCC). Similarly, no differences were noted in amino acid uptake rates in
both proximal and distal intestine. Results on digestibility, nutrient retenfion and growth
physiology are pending but will be presented during the conference. These findings
suggest that neither Ciona meal nor fava bean meal altered intestinal physiology in
rainbow trout. Both of these ingredients were produced in Nordic countries and may
therefore conftribute to a more self-sufficient and robust aquafeed production in nor-
thern Europe. Reducing reliance on fraditional feed sources i.e. fish meal and soy pro-
tein concenfrate could have cascading effects on the sustainability of salmonid aqua-
culture.

Palavras-chave : Alternative feed, Salmonid nutrition, Intestinal health, Electrophysiology, Histo-
logy
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Tannins are natural polyphenolic compounds found in plants, known for their diver-
se biological activities and potential health benefits. They have a significant impact on
the gut microbiota, selectively inhibiting the growth of certain microbes while promo-
ting others, and influencing microbial metabolism. This can affect the host’s immune
response and gut barrier function. Additionally, tfannins have immunomodulatory pro-
pertfies that can influence the host's response to microbial stimuli and promote mucin
secretion. They are also known for their anti-inflammatory, antimicrobial, and antioxi-
dant properties.

In this work we aimed to investigate if two diets enriched in tannins of different origin
(Diet 1 and Diet 2) affected the gut microbiome and head kidney and gut franscripto-
me profiles. Microbiome analysis did not show great variations, but some minor modifica-
tfions may provide clues of interest. Several bacterial genera have been detected as a
core for the bacterial composition of all individuals. The base of the sea bream intestine
microbiome in this analysis was constituted by Marinobacter spp., Vibrio spp., or Bacillus
spp. Some others are occasional in some samples such as Geobacillus spp., in several
control samples. Some bacteria seemed to be associated to each diet, specially to Diet
2 that was the diet showing the higher variation compared to the control diet.

Additionally, we aimed to assess whether these experimental diets confer pro-
tection against the pathogenic bacteria Photobacterium damselae subsp. piscicida
compared to the control diet when administered for a month before infection. We
observed that one of the diets (Diet 1) significantly enhanced survival following the
bacterial challenge. This diet exhibited a greater impact atf the franscriptome level in
head kidney samples, whereas Diet 2 demonstrated a stronger effect on the intestine.
Gene expression analysis at 24 hours post-infection for the three diets yielded interesting
findings. The control diet exhibited the highest number of differentially expressed genes
(DEGs) in both the head kidney and intestine, whereas a significantly lower number of
DEGs was observed for the experimental diets, particularly Diet 1. Thus, at the transcrip-
tfome level, the functional diets are capable of modulating the response to the patho-
genic bacteria.

Palavras-chave : gilthead sea bream, tannins, functional diets, microbiome, immunity
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In mammails, hepcidin, a 25-amino-acid peptide, is the major regulator of iron ab-
sorption and distribution to fissues. However, more than 15 hepcidins have been identi-
fied in seabream (Sparus aurata), and the Hamp 1 peptide is involved in iron buffered
metabolism. Fish were initially injected with iron dextran (50 ul at 10 mg/mil) or phosphate
saline (PBS). 24 hours later, the fish were injected with synthetic Hamp1 peptide (50
at 50 uM) or PBS. The four experimental groups were designated as PBS+PBS, Iron+PBS,
PBS+H1, and Iron+H1. Skin mucus samples and head kidney leucocytes were collected 4
and 10 days after iron injection. Mucus peroxidase increased in fish injected with PBS+H1
sampled at 10 days, while lysozyme increased in fish injected with PBS+H1 and Iron+H1
at 4 days. As for total immunoglobulins, they increased in fish injected with PBS+H1 and
Iron+H1 sampled 4 days after injection, although they remained elevated only in PBS+H1
fish sampled at 10 days. As for the number of phagocytes in the head kidney, it incre-
ased in Iron+PBS-injected fish sampled at day 4. While the percentage of these cells
increased in the two groups of iron-injected fish sampled at day 10. Phagocytic activity
decreased in the Iron+H1 group and increased in the Iron+PBS group at 4 and 10 days
after injection, respectively. However, respiratory burst decreased in Iron+H1-injected
fish sampled at 4 days and in PBS+H1-injected fish sampled at 10 days. These results hi-
ghlight the complex relationship between hepcidin 1 and iron. They also highlight its role
in the modulation of immunity, both humoral in skin mucus and cellular, by studying the
activities of leukocytes. Moreover, this regulation varies with respect to time.

