shrol a3 2] #1264 |35 (2013) www.ksfp.org

J. Fish Pathol.,

26(3) + 295~301 http://dx.doi.org/10.7847/jfp.2013.26.3.295
=3
=& ferritin H RHXI2| 221} Wl &4
A2 - HRD - AT - wE

Molecular cloning and expression analysis of a ferritin H subunit from rock

bream, Oplegnathus fasciatus
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Ferritin is an evolutionarily conserved protein that plays an important role in iron storage and detoxification. In

this study, the gene encoding a ferritin H subunit homologue (RbFH) was cloned from rock bream (Oplegnathus

fasciatus) and analyzed at the expression. The full-length ferritin H ¢cDNA was 1162 bp long and contained an open
reading frame (ORF) of 531 bp that encoded 177 amino acid residues with a predicted molecular mass of 20.8 kDa.
The 5 UTR was 297 bp in length, and the 3> UTR 298 bp, and preceded by a 5'-untranslated region that contains

a putative Iron Regulatory Element (IRE). The deduced amino acid sequence of RbFH shares extensive sequence

identities with the H ferritins of a number of fish species and contains the ferroxidase center that is preserved in

ferritin H subunits. Examination of tissue specific expression indicated that RbFH expression was most abundant in

PBLs, RBC,

liver and muscle.
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Tron> A7} Aoprh=t] B4l Z4o|, A iron /g2 7FA|A| ElTt (Hentze and Kuhn, 1996;
333} DNA HXM Z:8 ol 7] AESFAS] TiAL Baker et al, 2003). 122 ironZd3} A
o] HxoIxj2A] ALsitt 18}t $2)F iron-E free (iron-binding protein, IBPs)o]| 2]t iron®] 4L A=

radicalS- &AJ3]

= 5”]1 gl s =4& 9A = o] doprled| HaAo|tt. Transferrin}- ferritin2

2 gzl BAHel 4Ol o] £ iron AKIGAo] Toishs in g Selc (Law,
£ &t} Irone ferrous (Fe2)Q} ferric (Fe*) 2] T 714 2002; Nichol ef al., 2002; Dunkov and Georgieva, 2006).

of Akstel

S AR EARHT, oA HAS  Femiin® Al B%0L AR RS X O}

CatAL M 4= 9131, ERT oxygen derived radical i} gk FolA = HEE= dijdolr). o]A& HE
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E=o|A apoferritin A= ThE AR F2 s}
== H (heavy) 9} L (light) subunito]2} &8+ &
Z29] subunit-S A3k} (Cairo ef al., 1991; Orino
et al., 1997). 152 71%54Q1 A@oA] =& A
< UERdT}. Hsubunit2 iron 2] 4143t afj 52485
Sl= AO R 22|31 o] AL ferroxidase cantero]| A
ofu|ie At X717} A BEEo] Qlth L subunit
iron S, T713}, 47I7ke] B iron S 245}
2135t micelle nucleation siteso]] FoFS F=
0]Z9] carboxylic groups< 3Z8Fs}al QJrt (Harrison
and Arosio 1996; Theil 1990; Rucker et al., 1996).

EFF9] ferritino]] T3 A= 23 AI7Hs<L
W JEE o] Rl on, AZolFollA feritin
ol A=A Tk TEaL 71E AEelRe] Hal
A= ferriting 575kl 542 grol=tl AR
61 (Geetha and Deshpande 1999; Huang et al., 2004),
2% o] A0 B3t waRAo] ool AL
Z| T ferritin H cDNA7} sea bass (Dicentrarchus labrax)
(Neves et al., 2009)2} yellow croaker (Pseudosciaena
crocea) (Zhang et al., 2010)2] 7t A B2 =,
H¥} M (middle) cDNA+= A. salmon (Salmo salar)
(Andersen et al., 1995), Trematomus bernacchii “L2] 1l
T. newnesi (Giorgi et al., 2008)0]4] Z}ZF 1% Qich
V= A== ferritind} -G-AFS} ferritin H subunit-2
S. salar (Miller et al.,2007), channel catfish (Ictalurus
punctatus) (Peatman et al., 2007), D. labrax (Neves et
al., 2009)x} Hippoglossus hippoglossus (Peatman et al.,
2007)0l1 4] eheFet At vhol2] 2ol 4 wWe

