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ABSTRACT 

 

Unmethylated CpG motifs in DNA and double-stranded RNA (dsRNA) are recognized as 

pathogen-associated molecular patterns (PAMPs) by toll like receptor 9 (TLR9) and TLR3, 

respectively, which trigger strong proinflammatory responses in vertebrates. In the present study, 

effects of CpG DNA and dsRNA on disease resistance of olive flounder were investigated, and 

various forms of CpG DNA and dsRNA were developed for practical use of them in aquaculture. 

 Firstly, we found that CpG-ODNs belonging to different classes have different abilities to 

increase resistance of olive flounder against different pathogens, in which fish administered CpG-

ODN 2216 (A-class) showed the highest resistance against VHSV infection and the strongest 

expression of Mx and ISG15 genes, whereas fish administered CpG-ODN 1668 (B-class) induced 

the strongest scuticocidal activity of serum and the highest survival rate against Miamiensis avidus 

infection. Secondly, we have firstly demonstrated that plasmids harboring multiple copies of CpG 

1668 motifs enhanced resistance of olive flounder against M. avidus infection. The use of 

plasmids containing multiple CpG motifs instead of artificially synthesized CpG-ODNs would be 



ix 

 

a way to low the cost. And, we constructed plasmids that harbor multi-copy of CpG motifs that 

belonging to different classes, and verified that administration of the constructed plasmids 

enhanced disease resistance of olive flounder against both VHSV and M. avidus infections. 

Furthermore, delivery of plasmids harboring CpG motifs by auxotrophic Escherichia coli mutant 

also enhanced disease resistance of olive flounder. Thirdly, we have newly cloned TLR3 cDNA of 

olive flounder, and analyzed in vivo expression of the TLT3/TLR22 in response to poly (I:C). 

Furthemore, using short-hairpin RNAs (shRNA) targeting TLR3 and TLR22 in HINAE cells, we 

revealed the critical role of TLR22 in induction of type I interferon response. Fourthly, we 

demonstrated that olive flounder leucocytes stimulated with poly (I:C) showed increased 

scuticocidal activity in the presence of inactivated immune serum, and in vivo administration of 

poly (I:C) increased survival rates of olive flounder agasinst M. avidus infection. Furthermore, 

dsRNA containing CpG motifs sequences induced higher resistance in olive flounder against M. 

avidus and VHSV infections when compared to dsRNA without CpG motif sequences.  

Conclusionly, the present resutls indicate that plasmids and dsRNAs harboring CpG motifs 

can be used as effective immunostimulants that can simultaneously enhance resistance against 

viral and parasitic diseases.  
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          olivaceus) intraperitoneally (i.p.) injected with phosphate buffered saline (PBS), poly  

          I:C, dsRNA-GFP or dsRNA-CpGMix(50μg/fish). ∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙ 93 

Figure 22. Scuticocidal activity of sera collected from olive flounder i.p. injected phosphate  

         buffered saline (control), poly I:C, dsRNA-GFP(dsGFP) or dsRNA-CpGMix(dsMix6).  

         ∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙ 94 

 

 



xiv 

 

 

Acronym 

Name Characteristics Source or reference 

Pathogen  Laboratory stock 

M. avidus Miamiensis avidus,  isolated from ascitic fluid of a diseased olive flounder  

VHSV  Viral Hemorrhagic Septicemia Virus, isolated from a moribund olive flounder  

E. coli delivery vehicle for CpG motifs-containing plasmids  

HT115 lacks RNase III gene and possess a cassette for expression of T7 RNA polymerase  

χ7213 asd mutated auxotrophic mutant  

CpG-ODNs (Underlined nucleotides indicate phosphorothioate linkage)  

ODN 2216 CpG-ODN 2216,  5'-GGGGGACGATCGTCGGGGGG-3'  

ODN 2243 CpG-ODN 2243,  5'-GGGGGAGCATGCTGGGGGGG-3' (control of ODN 2216)  

ODN 1668 CpG-ODN 1668,  5'-TCCATGACGTTCCTGATGCT-3'  

ODN 1720  CpG-ODN 1720,  5'-TCCATGAGCTTCCTGATGCT-3' (control of ODN 1668)  

ODN 2395 CpG-ODN 2395,  5'-TCGTCGTTTTCGGCGCGCGCCG-3'  

Plasmids   

Lit pLitmus28i vector  NEB 

Litself Fragment encoding the T7 promoter region (Coordinates 2620-2603) in the pLitmus28i was removed            

Lit-CpG15 pLitmus28i-CpG-ODN 1668 x 15  (15 copies of CpG 1668 sequence)  

Lit-CpG30 pLitmus28i- CpG-ODN 1668 x 30  (30 copies of CpG 1668 sequence)  

Lit-CpG60 pLitmus28i- CpG-ODN 1668 x 60  (60 copies of CpG 1668 sequence)  

Lit-GFP pLitmus28i- Green fluorescent protein (GFP)  

Lit-CpGMix pLitmus28i-CpGMix (fragment corresponding to randomly arranged 6 copies of each CpG-ODN 

sequence (CpG-ODN 1668, 2216 and 2395)) 
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Plasmids   

p-fTLR22 olive flounder TLR22 ORF expression cassette cloned into pGEM T-easy vector   

pFuguU6shfTLR22 903-fTLR22 siRNA targeting fTLR22 903 and olive flounder TLR22 ORF expression cassette            

pFuguU6shfTLR22 1726-fTLR22 siRNA targeting fTLR22 1726 and olive flounder TLR22 ORF expression cassette  

pFuguU6shfTLR22 1726control-fTLR22 siRNA targeting fTLR22 1726 control and olive flounder TLR22 ORF expression cassette  

pNeo Neomycin expression cassette cloned into pGEM T-easy vector  

pNeoFuguU6shfTLR22 1726 Neomycin  and  siRNA targeting fTLR22 1726 expression  

pNeoFuguU6shfTLR22 1726control Neomycin  and  siRNA targeting fTLR22 1726 control expression  

pNeoFuguU6shfTLR3 939 Neomycin  and  siRNA targeting fTLR3 939 expression  
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GENERAL INTRODUCTION 

 

Various infectious diseases have largely affected on the aquaculture industry, and recently 

production losses caused by infectious diseases in cultured fish in Korea has been estimated 

approximately 25-30%. Although various control measures have been applied to lessen the loss, to 

date, effective control measures do not exist for most infection diseases, which are the main 

constraint on aquaculture animal production. Furthermore, as the restriction on the use of 

chemotherapeutics is becoming strengthened world-widely, development of countermeasures 

based on the bio-medicinal products is recommended or encouraged. 

Immunoprophylactics using vaccines or immunostimulants would be a way to control 

infectious diseases without using chemotherapeutics. As fish possess innate and adaptive immune 

systems, modulation of immunity specifically by vaccines or nonspecifically by 

immunostimulants is possible (Sohn et al., 2000). Although several vaccines have been 

commercially used in aquaculture, their efficacy is too weak to prevent infectious diseases in 

aquaculture. Also, there is still a need to develop effective vaccines for many aquatic pathogens. 

Thus, at present, immunostmulant-mediated enhancement of resistance against overall infectious 

diseases would be more favorable than vaccine-mediated steno-protection.  

 An interest in the use of immunostimulants in farm-reared fish for enhancing the activity of 

innate immune factors and conferring protection against disease has increased in recent 

years.  Various immunomodulators have been reported to enhance the non-specific immunity in 

fish, including killed bacteria and bacterial products (Anderson, 1992; Kodaina et al., 1993; Goetz 

et al., 2004), chitin (Sakai et al., 1992; Anderson and Siwicki, 1994), glucans (Yano et al., 1989; 
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Nikl et al., 1993; Duncan and Klesius, 1996; Ogier de Baulny et al., 1996; Santarem et al., 1997), 

saponin (Ninomiya et al., 1995), glycyrrhizin (Jang et al., 1995), certain vitamins (Blazer, 1992), 

(Kitlen et al., 1997), and herbal extracts (Yuan et al., 2997, 2008). 

It has been reported that fish has various toll-like receptors (TLRs) that are corresponding to 

mammalian TLRs, and several agonist molecules that are recognized by TLRs as pathogen-

associated molecular patterns (PAMPs) have been utilized as immunostimulants for vertebrates 

including fish (Akira et al., 2006). Among them, recent studies indicate that unmethylated 

cytidine-phosphate-guanosine (CpG) motifs flanked by two 5’ purines and two 3’ pyrimidines are 

recognized by TLR9 and are immunostimulatory in mammals (Klinman et al., 1996; Krieg et al., 

1995, 2000). Due to a combination of CpG suppression and CpG methylation, these sequence 

motifs are rarely present in eukaryotic genomes but are common in prokaryotic genomes (Bird, 

1980; 1987). Synthetic oligodeoxynucleotides (ODNs) containing CpG motifs mimic the activity 

of bacterial DNA, and are recognized as a danger signal in mammalian immune cells (Yamamoto 

et al. 1992, Krieg et al. 1995, Ballas et al. 1996, Klinman et al. 1996). In fish, there is limited 

information concerning the biological effects of CpG ODN. Kanellos et al. (1999) reported that 

plasmids co-injected with a recombinant protein potentiated antibody responses to the protein in 

goldfish (Carassius auratus). Recently, Jørgensen et al. (2001a,b) demonstrated that plasmid DNA 

and synthetic CpG-ODN induced production of IFN-like cytokine and IL-1β in Atlantic salmon 

(Salmo salar) and rainbow trout (Oncorhynchus mykiss) leucocytes. Oumouna et al. (2002) 

demonstrated activation of nonspecific cytotoxic cells of catfish (Ictalurus punctatus) with 

synthetic ODN and bacterial genomic DNA. Tassakka and Sakai (2002) reported that 

intraperitoneal injection of CpG-ODN to carp (Cyprinus carpio) enhanced the nonspecific 

immune responses including phagocytic and nitroblue tetrazolium (NBT) activity in kidney 

phagocytes and serum lysozyme activity. Meng et al. (2003) observed increase of respiratory burst 
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activity, acid phosphatase and bactericidal activity of grass carp (Ctenopharyngodon idellus) 

head-kidney macrophages by in vitro incubation with CpG ODN. Recently, CpG motifs 

constructed in plasmids have a strong immunostimulatory ability like CpG-ODFNs and are 

actively used as an adjuvant for DNA vaccines in mammals and fish (Liu et al., 2010). 

Double-stranded RNAs (dsRNAs) derived from a replication intermediate of viruses is one 

of the major PAMP, which trigger innate immune responses in vertebrates (Akira et al., 2006). In 

mammalian cells, endosomal TLR3 recognizes dsRNA (Alexopoulou et al., 2001; Wang et al., 

2004; Schulz et al., 2005), and recruits adaptor protein called TRIF via interaction of its TIR 

domains (Yamamoto et al., 2002). TRIF then indirectly activates several transcription factors IRF3, 

NFkB and AP-1, which modulate the transcription of interferon β and inflammatory cytokines 

(Sharma et al., 2003; Yamamoto et al., 2003; Hoeba et al., 2003; Meylan et al., 2004; Matsuo et al., 

2008). Similar dsRNA recognizing mechanism through the TLR3 was also reported recently in 

fish species (Matsuo et al. 2008). The secreted IFN regulates the expression of numerous genes 

encoding antiviral proteins including dsRNA dependent eukaryotic initiation factor kinase (PKR) 

and Mx proteins (de Veer et al., 2001). 

The aim of the present study was to evaluate the ability of CpG DNA and dsRNA in 

enhancement of resistance against a parasitic infection (Miamiensis avidus) and a viral infection 

(viral hemorrhagic septicemia virus; VHSV). Scuticociliate parasites are histophagous ciliated 

protozoa that cause diseases in marine and freshwater finfish worldwide (Harikrishnan et al., 

2010). Although several scuticociliate species are known to involve in scuticociliatosis in cultured 

marine fishes (Dragesco et al., 1995; Munday et al., 1997; Iglesias et al., 2001; Jee et al., 2001; 

Sacks et al., 2002; Kim et al., 2004a,b), the disease caused by infection of M. avidus 

(=Philasterides dicentrarchi) has been the most fatal parasitic disease in farm-reared olive 

flounder (Paralichthys olivaceus) in Korea, which usually lead to high cumulative mortalities 
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(Kim et al., 2004; Jung et al., 2007). Since M. avidus can invade into all internal organs including 

brain, treatment with chemotherapeutics would have little effect on systematically infected fish. 

Therefore, immuno-prophylaxis using enhancement of adptive or/and innate immunity would be 

an effective way to control scuticociliatosis. Viral hemorrhagic septicemia (VHS) caused by 

infection with VHSV is one of the major causes of morbidity and mass mortality in both cultured 

and wild fish worldwide (Schlotfeldt & Ahne 1988, Schlotfeldt et al. 1991, Mortensen et al. 1999, 

Isshiki et al. 2003, Skall et al. 2005). VHSV is an enveloped negative-strand RNA virus and 

belongs to the genus Novirhabdovirus of the family Rhabdoviridae (Lenoir & de Kinkelin 1975, 

Walker et al. 2000, Tordo et al. 2005). The first epizootic of VHSV in Korea was reported from 

farmed olive flounder (Paralichthys olivaceus) in 2001 (Kim et al. 2003), and since then 

outbreaks of VHS have been responsible for high mortalities in cultured olive flounder from 

winter to spring (Kim et al. 2009). 

The contents of this thesis are as follows. In chapter I, the effects of CpG-ODNs belonging 

to different classes on resistance of olive flounder against M. avidus and VHSV infections have 

been investigated. In chapter II, to know whether CpG motif-containing plasmids can be used as 

immunostimulants for fish instead of CpG-ODNs, effects of plasmids containing various copies of 

CpG 1668 motif on resistance against M. avidus was investigated. Furthermore, in vivo 

experiments using plasmids containing mixed classes of CpG 1668, 2216 and 2395 motifs were 

conducted to enhance disease resistance of olive flounder simultaneously against both M. avidus 

and VHSV infections. Delivery of CpG motif-containing plasmids using Escherichia coli mutants 

was also investigated. In chapter III, TLR3 of olive flounder was cloned and the role of TLR3 and 

TLR22 in inducing type I interferon response was analyzed using RNA interference technology. 

In chapter IV, the effects of long dsRNA containing CpG motifs on disease resistance were 

analyzed. 



