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1. E3(&d 64, 55 27)
D E5=< (10-2016-0084656)
- EYESI-RNA A EL S
2) E31=9Y (10-2017-0118709)
- EZERY-{RNA FHEL FHAAS
) E5=9Y (10-2018-0159687)
- SFFoHEulol M 2 BAJob 2 FF A R LFo] Jhed ZERE Y o]F o] &3
FAA A A 2H
) E3=9Y (10-2018-0095792)
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D /s =78 MAEzA 9 &3k AFT CAvant WO-Al
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5 AEE WelSFAS TFeHE 274 AR FF AFY TLIE
6) WASHAL THE 2FE WAREA Fh AFEF CAWIO-A
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2) ANS(FYHAATL)
3 AR (FIHAATL)
5. 71«15 (174)
D 9 ?1Z NET 47]% <l
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Zt® W/O type WA RZA #37]<’

6. =& (SCI 114, wISCI 17)
1) J Microbiol. 2017 Jun;55(6):488-498
- Coptidis Rhizoma extract inhibits replication of respiratory syncytial virus in vitro and in
vivo by inducing antiviral state.
2) J Microbiol. 2017 Nov;55(11):909-917
- Dense Granule Protein-7 (GRA-7) of Toxoplasma gondii inhibits viral replication in vitro
and in vivo.
3) PLoS Pathog. 2018 Sep 21;14(9):e1007302.
- FAS-associated factor-1 positively regulates type [ interferon response to RNA virus
infection by targeting NLRX1
4) Scientific Reportsvolume 7, Article number: 4875 (2017)
- Inhibition of highly pathogenic avian influenza (HPAI) virus by a peptide derived from
VvFLIP through its direct destabilization of viruses
5) BMC Complementary and Alternative Medicine (2016) 16:265
- Inhibitory effects of an aqueous extract from Cortex Phellodendri on the growth and
replication of broad-spectrum of viruses in vitro and in vivo
6) J Microbiol. 2016 Dec;54(12):853-866
- Inhibitory effects of bee venom and its components against viruses in vitro and in vivo.
7) Vet Microbiol. 2017 Mar;201:240-251
- Mucosal vaccination of conserved sM2, HA2 and cholera toxin subunit Al (CTA1) fusion
protein with poly gamma-glutamate/chitosan nanoparticles (PC NPs) induces protection
against divergent influenza subtypes
8) J Virology. 2017 Jul;91(14)
- Rubicon Modulates Antiviral Type [ Interferon (IFN) Signaling by Targeting IFN
Regulatory Factor 3 Dimerization
9) J Biomed Trans! Res 2018:19(1):021-025 (¥]1SCIg)
- The anti-Influenza effect of a water soluble herbal extract from Salvia miltiorrhiza
(Danshen) i vivo
10) Biotechnol. Bioeng. 115:694-704 (2018)
- Tyl-fused Protein-body Formation for Spatial Organization of Metabolic Pathways in
Saccharomyces cerevisiae.
11) J. Ind. Microbiol. Biotechnol. 45:239-251 (2018)
- High-level recombinant production of squalene using selected strains of Saccharomyces
cerevisiae.
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) JVI Accepted Manuscript Posted Online 24 October 2018

-Released Tryptophanyl-tRNA Synthetase Stimulates Innate Immune Responses against Viral
Infection

7.
D

2)

8.

9.

S=tid] Tx (9 113, I4 127)

39 (222 11 7 &)

Coptidis Rhizoma extract inhibits replication of respiratory syncytial virus in vitro and in
vivo by inducing antiviral state

Mucosal Immunization with Lactobacillus-displayed CTAl-conjugated sM2HAZ of Influenza
Virus induces Broad Protective Immune Responses in Balb/c Mice

Mucosal immunization of conserved sM2, HA2 of Influenza virus and cholera toxin
subunit Al (CTAD) fusion protein with PC nanoparticles induces protection against
divergent influenza subtypes

Inactivated Enterovirus 71 (EV71) Adjuvanted with PC Nanoparticles Induces High Cellular
and Humoral Immune Responses in BALB/c Mice

Mucosal Immunization with Lactobacillus-displayed CTAl-conjugated influenza sMZ2HAZ2
induces Broad Protective Immune Responses against Divergent Influenza Subtypes
Mucosal administration with recombinant Lactobacillus-displayed CTAl-conjugated PEDSe
induces neutralizing immune responses against porcine epidemic diarrhea (PED) virus

Production of porcine circovirus nucleocapsid protein in Saccharomyces cerevisiae
Recombinant production of SpaA, a subunit vaccine for swine erysipelas, in
Saccharomyces cerevisiae

Surveillance of amino acid substitutions in avian influenza viruses isolated from wild birds
from south korea, 2014-2016

Evaluation of safety of multivalent oil based vaccines containing different adjuvant and
immunostimulant materials

Prevalence of salmonella spp. isolated from commercial duck farms in south korea

=W (Z2F 1274 &%)

KMB 2017 ZA|g&tis] 8 3713k&0)3] (67)
KMB 2018 A|h&Ti3] 8 47]13k&03] (67)
A A (27)

Folg BE M4 AH A 29

ALY 17)

FAFHHER ZRASZAL o] A7

Aoqug ‘LA Al = 75 Ade 278 HAEEA ARG AR

10. TRAA (37)
D) IPET 84 ¥7&7] 8971 ﬁ\_é‘,Z] 'P(2018 vol73)

A4
2) 2018 EuroTier CAvant WO &7} ‘;—l %E%j/\l
3) 37] 28 CAVAC YA A= ©

- ATledSdA A

11. 715 (134)

LA TAT 2018 YA SMEAA A F AFTAA AA
HAW R EsAol AHSE TAYG WAREA AL L KL
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- AAEY] HE mig A B ae A ke

O 7t=& o AR zA 9 thFYL A="l 7= 5 483

O 94 =
- BARGSAATE e B RzA e 8597}
- AR A SAA T WARZA B}
- 2ARASAA i M 5 Bt
© 4l5t<e] TLR agonist 718t EAHAZTE E4 7%
- BHA (A B ombele ) A A &2 w2 WRS @A

Al A xgxﬂ
- WRS wrldol o WM Ee] HHAS 4T &%
- vh§22 WRS ©hdo] )@ WMeMEe A4F Evhs TLRAS
2 3

i)

ko

- WRS ©ido] 9@ FU AAYAY FH &% A3
- WRS ©l Ao )@ FU AEHAY FH By A
- WRS ®l o] )@ FUo A%H Wy 37 A% HF

- Influenza A viruse] M2HA2 &YE& ©]&3F Influenza in vivo
challenge =24 ¢ hWRS®| &5%F
- Chicken bone marrow derived macrophages (cBMDMs)Z o] &3}
WRS®e] HHS7s &<l
- FMDV-VP3¢} [FN-lambda A% @& e]l A 2 in vivo &
s
O HAE 7|6k Ao HSH £4 AT
- AAE 7N 2dEF Qo AFAY
- Chicken bone marrow derived macrophagesE o] &3 HI=7 &
BEZ gAY
- AAE W3l4ol| 93 W
- Chitosan, Squalene®] Wd =7 8% 7
O AZSFAA A=FeAS o &3 MR A HILdAL HF
Al B S ANzE 5

- M2HA2-Influenza A virus infection in vivo challenge 2&-& o] &

e
E




3k CAvant WO-A13} ISA708] HYR ZA &

- H5N2 7+l gt CAvant WO-A13} ISA702]

- HIN2 7ol ofgk CAvant WO-A13} ISA702]
O oA HIFHAA Y MEAHIAS

- Chicken splenocytesell 4 ¢] CTL response 7} Al &

- Ao A2 CTL response &<l

- Splenocyteol| A &] Aol E7IQI &4& &3 CTL response &<l

- Splenocyteel| A1 9] FACS #4-& &% CTL response &<l
O B3 Az BAHASAA FHo &

- Heat shock protein, Flagellin, Hydrophobin, 2~5<-#l
O AxF Ld AN="H =

- AR A" A

- A 4 Al 2E A G

5
5}

e

O A= BARISAA A5 At
O EAHEG A ] A= Td
- AR ASAA Y A T
- BARESAA TR FA-F4A §HLE FH A=
- WS aRE 7tA = Kluyveromyces marxianus X 52 4l
T Az T A" FE
- Kluyveromyces marxianus @5 283 SAHRGSAA Y A=
Elgi)
O Az BAUISHA A5 A 8 Fad771aege] 34
O HHFH Z2upoleY AW FFE o &3 EAUGSTAA 2 B
g e Azt AL T
- S boulardi &% A o] HE YA
- BAASZ7 A squalenes 3= S boulardi R A A4k

71 =70
- S boulardii 755 SFHNEZE AHES WA g9 dFo] ud
© S. cerevisiae #FNA EAHAZFZA squalene] A4 A3} W
2A Y-
- &% S cerevisiae TFolA squalene IAY4HS 95k T A3}
2w A3}
- Squalene A4t 2AL-H& A AEH S cerevisiae #+52] 30-L
2k g w) <k
- Squalene®] non-GMO AJ4+H& 9]¢ self-cloning &R 2] A=
O ME" WA RZA(CAvant WO-AD i ZFAANAH(2FAZF
A=, wAEH, ADE 71AAE, AEAEE F) rrEFHAL A
dHA A Bt

- A EzA 9} AYFAA N mE A BIL
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1. FNEAA Y s

O 5&& WARZzA(adjuvanh= U] &
et 98l AHgEE AFoE, 3

O o4& WalR ZzA(adjuvant) = WIFEaF Qo= < A(safety), <F A (stability)
Autility) SHolA 2 71X 21 Zt5oof 3, 714o] AHsly EE5HEE
A3l oF &t

=)
>
2 oo

= A&Yo] o3 WIS
WAS Fodof st MEHA Fxo A T-o] gon, O/W (Oil-in-water)
AR ZAY] Afde Zx7] "HIY§Rgo] Fsht AV ALKHA @41, W/O
(Water-in-oil) WA B zA9 79, 542U FZ R AA7E YARE 2
dof 7S F AEd WA R zA(adjuvant)7F Ao wmEtA EFujg Rt o a3

7 F5

Z
>

O &8 WAR=EA (aduvanhe HFHOE ALEEHO 2 &7y
adjuvant(FA), olH % &= H|%3}e] ISCOMs, microsphere 5 Hi
INE F Jde AMELR adjuvantEo] A MAHOE HAHO=E I

O B2 TFY AR zA(djuvan)e] A70d 237 Bauxa Jou 54, A4, A
5o EAZ AAg WAl WA RZA(adjuvan)EA AHEE F U=
AL &dFvE IAE AERE FAHEHO glow, o AF/HA /Y BRxA FREF

o kAol HRER egky] WES.

O 7l«d%
- Tl A P (Water-in-oil) dBHL F2 sAFd A E&HL A= 7<= b7t
A FTEE WAAZRE A% F5FP(Water-in-oiD) ol B2 WA A zo oA Wil
BEEUE FEAIA G AT oEA Az ofE A Ax" dEH Wile] FA

7] oHE AR 2 AEE UEE ©3o] Qo] oEA s oj# el s
= A

- IUle] FEWA o]&x = WMARZA(adjuvant)F FLAAHNZAPOES A=FAA
AAHEY @ HIHY 53] AZAAG S st WAle 855 S4AZE & &= 9
o Z7A(Immune stimulator) & ZE3}sh= WAl R ZA|(adjuvant) S A4, Fofstar = g
Al Sl

- 53], A+t AEH 22L& YELS ol &5t WARZA|(adjuvand)E NEstE = Al



O

D

O

S Qo SFAZ G F, BAA] Aol Tt SFo AN LA A
o FulHo] dendritic celld 2& FAANALAPOES AFAA HAES D A

Hos FHANFoR R HF WolHdes {FEF F e FF AAY @A
(Endogeneous adjuvant)E AZFoW A= AYakste] WAl B Z A (adjuvan) =2 o] 83t &
A7e A AAFcEZE A gl

FHHY 571 FEUAL JdEA FREF 9 HAYSAAImmune stimulator)
E dF 24942 EYE AENLS EXE 283 7|&2 AEstaA sk

ATF7NEe] Z oA
S5 WA R ZA (adjuvant) ML F2A

WA B Z A (adjuvant) & olE A 7€ U MEEo] A G odEd dEEHE 4
5 o] BRY, AL EFs WAl AR F oF 70% AE=E A= vy Zeds 49
StAY AlzE AR ZA(SEPPICAF ISA 70)0S 93t AH&3stn = AR o=
A o] 7e o] dao] "ol

AA o2 WAl Az JojA =& A, M Ho HAYA FH, =& o
A YA #YA, A-E, FAS(syringeability), AZzFAHe] folA, odxd Y89 =

4, A717e] Rt o e SFAIe sEUUE
= h:]

oEdel = e FA

a7 FE 4 e L R EL
o BaF YT 434 FREL oF L 0F P AxrE WA FU AAH
N, olmAd B471& % Au, GMP M A= AN, A4 L&YY Fh AM,
B4 Wanzd AL Bd 9y J1Es AzeE Basn e

FH7AQ FEHAATAE FE] WA Az, diF A4 As7E 2o suie] de )
EQA oA I Hao rledds AES T o T8 WARZEA iR
= % AA B AF g v=E Y S5 2ye] Y3 oAk A7
ol A< EAstal o AT E T Ve 283 JheAol -



+ 20004ty O

- HEXNY U A

(Freund's adjuvant)

* Unstable (B Al A AR

O =M fFe=i A= 257
I BT T WO FE e
SAS 24 tEA vEe

2L AA 343
U BA 217
ZUY CAb 313
ZUY DA 476
=1 EAL 328

2L 82.2

2| 243

32, e Nobilis REO+HB+G+ND A Z2] A

- 200014} 0|z

« SEPPIC ISA70 S%

ISA 70, ISA 71

3M|cH
ExE)
- 201614 - 201944 x|

« 54 38 THA (1 step)

« More stable (&=AH|E2Z 7]

A
w

2

e
O:



Granulometry 7|7| 0|2 20X 37| =3

13 WA oEde] |y B

FF 9 G o], MARZEA Y WA AT, WY Ax F A
LWl B gE) o) Abolo] mek WMAle) gy W A WAV BAHE

TTATE HYA A A7 20

& Saccharomyces cerevisiae <} 3|7 &% Hansenula polymorpha % Pichia
pastoris 52 #FE &3 AxH T = 7]3 B

- AlEzd 33 29 ¢ 39 43 Ve I VEs B

oNA HAFZE=4] squalenedt oLz rolE FAEH At Ve HA

gt B o Z73A|(o): heat shock protein, flagellin, cytokine )2
A7 A < Uﬂ‘lﬂu—z‘ﬂ ayo Hsted we] TLR (toll-like
receptor 15 RtEEA &R AlxY WEESF3e BAUSSE 845 sAd 48

O ZEdista o|FF g AT4A &0

- 7 A (soluble) A& Hd, AAT + e AT AxFE dide 43 V& B

- 784 ofmizo}a tRNA &4 &4 (aminoacyl tRNA synthetase, ARS) @z g =
A& B

- ;(szg- I;]-Hﬂ ;‘él_,] /1\} Iz

- AYAME 9 MEFE o] &3 AHHY &3 HF In vitro A28 B

- ‘ﬂl‘/}li}_xﬂ (adjuvant)e] &5H4F5E 3t A=ZF A challenge mouse model R

- WA AR, MExAH WS EAE = A& mouse model Al ~F HF
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2. A7 W& ¥ A3
2-1. WA R A A
2-1-1. 7bE g od WARzA A%

NE
J{m
oX
Mz
1x

L

D FRF f3AE) 248 FoAz2 3

b odg MASIA D 00 o gke] Wunz

EFAA vrelH 2~(AIV, HIN2F)9F FAEW  nbo]l 2 2(NDV,

TAEY FLF ZHISFAA FAdF
Adjuvant H] 31
(EIDso/dose) (EIDso/dose)
Group 1 10%°, 10% 10%°, 10% Mineral oil A
Group 2 10%°, 10% 10%°, 10% Mineral oil B
Group 3 10%°, 10% 103, 10% Mineral oil C
Group 4 10%°, 10% 1080, 10% ISA70 A =T
Group 5 - - - AN ET

- 6~8F% SPF &g 183 1054 wiAsta, Aol Adwalel 14:80.5mn)S =50
2 AEE WA HF 3F ¥, 57 Fo Ao FF-$F A AP (Hemagglutinin
inhibition assay)< A A3

- Ay a91et o] WAl HF 35kl NDV, AIV HI &A17F 1284 o] 4] AS=
FgRlEFReH, 5Fake AV o FAIIE FANET IFS AQdsta 25 Asst
AR Z2FAEFAAS EHAMANE ARV A7 F4 o J8T &3
FA7E7L 64n] o) Folojokatr B A@TolA BE IFolA AARVIE oo AARE B

Qi HUG o] }E o3 Aol L

MDYV

Log2 HI titer

—T —T B E—

[=]

Groupl Group2 Group3d Groupd4 Group5
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3MP1P2 3MP2P1

a9 6. 3 A v B

(3) NDV @ ulAlg F3fojo] 4z=m7] 9 B2, 781 J=
- Azd NN {3 AHgr) e} BEE A Y 9 WAl §f3 3mE
FHste] U354 celldl gol A719%534+e7|(ELS-Z, OTUSKA Electronics Co., Japan)E A}
3t A AL, dHAV|E FABAAELS-2DE 508 2% FFFHeE UER.
NDV ©rduial fstole] oz =y] Rxe AUBAAL] FRE 4 2QHFHY vg
& A ggkom FFREE Uehol fatdudlA dFe] vt m=2

A Bxsie skl AL B,

(|

3 2. NDVER WA fstele] fstel o] npe BE 9% =]

Sample Size Mean
(micrometer) (micrometer)
ISA-64-3m 6.7
£.45
ISA-64-5m 6.2
ISA-73-3m B.5
7.85
ISA-73-5m 7.2
3MG-0R-64-3m 129
12,40
3MG-0R-64-5m 1.9
3MG-0R-73-3m 13.9
12,55
3MG-0R-73-5m 1.2
dMG-G1-64-3m 52 500 Ls Int: Cisvipuriontls)
3MG-G1-64-5m 48
3MG-GI1-73-3m 8.5
8.45 :
3MG-GI1-73-5m 8.4 5
IMG-STR-64-3m 3.4 i
3.20 = o
IMG-STR-64-3m 3.0 = £
a a
3MG-STR-73-3m 48 - £
3MG-5TR-73-6m B.1 ' o
3MP-0R-64-3m 48 1 2
4.60 ' e ) s wam
3MP-0R-64-5m 4.4 Sramster [
3MP-0R-73-3m 5.4
.05
3MP-0OR-73-5m 4,7

- zEd dE f3kA4 SA 7002 Az f3tde] H=+= oF 30~50 cPe] =& yEH
yaom, MG 2 3MPxAIS] WAl f3ldfo] [SA 7002 A %3k WAl f3de) vl 2



UEt o] FAHRES ThsAdol SlofA ISA 7022 Al =3t o

Jo
ot

tlo rlo
1%

Yiscosity of emulsion samples

ISA 5 5}l:

32 ~ 46 cP

Yizcosty (cP)

(4) NDV/AIV &3 428 Alg w3t A4, 5= 5949

- Z2F AEFAA violH AV, HIN2) wAl<®W nlo] 2 2~(NDV, LaSotas) &&3}
FHoE Az APFWAS G5& XAt A& HEAQ ISA 7002 Az 2l =
5YS Hlw, BrEstr] st wAEW violg e MR8 FSAYORE, Z/RIEF
A vrolel 2~y FAZE HI7HE St A7MAES AAT g7 EE 9%
AAANE S AAstR o, Rl &5 S o yE2&S S8t 1 AHE of
g Fo YR 3)

33 APHAe s= 59 MY

ND CH Al ND CH

T T T T T
e Al ND CH A Al ND CH AL ND CH

1 8 & = 1 4 o} 3 4 = 7 9 =
2 5 7 = e s e 6 = 3 6 -
1585 3 4 & : 2 H NT  NT  NT 5 6
(PD50)
4 3 6 = 4 8 o 4 6 - NT  NT  NT
Mean 45 63 1.;0 23 5 6% 3 53 1;0 4 6 1%”
5 4 5 5 6 = 4 6 = 4 5 =
6 4 5 5 7 NT  NT  NT 4 5
1/25 8% 7 5 7 = 5 & S SIS D 4 5 -
(PD50)
8 4 8 D 5 6 - 3 5 - 2 6 -
Mean 43 58 7% 5 63 90 35 47 e% 35 a3 P
g9 5 5 NT  ONT  ONT < 2 D 3 5 D
10 3 7 3 9 3 5 6 - 4 5 =
150 BZ T 4 5 G 7 5! 4 5 D 4 & =
(PD30) )
5 7 NT  NT NT & & . 4 5 o
Mean 45 & 1%” S0% 38 48 50% 38 52  50%
S HAES) 45 6 9% 27 57 8% 35 5  78% 28 55 8%
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(5) NDV/AIV

Azo] of™d kA A (Stability) S 1

d

A} mpo] E 2(AIV, HIN2F)F A

] #lo] 2 ~(NDV, LaSotas) &

E=3
=

JICx=A = 24X F7E

e

(accelerated stability) Al

=z ISA 703 Wln, H7}

2ol 4

a9 89}

W
O

ol

Ko

o

no

¥l

== a—mi_ﬂh—-ﬁm_m

l -p T Wy s e T T g !,j !!
;
) O ST e

l - !

ISA70: Ag

70:30

ISA70: Ag

60: 40

sS&e

ERE

BRE = SHERE

ad

SERE

o]

O

0

O

O

O

O

O

O

O

0

O

O

O

O

Q

Feste] Théerdy Boba

Bl A]
RSN

a9 8 A
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group 4¢] nanoparticlee 3]4¢} =&

%
BZEA 1

A 77} O

40~80cP A =9

=2 o
m|m

2

i

—_—
0
e

M

M
!
gl
,ﬁo

ol

wK

2

v 31

70 CAvant WO-A1

30

Gruop 1

CAvant WO-A1

65

35

Gruop 2

60 CAvant WO-A1

40

Gruop 3

70 Nanoparticle

30

Gruop 4

i

o=

o
<o

Ok A

[SA70

70

30

Gruop 5

80

1l

]

ISA70, 3:7

Nanopartic

4:6

3.5:6.5

LN

le, 3:7
2.06
2.03
2.02

38.6

G4.8 81.2

50.7

oatC |

m25C|

36.3

60 785

58.7

47.3

356

735

46.2

W37

A

TIAR =

FRP

2)

N

e

A

2AXNZE F71E 4T ~ IJTCE =S5t

)

123 5E 2 23 =27 243 o1}, CAWIOCAvant

4 A

Kol
L.

g @A I} ISA70
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- WAl ZAEZRE Y 2 ol wrEATES Ao 2R FEAPA AL AW
= 9 FAAAE AES d=3517] Yo A 4 HEAY ASEEREEH SEATY S A=
StEoll A Z+ZE 1ml ¥ 2ml S 2| F3ke] Bradford assay® @il S AHesle] FH#3ke 4=
3k

- Surfactant £/} el o3 Y WE AA Z(sustained

|
4
e
do
=2
X
1o
)
r2
%

release) s AT ¢ 9o B AY Ed2 AHY Fd WE S8 2 ANge A

A&},

sample 1 sample 2 sample 3 sample 4

]
E:
Pratein icksesfh)
R T
o
3 K
]
i
.
Fratein tekseph)
5 -

Tomwiday) i Tameiday)

sample 5 sample 6 sample 7

Pratein wkseps)
ub 8w §

{

a9 12, 3] Y UE AY

4) 74A ] Fao] wel 2eg CAvant WO-A1 WA B 4] 72

>

o

= l"_?l',
oN ¥

FAGOBANA FFNe HAh 40%7HH FANA APS BAF 2R B A
e TIHOE FAF] ZUE ouisin, ot £F WA APl F2F 89

Hhol2j =, & AEA Z1HAE Hholg &, ek

FAZE HmA

) Adjuvant
Group Antigen Note
% contant
NDV(LaSota)
IBV(KM91, ADL05258) ISA70
Group 1 ¥z
AIV(HIN2) 65.8%
EDSV(K11)
NDV(LaSota) CAvant
Group 2 IBV(KM91, ADL05258) WO-A1l Al
AIV(HIN2) 65.8%

_14_



EDSV(K11)

NDV(LaSota)
CAvant
IBV(KM91, ADL05258) }
Group 3 WO-A1l Al T
AIV(HIN2)
60%

EDSV(K11)

- 6~8F% SPF &S 159 1074 wjAsta, Ao HAlel 1482 05nS +5o =2

5

AEsa, 28 AF IFS 1A AF 257l 158S 27 4% HE W AT 37
%, 7% %ol APt @7l AWND, AL ED)E AAsdon, A@ua 15 5
F APTe wASH w2z BEFK06FHE TARFY UYL YA B

.

) & & 6% 7 55
- /

HE 3%8 S 557 "B IFH

1 shot Group " i'ﬁ*l% g:gx[g ﬂ%klﬁ
2Fi == 3==x+ 2?:| éhs 53 :t} m HE ?"‘Il
2 shot Group ‘.‘ ‘.‘ f_gug tﬁgug tdéulﬁ—r
ND Challenge ‘.‘ s
dd=

149 %h o eJAsty ZAHFTES T
2T 100% HAFSEA L Al 90% oY AEsks Ae &l

Protection rate

A No. of chickens Obge AELY (No. of the alive/
period(Day) No. of the tested)
Group 1 10 14 90% (9/10)
Group 2 10 14 90% (9/10)
Group 3 10 14 100% (10/10)
TH1E dxT 10 14 0% (10/10)

N A3, 18] A% 3% F AsolA 1SAT00] £ 4
%9 7% F Aol 94 Aolr} GlE AL
1 %

¥ 1A AHE 3—r9‘r STXW}X]L ﬂﬂlﬂﬂ g o
+A
2
%

_15_



el wE
)= o] CA

b

o &2 ol

} O
=
N
=

A7 ME7E 24 o, WAl FEkde] ko] FA(R Bl Ay
WIO(CAvant WO-AD2| &<} xHo] 7la3 Zloz dd=m, =7 4

S B A2} b,

ND HI titer (2 shot)
900
800
700
§ 600
£
¥ 500
T 100
s &
5 300 —+—Dshot TSA70 65%
: / == 2shot CAWIO 65%
100
—a—2shot CAWIO 60%
Om Bl T T T T T T T T T 1
oW IW W 3W 4w SW O BW W BW 9w
Al HI titer (2 shot)
10.00
900
800
700 L
5 e
.E 6-00 / L
s 7 g
g 400
: / == 2shaot [SAT0 65%
200 / —@=2shot CAWIO 65%
100
—=—2shot CAWIO 607
Gm | T T T T T T T T T 1
ow 1w 2W 3W AW 5W BW TW BW  ow
EDS HI titer (2 shot)
800 -
700 32 I
g so0 1
: /y " :
T 400 /
gsm
e 2510t ISATO 65%
200
== 2shot CAWIO 65%
100
J i 25Ot CAWIO 60%
000 Bl T T T T T T T T T 1
oW 1w 2W 3w 4w SW BW W BW  ow
I9 14, AR 22| eFo] mE Hiold X~ FAE Bl
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(1) o] 58} 249 B3
- MaRzde] 4 Wb Eelastn SAAEPNES 2ASL, YA FAOL i

(o]

If & £ AEdA AHT 715 = D TANE e = =
Heistw AFESH o)7d e AT AEe 845t Ade 3T Ude Fasd
o THoE AdgddolA £3T F e SH4EY AEHEE =9 B 2ds sty Al
z2% N4 B 2A(CAWIO;CAvant WO-ADel th&k Certification of analysisE 24 stazl g
ot §Aoil, WY o3 E4e W/O emulsion typeo] WA R ZA Y FAHAEQ 2JS B
/&‘]

/l\_]__

o FEdEzAd AT od AAdd &2 F v £ 2d B HAUH A
Pz

[e)
==
8717 AR E F83 HEE &8 F Utk

£ o
>
o
9
BRI
it
Ho

« Rl FYHMA AT4A

c APy SEUSn A FFsta A F35H oY

e o1¥ YA} 2016.09.22.~ 2016.09.26

« W8 oF Agel thgk 4L, #AAkEETE 8 BT HIFS7E AR Setting B A,

ol Aol tigk Aagk &4l

- AN EE Uik 28GR (triacylglycero)d 71 2=A @ EAo] thEr] wjiEo| 47}, Ak
387l @0V} HIFIIIE SAT w B4 ARHS o2 HAAS ok olE st Y
7FA A gt AsEE AAE BAMS A5SHA S

- YA R st EAFS B

(2) A3

@D 4H7HAcid value, AV)
- Ao §A 1 g Foll EA8t= Fel A4S F3lsl=d 23 KOHS mgs

TA Tl A= FEAE

r
o
1%
ot
o
T
o
=
rlr
Y

O AN

) A5 5 95 100mL AZZet~=e #H3H

ii) n-hexane : EtOH(1:1, v/v) €< 30 ml 7}t

i) 0.5% W=zl g9 1 mL

iv) 0.IN KOH(100 ml, o&t& : & = 95 : H=E A=A

v) Al&2] End Point(FZHANTD : A& Yetfio] 3023 AAIA &+ 3
* Blank(No sample)® A #A 2 F3ste] AAZHT0)S T+ Al

O A

_17_



I = (T1—To)x F x5.611
S

A

—

T, MO AFRE 0.1N KOH AH|2H(ml)

Ty : Blank0fl AFESE 0.1N KOH 24| & (ml)

F:0.1 NKOH %29 ==} =(Factor) = 1

S: KX AlZ22 MFE(g)

5611 : 0.1INKOH % 1ml S0l =X dl= KOH mg ==

@ FH2+3LE7H(Peroxide value, POV)
- Ao 54 1 kg o g/d F4eE2] mg F#HF(meq/kg)
1A At o] 271 A o Ao FAY AHHAEE e FE

O A3
) A E(SF 5 9E 250mL AHZZet~=o #HEHS)
ii) Chloroform : acetic acid &<4(2:3, v/v) 35 ml 7}3l] =<
i) 33} KIg&H 1 ml H7HAdwdrio A2 THEA)
iv) 135 &3 § i 57 WA )
V) 55 75 ml A7 EF (A=)
vi) 1% AEEA(ZAeH) 1 ml H7F (N2 epA)
vii) 0.01 N Na25203(100 mD=Z & A (TD (endpoint : F24)
* Blank(No sample)= A #A IthZ F3dste] FRZ3H(T0)= +& A!

O A4
(Tl—To)X F XN

POV(meg/kg oil) = S

X 1000

T, : 2 A30] 0.0IN Na,S,0, 2 AH|2ml)
T, : Blank0j A 9] 0.01N Na,S,0; 2% AH|2H(ml)
F: 0.0IN Na,5,0, %2 == Factor(=1)

S AIZRA(g)

N :Na5;0:8 =22 5&=(= 0.01)

1000 : M5t E7HE AR 1 kg 52| diitslE 4.

@ 2.2 7Hlodine value, IV)
- Aol f§A 100 g o 5= 89059 g F(F4,

FA9 BERRCIZAT DT F73

iodine/100g)

O A4
D AzrEet2=320G00mbol A 5(¢F 1 95 AT

_18_



ii) Chloroform 10 ml 7} & &3l

i) Wijs reagent 15 ml #7138t & &5

iv) 2% % oA HX(60 min, TAZ EF)
v) 10% KI solution 20 ml & /< 100 ml 7}
vi) 0.1 N Na2S5203 solution .2 AHAH (=gl o] ALz o 71A])
viD) o]ojA] Tl 1% HEE 2 mL(AAleP) Yo o]ojA] HH

viii) End Point : X eto] FA(gs))e =2 & o HEEH 2 mLEy &2l

(Vo—V71)%0.01269%F x100
- S

LV

LV.: 8X] 100g0| S+5= 22E9°| g

VO : ZAIZ(Blank)0{A 0.1 N Na,S,0; 29| AH|ZFH(mL)
V1: 2HEAZ)0M 0.1 N NayS,0; 89| AH|ZH(mL)

F: 01N NayS,0; 49| Factorgt

0.01269 : 0.1 N Na,S,0; 8% 1mLM 425l RRE9| g4
100: R2E7t= A|& 10090 £7tkl= 82E9| g +=¢

St MF e AlREHg)

@ w]*3}7KHSaponification value, SV)
- Aol f2 1 g& HF3A7|E= ¥ a3 KOHY mg &
Ao FAR RS B AE MHFHoE 54

O 4134

) AZtEe2~30250mL)el Al=(eF 2 95 HT
ii) 0.5 N KOH in EtOH &< 25ml 7} & €&
iii) Water bath oA 15 min 7}&(FA - gk2l)
iv) 1% HAl=s=Zeg 2 1 mL=TA -1 gAl)

v) 0.5 N HCIZ Z AR }A—TA1)

O Ak

_19_



Saponification value =

(V,—V,)XF

X 28.05

Vi : Blank test(=A| =)0 A 0.5 N HCI 89| A H|ZH(mL)
V,: =280 05N HC &9 4H[ZH(mL)

F: 0.5 N HCl 99| Factorg;

28.05: 0.5 N HCl % 1 mLoj| Atetsb= KOHO| mgs:

S MF T AR FE(9)

@ A 24 A3

@D ISA 70 (Certified value &% ZA¥Hw & APH AA
ST —
AV | S 5A 01N KOH mlL AV Certified -
(g) value
Blank 0.1
AV-1 g 1.1002 0.1 0
A7}
AV5 g 5.0008 0.2 0.11 0.1 N EEAAR
=
T —
POV 1227 0IN Nas$,0s mL ~ poy  Certified H 1
(g) value
Blank 0.3
POV-1 ¢ 1.0305 0.3 0
A3 57
POV-5 g 5.0718 0.5 0.39 040 }‘T]-E- Di;]?@l-g
B
TET —
v 7L 01N Nays:05 mL py  Certified W 1
(g) value
Blank 53.7
{exy
IV-l g 1.3501 46.8 6.49 6.3 A i‘%ﬂ]é} 3
L]
V5 g 5.0596 27.8 6.50
TEE —
SV Je 05N HCl mL gy Certitied A 3
(8) value
Blank 20.8
SV-1 g 1.1706 19.9 21.57
H) =3}y
SV2g 21255 196 15.84 14 A ;Zf]é,g
-]
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@ Aol o Am (A oil, C =A)

AV POV v Sv
A oil 0.11 0.20 0.50 0.00
C ZA 1.12 0.59 5.79 12.56
ISA 70 0.11 0.39 6.50 15.84

212 FEE o9 WURZA T 9y B}
) =Al AA st g7t

(D AAE waRzAZ Agumal A=z

ZFWAe WAHF BE 2EH2E Qste] Aggo] A

sata 18 gEnes adst o A&Ee WAL 45E =3

A o] ZH ThrlERAl FEjo] wWilo] H
]

¢

of Tbmale] 28 oF. B FAlA A% MunzA 4N 2R ANAYA FAEY
WolEl s, ZRAFFAR vholelzs, (e AoE volel s, B AEA S BAY voles
Qe wPEE GG ED 71 NEO-6)H 88134 AR L ol ®op o] Az

Contents (per 1 dose) Mixcure ratio

NDV (rNDV-mF strain)* 1034 EIDso

IBV (KM91 strain)® 1054 EIDs

BV (ADL05258 strain)” 105! ElDso .

EDSV (K11 strain) 10° EIDy Bulk : 75,000 nl

; VA

AIV (A/Chicken/Korea/01310/2001(HIN2) CE2§)‘4 strain) Adjuvant © 175,000 i
10%* ElDs

Adjuvant(CAvant WO-A1) = ceceseeeesesscsnsnscnsnnninsucnssd 70%

Formalin 0.2% ©]3}

@ A@male] A A
CREES I IRL B T
J

il G FAS Aste 2R AHAFT A, dEEF s HS A
Y 2P 25E B HE APe AN
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(No. of birds positive/No. of birds examined)
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AGAS AGBA 14 AFE 1FA] MAS HFF 21F] WAL FFNA e fz
of Mste] AFol o 100g F= Aok 14 HE
1, 2% AE 2FFAE A MHE 2§ FYT AFS YRS NAHF e 2

Edz g FAglE 2 Foul Q= AL FA.

Body weight gain after Avian vaccination

1200
8 . :
2 1000 D=1
= -
= T I/'L
= 200 e -
=
2 o0 _ < —4— CAWID
2 s B
= I : Unvaccinated
S 400
a
z
S 200
=
=

0 : : : : )
Do Week1l Week2 Week3 Week4
(15T} (Znd)
Y15 WMARF B FAE el

HEd ARk & 20970l tistked NEO-6
o

<1
Sz AR SAT,

A PR} NDVE HEQ F 279 FALE Rolm Qom, AF F 27 A 4
S hEFe Az Al mek Zaste FAE BY AIVE BUHE A Al 0% 3

of

o
N
N

—_>‘£4

F 2°o1gel FAVFE Bl HHTES
WHEete FELR Yehd. vpAee R EDSVe] A% AfAIRt dAE Apelrh FEle] yEhg
AE3E sty olgslon, Wil HF Fels HAIERL 2ol AL B HA
71EE Ui FEOE YEY
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1

Log 2 HI titer
o
(=)
(=)

12.00 - A
ND HI titer
10.00 S
E 8.00 -
T 600 -
™~
[=]
(]
— 400 -
2.00
——CAWID =m=ISAT0 == Control
0.00 T T 1
H=EH 2 weeks 4 weeks
10.00 - .
Al HI titer
8.00 - _[ 1—
L 600 o | mmmmmmmme o e
2
T
~ 400 -
cn
3
2.00 - —— C_AWIO == ISATO
—— Control —-——— A=
0.00 o T ik 1
HEH 2 weeks 4 weeks
1400 - .
EDS HI titer
12.00
v
10.00 1
L

400 g = ————— rt*r--—-——.r
2.00 ‘ —— CAWIO —E—ISA70
== Control ——— A=
0.00 . amts ! .
H=H 2 weeks 4 weeks

1916, dRE g WA HE % ND, AL EDS HI &A17}
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3) AL wlol 2 2o] thF ko] & 8HPDs) W7}

65 SPF A@AE tdoE MY dosed Festel AEHT WA HE 3

F ¥ RE
A tha 348 FAEE vlel# 2 (Kr005 strain, 10°5.5 ELDsy/bird S &8 W #AHF
doh TARE F UYL AERS AAFL.
Group Vaccine Injection dose Exp. animal No. of animals Remark
1 1 dose 5
2 CAvant 1/25 dose 6 weeks old 10 Kr005 strain,
-Al PF chick

3 WO 1/50 dose SPE chicken 10 1059

4 1/100 dose 8 ELDso/bird

5 Challenge control 5

AN@A3, CAvant WO-A1E AHE&3 AP 824 PDyy A5 Ho =A47|FE<] 50 PDsy ©]

go B £EUS FASYL.

Group Vaccine Injection dose | No. of animals | Survival rate PDs
1 1 dose 5 100%
2 CAvant 1/25 dose 10 70%
WO-Al 82.4
3 1/50 dose 10 70%
4 1/100 dose 8 75%
5 Challenge control 5 0%
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HABR 2L 2 WARZA) SPF Fol Ao @A A% B

EA YA =&5A &S SPF(Specific pathogen free) H& AF&3te] WAl HE T2 19
of wa} MAS HFEAT 20 AT H DiY FHE dxTo®E OFS EFsdth A
7ol= NDV, AIV, EDSV, IBV & ZAo] Wil B ZA % CAvant WO-Al1<} ISA 702 &3}
of WMAS AxsFT WA Ax F HF ZE2IH w2t F 377 CAF FF F 3BF) 19
NEAHRE ENQE AR A&EAS BEeAdoh WA HF: & F 3157 1 FAE A
oM WMARZA FFo OE A& AFRE st A s

Group Antigen Adjuvant Note

Groupl NDV-K(rND-mF) CAvant WO-A1 /\] z;;:ql =
EDSV-K(K11)

AIV-K(01310)
Group2 IBV-K(KM91,  ADL05258) ISAT0

Group3 FHS d=T

SPF & 25m}elE Ewlshel, AWT 242 10vhe), RAHE tlxE srhelE ogshel WAl 158

o 05ne 2% 2 HEATG ew Aol me AFuy g 2 AP NI 13
AE olF 25 ¥ 24 AT Bk AYL 457 AR 15 Ao WAL, o F 857 7A
£ 2% Aoz WAL, 37F AA 4F Do WA,
2 Inoculation
1" Inoculation

\ !

0 1 2 3 4 & 2] 13 18 22 26 30 34 37
week

N N S S A A A . R M S N N ot

wAEH g &9 HAVEL 90% ol & Z@%Oi FART T NPT 90% ©]’del
A Eslojof gt} SFPEe] -9 CAvantWO-Al3}F ISA 70 S AH&3%E WA HIFF E o 14 A
Z o|% 2%z 74A HI titer/Mu) o] L&t 181 2x} HE 250 HI titer 7} 328] o]
& &5ka, 377 8wz wrolbH T

CAvant WO-A19] ZA-¢ A= 1z 15 744 ISA 70 HE73 B3 $£F0 2 HI titer7} 401 S
YeRth 23t %j—%;— T 25 45l HI titer7} 32005 YeERATh HAH o2 CAvant WO-ALE
ARERE 2FoA ISA 70 HET HBu HI titer7h 25 B EAY ¥ o2 §XES U
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ND HI titer

B.00
E 6.00
s ——W0O - Al
I 400
8 ——[5AT0
S 200 —tr— =P

0.00 ;; s 2 o & — i

01234 6 8 13 18 22 26 30 34 37 (week)

1918, SPF oA CAvant WO-A1<9} ISA 70 ¢ ND HI test vl 23}

=
olo
i)
12
2
@
i‘_t’
N
N
rr
>
T~

ALY ZFAZFAA wpolg ol Ui 58 HA7|EL & ¥

v} o]t o]ojokgit}. SFPHe] A9 CAvant WO-Al¥} ISA 70 & AR3 wWiAl HEF & vh 1
2k HE olF 22k HF 253 7hA] HI titer7} 2560 o] o2 &

Dol w4 7|IE o3t (64v] ) & HolHh

ISA 70 o] 2a} HZE 2%+ (45l HI titer7} 51281 & 7% =gkth ag]la 23 HE o] % 4%
ZF (65 o= 3287} = Ao CAvant WO-A17 522 HF 252k (4590l HI titer7} 25648) =]
AL, 22k 45 (67)0l 3247} H AT

CAvant WO-Al9} ISA 70 & Ar&3F WAl HET & o ¥d FFo =2 HI titerrt A HSIA
o} Al9)7-¢ ISA 702t} CAvant WO-A17} HI titer7} 25 © @AY B84 £-29 At

| Al HI titer

10.00 l
= B.00
A
fy=t
= 600 =0 - Al
I
rg\l! 4.00 + =E=15A70
= 200 el [ 5L

.00 J‘s‘-:-:i-.".:'rfr' i = i k&

01234 6 B8 13 18 22 26 30 4 37

1319. SPF =4 CAvant WO-A1<9} ISA 70 €] Al HI test vl Az}

WA R wManzAe QAAY A TEWE A 54 JUAel wEaHel g )
Aol g WA HES] FAZE ADE AW Atk 24 WF BEIAA A FA
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e £Zo] H titers BHFQ o™ CAvant WO-A1S adjuvant® AH&3AS A9 23 2
FAZ7F 64v) FEo 2 5o Ato] Al wht wrolmth. 355 Fol= 8u)

oy
el
rO
il
S Hu
e
Ny
jus)
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o
k)
[>
2
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e
ot
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N
N
e
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o
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=
P
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i
Y
i
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e
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NEO-6 A44 AEE FhA 3AF A% wALYH} 2FASLAA whol @ 2o 4 CAvant

WO-ALSH ISA 70 & ZEIF #9)2 Aol7h gl ZOE fANYUTh AAAHF B GA

7 o AR A1E olgel Gt

Byt B3 FALES AVAHE AT MARE F 377 (O GADT AWANE o

) F 3 2% AF 27T

Zastel ol WA ZEIW T ®Aol Bas| Helu,
FYste] MARZATE Aol ohd Ao BB

flr do
oot
i‘-’ﬂ
N
it
N
¥
ol
H
N
I
i,
rlr
PO
ftlo
ot
rO
mgl;
-
hasd
32
i)
i)
r\j

2-1-3. 7ta& 29 HAR A7} 23 HAleo] JBAE

MEE 7HEFE oY WAlHE ZA(CAvant WO-AD7} E=3he walo]l A13F 7S 935t AAHA|
FAGAME FEFAHEGER | AZstA o AFAIAGA A 2dH & o] A=
of we}l 3 lote] AlPFWMAE ofeffe} o] A=3Fh
D AW Az
Production
Lot No. Contents(per 1 dose, 0.5ml) quantity
(1,000dose)
NDV (tfNDV-mF strain)* 10%* ElDso
IBV (KM91 strain)® 10%4 EIDs
IBV (ADL05258 strain)® 105 EIDs
EDSV (K11 strain)® 10>® EIDs
T316N601 AIV (A/Chicken/Korea/01310/2001(HIN2) CE20 strain)* 102
1034 EIDso
Adjuvant (CAvant WO-Al) - 70%
Formalin 0.2% ©o]3}
NDV (NDV-mF strain)* 10%8 EIDs
IBV (KM91 strain)® 1052 EIDs
T316N602 , 100
IBV (ADL05258 strain)® 1051 EIDs
EDSV (K11 strain)® 1050 EIDs
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AIV (A/Chicken/Korea/01310/2001(HIN2) CE20 strain)*
1034 EIDs
Adjuvant (CAvant WO-AD - 70%
Formalin 0.2% °lst
NDV ({NDV-mF strain)* 1034 ElIDsp
BV (KM91 strain)® 1054 EIDs,
IBV (ADL05258 strain)® 1052 EIDsg
EDSV (K11 strain)® 10>% ElDs,
T316N603 . , 98
AIV (A/Chicken/Korea/01310/2001(HIN2) CE20 strain)*
1032 EIDs
Adjuvant (CAvant WO-A1) - 70%
Formalin 0.2% ©|3s}

(D) Agmae] AukA
AW 3 Lotol thate] SEEGFE ABFHAA FAAY/ T uteh AWAAE
AR, FrolLEEAY, TEAW, HEA ABAY, BBH 2 AW ANF

d AP 23 3 Lot BF SE3 oS wHT =+ AU+

Jut

Ay e Wilo] Mol FERFARA O 2 A 75740}@ O—FZ_«] A ] A7 J 8}‘?’1 T
A3l A7} FHo, Mz} FTEFTO o]ato] Q. o]E I o]H s} ¢ ] Wapo] FE G
Tests
Group . .
Color Turbidity ~ Sediment il Foreign
substance odor
T316N601 - - - - -
T316N602 _ _ _ . -
T316N603 - _ _ _ _
" Normal or negative
@ Faol2FEAF
ZF MA Mg T2k MESAA A AR Fe YUk 1-11-20-030) uwhak
pH =471 ol &3tel Mol pHE ZHsIA oM, & A3 ZE WMalo] pHE 6.0-8.0 ¥
ol & AT
Group pH

_29_



Group pH

T316N601 7.54

T316N602 7.61

T316N603 7.48
Q FAE

ZF WAl W72 FEgolokE AESAAA S FVHAYFEY dutA Y 1-11-20-069] w2t
370 olde]l wAlel tiste] nutrient agar(NA), nutrient broth(NB), fluid thioglycollate
medium(Thio)oll 242} 271¢] Aol 3 Fste] 22C e 37ColA 7L wistu A zhato
EYARE BRI, AF A B @A omd Ao TSE YEUA s

22°C 37C
Group
NA NB Thio NA NB Thio
T316N601 - - - - - -
T316N602 - - - - - -
T316N603 - - - - - -

" No growth of any bacteria

ofefE A=A AA S =7t 7IES] A¥rAIER 1-11-20-09] whed

7] $18kod Schiff Alef 2.0mLE 7}etal FLsHAl =22y EFqof
0&7F Whx)ale] 1417 o]loll 520nm spectrophotometer® o] &3fe] =
g A Ay mE BN z22d deo] 0.2% o3t d2 el

Group Formalin content
T316N601 0.12%
T316N602 0.09%
T316N603 0.11%

ApgbAstE wlol gl 2o ZAdol Qe 9~119% Ese g 10/ME AFS-SHA
= zoh‘i”—} Jiol 0.2 mL¥ HFsko] 37ColA midsta, HF 74 & ;é
of 222 1070¢] 97 119 S gehe] A7t el 0.2 mLy A %

-
Al

wa
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Group

T316N601 - -

T316N602 - -

T316N603 - -

" Hemagglutination was not detected.

