MR
e < 1P waNgaiy o, o

Molecular cloning and mRNA expression of
a hepcidin gene from the spinyhead croaker,
Collichthys lucidus

C. Sang', Y. Lin%, K. Jiang?®, F. Zhang® and W. Song?

'School of Ocean, Yantai University, Yantai, Shangdong, China

2College of Fisheries and Life Science, Shanghai Ocean University,

Shanghai, China

3East China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences,
Shanghai, China

Corresponding author: W. Song
E-mail: songw@ecsf.ac.cn

Genet. Mol. Res. 14 (4): 16050-16059 (2015)
Received August 16, 2015

Accepted October 14, 2015

Published December 7, 2015

DOl http://dx.doi.org/10.4238/2015.December.7.18

ABSTRACT. Antimicrobial peptides are important components that
participate in host innate immune activities and play crucial roles in host
defense against microbial invasion. Hepcidin is an antimicrobial peptide and
iron-regulatory molecule that primarily functions in the liver. In the present
study, we first obtained a full-length cDNA sequence of hepcidin and its
corresponding genomic DNA sequence from Collichthys lucidus using RT-
PCR and rapid amplification of cDNA ends (RACE), and then analyzed
these sequences using bioinformatics software. The results showed that C.
lucidus hepcidin (CL-hepc) possesses two introns and three exons in the
genomic DNA, with a length of 816 bp. The open reading frame was 264
bp, encoding an 87 amino acid peptide, and with high similarity (88.89%)
to 83416593 Larimichthys crocea (ABC18307) and relatively low similarity
(47.73%)to0 158358729 L. crocea (ABY84845.1). The pre-peptide contained
a signal peptide (28 amino acids), a prodomain (34 amino acids), and a
mature peptide (25 amino acids). The predicted 25 amino acid hepcidin
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mature peptide included 8 conserved cysteine residues. Quantitative
real-time reverse transcription-PCR analysis revealed specific expression
patterns of CL-hepc, with the highest expression observed in the liver,
relatively low expression observed in the gill and spleen, and almost no
expression detected in other tissues analyzed. In conclusion, we identified
a hepcidin from C. lucidus that has common expression patterns with
other hepcidins. However, as this hepcidin is inconsistent with two other
hepcidins from L. crocea in terms of the phylogenetic tree, the presence of
another hepcidin gene warrants further investigation.
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INTRODUCTION

Hepcidin (HEPC), a cysteine-rich antimicrobial peptide, was first discovered in human
plasma ultrafilirate (Krause et al., 2000) and urine (Park et al., 2001), and subsequently the
sequences were identified from various vertebrates, including mice (Pigeon et al., 2001), dog (Fry
etal.,, 2004), swine (Sang et al., 2006), pigeons (Fu et al., 2007), equine (Oliveira Filho et al., 2010),
and zebrafish (Shike et al., 2004). In vertebrates, hepcidin is mainly involved in the innate immune
system and maintenance of iron homeostasis (Park et al., 2001; Nemeth et al., 2003). Its synthesis
is greatly stimulated by inflammation or iron overload. In anemia or inflammation, HEPC production
is increased by approximately 100-fold, which may account for the defining feature of this condition,
sequestration of iron in macrophages (Ganz, 2003). Ferroportin is an iron exporter present on the
surface of absorptive enterocytes, macrophages, hepatocytes, and placental cells. HEPC binds to
ferroportin to induce its degradation, thus, reducing the exportation of iron. Through this pathway,
homeostasis of the iron system is regulated, i.e., iron regulates the secretion of HEPC, which in
turn controls the concentration of ferroportin on the cell surface (Nemeth et al., 2004). The key role
of HEPC suggests that drugs acting as HEPC agonists or antagonists may be a potential target for
the treatment of iron-related diseases (Nicolas et al., 2002). In addition, studies on human HEPC
have demonstrated that HEPC has a relatively wide antibacterial spectrum, including fungi, such as
Candida albicans, Aspergillus fumigatus, and Aspergillus niger, and bacteria, such as Escherichia
coli, Staphylococcus aureus, Staphylococcus epidermidis, and group B Streptococcus.

