—
F s

\'\"\
/
)\

o)
-
0

d
2
1

LWL UANY TR

oA @) a a
Tasens “qmauummmﬂmmummumaa‘[ﬂsﬁmummumuan
2aILTD NIFLADLIAAT NALATA

U = % - a ®) ) [T |
Tﬂ ﬂi'ﬁlﬂaaﬂﬂ;ﬂlqiﬁ%')ﬂqalﬁa LIz UURIFIIATW”

AENI19178 AT.aNNa UTzAaInws

WIYDIINTY KONNKNA

ﬁqmﬂ% 2547
P ay A ®
a1 Masalasenis



TynLaTfi BGJ4680021

51 zla"mms’i%'ﬂaﬁ'nauymf

wa ® a a
Tasen1s “qmauummmﬂmmumLa%maafﬂ‘sﬁummmumuan
2aILBD NIFLADLIAAT NALATA

U = % - a ®) ) [T |
‘[ﬂ ﬂi'ﬁlﬂﬂﬂﬂﬂ;“lqia%')ﬂqal%a LIz UUBIFIIATW”

AENI19178 AT.aNNA UTeAaInws
WILDIIONTY KONKNA
FINA NMANTUATTNIIN ABSLNTBANAAS

NR1INYIRUNAAA

aﬁumgufﬂﬂéhﬁnmuﬂam%aﬁfumg%mﬁ% )

Qo

< sl & & %A Vllo & v & w vl
(ANNLHY WINYIWiIbL L N9 u'J'QJEl &N, LWINU a2 kA IULAND ‘]J)



naanssudsznd

ao A " N & a a A &
lowniioGes  quandamaduuaudiauzasliduuiuiuionenseise
wisaaisasn  daladen lasldidfenduhiisthmadaduzuuihasiadw  ldsunu
ganunlaIn1Idde ndninaunanuaiuayun1sise (Fhe31ns) Grant number:
o a & Qs {
BGJ4680021 lapfszwziiadtfiunmswisl (un 1 nwngren we. 2546 9
Wi 30 Ugunow w.e. 2547) HNATLVBVBUNWIEADE MIUNINWNBINUIULFUUINTIVE 41
e
™ lanaih
a é = a v 1 [l a 1 [ e 1
sepzaisniilaumids  enaglilsnamenwwin  wdlugisnmansn
& Aa & &1 A a A 2 a o Aa & 1 A
\ulomand uaz Wudselomidedids Lioansfinsisemainemansatieiiszoy
[ =3 v o v Ao A J & 1 % v
wagiTn lUAsmslanwunuinddedEes (mentors) N3ludszinauazansdszine i

%G%@ﬂﬂﬂWiZquﬂﬂﬂL%ﬁﬁﬁ% LR 89ANT nlalkanutismaaniie laun

® Prof.Daan J.A. Crommelin a8 Dr.Wim Jiskoot 370 Utrecht Institute for
Pharmaceutical Sciences, Department of Pharmaceutics, Utrecht University, Utrecht,
The Netherlands mauqmmﬁmﬁﬁmad waniitaanmadu mentor Adusr Suiu
Fuuuy (model) Atwidldduazludndae

® Dr.Gideon F.A. Kersten 3710 Research and Development Unit, Netherlands Vaccine
Institute, Bilthoven, The Netherlands ;ﬁ%olﬁmmmmm uwaz Mlwadaandszynd

lFanuinmainmmaaiiugwinliivnuwissmandsanans

~ a 1 = e 1 a 9/& v
® FN.QU.AINILNT wwuianm AN RIBLUANLTY E‘Tﬂ']‘]J%E‘qﬂlﬂ’]Wﬁ@]’iLL%x‘i‘ﬁ’]@] E‘IT\‘]FL‘V\

@
a 6 o v

ﬂﬂHEI‘Y]Gﬂ’N&JE miﬁ’mu%'aéﬁuqa%ﬁwmmaé’mLmeT LRSS %‘%Uﬁii&lluﬂ’]i‘ﬁﬁ

a

]
U
a o &
Favlusainaaas

o €6 (d‘ =3 o gl
® aavauwa UwAasnus  amdndinwlasems  veveuquéwinlema  uaz

a A el v A €
ﬂ?quﬂiqﬂuq@'ﬂaq"ﬂqiﬂuiﬁ@aﬁ‘]ﬂ'ﬂLaNaNq

[ o ¢ ' a o € d' v U
® wavauams FNUUFIMWEATUAITG  nIndaFad ﬂ"Lé‘me’mmgmmzﬂum‘ﬂm
A A ~ o a & A o ' A A \ AV o
3adie Uz aaunlunIvindde TIuns A 9 wee 9 Iuﬂmmmﬂmmnﬂmu nla
T raa lNIinIuaaaa NN

q@ﬁw;ﬁﬁ'mamauqm q@@aé’mﬂuﬁ%’nﬁwaﬁwwﬁw loun dan v uay
gunTnluasouaTr “BaunIa” °11auQmﬁ%m%'umiLﬂuﬁﬁﬂﬁaﬁamU uaz 1o drolddnian

ANIDLNTULABRURIIA uazaMNtaraluie mmunni’uﬁ

WILAIINTEY RANRIA
ﬁﬂ?mm;jﬁﬁélvy

30 ﬁqmﬂu 2547



ABSTRACT

Project Code: BGJ4680021

Project Title: Immunogenicity of Outer Membrane proteins of Pasteurella multocida

using Reconstituted Newcastle Disease Viral Envelope as Vaccine
Delivery System

Investigator: Prof.Dr.SOMPOL PRAKONGPAN, and Mr. ATTHACHAI HOMHUAN
Department of Pharmacy, Faculty of Pharmacy, Mahidol University

E-mail Address: pyspk@mahidol.ac.th

Project Period: 1 year (Since July 1, 2003 until June 30, 2004)

Fowl cholera is an infectious disease affecting poultry and is caused by
Pasteurella multocida. The search for vaccine candidates against fowl cholera, most
attention has been focused on outer membrane proteins, which are considered as
immunodominant antigens. The objective of the work described in this report was to
develop a subunit vaccine against P. multocida based on OMPs that are incorporated in
lipid-based multimeric vehicles. OMPs from P. multocida serotype A:1 strain NIAH
DU1551/97 were isolated and then characterized by using SDS-PAGE analysis. The
OMPs were solubilized in non-ionic detergent or associated in virosomes made from
Newcastle disease (ND) virus, and immunostimulating complexes (ISCOMs). A detailed
study of physicochemical characteristics of ND-virosomes and ISCOMs containing
OMPs were described. To evaluate the formulations as possible vaccine, their potency
was evaluated in ICR mice. SDS-PAGE analysis revealed that OMP fraction contained
eleven proteins that range in size from 30 to 80 kDa. The most prominent bands were
30, 33, and 45 kDa. ND-virosomes and ISCOMs, which are associated by OMP fraction,
showed an average diameter of 180 and 30 nm, respectively. OMPs incorporated in the
ND-virosomal membrane inhibited the capability of virosomes to agglutinate chicken red
blood cells. Animals were challenged after two immunizations. All vaccines fully
protected mice against a low dose challenge. In the case of a high dose challenge,
micellar OMPs provided 80% protection, whereas OMPs incorporated in virosomes or
ISCOMs gave 100% protection, which is comparable to that of inactivated whole cell
vaccines. In conclusion, antigen loaded virosomes and ISCOMs are potential pasteurella

subunit vaccines.

KEYWORDS: ISCOMs; Newcastle disease-virosomes; Outer membrane proteins;

Pasteurella multocida; subunit vaccine
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A5mInaaay

1. mIaalfanigaswiuanisalunsiasuulagn

minasasdasdn  amzgIduldaaiian Pasteurella multocida strain  NIAH

é d U 1 d 1 AaAa g { Lo

DU1551/97 @aiilunuafiSenuenldamdatis (Duck) T9gsnnasiaiiiaaslsanantin
§UNWAATUAITE (National Institute of Animal Health; NIAH Thailand) laswuiniilu
A9 o Y A A A ) AN v A ' &
wamnilianudulingengalunuafiSoiaasude 9 fldaadenan lasdaumawiziza
wuAfii3ey P. multocida strain NIAH DU1551/97 a9uua1913la8dLTa azdauuafiisoitnle

TaI71a4284%Y mouse LﬁaLﬁwm’mguLLiwaaL%aisﬂﬁau (virulence)

2. MAaTBNIATULLANLSETRA T

WalSouaulseaninwaeneduniiatasnl  OMPs  LTuuandlaunan
o A a d? & = o d%/ % 6 a = YV & [ =) = a a
TadurhalTaanodieTunlasnisvinanuiTaniowasinauwilniduadSuuneulssans
o A o A A A A o A g [ A Fo A
MNVINATU NINAADI LA MTULLANSULRATIA M N1 INEa ATl asnwaRINdraTTIN 1
> é a = { s 5 LU @
1129174, FC-Pakchong, mwamimmwﬂqamf WAy Lamuﬁ"lmumsﬂmﬁaﬂﬁnﬂﬂm:;{mﬂ
NIAH DU1551/97
o & . r F & _
LUATISITIRBILEA T NI LANZIRBIUWINNAT WIS T TSAB  (Tryptic
. o . & o =
Soy Agar with 5% defibrinated sheep blood) InUMENBULLANITY wikshsaad laladh adlu

Aa Aaa ¥ ¥ . . . . ® [ &

100 JafRATVI 81MITLRLITOLARD BHI (Brain Heart Infusion Media, Difco ) W3IadN3g

. | < A A a = o & a A v

e wazdutduiian 18 TQI&JG mqmun“u 37 DAL TRIDTIR ‘ITGE]ZVL@]LTEILLU@WIQUQ’J’]&ILT&I
@ 10 9

A 1.15 x 10 cfu/ml waz 8.5 x 10 cfu/ml VaItgaIw FC-Pakchong ias NIAH

Qs Q = QG' 'S v a
DU1551/97 enua1ayu ‘Vl(ﬂﬁalll,aﬂaﬂ‘]:}tﬁ LL@zﬂ’J’]ﬁJUitﬁmﬁ °IJENL%?JLLU@?IL%EJ@’JUW]@%@]H’]‘J

(14) & X A A & & o '
"i]’]ﬂ%%l,"ﬁﬂLLUﬂV]LiUI%ﬂ’]‘VI’]iLﬂEIGL"UE]@\‘iﬂa’]'J"DZ

FaNFLATN  LAZNIINARALNITIAN
Qﬂﬁwmﬁwmmhl,%a TagnisduanIazatawasunan &Lﬁ”’L@‘Tﬂ’nmi&Jﬁuq@ﬁ’mmaa
Wasundwdu 0.3 % (viv) uaztunsuiuWeTINAUuNgumpivaInaunaagu o 1w

