1 Burkhol deria pseudonal | ei Quter Menmbrane Protein 85 1. Techni cal
Field of the Invention The present invention relates to a
reconbi nant protein of Burkhol deria pseudonallei, which is effective
for the protection against B. pseudomallei 5infection. 2. Background
of the Invention The gram negative sbil saprophytic bacillus,

Bur khol deri a pseudonallei is the causative agent of nelioidosis, a
potentially fatal disease infecting both human and ani mal .

Mel i oi dosi s is excl usi Varfheldedepseudomaliai Quiey Membrang Brofeig8h as 10
Sout heast Asia and Northern Australia. The disease is responsible for
nore than 20% of all comunity-acquired septicaem a and
sepsis-related nortality in endem c areas (Dance 2000, Wit hi ekanun &
Peacock 2006). InlBdchhicaNField sfithé Ynvetion wounds by bact eri al

contam nated environment is the major route of infection in human
mel i oi dosis (Cheng & Currie 2005). Melioidosis exhibits non- 15
specific clinical manifestation, ranging froman acute or fulmnate

SuppUr ati ve i nf eot TSP by e BBIE B0t R ey Ped: PSS BsoByrshelgeria
Treatment of B. pseud |1 ei . infection solely depends on prol onged _ .
antibiotic t her%%f/.g"m&%}gr fvﬁé:iheéss? ?qﬁ‘g"'ifﬁf rtbfhé’ir‘?fe‘gl%i %&aéfﬁ&eg-ofseBg"ma”e’

pseudonual |l ei_ to a wi de range of antibiotics (Vorachit et al. 2000),
conconi t ant Swi t lfgefienf acul tative intracel lular lifestyle (Jones et
al . 1996, Pruksachartvuthi et al. 1990) ultimately 5 |l eads to the
rel apse and recrudescence of the disease after cessation of
antibiotic therapy (Currie et al. 2000). Imunol ogically nediated
protection woul g, tHiRkEFRANE PR/ InlenAéh al ternative remedy in
prevention of nelioidosis rather than the conplicated anti m crobi al
treatnent after infection. Unfortunately, presently no vaccine is
approved for human use to prevent B. pseudonallei infection and 10

protection fromrepeated natural. imuni zations ha en hanper ed . by
Phe frtracel |l ar EEPEERt F ot PORE DR, 0% 28T PRTRGAR: e
(Brett & Whods 2000, White 2003),., ., Severa rior, arts have reported
on the attenpt sCUEALE; %Pafeofims%fi?swc)at%@hx e disgpoe infsgiing ggly human
Nel son et al. 2004), DNA vaccines (Chen et al. 2006a, 15 2006b) and
attenuat ed | i veandaawimabVicliaifosis iseexchisiveoomriemid it substopighl regms)such as
agai nst B. pseudonallei infection. However, antigens that confer
conpl ete prdd ecBowtheasgAsiagihd Noethernf odtiatin Tirviisedst istrespoasiblie Soomereetian
In the present invention, a novel subunit vaccine for the prevention

of melioidosis p@s devulll needuRBseduRed thRiABhR afte KBpANRIRED hRirtlief in
B. 20 pseudomal |l ei. Bacterial outer membrane proteins constitute

potential vacci gfemic areas (Dance 2000, Wuthiekanun & Peacock 2006). Inhalation or entry

into wounds by bacterial contaminated environment is the major route of

infection in human melioidosis (Cheng & Currie 2005). Melioidosis exhibits non-

15  specific clinical manifestation, ranging from an acute or fulminate septicemic

illness to an indolent local infection or chronic suppurative infection (Brett &

Woods 2000, Currie et al. 2000).



candi dates for several reasons. The proteins primarily provide a
crucial interface 3 for interaction with a host. Many of the
proteins inplicated in bacterial pathogenesis such as for adhesion
and invasion to host cells, as well as in imune evasion i.e.

resi stance to phagocytosis and the kill¥ng of host cells, are

har boured on the outer nenbrane (Cole et al. 2005, Hancock et al.
1990). The proteins are 5 also involved in maintaining structural
integrity of the HAA®ERaofca) |2seygopaleirduiieatann solsht rﬂgsgérrflswapp@dmﬁd
inan in vivo environment within the host (Bos & Tonmassen 2004, Lin
et al. 2002). Suntibiplls bsepydievethelesspthebintinsicpesistenaesofaB.epsprdaveallyi to a
targets recogni zed and attacked by the host's inmune system Thus,
the outer nenbraide range ef antibiotids (Verackdoamdl] Ei00), cofesnitas witheitd fedlative
vacci ne candi date 10 agai nst B. pseudonal |l ei infection. 3. Sunmary of

the Invention infh&ifula: $iesRA0 ekt NPT Pﬁ&?&cﬁ]h@?’ﬁﬁt&% W9@)’hﬂﬁ‘rﬁfeé

for a reconbi nant outer nenbrane proteln of Bur eria pseudona
that is effecti f.ar i ain . _pseudonal | ei
nfect o, The LG Bishd Rt BHE Blo PRAAAE, Db Biso PR AHEPReestheotaptibints
B. pseudonual lei ,infection prophylactically. . The second aspect of
the present inv@ﬁ’iapﬁn{%'}‘ﬂ?/i?feé{?f é‘?oab-h@“mﬁo@é’ﬁ@é‘hd@e Ifg AtesUs wond
reconmbi nant outer nenbrane protein of B. pseudomallei. A vector

har bouri ng t he thrisfase guetdeanaliernathissemedst In prevantios jof gnelividosie catber thare
al so provided. 4 Further, the present invention provides for '

primers and opttheeompbcaled btivsicfabial ttieetneenp hitdri infeciion Gifottinentedyt peesently
menbrane protein of B. pseudonal |l et These and ot her objects of the

present inventignvadcheds @E @€l By, human use to PrekSR0BYYsBaMmMet Rifection and

menbrane protein 85 (0np8 of Burkhol deri a 5pseudonal l ei for the

proLect on A1 i3iecFon G AOUR Sk iknBAons 140 feBPBbRAAE) e

acid, which enco reconbl nant outer nenbrane protern

of Burkhol deri a._psettdontallei, A, vector r.bour the is d
nucl o1 ¢ acid aniacHyEf Refire St mpliRE Pisel BEgR uREpyBoRS Gty ywoods
conprising the vector. 10Fqorward and reverse prinmers for anplifying
an outer nenbra?\(pop%‘t“éizﬂo@S (Omp85) from Bur khol deri a pseudomal | ei
genonme. The optinmum conditions for anplification conprise of an
initial denaturation step at 95C for 5 mnutes, followed by 30 cycles
of denaturation at 95C for 1 mnute, annealing at 64.8C for 1 mnute
and extension at B2ferhlopride drisnhive.reported on the attempts to utilize subunit vaccines
(Harland et al. 2007, Nelson et al. 2004), DNA vaccines (Chen et al. 2006a,
15 2006b) and attenuated live vaccines (Atkins et al. 2002, Ulett et al. 2005) against
B. pseudomallei infection. However, antigens that confer complete protection

against the infection have yet to be discovered.

In the present invention, a novel subunit vaccine for the prevention of
melioidosis was developed based on the outer membrane protein of B.
20  pseudomallei. Bacterial outer membrane proteins constitute potential vaccine

candidates for several reasons. The proteins primarily provide a crucial interface



15Use of the reconbi nant outer nenbrane protein 85 (Om85) of

Bur khol deri a pseudonmal | ei as a vacci ne, prophylactically against B.
pseztdonal lei infection. 5 Use of the reconbi nant outer nenbrane
protein 85 (0nmp85) of Burkhol deria pseudonallei as a diagnostic

nol ecul e to detect for the presence of 3B. pseudonuallei infection. 3.
Brief Description of the Acconpanying Drawi ngs 5O her aspects of the

present invention and their advantages will be discerned after _
st udyi ng t he defoniinserction cwitbta dest jofinei pietais Amplieated in bacterial
acconpanyi ng drawi ngs i n which: Figure 1 shows the SDS-PACE and

west ern bl ot anmsithegesestfsucleasioh adirsion @xpBiSaorQoios) ce(ls,39 wela) in immune
expressed in E. coli BL21 (DE3). 10Figure 2 shows indirect western

bl otting of purdvhiiesi.c.GegftnRnRE gﬁago@ﬁ@y@w{hb%uiﬁg%ﬁhbgﬁam@aﬁruam}ufba
wi th nouse pol yclonal anti-rOmwp85 and sera from B. pseudonal |l ei 0286

infected mce. on thEl@NE et Ql%v(@lofééér%‘éi.%bs C}ﬂf\éﬁ&g‘;ﬁg{ﬁgﬁgﬂe%&%%

BALB/ c after intraperitoneal cha ge wth

pseudoral | e D286. . Dat a ,represent. 15t he sum of .t hr i ndependent ..
experi mont 55 P JRP AT Dol Eheing P ANESHY REGSRIaH) Syreil
test. 6  Figure 4 shows the 10 days bacterial |oad of B.

pseudonal | ei i ﬁn?ﬁﬂttqgma@%ﬁaaﬁ@%mnilmm el enyircamest Wihinhe host (Bos &
intra-peritoneal infection with 10xLD50 CFU B. pseudonal | ei D286.

