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SUMMARY

Pattern recognition and apoptosis can be considered as significant bio-machineries in
physiology of multicellular organisms which essentially contribute to their survival and
development, even in the grievous environments. According to the recent reports, these two
processes were found to be interrelated, especially in pathogenic infections. Upon the
recognition of molecular patterns of invading pathogens and damaged cells, pattern
recognition receptors (PRRs) can mount immune responses, via activating different
downstream signaling molecules to initiate various immune signaling cascades, which can
trigger the death cascade pathways to stimulate apoptosis as a host defensive mechanism to
reduce the pool of infected cells, in order to restrict the propagation of the infection. With
respect to the pattern recognition receptors, Toll-like receptors (TLRs) are known to be the
initially discovered and extensively studied group of PRRs, which can interact with wide
array of ligands in invaded pathogens. In terms of apoptosis, caspases as cysteine aspartic
acid proteases can be considered as key molecular mediators to propagate the death signal
through a cascade. Among them caspase 3 plays a pivotal role as a molecular hub in
exclusionary phase of apoptosis by linking different death signaling pathways together to

direct cells toward death.

In this study a novel counter parts of TLR 2 (RbTLR2) and Caspase 3 (Rbcasp3) genes, from
an economically important teleost species, rock bream (Oplegnathus fasciatus), was
characterized at genomic level, while analyzing their transcriptional modulation under
physiological and pathological conditions. The complete genomic sequences of both RbTLR2
and Rbcasp3 genes were identified using a random sheared bacterial artificial chromosome
(BAC) based gDNA library. Subsequently, the identified sequences were characterized using

bioinformatics tools, while comparing the sequences with other known similitudes using

Vil



multiple and pairwise sequence alignment strategies of ClustalW software. In order to
determine the evolutionary position of both molecules, phylogenetic relationship was
determined with their known orthologues. Moreover, genomic organization of both Rbcasp3
and RbTLR2 as exons and introns was determined and compared with the known genomic
architectures of their counterparts, further anticipating the respective promoter regions with
their potential transcriptional factor binding sites. In addition, tertiary structure of Rbcasp3
was modeled using I-TASSER online server and visualized using RasMol 2.7.5.2 software to
predict the structure-function relationship. Furthermore, Rbcasp3 complete coding sequence
was cloned into pMAL-c2X expression vector and subsequently expressed and purified the
recombinant protein to demonstrate the proteolytic activity of recombinant Rbcasp3
(rRbcasp3). The tissue specific transcriptional profile of both genes were determined using
quantitative real time PCR (qRT-PCR), further analyzing their transcriptional regulation in

liver tissues, upon the inductions with pathogenic stimulants and their molecular patterns.

The complete cDNA sequences of RbTLR2 (4399 bp) and Rbcasp3 (2756 bp) were consisted
of 2451 bp and 849 bp coding sequences, encoding polypeptides of 817 and 283 amino acids,
respectively. RbTLR2 was predicted to be comprised of a signal peptide whereas signal
sequence was absent in Rbcasp3. Predicted molecular masses of RbTLR2 and Rbcasp3 were
around 92 kDa and 31 kDa respectively. RbTLR2 resembled the typical TLR family
signature whereas Rbcasp3 demonstrated the characteristic caspase domain architecture. TLR
2 orthologue of orange spotted grouper (Epinephelus coioides) exhibited the maximum
identity and similarity values with RbTLR2. On the other hand, Rbcasp3 shared the highest
sequence compatibility with its orthologue of large yellow croaker (pseudosciaena crocea).
According to the multiple sequence alignment, C-terminal region of RbTLR2 including
consensus sequences in TIR domain showed thorough conservation among its vertebrate

counterparts and Rbcasp3 showed well conserved motifs among its orthologues, including
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penta peptide motif and RGD motif. Phylogenetic analysis of RbTLR2 evidenced to its
higher evolutionary proximity with orthologue from orange spotted grouper, among the other
vertebrate similitudes, whereas Rbcasp3 demonstrated a closer evolutionary relationship with
its caspase 3 homologue of large yellow croaker lying with in the fish clade. The modeled
three dimensional structure of Rbcasp3 resembled the characteristic features of the folding of

human caspase 3 tertiary structure, validating its in-silico derived primary structure.

Anticipated promoter regions of both RbTLR2 and Rbcasp3 genes consisting different
transcriptional factor binding sites, most of which are related with immune signaling,
revealed the tight regulation of their transcription by external and internal environmental
factors. Moreover, genomic length of RbTLR2 was 10849 bp and genomic architecture was
composed of multi-exonic structure, containing 11 exons interrupted by 10 introns. In
contrast, Rbcasp3 was consisted of 6 exons, interrupted by 5 introns, expanded in 7529 bp
genomic length. Arrangements at genomic level in both genes shared substantial

compatibility with known genomic architectures of respective fish counterparts.

Rbcasp3 gene was cloned into pMAL-c2X, transformed into BL21 (DE3) cells and induced
with IPTG to overexpress the proteins. The recombinant proteins were purified in MBP-fused
form using an affinity chromatography and used in protease activity assay against caspase 3/7
(DEVD-pNA), caspase 8 (IETD-pNA) and caspase 9 (LEHD-pNA) specific substrates.
Recombinant protein demonstrated a detectable and specific cysteine-aspartate protease

activity against DEVD-pNA, convincing the functional viability of Rbcasp3.

RbTLR2 and Rbcasp3 demonstrated a different but ubiquitous transcriptional profile in
tissues examined in healthy fish, where higher levels of mMRNA were detected in spleen and
liver, respectively. According to the immune challenge experiments in liver tissues of rock

bream, transcription of both genes got up-regulated upon different stimuli, with the time.
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Streptococcus iniae induction could boost RbTLR2 transcript level more prominently.
Moreover, Edwardsiella tarda and LPS also significantly (p < 0.05) induced the transcription
of RbTLR2 in liver tissues. On the other hand, two viral stimuli, polyinosinic-polycytidylic
acid (poly I:C) and rock bream iridovirus (RBIV) could trigger the augmentation of RbTLR2,
where the up-regulations upon RBIV convinces the recognition of PAMPs of DNA virus at
the first time in teleosts. Stimulation with lipopolysaccharides (LPS) caused prolonged up-
regulation of Rbcasp3 mRNA level, whereas Edwardsiella tarda stimulated its late-phase
significant (P < 0.05) transcriptional induction. Rock bream iridovirus (RBIV) up-regulated
Rbcasp3 transcription significantly (P < 0.05) at late-phase, however poly I:C induced the

transcription of Rbcasp3 significantly at early-phase of the experiment.

Collectively, this study perceives molecular perspectives of apoptosis and pattern recognition
of fish, considering rock bream as a model organism, while characterizing the crucial
elements of respective processes, TLR2 and caspase 3. Moreover, this furnished a substantial
contribution to the extension of existing knowledge on innate immune mechanisms, with
respect to the pathogen recognition and apoptosis, emphasizing the requirement of further

investigations and mining of different components of these processes in teleost species.
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INTRODUCTION

Rock bream as an aqua-crop

Mariculture is a branch of aquaculture, which is dedicated to cultivate marine organisms,
especially for consumption as foods, since they are considered as a prominent substitution for
terrestrial resources, regarding the fulfillment of daily nutritional requirements. Among those
mariculture creatures, fish are used as the main delicacy in most parts of the world,
prominently in East and South Eastern countries like China, Korea and Japan. Rock bream
(Oplegnathus fasciatus) is an economically important comestible, harvested by commercial
fisheries and mariculture farming inhabited in the coastal areas of the Pacific and Indian
Oceans, accounting for a considerable yield as single species in the world marine aquaculture
industry. However various pathogenic menaces, due to infections of bacteria like
Edwardsiella tarda (E. tarda) and virus like rock bream iriodovirus (RBIV) have grievously
affected to the reduction of the mariculture production of this aqua-crop, affirming the
necessity of a precise disease management strategy in rock bream mariculture framing for its
sustainability (Park, 2009; Zenke and Kim, 2008). According to this regard, investigation of
immune mechanisms, functioning in rock bream is an effective approach to invent the
appropriate preventive schemes. Since innate immune system is the fundamental defense
mechanism in fish, which intern involve in stimulating the adaptive immunity, identification
and revealing the roles of innate immune parameters will be a fruitful commencement in

elucidating the different strategies of fish defense system (Magnadottir, 2006).



Toll-like receptors (TLRs) as the prominent pathogen sensors in innate immunity

Pattern recognition receptors (PRRs) are considered as key molecular guardians of innate
immune system, naturally existing intracellularly or extracellularly, which are designed for
recognizing non-self-molecules, mostly constituents of pathogenic organism, known as
pathogen associated molecular patterns (PAMPSs) and endogenous molecules released by
stressed or damaged host cells, designated as damage associated molecular patterns (DAMPS)
(Hansen et al., 2011). To date, wide array of PRRs have been identified and categorized into
five groups, designated as, C-type lectins, Toll-like receptors (TLRs), retinoic acid inducible
gene | (RIGI) like receptors (RLRs), the nucleotide-binding domain, leucine-rich repeat
containing proteins (NLRs), and absent in melanoma (AlM)-like receptors (ALRs) (Hansen
et al., 2011). Among them, TLRs are extensively studied group of PRRs, found in vertebrate

as well as invertebrate linages in distinct forms, encoded by a multigene family.

TLRs are transmembrane proteins, consisting a characteristic common structure, including
ectodomain, which is protruding outwards of the cell, composing 26 or lesser numbers of
leucine rich repeat (LRR) motifs, transmembrane domain and endodomain in the cytoplasm

containing Toll/interleukin (IL)-1 receptor domain (TIR) (Fig. 1.) (Palti, 2011).



Ectodomain with LRR

Transmembrane domain

L 4

TIR domain

Fig. 1. Two TLR molecules expanded through cell membrane showing their basic domain

architecture.

In human, 10 TLRs (TLR 1-10) have been identified to date, whereas in murine 12 TLRs
were identified (1-9 and 11-13). Avians were known to be comprised 10 TLR types, 1, 2, 3-5,
7, 15, 16 and 21, including the paralouges of first two and last type (Hansen et al., 2011).
Amphibians bear 20 distinct types of TLRs where most of them were evolutionary
duplicated.(Hansen et al., 2011). Teleost TLRs show remarkable diversity among all other
vertebrate species, comprising unique types, including TLR 20-23, which are known as non-
mammalian TLRs, along with orthologs of above mentioned tetrapods, altogether
representing 17 distinct TLR types. (Oshiumi et al., 2008; Rebl et al., 2010; Roach et al.,
2005). However fish linages are lacking TLR 6 and 10 from mammalian similitudes. The
structures of signaling molecules involve in downstream signaling of teleost TLR signaling
cascades were found to be similar with mammalian counterparts and the regulation of
immune responses were suggested to be analogous with that of mammals (Bricknell and
Dalmo, 2005). Overall diversity of TLRs is attributed with recognition of distinct PAMPs by

different TLRs. They can identify different components of pathogenic organisms, including



cell wall components of bacteria such as lipopolysaccharides (LPS) and lipoproteins, some
proteins like flagellins and nucleic acids of bacteria or viral particles including dsRNA and

dsDNA (Werling and Jungi, 2003).

Based on the ligand identified by the TLR, human TLRs can be classified into two major
subfamilies. TLR 1, 2, 4, 5, 6 and 10 are capable of recognizing microbial lipids, sugars and
proteins, categorized under cell surface subfamily, whereas TLR 3, 7, 8 and 9 responsible of
recognizing nucleic acid derivatives of viral and bacterial origin are grouped under nucleic

acid sensing subfamily (Palti, 2011).

TLR 2 as a crucial element in PAMP recognition

TLR 2 is known to form heterodimeric complexes with TLR 1 and TLR 6 to identify broad
spectrum of PAMPs on Gram positive bacteria (Ribeiro et al., 2010). These receptor
complexes can activate different transcriptional factors such as NF-«B through activating
different downstream signaling molecules like myeloid differentiation primary response
factor-88 (MyD88), to regulate the genes involve in innate and adaptive immunity (O'Neill
and Bowie, 2007). Furthermore, TLR 2 was found to interact with variety of additional
ligands including zymosans, a derivative from yeast, glycosylphoshatidylinositols (GPIs)
from protozoan parasites and LPS of gram negative bacteria (Hirschfeld et al., 2001;
Underhill et al., 1999; Werts et al., 2001). Interestingly, TLR 2 also can recognize PAMPs on
Gram negative bacteria, either with TLR 4 (Hadley et al., 2005) or independently (O'Connell
et al., 2006). As an exceptional finding, a viral dSSRNA mimic (poly 1:C) recognition potency
of TLR 2 was noticed from Japanese flounder, revealing a novel and potent TLR 2 agonist of
teleost fish (Hirono et al., 2004). TLR 2 was already characterized and its expression profile
was reported in several teleost fish species, including fugu (Oshiumi et al., 2003), zebrafish

(Jault et al., 2004; Meijer et al., 2004) Japanese flounder (Hirono et al., 2004), catfish



(Baoprasertkul et al., 2007) and rohu (Samanta et al., 2012). In addition TLR 2 from orange

spotted grouper was characterized with TLR 1, as a combinative study (Wei et al., 2011).

In order to extend the available knowledge on TLR 2 of teleosts, herein TLR 2 was
characterized from rock bream (Oplegnathus fasciatus) (RbTLR2), revealing its complete
genomic structure and profiling its transcription in healthy and immune challenged fish, upon
Edwardseilla tarda (E. tarda), Streptococcus iniae (S. iniae), Lipopolysaccharides (LPS),
polyinosinic:polycytidylic acid (poly I:C) and Rock bream irido virus (RBIV), convincing

their potential involvement in host antiviral and antibacterial defense.

Apoptosis at a glance

Development of a multicellular organism highly depends on the equilibrium of cell
proliferation and cell death, which are known to be tightly regulated processes by different
mechanisms. Programmed cell death (PCD) is one of those mechanisms which can
effectively balance the life and the death of cells (Danial and Korsmeyer, 2004). Among
different PCD types, apoptosis is considered as a key component which occurs normally
during development and aging and as a homeostatic mechanism to maintain cell populations
in tissues (Elmore, 2007). Moreover, apoptosis was known to be mounted as a host defense
mechanism through mediating immune responses, especially immune responses mount
against viral infections (Everett and McFadden, 1999; Sun and Shi, 2001) and
counterbalancing the consequences of pathological conditions (Norbury and Hickson, 2001).
In general, apoptosis is characterized by wide array of biochemical events occur in cells
including protein cleavage, protein cross-linking, DNA breakdown, and morphological
changes such as shrinkage of the cell, condensation of chromatin, and disintegration of the
cell into small fragments (so-called ‘‘apoptotic bodies’’) that can be removed by

phagocytosis (Hengartner, 2000; Kerr et al., 1972).



There are basically two main path ways of apoptosis, designated as extrinsic or death
receptor mediated pathway and intrinsic or mitochondria mediated pathway (Igney and
Krammer, 2002). In addition, another pathway which involves T-cell mediated cytotoxicity
and perforin-granzyme-dependent killing of the cell was already identified in animals (Igney
and Krammer, 2002). However these three pathways are linked together at the same terminal,

rendering the activation of the executionary phase of the apoptosis (ElImore, 2007).

Extrinsic Pathway Intrinsic Pathway Perforin/Granzyme
radiation, toxins, hypoxia, etc. Pathway
* Cytotoxic T cells

death ligand —a_
death receptor —_

i T e
adaptors mitochondrial changes (MPT) / \

granzyme B granzyme A

disc formation apoptosome forms l l
caspase 8 activation caspase 9 activation caspase 10  SET complex
\ * / activation
caspase 3 activation
(Execution Pathway) DNA cleavage

endonuclease activation — degradation of chromosomal DNA
protease activation — degradation of nuclear and cytoskeletal proteins — cytoskeletal reorganization

cytomorphological changes:
chromatin and cytoplasmic condensation, nuclear fragmentation, etc.

formation of apoptotic bodies

Fig. 2. Schematic representation of apoptotic pathways with their key members.



Caspase 3 as a key mediator of apoptosis

Host-encoded caspases are considered as the primary regulators of apoptosis (Cohen,
1997; Nicolson, 1999; Thornberry and Lazebnik, 1998). Caspases are an evolutionarily
conserved family of cysteine aspartic specific proteases responsible for a diverse array of
cellular functions, the well-recognized of which are apoptosis and inflammation. In pre-
apoptotic cells, caspases exist as inactive pro-enzymes (zymogenes) (Ganesan et al, 2006)
which mainly consist of three distinct domains: a pro-domain, followed by a large subunit
and a small subunit. The latter two subunits are connected by a linker region, which itself is

flanked by aspartic acid residues (Nicolson and Thornberry, 1997).

