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Protection of olive flounder (Paralichthys olivaceus) from
scuticociliatosis and viral hemorrhagic septicemia virus disease using

DNA vaccines

HYUN JU LIM

Department of Aquatic Life Medicine, The Graduate School,

Pukyong National University

Abstract

DNA vaccine, one of the many vaccines in progress, has the advantage of
inducing cellular and humoral immune responses simultaneously by expressing
foreign antigen protein. In this study, we produced DNA vaccine against
Miamiensis avidus, causative agent of scuticociliatosis, and viral hemorrhagic
septicemia virus (VHSV) to induce protective effect in fingerings of olive
flounder (Paralichthys olivaceus). Also, we used minicircle DNA vaccine to
increase in vivo safety of DNA vaccine.

First, scuticociliatosis has severely damaged to culture farms of olive flounder
and there haven’t been developed effective in vivo vaccine. This study aimed
to know the protective effect of DNA vaccines encoding leucine-rich repeat
(LRR) protein gene of M. avidus. To enhance immunogenicity, the N-terminal
of antigen gene was fused with the secretion signal of VHSV glycoprotein
(vGsp), which make the expressed antigens be secreted out of cells and could
enhance the chance of being recognition by antigen presenting cells.
Furthermore, the C-terminal of antigen was fused with Vibrio anguillarum

flagellin-A (FlaA) gene that is outer protein of bacterial flagella and serves as



adhesion factor. Consequently, three DNA vaccine vectors were constructed
using the pcDNA 3.1(+) plasmid as a basic vector; LRR alone (pc-L), vGsp
fused to the upstream of LRR (pc-VL), and FlaA linked to the downstream of
vGsp~-LRR (pc—-VLF). Fingerings of olive flounder were intramuscularly
immunized with 10 g of plasmid and at 3 weeks post-immunization (w.p.i),
fishes were intraperitoneally challenged with M. avidus. The result showed
that fishes immunized with pc—-VL and pc—-VLF showed significantly lower
mortalities than control and other immunized groups. These results suggest
that the fusion of LRR with FlaA and/or with vGsp can be a way to enhance
antigen immunogenicity.

Second, rhabdovirus glycoprotein-based DNA vacicne is well-known antigen
and demonstrated by lots of studies. We used VHSV glycoprotein (vG) as
antigen and focused on the effectiveness of microRNA as molecular adjuvant.
miRNA, which is small non-coding RNA, regulate gene expression by binding
to the target mRNA. In this study, we used one of microRNA present in olive
flounder, miR-155. We designed two DNA vaccine vectors using pFC plasmid
as a basic  vector; antigen only (pFC-vG) and ~with miR-155
(pFC-vG-miR155).  Fingerings of olive flounder were intramuscularly
immunized with 10 pg and 1 pg of plasmid and at 4 w.p.i, fishes were
intramuscularly challenged with VHSV. The result showed that fishes
immunized with pFC-vG and pFC-vG-miR155 showd mortality less than 20 9%
in all in vivo experiment. And virucidal activity was analyzed at 3, 7, 14 and
28 d.p.i with fishes injected with 10 wpg of plasmid. Results showed that in
VHSV, the virucidal titer of both pFC-vG and pFC-vG-miR155 was higher
than control group at all time. However, in HIRRV, only pFC-vG-miR155
group at 3 d.pi showed high virucidal titer. These suggest that miR-155 is
involved in non-specific innate immune response so pFC-vG-miR155 group

showed protective effect against both VHSV and HIRRV at 3 d.p.i. Moreover,



we confirmed that serum of all experimental group at 28 d.pi neutralized
VHSV. Thus, adaptive humoral immune response was induced by DNA
vaccines produced in this study.

Finally, the DNA vaccine has a lot of advantages but there are some
problems against safety because of the antibiotic resistance gene. Minicircle is
DNA consisted of minimal components capable of expressing a foreign gene. It
doesn’t contain the replication origin and antibiotic resistance gene in the
plasmid, and has the advantage of continuously expressing a foreign gene. In
this study, we used minicircle DNA, which is inserted glycoprotein (G) gene
and matrix protein gene (M) of VHSV as antigen to focus on safety. Matrix
protein of VHSV is known to induce cell apoptosis. So we aimed to remove
plasmid DNA quickly by inducing cell apoptosis. Four parental vaccine vectors
were constructed to produce minicircle DNA; G or M alone (pMC-G, pMC-M),
G with M in each cassette (pMC-MG), and EGFP as control (pMC-EGFP).
Minicircle DNA is constructed by site—specific recombination in ZYCY10P3S2T
Escherichia coli (Gmc, Mmec, MGmc and EGFPmc). Zebrafish was immunized
in muscle with 1 ug of each parental plasmid and minicircle DNA. Muscle of
injected site was sampled at 1, 4, 6 and 8 w.pi. and analyzed plasmid
persistence by real-time PCR. Results showed that minicircle DNA was
continuously expressed longer than plasmid DNA in EGFP and G group. But
in M and MG group, plasmid DNA persisted longer than minicircle DNA.
These suggest that the minicircle DNA including M gene was degraded by
cell apoptosis faster than plasmid DNA, because numerous of minicircle DNA,
which is relatively small, entered the cell more efficiently than plasmid DNA.

In vivo experiment against M. avidus and VHSV showed protective effect,
and induction of adaptive humoral immune response was confirmed in G-based
DNA vaccine. Also, antigen immunogenicity was improved using molecular

adjuvant, so the protective mechanism by these antigens and by the present

Vi



DNA vaccine constructs should be investigated through further studies. In
third experiment, it is necessary to confirm the defense effect through in vivo
challenge experiment and suggested possibility as molecular adjuvant of matrix

protein of VHSV.
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DNA WAl vt d47F Jdsa e W 5 stuz, oF &4
FAAE BE vectorell 4F9)3te] eukaryotic promoter® LT ZH A

[e}
o
sttt SFAEZ 2 AFYE plasmide €5 &9 9SS HdAste] Y

9% B cellol AH ANshe] ol F FAT A ARy WA
o

EA+59] protozoan 7] Fol A= olv] W AT Heglow, of
F 718 E<¢ Cryptocaryon irritans, Ichthyophthirius multifiliis —1@] il
Cryptobia salmositica 5o W&l %= DNA Aol A% n} ATt (Jose
Priva et al., 2012; Louise et al, 2012; Woo, 2010). & ¢ 7ol A= k2 Ak

WYX (Paralichthys olivaceus)®l 4173k 385 43l AW AFEIIS

(o)

f

A2l HAEZF2 Miamiensis avidusE WA o= At M. aviduss=

& AN SF9 obsbvl, 3, AF, 2% 10 Msh e 24 fol

of HALE doXith F AgelA AFEIIS td Ao ARSI
0

19

e

Hl 22 Jeucine rich repeat protein (LRR)2 2, leucine®] 20-3
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MR E s g P24 motifelt, LRRS i A mde] ¢4



1 toll-like receptor (TLR), tropomodulin (TMOD) %] thekal whul A o
SAg T =3 VAT S50 Ao Ag] dodtia g doH
(Devault et al, 2008), th3H pathogen-associated moleculer pattern
(PAMP)E 212]sle] &5 Yoo %7] WolE =3t} (Nirnberger et
al, 2004). Le]a AFAFo A 2FE7HE2] LRRS A= ouid Wil
o2 AME3te] zebrafish el A9 ®wo] a3& &3k vl rd (Lee et
al., 2009). WA LRRES £=FE7FEel ek oz AAsilon, A
A)ojo Aol o] IS KA sl

ol AFE WAile TIHE TV A% HH 2= adjuvant’t Ee] AHE
Hol gtom DNA ¥l T3 A ddE =ol7] ste] vdd adjuvant
& AHgstE = Al=7F A TH (Li et al, 2016).

