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Defensive roles of the complement system in fish are largely unknown, although expressions of several
complement components have been examined in some teleost species upon bacterial and parasitic infections.
To infer possible anti-virus defensive roles of the complement system in teleost, zebrafish were simulated by
intraperitoneal injection of poly I: C, a double strand RNA analogue, to mimic viral infection, and expression
of 24 complement components and their subunits in the gill, brain, kidney, gut, hepatopancreas, gonad, heart,
spleen, and skin were analyzed by reverse—transcription PCR. In normal (unstimulated) fish, the hepatopan-
creas showed highest expression of most genes tested, and considerable extra hepatic expression was also
observed for many complement components. Upon stimulation, the hepatopancreas showed decreased ex-
pression of CD11/CD18, B/C2-A3, MASP3, and properdin, while marked up-regulation of several comple-
ment component genes was observed in the gill, suggesting an important but unknown role of the gill in host

defense against viral infection.

INTRODUCTION

Gene expression patens such as tissue distribution
and response to any stimuli at the mRNA level provide
important information to infer the gene function. As the
complement encoding genes have increasingly been clar-
ified, a number of approach to elucidate their functions in
host defense and other biological processes have been
performed for a few fish species in which cDNA or
genomic sequence of the complement components are
available. For example, expression responses of various
complement components have been analyzed for several
fish species against infection of bacteria (Raida and
Buchmann, 2009; Gerwick et al., 2007; Peatman et al.,
2007; Overturfand LaPatra, 2006) and parasites (Gonzalez
et al., 2007a; Gonzalez et al., 2007b; Saeij et al., 2003;
Sigh et al., 2004; Alvarez—Pellitero, 2008), and after vac-
cination (Domrongphol et al., 2009; von Gersdorff
Joegensen et al., 2008; Park et al., 2005) and immunos-
timulant administration (Selvaraj et al., 2006; Selvaraj et
al., 2005; Lovoll et al., 2007). However, much less is
known about expression response of complement compo-
nents after viral infection of fish. In the present study,
the expression of the complement component genes
identified in the accompanying paper (Vo et al., 2009)
and MBL were examined for a wide range of organs of
zebrafish after administration of poly I:C, a double strand
RNA analogue that mimics viral infection (Fortier et al.,
2004).

' Laboratory of Marine Biochemistry, Division of Marine Biologi-
cal Chemistry, Department of Bioscience and Biotechnology,
Graduate School of Bioresource and Bioenvironmental Science,
Kyushu University

* Corresponding author (E—mail: mikimnakao@kyudai.jp)

389

MATERIALS AND METHODS

Fish

Adult zebrafish (Danio rerio), weighing about 1 g,
were purchased from a local pet shop and maintained in
a circulating tank at 26 °C and acclimated at least two
weeks before use with daily feeding with commercial pel-
let.

Reagents

Polyinosine—polycytidylic acid sodium salt (Poly I:C),
obtained from Sigma (P 0913, USA), was dissolved in
10 mM phosphate-buffered saline (pH 7.5) at a concen-
tration of 10mg/ml and stored at -20°C until use.
Oligonucleotide primers were synthesized and supplied
from GeneNet (Fukuoka, Japan). KOD Plus DNA
polymerase was obtained from Toyobo (Tokyo, Japan).

Stimulation of fish and isolation of RNA

Poly I.C in PBS was intraperitoneally injected to
zebrafish at a dose of 10 ug/g-body weight. PBS was
injected to control fish. One day later, fish were anesthe-
tized in 400 ppm quinaldine, and sacrificed for collection
of the gills, brain, kidney, gut, hepatopancreas, gonad,
heart, spleen, and skin (10-20mg). The organs were
rapidly homogenized in 200 ul of ISOGEN, and total RNA
was isolated according to the manufacturer’s instructions
and stored at —80 °C.

RT-PCR

First strand cDNA was synthesized from the total
RNA (1 pg) using MMLV-reverse transcriptase and oligo
(dT) primer following the protocol provided with the
enzyme. The cDNA equivalent to about 0.025ug RNA
was used as a template of PCR reaction with KOD Plus
DNA polymerase kit (Toyobo, Japan). Primer sequences
used for each complement component gene and target
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sizes of amp icons are listed in Table 1. Beta—actin mRNA
was amplified as a positive control.

