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Abstract

Hepcidins are small cysteine-rich antimicrobial peptides that play a vital role in immunity against pathogen
invasion. Here, a hepcidin (Cshep) from Centropristis striata was described, which is considered as a valuable
aquaculture marine species in China. The open reading frame consisted of 273 bp. Eight conserved cysteine
residues were identified. Phylogenetic analysis showed that Cshep had a relatively close relationship with the
hepcidin  from Epinephelus moara.  Quantitative real-time PCR analysis demonstrated that Cshep  was highly
expressed in liver and significantly up-regulated when challenged with Vibrio harveyi. In addition, the synthetic
Cshep peptide had a high antimicrobial activity against V. harveyi, but low against other pathogenic bacteria
tested in this study. The killing kinetics analysis revealed that Cshep had a fast bactericidal effect on V. harveyi.
These results suggested that Cshep may be involved in the immune response of C. striata  against V. harveyi
infection.
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1  Introduction
Black sea bass (Centropristis striata) which belongs to the

family of Serranidae, is considered as a highly valued marine
teleost in commercial and recreational fisheries worldwide
(Howell et al.,  2003). The demand has increased greatly
nowadays; however, the aquaculture of the fish is hampered by
frequent disease outbreaks. It is necessary to find a safe ap-
proach to control the fish disease.

To date, antibiotics are still the major measure to treat infec-
tions caused by variety of bacterial pathogens in fish. However,
the frequent, improper or large dose use of the antibiotics have
resulted in the increasing of drug resistance bacteria which im-
pedes the development of aquaculture in recent years and leads
to drug accumulation in aquatic products which might threaten
the health of customers (Gao et al., 2012). Developing an effect-
ive way to control bacterial resistance to antibiotics has become
one of the most important challenges in the field of medicine.
One solution is using antimicrobial peptide (AMP) for replace-
ment.

AMPs are short, cationic peptides with an amphipathic sec-
ondary structure (Lemaitre et al., 1997). Their broad-spectrum
antimicrobial activities have attracted increasing interest to use
them as pharmaceuticals in medicine and aquaculture (Hancock
and Sahl, 2006; Rajanbabu and Chen, 2011). To date, more than

3 000 AMPs have been discovered from six kingdoms (http://aps.
unmc.edu/AP/main.php). In fish, a large number of AMPs have
also been identified in recent years, including hepcidin, defensin,
piscidin and Nk-lysin, etc. (Shabir et al., 2018).

Hepcidin was firstly isolated from human blood ultrafiltrate
(Krause et al., 2000). It is a cysteine-rich peptide and is con-
served in different species. Six to eight cysteine residues are
found at conserved positions within hepcidins and considered to
be essential for its antimicrobial activities (Hocquellet et al.,
2012). In fish, hepcidin was initially identified in hybrid striped
bass and later isolated (Shike et al., 2002) and characterized in
many fish species (Huang et al., 2019; Xu et al., 2018). To date,
plenty of studies show that hepcidin in fish plays a dual role in in-
nate immunity and iron regulation (Jiang et al., 2017). Fish hep-
cidin exhibits a broad spectrum of bactericidal activities against
both Gram-positive and Gram-negative bacteria (Liu et al., 2018).
However, the characterization of hepcidin from C. striata has not
been reported yet.

In this study, a hepcidin was identified that had an antimicro-
bial function to Vibrio harveyi. The hepcidin from C. striata was
cloned and analyzed for the structures and homologies with oth-
er vertebrates. Gene expression patterns in different tissues and
the potential roles against V. harveyi infection were investigated.
The antimicrobial activity and the killing kinetic of V. harveyi  
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were also examined in this study. It may contribute to further ex-
ploring functions of hepcidin genes and shed light on new meth-
ods for combatting bacterial diseases.

2  Materials and methods

2.1  Fish rearing
The black sea bass weighting (250±10) g and (22±2) cm in

length were obtained from a nursery farm in Rizhao, Shandong,
China. The fish were cultured in the aerated seawater (salinity 30,
temperature (27±2)°C) in a 5 m×5 m tank for at least 15 d prior to
experiment. All the fish used in the experiments was anesthet-
ized using MS-222 for tissues collection and performed accord-
ing to the Experimental Animal Management Law of China.

