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Analysis of immunomodulatory activity of bacterial RNA and CpG

motif-containing long double-stranded RNA in fish

SU YEON BAEK

Department of Aquatic Life Medicine, The Graduate School,

Pukyong National University

Abstract

The recognition of pathogen—associated molecular patterns (PAMPs) by
corresponding receptors trigger the activation of innate immune responses, and
each PAMP-specific stimulating properties have been utilized for the
development of immunostimulants or vaccine adjuvants. The innate immune
system also distinct between live and dead microorganisms through the
recognition of vita_PAMPs. Bacterial RNA i1s a representative vita—PAMP, and
has been reported to be able to stimulate both innate and adaptive immunity in
mammals. However,  no information 1is available about the effect of
vita—PAMPs on fish immunity. The immunostimulating effect of bacterial RNA
on respiratory burst activity was investigated by measurements of the
chemiluminescent responses of olive flounder kidney phagocytes in vitro. The
results of this study suggest that bacterial RNA was shown to be
immunomodulating on olive flounder leukocytes. In the present study, the
immunostimulatory effect of bacterial RNA isolated from Escherichia coli was
analyzed using juvenile olive flounder (Paralichthys olivaceus) as experimental
fish. In addition, the immunostimulatory effect of bacterial RNA was compared

with that of eukaryotic RNA isolated from Epithelioma papulosum cyprini



(EPC) cells. The head-kidney leukocytes were isolated by Percoll density
gradient centrifugation for the measurement of respiratory burst activity using
chemiluminescence. NF-xB plays a key role in regulating the immune response
to infection. Activity of NF-kB in EPC cells that treated with bacterial RNA
was investigated using luciferase reporter system. As a results, the increase of
luciferase activity was detected from supernatant of cell treated with bacterial
RNA. Fish can recognize long dsRNAs via either the endosomal TLR3 or the
plasma membrane TLR22. Unmethylated CpG dinucleotides in the DNA of
various pathogens are recognized as a PAMP by TLR9 in vertebrates
including fish. Recognition of CpG DNA by TLR9 triggers the recruitment of
MyD88, which activates signal cascade that results in the production of
various cytokines and chemokines related to antibacterial and antiviral immune
responses. However, to the best of our knowledge, there has been no report
concerning on the recognition of long dsRNAs containing unmethylated CpG
motifs can exert not only long dsRNA-mediated but also CpG motifs—-mediated
immunomodulatory effects on hosts. Thus, in the present study, we compared
the expression of TLR3, TLR22, TLR9 and type I IFN responsive genes (Mx1
and ISG15) of olive flounder (Paralichthys olivaceus) in response to an
intraperitoneal injection of in vitro transcribed long dsRNAs containing multiple
CpG 1668 motifs. In the present study, the expression of TLR3 and TLR9 was
not significantly increased in response to poly I:C, long dsRNA containing GFP
or CpG motif sequences. On the other hand, the expression of TLR22 was
conspicuously increased by the three molecules. These results suggest that
TLR22 may be the main receptor of olive flounder for long dsRNAs
administered through an ip. route. Furthermore, no differences in the immune
genes expression between long dsRNA-GFP and long dsRNA-CPG in this

study suggests that fish could not recognize CpG motifs in long dsRNAs.
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At AAASAE ARGk Zlol digh yalo] =oAL Stk AHA
AA= Y BAdT 27] Ao Tag 7les ok A

X o] &4 3}l+= pathogen-associated molecular patterns (PAMPs)Z} &g
= BdA 2 s dAFdeEH oFofxit.  PAMPE:=
lipopolysaccharide (LPS), lipoprotein, peptiglycan, flagellin, zymosan,
double stranded RNA (dsRNA), single stranded RNA (ssRNA), bacterial
DNA T°] 3t Z&dtz T8Ad o3 PAMPE A4 A4 H9
vhg-o] &AdstE fEdstal, ZF PAMP-50]4 A5 5A4& A9 A=A &
+ WA adjuvantd] e o] &=ojgitt. HAHAH WY Alxgle Eg

viability associated PAMP (vita-PAMP)2] <1215 %3] Aolde nAE

I S AES FEY, 24 dolde AEd R A dF S
sk = Al 3th Bacterial RNAE W#% %<l vita-PAMPo|H, £ &

oA AHA H AL WY E 08 A5 F Ut AoE HialEo
2t} (Eigenbrod and Dalpke, 2015). Bacterial RNAE type I IFN¥} NF-x
B-dependent  cytokines®] ZF#€3d {Fx=  dAle]w I Nlrp3
inflammasomes €A 3t A1 = Utk 212y vita-PAMP7F o ol
st JH= A gk webA| bacterial RNA
= o]l &3] 9 (Paralichthys olivaceus) A ¥2] & 29 (respiratory
burst) % o] F A EA e NF-xB &45 HUTh
T FUE AR oWl AHg Ao wEE A4S HASE Abst o

AL Ao Qloja el Ao WslE Hekth A A X A8 (phagocytosis) &
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oF o] F 2] M| ¥ += superoxide (Os ), hydrogen peroxide (H>0»)¢} hydroxyl
radical (OH )3} #& reactive oxygen species (ROS)9] AJArEEwl o} z}
A RS S7MAIZITE o]k ROSE A A|xe] b &4 Fadh o
g2 3t} (Chung and  Secombes, 1988; Kim et al, 1999).
Chemiluminescencei= W2 M X7} A A EZ 2oy A M xEe] HH S A=
g F e =29 HE5Re W A5E ARz S5 i 7
o] 415 Whxlsl= (light emission) A4S Wekth =S v tf 2] A

X
AretE A S Aabstar o] AbstE A2 oW 7] A (substrate) ¥ AHg-sto] =2

2o

o Y=]& 74+ dioxetanes ¥HETh dioxetane THA] 7] A o2 &4
carbonylZ E3dtt = 122 T EH A3Edo] o]d% ™A photon
emissions ¥ ©7]= #AAo] chemiluminescence®] th (Suh, 1986).

