1 Burkhol deria pseudomallei Quter Menbrane Protein A 1. Technical Field of
the I nvention The present invention relates to a reconbi nant protein of

Bur khol deria pseudonallei, particularly a reconbi nant outer nenbrane
protein A (OmpA) of 5 Burkholderia psgudonallei, which is capable of
produci ng an i mrunoprotective response agai nst Burkhol deria infections. 2.
Background of the Invention Burkhol deria pseudonallei is a gramnegative

facul tative anaer obi cppiiokiria6idobritlel Diler MehBEakAMIRip e agent of

mel i oi dosis, an infectious disease resulting in 10 significant norbidity
and nortality for both human and animals in endem c regions such as

Sout heast Asia .,and porthern, Australja (Dance, 2002; Leel arasanme, 2004).
Mel i oi dosi s iaf?ﬁ@?@ﬁ%‘ﬁ%omﬁj”ﬁqqﬁ%al fornms, from acute pneunpnia or

septicaem a to chronic and subclinical fornms and this poses a great
challenge in rapid and accurate diagnosis of the disease (Cheng & Currie,
2005) . Furt her riidree prekbntt eratyn islatenpl iaat@abiyand nproteiot dfc BueFicddaaiace in
many clinical isolates, resulting in  frequent relapse of patients and the

mortality raP¥ugempds Batisulyfly B Sepmbinarhgwukr membgans, prefein e (Pmpdhoef o
despite teea }A i I: m n anme,
2004) . Tror of A ao it b Eah Al R b B AR el
20 Wth the adpamseagainst Bubbiicddgrrinfretissquenci ng and bi oi nformatics, the
vaccinology field is rapidly changi ng, providing the opportunity to devel op
novel and inproved vaccines. The availability of bacterial genones led to

the i dea of ZU%J&g}mdg&mgilﬁ inrﬁf()grnati on to discover novel antigens m ssed
v ol ogy.

by conventi onal ccin everse vacci nol ogy involves in silico

anal ysis of the bacterial 25 genone sequence for novel vaccine candi dates
and was first used to identify antigens as potential candidates for a
vacci ne agai ns tBtg@kq;@r% Bseydaaileigtc 8 cergd-negative facultative anaerobic motile

bacillus that is the causative agent of melioidosis, an infectious disease resulting in
10 significant morbidity and mortality for both human and animals in endemic regions
such as Southeast Asia and northern Australia (Dance, 2002; Leelarasamme, 2004).
Melioidosis can present in many clinical forms, from acute pneumonia or
septicaemia to chronic and subclinical forms and this poses a great challenge in
rapid and accurate diagnosis of the disease (Cheng & Currie, 2005). Furthermore,
15 therapy is complicated by antibiotic resistance in many clinical isolates, resulting in
frequent relapse of patients and the mortality rate of patients with septic shock is
approximately 80-95 % despite treatment with ceftazideme, imipenem or
meropenem (Leelarasamme, 2004). Therefore, prevention, rather than cure of

melioidosis, is critical.

20 With the advances in whole-genome sequencing and bioinformatics, the
vaccinology field is rapidly changing, providing the opportunity to develop novel
and improved vaccines. The availability of bacterial genomes led to the idea of
using the genomic information to discover novel antigens missed by conventional
vaccinology. Reverse vaccinology involves in silico analysis of the bacterial

25 genome sequence for novel vaccine candidates and was first used to identify

antigens as potential candidates for a vaccine against serogroup B meningococcus



2 (MenB) (Pizza et al., 2000; Rappuoli, 2001). Open reading franmes (ORFs)
fromthe MenB genone containing a signal peptide were selected for protein
expression and out of 570 such ORFs identified, 22 proteins were able to

i nduce conpl ement- nedi ated bactericidal antibody responses (Pizza et al.,
2000). Recently, 5 of these 5 antigens”"were selected to forma

mul ti-conponent vacci ne, which induced bactericidal antibodies in mce

agai nst 78 %.gf nel o ni_ ngpc, | . strains re nt.i ng..t he
aoba - popul trel) 208 1 0Pe iR 15 osthfhie saberIORED S ot ent  a
to conquer ORgn@f gehbﬁe@gﬁﬂairﬁi@/%ﬁgﬂil'ﬁﬁtiﬁk FERSERclel fhNSroWX é%br;s@ﬂn%nd”enbr ane
protein A (OmpA) is one of the ngjor outer nenbrane O proteins in gram

negati ve bacoelr ab70 suchpORYs idemsifrede A rpabteinsl weere rebichtn instuegcomplegfent-he
bacterial cell ,surface.. 1t co sed of twp. donmins; _an t er m_nal  menbr ane-
embedded donfEfA e Erg g SHTREN G REseS T o S OGO REGPHnal CTdb n.

whi ch i s5l og@idds | Werk NGeIR@Ed RbaSIHC 2SRALE-BRAPoRES PREMcPARESedda@l Nt eract
specifically wth the peptidoglycan |ayer (Denot & Vanderl eyden, 1994;
Koebni k, 199Bjcterikbdabanichndeds|iy mibeeagaings 7% Voofi xpdnef oS meringfcoOmptrpnst ein i s

t i de thi hysj ol qgi cal 1] nk bet n..th t nb d th
sy Pl U DA e SRR R e e e AR ] | e
bacterial vi | SRR i IR i operties and are
t her ef ore, ipr%t(la)?ttmgﬁ?ca@g%ﬂm ne élgé/n iO gjléggssga?%gglet a?lg%lvgoégf Wi ser &

Got schlich, 1991). Furthernore, 20 OwpA can bind to and activate

macr ophages, trjiqger dendritic cell magration to _secondary |ynphoid organs
and stimil afe dSHEr membrae: PiRkn hds ope A1, theomayr oW MGMRIEE a) .,

2003; TorpespRieifd in grafd r&é}%ﬁf&a.@«;@ LQIR EAER R G RAR e i G UR! TS (P.
gingivalis), pa eperllno onf}g%aﬁ)at ogeln i ﬁ?’%g?gﬂd 1;lméla@c%lrgoni C pe r |ygdonti tis,
has been denbartdriahteel tuofacenktecongposed)of lteveldomdingr at dGteirminal mdrteraie- 25

gingivalis murjne | esion nodel (Ross et al., 2004)._ Rever vacci nol ogy was
applied in tﬁ*@tiﬂ%éé Bﬂmainn%mng@% ATRETRaRG ?’@%@Péﬁt@'@ﬂmmﬁ domain, which

is located in the periplasmic space and has been proposed to interact specifically
with the peptidoglycan layer (Demot & Vanderleyden, 1994; Koebnik, 1995).
15 Presumably the physiological function of OmpA protein is to provide this
physiological linkage between the outer membrane and the underlying
peptidoglycan layer. In addition, OmpA are often involved in bacterial virulence
and immunity, have good immunogenic properties and are therefore, important
vaccine candidates (Das et al, 1998; Weiser & Gotschlich, 1991). Furthermore,
20 OmpA can bind to and activate macrophages, trigger dendritic cell migration to
secondary lymphoid organs and stimulate dendritic activation (Soulas et al, 2000;
Jeannin et al, 2003; Torres et al, 2006). Indeed, OmpA from Porphyromonas
gingivalis (P. gingivalis), a periodontal pathogen implicated in chronic
periodontitis, has been demonstrated to confer a high level of protection in the P.

25 gingivalis murine lesion model (Ross ef al., 2004).