2.2  Bacterial challenge experiment
A total of 30 healthy C. striata were randomly assigned to the

bacteria challenge experiment. Suspension (100 μL) containing
2.67×105 CFU/mL (lethal concentration 50, LC50) of V. harveyi
was intraperitoneally injected into the fish. CFU, acolony-form-
ing unit, is a unit used in microbiology to estimate the number of
viable bacteria or fungal cells in a sample. The V. harveyi strain
used in the bacterial challenge experiment was isolated and puri-
fied from diseased C. striata. This strain was previously found to
be highly pathogenic to C. striata (unpublished results). At 6 h,
12 h, 24 h, 48 h and 72 h postinjection, livers of five fish were col-
lected on ice, stored in RNAstore (Qiagen) immediately and
transferred to –80°C. Tissues collected at 0 h were injected with
phosphate buffer (PBS) solution and served as control.

In addition, five individuals of healthy fish were randomly
collected for brain, gill, heart, intestine, liver, spleen, head kid-
ney, stomach and muscle tissues to explore the gene expression
in different tissues.

2.3  Total RNA, DNA isolation and cDNA synthesis
Frozen tissues were transferred to a mortar and grounded to a

fine powder. Total RNA was isolated from each tissue using TRI-
zol reagent (TaKaRa, Japan). The cDNA synthesis was performed
using a RevertAid First Strand cDNA Synthesis Kit (Thermo Sci-
entific, USA) using 1 μg of total RNA. Genomic DNA was extrac-
ted from muscle by using a Genomic DNA Isolation Kit (Qiagen)
following the manufacturer’s instructions.

2.4  Full length cDNA and DNA cloning of a hepcidin gene from C.
striata
A transcriptome database of the liver of C. striata was con-

structed in previous work, and a hepcidin gene (Cshep) was iden-
tified based on the gene annotation. Based on the initial se-
quence of Cshep gene, specific primers were designed by Primer-

Premier 5.0 and all the primers were listed in Table 1. Total RNA
of livers from healthy individuals was used to extend 3′ and 5′ un-
translated region (UTR) using rapid amplification of cDNA ends
(RACE) method. The open reading frame (ORF) sequence and
the whole DNA sequence were cloned based on the above result.
PCR was performed in 50 μL reactions, containing 25 μL 2×Ex taq
Buffer (Takara), 1 μL dNTP Mix (10 mmol/L), 1 μL Ex taq
(Takara), 5 μL first strand of cDNA or genomic DNA, 3 μL
primers. The PCR amplification was under the following condi-
tion: 94°C for 2 min; 35 cycles of 94°C for 30 s, 55°C for 30 s, 72°C
for 2 min, 72°C for 10 min. All PCR products were gel-purified us-
ing a DNA extraction Kit (OMEGA, USA), cloned into pMD18-T
Simple Vector (TaKaRa, Japan) and sequenced in Sangon Bi-
otech (China).

2.5  Sequence conservation and phylogenetic analysis
Signal peptide characteristics were predicted using SignalP

5.0 (http://www.cbs.dtu.dk/services/SignalP/). Molecular weight
and isoelectric point prediction was performed using ProtParam
tool (https://web.expasy.org/protparam/). Multiple sequence
alignment was conducted using ClustalW (https://npsa-prabi.ib-
cp.fr/cgi-bin/npsa_automat.pl?page=npsa_clustalw.html) and
analyzed in ESPript 3 (http://espript.ibcp.fr/ESPript/ESPript/).
Phylogenetic tree of Cshep and other species were constructed
with PhyML 3.0 (http://www.atgc-montpellier.fr/phyml/). Gene
intron-extron structure information and conserved domains
were identified by BLAST. All the sequences used were retrieved
from Genbank database.

2.6  The qPCR analysis of Cshep gene expression
The qPCR was performed on a CFX ConnectTM system (Bio-

Rad, USA) using the Power SYBRTM Green PCR Master Mix
(Thermo Scientific, USA). The qPCR primers design for Cshep
and housekeeping gene are listed in Table 1. Melting curve ana-
lysis was performed at the end of each qPCR program to confirm
the uniqueness of the product. The amplification program was as
follows: 95°C for 3 min; 40 cycles of 95°C for 10 s, 55°C for 20 s,
72°C for 20 s; 75°C for 5 s. Melting curve analysis was performed
at the end of each program. The expression level of Cshep was
analyzed using comparative threshold cycle method (2–ΔΔCT) with
β-actin as the internal control. All samples were analyzed in three
replicates, and data are shown in terms of relative mRNA level to
that of β-actin as means±SD.

