
at SciVerse ScienceDirect

Fish & Shellfish Immunology 35 (2013) 910e917
Contents lists available
Fish & Shellfish Immunology

journal homepage: www.elsevier .com/locate/ fs i
Concholepas concholepas Ferritin H-like subunit (CcFer): Molecular
characterization and single nucleotide polymorphism associated to
innate immune response

Jacqueline Chávez-Mardones, Valentina Valenzuela-Muñoz, Gustavo Núñez-Acuña,
Waleska Maldonado-Aguayo, Cristian Gallardo-Escárate*

Laboratory of Biotechnology and Aquatic Genomics, Interdisciplinary Center for Aquaculture Research (INCAR), University of Concepción, P.O. Box 160-C,
Concepción, Chile
a r t i c l e i n f o

Article history:
Received 6 December 2012
Received in revised form
27 June 2013
Accepted 28 June 2013
Available online 6 July 2013

Keywords:
Ferritin H subunit
Immune response
qPCR
HRMA
SNP
* Corresponding author. Tel.: þ56 412203422.
E-mail addresses: crisgallardo@udec.cl, crisg

(C. Gallardo-Escárate).

1050-4648/$ e see front matter � 2013 Elsevier Ltd.
http://dx.doi.org/10.1016/j.fsi.2013.06.028
a b s t r a c t

Ferritin has been identified as the principal protein of iron storage and iron detoxification, playing a
pivotal role for the cellular homeostasis in living organisms. However, recent studies in marine in-
vertebrates have suggested its association with innate immune system. In the present study, one Ferritin
subunit was identified from the gastropod Concholepas concholepas (CcFer), which was fully characterized
by Rapid Amplification of cDNA Ends technique. Simultaneously, a challenge test was performed to
evaluate the immune response against Vibrio anguillarum. The full length of cDNA Ccfer was 1030 bp,
containing 513 bp of open reading frame that encodes to 170 amino acid peptide, which was similar to the
Ferritin H subunit described in vertebrates. Untranslated Regions (UTRs) were identified with a 50UTR of
244 bp that contains iron responsive element (IRE), and a 30UTR of 273 bp. The predicted molecular mass
of deduced amino acid of CcFer was 19.66 kDa and isoelectric point of 4.92. Gene transcription analysis
revealed that CcFer increases against infections with V. anguillarum, showing a peak expression at 6 h
post-infection. Moreover, a single nucleotide polymorphism was detected at �64 downstream 50UTR
sequence (SNP-64). Quantitative real time analysis showed that homozygous mutant allele (TT) was
significantly associated with higher expression levels of the challenged group compared to wild (CC) and
heterozygous (CT) variants. Our findings suggest that CcFer is associated to innate immune response in
C. concholepas and that the presence of SNPs may involve differential transcriptional expression of CcFer.