71 % molecular adjuvant
+ plasmido A @A 2 B o] adjuvante] S-S st=d, 2 Ao

= DNA #Ale] plasmid®] immunostimulant % molecular adjuvant=
AZste] HFo WIYHA S EolEE Ut Immunostimulant® &

secretion signal peptideE A}&3lA =6, #vlo]# 229 secretion signal
peptide= @A QX E AAS= 7|5 oo vlo]l# 29 FHol w
gt okt 9S8 stoha 4l A ok (Kapp et al, 2009). Rhabdovirus€]
negative single strand RNA #}o]2] =<l viral hemorrhagic septicemia
virus (VHSV)E glycoprotein A A+ (G gene)E &9 o= 3 DNA #Al
o oln] B AR EWVF dFHo AUk B AFolAM = o] G gene?
secretion signal peptide (vGsp)E &9 N-terminal®l fusion$to =4 &
A dudoe] AE vto R RHEHEE silon, mepa s W vk
S A3k stk Molecular adjuvant® = flagelling AF&3F1 =,
oz A @1t Vibrio anguillarum® flagellume A7t 2] &5 A3 8t

oflel WAAdIE o]l Sled, o flagellume] &% wuiE<l



it

flagellin-A (FlaA)+= vibrio ¥®F ofye} o & Aol e 1 &347F 45
B

=2t (Milton et al. 1996). whehA AT M= V. anguillarum® FlaA
g AdS 39 F429 C-terminaldl (Gly-Ser-Gly); linker® Ao 2
A vGspet PREZIAIZ WY WSS AetaAl shloew, HdAdd st

DNA #a9 o} x318 ol7] Sla) 292 AAshgith



Az H A

O+
1)

1. 453 2 4

it
2

Ao AlEH HEZF Miamiensis avidusi= 2015 %0l { X ol A
2otk ARZ=S 10 % fetal bovine serum (FBS, WELGENE)<¢} 1
9 penicillin-streptomycin (Pen Strep, WELGENE)S %33t Leibovitz-15
A (L-15, Sigma)ol A 71 Epitheiloma papulosum cyprini (EPC) cell
= woldte] 20Tl A vl gttt

2. Vector A%}

2~ FE7+=9] cDNA % leucine-rich repeat (LRR) -3 2+¢] partial ORF
= FEZ37] Ysle], dRFe] RNAZS E#3o] (Hybrid-R, GeneAll)
cDNAZ oligo dT (Hyperscript RT premix, GeneAl)Z o]&3lo] A3}

At Y FH1A7F BamH I -Xbal enzyme siteE X3HstH Al 2a=<]



ATGS F53=2 TAGE X3 %=5 primers YA ele] SE89 a1,
gel extraction ¥ pGEM-T easy vector (Promega)®l cloning 3}$3th
(Table 1).

LRR® N terminal®l viral hemorrhagic septicemia virus (VHSV)e] 3t
A2l glycoprotein (G)e] secretion signal peptide (vGsp)E, C terminal®l
Vibrio anguillarum® 92l flagellin-A (FlaA)E fusiondt”?] &}
vGspet FlaAd F#xAE 24z PCRE FE3kth. =3k LRRES partial
ORFE PCRZ FEsl¥leow, F3&H3 717+ 4HES overlapping PCRZ
fusiond}Ath. LRR F4#2] ORF$} FlaA A A= (GlySerGly)s linkerZ
AbEsle] AAs A o, vGsp-LRR-FlaA2] & <5 AfllI-NotI enzyme
siteE X3 =5 PCRZE S, gel extraction ¥ cloning 3}t
pGEM-T easy vectordl cloning3t F38x= ATdELE AP35
pcDNA 3.1(+) vector (Invitrogen)ell & ¢3sle] cytomegalovirus (CMV)
promoter® LHAEHEE FAdrt F7FASZ FlaA 342 3k control
vector® A&et7]  flste], vGsp-LRR 3124 ORF7HA & %38}

s

reverse primer®2} pcDNA 3.1(+) vector®] bovine growth hormone (bGH)
poly(A) signal &S FE35E= forward primers A Zo] t]x}l3ke] i
PCR®Z F%3}9] overlap cloner (Elpis)® %33}t T3l vector control
= enhanced green fluorescent protein (EGFP) A= Afll-EcoR1 &
2 Al a, HFEHo R dAE 7479 vectorE sequenceE: R5F 3

o135} o  (Macrogen sequencing service, Korea), pc-EGFP, pc-L,

pc-VL 18]a pc-VLFgt H9aAtt (Fig 1-1).



A. pc-EGFP —|pCMV>—{ EGFP | bGHp(a) |-

B. pc-L — pCMV>—{ LRR  HboHpa) -

vGsp

C. pe-VL R Heorm -

(GSG); linker

D. pc-VLF m LRR bGH p(A)

Fig 1-1. Construction of scuticociliate DNA vaccine. (A) EGFP gene

was inserted in pcDNA 3.1(+) vector. pc-EGFP was used as vector
control. (B) pc-L (C) vGsp was fused with N-terminal of LRR and
(D) FlaA was fused with C-terminal of LRR.



3. In vivo A3

7}. Immunization

WA ARZEFo] 3 DNA vaccine? &3S H7| $ste], z+zho
vectorE 10 pg/fish &% % phosphate-buffered saline (PBS)Z 3]4]3}¢]

group & 307 # 28 FA}E AL, control groupS PBSE FA}SEHA T

1}. Challenge test

DNA vaccine FAF 21 o]& ARZ 2 x 10* ciliates/fishE group & 15
ulg| A B7) FAS AT A F HAEE Al A xR A B
F A7) 2 HE Bt AEFol A Ak, #HAE 253t

wsta

’



Table 1. Summary of primer used in this study

1-1. For construction of pc-EGFP vector

Name Sequence (5-3")

EGFP_AfII_F CTTAAGATGGTGAGCAAGGGCGAG

EGFP_EcoRI _R GAATTCTTACTTGTACAGCTCGTCCATGCC

(Bolded nucleotides indicate restriction enzyme sites)



1-2. For construction of LRR group (pc-L, pc-VL and pc-VLF)

vector

Name

Sequence (5'-3")

LRR_ATG_BamH I _F

LRR_TAG Xbal_R

vGsp_LRR_F

vGsp_LRR_R

LRR_linker_R1

LRR_linker R2

linker_FlaA_F1

linker_FlaA_F2

vG_AfIIlI _F

FlaA_Not I _R

LRR_bGH_OC_R

pcDNA_bGH_% F

GGATCCATGTTTAATCAAAACAAATTATTTCA
ACTACC

TCTAGACTATATTTGTTTCAAAGGATTACCAT

CATCATCATAAAAAGCACCACATCATTTAATC
AAAACAAATTATTTC

GAAATAATTTGTTTTGATTAAATGATGTGGTG
CTTTTTATGATGATG

CGCCTCCACCTGAACCGCCTCCACCTATTTGTT
TCAAAGGATTACCATC

CACCTGAACCGCCTCCACCTGAACCGCCTCCACC
TATTTGTTTCAAAGG

CAGGTGGAGGCGGTTCAGGTGGAGGCGGTTCAA
TGACCATTACAGT

GGCGGTTCAGGTGGAGGCGGTTCAATGACCATT
ACAGTAAATACTAACG

CTTAAGATGGAATGGAATACTTTTTTCTTGG

GCGGCCGCTTACTGCAATAGTGACATTGC

ATCAGCGGGTTTAAACTATTTGTTTCAAAGGA
TTACCATCAATTTGTAG

GTTTAAACCCGCTGATCAGCCTCGA

(Bolded nucleotides indicate restriction enzyme sites)

10



1. In vivo A3

ARZ 2 x 10" ciliates/fishE group & 15

T

DNA vaccine TAF 21¥ o]

vhEl A 5 FAbetew, 253 HANE #EE S dHibe ARF
challenge ¥ t& E5H HAXAo=Z yegorn, 1HIdAFH= o oY
FA ekskth Ae A3 vGspE 283 pc-VL 2 pe-VLF group?] #HAF
&o] 717} 40 %, 438 %= A YEReH Um A groupe EF 60 %
o] o] HAES HATH (Fig 1-2).

o
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100 -

Cumulative mortality (%)

Days post challenge

Fig 1-2. Cumulative mortality of olive flounder (Paralichthys olivaceus)
challenged with 2 x 10* ciliates/fish of Miamiensis avidus after 4

weeks post immunization.