2.7  Antimicrobial assay
The mature peptide of Cshep was chemically synthesized

with over 95% purity (ChinaPeptides, China). Antimicrobial
activity was determined by minimum inhibitory concentration
(MIC) values and the minimum bactericidal concentration
(MBC) values (Table 2). Briefly, the peptide was diluted to final

Table 1.   Forward and reverse primers (5′-3′)
Name Primers (forward and reverse)(5′-3′) Primer application

B310-1 (GSP1) GCTCCTGCACCCCGGT 5′RACE

B310-2 (GSP2) GTGTCATTGCTCCCTG 5′RACE

B310-3 (GSP3) GGCGGAGCTCTCCAGAAT 5′RACE

C232-1 GAAATGTCAATGGAATCGAGGATG 3′RACE

C232-2 GCCAGATCACATCAGGCAGAAGCG 3′RACE

QB310F1 CCGACACCCATGAGAAAG DNA amplify/ORF

QB310R1 AGGTAGTTTTCTTGGGGTTA DNA amplify/ORF

β-actin_qPCR_F GTGCTGTCTTTCCCTCCATC qPCR

β-actin-actin_qPCR_R CTCTTGCTCTGGGCTTCATC qPCR

Cshep_F TCGAGGATGATGCCAGATCA qPCR

Cshep_R TGCGGGAATCTTCAGAACCT qPCR
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concentrations from 1.5 μmol/L to 96 μmol/L with sterile Milli-Q
water. The microorganisms (V. harveyi, V. parahaemolyticus,
Aeromonas hydrophila and Photobacteria damselae) were di-
luted with 10 mmol/L PBS (pH=7.4) to 0.001 8 Optical Density
and incubated with serial dilutions of peptides in a 1:1 ratio.
Samples without peptides were considered as blanks. After 24 h
of incubation at 28°C in a 96-well plate, the MIC values on which
the lowest concentration of peptide inhibiting growth of the mi-
croorganisms were determined. Then 5 μL of the mixtures were
dropped onto Mueller-Hinton agar (MHA) plate and recorded
MBC value after overnight incubation at 28°C. All the values were
averaged on three independent measurements.

2.8  Kinetics of bacterial killing
According to the antimicrobial assay results above, the evalu-

ating of killing kinetics was performed using A. hydrophila, V.
harveyi, V. parahaemolyticus and P. damselae incubated with
2×MBC Cshep. The procedures were performed according to the
antimicrobial assay. Aliquots of 5 μL of the peptide and bacteria
mixtures were removed at various intervals (0, 3 min, 6 min,
9 min, 12 min, 15 min, 20 min, 25 min, 30 min, 60 min, 120 min,
180 min, 240 min, 300 min and 360 min) and diluted with
10 mmol/L PBS onto MHA plate. After overnight incubation at
28°C or 37°C, the recovered colonies were counted by colony
forming amount (experimental group) divided by colony form-
ing amount (control group), 0 min colony forming proportion is
100%. Each assay was repeated three times.

3  Results

3.1  Sequences analysis and phylogenetic analysis of Cshep gene
Cshep gene was identified from C. striata transcriptome data-

base and the nucleotide sequence has been submitted to NCBI
Genbank database under the accession number of MK353156.
The ORF consisted of 273 bp which encoded a 90 amino acids.
The corresponding molecular weight of Cshep was 9.96 kDa and
the isoelectric point was 7.48. The genomic DNA sequence of
ORF region of the Cshep was 535 bp, consisting of 3 exons and 2
introns (Fig. 1). Eight conserved cysteine residues were identi-
fied from Cshep through multiple alignments with other verteb-
rate hepcidins (Fig. 2). Phylogenetic tree showed that the Cshep
was in a branch position with Epinephelus moara, E. coloides, Al-
phestes immaculatus, Lycodichthys dearborni and Trachidermus
fasciatus (Fig. 3).

3.2  Cshep gene was highly expressed in the liver of C. striata and
up-regulated in the liver under V. harveyi attack
The distribution of Cshep gene in the nine different tissues of

C. striata was assessed using qPCR. The length of the qPCR amp-
lified fragment is 128 bp. The transcript of Cshep was predomin-
antly expressed in the liver and had significantly low expression
level in other tested tissues (Fig. 4).

To understand the possible biological role of Cshep under V.
harveyi challenge, the relative expression levels of Cshep were de-
tected in the liver using qPCR. The expression level of Cshep was
significantly up-regulated in liver for 6 h and 12 h postinjection
(Fig. 5). The 18 h postinjection, the expression level was re-
covered to control levels.