CM, MO and JASD have PhD grants (PRE2021-098414, FPU INVES-UMJ15970,
FPU19/02192). This work was financed by the Spanish project PID2020-113637RB-C21,
MCIN/AEI, and it forms part of the ThinkinAzul programme and was supported by MCIN
with funding from European Union Next Generation EU (PRTR-C17.101) and by Comuni-
dad Auténoma de la Regién de Murcia - Fundacion Séneca.

Palavras-chave : hepcidin, iron metabolism, skin mucus, phagocytic cells, host defense pepti-
des
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The common octopus, Octfopus vulgaris, is a potential and excellent candidate for
aguaculture cultivation in Europe, due to its biological characteristics and its high de-
mand in the market. In order to obtain a high quality product and preserve the welfare
and health of the animals in captive environments, non-invasive methods for obtaining
biomarkers of health in this species need to be developed.

In this regard, skin mucus contains proteins that reflect the health of the animal.
Analysis of mucus collected by squeezing and scraping the octopus skin surface and
identification of specific proteins as biomarkers can be used as a non-invasive protocol
to monitor welfare and become an excellent OWI (Operational welfare indicators) in
octopus aquaculture.

In this work, the protein profiles of skin mucosa from wild, aquarium-maintained and
senescent specimens have been compared to identify potential welfare biomarkers
(OWIs). A reference dataset of octopus skin mucus obtained under different conditions
have been created by tfandem mass tag (TMT) in an Orbitrap Eclipse Tribrid mass spec-
tfrometer. The results have been investigated by integrated in-silico studies including
quantitative vox plot analysis, Gene Ontology (GO), the Kyoto Encyclopedia of Genes
and Genomes (KEGG) pathway, network studies, and prediction and characterization
analysis of potential bioactive pepftides.

A total of 773 non-redundant proteins have been identified. Qualitatively similar
profiles were observed for each of the conditions, but potential OWIs were identified
by analyzing the differences obfained in the relative abundances of these proteins
between the different conditions studied.

Palavras-chave : common octopus, proteome, welfare and health biomarkers, aquaculture
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Amoebic gill disease (AGD) is a severe infection of farmed Atlantic salmon (Salmo
salar L.) caused by the marine amphizoic amoeba, Neoparamoeba perurans. Since its
emergence in the mid-1980s, the disease has continued to spread and has become a
global concern. Currently, we sfill know little about how N. perurans spread between
farms, production cycles, regions, and counties. Such an understanding could aid the
aqguaculture industry to inform fallowing and control measures for salmonids. The geno-
mic analyses required to achieve N. perurans molecular epidemiology, however, are
frustrated by characteristically high levels of intercellular bacterial contamination. A
handful of N. perurans genes have been successfully sequenced (18S rRNA, cytochro-
me oxidase |, ITS, etc) but with insufficient genetic resolution to be beneficial to either
farmer or regulator. A draft genome was developed in the Llewellyn lab enabling the
development of hundreds of new sequencing markers. A multiplex PCR was develo-
ped using 201 primer pairs within a single PCR reaction to amplify loci across the nu-
clear, and mitochondrial of N. perurans and kinetoplast genome. These markers were
sequenced directly from gill swab samples at low cost to provide epidemiologically
relevant information to genotype N. perurans from multiple sites across Norway (n = 9),
Scotland (n = 4), and Ireland (n = 1) from 2019, 2021 — 2023 for molecular epidemiolo-
gical analysis.

To date, there is no effective means of attributing AGD infections to a source or
effective prevention of the parasite transmission between farms, production cycles,
and the environment. Our work aims to take steps towards achieving this by demons-
frating that high-resolution genetic information may be readily derived directly from
gill swab samples to inform AGD freatment and conftrol. Further research, aims to relay
this information back to individual farm managers of affected sites by developing and
implementing a web-based visualisation fool to frack genotypes, spread over time fo
enable targeted and timely approaches to AGD outbreaks.