119 9 Twdn waegliifioalaasanlod (Aluminium hydroxide gel, ldTuaNauaTEi
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e o & o ¢ A 4.' o Aa & P
Qqﬂﬂuﬂﬁ'ﬁﬂqul"lx‘]ﬁ@?uwwﬂ ﬂiuﬂﬁ[a(ﬂj) "ﬂzgﬂL@]Na\‘]v[»ﬂLWQ@@TULLU@‘HL?ULTQ@WH I@UN

ﬂ’J’mLiﬂﬁ%ﬁ!@ﬁ’]El‘llE]GE]QﬁLﬁEJ%JVLEIGISE]ﬂVLGIi@TLﬂ% 25% (VIv)

3. msanauanlys@uiauan (OMPs) 21ni%a P. multocida

o ¥ o o o 15
OMPs E]ﬂﬁﬂ(ﬂLLﬁﬂaaﬂ'ﬂﬂﬂL%aLLUﬂﬁﬁUI@ﬂl%%ﬂﬂﬂ?i‘ﬂa\‘] Choi-Kim LLaxﬂmz( :

v

a ) P ad \ a ' a A A A
I@]Elllﬂf]illilll,l]aU%aﬁﬂ’]iﬂ’]ﬂaﬂ’m@nwl,waﬂ']']uL%ﬂJ’]ZﬁﬂJ@aa’]iLﬂﬂJLLaz LYaNlanNatuheN

u

3%’9%&1 Tasiasnivasunslaasdh Wauuanisy P. multocida L8934 NIAH DU1551/97 an
PA WL RUIUBINANDIWITLRLILTE TSAB Lilwaa1 18 Talug N1 37 avasaldas a7n

@
o

B RedlalativesanuafiiSotungNadle a1 RLITaIaY BHI USaney 12

b 2D

8583 waztaesdalagliwgndunnan 18 2lus A 37 sseumadus Tudall BHI
Tefluuaiiieiniyey Uiunas 10 Sadfavezgnlilaasly BHI medium 153103 1 83
LLazﬁﬂmiwa:LgmL%aLumﬁL’%ysl,uﬁa_iuL%af*ﬁﬁmmmvl,ﬁlﬂunm 18 dlug A 37 aeen
LTRLTER Lsﬁaﬁl,mﬂﬁL'%m]zgﬂLLUﬂI@meﬂﬁﬂmsﬁumffﬂa (Centrifugation) fin7M157
12,000 x g (Tomy Seiko) lwaan 20 Wif 7 4 ssemadus MNuwMIILTaS
LuARZuEnFe9n3ITE sterile saline (0.15 M NaCl) udd3suvinassimasuuafidelums
821 Tris-EDTA (50 mM Tris; 1 mM EDTA, pH 7.2) U3u167 25 48883
ﬁ’]L‘ﬁaﬁ(LLUﬂﬁL%ElﬁLL“ll’JuaElilaglﬂ%a’]iazmﬂ Tris-EDTA  T79@WH1%  French
Pressure Cell “ﬁlLLSG@Tu 1,160 kg/cm2 (40 K Spectronic) S’J&Iﬁ’]&lﬂ%ﬂ LﬁaﬁﬁlﬁLmaﬁ
WUATLSBLAN WERNLTas (cell debirs) Qnﬁﬁ@aaﬂvlﬂi@ﬂmsﬁum%‘m‘?‘immﬁa 5,000
x g (Tomy Seiko) t{uasn 15 wifl 7 4 aseoados shaunaosfifnsaamoas
sanlUudruntundsadeaia Ultracentrifuge A114L37 180,000 x g, fixed angle rotor
50 Ti (a1 5alag 71 4 svenasifos (Beckman) aznawlysauiitnonaaatmmnmis
%QﬂﬁnmLLmuaaylumsa:mﬂ Tris-EDTA US81@5 1.8 Tadaas wasvinazanslasns
\@ua1Tazany Triton X-100 20% (wiv) USunas 200 lulasdas asldwdnandugag g
Huan 1 alug swauildiaa OMPs ﬁgﬂazmﬂag’i‘u Triton X-100 (ANNLTNTY

gariy 2% wiv) wiaiiondt asazaiolusduluisad (OMPs micellar solution)

4. muesuulraiinaida

hianalinihaada taau a1ladn (NDV strain La Sota, lduannuayiamzi
97N Fort Dodge Animal Health, The Netherlands) QﬂﬁnmLWW:L%@Lﬁm‘hmﬂ@ﬂmiﬁ@
f3azae s NDV lunasnauwines pH 7.2 adlusatazauladn (allantoic sac) vad ki
Iifna1y 10 Tu wasnmuwzdudunm 3 T i 37 avriTaLTos lo'lidnazgnii
TR dudunandudn %é’amnﬁ?mzﬁﬁms@m{ﬂa allantoic fluid laansianelail
Wmmz’lfﬁ”l,ﬂLﬂwmmﬁﬂ@@ﬁﬂaﬁum ¥naam Allantoic fluid anvinlwlalagnistundeefi
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ANNLE 3,000 x g Wlwaa 30 W A 4 aseLTALTaa (Tomy Seiko) T NDV lwin
allantoic fluid 9:gniuuandnLa3as Ultracentrifuge 12131153 100,000 x g tIuIan 150
Wil 71 4 ssenimalus (Beckman, fixed angle 50 Ti) aznawlisafiThinasnilwmnisoaz
gﬂﬁﬂmﬁﬂﬁu%q“n%{%u laginafia Discontinuous sucrose gradient centrifugation N&12
o uwwnaznowhiadiumsazany Tris-EDTA U5u1a3 1.5 Iafans aniudas 9 %183
LLmu@]zﬂau"l’J%'mwuu%gumaam‘mzmﬂf’]@nasgimamwmﬁwﬁmm 9 nw lagiunaaa
flum"d;'mﬁmsazmaegiﬂsaﬂqﬁwLiTuﬁu 60% (ww) U3u1a3 1.5 Nafaas enuele 1.5

v

ﬁa?z?mwaamsazmwgimamwmﬁwﬁu 50%, 40%, 30, 20, ka2 10% ANA1NU WIIAN
28

RSUVIUATNAULITR NDV

WRINNHIWM TN BITI8L%ad Ultracentrifuge finnu152 140,000 x g Liw
a1 6 Tlue 7 4 ssATaidus (Beckman, SW 40 Ti) azifunosssssuasliaiin
ﬂs:é?m:wj’mmmzmUﬁwma@mam’]mﬁmm 30 uaz 40% ltiarwmaiangaian
RITUVIURBY NITRAINE1IBENAN LL?&”’JLLﬂGUiiﬂﬂu%aa@Lﬁm%aﬂ%mml,ﬁﬂ dFulasalsn

—70 avenLTalTs "ﬂ%ﬂ’j"l"ﬂtﬁ"ﬂﬂl”ﬁ

5. mueSunlslon/ar (Blank virosomes) uasnmisaeananlisduiiuan-OMPs-1u

sl
a d‘y uz Y= = [ a =}
wisyhlslavanahsa NDV  laglddimsdeinunumsiaon  Influenza
. (16) A ad & @ A A AdaA
virosomes  lagtURsuulaiitmIlantesmuan N RN aNUa LA BN LAz TLANNE
QI v 3 { el { 1 o v a Qr v v d
Fudulasnisdumissarsuvivaznauhiafniun1silduigniuddiniaies
Ultracentrifuge N107313L37 100,000 x g LTuian 150 Wl 71 4 aseialdas (Beckman,
fixed angle rotor 50 Ti) ¥1aznaw e leu v Iwaasluansazans Tris-EDTA USunas 1
A aa A . v @ Y ° ' { A v
Uadaay D98 Triton X-100 ANt 2% (wiv) agens miunaungmn)iivas
o & | ) & < & A & o [ K o Y
wiaunawendutae 9 Wwaan 1 1lus sueeuhzdunviiazaelia Seviala
waenhiaazawagluaisazaiy Triton X-100 luwmehl RNA segments wazlus@usiia
A A .4 & @ . Y &, ! AN =
au 9 Nliagnufeniuazlimannszald anduinsusnsunliszaenslllos
doy 9 liiamanan hizasunseadunissniiasazaoglasaanudutu 20% (viv)
ad udJwnIsaeI8LA384 Ultracentrifuge 1013157 140,000 x g 1Huiaa1 1 Talus 1 4
psrLmaBus  lauansi lazaoazanaznanuiuagniunaea  dwdfaniuliialuans
azaula Triton X-100 azaasaguuaIazaoglase 14 lilagamsazasdiulananin
. A i g o A o o A al a
ssszaodulafiuonaenantt  daznaudolfenduliis  (@lnaldsfuuas
ludwduasdilsznay) azmwaglulasaairaluimad (micellar structure) 284 Triton X-100
Warinmsiasonhlslouan auwsn eSouiadlasuwuisves egg phosphatidylcholine
(EPC), phosphatidylethanolamine (PE), was cholesterol (Chol) aasnawHaylaslua
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2:1:2 mnfuﬁwmsa:mmﬂﬁaﬂﬁuvh%'ﬂu Triton X-100 avlUazane@adlusiu auns=ns
laasazansla (%aiuﬂzu@]auf:ﬁlzvlﬁé”mﬁmﬂ@inamaa"lmﬁumﬁaﬂﬁw"h%‘a da Wadly
T 1Tu 3:7) nasanniuazinga Triton X-100 san'ly Taslfinadie Polymer Adsorption
nade WanlnAlwasaiia Biobeads SM-2 §1u3u 80 Fadnsuad lliutNaNaENIUTIfE
\w3891uEN (IKA Schuttler MTS-2, 1,400 min”') iunan 2 T lusnemmpiivas uazinly
Tiwghasuadunam 30 wif wasaniudy Biobeads SM-2 adlusn 35 Hadnsw
ghaghsusiaafiasdn 1 Talug eudremsnnldmegasnandn 30 Wi LLa:{?uq@ﬁm
\fia Biobeads #augariny 35 AaAniu audimIlaenainusidn 30 wifl Tuduaowns
@@%’uﬁ’;UIwamaﬁ(ﬁazLﬁumiLﬂ‘é"zmuﬂawaamsazmﬂ nnssazansly naeunea
AOUR TIUAAIIN Triton X-100 angadulilaslndwes LLazLﬂuam’a:ﬁja%’hmgmﬂvlﬂi
Tawmansafiedwldiasmutuaannsiasuuaing LLa:"LaIﬂstﬁL@%U;J"Lﬁf':ﬁlzgﬂﬁﬂﬂ
' lslouidan (blank virosomes)

