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Cloning and tissue-specific expression analysis of hepcidin
gene in koi (Cyprinus carpio)
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Abstract: [Objective] Our aim is to clone cDNA sequence of hepcidin gene (k-hepc) and find its
expression pattern in koi (Cyprinus carpio). [Methods] In this study, the full-length cDNA sequence
of hepcidin gene in koi was cloned by RT-PCR and RACE PCR and sequenced. The liver, spleen,
kidney, intestine, brain, heart, muscle and gill were obtained 0, 4, 8, 12, 24 and 48 h after the koi
were challenged with deromonas veroii and evaluated by real time PCR to find gene expression of
k-hepc. [Results] The sequence of k-hepc cDNA (GenBank No. KC795559) is 755 bp in length, and
ORF is 276 bp long. The deduced amino acid sequence of k-hepc gene consists of 91 amino acids
including signal peptide, prodomain and mature peptide. The mature peptide contains 8 cysteines,
and is able to form 4 disulfide bonds. The deduced amino acid sequence of k-hepc has 93% similarity
to hepcidins of known common carp and 29%—93% similarity to hepcidins of other fish species.
Expression of k-hepc is found in all the tissues tested by our lab. The relative expression levels in
normal fish showed high basal values in liver and low values in gill. The expression of k-hepc mRNA
was significantly increased in the liver and heart but not significantly induced in other tissues after
bacterial-challenge. [Conclusion] The protein encoded by k-hepc is a member of hepcidin family.
Expression of k-hepc is mainly affected by intrinsic regulation factors.
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1 Introduction

Hepcidin is an antimicrobial peptide (AMP) and
iron regulatory molecule, and is of importance in host
defense against microbial infection. To date, large
numbers of hepcidin have been isolated from human
blood ultrafiltrate and urine, other mammals and fish.
Mature peptide of hepcidin was isolated firstly in fish
from the hybrid striped bass in 2002, In addition,
peptide sequences of hepcidins or expressed sequence
tags have been predicted in Perciformes fishes,
including Lateolabrax japonicus[z] gilthead sea
bream? ], medaka, rainbow trout[ winter ﬂounder[sl
long-jawed mudsucker'® and Altlantlc salmon!” and
so on. Fish hepcidin ¢cDNA and genomic DNA
organization have been determined in many fish,
including hybrid striped bass!'l, winter flounder?’,
Atlantic salmon!’’, zebraﬁsh[g], rainbow troutm, olive
ﬂounder[lo], Japanese ﬂounder[“], red sea bream[lz],
Japan sea bass”), sea bass'" black porgy!", gilthead
sea bream”). The hepcidin peptides contain unique
structure among antimicrobial peptides, sharing rich
cysteines at conserved positions with a distinctive
disulfide bridge structure!™'?). Cysteine-rich
antimicrobial peptides of the defensin family have been
detected in the fat body of insects and the haemolymph
of mollusks!'*"”. Besides, hepcidin takes part in iron
metabolism and relates to disorders in iron homeostasis
resulting in iron deficiency or overload**>*!

Arguments against hepcidin being predominantly
expressed in the liver have recently occurred in a few
publications"'""'*either in mammalian or in fish
hepcidin studies. In mammals, Kulaksiz et al.
suggested that hepcidin was not liver-specific but
might be expressed also in the kidney”2%. While in
the red sea bream and catfish, hepcidin mRNA was

#] k-hepc %69 %& @ =&

widely expressed in multiple tissues”’*", from which
the conclusion was derived that in fish hepcidin might
have a non liver-specific expression.

Koi (Cyprinus carpio) is a very important
economic species of cultured fish in China. Little is
known about the hepcidin and its immune regulating
mechanism in koi. This study aimed to present and
analyze of cDNA sequences of hepcidin (including the
deduced amino acid sequence) in koi and evaluate its
expression profiles in several tissues before and after
pathogenic bacteria Aeromonas veronii challenge.

