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ABSTRACT. Mexican snook (Centropomus poeyi) is one of the most important commercial species in
Southeast Mexico, which has been overexploited by fisheries. For this reason, some recent studies related to its
culture have been done. However, the basic biological knowledge of the digestive physiology is still unknown.
In this study, the gene expression of trypsin, (TRY), bile-salt dependent lipase (BAL), amylase (AMY), and
cytosolic non-specific dipeptidase (CNP) was investigated during the larval period from embryo (0 days after
hatching, DAH), eleuteroembryo (1 DAH) until 25 DAH using RTg-PCR approach and was normalized with
the elongation factor 1-o gene (EF1-a). TRY gene expression showed the maximum peak at 17 DAH;
meanwhile, BAL gene expression showed variations during larviculture, however, three peaks were observed at
10, 17 and 25 DAH, which appears to correspond to changes in live food supply (rotifers and Artemia nauplii).
AMY gene expression was low detected from hatching onwards and showed a slight peak at 10 DAH when
larvae were fed with Artemia nauplii. Finally, CNP gene expression had presented three peaks at 2 DAH (yolk-
sac absorption), 19 and 23 DAH when larvae were fed with Artemia nauplii. We conclude that C. poeyi larvae
showed early and high digestive enzyme expressions, especially TRY, which indicate that could be possible to
start the weaning process at 25 DAH, which could be shorter compared than other Centropomid species.
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INTRODUCTION

Snooks belong to the Centropomidae family, made up
of the Centropomus gender, which contains 12 Amphi-
American species, of diadromous behavior, typical of
mixohaline environments and carnivore feeding
(Castro-Aguirre et al., 1999). One of the highest
commercial value species is the Mexican snook
(Centropomus poeyi), a fish with great plasticity
because it can be found during its first stages in high
salinity waters and then, it can migrate to freshwater
environments; although it concentrates in estuaries, its
distribution covers the Gulf of Mexico from Tampico
through Belize. This species has been studied in order
to achieve its culture; however, it is of paramount
importance to understand the physiological processes
along its development stages allowing to encourage its
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culture in a commercial scale such as the cobia
(Trachycentrum canadum), snappers (Lutjanus spp.),
groupers (Serranidae, Epinephelus spp., Paralabrax
spp.) (Avilés-Quevedo et al., 1995).

In the present, the knowledge on the biology and
handling of the Centropomidae is not enough, because
we only count with the surveys performed by Stephen
& Shafland (1982) and Jiménez-Martinez et al. (2012)
with common snook (Centropomus undecimalis),
meanwhile with fat snook (C. parallelus) authors like
Cerqueira & Briigger (2001), Alvarez-Lajonchére et al.
(2002) and Tarcisio et al. (2005), whom studied
different topics such as reproduction, larviculture and
the use of live feed among others, to encourage its
development. The only article that has been published
regarding the larval development of C. poeyi is that
conducted by Kubicek et al. (2018), who studied ossi-
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fication and pigmentation changes during early
ontogeny. In this aspect, more detailed surveys on the
fundamental aspects of its biology are required by using
different techniques such as molecular tools, allowing
the understanding of the physiology, especially in
relationship with the morphophysiological changes
showed during the larval stage and particularly to the
expression of that specific gene's coding for digestive
enzymes. These strategies allow the development of
basic feeding schemes and to understand the capacity
of the organism to use the nutrients coming from live
food and to achieve a proper weaning process by using
inert food. Considering the above mentioned,
Kolkovski (2001) and Chakrabati et al. (2006), state
that the nutrient assimilation depends directly on the
digestive enzymes, and therefore to the nutrient
digestibility and their absorbing capacity during the
larval period.

One of the milestones of the larval period is the
development of a juvenile-like digestive capacity
during the first days of development to successfully
acquire the proper nutrients for adequate growth and
survival. Once the digestive enzymes appeared, the
amount of enzyme activity is the next result of the
interaction between the genes and other factors that
might influence enzyme synthesis such as the
availability and composition of the food, as well as the
feeding patterns (Galaviz et al., 2015).

The physiological digestive development of the
marine fishes larvae has been studied during the last
years which has allowed for the design of diets to
optimize its culture (Ueberschér, 1993; Gisbert et al.,
2008; Zambonino-Infante et al., 2008; Lazo et al.,
2011); in turn, multidisciplinary techniques have been
used to increase the knowledge and understanding of
the changes in the ontogeny of digestive physiology in
marine fish larvae, including gene expression level in
species such as C. undecimalis (Martinez-Burguete,
2013), white sea bass (Atractoscion nobilis) (Galaviz et
al., 2011), barramundi (Lates calcarifer) (Srichanun et
al., 2013), totoaba (Totoaba macdonaldi) (Galaviz et
al. 2015), C. parallelus (Teles et al., 2015), Atlantic
salmon (Salmo salar) (Sahlmann et al., 2015) and
gilthead seabream (Sparus aurata) (Mata-Sotres et al.,
2016). However, there are no studies on the digestive
physiological changes in C. poeyi, and therefore the
purpose of this study could contribute in the determi-
nation of the expression changes in trypsin (TRY), bile
salt-dependent lipase (BAL), a-amylase (AMY) and
nonspecific cytosolic dipeptidase (CNP) during C.
poeyi initial ontogeny.

MATERIALS AND METHODS

Larval sampling

Centropomus poeyi eggs were obtained from an
induced spawning (75,000 fertilized eggs) from
broodstock (2 females and 4 males) at the Marine

Aquaculture Station (Univer-sidad Judrez Autonoma
de Tabasco). Larval culture lasted 25 days from
hatching, for which embryos were placed in three
cylindrical-conical fiberglass tubes of 500 L (1500
embryos per tube), coupled to an open system with
daily changes of the 50% of the volume and keeping
constant aeration. Temperature (25°C), dissolved
oxygen (5.7 mg L) were monitored daily with a YSI
85 oximeter and pH (8.2) with a Hanna potentiometer.
The larvae feeding scheme was done from hatching.
Once the eleuthero-embryos had consumed the yolk (24
h after hatching), they were fed with rotifer Brachionus
rotundiformis (1-5 ind mL™) enriched with a lipidic
emulsion (SuperHUFA®, Salt Creek) for 5 days after
hatching (DAH) and mixed with microalgae Isochrysis
galvana (100,000 cel mL™Y); from day 6 and until 18
DAH the larvae were fed with Brachionus plicatilis (1-
5 ind mL™) enriched with the same lipidic emulsion.
From 15 DAH, larvae were cofed with Artemia nauplii
(0.5-2 ind mL*) enriched with SuperHUFA® (Salt
Creek) until completing 25 DAH.

The sampling of larvae started from eleuthe-
roembryo, first feeding, 3 DAH until 15 DAH. From
here, the sampling was carried out every two days (days
17,19, 21, 23 and 25 DAH), collecting 5 larvae per day
in triplicate that were previously euthanized using an
overdose of MS-222 (tricaine metasuphonate, 0.1 mg
L1, until a total amount of 270 larvae which were
stored in Eppendorf tubes with RNAlater® (Thermo-
Fisher, Scientific) solution and were kept in ultra-
freezing (Labconco VWR) at -80°C until processing at
the Centro de Investigaciones Bioldgicas del Noroeste
S.C.

