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C-reactive protein (CRP) is a member of the pentraxin family and is
an acute-phase response to plasma protein; its level in blood in-
creases rapidly in response to trauma, inflammation, and infection.
In the present study, we analysed the molecular characteristics of
the Oplegnathus fasciatus CRP (RbCRP) gene sequence using mul-
tiple alignments and phylogenetic analyses of the deduced amino
acids. In addition, we also examined RbCRP gene expression in
rock bream infected with the pathogens Edwardsiella piscicida (E.
piscicida), Streptococcus iniae (S. iniae) or red sea bream iridovirus
(RSIV) and in healthy rock bream individuals. In healthy in-
dividuals, RbCRP was ubiquitously expressed in all 14 tested tis-
sues, mainly in the trunk kidney and head kidney. Expression of
RbCRP was notably upregulated in the spleen and whole kidney
after RSIV infection. This study can provide basic data on the innate
immune system of the rock bream to viral and microbial infections.
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access article under the CC BY license (http://creativecommons.
org/licenses/by/4.0/).
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Specifications Table

Subject area Immunology and Microbiology

More specific subject area Gene expression analysis

Type of data Figure

How data was acquired GENETYX ver. 7.0. program, Mega version 4.0 and Real-Time PCR

Data format Analysed and Real time PCR

Experimental factors RbCRP gene expression profiles were compared between healthy fish and fish challenged with
bacterial and viral infections.

Experimental features Full-length RbCRP cDNA was obtained from expressed sequence tag analysis, and its

molecular and expression characteristics were confirmed. This experiment could provide a
basis for analysing the functional characteristics of the RbCRP gene in the innate immune
system of rock bream.

Data source location Gyeongsang National University, Tongyeong, Republic of Korea

Data accessibility The data are available for this article

Value of the data

e These data provide the possibility of mRNA expression characteristics of RbCRP, which is important in the inflammatory
response and induces apoptosis in the rock bream immune system.

o These data will provide a basis for understanding the role of RbCRP in the immune system of rock bream infected with
various pathogens.

e RbCRP mRNA expression analysis Results can be further used for comparative analysis with CRP gene expression assays in
teleosts.

o These data provide a basis for predicting the function of the CRP gene using tissue-specific expression data of RbCRP and
other species of CRP.

1. Data

C-reactive protein (CRP) has been reported to be an acute-phase response to plasma protein; its
level in blood increases rapidly in response to trauma, inflammation, and infection [1,2]. The open
reading frame (ORF) containing the CRP cDNA sequence of rock bream (RbCRP) was identified by
expressed sequence tag (EST) analysis of liver tissue from LPS-stimulated rock bream (GenBank
accession number: BAM36372). The full-length RbCRP cDNA (1,004 bp) consisted of an 18 bp 5’-un-
translated region (UTR), an ORF of 675 bp encoding 224 amino acids, a 311 bp 3/-UTR with a putative
polyadenylation signal (ATTAAA), and a poly-A tail. The predicted domains of RbCRP included the
signal peptide domain (1 - 15 aa) and the pentraxin domain (23 - 216 aa) (Fig. 1). The isoelectric point
and molecular weight of the RbCRP gene were predicted to be 5.32 and 25 kDa, respectively. Multiple
alignment analysis of RbCRP amino acid sequences and other species revealed that CRP of Orange-
spotted grouper was the most homologous with 65.4% similarity (Fig. 2). A phylogenetic analysis
showed that RbCRP was included in the cluster of teleosts and showed the closest affinity to CRP of Nile
tilapia (Fig. 3).

Quantitative real-time PCR (RT-qPCR) was used to confirm the expression level of RoCRP mRNA in
healthy and pathogen challenged rock bream (Oplegnathus fasciatus). As a result of expression analysis
of RbCRP mRNA in healthy rock bream, RbCRP mRBA displayed significantly higher expression levels in
the trunk kidney (313.7-fold) and head kidney (188.7-fold) compared to the liver (Fig. 4). The
expression patterns of RbCRP mRNA in gills, whole kidney, and spleen were confirmed after chal-
lenging with Edwardsiella piscicida (E. piscicida), Streptococcus iniae (S. iniae) or red sea bream iridovirus
(RSIV) in healthy rock bream. After a challenge with RSIV, the expression of RbCRP mRNA was slightly
upregulated in the spleen at 1 day and in the spleen and gills at 5 days and 7 days, respectively, after E.
piscicida infection (Fig. 5).
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1 CACGAGGCAGACTTTAAGATGGCTTTTTTTCTTCTCCTGGTGATGCTGACCGGGTGTGCT 60
M A F F L L L VvV ML T G C A 14