Dat a r epr esent sTanheassenn0, Looetral.2008). Sndarecxpeseil atiteo mef®Bjneqgfroteins are
bacterial CFU per organ or CFU nL blood fromtwo 5 independent
experinents (thiriaarpitagets fecogoibedxidedtiatiesdthy. thDhbitar iamoas systehaThey thal
| oad between i mruni zed and control groups were statistically

significant at Rl rikmirRfe SoleiPbOR S embmRlE i 8@l as thrfief) ABeine candidate

10 against B. pseudomallei infection.
3. Summary of the Invention

The first aspect of the present invention provides for a recombinant outer
membrane protein of Burkholderia pseudomallei that is effective for the
protection against B. pseudomallei infection. The recombinant protein can be

15 used as a vaccine against B. pseudomallei infection prophylactically.

The second aspect of the present invention provides for the DNA sequence
that encodes the recombinant outer membrane protein of B. pseudomallei. A
vector harbouring the DNA sequence and a host cell comprising the vector are

also provided.



Figure 5 shows percentage opsonophagocytosis of B. pseudonallei by
pol ynmoi phonucl ear cells (PMNs) in the presence of conpl enent and
specific 10 anti body. Data represents the nean SD fromthree

i ndependent experinents. One asterisk 4ndicates a significant

i ncrease (P<0.05) in opsonophagocytosis in the experinental group
when conpared to the control group (bact+GHBSS). Doubl e asteri sks

i ndi cat e diff er endarther, re(urégnwhgentivoppavidet for piimer end aplishatn-opdifivie
data. 15Figure 6 shows the binding reaction between Omp85 and sera
sanpl es from nefor died@splHicafiomnéfahe oyrat membanepdtah0o B ps&riomadisi, t he
control. Data represents the nean SD fromthree i ndependent
experinents. Atotal of 23 clinical sanples, 9 normal sera (NS1 - 10)
and 5 sanples from Legionella positive patients were utilized in an
ELI SA based det ect : : ted 20
agai nst total B. g?gﬁﬁﬁﬁzﬁﬁ%?hﬁbég?gk 6§§g§#§%u§§%§;g#§8%§ "E. coi
BL21 | ysate (negative control). 7 Figure 7 shows a representative
dot blot of the Onp85 (QOVA. g) antigen against rmnelioidosis confirned

patient sera (a, b) or cantrol sera (c). 3. Detailed scripti of
the Invention In AtdBURMNRE WFHH frﬁgﬁﬁn@swew rﬁﬁe@m%% SF B halieriont
outer nmenbrane 5 protein of Burkhol deria pseudonallei, which is
effective for tReudpeniiesfordie HoKFEe: aginshR gyaueriallel infepiet i on, is
provi ded. The reconbi nant protein is a reconbi nant outer menbrane
protein 85 (0nmp85) of B. pseudonallei that is capable of providing a
protective inunune response agai nst B. pseudonallei infection. 8

Qut er nmenbrane pr Gireisnla8d Guodde acidagrhiddP&icAd&1) re@snbinnt ioalel ymembrane
identified in a study (Su et al. 2008) as one of B. pseudonall ei

i Munogeni ¢ pr ofiBieRs 88 XWn@BSP Gf Bk kHIMa B2l ARE. 1 ANectbh dalFBRBRY it
believed to be expressed in an in vivo environnent during human

mel i oi dosi s andishiRHNAGEAE CacRAHIM 18stoLaH WE EorbREyEIRS br SulMYBE@ origin
i mmune response, nmaeking it suitable as a subunit Vvaccine fof the
prevention of e I infection. In general, the nethod
used for this Eﬁg nfﬁ%ﬁﬂgﬂ%% ved nol ecul ar cloning of the gene
encodi ng for Onp85 fromthe B. pseudomal |l ei genonme into an expression
vector for subsequent reconbinant protein production using the 10
Eseherichia coli heterql ogous expression system The pol ypepti de,
sequence oft®the r &LBAN ARALCYEFEEEINTLS tfg ng AR ey FB“‘?‘{&G“FW&% $g
approximately 769 am no acid residues with a nol ecul ar weight of
appr oxi mat el y 8&mrESa . fromifughhalderiqupsesdendtel genteg chheeontinam snaditiens
t he reconbi nant Onp85 of B. pseudonmallei is as shown in SEQ ID NO 2.
for amplification comprise of an initial denaturation step at 95°C for 5 minutes,

followed by 30 cycles of denaturation at 95°C for 1 minute, annealing at 64.8°C

for 1 minute and extension at 72°C for 1 minute.

15 Use of the recombinant outer membrane protein 85 (Omp85) of
Burkholderia pseudomallel as a vaccine, prophylactically against B

pseudomallei infection.



15The sequence of BPSL2151 | ocus (Om85) was first identified from
the B. pseudomallei strain 1C96243 whol e genone sequence avail abl e at
The Wellconme Trust Sanger Institute. Prinmers for the polynerase chain
reaction (PCR) were then designed baseg on the predicted sequence in
order to anplify the full open reading frame (ORF) of the BPSL2151
honol ogue in a B. 20 pseudonuallei isolate. The forward and reverse

primers of the pragenibfi theentdodibidine @ferd idkkigk | froRREQ 89 (Imfi®) &f
and SEQ ID NO 4 respectively. The optinmum condition in which

anplification “@ﬁf'k%_@fd@)i‘iggsé?}f%ilnlﬁgmgias(ﬁ§g§1g§ticaﬂlloie%ﬂ3it@|detg&%f' Hie?ﬁria&ﬂct:e

step at 95C for 5 mnutes, followed by cycles of denaturation a
95C for 1 m nut | A0 - 8C for I mnute and extension at
72C for 1 m nut gf.‘B'%gl?a%hHﬁ??g%cg%lﬁl icon 5 were then cloned into
expression vectors to produce reconbi nant plasm ds, which were then
transforned into host cells. Host cells may be of prokaryotic or
eukaryotic origin, preferably prokaryotic cell, nore preferably
expressi on host 3ESHEDeseriptinef the dccepapanying Rrawingyent i on. The
expression of His-tagged protein was anal yzed by 12% sodi um dodecyl
10 sul fate-pol yacryl am de gel el ectrophoresis (SDS-PAGE) (Laenmmi i
1970) and confirmed wth western blotting (Towbin et al. 1979) using
a horseradish per dxhaasspetisiRbY) tioo prasgat edrentiots endntheir Hidv&ntages will be
(I'nvitrogen, USA) (1:5000 dilution) and captured with Supersignal (r)
Vst Pico (PiergigcertddAnfierubaitlyial ethendadtied- désyriptidnmif KdakctiddSA)ith the
Over - expression of the Onp85 ORF resulted in the 15 production of a
pol ypeptide W t freamphtlygssdratvind8 inphicRf approxi mately 89 kDa (Figure
1), which is in good agreenent” with the predicted nol ecul ar wei ght of
H s63 y-tagged reconbi nant protein. The expressed reconbi nant protein
was al so subjected to i munobl otting with pool ed nelioidosis clinical
fi;,;’["cggfu ggggg g?(lﬁ'ub?gysh‘é%é AEEBE AL $hE G bls R 5P B PRAL A3

Omp85 (tOmp85) (~89 kDa) expressed in E. col/i BL21 (DE3).

10 Figure 2 shows indirect western bloiting of purified rOmp85 and B.
pseudomallei D286 lysate proteins with mouse polyclonal anti-rOmp85 and

sera from B. pseudomallei D286 infected mice,

Figure 3 shows survival curves of rOmp85 immunized BALB/c after intra-
peritoneal challenge with 10LDsp CFU of B. pseudomallei D286. Data represent
15 the sum of three independent experiments. Survival curves were significant at

P<0.0001 by LogRank test.



20 A/ G (Pierce) and BCl P/ NBT phosphatase as substrate (Pierce, USA).
The reconbi nant Onp85 reacted with pool ed patients' sera as shown in
Figure 1 but not to serumfrom an uni nfected individual, confirmng
the protein is 10 immunogenic with mnelioidosis patients' sera. The
reconmbi nant Onp85 produced according to6the present invention was
further purified fromcrude inclusion bodies. The reconbi nant Onp85
in both crude andeurified fornms are able to induce strong i mmune
response in ani nalFigure ghehavsethef BY dasar mactesield lomd qit Bppsehido@lea ge miultiple
agai nst B. pseudomallei infection. The crude and/or purified form of

t he reconbi nant opgand et rimeanidee mie ooowRECEtrh peBioped GARSHE ivath WD,
suitable carrier or excipient known in the art. The conposition

preferably conprirees, Lh&idehHES 999@.0@?@%&&;@% fRCHER Bf\%u&ggggtaaam

an adjuvant such as Freund' s conplete/inconplete adjuvant. 1
harvested from ggpi S /d [ f thore i_nan 5:S d.stron
serum anti - recgér}}ﬁ%}ﬁ)ént@%&g%g r%o@i@ur egp s #ro(r&{ig;ﬁ?"[‘t Egovc\’% frdm
anti bodi es i_sotypes conpared to e control group as . shown in Tabl e,
I The. br eddni niEPHETISSRY Tt SHES Mt B SeeHAkPFREHb I dAenes B Gacteral
i mmuni zation was | gGL with the antibody titer of 81920 as conpared to
the 1 gQa i sotyjsedvieivieen fmmepized agdontts Fieups y@2e/stagicticatlyt signifieant at
0.008, indicating the induction of Th2-type inmune response triggered
by the reconbi nBrt.09fp&E orgams eicept heart. (PFABIE. | . Anti body i sotype
responses in immunized mce after second i nmunizati on boost
B. pseudonal | ei 13286 specific Onp85 anti body titer AntigenSerum
dilution IgMIgGIlgGL | g&Ra '
Figure 5 shows percentage opsonophagocytosis of B. pseudomallei by
polymorphonuclear cells (PMNs) in the presence of complement and specific
10 antibody. Data represents the mean + SD from three independent experiments.
One asterisk indicates a significant increase (P<0.05) in opsonophagocytosis in
the experimental group when compared to the control group (bact+GHBSS). |
Double asterisks indicate difference at P=0.06 when compared with the

bact+ab+cp+PMN data.