Clinical signs

Group (No. of birds positive/No. of birds examined)

T316N601 0/5

T316N602 0/5

T316N603 0/5

Control 0/5
@ wAEWe aYAE
FAEY, & A998 7I1HAY, ARAES 2 ALY 2/FJAEFAA vheo] 2 2~(HIN2E)
of :=ZH o] Yt AT 6-8FHl = 200 157N LAAE 10vhEhE BT

2 ARgStaL, Z wal EE AET] Hale] 1
k-3 A<y nblo] 2] 2(Kr0053%, 10°° ELDso/bird) & &
s ds BEE AFdAH A= A5 3 Loto] WAl A
a

WA HEF DTS 100% BED,

K-
ok
ih)
of
3r |o

Group No. of birds alive / Survival rate
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No. of birds examined

T316N601 10/10 100%

T316N602 10/10 100%

T316N603 10/10 100%
Control 0/10 0%

At 3 Lote] Alqt AlEHiAlel] thsho] AdWbAY, AXHAIE 2ol a9AdS Z@fﬂ 23}
o]d Lote] AW Alst vlwsiele W, =ol7t %iol Sede AT wWEkA oke] A Al

el Agsh7l= 2AH

ol

2) NAFS HE mig kA B EeAE HbE

ANEHAE 27 8C o HESIEA, AXL2RE IHd G2 SHNE, T2 =AY,
TN, BEA ARAY, 283 & A, A, 28AE 3 EA 9 Alde A
Alste] WiAle] kg e stk ok

B AxLd25E fdo] AiEof zk =9 offe} 2 AddAE A=

O SAAE
Az & PiL7tA 2e Wil Mayo] FEFA o g A HA| st oFRhe] A Fo] A
estH #d3E AL HH, Ay THE ool fla, ol& B o]FH 7t glo] Aol
2L
Tests
Group Bl . . Foreign Foreign
Color Turbidity Sediment
substance odor
0 MPM = - - - -
3 MPM - - - - -
T314N601
6 MPM - - - - -
9 MPM - - - - -

MPM: months post manufacture
" Normal or negative

o] &
97

=49

@ %
Az 7R BE W2lo] pHE 60-80 e ol AL BRI

o B
e off

_32_



pH

Group
0 MPM 3 MPM 6 MPM 9 MPM
T314N601 7.57 7.61 7.59 7.62
® F2AY
Az T 7R BE QoA omgk Al s A &
22°C 37C
Group MPM
NA NB Thio NA NB Thio
0 MPM - - - - - -
3 MPM - - - - - -
T314N601
6 MPM - - - - - -
9 MPM - - - - - -
" No growth of any bacteria
@ GEA AP
Az F IANLAA BE Wil TEwd o] 0.2% olshz =4,
Formalin content
Group
0 MPM 3 MPM 6 MPM 9 MPM
T314N601 0.10% 0.12% 0.11% 0.10%
© EZ3 g2 A Y
Az F A9 BE AN 13 AT 2ol 13 AFse] e Fungd e
A HWEE eTTL ool gllon, Funtgde] HYT $HHL BEHA *L.
Hemagglutination
Group MPM
12} 22}
0 MPM . _
3 MPM - _
T314N601
6 MPM - _
9 MPM - _

" Hemagglutination was not detected.
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ZAA

T oNe7tA e male A

jaicil

» @

e
o\

F AERE F

>
a

HARRE JRA o] BT s

Clinical signs
(No. of birds positive/No. of birds examined)

Group
0 MPM 3 MPM 6 MPM 9 MPM
T314N601 0/5 0/5 0/5 0/5
Control 0/5 0/5 0/5 0/5

@ wAsBe a9Ad

Az & NL7tA BE BAe SYAd A3 RS BT HASEL WA HES A
AL 100% A E3H 2.
No. of birds alive / .
Group MPM No. of birds examined Survival rate
T314N601 10/10 100%
— 0 MPM
Control 0/10 0%
T314N601 10/10 100%
—— 3 MPM
Control 0/10 0%
T314N601 10/10 100%
—— 6 MPM
Control 0/10 0%
T314N601 10/10 100%
—FF 9 MPM
Control 0/10 0%
g4 97HA3g
O % AEAR 7184A<S
A7% SPF 6-85% 9 o 15viel2 10vlele A@Tow, srlels a2row Agste] 7t
WA EE APEl wWale] 158E 257 NACR 28] TEAFIL 3F Fol APk F
A PS ANF
KMI1F=ell tigk Al A, Az & INE7HA BE WAl F3AYE A g2y 32
Hio] g 22 A7t tigk F3 A 57 1.0 olstolH, Al FAF= 2.0 o] FYS &gk
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IBV KM91 strain

Group MPM Virus titer Neutralization Hl 1
(logEIDso/mL) index
T314N601 4.2 2.3V
Control 0 MPM 6.5° 0.7?
Virus 7.2¢ -
T314N601 4.44 2.0V
Control 3 MPM 6.48 0.4%
Virus 6.8 -
T314N601 4.2 2.0Y
Control 6 MPM 6.28 0.6”
Virus 6.8¢ -
T314N601 4.04 2.47
Control 9 MPM 6.48 0.8?
Virus 7.2¢ -

NPE FHe B3 F ol o}

"z B Foh F Hhol 2 o}

CZ8 Mg HholE 2 97t

U @A) vlelgs orsh AWF BH volelz Grtsle] AHolB-A)
Vs Al AR ole s oflel iz @Ael wholel dzksle] Apol(C-B)

o 1o
o

ADL05258F°l tigt AlE A Az & PNL7tA BE WAle) F3AE A3 =T
A2 vlolel 2 Arte g F3A|F7F 1.0 olstolH, Al@Te F3lAgE 2.0 o]
QU3
IBV ADL05258 strain
Group MPM Virus titer Neutralization Hl 31
(logEID5p/mL) index
T314N601 4.4* 2.2
Control 0 MPM 6.6 0.6”
Virus 7.2¢ -
T314N601 4.5 2.3V
Control 3 MPM 6.8° 0.4?
Virus 7.2¢ -
T314N601 4.5 2.1V
Control 6 MPM 6.6° 0.47
Virus 7.0¢ -
T314N601 4.04 2.4Y
Control 9 MPM 6.48 0.8?
Virus 7.2¢ -

NPT BA FI F vl 9k

"z @Y 3 F ol ot

CE8 Mg HholE s )

Ve @Rl Hholel s Gbsh ABE @R miolel: Hrkste] AHol(B-A)
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PZ3A AHEE vlolE 2 drte) diz A9 wholg

A7+s SPF 6~8F% 2] 15mg]E 10viE]l= AT o=

M W APl MAY 15ES 25 BAOE 23
BA51 % vlol# o] 3 AFLRAAANTL AAT,
SHAAAY A3} RE FEZL 5120 o) e

[e)
+5HE

=

stal 3

T ME7tA BE

7hske] Aol(C-B)

ol

,sulels mzze Agstdt. 7
Agste] 4
wAle] @

B 2] o]3E ek,

EDS HI titer (logz)

Group MPM
1 2 3 4 5 6 7 8 9 10 Avg. = SD
10.1 +
0 MPM 100 11 10 10 9 100 10 11 9 11
0.74
3 MPM 11 10 9 10 9 100 9 11 9 9 9.7 = 0.82
T314N601 10.3 =
6 MPM 9 9 10 10 1 11 11 11 10 1 0.89
10.3 =
9 MPM 0 1 10 1 10 10 9 10 11 1
0.67
Control 0 0 0 0 0 0 0 0 0 0 <1

O ALY =7AZSFAAHHINZE)
773 SPF 6~85% ] 5 150te]E 10vte)E APPOR, Srtele 2O Abgste] 7
A HE APl WA 14ES 25 HF0E 23] IH5HTFS W 3F Fol st A
Be4 25 AERAA U TSHAANDL AN Ax T 9N RE Wale)
TS AAANE A7 E HETTL H 1288 o) iz 25 24] °)5E YERY.
AIV HI titer (log2)
Group MPM
1 2 3 4 5 6 7 8 9 10 Avg. = SD
0 MPM 7 7 7 8 6 7 7 9 8 8§ 74 + 084
3 MPM 8 8 8 7 6 6 6 8 7 8§ 7.2+ 092
T314N601
6 MPM 7 8 7 8 8 7 8 7 8 7 75 = 053
9 MPM 8 7 7 7 8 7 8 8 8 7 75 + 053
Control 0 0 0 0 0 0 0 0 0 0 <1
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3) okl ddB 7 At

D Als%

O AFAe] kA A
& Wl A WAl ke FAsr] st 60 FOFH)e] A FAT(TII6N60L:
°F40,000)0 Z5HF & 1102 BA6FB)ol F7F 5L, AT Avtt #HF di=x
T@7T)F A 21L3T JEBES AARE AFEAAANGZIE FF AP HFo o7
I T8 AR e HAE FIHHAL 0.1% olste] A4 &Y HAMES B

d

2] A . I 54
axrd® A} SR 74} HEWS
T316N601 - - - 4 -
1 DPI
Control - - - - -
T316N601 - - - 5 -
7 DPI
Control - - - - -
T316N601 - - - 5 -
14 DPI
Control - - - - -
T316N601 - - - 6 -
21 DPI
Control - - - - -
B ZAA] can A4 2
@z A=) A A} 488 3 Al | A} HEHE
T316N601 - - - 5 -
1 DPI
Control - - - - -
T316N601 - - - 4 -
7 DPI
Control - - - - -
T316N601 - - - 6 -
14 DPI
Control - - - - -
T316N601 - - - 4 -
21 DPI
Control - - - - -

@ N@AZe) BHAT A

Agumael 7 @el i ABA FA FH A= v\ GFE FAss) ste]
Ag AFSA, MAHFTH 2T NDV, EDSV, o3 AVel the FFSg A A
Jbsh BVl e F3A 5 FHEE U,
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T =R
3 4 5 6 7 8 9 10 Avg. = SD
T316N601 0 WPI 8 7 8 8 8 7 6 7 7 8 74 + 0.7
Control 9 weeks 7 8 6 8 7 8 7 8 6 8 7.3 + 082
T316N601 4 WPI 0 9 10 9 10 10 9 10 9 9 9.5 + 0.53
Control 13 weeks 7 8 8 7 6 8 7 8 8 6 7.3 + 0.82
T316N601 8 WPI 0 9 10 11 10 11 10 11 9 10 101 + 0.74
Control 17 weeks 7 8 7 7 8 7 6 8 6 8 7.2 £ 0.79
T316N601 12 WPI 0 10 11 10 9 10 11 11 11 10 103 =+ 0.67
Control 21 weeks 8 9 8 9 9 g8 10 7 8 8 8.4 + 0.84
T316N601 16 WPI 10 8 9 10 9 10 9 10 10 10 95+ 071
Control 25 weeks 8 7 8 7 7 8 9 8 9 8 7.9 + 0.74
T316N601 20 WPI 10 9 9 10 9 10 7 10 10 9 9.3 + 0.95
Control 29 weeks 7 8 7 6 8 9 8 8 6 8 75 + 097
IBV KM91=ol] ot A1 A3}, BV KMol Tt T3 A = 7S HTE Hilo=z <3
Algmale] HE HAEE AT 2T A AIF G7EA g9k vlolg 2 9rER| o] 2|
o]7} 1.5 ol o2 Yehd. nvioldx dVle} APT 97HE vBlustE S o, 9A HF T A
T zZkol7F B 3.0 o] e E | vlolH 2o thg RS WA "ol glgo] g]lH.
BV KM91 strain
78 A A7) . il
= A 7 H}o| & A~ .
Fel®l= S7b 2ol == (Viruse} zkel])
(logEIDs50/mL)
T316N601 4.5 0.0 1.9
0 WPI S >
Control 4.5 1.9
9 weeks
Virus 6.4¢ -
T316N601 3.34 1.3V 3.2
4 WPI S 2
Control 4.6 1.9
13 weeks
Virus 6.5¢ -
T316N601 2.8% 1.8V 3.7
8 WPI S 2
Control 4.6 1.9
17 weeks
Virus 6.5¢ -
T316N601 12 WPI 2.54 1.37 3.9
Control 21 weeks 3.8° 2.6%
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Virus 6.4¢ -
T316N601 2.6 1.1Y 3.9
16 WPI 5 2
Control 3.7 2.8
25 weeks
Virus 6.5¢ -
T316N601 2.74 1.1V 3.8
20 WPI 5 >
Control 3.8 2.7
29 weeks
Virus 6.5¢ -

WPI: Weeks Post 1st Inoculation

ANRE @A 8 F ulolg 2 o7}
Bz @4el %3 & npolzlz v}
CT3HA ARE3E nlo]H 2~ H7}

Dz @A) vhol s orieh AFE

@4 o| wholz

2 Z5A] AR Hpol# 2~ rte) tixT Ao upold 2~ 7lele] x}o](C-B)
IBV ADLO052585¢l thdt A& ZAxt, BV ADL05258F0 W3l =3 x| 4= 71& HAEH
o= Q| AlgWAe HFE AEH AIATH dx2T A AFIA7HA 9k vlol g
A gl zpol7b 1.30.2 8R1H. nlold 2 A7l AT I HlustRs o, 94 A
A4 2ol 7} 3.00]14 0.2 3 Hiolg 2o Uitk FES Wogo] S A3
IBV ADL05258 strain
T AEA 7] Hho] g 2 &7} _ P 5l
Z 3 A
(logEIDsp/mL)
T316N601 5.24 0.0V
0 WPI . >
Control 5.2 1.3
9 weeks
Virus 6.5¢ -
T316N601 3.5% 1.7V
4 WPI
Control 5.28 4.0°
13 weeks
Virus 6.6° -
T316N601 3.24 2.2V
8 WPI : )
Control 5.4 1.2
17 weeks
Virus 6.6° -
T316N601 2.6" 1.2V
12 WPI : )
Control 3.8 2.7
21 weeks
Virus 6.5¢ -
T316N601 16 WPI 2.8 1.0Y
Control 25 weeks 3.8° 2.9%
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Virus 6.7¢ -

T316N601 3.24 1.0Y
20 WPI
Control 4,28 2.4?
29 weeks
Virus 6.6¢ -

WPI: Weeks Post 1st Inoculation

ANFET dA9 Z3 F vlolg 2 gt

Bl d49 23 ¥ ulolgx o7}

CE3hA A8 HolE s 97t

Vrjzz @Ael mpolg s Aztsk AT @A wpolgd 2 Avhske] 2Hol(B-A)
25314 AR volel 2 Grkst tlaw @A nhole 2 vbele] 2o)(C-B)

EDSVel thet 4@ Ak, EDSVel thst HI 97be Al 4E 5 646) o] 402 g&3te] A
A ke fAHYew, 28 FF F PAB WPDAAE 2564 ool drtE AP 4
AR e hzze A5 AF 715 EDSVO] thd ofrbe ShelnA) ke

EDSV HI titer (logz)

TR A A7

2 3 4 5 6 7 8 9 10 Avg + SD
T316N601 0 WPI o 0 0 0 0 0 0 0 0 0 1
Control 9weeks 0 0 0 O O O 0O 0O 0 0 1
T316N601 4 WPI 8 8 6 7 6 7 8 6 8 7 71+ 0.88
Controi 13weeks 0 0 o0 0 O 0 O 0 0 O <1
T316N601 8 WPI 9 9 7 9 9 7 8 8 8 7 81+ 088
Control 17weeks 0 0 o0 0 O 0 O 0 0 O 1
T316N601 12wpr 8 9 10 9 8 9 9 8 8 8 86+ 07
Controi 2lweeks 0 0 0 0 O 0 O 0 O O 1
T316N601 16wpl 8 8 7 8 7 8 9 7 7 8 17+ 067
Control > weeks 000 0 0 O 0 O 0 0 0 <1
T316N601 20wPL 7 7 9 6 6 7 5 5 8 8 68+ 1.32
Control 29 weeks 0 0 0 O O O O O 0 O 1

AVel Tig AW A3, AIVOl TR H S7be WAl 4% F 64n) o] 4oz Fodtel AY
AMEG FAHRO, 23 WE F AAKE WPDAIHE 1289 ol4e] eirtE A 5 9
Qe tzzel A4 AW JTES AVl t@ rhe el ek,

AIV HI titer (logy)

TE AN A 7]
2 3 4 5 6 7 8 9 10 Avg = SD
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T316N601 0 WPI o 0 0 0 0 0 0 0 0 0 1
Control 9weeks 00 0 0 O O O 0O 0O 0 0 1
T316N601 4 WPI 7 7 5 7 6 5 6 5 7 6 61+ 088
Control 13weeks 0 o0 o0 0 O 0 O 0 0 0 1
T316N601 8 WPI 7 8 7 8 8 6 8 8 7 8 75+ 071
Control 17weeks 0 0 0 0 O 0 O 0 0 0 <1
T316N601  12wpl 7 9 8 9 7 8 7 9 9 8 81+ 088
Controi 2lweeks 0 0 0 0 O 0O O 0 O O 1
T316N601 16wpl 7 8 8 6 8 8 6 8 7 8 74+ 084
Control ~25weeks 0 0 0 O O O O O 0 O 1
T316N601 20wpl 7 6 7 8 7 5 7 5 6 7 65+ 097
Control 29weeks 0 0 0 0 O 0O O 0 O O 1

(2) A2s%

O Aguael by A

B4 WA AP wale] iy FAsy] st 8-127He) AWAT 2KHE F

14-1853 0] F7b 2%9E%a, AF Avtt FHE H2TETRR @ 2197 SR

S AAT AGEAADIIE B AP HE AT AY BFe don Ais F
[e)

A} 0.1% olske] A4 FEol AAEe wal.

J

-

EIEAIPN dd &
=]
a2 H2%) T A} L4583 el o A} HENS
T316N602 - - - 6 -
1 DPI
Control - - - - -
T316N602 - - - 7 -
7 DPI
Control - - - - -
T316N602 - - - 7 -
14 DPI
Control - - - - -
T316N602 - - - 8 -
21 DPI
Control - - - - -
1) A] e 4 T
@2 H¥) A AL A &5 I F H A HEH-E
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T316N602

1 DPI
Control - - - _
T316N602 - - - -

7 DPI
Control - - - -
T316N602 - - - -

14 DPI
Control - - - -
T316N602 - - - -

21 DPI
Control - - _ _

DPI: Days Post Inoculation

@ ANEAT] R A

NDVel|l thst A3 A3, iz 543 59 Hl g7 Ad®il JE & <ssto
ANE7|7F Sk 512u) o] Ate] HI 97tE X5t Aoz =, gz IA Algwal 9
ND #2185 199, 1099, 2093, 3099: A% 799, 17573)0] FE5 o] kol 4
NDV HI titer (logs)
T2 A A 7]
1 2 3 4 5 6 7 8 9 10 Avg. = SD
T316N602 6 8 7 8 7 8 6 6 8 8 7.2 + 0.92
— 0 WPI
Control 7 8 8 7 6 8 6 7 6 8 7.1 = 0.88
T316N602 9 8 9 9 8 9 8 10 9 8 87 *+ 0.67
— 4 WPI
Control 8 7 8 7 6 6 7 8 7 8 7.2 £ 0.79
T316N602 8 WPl 9 9 10 9 10 10 10 11 9 10 9.7 £ 0.67
Control 7 6 7 7 6 7 6 8 6 8 6.8 = 0.79
T316N602 9 10 9 10 9 9 11 9 10 10 9.6 £ 0.7
— 12 WPI
Control 8 7 9 9 8 7 8 9 8 8 8.1 = 0.74
10.2 +
T316N602 10 9 10 10 11 10 11 10 11 10
16 WPI 0.63
Control 7 8 7 8 7 8 7 9 8 6 7.5 = 0.85
10.2 +
T316N602 10 11 10 9 10 10 11 11 11 9
20 WPI 0.79
Control 9 7 9 9 10 8 9 10 8 10 8.9 + 0.99
47te B
IBV KMI915=ol] thst Ald A¥, BV KMI1F=oll thst F3A 7= 71E HTH HiAlo= Qs
Aguel 4% ARE NPT =T 4o AP ArAFst nolelz drkARe) %
o7k 142 S1H. vl oyl NPT /b Mma S W, W HF F AF Aol
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7h B5F 3.0 o)do = s niolg 2o the w3 o] Slgol &ld.

[BV KM91 strain

H| 3l
= kRl RhelE = S7) =3 2] 2= (Viruss]?} z}o))
(logEIDsp/mL)
T316N602 5.2 0.0" 1.4
Control 0 WPI 5.28 1.4?
Virus 6.6 -
T316N602 3.2 2.0V 3.3
Control 4 WPI 5.28 1.3?
Virus 6.5 -
T316N602 2.4° 2.8" 4.1
Control 8 WPI 5.28 1.37
Virus 6.5¢ -
T316N602 2.5 1.3Y 4.1
Control 12 WPI 3.8° 2.8%
Virus 6.6¢ -
T316N602 2.8 1.0Y 3.7
Control 16 WPI 3.8° 2.7%
Virus 6.5¢ -
T316N602 3.24 1.0V 3.2
Control 20 WPI 4.28 2.2%
Virus 6.4¢ -

WPI: Weeks Post 1st Inoculation

ANEE A2 F3 F vlol# 2 oy}

Bz @49 3 % nHiolglx Ut

CE3HA AR holg 2 7}

Voj e @Ael vhol# 2 dvksk NPT P whole 2 drkete] ol (B-A)
PZ3kA] AFREE HlolE 2 dUte} thET dA 9 Hioly A Hr)ebe] x}o](C-B)

IBV ADL052583F¢ tidt A& Az}, BV ADL05258F¢] thdt =3 A 4= 7= HEH Wil
o2 g Algwile] HF AEYH ALY dxT @%4 AN G7A =} npolj 2 H7}
Aol 2oz 172 FAE. WAl HE F ASF 2oyt BE 3001402 sF Hiol2 2o

41
He R ol e Fed
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IBV ADL05258 strain

T AEA 7] Hho] g 2 &7} 5 H) 3
(logEIDso/mL)
T316N602 4.8" 0.0V
Control 0 WPI 4.8" 1.77
Virus 6.5° -
T316N602 3.24 1.6Y
Control 4 WPI 4.8° 1.77
Virus 6.5¢ -
T316N602 2.44 2.4V
Control 8 WPI 4.8° 1.8?
Virus 6.6° -
T316N602 2.4 1.20
Control 12 WPI 3.6 2.9”
Virus 6.5¢ -
T316N602 2.4 1.20
Control 16 WPI 3.6 3.07
Virus 6.6° -
T316N602 2.6 1.2Y
Control 20 WPI 3.8° 2.7
Virus 6.5¢ -

WPI: Weeks Post 1st Inoculation

ANRE @Al 8 F ulolgz o7}

Brize @4el 3 & npolgz v}

CE3HA A8 HolE 2 97t

Vejz @A vlole 2 ovtel AR @A nhole 2 orhske] Aol(B-A)
PZ8HA AT kol @2 rtsl =T @A whol# 2 rhshe] to](C-B)

EDSVell thet Ale 23}, EDSVell thet HI 7F= WAl HF F 648 o] d o= st
A 71sd FAEACH, 28] HE 5 HAAE WPDolA = 2568] o)/de] drtE &<l

A=

>

A

N

EDSV HI titer (log,)

AEA 7

=y
A

3 4 B} 6 7 8 9 10 Avg. = SD
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EDSV HI titer (log,)

T @A 7]
1 2 3 4 5 6 7 8 9 10 Avg. = SD
T316N602 0 0 0 0 0 0 0 0 0 0 <1
— 0 WPI
Control 0 0 0 0 0 0 0 0 0 0 <1
T316N602 6 7 6 5 8 7 8 6 5 6 6.4 = 1.07
— 4 WPI
Control 0 0 0 0 0 0 0 0 0 0 <1
T316N602 9 9 7 8 9 9 9 8 9 7 84 + 0.84
—FF 8 WPI
Control 0 0 0 0 0 0 0 0 0 0 <1
T316N602 8 9 9 8 7 8 7 8 9 8 81 + 0.74
— 12 WPI
Control 0 0 0 0 0 0 0 0 0 0 <1
T316N602 8 7 9 8 6 7 8 9 7 8 7.7 £ 0.95
—— 16 WPI
Control 0 0 0 0 0 0 0 0 0 0 <1
T316N602 8 7 6 8 7 8 6 6 7 9 7.2 + 1.03
— 20 WPI
Control 0 0 0 0 0 0 0 0 0 0 <1

AlVel digk Al 23, AlVel dtiet HI <7k WAl HF 5 64 oldo= dsstel Ad
FaAERdoH, 23] H4F = HAAKB WPDollA= 1284 o)de] H7ts &dd &+ A

ksl
Ae
AIV HI titer (logy)
T 2 A 7]
1 2 3 4 5 6 7 8 9 10 Avg. = SD
T316N602 0 0 0 0 0 0 0 0 0 0 <1
—F 0 WPI
Control 0 0 0 0 0 0 0 0 0 0 <1
T316N602 7 8 6 6 7 6 6 8 7 6 6.7 = 0.82
— 4 WPI
Control 0 0 0 0 0 0 0 0 0 0 <1
T316N602 9 8 7 8 8 9 8 9 9 8 8.3 £ 0.67
—F 8 WPI
Control 0 0 0 0 0 0 0 0 0 0 <1
T316N602 7 9 9 8 7 6 7 8 8 8 7.7 = 0.95
—FF 12 WPI
Control 0 0 0 0 0 0 0 0 0 0 <1
T316N602 6 7 8 6 6 8 6 7 6 8 6.8 £ 0.92
— 16 WPI
Control 0 0 0 0 0 0 0 0 0 0 <1
T316N602 6 7 7 7 6 6 7 6 5 7 6.4 = 0.7
—FFF 20 WPI
Control 0 0 0 0 0 0 0 0 0 0 <1
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xol-

Ho

(3 A3

o

s WA Al

L

ZFH AL 0.1% o] 39

i

=

o
%

1z 3

T316N603
Control

1 DPI

T316N603
Control

7 DPI

T316N603
Control

14 DPI

T316N603
Control

21 DPI

oo

i

o
:AE

e

@zt Hs)

11

T316N603
Control

1 DPI

T316N603
Control

7 DPI

T316N603
Control

14 DPI

T316N603
Control

21 DPI

DPI: Days Post Inoculation

Aol EH97F AE

I3
=

@ Al
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NDV HI titer (log,)

TE ™A 7]

1 2 3 4 5 6 7 8 9 10 Avg. = SD
T316N603 7 6 8 7 6 8 8 6 7 8§ 7.1 + 0.88
—F 0 WPI
Control 8 6 7 7 6 7 8 7 8 8 72 += 079
T316N603 4 WPl 8 9 9 10 9 10 10 10 9 9 93 + 067
Control 7 8 8 7 6 8 7 8 8 6 7.3 = 0.82
10.2 +
T316N603 11 10 9 11 9 11 10 11 10 10
. 8WPI 0.79
Control 7 7 8 7 8 7 6 8 6 8 7.2 = 0.79
T316N603 9 10 9 10 10 10 9 9 10 10 9.6 = 0.52
— 12 WPI
Control 8 9 8 7 9 8 10 8 8 8§ 83 + 0.82
T316N603 10 8 9 10 9 10 9 10 8 8 91 + 0.88
— 16 WPI
Control 8 7 8 7 7 8 9 8 9 8 79 £ 0.74
T316N603 9 10 8 8 9 8 7 10 8 9 86 = 097
— 20 WPI
Control 8 7 8 6 7 9 7 9 6 8§ 75 + 1.08
IBV KM915ol that A% Azt BV KMIIF thd FapA5E 712 158 Wiloz <3
Agmael FE ARE APTH gz A AY A5 vlolg s drpx e 2}
ol7} 182 1y, ulolgx drtel NEE A7IE wmstde ©, WA HE T A5 2o
7F 25 3.0 o] o 2 g Hiolg ol tig FES W Eo] o] FlE
BV KM91 strain
T8 A7) il
H 2 7 Hlolg] ~ < .
kel®l 2 S7h =gl (Viruse} =}o])
(logEIDso/mL)
T316N603 4.8" 0.0 1.8
Control 0 WPI 4.8° 1.8% -
Virus 6.6° - -
T316N603 3.4% 1.4V 3.1
Control 4 WPI 4.8° 1.7% -
Virus 6.5¢ - -
T316N603 2.84 1.8 3.8
Control 8 WPI 4.6° 2.0% -
Virus 6.6¢ - -
T316N603 2.4% 1.2V 4.1
Control 12 WPI 3.6° 2.9? -
Virus 6.5¢ - -
T316N603 16 WPI 2.6% 1.2V 4.0
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Control 3.8° 2.87 -

Virus 6.6° - -
T316N603 2.8 1.4Y 3.8
Control 20 WPI 4.2 2.4? -

Virus 6.6° - -

WPI: Weeks Post 1st Inoculation

ANEE @A F3 & nlolg 2 oy}

Briza €49 3 & ozl 47}

CE3Al AHEE vpol 2 o7}

Vejzg @A wholelz dvksk A@E @Al vholelz @rhste] Zhol(B-A)
PZ3FA AFERE HlolEl 2 gt g A9 nlolg 2 9rlsebe] 2}o](C-B)

IBV ADL052585-0] that Al§ 2=}, BV ADL05258%o] thgt FakA4= 712 HEd

o s AW HAF ARH APEH hzF FH) AR T vhol Y2

A5e) polsh 142 . wholel orbel ARFE G7HE wimstge W, WA A
A

A% Apol7k BF 3.0 o] 40T P nole o] A FEE WAHo] Qgo] eI,

SIS

IBV ADL05258 strain

T8 A A7 RN P s
(logEIDso/mL) =EhAl
T316N603 5.2A 0.0Y
Control 0 WPI 5.28 1.4?
Virus 6.6° -
T316N603 3.4 1.8V
Control 4 WPI 5.28 1.3%
Virus 6.5¢ -
T316N603 3.2 2.2V
Control 8 WPI 5.48 1.22
Virus 6.6 -
T316N603 2.8 1.0V
Control 12 WPI 3.8" 2.8?
Virus 6.6¢ -
T316N603 2.8 1.0V
Control 16 WPI 3.8 3.0?
Virus 6.8¢ -
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T316N603 3.44 1.2
Control 20 WPI 4.6° 2.0%
Virus 6.6¢ -

WPI: Weeks Post 1st Inoculation

ANET @A F3 & nlolg 2 <y}

Brizw @39 3 ¥ npolgz )

CE3HA AH8S o2l 47}

Drj 2w @A) npolelz dkel AFE @A npolelz dArheke] xol(B-A)
DF3A ALGE holel 2 Avtel B @A nholg 2 oheke] #o|(C-B)

EDSVel thgh Al@ 23, EDSVel thah HI o7k ulal % & 64v) ol4oz safol A
Y 7IzkEek FAHYow, 28] HE T AAEG WPDAIAE 2564 o) ge] GrkE FAY 5
A e tlzzel A5 AF 7135 EDSVe] U@ ofrhe sl e

EDSV HI titer (logy)

T& A7

2 3 4 B} 6 7 8 9 10 Avg. = SD

T316N603 0 0 0 0 0 0 0 0 0 0 <1
— 0 WPI

Control 0 0 0 0 0 0 0 0 0 0 <1

T316N603 7 8 6 7 6 7 6 6 8 7 6.8 = 079
— 4 WPI

Control 0 0 0 0 0 0 0 0 0 0 <1

T316N603 9 7 9 9 7 8 8 9 8 7 81 = 0.88
—— 8 WPI

Control 0 0 0 0 0 0 0 0 0 0 <1

T316N603 10 9 8 9 8 9 9 8 8 8 8.6 = 0.7
— 12 WPI

Control 0 0 0 0 0 0 0 0 0 0 <1

T316N603 8 9 7 6 8 9 8 8 7 8 78 = 092
—F— 16 WPI

Control 0 0 0 0 0 0 0 0 0 0 <1

T316N603 6 7 9 6 7 7 8 5 6 8 6.9 = 1.2
— 20 WPI

Control 0 0 0 0 0 0 0 0 0 0 <1
AVOl @ AE Ak AVl i@ HL g7k MA HEF F 64 ol OE 5stel A
ATES FARACH, 25 WF F AAE WPDAIAE 1284 ol4ke] eirlE AT F 9

R HEzTo] A9 AlF 717Hst AlVel tisk 7k ElEA] s
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AIV HI titer (logy)

Avg. + SD

10

<1

T316N603

0 WPI

<1
6.7 = 0.67

Control
T316N603

4 WPI

<1
7.4 = 0.52

Control
T316N603

8 WPI

<1
79 = 0.74

Control
T316N603

12 WPI

<1
74 £ 0.52

Control
T316N603

16 WPI

<1
6.5 £ 0.53

Control
T316N603

20 WPI

<1

Control

4 N HF

;oT

tol k7| Al o]

S

sk7] 4l

o

S

S

I t-testES AA|

3]

4

o] mY
K=
Mr o
N s
= TR
T AF
T o
o T
W
~
< it
oo
B
TR
Ho I
o o
ﬂ
1
o
i) o]
1 o
T 9
|
< W
~ ®
B
-
oy Mo
el T
W ol
Lol
1—._Ay0 .mm
Ho )
oy o L
o
< R

G-

-
o

T

RO
k&%)

20.4

19.8

24-38

19
23

92.9

92.5

92-94
95-96
94-96
94-95
93-94
24-38
92-94
95-96

94.2

93.9

27
31

94.4

94.5

12
16
20

(T316N601)

94.0

94.3

35

93.1

92.7

38

18.4
90.8%
95.6%

175
91.1

19
23

O

Ho

A 2
(T316N602)

954

27
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12 31 94-96 94.0 93.3%
16 35 94-95 94.8 94.7%
20 38 93-94 92.5 92.8%
0 19 24-38 26.4 27.1
4 23 92-94 92.7 93.3
A 3= 8 27 95-96 94.2 94.2
(T316N603) 12 31 94-96 95.1 94.9
16 35 94-95 94.3 94.4
20 38 93-94 93.2 93.6
2 AAE
Aol e HAgel plXE FFL By skl A@A T WA 152 L
g AE23T, FYUZ AL S A 23 HEUFEY) ol F 0759 FAHAAEL 0
Wolz Agmae] dage el &+ JuS
Lot No ﬁ",}‘f e =2 AR A (%)
0 WP2I 163 30 0.07
4 WP2I 2053 24 0.06
A 157 8 WP2I 2472 33 0.08
(T316N601) 12 WP2I 285 25 0.06
16 WP2I 325 31 0.08
20 WP21 36+ 36 0.09
0 WP2I 1457 50 0.08
4 WP2I 185+ 47 0.08
A 2% 8 WP2I 9972 42 0.07
(T316N602) 12 WP2I 2657 50 0.08
16 WP2I 3059 32 0.05
20 WP2I RYE! 35 0.06
0 WP2I 163 62 0.09
4 WP2I 2053 54 0.08
A 3R 8 WP2I 2472 60 0.08
(T316N603) 12 WP2I 285 61 0.09
16 WP2I 325 62 0.09
20 WP21 36+ 64 0.09

WP2I: Weeks Post 2nd Inoculation
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2-1-4. 7}15& 2 HAR A 483 ddE WY

=

D AlzAE 5 (=4 AR 8 A)

ATIHAAT LN ALE PARzA ] g Y4 9 F83E Aste] AR zA)
& NS FEOIS 39 Axe b, 78 KVOMPRI DS WA n A Ag -.4
GMP AAHAIAE Yol A8 & @99l Az as A8kl en, down streame] filling line 714
Adste] HFFS FUHOE AT £ IS Tk A £ @9 WARzAE Yidst
T oglow, T e AL A B AR Bas S7rAT A AFust ofd 3|ALe FExiul g
o2 FYUsFAT

r.?ﬂ 2

19820, AR ZA AL A

2) M AEW 2 FFY FEFTE A F7

B A zZE AddAs 7S gAS] AR EA AAFS CAWIO(CAVAC Water in Oil
adjuvant) 2 71& 3t A AS FstHT A7/ Eo] SRH o]To= FYMAAT A WAl
HzA Blde A MARzA BISHS CAvant® FHsPon, Add =FuAg )
AR zA ol AgA W B HFL Axste] WO-Alew HHsidh =3 T W&

o 4uY 55 AYsYh

T AT g8 A
WA zA 2kl va=d gl CAvant® AESE
W/O type B.ZA] CAWIO WO-Al
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CAvante

1921, CAvant A% 5= 211

u

3 A= AF

2 AT Fo) ALE A28 2 WARzAY ENLL YEOE S FARMNER
oA APt [EYHE AZIENED AZA ] ¢ 20189 4u7] 93 A71%2 A=A
713 AEFIANAT 2 FE72 24
NERok | FA-Fo% | BERY - Fel%FE
718 | kEAel ZUE WO type WARZA F31%
O W&

- U AA e 3 g AGtability)e]l FulE W/O(Water-in-Oil)  type <]

WA R ZA4E 7|

- YT oL ARSAA Jhed HAY FAEART HA o =AHE dEstal, FE<
FAdT oHEAH 21L& &Y

O &3

- ETES S 52 e JpEgE Helow, v AR FHEY) HES U1
ZANAE kAol Zthd AFE CAWIO-A E /Tl on, fAlgAol 19AE AHEo]
gol3ta FYUYAETTE BE /1A AAYS AR

- 1E AEY AS, FAY W% maRzAe] fA wgo] 3: 72 ngHolgen,
g Hlgol WAY 45,
G MRz vlE 7
HAEE ol ARGl §ol@ Zlo] 549,

O HEAZF 2
- AEAEFHAAF): 7he8 WAl EzA CAWIO-A
- Ag a% - mwk A]xﬂ%(ﬂiél A2 CAWIO-N) Az F31 A3 23 Gtabily) o
HsA(efficacy), SHAd(safety)S 25 &<, =& WA AHdd F3rle=A A &S -
Jow, 53 7t =23 Eﬂ“—ﬂ"dﬁl A& 7hs

WARZA CAWIO-A & 2 WARZAZA £ Fd37 Y3l WARZAE
§} Fel HE wWAle] W/O(Water-in-Oi) AIEHdS FAHsts =42 & =d& AMSF
A

12 13 Fortegr A&AQ FAGHE FA

-

= :10
ol

rlo

_53_



€=HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH:m

M 23-056%

72l S M

7] % ¥ : et Ae] ZdiEl W/0O type WA ZA §317)E
F 9 (FIFdadEa

A3

o=
i
2

A A AR AT AR 1476-37

¥ 1 23-056

2
ol
i3
I

o
Fﬂu
=

» 201849 79 5U%E 20209 79 447A

9 71Es TFHAEANNE SAY Al12x9 24 o4&
A7 &R AFF .

20181 79 54

eSS 2se252ad525e5es525e52S 252525252 52525257

SEHEUAMER

QEﬁHHQFHHHHHHQEbH:EhﬂHHHHHHHHHHHHQ?HdeHHHHHthHHHHHHHHH

eleTel oy iyl =] ey L | sy e e Loy L Lo L re T e Tl e T

1322, Al7)e0l=A

_54_



5. 99 F &*1]7} E‘?}ﬂ taE 24 ‘ﬁ“izﬂl«l ks

- AFEPE A EoA g trierpenoid WA 2 AlZute] FE| ~HEH A8t T

HIANRoZA FAdFES S7H7IAL B9AZERE AolE7IRlE EHIA7IE A=

dHA s 2 dTEHS AATEN dEdavIEe 2AASAA, AdE A °

ASHA=dS FHrsly] Mol AAZ IS o] &3 HH3 FF AP LA

- L WIS A N et F=7F 251, S0ug, Hugl = %—7}?} of wzt HF 553
FAZIE Stk Ae &AdE A2 & A9 By, TRE AET &0

NDV HI titer

I=R BSER
20 T

B0

L. T& s =
T

AQ5-25ug  AJIS-50ug  A-IS-TSug B-IS-250ug C-IS-250ug  ISATO

ALV HI titer
100

EES I Lt

8.0

i

A-IS-25ug A-IS-50ug  A-IS-7Sug B-IS-250ug C-IS-250ug  [SATD

a9 23 YA g SPF HelAel NDV 2 AIV &-A 7}
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H
T Az 2AURASAA S} A2H-sATIIRAA T=ES A

- Al sATF7| Bl A Hd
F EARGZPAE TPshe] WAZFA 239S AT AP 1.

- HYSAA 2a38dS fst =2/ A AP FAEte]# 2~(NDV, rLaSotas), &/
olZ 2oz} upo]d A(AIV, HIN2F)9} & Akekx]3t= nlo]d] 2~(EDSV, K115) £33} g
Ao E AFMAE ofgf) F&} o] A =T

¥ 9. AYFAA 238d AF
. . No. of
% HAF7 ~
Group Antigen Adjuvant (%) A S 7 A Note chickens

Group 1 W%éjﬁr(lé@ Saponin A 1A F 5
Group 2 W(C)/}X?(IGES) Squalene A 14 5 5
Group 3 W%éxalr(léS) hWRS A2d 5 5
Group 4 NDV Wg}ﬁr(lé@ Yeast squalene A5 5

- AV
CAvant Yeast Hsp70, _
EDSV ’ HE

Group 5 WO-AL(65) Yeast gp96 ALY >

Group 6 ngf‘[gir(léf)) Stimular =3 A 14 2 5

Group 7 W(C)lixalr(léf)) - HA S =1 4

Group 8 ISA70(65) - FEa =T 4

Group 9 - - THET 3

B 7}

a, Al Algwae] 1480.5n)S 5o =
A HF 3FAb AT v, 17ES T AN 1A HE 3F F9 23 A
% 25 Zo sl d-3H A AP (Hemagglutinin inhibition assay)2 A A g

- NDV HI A7} 2323}, 12 A= 35735 AdAFddAE 25 AE=F Aol §94 =t
ol7b §lE Zo® HrHEU: 23 HF 2F F AeMe WASAAV x¥E 1§
(Group 1, 3, oA 71& CAvant WO-A1(65) 1EHT} thi l:“:—."i- f'{}iﬂﬂ%: glst= AL

3
i
ﬂ?_"l
=

- AIV HI &A7F 423, 14 HF 35F, 22 A5 255 & AT Aol #F93 A
ol e o ARFAN AH71EE 640 o).
Z]
O

- EDSV HI A7k Z3 7k NDV Astsh #Asbl 1 4% 35% A@aselds mE
AFT Aol foH Aol7k Yl Ao BAHAL, 24 AF 2FF ARAAE WYF
AL £FE IFAA 71E CAWIO 1F8T tha e FAE F43tE ZoE

HEDSV HA71E2 AdTe 80% o)/l 168 ©]).
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(No. of birds positive/No. of birds examined)
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0/5
0/5
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0/5
0/5
0/5
0/5
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Group | Antigen [mmunostimulant Route No. of Mice
1 Chicken gp96 S.C )
2 Hydrophobin hfbl S.C 5
3 S.typhimurium flagelin S.C 5
4 M.tuberculosis HSP70 S.C 5
5 Squalene S.C 5

SET?2 . .
6 . MBP-flagelin protein S.C 5
bacterin
7 CA-1 S.C 5
8 CA-2 S.C 5
9 hWRS S.C 5
10 AI(OH)3 S.C 5
11 - S.C 5
12 SAU =T S.C 5

A GE WAl FYANY ARV F wet vk AF 152089 vh-2~E FHlEY OF
o7 3t ‘Jrﬂi 2 sutg]e RO E AMERE 110FES Fste] HEs)
I 13 HE 2FFo| HAETFH tx27o Erhusiopathiae 100LDsp/0.2ml & Z38ka 1097F &

0 14 24 >
L L § L

HAEE SE 3HWS Toz 2k
(HE=2)

71925, SE mice challenge A3 YA

NEAF ofz) T} o] thxToAAE 100% FHAZE dojwtom group 8, 9, 11& #1913
B2E 5994 100% #HAZF HAste] W gy 3% e AoRE yehd. HbdH Sl
I FEAA B3t e WY9SAE2(group 8§ ¥ group 9ol A

7F At A NAIVE A& o, WS a3E VHA L S

lr

27t ovhe) ¢} 3nte)
Qf @_ )}\%'ﬁ_-

ru[o r
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324 =z O ¥ = ==
11 2| 3| 4] 5 71 8| 9| 10 A4
Group 1 1| 2 1 0/5 0%
Group 2 1| 2 2 0/5 0%
Group 3 2 1 1 0/5 0%
Group 4 3] 1 1 0/5 0%
Group 5 2 111 0/5 0%
P / * 180% ol
Group 6 2 111 0/5 0% A=
Group 7 2 2 0/5 0% -
Group 8 1 315 60%
Group 9 1 1 215 40%
Group 10 2 1 0/5 0%
Group 11 1 1 215 40%
100%
gz 11 1] 1] 2 0/5 0%
A
@ BAAYZHA T3E WA R zA TP
AYEJE "AFZAA S 238d AFAHE EUE WA EBRZA(CAWIO)® HIASHAE
st APMAS Axsta HelAe E5AES AAR dde =2/ @4 A wA
<H Holg 29t ZFRAESFAA vlolg 22 stal IFHEE HASHAAZE £dE YA %
& g AIANPIA Y 2o AERES B CA-2, 1g3 AF WYZPA 2% 7
2 Az
& 1L WAEZA THE WAnzAe] BHE5EAM] FAF Bt AP 2A
Group Antigen Adjuvant Immunostimulator Route | No. of Chickens
1 CAWIO 70% LM 4
2 CAWIO 70% CA-1 LM 8
ND 10%
3 CAWIO 70% CA-2 LM 8
Al 10%
4 CAWIO 70% CA-PM-01 LM 8
5 ISA70 70% LM 4
6 =T LM 4
0 1W 2w 3w
t f
HAHE A U HHAH
2926 AAFZAV 2PE NauzA) ZHEZAAL FA7} B APLA
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HI titer
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W wholg el ZFIAEFAX vhojel

=%
=

ANA A

= =
A% REIF

9
=

o

—_—

A

o] 7k ®& FdAVIE BRYa, 11 222 nk$-~ challenge

=T

el 2504 NDeF Al 2% =2 HI

-
X

AN @A 60%e] A=

£ Bl

titer

28y Aol A

=4

o]

e}
=3
MakE WA B 24 (CAvant WO-ADE 213)

b2 A9 ofel

k)
gl

s 44

|

o

=

A=A

JJo

3}

HZA)

No. of Chickens

Route

LM

Immunostimulator

CAVAC LS

Adjuvant

CAvant WO-A1
70%

Antigen

NDV
AlV

Group
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2 CAvant WO-Al CNU 15 IM 8
EDSV 70%

3 IBY CAvant WO-AlL KRIBB 1S M 8
70%

4 ISA70 70% - M 8

5 oz M 5

OFHE ALY, 4UARE 2 AYUY 2F ABAR volgzd xF
|

L A% 6-8799) B 8B Aol WAl 15ES PED U, 25F

17 WAEHE  2a HAEFE M=

928 RS AATE e MAEEA L HHF oM GATF B AELA

o

@) NFE
ND HI
4 1
9
10.00 e
8.00
E
= 500
i =
™~
L)
S 400
200
0.00
Group 1 Group 2 Group 3 Group 4
Al HI
1000
8.00 JEB
B8.00 743 F.
£ 600
=
T
4
é" 400
2.00
000 !
Group 1 Group 2 Group 3 Group 4
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< NPT FaolA &' AET S AA FA7b= 64

AN

ALY 2FJAEFAA volH 2o thE 59 A

o]/ o]oforsity.

EDS HI
1
963
10.00 500 .00
B.00
T
e,
+ 600
I
™
-]
S 400
2.00
0.00
Group 1 Group 2 Group 3 Group &

*E ATt £ AAVES A 80% oldel AdT FHAA FAZIE 164 o] Fo]ojof Jir}

IB ELISA

200
180
160
140
1.20
100
0.80
0.60
040
0.20
0.00

BV Ab ELISA S/P ratio

I lll] II [ .

61 G2 G3 G4 gED

* 34 7]%&: 1BV Ab ELISA S/P ratio 0.3 ©]/ ¥4

929, AHS A 23E WA RZzA Y HHFEAA Y FA I A

Aoz HYSAAY 2dd 2FNA Bz H&) ddocs w2 FAVE ¥
Aottt 24 OAFE HYSAA Rludy S 1SE ARSRE ZFolA ND, Al, EDSe|
A7 B4 9 B4 <] ELISA ¥4 A8 25S 0

_63_



22 BAALZHA AT

2-2-1. T s A9 =744 (molecular adjuvant) 1o SR
O Heat shock protein (HSP70 3} gp96)

=5+ ool heat shock protein
5 e 9 3ok yaA s e HSP=
s e AL AYNkeSS FAATE AL

S x7rZ(Toxoplasma  gondi), X+ WHAN SxEZetxwt  HeetE(Histoplasma
capsulatum), violIZZet=ul slo|l R Yol (Mycoplasma hyopneumoniae), “18]al ZAd)H
(Mycobacterium tuberculosis 5] Mycobacteria) 5|4 HSP70 family®! HSP60, HSP65 —1&]il
HSP700] =39 A9ut&S 77 AoE 434 U

2

53 Adlls w2 75, HBV DNA #i4l, @2tgjop WAl 51 74| At o7 AHE A
Eﬂr% Hel E} A A o] AdAF e HSP70S FR=Z HAAHse o F7te

(

2

HSP70-& peptide binding =w<1-& £33t oF 27 kDa ¢ C-2¢k =wel BE3 oF 39 kDa
A N-2gh REom TAFAN, C-2w REo] FAQS JAAY AN F7141717]
= Aoz duEA o] C-Tek (356-600 ofmi4l, oF 27 kDa)®t N-ZeH(1-355 ofw|imAk, oF
39 kDa) =Wl o2 o] W33}

o] 9o = glycoprotein 96 (gp96)-> HSPI0 familye] F 83k dhuizd = ERoﬂ A8t

T
peptide presentatione F7IAAFE HAoZ AHA A7) W& &Fol Ui WY AR
AHESE7] 918 2] gpIsS TR E A A3} tHGenBank: AAK69350.1).

© 8% 7= @l flagelline N-Zo
= 7S 7HAE FELE FAHAAN.

w2} A, Salmonella enterica subsp. +@l¢] fliC (GenBank: HF937208.1)% —?—EE A A5
o, fliCe] & 7PAAE 7IXE BES AA 3 fliCasa F fliIC BAZ 247 A
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of WeFAe axr) vHlslite 288 Fastd, 2 7MHAS 7= BES AAT flC
Alg0-4008 VI FTHA THE AESHIE AT (AE 1 ZF=x).