５ 

 

 

 

 

Chapter I 

 

 

Effect of CpG-ODNs belonging to different classes on resistance 

of olive flounder (Paralichthys olivaceus) against viral 

hemorrhagic septicemia virus (VHSV) and Miamiensis avidus 

(Ciliata; Scuticociliatia) infections 
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INTRODUCTION 

 

Recognition of pathogen-associated molecular patterns (PAMP) by innate immune 

cells via pattern recognition receptors (PRR), such as Toll-like receptors (TLRs), leads to 

generation of optimal immune responses to pathogens (Krieg et al., 1995; Takeda et al., 2003; 

Iwasaki and Medzhitov, 2004). As the bacterial DNA contains a higher frequency of unmethylated 

deoxycytidyl-deoxyguanosine (CpG) dinucleotides than vertebrates DNA, unmethylated CpG 

motifs are recognized as a PAMP by TLR9 (Ahmad-Nejad et al., 2002; Akira and Takeda, 2004). 

Synthetic oligodeoxynucleotides with CpG motifs (CpG-ODNs) mimic the bacterial DNA, and 

stimulate immune cells via recognition by TLR9, which evoke a range of immunostimulatory 

effects in vertebrates (Krieg, 1999, 2003; Hemmi et al., 2000; Jørgensen et al., 2001a). 

Three different classes of CpG-ODNs (A, B, and C) have been characterized based on a 

structural difference such as sequence and backbone composition, and each class of CpG-ODN 

has unique immunostimulatory properties (Krieg, 2002). The A-class CpG-ODNs contain a 

central palindromic phosphodiester CpG motif and phosphorothioated poly G motifs at the 5' and 

3' ends. They are known to strongly stimulate type I interferon production and natural killer (NK) 

cell activation, but are poor in B cell stimulation (Krug et al., 2001; Verthelyi et al., 2001; Ulmann 

and Vollmer, 2003). The B-class CpG-ODNs contain one or more CpG motifs and are stabilized 

by entirely phosphorothioated backbone. They are much more potent in B cell stimulation than 

activation of type I interferon responses (Verthelyi et al., 2001; Kerkmann et al., 2003). The C-

class CpG-ODNs are known to possess features of both class-A and -B not only in structure but 

also in functions. They have a central palindromic sequence, two or more CpG motifs, and 
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entirely phosphorothioated backbone. The C-class ODNs were demonstrated to stimulate both B 

and NK cells, and type I interferon responses (Marshall et al., 2003; Vollmer et al., 2004). 

Although most of these immunostimulatory properties of CpG-ODNs belonging to different 

classes were based on experiments using immune cells of human and mouse, recently Strandskog 

et al. (2007) reported that Atlantic salmon leukocytes responded to different classes of CpG ODNs 

in a similar way to mammalian immune cells. However, little is known regarding effects of 

different classes of CpG-ODNs on the resistance of fish against different pathogens. 

To effectively defense against various infectious agents, immune responses that are 

adequate to each pathogen should be elicited. Since different classes and different CpG motifs 

possess abilities to evoke different immune responses, selection of CpG-ODNs that can yield 

optimal immune responses to the confronting pathogen would be one of the most important 

factors for use of CpG-ODNs as efficient immuno-prophylactic measures against infectious agents 

in aquaculture. Olive flounder (Paralichthys olivaceus) is the most commercially important 

marine species in Korea, however, diseases caused by viral hemorrhagic septicemia virus (VHSV) 

and Miamiensis avidus (=Philasterides dicentrarchi) infections have been the most serious 

obstacles for production of olive flounder (Kim et al., 2003, 2004, 2009; Jung et al. 2007). The 

aim of the present study was to investigate the effects of the three CpG-ODN classes on in vivo 

resistance of olive flounder against VHSV and M. avidus infections.  
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MATERIALS AND METHODS 

 

1. CpG-ODNs 

ODNs were synthesized from Bioneer Corporation (Korea). The sequence of ODN 1668 

was 5'-TCCATGACGTTCCTGATGCT-3', ODN 2216 was 5'-GGGGGACGATCGTCGGGGGG-

3', and ODN 2395 was 5'-TCGTCGTTTTCGGCGCGCGCCG-3'. ODN 1720 (5'-

TCCATGAGCTTCCTGATGCT-3') and ODN 2243 (5'-GGGGGAGCATGCTGGGGGGG-3') 

were synthesized to use as controls of ODN 1668 and ODN 2216, respectively. The underlined 

nucleotides indicate phosphorothioate linkage. 

 

2. Pathogens and growth conditions 

VHSV KJ2008 isolated from a moribund olive flounder in a natural outbreak of VHS 

disease on a commercial farm in Korea was propagated in monolayer of Epithelioma papulosum 

cyprini (EPC) cells cultured in Leibovitz medium (L-15, Sigma) at 15°C in the presence of 2% 

fetal bovine serum (FBS, Gibco) and antibiotics (penicillin 100 U/ml, streptomycin 100 μg/ml, 

Sigma). Cultures displaying extensive cytopathic effect (CPE) were harvested and centrifuged 

4000 g for 10 min at 4°C, and the supernatants were stored at −80°C. 

Ciliates were isolated from ascitic fluid of a diseased olive flounder obtained from a marine 

aquaculture farm in Korea, and were identified as M. avidus using a species specific 
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oligonucleotide primer pair (Kim et al., 2004). Chinook salmon epithelia (CHSE)-214 cells 

incubated at 20°C in Eagle’s minimum essential medium (MEM, Gibco) supplemented with 10% 

heat-inactivated fetal bovine serum (FBS, Gibco) were used to maintain and proliferate the ciliates. 

 

3. Effects of CpG ODNs on resistance of olive flounder against VHSV and M. avidus  

Olive flounder fingerlings weighing approximately 10 g were obtained from a local fish 

hatchery and were acclimated at least for 2 weeks prior to the experiments. 

 

3.1. VHSV challenge 

Fish were transferred into six 50 L tanks (15 fish/tank) equipped with a refrigerating 

apparatus, then, adapted to 15°C by gradual decrease of water temperature. Fish were 

intraperitoneally (i.p.) injected with 10 μg of ODN 1668, ODN 1720, ODN 2216, ODN 2243 or 

ODN 2395. Fish in control group were i.p. injected with 50 μl of phosphate buffered saline (PBS). 

On 24 h post-injection, three fish from each group were randomly sampled for analysis of Mx and 

ISG15 genes expression. After 3 days of the injection, all remaining fish in each group were 

intramuscularly (i.m.) challenged with the VHSV KJ2008 at 103 PFU/fish. Mortality was recorded 

daily for 3 weeks post-challenge.  

 

3.2. M. avidus challenge 

Fish were randomly divided into 6 groups and reared in six 50 L tanks (15 fish/tank) at 22-

23°C. Fish were i.p. injected with each ODN or PBS as the same regime of the above VHSV 
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challenge groups. At 3 days post-injection, 3 fish in each group were randomly sampled for 

collection of serum, and the remnant fish were challenged by i.p. injection with 5 x 104 cells of 

CHSE-cultured M. avidus per fish, and the mortality was monitored for 3 weeks.  

 

4. Semi-quantitative RT-PCR analysis 

Total RNA was isolated from the kidney using RNAiso plus reagent (Takara) at 24 h post-

injection. To obtain complementary DNA (cDNA), 1 μg of purified RNA was incubated with 1 μl 

of random primer (0.5 μg/ml) (Promega) at 70°C for 10 min, and further incubated at 42°C for 60 

min in reaction mixture containing 4 μl of 5× reaction buffer, 4 μl of 10 mM dNTP mix (Takara), 

1 μl of M-MLV reverse transcriptase (Promega) and 0.5 μl of RNase inhibitor (Promega) in a final 

reaction volume of 20 μl. PCR was done with primers Mx, ISG15 and 18S ribosomal RNA of 

olive flounder, which was served as RNA normalization (Table 1). PCR was done in a 10 μl 

reaction containing 5 μl of 2× Prime Taq Premix (GeNet Bio, Korea), 0.5 μM each primer and 1 

μl of 10-1 diluted cDNA, and distilled water. The amplification procedure included 1 cycle of 4 

min at 95°C, 16 (for 18S rRNA) or 30 cycles (for Mx and ISG15) of 30 s at 95°C, 30 s at 60°C, 

30 s at 72°C, with a final extension step of 7 min at 72°C. PCR samples to be compared were 

electrophoresed on the same 1.0% agarose gel, stained with ethidium bromide (EtBr), and 

pictured with Gel Doc XR (Biorad). The intensity of bands was estimated using Quantity One 

software (Biorad). Expression of Mx and ISG15 genes was calculated as relative expression to 

18S rRNA gene.  
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Table 1. Oligonucleotide primer pairs for semi-quantitative RT- PCR of Olive flounder  

Name of 
primer 

Sequence (5' to 3') 

f 18S 

F AGTTGCTGCAGTTAAAAAGC 

R TGGCATCGTTTACGGTCGGAACTA 

f ISG15 

F CTCCATGTAATCTGCAGCAA 

R AGATCTAGTGCAGGTGTGA 

fMx 

F AACAGCCAAGGCAAAGATTG 

R AATGTCCAGCTCCTCCTTCA 

 

5. Scuticocidal activity of serum 

Scuticocidal activity of the collected serum was analyzed using 96-well flat-bottomed 

micro- titration plates. All the sera were serially diluted ranging from 1/4 to 1/1024 in Hank’s 

balanced salt solution (HBSS, Sigma). M. avidus were collected after 3 day of CHSE-214 cells 

depletion in the culture vessels by centrifugation at 200 g for 5 min, washed three times with 

HBSS and resuspended in the buffer. The ciliates were added to the wells (4 × 102 ciliates/well) of 

the plate, incubated at 20°C and observed every one hour for 24 h to analysis scuticocidal activity 

of the sera. The titer of each serum was the last dilution at which 100% of the ciliates were lysed 

or non-motile, which was observed under an inverted microscope at 40-100x magnification. In all 

assays, control wells containing heat-inactivated pooled sera (at 50°C for 30 min; 1/4 dilution) of 

each experimental group and wells containing no serum were included. 
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6. Statistical analysis 

Data of semiquantitative RT-PCR and serum scuticocidal activity were analyzed by the 

Student’s t-test. Significant differences were determined at P<0.05. 
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RESULTS 

 

1. Effects of CpG-ODNs on resistance of olive flounder against VHSV infection 

The group of fish administred CpG-ODN 2216 showed no mortality against a challenge 

with VHSV (Fig. 1A). On the other hand, olive flounder i.p. injected with CpG-ODN 1668 

showed no enhanced resistance against VHSV challenge. Fish administered CpG-ODN 2395 (C-

class ODN) showed intermediate resistance against VHSV between ODN 1668 and ODN 2216.  

 

 

2. Effects of CpG-ODNs on resistance of olive flounder against M. avidus infection 

Fish injected CpG-ODN 1668 showed the highest survival rate (Fig. 1B). As in the VHSV 

infection experiment, administration of CpG-ODN 2395 elicited secondly higher survival rate. 

Although fish administered CpG-ODN 2216 eventually showed 100% mortality, the cumulative 

mortality until 2 weeks post-challenge was similar to the group of fish injected CpG-ODN 1668. 
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Fig. 1. Cumulative mortality of olive flounder (Paralichthys olivaceus) intraperitoneally (i.p.) 

injected with phosphate buffered saline (PBS), CpG-ODN 1668, 2216, 2395, or control ODN 

1720, 2243 (10 μg/fish). At 3 days post-injection, fish in each group were (A) intramuscularly 

(i.m.) challenged with the VHSV KJ2008 at 103 PFU/fish, or (B) challenged by i.p. injection with 

5 x 104 cells of M. avidus per fish.  
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3. Expression of genes 

The effect of each CpG-ODN on the type I interferon response of olive flounder was 

investigated by analyzing expression of Mx and ISG15 genes at 24 h post-administration. Fish 

administered CpG-ODN 2216 showed the highest expression of Mx and ISG15 genes compared 

to fish in other groups (Fig. 2A and 2B). Fish injected with CpG-ODN 2395, also, showed 

significantly higher expression of Mx and ISG15 genes than fish in the control group.  

 

 

(A) 
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(B) 

Fig. 2. RT-PCR amplification of ISG15 and Mx genes in olive flounder (Paralichthys olivaceus) 

intraperitoneally (i.p.) injected with phosphate buffered saline (PBS), CpG-ODN 1668, 2216, 

2395, or control ODN 1720, 2243 (10 μg/fish). Total RNA was isolated from kidney of olive 

flounder at 24 h post-injection. Expression of ISG15, Mx, and 18S ribosomal RNA (18S) genes 

was PCR amplified from reverse-transcribed cDNA samples using primers specific for each gene. 

(A) Stained gel image showing the band of 18S, ISG15, and Mx. (B) A semi-quantitative analysis 

of expression of ISG15 and Mx. Data was presented as mean value of relative expression to 18S 

with standard deviation (n=3). Bars with an asterisk indicate statistically differences at P < 0.05, 

when compared to the control PBS. 
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4. Scuticocidal activity of serum 

Fish injected with CpG-ODN 1668 showed the highest serum scuticocidal activity (Fig. 3).  

CpG-ODN 2395 also induced significantly higher scuticocidal activity than fish injected with PBS, 

CpG-ODN 2216, control ODNs 1720 and 2243.  

 

 

Fig. 3. Scuticocidal activity of sera collected from olive flounder (Paralichthys olivaceus) 

intraperitoneally (i.p.) injected with phosphate buffered saline (PBS), CpG-ODN 1668, 2216, 

2395, or control ODN 1720, 2243 (10 μg/fish). At 3 days post-injection, 3 fish in each group were 

randomly sampled and bled to obtain serum. Values (inverse of serum dilution) are means and T-

bars indicate standard deviation. (As the CpG-ODN 2395 injected group showed no differences in 

the scuticocidal activity of sera, T-bars are not shown). Bars with an asterisk indicate statistically 

differences at P < 0.05, when compared to the control PBS. 
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DISCUSSION 

 

In the present study, we have firstly demonstrated that CpG-ODNs belonging to different 

classes have different abilities to increase resistance of olive flounder against different pathogens. 

Although immunostimulatory effects of various CpG-ODNs on various fish species have been 

reported (Tassakka and Sakai, 2005; Carrington and Secombes, 2006), most of the experimented 

CpG-ODNs were B-class ODNs, and a few data on the effects according to different classes of 

ODNs are available. Recently, Strandskog et al. (2007) demonstrated the different effects of 

ODNs on fish according to their classes, in which A-class CpG-ODN induced strong IFN α/β 

activity from leukocytes of Atlantic salmon (Salmo salar), B-class ODN stimulated leukocytes 

proliferation, and C-class CpG-ODN induced both interferon and cell proliferation responses.  