Signal peptide
61 GCAAGTCCTCAAGATCTGTCTGGTAARATGTTCACCTTCCCAGAGGAAACCAAAACAGCT 120
15ASPQDLSG'KMFTFPEETKTA|34

Pentraxin domain

121 CATGTGAGACTGACTACACCAACACAGGATTTCAGTGCTGTGACTGTCTGTCTCAGGTCC 180
35|HVRLTTPTQDFSAVTVCLRS|54

181 ATCACAGACCTCAGCAGAAAGTACAGCCTTTTCTCTCTGGCCTCACCCACTGCTTCCAAT 240
55|ITDLSRKYSLFSLASPTASN|74

241 GCCTTCCTCATATACAAGAATTCTGAGAGTAATGTGATTGATCTCTATGCTGGGGATARR 300
75 |A F L I Y KN S E S NV I DL Y A G D K| 9

301 ATGGCACAATTTGGAGCTCAGGACTACAAGCTGAACATGTGGCACTTTATTTGTGCTACA 360
95|MAQFGAQDYKLNMWHFICAT|114

361 TGGGACTCTGCGTCTGGTCTGGTGCAGCTGTGGCTGGATGGAARACCCTCAATTAAGARA 420
115|WDSASGLVQLWLDGKPSIKK|134

421 TTCGTTGGCGGACCAAACATCACTAGACCAATTGTTATCCTCGGACAGGAGCAGGATTCC 480
135|FVGGPNITRPIVILGQEQDS|154

481 CATGGTGGGGGGTTTGACATTAAGGACTCTTTCGTTGGCATGATGTCTGATGTCCACATG 540
155|HGGGFDIKDSFVGMMSDVHM|174

541 TGGGACTACATCCTTTCACCCTGTGAGATCCAGCGCTACGTGGATGATCTAAACTTTACT 600
175|WDYILSPCEIQRYVDDLNFT|194

601 CCAGGGAATGTCCTCAACTGGAGGGCGCTGGAGTTCCAGACCACCGGAAGAGTGCTGATA 660
195|PGNVLNWRALEFQTTGRVLI|214

661 GAAAATAAAGAAATGACCTGTCAAGGTGTGTAGCTCAGTCTTTGGGAAAGGCAGTGGCTT 720

215KEMTCQGV* 224

721 TAATCATCTTGAATTTCTAAAGAAAACTACCATGTTTTACAAATTACAAATCTTATTCAT 780
781 CATTACCATCTTCAATGTAATGTATGTTAGTAACTGTGCAATTGTTATTTTATGTGATGT 840
841 ATCTTGGATCGGCCATGTCTGTGTGCTTTTTGTGGGATGTTCTTCTTGACAGTTCATTAA 900
901 AAATGGCACATTGTGCACTGTAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 960
961 1004

Fig. 1. The nucleotide sequence of rock bream CRP (RbCRP) and deduced amino acid sequence. The grey box and box indicate a
signal peptide domain and pentraxin domain, respectively. The putative polyadenylation signal (ATTAAA) and a poly-A tail are
shown in bold.

2. Experimental design, materials, and methods
2.1. Molecular cloning and sequence analysis

A full-length cDNA of RbCRP was identified from the liver of a lipopolysaccharide (LPS)-stimulated
rock bream cDNA library by expressed sequence tag (EST) analysis [3]. The BLAST algorithm of the
National Centre for Biotechnology Information (http://www.ncbi.nlm.nih.gov/blast) was used for
similarity comparisons with other known amino acid sequences. The domain search of amino acids
and of signal peptide prediction were performed using online software on the Simple Modular
Architecture Research Tool (SMART) (http://smart.embl-heidelberg.de/) version 4.0 and SignalP web
server (http://www.cbs.dtu.dk/services/SignalP/), respectively. The molecular weight and theoretical
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Pentraxin domain