Reverse vaccinology was applied in the present invention to identify potential
protective antigen, OmpA of Burkholderia pseudomallei that is able to produce a
protective immunogenic response against Burkholderia pseudomallei infection. The

genes encoding for the proteins have been cloned, the recombinant proteins



protective antigen, OmwpA of Burkhol deria pseudonallei that is able to
produce a protective immunogeni c response agai nst Burkhol deria pseudonal | ei
i nfectii.on. The genes encoding for the proteins have been cloned, the
reconbi nant proteins 3 expressed and purified and their potential to induce
protective immunity agai nst Burkhol deria pseudonallei tested in the nouse
nodel of nelioidosis. Consequently, these proteins are useful as

prophyl axi s [ £ i.a .l i ; of the
vent i on Trotred G50 BARROELnd B DALAR' G hAlCE BN, Brptuoil TUR

reconbi nant PBugheideriof psBldokadbideritiad pseudrainogie omodelf r@fgn@BLoidosia

honol ogue of said protein, wherein said protein, fragnent or honpl ogue is
capabl e of prewsaRsTdYanthpsenurieisinst et iwselul r as ppRBRYIagai Folecplesk REMAYS | a
-infections. égﬁigﬁ;ﬁfﬁﬂ LoRspect of the present invention provides for the
use of said ~Fecondinan protei n of Burkhol deria pseudormallei or a fragment
or a honol ogue of said protein as protection agai nst Burkhol deria

i nfections. h(}se and @tﬁeg o%&%cts of the present invention are achi eved
by, A recdnbinaM™Prot ¥iNe oFYBIRhol deri a pseudomal lei or a fragnent or a

15 honol ogue of said protein, wherein said protein, fragnment or honol ogue is
capabl e of producing an i nmunoprotective response agai nst Burkhol deri a
pseudonal | ei , Tdhdirsicaspedtoédhd pregenatinvsation peavadesifanareqondiegng pigjeia of

nbi nant gut nb otein A A). of .Burkhol deria. domal | ej .
%0 Uee of sbieadbPranemalhey i Band S Aol TorlE o BV ERIRRE ano
therapeutic gRd pewie, Rahdnsbr Romnbloghder dpaps o pestlcing anl RiReidpedtectitve 4.

Brief Description of the Acconpanying Draw ngs O her “aspects of the present
i nventi on angspdneé agaiehi Butkigbkrmitkctbmsdi scer ned

10 The second aspect of the present invention provides for the use of said
recombinant protein of Burkholderia pseudomallei or a fragment or a homologue of

said protein as protection against Burkholderia infections.

These and other objects of the present invention are achieved by,

A recombinant protein of Burkholderia pseudomallei or a fragment or a

homologue of said protein, wherein said protein, fragment or homologue is capable

15
of producing an immunoprotective response against Burkholderia pseudomallei,
characterized in that said recombinant protein is a recombinant outer membrane
protein A (OmpA) of Burkholderia pseudomallei.

20 Use of said recombinant protein as a prophylaxis molecule, vaccine and

therapeutic molecule against Burkholderia pseudomallei infection.



after studying the detailed description in conjunction with the acconpanyi ng
drawings in which: 5 Figure 1 shows the sequence alignnment of the Cterm nal
dormai n- of predicted am no acid sequences of Omp3 and Orp7 of Burkhol deria
pseudonal lei with E. coli OmpA conseryed domain. Figure 2 shows the Western
bl ot anal ysis of purified reconbi nant 3 and Omwp7 wth the pooled

nmel i oi dosis patients' sera. 10 Figure 3 denonstrates the polyclonal antibody

response towgrds.. ; i qﬂ?‘m i 4 shows the survival
curves of g\rl\%hggn(%@%sguﬁﬁgﬂ\%%g@e m%lfﬁ]:z)}e:ddaﬁgngth reconbi nant Omp3 or
Omp7 and challenged with 5 x 106 cfu Burkhol deria pseudonallei D286 by the

intraperitoneal route of infection. 15 5. Detailed Description of the
| nventi on Accor@thgfasnscis d the pesent invendlenisod theiepdvansagss ovilldeddisceregombi nant

protein of l.deria.p llei,. wWaich is abl.e .of Q i.hg an
imunopr ot ect e e s ERGHEATBhronoh cidel i fRE TRt cRERREMRon.
Speci fi cal | y dravifgs ihe@qefi nant protein is a reconbi nant outer menbrane
protein A (OmpA) of 20 Burkhol deria pseudonallei. Two reconbi nant OmpA

protei ns of Burkhol deria pseudomallei were identified to have the

capability of 0v]_ di Lve. i ne..r nse,agai_nst .. Bur | deri a
pseudonal?ei. ﬂ?gﬁﬁ?hggwgé§%§%§§5§h§¥mﬁgﬁgngﬁggﬁgF“f%é@gmﬂ}%@%?ﬁ%ﬂﬁhat are
capabl e of pamytcdadig s@qul@ﬁ@is&fft(bﬁiFS iaAOBp7 bEBRAAASRleAl sedddiRe wirded W t hin
the scope of this invention. 5 In the context of the present invention, the
t erm " f r agnefef Omiteeansemeddgmpisr t i on of the gi ven anino acid sequence of a
pol ypepti de which has the sane activity as the conplete amno acid
sequence. Fragnents will suitably conprise at |least five and preferably at

| east ten consemipire Ve st s Be aFkdsmf B10NitadR DS hriffRIMeHEBinaf Omp3 and

Omp7 with the pooled melioidosis patients’ sera.

10 Figure 3 demonstrates the polyclonal antibody response towards Omp3 and
Omp7 in rabbits.

Figure 4 shows the survival curves of groups of four BALB/C mice immunized
with recombinant Omp3 or Omp7 and challenged with 5 x 10° cfu Burkholderia
pseudomallei D286 by the intraperitoneal route of infection.

15 5. Detailed Description of the Invention

According to the present invention there is provided a recombinant protein of
Burkholderia pseudomallei, which is capable of producing an immunoprotective
response against Burkholderia pseudomallei infection. Specifically, the
recombinant protein is a recombinant outer membrane protein A (OmpA) of

20 Burkholderia pseudomallei. Two recombinant OmpA proteins of Burkholderia
pseudomallei were identified to have the capability of providing a protective
immune response against Burkholderia pseudomallei. As such, fragments and
homologues of these proteins that are capable of providing a protective immune

response are also included within the scope of this invention.



5 conbi nations of these fragnments. In order to retain activity, fragnents
wll suitably conprise at |east one epitopic region. Meanwhile, the term
"honol ogue” is defined as a gene related to a second gene by descent froma
common ancestral DNA sequence. The teymmay apply to the relationship

bet ween genes separated by the event of speciation ("ortholog") or to the
rel ati onshi p between genes separated by 10 the event of genetic duplication
("paralog"). It has been found that pol ypeptides with SEQID NGO 3 or SEQ ID
NO 4, including their protective fragnments and honol ogues thereof are the

preferred OAn RO RIdRS opﬁetpﬁés%t' iV&@ibh e te?ﬁ@ﬂra@n%ﬁ%” rfef LB PRkt he
pol ypeptide chain of outer nenbrane protein 3 (Owp3) of Burkholderia

pseudonal | ei omergmen applroo@qd”rmqetlycezﬁ(}i polipaptide whicheldsdbe sambabteviSEQ | D NO,
4 represents t he e trd chain out er nbrane prot.ein 7 7) of
Bur khot der 1 a B OUIBHARTED 0 AR oReP@ar P gl P BaErtiar Eatidiie
Producti on Ofand E)féfé}%l'&qétel@aéi Q%ﬁp@&is@&tw@ﬂ?ﬁn@rﬁ&'ﬂ?&n'tﬁe dasiersehRGchesei n.  Two

open readi ng franes Onp7, coding for putative OmpA 20
proteins fer eombmhonsdﬁnhasﬁrfelgnﬂemsrﬂmMéelﬁurrkﬂam aheivity, ﬁn@m}h@mﬂl mltab@G243

whol e genone uen avai |l abl e, at .The Wl | c Tr ust, er.l.n e
perforning &° %@A@ﬁﬁ%’ﬁ@ﬁ Pitopigdegion 3}4??“‘@8%”@15 dlﬁﬂa\qgr%‘ﬁ 1S a%’;’selélld

their sequenges, dgen@%fﬁ?erdsto"‘@rs@cdﬁﬁsé&@qgr HQsc@ﬁﬂ)frbrfnya 96mEoRr AdEGHS HNAM local

i sol ate Burkhol deria pseudonallei™ D28 t he gene sequences were verified

by DNA sequenajuagce. 2'5e Krit iy epglgqueh@eelaiqngmmmm gelnes papeditat e ther ot ei n
sequences of thes esence of the A notif

ene. products, confirne .