Little information is available on in vivo antiviral effects of CpG-ODNs against fish viruses. 

Jørgensen et al. (2001a, b) reported that leukocytes isolated from Atlantic salmon or rainbow trout 

secreted antiviral cytokines against infectious pancreatic necrosis virus (IPNV) by stimulation 

with CpG-ODNs (ODN 1668, 1670, and 1651) that belong to the B-class CpG-ODNs. Later, 

Jørgensen et al. (2003) reported in vivo enhancement of resistance against IPNV challenge in 

Atlantic salmon by i.p. injection of CpG-ODN 1681 (B-class ODN). In the present results, CpG-

ODN 2216 (A-class ODN) induced distinctively high resistance against VHSV infection in olive 

flounder, and administration of CpG-ODN 2395 (C-class ODN) led to slightly high protection 

against VHSV infection. On the other hand, olive flounder i.p. injected with CpG-ODN 1668 (B-

class ODN) showed no enhanced resistance against VHSV challenge. It is well-known that type I 

interferon responses are important for the innate immune-mediated defense against viral infections. 
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In this study, fish treated with CpG-ODN 2216 showed the strongest expression of Mx and ISG15 

genes. The results suggest that CpG-ODN 2216 is a potent stimulator of type I interferon in olive 

flounder, which might allow the fish to defense efficiently against VHSV infection. Furthermore, 

in contrast to the results of Jørgensen et al. (2003), the present no protective effect of the B-class 

CpG-ODN against VHSV infection indicates that the immuno-prophylactic effect of CpG-ODNs 

might be influenced by fish species and ODN sequences. 

Previously, we had demonstrated that olive flounder administered CpG-ODN 1668 showed 

significantly higher survival against M. avidus infection (Lee and Kim, 2009). In the present study, 

also, fish injected with CpG-ODN 1668 showed the highest survival rate. As in the VHSV 

infection experiment, administration of CpG-ODN 2395 elicited secondly higher survival rate 

against M. avidus infection. The delayed mortality of fish administered CpG-ODN 2216 suggests 

that type I interferon-mediated immune responses might partly participate in defense against M. 

avidus infection. The present strongest scuticocidal activity of serum in fish treated with CpG-

ODN 1668 indicates that B-class ODNs might have high potential to elicit humoral immune 

responses in olive flounder. Recently, Piazzon et al. (2011) reported that humoral immune 

responses played more important role than cellular immune responses in protecting fish against 

scuticociliates infection. Therefore, CpG-ODN 1668 would be appropriate to use as an 

immunostimulant for protection against M. avidus infection in olive flounder.  

In summary, the present study demonstrates that treatment of olive flounder with a CpG-

ODN 1668 and CpG-ODN 2216 can enhance resistance of olive flounder against VHSV and M. 

avidus infections, respectively, which suggests that selection of a CpG-ODN appropriate to the 

characteristics of a certain pathogen is crucial to induce optimal immunostimulation-mediated 

defense in fish.  
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Chapter II 

 

 

Effects of plasmid-based CpG motifs on defense of olive flounder 

(Paralichthys olivaceus) against Miamiensis avidus and viral 

hemorrhagic septicemia virus (VHSV) 
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INTRODUCTION 

 

Synthetic oligodeoxynucleotides (ODN) containing unmethylated CpG dinucleotides (CpG 

motif) are known as the strong stimulants for enhancing innate immunity of vertebrates (Krieg et 

al., 1995, 2000; Krieg, 2002), in which CpG motifs are recognized as a pathogen-associated 

molecular pattern (PAMP) by the Toll-like receptor 9 (TLR9) of immune cells. TLR9-mediated 

signal cascades induce diverse immune responses such as production of pro-inflammatory 

cytokines and type I interferon responses (Aderem and Ulevitch, 2000; Akira and Takeda, 2004). 

However, in an economical aspect, CpG-ODNs are too expensive to use in aquaculture farms. 

Plasmids with stimulatory CpG motifs in their backbone also have potential to be used as 

immunostimulants and vaccine adjuvants in vertebrates. According to the results of Cornélie et al. 

(2004), murine TLR9 specifically binds plasmids that contain unmethylated CpG motifs. In fish, 

Chen et al. (2007) had reported that plasmids harboring tandemly arranged 10 CpG-ODNs 

sequence (ODN 1681, 1669, 2133, 2102, 2143, 2006, 1826, 1670, 1668, and 1651) enhanced in 

vitro innate cellular immune responses such as respiratory burst and bactericidal activities of head 

kidney macrophages of Crucian carp (Carassius auratus) and Japanese bass (Lateolabrax 

japonicus). Lately, Liu et al. (2010) also demonstrated that a plasmid (pCN6) with sequences of 

four ODNs (209, 2133, 201, and 203) significantly enhanced respiratory burst, acid phosphatase, 

bactericidal activities of head kidney macrophages, serum bactericidal activity, and resistance 

against Aeromonas hydrophila and Edwardsiella tarda infections in olive flounder. Therefore, in 

this study, we adopt bacterial plasmids as a method to deliver CpG motifs. 
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It has been reported that the innate immune responses play an important role in enhancing 

the resistance of fish against parasitic ciliates infections. In our previous immunization experiment 

(Lee and Kim, 2008), olive flounder administered Freund’s adjuvant alone showed higher 

protection against M. avidus challenge, suggesting the importance of innate immunity in defense 

against scuticociliatosis. And, a little is known about the effects of CpG-ODNs on the resistance 

of fish against parasites infections. So far as we know, there are only two reports on the protective 

effects of CpG-ODNs against fish parasitic diseases; amoebic gill disease caused by 

Neoparamoeba permaquidensis infection in Atlantic salmon (Bridle et al., 2003) and 

scuticociliatosis caused by M. avidus infection in olive flounder (Lee and Kim, 2009). Effects of 

CpG-ODN against fish viruses has been poorly reported. It has been reported that Atlantic salmon 

by i.p injection of CpG-ODN 1681(B-class) has protected against IPNV challenge (Jørgensen et al. 

2001a, b, 2003).  

Not only different CpG motif sequences but also different copy number of CpG motif can 

influence on the potency of immune responses in a species (Krieg, 2002; Pontarollo et al., 2002). 

Therefore, selection of immunostimulatory CpG motif sequences and optimizing the copy number 

of CpG motif sequences are essential for induction of favorable immune responses using plasmids. 

In this study, to know whether the plasmid-based CpG 1668 motifs and the copy number of CpG 

1668 sequences in plasmids influence on the resistance of olive flounder against M. avidus 

infection, fish were injected with plasmids containing various copy numbers of the CpG 1668 

motif, and the effects were analyzed by investigating serum scuticocidal activity and survival rate 

of fish against M. avidus challenge.  

In the previous experiments, we have verified that CpG-ODN 2216 (A-class ODN) elicited 

strong type I interferon response and induced high resistance against viral hemorrhagic septicemia 

virus (VHSV), whereas CpG-ODN 1668 (B-class) elicited significantly high serum scuticocidal 
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activity and survival rate against Miamiensis avidus challenge. Furthermore, CpG-ODN 2395 (C-

class) showed abilities intermediate between ODN 2216 and ODN 1668 in inducing resistance 

against VHSV and M. avidus. As CpG-ODNs belonging to each class possess peculiar abilities to 

induce different host immune responses, we postulated that co-administration of CpG-ODNs 

belonging to different classes would elicit combined immune responses, which would 

simultaneously confer resistance against both viral and parasitic pathogens. Therefore, in this 

study, we constructed plasmids that harbor multi-copy of CpG-ODN 2216, 1668, and 2395 

sequences, and evaluated potential of the constructed plasmids to stimulate immune responses and 

to protect of fish against VHSV and M. avidus infections. 

A burdensome procedure is required to isolate plasmids with stimulatory CpG motifs from 

cultured Escherichia coli, and cost for conducting the procedure is too high to use in aquaculture 

farms. Furthermore, as CpG DNAs can be easily degraded by nucleases, their in vivo use has been 

limited. Therefore, in this study, to overcome these problems, we used two kinds of E. coli 

mutants, E. coli HT115 and E. coli χ7213, as the delivery vehicle for CpG motifs-containing 

plasmids.  In the mutant E. coli HT115, a gene encoding RNase III that can digest dsRNAs is 

deleted and lac promoter-driven T7 RNA polymerase gene is inserted into the genome. Therefore, 

if CpG motifs in a plasmid vector are located between two T7 promoters that are arranged in a 

head to head fashion and the constructed vectors were transferred to E. coli HT115, long dsRNA 

encoding the CpG motifs can be generated without degradation by RNase III. Furthermore, as the 

plasmids harboring CpG motifs can be maintained in the E. coli cytoplasm, CpG DNA-mediated 

effects also can be expected. In the mutant E. coli χ7213, a gene encoding aspartate semialdehyde 

dehydrogenase (asd) is deleted, and the asd mutant bacteria obligatory require diaminopimelic 

acid (DAP), an essential constituent of bacterial cell wall, and will undergo lysis unless provided 

with DAP. Thus CpG motifs-containing plasmids can be easily exposed to the immune cells of 
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hosts through burst of the mutant bacteria in the hosts due to the lack of DAP. In this study, in 

vivo experiments were conducted to know whether delivery of the CpG motifs-containing 

plasmids by the two mutants E. coli can induce protection of fish against M. avidus infection.  
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MATERIALS AND METHODS 

 

1. Ciliates and VHSV  

M. avidus were isolated from diseased olive flounders obtained from local fish farms in 

South Korea. Identification of ciliates species was done by PCR using species specific 

oligonucleotide primer pairs (Kim et al. 2004). M. avidus were grown using Chinook salmon 

epithelia (CHSE)-214 cells incubated at 20°C in Eagle’s minimum essential medium (MEM, 

Gibco) supplemented with 10 % heat-inactivated fetal bovine serum (FBS, Gibco).  

VHSV KJ2008 isolated in 2008 from moribund olive flounder in a natural outbreak of VHS 

disease on a commercial farm in Korea was propagated in monolayer of EPC cells [culture 

condition: Leibovitz medium (L-15, Sigma) supplemented with penicillin (100 U/ml), 

streptomycin (100 μg/ml) and 10% fetal bovine serum (FBS, Gibco)] at 15°C in the presence of 

2% FBS and antibiotics. Cultures displaying extensive cytopathic effect (CPE) were harvested and 

centrifuged 4000 g for 10 min at 4°C, and the supernatants were stored at −80°C. 

 

2. Plasmids construction and transfomation 

Fifteen copies of CpG-ODN 1668 sequence were artificially synthesized and inserted into 

pUC57 vector (Cosmo Genetech, Korea). The fragment containing 15 copies of CpG 1668 

sequence was isolated by digestion of the vector with BglII and BamHI, and then ligated into 

Litmus28i vector (NEB) and pUC18 vector that were pre-digested with the same restriction 
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enzymes, then designated it as pLitmus28i-CpG1668 15 (pLit-CpG15) and pUC18-CpG1668 15 

(pUC18-CpG15), respectively. The CpG15 fragment in the pLit-CpG15 vector was isolated by 

digestion of the vector with BglII and BamHI, and ligated into pUC18-CpG15 vector that was pre-

digested with BamHI, resulting in a vector with 30 copies of the CpG 1668 motif (pUC18-

CpG1668 30 : pUC18-CpG30).  After digestion of the vector with XbaI and KpnI, the CpG30 

fragment was inserted into pLitmus28i vector that was pre-digested with the same enzymes, 

resulting in pLit-CpG30. The CpG30 fragment was also isolated by digestion of the pUC18-

CpG30 with HindIII and EcoRI, and was ligated into the pLit-CpG30, resulting in a vector with 

60 copies of CpG 1668 motif, pLitmus28i-CpG1668 60 (pLit-CpG60) (Fig. 4A). 

Fragment encoding the T7 promoter region (Coordinates 2620-2603) in the pLitmus28i 

vector (NEB) was removed by digestion with EcoRV and PvuII, and designated as pLitself. Green 

fluorescent protein (GFP) gene was PCR amplified using primers GFP-F (5’-

GAATTCatgagtaaaggagaagaac-3’ with EcoRⅠsite), GFP- R (5’-AAGCTTttatttgtagagctcatc-3’ 

with Hind III site), and pGFP as a template. The amplified product (717 bp) was cloned into the 

pGEM T-easy vector (Promega) and sequenced using an automatic sequencer (Applied 

biosystems). The cloned fragment was digested with EcoR I and Hind III, and subcloned into the 

pLitmus 28i vector that was pre-digested with the same restriction enzymes, resulting in pLit-GFP. 

A fragment corresponding to randomly arranged 6 copies of each CpG-ODN sequence (CpG-

ODN 1668, 2216 and 2395) was artificially synthesized and inserted into pUC57 vector (pUC57- 

CpGMix)(Cosmo Genetech, Korea). After digestion with BglII and BamHI, the CpG fragment 

was ligated into pLitself that was pre-digested with the same restriction enzymes, then designated 

it as pLitmus 28i-CpGMix (Lit-CpGMix) (Fig. 4B). 

pLitself, pLit-GFP, Lit-CpGMix were used to transform Escherichia coli HT115 and E. coli 

χ7213. 
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(B)  

Fig. 4. Process of vector construction. (A) Fifteen copies of CpG-ODN 1668 sequence inserted 

into pUC57 vector (pUC57-CpG15). CpG-ODN1668 15 and 30 copies fragment was inserted into 

pUC18 vector (pUC18-CpG15 and pUC18-CpG30), CpG-ODN1668 15, 30 and 60 copies 

fragment was inserted into pLitmus28i vector (pLit-CpG15, pLit-CpG30 and pLit-CpG60), 

respectively. (B) Fragment encoding the T7 promoter region (Coordinates 2620-2603) in the 

pLitmus28i vector was removed by digestion with EcoRV and PvuII(pLitself). GFP fragment was 

inserted into pLitmus28i vector(pLit-GFP), A fragment corresponding to randomly arranged 6 
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copies of each CpG-ODNs sequence (CpG-ODN 1668, 2216 and 2395) (CpGMix) inserted into 

pUC57 vector (pUC57- CpGMix), then designated it as pLitmus 28i-CpGMix (Lit-CpGMix). 

