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Summary

Apoptosis is one type of programed cell death and regulates the biological process
including development, homeostasis and immune response. According to previous studies,
apoptosis found to play important role in clearance of harmful cells or pathogens such
as virus. Moreover, to protect the spread of pathogens after infection, apoptosis is
activated by various immune signaling pathways through triggering cell death cascades.

Caspase as cysteine aspartate specific proteinases play an essential role in apoptotic
signaling. Among the caspases, caspase-8 is an initiator caspase in extrinsic pathway and
activates the caspase-3 to execute apoptosis.

In this study, Rfcasp3 and Rfcasp8 were identified from cDNA library of black
rockfish using NCBI BLAST. The confirmed full-length cDNA sequences of Rfcasp3 and
Rfcasp8 were analyzed and phylogenetic analysis was performed to determine the
evolutionary position among other counterparts. To investigate the expression pattern,
Rfcasp3 and Rfcasp8 was performed using quantitative real time PCR (qRT-PCR) from
black rockfish tissues including blood cell, liver, gill, muscle, kidney, skin, heart, head
kidney, spleen, intestine. Moreover, after injection of immune stimulants with poly LC
and LPS, the expression of Rfcasp3 and Rfcasp8 was measured at 0, 3, 6, 12, 24, 48, 72
h post injection. PBS treated groups was used as a control

In order to measure the substrate-specific hydrolyzing activity of recombinant Rfcasp3
protein, Rfcasp3 open reading frame (ORF) without the coding region for pro-domain
was cloned into pMal-c2x vector and transformed into £. coli BI21 (DE3). Recombinant
Rfcasp3 fusion protein was overexpressed by IPTG induction and purified using pMal-c2x
system. Moreover, the effect of temperature and protein concentration in substrate-
specific hydrolyzing activity was examined.

The full-length cDNA sequence of Rfcap3 (2224bp) and Rfcasp8 (2467bp) from black
rockfish were consisted of 846bp and 1473bp ORFs, encoding 282bp and 491 amino acid

\Y



residues, respectively. Furthermore, the calculated molecular masses of Rfcasp3 and
Rfcasp8 were 33.03 and 55.26 kDa, and estimated isoelectric points of Rfcasp3 and
Rfcasp8 were 5.77 and 5.46, respectively.

Pairwise sequence alignment analysis revealed that Rfcasp3 and Rfcasp8 share
eminent identity and similarity to relevant counterparts of rock bream (Oplegnathus
fasciatus). Rfcasp3 and Rfcasp8 also contained characteristic caspase domain architecture
including large and small subunits. On the other hand, Rfcasp3 had comparatively short
pro-domain and Rfcasp8 harbored two death effector domains (DED). Phylogenetic
analysis showed that Rfcasp3 was more close to european seabass (Dicentrarchus labrax)
counterpart and Rfcasp8 has grater evolutionarily relationship to the similitude of three-
spined stickleback (Gasterosteus aculeatus).

Rfcasp3 and Rfcasp8 demonstrated the ubiquitous expression in tissues examined, from
heathy fish and the highest expression level was detected in blood cells. After injection
with immune stimulant such as poly IC and LPS, the expression of both genes were
significantly up-regulated in blood.

Purified recombinant Rfcasp3 fusion protein was used to investigate the Hydrolyzing
activity assay against caspase-3/7 specific substrate (DEVD-pNA) and caspase-9 specific
substrate (LEHD-pNA). Recombinant fusion protein exhibited a noticeable substrate-
specific hydrolyzing activity toward DEVD-gNA. Moreover, in accordance with protein
concentration, hydrolyzing activity increased in dose-dependent manner. Among the
different temperature, highest hydrolyzing activity was detected at 37°C. On the other
hand, least hydrolyzing activity was reported at 10C.

This study revealed the identification and molecular characterization of caspase-3
and caspase-8 from black rockfish and investigation of functional properties of RbCasp3
through deciphering its protease activity. Their expressional modulation under immune
response with poly I:C and LPS was determined in blood. Collectively, our findings in
this study hints on the putative role of RfCasp3 and 8 related to immune responses of

black rockfish.
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INTRODUCTION

Apoptosis in host immune defense

Apoptosis can be basically characterized by prominently detectable morphological
changes in cells, such as cell shrinkage, apoptotic body formation and chromatin condensation
(Broker et al., 2005). It can involve in regulation of biological functions in immune cells,
including maturation and homeostasis (Krammer, 2000). Moreover, apoptosis helps to
eliminate excess or damaged cells to maintain tissue homeostasis (Jacobson et al., 1997). In
this regard, apoptosis can particularly involve in elimination of potentially harmful cells such
as pathogen infected cells from host organisms (Sun and Shi, 2001; White and Steller, 1995),
playing a significant role in cellular immunity as an immune response against pathogenic
infections. Pathogen infections, particularly mounted by microbes including virus are known
to trigger apoptosis through different mechanisms; such as elevation of the production of
pore-forming proteins and molecules directs the endogenous death machinery in the damaged
or infected cell (Everett and McFadden, 1999; Weinrauch and Zychlinsky, 1999). Apoptosis
signaling can be initiated through basically two different pathways, designated as intrinsic and
extrinsic pathways, from which intrinsic one is triggered by release of cytochrome c from the
mitochondria whereas extrinsic one is driven by a death receptor mediated signaling cascade
(Ashkenazi and Dixit, 1998; Hengartner, 2000). There is an additional pathway that involves
T-cell mediated cytotoxicity and perforin/granzyme dependent killing of the cell. The
perforin/granzyme pathway can induce apoptosis via either granzyme B or granzyme A
(Elmore, 2007). Apoptotic signaling is known to be a highly conserved feature among wide
array of taxonomic levels comprising common signaling molecules, such as BCL family

members, caspases, tumor necrosis factors (TNF) and Inhibitor of apoptosis (IAP) family

1



proteins, being thoroughly interconnected with other cell signaling pathways (Danial and

Korsmeyer, 2004).
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Fig.1. lllustration of two main apoptotic death cascades with their corresponding molecules
partaking in.

Caspases in apoptotic death cascades

Caspases are cysteine aspartate specific proteinases; predominantly involve in cellular

apoptotic cascades (Nicholson, 1999). Nearly thirteen caspases have been identified from

mammals to date and categorized into two main groups, namely ‘inflammatory caspases’

(caspase 1,4,5,11,12 and 14) and ‘apoptotic caspases’ (caspase 2, 3, 6, 7, 8, 9 and 10), based

on their basic function in the cells (Earnshaw et al., 1999). Caspases are synthesized as



inactive proenzymes (zymogenes) in preapoptotic cells. However, when the external or
internal stimulus triggers apoptotic cascade in the cells, caspases can be activated by
proteolytic cleavage on the c-terminal side of highly conserved aspartic acid residues,
separating the protein into large and small subunits which in turn can form the active mature
protein (Fuentes-Prior and Salvesen, 2004). Apoptotic caspases can be further divided into
two classes; initiator caspases (caspase 8, 9, 10) and effector, also known as executioner
caspases (caspase 3, 6 or 7). At the upstream of death cascades, initiator caspases can activate
the zymogens of effector caspases to function at the downstream, eliciting apoptosis of the
cell (Earnshaw et al., 1999; Schulze-Osthoff et al., 1998). However, according to the recent
studies, the conventional roles of effector and initiator caspases are found to be debatable,
since some effector caspases such as caspase 6 were shown to activate so called initiators ( e.g.

caspase 8) of the death cascade (Cowling and Downward, 2002; Monnier et al., 2011).

Procaspase Zymogen (32-56kDa)

=== ———
Prodomain Large Subunit Small Subunit
2-32kDa) (17<21kDa) (10-13kDa)
—
[ e——

Active Caspase Tetramer

Fig.2. Caspases are expressed as inactive zymogens and activated by specific cleavage to

form active tetramers

Caspase 3 and 8 in death cascades

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). It acts as a molecular hub of caspase
depended apoptosis, since each of the trigged death signaling pathways are ultimately
mediated by caspase 3 to initiate its executioner phase. 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 towards death (Cohen, 1997).
Caspase 8 is an initiator caspase partake in up-stream of Fas, TNFR,1 and related TNF
superfamily members driven death cascade pathways (Lawen, 2003). In general caspase-8
contains several main conservative structures including two death effector domains (DEDs) at
N-terminal, P20 large subunit harboring the caspase family cysteine active site (Fan et al.,
2005) and P10 small subunit (Boldin et al., 1996; Elmore, 2007; Muzio et al., 1996; Nakajima
et al., 2000). Upon activation caspase 8 can activate pro-caspase 3 or 7 to execute apoptosis in
cells. On the other hand, caspase 8 also involve in indirect pathway of eliciting apoptosis
through cleavage and activation of BID (Luo et al., 1998). Activated BID can translocate into
mitochondria and induce the release of cytochrome c to the cytosol, which in turn activate

Apaf-1/caspase 9 apoptosome.

D S19..D S* lD!75 S..D D8 276
Caspase-3 1 148 - 297 318 402

Fig. 3. Domain architecture of human caspase 3 and 7 boxes labeled as L and s represent

large and small subunits, respectively.



