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O AXWAY =7 AdEFAA welziz @l HA2 B M2e 12X H9
CDI545 v drdet wolAo Alx wdd TAAA AHAL =7
A=FAA 2 7hFEF2 FA HolE HA2-M2e-CD154-SG WAl 7 3 4
&3}
O AN =7/ AEFAA vlold 2 FAALT v Ag ARG F S AHE
Sl WA gE F PASL Ao WUHS B WUoRA RS
SR SRR
Bx @ yg [0 2F ASTARS AFEF2 BA izt b5 WA AL AL
Fal AAIFCE mid fdsty e ZRISFAAR 2 A AHEY o
F WHF WA ol mEA AT F de ZAAQA BT FAF
< A8tz g
O FA HELE AT WA HEWH oHge Fua] Sda AT FolA
EOEFAQ WAALS ABFOEA AW 1F FANE 40 A1E Y
o snA .
O FelA fFAetT ) zRE FUR AA fol Hed AcjolA st
AP ZRJAZFAA HIN2 Hiolel e A& 7hae o 64 A4
g1 g HF gdg A
O In vitro Aol Au® 9o HHARE suE W FFAA el
HogA =ZEo|=Z = s S Al & Z 0] o X
e I O AWAA -J—‘ITLE‘F‘?\_]_]X]' HON2 ufolz] 2ol ek WAl 8 F5F9 kdA
(safety) 2 HA LA H7T
O AT Fol % EF/ Fol A% AY AH3
O g Y= S5 T AFHAY A 9 PFAANA 5.
O AYANEL Eol AWAY ZRAZZAA U@ pAARAY AHS ¢
53+
O B A3 FAE Es) /MIdE ML live Salmonella Gallinarium (SG)°ll HA2,
M2e%} chicken CD154S W33 3t WAoo 2 AHAA 27 AZTF A9
FAFEFL BN eIt TH
O ¥ WMy Ao 8l My WAHE ZRATTANE EHHOR Wl
TR AREE HES oF 200919 ol AT & ds AR oFE.
s ge (O AAH WA Agem Ay wAEE B welns) A0 FUE v
2o ol QI HlolE 2 WolE AT F UL Ao ey,
et O Euromonitore 2018 ~2023d W EY S5 Al&o] AFF 4.1% A8kl 2023
.
(719 &) 9 AR o suw Eol 28 Aoy AWAROH, 20384 A ER
MEN@HF 1% 7HE MEA Y3 AR AYHT U B R
Mg Fal MEGS THSE & Fdobdl A 1009€ e FEduax
£ 710 E + A+
O A+ Fo7F 73 AFo=w Q8] 715 F7tllA 44 AR £d8) AME
o] Vs A
=78 4] of Ay
72 E] = A =22 wA AZEHTY V| =
(57H O]m) __,Z_%?_%——,E—O‘ﬂ?(}- ]'UE] o=70o -1 ] = 3T ‘T‘OZ]
R R Low Pathogenic ) Animal Cell surface Oral
o Fowl typhoid . . o
(571 old) Avian influenza vaccine expression administration
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A% HoN2 Mhelels AHA S SHIAE AR Ehe AAAY EAs A 0a

2
AR A dEUE kA A 2 839 dﬁlﬂé SEst=t s

e 94 98 FHolA fAsE AWAY ZFRASTAA HON2 Hhol g
ERE FUL AA F90l H5e AGM FaAstE AMAY ZRASLAA
HON2 dlolel 2B el 8ol A5 YUE BAANL UALH FAE ALl TR

AE ol g3l WA Fu 7
q 2 WA RAE

DY

ANEFAA vlol# 2= type A, B, CE EREH T vtoldi 2o Fiol wat A94#4 5
| Yetved F2 A3 =04 FAE 427+ Hiel#H A type A HEO]

H2Qd. Type A AZFAR wvlolH 2= Orthomyxoviridae 0 43t 8712 segmented
single-stranded RNAZ +A, ¥ T
A7doll welk BAl subtypeol - A Al
dHA e HIA NFS =38 7
=

o @
3 JEAOE 14459 ohgel EAGA Hn Zie
o] o}y EE/L Aol Frsht 2R F%

of weh s A 0E ol R} e,

ARG dEFAAE T8 AAAR] JASFAA el 2= 1918 HINT ofg 9] =74l
2} wlol# 2o o)) WAl el AH 9l 5 7H(Spanish Flu), 1957 H2N2 o} ol 9]k ofA|et &
ZH(Asian Flu) 2 19683 H3N2 o}& o] o3t T3 =7H(Hong Kong Flu)yxd 7zt~ A &
At A e JAZFdlA o3 (influenza pandemic)C. = Q1 FollAl & &3l & % 5
3] o[ F Aol B2 Fol vtoly e AT A Tl glolk 4 n}

12 wjZEst7] e AF9=7F ZoF I8 # 27 diEyY A5 B 7Ha4
ﬁ-J MX}OE 8] oldol &= o EFoAM AT HA FUD JAZFFAA wpolHTF =
FollAl XA e vehdel wet 7 gdM e S5 A7S 717 g G A
Hol &g WA A Ho o] tiFH.
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O Salmonella Gallinarum (SG)< 2,300 52| Salmonella spp.% 7Faolv B 2 A= O
EAQ &F BolAddoZ At A7 g Alx ul JAFa gl ¢ H o] HYH AR
7h B7bsE. o] #o] 99e] Hol Yehe AW 7HFEF 2 (fowl typhoid)ys 53 S8
A, AMANA =2 AFdS Holw A dFA HEFT FAR #HAE dojve A
AdAel == AW F e, FE el ZdEY AHEzY g7 5 oS ZFA 3
FAdol EA, #AALES 10914 HA 100%7HA] vdem dANE FH3YE, 28e S F
Hardol 7hsst7] wiEol A Al Haf b =ik 2001d ol F A Aol YA T}
FEF2ZE 3 A Hile %ol Aasdoy wd 7o) SvtEA AFHo g v}
TEFA o] FES] UL glo] o 3] A& A< Hs) AbE 7 B

AR SN BAET Sl FFEFS WAL A A AT A WAe] QS Al
WAL 2 HHEAR AR W WAF HAHOE f28 F Ax Aol
Bg BAL MAEA ARl AFEF2e] o FoF AN ALY AL §
B 5 e A7 WAL wold] 228 AEH WIS H2D £ Avks gHol 9o
G AEEFAL 99E B W BaAR EAH FF 7 dehd + Qo] ada B
ol AL AL 5 AS

T,

A Ao g = Ay AhulFS Z lipopolisaccharide (LPS)2] O-specific chainsoll

7} 2471 semi-rough type &+ SGIRC] AFEH T oy FHH Aol YA ¥

AET A Fof A WAgo] EHAE 7Fedol AF. olH g SGIRY &R Wil

7o) 1913 AARE WHoldFE xslste VIEEHFAE £ U AFRFHOE ol =

7t A& T, Salmonella Typhimurium oA STHY D HAAHY Idaznrt 44
4

lon AR} Alete] &7 wr3Ho] #HE cpxR ©] 7 7HA A7 s8] Add v H
A4 WA #FFE ol AT AAAF(FETATF7IH). Ao eFgddstel] gk &
W2 th Aol o] El= ATP-dependent protease % 8F4+Sl Lon protease®] A} lonS #7#
2 o] HEEE @A S FaleiY Al Ax W $8% 7eS ddstie AR 44
ghool AR S Dyphimurium N+ AP B =F W S2s8 5 HAdAd dEEH
Salmonella pathogenicity island 1 % 2(SPI1 ¥ SPI2)9] FHAEE0] &EHA Ao SPII

2 Sl

o
AAZ7IGAD GGl SPRE o] A A ZE W B R Sl B
¥ Salmonella®] 217 el HE Q3 Cpx= Al 7}A] extra cytoplasmic stress response (ESR)
pathwaysE %3l WH3}lol] wrg3t=t] oJ7]9| regulator CpxAR®] Z3HE. CpxA/CpxR< signal
transduction pathway©ll 4] sensor kinase/response regulator® 2}-23}™ 53] CpxR< target gene
9] transcriptional regulatorZA] 2] Wk-S-o] &3] phosphorylation, dephosphorylation®] e} 2
o AFe g 27 5A fdFH w3l AHYHC=E &3 (Mandre et al, 2015).
Prokaryotes, fungi, some higher plantsoll A o}v|=Ab A3FAo] FHoJst= FTL3 J 49l
Aspartate-semialdehyde dehydrogenase®] -+71 A} asd= L-aspartate-semialdehyde (L-ASA)E A
3l= NADPH 9]&% wh2-S Zv3lH balanced lethal host - vector systemol] AF&-¥HtTiy &
HA. o] FAAE I"Add AXHE EE NAM-NAG HEE AZoA A
o

diaminopimelic acid(DAP)7} Z 23t ZAE Al A2 M EZH proteoglycan A ol ¢l

_8_



= A SAFEE o] §FHAAVE A¥E 475 AdAd =EHAY HAFE HITHAS
o dsl 2ol EVFestAl E. WEA lon, CpxR 2 asd FAAES AEAZ S
Gallinarum (SG) WoldF+ “FIUYTH2 FFHAUY A4S B «FHATHl ZasL &
2ol B7t5d sFMEZZEE gA AAZ 7H3E7] wWlFol heterologous antigens WS

AIZFlA A HiolHAE A= F ©¥lE F hemmaglutinin> =4 HA19} HA2Z
T 5 Ade. HA @l e] HAL @ A2 ZHEE Al Z9 sialic acid receptors$t A 93t

< T3l endosome FHE &F AEZE 017} endosome W R pHOll ©]3
HA® Fx4 wWol7} dojum HA2 il oaf <QI&EF<Aa A Hio ]3*4 o] ot 2}

= o]

o

endosome®] 2539 &0l o] FoAHA AEFFAA A Hlo]g] 2ol RNAEC] 5 Al £
cytoplasm® 2 W-ZEH(CM Mair 2014). HA1 &S F93l= RNAS 2= = T%‘ﬂ.* qds
d3t= amino acid A €S AXol W} alignment S Al LT AZFAA A vlo]gi X
E e m$ ogt WHelE g & £ oy HA2¢ A% S22 IFFHOoE HE
= AE g2 & 4 QO HW(NCBI influenza virus database) ©] 23+ HA2 @& -& o] 83
Kl ¢

[>
i
o o B 44 = 1 |

£ NGE olg, NEAA FAUR ABFAR ol g

b

102 Jhdstaal et ohfet AFE°] B E(X Fan 2015, KK To 2015 %). 71&
]
[e)

FeaA oz = ATTAL o2 AW F + Y= HA2 B9
carriers} fusion HENE AZ sb5stul B ATGIAE el CDIs4E A w@AA A

rir
2

Matrix protein 2 (M2)= UZFdA A vlo]# 29| type Il transmembrane protein® = Al 3
Z7] Y @A B4H o2 2835F= pH-regulated proton channelZA] H}o]g] 2 A &Alo
- Ao ™ virus particlesol = EEEE s blolalAvt 29 R
= 28 HA &A% M29] extracellular domain®l M2e= HE =% 2370 ofv| Ak
o]x 912 m™ M2e-directed vaccines®l] 2]dF W Wo] §F5S vl HH], HX
et oy AAFEEDAA A7 B AEEHT dS. B AAIFAA M2eE 71
W Ao] QAo kASY WY Fo] A HAH 2 (Turley et al., 2011). =F/F 2
2 2= hemagglutinin (HA) H59] extracellular segments®} chicken CD154%2 TH= )
N H AEE ARk S7F gdetr] fls HolA AldE A3, HA ©

o

A

!