AmpR, ampicillin resistance gene; BglII-BamHI, XbaI-KpnI, EcoRI-HindIII or EcoRV-PvuII, 

restriction sites used for the plasmid construction. 

 

3. in vivo experiment 

3.1 Effects of plasmids harboring various copies of CpG 1668 motifs on resistance of fish 

against M. avidus infection 

Olive flounder fingerlings weighing approximately 6~7 g were obtained from a local fish 

farm, divided into twelve 50 L tanks (20 fish/tank), and were acclimated at least for 2 weeks 

before the experiment. Sea water temperature was maintained between 21-22°C during whole 

experimental period. Fish in the 12 tanks were divided into two replicates, and each replicate 

consisted of 6 groups. Fish in group I were intraperitoneally injected (i.p.) with 50 μl of PBS; 

group II were i.p. injected with 10 μg of CpG-ODN 1668; group III were i.p. injected with 100 μg 

of Litmus 28i vector; group IV, V, and VI were i.p. injected with 100 μg of pLit-CpG15, pLit-

CpG30, and pLit-CpG60, respectively. At 3 d post-injection, 5 fish in each tank were randomly 

sampled and bled to isolate serum. The rest of fish in one replicate were i.p. challenged with 1 x 

104 ciliates, and fish in the other replicate were challenged with 2.5 x 104 ciliates. The mortality 

was monitored for 20 days, and dead fish were necropsied to confirm the presence of ciliates. 

 

3.2 Effects of plasmids harboring multi-copies of mixed CpG motifs on resistance of olive 

flounder against VHSV and M. avidus 

Olive flounder fingerlings weighing approximately 4~5 g were obtained from a local fish 
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farm in Gu-jae Gyung-nam, Korea, and were acclimated at least for 2 weeks before the 

experiment. Fish in each experimental group were divided into 2 subgroups, either M. avidus or 

VHSV challenge group. For M. avidus challenge experiment, fish were divided into 4 groups with 

2 replicates in eight 50 L tanks (18 fish/tank). Fish in group 1, 2, 3 and 4 were intraperitoneally 

injected (i.p.) with 100 μl of PBS (control), 100 μg of pLitself, 100 μg of pLit-GFP, and 100 μg of 

pLit-CpGMix, respectively. Water temperature was maintained at 21-22°C. At 3 days post-

injection, 4 fish in each tank were randomly sampled and bled to isolate serum. The rest of fish in 

one replicate were i.p. challenged with 2 x 104 ciliates, and fish in the other replicate were 

challenged with 2 x 105 ciliates. The mortality was monitored for 17 days, and dead fish were 

necropsied to confirm the presence of ciliates. The same experimental regime was used for VHSV 

challenge experiment except no replicated groups. At 24 h post-injection, 3 fish in each tank were 

randomly sampled for isolation of the kidney. At 3 d post-injection, the rest of fish were 

intramuscularly (i.m) injected with VHSV KJ2008 at 103 PFU/fish. The mortality was monitored 

for 14 days, and dead fish were PCR-analyzed for detection of VHSV. 

 

3.3 Effects of E. coli mutants carrying CpG-plasmids on resistance of olive flounder against M. 

avidus 

Olive flounder fingerlings weighing approximately 7~8 g were obtained from a local fish 

farm and were acclimated at least for 2 weeks before the experiment. Water temperature was 

maintained at 22°C during whole experimental period. Fish were divided into 8 groups (18 

fish/group), and were intraperitoneally (i.p.) injected with 50 μl of PBS, E. coli χ7213 harboring 

pLitself (Litself/χ7213), E. coli χ7213 harboring pLitmus28i-GFP (Lit-GFP/χ7213), E. coli χ7213 

harboring pLitmus28i-CpGMix (Lit-CpGMix /χ7213), E. coli HT115 harboring pLitself/HT115, E. 

coli HT115 harboring pLitmus28i-GFP (Lit-GFP/HT115), E. coli HT115 harboring pLitmus28i- 
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CpGMix (Lit-CpGMix/HT115) and mixed E. coli HT115 and χ7213 harboring pLitmus28i- 

CpGMix (Lit-CpGMix/HT115+χ7213), respectively, at a dose of 5x106 cfu/fish. At 3 d post-

injection, 3 fish in each tank were randomly sampled and bled to isolate serum. The rest of fish 

were i.p. challenged with 5 x 104 ciliates. The mortality was monitored for 14 days, and dead fish 

were necropsied to confirm the presence of ciliates. 

 

4. Serum scuticocidal activity 

 The analysis of scuticocidal activity of serum was performed using 96-well flat-bottomed 

plates. All the sera were serially diluted ranging from 1/4 to 1/4096 in Hank’s balanced salt 

solution (HBSS, Sigma). The CHSE-cultured ciliates were collected after 3 d of CHSE cells 

depletion in the culture vessels by centrifugation at 200 g for 5 min, washed three times with 

HBSS. The ciliates were added to the wells (1×102 ciliates/well) of the plate, incubated at 20°C 

and observed every one hour for 24 h to analysis scuticocidal activities of the sera. The titer of 

each serum was the last dilution at which 100% of the ciliates were lysed or non-motile, which 

was observed under an inverted microscope at 40-100 x magnification. In all assays, control wells 

containing no serum were included. 
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5. Semi-quantitative RT-PCR analysis  

Total RNA was extracted from the kidney using RNAiso plus reagent (Takara) at 24 h post- 

immunization. The complementary DNAs (cDNAs) synthesized from these total RNAs using M-

MLV reverse transcriptase and Oligo(dT)15 Primer (Promega) were used in reverse-transcription 

polymerase chain reaction (RT-PCR). To amplify cDNA of Mx gene, PCR was done with primers 

MxF (5'-AACAGCCAAGGCAAAGATTG-3') and MxR (5'- AATGTCCAGCTCCTCCTTCA-3'). 

ISG15 gene was PCR-amplified using primers ISG15F (5'-CTCCATGTAATCTGCAGCAA-3') 

and ISG15R (5'-AGATCTAGTGCAGGTGTGA-3'). Two primers 18SF (5'-AGTTGCTGCAGTT 

AAAAAGC-3') and 18SR (5'-TGGCATCGTTTACGGTCGGAACTA-3') were used to amplify 

18S ribosomal RNA gene of olive flounder. PCR was performed using 2× Prime Taq Premix 

(GeNet Bio, Korea). The amplification procedure included 1cycle of 4 min at 95°C,16 (for 18S 

rRNA) or 30 cycles (for Mx and ISG15) of 30 s at 95°C, 30 s at 60°C, 30 s at 72°C, with a final 

extension step of 7 min at 72°C. PCR samples to be compared were electrophoresed on the same 

1.0% agarose gel, stained with ethidium bromide (EtBr), and pictured with Gel Doc XR (Biorad). 

Expression of Mx and ISG15 genes was calculated as relative expression to 18S rRNA gene using 

Quantity One software (Biorad). 

 

6. Statistical analysis 

Data of serum scuticocidal activity were analyzed by the Student’s t-test. Significant 

differences were determined at P<0.05. 
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RESULTS 

 

1. Effects of plasmids harboring various copies of CpG 1668 motifs on resistance of olive 

flounder  

1.1 Survival of fish after challenge against M. avidus 

In a replicate challenged with 1 x 104 ciliates, the cumulative mortalities of fish injected 

with CpG-ODN 1668 or plasmids harboring CpG 1668 motifs were clearly lower than fish 

injected with PBS alone or Litmus 28i vector (Fig. 5A). Although the group injected with pLit-

CpG60 showed the highest survival rate, there were no great differences in survival rate among 

groups of fish injected with CpG-ODN 1668 or plasmids harboring CpG 1668 motifs. In another 

replicate challenged with 2.5 x 104 ciliates, only the group of fish injected with pLit-CpG60 

showed clearly higher survival rate (Fig. 5B). The ciliates were recovered from the internal organs 

of all dead fish. 
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Fig. 5. Cumulative mortality of olive flounder (Paralichthys olivaceus) fingerling immunized by 

intraperitoneal injection of phosphate buffered saline (control), pLitmus28i (Lit), pLitmus28i-

CpG15 (Lit-CpG15), pLitmus28i-CpG30 (Lit-CpG30), pLitmus28i-CpG60 (Lit-CpG60) or CpG-

ODN 1668. Each fish in each group was challenged by i.p. injection of 1 x 104 (A) CHSE-

cultured ciliates, and fish in the other replicate were challenged with 2.5 x 104 (B) CHSE-cultured 

ciliates. The mortality was monitored for 20 days. 
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1.2 Serum scuticocidal activity  

Fish injected with CpG-ODN 1668 or plasmids harboring CpG 1668 motif showed 

significantly higher serum scuticocidal activity than fish injected with PBS alone or Litmus 28i 

vector (Fig. 6). Furthermore, the serum scuticocidal activity was increased proportion to the 

number of CpG 1668 motif in the plasmid. Serum scuticocidal activity of fish injected with pLit-

CpG60 was similar to that of fish injected with CpG-ODN 1668. No scuticocidal activity was 

observed in the wells containing heat inactivated sera or HBSS alone. 
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Fig. 6. The scuticocidal activity of sera collected from olive flounder (Paralichthys olivaceus) 

injected with PBS, pLitmus28i (Lit), pLitmus28i-CpG15 (Lit-CpG15), pLitmus28i-CpG30 (Lit-

CpG30), pLitmus28i-CpG60 (Lit-CpG60) or CpGODN 1668 (CpG). 
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2. Effects of plasmids harboring multi-copies of mixed CpG motifs on resistance of olive 

flounder  

2.1 Survival of fish after challenge against VHSV or M. avidus 

At 8 days post-challege, fish in the control (PBS) and pLitself groups showed 100% 

cumulative mortality. Group injected with pLit-CpGMix showed the highest survival rate (Fig. 

7A). The mortality of the pLit-GFP group was 85%, whereas that of the pLit-CpGMix group was 

64%.  

The cumulative mortality of fish in the control and pLititself-injected groups was 100% by 

challenge with low level (1 x 104) and high level (2 x 105) of ciliates. Fish in the pLit-GFP group 

and the pLit-CpGMix group showed 78% and 64% cumulative mortality, respectively, by low 

level challenge (Fig. 7B). In the high-level challenge experiment, pLit-GFP and pLit-CpGMix 

group showed 78% and 71% cumulative mortality, respectively (Fig. 7C).  
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Fig. 7. Cumulative mortality of olive flounder (Paralichthys olivaceus) fingerling 

intraperitoneally injected with phosphate buffered saline (control), pLitmus28i (Lit), pLitmus28i-

GFP (Lit-GFP), and pLitmus28i-CpGMix (Lit-CpGMix). (A) After 3 days of the injection, all 

remaining fish in each group were intramuscularly (i.m.) challenged with the VHSV KJ2008 at 

103 PFU/fish. Mortality was recorded daily for 14 days.  (B) Fish in each group was challenged 

by i.p. injection with 2x104 of CHSE-cultured ciliates, and (C) the other replicate were challenged 

with 2x105 of CHSE-cultured ciliates. The mortality was monitored for 17 days. 
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2.2 Analysis of genes expression in olive flounder using semi-quantitative RT-PCR 

 

The effect of type I interferon response of olive flounder was investigated by analyzing 

expression of Mx and ISG15 genes at 24 h post-injection. Fish administered pLit-CpGMix 

showed the highest expression of Mx and ISG15 genes compared to fish in other groups (Fig. 8).   

 

 

 

 

 

 

Fig. 8. Analysis of ISG15 and Mx genes expression in olive flounder i.p. injected with phosphate 

buffered saline (control), pLitmus28i (Lit), pLitmus28i-GFP (Lit-GFP) and pLitmus28i-CpGMix 

(Lit-CpGMix) by semi-quantitative RT-PCR. Total RNA was isolated from kidney of olive 

flounder at 24 h post-injection. Expression of ISG15, Mx, and 18S ribosomal RNA (18S) genes 

was PCR amplified from cDNA samples using primers for each gene.  
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2.3 Scuticocidal activity of serum 

At 3 days post-injection, sera from 4 fish in each tank (total 8 fish/ group) were collected, 

and the obtained sera of two fish were pooled for measurement. Fish injected with pLit-CpGMix 

showed the highest serum scuticocidal activity. Fish injected with pLit-GFP group also showed 

significantly higher scuticocidal activity than fish injected with PBS or pLit (Fig. 9). No 

scuticocidal activity was observed in the wells containing heat inactivated sera or HBSS alone. 
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Fig. 9. Scuticocidal activity of sera collected from olive flounder i.p. injected phosphate buffered 

saline (control), pLitmus28i (Lit), pLitmus28i-GFP (Lit-GFP) and pLitmus28i-CpGMix (Lit-

Mix6). Values (inverse of serum dilution) are means and T-bars indicate standard deviation. Bars 

with an asterisk indicate statistically differences at P < 0.05, when compared to the control PBS. 



４１ 

 

3. Effects of RNase III knock-out or asd knock-out Eschrichia coli harboring CpG motifs-

containing plasmids on resistance of olive flounder against M. avidus infection 

 3.1 Survival of fish after challenge against M. avidus infection 

By a challenge with 5 x 104 ciliates, fish in the group administered E. coli χ7213 harboring 

Lit-CpGMix showed the highest survival rate (Fig. 10). The groups administered E. coli HT115 

harboring Lit-CpGMix and mixed E. coli χ 7213 harboring Lit-CpGMix + HT115 harboring Lit-

CpGMix showed same mortality. The ciliates were recovered from the internal organs of all dead 

fish. 
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Fig. 10. Cumulative mortality of olive flounder (Paralichthys olivaceus) fingerling i.p injected 

with phosphate buffered saline (control), E. coli HT115 harboring pLitself (Lit/HT115), HT115 

harboring pLitmus28i-GFP (LitGFP/HT115), HT115 harboring pLitmus28i-CpGMix (Lit Mix 

/HT115), E. coli χ7213 harboring pLitself (Lit/χ7213), χ7213 harboring pLitmus28i-GFP (Lit 

GFP/χ7213), χ7213 harboring pLitmus28i-CpGMix (Lit Mix/χ7213), and mixed HT115 and 

χ7213 harboring pLitmus28i-CpGMix (Lit Mix/HT115 χ7213). Fish in each group was challenged 

by i.p. injection of 5 x 104 ciliates. The mortality was monitored for 14 days. 
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3.2 Scuticocidal activity of serum 

Fish injected with pLit- CpGMix/HT115, pLit-GFP/χ7213, pLit- CpGMix/χ7213 and pLit-

CpGMix/χ7213+ pLit-CpGMix/HT115 showed higher serum scuticocidal activity than fish 

injected with PBS, pLit/ HT115, pLit-GFP/ HT115 and pLit-GFP/ χ7213 (Fig. 11). Serum 

scuticocidal activity of fish injected with pLit-CpGMix/HT115 and pLit-GFP/χ7213 or pLit- 

CpGMix/χ7213 and mixed pLit-CpGMix/χ7213+ pLit-CpGMix/HT115 were similar each other. 

