Changes in intestinal microbiota and gene expression of immune system parameters caused by dietary administration of alginate and Shewanella putrefaciens Pdp11 in Senegalese sole (Solea senegalensis Kaup, 1858) specimens.
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Introduction
The sole, Solea senegalensis, is a common flatfish of Atlantic and Mediterranean waters with a high potential for aquaculture. However, cultivation is hampered by high sensitivity to different stresses and several infectious diseases (Toranzo et al., 2003). The use of antibiotics can avoid this, but has adverse effects such as accumulation in the tissue, immunosuppression, and development of antibiotic resistant bacteria. Probiotic, prebiotic and mix of both, synbiotic, can give protection from pathogens because seem to promote changes in gut microbiota and stimulate the immune system playing an important roles in health of the organism (Dimitroglou et al., 2011).   
Material and methods

Individuals of S. senegalensis were separated in three groups, one fed with a control diet (diet I), the second one supplied with sodic alginate (2 gk/g) (diet II) and the third one fed with the commercial diet supplied with sodic alginate (2 gk/g) and the probiotic Shewanella putrefaciens Pdp11 (109cfu/g) (diet III). After 5 days, samples of intestine and head kidney were removed. Denaturing gradient gel electrophoresis (DGGE) was used to evaluate changes in the intestinal microbiota. Total DNA was extracted and 16S rDNA gene was amplified by PCR. The amplicons were separated by DGGE. Moreover, we selected genes related to immune system (C3, C7, TF, G-lys, GPx and CYBB) for relative quantification of transcript by real-time PCR RNA was extracted from head kidneys. cDNA was synthesized from total RNA (1 µg) of each sample and then, Real-time PCR analysis was realized.  Comparisons between groups were made by one-way analysis of variance followed by Fisher analysis. Significant differences were accepted for P < 0.05. Both data were analyzed by Principal Components Analysis (PCA) to study the correlation between changes in gut microbiota and in the expression of analyzed genes.
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Results
Figure 1. Clustering based on pair wise similarity index of DGGE patterns from intestinal samples (A) and gene expression determined by real-time PCR in head kidney (B) of four Senegalese sole specimens fed with a diet I, diet II and diet III.



Figure 2. Principal Components Analysis (PCA) to study the correlation between changes in gut microbiota and in the expression of analyzed genes. 
Discussion

The PCR-DGGE analysis patterns have shown that the dietary administration of sodium alginate single or mixed with Pdp11 has an important effect on the diversity of the intestinal microbiota of Solea senegalensis. Both treatments promoted a change in the species that are present in the gut in comparison with control group, as shown by different DGGE analysis patterns. In addition, oral administration of alginate promoted the appearance of an intestinal microbiota highly influenced by the prebiotic presence. On the other hand, the administration of alginate with Pdp11 promoted a more pronounced decreasing in the similarity index and in the species richness. The results of gene expression can demonstrate that alginate and the synbiotic can alter the expression of genes related with immune system functions. The immuno-stimulation produced may provide an additional overprotection against pathogens or stressors processes. Therefore, more studies are necessary to see how would affect to fishes if we still adding the treatments and if they could give protection against experimental infections. Previous studies have shown the relationship between changes in gut microbiota and repercussion in homeostasis of immune system of fish. However, PCA results didn’t show a significant correlation between changes in gut microbiota and modifications in gene expression of head kidney of S. senegalensis specimens. 
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