PCR amplification was conducted on a T3 thermal
cycler (Biometra, Germany) under the following condi-
tions: 94 °C for 15 sec, 53 °C-57 °C for 15 sec, 68 °C 1 min,
30 cycles. The annealing temperature for each primer set
is shown in Table 1. The amplified products were run on
2% agarose gels in Tris—Borate-EDTA buffer (pH 8.2)
containing 0.5 ul/ml ethidium bromide (EtBr).

RESULTS

Expression patterns at the mRNA level of all the
complement component genes identified the accompany-
ing paper (Vo et al., 2009) and the mannose-binding lec-
tin (Nakao et al., 2006) were evaluated by RT-PCR, using
three fish each for control and test groups. Only the
results of two representative fish are shown in the figures
of the following sections. Authenticity of the amplicon
was confirmed by direct sequencing for each gene (data
not shown).

Expression pattern in the gills

In the gill of control fish (Fig. 1), mRNA of the follow-
ing genes were detected as a significant band: C1gA, B,
C—chains, Clr/s, C3-1, C4-2, C6, CR1, CD11/CD18, B/
C2-A3, and P, although the expressions of CR1, B/C2-A3,
and P were obvious only in one of two individuals. Signals

Table 1. RT-PCR primers and expected cDNA amplicon size

Gill | Fish

ClgA CIgB_ ClgC_Clrs €2 C3-1 32 C4-1 C42 C5  C6  CT-1_C72
PBS |1
2

I.C

Gill | Fish
PBS |1

2 g

Fig. 1. Expression of the complement component genes in the gills.
After RT-PCR amplification, the PCR products were run on
a agarose gel containing 0.5 ug/ml EtBr. Results from two
fish (number 1 and 2) are shown. PBS denotes the control
fish group injected with PBS alone, and I:C stands for the
stimulated fish group administered with poly I.C. Sizes of
the amplicons are shown in Table 1. Abbreviations: C2, B/
C2-B; fl, factor I; BfAl, B/C2-Al; BfA3, B/C2-A3; MBL,
mannose—binding lectin; MASP, MBL—associated serine pro-
tease; P, properdin; f3—act, [§—actin.

C8 C9  CDIl__ CDI8 il BfAl  BfA3  MASP2 MASP3 MBL P -act

I.C

of B/C2-B, C3-2, C4-1, C5, C7-1, C7-2, C8, C9, fI, MASP2,
MASP3, and MBL were only faint or not detected in the
normal gills. In the poly I:C—injected fish, amplicon bands
of all the genes except for MASP3 and MBL became visi-
ble at least in one of the two test fish, suggesting that the

Gene/

Annealing
temperature (°C)/
Amplicon length (bp)

Sense primer
sequence (5'-3")

Anti-sense primer
sequence (5'-3")

C1qA/57/138 TTATGTCTCAGACTTAAGAGCACAAGTGCG
C1gB/57/118 AACAGTCTGCCTGTCTAAAGATTCAGGTAG
C1qC/55/106 AAGCTGTGTGTTATCCTAGTGCATGATGAT
C1r/s/55/138 AACAGGTGAAGCTGTTAAAGAGGGCATGAT
C2/55/181 TATGATTACGACATCGCTCTGATCAGGAT
C3-1/57/106 CGCCTGGCAGCAATGTCCAG

C3-2/55/106 CGCCTGGCAGCAATGTTCAT

C4-1/57/104
C4-2/57/100

TAATCACTGATGTTCTGCAGACTGGTAGGA
CACCAAAGACTCAAGTGGAAACATGCA

C5/55/151 GGAAGATCTAGATGAGTACCAGAATGGACT
C6/55/105 TCAGTGTCCAAAACGTGTGAGTGTAAGATG
C7-1/57/155 ACTGCTGGAGCTGGACGCAAATTATATGAT
C7-2/55/82 GTACCTCACAGAGAAACACTCATGTC
C8/57/172 CCTATAATGACCACAAATACAAGCGATCGG
C9/57101 GTATCGCTCTAGGAGTATTGAAGTCTTTGG
CD11/55/143 CCTCATAAATCACAGATCACAGTGAAG
CD18/57/156 CTCTACTCTGTCAGTGTCCTTAAAGACAGA
f1/57/178 AAGGTGACGATTATTGGTGACTGCCAGAAT
BfA1/55/131 TGTGCAGTGGTGGTAATCAACCACA
BfA3/55/127 AGCGGTGGTATTGACCCCAC
MASP2/55/152 ACGGAGAATATGATTTGTGCTGGGTTTTCC
MASP3/565/155 TTAACCCCTAACACTTTGGGTATTGTAGCC
MBL/57/129 ATGTTGGTGCAACAGATGCAAAGAAAGAGG
P/57/107 TGGAGAAATTGTTGAACATGGCAGCTGCTT