F FolA A Rt o] HirE|qith

H Ao A =5 (Oplegnathus fasciatus) 2] ferritin
H $4415 5481500, 40 248 59
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E5(Rock bream) Ferritin H ¢cDNA (RbFH)2] 54

Ferritin H ¢DNA+= LPS (lipopolysaccharide) = A}=
5t &L cDNA library 2] Expressed Sequence Tag
(EST) B4 E5}¢] 459tk ABI 3100 automatic
DNA sequencer (PE Applied Biosystems, CA, USA)2}
ABI Prism Big Dye Terminator Cycle Sequencing Ready
Reaction kit (PE Applied Biosystems, USA)E- ©|-8-5}
B 8k ¢DNA cloneo]] 7]%3}5ich

Genetyx ver. 8.0 software (SDC
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GENETYX ver. 8.0 (SDC Software Development Co.
Ltd., Tokyo, Japan)E- ©|-8§-5to @74 F} ofn|eAl
AEE EA51aL, multiple alignment+= Clustal W
program (Thompson ef al., 1994)2 o|-85}o] 43§51
SO, Hwo o]§% £2] GenBank accession number
+ rock bream (AB618039), African clawed frog
(NP_001083072), beluga whale (BAG82938), cattle
(NP_776487), channel catfish (ADE09343), chicken
(NP_990417), Zebra fish (NP_571660), dog (NP_001003080),
European seabass (ACN80998), house mouse (NP_
034369), human (NP_002023), large yellow croaker
(ACY75475), ocellated icefish (CAL92185), rainbow
trout (NP_001153993), rhesus monkey (NP_001182309),
sablefish (ACQ59065), turbot (ADI24353), yellow
grouper (ABI95136)0]t}. Domain< PROSITEQ}

SMART programmes (http://smart.embl-heidelberg.de/)
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= o] g3lo] BA5IY L, AT Ay B8 Mega
49] neighbour-joining (NJ) methodE- ©|-&- 3}o7 2,000
H9] bootstrap YHEZ=3) 3}Ir}.

RbFHO| 22" Wg 4]

RbFHO| 2419 W FAS 9lsf) 17det &
W& (PBLs), 2/27HRBC), 4l A, B, 2k
7, ob7kn], T2 AEste] Ajoll ol&st] 7|
80 Co]] Hs}gict ZF 229 total RNAX Trizol
Reagent (Invitrogen, USA)E ©]&35}0] =311,
PrimeScript 1st strand cDNA Synthesis kit (TaKaRa,
Japan)E- o]-g-5to] Al2ALS] W]l whe first-strand
cDNAZ 3HAJ3519ITh RbFHS] cDNA THHS ZE35}
7] &3] A% oligonucleotide primer+= RbFH-F
(5-ACC ATG AGT TCC CAG GTG AG-3) T} RbFH-R
(5-AAA GTT GTG CAA TGC CTG GT-3') ojc}. z}
A7159] ¢cDNA+= real-time PCRS 5=85}17] ¢35t
template 2 0]-8-5}5t) Real-time PCR 2412 SYBR
Green 1 (Takara, Japan)2 o]-85}o] 94 Cof|A] 557+
1 cycle, 1231 94°Cof|A] 30%, 60 CollA] 30%, 72°C
oA 18- 30 cycle, 22]at 72°CofA] TH7MES- 3F
a1, Thermal Cycler DICE Real Time System
(TaKaRa, Tokyo, Japan)E ©]-&3}ich 219} 2
AR Abo] 9] FAISHA {-24d-2 Student’s r-test=
slmsiol P < 0.05 o W) EAHA folo] G