12



V. 7 &

H Ao = M avidus® ¥ leucine-rich repeat protein (LRR) %
A= secretion signal peptide 2 flagellin®} Z&3Fe] DNA WAlS A #s)
Aok dAx Ao A2l in vivo 2F A pc-VL % pc-VLF group®] %
HAew £ AEES Ul YA groupe & AolE HolA &k
t}. H A&l A secretion signal peptide 2 flagelling® %33k groupe L
22 e groupEth AEEC =4 YEIY ST, o]RoZ FlaA9t vGsp2
o Fd9 WAool FtEdES & F Ut AEEC] 2
pc-VL % pc-VLF groupe FE5 4 o2 VHSV glycoprotein® secretion
signal peptide (vGsp)7} E# Q+=Ul, secretion signal®] Ao 24
LRR @ do] HE 502 secretion®d F dom webd 28X ke
pc-L group®Eth W A ¥of Z 24=E = AAS Aolgt AAHY. 1y
I cytosololl A Z#U7F secretion signal peptide ©Ho| AE ol A
calmodulin %=+ major histocompatibility complex (MHC) class Ie] -2}
FoEM Ax7)s Ao 3¢S wA F dva dHA At (Martoglio
et al, 1998). X3+ flagelline ThYsH on thekst Jejo wloA
adjuvant® AFEE 3 Qid, 7] WAMSe Z23d 229 toll-like
receptor 5 (TLR5)°l flagellin®] H-2sto 24 MyD88-dependent pathway
S Ao EA WgnkEo] FREAS Aol AA4HW (Gupta et al.,
2014), ol# gk SHolA RS uf vGspel AFEo] YAl FHAA dFS
e Aolet AzrEn.

2 A7 1ZAE Ax 7IASTA M avidusoll tis FLS Vit =

molecular adjuvant®} A3t ofe] 3ol DNA #AES AlEstom,

vl
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DNA WAle 93 a9 FHAE plasmidoll A Yste] %3 oA #4
A BEAANRezN TR L AAY WY e F
FS MAs =1l webA 1 F53

F 445+, ¥4 22 viral hemorrhagic septicemia virus (VHSV)%}

Al FEE 9

[\

= Aol Atk DNA WAl ofd

oot

N

22 rhabdovirus®| glycoprotein®] # <&z &9 < 3stuoltd. VHSVE=
novirhabdovirus 42| negative sense single-stranded RNA virusZ,
genome®] nucleoprotein (N), phosphoprotein (P), matrix protein (M),
glycoprotein (G), non virion protein (NV) 123l large polymerase
protein ()¢ & 671A F3dAE 838t Urt. 1 F G proteine
VHSVY oo wrdsta e FASE ojn B Hdal Ao o3 2
T97F dFHA e (Lorenzen et al, 1998; Byon et al, 2005), &A=
molecular adjuvantE Zdste] WU S =20 DNA #ialoz wo] §
HE FXA 722} sk A7 Beo] 2aEa dtk (Lazarte et al, 2017).
MicroRNA (miRNA)+= 20-24nt A %°] 22 non-coding RNA #A =,
hairpin T7%E 7FA™ @A7A miRNAE &5, 2%, vlol#jx 5 thet
AEA FAFAT. HEES miRNAE oA RNA polymerasell ol
s HAAEM dHe] He HAHES T3 primary miRNA (pri-miRNA),
precursor miRNA (pre-miRNA)E AAH HMEAZ Yo A HAo A%
miRNAYE A £ 484 RNA-induced silencing complex (RISC)¢} Z3tsf
o] target mRNAY 3UTRe #°] Fxx ¥d& 43ttt MiR-156%

S50 W] #wstel & 4w miRNA T vz Fe A4, A W
s % A e wdE AqgE s B HEoek T "HEe vt R
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Aol Aot (Li et al, 2013; Rodriguez et al., 2007). g nlo]ef

o] A Wl wkgo] t}e pathways F3le] wlolg]x S48 <
A = 2AEI I A It (Pareek et al, 2014; Wang et al., 2010).
£ A dtellA JAel VHSVE ZAAHE W miR-1557F 24417 ©]
T 3y o] FUHES gl en (Najib et al, 2016), HX 2o
miR-155% @ &3+ vectorgs FASIARS W type [ interferon HH-§-©]
S7tgto =M 3 ol 24 71w ZheAde AAEAT (Najib et al,
2018). Wt E Ao AE miR-1552 molecular adjuvant® AF-g&3ho],
VHSV G gene¥ 5L3 vectorol A e & == slo] 3 nlo]2] A &

S Zldstlor iy wes A oR fistaat sigith 3 VHSV

l

M

28 rhabdovirus?! hirame rhabdovirus (HIRRV)ol] thejr = I3
g AAFO 2N miR-1557F 7] WY #Eo v & JFS st

A st
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O. Az 32 AH

1. AX, vlojg|xa 2 A3 o

Ao AMg3 M ¥ Epitheloma papulosum cyprini (EPC)(ATCC
CRL-2872) cell®, american type culture collection (ATCC)oll A v}
t}. A3 += Leibovitz's L-15 medium (L-15, sigma)el 10 % fetal bovine
serum (FBS, WELGENE)¥} 1 9% penicillin-streptomycin (Pen Strep,
WELGENE)S H7bg w2 & Ab&ate] 28Tl A wlkatla, == 3d
Ao R WA FATH
Viral hemorrhagic septicemia virus (VHSV)+: 20083 AY &2A 214+
o A Hg]d VHSV KJ2008 strain (GeneBank: JF792424.1)S A}-83}FSith.
Hirame rhabdovirus (HIRRV)E 20059l dAolA  EElgk HIRRV
CA9703 strain (GeneBank: NC_005093.1)& AF&3t%tt Virus #9 Alel

= 1 % Pen StrepS H7}eta FBSE= H7bshA &S 1-15 wjA & AFL-3}
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2. Vector A%}

VHSV ] glycoprotein (G) F% A open reading frame (ORF) A=
S2E37] $18te] Agel ¥ HindIll enzyme site?} kozak sequenceE ¥ 3+
3= primerE tAF¢lEl o (Table 2-1), PCRE %3 & pGEM-T
easy vector (Promega)l cloning 3} Th Cloningdt %= Agel
-HindIl A3tE4E AHElste] pFC vector (System Bioscience, Korea)ol
A3 9 E vectors sequenceE E 5 Eldkl ow  (Macrogen

sequencing service, Korea) pFC-vGzl ¥ &} %3t}

A3 AT NCBIL HolEE 7]HFo & flanking regions 9%zt

L

100bp® ¥3}s}i= zebrafish primary miR-155 (pri-miR-155)% cloning s}
o] cytomegalovirus (CMV) promoter® %&3dl= plasmidES A 2F38F$] oL
(Najib et al, 2018), ¥ A3d9° molecular adjuvant® ©]&3}t}.
pri-miR-155% W33l cassette A AES  cloningsl’] €13}e] Sacl ¢+
EcoR I enzyme siteE X33} primers YA &l PCRZE S 331t
(Table 2-2). <33 prirmiR-155 & cassette= gel extraction %
pGEM-T easy vectorel cloningat$l 2™, Sacll-EcoR1 AE&AE A
sto] pFC-vGe G FAAF && cassette Fol AYstAth b4 ¥ vector
= sequenceE RF Feldtlow pFC-vG-miR1558F HW w3ttt (Fig
2-1).
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A. pFC~G

— pCMV>—{ G H svaopa) |-

B. pFC-vG-miR155

= pCMV>~—{ @ H sv40 p(a) |—| pCMV

Fig 2-1. Construction of VHSV DNA vaccine. (A) VHSV G gene was
inserted in pFC vector. (B) pri-miR-155 expressing cassette was

inserted behind of G gene expressing cassette.
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3. In vitro°l 4] miR-155 ¥& &<l

In vitro 74olA4 miR-155¢] W&d& gR13st7] 938te], pFC-vG-miR155
vector 2 pgS 35mm dish (SPL life science)ol] w3t EPC Ao
FuGENE HD transfecton reagent (Promega)ZE Al-&3to] 3ytE oz &7
T9 skt AlEs FHEFY 244%E, 48AIZF LEal T2A1%F F trizol
(RiboEx, GeneAll) 1 m(& ¥ o] sampling 3ttt Sample Hybrid-R™
miRNA (GeneAll) kitE AF&3te] small RNAE #2393, HB miR
Multi Assay Kit™ system I (HeimBiotek, Korea)E AF&3}o] ¢cDNAZ
stA 8t cDNAE reference gene?l U692 miR-1559] i3t specific RT
primers T At} 36 Coll A 1413k, 95Tl A 57k PCRete] 2+2t 3
st 4 E cDNAE -20TelA Z#ASIHoH, 7 & 2 ws o
Z71 92 Roche Light Cycler 480 (Roche)oll 4] real-time PCRS A 33}