2 A A= Escherichia coliol Al 2]k bacterial RNA®S] Fofof u}
HAo] WaeH WstE AT 18 3L bacterial RNAS W =}

it

= ®&3E Epithelioma papulosum cyprini (EPC) cellolA &2 3%k
eukaryotic RNA®} vl w3ttt WY Faks xALet7] flske], {A o
in vivo R in vitrodLE Fog F HAZFH L AAE
chemiluminescence (CL) W&o SATFOEN o5 F A& A&
=3

NF-kB (nuclear factor kB)+= A HANE 3 A-FHAANS RFoA F
23 9d& Ik NF-xBe 227 gl wol= B A4l (IkB)ek B2
A HBEAE olFo] Axdd wErh IKK: IkBE QI4HsAA NF-kBE

AAAZFE FeAzth. 1 A3 NF-kBe= AEZ A A o= o] Fgr,

12

8 %ol A NF-kB Abo] Bl -
s ol ed e 9uSd fe 449 AN fFEAT B AT

ol = bacterial RNA7} NF-kB Ao THo] =X Lolr 7] €3

i



NF-«B response elementZ 7}Z luciferase reporter vector’} transfection
H EPC cellol A luciferase reporter system< ©] 83 #41a}¢]c}.

PAMP®] Q1A A W Az #dH Ee Axdd EAsts
pattern recognition receptors (PRRs)oll <&} wi7R¥t}. PRRo| <3+
Toll-Like Receptors (TLRs)&= A4 WY wgS st A vA
5 HYAe PAMP %+ damage-associated molecular patterns
(DAMPs)E <123t} (Akira et al, 2006; Gay et al., 2006). ¥ &=l
A, omkol g2 B4 F<oF AAE 4 9= double-stranded RNAs (dsRNAs)
+ endosomeo] A TLR3e] <9l <12%m o] <2l& interferon (IFN)
regulatory factor 3 (IRF3)7} MyD88-independent pathway= %3 &4 3}
A}t (Alexopoulou et al., 2001; Akira and Takeda, 2004). =

endosome®]  91E TLR3 Hi& A3 Ao

—

A= TLR22E 33 long
dsRNAE <123 4 vk (Matsuo et al, 2008). thFg B A2l DNAS
A unmethylated CpG dinucleotides* FE X&g3t HF: FEA
TLRO9e| <3 PAMPZ <14 ®tt (Ahmad-Nejad et al., 2002; Akira and
Takeda, 2004). TLR9®l ¢]3+ CpG DNA<Q] 142 MyD88e =& it
st o]+ signal cascades €78t AlA i E Fvdlolel s~ WY WS-
I FAEbE ggFst Alo]EgRQI AEICIS AT (Krieg, 2002;
Klinman, 2004). 284 unmethylated CpG motifE &3+ long dsRNA
9] e12lo] «Fo s long dsRNA-vj7/HE vk ol CpG motif-mi7]
Axd Ago FFE A=A I Bas glvh weba, & ATl A,
multiple CpG 1668 motifE 3= long dsRNAS &7 FALo] ot wt
So2 WA TLR3, TLR22, TLR9 ¥ type I IFN A2} (Mx1 18 il
ISG15)¢] & vl ulsk3ioh
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O. Az 2 AH

1. In vitro 438 @ 9Ax FA AAMXE respiratory

burst activity

1-1. E.coli RNA 2 EPC cell RNA £&

Ao AMgHE  Escherichia coli DHbaE Luria-Bertani (LB, LPS
Solution) ®j Al A 37T, 24A17F vl vl st < 3000rpmeoll 10
AAEE ¥ pellets 2o} Trans Zol Up (Trans Genic)S AF83}4] total
RNAE ®stdh. Aids dAESE $ 45HS AASIL pelletol
TransZol Up 1 mlS Y i pipettingdt 5 2A-2o|A 5&E7F w3},
Chloroform 200 S 2 7}ste] 73 Al shaking g+

ko3
5
Al71aL A (13000 rpm, 15+, 4C)stlh A AS st

<
@]
=
—t
(@}
.
=]
w®
o
(o
>,
M
AL
ol
ol
3R
v
o
o
2
o

al A AT tFe RNA pellet
S AL Ax A7l & RNA dissolving solutiond] ¢t} el th&
55-60T oA 1023t WHg-AIZl 5 ARG H7kA] - 70Co] H ek int,
Ao A}8¥  epithelioma papulosum cyprini (EPC) cell& 10% fetal
bovine serum (FBS, WELGENE)®} 1% penicillin-streptomycin (Pen
Strep, WELGENE)S ¥3}3F Leibovitz-15 ¥ #] (L-15, Sigma)ol]A ®j <



stttk EPC cell2 3000rpmell 105 A1+ % pelletS o} Trans Zol
Up (Trans Genic)& AF-8-3Fo] total RNAE 833t}

