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, Fer il (Ictalurus
punctatus) (Liu et al, 2010) (Sciaenops
ocellatus) (Hu et al, 2010) (Pseudosciaena
crocea) (Zhang et al, 2010) (Cynoglossus
semilaevis) (Wang et al, 2011) (Oplegnathus

fasciatus) (Elvitigala et al, 2013)
(Chionodraco rastrospinosus) (Scudiero et al, 2013)
(Salmo salar) (Lee et al, 2014)
(Hippocampus abdominalis) (Oh et al, 2016)
Fer s
(Dicentrarchus labrax)
(Photobacterium damselae spp. Piscicida) , Fer
(Neves et al, 2009);

£l
] (Edwardsiella ictaluri)
Fer-H (Liu et al, 2010);
, (lipopolysaccharides, LPS)
(Edwardsiella tarda) (Streptococcus
iniae) (rock bream iridovirus, RBIV)
Fer-M
(Elvitigala et al, 2013) , Fer
(Plecoglossus altivelis)
( , 2009)
Ferritin
Fer(PaFer) , cDNA R
mRNA
, PaFer
mRNA ; PaFer
Ferritin
1
1.1

(20—25g)

> (Vibrio
(Vibrio alginolyticus)
ayu-H080701

vulnificus)

(Vibrio anguillarum)

(Vibrio parahaemolyticus) (Escherichia
coli) BL21 plys E TGl pET-28a
RNAiso AMV T4 DNA
pMDI19-T Simple Vector Ex Tag DNA

Ni-NTA Sefinose™ SYBR Premix Ex Taq
TaKaRa ( );

( ) ; Gel Extraction Kit
Omega ( );
C )
1.2
7d 5,
-70°C ,
PaFer mRNA
, 30 1.0x10* CFU/
( , 2009),
4 8 12 24h ,
4
1.3 PaFer cDNA
Illumina HisSeq 2000
/ )
PaFer cDNA , PCR
BLASTP (http://www.ncbi.nlm.nih.gov/
BLASTY/); ClustalW

(http://clustalw.ddbj.nig.ac.jp/);
MEGA 5.0 (Tamura et al, 2011);
Compute pl/Mw (http://web.

expasy.org/compute pi/);

SignalP 4.1 (http://www.cbs.dtu.dk/services/SignalP/);
N NetCGlye 1.0 (http://
www.cbs.dtu.dk/services/NetCGlyc/);
PROSITE (http://kr.expasy.org/prosite/);
Rost(1996)
1
1.4 PaFer mRNA
qPCR PaFer
mRNA R PaFer
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The sequences used for multiple alignment and phylogenetic tree construction

AF088851
M10119
X52561
NM_010240
M55010
AF538971
KR063285
KR063286
KR063287
KP780174
KP780175
KP780176
XM_003445695
XM_003446409
XM_005448328
HF559476
AMA419433
XM_017033033
HQ913639
XM_017034102
BT075487
BT075309
NM_001200338
NM_001200339
F1788423

NM 001303319
XM_010745477

Homo sapiens-H
Homo sapiens-L

Mus musculus-H

Mus musculus-L
Xenopus laevis-H
Xenopus laevis-L
Andrias davidianus-H
Andrias davidianus-M

Andrias davidianus-L

Hippocampus abdominali-H
Hippocampus abdominali-M
Hippocampus abdominali-L

Oreochromis niloticus-H
Oreochromis niloticus-M

Oreochromis niloticus-L

Chionodraco rastrospinosus-M

Chionodraco rastrospinosus-H

Cynoglossus semilaevis-H
Cynoglossus semilaevis-M
Cynoglossus semilaevis-L
Osmerus mordax-H
Osmerus mordax-M
Ictalurus punctatus-H
Ictalurus punctatus-M
Larimichthys crocea-H
Larimichthys crocea-M

Larimichthys crocea-L

Human

Human

Mouse

Mouse

African clawed frog
African clawed frog
Chinese giant salamander
Chinese giant salamander
Chinese giant salamander
Sea Hosre

Sea Hosre

Sea Hosre

Nile tilapia

Nile tilapia

Nile tilapia

Antarctic fish

Antarctic fish
Half-smooth tongue sole
Half-smooth tongue sole
Half-smooth tongue sole
Rainbow smelt

