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Peroxiredoxins (Prxs) are a ubiquitous family of antioxidant enzymes that participate in a variety of
biological processes, including H.O>-mediated signal transduction, molecular chaperoning, and mi-
tochondrial function. In this study, we isolated and characterized a Prx 2 cDNA from abalone (Haliotis
discus hannai). The abalone Prx 2 cDNA encoded a 199-amino acid polypeptide that belongs to a class
of typical 2-Cys Prxs that contain peroxidatic and resolving cysteines. The deduced abalone Prx 2 pro-
tein showed strong homology (64-99%) with Prx 2 proteins from other species, including mollusk, fish,
amphibians, and mammals, and it was most closely related to disk abalone (H. discus discus) Prx 2.
Abalone Prx 2 mRNA was ubiquitously detected in tested tissues, and its expression was com-
paratively high in the mantle, gills, liver, foot, and digestive duct. The expression level of abalone Prx
2 mRNA was 106.7-fold, 51.9-fold, and 437.8-fold higher, respectively, in the gills, digestive duct, and
liver than in the muscles. The expression level of abalone Prx 2 mRNA in the liver peaked at 6 hr
postinfection with Vibrio parahemolyticus and decreased at 12 hr postinfection. The expression level of
abalone Prx 2 mRNA in hemocytes was drastically increased at 1 hr postinfection with V.
parahemolyticus. These results suggest that abalone Prx 2 is conserved through evolution and that it
may play a role similar to that of its mammalian counterpart.
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HhS-of odghrh4, 25, 39, 40]. AHES] Prxse Al ZU
A ¢ 35483 tumor necrosis factor (TNF)-ao]
93] fr=%+ nuclear factor (NF)-kB AAIEA & 24T &
g ofyet platelet-derived growth factor (PDGF)$} epi-
dermal growth factor (EGF) Aol &3 HO, 8-S A3t
71% 3TH27). = apoptosis signal-regulating kinase 1
(ASKD)? 4528ste] ASK 1 AEALL AAsAL,
c-Myc®] BHAfrA e s 9AlSaL, Toll-like receptor
(TLR 4)9} 452835t TNF-a$} interleukin (IL)-69} Z2
AZSA cytokined £HE FHITH29, 41]. Prxse FAHstE
AR ZAEoA T o F 5 EFE ol FAE oA = natural kill-
er cell enhancing factors (NKEF) 2% & A Slth[7, 8, 16,
28, 34].
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Vibrio parahemolyticus= 25°Coll 4] brain-heart infusion me-
dium (BD Biosciences, USA) i Ao ] F3} A}, vl Fd #-&
phosphate buffered saline (PBS)®l 3|4 & ¥ sub-lethal dose
(1.2x10° cells) ] =2 2§ FAAOH, 2Ee 5%
PBSE & FARHT & FARE $0,1,3, 6,9, 1243
vho Alnkely dEste o £ 9, obrte], &, B4, 34
B, S, 288 248 42850 1 F A JAdcE
1AsFHOm RNA 2215 8] -80°Col Hastgint. d&
FAZIZ AHAT F AR E°C 3,000 rpm, 582 T A
Tk ZEste] dA AL AT F O 243 nRTHA
2 RNA £ & 8 80°Cl HAs

HES Prx 2 REAIS FE cDNA 224
A8 2AG R, opinl, 2%, 243, AN
45 F3 % th(data not shown). De novo as-
T Basic Local Alignment Search Tool
(BLAST)Z ol 83 W& A2 2HS Bohol, 7luta
Prx 2 2 ZH(EF103377.1) %} obvl 4t FEollA 3548 7F
A& °F 303 bpe Prx 2 cDNATH S 29kth A4 Prx 2
cDNA 2245 981A, 303 bp2] Prx 2 cDNATH ] 7] A
42 7122 @ Prx 2 A SolZetolHE YAlstg o
(Prx 2 ORF-F1 : 5-ATG GCC CAA GTC GGA AAC CTIC
CA-3, Prx 2 ORF-F2 : 5-ATG AAG ATT CCT CTC CTG
GC-3, Prx 2 ORF-R : 5-TCA GTIT GAC CTIT GGA GAA
GT-3'), SMART RACE cDNA amplification kit (Clontech)&
ojgste] -3t 3| YIS FHeGTh FHH 5-
3 3T fAA 9 S pGEM-T easy vector (Promega)
of F24Y38}A, Escherichia coli strain XL1-blueZ & 2 7 313}
% oh. Plasmid purification kit (Intron)& plasmidE A Al ¢
T AFH7] A EEA71(AB-3730XL, Applied Biosystems)®
@71 EE AR