3.3  Cshep shows high antimicrobial activity against V. harveyi
The antimicrobial activity of Cshep is listed in Table 2. The

results indicated that the growth of tested bacteria were inhib-
ited by the Cshep peptide. In the assay, four pathogenic bacteria
were performed, including A. hydrophila, V. harveyi, V. parahae-

Table 2.   Antimicrobial activity of the synthetic Cshep
Microorganisms MIC/(μmol·L−1) MBC/(μmol·L−1)

V. harveyi 3.0–6.0 6.0–12.0

P. damselae 6.0–12.0 12.0–24.0

V. parahaemolyticus 24.0–48.0 24.0–48.0

A. hydrophila 12.0–24.0 24.0–48.0

          Note: MIC, minimum inhibitory concentration; MBC, minimum
bactericidal concentration.

 

Fig. 1.   Nucleotide and amino acid sequence of Cshep full length cDNA.
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molyticus and P. damselae. Generally, Cshep has low antibacteri-

al activity against all detected microorganisms except V. harveyi.

The results showed that 3−6 μmol/L of Cshep peptide would in-

hibit the growth of V. harveyi.

3.4  Cshep shows a rapid killing process against microorganisms
To further investigate the rate of bactericidal activity against

the bacteria, the kill curve of Cshep was subsequently measured

(Fig. 6). Cshep exhibited a marked bactericidal effect. Approxim-

ately 75% reduction of V. parahaemolyticus was achieved in 15 min

and almost 100% strains in 2 h. A total of 88% of V. harveyi and A.

hydrophila were reduced only in 15 min. In addition, it took only

25 min for Cshep to kill almost 100% of V. harveyi, however, in

the case of A. hydrophila it took about 3 h. The time for Cshep to

reach 80% and 100% reduction of P. damselae was 15 min and 1 h,

respectively.

4  Discussion
The innate immune system of fish is essential for the survival

in the environment rich in microbes (Magnadóttir, 2006). Anti-

microbial peptides are one of the vital components of fish’s in-

nate immunity against pathogens (Silphaduang and Noga, 2001;
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Fig. 2.   Hepcidins sequences alignment.
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Fig. 3.   Phylogenetic tree of hepcidins amino acid sequences constructed with Neighbor-Joining method using MEGA v6.06.

64 Ma Xiaowan et al. Acta Oceanol. Sin., 2021, Vol. 40, No. 6, P. 61–66  



Zhu et al., 2013). Hepcidin is a key player in regulating innate im-
munity in fishes, protecting them from pathogenic attacks. The
broad-spectrum antimicrobial activity of hepcidin provides new
insights into the breeding and development of new antimicrobial
agents by overcoming drug resistance problems.

Analysis of Cshep cDNA and DNA showed that Cshep is highly

conserved with hepcidins from other species. Similar to other
fish, Cshep has three exons and two introns, and the relative posi-
tion and length were conserved among them (Jordan et al., 2009).
Usually, prepropeptide of hepcidin from fish and mammals con-
tain 83–96 amino acids (Xu et al., 2018; Huang et al., 2019), and
Cshep contains 90 amino acids. The number of amino acids of
signal peptide is 24 in different fish species (Xu et al., 2018;
Huang et al., 2019), which is the same for Cshep.

In the phylogenetic analysis of the present study, Cshep was
brunched together with the HAMP1 class of A. immaculatus
(Masso-Silva et al., 2011) and orange-spotted grouper (Zhou et
al., 2011). HAMP1 class peptide occurs as a single copy that
shares a considerable degree of homology with mammalian
counterparts, and plays a dual role in innate immunity and iron
regulation (Hilton and Lambert, 2008). The placing together of
Cshep with other HAMP1 Isoforms might suggest that it is be-
longing to the HAMP1 class. The phylogenetical classification in-
to the same cluster indicated that they might exhibit the similar
function or expression patterns throughout the evolution.

In this study, the expression level of Cshep was the highest in
the liver compared to other tissues. It was also detected in spleen
and heart, however, far less than in liver. Previous studies on oth-
er fish species also found that the highest expression of the hep-
cidin mRNA occurs in the liver (Huang et al., 2019; Wang et al.,
2009; Xu et al., 2018). In Monopterus albus, HAMP2 transcripts
were abundant in kidney, spleen and intestine, while HAMP3
and HAMP4 were mainly expressed in liver (Li et al., 2011). In Se-
bastes schlegelii, the highest expression of hepcidin was observed
in the liver, followed by head kidney, stomach, and skin (Kim et
al., 2008).