1-2. A 93833 FEg %9 E.coli RNA® EPC cell
RNA A &

A A Fule AEE & GXE MS-2222 w3 § njR gao A A
dete] £ diS AU AAsAeH, FdHor FAS AASA
heparin (10 U/ml) 2 penicillin (100 pg/mé)e] H7F€l L

dishell &3 % nylon meshg& AR&3lo] A E3E FA1S whafsto] A2
Aetls FHEIAT o] AlE AEAS Bt test tubed "l EF3 &
47% percoll density gradient (GE Healthcare) &9 fo] ZA2HA 29
The 600 g 4CellA] 303 A4 EEste] WIS stttk e M
3= dA4EE (3000rpm, 4C 5 min)stal heparin® penicillin * 2] ¥
L-15 wi=] & 33] A% 8 ct.

olgA g AMAEE tryphan blueZ viabilityE <o

hemocytometerZ ©]83to] cell count & 3438l 1x107 cells/mlE A E
TE wEdn B9 WA vlero] 96-well plateo] AAIE 40 wE @

E.coli RNA 2 EPC cell RNAE #7}sto] 20T Al 1A17F vl &3S o).

Rl

1-3. Luminol ¥ zymosan A%+

Luminol®} zymosan< Scott and Klesius (1981)¢] wWo] wal wE9]
t}. Luminol stock &< (100 m¢)> KOH 0.78 g, boric acid 0618 g,



& EE SHS 10 meel %9 th 1xHBSSE W7bete] wh

luminol 14 mg
Ao 1xHBSS® 108] 34 38le] AF&3hit).

EAth CLS A3
Zymosan< HWir®  Al@ T zymosan 50 mg¥ phosphate-buffered
saline (PBS)S 5 m{S %] boiling water bathollA 30&7F =2 & 600
Al

=

g 5wt 94 EEetdTh PBSE + W Al AHSta 50 me PBSell Al
A zymosan 1 mg/mle] ¥ EE A =Z3ste] CL =44 Ag3aoh

1-4. Chemiluminescence (CL) assay

AVAIE 40 wiol luminol $- 102%F ¥-E-A1 71 TF zymosan
VICTOR 3 multilabel plate reader

30 wE FH7bske] &

(PerkinElmer)Z ©]



2. In vivo A8 : YA FA AAHEY respiratory

burst activity

2-1. 48] 2 E.coli RNA A&

Fﬁ
Mo
r]I.
o

Ago]ol k2 Jdx (A Ht 174 em, AT @ HF 437 ¢
2

# E.coli RNA 50 pg/100 & 19 3utaly 57 FAeg o, gz
= 5 %9 nuclease free waterES &7 FAs Atk =

Fo FAls dFste] CL vbe= SA s AT

2-2. A38o] = FE coli RNAS EPC cell RNA X &

Aol ¥4 qA AF T BE 101 an, AT - BF 92 @E &N F
0CTHA EAgor], HgA 749 o F9 ¥ 2P Y3

At WYXl W3 Ecoli RNA9 EPC cell RNA Fojo] w& CL W&o

E OF9 9ntEly B FAEIYE o, dxG e 539 nuclease free

water® %7 FASIT B4 FAF 5 19, 39, 79 Fol FA2 @3



Agols MS-2222 w3 ¥ TS FiH oz Eu3le] heparin (10
U/ml), penicillin (100 pg/ml)S %7} Leibovitz-15 ¥ #] (L-15, Sigma)&
petri disho]l #+F3% % nylon meshE Al&3to] A &3 FAS vl dlo]

Ax Aegele Fulstgn of AE At

l-H
rulo

Wt test tubedl] vE]
3 ¥ 47% percoll density gradient (GE Healthcare) &< 9ol ZAl~#
2 U 600 g 4CoNA 303 AR wd s B

Al £
B3 wd = JAaE 2 (3000rpm, 4C 5 min)dFal heparin®} penicillin
A2ld L-15 s A2 33 A& sttt o|EA E2gk AIXE tryphan blue

2 viabilityE &<l 2™, hemocytometers ©]-&3to] cell count ¥ 3]

Aste] 1x107 cells/mZ A X $£5 w39t}

2-4. Chemiluminescence (CL) assay

1x107 cells/mlz ZAE A LS

i
i
of,
E
o
jus)
k3
ot
S
o)
CT)
2
o
°
Q
—t
D
2
I
(@)

)
WA FEF3a luminol 70 S ¥e F 1087 wrSAZl g zymosan
30 wWE Hr7pste = £33 & VICTOR 3 multilabel plate reader