FASUMITANEN OMPs figiauunan P. multocida NIAH DU1551/97 adlu
auma hlslaurildlasshasazaslavesdfonduliialu Triton X-100 (2% wiv) i
azaneWad sl (EPC:PE:Chol, 2:1:2) NNuaNnuanIazans OMPs (JuSunauldséu 1.5
fadnsuazanpaglu Triton X-100 2% wiv) lasnsiwdraaiun 9 luam 1 Tl
QRIVE PR WaInIENea Triton X-100 sanlulasvinanunszuiuwmaasenlhlsloy
wWafesunel3919éw (polymer adsorption) 1uﬁq@ﬁlxvl,é”lfﬂﬂsﬁw%aﬁ OMPs &aqunIna
luayna

suaondoly Wumainlwhlslonwar usr hlslowdd omps FaANENDY
u%qwﬁuwn%uﬁﬁmao@ﬁli:ﬂaumw,ﬁuﬁvl,ajgﬂmamaulumgmﬂaaﬂvl,ll (non-incorporated
components) “fﬁﬁ’lvl,m@UI’B’Lﬂﬂﬁﬂﬂ’]iﬁum%mTﬁ@ discontinuous sucrose gradient
centrifugation nanada luiassazaoglasaanuidudu 50% (wiv) Y3anas 1 §addas
avlugniunasniwnisg mmﬁU%umaaawiazawﬁ?Iﬂiaﬂaﬂuquiu 40 % (WN)
130167 1 UaRaaT %y‘maamm:mwg‘[mamwmimm 10 % (wiv) J301a7 2 UafaaT
LAY %umaamsa:mﬂsgimaﬂ’nmi&lﬁu 5 % (w/v) USu1as 1 Radans aua1au waagls
lwavwaineay § Metuveshlslon wia hilsloufid omps saanaNaL) 891l uaz
LREIUALAS BT INA DTN BIAI8ET8ZaY Tris-EDTA  Masanuuinaoailumna s
luiudsia3as Ultracentrifugation fiaaisa 140,000 x g tunan 2 1alus 71 4 agen
\waidus (Beckman, SW 40 Ti) (alaSafumstwnissezuasifinnesaosdaas  Tls
Ton (w50 hlslowfidl omPs CERUEHEN) IﬂﬂLﬂmm(ﬂLﬁn@mm%uﬂaaaaﬂﬁaaﬂm
mﬂﬁf’uﬁﬂﬂmsﬂuqﬂ@az"la%a (Dialysis sac) @98 Molecular Weight Cut Off (MWCO)

10,000 umvimslaesladalasfowarsazans Tris-EDTA w1y § A34 Talslaow
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P

wya Mlslaund OMPs saauauat) NHIWNIT N0 lATRLAIZDNLLIUTIAIURROALAL
L] U 9

& a = v = vl a
WayInNasan LLﬂjLﬂUVL')‘Y] 4 DIFLTRLDR

6. muasuudanandeidlysaufiuan-OMPs-aoauauat

a é a a a a a dgl/

danon  (ISCOMs) Tofilusdiunandian OMPs a3uwldlasinafiaiugiums

a PN . . . 17 & Aa o A

\w3uuBananTiia Classical Centrifugation Method' = 2uusn wosouiladlududd PE
Waz Chol 88ndaz 0.5 Raansy Nnuwi M IazaeNad lwduaiuasazany 2% (wiv)
Triton  X-100 ls Tris-EDTA buffer 33195 0.8 Jadaas wasannazaoad lwaiwanle
sIazanslaua JdNaTRZAY 10% (Wiv) Quil A Usaas 100 lulasaas uazanues
f1382a18 OMPs (RUSanmuluséin 1.5 HafAniy) adnaudneions NaULN § @aens
e 9 1lug 9 nguwpiiveadunm 1 Mlus luduaeuiaziidandiulasiwin
32%37149 Quil A: PE: Chol: OMPs 11 2:1:1:3

199 Triton X-100 aanNaETaLaENENLALNTIUENL Biobeads SM-2 aua%

A a . « A ” o & [N A a oAl

aaufiadueliluan “mueonhilslon 5y wasnnnurinlddsnanfiesolatianu
a £ & o @ . v A ; A A
L3gNTANU% 90 non-incorporated components aanlyl laslfinafiaiunissziia
discontinuous sucrose gradient centrifugation nafe ﬁ’lmmzmﬂﬁmaﬂ’nmﬂﬁﬁu
anunldiesnsaslunasadwnlsandusu 9 Tusz 1.5 Ja8aas 139N 60%, 50%,
40%, 30%, 20%, uaz 10% udqdsdas 9 ldiladanaussuusuuuga nuuinasadlu
wies lUTualsLaIad Ultracentrifugation 113132 140,000 x g e 18 1alas 7
amunnd 25 29mLTALEE® (Beckman, SW 40 Ti) wadinsdwwlealt lidavmaidin
gaindn  eeassuddddusuniayniadsnauey nuwimneanasd Uity
dialysis sac (MWCO 10,000) ¥i1n13 dialysis lagLUfsw Tris-EDTA buffer hane 9 A%
PHIINUWALUAZULILTTY a1snaasasdasnanlunsaaiuizatSinanin udwuaulin

4 AIFLTRLTE

7. MIANIA AN VDIFATAITLU OMPs
7.1. MIIAIYUIAKBZNITATZAILYUIADUNIA

Lﬁaamﬂgmw‘iﬁu OMPs '?'iL@%wﬁuagiué'ﬂwmzmgmﬂﬂaaaaﬂﬁ waz A5N130a
Junsusmiviaduidninenie ﬁdﬁumuWQmaaamgnﬂﬂ LAEMINTENLUIAaRNATNTU
Wﬁ’]ﬁL(ﬂaﬁ’ﬁﬁ'}ﬁcyamoﬁa@iagm@‘iﬁuﬁ'ﬂ%u naMfe AITITWIREUNNALANENANTANTDS
Unannigeld uwazdinanszansvineeglutisuay mﬂﬁﬂmﬂumﬁwm@amgmm’%an
71 “Dynamic Light Scattering” I@Uﬁoﬁaaugagmfh amgmﬂﬁﬁwmﬁmLflumgmﬂmoﬂau
muﬂ@Laawadmgﬂﬂﬂ (mean hydrodynamic diameter) Qﬂ’ﬁ‘@LLazﬂ‘i:maNﬂﬁ"m Malvern

4700 system lagld DLS software (Malvern, UK) tatdnsnsuaiusaslhlslousfiais
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OMPs Waua:y #Wia gasdanau |u cuvette JUnIInszuan uazi cuvette lunalilu
@ﬁ"]me%aﬁﬂﬁﬂfsuguqmﬁgmﬂu 25 + 1 ayroalBuauad Wassniausd (75-mw
argon laser) a:IWﬁ'aVLﬂﬁmsﬁmiaﬂu cuvette  usefinszansaanluanaseiasng
(scattered light) 920nA3133U8 photomultiplier sensor ﬁﬁwsgu 90 aANULREINNLHe
W&d éffyryﬁmﬁvl,@‘fﬁ]xgﬂﬂizmawa LLa:ﬁmwmﬂuﬁnmﬁwmmm&mﬂ nihsm luuas (Z-
averaged diameter, nm) usz MINIENLVEARMAITIVANTuA AT PD
(polydispersity index) F9iienasid 0.0 FATUAITFIBENIRTVWIAVDIFNTUVIUR AL
Wua (entirely monodisperse dispersion) #9 1.0 &MIUENIEEETTUIAVEIENT

LUIBRBHLANGAIINWALNININ (heterodisperse dispersion)

1.2. NMIANITUANHUSVDIFATAITU OMPs

suanwnzzashlslay wazBgnanid OMPs HENTIMALAIL ldnnrinsfdnm
Iﬂﬂlﬁ'ﬂﬁ'mﬁ;aﬂﬁﬂﬁaLaﬂ@liawﬁﬁ@dadﬂhu (Transmission Electron Microscopy; TEM)
Tasdoawansanasng (bislow wa: Banew) desinaulnaanide woassaasnef
L%ammﬁmmaduuLLNuWﬁWWu (paraffin film) mﬂﬁ?uﬁﬂ copper grids 214169 300 mesh
Fandaudiy Formvar 29asuwngassazany  lagldenuwedauminainasdudany
ssazanodiogny Wunmlszanm 2 wiil nsuldnszaensestumIazanaFInAn
00N RUARNTAZAUEITIULRI (contrast solution) G91ufifildansazany 2% uranyl acetate
TwihdseanniBa asun copper grids 1#nseaBnIassUsasnaIsIMAKDEN HAIIN
Usaslh grid uwiAsduan 1 grid lusasmeld TEM (H-7500 Hitachi, Japan)

1.3. n1aw5umlsan uasWaalwatlaauwns luaasd130 OMPs

A a o o 2a = o
mmme:ﬁmﬂimmIﬂs?mlugmmmim%maa Peterson G9tanznullsan
o . . o o 18) o [ A
watwtu lasld Bovine Serum Albumin iusmsanasgusuing © amiumyianeim

=) aA o g; 19
YsunanaalWaTavinanudwaaunas Rouser uazame'

1.4. n1IaTaniadalsznaulusdudisimaiiaiaadianlasinisda

2aBLaALATINLITR Tiha SDS-PAGE (Sodium dodecyl sulfate polyacrylamide gel
electrophoresis) gnianlElunsdienzimasddsznevlisdulugasdiuiadu OMPs
1 J o 1
AeIoadu lasltinTad Bio-Rad Mini-Protean 11l gel Plate Assembly

AN oa o & o A o ' v a o o '

wanlflgasdriudiuaasuanmin 1 lasnasnddeslfiaaiionisdudiadng

& o . . o o . o & A 4
ULITALED (gel polymerization) §AI¢NTL OMPs 619 9 wiaamsllsduanasgiuuaasin

winluiana (reference proteins) azgnidnasivlugaszasian udazgas wasnnlinszus
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TinaannauaIsans 200 1a6 twaan 90 wTLa? F9kunLaITHIRaanVILAz oy F
g; v . P J 53 :’ a 1
L9RUAIE Coomassie Blue Staining Method G9aziRnuaulys@uidluainidu-aa

@13 1: LLa@\‘lgmﬁﬂ%"leia:am separating gel LLaz stacking gel WaltlunsAnunasd
Urznavldsfiulugaseiniu

Stock solution 12.5% Separating gel 4% Stacking gel
30% acrylamide 3.20 ml 0.53 ml
Separating gel buffer* 2.50 mi -
Stacking gel buffer** - 1.0 ml
Distilled water 3.33 mi 2.47 ml
10% APS’ 50 pl 30 pl
TEMED’ 10 l 5l