= Rock bream S5 --MAFFLLLVMLTGCAASPQDLSGKMFTFPEETKTAHVRLTTPT-QDFSAVTIVCLR----SITDLSRKYS-LFS-LASPTASNA|75
Orange-spotted grouper i —-MKFLLLLVILTVCDASPQDLSGKMFTFPQQTNTARVQITTPT-NEFNAVTVCHR----SFTDLKRDHI-LFS-LATPTNSNA| 75
Southern platyfish R =-MKLLLLVGMLTACAAVTQDLSGKMFTFPLETNTAHVKLTTTK-QDFNAVTVCQR~ 75
Japanese medaka —=-MKLLLFLVVLGTVSAEVQDLSGKIFTFPQPTNTAHVRLNPIK-QSYKAVTVCHR: 75
Tongue sole 1 MEYKMAFLLMLVMLTSWVAALQDMSGKMFTFPIAPNRAYVKLITGT-QEFKAVTICHR- 79
Nile tilapia o Y] MVLLLLLVMLTSCAAAPQNLARKMFTFPEETDTAHVKLLTTK-QDLSAVTVCLRFAYRSFTDLRRIHL-IFS-LATASAFND|79
Atlantic salmon 1:MESVLKWMEKLLFLLVLTYGCYGEPQDLSGKKFIIPVETSDSFVKLSDNVLKPVIAMTMCQR----FFTEVQRDQS-LFS-LATPSDSKD|84
Pig 1 -MEKLSLCLLVIISLSNAFAQT-DMIGKAFVFPKESENSYVSLTARLTKPLTALTVCLR----VYTDLNRDYS-LFS-YATKTQYNE|79
Human MEKL-LCFLVLTSLSHAFGQT-DMSRKAFVFPKESDTSYVSLKAPLTKPLKAFTVCLH: FYTELSSTRGTVFSRMPPRDKTMR| 80
Frog H —--MERFALWFIFLAGSLAQE-DLVGNVFLFPKPSVTTYAILKPEVEKPLKNLTVCLR----SYTTLTRFHSLLSLATSNPLQDNA| 78
Horseshoe crab 1:--MKTFHGPTCGTAVSLCLLLFLTSALEEGEITSKVKFPPSSSPSFPRLVMVGTLPDLOQEITLCYWFKVNRLKGTLHMFSYATAKKDNEL | 88

» Rock bream 76:[FLIYKNSESNVIDLYAGDKMAQFGAQDYKLNMWHFICATWDSASGLVQLWLDGKP--SIKKFV--GGPNITRPIVILGQEQDSHGGGFDI|161
Orange-spotted grouper 76:FLIFWDETNKEIEPHIKDKKSEYGGQDYKPNMWHSVCTTWDSTSGLTQMWFDGQOP--TIRKFVSSGTSIRGSTIIILGQEQDSHGGGFDL|[163
Southern platyfish 76 :[FMVLWDGSDKELE IYTQDKIAVFGKTDYKQNTWHSICATWDSASGLVQLWLDGLP--SVRKFTSSGSNIRGSLIIMLGQEQDSHGGGFDI|163
Japanese medaka 76:[FLIYWQNENQEMRPHVRDARLEYGGWDYKPNMWHSICTTWDSVTGLVQIWFDGKP--SIRKYVISGAINETATLL-LGQEQDSPGGGFDI| 162
Tongue sole 80 :[FLLFWDNTNKELEPHVMDKKAECAGLDYKMNMWHSICTTWDSTSGIVQIWFNGWP--STRKYSVTGQIQSSSFVIILGQEQDSHGGGFDQ| 167
Nile tilapia 80 :[FLLMKQAEGDLLYLWVRDKEAEFPLQDYKLNTCNSICSTWNGTSGLTH----~ KD--KVQGF----- GLRAGSDY-LSRTNNIINV-IKI|155
Atlantic salmon 85:[INLCLQSKG-GYKLNIRGNSVTINGLPENRNGWISFCVTWDSKTGLTQMWANGRR--SASKILKPNGPINGKPSIILGQNQGSYGGGFVA|171
Pig 80 :ILLFRGKTA-VYSISVGGADVVFK-PH-QSSEPMHFCMTWESTSGITELWVDGKP--MVRRSLKRGYSLGTQASIILGQEQDAFAGGFEK|164
Human 81:[FFIFWSKDI-GYSFTVGGSEILFEVPE-VTVAPVHICTSWESASGIVEFWVDGKP--RVRKSLKKGYTVGAEASTIILGQEQDSFGGNFEG| 166
Frog 79:[FLLFSKPPN-QCSIYINQEENVFKVDP-TAVEWKHTCVSWDSVSGVVELWIDGKL--YPRTVSKKASSIGFPSSIIQGQEQDSFGGGENI|164
Horseshoe crab 89:[LTLIDEQGDFLFNVHGAPQLKVQCPNKIHIGKWHHVCHTWS SWEGEAT IAVDGFHCKGNATGIAVGRTLSQGGLVVLGQDQDSVGGKFDA| 178