2t the G-t or R SoFPiEHEica" " GRILOE ST ShBiR TeIHORIGh PEESS RSB Peq
denote thg cgﬁ%egmqugﬁélcd&g@ﬁcmhl €arflbyt§, denotes resi dues fromthe sane
amno acid group. 6 Simlarity search using predicted protein sequences of
O3 and Owp7 genes by a BLASTP search at GenBank showed that the translated
sequences had h[% %Qs been found that polypeptides with SEQ ID NO: 3 or SEQ ID NO: 4,

including their protective fragments and homologues thereof are the preferred

OmpA proteins of this invention. SEQ ID NO: 3 represents the polypeptide chain of

outer membrane protein 3 (Omp3) of Burkholderia pseudomallei with

15 approximately 220 amino acid residues while SEQ ID NO: 4 represents the
polypeptide chain of outer membrane protein 7 (Omp7) of Burkholderia

pseudomallei with approximately 177 amino acid residues.

Production of the purified recombinat OmpA proteins is described herein. Two

open reading frames (ORFs) - Omp3 and Omp7, coding for putative OmpA

20 proteins were first identified from the Burkholderia pseudomallei K96243 whole
genome sequence available at The Wellcome Trust Sanger Institute by performing

a BLAST search of the E. coli conserved OmpA motif. Based on their sequences,
primers were designed to amplify gene products from local isolate Burkholderia
pseudomallei D286 and the gene sequences were verified by DNA sequencing.

25 Multiple sequence alignment of the predicted protein sequences of these gene
products confirmed the presence of the OmpA motif at the C-termini of these
ORFs, as shown in Figure 1. Residues in red denote the conserved residues while

blue denotes residues from the same amino acid group.



simlarity to OmpA from ot her Burkhol deria spp. (Table 1), suggesting the
genes coding for Om3 and Om7 were also identified in other Burkhol deria

5 pseudonal l ei strains as well as in a Burkholderia nmallei strain. Table 1:
BLAST- P anal ysis of Burkhol deri a pseudgnal |l ei D286 OrpA ami no acid

sequences to their simlar proteins in the GenBank dat abase Protein Simlar
protein Burkholderia strain E value Identity (%9 Omp3 OmpA famly protein
B. pseudonal |l ei K96243 5e-111 100 B. pseudonallei 1710b B. pseudonallei 668
B. pseudonul |l ei 1106a B. pseudonumllei 1106a B. mallei ATCC 23344 Omp7 OnpA
fam |y B.. pseuddmularisy seegbommgreregstedqootefn gpgpersee of OBp3pzalidopdidesss 1710b

B. pseudonal | ei .__pbseu lei 1106 pseu |lei 1106a..B. nall ei
O 58394 TRE aggﬁgs*@&&?fﬁg 3?%%4@% St e%%st%?@sfaﬁqﬁseéﬂl%‘hc&% A

expressi on  ¥RGHAIP td Oy HeBEothEC RIMkhDRIE . RbASMTaBR. 1)V pRsteY Be tRBEs
transfornmed into host «cells. The ’EOI ynucl eoti des whi'ch encode for Omp 3 and

Onp 7 are as ca@ivgnfarn OngrRQ 40D IGnp. wed SBO lidenkiGed 2in rasbgre iiriwlideria
T f ti ) i . host f Kk ti k ti
ceils. 103t s B dPleRg s oRS e PR S ot Bt e Tl §EHRA yor 1 ¢ cel | uch as

Escherichia coli. According to the present invention, the 7 genes were
cloned into pET 101/ D TOPO vector to all ow expression of the proteins

Table 1: BLAST-P analysis of Burkholderia pseudomallei D286 OmpA amino acid

sequences to their similar proteins in the GenBank database

Protein Similar protein Burkholderia strain E value Identity
(%)
Omp3  OmpA family protein  B. pseudomallei K96243 Set! 100

B. pseudomallei 1710b
B. pseudomallei 668
B. pseudomalilei 1106a
B. pseudomallei 1106a
B. mallei ATCC 23344
Omp7 OmpA family B. pseudomaliei K96243 7™ 100

lipoprotein B. pseudomallei 1710b
B. pseudomallei 668

B. pseudomallei 1106a

B. pseudomallei 1106a

B. mallei ATCC 23344

The genes coding for Omp3 and Omp7 were then cloned into expression
vectors to produce recombinant plasmids, which were then transformed into host
cells. The polynucleotides which encode for Omp 3 and Omp 7 are as shown in
SEQ ID NO: 1 and SEQ ID NO: 2, respectively. Transformation may be done using
host cells of prokaryotic or eukaryotic cells. It is preferred that the host cell 15 a

25 prokaryotic cell, such as Escherichia coli. According to the present invention, the



as fusion to a His-Tag. Then, E. coli BL21 star (DE3) cells transformed with
reconbi nant plasm ds were induced to express the selected proteins which
were subsequently purified using nickel-NTA chromat ography (Q agen, USA)
via the 5 H s6 tag expressed on the carboxy- term nal of the reconbi nant
proteins. Follow ng SDS-PACE and Western bl ot analysis, proteins of 27 kDa
for O3 and 22.5 kDa for Omp7 were visualised as shown in Figure 2,

e ol Aot e
ieeediib iy BE Stk il e SO B S o A R N
(lane 2 in Fagtisgor?}o alBisThay. rERanBl rantBILIPARef(DBI3) kBDd denifarmetwdanal | e

(Om3 and Omp7) were then tested for their potential protective ability.
Prior to chaFicempgmantplasmidsnviere Aaducedto expresd il praertedopisteiah & ¥ welker e

screened to ' o nce .of i bodi t e i rotein.
Frgure 3 shoudirhisid RRER IS B EEN BN ESe Pul TRBebE PSR AL G
and Onp7 Ser elighsesaprebsédon MHaAGRY- @EAMABOT the ridokibidint peedihalFolbivitig ons
screened. The LD50 of the Burkhol deria pseudonallei |ocal isolate D286 via

i ntraperit onSBR-RAGEandfWesi¢ra blotanakygis, prowinsoafd AklRafe (rapkandig2.5 kDa

appr oxi mat el 25-x_ 105 cf.u .in BALB/ ¢. nouse nodel . ..Thus,, approximately
B L bso, i Yo OBBY ysgd ol R BB Rl 2 et 2 e SPRARE St o
i nfection. Faioldtule madEasNAZ&gtindt band® G i@Rightld 1§waginele6a4/al4);ve?humsc&1@d on day
2 and another died on day 3 (2/4), while for mce imunized with Omp3, 1
nouse di ed byetegsd foragrenieroh Ompidiane 2dndidgwy 2).day 15 (2/4). The renai ning
2/4 (50% mce fromeach group i mmunized with either Om3 or Omp7 survived
beyond 21 days post-challenge. Figure 4 shows the survival curves of the

groups of10m ce Teakémitgesht\OrhpA of BuAdbidefid pRetidohalldeOmp2mdosipdpwetd ei
D286. In the control group n:.32 of mce immunized with E. coli cells in
adj uvant andthenassteshfge theiti notenbal ratsiches atilitys BristoivetheBengeomicenpumdligided by

dayl, anot he@vitByreg(?ﬁﬂbigax?tngn‘}p%eaﬂda %)tmp@uw%?e g&r%gne%ytodégnf?rm io‘he presence of

antibodies to each recombinant protein. Figure 3 shows that specific antibodies
against recombinant proteins Omp3 and Omp7 were observed in immunized groups

15 with all serial dilutions screened.

The LDsy of the Burkholderia pseudomallei local isolate D286 via
intraperitoneal route of infection was previously calculated at approximately 1.25 x
10° cfu in a BALB/c mouse model. Thus, approximately 10 x LDsg, i.e. 5 x 10° cfu
were used in this study as the lethal dose for infection. For mice immunized with

20 Omp7, a single (1/4) mouse died on day 2 and another died on day 3 (2/4), while
for mice immunized with Omp3, 1 mouse died by day 2 and another mouse died by
day 15 (2/4). The remaining 2/4 (50%) mice from each group immunized with
either Omp3 or Omp7 survived beyond 21 days post-challenge. Figure 4 shows the
survival carves of the groups of mice challenged with 5 x 10° cfu Burkholderia

25 pseudomallei D286. In the control group (n=3) of mice immunized with E. coli
cells in adjuvant and challenged with Burkholderia pseudomallei, one mouse died

by day1, another by day 6 and the last mouse died by day 9.



