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Abstract

Ferritin is a highly conserved iron storage protein playing an important role in the iron nstebol cell protection.
Swimming crab Portunustrituberculatug is an important fishery and aquaculture species in China and water salinity
significant effect on its physiological processes. In otdeverify whether the ferritin gene contributesl swimming crab
salinity adaptation, ferritin RtFer) cDNA open reading frame (ORRyas cloned Homologous amino acid sequenc
alignment ofPtFershowed al higher similarity to the ferritin heavy chain than the light chain. The gene expression prc
PtFer under different salinity treatments were investigated by spmntitative RTPCR. To further validate the salinit
tolerance functions dPtFer, we investigated the eukaryotic expressioRteer recombinant plasmid in 239T cells undel
series of alinity stress. The results showed that the survival rate afelfetransfected withPtFer geneecombinant plasmid
was significantly higher than that of the cells transfected with plasmid without insert fragment during the low :
challenges, whit indicated thaPtFer mightpossess a protective effect against low salinity stress. Therefore, our r
together indicated that tH@Fergene plays an important roleswimming crabsalinity adaptation physiological process.

Keywords Portunus trtuberculatusferritin, eukaryotic expression, salinity adaptation.

Introduction

Ferritins are thehighly conservedron storage
and iron detoxification proteins that can sequestt
the excess free iron at the state?{(JFéo prevent the
harmful reactie oxygen species (ROS) generati
and reduce the oxidative damag@édarrison and
Arosio, 1996; McCord, 1996; Be@bdallah, 2010)It
has been shown to héiquitous in many organism:
including Archeagubacteriaplants and mammals bu
not in yeastgArosio et al, 2009) Ferritins are mainly
found in the cytoplasm as tiny dense particles
animals, and it also can be found in the serum, nuc
mitochondria and the biological fluids in plants. The
are multigene ferritins laid in the plastids an
chlorgplasts responding to different environment
stress. And the ferritins found in the mitochondi
indicated the ferritins have a crucial role in the life
cells like respiration and apoptos{tancu, 1992;
Thompsonet al, 2002; Theil, 2007; Recalcaat al.,
2008; Crichton and Declercq, 2010he Ferritin was
found be correlated with some diseases. For exarr
serum ferritin level®iad been reportdd be altered in
the condition of thyroid disease and the low ser
ferritin levels can reflect thieypothyroidism disease

(Sachdevaet al. 2015). Also , the serum ferritir
concentration was significantly related with metaba
syndrome and red meat consumption. In other wa
the oxidative stress markers (carbonyl groups, AO
and glycated hemoglobin) oepatic damage marker
(GGT, SGOT), the parameters of insulin resistar
(HOMA, blood insulin, and blood glucose) also we
showed had significant correlations with the sen
ferritin concentrations (Felipet al. 2015). The higher
serum ferritinlevel wascorrelated with lower hospita
admission GCS (Glasgow Coma Scale) which can
a indicator of severe traumatic brain injury (Sirm&tn
al. 2015). The pharmacological induction of ferriti
leads to the osteoblastic transformation diminishm
of the smooth mscle cells which would result in th
calcification and the enhancement of ferritin synthe
(Becset al.2015).

In general, there are two basic ways affecting
ferritin synthesis. One is the iron production a
release at translational level. At tréat®onal level, the
translation of ferritin was regulated by the Irc
Responsive Elements (IREs) and the repressors
Responsive Proteins IRP1 and IRPPestaet al,
1989; Hubertet al, 1993; Arosioet al, 2009) The
IRPs untranslated regions werendito IREs to
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prevent ferritin mRNA translation at the condition i
iron depletion. And the IRPs can als

preventiREsbinding by an irorsulfur cluster switch
mechanism to let the ferritin translated under 1
condition of iron repletion (Pantopoulos, 200

Rouault, 2006) The other way affecting the ferritir
synthesis is at the transcriptional level wh
responding to oxidative stress. The ferritin synthe
is mediated by the antioxidant/electrophil
responsive element (ARE/EpRE) on the manner
activaing the transcriptional factorgHintze and
Theil, 2005; lwasaket al, 2006; Theil, 2007; Orino
and Watanabe, 2008)

Till so far, there are lots of literature
demonstrate that the ferritin protein can offer va
protection mechanisms against the Haitreffects of
dioxygen damage¢CabanHernandezet al, 2012)
bacterial infections(Rebl et al, 2012) and DNA
damages by the UYShimmuraet al, 1996) It also
offers immunity protections for the vertebrates a
invertebrategOnget al, 2006) and potects the cells
from injury under cold stress{0or 43 ) (Zieger and
Gupta, 2009) The salinity stress would induc
Reactive oxygen species (ROS), and the ferritin
suppress ROS accumulation via maintaining ir
metabolism and act as an aagioptotic protein
(Calabrettaet al, 1986) The ferritin was also
considered as an unknown osmotic regulation prot
(Bundzikovaet al, 2008) For example, the ferritin
(PpFer4) expression was significantly increased af
being exposed to salinity challengg§ et al, 2011)
and the accumulation of ferritin can betéak longer
time after being treat
sodium nitroprusside than just being treated in N:
solution, which can protect the barle{drdeum
vulgare effectively (Li et al, 2008) The up
regulations of the ferritin protein under 100 mrhol
NaCl challenges indicated that the ferritin prote
might contribute to the soybean seeds germinal
responding to the salinity stresu et al, 2011)

