1 SPECI FI CATI ON PSEUDOVONAS AERUG NOSA OQUTER MEMBRANE PROTEIN PA5158 5
Technical Field [0001] The present invention relates to a protein antigen
or a peptide antigen derived froma Pseudonobnas aerugi nosa outer 10
nmenbrane protein PA5158, and an antibody against the antigen. The present
I nvention also relates to a vacci ne conposition conprising the antigen.
The present invention further relates to a pharmaceutical conposition, a
di agnostic agent for a PseudononasS&EGldiIaSEHQMNf ection, a kit for
detecting 15 Pseudononas aerugi nosa, and an agent for enhancing

anti - Pseudononas aerugi nosa activity of an am noglycoside antibiotic,
conpri si ng the aRGALHAPM BARKSATRYGINOSZ0WIHR]MESHBRAMNN LR AEELYi nosa,
which is a gram negative bacillus uni VR §I5I distributed in natural
environments such as soil and water, cauSés serious |ethal infections
resistant 50 therapy. Its main targets are conprom sed patients wth 25

attenuat ed ho f. . fiunctions generally called conprom sed hosts
i ncl udi ng burﬁ%&?‘%&%@ﬁ'—%lﬁanspl anted, and cancer patients. Pseudononas

aer ugi nosa i s[80@n causative bacteriumof hospital infections.
Furthernore, lung igfecti] a t i eLi e etk ta.cystic
fibrosis patients. fﬁ%rﬂr%%\%ﬁom?ngénagéﬁqte%:%né gg??é'gsgﬁ{ﬁﬁoﬂagr 4

aer ugi gosa acpie\p]'ctid'eiantfgierml yieradnd rfiretera dPieu/dbere patd @Iy oS s teiny
cases do t sufficient|ly.recejy t her uti G t

resi stan of “&EM&%Q&&@%%&@& %ﬁ@%ﬁb%fﬁﬁ@G%&%ﬁ%&s&%%%t%gg
anti bodi es ag3ihestpRsanrtorovas tien uglswsielhdes ddbsa besigs somipedition a

ng?eH H?n hgg%@\fﬁlhri&% Qﬁﬂéaﬂ'ﬁﬁggh{,Kafﬁiengreégﬁftiin%ttﬁﬁjoﬁOflﬂ’fh%fr F&tes
to a pharmaceutical composition, a diagnostic agent for a
Pseudomonas aeruginosa infection, a kit for detecting

15 Pseudomonas aeruginosa, and an agent for enhancing
anti-Pseudomonas aeruginosa activity of an aminoglycoside

antibiotic, comprising the antibody.

Background Art
20 [0002]

Pseudomonas aeruginosa, which is a gram negative
bacillus universally distributed in natural environments such as
soil and water, causes serious lethal infections resistant to
therapy. Its main targets are compromised patients with

25 attenuated host defense functions generally called compromised
hosts including burned, organ-transplanted, and cancer patients.
Pseudomonas aeruginosa is a main causative bacterium of
hospital infections. Furthermore, lung infections caused by this
bacterium are lethal to cystic fibrosis patients. An antimicrobial

30 agent having anti-Pseudomonas aeruginosa activity is mainly
administered to these patients, while many cases do not
sufficiently receive a therapeutic effect due to the drug
resistance of Pseudomonas aeruginosa. Alternatively, vaccines
or antibodies against Pseudomonas aeruginosa have also been

35 studied for a long time. However, methods directly using
inactivated forms of the bacterium had such a disadvantage that



2 various types of vaccines or antibodies nust be prepared depending on
the different serotypes of Pseudonbnas aeruginosa. [0003] 5 In such a
situation, the prevention or treatnent of a Pseudonobnas aerugi nosa
infection using passive imunity or active inmunity with a Pseudononas

aer ugi nosa protein having a common am no @aci d sequence anong Pseudonobnas
aerugi nosa strains has been expected. For exanple, a 10 reconbi nant protein

i n which portivensowé eypes rFbracEnepr asrei antiGodieandnOst| beavpréparcfused
wi th each othe Japanese Patent Laj.d- n Publ, cation . 1245 ),
and a type |\9re@f§fﬂ<ﬁf}&r ot @ n %WZO§4¢f85%EO) SHEQEY Hfeen Qﬁgmﬁg%%gg%&ﬁgg
applications gfersdg¢hosaPseudononas aerugi nosa protein to 15 vaccines.

[ 0004] Nbreovib anti-type IV pilin anti body (W2004/099250), an
anti - PA1706 ( T:’Iggﬁ\/) anti body (U S. Patent Nos. 6309561 and 6827935), and

the |ike hgmve been Zﬁo(r‘)sgénﬁr Eﬁ%it@&ti@%hbhéy que?r@attcm gerin@an:?eamoﬁnaasd
aer ugl nosa pr teln wever, a, ct.erl a rotern conmon SS sSe

O P dseliqrhone S aaaliaasaniarcaion Hslis ' RRPsfa Ry Regs s

di verse ser ot yRepse ¢@MD@IBPRYitAda aBs@doaTOWES ad/gFnoskEop takeipr Beeigon,

di agnosi s, or treatnment of a Pseudonppas aerugi nosa infection gnd ch,
hgsgalm;ys beén déHARden. aFﬁUUB? pel asS%QHﬁ%%époFFanﬁhatb%? gﬁgggﬁgrso

known as 30 QeiFahinbokeidtrans®dehdy beePASExBdredoprGFgenexample, oat er
et st andkD ¢ o RRPHINRETS; ROLEIR HhorBECH | ARTERS obf xUkBEnTYeRafane
Chenot her apy, F?@Qéi,ns“QerFOJaridlt)prI Hoxesemedrt hasedeanithorgach elother
unknown that he Rrotel B.lént Laid-Open Publication No. 245699/1996), and
a type IV pilin protein (W02004/099250) have been known as
applications of such a Pseudomonas aeruginosa protein to
15 vaccines.
[0004]
Moreover, an anti-type v pilin antibody
(W02004/099250), an anti-PA1706 (or PcrV) antibody (U.S.
Patent Nos. 6309561 and 6827935), and the like have been
20 reported for antibody drugs targeting a Pseudomonas
aeruginosa protein.
[0005]
However, a bacterial protein commonly possessed among
clinical isolates of Pseudomonas aeruginosa, which exhibit
25 diverse serotypes, can be applied as a “common antigen” to the
prevention, diagnosis, or ftreatment of a Pseudomonas
aeruginosa infection and as such, has always been demanded.
[0006]
It has been reported that a PA5158 (also known as
30 OpmG) protein encoded by a PA5158 (or opmG) gene is an
outer membrane protein that constitutes efflux pumps directly
involved in  resistance to aminoglycoside  antibiotics
(Antimicrobial Agents and Chemotherapy, 2003, 47, 1101-1111).
However, it has been completely unknown that the protein is
35 used as a vaccine component, and that an antibody against the
protein is used as a therapeutic or diagnostic agent for a



35 used as a vacci ne conponent, and that an anti body against the protein
Is used as a therapeutic or diagnostic agent for a 3 Pseudonbnas

aerugi nosa infection. Sunmary of the Invention [0007] 5 The present

i nventors have attenpted to identify a novgl and useful "common antigen”
from Pseudononas aerugi nosa outer nenbrane proteins. After various

studi es, the present inventors have found by GeneChip analysis that a gene
encodi ng a PAFASRIEAMQ &S Gkt UgHNOpaaNfBEHOS-n present in 10 the outer
menbr ane of Pseudonobnas aerugi nosa i s constantly expressed regardl ess of
the presence or absence of human sera (Exanple 1). Mreover, the present

i nvent ors haveSeBun@ryyof gaad entjens on 88 clinical isolates of
Pseudononas a hppsa that 2 putative extracellular regions of the PA5158
protein have 15 no detectable am no acid nutation and are conpletely
conserved PExanpl e Zhhe purasesrtnineentars bBé’@eattGmﬁéﬂdoﬁﬂsidﬂgBéYc@rﬁQ\fﬁ-‘rled

that an antis n i\% ai " ni Wt ;
r econbi nant p%)’?tg]i ﬁgg@ﬁbi S ”E@'I’eﬁ?‘%g‘%%'%{ec{% _é%?;éjct aggfar%sfaélan e?tgisgns
on a Pseudonprstern raenigrane aprateinsed Afbele| vaioss( Bradirss thet present: hat

the anti body ;hi tr{gg, A r [ B e aﬂga13 ,

that the ant%/t)’gg%qgghlgbi S éa)nﬁé??\ggt Bgf gn Anei g aQé’éY-ﬁﬁseg otrm%?asgéﬁ%
aer ugi nosa actengagingf aarPAi h8glatsssikrowantaisoiQiiné ) Exaigie pagsemhdn
present iyigentiyon 4 5 -hagath9anzd otfhﬁﬁguyor?ﬁbﬂ%' abPOgR oD igthFaEté’rfltlh/he
present invention IS to provi §8% protérn antigen of“a peptide antige
used as a vacaxErassgsosegpodlesshpétheapranenbel or phsergighof dmgman ysera

Phe" “di versi 1\ ToATaRr G oo raorarv e ibrBTase Hhkirtordhagp FERANEy: O
Pseudonpnas adreng rigsalyisig edt Bénclinicaloisplatesiof dfsamdobualya s aRliug 005 e
anti gen. that 2 putative extracellular regions of the PA5158 protein have
15 no detectable amino acid mutation and are completely
conserved (Example 2). Furthermore, the present inventors
have confirmed that an antiserum or antibody obtained by
immunization with a PA5158 recombinant protein exhibits
potent protective effect against infections on a Pseudomonas
20 aeruginosa-infected model mice (Examples 9 to 12), that the
antibody binds to the PA5158 protein (Examples 7, 8, and 13),
and that the antibody exhibits an effect of enhancing
anti-Pseudomonas aeruginosa activity of an aminoglycoside
antibiotic (Example 14). The present invention is based on
25 these findings.
[0008]
An object of the present invention is to provide a protein
antigen or a peptide antigen used as a vaccine composition
which has an ability to substantially prevent or treat a
30 Pseudomonas aeruginosa infection and can respond to the
diversity of clinical isolates derived from patients with a
Pseudomonas aeruginosa infection, or to provide an antibody
against the antigen.
[0009]
35 According to the present invention, there is provided an
antigen composition comprising a protein antigen or a peptide



[ 0009] 35 According to the present invention, there is provided an

antigen conposition conprising a protein antigen or a peptide 4 antigen
whi ch can i nduce the production of an anti body agai nst a Pseudonbnas
aerugi nosa PA5158 protein. [0010] According to the present invention, there
Is provided a 5 protein selected fromthe group consisting of (herelnafter
referred to as a "protein according to the present invention"

protein conpr |3£ﬂmgef‘h‘é”’\iﬁhn@ﬁfadﬂdU&?qUéﬂcFéfQﬁU@E@I of RO ani‘bqqu)a%?‘ﬁ‘rS&t ein
uhi ch_compr | SG p3g AT ARG SePAGURIGE pAIS SERO Al N 4 [n whi ch one or

nore am no acids are deleted, sUbstitute erted or added, and which
I's functionall 9 1&11“ valent to a protein consisting of the amno acid

sequence of SEQ | DA\QO,ﬂmg ké ) tife PSRRI YRV ERtich e@ﬁgﬁ'@dtsbbréwded a

pol ynucl eoti de which 15 hyBridi zes 'under stringent ‘conditions
pol ynucl eobi d@r@fiedh seheddss frmanth® gepdpsecrsiséing ofQ(herrmaierand

which is fun |v no acid
sequence of SES@%@O%?EJEI >'t‘0a€cr°3{d2f‘ﬁ %n ﬁ cr?népeﬁﬁ:sfeﬁcs\/éarﬁlﬁ%%n)no aC| d
sequence havi ré aZDI‘GU%Wo@Ofi’m?FéSlll@thtWDhaﬂlﬁleSaﬁﬂﬁ@C@cpﬁl SeQudnde

SEQ ID NO 4,4 and which is functionally equivalent to a protein

consi sting of t'he am no acid sequence of SEQ ID NO 4. [0011] According to

t he present nﬂuénm@mt&lnevxéucb pempriees san 28mispt peld crfeREAPR FE@N no
acid sequegicerpf EQ 1P N AP0 AS! dnPieHeacieisOlareEéletid, S

i
whi ch contains one™ to severa conserva[‘n ive subs[ﬁtut I ons (herei nafter’

referred to asubstitpdpdi ddnserted, rer @dﬂﬁﬂimﬁﬂdacwd‘rlﬂhngst dumndigpnalgnt
invention”). 3QJi03<ht 6L HbREid LorEsAhgSEPtheN¥ATthCEcid Regtiditce of

provi ded a
SEQ ID NO: 4;
(iii) a protein which is encoded by a polynucleotide which
15 hybridizes under stringent conditions to a polynucleotide which
encodes the amino acid sequence of SEQ ID NO: 4, and which is
functionally equivalent to a protein consisting of the amino acid
sequence of SEQ ID NO: 4; and
(iv) a protein which comprises an amino acid sequence having
20 70% or more identity with the amino acid sequence of SEQ ID
NO: 4, and which is functionally equivalent to a protein
consisting of the amino acid sequence of SEQ ID NO: 4.
[0011]
According to the present invention, there is provided a
25 peptide comprising the amino acid sequence of SEQ ID NO: 5,
or an amino acid sequence of SEQ ID NO: 5 which contains one
to several conservative substitutions (hereinafter referred to as
a “peptide of a first embodiment according to the present
invention”).
30 [0012]
According to the present invention, there is provided a
peptide comprising the amino acid sequence of SEQ ID NO: 6,
or an amino acid sequence of SEQ ID NO: 6 which contains one
to several conservative substitutions (hereinafter referred to as
35 a “peptide of a second embodiment according to the present
invention”) (hereinafter, the peptide of the first embodiment



pepti de conprising the am no acid sequence of SEQ ID NO 6, or an am no
acid sequence of SEQ ID NO 6 which contains one to several conservative
substitutions (hereinafter referred to as 35 a "peptide of a second

enbodi ment according to the present inventkion") (hereinafter, the peptide
of the first enbodinent 5 according to theé present invention and the
peptide of the second enbodi nent according to the present invention are
occasi onal |y catteutingelty ridfeer pedsent agnveeriivnde(sd abeornuiptideo oft Hbe

present inventjion' cos di : t.he .pres L nvent.i . th S
provi ded an a‘éh‘?(l%g%% ?thgéﬂ“.ém c%‘gé)ér}%gbﬁg “Jt&heﬁ.ber oﬁg%%é@%cm\}%oboe‘{%e
present i nventoorasionatlye cpdgictidelgcosficdirad to ddé pepesdais) accondiron to
(hereinafter, ' ' tion, and the antigen 10 conposition
conprising a plir{)]‘:tl @irggéh?ﬁggﬁﬂgﬁﬂi)pept i de antigen which can induce the
producti on5of [@0HBB]i body agai nst a Pseudononas aerugi nosa PA5158 protein
are collectively re 0.as,,’ ' C j.tion(s). a i o_the
present invention” )A(?chgﬁ:ﬁaélg? %egg#rj(ﬂ%%rg}'tt Wﬁi{'bpe%ﬁ)r ﬁ%ﬁ@l‘gﬁe}jt Acre
is provi ded a awndgenneomppesiionomohaprigsegi bheherptenerdcardingt teattiment
of diseases gcigte i t.h Pseudoppnas. _aer ugi ngsa, ,conpei si t he
antigen corrpogf'tseis %aéggg&\th%n't ogghgﬁ)ﬁr i)&iﬁ:falgn\?&ﬁpmmg aﬁl‘a 56%&%&%“ y
one or nore phawvemtion i(baErejnafteeptiald ancayan eosnpoditiolenand ahd/antigen
inyveption, there is, provi.ded an

ant i body 18ai e opLEh 0o RERErUFa G i eunsaaBasTbiax A" BEP e AR BENon
Ehergof, or awhigtiocaal ihdageerthe hpr@@btﬁptibgrecbﬁwaémerantetﬁ@dve@gajnas an
ot oy sccohel Bk PSR AT Sk o BRARL, ATl Rl
accessi on No. reERMeEsP1d08%2antigen composition(s) according to the present
invention”).
15 [0014]

According to the present invention, there is provided a
vaccine composition for use in the prevention or treatment of
diseases associated with Pseudomonas aeruginosa, comprising
the antigen composition according to the present invention, and

20 optionally one or more pharmaceutically acceptable carriers,
diluents, and/or adjuvants.
[0015]

According to the present invention, there is provided an

antibody against a Pseudomonas aeruginosa PA5158 protein or

25 a portion thereof, or a functional fragment thereof (hereinafter
referred to as an “antibody according to the present invention”).
[0016]

According to the present invention, there is provided a
hybridoma deposited under the accession No. FERM BP-10672.

30 [0017]

According to the present invention, there is provided a
pharmaceutical composition for use in the prevention or
treatment of diseases associated with Pseudomonas aeruginosa,
comprising the antibody of the first embodiment according to

35 the ©present invention, and optionally one or more
pharmaceutically acceptable carriers and/or diluents.