� 2013 Elsevier Ltd. All rights reserved.
1. Introduction

Living organisms possess diverse mechanisms for the mainte-
nance of optimal levels of iron, one of them being the protein
Ferritin, which has a role in cellular detoxification and homeostasis,
through the storage of iron in a secure and compact manner [1]. Its
commonmolecular structure is a hollow spherical protein complex
of 24 protein subunits, comprising of a thick protein shell, which
can mineralize up to 4500 atoms of Feþ3. In vertebrates Ferritin is
composed of two types of chains or subunits, Heavy (H) and Light
(L), which are coupled to form heteropolymers of different pro-
portions and for different messenger RNA encoding [2,3]. Both
subunits play different roles in the control of the iron levels in the
organism, the H chain presents a molecular weight of 21 KDa, its
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function is the oxidation of iron, converting Feþ2 to Feþ3 by the
ferroxidase center, involving 7 highly conserved residues in
different taxa. In addition a tyrosine residue at position 27 which
forms a complex Feþ3 Tyr responsible for iron biomineralization
has been identified [3]. Furthermore, the L chain with a molecular
weight of 19 KDa possesses amino acid residues known as the
nucleation sites which provide ligands for binding Feþ3 [4].
Recently, a third type of ferritin designated as M subunit has been
identified in lower vertebrates, which possesses both the ferrox-
idase center and the residues involved in iron nucleation [5].
Ferritin has been described in various organisms, including mi-
croorganisms, plants, vertebrates and invertebrates, conserving
their structural characteristics [2]. Among invertebrates, mollusks
have been already molecularly characterized in Haliotis rufescens
[6], Haliotis discus discus [7], Argopecten irradians [8], Meretrix
meretrix [9], Crassostrea gigas [10], Haliotis discus hannai [11],
Pinctada fucata [12], Sinonovacula constricta [13] and Ruditapes
philippinarum [14].
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Ferritin expression is regulated transcriptionally, as well as at
post transcriptional level, dependent on intracellular iron levels,
which interacts with a region called iron responsive element (IRE)
and iron regulatory proteins (IRPs) [15]. In addition, previous
studies suggest that the expression of Ferritin is subject to other
factors such as oxidative stress [16,17], hormones and inflammatory
cytokines [18], temperature [6], and heavy metals [11]. It has also
been described that Ferritin is regulated by pathogen associated
molecular pattern (PAMP) induction, employing the sequestration
of iron to control the ROS production and pathogen proliferation
[18,19].

Studies in marine genomics have gained great interest, due to
the possibility of obtaining genetic information about mechanisms
and candidate genes involved in immune response [20e22].
Furthermore, molecular characterization of genes involved in host
defense could be used for detection of single nucleotide poly-
morphism (SNP), and to evaluated its association with suscepti-
bility or resistance against pathogens [23,24]. Here, transcription
level of candidate genes containing SNP variants and its effect on
the immune response has been scarcely evaluated.

Concholepas concholepas is a benthic species endemic to the
southeastern Pacific coast [25,26], that supports the main inverte-
brate small-scale fisheries in Chile. The objective of this study was
to characterize Ferritin H-like subunit gene in C. concholepas (Ccfer)
and to evaluate its association with innate immune response.
Furthermore, the presence of single nucleotide polymorphisms
(SNPs) were assessed, as well as their effects on Ccfer transcription
expression in animals exposed to Vibrio anguillarum.
Table 1
Primers designed for the amplification of Ferritin (PCR, QPCR and HRM).

Primer Sequence Objective

Cc_F1 ATACCCATCGGCTTTTGCTT PCR- End time
Cc_R1 GACAGAGGGTTTTCTGTGACG
2. Materials and methods

2.1. Samples and experimental design

Weobtained 36 specimens of C. concholepas from Puerto Oscuro,
Coquimbo-Chile (31�26’Se71�36’W). The shell length of individuals
was between 12 and 15 cm. These were acclimated for three days
and maintained in filtered seawater at 17 �C in 100 L tanks, with
food and water exchange. The 36 animals were divided into two
groups with 18 individuals (control and challenged group). For the
challenge V. anguillarum obtained from Laboratory of Biotech-
nology and Aquaculture Genomics was grown in LuriaeBertani (LB)
and incubated at 20 �C for 24e48 h, once the concentration of
1.6 � 108 cells/mL was achieved, challenged group was injected
with 100 mL of V. anguillarum directly in muscle, while the control
group was injected with 100 mL LB mediumwithout bacteria. Later,
3 individuals of each group were collected at 2, 4, 6, 10, 24 and 33 h
post injection (p.i). The tissues sampled were muscle and gills,
which were stored in RNA later RNA Stabilization Reagent (Ambion,
USA) at �80 �C until RNA extraction. In addition, muscle tissue
samples were fixed in absolute ethanol, for a subsequent DNA
extraction using LiCl precipitation method [27].
CcRACE F_E GCCGCCAGAACTTCCACGCCGAAAGC RACE
CcRACE F_I GTGGCGCTGGAGGGGTTCGCCAAGT
CcRACE R_E GCTGTCGGCCACCTGGTGCAGGTCCA
CcRACE R_I ACGCTCTTCTCCAGCGCCAGGGCCA
EF1_FCc TGACAGTTCAGAGCGACGAC QPCR
EF1_RCc CATCAAGTCGGTGGAGAAGC
EF2_FCc AAGGACTTCGCCAAGCTGTA
EF2_RCc ACGCTGCTCCTTGTACCACT
GAPDH_FCc GTCCGTCCACAGTCTTCTGG
GAPDH_RCc AGGACATGAAGGTGGTCAGC
ATub_FCc TGCATACTGCTCTCATCACCTT
ATub_RCc CGTTGATTGGTGTCCAACTG
Btub_FCc GGTCAACATGGTGCCCTTC
Btub_RCc GTTCTTGGCGTCGAACATCT
SNPCc_F CCTCCAAAGGCAGGTCGTCGT HRM
SNPCc_R CTGGTCTCGTTCTCTTCTCAAAGCTG
2.2. Extraction of RNA and cDNA synthesis