Caspases can be self-activated or be activated by upstream-caspase proteases in death
cascade that cleaves conserved aspartic acids in the C terminal region. (Fuentes-Prior and
Salvensen, 2004). To date, 11 human caspases have been identified and functionally
categorized into two groups; inflammatory caspases and apoptotic caspases. The latter has
been further divided into initiators and effectors (Nicolson, 1999). The effector caspases
(caspase 1, 3, 4, 5, 6, 7, and 11) are activated by the self-activated initiator caspases, which
function in the upstream of the apoptotic signaling pathway (Ho and Hawkins, 2005; Miao et
al, 2010). Caspases and caspase-like enzymes have also been identified in non-metazoans,
such as plants, fungi, and prokaryotes (Boyce et al, 2004). Caspases are regulated at several
stages, such as at the transcriptional and post-transcriptional levels (Earnshaw et al, 1999).
Moreover, enzymatic activity of caspases can be inhibited by members of a conserved family

of proteins known as inhibitor of apoptosis (IAP) factors (Deveraux and Reed,1999).

Caspase 3, one of the effector caspases, is involved in executing the cell death signaling
cascade of intrinsic and extrinsic apoptotic pathways, following its activation by caspase 8

and caspase 9, respectively (Lavrik et al, 2005). Activated caspase 3 mediates many of the



characteristic morphological alterations of apoptosis, such as break-down of several
cytoskeletal proteins, cleavage of polyadenosine dipeptide ribose polymerase (PARP) and
degradation of the inhibitor of caspase-activated DNAses (ICADs), resulting in the release of

CAD to cleave cell DNA and ultimately directing the cell toward death (Cohen, 1997).

Caspase 3 has been identified and characterized in several teleost fish species; Studies of
caspase 3 homologues in European sea bass (Dicentrarchus labrax), zebrafish (Danio rario),
large yellow croaker (Pseudosciaena crocea), and Atlantic salmon (Salmo salar) have
revealed an immune-related functions in these fishes (Li et al, 2011; Reis et al, 2007; Takle et
al, 2006; Yabu et al, 2001). Furthermore, two isoforms of caspase 3 (A and B) have been
identified in medaka (Oryzias latipes) (Naruse et al, 2000) and Atlantic salmon (Takle et al,

2006).

In this study, rock bream caspase 3 (Rbcasp3) was identified and characterized the at
transcriptional and genomic levels. We determined the basal tissue distribution and
transcriptional response in liver tissue to immune challenges with LPS, E. tarda, RBIV and
poly I:C. We not only demonstrated that Rbcasp3 harbors immune-related hydrolytic activity
using recombinant protein, but also determined that apoptosis represents an immune

responsive process in rock bream.



Chapter |

A teleostean counterpart of TLR 2 from rock bream (Oplegnathus
fasciatus): Genomic characterization and expressional profile under

pathological conditions

1. ABSTRACT

Toll-like receptors (TLRs) are well characterized pattern recognition receptors, responsible of
initiating immune responses, through the recognition of various types of pathogen associated
molecular patterns (PAMPs). TLR 2 is one variant among a wide array of existing types of
TLRs, which mostly trigger immune responses by recognizing bacterial cell wall components,
while activating the downstream molecules of the signaling cascade, such as MyD88. In this
study TLR 2 from rock bream; Oplegnathus fasciatus (RbTLR2) was identified and
characterized in genomic level. The complete coding sequence of RbTLR2 was 2451 bp in
length, encodes an 817 amino acid peptide with a calculated molecular mass of 92.3 kDa. The
deduced protein followed the typical TLR domain architecture, containing leucine rich
repeats (LRR) and toll-interleukin receptor domain (TIR). The genomic length of RbTLR2
was 10849 bp, containing eleven exons, interrupted by 10 introns. The phylogenetic analysis
depicted a high evolutionary proximity with its vertebrate counterparts, especially with those
of piscines. Several important transcription factor binding sites, including sites that interact
with immune signals, were identified in anticipated promoter sequence using in-silico
analysis. The quantitative real time PCR detected a ubiquitous transcription of RbTLR2 in
selected rock bream tissues, where more pronounced expression levels were reported in
spleen and liver. Differential transcriptional modulation of RbTLR2 was observed in rock
bream liver tissue upon five different immune inductions, where Streptococcus iniae

induction could boost its transcript level more prominently. Moreover Edwardsiella tarda
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and Lipopolysaccharides (LPS) also induced the transcription of RbTLR2 in liver tissues,
significantly (p <0.05). On the other hand, two viral stimuli, poly I:C and rock bream
iridovirus (RBIV) could trigger the augmentation of RbTLR2, where the up-regulations upon
RBIV, convinces the recognition of PAMPs of DNA virus at the first time in teleosts.
Collectively, our findings support us to suggest that RbTLR2 may play a significant role in

host antiviral and antibacterial defense in rock bream.
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2. MATERIALS AND METHODS

2.1. Rock bream cDNA library construction and identification of partial cDNA
sequence of RbTLR2

A rock bream sequence data base was established using the Roche 454 genome sequencer
FLX systems (GS-FLX™), a next generation DNA sequencing (NGS) technology (DNA
Link, Republic of Korea). Briefly, total RNA was isolated using Tri Reagent™ (Sigma, USA)
from several tissue pools including gills, blood, liver, spleen, pituitary gland, head kidney and
kidney of three healthy rock bream fish. Subsequently, the mRNA was purified using an
MRNA isolation kit (FastTrack® 2.0, Invitrogen, USA). The first strand cDNA synthesis and
normalization were carried out with the Creator™ SMART™ cDNA library construction kit
(Clontech, USA) and Trimmer-Direct cDNA normalization kit (Evorgen, Russia). Thereafter,
the GS-FLX™ sequencing of rock bream cDNA was performed according to the
manufacturer’s instructions (Roche Applied Science, USA). Using the Basic Local
Alignment Tool (BLAST) algorithm (http://www.ncbi.nm.nih.gov/BLAST), TLR 2 Partial

length cDNA sequence in rock bream sequence data base was identified.

2.2. ldentification of complete genomic sequence of RbTLR2

A random shear bacterial artificial chromosome (BAC) library of Rock bream genomic
DNA was custom constructed and DNA containing clones were arranged into pools and
super pools (Lucigen, USA). RbTLR2 gene was screened using this gDNA library, by
Polymerase chain reaction (PCR), using sequence specific primer pair, RbTLR2-F and
RbTLR2-R (Table 1), as described previously (Quiniou et al., 2003). The Primers were
designed based on previously identified RbTLR2 (section 2.1) partial cDNA sequence. The
PCR was employed in TaKaRa thermal cycler in a total volume of 20 pl with 0.5 U of Ex

Taq polymerase (TaKaRa, Japan), 2 ul of 10x Ex Taq buffer, 1.6 pl of 2.5 mM dNTPs, 75 ng
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of template and 10 pmol of each primer. The reaction was carried out with an initial
incubation at 94°C, followed by 35 cycles of 94°C 30 s, 58°C 30 s and 72°C 30 s. The PCR
products were analyzed on a 1.5% agarose gel and based on the appearance of the band;
Putative clone, containing TLR 2 gene was correctly located. Subsequently, detected clone
was sequenced (GS-FLX™), in order to obtain the genomic DNA sequence of RbTLR2 gene.
ORF of RbTLR2 was identified by NCBI-BLAST algorithm
(http://www.ncbi.nlm.nih.gov/BLAST) from the above confirmed genomic DNA sequence.
The nucleotide sequence of the RbTLR2 was deposited in GenBank under the accession No.

JX025020.
2.3. Sequence characterization and phylogenetic analysis

The orthologous sequences of RbTLR2 were compared by BLAST search program.
Pairwise sequence alignment (http://www.Ebi.ac.uk/Tools/emboss/align) and multiple
sequence alignment (http://www. Ebi.ac.uk/Tools/clustalw2) were performed using the
ClustalW?2 program. The phylogenetic relationship of RbTLR2 was determined by Neighbor-
Joining method, using Molecular Evolutionary Genetics Analysis (MEGA) software version
3 (Kumar et al., 2004). Prediction of protein domains was carried out using the EXPASy-
PROSITE data base (http://prosite.expasy.org), SMART online server (http://smart.embl-
heidelberg.de) and MotifScan  scanning  algorithm  (http://myhits.isb-sib.ch/cgi-
bin/motif_scan). Furthermore, signal peptide was predicted using signalP server
(http:www.cbs.dtu.dk/service/signalP) and some physicochemical properties of deduced

protein was predicted using EXPASy prot-param tool (http://web.expasy.org/protparam).

Genomic sequence of RbTLR2 identified from BAC clone was used to identify the exon-
intron structure and predict the promoter region, along with potential transcriptional factor

binding sites. The transcription initiation site (T1S) was predicted using online neural network
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promoter prediction tool from Berkekey Drosophila Genome Project (Reese, 2001) and
potential cis acting elements around 1kb upstream of the TIS was detected using TFSARCH

ver.1.3 and Alibaba 2.1 software.

2.4. Experimental fish and tissue collection

Rock bream, with an average body weight of 50 g were obtained from the Jeju Special
Self-Governing Province Ocean and Fisheries Research Institute (Jeju, Republic of Korea).
The fish were maintained in a controlled environment at 22-24 °C. All individuals were
allowed to acclimate for two weeks prior to experimentation. Whole blood (1 ml per fish)
was collected from the caudal fin using a sterilized syringe, and the sample was immediately
centrifuged at 3,000 x g for 10 min at 4 °C to separate the blood cells from the plasma. The
collected cells were snap-frozen in liquid nitrogen. Meanwhile, the fish was sacrificed and
the gill, liver, skin, spleen, head kidney, kidney, skin, muscle, brain and intestine were

excised and immediately snap-frozen in liquid nitrogen and stored at -80 °C.

2.5. Immune challenge experiment

In order to determine the immune responses of RbTLR2, pathogenic bacterium E. tarda,
S. iniae, RBIV, poly I:C and LPS were used as immune-stimulants in time course
experiments. Each rock bream was administered a single intraperitoneal (i.p.) injection of
100 uL LPS in phosphate buffered saline (PBS) suspension (1.25 pg/uL, E. coli 055:B5;
Sigma) or 100 puL poly I:C in PBS suspension (1.5 pg/ulL; Sigma). For the bacterial-
challenge experiment, E. tarda and S. iniae were obtained from the Department of Aqualife
Medicine, Chonnam National University, Korea. The bacteria were incubated at 25 °C for
12 h using a brain heart infusion (BHI) broth (Eiken Chemical Co., Japan) supplemented
with 1% sodium chloride. The cultures were resuspended in sterile PBS, and then diluted to

a desired concentration. Each rock bream was Intraperitonealy injected with 100 uL live E.
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tarda in PBS (5 x 10° CFU/mL) or 100 pL live S. iniae in PBS (1 x 10° CFU/mL). For the
virus challenge experiment, kidney tissue specimens obtained from the moribund rock
bream infected with rock bream iridovirus (RBIV) were homogenized in 20 volumes of PBS.
The tissue homogenate was centrifuged at 3000 x g for 10 min at 4 °C, and the supernatant
of a RBIV sample was filtered through a 0.45 um membrane. Each rock bream was then
infected with a single i.p. injection of 100 pL RBIV in PBS. A control group was injected
with an equal volume (100 pL) of PBS. Rock bream liver samples were collected at 3, 6, 12,
24 and 48 h post-injection (p.i.) from LPS-, poly I:C, E. tarda, S. iniae or RBIV-infected
rock breams as described in section 2.4. PBS-injected samples (positive control) were also
isolated at each time point from 3 h p.i to 48 h p.i. and a group of three un-injected animals
were served as a negative control. Three rock breams were obtained for each time point and
the pooled tissues from each group were subjected to total RNA extraction and cDNA

synthesis.
2.6. Total RNA extraction and cDNA synthesis

Total RNA was extracted from each of the excised tissues by using the Tri Reagent™
(Sigma-Aldrich, USA). Concentration of RNA was determined at 260 nm in a UV-
spectrophotometer (Bio-Rad, USA) and diluted to 1 pg/pL. 2.5 pg of RNA from selected
tissues was applied in cDNA synthesis using cDNA synthesis kit (TaKaRa, Japan) according
to the manufacturer’s instructions. Finally, the newly synthesized cDNA was diluted 40-fold

(total 800 pl) and stored at -20 °C until needed for further analysis.
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2.7. RbTLR2 mRNA expression analysis by quantitative real time polymerase chain

reaction (QRT-PCR)

gRT-PCR was used to detect the expression levels of RbTLR2 in the above mentioned
tissues (section 2.6) and the temporal expression of RbTLR1 in liver (RbMyD88), after
challenged by different PAMPs and microorganisms mentioned in section 2.5. Total RNA
was extracted at different time points following immune stimulation, and the first strand
cDNA synthesis was carried out as described in section 2.6. qRT-PCR was carried out using
a Thermal Cycler Dice™ (Real Time System TP800; TaKaRa, Japan) in a 15 pl reaction
volume containing 4 pl of diluted cDNA from each tissue, 7.5 pl of 2x TaKaRa Ex TaqTM,
SYBR premix, 0.5 pl of each primer (RbTLR2-F and RbTLR2-R-Table 1) and 7.5 pl of
double distilled H,O. The gRT-PCRs were performed under following conditions: 95°C for
10 seconds, then 35 cycles of 5 seconds at 95 °C, 10 seconds at 58 °C and 20 seconds at
72 °C and final cycle of 95 °C for 15 seconds, 60 °C for 30 seconds and 95 °C for 15
seconds. The base line was set automatically by the Thermal Cycler Dice™ Real Time
System Software (version 2.00). RbTLR2 expressions were determined by the Livak (224"
method (Livak and Schmittgen, 2001). The same gRT-PCR cycle profile was used for the
internal reference gene, rock bream p-actin (Genbank ID: FJ975146) using the
corresponding sequence specific primer pair (Table 1). Each analysis was carried out in
three replicates. All data are presented as relative mMRNA expression as means + standard
deviation (SD). To determine statistical significance (p < 0.05), two tailed paired T test was

carried out.
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Tabel 1. Primers used in the study on RbTLR2

Sequence (5' —3')

Name Purpose
RbTLR2-F BAC library screening and gRT-PCR of RbTLR2
RbTLR2-R BAC library screening and gRT-PCR of RbTLR2
Rb-BF gRT-PCR for rock bream B-actin gene
Rb-BR gRT-PCR for rock bream B-actin gene

TGTCTCCACAAACGGGACTTCCTT
GTCGGACTGGACAAAGTTCTCTGA
TCATCACCATCGGCAATGAGAGGT
TGATGCTGTTGTAGGTGGTCTCGT

16



3. RESULTS AND DISCUSSION

3.1 Sequence characterization and phylogenetic analysis

The complete cDNA sequence of RbTLR2, derived through assembling approach of the
predicted exons, according to the canonical AG/GT rule, consisted of 4399 nucleotides,
comprising of a 2451 bp open reading frame (ORF), encoding 817 amino acids, 535 bp 5'
untranslated region (5' UTR) and 1412 bp 3' UTR. Predicted molecular mass of RbTLR2
was around 92.3 kDa which lies within the generally accepted molecular mass range of

TLRs (90-115 kDa) (Bell et al., 2003) and theoretical isoelectric point was 6.03.

Overall protein sequence of RbTLR2 resembled the typical TLR domain architecture,
basically comprising of ectodomain with 9 LRR motifs (residues 79-100, 101-130, 150-173,
174-197, 360-384, 389-411, 459-484 and 479-502) including C-terminal LRR module (536-
591), transmembrane domain (residues 593-615) and endodomain containing TIR (residues
653-812) as predicted by SMART online server. In addition, according to the in-silico
prediction, first 20 amino acids represented the signal peptide of RbTLR2, which is

important for the extracellular localization of TLRs (Fig. 3).

As a principle, large surface area of TLR ectodomain facilitates the interaction of different
ligands with TLRs, providing a partial elucidation to the broad specificity of some TLRs to
PAMPs. Number of LRR motifs in the ectodomain can be considered as one of the
important factors which contribute to the increased surface area (Bell et al., 2003).
According to the domain architecture comparison among different vertebrate species (Fig. 3),
it can be clearly observed that ectodomains of mammalians, such as human and mouse as
well as teleost (rock bream, fugu and orange spotted grouper) TLR 2 similitudes are

comprised of higher numbers of LRRs compared to other species in different taxonomic
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classes considered. This characteristic feature may contribute to the multi-ligand
identification, as reported previously (Palti, 2011; Rebl et al., 2010; Xagorari and Chlichlia,

2008).