Teleostan caspases

Different initiator as well as executioner phase caspase countparts was identified and
characterized from several numbers of fish species, to date. Caspase 3 was identified and
characterized at molecular level from European sea bass, bass Dicentrarchus labrax, zebrafish
Danio rerio, large yellow croaker Pseudosciaena crocea, Atlantic salmon Salmo salar and
Rock bream Oplegnathus fasciatus (Elvitigala et al., 2012; Li et al., 2011; Takle et al., 2006;
Yabu et al., 2001; Yamashita et al., 2008) revealing their cysteine-aspartate specific protease
activity and its activity or expressional modulation under pathogenic stress. Moreover, some
homologues of vertebrate initiator caspases were also identified from teleostan origin caspase
8 from European sea bass (Reis et al., 2010) and Japanese medaka Oryzias latipes (Sakamaki
et al., 2007); caspase 9 from large yellow croaker (Mu et al., 2010) and caspase 10 from olive
flounder Paralichthys olivaceus (Kurobe et al., 2007) and snakehead murrel Channa striatus
(Arockiaraj et al., 2013). Those studies provide evidence for the importance of respective
caspase counterparts for the mediation of apoptotic death cascade and its expressional

modulation by apoptogenic signals including pathogen infection.

Black rock fish farming in Asian mariculture industry and its challenges

Currently, mariculture farming is considered as a productive way of increasing marine fish
and shellfish production in most parts of the world, including Asia. Therein, fish or shellfish
species are intensively cultured with high density either in an enclosed section of ocean or in
tanks, filled with seawater. Therefore, these are more susceptible for the environmental stress

factors including stress arise due to pathogen infections, which can negatively affect their



survival and growth. Moreover, oxidative stress conditions in these species can suppress their
immunity and in turn make them more vulnerable to the infections.

Black rockfish (Sebastes schlegelii) is a highly demanded delicacy in most parts of the
world especially in Asia Pacific region including Korea and Japan, where fish were
intensively cultured by mariculture farming. Approximately around 27000 tons are produced
annually accounting for ~ 30 % of total cultured finfish in Korea. However, mass mortalities
of this fish were encountered recently due to the combination of bacteria, viral and parasitic
infections, resulting in an ample level of economic loss. As reported, rockfish are basically
susceptible for infections mounted by Hirame Rhabdovirus (Kimura et al., 1989), as well as
red sea bream iridovirus, Monogenean infestation caused by the parasites, Microcotyle
sebastis and Bivagina tai (Park, 2009) along with streptococcosis caused by Lactococcus
garvieae (Kang et al., 2004). Thus, gaining insights into its pathophysiology at molecular
level is an important approach to raise them with more disease tolerant properties, using

modern molecular techniques.

Aims and objectives of the study

The current study is focused on identification and molecularly characterization of two
caspase counterparts (caspase 3 and caspase 8) from black rock fish, investigating their
putative functional properties in apoptotic death cascade, further exploring its tentative role in
host immune defense machinery through analyzing the expressional modulation under
pathogen stress. We hope that our primary evidences may helpful in designing disease

resistance strategies against current pathogenic threats, using molecular techniques.



Chapter |

Molecular characterization of caspase-3 from black rockfish (Sebastes

schlegelii); protease activity and mRNA expression upon poly I:C and LPS

1. ABSTRACT

Caspase-3 plays an important role as main mediator of apoptosis in extrinsic pathway of cell
death signaling. In this study, we describe the molecular characterization of caspase 3
homologue from black rockfish Sebastes schlegelii (Rfcasp3) with its transcriptional
responses against pathogen stress and detectable protease activity. Open reading frame of
Rfcasp3 encodes a 282 amino acid residues with a calculated molecular mass of 31.03 kDa
and isoelectric point of 5.77. The deduced amino acid sequence contained the characteristic
caspase-3 features including pro-domain, large and small subunits, active-site penta-peptide
motif and protein binding domain. Pairwise sequence alignment revealed that Rfcasp3 has the
greatest identity (87.3%) to O. fasciatus caspase-3. Transcriptional analysis showed that
Rfcasp3 was ubiquitously expressed in various tissues/cells of rockfish with the greatest level
in the blood cells. Significant Immune-modulation of Rfcasp3 transcription was detected in
blood after injection with different stimuli by quantitative real-time PCR. Recombinant fusion
protein of Rfcasp3 except pro-domain was over-expressed in Escherichia coli and showed the
detectable hydrolyzing activity toward the mammalian caspase 3/7 specific substrate DEVD-
pNA. Therefore, we can claim that the Rfcasp3 may act as a cysteine-aspartate protease in

Black rockfish and actively involved in apoptosis triggering as an immune response.
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2. MATERIALS AND METHODS

2.1. Black rockfish cDNA library construction

A black rockfish 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). The Black rockfish cDNA sequence database was formerly constructed
by principle of pyrosequencing on the Roche 454 Genome Sequencer FLX technique (GS-
FLX) (Mardis, 2008). Concisely, twelve black rockfishes (~100 g) were challenged with
immune stimulation on Edwardsiella tarda (10 CFU/fish), Streptococcus iniae (107
CFU/fish), lipopolysaccharide (LPS, 1.5 mg/fish), polyinosinic:polycytidylic acid (poly
I:C,1.5 mg/fish). The total RNA was isolated from liver, head kidney, spleen, blood, gill and
intestine using the QlAzol® (Qiagen, USA) and purified using an RNeasy Mini kit (Qiagen,
USA). The purified RNA was verified by measuring the RNA integrity number (RIN) with
Agilent 2100 Bioanalyzer (Agilent Technologies, Canada). The RIN was confirmed with 7.1.

Thereafter, cDNA library was constructed using fragmented RNA (average size-1147bp).

2.2. Sequence characterization and phylogenetic analysis of Rfcasp3

The Rfcasp3 full-length cDNA sequence was analyzed using Basic Local Alignment Tool
(BLAST) algorithm. The open reading frame (ORF) of Rfcasp3 and deduced amino acid were
carried out by DNAssist (Version 2.2). Conserved domain and motifs were predicted by
ExPaSy PROSITE database (http://prosite.expasy.org/). Molecular weight (MW) and
isoelectric ~ point  (pl) were determined using ExPaSy  ProtParam  tool
(http://web.expasy.org/protparam). The pairwise and multiple sequence alignments were

performed by MatGat (2.02) and ClustalW (http://www.ebi.ac.uk/Tools/msa/clustalw2/),
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respectively. Phylogenetic tree was constructed using Molecular Evolutionary Genetics

Analysis (MAGA 6.0) software (Tamura et al., 2013) and Neighbor-joining (NJ) method.

2.3. Experimental fish and tissue sampling

Healthy fish were obtained from aquariums at the Marine Science Institute of Jeju
National University, Jeju Self Governing Province, Republic of Korea, and were acclimated in
400 L laboratory aquarium tanks filled with aerated seawater at 21-22 °C. In order to
investigate the Rfcasp3 expression, five healthy fish with average body weight of 200 g were
sacrificed for tissue sampling. Blood samples (~1ml/fish) also were collected from each fish
using sterile syringes coated with 0.2% heparin sodium salt (USB, USA). Blood cells were
directly separated by centrifugation at 3000 x g for 10 min at 4 °C. The tissues including head
kidney, spleen, liver, gill, intestine, kidney, muscle, skin, heart were isolated. All tissue

samples were snap frozen in liquid nitrogen and were stored at -80°C until RNA isolation.

2.4. Immune challenge experiment of black rockfish

In order to analyze the immune responses of Rfcasp3 upon immune stimulants, the gram
negative bacterial endotoxin LPS (E. coli 0127:B8; Sigma-Aldrich, USA) and double-
stranded RNA viral derivative poly I:C (Sigma, St. Louis, MO, USA) were resuspended in 1
X phosphate buffered saline (PBS) prior to injection. Each black rockfish was administered a
single intraperitoneal injection of 200 puL LPS (1.25 pg/uL) or poly I:C (1.5 pg/uL). Control
group was injected with equal volume (200uL) of PBS. From the immune-challenge group
and corresponding control group, five individuals in each group were sampled at 3, 6, 9, 12,

24, 48 and 72 h post injection, as described in Section 2.3



2.5. RNA isolation and cDNA synthesis

Total RNA was isolated by QlAzol® (Qiagen, USA) from a pool of tissue samples (~40
mg from each fish) according to manufacturer's protocol. The concentration of RNA was
determined p-Drop Plate (Thermo Scientific, USA) and RNA quality was confirmed by 1.5%
agarose gel electrophoresis. 2.5 ng of RNA were used to synthesize the first strand cDNA by
the PrimeScript™ II 1st strand cDNA Synthesis Kit (TaKaRa, Japan) following the

manufacturer's instruction. Finally, the cDNA samples were diluted 40-fold and were stored at

-80°C until further experiments.