Due to the lack of a well-developed adaptive immune system, fish rely heavily on innate
components when encountering various pathogens (Magnadottir, 2006). The sequences of HEPCs
have been cloned in many fish species, including both freshwater fish, such as zebrafish (Shike et
al., 2004), mud loach (Nam et al., 2011), and rice field eel (Li et al., 2011), and marine fish, including
Epinephelus coioides (Qu et al., 2013), Pseudosciaena crocea (Wang et al., 2009), Cynoglossus
semilaevis (Wang et al., 2012), rainbow trout (Alvarez et al., 2013), and Chrysophrys major (Chen
et al., 2005). HEPC in fish has a similar structure and mRNA distribution to other species, such
as mammals, although there are some differences. In zebra fish (Shike et al., 2004) and channel
catfish (Bao et al., 2005), the transcripts of HEPC are mostly found in other tissues rather than in
the liver. In addition, no alteration in expression level was detected in iron-deficient fish when they
were submitted to either iron status modulation or bacterial infection (Rodrigues et al., 2006). HEPC
peptides, including purified natural peptides (Shike et al., 2002), recombinant fusion HEPC (Bao et
al., 2005), and synthesized peptides (Wang et al., 2009) all exhibited an effective activity against
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different species of microorganisms. Meanwhile, the antimicrobial spectrum of HEPC activity from
different fish species appeared to be individually specific, suggesting that different HEPCs from
different sources may have specific antimicrobial action (Wang et al., 2009). In addition, the use of
HEPC antibacterial peptide from large yellow croaker as a feed additive could prevent disease and
treat sea fish (Wang et al., 2011), suggesting that obtaining various HEPCs from different species
may sometimes be promising for the treatment of various diseases.

Collichthys lucidus Richardson (Perciformes, Sciaenidae, Collichthys), is a commercially
important near-shore species widely distributed in the South Sea and the East Sea of China in
particular (Cheng et al., 2012). Based on its excellent properties and quality of meat, C. lucidus
is highly valued by Chinese consumers. Knowing that resources of C. lucidus are declining as a
result of increasingly serious problems, such as pollution and over-fishing, several institutions in
China, including the East China Sea Fisheries Institute and Shanghai Fisheries Research Institute,
have begun to study the artificial propagation of C. lucidus, with substantial progress being made
recently. The aim of the present study was to characterize both the mRNA and genome DNA
sequences of C. lucidus HEPC (CL-hepc) and analyze expression patterns in different tissues in an
attempt to lay a preliminary foundation for promoting aquaculture of C. lucidus and other species.

MATERIAL AND METHODS
Determination of CL-hepc cDNA and genomic DNA sequences
Construction of the cDNA library and cloning of CL-hepc cDNA from C. lucidus

Healthy fish weighing 35 + 5 g were captured from the East China Sea area near
Shanghai, China. Tissue samples (200 + 50 mg) for RNA extraction were obtained through
vivisection on fishing boats and then stored in a 1.5 mL RNA fixer (Bioteke Corporation, Beijing,
China) at -20°C. Total RNA was isolated from the hepatopancreas, gill, heart, muscle, and
blood of C. lucidus using TRIpure reagent (Aidlab, Beijing, China) following the manufacturer
protocol. Quality and concentration of RNA were checked using agarose gel electrophoresis
(Universal Hood Il, Bio-Rad Laboratories Inc., Hercules, CA, USA) and spectrophotometry
(DUB00 Nucleic acid/Protein Analyzer, Beckman Coulter, Brea, CA, USA). RNA was stored at
-80°C until use.

A cDNA library was constructed successfully using a SMART™ cDNA library construction
kit (TaKaRa, Dalian, China), followed by transformation, screening, and sequencing. Random
sequencing was performed after cDNA library construction. All expressed sequence tags were
subjected to BLAST analysis.