In some cases the expressions of hepcidin in spleen and heart
were also observed. Like in Brachymystax lenok, the expression of
Blhepc in the liver was higher than that in other tissues, but
showed a decreasing trend in the order of skin, eye, brain, pector-
al fin, and muscle (Xu et al., 2018; Huang et al., 2019; Wang et al.,
2009). An amount of PC-hepcidin mRNA transcripts was also
demonstrated in the spleen and heart in Pseudosciaena crocea
(Wang et al., 2009). In this study, Cshep was found at low levels in
spleen and heart, so further studies about the role that hepcidin
may play are warranted. However, these results indicated that
hepcidin was constitutive in other tissues not only liver.

Vibrio harveyi is gram-negative bacteria that is highly patho-
genic to a large number of marine fish (Farmer et al., 2005;
Ransangan and Mustafa, 2009). In the breeding process, V. har-
veyi was the major pathogen for the C. striata and caused exoph-
thalmia in this study. In order to examine the expression profile
of Cshep under V. harveyi infection, this study intraperitoneally
injected the bacteria and assessed using qPCR. In this study,
Cshep mRNA expression was up-regulated during the early im-
mune response and immediate recovery to control levels, which
is similar to those reported in other fishes (Chen et al., 2018). It
could be concluded that immune response of Cshep to V. harveyi
was rapid in the liver of black sea bass.

In vitro studies have attributed antimicrobial activity to fish
hepcidins. Usually, synthesized hepcidin showed broad antimi-
crobial activity against different Gram-negative bacteria. In
Platichthys stellatus, the MIC value of PsHepicidin against V. har-
veyi was 62.9 μmol/L (Liu et al., 2018), 6−12 μmol/L in P. crocea
(Wang et al., 2009), >96 μmol/L in E. coioides (Qu et al., 2013) and
12.5 μmol/L in Boleophthalmus pectinirostris (Chen et al., 2018).
Different from previous work, Cshep showed a relatively high an-
timicrobial activity against V. harveyi in this study.

To further study the rate of bactericidal activity, the kinetic ef-
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Fig. 4.   The relative expression level of Cshep in nine tissues of
healthy C. striata.
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Fig. 5.     The relative expression level of Cshep  in the liver after
stimulation with V. harveyi at different time points.
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Fig. 6.   Kinetics of the bacterial activity of Cshep peptide against
A. hydrophila, V. harveyi, P.damselae and V. parahaemolyticus.
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fect of Cshep against different microorganisms was also ob-
served. The kinetics studies indicated that bacterial-killing was
time dependent and the antimicrobial effects were exerted with-
in 15 min of exposure to the tested microorganisms. What’s
more, it took less than half an hour for Cshep to kill all V. harveyi.
The highly potent antimicrobial activity of Cshep against V. har-
veyi would make it possible as a substitute of antibiotics in the
medical industry in future.

In conclusion, this study described and characterized a hep-
cidin from C. striata in this paper. The results demonstrated that
Cshep was highly expressed in liver and significantly up-regu-
lated after the V. harveyi challenging. In addition, the synthetic
Cshep peptide had a high antimicrobial activity against V. har-
veyi, but low in other pathogenic bacteria tested in this study. The
killing kinetics analysis revealed that Cshep had a fast bactericid-
al effect on V. harveyi. Above results suggested that Cshep might
be involved in the immune response of C. striata against V. har-
veyi infection.

References
Chen Jie, Nie Li, Chen Jiong. 2018. Mudskipper (Boleophthalmus pec-

tinirostris) hepcidin-1 and hepcidin-2 present different gene
expression profile and antibacterial activity and possess dis-
tinct protective effect against Edwardsiella tarda infection. Pro-
biotics and Antimicrobial Proteins, 10(2): 176–185, doi:
10.1007/s12602-017-9352-0

Farmer J J, Janda J M, Brenner F W, et al. 2005. Genus I. Vibrio Pacini
1854, 411AL. In: Boone D R, Castenholz R W, Garrity G M, eds.
Bergey’s Manual of Systematic Bacteriology. New York: Spring-
er, 2: 494–546

Gao Panpan, Mao Daqing, Luo Yi, et al. 2012. Occurrence of sulfon-
amide and tetracycline-resistant bacteria and resistance genes
in aquaculture environment. Water Research, 46(7): 2355–2364,
doi: 10.1016/j.watres.2012.02.004