2 Materials and Methods

2.1 Fish maintenance

Healthy koi (60+2 g) were obtained from a koi
farm in Beijing. Fish were acclimatized in laboratory
for 7 days at 25.0+0.5 °C, dissolved oxygen of 6.5%
and fed with fish feed once per day.
2.2 Medium

Luria-Bertani (LB) broth and LB Agar were
prepared as the document®*2"),
2.3 Reagents and instuments

PureLink™ RNA Mini Kit, Life technologies
USA; SMARTer™ RACE ¢DNA Amplication Kit,
Clontech USA; Wizard® SV Gel and PCR Clean-Up
System, Promega USA; pEASY-TS cloning vector,
TransGen China; PrimeScript RT reagent kit, SYBR
Premix Ex7ag™ 1I, TaKaRa. 7500 Real Time PCR
System, AB Applied Biosystem; Agarose gel
electrophoresis, Bio-Rad.
2.4 Cloning and sequencing of koi hepcidin
cDNA

Livers were collected from koi, frozen
immediately in liquid nitrogen individually, and stored
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at —80 °C for use. Total RNA from the liver of koi was
extracted using PureLink™ RNA Mini Kit, according
to the manufacturers’ instructions. The quality of total
RNA was assessed by electrophoresis on 1% agarose
gel. In order to amplify the hepcidin cDNA from koi,
RT-PCR and rapid amplication of cDNA ends (RACE)
were performed following the SMARTer'™ RACE
cDNA Amplication Kit manual. The RACE reactions
were performed with primers (Table 1). The pair of
primers was designed based on the EST fragments
from the common carp cDNA library established in
the centre for applied aquatic genomics, and was in
the open reading frame (ORF) of carp hepcidin
(c-hepc). RACE PCR reactions were performed as
following: 5 cycles of denaturation at 94 °C for 30 s,
annealing at 72 °C for 2 min; 5 cycles of denaturation
at 94 °C for 30 s, annealing at 70 °C for 30 s, and
extension at 72 °C for 2 min; 25 cycles of
denaturation at 94 °C for 30 s, annealing at 68 °C for
30 s and extension at 72 °C for 2 min. Amplified
products were analyzed on agarose gel electrophoresis
and purified from gel with a Wizard® SV Gel and PCR
Clean-Up System. The purified PCR product was
cloned in the pEASY-T5 cloning vector. After
sequenced, 5'- end and -3’ end sequences were
assembled to a k-hepc cDNA contig.
2.5 Bioinformatic analysis

Translation of the cDNA was performed using
DNAStar software. The amino acid sequence of koi
hepcidin (k-hepc) was analyzed using the BLAST at
the NCBI (http://www.ncbi.nlm.nih.gov/blast). The
cleavage site for the signal peptide was predicted by the
SignalP  (http://www.cbs.dtu.dk/services/SignalP/)*").
Charges of the deduced mature peptides of k-hepc were
calculated by the ProtParam tool (http:/cn.
expasy.org/tools/protparam.html)™'). Multiple-sequence
alignment of the k-hepc with hepcidin from other
animals was performed with the ClustalX".
Homology searches were performed using BLASTn
and BLASTp by the National Center for Biotechnology
Information (http://www.ncbi.nlm.nih. gov/). Deduced
aminoacid sequences from 23 hepcidin gene sequences
were used to construct a prepro hepcidin multiple
alignment by ClustalX software. Besides, a Neighbor-
Joining phylogenetic tree of 23 prepro hepcidin
sequences with Poisson Correction model, pairwise
deletion option and 10 000 replicates of bootstrap was
built with MEGA 4.0.2 software.

