Bur khol deri a pseudonal | ei Quter Menbrane Protein 85 1. Technical Field of
the I nvention The present invention relates to a reconbi nant protein of

Bur khol deria pseudonallei, which is effective for the protection against B.
pseudormal l ei 5 infection. 2. Background of the Invention The gram negative
soi | saprophytic bacillus, Burkhol deria pseudonmallei is the causative agent
of nelioidosis, a potentially fatal diséase infecting both human and
animal. Melioidosis is exclusively endem c in subtropical regions such as 10
Sout heast Asia and Northern Australia. The disease is responsible for nore
than 20% of all comunBukfhaldgtin pecidewplipiduter Mearhrage Brotein 8 at ed nortal ity
in endem c areas (Dance 2000, Wit hi ekanun & Peacock 2006). Inhal ation or
entry into wounds by bacterial contam nated environnent is the major route
of infection in human nelioidosis (Cheng & Currie 2005). Melioidosis

exhi bits non 15 1spp&dhhical Fleld ook IRvdnitibgst ati on, rangi ng from an acute or
fulmnate septicemc illness to an indolent |local infection or chronic
suppurative infection (Brett & Wods 2000, Currie et al. 2000). 2

Treatment of B. pseudorallei infection solely depends on prol onged

anti biotic therapy, Neverthel ess, the intrinsic,resistance of B. ,
pseudomal l el to a The Bées?rgnlé]é’elitl‘olnaﬁ?lﬁ%sl & iacgecf’WBFl%tt'uipfoe%félP %ﬁoﬁu%ﬁﬁff’a
concomtant with it fﬁqultative intracellular |ifestyle (Jones et al.

1996, PruksachaPfsHdpripiet vich 1@@5)3@04% Freifie| BfOsSClifa dgiiny BhasquepEpis and

recrudescence of the disease after cessation of antibiotic
5  infection.

2. Background of the Invention

The gram-negative soil saprophytic bacillus, Burkholderia pseudomallei is the
causative agent of melioidosis, a potentially fatal disease infecting both human
and animal. Melioidosis is exclusively endemic in subtropical regions such as

10  Southeast Asia and Northern Australia. The disease is responsible for more than
20% of all community-acquired septicaemia and sepsis-related mortality in
endemic 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).



therapy (Currie et al. 2000). Immunol ogically nediated protection would
therefore provide an alternative renedy in prevention of nelioidosis rather
than the conplicated antimcrobial treatnent after infection.

Unfortunately, presently no vaccine is approved for human use to prevent B.
pseudonal | ei infection and 10 protection fromrepeated natural inmunizations
has been hanpered by the intracellular2nature and nulti-virulence factors
of the pathogen (Brett & Wods 2000, Wite 2003). Several prior arts have
reported on the attenpts to utilize subunit vaccines (Harland et al. 2007,
Nel son et al. 2004reatmriz \pic8i mssudotivdlai dnfegtion Z0BHa, depdrsis2006biolanged
attenuated |live vaccines (Atkins et al. 2002, Uett et al. 2005) against B.
pseudonal | ei i nhedtiotenthetdpyeMeverthelats, geniatrinsiat resistafieer ofcR ppleadenagdleDtoegt | on
agai nst the infection have yet to be discovered. In the present invention, a
novel subunit vagdd raggd Of artibeoties €VenERioa A 20008 doRéHRiSns widSitsdav@l.aped based
on the outer nenbrane protein of B. 20 pseudonuallei. Bacterial outer

menbr ane pr ot i igaCAfRhiitd e RANENL & 1908 PhilSahaRCl AR, 1090) BENRIAY

reasons. The proteins primarily provide a crucial 1 nterface

i nt ti it t. M f th t ej Lnplicated i.n bactey.al

et non 3% LB B e S Lt L8 B 8 kR A s 1
i mune evasion _i.e. resistance to phagocytosjis and the killing of host
cell's, are harbBfed (GHriene éht%?mﬁeﬁWF&W@M€G%Mk raedigipd  protestion vt k et

al . 1990). The proteins are 5 also involved in maintaining structural
integrity of ththelsderearovile erklternsifviel remedmeih prevengiop af meddierdosidaphert tham i n an
in vivo environment within the host (Bos &
the complicated antimicrobial treatment after infection. Unfortunately, presently
no vaccine is approved for human use to prevent B. pseudomallei infection and
10  protection from repeated natural immunizations has been hampered by the

intracellular nature and multi-virulence factors of the pathogen (Brett & Woods

2000, White 2003).

Several prior arts have 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



Tommassen 2004, Lin et al. 2002). Surface exposed outer nenbrane proteins
are primary targets recogni zed and attacked by the host's i mrune system
Thus, the -outer nenbrane protein of B. pseudonmallei is seen as the ideal
vacci ne candi date 10 against B. pseudonallei infection. 3. Summary of the
I nvention The first aspect of the present invention provides for a

reconbi nant outer nenbrane protein of Burkhol deria pseudomallei that is
effective for the protection against B. pseudonallei infection. The
reconmbi nant protein can be 15 used as a vacci ne agai nst B. pseudonal | ei

i nfection proph{aratdreciiony withhe kastoNdnasplethe ofoteihe ippdissed innbatariabn
provi des for the DNA sequence that encodes the reconbi nant outer nenbrane
protein of B. pp&hackenedid @ich ad\foradindsn andibasion nghdshecDNA wdbasandamanea a host
cell conprising the vector are also provided. 4 Further, the present

i nvention provi gesiohQlk. REistiBEStoGH g tdsIELHR GiRNETig@Thoktelis, e RiFBbUrEd cat i on
of the outer nenbrane protein of B. pseudonallei. These and other objects

of the present gﬁﬂ%rﬁ&&%i}ﬁ%ﬁ@i@@é@%@%osﬁ{ﬁ QR 96@99@.%@r%%ﬁmra?@e

protein 85 (Orp85) of Bur pseudonal I'ei or a fragnent or a

honol ogue theregf f.or .the.protection against B.. pseudqnall.ei infection. An
i sol at ed nug | ei gls%d?‘ff),lv‘?ﬁﬁi"gﬁlaé'ﬁ@BH’@sStggﬁ]é@o%?gﬁl%t&otﬁ?e C%%bfﬂﬁew%? otein
85 (Omp85) of Burkhaol derja pseudonal ] ei or a fragment aqr . a haonol ogue
thereof . A vect BrdRUpHBIRPSFY adpRiatizoinangy virgangirenmaent (vitny thg heslsBos &t | of

Tommassen 2004, Lin et al. 2002). Surface exposed outer membrane proteins are
primary targets recognized and attacked by the host’s immune system. Thus, the
outer membrane protein of B. pseudomallei is seen as the ideal vaccine 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.



10 prokaryotic or eukaryotic origin conprising the vector. Forward and
reverse priners for anplifying an outer nenbrane protein 85 (Om85) from
Bur khol deri a pseudonal | ei genome. 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 m nute, annealing at 64.8C 15 for 1
m nute and extension at 72C for 1 minute® Use of the reconbinant outer
menbrane protein 85 (Om85) of Burkholderia pseudonallei or a fragnment or a

honol ogue t her eof C|ne pro acti.ca t seudomal | ei
infection. 5 Use ?r&ﬁé re on atl tpé?"l‘?c?érﬁﬁy%@g (ipﬁmé'gn ?ﬂf@%ﬁs of
Bur khol deri a pseE IIe % %gent or a honnlogge thereof as a

di agnosti ¢ nol ecf% ‘P@B?O e OplrE MSMEEARR PEPtER © Fl ei
infection. 4. Brief Descrlptlon of the Acconpanyi ng EXamnngs O her aspects
of the present invention and their advantages will be discerned 5 after
studying the detailed description in conjunction with the acconpanyi ng
drawi ngs i n whi ch: Fheggeae dhetubjstst dfeheSScRAGEemind areegheved by,ot anal ysi s of
reconbi nant Om85 (rOmp85) (-89 kDa) expressed in E. coli BL21 (DE3).
Figure 2 shows indirect western blotting of purified rOnP85 and B. 10
pseudomal | ei D286 |ysate proteins with nouse polyclonal anti-rOmp85 and sera

A recombinant outer membrane protein 85 (Omp85) of Burkholderia
5  pseudomallei or a fragment or a homologue thereof for the protection against B.

pseudomallei infection.

An isolated nucleic acid, which encodes a recombinant outer membrane
protein 85 (Omp85) of Burkholderia pseudomallei or a fragment or a homologue
thereof. A vector harbouring the isolated nucleic acid and a host cell of

10  prokaryotic or eukaryotic origin comprising the vector.