Primers design

The oligonucleotide design was performed by using the
free access software Primer 3 Web [http://primer3
plus.com/web_3.0.0/primer3web_input.htm] from a
consensus region derived from an alignment of gene
sequences coding for the different fish digestive
enzymes obtained from the GeneBank database.
Oligos were designed with the following features: 20
to 22 nucleotide long, an alignment temperature of 58
to 60°C, CG (guanine-cytosine) content of 40 and 60%
and finally the secondary structure formation was assessed
using the free access software Oligo Calculator version
3.27 [http://biotools.nubic.north-western.edu/Oligo
Calc.html] (Table 1).

RNA Extraction and cDNA synthesis by RT-PCR in
Centropomus poeyi larvae

Total ARN extraction was done by using a larvae
homogenate (0 to 25 days after hatch). The process was
done with the commercial kit SV Total RNA Isolation
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Table 1. Oligonucleotide primer sequences, melting temperatures and amplicon size of the TRY, BAL, AMY, CNP and EF1-o from Centropomus poeyi.
qPCR

Digestive enzyme expression of Centropomus poeyi larvae 911

System (Promega, Madison, W1, USA), and finally, the
RNA samples were resuspended in RNase-free water.
All RNA samples were treated with DNAse according
to the RQ1 RNAase-Free DNase kit (Promega,
Madison, WI, USA) instructions previous to cDNA
synthesis. Finally, RNA concentration and integrity
were checked with a spectrophotometer NanoDrop

KR349663
KR349662

BHRE A 2000 (Thermo Scientific) and agarose electrophoresis.
The cDNA synthesis was done with 1ug of total
RNA according to the Improm Il kit (Promega,
Madison, WI, USA) instructions in a thermal cycler
iCycler (Bio-Rad, Berkeley, CA, USA).
BEEIE

gPCR analysis

cDNA pooled from the common snook larvae were
used to construct standard curves for each analyzed
gene using the primers described in Table 1. Real-time
PCR efficiencies (E) were automatically determined for
each primer pair using standard curves obtained from
serial dilution from de cDNA pool. E was calculated
according to the equation: E = 10e(-1/slope). This
analysis ensures that E ranged from 97% to 100% for
each primer pair.

Once the dilution was established, we quantify the
expression level of the digestive enzymes along the
ontogeny using the SsoAdvanced™ SYBR Green
Supermix (Bio-Rad, Berkeley, CA, USA). The
elongation factor gene (EF1-a) was used to normalize
the Cq values obtained from the different genes
analyzed according to the algorithms in the CFX-
Manager (BIORAD) software. All the RT-gPCR assays
were performed in a CFX96 Touch Real-Time PCR
Detection System (Bio-Rad, Berkley, CA, USA).

RNA extractions and homogenates for this effect
were performed by pooling 5 ind per replicates (3X),
and the expression mean + standard error. All gene
expression analyzes were carried out using the Ct
method (Livak & Schmittgen, 2001) with the Bio-Rad
CFX Manager 3.1 Gene Study software (Bio-Rad,
Berkeley, CA, USA) using the efficiency-corrected
values of Ct. The qPCR data were normalized to the
geometric mean of the expression efficiency-corrected
data for EF1l. The expression difference between
samples (days after hatching) was tested by significant
differences in Bio-Rad CFX Manager 3.1 Gene Study,
using a two-tailed, unpaired t-test (Augimeri & Strap,
2015). Differences were considered statistically
significant if P < 0.05.

CAGCTTGTTCCTGTCAGCAGT
AGTCGATAACCTGCTTCTCCAC
ACCTTCAGAGCAATCTCCTCAG
GATGACAGCGTCCACATAGATG
CTTGAACCAGCTCATCTTGGAG

CCCAACTACAGCTCCTACAAC
TGGAGGTACCCATCTCTTTCTC
GCAGGTGGAGGTAGTGTTAGCT
CAGATCTCCCCTCCAAATGAG
GAGGAAATCACCAAGGAAGTGA

Sequencing and analysis of TRY, BAL, CNP, AMY,
and EF1- o genes

PCR fragments obtained for each gene were sent to
Genewiz Inc. (MD, USA) for direct sequencing.

Cytosolic non-specific dipeptidase

Bile-salt dependent lipase

Amylase
Elongation factor 1-a

Trypsin
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Nucleotide sequences were analyzed with Chromas Pro
software [http://www.technelysium.com.au/], and its
ORFs deduced from the codon translation. Nucleotide
sequences, as well as those of the amino acids, were
compared with the BLASTn and BLASTp tools to
evaluate the identity of each one.

Phylogenetic inference

A phylogenetic approximation was built with the CNP
and Try amino acid sequences by Neighbor-Joining
method. 1000 bootstrapping replicates evaluated the
nodes support in MEGA 6.0 (Tamura et al., 2013).

RESULTS

Sequencing and analysis of TRY, BAL, CNP, AMY,
and EF1- o genes

The sequences showed fragments of 154 bp, 183bp,
188bp, 177bp and 154bp for CNP, TRY, BAL, AMY
and EF1-o respectively. The nucleotide analysis of
Trypsin (Fig. 1) showed the highest identity percentage
(98%) against the C. undecimalis (JX128261) sequence
while the next highest percentile value (95%) was
against spotted sand bass (Paralabrax maculatofas-
ciatus, AJ344566). In the same way, the amino acid
analysis (Fig. 2) showed the highest identity percentage
(98%) against C. undecimalis (AKP92840). However,
the next highest percentage value was against European
sea bass (Dicentrarchus labrax, CAA07315) and
orange-spotted grouper (Epinephelus coioides) both
with 96% identity indicating that the amino acid
sequence belongs to a type la trypsinogen. Figure 2
shows an alignment where the specific residues of the
protease’s series are highlighted; it also shows the
conserved amino acids that shape the catalytic triad of
the active site of the trypsin.

In the case of BAL (Fig. 3), AMY (Fig. 4) and EF1-
o (Fig. 5) sequences, the identity percentages of the
nucleotidic identity reached the 92% against large
yellow croaker (Larimichthys crocea), 95% yellowtail
amberjack (Seriola lalandi) and 96% Atlantic bluefin
tuna (Thunnus thynnus,) respectively. Due to the size of
the fragments, it was not possible to characterize in
greater detail the deducted proteins.

CNP gene showed the highest nucleotide identity
percentage (98%) against the sequence reported for C.
undecimalis (JX128263) whereas the next highest
percentage value (91%) was against T. thynnus
(FM995225) (Fig. 6). On its side, when comparing the
amino acid sequences, the highest percentage observed
(97%) was again against the C. undecimalis
(AFP86442) sequence while the next highest percen-
tage (94%) value was against the Leopard grouper
(Mycteroperca rosacea).

Phylogenetic inference

Phylogenetic inference of CNP showed that the amino
acid sequence obtained was grouped with the only
additional specimen of the Centropomus gender (Fig.
7). The rest of the phylogenetic arrangement showed
specimens of different classes. Likewise, the trypsin
dendrogram (Fig. 2) showed a Group with undecimalis
and with tongue sole (Cynoglossus semilaevis) both
members of the Acanthopterygii suborder.