(A 1)

>FIiC

MAQVINTNSLSLLTQNNLNKSQSALGTAIERLSSGLRINSAKDDAAGQAIANRFTANIKGLTQASRNANDGI
SIAQTTEGALNEINNNLQRVRELAVQSANSTNSQSDLDSIQAEITQRLNEIDRVSGQTQFNGVKVLAQDNT
LTIQVGANDGETIDIDLKQINSQTLGLDTLNVQQKYKvsdtaatvtgyadttialdnstfkasatglggtdqkidgdlkfddttg
kyyakvtvtggtgkdgyyevsvdktngkvtlaggatspltgglpatatedvknvqvanadlteakaaltaagvtgtasvvkmsytdnngkti
dgglavkvgddyysatqnkdgsisinttkytaddgtsktalnklggadgktevvsiggktyaaskaeghnfkaqpdlacaAATTTENPL
QKIDAALAQVDTLRSDLGAVQNRFNSAITNLGNTVNNLTSARSRIEDSDYATEVSNMSRAQILQQAGTSVL
AQANQVPQNVLSLLR*

Flagellino| Al =& 7}
(GGGGS)o-linker& o] &3t <

O Hydrophobin

Ay AFsh+= Hydrophobine FxlmjAd o] 2k whilal g z7lxJ(self-assembly)S &
o YA Hoh wetA o] FXmiAde e viES FHIASHA St
S AT AR, F& £AFAHY ZHS AFAHY A4ES THIAES W3k A
 Zoz AAEHY FA AlFol| FrEI e [SAT0 F d FA|A AL
3l= CAWIO ( ater in oiD¢} 22 WMAR zA ] GRO| MM Z7} AR flo] Hol=
7bsstAl st ARAlEZ O] HEE Rl WS a3E Hd ¢ JAEF &
hydrophobing ZEWH'#d =5 A stATH

(BN oh N pu

2 o R orlr oy ok

®

o

=

w3+ Schizophyllum commune 2ol Sc32 Fete] &3 gl WY F49 Vs VHAe AL
= oA ol Faw wANAZEA Fr} e ol

w2k A Schizophyllum commune +22] Sc3(Genbank KU173824)3} Trichoderma reesei 32 2
Hfbl(GenBank KU173825)€ A% EAHAFTHAA $HRE HAH3AH

O 2744
STUAL HBAN F2IA Jolo) L, Ko TR AN S WAL ed P
st w : om, 19979 o] FRE AFTTAA

g_:]]
Hpo] 2 ol o) gk



=N

§ X Saccharomyces cerevisiae= ergosterol, squalene 5 °]AZ# ol 3FES Uz ©o)
Aabets 202 dHA Qo] olazE ol A4ks gt FBAES S SFAEEA AP
S 7FA 2L Ut} T3 ergosterolo] o2+ & X mevalonate 7 2o QA FF FHEA

5
A 2FLo] A== A7t Atk wrEkA mevalonate F2E 53 2FLH] e FUt

Glucose Ethanol
X
Acetate
Acetyl-CoA
v MVAE
HMG-CoA
Me;g:““ate | HMG1( HMG-CoA reductase)
pafhway Mevalonate
v is,
IPP ~— DMAPP — Isoprene
idi
GPPS | IspA/Erg20
Geranyl-PP
| ispA/Erg20
DPP1
NOH, FOH |+—— Famesyl-PP — GGPP — GGOH
Erg9 | '
Squalene Uhigquinone,
- Geranylgeranylated proteins,
v Carotenoids (in plants and some
Ergosterol microorganisms)

3% 1. S cerevisiae ¢ mevalonate pathwayell 23+ o]A X ole AFFA HE

APAFo A 2FdA RS F7HA717] st AP A2 (a8 1 FD)l F2 A2
2 BAZ e FAAe a8 xS HEd st #des 3T
Enterococcus  faecalis el oM E-CoA oM EEd2AH A /slo]| =
(HMG)-CoA8]HEMAIQ] mvaEE &% codon®l] %A GenScript corpell Al &3k
sto] A E A9l EcoRl E Sale2 ZHehil TL3 Adagsrz HAosh vhd g
ot WA 2= S cerevisiae dFANA Bo] ARE3l= GALI0 promoterE 7}A|+=
PYEG o -HIR5252 backbone & 2 A}F-&3} 1 T}

Hydroxymethyl glutaryl CoAZFE mevalonates A &Adst= &FA<Q hydroxymethyl glutaryl
CoA reductase (HMGD2 =4 wWAUZF o|g &4 @z degradations &3t AR
AdH A e ofpl: Wkl trans-membrane domain (597aa)S A Asta AR&ETE obn
It transmembrane domaine] A A= o] catalytic domain¥HS 7HA| 3L A= S cerevisiae &)
o] HMG1 FA=<} A Abies grandis 2l=A oA &Xg GPP synthas ef-Z=+ (GPPS), E
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coli| 4| 13+ FPP synthase 7%} (ispA)E PCR W oz F23sle] ALE3 T

APAFNA 2FLAE FEH 02 YIS + e HF %%ﬂx} 23S A Egane
pPGAL-ispA/HMG1 o 2 A AS = S cerevisiae Y2805 dFolA 2Fddo] 1.2g/L2 7V =
< 2FdH AMAES YEHA o B R o] 735 FAEY SAA APl AHEsiH

2-2-2. AZF T A" 3
O &ax &d ANxH &
1) A F #2) HSP70, & F2 gp96 L Salmonella 2 flagellin®] Al v} &3
AWM el HSP70 (MTB-HSP70) &A= M tuberculosis H37Rv strain®] HSP70¢] A<
2 Agst o C-Zo (MTBCHSP, 269 ofw]:-4h)3 N-Zot (MTBnHSP, 358 oflw|:iho =2 1}
Tol 8 AEzIEoR HAHFS GenScript AbolA FAASIR O™ C-terminal  F-&ll
His-tagging 3l LAAEE SIst=d AH&3At. AT FAA= Alxd ZdE ¢3)
EcaRl|Sal o2 A|gtsled ax WAHE Q] pYEG e -HIR525¢] £ 249 33t 5% MTBnHSP
9} MTBcHSPe] #Ha Wy A== ofg I8 20| EASYTH

]I

o 5239 gp96(GALLUS-gp96, 340 obw]:=4b3} Salmonella fr2 9] flagellin(FliCa1go-100, 285
otu|=4he]  FHAE AR AHIIEoE  HAHF S  GenScript  AbellA A BER O™
C-terminal 3| His-tagging 3t WIAFEE Fdst=d AHEsto. AT A=
EcRl/Sal 22 A3t ax FAME] pYEGe-HIR5250 =24 3idd. +53
GALLUS-gp96°] & el 9 FlC w3wE o BAw= 13 26 FASYTH

ssssssssssssssssssss

4 g \ tp ) \"*\\
A
B s
PGAL-MTBnHSP70-His ' PGAL-MTBCHSP70-His
7211bp " 6944 bp e
AR promotar .
g
\ i \ ¥
4
y 4 V.
> 4 y
//
5 &
p— g
R promatr
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zzzzz

ol —
n N \
¢ -
s - e O
pGAL-gallusgpo6-His & PGAL-FIiC-His i
7157bp 6992 bp -
f- |
P \ /
@5'// }?"/
% 4 &
e, —

1% 2. Gal promoterE o]-&3% HSP70, gp96 L& i FlC A4 &3 Zgtanc
2) Fungi f-20¢] hydrophobin, HfbI#} Sc3¢] &u] Wy 2 AW

Hydrophobine  Schizophyllum commune 219 Sc3(Genbank KU173824)3} Trichoderma
reesel ¢ ¢ Hbe(GenBank KU173825)5 FH= AAst Adaxde A3 vz Fid
C-terminal His-tagging 3+ & &% XM&e3FE=OSZ A3 3} Genscript Aol A A 3T

Hydrophobine] ®&-& l"‘ir 1Eds 2Hdd Al2ES AEsidon are Asxdd MF
¢S N-Zdo] 34 B =2 o EHS 53ty HNEZxA WIS 8 Hansenula
polymorpha®) cell wall protein (CWP) anchor7} 2¢E =5 F2Y st¥t (2™ 3 #=x).

PGAL-MFa-Sc3-His MITWG

sl PGAL-MFa-HFBI-His
6635bp
o \ —
\ S
p LN H T
& — = -
SpeTat eaTE i HL3TEY
aaaaaaaaaa
,,,,,,,,,,,,, caLioprsnsts
P—_—
e e —
y shat (o) il &
& ﬂ Y o~ )
/ o o / P "
¢ § = B W san ame
% Sall (1384)
) &
AR ) 3 -
DGAL'Mzaqffi’H‘S'CWP PGAL-MTa-1ITBI- lis-CWP N
n } e ‘ caTp s
\ p P Y 4
\ %
/}‘/ f R ]
V4 o
B 4 3 &
_ 5
s

uuuuuuuuuuuuu

19 3. MFa 43443 CWPE ©]&3 Hydrophobin 2 F9 &% £HL3
L Azsddd Sgave
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3) A=Y Td A
D Western blot& 53 4d F% &<l

FEY H O BAUGSAA TR AdE AEAdS T #A A 75E AEHE
B/ O|E W o R S cerevisiae Y28059F 19 GALB0 A=A ABF2 Y2805Agal80

PFAHAestar, UD (Yeast Nitrogen Base 6.7 g/L, uracil dropout supplement 0.77 g/L, glucose
20 g/L) aLAjA ol A A E sttt

A8 E FAXASA = UD HAE|A] 2 mo] dLHAHFE HFsEar 30C, 200 rpmol A 16 A3
z7] WS T B oadS 9o B e Y2805 5+ YPDG(yeast extract 10 g/L,
peptone 20 g/L, glucose 10 g/l 1&]il galactose 10 g/L)BA| wjX]|E AE-35FH L, galactoses
87314 ¥e= 5AES 7FA = Y2805Agal80 5+ YPD(yeast extract 10 g/L, peptone 20 g/L,
glucose 10 g/L) HA| ¥R S o] &3ke] 250 ml flaskell 25 ml 2 EF3 H Z7] v 3 45
= 1% 7} E]‘:E HE3Fe] 30C, 200 rpmollA 48 AlZF miFstETh wiFd 1 ml2 12,000

rpm oA 2 BE37F Y94 BEsle FAS 343 ﬁr 200 pl¢] 20 mM Tris/HCl (pH7.5 & Yo
TAE FoF —.4 glass beadsE H7}sle] 208 =<k vk o).

34 @ FAE hydrophobin®] AMEFALHS F<lstr] 943 A BoAE cell wall, debris
5S X3 lysate HEIZ AME S AZY THE A3 AT AFoME I A F
AZS 12,000 rpmol A 108E37F 94 By st AS5ArS ARG tHcell free extracts) =3k
hydrophobin®] Er|g& & 31st7] & vk 1 mlS 12,000 rpm oA 2 3 LA B3
o xS T3 vl Fede ABE FHEAY. 474 ARE BHY §FE FAd)

)
#13ll His-tagell tigk A& o] &3t Western blot #413}%

v
0
o
ey
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M 1 BTBT 4 5 ™M 1 g 7 g8 9 101112134 5 B3 M 1 19 20 21 22 23 24 25 26 27
|
| & !
- Q
i
bl ' B =
o 4 - ‘
» -
sabg 1 i h i > i
K -
7 4 > b ¢ - -
+ N - N X L
25> Yy e
200D - > =
- - > *
100> 58
15" Qiagen Penta his antib./ 2" Mouse antib.
M, Protein standard M, Protein standard M, Protein standard
Lane 1, Y2805, cell free extract Lane 1, Y2805, cell free extract Lane 1, Y2805, cell free extract
Lane 2, pGAL-nHSP70-H, Y2805 cell free Lane 6, Y2805, lysate Lane 19, Y2805, Hf 454
Lane 3, BGAL-nHSPTO-H, Agala0 call frae Lane 7, pGAL-gp96-H, Y2805 cell free Lane 20, pGAL-MFa-HFB1-H, Y2805 cell free
Lane 8, pGAL-gp96-H, Agal80 cell Lane 21, pGAL-MFa-HFB1-H, Y2805 Hf S 4tS o
Lane 4, pGAL-cHSP70-H, Y2805 cell free BRESpanLEp garscellies F Herar& e
Lane 9, pGAL-FIiC-H, Y2805 cell free Lane 22, pGAL-MFa-HFB1-H, Agal80 cell free
Lane 5, pGAL-cHSP70-H, Agal80 cell free
Lane 10, pGAL-FIiC-H, Agal80 cell free Lane 23, pGAL-MFa-HFB1-H, Agalg tfj 2454
Lane 11, pGAL-Mfa-sc3-cwp (20 kDa), Y2805 cell free Lane 24, pGAL-MFa-Sc3-H, Y2805 cell free
Lane 12, pGAL-Mfa-sc3-cwp, Y2805 lysate Lane 25, pGAL-MFa-Sc3-H, Y2805 Hi Qf &+ &
Lane 13, pGAL-Mfa-sc3-cwp, Agal80 cell free Lane 26, pGAL-MFa-5c3-H, Agal80 cell free
Lane 14, pGAL-Mfa-sc3-cuwp, Agal80 lysate Lane 27, pGAL-MFa-5c3-H, Agal80 Hij 24t 5l

Lane 15, pGAL-Mfa-Hibl-cwp (16 kDa), Y2805 cell free
Lane 16, pGAL-Mfa-Hfbl-cwp, Y2805 lysate
Lane 17, pGAL-Mfa-Hibl-cwp, Agal80 cell free

Lane 18, pGAL-Mfa-Hfb1-cwp, Agal8t lysate

a9 4 55 338 A2"E o) 83 EARGSTAA FH dd el

2 A Aoz Kol
T e 5 A& Axs =  der FliCx t& Fusion @A} 374 2@ st
=

M| 3Z Wby gl Enpdbd o] A3}, hydrophobin 2F ol 4] HFBI©] Sc3 Rt} ®e
™ Sc3e &d o] Western blot AollA &Qlo] ogie HEZ FHom EHjde
ZAAY HQlth Sc3o] F¢ay P WS4 axrF svha delA ol I ¢
H 2 g 9 A 2Elo| A ALE3F MFa A3 A
BZo] AMgSh= AGA2E ©] 83 Id AlxHlE o

[¢]

&r.{m

Q@ A=xzxEHY &4 4
Hydrophobine] &% W W3S
wake] §7)guhoh wjoFe Abo]o) A

Eix
st #A4 2 mle FREAT o7]o 2 ml 9 n-butyl alcoholS H7}ste] 1#3F vortexing F
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1l
f
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>
N
off
rO
o
rlo
=2
W
<
2
—n
olj

o 2 HoE2 F F, £33
Alololl A o] partitioning 3
Sc3-cwp Sc3-cwp . 7

Y2805 ¥2805Agal80 Vonos V2805482180 YH;; E 5cwp \Fgg E ;:t:a -

Butanol->

Interfacee-.\r I i
> s 3 -
o

Yeast suspensions—>

1% 5. Hydrophobin displayed &2 AMZEH A& W3l g9l

Hydrophobine] &u}2A AEZZEWe| display E A=A Western blot’geoll A &13s}7]71 of
H7] w&) n-butyl alcoholS o] &3 aro Mxagd A4 HE ST (248 5 #F=x).
=722 hydrophobing H&3A Fe= FFE AHE, AlZEWE BE FF9 Husty
n-butyl alcohols 3} & Zuj ke Alo] 9] interfaced] WHEE A& 1 23, UxFLI= o
27 hydrophobing ZW¥a 3 G2 9 interfaceol Al 715 &3 FAZF o] Ao &%
Hj Aol Errt Jleteks ol Algte] ¥ o] Ayt

mebaA] 3EWo hydrophobine] display H s ZAolgtes 5 & F AJL, FF ol& F4

oz e 4 gl Aol F7) slojop @ 2 ok,

O dZd &d A=" FHE

teFsl EAH S E4A4 $RE maltose binding protein (MBP, 367 ofm=ibhE Agste] 2

A, AAVE Lolst=E A+ HH Al2"lE FFIAh

A AWM E Sl plexpresse] TS5 promoter ol Ndel/BamHIS AM-&3te] MBPS WA &
5

Y & &, BanHl/Sal& A&t RARASHAE F7IE 22 Sko] MBP fusion @&
FdstEs St (09 6 72
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PT5-MBP-gpo6
6114bp

PT5-MBP-MTBCHSP70 & _
5901 bp 5

PT5-MBP-5c3 \

5433 bp 4~

pT5-MBP-HFBI
5334bp

5
pT5-MBP-MTBNHSP70 %"
6171bp ¥

\;-—(,/ 7
e
e

19 6. T5 promoterE o]-&3% MBP-fusion ©¥ 2 @3 ZgAnc

TE=H HEHEL AT TAFFS BL21E A HFSI Kanamycin A7 £8E LB
AR ol A A AJAE A8 FH, LB AR oA £ ujFste] MBP fusion @]

de FdsA

25 ml LB H{A|uj x| o] Z7|ujeFs A S 1 %7 S5 HE5S FH 37C, 200 rpm oA <F
2AIZE WSSt R T FFE Ago wtol 0.5-0.60] == Al™A 1 mM IPTGE H7Fskar 371C, 200
rpm oA 3AIZE F7RaleF SF 3 wokd 1 mlS 12,000 rpm oA 183 YA BEEsle] 35t

M, Protein standard

Lane 1, MBP-gp96 (80 kDa), pellet

250[>
Lane 2, MBP-gp96 (80 kDa), supernatant
00> e = - - - Lane 3, MBP-FIiC (70 kDa}, pellet
— p— =t
s)> - - = = > i K
- == Lane 4, MBP-FIiC (70 kDa), supernatant
e =4 2
sop W : : - Lane 5, MBP-sc3 (52 kDa), pellet
— Lane 6, MBP-sc3 (52 kDa), supernatant
37]> . - = { —
Lane 7, MBP-Hfb1 (49 kDa), pellet
250> - Lane 8, MBP-Hfb1 (49 kDa), supernatant
200> -
- b— Lane 9, MBP-MTBnHSP70 (80 kDa), pellet
Lane 10, MBP-MTBnHSP70 (80 kDa), supernatant
10[> -

Lane 11, MBP-MTBcHSP70 (70 kDa), pellet
Lane 12, MBP-MTBcHSP70 (70 kDa), supernatant

g 7. gZE 43 A 2FHE o] &3 MBP-fusion ©¥d @3 <l
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A FRE] U BE A
AL gAsa. 7he BEE =

SAA
sk, olE T=dd AMNER A & F As Aon

>
T

SDS-PAGE “JellA RE EAHY
o] 7Hsslal 7F-&(soluble) &
© MBP-tage ©]&ste] AAZF 7}
g 7 #F=2).

off _‘dl ofy

I3 MBP-MTBcHSP702] 7%, IPTG induction ©]%o)] sjekele] T3 x Zro] AL =713}
A gro} wHsE= MBP-MTBCHSP70 ©rjzo] tigie] 4o e vxe Ao man
uglA] o] E B3] 98l induction ©]F &% L PTG v% %4, fusion @z 2 2ha

% @A s Age A Foloh

2-2-3. AxY A HIFAA A5 A%

Az BARGZHA AAUY F

Al S cerevisiae Y2805 A ZJE 5 WSty FH| o AESEA T

™
foi
A
Mz
1x
ftlo
o
:?L_“
e
s
oML
B
5=
12
olN
o)
2
L
f
Ll
o

squaleneg A|ZEU A A= S cerevisiae Y2806 EF AM E(AFLA)I Mycoplasma
hyopneumoniae 32 HSP70E W&d3sl= &% AN Z(MHP-HSP70), 181 sHAF22] gp96e
sls §% MM ESUSgpIs)E 138 o2 ALstr| 2 s

MHP-HSP70. A#lF felel HSPT03H fAHSHAl &9 2 B37e 7152 Jtana @
A glol, N 2etsh C 2ebg wz Zulg A7 felel HSPT0 ol Aol #A el HSPT0el 71%
& gasng ARE FHstgoh

{t

o
A\
N

aear A FA e gpdeS = e gp96t alignment ¥ AINAL2), 91%Y FEA
A o] T EAATF FAS Aot AZEol ¢4 gRls BRI E skt

(Mg 2)
gallus -EEVDVDATVEEDLGKSREGSRTDDEVVQREEEAIQLDGLNASQIKEIREKSERFAFQAE
SUS EDEVDVDGTVEEDLGKSREGSRTDDEIVOQREEEAIQLDGLNASQIRELREKSEKFAFQAE
:*****'******************:******************fﬁ*****:******
gallus VNRMTKLINSLYKNKEIFLRELISNASDALDKIRLISLTDENALAGNEELTVKIKCDKE
SUS VNRMMKLIINSLYKNKEIFLRELISNASDALDKIRLISLTDENALAGNEELTVKIKCDKE

e I S o o o R e o o o R e S o o o R R R R S S o e R R R o S S o R R R

gallus KNMLHVTDTGIGMTKEELIKNLGTIAKSGTSEFLNKMTEMQDDSQSTSELIGQFGVGFYS
SUS KNLLHVTDTGVGMTREELVKNLGTIAKSGTSEFLNKMTEAQEDGQSTSELIGQFGVGFYS
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DR R o o e R R o o S o o o o o A e R e R S

gallus AFLVADRVIVTSKHNNDTQHIWESDSNEFSVIDDPRGNTLGRGTTITLVLKGEASDHLEL
SUS AFLVADKVIVTSKHNNDTQHIWESDSNEFSVIADPRGNTLGRGTTITLVLKEEASDYLEL

R R I o S o o S o S o o o e I R R R R S R S S e S o e

gallus DTVINLVKKYSQFINFPIYVWSSKTETVEEPVEEEEAKEEKEETDDDEAAVEEEEEEKKP
SUS DTIKNLVKKYSQFINFPTYVWSSKTETVEEPMEEEEAAKEEKEESDDEAAVEEEEEEKKP

EoE R o o o b b o o o S S S A R S I T L S b o o o

gallus KTKKVERTVWDWELMNDIKPIWQRPSKEVEEDEYKAFYK
SUS KTKKVEKTVWDWELMNDIKPIWQRPSKEVEDDEYKAFYK

R o e o o o R R ok I

ke Z7jufokal B owjeko 2 A, UD (Yeast Nitrogen Base 6.7 g/L, uracil dropout
supplement 0.77 g/L, glucose 20 g/L)BA¥IA] 3 mlo] ©LHFS HZE3skar 30C, 200 rpm ol
A 16417 271k 3F & B djke YPDG (Yeast extract 10 g/L, peptone 20 g/L, glucose 10
g/l 18] a1 galactose 10 g/L)HA wiX] & AF&3F%th 1 | Flask o 200 ml YPDGo| Z7]u] <%
BE 1%7} H == HF3 30C, 200 rpm oA 48 Azt vl k3 T}

B wgA-S 8,000 rpmoll A 20 B3 AR &
s @ ol FATh 200 ml £ wjko Rz dojxl
ol

2 HA 4, 283 wet celle] A= ofgol EAISAT
AR MHP-HSP70 SUSgp96
sZc
29.5 23.4 29.7
Asoo

oMl == 1.2X10"" cel1/200 ml | 9.4X10" cel1/200 ml | 1.2X10'" cell/200 ml

wet
cell 4.16 ¢ 3.87 ¢ 4.22 ¢

weight

* Yeast Agp=1, 2X107 Cell/ ml

o] MAYA Zx T BAS 9 ER AT IHEE Agsigon, o= BEalHd=
A AA ] WdF7} a3to] ke o] TLR (toll-like receptor)l5 =2 A &2 A|ZH
HEFE T3] EAAHEE ahE T 47] fdsfiAolth
2-2-4. EARAFTAA ] A= 2E
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D #AAGZTAA L A=Y Td

12 A=oA &R ExRHEASHAA FREZ = mycobacteria 2] HSP703 T cell9
peptide presentatione F7IAAF= ZoZE <R glycoprotein96<! gp96 52 Heat shock
protein 2%, WHu-3S doFitty 4 Flagellin, ¢ &3 2
Sc3z HFB1S ¢ Z%o] f#9 hydrophobin 2%, 181l &4k87| 53 A7) 5S A7 =

S

o5& AR 9 oA T HES AxY TP AXEHS o8ty Lo a8
el A, B8 Axy Id A2"d 2 9 3Udd A 2"s H8edn s 4l
o] ASo= wd 2 AHA 7} £0]3== maltose binding protein (MBP 367 O}H]iJ% A3
g A" o] &Sl olE AxY EAEY

BH & F GCEAYS Tl =7

a8 BN 2ES o] 83 AxF WAA e ¢ mycobacteriafr2 o] HSP703 & fra o] gp96

o] Wy Western bloto = 2152131, hydrophobin®] 7§ HFBl2 do] & =& A=
el = %o Sc3: Western blot AollA BHle] o3& AEZ Wdgo] Hom Fupdd
< HA g2 Ae=w ‘JrEP/‘E‘r Sc3= F4EI 3 WS vt wral & Slo &
d F& =ge Ao HAolx £H B w2 TH Ax"olx AEE MFa AEA g3 CWPY
25 olelol mre] FHddd “‘01 AHEEE AGA2E o] 83 T Az"S o83t A=
stite] ol & ¢ e ZoR AREFO AR A=

BN
FBL
Lo

ol Ao Az LY Z¢ MBP §@¥d ©@ilEdES 25 A9 AlzZuolA
soluble%}ﬂ] g 3sY . Eo]8 22 mycobacteria %ﬂ]/] C- termlnal HSP702] 799
© @A FdY F=E 98 induction ¥ o] %o FFE ol AA FrlsHA &ol THAEF
9] Aol S HAE AoE AAHUT waA "y FHo 83 4TS & o=
4= c-terminal HSP709] thatw HA ¥ F7F 2 L@+ A-Y <¢AHSE 9 GST
(glutathione-S-transferase, 218 o}v]x=4h) 2 TrxA(Thioredoxin, 109 o}v]x=4h) & o] 83 IdH
I B AFTY ASLE A Eo] AR
O AGA2 EHUE A2HE AFERF SR A9 hydrophobin &

Bl 9 ER R@ AzEelA A8E MFa ABAAT CWPS 27 olold] Emel Ew
Hol Wol ALEEE AGA2E o847 WA AxHE olgalal Sc3T HFBlE) MHYRS 24
317 919 Azwe FES,

AGA2(Adhesion subunit of a-agglutinin= Z&=AM33EZY¥e] AGAl(Anchorage subunit of
a-agglutinin)® disulfide bondg st oh& o F SWAS §Iste display & + U&= &
NAzA a8 FHTH @ol AHEEI o™ AGA2 Al2HlS ©]-&3te] Hydrophobing ¥
A 75, Az 39 YAHE FHE ol I8 1o UEhiATH
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- S

S| IS sl s
S|1S SlIS

m Yeast cell wall m Yeast cell wall

328 1 AGA2E ©| &3 gulde] Er AX 89 H2EH |

AGA2 #Z A= pYD1 vector2F-E doje9} (GGGGS)2 linkerZ Sc3¢} HFB1-S &3 &3t
HE S Tt om o & % obg) 19 20 ®ASIATE olFHA FEH M

o AL st AGA2E ©] &3k FHLFC| AE o] FolFe=A &<l Folth
- nlae?psimr. M1 ey | ‘.a'?‘.gfj!'ai‘i!' WISy

GAL LD promoten

EcoRl (553)

-'-._('h : BoE) " ’-—i*—. y m_ |
GOGESE GEGGS2
é A" ¢ »
wag # Uag ‘Q:
4 L Soll {1114

/ s ?’ sall (12133 / Q"

g, b A

I 5o~ '3 et )

% 2
AmpR Eanpr—| WIS fwd
PGAL-AGAZ-5c3-His N PERLT:] PGAL-AGAZ-HFB1-His
AL R e

&770 bp

URAT pramoter.

:"an.,.‘- .

¥ 2. AGA2E ©] &3 Sc3 § HFBLS| 23 ET2rE
@ MBP, GST, TrxAE o] &3 thgdolA¢ cHSP70 2&d

MBP &% cHSP70 thad+ FdWEQl plexpress-MBP-cHSP702] T5 promoter 3&}F-ol
Ndd|BamH-S A3t GSTeF TrxAE 2447 S24sle 44dste] cHSP703 &3 3= s

ZganEE FI1E FEIP (1™ 3).
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:

pTS-GET-MTBCHEP70
5454 bp fat oparator

TS promoter

lac dpsrator {symimet

Ndel {1582)

Operator

oA
fag

Sty

\

AmpR promaoter

MTBHSPTO N
(2101) Sall BamHI (2264)

198 3. cHSP70¢) GST- ¢

[MIZfwd)

-

pTS- 'rmA Pl\“BcH!-D'J o

\ fac oparator

‘ T4 promoter
V55 Eperator (Eyrmmetic)
Ndel (1584)

rator

oﬂa

2
%,

)

X Sihiig
’ BamHI (1837}
AmpR promoter

(2774) Sall

Trx-§% 238 Eg=r=

TEH WHES AT FAFF2 BL21E @ ASste] Kanamycin 3447 =39 LB
A A A FE HABAES AEI FH, LB dA iR B wjFste GST 8 ©ids
TrxA S de] H3dg ATt =3 g TP FFol wel ddSgo] g2 A F
Rorz BL21AA #FFAAA FA RS IFE vA= AAHY EIY MBP-cHSP70S
DHbalpha w50l @228 st tidd #59 &< St

25 ml LB QA iR Z7]u)ordl njoke) S

1%7} B2 HZE3 F 37C, 200 rpm oA o

2/1F whekatAth. FFE AB00 ol 0.5-0.60] H& AMel 1 mM IPTGE A7ksti 37C, 200
rpm ol A 3AIZE FhuleF @ -, wieked 1 oml& 12,000 rpm oA 183 A BElske] 343}
AT LS AT F A "o GAFES Hwstr] st g %Lxﬂ{— F34% 3002 &
U3tHTE 500 ule] PBS & o] #AE EFo]F F sonicatorg o]&3ste] 1083F 33 shH L,
12,000 rpm A 1023 A4 &8st dsdy IAHdEZ sttt 449 dedd A
o] tj3F SDS-PAGEE A Alste] MBP, GST 18]3 TrxA &% @il o] 2y ks wdw
< FAstAo (2" 4.
M, Protein standard
M 1 2 3 4 5 6 7 8 9 10
e e W - e Lane 1, MBP-MTBCcHSP70, BL21, pellet
250p> _ Lane 2, MBP-MTBcHSP70, BL21, supernatant
t00b _) _} — % Lane 3, MBP-MTBCHSP70, DH5alpha, pellet
E 2 - Lane 4, MBP-MTBcHSP70, DH5alpha, supernatant
50 [> — = 5
T — - — — — E Lane 5, cHSP70, BL21, pellet
_)
261 - = ! Lane 6, cHSP70, BL21, supernatant
20— Lane 7, GST-MTBCHSP70, BL21, pellet
S : ‘ i Lane 8, GST-MTBcHS5P70, BL21, supernatant
10 [—

Lane 9, TrxA-cHSP70, BL21, pellet

Lane 10, TrxA-cH5P70, BL21, supernatant
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9 4. cHSP709] MBP-, GST- ¥ Trx-g& &3 ¥4 &4

WA W@ FFo| wE MBP-cHSP709] W& obi-g #9lg A3}, BL213% DHSalpha #% =%
ol Al induction o] whArFe] AAte] HEAE o7 Bl =tk cHSP70 T Tl wry
Aol it Aol FaFo] fllerm® 7]&9 MBP-cHSP70 A4bwt9o A =g AL 5

o]3lAl= MBP2} cHSP700] Ao 2d=E A% nAE Ao 4
= Aow Ayt

I Jlm

o
ou w}% Aol 7l ohuiz}
o 71

]_L_‘_E.
I |

mlo
Lo
(o]

MBP-, GST-, TrxA-g%%d g 7499 cHSP70S Td= I3 4
solubledtA] Lol HE ZAowE HATh I T AT Y oo HAS
749, GST-g&dY wo cHSP70 @ W3 R HL2 o] W EF o MBP-§3 &
ol 7Hd @ ol Id He AS=E UeEth MBP-, GST-, TrxA-& 33
NA ojuwgt AoA HWIFZ AHE BYA FRlo] AT sox BT

ot
rok
(@]

T
n
av}
\]
()

2) RARYTAA FHo| FA-F4A4 FLE FH A=

HSP703} Flagellina %2 EAHASHA ] A9, dd3 &3 Jej 2 FAste] AG-3
< AN TIE dTo] etk AR JEA Utk A AR SRE FARGSAA FH
% hydrophobin®l HFB1-& &d3 §3LdES AlE3ste AYukgo F717) 7heehA] &3] B
12 sk

Trichoderma reesei -212] Hfbl(GenBank KU173825)-& JxwjAle] z& iz z7lxdy
(self-assembly)S F3ato] @&tk & FAsHA Hoh weha] o] FHmde 22 dwds g
A3 I 3t A AlFol FulEHIL = SAT0 S @ FAoA ALgstazt =
CAWIO (water in oD} 2-& WA ZzA o o] ARZ Qlo] Hole AL 7153A st W
ABEZAL &S Fola WYFA 2HE B Ao=Z J|gsta vk =S HfblS thE
G do] §Fete] LSt A 2 dEl] B 8§80 FUkete AR HIEHIL 9o
T8 dF4Ael Eieta e odd TR WA FHEES FERE AASIY §FEIAES A=
sttt
(D Infectious bronchitis virus &9 §3dA

Aol

Infectious bronchitis virus (& AEA7)1H =S nvlo)d] 2, BV)E ZFo|A FAys= A
H° A3 ZE7IA A dode Hlol#aEA 7F, 7]%*]%‘%, A7k & T 5
Aoz 3 Heo AgbgS ZAAAZIT BVE Hiolgixe] FEwWo| $1X|%k Spike proteing]
Head =w|Qlql S1 #-&o] oz A8 Zox dHA Ut weta] BY FAFHQl Slof
HFBlS &3ddste] SIRbs ©d LSS o 2o 9wd 0y a8 Wogddo] 37

.|_4
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A 24 glskel WA #7E FEIAAT

|

[BS1(519 o}r|:4t, EwaE=o7 HA3Iste] GenScript AbellA &4d)e] C-terminal H-1-ofl
(GGGGS)2 linkerE o] g3l HFB1S overlap PCR W o2 IBSILHFBIE <th o3
EcaRl[Sal o2 Agste] @& E Rl pYEG ¢ -HIR5259) E2Y 3tHon T35 239 E
o] BAEE= ofgfjo ®ASAT (19 5.

PFRAL-TESILHFB1
ITE g
Gall 11a7

"
" - AIYrEE

iy E_‘#“-‘" 4

I3 5. BV S1¢] HFB1 343 Egtxv=

@ Newcastle disease virus 3¢ 83 23

Newcastle disease virus (7F70&EW Hlo]2l2, NDV)&= 7}%‘% 53] HolA THEHE FAE
FHOE HAMEo] 1 AIAE AotH, S57] FAY AA FA & o= HA A
ot} nlo]gj 2o T (fusion protein)¢} HN (hemagglutlmn neuraminidase)®]
Yo E gt AoE U AHSFAA FHA HFBlS &3 &
st & ! B 7 =R =AY S
5 st I 2@ AHA ol folFS 9 ERe 235 AF¢] MFag 374 23
o

NDe] Fo} ujfolejx=o] W] X% HN ecto _,_uﬂo e Fw NEAEO 2 323kl
Genscript Abel A @4 8t@om] 27ke] C-terminal -] (GGGGS)2 linker= HFB1E &3
&3+ 74, NDFLHFB19} NDHNectoLHFB1-& o] §U4 AN BAAol MFash ] ua e o
224 39t FEE LEAE waTE= ol ado FASIT (IH 6).
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sz oper g ML s e b ML P

HrwhE (980 Teabd (%3

L oy
_,.-.—- v Hhad [pa2 ‘-—.h Wl {BLs
B 1=
# 7 o, o e
F g N Fa v b
- -R ol x
PONL-MFa WO LT T PR 4 SO L R |
Salp =
2 - Sall
/( %
T3 T

1% 6. NDV F & HN¢| HFB1 €323 Zgt&r=

@ Porcine epidemic diarrhea virus &9 §3 3

o

HFB19] &35 ZFo| =3 31A &1 BoAE MeHdow Bhuddzy,

AZA AHE 7FsAE dolrRux B A@do] BHe3sta e PEDVY o §34d 3
Hokt}. Porcine epidermic diarrhea virus (s =] J Ay nlol#] 2, PEDV)+= iAol 7+
st Al A9, T7E, AA 25E et A AEdA 53] 2 HARES Hole A4

ol

PED ulolgl~e W 9X3k Spike proteine] Yoz zgstes Zoz IdHA 9o
Spike protein®] Head ¥3¥<1 S13} Stalk H-3&<l S20f EAw il
stE T =S nlol# 2] el X3 membrane protein®! M proteine] ecto domainel HFBI1

T AT ol WA H AAY LolFE Hs AR AZAE MFas A

FAEL YT ax AFaEo 7 FHAJsle] Genscript AbollA A3t 2™ C-terminal &
‘E—Oﬂ G GGGS)Z linkerg o]&3te] Zhzhe]l &9l $ Ko HFB1S overlap PCR W o2 g3

S A=A, PEDSILHFBI1, PEDS2LHFB1, PEDM19LHFBl+= &% 2] AlsA<E MFa%t
u_mol PYEG o -HR5250] 22 stgom 738 Sduee] mast ofglo] EA
st (28 7.

iy
ﬂli'ii
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fin¢ opraftn LT L e i HINFe
lisg prite=luir AL 10 promoter {2 prommooee i 8 prenkar

Tenl] (553} oy
R o e i xhal (bl
o -
/ " ’ vd
&g g gl
L AR o
Sarp¥) promoter -+ . , f » ]
l PEAL-PFEOETLME B I AL “F:l;r_itﬂ"' ELHFRE
Ml B c
-3 =
5, "":-
= HLTERE
fall (BpEd) E.ﬂ.. - ]
S E:E_’?/ R oy 52 e Gall (0]
. MIT Pt > Ly
UFAT promokst BT OO TR [TRE] |
T 0w M1 T PRy [ YT
frrrmae st I vttt _— .
WeoRl (98 AL 1) P
L] Eoni] 15330
- " sy
5 {6 v Wl CROL
/ E * » :
T ! et
AT
(L]
I Safl {1805
ek | L

PRAL S a-PEOSEFLHE I AL -Fii e PEde i ol Bl
16 b

Argh promcker A Teil
i L CELT \ J
“ Sell (i &
..... % tf-
" D_—gﬂ‘f// ST ™ sl

HAT proveter QBN gt

198 7. T3k PEDV 3+4¢¢] HFBl €823 Zgxne

@ T F EH

AeA FH8 T A4 TR FA-HFBl §3Ld WEE fE/oHHCIE Yo =E §
cerevisiae Y2805 @& &sta1, UD (Yeast Nitrogen Base 6.7 g/L, uracil dropout supplement
0.77 g/L, glucose 20 g/L) LA =] o] A A3} T},

AEE FEHGA = UD A EfA ol A 30C, 200 rpmoll A 16 AlZE 7] w3k & & vk
S 39T E w2 YPDG(yeast extract 10 g/L, pepton 20 g/L, glucose 10 g/L —18]al
galactose 10 g/L)HA wix] S o] &3Hth 250 ml Flaskol 25 ml & EF3 7 Z7] Wi 3
FE5 1% 7 =5 HFsko 30C, 200 rpmol A 72 A|ZF v st th w1 ml & 12,000
rpm oA 2 B3 94 BEste #AE A5 &, 200 pe PBSE ¥ #AE FoE H
glass beadsE FH7}ste] 202 &<t 4 stAoh

()

g B FAl= cell wall, debris 52 E&3 lysate HEIZ AR 3FH T 247t Alges &
He FHEE &lslr] 9l His probet HFBI(ES#MAl AlF)ol thdk AS o] 831
Western blot ¥4ttt (1" 8, 19 9).
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250[5*-;
150 -
: = I (o
75D . B
sobNy - rg -
e ' e
250> -
— ‘
- -
| —
His antibody His antibody
M, Protein standard M, Protein standard
-, negative control, Y2805, lysate -, negative control, Y2805, lysate
Lane 1, IB, 51-HFB1, Y2805, lysate Lane 9, ND, Mfa-F-HFB1, Y2805, lysate
Lane 2, IB, 52-HFB1, Y2805, lysate Lane 10, ND, Mfa-HN, Y2805, lysate
Lane 3, PED, Mfa-51-HFB1, Y2805, lysate Lane 11, ND, Mfa-HN-HFB1, Y2805, lysate
Lane 4, PED, S1-HFB1, Y2805, lysate Lane 12, ND, Mfa-F-HFB1, Y2805, Supernatant
Lane 5, PED,Mfa-52-HFB1, Y2805, lysate Lane 13, ND, Mfa-HN, Y2805, Supernatant

Lane'6; PED; Mfa-M1S-HFB], Y2803, lysate Lane 14, ND, Mfa-HN-HFB1, Y2805, Supernatant
Lane 7, PED,Mfa-52-HFB1, Y2805, Supernatant

Lane 8, PED, Mfa-M19-HFB1, Y2805, Supernatant

a9 8. %3 WA 8 39U-HFB1 3339 His-probe Western blot #4]

91¢] Western blot @z}e] EAG whsh o] IB, ND g3 PED sleleje] W FUF
539 2AWGZHA FRe HFBIS 3 =

A Soldo 2R Mrash 3 EulL §E—Q o] NDV ¥ PEDVOIA &<l

) o) go] Sels ik, o HFBLT o

SH W AFAE BuwRel AR ABE A0S Mol Asholn] ohvh

hydorphobin®] A7}zRel SAel 7ske oz FHHUh oF 9 kDagl e Abo]zel
OE]

HFBl1e A7tz"< stoags 9B= A2y, 932 BuH|7l 7bsshd 2 Alol =9 33 &
LA AL Aol dpEo) AEelA Hom Busl 97 2= Aow ARH

7124 GHEY A9 G| S0 Y31 PEDS) 513 ND| HNol HFBLSH §Usa
wjol W] H: Zo] FAFol webd HFBlo] Mol ofel e wulde] B@e woFt
ol AT Ao AT (28 8)

18

il

HFBL &% ©ujde) dds &3] spy] 98 Fdildracds g2 HFBI-AS
o] 8-3lo] Western blote A A|g A3} £]9] His probe Z3}e} npx7x 2 &<4-HFB1 &3 ©

¢
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M 1: 2 3 4 5 (7] 7
250>
M, Protein standard
150> oy
— ] '}H 5 -, negative control, Y2805, lysate
75 ..
s Lane 1, PED, Mfa-51-HFB1, Y2805, lysate
; Lane 2, PED, 51-HFB1, Y2805, lysate
.
Lane 3, PED,Mfa-S2-HFB1, Y2805, lysate
EFipe
Lane 4, PED, Mfa-M19-HFB1, Y2805, lysate
25
> Lane 5, IB, S1-HFB1, Y2805, lysate
Lane 6, ND, Mfa-F-HFB1, Y2805, lysate
e Lane 7, ND, Mfa-HN-HFB1, Y2805, Supernatant

HFB1 antibody

I3 9. theFgk WAl &1 A-HFB1 §3dd e HFB1 34 Western blot ¥4

3) AY=7 &HE 7V1ANE Kluyveromyces marxianus A2 TFFo At Azg 4A A 2H
T5

Kluyveromyces marxianus 4+ 7 A9t B2 EH LS VA= &8 324 T ZZnlo]
LYo g MIstH= AT Qlol ki 53 A MEHY B¢ FAPAECE AT AlE A
Ao WHF4 3% I A3 Aok A 1APEdE ATl et BARE G SR A
=3 B SFAEZA Saccharomyces cerevisiae +F5 ©]-&3 FAA AL AFIH o]
oM 2xpA% AFoM = S cerevisiae dFolA e AxF A Ao vste] K marxianus
#7E EAHISAAY B4 g 5o FHA AxYE T NMERE STAHEZE 80
EX o3 Az 7A A WS ERE FUIE 48 F v ZlENds AESRTh |
A ol& g 71E7E] A2 HE A=E F5E TR

K. marxianus oAl &2 Hd A 2"S F587] f R4 Azt G
Aol ol AEEHIL A= S cerevisiae el ScGAL10, 8]x  ScADHI(alcohol
dehydrogenase) X 2 ¥l 2} K. marxianus 2¢] KmGAL10, KmPGKI1(phosphoglycerate kinase),
KmINU(inulinase), KmGAPDH (glyceraldehyde 3-phosphate dehydrogenase)=~ Z = E]E A}l-&35}]
7y 22 REZFe] S Hlwstgd . T3k selection marker F-AARZ K marxianus F N A
AHE 7Hs3 dAAIQl G4189] WA FAAE Edel= KanMX FHHEES AFSsEE Y. A FF <
Z2REH A4 HuE s T AL B Aol BH{sta Q= lipaseq! CalBl4E
X Z I35} lipase assayE 53 HHE&S vl FASIA T

ScGALI0Z 22 H

i

z&ste ERUAHEH pYEG e -HIR525E Xbdl/Salo.2 A|gtste] €
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sl o,

XE ARl CaBl4E ARAISAEQ MFast 37 2 dto FHIHEE
AR KanMX 7HEE do] G418 A A A¥E7Hs

Ndd|Nare.= Ag-3stal G418 WA
SEE wgth

ScADH1 2R HE Zt7t w3 d e ZF2Y

"l

G418 W4 321 KanMX 7 E+=

sl FEsU.  TEE wE
= O]'o:] S = © . ':‘T% sl=
HTH ey Bamial (40
Errpaar et
1a promter
e [
< i ek
el
o PR AL -MF Gl ] -G E
AR pnT ‘ B2 ko Sall (3ont) Eanpl e
......
MNP
% el (i
L"
iy
B3 pricimat
M F Ty smal (37
e opwrabin BamMl (0}
= Ll EcoRl (5ia)
Hedel (858
g B
o e Ecofl (1107)
Amps
o SraA—r AKMGAPDH- mu:ulu-l Gala
il
Sakl [7151)
pein
LR ]
Narl (199
URAT proenoter ridel (ams)
HiT e Senal {17
1€ tparaton BamMl {ao)
lat promater ADH L promarter
EcoRl (T2}
o

PSCADH- MFaI:.aIB:I 4 Hlx Sall (@

ano1) Ndel

(AR proenotar

MIFTwd

Warl (2034]

I8 10. 93 TZ 2 E H|

pFA6-kanMX4 W E]o| A FZ3}3
Bl= K marxianus NCYC 28872] genomic DNA, S. cerevisiae Y2805 genomic DNAE

o] SmdallEcoRIZ Ag3ted KmGAL10, KmPGK1, KmINU, KmGAPDH,

STt
or] 77te]

ot

lo d

N[

ofefel  EAIBAT (ZH 10

11—
BAEE

“13!l|‘\ Smal (17
Ill:l'lﬂ’m 1 b
Tac promakpr Eesl] 144}
EZHT {Tas)
ik PRl
o
A
= pRMINU-MFaCalBl 4-G4 18
AT 1.t THE be Sall froow
\ e
IS
,2: - Narl (2e47)
Sy
Ty
HiTer smal (17]
lac promater
— e
o . EcoRI (1082
ArrpR:
R prosnober 5 nKmDGK-ﬂ-:r_—l:,c:zlm.l-c.ua
-" Sall (2371
arm
'éq) TR
Marl {2955
(422 Mdel
SITFTEY Smal (37}
IaEoparaton BamHl {20]
laz promatar GALLO pramater
EcoRI {553}
) x
Sall [1797)

PECEAL-MFaCalBl4-G418
o 7727 be Tarm
AmER promoter — gl
\ LUERCT
Marl (2415)

&

/

Pdel (3792}

wE 9% CALBl4 &L EFg2v|e
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TF=H MWEE BamHe = ASA st  linearlized A|Zl &, LiAc/PEG Hio=z K
marxianus NCYC 28870 @& A2 3tA(th. 200 xg/ml G418S Z3sl= YPD AujR| oA A
& FAAIAZS GAL Z2RES ZAL& YPDG-Tributyrin ZA|ujA| o] T2 ZZREHE
YPD-Tributyrin LA ¥} Kol %7 30C oA 24A1ZF vl A1 & 7F 2 halog 2.2l colonyE
ZA ARG NS i

MEHE 4 755 YPD G418 HA Ao 3 ml HF3Fe] 30C oA 24A17F vieF 3 & 250
ml baffled flask«] QLJXJ]HHZ] 25 ml o 1%7F HEF5 HFsASW. 24 7Y ASHAE
pScADH, pKmGAPDH, pKmPGK+= YPD(glucose 2%), pKmINU+= YPD, YPL(actose 2%),
YPS(sucrose 2%) ~1€]il YPF(fructose 2%), pScGAL3} pKmGAL-2> YPD, YPDG(glusose 1%,
galactose 1%), YPL, Z18]al YPG(galactose 2%) Wl A& Z+zt AF&-3FATE 30T ol A 48A17F &<t
v oFste] CalBl4 A2 @S F =3t

Zkzbo] Wi FH O 2 RE] A2 AT v Iy @uid S o83t pNPP(p-nitrophenyl
palmitate) S 7|22 3fo] w3 A7 S SAHSFAT T2 38T sty 30x
Ao 71do WIE FAsAoH FAHE FHE @S ALt A4 #4& ULE &
Arete] 2Pz = YeEdiier (23" 1D.