Hancock R E W, Sahl H G. 2006. Antimicrobial and host-defense pep-
tides as new anti-infective therapeutic strategies. Nature Bio-
technology, 24(12): 1551–1557, doi: 10.1038/nbt1267

Hilton K B, Lambert A L. 2008. Molecular evolution and characteriza-
tion of hepcidin gene products in vertebrates. Gene, 415(1–2):
40–48

Hocquellet A, Senechal C, Garbay B. 2012. Importance of the disulf-
ide bridges in the antibacterial activity of human hepcidin. Pep-
tides, 36(2): 303–307, doi: 10.1016/j.peptides.2012.06.001

Howell R A, Berlinsky D L, Bradley T M. 2003. The effects of pho-
toperiod manipulation on the reproduction of black sea bass,
Centropristis striata. Aquaculture, 218(1–4): 651–669

Huang Tianqing, Gu Wei, Wang Bingqian, et al. 2019. Identification
and expression of the hepcidin gene from brown trout (Salmo
trutta) and functional analysis of its synthetic peptide. Fish &
Shellfish Immunology, 87: 243–253

Jiang Xiaofeng, Liu Zhifei, Lin Aifu, et al. 2017. Coordination of bac-
tericidal and iron regulatory functions of hepcidin in innate an-
timicrobial immunity in a zebrafish model. Scientific Reports,
7(1): 4265, doi: 10.1038/s41598-017-04069-x

Jordan J B, Poppe L, Haniu M, et al. 2009. Hepcidin revisited, disulf-
ide connectivity, dynamics, and structure. Journal of Biological
Chemistry, 284(36): 24155–24167, doi: 10.1074/jbc.M109.
017764

Kim Y O, Park E M, Nam B H, et al. 2008. Identification and molecu-
lar characterization of two hepcidin genes from black rockfish

(Sebastes schlegelii). Molecular and Cellular Biochemistry,
315(1–2): 131–136

Krause A, Neitz S, Mägert H J, et al. 2000. LEAP-1, a novel highly di-
sulfide-bonded human peptide, exhibits antimicrobial activity.
FEBS Letters, 480(2–3): 147–150

Lemaitre B, Reichhart J M, Hoffmann J A. 1997. Drosophila host de-
fense: differential induction of antimicrobial peptide genes
after infection by various classes of microorganisms. Proceed-
ings of the National Academy of Sciences of the United States of
America, 94(26): 14614–14619, doi: 10.1073/pnas.94.26.14614

Li Wei, Sun Wenxiu, Tang Fang, et al. 2011. Molecular characteriza-
tion and expression analysis of a hepcidin gene from rice field
eel (Monopterus albus). African Journal of Biotechnology,
10(41): 7953–7961, doi: 10.5897/AJB10.745

Liu Ziming, Chen Jie, Lv Yaoping, et al. 2018. Molecular characteriza-
tion of a hepcidin homologue in starry flounder (Platichthys
stellatus) and its synergistic interaction with antibiotics. Fish &
Shellfish Immunology, 83: 45–51

Magnadóttir B. 2006. Innate immunity of fish (overview). Fish &
Shellfish Immunology, 20(2): 137–151

Masso-Silva J, Diamond G, Macias-Rodriguez M, et al. 2011. Genom-
ic organization and tissue-specific expression of hepcidin in the
pacific mutton hamlet, Alphestes immaculatus (Breder, 1936).
Fish & Shellfish Immunology, 31(6): 1297–1302

Qu Haidong, Chen Bei, Peng Hui, et al. 2013. Molecular cloning, re-
combinant expression, and antimicrobial activity of EC-hepcid-
in3, a new four-cysteine hepcidin isoform from Epinephelus
coioides. Bioscience, Biotechnology, and Biochemistry, 77(1):
103–110, doi: 10.1271/bbb.120600

Rajanbabu V, Chen J Y. 2011. Applications of antimicrobial peptides
from fish and perspectives for the future. Peptides, 32(2):
415–420, doi: 10.1016/j.peptides.2010.11.005

Ransangan J, Mustafa S. 2009. Identification of Vibrio harveyi isol-
ated from diseased Asian seabass Lates calcarifer by use of 16S
ribosomal DNA sequencing. Journal of Aquatic Animal Health,
21(3): 150–155, doi: 10.1577/H09-002.1