Gene expression of digestive enzymes in Centropomus
poeyi

After the RT-gPCR we were able to confirm the
specificity of primers, because of the absence of
secondary structures, primer-dimer or non-specific
amplification fragments using the melting peaks
analysis, using for this the CFX Manager (BioRad).
After that analysis, we determined the relative
quantification of the trypsin, bile salt depending lipase,
amylase and cytosolic non-specific dipeptidase using
the EF1 as reference gene and we observed the
following. A slight increase of early expression of
trypsin was detected by 6 DAH and having a steady
increase by 7 DAH and showing a significant peak at 9
DAH, it kept on fluctuating until reaching the highest
expression peak reflected on 17 DAH, to then continue
with a fluctuant irregular pattern until the end of the
experiment (Fig. 8a). In the case of BAL, it shows a
fluctuating behavior during the 25 days of the survey,
having the 10, 17 and 25 DAH as those of the highest
expression (Fig. 8b). Regarding the amylase enzyme,
the highest peak is shown by 10 DAH, keeping its
fluctuations throughout the larval culture where it
reflects a low expression different from other enzymes
(Fig. 8c). Finally, the expression of the CNP is detected
from the first days of larval culture, having its
maximum expression on 2 DAH, keeping fluctuations
from 4 to 17 DAH, and increasing the expression on 19
and 23 DAH (Fig. 8d).

DISCUSSION

As part of the basic knowledge regarding gene studies
for Centropomus poeyi, it was possible to obtain and
registered two sequences for digestive enzymes, trypsin
(TRY) and nonspecific cytosolic dipeptidase (CNP). In
this sense, TRY gen is highly conservative when
comparing its sequence, with those of the other carni-
vore marine fishes such as C. undecimalis, Epinephelus
coioides (Liu et al., 2012) and Dicentrarchus labrax
(Péres et al., 1998) (GeneBank accession number:
JX128261.1, JN848593.1, AJ006882.1), according to
the dendrogram. In this way, trypsin is a digestive
protease present in the gut of fishes under different
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Figure 1. Similarity analysis of TRY gen in Centropomus poeyi.

isoforms and is of principal importance to achieve the
digestion of proteins in the intestine (Cara et al., 2007).
Also, it has been proved that the trypsinogen is secreted
in the light of the digestive tract, is activated by an
enterokinase, and this is so that the activation of the
trypsin activates the other digestive enzymes such as
chymotrypsin, elastase, collagenase, and lipase (Rust,
2002). Trypsin activity began firstly as a zymogen.
Then, to the light of the digestive tract as an active
endopeptidase, which cleaves peptide chains mainly in
the carboxyl side of lysine and arginine, except when
either is followed by proline, releasing smaller peptides
and allowing other proteases to perform the hydrolysis
process by other parental digestive proteases such as
carboxypeptidases and aminopeptidases (Moyano et
al., 1996).

Considering the above mentioned, alignments
obtained from the protein sequences showed on one
side, the close phylogenetic distance for TRY and CNP
of C. poeyi to C. undecimalis, which is the only species
of the same family registered at GenBank. On the other
hand, it is important to highlight that for the CNP is an
enzyme that has been previously reported under different

denominations (glycine-glycine dipeptidase, carnosine
dipeptidase) agreeing to the MEROPS peptidase
database (http://merops.sanger.ac.uk/index. shtml) ID:
20.005, it is considered a carnosine dipeptidase Il
(Boldyrev et al., 2004). These authors have hypo-
thesized that CNP is a non-secreted enzyme and differs
from those secreted such as serum carnosinase and
anserinase, with a limited expression, and that arise by
the effect of the second duplication of the gene once the
urochordates separated from the vertebrate to evolve as
secreted enzymes. So, it seems this secretion quality is
an important classification and group differentiation
factor when vertebrates and invertebrates are
phylogenetically compared (Oku et al., 2011). CNP is
a Mn*? dependent protease, which hydrolyzes
dipeptides such as L-carnosine, preferentially hydro-
phobic dipeptides including prolyl amino but has a
strong preference for Cys-Gly (Teufel et al., 2003).
This enzyme has several functions such as peptide
reuptake in the kidney, intracellular protein turnover,
pH buffering, anti-oxidation, neuronal regulation and
protein digestion in the gut releasing -alanine and
histidine from carnosine (Bauer, 2005; Okomura &
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C. poeyi AKP92840 L o o e B N e bt e b ENWV] KSRVEVRLGEHNIRVTEGT 30
C. undecimalis AFP86440 o S Rt e b e R e e S QVSLNSGYHFCGGSLVNENWY] KSRVEVRLGEHNIRVTEGT 47
E. coioides ACM41844 1 [11]LIGAAFAT---EDDKIVGGYECTPHSQAHQVSLNSGYHFCGGSLVSANWV[L KSRVEVRLGEHNIKVTEGN 84
D. labrax CAA07315 K W RS e QVSLNSGYHFCGGSLVNENWY] KSRVEVRLGEHNIRVTENT 47
C. semilaevis NP 001281136 1 [ 8] LIGAAFSL---EDDKIVGGYECQPYSQPHQVSLNSGYHFCGGSLVNENWY| KSRVEVRLGEHNIRVTEGT 81
P. perryi BAJ12017 1 [ 8] LIGAAFAT---EDDKIVGGYECKAYSQPHQVSLNSGYHFCGGSLVNENWY| KSRVEVRLGEHNIKVTEGS 81
S. salar CAR49677 1 e KAYSQAHQVSLNSGYHFCGGSLVNENWVY] KSRVEVRLGEHNIKVTEGS 54
C. violaseus AAX83265 1. — esssososrooosmnonoadsooooooaonnoaony GYHFCGGSLVNENWV] KSRVEVRLGEHNIRVTEGN 41
X. atropurpureus ARX85688 d, N e A S R L--GYHFCGGSLVNENWV]| KSRVEVRLGEHNIRVTEGN 42
O. masou BAG84558 1 [ 8] LIGAAFAT---EDDKIVGGYECKAYSQPHQVSLNSGYHFCGGSLVNENWY| KSRVEVRLGEHNIKVTEGS 81
D. mawsoni AEA08589 18 [ 7]LIGAAFAT---EEDKIVGGKECAPYSMPYQVSLNSGYHFCGGSLVNENWVY]| KSRVEVRMGEHNIRVTEGN 80
C. poeyi AKP92840 <1 EQFISSSRVIRHPNYSSYNINNDIMLIKLSKPATLNQYVQPVALPTSCAPAGTMCNVSGWGNTMSSTADRNKLQCLNIPI 110
C. undecimalis AFP86440 48 EQFISSSRVIRHPNYSSYNINNDIMLIKLSKPATLNQYVQPVALPTSCAPAGTMCNVSGWGNTMSSTADRNKLQCLDIPI 127
E. coioides ACM41844 85 EQFISSSRVIRHPNYTSYNINNDIMLIKLSEPATLNQYVQPVALPTSCAPAGTMCTVSGWGNTMSSTADRNKLQCLNIPI 164
D. labrax CAA07315 48 EQFISSSRVIRHPRYSSYNIDNDIMLIKLSKPATLNQYVQPVALPTSCAPAGTMCTVSGWGNTMSSTADRNKLQCLNIPI 127
C. semilaevis NP 001281136 82 EQFISSSRVIRHPNYSSYNINNDVMLIKLSKPATLNQYVKPVALPSSCAPAGTMCKVSGWGNTMSSTADKNKLQCLDLPI 161
P. perryi BAJ12017 82 EQFISSSRVIRHPNYSSYNIDNDIMLIKLSKPATLNTYVQPVALPTSCAPAGTMCTVSGWGNTMSSTADKNKLQCLNIPTI 161
S. salar CAA49677 55 EQFISSSRVIRHPNYSSYNIDNDIMLIKLSKPATLNTYVQPVALPTSCAPAGTMCTVSGWGNTMSSTADSNKLQCLNIPI 134
C. violaseus AAX83265 42 EQFIRSSRVIRHPNYSSYNINNDIMLIKLSEPATLNQYVKPVALPTSCAPAGTMCKVTGWGDTMSSTADGNKLQCLNIPT 121
X. atropurpureus AAX85688 43 EQFIQSSRVIRHPNYSSYNIDNDIMLIKLSKPATLNQYVQAVALPTSCAPAGTMCKVTGWGNTMSSTADKNKLQCLNIPTI 122
O. masou BAG84558 82 EQFISSSRVIRHPNYSSYNIDNDIMLIKLSKPATLNTYVQPVALPSSCAPAGTMCTVSGWGNTMSSTADGDKLQCLNIPI 161
D. mawsoni AEA08589 81 EQFISSSRVIRHPNYSSYNIDNDIMLIKLSKPATLNQYVKPVALPRSCAPAGTMCTVSGWGSTQSSTADGNKLQCLNIPTI 160
C. poeyi AKP92840 111 LSDSDCDNAYPGMITNAMFCAGYLEGG CNGELQGVVSW-———————————————————————— 16l
C. undecimalis AFP86440 128 LSDSDCKNAYPGMITQAMFCAGYLEGG. CNEELOGVVSH ———————— e s s 178
E. coioides ACM41844 165 LSKEDCDNAYPGMITNAMFCAGYLEGG! CNGELQGVVSWGYGCAEKDHPGVYARVCIFNDWLERTMAT 244
D. labrax CAA07315 128 LSFKDCDNSYPGMITDAMFCAGYLEGG. R GEL OOV SN - == s e S e i 178
C. semilaevis NP 001281136 162 LSDSDCRNSYPGMITNAMFCAGYLEGG! CNGELQGVVSWGYGCAEKDHPGVYAKVCIFNDWLERTMAS 241
P. perryi BAJ12017 162 LSYSDCNNSYPGMITNAMEFCAGYLEGG! CNGELQGVVSWGYGCAEPGNPGVYAKVCIFTNWLTSTMAS 241
S. salar CAR49677 135 LSYSDCNNSYPGMITNAMFCAGYLEGG CNGELQGVVSWGYGCAEPGNPGVYAKVCIFNDWLTSTMAS 214
C. violaseus AAX83265 122 LSDDDCDNSYPGMITDAMFCAGYLEGG CNGELQGVVSWG—— - 173
X. atropurpureus AAX85688 123 LSFKDCDNSYPGMITDAMFCAGYLEGG! CNGELQGVVSWGQRCA-——————————————————————— 178
O. masou BAG84558 162 LSYSDCNNSYPGMITNAMFCAGYLEGG! CNGELQGVVSWGYGCAEPGNPGVYAKVCIFNDWLTSTMAT 241
D. mawsoni AEA08589 161 LSDRDCDNSYPGMITDAMFCAGYLEGGKDSCQGDSGGPVVICNGELQGVVSWGYGCAERDNPGVYAKVCLENDWLETTMAS 240