Rainbow smelt

Channel catfish

Channel catfish

Large yellow croaker
Large yellow croaker

Large yellow croaker

GU187329 Sciaenops ocellatus-M Red drum

FR714867 Plecoglossus altivelis Ayu

AB618039 Oplegnathus fasciatus-H Rock bream

AB618038 Oplegnathus fasciatus-M Rock bream

GU182880 Scophthalmus maximus-H Turbot

GUS590873 Scophthalmus maximus-M Turbot

NM_001124547 Oncorhynchusmykiss-H1 Rainbow trout

BT073755 Oncorhynchus mykiss-M Rainbow trout

NM_001123657 Salmo salar-H Atlantic salmon

BT049618 Salmo salar-M Atlantic salmon

H L M 3
mRNA Li (2015
RNA DNase 1 PaFer(+): 5'-GCTGGAGAAGAACGTCAACC-3';

<DNA PCR PaFer(-): 5'-GCGTCCATCTTGGTGAGATT-3'

PaFer ¢cDNA

165bp
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B-actin ( : AB020884) ,

pActin2(+): 5-TCGTGCGTGACATCAAGGAG-3';
pActin2(-): 5'-CGCACTTCATGATGCTGTTG-3'

231bp (Li et al, 2014)

qgPCR (25pL): SYBR Premix Ex Taq (2x)
12.5uL  cDNA 0.5uL (10pumol/L)
IpL, 25uL ABI Step
One PCR ( ) , :
94°C 3min ( , 1 ); 94°C 30s, 58°C 30s,
72°C 30s ( , 40 ); 94°C 30s, 72°C 60s,
95°C 30s ( , 1 ) qPCR
3 , (PaFer)
(B-actin) At PaFer
mRNA (Livak et al, 2001)
1.5
PaFer ORF )

pET-28a-PaFer(+): 5'-GGAATTCATGGAGTCTC
AGATCCGCC-3';

pET-28a-PaFer(-):
CTCCCCAAG-3’

5'-CAAGCTTTTAGCTCTGG

EcoR 1
, PCR
(25uL): 10xLA buffer 2.5uL, dNTP (2.5mmol/L) 3.5uL,
cDNA 1uL, (10pmol/L)  1uL, LA
Tag DNA 0.25pL, ddH,O 15.75uL
Mastercycler pro PCR (
, :94°C
56°C 30s, 72°C
72°C 10min

Hind 1II

eppendorf )
2min; 94°C 30s,
1.5min, 30 ,

, EcoR Hind s
pET-28a ,
pET28a-PaFer pET28a-PaFer BL21
pLys E , IPTG ,
SDS-PAGE s G-250 PaFer
(rPaFer)
IPTG , )
4°C 8000g 10min, , PBS
s 3 , 4°C 8000g 10min,
, PBS 5 ,
(20mmol/L Tris-HCI, 8mol/L , 500mmol/L NaCl,
Smmol/L , pH 8.0) , 4°C 12000r/min
30min, Ni-NTA

Sefinose™ ) )
Ni** 1
2 ,
, SDS-PAGE
1.6
Bradford (Bradford, 1976)
rPaFer s
s rPaFer
De Zoysa (2007)
: ImL
rPaFer 0, 2, 4, 6, 8 10pg/mL) 20pL
FeCl, (2mmol/L) , 40pL
(5mmol/L), s 10min
(Ultrospec 1100 Pro UV/Visible spectrophotometer)
562nm
3 rPaFer
(%) = [C—(S—B)]/Cx100
, S rPaFer , C
, B
FeCl,
1.7
Chang (2006) s
rPaFer 100 50 25 12.5 6.25 3.125

1.5625pg/mL 7

, 30C 18h
1.0x10° CFU/mL
96 U
20uL/ ), PaFer
(80uL/ ), 30C 24h
, Varioskan Flash
(Thermo Fisher) OD¢o
rPaFer 4
(minimum inhibitory concentration, MIC),
3
1.8
+ (mean+S.D.),
SPSS 13.0 (One-way
ANOVA) , P<0.05