Fugu
T o€

Orange spotted grouper

Rock Bream
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471

e
bl

Mouse

Human

Frog

Fig. 3. Schematic structures of TLR 2 from different vertebrate species. Structures
obtained from the SMART analysis (at EXPASyY web server) of the amino acid sequence
from rock bream, fugu, orange spotted grouper, chicken, mouse, human and frog TLR 2.
Small horizontal boxes at the starting of the structures represent the signal peptide, where
vertical light gray boxes depict the LRR motifs. C-terminal LRR is indicated by LRR-CT

using an oval. Dark gray boxes represent the transmembrane domains.

The pairwise sequence alignment, performed by ClustalW2 program revealed that the
complete RbTLR2 protein sequence and its TIR domain are sharing different identity and

similarity percentage values with wide array of species, where significantly high
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compatibility was observed with piscines (Table 2). With respect to entire protein sequence,
RbTLR2 exhibited percentage identities in 81%-19.7% range, highest with orange spotted
grouper and lowest with sea squirt. Similarly, regarding the TIR domain of RbTLR2,
identity percentage lie between 88.1% - 30.1%, where the highest and the lowest were
reported with the counterparts of same species reported in the complete sequence
comparison of RbTLR2. Hence, both observations affirm that RbTLR2 is a TLR 2
orthologue. Nevertheless, TIR domain of RbTLR2 shared relatively prominent percentage
identities and similarities, compared to those of RbTLR2 entire sequence in almost all the
alignments, indirectly convincing the greater compatibility of endodomains compared to
ectodomains of TLR 2 variants. This observation reflects that similar signaling pathways can
be triggered by different PAMPs of TLR 2, as endodomains are dedicated to initiate the
signaling cascades upon identification of respective PAMPs by ectodomains of TLRs (Bell

et al., 2003; Slack et al., 2000).

19



Table 2. The percentage similarities and identities of RbTLR2 gene and its TIR domain, with TLR 2 and their respective TIR domains
of other species. Accession numbers of frog and sea squirt TLR 2 proteins were obtained from Ensemble and EMBL data bases respectively

and remaining were extracted from NCBI-GenBank sequence data base.

aa- amino acids, I-identity, S- Similarity

Entire sequence TIR
Name of the species Accession number a.a 1(%) S(%) aa 1 (%) S (%)
Epinephelus coioides (orange-spotted AEB32453 824 81.0 88.8 160 88.1 938
rouper
%rempatczmus bernacchii(emerald rockcod) ACT64128 804 77.3 85.9 157 875 919
Chionodraco hamatus (icefish) ACT64127 802 77.1 86.0 157 85.6 91.2
Paralichthys olivaceus (Japanese flounder) BADO01044 818 76.2 84.8 160 85.6 93.8
Takifugu rubripes (Fugu) AAWG9370 810 67.1 79.2 156 67.1 79.2
Ictalurus punctatus (catfish) AEI59663 790 47.2 64.2 147 60.6 76.9
Danio rerio (zebrafish) NP997977 788 46.0 64.2 146 55.6 75.6
Anas platyrhynchos (mallard) ACS92628 783 39.7 58.0 145 58.1 75.0
Gallus gallus (chicken) AEX25757 793 39.0 56.2 145 56.2 73.8
Homo sapiens (human) AAY 85648 784 39.0 56.5 146 58.0 735
Mus musculus (mouse) AAH14693 784 38.4 56.2 146 56.2 75.0
Sus scrofa (pig) ACZ82293 785 38.0 55.1 145 549 735
Bos taurus (Bovine) NP776622 784 38.0 55.2 145 57.4 735
Xenopus tropicalis (frog) ENSXETP00000003822 777 37.4 55.8 145 56.2 75.6
Ciona intestinalis (sea squirt) AB49526 (EMBL) 984 19.7 34.8 144 30.3 47.3
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As depicted in the multiple sequence alignment (Fig. 4), Leucine (L) residues in LRR motifs
of RbTLR2 were found to be conserved among all the species considered. In addition
asparagine (N) residues and phenylalanine (F) residues identified in asparagine ladder and
phenylalanine spine in TLR 2 of mouse and human are well conserved in RbTLR2 LRRs (Jin
et al., 2007). Moreover, consensus amino acid sequences, identified in human TLR 2-TIR
domain were also appeared in the RbTLR2-TIR domain sequence, including FW motif
(residues 801-802), which was located close to the C-terminal (Xu et al., 2000). Furthermore,
several amino acids, in hydrophobic core of human TLR 2 were noticed in the TIR domain of
RbTLR2, sharing a greater conservation among other vertebrate species considered in the
multiple sequence comparison (Xu et al., 2000). Altogether, above remarks of RbTLR2,

validate it as a novel member of vertebrate counterparts of TLR 2.

21



Rock bream
Orange-spotted grouper
Japanese flounder

Fugu

Chicken

Mallard

Mouse

Human

Rock bream
Orange-spotted grouper
Japanese flounder

Fugu

Chicken

Mallard

Mouse

Human

Rock bream
Orange-spotted grouper
Japanese flounder

Fugu

Chicken

Mallard

Mouse

Human

Rock bream
Orange-spotted grouper
Japanese flounder

Fugu

Chicken

Mallard

Mouse

Human

Rock bream
Orange-spotted grouper
Japanese flounder

Fugu

Chicken

Mallard

Mouse

Human

Rock bream
Orange-spotted grouper
Japanese flounder

Fugu

Chicken

Mallard

Mouse

Human

Rock bream
Orange-spotted grouper
Japanese flounder

Fugu

Chicken

Mallard

Mouse

Human

————— MGOPTNLYFI---LLVSLCRGOGINPDGERSPCDRCDLRLSCNCSYGGFTHVPT-
————— MRQPTNLYFMVLFLLLSLCWGQRSNPDGERPSCDRCNRQLSCNCSHGGFTRVPT-
————— MGQOMIPLFTLLPLLLSLCGGQSSNPG--RPSCRSCDLHLSCDCSRGQFTHVPI-
———————————— MFFTLLFTLSFCEGQGSIVKVDRPSCDRCDHSFFCNCSFAGLTCVPV-
MFNQSKQKPTMKLMWQAWLIYTALAAHLPEEQALRQACLSCDATQSCNCSFMGLDFIPPG
————————— MSTHTWQVWAMYVVLAVSLSEEQALKQVCPSCDATQSCNCSSMGLDFIPSG
————————— MLRALWLFWILVAITVLFS--KRCSAQESLSCDASGVCDGRSRSFEFTSIPSG

777777777 MPHTLWMVWVLGVIISLSK--EESSNQASLSCDRNGICKGSSGSLNSIPSG
* * . . x

VTDRALTLDLSFNNITVLTVDDLTGHM ANYUHGNRLAVIHPSAFDS LWYLEKLOLSD
VTDRALTLDLSFNNITVVTADDLKGHL ALNYUHGNRIAVIHPSAFDS LWYLEELOLSN
VTSRALTLDLSFNNITMVTDVDLTGHE TYYYUHGNRVAGIHPAAFPSLWSLEHUOLSH
VTEQALSLDLSFNNITVVTAEDLRDHR ALNNLCCNRLAVIHQSAFEPLWNLEQLNLSN
LTGKITVLNLAHNRIKLIRTHDLOKAVNLRTIUUOSNQISSIDEDYFGSQGKLE HUOLSN
LTDKITLLDLARNRIKHIRAHDLOOQAVNLRTIUUOSNKISSIDEDYFNV SLGKLE LLOLSN
LTAAMKSLDLSFNKITYIGHGDLRACAN HIKSSRINTIEGDAF SLGSLEHUOLS D
LTEAVKSLDLSNNRITYISNSDLORCVNLOAIMUTSNGINTIEEDYFSSLGYUEHLOLSY
o Kk kK, * % R * . o Kk KL kK
T HKWESKILGALOQLNLLNNPYSCLGSPPVEQ GFGGPA-LEEMKRGD
T HTWESKILGALURELNLLNNPYSCLGSPPVFQ RFGGPA-LEELKRGD
T PDWEQELGANLRLNLLHNPYRCVGS SPVFH AFGGPA-LEEIKMAA
T HRWEHKLEAURVLNLLHNPYSCLGSPPAFQ REGGPA-LEELKRGD
S PVWE|GPILF JLOHLRIQGNSYSDLGESSPES HLGNPQ-FSIIRQGN
S PRIWE|DHILY OHLHIHGNCYSDLGESSPFES HLGNPR-FSTIRQGN
S S S SWE|G PILIS YUK Y LNLMGNPYQTLGVTSLEP RIGNVETFSEIRRID
SNILS S SWEK PILS QLT FLNLLGNPYKTLGETSLES RVGNMDTFTKIQRKD
* KRk ek k. ok ok ok ok ok Kk x Kk, : ..
LSGVTIIEAITvEANNISRYESGTIADIWPLGCVTLSLHGPF-TNTALASAVLADVSYPE
LSGVTQUEHLTVHAN RYESGTIAYVWPLGCVTLSLHSPFLTNTSLVSAVLRDVSYPE
LSGVTHUETUTVHANNLISRYESGALNSYVWPLGCVTLSLHGPFLTNMALASAVLRDVSYPE
LAGITHLEHLTVHAN RYESGAJATIWPLGRVILSLHGPFLTNDDVASTMLGDVSYPE
FEGIVHLNTHRIDGDNLYSQYEPGHUKSIRKINHMIISIR-———— RIDVFSAVIRDLLYSA
FEGITHYUDIIWIEGSNLSVYEPGHIKSIKKINHMIISIR-——--~— RVDLFSAIVRDLLHSA
FAGLTSNHLIETKAL NYQSQYUKSIRDIHHLTLHLS-—-—— ESAFLLEIFADILSSV
FAGLTEHLEHLUEIDAS SYEPKYLUKSIQNVSHLILHMK---—-— QHILLLEIFVDVTSSV
* . * . . . . . . . * .

*i. KR
TPIILEDLHLIGNQSVQPFREPARRRVRYITFHNLSVSDEAVVDLLEVLDGAP-LTSLSM
TPLILEDIHLIGNLSVQPFRESARRRIRKITFHNFRVSDEAIVNLLEVLDGVP-ITALIV
TPIVLEDLHLIGNRSTQPLRELAKRRVRNMTFRNLSVSDEATVSVIEILDGVP-LTYFSI
TPMILRDLNLTWIQSVHNLRVAARRRIRHLSFQONLSLSDMATVEFLVVEDGVP-LTHISV
IWLEVREIKLDIENEKLVONSTLPLTIQKLTFTGASFTDKYISQIAVLLKEIRSLRELEA
IWLEIREIAFNIAEEMQLLSVLSLSFAKKISFKQVLLTDATVPGIVTILEKVPRLVEVEM
RYLELRDTNLARFQFSPLPVDEVSSPMKKLAFRGSVLTDESFNELLKLLRYILELSEVEF
ECLELRDTDLDTFHFSELSTGETNSLIKKFTFRNVKITDESLFQVMKLLNQISGLLELEF

.ok .k .

DGVTLTGEGRWERASWTDHKS---FDEFFIRNIVALDVFKEFTSFLOLGFLLQYPRKVSVI
DNVTLTGEGRWEPARRSDLKS---VDEFFVRNTVVLDVFKEVSFLKLGFLLKYPRKVSLI
DGVTLTGEGRWEKASWADFHS---IDEFFIQNIVVLDVFKEVSLLRLKFLLQYPRRVSVI
EGVTLKGVGRWEKANKTEHKG---IDEIFVRDVEVLDIYKFASLISCGFLLQYPRKVSII
IDCVLEGKGAWDMTEIARSKQ-SSIETLSITNMTILDFYLFFDLEGIETQVGKLKRLSIA
KDCRLLGTGRWDL-EIQANQS-QSLRVLTIEKLSIEEFYLFTDLQAVLDLVSLFTKITVE
DDCTLNGLGDFNPSESDVVSELGKVETVTIRRLHIPQFYLFYDLSTVYSLLEKVKRITVE
DDCTLNGVGNFRASDNDRVIDPGKVETLTIRRLHIPRFYLFYDLSTLYSLTERVKRITVE

* kK. . . k. .

NARVEVMPCPTSRLLVNLOYYDLSONLILTDMTIHAETLCNGDGTLKDLRVLNIS LKSF
NSQVEVMPCVASQLLVSLOYYDLSONLILTDMTIHEESLCKGDSSLKDLRVLNVS LKSL
NSRMEVIPCDTTFLMS SLOYYDLSONLILTDMTIYVETLCSKRGALKDLRVLNIS LKSL
NAKVEVMPCFTSHLLKNLOYYDLSNNLILTDMTIYAETLCDGDSPLKDLRVLNIS LKSL
SSKVFMVPCRLARYFSSJLY DFHONLILVNNRLGETICED--AWPSLQTLNLS LKSL
NTKVEFLVPCRLSKQLLS|L} DLSANLIL.GDOYUEHSACPG--GWPLLKTLNLSONSLSDF
NSKVFLVPCSFSQHLKS|L} DLSHNLMVEEY|UKNSACKG--AWPPLOTLVLSONHLRSM
NSKVFLVPCLLSQHLKS|L} DLSENLMVEEY|JKNSACED--AWPSLOTLILRONHLASL
. * % . * . L

IR R . . * * ke Kk

22

51
54

47
60

49
49

111
114
112
107
120
111
109
109

170
173
171
166
179
170
169
169

229
233
231
226
234
225
224
224

288
292
290
285
294
285
284
284

345
349
347
342
353
343
344
344

405
409
407
402
411
401
402
402



Rock bream
Orange-spotted grouper
Japanese flounder

Fugu

Chicken

Mallard

Mouse

Human

Rock bream
Orange-spotted grouper
Japanese flounder

Fugu

Chicken

Mallard

Mouse

Human

Rock bream
Orange-spotted grouper
Japanese flounder

Fugu

Chicken

Mallard

Mouse

Human

Rock bream
Orange-spotted grouer
Japanese flounder
Fugu

Chicken

Mallard

Mouse

Human

Rock bream
Orange-spotted grouper
Japanese flounder

Fugu

Chicken

Mallard

Mouse

Human

Rock bream
Orange-spotted grouer
Japanese

Fugu

Chicken

Mallard

Mouse

Human

Rock bream
Orange-spotted grouper
Japanese flounder

Fugu

Chicken

Mallard

Mouse

Human

E%v%ﬁiIAKLSKLTHLDISRTGYISMPQSCSWPSTLRYLNISRAKLTTITPCLPAT
SAVSQLVTKLSKLTHLDISRNGYISMPAGCSWPSTLRYLNISGAKLATVTPCLPAT]
STLSRLVERLHKLTHLDISRNFYSSMPGSCSWPSTLRYLNISGAKLTTITPCLPKT]
STTSRLVGKLLRLTHLDVSRNGYSSMPLGCSWPSSLRYLNMSGTRIASISPCLP.
KQAARYISNLHKLINLDISENNFGEIPDMCEWPENLKYLNLSSTQIPKLTTCIPST]
KMTAKSLSHLRNLILLDISQNNFGEIPDVCEWPANLKYLNLSRTQIPKLTACIPST]

QKTGEILLTLKNLTSLDISRNTFHPMPDSCOWPEKMRFLNLSSTGIRVVKTCIPQTILEVL
EKTGETLLTLKNLTNIDISKNSFHSMPETCQWPEKMKYLNLSSTRIHSVTGCIPKTLEIL
. . Kk o. Kk

* *

R . .k * Kk * e kKo Kk * ok

DLSNNI [LHLSGNKILRLPVGGLEFPNLOQTLTIQANTLNMESRSDLQSY
DLSNNN [LHLSGSKIL PGRLEFPNLOQTLTIQSNILYMFARSDLQSY
DLSNNI LRLSGNKLLRLPPGSWEPNLQTLTVQSNTLNMEDRSDLRSF
DLSNNI LHLSGNKLLRLPPGWFFPNLNTLTIQSNSLSMFGPSELRTY
DVSANN L)Y LAKNHLKTILPEATDIPNLVAMSISRNKLNSESKEEFESF
DISANN L)Y LAKNQLKALPDAASIPNLVALSIRGNKLNSESKEELESF
DVSNNN L)Y TSRNKLKTILPDASLEFPVLLVMKIRENAVSTESKDQLGSF
DVSNNN {Lfy I SRNKLMT|LPDASLLPMLLVLKISRNAITTESKEQLDSFE

* ok ko ke kK * % R

* .k T .. * . *

DGEESYVCDSPLHRQGEPVGQVRL
DGEESYTCDSPFERHGHLVGQVHP
DGEESYICDSPFHLQGEPVGQIYL
DREDDYICDAPLRLQGALVARVRL
GWPESYICDSPLTVRGAQVGSVQL
GWPEGYICDSPLAVRGAQVGAVHL
DWPDSYLCDSPPRLHGHRLQDARP
DWPANYLCDSPSHVRGQQVQDVRL

K kok ek .k .

