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Introduction

In the last decade, many studies have focused on improving aquafeeds with the purpose of reducing the inclusion level of 
fishmeal (FM), replacing it with vegetable proteins. A major concern is that this can lead to feeds with imbalanced amino 
acid (AA) profiles, impairing feed conversion rates and immune response of farmed fish (Conceição et al. 2012). These 
deficiencies, often marginal, may be restored by supplementing feeds with crystalline AA to achieve a desirable metabolic 
efficiency, growth performance, and/or health status (Li et al., 2009). Histidine and its derivatives act as antioxidants or can 
mitigate the impact of oxidative stress (Bellia et al., 2008). Threonine is involved in many physiological and biochemical 
processes, including immune functions. Tryptophan is a versatile AA being a precursor to produce bioactive molecules 
and neurotransmitters such as serotonin, kynurenine and melatonin (Li et al., 2009), which affect the immune system. 
The present studied aimed to explore the effects of the inclusion of a combination of these three essential amino acids on 
gilthead seabream growth and immune status, in the context of a challenging fishmeal-free basal formulation.

Materials and Methods

Triplicate groups of 150 gilthead seabream (initial body weight: 13.3 ± 0.3g) were randomly distributed in 1000-L tanks. 
Seawater was supplied at 2 L min-1 (temperature 23 ± 2.6°C and salinity 34 ± 0.7) in a flow-through system with artificial 
aeration (mean dissolved oxygen above 5mg L-1). Fish were hand-fed ad libitum twice a day (once a day on Sundays) three 
experimental diets for 2 weeks: CTRL, a control diet formulated in the context of an extreme formulation (0% fishmeal), 
meeting estimated AA requirements; HTW11, the CTRL diet with a 10% surplus of three essential AA that usually are 
not supplemented in practical diets (histidine, threonine and tryptophan); and HTW15, the CTRL diet with a 50% surplus 
of histidine, threonine and tryptophan. After this feeding period, fish were sacrificed with a 2-phenoxyethanol overdose. 
Samples of head-kidney and liver were collected and snap frozen in liquid nitrogen. The simultaneous profiling of a panel 
of thirty-two (in the liver) or twenty-nine (in the head-kidney) genes, considered as biomarkers of fish growth and health 
performance, were analysed using the Seabream PCR-array platform of Nutrigenomics group (http://nutrigroup-iats.org). 
Blood was collected for white (WBC) and red (RBC) blood cells counting and for determination of haematological indexes 
according to Machado et al. (2015). Innate immune parameters (e.g. protease and anti-protease activities, peroxidase, 
bactericidal activity) were also analysed in plasma samples to evaluate fish immune status.

Results

Haematological parameters, as well as circulating thrombocytes, lymphocytes and monocytes levels, displayed no 
significant differences between dietary treatments, while peripheral neutrophil numbers increased in fish fed the CTRL 
diet. Similarly, no differences were observed in protease, anti-protease, peroxidase and bactericidal activities between fish 
fed the three experimental diets.
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Hepatic gene expression of insulin-like growth factor-binding protein 1 (IGFBP1) was up-regulated in fish fed HTW15 
compared to the CTRL group, which is in accordance with the tendency of the growth performance in this treatment; 
while insulin-like growth factor 1 and 2 (IGFR1 and IGFR2) were down-regulated in fish fed this diet compared to the 
CTRL. Moreover, calpain 1 (CAPN1) and IGFBP2 decreased in fish fed HTW11, whereas insulin receptor (INSR) was 
up-regulated. In head-kidney, both interleukin 6 and 10 (IL6 and IL10), cluster of differentiation 3 (CD3X) and the toll-
like receptors 2, 5 and 9 (TLR2, TLR5 and TLR9) transcripts increased in fish fed HTW15 compared to fish fed the CTRL 
diet. Even if there were no differences in final body weight and growth rate between treatments, there was a tendency of 
increasing feed conversion ratio in fish fed HTW15. Multivariate analysis of the gene expression patterns in liver and 
head-kidney confirms a consistent effect due to the different dietary treatments and, particularly in the case of head-kidney.

Discussion and Conclusions

Analysis of growth and immune status biomarkers at an early stage (2 weeks after starting with the feeding trial) suggests 
that HTW15 may impair growth performance, even when this higher AA supplementation revealed an immune-stimulation. 
Therefore, the use of synthetic AA to balance diets with high or total FM replacement can be a promising approach, to 
promote fish immune status. The absence of an immune system challenge, such as pathogen infection, may explain the 
lack of response of the innate immune parameters analysed when AA supplementation was applied at a lower rate (HTW11 
diet). Further results of this study from samples collected after 92 days of feeding will enlighten the long-term effect of AA 
supplementation. 
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