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DIET EFFECTS ON THE GUT MICROBIOTA AND INTESTINAL MUCUS PROTEOME 
ARE LINKED TO CHANGES IN THE DISEASE OUTCOME DUE TO THE INTESTINAL 
PARASITE Enteromyxum leei IN GILTHEAD SEA BREAM (Sparus aurata)
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Introduction
Enteromyxum leei is a widely spread myxozoan responsible for one of the most threatening parasitic diseases in Mediterranean 
fish cultures. This parasite invades the intestine of sea bream producing a slow-progressing disease, which induces anorexia, 
caquexia and may end in the death of fish. Its impact is further enhanced due to its direct fish-to-fish transmission either by 
cohabitation with infected fish or by contact with contaminated effluent. Thus far, there are neither preventive nor curative 
treatments for enteromyxosis, and there is an urgent need in advancing in the knowledge of the parasite itself and the host-
parasite interaction. This is reinforced by the observation that the progression of the infection and the severity of the disease 
signs were higher in fish fed vegetable oils (Estensoro et. al., 2011), with a clear destruction of the intestinal epithelia as 
evidenced by histology and microarray gene expression profiling of parasite-exposed fish (Calduch-Giner et al., 2012). In 
the ARRAINA project we have shown that this nutritionally-mediated effect is linked to a pro-inflammatory condition in 
fish fed the extremely low FM/FO diet, which was mostly reversed by butyrate supplementation. The hypothesis of work 
is that these nutritionally-mediated changes can be extensive to intestinal mucus proteome and gut microbiota, which in 
turn could modify the disease outcome. If so, the prevalence and progression of the disease might be also modified by diet 
composition and feed additives. 

Materials and methods
Gilthead sea bream fingerlings were fed with control and experimental diets formulated by BioMar until two year-old. 
FM was added at 25% in the control diet (D1) and at 5% in the other three diets (D2-D4). Added oil was either FO (D1 
control diet) or a blend of vegetable oils, replacing the 58% (D2) and the 84% (D3-D4 diets) of FO. A commercial sodium 
butyrate preparation (NOREL, BP70) was added to the D4 diet at 0.4%. In September 2014 (month 20), 6 fish per each 
dietary treatment were sampled for iTRAQ profiling and fingerprinting of intestinal mucus proteome. Additional fish (3 
pools of 9 fish per diet) were sampled for the analysis of the microbiota in the gut mucus (autochthonous microbiota) by 
pyrosequencing of PCR-amplified 16S rRNA gene. For the parasite E. leei challenge, juvenile fish (25-30g) were fed to 
visual satiety for three months with D1, D3, and D4 diets. No differences in growth performance were found and randomly 
selected fish were distributed in 12 tanks of 200 l volume (20 fish per tank). Fish of quadruplicate tanks continued to be 
fed with experimental diets before and after parasite challenge by anal intubation. The prevalence and progression of the 
disease (two tanks per dietary treatment) were assessed by histological and PCR diagnoses. 

Results
Mucus collected from anterior and posterior intestine segments was trypsin digested, labelled with iTRAQ reagents, 
isoelectrofocused (pH=3-11) and resolved by LC-MS/MS. More than 1 000 proteins were unequivocally annotated 
and principal component analysis clearly separated anterior and posterior segments. The diet effect with changes in the 
abundance of approximately 100 proteins was restricted to anterior section with a reversion of the pattern of the extreme 
diet (D3 fish) with dietary butyrate supplementation. 

The intestinal community was predominantly represented by two bacterial genera (Photobacterium and Vibrio), but the 
relative importance of each one was clearly dependent on the diet composition, with a dominance of Vibrio in control fish, 
whereas Photobacterium was clearly dominant with the progressive replacement of FM/FO in D2-D3 fish. But again, the 
microbial phenotype of D3 fish was partially reversed by butyrate supplementation (Fig. 1). 
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After 10 weeks of parasite challenge, the prevalence of infection by histology was 58% and 100% for fish fed control and 
D3 diets, respectively. An intermediate prevalence value of 80% was found in fish fed the butyrate supplemented diet. The 
effect of the infection on growth performance was also dependent on the nutritional background, as the condition factor of 
fish exposed to parasite was significantly decreased by the infection in both control and D3 fish, whereas a minimal impact 
was found in D4 fish.

Discussion and conclusions
Data on intestinal mucus proteome and microbiome revealed a clear diet effect with the replacement of FM/FO with 
plant ingredients, but importantly most of these effects were reversed in fish fed the extreme diet formulation by butyrate 
supplementation, as reported previously for the intestine transcriptome. Similarly, the disease outcome in fish fed low FM/
FO diets was largely improved by dietary butyrate, which could be considered a potential therapeutic additive for fish 
enteromyxosis in farmed gilthead sea bream.
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