30 [0017] According to the present invention, there is provided a

phar maceuti cal conposition for use in the prevention or treatnent of

di seases associated with Pseudononas aerugi nosa, conprising the antibody
of the first enbodi nent according to 35 thg present invention, and
optionally one or nore pharmaceutically acceptable carriers and/or
diluents. 6 [0018] According to the present invention, there is provided a
di agnosti c agdft0¥®t a Pseudononas aerugi nosa infection, conprising any of

t he anti bodies of t | to third ' aggardi to t

present invention. {lgﬁcgidﬁhgchdﬁ% ?Bé%??fgpgﬁggg‘m"sﬂfnﬁﬁ{go&g qrﬁ)gf}@gldsa
provi ded a ki tdiafjmosdat eagiend PRaudanoPssudemanaes @erearpoissi nqfeaioof, t he
ant i bodi es of fid: t hird e di ordin 0 . presant

i nvention. [O%ﬁpﬁlﬁr{gbdi ﬁé‘ toofheﬂﬁ esﬁﬁbﬁﬁﬁ%t ioan, gl?%"ler*ép%s 380vf®i§ a
potenti at ob f@ambodkdndmiy aocordsepdombreaprasenyiinveatiast.i vity of an

am nogl ycosi d t'ﬁiotic, conprising any of the 15 anti bodies of the first
tothird enboiqg;% according to the present invention. [0021] The
present invention prAndodesng teathenerasamorivémioantherepisl yobdwiddd ankitbody

or a nonocl ongl _apij i.ch have an 20 ability to substantiall vent

o trea a podbioperedte; BsPhelT PrRl. acdndlnabe o b mrk o, b8

diversity of aritipodids icfoltheeSfirderiovadhifd oemyizddienestw dbcerdisegudonbhas
may be applied to a preventive or therapeutic

gggg?IPgr IE&@%&%&EHQ§%§%PH§Tnosa I nfection, or a 25 diagnostic agent for
a Pseudononas [8620fi nosa i nfection. [0022] Furthernore, the antibody
according to the pr%\%%%trding to the present invention, there is provided a

potentiator for enhancing anti-Pseudomonas aeruginosa activity

of an aminoglycoside antibiotic, comprising any of the

15 antibodies of the first to third embodiments according to the

present invention.

[0021]

The present invention provides a vaccine composition and

a polyclonal antibody or a monoclonal antibody which have an

20 ability to substantially prevent or treat a Pseudomonas
aeruginosa infection and further respond to the diversity of
clinical isolates derived from patients with a Pseudomonas
aeruginosa infection. They may be applied to a preventive or
therapeutic agent for a Pseudomonas aeruginosa infection, or a

25 diagnostic agent for a Pseudomonas aeruginosa infection.
[0022]

Furthermore, the antibody according to the present
invention binds to the extracellular regions of the PA5158
protein present in the outer membrane of or extracellularly

30 present in Pseudomonas aeruginosa. In addition, it is
estimated that these regions are exceedingly highly
conservative among strains regardless of serotypes etc., and
react with diverse clinical isolates. Therefore, the antibody
according to the present invention is expected to have a high

35 therapeutic effect on a Pseudomonas aeruginosa infection.



invention binds to the extracellular regions of the PA5158 protein present
in the outer nenbrane of or extracellularly 30 present in Pseudonobnas
aeruginosa. In addition, it is estinated that these regions are
exceedingly highly conservative anong str.ains regardl ess of serotypes
etc., and react with diverse clinical isolates. Therefore, the antibody
according to the present invention is expected to have a high 35

t her apeuti c eBréeft Descaiftsendointimad @avirg) nosa infection. 7 Brief
Description of Obti% Drawi ng [0023] Figure 1 shows a pET15b plasm d
(pET-PA5158-1£. ]Detailed Description of the Invention [0024] [ PA5158

protein] A PA5158 pFigeren 1 shawut gETmSibp EemRALPES-PAd E5&-1 eri ved from
Pseudononas aerugi nosa. The am no acid 10 sequence of the protein and the
nucl eoti de sequence of a pol ynucl eotide encoding the protein are descri bed

in SEQ | D5 NOD&tadledl BEQArpiion df thedpradrityehy. [0025] In this context,
based on the ibgt@%‘é sequence, and 15 three-dinensional structure

information a Pseudononas aerugi nosa PA0427 (OprM protein (J. Biol.
Chem, 2004, 2PPA51538}6t6rB1L9) highly honol ogous to t he PA5158 protein,

t hree- di nensi onal struyct I nfarnatj on about an coli 0

(Nature, 2000, 405, %%%5511% ‘Ee'c,soﬁ&‘apylééf haropedng PRoTSE: '{S’E eMout
thel PA5138 p;ggl\ihdlldf;fgrw ii‘%nﬁbﬁdcﬁhbgt daerngi‘rb@sm dél'h:@qugmlagof acid
nucl eoti des to n cl eoti a o acid codi ng. region
of the ndd eoF?EIé'e”é@qu% cE®f P&g 'InDN@:I i?‘g de&g(}gl@ | PEOYS Y- p%sed
portion of the Q}éﬁedtr@éeemba | EwélopratemZEat{eOQ:P@dchbedcahl SEQ ID

sur f ace- expos parti e rot Jn is a protein selected from
the group congli%% gn@nafng &B chively.

[0025]
In this context, based on the signal sequence, and

15 three-dimensional structure information about a Pseudomonas
aeruginosa PA0427 (OprM) protein (3. Biol. Chem., 2004, 279,
52816-52819) highly homologous to the PA5158 protein,
three-dimensional structure information about an E. coli TolC
protein (Nature, 2000, 405, 914-919), and secondary structure

20 information about the PA5158 protein, it was estimated that a
nucleotide sequence of nucleotides 337 to 1479 in 1479
nucleotides as an amino acid coding region of the nucleotide
sequence of SEQ ID NO: 1 encodes a cell surface-exposed
portion of the PA5158 protein (SEQ ID NO: 2).

25 [0026]

The cell surface-exposed portion of the PA5158 protein is
a protein selected from the group consisting of:
(i) a protein comprising the amino acid sequence of SEQ ID NO:
4;

30 (ii) a protein which comprises an amino acid sequence of SEQ
ID NO: 4 in which one or more amino acids are deleted,
substituted, inserted, or added, and which is functionally
equivalent to a protein consisting of the amino acid sequence of
SEQ ID NO: 4;

35 (ili) a protein which is encoded by a polynucleotide which
hybridizes under stringent conditions to a polynucleotide which



(i) a protein conprising the am no acid sequence of SEQID NGO 4; 30 (ii)

a protein which conprises an am no acid sequence of SEQ ID NO 4 in which

one or nmore am no acids are deleted, substituted, inserted, or added, and

which is functionally equivalent to a progein consisting of the amno acid
sequence of SEQ ID NGO 4; 35 (iii) a protéin which is encoded by a

pol ynucl eoti de which hybridizes under stringent conditions to a

pol ynucl eot i deembodas &heenouites achb segiuenee o SEQuERJEOof4 SEQ BMICh s,

and which is ' | | ' t_t ot el p. i gt : i N0

acid sequenceﬁ}oﬂaw% M%Iggkﬁ Pvé)r%%bo%(gbglsmr?%c%%raﬁéé@g:ana?m no

aci d sequence sSeyiagce D78 PIDNMICE ddemdty with the amino acid sequence

of SEQID NO,; A ' u i equi ent. it rot ei :

consi sting of Gie armieen; which Riet e i GLid BB Hhying

gr lestenéI Spégi I?@%{i iammone ideptiysinoth txbrm amnimmrafcridtlseqmen@ea]?_f dsEQr éDh

el eted, subs yted, er or._.a . ific as

been carried ou 'ac‘g’oréﬁﬁg &&’ﬁ%%'?-&ﬂg\%ﬁ"){%@mi @gl%t%ﬁdr;&gu@h géétqﬂn

site-directed qurisigbimes o theoantinosabist sequiemteodf SENUAIN®Y dhunber of

am no acids tiﬁg%if“em of being naturally generated. The nunber of am no
|

15 acids to b i ed may be preferably 1 to 50, nore preferably 1 to
30, further nore prdhetlbl presdant specHicdtiohprthleeexpoessicpr ébaeablyndreo 5,

and, oot 805 SRR Aol e SRR IR AL 1SRRG P TR GresRS
one to severadhatorthle 2nodjficatiéh chaserbveénvecsubsdi taut oasgbndtr‘r@ doi no
o ey RO kRO RS S i Bl e ve
or by substitution of a plurality number of amino acids to an
extent of being naturally generated. The number of amino
15 acids to be modified may be preferably 1 to 50, more preferably
1 to 30, further more preferably 1 to 10, still further more
preferably 1 to 5, and most preferably 1 or 2.
[0028]
The modified amino acid sequence can preferably be an
20 amino acid sequence having one or more (preferably, one to
several, or 1, 2, 3, or 4) conservative substitutions in the amino
acid seqguence.
[0029]
In the present specification, the term “conservative
25 substitution” means that one or more amino acid residues are
substituted with other chemically similar amino acid residues.
Examples of such conservative substitution include a case where
a certain hydrophobic residue is substituted with another
hydrophobic residue, and a case where a certain polar residue is
30 substituted with another polar residue having the same electric
charge. For every type of amino acids, functionally similar
amino acids which can be substituted in such a manner are
known in the present technical field. Examples of nonpolar
(hydrophobic) amino acids inciude alanine, valine, isoleucine,
35 leucine, proline, tryptophan, phenylalanine, and methionine.
Examples of polar (neutral) amino acids include glycine, serine,



substituted wth other chemcally simlar amno acid residues. Exanples of
such conservative substitution include a case where a certain hydrophobic
residue is substituted with another hydrophobic residue, and a case where
a certain polar residue is 30 substituted g th another polar residue having
the sane electric charge. For every type of am no acids, functionally
simlar amno acids which can be substituted in such a nmanner are known
in the presentthreohhneal tyiresthe Exaiptamiot, nagmdaginghydanghobiysleiad. no

o o ac EUARHES B AUl | e s [BbgEnen
I ncl ude gl yci rsgisgne nbjstddingyr aodi hgsineyr dsxareplgs wfaniegativalyachgirged and
a7 ginine, hi stroR) AmiAPyAEE MlBsrEE R il T D BRI it ai o)
am no aci d§ i f€@IORE] aspartic aci d and glutamc acid. 5 [_0030']' In the
Bond! 11 ons-wher o n 4 ie: ZheskhtnPAECITANEHGbe. P s S8 gr SR Baens
carried out atcomditigms”t emears ucenditiensowhemminhayi nembrawesaiviashing
Conse Al or oSSR SR I SRS b Beart B SR S S, 15
m nutes, and pesipeetiyre0. iix SSCsolUtiBNSDEIGNEGOL 1ow ddtncoumcestratiosl]
the tase W ustutf Pedfintf CoifiyBtls. g Pe” TP ERGIod, B-saset 2 pe
carried out addomdMngrisodibm rettaie addsdSibedM soding o lmtiboimfe_)i at| 60red
Fegarding nucPbck] dniddisen el BreleRAEY .0 S5 et it R ce
of coi nci dencd Soatimesrest he conpared sequences in terns of nucl eotide

resi dues or arfbagﬁci d residues that

15 Hybridization can be carried out in accordance with a
known method. In the case of using a commercially available
library, hybridization can be carried out according to the method
described in instructions included therewith.

[0032]

20 In the present specification, the term “identity” regarding
nucleotide sequences or amino acid sequences means the
degree of coincidence between the compared sequences in
terms of nucleotide residues or amino acid residues that
constitute such sequences. The numerical value of such

25 Tidentity” shown in the present specification may be calculated
using a homology search program known to persons skilled in
the art. For example, such a numerical value as identity can
easily be calculated using a default (initialization) parameter in
FASTA or BLAST.

30 [0033]

An amino acid sequence having 70% or more identity
with the amino acid sequence of SEQ ID NO: 4 can be an amino
acid sequence having preferably 80% or more, more preferably
85% or more, further more preferably 90% or more, still further

35 more preferably 95% or more, particularly preferably 98% or
more, and most preferably 99% or more identity with the



constitute such sequences. The nunerical value of such 25 "identity" shown
In the present specification may be cal cul ated using a honol ogy search
program known to persons skilled in the art. For exanple, such a nuneri cal
value as identity can easily be cal culatgg using a default

(initialization) paraneter in FASTA or BLAST. 30 [0033] An am no acid
sequence having 70% or nore identity wth the am no acid sequence of SEQ
ID NGO 4 can oxam@n fionedcamisggqaeitt SEAAENTS. pref erabl y 80% or nore, nore
preferably 8 re, further nore preferably 90% or nore, still further
35 nore preferabl’y 95% or nore, particularly preferably 98%or nore, and
nmost preferably 99%ler th@r@"@ﬁl@ﬂ?iiﬂye@ﬁtiw,t he the asngrermgidi saadearmenefaci d
sequence. [0 r nvent | I fy ot ) ' n of
S0 1D N4 g 13 NG By aa BohliEleoride SEnaBhEe SRLOdRRE Mo,
determ nedS Tie@silwabeouleteuotieos®d.de Jbysenosyiens omigeotideanseuanres

sequence of SEQUONNG dhecdnify SELELEhADDZEH deepT® L £ con be

pol ynucl eoti de encodi’ng a prot el ri srng mno aci d sequence of
SEQ ID NO 4 msebectatbt only a part of or the entire DNA sequence of SEQ ID
NO 2 but al ZBQ%EQNA sequence encodi ng the sanme am no acids, which has a
codon havi ng €generacy relationship therewwth as a DNA sequence. The
present invention fdadeedingky, udes apoBNAICIEbtEljueabeodbng espond?iodeiid

b g 10 “e PR RIAL oty A ELg RE RiaEL Sycteth bl ERgt
i ncl udes a poloyrivcd gmaritdef conbiné stmigre HeNAuskqoeinde o foieRc&DoNO:28 BED |1 D
NG 2. [0037] 4150 a DNA sequence encoding the same amino acids, which has
a codon having a degeneracy relationship therewith as a DNA
sequence. The present invention further includes an RNA
15 sequence corresponding to such a DNA sequence.
[0036]

A preferred example of the polynucleotide encoding a
protein comprising the amino acid sequence of SEQ ID NO: 4
includes a polynucleotide comprising the nucleotide sequence of

20 SEQ ID NO: 2.
[0037]

In the present specification, whether or not a certain
protein is functionally equivalent to the protein consisting of the
amino acid sequence of SEQ ID NO: 4 can be determined by

25 evaluating a biological phenomenon or functions associated with
the expression of the protein consisting of the amino acid
sequence of SEQ ID NO: 4. For example, it can be determined
by allowing the certain protein to express by genetic
recombination technique and then evaluating whether or not an

30 antibody against the PA5158 protein can be prepared.

[0038]

Since the protein according to the present invention is
exposed on the cell surface of Pseudomonas aeruginosa, the
protein can be used as an antigen for preparing an antibody

35 against Pseudomonas aeruginosa (protein antigen).
[0039]



In the present specification, whether or not a certain proteinis
functionally equivalent to the protein consisting of the amno acid
sequence of SEQ ID NO 4 can be determ ned by 25 eval uating a biol ogi cal
phenonenon or functions associated with t@e expression of the protein
consisting of the amno acid sequence of SEQ ID NO 4. For exanple, it can
be determned by allowing the certain protein to express by genetic
reconbi nati on technlmubeacdiitsierfiaceabupbsed phbetiber obtheoPA&d 58P rateirhody

e oo M SRS 20, PRIl 0 UREEpblE FLE i
Pseudononas aenugatiose, (heeeinafoeri mefaurdie tsedass partadivie gentracellular
Po030] 13 1 n TERASHEY etk PABLBRIeESCa "port on of the PASibe protein, fhe
fol | owi ng bwo ppepittchs duampnging et echid e@di seqaende ofuSEQ AD NO: 5,
dent! f1ed 59 BBpeiieS:Snisk she o Srehl 1t B SiiER e Sasone s
or an am no atbdseegranoensé Bty é BUEStitutibnsh gt ai ns one to several
conser vat | ve BRI ' FMoyaa A iy SR AR DS ER IR G i
contai ns one olOahoasener aticeegeraradd vé SBOSIDt NO:06swHiBR4€dntEineeohbe
ot ace. of0 podcneninl G e shiFetibllafSeq T Pecudomonas aer ugi nosa,
the peptides ¢804 15 used as an antigen for preparing an antibody agai nst
Poeudomonas ac! Ual e AcCRTRY LIS AL 95 R0 W, P PERLA S Bruareor
clinical isol exg®osefd on the cell surface of Pseudomonas aeruginosa and

conserved in Pseudomonas aeruginosa, the peptides can be

15 wused as an antigen for preparing an antibody against

Pseudomonas aeruginosa (peptide antigen).

00417

The peptides were confirmed to have no detectable amino

acid mutation in a large number of clinical isolates of
20 Pseudomonas aeruginosa and as such, are advantageous in that

they are useful as a common antigen.

[0042]

For the peptides according to the present invention, a
blocking group may be added to the N- or C-terminals thereof,

25 for example, so as to prevent aggregation attributed to electric
charges. Acetylation and amidation were often used for the N-
and C-terminals, respectively, but not limited to these. The
peptides according to the present invention can be modified, for
example, by adding a cysteine residue thereto, so as to enhance

30 binding with a spacer.

