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Apoptosis is a physiological process that can also participate in host immune defense mechanisms,
including tumor growth suppression along with homeostasis and maturation of immune cells. Caspases
are known to be involved in cellular apoptotic signaling; among them, caspase-8 plays an important role
in the initiation phase of the apoptotic death cascade. In the current study, we molecularly characterized
a caspase-8 homolog (designated as HaCasp-8) from Hippocampus abdominalis. The HaCasp-8 gene
harbors a 1476 bp open reading frame (ORF) that codes for a protein of 492 amino acids (aa) with a
predicted molecular mass of 55 kDa. HaCasp-8 houses the typical domain architecture of known initiator
caspases, including the death effector domain and the carboxyl-terminal catalytic domain. As expected,
phylogenetic analysis reflected a closer evolutionary relationship of HaCasp-8 with its teleostean si-
militudes. The results of our qPCR assays confirmed the ubiquitous expression of HaCasp-8 in physio-
logically important tissues examined, with pronounced expression levels in ovary tissues, followed by
blood cells. HaCasp-8 expression at the mRNA level was found to be significantly modulated by lipo-
polysaccharide, polyinosinic:polycytidylic acid, Streptococcus iniae, and Edwardsiella tarda injection.
Overexpression of HaCasp-8 could trigger a significant level of cell death in HEK293T cells, suggesting its
putative role in cell death. Taken together, our findings suggest that HaCasp-8 is an important compo-
nent in the caspase cascade, and its expression can be significantly modulated under pathogen stress
conditions in the big-belly seahorse.
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1. Introduction cell death, necrosis, and inflammation [3,4]. Caspases can be

divided into two functional groups: pro-inflammatory caspases

Apoptosis is a physiologically important process that can also
participate in the regulation of host immune defense mechanisms,
including the suppression of tumor growth along with immune cell
homeostasis and maturation [1,2]. Cysteine-aspartic proteases or
cysteine-dependent aspartate-directed proteases (caspases) are a
family of cysteine proteases that take part in vital roles in apoptotic
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(caspases 1,4, 5,11, and 12) and apoptotic caspases (caspases 2, 3, 6,
7, 8,9, and 10) [5,6]. Apoptotic pathway caspases can be further
divided into initiator (caspases 2, 8, 9, and 10) and effector (cas-
pases 3, 6, and 7) types, which are involved in upstream and
downstream of the death cascade, respectively [7].
Caspase-dependent apoptosis consists of two major pathways:
an intrinsic pathway and an extrinsic pathway [6,8]. The intrinsic
pathway is basically triggered in mitochondria and is characterized
by the liberation of different proteins, such as cytochrome C due to
the permeability of mitochondrial membrane. Subsequently, cyto-
chrome C binds with the C-terminal of Apaf1 [9] and, then tends to
undergo oligmerization, accompanied by synchronized recruit-
ment of procaspase-9 to the CARD motif at the Apaf-1 N-terminus,
forming the apotosome [10]. Within the apoptosome, procaspase-9
is proteolytically activated and converted into mature caspase-9
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[11]. Mature caspase-9 can activate procaspase-3 to execute
apoptosis [12]. The extrinsic pathway is initiated when Fas ligand
binds with CD95 (a Fas receptor) on the cell surface [13—15]. The
Fas-associated protein with death domain (FADD) of the Fas re-
ceptor then binds with the procaspase-8 death domain [13,14] to
form the death-inducing signaling complex (DISC), in which acti-
vated caspase-8 is formed to activate procaspase-3 [16,17]. Once
capsase-3 is activated, it can induce apoptosis [18].

Currently, 15 caspases have been identified from mammals, of
which 11 are from humans. Intriguingly, 14 caspases were reported
from Atlantic salmon [19,20]. Caspases are generally synthesized as
zymogenic forms that harbor a pro-domain region [7]. The pro-
domain at the N-terminus of procaspase is cleaved at a specific
aspartic acid residue, resulting in a mature caspase consisting of
p20 (large subunit) and p10 (small subunit) subunits that can be
further processed by proteolysis to form a biologically active het-
erodimer [7,21].

Caspase-8, which is classified as initiator caspase, comprises
two death effector domains (DEDs) in its amino terminus and one
carboxyl-terminal catalytic domain (CASc) at the carboxyl termi-
nus, contained p20 (large subunit) and p10 (small subunit) sub-
units [22]. Typically, caspase-8 is involved in extrinsic apoptotic
signaling pathway of mammals and stimulates various cell re-
ceptors called death receptors, one of which is Fas, to initiate the
apoptosis [23].

Upon host cell invasion by pathogens, Toll-like receptor (TLR) 3
or TLR4 can recognize their molecular motifs and mediate the
activation of caspase-8, which triggers apoptotic cell death [24].
Caspase-8 is also known to be essential for lymphocyte activation
and inflammatory gene expression [25,26]. Moreover, as reported
previously, caspase-8 was found to be crucial for the activation of
nuclear factor kappa-light-chain-enhancer of activated B cells (NF-
kB) via antigen receptors, Fc receptor, or TLR4 in T cells, B cells, and
natural killer cells [26]. Human caspase-8 is believed to act as a
tumor suppressor, although this has not been clearly elucidated to
date [27].