(PerkinElmer) & ©] &3l =431t



3. Bacterial RNA #3 % NF-xB activity

Ado]  Ay8¥ Escherichia coli DHbax LB HiA| A 37T,
Edwardsiella tarda, Streptococcus iniae, Vibrio anguillarum~ 1.5%
NaCle] #7}d tryptic soy broth (TSB, Difco)oll Al 27Tl A wj%ksl 3
3000rpmell 10% A8 F pellet= 2o} Trans Zol Up (Trans Genic)
S AFE3Fo] total RNAE #E8tAth. Siniaes= pelleto] lysozyme 2 ml
(5 mg/mb)E 37CoNA 30& &<t At 4L F RNAS 2353
o,

pNF-kB-Metluc reporter vectorE EPC celld] transfection & selection
ko] A &3 cellS 6 well plated] 2 x 10° cells® HF3}o] 28°C ol A <
3tttk AlE7F monolayer® AFgkS W], polyinosinicipolycytidylic acid
(poly I:C, Sigma), E.coli RNA, Etarda RNA, S.iniae RNA,
V.anguillarum RNAE 100 pg/ml 3 7FsFA T, 12A13F, 2443, 4841 7F o
2y AEANA AFA 50 wWE FRSY] Ready-To-Glow  secreted
luciferase reporter assay Kit (Clontech)2} VICTOR 3 multilabel plate

reader (PerkinElmer)E o]83s}lo] wiirdol wtel luciferase 44 S =4

ol
-

Gk ZS o =R LPS (Sigma)E #5¥=Z 10 ug, 1 pg, 01 pg A2 st

R4

T 12A1%F, 2441 7F, 48A17F ol luciferase A4S A3t



4. Multi-CpG motifE& A4d long double-stranded
RNA¢ &3

4-1. Vector A2 2 dsRNA A

Bglll ¢ BamHI Agt&Ah H9= 373t CpG 16682 1570 copies=
ol¥Fyg oz FAeta pUCSH? vector (Cosmo Genetech)oll AFlstAth =1
g 31 fragment GFPE pGFP vector?} primer pair (GFP-F-EcoR1,
GFP-R-Hindl)& A}&stel PCR SHAIZY. SFd =S pGEM
T-easy vector (Promega)oll cloningatar A< A3ttt 15709 CpG
1668 motif @ GFP AM<¥ES 7IA& 449 9d4#HS Bgll/BamHI %
EcoliR I /HindlM . = E&jste] Arsta, A3t AaA=E pLitmusSi
(NEB) vectorel] ligationdte] pLit-CpG¢} pLit-GFPS A A3kt GFP
= multiple CpG 1668 motifS AW long dsRNAES A ZAFY] w749
w2} MEGAscript RNAI kit (Ambion) & AF&3}9] in vitro $4 S At}
long dsRNAi+= agarose gel electrophoresise] 93]  &lsx

spectrophotometer& A}-&3sho] A &Fs} 3]t}

4-2. In vivo A3

WA (¢F 3-4 905 F&9E 472% (15 fish/50 L tank) &2 58 ka, A
e EAANHY. A4 2w AdFe oF T 30 wgd

£ o 2 multiple CpG 1668 motif == GFPZ A4 long dsRNAZS &7

g A Aojw 25

10



ARSI positive control group®] oF+= oF T 30 g2l poly ICE
Y3+ 3L, negative control group®] ©fFrolli= PBS®F Fdstth. FA

F 3A1%E, 621713 12403k0] 7} BN Bkl s A9 AEY shelh

4-3. Quantitative Real-time RT-PCR

Zyzb o] Al7be] MEZ" e Ao 2 RE Hybrid-R kit (GeneAl)S A3}
o] total RNAE %3+ 3 DNasel (GeneAl)® total RNAS g &}ar,
Riboclear plus kit (GeneAlD)E A}&3to] DNAE #|Aste] RNAE A A st
At} first-strand ¢cDNAE A 3st7] 93], 1 wg®] RNAZE HyperScript
First strand Synthesis kit (GeneAlD)E A}F&73}¢] oligo(dT) primer$t 37
vl 93} TF. Quantitative real-time PCR (gRT-PCR)2 PCR primer set%
AF&-3Fo] Light Cycle 480 (Roche)ell ¢J& =3l ¥ il (Table 1). PCRS
Fast7] Ystel cDNA 5 wl, 5 pM primer, 2x SYBR Green Premix
(Enzynomics, Korea)S o] 20 plo] &3S 7= 3 95ToA] 15687
1 cycle (pre-incubation), 95°Cell A 10%, 60T A 10%, 72ColA 20%3+

40 cycles WHS-AIZ T

11



Table 1. Summary of primers used in this study

Name of  Restriction

Sequence (5’ to 3')

primer enzyme
GFP E(%OR I F GAATTCATGAGTAAAGGAGAAGAAC
Hindll R AAGCTTTTATTTGTAGAGCTCATC