Bot h reconbi nant Omp3 and Owp7 showed the ability to confer protection

agai nst Burkhol deri a pseudonal | ei infection but the degree of protection
provi ded by inmmunisation using a single protein was inconplete (50%. The
mechani sms  underlying the protection gmy be partially explained by the
presence of antibodies 5 against reconbinant OwpA in inmmunized m ce.
Assessnent of bacterial burden in the challenged survivors reveal ed that al

mi ce di spl ayed gt Rk ddnfaidnt SPhEY QHE A3thy7 3RS ER kitd %1ﬁtﬁ&§%§§f§r begts@iohon. In
addition, the abl|lté to cul ture Burkhol deria pseudorallei fromnore than

one tissue wmqﬂt 8u rigipseudoypstleningedtion dat th@ndam @vprdenation pdvided resul ts
descri bed herei.n |den{, f?; .Om3.and On;g.? of Burkhf) e{@d seud mallel as
potential prot SEFNHEAUN PyBad sé@%? ST EBuP Rh i aePicy Eid Irfl%(f aSHPect i on.
Al t hough theuritfc@l&ﬁ@tth@@rdt&tf@ﬁtm@ol[@%ﬁ%ﬁly Bafidihed bPHR! Sieddned o hntddiRl s by
active immunisation of reconbi nant Al s ‘encouragi ng since there are

limted ¥ epegainst meomboirc@inpd iannimyamsdages.nst Bur khol deri a pseudomnal | ei
i nfection. 15 Conbination of two reconbi nant proteins or conjugation with
dendritic cells could be used to inprove protection efficiency. Since the

genes encodi ng AR&sRERT BC bA&ial Budde fﬁsm@aa{ﬁuafg%a ﬂ%@&&q@véaqb@tﬂaaage of
Bur khol deri a pseudomal |l ei strains as well as in Burkholderia nmallei, the

prot ei ns maymb@ pilsplae'cdlsrgnhwt replenaitegByr kinb|rdeltiple  apsrestd donndtoin. dor ai ns as
caused_b khol deri a |lJei in 20 horse. Thus,

Uhese or ot o Silidan, In B o CARRS pRkp e g 1 P Fef S

gl anders. ThesshesdmIb sRAM @k FBkindd HOSHidn RAL beRES. sera (Figure 2) and
subsequent test on  rabbit anfi- Burkhol deria pseudonallei sera denonstrated

the strong reaction of Omw3 and Onp7 agai nst t he sanpl es, thus proves the
presence,Qf an bod| a| nst these [ ﬂ fected
ani mal s &ﬁd hu eﬁscésfcﬁ %Blﬁbi‘%élﬁfy 3?1'5?8@ Q}Ep% r?gu ﬂ dénat hey are
capabl e of i ﬁk@u&érﬁtgle@fhslﬁmlﬁﬁl pfc@&ﬁ‘?@sa%tlgéhsaz{gaﬂﬁ{ B I IBPsdiombiigh t hey
are adm ni stered. Antibodies nmay b

infection. Although the protectlon is not complete, partial protection of animals by

active immunisation of recombinant OmpA is encouraging since there are limited

reports on protective antigens against Burkholderia pseudomallei infection.

15 Combination of two recombinant proteins or conjugation with dendritic cells could

be used to improve protection efficiency. Since the genes encoding the protective

proteins have been detected in a range of Burkholderia pseudomallei strains as well

as in Burkholderia mallei, the proteins may be protective against all Burkholderia

pseudomallei strains as well as glanders, a disease caused by Burkholderia mallei in

20  horse. Thus, these proteins should be cross protective against both melioidosis and

glanders.

The test on pooled melicidosis patients’ sera (Figure 2) and subsequent test on
rabbit anti- Burkholderia pseudomallei sera demonstrated the strong reaction of
Omp3 and Omp7 against the samples, thus proves the presence of antibodies

25 against these classes of OmpA in both infected animals and human. Since the
recombinant proteins are immunogenic, they are capable of inducing an immune
response in animals and human to which they are administered. Antibodies may be

raised in-vivo against the complete polypeptides, or they may be raised against



rai sed in-vivo agai nst the conplete pol ypeptides, or they may be raised
against 9 suitable epitopic fragnents of the pol ypeptides using
conventional nmethods known in the art. Antibodies thenselves, for exanple
in the formof sera conprising such agtibodies may be useful in the passive
vacci nation and/or treatnment of conprom sed individuals. 5 The reconbi nant
proteins of the present invention nmay be used as vaccine against infection

caused by Burkhol der.j a. pseudonal | ei . The vacci.ne may he .adm nistered
prophyl act i céﬂ%ﬁe[ ‘Hntoﬁbcg’%a%?enﬁ %it%?)?‘)]é’?f)@éq%? a5 C%ﬁ%?_f%?ﬂé’f%o Spdidonal | ei
or may be adij fheSkE€1NeMbAGIcRHNRERBE Yot SahlphAin BB forkPof ¢4 VhHpalifg W@ have
al ready been exposed to the pathogen. 10 The foll owi ng exanpl es are intended

only to furt beiibddidsusmayatbe wbeful nuetitei grassved vagcipatiot dndfcenttedntent | ¢fri t t he
scope of the invenL%%p, which is defined by the clains. In shgi 0_.genone
anal ysi s Two “PUPEFINE genes (Onp3 and Owp7) coding for probaB¥ V%Hﬂ' wer e
identified by a BLAST search whereby honol ogous sequences or those

cont ai ni ng the 15 conserved E. coli OmA domain were identified by utiising
t he B. pseudonmalleefeck@binggt gmieine of ¢kperesenti mventivat ey tevadedatd gacginet he The

Vel | cone Trust .Sanger .. I nstitute : . .

(hi e 7 SEHBET TGstion b b s BbalerifaridgmalaiinThe JasePy TaY 1% cres of
these genes wemmidtdedt plobRfladiRhlg A LIRIESat TR SLAMBHER: | f BLiBDRaS
used to anplify these gene products by PCR Once the sequence fidelity of
PCR 20 pr odupteydoasiieier infaydut dsimimiskresieasuretheiapeytiqireatinentad individoalaoyhe

sequences were used for, simlarity search o any kno roteins in GenBank
with BLASTP L"(“fﬁtp: PR e bi . B i b, Wéi‘fmsw)%o Sub\énggent | PGSR ct ed
protei n sequences of 2 OmwpA honol ogs were aligned using Custal X and

conserved OnpA domain was identified at Gterm ni of the sequences. 10
10 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.
In silico genome analysis

‘Fwo putative genes (Omp3 and Omp7) coding for probable OmpAs were identified
by a BLAST search whereby homologous sequences or those containing the
15 conserved E. coli OmpA domain were identified by utilising the B. pseudomallei
K96243 genome sequence information available at the The Wellcome Trust Sanger
Institute  (http://www.sanger.ac.uk/Projects/B_pseudomallei). Subsequently full
ORFs of these genes were identified using Artemis. The sequence information was
used to amplify these gene products by PCR. Once the sequence fidelity of PCR
20 products was verified by DNA sequencing, predicted amino acid sequences were
used for similarity search to any known proteins in GenBank with BLASTP
(http://www.ncbi.nlm.nih.gov/BILLAST/). Subsequently, predicted protein sequences
of 2 OmpA homologs were aligned using ClustalX and conserved OmpA domain

was identified at C-termini of the sequences.