RRLOJIOAGHNKFVCSCGFVTFLQSAIKGDGDV
SRLOOUOAGONKEVCSCDFVSFFQSAINGGGDM
PRLONLJOAGONKEVCTCDFVAFLQSS IRGDEDV.
SRLOYLOAGWNKEVCTCDFVGLFQSGVKVG-SV
KQMEI|I/DASANNFICSCEFLSFIHH--EAGIAQ
KKMEI|DASANNEICSCEFLSFIQH--QAGIGQ
PKLETLEAGDNHEFVCSCELLSFTME--TPALAQT]
HTLKTLEAGGNNFICSCEFLSFTQE--QQALAK

* ok Kekekoek oo . *

SIVECHRVLFVSSSCGVALFVAILVCVLLWRLHAFWY LKMTWAWLKAKRS SRORRRHRDR
SVVECHRVLFVSVSCGVALFVGTLLTTVLWRLHAFWY LKMMWAWLRAKRSSRRRRQRRDE
SFVLCHRDLFVSLCCGVALVVGILVCVLLWRLHALWYLRMMWAWLRAKHSSRRRR-LRNR

PLVHCHPVQVVSASCVVALLATAALGTLLWHVHAFWY LRMMWAWLKAKHSSRQRRGLDQR

SLMECHRSLLVSLICTLVFLFILILVVVGYKYHAVWYMRMTWAWLQAKR-——————— KPK

SLMECHQSLVVSLICAVFFVVILVLVAIGYKYHAVWYMRMTWAWLRAKR-————-—— KPK

SVLECHQAALVSGVCCALLLLILLVGALCHHFHGLWYLRMMWAWLQAKR-——————— KPK

SVSECHRTALVSGMCCALFLLILLTGVLCHRFHGLWYMKMMWAWLQAKR-——————— KHR
*x

** * . . . x Kk e ok KhkkkoKkk o

C— E—
EGSEALLSFDAFVSYSERDAGWVENFLVPELEEPRENNEDSANARSPRPLTLCLHKRDFL
EGSEGLLSYDAFVSYSERDASWVENFLVPELEEPSENDGDSVNPRTPRPLTLCLHKRDFL
LESEALLSYDAFVSYSEKDAGWVETFLVPELEEPRETDEDSVNHTDPRPLTLCLHKRDFL
GGAGVEDDFDAFVSYSNRDAGWVENFLVPELEQPRADDEAAVRAR---PMTLCLHKRDFL

RAPTKDICYDAFVSYSENDSNWVENIMVQOQOLEQACP-—————————-— PFRLCLHKRDFV
RAPPKDICYDAFVSYSENDSNWVENVMVQELEQACP-—-———-—-——-— PFRLCLHKRDFV
KAPCRDVCYDAFVSYSEQDSHWVENLMVQQLENSDP-——————————— PFKLCLHKRDFV

KAPSRNICYDAFVSYSERDAYWVENLMVQELENFNP-——-————-———-— PFKLCLHKRDFT

ckKkkhkhkKhkKk e Ko KKK ek e kKk . Ko kkKAK KK KK .

PGHWIVDNIMSAMERSRRTVFILSENFVQSDWCRYELDFSHFWLFDGNSDGDAAILILLE
PGHWIVDNIISAMERSRRTIFILSENFVQSDWCRYELDFSHFQLFDENAAGDAAILILLE
PGHWIMDNIMSAMERSRRTVFVLSQNFVQSDWCRYELDFSHFWLFDGDTRGEPAILILLE
PGHWILDNIMSAMERSRRTIFVLSENFIRSDWCRYELDFSHFRLFDG-VAGEPAILILLE
PGKWIVDNIIDSIEKSHKTLFVLSEHFVQSEWCKYELDFSHFRLFDE--NNDVAILILLE
PGKWIVDNIIDSIEKSHKTLFVLSEHFVQSEWCKYELDFSHFRLFDE--NNDAAILILLE
PGKWIIDNIIDSIEKSHKTVFVLSENFVRSEWCKYELDFSHFRLFDE--NNDAAILVLLE
PGKWIIDNIIDSIEKSHKTVFVLSENFVKSEWCKYELDFSHFRLFDE--NNDAAILILLE

Kk okkokhkhkhke sokokeokeohkokhkheoheokhkekhhkehkhkhhkhhkhkh * k% KKk oo kKK

PLSKDDIPKRFCKLRQLMSSTTYLEWPQEEERIGEEﬂRSLRNALRVgEEEDD—

817
PLSKDDIPKRFCKLRKLMSSTTYLEWPQDEERSGEEWRSLRNALRGDDEEDD- 821
PLSKDDVPKRFCKLRKLMSSTTYLEWPQEEERRGEFWRSLRSALRGDGEEDE- 818
PLNKDDIPRRFCKLRKLLSSTTYLEWPHGEEKVGEEWKALRTALRGEEEDGRN 810
PIQOSQATIPKRFCKLRKIMNTKTYLEWPPDEEQQOMEWENLKAALKS————-—— 793
PIQSQAIPKRFCKLRKIMNTKTYLEWPREEEQQEMEWENLKVALKS————-——— 783
PIERKAIPQRFCKLRKIMNTKTYLEWPLDEGQQEVEWVNLRTAIKS-——-——-—— 784

784

PIEKKAIPQRFCKLRKIMNTKTYLEWPMDEAQREGEWVNLRAATIKS ———————
* .

sk ekkhkhhkK e oo * Kk ok kK * ** K. ke

23

465
469
467
462
471
461
462
462

525
529
527
522
531
521
522
522

585
589
587
581
589
579
580
580

645
649
646
641
641
631
632
632

705
709
706
698
689
679
680
680

765
769
766
757
747
737
738
738



Fig. 4. Multiple sequence alignment of vertebrate TLR 2. Sequence alignments were
obtained by ClustalW method. Signal peptide of RbTLR2 was indicated by dark gray shading.
LRR motifs are represented by gray shaded double headed arrows, where C-terminal LRR
was denoted using single head arrow. Transmembrane domain was indicated using pattern
filled double headed arrow, whereas TIR domain was depicted using solid black double
headed arrow. The conserved asparagine (N) residues and phenylalanine (F) residues
identified in asparagine ladder and phenylalanine spine respectively along with conserved
Lucien (L) residues in LRRs, were boxed. Consensus amino acid sequences, including FW
motif, showing conservation and conserved residues in hydrophobic core of TIR domain,

were underlined and bolded respectively.

According to the phylogenetic tree construct, RbTLR2 was clustered with its fish
counterparts, altogether forming an independent clade, sub clustering with TLR 2 of orange
spotted grouper, showing a fairly high bootstrap value (77) (Fig. 5). This evolutionary
relationship confirms its ancestral origin of piscines. Furthermore, the tree reveals the sub
grouping of corresponding mammalian and avian counterparts separately, including in the
non-fish vertebrate clade. As expected, TLR 2 from sea squirt, a lower vertebrate similitude
showed a distant relationship with other vertebrate counterparts, forming an out group from

the main tree.
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Fig. 5. Phylogenetic tree generated based on ClustalW alignment of deduced amino acid
sequences of various TLR 2 protein sequences, estimated by neighbor-joining method in

MEGA version 3.0. Bootstrap values are shown on the linages of the tree.

3.2. RbTLR2 genomic DNA organization

The complete RbTLR2 gDNA was 10849 bp, consisting of eleven exons interrupted by 10
introns (Fig. 6). The sequence around the exon/intron boundaries followed the AG-GT rule
which is important in splicing process. ldentified and characterized gDNA sequence was
compared with previously elucidated TLR 2 genomic architectures of five different teleosts
and two different mammalian species (Fig. 6). Regarding the genomic length, RbTLR2 was
the most eminent TLR 2 variant among the teleost counterparts considered. RbTLR2
genomic organization was highly compatible with the genomic structure of TLR 2 genes of
Fugu and Japanese flounder, where number of exons is identical with fugu. However, some
exons and introns of RbTLR2 were relatively large, which have contributed to enhance its
genome size significantly, compared to the above compatible multiexonic teleost similitudes.

TLR 2 of zebrafish and catfish contain only single exon, showing an intron less organization,
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which are coupling with the genome architecture of human and mouse TLR 2s, where coding
region is restricted to a signal exon. This observation reinforces the notion that the TLR 1
family which includes TLR 2 as a member, demonstrates more species specific adaptations,
compared to other TLR families (Roach et al., 2005). Furthermore, as an agreement with the
diversity of TLR 2 gDNA arrangement in teleost species, in phylogenetic analysis, TLR 2
similitudes of fugu and flounder exhibited higher evolutionary proximity with RbTLR2 rather
than catfish and zebrafish (Fig. 6). This observation convinces us an evolutionary potential of

intron integration into teleost TLR 2 genes.
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Fig. 6. Genomic organization of TLR 2 gene from different species. The exons and introns are indicated by boxes and solid lines, respectively.
The sizes of exons are indicated above the exons and sizes of introns are indicated below the introns. When representing introns sequence

regions larger than 100bp are truncated by two inclined lines (Sequence direction - 5' —3"). Sequence architectures of other vertebrates used in

the comparison, except mouse (Gene bank accession - AC000025) were extracted from Baoprasertkul et al. (2007).
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3.3. Insilico derived RbTLR2 promoter sequence

The anticipated promoter region of RbTLR2, around 1 kb sequence, revealed the
presence of several potential transcription factor binding sites (Fig. 7), including the cis
elements that bind with transcriptional factors stimulated by immune signals generated by
pathogenic infections, such as AP1, SP1 and NF-xkB (Hess et al., 2004; Lacroix et al.,
2002; Parrott et al., 1991; Tian and Brasier, 2003), convincing the potent role of RbTLR2
in innate immune responses. In addition, since elevated NF-kB expression can be triggered
by TLR mediated signaling, including TLR 2 (Martin and Wesche, 2002), in turn
involvement of NF-kB in TLR 2 transcription is reinforced, as convinced by the predicted
promoter region. Moreover some of the above mentioned transcriptional factor binding
sites could also be empirically detected in human TLR 2 core promoter sequence (SP1 and

NF-kB), substantiating the validity of the predicted sequence (De Oliveira et al., 2011).
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ACAGTAAGTGCCATTCATTAACGTTCCTAAGTATTTTTAAGTCGACCCCTGAGTTCTCTG -919

CTTTGGAAAAACAGAAACAGTTAAACATTTGATCAATGTAAACGTTTTATAGGACCTCCA -859

NF-xB GATA-1
CAAATGAGTGTCACT TAAAATGGTAACTATATTCTTTTAAAACTTGETTTTTTATAATAA -799
Nkx-2 CdxA
IéCCCCAATTGGCATATACTGATGTTTTCAAAATAACTGTGTGAAATATCTTATGTAAGT -739
Oct -1
TTTCCTCTTCCAAGCTACAATATGTTGAAGCATTTGGGTGGTCTTAATCATGACAAGGTG -679
SP1l

TGCATGAAGCTGTGACGCAACATGACACATCGCCTTTGGAGGCCTGGTATTGGTTAATTC -619
AP1 SP1

AGTACTTGAGGGAGGGCATTGTGGTAGACATAGTTGTAGTCTTTACTTTACAACACTTAG -559

APl

GAGTCACTGCAGTCAGCACAATCACACTTAAACTTTGCTAAAAGTTACTTCTAGTTTTGT -499

GCN4

TATACGGAGCTTTTAAGTCCTACGTTTTATATTAAGTGTAGGACCATTCTTCAAACAATT -439

Nkx-2

TCTTACAAGGTTTATACATGCCAGCCCAGCTCCATGAAGAAATGGTTTTCCCAGTTTGGT -379

SpP1l

GTCAAAGAACCTGACTGGCCTGGACAGAGAGCTGACTTCAACCCCATCCAACACCTTTGA -319

GATGAACAGGAACGCTGACTGTGAGCCAGACCTGATCACCCAACATCAGTGTTGGACCAG -259
ER SREBP
GCCCATACCAGCATCTAAAATGTATCAGTTCATTCCAACAGAACTGCCAGAAGCAGTGAA -199

TTCACTTGCAGGAGCAATACATTTTTCCGAGTCAAATTTAACTTTGGTTAAGITTGACAC -139

EBP
AAATTTGCACTGTTGACCAATACCAAACCCTCTTGCTGACCTTTGGGGGAACAGAAAGCC =79
AP1
AGAGGAAGCTATCATAGCTTATTAGCTGTGTGTCACCATCCAATTT TATATAACTGCTCC =19
GATA-1 TATA

ACAAAAGTGACATGTTTTfEAGACGGTTATGAGACAGGAGTCAATGGTACAAATACATCT

TTTGAATAAACTGTATAAACTTATTCTCCCATTAGCAACTGACAGTCAGCCAGCGTGCTC
CCGGCTGGCTAGCGTGTTTCTTTGCCAGCTACAGTAGCTACTAGCCCTGGAGTAGTCACT
ACATCGCAAAGCTTCTGGAACCACATGCTTGGAGAAGATGCGAGGATGCATTTTGCTGGG
CCTACAGCCTAGTTCAAAAATCCGTTAAAAACCCTGAAACCACAAGAGTGGAGGCTGTTA
TAGCAGCAGATTAATGCCAGTGGTTTAAAAAGTAACAAATTAAATTCCTAATTGGGTTGT
ACATTTGTGAAAGTCACAATAAAATGTTAAGGACTTCCTCTTTTATCAAATCCCACTTCC
TCCCTGAGTTTCTTTCACTTCTGTTACATGTCTCTGTCTCATCTGGCTGCTTAAGGCTTC
TGACTCACTCGCTTTGTCTCACTTTCTTGCTCGGTTCACTACTGGATTCATTCATCCACC
CTTTTTTTCCAGTATG

Fig. 7. Predicted promoter region of RbTLR2 with 5' UTR and start codon ATG
(bold). The transcription initiation site (+1) is denoted by a curved arrow from which 5'
UTR starts. Anticipated transcription factor binding sites are indicated by bolded and

underlined italic letters, with their corresponding identity.

29



3.4.Tissue specific MRNA expression profile of RoTLR2

According to gRT-PCR carried out using different tissues of healthy fish, mentioned in
section 2.6, ubiquitous expression of RbTLR2 mRNA was detected albeit in different
magnitudes (Fig. 8) Greatest RbTLR2 expression was observed in spleen whereas lowest
expression was detected in muscle. Liver tissue and the kidney showed moderately high
TLR 2 expression in rock bream while RobTLR2 mRNA was found to be less abundant in
remaining tissues. Abundant expression of RbTLR2 in immune related tissues, such as
spleen and liver (Sheth and Bankey, 2001; Tarantino et al., 2011) reinforces its potent role
in immune responses. Similarly, as reported previously, universally distributed pattern of
TLR 2 transcription was detected in tissues of orange spotted grouper and rohu (Samanta
et al., 2012; Wei et al., 2011) where strongest expression was detected in spleen in both
animals, complying with our observation in rock bream. In catfish, fugu and flounder
(Baoprasertkul et al., 2007; Hirono et al., 2004; Oshiumi et al., 2003) TLR 2 expression
was detected in all the tissues examined , where in catfish higher transcript levels were
detected in liver, brain and gill tissues whereas in flounder, peripheral blood leukocytes
showed more pronounced expression. However, TLR 2 transcription analyzed in different
tissues of zebrafish demonstrated a narrow distribution among the tissues, while the
detectable mMRNA levels were only observed in skin, brain, liver, ovary and spleen (Jault et

al., 2004).
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Fig. 8. The tissue specific expression analysis of RbTLR2 mRNA, determined by
gRT-PCR. Expression fold changes were depicted relative to the mRNA expression level
in muscle tissue. Error bars represent the SD (n=3). Expression level in every tissue was

significantly different (p < 0.05) to each other.