Lipase assay (U/L) PSCADH-YPD

12000 B pScGAL-YPD

B pScGAL-YPDG

Lo W pScGAL-YPL
B pSCGAL-YPG
dasa N pKmGAL-YED
B pKMGAL-YPDG
W pKmGAL-YPL
B pKMGAL-YPG
4000 -
W pKmINU-YPD
B pKmINU-YPS
2000 - ——BB— - N B N N |
pKmINU-YPL
® pKmINU-YPF
0 - -

h,gf’ & ,,—js & Aq(’ *g‘b & _,30 H,g‘ﬂ oﬁQ\’oﬁ{ B pKmGAPDH-YPD
S o SIS S o
@@‘*@*bou@»cse@v&@@@q& - _
e o7 T & & @ & R & pKmPGK-YPD
Q%é’cjbqé’&d,r&é-%{?ﬁ-gr&&&@%
Q

39 11 Z2uH B4 NILE 9T APEAe PuA FH B
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o] A A ScGALI0 ZEREI7} K marxianus ¥ A lactose 2 galactoseE & £
T &7 (inducenN® AH&3te] %A 23 (inducible expression)o] 7}53HS Feldtgon E3
lactose= galactose THH] "¢ R BAQO EA] o3 EAL S cerevisiae 57} galactose
+ # o] &st= WA lactoseE o] &3t THol Ao Hol v HAE ARVt K marxianus
54 ScGALIO promoterE AM&3StOo 22X S cerevisiae wFANA} 8] AHI AL
lactoseE inducer® A 4 A& F7HE AHE AFS 5 Uvh o] AH{E vHigte g Iy

< F°] Folth (53 : EFoHEO|AN L BAob A dFFo A F i To] Jh
EZRH 9 ol& o] &3 FHA I Al2=H).

i 9}

4) Kluyveromyces marxianus #5355 883 BEAHIAZTZA S A= &3

OO A =3 K marxianus T A2 BH A~ELS A}8Ee] BEAHAZIGA &
Zo] &1Ql  flagelline] Az B NS =ASAY. K marvanus %:‘j‘ﬂlﬂﬂ
PSCGAL-FIIC-G418 M Ele] m =i ool vetylom (19 12) BamHOZ AFAL3 K
marxianus NCYC 2887 ol &S st

Smal BamHI
GAL10 promoter
| ¥, EcoRI

= _ﬁl

A T
Fil _—Sal1

BmpR-—f Y\ —Term.

| pGAL-Flic-G418
| 7354 hp

" Narl

Ndel

19 12. Flagellin B4+S 3 K marxianus 2@ ET2u=

YPD-G418 A Aol A A& FAHSA F F 719 colony & AEste] YPL(actose 2%)%H
A WA A 30C oA 48417F vl FstATh WleE 1 mlg 12,000 rpm oA 2 Bk 94 s}
o #AE 345 I, 200 ple PBSE o] #AE ZolFE H glass beadsE H7Iste 208 3
b st #a @ A= FlC 23 F55 Flstr] $8] His-tagell tigk A& ]
§-3}o] Western blot £43t9th (2 13).
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M - 1 2 2 4 5
2503
- M, Protein standard
100 >0 -, negative control, Y2805, lysate
750>
Lane 1, Y2805, pGAL-FIiC, lysate
500> 4 Lane 2, NCYC 2887-1, pGAL-FIiC, lysate
Lane 3, NCYC 2887-2, pGAL-FIiC, lysate
370> 000
o ' Lane 4, NCYC 2887-3, pGAL-FIiC, lysate
258 Lane 5, NCYC 2887-4, pGAL-FIiC, lysate
20[> -
-
10 [> .

a9 13. S cerevisiae®} K. marxianusi| A9 FliC &3& Western blot £4]

1= d A &1t S cerevisiae E FliCet vlw gk A3, Western blot ol A= WHd %
o] A& AL Aoz HYY AT K marxianus®] 7d%-ol= TAHE 7} genomic DNA ol
Ao Z integration T o] WAE = A|2ES 7R 3L 9lo] integratione] ¥+ copy <ol wEh 2
Aol 2t A g Atk wEtA FIE £ O B2 o FAXASA S gglo] Had o=
Bt

b
o 2

10 tot

2-2-5. AZT EARGZHA AE AN L FRAFI| R0 FF

Az BAWEGSTAA] A9dd S3 &7 B4S 8 EAAGSAA FERE Ak
5%9| S cerevisiae Y2805 A xd ot 19 gal80 FAA AFF L 1F9 AHAF FFE

v Fate] B&sl A 2 AlxgdH =S

(&% 5%)
1. chicken gp96 (pGAL-gp96-His Y2805Agal80)
2. Hydrophobin HFB1 (pGAL-Mfaopt-HFBI1-His-cwp Y2805Agal80)
3. S typhimurium flagellin (pGAL-FIliC-His Y2805Agal80)
4, 2~F4#A (pGAL-HMGI/ispA Y2805)
5. M. bovs BCG c-terminal HSP70 (pGAL-cHSP70-His Y2805Agal80)

(N 15
6. S typhimurium flagellin (pT5-MBP-FliC BL21)

R wjoke ZUejoky B owjeko g R AW, UD (Yeast Nitrogen Base 6.7 g/L, uracil
dropout supplement 0.77 g/L, glucose 20 g/L)HAwiA] 3 mlol SGLHSFE HE3kaL 30C, 200
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rpm oA 16A1ZF Z=7]egF ¢ & B wde Y2805 ¥F+ YPDG (Yeast extract 10 g/L,
peptone 20 g/L, glucose 10 g/l 1&8]1l galactose 10 g/L)HA| ®j=], Y2805Agal80 5= YPD
(yeast extract 10 g/L, pepton 20 g/L, glucose 20 g/l)E AF&3tA T 2 1 Flaskel] Eujf vj=
200 ml o Z7IMjFHE 1%7F HE=2 HFSE 30T, 200 rpm oA 72 AlZF sjSstET &%
Hj el & 8000 rpmellA 20 &3t AAEE st #AE 3o & dad PBSE o] &3 W
AoF3Uet. o]F HYAY F3 = f3 &% HAHEE BZ3) sl dIsglor,
ol BEAHAAZAA AAe Ay t3te] ©o] TLR (toll-like receptor)l5 @7tE=
AR AxY HES Y EAEYEE 23E A 47 iAol

.?L

=

AT wloke 100 ml LB A uiA o] Z71ckdt sk s 1 %7 I 52 H=3 5 37C,
200 rpm oA <F 2AIZF BT FFE A600 @ o] 0.5-0.6°] H= AlHol] 1 mM IPTGS
A7Vskar 37°C, 200 rpm ol A 3AIZE FrbEleR @ F, wi e 8,000 rpm ol A 1083 U &
gt FFetnh. 3 7Al= 20 nl o PBSE %‘-01 #AE EolF F sonicatorg ©|-&3}h
o 1083F 4 3, 12,000 rpm oA 1087 94 ReEdte A5A39 JIHEZ 25
Y. 2248 Egss Ao A,

B OFoE Qojdl Zztel A=Y FF MY AF FBE e ofelo] EASAL

R 12 R
AR
‘Q‘TZS:]_/\]‘_/_\_E‘%! %iﬂ_ \_“Zr A600 %:_}\]‘_/_\_Eé], %Lﬁ% A600
Chicken gp96 SIEAR Agal80 30.6
Hydrophobi
YOOPROPIN mwwal Agals0 282
HFB1
S. typhimurium .
A = Agal80 33.8 MBP-fusion = BL21 29
flagellin
Mycobacterial
Y MEW  Agalsd 252
HSP70(C)
Squalene A = Y2805 34.2

* Yeast Ago=1, 2X107 Cell/ ml

O BEAY ARY #7} 12
FEARE A% gAY TAAS adlos dd B4

S. cerevisiae Y2805 A)zx3g #F
4 MEZAHES FHAT 7T
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1

+ glass beadE ©o]-&3te] I3

3T =
x=

L3t 65CelA 2 AIRE EAxgste] T RA

T Az

ra} 3
go Y= ALY

S}

R

ar

A <

Chicken gp96
Hydrophobin HFB1
S. typhimurium flagellin
Mycobacterial HSP70(C)

Squalene

AT
B
Al )
A1)
A1)

* Yeast ODgoo=1, 2X10" Cell/ ml

3. 399X =71 a3 B}
oA 71
ulsf| B o] &

3718 R .

aum+
=2 F

2-2-6. W Z7} Tzno]oE
g AL 7l

8 X Saccharomyces boulardii
FH7F dE AoE 4HA ¢
o = XlEXﬂi Akﬁ =

o]% ay

WA S boulardi TF
ste] 2R FAMEANES

4=

=

Saccharomyces

a5
fructans A Yo R

vh glom 3xpdxolE A7|§ S boulardi TFE AHE

B dAFoMe 22pd =0l o9k A
M85t

=
T =

Kluyveromyce marxianus 5
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Hio] @ o &g A4 Foll ml-¢ AFet] B A7t o] FAAX L Yok U AFHYFH o2 nlol

ANeEE Aatol]l 7P Wol AMBEHIL e Saccharomyces spp. & AFE g FrRbo] H
AGAE Theds] AA e glo] MAaAAY|= Ao Hiuwi glom B Agoi Z=EHlo|Q
Y &% #F S boulardi ATCC MYA-7967} =R 7FAFe] &=4)8F+= fructo-oligosaccharidesE 3
7FAR1 ZhiE] A glo] oleks wael Al (cell mass) BAHS 3 BHAYOCE &
g F AS BT

rorr r[o

S. boulardi ATCC MYA-796> = A1ZFA+e]  fructo-oligosaccharides DP  (degree of
polymerization) 15-167}%] Abg-o] 7153 o2 yehygom 18 19 Z A vpel o] 53 H
g oA 180 g/L o HAZAED E4tA S o] &3 A3 daolA 40.0 g/L 9] oet&s A
gk S0 44x10° cells/mLe] ZEulo] 98 ER AEF S 36A7H] wEZ YT 5 9
=< glstA

5 45 - %00
450
%
B 1)
EET .
il
~ s
nc Aimli :
— {
Ma 11 5
= | F
= - {0 =
- =t
2 1 -
4 1%
. { i
== E1IH 1
e 5 L]
== Agilation i
0 v 0 Jo
L] 12 34 s 5 (0]

Cultivation time (h)

13 1. Fermentation of Jerusalem artichoke powder suspension by ATCC MYA-796 in a 5-L
jar fermenter. Medium (2 L) containing 180 g/L Jerusalem artichoke was used. The
fermentation was carried out at 30°C with agitation at 200 rpm and aeration at 0.2 vvm for
48 h. The medium pH was maintained at 5.0. (Symbols: : EtOH, : Cells, : Agitation)

2) BEAHHEZFAA squalenes 33t S boulardi EX A AL Z1ENE
S. boulardii ATCC MYA-796 A2 ©9FH E3E v S Ad =+ 3

2o ojaZ ol thatel] Hoste= FAAE 5 A7)
AR Z73A squalenee] MEU FHo ml$- TS & F AAT



T FAAE =QA Re S boulardi oFHE TFE A3 squalened =7

A e AeE Yehgormz (Fig 2) oaZd ol A $23 4594 #A=

G HMGIZ ispA (Wang et al, 20100& #HIdst= FH2v= (pG-tH-DE =43+

squalene =3 oFE AR O A FAEHA F5S & T AT wEhA olAZH o]

t BIAY 27 @A §HA ERGIO (acetoacetyl-CoA thiolase)S 7182 #HadstE Zehx

U= (pG-tH-I-E10)E =43 #F8 AZXsAD o] 45 4A Az 43R dE 7+
T

h=]
82 mg/Le] squalene AjAksh AT (2F 2).

—

100
.
B -
=
]
iy
O
o
o
= 40
=2
il
20 A

“ T L) T
Wild type pG-tH-1 pG-tH-1-E10

% 2. Squalene production by S boulardii ATCC MYA-796 overexpressing genes. Strains
were grown at 30C and 200 rpm in YPDG medium for 72 h. Abbreviations of plasmids are
as follows: pG-tH-I, overexpressing tHMGI and ispA; pG-tH-I-E10, overexpressing tHMGI,
1spA and ERGIO.

3) S boulardi FFE GFATE AEE WA FL Gde] B

S, boulardi ATCC MYA-796¢] W57 35 &3ty 45 53 Al 5 e Wk st
U2iA BX AHIZYoa =F nlo)lzl~ (Newcastle disease virus, NDV) wWAl 39 fusion
protein (F)¢} hemagglutinin-neuraminidase (HA) < F71% o2 #AdT 4 = HHE 75
SEATEH T BRojA o] oy AR &Rl A vloleglx Y @d (PEDV SDE
reference® E3Hate] AHS APt 24248 @A 23d s Aol 1 aFE gQl
3k ¥} 1= hydrophobin @l @S FQ3sl= HFBI® §323d dgon 7z &9 23 oARs
st

ol
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=3 PEDV S1-L-HFBI, ND F-L-HFBI, Z18]32 ND HN-L-HFBI Z&~v|=&
TE5 wiFstal wi kA cell lysate® 247 EEste] A S AT A9 ¥
30 FAIZ Western blot E2joA HiE nie}l o] @HoA Hu] A&

sequences 7HA3 YgolE EFEa EE Y @wido] mixE EH|EZA ghoy cell
lysateoll Al 7|t =& 2 XA AEHE E2lstA

kel
Elgtor (X5 vAA]D) ol AEAA Bire Hh
ANZA GRS T2 dtd g e] vy §

b SolstAl= HFBIO] §5A &2 4-5ole @aido] A3 ‘%} HA e Aoz u

to o

A B
M 3 & % 4 1 2 3 4

150 / /

100

" $l &

S0

37

20

HFBI-antibody His-antibody

13 3. Results of western blot using HFBI-antibody (A) and His-antibody (B). The M,
prestained protein marker; Lane 1, S boulardi ATCC MYA-796 lysate; lane 2, PEDV
S1-L-HFBI transformant lysate; lane 3, ND HN-L-HFBI transformant lysate; lane 4, ND

F-L-HFBI lysate, respectively.

2-2-7. S. cerevisiae FFNA EAHSGZ7FA) squalenes] FAPA HA3Z} U ~AY-¢
D) &% S cerevisiae T-F A squalene F4HL 93 BE JAZ 2 WY JAF

APATE T3t S 7HeAol &UE squalenes ERAA i FA4slr] ste] ©



HA3s 2 wanuoF J23 ATE P39} Squalenee F
e R R b

Kol
I o w9 AL %9l squalenetre] FHHHAT G QA A S cerevisiaee squalene
B OAEZ YE B4 AHEZF s}l ergosterol Aol AHESHA HTk thAME E
olujo] ttFd @A Eo| o3& squaleneo] ergosterol® ASFEH AT 7% A HA ©A &9,
squalene epoxidaseE ¢33}t ERGIO| squalene A4S dFA1717] $13 A4 fHAA=Z
AR oln] ERGI®) AL REHOZ A5t terbinafines 718t squalene =2 &%
o] &4 Fta ¢# A ot (Drozdikova et al., 2015; Garaiova et al., 2014).

o A= squalene A4kol] wo] o] ¥ = ThFS S cerevisiae #FENA ERGIS] F
B i A<l terbinafines FH7iste] o9 AHES AT S EHN squalene BAHS 9% F
1 T+TFES A Bz st AMGIE 333 37719 ATCC FFE0A 3
H squalene FFo] 2 ZAoE Hid nu e AFEU ATCC200589, ATCC201238,
ATCC201741& A¥3slda (Ohto et al., 2009) o]¢]ol= squalene ZZo] A5 ALEEHE S
cerevisiae BY4741, W303, YPH499& A}&3lom B AP IdWrF oz A&st= S
cerevisiae Y2805 5 HA A wlasfH A}t sk

e
fr 20

ox B orfg
rO

N
focs

Hj QS Z7|viF 2 ik o g FiEste, Zragole UD ¥iAE ARESEth UD wi A=
0.67% vyeast nitrogen base W/O amino acids, 0.077% ura drop out supplement base, 2%
glucose7t 714 wjA|o]™ UD®iA] 3 mLol ©dF =S HEskar 30° C, 200 rpmell A Z=7] Hj
T B S s TE B ajke YPD u#] (YP media containing 2% glucose)E 250 mL Hj
Zet2=a (baffled flask)ell 25 mLA #53 F Z7] w3 55 OD7F 0.1¢] HEE H
393 10 pg/mL terbinafineg zZ+zr H7Fstdoh. 28]lar 30° C, 200 rpm,ol Al ¥k} A

[¢)

O

i

N

72N Bk widEtATh vk & MEE FE3te] 50 mM Tris-HCl (pH 7.5) buffere] #ehs}
Aot d8 3 glass-beads (425-600 1 m; Sigma-Aldrich)E 3 7}sle] vortexingste] 1083t 32
st9th. 183 pentanes F7Fste] 1083F 3:7bE vortexing & ¥ 12,000 rpm o|A 10 3t
centrifugationdte] 3+ A5-& gas chromatography (GOZ 24359t}

GCE Agilent 7890AE AF&3tH AL columna HP-5 (5% Diphenyl-95% Demethylsiloxane
Copolymer, 30mX0.32mmXO0.25 xm film thickness), detector= H,¢} AirE ©]&3+ FID detector,
carrier gas®+ ilE Hes ARSI T #4712 detector temp 320° C, injector temp
300° Col2lo™, oven tempe= 40° CollA 3%, 240° ColA 5% (rate of 10° C/min), 300° Cell
Al 18(rate of 10° C/min)o.2 23] =P th. =43 squalened] &=+ squalene Ak
Tujsle] standard® AFE3Fe] Bl EFS 3L, internal standardZ+= methyl laurates AF-E3FS T
a3 v sampled 3 WHE SH S V|EOR STt

TerbinafineS #7}8lA] ke A$ S cerevisiae 7 744 #5¢] squalene &2 &S 0.3 +
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0.01 mg/LellA 1.4 + 0.3 mg/LE wi-¢ PHd FEds & & F AAT (29 4. 184

terbinafineS 3 7}3 76‘—°r o=, 11.4 + 0.3 mg/LelA 40.5 + 4.5 mg/L7+A squalene %] #Fo]
AntE oz Z7kdE S AT 4 U

%
9
2
Lo

% 3}% = squalene epoxidase

oF =
]:I

= % UlE, ERGIO) EX AEW
o) A~
-

o] EU|E Ho} terbinafines ALE3o
g REHo=z A AIA squaleneo] %E,%—% Zii_,l-?_l
squalene A o FAL S e FoF 549

Iy squalene HAAHS fEl tiAME Ao R B XZAol 2l = S cerevisiae
BY47419] 7%, © & S cerevisiae #-FE°l W8] squalene %7 Aoz Ax3 AL
gelgr = ek E3], W303 #3571 40.5 £ 4.5 mg/LE 7P $3F squalene &3
Fom, Y2805 (28.9 + 1.0 mg/L)2} YPH499 (28.0 + 2.2 mg/L) YA & 59 H]
S AT & AT (TE 4. 23} W3033} YPH499 oA squalenes A 4HsH7
HMGIE 33 st AE S AlEst oy squalene AJ4bFo] w-¢- wm|3hs &

Az w9

o]

003';'40%'

e
o
jur]

-

=
2 ARG, ARHo T S cerevisiae #F o)A squalene Aol wl-¢- #F oF

= A3
A2 AeHe 23US AT F A%, ols ofnfx #5 e A= E‘r 72 w7l
O
gS Zl & F AU

100 4

[ Control fwio tarbinafine)
I + Terbinafine {10 pg/mi)
80 4
—_
-
=)
E 1
S
1]
c
= T
m 40+
=
o
L7 ]
20 4
u 4

2 e Lh a8 e
ﬂcﬁ'@ﬁ 15"'-'1““1 -v;tl.'.-"::r’ﬂ:‘~ o\t b "J"@B% "-?“ﬂq
3 w w .
Strains

13 4. Terbinafine®] &4 &= A dtol] FAA 22Z31A 4L S cerevisiae dFE4 9
squalene =3

A8y AFE F3I S cerevisiae Y2805914 E. coli {212l FPP synthasel ispA<t
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Hydroxymethyl glutaryl-CoA reductase®] trans-membrane domaine AAS tHMGIS I4A
ANZI o 24 squalene AAEFS 33 SV AZ F UeS AT v JOEE olF EUE,
kA terbinafine 7} A 3ol A squalene 2 4ol FAA S Wl S cerevisiae dFE0
ME tHMGI® ispAE 43 N7 A S-S A S8 Bz st

A ATE E3| =3 pGal-tHMGl/ispA Zef~v|=Z S cerevisiae #F5°| 242 =
5 ]%4 squalene A4t FES vl A5 9k, EgavEr 248 AEFE S
cerevisiae 555 30° C, 200 rpmol| A wHFslA A 72417 &<k vl 3T

a8 594 B F ARl ozt st kA 2 o594 o E dFE=3 Hlusty
tHMGIZ} ispAS 33 st= Az S cerevisiae 552 squalene A AkeFo] Aukzio g =
7F 3 AL A & £ AU B3] Y2805 #+F2] A-F, 400 £ 35 mg/Le] squalene A4 o
24 O Axd #FEd Bl /M &2 squalene AHIE 1 F = QUATh

Ol

o]

33
o

2=
T

3l

13y terbinafine X7} A @A squalene 3
Foll= tHMGIZ ispAS HEd A7 tiAbSS
o] mnge 8ol & 4= At} o]k v terbinafine H7} 2 4] squalene =%
o] 71 Az SIFE BY47419] 7 S-ol=, tHMGIZ ispAE ILE RS o 433 &
squalene A4HE-& &<l SHATH (240 £ 15 mg/L).

&
o
=

z2 e\
Pﬂ an)

fHrEe] ATCC #FES
=33l squalene AY4F
5ol

=

=
a

1:1{0

(-

4 e

AN HN ox

UA AFgk miel o] FFFHE ZHEL terbinafine EA sl 2ASHA e
cerevisiae #E°l 4 squalene 2 2] HlalE squalene AFAHS S EE A AEE
Z2b8L7] 9Ie s Y A diE VE

N

il

o 2= HFstA ‘3%%% UER I STt ool o
sto], AR A squalene A4te] ¢ #F oEXHOE YERES TAl & H 2 & & QU
}.

A7} 2 squalene AAHE s AIFEH e #F T B AJHNA ARSI Ue
Y28057F 7 HAo #FAL el stHnh =3 749 #FE 7+ squalene &7 o] # A
Zo)lE dod F e FH13F WA Wols Ay 8, squalene Al T HH
FRAAEY GrIMES BH8 Bkt a3y ddds @8 ERGY ERGI, MGAZ f7A+e]
ZTEREE X olE AES vl A3 Eygoy G HolH e A= RIAT o

ZkA Y2805 #+F 7t E‘r% w#7Eol ¥l3l squalene A4k o]l 73t ol THI] HEAE
F7FARQl A7 HR3 o= Hlth
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500
[ Wild-type grains
| Il Recombinant strains

Squalene (mg/L)

100 -

o - s y i
R o ‘a a8

o2

Strains

I8 5. tHMGIZ ispAZ FEAst= S cerevisiae 3549 squalene A4 HlaL

ok A AFE F3la squalene A4to] &R S cerevisiae FENA WG #F JEF O
=2 I%E}b}% e FJdstdvh. =3 HMGIF ispAE HEds= tiAbEstE A4 S
cerevisiae 7+ TE° EYal HYo Ao =R S cerevisiae Y2805 57} squalene AJ4kS
Ak HA o] sFdFdS AT F AMH

Wb thALEstE o2 223 S cerevisiae Y2805 ol A squalene A4S F713F
AN 717 Y8k, Ml 259 %A, terbinafine %9 A3 e HH3 AFL £y}
ATh

==

25 FHAs e doke sg= LS FRATI AlE QA IS Fed AREEE T
A 4% WHolth. # ol Henderson et al. (2013)2 S. cerevisiae #FZ5 o] &3 oeh2 wg
= 35° ColA F=33to 2 A squalene A4HES 28] =7} AlF a1, ¥k Loertscher et al. (2006)
2 Tronchoni et al. (2012)2 A 2dAx12] S cerevisiae W] o] &L +F2] squaleneS =23k
O3 BRustdt. 2HEZ UAbgstd o2 228 S cerevisiae Y2805 & 242}, 25° Co}
35° CollA wjoFale] o] &9 squalene AHAHAS B3] At 3+

b;l:

ddadd A= 2, Y2805 #FE 25° ColA HieFsk 4% 156 + 19 mg/Le] squalenes

A AEELF a1, 35° Coll A vl ¥ OTOHE 277 + 47 mg/Le] squaleneo] AJAFE AT (L 6A).
AygHo R 30° CoAlA vjYste] 2 squalene A4Hdol Hlal] #ad AS AT = AT
2 AT7AHRT} ojde AFAAESH FFHE olfe AR UE AR #Fs°] Zde /34
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WA zolZ AztEo] Tk B AFoA AMLE FFE (HMGIT ispAS HRE A= A
%23 gFEA, g2 T4 A}&H TS HAESS oA @& ofE aX dFo]7]
o &o] o,

kAl terbinafine H7F 23S 53l squalene epoxidaseo] FEZ<Ql A 37} squalene A4+
FPapol vle F2@ UYL FASUCEZE MG ipAE HBPSE AzF S
cerevisiae Y2805 ol /H‘: squalene epoxidase®] FEZ <l A&7} squalene WAl F713

o g HHeEA RS HAs) nag s

2~

A2 #F Y28055 25 mLe] YPDG ®i A<} 5-40 xg/mlL &% terbinafinec] H7t¥ Z<}
2o A T2AZE &k vl FR - ©o] =9 squalene A4S HlaLEA ST 5-20 xg/mLe F
S 2 terbinafinee] H7l¥ 74 9o+, terbinafine %7} 571l squalene 2 o] S7HE =
e FAT =+ A}y (29 6B). 501 20 pg/mLe] terbinafinee] 71U o, 804 = 31
mg/Le] squalenec] AAtE = AS AL 4 Y3, iz thul 28] o4 squalene A AFEFo]
Z7bet gk (28 6B). 12} 40 pg/mLe terbinafineS 713k A $ol=, AE 5o A43
AAE= As AT & AU, AHAH S 2 squalene A4 A TAHE S AT
ARk =gk 28] o]49] squalene A4S FFAITIE 20 png/mLe] terbinafineo] H71#
FoE ME Aol JAHE AL AL + AU AHZFH O = squalene A4S A T
A& o= terbinafine 10 xg/mlL T=7F AlE S &S X &3 squalene A4HA
FAAN717] 91 HAEe FEYS 4UE F AT

A B

50 w00 = 1000

[ Can growth [ el grow th
H iquziane . Squakng

4@ o i) 4 ]
- -
= —J
=] - = ;‘
2 3 g p

10 | e = =)
=1 £ e E
- = 2

] 2

E : I <

70 Lo = 2 = m ®
) £ 5 g
= & o )
o (%]

10 100 10 10

'] (1] (] ]

% =n 15 [ 5 1 n .
Temperature (°C) Terbinafine (ug/mL)

a3 6. ALEsR o2 =A%) S cerevisiae Y280590 41 2] squalene A4+ 93 H A3}

2) Squalene A4t 2AL-HS AT A=ZF S cerevisiae FF] 30-L LEM| Y

X FFAE, vjF2 %, terbinafine %= FH 3 & WA squalene Y-S 93 F
sl Age EOZ pGal-tHMGl/ispAE XH-Fsl= S cerevisiae Y2805 52 30-L
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fermentationg 33ttt olF F3 squalened APFE AAHS #AT 7l AR GA
gols B 2} &g

30-L &axo] Zrujeke 250 mL Z2t2H(baffled flask) 570 Z+2}, UD wi#] 20 mL (0.67%
yeast nitrogen base W/O amino acids, 0.077% ura drop out supplement base, 2% glucose)=
T3 &, SIS HFska 30° C, 200 rpmol| Al 24413 FF vl stk 23k Wik 1-L &
g}~ A(baffled flask) 570l 242}, 200 mL YPD ®jA] (YP media containing 2% glucose)E
3 & Z71ueF 3 wigdS HE 3 F, 30° C, 200 rpmoE 16417 FoF wjksldTh B o)
FQl 30-L BrExE 23 wjekdt & wjoke) 1 LS HE3A T 30-L 2Exo] working volume
2 10-L2A 3]E2] oS P33t miA 2442 yeast extract 10 g/L, peptone 20 g/L, glucose
20 g/l olth WldEAe 5% 30° C2 AP e, pH= 10 N NaOHE AF&3td 6.002

Agitation2 W&z U9 fE449 FEIF 30% oo ER FAVF HEE WNIEEE
100-300 rpm7}A] @A 2 FI/MAAOH, F7HFS lvwvme 2 YAGsA FASIATE T3 £
Hj oF& Al&Fsl7) ol SEAA] terbinafine H7F A oA &Rl 2345 EUE, 10 pg/ml 55
terbinafineS WA o] # 7}l squalene epoxidaseE ¥ & 3}sli= ERGIS HEAHOSZ AFHAZ
oZ2H FUIHOZE squalene =FFE FFATI A S| TE feeding WIAIFA L 600 g/L
glucose, 40 g/L yeast extracto. 24 %7] To] &axdo we} 0 g/L/hellA 5 g/L/h7}A] feeding
rateg HAXAHO=E FI7F AFHY F S-S 693t FAsA S, Gal promotere] A FEE
&5l galactose 5 g/LE w 24A1ZF witk H71SEA T XS squalene A4HE B Wtaxg
RE v S 24AZFRE 12417 vtk samplingdte] bA] A F3F squalene FEHHOE F
3+ % pentaneZ-S gas chromatography (Agilent 7890A)Z 213} th.

Al

30-L HEE 4383 23, pGal-tHMGl/ispAE E -+ Y2805+ 2] 74, 7T8AIZ A Mg A
(optical density, ODgo) #t°l FHTHX|, 103.25 WERHALL, glucose HA| ODgo7t S7HeHl A
o2 AREHE AL At AIZIHH feedings FH3tATH (I™E 7).

Squalene A4HE oF 24N MR HAp AibeFo] FUHET] AlFbete] oF 964Kt HTh A
¢l 1.48 g/Le] squaleneo] A4HE-S &<l & F A} (2 F 7.

96 A1 5B glucose”t HiA] el HAH FHEE ALRE Hol Axo K A7 AU A
o2 ARG o)A ojulE feeding =9 2H AW=E A3t YF B glucoses 3+
S 24 glucose repressions WAL, e &F AT 2 AAZ AZES . zE,
ol & ajdsty] fs F o AL feeding £ 2HH} & A4y 2Ho] Do & o0 o

A

o

aele Byata 96A17kel squalene AAbEF]l 148 glL7bA] EREE Ho® Mol
squalene A4 o] F71A el 4 THSAS T B AAH] 30-L WEE
238 2 759 squalene A4S 93 7hsA =3 &<l



120

[ Squalene
—— Cell growth
—— Glucose
Feeding rate

4 2000

100

4 1500
80

60 4 1000

Glucose (g/L)
Feeding rate (g/L/h)
Squalene (mg/L)

40 -

Cell growth (OD ggq)

4 500
20 4

f{ %—2 12
‘G’f‘-/{?’\'ﬂ(ul|'|-|-|l|0 -0 -0

0 12 24 36 48 60 72 84 96 108 120 132 144
Cultivation time (h)

13 7. pGal-HMGl/ispA7t =4 € S, cerevisiae Y2805 #+F2] squalene 42 €3 30-L¢ &

3) Squalene®] non-GMO AJ4t& 1% self-cloning AR HFF9| A=

8B5S cerevisiae= AW, <421, AMAl, WF T3 22 Aol HHZH O
AFL Aol AFgE O] A Ut} ESE A EAA ZF FHE f7]
(generally recognized as safe)Z T2H wFolt}. kgt A Eopo] ALEEHI A= S
cerevisiae 759 T LA SO ZE Qs HFFE TN
ATH REH o R {fHA 24 JFAES AL S
+ FAAE A WA FRAAG A e 234
ol FAASst] AL S £t adU UdeA
modified organisms)oll aj&astA =™ Tk FHA =
A HA Z7}ﬂ ANE AHAGO|TE TR AW

oR=2 dAas=z GMO (genetically
7o) W] wel, GMOo| o
A& el AH7)F o) H

9] AEe AYES A
A AF 2 55 A AMgEH = #F24 GMO #55 AEskA g+t 1 olf& GMO
}AgHes AT BeE AAUE A5 BAAU FARHY B LA B4 Yo
F e %eﬂ 3}7] W&otk (Lack. 2002).

oj¢} e FAE WAsH] A% thA WRIeEA, g FAA] oud EAE Fr]A &
T A7) B FAATE AFEEE self-cloning AEFe] Atk A, FIF RoAME=
self-cloning 2ol st &3] AT/ Folth oln] dEAA= AAY W5 22
Fz Ao AgslE &R FFE o] self-cloningS o] &3] JiFsla glom, oE&

self-cloning &% wFotal Wt E=3F FPA] Aoz A o] & N3 self-cloning
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AR TFES ARt Ytk S cerevisiaeZRE AgAsle] Aol = squalene GA|, ALE9
A &HE she AE, SAFE, AFTIH 2S AF At AHgH AL . & A
ToAAE BAHGS7HAZA squalenes AH&SH7] &, HFHIL = GMOEAE ¢3HA]
AZE T & self-cloning &8 #F5 /NYs] Bua st

SqualeneS #A4FelE self-cloning &R 752 T+3317] YsliAE 9 FAAE ALE3EHA
X S cerevisiae el A Ae} promoterthE AR&&|ofTt Sty a1 E=® b A X3 S
cerevisiae Y2805 ArE3tR Y E coli 32 FPP synthase?l ispAE S cerevisiae &) 2]
FPP synthase?l ERG202.Z tjAstHth =3k 2 AFE st A squalene A4ke] F714 <1
TS 93 HAAM A= FHAZA] Acetyl-CoAE  acetoacetyl-CoAZ A Fsl= F491
acetoacetyl-CoA thiolaseE A3t}

Acetyl-CoA+= S cerevisiaedl A W3dt= F7F 7FAAHES A4bslr] 99k $83 AFAZA
ZAF AHEE T o] acetyl-CoA poold squalene® 72 Usle 3gERE FEdtE A WA &
47} ¥lE  acetoacetyl-CoA thiolaseo]la ©]& s dst= FAA7F ERGIOCITH. o]w] S
cerevisiaedl Al ERGIOS & sle] squalened] A4S 4 AIZl A7 Rad #1F Ao
(Kwak et al. 2017). &kX A Ao A tHMGIZ ispAS #EAst= S cerevisiae Y28059]
squalene A4kl 7H gl oB=R olF EURE ispAE ERGZ09.E tiA|stal, oo F7}
Ao R ERGINS st AT ZTAv=E 753519 squalene A4He] F714 &4 7hs
S ol Rt gk =3I Y2805 #F o= squalene A4S 93 A e SF
FE= At o] lsir At &3

ol- o
(e}

mlo

EX o

a9 8olA & F x|, tHMGIZ ERG20S & dst= tlF-£2 S cerevisiae #+5%5 (I
g 8A) vldl tHMGI, ERGZ0, ERGIO< #L43d dFF5 (7 8B)olAl squalene AJ4+Hdo] ofF-
B /b AL 9 @ 4 IUTh BY47413} KCCMS0549 #5529 7%, ERGIOS F7VH o
=y s9e w (275 + 85 mg/l, 250 + 7.7 mg/l) thET (206 + 8 mg/L, 210 + 18
mg/L) o W3l squalene Aol 7R A FHl & 4 AT

B3] Y2805 F9| AL, tHMGIT ERGAS FEEst= iz (320 + 34 mg/L)ol b3
ERGIVE F718 o2 HdsPS wl A 2819 squalene A4taFe] ZF7skAth (630 + 33
mg/l). o] A5 Eti® Ho} tagstaor A% Y2805 dFollA ERGICN ofsf =3}

+ acetoacetyl-CoA thiolase= squalene A4+ A4S 93 FAAH A= T8 T42Ue <

& AU
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B00 s00

g
g
-

Squalene (mgfL)
£
2
Squalene (mgfL)
S
a8

L
g
8

(LR i

T T
Y1528 Y2805 BY 4741 KCCM50549 Y1528 Y2805 BY 4741 KCCM50549

Strains Strains

179 8. Squalene 4tS 93+ S cerevisiae dFE0 49 acetyl-CoA thiolase] &3
23

Squaleneg A 4ksl= self-cloning &5 S cerevisiae Y2805 w55 T=317] s, S
cerevisiaetre} ©| GALIO promoter == ADHI promoteret GAL7 terminatorg AR&-3sHA. 1
3 Zg2vE FAFHZE FTEEE o] E9 replicationS &, S cerevisiae &2 yeast 2 u
origing A3}, ©]E fragment7}t =¥ #5F4EE 93 auxotrophic marker f%2k<l
S cerevisiae2REl S E URAIE X839t

WA =3+ pGal-tHMG1/ERG203} pADH1-tHMGI1/ERG20 ZE&t v =Eo A Smaldt Nano =
Aas  AHste]  GAL10p-tHMG1-GAL7t-GAL10p-ERG20-GAL7t  (4.7-kb)  fragment<}
ADHIp-tHMG1-GAL7t-ADHI1p-ERG20-GAL7t (4.7-kb) fragmentZ z}7} A=t} 18]a URA3Y
2 wE 9} coding sequence’} E3HE fragmento} yeast 24 origihs 47] 9std, &5 &3
2 =21 pYEGe vector2F-E URA3 and 2 micron ins-F/URA3 and 2micron ins-R &2}
olM%& o] &3] PCRS %38 URA3-2x origin fragment (2.5-kb)E ZZ3}a] At =3
o] fragment= F%o F709] fragments& HZAAI7]7] 213 4.7kb fragmente] & Tohe
15-bp homologous regione] 3Z3g=o] ot AL 2719 fragmentE AZA17]7] 93] In fusion
HD-cloning kit (Takara)E AF&3Ft}. In-fusion cloninge S 7Re] A1& 9] fragmentE ol
homologous region®] ZAj3-ttA homologous recombinationg 3 o5& AZAAAFE o]
7}&sh ot

5 709 fragmente} In-fusion E24E EP tubeo] Y& %, 50° CollA 15&3F wkg-3slich w
o] Bd ¥, HIFTHoE dojxl 8.2-kbe] Eet~v|E A HI S DNAZE X35 mixtures S
cerevisiae Y2805 w5 =3l7] $18t LIAC/TE WS AH&3sle] ddAs st 18
UD platedl] o]&< 3Lt ASAA FF5 AEsAh

AAAHo 7  self-cloning BEERTFFVF F F=EH

52

=4 on

i
el
ue)
ol
O
N
do
ol
O
2
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pGal-tHMG1/ERG203 pADH1-tHMG1/ERG20 Z&}~v| =& 77t R {3t= AMES S cerevisiae
Y2805 #FE3} =3 self-cloning &% Y2805 SC1 (ADHI promotere] =& 3lo| tHMGIZ
ERG20S &)3k SC2 (GALIO promotere] =& 3slol (HMGIZ ERG20S TLd)dFEL
squalene A4S vl B8R gth self—cloning &1 Y2805 SC2¢9 acetoacetyl-CoA
thiolaseE ¥&3}sl= ERGIO FRAAE #AHsI= 5% T390

T3k pGal-ERG10 Z&t2~v| =2 XFE GallOp-ERG10-Gal7t-F/Gall0p-ERG10-Gal7t (linker)-R
xZelolw A& ARESte] PCRE F3sle]l GALIO promotere} GAL7 terminatorgE 338t
ERGI10 fragment (2-kb)E SZE3st¥th. 18] URA3 and 2 micron ins (linker)-F/URA3 and
2micron ins-R JE}O]DMFO o] &3} PCRS &3l URA3-2 . origin fragment 2(2.5-kb)E S=
st Ak A& 2749 fragmentE overlapping PCRE 53} 23} 4.5-kb fragment2
dA. a B0, Sma =} Narlo 2 Agrags 2 gk
GAL10p-tHMG1-GAL7t-GAL10p-ERG20-GAL7t (4.7-kb) fragment®} <123+ 4.5-kb fragment=

otA AF% In-fusion cloning AH&38le] AAAII S cerevisize Y2805¢] = ated
self-cloning &% Y2805 SC3% =3ttt

« pG-H-E20 « pA-H-E20

GAL10 GAL10 ADH1 ADH1

4 3 y i » 4 s i | Al 4 \
[—— zwonan |——— TRE—— | [—— zongn ——C E—— |
4 (A | L

15bp

15bp 15bp 15bp
homologous homologous homologous homologous
region region region

region

a9 9. S cerevisiae dF° 4l homologous recombinationS &% self-cloning e 2=
Table 1. Self-cloning 2 #F T A8d =Zgloly] E&

Name Oligonucleotides (5’-3”)

Gall0p-ERG10 TGAATGGCGAATGGCGCCATCGCTTCGCTGATTA

Y2805 SC3
-Gal7t-F ATTACC
Gal10p-ERG10

-Gal7t-(linker)-
R

URA3 and 2 TGAATGGCGAATGGCGCCGAAGCTCTAATTTGTG Self-cloning
micron ins-F  AGTTTAGTA

Description

AATTTCTTTAAGTTTCCCCTCTAGAGAAGCTCTA
Y2805 SC3
ATTTGTGAGTT

yeast strains
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URA3 and 2 )
CTTTAAGTTTCCCCTCTAGAGAAGCTCTAATTTG Self-cloning

micron ins

. TGAGTTTAGTA yeast strains
(linker)-F
URA3 and 2 AAGCGATGGATCCCCGGGCTGGCTTAACTATGC Self-cloning
micron_ins-R__GGCATCA yeast_strains

T3} self-cloning &% Y2805 SC1 (ADHI promotere] =4 3loll tHMGIZ} ERG20S W)
7} SC2 (GALIO promoter®] %A sloll (HMGIZ} ERG20S 23)9] s8S Hrtslr] 9ste], o
59| squalene A4 RIS 9ot Fetad widS FHS AF 19 10004 & F ARl
pADH1-tHMG1/ERG20 R 73+ A =3} Y2805 52} self-cloning &% Y2805 SC13} squalene

Aol fAE RS el T 5 gl

o

E
=

Ol

] Y2805 SC2 ¢ 7%, pGal-tHMG1/ERG20& E 3= A= Y2805 59
squalene A4HA (320 + 34 mg/L)ell B3] squalene AAHA o] k7t F71e AL &2l & 5= 9
ATk (350 + 39 mg/L).

o] Ax}Z Ho} squalene A4S ¢33 self-cloning ®
2 FEFHASS AT F AUt =3 self-cloning
ADHI promoterel] B3| GALIO promoter7} T Hojd A

a5 5 Y2805 SC1¥ SC27} A& o
&% #F AELS 9% promoterZ+=
& el & 5 Ytk

[ Recominant strains
I Self-coning yeast srains

Squalene {mg/fL)
g g8

=

Y2805 pA-HE20 Y2805 pG-H-E20

Strains

a3 10. S cerevisiae Y2805 TFolA tE cloning Ao 2|3t squalene A4 Bl

A A z3 S cerevisiae Y2805 ol 4] acetoacetyl-CoA thiolaseE ss}st= ERGIOE
d ANFe 24 squalene AHibwFo]l 2v) 7hzko]l FUkRE Ae &<l g vk JJoBE o]F E

e Ko

]
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2, Self-cloning &% Y2805 o= ERGIOS F71A o2 W3AAZ S ZEM squalene A4ke] F
7FAR1 B THe RS Fdsl Bl skt

T3 self-cloning &% Y2805 SC3 #+<} DGal—tHMGl/ERGZO/ERGl < BEfste Az
9] squalene A4HE-S vlw 3] 913t o] &S 25 mL YPDG HIXA|7} :E3hE ZEkaF oA
30° CollA 72A1ZF &< s F3sh 5, Ol*é«l squalene A4S Hlw B3 Ay 19
1194 & < 9)\1_ Hie} Zo] pGal-tHMG1/ERG20/ERG10S R f3l= AMEF +F2 squalene

AAreE (630 + 33 mg/L)¥} self-cloning &2 Y2805 SC39] squalene A4+ (633 + 43 mg/L)
o] AR ‘F%" = A T AT

o] A= EUIE Ko}, self-cloning &% Y2805 SC37} &2 FHHASS 84U & 5
Ao, ERGIOS] FTdo] self-cloning &F Y2805°| 41 = squalene #HA4Hs 913 T8
FAADE A FRAT F AT =3 &5 S cerevisiaeo) A squalene AB4HS 93
AN A=F AMEL self-cloning M2 & isoprenoidet & F7F7EA] 4b&
Aaretea & w w9 F8SHA AFEEo] A e Aotk aEa SUHEA =
o ARl GMO #41 94 o= A& A3AA & F A= ANtz A7

800
T
600 - il
Ip
D
E
g 400 1
(4]
®
3
o
@
200 4
D -
G e 2800 BE
atra \{25{55? “_G\O““g o
nant
o™ -
v Strains

1% 11. Self-cloning &= Y2805 ¥l Al squalene A4t th3t ERGIOS Ly &3}
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1.

2-3. 7FEWAl g Ao EAHYSAEZD wm 2 U
o]

A1 39] TLR agonist 7|4t BX}H

1)

ofo|r-o}Al tRNA &4 (aminoacyl tRNA synthetase, ARS)

ofo]lAl2 GRS Sdste 712 242 mRNA9 codong ofukifoz dvHl= WA
(translation) A& AHAL

ojtj9] ¥ (translation) Ao & Qs5t S4Alo] tRNAZ tRNAE= AFA1Q] anticodong o] &
stol mRNAC] codong QIAlGHIL AHA1Q] anticodonol] 9= ofo]wibs 2uHE

olu]:-o}Al tRNAZHY &AL tRNAQ] anticodono] 27 ofo]wAtS AZAA|AZ

ofuliobd tRNAZA &4 ofulidte] Ze} Zro] 20747}k Qlofof i} 22

A7) ERSOF ZERS 4a) Al7lE PRS7F A EPRSZ EAI1] w20 197115 =7
13

otu]:=ofd tRNA g/d a4 (ARS)E 272 47|19 AFAQ 7|50l g A=

Z . inflammation, cell metabolism, angiogenesis 72]1 tumorigenesisS1} =45k

=2
Lo o 0] AA uls o
S A1 430 &4 YolAL UAS.

=
s
ai

Ol'

L= X
o

7]

olt

2 AFAL o] 19709] ofu]wobid tRNA /&4 (ARS)E % ool &4 WRSIE £&
Wz FdAe] AYAl dgAEed
dendritic cell)ollA 2H]Eo] HA
o 9= sk, 2Ap8 o= A-gH

SFAAIAMZ (Antigen presenting cell; macrophage,
HA(Innate immunity)3 57HA 7 1A 02 A ©of
9 (Adaptive immunity)E FFAIZI= Z2aHE Q1A

o
=1

FEA] M R Hoj2]x) HHA| AFE 2 opbeX WRS THiAC] 4] HE

©

©

Al A A MlZofA whE Aol AJAFE] o] AR dgoll o

<

Al

=]

9:'1:]

o=

Al Mo 157}01 og IFN—BSE} IL-67} 9Jom o]2i3t Mo EF}Olo] By o

rO

/\}%.P macrophage Mzl THP-1 @ U-937 Ao uvlolgiA (Vesicular stomatitis
virus-GFP; VSV-GFP)E ZEAIZl & Nzelz FH8]|H= AtZ WRS A2 ELISA®R H5
s5e.

JHoA B dfel o] violy{A ZAHA] macrophage A|ZoA wolE Qs #H|EH&=
IFN-BSt 957 Mol 2719191 IL-69 URRI7IAIZ Alet WRS Shaslo] 2u]7} .

O o= FLEAl ddoll sl thE Aol &7l iR 2 FH]E= At WRS iAol A

fode] o TYAAS AGY 4 98 uja
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THP-1 u-937
- 2000 - 300 -
‘Eq ‘ E 200 ‘
< 1000 g
= =
i :— 100 -
. 0 - = i
012 4 8 16(h) 012 4 816(h)
120 ‘| 80 1
e g o
% 2 ‘
[T a0 + L-]
: ' Lo20 A
2 alll 2l
=2 aiinl , HHANl
012 4 8 16(h) 012 4 8 16(h)
37 10
F | g
- 2 =
g 11 2
E | Z
D 1 ._._._. . g 0 .__-._._ .
012 4 8 16(h) 012 4 8 16(h)
VSV-GFP Infection VSV-GFP Infection

a3 1. vtol2 A o) ogt Al WRS THiA o] FH| A5

O At WRS ©Hido] Al dgol dis Al sfezo] FH|E =gt &, AE Ujof A At
WRS T o] mRNASJ S real-time PCRZ o] &5l 545

© ofefo] 130 wiutel o] wlola]a Z+@A] macrophage AEUOIAE IFN-B Thlx
A4S ¢Jst IFN-p mRNA /g1t §go] Al WRS ©HEiAo] ot mRNA g/do] o]fojZ]
© oF A olOo
2 =2 T xXxo-

-]
=
w
=

WRS IFN-B

=
=t

Relative expression
(A/GAPDH)
%)

Relative expression
(IFN-B/GAPDH)
o
f =]

anl o

0
012 4 8 16 (h) 012 4 8 16(h)
VSV-GFP Infection VSV-GFP Infection

3% 2. ufoj2l2 Zhelo] ojgt WRS THAo] thgt mRNA S5 7%
© ©o]ojA UF2A macrophage AM|Z9l Raw264.7 A|Zoj H}o|g]A (Vesicular stomatitis

virus-GFP; VSV-GFP)E ZEAI7] & N2e]2 FH|&= 0heA WRS ©HRAS ELISAZ 4

Fo19e.
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Raw264.7

NS

VSV-GFP 0 4 8 16(h) 0 4 8 16(h)

Control Mouse WRS

o|X

33 3. vo[2 A o] o9t upeA WRS Tl Fu] A

a

10| &

© I3ojlA B vie} o] viol2ja ZAA]l macrophage A|ELOIA R WRS T

g,

poly(I:C)2} DNA Hfo]2{A

© olol Tifh A1et DE AFE RNA slolaln RA RAEAC
ol ulet ol £ 7}x| A}

SRR GAF2A Q] poly(dA:dT)oll thsl 23859 o0 T ofA
2o tjsf opeA WRS ThEAlo] w& Bu|gj: 1S

l-u:l‘_

WRS TR HAA ol oisl dAx7]o] MzoA d/d=o] Rz Fu|=u], o]
At macrophage A2} UFS-A macrophage A|ZoA] 2% Q1=

a

F9£ BN

o] AFO.

1= O

06 Raw264.7 1 Raw264.7

@ @
2 04 2
S S os
a o2 fa]
o o

0 0
Poly(l:C) O 4 8 16 (h) Poly(dA:dT) 0 4 8 16 (h)

Mouse WRS Mouse WRS

33 4. vpolE A QAR SAHEA] I3 URSA WRS Thide] Ru] A%

© thgo=. WRS Huidel Ry 2i7ge selsty] 3t APE ABstAL.

(e}

O Abg macrophage A|ZQ! THP-1 A= 7of Fache] HFS UEU= 9 Hol2A8 HYF
Al7]1aL ”7194 #o] At WRS THido] ofigh ELISA?F mRNA 9] 5742 ¢lgt real time
PCRE 43f519 2.

© 1 7z}, 2o i ule} o] e @akol wolaa Zrolo] Al E Al WRS @il

o] &t

o] ojf= Fu|EU AL o] mRNAYo] 57162 AT,
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THP-1
go  IFN-B 5 ‘ IL-6 1 - WRS
E &0 3 i3
% 40 - g 10 ‘ §0.5
£ 2 3 ¢ | 3
D - _._..__ ‘- D, i7 .. | D_ - -
012 4 816(h) 012 4 816(h) 012 4 816(h)
THP-1
EA 10 IFN‘B EA 3 - WRS
I iz,
Eond ol
&U c Al A m A N © g M ,I,, I
012 4 816(h) 012 4 816(h)
13 5. We SE ulolalA Ztele] o3t AR WRS Thidle] wu] A%
© oA, Al WRS ©pde] wu] Solye selsty] €3t APE AW,
© WAl Zhol heh WRS Shilo] Hu]2 ELISAS Fof Al AlAmel HEK293T Alzs
oA =I5 S
© oA Ei= vief o] AR Azl HEK293T AN|ZF0)|A+= dfol2{Ar} Zrado] what
N2 2R =20o] WRS Tl FH|eb Nz oA 2] mRNAG/Jo] Wyt glas &RIstA=.
O© mebA, YA dFol digh AFd WRS ©HliAlo]l Ful= HAN oA qF So]-og o]fof
A,
L 293T g 2997
‘ - NS
E 0 g% 1 ‘
: — i ll
- v O
@ .5 vw 05 -
4 2 X
s NS B2
& o - .
® 0124 816(h)P/C L 0 4 8 16(h)
I3 6. JuAZlA vlolzl A Zeio] o3t Al WRS ThEE Hu] Ay
© oixstoz, WRS whizlo] ofg apolEzielo] ojgt wgo= 2apHoz Hulel: Zlo| of
d. HUA 2ol tieiA LA wreae ABst e,
O JHoA HB= viet Zro|, A&t macrophage M|Z %9l THP-190f] IFN-R 100unit?t 1000unit
2 x]2J31S mjo= WRS theizlo] Bu|7} UERA] 9F= Zlo] stolgl
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O THP-1

WRS (ng/ml)

NS
0 - =
012481601 2 4 816P/C

IFN-B 100units IFN-B 1000units

d 7. JEHE Ao ©E WRS TR Fu] A

|4

2 At UFAA|AELS 0] 83t 2 QAJ0] WRS THIRAl uby al AIFHAIA A&

O HYAY AUAl 79 FTANA|IAE (Antigen presenting cell; macrophage, dendritic
cell)ofA] BH|E+= oA Qo] WRS THiAS RjxSFo 2 AAtsty O 7|55 &€Qlsh]
Yol OFf2~ WRS T RAALS Oifwto] AL S HPAI = thiFgtolA T

dg fEOIAS,

2t 2ol wi utel Zo| 2849) DheA WRS TR L (2] 4, 8)2 A

oo |4

Soluble expression A from E. cofi

M 1 2 3 4 M 5 6 7 8

KDa
*k t 3

70 e - -

50 e - omaf !——- i E — <
i : : .=

25 o>

20 o>

. = .