Figure 2. Alignments of the amino acid sequence of TRY in Centropomus poeyi compared with other fish species
(GeneBank access number or NCBI are indicated next to species name). The conserved amino acid residues that shape the
catalytic triad of the active site of the trypsin like-serine proteases are marked in black bold (H: histidine, D: aspartic acid,
S: serineg, and residues). Two substrate binding sites residues (D and S) are marked in blue. The histidine active site and the
serine active site for the trypsin Family of serine proteases are boxed.
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Thunnus orientalis ball mRNA for bile salt-activated lipase 1, complete cds
@lcllQuery_162671 Centropumus poeyi (bile salt-activated lipase) {—

PREDICTED: Larimichthys crocea bile salt-activated lipase-like (LOC104940086), mRNA

bony [ishes | 3 leaves

PREDICTED: Amphiprion occllaris bile salt-activated lipase-like (LOC111571552), mRNA
PREDICTED: Acanthochromis polyacanthus bile salt-activaled lipase-like (LOC110971842), mRNA

bony fishes | 5 leaves
PREDICTED: Stcgastes partitus bile salt-activated lipasc-like (LOC103362077), mRNA
PREDICTED: Stegastes partitus bile salt-activated lipase-like (LOC103364611), partial nRNA

PREDICTED: Amphiprion ocellaris bile salt-activaled lipase-like (LOC111571549), mRNA
PREDICTED: Amphiprion ocellaris bile salt-activated lipasc-like (LOC111571556), mRNA

bony fishes | 2 leaves

Dicentrarchus labrax bile-salt activated lipasc (bal) mRNA, partial cds
Dicentrarchus labrax bile salt-activated lipase (CEL) mRNA, complete cds

bony fishes | 2 leaves

| 0.05 I

Pseudopleuronectes americanus bile salt-activated lipase (BAL) mRNA, partial cds

Figure 3. Similarity analysis of BAL gen in Centropomus poeyi.
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9 PREDICTED: Hippocampus comes pancreatic alpha-amylasc-like (LOC109507468), mRNA

—@Pleuronectes americanus alpha amylase (amy2A) mRNA, complete cds

? 9 Chclon labrosus alpha-amylasc mRNA, complele cds
® @ Chelon labrosus partial nRNA for pancreatic alpha-amylase (amy2 gene)
o | bony fishes | 22 lcaves
Q| <=l bony fishes | 5 leaves
\? [ 9 PREDICTED: Labrus bergylta pancreatic alpha-amylase-like (LOC109981093), mRNA
? 2 PREDICTED: Lates calcarifer pancreatic alpha-amylase-like (LOC108884212), transcript variant X2, mRNA
@ & PREDICTED: Lates calcarifer pancreatic alpha-amylasc-like (LOC108884212), transcript variant X1, mRNA
ﬂbony fishes | 18 leaves
® @ PREDICTED: Monopterus albus pancreatic alpha-amylase-like (LOC109955365), mRNA
[ 9 9PREDICTED: Paralichthys olivaceus pancreatic alpha-amylase-like (LOC109648205), partial mRNA
9 ? @ PREDICTED: Paralichthys olivaceuns pancreatic alpha-amylase-like (I.LOC109641175), transcript variant X2, mRNA
® @ PREDICTED: Paralichthys olivaccus pancreatic alpha-amylasc-like (LOC109641175), transcript variant X1, mRNA
il bony fishes | 11 Icaves
Q@ 3]c]lQucry,83865 Centroy poeyi (alph ylase) {—
@ Centropomus undecimalis alpha-amylase mRNA, partial cds
9 PREDICTED: Scriola lalandi dorsalis pancreatic alpha-amylase-like (LOC111655877), mRNA
=9 9 PREDICTED: Seriola dumerili pancreatic alpha-amylase-like (LOC111231265), nRNA
9 PREDICTED: Scriola lalandi dorsalis pancreatic alpha-amylasc-like (LOC111655876), mRNA
~3Siniperca chuatsi pancreatic amylase mRNA, complete cds
® @ Siniperea chuatsi pancreatic amylase gene, complete cds
$ @ Dicentrarchus labrax partial nRNA for alpha-amylase (amy2 gene)
° @ PREDICTED: Nothobranchius furzeri pancreatic alpha-amylasc-like (LOC107383562), mRNA
Mb()ny [ishes | 17 leaves
|0.US—| i 'ﬂb(my [ishes | 2 leaves

<=l bony [ishes | 6 lcaves

Figure 4. Similarity analysis of AMY gen in Centropomus poeyi.