Total RNA was isolated from tissues used 1 mL of Trizol Reagent
(Invitrogen, Carlsbad, USA) following the manufacturer’s in-
structions and then homogenized with liquid nitrogen. The con-
centration and purity of the total RNA was measured in a
spectrophotometer ND 1000 (Thermo Fisher Scientific, Copenha-
gen, Denmark). The RNA integrity was verified by electrophoresis
using 1.2% denaturing agarose gel. A 200 ng/ml of RNAwere used for
the first strand of cDNA synthesis using the ReverAid H Minus First
Strand cDNA Synthesis Kit (Thermo Scientific, MA, USA), following
the manufacturer’s instructions.
2.3. Cloning of the full-length CcFer cDNA

CcFer partial sequence was identified from the de novo assem-
bly of the readings obtained from sequencing of C. concholepas
performed with the platform 454 pyrosequencing, the sequencing
results are available for download in the twentieth Digital Dryad
repository (http://datadryad.org/) http://dx.doi.org/10.5061/dryad.
mf00q under the access. PCR was performed using specific
primers Cc-F1 and Cc-R1 (Table 1) with a final volume of 12.5 mL,
which contained 1� buffer, BSA 0.2 mg/mL, 0.2 mM dNTPs, Mgþ2

1.5 mM, 0.5 mM of each primer, Taq polymerase 0.1 U/mL (Thermo
Scientific, USA),1 ml cDNA andwater. The reactions were carried out
in a Veriti thermal cycler (Applied Biosystems, USA) using the
following cycle: 94 �C for 5 min, 35 cycles of 94 �C for 30 s, 51 �C for
30 s and 72 �C for 60 s, and final extension at 72 �C for 10 min. The
PCR product was sequenced in Macrogen Inc. (S. Korea) in an
automatic sequencer ABI3730xl (Applied Biosystems, USA). The
result of the sequencing was analyzed using the Geneious 5.1
software (Biomatter, New Zealand) [28]. Further, BLASTx analysis
was performed to determine the similarity of sequence with other
ferritin sequences previously characterized.

Based on the identified EST sequence, four gene-specific primers
(Table 1) were designed to amplify the full length cDNA of CcFer by
rapid amplification of cDNA ends (RACE) technique. Here, First-
Choice�RLM RACE kit (Ambion�, Life Technologies, USA) was used
according the manufacturer’s instructions. The PCR conditions
were: 94 �C for 3min, 35 cycles of 94 �C for 30 s, 55 �C for 30 s, 72 �C
for 30 s, to finalize with the final extension of 72 �C for 7 min. The
amplicons were visualized in 1.2% agarose gels using an Ultracam�

(Model 4883) digital system. The fragments obtained for both ex-
tremes ends-UTR were inserted into the cloning vector using TOPO
TA cloning Kit (Invitrogen�, Life Technologies, USA). Subsequently
the vectors were transformed into electrocompetent bacteria
Escherichia coli JM109 and cultured on agar LB/amp/IPTG/Xgal
overnight at 37 �C. Positive clones were selected for plasmid
isolation using E. Z. N.A �Plasmid DNA Mini Kit II (Omega Bio-tek,
Doraville, GA, USA) following the manufacturer’s instructions.
Finally, the CcFer cDNA sequence and the deduced amino acid se-
quences were analyzed by Geneious 5.1 software (Biomatter, New
Zealand) [28].