Forward and reverse primers for amplifying an outer membrane protein 85
(Omp85) from Burkholderia pseudomallei genome. The optimum conditions 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

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

Use of the recombinant outer membrane protein 85 (Omp85) of Burkholderia
pseudomallei or a fragment or a homologue thereof as a vaccine, prophylactically

against B. pseudomallei infection.



f-rom-B--pseudonal |-ei- D286-i-nfeected m-ce.- Figure 3 shows survival curves of
r Omp85 i muni zed BALB/c after intra- peritoneal challenge with 10LD50 CFU of
B. pseudonual |l ei D286. Data represent the sum of three independent
experinments. Survival curves were significant at 15 P<0.000l by LogRank
test. 6 Figure 4 shows the 10 days bacterial |oad of B. pseudonallei in
mul tiple organs of imuni zed mce followng intra-peritoneal infection with
| OxLD50 CFU B. pseudonal |l ei D286. Data’represents the nmean of counts t
standard deviation (SD) of bacterial CFU per organ or CFU niL bl ood fromtwo
5 i ndependent experinents (three mce in each experi rrent%.) Differences in

®

bacterial |oad bdfsgednhs ieaembinant oxfry meathrans| pretesuds(QuepsS) of Surkbplderi | y
significant at P<0.05 for all organs except heart (P=0.073). Figure 5 shows
per cent age opsopspdaraldsitonsi SagnienBor pdemdtugat teiredfyas apdidgnostipmotescledar cel | s
(PMNs) in the presence of conplenent and specific 10 antibody. Data
represents the dewas foSBe bregenck lof Bependangopmictioxperi ments. One asteri sk

i ndi cates a significant increase (P<0.05) in opsonophagocytosis in the
experinmental group when conpared to the control group (bact+GHBSS). Double
asterisks indicate difference at P=0.06 when conpared wth the

bact +ab+cp+PIN Q?tﬁ&ieﬁﬁesﬁ'iﬁH{n‘?oPth%*}Qﬁ‘é’émi,Q%iR' rlavreg}géeactl on between Omp85
and sera sanpl es’ from hnel Fordosis cl'tnfc %atlen and normal sera as the
control. Data represents the

Other aspects of the present invention and their advantages will be discerned
after studying the detailed description in conjunction with the accompanying

drawings in which:

Figure 1 shows the SDS-PAGE and western blot analysis of recombinant

Omp85 (rOmp85) (~89 kDa) expressed in E. coli BL21 (DE3).

Figure 2 shows indirect western blotting of purified rOmp85 and B.
10
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 10LDsq CFU of B. pseudomallei D286. Data represent
the sum of three independent experiments. Survival curves wete significant at

15
P<0.0001 by LogRank test.



mean SD from three independent experinents. A total of 23 clinical sanples,
9 normal sera (NS1 - 10) and 5 sanples from Legionella positive patients
were utilized in an ELI SA based detection system All sera sanples were

al so tested 20 against total B. pseudonallei |ysate (positive control) and
E. coli BL21 |lysate (negative control). 7 Figure 7 shows a representative
dot blot of the Om85 (OVAg) antigen against nelioidosis confirmed patient
sera (a, b) or control sera (c). 5. Detailed Description of the Invention
In accordance with the present invention, a reconbinant outer nenbrane
protei n of Burkhollguieat peenddtheanl @ diys Wdvierial iandedff Bepieudoralei timenytigitect i on
5 agai nst B. pseudonallei infection, is provided. The reconbinant protein is

a reconbi nant otgdaas ofefmbmiedphiveefollo®mg( DipPelitontal Bnfdesen datml dgiDgnd
i nclude fragments and honol ogues of the reconbinant protein that are

capabl e of  proydrdj g f(ﬁez%%ﬁ@zt DY86.| DI N@ple&IRONREmRARIAoulls PIBHERTRI | ei
infection. In the context of the present invention, the term"fragnent"

refers to any POLL 0 iV apin i 89YERC f ol.ypepti de
whi ch has the ségrr‘ggﬁ(glct(lgg? t({/f gé& i é (g}g[rjrpp%t grg%rri gro aci gﬂ‘sgjclqog)gn?rg% Eér('ggrrent S
will suitably conprise at least five.and preferabl .Jleast ten .
Consecut | ve i HBPREIAY Speans (hird fisd B eBiEmPe Moy disTeates bRl ¢ hese
fragnents. In order to retain activity, fragnents wl| _suitabl,%( conpri se at
| east one epi tobqa@l Peégpgh_lmwamiqn&copﬁgl groups were statistically significant at

P<0.05 for all organs except heart (P=0.073).

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).



15 term "honol ogue” is defined as a gene related to a second gene by descent
froma comon ancestral DNA sequence. The termmay apply to the

rel ati onship between genes separated by the event of speciation
("ortholog") or to the relationship between genes separated by the event of
genetic duplication ("paralog"). 20 8 OQuter nenbrane protein 85 (locus
tag: BPSL2151) was initially identified i'n a study (Su et al. 2008) as one
of B. pseudonallei imunogenic proteins expressed during human infection.

The Omp85 is believegd to,be expressed. in a i.n Viyo envilo nt. during
human nel i oi dosi s aﬁ““Fn%ﬁﬁgﬁ%ﬁi§m5ﬁﬂﬁaH*t‘“&ﬂPhaﬁﬁg ﬁﬁgghégﬂ&ég%ﬁWﬁFﬁ
i nmune response, making. it suitable as.a subuynit vaccine for the prevention
of B. pseudonal | @82INIElioid9sis cppiigcddatignt s¢rg &2, b phestrabedR (cdr this i nventi on
i nvol ved nol ecul ar cloning of the gene encoding for Omp85 fromthe B.
pseudonal | ei genone into an expression vector for subsequent reconbi nant
protein production using the 10 Escherichia coli heterol ogous expression
system The pol y@epDetdiled Bgseeiptivnaif thd heveriggannbi nant Omp85 is as shown in
SEQ ID NO | having approximtely 769 amno acid residues with a nol ecul ar
wei ght of approximately 89 kDa. While the nucleic acid sequence that
encodes the reconbi pamcofdIRED with Re ng&%uﬂmﬁtk&l, OfecobinbAIBRBL ndnbfane

SEQ ID NO 2 a 5 a

honol ogue thereof is as shown in or fragnent or 1

honol ogue thereo%
5

totein of Burkholderia pseudomallei, which is effective for the protection
against B. pseudomallei infection, is provided. The recombinant protein is a
recombinant outer membrane protein 85 (Omp85) of B. pseudomallei and include
fragments and homologues of the recombinant protein that are capable of

providing a protective immune response against B. pseudomallei infection.

In the context of the present invention, the term “fragment” refers to any

1
’ portion of the given amino acid sequence of a polypeptide which has the same
activity as the complete amino acid sequence. Fragments will suitably comprise at
least five and preferably at least ten consecutive amino acids from the basic
sequence, or combinations of these fragments. In order to retain activity,
fragments will suitably comprise at least one epitopic region. Meanwhile, the
N term “homologue” is defined as a gene related to a second gene by descent from a
common ancestral DNA sequence. The term may apply to the relationship

between genes separated by the event of speciation (“ortholog”) or to the

relationship between genes separated by the event of genetic duplication

(“paralog”).
20



The sequence of BPSL2151 | ocus (Omwp85) was first identified fromthe B.
pseudonal | ei strain K96243 whol e genone sequence avail able at The Wl cone
Trust Sanger Institute. Primers for the polynmerase chain reaction (PCR) were
then designed based on the predicted sequence in order to anplify the ful
open 20 reading frane (ORF) of the BPSL2151 honol ogue in a B. pseudomnal | ei
isolate. The forward and reverse prinegs of the present invention are as
depicted in SEQ9 ID NGO 3 and SEQ ID NO 4 respectively. The opti nmum
condition in which anmplification was carried out conprises of an initial
denat uration st ep Qutegmembrane pitein $at(lwys fagi BBSE2 SBY wae irdtallyeidemffied in
denaturation at 95C for 1 mnute, annealing at 64.8C for 1 mnute and
extension at 72€ dtody {Surienutle200®)easpuné fof eBl prpliomaiei Smiamegétiepretkpned into
expression vectors to produce reconbi nant plasm ds, which were then

transformed intexfiestd @@idShuri@sinf&abh. STHRYmMPSS RfbeRERIAD WRldxpreded ifHKar yotic
origin, preferably prokaryotic cell, nore preferably expression host

CECTE g S0 o L SRR AT, By 3008

el ectrophoresi s. (SDS-.P , (Laenmmd i 1970) and copfirnmed. with western

bl L1 g ( Totwbi HEGES ¢ N 3OTREP ko s BAngof GRfie ds &St
(HRP) - conj ugat ed nmpuse-anti-H sG (I nvitrogen, USA) (1:5000 dilution) and
captured with SYp&Hsfgntie revpntiguel pseydompalia ifectigBp) substrate on an  X-ray
film (Kodak, USA). Over-expression of the Om85 ORF resulted in the 15
production of a polypeptide with a nol ecul ar wei ght of approxi mately 89 kDa
(Figure 1), which is in good agreenent with the predicted nol ecul ar wei ght
of 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 or
a fragment or a homologue thereof is as shown in SEQ ID NO: 2 or a fragment or

1S ahomologue thereof.

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

20 reading frame (ORF) of the BPSL2151 homologue in a B. pseudomallei isolate.