33 8. g+ TAA2-S o] &S 849 oA WRS ©HA IH

O 8oz gale 0peA WRS WHRAlS Histidine column % FPLCES o| &35 AAHOo 2

AAIste] otfiel ol FAlE Uhe-A WRS ©HiRlS &IsHal S
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3

UpX o2, £8/40= Uyl TMAS olg HAXFAHY o] &st7] sl thi
Ql= LPSZE triton x-114& o]&sl A|AH st F LAL assay

WRS Cluix]

Purified soluble A from E. coli

M it % 1 13

KDa

70
00 (UM

35 o>

ad 9. 8749 ueA WRS TRA A

O

BRe} o] WRS THiAdo] S oIlE LPS7F AAH ALY, o] &7
o

=

LPS 0.03 LPS0.05 LPS 0.1 LPS 0.5 (ng/ml)
003 -|
% 002
5 0.01 ‘ I
. =10

S A1 A5 A1D(gim)

a3 10. A oA WRS THiAo|x o] LPS A|A =l

ol A |:zo] AMAWA K2+ g+ A=
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© A" UReA WRS WA ool LPS
Raw264.7 macrophage Ao =¥ 2=
£ 7t7to] ELISA Kkit=2

7tel

=2 "1 71

AEIH E-o, AEHE-B, 57 AOIE7IRIY

2o} H9e.

slol &

=

=

IFN-B (pg/ml)
w
8

0

TNF-a

g
(=]

2000 -

1000

TNF-a (pg/ml)

RC 10

IFN-B

1000 -

ﬂﬂﬂﬂ

2
WRS

0 (ughm)

IL-6 (ngrlll)

= A 5 PAFANE (APCIE shtol
= 3 5 BuEs JHHEDN A54 Kole
g A, 0heA WRS Thol at3o] ojs) Algat ol
IL-6, TNF-a 28] AZ7tel9l MCP-159]
IFN-a
400
E 300
L ﬂ
E 100
ol
0 ™ Do R 0 D D(gm)
WRS
IL-6 MCP-1
é
] ﬂ | i
R 1C ) kY w(lg‘rﬂ)

a3 11 BAE

© A719] Ayt= opQA WRS TR0 9]
QoA zo] AHl0] AESINSS Han

© WML MHFA 0] AHFo] HH upo]2] 2]
A WRS thdl 2 &}

olg FYst7] sl

op

Al GFP (Green Fluorescence protein)&

(VSV-GFP)?}t Influenza virus (PR8-GFP)&

23RS

A 2

7t

a

o
a

Ql

=

=

macrophage A|Z7} A=< 4lo}

dlo]2] A 9]
2 A]Z1 Raw264.7 macrophage A|ZLoj £A]|

LA WRS ©uixlo] x}=o] o]3t macrophage A|Zo]A]2] Ko] E7F}Ql HH]

=

=

o

SAE 0-]x<]]‘:_ e ME‘-

o 1=

E}UHH% Hto]2{ A9l Vesicular stomatitis virus

217 2 4A

2} wpolaiao] 34 HEg

VSV-GFP

GFP expression (x10%)

[y

o

Virus only  WRS 5ug/ml  WRS 10ug/ml

Virus titration
(%102 PFU/mi)
L]

NC  PC  Vins WRS5WRS 10 (ug/mi)

NC PC ‘ﬁts_'MESW!E]!]{lB"I‘Iﬂ
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PR8-GFP

N/C P/C Virus only ~ WRS 5ug/ml WRS 10ug/ml

g <
= ‘ 8E 6
g 2 T3S
g ‘ ZE 4
g8 1 I 22,
: SX _
5 0‘_I_ i _l 0
NC PC  Vins WRSSWRS 10 (ug/mi) NC  PC Vs WRS 5 WRS 10 (ug/mi)

I 12. ZA19E 0fA WRS ©HiAo] Xl=of 2]$t macrophage A|ZEo|A|2Q] Hfo]z|A F-A]

Zol 0}eA WRS T2 A}FS we HANZAML |2
=2 wol gyate o

© tteoz FAAAME (APC)E Z£Q3t 9x|2 x}X|5t1L Q= dendritic A|ZLojjA]Q] o}
WRS g0l ok AIRTIel AT 9 UAAl Sele] AlE 4SS aelsh] Slstol oke
A2YEH Bone marrow derived dendritic cell (BMDC)S &3} #H|st & O0A WRS ©
WAl RFIAAL.

IFN- IL-6 IL-12 p40

300 B 600 . 500
E s E 400
g 20 3 400 E 200

Z 10 S 20 g 20 E E:E;S::sml
= = o100

-
0 0 oo
12 24 (h) 12 24 (h) 12 24 (h)

33 13. AAE 0h9A WRS WiRlo] xt3o] o]gh BMDCOIA9) Aol E7tel Hu]

A} 0}9A WRS AL BMDCOIME oA QEHE U Ao E7}elo] Bug st

©
IJ

o]
PSS

n[o

© st O0p2A WRS ©HiAlo]l xp=5 vh2 BMDCOA] QIEIE, &5/ Ao|E7FQ] H FLA|
Al B EAMS9 mRNA 438 Real-time PCRZ 29I5 & ZA3u} Raw264.7 macrophage
M Zo| A e} tprt7Ix]| 2 Argst 5% 0] mRNA S =& sholsh 4 Qlole

AN

- 112 -



IFN-B .4 ., IL-12pa0 . TNFa

5. )
@S 2 4 4
§ £ 1 2 2
=32
s i
E 0 o0 0 0

12 24 (h) 12 24 (h) 12 24 (h) 12 24 (h)

IsG15 15620 ., . CD40 . CD83

8~ :
g3 5 5
ZE 20 2
3z
s
E 0 o 0 0

12 24 (h) 12 24 (h) 12 24 (h) 12 24 (h)
_ a CD86 20 IL-6 ) 100 IL-1B
§ £ g o 20 Il BMDC/Control
8.8 " . []BMDC/WRS
= ] 60
32 4 10
é} c 40

2 2 5 =

gs 20
E 0 0 0

24 43 (h) 24 43 (h) 24 48 (h)

I3 14. BAE 0hSA WRS Thie] &3] 93 BMDCOIM ] FARIA #A A mRNA
ol

L OFRA WRS S e FRARAME (APCIS 5P AlTslel MARS Gestn o

FUAAS YUY BAS] WAL gEFO A Ao 2| AAS A

L

L

ot 2 _||>{

O t2o=, theA WRS ©Hifo] Yetl= AAWAAS 89S AR macrophage A2%Q]
THP-1014 5783592

O UheA WRS ©HiEe] 502 <Igh RIEHE, 957 AolE7IRle) FH]S ELISAS °l&
of 57gstelont ol= Qs AEHEN BS54 AolE7Rlo] uhe-~ macrophage A= ot
WA= S7tshe e Fdd

— a-

IFN-B (pa/mi)
g 3
(=] (=1 (=]
3 E
s -
|
|

% 15, ZA" op$A WRS ©iiAo] Xj=0f 2]t AFE macrophage A|Zo]x{Q] Ko E7}Ql

w4

© ol% olggl WRS WUl xtZo] WolmolA Solxoz Uehis e &elst] s
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AFd A A2 Q1 HEK293T MEZFE o] &
© oA B uiel o], A *PHMIE
ojgia FA9 AAl a7t YERYA] ¢

© ol WRS el Helxg
2 ojujstn] o]s 77to] BlAlEy

HEK293T

VSV-GFP

WRS bug/ml ' WRS 10ug/mi

8 4 2
& - B
~ ; .:1.
2 - ] 2
oL i .
NC PC Vins WRS

5 WRS 10 (ug/mi) NC PC \Vius WRSS WRS10 (ug/mi)

GFP expression(x10?)
FeY
Virus titration
(x102 PFU/ml)

a3 16, Aol FAS 0keA WRS TAlo] xt2o] o)t zat &9l

4) 0LQA WRS Thiislo] oJ3h HciNze] AHS up- TLRAS W2 3

© b9~ WRS HHo] ot SARANZ (APC)S] AATS 9Eso] ofmst ;8x]eto)
Ao oJgIx] &Felsty] ¢Jste] wild type, TLR2, TLR4, MyD88 KO 0tQA2HXE Z+zb
2]$t bone marrow derived macrophage cell (BMDM)& ©o]-&35}0| &QlstY &

© =, 77te] o9 AmuE x5 BMDMO| 09A WRS ©HiAS lelstol MAWAS 9
A7 % lol2| A2 ZH@AIA lol2|Ae] FAS Btelatye.

LIS
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Virus titration
(x10% PFU/mil)

;
1L-6 (pa/ml)
. & B
IFN-B (pa/ml)
s g

NCORC Visaly A5 AL0(ugim) ©ONC R A A0 AN . NG ORC A0 A0 A(ugh)

Virus titration
(x10° PFU/ml)
F °
11-6 (pa/ml)
o B 3
1FN-B (pafml)
e
= b=

MC FC Mmsoy A5 Alnfugm) T A M9 AB(gM) ’ MCOPC A0 A0 A3Dugh)

> . TLR4KO \s00, TLRAKO 1000 - TLR4KO

Virus titration
(x10* PFU/ml)
=) A
| .
|
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—
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2
MG PC Visok A5 Aldfugim) ] NGO A0 &0 AD(g) NCOPC A0 AN AB{ugm)

. - MyD88 KO 1200 1 MyDB8 KO 1000 - MyD88 KO

500 A

Virus titration
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- (§%]
IL-6 (pg/ml)
IFN-B (pa/ml)

: m ml A .
o - 0 -
NCORC Vusoly A5 AL0{ugid) NCORC AL A0 AN(mghi) NCOOPC A0 AN AT(ugim)

a3 17. HAE ukeA WRS ghale] x}2o] gt BMDCOIA o] Aol E7kel 2]

© I Zy OHoA H= v} o] wild type ¥ TLR2 KO BMDMOj|A|+= 0OF2A WRS THHEEA]

© 6%%9 C57BL 0FA0] WRS ©HixlS u|7}F Y&

of s ApolEstele] Wulsk GEwo] slolaso] FAlo] oimsjglol, TLRZ KO
MyD88 KO BMDMOJA &= OL9A WRS Wiglo] ofgh atolg7}ele] Bul7l A7 52 §=

A gFgten olo ofs| vjo]2]ao) FA] A7} o] FOIAA] eigtES AT & ANUS.

WRS Ui o5 Rrtls AAUY &/dets FAAAIAR (APC)Y TLRAZ}
3t

Jolplole QES 4 9lb 4% Aol WRS TS Alte uEd RE
550] EAS 3 ARAY 0pe o] WRS TAS Al ffo) WelNzo] Aejg
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ELISAS o] &3 IFN-be} IL-69] Bu]FS Sxat

~ 200 . WRS IN, BALF = 20 | WRS IN, BALF
E £ ”
150 1
E g
= 100 T = 10 T
o =
= 50 = 5
0 0
Oh 1h 3h &h 12h Ohr 1hr 3hr 6hr 1Zhr
80 WRS IN, serum 40 | WRS IN, serum
= = :
E &0 E 30
E g
2 a0 = 0
e = T
= 20 E 10
o o — -
Ohr 1hr 3hr 6hr 12hr 24hr Ohr  1hr 3hr 6hr 12hr 24hr

I3 18, WRS S A3 ojdt 0k AdlAle] AolETl & B

© JoIN B Zat o] WRS Tl ojgh AFFo® Qe uhe20] serumit BALFOA
IFN-B, 1L-67} 2u]= & Zlo] ZAH.

© &, 2 @A WRS DA in vivoolMo] E5ut 1 F8 sHsAS LpERY,

5) WRS clulxl o]st st]o] A =X] g+ A=

© WRS Woi57 a1t &Qshy] sy £ dpslo] o WAl Gats FAstAH MEgy
A AZ olgste] I-u} o] RAFFY A9 &S 10pg. 20pg. 30pg 7MS AEIFOR
Uil WRSS 212} Opg, 10pg, 20pg, 30pg &3sto] ofgf 139 Aoz nre2o] FE

198, A% AF 5 79 7 2WL AFstel YAYYES FAstAS.
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Animal : 5 week old Female C57BL/6N crljori mice
Route of administration : Intramuscular Injection
Days of inoculation : 1, 14days
Inoculum No. of
Gioiips (@2 A+wRs) | Route Mice
1 PBS PBS Opg+0pg I.M 4
2 WRS Opg 10pg+0pug .M 4
3 stelp WRS 10ug 10pg+10ug .M 4
4 | 10we WRS 20pg 10pg+20pg .M 4
5 WRS 30ug 10pg+30ug .M 4
6 WRS Oug 20ug+0ug .M 4
7 stel p WRS 10ug 20pg+10ug .M 4
8 20ug WRS 20ug 20pg+20ug .M 4
9 WRS 30ug 20pg+30ug .M 4
10 WRS Opg 30pg+0ug .M 4
1 stgl A WRS 10ug 30pg+10ug 1.M 4
12 | 30Mg WRS 20pg 30pg+20pg .M 4
13 WRS 30ug 30pg+30ug .M 4
a7 19. AE2FFY A9 FAI’T 52 T WRSQ ©d57) ax A5 Ad 1§
1= Immunization 2™ Immunization
0 1 2 3 4 5 Weeks
Serum collection
&FLTSA
3% 20. AETIY A9 FAVH 5L 53 WRSS| WAFY a WS Y LA
A T GAS FYst ZF 0feA OFo g AFe EHZ o|8sll ELISAE 33sto]
A dEE A 2t of2f 2da}t o] WRSQ| Fojgfo] S7igtof] wet AAETA Ao
gt A8 E= S7Iet A5 10ug, 20pg, 30pgd] AMAEY dd A HEAFANA ZF =l
¥ 5 9l9S. ol 4L B3l WRSYI HAEY aTE AL UL AT » AUS
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3.04
® :e8s
% 2.0- ‘\H*K' W :22a10g
» A : 33 A10pg + WRS 10ug
-
3 ‘\“H\‘\‘ W : 22 Al0pg + WRS 2049
fa)
o 1.01 '_—-—‘-‘Hﬂ & : 32 A10pg + WRS 30ug
u.w‘_
& ) o ) Q ()
RAGIC T Y A . X
et Y N L
3.04
'N—Q\H\. @ :res
3 2.0 W :22A20ug
g '\'_'\'\'\' A 1 T3 A20pg + WRS 10319
2 W : 22 A20pg + WRS 20pg
8 1.04 @ : 32 A20pg + WRS 30ug
0-..##‘:‘_
) ) ) o (5] ()
v ) ) o ) S
A A Y
YN N N N
4.04
3.0- @ :e8s
ﬁ B :22A300
] - H*—H\‘ A : T3 A30ug + WRS 10ug
g~ .MH W : 22 A30pg + WRS 2040
8 i & : 38 A30pg + WRS 30pg
ﬂ.#ﬁ%ﬁ_
A A N A
L I o
~ » N n

6) WRS Tt}luiXxl o]5} sto] NZAWHA =X g A=
© WRS7F AMETFY Ad] ozt T-HAH LY WeiAtgols HAZY 2utS Wolx| =Hls)
J1 slsll 1533t 2ol AEYR A 40pgol WRSE 27} Oug, 40pg® E@ste] 1] @5
o2 uford FEINS. AE AE £ 25U | uleao) wy uNEES B, AEY
g AZ BIPAE] WS At55te] BDTM ELISPOT setz o] &¢h T-HAANZ ¥he A
= AAHAS.
Animal : 5 week old Female C57BL/6N crljori mice
Route of administration : Intramuscular Injection
Days of inoculation : 1, 14days
Groups @l%o:liluwn;m Route ':;;;f
1 PBS PBS Opg+0ug .M 3
2 | 22 A40ug WRS Opg 40ug+0ug LM 3
3 =2l A 40ug WRS 40ug 40ug+40ug LM 3
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2™ ITmmunization

1# Immunization

------

¥

0 1 2
I A9 FAZH 592 S WRSY WY an A&y A 2Y 4
Animal : 5 week old Female C57BL/6N crljori mice
Route of administration : Intramuscular Injection
Days of inoculation : 1, 14days
Inoculum No. of
Groups (22 A + WRS) Route Mice
1 PBS PBS Opg+0ug LM 4
2 WRS Oug 10ug+0ug .M 4
3 a9l p WRS 10ug 10pg+10pg .M 4
4 10ng WRS 20pg 10ug+20pg .M 4
5 WRS 30pg 10pg+30ug .M 4
] WRS Oug 30pg+0ug .M 4
7 Sl A WRS 10ug 30ug+10ug .M 4
8 30pg WRS 20pg 30ug+20ug .M 4
9 WRS 30pg 30pg+30ug .M 4
£ 3. Y AY FAYL 592 53 WRSS] WAI5Y adt A4y A5 4Y 18
AR @2 o8l ELISAZ Se¥ste] ANYES BHF A okl 1 7ol
Foigo] S7tetol mef AATTA Aol theh IR EC] oIt As SIS
A5 ant N4 Jeg T & AUS

WRSS]
s & 32 #Hol= WRS9| ®

= AR
= =]
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1.5 -

:PBS

138 Alopg

: 3% A10pg + WRS 10pg
: 3% A10pg + WRS 20pg
: 22 A10pg + WRS 30pg

0Dy 50 value
I
=]
:

i
in

¢4p O

3.0

: PBS

i
=]

: 28 A30pg

: b8l A 30pg + WRS 10pg
: 3481 A 30pg + WRS 20pg
: 3481 A 30pg + WRS 30pg

¢4pHeO

0Dy value

o
=

3 25. ¥ A IAIL FHES S WRSY ©ST aut A& HF

8) Influenza A virus®] M2HA2 3td-S o]8£3 Influenza in vivo challenge S 30o]A9]
hWRSe] 85435

7} hWRS9] &59H7I5 ¢t M2HA2 &Y ¥ Influenza virus (HIN1) £3F AA

© hWRSO] a5%37F % WAIREA MY
virus HIN1 strain®] 7t¥-8=Fu} viAlof| o]
Rt 2ol AEate.

O M2HA2%: influenza virus® #Q 3HYEQ] (M22F HA2)
S AR ol &al ARlstel g
£ 20] influenza Hlo]8]A 7+ of ojjsj

1st 2nd
immunization immunization
0 Week 1 Week 2 Week 3 Week 4 Week

- Mouse type: 5weeks old Female C57BL/6N crljori mice
- Inoculum: M2HA2

- Route of administration: Intramuscular

- Days of inoculation: 0, 14 dpi

- Challenge : 28 dpi

39 26. HIN13} M2HA2 €5 A4 Ald €4
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ANEEEd=a Y 4
Total Inoculation :
Antigen o . No.of animals
amount time
FBS 100ul 2 4 heads
1LD50 (H1N1)
3ug 100ul 2 4 heads
MZRe Sug 100ul 2 4 heads
1LD50 (H1N1)
10ug 100ul 2 4 heads
AMESEUEZ U 482
Inoculation .
Antigen Tatsl . No.of animals
amount time
RS 100ul 2 4 heads
2LD50 (HIN1)
3ug 100ul 2 4 heads
M2HA2
21D50 (HIN1) Sug 100ul 2 4 heads
10ug 100ul 2 4 heads
MESEOzZ U 48
) Total Inoculation :
Antigen . No.of animals
amount time
PBS
100ul 4 head
3LD50 (HIN1) . £ e
5ug 100ul 2 4 heads
M2HA2
15 100ul 4 head
3LD50 (HIN1) ue 4 2 eads
20ug 100ul 2 4 heads
F 4. HIN13 M2HA2 8F AR Al 1§
MUg 2% A0 2gR0 SRS Fol §YL
4 o 152 5, 10, 15pgl

R
3, 5, 10ug, 3*LD50

od 15
Influenza virus HIN1 strain

2 AR )
© oA 2L oiAE AFE 0% 25 So 4
LD500] 1e, 28}, 36 8aFo] wlolejAvl o RE|Qlon] 0}eAS Ul & H|ZS Edtol

ST
© ufolglx Y o oreo] HejE mUE st AE
57045 B A

ubzlo] wha} dlolg]A 7+ o]& 25% o]Are] A
oz xajat
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Body weight(%)-1LDso (H1N1) Survival(%) - 1LDso (H1N1)

s
]
o

120

-0 PBS <<= PBS

£ 100 100 S

z —A—3ug —&— 3ug
- ‘\- \

ng.n 30 —0—5ug §' &0 I‘n\ —{—5ug
[ “

% 60 —0—10ug 3 60 ! b—o0 —O—10ug

5 E

£ 40

3

>

[}
o

. X\
20 :

3% 27. HIN1 1LD50 %

Zgol OE oo MBS BES

Body weight(%)-2LDso (H1N1) Survival(%) - 2LDso (H1N1)
120 120
= --0--- PBS —-0---PBS
£ 100 - =0 100 4— S
'En Eos. —A—3ug —N— 3ug
T w0 —O—5 O—sug g & T ——5ug
; § ° 3 B
“6 60 “. o 10 2 60 “l O 10
é 40 \ \ - :n; 40 \ *
> 0 ¢ \ 20 \
0 1 2 3 4 5 6 0 1 2 3 4 5 &
13 28. HIN1 2LD50 Zro] & ul9 Aol MZu BES
Body weight(%)-3LDso (H1N1) Survival(%) - 3LDso (H1N1)
120 120
F -0 PBS --0---PBS
£ 100 | —_— i
fﬂ —— 5Sug F " i
E —[0— 10ug E \ \ —A—10ug
E O— 15ug E 60 \ \ —0—15ug
& 40 \ \
> 20
0 -L—v—&—v—o—\
0 1 2 3 4 5 6

33 29. HIN1 3LD50 Zt@o] w2 uteA9] A|Fi WES

o] HA] 5 S Influenza A virus HINI strain 1LD50S ZEA1Zl Ay, 2+ 0%
20 vlsl FHZ FET 0REATZ} vlolg{ Ao st AP do] ¢ w2 AS RIS S T
CE 10pge AT 180N 7 2 @abt Uepgen] AEn AEg e 7

7122 1LD50 Zredol ohet Pundel B3

1A A% % Influenza A virus HINI strain 2LD50S A7l 23 FA] iR
LS FEE 0peavt vpolg| Ao ofsh Ao o = o
g AESH J20)|A MR 2 gapt Uepdon HEd AMES nE 7o A
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O FHUHHA AE T Influenza A virus HIN1 strain 3LD50E ZEAIZ] 4L, Z& 250
Folloy AEES 15pg BF 25004 RE o =7 SAEAS
3LD50 2 ohe-2of A /ol vls dHE = viol2{L] &0 w2 o= A

>
o
oy
P2

Dall
2
i)

N

E2™-og ologo] WAAIHZLA| g=7Z% AFo| o] 84 Influenza A virus HINI strain
© 1LDS0 9 2LDS0Z ZASHCN S @are] Z%lol chel BTN MIHA?
< 25 10pgez 27gst3s.

1) FLulsl(M2HA2)a hWRSE o] &3t in vivo 85H7}

© YT FFo] 2 hWRSY) Roi5d B5YIE sl opero] 2xAoR AL
It hWRSE 34 &A&st & Influenza virus HINI strain®] 1LD50 Z<gof tfsf oA

A1
=
of AFu YELL ofefet 2 YO WA vl @A,
© WRSE stol2l 2 Zrggol cish AUl A AtRulsl BuAe 450 MAHY AAS A}

ke YR PY A700] Qo] 383 TS 4Pt HURY. B AYPAE hWRSY]

Hl.“;_i#ﬁ]il\iq 7]%2 M2HA2-influenza A virus in vivo A|AEIS EofjA A5 ZA

E st = o = = o
©2 10pg. 20pgel hWRSE AT} &7 2SS olyS.
1st 2nd
immunization immunization
i | |
0 Week 1 Week 2 Week 3 Week 4 Week

- Mouse type: 5weeks old Female C57BL/6N crljori mice
- Inoculum: M2HA2

- Route of administration: Intramuscular

- Days of inoculation: 0, 14 dpi

- Challenge : 28 dpi

o
e
o

a2 30, AR hWRS $4] HE E5%7} A

o v u
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NESE HEZ L 482
Inoculatio
Antigen | hwrs | "ot n for ELISA Rt
amount . animals
time
1LD5:?:1N1) - - 100ul 2 3 heads 5 heads
M2HA2
1LDSO0(H1N1) 10ug - 100ul ? 3 heads 5 heads
M2HA2 + 10ug 10ul 100ul 2 3 heads 5 heads
hWRS
1LD50 (H1N1) 10ug 20ul 100ul 2 3 heads 5 heads
— =10 = L 1% & =2
E 5. FUUWAI hWRS 54 BF &5t AF 28

O FuTwEel FEEFS A UM 2 8 1008 AEsIH o0, A hWRS
SulAl 10, 20ugg T 25 AR TEE SIS UpoAL 2 15Y sujele sl
ol o
% =

1= o =1n1= o o 103 O = = =
© FAAES AT 0tero] Ae 1EY 3tz LGRS KT A% o] 25 2o
goie Aaste] @RS Wele o3 B U FAVLS ELISAZ Fo) 53598
Body weight(%) Survival(%)
120 --<---only PBS BE --<---only PBS
& 100 ¢ —A—M2HA? 100 Q—Q—Q—Q—O—Q—TO—O —A— M2HA?
% 80 - —O— WRS10 P t —o— WRS10
HZ 60 —O— WRS20 § 60 "-‘ \ —O— WRS20
: g \ \
(] v ]
£ 9 N L
£ 2 20 |
0 0 — %L-v-ﬁ-\
012 3 456 7 8
a2 31. g
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M2HA2 + WRS

-+ WRS 20ug + M2HA2

048 ‘%______.=‘___=' -+ WRS10ug + M2HA2
= M2HA2

06 - PBS

0D450 value

0.4

0.2

Dilution of serum

|«
ol
w
N
o2

QchiAst hWRS AE0] e 0teA @F U A7 57

© FYLNMAT hWRSE a4 HE3H 492, hWRS 10pgS
g9 e AFS BPOLF hWRS 20pge BE

O A% Mol vhga WYAN YAVIE SHY Ank, LUAAY AEY 15 HWRSE
A Bolat 15 wEoA cha] ulsl & 2 }
Wolx| 98, o] ELISATPESl 99l-Al Wo] g ol Holt Antz 47,

O ZEAOo=, UtRA in vivo AR o|85t0] hWRS7 AT ol HEEAS 4
% Influenza A virusoj tigt op2 20| fictuliAo] WAl gats SJA7]= Z102 Qs
Ao, & BABWS 7]%5t9] hWRSS 7ha WAl BxAle A &shy] et AlS S+t

© oM TreAAIFO|A hWRSQ] HAAEAA2ACQ] 7|52 &RIstA L HoAe] hWRSo| ojjgh
015}7] 25 Chicken bone marrow derived macrophages (cBMDMs)

w2 oy
19
o}
o}l
fol
olr
ftjo

jo Jkg_l“

7} Chicken bone marrow derived macrophages (cBMDM)Z o]£3st hWRS9] §&-7A%

O AlEA19 Femur bone®} Tibia bonel 2 X E 22|t Z4MZE Macrophagez® E3HA|A
LPSe} hWRSE 12, 24A17HsQt ofefie] mef Zo] XM25iY 3.
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© 0%

chicken BMDMs

~Jreat N/C LPS hWRS
Time
12hr _
ecla | q100ng/mi | 10pg/mi | 20pg/mi | 3opgimi
24hr oty

B 6. chicken BMDM-& hWRS9| § 545

. AFZol olg Ao Ertele] Wy

chicken IL-6 ELISA kit o]-&sl &735I% 3.

10ug 20ug

ELISA : clL-6

1200 -

1000 A
= 800
£
S 600 4
L.
© 400 1
= No reaction

200 4

0
Media LPS hWRS hWRS hWRS Media LPS hWRS hWRS hWRS ELISA

30ug

10ug 20ug 30ug contro

12hr

24hr

3 33. Chicken BMDM& o] &3t hWRS?] §57% chicken IL-6 ELISA

];

O A

© hWRSE Al 2 ofQAo] Ho Mmoa A&

Mlazo| A ghg-o] LFEFLA] Q5.

© o] HY

glo

=
X A o
o HAlE WAL

A3t hWRSO] Aelo] ol3t 1.-6 ©] £u|7} Shele]x] o}

Alzo] mHo| W3lst= WA receptore] FIF xfo] 2HE| WA= Ax}
2. £+ human WRS®} chicken WRS?] homology x}O]Oﬂ 9Jst o] gd 5
JdoA Blufe} Zto] npeA WRS ThRAy; xE

73.6%2] homologys UEIHZ. TatA] D}a
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.mouse WRS aa i EC SGESCT S| S5IAT
gallus WRS aa E I CILESLE EEVTE

.mouse IFSCNEFTAGRRCD ST
IRYEDELLINGT ——

gallus

.mouse
gallus

.mouse
gallus

.mouse
gallus

.mouse
gallus WRS aa 298:

.mouse WRS5 aa 350:
gallus WRS aa 338:

.mouse WES aa 419:
gallus WRS aa 418:

.mouse WRS aa 479:
gallus WRS aa 474:

a3 34, 0h9A WRS YA} 5502 WRS @A o] ofn]idt A du]

© Chicken WRS?] AA|S sl thA wad ¥WEQl pHis-parallel vectoro] ¢cWRSQ] SA X}

= d/dstaon ¥/de S=tA0ES competent cello] FAHAIZS
oA BiYSEo Western blottingg ©]-835l cWRS?| 7HgA T o8-S %}

* IPTG:1M
» Induction : 25°C
» Size:52.4kDa

Thr Shr 22hr

Y v A oY v
&P éD qu -&P
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« IPTG: 1M
» Induction : 30°C
+ Size :52.4kDa

* IPTG: 1M
» Induction : 37°C
+ Size :52.4kDa

9hr

24hr

6hr

O zFHo=z, 7|9l Ad ZAupet Po
FPLC AAHE S5 cWRS RHETH

a3 35. o g2 WRSO 7184 o

cWRS9] 71874 &0

E
SRS YRS S

Purified soluble Avian WRS from E. coli

M 1T 11T 1T M 1T 1T 1 1
KDa
70 ."]'- —
5O @—b - SN S - 8
3503 ' - :
25 o—> [
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}) Chicken bone marrow derived macrophagesS ©]83t ¢cWRS9]

© Chicken®] Femur bone®} Tibia boneO 2 HE| Ez2|st

olt

79 LPSQ} hWRS, cWRSE 12, 244|759t of2fe] ®e} %

ZA LS Macrophage2 23tA]

go] AstA=.

chicken BMDMs - 24} & &

© ELISAE

o
o -

©O Real time PCRE chicken IL-6, chicken IFN-alpha, chicken IFN-beta®] primerg

3 37. chicken BMDMZ o]

~Jreat N/C LPS hWRS cWRS
Time
— Media
100ng/ml | 10pg/ml 20pg/mi 30pg/ml 10pg/mi 20ug/ml 30pg/m
only
24hr
E 7. chicken BMDMZ ©]&3t cWRS?] 8545
ELISA : clL-6
1200 -
1000
?? 300 -
=
o
8 600
0
N 400 -
- No reaction
200 -
0

5
°

5
N <S§% ,ﬁsﬁb el (Sgb o q§§§° 3

&%

@“’ & \é* @““ & :s\“‘

N Vv
") o) el ) ‘el
& N 3 Q- N &

L o g g o P P

e
S <D§9

12hr

24hr

® 8. chicken BMDME o] &

eyt

51 Aol ol 85t
ItA] et

© hWRS: At 0pQAc]

&3t cWRS9] 2545

Real time PCR

omiZmer | IL-6 IFN-a IFN-b
hWRS X X X
cWRS X X X

. hWRS®} cWRSE ZH2F
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Wizl Aol E7}elo] Bulg &
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chicken IL-6 ELISA

real time PCR

A3k, hWRSSE OPH7ER| 2 cWRSO] ©]3t AFZol & ¥H2o] LiER}A]

ol &3l A=A Alm w0l

fRAL
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32

StH
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Aoy H9] HANZANE= 1 &5 YEIWAl X, E3H HollA hWRSeH 2 F79
aminoacyl tRNA 2t 7158 7HX]= ¢cWRSE AA|sf chicken BMDMofA] A&-S 43851
o} oja] Atolg7lele] Bulg SEatx] Ratyie

O ol2fet Adit= ZRFY HIAMER 2RO HANEY receptor 29| Xpojof] 7[RIt A
o2 AtgHE.

© olajst Afolz WA} AZotuAl RO~ HoIALo|A cWRSO ©f3t ¥HS olH2 Raw264.7
cello] s 29l5t12.

#. Raw cell line - cWRS

Treat

Y N/C LPS cWRS
Time

i Media

only

100ng/ml | 10pg/mi 20ug/ml 30ug/ml
24hr

B 9. Raw264.7 M|2o|X 2] cWRS A2] AlH

nn

=

© U}9A WHZ Raw264.7 AZO] CWRSE 47]9] Eel Ze se=2 Hs| 12, 244]
Aol 504 mIL-6 ELISAS 335192

| IL-6 ELISA

700 A
600 A W 12hr
500 O 24hr
400 4
300 A

200
100 4 No reaction

IL-6 (pg/ml)

NC PC(lps) cWRS10 cWRS20 cWRS30

12 38. cWRSE A|2]3F Raw264.7 cell9] IL-6 ELISA &4
© M@ 1t CWRSE AF2A|Z1 A|EO] AFEOHo|A] Afo] E7tele] Ru|7} Lpeptx] 9bg.

© hWRSS} chicken BMDM Ato]e] ¥bgo] ¢iEl 217} UPZIAI2 cWRSS} 0FQA HAXZ A}

ol E HART] o] RolA|A| S ol AUHOET hWRSH hSIME ESRo AN
xo} R0 AHMEY receptor 7& Afo] P TLR4Z TLRAS HAT EW LS
@ gAjo] 7]1gt Azet AR, cWRSO] CeiA: hWRSSH: oh2A] @eixid &%
gol oI Aue} A2E.

T

13

€

O A&
EFXH
= i

Nl

hu

go] MRS AT MHHAL gedt 2 o
W 2

o
/g o],

i
o
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2jet Ates.

10) FMDV-VP3¢} IFN-lambda Xj

chuy

St
=]

7H FMDV-VP3 A=

i Aledutol] 20)
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2 9

7ol

© 7t

~
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ol

B
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S

=
=

T = VP39 §HAHS codon-usage

HE] Q] pHis-parellel vectord]|
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ol
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S
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o8

S
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1
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Aw}, vp3 g
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© A

5171 Tgol VP3 ol 7}

go] 2R

ofo

g AArol olF7] ™ol 7t

tagging proteing

§ ohe

5

ot

Kol-

ol o

9}

o] NZ¥THof tagging

porcine WRS(pWRS)

A
L.

O 2 2gHoA

A 2B oA VP3

3

g 2

© maty,

8%
[ife}
o
or
oju

e

=2 competent cellof|A] TEiAlo] db

= tagging
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s IPTG: 1M
» Induction : 30°C
* Size: 78kDa

12h 22h

12h 22h

ol el LT
S : : anti-His

NC WCL soL IN WCL sOoL IN

33 39. pWRS-VP39] &ty &

O mefA pWRS-VP3 TS offiet Zol AAIsH in vivo a5d5AIg °o]&3tA 2.

M 1 1 1 9

KDa |

70
50

— - ———

e

35 —

25 —

20 —»

33 40. g SIAARS o] &1t »8/d9 pWRS-VP3 T AA|

2) IFN-lambda A=

ol

P gl oigE 2@ 2 A

© 712 WALEAC S AT 4+ b A2 FUEY YN I8 0pes
. e A3

=
IFN-lambda® i 2@ AAEE ol §s) A Bxoz A
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© IFN-lambda+= type 3 interferon© 2A] M| ZES A}=25to] antiviral statusz AEsE 5 Q)
2% 5] Fb AlolEsleloR oA e, HI 1 APt Fusl AagEo] 1 Bul syl

oJato] FYHT 9.

© wetA], IFN-lambda®] &5°] AEEHL et B A|ARS o8t tizf At 7hed
45 7teA BRI 2A 9 O 8ol 7|t vl

© IFN-lambda”} w7« @ AJA"ROA  7hEHo=z Hld & Q=R [AAE
codon-usagesS E£sf] SAXY] T =L WH7Isto] A el WHIE 9l pHis-parellel vectoro]
3rAdst3lS. [FN-lambda®] A A= mouse IFN-lambda 22} chicken IFN-lambda 2%
0] 8519 8. chickend 3%, Nl £&9 IFN-lambda % IFN-lambda 29t €/3ist= Zlo g

A A

ol

© o]%, competent cellg i FetAu|E2 FAMAS AIZ] & 30=0A4 12, 22A1F5QF Hj
Fsto] THiEo] THE] HH o175 =Qleth

.
o
@
[y
=

» Induction : 30°C
Size : 28.0kDa

31 41. Chicken IFN-lambda 29] 3
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+ PTG : 1M
» Induction : 30°C
+ Size : 28.0kDa

12hr 22hr

13 42. Mouse IFN-lambda 29] @&
© mouse IFN-lambda 29] 739 competent cellofA] 7184402 #3st= 713 &0l e,

© chicken IFN-lambda 29] 749 9A] competent cellof|A] 7I&/do 2 Wdst= 7S st
oo
P =

© ¥ £5°| [FN-lambda 2 A£g WA L& slgdoz BdHE AS FAstF oL A
Aol AR $8E o FAL 2755 52

O wetM, tiidw L AJAEIM chicken IFN-lambda 2 ©¥A9] 7H&7d T s
cIFN-lambda 2 ©EiAlo] NZThof pWRSE taggingst ¥ A7]9} &2 27102 competent
cellof ] THuRAlo] vrsdg &FQlstly, A5 o2, ofefje] gt 2ol pWRS-cIFN-lambda
25 FPLC A2 &l
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a9 43, g%t

£l

100
70
50

35

25

© AA"Y pWRS-cIFN-lambda 2 Tl

geA1gel ol

5ol

o
=

8742 WRS-IFN-lambda T x|

© ofegfe] Z=”at ZFo] pWRS-VP3 ©EiAat pWRS-cIFN-lambda 2 ©HHALS o] 8510 o]
duase) Uy 51 58 AU
A L 2nd H5N2 infection
immunization immunization
A
| | | ‘L
0 Week 1 Week 2 Week 3 Week 4 Week

- Inoculum: M2HA2

- Days of inoculation: 0, 14 dpi

- Route of administration: Intramuscular

- Mouse type: 5weeks old Female BALB/c mice
- Adjuvants : pWRS VP3, pWRS IFN-L

- ELISA : 21dpi / Challenge : 28 dpi (HSN2-1LDsg)

I3 44, AT R(M2HA2)3 pWRS-VP3, pWRS-IFN-lambda& o] &3t
in vivo 85971 Al@4A
MESEMZ2 Y AR
Inoculum No. of Mice
Inoculum
Groups Route For
Antigen PWRS vp3 PWRS IFN A PBS Volume challenge
1 PBS 4 = = 100 pL 100 plL .M 5
2 M2HA2 30 pulL - - 70 plL 100 pL .M 5
3 M2HA2+ PWRS vp3 30 L 15 ue 40 pL 100 pL .M 5
P M (30 L) M K ;
4 M2HA2+PWRS IFN A 30 plL - 15 e 55 ul 100 pL .M 5
M (15 ul) H W .
F 10. LT UR(M2HA2)3 pWRS-VP3, pWRS-IFN-lambdaS o] &35t
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1

in vivo 8537} A|E

< PBS tjx+u, iAo pWRS-VP3, pWRS-IFN-lambda ©HiAl-S ZH7F &
g, =T 1A 18 AHSYS. o 187 upeAt suflz

© YUMol FEe AT MHAZ TS 2% 702 2850 519l FUTHA

o
2o 82 1hpugo 2 X519

u

O FYI 2HEAHO] 22 P 3, pWRS-VP3 Ti= pWRS-IFN-lambda T¥Z 79] ¥] &=
=& 3-way stopcockd} A-X|E o]85to] 1557t £38519 2.

2% ol utoleiA

© % WEEFL 1004 = WYstel WA FAstAon oY AE
7rAde A8E5T9 S influenza virus H5N2 strain 1LD50 £3F0] dHjo]2{A7} o] &E O
O9AZ AT $ ule Sstel AESAS

© Hpol2fA QP o]F AL HEIE ZYEHSIH A5 50IAS. seedAddAE
Ao wat violg A T o] 25% o]de] METAE HQl JiAle AR H R|ARRE A

o= A

Body weight(%)- Adjuvant+M2HA2 1LD(H5N2) Survival(%)-Adjuvant+M2HA2 1LD(H5N2)

120 ——PBS

120

5
o
I
x
|
)
1
X
|
x
X
|
X

[
=]
=]
'
X

0
o

]
o
x|

@
o

Survival (%)

o
(=]
oIx

Variation of weight
(% of DPI)

]
=3
~N
o
1

&5
o

B

o
|
:_,_.—-
|_—1

XX

T T T T T T T — T T T
0 12 3 45 6 7 89 012 3 456 7 89 dpc

o

073 45. PRy}, pWRS-VP3 E& pWRS-IFN-lambda A% o|%
H5N2 1LD50°] cfgh op29] HFristet BES

© }‘\E']_%] 77;']_-7"} PBS%‘ ﬁz'g‘é_ 1%% ??]_Rﬂoﬂ E% D]»_(')__ij} _Tj_ﬂ}\],a-}% ﬁgi :?_ﬂ?i% 301_?—
Dudg A5 152 7YR0] RE oheAs} mAr

© S HEEA9] pWRS-VP3, pWRS-IFN-lambda ©HiAlS S3stslo] AESH D12oA= 242F 7
Amo ot UM o] BE LR AT} HAL

© ZA2AX"o =z pWRS-VP3, pWRS-IFN-lambda ©@Ei&lo] &3tz]o] A& =] F 20| % Influenza
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A virus H5N2 strain 1LD50 Zrof tist ofeAo] MES0| JgFs UX|X]= Zol¥ 5.

ELISA Al&1&
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© thgoz, FUTW FFo| e FA P4l chgt pWRS-VP3, pWRS-IFN-lambda Tzl
of g Yopuuxt ofefel T UHPOR ELISAS H3AsHS. upead 25 o2
AU A L pWRS-VP3, pWRS-IFN-lambdag HE& & ofefel 2 Ao FRe A4
o ELISAS XIsisth
. . 2nd ELISPOT
immunization immunization
A 4
| | | |
-2days 0 Week 1 Week 2 Week 3 Week 4 Week
2 » : 1
15t 2nd
sSerum serum
collection collection
- Mouse type: Sweeks old Female BALB/c mice
- Adjuvants : pWRS VP3, pWRS IFN-L
- Inoculum: M2HA2
- Route of administration: Intramuscular
- Days of inoculation: 0, 14 dpi
2 46. FATHEHA(M2HA2)3 pWRS-VP3, pWRS-IFN-lambda& o] &3t
PR AHLY
NEEELEETREE
Groups Inoculum Inoculum odie No. of Mice
Antigen PWRSvp3 | PWRSIFNA PBS Volume For ELISA
PBS 2 - = 100 pL 100 pL .M 3
M2HA2 30 uL - - 70 uL 100 pL .M 3
15pg
M2HA2+ PWRS vp3 30 pL (30 ) - 40 plL 100 pL .M 3
M2HA2+PWRS IFNA | 30 L 5 15 e 55 uL 100 pL .M 3
11 (15 ) H H :
B 11, LAY (M2HA2)3 pWRS-VP3, pWRS-IFN-lambdaS o] &gt




Evaluation of the immune responses.
IgG ELISA IgG ELISA
2.0
47 1:1600 -+ MZHA24pWRS-IFN7.
- 1.2 5 -+ M2HA2+p\WWRS-VP3
2 1 g " = M2HA2
S os ; -+ PBS
f: 06 _,E 14
204 5
T a 0.5
02 3
.+
0 0.0 — . . - —
& o e o S & & & &
A & {;@A .g-;@ SR SN ,\-f*%@
"'3 ¢'8$
0
& \&\xv
O 47, AT (M2HA2)3} pWRS-VP3, pWRS-IFN-lambda @HA A& o|$ ELISAE

©

©

AY Ay, FUTHA(M2HA2)SE @ 50= AFst 0peA AP T Fo] Hlsf pWRS-VPS,
pWRS-IFN-lambda ©HiA-S S &35 1

22507, pWRS-VP3, pWRS-IFN-lambda ThiAle grichi o] ojst FAMS
Z7p71e 5ol Biol stolelo] 33 Holwapdel Slsto] WiAlol B B & 9
L HYEYRE 2ES 4 9lodje} ARy
AL 7|t Ao WSy 22 g

1) MAZ 79 GASA Qo] FLAE

©

2 AR SEARE AA HYRBAR] oF 300059 FEES ©]8d5to] FLARINZ
(Antigen presenting cell; macrophage, dendritic cell)S Z3tot= HANRZE AH=Esto g
A AR Y (Innate immunity)S S7HA1E 5 e GG LAES screening SFRIAL T
% st EYK (2 A=A o= EYKefa Bl - A S51&Y9 &4 & st A3)7F ©Y
NS A Sstel AR AT cytokined] Lul52o] SHUstel g,

2 d374S EYK FEE2HE HIANZEE Al=sto] AW S GEotes BL=4 Q= A
slMol= Qet BT - AR Eo|EFY FHlE ot JF)E e AEsIR S

AEE A=A Q5 IYAAIAMZ (APC)% SRl Raw264.7 macrophage A|Zof 5=
2 AE g & FH|E = AHHEYN 54 AolE7IQlS ZFZre] ELISA kit2 €hQlg of
2y GUE24A Q9 5=oF vldgst A= Qs JEst g JAHME-B, 5 Ao E7IQI
Ql IL-6, TNF-o059] #H|E &I & AAS
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= 50 A B 24h 60 A B 24h __ 100 - B 24h
= =)
340' % : 80 A
= — - =
E 30 = 0 Z 60
= = S
2 20 1 =4 ]
= £ 70 - < ©
[ i \lé ! -
g = g 20
° PP PP 0" e P
& R & & & P oY ~> &, P \‘e ¥
5 o o5
& €8 & L & \eo?’ & P

|4
ot
N

8. FLEZ Q9 A=l 2gt Raw264.7 M| ojA 9] Kol E7FQ1 FH]|

© WAAZe] HARAo] AFo] HH wlol2 Ao P F ulol2j 2] FAS AHT 4 YL

olF 957 Yol GY=A Q= A=& AlX]l Raw264.7 macrophage A|®Zo]] ZXA| GFP
(Green Fluorescence protein)2 EfUU+= vio]2{ A9l Influenza virus (PR8-GFP)E 7+<d

AR % 7} upolejao) 54 g st
Medium IFN-B/PR8-GFP  PR8-GFP Q/PR8-GFP
a o7 W 24h 100 ~ W 24h
s 4 F
e =)
=£ 3 =
S 9 = 50 4
£ J 2 1 5
2= 1 ] 3
- &)
0" R R R 0 R R R
¢&F K & SO c A K
@.&Q \%’ ?%% ?Q.ﬁ \g@@ \qub' QQ:\‘:! QQ_B
{{‘hﬂ? al .\g\\% a
a3 49. GEEA Q9 A=l 23t macrophage A|Zo|AQ] vio]Z A FA] oA
3 At 20N Heuiet Zo] DdEA QR Algg W2 A RoA = Hio]2{A FAl0]
Aslide AT 2 AUS. ole DEEE Q= A=< ot Edetd WAz AAH A0
spolal A0 FALS olAIE Y

r
e
o
M}
O
1o
rg
19
i
ox,
o
~
olr
Flo
i)
>
1o
rg
19
o
O
O
L
N
N
10
ol
=
HU
19
T
)
o,
l
>.
)
o
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(@)

LS

e

ofl

o,

Q]
2l

© ¥ @740 o5 MUY GALY Qb P& 100mg T o 700UC.E A8 o] 9t B
2 ZAH Hol YolHE 1 ol e

¢ WAZY 3u2Y g

© @A In vivo ABSa A o] BMDME o]

yglolA WRS7H Al
oA WA WA 2K ALRE 7] ojz] o] Bl

a dl

© ol2f3t ol g2 WRSES (iM%

o] gAlS 2GS, FUB YA
ol olee] mef o] Chefet FR AL AISY. B BASL BF 0L9A WA EAA
MR ALTsto] HEge xAYol APHo] A5H Ut 2REY,

2 oA 3xpuP] AHEE $2
ofzfe] me} 2ol M.

chicken BMDMs - screening
Treat "
Time N/C LPS Poly(l:C) BSA218 SL153 OVM OVM-crude GRA7
: 3ug | Sug | 3ug | Sug | 3ug | Sug
A A
24hr Media only 100ng/ml 20pg/ml 5X1048 5X1048 Il Il /i Il Il ml
Treat
Time W175 w272 W308 w314 W162 w263 w277 W364
24hr 5% 5% 5% 5% 3% 5% 3% 5% 3% 5% 3% 5%
S lraat EYK g nts sl DA Boa Berberin | Quercertin
Time Venom
3ug | 5ug 50 100 50 100
0, 0, 0,
24hr 3% 1% 1pg/ml 1pg/mli 1% ml ml M M M uM

B 12. Chicken BMDME o0]&3H

© BSA2183 SL153 strain®] YL antiviral

HAMZL A=
ofet Aol BRI ZH[A Y Zlo] YA ez ojn] F5H o

© OVMI} OVM-crude, GRA7E& A& TiuiAl gl zjx st

SRS Hdsts didwd. WL75,
W272, W308, W314, W162, W263, W277, W364, EYK, &3, 1%, Zul yaim HAAY
OFx & 50|t o]Qo= Bee Venom, Berberin, Quercertin59] 2%lo] EtAo] o] 8|2

A A mREES V|vtoz RS

o AMzajzlgdlon] M| ZLoA: real time



PCR, A& %0|| A= cIFN-alpha ELISAZ} $38E] 915

ELISA : cIFN-alpha

250

_E 200
[9)]
o
: 150
]
o
= 100
=
L 5o No reaction
0
ZESEPEDMTE 2RI 2RISR IABRNRERAEREEF
. WwHMMEY S aea28as "8 L T I 0 T S S S Y R B S~
r.;t(‘.\maggzaguééﬂﬁﬁﬁhmﬁﬁbﬁﬁﬂ8
A g 2 233332 2 2 3 3 3
5623558553 :
O w
12 50. chicken BMDME o] &3t 54 EAErM : chicken IFN-alpha ELISA
15 A = e o = orolo. r = :
© ELISA Ad Ay}, AAe] ABEoA §h5o] AEEA] AU, ol= AHESE<Q] chicken ELISA
11O —_1 o]ls} H 9O L A] O Lo
kite] QI =7} FAY Ao Qgt fH|Fo] AZ 7HedS W=
Real time PCR : IFN-alpha
— 400
E 350 4
2
=~ 300 A1
g 250
Ef 200
O 150 4
~
S 100 A
= 50 A
s n
— - = = o [T+ o0 oo [="] oD B0 oo o <] =] o o o =3 o
228 ZPERWTHE LI ZIIIIZIAIIZNERESSEEREES
#o oo @0 & = O 9 = B g =i NS oM NS S oSN N 0 s
ZrogssasduaagsneSnheenE 2
28 y3:zEg2 32 ZFP 2T 22S2FERE
o o c 8 ) 8
NC PIC LPS BSA sL EYK Zhel e 2 B B
1 0.54 0.71 0.44 0.44 0.5 6.06 0.72 5.02 4,02
GRA7 5pg |GRA7 10pg| Ber 50pM |Ber 100uM| OVM 5pg | OVM 10ug | QER 50pM |QER 100puM|[OVM-C 5pug{OVM-C 10pg| BV 3ug BV 5pg
0.24 0.31 3.38 23.75 0.22 0.93 1.48 0.27 3.26 213.75 0.28 0.15
w1623% | wi1625% | w2633% | w2635% | w2773% | w277 5% | w3643% | w3645% | w1755% | w2725% | w3085% | w3145%
0.415 0,635 0.553 0.5 79.509 11.448 152.74 | 364.299 0.83 5,113 121,132 | 162.561

13 5]1. Chicken BMDME o]&st S W SXELM : chicken IFN-alpha real time PCR
O FARARlI FAS Y5l Ml ¢cBMDMS ©]-8-3t real time PCRZ 383 3.