N
N
o £ = it =
jus)
i=)
o

AN

mlm

b oot 2 U oafo
Lo
—_>‘J-"/

9 ¥H-$S HE = (Pose et al., 2011). & AFolAM = M2e THFa|o] v

$13l Natural FEfCl 43A] M2eZ T2 sl ©HEFA Q] M2eE F

S AT linker2 AZ3 T CD1549F §7 THAA FRACRE
o

Z

= = -1
el °© =) =
MY S ¥ 5 YE YA AT
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e e dft BN Hu fo ot B X
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>
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s vete Ao Wy e AR 2F AZFAA/} WG Qo AAHoE of
97 9% mAe Axio] FUF wH A ani 351 A o5l g ol
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YA TRde]l ek dA ALY ZRASFAAuoIH L WAl Ak VEH R FA4
= FE3ANZ velH s ATl Ao FYs) ol T § 71 A mlej# s
R Eys =248t AAAM e dEol EE AWk ofzde] A fle] FHlHk:
Hpol g2 v el Wk 6~8F AE 22 FHW AiE WAL AR ol FHa mAek e
Hrbstedl 3 @ A Adoes @30l . webd Ve RS A gloeE =
T gEe] dolute wWe o & F jloeEE 2 AFFHAdA ezt e
bacteria 7|Wh A udd AW F2 AL 717 BAGe AV AEstE wilelgt
&g e o7l g o Aol HY A8V BUbssH w2 HANE S Hole VHEHF
2 AR FAel e shuhe] iAo ® A WAl oA FemAM T 7HA

w Adre ALY =F AEFAA vlelg ] @ld HA2, M2e B &9 CDIS4E WH
94 drdet g5 2o LA WAS Axstua . oudd drRde} 4FE W
571 98l lonx, CpxR % asd FHAAES AEAA sFHYTEHS A AS 2 709
THol A e ALY 2F ASFAA wolg s BHEL T YAFE o,
AAd 2 AEg 1y IS fFEd WAeRAN 22 35S HolxA 2 AFolA
F73E Bacteria 71N AEAl A AN Tt FEAE EE 4T WEE 5T
AEFAA WA Ao Hla] Fo]l B2 v AFH lselst T F UAFTHE 1)

SEME U FEU WY AIZIS BY HE WM = A Oy Be A4 22

HIO[2{A ME|S§ ASSX| B8O BAMY ABY HA U 2%

o —=

s 22 VAN AN ARE7H B0 2/ FTA

LN SEAE U SEE HYs 823 Ny oY) &2 44 569t

1% 1. Bacteria 7|4t A GA WA AL AH



H2E =Ll 7l=sHE o™

A S 7le & R AR A%

1.
O

O

©)

2.
O

Nedd
k=5 31E Salmonella enterical serovar Typhimurium YHolA ol HINIS HASF M2eEd Ud A7
A (Hajam et al., 2017) 2F5 39 S, Typhimuriume] HIN9S] HA, NA == M2eE TAAA

(Kim et al., 2018) SQ1ZFlx WAoo 7 sfutet 7 st AFE] HH,

Al A &4 A5 LY== Salmonella spp. 54 FHx Z4A mutant (HolF)<
Salmonella Typhimurium (ST) AaroA mutant (V]=7, 1981), AcyaAcrp mutant (V]=, 1987)7}
AZEH Ao 2] JhgAol HIUETHA 19800 THE] ul=rol A antigen delivery
vaccine A77F Al ZE QO™ o] Salmonella-based antigen delivery vaccine ATE 53+
system 7f B AAAH HES A HAHsVF ARE. HIde A4 wE 5 AES vt
2ESRHS o] &3 T8 A WA AXWE Nty o]lF ARddet At WAl A o
o &(AEW S wFZ, 2016). PFRESTS o] &F Abg WAldAE AR}t ol
60~80% BE=&S Ho dHA AFAE BHIoY ol MY DAl st His gl

T

=

5 JteEF2Y F2 2y "ol T HALE ol &2 Salmonella Gallinarum (SG)el 574
4 2E homologous recombinations F3l ZAAAZ Salmonella Gallinarum (SG) Alon A
cpxR Aasd ol A Escherichia coli heat labile enterotoxin B subunit proteine T3l AH
dgp Ao zne] a54S HIFFHAAT7IH T5 MA-FAF7IHS ol&% &%

A Adrdet B A FEA7IENEAE-ol e HA /T a7 H7IE P BAE ).

AR
20163 %8 FAZEA U =
370 A FFTE AL
T, 201700 12570 el A 817
T AHdd 27 JAEFAATT A
SO AW AgAN L

o
2 913k Ao Al #7] FEI IR A

FAA BAWEAES AR, 20163 AHFH Ao
R AAF7F A S 2016 30370 F el A 143
2018 AA7HA 107] =AM 2F 65000

b
4
Lo
AL
i

2 AyHY, 2016d0= A7), AL, =4
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1.

Neds

O H7N9 antigen HA1-23} flagellinS 233k A 23 subunit vaccine®Z HolA F7FH A A A

2 Az WY 93-S AT (Song et al, 2017).

O cobS and cbiA FA A AA S Gallinarum 455 737 2 <5 FAF o] &3 qA3s & =4

O Escherichia coli heat labile enterotoxin B subunit proteins

ulo} &3 82l ghFilho et al., 2017).
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2 AA S Gallinarum 55 AHEs| ARdel wiale] 854S 2213H(NM Kamble 2016).

SERE:

201697H] BnE TEAY 2F S0 @ BR A4S 2W WEYe] b3 B B
3 oJHET HE olo] opalolst £ UHAN £F Hgol WM BARS & & 9
2. Tl HY A 2F B wW olF olg ZWA B nES MEA v
A4 olF £de ArstelAT vt ALY Ao 43 SWeN oA Azl 4
Aole g, wehd T WAL AR AR 4 vgo] B ZF S d
gahs el by 2

O USDA Economic Research Service (ERS)ol| wWE=TH ATl o] wid X EH &= 9 5H]

&3 HE9 AR £ gl ¢ 1k 29 Ao DI

3. 371 8a%

O

MeganTMVac 1 (Megan HealthAh)+= <F=3}3t S Typhimurium AcyaAcrpyt=+(Hassan JO and
Curtiss, 1990, 1997) WAlgst Ao =2 7ha /ol HFS S Dyphimurium LS. Enteritidis 7+
A ool HAojm m=, New Zealand, Dominican ¥ 3t=oll A AFE Foluf 1 wojgo] &
ANdF2 S Dyphimuriums ©]833 Ald W ZFHQ diAte] #3HH cya 2
AEANF 7] WA AOE dAE. Cya®t erpFrAAE AEAZD A

= A
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O TAD Salmonella vac® E 2 T(Lohmann Animal HealthA}, Germany)+= S. Typhimurium %X S.
Typhimuriums 3} 02 WY A7 W o] (Schroder, 2002, Gantois et al., 2006).

4. AXANAAG
O FATS A& TUHWHORE WEoAE ZRAEFAA H5NIA ek WAl 7 ol
E3 2 W E(US20090263422A1, 1=, 2006). 4 &S o] 431 H5N1 ol el

=
= 5
= HEZHo|7]d B dAF Jed AR FFE o83 HIN2o sTH = FE2 579

O HiolHAZHEY A2 gdoz vrE01% Virus-like particle(VLP)E ©]&3t= AZSFA A ¥
Aol digk 53]7F B E(US20110045022A1, Hl =7, 2006). A &FS T3l wigd sigd AF
FAlZ} violH A=E Virus-like particle(VLP)S 50 AEF AR owbst= Zlo] o] 53¢
E2o]7] W] AR #F9 HIN2ol| sl G =& 2 A7 7&> 539 7t 7

O DNAE %7 Ags) QEFAA wtold o] Bhdt BYAHL FEHLA s DNANA
; 2

SFe A9d H B9y
Q.
[

3 K045 g 4
£el AR 2FE o]£3T HON2Y| S|FHE RES S5 537} 7}

O WEIKE BIOTECHNOLOGYA}2] H5 subtype avian influenza virus recombinant bivalent vaccine
of ) Fol} ol RATL G FUWOE WEol MANOE Tf FAE Fa

HEo] ol Foldtte HelM ANH FE W @A EAT

O Ringpu(Tianjin) Bio-PharmacyA}¢] Newcastle Disease and Avian Influenza Vaccine Inactivated

vaccine®] FAvl T2 L& FAES Tol HFHE FHo HAor HF AN Ad.