Palavras-chave : Neoparamoeba perurans, Amoebic Gill Disease, Molecular Epidemiology,
Treatment, Control
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IGNITION (Improving Green Innovation for the Blue Revolution), a cutting-edge Ho-
rizon Europe project, aims to revolutionize the aquaculture sector by addressing the
rising demand for high-quality animal protein while ensuring environmental sustainabi-
lity and animal welfare in a changing climate. One of the main objectives of IGNITION
is the development of effective antigen-based vaccines to combat major diseases,
such as tenacibaculosis and infectious salmon anemia virus, which pose significant
challenges to intensive aquaculture systems. These innovative vaccines will promote
animal health, reduce disease susceptibility, and improve the overall sustainability of
the aquaculture industry by relying less on antimicrobials. IGNITION will also focus on
enhancing stress and disease resilience through the development of new feeds, formu-
lated to provide essential nutrients and bioactive compounds that boost the immune
system and mitigate stress factors in farmed aquatic animals. These compounds will
be obtained after developing an optimal bioactive compounds extraction strategy
from residual halophytes, and thereafter testing their pro-and pre-biotic activities in
shrimp and fish dietfs. By bolstering stress and disease resistance, the project also aims
to improve animal welfare and enhance the sector’s overall productivity. To further
support animal welfare, IGNITION will focus on the development of non-invasive stress
and health biomarkers and biosensors and on defining operational welfare indicators.
All these will offer real-time insights intfo animal welfare and health. Based on the data
obtained, IGNITION will employ machine learning techniques and disease prediction
soffware to improve decision-making and facilitate proactive management practices.
Overall, IGNITION'’s visionary effort aims to fransform aquaculture practices, fostering
a sustainable, responsible, and thriving future for the industry by providing a wealth of
knowledge and innovative solutions for the European aquaculture sector and beyond.
Work funded by the European Union's Horizon Europe research and innovation pro-
gramme (GA No. 101084651 - project IGNITION).

Palavras-chave : Climate change, Vaccination, Fish welfare, Biosensors
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The internal fimekeeping system provides the temporal order on how patterns of
physical, physiological, and behavioral changes in living organisms vary during the daily
cycle. This rhythmic phenomenon mediates cellular responses upon encounter with
reactive oxygen species, such as hydrogen peroxide (H202). However, little is known
about this interaction in fish, particularly at mucosal sites. This study investigated the
temporal variations to H202 of salmonid gill cells using the RTgill-W1 cell line. Targeted
gPCR analysis of genes related to inflammation and oxidative stress during a 24-h cycle
either under 12L:12D or 0L:24D showed temporal variations, but neither rhythmic nor
circadian in nature. Transcript levels were significantly higher in the presence of 12L:12D
signal compared with total darkness. To determine whether time of the day modulated
the expression of the defenses in the gills, the cells were exposed to H202 at dayti-
me (Zeitgeber time 2, ZT2) or nighttime (ZT14). Though significant changes were obser-
ved in the genes related to stress (e.g. hsp70, hsp?0aala) and NF-kB signaling (e.g.
nfkblab), no distinctive time-dependent pattern of response to H202 was observed.
Metabolomics were performed to study the metabolomic alterations related to H202.
The intracellular metabolome was mainly represented by organic acid and derivatives,
organoheterocyclic compounds, benzoids, organic oxygen compounds and organic
nifrogen compounds. It was found that the metabolome of H202-exposed cells was
significantly different from the confrol group following a challenge at 7212, but such dis-
tinction was not observed in ZT14. Within the control groups, there were 11 metabo-
lites showing significant variation between 712 and ZT14, where levels were higher at
LT14. These metabolites were involved in arginine biosynthesis, alanine, aspartate and
glutamate metabolism, nitrogen metabolism, among others. Within the H202-exposed
groups, there were 26 metabolites showing significant variation between 712 and 7714,
where the levels were lower at ZT14. Comparing the control and H202-exposed groups
at 712, 38 metabolites were affected which were mainly organic acid and derivatives
and organic oxygen compounds. Functional annotation revealed that these altered
metabolites were involved across 15 different pathways, where the valine, leucine and
isoleucine biosynthesis was substantially affected. This study revealed the presence of a
fime-dependent response to H202 in salmonid gill cells, where the impact was distinc-
fively reflected in the infracellular metabolome.