A cDNA sequence comprising the CL-hepc domain was obtained and subjected to further
investigation. RACE (3'-rapid amplification of cDNA ends) was carried out following the manufacturer
protocol using the 3'-full RACE core set (TaKaRa) to obtain the full-length cDNA sequence. Two
gene specific-primers, CL-hepc-outer (5'-ACTCGTGCTCGCCTTTATTTGC-3') as the 3'-RACE
amplification outer primer and CL-hepc-inner (5-TTCTGAGGATTCCCAGCGACGACCAA-3'") as
the nest PCR primer, were designed according to the obtained sequence and used for 3'-RACE.
PCR was carried out following the manufacturer protocol. The PCR products were checked on a
1.0% agarose gel and purified using the Agarose Gel DNA Purification kit v2.0. (TaKaRa), and then
cloned into the pMD19-T vector (TaKaRa) for sequencing.
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Genomic DNA determination of CL-hepc

Genomic DNAwas isolated from the muscle of C. lucidus using the TIANamp Marine Animals
DNA kit (TIANGEN, Beijing, China) according to the manufacturer protocol. Primers CL-hepc-g-F
(5'-GAAGAAATCCTCTTGCCTGGACG-3') and CL-hepc-g-R (5'-AAGGTCATTTCCTGGGGTGAG
ATAC-3') were designed based on the 5'-untranslated region (UTR) and the 3'-UTR of the cDNA
sequences.

Bioinformatic analysis

General features of the CL-hepc full-length cDNA were detected by Vector NTI Advance
11.5 (http://www.lifetechnologies.com/cn/zh/homel/life-science/cloning/vector-nti-software/vector-
nti-advance-software/whats-new-in-vector-nti-advance.html), and the peptide sequence was
deduced and verified according to other HEPCs using the NCBI Open Reading Frame (ORF)
Finder (http://www.ncbi.nlm.nih.gov/gorf/gorf.html). The biochemical features of the deduced pro-
tein were calculated using the Expert Protein Analysis System (http://web.expasy.org/). Amino
acid sequences from various species were obtained from NCBI GenBank and analyzed using the
MEGA software version 5.0 (Saitou and Nei, 1987). Phylogenetic analysis was performed using
the neighbor-joining method using the MEGA software version 5.0 and the confidence level in the
generated phylogenetic tree was obtained using 1000 bootstraps. The secondary structure of the
CL-hepc protein was predicted using the Predict Protein package (available online at http://www.
predictprotein.org/).

Tissue distribution analysis of CL-hepc mRNA in adults

Tissue samples, including the liver, blood, heart, muscle, gill, spleen, brain, and kidney,
were collected from fish using the same method as described above, from which total RNA
(approximately 1 ug) was extracted and reverse transcribed using the quantitative real-time PCR
(qRT-PCR) kit (TOYOBO, Japan) for first-strand cDNA synthesis. The products were diluted 10
times and stored at -20°C until qRT-PCR analysis.

The gRT-PCR assay was carried out in a StepOne Plus detection system (Applied Bio-
systems). The transcript expression profiles of CL-hepc in eight different tissues of C. lucidus were
detected using a pair of CL-hepc specific primers (CL-hepc-RT-F: 5'-GAAACGTGGATGCCACAT
TTCA-3' and CL-hepc-RT-R: 5'-GAAGCCGCAGCCTTTGTTCTT-3'"), and an 18S rRNA primer pair
(18S-RT-F: 5'-GCCTGAATACCGCAGCTAGGAATAA-3"and 18S-RT-R: 5'-TTTCACCTCTAGCGG
CACAATACG-3') designed from the 18S rRNA sequence on NCBI GenBank (accession No.
JN211725.1) used as the internal control. CL-hepc expression levels were calculated using the
standard curve method (Sun et al., 2012). Amplifications were performed on a 96-well plate with
a 20-pL reaction volume containing 10 pL 2X Power SYBR Green PCR Master Mix (TaKaRa,
Applied Biosystems), 1.0 yL PCR forward primer (10 uM), 1.0 yL PCR reverse primer (10 uM),
2.0 puL cDNA template, and 6 uL diethylpyrocarbonate-treated water (DEPC-treated water). The
reaction process for qRT-PCR was 10 min at 95°C, followed by 40 cycles of 95°C for 15 s and
60°C for 1 min.
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RESULTS
Determination of CL-hepc cDNA and genomic DNA sequences