The swimming crabRortunus trituberculatus
is a commercially important euryhaline crab speci
and its distributions and migration route we
influenced by the salinity chand®ai, 1977; Suret
al., 1984; Daiet al, 1986; Xueet al, 1997; Xu and
Liu, 2011) The water salinity condition is also a
important factor for artificial propagation of gh
swimming crab, especially in larval development a
molt stage (Ji, 2005). Therefore, the research on
genetic mechanisms to environmental salinity chan
would possibly help the crab artificial propagatio
Investigating the swimming crab geneticahanisms
responding to the environmental salinity changes \
also be an interest for marine biology and ecology
transcriptome analysis of the gills Bbrtunus
trituberculatusunder the salinity stress was conduct
by the Illumina Deep Sequencing beology aimed to
explain mechanism of osmoregulation irP.
trituberculatuswhen faced salinity challenges (let
al. 2013). Inour previous study, gill cDNA library of

expressed sequence tags (ESTs) was constructed
the swimming crab exposed to two fdient salinity
challenges (10 and 35ppt) (> al, 2010). A total of
2426 transcripts were selected for microarr
construction based on criteria described in efwal.

(2010). The results showed thtite ferritin PtFer)

gene was found to have diffeteexpression levels ir
the swimming crab exposed to 10 or 35 ppt salir
challenges compared with the 25 ppt normal seaw:
which indicated that th@tFer gene might be involve
in the salinity acclimation(Xu and Liu, 2011)

Although ferritin was consited as an unknowr
osmotic regulation protein (Bundzikow al, 2008),

the functional study of ferritin in lower invertebrate
were very limited, and none study has been condut
in the crustacean species to date. Therefore, our s
could facilitate @rther understanding about tr
molecular mechanism of ferritin gene in low
invertebrates especially the crab during shknity

stress.

In order to verify the role oPtFer gene in the
protection against salinity stress, tA-er gene open
reading frane (ORF) was cloned frorthe swimming
crab. The gene expression profiles &tFer under
different salinity treatments were investigated
semiquantitative RTPCR. In additionthe metabolic
activity of cells transfected witlPtFer recombinant
plasmid expesed to different salinity stresses we
assessed bwlamarBlue. The results of our stud
would provide useful evidences for the further gene
improvement ofP. trituberculatuspropagatediuring
the fluctuated salinity stress.

Materials and Methods
Sampes Preparation and Rearing Conditions

All the healthy maleP. trituberculatuscrabs,
averaging 150+x25g in w
Zhoushan Archipelago of the East China Sea. Al
being exposed to the 25ppt, 10ppt or 40ppt salir
challenges for 6h,tissues including stomach
abdominal muscle, dermis, heart, appendict
muscle, sex gland, liver, antennal gland, intestines
the 6" pair of gills were removed from the expost
crabs. Other crabs were
containing the watr of 25ppt, 10ppt or 40ppt salinity
under continuous aeration for 3 days, then thertd
7" gills together at the time point 12h, 24h, 48h, 7:
120h salinity challenges were extracted, respectiv
(Xu and Liu, 2011)The samples were kept frozena
80°C for further study.

Total RNA Extraction and cDNA Synthesis

Total RNA from the swimming crabs was
extracted using TRIZOL reagent (Invitrogel
foll owing t he manufact
concentration was determined at the absorba
260/280nm rabs using a spectréytometer
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(Nanodrop 2000C, Thermo). The RNA was run
1% agarose electrophoresis to check the integrity. -
cDNA was reverse transc

using 1upl ol igo(dT) -MpV i
Reverse Transcriptase
USA),andddk0 i n t ot al vol um

Cloning of PtFer Open Reading Frame (ORF)

In order to clone thétFer open reading frame
(ORF), we designed two specific primers based on
EST (PT0013D12) obtained from the ESTs libra

(Xu et al, 2010) as folowing: PtFerP1
( 5 'GBATTCATGTGTAGCCAAGTCCGCCAGA
3, posi t-Rabp),: PtFefP2

( 5 'CTGEAGTTAAGCAAGCTCCTTGTCAAAC
3' , p o s-518bp)avith:restdctiod enzymiecoR
I and Xho | sites respectively (underlined, see FigtL
1). Then the PCR reaction mixture contairi®dpmol
of each primer O0.6ul, 1
each dNTP (with 1.5 mM Mggl 2 pu.D 181
5U/ yl TaqDNA polymerase
25upul (Aidl ab Bi ot echr
amplification was performed on a thermocycler (Bi
rad, USA) , initially dena
cycles of following: 3C
extension at 72°C. The
final extension of 10 1
the PCR products were removed from t
thermocycler

The amplified product:
agarose gel electrophoresis with a DL2000 lad
(TAKARA, Dalian, China). The PCR production
were purified by wusing T
(TIANGEN, China), then inserted into pMDIB

PtFer-P1

vector (TAKARA, Chind and transformed into the
competentEscherichia coiDH5 a cel | s
Subsequently, cells were spread on to agar pl
containing LBampicillin/IPTG/Xgal and incubatec
overnight at 37°C to g
transformed colonies. Positive olonies were
identified by white/blue selection and then subject
ABI 3730 DNA sequencing with T3 and T7 univers
primers (Sangon, China).

cDNA Sequences Analysis, Multiple Sequencs
Alignment and Phylogenetic Analysis

The full-length cDNA sequence dPtFer was
analyzed for similarity with the BLAST program
(Altschul et al, 1997) at the National Center fc
Biotechnology Information
(http://www.nchbi.nim.nih.gov/BLAST/). The deduce
amino acid sequences, molecular mass and theore
isoelectric point(pl) were predicted by using thi
DNASTARY7.0 software. Alignment of the amino ac
sequence oPtFer with those of other ferritins wa
analyzed by Clustalx software. Molecul:
phylogenetic trees were constructed using
neighborjoining method from the pHhogenetic
component of the MEGAG6.05 software, and the ti
topology was evaluated by 1,000 replicatio
bootstraps.