B —act/53/1160

GTTGACAACGGCTCCGGTAT

ATTGAACACTGCATACAAGCGTTTGGGCAT
GTGCAGTCAGTGTCTCTACTAAACACAGTA
CTGTTGCATACATGCCATTAAGGGCATTTG
CCTCTACAACTGTCAATACCATGAACATCA
ATGTGTTCCCTGTGAGATGAAGTGA
GATTGAAGACTTCACACCTTTCTCTGCCTT
GATCGAAGATTTCACACCTTTTTCTGCAAA
GTTATTCTGCTCTGAGATTGCTCTGTCATG
CAGATTGCATCCATCAACTTGGTACTCTTT
TGTGCACTTAAATGCTGGAGCTTGATATTC
TTCATGCTGAAGCTCAAACTCTATACTGCT
CCAGCGATATAAGCGCTATTTCCTCCTATA
TCCCATATTCGCAGGCTTGG
TTGATGAAATGAGTGCCGTAGTCTTGGTAG
CTTGTAAAGGTGCACTGCCACTGAG
GTCTTTAGCATCTGTGTCCATGAGA
CTGGAATAATGGGTTGGTACCAGAAGTCTT
AGTCGAAGTAATGTGCCACTTTGGTGTAGA
TATGGTAATCTCTGGAGTCTGAAACCGAAA
ATGGTAATCTCTGGTGTAAGACTCAGATCT
GACATGACTTTTCAATCCATGAAAGGTAG
AAAGCCAGCGCAGAACATATTACCAGTGAT
GTTCACACACCACATGCCACTTTGAATTAC
CGGATTGGTATTCAGAAATGTCAGGAACAC
CAGAAGCCATGCTGATGTCA

Abbreviations: C2, B/C2-B; BfAl, B/C2-A1; BfA3, B/C2-A3; fI, factor I; MBL, mannose-binding lectin; MASP, MBL—
associated serine protease; P, properdin; 8 —act, § —actin.
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expression of these genes were up-regulated in the gills
by poly I:C stimulation. Especially, up-regulation of B/
C2-B, C4-1 and B/C2-A1 seemed prominent.

Expression pattern in the brain

Brain of the control fish showed expression of a wide
range of complement components: C1gA, B, C—chains,
Clr/s, C3-1, C4-1, C4-2, C6, C7-1, C7-2, C8, CR1, CD11/
CD18, fI, B/C2-A3, MASP3, MBL, and P, whereas only a
faint signal was observed for B/C2-B, B/C2-Al, and
MASP2, and no detectable band was obtained for C3-2,
Ch, and C9 (Fig. 2). In the stimulated fish, on the other
hand, many genes gave apparently stronger signals at
least in one of the two injected fish, whilst expression lev-
els of ClgA, B, C—chains, C3-1, C7-2, CR1, and CD11/
CD18 were kept flat.

Brain | Fish
PBS |1

CliA CliB CIEC Clr/s  C2 C3-1 C3-2 C4-1 C42 C5 C6 C7-1 C7-2

1
2
Brain | Fish
PBS |1

C8 C9 CDIl_CDI8 f1 BfAl BfA3 MASP2 MASP3 MBL P -act

ClgA ClgB ClgC _Clr/s C2 C3-1 C3-2 (C4-1 (C4-2 C5 C6 C7-1_C7-2
PBS |1
2
I:C
1
2
Gut Fish C8 C9 CDII CDI8 i BfAl BfA3  MASP2 MASP3 MBL P -act
PBS |1
2
I:C
1
2

Fig. 4. Expression of the complement component genes in the guts.
Abbreviations are shown in the Fig. 1 captions.

Expression pattern in the hepatopancreas

As shown in Fig. 5, all the transcripts were clearly
detected in the two control fish, and the levels were
almost unchanged in the stimulated fish, except for C7-1
and C7-2, of which signal was very faint or undetectable
in the poly I:C—injected fish.

Fig. 2. Expression of the complement component genes in the
brains. Abbreviations are shown in the Fig. 1 captions.

Expression pattern in the kidney

In the kidney, at least one of the two control fish gave
significant signals of expression of all the genes tested,
and no obvious up-regulation was recognized for any of
the genes in the poly [:C—stimulated fish (Fig. 3).