2.4. Quantitative PCR analysis

Quantitative PCR was carried out to evaluate the CcFer tran-
scription expression using the 2�DDCt method. Further, five

http://datadryad.org/
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sequences from C. concholepas EST-database were selected to be
evaluated as housekeeping genes (HKG): Elongation factor 1 (EF1),
Elongation factor 2 (EF2), glyceraldehyde-3- phosphate dehydroge-
nase (GAPDH), b-tubulin (b tub) and a-tubulin (tub a) (see designed
primers in Table 1). For HKG validation, qPCR analyses were per-
formed in a StepOnePlus� (Applied Biosystems, USA) using 10
samples randomly selected. PCR reactions were conducted using
Maxima SYBR Green/ROX qPCR Master Mix (2�) kit (Thermo Sci-
entific, USA) with a final volume of 10 mL and amplification cycle:
95 �C for 10min (holding stage), 40 cycles at 95 �C for 15 s and 60 �C
for 1 min. The best HKG for our study was estimated by the
NormFinder algorithm [29]. In addition, qPRC was used to analyze
the expression levels of CcFer at different time points after the
immune challenge experiment. The reactions were performed in
triplicate in a final volume of 10 mL, with 2 mL of cDNA, 0.25 mM of
primers and water, using the Maxima� SYBR Green/ROX qPCR
Master Mix (2�) Kit (Thermo Scientific, USA), following manufac-
ture’s recommendations. The cycle of amplification was as follows:
95 �C for 10min, 40 cycles at 95 �C for 15 s, 60 �C for 1min, followed
by a dissociation curve with the same conditions listed above. The
results obtained were analyzed with STATISTICA version 7.0 (Stat-
Soft Inc., Tulsa, OK, USA) using one way ANOVA analysis where the
differences in gene expressionwere considered significantwith a p-
value <0.05.

2.5. SNP genotyping using HRM

The SNP associated to CcFer gene was identified in a previous
work [30], using the CLC Bioinformatics Genomics Workbench
software 5.0.1 (CLC bio, Katrinebjerg, Denmark). Here, a putative
SNP (C/T) was identified at 50end-UTR. To validate the SNP variants,
High-Resolution Melting Analysis (HRMA) was conducted (see
Table 1 for designed primers) using genomic DNA samples obtained
from the LiCl precipitation carried out in both the challenged and
Fig. 1. Nucleotide sequence and deduction of ferritin amino acid of C. concholepas. The arrow
element) structure. The boxes indicate the 7 residues responsible for the ferroxidase activity
double lines correspond to the putative iron-binding regions IBRS1 and IBRS2. The residues w
and the red box indicates the polyadenylation signal. (For interpretation of the references t
control groups of C. concholepas. HRM analysis was carried out by
ECO� Real-Time PCR System (Illumina, USA) using KAPA HRM FAST
PCR Kit (Kapa Biosystem, USA), with a final volume of 10 ml. PCR
conditionwere: 50 �C for 2 min, 95 �C for 10 min; 40 cycles of 95 �C
for 15 s, and 60 �C for 30 s; followed by a melting curve from 60 �C
to 95 �C.