Although much information has been reported for the
mammalian caspase-8 counterparts, knowledge on those of tele-
ostean origin remains incomplete. However, there are several re-
ports on caspase-8 from the fish species Cyprinus carpio [28],
Dicentrarchus labrax [29], and Danio rerio [30]. Therein, transcrip-
tional modulation of fish caspase-8 against pathogen and chemical
stress was noted, further deciphering the apoptogenic property of
some caspase-8 counterparts.

Big-belly seahorse (Hippocampus abdominalis) is an economi-
cally important teleost that is used for traditional oriental medicine
in China, Japan, and Korea [31—33]. The increasing demand for the
species has influenced its mariculture industry. However, regular
pathogen infections leading to significant mortality of this seahorse
have adversely affected its commercial farming [34,35]. Thus,
investigation of plausible ways to develop disease resistance stra-
tegies in this fish species is necessary to maintain a disease-
controlled seahorse aquaculture industry. Molecular-level investi-
gation of the seahorse immune system is one of the initial steps of
this process that in turn can lay the foundation for designing
therapeutic methodologies to target the different immune com-
ponents of this aquacrop.

In this study, we have molecularly characterized caspase-8 from
Hippocampus abdominalis and deciphered its mRNA expression
dynamics in response to the stress mounted by lipopolysaccharide
(LPS), polyinosinic:polycytidylic acid (poly 1:C), Edwardsiella tarda
(E. tarda), and Streptococcus iniae (S. iniae). Moreover, we analyzed
the cell viability with the overexpression of caspase-8 in vitro using
a cellular approach in order to determine its contribution to the cell
death.

2. Materials and methods
2.1. cDNA database

A cDNA database of the big-belly seahorse was established using
the 454 GS FLX™ sequencing platform as described previously [36].

2.2. Sequence characterization and in silico analysis of HaCasp-8

Analysis of our previously constructed seahorse cDNA database
using the NCBI-BLASTX program (http://blast.ncbi.nlm.nih.gov/
Blast.cgi) led to the identification of a caspase-8 homolog, which
was designated as HaCasp-8 (GenBank ID: KU363232). The com-
plete open reading frame (ORF) of HaCasp-8 was determined and
its corresponding amino acid sequence was derived, with further
prediction of some of its physicochemical properties using the
DNAssist 2.2 software [37]. The derived amino acid sequence was
analyzed using the SMART online server (http://smart.embl-
heidelberg.de/). Multiple sequence alignment and pairwise
sequence alignment were carried out using the Clustal W2 and
EMBOSS needle programs, respectively (http://www.ebi.ac.uk/
Tools/msa/clustalw2/). The phylogenetic reconstruction was
generated using the MEGA 5.2 software, applying the neighbor-
joining platform with the support of 5000 bootstrap replicates.

2.3. Immune challenge and tissue collection

Big-belly seahorses were purchased from Korea Marine Orna-
mental Fish Breeding Center (Jeju Island, Republic of Korea) and
acclimated to the laboratory conditions in aquarium tanks filled
with aerated seawater (salinity, 34%o), at 20 °C for 1 week prior to
the experiment. During the acclimatization period, the animals
were fed with a commercial fish feed. To determine the tissue-
specific expression patterns of HaCasp-8 in healthy seahorses, gill,
liver, testis, ovary spleen, intestine, stomach, kidney, skin, muscle,
heart, and pouch brain tissues and blood cells were collected from
six seahorses (3 males and 3 females) having an average total body
weight of 8 g. Blood was harvested by cutting the edge of the tails of
the animals, and peripheral blood cells were collected by centri-
fugation at 3000g for 10 min at 4 °C. The collected blood cells and
tissues were snap-frozen in liquid nitrogen and stored at —80 °C.

Seahorses with an average body weight of 3 g were used for the
immune challenge experiments. The seahorses in the control group
were intraperitoneally injected with 100 pL of PBS. The immune
challenge groups were injected intraperitoneally with LPS (1.25 ug/
UL, from Escherichia coli 055:B5; Sigma, USA), poly I:C (1.5 pg/uL),
Edwardsiella tarda (5 x 10° CFU/uL), or Streptococcus iniae (10° CFU/
uL), all prepared in PBS in a total volume of 100 pL. Blood and
kidney tissues were sampled from five individuals in a time-course
manner (0, 3, 6,12, 24, and 72 h post injection).