RNA 22/% RT-PCR I qPCRE 0|38 LeiEy

-80°C o] B33k 7+749] 1 Z-& TRIzol reagent (Invitrogen)
£ A&t RNAE 2353 1 ug® RNAEFE tran-
scriptor first strand cDNA synthesis kit (Roche)} oligo (dT)
primerE ©]-&3to (DNAE FAskATh A H 22 oA
Prx 2 479 AL DNA HE& 7128 AZE Zefoln
€ o] 43t RT-PCR¥ quantitative real time-PCR (qPCR)E
gelstainh WA £F FAAZE 5 18 rRNA 24
accession no. AY319433; 185 rRNA F : 5-CTC ACG GAA
AGA GCG CGT TTA-3, 185 rRNA R : 5-GAC TTG CCC
TCC AAT AGA TC3)E AH&3t§ith RT-PCR 271& the3t
2t} Pre-denaturation 95°C, 5%; denaturation, annealing,
extension Z+Z} 95°C 30%, 55°C 30%, 72°C 30%, 353]; ex-



tention 72°C, 10%. FZ3¥ PCRAEL ethidium bromide
(100 ng/ml)o] 4 <1 3% op7tzz=A o] XM7Y Fsto] 2elatsl
T} qQPCR-2 FastStart DNA Master SYBR Green I+ 0] &3}
LightCycler system (Roche Diagnostics)ol Al 88} % .
qPCR 272 &3} 2t} Taq activation step, 95°C, 10%;
denaturation, annealing, extension 77} 95°C 10%, 57°C 5%,
72°C 30%; 4038] HHE PCR cycleo] B¢ ¥, 255 @A F o
2 37 A melting-curveE EA48FATH A E Prx 2 F4
Ahof A AQl Bd g 2T 3o 2 Ay FA
5 185 IRNA 345 WA & FAAEZ o &3ttt e
APL 3ESA o HOlEE mean + SDE YEHY T

HIO|2QIZHEIA 2M

FAE] A4 Prx 2 DNAG7IAES ¢A8H7] §i3ke]
Prx 2 @3 # 5- 3 3-Rapid amplification of cDNA ends
(RACE)ZHH FrRHE H7|HEs 2Fste A o|27H
obr it NEE FFdh= &Y GENETYX8.0 (SDS Soft-
ware Development, Japan)Z2 13- 0] 83191, 5447
EAF & ExPASy Aol E(http://web.expasy.org/
compute_pi/)ol A S ofulak 4G o] g8 A BA
AT Prx 20| @714 €3} ofr| it o WS #3) NCBI
9] BLAST 2213 & A&t NCBI Bl o] B ] o] 2 A
AAFTEE Sote e L 78 2SS FAE S 22
T, AEA0 22 ot AE S FuMER FEEAT
FRAE Prx 29 FuMLE MEGA 40 T2
CLUSTALW E&% o] &3t taxdrus s3Ps3om,
phylogenetic analysis= oFP| =4t A @ ol 7] 23 Neighbor-
Joining ¥ F o2 FA st A A3t

Z I

o] 100709} obH =4t F Qe 303 bpe Prxfrizt &
d YEE g S 9T BLAST search 23, 32 H
A7 E2 A 59 thioredoxin peroxidase 42| Fi&
A1 @ (accession no. DQ118780.1)7 712+ &< thioredoxin
peroxidase 2 % Z}(accession no. EF103377.1)¢} 9% 9 &5
S Byt FHH 303 bpd] HIIAES HIE R FHA
SolzetolmE AT F, o] 5 o] &3] 5-51 3-RACE ¥4
OZ % 1,052 bpe M cDNAE A8 AT FHE Prx
2= 597 bpl open reading frame (ORF)el 1997]9] o}n|
E4bs ZH5 Ao 81 bp 9 5-untranslated region
(UTR)Z} 371 bp ¢ 3-UTRZ FA St ORFE HE W H
ofm -4t MY& BLASTP T2 1302 BA3 A3 F4E
Prxe 7 70 cysteine 2715 713 typical 2-Cys Prx 2 ¥
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% Th(Fig. 1). EXPASy (http:/ /web.expasy.org/compute_pi/)
YA Bl A EAF} SHHS 24F A3 EAFE 22
kDal 2 THH L 7582 o FH AT