3. Results

3.1. Characterization of CcFer

The Blastx analysis for the sequences identified from 454 data-
base for C. concholepashas an E-value of 8e-118 and 3e-97 for Reishia
clavigera (AET43963) and C. gigas (AAP83793) respectivement. The
full length sequence obtained for CcFer cDNA was composed by
244 bp of 50UTR of Ferritin gene, consisting in the iron response
element (IRE) 63GCTTTCAGCAGCTTTGAGAAGAGAACGA�36, and a
30UTR of 273 bp that possesses a conservative signal of poly-
adenylation 996AATAAA1001. The open reading frame (ORF)
revealed 513 bp that encodes 170 amino acids. The predicted mo-
lecular mass of deduced amino acid of CcFer was 19.66 kDa
and isoelectric point of 4.92. We identified two iron binding sites,
IBRS1 (61REHAEKLMKYQNTRGGR77) and IBRS2 (124 DAQMCD-
FLESEYLEEQVKAMK144), and also a site of N-glycosylation located
between 108NQAL111. Further, seven residues involved in the oxida-
tion of iron were found at the ferroxidase center (E25 e Y32 e E59 e
E60 e H63 e E105 e E139). Potential biomineralization residue (Tyr27)
could also be found in the derived amino acid sequence,manifesting
the existence of novel CcFer H-like subunit (GenBank accession
number KC107792) (Fig. 1).

Nucleotide sequence of CcFer that was analyzed by Blastn have
shown a high homology with other sequences Ferritin-like in in-
vertebrates, such as the muricid R. clavigera (JN413221) (96% of
similitude), and the gastropod Aplysia californica (HM163166) (79%
indicates the position of the SNP (T/C). The solid line indicates the IRE (iron response
, the residue Tyr 27 in a light blue box is responsible for the iron biomineralization. The
ith a orange box indicate N-Glycosylation site. Asterisk (*) indicates termination codon
o colour in this figure legend, the reader is referred to the web version of this article.)



Fig. 2. Alignment of the amino acid sequence of CcFerwith other sequences full length sequences H Ferritin chains. The access numbers in GenBank: Haliotis discus discus Abf2 (ABG88846) Haliotis discus hannai (ABH10672), Salmo salar
(NP_001117129, partial sequence), Sinonovacula constricta (ACZ65230), Haliotis rufescens (ACZ73270), Homo sapiens (AAA35832), Crassostrea gigas GF2 (AAP83794), Pictada fucata (AAQ12076), Argopecten irradians (AEN83774), Mus
musculus (NP_034369) and Meretrix meretrix (AAZ20754). The asterisks indicate the 7 residues conserved in Ferritin H subunit, the arrow indicates the Tyr residue related with the biomineralization of iron. The underlined region
indicates the two iron binding sites, IBRS1 and IBRS2.
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Table 2
NormFinder analysis for the determination of the stability of endogenous control.

Gene name Evaluation of stability Standard error Better gene

GAPDH 1.093 0.254 EF1
EF1 0.129 0.459
EF2 0.309 0.209
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of similitude). By Blastx analysis CcFer showed 80% identity for the
CcFer sequence with Ferritin of the pacific oyster C. gigas (GF1)
(AAP83793) and for P. fucata (AAQ12076) present 79% identity, both
sequences described as H-chain Ferritins. Fig. 2 shows the degree of
conservation of the relevant residues for the function of the H
subunit among vertebrate organisms such as Salmo salar
(NP_001117129), Homo sapiens (AAA35832) and invertebrates such
as M. meretrix (AAZ20754), C. gigas (AAP83794), A. irradians
(AEN83774) and H. rufescens (ACZ73270). The alignment showed 7
residues involved in the iron oxidation involved, and also the two
iron binding sites IBRS1 and IBRS2. Furthermore, phylogenetic
analysis was carried out using Neighbor-joiningmethod comparing
CcFerwith different invertebrates Ferritin subunit members (Fig. 3).
The tree revealed two main cluster as expected, mollusk H-like
subunit clade, and H. discus discus Abf1 (DQ821434)//Aterias forbesii
(AF001984) clade. This last clade was composed by a ferritin not
similar to H-subunit reported from H. discus discus (DQ845482) and
a starfish species.