No scuticocidal activity was observed in the wells containing heat inactivated sera or HBSS alone. 

 

Fig. 11. The scuticocidal activity of sera collected from fish administered phosphate buffered 

saline (cont.), E. coli HT115 harboring pLitself (p/H), HT115 harboring pLitmus28i-GFP 

(pGFPH), HT115 harboring pLitmus28i-CpGMix (pMixH), E. coli χ7213 harboring pLitself (p/χ), 

χ7213 harboring pLitmus28i-GFP (pGFPχ), χ7213 harboring pLitmus28i-CpGMix (pMixχ), and 

mixed HT115 or χ7213 harboring pLitmus28i-CpGMix (pMixHχ). 
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DISCUSSION 

 

Lately, we have compared immunoprophylactic potential of CpG-ODNs belonging to three 

different classes (A, ODN 2216; B, ODN 1668; C, ODN 2395) against M. avidus infection, and 

found that CpG-ODN 1668 has the highest capability to enhance resistance of olive flounder 

against the ciliates challenge (Kang and Kim, 2011). However, since the cost for synthesis of 

CpG-ODNs is too high to use them in aquaculture, the use of plasmids containing multiple CpG 

motifs instead of artificially synthesized CpG-ODNs would be a way to low the cost. Therefore, 

the present results suggest that plasmids harboring CpG motifs can be used as immunostimulants 

in fish instead of costly CpG-ODNs. According to the recent structure-based classification of 

CpG-ODNs (Krieg, 2002), CpG-ODN 1668 is belonging to the B-class ODN that is characterized 

by possessing at least one CpG motif and phosphorothioate backbone. The present study showed 

that the copy number of CpG 1668 in one plasmid exerts an effect on the protective efficacy 

against M. avidus infection. When olive flounder were challenged with a relatively low number of 

M. avidus, the copy numbers in a plasmid shown similar survival rates to CpG-ODN 1668 were 

15, 30, and 60. Whereas, when fish were challenged with a high number of M. avidus, only fish 

administered with plasmids harboring 60 copy number of CpG 1668 showed a higher survival rate 

than fish administered ODN 1668, suggesting that plasmids containing more than 60 copies of 

CpG 1668 sequence might be required to exceed the immunostimulatory effects of CpG-ODN 

1668 in olive flounder.  

In the present study, we have firstly demonstrated that plasmids harboring multiple CpG 
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1668, CpG 2216, and CpG 2395 sequences enhance the resistance of olive flounder against M. 

avidus and VHSV infection, respectively. It has been demonstrated that different classes of CpG-

ODNs showed class-specific immunostimulatory effects that are ranging from humoral to cellular 

immune responses (Krieg, 2002). To effectively defense against infectious agents, cooperation 

between humoral and cellular immune factors is essential. Thus combination of different CpG 

motf sequences in a plasmid may stimulate more diverse innate immune factors that can confer 

more effective protection against various kinds of pathogens. 

We have verified that plasmids harboring 15-60 copies of CpG-ODN 1668 sequence 

enhanced serum scuticocidal activity and resistance against M. avidus in olive flounder. In the 

present M. avidus challenge experiment, fish in the group administered plasmids harboring three 

classes of CpG motifs showed the highest survival rates, suggesting that the plasmid with different 

CpG motifs has the same potential to induce anti-scuticociliate immune responses as the plasmid 

with multicopy of CpG-ODN 1668 sequence. Although Piazzon et al. (2011) reported that turbot 

leucocytes were not helpful to kill Philasterides dicentrarchi, in our previous experiments, 

leucocytes stimulated with poly I:C contributed to killing of scuticociliates in the presence of 

immune serum. In spite of low copy number (6 copy) of CpG 1668 motif in the present plasmid 

compared to the previous used plasmid harboring 15-60 copies of CpG 1668 motif, the protective 

efficacies were similar to each other, suggesting that CpG 2216 motif-mediated stimulation of 

cellular immune responses including type I interferon responses or CpG 2395 motif-mediated 

supplemental stimulation might participate in the present enhancement of anti-scuticociliates 

responses.  

Interestingly, in the present study, fish administered plasmids containing different CpG 

motifs also showed enhanced resistance against VHSV infection. Previously, we had verified that 

administration of CpG-ODN 2216 induced greatly enhanced survival rate of olive flounder 
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against VHSV challenge. Thus the presence of CpG 2216 motif in the present vector might play 

an important role in induction of protective immune responses against VHSV infection.  

A-class CpG-ODNs are known to induce type I interferon response that is a key innate 

immune factor for protection against viral infections, whereas B-class CpG-ODNs are known to 

enhance humoral immune responses (Verthelyi et al., 2001; Krieg, 2002; Vollmer et al., 2004 ). In 

the present study, the simultaneous stimulation of humoral and cellular immune responses was 

verified by enhanced serum scuticocidal activity and up-regulated Mx gene expression in fish 

administered plasmids harboring three classes of CpG motifs. The increased serum scuticocidal 

activity and type I interferon responses might involved in the present increased survival rates 

against M. avidus and VHSV infections. These results suggest that CpG motifs in the plasmids 

might have capability to class-specifically stimulate immune factors as in CpG-ODNs. 

Although fish administered GFP-containing vector showed lower survival rates, lower 

serum scuticocidal activity, and lower Mx gene expression when compared to mixed CpG motifs-

containing vector, the GFP-containing vector elicited higher survival rates against M. avidus and 

VHSV infections, higher serum scuticocidal activity, and higher expression of type I interferon-

induced genes compared to control, suggesting that GFP sequence, also, might have some 

imunostimulating properties. To know this mechanism exactly, further studies are needed. 

Delivery of CpG motifs-containing plasmids using E. coli has several merits in that the E. 

coli used for vehicle is not virulent to fish, there is no need for isolation of plasmids or dsRNAs 

because the plasmids can be autonomously amplified in the E. coli, the plasmids or produced long 

dsRNAs are protected from nucleases attacks, and E. coli itself can be acted as an 

immunostimulant. Although attenuated bacteria have been utilized as delivery vehicles for DNA 

vaccines in mammals (Dietrich et al., 2001; Woo et al., 2001; Mohamed et al., 2002; Schoen et al., 



４７ 

 

2004), little is known on the use of live bacteria as a carrier for immunostimulating plasmids 

or/and long dsRNAs in fish.  

In the present study, we used E. coli HT115 or χ7213 as the delivery vehicle for CpG 

motifs-containing plasmids, and investigated their effects on resistance against M. avidus infection 

in olive flounder. The results showed that E. coli χ7213 transformed with plasmids harboring 

mixed CpG motifs induced the highest survival rate against the scuticociliates challenge, and E. 

coli HT115 harboring the plasmids or mix of the two E. coli strains harboring CpG plasmids 

induced higher survival rates than controls. These results suggest that the mutated E. coli has a 

possibility to be used as a vehicle for in vivo delivery of immunostimulating plasmdis.  

As E. coli HT115 lacks RNase III gene and possess a cassette for expression of T7 RNA 

polymerase, long dsRNA might be produced in the cytoplasm of the bacteria transformed with the 

CpG motifs-containing plasmids. Thus, in the E. coli HT115, both CpG plasmids and CpG-

containing long dsRNAs would be present simultaneously. However, the effects on the resistance 

against M. avidus infection was not higher than E. coli χ7213 that is an asd mutated auxotrophic 

mutant. The serum scuticocidal activity was also increased by administration of fish with the E. 

coli strains harboring CpG motifs-containing plasmids, suggesting that humoral immune 

responses that are important to defense against M. avidus infection (Piazzon et al., 2011) might be 

effectively induced by delivery of CpG plasmids through E. coli mutants.  

In the results of this study, the scuticocidal activity of serum was increased in proportion to 

the copy number of CpG 1668 sequence in a plasmid, and the activity of serum isolated from fish 

injected with plasmids containing 60 copies of CpG 1668 sequence was equal to that of fish 

administered CpG-ODN 1668, suggesting that plasmids containing CpG 1668 sequence can 

stimulate innate humoral immunity of olive flounder as in CpG-ODN 1668 (Kang and Kim, 2011), 
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which increased resistance of fish against M. avidus infection. And, we have verified that plasmids 

harboring different classes of CpG motifs simultaneously enhanced resistance of olive flounder 

against M. avidus and VHSV infections, and could simultaneously induce each-class-specific 

immune responses that can synergistically attack the intruding pathogens. In addition to, the 

results suggest that exposure of immune cells to the CpG motifs-containing plasmids by rupturing 

of the E. coli χ7213 due to inability to synthesize cell wall might be more effective to induce 

protective immune responses against M. avidus than CpG plasmds and long dsRNAs present in 

the cytoplasm of E. coli HT115. 
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Chapter III 

 

 

Molecular cloning of toll-like receptor 3 (TLR3) from olive 

flounder (Paralichthys olivaceus) and transcriptional response to 

poly I:C in relation to TLR22 
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INTRODUCTION 

 

Toll-like receptors (TLRs) are a family of transmembrane sensor proteins that recognize 

pathogen associated molecular patterns (PAMPs), and play crucial roles in both innate and 

adaptive immune responses (Schnare et al., 2001; Takeda et al., 2003; Iwasaki and Medzhitov, 

2004). TLRs contain an extracellular leucine-rich repeat (LRR) domain that is responsible for 

recognition of PAMPs and an intracellular Toll/Interleukin-1 receptor (TIR) domain that is 

involved in cellular signaling. The recognition of PAMPs by each TLR is highly specific. Of 

TLRs, TLR3 recognizes double-stranded RNA (dsRNA) that is generated as a replication 

intermediate or by-product of many viruses (Jacobs and Langland 1996; Alexopoulou et al., 2001; 

Sen and Sarkar 2005; Haller et al., 2006). Signaling through TLR3 results in type I interferon 

responses in mammals (Alexopoulou et al. 2001; Hoebe et al. 2003).  

Mammalian TLR3 homologs have been reported in several fish species, such as fugu 

Takifugu rubripes (Oshiumi et al. 2003), zebrafish Danio rerio (Meijer et al. 2004; Jault et al. 

2004), channel catfish Ictalurus punctatus (Bilodeau and Waldbieser 2005), rainbow trout 

Oncorhynchus mykiss (Rodriguez et al., 2005), and grass carp Ctenopharyngodon idella (Su et al., 

2009). Unlike mammals, however, TLR22 has been identified as an additional dsRNA recognizing 

TLR in a number of fish species including goldfish (Stafford et al., 2003), zebrafish (Jault et al., 

2004), olive flounder Paralichthys olivaceus (Hirono et al., 2004), rainbow trout (Rebl et al., 

2007), and fugu (Matsuo et al., 2008).  

In the present study, we firstly cloned the cDNA of olive flounder TLR3 gene and analyzed 
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molecular pattern and change in transcription level in response to poly (I:C) injection in olive 

flounder. Furthermore, to know the functional role of TLR3 and TLR22 in induction of type I 

interferon response, TLR3 or TLR22 transcriptom in hirame natural embryonic cells (HINAE 

cells) was knock-downed by short-hairpin RNA (shRNA), and analyzed the effects of each gene 

knock-down on the type I interferon response. 
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MATERIALS AND METHODS 

 

1. Fish 

Juvenile olive flounder (approximately 10 g in body weight) were obtained from a 

commercial farm in South Korea. Fish were fed with commercial pellet, and water was renewed 

once a day. Before experiment, fish were acclimatized for at least 2 weeks. 

 

2. Complementary DNA cloning of Olive flounder TLR3  

Total RNA was isolated from the kidney of the fish using RNAiso reagent (Takara), and one 

μg of purified total RNA was incubated with 1 μl of random primer (0.5 μg/ml) (Promega) at 

80°C for 10 min, and further incubated at 42°C for 60 min in a reaction mixture containing 4 μl of 

5× reaction buffer, 4 μl of 10 mM dNTP mix (Takara), 1 μl of M-MLV reverse transcriptase 

(Promega) and 0.5 μl of RNase inhibitor (Promega) in a final reaction volume of 20 μl. Using two 

degenerate oligonucleotides (fTLR3-Fw: 5’-CTCAGYAAYAAYAAYATYGCMAACAT-3’ and 

fTLR3-Re: 5’-TCCAGWAGAAYYGRATYCTCCA-3’), a partial fragment of olive flounder 

TLR3 cDNA was obtained by PCR reaction. The amplified PCR product was run on an agarose 

gel (1.5%), purified using a gel purification kit (Cosmo Genentech, Korea), subcloned into 

pGEM-T easy vector (Promega), and sequenced using ABI 3700 (PE Applied Biosystems). To 

obtain full open reading frame (ORF) sequence, 5'-RACE (primer-1; 5'-

AGCTAAGCCTCTCAAACAATCTCCTCAACAGTCTGAAGG-3': primer-2; 5’-GCTGTGATT 
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TCCCGAATTGCAGTTTGCTGTAAC-3’:  primer-3; 5’-CCTGGTGAAAGGTCGAACCTCC 

GCCA-3’) and 3'-RACE (primer; 5'-ATCCTGTGGTTTGTGACGTGGTTGAACAAC-3'). PCR 

reactions were performed separately using the SMART RACE cDNA Amplification Kit 

(Clontech) according to the manufacturer's instructions. All RACE PCR products were purified 

using spin column (Labopass), cloned into pGEM-T easy vector, and sequenced. Multiple 

sequence alignments were generated using the CLUSTALW 1.8 program, and amino acid 

sequence identity was verified through BLAST using the protein database in the National Center 

for Biotechnology Information(NCBI). 

 

3. Expression analysis of TLR3, TLR22, ISG15 and Mx genes in olive flounder after poly ( I:C) 

injection 

A total of 18 olive flounder were randomly divided into 3 groups, and fish of each group 

were intraperitoneally injected with either 1 mg of poly (I:C) (Sigma) suspended in 100 μl of PBS 

(pH 7.6) or the same volume of PBS only. One group was received no treatment and served as a 

no handling control. At 12 and 24 h post injection (p.i.), 3 fish were sampled from each group, and 

total RNA was extracted from kidney using RNAiso reagent. Total RNA (0.5 μg) was then 

reverse-transcribed to cDNA as mentioned above in order to be used for gene expression assay. 