The forward and reverse primers of the present invention are as depicted in SEQ



H s6d y-tagged reconbi nant protein. The expressed reconbi nant protein was

al so subjected to i nmunoblotting with pooled nelioidosis clinical serum and
bound antibody was detected using an al kal i ne phosphatase (AP)-conjugated
protein 20 A/G (Pierce) and BCl P/ NBT phosphat ase as substrate (Pierce, USA).
The reconbinant Orp85 reacted wth pooled patients' sera as shown in Figure
1 but not to serumfrom an uninfected iAdividual, confirmng the protein is
10 immunogenic with nelioidosis patients' sera. The reconbi nant Omp85
produced according to the present invention was further purified from crude
i ncl usi on bodi es IDTNE: Beatid i@ Rt NOng8®speativaby-h The raptienan dolitionf ineghichbr ns
are able to induce strong i mmune response in animal 5 and therefore are used
as prophyl axi s agmptifieg@niets cBriedeuconmiseeof dnihiat danturationestayr 4196°Gfud/ or
purified formof the reconbinant protein can be incorporated into a

conposi tion wi th ssyinhRB] B116@Ed bEBO eYcl@X dhAitatikn a5 C ot NeniAkt -anhdiin
conposition preferably conprises the crude and/or purified reconbi nan% Om85

and an adj uvant %P@éh?‘?lsfo'r:rl%ﬂgtle n%%?ﬁhﬁ&@étiﬁ?@%}' 1%8%12%&2%%%%&1%?&%@

harvested from ani ma I mmuni ze reconmbi nant rong serum

anti- reconbi pant 85 antibody response for all the antibodies, isoiypes
conpared to the cOht S?Cap%%ﬁ?oa%‘pgef% VP‘ﬁor‘?g(bPré)d'i?er (Enatﬂpggé’fﬁsw&%t Wﬁ‘ﬁ&ti body
i sotype induced by reconbi nant Orp85 i nmuni zation was 1gG with the
antibody titer ofVetdiRy Hanskymsdr W hestoeds fegtacslls omgpdenph Rrokagyptieor of

- 640. 15 The Tg&Ra/lgGd ratio was 0.008, indicating the induction of Th2-type
i mune response cukargrfisr ewgibyprefesable porkeriedintcenp8s: prefuahly #xprsesion 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
His¢Gly-tagged recombinant protein. The expressed recombinant protein was also
subjected to immunobilotting 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



i st ~
TABLE 1. Antibody isotype responses in imunized mce after second
i muni zati on boost B. pseudonal | ei D286 specific Omp85 anti body titer
Antigen Serumdilution IgM1gG1gd Ig&Ra Ig&b rOmp85 1280 40960 81920 640
640 PBS (control) <20 <20 <20 <20 <20 11 I nmmunoblots perfornmed using both
crude and purified reconbi nant Om85 as the antigen proved the specificity
of the antibody response. As shown in Fiogure 2, polyclonal sera derived
fromthe reconbi nant Omp85 i nmuni zati on group of mce reacted predom nantly
with the reconbi nant Orp85 at the protein band of 5 -89 kDa in both the
crude and puri f imdupegsnei witlsmelidosisTpesiestet wradi d not detect any E. coli BL21
(DE3) proteins, confirmng the antigen specificity of the nouse anti-
reconbi nant Onp85. Wien t he nouse anti- reconbi nant Onp85 was probed
agai nst the B. pseudonullei D286 |ysate, a -82 kDa protein band was
detected which is ﬁrm}eh&hbﬁl&ﬂnomlass PPéJuaB ﬁéto?dgr%t&fthé' @%@&@Iiﬂ@ﬂﬁopm%

u

Based 10 on the predicted nol ecul ar wei ght of 85 after cleavage of signal
peptide, this i0. A/l r . t .

Expr essed i n 5, TSEplabP Fonl EHEIRM.iT FodlR 418 bRty ST MORRS | o
wild type Omp85 in B. seudanal | ei , . conf.irm ng the presence of. 85 ORF
bt edi ¢t 6 on' néne g BRGNS 5 ehBriE. sk Cfrgnt friFaRs EEETE iy BT pl us
adj uvant had  no 15 antjbodies reactive with the recaonbi nant Omp85 and any of
t he B. pseud%nmap@itherefore are used as prophylaxis agent against B. pseudomallei’ infection.

The crude and/or purified form of the recombinant protein can be incorporated
into a composition with suitable carrier or excipient known in the art. The
composition preferably comprises the crude and/or purified recombinant Omp85

and an adjuvant such as Freund’s complete/incomplete adjuvant.

10 Sera harvested from animals immunized with recombinant Omp85 showed
strong serum anti- recombinant Omp85 antibody response for all the antibodies
isotypes compared to the control group as shown in Table 1. The predominant
antibody isotype induced by recombinant Omp85 immunization was IgGl with
the antibody titer of 81920 as compared to the IgG2a isotype with a titer of 640.

15  The IgG2a/IgG1 ratio was 0.008, indicating the induction of Th2-type immune

response triggered by the recombinant Omp85 immunization.

TABLE 1. Antibody isotype responses in immunized mice after second immunization

boost
B. pseudomallei D286 specific Omp85 antibody titer
Antigen Serum dilution
IgM 1gG 1gG1 1gG2a 1gG2b
rOmp85 1280 40960 81920 640 640

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




conponents. Sera fromexperinentally infected mce detected only the
reconbi nant Omwp85 and B. pseudomal | ei D286 proteins but not E. coli BL21
(DE3) proteins, denonstrating the expression of B. pseudomallei Omwp85 in
vivo and is imunogenic during infection in BALE/c m ce. Uninfected m ce
had no 20 anti-B. pseudorallei nor anti-Om85 anti bodies. The protection
efficacy of the present vaccine agai nstinelioidosis was evaluated by
exposi ng reconbi nant O1p85 i mruni zed mice to a | ethal dose of B. 12
pseudonal | ei infection. Table 2 shows that mce inmunized w th reconbi nant
Onp85 denonst r at edlmtnalots perfarmat usiag bsthtchale aod ptritHed rcambindABEDE. as
Prophyl actic effect of reconbi nant Onp85 i nmuni zati on agai nst B,

pseudomal | ei  D2BSaritigke ptaved therspadifi€ity@fakpati®ody Pespetse.SAW Howinng Figure 2,
ani mal s/group Expt 1 Expt 2 Expt 3 Total rOm85 7/10 (70) 8/10 (80)

6/ 10(60) 21/30( é@ Jcldﬁ@lsse(rg:%h{/&i Yrod #H(A0dmBhAR (Ghpds lﬁﬁ%mzat%r?‘g g)qf
Si gni ficance P= 027 P<0.0001 P=0.0635 (NS) P<0.0001 Combi ned riment

resul ts showed that e%a@f%gg)hjécf‘é'rn\{ tlgfe% {h@ réc%ﬁ%r%np?i‘%g? 9?31{5 1’8{2@“'95&16\0(% m ce

was 70% as conpar ed ol n e co rol grou Igure 3).

Mor eover, rec [ nmuni z did not present, with organ
tropi sm (abs ességa}%o%%ilﬂbeeﬂ“ﬁ %Jrjp‘éfﬁl&f%a%i’téghsa“ﬂ’é‘f éﬂﬁos[era @dsnﬁb\ﬂﬁf’ct hat
was observed in infected control mce. Meanwhile, Figure 4 shows the
sterilizing i nm#ydyceldpidl ,(]8@3)38,1‘0{6“@, 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) proteins, demonstrating the expression of B. pseudomallei Omp85 in vivo
and is immunogenic during infection in BALB/c mice. Uninfected mice had no

20 anti-B. pseudomallei nor anti-Omp8S antibodies.

The protection efficacy of the present vaccine against melioidosis was

evaluated by exposing recombinant Omp85 immunized mice to a lethal dose of B.



reconbi nant Omp85 i mmuni zati on. Throughout the 10-day infection,
significantly |l ess bacterial loads in all organs were observed in

reconbi nant  QOmp85 i nmuni zed ani mal s as conpared to the control group. This
indicated that 10 the growth of bacteria was restricted in reconbi nant Orp85
i mmuni zed mce. Wiile in vivo bacterial colonization continued to increase
on day 6 in the control group, reconbi tant Orp85 i muni zed m ce began to
show significant decrease in bacterial |oads after day 5 post-infection
indicating a better clearance of bacteria fromthe organs and bl ood at the
end of the expewsensimalipointrstionr Table 23hows that thico immivaized geilisregpmbiomtr ol
group could be docunented after day 6 due to the progressive death of the
ani mal after i nf@Gop8Sodemdnstrgedibatel survivel rategthiahicoatndllnyice.r educed bact eri al

| oads in reconbi nant Orp85 inmmuni zed animals are directly correlated with
the survival data described above. The inventors suggest that one 5

cl earance nechani smresponsi ble for the renoval of B. pseudonallei in the

i mruni zed ani MRBLERARbpHYRYiC QY Re@VindCONMp RS iR BEHRE b s PRARI Zat i on
and subsequent phagocytosis and killing by phagocytes. Figuré 5 denonstrates
t hat the mousgr@nbfectloPiP8ReWas required for maximumin vitro
opsonophagocyt osis of B. pseudonullei by pol ynorphonuclear 10 cells (PWMN\s).
These observations denonstrate [ NeH oPIurvi dih e/ i gens

of opsonic antibod?ﬁm€np85_exggég"on THI6 B PSeqgprst et sﬁmigce mght

serve as a potentigl «opsSonicT dy- ted and i S the
bacterial clear a@%ﬁ&md n vﬁ%?gpvi r%n@%%t . A%ﬁ(pg%ln ant i gjﬁé%é(@):d for
i muni zati on basi gglikynghoul dpJiRRE7 t h€P<%.‘B 610 PG 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 immunization. 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 recombinant 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