Total Volume 10.055 ml 4.035 ml

* Separating gel buffer, 100 ml composed of 75 ml of 2 M Tris-HCI pH 8.8, 4 ml of 10% SDS and 21

ml of distilled water

** Stacking gel buffer, 100 ml composed of 50 ml of 1 M Tris-HCI pH 6.8, 4 ml of 10% SDS and 46

ml of distilled water
*ammonium persulfate

bN,N,N’,N’-tetramethylene-ethylenediamine

Qr U U
1.1. Mmydnmgninmsannguidaidaauasvad i lslovwar war llslouwaulsdn

H2uan OMPs
dl' = A v % a o o A 6 a
asannlus@uilfenduveshhia NDV ofia HN sanInduiuSiawinaTuuia
iadliiaifeauatld  ldifansannguaesdaiiion (hemagglutination; HA)  atiis
{ v e & K Qr g 1 Qs g
hlslmufieTonanfandulia NDV Avhazdsasliond HA figunu nMInanssfias
Huwn3dneInIvinwnssinwaashlslauilsr wazllslounngy oMPs lunisen
' (20 a o X o
ﬂqmﬁmﬁammamaﬂﬂ( ) Taodatmnaassest ldularaassssuadlisa NDV, wie
hlslzuar wia hilslounaullsdu OMPs U3unas 50 lulasdas aslunguuinuas U-
< A & & o o A
shaped 96-wells plate :MnuuriMIIeavAassesdllueunIndudusasilizas g auga
Q 6 v a e a ~ =} 1 v v 1
AasutgaavaiunudnIiu euliafeauasasii (@nududu 1% viv) asldluuda:
way wauaz 100 lulasdas i plate $ho-snldanin 9 ieldmmaundaznguidd
N NAINNBUSEENILY 45 W LAIFIRINANA mﬂﬁmmﬂﬂéjuLﬁmﬁammmmaa
A ilauLHwNIHBE AN (WALN) WARINIAANNIANAZNaUVBILTALREALA

(sedimentation) a:uaaLﬁmﬂugﬂmz@ua%}ﬁwqmmu (NAAL)
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8. miﬁnmﬂﬁzﬁnf‘mwwamm5@7’75’1/3”@6?%2%%umaaa

8.1. N3N LD50 2a4 P. multocida A1 TwiFafinyil (Challenge)

%Hmaawﬂﬂmm%amﬂﬁuﬁ: ICR 8¢ 4 daA gﬂﬁwﬂﬁﬂu&@fmaauﬁa
Anwszaninwaesgasdriuiagu I(ﬂUgﬂLL‘uumsmaaa‘lué‘mﬂﬁ%‘umsa%ﬁamﬂﬂmx
nysuMsMslEEasnaaaINaMIAnEN AnELNETMEa3 InNANENsauRAag

WUANITY P. multocida \&a3h NIAH DU1551/97 Qﬂﬁ’lml,gﬂﬂu BHI media
pawnndl 37 aveuwaldus w18 S2YETR andwaenaiueunIuduauRy (serial
ten fold dilution) dretitndetnaaniga deezldenududurasuuafidodn 110",
1/100", ...... 110" mnﬁf’mm\mw@aaaaamﬂu 10 ng¥y nguaz 10 7 NRUABLNGNIT
gﬂﬁ@L%ﬂLLUﬂﬁﬁﬂﬁmmL%ﬁu@m 9 M (BUNIVOUAURY) 1TMNITINBINY NAIIN
WWEINABINT LAz ﬁua‘hmu%wmaaluLL@iaxﬂﬁjwﬁLﬁﬂ%’i@ﬂuu@iaﬁu AUIHRIAN

ad 21) & AN o | o
LDy, M¥3313289 Reed and Muench® @slunismaaasitladn LDy, 1rinfiu 6 cfu/ml

8.2. M3l¥InTU uazl/sANENINYEITATUNILRAINT IR NN

LLﬂd%Ewﬂaadaamﬂu 2 ﬂég’ﬂ%gj ngwaT 60 M VL@TLLriﬂQ'&J A uaz N§u B NN
msﬂ,umjw A L8 B m_iwkl,aami’lu 6 nantian nauaz 10 A %wwﬁa:m\jmzvlﬁ%'umsﬁ@
v A o ] o U 1 v d' a (2 o 6 o A:l' v
WNTUFAIETUA g nuvl,ﬂmwmamamaomaumq% 4 gFUo gmmsuwlmmaaa
dur ls@uruanlugulusad (micellar OMPs, 60 ug protein), alslousoanaulysdu
Hauan (virosomal OMPs, 60 ug protein), 8&Aay (ISCOMs containing OMPs, 60 g

i o A Aa A & A o A A ;
protein), mmuumuaaﬂuagmuw Vl,amaﬂ"lsmmaaaogm FINWUANLTY P. multocida
9 9
L@@ FC-Pakchong (2.3 x 10 cfu/dose) ez Leaswh NIAH DU1551/97 (1.7 x 10
cfuldose) Mui1aL Swiunguatuquazlilaiuiagula 9 oy

HAINUBUINFAIFUMY %kl,maawz"lﬁ%'umsﬂszéjuﬁ’;Ui’ﬂ%uqms‘h%’uLauﬁﬂ

& A v & @ & A o & o v o o A & v A
a3d Lua%kl.mqvlmﬁmaﬂmﬂ (wiFleinasnnnizdudisindn) %Hmmmﬂmuma
AU (Bacterial challenge) #8n138a subcutaneous laswitlungu A (19w 6 ndutan)
azpniauuailiFafsiulusia 100 1vi1wed LDy, (low dose challenge) uaz wislungw B
(1 6 ndudan) wgndeuuailFuisiuluawia 1000 vi1wed LDs (high dose
challenge) MSIAIATULAZNIAANBNUUFAIAIANTIN 2

WaldRenuSuTasunan é’amw&maaa@imﬁauﬂunm 531 LLazﬁfnﬁwmu%kb

n:ll a Aa o 1 v 2 v . . d' e n:?
NIRYDTIN mmmmmmumsﬂamuka (protective index; PI) mugmmmmmu

Pl - % Mortality in controls — % Mortality in vaccinates <100

% Mortality in controls
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ai e 6 ' 1 e o A o o ] [ L dgl/
AN 2: %Hﬂ@aa@ﬁ’]ﬂwuq ICR LL@]amquvl,@iujﬂsﬁugmimiu@lNﬂuthlJ LLE‘]&VL@?ULTQ
A o [ v A & A v & Y &
Wiﬂ'ﬂﬂﬂﬂﬂﬂqilﬁ']ﬂsﬁuﬂiﬂﬂaaﬂLLﬂ’]LﬂuL?ﬂ’]“uﬂaﬂ@nﬁ

g o USnmRsiud Loy

1A Micellar OMPs
2A OMPs Virosomes
3A OMPs ISCOMs 100 x LDg,

A 4A WC-FC Pakchong“}J (Low dose challenge)
5A WC-NIAH DU1551/97"
6A Negative Control
1B Micellar OMPs
2B OMPs Virosomes
3B OMPs ISCOMs 1,000 x LD50

® 4B WC-FC PakchongalJ (High dose challenge)
5B WC-NIAH DU1551/97"
6B Negative Control

o o b ] 1 & | a Q v =
"gasdiuiaduniindendsll OMPs uweudiaunan yngasdiznaudis OMPs TutSana 60
laulasnsudanitsrnianisée

U o & o & a & o a ' . o ¥ o a
gmmimﬂ%ummu L@l‘%ﬂm]’mLLUﬂﬁL‘%ﬂmmmuImaglu BHI media LLazgﬂmmm%amsJWa%mau

a a A 6
LLa:gmuuumaagmumfl,amanvlm

AAaN1INAaad

nvmn"’munfﬂiﬁuﬁ?uan (OMPs) wayJ P. multocida

P. multocida \&a3% NIAH DU1551/97 andaidenanld iasanlwnalunmsileaiu
wianniRsiulunynesesldgange  WenSouifsuiumasudn 9 Niulanainld
& o o Aa € a A A = Aa
nanadiiioddu (Goyaludnun) laoil serotype 1fia A1 Taiilu serotype NATIENUMT
o ea 2) 3 a A o : ° o & o
waludaidnvensznalng” wadunefiSuiaasudnangnianaode waz i
v 6 v a d! I o v 6 a ()
IAisaauandisnaiia French Pressure Cell @siiunszuiuwmsvinldioasuansiialine
v a v g; é‘ % | 04 o ai o A a A v 1 a
ldifaanusaun neanusenazndudasonaninvinlilys@udinn vie uillduaudian
gy Fsquantanfsanduld WarhlwaaduanudrFusniarldsduianen (OMPs) uaz
i lAazaneluasaaussdafia Triton X-100
Mumnaila SDS-PAGE azwadiuuaulysduiuean (OMPs) 284 P. multocida (914
uaaslugil 2 o971 1) Taunadn 11 unulds@u wenillaSsufisuiuswaluanaanas
31189 reference proteins WuIBIIAvaslAuEIUaN (OMPs) agluzig 30 i 80 Ala
danan (kDa) lasdunulusdunuaadinldatrstaauanuuay taun 30, 33 waz 45 kDa
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Mol. Wt. 1 2 3 4 M Mol Wt

kDa kDa
23 / ¥ 974
77 N S -
& —g—
61 — (0.2
56 ——
52 —
45 — —45
40 = &-
36— —_— 3]
o T
30

—— 2 ]
_.14_4

31]"?'1' 2. 1aadtanlasTWisBauesdnsulusanionen (OMPs) dsaiaanniBa P. multocida
lihs@udedanialuanauaaslugasdnys M Toananoay 1, 2, 3 uaz 4 Uaad OMP
fraction, OMPs ﬁaa@muaglﬂﬂﬂm, OMPs maanavatludanaw, uaz hiiainada
@NENGL OMP fraction Usenaualswaulysdn 11 wau %aﬁmmﬂimaqaa%ﬂwﬁw 30 f19
88 filadaaan anasusasusaslisduidfoniuveslaia NDV #3937 HN

(Hemagglutination-neuraminidase)
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Qo =) J 1
amansaevad [ 13loy uas Banauddl OMPs Raanayae)