2.6 Aeromonas veronii challenge of koi and
RNA sampling

The challenge experiment for assessing induction of
gene expression was designed to intramuscular infection
with Aeromonas veronii, a pathogenic bacterium
(CGMCC 7231) isolate for this fish species. Twenty fish
were injected with approximately 2x10° CFU/mL, and
the equal quantities of fish were injected with 0.7%
sterile physiological saline solution (PSS) as the control.
The two treatment groups were kept in seperate water
cages after injection. The different tissues of three fish
in each group were sampled at 0, 4, 8, 12, 24 and 48 h
post-injection from the A. veronii-challenged and PSS
mock-challenged fish. The tissues including the liver,
spleen, kidney, intestine, brain, heart, muscle, and gill
were separately collected from each individual fish, and
frozen immediately in liquid nitrogen individually, and
stored at —80 °C. Tissue samples were homogenized in
PureLink'™ RNA Mini Kit, and total RNA was
extracted.
2.7 Analysis of hepcidin expression by RT-PCR
and real time PCR

The RT-PCR reactions for hepcidin expression
were carried out (37 °C for 15 min, 85 °C for 5 s,
followed by 4 °C) using PrimeScript RT reagent kit.
The relative quantity of k-hepc mRNA was evaluated
using the comparative C; (Cycle threshold) method
with a 7500 Real Time PCR System and SYBR
Premix Ex7ag'™ 1I. The primers specific for k-hepc
gene and the endogenous gene control are listed in
Table 1. The cycling profile was as follows: stage 1:
1 cycle of denaturation at 95 °C for 30 s, stage 2:
40 cycles of PCR reaction at 95 °C for 5 s and 60 °C
for 34 s, stage 3: dissociation stage at 95 °C for 15 s,
60 °C for 1 min and 95 °C for 15 s. The validation
experiment was performed using three diluted cDNA
series from the control liver to verify that efficiencies
of the k-hepc mRNA and p-actin gene were
approximately equal in real time PCR. Expression of
k-hepc gene was normalized to an endogenous reference
B-actin and presented as AC; values. Tissue-specific
expression of k-hepc gene was investigated in three
normal fish, including the liver, spleen, kidney, intestine,
brain, heart, muscle and gill. The expression patterns of
k-hepc gene at the time course of A. veronii-challenge
were investigated in the liver, spleen, kidney, heart,
intestine, brain and muscle, using 0 h normal fish liver
RNA pool as calibrator samples. All data were obtained
in comparison with the same calibrator.
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Table 1 Primers used in this study

*1 319
Primer Sequence (5'—3") Size (bp)
R-cg3 ACGTCAAAGCCATCTGTCCCTGTGC 25
F-cg3 CGTCATCACATGCGTCTGCTTCCTC 25
F-qcl TCATCACATGCGTCTGCTTCC 21
R-qcl AGGGGATTTGGATTTGTTTCTGTC 24
B-actinF GCTGTCCCTGTATGCCTCTGGT 22
B-actinR GGCGTAACCCTCGTAGATGGG 21

2.8 Statistical analysis

7500 software V2.0.6 automatically calculates
the relative quantification (RQ) value. RQ=2"“ All
data were analyzed by one-way analysis of variance
(ANOVA). In addition, two-way ANOVA was used to
determine the interactions of injection treatment and
time. Duncan’s multiple range tests and critical range
was used to test differences among individual means.
Graphs were made by the box-whisker plot.
Difference were regarded as significant when P<0.05.

3 Results

3.1 Determination of k-hepc complete coding
sequence (CDS)

Koi hepcidin CDS was obtained from the two EST
sequences assembly and the primers were in the ORF of
the k-hepc. Out of expectation, there was only R-cg3
without F-cg3 in 5-RACE product of mRNA, which
showed that cDNA sequence of k-hepc was not
consistent with that of carp hepcidin even in the ORF
sequence (Figure 1). The sequence of k-hepc cDNA
(GenBank accession No. KC795559) is 755 bp in length,
including 5'-untranslated region (5'-UTR) of 112 bp, -3’
untranslated region (-3’'UTR) of 367 bp, and ORF of the
276 bp. Compared with other reported cyprinid fish
hepcidin, cDNA sequences of k-hepc is similar with that
of c-hepc as high as 94%. The deduced amino acid
sequence of k-hepc (GenBank No. AGO64769.1) is
91 amino acids in length and consists of three domains:
signal peptide (24 residues), prodomain (42 residues) and
mature peptide (25 residues) (Figure 2). According to the
analysis by the SignalP, the signal peptide cleavage site
of the deduced k-hepc was predicted between Ala 24 and
Val 25 (Figure 2). The mature peptide region of k-hepc
was predicted, with “RX(F/R)R” as characteristic
sequence for propeptide convertases, consisting of
25 amino acid residues at the C terminus of ORF. The