Bacterial strain and preparation of genom c DNA The B. pseudonallei strain
D286 was isolated froma nelioidosis patient at the Kuala Lunpur Hospital.
A stock culture of this strain was obtained fromthe Pathogen Laboratory,
Faculty of Science and Technol ogy, iversiti Kebangsaan 5 Mal aysia. Genom c
DNA' was extracted according to the sté%dard protocol with nodification.
Briefly, B. pseudonallel strain D286 was grown at 37 Cin Brain Heart

I nfusi on bro h t% adlsa Spai n). and t hen, qhgéed on Ashdown sel ective agar
pl ates. A singfe Uﬂ?aﬁgén'ﬁﬁﬁ PROLgenqTRiS sh Brain Heart |nfusion broth
and grown overnlght at 37 C. The bacterial cells were harvested fromthe
overnight 10 culture and the cell pellet was dissolved in TE buffer (1 nM
Tris-d, pH 7h&B. pseddomgliminytraiPD2B86i wass soldtealt framf 4 melliotioniseraticntt atotheof 25

g/m , 10 % U ed to.the eIIet ndln ed at 37
C for one ho P§ Cﬁﬁ@m %Qiﬂltapgglﬁ?‘ﬁcoﬁﬁgfﬁ Q%Q‘L"I“j’A %u‘ﬁ??ao ksl trem tcr tth M Nadl )
was added anphth nn]!,ziﬂont&yWF%ult'y rBfeS’éi&fée S8 Erfedhndib B m{ré}@itanéﬁa‘ﬁ@@aaWas

i ncubated at 65 for 20 mn. Purification 15 of génom c DNA was carried out

accor di ng t oMahigsist Bedemnit Phénelas chirastod eccordingtihdbe addpdgupicolawet usi ng

0.6V of i sopro ficatiaon o B. mal | ei P sequences
used for %tﬂ‘?‘bﬁngfdyt Re Docudping l?‘ %WFQ ﬁégéwaas%awwéw Jé l@ésr@f‘r ain
D286 genone Ix%ﬁsﬁ n F in

Tabl e 2 bel O]}\;{V@ir? eblg?ﬁ%] ?3?)%&(1: e(s)‘%;ﬁlg)e pﬁﬂ %bﬁgg?@eésc@?x asfef‘echbéagﬂ
anplificati oplate$. OmpRlacdonOwas.indkatéd inarfrksk BruiendearRinfesise bsghuwadce Omp3
>5' caccat gcgcaaaacgac <5' %‘%ttcccgcgc gaattc Omp7 >5' caccat accacaa gag

<5' ct gt t gat SPAWGRY§rraght af ?(br%’éﬂcgfﬂahﬁ?%‘s Wt barveseedafio thvswag

sequence18t &G Pandiid cell peilet was dissolved in TE buffer (1 mM Tris-Cl, pH 7.5, 1 mM
EDTA). Proteinase K at a final concentration of 25 pg/ml, 10 % SDS (Amresco,

USA) was added to the pellet and incubated at 37 °C for one hour. CTAB - NaCl

solution (10 % CTAB (Sugma, USA), 0.7 M NaCl) was added and the mixture was

inverted several times, The mixture was incubated at 65 °C for 20 min. Purification

15 of genomic DNA was carried out according to the standard phenol-chloroform

method and precipitated using 0-6V of isopropanol.
Amplification of B. pseudomallei OmpA

Primer sequences used for amplification of the 2 ORFs from the B. pseudomallei
2 strain D286 genome were designed based on the annotated ORFS and are listed in

Table 2 below.

Table 2: Oligonucleotide primer sequences for the amplification of Omp3 and

Omp7.
ORF Forward sequence Reverse sequence
Omp3 >5'caccatgegeaaaacgac <5'cgticcegegeggaattc

Omp7 >5'caccatgaccacaaggag <5'ctgtigatagacgagg




foll owed by the ORF sequences including the start codon. The reverse priners
were conprised of the last 13-25 bases of the ORFs prior to the stop codon.
Pol ynerase chain reaction was conducted in a final volume of 50 | that
contained 51 | Ox 5 Expand Hi gh Fidelity reaction buffer with 15 nM Mgd 2
(Roche, Germany), |1 B. pseudonallei tenplate, 1 .d deoxynucleotide mx (10
nmv each of dNTP) (Pronega, USA), 1 | each of forward and reverse priners
(25 pnol es each), 5U of Expand High Fidelity enzyme m x (Roche, Gernany)
and 40.25 p.1 of MIliQwater. Anplification was perforned according to the
nmanuf act ur er Ther faewanie pdakiso bentdifledV dnhadditigiil ORI iseqichen af Reelre Appl i ed
Science, Germany);. 1 cycle of 95 C for 5 mn; 10 cycles of 94 C for 15 s,
55 C for 30 $0lloyed bytheORdY sequencas mgkydt,rggdb@gtaﬁfcodcgm IOEISEPTBIEIS W f or 30
s and 72 C f r cycle
%B)En%rlggdno gilélﬁsts li?s 0§ %ﬁéeg f? h?ef Hor B the E@ﬁe oaqrgcf%z}?ﬂiergs

for the | ast mn and rigeration

at 4 C. PCR @hﬂﬂu@mmwa% cﬁiﬁﬂh&b@% f e argﬁmsef 98] UBdtN@ntad SHAI ck Cel
Extraction Kit (Q Agen, USA). Coning into expression vectors Purified PCR

f r agnent s> weFapalid Bigh|Fdaity redtiomiwdfdr vathokrcmdd MdClefRocbs Ssamaugc dpt B. p ET
di rectional TOPQ ex re55| on vect or pET101 accordin to t he manufacturer's
20 r ecomend&fsHgaRaisintniager, HUsigoxymrgleatidy mancHO| M4t pash PEEY TN

d1 ET1 I I d | P Th
SOttt ors welboRERtIISAE T B baction obBi aRd f%%'as%?pal?n“%é% o Bl ot o
the whole |igg 5%?@\1\@%&@% LQRORE %@%a&gan&q?%wo@% 10 GRfRet ent

cells (Invitrogen, and rncubated on 1ce urther 30 min. After
heat shock atAm@ifCafianx v@@ m=rfotthed @eddrding Ho whe enanideturets 25:®Jnghermiht1®§:) C
medi um (216 tryptone, 0.5 % yeast extract, 0.05 % NaCl, 2.5 nM KCl, 10 nM
MyC12) and i Md megdlifigation @‘@Phq RPkigc: Sriense Gemmmy); 1T?Yé2?=f»‘s‘?f09r5né%lfor(§3 10

cells (100 | at Q con n Q0. ICI lin/m
(Si gma, USA) I}QB{(? @lneé Ozgﬁegtt:%rllggh%s ip(lrwi?orbat agd” ?grhﬂgﬁ% o goicng %
94 °C for 15 5, 55 °C for 30 s and 72 °C for 1 min with 5 s cycle elongation for
each successive cycle for the last step; and 1 cycle of 72 °C for 7 min and then
refrigeration at 4 °C. PCR products were purified from agarose gel using the

QIAquick Gel Extraction Kit (QLAgen, USA).

15

Cloning into expression vectors

Purified PCR fragments were directly cloned into the bacterial expression vector

pET directional TOPO expression vector pET101 according to the manufacturer’s
2% recommendations (Invitrogen, USA). Briefly, each ligation reaction contained 1 pl
pET101 vector, 1 pl salt solution and 4 pl PCR product. The reactions were
incubated at room temperature for 30 min, following which the whole ligation mix
was added to One Shot TOP 10 chemically competent cells (Invitrogen, USA} and
incubated on ice for a further 30 min. After heat shock at 42 °C for 30 s, the cells
5 were added to 250 pl of $.0.C medium (2 % tryptone, 0.5 % yeast extract, 0.05 %
NaCl, 2.5 mM KCl, 10 mM MgCl;) and incubated at 37 °C for 1 h with agitation.
Transformed TOP 10 cells (100 pl) were plated on LB agar plates containing 100

ug ampicillin /ml (Sigma, USA) for clone selection and incubated overnight at 37



C. Five colonies of each ligation reaction were cultured in 5 m LB broth
with 100 g anpicillin/ m at 37 C overnight and plasm ds were purified
with the QAprep Mniprep Kit (O Agen, USA). The gene orientation and
sequence fidelity was verified by DNf sequencing. 5 Reconbi nant OmpA
protein expression Tranformation of host BL21Star (DE3) cells was perforned
according to the the manufacturer's recommendations (lnvitrogen, USA).
Briefly, oneQrFuedoldmds difeack REQAIBAIrBafon GRAS LillGEd PNAMMAB BloXeditwiohd S0 pl
of E. coli BL21Star (DE3) One Shot cells (Invitrogen, USA), and incubated
on ice for 30 anpicilii { ex ahdafC ohooighaand plagRids Waye paifis] WEE@hqo@DS?rQ)C medi um