Semi-quantitative RT-PCR was carried out to determine the relative mRNA expression level of 

TLR3. PCR in a reaction volume of 10 μl was performed with 2×Prime Taq Premix (Genet Bio) 

and 1 μl of 10-1 diluted cDNA template. Oligonucleotide primer pairs for TLR3, TLR22, ISG15, 

Mx and internal control (18S rRNA) genes are shown in Table 4. Thermal cycling conditions were 

1 cycle of 4 min at 95°C (initial denaturation) followed by 17 cycles (for 18S rRNA), 26 cycles 

(for ISG15 and MX), or 32 cycles (for TLR3 and TLR22) of 30 s at 95°C, 30 s at 60°C, 30 s at 
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72°C, with a final extension step of 7 min at 72°C. PCR samples to be compared were 

electrophoresed on the same 1% agarose gel and visualized with ethidium bromide (Et-Br) 

staining.  

 

4. Expression analysis of TLR3, TLR22, IRF3, IRF7 and ISG15 genes in HINAE cells after 

stimulated poly ( I:C)  

HINAE cells were sub-cultured in wells (2×106cells/well) at 20°C in Leibovitz medium (L-

15, Sigma) containing with 10% FBS  and  penicillin (100 U/ml), streptomycin (100 μg/ml). 

Total RNA extracted after 6, 12, 24 and 48 h after stimulation with 100 μg/ml of 

polyinosinic:polycytidilic acid (poly I:C) (Sigma) or with the same volume of PBS (pH 7.6) only. 

The complementary DNAs (cDNAs) synthesized from these total RNAs using M-MLV reverse 

transcriptase and Oligo(dT)15 Primer (Promega, USA) were used in reverse-transcription 

polymerase chain reaction (RT-PCR). Oligonucleotide primer pairs for TLR3, TLR22, IRF3, 

IRF7, ISG15 and internal control (18S rRNA) genes are shown in Table 4. Thermal cycling 

conditions were 1 cycle of 4 min at 95°C (initial denaturation) followed by 17 cycles (for 18S 

rRNA), 30 cycles (for IRF3, 7 and ISG15), or 33 cycles (for TLR3 and TLR22) of 30 s at 95°C, 

30 s at 60°C, 30 s at 72°C, with a final extension step of 7 min at 72°C. PCR samples to be 

compared were electrophoresed on the same 1% agarose gel and visualized with ethidium 

bromide (Et-Br) staining.  

 

5. Construction of shRNA-producing vector targeting the fTLR22 and fTLR3 of olive flounder 

Using Ambion’s “siRNA Target Finder and Design Tool”, siRNA target sequences for 
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fTLR22 and fTLR3 genes of Olive flounder were designed (Table 2). The fugu U6 promoter-

driven shRNA expression vector (Zenke & Kim, 2008) was used for construction of plasmids 

producing shRNA targeting the fTLR22 and fTLR3 of olive flounder. Each shRNA-producing 

cassette was made by following three-step PCR reactions, and amplification conditions were 1 

cycle of 3 min at 95°C (initial denaturation), 5 cycles of 30 s at 95°C, 30 s at 48°C, 30s at 72°C, 

and followed by 30 cycles of 30 s at 95°C, 30 s at 65°C, 30s at 72°C. Using cloned fugu U6 

promoter as the template, the first-step PCR was performed with two primers U6F-SphI and each 

of shRNAR1 which contains the last 16 bps of fugu U6 promoter, shRNA sense and loop. Each 

amplified product from the first PCR was purified, and used as the template for second-step PCR 

with U6F-SphI and each of shRNAR2 which contains 10 bps of shRNA sense, loop and 4 bps of 

shRNA antisense. One-tenth of the second PCR product was then used as the template for the 

third-step PCR with U6F-SphI and each of shRNAR3-SacII which contains 5 bps of shRNA sense, 

loop, shRNA antisense and termination. Intermediately, after the U6 promoter sequence, one 

guanine residue which is predicted to be a transcription start point of shRNA was included in this 

construct. Each PCR product was gel-purified and cloned into pGEM T-easy vector (Promega) 

resulting in vector pFuguU6shRNAs (pshTLR22∙903, pshTLR22∙1726, pshTLR22∙1726cont and 

pshTLR3∙939). The pshTLR22∙1726cont vector, was used as a two nucleotide sequence different 

compared with pshTLR22∙1726.  

To select shRNA clones which effectively suppress target fTLR22 expression, a dual vector 

harboring each shRNA producing cassette and fTLR22 gene expressing cassette was constructed.  

The fTLR22 gene ORF which contains HindIII and BamHI sites was cloned into pGEM T-easy 

vector, and then inserted into the pcDNA 3.1(+) vector (Invitrogen)(Table 3). The cassette 

including CMV promoter, fTLR22 ORF and BGH polyadenylation signal was digested using 

BglII and SalI restriction enzymes, and inserted into each above shRNA expression vector, 
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resulting in pshTLR22∙903-fTLR22, pshfTLR22∙1726-fTLR22, pshTLR22∙1726cont-fTLR22 and 

control vector is p-fTLR22. 

To use as a selection marker, a neomycin resistant cassette, including the SV40 early 

promoter and the SV40 polyadenylation signal in the pcDNA 3.1 vector, was inserted into the 

ApaI and AatII sites of each shRNA expression vector, and named pNeoshTLR22∙1726, 

pNeoshfTLR22∙1726cont, pNeoshTLR3∙939 and control vector is pNeo. The integrity of DNA 

sequence of the vectors was confirmed by sequencing using an automatic sequencer (Applied 

biosystems). 

 

6. Transfection of EPC cells with shRNA producing vectors and expression analysis of fTLR22 

gene  

EPC cells were sub-cultured in wells of 6-well plates (3×105cells/well) at 28°C in L-15 

medium containing 20 mM HEPES and 10% FBS. Cells were grown to about 80% confluence 

and transfected with p-fTLR22, pshTLR22∙903-fTLR22, pshTLR22∙1726-fTLR22 and 

pshTLR22∙1726cont-fTLR22 vectors using FuGENE 6 (Roche) according to the manufacturer’s 

instructions. 

 

7. Transfection of HINAE cells with shRNA producing vectors and Selection  

HINAE cells were sub-cultured in wells of 6-well plates (2×106cells/well) at 20°C in L-15 

medium containing 20 mM HEPES and 10% FBS. Cells were grown to about 80% confluence 

and transfected with pNeo, pNeoshTLR22∙1726, pNeoshTLR22∙1726cont, pNeoshTLR3∙577, 

pNeoshTLR3∙939 vectors using FuGENE 6 (Roche) according to the manufacturer’s instructions. 
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Selection by antibiotics was performed in this study. To select HINAE cells harboring 

shRNA producing vectors, 400 μg/ml of G-418 was added to the culture medium of cells 

transfected with each pFuguU6shRNA-Neomycin plasmid. The surviving cells were then 

trypsinized using TrypLE Express (Gibco) and plated in new T25, and were grown in L-15 

medium containing 10% FBS, antibiotics (penicillin 100 U/ml and streptomycin 100 μg/ml) and 

400 μg/ml of G-418. And the cells were selected for six month. 

 

8. Expression analysis of selected HINAE cell TLR3, TLR22, ISG15 and MX genes after 

stimulated poly ( I:C) 

Total RNA extracted after administered polyI:C for 12h of seleted HINAE eclls harboring 

shRNA producing vector(pNeo, pNeoshTLR22∙1726, pNeoshTLR22∙1726cont, pNeoshTLR3∙577, 

pNeoshTLR3∙939) grown in culture medium containing G-418 (400 μg/ml, Sigma) for six month. 

Total RNA (0.5 μg) was then reverse-transcribed to cDNA as mentioned above in order to be used 

for gene expression assay. Semi-quantitative RT-PCR was carried out to determine the relative 

mRNA expression level of TLR3. PCR in a reaction volume of 10 μl was performed with 2×Prime 

Taq Premix (Genet Bio) and 1 μl of 10-1 diluted cDNA template. Oligonucleotide primer pairs for 

TLR3, TLR22, IRF3, IRF7, ISG15 and internal control (18S rRNA) genes are shown in Table 4. 

Thermal cycling conditions were 1 cycle of 4 min at 95°C (initial denaturation) followed by 17 

cycles (for 18S rRNA), 25 cycles (for MX and ISG15), or 30 cycles (for TLR3 and TLR22) of 30 

s at 95°C, 30 s at 60°C, 30 s at 72°C, with a final extension step of 7 min at 72°C. PCR samples to 

be compared were electrophoresed on the same 1% agarose gel and visualized with ethidium 

bromide (Et-Br) staining.  
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Table 2. For production of various pFuguU6shRNA vectors 

Name of 
primer 

Sequence (5' to 3') 
Restriction 
enzyme 

U6 F GCATGCCACTGGATCCATCTGACACTAA SphI 

shfTLR3  
577 

R1 TCTCTTGAAAAGGAAATAGAAGTCGTCTCAACAGCTAGCAACATC 
 

R2 TTTCCTTTCTCTTGAAAAGGAAATAG 

R3 CCGCGGAAAAAAAGACGACTTCTATTTCCTTTCTCTTGAAAAGGAA SacII 

shfTLR3  
939 

R1 TCTCTTGAACTTGGTCAGGTGCTTGATACAACAGCTAGCAACATC  

R2 GACCAAGTCTCTTGAACTTGGTCAGG 

R3 CCGCGGAAAAAATATCAAGCACCTGACCAAGTCTCTTGAACTTGG SacII 

shfTLR22 
903 

R1 TCTCTTGAAGTTAGCGCTGTGATATTGTCAACAGCTAGCAACATC  

R2 GCTAACTCTCTTGAAGTTAGCGCTG  

R3 CCGCGGAAAAAAACAATATCACAGCGCTAACTCTCTTGAAGTTAG SacII 

shfTLR22 
1726 

R1 TCTCTTGAAGTTACGAGGCAATTGAGACCAACAGCTAGCAACATC  

R2 CGTAACTCTCTTGAAGTTACGAGGC  

R3 CCGCGGAAAAAAGTCTCAATTGCCTCGTAACTCTCTTGAAGTTAC SacII 

shfTLR22 
1726 control 

R1 TCTCTTGAAGTTACGAGGCAtaTGAGACCAACAGCTAGCAACATC  

R2 CGTAACTCTCTTGAAGTTACGAGGC  

R3 CCGCGGAAAAAAGTCTCAtaTGCCTCGTAACTCTCTTGAAGTTAC SacII 

Underline : U6 promoter 3’ region 

Bold : restriction enzyme site 

Small letter : two substituted nucleotides in target sequence 
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Table 3. For construction for TLR22 of Olive flounder 

Name of 
primer 

Sequence (5' to 3') 
Restriction 

enzyme 

fTLR22 ORF 

F AAGCTTATGGGTCCCGGAGGAAAAGGAGATGAAAG  HindIII 

R GCGGCCGCTTACCACTGATTATCCACCACAGTGAGGCG NotI 

Underline : restriction enzyme site 

 

 

Table 4. Oligonucleotide primer pairs for semi-quantitative RT- PCR of Olive flounder or EPC cell  

 

 

 

 

 

 

 

 

 

Name of 
primer 

Sequence (5' to 3') 

f18S 
F AGTTGCTGCAGTTAAAAAGC 

R TGGCATCGTTTACGGTCGGAACTA 

f TLR3 
F GGCTCATTTCAGTGGCTCACCAGACTTCAGACTC 

R GCTGCCCCTTTCAGAAACATCACCGGC 

f TLR22 
F GACGATGCCTTCAGTTCTCTTCAGAGTCTT 

R CAAGCCGCGGAATTCTCCATGTTT 

f IRF3 

F ACCCTGCTTTGTTTGAGAAGTGCG 

R TGTGCAGTTCGTTCAGACACTCCT 

f IRF7 

F ATTTCACGGCCTTGGATCTGGGTA 

R TTGCCTCGTAGAAAGTGGGCTGAT 

f MX 

F AACAGCCAAGGCAAAGATTG 

R AATGTCCAGCTCCTCCTTCA 

f ISG15 

F CTCCATGTA ATCTGCAGCAA 

R CAGATCTAGTGCAGGTGTGA 

EPC       
18S rRNA 

F TAGTTGGTGGAGCGATTTGTC 

R CACTTGTCCCTCTAAGAAGTTG 
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RESULTS 

 

1. Complementary DNA and deduced amino acid sequences of olive flounder TLR3 

Full length olive flounder TLR3 cDNA (Fig. 12) consisted of 2736 bp ORF encoding 912 

amino acids, 25 bp 5’ UTR, and 606 bp 3’ UTR. Conserved domain analysis using the SMART 

program revealed that olive flounder TLR3 consisted of 15 leucine-rich repeats (LRR) in addition 

to a C-terminal cap (LRR-CT), a transmembrane domain, and an intracellular Toll/Interleukin-1 

receptor (TIR) domain (Fig. 13). At the amino acid level, olive flounder TLR3 showed high 

identity with other TLR3s of other fish species.  
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Fig. 12.  The full length cDNA sequence of olive flounder TLR3. The Full length cDNA TLR3 

contains a 2736 bp ORF which has both the start codon(ATG) and the stop condon (TGA), 25 bp 

5’ –UTR and 606 bp 3’ –UTR containing 23 bp poly A tail. The start and stop codon is boxed.  
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Fig. 13. Alignment of the olive flounder TLR3 TIR domain with those of fugu, zebrafish, grass 

carp, channel catfish, Rainbow trout, house mouse and human genes. The leucine-rich repeat 

(LRR) domains are underlined (32 ~ 376, 461 ~ 646), transmembrane (TM) (655 ~ 678), TLR/IL-

1 receptor (TIR) (706 ~847). 
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2. Effect of poly I:C injection on expression of TLR3, TLR22, ISG15, and Mx genes in olive 

flounder 

Expression of TLR3 and TLR22 of olive flounder in response to poly I:C injection was 

analyzed by semi-quantitative RT-PCR. Expression of ISG15 and Mx genes were also analyzed to 

measure interferon responses. In the PBS injected control group, no or very weak expression of 

the above genes was observed throughout the experimental period. Upon injection of poly I:C, 

although both TLR22 and TLR3 were up-regulated at 12 and 24 h, TLR22 showed higher 

expression than TLR3. Expression of ISG15 and Mx genes was highly elevated by poly I:C 

injection (Fig. 14). 