Hepato- | Fish
pancreas ClgA ClgB  ClgC Clr/s C2 C3-1  C3-2 C4-1 C4-2 C5 C6 C7-1 C7-2
PBS |1 | e |
2
1.C
1
2
Hepato- | Fish
pancreas C9 CDI1 CDI18 hil BfAl BfA3 MASP2 MASP3 MBL
PBS 1

I:.C
1
2

Fig. 5. Expression of the complement component genes in the he-
patopancreas. Abbreviations are shown in the Fig. 1 cap-
tions.

Expression pattern in the gonad

Kidney FISh ClgA ClgB__ClgC Clrs €2 C3-1 C3-2 C4-1 C4-2 C5 C6 C7-1__C7-2 .
PBS |1 As in gut and hepatopancreas, all the genes tested
2 . . .
gave expression signals in the gonad of the control fish,
LC . and the expression levels showed no prominent up-regu-
2 E lation or down-regulation in the poly I:C—stimulated fish
. - (Fig. 6).
Kldl'ley FISh c8 C9 CDIl_CDI8 BfAl BfA3 MASP2 MASP3 MBL P -act
PBS |1
2 -
Gonad | Fish ClgA ClgB ClgC_Clr/s €2 C3-1 C3-2 C4-1 C4-2 Cs C6 C7-1_C7-2
I.C PBS
1
;P
I.C
Fig. 3. Expression of the complement component genes in the kid-
neys. Abbreviations are shown in the Fig. 1 captions.
Gonad C9 CDIl__ CDIS8 BfAl  BfA3 MASP2 MASP3 MBL
PBS

Expression pattern in the gut

The overall expression pattern was very similar to
that of kidney, but the gut gave more steady expression
in that most of the genes tested, showing signals in the
two individuals tested both in control and stimulated
groups (Fig. 4).

I.C .
2

Fig. 6. Expression of the complement component genes in the go-
nads. Abbreviations are shown in the Fig. 1 captions.
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Expression pattern in the heart

The heart of the control fish showed rather limited
expression of the complement components when com-
pared with kidney and hepatopancreas, in that signals of
C5h, C8, and fT were almost missing, while B/C2-B, C3-2,
C7-1, C7-2, C9, B/C2-Al, and MASP2 were observed
only one of the two control fish (Fig. 7). In contrast, the
poly I:C—stimulated fish showed more steady expression
in both test fish, though the band intensities did not
increase apparently.

Heart | Fish

ClgA _CIgB ClgC_Clrs €2 C3-1 €32 C41 (42 C5  C6_ CT1_CT2
PBS |1
2

Heart
PBS

C8 C9 CDI1l__CDI8 fI

BfAl BfA3 MASP2 MASP3 MBL

Fig. 7. Expression of the complement component genes in the
hearts. Abbreviations are shown in the Fig. 1 captions.

Expression pattern in the spleen
In the control fish spleen, expressions of all the genes
tested were detected from at least one of the two fish,

showing substantial individual variations (Fig. 8). In the
stimulated fish, however, both two test fish gave signals
of expression, implying some up-regulating effect of poly
I:C. In particular, band intensities of B/C2-B, C5, C7-1,
C8, B/C2-A1, MASP2, and MBL became stronger in the
stimulated fish than in the controls. In contrast, C1gA, B,
C—chain expression levels become lower in the stimulated
fish.

Spleen | Fish
PBS 1

CIgA ClgB_ClgC Clr/s  C2 C3-1 C3-2 C4-1 C4-2 C5 C6 C7-1 C7-2
2 m

I.C
1
2
Spleen FISh €9 CDI1l_CDI8 1 BfA1 BfA3  MASP2 MASP3 MBL P -act
PBS 1
2
I.C

Fig. 8. Expression of the complement component genes in the
spleens. Abbreviations are shown in the Fig. 1 captions.

Expression pattern in the skin

While transcripts of many complement genes were
detected in the skin, signals of B/C2-B, C3-2, C5, C8, fI,
B/C2-A1, and MASP2 were faint or totally undetectable
in the control fish (Fig. 9). In the stimulated fish, how-

Table 2. Tissue distribution of mRNAs encoding the complement components in normal zebrafish