* L * *

» Rock bream 162 :KDSFVGMMSDVHMWDYILSPCEIQRY-VDDLNFTPGNVLNWRALEFQTTGRVLIENK] 224
Orange-spotted grouper 164:KQSFVGMMSDVHMWDYVLSSCEIRKY-MDELNFTPGNVVNWSALEYQITDRVLVENK! 224
Southern platyfish 164 :KQSFVGMLS DVHMWDYVLSACEIQKY-VNEQNFTPGNVLNWAALDYQIVEKVVVENKS 225
Japanese medaka 163 :NESFVGMMSDVHMWEYILSPCEIQNY-MDKGSFTPGNVLNWKALDFQIIGNVLIEN] 229
Tongue sole 168 :[SQSFVGMMTDVHMWNYVLSGCEIRNY-SDERNFTPGNVISWKALEFEIVDKVLVED] 228
Nile tilapia 156:[FQNFVGMMS DVHMWDYVLFPCEIQ----NERTFTPGNVLNWSALDFQITVRVLIE DK P 5
Atlantic salmon 172 :[SQSFVGDVTDVHFWDSVISPCQIKLY-MOGKNFTPGNILNWKALEFTTGGGVFKEI] 231
Pig 165:NQCLVGDIGDVNMWDYVLSPEEINTV-YAGGTFSP-NVLNWRALRYEMSGEVYVKE 222
Human 167:[SQSLVGDIGNVNMWDFVLSPDEINTI-YLGGPFSP-NVLNWRALKYEVQGEVFTKEP e P24
Frog 165:|DQSFVGEISDVHMWDYVLTPDHIQKVLFANMDFNG-NIISWRSLQYELRGQATTQPKRQCKTLEHHYGLFAKCYK 238
Horseshoe crab 179 :[TQSLEGELSELNLWNTVLNHEQIKYLSKCAHPSERHIYGNIIQWDKTQFKAYDGVVLSPNEICA-——=======~ 242

* * *

Fig. 2. Multiple alignment of amino acid sequences of the rock bream CRP and other species CRP. Amino acids that are identical to
the rock bream (Oplegnathus fasciatus) sequence are indicated by asterisks (*), similar amino acid residues are indicated by dots (.),
and the pentraxin domain is indicated by the box.
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Fig. 3. Phylogenetic tree based on amino acid sequences of CRP downloaded from GenBank. The phylogenetic tree was constructed
using the neighbour-joining method in MEGA 4 software. Bootstrap sampling was performed with 2,000 replicates. The scale bar
represents sequence divergence. GenBank accession numbers: Salmo salar (NP_001134140); Canis lupus familiaris (CDF47287);
Xenopus laevis (AAA49692); Limulus Polyphemus (AAA28270); Homo sapiens (CAA39671); Oryzias latipes (XP_004077902); Oreo-
chromis niloticus (XP_005472829); Epinephelus coioides (ADC92292); Sus scrofa (ACF28537); Cynoglossus semilaevis (AGD81192);
Larimichthys crocea (XP_019125679).
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Fig. 4. RbCRP mRNA expression in various tissues from healthy rock bream by real-time PCR. EF-1¢ was used for normalizing the
real-time PCR Results. Data are presented as the mean + SD from three independent cDNA samples with three replicates from each
sample. Asterisks indicate significant differences (*P value < 0.05) compared to the liver.

isoelectric point (pl) values of the proteins was calculated using the ExPASy website (http://web.
expasy.org/protparam/).