processed mature peptide of k-hepc is predicted by
ProtParam to be positively charged at neutral pH, having
a theoretical pl of 8.34. It is thus a cationic protein. The
peptide k-hepc molecular weight is 2 892.5 Da.
3.2 Amino acid sequence alignment

The deduced amino acid sequence of k-hepc has
29%—93% similarity to hepcidins of other fish species
and mammals, sharing eight cysteines at the identical
conserved position (Figure 3). The alignment showed
that all listed hepcidins (23 hepcidin or hepcidin-like
sequences searched on GenBank), including fish
(18 hepcidin sequences), mammalian (4 hepcidin
sequences) and reptile (1 hepcidin sequence)
hepcidins were most characterized by eight cysteine
residues conserved at identical positions in the mature
peptide region. The predicted signal peptide was
highly conserved between k-hepc and three other fish
hepcidins, such as common carp, Puntius sarana and
Danio rerio hepcidins (Figure 3), while the other
14 species fish hepcidins were conserved with each
other.There was lower similarity in the signal peptide

1 ATGARAGTTCTCACGTGTGGCTCTCGCTGCTGCAGTCATCATCGCATGCGTCTGCATCCTC
FELEEEEE  Trrrreerrerrre e veerree e veeree perrrrreerr reeel
1 ATGAAGTTGACACGTGTGGCTCTCGCCGCTGCAGTCGTCATCACATGCGTCTGCTTCCTC

61 CAGTCCGCAGCCGTTCCCTTCACACAGCAGACTGAAGATGAGCATCATGTGGAGAGTGAR
FEETEerer rerrr e et e e e e b e e e e e e e e e e
6 1  CAGACCGCAGCTGTTCCCTTCACACAGCAGACTGAAGATGAGCATCATGTGGAGAGTGAA

121 GCACCACAGGAGARCCAGCATCTGACAGAGACTTCACAGGAACAAACCAATCCCCTGGCA
FErerrrerrerrr reeerreerreer | (RRRRRRARRRN
121 ACACCACAGGAGRAACGAGCATCTGACAGRAACAAATCCA. . ....... AATCCCCTGGCA

1 8 1 TTCTTCAGGGTGARACGTCARAGCCATCTGTCCCTGTGCAGATACTGCTGCAACTGCTGC
FEEREEEREEEr e e e e e e e e e e e e e e e e e e e e e e e e el
172 TTCTTCAGGETGARACGTCABAAGCCATCTGTCCCTGTGCAGATACTGCTGCAACTGCTGC

241 CGCAACAAAGGCTGTGGATACTGCTGCAAATTCTGA

FEEEREERETEr et e e e er el
232 CGCARCAAAGGCTGTGGATACTGCTGCARATTCTGA

Figure 1 Comparison of ORF sequences of k-hepc and
c-hepc

1 k-hepc 5 c-hepc B ORF 5|89 Eb3E

Note: ORF sequences of k-hepc and c-hepc was listed in upper line
and lower line, separately.

k-hepc  c-hepc  ORF
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sequence of hepcidin between fish and mammals
(Figure 3). The signal peptide cleavage site of all
deduced fish hepcidins was between Ala 24 and Val
25. However, the 25th amino acid in some hepcidins
was substituted by other amino acids (Ala 24-Ile 25,
or Ala 24-Ser 25, or Ala 24-Phe 25) as shown in
Figure 3. The deduced amino acid sequence of

k-hepc showed 93% homology with c-hepc when
analyzed by GenBank BLASTp, the highest in
comparison with other fish hepcidins (Figure 3).
Both hepcidin sequences are fully identical in the
signal peptide. The RX (K/R) R motif typical of
propeptide convertases is identified among all the
tested animals (Figure 3).