Motif scanZ 2 19 o] &3dto] FAE Prxo] ofw] ik A
g& F43 43}, peroxiredoxin®] 542 ¢l motif F #H S
AT F QIS E48A4E 28 8h= motif | (FYPLDFTFVCP-
TEI)? motif I (GEVCPA)7} EA13F% 2, Z+7}9] motif W
9 52,1739 AA o T2l T8F 9E& o= 2749
cysteinext7] 7} HEH o] I th(Fig. 1). YA 02 Prxse
cysteineZt7] 9] =9} /Ao whe} 73t typical 2-Cys Prx
© #Fst 84 E 2 cysteine?t7] 7} peroxidatic Cys+= 50
¥, resolving Cys= 1708 Ao Ast22 FHE Prxe=
typical 2-Cys Prx® & 4 It} Cysteine 2+7] 9ol & N-2¢
9 cysteine £7] ZA ol EASHHA, T FAtspaFL 0}
$317] 45%F loop-helix 25 AAGFNA 2T &
AT S A[1L, 19, 36] Prodd, Thrd8 2] T Argl277
717k EA A th(Fig 1). 3 FHE Prx 29] N-2@ F.9 0
v & 117 3} (oligomerization)ol] ¢ F 83 motif I, re-
ion I3} region II7F & EEH o TH(Fig. 2). °12l = =
FEY WSEAR Q3 Prx 29 HEAIE AN
GGLG motif$t YF motif7} &4 5} % th(Fig. 2).
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o] 5+ (ABW88997; AFX74861), 7l 7-2| (NP001085414), %3}
(AAF42986), 7] (NP035693; AAH58481), %(NP001159672), 5}

OE T3 o 64~9%9 frAHd S EAtH(Table 1). 53] A
B Prx 2 7V B (Haliotis discus discus), {52 7) (Pinctada
fucata) 123 A o)) o] (Cristaria plicata)$t 2t7+ 99, 77,
80%9] A& B9 ThTable 1). NCBI B o] €] s o] 2 0] A 18
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AGACTGTCACGTGACCCGAA
CATTTCTGTCCATCTATCGTCGACCGGTAACTCTCGAACTTCATCTGTAATTTGATCACC
ATGGCCCARGTCGGARACCTCCARTTGACGAAACCTGCCCCTGAATTCAGTGCARAGGCT

M A © vV G N L ¢ L T K P A P E F 5 A K A

ATTGTCAATGGTGAATTCAAAGATGT CAAACTGT CAGACTACAGGGGGARATATGTTGTC
I v N G E F K D v K L 5 D ¥ R G K ¥ V V¥V

TTATTTTICTAC CTAGACTTCALCTTTGTCTEGCCCARCAGARATTATTGCATTCAGC
L F F Y J|JPJL D F EI I P T E I I A F S

GATCGGTCTGAAGAGT TCARAARAGCAT CAACTGTGAGGT CCTTGGATGT TCAACAGACAGT
b R S EE F K s I N C E V L G C 5 T D 5

GTGTACTCACATCTAGCAAGGAT CAACACCCCGAGGARAGCAGGGTGGTCTTGGCAACATG
v Yy §s H L A R I N T P R K Q G 6 L G N M

AAGATTCCTCTCCTGGCAGACAAGACAATGGAGATTTCCCGARAATATGGCTGTCTGARG
kK I p L. L A D K T M E I 5 R K Y G C L K
E D E G V A F ﬂi L ¥ I I D D K A N L R