.,d
o,

dlo
Lo

t} (preincubation hold 95C 15+, amplification 95C 10%, 60C 40%,
40 cycle). Real-time PCR®] A3} 2705 Wkl o & Aakalo] 41813t

4. In vivo A3

7}. 15t experiment (10 pg of plasmids)

+
r>~
_|>i
o
rO
-
=
o
Mo
¢

0|
¢

Hka] & J o] DNA WA 10 pg/fish =2 F
AFs7l §l8he], ZH2; 9] vectorE phosphate-buffered saline (PBS)= 3] 4]

ste] group & 509kl 5 FAFSESl AL, control groups PBS¢} pFC
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empty vectorE ZtZt FANSEA T FAF 39, 7Y, 149 1E]la 28Y o] F 3

k] 28 sto] 4T oA 8000rpme. 2 1087 94 Raste] 4 & 2

39T DNA WAl FAF 289 o]F VHSV 107 pfu/fish, 10° pfu/fish
T+

M

off
H

Astth A9 F AAE GAE 3

N
>

2 group B 127F¢|¥ &S W

FAM AR, dArk= 3570 BEE AT

. 2 experiment (1 pg of plasmids)

FAdFako A ke & JdXA o] DNA #MAIS 1 ug/fish =2 FASHY]
93te], z}7+e]  vectorE phosphate-buffered saline (PBS)Z 3] 4] 3} o]
group B 3078 ® &S FAFSEL AL, control groupa PBS¢ pFC empty
vectorE ZtZ} FAFSFA T DNA # Al FAF 284 o] ¢ xj&Esle] EH S &
et e, VHSV 5 x 10° pfu/fish, 5 x 10* pfu/fish ¥ =2 group F 11
vk 25 W FARSEAT. B groupe W TE FoH, 49 T o

A dAE FA FRAA ARO, AAHE 277 B s

ml

5. Serum virucidal activity

DNA 941 10 pg/fish FAF & 3, 7¢, 149 1831 28U Aol { X of A
2Es @3S AdAAA7E HubE L-15 wiAZ 108 3As T 96-well
round-bottomed plate (SPL life science)ol A 60 % A 31433t}
(1/20-1/2560). VHSV el HIRRV whel&| = 242y &AAZ Ad7kd 1-15

=l 10° PFU F22 34ste] 60 w¥ F7hetdom 4Tl 1A7HE
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oF Wk5-3lt}h. EPC cell& 96-well flat-bottomed plate (SPL life science)
oA 7 x 10* cells/well®t wiekatgdom 28T, 20C 2¥x 15C= 3%

on 2EE wEol At @R vUgd veldit HEHO

=
I

f

A8 EPC cellol F7Fsto] 15TCAA &3t o™, 1047t cytopathic
effect (CPE)E #2359t}

6. Serum neutralization test

DNA ¥ 10 pg/fish 2 1 pg/fish TAF 289 & YA A Z& 3 dHL

56 Col A 3047+ heat-inactivationdte] R AE &&3} 519, A 7F H
7Fel L-15 #iA 2 108) st BmE Ao 223584 @82 control
d3e 12 Ao /A 3F BAY &Fe Z2A 9HFL, I F 96-well
round-bottomed platedl] A 60 w0 A A5 (1/40-1/5120). VHSV
¢t HIRRV ntel2l~E z4zh A7 H7ke L-15 wi=lel] 10° PFU &=
2 A3t 60 WA F7FekAr 96-well round-bottomed plate= 4T ol
A AN THEr wreEtd ow 96-well flat-bottomed platec] Al 7 x 10
cells/well®HF wjgste] 15C=E X3 EPC celldl F7Hetaith. 96-well
flat-bottomed platex= 15ColA] ¥H&3t o™, 1047t CPEE #3233 th

7. BA 4
Real-time PCRE %3 miR-155 w3a #24 Ado|xo A7toid
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miR-155 &3 Fox= Student’'s t-test® =3 AASYT Serum

virucidal activity % neutralization test 2 & ol group 7+ F329 <2t

L

+ Kruskal-Wallis one-way analysis of variance (ANOVA)E E3 #A
sttt E A #4& SigmaPlot 125 (SPSS Inc., Chicago, IL) &

2y AgsA
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Table 2. Summary of primer used in this study

2-1. For construction of pFC-vG vector

Name Sequence (5'-3")

ACCGGTGCCACCATGGAATGGAATACTTTTTTCT

vG_kozak_Age I _F
TGGTGATTCTGG

vG_HindIlI_R AAGCTTTCAGACCATCTGGCTTCTGGAGAAC

(Bolded nucleotides indicate restriction enzyme sites)
(Shading nucleotides indicates kozak sequence)

2-2. For construction of pFC-vG-miR155 vector

Name Sequence (5'-3")

CMV_Sacll_F CCGCGGGACATTGATTATTGACTAGTTATTAATAGT

bGH_EcoRI _R GAATTCCCATAGAGCCCACCGCATCC

(Bolded nucleotides indicate restriction enzyme sites)
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m. 2 =

1. In vitrodl 4] miR-155 ¥&d 3¢l

14
#1ste], EPC M 220l plasmid 2 pgs F& FYste] 24, 48 18]35 7243
¥ real-time RT-PCRE %3} miR-1559] #d %S 3213t} Internal
control2 UGS Apgalo] 2740¢ wpwlo g Al
mock control cellel H]&] miR-1557} & @&dEES A 5= JArt. EPC
Ao FAFY 24747 F miR-1559] Z@ ko] oF v F7katl o 48
AlZE Zol = 1TH7EA] S7Fsld o, T2A12E $oll= ohA] THl R A4S

geld = AR (Fig 2-2).

_—

ol

In vitrool sl pFC-vG-miR155 vectoro]l 419l miR-155 %3S &<l

>

off
Lol
&
ftlo
&
A
>
L
=
=2
X

()
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30
25 1
= 20 A *
=
S
=2 T
% 15~
Ao
2
B 10 -~
-
5 -
0 T T 1
24 h.p.t 48 h.p.t T2hpt

Fig 2-2. Quantification of miR-155 in Epithelioma papulosum cyprini
(EPC) cells using real-time RT-PCR. EPC cell was transfected with
pFC-vG-miR155 plasmids and sampled 24, 48 and 72 hours
post—transfection (h.p.t). The miR-155 expression level was compared
with mock control cell and U6 gene was used with internal control.

Asterisk indicate the statistical significance from 24 h,p,t, p<0.05(¢).
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2. In vivo A3

DNA X< 10 pg/fish FE2 FAe 282 o] 5 VHSV 107 pfu/fish,
10° pfu/fish ¥ %2 group B 12vFg]¥ 25 FA} g ow, 357 HALS
Azt Ay A 10° pfufish %2 challenged groupS VHSV
TAF F 5d%H A XM er YEse PBS 2 pFC group 65
% o]Ae HAFES HYa, pFC-vG % pFC-vG-miR155 groupol A& ¥
AR7F UERG A @kt 10° pfu/fish %= =2 challengedt groups VHSV 5
AL 5 3dEEH A Ao ® Yeigd PBS 2 pFC groupe 2H
66.7 %, 83.3 %% WL FEZ challengedS W HUF =& HAISES HY

—

t}. pFC-vG (167 %) ¥ pFC-vG-miR155 (8.3 %) group< FAF & 13¥
217D A HALZE YEREAIRE B o] e %] kektt (Fig 2-3).
DNA WA& 1 gg/fish $E2 FAIRL 289 ©]F VHSV 5 x 10
pfu/fish, 5 x 10? pfu/fish = E& group & 1178 % <5 FAF 51901,
253 HAALE BEEATh 23 A3 7 7bAe] sk challengedt group
25 395H AAE "ZRH o2 yERt PBSeF pFC group 2% 90 %
ol Ae HAIES yEtW o, pFC-vGée pFC-vG-miR155 groups X
HAREo] 10 % oIz A9 YebA] ol 10 pe/fish s=& FASE A
I 22 AgS YR (Fig 2-4).