Takao, 2017). In this way, the sequence similarity of
the enzyme is relatively high, when compared to the
isolated and purified tilapia (Yamada et al., 2005).

On the other hand, C. poeyi BAL sequence was a
short sequence and was not possible to register in
GeneBank; however, its sequence has high similarity
with other fish BAL genes such as turbot Scophthalmus
maximus; red seabream Pagrus major and rainbow
trout Oncorhynchus mykiss (Hoehne-Reitan et al.,
2005; Oku et al., 2006; Bouraoui et al., 2012). In this
context, BAL is an essential digestive enzyme that
cleaves ester bonds from triacyl glycerides releasing
fatty acids. They are used as energy source, cell
membrane recovery, hormones among other functions
(Hide et al., 1992); however, the hydrolysis of lipids is
highly complex by lipases due the interface water-lipid
that implies the necessity for the enzyme to join to co-
lipase and bile salt to break the ester bonds (Gjellesvik
etal., 1992). In the case of partial a-amylase gene in C.
poeyi was to short to be registered in GeneBank;
however, this digestive enzyme has an essential
function breaking glycosidic bond from glycogen and
starch from food releasing a-glucose as a complementary
energy source by glycolysis (Rgnnestad et al., 2013).
For other fish species, it has been proved that o-
amylase in fish, such as Sparus aurata, S. maximus,
redfish Sebastes mentella, and four species of

prickleback fishes (Munilla-Moran & Sorbido-Rey,
1996a; Kim et al., 2014), is genetically programmed in
the first days before hatching to use the glycogen in the
yolk-sac, showing high activity and expression. Then
reduce when larvae start to feeding, although fish still
can be hydrolyzing carbohydrates for the action of the
enzyme, but with some limitation for the utilization of
disaccharides and monosaccharide, such as glucose,
which has been detected in winter flounder Pleuronectes
americanus and kutum Rutilus frisiikutum larvae
(Douglas et al., 2000; Hassanatabar et al., 2013).

Consider the expression of digestive enzymes our
study represents a significant advance for the
understanding of the digestive physiology of the
species; in this regard, during the larval development of
C. poeyi, the digestive enzyme expression level was
determined on the initial ontogeny, using the live preys-
based scheme (rotifers and Artemia). According to our
results, it must be highlighted that TRY expression was
early detected from hatching, once the larvae absorbed
the yolk, and similar patterns to those observed in other
marine fish species such as S. aurata, D. labrax, and
Tatoaba macdonaldi were obtained (Péres et al., 1998;
Galaviz et al., 2015; Mata-Sostres et al., 2016). The
observed pattern could be related to the yolk absorption
process, pigmentation of the eye and opening of the
mouth in C. poeyi, and the ossification process during
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@Lukilugu rubripes clongation fuctor 1 alpha (¢[-1u), mRNA
2 Schastes schlegelii clongation factor 1-alpha mRNA, complete cds
© Sebusles schlegelii mRNA, elone: BRF 41-HY, induced by treatment of LPS and Con A/PMA
@ Dicentrarchus labrax partial mRNA for elongation Laclor [-alpha (el1-alpha pene)

3 Argyrosomus regius elongation [actor | aipha (EFLa} mRNA, complete ds
@PREDICTED: Larimichthys crocea clongation factor 1-alpha-like (LOC104924413), partial mRNA
9 T.iza aurata elongation factor 1 alpha (TEF1-alpha) mRNA, partial cds
° 5 @ Acipenser baeril clongation factorl-alpha (FF1a) mRNA, partial eds
° SPREDICTED: Clupes harengus clongation factor 1-alpha (LOCI05892154), mRNA
o é 9 Perea flavescens clone P_9942 clongation factor 1 alpha mRNA, partial ods
9 Pimep promelus clongation faclor 1-ulphs mRNA, complete cds
19 Centropumus poeyi (EF 1 alpha) 46—
3 Thunnus maceoyii elongation lactor 1 alpha (EF1 alph)) mRNA, partial cds
©Thunnus thynnus pariial mMRNA [or elongation lactor [-alpha (el1-alpha gene)
9 Bovichtus varicgatus elongation factor 1-alpha mRNA, partial cds
9 9 p @ Platycephalus bassensis elongation factor 1-alpha (cEF1al) mRNA, partial cds
@ Lates calcarl

1liQuery_35

©

clongation factor-1 alpha MRNA, partial cds
[uviatilis clongation [uclor 1-alpha mRNA, purtial cds
@ Gymnocephulus cermnuus purtial mRNA Lor clongations factor 1 alpha (EF] alpha gene)
@ Girella punctala EFlalpha mRNA lor elongalion lactor 1 alpha, partial cds
@ Scomber japonicus elongation factor | alpha (ella) mRNA, partial cds
9 3 @ PREDICTED: Lates calcariler elongation Lactor 1-alpha (LOC108858906), mRNA
@PREDICTED: Larimichthys crocca elongation factor 1-alpha (ILOCT09136926), transcript variant X2, mRNA
9 @ Chelon labrosus partial MRNA for elongation factor 1-alpha (ef1a gene)
L4 SPREDICTED: Paralichthys olivaceus clongation factor 1-alpha (T.OCI(9640559), mRNA
@ $cophthalmus muximus EFlalpha mRNA, partial cds
@ PREDICTED: Xiphophorus maculatus clongation factor L-alpha (LOCI02233591), mRNA
9 PREDICTED: Poecilia formosa elongalion fictor 1-ulpha (LOCLO03143459), mRNA
gPREDlCTED: Poecilia lutipinna elongation lactor 1-alpha (LOCL06951930), mRNA
@ PREDICTED: Poecilia mexicana elongalion laclor 1-alpha (LOC 106923444), mRNA
@ Seriola rivoliuny elongation factor 1 alpha (EF lalpha) mRNA, partial cds
@ PREDICTED: Seriola lalandi dorsalis clongation tactor 1-alpha (T.OC1 11645612), mR°

ape

b @

§ Micrapterus salmoides elongation factor 1-alpha (FFalpha) mRNA, complete eds
@Micropterus dolomicu clongation factor 1 alpha mRNA, partial eds
2 Irachinotus ovalus elongation fuctor 1 alpha mRNA, complete edy
9 @ Trachinolus ovatus elongation Lactor 1 alpha mRNA, complete cdy
9 Luteolabrax juponicus EFLa mRNA for elongation facior L, partial eds
S Laeolabrax_japonicus elongation lactor|-alpha (EF
@ Platichthys [lesus partial mRNA {or elon

3 Sciaenops ocellatus elongation factor 1 alpha mRNA, complete cds

mRNA, partial cds
jons factor | alpha (EFL alpha gene)