PtFer mRNA Tissues Expression Analysis

Semiquantitative RTPCR was used to analyz
the abundance d¢ftfer mRNA in various tissues &f.
trituberculatus. T ot a | RNA (2pg)
the abdominal muscle, dermis, heart, sex gland, li

61
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241
81
301
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361
121
421
141
481

161

ATGTGTAGCCAAGTCCGCCAGAACTACCATGAGGAGTGCGAGGCCTCCATCAACAAGCAA
M € S Q VR Q NY HE E C E A SI NIEK Q
ATCAACATGGAACTGTATGCCAGCTATGTTTACCTGTCCATGAGTTACTACTTTGATAGG
I N M EL Y A S Y VY L S M S Y YTFDR
GACGATGTTGCTCTCCCTGGAATGAAGAAGTACTTCAAGGACTCAAGTGATGAGGAAAGG
DDV ALPGMTZ KT KYTFIZ KD S S DEE R
GAACACGCCCAGATTTTGATGAAGTACCAGAACCAGCGAGGAGGAAGGATTGTGCTGCAG
E HAQ I LM KY QN QR GG R IV L Q
GCCATAGCTGCTCCATGCCAGCAGGAGTGGGGCAATGCCCATGATGCACTCCAGGCTGCC
A I AAPCQQEWGNAHTDATLQA A
CTTGATCTGGAGAGACAAGTCAATCAGAGCCTCCTGGACCTACATGGCATTGCTGGCAAG
D' E R Q@ 'V NGQ § L ED E B G I A G K
CACAATGATCCCCACCTTTCCAAGTTGCTGGAAGATGAGTTCCTTTCTGAACAGGTGGAT
H ND P H L $ KL L EDTETFTULSENQV D
GCCATCAAGAAGATTGGGGACATGATCACTCGCCTCAAGCGTGCTGGTACCTCTGGCCTG
Al K K1 G DMTIT RTIUILI KT ERAGT S G L
GGAGAGTACATGTTTGACAAGGAGCTTGCTIAA

PtFer-P2

G E¥MUEFE D K E E A *

Figure 1. Nucleotide and deduced amino acid sequenc@s¢rafr (GenBank acce®mn AEK81609.1)

The

nucl eoti de

sequence is numbered from the

5 1

en

codon. Nucleotide and deduced amino acid residues are numbered on the left. The start code ATG and the termi
code are shown underlineand the * indicated the termination code. The sequence contains 513 nucleotides, trans
170 amino acids with a predicted molecular mass of 19.4 kDa and a theoretical isoelectric point (pl) of 5.196. The
designed primerdtFerP1/P2) are indicatelly light grey.
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antennal gland, stomach, appendicular mus
intestines and the"®air gills of the crabs which were
acclimated to salinity challenge of 10ppt,pp% or
40ppt for 6h. Anot her
7th gills of the crabs adapted to salinity challenge
the time points of 12h, 24h, 48h, 72h, 120h were ¢
isolated. ThePtF e r MRNA was am
pairs of specific primers: PtFerP 1 (
CCGAATTCATGTGTAGCCAAGTCCGCCAGA
3") and PtFerP 2 (
CGCTCGAGTTAAGCAAGCTCCTTGTCAAAC
37) . The amplification
(GenBank accession number GW399316), which v
used as an internal PCR control, was performed u
a pairs of specific primers: L8F (5
GCGTACCACAAGTATCGCGT 3!
AGACCGACCTTCCTACCAGC 3

The PCR reaction mixt
each primer 1upl, c DNA t
2.5pl, dNTP, 10 .55}, HNGCT
5U/ pl TagDNA pol ymer as,e
China) with a PCR protc«
mi n, then 27 c¢cycles of
lmin at 72°C, after cyc

for 10 min. The RTPCR reaction conditions o

ri bosomal protein L8 w
min) , 27 cycles at 95°C
(1min), a final extensi

relative expressions of ferritin were analyzed on 1.
agarose gel electrophoresis with a DL2000 lad
(TAKARA, Dalian, China) by AlphaView (version
1.2.0.1) sdfvare. The relative expression eftFer
MRNA was determined on the ratio of band intens
PtFer to ribosomal protein L8. Statistical analysis w
performed by Statistics17.0 with a emay ANOVA,
using a Duncan test and Independent Samplesst
examinedsi gni ficant di ffere
considered to be significant B&0.05.