CAGATCACCATTAACGACCTCCCTGTTGGACGCTCAGTGGATGAGACCCTCAGACTTGTT
¢ I T I N D L P ¥V G R 5 V D E T L R L V¥V

CAGGCATTCCAGTTCACTGACAAGCACGGAGAAGTTTET CCTGCTGEGATGGAARCCAGGC
Q A F ©Q F T D K HIG E V¥ P A G W K P G

GCAGACACCATGAAGCCCGACCCCAAGGGCAGCCAGAACTACTTCTCCAAGGT CAACTGA
A D T M K P D P K G 8§ Q N Y F 5 K V¥V N *

GAAGACGAMAGGAGTTGCATT CGGACT TTTCATCATTGATGACAAGGCCAACCTGCGC

GGACACTGGAGGACGACATGCTTAGT CACGACAAGGGGATCAGAAT CAAGGGCACARCAG
CCTGCGGGGGAT TGGACAACT CAATAGTGCTGT CAAACTGGGAACAATGTCATCATTGTC
AGGTTCCTGCCATGAT CAGTGACATTTGCCTGTTTGTGTAGTAACAGCTTCATCGTTCAA
CATACATGGCACAGGGGAGATAACTGCTGTCATATCTCATTTCTTCACTTGATTTGGAST
TGTTTATTTGAAGACATTTGTTCTCTGTCCCCAGCTATGTTGTTATTGT TAAGGGCACAT
CITTAACTGTCCATGAAATAAAT TTCAAARAAARRAAAARRAAAARRGTACTCTGCGTTA
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Fig. 1. The full-length ¢cDNA and deduced amino acid sequences of Prx 2 from abalone Haliotis discus hannai. Start (ATG) and
stop codons (TAA) are underlined. The putative F motif (FYPLDFTFVCPTEI) and the hydrophobic region (VCPXXW) are
bold shaded. Conserved cysteines (in the motif I and hydrophobic region) are circled. The GGLG and YF motifs are bold
underline. The polyadenylation signal sequence (AATAAA) is underlined in italics.

EE 2HA dEHN o o F,
staoA EA S5oA A EEH

Table 1. Clustal W pair-wise identity results of abalone Prx 2
with selected Prx amino acid sequences

Species Accession Identity

number (%)
Tpx 2 [Haliotis discus discus] ABO26635.1 99%
Tpx [Cristaria plicata) ADM88874 80%
Prx [Pinctada fucata) ADC35419 77%
Prx 2 [Thunnus maccoyii] ABW88997 74%
Prx 2 [Miichthys miiuy] AFX74861 74%
Prx 2 [Sparus aurata) ADI78065 73%
Prx 2 [Danio rerio] NP001002468 72%
Prx [Salmo salar] NP001134858 69%
Prx 2 [Sus scrofa] NP001231403 73%
Prx 2 [Ovis aries] NP001159672 71%
Prx 2 [Bos taurus] AAG53659 71%
Prx 2 [Homo sapiens] NP005800 70%
Prx 2 [Mus musculus] NP035693 70%
Prx 2 [Rattus norvegicus] AAH58481 70%
Prx 2 [Xenopus laevis] NP001085414 64%
Tpx 2 [Drosophila melanogaster] ~ AAF42986 64%

9 THFig, 4A). 53] oprhu], 28 B3} AN A Prx 29]
Hoke Z5 R 10679, 51.94, 43788 © =4tk HYF
ZEo R gatslase] wdo] FEEEA Yolry] 93 v
B o #& AR &, Prx 2 mRNAS @3-S 8ols) mst
ooHHgoFE TN FH e A GFAZA

I #

B AT M s A8 Prx 2 97148 S FAST B4
T HHPEE GolEo 2N FHE Prx 29 7es gotRY
2 3Fgeh FA B 597 bp o F/IAGREEH WId o
FAGAAM BABF T8 Prxd SAHQ FE (motif

I, motif II, region I3} region I)#} peroxidatic Cys$} resolving
Cyse T F8 7150l EAI L F3bol mj 5 HEH
o] AAUTE Prxsi cysteine ZH719] 479} $1 Aol whe} £/
Prx @40 5838 2719 A= & o A E Prxe typical
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Motif I

AbalonePrx 2 1: IVNGE-FKOVKLS[EH S5
Shellfish Prx 1: VNGE-FKDISLE 52
Amphioxus Prx 4 LESGEFRTIKL 55
Crab Prx 1: Sa
Zebrafish Prx 2 35 sa
Croaker Prx 2 1: sa
Salmon Prx 1:AACGKARIG———— ss
Tunalirx 1:BSSGNARIG-——— 54
Seabream Prx 2 1: sa
FrogPrx 2 1: 58
MousePrx 2 1: 54
RatPrx 2 1: /WNCGAFREIR-L 54
Pig Prx2 1: VNGAFKEVK-L 54
Cattle Prx= 2 1: /VCGAFKEVK-L 55
SheepPrx 2 1- Sa
Human Prx 2 1: Sa
AbalonePrx 2 56: 1is
Shellfish Prx 53 112
Amphioxus Prx 56 115
Crab Prx 55: 114
Zebrafish Prx 2 55: 114
Croalker Prx 2 55: 114
Salmon Prx 56 115
TunaPrx 55 114
SeabreamPrx2 55: 114
FrogPrx 2 Se 118
MousePrx 2 S5: 114
RatPrx 2 55: 114
Pig Prx 2 EE] 114
Cattle Prx 2 56: 115
Sheep Prx 2 55: 114
Human Prx 2 S5: 114
Motif I1