3.5. RbTLR2 mRNA expression upon viral and bacterial stimulations

In order to evaluate the transcriptional response of RbTLR2 in liver tissue upon viral and
bacterial stimulations along with their PAMPs, live DNA virus RBIV, which is a frequent
pathogen of rock bream, poly I:C, a viral double stranded RNA (ds RNA) mimic, two live
Gram positive and Gram negative bacteria, S. iniae and E. tarda respectively, and well
characterized endotoxin of Gram negative bacterial cell wall, LPS were utilized. In all
gRT-PCR analyses, mRNA expression levels with respect to RbTLR2 were detected
relative to the corresponding rock bream B-actin expression folds and further normalizing
to the corresponding PBS injected controls at each time point. Relative expression level of

0 h time point (un-injected control) was kept as the basal line.

According to the E. tarda challenge, at 12 h and 24 h post injection (p.i.), RbTLR2

transcript level was significantly (p < 0.05) up-regulated, depicting around 1.6 and 2.0
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relative expression fold increase, respectively and reaching to the basal level at 48 h p.i
(Fig. 9). The positive regulation observed in E. tarda challenge shows an agreement with
previously reported transcriptional profiles of TLR 2s induced with Gram negative
bacteria. Among them, in rohu, mRNA level of TLR 2 in liver was significantly (p < 0.05)
elevated upon stimulation of same bacteria, at 12 h and 24 h p.i., showing consistent
results (Samanta et al., 2012). Similarly, in some other tissues of rohu, including intestine,
heart and skin, TLR 2 transcription was reported to be significantly (p < 0.05) increased
due to E. tarda injection. Moreover, blue catfish TLR 2 in head kidney exhibited
significant transcriptional elevations at 4 h, 24 h and 72 h p.i, following an immune
challenge with Edwardsiella ictaluri. However a significant down regulation was also
observed in blue catfish in spleen, upon the same induction at 72 h p.i. convincing a
complex behavior of TLRs (Baoprasertkul et al., 2007) in antibacterial immune responses.
Compliant inductions was also noticed in a previous study on TLR 2 of orange spotted
grouper (Wei et al., 2011) albeit it was a comparatively prolonged challenge experiment (7
days), in which compatible transcriptional elevations of TLR 2 was detected in head

kidney and spleen upon the stimulation with Vibrio alginolyticus, a Gram negative bacteria.

32



Relative mRNA exression level
normalizE‘d to PBS
= (2] N
L 1 1

o
wu
L

24h

Post injection time

Fig. 9. Expression profile of RboTLR2 mRNA in liver tissues upon stimulation with E.
tarda bacteria, determined by gRT-PCR. The relative expression was calculated by the
22T method, using rock bream p-actin as reference gene, normalizing to the
corresponding PBS injected controls at each time point. The relevant expression fold at 0 h

post-injection (un-injected control) was kept as the basal line. Error bars represents the SD

(n=3); *p < 0.05.

Upon LPS stimulation RbTLR2 mRNA expression was detected to be elevated in early
phase (at 3 h p.i. and 6 h p.i.) as well as late phase (48 h p.i), significantly (p < 0.05),
where in late phase reaching to the highest fold difference (~ 6.4 fold) (Fig. 10). This
observations is compatible with TLR 2 expression profile upon LPS induction in spleen of
orange spotted grouper (Wei et al., 2011), where TLR 2 was significantly (p <0.05) up-

regulated at 24 h p.i.
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Fig. 10. Expression profile of RoTLR2 mRNA in liver tissues upon stimulation with
LPS, determined by gRT-PCR. The relative expression was calculated by the 27447
method, using rock bream B-actin as reference gene, normalizing to the corresponding
PBS injected controls at each time point. The relevant expression fold at 0 h post-injection
(un-injected control) was kept as the basal line. Error bars represents the SD (n=3); *p <

0.05.

Consistent with the majority of previous reports on TLR 2 agonists, RbTLR2 transcript
level was significantly (p <0.05) up-regulated upon S. iniae injection at all the time points
considered where peak fold change (~ 4.0 fold) was reported at 12 h p.i. (Fig. 11),
reinforcing the distinctive ability of TLR 2 to recognize PAMPs on Gram positive bacteria.
Most of the teleost species also have elicited positive immune responses to inductions with
Gram positive bacteria or its agonists, including transcriptional elevation observed in
zebrafish, after 8 week post challenge with Myobacterium species (Jault et al., 2004) and
up-regulations noticed in Japanese flounder upon peptidoglycan (PGN), a characteristic
PAMP on Gram positive bacteria at 1 h and 3 h p.i. (Hirono et al., 2004). In addition,
following the injections of prototype ligands of Gram positive bacteria, lipoteichoic acid
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(LTA) and PGN, TLR 2 transcription was elevated compared to basal level in rohu
peripheral blood leukocytes (PBL), at 2 h and both at 2 h and 4 h respectively. Similarly,
rohu TLR 2 transcript levels were found to be boosted by live Gram positive bacteria,
Streptococcus ubers in liver tissue at 12 h and 24 h p.i. Furthermore similar transcriptional
modulations were commonly observed in kidney, intestine and skin at 24 h, 12 h and both

12 h alone with 24 h p.i., respectively in rohu.
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Fig. 11. Expression profile of RbTLR2 mRNA in liver tissues upon stimulation with S.
iniae bacteria, determined by gRT-PCR. The relative expression was calculated by the
22T method, using rock bream pB-actin as reference gene, normalizing to the
corresponding PBS injected controls at each time point. The relevant expression fold at 0 h

post-injection (un-injected control) was kept as the basal line. Error bars represents the SD

(n=3); *p < 0.05.

Revealing the potency of retroviral genome to induce immune responses via TLR 2
mediated signaling pathway in rock bream, RbTLR2 was significantly (p <0.05) induced

upon Poly I:C injection from 12 h p.i onwards at each time point (Fig. 12), complying with
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the detected transcriptional up-regulations in Japanese flounder at 3 h and 6 h p.i. with
Poly I:C in PBLs (Hirono et al., 2004). Furthermore in that report, TLR 2 expression was
correlated with a previously experienced induction of interferon inducible antiviral protein
Mx, which is a downstream molecule in toll signaling pathway. Moreover, above
observations are further consistent with the significant (p <0.05) elevations observed in
orange spotted grouper upon the same stimulant, where both in head kidney and spleen
demonstrated augmented transcript level at 24 h p.i. compared to the basal (Wei et al.,
2011) . However, clear strategy of recognizing genomic constituents of viral infections by
TLR 2 in teleosts is yet to be discovered, since viral genome cannot be exposed to the cell
membrane receptors like TLR 2 before the internalization of the particular virus into host
cells, according to the existent knowledge, unless otherwise viral particles are processed

by a primary mechanism.
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Fig. 12. Expression profile of RbTLR2 mRNA in liver tissues upon stimulation with
Poly 1:C, determined by qRT-PCR. The relative expression was calculated by the 27447
method, using rock bream B-actin as reference gene, normalizing to the corresponding

PBS injected controls at each time point. The relevant expression fold at 0 h post-injection

36



(un-injected control) was kept as the basal line. Error bars represents the SD (n=3); *p <

0.05.

As a novel finding in teleost species, RbTLR2 transcript level was raised significantly (p <
0.05) by immune stimulation using DNA virus, RBIV, at 12 h p.i and 48 h p.i reflecting
the potential involvement of RbTLR2 in antiviral immune responses (Fig. 13). This
suggestion can be substantiated by the fact that TLR 2 actively involves in mammalian
host defense upon viral infections, especially due to DNA viruses, where TLR 2
recognizes external viral components such as envelope glycol proteins (Xagorari and
Chlichlia, 2008), as toll signaling was found to be more or less similar between mammals
and teleosts (Bricknell and Dalmo, 2005). However, according to the graph (Fig. 13), at
24 h p.i TLR 2 expression was again reached to the basal level after the elevation at 12 h
p.i., before the subsequent elevation, which marked the most eminent fold difference (~3.2
fold) among each time point. Similar pattern of TLR 2 expression was also reported in
head kidney of Japanese flounder upon VHSV induction, where between 6 h p.i and 4 day
p.i. at three time points, mMRNA expression was under-expressed (Avunje et al., 2011),
along with the higher viral load in the tissue, which may be attributed with the evasion
mechanisms of the virus. Nevertheless, subsequently, the increased level of viral particles
could be compensated by eliciting a stronger immune response, reflecting through over-
expressed TLR 2 with higher fold difference. Also, same explanation can be applied to the
referred observation on RbTLR2 transcriptional pattern, until the performance of further

investigations.
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Fig. 13. Expression profile of RoOTLR2 mRNA in liver tissues upon stimulation with
RBIV, determined by qRT-PCR. The relative expression was calculated by the 27447
method, using rock bream B-actin as reference gene, normalizing to the corresponding
PBS injected controls at each time point. The relevant expression fold at 0 h post-injection

(un-injected control) was kept as the basal line. Error bars represents the SD (n=3); *p <

0.05.

According to the overall insight of transcriptional modulation upon five different immune
stimulants, as described above, we can speculate that RbTLR2 is a potent mediator of
antibacterial and antiviral host defense, further reinforcing the previous revelations on LPS
and retroviral (dSRNA) genome as potential agonists of TLR 2 in teleosts. However,
further research studies have to be performed, in order to reveal the overall defensive role
of RbTLR2, while analyzing the complete signaling pathways initiated by RbTLR2, since
the downstream molecules and respective inducible cytokines are yet to be identified from

rock bream.
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Chapter 11

Caspase 3 from rock bream (Oplegnathus fasciatus): Genomic
characterization and transcriptional profiling upon bacterial and viral

inductions

1. ABSTRACT

Caspase 3 is a prominent mediator of apoptosis and participates in the cell death signaling
cascade. In this study, caspase 3 was identified (Rbcasp3) and characterized from rock
bream (Oplegnathus fasciatus). The full-length cDNA of Rbcasp3 is 2683 bp and
contains an open reading frame of 849 bp, which encodes a 283 amino acid protein with a
calculated molecular mass of 31.2 kDa and isoelectric point of 6.31. The amino acid
sequence resembles the conventional caspase 3 domain architecture, including crucial
amino acid residues in the catalytic site and binding pocket. The genomic length of
Rbcasp3 is 7529 bp, and encompasses six exons interrupted by five introns. Phylogenetic
analysis affirmed that Rbcasp3 represents a complex group in fish that has been shaped
by gene duplication and diversification. Many putative transcription factor binding sites
were identified in the predicted promoter region of Rbcasp3 including immune factor-
and cancer signal-inducible sites. Rbcasp3, excluding the pro-domain, was expressed in
Escherichia coli. The recombinant protein showed a detectable activity against the
mammalian caspase 3/7-specific substrate DEVD-pNA indicating a functional role in
physiology. Quantitative real time PCR assay detected Rbcasp3 expression in all
examined tissues, but with high abundance in blood, liver and brain. Transcriptional
profiling of rock bream liver tissue revealed that challenge with lipopolysaccharides (LPS)
caused prolonged up-regulation of Rbcasp3 mRNA whereas, Edwardsiella tarda (E.tarda)

stimulated a late-phase significant transcriptional response. Rock bream iridovirus (RBIV)

39



up-regulated Rbcasp3 transcription significantly at late-phase, however polyinosinic-
polycytidylic acid (poly I:C) induced Rbcasp3 significantly at early-phase. Our findings
suggest that Rbcasp3 functions as a cysteine-aspartate-specific protease and contributes to

immune responses against bacterial and viral infections.
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2. MATERIALS AND METHODS

2.1 ldentification of full-length cDNA sequence of Rbcasp3

Using the Basic Local Alignment Tool (BLAST) algorithm
(http://www.ncbi.nlm.nih.gov/BLAST), full-length cDNA sequence of caspase 3 (contig
number-07658) in -rock bream was identified from a previously established cDNA
sequence data base, based upon data from a next generation DNA sequencing technology,

the GS-FLX titanium system (DNA Link, Republic of Korea).
2.2. Rbcasp3 genomic BAC library construction and PCR screening.

Using rock bream genomic DNA, a random sheared bacterial artificial chromosome (BAC)
library was custom constructed (Lucigen, USA). The library was screened by PCR in order
to identify the clone containing the full-length Rbcasp3 gene using a sequence specific
primer pair Rbcasp3-qF and Rbcasp3-gR (Table 3), designed according to the identified
Rbcasp3 cDNA sequence, as described in Chapter I, section 2.2. The identified BAC clone

was sequenced by GS-FLX™ system (Life Sciences, USA).
2.3. In silico analysis of rock bream caspase 3 DNA and protein sequences

The orthologous sequences of Rbcasp3 were compared by the BLAST search program.
Pairwise sequence alignment (http://www.Ebi.ac.uk/Tools/emboss/align) and multiple
sequence alignment (http://www.Ebi.ac.uk/Tools/clustalw2) were performed using the
EMBOSS needle and ClustalW2 programs, respectively. The phylogenetic relationship of
Rbcasp3 was determined using the Neighbor-Joining method and Molecular Evolutionary
Genetics Analysis (MEGA) software version 4 (Tamura et al, 2007). Prediction of protein
domains was carried out using the EXPASy-prosite data base (http://prosite.expasy.org)

and the MotifScan scanning algorithm (http://myhits.isb-sib.ch/cgi-bin/motif_scan). Some

41


http://myhits.isb-sib.ch/cgi-bin/motif_scan

properties of Rbcasp3 were determined by EXPASy Prot-Param  tool

(http://web.expasy.org/protparam).

Genomic sequence of Rbcasp3 obtained from the BAC clone was used to identify the
exon-intron structure and predict the promoter region along with potential transcriptional
factor binding sites. The transcription initiation site (TIS) was predicted using the online
neural network promoter prediction tool from Berkeley Drosophila Genome Project
(Reese, 2001). Potential cis acting elements located ~1Kb upstream of the TIS were
detected using TFSEARCH ver.1.3 and Alibaba 2.1 software. Furthermore, the tertiary
structure of Rbcasp3 pro-enzyme was modeled based on the ab-initio protein prediction
strategy, using the online server I-TASSER (Roy et al, 2010; Zhang, 2008). Subsequently,

the three dimensional (3D) image was generated utilizing RasMol 2.7.5.2 software.

2.4 Expression and purification of recombinant Rbcasp3 (rRbcasp3)

Recombinant Rbcasp3, excluding the pro-domain, was expressed as a fusion protein with
Maltose Binding Protein (MBP) and purified as described previously with some
modifications (Umasuthan et al, 2011). Briefly, the Rbcasp3 gene encoding residues 33-
283 was amplified using the sequence specific primers Rbcasp3-F and Rbcasp3-R with
restriction enzyme sites for EcoRI and Pstl respectively (Table 1). The PCR was
performed in a TaKaRa thermal cycler in a total volume of 50 pL with 5 U of ExTaq
polymerase (TaKaRa, Japan), 5 uL of 10x Ex Taq buffer, 8 uL of 2.5 mM dNTPs, 80 ng of
template, and 20 pmol of each primer. The reaction was carried out at 94 °C for 30 sec,
55 °C for 30 sec, 72 °C for 1min and final extension at 72 °C for 5 min. The PCR product
(~ 753 bp) was resolved on a 1% agarose gel, excised and purified using the AccuprepTM
gel purification kit (Bioneer Co. Korea). The digested pMAL-c2X vector (35 ng) and PCR

product (15 ng) were ligated using Mighty Mix (7.5 ul; TaKaRa ) at 4 °C overnight. The
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ligated pMAL-c2X/Rbcasp3 product was transformed into DHS5a cells and sequenced.
Sequence confirmed recombinant expression plasmid was transformed into Escherichia
coli BL21 (DE3) competent cells. The recombinant Rbcasp3 protein was overexpressed
using isopropyl-p-galactopyranoside (IPTG, 1 mM final concentration) at 37 °C for 3 h,
after which the protein was purified using pMAL protein fusion and purification system
(New England Biolabs, USA).The purified protein was eluted with elution buffer (10 mM
maltose) and the concentration was determined by the Bradford method using bovine
serum albumin (BSA) as the standard (Bradford, 1976). The Rbcasp 3 samples collected
from different purification steps were analyzed on 12% SDS-PAGE under reduced
conditions, with standard protein size marker (TaKaRa - Japan). The gel was stained with

0.05% Comassie blue R-250, followed by a standard de-staining procedure.