15 Figure 6 shows the binding reaction between Omp85 and sera samples from
melioidosis clinical patients and normal sera as the control. Data represents the
mean + SD from three independent experiments. A total of 23 clinical samples, 9
normal sera (NS1 — 10) and 5 samples from Legionella positive patients were
utilized in an ELISA based detection system. All sera samples were also tested

20  against total B, pseudomallei lysate (positive control) and E. coli BL21 lysate

(negative control).



| g&b 1280 40960 81920 640 640 <20 +«<20 <20 <20 <20 11

| mmunobl ots perfornmed using both crude and purified reconbi nant Omp85
as the antigen proved the specificity of the antibody response. As
shown in Figure 2, polyclonal sera derjved fromthe reconbi nant Orp85
i muni zation group of mce reacted predom nantly with the reconbi nant
Onp85 at the protein band of 5 -89 kDa in both the crude and purified

protei n sanple. Thgu%ey ahdla RGresdatafed dain¥loEof @@ OnBk 3%0@5@) antigen
proteins, confirmng the antigen specificity of the nouse an

reconblnant Xmgﬂ was probed
agai nst the gnggégﬁ qbggC%Qggﬁﬁgﬁg%%Sé&ﬁpgg&ﬁ%ghoroté?% band was
detected which is smaller than the estimted size of reconbi nant
Onp85. Based 10 on the predicted nol ecul ar wei ght of Onp85 after

cl eavage of sign this _protein mght represent the mature
form of Omp85 §m2‘hel§ﬁ§'5 t&%cél?tioﬁ %?h%]i‘é’ml lei. This result
denonstrates the expression of wild type Omwp85 in B. pseudonallei,
confirmng the presence of Onp85 ORE predicted on the B. pseudomall ei
genone. Control mce receiving PBS plus adjuvant had no 15 anti bodies
reactive with thdnrascondbnaeawmith GrepgBsenh dnventiorpfa tchemBnagsauctonehbmie
conponents. Sera fromexperinentally infected mce detected only the
reconbi nants Orpfieianaf’ Burkpeldedo paildemnallZi Gvhivtoisetfistivetfontie froteetibh
BL2l (DE3) proteins, demonstrating the expression of B. pseudomall ei

Onp85 in Vivo apdndts.ieunmggel mfebdohNB prodided. DHe iloRBitCorBicfifis a
Uni nfected nice had no

recombinant outer membrane protein 85 (Omp85) of B. pseudomallei that is

capable of providing a protective immune response against B, pseudomallei

infection.



20 anti-B. pseudonal |l ei nor anti-Onp85 anti bodies. The protection
efficacy of the present vaccine against nelioidosis was 12
pseudomal l ei infection. Table 2 shows that mce i nmuni zed with
reconbi nant Onp85 denonstrated better gurvival rates than control

m ce. TABLE 2. Prophylactic effect of reconbinant Onp85 i nmuni zation
agai nst B. pseudomal | ei D286 infection in mce GoupNo. (% of

survi ving ani mal spgepuRmbRxRiprdEHrs d6otRtiag BiSI215 §a51n?t{ail 1&&1@)&&

8/ 10 (80) 6/10(60) 21/30 (70) PBS (Control) 1/10(10) 0/10

2/10(20) 3/30(1Q) study (Su et al. 2008) as one of B, pseudomallez immunogenic proteins
expressed during human infection. The Omp385 is believed to be expressed in an
in vivo environment during human melioidosis and immunogenic enough to

5 induce the host’s humoral immune response, making it suitable as a subunit

vaccine for the prevention of B. pseudomallei infection.

In general, the method used for this invention involved molecular cloning of
the gene encoding for Omp85 from the B. pseudomallei genome into an
expression vector for subsequent recombinant protein production using the

10 Escherichia coli heterologous expression system. The polypeptide sequence of
the recombinant Omp85 is as shown in SEQ ID NO: 1 having approximately
769 amino acid residues with a molecular weight of approximately 89 kDa.
While the nucleic acid sequence that encodes the recombinant Omp85 of B.

pseudomallei is as shown in SEQ ID NO; 2,

15 The sequence of BPSL2151 locus (Omp85) was first identified from the B,
pseudomallei strain K96243 whole genome sequence available at The
Wellcome Trust Sanger Institute. Primers for the polymerase chain reaction
(PCR) were then designed based on the predicted sequence in order to amplify
the full open reading frame (ORF) of the BPSL2151 homologue in a B.

20  pseudomallei isolate. The forward and reverse primers of the present invention

are as depicted in SEQ



Si gni fi cance P=0.0027 P<0.0001 P=0.0635 (NS) P<0.0001 Conbi ned
experinment results showed that the survival rate in reconbi nant Onp85
I mmuni zed m ce was 70% as conpared to 10%in the control group (Table
2 and Figure 3). Mreover, reconbi nant 0Onp85 i muni zed ani mal s did

not present with organ tropi sm (abscesse#l and enlarged |iver and

spl een, data not 5shown) that was observed in infected control m ce.
Meanwhi |l e, Figure 4 shows the sterilizing immunity conferred by the
recombi nant Onp8ED iNfruAiapd 1SEEh ID M@ od gespectivehe  Tbe @atimimf exndition, in which
significantly | ess bacterial loads in all organs were observed in
reconbi nant Onp8amplifaniz eds amrind bst @sptiseyuEraadnitiol dehetueatioh sep agd$afor
This indicated that 10 the growh of bacteria was restricted in

recombi nant 0Nnp85 niifieu)ifgiRsved 1530 Welds @F dBhabirdiRorPASSAT i 1 minute, annealing
col oni zati on continued to increase on day 6 in the control group,

reconbi nant Onp85% 4 L zed. . m : hhand fic I
I n bacteri al Im;a 564;?? glb lzggy%gg%&;?}g?rﬁ* egiti%gﬁ?\[f(ﬁ?r%gﬁhg{ei 2@4 %lﬂg‘éefi t% grﬁa‘ﬁcon
cl earance of bacter d,at the.end

experi ment . IQO bgg}{eléﬁ?%{lgr@dtig% e?g%r%%sqgn \?erclzgorg loop(%oduce recombinant &Eséﬁﬁ which
were then transformed into host cells. Host cells may be of prokaryotic or

eukaryotic origin, preferably prokaryotic cell, more preferably expression host

Escherichia coli is used in this invention.

The expression of His-tagged protein was analyzed by 12% sodium dodecyl

10 sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) (Laemmli 1970) and
confirmed with western blotting (Towbin et al. 1979) using a horseradish
peroxidase (HRP)-conjugated mouse-anti-HisG (Invitrogen, USA) (1:5000
dilution) and captured with Supersignal® West Pico (Pierce, USA) substrate on an
X-ray film (Kodak, USA). Over-expression of the Omp85 ORF resulted in the

15  production of a polypeptide with a molecular weight of approximately 89 kDa
(Figure 1), which is in good agreement with the predicted molecular weight of
HissGly-tagged recombinant protein. The expressed recombinant protein was also
subjected to immunoblotting with pooled melioidosis clinical serum and bound
antibody was detected using an alkaline phosphatase (AP)-conjugated protein

20 A/G (Pierce) and BCIP/NBT phosphatase as substrate (Pierce, USA). The
recombinant Omp85 reacted with pooled patients’ sera as shown in Figure 1 but

not to serum from an uninfected individual, confirming the protein is



13 count fromthe organs of control group could be docunented after
day 6 due to the progressive death of the animal after infection. In
general, the significantly reduced bacterial |oads in reconbi nant
Om85 i nmuni zed animals are directly correlated with the survival
data descri bed above. The inventors suggest that one 5 €l earance
mechani smresponsi ble for the renoval of B. pseudomallei in the

i muni zed ani mal nodel may invol ve anti body-nedi at ed bacteri al
opsoni zat i on antnsuirgengevith pelagdesistmasbgs’sac. ki | | i ng by phagocyt es.
Figure 5 denonstrates that the nouse anti-rOnp85 was required for
maxi mumin vitro opsonophagocytosis of B. pseudonal | ei by

pol ynor phonucl ear 10 cells (PMNs). These observati ons denonstrate the

i mportance of | der’[‘ﬂe“&cﬂﬂbift%&%@@aﬁhhﬂ!ﬁ% co Er%iﬂi ﬁleaﬂgééﬂp%engéfp%s

exposed on the B. pseudona ce mght s e as a potentia

opsoni ¢ anti body-targeted, anti gen and nedi at es.fhe bacteri .
cl earance from ﬁgfh\% g'(’)“ﬁ?ﬂ/ﬁ?%%@ﬁ? ARG esa#‘? 6%%?"&’%1&5& ?%?pss in both
i muni zati on basi akﬁi sh %*g neet the fol]Jowing 15 criteria: first,
it should have &Y¢¢ ERUE® rar"ei‘?)l?é%é CHyirang IHRYHOEEPNEC 31 ABIRE
of the mcroorganism second, it should be | ocated on the pathogen's
surface, and t handdtheraforghaseludedhas prophyiexje nigentiagainsic Bpairiudomiildi infigetiong
an effective, protective response, as verified in an ani mal nodel
(Andre et al. 1%9Belpruddheadionperified forinavfethel ecvondinaat erbidii@tn Be incorporated
pseudonal | ei Onp85 neets the second and third criteria as an ideal
prophyl actic cap datémpdaionsitB. suRasib AR | & eﬂcgﬁiaﬁt k@Wn in €he GHPTRe
20 represents a target antigen of opsonic antibodies, and is an
i mrune- protecti : L i f ! i
SnicRHrbRBIY Ahprlchs BE cHRR il puREBY I AbE Rl EOELRS