- SScincnops occllarus clongation factor 1-alpha (FF1A) mRNA._ partial eds
Py @Pagrus major clongation factor 1-alpha mRNA, complete eds
@ Sparus aurata clongation factor 1-alpha (EF1-alpha) mRNA. complete cds
9 Seriol dumerili elongation Gaclor 1 alpha (EFL ulpha) mRNA, partial cds
¥ Seriola quinqueradiata mRNA ot elongation factor 1 alpha, complete cds
@ PREDICTED: Senols dumenili elongation factor 1-alpha (LOCL11220817), mRNA
Py “@PRCDICTED: Monoplerus albus elongation factor 1-alpha (LOC109953430), transcript variant X2, mRNA
Y @ Channa maculala elongation faclor |-alpha mRNA_ partial eds
@ PREDICTED: Neolamprelogus brichardi elongation lactor 1-alpha-like (LOC102795479). mRNA
F ZPREDICTED: Maylandia zebra elongation factor 1-alpha (TLOC101482309), mRNA
@PREDICTED: Orcochromis niloticus clongation factor 1-alpha-like (LOC109196356), mRNA
3 PREDICTED: Pundamilia nyercrel clongation factor 1-alpha (LLOCI02205551), mRNA
9 9 Astronotus ocellutus enfogution factor 1 alphu (o1 alphuy mRNA, partiul eds
9 9 Oreochromis mossambicus partial mRNA for elongation factor 1 (EF-1a gene)

o ii elong factor 1 alpha protein mRNA, partial cds
3Drenchm|mx nilotieus elongation [actor la (EF-1a) mRNA, partial cds
@ Oreochromis niloticus elongation Factor Ta (ef-1a), mRNA
9 Rachycentron canadum elongation factor | alpha mRNA , complete cds
@PREDICTED: Stegastes partitus clongation factor 1-alpha-like (LOCT3363450). mRNA
9 Stegastes partitus clongation factor 1 alpha mRNA partial cds
9 PREDICTED: Lubrus bergylta elongation Lucior 1-ulpha (LOCL09994072), mRNA
@ PREDICTED: Labrus bergylia elongation factor 1-ulpha (LOC109994071), mRNA
? 9 Epinephelus bruneus clone C125_2 elongation factor 1-alpha mRNA , partial vds
@ Siganus guttatus CTF1 alpha mRNA for elongation factor 1 alpha, partial cds
ry a Cyprinodon nevadensis amargosae elongation factor | alpha mRNA, partial cds
¥ 9 PREDICTED: Cyprinodon variegaius elongation factor 1-alpha (LOC107101099), mRNA
Py 9(1}'pri nodon variegams hubbsi clongation factor 1-alpha (EF1a) mRNA, partial eds
@ Cyprinodon varicgatus varicgatus clongation factor 1-alpha (EFTa) mRNA_ partial eds

@ Xiphophorus nigrensis elongation factor 1 alpha mRNA, partial cds

9 9 Poccilia reticulata BF 1 alpha mRNA, partial cds
* @PREDICTED: Xiphophorus maculatus elengadon fuctor L-alpha (LOCI02233332), mRNA
3 9 PREDICTED: Cyprinodon variegatus elongalion Lactor 1-ulpha-like (LOCL07101090), mRNA
'S “@PREDICTED: Oryzias latipes elongation factor [-alpha (LOC101170939). mRNA

@ Qdontesthes humensis elongation factor | alpha subunit mRNA , partial cds

|L| ? 3 @Qligocottus maculosus elongation factor 1 alpha (ET-1a) mRNA, partial eds
@ Gasterostens aculeatus clone CEC26-GO8 mRNA sequence

Figure 5. Similarity analysis of EF1-a. gen in Centropomus poeyi.

the early ontogeny (Kubicek et al., 2018). So, its early (Kurokawa & Suzuki, 1996), which apart from
expression allows the larvae to synthesize this enzyme hydrolyzing the proteins present during the first
de Novo from the primary cells of the exocrine pancreas exogenous feed (rotifers), active to other digestive en-
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@PREDICTED: Cynoglossus scmilacvis CNDP dipeptidase 2 (metallopeptidase M20 family) (endp2), mRNA
@ PREDICTED: Monopterus albus carmosine dipeptidase 2 (cndp2), transcript variant X4, mRNA

«smmll bony fishes | 2 leaves

@ s @ Centropomus poeyi c¥tosolic nonspecific dipeptidase mRNA, partial cds <—

@ Centropomus undecimalis eylosolic nonspecilic dipeptidase mRNA, partial eds
e} @PREDICTED: Lates calcarifer CNDP dipeptidase 2 (metallopeptidase M20 [amily) (endp2), transcript variant X3, mR..

@PREDICTED: Seriola dumerili carnosine dipeptidase 2 (endp2), transeript variant X3, mRNA

@PREDICTED: Seriola lalandi dorsalis carnosine dipeptidase 2 (endp2), transeript variant X3, mRNA
@PREDICTED: Stegasles partitus CNDP dipeplidase 2 (metallopeptidase M20 [amily) (cndp2), mRNA

Q @

@ PREDICTED: Amphiprion ocellaris carnosine dipeptidase 2 (cndp2), mRNA

@ PREDICTED: Acanthochromis polyacanthus carnosine dipeptidase 2 (cndp2), mRNA

‘buny fishes | 16 leaves

9 ‘hnny fishes | 10 lcaves

Q

° il bony fishes | 12 leaves

‘b«my lishes | 4 leaves

<l bony fishes | 8 leaves

<l bony fishes | 5 leaves

9@ Thunnus thynnus partial mRNA for cytosolic nonspecific dipeptidase (endp2 gene)

@ Dicentrarchus labrax cytosolic nonspecific dipeptidase mRNA | partial eds
=Y @PREDICTED: Larimichihys crocea CNDP dipeptidase 2 (metallopeptidase M20 family) (endp2), transcript ...
9 Larimichthys crocea genome assembly, chromosome: XI
Q@ 9 PREDICTED: Labrus bergylta carnosine dipeptidase 2 (cndp2), transcript variant X2, mRNA

|(}113 I Q
]

@ PREDICTED: Labrus bergylta carnosine dipeptidase 2 (cndp2), transcript variant X1, mRNA
9 PREDICTED: Notothenia coriiceps CNDP dipeptidase 2 (metallopeptidase M20 family) (cndp2), transeript var..

@ Mpycleroperea rosacea cytosolic nonspecific dipeptidase mRNA | partial eds

Figure 6. Similarity analysis of CNP gen in Centropomus poeyi.

zymes such as chymotrypsin which complements the
hydrolysis of this substrate (Hjelmeland et al., 1983).
Also, the first increase of gene expression at 9 DAH,
coincides with the increase in size of the intestine and
the elongation process (increase of brush border
membranes), allows the larvae to enhance the
hydrolysis in the lumen and absorption of peptides and
amino acids in the enterocytes wall as was reported for
species such as C. undecimalis (Jiménez-Martinez et
al., 2012). The increase of trypsin activity was detected
at 11 DAH in C. undecimalis, which additionally
matches with the morphological changes in the C.
parallellus larvae at reported by Teles et al. (2015);
these former authors show that once the exogenous feed
starts, the size of the pancreas and zymogens increase,
being these the precursors of the trypsin and
chymotrypsin activity (Civera-Cerecedo et al., 2004).
In the same way, the level of maximum expression
detected at 17 DAH, might be due to two processes. The
first, due to the change of feed of Artemia nauplii, while
the second could also be related to the increase of brush
border membranes and maturity of the enterocytes,
which maximize the capacity to absorb not only for the
peptides and amino acids but other nutrients such as
lipids, carbohydrates, among others (Zambonino-
Infante & Cahu, 1994). However, it must be mentioned
that the action of trypsin, although fundamental to the
larvae, is limited because the digestive system is not
well developed yet. So, the formation of the stomach
is required (secretion of hydrochloric acid and pepsin)
to maximize the hydrolysis of the nutrients, and this

process is reached during the transformation from the
larvae into a juvenile (Zambonino-Infante & Cahu,
2001).