Beta-actin F GATCTGGCATCACACCTTCTAC

R CATCTTCTCCCTGTTGGCTTTA
Mx1 F ACCGCTGATTATTCGCTACCACCT

R AACCAATGTCCAGCTCCTCCTTCA
1SG15 F TGCTGTATGACAACGGTCAG

R GCTCGATCAGCAGAGACAG
TLR3 F AGCACCCTGGAGAGTTTAATG

R TGCAACTACACCAGCTCATATC
TLRO F GAAGGGCCTCACTTGGATTAG

R AGGAGATGTTCCAGACCAGATA
TLR2 F CGTGTACAACCCTCCTGTTTAT

R GTCAAAGAGCAAAGCCAAGAAG

The bold letters indicate restriction enzyme sites

12



5. 4 &4
Al

th3k EA18HA 59 A& one-way analysis of variance

% Dunnett multiple Range testZ %3] p<0.05 ¢ uj

13



m. 2 =

1. Chemiluminescence (CL) assay

1-1. In vitro A3

] CL €45 =439t (Fig. 1). Ecoli RNAS Agld A3 3= 48
- A peakE ol FAUL 5 pg, 1 pg, 05 pgollA tx=+ Bo =2 CL
Hkgo] el i x7E 248 H-ZoA peakE o] FAtt. E.coli RNA

g FEUE QW A% FE HeFS e CL w3l ey

Hir

rlo

14
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Fig. 1. Effects of E.coli RNA and Epithelioma papulosum cyprini
(EPC) cell RNA on the respiratory burst activity of olive flounder
(Paralichthys
zymosan in vitro. Leukocytes were pre—cultured for 1 h with nuclease
free water (control) or various concentrations (10, 5, 1 and 0.5 ug) of
E.coli RNA and EPC cell RNA at 20C, and then stimulated with

zymosan. Reactive oxygen species (ROS) production was measured by

—@— E.coli RNA 10ug
O EPC cell RNA 10ug
—-w— Control

Time (min)

—®— E.coliRNA 1ug
o EPC cell RNA1ug
—-%— Control

30

Time (min)

olivaceus)

40 50 60

chemiluminescent (CL) response.

Counts per Second (CPS)

Counts per Second (CPS)

head kidney phagocytes

15

40000 4
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1-2. In vivo A3

7}. Bacterial RNA A &

deol WstE SAst7] 9lste] Ecoli (DHSw)ZFH 23 RNA 50 ug

/100 s 57 FAEAT 2442 § FACRRE WPEFLE 6

olo
o,
o,
>,
2
rE
o
o
o
)
S
@
3.
=N

zymosan A=< AlZgE & e CL R

RNA°l Fo 3= Hdt} (Fig. 2). CL A4S =AHAS Aol E.coli
RNAE 54 AP 7oA dixz5 Bop £2 CL w&o] Yeyt
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18000 -
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16000 -~ O+ Control

14000 ~

12000 ~

10000 -

8000 A

6000 -

4000 -

Counts per Second (CPS)

0 N T T T T 1
0 10 20 30 40 50

Time (min)

Fig. 2. Effects of E.coli RNA on the respiratory burst activity of olive
flounder (Paralichthys olivaceus) head Kkidney phagocytes stimulated

with zymosan in vivo.
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Y. E.coli RNA 2 EPC cell RNA A &

A2l JXol o] in vivod e E E.coli (DHba) RNA% EPC cell RNA
Fojol b2 Wl Ax &g WeEs S48 fste] 10 pg/100 W= 5
F FAEAT FA F 19, 39, 7dAe MEE EElse] CL #4S
S48kt (Fig. 3). 14, 344 {x AAx9] CL W82 EPC cell RNA
2tz vawste] Ecoli RNAC <& foaA 45t 2t
FAF F 7dA s E2a vuste] BRE Y aEolA fost xelvt
o

gL A Th.
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80000 -

I E coli RNA

*
=1 EPC cell RNA
[ Control
60000 -
40000 - I
20000 - i i i
0 : ﬂ i

Peak value of CL

1 day 3 days 7 days

Fig. 3. Effects of E.coli RNA and Epithelioma papulosum cyprini
(EPC) cell RNA on the respiratory burst activity of olive flounder
(Paralichthys olivaceus) head Kkidney phagocytes stimulated with
zymosan in vivo. Asterisks on the bars represent significantly different

at p<0.05(*) compared to control group.
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2. NF-kB activity

pPNF-kB-Metluc reporter vector’} transfection® EPC celle] LPSE &
=9 (10, 1, 0.1 pg)@ A= 12A13F, 242413, 4841 7F 39l luminometer =
luciferase activitys 4 S vl (Fig. 4), dix=77boll folsk Aozt 19l
th. EPC celloll bacterial RNAE #2 % NF-xB €45 543 23
(Fig. 5), tzx=9<F vus] BS wl Ecoli RNA, E.tarda RNA, S.iniae
RNA, V.anguillarum RNA 100 pg/ml2 A= & NF-xB &4 o] Z7}3F%
o}
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10000

N LPS 10 ug/ml
1 LPS 1 ug/ml
B LPS 0.1 ug/ml
8000 - 1 Control
>
=
2
© 6000 -
©
o T T
0 T =
o T 0
£ 4000 A
o
S
a
2000 -
O . L L L
12h 24h 48h

Fig. 4. Analysis of NF-xB activity in Epithelioma papulosum cyprini
(EPC) cells by measuring activity of luciferase that was used as the
reporter protein. EPC cells were treated with various concentrations (10,
1 and 0.1 pg) of LPS, and luciferase activity was analyzed at 12 h, 24

h, and 48 h post-treatment.
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I Poly I:C 100 ug/ml
[ E.coli 100 ug/ml
60000 | g Control