candi date for oSIi'S. Ion, the reco n

al so eval uated against a panel of canfir .nel i gi.dosi s sera sanpl es
For i ta ut 1 1ty TCertlynBnRaRR s FionfP e PR kaRGmite Sl Parioa 1 §
effective in detecting antibodies in the patients' sera as was 5 B.
pseudonal | ei whol e |lysate in an ELI SA-based detection system (Figure
6). A markedly | ow sensitivity was observed for sera from nornal

i ndi vi dual s1&s welSeraabarsested fromnuningisomaiingzed nivide resembinant Sngdsi showed
negative) patients. The ELI SA based hybridi zati on data was further
verified by a sktipigesefion ahti-ofecambinyisti Gmpg3 Bntibatly esdponsedfoe all itho hntibetis
(Figure 7) and the data once again indicated that Ormp85 10 can be

further devel opgdi@ss Bolpiredtd 8le SnANSShp Gs AWSA if TablEEl, IOk 4Psdotninant
suspected sera sanpl es. The foll owi nhg exanples are intended only

to further illu : i [ : ' . j o
scope of the i nélggj'??g ﬁ%ot?@?i @E‘?‘T@g %%ﬂ%@ (?lﬂésjc Fgl:a{r}r%%io? éofl%‘(ﬂg%m
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open readi ng 11 naniped i OfsPRASconRReRin B JelEN Fabvee B AGhat oid
i solate D286 _was anplified using forward_ and reverse primers of SEQ
ID NO 3 and’ SEER te(Ris/ew I atip avasi Q48 indieshing dee Hgugtionsof 'Ba%stipe iarugr
D286 genom ¢ DNA. The conditions for anplification using the Expand
Hi gh 20 Fi del i t yesp@Re Syegesdh yRbe tesobiagntd¥mpisimnBaizatioy) consi st of
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TABLE 1. Antibody isotype responses in immunized mice after second immunization

boost
B. pseudomallei D286 specific Omp835 antibody titer
Antigen Serum dilution
IgM 1eG 1gG1 [gG2a IeG2b
rOmp85 1280 40960 81920 640 640

PBS (control) <20 <20 <20 <20 <20




15 denaturation step at 95C for 5 mn, followed by 30 cycles of
denaturation at 95C for 1 mn, annealing at 64.8C for 1 mn and
extension at 72C for 1 min. The purified anplicon was cloned into an
expression vector pET200/ D TOPQ(r) (Invitrogen, USA) for expression
of reconbinant protein with N-term nus-115 associated H s6@y tag, in
accordance with the manufacturer's instructions. The validity of the
cl oned DNA and pol yhistidine tag was confirned by nucl eoti de

sequenci ng W th veaotromoplatsyprforméd asing batk erusle afdd périfind retoagemnt OnB5an
t he PRI SM DNA Anal yzer 3730 (Applied Biosystens, USA). A BLAST search

agai nst the Gen Bﬁﬂﬁtl@@ﬂﬁﬂb%ﬂ#ﬁ@ @ﬁémfﬂﬁl?{ﬁfﬂﬁs #MabaRASEHonsY 2al sBewh hﬁplgure 2,
Onp85 in B. 10 pseudomal | ei D286 is highly conserved ampng the

strains of B. p%@ﬁ@l%ﬁﬁ' defl dgﬁv%lI o E' rg_&pﬁh‘?nﬁtﬁﬂg% 4 A &E)W oup of

dormains in Onp8 ave limt utlonlnt acterla

SN RO e S R
bacterial, speci eg, ggga“' o Pf otein R Lg;rgtzmwsalngfe“ B0 1 B0 et
any E. coli BL21 (DE3) proteins, confirming the antigen specificity of the mouse

anti- recombinant Omp85. ‘When the mouse anti- recombinant Omp85 was

probed against the B. pseudomallei D286 lysate, a ~82 kDa protein band was

detected which is smaller than the estimated size of recombinant Omp85. Based

10 on the predicted molecular weight of Omp85 after cleavage of signal peptide, this

protein might represent the mature form of Omp85 when expressed in B.

pseudomallei. This result demonstrates the expression of wild type Omp85 in B.

pseudomallei, confirming the presence of Omp85 ORF predicted on the B.

pseudomallei genome. Control mice receiving PBS plus adjuvant had no

15 antibodies reactive with the recombinant Omp85 and any of the B. pseudomallei

components. Sera from experimentally infected mice detected only the

recombinant Omp85 and B. pseudomallei D286 proteins but not E. coli BL21

(DE3) prot;:ins, demonstrating the expression of B. pseudqmallei Omp85 in vivo

and is immunogenic during infection in BALB/c mice. Uninfected mice had no

20 anti-B. pseudomallei nor anti-Omp85 antibodies.

The protection efficacy of the present vaccine against melioidosis was

evaluated by exposing recombinant Omp85 immunized mice to a lethal dose of B.
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pseudomallei infection. Table 2 shows that mice immunized with recombinant

Omp835 demonstrated better survival rates than control mice.

TABLE 2. Prophylactic effect of recombinant Omp85 immunization against B. pseudomallei

D286 infection in mice

No. (%) of surviving animals/group

Group Expt 1 Expt 2 Expt 3 Total
TOmp85 70 (70)  8/10(80) 6/10 (60) 21730 (70)
PBS (Control)  1/710(10)  0/10 (0) 2/10 (20) 3/30 (10)
Significance P=0.0027  P<0.0001  P=0.0635 (NS) P<0.0001

Combined experiment results showed that the survival rate in recombinant
Omp85 immunized mice was 70% as compared to 10% in the control group
{Table 2 and Figure 3). Moreover, recombinant Omp85 immunized animals did
not present with organ tropism (abscessed and enlarged liver and spleen, data not

5 shown) that was observed in infected control mice.

Meanwhile, Figure 4 shows the sterilizing immunity conferred by the
recombinant Omp85 immunizatioﬁ. Throughout the 10-day infection,
significantly less bacterial loads in all organs were observed in recombinant
Omp85 immunized animals as compared to the control group. This indicated that

10 the growth of bacteria was restricted in recoinbinant Omp85 immunized mice.
While in vivo bacterial colonization continued to increase on day 6 in the control
group, recombinant Omp85 immunized mice began to show significant decrease
in bacterial loads after day 5 post-infection, indicating a better clearance of

bacteria from the organs and blood at the end of the experiment. No bacterial
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count from the organs of control group could be documented after day 6 due to
the progressive death of the animal after infection. In general, the significantly
reduced bacterial loads in recombinant Omp85 immunized animals are directly
correlated with the survival data described above. The inventors suggest that one
clearance mechanism responsible for the removal of B. pseudomallei in the
immunized animal model may involve antibody-mediated bacterial opsonization

and subsequent phagocytosis and Killing by phagocytes.

Figure 5 demonstrates that the mouse anti-rOmp85 was required for
maximum in vitro opsonophagocytosis of B. pseudomallei by polymorphonuclear
cells (PMNs). These observations demonstrate the importance of identifying
target antigens of opsonic antibody. Omp85 exposed on the B. pseudomallei
surface might serve as a potential opsonic antibody-targeted antigen and mediates

the bacterial clearance from in vivo environment,

An ideal antigen used for immunization basically should meet the following
critefia: first, it should have a virulence factor expressed by all pathogenic strains
of the microorganism; second, it should be located on the pathogen’s surface, and
third, it should be immunogenic i.e. capable of inducing an effective, protective
response, as verified in an animal model (André et al. 1994). The inventors have
demonstrated that B. pseudomallei Omp85 meets the second and third criteria as
an ideal prophylactic candidate against B. pseudomallei infection, i.e. Omp85

represents a target antigen of opsonic antibodies, and is an immune-protective
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antigen that is be useful as a putative vaccine candidate for melioidosis.

In addition, the recombinant Omp85 was also evaluated against a panel of
confirmed melioidosis sera samples for its utility as a diagnostic antigen. The
Omp85 was equally effective in detecting antibodies in the patients’ sera as was
B. pseudomallei whole lysate in an ELISA-based detection system (Figure 6). A
markedly low sensitivity was observed for sera from normal individuals as well
as sera from Legionella infected (melioidosis negative) patients. The ELISA
based hybridization data was further verified by a simple dot blot analysis with
patient and control sera (Figure 7) and the data once again indicated that Omp85
can be further developed as a potential diagnostic agent for melioidosis suspected

sera samples.

The following examples are intended only to further illustrate the invention
and are not intended to limit the scope of the invention, which is defined by the

claims.

Cloning and sequence analysis of gene Omp85 from B. p&eudamallei 286

The full open reading frame (ORF) of the BPSL2151 homologue in B.
pseudomallei isolate D286 was amplified using forward and reverse primers of
SEQ ID NO: 3 and SEQ ID NO: 4 respectively from 200 ng of B. pseudomallei
D286 genomic DNA, The conditions for amplification using the Expand High

Fidelity PCR System (Roche Diagnostics, Germany) consist of an initial



40 B. pseudomal | ei 305 Onp85 738 81.642 99 99 0.0 ZP_0176442 0

10

15

denaturation step at 95°C for 5 min, followed by 30 cycles of denaturation at 95°C
for 1 min, annealing at 64.8°C for 1 min and extension at 72°C for 1 min. The
purified amplicon was cloned into an expression vector pET200/D-TOPO®
(Invitrogen, USA) for expression of recombinant protein with N-terminus-
associated HisgGly tag, in accordance with the manufacturer’s instructions. The
validity of the cloned DNA and polyhistidine tag was confirmed by nucleotide
sequencing with vector primers T7 and reverse T7 (Invitrogen, USA) on the
PRISM DNA Analyzer 3730 (Applied Biosystems, USA). A BLAST search
against the GenBank non-redundant protein database revealed that Omp85 in B.
pseudomallei D286 is highly conserved among the strains of B. pseudomallei as
shown in Table 3 and the antigenic domains in Omp85 have limited distribution

in the bacterial genome.