Construction of Eukaryotic Expression Vector
EGFP-C2-PtFer

To construct the EGFE2-PtFer eukaryotic
expression plasmid, th@tfer ORF fragment was
amplified by PCR with te primers shown as

following: Ptfer-F 1 [
CCCTCGAGGATGTGTAGCCAAGTCCGCCAGA
3') and PtrerF 2 <

CGGAATTCT TAAGCAAGCTCCTTGT(
with restriction enzyme sites ofhol andEcoRI The
PCR productions were electrophoresed onatjarose
gel and purified usiga DNA purification kit (Aidlab,
China), then were subcloned into a pMBIL&ector
and transformed int&. coiDH5 a cel | s.
PtFer, being excised from pMD1B vector by being
digested with restriction endonuclease enzyiXks|
and EcoRI (Fermentas), was ligated into théhol,
EcoRltdigestedvector EGFPC2 (TAKARA) at 1&
overnight, and then was trangfoed into E. coli
DH5 a cel l s (Tl ANGEN) .

transformants were selected by using the kanam)
on the Luria Bertani (LB) agar plates. Tt
recombinant plasmid was extracted by using
QIAGEN EndoFree Plasmid Maxi Kit according tr
manufacti r er ' s protocol . Tl
was identified by digesting with the restrictic
enzymeXhol andEcoRland run ornl.0% agarose ge
electrophoresis The PtFer cDNA was finally
sequenced by Sangon Biotech Company (Shanc
China).

Cell Culture

Cell culture experiments were performed |
using the human embryonic kidney 293T cel
cultured in Dul becco’ s mo d
medium/HIGH GLUCOSE (DMEM) (HyClone,
America) with 10% fetal bovine serum FBS ai
penicillin- streptomycin (100U/mLO0ug/ml,
HyClone, America), supplemented with 5% £4D a
humidified environment 3¥ .

Expression of EGFRC2-PtFer Recombinant
Plasmid in 293T Cells against Salinity Challenges

The 293T cells were transiently transfect
using the EntranstBf-D transfection reagent:
(Engreen Biosystem Co, Ltd, China) with tt
expression vector EGFE2 either with or without
PtFer cDNA fragment. The method was described
following: the cells were plated onto ®¢ll culture
plates (Corning) at a density of 1.0%&8l along with
100pl culture medium pe
streptomycin, and the cells were incubated a 3
unt il the <cell s grew t
vector with or withoutPtFer insertion was pipetter
into 25pl DMEM med tetiaD,
transfection reagents were then pipetted into ano
25l DMEM medi um. Af ter
we mixed the two together and incubated for
mi nhutes to get the tra
transfection mixed reagents were added inte
transfected cells in the 98ell plates per well and
cultured for 6 hours. After 6 hours transie
transfection, the culture medium was changed by
complete medium consisting of 10% fetal bovil
serum, and 1% 100 U/m
penicillin/100mg/ml streptomycin  (Hyclone) to
continue culturing for 12 hours.

To examine whether thé’tFer mRNA was
successfully expressed in tiFer transfected cells
total RNA of transfected cells were extracted a
checked by RIPCR analysis by using the prime
PtFerF1 andPtFerF2. Subsequently, the transfecte

cells were exposed to two different salini
chall enges: high salin
medi um with 10pl 31% Na
and | ow salinity challe

2 0 0 p I,0 adidkdHper well)Three groups were se
for each salinity challenge: control group (norrr
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cells without transfection reagents), cells transfec
by plasmid EGFRC2 without an insertion and cell
transfected by recombinant plasmid EGERPtFer.
And each group has at lédisree duplicates.
AlamarBlue were added to the culture medit
(1/20 dilution in media) as an indicator of ce
proliferation, then continued to culture for 24h, 3€
48h, 60h and 72h. At each time point, the absorba
was measured at 490nm or 595nm oRlexStation3
Benchtop MultiMode Microplate Reader (Molecula
Devices, USA), The percentage reduction
AlamarBlue (%) was calculated as followin
equation: [Aw-(ArwRo) ] x100% (Aw=absorbance
at lower wavelength minus the media blankA
absorbanceat higher wavelength minus the med
blank; R=AO wW/AOuw, AOw = Absorbance of
AlamarBlue oxidized form in media at the lowe
wavelength— Absorbance of media only, AQ =
Absorbance of AlamarBlue oxidized form in media
the higher wavelength Absorbane of media only
(www.abdserotec.com/alamarBlue).

Statistical Analysis

All the measurements (percentage reduction
alamarBlue (%)) were performed in duplicate for
least three replicates. The statistical analysis \
performed usingstatistics17.0. (8SS Inc.) . The date
were analyzed with oaay ANOVA by a Duncan
test to compare the growth differences between
normal 293T cells, the cells transfected with plasn
EGFRC2 without an insertion and the cel
transfected with EGFE2-PtFer recombinantector
against different salinity challenges. The value
reported as mean * St
di fferent l etters i nd
differences aP<0.05.

Results

Identification of PtFer Open Reading Frame
cDNA

The partial PtFer gene (PT0013D12) from the
swimming crab was obtained from our previo
constructed gill cDNA library(Xu et al, 2010).By
using primers RtFerP1 andPtFerP2), the coding
sequence of the fulength cDNA of PtFer was
obtained in our study. The open reagiframe of the
PtFer gene is 513bp in length from the start coc
(ATG) to the stop codon (TAA) coding for a protei
of 170 amino acids (Figure 1) with a predictt
molecular mass of 19.4 kDa and a theoreti
isoelectric point (pl) of 5.196.

The deduce@mino acid sequence protein of tt
PtFer performed by BLAST (BLASTP) of the NCB
database showed the amino acid sequence has 1
identites  with the known ferritin  proteir
(AEK81609.1) ofP. trituberculatus and the structural
domain of PtFer contains th ferrihydrite nucleation

center and iron ion channel, which indicatesPlieer
we cloned was conformed to the basic characteris
of ferritin protein (Figure 2).