A0R 7HER T

0

Zdut f

] K= AEA oA iron % TS 224
o] }\ﬂ%o]—ﬂ _L]—?Ho ;.1;0]'0]-»—— Cd Og 5:0]1:}
T TS iron A9 T#OP , Ak
< Fenton HE3-0f| 2J3f) A|Z/dZof
hydroxyl radical®] AJARS: &2 i} (Orlno et al,
2001). A& 0 2 iron?] T2} AERE-S 574

Al 274}, Ferritin® A3 gE7}
RIS 23Rt 91t A= EljollA] iron?] &
S GRSk T Zlo|Th (Andrews et al., 1992).
E Lo 4] Full-length©] === ferritin H cDNAE
4 Slglm B43 wE BAL Sasior
Full-length ferritin H ¢DNA+= 1,162 bp ©]1l open
reading frame (ORF) + 531 bp &= 177 7}<] ofu|i=Ak
= Yoo} 5pH EASER 208 kDaoltk 5 UTRE
297 bp, 3'UTRE
(AATAA) 29} polyadenylation siteE 7}A]aL Qlth
(accession number: AB548677) (Fig. 1). In silico
analysiso| 4] RbFHQ] T 7}j9] ferritin iron binding
region signature ?1 (*EEREHAEKLMKLQNQRGGR'
2} BDPHMCDFIETHYLDEQVKSIK!) 12|11 E0]
A9l tyrosine ZF7]91 Tyr®, Tyr®, Tyr’! ¢} A
ferroxidase diiron centersS 2Qls}9ich 28F L
subunit2] nucleation site®]] HEE]0] Q= A 7]9] &
A Z7] (Glu**, Glu*, and Glu®)o ARS-5l= 51t
27 (Gu)yE RbFHOJIA] ZQ1g = Ui 7 7}9]
potential N-glycosylation site®] ¥NQS £} '"NQS+= &
L ferritin®]] & F|o] ¢l o, RbFHO A HE3F HE
Skl )= AL Folst 4= 9Jic) RbFHY] 5' UTR-S
B3t A3} iron responsive element (IRE)2] ofAt=]=
CAGUGN motif7} &+ HE%|o] 9]t} (Thomson et
al,, 1999)(Fig. 2A). GlAFEl= RE= IRE
¢l CAGUGC7} stem-loop 22| Ztfj7]of] 9Jx|etct
(Fig. 2B). RbFH IRE 9] stem-2 UGC/C sequence®] &
S Fof| oJsiA] &=t o] 7 feritin mRNA
9] EAJo]c} (Piccinelli and Samuelssonn 2007).
=59 == ofr]Al sequences= European
seabass 2} 97 %, yellow croaker2} 96 %, yellow grouper
2} 95 %, Atlantic salmon®} 91 %, turbota} 93 %, channel
catfish®} 91 %, zebrafish@} 88 %, Affican clawed frog2}
79 % 123l chicken} 79 %2 AFEAdo] LERTE

331 bp ©]L, polyadenylation signal

~signature sequence
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GCGGACGGTGAAGGTTACCTGCT 60
CGAACACCCCGGGACGGGCAATAN 120
121 CTACCATTGACAA( CAAATCAAATTTTAATTACTTTAAAAAAGAAGAAAAA ACCAAC 180
181 TAGCTAAGATATCCTACTCACGTTTAGCTTCCTAGCTAAGTGTTTTGCTAACAGCGCGAG 240
241  CCACTCGGACAGCTTTTCGACCTCCTCACAAGAAGACCCGCCACTGAGACTTGAACCATG 300
M