O BIOVACAFO A Al == Virsin 126 S 38 HIN2 JQZF oz uio]H A5 ALE-S)
Ao 2 FATS F3 WiGEHE vlolH A #FE AFESIY 2d Wol AR THE
1 o =3

FAE Eol EEOE ALS AT

O ZHEJIANG EBVAC BIOTECHA}O| A Al#E+= Qin Gan Nuoi= Avian Influenza inactivated
(H9 Subtype, F Strain) vaccine®Z F &S AFE3le] wfo] o]F AR L& FALE E3)
oy
= “

dAstE APl dr= HolM FAA
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H9N2 vlo] ¥ 2 ¥ Al sj

A&} HIN2 vlol 2 &9 ¢zl

AP ZFASFAA HIN2HLol el s AY QIEFQA}; vlojgl A2 QEEH Antolg X
FE ol FE £9 steln olEg FASE FAEAES TGU7IHES RNAR FAH. Eqt
Aol =2 RNAE FHAEEAE AYLZ Q7] Wl 5Ld HIN2 vtolg 2 WAk wol
7F Eol FAFCELE 200392 VIFE #AA FI AW HlolH o FAFYH HAA
S 9EF olye 22 ®olE s wiH A FA Wolsts ASF AR vpolg 28] WAlS
2 & 235 7Ids77E o8 %,

e HolE vl & F Jde AHAAA =/ AEF AR HIN2 vpol g 2o ik wAile] J
833, ol & #18l HIN2 HiolH 25 FAStE 2t FdS FAS e FaA4dS FEEUS

HON2 wlolgf2 e By 7F o] o7 2013 % o] F9 nlo]yAE FA = dde 4
AME 9 fFAAGe wet ZPEE ol AMES FHEte o] 243 HIN2 Hioly
25 TS FdF sl HAC tigh ofriAil MEE 20139k o] F W] wet &
A BT o] Folxl 67471 9] ofm At HolH Mol AE VINEO R F 67471 ] ofrJel o]
W3k ) 20039 o] % A BAE 26709 obnit ME H fHA AMES

GHFAF(T™E 1). =3 HIN2 vHiolH 25 FAs = FdF sl M29] ofr=it Mg

S & 20139% o %
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Search for keyword
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Define search set
Type Hosi Countryfeghon
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19 1. AMEH 2F ASTAA HINY F99 HAZ FASE ofmxi AE 2 4
AL o Aok AN 21K oI 67429 WY R0A HONDolel S8 FA S
HA9 ofu]rit MYg 3u 2 %LHOM 2003 ©]F 26719 WH EIE HIN2 upo]E A
T3t HAS] ofv ik A Fe] &
Seiect sequence type
= Proten Proteis coding regon LT eI =Y
Search for keyword
Define search sl -
Typs Host ConevtryHuginn Frotwin Sulrtypa Saquente inngth Codlection date Hednawe dnte
Ay oy Trog 213 HE = N ar (* Froem
: ::ll.n-. z r.j:.l:ﬂ‘nh :-I 1 s =
Bige My Lt - N3 # Full lwisgth andy
Full lsngth pius
Additional filters
A quesry Clmpe Toerm
Query builder
- Type  Host C ouniry Prossin Subinyps L ssgth Full lengm bl lngth C llwctlon i Aol P W T Wismber of
o Imgion it data dane filnai s S G i
# A Ay Hoagth Wovas LT b PG o 093 oia ] ]
# A Ay Asia T D #
lotal uislgus 68
o rah Coldpae eatlal sigaences Sedected wnigue: ot ]
Downicad raswits | Prowin (FASTA)
I9 2. AMYAAY =7 AEFAA HIN29 99 M2E 7= otriei AE R 3
A4S R, oprJol A AeA 2013 % o] F 55071 WH W I E HIN2HtolBl A& A ske
M29] obmiit M EE FE 2 el A 2003 o] F 18719 wH HIE HIN2 wlo|H g

TABE M29] olul Ak A Fo) i,

4 A AN ZRAZTAA HIN2 B A0S

O AWMU =7 AZFAA HIN2 vpolH s T4 FAEY } P R e
Qe oz 7 AW 77he] vlolg st Yol A HAO R wEo] o] RN T
Gelro] SAHE BRSO swom AWAN ZEOZ=al HON? uho]d ~So] o5 M
A FH FU9e A4

O HON2 Hfolz]~ ¥ ® 77} o]2olxl 2013d % o]& o] ulolgl A2 A= e &
A 2 fAAL ek TYHE ofuliedt AUS Fu o] T BAFYL. HN2 vhol
22 A= FAE el HAO Wd ofmiAl I 2013€ % o]F o) wap B
2 B 7} o2l 674709 o}m Ak Hlo|EH|o] A2 sulo g = 6747) 9 OM olale] 1
W Sy 2003 o] F el wel A HIE 26709 ofviit MES EAS sk



7FE Ao 2 §FAHY FAAol Y= HAIS FHEE TH ey HA2S FYstE &
olo] 3 WEAMLEE =& o33 39S I & F JdeE F4 IS TS0 An
d oA LEHo] Lol s HAHIE FIgsAS

HON2 Hiolgl2E FASE U5 shuel M29 ofbneib AE 2013d% o] F &
wel B4 B o] FolF 55070 2] ofm At H oMol AE J|HESZ F 5507] 2] o}A]o}
A9 H‘bﬂﬁr =4 20034 01 Wyl wil B4 HIHE 18709 obm A 4E 2 fHA
MEE EdE 7HF b8 H0E FAEY gddol et M2e =S A ste] M2e
=) %LH e tiE O}Hli*& MESE &

AdrdetdFolA wdo] &

rio

(HAL, HA2, M20)$ b5 3t ARzl Bdo] 7F5sles naasela &
PMMP6sS] 224 ¥ ARdel ZUEOR RS, =9E 5 4wy
GBI el wd 2 gl o g4dE7 2 FACSE ol &3
o]

AR

T2 g
2w =

ol gol® 7 WES pMMP6SE @ AFELE A T ortZ o~ Ao HA7Y
gk & AccuPrep A 5% 7] E(purification kit)E ©]-&3lo] ¢ol/t2e s A=RE AHAud H
o1 z}2} pMMP65 EHS AASFIL T4 DNA 2 7FokAl & o] £-38Fe] 4TolA sty gkolA
A st A7) ZelAlol e HESA O R K coli X2328 FEHAEAA DAPES FH7FeHA
5+ LB °]’7}°ﬂ =F A Y o SR wigstel pMMPesoll ol YA E A5

A

o

2ol Q1 E. coli X232EF-H ZHghAw tod
2 Adst T ortR A AoA drgdFete HE &
2 EE A7 FH oste] JOL96To A A A
HON29] 919l HAL, HA2 183 M2eE T8t 4575 FH3}

Tn
ot

JOL967E DAP (50ug/ml)°] :Z3HH LB brothll A #5¢ A% F7F ©Al(mid-log phase) 7+HA]
W &, 349 4578 9483 10%9 =24 E(ice-cold 10% glycerol) ¥ T/HTE F
A FH 3 g2, JOL96TE 02 em FHlo ¥¥ ZkAvE= 01 g3 42 F Bio-Rad

MicroPulser (Bio-Rad, USA)2] Al o] =203 E M ¥ F Ec2ol wet A7|F4E 76+,
WheE 2 Al 33§, DAPE ¥4 &2 LB broth 1.0 mlE H7Fsted 1A17F &
QF 37CAA wiFst FAMSE ARdede AEE7] &l wdE 4 100 LE Al
DAPE FH7FstA] 282 LB of7tel Z3%F A T thg 37ColA e wider & A

1 #FE AESA=E ).



E 1. 4% AgE 7% EFAE grE

Strains / plasmids Description
Strains E. coli Aasd strain, used for cloning of genes into
X232 asd plasmid
JOL394 Salmonella Gallinarum wild type challenge strain
JOL967 Alon, AcpxR and Aasd mutant of S. Gallinarum
JOL916 Alon, AcpxR mutant of S. Gallinarum
JOL2068 JOL967 with pJHL65 empty plasmid
JOL2074 JOL967 with pJHL65-M2eCD40L plasmid
JOL2076 JOL967 with pJHL65 plus pcDNA-M2eCD40L
JOL2110 X232 with pMMP65-HA2
JOL2111 DH5 with pET28a-HA2
JOL2113 JOL967 with pMMP65-HA2
JOL2118 BI21 with pET28a-HA2
JOL2156 X232 with pMMP65-HA1
JOL2158 JOL967 with pMMP65-HA1
JOL2164 BI21 with pET28a-HA1
JOL2149 DH5 with pET28a-HA1
Plasmids

An asd vector, pBR ori, B-lactamase signal
pJHL65 sequence-based periplasmic secretion plasmid, 6xHis,

high copy number

pcDNA3.1+ Mammalian expression vector, CMV promoter, high copy
number,
pET-32a IPTG-inducible  expression vector; Kanamycin resistant

pET32a-M2eCD40L M2e-CD40L gene in pET32a vector

pET-28a IPTG-inducible  expression vector; Kanamycin resistant
pET28a-HA1 HA1 gene in pET28a vector
pET28a-HA?2 HA?2 gene in pET28a vector
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Cloning
AWAH ZRIAE 3

N2+ HIN2 H}o]fﬂi J,V\JEE AFEEE7) 9lE gAe® zZ+ Y

1=
o °
§3ted Ak § agarose gelS ©]-§3h¢] ?'SH%" 3715 23 thd AccuPrep gel purification
A

kit (Bioneer, Korea)E ©|& 3t %

AN = BdAE vector (pET28a(+))¢t host (E. coli DH5a$} E. coli BL21)E o] &35}o] z} 3
o)

= b
FAAE FHALE vectoro] AY F &l T hostoll transformation A7 T sl wE

FAbE 3 pET28a vectors 7 & Tl AMgE A iz 74 dd
gk % agrose gelol M H719F stils. ded 7z 29

o] &3t A thS T4 DNA ligase (Takara, Japan)Z F 2HES ligationdr $ E. coli
DH5a =& E. coli BL212.2 FAAS HQl. ol FEAS #5E kanamycin©] 77}
718 LB agaroll Z32F HA Zd o3& 37ColA 359 & vectorz F A
A3 ¥ E coli DH5Sa =+ E. coli BL21= A8+