2.6. Rfcasp3 expression analysis by real-time PCR (QRT-PCR)

To determine the immune modulation of Rfcasp3 in challenge experiment, gRT-PCR was
performed using the Dice™ Real time system thermal cycler (TP800; TaKaRa, Japan)
according to MIQE guidelines (Bustin et al., 2009). Previously synthesized cDNA was used
as template for qRT-PCR with gene-specific primers (Table 1). The qRT-PCR was carried out
in 10 uL total volume containing 3 uL of diluted cDNA from each tissue, 5 uL of 2x TaKaRa
ExTaq™ SYBR premix, 1 puL of each primer. Amplification conditions were as follows: one
cycle of 95°C for 30s, followed by 35 cycles of 95°C for 5s, 58 °C for 10s, 72 °C for 20 s, and
a final single cycle of 95 °C for 15 s, 60 °C for 30 s and 95 °C for 15 s. All experiments were
performed in triplicate. The baseline was automatically set by the Dice™ Real Time System
software (version 2.00). The black rockfish elongation factor 1a (RfEF1A) gene was used as
internal reference gene (GenBank ID: KF430623). The relative expression levels of Rfcasp3
were performed by Livak (2722¢T) method. All data was presented as the mean + standard

deviation (SD). In the immune challenge experiment, the relative expression levels of Rfcasp3
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were normalized to the corresponding PBS-injected controls at each time point. The relative
MRNA level in un-injected control (0 h) was considered as baseline reference. Statistical
analysis between the un-injected control and immune-stimulated groups was performed by a
two tailed un-paired Student's t-test. P-values of less than 0.05 were determined to indicate the

statistical significance.

2.7. Over-expression and purification of recombinant Rfcasp3 fusion protein

To purify the recombinant Rfcasp3 except pro-domain, the primer sets of Rfcasp3 were
designed with restriction enzyme site for EcoRI and Hindlll, respectively (Table 1). The
Rfcasp3 sequence encoding 39-282 amino acid residues was amplified using TaKaRa thermal
cycler. The PCR reaction was performed in a 50 pL volume including 50 ng of template, 20
pmol of each primer, 5 uL of 10 X Ex Taq Buffer, 4 uL of 2.5 mM dNTPs, and 5U of Ex Taq
polymerase (TaKaRa, Japan). The reaction conditions were as follows: one cycle of 94 °C for
3min; 35 cycles of 94 °C for 30 s, 58 °C for 20 s, 72 °C for 40 s; and final extension at 72 °C
for 5min. The amplified PCR product and pMal-c2x vector were digested with each restriction
enzyme and ligated using mighty Mix (TaKaRa, Japan) at 16°C for 30min followed by
incubation at 4°C overnight. The ligated pMal-c2x/Rfcasp3 product was transformed into
Escherichia coli DH5a and sequenced. The sequence confirmed recombinant pMal-
c2x/Rfcasp3 was transformed into E. coli BL21 (DE3). The Rfcasp3 fusion protein was
overexpressed using isopropyl-p-galactopyranoside (IPTG, 0.5mM final concentration) at
20 °C for 8 h. The induced E. coli BL21 (DE3) cells were harvested by centrifugation 3500
RPM for 30min at 4 °C. The harvested cells were resuspended in 20 mL of column buffer (20
mM Tris—HCI pH 7.4 and 200 mM NaCl) and stored at -20 °C. After thawing and sonicating,
the protein was purified using pMAL™ Protein Fusion and Purification System (New
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England Biolabs, UK). The purified protein was eluted with elution buffer (10 mM maltose +
column buffer) and the Bradford method (Bradford, 1976) was used to measure the
concentration of purified Rfcasp3 protein. The Rfcasp3 samples obtained at different
purification steps was analyzed by SDS-PAGE, using 12% gel under reduced conditions, with
standard molecular weight marker (Enzynomics, Korea). The 0.05% Coomassie R-250 was

used to stain the gel, followed by a standard destining procedure.

2.8. Hydrolyzing activity assay of Rfcasp3

To characterize the purified Rfcasp3, hydrolyzing activity was performed using caspase-3
activity kit (Bio Vision, USA) according to manufacturer’s protocol. Briefly, the 25 pL of
purified protein (0.83 pg/uL) was mixed with 25 pL of column buffer, 50 uL of 2x reaction
buffer and 5 puL of 4mM caspase3/7 specific substrate (DEVD-pNA). After incubation at 37°C
for 2 h, the color generated by para nitroaniline (pNA) was measured using a
spectrophotometer at 405nm. In other to evaluate the substrate specific activity of Rfcasp3,
caspase-3 specific substrate (DEVD-pNA) and caspase 8 specific substrate (LEHD-pNA),
(Bio Vision, USA) was used. The effect of temperature and concentration in the hydrolyzing
activity was also investigated. The purified protein in the concentration range of 0-391.86
ug/mL and temperature from 10°C to 50°C were used to analyze the activity at corresponding
protein concentration or temperature. The Maltose binding protein (MBP) control was used to
determine the effect of fusion protein on the activity assay of Rfcasp3. All assays both fusion
protein and MBP were carried out with three replicates. The hydrolyzing activities were

expressed as the mean absorbance values.
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Table.1. Primer set used in this study on Rfcasp3

Name Purpose Sequence(5'—3")
Rfcasp3-Fl1 qRT-PCR of Rfcasp3 GCATTGAAGCCGACAGTGGAGATG
Rfcasp3-R1 qRT-PCR of Rfcasp3 TGCATGAACCAGGACCCAGTCATA
Rfcasp3-F2 ORF amplification of Rfcasp3 (without pro-domain) GAGAGAGAATTCGTGATGGGCCACAGCAGCTTCAGATACA
Rfcasp3-R2 ORF amplification of Rfcasp3 (without pro-domain) GAGAGAAAGCTTCTAAAATAATTCTCCGTACACATCCTCAGCCT
RFEF1a-F qRT-PCR for black rockfish RF1a AACCTGACCACTGAGGTGAAGTCTG
RFEF1a-R qRT-PCR for black rockfish RFla TCCTTGACGGACACGTTCTTGATGTT

13



3. RESULTS

3.1. Molecular characterization of Rfcasp3

Rfcasp3 was identified and characterized from black rockfish cDNA sequence database
using NCBI-BLAST program. The full-length cDNA sequence of Rfcasp3 from black
rockfish consists of 2224 bp that contained an open reading frame (ORF) of 846 bp encoding
282 amino acids, a 33bp 5'-untranslated region (5'-UTR) and a 1345 bp 3'-untranslated region
(3'-UTR). Furthermore, the predicted molecular mass and isoelectric point of Rfcasp3 were
31.03 kDa and 5.77, respectively. Two polyadenylation signals (*BAATAAADPS
22IAATAAA?2) and four RNA instability motifs (MZBATTTANS2 SIATTTADS
LBATTTAL® 204ATTTAZ4®) were identified in 3' UTR. The characteristic caspase
domains were identified in predicted Rfcasp3 amino acid sequence such as a putative pro-
domain (Met! to Asp®¥), a large subunit (P20, Ser®! to Asp’®) and small subunit (P10, Cys'8®
to Pro?®?). Moreover, catalytic center (Cys!’t, His'?°, Gly'*®°), binding pocket (Arg’?, GIn'®,
Arg?3, Ser?®), active-site penta-peptide motif (***QACRG"®) and protein binding domain

(*YGSWFI%2Y) were also presented within the large subunit and small subunit, respectively.
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TTACACTGTGTGGTTAATTATCTGATCAGAAAT -1
ATGTCGGCAACATGCCTGRAGAAGACCGCACAGACGCAAAGAGCGGCGATGGACTACAGTCAGAGTTGTCTTTG 75
¥—S—A—N—M—P—G—FE—D—R—T—D—A—K—S—G—D—6—L—Q—S—E—L—S—L— 2§
TCTGCTTCTGG BAGGTGGATGCCAAGCCCAGCGGCCACAGCAGCTTCAGATACAGECTGAGTTTCCCC 150
§AS G S MEVD A KPS GI-SST R Y S LS TP 50
AGCATCGGCCAGTGCATCATCA! SAACTTTGACAGAAGAACAGGCATGAATCAACGAAACGGTACA 225
§—I1—6—0—C—T—T—I—N—N—K—N—F—D—R—R—T—G—¥—N—Q—R—N—G—T— 75
GATGTAGACGCAGCAAACGCGGTGAAAGTGTTTGGGAAGTTGGGCTATAAAGTGAAGATTTACAACGACCAGTCA 300
D—V—D—A—A—N—A—V—K—V—F—6—K—L—G—Y—K—V—K—T—Y—N—D—0—S— 100
GTCGAGCAGATGAAACAGGTTTTAATTTCTGCGTCAAAGGACGATCACAGCTGCTACGCCTCATTCGTCTGEGTT 375
V—E—Q—N—K—G—V—L—I—S—4—S—K—D—D—H—S—C—V—A—S—F—V—C—V— 123
CTGTTGAGTCACGGAGACGAGGGTGTGTTCTTCGE TACGGACGGCTCAGTAGAGCTCAAGTATCTGACATCACTT 450
L—L—S—H—6—D—E—6—V—F—F—6—T—D—6—5—V—F—L—K—Y—L—T—S—L— 150
TTTCGAGGCGA AMATCACTGETGGGAMGCCCAAACTCTTCTTCATCCAGGCTTGCAGAGGCACTGAT 525
F—R—G—D—R—C—K—S—L—V—G—K—P—K—L—F—F—I—0—A—C—R—G—T—D— 175
CTGEATGGAGGCATTGAAGCCGACAGTGGAGAT ACTACCAAGATCCCTGTGGAAGCTGACTTCCTCTAT 600
L—D—G—6—T—F—A—D—S—G—D—D—C—T—T—K—I—P—V—E—A—D—F—L—¥— 200
GCCTTTTCCACAGCCCCAGGCTACTACTCATGGAGGAACACTATGACTGGGTCCTGGTTCATGCAGTCACTGTGT 675
A—F—S—T—A—P—G—Y—Y—S—H—R—N—T—¥—T—6—S—¥—F—M—Q—S—L—C— 225
GACATGATCAGCAAATATGGAAATGAATTGGAGCTCCTGCACATCATGACTCGAGTGAACCACAAGGTGGCAGTA 76O
D—H—T—S—K—¥—6—N—F—L—E—L—L—H—T—M—T—R—V—N—H—K—V—A—V— 250
CAGTTTGAGTCAGTCTCCAATTCACCAGGCTTTGATGCAAAGAAACAGATCCCATGCATTGTGTCAATGCTGACC 825