2

2.1 PaFer cDNA

PaFer cDNA 943bp (GenBank
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: FR714867), 531bp , 24h , 5.75
ORF, 176 70.88 (P<0.05)( 4)
20.4kDa s 5.46, N 2.5 PaFer
pET-28a-PaFer ,
PROSITE PaFer BL21 Plys E , IPTG ,
, , PaFer 7—156 SDS-PAGE G-250
(ferritin-like di-iron s R
domain), 1 23kDa, ( 9
(iron-binding region signature, IBRS2) ("* DPHLCD , NiZ*
FLETHYLNEQVEAIK '¥) (1) NCBI  CDD SDS-PAGE , (5,
> 7 rPaFer rPaFer
(24E, 31Y, 58E, 59E, 62H, ,
104E  138Q) ( 1), 7 H M
(Lawson ef al, 1989; Arosio 2.6 PaFer
et al, 2009) L 3 , Fe2*
(E54, E57  E61) (Santambrogio et al, , , rPaFer
1996) PaFer, E57 D57 (D , ,
» PaFer 4 o ; 4pg/mL (43.96%),
4—38 45—72 93—120 124—154( 1), 4 ( 6)
Fer (Harrison et al, 1996) 2.7 PaFer
2.2 PaFer rPaFer 4
, PaFer , , PaFer
(Andrias davidianus) Fer-M , MIC
68.5%—92.0%, (Osmerus mordax) 1.5625 25 100pg/mL,
(Oncorhynchus mykiss) Fer-M
91.9% 92.0%  92.0% 3
s Fer-M Fer-H Fer-L , PaFer ,
Fer-M , /
Fer-M ( 2
2.3 PaFer mRNA , PaFer
PCR , PaFer
mRNA , 7
s 4 «a , Fer-M
) , , 92.0% ,
( 3 Fer-M Fer-H  Fer-L , PaFer
2.4 PaFer mRNA Fer-M S Fer-M
> , PaFer mRNA
( ), , (Zhang et al, 2010)
, 4h PaFer mRNA (Wang et al, 2011) (Elvitigala et al, 2013)
, 24h , 103.67 (Wang et al, 2015) Fer-M
(P<0.05); PaFer mRNA 8h , PaFer
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Large yellow croaker-H
Seahorse-H

Nile tilapia-H

Atlantic salmon-H

Channel catfish-H

Rainbow trout-H

Human-H

Mouse-H

Chinese giant salamander-H
Chinese giant salamander-M
Ayu-M

Rainbow smelt-M

Rainbow trout-M

Atlantic salmon-M

Channel catfish-M

Large yellow croaker-M
Seahorse-M

Nile tilapia-M

Chinese giant salamander-L
Human-L

Mouse-L

Atlantic salmon-L

Nile tilapia-L

Seahorse-L

Large yellow croaker-H
Seahorse-H

Nile tilapia-H

Atlantic salmon-H

Channel catfish-H

Rainbow trout-H

Human-H

Mouse-H

Chinese giant salamander-H
Chinese giant salamander-M
Ayu-M
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Rainbow trout-M

Atlantic salmon-M
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Nile tilapia-H
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Human-H
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—
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Fig.2 Phylogenetic (Neighbor-joining) analysis of complete ferritin subunits from ayu and other species
: 1000 , >60%
201
1.5 ’
< Fer )
s
& 1ok Fer (Zhang et al,
s 2010; Wang et al, 2011; Wang et al, 2015) ,
a
0.5+ S Fer-M mRNA
12h R 44 Fer-M mRNA
0.0
1 2 3 4 5 6 7 8 12h 5 4.7 . Fer-M mRNA
R 5d , 4.4 (Zhang et al,
3 PaFer mRNA 2010); , Fer-M
Fig.3 The mRNA expression patterns of PaFer in various mRNA 48h 4h 1h ,
tissues of healthy ayu
oy O 62 48 11 (Wang et al, 2011);
B-actin mRNA PaFer mRNA (n=4) R Fer-M

PaFer

Large yellow croaker
Japanese parrotfish
Turbot
SeaHosre
Nile tilapia
Antarctic fish
Atlantic salmon
Channel catfish
Rainbow smelt