2.4. Total RNA extraction and cDNA synthesis

Total RNA was extracted from tissues of six healthy seahorses
and from blood cells and kidney tissues of five immune-challenged
seahorses corresponding to each time point, using the RNAiso Plus
Kit (TaKaRa, Japan) followed by clean-up with an RNeasy spin
column (Qiagen, USA). The RNA concentration was determined at
260 nm using a multiplate reader (Thermo Scientific, USA). RNA
samples were diluted to 2.5 pg/uL, and 2.5 ug was used to syn-
thesize cDNA using the PrimeScript™ II 1st Strand cDNA Synthesis
Kit (Takara, Japan) following the manufacturer's protocol. The
synthesized cDNA was diluted 40-fold and stored at —20 °C.
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2.5. Quantitative real-time PCR

Evaluation of the mRNA expression was carried out via quanti-
tative real-time polymerase chain reaction (qPCR) using a Thermal
Cycler Dice™ TP800 system (TaKaRa). The qPCR reaction volume
was 10 plL in total, containing 3 pL of cDNA template, 5 pL of 2x
TaKaRa Ex Tag™ SYBR premix, 0.5 pL of forward primer (10 pmol/
uL), 0.5 pL of reverse primer (10 pmol/uL), (See Table 1) and 1 uL of
nuclease-free water. The thermal cycling profile was as follows: one
cycle of 95 °C for 10 s, followed by 35 amplification cycles of 95 °C
for 5 s, 58 °C for 10 s, and 72 °C for 20 s. The relative mRNA
expression was calculated using the 2784Ct method [38]. Seahorse
40S ribosomal protein S7 (GenBank ID: KP780177) was used as the
internal control for relative quantification. The relative expression
level corresponding to each immune challenge experiment was
normalized to the PBS-injected control, further comparing with the
un-injected control as a basal level. All data were presented as the
mean + standard deviation (SD). In the case of the challenge
experiment, P < 0.05 was considered as statistically significant
compared with the expression level of un-injected control, based
on a one-way analysis of variance test and followed by Duncan's
multiple range test conducted by the SPSS 16 program.

2.6. Construction of the recombinant vector

The coding region from the predicted cleavage site of the mature
protein encoded by HaCasp-8 (831 bp) was PCR amplified from
cDNA synthesized from seahorse blood cells and then cloned into
the pcDNA 3.1 His C vector (Life Technologies, USA) between the
EcoRI and Xhol sites using standard restriction digestion reactions.
The recombinant vector (HaCasp8-pcDNA) was then transformed
into Escherichia coli DH5a. cells, and the DNA sequence of the pu-
tative transformed colonies was confirmed by sequencing (Mac-
rogen, Seoul, Republic of Korea).

2.7. Cell culture and transfection

Human embryonic kidney 293T (HEK293T) cells were cultured
in Dulbecco's modified Eagle's medium (Gibco, Seoul, Republic of
Korea) supplemented with 10% fetal bovine serum and 1% peni-
cillin/streptomycin, at 37 °C in the presence of 5% CO,. The
HEK293T cells were seeded in 24-well pates and grown to 80%
confluency at 37 °C in 5% COs. Thereafter, the HaCasp8-pcDNA re-
combinant vector construct or an empty vector (Mock control) was
transfected into the HEK293T cells using the X-tremeGENE9
(Sigma, USA) reagent according to the vendor's protocol. An
untransfected control was also used in the experiment, following
the aforementioned assay procedure without using any vector.

2.8. Cell viability assay

Transfected HEK293T cells along with untransfected HEK293T
cells as a control were subjected to a standard 3-(4,5-

Table 1
Oligonucleotide primers used in this study.

dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
assay at 24 h post transfection. Briefly, HEK293T cells were treated
with 100 pL of MTT reagent (2 mg/mL) for 3 h. After removing the
media, the cells were incubated in 300 pL dimethyl sulfoxide
overnight. The optical density (OD) of the resultant solutions were
measured at 540 nm to measure the formazan quantity formed,
which can be directly correlated with the cell viability by
comparing the OD values of the samples with that for the
untransfected control. This assay was carried out in triplicates to
ensure the reliability of outcomes.

2.9. Cell counting

Trypan Blue exclusion method was performed to determine the
viable cell count in the cell suspension. Briefly, transfected
HEK293T cells along with untransfected HEK293T cells as a control,
were collected after 30 h post transfection by centrifugation at
1000 rpm for 1 min. Cells which are attached to the bottom of the
flask were collected after incubating them with trypsin. Collected
cells were resuspended in 200 pL of sterile PBS. Aliquot of cell
suspension (10 pL) was mixed with same amount of 0.4% of Trypan
Blue (Sigma, USA) and, live and dead cells were counted using
hemocytometer.

3. Results and discussion

3.1. Sequence characterization and phylogenetic analysis of
HaCasp-8

The identified cDNA contig sequence of HaCasp-8 contained a 5’
untranslated region (UTR) of 97 bp and a 3’ UTR of 146 bp. Its ORF
was 1476 bp long, coding for a 492-amino-acid (aa) sequence with a
predicted molecular mass of 55 kDa. Our in silico analysis confirmed
that HaCasp-8 harbors the functionally important domain archi-
tecture that can be commonly identified in initiator caspases,
including two DEDs (residues 3—76 and 93—172 aa) and a single
CASc domain (residues 232—483 aa) contained p20 large subunits
(residues 239—363) and p10 small subunits (residues 400—483)
(Fig. 1). Moreover, a pentapeptide active-site motif (3°’QACQG3%1)
was also identified in HaCasp-8, which was highly conserved
among other teleostean counterparts (Fig. 2). A cleavage site at the
N-terminal aspartic acid residue (D-216) was identified, being a
typical well-conserved feature of procaspases (Fig. 1). Multiple
sequence alignment confirmed that the caspase family active-site
residues were thoroughly conserved in HaCasp-8 (Fig. 2). Based
on the EMBOSS pairwise alignment algorithm, HaCasp-8 showed a
sequence identity of 56.4—35.9% and a similarity range of
71.2—51.7% with its vertebrate homologs (Table 2). The highest
sequence identity (56.4%) was reported with caspase-8 from
Oplegnathus fasciatus and the highest similarity (71.2%) was shown
with caspase-8 from Dicentrarchus labrax. Moreover, human
caspase-8 shared 36.1% identity and 51.7% similarity with HaCasp-8.
Altogether, these in silico data suggest the homology of HaCasp-8