—r
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100 +

80 4

Cumulative mortality (%)

—&—— PBS

— o — pFC
— —%——  pFCvG
——————  pFC-vG-miR155

Days post challenge

100 -

Cumulative mortality (%)

—®&—— PBS

— O — pFC
— = — PFC-vG
———~——  pFC-vG-miR155

Days post challenge

Fig 2-3. Cumulative mortality of olive flounder (Paralichthys olivaceus)
challenged with (A) 10° pfu/fish and (B) 10° pfu/fish of VHSV after

immunization with 10 pg of plasmids and PBS.
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100 1 o ¢ -0-0

Cumulative mortality (%)

—8—— FBS

— O —  pFC
—— — pFC-vG
—— -~ —— pFC-vG-miR155

Days post challenge

100 A

o -0-0

Cumulative mortality (%)

—@&—— PBS

— - —  pFC
— v — pFC-vG
———{~——  pFC-vG-miR155

Days post challenge

Fig 2-4. Cumulative mortality of olive flounder (Paralichthys olivaceus)
challenged with (A) 5 x 10° pfu/fish and (B) 5 x 10* pfu/fish of VHSV

after immunization with 1 pg of plasmids and PBS.
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3. Serum virucidal activity

DNA ®WA1& 10 pg/fish FE2 FAMS A 39, 79, 149 T8ja 289 &
HAeA EEd FFow VHSV 9 HIRRVel wisgte] Z+Z} virucidal
activity® 3t VHSVEY 4§, 34994  pFC-vG ¥
pFC-vG-miR155 group®] control groupdl H&} & FXE ety on,
144 2kof 289 akell A HAF F7kskes AEdS B 5 Ak 28YAkel= 54
3l X7} 78k, pFC-vG %2 pFC-vG-miR155 groupol A Z+Z PBS
group®l Hlste] 3089 24v] =A YESETE (Fig 2-5-A).

dhHo]  HIRRVY  virucidal  activity 23 Ay, 39 x}ol A
pFC-vG-miR155 group®te] PBS groupd 38 =& X2 vegwow
pFC-vG groupe PBS % pFC group¥ H|=stsich. 74, 149 1831 28
At M= EE groupe] Hl=stAl UESTH (Fig 2-5-B).
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800

I 3dpi
[ 14dpi
600 - | N 28d.p.i

400

1 i
N iﬂjm‘ﬂllnl

Serum virucidal titer (Inverse of dilution)

PBS pFC pFC-vG pFC-vG-miR155
100
I 3dpi
[ 7dpi
20 4 I 14dpi
[ 28dpi

Serum virucidal titer (Inverse of dilution)

Ll HL

pFCvG pFC-vG-miR155

Fig 2-5. Serum virucidal activity against (A) VHSV and (B) HIRRV
with 3, 7, 14 and 28 days post immunization (d..p.i). Asterisks indicate
the statistical significance from the control group, p<0.05(%),

p<0.001 ().
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4. Serum neutralization test

DNA WAlS 10 wg/fish 1 pg/fish 52 FAFSIAL 289 & { A of A
23 &3 © =% neutralization testES F3FA T 10 pg/fish == FAF
St group®] VHSV| thagk &4 7F= pFC-vGe} pFC-vG-miR155 group©]
M2 Bdt A5 UEll e PBS group?] oF 158, pFC group?] °F 6
A= =A HeEbst (Fig 2-6-A).

1 pg/fish 552 FASE groupel A-F pFC-vG-miR155 group? o]
pFC-vG groupk. 2 FgA7E BRYgoew, pFC-vG groups PBS
group? ¢F 64, pFC-vG-miR155 group< ¢F 8¥f =4 et (Fig
2-6-B)
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800

600 -

[ ]

Neutralization antibody titer (Inverse of dilution)

PBS pFC pFC-vG pFC-vG-miR155

1200

1000 +

*%
800 4

600 -"

400

Neutralization antibody titer (Inverse of dilution)

. I I

PBS pFC pFC-vG pFC-vG-miR155

Fig 2-6. Serum neutralization test against VHSV with 4 weeks post
immunization (w.p.i). The serum was isolated from (A) 10 g and (B)
1 ug of plasmids and PBS injected olive flounder. Asterisks indicate the

statistical significance from the control group, p<0.05(x), p<0.001(x*x*).
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V. 7 &

B Ao = VHSVE glycoproteing &9 o2 3= DNA WAl vector
= AFstd o, g2 miR-1555 AF£3F9] molecular adjuvant@® # 2]
g9E B Y In vivo A3 AFEE pFC-vG-miR155 vectorE
EPC A3l 4 FYstol miR-155¢] w3 o7& real-time RT-PCR®

A8k h. A2 DNA 9AS |X] xjojo] wieg] & 10 pg B 1 pe¥
immunization 3 ¥ F TE VHSVZ 3443 S AP39S v, =&

aZo A HAF A dojulx &S AxzZ vl
=7

==
>

P01'
—\Tll
N
48
°
aw
i)
-
Z
>

FAb 9 W 23 VHSVel Ul Wel® @ & Atk VHSVY G

geneS o2 3 DNA #Al 1 g

o
e
ol
N
>
>
ol
ol
o
=
2,
=
10,
2
il

i}
o,
N
Ir
2
O

| HaE vF e (Lazarte et al., 2017), #&< rhabdovirus
¢l infectious hematohoietic necrosis virus (IHNV)el th3$t glycoprotein
DNA w4l A 001 pgol F=oAE FAINS A o] T35 U
Bl o=z I A At} (Corbeil et al, 2000). whetbA 2 23] Al
ME e upel o] VHSVE glycoprotein®] &4 o] WXl A uf$-
Holds &A= AAH

10 pg®] DNA #21& A3

o
w

o 79, 149 1E] 3 28U Ao s

’

gd3doz VHSV % HIRRVel W3t virucidal activityS #3313t}
VHSVel| tf3t virucidal activitye] Z2 3ol A, pFC-vG ¥ pFC-vG-miR155
group< immunization ¥ 3L 2}o] Z7] WS WO & control groupl H]

B we £AE Ve Aow 4z Agel 252 A9y WY e
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of T/t 2N A FAVF EmotAl= AEFe dEd Zo=m Aztdrh
HIRRVel| diglt virucidal activity®] ZA3}elA= VHSVe] glycoproteinell
thak WAl o i Betal 3 ko] pFC-vG-miR155 group®] =& F3=
Uebd=d, ol miR-1557F 7] W] nkgel] @ gr] Weoew F34
t}. Algho A= miR-1557} macrophage®] X% 9 dendritic cell9
maturations ZA3H, 7] A¥x&A So| W3 inhibitor®] mRNAZ
targeto. 2 $Fo =M dAF WSS FEsttn dE A Atk (Alivernini et
al., 2017). =3 miRNA7} ¥l 3l+= RNA interference= "% thd3 25

89 27 3 vy WY 2% 9¥% ¥ + dvn ad

(Bela-ong et al., 2015). w&kA miR-1557} Type [ interferong A}=3}o]
z7] "ol &A4gstE i, v Eo]HQl WY whEo] YEIRS Zlolgt AZ4d
=3

10 pg 3 1 pgel DNA 9IS FALGE § 28U Aol E23 o=
VHSVel w3t neutralization test® Zastlon, 1 Ay F Ay BF
VHSVel g T3 A7 AdHA T 20T + AAT wepa A o

A Y wgo] g eR frFgoen o FHAANE Al o
VHSV Y] 7ol tisf A3d<= 7t &
B e 2% VHSVY glycoproteing &P o2 3 DNA WAlS

A Zrste] Wo] E3E #elst o™, miR-1555 molecular adjuvant® A}

b
%0,
iy,
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VHSV] t3F minicircle DNA

A4y A L B
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DNA #iA1e Az 3 Adg ¥

r]I.
oo
o
td
-
do
o
off
=
s
i
)
>
o

(_)_Iﬂ

vl Al zte] BluA 99 Kol folsirte= FAilo] YAIRE o] wE
Ware] ofe] 74A kg Al e A7|E 3 9l Plasmidg A&k
At el d=kez A7) ¢aA = replication origin %2 selection
D oeb, WAo® AL ¥ = plasmidel
Al selection marker®Z FZ A&¥E A A KA AFES AT
Hol Aok (FDA, 1998). HZoll= A WA a2 il AHEE = 9