TABLE 3. BLAST analysis and sequence conservation of B. pseudomallei D286 BPSL2151

homologue with strains of B. pseudomallei and other bacterial species

Amino acid sequence
conservation (%)

ORF Molecular

. . B . N E- Accession
Organism Protein Length g{%g:it Identity  Similarity value No.
B. psendomailei K96243 putative 769 §4.776 100 100 0.0  YP_10875
outer
membran
e profein
B. pseudomailei 1710b Omp85 769 84.806 99 99 00  YP_333967
B, pseudomallei 1106a Omp85 768 84.663 99 100 0.0 YP_0010667
43
B. pseudomallei Pasteur 52237 Omp8s 168 84.693 99 99 00 YP_0020233
40
B. pseudomallei 305 Omp#&35 738 81.642 99 99 0.0 Zp_D176442
0
B. mallei ATCC 23344 Omp85 769 84.718 %9 99 0 YP_103187
Ralstonia metallidurans CH34 D1s 791 83.167 62 78 0.0  YP_583595
Bordetella petrii DSM 12804 Omp85 791 86.098 52 69 0.0 YP_0016311
37
Neisseria meningitidis 053442 Omp85 757 88.460 38 58 le- YP_0016000
161 55
Neisseria gonorrkoeae Omp85 792 87.809 38 58 Se- YP_0020030
NCCP11945 161 98
Haemophilus influenzae strain D15 782 89.170 il 45 2e-  F64102
Rd KW20 108
Pasteurella multocida Omp8? 778 87.571 30 40 le-  CAD20126
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From the deduced amino acid sequence, Omp85 protein was predicted to have a
molecular weight of 84,906.7 Da whereas recombinant Omp85 expressed with N-
terminal associated HissGly tag have a molecular weight of 89,032.2 Da. Signal
peptide analysis with SignalP 3.0 predicted a signal peptidase cleavage site
between Ala-27 and Thr-28 of the protein sequence, and cleavage on this site will

produce a mature protein with a molecular weight of 82,127.4 Da.

Production of recombinant Omp85

The recombinant plasmid of pET 200/D-TOPO? carrying the Omp85 ORF was
transformed into the expression host Escherichia coli BL21 (DE3) in accordance
with the manufacturer’s instruction (Invitrogen, USA). Recombinant protein
expression.in E. coli BL21 (DE3) was performed at 200 rpm and induced with 1
mM isopropyl-p-D-thiogalactoside (IPTG) (Promega, USA) for 3 hours at 30°C.
The expression cells were harvested by centrifugation at 10, 000 x g for 15 min at
4°C. The cell pellet was resuspended in phosphate buffer (50 mM NaH,PO;, 0.5
M NaCl, 10 mM imidazole and adjusted to pH 8.0) and subsequently disrupted by
alternate -freezenthawing and sonication five times at 10 s each (Vibracell, Sonics
and Materials, USA). Cell lysate was separated by centrifugation into supernatant
(soluble) and pellet (inclusion bodies) fraction. The inclusion bodies was
solubilized in denaturation buffer (6M urea, 20 mM NaH,P Oy, Q.S M Na(Cl and

adjusted to pH 7.8).
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The His-tagged recombinant Omp85 was purified from the crude inclusion bodies
using the immobilized metal affinity chromatography-based ProBond™
Purification System (Invitrogen, USA). Protein purification was performed under
denaturing conditions as per the supplier’s instruction mapual. SDS-PAGE and
western blotting were used to examine the success of the purification procedure.
The protein concentration was determined using a bicinchoninic acid assay
(Sigma, USA). Urea was removed from the purified protein by dialysis as
previously described (Ou et al. 2006) with some modifications. Briefly, purified
fractions were pooled, protein concentration was adjusted to 50 pg/mL and 1 mM
ditiothreitol (DTT) was added. The protein sample was then dialyzed for 6 hr at
4°C against 50 volume of renaturation buffer (6M urea, 10% (v/v) glycerol, 0.1
mM DTT , 20 mM Tris-Cl, 0.2 M NaCl, 0.3 M L-arginine and adjusted to pH
9.5). The dialysis steps were repeated with renaturation buffer containing
gradually decreasing concentrations of urea from 4 M to 0 M and finally with
phosphate buffered saline (PBS). The dialyzed product was concentrated with

Amicon® Ultra Centrifugal Filter Devices (10, 000 MWCO) (Millipore, USA).

Immunization with recombinant Omp85 in an animal model

The animal model used in this invention is female BALB/c mice, aged 6-8 weeks
old. The animals were provided by the Animal House, Universiti Kebangsaan
Malaysia. Mice were maintained in a positive pressure environment at 20°C to
25°C, subjected to a 12 hr light/dark cycle and fed with a protein-enriched diet

and water ad libitum. Purified recombinant Omp85 was used to immunize naive
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mice prior to immunoprotection assay against the lethal dose challenge by B.
pseudomallei D286. A group of 10 mice was immunized via intraperitoneal (i.p.)
route with heat treated purified recombinant Omp85 (20 ug resuspended in 100
uL PBS) emulsified in Freund’s complete adjuvant (Pierce, Réckford, USA) on
day 0 and boosts were administered with the antigen in Freund’s incomplete
adjuvant on day 21 and day 42. Control mice were injected with PBS plus
adjuvant as per the above schedule. Mice were tail-bled two weeks after each
immunization. Blood was pooled for each immunization group, and sera were
recovered according to the procedure of Harlow and Lane (Harlow & Lane 1983).
Prior to infectious challenge with B. pseudomaliei D286, sera harvested from the
immunized animals were characterized by enzyme-linked immunosorbent assay
(ELISA) to evaluate the presence of specific antibodies to recombinant Omp85 in
the animals following immunization. End-point antibody titer of the harvested
animal sera was verified by ELISA as previously described (Engvall & Perlmann
1972) with some modifications. Briefly, 96-well plates were coated overnight
with 1 g of the recombinant Omp85. Nonspecific binding was blocked with 5%
(w/v) skimmed milk in PBS. The plates were then washed using 0.05% (v/v)
Tween 20 (Sigma, USA) in PBS. Serum samples were serially diluted two-fold
(1:20 to 1:327680) across the microtiter plate in 5% skimmed milk and incubated
for 2 hr at 37°C. Antibody-antigen binding was detected with HRP conjugated
goat anti-mouse IgG (Promega, USA) (1:2500 dilution); rabbit anti-mouse IgM (.
chain) (1:2500 dilution), IgG1 (gamma 1) (1:500 dilution), [gG2a (gamma 2a)

(1:1000 dilution) or IgG2b (gamma 2b) (1:1000 dilution) (Zymed® Laboratories,
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USA) and ABTS peroxidase/peroxide solution B as the substrate (KPL,
Kirkegaard & Perry Laboratories, USA). The reaction was monitored by optical

density at 405 nm on an ELISA reader (Dynex MRX). All experiments were

performed in triplicate,

For immunoblotting of in vive-expressed antigen during the course of infection, a
group of 10 najve mice was experimentally infected with B. pseudomallei via i.p.
inoculation of 0.1LDsy CFU B. pseudomallei D286 (1X104 CFU, unpublished).
Mice sera were collected on day 7, 14 and 21 post-infection. The procedures to
determine the end point antibody titer of mouse polyclonal anti-B. pseudomallei

against B. pseudomaliei lysate were as described above,

Immunoblots using crude and purified recombinant Omp85 as the antigen were
performed to test the specificity of the antibody response. 20 pg of purified
recombinant Omp85 and B. pseudomallei D286 lysate were separated by 12%
SDS-PAGE and electrotransfered onto a 0.45 pm nitrocellulose membrane. The
blot was subsequently blocked with 5% skimmed milk in TBS (100 mM Tris-
HCI, pH8.0 and 150 mM NaCl) overnight at 4°C. The membrane was washed
with TBST (TBS and 0.05% Tween 20) and probed with immunized mouse sera
(1:640 dilution) or sera from experimentally infected mice (1:160 dilution)
diluted in 5% skimmed milk in TBS for 1 hr at 37°C and washed with TBST.
Reactive antibodies from immunized mice were visualized with AP-conjugated

goat anti-mouse IgG (Novagen, Germany} (1:5000 dilution) and BCIP/NBT
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phosphatase substrate. Antibodies from infected mice were detected with HRP-
conjugated rabbit anti-mouse IgM (u chain) (1:2500 diiution) and Supersignal®

West Pico (Pierce, USA) substrate on an X-ray film.

Ability of recombinant Qmp85 to protect against B. pseudomallei infection in
an animal model

Recombinant Omp85 immunized mice described above were subsequently
exposed to a Jethal dose infection by B. pseudomallei and the immune-protection
conferred by the recombinant Omp85 was further evaluated, In this invention, in
vivo bacterial loads (in multiple organs), animal survival rate and activity of
bacterial opsonophagocytosis with in-house generated anti-immunogenic proteins
were the criteria used to evaluate the protection efficacy of a novel vaccine

against melioidosis.