ZF HON29| HAele g9S ddstes FAA7F AYE vectore E. coli DH5Sa E+ E.
coli BL21 S Z 3 ¥ AccuPrep plasmid extraction kit (Bioneer, Korea)E ©|-8 3} plasmidE
Tt 7t g FEY AMEH AFELE AFESt AT T agarose gelol Al A7)
Fe= 3H gelg I8 olEA FAE colonys 7 T vectorel] WE FAA| 7 A
7}E LB broth 5 mﬁ“’ﬂ 2%8}04 37°C°ﬂ’\1 s Mg F wMYE 49 5 1 oE LB
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e 70T WEs7S 2~33) o] &)=
a3 o2 15,000 rpm, 4Tl 2087 Y44

e ol do] 718X d A 9o = Buffer B (100 mM Nah2PO4, 10 mM Tris - Cl, 8M urea,
2 ol = 6.0 m(2] Buffer B2 IAES
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2 & AT I

2}, In vitro Aol A dd WA FFo &y
1) (AL Ard HolF9 3 &g FQl

5

H

O

G

u
o

AR S, o] WES A S FEH]EH columno] FHAIFIZ HHE] SHE

HEdA % Buffer C (100 mM Nah2PO4, 10 mM Tris - Cl, 8 M urea,
H 6.3 m =2 columne 33 M A3t resindg} AR XS 7]EF EZ QS @S
A A ¥ Elution buffer (100 mM Nah2PO4, 10 mM Tris - Cl, 8M urea, pH 4.5) 2.0 m{Z
columns FAAIZ F 2087 BESAIA HdE 9 AS resinC ZHE AR o
elution buffers 1.0 m¢# 37}t @S 355+, 35d FHE S SDS-PAGEC A
ANgFste] dd S A gy JFe & -70To] HAsA =,

30%

ol &
1=

oo o

SATRIN)
e

o ole
ot

=]
~

o A YYS ELISA 4], datH AR A 9 &7 AFEE vaccine, 74 L&A (FACS) 18] 3L
Real Time PCRE ©]& 3 cytokine® Ao z=o] AH-&d 3 EE HASIE AHEd
gdoE AHEEHA .

= JqR o7 s}t o]_,_oqx],—‘j A = polyclonal
mf & -70Cel BA3ste] &2 (western blot, FACS, 33287 4)& ¢ 3

=
Az A FF7 AEA ZRASFAA HIN2 vlo] g 2o AlFA Hadle Fd=
LA FQlstr] At 2 WA F ?—1"—7—% 100 ml®] LB brotholl &5 i Fgk -,
4,000 rppmell A AAE 285, AT F FHAA Ad=S ANEE FHISAL A
< €dE% 10%°] EEFEZROAE ’\]'(trlchloroacetlc acid) .= A glste] MX BfoZ &
B =
o

E
1y FUS AEFAUS. 2 ANFEE 4ToAA 587 £ T SDS-PAGE A719
o

=

=] l T

PVDF 2o 2 &7 E=Z7] ¢4F 9 (bolocking buffer; 3% skim milk in PBST)d|A] &}&9F wt
AN 2. g2 =8 2k g gk polyclonal antibodyE 1:5,000 &2 3]A 3l 1A]7F

=
% 1:5000%2 3]4¥ 23 & Al(goat anti-rabbit IgG (H+L) HRP)Z 1A 7F ¥H-3-A]7]
>4 2= WEST-oneTM Western Blotting System (Intron Biotechnology, Korea)
At AHS st S(2 ™ 1 D. HA1 and HA2).

lo
fu
e

AZE WA TH FFoA AU ZFASFAA HIN2vto| 2 2o o] THARE
gelstr] gl WAl SRFFE LB QA A S o]§ 37 TollA stz Xegugste] A&
Fal Ak wpo]g 2o gl M2e9t WIEAH }OL CD154& Tdst= AEE YA
. olg8A FHE AIEE 4,000 rppme 2 PHEZ F W PBSE 3zkdE M AHES W3S
3 M2edl SolHo g2 Aste 7'<ﬂ(MyB10$ource H=)E 1AE AR W2 FE T A
2HE A M2eTAES A A7 F 4,000 ipme 2 PRI ot P PBSE 33t
AHE Agg & 12k Ao SolHo® A= Ehi(thodamine) 33337t A¢HE 23}
FAE M2e il A} ooz AFH 1x FA S W3S AP A. AF o] o] Fox
e o] 25 4,000 rpmeE PAEE F W PBSE 3z AlHS 213 6}211, 100 02
d+ PBSE AFF F FFAWAS AHEste] EASA(TE 3).



Egk A NAFHFFIE M2eSt AFE WIS EZAAE] vrE ot HE FFE
gat7] s WASFEHAFE LB HAAMAE o] &ate] 37 Tl a2 Bl g3t
ANEFAA viol21 2~ 8] 3l M2est Ud%ﬂiiﬂ* A&l CD154E #Hdst= ANEE FH|
s, olgA FHlE AET 40 2] % FACS running buffer (Miltenyi

@-6}% 3} J(MyBloSOurce 1ﬂl%)a 122
AREEte] WAl TR T A THE M2e°ﬂ Z‘I]—Z‘IL‘O/] dAE A AA=E. I F 4,000 rpm
2 9AET F FACS running buffer (Miltenyi Biotec, =<U)&E 33] A2 & 32 M2ed

12} ARl E7] 1gGet Sold s ZAest= PE F3A7F 2H 23
GAE AFEEtY HESS A T 4,000 ppme 2 YA EE] F FACS running buffer
(Miltenyi Biotec, 5 ¥)= 33] A& 3t 100 e FACS running buffer (Miltenyi Biotec, =¥
2 A B 14 22 AT AdE dH P otE FA ZEA 7I(FACS)E F3l £ A=
(&4 3).

Western blot, 343wz 827 FACS £4 < 53] transformation ¥ TFEZHFEH A H
ZFAZFAA HIN2 HlolH 27F tlzFelE g9l HAL, HA2 133 M2ed @3S
AR (IE 3).

o o
2 oXx

A) Unstained control B) Stained negative bacterial control

) Stained M2e expressing bacteria D) Western blotting HA1, HA2 in bacteria
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1-Hunresn-nce PL mnjuoat(-d anti-M2e ﬁp['(lrt

198 3. AMYAR ZRAEFAA HASTH 4FEZHEY vlo]g| L 99 TdH. AEAA
Z7/ JAEFAA HIN2 Hteld 2~ S WHst= 7oA veld 2 o] HES FF &
) 7d-& AF83ste] &2l (A) Unstained control. (B) Bacteria lacking M2e gene. (C) Bacteria

harboring M2e gene showing immunofluorescence. (D) Western blotting HA1 and HA2 expressing
in bacteria. M2e gene was physically linked to chicken CD154 molecule and cloned into pMMP65,
constitutive expression vector. The recombinant plasmid was electroporated into attenuated
Salmonella Gallinarum (SG), which was confirmed by colony PCR. The SG is lonx, cpxR and asd
mutated. The bacterial surface expression of M2e-CD154 was analysed by flow cytometric using
primary M2e specific antibody and then secondary PE-conjugated species-specific antibody body.
Our data indicated that Salmonella Gallinarum efficiently expressed M2e protein as evidenced by

dramatic increase in fluorescence compared to bacteria lacking M2e gene.
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%Y 4. Analysis of IgG and IgA antibodies in vaccinated chickens. Chickens (n=10) were orally
immunized with  Salmonella  Gallinarum  (SG), Salmonella  Gallinarum (SG) carrying
pMMP65-M2eCD154 plasmid + SG carrying pcDNAM2e (SG-M2e+pcDNAM2e) or SG carrying
pMMP65-M2eCD154 plasmid only (SG-M2e). 109 CFU of each bacteria was inoculated to each
bird. Three weeks later, the chickens were boosted orally with the same dose. 14 days post-2nd

booster, serum samples were collected for IgG analysis (A). Further three chickens in each group



were sacrificed and intestinal (B) and lung (C) washings were collected for IgA analysis by indirect
ELISA. The coating antigen used was M2e tetramer (200 ng/well). Our results indicated that
SGM2eCD154 had significantly increased IgG and IgA responses. The highest antibody were
observed in group that received Salmonella Gallinarum carrying pMMP65-M2eCD154 and
pcDNA-M2eCD154  compared to birds that received Salmonella  Gallinarum  carrying

pMMP65M2eCD154 only.
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1% 5. Serum samples were analysed for their ability to neutralize 100 TCID50 H9N2 virus. Our
results suggested that vaccinated sera had demonstrated neutralization activity in vitro and both
groups give almost comparable virus titers. Statistical analysis by Students parametric unpaired T

test. P values were <0.05.
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SG control SG-M2eCD154 + pcDNA SG-M2eCD154
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13 6. M2e-specific T cell responses. 14 days post-2nd booster, blood (n=5) was drawn and
PBMCs were isolated. The PBMCs (1x10°) were cultured in RPMI media with 10% PBS and
challenged in vitro with M2e tetramer (10 ug/ml) for 48 hours. Later, the cells were analysed for
M2e-specific CD+ T cell responses by flow cytometry. Our results showed slight increase in
M2e-specific T cell responses. The highest T cell responses were observed in group that received
Salmonella Gallinarum carrying pMMP65-M2eCD154 and pcDNA-M2eCD154 compared to birds that
received Salmonella  Gallinarum carrying pMMP65M2eCD154  only, although statistically

non-significant. However, the responses were significant with respect to gallinarium control.
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1% 1. Viral load in fecal samples. Vaccinated and control birds were challenged with 10*TCID50

HON2 virus and fecal swabs (n=3) on day 1, 3 and 6 post-challenge were collected for analysis of

viral load wusing OIE recommended primers by qRT-PCR assay. Control birds had shown

significantly higher viral load compared to the wvaccinated birds. This experiment shows that



vaccination with m2e based vaccines can reduce viral shedding in birds. Further, control birds show
depression, anorexia, and diarrhea post-HIN2 challenge while vaccinated birds show normal

behavior.
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Uninfected control [—e=

SG-M2eCD154+ peDNAM2E

Z1¥ 2. Pathological changes in the vaccinated and the control group chickens after lethal challenge
with HIN2 virus. On 7th day post challenge, chickens (n=4) were sacrificed and examined for
gross lesions and histopathological analysis. Our results indicated that vaccinated chickens displayed

significantly less pathological changes in lungs compared to control birds.
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¥ 3. Histopathological analysis of Lung samples post 3 day challenge (n=3). On day 3
post-challenge, three birds from each group were sacrificed and lung samples were analysed by
H&E staining. This result shows that vaccinated birds displayed significantly lower inflammatory
conditions and thus histopathological changes. Among vaccinated birds, SG-M2eCD154 + pcDNA

showed lower histopathological changes. Arrows show inflammation.