[0043]

Sulfo-SMCC
(Sulfosuccinimidyl-4-[N-maleimidomethyl]cyclohexane-1-carbox
ylate) or the like is generally used as the spacer, but not limited

35 to this. A compound functioning as a spacer can be used.
[0044] '



20 Pseudononas aerugi nosa and as such, are advantageous in that they are
useful as a comon antigen. [0042] For the peptides according to the
present invention, a blocking group may be added to the N- or C-termnals
thereof, 25 for exanple, so as to preveng aggregation attributed to

el ectric charges. Acetylation and am dati 3 were often used for the N and
C-termnals, respectively, but not limted to these. The peptides
according to the pr&sentthienvgaptioescascdierdingi ficedthd opresatplrevetioaddi ng
a cysteine residue thereto, so as tB enhance 30 ll))i ndlng( \g;{h a spacer .
[0043] Sul f o- SREEEr proteins such as bovine serum albumin ({BSA), ovalbumin
(Sul fosucci ni ricdyAy,4- hNrehei sepoet bLieyiel ofteisme- | oearkexhold atienpet t he
like is gener?‘lelﬂvq used. as égg sEaceh, but not 1lim.ted 35tFto tﬂi S..

conpound func PRY2REN a(KbHIeFaBaReHSEEaS FBDURI S, PUESOY émﬂigat fQes
according 50 thegpresent invention, carrier proteins such as bovine serum
al bumn (BSA), .oaval.bumn (OVA), human serum al bum n (HSA), or keyhol e

| i npet henDC)[Qf?f’i ]( KLH) can be used as carriers, but not limted to 5

these. [0045] [AMiYdebrapaRAgbhion] The protein according to the present
i nvention or the peptides accordi ngg,to t he present invention.can be used
as a 10 protein anti%@erp'&teénp@ﬁf:P iNght {4 ei1e TRIRSE R JOVENTPL R oOf hENE

present invenpiepiidédedicdlingoth dgfe afredinieAventRASI ¢d®rbe cos@d i 86ng t he

protein antigen or the peptidé antigen which can Jipduce the prodyctj,on of
an anti bod) afaPHeIN @rﬁggﬂo%nﬁspegé%imﬁeﬁute H%M%‘F@'Cﬁﬂgl 8 tRe

protein. 15 [@0é8kntniAvieatiotNt eXbret e PrOVRISH aahi gaitigent kenppositien
antigen can preferahng the prstei aRtlgdd 1% hdS pa4e’ SnAGeN Widn' &hhe
induce the production of an antibody against a Pseudomonas
aeruginosa outer membrane PA5158 protein.
15 [0046]

In this context, the protein antigen or the peptide antigen
can preferably be used by purifying the protein according to the
present invention or the peptides according to the present
invention according to a method well known to persons skilled in

20 the art.
[0047]

In the present specification, the term “antigen
composition” may be a composition consisting of only the
protein antigen, or the peptide antigen or a composition

25 comprising such an antigen and other components.
[0048]

According to the present invention, there is provided an
antigen composition comprising a protein antigen or a peptide
antigen which can induce the production of an antibody against

30 a Pseudomonas aeruginosa PA5158 protein.
[0049]
[Vaccine composition]

The antigen compositions according to the present

invention can be used as a vaccine. Thus, according to the
35 present invention, there is provided a vaccine composition
comprising an antigen composition which can induce the



present invention or the peptides according to the present invention
according to a nethod well known to persons skilled in 20 the art. [0047]
In the present specification, the term"antigen conposition” may be a
conposi tion consisting of only the proteiqy antigen, or the peptide antigen
or a conposition 25 conprising such an antigen and ot her conponents.

[ 0048] According to the present invention, there is provided an antigen
conposi ti on canrduithignaopranebntdadyyengainsd peFsiedeloravniage @ aiginosan

i nduce the pr | f Aaphi jnst 30 a Pseudonpnas aer ugi nosa
PA5158 protein. o@gTﬂb{%ﬁ@b?héqggﬁﬁggﬁ%gﬁn] The anti gen conpositions
according to tl®5dksent invention can be used as a vaccine. Thus,

according to the 3 ' t | rayi -0V WAl
conposi tion conpri s?}fg&gﬁqﬁht%%éﬁ@q%ﬁgpbo%ét{]ﬁ)\ﬁemPg‘hoéé;}l%%gh@%ccgﬁﬁhggﬂon
product i on5of fan asei bodyhaagaienvsntio Psendmeatasentrafidissasepud esovaibdane

PA5158 protein,,. 005 ' tq the. ent _j i, on, ac
conposi !toi on g”ﬂ‘tbr L@%eﬁﬁsﬁﬁggevgﬁ{pgﬁ%ggt reg{)m{]gw&di ggéses%mgen
associ at ed vvictdmg_ssinionnaﬁsoaéirr@itno;lae poagentsiingertiomnangkoptionally
conposition ac | nv.ent i t] nor e
phgpmceut i cal(ﬁ% aeggﬁbgﬁée%ﬁrﬁggéyt’%}éﬁﬁan?g?e&gﬂgc]%gré%f%{%ntagng%ﬁsbe
prepared. 10 [a00hgr ddpucants eas beepreéparde vacci ne conposition according
to the p;ﬁseﬁtodﬂ\é]ention are sel ected based on the node and route of

I on,

adm ni str actual standard drug fornulation and may be, for
exanpl e, carrier prdthe cartierg. ysédvinnehseracuingd abdmpositioBSALcoodaiddiyi n

(OVA), human seeula oM ERBON are selected based on the mode and route
of administration, and actual standard drug formulation and
may be, for example, carrier proteins (e.g., bovine serum

15 albumin (BSA), ovalbumin (OVA)}, human serum albumin (HSA),
and keyhole limpet hemocyanin (KLH)), solubilizers (e.g.,
ethanol, polysorbate, and Cremophor EL™), isotonic agents,
preservatives, antioxidants, excipients (e.g., lactose, starch,
crystalline cellulose, mannitol, maltose, calcium hydrogen

20 phosphate, light anhydrous silicic acid, and calcium carbonate),
binders (e.qg., starch, polyvinylpyrrolidone,
hydroxypropylcellulose, ethylcellulose, carboxymethylcellulose,
and gum arabic), lubricants (e.g., magnesium stearate, talc,
and hydrogenated oil), and stabilizers (e.g., lactose, mannitol,

25 maltose, polysorbate, macrogol, and polyoxyethylene
hydrogenated castor oil). Glycerin, dimethylacetamide, 70%
sodium lactate, a surfactant, or a basic substance (e.g., sodium
hydroxide, ethylenediamine, ethanolamine, sodium bicarbonate,
arginine, meglumine, or trisaminomethane), etc. may be added,

30 if necessary.

[0052]

Specifically, the peptides according to the present
invention can be coupled to a known KLH solution (Calbiotec,
125 mg is dissolved per ml of a 50% glycerol solution) as a

35 carrier protein, so as to enhance the antigenicity of the vaccine
composition according to the present invention.



and keyhol e |inpet henocyanin (KLH)), solubilizers (e.g., ethanol,

pol ysorbate, and Crenophor ELTM, isotonic agents, preservatives,
anti oxi dants, excipients (e.g., lactose, starch, crystalline cellul ose,
manni tol, maltose, cal ci um hydrogen 20 ph hate, |ight anhydrous silicic
acid, and cal cium carbonate), binders (e.g., starch, polyvinyl pyrro lid
one, hydroxypropyl cellul ose, ethylcellul ose, carboxynethylcellul ose, and
gum arabic), |[U5»Bhnts (e.g., magnesium stearate, talc, and hydrogenated

o) o v bl Lot f st eRSBRE RRRLUA ine2Foffld gty BEpHErtY S
di met hyl acet artihge présent sodeatidraaret scleatedriiasedran the modsiandubstance
(Fed: bonacs o yRLASH IO SR UdGeL o ANGLA NPT o, i
30 if neceSsarBxafmp062] Sfecthecaldiuenise paptidies waterdi ng t eatihe, prasent
uent,on con o SRHELES B o KL EAch B8R IR R Bfron, 20,0 12
to enhance thdOdi4penicity of the vaccine conposition according to the
ecording Lo the prdemirNenterused i alfty . o ERSEAT AdDHafhb' "
route of adnitni $heapresentridvacitieh starmdedted upasednuhathenmad &xangl es
o e e BB bE R Bb BBt afee 8 ANt B BB, o
conposi tion adbardiphgs taf tttee prazjemantsveimd wdearehskdract eakipasetl oootihe
e i o AT PhatdAeRt, STt BRGNS, o v gLy ah e
ent er ot oxi n ( ifmulngsisomea tiawgd cam pliexn®CSOMI ati ng conpl ex (1 SCOM .
[0055]
15 An administration route may differ depending on the age,
body weight, sex, and general health of a recipient at risk of a
Pseudomonas aeruginosa infection, but adminiatration can be
carried out by any of oral administration and parenteral
administration (e.g., intravenous injection, intraarterial injection,
20 and local administration) routes. Among them, parenteral
administration is preferable.
[0056]
The dosage form for oral administration and parenteral
administration and the preparation method thereof are well
25 known to persons skilled in the art. The dosage form for oral
administration and parenteral administration can be prepared by
a conventional process, for example, by mixing the antigen
compositions according to the present invention, for example,
with the aforementioned pharmaceutically acceptable carriers.
30 [0057]
Examples of a dosage form for oral administration include
solid and liquid dosage forms such as a solution, a tablet, a
granule, a powder, or a capsule.
[0058]
35 Examples of a dosage form for parenteral administration
include a solution, a suspension, an ointment, a cream, a



[0055] 15 An adm nistration route nmay di ffer depending on the age, body
wei ght, sex, and general health of a recipient at risk of a Pseudononas
aerugi nosa infection, but adm niatration can be «carried out by any of oral
adm ni stration and parenteral adm ni st rat, ?n (e.g., intravenous injection,
intraarterial injection, 20 and | ocal admnistration) routes. Among them
parenteral admnistration is preferable. [0056] The dosage form for oral
admi ni strati onswppopdveynt anadphbdaimicagantomasw ditopprepdrear dropst hod

t hereof are g known to persons skilled in the art. The dosage form
for oral adm sQ? I on and parenteral adm nistration can be prepared by a
conventi onal procesdf tohe esxabpired b&eilﬂfia&ieng)ft hheamtiregemt poapesatioonss

Shar mcodt | cal95Sebept abl cdonr 11 opioegBAATRIS: £k iobdRe o' GosabeSTor m
folr u?irgln alim rpcly-&t, Ldact:rdcdurxgeglmgide?od ;?OIWIgcgﬂfl@efénrgj& addk:daasaI o
319 a dosage fgaijrﬁﬁigr%? Bhiafsl €& %t Eg&;%ﬁl\f:qsﬁﬁutgje?a&gé{ lﬁ,pgg,%"ir,m

suspensi on, ararod k@@L, 1 580)cream a 15 suppository, an ophthal m c agent,
nasal drops, drops. [0059] If the sustained rel ease of the present

preparation i red, a biodegradable polyner (e.g., 5

pol y-D, L-1 act i de- co-Ig| Hrosiade of opal ygimbeisteionana flavadies gt budka
mat ri x (Sf e.cg’. Pat ent lgli 5.417 986, 4,675,381, and 4,450, 150).
[0060] InYhe AQE‘“&%PQ Fe¥e@ddsed-a’ f1avoring agent and a 10

col ori ng agentfOcxtlpl so be added. [0061]

Appropriate pharmaceutical carriers and diluents and the
like, and pharmaceutical necessities for use thereof are
described in Remington’s Pharmaceutical Sciences.

15 [0062]

A dose of the vaccine composition according to the
present invention is determined by the present inventor based
on the type of a wvaccine antigen, the possibility of
administration of the present antigen in combination with

20 adjuvants, the type of the adjuvants coadministered therewith,
the mode and frequency of administration, and a desired effect
(e.g., a preventive or therapeutic effect), and may be generally
1 pg/dose to 100 mg/dose per adult. When the present vaccine
is administered with adjuvants, the dose may be generally 1

25 ng/dose to 1 mg/dose per adult. Such a dose may be
administered several times according to decision of the present
inventor, as necessary. For example, initial vaccination and
subsequent 3 booster vaccinations at 1-week intervals can be
carried out. Alternatively, a booster injection and a second

30 Dbooster injection can be carried out on the 8th to 12th week and
16th to 20th week, respectively, from the first immunization,
using the same formulations.
r0063]

[Antibody]

35 The antibody according to the present invention can

recognize a Pseudomonas aeruginosa outer membrane PA5158



Appropriate pharmaceutical carriers and diluents and the |I|ike, and

phar maceuti cal necessities for use thereof are described in Rem ngton's
Phar maceuti cal Sciences. 15 [0062] A dose of the vacci ne conposition
according to the present invention is detqgm' ned by the present inventor
based on the type of a vaccine antigen, the possibility of admnistration
of the present antigen in conbination with 20 adjuvants, the type of the
adj uvant s coadpiatiesneoed at heotidh hthetdef, madal abihd remudney Pséudomonas
adm nistration, and a desired effect (e.g., a preventive or therapeutic
effect), and rf%‘i/—%%ngéﬂeral ly 1 g/dose to 100 ny/dose per adult. Wen the
present vacci N®0&4]adm ni stered with adjuvants, the dose may be generally

1 25 ng/dose to 1 dose,.per . adul t. Such.a. dose.may .be adm ni st d
several tines accor |(Fﬁg°rtddHQeE(?§i$1§1 leestel'?é B}Ve%ré P | ﬁtb?,prgéf'ﬁé@e@@ary.
For eﬁarrpl 8, iamltibatjyvamjdrdﬂmggtandhezlwwntin?emnm eorvacdunatioora at
1-week intervgls can be,, carrjed out.. ternatively, oost.er inj LLan
and a second 6388?)%@€rt’?%ﬁ ti W%'é@fnbettl%rPPEUOBUtOfgntql%e §?Hd?)15$§é?g
week and 16t mdugifoBaweals 1 3@ gpetiinelsya teldnsdifack-espoisepiozgitoiron.f
using the sa hforrrul %tions. [Oogg&{.{_)?[ Anbbgg% 32 The anti body according
to the present ieneéﬁf’ S REAS (IS HE % PR §'rherugi nosa outer
menbr ane PAS19®0B%] protein or a portion thereof, and bind to the
Pseudonon aerugi nosa. [ 0064] .According,to the present invention, there
s providil an 5 amHBAINACES e PrES e HRILERY, TSR [bIgyvided an
functional fragieotyt deceefingwhethienptdsepoitventioh, thaePepudheopastion
aer ugi nosa PA%%SghEr tein is a cell surface- Kggggd po%tj on O[h thet .
Pseudononas a&ufi'fo ﬁe#ﬂgi’%@”ﬁoﬁﬁrﬂg’q%ﬁ%ﬁ protein is the protein

according to the present invention (hereinafter referred to as an

“antibody of a first embodiment according to the present

15  invention”).

[0066]

According to the present invention, there is provided an
antibody according to the present invention, wherein the portion
of the Pseudomonas aeruginosa PA5158 protein is the peptide of

20 the first embodiment according to the present invention
(hereinafter referred to as an T“antibody of a second
embodiment according to the present invention”).

[0067]

According to the present invention, there is provided an

25 antibody according to the present invention, wherein the portion
of the Pseudomonas aeruginosa PA5158 protein is the peptide of
the second embodiment according to the present invention
(hereinafter referred to as an “antibody of a third embodiment
according to the present invention”).

30 [0068]

Such an antibody includes an antibody that recognizes
the protein according to the present invention and binds to the
Pseudomonas aeruginosa. It also includes an antibody that
recognizes the peptide according to the present invention.

35 [0069]

The antibody according to the present invention is



10 According to the present invention, there is provided an antibody
according to the present invention, wherein the portion of the Pseudonbnas
aer ugi nosa PA5158 protein is the protein according to the present

i nvention (hereinafter referred to as an 1"‘-,antibody of a first enbodi nent
according to the present 15 invention"). [0066] According to the present

I nvention, there is provided an antibody according to the present

i nventi on, wherefarably phteined by it URseindy reom as g oge mied sa fABab8vith

Pvent fon® (het i 0En° Fared 8fidr BRI AP F56RY Mobfist BuBi&ien:
accordi ng tohthepplpeItharilhigent iaoobbdilig_)(ﬂﬁgﬂhe\q:}tﬂaﬁntgimwemtienprwhda{m is

t , 1 . S. t
nvent i on._whadmiTisEREIR BR"agio A thal SRl o ool oBiE S
Tventon (o BLpalter LeLer od 1.8 an ant: body.af & LhLrd-oobock man
aceordi ng to THETh R At ey shasatilo alrtardFekGM o Hcs
an anti body t ipatrifyengothe ebtatihedpamtieera.according to the present invention

and binds to iB ]seudormnas aeruginosa. It also includes an anti body that
recogni zes th S)Z i de according to the present invention. 35 [0069] The

anti body according ihd etibedprdcdordéntitenthe gresgnefrevabtipnobt@uded: by
R T W S A,
i nvention, whithe PAS51&Bnprioteén est pepdfdarairn Erigeananddimendiizing a
A T N N R R e
purifying the(afighnedladessemonoclonal antibody produced by a hybridoma
that produces the monoclonal antibody of the present

15 invention); a chimeric antibody and a humanized antibody
prepared by genetic recombination technique; and a human
antibody prepared using a human antibody-producing transgenic
animal or the like.

[0071]

20 When the antibody according to the present invention is
administered as a medicament to a human, a human antibody is
preferably used in terms of reducing side effects.

[0072]
The “human antibody” means an antibody wherein all

25 regions are derived from humans. The human antibody
according to the present invention can be prepared using a
method well known to persons skilled in the art (see e.g., Intern.
Rev. Immunol, 1995, 13, 65-93; 1. Mol. Biol, 1991, 222,
581-597; Japanese Patent Laid-Open Publication No.

30 146194/1998; Japanese Patent Laid-Open Publication No.
155492/1998; Japanese Patent No. 2938569; Japanese Patent
Laid-Open Publication No. 206387/1999; Japanese Patent
Laid-Open Publication No. 509612/1996; and Japanese Patent
Laid-Open Publication No. 505107/1999).