AbalonePrx2  116: 175
Shellfish Prx 11 172
AmphioxusPrx  © 16: 175
Crab Prx } LS 174
ZebrafishPr= 2+ aS 174
Croaker Prx 2 - j‘ S 1 :'T :’:4
Salmon Prx i ,J; : 1‘ _{_i
TunaPrx 1 ; S 1 ; o
Seabream Prx< 2 110 TE
FrogPrx 2 115 N 1o
MouseP1rx 2 115 . IR
RatPrx 2 115 M -2
Pig Prx 2 116 N .-
Cattle Prx 2 115 174
SheepPrx 2 115 174
Human Prx 2

AbalonePrx 2 176 E| C 199
Shellfish Prx 173: E| R 126
AmphioxusPrx 176: F| 198
Crab Prx 175: F| 198
ZebrafishPrzz 2 175: SCTIVPLDVQK F| 197
Croaker Prx 2 17S: BSCTIVPOVEK| F| 197
Salmon Prx 176: 199
TunaPrx 17S: 197
Seabream Prx2 175: 197
FrogPrx 2 179: E 202
MousePrx 2 175: E 198
RatPrx 2 175: E| i98
Pig Prx 2 17s: E| 198
Cattle Prx 2 176&: F 199
Sheep Prx 2 175: E| 198
Human Prx 2 175: E 198

Fig. 2. Multiple alignment of the amino acid sequences of abalone Prx 2 with those of other species using ClustalW. Sequences
were obtained from GenBank: human (Homo sapiens; NP 005800), mouse (Mus musculus; NP 035693), rat (Rattus norvegicus;
AAH58481), pig (Sus scrofas; NP 001231403), cow (Bos Taurus; AF305562), sheep (Ovis aries; NP 001159672), frog (Xenopus
laevis; NP 001085414), zebrafish (Danio rerio; NP 001002468), salmon (Salmo salar; NP 001134858), croaker (Miichthys miiuy;
AFX74861), tuna (Thunnus maccoyii; ABW88997), sea bream (Sparus aurata; ADI78065) and shellfishes (Pinctada fucata;
ADC35419, Cristaria plicata; ADM88874, Scylla paramamosain; ACO36036).
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Bos taurus T
Ovis aries Fig. 3. Phylogenetic relationships of abalone Prx
9 Sus SC'Ofa‘ Nafiiials 2 proteins with those of other species, cal-
Homo sapiens culated using the neighbor-joining
i Mus musculus method. GenBank: human (Homo sapiens;
100% Rattus norvegicus - NP 005800), mouse (Mus musculus; NP
— Xenopus laevis 035693), rat (Rattus norvegicus; AAH
Salmo salar* N 58481), pig (Sus scrofs; NP 001231403),
= Da"i°“’9"° ) i cow (Bos Taurus; AF305562), sheep (Ovis
51 Michthys miluy aries; NP 001159672), frog (Xenopus laevis;
@””"“5 maccoyl _ NP 001085414), zebrafish (Danio rerio; NP
s S » _ 001002468), salmon (Salmo salar; NP
‘UU{_H?"?"svd'scus_ha""a' 001134858), croaker (Miichthys miiuy; AFX
Haliotis discus discus _ 74861), tuna (Thunnus maccoyii; ABW
100 Scylla paramamosain® | Invertebrates 88997), sea bream (Sparus aurata; ADI
L‘:Cf'_Star'a plicata 78065) and shellfishes (Pinctada fucata;

93 Pinctada fucata

J ADC35419, Cristaria plicats; ADM88874,

s Scylla paramamosain;, ACO36036).
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Fig. 4. Quantitative PCR of abalone Prx 2. (A) Tissue distribution of abalone Prx 2 mRNA. The level of abalone Prx 2 mRNA
was quantified relative to that of 185 rRNA. To determine tissue-specific expression levels, the expression level in each
tissue was compared to that in the muscle, arbitrarily defined as 1. (B) Expression level of abalone Prx 2 mRNA in the
liver and hemocyte after V. parahemolyticus infection. Abalone Prx 2 expression levels were calculated relative to that in
the liver or hemocyte of un-infected control, arbitrarily defined as 1. Data are presented as means + SD with three replicates
from each sample. (M, Mantle; G, Gill; S, Shell muscle; L, Liver; F, Foot; D, Digestive duct; H, Hemocytes; Ms, Muscle)
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