The full-length cDNA of CL-hepc was 816 bp in length, containing a 264-bp ORF encoding
a protein of 87 amino acids, and CL-hepc included a 5-UTR of 201 bp and a 3'-UTR of 351 bp,
including a poly(A)+ tail. A typical poly-adenylation signal (AATAAA) was located 17 bp upstream of
the poly(A)+ tail. The signal peptide cleavage site of the deduced CL-hepc was predicted between
Ala 24 and Val 25 (Figure 1). According to the conserved motif “RQKR”, the mature peptide of
CL-hepc contained 25 amino acids that started with GIn 63. Thus, the mature peptide consisted
of 25-amino acid residues at the C terminus. The predicted molecular weight of CL-hepc was
2876.9 Da with an isoelectric point of 8.41. Meanwhile, the mature peptide had the typical eight-
Cys structure, which is a common feature of the HEPC family.

(Exon 1)
1 CAGCAGGAAGGAGTTGACAAGGGTCACCCAAAGATCTGAAGAAATCCTCTTGCCTGGACG
61 ATCACCATCCATCACTGGAGCTGAAAAAATANATTGAAGTTATTGTGGTGCTCTTIGGTG
121 GCCCATGAGAAAAAAGACCCACCAGGTCTAATCTGCAAAGGATTTATTAACTAAACCATT
181 TTTTGAAAAACAAAAGCTAAAATGAAGGCATTCAGCATTGCAGTTGCAGTGACACTCGTG
1 M K AFSTIAVAVTTLV
(Intron 1)
241 CTCGCCTTTATTIGCATTCTGGAGAGCTCTGCCGTCCCATTCACCGGG gtaagaatecga
14 L AFICTITULETSSAA P F TG
Predicated cleavage site for signal peptide
301 cttaaactcacttcatttgcttattagctataaatgttttgtcaggatgetgagatecta
(Exon 2)
361 aatgtgcgtaattcattaacagGTGCAGCGACCTGGAGCGAGGCAGGGAGCAATGACACT
30 V Q ELEEAGSNTDT
(Intron 2)
419 CCAGTTGCGGCGCATCAAGAATCGTCAAAGGAAACGTGGATGgtatgttcaattgactga
42 PV A AHQES SSI KETVWNM
479 atgaattaagccaattactgtgagcaaattaaaatttaagtggatgtgttttecccacgs
539 agtatcctggtgetctctecgeacaaggagaggatgaaatgetgggtgatggaacgecac
(Exon 3)
599 gctcatgtetcttgtetttttgcacagCCACATTTCAGACAGAAGCGOCAGAGCCACATC
56 P HF|R Q K RAQ S H I
Predicted processing site for mature peptide
659 TCCTTGTGCCGCTACTGCTGCAACTGCTGCAAGAACAAAGGCTGOGGCTTCTGCTGCAGG
67 S LCRYCCNGCTCI KNI KTGT CSGT FETCTCR
719 TTCTGAGGATTCCCAGCGACGACCAACAAATATTAATTTATTATGCTTTGTATCTCACCC
87 F *
779 CAGGAAATGACCTTTTCTITGACTITITTTITICTTTCTCCAATGCATTIGCCTGTGCCACA
839 CTGTTTTGTATCGTITTCATGAGGTATGATTCATGGAAGAAGCACTGGAAAAGALATGAA
899 GCTATTCTTTGTATITATTTTGCATGTTTTCATACTTCCGTCCCCGGAAGTICTTITITTG
959 TAAACGCAACACTTTGTAAATTTGTTTCTAGAAATACAGATGTGACTGITICTTTATCTA