15 criteria: first, it should have a virul ence factor expressed by al

pat hogenic strains of the mcroorgani sm second, it should be | ocated on

t he pathogen's surface, and third, it should be i mmunogenic i.e. capable of
i nducing an effective, protective response, as verified in an aninmal nodel
(Andre et al. 1994). The inventors have gennnstrated t hat B. pseudonal | ei
Om85 neets the second and third criteri d%as an ideal prophyl acti c

candi dat e agai nst B. pseudonallei infection, i.e. Ormp85 20 represents a
target antigen of |.C i i IS I mune- tective 14
antigen that is b%&lﬁggﬁh‘l thgrs&%alﬂg(é? g??t{/og 9%1 ccloﬁle21 %ea%%ualgﬁ{ggfa% ey ?(]S]F%Iﬁosi s.
In addition, the feconbi nant 85 was. al. sq eval uat ed agai nst a, panhel  of
confirmed melioi d§§ i%oggﬁsﬁ'es%%lp%ét@(ﬁlpmi‘%lsa Hr&?cﬂ()na %e%ﬂfaég‘h?)ﬁ%n 1capfly gen.
The Om85 was equally effective in detecting antibodies in the patients'
sera as was 5 B. fsducsddraicrial loagpoinerecgmhinantj gmpds Enmepizeh geisnalfetre cliteethy
system (Figure 6). A nmarkedly | ow sensitivity was observed for sera from
nor mal i ndi vi dual eoradatesewith thessugava dataotestrdgid @ahevd. $he nfvestoedsugpest et dosi s
negative) patients. The ELI SA based hybridization data was further verified
by a sinple dat btiedrameahydiapiswi tdpomitle &bt tianebnedal 00! B. SAeaddiiiBunE tHy) and
the data once again indicated that Omp85 10 can be further devel oped as a

potential di agnosufuASRINinihel mB&1inRlydRShife SNARAGIEdiatd bR G RIBbSRizatldle
foll owi ng exanples are intended only to further illustrate the 1nvention

~and are not int e”%*%%uweqbwgh%éoggtoﬁgggfkiﬂingfﬂﬁ}héé’%f&@s? on, which is defined

by the clains. 1 oni'ng guence an gene Omp85 from B.
- pseudonal | ei 286

Figure 5 demonstrates that the mouse anti-rOmp85 was required for
maximum in vitro opsonophagocytosis of B. pseudomallei by polymorphonuclear

10 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

15  criteria: 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

20  represents a target antigen of opsonic antibodies, and is an immune-protective



The full open reading frame (ORF) of the BPSL2151 honol ogue in B.

pseudonal | ei isolate D286 was anplified using forward and reverse priners of
SEQ ID NO 3 and SEQ ID NGO 4 respectively from 200 ng of B. pseudomall ei
D286 genom c DNA. The conditions for anplification using the Expand H gh 20
Fidelity PCR System (Roche Di agnostics,  Germany) consist of an initial 15
denaturation step at 95C for 5 mn, fol Fowed by 30 cycles of denaturation at
95C for 1 mn, annealing at 64.8C for 1 min and extension at 72C for 1 mn.

The purified anpl.ico cloned_ into an expression.vect.or, pET200/ D- TOPQ(r)
(i Erogen:  usR b RaglEBe SR 28 o pUale TusP B BRI tof RRUPIoRBR ter i nus. 6
associated H 56y tag, in accordance with the manufacturer's instructions.

The wvalidity of the cloned DNA and pol yhistidine tag was confirmed by

nucl eotide sequengipng.wW th vec . pripers. T7 and reverse T7 (Lnvitraqgen,
Us) “on the P Sciuiokn tud 650 Sbiafih CBigRs s BIG.OREIT aahsf = Dbl T
search agai nst thﬁ‘ GenBank non-redundant, protej n datagbase reveal ed_that

Op85 in B. 10 8 meugideshnecr SARPIgh fr EHHUEY AP AREREStCHaTgE T ditds of B.
pseudonmal | ei as shown in Table 3 and the_anti%en‘i c_domains in Onp85 have
limted distrib@Mp¥ Wahequally istleetseiialdeigetingnastibadips i the pRIMST saradsysdss and
sequence conservation of B. pseudonallei D286 BPSL2151 honol ogue with
strains of Bs pskudenabife winde btsherin lhadle$ A dlasesipdetdcaen Aydtero (Biging (9eguence
conservation (% ORp Ml ecul ar 6- Accession

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

1o  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.

5 Cloning and sequence analysis of gene Omp85 from B. pseudomallei 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

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



Organi sm Protein Length weei ghht ldentity Simlarity value No. LVDa B.
pseudomal | ei K96243 putative 769 84.776 100 100 0.0 YP10876 outer nenbran
e protein B. pseudonmallei 1710b Omp85 769 84.806 99 99 0.0 YP 333967 R
pseudonal | ei 1106a Orp85 768 84.663 99 100 0.0 YP 0010667 43 B.
pseudonal | ei Pasteur 52237 Onp85 768 84.693 99 99 0.0 YP_0020233 40 8.
pseudoral | ei 305 Onp85 738 81.642 99 9910.0 ZP_0176442 0 B. nmallei ATCC
23344 Om85 769 84.718 99 99 0 YP_103187 Ralstonia netallidurater CH34 D15
791 83.167 62 78 0.0 YP 583595 Bordetellapetrii DSM 12804 Onp85 791 86. 098
52 69 0.0 YP_001&zaturaipn sipias 8T fand mindgbheived ps3uazleonp dnangtidst 46 38 58
te- YP_0016000 161 55 Nei sseriagonorrhoeae Omp85 792 87.809 38 58 5e- YP

0020030 NCCPI 195 1116ih, @Bneaking oo phBIW firnlf mém amkeensiinnat IR8C 1821 8%in 1Th: 31 45
2e- F64102 Rd KW20 108

purified amplicon was cloned into an expression vector pET200/D-TOPQ®

(Invitrogen, USA) for expression of recombinant protein with N-terminus-

5  associated His¢Gly 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.

10  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 (%)

Molecular

. . ORF - : S E- Accession
Organism Protein Length g(%i}):t Identity  Similarity value No.
B. pseudomallei K96243 putative 769 84.776 100 100 0.0 YP_10876
outer
membran
e protein
B. pseudomallei 1710b Omp85 769 84.806 99 99 0.0 YP 333967
B. pseudomallei 1106a Omp85 768 84.663 99 100 0.0 YP_0010667
43
B. pseudomallei Pasteur 52237 Omp85 768 84.693 99 99 0.0 YP_0020233
40
B. pseudomallei 305 Omp85 738 81.642 99 99 0.0 ZP_0176442
0
B. mallei ATCC 23344 Omp85 769 84.718 99 99 0 YP 103187
Ralstonia metallidurans CH34 D15 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 797 88.460 38 58 le- YP_0016000
161 55
Neisseria gonorrhoeae Omp85 792 87.809 38 58 Se- YP_0020030
NCCP11945 161 98
Haemophilus influenzae strain D15 782 89.170 31 45 2e- F64102
Rd KW20 108

Pasteurella multocida

Omp87 778 87.571 30 40 3e- CAD20126



Pasteurella nultocida Omp87 778 97571 30 40 3e- CAD20126 16 Fromthe
deduced am no acid sequence, Omp85 protein was predicted to have a

nol ecul ar wei ght of 84,906.7 Da whereas reconbi nant Onp85 expressed with N
term nal associated His6dy tag have a nol ecul ar wei ght of 89,032.2 Da.
Signal peptide analysis with SignalP 3.0 predicted a signal peptidase

cl eavage site 5 between Al a-27 and Thr-28 of the protein sequence, and

cl eavage on this site will produce a mature protein with a nol ecul ar wei ght
of 82,127.4 Da. Production of reconbi nant Onmp85 The reconbi nant plasm d of
pET 200/ D- TOPQ rhroumathe wiedured hmi@npdd sgRPnasa Ompi8p amatbiorwascpreditted thbave a
expressi on host Escherichia coli BL21 (DE3) in accordance 10 with the

manuf act urer' s imskeculat weipht(dfr8w| 06 TINwWh&s&HR)recInetd fdHid OREISS eﬂpﬁ&@dﬂvlﬁmﬂﬂ essi on
in E. coli BL21 (DE3) was perforned at 200 rpm and i nduced with |

i sopropyl - R-D-t hﬂeﬁﬂlﬂhlaégg&@eue’@mééem)ag%E&@mcu%@elgh%f@ b@yﬁ)aatslg?agﬁ The
expression cells were harvested by centrifugation at x g for 15 mn

ol L Ce" nk/%eaha §‘m§l§@%ﬁg%3)s{l’&é&%sgﬁ%’%b ‘éétfl%se ?&v%‘ HoPO4,

0.5 15 M Nad , zolean y .
di srupted b t rnate f d. t ti
each (Vibraced | be%w AlaL g %&’f’ggygéqua}%@/&)ssg%é&f 'aﬁ@g&%%a%mg s wiloa by

centrifugation into supernatant (soluble) and pellet (inclusion bodies)
fraction. The i nkPguseEMyEEinseteiRgEith spolesilpg weight of 8ddddvliat i on buffer (6M
urea, 20 nM Nafl 2PO4, 0.5 M NaCl and 20 adjusted to pH 7.8). 17

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
10 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-B-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,POy4, 0.5
15 M NaCl, 10 mM imidazole and adjusted to pH 8.0) and subsequently disrupted by
alternate freeze-thawing 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,PO,, 0.5 M NaCl and

20 adjusted to pH 7.8).