61

121

181
24

241
44

301
64

361
84

421
481
541
601
661
721

Figure 2 Full-length nucleotide sequence of k-hepc cDNA and deduced amino acid sequence of k-hepc

gggggaagaaagagtaaacttaaaagagaagcagaggaatcacttcagecagatatcatet
tctacatcaactcctcaagagaagaactaccttcagegttacagaagtgaaa ATGAAGTT
M K F

CTCACGTGTG GCTCTCGCTGCTGCAGTCATCATCGCATGCGTCTGCATCCTCCAGTCCGC
S RV AL AAAV I TACVCTITIILQS A

Signal peptide

AGCCGTTCCCTTCACACAGCAGACTGAAGATGAGCATCATGTGGAGAGTGAAGCACCACA
AV P FTQ QTEUDEUHHVESTEATPAQ

Prodomain
Predicted cleavage site for signal peptide

GGAGAACCAGCATCTGACAGAGACTTCACAGGAACAAACCAATCCCCTGGCATTCTTCAG
ENQHLTETSQEQTNPTLAFTFR

GGTGAAACGTCAAAGCCATCTGTCCCTGTGCAGATACTGCTGCAACTGCTGCCGCAACAA
VKRQS HLSLCRYCCNZ CCRNEK

ﬂ Mature peptide
Predicted processing site for mature peptide

AGGCTGTGGATACTGCTGCAAATTCTGAtcctgegggtgttttaccaagttetgtgtget
G C G Y C C K F =%
caggaaaagagtttccttgaaacattaacttatttggacttttgttttcaaaaaccctge

tgaaatgatttcccctgtggecatcaagttgtttgaaacgggtataaatgecaggetttgte
tccatgcatactgetttgtaaaagttgcagetactgaaatttaactaacgatatgagaac
tcacttttttttaaattcttttatgatttgtatgttttatatgtatattttttatgectyg
tgtacaatgattgtttagaaaatgaaaagcttttggatatttgtaataaaaggattttac

atttgaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

2 k-hepe 21K cDNA HIIZER 55 R H4mADHI R BB F 7

Note: 5'-UTR and -3'UTR are in small letters, while ORF are in capital letters. Nucleotides and amino acids are numbered on the left of the
sequences. Start codon (ATG) and stop codon (TGA) are both highlighted. Predicted cleavage site for signal peptide is marked by solid arrow,
and predicted processing site for mature peptide is marked by hollow arrow.

5.3
(TGA)

ORF . , (ATG)
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b |AER00227.1 |
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Position 23
Signal peptide cleavage site Propeptide convertase cleavage site
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8
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o

21 Iref |xp 00328006
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Figure 3 Complete amino acid sequence of koi hepcidin and alignment (ClustalX) with fish, mammalian and reptile
hepcidin amino acid sequences
B3 SBENMERNEKESERFIIRESE. BEHFCTHMMNERIEEFS ClustalX L3

Note: Conserved cysteine residues of the mature peptide are marked with asterisks.

3.3 Phylogenetic analysis of k-hepc branch position with that from common carp, zebra
Phylogenetic analysis of the hepcidin-like family ~ fish and Puntius sarana (Figure 4). The other branch
indicated that two clusters were present: mammalian ~ of fish hepcidins were almost percomorpha and
and fish hepcidins (bootstrap value>95%). The parapercomorpha peptides, which seems closer to
deduced amino acid sequence from koi was in a each other than to cyprinid in hepcidin evolution.
Systomus sarana (CAZ68137)
91 koi Cyptinus carpio (AGO64769)
44 Cyptinus carpio (AFY23859)
Danioc rerio (NP0O01018873)

94— Alphestes immaculatus (AER00227)

Epinephelus coioides (AEA39715)

Eleginops maclovinys (ABY 84822)

85— Notothenia angustata (ABY 84825)

Larimichthys crocea (ABC18307)

Momopterus albus (ADK79123)
Patalichthys olivaceus (BAE06233)