On the other hand, the low expression levels
observed for the trypsin during the first days of C. poeyi
development, were unexpected, since the activity of
alkaline proteases usually are well represented in this
period of the larval development and it was observed in
other carnivore species such as the yellowtail amberjack
(Seriola lalandi) (Chen et al., 2006), California halibut
(Paralichthys californicus) (Alvarez-Gonzalez et al.,
2006), red drum (Sciaenops ocellatus) (Lazo et al.,
2007), and Paralabrax maculatofasciatus (Alvarez-
Gonzélez et al., 2008), before the acid digestion was
established as occurs at the 25 DAH in C. undecimalis
larvae (Jiménez-Martinez et al., 2012). This low
expression pattern is similar to that found in some
carnivore cyprinids (like the grass carp Ctenopharyn-
godon idellus and Culter alburnus), in which
trypsinogen is detected, but at low levels, significantly
increasing by 11 DAH, and with a second expression
peak at 23 DAH. That could be related to morpho-
logical changes, even though it is worth mentioning that
these are agastric fishes (Ruan et al., 2010). In this
aspect, more research must be performed to describe
the changes in the digestive enzymatic activity of the
Mexican snook to correlate them with the expression at
the transcriptional level, when we see the active protein.
Nonetheless, there are reports on the trypsin type activity
which is not necessarily correlated to the expression
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C. poeyi AKP92839 1 ROATEYFFPEVEC 15
C. undecimalis AFP86442 1 RLEYFEEVEC 18
M. rosacea ADR32137 1 RLEYFEVEVHC 18
T. thynnus CAX338641 1 TEYFFEVEC 18
O. niloticus NP 001266471 143 RFLENYFFLEVEC 222
D. labrax AC092322 1 QILYFFIEVEC 19
T. nigriviridis CAG10808 76 CIEAYQKIGEELPINIKFCFEGMEESGSEGLDE LVESRKDTFFKDVDYVCISDNYWLGKTK PCL'TYGLRFALEY FlFMEVEC 155
D. rerio NP 999869 143 ITIEAYQKIGQELPINIKFCFEGMEESGSEGLDDLVEFSRKDTFFKDVDYVCISDNYWLGKTKPCITYGLRHILYFIF[EMEC 222
D. rerio AAH76079 143 [ TEAYQKIGQELP INIKFCFEGMEESGSEGLDDLVESRKDTEFFKDVDYVCISDNYWLGKTK PC LT YGIR[ALLY FF | EMEC 222
A. japonica BAL62981 143 CIEAFQKINQELPINIKFCFEGMEESGSEGLDDLVFARKDS FFKGVDYVCISDNYWLGKTKPCITYGIRFILY FIFLEMEC 222
L. crocea KKIF'10254 798 CIEAYQKIQOELPINIKFCFEGMEESGSEGLDELVFARKDT FLKDVDYVCISDNYWLGNTKPCITYGLRFI[FIFIEVEC 877
C. poeyi AKP92839 16 GI)KI)\.HS(}\/F(?(}S\/HHAMI‘I)IT SlT)‘IKGK! LTPGMYDNVAPLTEEERKLYEKTDFDLDEC RULHDTKE 95
C. undecimalis AFP86442 19 GDKDILIISGVFGGS VIENMTIDI{I SL{VDNKGKILIPGMYNDVAPLTEEEKKLYEKIDFDLDEN|C JLLIIDTKE 98
M. rosacca ADR32137 19 GDKDILHSGVFGGSVHERMTDTT SYLDKKGKTT.T PGMNDDVAPTL.TEREKKLYEK TDFDT.DEN|C [LHDTKE 98
T'. thynnus CAX33864 19 IGCKDLHSGVFGGS VHENMII'DI1T ISHIDKKGKILVPGMHDDVAPLTEEEKKLYEKIDFDLDEN|C. PULHDTKE 98
O. niloticus NP 001266471 223 GGKDLHSGVFGGSVHEAMTDI{T SHVDKRGKTLVPGTYDSVAPLTAEEQKLYEKTDFDLDENC LHDTKE 302
D. labrax AC092322 20 GDRDLHSGV FGGS VHEAMI'DH L SH{VDKIKGK 1 LVPGMSDDVAPLTGEETKLYEK 1 EFDLDENC LHETKE 99
T. nigriviridis CAG10808 156 GCKDLHSGV FGGSVHEAMI'DL] 1 IVDKKGKIMIPGMY DSVAPLTDEEQNLY EK 1 EFDLERENC LHGTKE 235
D. rerio NP 999869 223 CDKD[LHSGVFGGSVHENMTDIT TL{VDNKGKTIKVPGIYDQVAKLTDEEKKLYEKIEFDLEE HDTKE 302
D. rerio AAH76079 223 [CDKDILHSGV FGGS VHEAMI'DI{1 1I'HVDNKGK LKVPGLYDQVAKLTDEEKK LY EK LEFDLEE) HDTKE 302
A. japonica BAL62981 223 CEKDILHSGV FGGS VHEAMII'D 141 ISHVDKIKGK LQVPGMY DDVAPVIEEE LKLY EK L DEFDMDENC LHPSKE 302
L. crocea KKIF'10254 8778 GSKDLIISGVIFGGS VIEAMTDIYT] SLVDNKGKTMI PGIYDNVAPLTEEETKLYDKIEFDLGE}] LIIETKE 957
C. poeyi AKP92839 96 I SLSTHGTEGAFSEAGAKT 'S KT.KVYM( 175
C. undecimalis AFP86442 99 il BLS LUGIEGAFSEAGAKT 'S KLKVYM 178
M. rosacea ADR32137 99 1 BLSLHGIEGAFSEAGAKT S KLNVYM 178
T. thynnus CAX338641 99 T BLSLHGTEGAFAETGAKT S KTL.NVCMC 178
0. niloticus NP 001266471 303 1 B LS LHGIEGAFSEAGAKT 'S KLKVNM 382
D. labrax AC092322 100 T BLSLHGIEGAFPEAGAKT S NKMKVNM 179
1. nigriviridis CAG10808 236 1L 3LS LHGLEGAFARKAGAKT 'S KMKVSMC 315
D. rerio NP_ 999869 303 T BLSLIGIEGATFSEAGAKT FS NKLKVYM 382
D. rerio AAH76079 303 I 5LS LHG I KGAKSKAGAK'T 'S KLKVYMC 382
A. japonica BAL62981 303 T BLSLIIGIEGAFSEGGAKT 'S KLKVYM 382
L. crocea KKF10254 958 BLSLHGTEGAFSEAGSKT 'S KLKVDMC 1037
C. poeyi MKP92839 176 RAWVSDEFNIPIHYMAGRKAMKTVEFGVEPDLTRI IPVTLTFQEATGRNVMLLPVGSSDDG EKINRSNY-—---- 249
C. undecimalis AFP86442 179 RAWVSDFNHPHYMAGRKAMKTVFGVEPDT.TRE IPVTLTFQREATGRNVMLILPVGSSDDG EKTNRSNYTQGV-- 256
M. rosacea ADR32137 179 KAWVSDFNHPHYMAGRKAMKTVEFGVEPDLT GSIPVTLTFQEATGRNVMLLPVGSSDDG EKLNRTNYIQGV-- 256
T. Lhynnus CAX33864 179 KAWVSDFNHPHYMAGRKAMKTVFGVEPDLTR IPVTLTFQEATGRNVMLI.PVGSSDDG FKLNRSNYTQGVKM 258
0. niloticus NP 001266471 383 KAWVSDFNHPHYMAGRKAMKTVEGVEPDLTRI IPVTLTFQEATGRNVMLLPVGSSDDG EKINRSNYIQGVKL 462
D. labrax AC092322 180 KAWVSDFNHPHYMAGRKAMKTVFGVEPDLTR! IPVTLTFQEATGRNVMLLPVGSSDDG EKINRTNYIQGIKM 259
V. nigriviridis CAG10808 316 RAWVSDFNHPHYMAGRKAMK'I'VFGVEPDLTR IPVILTFQEATGRNVMLLPVGSSDDG EKINRINYIQGIKM 395
D. rerio NP 999869 383 KAWVSDFNHPHYMAGRKAMK'I'VEFGVEPDLI'R IPVILTFQEATGONVMLLPVGSSDDG SONEKLNRSNY LQGTKM 462
D. rerio AAI/6079 383 KAWVSDFNIIPIIYMAGRKAMKTVFGVEPDLTR IPVTLTFQEATGONVMLLPVGSSDDG EKLNRSNYIQGTKM 462
A. japonica BAL62981 383 KAWVSDFNHPHYMAGRKAMKTVEFGVEPDLTR IPVILTFQEATGRNVMLLPLGSCDDG SONEKLNRSNY TQGTKM 462
L. crocea KKIF10254 1038 KAWVSDEFNIIPIIYMAGRKAMKTVIGVEPDLTR IPVTLTFQEATGRNVMLLPVGSSDDG JNEKLNRTNYIQGVKM 1117