Shabir U, Ali S, Magray A R, et al. 2018. Fish antimicrobial peptides
(AMP’s) as essential and promising molecular therapeutic
agents: a review. Microbial Pathogenesis, 114: 50–56, doi:
10.1016/j.micpath.2017.11.039

Shike H, Lauth X, Westerman M E, et al. 2002. Bass hepcidin is a nov-
el antimicrobial peptide induced by bacterial challenge.
European Journal of Biochemistry, 269(8): 2232–2237, doi:
10.1046/j.1432-1033.2002.02881.x

Silphaduang U, Noga E J. 2001. Peptide antibiotics in mast cells of
fish. Nature, 414(6861): 268–269, doi: 10.1038/35104690

Wang Kejian, Cai Jingjing, Cai Ling, et al. 2009. Cloning and expres-
sion of a hepcidin gene from a marine fish (Pseudosciaena
crocea) and the antimicrobial activity of its synthetic peptide.
Peptides, 30(4): 638–646, doi: 10.1016/j.peptides.2008.12.014

Xu Gefeng, Huang Tianqing, Gu Wei, et al. 2018. Characterization, ex-
pression, and functional analysis of the hepcidin gene from
Brachymystax lenok. Developmental & Comparative Immuno-
logy, 89: 131–140

Zhou Jinggeng, Wei Jingguang, Xu Dan, et al. 2011. Molecular clon-
ing and characterization of two novel hepcidins from orange-
spotted grouper, Epinephelus coioides. Fish & Shellfish Immun-
ology, 30(2): 559–568

Zhu Lvyun, Nie Li, Zhu Guan, et al. 2013. Advances in research of fish
immune-relevant genes: A comparative overview of innate and
adaptive immunity in teleosts. Developmental & Comparative
Immunology, 39(1–2): 39–62