Purpose Orientation Primer sequences (5'-3')

40S ribosomal protein S7 q-PCR Forward GCGGGAAGCATGTGGTCTTCATT

40S ribosomal protein S7 q-PCR Reverse ACTCCTGGGTCGCTTCTGCTTATT

Caspase8 q-PCR Forward TCGGCATGGCCACTGTGT

Caspase8 q-PCR Reverse AGATCGTCCGAGTTGCTTGCAC

Caspase8 cloning (sequence conformation) Forward GCCACTTTACCGATAAAGACG

Caspase8 cloning (sequence conformation) Reverse TCACAAGAGTCGTTTTCAGATTTT

Caspase 8 cloning (transfection) Forward GAGAGAgaattcGCCGAAACGAACCCCGAG

Caspase 8 cloning (transfection) Reverse GAGAGACctcgagTTAGGAGAGTTTCACTTGGTCCTCATCAG
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GCCACTTTACCGATAAAGACGTGTGTGAATTTTCTCTACTGGGCTCCCAAAAGACAACCG 60
TCCCAACAGCGGAGTTTCCCTTCAAAGTGGGGTTGGGATGGAGAGGCGGAAGTTGATGGAA 121

M--E--R--R--K--L--M--E- 8
ATCTCCGAGGCTCTGGCTTCCTCTGAAGTGGCCGCCCTCTGCTTCTTGTGCCGTGATGTC 181
-I--S--E--A--L--A--S--S--E--V--A--A--L--C--F--L--C--R--D--V- 28
CTTAACTGCCAACATCTCGAAGGAGTCAAAGACGCAAAGGTTCTGTTCAATAGATTGGAA 241
-L--N--C--Q--H--L--E--G--V--K--D--A--K--V--L--F--N--R--L--E- 48
GAAAGAGATTGCCTGAACCCTGAATTTCTTCATCAGTTACTGCGCACAATCCGACGGAAT 301
-E--R--D--C--L--N--P--E--F--L--H--Q--L--L--R--T--I--R--R--N- 68
GATCTCCTCAGCCTCTTAAAGGGGAACAGACAGAATGTGGAGGAAACTGATGCCAATCCT 361
-D--L--L--$--L--L--K--G--N--R--Q--N--V--E--E--T--D--A--N--P- 88
ATCGGCAAGCTGTCAAATTACAGGGTGATGCTGTATCAGATATATGATGAAACGACGAAA 421
-I--G--K--L--S--N--Y--R--V--M--L--Y--Q--I--Y--D--E--T--T--K- 108
CTAGATCTCCAAAAGATGAAGTTTCTCTTAGACGACAAGATTGGCAGGAGACAAATGGAT 481
-L--D--L--Q--K--M--K--F--L--L--D--D--K--I--G--R--R--Q--M--D- 128
CAATGCAATACGGCGCTGGACGTCTTTGTTGAATTAGAAAAAGTAGGTTTACTCTCTCAA 541
-Q--C--N--T--A--L--D--V--F--V--E--L--E--K--V--G--L--L--S--0- 148
TCAGATCTACAAGAGCTGCGTTCGATACTGATGGAAGTGAATCGACAACTGGCATCGACG 601
-S--D--L--Q--E--L--R--S--I--L--M--E--V--N--R--Q--L--A--S--T- 168

GTCGAGCAATTCGCGCAAGGTGCATCTGTGGTGGCAGCCAGTCCACCTCCTGCTCGCCCC 661
-V--E--Q--F--A--Q--G--A--S--V--V--A--A--S--P--P--P--A--R--P- 188
CTCAATGGTTTCCAGCATGTCAACAACTCCCCTCTTGAGTCCTTATCTGAGACTGGAGCC 681
-L--N--G--F--Q--H--V--N--N--S--P--L--E--S--L--S--E--T--G--A- 208
AGCAGGGGCCATTCTCCTTCAGATGCCGAAACGAACCCCGAGCCTCCTTCGCTTTCTGAT 741