= oy 7FA HHEo] AAE =Y (Vandermeulen et al, 2011), ¥ <
o= o]eld WY F bl minicircle DNAES Al 2Halo] AL-8-3F9 T
Minicircle DNA+= 98 325 4@ F de Hxge 74 84=

—|~
g

marker 52 bacterial element”

o] Fo]x DNAR, plasmide] <£A)3tE= replication origin 2 3484 WA

FAAF E3Eo1glA @tk ulebA DNA WA o 2ol tAAS =90
o, AukA < plasmidel M]3 size7t Eo)Foll wel 22 TEolA ¢ B
A S

copy 7F =°17F aapAelnt 3k A ol e FHx Hd A
T o,

[}
=

Hir

o] &]o %= plasmid®} minicircle DNAZS H w391 of
Aol s A7Aa37E EA -tk (Chen et al, 2003; Zhao et
al., 2011, Cantanese et al., 2012; Dietz et al., 2013; Stenler et al., 2014).
2 AFoAE Az Al WA parental plasmid®] recombination

_[Q'_
E3lo] thEEe] minicircle DNAS 12} 8921, zebrafishel 2 ¢

1:3011

o] o
A ——

i

Fx 2 43 cassetteE 7FAE plasmid®t minicircle DNAS FA}8HS S
u] AW ol A 2] plasmid persistences #+438o] Awujl} A& o2 W Al

= S dEAE FAs] A6 4Ee APk

o
e

[e}
T=
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Novirhabdovirus 42 negative sense single-stranded RNA virus$!
viral hemorrhagic septicemia virus (VHSV)T nucleoprotein  (N),
phosphoprotein (P), matrix protein (M), glycoprotein (G), non virion
protein (NV) 18|31 large polymerase protein (L)% % 67}A] FHA=
genome®] TA ¥ o] 9l o™ matrix protein¥} glycoproteing dgoz A
ol AFE3TE Matrix proteine rhabdovirus Woll = thokst o sks
stohal e A Qlom (Ke et al, 2017), <79 Fd# ZdS A 71H
& A9 apoptosisE Fretttar &l A Atk (Chiou et al, 2000). &
Aol A= DNA WAl G&F M A& 247 wdd sk cassette®t 54
of Wdste= cassetteE: Mstel T AE apoptosisE frEst o,
plasmid % minicircle DNAZ} apoptosis Al A3 oA <& #F3dHA &

2 alo] FAAE B9 DNA WS slge g ol
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14
L

0. As ¢ H

O

1 Al 2 Ao

Ao  A}&%¥  minicircle  DNA AJ4F  3FFE  arabinose-inducible
promotere] <& ¢$C31-integrease 2 I-Scel endoneucleaseE W& st=
ZYCY10P3S2T Escherichia coli (System Biosciences)E AF-&3Fth. Al
subculture A] TB medium (1.2 % tryptone, 24 % yeast extract, 0.5 %
glycerol)¥} 10x TB salts (0.17 M KH5POy4, 0.72 M KoHPO.)E 912 42
Terrific Broth(TB) HIX| & AF&3ttt. A2 F2 dA3ete= vectord] &
A WA Fd Ak wEkA kanamycin (sigma)S iAo FH 7)ol wj kst
ATH.

Aol zebrafishe= FAPFAAl AT FHl59 X
worem Ha A 39 £ 1 em, AF 049 £ 03 g (n=10) o]t} A3 o

1om, 28Tl A<= st

ik

i
=
2
HE
o2

2~ %
T

s

Mo
r]I.
o
Do
N
L
4
ﬁl
_O|L
O

2. Minicircle DNA A%t

7}. Parental plasmid #| 2t

B oA = viral hemorrhagic septicemia virus KJ2008 strain
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(GeneBank: JF792424.1)¢] glycoprotein (G) ¥ matrix protein (M) 2 =}
£ 3% minicircle DNAE A&tz stk A A o4 VHSV Y
G ¢ M +3dAZE pFC vector (System Bioscience, Korea)E backbone 2
2 cytomegalovirus (CMV) promoter® W& st:= z+zbo] plasmidE A 2+
3t 3 (Kim et al, 2011), CMV promoter5-E simian virus 40 (SV40)
poly(A) signalZ7}A]2] & cassetteE Aol AFE3AT. =3 G 9 M
FAX ZH2+e] cassetteE dhbe] parental plasmidell A EF7] $18ho],
M-SV40, pCMV-GE 27} Nhe I -Aflll, Kpn2 I -EcoR I 9] enzyme site
= ¥ E FE5to] pFC vector?] pCMV-SV40 Alolo] A3t

(Table 3-1). #]a2 EGFPE insert control® A}gE3}7] ¢35}, pFC
vectorell AflI-EcoR I &2 Arstsdthk G, M, M3} G 28] EGFP 7%

s

A5 E3Fst= 217 9] cassette= 32x [-Scel sites, attB/P siteE ¥ 33}
pAild-luc-MC plasmid (Addgene)ell 15-20 bp A% A X == overhangS
TFE 0] primerE U AQIES A, template® PCR3 $ overlap cloner
(Elpis) = 37Col A 1275k vk8-3lo] E. coli DH5a competent celloll &
J

()
N

-

st sttt A AsE ZHzbe] M-S kanamycin A AS 50 pg/ml

off

H

2 FH7Esk wjA oA selection 3+ o™, PCRS %£3}¢] band sizeZ

do
o
off

Fag HAsdoz aA4" 47o] parental plasmidES sequences

!

T el o (Macrogen sequencing service, Korea), Z1ZF pMC-G,

(o]
(@)

MC-M, pMC-MG 1231 pMC-EGFP #}a ®w sttt (Fig 3-1).

Y. Al WA 9 minicircle DNA 34 %

M+t Wl A minicircle DNAE %E7] 913}9], parental plasmid 1 ul&

2

ZYCY10P3S2T E. coli minicircle producer strain®] g2 33}
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kanamycin W AE 50 pg/m %% F7}3F Luria-Bertani medium (LB,
Difco) agarell selectiond} 3t} A2kt colony+= kanamycing 50 pg/ml &
T2 ¥3}35t= LB broth 2 mlol pickingste] 30CeolA 200 rpmo = 1A%+
ot vietch 1 L &2 47 Z8t2~ 39 kanamycin FAAE 50 g
/ml FEZ 3233k Terrific broth (TB) 200 mE Eal Alvr vl YgAE 50
¢l subculture ¥, 30ColA 200 rpme. & 16A1 7 S¢F wjokal oo, wj kol
°] ODgy w33%= F77kol 4914 6 Akolelal pHZF 6.5 ©]<d @, LB
broth 200 mée] 1 N NaOH 8 m¢, 20 % L-Arabinose (Sigma) 200 ul=
Ha gAAE H7EekA] 22 minicircle induction mediag iAol 4 o]
TATE 32ColA 250 rpme =2 4A]7F 37CA 250 rpmeZ 1A HE 9k
inductiondF ¥l Fel& 4T A 4500 rpm e & 108 7+ LA 3kar, pellet
S ALY ASAdE EF AASIY. 8lal DokDo-Prep plasmid
mini-prep kit (Elpis)E AF&3Fe] pelletel]l buffere] %45 2¥j= ¥ o DNA
= 839 2 ¢ minicircle DNA®] bacterial backbone®l| RF & #j &}=
unique  restriction  enzymeS 4 AHEg & plasmid-safe
ATP-dependent = DNase  (Epicentre) 100 U< A #sle] wHold=
chromosomal DNA ™ parental plasmidE =% A At FE=Ho=

WFE-0] 2 minicircle DNAYE Gme, Mmc, MGmce 18] 12 EGFPmc#tal ™
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A. pMC-EGFP - pCMV>| EGFP  Hsvaopa |

B. pMC-M - pCMV>| M Hswaopa |-

C.pMC-G EE),
D. pMC-MG pCMV>| M Hsvopm) | pecmv

32x% |-Scel

Fig 3-1. Construction of parental plasmid for minicircle DNA. (A)
VHSV G gene was inserted in pFC vector. (B) pri-miR-155 expressing

cassette was inserted behind of G gene expressing cassette.
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3. Plasmid persistence 4]

7}. Zeberafish Wl && FA}

rlo

Zebrafish WolA AA WAL E3s= plasmid 2 22A @

—

minicircle DNA®] persistenceE #+437] ¢38to], 2429 vectorE 1 p

/fish &% % phosphate-buffered saline (PBS)® 3]4 3%}l group 9 12v}

aQ

g4 8 FA}3E AL, control group<s PBSE FAFSSth. Zebrafish A}
15, 4%, 65 223 85 F group T 3vhdH FA P 25E

sampling 3} 2.1, -80C ol H 3} t}.