Phylogenetic Analysis of thePtFer Protein

The deduced amino acid sequence compe
with the other known ferritin proteins were performe
by the BLAST search against NCBI database. 1
results showed that tHetFer revealed high conserve
amino acids with ferritin protein fromirthropoda
especially from crustacean species. The deta
compaisons were shown in Table 1.

Homologous amino acid sequence alignment
the various ferritin proteins from thérthropoda,
Chordata, Mollusca and Tracheophytawas
performed by ClustalX. The results were shown
Figure 2. As shown in Table 1 and Figure tBe
deduced amino acid sequencéPtifer had the highes
identities (95%) withScylla paramamosairierritin
(ADM26622.1), while it shared comparatively high
identities with other crustacean species includ
Fenneropenaeus indicus(AEQ53930.1) (83%),
Eriocheir sinensi{ADD17345.1) (82%)Litopenaeus
vannamei{AAX55641.1) (82%) and~enneropenaeus
chinensis(ABB05537.1) (82%). It should be notice
thatthe PtFer showed higher conservative with hea
chains of ferritin than the light chains. For examiile
shared higher identities with thElomo sapiensd
(AAA35832.)) (61%) and Mus musculusd
(NP_034369.1 (60%), but lower identities with the
Homo sapiend. (NP_000137.2) antlus musculud
(NP_034370.2) with the identities 50% and 4t
(Table 1 and Figure)2

A phylogenetic tree was generated by analyz
the homologous amino acid sequence of the vari
ferritin proteins. As shown in Figure FRtFer is
clustered with the Scylla  paramamosair
(ADM26622.1) while it is not clustered into the clac
of VertebratgFigure 3).

The PtFer mRNA Expression Levels in the Tissues

We then analyzed thBtFer mRNA expression
and distribution in the examined tissues by sel
guantitative RTPCR. The examined tissues includs
stomach, abdominal muscle, dermis, hes
appendicalar muscle, sex gland, liver, antennal glar
intestines and the 6th pair of gills that were expo:
to normal 25ppt salinity, 10ppt or 40ppt salini
challenges for 6h. As shown in Figure 4, at the fi
glance, under the low (10ppt) salinity challengbs,
abdominal muscle and gill tissues had a w¢
abundant expression level, while the antennal gl
and dermis had a lower expression level. T
expression ofPtFer in appendicular muscle we
higher than that in the 25ppt or 40ppt saliniti
(P<0.05). Ard the PtFer could be found in all the
detected tissues under the normal (25ppt) salinity |
1% agarose electrophoresis picture was
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Figure 2. Alignment of thePtFer amino acid sequence of known ferritin proteins
Clustalx was used to compare the ferritin sequeidesamino acids are numbered along the left maRsidues in
black background indicate 100% of amiacid identities. Residues identical with the threshold of 80% in all sequenc

shaded. And residues identi

cal with the threshold

conserved residues important in vertebratfekitin and they are involved in ferroxidase center. And the numbers we
corresponding to numbering of human H ferritin sequence. The species names and GenBank accession numbers

in Table 1.

published). The expression &fFer in stomach anc
dermis in 25ppt was higher than that in the 10ppt
40ppt P<0.05). At the high salinity challenges
(40ppt), the expression &ftFer in antennal gland has
a higher level than that in the 25ppt or 40¢
(P<0.05).

To identify whetherPtFer mRNA expression
was time dependent under different salini
challenges, thePtFer mRNA expression of theP.
turberculartusgills exposed to 10ppt or 40ppt salinit
challenges in various times including 12h, 24h, 4
72h and 120h were detected by using sel

guantitative RTPCR analysis. As shown in Figure !
the PtFer mRNA expression hadffiérent expression
levels under different salinity challenges. It was cle
that the expression levels &ftFer seemed had ni
significant changes dur

challenges. As for the high (40ppt) salinity stress
si gni fi-egulatedexpression ofPtFer mMRNA

was observed in the first 24h, then returned to th
lower levels with the prolonged exposure time.
should be noticed that, compared with the condit
of 10ppt, significant differences in the expressi
levels ofPtFer mRNAwere observed at 12h, 48h ar
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Tablel. The related information of ferritin genes and ttentities tdPtFer ofP. trituberculatus
Species Common name Class Accession Nu_mber .Of Identities
number amino acids
Scylla paramamosain Green mud crab Arthropoda ADM26622.1 170Aa 95%
Fenneropenaeus indicus Indian Prawn Arthropoda AEQ53930.1 170Aa 83%
Eriocheir sinensis Chinese mitten crab Arthropoda ADD17345.1 170Aa 82%
Litopenaeus vannamei Pacific white shrimp Arthropoda AAX55641.1 170Aa 82%
Fenneropenaeus chinensis Chinese shrimp Arthropoda ABB05537.1 170Aa 82%
Pacifastacus leniusculus Freshwagr crayfish Arthropoda Q26061.1 181Aa 75%
Dermacentor andersohi like Rocky Mountain Wood Tick Arthropoda AAR21568.1 172Aa 69%
Argas monolakensisl Mono lake bird tick Arthropoda ABI52633.1 174Aa 69%
Branchiostoma lanceolatud Amphioxus Chordata AAN63032.1 175Aa 65%
Callorhinchus militmitochondrial Elephant shark Chordata AFM90243.1 176Aa 65%
Ruditapes philippinaruri like Manila clam Mollusca AFU61136.1 171Aa 63%
Homo sapiensd Human Chordata AAA35832.1 183Aa 61%
Homo sapiend Human Chordata NP_000137.2 175Aa 50%
Mus musculusi House mouse Chordata NP_034369.1 182Aa 60%
Mus musculus House mouse Chordata NP_034370.2 183Aa 45%
Portunus oncubsyculorus (AEK81609.1)
6 Salla paramamosain (ADM26622.1)
Eriocheir sinensis (ADD17345.1)
100 91 Pacifassmcus leniusculus ¢ Q26061.1)