35 [0073]

The “humanized antibody” is an antibody prepared by



[0070] The anti body according to the present invention includes: 10 a

pol ycl onal anti body or nonocl onal anti body obtained by using the PA5158
protein or peptide as an antigen and inmunizing a nmanmal such as a nouse
with the aforenentioned antigen (which i udes a nonocl onal anti body
produced by a hybridoma that produces the nonoclonal antibody of the
present 15 invention); a chineric antibody and a humani zed anti body
prepared by gemenisplaetiogbondy ithe genbniegeenaadofatierentigant brutiypgpségar ed

tmen’ ne e SRS RS AR R SUEIL Ay I s Boh < 4 K5, KRR, 20
medi cament t o antibody, iattnula!ar’nLsmnali'rboaﬁytlbsdypr@le?aléCjDRlsgdaﬁtmg}ar ms T he
[odei 9. 51 2@ 85 Bnet IRIAIRY e UPBRon R R PR REBN o
accor di ng bo tpreparesknisingventnethaanwed gnewan etb ysansg ns skdﬂeﬂbdméhle
kpowe 0. Pe! ST (4l el BB ISR b BERIGeB o7 ELr e oL 1995
Publi cati on NJ.O(BD4 146194/ 1998; Japanese Patent Laid-Open Publication No.
Publ | cat o No. 20638 1980IMRga naOL Bt 1o 181 a- A b HHEHATSR NBY
509612/ 1996; drgbt!agairiﬁse/a?aalﬂreﬁ red i rd-ope rcarudin aattihmrd%ldo B8 Kt ste9s) .
??a%ggrgL% ngrgﬁl9 Phé geﬁg}sgaﬂiheg§o?QFh2%gﬁ%|é@ gﬁﬁgd 24 ¥5”E{EHQ
conpl enent ar i Speleifisatiyni ag megsen)s ofmanunired with ba)rulyanmtgrera, remchnan
ant | Doy, gene o iBodhahile ihon LN PR AR B Bt ud A,
skilled in theut out of the gene of the mouse monocional antibody. The

thus obtained V region is then allowed to bind to an antibody

15 constant region (C region) gene derived from human bone

marrow, so as to prepare a chimeric antibody. The chimeric

antibody according to the present invention can be prepared

using a method well known to persons skilled in the art (see

e.g., Japanese Patent Laid-Open Publication No: 280387/1996

20 and U.S. Patent Nos. 4816397, 4816567, and 5807715).

[0075]

The monoclonal antibody according to the present
invention can be prepared using a method well known to
persons skilled in the art (see e.g., Antibodies: A Laboratory

25 Manual, Ed Harlow and David Lane, Cold Spring Harbor
Laboratory (1988); Experimental Manual for Monoclonal
Antibody, edited by Sakuji Toyama et al.,, Kodansha, (1987);
and Monoclonal Antibody: Hybridoma and ELISA, edited by
Tatsuo Iwasaki, et al., Kodansha (1987)).

30 [0076]

The polyclonal antibody according to the present
invention can be prepared using a method well known to
persons skilled in the art.

[0077]

35 The “functional fragment” according to the present

invention means a part of an antibody (a partial fragment),



art (see e.g., EP239400 and W90/ 07861). [0074] The "chineric antibody"” is
an anti body prepared by Iligating the variable region of a certain antibody
to the constant 10 region of an antibody of different species therefrom
Specifically, a nouse is imunized with an antigen, and an anti body
variable region (V region) that binds to tr?e antigen is cut out of the
gene of the nouse nonocl onal antibody. The thus obtained V region is then
al l oned to bi ndhiah aspautfitwilly YBcogmstest thegi protiednr esiardiggnetaletiheed

from human bone marrow, sQ.as toprepare a chineric antihody. .The,chiJreric
ant i body accorpd-ieﬁﬁntto ‘PH&”%PO&%-em prﬁf‘gﬁf:i cﬁ?‘%@r?rf%@ g’feﬁit'FBd é/ug‘r'ﬂgt@mr?gfhod
weIICI known tglfp@gm&:t $kcld sl Hat;,t Rabgr F(éb@g, &.\;ariabbparegsenPhtement

Lai d- Open Publ ication :0..280387/1996 20, and..U, S. Pat.en 8 ,
4816567, and SEGITIGRUNIHEIBONARY Fhoegnd SRS HceOtaY G IRG"
present iBveriridda palyiperprtepaofd using a method well known to persons
skilled in thzo%ﬁsee e.g., Antibodies: A Laboratory 25 Manual, Ed Harl ow
and David Lane, Spring Harbor Laboratory (1988); Experinental Manual

for Monoclonal Antiprefyrreeti teachrpypiSakupf Toyamaantibaldy Kefdarnslea, f(r5287);
and Monocl onal

Apt i body: bridoma and ELI SA, edited by .Tatsuo lwasaki, et
o RodanshacraBedTIer, QS NG athol e  diranehte i ButptiEt ook T oo bhe
IR S Bt tn wey
present veﬁ’lf?%h%g)nz\'é: p‘gr ProfNaHTHRL BGHY SEHPANES aqfa%%g:é}ﬁéﬂgyblé
whi ch speci fi gathilch ceaegmzend he pevtealncancerdatiget subbeitupioessnand a
i nvention. Sp(?ci fbéﬂeaj%:;rgl es o{)ﬁﬁuch functional fragment include Fab,

Fab', F(ab')2MYg¢ I oA EFSGrent
[0079]
Preferred examples of the antibody of the second

15 embodiment according to the present invention include a
monocional antibody produced by a hybridoma deposited under
FERM BP-BP-10672.

[0080]
Accordingly, according to the present invention, there is

20 provided a hybridoma (5158-L1-1) deposited with the National
Institute of Advanced Industrial Science and Technology,
International Patent Organism Depositary (AIST Tsukuba Central
6, Higashi 1-1-1, Tsukuba, Ibaraki, 305-8566, Japan), under the
accession No. FERM BP-10672 (transferred from FERM P-20675)

25 on October 7, 2005.

[0081]

The antibody according to the present invention is
preferably a monoclonal antibody.
[0082]

30 According to the present invention, there is provided a
rmonoclonal antibody cross-reactive with the same antigen as
that of the monoclonal antibody produced by the hybridoma
according to the present invention.

[0083]

35 According to the present invention, there is provided an

antibody that can bind to Pseudomonas aeruginosa, which is



(Fv), disulfide-bonded Fv, and a single-chain antibody (scFv), 5 and a
pol ymer thereof. [0078] Preferred exanples of the antibody of the first
enbodi ment according to the present invention include an antibody agai nst
a protein conprising the amno acid sequenge 10 of SEQ ID NO 4, or an

am no acid sequence of SEQ ID NO 4 which contains one to several
conservative substitutions, and a functional fragnent thereof. [0079]
Preferred exanptatuoddtibyg tineidodpadt ohe davonche 15/ sheino dinmenets passer diong

thgbﬁ Pgo%ezggétsd%ﬁ%@&*ﬁéﬁ%ﬁé@ﬂégﬁﬁﬂ {t@g%&ﬁ%@?}}o %im(gccordl ng
to the presgnt[OO‘&éhtion there is 20 provided a hybridoma (5158 Li -
Teohnol ogy. - 1iEF el niBen.2F, PbAb DR ES AR ""'TSEELEQCéeﬁ??a|
6, Hi gashi 51- IRisedbaskabso cildtedawiith I BEGHondapasy/giraks the accession
[0081] The anti body ‘SEUMSTI 2% THEGIPYSents i1 nehsOF Pbrla St
nonocl onal antrhlﬁedyonBOO.&ﬁ]:h ﬁauéeccbemaig coo selgel gesenyithnreduictiong here
a0 oY 960 2 appRcl RacenBE PO o RRCRORE! PR htS SRTRGRIRSE 5,
present i nventneslnsterOSt’ij a&EIbQ\otmsdl agdt dst b greésent a nmmtnl ooausalnwe is
Drovi 369 89 ABGRR bR e AT R, e 20
was confirmed that the ant|body of the first embodiment
according to the present invention actually has a protective
effect against infections on a Pseudomonas
aeruginosa-susceptible murine model with macrophage
15 functions reduced by administration of mucin, and a
Pseudomonas aeruginosa-susceptible murine model with a
neutrophil level reduced by administration of Cyclophosphamide
monohydrate (Examples 9 and 10). It was also confirmed that
the antibody of the first embodiment according to the present
20 invention actually has protective effect against infections on a
multidrug resistant Pseudomonas aeruginosa-susceptible murine
model (Examples 11 and 12). Thus, the antibody of the first
embodiment according to the present invention is useful for the
prevention or treatment of diseases associated with
25  Pseudomonas aeruginosa.
[0085]
Examples of the diseases associated with Pseudomonas
aeruginosa include systemic infectious diseases caused by a
Pseudomonas aeruginosa infection including a multidrug
30 resistant Pseudomonas aeruginosa infection, for example,
septicemia, meningitis, and endocarditis. Alternative examples
of the diseases associated with Pseudomonas aeruginosa
include: otitis media and sinusitis in the otolaryngologic field;
pneumonia, chronic respiratory tract infection, and catheter
35 infection in the pulmonological field; postoperative peritonitis
and postoperative infection in a biliary duct or the like in the




the antigen conpositions according to the present invention. [0084] [Use
of anti body and pharnmaceutical conposition] 5 Diseases associated with
Pseudononas aerugi nosa Pseudononas aerugi nosa i s a pathogen of

opportuni stic infections which cause |ethal, consequences with reductions in
the resi stance of hosts. Moreover, Pseudoffonas aeruginosa is resistant to
antibiotics and is therefore a nain causative 10 bacterium of hospital
infections. Aswigéoal Ifeald; abseraspbéseyetid, whacoondystied, t(tm'ujumm\aihitsi,body

proteotive  etfhoE Ao dfef itrtledlodeniSs ERTABMAMILY, Hdorbidat® *
aer ugi nosa- susoépctiohe imur khe n@ﬂhtha\imblagicabplfe@d 15ahdnctirioasyr edactd by
il oL 8t OBl (FuRind sc SR RTRT L) SRR, SHEREP ey, e
Cycl ophospﬁamaaiéhelhenohf/mm)a, (Fxargthsesy anduh) thet anas il sheconbliogied
nvent i on act Gy et Bt oeHiarBRIRT o FRetedl il iRe e BREIT (rdr ug
resi st ant Psesdmm.masbaan ugnaosa- busnepfl bhe l’respnaton‘gde&ac(tl?f;(aﬁfet@mthl and
12 Thus, th f the fi enbodi ment according to the present
|nz/ent| on is ?@wg&o%r@hg ﬁF #’ H?‘Cf Bn or treatnent of di seases associ ated
with 25 PseudO@étds aerugl nosa. [0085] Exanpl es of the di seases associ ated
2 ' Pocudditbnas: aer uaT oGl GRPHY: Pbntheel Ll RO eat e ag: L ahe .
Pseudononas agragenbsaviemtesn iignuséful axaha(lgat lssenpeceadato mienle!ﬁmdti\se and
endocarditis. at ex I es e di. seases ass

Pseudomnas al @lugl hg abrq\h%nﬁ 8'f| r%a{]r-@&n& A &i niy ﬁqi}'uign {'@.@stant

ot ol ar yngol ogPsetdeindona}srwengr&)saEhﬁthm egipigrat oryffiddettol frieatt i on, and

cat heter 35 |EQ§% on in the pul nonol ogical field; postoperative . .
perltonltls ?(;stoperative infection in a biliary duct or the like in

t he According to the present invention, there is provided use
of the antibody of the first embodiment according to the present
invention for producing a preventive agent or therapeutic agent
for diseases associated with Pseudomonas aeruginosa.

[0088]

20 According to the present invention, there is provided a
method for preventing or ftreating diseases associated with
Pseudomonas aeruginosa, comprising the step of administering
a preventively or therapeutically effective amount of the
antibody of the first embodiment according to the present

25 invention to mammals including a human.

[0089]
Diagnostic agent for Pseudomonas aeruginosa infection

As shown later in examples, it was confirmed that the
antibody of the first embodiment according to the present

30 invention binds to each of the protein according to the present
invention, the peptide of the first embodiment according to the
present invention, and the peptide of the second embodiment
according to the present invention, and reacts with only
Pseudomonas aeruginosa and with no other bacterial species

35 (Examples 7 and 8). It was also confirmed that the antibody of
the second embodiment according to the present invention



21 surgical field; abscess of eyelid, dacryocystitis, conjunctivitis,
corneal ulcer, corneal abscess, panophthalmtis, and orbital infection in
t he opht hal nol ogi cal field; and urinary tract i nfections (including
conplicated urinary tract infection), heter infection, and abscess
around the anus in the urologic fleld t her exanpl es thereof include
burns (including a serious burn and a burn of the respiratory tract),

decubital inbgedson thrd p‘é)bﬂ:‘idi@ o t@hesnsst [@@ﬁﬁdmﬂ@nfrmacmmgdw dhe he
first enbodi nent accordin

prese vent i S use t
i s expected t@r@%e?étﬂ@(\!telr&lé)nf(@rxatfﬁ@ %rje% nt EBrY"%? %?‘rrg&?'f’ré:r?tn U'frngdnﬂ%‘r dr ug
resistant Psgy %Hﬂ%%d%ebW%H@%ﬁirmf@ﬁblo@iméh@ ladcordirg itouthet present .
[0087] 15 According t present i nventi on, ftrﬁ@re S ﬁ 8\” deg) lfﬁﬁ}.e g t he
anti body of th’bVﬂmE!@ﬂ etPrltb’tFtﬁ nkht thAgcantidet @ Sr 8SERY i
produci ng daa PLE¥ERAYI %Serttneorgté%ﬁ@ewhvenmﬁm ah@r .@masamt@ssouiw ed
wi t h Pseudononas aer ugi nosa

cordlng t esent i on,
there is provPﬂ@dd@mﬁﬁﬁﬁo@effé’g’@Péﬁeﬁf‘l f}féafft?}?d gt%et §§Lé(§i$%\t ed
with Pseudongéﬁﬁﬂtﬁrélgryosw 9@@;141@' egrtnr@dweec@fd@@ntu stte¢ | pgesant

preventively r apeu |caI y ef

ective anmount of t i bo
first enbodi nﬁmelabédilrdlsnguts@ bhe faFeddift SagROSH i SE tD %ﬁfﬁ&éﬂ%‘%%dl ng

a human. [00 Shk&ciaggnt for Pseudononas aeruginosa infection As
shown | ater |§%]er§<@'ﬁ‘?§|§ f was confirmed that the antibody of the first

enbodi merit0 ac&BB&rOrig to the present 30 invention binds to each of the
protein according tgp teh%rﬁﬂf’éé?tat&(&nh'go'to the ﬁﬁ@éé@t@rﬂf/ehhﬁaﬁlﬂfa’t be

enbodi ment according to esent_ 1 nventjon,  and e of t
second enbodi Heed n@dc@ﬂdﬁn@st@) R '@%ﬁﬁtdq‘ﬂ:v@h‘ttl 6#0 a{ﬁdﬁrg ‘gnv\no?haonl y
Pseudononas aglugl f95fA 20dtird BuperpblEht e Rdigds, seeEaL %o dlfferentlate
a Pseudomonas aeruginosa infection from other bacterial
15 species infections.
[0091]

According to the present invention, there is provided a
method for diagnosing a Pseudomonas aeruginosa infection
using the antibody according to the present invention.

20  [0092]

The diagnosis method according to the present invention
can be carried out by collecting biological samples such as
sputum, a lung favage fluid, pus, tears, blood, or urine from
mammals including a human at risk of a Pseudomonas

25 aeruginosa infection, subsequently contacting the collected
samples with the antibody according to the present invention,
and determining whether or not an antigen-antibody reaction
OCCUTS.

[0093]

30 Diagnostic agent kit for Pseudomonas aeruginosa infection

According to the present invention, there is provided a kit
for detecting the presence of Pseudomonas aeruginosa,
comprising at least the antibody according to the present
invention.

35 [0094]

The antibody according to the present invention may be




35 (Exanples 7 and 8). It was also confirned that the anti body of the
second enbodi nent according to the present invention 22 binds to the
pepti de of the first enbodi nent according to the present invention
(Exanple 13). It was further confirnmed th%{ t he anti body of the third
enbodi nent according to the present inve 3 on binds to the pepti de of the
second enbodi nent 5 according to the present invention, and reacts with

g;IyThPseudﬁnq@@ﬁﬂggauglnq&@%anaemeémﬂno ngerdéagﬁgrlahespgqeeenféEx?ﬁple
us, the antibhody according.to the present . invention is useful for

t he di agnosi s %€ @g{fifd%?m é’é?ﬁ@l ¥ a deteEtinGn aM o N} i)o

anti body accor@igigid. t he present invention can be used not onIy as a

purified prodtict but also in the formof a hybridoma culture supernatant
or ascites differentiate a Pseudonobnas aerugi nosa infection from

ot her bactgri al 15 TRES] BBel AL @M kit [RADYHiAg adr dhadp ek diiteirprasdoh
i nvention, there is I’OVI ded a nethod for di Egnom ngs z?_.HPseudom)nas

aer ugi nosa i nf@ ifBRtheiscAtaie vantaba dyPEscor AEagen & GRIE¥LRg out an

i nvention. 20 {098eh- Eheaaﬁcagn%aétm hog aee@rdidly tantidy eseeld, for
i nvention can be carried out by collécting bi Olgﬁgl cal ,{ﬁ?@' es such,.as

sputum a | und@X@me inkldShus, cheynogeiligoadsNurd GrinSTEREHLS'S

including a hyy@ay @t anl mgtgun@erﬂ_se@gpmppgésﬁ%@erugl nosa infection,
subsequent |y contacting the coll écted’ sanples with the antibody according

to the prt8entlQGR@htion, and deternining whether or not an

anti gen- ant i bqsp grfi@tdrOfor ergmb%%] P@:@W beragenbski dctioity
Pseudonmonas aeruginosa iniection ACC ording to the préesent invention, t here
is provided aXi@nfaynNlgedaetege anlind@eence of Pseudononas aer ugi nosa,

As shown later in examples, it was confirmed that

addition of the antibody according to the present invention

15 enhances antimicrobial activity of an aminoglycoside antibiotic
gentamicin (Example 14). Thus, the antibody according to the
present invention can be used as a potentiator for enhancing
anti-Pseudomonas aeruginosa activity.

[0097]

20 According to the present invention, there is provided use
of the antibody according to the present invention for producing
a potentiator for enhancing anti-Pseudomonas aeruginosa
activity of an aminoglycoside antibiotic.

[0098]

25 According to the present invention, there is provided a
method for enhancing anti-Pseudomonas aeruginosa activity of
an aminoglycoside antibiotic, comprising the step of
administering a therapeutically effective amount of the antibody
according to the present invention to mammals inciuding a

30  human.