was added and.t.he cell bated at 37 C for m The
transf or med B&H P@P%M ﬂjg‘ﬁgf ﬁ‘er &4 Hf‘ﬁmi@o%angfseﬂ@nc%rfB{eﬁtyc8“1‘?’? ai ni ng
50 g car benl,vcynlﬁcﬂlg mA@g@éhahgchnol ogy Laboratories, USA) and incubated at
30 C overni ght, rpom The néxt day, 100 tl culture fromeach sanple was

transferred into 100 m of LB broth containing 50 g carbenicillin /m 15
and i ncuhat at 30 C, 200 rpm until the OD6000m = 0.5-0.6. Isopropyl P-D-1-
t hi ogal a?oﬁ@?%&l %QW ofeip SXBEPASIOBSA) was added to a final
concentration of 1 mMand the culture was incubated at 30 C, 200 rpmfor 4
h. At the end of protein induction, cells were harvested and all protein
extracti on plrenfeduatém vfhest Biﬂlﬂmr r(E(EE}aitceHs ®as padowsdd aquetdisg tomde the
resuspended in sis buffer, 20 sodi.um di hydrogen phosphate, 400
mM sodi um cHP@?’qu%Fé“rerl rﬁwmlﬁ?refﬁ%en% (Iﬂﬁmrog@nopsaﬁv)d %rte&ye&nat mlcrtzleterco?

over ni ght. PR LGal ricf nat ant
cont ai ni ng tlﬁgngl%}nér@lc\‘}ﬁ:{tﬁck el nsa%/gs coifﬁqtgt(:s?gh Oll-f?eE‘(‘:lgﬁgl nan %@%E?’E ein

puri ficati orStgokelbd (emflfragdn W$A)PéndIiesh AatlofOn fored enifUALtE ket Bisddgitt he

The nat 190 42oC Tor 308 350 . E Modium was ddod and the &ells were incubated ai 37 >
°C for 1 h, 250 rpm. The transformed cells were then transferred into 10 ml of LB
broth containing 50 pg carbenicillin /ml (Phytotechnology Laboratories, USA) and
incubated at 30 °C overnight, 250 rpm. The next day, 100 ul culture from each
sample was transferred into 100 ml of LB broth containing 50 pg carbenicillin /ml

15 and incubated at 30 °C, 200 rpm until the ODgyopm = 0.5-0.6. Isopropyl p-D-1-
thiogalactopyranoside (IPTG) {(Promega, USA) was added to a final concentration
of 1 mM and the culture was incubated at 30 °C, 200 rpm for 4 h. At the end of
protein induction, cells were harvested and all protein extraction procedures were
performed at 4 °C. The cell pellet was resuspended in 1 ml lysis buffer (50 mM

20 sodtum dihydrogen phosphate, 400 mM sodium chloride, 10 mM imidazole, pH
8.0) and stored at ~ 20 °C overnight. The cells were then sonicated, centrifuged and

the supernatant containing the soluble proteins was collected.
Recombinant OmpA protein purification

Soluble fractions of Omp3 and Omp7 were purified using the nickel-NTA

25 : .
chromatography purification system (Qiagen, USA). Briefly, the native

recombinant protein sample was resuspended in lysis buffer (50 mM NaH;PQ4, 300



reconbi nant protein sanple was resuspended in lysis buffer (50 mM NaH2PO4,
300 13 mM Nad, 10 nMim dazole, pH 8.0). Protein fractions were incubated
with 2.mM resin at 4Cfor 1 h with agitation, |oaded onto a pol ypropyl ene
colum (2 x 10 cnm) and washed with 1 nm of wash buffer (50 mM NaH2PO4, 300
mMNaCl, 20 nM imdazole, pH 8.0). Subsequently, proteins were eluted with
3 m of elution buffer 5 (50 M NaH2PO4, 300 mM Nad, 250 nM i m dazol e, pH

8.0). The el mhetaCpriot @M EnMRIoE:, GPNE ONt FrateOlfrBitichs Merd {neaBitb@WithVi »a spin,
MN cut of f 10 kDa) Vi vasci ence, Cer rran({\;g and {)rot ein concentrati on was

det er ni ned ussingt §Kefor Bicwiib hgitdtioncloadédtorde s plypBOAjene Sobmen (USH) cm)

El ectrophoresi.s west.ern ot t,i 1 DS-R S rhi ageordi ng
to the st andae{lrd dw%r%g 8¢ Il%rl}y ﬁgwﬁsﬁg‘%ﬁr%@@éﬁ%ﬁﬁdéﬁﬁgﬁw ﬁ]\%rdg’ﬁeq Irﬁﬁganpl es
(30 g) were is€@0al gm &O}J%bgeqd@tﬁlyn?rotgﬁy%id A0gdaeh 3thal dfedutivnt Buffepomasi e
brilliant blue R-250. For Western blot anal ysi s, unstained gels of

separ at ed préPemnht NedtBOg,r 305 dvlr NeChn230o mM timddagiole | 196 &.0)e Hbe sadetsd

A h USA). . (29 d hybridized wi.th anticHistidi i
Con ugated wiPTo i Bhesirioke b thallibdudd) (Y BholrMRvRR bR s,
1: 3000) andViupeledtdN@thmahy)\esll FliokSn ChREiditfbA es e HetdiRcgURShg ahe

(Pierce, USA) was used to detect reconbi nant OrpAs. Reconbi nant proteins
were al so priupiaghasinip acig esdas (BEA) (DigdesUSApat i ents' sera fol | owed by goat
anti-rabbit antibody conjugated wth HRP (Pronmega, USA) (dilution 1:10,000)
or anti-human anti body conjugated 20 with HRP (Sigma, USA) (dilution 1:

4000) respeckle¥@byhorasi€ and HWeddepn DRItAnS et ected as above. Muse protection
study Purified soluble fractions of 3 and Omp7 were assessed for their

ability to 25 protect BALB/C mce (n=4, 6 weeks, female) fromB.
peudomayhelcherialy GheLl 085, 108 BhE5 "B SubMILASL Idd I £ foses o
polyacrylamide gel. Protein samples (30 pg) were separated under reducing
conditions and stained with Coomasie brilliant blue R-250. For Western blot
analysis, unstained gels of separated proteins were transferred on to nitrocellulose
membranes (Amersham, USA) (29) and hybridized with anti-Histidine antibody
15 conjugated with Horseradish Peroxidase (HRP) (Promega, USA) (dilution 1:3000)
and SuperSignal® West Pico chemiluminescent HRP substrate (Pierce, USA) was
used to detect recombinant OmpAs. Recombinant proteins were also probed with
pooled mehioidosis patients’ sera followed by goat anti-rabbit antibody conjugated
with HRP (Promega, USA) (dilution 1:10,000) or anti-human antibody conjugated
20 with HRP (Sigma, USA) (dilution 1: 4000) respectively, and signals were detected

as above.
Mouse protection study

Purified soluble fractions of Omp3 and Omp7 were assessed for their ability to
25  protect BALB/C mice (n=4, 6 weeks, female) from B. pseudomallei lethal
challenge. The mice were immunized with three doses of 50 pg recombinant Omp3
or Omp7, via the intraperitoneal route (i.p.) over 9 weeks. The first dose was

administered in Freund’s complete adjuvant (FCA) while the latter iwo doses were



or Omp7, via the intraperitoneal route (i.p.) over 9 weeks. The first dose
was admnistered in Freund's conplete adjuvant (FCA) while the latter two
doses were 14 in FIA three weeks apart. Mce were chall enged 2 weeks after
t he second booster w th approxinmatelys5 x 106 cfu B. pseudomall ei,
intraperitoneally. Mce were examned daily for 21 days post-chal |l enge and
bl ood was collected fromsurviving mce every 7 days to nonitor systemc
infection byjpFpd i1R@eSRleRs QPR Mﬁ@%‘f@cl@ll@ﬁ%&fﬁ Wekagadr 1Rl &lcBRd bERety ol m ce
(n=3) received E." coli BL21 DE3 cells in ELI SA ELI SA was perforned
on sera col | edtheappavxithatede s xaI(t ecfutﬂepmdomdllezmmmpzatanaaﬂy Mice were
Pre-immuni sation sera collected fromthe sane mce were used as controls.