3.2. Gene expression patterns of CcFer

For the DCt comparative method, the efficiency of the reactions
for each gene target and housekeeping gene (HKG) was calculated
as shown in Table 2. All set of primers and PCR conditions that
achieved a reaction efficiency between 90 and 110% were sorted.
Moreover, potential HKGs were evaluated by stability index using
the NormFinder algorithm. Here, Elongation factor 1 (stability
index ¼ 0.129) was selected.

3.2.1. Transcriptional response of CcFer exposed to V. anguillarum
In order to determine the tissue-specific transcriptional profile

of CcFer, qPCR was carried out using gill and muscle tissues.
Fig. 3. Phylogenetic analysis of Ferritin in C. concholepas. Based on the Neighbor-
joining method using nucleotide sequences available in the database of the codified
regions of Ferritin, the access numbers utilized to produce the tree were: Haliotis discus
hannai (DQ845482), subunidad Abf2 de Haliotis discus discus (DQ821494), subunidad
Abf1 de Haliotis discus discus (DQ821434), Haliotis rufescens (GU191936), Pictada fucata
(AF547223), Aterias forbesii (AF001984), Litopenaeus vannamei (AY955373), Meretrix
meretrix (DQ069277) and Sinonovacula constricta (GQ906972).
The results of this analysis are shown in Fig. 4, where CcFer
was observed most expressed in gill with respect to muscle
(p ¼ 0.0204). Moreover, to evaluate the transcriptional modulation
of CcFer upon V. anguillarum induction, gill tissues from challenged
animals were used. The results are shown in Fig. 5, which distin-
guishes a basal expression of CcFer within two hours of post
infection (hpi), and then gradually increase from 4 h to 6 h, and
decrease during the 10 and 24 hpi, noting a slight increase in the
expression at 33 h. These changes in the transcription of CcFer are
statistically significant (p ¼ 0.0194).
3.3. High resolution melting analysis of CcFer-SNP

The SNP identified in the sequence of CcFer was located 64 bp
before start codon in the 50UTR. Further, 34 C. concholepas in-
dividuals were genotyped by HRM analysis, showing three profiles
of melt curves evidencing the different allelic variants, CC wild
type and TT mutant type. The frequency archived was 35.3% of
homozygous genotype CC, 29.4% of heterozygote genotype CT and
35.3% of homozygous genotype TT (Fig. 6A). In addition, we
evaluated the transcriptional expression associated to each SNP
genotype. Here, homozygous mutant alleles (TT) showed a greater
expression in the challenged group in contrast to the wild alleles
(CC) and the heterozygous (CT). However, the control animals
group evidenced a significantly lower expression for the homo-
zygous mutant alleles (TT) than the wild (CC) and heterozygous
(CT) genotypes (Fig. 6B).
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Fig. 4. Relative abundance of mRNA of CcFer in two tissues B: Gill, M: Muscle,
normalized with Elongation factor 1 (EF1). The statistical analysis was performed using
ANOVA. The vertical bars represent �5 standard error of the mean.



Fig. 5. Relative abundance of mRNA of CcFer in the gill tissue for 33 h post infection
with Vibrio anguillarum, normalized with Elongation factor 1 (EF1). The letters
in each bar show significant differences in expression between each measurement:
a) basal expression, b) relevant changes in the expression c) decrease in the
expression bcd) evidence of a correlation between the expression at 4 h and 24 h,
simultaneously experiencing an expression increase. Statistical analysis was
performed using ANOVA. The vertical bars represent �18 standard error of the
mean.

Fig. 6. A) Differential high-resolution melting analysis, applied to the SNP of type C/T
CcFer gene. B) Delta RQ expression of CcFer related to SNPs genotypes in C. concholepas.
The bars represent the differences of RQ values among control and challenged in-
dividuals for each genotype.