© A& Zy, Berberine, OVM-crude, W277, W364, W308, W3145 Al=3st A ZLojA
GAPDH tfu] IFN-alpha] 5712 514 S2A SHelatn e,

© AF ATl urh AT AL 9As) 2 FFO GAPDH primers AEgsto] 571 4

=2 a
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Real time PCR : IFN-alpha

"§ 500

]

= 400

a

= 300

% 200

~

Cli 100 I

=

L 4]
NC  OVM-C OVM-C w2773% w2775% w3643% w364 5% w308 5% w314 5%

Spg 10ug

NC OVM-C | OVMC | 277 3% | w277 5% | w364 3% | w364 5% | w308 5% | w314 5%
5ug 10pg

1 2.62 154.68 | 122.58 15.22 229.04 | 44935 | 231.26 | 290.38

2 52. Chicken

BMDMZ ©] 83 38204

Real time PCR : IL-6
. 800
% 700
“ 500
u 500
E 400
g
u':) 100 I
a—d
= || | m
NC OVM-C  OVM-C w2773% w277 5% w364 3% w3645% w308 5% w314 5%
Sug 10ug
NC OVM-C | OVM-C | 577 30 | w277 5% | w364 3% | w364 5% | w308 5% | w314 5%
5ug 10pg
1 72 21257 | 13454 7.56 111.07 | 759.65 81.34 416.9

13 53. chicken BMDM-& 0] 83§t S 4 2Xer

d 2y e

2 B7tste Ao &A=UZ.

0FEt71R] 2 IFN-alpha?l Z7}stHs Zio] &Holg 9l

= E

&

IL-69] &

: chicken IFN-alpha real time PCR

: chicken IFN-alpha real time PCR

AR

L B84

],

© ZAER oz OVM-crude, W277, W364, W308, W3147} StojA{o] @ol ure.o x}23[ Afo]

E7191 §AALo] £7b2 UERD 2 9l2o] Holelglg,
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W277 w314 Zymosan Poly(l:C) Berberine
10 10 800 320 400
1 3 5 1 3 5 100 | 200 | 400 40 | 80 | 160 50 | 100 | 200
(%) (%) (ug) (ug) (uM)
W175 w272 W308 W162 W263 W364
5
5 5 5 5 %)
EYK =l ik 2 #B
BSA218 SL153 Centrol %) %) (ug/ml) (ug/mi) )
5%1078|1*10/8|5*1078[1%1079 NC NC 3 5 1 3 5 1 3 5 1 3 5 1 3 5
# 13. Chicken BMDME 0] &3l &4 EAerM
O 3z HZAOl F7} &AL Astst SHEA &S 2J5 chicken® Femur bonell Tibia

©

g9le.

AL 2]

Poly(I:C)7} &4 A&

O MY =+ A7
o A3 1=
a a

2 &

Aojurgol & o

2_-
o9 met 2ol B 9
S L ES

Macrophage® 23t ]A
24A13tEQF BeF ol A5kl 5.

HeAlol e =Rl

OHQO‘]E:] /\] o-] _LLE_EJ__

o
=2
MZa5to] real time PCRE 438 ﬁ}ﬁ%_

o Aol AH8d FHE 22AS

S H A0 Moo= AH7|9] Ao A= WI175, W272, W308, W314, W162, W263,

W277, W364, EYK, &, 12, ¥l vHne} e MAFEE, BSA2181F SL1530] ARE

9] H TLR ligand®l Zymosan,

Real time PCR : IL-6 (TLR ligands)
700 6
600 5
I I
O 500 [a)
o o 4
[ 400 <
3
S <
ﬁ 200 f 2
L
0 0
nec zym 100 zym 200 zym 400 zym 800 ne pic40 pic80 pic160 pic320

3+ 54. chicken BMDME& o]-&3t
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Real time PCR : IL-6 (Herbs)

300
200
100
0
nc wi62 wil75 w263 w272 w277 w308 @ w364 sl153 EYK 5% =3 59

13 55, chicken BMDM& 0| &3l S W 3AIEA : chicken IL-6 real time PCR

IL-6 /GAPDH

#B 5% Herberine

100uM

© A¥ Ak, TLR ligand?Ql Zymosani} Poly(I:C)9] &2 iEﬂ =ojol ot FE=of ulst
Al A= Ylo|A IL-6 mRNA expression levelo] Z7}/5t9S. &, AZLoA MAIAOo=g WA
I_]_OO] olo1L,]-0 9]—0]0]»010

O HAZE2H2 A2Jgt MRzoA ZA3t real time PCRO|A = W2771F W314, V7t =
i< -6 gene inductiong UEIJAS. ] AFAWS 7]¥to g2 sto] W2771F W314,
VAL S =0 T2t A2t xS 0|85l real time PCRE 43¥st3 2

| Real time PCR : W277 | | Real time PCR : W277 l | Real time PCR : W277 |
25 25
600 T T
o (= 2 (=) 2
[a) o o
o < 15 < 5
< 400 ) U] .5
5.?,. 300 :I 1 ..t: 1
© by k]
_-I 200 = 0.5 _l? 0.5
100
' 0 E 0
0 n w277 w277 w277 i w277 w277 w277
nc w277 w277 w277 1% 3% 5% 1% 3% 5%
1% 3% 5%

3% 56. chicken BMDME o] &3t S &2 ZAIetA @ W277
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Real time PCR : W314

l | Real time PCR : W314

| l Real time PCR : W314

400
350
300
250

150

IL-6 /GAPDH

nc w314 w314 w3l4
1% 3% 5%

30
25
20
15
10

IL-12 /GAPDH

n w314
1% 3%

w314

IFN-beta /GAPDH

w314
5%

n w314 w314 w314
1% 3% 5%

12 57. chicken BMDME o] &

Ly

& graAgA

: W314

Real time PCR : #B

| | Real time PCR : #B

| | Real time PCR : #B

350
300

200
150
100

50

IL-6 /GAPDH

nc  HB3% #HBS5% #B10%

IL-12 /GAPDH

n #B3% #B5% #B10%

IFN-beta /GAPDH

60
50
40
30
20
10

o

n #B3% #B5% #B10%

o=z {LSIAS. W3lde A S/
o] A= 1L-129] ¥glo] yIoky IL-69} IFN-betaS %A
A= I=T &2]o T2 side effect® AlgHE.

3) Ad=

_m
op
)
ro

GLERE

- 146 -

o =
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Ato] £ 7}el

Z7tA|Z oLt IL-124 IFN-betaol| vl [L-62 =
22 2702 gEslgon)

FestRe. LT 10% A

A= i1

=¥ X233t chicken BMDM9] ¢DNAO|A real time PCRE &
2= @579 AIEZI)IQI IL-6, 1L-12, 1% QIEm|EQl IFN-betas

o
[
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2
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© 4719 4@ AVE vgoR, BE FR Afo|Er1e1e FUsH F7HAIZ1 W3L4] gt in
AP MZHAZESO| W HENZ 29 =g ARgste] MIsly

vivo Ald-Z Aol S

o

immufl?zatiun immuznnigation HON2 [nfection
k4
I I |
0 Week 1 Week 2 Week 3 Week 4 Week
- Mouse type: 5weeks old Female BALB/c mice
- Adjuvants : W314
- Inoculum: M2HAZ2
- Route of administration: Intramuscular
- Days of inoculation: 0, 14 dpi
- ELISA : 21dpi / Challenge : 28 dpi (H5N2-1LDs;)
a3 59. FATHMAM2HAZ)Y HAFES(W314)E o] &=t
in vivo 8597} A|ELA
NESE =2 Y 4E2
Herb I It
M2HA2 W277 Total amount noc_u BYOR | For Challenge
time
(Img/ml)
PBS - - 100ul 2 5 heads
M2HA2 30ul(15ug) 70ul 100ul 2 5 heads
M2HA2+W314 30ul(15ug) 70ul 100ul 2 5 heads

3. FLUTHIHA(M2HA2)1 AAFEE(W314)E o]&3t in vivo 5371 Al

o
O 49352 PBS tinaty}, Ao W3ld 2522 27 295t A%<t 15, = 3
A 18 ARG, I 1Y AL SulEl P

JAIE M2HA2 ©HeiAlS 2% Tt

94 AAEBRO X
Ho v ‘o

[e]
7o &2 1opugez dAstils.

S Mston] UpAL BF F 25 o] vlolg

F2 100l = dAgste] AHS
influenza virus H5N2 strain 1LD50 £2F°] ujo]gjA7} o]&& g om
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OfeAg OBINZ $ ue Eslol AEAS

O oA g o]% the2o] JEHIS RUEIYSIH ASS FF5INS. seadddddde]d
uizlo] whet dlo]H A 74 o]E 25% o]Ate] AEUAS HOl JfAE oHrARSH

o= A

Body weight(%) Survival(%)

120 120 4
—0—PBS
—o—PBS

—— M2HAZ
—&— M2HAZ+W314

=
o
o

—— M2HA2

b —A— M2HA+W314

60 \
40 40 -
20

o uﬂ—c o \w\zﬂm

012345678 91011 01234 567 8 91011

Survival (%)

Variation of weight
(% of DPI)

]
/g

H5N2 1LD50 Zgoll tigt o290 X5 wetet

33 60. FUTA, W34 252 AE 0%
HEL
F5h Ige TUAO] RE 019ATL Al oz oINS P

2 8o BE O AT} AR,

ZoM= A 28 AR 100%9] AES

o
(o]
SURIZAAIRE A AA7F Loligon] 1 of

iy

il
o
>
rr

O A=A"o7 W3l4 &550] =23r o] A&x= F, Influenza A virus H5N2 strain 1LD50
2 x 2 37 FYotAS. W3l4 2520 5} FATHA] WAl
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mice
5 heads
5 heads
5 heads

g

S

|
ol
=

4 Week
a

51

ELISA A]
Inoculation
time
2

].

3 \JI'U'eek
gl

2nd
serum
collection

22 olg

3

100ul
100ul
100ul

2nd
immunization

2 Week
Total amount

Herb
W277
(Img/ml)
70ul
70ul

1 Week

YR (M2HA2) 1 W314 &

M2HA2
30ul(15ug)
30ul(15ug)

o

st

S

1st
immunization
-2days 0 Week

61.

15t
serum
collection
2]

- Mouse type: 5weeks old Female BALB/c mice
— a

- Adjuvants : W314- Inoculum: M2HA2
- Route of administration: Intramuscular

- Days of inoculation: 0, 14 dpi

PBS
M2HA2
M2HA2+W314

[l

da

3t ELISA A

22 ol

*E

THm A (M2HA2)Z W314

8}
o

x 14

‘_._rO
__OH_

o}

16D

o

=

/d%’
3, WAEZEA 79| H]

289 nheat sojle 1

]_

JAI= M2HA2

20 A
=

o

of 82 1bugo =

_]

22 3-way stopcockd}

o}
ol
=

=
E
=
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Evaluation of the immune responses.
2.0+
-+ PBS
5 = M2HA2
ve ™ -+ M2HA2+W314
=g
® <
~Z 104
SE 0.5
——eo—0—0—9
0.01— : : : : .
1:25 1:50 1:100 1:200 1:400 1:800
03 62 FYUWA, W3l4 58 FF o] ELISAS 53 IAIL 53

© M@ AT 35 AEYT FHOIH FADWH] thg AL AL Zo] AL
W3l4 2522 BT TEOIAL FUDNLN FE 18 W3] ofF &L £F I
718 UEIS. 125014 1:80071K19] 8] w4 A EAA Zk7rol cis) ELISAS 233!
AT, BE 84 vlpo 2L Pl Aol

4) Chitosan, Squalene®] WAZ7}t §% AZS

© 712 HAIH xR A9l A3t 4888 & 9l 2 SHEAZ TEE Chitosandt Squalene
o] =2 NZoJAo &=< chicken BMDM01]/\1 ghQlstl 5. chicken BMDMS #2], v
stol &u|g chg ofzle] 1 WS Aefotol S

_EL
i
O
of
k1
hu
>
H
2 ]
N

NC Chitosan Squalene

sQ sSQ sQ : i :
PBS 1105 | 5%10%5 | 1%10%6 Chi 10 [ Chi 25 |Chi 100

E 15. Chicken BMDM-& 0| &3t $ 8 2XIEMA]

© 24A17F5QF Zh7e] s== 2 chitosanit squalenes A2t &, A2 =/Jo] gl= S &RIsH
Ha Oli MzS AMEol mRNAS FESH tF2 cDNAS A 24249 XA Hd&
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d APOIEZRRIRI IL-6, IL-12, 1§ AE T &<l [FN-beta?} IFN-alpha

©
i)
)
Jo
>
)
U
rlr
I:IIO 08
o[\

Real time PCR : Chitosan | | Real time PCR : Chitosan

IL-6 IL-12

IL-6 /GAPDH
IL-12 /GAPDH

NC sQ sQ s NC sQ s sqQ
1X10%5 SX10*5 1X10%6 1X10*5 5X10°5 1X10%6
IFN-b = IFN-a

- o

a

g = = 3

g 5 O 25

o ~ 2

~ 15 o

© = 15

- 10

@ B Ty

8 5 T os

2 =z

= 0 E 0

= NC sQ sQ sQ NC sqQ sQ sQ
1X10*5 5X10*5 1X10*6 1X10*5 5X10*5 1X10%6

13 63. chicken BMDME& o|£& HEAEM : Chitosan

i
o

| Real time PCR : Squalene | | Real time PCR : Squalene I
IL-6 IL-12
30 I 15
3 = g
T o s 10
9O s ~
~ N
o 10 \-.i 5
2 s =
] 0
NC  Chi10 Chi25 Chi100 NC  Chi1l0 Chi25 Chi100
IFN-b IFN-a
T
T 25
e 120 E .
100
g 3
g 20 < 15
@ _g 1
g -3
2 o105
2 Z g
£ ® =

NC  Chi10 Chi25 Chi100 NC  ghilo chigs (Chiloo

13 64. chicken BMDM& 0| &3l S HZAEM : Squalene
O AY 2y, & 71X 84 @& IL-6, IL-12, IFN-beta®l IFN-alpha®l FAA} 2#H-3 #<]

2o vHsHAl S7MAZS. Chitosan?] 74 IFN-betaE =2 $F2= F7H[Z O
Squalene®] 712+ IFN-beta, IL-129} IL-65 5% =& £Z 02 ZIJMAZS.
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L F 7R SEEA T RBoA ¢ e
HIEF O 2 in vivo testS ﬁ%*ﬁhx%'

N

=

=
=

i
L .. H5N2 infection
immunization

immunization

A
0 Week 1 Week 2 Week 3 Eeek 4 Week

- Mouse type: 5Sweeks old Female BALB/c mice

- Inoculum: M2HA2
- Route of administration: Subcutaneous or Intramuscular

- Days of inoculation: 0, 14 dpi

- ELISA : 28 dpi / CTL : 35 dpi
3 65. gy Q(MZHAZ)EL} Chitosan, Squalane& ©]&3st
AESE =2 U 483
M2HA2 PBS/Herb Total Inocglatmn Challenge
(1mg/ml) amount time
PBS - - 100ul 2 4 heads
M2HA?2 30ul(15ug) 70ul 100ul 2 4 heads
1,000
M2HA2+chitosan | 30ul(15ug) 70ul : ml(}ug/ 100ul 2 4 heads
M2HA2+squalene | 30ul(15ug) 70ul 0% 100ul 2 4 heads
. & (CFU/ml)
B 16. LT RI(M2HA2)3} Chitosan, Squalane2 o] &35t
in vivo 85H7I A28
O A¥I1§2 PBS x, FYTA, Chitosan, Squalened 242b &3dsto] &St 1
%, £ M9 152 ARGAS. & 15Y OhAL dofelz AL,

O E
JHHoe 4R

o] FEe AA MIHAZ HHA e 25

o v
Eo] 82 lhpugo 2 MHA5IES.

23S 3-way stopcockyt
FRom Ui HE § 2% FHo violziAa
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7tAde A8i5T9 S influenza virus H5N2 strain 1LD50 £3F0] dHjo]2{A7} o] &E O
0t9AZ OHEIAR $ 812 Botol BETYS
© Hpol2{A QP o] AL HEIE ZYEHSIH A5 500 S. seedAddAE9
Sdof] et viol2{A A o] F 25% o]l AlFdAE EQl VA= ttAret H X|Aet A
oz A2
Body weight(%) Survival(%)
120 4
120 R
100
100 -

-]
o
L

80 4

60 1

Survival (%)
3

B
(=]

40

Variation of weight
(% of DPI)

N
=]
L

20 4

o

T il

012345678 910111213 012345678 91011121314

12 66. TR} Chitosan, Squalene % o]& H5HN2 1LD509] Ofjst opA9]
AFusier BEE

52

© 4% 2, PBST WEAN TEL 9ol BE 0LgAT} MAStE o2 selggle

© ZH3ZAQl Chitosan?] 4% l‘ﬂiﬁﬂr ORRHA 2 25 0 A7E AR S, Squalene?]
4% 20%9 MESS UEYA

O A=2AX o7 Chitosanyt Squalene & 7] S HEA Q& UrEAZ L g5S HO|X] &5t
O} o] A= HAHZAENA (adjuvant)’t ZSEX] 42 AP o2 Chitosanyt Squalened]
A5z asol PErtel SAY.
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2nd
serum . .
collection collection H5N2 infection

>4 \ 2 $ ¥
0 Week 1 Week 2 Week 3 Ieek 4 Week

- Mouse type: 5weeks old Female BALB/c mice

- Inoculum: M2HA2
- Route of administration: Subcutaneous or Intramuscular

- Days of inoculation: 0, 14 dpi
- ELISA : 28 dpi / CTL : 35 dpi

15(
serum 2nd

1st
immunization

immunization

iR (M2HA2)1}E Chitosan, Squalaneg 0|83t
ELISA A|d YA

M2HA2 PBS/Herb Total Inoc.ulation ELISA
(1mg/ml) amount time
PBS - - 100ul 2 4 heads
M2HA2 30ul(15ug) 70ul 100ul 2 4 heads
M2HA2+chitosan | 30ul(15ug) | 70ul 1'0(;:()”5/ 100ul 2 4 heads
M2HA2+squalene | 30ul(15ug) 70ul g 100ul 2 4 heads
g & (CFU/ml)
=2

B 17. SLAGHA

O AYd152 PBS tiacut, JHTUAS ASS 15, TEENA ¥4 F+= W3l4 F
a5 2Yoto ALY 15 =8 K9 152 275tYE. ¢ 189 uheAE dui R
T4t

O TAEHAY FE2 FAY M2HAZ GHAS 25 1A02 455F0 SIg3. LT
Fo| 82 1bugoz HAASIGS. T MANAAY] S92 &9 3, SEEAH 7Y vHg=
UtE S3r2-2 3-way stopcockd} AKX S o0]85l0] 1587F 238519-S

O F ASEHFS 100u = dAsto] Adds Aedstdoy A9t &5 £ 25 Hol ddE &+
gotR=. 1. 33Mol tegToa RS AMELSHAS. AEFJS X2 dAZ2st &
d= wlst & JHENAS 396l ELISAE 4edsto] 74 U9 FAIVFE 545392
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Evaluation of the immune responses.
—_ 1600:1
g 2.0 1.6 A
8 -+ M2HA2+Chitosan 1.4 4
= 1.5 - M2HA2+Squalene 12 4
C = M2HA2 %
T>u 1.04 -=- PBS 0.8
a 0.6
o 0.5 0.4
- - 0.2 A
0.0 T T T 0 __-
® & & & F &
o) N N N N N ol ¥ & &
N & 5 e &
& 0 &
& o
a\} v
5 ,\g\‘g
<+ &

12 68. FUATURA(M2HA2)Y} Chitosan, Squalene % o]&
ELISAZ £3 A7} 5%

H 2A2 £ &% Chitosanyt Squalenel srgd
o7 222 WAl ojgh wolxzbA 2ol st

1) M2HA2-Influenza A virus infection in vivo challenge 2@-& o] 83t CAWIOL} ISA709]
HAHFA &5H|WF7}

25t CAWIOS §%& M2HA2-Influenza A virus infection in

LI
stae.

© 712 WA ol

82
vivo B2E-8 o] &35 &l
© HINI1 strain ¥ ofyzt H5N2 straing o] 8sto] BHAl HAEA|Q] g2 HAZS5HY S,
7H HIN1 Zrdof st CAWIO®} ISA709] s 5u|wH7}

O FYTuAat wA Y R A|(CAWIO, ISA70)9] a5 H7IS Qs upeAo] 23 7HA0 2 M2HA2
_§_

Influenza virus HINI strain®] 1LD50 7}<o] thsf olQ2A0] HZEut AEQ

et 22 Aoz Ay unstAS.
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: L 2nd
immunization immunization
0 Week 1 Week 2 Week 3 Week 4 Week

- Mouse type: 5weeks old Female BALB/c mice
- Adjuvants : CAWIO and ISA70

- Inoculum: M2HA2
- Route of administration: Intramuscular

- Days of inoculation: 0, 14 dpi
- Challenge : 28 dpi (H1IN1-1LDsg)
25

M2HA2)1} WA b ZA|(CAWIO, ISA70)E ©] &3t in vivo

37}

33 69. AT
NEDE
NESE HEZ Y HEa
Adj. Antigen Jotal Inoc!.llation for Challenge
amount time
PBS
G 11D50 (HIN1) - - 100ul 2 4 heads
LE CAWIO+M2HA2 CAWIO 10 20ul 100ul 5 4 head
1LD50 (HIN1) a5ul ug (20ul) ¥ eacs
Ilsf_\;g:;ﬂ::\flz) ISA70 45ul | 10ug (20ul) 100ul 2 4 heads
18, FATEMA(M2HA2)T WAl © ZA|(CAWIO, ISA70)E o] &3t in vivo 85H7t A|lEE
© 4Y1Ee PBS tAZE, FUTWLMHAZG] 5 F70 WAuAAE 242 EFste] A
F3 28, 5% iAo 182 ARSI, ¥ 18T theAr dnele pAE
© FUTMA FFL FAY M2HA2 RS 25 7Ho2 2g5o] stlg. YUTWAC
4t e
Ut= s3F2-8 3-way stopcock

3, AR EA 79 v]gz Ul

[e]
W A-AE o] g5t 15%3t
O F AFE&F2 100p = st ddS
7S 2345t9S. influenza virus HINI strain 1LD50 £3F9] vpo]2{A7}F o] &9l oH
oA S OHERAIRD & ¥]142 &5to] AEsida
O Hiol2{& 4 ol Dhexof JHiE ZUHISH MESS S5451%e. sewdddHded
Ao whet "ol A Y o2 25% ol AlsdAas B VHAle rEARRE H AJARSE A

o= AT
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Body weight(%)- M2HA2 10ug and 1LD(H1N1) Survival(%)-M2HA2 10ug and 1LD(H1N1)

—o—pBs 120 —-0---PBS
1 —O— M2HA2 10+CAWIO
\ —O— M2HA2 10+4ISA70
\ : N—o—o

b
\
\
\
Vo
\
\
4

=
=
=

—0O— M2HA2 10+CAWIO

—O0— M2HA2 10+ISA70

co
o

Survival({%)
o
S

I
(=}

Variation of weight(%)
o o E
s & &
Aﬁ

[
(=] o

3 70, FLATEA | WA W FEA|(CAWIO, ISA70) B& o]S HIN1 1LD50°] tjgt op2A9]
AFste BES

O A9 2, PBSE ASSr 152 S¥mio] & oheAvt miafsts oz HRIE s,

O FATmAD} [SA70S E35to] HE5H A
o] B & 0 A7F gAtst= o2 sHoIE e,

o
|J

Z20A= PBS AEI1E2HC} o7 =2 gUX|

© U CAWIOE: £asiel HFH g TUAON & olele] ohp 2t AABtatoL ol

© AEMoz, YUMol CAWIO} &%

o] S} Influenza A virus HINI1
strain 1LD50 7t¥o tst ofAQ] MEg

FASER-S. ol CAWIOO| <3|

O D;OI'
Jﬂ
2
i2a)
o
jdl
oX,
Ho

Z &2 37 o
wixlo] wiAlo] FPYEUSS oujstn] y|Ee] WAREA ISAT0L H|WOlE e YA
HojzE AR,

2) H5N2 Z+rdo] dfst CAWIOSR} ISA709] &5H|wF7}

O Influenza A virus H5HN2 strainof tist CAWIOLF ISA70°] &=& B8|w H7Ist7] ¢sf
H5N2 strain®] 219 @3+S A4t A A ofelo] me} 2o A%,

MESE =2 Y 482
for Challenge No.of animals
1 LD50 (H5N2) 4 heads
2 LD50 (H5N2) 4 heads
3 LD50 (H5N2) 4 heads
= 19. H5N2 2983 B7t A 18
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© Influenza virus H5N2 strain LD509] 1ul, 2uf, 3uf] &F2] vjo|g
o OFQAS ORAIZ] § u]g Estel AEAS.

l>
N
o}
o0R
=
i)
ofo
i)
9,
|o

© uolglA 7Y 0% uheao] AElE wUENs Y AES SRS E2edHAY
upol ohet upolejA e o]& 25% ol 4ol AELAS ol Al otelast B KA
o= A2t

Body weight(%)- H5N2 Survival(%) — H5N2

[y
o)
==

120

100 4

80

60 E\
40

. VO
. \

Variation of weight(%)
-
© o
& &
j
4
i E
— —
o o
Survival(%)
%
i 2
o O

© Influenza A virus H5N2 strain 1, 2, 3LD50S ZFHA|71
X|WAo|0] &aFo] Zfgto] wet opgxo] WA} 7|7to] %01
35w SYMoll, 2LD50= 7m0l RE ORAVF mHAlshe oz SRIE|QIZ. ILDS0E o
AAJZ] 122 4R 0] AXO] OO AT} HASIES

—ya

.
rlr i)
e}
=
o
o
[>
oy
of
o
[}
=)
(0]

[ >~
=

OF, vlo]g 20| Ztdo] npeAo] wrolburt RURIA F 4o WastuAL st WAl
52 JEs Horetr] o@r] iR B AgAaE B2 9 LRSPAL
= H5N2 strain®] Z4aE&52 1LD502 275t 2.

O ol% FLATAut WMAE ZA|(CAWIO, ISA70)°] 55E7IE ¢oll oA 25 Aoz &F
AHHRAlS AE5H © influenza virus HHN2 strain®] 1LD50 Z<gof tfsf oteA9] A&t
AEES ofgfier 22 o= Asl v wsigla.
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1st 2nd
immunization immunization

i | |
3 Week 4 Week

0 Week 1 Week 2 Week

- Mouse type: 5weeks old Female BALB/c mice
- Adjuvants : CAWIO and ISA70

- Inoculum: M2HA2
- Route of administration: Intramuscular

- Days of inoculation: 0, 14 dpi
- Challenge : 28 dpi

a2 72, AR (M2HA2)1 WBAI Y R A(CAWIO, ISA70)E o] 83t in vivo 85H7}

o -
ABLH
NESEM=Z U 282
Adj. M2HA2 3;0:2:11: Inott:::]a:ion for Challenge
1LD5[I:?:ISN2) 100ul 2 4 heads
1 LDM5§I:::N2) - 10ug (20ul) 100ul 2 4 heads
iALi;SOJ'(\IA-Iimf CABIO 45ul | 10ug(20ul) | 100ul 3 4 heads
;sf;g;nstsz) ISA70 45ul | 10ug(20ul) | 100ul 2 4 heads
23t in vivo 25H71 AE1F

E 20. SFLTHER(M2HA2)T} SHAIY A (CAWIO, ISAT0)E o] L

© arIthuRlo] Az o AT M2HA2 THMz
o] 8F2 10pgo2 A5 S

S5HE-S 3-way stopcock

O gt WABRA Y g2 T
I A-AE o]&ste 156wt £35S

O 5 A&E&F2 100 = d7gste A Ad¥stRen oA AF & 25 FHof viojgia
ZES 435193 influenza virus H5N2 strain 1LD50 £3F9] Hio]2{ A7} o] &E| 9l o
oA E OERAIRD & HgS Esto] A&sIs

O violga Hg ol% nterd JHE BUHIYSH AES2 5451 s. s=edddH
GAlol mhet vhoj A A o2 25% ol AMEEAS Bl A=
oz A
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Body weight(%)- Adjuvant+M2HA2 1LD(H5N2) Survival(%)-Adjuvant+M2HA2 1LD(H5N2)

-
N
o

—0— PBS
—0—PBS

- —0O— M2HA2

-
[=]
(=]

—0— M2HA2

—O0— [SAT0+M2HA2
—O— ISA70+M2HAZ

—&— CAWIO+M2HA2
—i&— CAWIO+M2HA2

60 +

. |

20

Survival (%)

Variation of weight
(% of DPI)

0+

01234567 89101112

J 73, LA WA\ A (CAWIO, ISA70) A& o]% H5N2 1LD509] djgh ofe-A9]
Asste BEe

O YIRS MES 122 11URo] BE OFQ A HAFE [SA70S S3tsto] AESH A
JZ20A= 80%2] MEES 72319 S

52

© uel CAWIOS E¥stol FEE 18ME AY 52 YAV 100%2) BELS Lep

O ZEAXozg grdciuixdlo]l CAWIORF =3tElol A&E= 749, Influenza A virus H5N2
strain 1LD50 Z@of tjjst 020l BEEZ FA FAsIAS. ol T HETCE ALE
gt [SA7T0ETHE =& ZAWE 2. &, CAWIOO| o5 FdH SOl A FEENA

2g uig.

© oz, 3Umet 5UMol oreso) WS M A F FAG so|2|Ao ¥ TCIDSO

=45 Uerele.

Observation of lung virus titer

10
O3dpi

m5dpi

(] ]

Logqg TCIDsg
IS

Lung virus titers

[\

o
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1LD500] thgt mojAie]

3 74, FADEA, wiX B FLR|(CAWIO, ISA70) H% o]% H5N2
Hlo] A titration.

O thgoR, FUTWAD WAL EA(CAWIO, ISA70)2] RS 57 &5B7IE 9s) b0
25 A E FATIAS AESH & offiet Z2 dgor FAHS AFSH ELISAE 485t
1 spleeno|A] ELISPOTS 43851912

immu::;ation imml.ﬁ'lnigation H5N2 infection
4
| | |
1 Week 2 Week 3 Week 4 Week

0 Week

- Mouse type: Sweeks old Female BALB/c mice

- Adjuvants : CAWIO and ISA70

- Inoculum: M2HA2

- Route of administration: Intramuscular

- Days of inoculation: 0, 14 dpi

- ELISA : 21dpi / Challenge : 28 dpi (H5N2-1LDsj)

M2HAZ2 : 0.5mg/ml (25ml)
Adj: 2l =7:3(54)

183t ELISA, ELISPOT

O 75, AR (M2HA2)} WAl Y R A|(CAWIO, ISA70)E ©
ABLR
AEES Ui=a 3 87
Adj. M2HA2 Total Inogulation for ELISPOT for Challenge
amount time
PBS
1LD50 (H5N2) 1o0ul 2 5 heads 5 heads
M2HA2
1 LD50 (H5N2) 30ul(15ug) 100ul 2 5 heads 5 heads
CABIO+M2HA2
1LD50 (H5N2) CAWIO 70ul 30ul(15ug) 100ul 2 5 heads 5 heads
ISA70+M2HA2
1 LD50 (H5N2) ISA70 70ul 30ul(15ug) 100ul 2 5 heads 5 heads
£ 21. YA (M2HA2)T WAE ER|(CAWIO, ISA70)E o] &3t
ELISA, ELISPOT A& 1&
© 4EIEL PBS AT, FATNIL WEY 1%, AT £ FRo WUREAS
77t ggstel AEE 18, £F POl 18 UAAS. o 1BY UReAL solez
T
O Fguuizle] FEo AMAE M2HA2 AL 27 71Ao2 2850 319g. FYTuirlo]
So gabe 10§02 ASIAS. P WALAA ] ETL AU 3, WAL EA 79) v]g
2 UIE 5328 3-way stopcocky}t AYX|E o]&sto] 1587t 538519 -S
© & AE8TL 1004 2 MHstel MBS WASIAOD OAlT AE 3 25 Ho] AL &



FA7F 54

- 162

SH= [e) & o Iixal= o
Yool 1. 350l Srebguol N Poke AMBYolAS.
O MSYst P YalRestol WAL HA $ FAUWL S Fee] ELISAS 43sto] &
- =1 = = = o = = o = R
g e FAHE 54859 S. olF 4%, 65, 8%, 105, 1250 FAS F7t=2 AjFlsto] 2
e Wyoz dAg MEYstol ELISAS +3atS
Evaluation of the immune responses.
2.0
@ PBS
3 Pre-immune - M2HA2
50 £ 1stimmunization - 1.5 - ISATO+MZHAZ
gc_? EB 2nd immunization g% - CAWIO+MZHAZ
g 2 1.0
55 >z
8 € 8‘2 0.5
D,D-m
S S IR
Serum Dilution
a3 76. FATDHA, WA BEA|(CAWIO, ISA70) 3 o|¢ ELISAE &3t A7l 574
Evaluation of the immune responses.
iget IgG2a
0.8, 0.8
EU‘G 50.6
8 8
D"IZIA D' 04
o o
0.2 0.2
0.0 0.0
% X ) 10
& ﬁv- j"\& d;,:i S & @@v— “b@v 0‘3}9
& & S *
& &
# 78S
- M2HR2
0.8 10 & ISATOHMRHAZ
A CAWID+M2HAZ
05 . 08
g % s 06
Q04 =}
o ©
. \“- i :—:
. oo, 5 i
&8 x-@ FOaF 8 \‘7‘§ ‘“Q "é‘
Serum Dilution Serum Dilution
a3 77. SrQATHERRl wRA] B ER|(CAWIO, ISAT70) BE o] IgGl, IgG2 specific ELISAS E3h



1t EHE aF 2rd B 65
M2HA2 Serum M2HA2 Serum
2.0 2.0
-»- PBS -» PBS
iE = M2HA2 ;g = M2HA2
£ -+ CAWIO+M2HA2 £ 151 -+ CAWIO+M2HA2
g -+ |SAT0+M2HA2 s -+ |SAT0+M2HA2
2 1.0 2 1.0
- <
g g
0.5 0.54
‘—.'_‘_"—-—C—-o——o — o é u
0.0 T T T T T T 0.0 T T T T T T
1:25 1:50 1:100 1:200 1:400 1:800 1:25  1:50 1:100 1:200 1:400 1:800
Dilution of Serum Dilution of Serum
3d HH . gF 4th 23 : 10F
M2HA2 Serum M2HA2 Serum
1.0 0.8
- PBS - PBS
0.8 = M2HA2 B = M2HA2
% -+ CAWIO+M2HA2 % 1 - CAWIO+M2HA2
; 0.6 -» |SA70+M2HA2 ; -+ |SATO+M2HA2
g 0.4 ﬁ ™
s 8
0.24 0.2
A e .
0.0 T T T T T T 0.0 T T T T T T
1:25 1:50 1:100 1:200 1:400 1:800 1:25 1:50 1:100 1:200 1:400 1:800
Dilution of Serum Dilution of Serum

5 EH . 2F

M2HAZ2 Serum
1.0+
-»- PBS

0.8+ -= M2HA2
g -+ CAWIO+M2HA2
S 0.6 ~¥- |SATO+M2HA2
2
< 04
[=]
)

0.2

125 1:50 1:100 1:200 1:400 1:800

Serum dilution

[T
=
n
>
i
ofm
rok
o
-_>-‘~'.
N
)
A
o2
|
.b
03
oo
f—
O
f—
N
4N

© U3 A, 35A) AEYL FYoA FATWA i 91 918
FAb 154} 35AR AADLE PR PAol F7tete A7t &
GAsIo] 125014 18007IRIS] 514 Ul4E HEAA Z2to] o) ELISAZ: 4eig A7)
£ 34 sjolA 2o Aol Helwls.

S

o

ok ot
(o]

kb X o

O FUTWAT AEL 28] vlsh WURANES A WED Aol AP & FAHY
S, YUDWAT CAWIOS A7 RIS 189 F9, FULWAT 1SAT0S P FEF 1
SO uls] o &S FAVIE U,
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O dA W 3849 2479 IgG typeof tjfsl] specificgt ELISAE 4~°85t0f 2}2to] o 3
gt ZAxf, FLTEWA FEo T} 1gGly} IgG20] 2% F/AJEIAS0] HRAEAS

© FUTWAS UEo2 AEN Fouct FUNWAT ISA70S W] AEY 1Fo] ke F
A7be Ueglon FATURIY CAWIOS @71 FET 189 4t ouct of B
2 yegle.

39Elo] Fo o] QAR SHelsty] ) 0Lga 1L of

© o5 Pt A&HoR
Sole A% gAlste &
e AEF 1go)x

.
e MEYs) PALE L. 4 AW £ FR WAL

H
Flo
o2
N
Ul
v
m
=
2,
glo

© %, CAWIOO| o3} FUTWAe] UEoz §5Y 2 vt o A3 ANy dele gug
Che 20| 2olg9lg.

ELISPOT : INF-y

Stimulant : sSM2HA2 protein Stimulant : HA2 peptide Stimulant : M2 peptide

200

g

No. of spots per 2x10°
Splenocytes (IFN-y)

ELISPOT : IL-4

Stimulant : sSM2HA2 protein Stimulant : HAZ peptide Stimulant : M2 peptide

No. of spots per 2x10°%
Splenocytes (IL-4)
2

02 79, FATHRA, WA - ERR](CAWIO, ISA70) HE o|&
ELISPOTS £3F NlZA Wdeo] &4

O sl Az HAol {=gF =Qlstr] sl 43/ Up220A4 @2 splenocytes ©o]&
sto] [FN-gamma®t IL—40ﬂ st ELISPOT-E& sM2HA2 protein, HA2 peptide, M2 peptide

£ 247 olgstol sty
© 4¥ At FUUWA U5 FHo) vs) WALAAES W WES 1A o F3 AEY
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HeRksol YepdS =Qlsils. o splenocyteo Aol A=A HAERS2 sM2HA?Z
protein, HA2 peptide, M2 peptide A}=of tiol] B % & 743F0 2 LEFE.

© CAWIO® Jdeido] o FFd 159
%, CAWIOO| ofsf Fadhualo
ISA702.c}t et a2

3) HON2 Zrdo] dfst CAWIOLR} ISA709] &5H| w7}

© HON2 HiAlS o] &5t WAIH R A|(CAWIO, ISA70)9] 2537 1E vl B7ist7] ¢sl FAIA e
= mouse adapted Influenza A virus HIN2 strain®] Ztd8zS AXSH= AR ATIS

otfiof e} ol g5t =.

MNESEEZ A 282
for Challenge No.of animals
0.5 LD50 (H9N2) 4 heads
1 LD50 (H9N2) 4 heads
2 LD50 (H9N2) 4 heads

B 22. HON2 Zrd85F H7T A

o9
|
o

© influenza virus HIN2 strain LD509] 1ujj, 24], 3u]] &&F0] dfo]g{Ar} Zr<do] o] &E| Qo
0y OF2AE O A7l & H|FE &350 AEsHA 5.

O vpolg A A o]lg npRAl] HElE ZYHHYSIH AlF52 501¥ 3. sawdATdHLSY
Alol| et glolg]A A o] 25% o9 AMEZUAS Bl VA= QterAlst
o=z Ao

Body welight(%)-2LDso (H1N1) Survival(%) - 2LDso (H1N1)

120 120

——0.5LD
e 1 .  -O-1uD
80 —& —A—2LD
60 - \\I -

a0

20 \

0 uﬂ-ﬂﬂ-ﬂ—v—ﬂ-\ 0 ———— M—v—ﬂ—v—ﬂ—v—ﬂ—\

0 1 2 3 4 5 6 7 8 9 10 o 1 2 3 4 5 6 7 8 9 10

Survival(%)

Variation of weight(%)

77 80. HON2 upo]2|A 1, 2, 3LD50 Zrdo] w2 upexo] MZEdt XAHS

© Influenza A virus HIN2 strain 1, 2, 3LD50S 7ZFEA]71 A1} vjolg]A 7Fdo] OpL A0
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A|HAon] gato] Slatol wat ope.A0] WA 7]7to] Fojt
A9t 5UM, 2LD50E TURIo] BE 0ReAs} mARSHE 2
AXZ] 1FL TUR O LRo| DR AT} WA S

RS

© B 4¥ANES EQz Yoo
=

A Re) sis o
UYoz NP NPNAS.

AoA AFEE HS5N2 strain®] ZrE-8F2 1LD50

RAIE R A(CAWIO, ISA70)9] 55871 ol 0feA0] 25 (HH0o=
A=x=st S influenza virus HIN2 strain®] 1LD50 Z+<go] sl oAl A&t
o

1st 2nd
immunization immunization

H9N2 infection

0 Week 1 Week 2 Week 3 Week

- Mouse type: 5weeks old Female BALB/c mice

- Adjuvants : CAWIO and ISA70

- Inoculum: H9N2 antigen

- Route of administration: Intramuscular

- Days of inoculation: 0, 14 dpi

- ELISA : 21dpi / Challenge : 28 dpi (HON2-1LDs)

. 4
4 Week
Adj: EH=7:3(5Y)

3% 81. HIN2 antigen¥} #HAIH R A|(CAWIO, ISA70)E o]&

gt HON2 24 Al8 YA

NESE E2 U 4E2
Adj. HION2 antigen Total amount Inoxt:iurlna;ion for Challenge
PBS
1LD50 (H9N2) - - 100ul 2 5 heads
HON2 antigen 20

1 LD50 (HON2) = 20 ul 100ul 2 5 heads
HON2 antigen 10 CAWIO 70ul 5 heads

10 ul 100ul 2
1LD50 (HON2) 1SA70 70ul E—
HON2 antigen 20 CAWIO 70ul 5 heads

LD50 (HSN2 20ul 100ul 2
(HIN2) ISA70 70ul 5 heads

& 24. HIN2 antigen} #4185 £&|(CAWIO, ISA70)S o] &3t

HONZ &4 Ald ANE21E

A+, HIN2 antigenS ZBE53st 15,
o A&t 15 & 47HK9 182
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ARsts. I WAEAA S g2 FY 3, WAERA 79 vz e E¥ES
3-way stopcocky} AR S o] gsto] 1553 af5kelS.

5 AEEYS 1000 = Agstel WP AAsHGo0 oY BEF $ 25 Fof wpolx

[S) g o
78S 4385193, influenza virus HON2 strain 1LD50 £7Q] HfolziAr} o] 8E 9o
oRe-AE DAL & 8IS &t AEsHRS.

O viol A A ol% nreAd JHE RUHIH AES 5
GAoll mhet vrolA A A o]e 25% ol AMEY

o2 AHeja

b~
uju
e
re
=
2-",
rr
o
A
S~
>
ok
~
>
rek

Body weight(%)- Adjuvant+H9N2 antigen 1LD(H9N2) Survival(%)-Adjuvant+H9N2 antigen 1LD(H9N2)

—o— PBS

Y
o
o

—O— PBS

—O— only HON2 only Han2
—O—[SATO+HON2

=]
o

—O— ISA70+HIN2
—— CAWIO+HINZ

—&— CAWIO+HIN2

Survival (%)
3

3
(=]

Variation of weight
(% of DPI)

2%
o

o

01234567 89101112

. HON2 antigen, W41 REA|(CAWIO, ISA70) B o|% HIN2 1LD500] thst upoAo]
Agwstet BEG

© A¥ i, PBSE AEE 15E 7UMO 2E UheAvL miabste Ao HeIEQle. HONZ

0Fo A7 HALSIRS ISA70S &35t AEsh A

Ho =
antigeng X&EsH 122 9Axjo] nE=
JE20|A= 80%9] WELS 7|25l L.
© ©lY CAWIOZ 33tsto] AESH 120 A& 22 UAIA] 100%2] MESS UeERJ9]
o

O ZA&A”o=r, FAduwiAlo] CAWIOF &3tE|lo] AE= 742, Influenza A virus HIN2
OpQA0] MESS IHA| PSRN S, o= &d HELACZ AME
srgTiuiRlo] wiAl=0| F 7| AL Q)

B Y

o ISATORGEE 2 Zuts B &, CAWIOO o3
=< 9ui.

Z A5t influenza virus HIN2
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Observation of lung virus titer

12 -

10

|
|

| O3dpi
W 5dpi
o aQ
5 <
? ¥

3 83. HIN2 antigen, BHAI € F}A|(CAWIO, ISA70) AZE o]l
HON2 1LD509] ofjst njofA2] ulo]2]A titration.

Lung virus titers
Log;o TCIDsp
IS

o
F

o

X

A . 2nd HON2 infection
immunization immunization
L3
| | |
0 Week 1 Week 2 Week 3 Week 4 Week
- Mouse type: Sweeks old Female BALB/c mice
- Adjuvants : CAWIO and ISA70
- Inoculum: H9N2 antigen
- Route of administration: Intramuscular
- Days of inoculation: 0, 14 dpi
- ELISA : 21dpi / Challenge : 28 dpi (HON2-1LDs) Adj: &8l =7 3(54)
12 84. HIN2 antigend} BHAIH R A|(CAWIO, ISA70)S o] &3t
ELISA, ELISPOT A|@4A
UESIZ2 U 4F2
. Antige Total Inoculation For
Ad n R amount time far ELISA ELISPOT
Fed - - 100ul 100ul 2 3 heads 3 heads
1LD50 (HSN2)
AsitipEn - 20ul 80ul 100ul 2 3 heads 3 heads
1LD50 (HON2)
CAWIO+Antigen
1LD50 (HON2) 70ul 20ul 10ul 100ul 2 3 heads 5 heads
ISA70+Antigen
1LD50 (HON2) 70ul 20ul 10ul 100ul 2 3 heads 5 heads
. 24. HON2 antigend} ¥BAI W R A|(CAWIO, ISA70)S o] &35t
ELISA, ELISPOT Algd1&
AYIEF2 PBS &2+, HIN2 antigens &3 &, HIN2 antigenol] & &7 HiAl
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EAE 212 ggstel A 18, = oM 152 WAL & I8 UleAr
3urem oz 3%

HON2 antigen2 2% 7tAoz2 2850 5132, HIN2 antigen®] Fo] &=
stole. FUn WAR

3-way stopcockyt A= X]

MEY doe daralstel @A Reldt & HIN2 antigend T ELISAS 535to]
=] = =1L = = = le)
24 ol FAtE SANAS
Evaluation of the immune responses.
15 15 & PBS
B Pre-immune - HIN2
12 B3 1st immunization =& ISATO+HYN2
E

Hl 2nd immunization CAWIO+HINZ

0.9

0.6

} * .\'\.\-\I\.
0.3

ODysonm Value of
anti-HIN2 IgG

ODys0nm value of
anti-HIN2 lgG

—eo—0—9o ¢ o
0.0 T T T T T T
0.0
@ & & S R
& & S S
N \’9 Serum Dilution
o
&

3 85. HON2 antigen, WA HF}A|(CAWIO, ISA70) A% o]$ ELISAE &3t A7t 54

Evaluation of the immune responses.
10 1961 1gG2a
08
£
Fos
o
0.4
0.2 0.2
o 00
) & &
& & & &® & ¢ &
& o 0
¥ '\%"‘b “?-e"”“m ¢ # ﬂm’& 0‘%‘0
& & b
@ PBS
o - HoNZ
1.0 i & ISATO+HIN2
- CAWIOHHINZ
08
E E 10
Bos g
8 8
04 05
02
oo oo+
L 80 125 1:50 1:100 1:200 1:400 1:800
o % 5001 4 E
5 R a?“
Serum Dilution Serum Dilution
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3 86. HIN2 antigen, WBA1 QW &}A|(CAWIO, ISA70) BE o]&
IgG1, IgG2 specific ELISAS &3t &AI7I &A-

A5 d HON2 antigenof tfjst 3t
8. 05K 154, 3FA2 AYLLE YA Yol Fishs 3
= zr

m o =1 Hﬂ% = EDNES

© HON2 antigen?h &t 250 vls] WMAERAES A F5T 8ol IAZPE =4 274

5 %5. HINZ antigen®t CAWIOS A A& 152 ¢ HOINZ antigen®t ISAT0S &
A FEt 200 vsl o =2 dAVEE HERlS.