V8§ M—L-T— 275

900

282

975

1050

1125

ATG? 1200
AAG 1275
CCAGTTTGTTGGGAAGTTTGACCTTCTATATTTGTTTAATAATCATGAAMCCATAGATGGTCTTTCTGCATCAGC 1350
GTTTTTATGAGTCAGCAGTTTATTATAAGTTGAGTGTCTGTGAAGGGATCATGTGTCATTTCTGTGCCTGTTTTT 1425
TTCTTTTCTTTACATCCGTGTTATCTTTGTTCACTATTGAGTCAGTGTAGTGACTAATAACATGAAGGATGCACA 1500
AACARAMTAATCAATCATT TALTGAAATATTACCTGATGACCTCAGGAGG TATAATAMGGATAATGTTGTGTA 1575
GCAARTCCAGGAACA STGTTCTGTTGGTTTTAATGTTTTCCATTTICTAAMAATGGATT 1650
TCITTC ; STCCTCATATGAGTCTGTGTCAGGCTTCATAGCATGCATTAGTAATGA 1725
CAGCCCTCTTGCTTTTATTTGAGGCACATTTCCATACT TGAACACAAGTTTACATTTCATATCATGTATTTCTTG 1800
TGGETTTTTAAMTATAAMACGGCAMTAGGACGCCTTTTCACTTTTACTTTTTCACTTAGCTTTAATATTTCTCC 1875
TTAAMACATTTCCAATGGACTGTTGTGGAACTGTGAGTCAAACCTTTACATGTAACTATCAGCATTGAGTGATTT 1950

ATTACAGACAAAGCACAATTTGATTG TGATCCAGTTGCTGAGTAAATATTTCAAT) CAGCAAACTA 2025

STATGACAATCCAGTTTGCATGTCATGTCAATATATTACAC 2100
TTTGTGGCTTTTTTTATCATCACTATTTTGTAAGCAGTGGTACTGTGAGGTTGGTGTAATGTTTCTCCTGATAAA 2195
TAAAMAACCACTTTTC 2191

Fig.4. The full-length cDNA nucleotide sequence and deduced amino acid of Rfcasp3 from
black rockfish. The start codon (ATG) and stop codon (TAA) are indicated by bold. Three
RNA instability motif (ATTTA) are depicted by box. Two polyadenylation signal sequence

(AATAAA) are emphasized in underline.
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Fig.5. Multiple alignment of Rfcasp3 with other caspase-3 family member amino acid
sequences by ClustalW method. The putative cleavage sites at aspartic acid residues are
indicated by pink shading. Catalytic center and binding pocket are highlighted by blue
shading. Active-site penta-peptide motif and protein binding domain are boxed by yellow
color. Conserved and similar amino acid residues are shaded by dark and gray, respectively.

The pro-domain, large and small subunits are indicated.
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Pairwise sequence alignment revealed that Rfcasp3 had the degree of identity range from
87.3% to 51%. O. fasciatus showed the highest identity (87.3%) and similarity (91.9%). In
contrast, Xenopus laevis had lowest identity (51%) and similarity (65.2%) with it (Table 2)

To compare the evolutionary position of Rfcasp3 with the other species, a phylogenetic tree
was build using MEGA-5 software using selected counterparts from mammals, amphibians,
birds and fish, picked from GenBank database (http://www.ncbi.nlm.nih.gov/genbank/). The
result showed that the phylogenetic tree clustered into two different subclades (fish and non-
fish vertebrates) with other caspase-3 counterparts. Furthermore, Rfcasp3 shows a most

evolutional relationship with D. lavrax (caspase-3) (Fig. 6).

Table.2. Identity and similarity of Rfcasp3 gene with other caspase-3 counterparts

Gene name Species Taxonomy Genebank accession number  Identity%  Similarity%e
Caspase-3 Oplegnathus fasciatus Fish AFM09714 87.3 91.9
Caspase-3 Dicentrarchus labrax Fish ABC70996 85.1 91.8
Caspase-3 Miichthys miiuy Fish AHG06618 84.2 90.5
Caspase-3 Larimichthys crocea Fish ACJI65025 82.5 89.8
Caspase-3precursor  Salmo salar Fish ACNI11423 78.2 87.3
Caspase-3B Oryzias latipes Fish NP _001098168 773 86.9
Caspase-3 Danio rerio Fish BAB32409 71.5 83
Caspase-3B Salmo salar Fish AAY28972 643 809
Caspase-3 Gallus gallus Aves NP_990056 59.9 77
Caspase-3 Sus scrofa Mammalia NP_999296 58.5 74.5
Caspase-3 Mus musculus Mammalia AAH38825 58 73.4
Caspase-3 Homo sapiens Mammalia CAC88866 56.6 73.8
Caspase-3A Oryzias latipes Fish BAC00949 54.8 70.7
Caspase-3 Xenopus laevis Amphibia NP_001081225.1 51 65.2

17



100

68

66
44

86

100

— Caspase-3 Miichthys miiuy

Caspase-3 Oplegnathus fasciatus

—— Caspase-3 Larimichthys crocea

Caspase-3 Dicentrarchus labrax

@ Caspase-3 Sebastes schlegeli

Fish

74

Caspase-3 precursor Salmo salar

Caspase-3 Danio rerio

Caspase-3B Salmo salar

Caspase-3B Oryzias latipes

Caspase-3A Oryzias latipes |

87

95

0.05

100

92

Caspase-3 Xenopus laevis
Caspase-3 Gallus gallus
Caspase-3 Mus musculus
Caspase-3 Homo sapiens |Mammals

Caspase-3 Sus scrofa

Fig.6. Phylogenetic analysis of Rfcasp3 with capase-3 sequences from other species. The

phylogenetic tree was constructed by ClustalW and MEGA version 6.0 with 1,000 bootstrap

repeats and neighbor-joining method. Accession numbers of species was mentioned in Table 2.
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3.2. Tissue-specific expression of Rfcasp3

In other to investigate the mRNA expression of Rfcasp3 in the various tissues of healthy
black rockfish, qRT-PCR was performed using gene-specific primers designed from Rfcasp3
sequence. The relative expression of Rfcasp3 in several tissues was determined using RfEF1A
as a housekeeping gene and the results were compared with kidney expression level to
calculate the relative tissue-specific expression profile (Fig. 7). Rfcasp3 mRNA was
ubiquitously expressed in all tissues examined. Further analysis results showed that Rfcasp3
MRNA expression was higher in the blood, skin, intestine which were found to be 63-, 11.8-,

11.3-fold higher compared to that detected for kidney, respectively.
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Fig.7. Tissue specific expression analysis of Rfcasp3. The relative Rfcasp3 mRNA expression

in blood, skin, intestine, spleen, muscle, gill, heart, head kidney, liver and kidney was
measured using RfEF1A as the reference gene compared with kidney mRNA level. Error bars
represent the standard deviation (SD, n=3). The significant difference ((P<0.05)) are shown as
different letters. BL, blood cell; SK, skin; IT, intestine; SP, spleen; MS, muscle; GL, gill; HT,

heart; HK, head kidney; LV, liver; KD, kidney.

19



3.3. Transcriptional response of Rfcasp3 upon immune challenge

The expression patterns of Rfcasp3 upon the immune-stimulation such as LPS, poly I:C
were determined using gRT-PCR. The mRNA expression level of detected Rfcasp3 was
normalized to the RfEF1A as a reference and compared to the PBS-injected control
expression in each time point (Fig. 8) The mRNA expression of Rfcasp3 in blood cells was
significantly elevated after poly 1:C challenge experiment. The relative mRNA expression
level of Rfcasp3 was up-regulated at 6 h post treatment (p.t.) (1.6-fold) and then the
expression level was gradually decreased until 72 h p.t.. No significant difference of Rfcasp3
was observed at 3 h, 12 h, 24 h, 48 h and 72 h p.t. relative to to O h (Fig. 8A). After the LPS
challenge, the mRNA expression profile of Rfcasp3 also found to behave in similar pattern to
the outcomes of poly I:C immune-stimulation in blood cells. In the early phase, the significant
up-regulation of Rfcasp3 was observed at 3 h (1.5-fold), 6 h (1.6-fold) p.t. and down-
regulation was measured at 72h. After that no significant difference of Rfcasp3 was found

between challenge and control.
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Fig.8. The mRNA expression of Rfcasp3 in blood cell upon challenge experiment with (A)
poly I:C or (B) LPS. The mRNA expression of Rfcasp3 was calculated by 2724¢T method
using RfEF1A as the reference gene. The relative mMRNA level was compared with PBS-
injected control at each time point. Error bar represent the standard deviation (SD, n=3). The

differences are indicated with an asterisk (*) at P < 0.05.