Groups of immunized mice were given a 200 pl. suspension containing 1x10°
CFU (10 x LDsp, unpublished) of B. pseudomallei D286 by the ip. route,
Following inoculation, mice were monitored daily over 15 days for signs of
morbidity and mortality. Immunization and challenge experiments were

performed in three independent experiments to confirm reproducibility.

Sterilizing immunity conferred by recombinant Omp85 immunization was ailso
examined by the assessment of bacterial loads daily for 10 days post-infection in

the lung, kidney, heart, liver, spleen and blood of the immunized animal. Groups
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(gamma 2a) (1: 10080 GRS d)?é%o?f ¢ gm:buq §BlintnasRy Wk 1epdteddin %mimdual

- (Zynmed(r) Laboratories, 19 USA) and ABTS peroxi dase/ per oxi de
:solution B as theemﬁaientateacl‘(;jéﬂormbﬂ inkepkate & Perry Laboratories,
~USA). The reaction was nonitored by optical density at 405 urn on an
. ELI SA reader (Dynex MRX). All experinments were perfornmed in

triplicate. 5 For immunoblotting of in vivo-expressed antigen during

“the course of inf ggl{edsg a]a;i(ﬂéﬂmdm aodidRBYE M ce was experinental l'y

infected with B. ps via I p. |noculat|on of 0.1LD50 CFU B.

. pseudonal | ei D28 6 %% 8? 2%%18#1%%% l():!) agergg‘ese? % 5ol &10%’33{5 ér%e&ella

> on day 7, 14 and

ures'to ermn

: end poi nt antlbodyt ter of fin&]\%e oI cIonaI
R

against B. pselidofriI@Ed |sj¥a
s using crude and purified reconbinant Onp85 as the antigen were

ti.-B. d |
a@gewllwgaélab ﬂém%unﬁsrﬁfaﬁeé in a

perfornmed to teststpdardgddBai tst QGSéﬂ‘lquhébfam i Blgdyeactisp gngeodisso fijopy hyman
tpurified reconmbi nant Orp85 and B. pseudonal | ei D286 | ysate were

separ at ed by 12% samples were visualized with AP-conjugated goat anti-human IgG (Novagen,
Germany) {1:5000 dilution) and BCIP/NBT phosphatase substrate. The dot blot

was performed by spotting on 1 pg of selected proteins (Omp85, E. coli lysate

20 and B. pseudomallei lysate) on nitrocellulose membranes and probing with

selected sera samples.



SDS- PACGE and el ectrotransfered onto a 0.45 pmnitrocellul ose
menbrane. The 15 bl ot was subsequently bl ocked with 5% skimed mlk
in TBS (100 mM Tris- HCl, pH8.0 and 150 nM NaC ) overnight at 4C. The
menbr ane was washed with TBST (TBS and 0. 05% Tween 20) and probed

Wi th inmuni zed nouse sera (1:640 diluti@ah) or sera from
experinmentally infected mce (1:160 dilution) diluted in 5% ski nmed
mlk in TBS for 1 hr at 37C and washed with TBST. 20 Reactive

anti bodi es fromimmni zed m ce were visualized with AP-conjugated
goat anti-nouse 1gG (Novagen, Germany) (1:5000 dilution) and BClI P/ NBT
20 phosphat ase skhigd patieulénemboediineatsfofahe kit tigvkntibe Gave besndddseitiedd it
wi th HRPconjugated rabbit anti-mouse 1gM (g chain) (1:2500 dilution)

and Super si gnal (i)l BR&BVidEk 4P tHokd ﬁhﬁ&i 1nlt'§,Alrt%@%&ﬁ%%h%e@@na(nfoﬁmcanons
film Abi lity of reconbinant to protect against

pseudomal | ei | nfiegid gl .gveﬁﬂoﬁfamg %ﬂ%%f%@%@ghg%[ " SSeopg o e

i nmuni zed m ce escr| ove were subsequent

dose infection b eudopal, | nd th otec rr.ed
by the reconbi nd% enEﬂ‘E?EI%&gHﬁﬁf ﬁ’ﬁé‘i’@ﬂ’ afrﬂ?’ nlé oﬂg‘ﬁ:atu?%
vivo bacterial loads (in nmultiple or gans) ani rral survi vaI rate and
activity of 10 Bh%@@rw@nlnmnmﬁ%mmg@rs wi th in-house generated
anti-imrunogeni c proteins were the criteria used to evaluate the
protection efficacy of a novel vaccine against nelioidosis. Goups of
i mmuni zed mce were given a 200 ?AL suspension containing 1x106 CFU
(10 x LD50, unpublished) of B. pseudonallei D286 by the i.p. route.
15 Fol Il owi ng inocul ation, mce were nonitored daily over 15 days for
signs of norbidity and nortality. Inmmunization and chall enge
experinments were perfornmed in three i ndependent experinments to
confirmreproducibility. Sterilizing inmmunity conferred by

reconbi nant Onp85 i Mmuni zati on was al so



20 exam ned by the assessnent of bacterial |oads daily for 10 days
post-infection in the lung, kidney, heart, liver, spleen and bl ood of
the i nmmuni zed aninmal. Groups 21 of imuni zed m ce were inocul ated
with 13. pseudonal |l ei D286 as descri bed above and eut hani zed at
indicated tinmes after inoculation. The @fgans were aseptically
removed and 100 AL of bl ood was coll ected aseptically fromeach nouse
in 10 mM EDTA, for enuneration of viable bacteria. Organs were 5

i ndi vidual 'y honogeni zed using a Hzm{jEENCEHLITIRE] Honogeni ser

(I KA(r) TIO Basic ULTRA- TURRAX(r), Gernmany) in 10 nL of PBS. Bl ood
and organ hormgenat es were dil ut ed ten-fold serially wwth PBS and 50
pi, of each diluy lcgﬂf down agar. The nunbers of
bacteria were count ed as per organ or CFU nL bl ood. The

determ nation of bactier MPIJIGA&:IH in each organ was 10 obtained from

si x individual aninmals ce f each experinment). Test
antisera opsonophagoég/tm L%‘Y?ré%l%@ﬁ'égsa@"tl}é’gWﬁéd as descri bed
previously (Egan & ,_ Ho et al. 1997) with sone

nodi fications. Briefl y, po ynor phonucl ear cells (PWN) were isol ated
aseptically fromf re@hl VIbt S¢lagdrheal t hy hunman bl ood using a

Pol ymor phpr epTm PMN di.um ( Axi s- Shi el d, Nor way)
according to the mar ﬁ%fﬂfﬁg&ﬁﬁ:tl ons. The cells were washed
once in Hanks' bal anged pgsdtas cOBE MBe0HBSS) (G bco BRL, USA)
containing 0.1%gel atin (GIBSS) and resuspended in an opsoni zation

buffer (GHBSS with 0.15 nmM Ca2+ and 1 nM My2+) at a concentration of
5x106 cell s/ L. Purigt, aﬁ,gli Iiﬁ;bw re assessed by trypan bl ue
excl usi on and were Zéiygre %r t l‘értr)‘]\;’gﬁ\JApprOX| mately | x i 05 CPU B.
pseudonal | ei D286 were BugkhotesiapsZiRidmmléiOuer MehbraheBtoteigd (10% in
final volune) in the opsonization buffer

(i) NUMBER OF SEQUENCES: 4

(iv) COMPUTER READABLE FORM:

A) MEDIUM TYPE: Floppy disk

B) COMPUTER: PC compatible

C) OPERATING SYSTEM: PC-DOS/MS-DOS
D) SOFTWARE: Microsoft Word

(v) CURRENT APPLICATION DATA:
Application Number:

2. INFORMATION FOR SEQ IDNO: 1:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH : 769 amino acids
(B) TYPE : -
(C) STRANDEDNESS : -
(D) TOPOLOGY : -
(iiy MOLECULE TYPE: Polypeptide



for 30 mn at 37C and followed by mxing with -1x105PMNs (1:1
effector target 22 ratio) and 20% normal human serum (conpl enent
source) in a sterile 96-well round bottomplate in a final volunme of
100 uL. The mixtures were subsequently j.ncubated for 2 hr at 37Cin a
shaking i ncubator. Al test sera used were heated at 56C for 30 mm
prior to reaction to inactivate conplenent proteins. At O mn (To 5
sanpl e) and 12041 n URRGAPR . {Suspensi ons were
renoved fromth lmr ea%]tglété%ﬁl nto geisue%lgﬁd}*:‘%}gglolt?ﬂdérl'pl ate and | ysed
with 1.5% saponi n at MEFEPHRFVRKTVAA AAIeAHGLIARERATARE VIEIRIKSEGLAORIVE
diluted and pl at ed OAGBVFAIPIHQGDTFIBDKASEATRALYSTGEINDURIATQGGY
bacterial cells w t hyvlv@YQERINIASIPETGIKBFRDKIDNLNRA LKA VGLSUGE TEDK A
viability while the PYNKNEIGEMRREYIARUIEELAEYSTSVTPIVD AARYVSININ VABGP
Killing activity wasgexptGRYGENICARRTS MW HRS T PNDE Y

e U/ To CFU) X +6B1EN RS PRERRIGYTHINESSQVRIDIRDNPRE IS E
ree individual ex QLS @I’Arj Ry BK SRR
E

potential diagnostic
patients' sera, 5 non: ] ' ;uQ gt SRV YRR
normal (non-nel i oi do¥CHIRIFHREVY QEEES WELP SRAALSKDIRNMNRE CEITIRY
(as described above)DViHYPVEGTNDRVANWNYENAEKETOM Hpd AT 32 hKYY Ly e
vi sual i zed with AP- coHQIRNVEGSEIHL AN VNEAKSY R G Y RQYRFaF T VERGHRITD
(1: 5000 dilution) an¥FERIVBIY YSDNPREZREEAGCOENKFGIPESERD THMFGAGFEQNS
performed by spotti NRLDVIISNTRQSY QPANAERGR PENTYPLTIGWSREARBSALIHSR
lysate 20 and B. pseGyOTRIANAEYSANVGKENY YKMIQGONYSSF ARGPIIGHENFQAd
probing wi th sel ect edyemNGIWPPEXNY EAGNGE O REAREIRY] PRDPRIGS
of the subject i nvenkwwa‘g&”ﬁmmgmﬁvm HAENRSYERKPRSTS1%
ou

frediplilRAES LR TR S

the subject inventi oprcan
the invention. It is Fntended to cover, in the appended clains, all
such nodifications 5 that are within the scope of this invention. 24
SEQUENCE LI STI NG 1. GENERAL | NFORMATI ON