The GENETYX ver. 7.0 (SDC Software Development, Japan) program (http://clustalw.ddbj.nig.ac.jp/)
was used the multiple sequence alignment. The phylogenetic tree was constructed with Molecular
Evolutionary Genetics Analysis (MEGA) version 4.0 using the neighbour-joining method with the
support of 2000 bootstrap replications [4].

2.2. RT-qPCR analysis

2.2.1. Experimental fish and treatment

Healthy rock bream (weighing: 68.5 + 10 g, body length: 14.3 + 1 cm) were supplied by the
Gyeongsangnam-do Fisheries Resources Research Institute (Tongyeong, Republic of Korea) and
maintained at 20—23 °C in aerated seawater until the experiment ended.

To evaluate the level of RbCRP gene expression, healthy rock breams were challenged with an
intraperitoneal injection of pathogenic S. iniae (3 x 10° cells/fish), E. piscicida (2 x 10° cells/fish), or RSIV
(1.04 x 10* copies/fish). Control fish were injected with the same volume of phosphate-buffered saline
(PBS).

2.2.2. RbCRP gene expression in different tissues of healthy rock bream

To evaluate RbCRP gene expression, various tissues including the liver, brain, stomach, muscle,
heart, eye, skin, intestine, spleen gills, head kidney, trunk kidney, peripheral blood leukocytes (PBLs)
and red blood cells were isolated from three healthy rock breams. Total RNA was extracted from
the various tissues and cells of three healthy rock bream using TRIzol reagent (Invitrogen, USA)
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Fig. 5. RbCRP mRNA expression levels in (A) whole kidney, (B) the gills, and (C) spleen of rock bream infected with three pathogens
[Edwardsiella piscicida (E. piscicida), Streptococcus iniae (S. iniae) or red sea bream iridovirus (RSIV)]. The levels of RbCRP transcripts
were quantified relative to that of EF-1a. levels. The data are presented as the mean + SD from three independent cDNA samples with
three replicates for each sample. The asterisks represent significant differences compared to the control (PBS) group by ANOVA (*P
value < 0.05).

according to the manufacturer's instructions. After extraction of total RNA, RNase free DNase (Promega,
USA) was used according to the manufacturer’s instructions. cDNA synthesis was carried out using
the PrimeScript™ 1st strand cDNA Synthesis Kit (Takara, Japan) according to the manufacturer's
instructions.

The synthesized cDNA was used as a template for RT-qPCR, which was carried out using a DICE Real-
Time System Thermal Cycler (TaKaRa). The RbCRP-specific primer sets were designed by Primer3 ver. 3
based on the cDNA full-length sequence of RbCRP (forward: 5'-TGTGCTACATGGGACTCTGC-3/, reverse:
5'-GCTCCTGTCCGAGGATAAC-3'). The relative mRNA expression levels of RbCRP were calculated using
the comparative Ct (2722T) method with elongation factor 1 alpha (EF-1 o) (forward: 5'-
CCCCTGCAGGACGTCTACAA-3/, reverse: 5'-AACACGACCGACGGGTACA-3') as a control [5,6]. The data
from each group were tested by an analysis of variance using SPSS 19.0 (IBM, USA). The Results are
expressed as the relative fold change compared to the liver.

2.2.3. Expression of RbCRP after challenge with pathogens

The mRNA expression of RbCRP in the whole kidney, spleen, and gills of infected rock bream was
measured by RT-qPCR. Each group was sampled from the gills, whole kidney and spleen of the three
fish at 1, 3, 5, and 7 days post-injection. All samples obtained were analysed in triplicate, and total RNA
extraction, cDNA synthesis and RT-qPCR were performed as described above.
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2.3. Statistical analysis

Results were assessed using one-way analysis of variance (ANOVA) followed by Fisher's protected
least-significant-difference (PLSD) test using SPSS software (ver. 19). For all analyses, a P value < 0.05
was taken to indicate statistical significance. All samples were analysed in triplicate; the results are
reported as the mean + standard deviation (SD).
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