The Hi s-tagged reconbi nant Orp85 was purified fromthe crude inclusion
bodies wusing the inmobilized nmetal affinity chronmatography-based ProBondTM
Purification System (lnvitrogen, USA). Protein purification was perforned
under denaturing conditions as per the supplier's instruction manual.

SDS- PAGE and 5 western blotting were used to exam ne the success of the
purification procedure. The protein conegentration was determ ned using a
bi ci nchoninic acid assay (Sigma, USA). Urea was renoved fromthe purified
protein by dialysis as previously described (Qu et at. 2006) with sone
nmodi fi cati ons. BFhefisytaggedredoneinant Oap8b eas pukfiel foaro ltiedcrughe imtiakion bodies
concentration was adjusted to 50 g/nL and 1 nM 10 ditiothreitol (DTT) was
added. The pr ot eidingatip! emwvbdilizBén ndiAl ek fwhr(ﬁndiégra}ﬁhy-%@gﬁtdﬁﬁ)hd%

vol une of renaturation buffer (6Murea, 10% (v/v) glycerol, 0.1 nMDIT , 20
MM Tris-a, 0.2 pid¥aGlien §¥§erhﬂ(i-nvﬁf(%bﬂi"m§A)aP%tagl Hﬁﬁ@ﬂmﬁ%&ggerfgm@d unliBe
di al ysis st eps were repeated W th renaturation containing gradually

decreasi ng conce £a fr M and final
phosphat e buffer%%‘gﬁh g%“‘ﬂ:‘ S éns‘éﬁp %resd‘“smé‘éf et %%%gétt(#a?%dd wi t h
Am con Utra ntrlfu Fllter Vi ces 1gﬁ OOOSIr\T/VB%g (M.I1'j pore, USA).
| muni zation Wi tWeﬁif‘éE ‘%WPred‘?ﬁ 50 PR Higi Sgges F PYHECalion EpCei8el used
inthis invention is female BALB/c nmice, aged 6-8 weeks old. The aninals
were provi ded byThe@rofpinneancemitation Wi determingd Meibanddicirchopipiovasidyassar, M ce
were maintained in a positive pressure environnent at 20C to 25C, subjected
to a 12 hr |i ght(Sdem¥ U$4).eUssad whedembidd &omr tteepurifémlr poitenl bi dialysanas wat er
ad libitum Purified reconbi nant Onp85 was used to i mmuni ze nave 18

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

10 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

15 phosphate buffered saline (PBS). The dialyzed product was concentrated with

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

Immunization with recombinant Omp8S 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
20 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



mce prior to i munoprotection assay against the | ethal dose challenge by B.
pseudomal | ei D286. A group of 10 m ce was inmunized via intraperitoneal
(i.p.) route with heat treated purified reconbi nant Orp85 (20 g resuspended
in 100 L PBS) enulsified in Freund's conpl ete adjuvant (Pierce, Rockford,
USA) on 5 day 0O and boosts were adm nistered wwth the antigen in Freund's

i nconpl ete adjuvant on day 21 and day 42. Control mce were injected with
PBS plus adjuvant as per the above schedule. Mce were tail-bled two weeks
after each immunization. Blood was pooled for each i munization group, and
sera were recovaredrasdoridinnpoprtactien @ssay exgainst the lethal deveachallermaeby( Bar | ow &
Lane 1988). 10 Prior to infectious challenge with B. pseudonallei D286, sera
harvested from tpseudimatiehD286l Agtauples 10eifiee shamaateirédzed ittyapetioyeat (ip. nked

i mmunosor bent assay (ELISA) to evaluate the presence of specific antibodies

to reconbi nant GuR&Swith hedthRafi fiRified r&oh®MaRd OLiP¥E NLE Ak redspdrbd RO O

anti body titer of the harvested aninmal sera was verified by ELISA as

previ ously descrj 3 ; A S irfd j ons.
Briefly, 96-wel I£L %%gstsgé%%édcfgaﬁgﬁdl dgg\?gé}nnlgl g‘ﬁga %lv%&‘?tm)i&ﬁ ;ﬁsg%‘ﬂg?ﬁeﬁ gr&e)g(%)r{rrbi nant
Om85. Nonspecgi fic bindi,ng was bl gcked w,th. 5% v) .skimed mlk jn PBS.
The pl ates vve?e qaﬁeﬁ /‘\Rgstﬁ’g&ts u‘g?rﬁga(aﬁ{l@%%efivvl% tﬁeTé\'i\g[lﬁ‘?z Zﬁk['trgi"{jﬁ% ,mCPEB\;etei n PBS.
Serum sanples were serially diluted two-fold (1:20 to 1:327680) across the
mcrotiter plate2d¥vaghoBiddmal apd day K Gontighanies) veee ijpcted pyitha PBS 7dus

Anti body-antigen binding was detected with HRP conjugated goat anti-nouse

| gG (Promega, USAjjuyant 2506 thel aboveosghedulabbiice watei taﬂih%@etwrgméks dteaieadh

(1: 2500 dilution), 1gGlL (ganma 1) (1:500 dilution), TgQ&a (gama 2a)

(1:1000 dil uti onjmmuiniZegicabB(opdnwaes génled for Q0K itlimutizhtien) glodyn®dl sera were
Laboratori es,

recovered according to the procedure of Harlow and Lane (Harlow & Lane 1988).
10  Prior to infectious challenge with B. pseudomallei 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
15 1972) with some modifications. Briefly, 96-well plates were coated overnight
with 1 pg 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
20 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 (u
chain) (1:2500 dilution), IgG1 (gamma 1) (1:500 dilution), IgG2a (gamma 2a)

(1:1000 dilution) or IgG2b (gamma 2b) (1:1000 dilution) (Zymed® Laboratories,



19 USA) and ABTS peroxi dase/ peroxi de solution B as the substrate (KPL,
Kirkegaard & Perry Laboratories, USA). The reaction was nonitored by optical
density at 405 nmon an ELI SA reader (Dynex MRX). All experinents were
performed in triplicate. 5 For immunoblotting of in vivo-expressed antigen
during the course of infection, a group of 10 naive mce was experinentally
infected wwth B. pseudomallei via i.p. 1Pnoculation of 0.1LD50 CFU B.
pseudoral | ei D286 (1x104 CFU, unpublished). Mce sera were collected on day
7, 14 and 21 post-infection. The procedures to determ ne the end point
antibody titer oVSApuand Fd3T% | renedidaseiperoBide ps@utiomdd | asi thel Gubgaien{KPB,
pseudomal l ei |ysate were as described above. | nmunobl ots using crude and
purified reconbi Kakégatidp8Peay Ldberatsiids JEBAYWETHR regdioh ovayatoinrddesi optieal
specificity of the anti body response. 20 g of purified reconbi nant Omp85

and B. pseudonal §kit{PdBG0s ¥EAbE MEEEISAERATE @SinbY MRX). @P%xﬁé@ﬁelﬁ'mvere

el ectrotransfered onto a 0.45 mnitrocel |l ul osé nenbrane. The 15 bl ot was

subsequently bl o ! : imred mlk in TBS (100 mM Tris- HCl, pH3.0
and 150 nM MCI)E%{?%P%:@IIE{}@%&%C The nenbrane was washed w th TBST ( TBS

and 0. 05% Tween 20) and probed with inmuni zed nouse sera (1:640 dilution)
or sera fromexperinentally infected mce (1:160 dilution) diluted in 5%
skimmed mlk in IBS for | hr at 37C and washed with TBST. 20 Reactjve
anti bodi es from Fehimmueplofingsf e pao-vrrrased aetigeniduringthe conjse ghindertiopaat
anti-nouse |1gG (Novagen, Germany) (1:5000 dilution) and BCI P/ NBT 20

group of 10 naive mice was experimentally infected with B. pseudomallei via i.p.

inoculation of 0.1LDsy CFU B. pseudomallei D286 (1)(104 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

10 against B. pseudomallei 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 um nitrocellulose membrane. The
15 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.
20 Reactive antibodies from immunized mice were visualized with AP-conjugated

goat anti-mouse IgG (Novagen, Germany) (1:5000 dilution) and BCIP/NBT



phosphat ase substrate. Antibodies frominfected mce were detected with HRP-
conjugated rabbit anti-nouse IgM ( chain) (1:2500 dilution) and
Supersignal (r) Wst Pico (Pierce, USA) substrate on an X-ray film Ability
of reconbi nant Omp85 to protect against B. pseudonallei infection in 5 an
ani mal nodel Reconbi nant Orp85 i mmuni zed m ce descri bed above were
subsequently exposed to a |lethal dose i2znfection by B. pseudonallei and the
i mrune-protection conferred by the reconbi nant Onp85 was further eval uated.
In this invention, in vivo bacterial loads (in multiple organs), aninml
survival rate anphoaphatase tsybstrate]l B nkibedies fram infesed aphagaey Hasdtsd withhHRP- house
generated anti-i nmunogenic proteins were the criteria used to evaluate the

protection effi camjugafedaabiiy eiti-mdass RV (RGRAINS L] 7800I QivBes) &nd ﬁéﬁ%ﬁf
i mmuni zed mce were given a 200 1sL suspension containing | x10 U (10 x