J. Chávez-Mardones et al. / Fish & Shellfish Immunology 35 (2013) 910e917 915
4. Discussion

4.1. Molecular characterization of CcFer

Ferritin protein is highly conserved across diverse taxa, charac-
terized by its storage capacity of iron in a compact and secure
manner, avoiding high metal concentrations that cause cellular
damage by oxidative stress. However, due to its capacity to retain
iron, the Ferritin gene is a potential candidate gene involved in host
defense, restricting the bioavailability of iron for the invasion of
pathogenic microorganisms. Consequently, the identification and
characterization of Ferritin in marine invertebrates of commercial
importance takes on added significance due to the scarce existing
information. In this study we characterized the Ferritin gene in the
gastropod C. concholepas and evaluated its transcriptomic expres-
sion pattern associating it with the presence of the molecular
marker SNP, confirming their participation in the immune response
system.

Studies regarding Ferritin subunits identified in marine in-
vertebrates, demonstrate that it is constituted by a sequence be-
tween 170 and 180 amino acid residues. Our results showed that
CcFer has an open reading frame of 513 nucleotides that encode a
protein of 170 amino acid residues. These results coincides with
previous reports for oysters and clams [10,14], confirming a con-
servative orthology with respect to other Ferritin-likes subunits.
Herein, CcFer is exhibiting high identities with the clam S. constricta
and H. rufescens, with 74.1% and 74.7% respectively.

Multiple sequence alignments showed that CcFer has a highly
conserved patterns that characterize the Ferritin H subunit.
For instance, 7 residues involved with oxidation of iron, two iron
binding sites IBRS 1 and 2, and the residue of Tyr 27 were identified
[31,32]. From these results and the absence of residues associated
with the iron nucleation site, this reaffirms that CcFer corresponds
to the Ferritin H-like subunit. The phylogenetic analysis of Ferritin
H subunit described for invertebrates confirms the idea that
CcFer corresponds to subunit H-like, since the tree clearly differ-
entiates a separation between the clade of clams (M. meretrix and
S. constricta) and the clade of the gastropods, the latter enters CcFer,
along with representatives of the genus Haliotis.

4.2. Analysis of transcriptional expression of CcFer

The Ferritin gene expression in C. concholepas analyzed in two
tissues showed higher levels of expression in the gill tissue. These
are consistent with the function of this tissue, since the gill is in
close contact with the surrounding seawater. Our results are
consistent with a previous study that suggests that this organ could
not only be important for feeding and respiration, but plays an
important role in the recognition of exogenous particles from the
environment, initiating the immune response at the transcriptional
level [33]. These results suggest that the differential expression of
Ferritin is subject to the species that is analyzed and the environ-
mental conditions present at the time of the study. For instance in
H. discus hannai the digestive gland tissue registers the highest
expression of the gene in contrast to the gill tissue [11], and in the
Pacific oyster (C. gigas) the highest expression occurs in the he-
mocytes, the heart and digestive gland [10]. Further, red abalone
H. rufescens, demonstrated a tissue specific mRNA expression pro-
file of Ferritin, since its expression greater in muscle, gill, foot and
digestive gland, in contrast with the mantle and gonad whose
expression is lower [6].