1019 AATCAAATTCATTTITGATCCTGAATAAAAAATCAACATTCAAAGCAAAAAAAAAAA

Figure 1. Nucleotide sequence of cDNA, predicted amino acid sequences, and genomic DNA organization of spinyhead
croaker HEPC (CL-hepc). The exon sequence is in uppercase and the intron sequence is in lowercase. The deduced
amino acid sequences are translated and shadowed. Vertical arrows show the predicted positions of cleavage sites for
signal peptides and mature peptides and the box indicates the putative motif RQKR. The start codon (ATG) and stop
codon (TGA) are bold and underlined, the polyadenylation signal (AATAAA) is bold.
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The CL-hepc genomic DNA sequence was amplified and sequenced and the C. lucidus
HEPC gene was found to consist of two introns (94 and 165 bp) and three exons (Figure 1), which
is identical to many other HEPCs in terms of genome structure. The first exon contained the 5'-UTR,
the signal peptide, and 5-amino acid residues of the prodomain peptide. The prodomain extended
from exon 1 through exon 3. Two introns were inserted into the prodomain, thus, separating the
peptide into three exons. Exon 3 encoded the mature peptide and the 3'-UTR. CL-hepc genomic
organization is indicated in Figure 1.

Twenty-five amino acid sequences of various species were obtained using “HEPC” in a
key word search of the protein database (http://www.ncbi.nlm.nih.gov/guide/proteins/#databases).
All sequences were aligned using ClustalW in the MEGA 5.0 software. All sequences contained
eight Cys domains in the mature peptide located in the C-terminal (Figure 2). In addition, most
sequences contained a conserved RX(K/R)R domain that could be recognized by the precursor
peptidase. Signal peptides are highly conversed in fish, as they are in mammals. Of the 25
sequences obtained through the database search, HEPC from 83416593 Larimichthys crocea
had the highest similarity (88.89%) with CL-hepc, followed by Micropterus dolomieu (87.78%)
and Pogonophryne scotti (83.33%). In addition, HEPC from the Danio rerio isoform1 had 39.51%
similarity with CL-hepc and 23.60% with Homo sapiens.

specses/abby UL L FLL 1 DLLL LU L
1. Pogonophryne_scotti ME £l avavr-iveoFr A7vQ| effr ufr H -
2. Alphestes_immaculatus MJ el avavr-rvioFr axuQ B (Y | H
3. CL hepc MY @ AVAVI-LVL FI A HQESHPXEIW P E
4. 83416593 Larimichthys crocea Hi £l avavr-LvioFx ALHQ E

5. Micropterus salmoides M £l avavr-ivioEr AtHQ E

6. Micropterus dolomieu Ml = avavr-LvioFr AuHQ E

7. Perca_fluviatilis uirs AVAV - VLIFI acszfirf offs

8. Sebastes_schlegelii vype T MErel avav - ovioo1 anuefirff o

9. hepcidin 5_Epinephelus moara _ MJJrEf] avavr-rvi rI R2v¥Q E

10. hepcidin_4_Epinephelus moara HITF AVAVT-LVL FI A HEQXQ@EE

11. hepcidin_3 Epinephelus moara _ MJrEf] Avavr-LvL FI anvQ E

12. hepcidin_2_Epinephelus_moara MIIE AVAVI-LVL FI H i ERF

13. hepcidin 1 Epinephelus moara  MIJref] avav - virer : effs

14. Eleginops_maclovinus HITFT AVAV -L LTFI tesEDTffooffw Tfu---1-
15. Chaenocephalus_aceratus MJeEw avav - viTcr eveoeffe svf: - rescfefocfly  Ji---sp
16. 158358729 Larimichthys_crocea nirfl AVAV - VLI FI m:r:llLIq:z Do-oe- o » efcxufi---¢
17. isoform 2 precursor_Danio_rerio M’ SN BAV - LTC FIQ- "QDEHH ESEE--_QENQHITEAEHR.TDP

18. isoform 1_precursor Danio_rerio M| sw A - iLTC F Qo QDlJHE ESEE--T QENQH TEXEHRITDP

19. Homo_sapiens Mozsferwasciiin poorceLl: [ oroR---Ac:RasWI PN QR------]
20. Gorilla gorilla b SIQ WRACLLLE PQQIGQL I QPQHR———I\:— RAGWIPYLQR-——————
21. Ovis_aries M:©STQTRATC-L'L PPQTRQLTD  QTQH