21



3.4. Over-expression and purification of Rfcasp3

To investigate the hydrolyzing activity, Rfcasp3 excluding the pro-domain was cloned
into the pMal-c2X vector and the fusion protein with MBP was over-expressed in E. coli
BL21 (DE3) by IPTG induction. The purification of Rfcasp3 was performed by pMal
purification system. The molecular weight of purified recombinant Rfcasp3 protein was
visualized by SDS-PAGE and was ~69.6 kDa (MBP ~42.5 kDa) which agrees with deduced
protein size (27.1 kDa) of Rfcasp3 (Fig. 9).
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Fig.9. SDS-PAGE analysis of overexpressed and purified fusion protein of Rfcasp3. Columns
represent: 1, protein marker (Enzynomics, Korea); 2, total cellular extract from E.coli (DE3)
before IPTG induction; 3, crude protein of recombinant Rfcasp3; 4, elute recombinant

Rfcasp3-MBP protein after purification.
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3.5. Biochemical characterization of Rfcasp3

The specific activity of Rfcasp3 toward the caspase 3/7-specific synthetic substrate,
DEVD-pNA was confirmed (Fig. 10). Significant hydrolyzing activity of Rfcasp3 was
detected for DEVD-pNA (mean A400:- 0.9932). In contrast, relatively low activity of Rfcasp3
was detected against LEHD-pNA (mean A400:- 0.2229). To further understand the property
of Rfcasp3, the assay was performed under different conditions. Rfcasp3 demonstrated a
dose-dependent hydrolyzing activity which increases until 391.86 pg/mL of Rfcasp3. The
activity of Rfcasp3 toward DEVD-pNA was gradually increased until 37 °C and was
decreased at 50°C. The results suggest that the optimum temperature for hydrolyzing activity

of Rfcasp3 is around 37 °C.
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Fig.10. Hydrolyzing activity assay of Rfcasp3 under (A) specific substrate and the effect of (B)
temperature and (C) protein concentration on the activity of recombinant Rfcasp3 protein. The
substrate specific hydrolyzing activity against DEVD-pNA is measured by absorbance value
at 405nm. Hydrolyzing activity was calculated at different temperature (10-50 °C) and protein

concentration (0-393.56 pug/mL). Error bars represent the standard deviation (SD, n=3)
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4. Discussion

In this study, we investigated the identification and functional characterization of Rfcasp3
from black rockfish. The deduced amino acid sequence of Rfcasp3 contained the general
caspase domains such as pro-domain, large subunit and small subunit. Typically, caspases are
expressed as inactive pro-caspase (zymogen) and catalytically activated by proteolytic
processing of three domains. Finally, large and small subunits make up an active form of
caspase-3 as tetramers (Rupinder et al., 2007). The putative cleavage site (Asp®*and Asp*®®)
was also detected among pro-domain, large and small subunit. Furthermore, catalytic center
and binding pocket in S1 subside that are interacted with active site of caspase-3 were
identified (Li et al., 2011). Similarly, active-site penta-peptide motif and protein binding
domain were completely found in large and small subunits compared with other species
(Elvitigala et al., 2012).

Phylogenetic analysis of Rfcasp3 revealed that Rfcasp3 was closely located with caspase-
3B isoform from O. latipes, rather than caspase-3A isoform from O. latipes. Interestingly, we
can infer that cloned Rfcasp3 may be the variant B of caspase-3 in black rockfish.

Rfcasp3 mRNA was found to be universally expressed from healthy black rockfish, even
though the expression levels of Rfcasp3 was different in different tissues examined. The
previous studies indicated that caspase-3 from other species is also ubiquitously expressed. In
teleost, the sea bass (D. labrax) caspase-3 mMRNA was detected in all investigated tissues
including spleen, heart, liver, intestine, head kidney, thymus (Reis et al., 2007). Rock bream
(O. fasciatus) caspase-3 mMRNA was measured in all examined tissues including blood cells,
liver, brain, heart, spleen, head kidney, gill, intestine, kidney, skin, muscle (Elvitigala et al.,

2012). In mammals, Rat caspase-3 mMRNA was expressed in brain, heart, muscle, thymus,
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spleen, liver, kidney, testis and lung (Ruest et al., 2002). Moreover, the highest expression of
Rfcasp3 was mainly detected in blood cells. This result was in agreement in few fish species
including Rock bream O. fasciatus (Elvitigala et al., 2012) large yellow croaker (Li et al.,
2011). Therefore, we suggests that ubiquitous expression of Rfcasp3 may play an important
role in several biological process through apoptosis

In order to understand the transcriptional pattern of Rfcasp3 against immune-stimulants
with poly I:C and LPS, we investigated the mRNA expression level of Rfcasp3 from blood
cells of black rockfish. The blood contains immune related cells including macrophage,
neutrophil, non-specific cytotoxic cells. Among this immune related cells, non-specific
cytotoxic cells undertakes the regulation of apoptosis in innate immunity (Evans et al., 2001).
In accordance with poly I:C stimulation as the similar structure of double stranded RNA,
Rfcasp3 exhibited significant difference of expression at 6 h post injection. This finding was
in agreement with the similar pattern measured from rock bream upon the poly I:C challenge
experiment. LPS was known as n endotoxin of gram negative bacteria which was reported as
a powerful virulence factor of innate immunity in fish (Swain et al., 2008). The immune
response to LPS challenge revealed that the significant expression of Rfcasp3 was measured
at 3 and 6 h post-injection (Fig. 8). However, caspase-3 from rock bream was found to be
significantly up-regulated in liver tissue in response to challenge experiment with E. tarda and
LPS, and the highest expression of caspase-3 reached at the peak at 24 h and 48 h post-
injection (Elvitigala et al., 2012). During trivalent bacterial vaccine stimulation, caspase-3
from large yellow croaker was also found to be strongly up-regulated in kidney, and reached
at 48 h post injection (Li et al., 2011). This may be attributed to the difference of tissues in

both experiment. Clearance of bacteria was occurred by blood stream and then bacteria was
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normally collected in kidney (Ferguson et al., 1982). Therefore, these results suggest that
Rfcasp3 may involve in the early phase of innate immunity against LPS and poly I:.C
infections.

Hydrolyzing activity assay revealed that Rfcasp3 fusion protein have significant activity
relative to MBP control against the caspase 3/7 specific substrate, DEVD-pNA (Fig. 10).
These results indicates that Rfcasp3 potentially had a biological function of caspase-3 similar
to other known caspase-3 subfamily members. Furthermore, compared to caspase 8 specific
substrate and caspase-9 specific substrate, Rfcasp3 exhibited an evident specific activity
toward DEVD-pNA. The observation was found to be compatible with previous report from
rock bream (Elvitigala et al., 2012), large yellow croaker (Li et al., 2011) and zebrafish (Yabu
et al., 2001). We also investigated the effect of temperature and protein concentration on
hydrolyzing activity of rRfcasp3. Therein, we could affirm that, hydrolyzing activity of the
RfCasp3 is a function of temperature and its concentration and specific to caspase 3 substrate.

In summary, the full-length cDNA sequence of caspase-3 gene was identified from the
established black rockfish cDNA database. Sequence characterization and phylogenetic
analysis reveal that the putative gene and protein of Rfcasp3 have typical features of caspase
compare to other members of vertebrate caspase-3. Rfcasp3 was ubiquitously detected in all
tested tissues and the highest expression of Rfcasp3 was expressed in blood. After challenge
experiment with immune-stimulants with LPS, poly I:C, the mRNA expression Rfcasp3 was
modulated in blood. Moreover, recombinant caspase-3 fusion protein exhibited functional
properties against caspase3/7 specific substrate and was determined in effect of temperature

and protein concentration on cysteine protease activity. All these data indicated that Rfcasp3
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may be involved in innate immunity by apoptosis signaling pathway, and may help to plan the

strategy against pathogenic threat.
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Chapter 11

Characterization and transcriptional profiling of caspase-8 from black

rockfish (Sebastes schlegelii) upon the immune-stimulation

1. ABSTRACT

Caspase or aspartate-specific cysteine proteases are central components of inflammation,
necrosis and apoptosis. Caspase-8 was involved in upstream of the death cascades as a
initiator caspase in extrinsic apoptotic pathway. In this study, we identified and characterized
caspase-8 gene (Rfcasp8) from black rockfish Sebastes schlegelii. The complete cDNA
sequence of Rfcasp8 was 2467 bp including 1473 bp open reading frame which encodes 491
amino acid peptides with theoretical molecular mas of 55.26 kDa. The two death effector
domains (DED), large subunit and small subunit were conserved in the deduced amino acid
residues of Rfcasp8. Moreover, phylogenetic analysis reveal that Rfcasp8 was clustered into
fish caspase-8 counterparts and especially close to Gasterosteus aculeatus. Our quantitative
real time PCR results showed that Rfcasp8 was ubiquitously detected in all tissues and highly
expressed in blood. Upon injecting the different pathogen-derived molecular motifs such as
poly I:C and LPS, Rfcasp8 transcript was significantly elevated in black rockfish blood cells.
These findings collectively suggest that Rfcasp8 may play an essential role in antibacterial

and antiviral defense.
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2. MATERIALS AND METHODS

2.1. Identification of full-length cDNA sequence of Rfcasp8

Using a previously established black rockfish cDNA database based upon pyrosequencing
data obtained from Roche 454 genome sequencer FLX systems (GS-FLX™), a next
generation DNA sequencing (NGS) technology (DNA Link, Republic of Korea), the full-

length cDNA sequence of caspase-8 was identified using the BLAST algorithm.