-S--R--G--H--S--P--S-Q-A--E--T--N--P--E--P--P--S--L--S--D- 228

CAGACCGAGTACTACGCAATGAATCACATCCCTCATGGTCTCTGTGTAATCATCAACAAC 801

-Q--T--E--Y--Y--A--M--N--H--I-{PZ-H--G--L--C--V--I--I--N--N- 248
GAAGAATTTTTGGTAGAGAAGCTGAAAAAAAGGGTTGGAACTCAAGTGGACGAGAGGGCT 861
-E--E--F--L--V--E--K--L--K--K--R--V--G--T--Q--V--D--E--R--A- 268
CTTGACTCACTGTTCTCCAAATTTGGCTTCCAAGTGATTGTCCATAGCAACTTGACAGCA 921
-L--D--S--L--F--§--K--F--G--F--Q--V--I--V--H--S--N--L--T--A- 288
GAAGAAATAAGAAGGCAGCTCAATAACATTGCTACAAGAAACTTTTCTGAGGAGGATGCT 981
-E--E--I--R--R--Q--L--N--N--I--A--T--R--N--F--§--E--E--D--A- 308
CTGGTGGTGTGTGTGCTCTCCCATGGGGACAATGGCTGTGTCCATGGGAGCGACGGGGAA 1041
-L--V--V--C--V--L--§--H--G--D--N--G--C--V--H--G--S--D--G--E- 328

GCAGTTTCTTTACAAGAACTGACGCAGCCCTTTACAAGTGGATTTGCGCCCACCTTGGCA 1101
-A--V--§--L--Q--E--L--T--Q--P--F--T--S--G--F--A--P--T--L--A- 348
GGAAAACCTAAACTGTACTTCATCCAAGCGTGTCAGGGAAAAGCCCTTCAGACTGGATTC 1161

-G--K--P--K--L--Y--F--I--[0--AF-C--Q--Q--K--A--L--Q--T--G--F- 368
<2l

Fig. 1. The complete cDNA and amino acid sequences of HaCasp-8 from Hippocampus abdominalis. The start codon (ATG) and stop codon (TAA) are in bold fonts. The death
effector domains are marked in gray. The carboxyl-terminal catalytic domain is underlined. The cleavage site at the aspartic acid reside is encircled and the pentapeptide active-site
motif (QACQG) is boxed. The red arrow and blue arrow indicated p20 large subunits and p10 small subunits, respectively. (For interpretation of the references to colour in this figure
legend, the reader is referred to the web version of this article.)
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TTGCCATTGTCCTCCAAGCCAAGAGGGGTTGCTGAGGACACACGGAATCAACTGGARACG
-L--P--L--§--§--K--P--R-=-G--V--A--E--D--T--R--N--Q--L--E--T-

GATGCGGGTCCCATCCAGGACGAGACGGTGGCCTCGGAAGCCGACTTCCTGCTCGGCATG
-D--A--G--P--I--Q--D--E--T--V--A-4SZ-E--A--D--F--L--L--G--M-

GCCACTGTGTCGAATTGCAAGTCCTTTCGAAATACCAACACGGGTTCCATCTACATCCAA
-A--T--V--§--N--C--K--§--F--R--N--T--N--T--G--S--I--Y--I--Q-

GAGCTGTGCAAGCAACTCGGACGATCTGCTATGAGCCCACAGGGGGAAGATATTCTCACT
-E--L--C--K--Q--L--G--R--§--A--M--§--P--Q--G--E--D--I--L--T-

GTCTTGACACGGGTGAATAGGGAGGTCAGCAGAGGAGTGTTTTTAAACGCCAAGCAAATG
-V--L--T--R--V--N--R--E--V--§--R--G--V--F--L--N--A--K--Q--M-

CCTCAGCCCAAATACACCCTCACTAAGACATTGATTCTAAGGTTGCTGATGAGGACCAAG

-P--Q--P--K--Y--T--L--T--K--T--L--I--L--R--F--A--D--E--D--Q-
TGAAACTCTCCTAAAGTGCCATATTGCCTGATTTCCGAAACTCTCCTCAAGTGTCATATG
-V--K--L--8
GCCTGATTTCCAATAAGACTGCATTGTATTATCACTGTGCCTATGAAAATGATGCACTGA
TGCTGATGTTTACAAAAATCTGAAAACGACTCTTGTGATTTTTGTCTCGTTTAAAAATTC
CTTATCGTGGATGAATTTGAAAAGTTTGTTGTTGTTGTTTTTTGGTCATTTGTCACTCAA
TATGAAATATATGTTGTTTGGAGAATATTCCTGGTGTGGAATATATACAGTATATTTCTT
GTTGAGGCCGAAAGAACGAGATCCCGGATACAAGCGGCCAAAATGAGTTTCCTCATGTTC
ATGTTGGGGGTTAAATCCTTAGAATATTTTAGCTTTGTTGTATCCTATTTGAGGTCACTT
GGAATGCACCATTAACTACGGTGTTATCTCAAAAGTACATGTAATATTTTTATCATGCAA
AACACTTGTGGGGTATATTATGGTGACTGTCTAAAACGCCTAATGAAAAATGGCTTCAAA
TCACGTTATGTACGAAAACAGACCCAATCTTCACCAAAATGTCGGTTCACATCTCTTCTT
ACGCCCACTTCAATCTCTGAAAATACTCAAGCACACCAATATTTTTGACATCACGCGTTT
TCCGCTTTATAGGAAAATTCTCTCTTGCCGTTGAATCCGATTTGAAGTGGACTTATTTAC
GGATGTGAACGATCGATCACAGTTTTCCGACATGAAGGAATGGTCAGCTTTTTGTACGGA
AAGAATCCCACAAGCTAGA

Fig. 1. (continued).
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with the known initiator caspases, especially with teleostean
caspase-8 counterparts.