3. INFORMATION FOR SEQ IDNO: 2:
(i) SEQUENCE CHARACTERISTICS:
A) LENGTH : 2310 base pairs
B) TYPE: -
C) STRANDEDNESS : - Double stranded
D) TOPOLOGY : -

| =

(il) MOLECULE TYPE: Nucleic acid
(iii) SEQUENCE DESCRIPTION: SEQ ID NO: 2:

ATGTTGTTCAAACCTCATCGCTTCGTACCTAAGACGGTTGCTGCC
GCGGCGCTCGCCGCGCATGGTCTCGCGGCACACGCAACGGCGCC
CTTCGTGGTGCAGGACATCAAGATCGAAGGCTTGCAGCGCGTCG
AAGCGGGTTCCGTGTTCGCCTACCTGCCGATCAAGCAGGGCGAT
ACGTTCACCGACGACAAGGCATCCGAGGCGATTCGCGCGCTGTA
CGCGACGGGCTTCTTCAACGACGTGCGGATCGCGACGCAGGGC

GGCGTCGTGATCGTCCAGGTGCAGGAGCGTCCGGCGATCGCGTC
GATCGACTTCACCGGCATCAAGGAATTCGACAAGGACAACCTG

AACAAGGCGCTGAAGGCCGTGGGCCTGTCGCAGGGGCGTTACT

ACGACAAGGCGCTCGTCGACAAGGCGGAGCAGGAGCTCAAGCG
CCAGTACCTGACGCGCGGCTTCTACGCGGCGGAAGTGTCGACGA



(i) APPLICANT A) NAME : Universiti Kebangsaan Mal aysia B) STREET : -

C CATY: Selangor

D) COUNTRY : Mal aysia E) POSTAL CODE : 43600 (ii)

TI TLE OF | NVENTI ON: Bur khol deri a pseudomal | ei Quter Menbrane Protein
85 (iii) NUMBER OF SEQUENCES: 4 (iv) COWPUTER READABLE FORM A)

VEDI UM TYPE: Fl oppy di sk B) COVMPUTER Pf conpati bl e C) OPERATI NG
SYSTEM PC-DOS/ M5-DOS D) SOFTWARE: M crosoft Wird (v) CURRENT

APPLI CATI ON DATA: Application Nunmber: 2. | NFORMATI ON FOR SEQ | D NO
1: (i) SEQUENCE CHARAGFERAESTI@SSGTECATNGFAACCHBOGEGTAGANCAEGTTCGCG

GTCGCCGAAGGCCCGAGCGCGAAGATTCGCCAGATCAACTTCAT
CGGCAACAAGGCGTTCAAGACGAGCACGCTGCGCGACGAGATG
CAGCTGTCCACGCCGAACTGGTTCTCGTGGTACACGAAGAACGA
CCTGTACTCGAAGGAAAAGCTGACGGGCGACCTCGAGAACGTG
CGCTCGTACTACCTGAACCGCGGGTACCTGGAGTTCAACATCGA
GTCGACGCAGGTGTCGATCTCGCCGGACAAGAAGGACATGTAC
CTGACGGTGGCGCTGCACGAAGGCGAGCCGTACACGGTATCGA
GCGTGAAGCTCGCCGGCAATCTGCTGGATCGCCAGGCCGAGCTC
GAGAAGCTCGTCAAGATCAAGCCGGGCGACCGCTTCTCGGCCG
AGAAGCTGCAGCAGACGACGAAGGCGATCGTCGACAAGCTCGG
CCAGTACGGCTACGCGTTCGCGACGGTGAACGCGCAGCCGGAA
ATCGATCAGGCGACGCACAAGGTGGGCCTCACGCTCGTCGTCGA
TCCGAGCCGGCGCGTGTACGTGCGGCGGATCAACATCGTCGGCA
ACACGCGCACGCGTGACGAGGTGGTGCGTCGCGAGATGCGCCA
GCTCGAGAGCTCGTGGTTCGATTCGAGCCGTCTCGCGCTGTCCA
AGGACCGCGTGAACCGTCTCGGCTACTTCACCGACGTCGACGTG
ACGACGGTGCCCGTCGAGGGCACGAACGACCAGGTCGACGTGA
ACGTGAAGGTCGCCGAAAAGCCGACGGGCGCGATCACGCTCGG
CGCGGGCTTCTCGTCGACGGACAAGGTCGTGCTGTCGGCCGGCA
TCTCGCAGGACAACGTGTTCGGCTCCGGCACGAGCCTCGCGGTG
AACGTGAACACCGCGAAGAGCTACCGCACGCTGACCGTCACGC
AGGTCGACCCGTACTTCACCGTCGACGGCATCAAGCGGATCACC
GACGTGTTCTACCGCACGTATCAGCCGCTCTATTACTCGACGAA
CTCGAGCTTCCGGATCATCACGGCGGGCGGCAACCTGAAGTICG
GCATTCCGTTCTCGGAAACCGACACGGTCTATTTCGGCGCGGGC
TTCGAGCAGAACCGCCTCGACGTCGATTCGAACACGCCGCAGTC
GTATCAGGATTACGTGAACGAGTTCGGCCGCGTGTCGAACACGG
TGCCGCTCACGATCGGCTGGTCGCGCGACGCGCGCGACAGCGCG
CTGATCCCGAGCCGCGGCTACTTCACGCAGGCGAACGCCGAATA
CGGCGTGCCGGTGGGCAAGATCCAGTACTACAAGATGGACGTG
CAGGGCCAGTACTACTACTCGTTCGCGCGCGGCTTCATCCTCGG
CCTGAACTTCCAGGCGGGCTACGGCAACGGCATCGGCAATCCGT
ACCCGATCTTCAAGAATTACTACGCGGGCGGTATCGGCTCCGTG
CGCGGCTACGAGCCGAGCTCGCTCGGCCCGCGCGACACGAAGA
CGAACGATCCGATCGGCGGCTCGAAGATGGTCGTCGGCAACATC
GAGCTGACGTTCCCGCTGCCGGGCACGGGCTACGACCGCACGCT
GCGCGTGTTCACGTTCCTCGACGGCGGCAACGTGTGGGGCAATG
CGCCGGGCGGCACGAGCACGGGCGCGAACGGTCTGCGCTACGG
CTACGGTATCGGCCTCGCGTGGATCTCGCCGATCGGGCCGCTCA
AGCTGAGCTTGGGCTTCCCGCTGCAGAAGCACGAAGGCGATCA
GTATCAGAAATTCCAGTTCCAGATCGGGACGGCGTTCTGA



(B) TYPE : - (C) STRANDEDNESS : - (D) TOPOLOGY : - (ii) MOLECULE
TYPE: Pol ypeptide 25 (iii) SEQUENCE DESCRI PTION: SEQ ID NO 1:
M_FKPHRFVPKTVAAAAL AAHGL AAHATAPFWQDI KI EGLQR VE

AGSVFAYLPI KQGDTFTDDI CASEAI RAL YATGFFNDVRI ATQGGV

VI VQVQERPAI ASI DFTG KEFDI CDNLNI CALKAVGL SQGRYYDKA

L VDKAEQEL KRQYL TRGFYAAEVSTTVTPVDANRVSI LFAVAEGP

SAKI RQ NFI GNI CAFKTSTLRDEMQL STPNWESWY TKNDL YSKEK

L TGDLENVRSYYLNRGY IRFKIRIEADIGN SRIEBINDINGLBEG EPYTVS

SVKLAGNL L DRQAEL EKL VKL | %m% _

DKL GQYGYAFATVNAQPE! @éﬁ’fﬁ@@?@% 1SV GNTRTRDEVWWRREMRQLES
SWFDS SRLALSI CDRVNAL GYSTDVENGTH : 25 base pairs
DVTTVPVEGTNDQVDVNVKVAEKPTGAI TLGAGFSSTDKWWL SA

G SQDNVFGSGTSLAVNVNTARSYRTYPETEVDPYFTVDG KRI TD VFYRTYQPLYYSTNS

SFRI | TAGGNLKFG PFSET _
RLDVDSNTPQSYQDWNEFG?@IIT%F@@%E%S‘AU PSR

GYFTQANAEYGVPVGKI QYYKIDVOEORSY SFEREE! LGLNFQA

GYGNG GNPYPI FKNYYAGG GSVRGYEPSSL GPRDTKTNDPI GGS

KMVWGNI EL TFPL PGHGY DRVIGAES L BERANaloicEd G

ANGLRYGYG GLAW SRl GP | NFORVATI ON FOR
SEO 1D N 2 (P SeepRRE e RERERE I sE e S M ™ 2510 base
pairs B) TYPE : - C) CAURBADEENEGST CAACOTEASTCGGled D) TOPOLOGY : -