Gene Gill Br Kd Gut Hp Gd Ht Sp Sk
ClgA + + ++ ++ ++ ++ ++ ++ +
ClqB + + ++ ++ ++ ++ ++ ++ +
ClqC + + ++ ++ ++ ++ ++ ++ +
Clr/s + + ++ + ++ + + ++ +
B/C2-B + - + + ++ + + + -
C3-1 + + ++ ++ ++ + + + +
C3-2 + - + + ++ + + + +
C4-1 + + ++ ++ ++ + + ++ +
C4-2 + + ++ ++ ++ + + ++ +
G5 - - + + ++ + + + -
G6 + + + ++ ++ ++ ++ ++ +
C7-1 + + + * + + + + +
C7-2 + + + + + + + + +
G8 - + + + ++ + - + -
G9 + + + + ++ + + + +
CD11 ++ ++ ++ ++ ++ ++ ++ ++ +
CD18 + + + + ++ + + + +
il + + + ++ ++ + + + +
B/C2-Al + + + ++ ++ + + + +
B/C2-A3 + + + + ++ ++ + + +
MASP2 + + + + ++ + + + +
MASP3 + + + + ++ ++ + + +
MBL + + + + ++ ++ + + +
p + + + ++ ++ ++ + + +

*Relative expression levels compared among the organs in each gene are shown: 4, weak or moderate
expression; ++, strong expression; +, weak or moderate expression only in one of the two individuals
tested. Abbreviations: Br, brain; Kd, kidney; Hp, hepatopancreas; Gd, gonad; Ht, heart; Sp, spleen; Sk,

skin.
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ever, expression of these components became visible. In
addition, the baseline expression of C6, C7-1, C7-2,
CD11/CD18, MASP3, MBL, and P showed further increase.
On the other hand, no significant change in the expres-
sion level was observed for Cl1qA, B, C—chains, Clr/s,
C3-1, C4-1, C4-2, and B/C2-A3.

Skin Fish CIgA ClgB  ClgC Clr/s C2  C3-1 C3-2 C4-1 C42 C5 C6 C7-1 C7-2
TES 1| e
2
I.C
1
2
Skin | Fish CDII_CDIS BfAl _BfA3 MASP2 MASP3 MBL
PBS |1
2
I.C
1
2

Fig. 9. Expression of the complement component genes in the
skins. Abbreviations are shown in the Fig. 1 captions.

From the above results, normal tissue distribution of
the complement components mRNA and their response
to poly I:C—stimulation are summarized in Table 2 and
Table 3, respectively.

DISCUSSION

Although the major site of complement component

393

production in fish is considered to be liver or hepatopan-
creas as in mammals, it is increasingly probable that their
extra hepatic expressions such as those in skin, spleen
and kidney may have a functional significance of the com-
plement system for first-line or local defense of fish
(Lovoll et al., 2007a; Gonzalez et al., 2007ab). Thus more
comprehensive findings on the tissue distribution of wider
range of the complement components in fish.

Table II-2 summarizes the tissue distribution of tran-
scripts from 24 genes encoding various complement com-
ponents and their subunits based on the normal fish data
in Figs. 1 to 9. As recognized in mammals, the hepato-
pancreas is a major production site for most components,
but many of the components are synthesized in substan-
tially wide range of organs. Among them, Clq, Clr/s,
C3-1, C4-1, C4-2, C6 and properdin showed a broad tis-
sue distribution of their mRNAs, suggesting that their
basal extrahepatic expression would have significance in
their local innate defense or in systemic complement syn-
thesis, as inferred from the extrahepatic expression of
C3, C4, C5, C7 and Bf in trout (Lovoll et al., 2007a).

It is reasonable that C1gA, B, C subunits and Clr/s
showed an essentially identical tissue distribution, as the
three subunits form a C1 complex, the first complement
component. Similarly, MBL, MASP2, and MASP3 showed
almost identical tissue distribution. In contrast, distribu-
tions of CD11 and CD18 are considerably different from
each other, despite that they should assemble an integrin
molecule functioning as a complement receptor type 3
(CR3), specific for an activated fragment of C3 (Law and

Table 3. Summary of changes in the expression level of the complement components and their subunits in various

organs of zebrafish after stimulation with poly I:.C

Gene Gill Br Kd Gut Hp Gd Ht Sp Sk
ClqA 1 — — — — — - - -
ClgB 1 — — — — — - -
ClqC T — — > — — > P P
Clr/s > > L > 1 > > <«
C2 (B/C2-B) T > > > 1 — 1
C3-1 1 — — — — — - P -
C3-2 1 o o 1 t
C4-1 T — — — — — P P P
C4-2 1 — > — — — > “— >
Ch > — — T