According to the phylogenetic reconstruction, two basic clusters
were clearly identified, one of which was formed by teleostean
caspase-8 homologs (fish clade), and the other by mammalian
caspase-8 homologs (Fig. 3). Within the fish clade, freshwater fish
counterparts were clustered closely and independently. However,
the clustering pattern of the marine fish counterparts deviated
from the expected topology. HaCasp-8 was positioned within the
fish clade but with relatively distance evolutionary relationship
with the other teleostean counterparts. Nevertheless, the clustering
pattern hints the homology and fairly closer evolutionary rela-
tionship of HaCasp-8 with its known teleostean homologs.

3.2. Tissue-specific expression of HaCasp-8

In order to investigate the basal transcription of HaCasp-8 in

different tissues under the physiological conditions of healthy big-
belly seahorses, the tissue-specific relative mRNA expression was
assayed by qPCR (Fig. 4), using 40S ribosomal protein S7 from
Hippocampus abdominalis as the internal reference gene. The
lowest expression level in the liver was calculated as the
normalizing standard. According to the findings of the assay, the
highest expression level of HaCasp-8 was in ovary tissue, followed
by blood cells. In fish, the basal mRNA expression level of Mega-
lobrama amblycephala caspase-8 was abundant in the liver [38]. As
reported previously, caspase-8 tissue expression was found to be
diverse in mollusks. Caspase-8 from Haliotis discus discus was re-
ported to be pronouncedly expressed in the gills [39]. On the other
hand, the caspase-8 from Crassostrea gigas was noted to be highly
expressed in the hemolymph [40], whereas counterparts from
Mytilus galloprovincialis and Mytilus coruscus were more promi-
nently expressed in the digestive gland and mantle, respectively
[41].
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Fig. 2. Multiple amino acid sequence alignment of HaCasp-8 with other caspase sequences. The caspase family active site is boxed with dotted lines and the pentapeptide
active-site motif is boxed.

Since apoptosis is known to play a key role in development, observed in diplotene oocytes at the transition from ovary-like
gonadal cells, including ovarian cells (especially ovarian follicles) gonadal tissues to testes during sexual differentiation in pre-
can characteristically undergo marked apoptosis under the control sumptive male fish [43]. On the other hand, blood cells can
of sex hormones [42]. Moreover, in fish, severe apoptosis has been frequently undergo apoptosis due to the effect of many factors,



656 M. Oh et al. / Fish & Shellfish Inmunology 58 (2016) 650—662
Dicentrachus labrax R---GTQQPQTTLPSHVSMDYQ-———---- PTQPVLSISETQHNDVRL---NVCSDRIEP 218
Channa striata R---GTQQPQTTLPSHVSMDYQ-————--- PTQPVLSISETQHNDVRL---NVCSDRIEP 218
Larimichthys crocea R-——PVPLAHVSMDHQRDIRIS———————-QRRPQPAVTEMQPSDARP-—-TVCTDRIEP 218
Oplegnathus fasciatus —==VIQRPQPRLPSHVSMDYQRVN-—-NTPQPPILSISETAPSYEGQ-—-SVCSDRIEP 223
Gasterosteus aculeatus BDNRE-ATGRPHRPIHPQRVSNIS———————— QPVDVSISETQSNYEGM-—-NICSDRIEP 219

—--ITQPLPRRLSSHLSMDNQGVQPTTQPTQPVDVSTSETQPSYGEA-—-SVCTDREP 226
MAHVNDEEQPRILPRINVDYERSTIS-——-SNPQLESMSESRPSYEN-——-TIYSDRHP 226

Notothenia coriiceps
Cynoglossus semilaevis

Pundamilia nyererel RG-—GQQRQQFTLPPDVSMDIER——————~ THEPLSITETQPNYRRE———SINTDEQL 219
Haplochromis burtoni RG-—GQQRQQFTLPPDVSMDIEK——————~ THEPLSITETQPNYRRE-—-SINTDEQL 219
Oreochromis niloticus RA-—-RQPQQFTLSLDVIMDIER——————- THEPLSITETQPSYRRE-—-SINIDEQL 220
Takifugu rubripes LRGTEQN-——————- VSPDRES 188

* Hippocampus abdominalis QGASVVAASPPPARPLNGFQHVN-————————- NSPLESLSETGAS——RG———HSPSDRIET 219
Oryzias latipes HRGALTDTSHYQKRPSIPSLES——————— LSVSQPETWSETEDPNN——GVRSDRITP 220
Oncorhynchus mykiss ARG-SVSRQEYSVQPISNQEQQLSS———-PQSLQSLSISETRPNCERGQRIRLYSDRMT 232
Danio rerio

Clustal consensus

Dicentrachus labrax
Channa striata
Larimichthys crocea
Oplegnathus fasciatus
Gasterosteus aculeatus
Notothenia coriiceps
Cynoglossus semilaevis N
Pundamilia nyererel
Haplochromis burtoni
Oreochromis niloticus
Tekifugu rubripes

S-—HRDQEQGGRLPLEEVFLNN-—====——--—- PVSETMERERRR-—-NSSAGRIIT 217

ol
.