ﬁ ] 6 a a J
OMPs maaﬂwauaglumgmﬂﬂaaaaﬂmaﬂﬂﬂsﬁu LR: BEAEN RINITDLASLNU
0 2 A . o , o o A & = a &
laufindaanTaaussfiafa Triton X-100 dremsvewiaunvdadumalan o vadlwaiuas
wan39in lUTunisednasacmiuinadia Discontinuous Sucrose Gradient Centrifugation
\ & a A o £ a \
‘wmwmgmﬂﬂaaaaymaﬂﬂﬂw wae dsnaNNaTudulvnalusrm luuas @wa
giiaiin) MINANBITATUIALITMINTTANLIWIADRMATIBINARANINTZABUA
(DLS) wuth hilslaufzeaunsn OMPs fzwmaiduriugudnaiaadoyszana 180 wilu
was wazlidnauiiniInszansrwinauna (polydispersity index; PD) vy 0.35 Tuamiz
7 Banan JIWaNLANANNDI 30 WIlwNAT Lazdl PD iy 0.42

anuuturasnaalWdlea waz lUsdu lugmvl,ﬂﬂeﬁu%oﬁ OMPs FaaWaua)
(0.35 nmole/ml Uaz 288 pg/ml MUAGY) 9N gasdrTuBanan (0.22 nmole/ml Uaz
273 pg/ml AWURGD) ﬁv'df:l,wswzlugm"l:ﬂﬂmm:ﬁiﬂiﬁu uaz WaalWalaanifendu
i NDV agde quansmzmaaiiuazmanwseshlslauuss Sanowd9d OMPs §oq

NﬁNQgLLﬁ@GﬁG@Hi’]Gﬁ 3

{ =) g a é
AN 3: mmmm:ﬁqmaﬂwm:moLﬂﬁ-mﬂmwmaavlﬂﬂw Lay dEAaNTINNIRaN
NRNY OMPs N&NaLeNan P. multocida L&a5% NIAH DU1551/97

GUELRRT wWaalwatla Tus@u TUIABYNA PD’
(nmole/ml) (L1g/ml) (nm)

T lslau-OoMPs 0.35 : 0.07 288 + 11 183 + 4 0.35

d8nau-OMPs 0.22 + 0.05 273+ 22 30:+3 0.42

°Polydispersity index (PD) ﬂaﬁamim:mwmﬂmgmﬂ I@Uﬁmagﬁi’[um\i 0.0 (fFIWILIZTVUNIZNYG
nilvwaagpmasilFuaARANANITZUY) 19 1.0 (FnIuTTUUnIznaaIndvmauandnulasFu
LBINIIZUL)

ﬁagauammmaﬂ + ﬂ"WLﬁEI\‘iLUuN’m@ﬂ’]u‘ﬂ‘ﬂﬂ@’ﬁﬁ'}ﬂﬁi’N 3 batches LANFNNTU

{ \ a = .
U7 3 uaz 4 usasrwauazzUTvedhlsloy war Sanaudll OMPs saanawa)
o @ A ! ) ea A . Ao &
audey  sudugddisanndesanisaiiaaaseuriiadasinu  hilsloadansuaiu
ok lusiuTmi@ed (unilamellar lipid vesicle) wazfivwiaaglutig 180-200 wilwnas
(3U7 3) lwynizndananaziiwdunsinauzUiamilougnnadan (cage-like structure) lag
A A | | A oA [ \ . . A | |
nnmelulinisdanniiowisuniudaiouniuat (ring subunits) uazfizwiaaglugag 30-

40 Wl ULNAT (gﬂﬁ' 4)
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Eﬂﬁ 3: ﬂﬁwmﬂﬂﬁad@aﬂﬁﬂﬁaLaﬂmiau%ﬁ(ﬂﬁam’m (Transmission Electron
Microscope; TEM) maavLaTsIsnuﬁgnaaﬂwawﬁaﬂiﬂiauﬁauan (OMPs) Fgrinumninly
L%a@i”mmsﬂsmmugmm 0.2 W lwiuaIud? (terminal sterilization) 3NJUazIAUAN U
284 unilamellar vesicle %oﬁ*‘ﬁaadwmﬂluag lasTvuwadszanns 200 wluaas

(FNR9VENY x150 000, Bar LEAIIWIAAINNEN 100 w1 lluas)
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gﬂﬁ 4: mwmnnﬁaaqammﬁﬁLaﬂmaw’ﬁﬁ@damm (Transmission Electron
. a { 3 a A 1 o % g
Microscope; TEM) °11aaaaﬂauﬁgﬂaaﬂwaumﬂiﬂsaumuaﬂ (OMPs) @3rum3vin13i%e
MM INTDIHIHINTBI 0.2 W IULNATUAT (terminal sterilization) mngﬂa:tﬁué’nmm:maa
= a2 . A & «
NIINANVWIALAN (VWAL= 30 Wl ULNaT) JUNmlaugnnaanawIaLEn
(fRIVENY x150 000, Bar WEASIWIAAINNETY 100 wlluas)
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nnmyenziunuliduasgasdihlslouuag Sanandssl OMPs GRRUEHEN
aanaita SDS-PAGE (gﬂ‘ﬁ' 2 097t 2 uay 3) ugesliARIINan v IniouLaL OMPs
I@slLLnuIﬁsaué’oﬂdwaﬁﬂaﬁuLiugaﬁ 30, 33 uaz 45 kDa adn9lsAanudufivingunain
lugaseiniu Talsloudell OMPs GRRUEHEH sxmnunulusdusnwilowaud 70 kDa 1w
FuunognITaLan Lmuiﬂiauﬁ@iaﬁuﬁuiﬂiaul,ﬂﬁaﬂﬁu"b%‘a NDV @ hemagglutinin-

neuraminidase (HN) ({3tuLfinuszninetesi 2 uaz 4 luglh 2)

s NDV  waz  hlslawdan flf]ﬂ%{ﬂ’]d%’m’lwhluﬂ’ﬁ@ﬂﬂﬁiwLﬁ@]Lﬁa@LL@\‘ivLﬁ
(Hemagglutination; HA) lasfi HA end point WinAL 1:4,096 Waz 1:2,048 INAIAL La
Juivihdanainmiseansy OMPs 1%61«@’1@1’2151%111:?%?151Jﬁ’11ﬁt]1’l§ HA siwnaalyl
qougasluanei 4 Jaqundawihnidlds@uiionen (OMPs) atuuiinzashlslonas
zTu5@qn§n1mnmjmﬁ@Lﬁammwaﬂﬂs?}u HN a8in9&wiEa

{ £ \ P~
AN39N 4: HATAINNIFAANRN OMPs adlt b l3law dagninsannguiiiaifaauas

gm@h%‘u ATy 6 (ng/ml) Hemagglutination end point
hisfheada 656 1:4,096
Talslaalan 160 1:2,048

T lslwa-oMPs 288 <1:2

e 0 <1:2

152 NS IwvaIgaIdTuIngulusduiiuanlurunasas

{ a wa v a v Qs a é
LﬁElﬂizLN%QM&&IU@]ﬂ’]iﬂiZQ%ﬂ&Jﬂ&Iﬂ%%BGVL’JIiI‘ﬁ&I uaz BaAaN®idl OMPs ®aa

U 9
=)

WENag wunaasd ICR Idgnihanliiadulasnsfadhntesiasdiogasdiiu OMPs
@49 9 fiu #aINUUASIARBTLIUIUIAG (100 x LDso) UaT BUIAF (1000 x LDgo) a8l
LWE@ATUNINNYIATY (NIAH DU1551/97) NaMINAaaduandadiansen 5 walhinunulu

1 (A) wunldTuiaduslieniodes (gasdiu OMPs) uaz Tadusfiansdy

o A

(Indwranugadudisagiiiiionlaasanlodias) Saviinstlasiulee (P1) 100% Tuuns

nnquaduqu (Lldsudadu) den Pl tips 20% (nga 6A)

a 3

myliriulusmegs (8) wuimulunduaiugy (Lldsuiadu) menmua ngu

nlauindusfialsduluaad (micellar OMPs, ngu 1B) e PI vy 80% dIugas
A

d13u OMPs Nizaanawlu lalslaw uaz 8anan (ndu 2B uaz 3B) den PI whAuduIagu

THhANILAN (NAN 4B Uaz 5B) fla 100%
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anaf 5 dsznimwlunmsflasiulsanaimslddimin” luswed (A) uazgs (8) u

1 & s o a Qs 1 Qs
ﬂ'ﬂq?J‘ﬁth@]aE]\i ICR val,mfugm@nmaﬂ%mmnmaﬂuvlﬂ

USunmisny (ngu) gm@‘h%’ub INUIUNUAL/AUNINNG  Protective index (%)

1A Micellar OMPs 0/10 100
2A  OMPs Virosomes 0/10 100
3A  OMPs ISCOMs 0/10 100

100 x LDg, (A) .
4A  WC-FC Pakchong 0/10 100
5A  WC-NIAH DU1551/97° 0/10 100
6A  Negative Control 8/10 20
1B Micellar OMPs 2/10 80
2B OMPs Virosomes 0/10 100
3B OMPs ISCOMs 0/10 100

1,000 x LDs, (B) .
4B WC-FC Pakchong 0/10 100
5B WC-NIAH DU1551/97° 0/10 100
6B  Negative Control 10/10 0

“nunanad ICR dTUAIL P. multocida t&a3% NIAH DU1551/97 Mltasalu BHI media
“Faduniinday OMPs JU5anmlisan OMPs iy 60 lulasnSusanisumaindn

“JadulTan eI (whole cell inactivated vaccines) NNLTa P. multocida L8ATH FC-Pakchong uae

NIAH DU1551/97 %agﬂ@@%’ua%iuuagﬁl,ﬁﬂuvl,amaﬂvlsnﬁwa (25% VIv)
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uniaak

MINNW I ATRNRUTZENTAN fﬁ']Lﬂuﬁaaj’qmauﬂ'ﬁmamﬁ-mﬂmwmamauamu
waz3zuUi&EIIngn (Vaccine delivery system) #ia 1Inseduwniidun (adjuvant) uaas
a \ a o A & a a A A& Aaed o &2 a& . Ao & .
piha0t19azdua TTULLLAILAN LeTBuNMTaYRuNIdNIen Jslinssundududans

t:{f [ a 1 d 1 i v 1 ‘=6' I s té ] g: o v Aa
aaﬂqwmﬂuuaumau LR ﬁ’)uﬁvl,llLﬁEl’]"ll@x‘i(ﬂﬂﬂﬂ'iﬂﬂﬂﬁ]ﬂﬁlﬂ%’]ﬂ%% ‘ﬁdﬂﬂﬂﬂidﬂ’ﬂ%mﬂ