40000

Luciferase activity

20000

12h 24h 48h

I Poly I:C 100ug/ml
80000 4 =3 S.iniae 100ug/ml
N Control

60000 -

40000

Luciferase activity

20000 -

Fig. 5. Analysis of NF-xB activity in Epithelioma papulosum cyprini
(EPC) cells by measuring activity of luciferase that was used as the
reporter protein. EPC cells were treated with poly I:C (100 pg/m¢) and
bacterial RNA, and luciferase activity was analyzed at 12 h, 24 h, and

48 h post-treatment. Different letters on the bar represent significantly

Luciferase activity

Luciferase activity

80000

60000 -

40000

20000 -

80000

60000 -

40000

20000
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different at p<0.05 compared to control group.
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3. XA typel IFN ®¥83 TLR 2&do| 3 poly
I:CS} long dsRNA¢S| &3}

Poly I:C, multiple CpG 1668 motifE A4 long dsRNA<} GFPE A4
long dsRNAE A=gro =24 {4 Mx, ISGI5 TLR3, TLR9 131
TLR22 #3d# @dS FAF T 3A17F 6413, 124179l quantitative
real-time RT-PCR #4130 tt (Fig. 6). Multiple CpG 1668 motifs—long
dsRNAZ FAFE Jx oA type I IFN A2 (Mxl 283 ISG15) w3
& poly I:C =+ GFP-long dsRNAZ FA}sE o] 79} FAeth 18] an
TLR39} TLR9S poly L:C, multiple CpG 1668 motifs-long dsRNA<}
GFP-long dsRNA®| tha}e] ural sz okt 18]y TLR229 23S 4
g F7F HATh
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Mx1 ISG15

3500 7 1600 — polyl:C
— poly l:c = dsGFP
= ds ] fr—

3000 4 N dsCpG 1400 dsCpG

1200
5 2500 1 g
2 g 1000
2 2000 =
3 &
X £ so0
<
2 1500 5
k] = 600 o
K] =
4 R =]
1000 400
500 % 200
0 0
3h 6h 12h 3h Gh 12h
Hours post-injection Hours post-injection

Fig. 6. Analysis of Mx1 and ISG15 gene expression in olive flounder
(paralichthys olivaceus) by quantitative real-time RT-PCR. Asterisks on
the bars represent significantly different at p<0.05(¢) compared to

control group.
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TLR3 TLRY

140 —polyl:C
140 o polyl:
— l;"g:_—; = dsGFP
120 = d:CpG 120 B dsCpG
= 10 g
£ £ w0
Lo E)
3] bl
£ 60 £ 604
E =
& 3
g 4 & 40
20 20
0 - = = [ J — S EE— A
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120 { = dsCpG
= 100
£
7
&«
& 80 -
g
£ o0
=
z
H a0
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)
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Fig. 7. Analysis of TLR3, TLRY9 and TLR22 gene expression in olive

flounder (paralichthys olivaceus) by quantitative real-time RT-PCR.
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AHAd WA= PAMPE ¢14& F3 selfet non-self& 78 4+ =

RFoofy e}, vita-PAMPE Fdf doldl= mAdEd 2 ndess TES

e

A A 3t} (Blander and Sander, 2012; Sander et al., 2011). AWA& =2o
AAEY o i we wes dodle Aom dHA e
vita-PAMPE E &3t WAl AA= AWMLY =& AHY S il

EAS 7Hd 4 duk. g g4 vita-PAMPE

i
rlo
0,
2
oX,
i
)
o,

bacterial RNAE Xf F2°4 AdAd 2 HgAH W & vE AT
T Utk Ecoli mRNAwT X729 ©Y MAEANA pyroptosis®t IL-1 4]
E F=3%t (Sander et al, 2011). ¥ AFfoA = 24 FA 9o in
vitro®}  in vivo’d S E bacterial RNA®] wWE AAMxe sF I

(respiratory burst)e FA3l7] 9lste] WIdFE Z s CL vH&S 543}

& 2 34 (respiratory burst

activity) & 7+rdo] that Fo "o} 7)ot} (Secombes, 1996). &5 Eu+
S4E Ad ks Fole H

Hrksl FASAA AdAES e St o2 84 -ligand ATl
U NADPH oxidase &47F A3 wWA o]Foxt} (Kim and
Seoh, 1998). Zymosan< NADPH oxidaseE A 3}3la A A £ &8F =
= A=Aolth. Zymosanl &2

Ed 35 F8E AR 9 2ol oEstH FEA-vA A FEe

it

i
ftlo
do
i
ol
ol
N
do
ol
N
N
ol
o
T
T,
)
o}
tt
>~
Do)
o
)

vk3lch, CL W3 AFA7F ROSE AdE = 2Axe 385 24 A 8s
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Anderson, 1994; An et al., 2012). In vitro 24 Wx FAOZEHE