 

Fig. 14. Effect of poly I:C injection on expression of TLR3, TLR22, ISG15, and Mx genes in 

olive flounder. At 12 and 24 h post-injection with polyI:C or PBS, the expression of each gene in the 

kidney was analyzed by semiquantitative RT-PCR.  
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3. Expression of TLR3, TLR22, IRF3, IRF7 and ISG15 genes in HINAE cells by stimulation 

with poly ( I:C) 

Expression of genes in HINAE cells stimulated with poly I:C was analyzed by semi-

quantitative RT-PCR using primers specific for fTLR3, TLR22, IRF3, IRF7, ISG15 and 18S. All 

analyzed genes were up-regulated by poly (I:C) stimulation (Fig. 15). Especially, expression of 

TLR22, IRF3, IRF7, and ISG15 genes was clearly up-regulated at 6 and 12 h post-stimulation, 

whereas expression of TLR3 was more increased at 24 and 48 h post-stimulation.  

 

Fig. 15. Effect of poly I:C on the expression of TLR3, TLR22, IRF3, IRF7, and ISG15 genes of 

HINAE cells. At 6, 12, 24, 48 h post-stimulation, expression of above genes and 18s rRNA gene 

(control) was analyzed by RT-PCR. Mark ‘-’ is non-stimulated and mark ‘+’ stimulated by poly 

I:C. 
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4. Selection of an effective shRNA clone targeting TLR22  

To select effective shRNA sequence targeting TLR22, EPC cells were transfected with 

plasmids p-fTLR22, pshTLR22∙903-fTLR22, pshTLR22∙1726-fTLR22 and pshTLR22∙1726cont-

fTLR22, and inhibitory effect on TLR22 expression was analyzed by semiquantitative RT-PCR. 

Expression of TLR22 gene was clearly reduced in EPC cells by transfection with pshTLR22 

∙1726-fTLR22. However, cells transfected with pshTLR22∙939-fTLR22, pshTLR22∙1726cont-

fTLR22 showed no reduction in expression of TLR22 gene (Fig. 16). 

 

 

 

 

 

Fig. 16. Effect on expression of fTLR22 and 18S genes in each transfected EPC cells. EPC cells 

transfected with p-fTLR22 (lane 1), pshTLR22∙903-fTLR22 (lane 2), pshfTLR22 ∙1726-fTLR22 

(lane 3) or pshTLR22∙1726cont-fTLR22 (lane 4) vectors. (A) 18S rRNA of EPC cell (18S), (B) 

TLR22 of olive flounder (fTLR22). 
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5. Effect of shRNAs targeting TLR22 and TLR3 on expression of type I interferon-induced 

genes in HINAE cells 

HINAE cells harboring pNeo, pNeoshTLR22∙1726, pNeoshTLR22∙1726cont, pshTLR3∙577 

and pNeoshTLR3∙939 were selected using G-418 supplementation. The selected cells were 

stimulated with poly I:C, and at 12 h post-stimulation, expression of 18S rRNA, TLR22, TLR3, 

ISG15 and MX genes were analyzed by semi-quantitative RT-PCR (Fig. 17). Expression of 

TLR22 gene was clearly reduced in HINAE cells harboring pfTLR22 1726, whereas cells 

harboring pfTLR22 1726cont showed no decrese in TLR22 expression. Both ISG15 and Mx 

genes were highly down-regulated by knock-down of TLR22, however, the effect of TLR3 knock-

down on Mx and ISG15 genes was not evident. 
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Fig. 17. Effects of shRNAs targeting TLR22 and TLR3 on expression of TLR22, TLR3, ISG15, 

and Mx genes were analyzed by semi-quantitative RT-PCR. At 12 h post-stimulation of HINAE 

cells with poly I:C, 18S rRNA, TLR22, TLR3, ISG15 and Mx mRNA were PCR amplified. Lane 

1, HINAE cells (no handling); lane 2, HINAE cells harboring pNeo; lane 3, HINAE cells 

harboring pNeoshTLR22∙1726; lane 4, HINAE cells harboring pNeoshTLR22 ∙1726cont; lane 5, 

HINAE cells harboring pNeoshTLR3∙939. 
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DISCUSSION 

 

In mammals including human, TLR3 is located in the endosomal membrane or the cell 

surface, participates in recognition of dsRNA. However, in fish, an additional TLR, TLR22, is 

also known to respond to dsRNA. Recently, Matsuo et al. (2008) reported that fish TLR22 might 

play a role that was conducted by human cell-surface TLR3. In the present study, we analyzed in 

vivo transcriptional change of TLR3 and TLR22 genes after poly IC treatment, and found that 

olive flounder TLR3 was up-regulated by extrinsically administered poly IC. However, the 

increased level of TLR3 was lower than that of TLR22. These results suggest that olive flounder 

TLR22 is a more susceptible receptor for extracellular dsRNA than TLR3.  

In the present results, HINAE cells stimulated with poly I:C showed highly up-regulated 

TLR22 at relatively early time (6 and 12 h post-exposure), while TLR3 expression was stronger at 

24 and 48 h post-exposure, suggesting that TLR22 might recognize extracellular dsRNA more 

quickly than TLR3 and/or TLR22 might be located cell surface, while TLR3 might respond 

slowly to extracellular dsRNA and/or TLR3 might be located on endosomal membrane. 

Recently, plasmid vector based short hairpin RNAs (shRNAs) are widely used to induce 

RNA interference (RNAi) in vertebrate cells, and provide a tool to create continuous cell lines in 

which suppression of a target gene is stably maintained by RNAi. Previously, we had 

demonstrated successful transcription of shRNA by fugu U6 promoter in bluegill fry (BF-2) cells 

and efficient knock-down of a target gene by the shRNA in BF-2, grunt fin (GF), and Chinook 

salmon embryo (CHSE) cells (Zenke and Kim, 2008). In the present study, we established HINAE 
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cells that stably express shRNAs by transfection with the fugu U6 promoter-driven shRNA 

expressing vector and selection with G-418 (geneticin). Through the present RNAi experiment, 

the important role of TLR22 in recognition of extracellular poly (I:C) and in induction of type I 

interferon response was verified. HINAE cells harboring TLR22-targetting shRNA vector showed 

greatly reduced TLR22 expression, which resulted in large reduction of ISG15 and Mx genes 

expression, suggesting that TLR22 might play an important role in induction of type I interferon 

response to extracellular dsRNAs. While inhibition of TLR3 expression by transfection of HINAE 

cells with TLR3-targeting shRNA vector weakly reduced the expression of ISG15 and Mx genes 

by poly IC exposure, suggesting that TLR3 partially participate in the induction of type I 

interferon response in cells stimulated with extracellular poly (I:C).  
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Chapter IV 

 

 

Protective effect of long double-stranded RNA with CpG motifs 

against Miamiensis avidus and viral hemorrhagic septicemia virus 

(VHSV) infections in olive flounder (Paralichtys olivaceus) 
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INTRODUCTION 

 

Double-stranded RNA (dsRNA), a by-product of viral replication, is recognized as a 

pathogen-associated molecular pattern (PAMPs) by toll like receptor 3 (TLR3), which trigger 

strong proinflammatory response in vertebrates (Alexopoulou et al., 2001; Schulz et al., 2005; 

Wang et al., 2004). Binding of dsRNA to TLR3 recruits the adaptor protein TRIF (Yamamoto et 

al., 2002), and activates transcription factors, such as IRF3, NF-κB and AP-1, which induce 

transcription of type I interferon and inflammatory cytokines (Sharma et al., 2003; Yamamoto et 

al., 2003; Hoebe et al., 2003; Meylan et al., 2004). Unlike mammals, another dsRNA recognizing 

TLR, TLR22, has been reported in several fish species (Stafford et al., 2003; Jault et al., 2004; 

Rebl et al., 2007; Matsuo et al., 2008) including olive flounder Paralichthys olivaceus (Hirono et 

al., 2004).  

Unmethylated CpG motifs in DNA of various pathogens are also recognized as a PAMP by 

TLR9 in vertebrates including fish (Ahmad-Nejad et al., 2002; Akira and Takeda, 2004). 

Recognition of CpG DNA by TLR9 triggers recruitment of the adaptor molecule MyD88, which 

activates signal cascade that results in the production of various cytokines and chemokines (Krieg, 

2002; Klinman, 2004). Artificially synthesized CpG oligodeoxynucleotides (CpG-ODNs) also can 

be recognized by TLR9, and are categorized into three classes (A, B, and C) based on the 

structural and functional characteristics (Krieg, 1999, 2003; Hemmi et al., 2000; Jørgensen et al., 

2001a). It has been demonstrated that the immunostimulatory effects of each CpG-ODN class are 

class-specific (Krieg, 2002). Recently, the protective effect of CpG-ODN 2216 (A-class) and 

CpG-ODN 1668 (B-class) against viral hemorrhagic septicemia virus (VHSV) and Miamiensis 
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avidus infection, respectively, has been demonstrated by our previous experiments (Kang and Kim, 

2011), and we have further demonstrated that olive flounder administrated with plasmids 

harboring mixed CpG motifs of class A, B, and C showed high survival rates against VHSV and 

M. avidus infections.  

Artificially synthesized polyinosinic–polycytidylic acid (poly I:C), an analog of dsRNA 

(Alexopoulou et al., 2001), is well-known to stimulate antiviral immune responses via induction 

of type I interferon responses in mammals (Heitmeier et al., 1998; Auch et al., 2004; Kulka et al., 

2004) and in fish species (Fernandez-Trujillo et al., 2008; Plant et al., 2005; Jensen et al., 2002b; 

Saint-Jean and Pérez-Prieto, 2006; Jensen and Robertsen, 2002a; Jensen et al., 2002c). However, 

no information is available concerning the ability of dsRNA to increase resistance of fish against 

diseases caused by extracellular parasites. Furthermore, whether specific sequence motifs in 

dsRNAs can modulate immunostimulatory effects has not been reported. Thus, the aims of the 

present study were i) to know whether dsRNA can enhance disease resistance of olive flounder 

against M. avidus infection, and ii) to investigate whether CpG motifs in dsRNA can modulate 

resistance against VHSV and M avidus infections.  
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MATERIALS AND METHODS 

 

1. Vector construction  

The fragment GFP (ORF 717bp) sequence was ligated into Litmus 28i vector (NEB) that 

was pre-digested with EcoRI and HindIII, then designated it as pLit-GFP. A fragment 

corresponding to randomly arranged 6 copies of each CpG-ODN sequence (CpG-ODN 1668, 

2216, and 2395) was artificially synthesized and inserted into pUC57 vector (pUC57-CpG 

Mix)(Cosmo Genetech, Korea). After digestion with BglII and BamHI, the CpG fragment was 

ligated into Litmus 28i vector that was pre-digested with the same restriction enzymes, then 

designated it as pLit-CpGMix (Fig. 18).  

 

Fig. 18. Map of vectors with the double T7 promoter-driven long double-stranded RNA 

expression cassette. 
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2. dsRNA purification 

To produce long dsRNA, E. coli HT115(ΔRNase III) was transformed with the constructed 

vectors, pLit-GFP or pLit-CpGMix, inoculated in 200 ml of LB with 0.1mg/ml ampicillin in 300 

ml flask, and incubated at 37°C overnight. The cultured samples were centrifuged at 8,000 rpm, 

for 10min at 4°C, removed supernatant and suspended with 0.5% SDS at 95°C for 2 min. After 10 

min incubation on ice, the lysate was digested with RNase (Promega) and DNase (ELPIS) at 37°C 

for 10 min. The dsRNAs were purified by RNAiso (Takara), electrophoresed on 1% agarose gel, 

stained with ethidium bromide (EtBr), and pictured with Gel Doc XR (Biorad) (Fig. 19). 

 

 

 

 

Fig 19. Purification of dsRNA in E. coli HT115 harboring dsRNA producing vectors. Lane 1 is 

dsRNA of CpGMix, lane 2 is dsRNA of GFP, lane M is 1 kb ladder (EPIS, Korea).  
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3. Iimmuno-stimulation and challenge test 

Olive flounder fingerlings weighing approximately 4~5 g were obtained from a local fish 

farm, divided into twelve 50 L tanks (18 or 17 fish/tank), and were acclimated at least for 2 weeks 

before the experiment. Fish in each experimental group were divided into 2 subgroups, either M. 

avidus or VHSV challenge experiment. For M. avidus challenge experiment, fish in the 8 tanks 

were divided into two replicates, and each replicate consisted of 4 groups. Fish in group 1, 2, 3 

and 4 were intraperitoneally injected (i.p.) with 50 μl of PBS, with 50 μg/50 μl/fish of poly I:C, 

with 50 μg/ 50 μl/ fish of dsRNAs (GFP or CpGMix), respectively. Water temperature was 

maintained at 21-22°C during whole experimental period. At 3 d post-injection, 4 fish in each tank 

were randomly sampled and bled to isolate serum. The rest of fish in one replicate were i.p. 

challenged with 2 x 104 ciliates, and the other replicate were challenged with 2 x 105 ciliates. The 

mortality was monitored for 14 days, and dead fish were necropsied to confirm the presence of 

ciliates. The VHSV challenge experiment had same groups with M. avidus experiment. Fish in 

group 1, 2, 3 and 4 were i.p. injected with the same regime of above. Water temperature was 

maintained at 15°C. At 24 h post-injection, 3 fish in each tank were sampled for isolation of 

kidney. The rest of fish were intramuscularly (i.m) challenged with VHSV KJ2008 at 103 

PFU/fish. The mortality was monitored for 14 days.  
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4. Serum scuticocidal activity 

The sera collected from fish in the M. avidus challenge experiment were used to examine 

scuticocidal activity. The analysis of scuticocidal activity was performed using 96-well flat-

bottomed plates. All the sera were serially diluted ranging from 1/4 to 1/4096 in Hank’s balanced 

salt solution (HBSS, Sigma). And diluted sera put in 50ul to the wells of the plate, The ciliates 

were collected after 1 days of CHSE cells depletion in the culture vessels by centrifugation at 200 

g for 5 min, washed three times with HBSS. The ciliates were added to the wells (1×102 

ciliates/well) of the plate, incubated at 20°C and observed every one hour for 24 h to analysis 

scuticocidal activities of the sera. The titer of each serum was the last dilution at which 100% of 

the ciliates were lysed or non-motile, which was observed under an inverted microscope at 40-100 

x magnification. 