22. Rattus_norvegicus M. STRIQAAC-LLL

23. Mus_musculus M STRIQR'C-L'L

24. Physeter catodon M-NTQIRATC-LI.L

25. Oryctolagus_cuniculus M::SVQTQRAC-LIL

26. Canis_lupus_familiaris pMoosfereric-nin

Figure 2. Clustal W alignment and comparison of the amino acid sequences deduced from Collichthys Ilucidus
HEPC cDNA with some similar protein sequences of HEPC. Similarities of more than 50% are labeled in different
colors. The amino acid sequence deduced from spinyhead croaker is marked as CL-hepc. Other similar proteins
predicted and obtained from GenBank are as follows: Pogonophryne scotti (ABY84821.1); Alphestes immaculatus
(AER00228.1); 158358729 Larimichthys crocea (ABY84845.1); 83416593 L. crocea (ABC18307); Micropterus
salmoides (ACD13027.1); Micropterus dolomieu (ACD13029.1); Perca fluviatilis (ABR04075.1); Sebastes schlegelii
type | (ACD80122.1); HEPC 5 Epinephelus moara (ADY16665.1); HEPC 4 E. moara (ADY16664.1); HEPC 3 E.
moara (ADY16663.1); HEPC 1 E. moara (ADY16661.1); HEPC 2 E. moara (ADY16662.1); Eleginops maclovinus
(ABY84826.1); Chaenocephalus aceratus (ABY84828.1); HEPC isoform 2 Danio rerio (NP_001276723.1); HEPC-
1soform 1 D. rerio (NP_991146.1); Homo sapiens (AAH20612.1); Gorilla gorilla(ABU75219.1); Ovis aries (ADK56130.1);
Rattus norvegicus (NP_445921.1); Mus musculus (NP_115930.1); Physeter catodon (XP_007106594.1); Oryctolagus
cuniculus (XP_008247717.1); and Canis lupus familiaris (AAT95397.1).
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Phylogenetic analysis carried out using the bootstrap test of phylogeny produced an NJ-
phylogenetic tree (Figure 3). The analysis involved all 26 aligned amino acid sequences. Based
on the tree, HEPCs were separated into two clusters, one for fish and the other for mammals.
The fish cluster was further divided into three branches. CL-hepc has the closest relationship with
83416593 L. crocea, thus, supporting the traditional taxonomic relationship. Interestingly, CL-hepc
has a relatively distant relationship with another type of HEPC from L. crocea (ABY84845.1).

_: A\ 83416593 Larimichthys crocea
A CL hepc

Micropterus dolomieu

58

Pogonophryne_scotti

57

Micropterus salmoides

Alphestes_immaculatus

— hepcidin_5_Epinephelus_moara
| hepcidin_3_Epinephelus_moara

91 hepcidin_4_Epinephelus_moara
79 _: hepcidin_1_Epinephelus_moara
88 L hepcidin_2_Epinephelus_moara
A 158358729 Larimichthys_crocea

95 Chaenocephalus_aceratus
58 _C Eleginops_maclovinus
Perca_fluviatilis
_C Sebastes_schlegelii_type_|

99 — isoform_2_precursor_Danio_rerio

94

L isoform_1_precursor_Danio_rerio

Oryctolagus_cuniculus

99 74 — Homo_sapiens
L Gorilla_gorilla

93 Rattus_norvegicus
{ Mus_musculus
Canis_lupus_familiaris
78 Physeter_catodon
_|: Ovis_aries
Figure 3. Phylogenetic tree based on HEPC amino acid sequences. The tree was constructed using the neighbor-

joining (NJ) algorithm in the MEGA 5.1 program based on multiple-sequence alignment by Clustal W. CL-hepc denotes
Collichthys lucidus HEPC. Numbers at nodes indicate bootstrap values greater than 50% with 1000 replicates.