50 Scophthalmus maximus (AAX92670)

Sebastes schlegelii (ACD80120)

40 Siniperca chuatsi (ACO88905)

28 27 Oreochromis niloticus (ADN22956)

79 Pagrus major (AAV34605)

Lates calcarifer (ADU87111)

50 Oncorhynchus mykiss (ADU85830)

Gadus morhua (ACA42769)

Sus scrofa (NP999282)

- Nomascus leucogenys (XP003280066)

Homo sapiens (NP066998)
;L Macaca fuscata (ABU7521)

53

36

100

S

A

Figure 4 Phylogenetic tree of k-hepc and other vertebrates’ hepcidin-like antimicrobial peptides
4 k-hepe SHMEHERNY Hepcidin HH4TE KR % B
Note: The evolutionary history is inferred by Neighbor-Joining with Poisson Correction model, built with MEGA 4.0.2 software. Numbers
on the branch refer to the percentage of 10 000 bootstrap samples and the bar indicates the percentage of sequence divergence.
MEGA 4.0.2 N-J . GenBank

10 000
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3.4 Tissue expression profiles of k-hepc gene in
normal koi

Expression of hepcidin was detected by means of
RT-PCR and real-time PCR in all the assayed tissues,
including the liver, spleen, kidney, intestine, brain,
heart, muscle and gill (Figure 5). The highest amount
of k-hepc mRNA transcripts was demonstrated in the
liver and the lowest relative expression level was
tested in the gill in normal fish (Figure 5).
3.5 Koi hepcidin gene expression in bacterial
infected koi

The expression pattern of k-hepc was
investigated in the liver, spleen, kidney, intestine,
brain, heart and muscle at the time course of 0, 4, 8,
12, 24 and 48 h post injection with A. veronii and PSS,
using real-time PCR. All the results are presented with
B-actin as an endogenous control. A significant
up-regulation of k-hepc expression was observed in
liver at 4 h and in heart at 12 h after A. veronii-

100000
1T

0.100 00

0.01000

RQ

0.001 00

0.000 10

challenged (P<0.05) (Figure 6). The liver displayed
the higher expression level over 20 fold compared with
the control, and the heart displayed over 13 fold
compared with the control. No significant up-regulation
of k-hepc expression was observed in brain, intestine,
kidney, spleen and muscle after 4. veronii-challenged
(Figure 6).

Two-way ANOVA (Table 2) showed that the
expression of k-hepc mRNA in liver and heart were
significantly affected by bacterial injection (£<0.05),
and the expression of k-hepc in brain, intestine,
kidney, spleen, and muscle were not obviously
affected (P>0.05). Moreover, challenge time
significantly affected the heart, brain, intestine,
kidney (P<0.01) and muscle (P<0.05), but no
obviously affected the liver and spleen (P>0.05).
Interaction effects between injection time and
bacteria in heart were significant (P<0.01), and not
significant (P>0.05) in other tissues.

0.000 01

Liver =~ Heart Brain Intestine Kidney Spleen Muscle  Gill

Figure S Distribution of k-hepc gene transcripts in various tissues in normal koi analyzed using real time PCR
5 SIREE PCR SITEIBIREER L FHLRA P k-hepe EERFEFIEN N
Note: B-actin gene was used as endogenous control. Among the tissues sample of fish (n=3) assayed, the relative quantification (RQ) value of
liver located on the left side of the abscissa is the maximum and the RQ value of gill located on the right side of the abscissa is the minimum.