Uninfected control

CD154 + pcDNA
L

1% 4. Histopathological analysis of Lung samples post 7 day challenge (n=4). On day 7
post-challenge, four birds from each group were sacrificed and lung samples were analysed by H&E
staining. This result shows that vaccinated birds displayed significantly lower inflammatory
conditions and thus histopathological changes. Among vaccinated birds, SG-M2eCDI154 + pcDNA

showed lower histopathological changes. Arrows show inflammation.
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19 5. Physical appearance and behavior of birds post-H9N2 challenge. This figure shows that

vaccinated birds look normal while infected control birds are anorexic, confused and sick.
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O WAIHFo] o]FAXRA ¢ 1 ¢ WolglE FI}FOZRE Y ol A7 23
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O WAl 3H 4F&5 Fo3 & AdFFEEFEH ddE A=, 7 v X2 (PBS A



) MEE AR WAl BEel WAL 2 Wat wEg Ao FANUL. o
AR HAFE] PP YET £ AT o).

Intestines Liver Spleen

9 6. Safety evaluation of SG-HA1 based HIN2 vaccine. Chickens (N=3, each group) were
administered once orally with either SG-HA1 vaccine (10" CFU/bird) or sterile PBS in a volume of

100 pl, and after 7 days chickens were sacrificed and intestines, liver and spleen were aseptically

collected for histological analysis. Scale bar=100 pm.
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#2317 Z7HHS(p <0.05(2 Y 70).

() M2e-based ELISA
0.3

0.57 Hl SG control 7 Hl SG control 8
SG-HA2 3 SG-HA2

0.44 MM SG-HA1HA2-M2e ¥ I SG-HA1-HA2-M2e
Cony vaccine Conv vaccine

0.34 ' A

0.24

0.1

0.0+ ; _.

14 dpv

28 dpv 14 dp\ 28 dp\

9 7. Antigen-specific IgG ELISA. Chickens (N=8, each group) were administered once orally

with 10° CFU of SG

alone,

SG-HAI,

SG-HA2, SG-M2e, SG-HA1+SG-HA2+SG-M2e or

intramuscularly once injected with an oil-adjuvanted conventional HIN2 vaccine. Blood was drawn

on day 14 and 28 post-vaccination and serum samples were isolated for IgG analysis by an indirect

ELISA. (A) HAl-specific

M2e-specific serum IgG responses.

serum IgG responses.

(B) HAZ2-specific serum IgG responses. (C)

Each data point represents mean = SD of five chickens per

group. a, significant with respect to all other groups; b, significant with respect to SG control

group. *p < 0.05.

7. HA1, HA2 and M2e &

Lk

T
=

[eXNe] =
o vhEe FEdt7

O AEFAA So)d Az Hg W
S 97sl7] 98, HAL, HA2 EE‘: M2e el
B WA HE 5 28U o] PBMCE st A3

AZHEY 22

H oMyt AFETY 8). HAL o thdk Whgo
$o] SG-HA1-HA2-M2e % A8 HON2 w2 H



Z3o) dlal s o =k m(p <0.05)(1¥ 8A), HA2 o] th3l Wke- o 2 SG-HA2
3] o] A SG-HA1-HA2-M2e =+ A8 HIN2 WAl HEZLH FAE =4 925

i
T
B A 2(2 ¥ 8B). M2e 5013 =2] ¥$2 SG-M2e T+ SG-HA1-HA2-M2e HET-olA
FH & HON2 wiAltel vla] dAA o =A JebdH (¥ 8B).

o
olr

O ol=g A= SG 7IRF HIN2 W Alo] Ao AR ofye} Al Hax A3 F=
AN F e BoFe 2dd A+ d 73 19 98).
. (A) HA1-based MTT 2 ‘(B) HA2-based MTT " (C)M2e-based MTT
- ia - *a *a a -
b Db T .f. *a
= £ -
E 1.5 T o 1.5 + b
iE T
S 1.04 1.0-
o
=
= 0.5+
£ 0.5- 0.54
A
0.0- 0.0- 0.0- -
> A, -3 < N A, 2 2 N e 2
& XS & S & & ¥ L
& o ~ & & & P C AR R
= [y e ) - Y e
(€} o - O 27 Wy -~ €} : D <
™ wo ¢S ® w o O % A
& < BN

19 8. In vitro proliferations of lymphocytes from vaccinated chickens in response to recall
influenza antigens. Chickens (N=8, each group) were administered once orally with 10°CFU of SG
alone, SG-HA1l, SG-HA2, SG-M2e, SG-HA1+SG-HA2+SG-M2e or intramuscularly once injected
with an oil-adjuvanted conventional HIN2 vaccine. Blood was drawn on day 28 post-vaccination
and PBMCs were r estimulated with 10ug/ml of HAIl, HA2 or M2e¢ for 72hr. Thereafter,
lymphocyte proliferative responses were determined by MTT-based assay. Results are expressed as
stimulation indices, defined as proliferations in response to recall antigen relative to the mock
stimulated cells. (A) HA1-specificresponses. (B)HA2-specificresponses. (C)M2e-specificresponses. Each
data point represents mean + SD of five chickens per group. a, significant with respect to all other

groups; b, significant with respect to SG control group. *p < 0.05.
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S REERE:
O %= (Master Bacteria Bank, MBB) €

o ARYHL C|EFHASFZIE PR 339 WAFE wWFHA LB brothe] kel
AFHS ANT. MY A LB agar WA o] FF WS 3T MAFE 42 H4 £

o
sk, 37T, 24A17F v Fsle] &4 Al HES ASE A
o =5 Al HES LB broth WiA] 10.0 mlel ©]24)3}e] 37T, 24A17F 218 v (160 rpm)3H
o A Z-% LB broth ¥l A 90.0 mlel] ©]2]ste] 37T, 24417+

. 37C, 24417 vlgE ATFS 10,000 gol A 1587 QAR F owjg AE9
(supernatant)= A A3 Al A A E(pellet)y= A5 A, Al pelletl] FZ2HZ=NI
25% Glycerol2 F-FAlF ow, wiloz A3l 7] A7t -80To T4 YdFFo=
A]"‘q“o]'/v\u-

O Y959 WA 9 Master Bacteria Bank =
o AE=o] WAL 7}7} WGB-M-SG-2074, WGB-M-SG-2158, == WGB-M-SG-2158% &}
AoeH, 4 WAZR wYdstd AEEH IdFE5S 1.0 ol A 10070 cryovial® (Nunc
368632)° ¥t 279 vialdl 1~100H7bA] S E F 59T -60C 52 HESA
om A= AYE 103 oW E AFE IS

SoWA AN R 2PN
1) AHg AAFY FF F 24
O WGB-SG-2074
o AlF WPUMALB brothyl 4 Z )%

o U Ald =44 1 x 10 Colony-forming unit (CFU)/ml ©]*

O WGB-SG-2158
o A vl FulX|(LB broth)oll Al S+ v
o U} Al =AAE 1 x 10 CFU/ml ©)4

O WGB-SG-2113

o Al vl 8l A (LB broth)dl A S+ v <
o U A =AML 1 x 10°° CFU/ml °]4+



9. X EMCB)e] EFAHA}

7},

O

A=Y =FFHA
U E=(WGB-M-SG-2074, WGB-M-SG-2158, WGB-M-SG-2113) W ©£ Bacteria 7ol

salatr] g8l wEAES FAY.

747F v kst 3 wl%E colonyE Gram stain #23 Z3 SGE A ]
o

2 vA= S0 FQl HA FUFE 1, 2, 3).

¥ 1. WGB-M-SG-2074¢] <4X3
Master seed
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# 3. WGB-M-SG-21139] &FAE
Master seed
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2559 97 %

HAE =9 A7E gdet] 98, ¥4 BHEE 359 dF= 1.0 ml= ©] &3t 9.0 ml H+t
SHTo M F o] FHAE A 9.0 mlE BHSTFHFTE 107 A ste], @A SIMHE &
A Z 0.1 mlE& LB agar Wl | o] =23le] 37T A 2441 7F vl el =

MFE AE Ptel 48 Adeld AFEe ote AEHoR FAGAL. AT P
FE A A3 3%—4 AFT 5 EF 1 x 10° CFUmI o422 gel= A

A AH8 Al & F-(Working Bacteria Bank, WCB)<] 3§

"3’:}% A5l ¥

3% AF= 1 viale T Al wiFete] Zzke] AAE MdEFE AL e AT
& Bt e,

¥<E5 1.0 mlZ LB broth H]A] 9.0 mloll ©]2]3te] 37T, 24A17F 21 vl (160 rpm) $ Al
2 LB broth H1 A 90.0 mlol| ©]2&te] 37T, 24A17F & vl (160 rpm)S 3B 3 A 2. 3
7C, 2477 wlkd M-S 10,000 goll A 1587 9483 5wk Ab= 9l (supernatant) <
AASL Ald A E(pelletys A5 3. Al pelleto] FZ2RENA 25% GlycerolZ F
FARLH, WAoo g A5 A7ER] -80Tol FAs] S MFFZ AFESIA =
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AL NFFe sy ¢ 2

2L

3T AME AT wHAHALS 77t WGB-W-SG-2074, WGB-W-SG-2158 E&
WGB-W-SG-2158 22 Wyt on, vjste] A58 e AEZFE 1.0 nlivialol] &F
8tod #1~#100 7FA] NumberE I8ty -60C 4 HEsFHom kg AldFo A
= 53] o]y Z At Akt

&5 (WCB)9 FZ2 A
o9 &FHAL
£ Al F(WGB-W-SG-2074, WGB-W-SG-2158, WGB-W-SG-2113) W £ Bacteria

[e} p Y
Zeedne sy g8 =FAE8S AdHAL.