e &

UagmGasanudaeady  anuinaduwmdwiansaissiusnssnanizaaunid
9 (genetic pollution) uaz Saidunssindensmuguamnnsarinduiindaluudazass
MW@ (batch) BN@IE MIRAAWIATUTHARUILEBY (subunit vaccines) &INITOAA
doym1 waz siwenudedudeyltiadu neluwianudlaeany dnaannnalnmaudi
N wINTeLTaRUNTE MIAeMINAERUT uazdInIuaNgNNEIBITMIMILAL
a eda ) Al @ a A a a v o ' \ =
Aenzindagludagiulddnin nsldinafiamegatainedndqs sndradnagu lundl
A a I o a L= a Aa 6 a2 = o ¥
uandtanwdusssiwanlusdin wnafiaanindiensdndanaldsdulugasdii
v : T § Y A A da \ @ a
05U muguamnwluudas batch ldinslu dsaiesleniay 1w mslfinailans
o o A a [ o o ¥ X o o
Spectroscopy WNUMIHLAIMWIMTAR TIRaWAA Ly InTzmIiUS wIwTaTuig
g 1Hudn uazdsmansnlaesamdsanmllsdundasmsldiadu ldldunnie
vosAnld 11w 30 lulasnsulyséiv, 100 lulasnsulus@n udw lusmeniaduuuy
& a Y £ \ 10 9
audw lTwisugasmssangn® tdu cfu/ml 1w 2 x 10 cfu/ml %38 2 x 10 cfu/ml
v & 1 d 1 a { v
dudu Fuduniboiveuni waziieanuamandsulunniugugmnwldgaann

lUseufinnanaaduunfiSuUnINGL  (outer membrane proteins; OMPs) L%t
Ui a W@ 1 I a { L v t=6‘
Pasteurella spp. MaimInanumyiseinduieudiannidnann wazlignslunstles
o 0m(22, 23) o & & a 2 @ f a o s o a A
nwlialaa AIBUIIUNEAMIAN BN AIWI 081993999 LAt LNz 1UTARRD
a? YV & o A d? a A g; o 1 =3 o A =1 a a A 1
#aNHU LI WI AT UUN W TALUANITHNIAD 2819 AU DnAL VT ENTAIWHI b
£ o a P v @ o A o 1 o a Aa a a a_ o (7)
HANINITVWNLLAUALAUNLRUIZFNLAD HIRAINTZUUINFINATWNRNUILENTAINENGLY
mmuﬂﬁ]@ﬁuﬂ'ﬂﬁﬁam‘i%’u%ulﬂﬁﬂdnﬁd UNUIN UL s agwanIulUIauRInan
& . ' a A v A o & =i X2 A ' a
YpILTD P. multocida #0UI*RNTANUBIIATY muumiﬂﬂmumwwmmwanhms
=< en = Aa a o = &
ANmQUENTANIIAN-MINN Uas Uszansnnlunsilasnulin 289 OMPs TIRNAI

drfvaglugdunuens 9 laud lusduluoed, lalslaw uaz Sanay

lunsdnsatufl weuwuafiss P. multocida serogroup A1 L&@3Wh  NIAH
A < A @ A & ea o o v & )

DU1551/97  Gausnananidefiansdiolinefinddaidn  gnihanldizasuandan
wAfa French Press ue3siiansaanuanalusiunanaianianldsduiauan (OMPs)

7 2 A a 1 . Y a dy a 1 1
aandpaIaawsfsinTiialailitszy Triton X-100 ssaaussdsiaziiad dnonuiill
o t; = = =K =) =} =Bl e . .
mmmmﬁmommwmaﬂﬂmu LeNUBLREAD AN critical micelle concentration (CMC)
¢ ldanunTaiiineanaledtnsiees ladauuusisuen (simple dialysis technique)

daslFdadlwaiuas (polymer beads) gadiuianlaiana Triton X-100 aanlunu
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AnmMAIAeTRuaullsdn OMPs éauinaiia SDS-PAGE wudﬂﬁgﬂuummu
A . A o A A v o A= . A
11564 (protein pattern) twilaunufiasdisnonuinauninillay Pati wazame GIwanwn
ldmesnuliilds@uiauen (OMPs) w84 P. multocida serogroup B:2 fag 10 unu
5 ' ' o & ' .
To)s6iu )I@Uﬁmaimaqmzmw 25 119 88 kDa saulwn1Idnsaiuiwudn P. multocida
o A =
serogroup A:1 RHuaulds@u 11 wou wazluoulus@unanii 30, 33 waz 45 kDa TIxaa
AaaINUINWIdLRawRNNAnEadaIznaulilsdw OMPs way P. multocida X-73

' o A o o (1,4
(L&A serogroup A) Tunulis@unani 29, 34.5 uaz 45 augau?

Y v A a A o [ . i A A a '
qmu"lmwuﬂLmzmmmﬂaaﬂﬁuvhsa (reconstituted viral envelope) %32 NLIYNIN
“hilsloy (virosomes) luiifinaudluszlosddamafinsmeBundl wazgadrinsiugu
oA ° v I3 & @ e o (8 10, 11) o
wddsinmyhandszendlimiagmaaimaunnd  uazindaenaasdndas a7
QE‘ U Q a
iU mskiangnivneiinwaesldsdwdfanyuliia NDV ofla HN uaz F luns
o 1 =) 1 =) = a c?; c:lp = % o
iasluana@anw igu ldséin wia uaudiau nofiwae TuUsiiu HN aansnduAuiaw
& A & P A ' x> (12, 13) o & A
LODTUWAILTAR Las F Iﬂmmzmamamaaﬂumgmﬂ"l,ﬂﬂéﬁu"l,@ AIHBRIINHEY
1 [ { v v é ] { v 1
Tuaglu "l,ﬂﬂsnuﬁ'cnzmmmmmﬁaqmsﬁaﬁlﬂﬂ Fatdwn Tl RuulauninniTen
LTARRREMTAUNILULTAR (intracellular trafficking) UBIRNTTININ W38 LOUGLIUWY
1 = = Lo dq’ e 1 s Qs e A 6 =
g advbiimulunmsdnwmaduindunuiguenddnsiunuiionaasuasllsdu  HN
% { 1 IA v 1 é Y
naunya bl Lial OMPs Lﬂ’]:agﬁw’mmmﬂsﬁw nanfa hlsloudingy OMPs GHERH
' ' & A o ' Ao £ ' & A o
limannannguidaioauasidias dvanhlslaudanlgniannguidiaiaauasldd

o A PN

dasunendulllddadsingmsoiit léun 1Usdn BN gniadsdae oMPs Adldaum

XK A 6

LN ANTLTWLAa TUWAILTSS L6 Mastrobattista uazame lAgTg9IwlsngnIoiadiafon
Auiile ¥ Polyethylene glycol (PEG) atmzagunwiiavad influenza virosomes Al
qwﬁnwmnmjmﬁmﬁammamﬂ"l,ﬂ(24) Sndnesueniiionaduldle fe Wodiu oMPs
adluaumablsloufiSouiaiiounnsideans (dilution) lusdin HN finvransuniivesls

‘é ] 1 > o A 6 a = A %
T3l FIgINal lugnuTnsunUSIawiaasunRILdaLRaa e L

= a a o A U et a 6 @ 6 e waa v A
NMIANENUTEENTA TNV IR DI E]Gﬂ%IiﬂE]‘ﬁ’ﬂ@lﬁ@l’Jﬂﬂ UGﬂGsL‘H’J‘D'ﬂ'W{L%’Jﬂ“IT%

1, 3 { Aa ¥ . { ' g
@9 fasanlsndialTe Pasteurellosis 3 host iladalTe

uay auaIaNENUlngaInasad
A A aA & o ' ' ' A o < ¢ A
LUANSTRABL19N 99 1% 10 NIy Wih la-nszfla gny winszns aysd 1ie
ANMNFZAINIHANTIAY %ﬂ%ﬂhmmam’mﬁuﬁ ICR un# 1Usznaununisseunaasneiieg
u59pa9 “ldwiaun” wundlanstl 2546 datitadanns lasunansasaas 1 2547 vinlwns
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ABSTRACT

Fowl cholera is an infectious disease affecting poultry and is caused by
Pasteurella multocida. To develop a subunit vaccine, outer membrane proteins
(OMPs) from P. multocida serotype A:1 strain NIAH DU1551/97 were extracted and
characterized using SDS-PAGE. The OMPs were solubilized in detergent or
incorporated in lipid-based antigen delivery systems, namely virosomes made from
Newcastle disease (ND) virus and immunostimulating complexes (ISCOMs). The
formulations were characterized by several physicochemical methods. To evaluate the
formulations as possible vaccine, their potency was tested in mice. Eleven proteins
that range in size from 30 to 80 kDa were detected in the OMP fraction. The most
prominent protein bands were 30, 33, and 45 kDa. Virosomes and ISCOMs showed an
average diameter of 180 and 30 nm, respectively. OMPs incorporated in the virosomal
membrane inhibited the capability of virosomes to agglutinate chicken red blood cells.
Animals were challenged after two immunizations. All vaccines fully protected mice
against a low dose challenge. In the case of a high dose challenge, micellar OMPs
provided 80% protection, whereas OMPs incorporated in virosomes or ISCOMs gave
100% protection, which is comparable to that of inactivated whole cell vaccines. In
conclusion, antigen loaded virosomes and ISCOMs are potential pasteurella subunit

vaccines.
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List of abbreviations: BHI, brain heart infusion; CFU, colony forming units; Chol,
cholesterol; DLS, dynamic light scattering; EPC, egg phosphatidyl choline; F protein,
fusion protein; HA, hemagglutination activity; HN, hemagglutinin-neuraminidase;
ISCOMs, immunostimulating complexes; MW, molecular weight; ND, Newcastle
disease; OMPs, outer membrane proteins; PE, phosphatidyl ethanolamine; PBS,
phosphate buffered saline; PI, protective index; SDS-PAGE, sodium dodecyl sulfate
polyacrylamide gel electrophoresis; TEM, transmission electron microscopy; TSAB,

tryptic soy agar with 5% defibrinated sheep blood; WC, whole broth culture.
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INTRODUCTION

Pasteurella multocida, a gram-negative bacterium, is the causative agent of
fowl cholera and other diseases of wild and production animals.' Based on
epidemiological information collected in Thailand, strains of serogroup A are
recognized as the primary cause of fowl cholera, whereas isolates of serogroups B, D
and F are less frequently associated with disease.” Vaccination is the most attractive
approach for controlling the disease. Two types of vaccine against P. multocida are
currently being used for immunization of poultry: attenuated and inactivated vaccines.
Recently, the development of subunit vaccines comprising purified subunits of this
microorganism has been promoted. Outer membrane proteins (OMPs) from P.
multocida have been isolated. They provided various degrees of protection against a
challenge.”

Apart from the discovery and selection of potent immunogens, a key factor to
the success of vaccine development is proper delivery of the immunogens to the
immune system.’ To date, there are no data available in the literature on the role of
antigen delivery systems for OMPs of P. multocida on vaccine efficacy. This
prompted us to prepare several formulations of OMPs of P. multocida and to test their
protective efficacy in mice. Membrane proteins, such as OMPs, generally can be
presented as protein micelles, liposomes, or immunostimulating complexes
(ISCOMs). Liposomes are phospholipid vesicles, which have been evaluated as
antigen delivery systems. However, they frequently show relatively low adjuvant
activity and need co-incorporation of adjuvants.® Almeida et al. produced a liposomal
influenza vaccine with influenza hemagglutinin proteins intercalated in the lipid

. 9 . . .
bilayer.” These new liposomes are termed “virosomes”. Virosomes offer the
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opportunity to exploit the targeting and fusogenic properties of the native viral
membrane proteins, which may result in effective delivery of antigens into the
immuno-responsive cells.* % !!