O ¥4 W 349 49| IgG typeol tisll specificgt ELISAS 43§50} 22t FA|7tg 574
st Z3F, HONZ antigen AEof Tt IgGly} [gG20] 2% FAHEH RS0l AL RS

© HON?2 antigenS th=oz AZsH AouWct HIN2 antigendt ISA70S 3H7

=2 v

Eo SRt urEJfLﬂo%ocq HIN2 antigen®t CAWIOS 34 FE 189

| .

d e 22 e

O gZoz Mg WA f =g &Rlsty] Yol 450l upAoA A2 splenocytes 0|8
&to] IFN-gamma®} IL-40] 3t ELISPOT-S HIN2 antigenS o] 8&35t0] £88519-S

O Mg 23, HON2 antigen T= AFof Hls]] WMAIBIA|S A FEt TFo|A o A3t Al
2A widurSo] UEPGS 01518 0t A splenocyteo|AQ] AZA wicddrSo HIN2
antigen A}=of djgt Zt7e] ELISPOTO|A W& 22 FFo 2 YES.

© CAWIOS HON2 antigeno] &7 BEY 189 #L, /Mg £& AEy ®olurgo] ey
%18 . CAWIOO| |3} HONZ antigeno] Rrei Al wolvhSo] 273100 7]&0] wj

AR A9 ISAT0R T} 75 Fate UpERY,
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ELISPOT : INF-y ELISPOT : IL-4

Stimulant : inactivated HON2 Stimulant : inactivated HIN2

n
=3
=1

150

No. of spots per 2x10°
Splenocytes (IFN-y)
= ‘8 B
No. of spots per 2x10°¢
Splenocytes (IL-4)
s 8 B

o 9 v & ) ¥
&« ] = S < 3] & & el
Sl d‘i@‘{b v & F

33 87. HIN2 antigen, 984 B EA|(CAWIO, ISA70) B 0%
ELISPOTS £3F AmA wolo] %7

4. go]x AABRA Y AEHAAL 7

o

1) Chicken splenocytesel| 4] 2] CTL response 7} A&
O =LA in vivo AlS 5383t AlgH9] CTL responseES 5753 &

71) Chicken splenocyte CTL H7} A|E 7]Q

© 351719 ®me} #o] ZF 25T 3ut2fe] AlFAoA in vivo A|@ ©]$ CTL responseZE &l
St Z.

© Serum& AjF|sto] CTL response®] A|#Ql IFN-gamma®} IL-25 ELISAE o]&s] &4
st

© 2ol viYst splenocyte?t 1 AFZMojA IFN-gamma®} IL-25 ELISAE ©o]&3dl 575t
don CD8-PE A IFN-gamma-FITC &S 0]83| splenocytex CD8+ T cellQ]

[FN-gammaE FACSE -&dll #4519 5.

MNESEC=2 U 482
Adjuvant Control CAW10 CNU ISAT0 KR
No. of animals 3 3 3 3 3

H 25. CTL response && A|dA A&
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ME 3 B
Serum Interferon gamma 9 IL-2 ELISA &
Splenocytes real time qPCR % FACS &4
% IL-2 ELISA &4

Interferon gamma

O 7HgWoA RF AlFAY

Supernatant
B 26. A¥EE Uxa 2 AFSE A0 g8 CTL vHs 249,
O AlFAY v%d2 A& F nylon meshE o] &3 EAsto] Histopaque 1.0772 ©]&3l &
dad]2 Al2E F2et F chicken serumo] &5 8iX|S o] &3l viYSIRAZ.
O Splenocyte 2] Hi} o] ¢9] FAA=2 offiet E2 Aoz AYstA =
© #2] & 12well plated] 2x10%6712] AM=ZE FF53t H 12AK]o] A7} Eo]E0] &2
AZ =I5t Qx-Flub, NDV-K, AIV-K A 72 FL(ZLuWAZE)S A2t &9 A2
+ 10, 20, 40, 60ug/ml o= o|2olFon 2| T 24A[7Hjof| N I AJTHZS S
Adof o] &5t
© FACS #A48 M|z HF2 Ox-Flub &¥¥S 40ug/mle] s== X 2|sto] A=0l%F3.
sﬂﬁﬂ,‘;ﬁe Stimulation
. 4 - Cytokine ELISA
ﬁ a Realtime PCR
12h oh 24 h » FACS analysis
*
Sample
collection
12 88. Spelnocyte AH AA
splenocytes X5 23 8 8%
Stimulation Stimulation
Antigen dose (Hg)
Qx-Flu5 NC 10 20 40 60
NDV-K NC 10 20 40 60
AIV-K NC 10 20 40 60
B 27. Splenocyte A= g U 8F
2) @849 CTL response &9l
goolq ¥ 2eld ¢ @A U IFN-gammaot 1L-22

- 172 -



ELISAZ o] &3] £A35t% <.

Interferon gamma Interleukin - 2

400+ ns 100+

E ]
S 300 © n - 8
EE E .
o =]
g 2007 u - =8 k=
£ A4 ]
> 3 ®

100+ —
E 4 204 no reaction

0 0l opo—mpm ipi wyr o0

34 89. @739 IFN-gamma, IL-2 ELISA £33t

JRANA] @& YollA 100-300pg/mle] w2 olgjgion} 7zt

o S S N [e]
2 AT > QUAS.

© IFN-gamma?®
28719 go

o?.: 1
o
Ho
o
lly

© IL-29] AC = JAoA &4 U Bu|7} &olglx] ore.

© @3 uol Bult AUl o8 F80] A=l Tolstn, AY o|e 27} Ao Y]
fizo] Wgol BA Uehd 4 912, Tl Alo|Eslelel wusl 84 cEmoiE @ 2

LS5 - O

A 7] To] FLo 2 A3 splenocyteo A9 BAdo] 2yt Q.

A By VSN

3) Splenocytec] A9} Ao £7k9l £4& 3t CTL response <l

© Fo U Qx-Flubd} NDV specific &HQ NDV-K 2|1 Influenza 5°0| T2
AIV-KE 77+ AMelgt AlZojlA] CTL responseo] #ojsh= AO|E7IQIQ] #H]F ELISAZ &
5t R S
IFN-gamma ELISA @1}
{(Stimlation) 10ug 20ug 40ug 60ug
Qx-Flub X X X ()
NDV-K (@)
AlV-K (o)

H# 28. IFN-gamma ELISA ZAi}
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Qx-Flu5 10ug Qx-Flu5 20pg Qx-Flu5 40pg
~ 15 = 15 = 15
£ E E
=2 = o
£ 10 £ 10 £ 10
© © ©
£ E E
§ s £ s § s
2] no reaction L2} no reaction =2} no reaction
Z = 4
o ™ ™
= 0 = 0 = 0
> QDO © @& & S & > W W S &
<0 N A L ) N ) NL ) D A N
(’0& 0\5\ < \%v. QD& (f"\ © \9? 00& c,v\"\ ¢ \%v.

23 90. Qx-Flu At=of tj3t splenocyte A& Mo]|429] IFN-gamma ELISA

—_

FN-gamma®] £H|

I__“
L.
T dY A= ol

O Qx-Flub ¥ 10, 20, 40pug/mlS A3t spelnocyte?] Al=-oHof A
b UERA] 9. ol Bel st R0 e REE 2 gt

BolUx] 27| QRO ARE.
© o]& 7ztzro] &rdof ofsl |t 8=F0 2 A}=235t splenocyte?] AMEOHS ELISA BAlof o] &

S

Qx-Flu5 60ug NDV-K 60ug AlIV-K 60ug

= 15 4 w3 .

£ . £ v E

£ 1o i g3 :} g ‘i‘

®© s p []

£ 2 [ ]

E T ST

T LT P ETT Ee a T

L % z, z, i

& S S @& NN > & O & &
oo“( c,‘§ Cﬁ' a_,?' + c,o(!“"\o 4 ‘;‘\’\ & \a}:\ + oo‘{é J \?\"\N & \,,3?1\ +

121 91. Qx-Flu-5, NDV-K, AIV-K 60pg/ml %|2] & IFN-gamma ELISA &73 3

© Qx-Flub 60pg/mle &gt A|2O] A5 MofA= [FN-gamma®] £H|7} QIS AE
21, g2 2FolA= IFN-gammaZ} 28]EA] AQHA|RE CAWIO ZEolA Al 7iAI7E =
T+ 571t {978 Qe Atolits B

© ISA70, KR IdgoMde sAXC= 094”0] APEE= Aol HolAle eyt
IFN-gamma®] #H]7} Z7tshe Aol &RIEgS. CNU 159 39 tixdy oA =
Wl F7Y HAHA U

© NDV-k 39 60ug/mle Hei3h AL FFAME BE TGN FHUE AolS U
EfIA] 948, CAWIO 182 Ox-Flus AMejo] celdt IFN-gamma elafo] S9lng
NDV-K &0 fshA 2ul7k 2olsial gherg. ISA708 KR 1ol At cjzol s of
el Bk AFE B,

© AIV-K ¥ 60ug/mle A2lgt AZO FFAcIHE CAWIO TEH §5UE ol g

- 174 -



Lpepd.

O ZAZAo7, CAWIOY 7% Qx-Flube} AIV-K &¥dx2]o] sl CTL responseZS FFATA]7]
£ o] gFAE|gion Afo|Erfel ulao] x| 7] TR F71KQl Bajo] WA oz
uQl. w3 ISAT0Z} KRO) FOE fol4do] g 4t oAl fiAHoz Bl 4
S Bl 25 APRZY WS §3 IR Aupt YL v,

Qx-Flu5 60ug NDV-K 60ug AlIV-K 60ug
20 20 20
:—g 15 :—é 15 E 15
21 210 210
o™ o~ (3]
:jl b no reaction :'l 5 no reaction ﬁl 5 no reaction
0 N S QS 0 N Q Q 0 Q) S
N <& N & S &
Qoe‘éo 0\?\“‘\\ oé \%é + 000‘0 ovs\\ c,é \qﬁ'\ *— 00&.‘0 Qf“x\\ 0% \%v‘.\ ‘b'
21 92. Qx-Flu-5, NDV-K, AIV-K 60pg/ml %|2] & IL-2 ELISA
IFN-gamma real time PCR 1} No stimulation
(Stimlation) NC 10ug 20ug 40ug 60ug ns
300
Qx-Flu5 o] X X e .
S 200
NDV-K X 5¢
EE 100+ %
AR X %g’ ol%e um .. B L
¢ X :horesponse - "="_
100 — . . ; .
o WP N &
00«'\“‘ ov‘?\ & g ¢
13 93. Splenocyteo]|A9] real time PCR Ay}

© IL-2 ELISA9] 3% 2= AEOA dhg5 &l & gl

© ol At=27do] oFshr| mZof A7) AOIEZIRI FH[Fe] BRj= gt ol AY AF-&st
Elo] Holj&]l= ELISA kite] I =7} Holx|7] &0 UEfts A2 2.

© AZE ol§% real time PCR £HoME A 9AAF 2F0A9] Afo|E7tel F7H2 ]
g 4 ¢S Bt 2F9AM fYdde At YERUA] kb2

4) Splenocyteo]|A]2] FACS &A1& %3I CTL response &9l

© Splenocyteo]A] CTL responseZ &olst7] s CD8+x} IFN-gammao] tj3t A= o] &
3 FACS 242 25198, 242 Qx-Flub 40pg/mlO2 24X17H5et ALt Al =7} 0] §
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A

© CD8+ T AM|zo] ¢ CTLo| AR oz #ojst= Nzojt CD8+ T N& % IFN-gamma®
o

WHSHL 9k Ao vlge SR WHoz Rt

“Ta I, (B)
1 CD8 +/ IFN-g + cells (%) = X 100
" s (A+B+C+D)

w

IFN-gamma-FITC

CD8-PE

13 94. FACS ¥4 A=

© 4719l 2™ut o] CD8-PE A|7h gt 7
IFN-gamma-FITC gA|7} ghaet =29 9= A B M4
RA| MZZo] CD8+/IFN-gamma+ZS UE)E BAIAMO] ©

of 0] 85t

oo
rol
=
R
1o

Qx-Flu5 40ug

100+

CD8+ / IFNg+ cells (%)
38
e/ ‘_.._q
T
s
#
——t
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FLIHEFITE

FLI-H FTC

FLIH PTG

.
Control * CAW10 * CNU * ISA70 * KR
o [-H L1 [-H e o CH LR 1) 2 LR O] L)
. w5 o 2 . P H w0 . s
e e g
ot £t Fat s
2 2 2
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Table 1. Experimental design to evaluate the efficacy of oil adjuvant vaccines mixed with
different composition of adjuvants and immunomodulants

. Number of )
Group Composition birds* Inoculation** Measurement***
CAvant
W OV—Tl CAvant WO-Al, Antigen 12 Yes
KR-1 CAvant WO-A1, KR-1, Antigen 12 Yes

Body weight
CNU-1 CAvant WO-A1, CNU-1, Antigen 12 Yes Antibody titer
Clinical sign

ISA70 ISA70, Antigen 12 Yes

Control No 12 No

* 8 weeks old SPF chicken

** Treatment groups were inoculated twice with 0.5 ml of vaccines at 8 weeks old and
3 weeks after first vaccination.

*** All birds were bleed and measured body weight at designed day. Also any clinical
signs were observed daily basis during the experiments.
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Table 2. Comparison of body weight changes among groups vaccinated with
different composition of adjuvants and immunomodulants

Body weight*

Group Weight at weeks post vaccination Post challenge**
0 3 6 Per oral Intramuscular
Control  658.89+59.61 894+64.7"""  1037.18+157.53% NT %% NT

CNU-1  722.80+65.42 901.45+103.36°>  924.58+214.48" 1400+£166.43  1321.67+105.19

CAvant

WO-A1 709.64+90.23 848.5+82.94° 951.33+78.183" 1093+188.51  1478.33+£256.43

KR-1 708.31+91.02  902.25+158.52"  1098.17+199.04° 1368.33+349.87 1305+ 246.22

ISA70 730.34+76.82  997.58+123.34*  1213.25+151.68" 1159.67+£107.28  1368.33+87.65

* Body weight : mean=+standard deviation

** Challenge with Newcastle disease virus with either per oral or intramuscular inoculation
*** Superscripts indicate between the same column, means having different letters are
significant (P<0.05) but same letters are not significant.

**** NT = Not tested because of dead after challenge
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Table 3. Mortality among groups vaccinated with different composition of
adjuvants and immunomodulants

Mortality at weeks post vaccination Survived / Survival
Groups
1 2 3 4 5 6 Dead rate
Control 0 0 0 0 0 0 12/0 100%
CNU-1 0 0 0 0 0 0 12/0 100%
CAvant
0 0 0 0 0 0 12/0 100%
WO-A1 /
KR-1 0 0 0 0 0 0 12/0 100%
ISA70 0 0 0 0 0 0 12/0 100%
- 7} 2% 2E SPF g AF WA FF F 1%, 2% 94 AF $A 6597
M BRaon, MY AN $5 71Ssan
- EE O5FY AY '3 AE 713 St HAE dAEA a1 B AESHoH,
Aoz oysEE EAH I 4L BRE 5 AN

2) MARZA ) AAZAA ] 2 T4 Fr}
AzH AFwale] WAl

SPAREY 9 &
selan A Adol AW

2

d& SPF HollA

240 wet )
(e} q_

FEFow A o7

>

b off

Table 4. Comparison of H9 subtype avian influenza antibody titers among groups vaccinated
with different composition of adjuvants and immunomodulants

Hemagglutination inhibition titer (mean=standard deviation)
Weeks post vaccination

Group
0 3 6
Control 0+0 0+0 0+0°
CNU-1 0+0 6.75+1.42%® 6.7+1.34%
CAvant
0+0 5.08+1.44° 6.17+0.94°

WO-A1

KR-1 0+0 6.09+0.83° 7+0.74%

ISA70 0+0 7.17+0.58° 7.58+0.67
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* Superscripts indicate between the same column, means having different letters are
significant (P<0.05) but same letters are not significant

- Z %] Al HI titerS WA HF F Fxte @}l One-way ANOVA BA4Ho =
] 3 T
- 7t %] HelA AP AF A, 12 W2l 3F F, 23 w2l 3% Fol Aysict.
- dz=Te Addsta, HA HE F ZE IFAA Al H 97t sk
27k M2l F Fo|= CNU-1€ Astnes iy 3 oA J=o| o7} dol A2=h
- W2 1A FE 3F 5 ISAT00) Mg B AVkE gAslen, CNU-1 % SAde=
Frolg 2ol E Yeh A ektth 183l CAvant WO-A19} KR-1 ZHzbe)l H|sle] A5 o=z
Folotl ®E& £AE J1=23A
- WAl 12 HE 3F 3, WA 23 HF 3F Fol CAvant WO-ALZl 7H3 we 97t 45
Bolov, CNU-1, KR-1% fofet Atol& UEh A= %9k
- FHAor WA HF F Al gvke IF A ta Zert 9}91#1% M =S GUrE
P4 & ISAT0 ol em, 7hd e orts AT A CAvant WO-Al AT BA 9
A ZWo| A= CAvant WO-Al, CNU-1, KR-1 ztellE oJu]dt 2ol7} §lE Ao E FHY

Table 5. Comparison of Newcastle disease antibody titers among groups vaccinated with
different composition of adjuvants and immunomodulants

Hemagglutination inhibition titer (mean=+standard deviation)

Weeks post vaccination Post challenge*
Group

0 3 6 P/O** M

Control 0+0% 0 QC*** 0£0° NT#*** NT
CNU-1 0=+0 4.08+£1.92° 4.0+1.05° 6.0£0 7.33+1.52

CAvant b b
0=+0 1.58+1.44 2.41+0.90 8.0+0 7.33£1.55
WO-A1

KR-1 0=+0 4.0+1.34% 4.25+0.96% 8.33+1.52 7.66+2.08
ISA70 0=+0 4.0+0.73° 5.54+1.21% 8.33+1.52 7.33£1.54

* Challenge with Newcastle disease virus with either per oral or intramuscular inoculation
** PJO = per oral inoculation, I/M = intramuscular administration
*** Superscripts indicate between the same column, means having different letters are
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significant (P<0.05) but same letters are not significant.
**** NT = Not tested because of dead after challenge
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Table 6. Comparison of infectious bronchitis antibody titers among groups vaccinated
with different composition of adjuvants and immunomodulants

ELISA titer (mean=+SD) at weeks post vaccination

Group

0 3 6
Control 0 32.58+38.19 128.58 +143.60°*
CNU-1 0 214.42+247.68 432.42 £669.28%
CAvant

0 79.17+£82.73 188.58 +£180.51°
WO-A1
KR-1 0 82+71.33 676.17+376.16%
ISA70 0 34.42+19.22 104.33+£171.5

* Superscripts indicate between the same column, means having different letters are
significant (P<0.05) but same letters are not significant.
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Table 7. Comparison of survival rate among groups vaccinated with different

composition of adjuvants and immunomodulants

Mortality post challenge*

I'M

Survival rate

Groups

P/O

0%

3/3

3/3

Control

100%

0/3

0/3

CNU-1

100%

0/3

0/3

CAvant WO-A1l

100%

0/3

0/3

KR-1

100%

0/3

0/3

ISA70

per oral inoculation

intramuscular administration, P/O
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Table 8. Summary of poultry layer farms inoculated with CAvant WO-A1 based oil vaccines
with different immunomodulant

) Number Age at "
Group Location ) o Composition Measurement**
of birds vaccination®
CAvant WO-A1,
Farm A Yeo-ju 52000 15 weeks Y .
Chitosan, Antigen - .
Clinical sign
CAvant WO-A1 Mortality
van -Al, . .
Farm B Yang-san 52000 16 weeks hWRS, Antigen Antibody tlt.er
Egg production
rate
CAvant WO-A1,
Farm C Yang-san 24000 15 weeks van

Squalene, Antigen

* The chickens were inoculated intramuscularly with 0.5 ml of vaccines at designed age.

** The chickens were bleed at designed day. Also any clinical signs, mortality and
egg production rate were recorded daily basis during the experiments.
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Figure 1. Comparison of daily mortality and condemnation rate among farms vaccinated
with different composition of immunomodulants
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Table 9. Comparison of H9 subtype avian influenza antibody titers among commercial layer
farms vaccinated with different composition of immunomodulants

Hemagglutination inhibition titer (mean=SD) at weeks post vaccination

Farms

0 2 4 8 12
Farm A 0+0* 47+1.3° 4.35+1.04° 2.77+1.24° 3.6541.39°
Farm B 0+0 4.0540.89 4.440.99° 4+0.86° 3.9+£1.37°
Farm C 5.63+0.85 7.4+1.06 6.07 + 1.65 6.73+1.08" 6.840.78"

* Superscripts indicate between the same column, means having different letters are
significant (P<0.05) but same letters are not significant.
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Table 10. Comparison of Newcastle disease virus antibody titers among commercial layer
farms vaccinated with different composition of immunomodulants

Hemagglutination inhibition titer (mean=SD) at weeks post vaccination

Farms

0 2 4 8 12
Farm A 6.4+1.26" 8.35+2.45 7.85+1.90 6.46+2.3" 6.05+1.39"
Farm B 5.15+1.27° 9.25+1.44 7.85+1.66 8.25+1.16% 7.58+1.43%
Farm C 7.34+0.89% 8.47+0.97 8.6+1.79 8.63+0.72° 6.8+1.46%

* Superscripts indicate between the same column, means having different letters are
significant (P<0.05) but same letters are not significant.
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Table 11. Comparison of Infectious bronchitis virus antibody titers among commercial layer

farms vaccinated with different composition of immunomodulants

ELISA titer (mean=+standard deviation) at weeks post vaccination

Farms

12

6955 +3790° 7813+2082° 6416 +4255% 6548 +2279

5245+ 2561%*

Farm A

6914 +1434* 6843 +1969° 67761357

9850+2137°

6949+ 32107

Farm B

2198+401° 3910+2178 50313276

2965+2037°

3488+ 2050"

Farm C

* Superscripts indicate between the same column, means having different letters are

significant (P<0.05) but same letters are not significant.
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Coptidis Rhizoma extract inhibits replication of respiratory syncytial

virus in vifro and in vive by inducing antiviral state
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Coptidis Rhizoma is derived rom the dried thizome of Banun-
culaceous plants and is a commonly wsed traditional Chinese
miedicine. Although Coptidis Rizoma is commonly wsed for
its many therapeutic effects, antiviral activity against respi-
ratory syncytial virus (RSV) has not been reported in detail.
In this study, we evaluated the antiviral activities of Copfidis
Rhizoma extract (CRE) against RSV in human respiratory
tract cell line (HEpZ2) and BALB/c mice. An effective dose of
CRE significantly reduces the replication of RSV in HEp2
cells and reduces the RSV-induced cell death. This antiviral
activity against RSV was through the induction of type I inter-
feron-related signaling and the antiviral state in HEp2 cells.
More importantly, oral administration of CRE exhibited
prophylactic effects in BALB/c mice against BSY. In HPLC
analysis, we found the presence of several compounds in the
aqueous fraction and among them; we confirmed that pal-
matine was related to the antiviral p ies and immune-
modulation effect. Taken together, an extract of Coptidis Rb-
zoma and its components play roles as immunomodulators
and could be a potential source as promising natural antivimls
that can confer protection to RSV, These outcomes should
encourage further allied studies in other natural produocts.

Keywords: coptidis rhizoma (CR), palmatine, respiratory
syncytial virus (R5V), antiviral effect
Introduction

Im 1956, RSV was discovered and isolated from a captive Chim-
panzee [Simoes, [999). It was spon identified as a human

"These authors contributed exqually to this work

*For Dm'r::pauﬂnm:r_ E=mail: innpunl@mu.:.r_h: Tel: +82-43-821-8753;
Fax: +82-42-825-7910

Copyright (T 2017, The Microbiological Society of Korea

pathogen when it was recovered from infants with lower res-
piratory tract infections (LRTI) (Chanock ef al, 1957). RSV,
2 negative-strand non-segmented BENA virus, belongs to the
genus Proumovirus of the family Parammocoviridos (Falsey
et al., 20000 It is considered to be a leading cause of lower
respiratory tract illness in infants and children worldwide,
and at least 33 million children under 5 years of age were
suffering from B5V-related disease (Hall et al., 200%; Mair ef
al, 2000; Lambert et al., 2014). It is also an important cause
of acute respiratory illness in the elderly (Collins et al, 2011).
Muoreover, B8 can be devastating in immune-compromised
individuals (Dudas ef al, 1998). Although the majority of in-
dividuals are infected with BE5V at an early age, susceptibility
to re-infection with B8V is common throughout hife and old
age (Varga and Braciale, 2013). Almost six decades later, it
remains the most common viral cause of serious respira
illness, and a licensed RSV vaccine is not yet available ( Durbin
et al., 2003]. The continued lack of any specific therapeutic
or a safe and effective vaccne indicates the vital importance
in making progress toward reducing global mortality and
maorbidity from BSV infection. There is also no effective the-
rapeutics targeting RSV, Ribavirin is the only approved me-
dicine for BSV infection, and immunoglobulin preparations
do exist for RSV prevention. However, neither of these op-
tions is cost-effective or simple to administer (Kneyber et al,
2000; Pelaez ef al, 20049} and they are currently under dinical
trials for all RSV vaccines as prophylactic and therapeutic
candidates (Lindsay ef al., 2015). Therefore, other effective
therapies for overwhelmed RSV infection warrant investi-
gation.

Medicinal uses of natural plants began with human civi-
lization, and their use eventually spread around the giobe
(Hoareau ef al, 1999). Appromimately 70,000 plant species
are used for herbal medicinal purposes (Meelesh ot al, 2014).
Among many herbal medicines, Coptidis Rhizoma (CR} is
the dried rhizome of Coptischinensis Franch, which belongs
to the Rarunculacear family, and is recorded in the Chinese
Pharmacopeia with the Chinese name of Huang Lian (Hui
etal, 2014; Bing ef al., 2015). Aqueous extracts of CR have
been wsed in China since andent times to treat vomiting,
diarrhea, and abdominal pain (Huo of al, 2000). Moreover,
recent research on CR has discovered that CR has anti-in-
flammatory, anti-viral, anti-cancer, anti-bacterial, and anti-
Alzheimer activities (Hu ef al., 2000; Tang et al, 2009; Chin
et @l 2000). However, no study currently exists on the CR
inhibition of RSV replication and immune modulation.

Initially, almost 200 natural oriental herbs were screened
against B5V infection in HEp2 cells and among them Caop-
fidis Rhizoma extract {CRE) was selected. In this present
study, we demonstrated that CRE has the ability to inhibit
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- Dense Granule Protein-7 (GRA-7) of Toxoplasma gondii inhibits viral replication in vitro

and in vivo.
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Dense Granule Protein-7 (GRA-7) of Toxoplasma gondii inhibits

viral replication in vifre and in vivo
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ieom 34134, Repurblic of Korea
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* Korean Medicine {EM) Application Center, Kerea Institute of Oriental
Medicine, Daegu, Sepulblic of Korea

{Received Sep 14, 2017 / Bevised Oct 15,2017 § Accepted Oct 16, 2017}

Diense granule protein-7 (GHRA-7) is an excretory protein of
Toxoplasma gondii. It 1s a potential serodiagnostic marker
anid vaccine candidate for toxoplasmosis. Previous reports
demonstrated that GRA-7 induces innate immune responses
in macrophages by interacting with TRAF6 via the MyD88-
dependent pathway. In the present study, we evaluated the
antiviral activity and induction of an antiviral state by GRA-7
baoth in vitro and in vive. It was ohserved that GRA-7 mark-
edly reduoed the replication of vesicular stomatitis virs (VSV-
GEP), influenza A viros (PRS-GFP), coxsackievirus (H3-
GFP), herpes simplex viras (HSV-GFP), and adenovirs-GFP
in epithelial (HEK293T/Hela) and immune (RAW264.7)
cells. These antiviral activities of GRA-7 were attributed 1o
the induction of type | interferon (IFN) signaling, resulting
in the secretion of [FNs and pro-inflammatory oytokines.
Additionally, in BALB/c mice, intranasal administration of
GRA-7 prevented lethal infection by influenza A vires (HINL)
and exhibited ic effects against respiratory syn-
cytial virus (RSV-GFP). Collectively, these results suggested
that GRA-7 exhibits immunostimmulatory and broad spectrum
antiviral activities via type I IFN signaling. Thus, GRA-7 can
be potentially used as a vaccine adjuvant or as a candidate

Keywonds: Toxoplasma gondit, GEA-T, antiviral activity
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Intreduction

Toxoplasma gongdin is an obligate, intracellular, protozoan pa-
rasile that infects humans and warm-blooded animals through-
out the world (Gnmwood and South, 1996; Jacobs ef al., 1998).
It s estimated that almost ene-third of the world's human
population is affected by T. gondn, which is responsible for
causing toxoplasmosis, a commonly occurring disease (Ops-
teegh, 2011} Zhou ef al, 2011). T_ gondii has two main secre-
tory organclles: rhoptries and the dense granules that are as-
sociated with host invasion. Dense granule proteins (GRA
profeinz] are required by the parasite in order to multiply,
establish, and evade host immune responses (Carruthers and
Sabley, 1997). About 16 GEA proteins have been identified so
far and each of these proteins have its own specific function
during infection {Merder and Cesbron-Delauw, 2015} Im-
portantly, GRA-7 has been studied as a vacane candidate
(5un et al, 2011; (uan ot al., 2012). It is a highly immunogenic
muolecule and has the ability to stimulate significant humoral
and cellular immune responses against T, gondii (Selseleh
et al., 2012; Alaganan et al, 2014).

Previous studies have also demonstrated that GRA-T plays
important roles in regulating host innate immune responses.
It initiates innate signaling via NADPH oxide {NOX)-de-
pendent reactive cooygen species (ROS) generation and TRAFG
activation in a My[D'88-dependent manner and enhances the
inflammatory responses (Yang ef al., 2016; Koh ef al,, 2017).
However, the roles of GRA-7 in interferon-mediated signal-
ing pathways in response to viral infections have not been
elucidated.

Development of vaccines and antiviral drugs are proximate
measures for the prevention of highly contagious viral dis-
cases (Smith ef al, 2005 Takeuch and Akira, 2007). Although
prophylactic or therapeutic drugs and vaccnes have been de-
veloped against viral diseases, the emergence of resistance by
mutations is associated with clinical non-response and viral
persistence, thereby preventing viral clearance. Thus, devel-
oping novel antiviral agents against RNA and DINA viruses
is immensely important (Cho et al,, 2015). During viral in-
fection, induction of an antiviral state at an early stage is cru-
cial to control the dissemination and pathogenesis of viruses
(Takewchi and Akira, 2007). Viral invasion is initally rec-
ognized by pattern recognition receptors (PRRE) in host cells
and rapidly induces innate immune responses, including
the induction of interferons and pro-inflammatory cytokines
(5mith et al, 2005; Thompson et al, 20011). Thus, develop-
ing a biological compound or agent that can enhance the in-
nate immune responses is a vital approach for controlling
viral infections {Tan et al., 2012). Currently, numerous com-
pounds derived from natural sources or from the pathogens
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Abstract

FAS-associated factor-1 (FAF1) is a component of the death-inducing signaling complex
involved in Fas-mediated apoptosis. It reguiates NF-xB activity, ubiguitination, and protea-
somal degradation. Here, we found that FAF1 positively regulates the type | interferon path-
way. FAF17'% mice, which deficient in FAF1. and FAF1 knockdown immune cells were
highly susceptible to RMNA virus infection and showed low levels of inflammatory cytokines
and type | interferon (IFN) production. FAF1 was bound competitively to NLRX 1 and posi=
thvely reguiated type | IFM signaling by interfering with the interaction between NLRX1 and
MAVS, thereby freaing MAVS to bind RIG-I, which switched on the MAVS-RIG-I-madiatad
antiviral signaling cascade. These resulis highlight a critical role of FAF1 in antiviral
responses against ANA virus infection.

Author summary

Type L interferon-mediated antiviral response is critical for controlling viros infections.
However, interferon-mediated immune responses need to be tightly regulated to maintain
host immune homeostasis. Recently, molecules involved in regulating interferon-medi-
ated innate immune response are the subject of much research. Among these, the first
protein to be identified as a negative regulator of MAVS was the nucleotide-binding
domain and leucine-rich repeat containing family member, NLEX1. NLRX1 associates
with MAVS to inhibit antiviral signaling by interrupting virus-induced RLE-MAVS inter-
actions, Interestingly, we found that FAFL interacts with NLEX1 in response to RNA
wvirus infection and this interaction inhibits binding of MAVS to NLEX1, which in turn
switches on RIG-I mediated antiviral immune responses. As results, we showed that
FAFI™ mice, which deficient in PAF1, and FAF1 knockdown immune cells were highly

PLOS Pathogens | hifps:fdobor/ 10137 Voumal ooat 1008558 May 22, 2017
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VFLIP through its direct destabilization of viruses
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The antiviral activities of synthesized Ko2-helix peptide, which was derived from the viral FLICE-like
inhibitor protein (wFLIP) of Kaposi's sarcoma-associated herpesvinus (KSHY), against influenza A virus
{LAV) were investigated in vitro and in vive, and mechanisms of action were suggested. in addition to
the robust autophagy activity of the Ko 2-helix peptide, the present study showed that treatment with
the Ko 2 peptide fused with the TAT peptide significantly inhibited 1AV replication and transmission.
Moreover, TAT-Ka2 peptide protected the mice, that were challenged with lethal doses of highly
pathogenicinfluenza A HSN1 or H1IN1 viruses. Mechanistically, we found that TAT-Ko2 peptide
destabilized the viral membranes, depending on their lipid compasition of the viral envelop. In addition
to |AV, the K2 peptide inhibited infections with enveloped viruses, such asVesicular Stomatitis Virus
{V5¥) and Respiratory Syncytial Virus (RSV), without cytotoxicity. These results suggest that TAT-Ka 2
peptide is a potential antiviral agent for controlling emerging or re-emerging enveloped viruses,
particularly diverse subtypes of 1AVs.

Seasonal influenza A virus (LAV), a RNA virus of the Orthomyxoviridae family, presents a considerable threat to
human health in terms of both marbidity (with 2-5 million cases of severe illness per year) and martality (with
250,000-500,000 deaths per year) worldwide*. Although vaccination is one of the proven method for the control
of nfectious diseases, antigenic drift among influenza virses means that vaccines need to be reformulated in
every year to provide strain specific immunity, and this reformulation process is complex, costly and time con-
suming. Thus, the researchers have sought to produce universal influenza virus vaccines to provide extended or
even lifelong protection against broad spectrum of influenza virus™". In addition to these efforts, development
of new antiviral agents with high efficacy is crucial for situations where no effective flu vaccine is avallable :IE::ruse
agatnst pandemyic strains, which arise at irregular intervals. For example, antiviral drugs such as oseltamivir and
zanamivirwere reported to be effective against the HIN1 pandemic in 209-2010". However, increases in the
number of influenza strains that are resistant to currently available antiviral drugs, as well as the occurrence of
adverse effects with some available drugs', necessitates the development of new stratergies for controlling virus
infections. Furthermore, novel prophylactic options are still necessary for immunocompromised individuals,
such as very young and older populations'. Therefore, the continuous research are required for the investigation
of effective preventive and controlling methods against these viruses.

Natural antimicrobial peptides ( AMP) are reported to have diverse antimicrobial activities against bacteria,
tungi, viruses and parasites'. Mataral peptides or synthetic counterparts represent a new generation of antiviral
agents with properties of selectivity and specifity, low level of adverse effects and low probability of developing

*College of Veterinary Medicina, Chungnam Mational University, Daejeon, Republic of Korea. ‘Department
of Biemedical Sciences, College of Veterinary Medicine, lowa State University, Ames, 1A, USA. *animal and
Plant Quarantine Agency, 175 Anyang-ro, Manangu, Anyang City, Gyeenggido, 430-757, Republic of Korea.
*Korean Medicine (KM} Application Centre, Korea Institute of Oriental Medicine, Daegu, 41062, Republic of
Korea. *Department of Molecular Microbiology and Immunaology, University of Southemn California, Keck School
of Medicine, Los Angeles, CA, USA. Ho-Jin Moon and Chamilani Nikapitiya contributed equally to this work.
Correspondence and requests for materials should be addressed to).-5.L. (email: jongsool{@conu.ac k)
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Inhibitory effects of an aqueous extract @

from Cortex Phellodendri

on the growth

and replication of broad-spectrum of
viruses in vitro and in vivo

Jae-Hoon Kim'?, Prasanna Weeratunga'?, Myun Soo Kim?, Chamilani Mikapitiva', Byeong-Hoon Lee',
Md Bashir Uddin'#, Tae-Hwan Kim', Ji-fun Yoon', Chung Pari®, Jin Yeul Ma*, Hongik Kim® and Jong-Soo Lee!”

Abstract

Background: Cortex Phelbadendri {C. Fhalledendr), the dried trunk bark of Pheffodendnon amurense Ruprecht, has
been known as a traditional herbal medicine, showing several bloacthvties, However, antivirall activity of C. Phellodendr
aquess extract (CP) not reported in detall, particularly aiming the prophylactic efectivenecs.

Methods: In vitre CF anthviral activity evaluated against influenze A vires (PRE), Vesicular Stomatitis Viras [VSV), Newwcastle
Disease Vieus (MW, Merpes Simplex Virus (HSY), Coxsackie Virus (H3-GR}: and Enteicninus-7 1 (BY=71) infection on immune
(RAW2EAT) and epithedial (HEK293T/Hela) cells. Such antiviral effects were explaired by the inducion of anthiral state
which was determined by phosphorylation of signal molecubes, secretion of IFNs and oytokines, and cellular anthiral
Rk, expression. Furthesmore, Compounds present in: the aqueous fractions confirmsad by HPLC analysis and evaluated
their anti-viral activities. Additionally, in vive protective effect of CP against divergent influenza A& subtypes was

determined ina BALE/C mouse infection model,

Results: An effeciive dose af CP significantly reduced the virus replication both in imirmune and epithelial cefls
hechanically, CP induced mBNA axpression of anti=viral genes and cytokine secretion in bath RAWIEL.T and
HEK293T calle. Furthemmare, the main compound identified was berbenine, and shows promising anthviral properties
simillar 1o CP. Finalky, BALB/C mice treated with (P displayed higher protection levels against lethal doses of highly
pathogenic influenza A subtypes (HTNT, H5MZ, HINS and HIN2)

Conclusion: CP including berberine play an immunomed ulatory role with broad spectram antiviral activity, due 1o
Induction of antiviral state via type | IFN stimulation mechanism. Consequently, © Phellodendn could be a patential
sobrce for pramising natural antivirals o ta design other anthviral agents for animal and hurmans.

Keywonds: Cormex Fhellodendr, Herbal medicne, Berberine, Anti-viral effect

Background

Several viruses cause malignant diseases worldwide, resul-
ting in significant mortality and economic losses. For in-
stance, Influenza A vimses are responsible for seasonal
epidemics and have caused three pandemics in the 20th
century (1918, 1957, and 1968} [1]. In additiom, wviral
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diseases cause serious threats to livestock sector and ani-
mal welfare together with productivity losses, uncertain
food security and negative impacts on human health [2].

Although various prophylactic or therapeutic drogs
and vaccines have been developed to prevent and treat
viral diseases, the emerpence of novel mutants or resistant
virus strains reduces their efficacy and lead to the public
health problems. Especally, with a view to provide effective
methods for preventing viral diseases, researches have been
attempted to identify novel materials with antiviral activi-
ties from natural or synthetic resources.
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Bee venom (BY) from honey bee (Apis Melifera L) contains
at least 18 pharmacologically active components inchiding
melittin (MLT), phospholipase As (PLA4), and apamin etc.
BY is safe for human treatments dose dependently and pro-
ven to possess different healing properties induding anti-
bacterial and antiparasitidal properties. Nevertheless, anti-
viral properties of BY have not well investigated. Hence, we
identified the potential antiviral propertics of BV and its
component against @ broad panel of viruses. Co-incubation
of non-cytotoxic amounts of BY and MLT, the main com-
ponent of BY, significantly inhibited the replication of en-
veloped vireses such as Influenza A virus (PRS), Vesicolar
Stomatitis Virus (VSV), Respiratory Syncytial Viros (RSY),
and Herpes Simplex Virus (HSV). Additionally, BV and MLT
also inhibited the ion of non-enveloped virnses such
as Enterovirus-71 {EV-71} and Coxsackie Virus (H3). Such
antiviral properties were mainly explained by virncidal me-
chanism. Moreover, MLT protected mice which were chal-
lenged with lethal doses of pathogenic influenza A HINI
wviruses. Therefore, these resnlts provides the evidence that BY
and MLT could be a potential sonroe as 8 promising anti-
wiral agent, especially to develop as a broad spectrum anti-
wiral agent.

Keywords: anti-viral activity, bee venom, melittin, virocidal
effect
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Introduction

Massive growth in human population, immense rise in or-
banization, drastic changes in global environment, and im-
proved connectivity worldwide in terms of better transpor-
tation facilitics have led to the emergence and re-emergence
of viral diseases in human population (L et al., 2011}, Cut-
breaks of many BMNA vimuses are still the leading cause of mor-
bidity and mortality in worldwide population. Many antiviral
agents against diverse viruses have been reported. However,
effective antiviral agents which specifically target to some
BMA viruses such as SARS-CoV, influenza A (H5X1, HINL)
and measles are in shortage due to genetic variations of the
virus and the lack of approved or universally recommended
therapies (Wen et al. 2003; Lorin et al, 2005; Triggiani ef
al., 2006}, Hence, there is 2 global requirement for comtinued
development of new antiviral agents, especially from natural
sources to provide several alternatives for the control, pre-
vention, and management of the spread of diseases cansed
by BEMA and DNA viruses. Number of compounds derived
from natural sources are reported to have numerous biolo-
gical activities, thus considered potential sources of various
muodern pharmaceuticals including antiviral agents (Jacobs
and Coyne, 2013; Kim et al_, 2016, Weeratunga et al., 2016).

Bee venom (BV) of the honey bee Apis melifera has been
utilize as a traditional medicine for the treatment of rheu-
matism, arthritis, skin diseases, cancerous tumors, and back
pains {Billingham et al,, 1973; Son et al, 2007) due to its an-
tibacterial, antiviral and anti-inflammatory effects (Haber-
mann, 1972 Son et al., 2007; Hwang et al,, 2015}, Such bio
activities are explained by the variety of components con-
tain in the BY such as peptides medittin (MLT), adolapin, apa-
min, and mast cell degranulating peptide; several enzymes
including phospholipase A2 (PLAG); biologically active amines
(histamine and epinephrine); and non-peptide components
(carbohydrates, lipids, and free amine acids) {Lariviere and
Melzack, 1996; Park ot al, 2004; Son er al., 2007). However,
antiviral properties of BY have not well investigated and also
its mechanisms are not fully understood.

In the present study, we investigated the antiviral activity
of BV and its components against enveloped and non-en-
veloped viruses incuding RNA and DNA viruses in vitro
and attempted to understand the mechanism of this property
iz mainly owing to the virucidal effect of both BY and MLT.
Additionally, we evaluated the antiviral activity of MLT
against lethal doses of pathogenic influenza A HIN1 viruses
in mice in vivo.
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Mucosal vaccination of conserved sM2, HA2 and cholera toxin subunit
Al (CTA1) fusion protein with poly gamma-glutamate/chitosan
nanoparticles (PC NPs) induces protection against divergent influenza
subtypes
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To develop a safe and effective mucosal vaccine that broad cross protecticn against seasonal or emerging
influenza A viruses, we generaied 2 muoosal influenza vaccine system combining the highly conserved
miatrix protein-2 (sM2), fusion peptide of hemagglutinin (HAz), dee well-known mucosal adjuvane
cholera toxin subundt AT {CTAT) and polv-y-glutamic ackd {y-PGA}chitosan nanoparricles (PC NPs),
wihich are safe, narural marerials that are able to target rhe mucosal membrane as a mucosal adjuvanc.
The mucosal administration of sSMIHAZCTAT/PC NPs could induce a high degree of systemic Immunity
{lzi and IgA) at the sive of inoculation as well as ar remote locations and also significantly increase the
levels of shM2- or HAZ-specific cell-mediated immune response. In challenge tests in BALBfc mice with 10
MLDag of AJEM[Korea/W149J06{HSN1), AfTuerto Ricof834(HINTYL AjAquanic hird/Korea/\WE1/2005
(H5N2), AjAquaric hird/KoreafWa4/2005 (H7N3) or AJChicken/Korea/116{2004{H9M2) viruses, the
recombinant sSMIHA2CTATPC NPs provided cross profection against divergent lethal influenza subtypes
and also the protection was maintained up to six months after vaccination. Thus, sSM2ZHAZCTALPC NPs
could be a promising srrategy for a universal influenza vaccine.

© 20M7 Elsevier BV. All rights reserved.

Krypwaords:

Influenza vaccme:

Mucosal icnmuandty

Matrin proteins2 {sh2)
Hemagglutinin fusion peptide {HAZ)
Cholera tomn subunit A1 (CTAT)
Polyeysglutamic acid {y=FCA)
Chitnsam nanopartucles (PC NPs)

L Introduction 2003) and the administrative process. Most importantly, vaccne

strains must frequently be updated to match the currently

Vaccination remains the preferred option for controlling
influenza infection and the currently used vaccines are inactivated
whole-virus vaccines that primarly rely on generating antibody
responses to the hemagzlutinin (HA) or neuraminidase {NA)
proteins specific to the vaccine strains of influenza (Kang et al,
2011; Lambert and Fauct, 2010). Although the egg-based produc-
tion method for seasonal influenza vaccine is well established, it
has many drawbacks, including the length of time required to
produce a new vaccine, dependence on a supply of eggs (Gerdil,

* Correspondimg awthors.
E=mmil oddresses: cjiimifcnn.ac ko {Cef. Kim}), jongsoob@omacckr (Je5. Lee)
! These authors contributed equally to this study.

het prf fdw doearg) 101006 v etmae 2401701050
7811350 2017 Elsevier BV, All righes reserved.

drculating strains (Webster et al. 1992), and the antibody levels
induced by the mactivated vaccine have been observed to decrease
by 75% over an eight-month period (Ohmut ot al., 2008 ) Thas, it is
necessary o develop safe, effective and convenient anti-influenza
vaccines capable of indudng long-term cross-protection against
seasonal drift variants as well as occasionally emerging reassortant
VITUSES.

Vaccine strategies based on conserved subunits of influenza
proteins have been inwvestigated for their potential to offer
protection against constantly evolving influenza viruses. Extensive
previous work has focused primarily on the stalk domain (HA2} of
HA and on matrix protein-2 {M2). as well as on other conserved
antigens. The abilities of vaccines containing individual antigens to
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Rubicon Modulates Antiviral Type |
Interferon (IFN) Signaling by Targeting
IFN Regulatory Factor 3 Dimerization
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Welarinary and Animal Science, Sylhet Agrcultural Unieersity, Syihel, BangladesE

ABSTRACT Rubicon is part of a Beclin-1-Vps34-containing autophagy complex. Ru-
bicon induces antimicrobial responses upon Toll-like receptor (TLR) stimulation and
functions as a feedback inhibitor to prevent unbalanced proinflammatory responses
depending on dectin-1 signaling. However, the role played by Rubkon during anti-
viral immune responses, particularly the type | interferon (IFN) responses, remains
fargely unknown. Here, we report that Rubicon acts as a negative regulator for vinss-
triggered IFN signaling. Knockdown of Rubicon promoted type | interferon signaling
and inhibited virus replication, while overexpression of Rubicon had the opposite ef-
fect. Rubicon specifically interacts with the interferon regulatory factor (IRF) associa-
tion domain (LAD) of IRF3, and this interaction leads to inhibition of the dimerization
of IRF3, which negatively regulates IFN-mediated antiviral response. Thus, our find-
ings suggest the novel additional role of Rubicon as a negative regulator that inhib-
its the IFM signaling and cellular antiviral responses, providing a novel cellular mech-
anism of IRF3 inhibition.

IMPORTANCE The type | IFN system is a critical innate immune response that pro-
tects organisms against virus infection. However, type | IFN signaling must be tightly
regulated to avoid excessive production of IFMs. Hence, negative regulatory mecha-
nisms far type | IFN signaling are important, and to date, several related molecules
hawve been identified. Here, we show that Rubicon is a major negative regulator of
type | IFN signaling, and unlike previous reports of cellular molecules that inhibit
IRF3 activation via proteasomal degradation or dephosphorylation of IRF3, we show
that Rubicom interacts with IRF3 and that ultimately this interaction leads to inhibi-
tion of the dimerization of IRF3. Thus, we identified a novel negative regulatar of
type | IFN signaling pathways and a novel cellular mechanism of IRF3 inhibition, The
results of this study will increase our understanding of the mole of negative-feedback
mechanisms that regulate type | IFN signaling and maintain immune homeostasis.

KEYWORDS IRF3 dimerization, interferon, Rubicon

§ pon virus infection, a series of ceflular signaling events are induced, and uitimately,
b proinflammatory cytokines and type | interferons (IFMs), such as alpha interferon
{IFM-ex) and IFN-8, are produced.