2.5 Hydrolyzing activity assay of rRbcasp3

With the objective of characterizing the purified rRbcasp3, hydrolyzing activity was
analyzed by using caspase 3 activity assay kit (BioVision, USA) following manufacturer’s
protocol. Briefly, the purified protein was adjusted to 2 pg/uL and 50 pL was mixed with
50 pL 2x reaction buffer and 5 pL of 4 mM caspase 3/7 specific substrate (DEVD-pNA),
followed by incubation at 37 °C for 2 h. The cleavage and release of pNA was measured
by monitoring absorbance at 400 nm using a spectrophotometer. In order to assess the
specificity of Rbcasp 3 against DEVD-pNA, its activity against caspases 9 and caspases 8
substrates (LEHD-pNA and IETD-pNA, respectively from Bio Vision USA) was also
analyzed. Each assay was conducted with the MBP control, to determine the effect of
fusion protein on the activity of rRbcasp3. All the assays were carried out with three
replicates. The mean absorbance values obtained in the assay for both fusion protein and

MBP alone were expressed to represent the hydrolyzing activities.
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2.6 Experimental fish and tissue collection

Animal rearing was performed as described in the chapter I, section 2.4. All individuals
were allowed to acclimate for one week prior to experimentation. Whole blood (1 mL/ fish)
was collected from the caudal fin using a sterilized syringe, and the sample was
immediately centrifuged at 3,000 x g for 10 min at 4 °C to separate the blood cells from
the plasma. The collected cells were snap-frozen in liquid nitrogen. Meanwhile, the
sampled fish was sacrificed and the gill, liver, skin, spleen, head kidney, kidney, skin,
muscle, brain and intestine were excised and immediately snap-frozen in liquid nitrogen

and stored at -80 °C until use for total RNA extraction.
2.7 Immune challenge experiments

In order to determine the immune responses of Rbcasp3, E. tarda, RBIV, LPS and the
viral dsSRNA mimic poly I:C were employed as immune-stimulants in time course
experiments. Tissues were collected as described in section 2.6. The immune challenge
experiments were carried out as described in Chapter 1, section 2.5. At least three animals

for the tissue collection from each challenge group at each time point.
2.8 Total RNA extraction and cDNA synthesis

Total RNA was extracted from each of the excised tissues by using the Tri Reagent™
(Sigma-Aldrich, USA). Concentration of RNA was determined at 260 nm in a UV-
spectrophotometer (Bio-Rad, USA) and diluted to 1 pg/pL. 2.5 pg of RNA from selected
tissues was applied in cDNA synthesis using cDNA synthesis kit (TaKaRa, Japan)
according to the manufacturer’s instructions. Finally, the newly synthesized cDNA was

diluted 40-fold (total 800 pl) and stored at -20°C until needed for further analysis.
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2.9 Rbcasp3 mRNA expression analysis by quantitative real time reverse

transcription (QRT- PCR)

gRT-PCR was used to detect the expression levels of Rbcasp3 in blood, gill, liver, spleen,
head kidney, kidney, skin, muscle, brain and intestine tissues, and the temporal expression
of Rbcasp3 in liver. Total RNA was extracted at different time points following immune
challenge, and the first-strand cDNA synthesis was carried out as described in section 2.8.
gRT-PCR was carried out using the thermal cycler Dice™ Real Time System (TP800;
TaKaRa, Japan) in a 15 pL reaction volume containing 4 pl of diluted cDNA from each
tissue, 10 pL of 2x TaKaRa Ex Taq™, SYBR premix, 0.5 pL of each primer (Rbcasp3-qF
and Rbcasp3-gR; Table-3), and 5 pL of ddH,0. The gRT-PCR was performed under the
following conditions: 95 °C for 10 sec, followed by 35 cycles of 95 °C for 5 sec, 58 °C for
10 sec and 72 °C for 20 sec and a final cycle of 95 °C for 15 sec, 60 °C for 30 sec and
95 °C for 15 sec. The base line was set automatically by Dice™ Real Time System
software (version 2.00). Rbcasp3 expression was determined by the Livak (272*“") method
(Livak and Schmittgen et al, 2001). The same gRT-PCR cycle profile was used for the
internal control gene, rock bream B-actin (Genbank 1D: FJ975146). All data are presented
as means + standard deviation (SD) of relative mRNA expression of three replicates. To
determine statistical significance (P < 0.05) between the experimental and control groups,

the two-tailed paired t-test was carried out.
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Table 3. Primers used in the study on Rbcasp3. F and R refer to forward and reverse

primers, respectively. The lowercase letters indicate restriction enzyme sites introduced for

cloning.
Name Purpose Sequence (5'—3")
Rbcasp3-F ORF amplification (without pro- domain)  GAGAGAgaattcGCCAAGCCCAGCTCCCACAG
Rbcasp3-R ORF amplification (without pro-domain) GAGAGACtgcagTCAAGGAGAAAAATACATCTCTTTGGTCAGCATTG
Rbcasp3-gF gRT-PCR primer TGAGGGTGTGTTCTTTGGTACGGA
Rbcasp3-gR qRT-PCR primer TTCCCACTAGTGACTTGCAGCGAT
Rb-B-actin-F gRT PCR internal reference TCATCACCATCGGCAATGAGAGGT
Rb-B-actin-R gRT PCR internal reference TGATGCTGTTGTAGGTGGTCTCGT
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RESULTS

3.1 Molecular characterization and phylogenetic analysis of Rbcasp3

The full-length sequence of Rbcasp3 consists of 2756 nucleotides (nt), which is comprised
of a 849 bp open reading frame (ORF) encoding 283 amino acids, a 159 bp 5' untranslated
region (5' -UTR), and a 1748 bp 3' -UTR. The 3' -UTR contains a polyadenylation signal
(C*°AATAAA?™) and three RNA instability motifs (*2’ATTTAZ, ZOATTTAZY,
PRATTTA®®) (Fig. 14). Moreover, the predicted molecular mass of Rbcasp3 was around

31.2 kDa and the theoretical isoelectric point was 6.31.
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AGCATCTTT 9

GTTTAGTAGGCAGGC GCAGCTAGCTTAGTT ACATCCACTGCGTGA ACGCGTCTCTGTGCA GTAGCCATTAGCATT 84
AGTCTTCCGGGGTTT ATGATACAGGGTGTG TAAGTTAGCTACGTG CTTTGTGGTTAATGA GTTTAATCAACAAAT 159
ATGTCGGTAAACGGA TCTGGACCTGGAGGA GAGTGCATAGACGCA AGGAGAGGCGATGGA GAAGAGTCAGAGTTG 234
MSVNG SGPGGG DGIDAIRRGDSG QESTEL 25

TCTTCGTCTGCCTCT GCTCCCATGGACGTG GATGCCAAGCCCAGC TCCCACAGCTTCAGA TACAGCCTCAATTTC 309
$ SSAS APMDVYVY DAKPS SHSFR YSLNTF 5

CCCAGCATCGGCCAG TGCATCATCATGAAG AACAAGAACTTTGAC AGAAGAACAGGCATG AATCAACGAAATGGT 384
PSI1G6GQ@ ¢IITINNKNFD RRTGMNOGRNG 75

ACGGATGTAGATGCA GCGAACGCGATGAAA GTGTTCACGAAGTTG GGCTATAAAGGGAAG GTTTACAATGACCAG 459
TDVDA ANANK VFTKL GYKAK VYNDAQGI100

ACAGTCGAGCAGATG AAACAGGTTTTGGTT TCTGTGTCAAAGGAG GATCACAGCCGCTAC GCCTCATTCGTCTGT 534
TVEQM KOQVLY SVSKE DHSRY ASFVCGCI125

GTTCTGCTGAGTCAT GGAGATGAGGGTGTG TTCTTTGGTACGGAT GGCTCAGTAGAGCTT AAGTACCTAACATCA 609
VLLSH GDEGVY FFGTD GSVEL KYLTS 15

CTTTTTCGAGGCGAT CGCTGCAAGTCACTA GTGGGAAAGCCCAAA CTCTTCTTCATCCAG GCTTGCAGAGGCACT 684
LFRGD RCKSL VGKPKLFFIRRACGCREGTI

GATCTGGATGCAGGC ATCGAAGCAGAGCAGC GGAGACGATGGCATT ACCAAGATTCGTGTG GAAGCCGAGTTCCTC 759
DLDAG IEADS GDDGI TKIPV EADFL 20

TACGCGTTGTCCACA GCCGCAGGCTAGTAG TCATGGAGGAATACT ATGACCGGGTGCTGG TTCATCCAGTCGCTG 834
YAFST APGYY SWRNT MNTIGSW FIJOoSsSL 225

TGTGATATGATCAGC AAATATGGAAAAGAA GTGGAGCTCCAGCAC ATCATGACACGAGTG AACCATAAGGTGGCA 909
CDMIS KYGKE VELQOH I MTRV NHKV A 20

GTAGAGTTCGAGTCT GTCTCCAATTCACCA GGCTTCCATGCAAAG AAACAAATCCCATGC ATTGTGTCAATGCTG 984
VEFES VSNSP GFHAK KQIPC I VS MNL 25

ACCAAAGAGATGTAT TTTTCTCCTTGATGT CGTTTCCACGTCAGA AGACTTCAGCCTCGC CAGCCTTCGTCTGCA 1059
TKEMY FSP 283

GAAGAAAAGGCTTGG GGTGTGAGGTGGTGT CGGTGAATTATTTTA GTTTACACTTTCTGA GTGAATATGTCTTGA 1134
AACCTCAGCTTACAT ATTTCTGGGAGAGTA GCTGTGATGCAAAGT TGCTGTCACGTTTCA CAAGGTTGGCATTAT 1209
TAAGGTTCTTTTTGT GTGTACAGCTCTGAG ATATAAGGCATTAAA ATGTTTTATCGCTGC AGGAAATTTTGTATT 1284
CTCTTTTAAACAAAA AAAAAATAAATCATG AATGTAAAGATAAAA TGTAATTGAGTTTGT AATTCCATGCTCACA 1359
ATTTGGTACCATTAG ATGCCTCTTTGCTGT TTACACTGTATACAT TTCAGGGAAAATACT GGGAGCCAGTTTGAT 1434
AGGAAATTTGACCTT CTGTATTTGTTTAAT CATGAAACCATAGCT GGGCTTCGTGCCCTG CAGCATCAGCATTTT 1509
TATGAGTCAGCAGTT TGTTTTAAGTCGAGT GTCTAAGCGAGACGA TATTCTGGTCTTAAG GGATCATGTGTGTCA 1584
TTTCTGTGAGTGTTG TTTTTTGTTTTTTTT ACATCCTTGTTTGCA CTTATTGAGTGAGTG TAGTGACATCTGACA 1659
TGAAGGTTGCACAAC CAAAACAACCAGTCA TTCACTGAATTAGTA CCTGATGAGTTGTGT GAACCCTAAATGAAT 1734
GCAACACTTGCGCTC AGTGGGTGAATTAAA GGATAATGTTGTGTA GCAAATTCAGAACCA TCCAGTAAGCTATCGC 1809
TGTGTTTTGTTGGAA AGCTCAGAATTCCAT TTTTAATGTTTTTCA GTCTTTCTTTTCTAA AATGTGGATTTCTTT 1884
GAATGAGCTGTCGCT TGTGCTCAAATTAGC TGGGGTCAGGCTTCA TAGCATGGATGAGTA ACGCCAGCCCGCTTG 1959
CACGATGCATTCGTT TGAGGCACGTTTTGA TGAGTTTGTCGCACT TGAAGACAACTTTAG ATTTCATATTTAACA 2034
GTAGCACATGTGTTT CTTGTGTTTTTTAAA GATAAAATGGCAAAT TGGATGTTTATTCAC TTTGCTTTAATAGTT 2109
ACAGTCATTAAGAAC TTCTTTAAAAAAAAT CATTTCCAGTGGACT GTTGTGGAACAGTGA GGCAAACCTTTATAT 2184
GTAAGCACTGAGCATC GAGTGATTTATGACA AACAAAGCAGAATTG TGTACTGATCGAGGT TGTTATCATTTGTAA 2259
GTAAATATTTCAATA GTTACAGCAAAGTAG ATGAAAGTTGCTGTT AAAATAGTTCATAGT TTGATTATCCAGTTT 2334
TTAAGTCATATCAAT ATACAGTTTGCTATG AATGTCACTTTTGGG GGTTTTGTGATATCA CTATTTTGTAAGCAG 2409
CTATACTGTGAGGTT GGTGTAATGTTGTCT GTGAAAAATAAGAAC ACTTTTCATTGTTCC GTGTTGTAAAACAGT 2484
GTTGCTGATTTAGTT TTTGGCTCTTACACT GTAACAGCATCAAGA TCATCAACATGCACA TATATATAGTAAAGT 2559
TAAAGTGGTGATATT GAGAAGTTTTGGGAG TTTTGCTGATATCTC ATACAAGAGTTAAGC TGTAGAAGGACATTG 2634
AAGGGTCTAGTTGTG TACAGAGGCAGGATT ACTGCAGATTTGGCA TGCCTGGAGGTGAGA AGAACTGGGCCACCA 2709
GATCGTGAGGCCGTG GGGGAAATAAAAGTG GGCGTCAGATTCCTT CA 2756

Fig. 14. Nucleotide and deduced amino acid sequence of Rbcasp3. The start codon
(ATG), the stop codon (TGA), and the polyadenylation signal sequence (ATTAAA) are

indicated by gray shading. The protein binding domain (GSWFI) and the penta-peptide
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active site motif (QACRG) are depicted in boxes. Three RNA instability motifs (ATTTA)

are shown by underling.

Resembling the typical caspase domain architecture, Rbcasp3 contained a putative pro-
domain (residues 1-36), a large subunit (residues 52-176), and a small subunit (residues
189-283) as predicted by EXPASyY Prosite server. Several amino acid residues that are
known to be critical for the function of caspase 3 catalytic center (Cys'’?, His™*°, Gly**)
and binding pocket (GIn'"®, Arg®**, Ser®’) were found to be well conserved in Rbcasp3 (Li
et al, 2011). Moreover, the characteristic active site penta-peptide motif (**QACRG*")
was also identified in the large subunit of Rbcasp3. The protein binding domain
218GSWFI?** (Johnson and Bridgham, 2000) present within the small subunit also
exhibited a significant conservation among the species analyzed with only a conservative
substitution in the last amino acid of the motif for Atlantic salmon, large yellow croaker,
and fugu (Takifugu rubripes) (Fig. 15). Similarly, the integrin recognition motif
(**>RGD™) (Pierschbacher and Rouslahti, 1984) in Rbcasp3 near the active site was found
to be conserved in all species analyzed, with the exceptions of sea bass caspases 3 and
medaka caspases 3A variant, wherein the aspartate residue is replaced by an asparagine in
sea bass and arginine and aspartate residues are replaced by lysine and arginine residues

respectively in medaka. (Fig. 15).
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Rock bream

Pro Domain

=
-MSVNG--SGPGGDCIDAR--RGDGQESELSSS--ASAPMDVDA-KPSSHSFRYSLNFPS
Large yellow croaker -MSANG--PGPGEDCADAR--RGDGQESEPSSSSAASSYMDVDA-RPGSHSFRYSLNYPC

Sea bass -MSLN----GPGEDSTDAR--RGDGQESEASFS--ASGPMDVDA-KPNSRSFRYSLNYPS
Fugu -MSANG--PSPGGDFTDAK--KGAGQQS--GSS---SGRVTVDA-KPAAYSFRYSLDFPN
Medaka (caspase 3B) -MASN----RPGEDSTDAR--KDNGELAAGASP--APDRMDVDG-KPSSHSFRYSLNFPT
Rabbit -MENN--—----— ETSVDAK--SIKNLETQTIHG---SKSMDSGK-YLDN---SYKMDYPE
Norway rat -MDNN------— ETSVDSK--SINNFETKTIHG---SKSMDSGI-YLDS---SYKMDYPE
Pig -MENN-—-—----- KTSVDSK--SIKTLETKILHG---SKSMDSGI-SLDV---SYKMDYPE
Human -MENT--—----- ENSVDSK--SIKNLEPKIIHG---SESMDSGI-SLDN---SYKMDYPE
Chicken MMTDIKDGPRSGEDVSDAR--SFPGSKGMNLPA---SKSVDSGI-LPDD---SYRMDYPE
Salmon (caspase 3B) --—-————--- MSDLVDAKGIAAQGLGSPSVQR-FTTENPEVDA-KPPADMY TYKMNYPS
Medaka (caspase 3A) MVMAESAEELSGKDQVDTN--PVISKRSPANQP--NPRSTDVCVKKQDADPYRYSMDYPEK