2.2. Sequence analysis of Rfcasp8

The ORF sequence of Rfcasp8 was identified using DNAssist (version 2.2). The Rfcasp8
sequence was analyzed by BLAST programs (http://blast.ncbi.nlm.nih.gov/Blast.cgi). To
determine the conserved domain of deduced Rfcasp3 protein sequence, ExXPASy-PROSITE
(http://prosite.expasy.org/) was used. Multiple alignment was carried out using ClustalWw
program (http://www.ebi.ac.uk/Tools/msa/clustalw2/) Identity and similarity of Rfcasp8 was
calculated using MatGat (Version 2.02) software and phylogenetic tree was built using the
Molecular Evolutionary Genetics Analysis (MAGA 6.0) software and Neighbor-joining (NJ)

method.

2.3. Experimental animals and tissue isolation

Black rockfish (average body weight 200g) was maintained in the 400 L laboratory
aquarium tanks filled with aerated seawater at 22+1 °C. Head kidney, spleen, liver, gill,
intestine, kidney, muscle, skin, heart tissues of black rockfish were dissected from five heathy

animals and whole blood (1 ml per fish) was isolated from five heathy fish using sterile

syringes coated with 0.2% heparin sodium salt (USB, USA) and was immediately centrifuged
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at 3000 x g for 10 min at 4 °C to remove the plasma. The collected tissues were snap-frozen in

liquid nitrogen and stored in -80 °C

2.4. Immune challenge experiment

To evaluate the immune-stimulated expression of Rfcasp3 gene, the purified endotoxin
(LPS, E. coli 0127:B8; Sigma-Aldrich, USA) and double-stranded RNA viral poly I:C (Sigma,
St. Louis, MO, USA) was used in immune challenge experiment. All immune-stimulants were
dissolved in 1X PBS and were injected into intraperitoneal area of black rockfish. The
concentration was described in chapter I, section 2.4. The un-injected group of fish was used
as a negative control and fish were injected with equal volume (200ul) of 1X PBS was used as
a injection control. Blood cells were collected from five animals in each group at 3, 6, 12, 24,
48, 72 h post-challenge. All samples were immediately frozen in liquid nitrogen and stored at

-80°C

2.5. Total RNA extraction and cDNA synthesis

Total RNA extraction was performed using QIAzol® (Qiagen, USA) following
manufacturer's protocol. RNA concentration was measured in pDrop Plate (Thermo Scientific,
USA). First-stranded cDNA synthesis was carried out from 1 ug of total RNA using

PrimeScript™ 1II 1st strand cDNA Synthesis Kit (TaKaRa, Japan) according to manufacturer's

protocol. The synthesized cDNA was diluted in 40-fold and stored at -80 °C until use as

template for gRT-PCR.
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2.6. Transcriptional profiling of Rfcasp8 by gRT-PCR

The Rfcasp8 mRNA expression profile was detected by quantitative Real-Time PCR
(QRT-PCR) from several tissues such as head kidney, spleen, liver, gill, intestine, kidney,
muscle, skin, heart tissues and blood. Moreover, to investigate expression modulation of
Rfcasp8 in blood cells after the immune-stimulation with poly I:C and LPS, the relative
expression level was compared to un-injected controls. The black rockfish elongation factor
la (RfEF1A) gene was used as internal control gene (GenBank ID: KF430623). gRT-PCR
was performed Dice™ Real time system thermal cycler (TP800; TaKaRa, Japan) under the
following conditions: one cycle of 95 °C for 30 s, followed by 35 cycles of 95 °C for 5 s,
58 °C for 10 s, 72 °C for 20 s, and a final single cycle of 95 °C for 15 s, 60 °C for 30 s and
95 °C for 15 s. The baseline was set automatically by the Dice™ Real Time System software
(version 2.00). The Livak (22ACT) method was used to determine the expression level of
Rfcasp8 (Livak and Schmittgen, 2001). All data were presented as the mean + standard
deviation (SD). Statistical difference between the control and groups were calculated by a two
tailed un-paired student's t-test. P-values of less than 0.05 were determined to indicate the

statistical significance.

Table.3. Primers used in this study on Rfcasp8

Name Purpose Sequence(5'—3")
Rfcasp8-F1 qRT-PCR of Rfcasp® GCATTGAAGCCGACAGTGGAGATG
Rfcasp8-R1 qRT-PCR of Rfcasp8 TGCATGAACCAGGACCCAGTCATA
RFEF la-F qRT-PCR for black rockfish RFla AACCTGACCACTGAGGTGAAGTCTG
RFEF la-R qRT-PCR for black rockfish RFla TCCTTGACGGACACGTTCTTGATGTT
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3. RESULTS AND DISCUSSION

3.1. Sequence characterization of Rfcasp8 cDNA

Black rockfish cDNA database was analyzed by BLAST and the complete cDNA
sequence of Rfcasp8 was identified. The full-length sequence of Rfcasp8 (2467bp) was
composed of a 1473 bp open reading frame (ORF), encoding 491 amino acid residues, 167 bp
5’-untranslated region (5’-UTR), and 827 bp 3°-UTR. The sequence of Rfcasp8 was
submitted to NCBI Genbank database under the accession number of KT153627 and putative
amino acid sequence was shown in Fig.11. The theoretical molecular weight was 55.26 kDa
and the calculated isoelectronic point was 5.46. The deduced amino acid sequence of Rfcasp8
contains two death effector domains (DED, Met! to Thr’’, Glu®® to Asp'®?), large subunit (P20,
Pro?’ to Gly*°), small subunit (P10, Val*® to Leu*®) and active-site penta-peptide motif
(Lys®®" to Gly®%®). The catalytic site (His®?®, Gly®?4, Cys®%®) n was also identified in large
subunit of Rfcasp8. In addition, the binding pocket (Arg??, GIn®4, Arg*?) was observed.
Catalytic site and binding pocket is known to play a essential role in active site of caspase-8 in
S1 pocket (Blanchard et al., 1999). DEDs are functionally essential part in initiator caspases

such as caspase-8 and -10 (Yu and Shi, 2008).
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ATCTARCATS
I—Y—1I-

Fig.11. The complete nucleotide and putative amino acid sequences of Rfcasp8 from black
rockfish. The start codon (ATG) and stop codon (TGA) was highlighted by bold. Two mRNA
instability motifs (ATTTA) are boxed. Two polyadenylation signal sequence (AATAAA) was

shown in underline.
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3.2. Amino acid sequence alignment and phylogenetic analysis of the Rfcasp8

Multiple Sequence alignment of Rfcasp8 compared to fish and other vertebrate species
indicated the relative conservation of caspase characteristic domains. Moreover, catalytic site
and binding pocket, active-site penta-peptide motif were found to be completely conserved.

(Fig. 12).
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Fig.12. Multiple sequence alignment of Rfcasp8 with other species amino acid sequences.
Sequence alignment results were obtained using Clustal W method. Catalytic site and binding
pocket are shaded by green color and blue color, respectively. Active-site penta-peptide motif
is shown as yellow color box. The completely conserved and similar residues are donated by

black shading and gray shading, respectively.

The identity and similarity percentage of Rfcasp3 was significantly higher with other
caspase-8 family members rather than other caapase-9 family members. The highest
percentage of identity was shared with the corresponding counterpart of O. fasciatus (73.1%).
Its identity with D. labrax (67.8%), G. aculeatus (55.7%) counterparts was also significant
(Table 4). The phylogenetic tree was constructed for capase-8 using the known caspase-8 and
-9 family members from other species such as fish, amphibian, aves and mammals. As shown
in Fig. 13, the caspase-8 and -9 were clustered closely but separately in phylogenetic tree.
Each clade diverged into vertebrate subclasses (Fish and non-fish vertebrates) and Rfcasp8

lies on the fish caspase-8 subclass.
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Table.4. Percent identity and similarity of Rfcasp8 gene with other species

Gene name Species Taxonomy Genebank accession  Identity%  Similarity%o
Caspase-8 Oplegnathus fasciatus Fish AHH30803 73.1 82
Caspase-8 Dicentrarchus labrax Fish ACO053629 67.8 78.6
Caspase-8 Gasterosteus aculeatus Fish NP_001254591 55.7 68.8
Caspase-8 Oncorhynchus mykiss Fish NP_001268251 524 685
Caspase-8 Oryzias latipes Fish NP_001098258 52.3 69.2
Caspase-8 Cyprinus carpio Fish AGQO03809 427 59.9
Caspase-8 Danio rerio Fish NP_571585 409 595
Caspase-8 Mus musculus Mammalia CAAQ07677 371 59.7
Caspase-8 Bos taurus Mammalia NP_001039435 36.9 56.4
Caspase-8 Sus scrofa Mammalia NP_001026949 36.3 56.8
Caspase-8 Homo sapiens Mammalia AAD24962 35.9 55.8
Caspase-8 Gallus gallus Aves AAL23700 35.1 56
Caspase-8 Xenopus laevis Amphibia BAA94749 31.8 514
Caspase-9 Mus musculus Mammalia AAH56447 28 434
Caspase-9 Cyprinus carpio Fish AGM34043 27.3 42.8
Caspase-9 Homo sapiens Mammalia BAA82697 26.9 436
Caspase-9 Bos taurus Mammalia NP_001192433 26.6 40.7
Caspase-9 Dicentrarchus labrax Fish ABC70999 26 428
Caspase-9 Oncorhynchus mykiss Fish NP_001118119 259 40.7
Caspase-9 Cuculus canorus Aves KF077303 249 40.3
Caspase-9 Xenopus laevis Amphibia BAA94750 244 40.1
Caspase-9 Danio rerio Fish NP_001007405 239 42
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Fig.13. Phylogenetic tree of Rfcasp8 with other selected species caspase-8 and caspase-9
family members. The tree was constructed by neighbor-joining method and MEGA version
6.0 using full-length amino acid sequence. The numbers at the branch indicate the bootstrap

value derived from 1000 replicates. The accession numbers of amino acid sequences are

denoted in Table 3.
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3.3. Tissue-specific expression profile of Rfcasp8