B-actin 3

RQ RQ
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Figure 6 Quantitative analysis of the k-hepc gene expression in tissues of A. veronii-challenged koi was using
real-time PCR
6 SERTER PCR MRS B E B RBEAELAT k-hepe BERIZHITER S
Note: All data were normalized relative to -actin and represented by the means + S.E. Results shown are the mean of three individual RNA
sample of fish (n=3) with 4. veronii-challenge. The gene expression of k-hepc in fish (n=3) inoculated with 0.7% sterile physiological saline
solution (PSS) was shown in parallel.
B-actin + . 3 (n=3) RNA
k-hepc
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Table 2 The relative quantification (RQ) value analysis of different tissue of juvenile koi at the time course of 0,
4, 8, 12, 24 and 48 h post injected separately with 4. veronii and physiological saline solution (PSS) with Two-way

ANOVA analysis
Fz 2 AEIEERHINT R IES R RREEAE RS EHLE PHEMEE RQ ERIWEF ANOVA 7347

Item Time Injection Material Interaction
RQ of the liver NS & NS
RQ of the heart xS R RS
RQ of the brain xS NS NS
RQ of the intestine xS NS NS
RQ of the kidney ok NS NS
RQ of the spleen NS NS NS
RQ of the muscle k3 NS NS
RQ of the liver NS i NS

Note: *: Statistical significance (P<0.05, factorial ANOVA); **: Statistical significance (P<0.01, factorial ANOVA); NS: No statistical

significance (P>0.05, factorial ANOVA).
* (P<0.05) **

4 Discussion

In this study, the deduced amino acid sequence of
k-hepc from koi was comprised of 91 amino acids.
Although several hepcidins from fish have been
predicted or determined, there was little information
about hepcidins of cypriniformes fish except common
carp”,  Puntius sarana and zebrafish. So the
nucleotide sequence of k-hepc might be different from
those of other known cypriniformes hepcidins. The
hepcidin-like peptide identified in this paper has the
same subregions such as signal peptide, prodomain
peptide and mature peptide with other hepcidins
identified in fish and mammals, including human. The
signal peptides were almost invariably 24 aa in length.
Although Barnes et al®™ reported that the signal
peptide regions were highly conserved among most of
other fish, the cyprinid fish, such as koi, common carp,
Puntius sarana and zebrafish, shared another type of
signal peptide regions of hepcidin. They have not
polar Ser but nonpolar Ala at amino acid position 23
(Figure 3). K-hepc contains a typical endoplasmic
reticulum targeting signal sequence, a consensus
cleavage site for prohormone convertases”>),
a propeptide convertase site at amino acid position 66,
and 8 cysteine residues as a characteristic of many
hepcidins in fish and human!®*
highly conserved among all animals in Figure 3.

The expression of hepcidin genes was
significantly induced in the liver and heart of koi after
Aeromonas veronii-challenged, but not obviously

1. These structures are

(P<0.01) NS

(P>0.05).

changed in other tested tissues. Our observation on the
hepcidin expression pattern in the liver completely
matched reported for bacterially challenged white bass
where up-regulation was most dramatic in liver .
Hilton et al®” also summarized recently that hepcidin
transcript levels in fish challenged with bacteria were
increased primarily in the liver. Furthermore, the
expression of hepcidin genes was significantly
induced in the heart of koi after bacterial-challenged
in this study. The Atlantic salmon hepcidin Sall and
Sal2 transcripts were both up-regulated in multiple
tissues with bacterial challenge!”. These results
indicate that the regulation of hepcidin-like transcripts
from fish might be highly diverged in different species.
K-hepc mRNA expression in the brain, intestine, kidney,
spleen and muscle was not significantly changed during
the period of 48 h after bacterial challenge with
unchallenged normal fish, suggesting k-hepc was
constitutively expressed in these tissues tested. In
addition, according to the analysis of two-way ANOVA,
we thought that the impact of time upon k-hepc mRNA
expression in the brain, intestine, kidney and muscle
was greater than the influence of bacteria. Apparently,
different tissues of koi produce hepcidin-like peptides in
a constitutive or inducible manner.

In conclusion, we have presented the sequences
of hepcidin from koi. The k-hepc is close to the other
three cyprinid fish hepcidins, with cysteine
conformation and propeptide convertase cleavage sites.
Hepcidin transcripts are widely distributed in various
tissues of koi. Furthermore, the study describes the
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expression pattern of hepcidin-like gene of koi and

their patterns

of expression level at different

conditions and in different tissues, showing k-hepc
might be not induced by bacteria-challenge but innate
regulation with time.
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