Large Subunit

R

b - - b |

E A
Rock bream IGQCIIINNKNEDRRTGMNQ
Large yellow croaker IGQCIIINNKNFDRSTGMNQ

NGTDVDAANAMKVETKLGYKARKVYNDQTVEQMKQVLVSV
NGTDVDAANVMKVEFAKLGYRAKVYNDQTVDQMRQVLTSV

Sea bass MGQCIIINNKNEDRRTGMNORNGTDVDAGNAMKVETKLGYKTK IYNDQTVEQMKQVLISY
Fugu MGHCIIINNKNEFDRRTGMNTRNGTDVDAANAMKVELSLGYKVKVHNDQTVNQMKQLLVSA
Medaka (caspase 3B) IGLCIIINNKNFDRGTGMNQRNGTDIDAASAMKVESKLGYRVKIYNDOQTVKQIKQLLTDV
Rabbit MGLCIIINNKNFHKNTGMSSRSGTDVNAANLGETFMNLKYEVRNKNDLTREEIMELMYNV
Norway rat MGLCIIINNKNFHKSTGMSARNGTDVDAANLRETFMALKYEVRNKNDLTREEIMELMDSV
Pig MGLCIIINNKNFDKNTGMACRSGTDVDAANLRETFTNLKYEVRNKNDLTREEILELMHSV
Human MGLCIIINNKNFHKSTGMTSRSGTDVDAANLRETFRNLKYEVRNKNDLTREEIVELMRDV
Chicken IGVCVIINNKNFHRDTGLSSRSGTDADAASVREVFMKLGYKVKLNNDLSSRDIFKLLENV
Salmon (caspase 3B) LGQCVIINNKNFDKQTGMSFRNGTDVDAGHAIKVESSLGYKVKVANDQTVQQIQQLLSKV
Medaka (caspase 3A) MGICLIINNKNFHKDSGMGPRNGTDNDAAAAWKSEMKLGYEIQMYNDQTVDOMKKLERQOM
Rock bream SKEDHSRYASFVCVLLSHEDEGVFFGTDGSVELKYLTSL RCKSLVGKPKLFF
Large yellow croaker AKEDHSCYASFVCVLLSHEDEGVFFGTDGSIELKYLTSL RCKSLVGKPKLEF
Sea bass SKEDHSCNASFICVLLSHEDEGVFFGTDGSVELKYLTSL HCISLVGKPKLFF
Fugu AEEDHSACASFVCVLLSHGDEGVFFGTDGSVELKYLTSL RCKSLVGKPKLFF
Medaka (caspase 3B) SRMDHSDSASFVCILLSHEDEGVFFGTDGSIELKTLTSL HCKSLVGKPKLEFE
Rabbit SKEDHSKRSSFICVILSHEDEGVIYCTNGPIELKKLTSE! Y CRSLTGKPKLFI
Norway rat SKEDHSKRSSFVCVILSHGDEGVIFGTNGPVDLKKLTSF YCRSLTGKPKLF I
Pig SKEDHSKRSSFICVLLSHEEEGKIFGTNGPVDLKKLTSF CCRTLTGKPKLFI
Human SKEDHSKRSSEFVCVLLSHEGEEGIIFGTNGPVDLKKITNE RCRSLTGKPKLEI
Chicken SEEDHSKRSSFVCVLLSHEGDEGLFYGTDGPLELKVLTSL CRSLAGKPKLFF
salmon (caspase 3B) SQDDHSQSASFVCVMLSHEEEGFFYGTDGNVELKKLTGL CKTLVGKPKLFF
Medeka (caspase 3A) SNQDHSKFASFACVILSHEEEGVIYGTDGPVSFNKLIECLKGRSCLSLVGKPKLEFF
Small Subunit

cx ww www Sl 1
Rock bream Ri S—--GDDG-ITKIPVEADFLYAFSTAPGYYSWRNTMTIGSWE JQSLCDMI
Large yellow croaker |R S—-—-ADDG-TTKIPVEADFLYAYSTAPGYYSWRNTMTIGSWEMQSLCDMI
Sea bass R S—-—-GEDG-TTKIPVEADFLYAFSTAPGYYSWRNTTTIGSWE JQSLCDLI
Fugu R S—-—-AADSSTTRKIPVEADFLYAFSTAPGYYSWRNTTSIGSWFMQSLCDAT
Medaka (caspase 3B) R S--KEDT--TKIPVEADFLYAFSTAPGYYSWRNTMT|GSWE JNSLCEML
Rabbit R SGVDYDMACQKIPVEADFLYAYSTAPGYYSWRNSEEGSWE JQSLCAML
Norway rat R SGTDDDMACQKIPVGADFLYAYSTAPGYYSWRNSRDGSWE JQSLCAML
Pig R SGTEDDMACQKIPVEADFLYAYSTAPGYYSWRNSKDGSWEFJOSLCAAL
Human R SGVDDDMACHKIPVEADFLYAYSTAPGYYSWRNSKDGSWE JQSLCAML
Chicken R SGPD-ETVCQKIPVEADFLYAYSTAPGYYSWRNAAHGSWE JQSLCRML
Salmon (caspase 3B) |[R VADDSP--ERIPVEADFLYAYSTAPGYYSWRNTOKGSWEYOALCEML
Medeka (caspase 33) [R ---KDDTSEKIPLEADFLFAYSTVSGYYSWRS TANGSWE 1QSL.CEML

L k)
Rock bream SKYGKEVELQHIMTRVNHKVAVEFES PPGFHAKKQIPCIVSMLTKEMYFS%*** 283
Large Yellow croaker SKYGKEVELQHIMTRVNHKVAVEFESISHSPGFHAKKQIPCIVSMLTKEMYFSP--- 285
Sea bass SKYGKELELQHIMTRVNHKVAVEFESISNSPGENAKKQIPCIVSMLTKEMYFSP-—- 281
Fugu SKYGKELELQHILTRVNHKVAVDFES LPGFDAKKQIPCIVSMLTKEMYFS---- 280
Medaka (caspase 3B) SKYGKELELLHIMTRVNHMVAVEFESISTLPGFHAKKQIPCIVSMLTKEMYFYP--- 280
Rabbit KEYAHKLEFMHILTRVNRKVATEFESYSLDATFHAKKQIPCIVSMLTKELYFYH--- 277
Norway rat KLYRAHKLEFMHILTRVNRKVAMEFESFSLDATFHAKKQIPCIVSMLTKELYFYH-—- 277
Pig KQYVHKLELMHILTRVNRKVAVEFESEFSTDSTFHARKKQIPCIVSMLTRKELYFYH-—- 277
Human KQYADKLEFMHILTRVNRKVATEFESFSFDATFHAKKQIPCIVSMLTKELYFYH--- 277
Chicken KEHARKILELMQILTRVNRRVA-EYESCSTRQDFNAKKQIPCIVSMLTKEFYFPC--- 283
Salmon (caspase 3B) QRYGKQLEIMQIMTRVNHMVALDFESISNMPGFTAKKQIPCIVSMLTKDLYFPH--- 279
Medeka (caspase 3A) EKFSKILDLMQIMTRVNHKVATHFESSSNAPGESGKKQIPCIVSMLTKDFYFPYESN 290

Fig. 15. Multiple sequence alignment of vertebrate caspase 3. Sequence alignments
were obtained by the ClustalWw method. Conserved residues are shaded in gray. The
putative cleavage sites at aspartic acid residues, where the separation of relevant domains
occurs, are indicated by pale blue shading. Several critical residues in the caspase 3

catalytic center and binding pocket are indicated by pale green shading. The protein
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binding domain (GSWFI), the integrin recognition motif (RGD), and the penta-peptide

active site motif (QACRG) are indicated by boxes.

Pairwise sequence alignment revealed that Rbcasp3 has significant identity with vertebrate

orthologs; for instance, caspase 3 homologues in large yellow croaker and human shared

88.8% and 54.1% of identity with Rbcasp3, respectively. In contrast, Rbcasp3 from

invertebrates showed lower identity; for example, that of black tiger shrimp shared only

~28% identity with Rbcasp3 (Table 4).

Table 4. Percent identities of Rbcasp3 gene with caspase 3 genes from other species

Common name protein Accession nhumber Identity (%)
Large yellow croaker caspase-3 ACJ65025 88.8
European seabass caspase-3 ABC70996 88.0
Fugu rubripes caspase-3 AAM43816 80.3
Atlantic salmon caspase-3 precursor ACN11423 79.9
Japanese medaka caspase 3B NP001098168 78.3
Zebrafish caspase-3 CAX14649 73.0
White cloud mountain minnow  caspase 3 ACV31395 72.8
Atlantic salmon caspase3 NP001133393 62.8
Northern pike caspase-3 precursor ACO13502 61.7
Chicken caspase-3 AAC32602 59.2
Rabbit caspase-3 precursor NP001075586 57.0
Pig caspase-3 precursor NP999296277 56.7
Norway rat caspase-3 NP037054 55.4
Human caspase-3 preproprotein NP116786 54.1
House mouse caspase3 NP033940, XP996914 53.8
African clawed frog caspase-3 -precursor NP001081226 52.0
Blood fluke caspase 3 ACU88129 34.7
Southern house mosquito caspase 3 XP001850595 32.7
Fruit fly death executioner caspase related to Apopain AAF55329 30.0
Black tiger shrimp caspase 3 ADV17345 28.4
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Phylogenetic analysis was carried out using the Neighbor-Joining method to compare
Rbcasp3 sequence with different vertebrate and invertebrate caspase 3 members (Fig. 16).
The tree revealed that Rbcasp3 forms a clade with the caspase 3 of large yellow croaker,
exhibiting a fairly high bootstrap supporting value (74). Moreover, this analysis confirmed
that Rbcasp3 originated from a common ancestor of vertebrates, as indicated by the
clustering pattern of mammals, avians and amphibians in their relevant clades. However
caspases 3A from Japanese medaka formed an out group with the other clustered fish
species, showing a distant relationship with other caspases 3 counterparts from fish,

considered in the analysis.

74 Rock bream

82 Large yellow croaker

Sea bass

Fugu
100 Japanese medaka (caspase 3B)

Zebrafish
84 —l . — Fish
100 White cloud mountain minnow
52 _I:Iantic salmon (caspase 3B)
99 Northem pike

100 Japanese medaka (Caspase 3A) _|

Vertebrates
African clawed frog
Chicken
oL o1 Rabbit
65 9 Norway rat
100 [ Pig
94 50 _l Chimpanzee |Mammals

100 'Human _

Blood fiuke B
Mediterranean mussel Invertebrates

Southern house mosquito

Passific white shrimp -

0.1

Fig. 16. Phylogenetic analysis of Rbcasp3. The tree constructed based on ClustalwW
alignment of deduced amino acid sequences of various caspase 3 proteins, estimated by

the Neighbor-Joining method in MEGA version 4.0. Bootstrap values are shown for each
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of the lineages of the tree, and major taxonomic clusters are indicated within parentheses.
NCBI-GenBank accession numbers of the species used in the diagram was mentioned in

Table 1.

3.2 Genomic structure and promoter analysis of Rbcasp3

The full-length Rbcasp3 gDNA is 7529 bp in length and consists of six exons interrupted
by five introns. (GenBank ID: JQ315116; Fig. 17). The sequence around the exon/intron
boundaries follows the AG-GT rule, which is generally important in splicing processes.
The characterized gDNA sequence was compared with four previously characterized
gDNA sequences of fish and human (obtained from the Ensemble genome site,
(www.ensembl.org) (Fig. 17). According to the comparison, Rbcasp3 gene and caspase 3
from sea bass (Reis et al, 2007) and fugu (Ensemble ID: SINFRUT00000160403) have
similar patterns of exon—intron organization, whereas the size of their introns varies
considerably. The human caspase 3 gene (Ensemble ID: ENSDART00000005593)
contains relatively long exons, as compared to caspase 3 in the other four organisms
examined. However the characteristic common feature that is present in all five caspase 3
genes is the intron-interruption of the penta-peptide active site motif (QACRG) after its

first amino acid.
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Fig. 17. Genomic organization of the caspase 3 genes from rock bream, zebrafish,

Fugu, sea bass and human. The exons are represented by boxes and introns by solid lines.

The sizes of exons are indicted above the exons and sizes of introns are indicated below

the introns. Sequence regions larger than 300bp are truncated by two inclined lines

(Sequence direction - 5' —3").

The sequence upstream of the Rbcasp3 transcription initiation site was analyzed and

results revealed a number of potential cis elements, most of them are similar to those

identified from previous promoter studies of other caspase 3 homologues (Liedtke et al,

2003; Liu et al, 2002) (Fig. 18).
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AATCTCCACTTAAAAAGAAGAAAACGACACATTATATGCATCAAACTCTTTTGATACAAC -1159
NkX-2
ATACAGTACAGTAACATCAGAAGCAGGGCCTATTTTCTCTGGGAATTTAGGGGGTTTTAG -1099

GGACCTGGGGGAATTTACAGTTTTAAATTAAAACTTTAACACAGTGGGGGTATATTTTGT -1039

ATTTTGAGATGTATTATTTGTATTTAAACTTTGCTAGATTTAGGCCAACAGAAATAAGGT -979
OCT-1 YY1
CAGATTTCAGCACCAGAATTGTATTCCTAGCTGTGTGGAGAAGCAGCTTTGAAACAGCAT -919

TTAGACCTCAACGTGGGGGCTGGGTGGAGTGATTACAGAAAACTTAATTAATTGAATAAA 859

S8
TATAATATACCAATCCAAATAATCTGAATTATTTTACAGATTTCTTTGTTTGTGTCTGGT -799
SRY
CAGTATTTCTAAAAACCTAGCTCTAGCCCTCATTTGAGGAGTTTGTGCCATGTGCCTTAC -739
GATA-1
CCCTCACATGGGAGGTGTGGGAGTTTTGTTTTTGTTTGTTTGTTTGTTTGTTTGTTTTTC -679
SRY SRY

ACTTTATTTAACATTGTGAACACACAGACATTCAGCAGGTTATGGACATTCTTATACAAT -619

TAAAGATTCCAGTGTGCAAAAAGTAGATATCAATCAAATGACATATGGAAAAGTAAATAA  -559
Pbx-1
ATCAAATGAAATATGAAAAATAAAGTATACAAAAAGATTAAATAAACAATAACATCAATA -499
GCN4 HFH-1
AAGTTAACATACCTTAATAAGGGACTATAGAAAATAGGTTAAATCTTTAAAATATAACAA  -439

TGTGCGTTCACTTTTTTTGTTTGTCATAAGGGTTAATGTATCTATGTACAAGTTGAATTC -379
SRY
AACCAGAAAAATATAAAACTTTGGGAAGGACTTAGAGAATCTTGCCTTATGTAAGTATAA =319

GATTTGTCATGTAGCTCAAAGGTTTATTATTATATTCGAATTTAATAATAAGGTCTTTAG -259

GCATCATTTTTATGGAGTGTCCAGTCTTGTTATAAACAAATGAACTAACATTTGTTGTTA —199
SRY(-)
TAAATAAACAGATGAGGAGGGGCAGTGACAGAACAAATGCACAACTGTTTCTGGCTCAGC 139
CdxA AP1
TTCACAAAGGGTGCATTTAACATCTATATCAGCACATTTGGAAATTATTGTGTTACATGG  —79

GTAAATGTTATGGAAGATTTTAAAGTGAACTTCCGGGAGGCGTGGGAGTATAAAACGAGT  -19
TATA
GCATCCTCGCATGACATTAGCATCTTTGTTTACTAGCCAGGCGCAGCTAGCTTACTTACA 42

TCCAGCTGCGTGAACGCGTCTCTGTGCAGTAGCCATTAGCATTAGTCTTCCGCGGTTTATC 102

ATACAGGGTGTGTAACTTAGCTACGTGCTTTGTGGTTAATCAGTTTAATCAACAAATATG 162

Fig. 18. Deduced promoter region of Rbcasp3. The transcription initiation site (+1) is
denoted by a curved arrow. Putative transcription factor binding sites predicted by the
TFSEARCH and Alibaba 2.1 programs are indicated by bold letters with their
corresponding identity. The SRY site starts from position -417 in the sequence and is in

complement form in the reverse direction.
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3.3 Tertiary structural model of Rbcasp3

In order to determine the tertiary structure of pro-caspase 3 of rock bream, 3D modeling
was conducted using the I-TASSER ab-initio protein prediction algorithm. The top ten
caspase template crystal structures from the Research Collabratory for Structural
Bioinformatis (RCSB) protein data bank used by the server exhibited over 56% identity in
the threading-aligned region, with the query sequence and the Z-score values of the
threading alignments exceeding 1, which ensured a considerable reliability of the predicted
structure. The predicted 3D model of Rbcasp3 consisted of 5 a-helices, 21 B-strands, and
31 turns. The large and small domains, along with the linker region, resembled the typical
caspase 3 structure (Rotonda et al, 1996), comprising a central hexa-stranded [-sheet with
five parallel and one anti-parallel strands, a double-stranded anti-parallel B-sheet at the top
of the structure, and another double-stranded anti-parallel f-sheet at the front of the
molecule. Moreover, there are five helices, three on one side of the main hexa-stranded -

sheet and two on the opposite side (Fig. 19).
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Fig. 19. Predicted 3D structural model of rock bream pro-caspase 3. Two spherical
bulges (Asp 34, and Asp 184) represent the two aspartate residues where the pro-domain
and the large domain is cleaved off, respectively. Green arrows indicate the two
characteristic extra loops of caspase 3 architecture. B-strands are depicted in yellow and a-
helices are in pink. Turns are represented in blue in the back-bone structure. Two anti-
parallel double-stranded B-sheets are encircled in red and green color. The letters C and N

indicate the carboxyl and amino terminals, respectively.
3.4 Recombinant expression and purification of Rbcasp3.