C6 1 — — — — — — —
C7-1 1 > —

Cc7-2 1 — “—

c8 - - 1 1 1
c9 > 1 1

CD11 > > — > 1 — > P P
CD18 1 > | “— > — —
il “— > “— “— — 1
B/C2-A1 il “ > — 1 T 1 1
B/C2-A3 — — 1 > P P PN
MASP2 — > 1 1
MASP3 > l “— — —

MBL — > > > 1

P > > > > l > — > —

Horizontal arrows indicate no significant change. Abbreviations: Br, brain; Kd, kidney; Hp, hepatopancreas; Gd, gonad,

Ht, heart; Sp, spleen; Sk, skin.
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Reid 1995). The differential transcriptional level of CD11
and CD18 may have a unique regulation for the expres-
sion of functional CR3.

It should be noted that the gonad expresses all the
complement genes tested. Although cellular localization
of the transcripts and the proteins are still unknown, the
presence of all the complement components in the gonad
suggests their possible roles in reproduction and early
development.

There are a number of reports regarding transcrip-
tional response of the complement component genes, as
well as other innate immune-relevant genes such as
cytokines and the acute phase proteins, in several fish
species after infection with bacteria, parasites or stimula-
tion with vaccine or immunostimulants such as LPS and
B -1,3-glucans.

In the rainbow trout, which has been best studied for
complement expression responses, infection of a parasite
(Icthyophthirius multifilits) upregulated C3 expression
in the skin and spleen and C5 and Bf expression in the
spleen and head kidney, suggesting involvement of the
complement system in anti—parasite defense mechanisms
(von Gersdorff et al., 2008; Sigh et al., 2004). As for bac-
terial challenge, controversial results have been reported
for trout; Yesinia ruckeri infection elicited down-regu-
lation of C3, C5 and Bf expression in liver (Raida and
Buchmann, 2009), whereas challenge with Aeromonas
salmonicida and Flavobacterium psychrophilum did
not affect C3 expression in liver, spleen, or head kidney
(Overturf and LaPatra, 2006). Listonella anguillarum
bacterin injected with Freunt’s incomplete adjuvant sup-
pressed C3 expression but elevated C7 level in trout liver
(Gerwicket al.,2006). Furthermore, bacterial lip polysac-
charides (LPS) and yeast f—glucans have been reported
to modulate differentially expression levels of three C3
isotypes, C3-1, C3-3 and C3-4, in trout liver, spleen and
head kidney, in which C3-1 was up-regulated but C3-4
was down-regulated (Lovoll et al., 2007b). As for
response to viral infection, it is an only report that the
infectious hematopoietic necrosis virus stimulated trout
C3 expression (Overturf and LaPatra, 2006).

In carp, a similar expression response of C3 has been
observed upon infection of a parasite, Trypanoplasma
borreli (Saeij et al., 2003). LPS and f3 —glucan adminis-
trations have been reported to stimulate some comple-
ment components such as C5 and B/C2-A3, suggesting
their ability to respond against bacterial and fungal infec-
tion (Gonzalez et al., 2007).

The present study showed responses of 24 comple-
ment components and their subunits after stimulation
with poly I:C, a viral mimicry molecule. The most promi-
nent expression response was observed in the gill, where
transcriptions of C1, B/C2-B, C3, C4, C6, C7, and B/C2-A1
were up-regulated. Skin and gonad also showed elevated
levels of several components as summarized in Table 3.
In contrast, hepatopancreas, the major site of the basal
expression, showed no change of the expression level or
even down-regulation of a few components.

From the present results, it is considered that gill
may play an important role in the innate immune response

and defense against viral infection. Although the present
experiment was performed using entire gill specimen
containing blood cell in the vessels, the contribution of
such contaminating blood cell to the expression profile of
the gill is unlikely because other blood cell-rich organs
like kidney, heart and spleen showed expression response
pattern distinct from that of gill.

It is to be elucidated that how poly I:C modulated the
complement expression in the gill. As poly I:C is a ligands
for toll-like receptor 3 (TLR3) in mammals (Alexopoulou
et al.,2001), and TLR3 has also been identified in various
fish species including zebrafish (Jault et al., 2004), signal-
ing through TLR3 and downstream cytokines such as
IL-1 8 may have a role in the transcriptional enhance-
ment of the complement expressionin the gill. Elucidation
of the functional significance of the up-regulated produc-
tion of the complement components in the gill may pro-
vide an important clue to better understand anti—viral
defense system in fish and contribute to development of
countermeasure or prevention of viral diseases in aquac-
ulture, in combination with other methods such as vacci-
nation.
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