= 5 50 O O
Lot [ S O]
0'1280'1(7)

* Hippocampus abdominalls Nl 5
Oryzias latipes H ] 7
Oncorhynchus mykiss ’* 2
Danio rerio EYNIL 3
Clustal consensus
Dicentrachus labrax g 323
Channa striata € 323
Larimichthys crocea Vg 321
Oplegnathus fasciatus [F& 336
Gasterosteus aculeatus [FE 324
Notothenia coriiceps g 328
Cynoglossus semilaevis € 329
Pundamilia nyererei 324
Haplochromis burtoni € 324
Oreochromls niloticus € 326
Takifugu rubripes [F& 294

* Hippocampus abdominalis g 324
Oryzias latipes Ve 326
Oncorhynchus myklss g 351
Danio rerio ILE 322

Clustal consensus . S T -

Fig. 2. (continued).

including reactive oxygen intermediates, aging conditions, and
cytosolic calcium increase [44]. Thus, it is not unusual to observe a
pronounced level of caspase-8-like molecules in fish ovary and
blood cells, complying with our observations.

3.3. Transcriptional modulation of HaCasp-8 upon immune
challenge

We analyzed the transcriptional modulation of HaCasp-8 in
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Fig. 2. (continued).

healthy seahorses after stimulating their immune systems with live inductive transcriptional responses (Fig. 5A). Upon LPS treatment,
pathogens or associated molecular stimulants, to elucidate its po- the basal transcript level of HaCasp-8 was elevated at the early
tential significance in host immune responses. In blood cells, all phase [3 h post treatment (p.t.)], and late phase (48 h p.t), albeit
four treatments (LPS, poly I:C, S. iniea, and E. tarda) could mount with significant down-regulation at the middle (12 h p.t.) phase. On
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Table 2

Pairwise sequence alignment of HaCasp-8 with known caspase-8 homolog sequences taken from the NCBI GenBank database.
Common name Species GenBank accession number Identity (%) Similarity (%) Amino acids
Rock bream Oplegnathus fasciatus AHH30803 56.4 70.7 495
Sea bass Dicentrachus labrax AC053629 55 71.2 484
Stickleback Gasterosteus aculeatus NP_001254591 54.7 711 484
Common snakehead Channa striata CCV01626 54 69.2 483
Yellow croaker Larimichthys crocea XP_010752886 53.9 67.7 481
Black cod Notothenia coriiceps XP_010773156 52.5 68.2 490
Tiger puffer Takifugu rubripes XP_003975926 51.8 64.9 454
Tongue sole Cynoglossus semilaevis XP_008332470 51.1 67.6 488
Burton's mouthbrooder Haplochromis burtoni XP_005951292 50.9 65.7 482
Python Island Pundamilia nyererei XP_005740222 50.7 66.1 482
Asiatic ricefish Oryzias latipes NP_001098258 50 67.3 481
Nile tilapia Oreochromis niloticus XP_003457507 49.8 64.8 485
Rainbow trout Oncorhynchus mykiss NP_001268251 47.6 614 502
Zebrafish Danio rerio AAS91705 389 54.8 476
Human Homo sapiens AAD24962 36.1 51.7 479
Cattle Bos taurus ABQ12952 36.2 523 485
Rat Mus musculus AAH49955 35.9 54.8 480

Oplegnathus fasciatus 7
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46
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Fig. 3. Phylogenetic analysis of caspase-8 homologs. The phylogenetic tree was constructed by the MEGA 5 software, with the support of 5000 bootstrap replicates. The NCBI

GenBank accession numbers of the homologs used are given in Table 2.

the other hand, with E. tarda treatment, the transcription was up-
regulated at early (3 h p.t.) and late phase (48 h p.t.) as well as
middle phase (12 h p.t.). Intriguingly, the basal transcript level of
HaCasp-8 was elevated by S. iniae at all the time points considered.
Moreover, poly I:C treatment also induced increases from basal
transcription at all the time points considered, except at 6 h p.t.,
reflecting that the virus genome itself may alter the expression
pattern of HaCasp-8.

Similarly, in kidney tissues, LPS and E. tarda treatments could
mount significant transcriptional up-regulation of HaCasp-8 at the
early and late phases after treatment; however, at the much later
phase (72 h p.t.), significant down-regulation occurred, plausibly to
propagate infection by suppressing the level of apoptosis (Fig. 5B).
S. iniae treatment could also elicit a significant inductive

transcriptional response at 6, 12, and 24 h p.t. in kidney tissues,
whereas poly I:C treatment significantly elevated the transcription
at 12, 24, and 48 h p.t. In agreement with our data, sea bass
(Dicentrarchus labrax L.) capsase-8 mRNA expression was shown to
be up-regulated under Photobacterium damselae subsp. piscicida
infection [29]. Meanwhile, in invertebrates such as disk abalone
(Haliotis discus discus) and oyster (Crassostrea gigas), the caspase-8
counterparts were transcriptionally up-regulated upon bacterial
and viral invasion, respectively [39,40].