Newcastle disease (ND) virus is an avian paramyxovirus that also causes an
economically important and highly contagious disease of poultry. Two surface
membrane proteins, hemagglutinin-neuraminidase (HN) and fusion protein (F), of the
ND virus are the important immunogenic antigens. These two proteins play a role in
viral infection by HN mediating the attachment of virus to the host cell receptor
followed by F facilitating the fusion between viral particle and the host cell
membrane.'* For poultry vaccination, therefore, virosomes containing HN and F
proteins of ND virus might offer the potential for delivery of co-incorporated antigens
analogous to influenza virosomes for human vaccines.'

Immunostimulating Complexes (ISCOMs) are another lipid particulate system
that has been studied for the delivery of subunit antigens. ISCOMs are small colloidal
(30-40 nm) structures composed of phospholipid, cholesterol, a saponin mixture (Quil
A), and the antigens to be incorporated. In particular, ISCOMs are potent enhancers of
the immune response against membrane proteins.”®

Since no studies reported the employment of antigen delivery systems for
OMPs isolated from P. multocida, the present study was designed to evaluate the
protective efficacy of pasteurella subunit vaccines, based on OMPs formulated as

protein micelles, virosomes, and ISCOMs against a bacterial challenge in a mouse

model.
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MATERIALS AND METHODS

Reagents

Egg phosphatidyl choline (EPC) and phosphatidyl ethanolamine (PE) were
purchased from Avanti Polar Lipids Co. (Birmingham, AL). Cholesterol (Chol) was
purchased from Sigma Chemical Co. (St. Louis, USA). Quil A was supplied by
Iscotec (Lulea, Sweden). All other chemicals were analytical grade and used as

received without further purification.

Animals
Specific pathogen-free ICR mice, 4 weeks of age, were obtained from National
Laboratory Animal Center, Mahidol University, Thailand. They were housed in cages

(10 per cage) and supplied with food and water ad libitum.

Bacterial Strain

P. multocida strain NIAH DU1551/97 of serotype A:1 was selected as a
representative strain of local isolates for extraction of outer membrane proteins
(OMPs). Before use, the bacterial culture was passaged in a mouse to enhance the

virulence.

Preparation of Inactivated Bacterial Vaccine

P. multocida, FC-Pakchong, a commercial strain currently used in Thailand
and P. multocida, strain NIAH DU1551/97, were grown in 100 ml brain heart
infusion (BHI) media (Difco) for 18-20 h at 37°C with gentle aerated shaking. The

final concentration of 1.15 x 10'° cfu/ml and 8.5 x 10° cfu/ml of P. multocida strain
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FC-Pakchong and NIAH DU1551/97 as determined by standard plate count technique
were recorded, respectively. Purity was checked by Gram-staining and biochemical
testing.'* The broth culture was inactivated by addition of formalin to a final
concentration of 0.3% (v/v) and overnight incubation at room temperature under
stirring. The inactivated whole broth culture (WC) was finally adsorbed onto
aluminum hydroxide gel (25% of Al(OH); suspension, provided by the Veterinary

Biologic Products Division, Department of Livestock Development, Thailand).

Isolation of Outer Membrane Proteins (OMP’s) from P. multocida

The OMPs were extracted following the method of Choi-Kim ef al. with some
modifications."” P. multocida strain NIAH DU1551/97 was grown on the surface of
tryptic soy agar (Difco) with 5% defibrinated sheep blood (TSAB). The agar plates
were incubated at 37°C for 18 h. Two colonies of the culture were inoculated into 12
ml of BHI broth and incubated without shaking at 37°C for 18 h. Next, 10 ml of broth
culture was transferred into 1 liter of BHI medium and incubated in a shaker chamber
at 37°C for 18 h. Bacterial cells were sedimented by centrifugation at 12,000 x g
(Tomy Seiko), for 20 min at 4°C. The cells were then washed twice with sterile saline
(0.15 M NaCl) and finally resuspended in 25 ml of Tris-EDTA (50 mM Tris; 1 mM
EDTA, pH 7.2). The suspension of cells was passed three times through French press
cell at 1,160 kg/cm® (40K Spectronic). Cell debris was removed by centrifugation at
5,000 x g (Tomy Seiko) for 15 min at 4°C. The suspension containing OMPs was
further pelleted by ultracentrifugation (180,000 x g fixed angle rotor 50 Ti at 4°C for 1
h). The pellet was re-suspended with 1.8 ml of Tris-EDTA buffer and solubilized by

adding 200 pl of 20% w/v Triton X-100 (giving a final concentration of Triton X-100
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of 2% w/v). The mixture was incubated at room temperature for 1 h and kept at —70°C

until use.

Preparation of ND virus

The La Sota strain of ND virus was propagated by inoculation of diluted viral
stocks in phosphate buffered saline (PBS, pH 7.2) into the allantoic sac of 10-day-old
embryonated chicken eggs. After 72 h of incubation at 37°C, the eggs were cooled
overnight. All subsequent steps were carried out at 4°C. The allantoic fluid was
harvested and clarified by centrifugation at 3000 x g for 30 min (Tomy Seiko). ND
virus in allantoic fluid was pelleted by ultracentrifugation at 100,000 x g for 150 min
(Beckman, fixed angle 50Ti). The pelleted virus was suspended in 1/50™ of the
original volume in Tris-EDTA buffer, pH 7.2. The virus suspension was layered on
top of a discontinuous gradient of 1.5 ml each of 50%, 40%, 30%, 20%, and 10%
(w/w) sucrose.'? After ultracentrifugation at 140,000 x g for 6 h (Beckman, SW40 Ti),
virus at the interface was collected and disaggregated by passing the suspension up

and down a pipette several times. The virus was stored at —70°C until needed.

Incorporation of OMPs in ND-Virosomes

Virosomes were produced as previously described for influenza virus with
some modifications.'® The purified viral particles were ultracentrifuged at 100,000 x g
for 150 min at 4°C (fixed angle rotor 50Ti), and the pellet obtained was suspended in 1
ml Tris-EDTA buffer containing 2% w/v Triton X-100. After incubation at room
temperature for 1 h, the suspension was layered on top of 20% sucrose in Tris-EDTA
solution. Next the mixture was ultracentrifuged at 140,000 x g for 1 h at 4°C to

remove detergent-insoluble substances, which presumably contained nucleocapsid
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proteins. The clear supernatant containing the phospholipids and glycoproteins of the
ND virus in Triton X-100 was analyzed for phospholipid and protein contents, and
hemagglutination activity as described below.

For the preparation of OMP-containing ND virosomes, firstly a lipid film
composed of EPC:PE:Chol at a mol ratio of 2:1:2 was prepared by evaporating the
organic solvent. Then a solution of purified viral envelope solution was added to the
dried lipid film to give a mol ratio between viral lipid and external phospholipid of
3:7. Next a volume of 100 [] solution of OMPs (1.5 mg solubilized in 2% w/v Triton
X-100) was added to the viral envelopes/lipid mixture followed by incubation at room
temperature for 1 h. OMP-containing ND virosomes were then formed by detergent
removal using Bio-Beads SM-2. For each 20 mg of Triton X-100 present in the
preparation, 80 mg of Bio-Beads SM-2 (previously washed with methanol and dried
on Wattman filter paper) was added. After incubation for 2 h at room temperature
with robustly shaking (IKA Schiittler MTS-2, 1400 min™"), the mixture was incubated
further for 30 min without shaking, as a resting period. Next, second portion of 35 mg
Bio-Beads SM-2 was added and incubation was continued for 1 h at room temperature
with vigorous shaking, followed by 30 min without shaking. The last portion, 35 mg
of Bio-Beads SM-2, was added and the mixture was shaken for another 30 min. After
incubation, the liquid phase containing formed OMP-containing ND virosomes was
sucked out with a 1 ml tuberculin syringe into which SM-2 Biobeads cannot penetrate.
To separate OMP-containing ND virosomes from non-incorporated components, the
preparation was layered on top of a discontinuous sucrose gradient containing 1 ml
each of 50% and 40%, 2 ml of 10%, 1 ml of 5% sucrose. The rest of the centrifuge
tube was filled with Tris-EDTA buffer. The samples were ultracentrifuged at 140,000

x g for 2 h at 4°C (SW40 Ti). The virosomal band was then isolated and dialyzed

35
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(10,000 molecular weight cut-off membrane) against several changes of Tris-EDTA

buffer.

Incorporation of OMPs in ISCOMs

OMP containing ISCOMs were prepared by using the classical centrifugation
method.'” Briefly, a lipid film containing PE and Chol (0.5 mg each) was prepared by
evaporating the organic solvent under a nitrogen stream. The lipid film was
solubilized with 0.8 ml of Tris-EDTA buffer containing 2% Triton X-100 (w/v). Next,
100 pl of 10% w/v Quil A and 100 pul of OMPs (containing 1.5 mg OMPs) were
added to the lipid solution. The mixture was incubated for 1 h at room temperature.
The weight ratio of Quil A: PE: Chol: protein antigens was 2:1:1:3. The Triton X-100
present in mixture was then removed by vigorously shaking the mixture with 150 mg
Bio-Beads SM-2 at room temperature for 4 h as described in ‘Incorporation of OMPs
in ND virosomes’. To remove non-incorporated components from ISCOM particles,
the mixture was then applied onto a discontinuous sucrose gradient comprising each
of 1.5 ml of 10%, 20%, 30%, 40%, 50%, and 60% w/v sucrose solution in 0.05 mM
Tris-1 mM EDTA. After ultracentrifugation at 140,000 x g (SW40 Ti) for 18 h at
25°C, the ISCOMs band was collected and subjected to dialysis (10,000 molecular
weight cut-off membrane) for 48 h against Tris-EDTA buffer. The resulting dispersion

was collected.

Characterization of OMP formulations
The micellar OMPs and OMP-containing ND-virosomes and ISCOMs were
assayed for protein composition by SDS-PAGE under non-reducing condition. Total

protein concentration was determined by the method of Peterson using bovine serum
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albumin as relative standard.'® Size and morphology of virosomes and ISCOMs were
verified by negative-staining electron microscopy (H-7500 Hitachi, Japan) using 2%
uranyl acetate. Size of virosomal vesicles and ISCOMs was measured by dynamic
light scattering (DLS) (Malvern 4700, UK). Phospholipid content was measured

. 19
according to Rouser’s procedure.