Fenneropenaeus indicus (AEQS3930.1)

Litopenaeus vannamei (AAXSS5641.1)
100
69

Fenneropenaeus chinensis (ABB0SS37.1 )
Demacmeor andersoni (AAR21568.1)
Argas monolckensis ( ABIS2633,1)
51 Branchiostoma lanceolagim (AANG3032.1)
a5 Ruditapes philipginarum (AFU61136,1)

Glycine max (NP_001236534.1)

100 Homwo sapiens-L (NP_000137.2)
 —

99 Callorhinchus nalii (AFM90243.1)
a3 : Homwo sapiens-H (AAA3SS32.1)
100

Mous musculus-L {NP_034370.2)

Mus wausculus-H (NP_034369.1)
Figure 3. Phylogenetic analysis &ftFer. Alignment of amino acid sequences are produced by ClustalX, and thedm
neighbo¥joining phylogeny tree was constructed by MEGA 6.05 (bootstrap=1,000). The species and accession
are the same as shown in Table 1. Branch lengths are proportional to estimates of evolutionary change. TF
associated with eaghternal branch is the local bootstrap probability, which is an indicator of confidence.

48h during the high salinity challenge$<0.05,
Figure 5).

Eukaryotic Expression of PtFer in 293T Cells
under Salinity Challenge

To validate the effect of recombinant plasm
EGFRC2-PtFer on 293T cel lws’
compared the cell growth differences between
normal cells (control), cells transfected with tt
plasmid EGFRC2 without an insertion and the cel
transfected with the EGFE2-PtFer recombinant
vector against salinity challenges. Before w«
conducte our salinity challenging experiments, tt
transfection success were verified by -RTR
analysisPtFer mRNA expressions were only detect
in the cells transfected with EGHE2-PtFer (data not
shown). The cell metabolic activity analysis wi

performed dui ng t he 1,0 wwi( 210
DMEM medium) and high |
with 100pl DMEM medi um

measuring the percentage reduction of AlamarB
(%).

The results showed that during the low salin
challenges, the cells trafected with EGFRC2-PtFer
recombinant vector exhibited less salinity tolerar
than the normal cells, but higher resistance than
cells transfected with the plasmid EGER without
an insertion (Figure 6), which indicated that~er
might have strong uinctions against low salinity
challenges. As for the high salinity challenge, all t
cells including the normal cells, the cells transfect
with EGFRC2-PtFer recombinant vector and the cel
transfected with EGFE2 without an insertion
showed no signifant differences (the data nc
shown).

Discusson
In this study, we cloned thPtFer gene open

reading frame (ORF) frorR. trituberculatus which
containing 513bp in length coding for a protein of 1
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muscle
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Figure 4. Relative expression ¢ftFer mRNA of the swimming crab exposed to normal salinity (25 ppt) and salinity
challenges (10ppt or 40ppt ) at the time bf &s determined by semuantitative RTPCR. The examined tissues of thre
crabs in each group were collected. The tissues were including stomach, abdominal muscle, dermis, heart, apper
muscle, gonad, liver, antennal gland, intestine, gills. Tiesdmal protein L8 (RL8) was used as an internal and the
relative expression levelsBtFer wer e obtained relative to RL8 expr
relative variations (fold induction) between each treatment (10ppt or 40pptendntrol sample (25ppt); asterisks
beside the bars indicate statistically significant differences among the same tissues in three different salinity stres
(*P<0.05).

gonad liver

0O25ppt
18 |
O10ppt
16
S40ppt
14

12 |

0.8 +
0.6 |
04 |

0.2 |

Relaive Expression of Ferritin mRNA

Oh 12h 24h 48h 72h 120h

Exposure time(hours)
Figure 5. The relativePtFer mRNA expression levels in gill tissue at differemte points in response to salinity
challenges (10ppt or 40ppt) during the time of 12h, 24h, 48h, 72h and 120H" @he & gills tissues of three crabs in
each group were collected. Transcript levels for all samples were assessed-gyasditativeRT-PCR, and the relative
expression levels ®#tFer wer e obtained relative to RL8 express
variations (fold induction) between each treatment (10ppt or 40ppt) and the control sample (25ppt); asigeadke ab
bars indicate statistically significant differenceB<0.05) between the 10ppt and 40ppt 20 h, sampling point after
salinity challenge.

aa with a predicted molecular mass of 19.4 kDaar
theoretical isoelectric point (pl) of 5.196 (Figure 1

indicus , 82% to Eriocheir sinensis 82% to

Using the BLAST analysis, we found thetFer
deduced amino acid sequence contained

eukaryotic ferritin  domain and possessed 1
ferroxidase diiron center (ion binding site) (Figure .
And thePtFer deduced amino acid sequence shov
higher identities to the invertebrate species: 95%
Scylla paramamosajn 83% to Fenneropenaeus

Litopenaeus vannamei82% to Fenneropenaeus
chinensis 75% to Pacifastacusleniusculus 69% to
Dermacentor andersofil like and Argas
monolakensi¢d (Table 1). When compared with th
vertebrate species, the deduced amino acid sequ
of PtFer showed higher identities to the heavy chi
ferritin than to the light chain: 61% to éhHomo
sapiensH, 60% to theMus musculu$d, 50% to the
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Onormal cells

Otransfected with EGFP-C2 plasmid without an insert

Stransfected with recombinant EGFP-C2-PrFer

e

s 40

= *

= %

m 35 * o o ke &

g

- 1 %
£ w0 *

«

w25 T

2 20

S

T 15 & .
'g':‘ *

% 10

<

g s

g

.