Y. Genomic DNA 3 2 real-time PCR

Genomic DNA+= High Pure PCR Template Preparation KitE A}-&3}o]
Fastgon, 2o FAE ZF M F kit W9 tissue lysis buffer 200
W} protease K 40 = sampled] ¥ o] 55TCo|A stF &< lysis AlF
t}. Genomic DNATE 100 W ® elutiondte] 5 wE real-time PCRo| A&
3ttt Real-time PCR< ZF plasmid®] ORFE target®® 3% primer
(Table 3-2)& ©Adste] Aujd & 3192™, Roche Light Cycler 480
(Roche)S AF&3le] tseo FxHo=E real-time PCRS Alsssith
(preincubation hold 95C 15+, amplification 95C 10%, 60C 10x, 72T
20%, % 40 cycle). Plasmid®] copy number= Z} plasmid ORF¢] PCR
targeto] ¥3H plasmidE standard template® TS AAHS E3 A

Abekl o WA 84 Ehe] 3dkE 0 2 standard curveE 1R U (Fig 3-2).
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gl

|

Real-time PCRY ZA 3+ 187 standard curveE EWHE Ctgrs W4
k]

o] sample®] plasmid copy numberZ AF&E3F oW sample %2 2] mg

Al F copy TE AAEste] vl FAEA T (Fig 3-3).

plasmid concentration (g/pl)
X 6.02 x 103

Plasmid copy number (copies/pl) =
e W plasmid DNA size (bp) X 660

Fig 3-2. Formula for plasmid copy number calculation. Plasmid copy

number was calculated for each standard template.
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Slope: -3.421
Yintercept: 34.92
Link: 600.1

Error: 0.0109
Efficiency: 1.879
Slope: -3.652
Yintercept: 35.80
Link: 5,244,000

Error: 0.0235
Efficiency: 1.980
Slope: -3.371
Yintercept: 35.80
Link: 0

Fig 3-3. Standard curve for plasmid and minicircle DNA copy number

calculation. (A) pMC-EGFP was used as standard template.

pMC-G was used as standard template.

standard template.
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Table 3. Summury of primer used in this study

3-1. For construction of parental plasmid

Name

Sequence (5'-3)

CMV_enhancer_F
AfllT_SV40_R
phiCMV_Kpn2 I _F
vG_EcoR T _R
EGFP_AflI_F
EGFP_EcoR I _R
pMC_attP_ & F

pMC_attB_31%&_R

attB_phiCMV_OC_F

SV40_attP_OC_R

pFC-5V40_attP_OC_R

GACATTGATTATTGACTAGTTATTAATAG

CTTAAGCAAGCCGAATTGCGTTAAGATACATT
G

TCCGGAGAGTTCCGCGTTACATAACTTACGG
GAATTCTCAGACCATCTGGCTTCTGGAG
CTTAAGATGGTGAGCAAGGGCGAG
GAATTCTTACTTGTACAGCTCGTCCATGCC
CTTGAGAGCCTTCAACCCAGTCAG

GCGGGCCCTAAGAAGTTCCTCTATAG

AACTTCTTAGGGCCCGCATTACGGGGTCATTAG
TTCATAGCCC

GGTTGAAGGCTCTCAAGGTTGGGCGCGCCCAAT
TTAAATA

GGTTGAAGGCTCTCAAGCAAGCCGAATTGCGTT
AAGATACATTG

(Bolded nucleotides indicate restriction enzyme sites)
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3-2. For real-time PCR analysis

Name

Sequence (5'-3)

EGFP_realtime_363F
EGFP_realtime_474R
vG_realtime_641F
vG_realtime_790R
vM_realtime_121F

vM_realtime_238R

GAACCGCATCGAGCTGAA

TGCTTGTCGGCCATGATATAG

ATTGCCCTACCTCAGAAACG

CGGTCTTGATCCATTCTGTCC

CCAGGAAACCAGGTCGATAAG

GATCATGGCACTCTGGAATAGG
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1. Minicircle DNA A4 3¢l

ZYCY10P3S2T E. coli WelAl  minicircle DNA inductiond}<]
plasmid-safe ATP-dependand DNaseZS 23 & 1 % agarose gelol
05 pg® loadingd}o] minicircle DNAY AL &3ttt Gel Aol A
plasmid ¥ minicircle DNA 25 29| size ¥ supercoiled form DNA¢]
T 7 FHE Yed As G908 F UMY (Fig 3-4). AES sizes
golsly] 9ste] FrHH o= ZEzEe] DNAY| <=4 38F+= unique restriction
enzymes A g 3le] cutting o1FE FAsIA S, sequences EF &3}

At
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™
GENESTA™ | Kb DNA Ladder M 1

|
g
(
\

:
N e

5 ul / lane, EB staining,
1.0 % agarose gel

Fig 3-4. Electrophoresis of plasmid and minicircle DNA in 1 % agarose
gel. Lane 1 : pMC-EGFP (5765 bp), Lane 2 : EGFPmc (1693 bp),
Lane 3 : pMC-G (6565 bp), Lane 4 : Gmc (2482 bp), Lane 5 :
pMC-M (5563 bp), Lane 6 : Mmc (1565 bp), Lane 7 : pMC-MG (8002
bp), Lane 8 : MGmc (3921 bp)

50



2. Plasmid persistence ¥4

Zebrafish®] =S¢ PBS, plasmid @ minicircle DNAS FA} 3 1, 4, 6
a3 8F Ao FAF B9 plasmid ¥ minicircle DNA copy %
Hl skt A8 Ay EGFPS G2 49 zebrafish ol A plasmid .t}
minicircle DNA7} O 2.8 zH{et= A& & 5 Ak Gmee 6FA7MA &=
AR wWe o] Holdle WA pMC-GE 452t % oln] AHd] A
AE AL Fad 5 Aok (Fig 3-5-A, B). st M3 MG 4% A
Ao =2 EGFP2 Goll vl copy F7F wkar, 153ke = Mmc2t MGmce
25 plasmidell H]3] =& whH 4FAoll= F43] 74 ste] plasmidet W]

ZetAY ¥ AA ety (Fig 3-5-C, D).
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Fig 3-5. Copy number of plasmid and minicircle DNA in 1, 4, 6 and 8
weeks post-immunized (w.pi) zebrafish’'s muscle. Copy number was
calculated with tissue weight (mg) with standard error bar. (A)
pPMC-EGFP and EGFPmc (B) pMC-G and Gmc (C) pMC-M and Mmc
(D) pMC-MG and MGmec. All group was compared with PBS group.
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V. 7 &

H oo A= arabinose-inducible promoter®l] 2] $C31-integrease %
[-Scel endoneucleaseE W& 3st= ZYCY10P3S2T Escherichia colig A&
3}e] minicircle DNAE A #et om (Kay et al, 2010), plasmide} &7
1 % agarose geldl 7] 9&3}e] band sizeE &<ttt} Agarose gel
Ao A Efe] DNA sizeE Folatgom, o]lo % size7} ¥ Z-& band
=2 3y ¢ B 4 et ol supercoiled HE| ] DNAE A zh= o}

A ZE plasmid 2 minicircle DNAES 1 pg® zebrafish® 5o FA}SH
o AlZF Ao WE copy FE Hla AT Matrix proteing W3l
SHA] &+ EGFPe G group® 7d-%-, minicircle DNA”} plasmidel ¥H]3] <
g A& E AES eyt ¥hH o] matrix proteine astE MY MG
group® 745 23|38 plasmid’} minicircle DNAo H]&] 23 A &%= A
vkl AekS Y et Rhabdovirus®] matrix proteine Al U o] A
apoptosisE ¥4 o 7]+=4d (Kopecky et al., 2003; Kassis et al., 2004), 23
A3} plasmid®} minicircle DNA X% matrix proteing 2ast=d = &4
t UERHS ol sd A=
o] plasmid®t minicircle DNAE FolstlS o diAo=z A7]7F 2

minicircle DNAE ¢ % copy 7 E°7H ¥, webd o %

s

%

ol
o
o

3}l minicircle DNA7} 5243 74

rlo
0%
o,

matrix protein®] LA FHHA wWE £E2 apoptosis’t oWt

S
o
©
o

S ¥t Plasmide} s €3t Bx& 9 A& minicircle DNAE in vitro%t
in vivooll Al A FHS vl Ao wEW, jn vivooll A plasmid et
minicircle DNAE Y #AFoE FAHS W 27| dd o= & A

o] 7} 1A A 9t minicircle DNA7}F B @ #l&<t x| &xom R ofep 7+



o] = ALZo T plasmid®} minicircle DNAES FoJ3lH S wjo &= 6Hf o]
Ao A3l 2ol 7k YERRT (Munye et al, 2016). whabA o]9f e A
Y= B Ao Ay AyE Swd g F Qua AzEd