Hemagglutination Activity (HA)

The hemagglutination assay was performed as described.” In short, 50 (1 of
dispersion of ND virus, empty virosomes, or virosomes containing OMPs were
applied to the first well of each row in a U-shaped 96-wells plate and serial 2-fold
dilutions were made until the last well of each row. A 1% suspension of freshly
isolated chicken erythrocytes in PBS (pH 7.2) was prepared and 100 [/1 of this
suspension was applied to each well. Erythrocytes were allowed to sediment for 45

min. The agglutination was monitored visually.

Determination of LDs, of the Challenge Strain in Mice

ICR mice, 4 weeks of age, were used throughout. The serial tenfold dilutions
of exponential phase broth cultures grown at 37°C without shaking of P. multocida
NIAH DU1551/97 were prepared in normal saline solution. Groups, each of 10 mice,
were injected with serial dilutions. Mice which were moribund and deemed incapable
of survival were euthanized. The LDs, was determined to be 6 cfu/animal by the

method of Reed and Muench.?!
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Immunization and Challenge Experiments in Mice

Each group of 10 mice was vaccinated intraperitoneally with 0.2 ml vaccine.
Five formulations were tested: micellar OMPs (60 pg protein), virosomal OMPs (60 p
g protein), ISCOMs containing OMPs (60 pg protein), vaccine containing 2.3 x 10° of
P. multocida commercial strain (FC-Pakchong), and 1.7 x 10° cfu of P. multocida
selected strain (NIAH DU1551/97) adsorbed onto AI(OH); adjuvant, respectively.
Two weeks later, a booster dose of the corresponding vaccine formulation was
administered intraperitoneally as well. Mice of group 6 were the unvaccinated
controls.

The challenge of vaccinated and unvaccinated control mice was done by
subcutaneous administration of 100 x (low dose) and 1,000 x (high dose) LDsj of a
18-h culture of P. multocida strain NIAH DU1551/97 in BHI one week after the
booster vaccination. Challenged mice were observed for a period of 5 days and
mortalities recorded. Moribund mice were euthanized and counted as mortality. The

protective index (PI) was calculated for each group with the following formula:

o _ o . .
Pl - % Mortality in controls — % Mortality in vaccinates <100

% Mortality in controls
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RESULTS

Isolation of OMPs

P. multocida strain NIAH DU1551/97 serotype A:1 was disintegrated using a
French press technique. The OMPs were extracted by incubation with Triton X-100.
As shown in Fig. 1 (lane 1), the protein profile of OMPs in SDS-PAGE analysis
revealed up to eleven protein bands. Estimated by comparison with standard
molecular weight (MW) marker, the MW of the major polypeptide bands was in the
range of 30 to 80 kDa. The most prominent polypeptide bands had a MW of 30, 33,

and 45 kDa.

Characterization of OMP-Containing ND-Virosomes and ISCOMs

OMPs were reconstituted in the ND-virosomes and in ISCOMs. The average
diameter of the OMP-containing ND-virosomes was about 180 nm with a
polydispersity index of 0.35 as measured by DLS. The OMP-containing ISCOMs had
an average size of about 30 nm with a relatively high polydispersity index of 0.42. The
size of the virosomes and ISCOMs was confirmed by TEM, which also demonstrated
the unilamellar nature of the virosomes and the cage-like structures of the ISCOMs
(results not shown). Physicochemical characteristics of OMP-containing virosomes
and ISCOMs are summarized in Table 1.

SDS-PAGE analysis of virosomes and ISCOMs (Fig. 1, lane 2 and 3) showed
typical OMP patterns with prominent bands at MW 30, 33, and 45 kDa. An additional
protein band of MW of 70 kDa was also apparent in the virosome sample. This band
coincided with one of ND viral membrane protein, hemagglutinin-neuraminidase

(HN) (of lane 2 and 4, Fig. 1). The influence of the presence of bacterial membrane



A.ATRUNA UTzAIWuT uaz wWsasInty wauwa

proteins on the surface of the virosomes on the capacity to agglutinate chicken red
blood cells was studied by an hemagglutination assay. Co-reconstitution of ND viral
membrane and OMPs affected the capacity to agglutinate red blood cells. As shown in
Table 2, plain ND-virosomes had high HA, but ND-virosomes bearing OMPs did not
show any agglutination. Apparently, the presence of OMPs on the surface of

virosomes completely inhibited HN functionality.

Vaccination and Challenge Exposure

To assess the adjuvant potential of virosomes and ISCOMs containing OMPs,
mice were immunized twice by intraperitoneal immunization with various OMP
formulations followed by a challenge with 100x (low dose) or 1000x (high dose) of
the LDsg of P. multocida NIAH DU1551/97. The results of this study are presented in
Table 3. For the low dose challenge, mice immunized with either subunit pasteurella
vaccines (micellar OMPs, virosomes, and ISCOMs) or inactivated whole cell vaccines
showed 100 percent survival, whereas the survival of non-immunized mice was low
(20%). For the high dose challenge, none of the control mice survived. The protective
index (PI) was 80% for the group receiving micellar OMPs. OMPs associated with

virosomes and ISCOMs gave a PI of 100% like the inactivated whole cell vaccines.



Monualiuauy ol 9nlazIn1s BGJ4680021

DISCUSSION

OMPs of Pasteurella spp. have been studied as potential immunogens and
antibodies against them demonstrate a strong protective activity.” ®*** Several
authors demonstrated that OMPs of P. multocida may be used as the components of

. . 1,3,4,22
subunit vaccines. ” 7™

Membrane proteins used as candidate vaccine components
usually require a delivery system that preserves and stimulates the immunogenicity.
To date, there is no study that investigates the role of the antigen delivery system for
OMPs of P. multocida on vaccine efficacy. Hence, it was desirable to characterize and
compare the efficacy of subunit vaccine candidates in the form of micellar OMPs,
OMP-containing ND-virosomes and ISCOMs.

In this study, P. multocida serogroup A:1 strain NIAH DU1551/97 isolated
from dying birds was disrupted by the French press technique. The disintegrated
bacteria were treated with Triton X-100 to extract OMPs. The polypeptide bands from
SDS-PAGE analysis of isolated OMPs in our study are similar to results obtained by
Pati et al. They described ten major polypeptide bands of MW 25 to 88 kDa of OMPs
isolated from P. multocida B:2.” The 30, 33, and 45 kDa polypeptides were the three
principal protein bands present in the OMPs isolated from P. multocida A:1 (Fig. 1).
This finding is consistent with a previous study where three major protein bands of P.
multocida reference strain X-73 (serogroup A) with approximate MW of 29, 34.5, and
45 were observed."

Inspired by the hemagglutination and fusogenic activity of ND-virosomes,
which might assist delivery of foreign antigens, OMPs were co-reconstituted in

virosomal membranes.' It was a disappointment that the capacity of the HN protein to

agglutinate chicken red blood cells was totally inhibited in the presence of OMPs on
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the surface of ND-virosomes. A possible explanation may be that HN is masked by
the OMPs, which may therefore diminish the accessibility of HN protein to sialic acid-
containing receptors present on red blood cells. A similar inhibition of
hemagglutination was seen after anchoring polyethylene glycol (PEG) chains on the
surface of influenza virosomes.** Alternatively, dilution of the HN with the OMPs on
the virosomal surface might have reduced its hemagglutination activity.

An established potency test for P. multocida vaccine is vaccination and
challenge in animals. A significant finding in this study was that mice immunized with
OMPs formulations were protected against a subsequent challenge infection. OMPs
associated with ND-virosomes and ISCOMs yielded higher PI than micellar OMPs at
a high dose challenge. Based on these data, we conclude that OMPs extracted from P.
multocida are potent immunogens. Moreover, antigen loaded virosomes and ISCOMs
are potential pasteurella subunit vaccines. Nevertheless, there is still a number of
empty information about OMP formulations that need to be answered. For example, a
potential of OMP formulations for inducing cross-protection against heterologous
serotypes as well as the vaccine potency in birds is warranted. Also the precise
mechanism for inducing immunological responses by various OMP formulations must
form the basis for future work. Additionally, the combination of Newcastle disease
viral envelope and OMPs from Pasteurella multocida might serve as a multi-disease

combination vaccine, which should be a subject of further study as well.
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Fig 1. SDS-PAGE of micellar outer membrane proteins (OMPs) isolated from P.
multocida (lane 1), virosomal OMPs (lane 2), ISCOMs containing OMPs (lane 3),

NDV (lane 4), and molecular weight marker proteins (M)
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Table 1
Physicochemical analysis of virosomes and ISCOMs containing OMPs of P.

multocida strain NIAH DU1551/97

48

Preparation Phospholipid Protein Particle size PD*
(nmole/ml) (ug/ml) (nm)

Virosomes 0.35+0.07 288+ 11 183 +4 0.35

ISCOMs 0.22 +0.05 273 +£22 30+3 0.42

*Polydispersity index (PD) indicates particle size distribution, which ranges from 0.0
for a monodisperse to 1.0 for an entirely heterodisperse dispersion.

Data represent mean + S.D. of 3 different samples for each preparation.
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Table 2
Effect of OMPs associated with the virosomal bilayer on the hemagglutination

capacity of virosomes

Preparation Protein concentration Hemagglutination end point
(ng/ml)

ND virus® 656 1:4,096

Plain virosomes® 160 1:2,048

OMP-containing virosomes" 288 <1:2

No virosomes 0 <l:2

*Purified Newcastle disease (ND) virus
®Virosomes prepared from ND viral envelope bearing viral protein spikes.
‘Virosomes prepared from ND viral envelope bearing viral protein spikes and OMPs

of P. multocida strain NIAH DU1551/97.
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Table 3
Protection against low and high dose homologous challenge” induced by various

formulations containing OMPs extracted from P. multocida in ICR mice

Challenge Dose  Formulation” Mortality ~ Protective Index (%)

100 x LDsg Micellar OMPs 0/10 100
OMPs Virosomes 0/10 100
OMPs ISCOMs 0/10 100
WC-FC Pakchong® 0/10 100
WC-NIAH DU1551/97¢ 0/10 100
Negative Control 8/10

1,000 x LDsq Micellar OMPs 2/10 80
OMPs Virosomes 0/10 100
OMPs ISCOMs 0/10 100
WC-FC Pakchong 0/10 100
WC-NIAH DU1551/97 0/10 100
Negative Control 10/10

*The mice were challenged by injecting 0.2 ml brain-heart infusion broth containing
live P. multocida NIAH DU1551/97 subcutaneously.

®All subunit vaccine formulations contained approximately 60 g OMPs/dose.
‘Inactivated whole broth culture of P. multocida strain FC-Pakchong and NIAH
DU1551/97, respectively that were adsorbed onto aluminum hydroxide gel to 25%

(V/v).
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