Palavras-chave : gills, salmonid, stress, metabolomics, circadian rhythm, biological clock
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The olfactory rosette, a specialized structure in vertebrates responsible for olfaction,
harbours a community of commensal microorganisms known as the nasal microbiota.
This community plays a crifical role in regulating host olfactory function, structuring the
epithelium, and contributing to neuronal differentiation. Given its direct exposure o
seawater, the nasal microbiota is likely susceptible to changes in seawater physico-
chemical parameters. We present the first characterization of the nasal microbiota in
two marine fish species, European seabass (Dicentrarchus labrax) and Atlantic cod
(Gadus morhua). We analysed the composition, structure, specificity regarding seawa-
ter, and interindividual variability in roseftes from fish of different origins. Additionally,
we investigated the influence of climate change scenarios on cod nasal microbiota.
We employed high-throughput DNA sequencing of the 16S rRNA gene combined with
a metabarcoding approach. The analysis revealed that the nasal microbiota of both
seabass and cod was dominated by Proteobacteria, Actinobacteriota, and Bacteroi-
dota, aligning with observations in other vertebrates. Differences in community structu-
re were magnified at the genus level, and revealed distinct communities according to
rosette origin. This suggests potential functional adaptations related to the fish's habi-
tat. The nasal microbiota was the most diverse in Brest seabass and the most variable
in Tromsg cod. To account for variability in bacterial abundance and phylogeny, our
model recommends collecting a minimum of 13 cod roseftes or 7 seabass rosetftes
per replicate. Although the nasal microbiota of cod exposed to acidified and hea-
twave appeared different than the control, community structure remained statistically
unchanged across freatments. This might be attributed to low variability coverage. This
study establishes foundational knowledge on the nasal microbiota of marine fish and
paves the way for new research exploring the potfential contributions of commensal
nasal bacteria to host physiology and health, as well as investigating how the environ-
ment shapes this unique microbial community.

Palavras-chave : nasal microbiota, olfactory rosette, metabarcoding, climate change, bacte-
rial diversity
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Climate change, among its many consequences, has also affected the availability
of dissolved O2 in the oceans, producing some high-risk areas of low oxygen in near-
-shore seas around the world. Environmental hypoxia has become the main cause of
death of farmed salmonid fish. The first organ affected in fish are the gills, which under-
go morphological and functional adaptations to make O2 transport more efficient.
One of the main consequences of hypoxia is that it affects the immunity of the orgao-
nism, and very little is known about how the gills respond immunologically to hypoxia.
Previous reports support the idea that hypoxia can generate a suppressive effect over
the immune components in the gills. Our main objective was to characterize the mole-
cularimmunological basis of how this gill weakening is produced by hypoxia. To obtain
a global view of the effect of hypoxia on the immune response in the gills of Salmo sa-
lar, fish were exposed to continuous normoxic (control groups) and hypoxic conditions
for 1, 3, 5 and 7 days. Samples were processed and a microarray sequencing analysis
was performed. A total of 54,777 genes were detected with microarray. 42,602 of this
gene (77.77%) corresponds to mRNA. The Differential Expressed Genes (DEGs) in the
hypoxic conditions were filtered using a log2FC= | 2| and a false Discovery rate (FDR)
< 0,05 between the hypoxic conditions and their respective controls. A deep search
of 40 terms associated to immune categories such as cytokines, pattern-recognition
receptors, adaptor proteins, transcription factors, antimicrobial effectors, cluster of dif-
ferentiation (CD) and hypoxia were applied to DEGs. The results highlight a strong mo-
dulation of the immune ability after one day of hypoxia, where the system associated
with chemokines, scavenger receptors and antimicrobial peptides (AMPs) were down-
-regulated. On the other hand, the hypoxia response system and the mucin family were
up-regulated. After 3 days of treatment, the negative effect on immune mechanisms
increases, where transcription factors, AMPs and PRRs are downregulated. In confrast,
the majority transcript levels of the immune processes observed are increased after 5
and 7 days of hypoxia, however, a negative effect was observed in the mucin and
some components of the lectin family. The results obtained in the present work show a
complex gene modulation caused by low oxygen availability, where the immunologi-
cal status of the gills varies in a time-dependent manner.

Palavras-chave : Hypoxia, Immune response, Microarrays, Gills
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