[0099]

Pharmaceutical composition
The pharmaceutical composition or agent according to
the present invention may be used in the form of a composition
35 comprising the antibody according to the present invention as
an active ingredient and preferably containing the purified




conprising at |east the antibody according to the present invention. 35

[ 0094] The anti body according to the present invention may be 23 | abel ed.
This detection kit detects the presence of Pseudononas aer ugi nosa by
detecting an antigen-anti body reaction. 095] 5 Thus, the detection kit
according to the present invention can f&%ther contain various types of
reagents for carrying out an antigen-antibody reaction, a secondary

anti body used arfttbbod?)(aﬁﬁhe opiﬂoﬁlaHIS}A oﬁw@mromgmn@ntssag‘emt exarppiéera
I nstructions, /or an instrunment

Pot enti ator fGi@ maﬂe.%uaﬂvﬁ Pulgssrstiition, a&dnas%haéPh%??WfSF"an

am nogl ycosi dgoag@pi otic As shown later in exanples, it was confirmed that
addition of the antihody accordin t he ent I nvention 5. en
antinicrobial acti wﬁiﬁ ot %rmaﬁ?Hgkﬁa@ Q%”UFE) PPbPSF?Ed'@&Itgrﬁ]r&? el %%ggﬁpl e
14) . Thus, 5t hgngahitRAfMagcee Forgdiatedeas i ¢éigent onferdionlrtad foenysad as
a potentiator for enhanci ant i - Pseudonpnas aerug ﬁsa activi t[}/tfﬂéoﬁy

20 Accordi ng 38R Ves C‘ﬂn@e‘ﬂ'ﬁ‘PBWactW‘éal SORPBOP Y Y &

anti body accorc@imgin 0 phzeniaeseticallyveiddeptalte paeeeesNofora dadeieat ar
for enhanci ng |- Pseudononas aerug noTa act | VI ty of an ami nogl ycosi.de

anti biotic. @@9%] lizer; anPEBSRINYRIIVE, 15\ on, there is
provided a nmgphed for enhanC| ng anti - Pseudom)nas aer ugi nosa activity of
an am nogl%co& de anti bi o

rising the st I sterin
t her apeutt@al Iy ef f &ﬁam@ %%tﬂfn¥ n%fprt‘?h éﬁ@luﬁtﬁﬁjpy nghge Q?rﬂ?é%p?:%‘gent
invention to FRENRIS:; IMEhWIECIY 1actd8e hwamitharose, and human albumin for

a freeze-dried preparation; and a saline, water for injections, a
phosphate buffer, and aluminum hydroxide for a liquid
preparation, but not limited to these.

15 [0102]

An administration route may differ depending on the age,
body weight, sex, and general health of a recipient, but
administration can be carried out by any of oral administration
and parenteral administration (e.g., intravenous injection,

20 intraarterial injection, and local administration) routes. Among
them, parenteral administration is preferable.
[0103]

A dose of the pharmaceutical composition differs

depending on the age, body weight, sex, and general heaith of a
25 patient, the severity of a Pseudomonas aeruginosa infection,

and components of an antibody composition to be administered.

A daily dose of the antibody composition according to the

present invention is generally 0.1 to 1000 mg/kg of body weight,

preferably 1 to 100 mg/kg of body weight, per adult for
30 intravenous injection.

It is preferable that the pharmaceutical composition
according to the present invention should be administered in
advance to a patient at risk of a Pseudomonas aeruginosa
infection.

35 [0104]
When the pharmaceutical composition is prepared as a



[ 0099] Pharnmaceutical conposition The pharmaceutical conposition or agent
according to the present invention may be used in the formof a
conposition 35 conprising the antibody according to the present invention
as an active ingredient and preferably coagaining the purified 24

anti body, and optionally other conponentsT for exanple, a saline, an
aqueous gl ucose solution, and a phosphate buffer. [0100] The

phar maceut i caldiggnpesict hgendc ddridi dimgrodtie agesentan He rodsdined myaie

formul ated as a liquid or freeze-dried for as .n c

phar maceut i capoé@rg%ogpf%rpynﬁﬁ%ﬁ'Pgnglnlyy mn%BHtsaWﬁg’%iéﬁg%reﬁﬁgcgfl?eose'
f'iCC;%IOt abl e Cafbkeéﬁ%g'fmeiompégi aacu;mabi $d>lﬁﬁ_ion acquiies Bivgitthee a ndineh din

i sotoni ¢ agent . . anpl es t he phar.naceut i

carriers can oifriglgﬁ .trn%'hﬁﬁéoﬁa”?%i)@%?b%&%ﬁa ,ur%ﬁldk%ﬁigsﬁgﬁﬁ:gﬁﬁﬁﬁ f or
ahf r eﬁzte- OBb i ]ngditerem;@t Fp@;rogmmht@lvaldinﬁefqu f PB_Sdn[pho'sphsuxea buffer t
phosphat e buffer, and al unmi,num hydroxi.de for a Liqui repar at i no
o fo t neeBtaRinaoacae) Dike Uk BresehaBUERSIEh g Db "o
tge_ agei ?stomh@hbzi@@m thtch genkidlthbeetd h @ftermatveiyerthe butibody

admi ni stration,c

n be carried out. by a f pral adm nist Wely) n

parenteral adff nifg rRRSENY éﬂ}\-j?ﬂh%\'{r%{&gﬂoi% ei(,at%?%,orzéﬁ'i% nﬁlf%aét gl’?%l

igj ?CFi?n,tandetéﬁ@iin?dﬁfdgi $t§®tdt8tﬁlc])dzogt@rsan‘mw}:g3f . rdmeatelgatdamtedaland
administration is preferable. se_0 e pharpgaceut]ca

conposi tildh dRf PERSErYRE¥RAIS diied HESeT0” RSk gﬁ‘?‘,&gé{! %ﬁbagxe%
_he]?-'t[]_ of a ?epﬁrb@@hit tihf@eﬁ@@’fibguglfd aWPQEUFhIl. .mla?aﬁgcl@aﬁssmr:e Og A
Intecti on, an C ent,s O arn._antl nody c osSIt] On 0] e ni.s I .
dai ly dose of pfﬁ&@ﬂ?bgﬁﬁag&wg%mﬁ G e?cé@ggprﬁ’&ttfco atgrfent'prige Bis; ﬁgéﬁti on
is generally @pprbprileOragirkenateiaty, & eample, polystyrene, polyvinyl

toluene, or polybutadiene, are suitable as the latex.

15
Examples
[0105]
Hereinafter, the present invention will be described with
reference to examples for promoting understanding of the
20 present invention. However, the present invention is not
intended to be limited to these examples.
[0106]

-Example 1: GeneChip analysis
GeneChip expression analysis system (Affymetrix,

25 GeneChip P. aeruginosa genome array) was used as an
approach for identifying genes that are expressed in a medium
supplemented with human sera. Shake culture was carried out
using Pseudomonas aeruginosa PAO1 strains (ATCC BAA-47)
under 3 different culture conditions, that is, in Luria-Bertani

30 (LB) media (Nacalai Tesque) supplemented with 0%, 20%, and
50% human sera (the final composition of LB media was equal
among them) at 37°C until absorbance at 595 nm reached 1.0.
Using RNeasy Protect Bacteria Mini kit (QIAGEN GmbH), total
RNA was extracted according to the method described in

35 documents included therewith and quantified using 2100
bioanalyzer (Agilent Technologies). Then, experiments were



preferably 1 to 100 ng/ kg of body weight, per adult for 30 intravenous
injection. It is preferable that the pharmaceutical conposition according
to the present invention should be adm nistered in advance to a patient at
ri sk of a Pseudonobnas aerugi nosa inf ectityg. 35 [0104] When the
pharmaceutical conposition is prepared as 25 diagnostic agent, this

di agnosti c agent can be obtained in any dosage form by adopting any neans
sui tabl e for tderjed pose. accﬁnrdm)gartpl ¢heasnetlesd desukthed isoldaduments

containing th t i bod interes rthe ur|f|e red

For 1ts ani baapladedt bed GeBsbriR: Lo dfitfass 6, Abech @ shplieet

buffer cont alumng aMietoaapyor Suite | i Kd QMf\mwtese)rvaamde sigetalasand1%

sodi um azi de i n added th | t tivel t he

present i nventqS gt%r‘%%e&? { c@ ﬁﬁ ’?kté”?/% ngr‘g&a‘éﬁ \g'fy?ft’ng% '%gﬁ its

anti body tht eromds@apr@wtl ahel yvdidge aﬁblm@flﬂgmaose&emaam verd e adited
t.he present .invention

atex parti ol a5 o G0, iBREpeiide o exBEr AR WEhe cRte oL AL hgent .
In this case, [Ca@7P prlate resin materials, for exanple, polystyrene,
polyvi Yl Lot uene, O PELIEH! 2eater R & Sh bR o RS Mg 1
reference to extwmlss kfece:rpmgonaabtem upder dedadinngedf umger 201 phesentture
I nventi on, . Howeve the ) tlonls not ntended tfocg Limted to
these exahpl eSoNAItioey rEaarIess10! &b BRepeaRS| 95 PR SGRIEoRT P adsd culin
anal ysi s syst g baf Fyreseni’ thab iGehested tlﬂataartl@mmﬁptlenogeg:aucayWams
used as an ARl ol And I WAY B ST wh that th & RERESRT dufp R JTRY UM
Moreover, a PA2018 protein (MexY) (J. Bacteriology, 2005, 187,
5341-5346), which is an inner membrane-spanning protein that
15 associates with PA5158 and PA2019 (MexX) proteins so as to
constitute drug efflux pumps and is induced by ribosome
inhibitors such as tetracycline or aminoglycoside antibiotics, was
determined, under these conditions free of these drugs, to be
“Absent”, and it was thus shown that the gene is not expressed.
20 By contrast, a PA5158 protein was determined to be “Present”,
under all the conditions regardless of the presence or absence
of added sera.
[0108]
Thus, the PA5158 gene is certainly expressed, and the
25 possibility that its gene product PA5158 protein is constantly
present on the bacterial surface was suggested. This
suggested that the Pseudomonas aeruginosa PA5158 protein is
useful as a vaccine component.
[0109]
30 Example 2: Analysis of PA5158 gene jn clinical isolates
Bacterial strains used were 88 Pseudomonas aeruginosa
strains (stored in Yokohama Research Lab., Meiji Seika Kaisha)
isolated from various types of clinical materials in clinical
facilities across Japan, and were subjected to tests. These
35 strains were derived from blood, urine, sputum, pus, pharyngeal
mucus, and the like, and their serotypes include group A, B, E,



suppl emented wi th human sera. Shake culture was carried out using
Pseudononas aerugi nosa PAOL strains (ATCC BAA-47) under 3 different
culture conditions, that is, in Luria-Bertani 30 (LB) nedia (Nacal ai
Tesque) supplenmented with 0% 20% and 52%/0 human sera (the final
conposition of LB nmedia was equal anong en) at 37C until absorbance at
595 nmreached 1.0. Using RNeasy Protect Bacteria Mni kit (Q AGEN GrbH),
total RNA wag;el} retad et @ssdr oih nge t@l oighea imet aiosi fidegon beccondiBf doctment s
i ncluded therewi th and guaptified,using 2100 | oanal yzer I l.ent

Technol ogi es) JefIRN eQ e?ﬁﬁ‘enﬁ%r%PéngG CO&HP?&E 0 Oa{bscod'%égnéyt JahR"

met hod descri peevidbrioenieatsugimedaditivty {16AEChi p. Gene expression data
was anal yzed Bil rbg] Mcroarray Suite 5.0 (Affymetrix), and signal and

det ecti on vver(J; #%Bul ated. At this time, correction was carried 5 out, such

that the ayer 9% MipsraefosiofrngésofdienDald probe sets was 1000. Two

| ndependent experi nent recarried qut 01Q7], As result, a PA4
protein (DnaK or Hggfz’éi‘, \ﬁhggh glipicgl Hﬁﬂgaé;e%eé?gi %ﬁeﬂﬁ%{@?ﬂ?sv\ggrﬂg&(?%ned,
under all theywgad tevileurédd W@ihﬁ%bﬁsat egardl ¢essaofMtibHepridReEnce wredibsence
of added sera, _to,be "Present"” t

at 1 ndi cat that a transcription_ product
was det ect ed (BEREOR: DigkingqARy é&ﬁhjl%‘fteccﬁz)\éeﬁéﬁ%o%@(%r%%ég"dfugzﬂﬁpg‘oeer ,
a PA2018 prg{)ﬁjsmngl\/ﬁ)%_aéﬂ-TEE;’JS{U@W[‘(@LQJ{QY%@@5G@BF,), Qéfﬁ@%%gl\wﬂﬁah is
an i nner nenbrane-spannin r ot ei a assqcjates Wi an
5A2015" (i) PERBPERAS e hathe, OBbALIGd ubRCERNG! FFlisx BpUREATR At othe
i nduced by ri hosted dedrbenn oetinentindoyied tikepewdthi.nogl ycosi de
anti biotics, fﬁil&ﬂeterm ned, under these conditions free of these drugs,

to be "Absen d it was thus shown that the gene is not expressed. 20
By contrast, a2PALRpifidatiehnoiBNAletesmatdbiotiie PCR epenhod under al |

Thus. the PAS1SS goHEINg W PAPRAeaxGrEo5aI, DAV dha tenibiate, & région

15 containing the PA5158 gene was amplified by PCR. Specifically,
a primer set (SEQ ID NO: 7 and SEQ ID NO: 8) for specifically
amplifying each gene was designed based on the Pseudomonas
aeruginosa PAO1 genomic sequence (NCBI accession No.
NC_002516). Using GeneAmp PCR System 9700 (Applied

20 Biosystems), PCR was carried out using Takara ExTaq (Takara
Bio) according to instructions included therewith. The DNA
fragment thus amplified by PCR was confirmed by agarose gel
electrophoresis to have the size of interest (1645 bp).
[0112]

25 (3) Analysis of polynucleotide sequence using DNA sequencer

The PCR product was purified using MultiScreen PCR plate

(Millipore Corporation) and then subjected to a sequencing
reaction. Primers (SEQ ID NO: 9 to SEQ ID NO: 12) capable of
sequencing each PCR product were designed based on the PAO1

30 genomic sequence (NC_002516). BigDye Terminator v1.1
Cycle Sequencing kit (Applied Biosystems) was used in a
sequencing reaction. The sequencing reaction was carried out
using GeneAmp PCR System 9700 (Applied Biosystems)
according to instructions included therewith. The sequencing

35 reaction product was purified using MultiScreen-HV plate
(Millipore Corporation) filled with Sephadex G-50 Fine DNA



25 possibility that its gene product PA5158 protein is constantly present
on the bacterial surface was suggested. This suggested that the
Pseudononas aer ugi nosa PA5158 protein is wuseful as a vaccine conponent.
[0109] 30 Exanple 2: Analysis of PA5158 ggne in clinical isolates
Bacterial strains used were 88 Pseudonona$ aerugi nosa strains (stored in
Yokohama Research Lab., Meiji Seika Kaisha) isolated fromvarious types of
clinical nmaterGeddei r(AGhlemsbam fBHosLianess adiysssiadkan avidhwewatetbjidet ed

to tests. These 5 rai er o] t

phar yngeal meqJ %1 ﬂi]qv}fketh égsﬂjeéélggggo‘fygeé Phgguﬁgg %Walgﬂég

27 G |, etcumbgse@mhsdroBmg$'¢sﬂemBas§7f3(batD@hﬁ\acénﬂcﬂywtdﬁtmled
deci si on of t&? % % ng comrttee sponsored by Japan Pseudononas

aer ugi nosa So 18 ? é{%@) [0110] 5 (1) Preparation of genom c DNA Each of
88 clinicab i Jallst®F of Pseudonpnas aerugi nosa was cul tured overni ght at

e e L B A BREA o S ol SRR it
DNAh\glgsdégcrplr ggtre?ﬁq L;Lséjljlntélyesmfﬁngalaaaﬂyé]actweralt coeMertadcdodi pg ytmenmnéet o
(r)r]\cet DNA f ragmerﬁe @‘H%S'P(ﬂ@(ampﬁ%%e Lﬁgg?gﬁ?ﬁé%\g 5&%‘%%%%%}0\%%%&&%@5;88
tSeer! ?;t gé a r@giathnrtrﬁgscdin;tml itheg PAGL Péﬁ‘lagﬁdgeés m%seaaﬁl [ Biledinbtlall?@!’-.ls
sggg: fi caﬂ)y’ V&%ﬁ."f%ﬁ%f%ﬁak’ﬁgg QRME”QZQ Lg ‘Sﬁé o(f\ﬁ}le Ei:)#eégggtfél%ont[?r'lgs
aer ugi nosa PA Qragéaany,c sequence ( NCBI acceSS| on No. NC002516). Using
GeneAnp PCR S%@&ﬁar% 700 (Applied 20 Biosystens), PCR was carried out using

Takara ExTaq Bi 0) according to instructions included therewth.
The DNA fragnment tHewevel 2 edithyiviRCRxiescelbofar medidiys 4§dr@sd deO: 5

and SEQ ID NO: 6) predicted by the present inventors based on

15 three-dimensional structure information about a Pseudomonas
aeruginosa PA0427 (OprM) protein (3. Biol. Chem., 2004, 279,
52816-52819) highly homologous to the PA5158 protein,
three-dimensional structure information about an E. cofi TolC
protein (Nature, 2000, 405, 914-919), and secondary structure

20 information about the PA5158 protein, were confirmed to have
no detectable amino acid mutation. This suggested that the
Pseudomonas aeruginosa PA5158 protein is useful as a
“common antigen.”



el ectrophoresis to have the size of interest (1645 bp). [0112] 25 (3)

Anal ysi s of pol ynucl eoti de sequence usi ng DNA sequencer The PCR product
was purified using Multi Screen PCR plate (MIIlipore Corporation) and then
subj ected to a sequencing reaction. Primers (SEQID NGO 9 to SEQ I D NG

12) capabl e of sequencing each PCR product were designed based on the PACL
30 genom ¢ sequence (NC_002516). BigDye Term nator vl.1 Cycle Sequencing
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no detectable am no acid nutation. This suggested that the Pseudononas
aer ugi nosa PA5158 protein is useful as a “~conmon antigen." cO a WN ONM
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A DNA fragment (SEQ ID NO: 2) from nucleotides 337 to
1479 in 1479 nucleotides as an amino acid coding region of the
Pseudomonas aeruginosa PA5158 gene (SEQ ID NO: 1) was
incorporated into a cell-free protein expression vector
pIVEX2.4d (Roche Diagnostics) and an E. coli expression vector
pET15b (Novagen) by the following method.