Chinese giant salamander
87 |: Human
Mouse

99

{Aﬁican clawed frog
100 Chinese giant salamander

Fer-H

95

100

99

Nile tilapia
Ayu

Rainbow smelt
Rainbow trout
Atlantic salmon
Channel catfish
Half-smooth tongue sole
Antarctic fish
SeaHosre
Turbot
Japanese parrotfish
Large yellow croaker
99' Red drum

499|—— African clawed frog
Chinese giant salamander

100

Fer-M



380

48

Liver
120 a |:|Control

80 l Infection

40

11

Hours post |nfect|on

PaFer/B-actin
N

-

24

¢ [] Control
60t W infection

80

IS
o

PaFer/B-actin
N
o

-
o

Jiirlrl

6.0 - Spleen .
b |:|Control
481 W infection
£ *
S 36}
@
$ 241
[ *
o
NN Fi
0.0
4 8 12

24
Hours post infection (h)

Kidney

o
=]

24

Hours post mfectlon

4

PaFer mRNA

Fig.4 Analysis on PaFer mRNA expression changes in various tissues of V. anguillarum infected ayu

rar ;b e PaFer  B-actin mRNA PaFer mRNA , ¥ (P<0.05) (n=4)
kb M mRNA 24h 48h  24h,
66.2
(Wang et al, 2011);
430 . , FerM
s 12h  24h
31.0 w—
12h, 13 35 20 (Wangetal,
2015) , >
211 . PaFer mRNA ,
s PaFer
5 PaFer A 24h
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MOLECULAR IDENTIFICATION, EXPRESSION AND FUNCTION
ANALYSIS ON FERRITIN IN AYU PLECOGLOSSUS ALTIVELIS

CHEN Meng-Dan, ZHU Kai, XU Zhu-Jie, LI Chang-Hong, MIAO Liang, CHEN Jiong
(Laboratory of Biochemistry and Molecular Biology, School of Marine Sciences, Ningbo University, Ningbo 315211, China)

Abstract

We obtained the cDNA sequence of ferritin gene from ayu (Plecoglossus altivelis), known as Fer gene (PaFer), with de

Ferritin (Fer), a type of iron storage protein, exists in organism in close relationship with iron metabolism.

novo transcriptome sequencing of ayu monocytes/macrophages. The full-length of cDNA sequence of this gene was 943
nucleotides, containing a large open reading frame encoding 176 amino acids in a predicted molecular mass of 20.4kDa and
a theoretical isoelectric point of 5.46. The multiple sequence alignment of complete amino acid sequences indicated that
PaFer featured a conserved ferritin-like diiron domain. PaFer shared the highest amino acid sequence identity (92.0%) with
those of rainbow trout (Oncorhynchus mykiss) and Atlantic salmon (Salmo salar) Fer-M. Phylogenetic tree analysis also
confirmed that PaFer, Fer-M of Atlantic salmon and rainbow trout grouped into a small cluster, and PaFer was most closely
related to that of rainbow trout. Quantitative real-time PCR (qPCR) analysis showed that PaFer mRNA had the highest
expression level in spleen of healthy ayu. After Vibrio anguillarum infection, PaFer transcripts upregulated significantly in
the liver, spleen, and kidney. The PaFer was overexpressed in the form of inclusion bodies and a Ni*" nitrilotriacetic acid
(NTA) Sefinose column was used to purify PaFer recombinant protein (rPaFer). Urea gradient dialysis method was used to
obtain the refolding protein. Result of iron chelation experiment show that at rPaFer concentration of 4pug/mL, the iron
chelation of rPaFer reached peak level (43.96%). In addition, result of antimicrobial activity experiment show that the
minimum inhibitory concentration (MIC) of rPaFer against V. anguillarum, V. alginolyticus, and V. vulnificus was 1.5625,
25.0, and 100.0pg/mL, respectively. Therefore, we believe that the PaFer can play an important role in immune response
against pathogen infection via regulation of iron metabolism. This understanding may provide a theoretical basis for
studying the functions of fish Fer and its mechanisms of regulating fish immune response to pathogens.

Key words ferritin; expression; iron chelation capacity;

Plecoglossus altivelis; antimicrobial activity
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