2 dAFo|A = DNA #2lo] M FHAE AYUet plasmid ¥ minicircle

EHUME 2 FFeA BEE sl plasmid AAZE AL =<
DNA ®WAle wE 2 319 oy plasmid ¥ minicircle DNA7F A2 5=

FA BE FUAL dov dva AgEn. B3 34 HddE T ¥

Aol gt Wwolgys g2l T DNA WAlel molecular adjuvant®# &
£ F JS FoeE AZdHEn
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avidus®} vkolel =4 84 w@F vlolel~ (VHSV)el thah DNA w41

S Apste] kAlAE WX (Paralichthys olivaceus) X ool A A W o

92 BuA 3k 3 minicircle DNAE o] &3ko] A oA el oF
A& =2l DNA A S A #ataat shdch
A AR 2FEHIS gt 28-S APt =, M. avidust F24

HAol Az Jss ded|y ofx A wWAo] FjEEo glA
gtk mebd 2 dATolA s &2FE 7Sl Bk DNA #AES st
Wol &35 Zldetaat itk WAlS M avidus® YU FHAAS
leucine-rich repeat protein (LRR)E AAsIAow, &F oA
HALAAHS =ol7l $lstel #9e] C-terminal?} N-termianl ‘2t
Hlol =4 Z8A HdF wlolglx (VHSV) glycoprotein®  secretion
signal peptide (vGsp)®t Vibrio anguillarum® flagellin-A (FlaA)ES
fusiond} At} wEbA pcDNA 3.1(+) plasmidel ZF & 4= 493k

Z 371 %ge] DNA 9l vectorZ A #3519 2™, enhanced green

ol

fluorescent protein (EGFP)S control® AF&39 Y (pc-L, pc-VL,
pc-VLF, pc-EGFP). DNA #Ai2 A Aofo] Z+ 10 pg® 5 FAF
ston, FA 3F & T4 AHAIS HAAEAT ¥4 A T 14U
HHA el HAE e, pe-VL % pec-VLF groupol A & groupel
Hla] ub2 #HAbES BT wEbA vGspot FlaAe] o w el
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U=, 8oz VHSVZF %3k rhabdovirus®] glycoprotein (G)o] %
sfoln olul we Mal Aol od 1 w7z
A=At B AF o= microRNA (miRNA)S DNA 419 molecular

adjuvant= AR&Fo =M WA Fap B AAREES Eolaxt dTh

e
o,
™
o
o,
of\

miRNA¥ small non-coding RNAZ, mRNAd| ZA&ste] Fxx W3S
248 2 FH7E d$ vdsith miR-155= |HA A dd =
miRNA®, 2 A9 molecular adjuvant® AR&3lgich welbs VHSV 9
G gene?ts &= vector®t miR-1552 FAlo] W d = vector T
THE AE3¥Y o, empty plasmidE control® AFE3A T (pFC-vG,
pFC-vG-miR155). pFC-vG-miR155 vectori= in vitro°l*] eukaryotic
celldl #2543 F real-time RT-PCRS %3 2dS IdsAdch
A ZE DNA wWAlS dx] x]o]e] 10 pedt 1 pg® <& FAbste] 74zt
AT Plasmid 10 pg= FAFE § A (3Y, 79, 25, 45)vith
virucidal activityg AR oH ) plasmid 10 pg R 1 s FAS &
AF2kell neutralization testE AAISFATH 3 WA FAF 45 Fo] VHSV
4 AFE AP o, 37 HALE #EEGAY. 10 pge plasmidE

FAE A 2y, 92 wiE 34 HAdEs e e dxzdelA 60

AAZE el et we ¥EZ FANEL H9e W oA
gzzod B AA&e deden, 4¥Ee 0 % olaz A
Al ddojupA] @e AoE uol e WoladE veity & 5 9

1 pgel plasmidE FAFSH A8 Aye 22 A4S vedllth VHSV 2
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HIRRVZ virucidal activitys 2Alst9 < w, VHSV 39 Ao A 254,
45374 A . FAZF S ee BEFS BAANE HIRRVE 3¥Akel] 13
TN Aoy, 2FA D AT AT TR 2ol b gldth
23 VHSVEY AS 39, 27 % 453 25 pFC-vGeH
pFC-vG-miR155 groupe] thHEwo] H& & wrgS el whd,
HIRRV:= 3YAfol Al pFC-vG-miR155 group®te] =& kS-S eyt
uepA 3datel= 7] WY Wbl o8] HA|ZE &Ad3stE o] VHSVeL
HIRRV & t© Wolaass yehldlon, Algte] A2 AA4d w9
W30 2 VHSVOl diefArt wol zIHE FQAT S AU =
neutralization test 43

A APAHATES & FoUAJT mEA AAg HE W Hhgol
FEEFoey VHSVE #del dis] 2 <49 plasmide® &Aoo =
wold = Aes st

mpxjeto 2 DNA #HAlL o & Al Hs] Azto] HmA H$H
Hyto] &olsitte Aol UANE oo wE WA ofE FhA| HAA
A e A7lE i 9tk Minicircle DNAE 98] fHxE 4dd
A= HA3e FA QAR o]Fo]W DNAE, plasmido] FEA3t=
A A FAAZE EFEHUA g of

Y %
FAAE AFHoR ddT £ e Aol o E AFdA =

it

replication origin %

VHSV 9] glycoprotein (G)¥} matrix protein (M)<S 2@ 3l minicircle
DNAE ®wHE9], zebrafish Woll 4] plasmid persistenceE real-time PCRS
A8 BA5EA T VHSVE M gened Al X2] apoptosiso] #o] skt
dH A om, uebd AE ol plasmid7} Ll HFeA] == st
Minicircle bacterial backbone®| <= #]3}+= parental plasmidE A ZgF 5

minicircle DNA AAF 75721 ZYCY10P3S2T Escherichia coliol 32 d3%k
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stoza A ZFsttt. DNA WAle G9F M genes ZHz 2 d s
vectoret FAlY WASF= vectorg A A ow  EGFPE  control®
AFE-3} a1, parental plasmid (pG, pM, pMG, pEGFP)®} minicircle DNA
(Gme, Mmc, MGme, EGFPme) + 74 FE|2 &H]3F% T DNA WAl
zebrafish®] <o ZF 1 pg A FASIRAOH, FAF & Al (15, 45,
65, 8F)vttt FAF HE-91o] ZSo A plasmid persistenceE 43k}
A A3 EGFPeF G group®l 7A-F zebrafish wWellA plasmid® th
minicircle DNA7} B o] A&® wd M3 MG groupd 4% 239

plasmid”} minicircle DNA°| H] 3] 2@ A &%= 4wty ZF S el

o

= ddde=z A7|7F 2L minicircle DNA¥ ©  ®-2 copy 7t
Eo7HAl Ha, mEkd o B %9 matrix protein®] A WA w2
L= apoptosis7h &l &t7] wWiZol2kal Az

2FE 7S B odleld sy =94 dETel e F DNA #Al 29y
BT in vivo A8S S8t @l i ol 3y AT 5 UM,

VHSVel tha DNA Aol Z5- o oz A7 AA=HNES

1y

o

glst . T3k immunostimulant ¥ molecular adjuvant®] A8 =2

SF9 W Wee AFFORM T EIE BY B FAsgon,

O

F5
A7 o Aoz AZHHEATE Minicircle DNAES o] 83 w213 9]
B in vivodll e A AFS Fsto] Wol ZIE FAT eVt

il
91 & matrix protein® molecular adjuvant®% ¢ 7}5A S A A & T
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