wElsk Wd Ao E coli RNAE 532 At 23 E.coli RNA ¢

a 3F F Aol tixael Hla o wE Akdie] WSt As &

T AN AAE 2 HAE HAA e w5 " 5o]H o
(_)_Iﬂ

ol ] Q32 E bacterial RNAYE { X wlddFo)x A

N

7VsAdol Atk Ecoli RNAS F=dZ AHg & CL i8S =4 & 4
&7 ¥ E CL ’bgo] 7t o= ROS7F &d#&S st A
T AR AEY FAEAEE 99 d A H, DNA 55 S4AA AlZzAPE
=2, in vitrool 4] bacterial RNA ®%=7} =&4% CL db
ol Ao 7 AZIET In vivo AIA, FAF &
¥ CL ¥+&& EPC cell RNA B tjz+% s}
FrolsiAl d =tk EPC cell RNAE FALg o] FollA] #e2]dk wad o
CL W& Ecoli RNAR T WokAnt tizat o fht =2 245 HS
o ey FAF F 7d A Ry dlaste] BE AP FA F
o] gk o7t gldtt. o2 ¥t A= bacterial RNAZF HA 2 A Ee] W
e FINTI= AeE Btk Alvrt EPC cell RNA= |AE 2743
A e 918 AER J1AE ¢ dvka AztErh
NF-kBE d59$ x4 WIAA %2 (immune modulation), A3 LA}
(apoptosis), AMEZF2 Fol #Hofsts dMdr o= vget FHAE] &
ds -8t AX W Asdd AAY FA5FS ol Fa Utk B A
o| = In vitro “Foll A bacterial RNA®| ¢]d NF-kBe] &4S g<2lsl7]

$)3)A luciferase reporter assay= Ab83te] =43kt RNA 8 Al ¥
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LPSE #=E¥= SA&E da dxzay vlsst @45 2iv Ecoli
RNA, E.tarda RNA, S.iniae RNA, V.anguillarum RNAZ A= NF-xB

24 S ST 71 dte RS Feld AT

Ao 2w S=eld W AmAl R WAl BHEAR
CpG-oligodeoxynucleotides (ODNs)2] AR&o] =LA &, &2 ofF
oA HAIAWS AT & JdE e Ha HAY (Oumouna et al,

2002; Jorgensen, 2001a; Tassakka and Sakai, 2002). &A1 ¥ dsRNA Fx#}<¢l

poly I.C =+ A8 o7 vhAslE long dsRNAE o 7S ¥313 23 5
WSS FAATIE Ao dHA 9o, violy

=] A type I interferon
2 e digk Y-S 7171 ol ARRE AT o] d el unmethylated
CpG motif 2 poly(G) tailS 7}% single-stranded RNA7Z} Q17F w38l Lo}
PBMCE #F=3te] IL-6, IL-12E AAstal NF-kB, p38 MAPKE &4 3}
Al e o= CpG-ODNel W z= gitol FAStt HaH v
(Sugiyama et al, 2005). “12]3 CpG motifE A dsRNA7Z} | XA w}
olg = W 7| AF el thgk Mo wkg AW K-S FHAE F A
T Ayl 91 ASAR ARE g dua Zusdv (Kang, 2012).
TLR22:= o Fellvt  EA5tm  dsRNASl  <12e]  #girt. Wi
(gilthead seabream)oll 4] poly I:Ci= w2 A ¥ A TLR22¢ W& F %35
At (Mufioz et al, 2014). Eojo| A TLR3E AF A A8t H LZ
2 A7]9] dsRNAE st HbH) TLR22& Al 3dHAA 21 =279
dsRNAZE 2439tk (Matsuo et al, 2008). o7} TLR3 % TLR22¢}
TLR9S %3&| 7z}7t long dsRNA<®} unmethylated CpG DNAZ <1248 4=
A= Aol JFHJA T (Matsuo et al, 2008; Samanta, 2013; Yeh,

28



2013), CpG motif sequence= A long dsRNA<S] & 3tof] ok AH = ¢l
of Ao A A wdS S8 1 5@ E FASAT gk of Tl
3k CpG-ODN9] W 2= 37} Haxo] ¢+4 (Tassakka and Sakai,
2005; Carrington and Secombes, 2006), A3 Al&¥ CpG-ODN o+
i B-class ODN¢|%lt}. B-class ODNel &3li= CpG-ODN 16682 A
o Fostds W 7S Aol et =2 AEES BT (Lee and
Kim, 2009). 1¥]3}e] CpG-ODN 1668 sequenceZ AF-&3F multiple CpG
motifE A4 long dsRNAZS 71x 1 A&stct 2 oA multiple

CpG motifE& A long dsRNAE Fojst {x]olA Mx13} ISGI5 A}

ro

WHE 2 poly IC B+ GFP sequenceE ¥3t= long dsRNAE o]
F9 AP} FAske], CpG-dsRNAZF g Aol A type I IEN HF-S-S f %
A&S Blsksith Poly C ¥ CpG-ODNel thate] TLR3 ¥ TLR9
ek 2do] oY ofFoA By v AT (Samanta et al, 2013;
Kang, 2012), ol& F4A F7t= =4 &tk & AF<lA TLR3%
TLR9] %&d-2 poly I'C, GFP H+= CpG motif sequenceE= A long
dsRNAel wiste] #elsiA 571 =#4 &9kt @i, TLR22¢] &2 poly
I.C, GFP T+ CpG motif sequence= 8Ff3t+= long dsRNAo| 2J&] & A
A S7F HATh ol#id Adi= TLR227F E7S B3 5% long
dsRNAd| thgt JAo 8 FE8AL F Ao AAET =5 o AT

ol A long dsRNA-GFP¢} long dsRNA-CPG Alole] #xx w&d =po]7)

4 2
]