24h 36h 48h

* * *

1 T L

60h 72h 84h

Exposure time(hours)

Figure 6. The cells metabolic activity exposure to the low (200 ,0H wi t h

50pyL DMEM medi ul

by Alamar Blue assay. The values are represented as HEanstatistically significant differencesp&0.05) indicated as
asterisks symbols and the compared was performed in the theemdbl same times.

Homo sapiend, 45% toMus musculud (Table 1).
The conserved residues Glu28, Tyr35, Glu62, Glu
Glu65, His66, Glu68, Glu108, GIn142 (numbering |
human H ferritin sequenceare the important
ferroxidase centers in vertebrate H ferri{iPhar et
al., 1993) And the multiple sequence alignment
ferritin protein sequence analysis showed they
obviously conserved inPtFer except for Glu68
(Figure 2). The residues Tyr30, Tyr33, Tyr35, Glul
and His® are consider as the sites of formation of
() -tyrosinate complex (Waldo et al, 1993;
Prochazkovaet al, 2011) Therefore, we could
conclude that thePtFer is a homologue of t/pe
ferritin.

The phylogenetic analysis showed ®Eer and
Scylla paamamosainvere paraphyletic t&riocheir
sinensis and Pacifastacus leniusculusand they
clustered with other crustacean species including
Litopenaeus vannamekenneropenaeus indicusnd
Fenneropenaeus chinensibut separated from the
insets and veebrate species (Figure 3). TiwtFer
also had a similar subunit size with the ferritins of t
vertebrate species ranging from 19kDa to 21kDa.
our previous study, prokaryotic expression plasn
pET28a(+)PtFer was constructed and expressett ir
coli DE3 (BL21). A band protein consistent with th
predicted molecular weight of 19.4 kDa was obsen
by SDSPAGE in theE. coli transformed by the
recombinant plasmid pET28(PtFer (Huang and
Xu, 2013). The crustacea and vertebrates ferril
were suggested athe cytosolic ferritin located in
cytoplasm of cells, whereas the insect ferritins wi
the different type secreted in yolk fluid, hemolymy
and vacuolegLocke and Nichol, 1992; Huargt al,
1996; Arosioet al., 2009) Therefore, we conclude
that the PtF e r i s more si mil
ferritins, and it might have similar irestorage

functions on cell protections against oxidative strt
since they all possess the conserved ferroxidase ct
residues to reduce the damggadrewset al, 1992;
Lin and Girotti, 1998)

The ferritin was a selfrotection protein througt
sequestering the excess iron and dioxygen reac
products against the oxidant damafalla et al,
1992; Theil, 2007) The iron responsive protein
(IRPs) triggered the labile i pool (LIP) up and
down in the cells to modulate the synthesis of ferri
subunits(Kakhlon et al, 2001) For instance, down
regulation of the LIP would raise the expression
ferritin to protect the cells from oxidative damay
(Kakhlon et al, 2001) The mRNA expression
analysis ofPtFer gene showed that thHetFer gene
was ubiquitously expressed in all the examined tiss
under the normal salinity of 25ppt (data not show
In fact, the ferritin gene was also widely expressec
various tissues of mgnArthropoda species including
stomach, heart, mantle, hematocytes, digestive gl:
adductor muscle and gi(Durand et al, 2004) and
midgut gland, brain ganglion, hepatopancre
eyestalk and musclgHsieh et al, 2006) The
extensive expressions &ftFer in various tissues o
the swimming crab indicatedPtFer played an
important role in the physiology ¢. trituberculatus
and was synthesized continually under norn
conditions.

In normal salinity (25ppt), the expression
PtFer gene in the hepatopaeas was more abundal
compared with other tissued€0.05, the asterisk
di dn’t mar ked) , but t
difference among the three salinity challenges (25}
10ppt and 40ppt) (Figure 4). The hepatopancreas
an important metabolic tissuender the condition of
the reactive oxygen speciéSoderhall and Cerenius
1998) The high expression levels but no significe
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variations during the salinities challenges indical
the role ofPtFer in the hepatopancreas tissue might
related to metabic process. The posterior gills an
antennal glangvere reported to play an important ro
in osmoregulatiorfHenry and Wheatly, 1992)t was

clear thatPtFer in the antennal gland showed a higt
expression level when facing the high salinity stre
(40ppt) (Figure 4). As for the gills, although there
no significant difference during the salinit
challenges, the expression BfFer was abundant ir
the gill tissues (Figure 4). The appendicular muscle
10ppt had a higher expression compared with

expressions in 25ppt or 40ppt salinities, whi
indicated that th€tFer was more sensitive during tk
low salinity challenge (10ppt). As we know, stoma
is known to play key roles in contacting with exterr
environment (Claver&alas et al., 2007). Ouesults

showed that the expressionRitFer in stomach had ¢
comparable higher expression levels under nori
salinity condition (25ppt), and was significantl
dropped under low and high salinity stress (10ppt
40ppt,P<0.05) (Figure 4), which indicate@idat low or

high salinity stress (10ppt or 40ppt) might inhibit ti
normal metabolic activity of crab, and the PtFer col
be regarded as a reflection of the inhibition broug
by salinity variabilities. However, the correlatior
between osmotic regulatiomsd energy savings wer
still unknown. As shown in Figure 4, high expressi
level of PtFer was also observed in the gill under t
different salinity challenges, and our previol
microarray assay showed that tR#Fer gene was
highly upregulated in lowsalinity challenge$Xu and