66 Ma Xiaowan et al. Acta Oceanol. Sin., 2021, Vol. 40, No. 6, P. 61–66  

http://dx.doi.org/10.1007/s12602-017-9352-0
http://dx.doi.org/10.1016/j.watres.2012.02.004
http://dx.doi.org/10.1038/nbt1267
http://dx.doi.org/10.1016/j.peptides.2012.06.001
http://dx.doi.org/10.1038/s41598-017-04069-x
http://dx.doi.org/10.1074/jbc.M109.017764
http://dx.doi.org/10.1074/jbc.M109.017764
http://dx.doi.org/10.1073/pnas.94.26.14614
http://dx.doi.org/10.5897/AJB10.745
http://dx.doi.org/10.1271/bbb.120600
http://dx.doi.org/10.1016/j.peptides.2010.11.005
http://dx.doi.org/10.1577/H09-002.1
http://dx.doi.org/10.1016/j.micpath.2017.11.039
http://dx.doi.org/10.1046/j.1432-1033.2002.02881.x
http://dx.doi.org/10.1038/35104690
http://dx.doi.org/10.1016/j.peptides.2008.12.014
http://dx.doi.org/10.1007/s12602-017-9352-0
http://dx.doi.org/10.1016/j.watres.2012.02.004
http://dx.doi.org/10.1038/nbt1267
http://dx.doi.org/10.1016/j.peptides.2012.06.001
http://dx.doi.org/10.1038/s41598-017-04069-x
http://dx.doi.org/10.1074/jbc.M109.017764
http://dx.doi.org/10.1074/jbc.M109.017764
http://dx.doi.org/10.1007/s12602-017-9352-0
http://dx.doi.org/10.1016/j.watres.2012.02.004
http://dx.doi.org/10.1038/nbt1267
http://dx.doi.org/10.1016/j.peptides.2012.06.001
http://dx.doi.org/10.1038/s41598-017-04069-x
http://dx.doi.org/10.1074/jbc.M109.017764
http://dx.doi.org/10.1074/jbc.M109.017764
http://dx.doi.org/10.1073/pnas.94.26.14614
http://dx.doi.org/10.5897/AJB10.745
http://dx.doi.org/10.1271/bbb.120600
http://dx.doi.org/10.1016/j.peptides.2010.11.005
http://dx.doi.org/10.1577/H09-002.1
http://dx.doi.org/10.1016/j.micpath.2017.11.039
http://dx.doi.org/10.1046/j.1432-1033.2002.02881.x
http://dx.doi.org/10.1038/35104690
http://dx.doi.org/10.1016/j.peptides.2008.12.014
http://dx.doi.org/10.1073/pnas.94.26.14614
http://dx.doi.org/10.5897/AJB10.745
http://dx.doi.org/10.1271/bbb.120600
http://dx.doi.org/10.1016/j.peptides.2010.11.005
http://dx.doi.org/10.1577/H09-002.1
http://dx.doi.org/10.1016/j.micpath.2017.11.039
http://dx.doi.org/10.1046/j.1432-1033.2002.02881.x
http://dx.doi.org/10.1038/35104690
http://dx.doi.org/10.1016/j.peptides.2008.12.014
http://dx.doi.org/10.1007/s12602-017-9352-0
http://dx.doi.org/10.1016/j.watres.2012.02.004
http://dx.doi.org/10.1038/nbt1267
http://dx.doi.org/10.1016/j.peptides.2012.06.001
http://dx.doi.org/10.1038/s41598-017-04069-x
http://dx.doi.org/10.1074/jbc.M109.017764
http://dx.doi.org/10.1074/jbc.M109.017764
http://dx.doi.org/10.1073/pnas.94.26.14614
http://dx.doi.org/10.5897/AJB10.745
http://dx.doi.org/10.1271/bbb.120600
http://dx.doi.org/10.1016/j.peptides.2010.11.005
http://dx.doi.org/10.1577/H09-002.1
http://dx.doi.org/10.1016/j.micpath.2017.11.039
http://dx.doi.org/10.1046/j.1432-1033.2002.02881.x
http://dx.doi.org/10.1038/35104690
http://dx.doi.org/10.1016/j.peptides.2008.12.014
http://dx.doi.org/10.1007/s12602-017-9352-0
http://dx.doi.org/10.1016/j.watres.2012.02.004
http://dx.doi.org/10.1038/nbt1267
http://dx.doi.org/10.1016/j.peptides.2012.06.001
http://dx.doi.org/10.1038/s41598-017-04069-x
http://dx.doi.org/10.1074/jbc.M109.017764
http://dx.doi.org/10.1074/jbc.M109.017764
http://dx.doi.org/10.1007/s12602-017-9352-0
http://dx.doi.org/10.1016/j.watres.2012.02.004
http://dx.doi.org/10.1038/nbt1267
http://dx.doi.org/10.1016/j.peptides.2012.06.001
http://dx.doi.org/10.1038/s41598-017-04069-x
http://dx.doi.org/10.1074/jbc.M109.017764
http://dx.doi.org/10.1074/jbc.M109.017764
http://dx.doi.org/10.1073/pnas.94.26.14614
http://dx.doi.org/10.5897/AJB10.745
http://dx.doi.org/10.1271/bbb.120600
http://dx.doi.org/10.1016/j.peptides.2010.11.005
http://dx.doi.org/10.1577/H09-002.1
http://dx.doi.org/10.1016/j.micpath.2017.11.039
http://dx.doi.org/10.1046/j.1432-1033.2002.02881.x
http://dx.doi.org/10.1038/35104690
http://dx.doi.org/10.1016/j.peptides.2008.12.014
http://dx.doi.org/10.1073/pnas.94.26.14614
http://dx.doi.org/10.5897/AJB10.745
http://dx.doi.org/10.1271/bbb.120600
http://dx.doi.org/10.1016/j.peptides.2010.11.005
http://dx.doi.org/10.1577/H09-002.1
http://dx.doi.org/10.1016/j.micpath.2017.11.039
http://dx.doi.org/10.1046/j.1432-1033.2002.02881.x
http://dx.doi.org/10.1038/35104690
http://dx.doi.org/10.1016/j.peptides.2008.12.014

	1 Introduction
	2 Materials and methods
	2.1 Fish rearing
	2.2 Bacterial challenge experiment
	2.3 Total RNA, DNA isolation and cDNA synthesis
	2.4 Full length cDNA and DNA cloning of a hepcidin gene from C. striata
	2.5 Sequence conservation and phylogenetic analysis
	2.6 The qPCR analysis of Cshep gene expression
	2.7 Antimicrobial assay
	2.8 Kinetics of bacterial killing

	3 Results
	3.1 Sequences analysis and phylogenetic analysis of Cshep gene
	3.2 Cshep gene was highly expressed in the liver of C. striata and up-regulated in the liver under V. harveyi attack
	3.3 Cshep shows high antimicrobial activity against V. harveyi
	3.4 Cshep shows a rapid killing process against microorganisms

	4 Discussion