TTFAE S &92138l7] 918 nutrient agar (NA) 471, thioglycolate broth (Thio) 471 0.5 ml
1 747 vk T ]l gE colonyE Gram stain F2HO=Z FEAS A3 SGE

=<
ALd o2 MAEe] T4 &l HA FU(R 5, 6, 7).
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. AAE AEFY 971 §<

O 3¢ LG MFFo 97t 2‘16‘}71 7}zke] AAHg AldF 1.0 ml<
o] &3} 9.0 ml B F5ol : 9.0 ml®] BHFHTE 107 34 s}
o, @A sldE & F 0.1 mlS LB agar Wl x]o] =23k T3 37Tl A 2447 vl &3l A+



12.
7}.

. 5.0 L fermentorS ©] 23 o) F #j <

Hjoked Mo JeEe 5 Aste] Qg AlfFo 97tE FAsidS. AXF ¢ A A
go] FE A A 35 S AldF EF 1 x 10° CFU/mI o422 el 532.

HFYNS A wiF =21 &4

Salmonella gallinarum®] flask scale ¥l ¥ 71

A28 M5 TSA (BD, France) platedl streaking 3}S13., 37C incubator oA overnight
v &F ¥ single colony & 100 ml TSB (BD, France)ol %3}l 37C shaking incubatorol A

overnight ¥l ¥3t %=, 2.0 L flaskoll 4] TSB 1L (BD, France)®l pre-culture ¥ 100.0 mlS %
ato] 8AIZHERE Wi SR AITPEE §3 5 (0De) W= S8R+

>

T+ W E A Zke]l Agel| weEl OD #ol AAES A (FE 8). weEkA,
== L fermentorS A}-& 3}

Ae FAsAL, Al

E 8 YAF flask WiF A FFE S3F

T+ Bl kA 2E OD ) F A 2 OD
JOL1355 SAIZY 7 2 15 I ZE 7 2 1.089
JOL919 SAIZY 7 2 14 I ZE 7 2 1.781

O
N
Y

&4
g AdFE AHEste] ti=F g < AP ds. LS MFF 1 vialg TSA (BD,
France) plate®l streaking 3}%13. 37°C incubator (JSR, Korea)oll 4] overnight ¥l & £, single
colonyE 400.0 ml TSB (BD, France)®l %3l 37C shaking incubator ©| 4] overnight Hl &F
39 +. 4.0 L TSB (BD, France)®l pre-culture v 400.0 ml= %%, pHe= 7.0 A &
AES 1.0 N NaOH$ 0.5 N HClS 3 7Fat .

FN
o

AXIEE 30% AFE FAY F AEF stirer RPMFA AFA&FAFS F
1 L

=
AZF S92 F 3% (0D600nm) #3 &%, pH, 4



E 9 AT T dF g 715

Al zk 2%(C) pH d02(%) OD600nm H) 11

11:00 37.1 7.25 48.1 0.146

12:00 37.0 7.17 31.7 0.359 + 0.4% antifoam 10ml

13:00 37.0 6.85 27.6 0.978

14:00 37.0 6.50 20.1 1.285

15:00 37.0 5.78 51.6 1.701 + IN NaOH 50ml

16:00 37.0 7.14 21.4 1.894

18:00 37.0 7.77 28.0 7.456

19:00 37.0 8.00 63.0 9.560 HEFEE
I A3, wige] g wel pH7F Relds. 15417kl A pH 5.0 FE7FA ol S o,
AMAaESETE FobAE AGCE Kol pHYF @M R & dFE Fe A g9 ¥
T ANSE 9 E I 9A).

IN NaOHE #H7}ete] pHE 7008 2HaAL o oA BHazsbErh 20%0) olxmA
Mool WAL AL FAT 5 AAS. pH 7.0, AREHE 20% FES FA%A A
wokst A3k §3E=(0D600nm) Fhol 9.56 7HA F bHE AL g ¥ 4

13 9B, 9C).

T FFE @ mE AFFE vasyA, AdTE SRS 1 A HF 5489
A4 1.0 ml F 10" CFU ©174<l 6.45 x 10" cfwml & WA A& 9s) o= sh=
FTES AATE FET F US HeE ATHAS
g il 85 F wlgd AdEE F=3519 Gram staining &2 43 23}, gram negative
T2 Salmonella 4 0 T F AU E 10).



I9 9. AlgF9 oz v 7150 ©E pH 5%, A44ESE 3 F3% ghol o & 19
Z S (A) ATOE pH & 54 =, (B) Al Adaxste 54 =, () Al
i &35 (0D600nm) =% L=,



I 10. F v gE A A9 Gram staining 2 3}

10" cfwml oo 2 wlgds WS AEstr] S8 359 Aie A5 272S TSB (BD,

France) 400 ml=Z 16A]7F &9t <

40 Lol HZEsle] 8AI7F e v s, wieko] k5% % High centrifuge (Labogene,

Korea) = ©ol&3te] 7zt #4593 4.0

400.0 ml 2 pellet= AFFsted #FS JPade. AdTY F= AN BE57]
7

ACE FA FEZ 4822 Fot FAAZ(-60T)E AP+

-

T TPGG LPGG SPGG
TR A T F 825 ml 75 ml 75 ml
TE 3% 3% 3 %
Trehalose 2475 g
Lactose 225 g
Sucrose 225 g
KH,PO4 0.14 g 0.012 g 0.012 g
K,HPO,4 031 g 0.028 g 0.028 g
L-glutamate 124 g 0.1125 g 0.1125 g
Gelatin 2475 g 0225 g 0225 g




98] TPGG, LPGG, SPGG 3 ZRSAZS Abgate] AIPWALS A Z 35 S(
11). AZE Ao gt A#+E S5t s4710% BoA a3dE 8%+

E 11. S274Z% HaA| AL AEHA AF

Rl % B3 A B3A F7F
WGB-SG-2074 220 ml 50 ml TPGG
WGB-SG-2158 220 ml 50 ml TPGG
WGB-SG-2113 220 ml 50 ml TPGG
WGB-5G-2074 220 ml 50 ml LPGG
WGB-SG-2158 220 ml 50 ml LPGG
WGB-SG-2113 220 ml 50 ml LPGG
WGB-5G-2074 220 ml 50 ml SPGG
WGB-SG-2158 220 ml 50 ml SPGG
WGB-SG-2113 220 ml 50 ml SPGG

E 2. 89 AT FEAX AR AaF 574

Zd SAAZHIA AT
sZAAx A Az ¥
WGB-SG-2074 TPGG 2.4 x 10" cfu/ml 1.3 x 10" cfu/ml
WGB-SG-2158 TPGG 1.4 x 10" cfu/ml 0.8 x 10" cfu/ml
WGB-SG-2113 TPGG 3.1 x 10" cfu/ml 1.9 x 10" cfu/ml
WGB-SG-2074 LPGG 32 x 10" cfu/ml 0.8 x 10" cfu/ml
WGB-SG-2158 LPGG 2.8 x 10" cfu/ml 0.7 x 10" cfu/ml
WGB-SG-2113 LPGG 3.5 x 10" cfu/ml 1.1 x 10" cfu/ml
WGB-SG-2074 SPGG 1.9 x 10" cfu/ml 0.2 x 10" cfu/ml
WGB-SG-2158 SPGG 3.2 x 10" cfu/ml 0.4 x 10" cfu/ml
WGB-SG-2113 SPGG 3.7 x 10" cfu/ml 0.5 x 10" cfu/ml




O TPGG, LPGG, SPGG 3714 T HAAZEIAE AH&ste] AdWAS AxeAL AxE AE
WA NMagFE TAAX AF=Z ¥ustds. I 23, TPGG (Trehalose + phosphate buffer
+ L-glutamate + Gelatin)E ©] 83 FZAAZH A A4 W7t 714 A4 Jeiys A
S Fosd2(F 129 1¥E 11).

Wil H-50- 2074
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I8 11. FZAAZXEZIA A 4 & AlFT (%) Hst 23
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1. HA1, HA2 1?45/_ M2e FU& Fd3= WA FH FF2 AE37 28 AdF =
ZRAEFAA HIN2 vio]H 2o g HERES H 7}

O WA TR 432 HYsrt JdH 7 IF59 A F5==25H Uﬂ%ﬂﬁ} 47 & 7+ 17 4
AT Eo JAogHE BFFFHoz B ¥ PBMCE o]&3te] AlxA W X 2

= A AR WS
o] ¥#oy3l+= cytokine QI interleukin-4 (IL-4)¢} interferon-gamma (INF-\g)P/] BEHE =43}7]
el WA stol] ALEH FUS AMRSt HAAEZE A5 A7]A g ol o =w yE3-s)
T HYu3S RS S

O o] Eolxo=z RuHEHE cytokines T H3E= mRNAE Hybrid-R RNA isolation kit
(Geneall, Kroea)E A}83}e] FZ3 F cDNAT ReverTra Ace qPCR RT Master Mix with
gDNA Remover Kit (TOYOBO, Japan)= ©|& 39 kito]l A== viwdol wzt FA3A
=. @4 F cDNAE SYBR Green Realtime PCR Master Mix (TOYOBO, Japan)e A&
Realtime PCRE a3, o] Eol80F FLH cytokine?] RNA F5& =435
°]E GAPDHE /\H—Lo}&l Hstet & HEE I5dY] A9UAd S fFEsts Aol E7HIE
mRNA®] thg S7HE s+

O JOL2158% ©aH 37t 18 ® 183 JOL2158, JOL2113 183 JOL2074 52 Zgo
2 Wdsyt A E I8 A HAl Y902 = Al Thio] &= Aol EFFl INF-y <+
Th2ell #oJ3t= Aol EF1Ql IL-47) ti2¢] PBS A¥ S E 189 PBMCY HAICE A=
8] fEZEE cytokine mRNAC Hla] fH02 EA F/FS FUT 5 Ay A8}
APy F 15 7+ ¥ Al INF-y9F IL-49] 2 4w dgsE A3 15 %M 14

°F B WA= AL FAT £ AW D).