Figure 7. Alignments of the amino acid sequence of CNP in C. poeyi compared with other fish species (GeneBank access
number or NCBI are indicated next to species name). Some of the conserved amino acid residues conforming the active site
of the Carnosinase (CN2) which interacts with Mn*? are marked in black bold. A conserved amino acid residue Histidine
involved in the metal binding site is marked in blue bold. Also, amino acid residues involved in the dimer interface

(polypeptide binding site) are boxed.

patterns, since there are different alkaline proteases
(trypsin-like), using the same substrates resulting in
higher activity during the development of the larvae
(Kolkovski, 2001).

The expression of the bile salt depending lipase
(BAL) was detected just the first day after hatching of
C. poeyi which shows the capacity to use lipids from
the diet and such as it has been quantified in other
species like menhaden Gadus morhua (Szle et al.,
2010), Lates calcarifer (Srichanun et al., 2013) and S.
aurata (Mata-Sotres et al., 2016). The use of lipids
during the larval stage is essential for optimal growth
and achieves the species makeup, so the quantification
of this enzyme is of much greater importance during the
first days of the development of candidate species for
aquaculture. This enzyme has been considered the most
important digestive enzyme in teleostean fish. It has

also been identified as a carboxyl-ester hydrolase
(BAL, EC: 3.1.1.3) (Szle et al., 2010), which shows the
capacity of the C. poeyi larvae to absorb lipids. It is also
associated to the maturity of the digestive system
(Zambonino-Infante et al., 1996), according to the yolk
and oil globule absorption times, and later when the
hydrolysis of the external lipids take place (Alvarez-
Gonzalez et al., 2008). The expression pattern obtained
in this study shows peaks corresponding to 10, 17 and
25, close to those obtained by the activity in C.
undecimalis (5, 7, 25 y 36 DAH) (Jiménez-Martinez et
al., 2012). These activity and expression fluctuations
might represent the same changes in feeding schemes
which were managed since the 6 and until 18 DAH with
rotifer Brachionus plicatilis enriched with lipid
emulsion, and from 15 DAH, co-fed with enriched
Artemia nauplii up to 25 DAH. In this same sense, BAL
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3.1 Gene Study; Differences were considered statistically significant if P < 0.05.

expression is of vital importance for the development,
and growth of the marine fish larvae, such as anchovy
(Engraulis mordax), D. labrax, rainbow trout
(Oncorhynchus mykiss) and S. aurata. Since the
process starts from hatching, through the vyolk
absorption, this enzyme plays an essential role in the
neutral lipid’s digestion catalyzing the hydrolysis of the
acyl glycerides and lower fats included in the diet such
as cholesterol esters and vitamins (lzquierdo et al.,
2000).

Amylase expression is reported from the first days,
having as maximum expression peak on 10 DAH to
then decrease the expression throughout the culture, as
was observed in the red porgy (Pagrus pagrus) (Darias
etal., 2006), D. labrax (Darias et al., 2008), G. morhua
(Kortner et al., 2011), L. calcarifer (Srichanun et al.,
2013), Thunnus orientalis (Murashita et al., 2014) and
S. aurata (Mata-Sotres et al., 2016). This enzyme has a
typical pattern observed throughout the ontogeny in
numerous fish studies, decreasing throughout the larval
development to stay at low levels and has been
considered as an indicator of digestive maturity in fish
and other vertebrates. It is usually detected after
hatching, under considerable expression level and
subsequently decreases throughout the development,
being a process that is regulated genetically
(Zambonino-Infante & Cahu, 2001). This gene, despite
having a tendency for a decreased expression can be
induced by diet composition and feeding intensity and

has been observed in other species such as D. labrax,
by being fed with growing concentrations of starch (30
to 37% of carbohydrates) in its prepared food, where
both the activity and expression of the amylase gene
increase (Péres et al., 1998). On the other hand, the
expression levels of the amylase in C. poeyi, after the
administration of Artemia, and that reported by
Jiménez-Martinez et al. (2012) with C. undecimalis, it
does not seem to be stimulated by live prey. It is known
that the mRNA and the amylase specific activity
decrease in larvae fed with Artemia (Péres et al., 1998)
since carbohydrates present in Artemia only represent
5% of the glycogen of the live prey composition
(Dutrieu, 1960). A final expected pattern of amylase is
to keep its low levels to use the carbohydrate from the
food even in carnivore species (Munilla-Moran &
Saborido-Rey, 1996b).

Nonspecific cytosolic dipeptidase (CNP, E.C.
3.4.13.18) is a widely distributed enzyme among
animals; it is not secreted and is also considered as a
form of a glycyl-glycine dipeptidase [http://enzyme.
expasy.org/EC/3.4.13.18], which preferentially hydro-
lyzes hydrophobic dipeptides (Bauer, 1998). CNP
expression levels in C. poeyi show a pattern similar to
that observed in the enzymatic activity of the leucine
alanine peptidase, whose activity coefficient with brush
border membrane enzymes, is used as a marker of the
digestive maturity in fish (Zambonino-Infante et al.,
1996). The decrease of the leucine alanine peptidase
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expression throughout the larval development and the
increase of the aminopeptidase, alkaline phosphatase,
and maltase enzyme activities ar the brush border
membranes, are indicators that the organism reached
the digestive maturity such as the adults of its species
(Zambonino-Infante et al., 1996). Peptidases play an
important role during the larval development of the fish
since they participate in the digestion of the hydrolyzed
products of other more abundant digestive proteases
such as trypsin and chymotrypsin. The role played by
the CNP in the maturation of the C. poeyi digestive
system and other species shall be further investigated to
know if it could be used as a molecular marker, like the
leucine alanine peptidase, related to the activity and
expression of those enzymes from the brush border
membranes. Among other fish species, CNP patterns
along ontogeny are in current research.

In summary, we can mention that the changes in the
expression patterns of digestive enzymes are associated
to live preys and morpho-functional development of the
larvae, which must necessarily complement this study
with biochemical and RNA-seq techniques for a higher
understanding of the digestive physiology of the
species.
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