Regarding the utilization the V. anguillarum for the challenged
of C. concholepas it is important emphasize some previous reports
that have shown the modulation of the expression of the different
components of the innate immune response in marine
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invertebrates triggered by Vibrio spp., such as in C. gigas ECSIT
(evolutionarily conserved signaling intermediate in toll pathways)
where its expression was modified in hemolymph exposed to
V. anguillarum, postulating that ECSIT in C. gigasmust be a potential
factor in the defense system of the Pacific oyster [34]. Moreover,
that the pathogens possess siderophores, which are low-molecular-
mass molecules that have a high specificity for chelating or binding
iron to be used as bacterial nutrient [35]. These mechanisms
could play an important role to capture the iron of the intracellular
environment before the microorganism uses it. Furthermore,
Ferritin prevents the excessive formation of reactive oxygen species
via the Fenton reaction [18,36]. Quantitative analysis of CcFer
expression was performed in the gill tissue of C. concholepas
individuals challenged with V. anguillarum and evaluated during
33 h. Here, a peak of gene expression was archived at 6 h post in-
duction with the pathogen, which then dropped up to 33 h. These
results coincide with those observed in other studies for marine
invertebrates, where transcription of Ferritin gene increases in the
presence of a stressor. For instance, a study conducted usingHaliotis
tuberculata, the profile of 12 expression genes were analyzed after
two successive infections with Vibrio harveyi. The results showed
that Ferritin increases in the surviving organisms after the first and
second infection, suggesting that this mollusk sequesters the iron
available to limit the proliferation of V. harveyi [37]. In vertebrates,
such as the red drum fish (Sciaenops ocellatus), exposed to the
pathogen Edwardsiella tarda and Streptococcus iniae, the liver ex-
periences an increase in the expression of ferritin from 4 h up to
48 h post infection. This is mainly due to the fact that the liver plays
an important role in the iron metabolism in vertebrates [38].

4.3. Single nucleotide polymorphism associated to CcFer

A single nucleotide polymorphism (SNP) is one of the forms of
common genetic variation in the genome, consisting of a base
change in a nucleotide sequence, finding more frequently in the
non-coding regions [39]. When present in the coding region SNPs
are classified into two types: the SNP-synonymous altering the
amino acid sequence of proteins and synonymous SNP, or so called
silent mutations, which do not affect primary structure of the
protein [40]. The presence of SNPs in non-coding and coding re-
gions of candidate genes may be related to the regulation of the
innate immune response of marine invertebrates, specifically the
resistance or susceptibility of exposed individuals response to
pathogens. For instance, a study carried out in Crassostrea virginica
evidenced that a polymorphism in the serine protease inhibitor
(cvSI-1) gene was associated with improved survival after disease-
caused mortalities and in disease resistant eastern oyster strains
[41]. Interestingly, the C allele of the SNP198 (C/T), consistently
increased in frequency after mortalities that were caused primarily
by Dermo and possibly also by MSX. Its frequency in the disease-
resistant strain was significantly higher than that in the suscepti-
ble strains and the base population fromwhich the selected strains
were derived. According to the authors, SNP198 is a synonymous
mutation, and its association with disease resistance may be due to
its close linkage to a functional polymorphism nearby. Previous
studies in A. irradians showed a non-synonymous change of Thr to
Lys generated by an SNP C/A in SOD genes, it granted higher sus-
ceptibility to organisms with the C allele, which generated the
change to Thr, presents a challenge by V. anguillarum [24]. We
preliminarily identified three SNPs however only characterized
one, which could have implications in transcription regulation due
to its location in the 30UTR. Besides, it is important emphasize that
this SNP is located 64 bp before the transcriptional start site and
prior to the iron regulatory element (IRE). We suggest that it might
be altering the stability of the mRNA, affecting the connection
between IRE and iron regulatory protein (IRPs). On the other hand,
the other two polymorphisms were not consistent for HRM anal-
ysis. The association between the transcriptional profile of CcFer
and SNP, demonstrated that individuals with the TT genotype
(mutant) experience a greater expression of CcFer in response to
the challenge with V. anguillarum, in contrast to the individuals
with genotypes CC (wild) and CT (heterozygous) that do not show
a significant difference between the control and challenged group.
This suggests that the challenged individuals experience a differ-
ential response after an induction with pathogens, which is re-
flected in the increased expression of CcFer in individuals
possessing the mutant SNP genotype. It is important this is the first
time that described an SNP marker in Ferritin and presents asso-
ciation with its mRNA abundance levels in response to a marine
pathogen.

5. Conclusion

This work provides a new and relevant information concerning
the response at a transcriptional level of Ferritin against pathogens
in one species of gastropod sparsely studied such as C. concholepas.
In addition, it demonstrates how a variation in a nucleotide
sequence, can trigger changes in gene transcription levels in CcFer
in response to pathogens.
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