O JOL2074% ©dH A7 18 ¥ IF2 JOL2158, JOL2113 183 JOL2074 #59 {2
Ast7h AP IFA M2e F€C 2 A= Al Thiol B et Aol E7HQ INF-y
Thzoﬂ Holsts Aol E7Ql IL-47F &< PBS AdFE 152 PBMCol M2eZ A3}
o] =% cytokine mRNA®] ®l3] foHo2 #/ S7iehs AT 5 AL HAFHE
T2 st AdE 7 dw FelAde dd B 52 dost J8E IFEY
AFRFFEY] 2Fo2 syt Iqd dFolr Feldez o
ARF(THE D).

r
r:l.l

flr

[e)] o o 2
o Mge FAY



O JOL2113 #F=2 TIdHAs}E st A¥F= 13 JOL2158, JOL2113 123 JOL2074
59 2o WYyt M3 AgFE IFolA HA2 ol 93k 2= A] Thiol &

ofst= ARCIEZFQl INF-yok Th2el #ojdt= Abe]E7EQD IL-47F 2=l PBS dds= 1
59 PBMCol HA2Z #A=3lo] F X5 cytokine mRNAO] B8] FoH02 =4 Z71¢S
Folg = UL ThEE MAZTH FFo 2o WAy AYPH 15 AFFEAA

1=
FolHoR =2 Wwgs AT F AUBS(ZH™E D).

06 - 1.2 1.2

03

(V. ]

Id
bt
=]

i

PES-HAl HAl-HAI 3mux-HA1L

1% 1. Relative quantification of interferon-gamma (INF-y), interleukin-4 (IL-4) expression in
chicken PBMCs using the cytokine assay based on Real Time PCR. INF-y graphs represent INF-y
stimulated with each antigen (HA1, M2e and HA2). IL-4 graphs represent IL-4 stimulated with each
antigen (HA1, M2e and HA2)(*P < 0.05).
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4500 -
mGel-vee

B Commercial Vaccme
mGalHAl

1000 - mG=l-HAZ
mGslMle
BGel-HA2 M2e

H Gel-3Mix
1500

dday 4 dav

&

1% 2. Viral load in fecal samples. Vaccinated and control birds were challenged with 10* TCID50
H9N2 virus and fecal swabs (n=3) on day 3 and 4 post-challenge were collected for analysis of
viral load wusing OIE recommended primers by qRT-PCR assay. Control birds had shown
significantly higher viral load compared to the wvaccinated birds. This experiment shows that
vaccination with HA1, HA2 and MZ2e based vaccines can reduce viral shedding in birds. Further,
control birds show depression, anorexia, and diarrthea post-HIN2 challenge while vaccinated birds

show normal behavior.

3. HA1, HA2 18 ¥ M2e ¢S @Hd3l= HA FH 452 W37 28 ddF5E

FPY AYAY ZRASTAR HN2 wold 28 TAAE ¥ 2N AEIE 4

= [e) =)
S A



T " 0 Oﬁ jﬂﬁ ‘ﬁl O#E _EI %o ﬂyﬂ_ | o —_
o B % oM T W W a = M ool 6
ofp o Gl Gl o| N TS -
™ il T 0 EOWO I _ - ~ -
R - R L w B T ofpn KO T Mo
e s~ S _.E ) Lf 7o - BL ~e ~— PP g
o ;OL . Lt 3 W iy 0 ~ = \ul
o N _UT = Jﬂ ey =0 E# o T ) ° ﬂvl Q
_aLN%L@u ﬂﬂm%dl = _mﬂ_wf = _ﬁ%ﬂ,r 5
T o NP TS 0 : = 2
=g XL EBET e 0 e ’ T g
= N~ o= _— & -
o Xp g wZ LT w o T R 2
G oz S ~ Ao T | 5
R g g T o T o T 1 & ™ ) N B 5 o) o
M g T T . 5 do = T CU g
gm woow N B ol <] o 5
T DT o e 9 ) el = mon o =
2 oo BB D Hp H - oo G =o ]
= i il o= M = o i ™ = o] 8 op
RS o < R o W 2 "R B T
o @ O k< _ w B = N oA
™™ 5 B g3 ~ BH _ T o
e A ] = < B N 3 R
o LU Mo Ni & " X Z Q XA
e B | ok Wo I S o Z RS- Ny
N~ N0 s — To = X° =) ar = 0
K= o] BR o X° o) g W - N = B — T
Lo N T s Sy R o S B oy 5 o T
o =1 o o Rz 1 @ = ~ BI N oo |
B MR %0 o = D w = 8 =
) < W o e oF c3 o W B or o Y o))
T T S E R T o T & Lok - Mo pg X B oF
— X = ol =T 2 - 55 ~ BR NE Cap
= 3 o ® No T O - 54 PASIA H oy ™ fny
S w X SRS ENC) % o LA T O e
WoE o N “HoON X W o o N g B o
TERDR mE B T Jw N E FE T o
~ s AR =K ] — ) i) = J)J _
™ Mr fils) ﬂw_ X ‘HOI 1 ﬂ R .m.m oIy < ™ o_a o T :.L X ﬂ.‘ﬂ )
W E <™ am e M M oo <0 ol ~ 1 | ca
o 2T Koo W o N W o 3 Mﬂ.ﬁ e i ook S )
i ol - ] . E ;
N o el o = B il N g o W
Ca < Mﬂ THo o HVE = = S B oo mv._o (o X o " o W_ oF
ol N B AR AT = < T & T o s o, M
—~ ol 0 _L —_ <+ L, T et _El o O_L 0 _.E ) ~ E._
"o stE TTEEE w7 FT fa EHEPE L
R R - ﬁu S N S oz (] N T 4 & g © & oo
bW Te® oz Qw FE T oo v 5 Ssn®%  Dm
_ X NM®w W x oW o SR v 3 O B S 5o 4 P
T oW E mo Moy o o B g do ) s W
=T _/L w° - N 2 AT a g X0 S HL ol =
T o O B 1o o ® o mzm  Tw® o OoATE R
R R A Sy L3 Tz Prwy 5o
~/ ~ ) 1 ﬂ_y - il )
© FoOMN T AN el T® ®m w57
O O < O © O O



JUDILA [E1IIWO))

1013103 pajdapuy

{01310 pajdayuru))



19 3. Histopathological analysis of Lung samples post 7 day challenge (n=4). On day 7
post-challenge, four birds from each group were sacrificed and lung samples were analysed by H&E
staining. This result shows that wvaccinated birds displayed significantly lower inflammatory

conditions and thus histopathological changes. Among vaccinated birds, SG-HA2 + SG-M2e showed

lower histopathological changes.
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1% 4. Serum IgG and mucosal IgA antibody responses in M2e plus PEI vaccinated chickens.
Chickens (n=10) were intranasally immunized with PEI adjuvant, M2e alone or M2e plus PEI
adjuvant and two weeks later the vaccinated chickens were boosted intranasally with the same dose.
Serum samples (n=5) were collected at 14th day post-booster vaccination for IgG analysis by an
indirect ELISA (A). Three chickens in each group were sacrificed 14 days post-booster vaccination,
and intestinal (B) and lung (C) washings were collected for IgA analysis by an indirect ELISA.
Each data points represent mean = SD. *p < 0.05.
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1Y 5. Analysis of cellular immune response in M2e plus PEI vaccinated chickens. Chickens
(n=10) were intranasally immunized with PEI adjuvant, M2e alone or M2e plus PEI adjuvant, and
14 days post-booster vaccination PBMCs were restimulated with M2e antigen for either 24 h or 72
h for IFN-y and lymphoproliferative responses, respectively. (A) Representative flow cytometry
scatter dot plot for CD3+CD4+ T cell population in PEI adjuvant, M2e alone or M2e plus PEI
adjuvant chicken groups. (B) The CD3+CD4+ T-cell subset in vaccinated and control chickens are
expressed as a percentage of the gated cells. (C) Lymphocyte proliferative responses by MTT-based
assay. (D) qRT-PCR analysis of IFN-y mRNA transcription induction levels in vaccinated and
control chickens and results are expressed as relative fold change in mRNA transcription levels of
stimulated PBMCs from vaccinated chickens compared to the unstimulated naive PBMCs. Gene
expressions were normalized to GAPDH and mRNA levels of naive stimulated cells were used as

the calibrator. Data presented are mean + SD of five chickens per group. *p < 0.05.
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19 6. Protective efficacy of M2e plus PEI vaccine against LPAI H9N2 challenge. Chickens
(n=10) were intranasally immunized with PEI adjuvant, M2e alone or M2e plus PEI adjuvant, and
14 days post-booster vaccination all the immunized chickens were challenged with 104TCID50
HON2 virus. The protective efficacy was determined by estimation of H9N2 viral RNA copy
numbers in the cloacal swab samples of the vaccinated and control chickens (n=5) after challenge
with the lethal HON2 virus
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19 7. Photomicrographs of hematoxylin-and eosin-stained lung sections of chickens on 7th day
post-HIN2 challenge. Chickens (n=10) were intranasally immunized with PEI adjuvant, M2e alone
or M2e plus PEI adjuvant, and 14 days post-booster vaccination all the immunized chickens were
challenged with 104TCID50 HO9N2 virus. At 7th day post-challenge, six chickens were sacrificed

and lung tissues were collected for histopathological analysis. Arrows indicate inflammation.
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19 8. Chicken body weight measurements. The body weight of chicken pre and post inoculations
were taken at weekly intervals for chicken groups prepared for (A) SG challenge and (B) H9N2
challenged groups (N=30, n=10). Each chicken group was either vaccinated with PBS alone, SG
formulation at 1x10° CFU/chicken or 1x10®* CFU/chicken/200 x{ PBS by oral route. The challenge
with SG wild type strain JOL422 or HIN2 virus were conducted at 4 weeks of post-inoculation.
The dose of challenge were 1x10° CFU/chicken/200 10 PBS for SG and 1x10° PFU/chicken/200 1l
of HIN2 using oral and nasal route respectively. post-challenge body weight measurements were
conducted in weekly intervals using all ten birds per group. SG immunization at 10° and 10°
CFU/bird did not cause significant body weight variation against the control PBS group. The
challenge with SG wild type strain JOL422 and HO9N2 influenza took place at 4"week, using
1x10°CFU/chicken orally for SG and nasally for influenza 1x10° PFU/chicken/200 xl. Body weight
measurements were conducted over six week period. The average body weight is demonstrated. The
right side panel indicates the enlargement of the encaged area for clarity. HON2-10°; Immunized at
SG 10° CFU/chicken and challenged with HIN2, HON2-10% immunized at SG 10® CFU/chicken and
challenged with H9N2, HO9N2-PBS; inoculated with PBS and challenged with H9N2, SG-10%;



Immunized at SG 10° CFU/chicken and challenged with SG, SG-10%; immunized at SG 10°
CFU/chicken and challenged with SG, SG-PBS; immunized with PBS and challenged with SG.