LD50, unpubli SheW)estqfiC(B(Pié}éé?lqug%htﬁfiateQﬁ% ;@_){%};m'i .p. route. 15 Foll ow ng
i1y over

i nocul ation, mce were nonitored da days for signs of norbidity
and nortality. Inmunization and chal |l enge experinents were performed in
t hree i ndependent experinents to confirmreproducibility. Sterilizing

i muni ty conferred. econbi nan 5 i nmuni zat | was al so, .20 exam ned by
t he assessnent oggﬂggf’tﬁc%ﬂ“ F'@é‘&b'&?ﬁaﬂ? HTB?CE%%%V?JBWQWFI&}P eSHON It he

| ung, kidney, heart, liver, spleen and bl ood of the imunized ani mal. G oups
21 of inmmuni 2edahdrimahgodel nocul ated with B. pseudonal | ei D286 as descri bed

above and eut hani zed at indicated tines after inoculation. The organs were
Recombinant Omp85 immunized mice described above were subsequently

exposed to a lethal 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
10 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 uL suspension containing 1x10°
CFU (10 x LDsg unpublished) of B. pseudomallei D286 by the ip. route.
15 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 also
20 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



aseptically renoved and 100 L of bl ood was collected aseptically from each
nouse in 10 nM EDTA, for enuneration of viable bacteria. Organs were 5

i ndi vi dual Iy honogeni zed usi ng a Handhel d Mot ori zed Honogeni ser (I KA(r) TI O
Basi ¢ ULTRA- TURRAX(r), CGermany) in 10 nmL of PBS. Bl ood and organ

honbgenates were diluted ten-fold serially wwth PBS and 50 L of each
dilution was plated on Ashdown agar. TR®é nunbers of bacteria were counted
as CFU per organ or CFU nL bl ood. The determ nation of bacterial |oads in
each organ was 10 obtained from six individual animls (three mce for each
experinent). Tesef wrmbrizeda miges watspnagaatpd ivithadt psdudpesiigicP28tdes deserihetl as
descri bed previously (Egan & Gordon 1996, Ho et at. 1997) with sone

modi fi cations. &rovefdny, eypldnyzedr ghindicated atimesebfta (HobMatiover Ehe srpand @ddre
aseptically fromfreshly obtained healthy human bl ood using a

Pol yrmor phprep'  PAMb5@RRrahbdl il MTBE LU ASSE wallicslishted\NPRMILy ABGRTedéNg tO

the manufacturer's instructions. The cells were washed once i n Hanks'

bal d | t ' i B i alng.0.A49 '
bal anced salt sohhicon (HES) KFRCROhuerkih) o£OUGR BBGIL dihfelalin
d 1 mMM2)_.at. a. trati f.5x106 lJ.s/ . ity. igahj it
%re asseslvger5 gy“‘?‘r@‘ﬁi%WE‘P{?gg%ﬁgﬁdkl“@ﬁ]ﬁ?f@h%@ég%%153‘5‘1%%3/“6%3 Vl%fidl Y
Approxi mately 1x105 CEU B. pseudopmnl |l ei D286 were_ pre-_opsonized with 10 L
test sera (10% i Ra%¢ A TRt #n> (Gsemapa o 3%t mbnoh EBRe Blopdand porga at

37C and followed by mxing with --1x105 PWNs (1:1 effector target 22 ratio)
and 20% nor mal higraegesatesiwelecd Mptdetertield senigllyeyith RB& ant $0i hle oD&achdilition ound
bottomplate in a final volume of 100 L. The m xtures were subsequently

was plated on Ashdown agar. The numbers of bacteria were counted as CFU per

organ or CFU/mL blood. The determination of bacterial loads in each organ was

10 obtained from six individual animals (three mice for each experiment).

Test antisera opsonophagocytic activities were determined as described
previously (Egan & Gordon 1996, Ho et al. 1997) with some modifications.
Briefly, polymorphonuclear cells (PMN) were isolated aseptically from freshly
obtained healthy human blood using a Polymorphprep™ PMN separation
15 medium (Axis-Shield, Norway) according to the manufacturer’s instructions. The
cells were washed once in Hanks’ balanced salt solution (HBSS) (Gibco BRL,
USA) containing 0.1% gelatin (GHBSS) and resuspended in an opsonization
buffer (GHBSS with 0.15 mM Ca’" and 1 mM Mg*") at a concentration of 5x10°
cells/mL. Purity and viability were assessed by trypan blue exclusion and were
20 greater than 90%. Approximately 1x10° CFU B. pseudomallei D286 were pre-
opsonized with 10 pL test sera (10% in final volume) in the opsonization buffer

for 30 min at 37°C and followed by mixing with ~1x10° PMNs (1:1 effector target



incubated for 2 hr at 37C in a shaking incubator. Al test sera used were
heated at 56C for 30 mn prior to reaction to inactivate conpl enent
proteins. At O min (To 5 sanple) and 120 mn (T120 sanple), 40 L of cell
suspensi ons were renoved from the reaction into a second mcrotiter plate
and lysed with 1.5% saponin at 37C for 10 mn. Lysed suspensions were
serially diluted and plated on Ashdown agdr. Prelimnary treatnent of
bacterial cells with 1.5% saponin as above did not interrupt their
viability while the PWN underwent conplete |ysis. The bacterial 10 killing
activity was expr &sigpdndigPgnermal hampnaprag (complement s¢uree)GRW stfiRP6ERE)) /|  To
CFU) x 100% The opsonic killing assay was repeated in three individual
experi ments each penflbotted plate fir 2 ihaloatume @@ ad ha nprtuesstwat subisagrody i C
tool Atotal of 23 nelioidosis confirned patients' sera, 5 non-nelioidosis

Legionella 15 cofiklibdi@pfos 2Mhaae3TCIn Aokdkalg ibOMAtoREATl RisCREd $bd GRAS Kaled2Er &
were used in a standard ELI SA (as descri bed above). The reactive anti bodi es

E :NISC“ SSEL':‘ GZ?QL??’CY‘?? 080 Ef‘%’*ﬁﬁ%‘nﬁ%’;Ebdﬁg%ﬁ%yﬁé?ﬁ%ﬁ%ggﬁ%eé@% DRy o2
L _ f i 85,
£ coli lysat e 20 RO ea B RER Sy em &y Bl iRaTaN trBed fetioihos

and probing with selected sera sapples, 23 Wile parti cuLar enpodi_ment s of
the subject i nventiedRra)dBcetrcorsRiGoEer Plate andjlysed ity hyyvtapony &t Rdde

skilled in the art that various changes and nodifications to the subject
‘invention can be fudé@ mint hywgt suwgasiensnvere sainlly ldduisd opé platedt dneAshdown agar.

Preliminary treatment of bacterial cells with 1.5% saponin as above did not
interrupt their viability while the PMN underwent complete lysis. The bacterial
10 killing activity was expressed using the following formula: ((To CFU -Ty59 CFU)/
Ty CFU) x 100%. The opsonic killing assay was repeated in three individual

experiments each performed in triplicate.

Omp8S as a potential diagnostic tool

A total of 23 melioidosis confirmed patients’ sera, S non-melioidosis Legionella
15 confirmed sera and 9 normal (non-melioidosis) control sera were used in a

standard ELISA (as described above). The reactive antibodies from human

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 (Omp8S, E. coli lysate
20 and B. pseudomallei lysate) on nitrocellulose membranes and probing with

selected sera samples.



invention. It is intended to cover, in the appended clains, all such

nodi fications 5 that are within the scope of this invention. 24 SEQUENCE

LI STING 1. CGENERAL | NFORVATI ON (i) APPLI CANT A) NAME: Universiti Kebangsaan
Mal aysia B) STREET: C) CITY: Selangor D) COUNTRY : Ml aysia E) POSTAL CODE
: 43600 (ii) TITLE OF | NVENTI ON: Burkhol deri a pseudonal | ei Quter Menbrane
Protein 85 (iii) NUMBER OF SEQUENCES: 43(iv) COWUTER READABLE FORM A)
MEDI UM TYPE: Fl oppy di sk B) COVWUTER PC conpati bl e C) OPERATI NG SYSTEM
PC-DOS/ M5-DOS D) SOFTWARE: M crosoft Word (v) CURRENT APPLI CATI ON DATA:
Application Nunmber: 2. I NFORVATION FOR SEQ ID NO 1: (i) SEQUENCE

CHARACTERI STI CS:

While particular embodiments of the subject invention have been described, it
will be obvious to those skilled in the art that various changes and modifications
to the subject invention can be made without departing from the scope of the
invention. It is intended to cover, in the appended claims, all such modifications

5 that are within the scope of this invention.