Liu, 2011) which together suggested thRtFer gene
might play an important role in osmoregulation in t
gills of P. trituberculatusespecially under the low
salinity (10ppt). Therefore, we selected the gill as -
salinity sensitive tissue to conduct the tirdependent
study (Figure 5).

From the tissue expression profiling results
the PtFer mRNA (Figure 4), we could suggest th
salinity stress might disturb the iron balance and sc
specific tissues might generate more e iron,
which required more ferritin to keep the free iron a
possible lower level. Similar results were also fou
in the patients with deficiency of ceruloplasmin,
protein containing blue copper with ability ¢
ferroxidase, had high iron level ihd liver, pancreas
and kindey and brain(Yoshida et al, 1995)
Furthermore, hemodialysis patients with lower ir
l evel whi ch wa s consi
deficiency” mi ght requi
however, the normal or increased iromdkewas resist
to the erythropoietin therapy because of the limi
mobilization of ferritin iron(Adamson, 1994; Ponka
1999) The two studies provide one possik
explanation of the higher expression lewtFer in
some specific tissues which might digtyphysiology
leading to facilitate the ferroxidase activityt-er to
store the released iron. Similar to our result, |
ferritin mMRNA of euryhaline teleostDicentrarchus

labrax showed ugregulation in the intestine durin
the freshwateacclimated coditions (Boutet et al,
2006) and the expression of ferritin in trunk kidne
of juvenile ayu Plecoglossus altiveljswas observed
downregulated when it was transferred fro
freshwater to brackish watéChenet al, 2009)

Since the gill was an impona tissue for
osmoregulation and detoxificatiofClaveroSalaset
al., 2007) we therefore detected titFer expression
levels in gill after different salinity challenges (10p
or 40ppt). ThePtFer expression showed a clear tim
dependent response wherpesed to high salinity
stress (40ppt). The accumulationRifFer reached the
peak at 24h when facing the high salinity challer
(40ppt) and then began to decline to a lower le
(Figure 5). The salinity inducible expression patten
PtFer was similar @ the mangrove plant and pe:
(Pyrus pyrifolig (Jitheshet al, 2006; Xuet al,
2011) The ferritin expression level of those plar
was increased high and then reduced in the later 1
of salinity stress, and the ferritin was deduced
contribute to sess defense or stress toleraflithesh
et al, 2006; Xuet al, 2011) Our result showed the
high salinity treatment (40ppt) had a significant effe
on the expression dttFer, and we therefore deduce
that thePtFer might contribute td°. tritubercubtus
salinity adaption (Figure 5).

In our previous study, prokaryotic expressit
plasmid pET28a(+PtFer was constructed an
expressed irE coli DE3 (BL21). And it was found
that E. coli cells transformed with pET28a(PtFer
were more resistant than thells transformed with
vector pET28a (+) without an insert when facing hi
salinity challenges (Huang and Xu, 201
Subsequently, eukaryotic expressiaecombinant
plasmid EGFRC2-PtCacyBP was constructed and t
eukaryotic expression dPtFer in 293T cd$ under
salinity challenges were also validated in this stu
By using AlamarBlue to assess the transfected 2!

cells metabolic activit
HO to 50upl DMEM medi um)
NaCl solution to 10 iyl

stress, we found that the cells transfected by EG
C2-PtFer recombinant plasmid exhibited high
resistance than the cells transfected by EGRP
without an insert during the low salinity challenc
(Figure 6), which indicated thaPtFer might have
quite strong functions against low salinity stress.

It should be noticed that the normal cells withc
any transfectiotreatment revealed higher resistan
than the transfected cells (Figure 6), which might ¢
to the toxicity brought by the transfectiosagents
itself to some extent, or might because the ferr
create a certain burden to the transfected cells it¢
and it might bring the illegitimatieon sequestration
of the over accumulation Feérritin. In fact, the
overexpression of ferritin willaffect the cellular
phenotype and life cycléArosio and Levi, 2002)In
another word, the ferritin might have a protective r¢
in the cells exposed to oxidative stress, but it a
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bring other problems such as iron starvation or be
more sensitivity tooxidative damage. It was als
found that overexpression of-fdrritin in HelLa cells
increased the resistance tgQ toxicity but reduced
cell growth (Cozzi et al, 2000) and the over
accumulation of ferritin in transgenic tobacco al

lead to iron defient but more resistant tc
methylviologen toxicity (Van Wuytswinkel et al,
1999)

In conclusion, we identified the effective activit
of PtFer and described its differential expressi
patterns in response to environmental salinity stre
Moreover, the eukaryotic recombinant expressic
plasmid of PtFer was constructed and their salini
tolerance abilities were also validated in our stu
Our results indicated thaPtFer protein possesse
protective effect against salinity stress aRtFer
protein might be involved in salinity adaptatior
physiological process iR. trituberculatus
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