Lo

A= AL o]F7F long dsRNAOA CpG motifE 22438k#A Eils A
Ho]Foh

AR og B Ado| A= bacterial RNA % CpG motifE A long
dsRNAZF o9 Woo] o3t J3FS mA=A A48 1 23

bacterial RNAZ}  in vitro®t in vivodolA YA AAxEe T5ELFS
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F7HA17130 ofF AMEAdA NF-xkB A4S F7HAAH. ol& S
vita-PAMP?Q] bacterial RNA7} o] 79 HAS FA 7= 5HES 7pX 2
Aol MY AFAZMN Aol 7hed Aor AZ4HEr. CpG motifE A/
long dsRNA= Aol 57 FAFekl& ol TLR2201 o8 <14 = o]  type
I[IFN %385 F=3Ed, dsRNAIA CpG motifs 914)3H#] Hab=

Ao AzH.
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& o

A&3slE= 8 A9 pathogen-associated molecular patterns (PAMPs) <]
A2 AHA W v @gsts FLeta, 72 PAMP-5014 25
AL A zx=A e A BEAY o] o]g&xojgity A WA

Al =gl 3 vita-PAMPO] Q1415 &l Holdle A 52 vAE

|

S 7Y 1% Bacterial RNAE W 4<Ql vita-PAMPO|H, X f &
AN AP 2 AS8 WY & & AT F Uvs o2 HiuH
. 22y vita-PAMPZE o 7 Wl A= G g xR (v
2 AFd A= Escherichia colidl A 2 gk RNAS WY

x| (Paralichthys olivaceus)E ©]&3t4 #2439tk T3t prokaryotic
RNAS®}  eukaryotic RNAS W9 A= a3E dustry] 21344
Epithelioma papulosum cyprini (EPC) cell2%-8 2% eukaryoitc RNA
E o] &3t aHE vl ATE In vitro A@AA E.coli RNA® EPC
cell RNAo| g &F & &S chemiluninescence (CL)E ©]&3] =
A% A3}, Ecoli RNASH Wl 2 A ¥7} EPC cell RNASH Wizt H]
W3te] &E& Zuk A (respiratory burst activity)o] S7F © Ao 2 e
ok olg st A¥E Bk wl bacterial RNAZF WA 2 A o) tfgh WA
A5 A7 A= A BAFET In vivo AEelA= Ecoli RNA®H EPC

cell RNAE Ao 574 5 , 2T o7& 93 <49 nuclease

>
>
ol
o
s
w R

free waterE FAMSFA Y. T2 WMEGE= Percoll density gradientE &3
=

& stal CL assay & T FY S48 SASAT dA Az
CL ®F8&-2 EPC cell RNA®F x5} v 1Ll bacterial RNAo] 23]

oJstAl = Ak EPC cell RNAS FAFS o] FolA Zed 939



@

L Hb§2 bacterial RNAE FAFSH o] 759 CL Hb-gRHth= SekA|nk ojx
T FRTE =8 48 ekt o83 2 3= bacterial RNAZF 2]

Axe H9dE FAN7= 8e 7 e AAR T NF-kBe= 3

N

N

A ol
2 A
&3lo]  FZAFSFY Y. Bacterial RNA+S  Escherichia coli, Edwardsiella

rol
12
i)

S 3}+=d|, Bacterial RNA

g Wy wge w2EdE d Fo
]

¥ EPC cellol A NF-kBe] &4 S luciferase reporter system= A}

tarda, Streptococcus iniae, Vibrio anguillarumS 258 #23 RNAE
A3 31, pNF-kxB-Metluc reporter vector”} transfection® EPC cell®l
RNAE A 23ttt Luciferase =4 ZA3 bacterial RNAZ 2] ¥ A X
A NF-kBe| &7g¢] F7Fstaitt.
olF & TLR3 £+ TLR22EZ %3 long dsRNAE <14 & 4 o o
WA 2] DNASIA unmethylated CpG dinucleotides= ol F & ¥3+3k
A3 FEM TLR9 98l PAMPZ <14 # Tl TLR9l <& CpG DNA
o] <12l e MyD88¢ R AL Fual=d o]+ signal cascadeE ZA 3} A
A 2 Futolgls W RES I AHE gAE Alo|ETIQIF A RIS

S AT, 18y unmethylated CpG motifE 8F3F+= long dsRNA ¢
_Zr

ol2lo] =0 thal long dsRNA-uj7fE¥EE ofyel CpG motifs—vi7] W
%74 #-8 (immunomodulatory effect) .= 1t]X]=X]o] 3t H = glth

w}2}A multiple CpG 1668 motifE 33} long dsRNAQ] &7} FAlo
gk ko2 W9 TLR3, TLR22, TLR9 ¥ type IIFN A2 (Mx1
g i ISG15)e HdS vwetdth & AgtelA TLR39 TLR9¢ Id
2 poly I:C, GFP =+ CpG motif sequencesZ 33} long dsRNA9]
st fFolstAl S7F HA Tk g, TLR22¢] ¢S poly I'C, GFP
T += CpG motif sequencesE $FH3l+= long dsRNA®| 93] dAstA =
7hE Atk o]y gk Ad= TRL227F H4e &3] 799 long dsRNAe| of
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dsRNA-GFP¢} long dsRNA-CPG Alole] W

AL oF7F dsRNA A CpG motifE <14

s
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