421  GACCAGGCATT( ACTTTGCCAAGTTCTTCCGTAATCAGTCACACGAGGAGCGCGAG 480
D QALHNTFAEKTFTFRNT OQSHEETRE
481 CATGCTGAGAAGCTAATGAAACTGCAGAACCAGAGGGGGGGGAGGATTTTCCTACAAGAT 540
H A E K L M K L QN QRGGR 1 F L QD
541 GTCAGGAAGCC: 'GAGT TATCGAGGCCCTTGAATGTGCCCTG 600
VRKPERTDTETWSGSGTER MATELETCATL
601 CAGCTTGAGAAGAGCGTGAACCAGTCCCTGCTCGACTTGCACAAGCTCTGCTCTGATCAC 660
Q L E K S VNQESLILDTELIEEEKTELTCS DI
661 AATGACCCACATCIGTGIGATTTCATCGAGACACACTACCTGGACGAGCAGGTGAAGTCC 720
I E T H Y L D E Q V K §
721 ATC, SAG CAGACTGGGTGAACAACCTGCGCCGCATGGGAGCGCCCCAGAACGGC 780
R RMGATPOQN

T CAMAGAAAGCAGCTAAATCCGTCC)
MAEYLFEQHTLGKESS‘
841 GATCACATTTCCAAAAGCTTTCTATATATGTATATTTGTATCTTGCTTCTAAACGTTTCC 900
901 AAAATATGAAACCACCTGCATGGTACTGGTTAGTCATTTARACCTCTTTCCTCCACAATA 960
961 GTTACTTCTATTATCTCCTGTTCCCAGAGCTGTGAGCTACTACATTCAAAGCCCACTCTT 1020
1021 GIATCTCACACTTTTCTCTCTGCTGTCAGCTATGCCTGTGTCTTTACTATGTATTTGCTG 1080
1081 TGTTTTATGCCAGAAGCTGTTAATCAAACCAAATAAAACGAACCCTCTGGATTCTGATAA 1140
1141  AAAAAAAAAAAAAAAAAAAAAA 1162

840

Fig. 1. The ¢cDNA and deduced amino acid sequence of
RbFH. The putative iron response elements (IREs) in the
5’UTR of cDNA is in gray shadow. Putative ferritin
iron-binding region signatures (IBRS) 1 and 2 are dotted
and bold underlined, respectively. The ferroxidase diiron
center with the characteristic tyrosine residues are boxed.
The amino acids that constitute the mammalian H subunit
ferroxidase center are in bold and the polyadenylation signal
is shown in italic and the polyadenylation signal (AATAA)
is underlined with double lines.

Rock bream  TTACCTGCTTCAACAGTGCTTGAACGGCAA 34
Turbot TTACCTGCTTCAACAGTGCTTGAACGGAAA 235
Abalone TGTCTTGCTGCGTCAGTGAACGTACGGGCA 79

Zebrafish TTACCTGCTTCAACAGTGCTTGGACGGAAC 179
Puffer fish TTACCTGCTTCAACAGTGCTTGAACGGCAA 217
Mouse TTTCCTGCTTCAACAGTGCTTGAACGGAAC 109
Human TTTCCTGCTTCAACAGTGCTTGGACGGAAC 147
G U G U G U G U
A G A G A G A G
C &} C C C C C C
AU AU AU AU
AU AU AU AU
C G CcCG CG C G
U A U A UG UG
U A U A U A U A
C C (e] C
G C G C G C G C
U U U U
CG CG CG C G
CG C G CG C G
AC A A A A U A
U A U A U A U A
U A U A Uc UcC
53 53 5 3? 53
Rock bream Turbot Zebrafish Human

Fig. 2. Comparison of the iron response element (IRE)
sequences and stem-loop structures of ferritins from
different species. (A) Alignment of the rock bream ferritin
H IRE with IREs of ferritins from a number of species.
(B) Predicted IRE stem-loop structures of the ferritins from
rock bream, turbot, zebrafish, and human.