[0116]

Based on the signal sequence, and three-dimensional
structure information about a Pseudomonas aeruginosa PA0427
(OprM) protein (J. Biol. Chem., 2004, 279, 52816-52819) highly
homologous to the PA5158 protein, three-dimensional structure
information about an E£. coli TolC protein (Nature, 2000, 405,
914-919), and secondary structure information about the
PA5158 protein, it was estimated that a nucleotide sequence of
nucleotides 1 to 336 in the amino acid coding region encodes a
cell surface-unexposed region. Thus, this nucleotide sequence
was excluded from cloning.

[0117]

The DNA fragment to be cloned was amplified from the
Pseudomonas aeruginosa PAO1 genomic DNA by PCR (GeneAmp
PCR System 9600; Perkin-Elmer). Pyrobest (Takara Bio) was
used as DNA polymerase. A reaction solution was
supplemented with 10% dimethyl sulfoxide. Primers (SEQ ID
NO: 13 and SEQ ID NO: 14) containing nucleotides for adding
restriction sites Xhol (CTCGAG) and BamHI (GGATCC) were
used as PCR primers.

[0118]

Temperature conditions involved heating at 94°C for 2
minutes, subsequent 30 cycles consisting of 94°C-30 seconds,
54°C-1 minute, and 72°C-2 minutes, and final reaction at 72°C
for additional 5 minutes. The PCR product was purified using
QIAquick PCR Purification Kit (Qiagen), and the purified product
was digested with Xhol (New England Biclabs) and BamHI
(Toyobo). pIVEX2.4d was digested with Xhol and BamHI.
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VNnNONMVN(OI~NmMONM'd NIOf~M ~ OONMdd N(ONro mNN
NNNNNNNFQ C© Qaai 30 [0115] p4xanple 3: doning of the PA5158
gene DNA fragnment A DNA fragnent (SEQIDﬁ& 2) from nucl eotides 337 to
1479 in 1479 nucl eotides as an amno acid coding region of the 5
Pseudonpnas actlugsad3NAPASIFBegéncn €BE@IEDtNp hajesed dmagarosat gdl,i and a

Cel S b LB BRELRSTAET GBI BEVER GO ePs RedRsttanly e
10 Based on t &} igiggme)l. sEhaeeRER mnereedderEﬁbﬁﬂ thuBrdbg@B:t@d With.
oer ™Shon, "S- BARBIEIRIA ARk d05R, FEDSRTA (R aghe W o'
t hree- di mebsi diegiobsa y,ucand e £.1 wodr nBHSen atr@insar{@mpetenToHIghr dPHiow,
the ' Pas1ss provale) T1eEs ehsraftstlrares Xo8 JUfueR el of e
pIVEX2.4d plasmid in which the PA5158 gene fragment had
been incorporated (pIVEX-PA5158-10) was purified using
QIAprep Spin Miniprep Kit (Qiagen), and the nucleotide
10 sequence of the insert was confirmed (BigDye Terminator v1.1
Cycle Sequencing Kit, Applied Biosystems).
[0119]
Next, pETi5b was digested with Xhol and BamHI, and
ligated to the Xhol-BamHI insert fragment of pIVEX-PA5158-10.
15 E. coli was transformed with the ligation product, so as to
obtain a pET15b plasmid in which the PA5158 gene fragment
had been incorporated (pET-PA5158-1) (Figure 1).
[0120]
Example 4: Expression and purification of the PA5158
20 recombinant protein
Cell-free and E. coli expression systems were used in
expression of a recombinant protein.
[0121]
RTS 500 ProteoMaster E. coli HY Kit (Roche Diagnostic)
25 for carrying out transcription and translation using T7 RNA
polymerase and E. coli lysates was used in a cell-free system.
The cell-free protein expression vector pIVEX-PA5158-10 is a
plasmid that encodes the PA5158 protein, in which His-tag (6
consecutive histidines) has been fused downstream of a T7
30 promoter (see Example 3). A cell-free reaction solution was
prepared according to instructions. A reaction was carried out
at 30°C for 20 hours by addition of 10 ug of pIVEX-PA5158-10,
and the produced insoluble protein was collected by
centrifugation.
35 [0122]
E. coli BL21 (DE3) strains in which a T7 RNA polymerase

@)




nucl eotides 1 to 336 in the amno acid coding region encodes a cell
surface-unexposed region. Thus, this nucl eotide sequence was excluded from
cloning. 20 [0117] The DNA fragnment to be cloned was anplified fromthe
Pseudononas aerugi nosa PAOL genomi ¢ DNA by, PCR (GeneAnp PCR System 9600;
Per ki n-El nmer). Pyrobest (Takara Bio) was used as DNA pol ynerase. A
reaction solution was 25 supplenmented with 10% di net hyl sul foxide. Priners
(SEQ ID NO 1@eafid [BEQ bperNo intgrposated ni agdnue| &l deectar axgression

eners | P05 P ANGEIRERT AU PaTY BAIRCE NBLE e P8 e o,
m nut es, subse%&EmSSOﬂcytstonm iﬂiiﬁgﬁ)&rmeogsﬁ;ﬁmdd;ra nsaciption mft e,
BOR product vedio s VA Pty ni e, Bt irfcfnd it O] H8 HrotplsBiher S0
the purifiéd pirelBd2 136D stigéntisdswpphesded byNewaedglegrme sBioo] abs) thaisd
part - To1P S BlOSSIgn eyl AR Xhgky @B P By, TeosoNs
usi ng Q Aqui cKn@elceEx tis@pid pyl-K D-thidgajenyositiee (RERGY, odoctasartd phEXe. 4d
e dL0sot oo SBIReeIR) oY IR U ARERIU, WioHdolRh, Hrgsenbiigeten
wer e transf or rhg \gane tineolrpgastea pouthstreaiheof gh¥EXZ. 4-ophaser dofi ihehi ch
R A e T e T e
sequence of tisiiprsssionasl ¢omnscriplidiBiigDeendeed byt additioh oOIENT&, so
R L S I s e
pl VEX- PA5158- t@anscription caused by the T7 RNA polymerase supplied from
the host. The E. coli expression vector pET-PA5158-1 is a
15 plasmid that encodes the PA5158 protein, in which a histidine
tag has been fused downstream of a T7 promoter (see Example
3). The BL21 (DE3) strains were treated with calcium chloride
(see Molecular Cioning 2nd ed., Sambrook et al. {1989)) and
transformed with pET-PA5158-1. The transformants were
20 cultured overnight in an LB medium containing 50 pg/mi
ampicillin, and they were suspended (200 fold diluted) in a fresh
medium and cultured at 37°C for 4 hours. IPTG was then
added at a final concentration of 0.5 mM, and culture was
continued for additional 3 hours. The cells were collected by
25 centrifugation and frozen at -20°C. The cells were dissolved in
BugBuster Protein Extraction Reagent (Novagen), and inclusion
bodies were collected according to instructions included
therewith. In this procedure, ultrasonication was also carried
out, and lysozyme (egg-white lysozyme, Seikagaku Corporation)
30 was used at a final concentration of 200 pg/mi.
[0123]
Ni chelate chromatography using the His-tag was used in
protein purification. The insoluble protein expressed in the
cell-free or E. coli expression system was solubilized with a
35 dissolution buffer (Dulbecco’s phosphate-buffered saline (PBS)
supplemented with 8 M urea, 5 mM imidazole, 200 mM NacCl,



15 E. coil was transfornmed with the ligation product, so as to obtain a
pPET15b plasm d in which the PA5158 gene fragnent had been incorporated
(pET- PA5158-1) (Figure 1). [0120] Exanple 4: Expression and purification
of the PA5158 20 reconbinant protein Cell3¥ree and E. coil expression
systens were used in expression of a reconbinant protein. [0121] RTS 500
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[0125]
15 Example 5: Immunization with antigen and preparation of sera
Pseudomonas aeruginosa PA103 strains (ATCC29260)
were cultured overnight at 37°C on a Mueller-Hinton agar
medium. A few colonies were suspended in an LB medium and
then shake-cultured overnight at 37°C, and they were washed
20 with PBS, followed by resuspension. Then, inactivation
treatment was carried out for 24 hours or longer by addition of
1% formalin, and the strains thus inactivated were used.
[0126]
For use in immunization, the PA5158 recombinant protein
25 was dissolved in an 8 M urea solution, resulting in a
concentration of 100 pg/mi.
[0127]
The amino acid sequences of the extracellular regions in
the PA5158 protein were estimated by the present inventors
30 based on three-dimensional structure information about a
Pseudomonas aeruginosa PA0427 (OprM) protein (J. Biol. Chem.,
2004, 279, 52816-52819) highly homologous to the PA5158
protein, three-dimensional structure information about an E. coli
TolC protein (Nature, 2000, 405, 914-919), and secondary
35 structure information about the PA5158 protein. Peptides
containing the estimated amino acid sequences (SEQ ID NO: 5




transcription caused by the T7 RNA pol ynerase supplied from the host. The
E. coli expression vector pET-PA5158-1 is a 15 plasm d that encodes the
PA5158 protein, in which a histidine tag has been fused downstream of a T7
pronoter (see Exanple 3). The BL21 (DE3) sdrains were treated with cal cium
chloride (see Ml ecular Coning 2nd ed., Sanbrook et al. (1989)) and
1,.The transformants wer e cul tured overni ght

t f d with - PAR1 ,
i ﬁagﬁ Eémned}muw!gﬁg% ﬁg 8%506g,dwﬁfe ffintasized b sérﬂjSpﬁéiy 5€ sViaHResisd
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was then added at a, final centration of ture was
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NT,
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wash buffer (haygngivée wmmm%bét%naétﬁwaf JOftHé‘es?nﬁ'hé&‘é' Lﬁé;ﬁnde

buf fer except for NP-40). Then, the H s-tag-fuse roteln was el th

an el ution buffoétaiming $heprarkm eﬁﬁldv\ﬁeﬁugnﬁﬁuﬂéas @OéDnM@m@la(ﬁﬁQ I@nd
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the protelg a?:?m% ofnPZ 524 mmutes was observed by HPLC analysis for the

synthetic peptide. The synthetic peptide was coupled to

keyhole limpet hemocyanin (KLH) via a spacer, so as to prepare

a conjugated peptide. Sulfo-SMCC

(Sulfosuccinimidyl-4-[N-maleimidomethyi]cyclohexane-1-carbox

20 vylate; Pierce) was used as the spacer. Synthesis of the

peptides and preparation of the KLH-conjugated peptides were
entrusted to Thermo ELECTRON.

[0128]

For use in immunization, the KLH-conjugated peptide was

25 dissolved in an 8 M urea solution, resulting in a concentration of

100 pg/ml. In an immunization method, a male BN rat

(purchased from Charles River Laboratories, Japan) or female

New Zealand white rabbit (purchased from Charles River

Laboratories, Japan) was subcutaneously or intramuscularly

30 immunized with 6 shots in total, the first shot in combination

with a complete Freund adjuvant and the subsequent shots in

combination with an incomplete adjuvant, at 2-week intervals.

For such immunization, 20 pug/animal each of the

formalin-inactivated strain, the PA5158 recombinant protein,

35 and the KLH-conjugated peptides described in Example 5 was

used. One week after the final immunization, whole blood was



protein were finally obtained from1l m of the reaction solution in the
cell-free systemand 100 ml of the culture in the E. coil expression
system respectively. [0125] 15 Exanple 5: Inmunization with antigen and
preparation of sera Pseudonobnas aerugi nosgs PA103 strains (ATCC29260) were
cul tured overnight at 37C on a Mieller-H nton agar nedium A few col onies

wer e suspended i nmedi maBg t hen shake-cul tured overnight at 37C,
and they were W&gﬁ@ge‘;g IBBQ 1"6"‘“&%@06@ pestadiRertnand it was
inactivation lafeadtmeobmaeraperafdrybr fOThdr Ro Scletrifgg%r alby1 ]999' g on

of 1% fornali aﬁg t he, stral ns thus |nact|vat ed were use For use
in i munizatio PRBHYE GSecotdi Rint tAr oPREFN 28 mégpélr@@&@‘&%d haﬁ”é}ﬂ 8 M

urea sol utlon 8@H<Imege|;nSamlslpétcsﬁtg(ﬁhw?agbatlgﬁs@/rm [0127] The ani no
acid seque %éie extracellular regions in the PA5158 protein were

esti nat ed sent inventors 30 based on three-di nensional structure

i nformati on ab@idéml%séuqllmﬂéét@?f Ugitnésgcﬁﬁ@ééﬁohqq% Bh ALY (J Bi ol .
Chem , 2004, 279, 528 tein,

t hr ee- di nensi onal st‘?\ﬁctIGﬁe frﬁﬁé’rOrPatWéﬁ MLﬁfeﬁn fF_Oﬂ"botihe el @ipdl ot’@bhlt

(Nature, 2000 aﬂﬂ?}er:?%"cc%]r%l)in gaRy! ﬁﬁceﬂgﬁwéfﬁtrﬁé HetHo8 chmf&fcf@ﬁvegn Rragout
t he PA5158 el n. cont ainin I mated am no aci d sequences
(SEQ I D NO. 5 %a.c %ﬂth EELN@f #)d v(éﬁ?fguarnBﬁé@Q@USb"w 3,3531%1&4695723

synt hesi s1orretmﬁd|e§4cmd Fgaﬁura‘tew%rﬁhﬁ'@nnﬁ%' %J-Aﬁ e éﬂdﬁ%&g&% %%8%0

term nal of each,am no acid sequence of

Pept i des havi RA%edatet Prepace asi fid iV{éP% n%ﬂfsia@lﬂsmﬂfa@ft!ﬁht’fétﬁ ericidee
term nal were sygpdesioredvasl Witted? &t Jﬁﬁfmz téﬁ@%é%ﬁh@ ?l 48 Aigudds3. 9)

was observed By mass . spectronmetry in the synt e t| e contai ni ng t he
amino aci d sedUu&stRitstesprere We%t@(dSE@ C@nl&KDng€§|0f‘aﬁ(ﬂ 30,000xg for 20

minutes and dissolved in a 10 mM potassium phosphate buffer
15 (pH 8) supplemented with 10% glycerol. Then, precipitates
were deposited again by addition of an ice-cold saturated
ammonium sulfate solution (pH 8) to prepare a 50 (V/V)%
solution, so as to complete 2 washes. The precipitates were
dissolved in a 10 mM potassium phosphate buffer (pH 8)
20 supplemented with 10% glycerol, and subsequently dialyzed
overnight against the buffer. The dialysate was centrifuged and
then applied to cation-exchange chromatography
(DEAE-Toyopear! 650M (Tosoh)). The pass-through volume was
collected as an IgG fraction by measuring ultraviolet absorption
25 at 280 nm. The collected fraction was concentrated using
Amicon Ultra-15 (Millipore), and the buffer was finally
exchanged with a PBS (-) solution, so as to obtain a final
sample. 3.0 to 8.0 mg and 30 to 50 mg of proteins were
obtained as IgG fractions by purification from 3 ml of the rat
30 antisera and 15 mi of the rabbit antisera, respectively. The
proteins were quantified according to DC Protein Assay
(Bio-Rad) based on the Lowry method, and IgG purity was
evaluated by SDS-PAGE.
[0130]
35 As an alternative method, Protein G affinity column
chromatography was used in purification of an IgG fraction from



peak with an area ratio of 88.25%at a retention tine of 15.469 10 m nutes
was given by HPLC analysis for the synthetic peptide. Alternatively, [Mt1]
mz 1540.6 (calculated value: mz 1538.7) was given by mass spectronetry

for the synthetic peptide containing the g no acid sequence of SEQ I D NO
6 (SEQID NO 16), and a peak with an area ratio of 76.47% at a retention

15 time of 12.524 m nutes was observed by HPLC anal ysis for the etic
peptide. The sy Heht p@ﬁ‘?@@mg%lﬁﬁ?gﬁogow%§ﬁ6r'§ I |°h$eﬁcﬁ‘é@éga&

(KLH) via a Spimﬂuctﬁ@ngslhénﬁfeﬁpaﬁﬁth aHmw gpfSreiRel | P (AUh é@sﬁé@g
(Sul f osucci ni ztil{[’]ll\l-rra ei m donet hé %jc ycl ohexane | - car box ﬁ_?