Much evidence for the involvement of caspase-8 in the host
immune defense against bacterial or viral infections exists to date
[26,45,46]. For example, caspase-8 is known to temporarily asso-
ciate with the IkappaB kinase (IKK) complex through interactions
with TLR3 and TLR4 in response to poly I:C or LPS stimulation,



M. Oh et al. / Fish & Shellfish Inmunology 58 (2016) 650—662 659

12

J

10 -

Relative exprssion level from control

Fig. 4. Transcriptional distribution of HaCasp-8, as determined by qPCR. The relative expression was calculated by the 222 method, using seahorse 40S ribosomal protein S7 as

the internal reference gene. Fold changes in expression are shown relative to the mRNA expression level in the liver. Error bars represent the standard deviation (n = 3).

A
(A) 35 q
E
s
S
<
£
£
°
>
K mLPS
.g #EPoly I:C
g = E.tarda
S
5 B S.iniae
o
2
kS
D
o~
3 6 12 24
Time post challenge (h)
(B)
E
=
5
<9
£
E
°
>
2 =LPS
-§ EPoly I.C
§ @ E.tarda
=%
5 @ S.iniae
@
2z
-
=
D
~

0 3 6 12 24 48 72
Time post challenge (h)

Fig. 5. Transcriptional modulation of HaCasp-8 in (A) blood and (B) kidney tissue upon different immune challenges, as determined by qPCR. The relative expression was
calculated by the 222 method, using seahorse 40S ribosomal protein S7 as the reference gene, with normalization to the expression levels of corresponding PBS-injected controls
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Fig. 6. Cell death inductive activity of HaCasp-8. (A) Viability of HaCasp8-pcDNA-transfected HEK293T cells relative to mock and untransfected controls, as determined by MTT
assay. Error bars represent the standard deviation (n = 3). Cell viability (%) significantly different (P < 0.01) from the negative control is denoted by an asterisk (*). Microscopic
observation of the morphology of (B) untransfected control cells, (C) HaCasp8-pcDNA-transfected cells, and (D) mock control cells.

respectively [46]. The IKK complex can activate NF-kB-mediated
pro-inflammatory cytokine expression [47]. The outcomes of our
transcriptional analysis in the big-belly seahorse together with the
known knowledge on caspase-8 to date suggest that upon bacterial
or viral pathogen invasion, caspase-8-mediated apoptosis may be
induced as an immune response by the host defense system.
However, further studies are merited to validate this suggestion,
especially the research centering on HaCasp-8 activity in vivo.

3.4. Cell death induced by HaCasp-8

In order to determine the potential apoptogenic property of
HaCasp-8 in viable cells, the protein was overexpressed in HEK293T
cells and the cell viability was measured using the standard MTT
assay. Results showed only a 75% viability of HaCasp8-pcDNA-
transfected cells compared with the untransfected control (Fig. 6A).
As expected, the cell viability for the mock control and
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Fig. 7. Counting of live and dead cells. Viable cells were determined in HaCasp8-pcDNA-transfected HEK293T cells relative to mock and untransfected controls by Trypan Blue
exclusion method. Gray and black colors marked in the each bar indicated the percentage of live and dead cells, respectively.
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untransfected experiments was almost similar. Our results were
further confirmed by light microscopic observation, where the
morphology of vector-transfected cells was found to be altered
compared to the control cells (Fig. 6B, C, and D). In addition, viable
cells were determined using Trypan Blue exclusion method. Ac-
cording to the results, 6% and 12% of dead cells were observed for
untransfected control and mock control, respectively. In the case of
HaCasp8-pcDNA-transfected cells, remarkably higher percentage
(25%) of dead cells were noted (Fig. 7). Even though numerical value
is not dramatic; seahorse caspase-8 may have slightly low, but
possible effect in mammalian cells. However, the result of the DNA
laddering assay conducted with mammalian cells [48], revealed
that the apoptosis may not be the real mechanism for cell death
that have been occurred in this study. Thus, the outcomes of this
assay together with our in silico data infer that HaCasp-8 is involved
in the induction of cell death in seahorses.

4. Conclusion

In conclusion, we have identified a caspase-8 homolog from a
seahorse (Hippocampus abdominalis). Our in silico data reflected the
typical caspase family characteristics of HaCasp-8. Moreover,
HaCasp-8 was found to be ubiquitously expressed in tissues of
healthy animals, with pronounced expression in the ovary, fol-
lowed by blood. Transcription of HaCasp-8 was found to be signif-
icantly modulated by pathogen stress conditions. Our cell
transfection assay along with the cell viability assay demonstrated
the putative cell death inductive property of HaCasp-8. Collectively,
our results suggest that HaCasp-8 may be an important molecule in
the seahorse cell signaling pathway, which in turn plausibly plays
an indispensable role in the host immune response against path-
ogen infection.
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