Relative expression of CL-hepc in different tissues

The relative expression of CL-hepc in the liver, blood, heart, muscle, gill, spleen, brain,
and kidney was investigated using quantitative real-time PCR. Expression was found to be the
highest in the liver and was significantly higher than that observed in other tissues, followed
by the kidney and gill. There was no or little expression in the heart, spleen, blood, and brain
(Figure 4).
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Figure 4. Expression profiles of the HEPC (CL-hepc) gene in different tissues of Collichthys lucidus detected by
quantitative real-time PCR. The quantity of CL-hepc mRNA was normalized to the 18S rRNA transcript level. The y-axis
represents the relative ratio of expression levels of CL-hepc/18S rRNA.

DISCUSSION

The full-length sequence of CL-hepc is 816 bp, containing a 264-bp ORF encoding a
protein of 87 amino acids. The cDNA has an 11-bp poly(A)+ tail with a typical poly-adenylation
signal (AATAAA) located 17 bp upstream. The predicted signal cleavage site of CL-hepc is between
Ala24 and Val25, which is similar to that in Micropterus salmoides (Robertson et al., 2009) and P.
crocea (Wang et al., 2009). The amino acid sequence of CL-hepc possesses the conserved motif
“RQKR” that can be catalyzed by furin (Hosaka et al., 1991), thus, the mature peptide of CL-hepc
contains 25 amino acids and starts with GIn 63, and has the typical eight-Cys structure, which is
a common feature of the HEPC family (Park et al., 2001). The genomic sequence of CL-hepc has
two introns and three exons, which is similar to that of other identified HEPCs in mammals and fish
(Park etal., 2001; Pigeon et al., 2001; Li et al., 2011; Wang et al., 2009, 2012; Qu et al., 2013; Gong
et al., 2014). Above all, CL-hepc is a member of the HEPC family.

The BLAST results of the deduced amino acid sequence of CL-hepc on the NCBI
website shows that it belongs to the HEPC family, with 88.89% similarity with 83416593 L. crocea
(ABC18307), 87.78% similarity with M. dolomieu, 83.33% similarity with P. scotti, and relatively
low similarity (47.73%) with 158358729 L. crocea (ABY84845.1). In addition, the phylogenetic tree
also shows that fish HEPCs are clustered in three branches and the two HEPCs of L. crocea are
separated. Given such a close relationship with L. crocea (Tian et al., 2004), the presence of an
additional type of HEPC in C. lucidus warrants further investigation.

Antimicrobial peptides form part of the main innate immune response components of
fish defense against opportunistic pathogens (Ravichandran et al., 2010). The mRNA expression
pattern of a gene is closely related to its function. In this study, we examined the expression of CL-
hepc in eight tissues, showing that expression was highest in the liver, which is seen as a common
pattern in most HEPCs (Sang et al., 2006; Fu et al., 2007; Robertson et al., 2009; Oliveira Filho et

Genetics and Molecular Research 14 (4): 16050-16059 (2015) ©FUNPEC-RP www.funpecrp.com.br



C. Sang et al. 16058

al., 2010; Nam et al., 2011; Wang et al., 2012; Alvarez et al., 2013). In this sense, CL-hepc may
prove to be an important component participating in innate immune activities. However, HEPCs
are not expressed in the liver in channel catfish (Bao et al., 2005) or zebrafish (Shike et al., 2004),
suggesting that they may be different isoforms. Based on the knowledge that the expression of
PC-hepc (158358729 L. crocea) is high in the kidney and relatively low in the liver, we assume
that CL-hepc and PC-hepc are not the same isoform. Although different, all these HEPCs play
important roles in innate immune responses (Shike et al., 2004; Bao et al., 2005; Wang et al., 2009;
Cai et al., 2012; Qu et al., 2013). In addition, peptides obtained from purified, recombinant, and
artificial synthesis all exhibit effective activity against several pathogens (Park et al., 2001; Bao et
al., 2005; Wang et al., 2009). Furthermore, it is encouraging that some drug-resistant strains, such
as Aeromonas hydrophila, are still sensitive to the recombinant HEPC peptide (Gao et al., 2012),
suggesting that a future study on HEPC is potentially promising.
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