Arrow indicates the time of challenge.
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19 9. Antigen specific humoral immune responses. The humoral immune responses were measured
by assessing IgG responses in blood serum collected on 14™ and 28" days post vaccinations (n=8).
IgG responses were assayed by indirect ELISA format against each purified protein HA1l, HA2,
M2e and SG crude protein extract. Each protein was coated on ELISA plates at 400 ng/well in
coating buffer. Plates were blocked by 5% skim milk and washed three time with PBS. For
primary antibody, the chicken serum was used at 1:50 dilution in PBS. After incubation for 2 h at
37C, the plates were washed thrice with PBST (0.01%Tween) and incubated with anti-chicken HRP
antibody at 1:1000 dilution and incubated for 1 h at 37C. The final color development was
achieved by adding OPD substrate and the reaction was stoped by adding 50 ul of 3N H2SO4 per
well. Color intensities were measured at 492 nm absorbance. The changes in antibody responses are
demonstrated as the mean of all eight birds. *** indicates significant difference. P<0.05. DPV: Days
post vaccination.”L ¥ 4. Antigen specific humoral immune responses. The humoral immune
responses were measured by assessing IgG responses in blood serum collected on 14" and 28" days
post vaccinations (n=8). IgG responses were assayed by indirect ELISA  format against each
purified protein HA1, HA2, M2e and SG crude protein extract. Each protein was coated on ELISA
plates at 400 ng/well in coating buffer. Plates were blocked by 5% skim milk and washed three
time with PBS. For primary antibody, the chicken serum was used at 1:50 dilution in PBS. After
incubation for 2 h at 37C, the plates were washed thrice with PBST (0.01%Tween) and incubated
with anti-chicken HRP antibody at 1:1000 dilution and incubated for 1 h at 37°C. The final color
development was achieved by adding OPD substrate and the reaction was stoped by adding 50 wuf
of 3N H2SO4 per well. Color intensities were measured at 492 nm absorbance. The changes in
antibody responses are demonstrated as the mean of all eight birds. *** indicates significant

difference. P<0.05. DPV: Days post vaccination.
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1¥ 10. Antigen specific IgA response. Elicitation of mucosal IgA responses were evaluated by
collecting the intestinal washes at the end of 28 days post immunization. Chicken was (n=5) was
sacrificed and the intestinal walls were washed by flushing with 5 ml of PBS. Collected intestinal
washes were collected into 15 ml tubes and stored in -70C for future use. The level of IgA
responses were evaluated against the HA1l, HA2, M2e purified proteins and SG crude outer
membrane proteins in indirect ELISA format. Intestinal washes were used at 1:10 dilution, and the
secondary HRP conjuagated anti-chicken antibody was used at 1:1000 dilution. After incubation and
washing procedures, The color developments was achieved by using OPD substrate and the reaction
was stoped by adding 50 ¢ of 3N H2SO4 per well. The final color development was measured at

absorbance 492 nm.
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19 11. Peripheral blood mononuclear cell proliferation assay. The antigen specific cell mediated

immune responses were assayed using chicken PBMC by PBMC proliferataion assay (n=5). At 28"

day post immunization blood collection was done via the wing vein and stored in K-EDTA treated

15 ml tubes. The harvest of PBMC was done by Histopaque density separation method
(histopaque-1077). The harvested PBMC was seeded in 96 well plates at 1x10° cells/well in



RPMI1640 10% medium. Cells were stimulated with purified HA1, HA2, M2e or crude SG proteins

at 400 ng/well concentration. After incubating for 72 h, the cell proliferative response was assayed

by MTT based colorimetric assay. ***indicates the significant difference against the PBS control.

P<0.05.
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19 12. Assessment of antigen specific T-cell responses by flow cytometry analysis using

HA1 and HA2 proteins. Cell proliferation and differentiation responses demonstrated by PBMC

derive T-cells were analyzed by flow cytometry method. Using PBMC harvested on 28™ post

immunization, cells were seeded at 1x10°Cells/well in 12well plates. Each well was stimulated
by purified HA1, and HA2 using 400ng/well. Cells were incubated for three days. CD3+,
CD3+CD4+ and CD3+CD8+cell populations were labeled using anti-chicken CD3-FICTS, CD4-PE,
and CD8-Per CPVIo700. Each CD3+CD4+ and CD3+CD8+ subpopulations were gated from
original CD3+ population and quantified. Mean value of five birds with standard deviation was
demonstrated in the figure. The figure describes the responses of CD3+, CD8+ and CD4+
responses in each PBS inoculated, 10° CFU/chicken inoculated and 10° CFU/chicken inoculated

groups.
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19 13. Flow cytometry analysis using M2e protein. Cell proliferation and differentiation responses
demonstrated by PBMC derive T-cells were analyzed by flow cytometry method. Using PBMC
harvested on 28" post immunization, cells were seeded at 1x10° Cells/well in 12well plates. Each
well was stimulated by purified M2e using 400ng/well. Cells were incubated for three days. CD3+,
CD3+CD4+ and CD3+CD8+ cell populations were labeled using anti-chicken CD3-FICTS, CD4-PE,
and CD8-PerCP VIo700. Each CD3+CD4+ and CD3+CDS8+ subpopulations were gated from original
CD3+ population and quantified. Mean value of five birds with standard deviation was demonstrated
in the figure. The figure describes the responses of CD3+, CD8+ and CD4+ responses in each PBS
inoculated, 10° CFU/chicken inoculated and 10° CFU/chicken inoculated groups.
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1¥ 14. Post Gallinarium challenge survival curve. Post-SG challenge chicken survival monitored

on daily basis. Chicken was observed twice daily, and any mortality was recorded. The graph

demonstrate the percent survival rate over twenty day observation period. PBS control; The chicken

group inoculated with PBS alone, 10%; the chicken group immunized with SG vaccine strain at 10°

CFU/chicken, 10%; the chicken group immunized with SG vaccine strain at 10® CFU/chicken.
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Z19¥ 15. Post challenge influenza viral copy number. The lung tissues were collected from chicken
two weeks post challenge and homogenized in PBS (n=5). The total RNA was extracted and the
c¢cDNA was synthesized. The viral RNA copy number was assayed using HA1 specific primers. The
CT values were converted into the viral copy number using a calibration curve developed against
HA1 open reading frame cloned plasmid construct (HA1 pMMP65). *** indicates significant
difference against the PBS control. P< 0.05. PBS control; The chicken group inoculated with PBS
alone, 10% the chicken group immunized with SG vaccine strain at 10° CFU/chicken. 10% the
chicken group immunized with SG vaccine strain at 10° CFU/chicken, All birds were challenged

with HON2 using 1.4x10° TCIDs,
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19 16. Histopathological analysis of lungs after the HIN2 challenge. Post HON2 challenge lungs
were harvested from chicken at the end point of the experiment. Lungs specimens were fixed in
10% formaldehyde for three days, washed for 5 h in mild running water and fixed in paraffin.
Sections were cut into 0.5 um thin slices using microtome and stained with eosin and hematoxylin.
The level of hemorrhage was demonstrated by yellow color arrows. Highest reduction in symptoms

for HON2 infection was evident in chicken immunized with SG at 1 x 10° CDU/bird.
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¥ 17. Histopathological analysis for SG challenge. Spleen, liver and intestine samples were
collected from SG challenged birds at the end point of the experiment (n=2). The degree of vaccine
derived protection after the SG challenge was investigated. Sings of inflammation marked by
macrophage and neutrophil infilitration was bserved. The expansion of white pulp area in spleen
samples were evident in SG infected PBS control tissues. The vaccine derived protection was
prominent in liver sections retrieved from chicken immunized with SG at 1 x 10°CFU/bird via the

oral route.
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719 18. The appearance of lungs of chicken post-challenged by HIN2 virus. Upon challenge with
HON2 influenza virus, the appearance of lungs in vaccinated birds was assessed at 7 days and 14
days post challenge. HON2 infection in chicken did not cause chicken death or significant weight
loss, however, hemorrhage in lungs were well evident. At the end of 14 day observation period,
chicken immunized with SG at 1 x 10°CFU/bird demonstrated the best overall protection with
recovered lungs. PBS group demonstrated significantly high red color appearance after 14days from

the challenge demonstrating the highest susceptibility to HIN2 influenza infection.
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¥ 19. Morphological appearance of liver and spleens after SG challenge. The degree of
protection delivered by SG vaccination against the SG wild type challenge was evaluated by
assessing the morphology of organs recovered from challenged birds. Even though, oral
immunization with SG did not derived a significant protection against the lethal challenge, reduction
in lesions on the surface of spleen and liver was evident. Tissues were compared against the naive
control. The yellow color box demonstrate 400 x magnification of tissue surface indicating the

lesions.
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1% 20. Cytokine responses in immunized chicken was assayed on 14™day post immunization. The
level of mRNA expression of IFN-g and IL-6 was determined by qRT-PCR to determine the
engagement of Thl and Th2 type responses. Peripheral blood mononuclear cells were collected from
whole blood. The PBMC was separated by Histopaque density centrifugation method. Cells were
seeded in 12 well plates and stimulated with purified HA1l, HA2, M2e and crude SG protein using
400 ng/well. After stimulation, cells were further incubated for 24 h. The total RNA was isolated
and converted into ¢cDNA. The expression of IFN-g and IL-6 was determined by 2T method.

Expression was normalized against GAPDH house-keeping gene.
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