(A) LENGTH : 769 anino acids (B) TYPE : (C) STRANDEDNESS : - (D) TOPOLOGY :
(ii) MOLECULE TYPE: Polypeptide 25 (iii) SEQUENCE DESCRI PTION: SEQ I D NO
1: M.FKPHRFVPKTVAAAAL AAHGLAAHATAPFWQDI KI EGLQRVE

AGSVFAYLPI KQGDTFTDDKASEATRAL YATGFFNDVRI ATQGGV V.

| VQVQERPAI AS| DFTG KEFDKDNLNKALKAV GLSQGRYYDKA

L VDKAEQEL KRQYL TRGFYAAEVSTTVTPVDANRVS| LFAVAEGP

SAKI RQ NFI GNKAFKTSTL RDEMQL STPNWFSWYTKNDL YSKEK

L TGDLENVRSYYLNRGYLEFNI ESTQVS| SPDKKDMYLTVALHEG

EPYTVSSVKLAGNL L DRQAEL EKL VKI KP( 3 DRF SEENIERTEWISTING

DKL GQYGYAFATVNAQPEI DQATHKVGL TLVVDPSRRVYVRRTNI

VGNTRTRDEVVRRENMRQL ESSWFDSSRL AL SKDRVNRL GYFTDV

DVTTVPVEGTNDQVDVNVISEARHETICA T RAGEESBRPKVVLSA
G SQDNVFGSGTSLAVNVNTAKSYRTLTVTQVDPYFTVDAE KRI TD

VFYRTYQPLYYSTNSSFRI TEAGARIAGAPHSETDTVYFGAGFEQN
CYPTOANAEY QYPVEK) QNVRNDVUAPE R T R VB anpvPl FrvvACa G
VRGYEPS SLGPRDTKTNDPBGGSTREWL MGNTEL TFPLPGTGYDRTLRVFTFLDGGNV WGNAPGGTSTG

C) CITY: Selangor

D) COUNTRY : Malaysia

E) POSTAL CODE : 43600

(i) TITLE OF INVENTION:

Burkholderia pseudomallei Outer Membrane Protein 85
(iii) NUMBER OF SEQUENCES: 4

(iv)y 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 ID NO: 1:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH : 769 amino acids
(B) TYPE : -
(C) STRANDEDNESS : -
(D) TOPOLOGY : -
(il) MOLECULE TYPE: Polypeptide



ANGLRYGYG GLA W TSPTGPLKLSLGFPLQKHEGDQYQKFQFQ GT AF 3. | NFORMATI ON FOR SEQ
ID NO 2: (i) SEQUENCE CHARACTERI STICS: A) LENGTH : 2310 base pairs B) TYPE
. C) STRANDEDNESS : - Double stranded D) TOPOLOGY : (ii) MOLECULE TYPE:
Nucleic acid (iii) SEQUENCE DESCRI PTION. SEQ I D NO 2:

ATGTTGTTCAAACCTCATCGCT TCGTACCTAAGACGGT T{XCTGCC

GCGGCGCT CGCCGCGCAT GGT CTCGCGGCACACGCAA
CTTCGTGGTGCAGGACATCAAGATCGAAGGCTTGCAGCGCGTCG

AAGCGGGTTCCGTGT
ACGTTCACCGACGAM
CGCGACGGGCTTCTTCAACGMIGREI RV PICCRAGENGESHGLAAHATAPFVVQDIKIEGLQRVE
GGCGT CGTGAT CGT CCAGGT GGSSEITNIRCEEATOBRERE A IRALY ATGFFND VRIATQGGV
GATCGACT TCACCGGCATCAH@@@VW@GH@@(DNLN KALKAVGLSQGRYYDKA
AACAAGGCCCT GAACCCCOT COBEA G AT IRATACAEVSTTVTPVDANRVSILFAVAEGP
"f"-"‘-vé AT SA B EMQL STPNWFS WY TKNDLYSKEK
CCAGTACCT GACGCGCEECT] . $38)VSISPDKKDMYLTVALHEG

K A LVKIKPGDRFSAEKLQQTTKAIV
DKLGQ YGYAFATVNAQPEIDQATHKVGLTLVVDPSRRVY VRRINI
VGNTRTRDEVVRREMRQLESSWFDSSRLALSKDRVNRLGYFTDV
DVTTVPVEGTNDQVDVNVKVAEKPTGAITLGAGFSSTDKVVLSA
GISQDNVFGSGTSLAVNVNTAKSYRTLTVTQVDPYFTVDGIKRITD
VEYRTYQPLYYSTNSSFRIITAGGNLKFGIPFSETDTVYFGAGFEQN
RLDVDSNTPQSYQDYVNEFGRVSNTVPLTIGWSRDARDSALIPSR
GYFTQANAEYGVPVGKIQYYKMDVQGQYYYSFARGFILGLNFQA
GYGNGIGNPYPIFKNYYAGGIGSVRGYEPSSLGPRDTKTNDPIGGS
KMVVGNIELTFPLPGTGYDRTLRVFTFLDGGNVWGNAPGGTSTG
ANGLRYGYGIGLAWISPIGPLKLSLGFPLQKHEGDQYQKFQFQIGT
AF

3. INFORMATION FOR SEQ ID NO: 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



e b R
GT CGCCGAAGGCCCGAGCGCGAAGAT TCGCCAGATCAACT TCAT
CGGCAACAAGGCGT TCAAGACGAGCACGCT GCGCGACGAGATG
CAGCTGTCCACGCCGAACT GGT TCTCGT GGTACACGAAGAACGA
CCTGTACTCGAAGGAAAAGCT GACGGGCGACCTCGAGAACGTG
CGCTCGTACTACCT GAACCGOGGGTACCT GGAGT TCAACATCGA
GTCGACGCAGGT GTCGATCTCGCOGGACAAGAAGGACATBTAC
CTGACGGT GGOGCT GCACGAAGGCGAGCCGTACACGGTATCGA
GCGTGAAGCTCGCCGGCAATCTGCTGGATCGCCAGGCCGAGCTC

GAGAAGCTCGTCAAGAT ,
AGMMIHCCAGOM?KI%CGNMXXX#H&KEGG@OGKﬁEGGGAAGATTCGCCAGATCAACTTCAT
CCAGTACGGCTACGCGT TCAUGBCABKNAGETEINEIOEGAL GAGCACGCTGCGCGACGAGATG
ATCGAT CAGGCGACGCACAACEGOBETICICXCCCTCAILLTGGATCTCGTGGTACACGAAGAA CGA
TCCGAGCCGECCCGT GTACGH SEGPH PG AMGE KAAAGETEA CGGGCGACCTCGAGAACGTG

ACACGOGCACGOGT GACGAGEE R GG Go A EA
GCTCGAGAGCTOGTGRTT S35 A EAGGGTACCTGGAGTTCAACATCGA

AGGACCGCGTGAACCGTCT CGGACAAGAAGGACATGTAC
ACGACGGTGCCCGTCGA GCGAGCCGTACACGGTATCGA
ACGTGAAGGTCGCCGAAAA TGCTGGATCGCCAGGCCGAGCTC
CGCGEECTTCTCGT CGA CGGGCGACCGCTTCTCGGCCG

TCTCGCAGGACAACGT GT T oA T A SR AT EBAGE GGCGATCGTCGACAAGCTCGG
AACGT GAACACCGCGAAGACLTACTACKEECT AR CESTTINEHCGACGGTGAACGCGCAGCCGGAA
AGGT CGACCCGTACT TCACOSTCGAGEASAT CAACTEATSACG TGGGCCTCACGCTCGTCGTCGA
GACGT GT TCTACCGCACGT ATCAGACRTTEFATUATMNOGAECGGCGGATCAACATCGTCGGCA
ACACGCGCACGCGTGACGAGGTGGTGCGTCGCGAGATGCGCCA
GCTCGAGAGCTCGTGGTTCGATTCGAGCCGTCTCGCGCTGTCCA
AGGACCGCGTGAACCGTCTCGGCTACTTCACCGACGTCGACGTG
ACGACGGTGCCCGTCGAGGGCACGAACGACCAGGTCGACGTGA
ACGTGAAGGTCGCCGAAAAGCCGACGGGCGCGATCACGCTCGG
CGCGGGCTTCTCGTCGACGGACAAGGTCGTGCTGTCGGCCGGCA
TCTCGCAGGACAACGTGTTCGGCTCCGGCACGAGCCTCGCGGTG
AACGTGAACACCGCGAAGAGCTACCGCACGCTGACCGTCACGC
AGGTCGACCCGTACTTCACCGTCGACGGCATCAAGCGGATCACC
GACGTGTTCTACCGCACGTATCAGCCGCTCTATTACTCGACGAA
CTCGAGCTTCCGGATCATCACGGCGGGCGGCAACCTGAAGTTCG
GCATTCCGTTCTCGGAAACCGACACGGTCTATTTCGGCGCGGGC
TTCGAGCAGAACCGCCTCGACGTCGATTCGAACACGCCGCAGTC
GTATCAGGATTACGTGAACGAGTTCGGCCGCGTGTCGAACACGG
TGCCGCTCACGATCGGCTGGTCGCGCGACGCGCGCGACAGCGCG
CTGATCCCGAGCCGCGGCTACTTCACGCAGGCGAACGCCGAATA
CGGCGTGCCGGTGGGCAAGATCCAGTACTACAAGATGGACGTG
CAGGGCCAGTACTACTACTCGTTCGCGCGCGGCTTCATCCTCGG
CCTGAACTTCCAGGCGGGCTACGGCAACGGCATCGGCAATCCGT
ACCCGATCTTCAAGAATTACTACGCGGGCGGTATCGGCTCCGTG
CGCGGCTACGAGCCGAGCTCGCTCGGCCCGCGCGACACGAAGA
CGAACGATCCGATCGGCGGCTCGAAGATGGTCGTCGGCAACATC
GAGCTGACGTTCCCGCTGCCGGGCACGGGCTACGACCGCACGCT
GCGCGTGTTCACGTTCCTCGACGGCGGCAACGTGTGGGGCAATG
CGCCGGGCGGCACGAGCACGGGCGCGAACGGTCTGCGCTACGG
CTACGGTATCGGCCTCGCGTGGATCTCGCCGATCGGGCCGCTCA
AGCTGAGCTTGGGCTTCCCGCTGCAGAAGCACGAAGGCGATCA
GTATCAGAAATTCCAGTTCCAGATCGGGACGGCGTTCTGA