To investigate the constitutive expression pattern of Rfcasp8 in different tissues of black
rockfish, the gRT-PCR was carried out using Dice™ Real time system thermal cycler (TP800;
TaKaRa, Japan). The dissociation curves for Rfcasp8 were confirmed as single peaks.
Rfcasp8 mRNA was expressed in all tissues examined but the mRNA expression level of
Rfcasp8 from each tissue was varied (Fig. 14). According to mRNA expression level of
different tissues, Rfcasp8 mRNA was significantly detected in blood (128.4-fold), followed
by spleen (74.8-fold), skin (62.2-fold) and head kidney (31.87-fold) corresponding to muscle
tissue, respectively. This results was in agreement with previous reports from other species. In
human caspase 8 showed a very similar pattern of mRNA expression level from different
tissues, the highest MRNA expression level was measured in blood leukocytes, spleen, thymus
and liver (Eckhart et al., 2001). Although, blood does not show a detectable expression |,
mouse had similar pattern of expression level from tissues such as spleen, thymus and liver
(Sakamaki et al., 1998). In the fish, sea bass was also observed in tested tissues including
spleen, heart, liver, head kidney, thymus (Reis et al., 2010). Therefore, we could suggest that

blood is essential tissue to study the transcriptional level of caspase-8.
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indicate the significant different expression levels at P < 0.05. BL, blood cell; SK, skin; IT,
intestine; SP, spleen; MS, muscle; GL, gill; HT, heart; HK, head kidney; LV, liver; KD,

kidney.
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3.4. Rfcasp8 transcriptional profiling using gRT-PCR

The caspase-8 gene is known to be initiator caspase in extrinsic pathway and was highly
inducible with a several external stimuli like LPS, poly I:.C (Maelfait et al., 2008). The
significant basal expression of Rfcasp8 in blood was considered in transcriptional expression
analysis. Moreover, blood was pivotal elements of innate immunity in vertebrate and
invertebrate. Therefore, we investigate the transcriptional modulation of Rfcasp8 in blood
obtained from challenged fish after immune-stimulation with poly I:C and LPS (Fig. 15).

The expression of Rfcasp8 was up-regulated at 6 h post injection and then down-
regulated at 24 h and 48 h post injection after poly I:C challenge, which indicated early phase
of immune response. This observation was in an agreement with other species. In invertebrate,
disk abalone caspase-8 mMRNA was detected at 6 h and 12 h post injection after VHSV
challenge (Lee et al., 2011). Our data suggest that Rfcasp8 might be involved in defense
mechanism of virus infection from black rockfish.

The endotoxin LPS which was found on cell wall of gram negative bacteria known to be
an immune-modulator of mammals (Rietschel et al., 1994). The Rfcasp8 was significantly
expressed in LPS stimulated blood relative to PBS-injected control. Moreover, mRNA level
was slightly up-regulated at 6 h post treatment (p.t.) and then significantly expressed at 48 h
post injection. Similarly, in fish, sea bass caspase-8 mRNA level in spleen was detected
between 6 and 24 h p.t. after LPS challenge (Reis et al., 2010). In vertebrate, Disk abalone
caspase-8 mRNA level was also detected at early phase (24 h p.t.) immune response after
bacteria challenge. In fact, LPS was known to induce the apoptosis in macrophages by TNF-a
which is main death factor in extrinsic pathway (Xaus et al., 2000). We suggest that Rfcasp8

might paly essential role in antibacterial mechanism in black rockfish.

41



>

RFcasp8
(3] (2] S w (=]

[

Relative mRNA expression level of

[=]

3h 6h 12h 24h 48h 72h
Post challenge time (h)

:""'
o«

w
w o

€ = r
2 I T O

Relative mRNA expression level of
Rfcasp8
[—] o]

=

*
3h 6h 12h 24h

Post Challenge time (h)

0h 48h 72h
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In conclusion, the full-length cDNA of Rfcasp8 was identified from black rockfish cDNA
library database. In silico analysis of putative amino acid sequence showed that typical
caspase feature including two DEDs, large and small subunits. Rfcasp8 transcript level was
universally detected in all examined tissues and highly expressed in blood. The transcriptional
modulation of Rfcasp8 mRNA level upon the challenge experiment with LPS and poly I:C

was indicated as an evidence of antibacterial and antiviral defense in black rockfish.

References

Arockiaraj, J., Gnanam, A.J., Muthukrishnan, D., Pasupuleti, M., Milton, J., Singh, A., 2013. An
upstream initiator caspase 10 of snakehead murrel Channa striatus, containing DED, p20 and p10
subunits: molecular cloning, gene expression and proteolytic activity. Fish & shellfish
immunology 34, 505-513.

Ashkenazi, A., Dixit, V.M., 1998. Death receptors: signaling and modulation. Science 281, 1305-1308.

Blanchard, H., Kodandapani, L., Mittl, P.R., Marco, S.D., Krebs, J.F., Wu, J.C., Tomaselli, K.J.,
Grutter, M.G., 1999. The three-dimensional structure of caspase-8: an initiator enzyme in
apoptosis. Structure 7, 1125-1133.

Boldin, M.P., Goncharov, T.M., Goltsev, Y.V., Wallach, D., 1996. Involvement of MACH, a novel
MORT1/FADD-interacting protease, in Fas/APO-1- and TNF receptor-induced cell death. Cell 85,
803-815.

Bradford, M.M., 1976. A rapid and sensitive method for the guantitation of microgram quantities of
protein utilizing the principle of protein-dye binding. Analytical biochemistry 72, 248-254.

Broker, L.E., Kruyt, F.A., Giaccone, G., 2005. Cell death independent of caspases: a review. Clinical
cancer research : an official journal of the American Association for Cancer Research 11, 3155-
3162.

Bustin, S.A., Benes, V., Garson, J.A., Hellemans, J., Huggett, J., Kubista, M., Mueller, R., Nolan, T.,
Pfaffl, M.W., Shipley, G.L., Vandesompele, J., Wittwer, C.T., 2009. The MIQE guidelines:
minimum information for publication of quantitative real-time PCR experiments. Clinical
chemistry 55, 611-622.

Cohen, G.M., 1997. Caspases: the executioners of apoptosis. The Biochemical journal 326 ( Pt 1), 1-
16.

43



Cowling, V., Downward, J., 2002. Caspase-6 is the direct activator of caspase-8 in the cytochrome c-
induced apoptosis pathway: absolute requirement for removal of caspase-6 prodomain. Cell death
and differentiation 9, 1046-1056.

Danial, N.N., Korsmeyer, S.J., 2004. Cell death: critical control points. Cell 116, 205-219.

Earnshaw, W.C., Martins, L.M., Kaufmann, S.H., 1999. Mammalian caspases: structure, activation,
substrates, and functions during apoptosis. Annu Rev Biochem 68, 383-424.

Eckhart, L., Henry, M., Santos-Beneit, A.M., Schmitz, 1., Krueger, A., Fischer, H., Bach, J., Ban, J.,
Kirchhoff, S., Krammer, P.H., Mollinedo, F., Tschachler, E., 2001. Alternative splicing of
caspase-8 mMRNA during differentiation of human leukocytes. Biochemical and biophysical
research communications 289, 777-781.

Elmore, S., 2007. Apoptosis: a review of programmed cell death. Toxicologic pathology 35, 495-516.

Elvitigala, D.A., Whang, I., Premachandra, H.K., Umasuthan, N., Oh, M.J., Jung, S.J., Yeo, S.Y., Lim,
B.S., Lee, J.H., Park, H.C., Lee, J., 2012. Caspase 3 from rock bream (Oplegnathus fasciatus):
genomic characterization and transcriptional profiling upon bacterial and viral inductions. Fish &
shellfish immunology 33, 99-110.

Evans, D.L., Leary, J.H., 3rd, Jaso-Friedmann, L., 2001. Nonspecific cytotoxic cells and innate
immunity: regulation by programmed cell death. Dev Comp Immunol 25, 791-805.

Everett, H., McFadden, G., 1999. Apoptosis: an innate immune response to virus infection. Trends in
microbiology 7, 160-165.

Fan, T.J., Han, L.H., Cong, R.S., Liang, J., 2005. Caspase family proteases and apoptosis. Acta
Biochim Biophys Sin (Shanghai) 37, 719-727.

Ferguson, H.W., Claxton, M.J., Moccia, R.D., Wilkie, E.J., 1982. The quantitative clearance of
bacteria from the bloodstream of rainbow trout (Salmo gairdneri). Vet Pathol 19, 687-699.

Fuentes-Prior, P., Salvesen, G.S., 2004. The protein structures that shape caspase activity, specificity,
activation and inhibition. The Biochemical journal 384, 201-232.