Mcrotitre pPiamengdiply {gs2d dapnped-chillense and blogd yeas cpdlpgtedfrogs $HEMNBr i fi ed

10 reconbi na %%If r n N ng
buffer (0.1 il\}/lhces ﬂG]r g%gtr boirgllgtlttof;r &gt%ﬁg%rg?& o%ﬂ’;ﬁ%aﬁggts%f gr\lltgr ngﬁﬁynat 4 C
Vel s wer& bbaedtivd agay flites 000rtrdb nfied (=8) reskivedEdcati BKZD(]XJEBE)I’celISHrFB& at 37 C
for 1 h and washed three tines with PBS. Serum sanples were diluted across
the plate in 5 %(vv/v) skimed m | k powder in PBS. The plate was incubated
at 37 C for g and washed 15 five times with PBS. One hundred mcrolitres
of a 1:4000 11 ution of goat ant-rabbit horseradi sh peroxi dase conj ugate
(Pierce, USA) was added to each well and the pI ate was i ncubated for 1 h at
37 C. The plag was washed a further ten tinmes PBS then 100 | TMB
substrate ( %%Waesﬂljfowé Aurssricaliscied @b 2wisieks afF‘Pfethﬁls%ﬁoé UREWNZ3EOBat ed f or

10,0 Shem, PR Bfsdiot M2 S00cly P Ptfgtion Bl fegth Afensur o

t he OD450. cul ar I nen i nven ave been
descri bed, i Miwdolitre IhieteobmilouserbOcdaltmlsanﬁlkIOli ag ipor tvdl arft eltliwt putifiddous

changes d nodi {j cat to the subject inventiaon can he pade WIthOUt
depart i na?’ r PRy Elagfcg SF QoY Ph%}ﬁ%ﬁo?f’h hqst prageipninggeaeee PHtEdldiM i n t he

appended cl aéc{gfum% Aar%lfﬁ{% qufjgfti G 1n%9§até(i]8$er§1 ﬁt Wff kt': MWells were blocked
with 100 ul 5 % (w/v) skimmed milk powder in PBS at 37 °C for 1 h and washed

three times with PBS. Serum samples were diluted across the plate in 5 % (w/v)

skimmed milk powder in PBS. The plate was incubated at 37 °C for 2 h and washed

15 five times with PBS. One hundred microlitres of a 1:4000 dilution of goat ant-rabbit

horseradish peroxidase conjugate (Pierce, USA) was added to each well and the
plate was incubated for 1 h at 37 °C. The plate was washed a further ten times with
PBS then 100 pl TMB substrate (Pierce, USA) was added to each well. The plate
was incubated for 10 min then added 50 pl 2M HSOy4 to stop the reaction prior to

20 measuring the OD:sg.

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 that are within

25 the scope of this invention.



25 the scope of this invention. 15 SEQUENCE LI STING 1. GENERAL | NFORVATI ON
(i) APPLI CANT A NAME : Universiti Kebangsaan Malaysia 5 B) STREET: O

CITY: -Sel angor D) COUNTRY : Malaysia E) POSTAL CODE : 43600 (ii) TITLE OF
| N\VENTI ON: 10 Burkhol deria pseudonal | ¢ Quter Menbrane Protein A (iii)
NUVBER OF SEQUENCES: 4 (iv) COWUTER READABLE FORM  (ii) MEDI UM TYPE:

Fl oppy disk A) COWUTER: PC conpatible 15 (iii) OPERATI NG SYSTEM

PC- DOS/ M5- DOS B) SOFTWARE: M cr RRENT APPLI CATI ON DATA:
Application Nunber: 2. INFO?NATIW%%I$§}H\@J 1. 20 (i) SEQUENCE
CHARACTERI STICS: (A) LENGTH : 675 base pairs (B) TYPE : (C) STRANDEDNESS :
- Doubl e st randed I&A)L TOPOLOGY . 25 (iv) MOLECULE TYPE. Nucleic acid
1. GENE INFORMATION
(iy APPLICANT
A) NAME : Universiti Kebangsaan Malaysia
5 B) STREET:-
C) CITY: Selangor
D) COUNTRY : Malaysia

E) POSTAL CODE : 43600

(ii) TITLE OF INVENTION:
10 Burkholderia pseudomallei Outer Membrane Protein A

(iii) NUMBER OF SEQUENCES: 4

(ivy COMPUTER READABLE FORM:
(ii) MEDIUM TYPE: Floppy disk
A) COMPUTER: PC compatible
15 (1ii) OPERATING SYSTEM: PC-DOS/MS-DOS
B) SOFTWARE: Microsoft Word

(v) CURRENT APPLICATION DATA:
Application Number:

2. INFORMATION FOR SEQ ID NO: 1:
20 (i) SEQUENCE CHARACTERISTICS:
(A) LENGTH : 675 base pairs
(B) TYPE :
(C) STRANDEDNESS : - Double stranded
(D) TOPOLOGY : -
25 (iv) MOLECULE TYPE: Nucleic acid



16 (v) SEQUENCE DESCRI PTION: SEQ ID NO. 1:
ATGAATAAAC! TTCAAAGCTCGCGT TCATTGCAGCTACCGCAGT TATGGCTGCAT
CCGCTTCGGCACAGT CGGT GCCGGCGT CGCGACAAGCCGT GAATGACAACT GGG
TGAATGGCACGGGCGAAT GGGT GT GGAT GAACGGCACGAACGAGCTCTGCTGG
CGCGATGCGTTCTGGACGCCGGCCACCGCCAA%%TGCGATGGCGCACTG 5
GT CGCCCAGGCACCGGCACCGRCGCCGGT CGLA GCTCCGGCCATCACG
AGCCAGAAGATTACGTACCAAGCCGATACGCTGTTCGACTTCGACAAGGCCGTC

W TCGGA 10

; ACG e@‘AACGAGCTCTGCTGG
AGT GCAGAAGACGACCEE ct@c&ccb%é&@%@tcﬁ@%ﬁﬁ@&r%@@m&m(l )

SR SURCTR R o et et Do (O

Nucl ei ¢ aci d (vi iAGCSEQUBNGE! BESCRICANCONCASBEQGIDI NG GATTCGACAAGGCCGTC

ATmmm%m%%%@mm%%ggGMGATCCAGGG
GATGCCTGATGAT CGCECAECECT CGCGEECATGCAAGT CAGECGT GAAGCT

AGCACGOGAACCAGGCEAABGEEET e S AT CEARTECOERRMMEOACCGCATCGGTTCGGA
GCGCAGGT %CCGT CGARGGEAT CALCEATCEINACACECCETE XS AN AUE CGTCAAGTCGTACCT

CGTCAGCAAGGGTGTCCCGGCGAACAAGGTCTACACGGAAGGCAAGGGCAAGC
GCAACCCGGTCACGGGCAACACCTGCAAGCAGAAGAACCGCAAGCAGCTCATC
GCCTGCCTCGCACCGGACCGCCGCGTGGAAGTCGAAGTGGTCGGCACGCAGGA

AGTGCAGAAGACGACCGTTCCGGCGCAGTAA

3. INFORMATION FOR SEQ ID NO: 2:

. (i) SEQUENCE CHARACTERISTICS:
(C) LENGTH : 534 base pairs
(D) TYPE :
20 (C) STRANDEDNESS : - Double stranded

(D) TOPOLOGY : -
(viy MOLECULE TYPE: Nucleic acid

(vii) SEQUENCE DESCRIPTION: SEQ ID NO: 2:
ATGACCACAAGGAGAGTAACCATGATGTCGAAGAAACTTCGTCTIGGCGTTCGC
GATGCTGATGATCGGCGCGCTCGCGGCATGCAAGTCGGGCGTCGAAGCTCGACG