Pierce) was usEd€aPRNE apHeera werenaddgdoto Helrage firpbeis zﬁ'] Br @gé‘r@f‘l on
of the KLH congagnitRateapkitdes %rmM%dMﬁﬁeﬁhbgpﬁ%Qén@uﬁbEC(ﬁ@\? [ 8A4g8]

For use in_i ni zatlon t he KLH conj ugat ed pepti de was d| ssol ved in an
8 Murea s8l L’l%n CQIEERN: WaRS | Weshesh ity dieorsame fodt gvm Elptiogh was

| muni zat i on rE%FHF%’d cﬂJWsﬁ’ngNar@tl r@pb‘ffchﬂéeﬂd!rQUf@?a[gbﬁSZRY fand the

Laborat ori es, Japan) New Zeal'and white rabbit (purchased fraom
Charl es River elUak8ryasringgediaieny neitralied: wm%@sﬂﬁarvohmmém Laf y

30 immuni zed vt Rr&-$Eot Sbuﬁ‘ePOt(BH ‘!)B‘e faésd $r|?°ta 'ﬂa@ﬁ'ﬁi@n‘d’tf’éh Ofyh t:h a

conpl ete Freund adjuvant and the su sequent shots In nby nation with an
i nconpl ete adjafMMiCeat 28weekIUMmeerial ¢  Foltestrdh Mﬁ%nldﬁiﬂ"ﬁﬁneﬂo by

g/ ani mal 1 @achmalastifhg 1R gretn¥bdorBLRth ShE a0 tifh, Péxfifcﬁél copiEbpant

protein, 35 and the KLH conjugated peptides describ
Used. One weelTa¢tion Whs £pRGENErateN ,@étn@wf\wmnelJBr@thM@H@gor%aeet ed

from the abdohgak #fsf fves fﬁ%l‘l\}'&@ﬁéﬁ?éd ehid PBS (Ol)ea%éwoﬁog@ as

tenperature for 1 hour and centrifuged at 1500 G for m nutes, so as to
obtain a supetRaPhi@imayfifgl SHPPIRI ndtRPEEEM@Telyt 68r MHD ofi PFRlgHNE WAS

sera. 5 [0129oHepsaABHC 8" aRUTHE $A49ONChy! BericafibACH AR HDPTANMH SRk

15 rabbit antisera. The proteins were quantified according to DC
Protein Assay (Bio-Rad) based on the Lowry method, and IgG
purity was evaluated by SDS-PAGE.
[0131]
Example 7: Whole cell ELISA test

20 For whole celi ELISA, a bacterial suspension of PA103
strains cultured in an LB medium was dispensed into an ELISA
plate (MaxiSorp Type, NUNC), followed by immobilization at 4°C.
The plate was then washed with TBS containing 0.05% Tween
20 and blocked with TBS containing 2% bovine serum albumin

25 and 0.05% Tween 20. Thereafter, the sera or purified IgG
fraction obtained in Example 5 were diluted with a saline and
added as a primary antibody sample to the plate, and this
sample was allowed to react with the strains at 37°C for 1 hour.
After washing, peroxidase-labeled goat anti-rat IgG antibody

30 (5000 fold diluted, Sigma) or peroxidase-labeled goat
anti-rabbit IgG antibody (5000 fold diluted, Sigma) was used as
a secondary antibody, and an enzyme reaction was carried out
by addition of a chromogenic substrate (TMB Microwell
Peroxidase substrate System, KPL) and then terminated with

35 0.18 M sulfuric acid. Absorbance at 450 nm was measured.
[0132]



An 1gG fraction was purified fromthe rat and rabbit antisera according

to, for exanple, the nethod of McCauley R & Racker, E, Ml ecul ar and

Cel lular Biochemstry 1, 73-81 (1973). 10 An ice-cold saturated ammoni um
sulfate solution (pH 8) was added to pregare a 43 (v/v)% suspensi on, and
t he obtained suspension was stirred at roomtenperature for 15 m nutes.

PrecLpLLat oo vere ok gt S oSO RPNt o0 BB SreClmiaties
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CUrvy o oot ut g 358, BATEREL Srmpli 2 foln doqn e BlufdPaag B, 8%
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chlr f)g?g% ggr :ghynd(m Tb?bpﬁm Iarﬁﬁbwglrobgﬁ) % Ehe\i}ihe’lepagsngi@s dllrgsh. bﬂﬂt&nrfal\évgg
o e col T edtlh S Qe Ta ¥ CRRTHCENRIA retibR' iR P ] 28, Brofin
(MIlipore), asdcammibefd én thes FABRADBY reexctizinged proteia-RBEN(Njzesd! nati on,
so as to obtag{éég‘final sanple. 3.0 to 8.0 ng and 30 to 50 ng of proteins

were obtai ne | gG fractions by purification from3 m of the rat 30
antisera Bdd ID18B3f the rabbit antisera, respectively. The proteins were

duant |11 ed ecor by eder ST 85300 o SRR phRIRHH Ol rhgtds
al ternative netitaihedr oirein Ghaf f PAISYS5 8 ol revombimantt pgoapiny imas urkeddi n
puri{1cat’ on o, LR L SAEL 8RRl L S SAEIAG LGN KBS/l BT
HP (Amer sham) frofheegdtive eontrodr mbigiteshddedsdra Wag dn 15 otvdiare@sHehe
colum  efdli 1y 2 8d i o 3 IS AR SROTBN AL RY T SlrikRid Prorf"Phe
PA5158 recombinant protein-immunized rabbit sera was 0.990.
This indicates that the antibody (IgG) that recognizes the cell
surface-exposed extracellular region of the PA5158 protein was
contained in the IgG fraction derived from the PA5158
20 recombinant protein-immunized rabbit sera.
[0134]

Furthermore, with regard to the purified IgG fraction
obtained from the PA5158 recombinant protein-immunized rat
sera, the absorbance of an IgG fraction (50 pg/ml) purified from

25 sham-operated rat sera as negative control was 0.132, whereas
the absorbance of the IgG fraction (50 ug/ml) purified from the
PA5158 recombinant protein-immunized rat sera was 0.370.
Moreover, the absorbance of the IgG fraction (50 pg/mi) purified
from the sera of the rat immunized with the KLH-conjugated

30 peptide of SEQ ID NO: 16 was 0.322. This indicates that the
antibody (IgG) that recognizes the cell surface-exposed
extracellular region of the PA5158 protein was contained in the
IgG fractions derived from the PA5158 recombinant
protein-immunized rat sera and the KLH-conjugated

35 peptide-immunized rat sera.

[0135]



5 the colum was washed with the sane buffer. Elution was carried out
using a 0.1 Mglycine-HCl buffer (pH 2.7), and the eluate was inmmediately
neutralized with a 1/20 volunme of a 1.0 Mtris-HC buffer (pH 9) placed in
a fractionation tube in advance. A volunm88 o be coll ected was determ ned
by 10 nmeasuring ultraviolet absorption at 280 nm The collected fraction

was concentrated usi Am con UItra 15 re), and buf f

finally exchanged Wll?ﬁdg Eo‘l:%ﬁjghon§b%a§°[)et GeDngﬁﬁa‘N |Sn§%”\ﬁ,§ﬁpl e.
Appr oxi mat el y 508 rcgsmig wrowhn@me:zsma) nechiah & dlgs br aehnomdyative
purification from 10
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ce ELI SA_t est, 20 Far 0 ELI SA, a bacteri.a | PA103
CErai s cubt urahATY OB TSIt B b gt e CORtBOLAEE ek 18 Sheresd
(rl\]/am Sorﬁ gypethel\lunsl@)o rbﬁa@ldeom@rgyl(%@nﬁrr(y Tbttnozat(mnugygﬂiﬂlo; ﬁuﬂ"lﬁmcplfmm the
t hen washed w cont al ween ocked
cont ai ni ng 2%%#?3 é‘&cﬁr'?i‘ﬁlrb%% nP edﬂd"ﬁ”@'ﬁ‘% eF@t2099r?heW@§f bBﬁgq ‘he
selra or pgrl f IMdré@Ger,ftl@@tamMr&tb@gdf an l@i@rfpbetrﬁnwese ;dg/mﬂgq)ur/]mmbda
sall he an a a I mar, ntibo eto and .t ni
sanpl e was aI a‘ﬁ@ r%'af ltﬁet ﬁ%ts' izgd é’b?lgl‘f Sﬁelkﬁ%ﬁonlﬂﬂﬁzﬁd
\évalshl ng, S@ro @lﬂﬁéel apedEd QD?Néaruds rvataslg@aztl bﬂﬁxsb ﬁ@d:(gé@@@ tE)rt%tdtheooo
ilute i gma e sg- 1. abel ed goat i t antibo
fold ail uted HnShafvualo6i ot Tes00alean g Eniddody!l AlTranesesphsed
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M cr owel | Pero gg e substrate iﬁ’@ KPL an%g%‘gﬁn t rm nat ed \é\f7ttg
0.18 Msulfurl A%%Qfﬁt?éﬁé@ tPr A régt /2PN
rﬁsuIL with riﬁgaﬁ@brﬁmgdrt%ﬂb@;ﬁ@déeﬁﬁmmﬁmad raet Séry.i mrhra:s;eﬂursarewrta
the a Sorfgnc car{e%a%? t%er:];ter (ng fractions can be used in the detection
of Pseudomonas aeruginosa.
[0136]
Example 8: ELISA test
(1) Detection of antibody that binds to PAS5158 recombinant
20 protein
In order to detect an antibody that binds to the PA5158
recombinant protein by the ELISA method, the PA5158
recombinant protein was dissolved in PBS supplemented with 8
M urea, and placed at a concentration of 0.5 pg/well of the
25 protein in a 96-well nickel plate (HIS-Select High Sensitivity
(HS) Nickel Coated Plates, Sigma). The plate was left at room
temperature for 1 hour, so as to cause binding of the protein to
the plate. The plate was washed with a wash buffer (PBS
supplemented with 0.05% Tween 20, 5 mM imidazole, and 500
30 mM NaCl) and blocked with a blocking buffer (wash buffer
supplemented with 0.5% gelatin). Then, the
antibody-containing sample obtained in Example 5 was added to
the wells and allowed to react for 30 minutes, and the plate was
then washed. A secondary antibody {peroxidase-labeled goat
35 anti-rat IgG antibody, 10000 fold diluted, Sigma) was added
thereto and allowed to react therewith for 30 minutes, and the




rat sera before immunization (100 fold diluted) was 0.031, whereas the
absorbance of the PA5158 reconbinant 5 protein-immnized rat sera (100 fold
diluted) was 0.399. This indicates that the antibody (1gQ that recognizes
the bacterial cell surface-exposed extrad¥ |l ul ar region of the PA5158
protein is contained in the PA5158 reconbi nant protein-imunized rat

: ‘ h h fied f
bt ai ned {romiRLSPRBTSG EIAIEAn: Ayt GriavinBridanSen Wesuriedut by
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g/m) purifi eglﬁ?%ﬁ'\attﬁe giﬂﬁé@ ggwrb ‘?.%ﬁt Gt ei P?ﬁﬂfﬁﬁ?edaf EIBblaf sl\g

was 0.990. Thilsodpidoriat@sidt hatbsbebantebeidy 50 g6 whatmeeasogadzes t he ceII

surf ace- ex osig)[ %ﬁnj acel lul ar region of the PA5158 protein was contai ned
in the Ig 530l derived fromthe PAS158 20 recombi nant
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er eas e absor banc r rif.i rom
PA5158 reconbi'Aant® 'fﬂ %ﬁ&zgﬁu %@l SWP% &aglgi 37%H’SI\PB' oIS *h?i
absor bancgg of thbeahquddyactﬂﬂ:a:tn b(iﬁ@sgtdﬂthdomms‘wg récfmbnhan%epﬁot@fmt he rat
i mmuni zed with the KLH co gat ed 30, pept|jde of SEQdZLE%{\gJ %
Thi s indi cat e€" héWmHé‘o i Uﬁdyc?ng%ﬁqdn Ny BBYni fe E%qcpmbinan
sur f ace- exposgdot@m-rmlulmtgﬁ a2 0d @y Of the PA5158 protein was cont ai ned

inthe 19Gfr @gé’ ns derived fromthe PA5158 reconbi nant
pr ot ei n- |rrrrun| &t sera and the KLH- conjugated 35 peptide-imunized rat

sera. [0135] Moreover, the absorbance of negative control rat sham

15 IgG (10 ug/ml) purified from sera obtained from rat to which
only an adjuvant had been administered was 0.190, whereas
the absorbance of rat anti-PA5158 IgG (10 pg/ml) as the IgG
fraction purified from the PA5158 recombinant
protein-immunized rat sera was 2.918. This indicates that the

20 antibody that binds to the PA5158 recombinant protein as an
immunogen is contained in the rat anti-PA5158 IgG.
[0139]
(2) Detection of antibody that binds to putative extraceliular
region peptide of the PA5158 protein

25 In order to detect an antibody that binds to the putative
extracellular region peptide (SEQ ID NO: 5 or SEQ ID NO: 6) of
the PA5158 protein by ELISA, each peptide synthesized in
Example 5 was dissolved in a carbonate buffer (0.15% Na;COs
and 0.3% NaHCO3) and placed at a concentration of 1 or 2

30 ug/well of the peptide in a 96-well plate (MaxiSorp, Nunc). The
plate was left overnight at 4°C so as to cause adsorption of the
peptide onto the plate. The plate was washed with PBS and
blocked with PBS supplemented with 0.5% bovine serum
albumin. Then, the antibody-containing sample obtained in

35 Example 5 was added to the wells after dilution and aliowed to
react with the peptide for 1 hour, and the plate was then



Under the sane conditions, whole cell ELISA was carried out using E. coil
(ATCC25922), which is also a Gamnegative bacteriumas wth Pseudononas
aerugi nosa. As a result, the absorbance of an IgG fraction (50 g/ m)
purified from5 sham operated rat sera as4@iegati ve control was 0.118,
whereas the absorbance of an Ingractlon (50 g/m) purified fromthe

PA5158 reconbi nant r of. ed rat 0.09Q.. Myeover

absor bance of V%l% ithg\m alrmr)g p@ﬁfn/‘\é\g]sw??am(}t%e r%e%qhgﬂéyrat
i hmTunl ng Wi t Iartthﬁmod(vhwvasnadldgtigtb Thepellgdanef aloWed tOred 6t wasr@waz.
This indicates_t t he tibo at recogni zes

sur face- exposkdl A iGERuEEY ond cShEA RIS Wi etist aties.dh, Fha
fromthe PAStB&taﬂﬂ@rg)lmﬁoﬁ‘J/cer@eml pouni z&d clh&tbnwganwdrém;on and
KLH- conj ugat ed tide-i ized rat sera. Thus s result 15 indicates
Chat Cthesc | o PRaUISTIATE 0h $850 kN e sl qeatrisd ful 37 Hie Samin sty
aerugi nosa. [@$3shovExanple 8: ELISA test (1) Detection of antibody that
binds to PA51E§ r@gonbi nant 20 protein In order to detect an anti body that
binds to the Lhid reconmbi nant protein by the ELI SA nethod, the PA5158

reconmbi nant protei nAsas diesilicyethé naBESraah@bermmtmba\twa &orfrof eserand
P kel ol ate PAFSFedraptunizgiiaR OB fod diliedl By hadihotheedre
Sigma). Tk ptenecsawitief t atg ofothet 9mmats@@ree<twtellutmurregmnapetpmcc@use
buf fer (PBS | C3PEI Relicla i of tBeoRBStntt TR T A Bedapet GDSHIP SRRE 30
155 ) 1 o e, oo e i, o0
was ;gded to fqlﬁle%\ﬁé'lt?g?aW@sab %&éd’q SUh& %‘f%?nplfﬁﬁ? lga t%&hﬁﬁa{% ate
was then waséﬁdubo%l Qhamda«rmdsanblwxextﬁgt@pmmasgebmﬁé q@amalto?n\‘ﬁoanﬂ-rat
' 9G anti ti%dy’ofu{ P&\(gl%glgla%teeqn |S§ on?tamed in %ﬁe PA5158 recombinant
protein-immunized rat sera.
[0141]
Moreover, the absorbance of negative control rat sham
IgG (10 ng/mil) as an IgG fraction purified from the sera of a rat
20 to which only an adjuvant had been administered was 0.135 in
the well coated with 2 pg of the putative extracellular region
peptide (SEQ ID NO: 5) of the PA5158 protein, whereas the
absorbance of rat anti-PA5158 IgG (10 pg/ml) as the IgG
fraction purified from the PA5158 recombinant
25 protein-immunized rat sera was 0.368 in such well. This
indicates that the antibody that binds to the extracellular
peptide (SEQ ID NO: 5) of the PA5158 protein is contained in
the rat anti-PA5158 IgG.
[0142]
30 Furthermore, in such detection of the antibody that binds
to the putative extracellular region peptide (SEQ ID NO: 6) of
the PA5158 protein, the peptide in which 6 amino acids were
added to the N-terminal (SEQ ID NO: 17) for improving the
solubility of the protein was used to coat the wells with 2
35 ug/well of the peptide.
[0143]



thereto and allowed to react therewith for 30 mnutes, and the 39 plate
was then washed. An enzyne reaction was carried out by addition of a
chromogeni ¢ substrate (TMB M crowel | Peroxi dase Substrate System KPL) and
then termnated with 1 M phosphoric aci d.g4Absor bance at 450 nm was
measured. 5 [0137] As a result, the absorbance of negative control sera
before i mmuni zati on (10, 000 foI d diluted) was 058, whereas the
absorbance of the PAS3EB resednbiambydanse |0rf1'ri]ﬂ9§§'d’e canteel 5ot sHhas00

fold dil uted) ndi t hakrdigyds to
t he PA5158 recllﬁlén)laef\?ql r/-cfma)isr?lsagncg?\@?rfrﬁmé}%g(é;%?gﬁﬁfgmghlbng%ﬂe PA5158

reconbi nant  piddt& mhlmuﬁﬂbé@nr atid¥pat had dmenvedssiistere’ was dh-B&tbe of
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reconbi nant praittdbadysthat bindansyéhe extanedliian peptide (AEQaAPI N5 838
1gG [0139] @gﬁ?%@gs@o@nﬁuew td1Abd i Eife hALPHAL PXS 15 age | Ul ar

regi on peptide o rotern order t etect an anti body that
binds to the gétld4Ve ext racel | ul ar region pept i de (SEQ | D NO 5 or SEQ | D
NO 6) ofq theE ; , .
Exanpl e 5 was o] !
NaHCO3) and plléces of the peptlde I n

a 96-vell plate (Nw.g%rsﬁepwtirw s%%spgaggew%d qht ocy@fnl 9bt &t sdfingq as

to cause adsorption o eptide onto | at e was washed
with PBS and dsird@ketnav % o ms&nmegmmm%mmﬂem@%b@dnﬁ@!%@r@ﬁh at a

dose of 1.0x10° cfu/mouse (20 LDsp) to 4-week-old CD-1 mice
15 (purchased from Charles River Laboratories, Japan).