Rbcasp3, without the pro-domain, was sub-cloned into the pMAL-c2X vector and
overexpressed under the strong tac promoter as a fusion protein with MBP in E. coli BL21
(DE3) cells by IPTG-driven induction. Fractions collected at different stages during the
purification process of the expressed protein were visualized by SDS-PAGE (Fig. 20). The
molecular mass of the purified rRbcasp3 was visually determined to be ~74 kDa, appeared
as a single band. This result was compatible with the predicted molecular mass of the

putative caspase 3 (~31 kDa), since the molecular mass of the MBP was around 42.5kDa.
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Fig. 20. SDS-PAGE analysis of overexpressed and purified recombinant Rbcasp3
fusion protein. Lane 1, total cellular extract from E. coli BL21 (DE3) carrying the
Rbcasp3-MBP expression vector prior to IPTG induction; 2, crude extract of rRbcasp3; 3,
purified recombinant fusion protein (rRbcasp3-MBP) after IPTG induction (1 mM); 4,

protein markers (TaKaRa).

3.5 Hydrolyzing activity of Rbcasp3

To confirm the hydrolyzing activity of the Rbcasp3, the purified fusion protein was
employed to hydrolyze the caspase 3/7-specific synthetic substrate, DEVD-pNA, along
with the control MBP. Compared to MBP (mean Ayoo:- 0.05), rRbcasp3 exerted almost 12-
fold more activity against the substrate (mean Aso:- 0.63), suggesting the biochemical
function of Rbcasp3 while indicating comparatively low activities, against caspases 9
substrate, LEHD-pNA (mean Aaspo:- 0.31) and caspases 8 substrate, IETD- pNA (mean

Asoo:- 028) (Flg 21)

o
wn

0.31

<
s

0.28

o
w

o
[N}

Absorbance at 400nm

o
i

 —

i ]
DEVD-pNA LEHD-pNA IETD-pNA

o

BRbcasp3 OMBP

Fig. 21. In vitro Rbcasp3 hydrolyzing activity assay. The hydrolyzing activity against
DEVD-pNA is represented using the corresponding absorbance value obtained at 400nm.

Error bars represent the SD (n=3).

58



3.6 The tissue-specific expression profile of Rbcasp3

In order to determine the tissue-specific Rbcasp3 transcription profile in normal rock
bream, gRT-PCR was carried out on various rock bream tissues using gene specific
primers designed according to the Rbcasp3 full-length cDNA sequence. The relative
expression of each tissue was obtained by comparison to expression of the rock bream -
actin gene, which was used as the non-variant internal control. To determine relative levels
of tissue-specific expression, B-actin-normalized expression of each tissue was further
normalized to that in the muscle (Fig. 20). Rbcasp3 mRNA was found to be constitutively
expressed in all tissues investigated. However, a distinct tissue-specific transcriptional
profile was found, in which the Rbcasp3 transcription levels were highest in blood,
moderately high (P < 0.05) in liver, heart and brain tissues, and considerably low (P < 0.05)

in all other tissues analyzed (Fig. 22).
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Fig. 22. Tissue expression analysis of Rbcasp3 mMRNA, as determined by qRT-PCR.
Error bars represent the SD (n=3) . Data with different letters are significantly different

(P<0.05) among different tissues.
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3.7 Transcriptional responses of Rbcasp3 upon immune challenges.

Liver tissue from LPS-, poly I:C-, iridovirus- and E. tarda-challenged rock bream was
used to analyze the mRNA expression levels in response to immune stimulations. The
gRT-PCR detected Rbcasp3 levels were normalized to the rock bream B-actin expression
profile and compared to the transcript level detected in PBS-injected controls at each time

point.

In liver cells of LPS-challenged fish, the Rbcasp3 transcript levels were significantly (P <
0.05) up-regulated at 12h and 24h post-injection, indicating ~2.5 fold expression increase
at both time points (Fig. 23A). In contrast, liver cells of the E. tarda-challenged animals
exhibited a significant (P < 0.05) and persistent up-regulation from 3h to 48h post-
injection, reaching peak expression (3-fold) at 48h. However, at all the time points
examined, the transcription was induced by E. tarda with respect to the basal level (0 h),

(Fig. 23A).

As shown in the Figure 23B, at 3 h and 6 h after poly I.C injection, the Rbcasp3
transcription profile in liver cells exhibited a significant early-phase increase (P < 0.05)
with the peak (2.6-fold) occurring at the 6 h time point. However, a subsequent down-
regulation was observed at 24 h post-injection, followed by a significant late-phase
increase (2.4-fold, P < 0.05) at 48 h post-injection. Figure 23B also depicts the differential
MRNA expression profile of Rbcasp3 in liver tissue in response to the RBIV challenge.
Over the experiment time course, the Rbcasp3 expression slightly fluctuated up to 24 h
post-injection, followed by a significant increase (3.3-fold) at 48 h, which indicated the

late-phase response to the viral-induced immune challenge.
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Fig.23. Expression profile of Rbcasp3 mRNA in liver tissue upon immune stimulation
with (A) LPS or E .tarda bacteria, (B) poly I:C or iridovirus, as determined by qRT-
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actin as the reference gene with respect to corresponding PBS injected controls at each
time point. The relative expression fold-change at 0 h post-injection was used as the basal

line. Error bars represent the SD (n = 3); *P < 0.05.
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4. Discussion

Apoptosis can play a key role in defense of an organism through limiting the pool of host
cells for the productive replication of pathogenic organisms such as bacteria and viruses
(Chang and Yang, 2000). Caspase 3 is a pivotal regulator of the executionary phase of
apoptosis, and is involved in many of the molecular mechanisms underlying programmed
cell death (Gerald, 1997). Therefore, the elevated activity of caspase 3 can be considered
as a useful bio-marker of cells undergoing apoptosis (Abu-Qare et al, 2001). However,
information on caspase 3 in fish at the genomic level is relatively scarce. In the present
study, the caspase 3 gene was identified in rock bream and characterized structurally and
functionally. The rock bream species is an important member of the marine aquaculture
industries in countries located in the Asia-Pacific zone. To gain a better understanding of
how rock bream immunity may be modulated, transcriptional responses of the newly-
identified caspase 3 homologue towards several common pathogenic microorganisms were
investigated. The putative caspase 3 gene was identified from our previously established
(GS-FLX™) rock bream cDNA sequence database by using BLAST analysis. This novel
gene was found to exhibit 88.8% identity with the caspase3 gene from large yellow
croaker (Table 2). Moreover, the ORF (283 aa) and the predicted molecular mass of
deduced amino acids of Rbcasp3 showed a higher similarity to caspase 3 molecules of
other fish species and its mammalian counterparts (Fernandes-Alnemri et al, 1994; Li et al,
2011; Reis et al, 2007; Wang and Keiser, 1998; Yabu et al, 2001). The presence of
characteristic domain organization (pro-domain, large subunit, and small subunit) and the
predominant features of caspase family signatures, such as the penta-peptide binding motif,
the protein binding domain (GSWFI), RGD motif, and critical amino acid residues in the
catalytic center and binding pocket lent credence to the hypothesis that Rbcasp3 was

indeed a caspase 3 homologue (Fig. 17).
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The predicted genomic structure of Rbcasp3 shares similar intron/exon architecture with
the caspase 3 homologues in a majority of fish species (Fig 17). However the genome
structure deviates from that in the zebrafish (Ensemble ID: ENSDART00000005593),
which has one more exon. This additional exon in zebrafish contains a part of the 5'-UTR,
altogether using two exons for the complete 5'-UTR, and more closely resembling the
human caspase 3 genomic structure (Ensemble 1D: ENST00000308394). The length of
each exon in rock bream caspase 3 is almost identical to the corresponding exons in sea
bass, even though the gene arrangements are different with respect to their intron lengths.
Interestingly, the conserved penta-peptide binding motif is interrupted by an intron after its
first amino acid in all the species, serving as a unique feature of caspase 3 genome

organizations.

The predicted promoter region of Rbcasp3 was determined to consist of ~1Kb sequence,
which includes several putative transcription factor binding sites (Fig. 18), substantiating
the notion of tight regulation of caspase gene expression. Particularly, the putative
transcription factor binding sites that were identified are known to be involved in
transcriptional activation (GCN4 motif) (Hope and Struhl, 1987), LPS-induced signaling
(AP-1) (Guha and Mackman, 2001), virus-induced cell signaling (OCT-1) (Lee et al,
2001), and oncogenic transcriptional activation (Pbx-1) (Mazieres et al, 2005). Presence of
the latter three sites suggested that the anticipated promoter region, which presumably
drives the transcription of Rbcasp3 may be activated by different immune stimulants, as

well as neoplastic signals.

Phylogenetic analysis of Rbcasp3 indicated that fish and mammalian sub-clusters are
independently clustered into a vertebrate clade (Fig 16). Furthermore the tree revealed that

Rbcasp3 is phylogenetically more close to caspase 3B isoform from Japanese medaka and
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Atlantic salmon, rather than caspases 3A isoform from medaka, providing evidence to
propose that the identified and cloned novel Rbcasp3 may be the variant B of caspases 3 in
rock bream. In addition, clustering pattern indicated that caspase 3 from southern house
mosquito and pacific white shrimp share a common ancestor, supporting the close

evolutionary relationship of caspase 3 in insects and crustaceans.

Our computational-based attempt to determine the tertiary structure of rock bream pro-
caspase 3 (Fig.19) generated the distinctive caspase 3 structure, with regard to the known
large and small domains of human caspase 3 (Fernandes-Ainmeri etal, 1994). As described
in the results section, the 3D model was comprised of corresponding [-sheets, a-helices,
and extra loops with respect to the relevant positions, corroborating the existence of the

novel rock bream pro-caspase 3.

Caspases are known to be active as tetramers, consisting of large and small subunit
heterodimers, after proteolysis. Furthermore this proteolysis can be occurred through auto
activation, transactivation or by other proteinases. However in previous studies, it was
demonstrated that caspases can show low, but detectable activity as non-processed pro-
enzymes (Wolf and Green et al, 1999) According to the SDS-PAGE analysis, purified
rRbcasp3 was appeared as a single band, directing us to conclude that after purification the

recombinant caspases 3 has not been auto-processed.

The hydrolyzing activity assay with rRbcasp3 fusion protein showed a substantial activity
relative to the control MBP, against the mammalian caspase 3/7-specific substrate, DEVD-
pNA (Fig. 21). This finding indicated that Rbcasp3 harbors the typical biochemical
property of caspase 3, affirming the functional similarly of Rbcasp3 with known members
of the caspase 3 subfamily. Moreover, compared to the activity detected against caspases 9

(LEHD-pNA) and caspase 8 substrate (IETD-pNA), Rbcasp3 exerted a noticeable
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specificity against caspase 3/7 substrate, DEVD-pNA (Fig. 21). However, low but
detectable activity; exerted by Rbcasp3 against non caspases 3/7 substrates may be
attributed with multi-substrate tolerable property of caspases 3 molecules, in certain

extend (Fang et al, 2006).

According to the gRT-PCR analyses, caspase 3 transcription was detectable in every rock
bream tissue tested, to varying degree (Fig. 22). The highest expression level was detected
in blood, whereas the lowest was detected in muscle. This pattern was in agreement with
that shown in a previous study of caspase 3 in large yellow croaker (Li et al, 2011).
Similarly, the rock bream expression pattern was consistent with that in sea bass, whereby
moderately higher transcription level was observed in heart and relatively low levels were
detected in spleen, intestine, and head kidney (Reis et al, 2007). However, in rock bream,
the second most abundant expression of caspase 3 was detected in liver, which is a potent
immune-related organ involved in host defense (Seki et al, 2000; Sheth et al, 2001),
although it was found to be much lower in sea bass and large yellow croaker (Li et al,
2011; Reis et al, 2007). In mammalian tissues, caspase 3 mRNA expression is more or less
compatible with the expression patterns reported for fish. Evaluation of mMRNA expression
of rat caspase 3 exhibited an omnipresent expression in every tissue tested, with
remarkably predominant levels in spleen, kidney, thymus and lung (Juan et al, 1996).
Moreover, mouse caspase 3 transcription was abundantly detected in spleen, but scarcely
detected in brain, lung, liver, and kidney (Juan et al, 1996). Hence, the ubiquitous
expression of caspase 3 mRNA in various immune-related tissues of different organisms

supports the notion that caspase 3 can play a significant role in host immunity.

In order to investigate the potential of apoptosis in rock bream liver tissues as an immune-

related responses to viral and bacterial infections, Rbcasp3 gene expression was evaluated
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by gRT-PCR during challenges with E. tarda, a gram-negative bacteria, and LPS, a well-
characterized endotoxin in the cell wall of gram-negative bacteria as well as with
iridovirus, a virulent pathogen for rock bream, and poly I:C, a pathogen-associated
molecular pattern (PAMP) that emulates the double-stranded viral DNA. The
transcriptional response to E. tarda challenge revealed that Rbcasp3 is a candidate gene for
bacterial induction. At all the time points between 3 h and 48 h post-injection, Rbcasp3
was significantly up-regulated reaching its peak at 48h (Fig. 23A). This observation is in
agreement with the induction pattern reported for sea bass upon phdp stimulation (Reis et
al, 2007) and that detected during trivalent bacterial vaccine challenge in large yellow
croaker (Li et al, 2011). However, in our LPS challenge, significant Rbcasp3 up-regulation
was only noticed at two time points: 12 h and 24 h post-injection, which would be
considered late-responses, as compared to E. tarda induction. This may due to the
different forms of the bacterial stimulants used in both experiments. Since E. tarda is a
live pathogenic bacterium, it can instigate a relatively strong immune response, as
compared to LPS injection, which is a nonliving chemical component isolated from the
bacterial cell wall. According to the viral challenges, Rbcasp3 exhibited significant up-
regulation in response to both poly I:C and iridovirus. The poly I:.C elicited a rapid
response (3 h and 6 h post-injection) (Fig. 23B). The difference in the above two responses
may be attributed to the different PAMP markers inducing corresponding receptors on the
host immune cells. Altogether, these results suggest that temporal transcriptional
modulations of caspase 3 in rock bream, involved in apoptotic cascade, can be triggered by

bacterial and viral infections.

In summary, the full-length cDNA and the genomic DNA sequences of rock bream
caspase 3 gene were identified from the previously established cDNA and genomic DNA

libraries, respectively. Structural and functional characterization was carried out, along
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with analyzed of the transcriptional variations in healthy and immune-challenged fish.
Phylogenetic analysis revealed the prominent evolutionary relationships of Rbcasp3 with
other vertebrate species, especially with fish. Bioinformatics analysis of the predicted
promoter region provided initial insights into the regulatory factors of Rbcasp3 expression.
Moreover, recombinant caspase 3 protein displayed protease properties against its specific
substrate, substantiating its functional viability. The immune response of Rbcasp3 gene
expression upon viral and bacterial challenges provided evidence of the involvement of
caspase 3 in viral and bacterial defense in rock bream. Future research investigating the
dynamic contribution of caspase 3 in rock bream may help to solve the pathogenic threat

on the fish.
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