25 AGCACGCGAACCAGGGCGACGCGGTCAGCACGCAACCGAATCCCGAAAACGTC
GCGCAGGTGACCGTCGATCCGCTGAACGATCCGAACAGCCCGCTCGCGAAGCG
CAGCGTGTACTTCGATTTCGACAGCTACTCGGTGCAGGACCAATACCAGGCGCT
GCTGCAGCAACACGCGCAATACCTGAAGAGCCATCCGCAACGCCACATCCTGA

30 TCCAGGGCAACACCGACGAGCGCGGCACGAGCGAGTACAACCTCGCGCTCGGC

CAAAAGCGTGCGGAAGCCGTGCGCCGCGCGCTGTCGCTGCTCGGCGTCGGGGA
TGCGCAGATGGAAGCCGTGAGTCTCGGCAAGGAAAAGCCGGTTGCGCTCGGCC
ACGACGAAGCGTCGTGGGCGCAGAACCGCCGTGCGGACCTCGTCTATCAACAG
TAA



CAGCGTGTACTTCGATTTCGACAGCTACT CGGT GCAGGACCAAT ACCAGGECECT
GCTGCAGCAACACGCGCAATACCT GAAGAGCCATCCGCAACGCCACATCCTGA 30
TCCAGGGECAACACCGACGAGCGECGEECACGAGCGAGT ACAACCT CGCGCTCEEC

TGCGCAGAT GGAAGCCGT GAGT CTCGECAAGGAAAAGCCGEGT TEGCGCTCGECC

ACGACGAAGCGT CGT GGECECAGAACCGCCGTGCGGACCTCGTCTATCAACAG  TAA 17 4.

| NFORVATI ON FOR SEQ ID NO 3: (i) SEQUENCE CHARACTERI STICS: (E) LENGTH :

224 amino acids (F) TYPE : 5 (C) STRANDEDNESS : - (D) TOPOLOGY : (viii)
MOLECULE TYPE: INGORMATION FOSEQBENDENOESCRI PTI ON: SEQ I D NO. 3:

MNKL SKLAFI MTA\%S% NOUNGT VWNGTNELC 10

V\RDAFWT PATANAKCDEAL DA aPOABK T DTL FDFDKAV

L KPAGKQKL DEL AAKI QGVNV, TR ESRHYNRRSSL RRAQAVKSYLV
SKGVPANKVYTEGKGKRNPVTGRT CKOKNRKQL I ACLAPDRRVEVEWGTQEVQK ~ TTVPAQ 5.
| NFORMATI ON FOR SEQ | )NEYPR: 15 (i) SEQUENCE CHARACTERI STICS: (G LENGTH :

177 am nog acids (H ('HPSEFRA&]@EDM\I:D_EDNESS . - (D TOPOLOGY :
(D) TOPOLOGY : -
(vii) MOLECULE TYPE: Polypeptide
SEQUENCE DESCRIPTION: SEQ ID NO: 3:
MNKLSKLAFIAATAVMAASASAQSVPASRQAVNDNWVNGTGEWVWMNGTNELC
10 WRDAFWTPATANAKCDGALVAQAPAPAPVAPVAPAITSQKITYQADTLFDFDKAV
LEPAGKQKLDELAAKIQGMNVEVVVATGYTDRIGSDKYNDRLSLRRAQAVKSYLV

SKGVPANKVYTEGKGKRNPVTGNTCKQKNRKQLIACLAPDRRVEVEVVGTQEVOK
TTVPAQ

5. INFORMATION FOR SEQ ID NO: 4:
15 (i) SEQUENCE CHARACTERISTICS:
(G) LENGTH : 177 amino acids
(H) TYPE :
(C) STRANDEDNESS : -
(D) TOPOLOGY : -
20 MOLECULE TYPE: Polypeptide

SEQUENCE DESCRIPTION: SEQ ID NO: 4:
MTTRRVITMMSKKLRIAFAMI MIGAT AACKSGVKILDEHANQGDAVSTQFNPENVA
QVTVDPLNDPNSPLAKRSVYFDFDSYSVQDQYQALLQQHAQYLKSHPQRHILIQGN
TDERGTSEYNLALGQKRAEAVRRALSLLGVGDAQMEAVSLGKEKPVALGHDEAS
WAQNRRADLEVYQQ

25



20 MOLECULE TYPE: Pol ypepti de SEQUENCE DESCRI PTION: SEQ I D NO 4:
MITRRVTMVSKKLRLAFAMLM GAL AACKSGVKL DEHANQGDAVSTQPNPENVA
QVTVDPLNDPNSPLAKRSVYFDFDSYSVQDQYQAL L QQHAQYLKSHPQRHI LI QGN 25

TDERGT SEYNLAL GQKRAEAVRRAL SL L GVGDAQVEAUSL GKEKPVALGHDEAS WAQNRRADLVY(QQ 18
What is clainmed is: 1. A reconbinant protein of Burkhol deria pseudomallei or
a fragnent or a honol ogue of said protein, wherein said protein, fragnent
or honol ogueWhat is alaihiéd®isof produci ng an i mMmunoprotective response agai nst
Bur khol deria 5 pseudonual | ei, characterized in that said reconbi nant protein
is a reconbi nant outer nmenbrane protein A (OmpA) of Burkhol deria

pseudomal | €i 3. 2y b REAHIAAN o PEAELMATCHLAIINLAG, 6 A Redyelths g n S ¢

r ecombi nant I'S a reconbl nant ou rane protei

Bur khol deri a nmud@gml dfesaid prateint adiesih said protuimvﬂr@gm@ttdiehcﬁﬁélogdfms?» The
reconbi nant protein according to ¢laim2, wherein the sequence of said

r econbi nant Orpf@?ii@ea%f BIREURILgE rlaISE@H}LDOR@eCQV%rTC%POPFEa@ﬂéWﬁt Surkholsig ogue

th f. 4. inth
e ot i TR MBS b GPOIF M0t BHLE 21y Rl L e
protei n accor diowgertmerstranaprdteinA g OmpA 5 Bl kipdderi pyandokdifph  1s a

reconbi nant outer nenbrane protein 7 (Omp7) of Burkhol deria pseudonallei or
a fragment or a honol ogue thereof 6. The reconbi nant protein according to

claimb5, whepein,t i . ! in SEQ
CLEND ;e S SRR oS8t e AR B30 U kS
is a recombinant outer membrane protein 3 (Omp3) of Burkholderia

pseudomallei or a fragment or a homologue thereof.

10 3. The recombinant protein according to claim 2, wherein the sequence of said
recombinant Omp3 is as shown in SEQ ID NO: 3 or a fragment or a homologue
thereof.

4. The recombinant protein according to claim 2 or 3, wherein the molecular size

of said recombinant Omp3 is 27 kDa.

15 5. The recombinant protein according to claim 1, wherein said recombinant OmpA
is a recombinant outer membrane protein 7 (Omp7) of Burkholderia

pseudomallei or a fragment or a homologue thereof.

6. The recombinant protein according to claim 5, wherein the sequence of said
recombinant Omp?7 is as shown in SEQ ID NO: 4 or a fragment or a homologue
20 thereof.

7. The recombinant protein according to claim 5 or 6, wherein the molecular size

of said recombinant Omp7 is 22.5 kDa.



7. The reconbi nant protein according to claim5 or 6, wherein the nol ecul ar
size of said reconbinant Onp7 is 22.5 kDa. 19 8. Use of said reconbi nant
proteinh-as claimed in any one of clainms 1 to 7 as a prophyl axis nol ecul e
agai nst Burkhol deri a pseudonal | ei infeggtion. 9. Use of said reconbi nant
protein as clainmed in any one of clains 1 to 7 as a vaccine agai nst

Bur khol deri a pseudomal |l ei infection. 5 10. Use of said reconbinant protein

as claimed i, apye 8@ TeShifht }ar&té}n7asac?aiﬁnedtiﬁea'h?%\%tdfcclﬂﬁﬂselcHJ ¢ 280ai nst
Bur khol deri a pseudonal | ei infection.

prophylaxis molecule against Burkholderia pseudomallei infection.

9. Use of said recombinant protein as claimed in any one of claims 1 to 7 as a

vaccine against Burkholderia pseudomallei infection.

5 10. Use of said recombinant protein as claimed in any one of claims 1 to 7 as a

therapeutic molecule against Burkholderia pseudomallei infection.