These cytokines play a crucial role in the innate immune responses, which are
involved in the inhibition of virus replication and induction of adaptive immune
responses [1-5). In particular, type | IFNs are potent inhibitors of viral replication; they
act as such by promoting apoptosis of infected cells and stimulating surrounding cells
to induce transcription of IFN-refated genes, which work to synergistically inhibit viral
replication and to activate innate and adaptive immune cells (7, 8). Type | IFNs are
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The anti-Influenza effect of a water soluble herbal extract from Salvia miltiorrhiza
(Danshen) in vivo

The anti-Influenza effect of a water soluble herbal extract from Salvia

miltiorrhiza (Danshen) in vivo
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Kalvia miltforrhiza (Danshen) is perennial plant
and commonly used in traditional Chinese medicine
to treat numerous diseases like cardiovascular and
cerebrovascular diseases, coronary heari disease,
myocardial infarction, stroke and some viral dis-
eases. NMevertheless, no study bhas been conduocted
on the antiviral properties of crude extract of Salvia
miltiorrhiza against Influenza virus. In an attempt
to identify new potential anti-influenza virus agents,
200 natural oriental herbal medicings were screened
and we found that Sefvie miltiorrfiiza has a poten-
tial anti-influenza effect. Therefore, in this study, we
investigated the protective effect of agqueous extract
from Salwia miltiorrhiza against divergent influenza A
subtypes using murine model of infuenza A infection.
Effective dose of agqueous extracts of Salvie miltior-
rhize in BALB/c mice displaved higher survival rate
and lower lung viral titers when challenged with lethal
doses of influenza A subtypes { [A/Aquatic bird/Korea/
WHLZO0S{HEND)). |APRSIIHINDL [AfAquatic
bird/Korea/W44/2Z005(HTN3)) and (A/Chicken/
Korea/l1 L&/ 2004 HYNZ) ] ) Fa vive results exhibited
that Salvia miltiorrhiza induced prophylactic effect in
BALB/c mice against Influenza viros by disrupting vi-
ral replication or preventing viral infection by creating
an antiviral state in the lungs. Taken together, the use
of agueous extracts of Salvia miltdorrhize as an orally
active antiviral agent, will be potential candidates for
prophylactic treatments against Influenza A virus for
humans and animals,

Key words: Salvia miltiorviiiza | Danshen), aqueous ex-
tract, antiviral effect. anti influenza cffect, influenza A vims
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1| INTRODUCTION

Abstract

Metabolite production through a multistep metabolic pathway can often be increased
by efficient substrate channeling created by spatial sequestration of the metabolic
risactions. Here, Tya, a structural component in the Tyl retrotransposon element that
forms virus-like particles (VLPs) in Saccharomyces cerevisige, was used to spatially
organize enzymes involved in 2 metabolic pathway into a multi-enzyme protein body in
yeast. As a proof of principle, Tya fusion to three key enzymes involved in biosynthesis
of the isoprenoids farmesene and farmesol was tested to assess its potential to improve
productivity. The Tya-fusion protein resulted in three and fourfold increases in
farmesene and farnesol production, respectively, as compared with that observed ina
non-fused control. Specifically, two-phase partitioning fed-batch fermentations of 5.
cerevisioe ATCC200589 overexpressing Tya-fused enrymes {tHmgl, lsp&, and a-
farnesene synthase) yvielded 930 + 20 mg/L of farnesene after 7 days. Additionally, we
observed that the Tya-fuslon proteins tended to partition into particulate fractions
upan 100,000g uitracentrifugation, suggesting the formation of large aggregates of
protein bodies, with their particulate structure also sbeerved by transmission electron
microscopy. The dramatic increase in the biosynthetic productivity of metabolites via
use of a Tya-fusion protein suggested that this approach might be useful for the
creation of multi-enzyme complexes to improve metabolic engineering In yeast.

KEYWORDS
isoprenobds, protein body, Soccharomyces cerevisiog, Ty 1, virus-like particles

were developed |Agapakis. Boyle, & Silver, 2012; Lee, DeLoache, &
Dueber, 3012; Praschel, Detsch, Boccaccini, & Sonnewald. 2015). A

Many metabolic pathways occur in subcellular companments and
through the assembly of multi-enzyme complexes for efficient
substrate channefing to prevent the loss of Intermediates or the
release of toxic or unstable intermediates: Recently, strabegies to
enhance the efficiency of metabolic engineering by mimicking the
natural setup for spatial sequestration of these metabodic reactions

prominent example of spatial organization is bacterial microcormpart-
ments (BMCs), where a broad range of bacteria is used to segregate
and optimize metabolic reactions. BMCs are self-assembled by shell
proteins and protect cefls from toxic compounds formed by
encapsulated enzymes. thereby preventing the loss of inbermediates
and excluding adverse competing  substrabes or  enzymes

Ll | © 2017 Wiley Periodicals, Inc.

wilzyonlinelibrary.com/josmal /b
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Abstract

For recombinant production of squalene, which is a triterpenoid compound with increasing industrial applications, in micro-
organisms penerally recogmzed as safe, we screened Saccharomyees cerevisioe strams 10 determine their stability. A strong
strain dependence was observed in sgualene productivity smong Soccharomyees cerevisice sTRMS Upon overexpression of
genes important for isoprenoid biosynthesiz. In particular. a high level of squalene production (400 + 45 mg/L) was obtained
in shuke Hasks with the Y2805 strain overexpressing genes encoding  bacterial farmesyl diphosphate synthase (fgpA) snd &
truncated form of hydmxyl-3-methylglutaryi-CoA reductase ((HM G Partial inhibition of sgualene epoxidase by terbinafine
further increased sgualene production by up o 19%fold (756 + 36 mgfL ). Furthermore, squalene production of 2011 + 75 or
1026 + 37 mg/L was obtained from 5-1 fed-batch fermentations in the presence or absence of terbinafine supplement ation,
respectively. These results supgest that the Y2803 strain has potential as a new alternative source of squalene production.

Keywords Squalene - Sacoharomyvees cerevisiae - Metabolic engineering « Farnesyl diphosphate synthase - HMG-Coa

reductase

Introduction

Squalene {26 10,1519 23-hexamethyltetrocosa-
2.6.10.14,18.22-hexaene; Uy Hy ) s a linear polyunsaturated
triterpene with common uses mainly related to the cosmetics
mdustry as a moisturizing agent and emollient. Becently,
squalene attracted attention due to mulbple studies showing
its therupeutic effects and pharmaceutical applications | 32,
35], including significant antitumor activities [22. 28, 53],
In addition, it has also been used as o common method of
delivering drugs into cells (squalenoylation) [7] and as an
emollient in adjuvants for vaccines |9].

The major commercial soorces of sgualene are liver oil
from deep-sea sharks and certain plant-seed oils. How-
ever. continuous supply of the liver oils 15 uncertam due to

5 Ew-Sung Chal
chinid 162 0 kribb.re. ke

Bhotechnofogy Process Engineering Center, Korea Research
Institute of Buoscience and Biotechnology (KRIBB)
Cheongu 258116, Republic of Korea

"

Department of Bioprocess Engimeering. KRIBB
Schoal of Bxtechnology, Korea University of Science
ool Technology (UST). Dacjeon 34113, Republic of Kooa

environmental concerns. and the supply of plant-seed oils
1% abso uncertan due to the low squalene yvield and unstable
production in certuin plant species [24, 36, 39 Recently,
microalgse and other microorpumsms have emerged as new
alternative sources for squalene prodoction. Among these
MICroanganisms, yeast 15 a good alternative due to the case
of genetic and physiological manipulation necessary for
squalene production. In particular. Saccharamyces cerev-
siae is an attrective microorganism for the production of
isoprenoids, such as sgualene, due to s intrinsical by large
pools of precursars (240, 21] and its status as generally rec-
ognized as safe (GRAS ). Moreover. the food-orade stutus of
microorganisms 1s an essential prereguisite when mdustral
production 15 imended for human consumption. Therefore,
i, cerevisige have been successtully empoyed in metabolic
engineering for the production of sterols [42].

In yeast & cerevisioe. squalene is synthesized as the first
precursor via the mevalonate pathway to produce sterols,
such as ergosterol (Fig. 1) [6]. 3-Hydroxy-3-methylglutaryl
coenzyme A { HMG-CoA) reductese and squalene synthase
are the major control enzymes for squalene production in
the yeast metabolic pathway [6]. Overexpression of & cyto-
solic runcated form of HMG-CoA reductase (encoded by
tH MG 1) leads to squalene accomulation in 8. cerevisiae

ﬂ_:_ Springer
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- Coptidis Rhizoma extract inhibits replication of respiratory syncytial virus in vitro and in
vivo by inducing antiviral state
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Coptidis Rhizoma extract inhibits replication of respiratory syncytial virus in vitro and in vivo by inducing antiviral
state
Jong-Soo Lee”

Would you like to apply for a travel grant?: No

Objectives: RSV, a negative-strand non-segmented RNA virus, belongs to the genus Premovirus of the family Paramyvoviridae. It
1s considered to be a leading cause of lower respiratory tract 1llness in infants and children worldwide. However, there are no
commercial RSV vaccines and application of ribavirin which is only approved drug, to manage RSV infection is limited by its side
effects. Therefore, novel antiviral agents for RSV with better effects and safety than nbavinn is target for study. In this study, we
demonstrated several lines of evidence showing that Copeidis £dizoma extract (CRE) has the immunemodulatory ability to mhibit
RSV replication.

Mathods: In this study, we evaluated the antiviral activities of Capials Rbizoma extract (CRE) against RSV in human respiratory
tract cell line (HEp2) and BALB/c mice. We determined the induction of antiviral, IFN-stimulated genes (ISGs) and the secretion of
IFN=f and IL-6 by CRE #n witro. To elucidate the features in antiviral signaling, we also evaluated the effect of CRE on the signaling
molecules including [RF-3, TBK1, p65, ERK and p38 in the type | [FN and NF-xB signaling pathways. In mouse model, we tested
whether oral admimistration of CRE 15 influence on the lung RSV titer and we checked the immune status in blood serum, BALF and
SIF of CRE inoculated BALB/c Mice. In HPLC analysis, we found the presence of several compounds in CRE and we confirmed that
palmatine was related to the antiviral properties.

Results: An effective dose of CRE significantly reduced the replication of RSV in HEp2 cells and reduces the RSV-induced cell
death. This antiviral activity against RSV was through the induction of type | interferon-related signaling and the antiviral state in
HEp2 cells. More importantly, oral administration of CRE exhibited prophylactic effects in BALB/c mice against RSV, In HPLC
analysis, we found the presence of several compounds and confirmed that palmatine was related to the antiviral properties and
immune-modulation effect.

Conclusion; Taken together, an extract of Capids £fizoma and its components play roles as immunomodulators and could be a
potential source as promising natural antivirals that can confer protection to RSV, These outcomes should encourage further allied
studies in other natural products. [This study was suppornted in part by the Ministry for Food, Agriculture, Forestry and Fisheries,
Republic of Korea (Grant no. 316043-3)]

Disclosure of Interest: None Declared

Keywords: Coptidis Rhizoma , palmatine, RSV
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- Mucosal Immunization with Lactobacillus-displayed CTAl-conjugated sM2HAZ2 of Influenza
Virus induces Broad Protective Immune Responses in Balb/c Mice

SINGAPORE

International Union of
Micrabwological Societies

Abstract Submission

IUMS2017-2604
Mucosal immunization with Lactobaciilus-displayed CTA1-conjugated sM2HAZ2 of Influenza Virus induces Broad
Protective Immune Responses in Balb/c Mice

Jong-Soo Lee’

Would you like to apply for a travel grant?: No

Objectives: The development of a universal influenza vaccine that provides broad cross protection against existing and unforeseen
mnfluenza viruses is a critical challenge.

Methods: In this study, we constructed and expressed cholera toxin subunit A1 (CTAIL) with conserved sM2 and HA2 influenza
antigens on the surface of Lacrobaciliury cased (pesA-CTAIsM2ZHA2/SL. cased). Mice were inoculated with pesA-CTAIsM2ZHA2/L
eaved orally or intranasally and we evaluated the potent mucosal, humoral and cell-mediated immune responses. In the challenge
mouse model, pgsA-CTAIsM2HA2/L. caved moculated mice were tested wath 10 MLD30 of divergent influenza subtypes
(A/EM/Korea/W 149/06(H5N1) or AfAquatic bird /Korea®WE /2005 (H5N2) and heterologous A/Puerto Rico/8/34(HINI). or
A/Chicken/Korea/l 16 /2004{HIN2) or A/Philippines/2/08(H3IN2) viruses)

Results: In this study, we constructed and expressed conserved sM2 and HAZ influenza antigens with cholera toxin subunit Al
(CTAL1) on the surface of Lactobaciffus cased (pgsA-CTAIsSM2HA2/L. cased). Oral and nasal administrations of recombinant £. carer
into mice resulted in high levels of serum immunoglobulin G (Ig() and their isotypes (IgG1 & IgG2a) as well as mucosal [gA. The
mucosal administration of pesA-CTAISM2HAZ/L. cesey may also significantly increase the levels of sM2- or HA2-specific cell-
mediated immunity because increased release of both [FIN-y and [L-4 was observed. The recombinant pgsA-CTAIsM2ZHA2/L. caver
provided better protection of BALB/c mice against 10 times the 50% mouse lethal doses (MLD. ) of homologous

AEM/Korea/W 149/06(H5N1) or AfAquatic bird /Korea™W81/2005 {H5N2) and heterologous A/Puerto Rico/8/34(HINI1), or
AlChicken/Korea/l 16/2004(HIN2) or A/Philippines/2/08(H3N2) viruses. compared with £. caved harboring sM2ZHAZ and also the
protection was maintained up to seven months after administration.

Concluslon: These results indicate that recombinant £ cased expressing the highly conserved sM2, HAZ of influenza and CTAl asa
mucosal adjuvant could be a potential mucosal vaceine candidate or tool to protect against divergent influenza viruses for human and
animal. [This study was supported n part by the Ministry for Food, Agriculture, Forestry and Fishenes, Republic of Korea {Grant no.
316043-3)]

Disclosure of Interest: None Declared

Keywords: Influenza virus, Lactobacillus
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- Mucosal immunization of conserved sM2, HA2 of Influenza virus and cholera toxin subunit
Al (CTAD fusion protein with PC nanoparticles induces protection against divergent
influenza subtypes

l mpertant nofes:

Do NOT write outside the grey boxes. Any text or images outside the boxes will be deleted.

Do NOT alter the structure of this form. Simply enter your information into the boxes. The form will be
automatically processed — if you alter its structure your submission will not be processed correctly.

Do not include keywaords — you can add them when you submit the abstract online.

Title:
Mucosal immunization of conserved sM2, HA2 of Inflaenza virus and cholera toxin subunit A1

(CTA1) fusion protein with PC nanoparticles induces protection against divergent influenza
subtypes

Authors & affiliations:
Jong-So00 Lee, Mohammed Y .E. Chowdhury, Chul-Jloong Kim

College of Veterinary Medicine, Clungnam National University, Dagjeon 305-764, Republic of Korea

Abstract: (Yourabstract must use Normal style and must fit in this box. ¥ our abstract should be no longer than 300 words.
The box will ‘expand” cver 2 pages as vou add text/diagrams into it.)

Preparation of Your Abstract

1. The title should be as brief as possible but long cnough to indicate clearly the nature of the study. Capitalise the first letter of the
first word ONLY {place nomes excluded ). Mo full stop at the end.

2. Abstracts should state brietly and cleatly the purpose, methods, results ond conclusions of the worlk.

Introduction; Clearly state the purpose of the abstmet

Methods: Deseribe your selection of observations or experimental subjects clearly

Resulis: Present your results in a logieal sequence in text, tables and illustrations

Discussion: Emphasize new and mmporant aspects of the study and conclusions that are drawn from them

To develop a safe and effective mucosal vaceine that broad cross protection against seasonal or emerging

influenza A viruses, we generated a mucosal influenza vaccine system combining the highly conserved

matrix protein-2 {sM2), fusion peptide of hemagglutinin (HA,), the well-known mucosal adjuvant cholera

toxin subunit Al (CTAL) and poly-y-glutamic acid (y-PGA}-chitosan nanoparticles (PC NPs), which are

safe, natural materials that are able to target the mucosal membrane as a mucosal adjuvant. The mucosal

administration of sM2HA2CTAL/PC NPs could induce a high degree of systemic immunity (TeG and [gA)
at the site of inoculation as well as at remote locations and also significantly increase the levels of sM2- or

HA2-specific cell-mediated immune response. In challenge tests in BALB/c mice with 10 MLDy, of
AEM/Korea/W 149/06(H5N 1), A/Puerto Rico/8/34 (HINL), AfAgquatic bird/Korea/WS1/2005(HSN2)
AfAquatic bird/KoreaW44/2005(HTN3 ) or A/Chicken/Korea/l 1 6/2004{H9N2) viruses, the recombinant

sM2HA2CTAL/PC NPs provided cross protection against divergent lethal influenza subtypes and also the

protection was maintained up to six months after vaccination. Thus, sSM2ZHA2CTAL/PC NPs could be a

promising strategy for a universal influenza vaccine [This study was supported in part by the Ministry for

Food, Agriculture, Forestry and Fisheries, Republic of Korea (Grant no. 315044031, 316043-3)].
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- Inactivated Enterovirus 71 (EV71) Adjuvanted with PC Nanoparticles Induces High Cellular
and Humoral Immune Responses in BALB/c Mice
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[ MOYT alier the structure of this form. Simply enter youor mformenen mio the boxes. The form wll be
suimmutically processed — M you alter s struciure vour submissien will notl be processed correctly.

[ not include keywords — you can add them when vou submit the abstract online.

Title:
Inactivated Enterovirus 71 (EV71) Adjuvanted with PC Nanoparticles  Indwoces High Cellnlar and

Humoral Immune Responses in BALB/c Mice

Auvthors & affiliations:
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Abstract: (Voo shstract nust use Noroual stybe and mist fit in his box. Y our abstract should be o longer than 300 wonds,
The box will *expand” aver 2 pages as vou add extdiagrams imo it}

Preparation of Y our Abstract

1. The title should be as briel as possible bat bong enough 1o indicale clearly the matnre of the stady. Copitslise the first letter of the
first word O5LY (place names excluded). Mo Full stop 2t the end,

2. Ahsiracts should state brieflv and clearhy the pumose, methods, resulis and conclasions of the work.
Iniroduction: Cleardy sinie the purpose of the absiract

Methods: Drescribe your sslection of observatsons or experimenial sishjects cleariy

Fesulis! Present your resulis in a logical sequence i texdt, tahles and ifhusdratsons

Biscussion: Enphasize new and important aspects of the study and conclussoes that are draown oo them

Enterowirus 71 {EV71) is the major causative agent of hand-foot-and-mouth disease (HFMD) and many

neurological manifestations. Recently, this virus has become a senous concern becawse of consecutive
cpidemics in the Asia-Pacific region. However, no effective vaccine for EVTI has been discovered. To
develop a safe and efficiem vaccine, we generated imactivated EVTI and eveluated its efficacy with
¥-PGASChitosan nanoparticles (PCNPs), which are safe, biodegradeble and effective as an adjuvant. The
subcutinecns administration of mactivated EV71 with PCNPs adjuvant induces higher levels of virus
specific humoral {1gG, lplil, and 1gGi2a) and cell-mediated immune responses (IFN-%o and [L-4)
compared to the alum adjuvant with virus growps. Addimonally, mactivated EV71 wath PCNPs induces
virus neutralizing antibody similar to the group treated with the well-known adjuvant alum. In addition,
PCNPs treated murine BMDC exhibited strong induction of cyiokine secretion. These findings
demonstrated that PCNPs are safe and effective mmmunooenic adjuvanis to generate inactivated vims
vaccines with potential clinical application agamst EV71 infection [This stody was suppored in pant by
the Minisiry tor Food, Agnculture, Forestry and Fishenies, Republic of Korea (Grant no. 315044031,
316043-3))
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- Mucosal Immunization with Lactobacillus-displayed CTAl-conjugated influenza
induces Broad Protective Immune Responses against Divergent Influenza Subtypes
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Broad Protective Immune Responses against Divergent Influenza Subtypes
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Preparation of Y our Abstract

1. Thee title should be as breel’ as possable but long eoough 1o mdicage cleardy the nature of the stody. Capitalse the st letter of the
first wrdd (INLY (place names excluded). Mo full siop at the enid.

2. Abstracts should site boicfly and clearly the purpose, methods, resultsand conchesions of the work.

Introduction: Clearly stage the purpose ol the shstrac
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[The development of o universal influenza vaccine that provides broad cross protection against existing and
unforeseen nfluenza viruses 15 o critical challenge. In this study, we constructed and expressed conserved
sM2 and HAZ influenza antigens with cholera toxin subunit Al (CTAL) on the surface of Lactobacifius
cased (pEsA-CTAISMIHAXNE, vaser). Oral ampd nasal administrations of recombinunt L. caseil inte mice
resulted in haigh levels of serum immunoglobulin G (IgG) and their isotypes (IgGl & [pG2a) os well as
mucosal [gA. The mucosal admimstration of pesA-CTALSMIHAXNL, cosei may also sipmficantly
merease the levels of sM2- or HAZ-specific cell-mediated immunity becise mereased release of both
IFN-Yo  and [L-4 was observed.  The rccombinant pgsA-CTALSM2IHAZL, casei provided better
protecion of BALR/c mice against [0 times the 50% mouse lethal doses (MLDsw) of homologous
AEM A orealW 14906(HEN 1) or AlAquatic bird Korea/WS 12005 (HEN2) and heterologous A/Puerto
Rico/8S34(HIND). or AChicken/Koreal 1 162004(HIN2) or A/Philippines/208(HAN2) viroses. compared
with L. cavel harbouring sM2HAZ and also the protechion was maintained up 1o seven months after

HAZ2 of influenza and CTAI as a mueosal adjuvant could be 8 potential mucosal vaceine candidate or tool
to protect agnmst divergent influenzs viruses for human and amimal [This study was supported m o part by
the Ministry for Food, Agriculture, Forestry and Fishenes. Republic of Korea (Grant no. 3 16043-3)]

adminmistration. These results indicate that recombinant L cosei expressing the highly conserved sM2;

- 218 -

SM2HAZ2



- Mucosal administration with recombinant Lactobacillus-displayed CTAl-conjugated PEDSe
induces neutralizing immune responses against porcine epidemic diarrhea (PED) virus
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Inrraduction: Clearly state the purpose of the abstract
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Poreme epidemic diarrhea (PED) cauvses significanl economic impact throughout the swine-raising

countries including Korea. PED viros (PEDV), the causative agent of PED belongs to the member of
farmily Coronaviridae, is enveloped RNA virus. Due 1o the tremendous productivity losses o the pig farms,
PED infection has been one of the major concerns of the Korean swine industry. Even though several
commercial vaccines have been developed and pertodic vaccination strategies have been implemented o
control PED in Korean swineherds, PEDV has continually emerged, causing tremendous harm 1o the
swine farms. Failing to produce effective vaccines has been mostly due to the continuous evolving of new
subtypes of PEDV. and showing antigenic and genetic differences between spike proteins of vaceines and
field strains. Thus, the development of an effective PEDV vaccine that provides broad cross protection
against existing PEDV sirain and emerging sublypes is urgently needed.

In this study, we used PEDSe multi-epitope (Spike multi-epitope, Ses=COE, 352, 556) pene with or
without non-toxic mucosal immunogenic adjuvant, Cholera toxin subunit Al (CTATL) for the construction
and we express PEDSe multi-epitope with CTAl on the surface of Lactobacillus casei
{pesA-CTAI-PEDSe/L. casei) using the pgsA surface display system. Oral or intranasal inoculations of
pesA-CTAL-PEDSe/L. casel into mice induced more potent mucosal, humoral and cell-mediated immune
responses. Additionally, we checked the long lasting immune responses to produce neutralizing amtibodies
against PEDY infection. Thercfore, the recombinant L casei (pesA-CTAL-PEDSe/L. casei) could be a
prommising mucosal vaccine candidate against currently circulating PEDY. [This study was supported in
part by the Ministty for Food, Agriculture, Forestry and Fisheries, Republic of Korea (Grant no.
J15044031, 316043-3)]
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- Production of porcine circovirus nucleocapsid protein in Saccharomyces cerevisiae

KR CINar=]

Production of porcine circovirus nucleocapsid protein in
Saccharomyces cerevisiae

Sung Hwa Seo®, Kyung Min Park’, Young Jung Shim?, Choong-sik Kim?, Sung-5ik Yoo?, Eul-Sung Choi®
! Blo Process Engineering Center, KRIBB, Cheongju 28116, Republic of Korea
2 choonghng Vaccine Laboratories Co., Ltd., Dacjeon 34055, Republic of Korea

Backgrounds:
Pardne cincovineses are assooated with posteeaning multsystemic wasting syndrome [PRIWSE). The nucleccapsid protein of parcine crcovirus type 2 (POVZ] encoded by ORF2 b a
pramising subunit vacoinie against porcine ciroowines. Recombinant production of PCV2 ORF2 was studied in Socchoromyres cerevisiae.

Objectives:
To develop a high-efficacy subunit vacoine of pordne circovinus using yeast.

Methods:

For intraceliular expression of ORFZ, the gene was chemscally symthesized according to yeast codon preference, 'was placed under GALLD promater and the resulting plasmid was
transiormied into & cerevisior Y2805 and YIE05Az180 strains. The ORF2 protein formed virus-like partidls (VLP) in the cytoplasm of . cerewisloe as chserved by slectron microscooy. The
secretion of capsd protein into the culture supematant was, however, unsuccessful. Purification of the VLP using warious column chromatography was almast impossible due to the
formatsan af farge aggregates. Whole yeast containing ORF2 was immunized to guinea pigs and then serum trier was measured by ELISA. The antibody tter T/C values were higher than 2.0,

Paoreine Cireovirus Electron micrascopy of VLP formation in yeast cytoplasm
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Condusions:

The ORF1 gene of porcine circowirus was expressed in yeast and it was cheerved that the VLP was efficiently formed. The feasibility of use of whaole yeast cells containing the VLP as
vaccine was tested in guinea pig experiments. in the ELISA test, the whole yeast cell montaming VP was found to be immunogenic. The recombinant ORF2 expressed in yeast is

eapected to be a candidate for a subunit vaccine for porcine circowirus.
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Recombinant production of SpaA, a subunit vaccine for swine erysipelas, in Saccharomyces
cerevisiae
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Recombinant production of SpaA, a subunit vaccine
for swine erysipelas, in Saccharomyces cerevisiae

Sung Hwa 5eo?, Kyung Min Park®, Young Jung Shim?, Sung-5ik Yoo?, Jungoh Ahn?, and Eui-Sung Choi®
! Blo Process Engineering Center, KRIBB, Cheongju 28116, Republic of Korea

? ChoongAng Vaccine Labaratories Co., Ltd., Daejeon 34055, Republic of Korea

Backgrounds:
A surface pratein of Ensipelothrin shusiopothioe, 5pas is a promising subuni vacdne agaenst swine erysipelas. Recombinant production of SpaA was studeed in yeast Secchorompces
cercvisior. 5 cerevisioe is @ GRAS |generally regarded as safe] microorganism that has been explotted for thousands of years for fermentation, thus proven to be safe.

Objectives:

To efficiently produce Spad for use as a subunit vaccine for swine erysipelas, using yeast expression systems including intraceliular and surface-display espression.

Methods:

For intracellular expression of Spaf, the Spa& gene that was chemically synthesized according 1o yeast codon preference, placed under GALLD promater and the resulting plasmid was
transfiormed into £ cerewisioe Y2808 and Y28054g2880 strains. Since Spad is a surface protein in £ rhusiopothioe, rSpad was also espressed as surface-displayed protein. For surface
display, SpaA gene was fused to the mating-factor alpha secretion signal sequence and an anchor matif of a cell wall protein [CWP) gene was fused at C-terminus of Spad. The

expressicn was corfirmed by Western blot and the bocalization of the surface-displayed protein was monitored by fluorescence miooscooy. The vaccine efficacy was evalusted by
challenging mouwse with virulent strain of E. rhusiopathios.
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Condusions:

The Spaf gene was expressed successfully both in oytoplasm and at the cell swrface. The surface-display of the protein was confirmed by fluorescence microscopy. In mowse

experiment, the crude preparation of Spad from yeast ysate leads to 809 survival of mouse against kethal challenge with £, rfusiopathice. The recombinant Spad expressed in yeast
is expected to be a usefid candidate for 3 subunit vaccine for erysipelas.

- 221 -



- Surveillance of amino acid substitutions in avian influenza viruses isolated from wild birds
from south korea, 2014-2016

Surveillance of amino acid substitutions in avian influenza viruses isolated from wild

birds from South Korea, 2014-2016
Kwang=-Hyun Oh, Yeon-1i Bas, Seung-Baek Lee, Jong-5Suk Mo, Van Dam Lai, In-Fil Mo

Axian Disepse |sboratory, College of Vétennary Medicine, Chungbuk Nationsl University, Cheangju, 361-7&3, South Korea
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Evaluation of safety of multivalent oil based vaccines containing different adjuvant and

Immunostimulant materials
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Prevalence of salmonella spp. isolated from commercial duck farms in south korea

Prevalence of Salmonella spp. isolated from commercial duck farms /= .
in South Korea

Tae-xik Kim , Gang-san Kim, Jos-sung Son, Van Dam Lai, in-Fil Mo

Avizn Disasse Laboratory, collage of Veterinary Medizine, Churngbuk National Uiniversity, Cheongiu, 361.763, South Korea
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Figure 2. Weekly comparison of Salmoneila positive farm rate in tho samples collected
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« Materials And Methods
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Inhibition of Respiratory Syncytial Virus replication in vitro and in vivo by Coptidis

Rhizoma extract

Kiramage Chathuranga', Hyun-Cheol Lee', Tae-Hwan Kim', C.Y. Hewawaduge', Thilina U.B.
Herath!, W.A. Gayan Chathuranga', Eun-Seo Lee!, Pathum Ekanayaka', H.M.S.M.
Wijerathne!, Dung Tan Huynh', Myun Soo Kim?, Hong Ik Kim?, Jin Yeul Ma® and Jong-Soo

1%

Lee

ICollege of Veterinary Medicine, Chungnam National University, Daejeon, Republic of Korea,
2Vitabio Corporation, Daejeon, Republic of Korea,

3Korean Medicine (KM) Application Center, Korea Institute of Oriental Medicine, Daegu
41062, Republic of Korea.

Coptidis Rhizoma is derived from the dried rhizome of Ranunculaceous plants and is a
commonly used traditional Chinese medicine. Although Coptidis Rhizoma is commonly used
for its many therapeutic effects, antiviral activity against RSV has not been reported in detail.
In this study, we evaluated the antiviral activities of Coptidis Rhizoma extract (CRE) against
RSV in human respiratory tract cell line (HEp2) and BALB/c mice. An effective dose of CRE
significantly reduces the replication of RSV in HEp2 cells and reduces the RSV-induced cell
death. This antiviral activity against RSV was through the induction of type I interferon-related
signaling and the antiviral state in HEp2 cells. More importantly, oral administration of CRE
exhibited prophylactic effects in BALB/c mice against RSV. In HPLC analysis, we found the
presence of several compounds in the aqueous fraction and among them; we confirmed that
palmatine was related to the antiviral properties and immune-modulation effect. Taken together,
CRE and its components play roles as immunomodulators and could be a potential source as
promising natural antivirals that can confer protection to RSV. [The Ministry for Food,

Agriculture, Forestry and Fisheries (Grant No. 316043-3)]

Key Words: Coptidis Rhizoma (CR), Palmatine, RSV, Antiviral effect
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Mucosal administration of conserved sM2HA2 and cholera toxin subunit A1 (CTAI)

fusion protein with PC-NPs induces protection against divergent influenza subtypes

Tae-Hwan Kim' Mohammed Y.E. Chowdhury', Hyun-Cheol Lee!, C.Y. Hewawaduge',
Kiramage Chathuranga', Thilina U.B. Herath!, W.A. Gayan Chathuranga', Eun-Seo Lee',
Pathum Ekanayaka', H.M.S.M. Wijerathne', Dung Tan Huynh', Moon-Hee Sung?®, Chul-

Joong Kim' and Jong-Soo Lee'

'College of Veterinary Medicine, Chungnam National University, Daejeon, Republic of
Korea

’BioLeaders Corporation, Daejeon, Republic of Korea

To develop a safe and effective mucosal vaccine that broad cross protection against seasonal
or emerging influenza A viruses, we generated a mucosal influenza vaccine system
combining the highly conserved matrix protein-2 (sM2), fusion peptide of hemagglutinin
(HA2), the well-known mucosal adjuvant cholera toxin subunit Al (CTAl) and poly-y-
glutamic acid (y-PGA)-chitosan nanoparticles (PC NPs), which are safe, natural materials
that are able to target the mucosal membrane as a mucosal adjuvant. The mucosal
administration of sSM2HA2CTA1/PC NPs could induce a high degree of systemic immunity
at the site of inoculation as well as at remote locations and also significantly increase the
levels of sM2- or HA2-specific cell-mediated immune response. In challenge tests in BALB/c
mice with 10 MLDsg of Influenza H5NI1, HINI1, H5N2, H7N3 or HIN2 viruses, the
recombinant sSM2HA2CTAI1/PC NPs provided cross protection against divergent lethal
influenza subtypes and also the protection was maintained up to six months after vaccination.
Thus, sM2HA2CTA1/PC NPs could be a promising strategy for a universal influenza vaccine.
[The Ministry for Food, Agriculture, Forestry and Fisheries (Grant No. 315044031, 316043-

3]

Key words: Mucosal vaccine, Influenza Virus, PC-Nanoparticles (PC-NPs).
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Released Tryptophanyl-tRNA-Synthetase Functions as a Cytokine on Virus Infection

Hyun-Cheol Lee', Eun-Seo Lee!, Tae-Hwan Kim', C.Y. Hewawaduge', Kiramage
Chathuranga', Thilina U.B. Herath!, W.A. Gayan Chathuranga', Pathum Ekanayaka',
H.M.S.M. Wijerathne', Dung Tan Huynh' and Jong-Soo Lee'”

ICollege of Veterinary Medicine, Chungnam National University, Daejeon, Republic of Korea

Tryptophanyl-tRNA Synthetase (WRS) is one of the aminoacyl tRNA synthetase that possess
non-canonical functions. Full-length WRS is released during bacteria infection as an important
factor priming toll-like receptor 4 (TLR4) - myeloid differentiation factor 2 (MD2) complex to
elicit innate immune response. However, role of full-length WRS in virus infection remains
unknown. Here, we show that full-length WRS is secreted by immune cells in the early time
of virus infection and functions as an antiviral cytokine. Treatment of recombinant WRS
promotes production of inflammatory cytokines and type 1 interferons, and curtails virus
replication in THP-1 and Raw264.7 cells. However, we could not observe the similar effects
in epithelial cells, TLR4-/- BMDMs, and MD2-/- BMDMs. In vivo, intravenous and intranasal
administration of recombinant WRS provoke innate immunity and block vesicular stomatitis
virus replication. These findings suggest that secreted full-length WRS has a non-canonical
function in activating and mediating innate immune responses to virus infection as well as to
bacterial infection. [The Ministry for Food, Agriculture, Forestry and Fisheries (Grant No.

315044031, 316043-3)]

Key words: WRS, innate immunity
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The recombinant Lactobacillus-displayed CTAl-conjugated PEDSe antigen induces

protective mucosal immune responses against porcine epidemic diarrhea (PED) virus

C.Y. Hewawaduge', Md Bashir Uddin', Jae-Hoon Kim', Tae-Hwan Kim', Hyun-Cheol Lee',
Kiramage Chathuranga', Thilina U.B. Herath!, W.A. Gayan Chathuranga', Eun-Seo Lee',
Pathum Ekanayaka', H.M.S.M. Wijerathne!, Dung Tan Huynh', Chul-Joong Kim' and Jong-

Soo Lee'

'College of Veterinary Medicine, Chungnam National University, Daejeon, Republic of Korea

PED virus (PEDV), the causative agent of PED belongs to the member of Coronaviridae, is
enveloped RNA virus. PEDV infection has been one of the major concerns of the Korean swine
industry and even though several commercial vaccines have been developed, PEDV has
continually emerged, causing tremendous harm to the swine farms. For the development of an
effective PEDV vaccine that provides broad cross protection against existing PEDV strain and
emerging subtypes, we used PEDSe multi-epitope (Spike multi-epitope, Se=COE, SS2, SS6)
gene with non-toxic mucosal immunogenic adjuvant, Cholera toxin subunit A1 (CTAT1) for the
construction and we display PEDSe multi-epitope with CTA1 on the surface of Lactobacillus
casei (pgsA-CTA1-PEDSe/L. casei) using the pgsA surface display system. Oral or intranasal
inoculations of pgsA-CTA1-PEDSe/L. casei into mice induced more potent mucosal, humoral
and cell-mediated immune responses. Additionally, we checked the long lasting immune
responses to produce neutralizing antibodies against PEDV infection. Thus, the recombinant
L. casei (pgsA-CTA1-PEDSe/L. casei) could be a promising mucosal vaccine candidate against
currently circulating PEDV. [The Ministry for Food, Agriculture, Forestry and Fisheries,
Republic of Korea (Grant no. 316043-3)]

Key words: Lactobacillus, PEDV, Mucosal immunity, Vaccine
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Dense Granule protein 7 of Toxoplasma gondii has the antiviral activity in vitro and in

vivo by inducing antiviral state

Thilina U. B. Herath', Tae-Hwan Kim', Hyun-Cheol Lee', C.Y .Hewawaduge', Thilina U.B.
Herath!, Pathum Ekanayaka', H.M.S.M. Wijerathne!, Dung Tan Huynh', Eun Seo Lee',
Kiramage Chathuranga', W. A. Gayan Chathuranga', Chul-Su Yang?, and Jong-Soo Lee!

ICollege of Veterinary Medicine, Chungnam National University, Daejeon, Republic of
Korea,

“Department of Microbiology and Infection Signaling Network Research Center, Chungnam
National University School of Medicine, Republic of Korea

Dense Granule Protein-7 (GRA-7) which well-studied as a vaccine candidate, is an excretory
protein of 7. gondii. However, the roles of GRA-7 against virus infection are not completely
investigated. Here, we identified the antiviral properties of GRA-7 in vitro and in vivo against
diverse viruses. Non-toxic amounts of GRA-7 antigen significantly inhibited the replication
of Influenza PR8, VSV, and HSV on RAW264.7 cells. GRA-7 also displayed antiviral
activity in epithelial (HEK293T and HELA) cells against VSV, PR8, HSV, and Adenoviruses.
For the detail explanation of these antiviral activities, we checked the induction of type I
interferon and pro-inflammatory cytokines both in mRNA and cytokine levels upon treatment
of GRA-7 in vitro. Moreover, intra-nasal inoculation of GRA-7 protected BALB/c mice from
lethal infection with Influenza A virus (HIN1). Furthermore, intra-nasal administration of
GRA-7 in BALB/c mice showed lower lung viral titer, when challenge with RSV. Therefore,
these results clearly showed that GRA-7 has an antiviral activity both in vitro and in vivo
suggesting the potential use of GRA-7 antigen as a candidate drug for prophylactic purposes.
[The Ministry for Food, Agriculture, Forestry and Fisheries (Grant No. 315044031, 316043-

3

Key words: Toxoplasma gondii, GRA-7, Antiviral Activity
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Inhibition of highly pathogenic avian influenza (HPAI) virus by a peptide derived from

vFLIP through its direct destabilization of viruses

Jong-Soo Lee!, Ho-Jin Moon!, Chamilani Nikapitiya', Hyun-Cheol Lee', Tae-Hwan Kim', C.Y.
Hewawaduge', Kiramage Chathuranga', Thilina U.B. Herath!, W.A. Gayan Chathuranga',
Eun-Seo Lee!, Pathum Ekanayaka', H.M.S.M. Wijerathne' and Dung Tan Huynh'

'College of Veterinary Medicine, Chungnam National University, Dagjeon, Republic of Korea,

The antiviral activities of synthesized Ka2-helix peptide, which was derived from the viral
FLICE-like inhibitor protein (vFLIP) of Kaposi’s sarcoma-associated herpesvirus (KSHV),
against influenza A virus (IAV) were investigated in vitro and in vivo, and mechanisms of
action were suggested. In addition to the robust autophagy activity of the Ka2-helix peptide,
the present study showed that treatment with the Ka2 peptide fused with the TAT peptide
significantly inhibited IAV replication and transmission. Moreover, TAT-Ka2 peptide
protected the mice, which were challenged with lethal doses of highly pathogenic influenza A
H5NI1 or HIN1 viruses. Mechanistically, we found that TAT-Ka2 peptide destabilized the viral
membranes, depending on their lipid composition of the viral envelop. In addition to IAV, the
Ka2 peptide inhibited infections with enveloped viruses, such as Vesicular Stomatitis Virus
(VSV) and Respiratory Syncytial Virus (RSV), without cytotoxicity. These results suggest that
TAT-Ko2 peptide is a potential antiviral agent for controling emerging or re-emerging
enveloped viruses, particularly diverse subtypes of IAVs. [The Ministry for Food, Agriculture,
Forestry and Fisheries (Grant No. 316043-3)]

Key words: Ka2 peptide, Enveloped RNA viruses, Virucidal
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GRAT has the antiviral activity in vitro and in vive by inducing antiviral state

Jong-Soo Lee!". Thilina U. B. Herath!, Tae-Hwan Kim' Hyun-Cheol Lee!, Pathum
Ekanayaka', HM.SM. Wijerathne!, Dung Tan Huynh', Eun Seo Lee', Kiramage
Chathuranga', W. A. Gayan Chathuranga', Chul-Su Yang®

'College of Veterinary Medicine, Chungnam National University, Daejeon, Republic of
Korea,
?Department of Microbiology and Infection Signaling Network Research Center, Chungnam

National University School of Medicine, Republic of Korea

Dense Granule Protein-7 (GRA-7) is an excretory protein of 7. gondii. However, the roles of
GRA-7 against virus infection are not completely investigated. Here, we identified the
antiviral properties of GRA-7 in vitro and in vivo against diverse viruses. Non-toxic amounts
of GRA-7 antigen significantly inhibited the replication of Influenza PR8, VSV, and HSV on
RAW?264.7 cells. GRA-7 also displayed antiviral activity in epithelial (HEK293T and HELA)
cells against VSV, PR8, HSV, and Adenoviruses. For the detail explanation of these antiviral
activities, we checked the induction of type I interferon and pro-inflammatory cytokines both
in mRNA and cytokine levels upon treatment of GRA-7 in vifro. Moreover, intra-nasal
inoculation of GRA-7 protected BALB/c mice from lethal infection with Influenza A virus
(HINT). Furthermore, intra-nasal administration of GRA-7 in BALB/c mice showed lower
lung viral titer, when challenge with RSV. Therefore, these results clearly showed that GRA-
7 has an antiviral activity both in vitro and in vivo suggesting the potential use of GRA-7
antigen as a candidate drug for prophylactic purposes. [The Ministry for Food, Agriculture,

Forestry and Fisheries (Grant No. 315044031, 316043-3)]

Key words: Toxoplasma gondii, GRA-7, Antiviral Activity
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Coptidis Rhizoma extract inhibits Respiratory Syncytial Virus in vitro and in vivo

Kiramage Chathuranga', Hyun-Cheol Lee', Tae-Hwan Kim', W.A. Gayan Chathuranga', Eun-
Seo Lee!, Pathum Ekanayaka', H.M.S.M. Wijerathne', Dung Tan Huynh', Myun Soo Kim?,
Hong Ik Kim® and Jong-Soo Lee!”

!College of Veterinary Medicine, Chungnam National University, Daejeon, Republic of Korea,

2Vitabio Corporation, Daejeon, Republic of Korea,

Huang Lian (Coptidis Rhizoma) is derived from the dried rhizome of Ranunculaceous plants
and is frequently used in many traditional formulas for properties of “clearing damp-heat,
quenching fire and counteracting poison” in Asia for centuries. However underlying
mechanism of Coptidis Rhizoma extract (CRE) exhibited antiviral activity against RSV has not
been reported in detail. In here, we investigated the antiviral activities of CRE against RSV in
human respiratory tract cell line (HEp2) and BALB/c mice. An effective dose of CRE
significantly reduces the replication of RSV in HEp2 cells and reduces the RSV-induced cell
death. This anti-RSV activity was through the induction of type I interferon-related signaling
and the antiviral state in HEp2 cells. Furthermore, oral inoculation of CRE exhibited
prophylactic effects in BALB/c mice against RSV. Compounds present in the aqueous fractions
of CRE confirmed by HPLC analysis and among them: we confirmed that palmatine was
related to the antiviral properties and immune-modulation effect. Collectively, CRE and its
components exhibit promising immunomodulatory role with prophylactic effect thus, could be
a potential source as promising natural antivirals that can confer protection to RSV. [The
Ministry for Food. Agriculture. Forestry and Fisheries. Republic of Korea (Grant no.

315044031, 316043-3)]

Key Words: Coptidis Rhizoma (CR), Palmatine, RSV, Antiviral effect, Prophylactic effect
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Influenza vaccine candidates emulsified with CAWIO induces protection against lethal

Influenza challenge

Eun-Seo Lee', Hyun-Cheol Lee', Gayan Chathuranga', Tae-Hwan Kim', Kiramage
Chathuranga', Pathum Ekanayaka', H.M.S.M. Wijerathne', Dung Tan Huynh', Jong-Soo

1*

Lee

ICollege of Veterinary Medicine, Chungnam National University, Daejeon, Republic of

Korea

Avian influenza virus (AIV) can infect poultry, mammals, and other hosts and causes
enormous economic losses to the global poultry industry. Many centuries are preparing avian
influenza vaccine which provide the good protection efficacy and also developing the new
adjuvant for avian. In this study, we evaluated that the new adjuvant CAWIO (CAVAC, Korea)
is safe and effective to enhance the immunogenicity of Influenza antigens and compared with
ISA70 (SEPPIC, France). As antigens, we used the conserved Influenza antigen (sM2HAZ2)
which studied previously and inactivated HIN2 antigen. As results, CAWIO mice groups
which immunized with recombinant conserved antigens (sM2HAZ2) or inactivated HON2
antigen can induce higher level of anti-serum IgG and better secretion of IFN-y and IL-4
from splenocytes comparative to ISA70 groups. Moreover, in challenge tests with 10 MLD50
of A/Aquatic bird/Korea/W81/2005(H5N2) or A/Chicken/Korea/116/2004(H9N2) viruses in
BALB/c mice, CAWIO mice groups provided better protection of BALB/c mice compared
with ISA70 groups. These results indicate that CAWIO is a promising adjuvant for avian
influenza vaccines. |[The Ministry for Food. Agriculture, Forestry and Fisheries (Grant no.

316043-3)]

Key words: Influenza virus, sSM2HA2, CAWIO, Adjuvant

- 233 -



Inhibition of Respiratory Syncytial Virus replication in vitro and in vivo by Plantago

asiatica and Clerodendron trichotomum
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'College of Veterinary Medicine, Chungnam National University, Daejeon, Republic of Korea

2Vitabio Corporation, Daejeon, Republic of Korea

Plantago asiatica (PA) and Clerodendron trichotomum (CT) are common herbal medicine,
native to East Asia. PA seed is renowned for its diuretic, antipyretic, antiphlogistic. and
defecation-facilitating properties. Meanwhile, the dried leaf and stem of CA contains
miscellaneous pharmacological activities including antihypertensive, sedative, analgesic, and
anti-inflammatory effects. Although both herbs are used for its many therapeutic effects,
antiviral activity against RSV has not been reported in detail. The present study discovered the
antiviral activities of Plantago asiatica extract (PAE) and Clerodendron trichotomum extract
(CTE) against Respiratory Syncytial Virus (RSV) in human respiratory tract cell line (HEp2)
and BALB/c mice. An effective dose of both herb extracts significantly reduce the replication
of RSV in HEp2 cells and subsequent cell death. Moreover, herb treatments diminish syncytial
formation after RSV infection in HEp2 cells significantly. Time dependent treatment of PAE
and CTE after RSV infection in HEp2 cells expressed that treatment with two-hour post
infection of virus infection can provide better result by demolishing further replication of RSV
virus in Hep2 cell line. More importantly, in vivo results illustrate oral administration of PAE
and CTE exhibited prophylactic effects in BALB/c mice against RSV. Taken together, PA and
CT extracts will be a potential source as promising natural antivirals that can confer protection
to RSV. [The Ministry for Food, Agriculture, Forestry and Fisheries, Republic of Korea (Grant
no. 315044031, Grant No. 316043-3)]

Key Words: Plantago asiatica, Clerodendron trichotomum, RSV
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Lactobacillus-Displayed CTA1-Conjugated PEDSe Antigen Induces Protective Immune
Responses against PED Virus

Dung Tan Huynh', C.Y. Hewawaduge', Md Bashir Uddin', Tae-Hwan Kim', Hyun-Cheol
Lee!, Kiramage Chathuranga', W.A. Gayan Chathuranga', Eun-Seo Lee', Pathum
Ekanayaka', H.M.S.M. Wijerathne', Chul-Joong Kim', and Jong-Soo Lee'"

'College of Veterinary Medicine, Chungnam National University, Daejeon, Republic of

Korea

Abstract:

Porcine epidemic diarrhea (PED) causes significant economic impact throughout the swine-
raising countries including Korea. PED virus (PEDV), the causative agent of PED belongs to
the member of family Coronaviridae, and COE, SS2 and SS6 regions of PEDV spike protein
plays a role in neutralizing antibody production against PEDV. We used PEDSe multi-epitope
(Spike multi-epitope, Se=COE, SS2, SS6) with or without non-toxic mucosal immunogenic
adjuvant, cholera toxin subunit A1 (CTA1) to develop an effective and safe mucosal vaccine
against PEDV, from the recently circulating strain in Korea. Our target antigens PEDSe and
CTAIl were expressed on surface of Laciobacillus casei. Surface localization of the fusion
proteins on L.casei was verified by cellular fractionation and FACS. Oral and intranasal
inoculations of rL.casei into mice generated high serum IgG and mucosal IgA levels.
Interestingly, rL.casei conjugated with CTA1 induced more potent mucosal, humoral and
cell-mediated immune responses than pgsA-PEDSe/L.casei. Mucosal immunization with
rL.casei stimulated cellular immune responses, provided long-lasting immune responses and
produced neutralizing antibodies against PEDV infection. In short, these results suggest that
mucosal immunization with rL.casei-displayed CTA1-conjugated-PEDSe antigen could be a
promising vaccine candidate against currently circulating PEDV. [The Ministry for Food.

Agriculture, Forestry and Fisheries, Republic of Korea (Grant no. 315044031, 316043-3)]

Key words: PEDSe and CTA 1, mucosal admistration, rL.casei

- 235 -



Tryptophanyl-tRNA-Synthetase Functions as a Cytokine on Virus Infection

Hyun-Cheol Lee', Eun-Seo Lee', Tae-Hwan Kim!, Kiramage Chathuranga', W.A. Gayan
Chathuranga', Pathum Ekanayaka', H.M.S.M. Wijerathne', Dung Tan Huynh' and Jong-Soo

Lee!

'College of Veterinary Medicine, Chungnam National University, Daejeon, Republic of Korea

The ARSs are the essential enzymes in translation that catalyze specific amino acid to its
cognate tRNA. However, some ARS in higher eukaryotes possess non-canonical function to
regulate additional cell metabolisms. As a part of the non-canonical functions of ARS, here we
report the new ability of WRS in antiviral innate immune system. We show rapid secretion of
WRS in response to virus infection and the extracellular function of WRS to priming innate
immunity. This stimulation enhances the level of cytokines and finally mediates inhibition of
virus replication in vitro and in vivo. Thus, we subjoin the WRS to the antiviral innate immune
system as a new factor provoking the defence responses. This study suggests that secreted full-
length WRS has a non-canonical function in activating and mediating innate immune responses
to the virus infection and the WRS is able to be utilized for application in potential. | The
Ministry for Food. Agriculture, Forestry and Fisheries. Republic of Korea (Grant no.

315044031, 316043-3, 318039-3)]

Key words: WRS, innate immunity
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