 

 

5. Semi-quantitative RT-PCR analysis 

Total RNA was extracted from the kidney using RNAiso plus reagent (Takara) at 24 h post- 

immunization. The complementary DNAs (cDNAs) synthesized from these total RNAs using M-

MLV reverse transcriptase and Oligo(dT)15 Primer (Promega) were used in reverse-transcription 

polymerase chain reaction (RT-PCR). To amplify cDNA of Mx gene, PCR was done with primers 

MxF (5'-AACAGCCAAGGCAAAGATTG-3') and MxR (5'- AATGTCCAGCTCCTCCTTCA-3'). 

ISG15 gene was PCR-amplified using primers ISG15F (5'-CTCCATGTAATCTGCAGCAA-3') 

and ISG15R (5'-AGATCTAGTGCAGGTGTGA-3'). Two primers 18SF (5'-

AGTTGCTGCAGTTAAAAAGC-3') and 18SR (5'-TGGCATCGTTTACGGTCGGAACTA-3') 
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were used to amplify 18S ribosomal RNA gene of olive flounder. PCR was performed using 2× 

Prime Taq Premix (GeNet Bio, Korea). The amplification procedure included 1cycle of 4 min at 

95°C,16 (for 18S rRNA) or 30 cycles (for Mx and ISG15) of 30 s at 95°C, 30 s at 60°C, 30 s at 

72°C, with a final extension step of 7 min at 72°C. PCR samples to be compared were 

electrophoresed on the same 1.0% agarose gel, stained with ethidium bromide (EtBr), and 

pictured with Gel Doc XR (Biorad). Expression of Mx and ISG15 genes was calculated as relative 

expression to 18S rRNA gene using Quantity One software (Biorad). 
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RESULTS 

 

1. Effects of long double-stranded RNA containing CpGMix motif on resistance of olive 

flounder against VHSV infection 

Cumulative mortality of fish in the control group was 100% by a challeng with VHSV at 

103 PFU/fish (Fig. 20A). The group of fish administered the dsRNA encoding GFP sequence 

showed lower mortality than control group. Groups of fish injected with dsRNA containing 

CpGMix motifs or with poly I:C showed greatly significantly increased survival rates compared to 

the control group.  

 

 

2. Effects of long double-stranded RNA containing CpG motifs on resistance of olive flounder 

against M. avidus infection 

In the challenge experiment with low level 1 x 104 or high level 2 x 105 ciliates, the 

cumulative mortalities of fish injected with dsRNAs were clearly lower than fish injected with 

PBS alone. The groups injected with dsRNA-CpGMix and poly I:C showed the highest survival 

rates (Fig. 20B, 20C). The ciliates were recovered from the internal organs of all dead fish.  
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Fig. 20. Cumulative mortality of olive flounder (Paralichthys olivaceus) fingerlings 

intraperitoneally injected with phosphate buffered saline (control), polyI:C, dsRNA-GFP and 

dsRNA-CpGMix. After 3 days of the injection, all remaining (A)fish in each group were 

intramuscularly (i.m.) challenged with the VHSV KJ2008 at 103 PFU/fish. Mortality was recorded 

daily for 14 days.  (B) Fish in each group was challenged by i.p. injection with 2x105 of CHSE-

cultured ciliates, and (C) the other replicate were challenged with 2x104 of CHSE-cultured ciliates. 

The mortality was monitored for 17 days. 
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3. Analysis of genes expression in olive flounder using semi-quantitative RT-PCR 

The effect of each dsRNA on the type I interferon response of olive flounder was 

investigated by analyzing expression of Mx and ISG15 genes at 24 h post-administration. Fish 

administered poly I:C or dsRNA-CpGMix showed higher expression of Mx and ISG15 genes 

compared to fish in other groups (Fig. 2 1).  

 

 

 

 

Fig. 21. RT-PCR amplification of ISG15 and Mx genes in olive flounder (Paralichthys olivaceus) 

intraperitoneally (i.p.) injected with phosphate buffered saline (PBS), poly I:C, dsRNA-GFP or 

dsRNA-CpGMix(50 μg/fish). Total RNA was isolated from kidney of olive flounder at 24 h post-

injection. Expression of ISG15, Mx, and 18S ribosomal RNA (18S) genes was PCR amplified 

from cDNA samples using primers for each gene.  
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4. Scuticocidal activity of serum 

Fish injected with dsRNA-CpGMix showed significantly higher serum scuticocidal activity 

than fish injected with PBS alone or dsRNA-GFP (Fig. 22). Serum scuticocidal activity of fish 

injected with dsRNA-CpGMix was similar to that of fish injected with poly I:C. No scuticocidal 

activity was observed in the wells containing heat inactivated sera or HBSS alone. 
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Fig. 22. Scuticocidal activity of sera collected from olive flounder i.p. injected phosphate buffered 

saline (control), poly I:C, dsRNA-GFP (dsGFP) or dsRNA-CpGMix (dsMix6). Values (inverse of 

serum dilution) are means and T-bars indicate standard deviation. Different letters on the bar 

indicate statistically differences at P < 0.05. 
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DISCUSSION 

 

Synthetic poly (I:C) or naturally occurring dsRNAs have been known to enhance immune 

responses in vertebrates, and have been used to increase resistance to viral infections. Previously, 

Sugiyama et al. (2005) reported that single-stranded RNA expressing unmethylated CpG motifs 

and a poly(G) tail stimulated human monocytes and PBMC to produce IL-6, IL-12, and to activate 

NF-κB, p38 MAPK, which was similar to the immunostimulatory effect of CpG-ODNs. However, 

there are no reports concerning on the CpG motifs presented in dsRNA can exert further 

immunostimulatory effects on hosts. In the present study, we firstly demonstrated that dsRNA 

containing CpG motifs can also further stimulate immune responses of olive flounder. 

In this study, CpG motifs-containing dsRNA induced high survivability of fish against 

VHSV infection, and the survival rate was comparable to that of fish administered poly (I:C). 

However, GFP sequence-containing dsRNA was not effective to protect fish against VHSV. These 

results suggest that CpG motifs in the dsRNA were recognized by certain receptor(s) of olive 

flounder, which led to stimulation of protective immune responses. 

In the present study, fish administered poly (I:C) showed enhanced survival rates against M. 

avidus challenge. In a previous study, we have verified that scuticocidal activity of olive flounder 

leucocytes was distinctly increased by stimulation with poly (I:C). These results suggest that 

interferon-mediated cellular immune responses might actively participate in the protective 

responses of fish against intruding scuticociliates. Furthermore, in this study, serum scuticocidal 

activity of fish administered poly (I:C) was stronger than that of control fish suggesting that not 
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only cellular but also humoral immune responses might be stimulated by poly (I:C).  

In the present results, fish administered dsRNA containing mixed CpG motifs showed high 

survival rates against M. avidus challenges, and the survival rates were equal to those of fish 

administered poly (I:C). This result suggests that olive flounder can recognize CpG motifs that are 

present in dsRNA. Although it has been demonstrated that fish can recognize dsRNA and 

unmethylated CpG DNA through TLR3 (TLR22) and TLR9, respectively, which receptor(s) can 

bind to CpG motfs on dsRNA is not known, even in human. Furthermore, fish administered 

dsRNA encoding partial GFP showed higher survival rates than control fish, but lower survival 

rates than fish administered dsRNA containing CpG motifs, suggesting that differences in 

sequence, structure, or presence of certain motifs in dsRNA might be important factors for 

modulating immune responses.  

This is the first report to show that sequences of CpG motifs in dsRNA might be important 

to enhance immune responses and disease resistance against M. avidus and VHSV infections in 

olive flounder. Further studies concerning on the receptors that can recognize CpG motifs on 

dsRNA are needed to elucidate the immunostimulatory mechanism of dsRNA containing CpG 

motifs. 
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CpG motif DNA 및 double-stranded RNA 생성 system 을 이용한 넙치의 

질병 저항성 증강 

 

강 예 재 

 

부경대학교 대학원 수산생명의학과 

요    약 

 

unmethylated CpG motif 와 double-stranded RNA (dsRNA)는 척추동물에서 

Pathogen-associated molecular patterns (PAMPs)로 인식되며, 각각 TLR9 과 

TLR3 에 의해 인식된 후 여러 신호전달단계를 거쳐 다양한 면역반응을 자극한다. 본 

연구에서는 dsRNA 와 3 가지 type 의 CpG DNA 를 넙치에 면역자극제로 사용하여 

기생충성질병인 Miamiensis avidus 와 바이러스성 질병인 VHSV 에 대한 방어력에 

미치는 영향을 분석하였다. 또한 CpG motif 를 지닌 dsRNA 를 제작하여 넙치에서 

실질적으로 질병 방어에 영향을 주는지 알아보았다.  

 

1. 3 가지 class CpG-ODN 의 면역자극과 질병에 대한 방어효과  

CpG-ODN 2216 (A-class)을 주사한 넙치는 Mx 와 ISG15 유전자의 강한 발현과 

VHSV 감염에 대한 높은 생존율을 보여준 반면, CpG-ODN 1668 (B-class)을 주사한 

어류는 M. avidus 감염에 대한 높은 생존율과 증가된 serum scuticocidal activity 를 

보여주었다. 또한 CpG-ODN 2395 (C-class)는 VHSV 와 M. avidus 감염에 

중간정도의 효과를 나타내었다. 이로부터 각각의 class 에 속하는 CpG-ODNs 은 

서로 다른 병원체에 대한 방어능력을 나타냄을 알 수 있었다. 
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2. CpG 1668 motif 를 여러 개 가진 plasmid 와 CpG motif 3 개의 class 가 mix 된 

plasmid 를 통한 VHSV 및 M. avidus 에 대한 방어효과 와 이를 delivery 할수 있는 

mutant E. coli 를 이용한 M. avidus 에 대한 방어효과 분석 

CpG 1668 motifs 를 15 개, 30 개 및 60 개를 가진 plasmid 를 제작하여 이들을 

넙치에 투여한 후 M. avidus 감염에 대한 저항성을 분석한 결과 60 개의 motif 를 

지닌 plasmid 가 가장 높은 serum scuticocidal activity 및 높은 생존율을 

유도하였다. 이로부터 비교적 제작비용이 고가인 인공 합성 CpG-ODNs 대신에 

경제적으로 합성이 가능한 multiple CpG motifs 를 탑재한 plasmid 를 사용하여도 

같은 면역증진 효과를 얻을 수 있음을 알 수 있었다. 

또 3 종류의 class 에 속하는 CpG motif 를 탑재한 plasmid 를 제조하여 넙치에 

투여한 결과 VHSV 와 M.avidus 질병 둘다의 감염에 대해 증가된 방어력을 보여 

주었으며, 또한 높은 serum scuticocidal activity 와 Mx, ISG15 유전자의 높은 

발현을 보여주었다. 

Delivery system 으로 CpG motif 가 탑재된 plasmid 를 auxotrophic Escherichia 

coli mutant 에 transformation 하여 넙치에 투여한 결과 M. avidus 에 대한 방어력이 

증진됨을 알 수 있었다.  

 

3. 넙치 TLR3 cloning 및 in vivo 와 in vitro 에서 TLR3/ TLR22 의 역할 분석  

넙치 TLR3 cDNA 를 cloning 하였으며, poly (I:C) 자극에 의한 넙치의 

TLR3/TLR22 의 발현을 분석하였다. 또한 shRNA 를 이용해 HINAE cell 에서의 

TLR3 혹은 TLR22 의 발현을 저해하는 실험을 통해 TLR22 가 외부에서 투여된 

dsRNA 에 의한 type I interferon 반응유도에 중요한 역할을 함을 알 수 있었다. 

 

4. CpG motif 를 지닌 dsRNA 의 질병 방어능 증진 효과 

CpG motif 를 지닌 dsRNA 가 CpG motif 가 없는 dsRNA 에 비해 M. avidus 와 

VHSV 모두에 대해 높은 저항성을 유도함을 넙치 실험을 통해 알 수 있었으며, 또한 
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CpG motif 를 지닌 dsRNA 는 Mx 와 ISG15 유전자의 강한 발현유도 및 serum 

scuticocidal activity 도 증진됨을 보여주었다. 
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지지해주고 나의 고민을 들어준 고마운 선영이, 우리과 얼짱 대한이, 나의 막바지 실험으로 

많이 바쁠 때 도와준 일호와 경수 너무 고맙다, 빨리 건강해져서 함께 밤늦도록 같이 

실험하고픈 병우, 생각이 깊고 착한 막내들의 대장 지선이, 귀염둥이 안마쟁이 수진이, 
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제 옆에서 든든하게 버팀목이 되어주시는 저의 아버지와 지금도 저를 위해 마음속으로 간절히 

기도하시고 계실 저의 어머니, 하늘나라에서 흐뭇하게 지켜봐 주실 장인어른, 늘 마르지 않는 

기도로 저의 영혼을 일깨워주시는 저의 장모님, 늘 나에게 따뜻한 등산복을 챙겨 선물해주는 

처남, 이제는 어엿한 애기 엄마가 된 동생 미정이 그리고 이서방에게 사랑하고 고맙다고 

전하고 싶습니다. 또 학교에서 늦게 들어오는 날이 많아 집에서 늘 혼자 밥차려 먹었던 나의 

사랑하는 아내, 논문을 집필하는 중에 같이 뜬눈으로 밤을 지새워주고 많은 도움을 준 
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‘꿈, 세상을 살아가는데 복잡하고, 어려운 전략만이 필요한 것은 아니다. 어쩌면 인생을 사는 

최고의 생존전략은, 실낱 같은 꿈 하나를 가슴 깊이 심어두는 것이다. 가슴에 심은 꿈은, 아무도 

뽑을 수 없다. 그 꿈을 심는 사람도 당신이고, 뽑는 사람도 당신이기 때문이다.’  

이러한 말이 있듯이 논문을 쓰면서 저는 꿈을 꾸었고, 졸업을 한 뒤에도 그 꿈을 실현시키기 

위해서 저는 앞만 보고 달릴 것입니다. 논문을 완성하면서 희망과 꿈을 가슴에 담았습니다. 
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가지지만, 기대에 어긋나지 않게 항상 성실한 모습으로 수산생명의학과의 이름을 드높일 수 

있게 노력하겠습니다. 
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