Hengartner, M.O., 2000. The biochemistry of apoptosis. Nature 407, 770-776.

Jacobson, M.D., Weil, M., Raff, M.C., 1997. Programmed cell death in animal development. Cell 88,
347-354.

Kang, S.H., Shin, G.W,, Shin, Y.S,, J, P.K, Kim, Y.R., Yang, H.H., Lee, E.Y., Lee, E.G., Huh, N.E.,
Ju, O.M,, Jung, T.S., 2004. Experimental evaluation of pathogenicity of Lactococcus garvieae in
black rockfish (Sebastes schlegeli). J Vet Sci 5, 387-390.

Kimura, T., Yoshimizu, M., Oseko, N., Nishizawa, T., 1989. Rhabdovirus Olivaceus (Hirame
Rhabdovirus), in: Ahne, H.W., Kurstak, E. (Eds.), Viruses of Lower Vertebrates. Springer Berlin
Heidelberg, pp. 388-395.

Krammer, P.H., 2000. CD95's deadly mission in the immune system. Nature 407, 789-795.

44



Kurobe, T., Hirono, I., Kondo, H., Yamashita, M., Aoki, T., 2007. Molecular cloning, expression, and
functional analysis of caspase-10 from Japanese flounder Paralichthys olivaceus. Fish & shellfish
immunology 23, 1266-1274.

Lavrik, I.N., Golks, A., Krammer, P.H., 2005. Caspases: pharmacological manipulation of cell death. J
Clin Invest 115, 2665-2672.

Lawen, A., 2003. Apoptosis-an introduction. BioEssays : news and reviews in molecular, cellular and
developmental biology 25, 888-896.

Lee, Y., De Zoysa, M., Whang, I., Lee, S., Kim, Y., Oh, C., Choi, C.Y., Yeo, S.Y,, Lee, J., 2011.
Molluscan death effector domain (DED)-containing caspase-8 gene from disk abalone (Haliotis
discus discus): molecular characterization and expression analysis. Fish & shellfish immunology
30, 480-487.

Li, M., Ding, Y., Mu, Y., Ao, J., Chen, X., 2011. Molecular cloning and characterization of caspase-3
in large yellow croaker (Pseudosciaena crocea). Fish & shellfish immunology 30, 910-916.

Livak, K.J., Schmittgen, T.D., 2001. Analysis of relative gene expression data using real-time
guantitative PCR and the 2(-Delta Delta C(T)) Method. Methods 25, 402-408.

Luo, X., Budihardjo, I., Zou, H., Slaughter, C., Wang, X., 1998. Bid, a Bcl2 interacting protein,
mediates cytochrome c release from mitochondria in response to activation of cell surface death
receptors. Cell 94, 481-490.

Maelfait, J., Vercammen, E., Janssens, S., Schotte, P., Haegman, M., Magez, S., Beyaert, R., 2008.
Stimulation of Toll-like receptor 3 and 4 induces interleukin-1beta maturation by caspase-8. J Exp
Med 205, 1967-1973.

Mardis, E.R., 2008. The impact of next-generation sequencing technology on genetics. Trends in
genetics : TIG 24, 133-141.

Monnier, P.P., D'Onofrio, P.M., Magharious, M., Hollander, A.C., Tassew, N., Szydlowska, K.,
Tymianski, M., Koeberle, P.D., 2011. Involvement of caspase-6 and caspase-8 in neuronal
apoptosis and the regenerative failure of injured retinal ganglion cells. J Neurosci 31, 10494-
10505.

Mu, Y., Xiao, X., Zhang, J., Ao, J., Chen, X., 2010. Molecular cloning and functional characterization
of caspase 9 in large yellow croaker (Pseudosciaena crocea). Dev Comp Immunol 34, 300-307.

Muzio, M., Chinnaiyan, A.M., Kischkel, F.C., O'Rourke, K., Shevchenko, A., Ni, J., Scaffidi, C., Bretz,
J.D., Zhang, M., Gentz, R., Mann, M., Krammer, P.H., Peter, M.E., Dixit, V.M., 1996. FLICE, a
novel FADD-homologous ICE/CED-3-like protease, is recruited to the CD95 (Fas/APO-1) death-
-inducing signaling complex. Cell 85, 817-827.

Nakajima, K., Takahashi, A., Yaoita, Y., 2000. Structure, expression, and function of the Xenopus
laevis caspase family. The Journal of biological chemistry 275, 10484-10491.

Nicholson, D.W., 1999. Caspase structure, proteolytic substrates, and function during apoptotic cell
death. Cell death and differentiation 6, 1028-1042.

45



Park, S.1., 2009. Disease control in Korean Aquaculture. The Japanese Society of Fish Pathology 44,
19-23.

Reis, M.l., Costa-Ramos, C., do Vale, A., dos Santos, N.M., 2010. Molecular cloning of sea bass
(Dicentrarchus labrax L.) caspase-8 gene and its involvement in Photobacterium damselae ssp.
piscicida triggered apoptosis. Fish & shellfish immunology 29, 58-65.

Reis, M.1., Nascimento, D.S., do Vale, A,, Silva, M.T., dos Santos, N.M., 2007. Molecular cloning and
characterisation of sea bass (Dicentrarchus labrax L.) caspase-3 gene. Molecular immunology 44,
774-783.

Rietschel, E.T., Kirikae, T., Schade, F.U., Mamat, U., Schmidt, G., Loppnow, H., Ulmer, A.J.,
Zahringer, U., Seydel, U., Di Padova, F., et al., 1994. Bacterial endotoxin: molecular relationships
of structure to activity and function. FASEB journal : official publication of the Federation of
American Societies for Experimental Biology 8, 217-225.

Ruest, L.B., Khalyfa, A., Wang, E., 2002. Development-dependent disappearance of caspase-3 in
skeletal muscle is post-transcriptionally regulated. J Cell Biochem 86, 21-28.

Rupinder, S.K., Gurpreet, A.K., Manjeet, S., 2007. Cell suicide and caspases. Vascular pharmacology
46, 383-393.

Sakamaki, K., Nozaki, M., Kominami, K., Satou, Y., 2007. The evolutionary conservation of the core
components necessary for the extrinsic apoptotic signaling pathway, in Medaka fish. BMC
Genomics 8, 141.

Sakamaki, K., Tsukumo, S., Yonehara, S., 1998. Molecular cloning and characterization of mouse
caspase-8. Eur J Biochem 253, 399-405.

Schulze-Osthoff, K., Ferrari, D., Los, M., Wesselborg, S., Peter, M.E., 1998. Apoptosis signaling by
death receptors. Eur J Biochem 254, 439-459.

Sun, E.W., Shi, Y.F., 2001. Apoptosis: the quiet death silences the immune system. Pharmacology &
therapeutics 92, 135-145.

Swain, P., Nayak, S.K., Nanda, P.K., Dash, S., 2008. Biological effects of bacterial lipopolysaccharide
(endotoxin) in fish: a review. Fish & shellfish immunology 25, 191-201.

Takle, H., McLeod, A., Andersen, O., 2006. Cloning and characterization of the executioner caspases
3, 6, 7 and Hsp70 in hyperthermic Atlantic salmon (Salmo salar) embryos. Comparative
biochemistry and physiology. Part B, Biochemistry & molecular biology 144, 188-198.

Tamura, K., Stecher, G., Peterson, D., Filipski, A., Kumar, S., 2013. MEGAG6: Molecular Evolutionary
Genetics Analysis version 6.0. Molecular biology and evolution 30, 2725-2729.

Weinrauch, Y., Zychlinsky, A., 1999. The induction of apoptosis by bacterial pathogens. Annu Rev
Microbiol 53, 155-187.

White, K., Steller, H., 1995. The control of apoptosis in Drosophila. Trends Cell Biol 5, 74-78.

46



Xaus, J., Comalada, M., Valledor, A.F., Lloberas, J., Lopez-Soriano, F., Argiles, J.M., Bogdan, C.,
Celada, A., 2000. LPS induces apoptosis in macrophages mostly through the autocrine production
of TNF-alpha. Blood 95, 3823-3831.

Yabu, T., Kishi, S., Okazaki, T., Yamashita, M., 2001. Characterization of zebrafish caspase-3 and
induction of apoptosis through ceramide generation in fish fathead minnow tailbud cells and
zebrafish embryo. The Biochemical journal 360, 39-47.

Yamashita, M., Mizusawa, N., Hojo, M., Yabu, T., 2008. Extensive apoptosis and abnormal
morphogenesis in pro-caspase-3 transgenic zebrafish during development. J Exp Biol 211, 1874-
1881.

Yu, JW., Shi, Y., 2008. FLIP and the death effector domain family. Oncogene 27, 6216-6227.

47



el
iKH

ol

| o}

S

ATAANBA FAL

B A

=]

H
T

i

[
ol

<H

b o ot 2

ks
gl

Ao A

A

o

N
il

Ay

B
o
N

al7]
W

Ay
E

~

;OL
{Jo

al7

A4

A 7}

’

%

o

NP

3

h\l

go] =of

Eiis

o
=

d A

& A
=

Anushka, #Zo] 2l

4|z
<H

B!

file)
&

X
o

)

S

obsFl

=
o

3f HZH

]

o
~<H

]

d

&

yolA = %k

P
T,

l

o], %171,

o
NR

A

L =
==

5 el A

wpA o 2

an
bl

NI

48



	...


<startpage>13
...
</body>