(ii) MOLECULE TYPE: Nucleic acid (iii) SEQUENCE DESCRI PTION: SEQ I D
NO. 2: ATGTTGTTCAAACCTCATOGCTTOGTACCTAAGACGGT TGCTGCC

ACGT TCACCGACGACAAGGCA LGTA
CGCGACGEECTTCT TCAACGA GCGGATCGCGA GGGC
GGCGT CGT GATCGT CCAGGT GBQ\GGNEEBTGCGGCGATCGCG'I' C
GATCGACT T%WT%WF
AACAAGGCGCT GAAGGECCGT

ACGACAAGECGECTCGT CGA GCTCAAGCG

CCAGTACCTGACGCGCGEECTT' CTACGCGGCGGAAGT GTCGACGA
MOLECULE TYPE: Nucleic Acid

SEQUENCE DESCRIPTION: SEQ ID NO: 4:
TCA GAA CGC CGT CCC GAT CTG GA



26 CGGICACGCCGGT CGACGCGAACCGCGTGTCGATCCTGI TCECG
GTI' CGCCGAAGGCCCGAGCGCGAAGAT TCGCCAGATCAACT TCAT
CGGCAACAAGGCCGT TCAAGACGAGCACGCTGCCCGACGAGATG
CAGCTGI'CCACGCCGAACT GGT TCTCGT GGTACACGAAGAACGA
CCTGTACTCGAAGGAAAAGCT GACGGGCGACCTCGAGAACGT G
CCCTCGTACTACCT GAACCGCGEGTACCTGGAGT TCAACATCEA

GTI' CGACGCAGGT GT CoEE T it ddAsAAGAAGGACATGTAC
CTGACGGT GECGECT GCACGAAGGCGAGCCGTACACGGTATCGA
GCGTGAAGCT CGCCGEGECAAT CTGCTGGATCGCCAGGECCGAGCTC
GAGAAGCT CGTCAAGAT CAAGCCGGEECGACCGCTTCTCGECCG

AGAAG\%ETGCAGXA @%ﬁ\ tﬁtem 85 (Omp85) of Burkholderia

?g-g&MGTGTEAA d%&%amst Burkholderia pseudomallei
ACACGCGCACGCGT GACGAGGT GGT GCGT CGCGAGATGCGCCA

GCTCGAGAGCT CGT GGT TRE P RCGAGCCGT CTCGOGCT GTCCA
AGGACCGCGTGAACCGT CTCGGCTACT TCACCGACGT CGACGTG

ACGACGGT GCCOGT CGAGGGCACGAACGACCAGGT CGACGTGA

ACGT GAAGGT CGCCGAAAAGCCGACGGGCGOGAT CACGCTCGG

CGOGGGCT TCTCGT CHAGRRAGANGET QO T EETETIEBRORGREASS (Omp8S) as claimed in claim 1,
TCTCGCAGGACAACGT GTTCGGCT COGGCACGAGCCT CGOGGTG

AACGT GAACACCGCGAAGA kel € Fof bt (i $5NC@B PSL2151 protein.

AGGT CGACCCGTACT TCACCGT CGACGGCAT CAAGCGGATCACC
GACGTGTTCTACCGCACGTATCAGCCGCTCTATTACTCGACGAA

CTCGAGCTTCCGGATCATCA CCTGAAGTTCG

%W&W%& 05 {Omp85) as claimed in claim 2,
e EIPIENEG oo s 50

CT GATCCCGA%? TCACGCAGGCGAACGCCGAATA
CCAGTACTACAAGATGGACA TG
CAGGGCCAGTACTACTACT CGT TCGCECGCGECTTCATCCTCGG
CCTGAACT TCCAGGCGGEGECTACGGECAACGECAT CGECAATCCGT
ACCCGATCTTCAAGAATTACT. ACGCII—IGCCI;T ATCGGCT CCGTG
yotteAcarasi 85 (Omp85) as claimed in any one
CGAACGAT CCGATCGGECGCECT CGAAGATGGT CGTCGGCAACATC
GAGCT GACGT TCCCCCT GaaisidCA R GEACRARCHORCHAT size of said recombinant Omp85 is
GCGCGTGI TCACGT TCCTCGACGGECGECAACGT GTGEGEGCAATG
CGCCGEEECCECACGAGCASRBECGCGAACGGT CTGCGCTACGG
CTACGGTATCGGECCTCECGT GGATCTCGCCGAT CGEGCCGCTCA
AGCTGAGCT TGGGCTTCCCGCT GCAGAAGCACGAAGGCGATCA
GTATCAGAAATTCCAGT TCCAGATCGGGACGCGCGTITCTGA 27 4. | NFORMVATI ON FOR SEQ

RE - Q) %%%B%@@ ﬁé%@%@%&ﬁwb%ﬂ%@@ﬁﬁ%%ﬂ@
OIT Can ACC To TERTETES DRESPMT Gk SR8 efee? TR
CHARACTER! STICS: A) LENGTH - 24 base pairs B) TYPE -
STRANDEDNEgé 9% éé@ N

6. A forward primer comprising a sequence as set forth in SEQ ID NO: 3 and a

reverse primer comprising a sequence as set forth in SEQ ID NO: 4 for



MOLECULE TYPE: Nucleic Acid SEQUENCE DESCRI PTION: SEQ ID NG 4: TCA
GAA CBC CGT CCC GAT CTG GA 28 What is clained is: 1. A reconbi nant
outer nenbrane protein 85 (0np85) of Burkhol deria pseudornallei for
the protection agai nst Burkhol deria pggudonallei infection. 52. A
reconbi nant outer nenbrane protein 85 (0np85) as clained in claiml,
wherein said reconbi nant Onp85 is a BPSL2151 protein. 3. A

reconbi nant out er AR iR enPERSreBmBRane OFiBRE 88S(CHhFBSTEFbrh fBz@kiﬂii&@:-l'%aD

wherein the sequence of said reconbinant Onp85 is as shown in SEQ

NO 1. 104. A rec%ggjagg,gyei%gﬁ&ﬁe_rrerrbr ane protein 85 (0Onp85) as
clainmed in any one of clail 1 to 3, wherein the nol ecul ar size of

sai d reconbi nant Onp85 is 89 I cDa. 5. An isolated nucleic acid,
whi ch encodes a reconbi nant outer nenbrane protein 85 (0np85) of

Bui | chol deri a pseudonial | e, rein the sequence is 15 ho i.n
SRO 1D NG o PE ARk ok biRER B e SPAbARS oiten s 48nelD B 1
in SEQID NG 3 and a 29 anplifying an outer nmenbrane protein 85
(Omp85) from Bur k Rereidesiapaseudrsinller engpandive using saldmfariyatd apd reverse
anplifying an outer menbrane protein 85 (0nmp85) from Burkhol deri a
pseudonal | 6 genowenisys asiclagnghind chin farwhesginl the vendigors for jamplidication
claimed in claim®6, wherein the conditions for anplification conprise
of an initial denabmprsd effensingjal déna@b@idnostefbatrd N0 tfasy nfimités)eltbway B0
cycles of denaturation at 95C for 1 mnute, annealing at 64.8C for 1
m nute and ext ensidgreyalkes 62 derfaliradoratMA’€. for 1 minute, annealing at 64.8°C for 1

minute and extension at 72°C for 1 minute.

8. A recombinant clone comprising said isolated nucleic acid as claimed in

10 claim 5.

9. A host cell of prokaryotic or eukaryotic origin comprising said recombinant

clone as claimed in claim 8.
10. A host cell as claimed in claim 9, wherein said prokaryotic cell is £, coli.
11. A composition comprising a recombinant outer membrane protein 85

15 (Omp85) of Burkholderia pseudomallei as claimed in any one of claims 1 to

4 for the protection against Burkholderia pseudomallei infection.



8. A reconbi nant clone conprising said isolated nucleic acid as
clainmed in 10claim5. 9. A host cell of prokaryotic or eukaryotic
origin conprising said reconbinant clone as clained in claim@8. 10. A
host cell as claimed in claim9, whergjn said prokaryotic cell is E
col | . 11. A conposition conprising a reconbinant outer nenbrane
protein 85 15(0nmp85) of Burkhol deria pseudomallei as clainmed in any

one of claims 115 Q 4edRMbihdi® Q! REibRMe RIS t3SBUNKPIY YIS i Burkholderia
pseudoral | ei infection. 30 12. A reconbinant outer Tmenbrane protein

85 (Om85) of Burlkng) dekha ASTHHACR) 51‘;:; oft® oﬁhl?{(uﬁ%ﬁ é& 0 AP ¥sPhia 9F cine

claims 1 to 4 for*use as a vaccl ne agai nst eria pseudonal e

i nfection. 13. Are ) ,nant. out e nmbrane protein 85 (Om85) of
Bur khol deri a 5pse3§%ﬂ§% hogjsé”glpﬁef”r‘?%’ﬁgﬁﬂl t%é}w(glne of clains 1 to 4 for
use as a prophyl axi s nol ecul e agai nst Burkhol deri a pseudonal | ei

infection. 14. A reconbi nant outer nmenbrane protein 85 (0np85) of
Bur khol deri a pseudomal l ei as clained in any one of clains 1 to 4 for

use as a di agnob}ife rpesmehinang quisr BOMRIGE deiptein e (Qonsd)l ef Suwikhedderion.

5 pseudomallei as claimed in any one of claims 1 to 4 for use as a prophylaxis

molecule against Burkholderia pseudomallei infection.

14. A recombinant outer membrane protein 85 (Omp85) of Burkholderia
pseudomallei as claimed in any one of claims 1 to 4 for use as a diagnostic

molecule for Burkholderia pseudomallei infection,