== ferritin H subunit®] 2x} L BAofA] 4-36,
43-69, 90-116, 120-149 positionof| 4] 47§2] helix -3
7 24 SR Ao ekt Fig 3) o] 474 helix
YEHL 9= ferritin®] four-helix bundle¥} -S-A}ch
(Harrison and Arosio 1996). A2 AYsHa EA o] A
RbFH= 25-5-=9] cluster ¢Fo]l R[5}l a5 25
F=9] sub-cluster = ThE clusterE ©|F0c} (Fig. 4).
AEAE B0 w2 RbFHE 2355 feritin
H 2] homolog®} SAISICE 0|22 peptide 2] ferroxidase
ste7} o} 517 Fick 774e] oAt 2717} st
S oleigh H2EEe) feritin H 7} 22 9]
9]l (Harrison and Arosio, 1996), A|3Z210)|A] ferrous
ion (Fe")&- ferric ion (F&*). 0.2 AKS} A]7]0 (Lawson
et al., 1989;Wade et al., 1991), 5> UTROJA] IREE
golsk 4= )t} (Nichol et al., 2002).

Fig. 3. Comparison between the rock bream ferritin H amino
acid sequence and other known ferritin H sequences. The
amino acids identical to the rock bream sequence are indicated
by an asterisk (*), and the absent amino acids are indicated
by dashes (-). Amino acids that constitute the ferritin H subunit
ferroxidase center are boxed, Black arrows indicate the four
predicted helices (A, B, C, and D).
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Fig. 4. Neighbour-joining tree of ferritin H constructed with
Mega 4. The bootstrap confidence values shown at the nodes
of the tree are based on 2000 bootstrap replications.

=& X2 oA Real-Time PCRS E3 ferritin H
FAARS] Wl FAS Ry ferritin A=
ZA oA a5tk RBCOA] 71
Ie} 4 Si1on] PBL, 7k 2%

1, Bl by ke

Ferritin H mRNA tissue expression

PBLs RBC  Headkidney Trunkkidney Liver Intestine Gin Musde

Fig. 5. Expression of RbFH mRNA in various tissues of
healthy rock bream. PBLs, RBC, head kidney, trunk kidney,
spleen, liver, intestine, gill, and muscle were examined. The
data are presented as the mean relative ratio of RbFH/(3-actin
mRNA levels. Errors bars represent SEM (n = 3).

1wl 359] ofoll A friine] AAEIAY} HElg)
1, sea bass, Atlantic salmon, Antarctic notothenioid 2]

H feriin® 717} Bl 357 4l 5= 2le] el
ZT} (Andersen ef al., 1995; Neves et al., 2009; Scudiero
et al., 2007). TRIZIR| &2 Hto]] AHAISH= AZojH
Q1 T. bernacchii £+ T. newnesi *)A] H feritino] 7ol A]
A I} (Giorgi ef al., 2008). 1= o} 7o) 71
I N H fernitin®] W3Ho] A FA| == 5475

Jto) 1, 703t ekl ion TS A4S S S0

N

o)1, 7
-9 Sk QLo (Graham ef al, 2007)
Aol Tt Felol ] A Utk Axfe} %]
Shek o)A ROFHE] 2 HEe AzolRal
turbotol| A Q] X119} AX|T E]{Zheng et al, 2010).
Hemoglonbin> 2 &-12] A4 Feof] AT 71
o2 AFAA Atag 2HFSHL, myoglobin 8-
o4 Fe: Balo] Akao] il AKIGAE 245
T}, E% 29.0)4] Ferritin H mRNA 2] HHlo] 17
et A2 8- A3o] ZA5]= myoglobin®] iron
2 olgalo] 4ktel UAiE s Bl Aoz
AJZv= tH(Raffaella and Miguel, 2013). T3t o]t
A= iron 2] A1&3F ALSle} iron @] A glo] T Q3
RE51A Aol 7feshe Ao wre Hafo] glck
Ao B3t U o

dEAoR & Aol E5F feritin H 704
cloning ’8}63 o, ferritin H F-42= 559 X&
Z2]of|A HAsR=d| &3] RBC, PBLs, 7} =50f4]
) sk, Ao Tk wgkon il
A 7h wsieh

lrone] S 99k %250) Apetmele Bast
A A= Jlom, s5=0f Alat A feritine
Alate] S41 Ad78e oAl Fhotal HarEieKOng
Et al, 2006). 53 Aol A Aot} vl A 9] Q19

oo
Q12
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