caioin o

CTCGAGCT TCCGGAT CATCACGECGEECEECAACCTGAAGT TCG
GCATTCCGT TCTCGGAAACCGACACGGT CTATTTCGECECEEEC
TTCGAGCAGAACCGCCT CGACGT CGAT TCGAACACGCCGCAGTC
GTATCAGGATTACGT GAACGAGT TCGGECCCCGT GT CGAACACGG
TGCCGCTCACGAT CGECT GGT CGCGCGACGCGCGCGACAGCECG
CTGATCCCGAGCCGCGECTACT TCACGCAGGCGAACGCCEAATA
CGGECGT CCCAEGET GGECAAGATCCAGTACTACAAGATGGACGT G
CAGGGCCAGTACTACTACT CGT TCGCGCECEECTTCATCCTCGG
CCTGAACT TCCAGGCCECINFIRKIGAAACEAA SEROMYNOCAT
ACCCGATCTTCAAGAATTA '

CGCGGCTACGAGCCGACGCT i

CGAACGAT CCGAT CGEGECGEECT TC
GAGCTGACGT TCCCGCT CGGGCT ACGA CGCT
GCGCGTGT TCACGTTCCT CGACMEAGGT GIGGEECAATG

CGCCGEEECEECACGAGCACGEGC TACGG
CTACGGTATCGGECCTCECGTA PCG CA
AGCTGAGCTTGGECT TCCCGC'E@CAGWACIIZGATCA

GTATCAGAAATTCCAGI TCCAGATCCGGACCECGITCTGA 27 4.

3: (i) SEQUENCE (CHARMEGERCEHEGS PE:Ayuciqimérid

| NFORMATI ON FOR SEQ | D NO
25 base pairs B) TYPE :

(i) SEQUENCE DESCRIPTION: SEQ ID NO: 3:
CACCATGTTGTT CAAACCTCATCGC

5. INFORMATION FOR SEQ ID NO: 4:

(i SEQUENCE CHARACTERISTICS:

A) LENGTH : 24 base pairs

B) TYPE:-

C) STRANDEDNESS: -

D) TOPOLOGY : -
MOLECULE TYPE: Nucleic Acid

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



C) STRANDEDNESS : - D) TOPOLOGY: (ii) MOLECULE TYPE: Nucleic Acid (iii)
SEQUENCE DESCRI PTION: SEQ ID NO 3: CAC CAT GIT GIT CAA ACC TCA TCG C 5.

| NFORVATI ON FOR SEQ ID NGO 4: (i) SEQUENCE CHARACTERI STICS: A) LENGIH : 24
base pairs B) TYPE: C) STRANDEDNESS: - D) TOPOLOGY: - MOLECULE TYPE: Nucleic
Acid SEQUENCE DESCRIPTION: SEQ ID NO 4: TCA GAA CGC CGI CCC GAT CTG GA 28
What is clainmed is: 1. A reconbinant outer nenbrane protein 85 (Omp85) of
Bur khol deria pseudonallei or a fragment or a honol ogue thereof for the
protection agai nst Burkhol deria pseudonallei infection. 5 2. A reconbi nant
out er nmenbrane pWhkeisrclAmed@p85) as clainmed in claim1l1l, wherein said
reconbi nant Omwp85 is a BPSL2151 protein. 3. A reconbi nant outer nenbrane
protein 85 (Omp85) as clainmed in claim?2, wherein the sequence of said
reconbi nant Orp85 is as shown in SEQ I D NG

1. A recombinant outer membrane protein 85 (Omp85) of Burkholderia
pseudomallei or a fragment or a homologue thereof for the protection against

Burkholderia pseudomallei infection.

5 2. A recombinant outer membrane protein 85 (Omp85) as claimed in claim 1,

wherein said recombinant Omp85 is a BPSL2151 protein.

3. A recombinant outer membrane protein 85 (Omp85) as claimed in claim 2,
wherein the sequence of said recombinant Omp85 is as shown in SEQ ID NO:

1 or a fragment or a homologue thereof.

10 4. A recombinant outer membrane protein 85 (Omp85) as claimed in any one of
claims 1 to 3, wherein the molecular size of said recombinant Omp85 is

approximately 89 kDa.

5. An isolated nucleic acid, which encodes a recombinant outer membrane
protein 85 (Omp85) of Burkholderia pseudomallei or a fragment or a
15 homologue thereof, wherein the sequence is as shown in SEQ ID NO: 2 or a

fragment or a homologue thereof.



1 or a fragnment or a honol ogue thereof. 10 4. A reconbi nant outer nenbrane
protein 85 (Om85) as clainmed in any one of clains | to 3, wherein the

nol ecul ar size of said reconbinant Orp85 is approximately 89 kDa. 5. An

i sol ated nucleic acid, which encodes a reconbi nant outer nenbrane protein
85 (Om85) of Burkhol deria pseudonallei or a fragnent or a 15 honol ogue

t hereof, wherein the sequence is as shoem in SEQID NO 2 or a fragnent or
a honol ogue thereof. 29 6. A forward priner conprising a sequence as set
forth in SEQ mMmNO 3 and a reverse primer conprising a sequence as set forth
in SEQ I D NO 4 6.0A foamptiptiypiengomprigng esequendzraret forthtieiSEQBEHD NO3&mY o r om
Bur khol deria pseudomallei genone. 5 7. A nethod of anplifying an outer

nmenbrane protein 8keveianimerf dodiprisBigr KReJdadd @ peefeaamal s WeNOes iy usi ng
said forward and reverse priners as clained in claim®6, wherein the

condi tions for anphibiifie 9B GARPHMbe Bdteih N i ' at
95C for 5 mnutes, f III owed by 30 cyclrese gl;beldenat(ulrngtg?j(;?ltozlrakgaé @b{%trr%?
m nut e, anneal i ng }eu%f. 1 mnute and 10 extension at 72C for 1

fo
m nute. 8. A reconbi nan’fmcﬁlgﬁl{eo e(‘)rrpri sing said isolated nucleic acid as

claimed in claim 5. 9. A host cell of prokaryotic or eukaryotic origin
conprising said reconbinant clone as clainmed in claim8.

5 7. A method of amplifying an outer membrane protein 85 (Omp85) from
Burkholderia pseudomallei genome by using said forward and reverse primers
as claimed in claim 6, wherein the conditions 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

10 extension at 72°C for 1 minute.

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

5.

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

clone as claimed in claim §.

15 10. A host cell as claimed in claim 9, wherein said prokaryotic cell is E. coli.
11. A composition comprising a recombinant outer membrane protein 85
(Omp85) of Burkholderia pseudomallei or a fragment or a homologue thereof

as claimed in any one of claims 1 to 4 for the protection against Burkholderia



15 10. A host cell as clainmed in claim9, wherein said prokaryotic cell is
E. coli. 1L A conposition conprising a reconbi nant outer nenbrane protein 85
(Omp85) of Burkhol deria pseudorallei or a fragnment or a honol ogue t hereof

as claimed in any one of clains | to 4 for the protection agai nst

Bur khol deria 30 pseudonallei infection. 12. Use of a reconbi nant outer
menbrane protein 85 (Om85) of Burkhol desia pseudonallei or a fragnent or a
honol ogue thereof as clainmed in any one of <clains 1 to 4 as a vaccine

agai nst Burkhol deri a pseudonal |l ei infection. 5 13. Use of a reconbi nant

out er nmenbrane propeudorBdief @fipdioh. of Bur khol deria pseudonallei or a
fragment or a honol ogue thereof as clainmed in any one of clains | to 4 as a
prophyl axi s nol ecul e agai nst Burkhol deri a pseudormal | ei infection. 14. Use
of a reconbi nant outer nenbrane protein 85 (Om85) of Burkholderia 10
pseudonal | ei or : : ) } ne of
iaims T to 4 astald annacsoribifnl BHE BRlE-kRh iRk G2(GHAIEE fubiifl

I nfection. pseudomallei or a fragment or a homologue thereof as claimed in any one of

claims 1 to 4 as a vaccine against Burkholderia pseudomallei infection.

5 13. Use of a recombinant outer membrane protein 85 (Omp85) of Burkholderia
pseudomallei or a fragment or a homologue thereof as claimed in any one of
claims 1 to 4 as a prophylaxis molecule against Burkholderia pseudomallei

infection.

14. Use of a recombinant outer membrane protein 85 (Omp85) of Burkholderia
10 pseudomallei or a fragment or a homologue thereof as claimed in any one of
claims 1 to 4 as a diagnostic molecule for Burkholderia pseudomallei

infection.