Immediately thereafter, the PA5158 recombinant

protein-immunized rat sera (all serum samples were 2.5 fold

diluted with a saline) were administered at a dose of 10 mi/kg

from the caudal vein. Seven days later, protective activity
20 against the infection was determined based on survival.

[0145]

As a result, 5 out of 7 negative control sham rat
serum-administered mice died, whereas all mice survived in a
formalin-inactivated PA103 strain-immunized rabbit

25 serum-administered group. It was thus confirmed that the
formalin-inactivated PA103 strain-immunized rabbit serum has
protective activity against the infection. Under this condition, 6
out of 7 mice survived in the PA5158 recombinant
protein-immunized rat serum-administered group. It was thus

30 confirmed that the PA5158 recombinant protein-immunized rat
serum has protective activity against the infection.

[0146]

Example 10: Ability of PA5158 recombinant protein-immunized
rat sera to defend against PA103 strain infection in neutropenic

35 mice

12.5 mg/ml (saline) of Cyclophosphamide monohydrate



al bum n. Then, the anti body-containing sanple obtained in 35 Exanple 5 was
added to the wells after dilution and allowed to react with the peptide
for 1 hour, and the plate was then 40 washed with PBS contai ning 0.05%
Tween 20. A secondary antibody was added 420 the wells and allowed to react
therewith for 30 mnutes, and the plate was then washed wi th PBS

cont ai ni ng 0. 05% Tween 20. érchrom) genic reaction and 5 rreasurerrent of
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di luted) was 053 10 coated wth 1 g of the putatiVve

extracel l ul ar ‘l‘éﬁ?@ %QQ%@ (SECE | NEBY 5)5:of2:t R PA5188 9% dideirBdUGRefeas

t he absorbance; f n te d 00
fold'di | ut gc) yas, OrAgb Ihosty Wﬁ“é@ e e Teee P’l’@??gﬁfﬁ"‘é y

that binds>to WAEE elfbapaniianealiypadministered RO &) doseofof nd . BAs1H

protein is co nt atnaera.
[0141] Mor eoveﬂrfa/ﬁﬁgj%@s(g:%aﬁgébgstd Qﬁg?ﬁ}gécor]lt ro @g;@er ham&éﬁgezrlghgl m )

as an 1gG fradtADh5Buriecosabinam t peoteingimmunizad pat ¢ sevmi €ATloraaruan
adj uvant had heeRppeknibed F &d rYRP cQEth%'ii 'vlil @E%%’%lr#@@ = a’lir*rlhn%&é %gf

the putative extracellular region peptid of the
protein, V\her@ésatﬁésedbfséﬁ)o@ﬁb’@%fm@t t'&ﬂt@@éhS’@”ﬂgG q‘oe@/wys datene

1 gG fraci(gon ki k A8t h&C rat
sera was 0.36 rtléts:H?% &g@{vlfﬁﬁeg |nd|tl2§t @I@tcﬁ vﬁ%sgén?%%rﬂrrlé@“ %?ﬁds
to the ext racél'l ﬁlJéV’VElﬂlept ide (SEQID NO 5) of the PA5158 protein is
contained in rphgzpt anti-PA5158 IgG [0142] 30 Furthernore, in such

detection of the artibody that binds to the putative extracellular re i on
peptide (SEQ ID NO A® @&f result, all of 7 negative control sham

serum-administered mice died, whereas 4 out of 7 mice
15 survived in a formalin-inactivated PA103 strain-immunized rat
serum-administered group. It was thus confirmed that the
formalin-inactivated PA103 strain-immunized rat serum has
protective activity against the infection. Under this condition, 3
out of 7 mice survived in the PA5158 recombinant
20 protein-immunized rat serum-administered group. It was thus
confirmed that the PA5158 recombinant protein-immunized rat
serum has protective activity against the infection.
[0148]

Example 11: Ability of PA5158 recombinant protein-immunized
25 rat sera to defend against multidrug resistant Pseudomonas
aeruginosa infection in_neutropenic mice

The minimum inhibitory concentrations of various types
of antimicrobial agents for multidrug resistant Pseudomonas
aeruginosa MSC06120 strains were imipenem: 32 pg/ml,

30 amikacin: 64 ug/mil, and ciprofloxacin: >256 pg/mi. 12.5
mg/ml (saline) of CY was prepared and intraperitoneally
administered at a dose of 125 mg/kg to 4-week-old CD-1 mice
on day -5, -2, and 0, so as to reduce a neutrophil level in
peripheral blood. Then, viable MSC06120 strains were

35 intraperitoneally administered at a dose of 1.23x10° cfu/mouse
(11 LDs) to the mice. Immediately thereafter, the PA5158



t he PA5158 protein, the peptide in which 6 amno acids were added to the
Ntermnal (SEQ ID NO 17) for inproving the solubility of the protein was
used to coat the wells with 2 35 g/well of the peptide. [0143] 41 As a
result, the absorbance of negative control4ggat sham1gG (100 g/m) as an

1 gG fraction purified fromthe sera of a rat to which only an adjuvant had

been adm ni stered vv% 60, . whereas the absorbance of rat anti-PA5158 |gG
(100 gini) as EAABDIRRIE f REOTSR-PETHNGET 1 Bob 130 PAGRlS 5 SPEAGTP HETRISS

protei n-i muniwgederats $@rdad\nmea adth aTbaﬁandNéaé%drﬁmtstbh@d ani Body

t hat blndstot extr Iular et| e PA515
protein is corﬂ Qeﬂ"”}/ﬁ rVr‘a"E Cgﬁl{S‘iS@ || géeve[rbﬂﬂlfjs L@%&’r‘fﬁt%‘:tﬁwe

Abi ity of PAYHGESyitcRIRInANth LT fcitionh WH@'d@@rn’i@ecﬁ%@eﬁ%ﬂ%tﬁ*ﬂvéga' nst
PA103 strajn |[:a‘ﬁ on Vi abl e PA103 strains suspended in 100 of a saline

cont ai ni ng”5% were intraperitoneally admnistered at a dose of

L,0x105 ofulmouse (36; LEBGduat 4~ seafol o7 CP- Tnelhaaved danehaseioh gy

Charl es River Laboratgm es, Japan). |Imedjately thereafter, the PA5158
reconbi nant HEGHEN T mmﬂﬁtﬁé'ﬁdr atniser Aiesl| WBﬁtﬁﬁ%arﬁ)l &itwepl 7 5THEEd

diluted with &E¥vag) ines sraranaihsirtl@ivaled mf@?,ofs.trla@nﬂirhhgunfzréaﬂﬁahe

caudal vein. Seven days |ater, protective activit 20 agal nst the
i nfection was S§EHER TR %H%%F@é‘&dorgrﬁﬂﬂn valt. V[’@SAS%Uﬁs CRNTHENEE, tbaéuﬁhﬁf 7

negative ggnt W@Pnﬁﬁﬁnih@cttv%%klmlaﬂ![ft)@ S§@aed- ifh AR Kized, mergg@@' 'ZSgECe

survived in a formal 1n-inactivated PA103 strain-i1mmunized r
ser um adni ni stPEPEACHVEUBCtiVItYagai helks thednfegant hadndrs this condition, &

formal i n-i nactyutat eff PALO3nfikbal Ruiriiped zefh 1 Qb%t ﬁﬁ@q@@aSre@%ﬁwe

activity against the infection. Under this con i on m ce
survived in t RECERAHIHBNEEYABAnERt: SepuB-@dminiaiereddgraup. It was thus

serum adm ni seheHrgedubhat theAPAIMSE recombinant protein-immunized rat
15 serum has protective activity against the infection.
[0150]

Example 12: Ability of rat anti-PA5158 antibody to defend
against multidrug resistant Pseudomonas aeruginosa infection in

neutropenic mice
20 Viable MSC06120 strains were intraperitoneally

administered at a dose of 1.18x10° cfu/mouse (10 LDso) to mice,
Immediately thereafter, the rat anti-PA5158 IgG as the IgG
fraction purified from the PA5158 recombinant
protein-immunized rat sera was administered at a dose of 1
25 mg/mouse from the caudal vein. Seven days later, protective
activity against the infection was determined based on survival.
[0151]
As a result, 4 out of 7 mice died in a negative control
sham rat IgG (1 mg/mouse)-administered group, whereas all of
30 7 mice survived in a group to which rat anti-PA103 IgG as an
IgG fraction purified from the sera of a rat immunized with
formalin-inactivated PA103 strains had been administered. It
was thus confirmed that the rat anti-PA103 IgG has protective
activity against the infection. Under this condition, 6 out of 7
35 mice survived in the group to which the rat anti-PA5158 IgG as
the IgG fraction purified from the PA5158 recombinant



30 confirmed that the PA5158 reconbi nant protein-immunized rat serum has
protective activity against the infection. [0146] Exanple 10: Ability of

PA5158 reconbi nant protein-imunized rat sera to defend agai nst PA103
strain infection in neutropenic 35 mce Y45 ng/m (saline) of
Cycl ophospham de nonohydrate 42 (hereinafter referred to as CY,

Si gma- Al dri ch) vvas ared and intraper toneally adm ni stered at a dose
&e‘é"ﬁ "—iﬂ h%mﬁ sét a&ais H&duce

of 125 ny/ kg t[g,ro el oY izes et era deersadminig

a neutrophil dcﬂ’\ﬁ}m'e@l RAGL PR alatbhaed pAREYg @bhéspﬁﬂ&éecﬂ\?@'éﬁti@it‘ggg)e

|ntraper|toneal " adm ni stfered at a dose of 1.83x105 «cfu/nouse (136 L
to the mce. e infiectiofiter, the PA5158 reconbi nant

protein- |m'run|w31c52]at sera (all serum sanples were 2.5 fold diluted with a

saline) were ad
Seven days-| attefaMRE€Q: .2

deternined based omgarNLERl aft[é}lflﬂé ﬁ?ﬁafilﬁﬁﬁulnﬁzaﬁbh wfn:r? tﬁ%ggrrersared

control shamrat_ serumadmnistered m ce di ed, whereas out o m ce
survived i n a A habi wecarbinaniedp rotein dor aﬁXﬂmtﬁWnﬁze&hﬁatSD’een was

serum admi ni Sty e} Uﬂﬁetcoéﬁéétrf?@slbhat T‘h'@ze obtained spleen

gwpextﬁace@a
formalin-inactivated PAL103 strain-immunized rat serum has protective
activity agai Né2StWasngtecithn aruidBMIr kb4l angidiuen, (@bl 8nd7ifiwes

survived {0 tfﬁﬂeﬁ”ﬁ*ﬂs@té@‘:@@ﬁh@éﬂt I?Qeﬂjl%ts g- é gtéﬁt d, 3o 540 obtain

serum adm ni stered group. It was us con I rmed é PAST )
reconbi nant pRotslanimaeH feat %ammgram fiae §naa&cmef@5actﬂﬂ|et phiginadt

the inf eCt'OnspﬂQﬁ&Skell'ﬁxmeev@ésh@?eMté’eﬁfri Lfgrﬁtﬁﬁnr EOMPH0aREm for 5

pr ot ei n-i nmuni zed serato nd agal nst™ nu rug resi stant
Pseudononas &eHudiafosssings et i BRMIr 164AA r aediinni c®mheh @i athem hand,

inhibitory copgpBIdil QedIOf(PRXEIugdYPe8ells) were cultured in advance
15 under conditions of 5% CO;, relative humidity of 100%, and
37°C in an RPMI-1640 medium containing 10% FCS (fetal
bovine serum), and the thus cultured myeloma cells during the
exponential phase of growth were washed by centrifugation
using an RPMI-1640 medium and mixed with the

20 aforementioned splenic cells, such that a ratio of the number of
the splenic cells to the number of the myeloma cells became
approximately 4:1. The mixed cells were centrifuged at 1000

rpm for 10 minutes. The supernatant was discarded, and the

cells were sufficiently loosened. To the centrifuge tube

25 containing the cells, 1 mL of a solution consisting of 2 g of
polyethylene glycol (M.W. 1000, Wako Pure Chemical Industries),

2 mlL of an RPMI-1640 medium, and 0.2 mL of DMSO (Nacalai
Tesque) was gently added. The cells were mixed by slowly
rotating the centrifuge. One minute later, the centrifuge tube

30 was slowly rotated, while 15 mL of an RPMI-1640 medium was
added thereto over 3 minutes. The cells were centrifuged at
1000 rpm for 7 minutes. Then, the supernatant was discarded,

and the cells were sufficiently loosened. Thereafter, the cell
concentration was adjusted to 1.6x10° cells/mL in terms of

35 splenic cells using a HAT medium (Gibco). The resulting cells
were dispensed at a concentration of 0.2 mL/well into a 96-well

ter ed at a dose of 10 mllkgifromthe caudal ve| n.

15



of antim crobial agents for nmultidrug resistant Pseudonbnas aerugi nosa
M5C06120 strains were impenem 32 g/m, 30 am kacin: 64 g/m, and

ci profloxacin: >256 g/m. 12.5 ng/m (saline) of CY was prepared and
intraperitoneally admnistered at a dose46f 125 ng/ kg to 4-week-old CD1
mce on day -5, -2, and 0, so as to reduce a neutrophil | evel in

peripheral bl ood The i able MS e35 i ntraperi,toneally
admi ni st er ed @'qoc%gge 6%”1“2@@@5 @#@?‘ﬁﬁ&se rke’lfe 55Wr?oc‘t'ﬁﬁ Fef en nder
| mredi atel y t heirhtioers, dfhgoBATIDS 48latieeoninmaiit pof)tEOO"/bmmdeBGf“’Cat

| I 5 fold diluted w
St & b oe! APAATIAE L Sorp Mok Cat o Se gl OB el or

protective aWer\e bbsegaemuntibe armﬁ&%ks@e;;\eas dte_term nefl b?seﬁ on t
negative control shamra

survi val kg éz.; aresult, 5 out of

serumadm$1|s i ]m ce died, whereas 6 out of 7 mce survived in a
formalin-i nact(g?@@@é?ﬁﬂq@%ﬁtarrm@odjm@mim@#eg@t serum adm ni stered group.
It was thus confirmed that hge 10 formalin |nact|va ed PA

strai n-i muni zed raf\fser@MtiRREY pritddct ibiBdEct £9i ¢ § §galcr¢1!t (HEFRRRecPf on.

Under this copditicimoPasoder8inose C\ﬂa§udété/@:@d Byt BRePARIS cgnMsmnt
protein-imuni zed rat, serum adm ni stered %é{?éj? It was, thus t hat

the PA5158 re8&s6ratd 1pr S@MPiemdini 2éar 18Ns BNEHR ¥ 'fﬂ%tt %df‘ﬂ@eg
activity ggai Rk Ph%ﬂmeﬁéé&ﬂ}blhgmobrot:émre th& p“@ﬂdt‘l\w @f(tﬂaaiellular

anti - PA5158 anti body. defend agai nst rrultl e a nas
aer ugi nosa i nf’@@tqur(SEnQ He W Pspenpe TQell2oN gﬁa I)eoﬁ/é%%f@ﬂgéj e\'/\%re
i ntraperi tonewagfde@éatéw HyetRd BLISA dRssiPhed- !ﬂaSESkQﬁ'nﬁFéJB”DUSG (10 LDso)
to mce. rmfgégt ﬁly thereafter, the rat anti-PA5158 |1gG as the 19gG

ri

fraction pu 4lr om t he PA5158 reconbi nant protein-immuni zed rat sera
was adm ni st ey 2y @oringoseceflslp il t@ngPHAeiHddRMoFhatepastal vein. Seven

days later, protective
15 The concentration of BALB/c mouse thymic cells was
adjusted to 2x107 cells/mL using a 10% FCS/HT medium. The
resulting cells were dispensed at a concentration of 0.1 mL/well
into a 96-well microplate (Sumitomo Bakelite). The cells were
cultured overnight under conditions of 5% CO;, relative
20  humidity of 100%, and 37°C. On the following day, the
hybridomas determined by screening to produce the antibody of
interest were adjusted to 5 hybridomas/0.1 mL using a 10%
FCS HT (Gibco) medium, and were dispensed at a concentration
of 0.1 mL/well to the wells in which the thymic cells were
25 dispensed on the preceding day. One to two weeks later, the
growth of clones could be observed under a microscope. The
clones were analyzed by the method described in the paragraph
for screening, so as to select clones producing the antibody of
interest. The hybridomas having a concentration adjusted to 1
30 hybridoma/0.1 mL using a 10% FCS/HT (Gibco) medium by the
aforementioned method were dispensed at a concentration of
0.1 mL/well to the wells in which the thymic cells were
dispensed on the preceding day. One to two weeks later,
clones were analyzed by the method described in the paragraph
35 for screening, so as select monoclones producing the antibody

of interest.



activity against the infection was determ ned based on survival. [0151] As
aresult, 4 out of 7 mce died in a negative control shamrat 1gG (1

ng/ nmouse) - admi ni stered group, whereas all of 30 7 mce survived in a group
to which rat anti-PA103 1gG as an Ingrac&'on purified fromthe sera of a
rat inmmuni zed with formalin-inactivated PALO3 strains had been
admnistered. It was thus confirned that the rat anti-PA103 I gG has
protective achVbby against the infection. Under this condition, 6 out of

7 35 mce survijsed in. Q ich the rat .antiz 158 1gG as the

| gG fraction puri ?’i—'e\ﬂt'%({gghl\g{tﬁugﬁh§f£% 5390%9%%{1?%240’: gflgl?ei n-i nmmuni zed rat
sera had been adni niBlher edonés \ofis ihbamestcafifraredtivhaprdliferadédannni tR&5158
| gG has protectiv CLi:V] ainst_theinfection. [0152],,5 a 3:
repar at L on ofoSenet T OHRRIRETE sndlpd b fhefirt dn S s Tyl FTBLE, &

I mmuni zati 6n vi@+rmiLheflpskpaned #FAZELB-rmécdihdsamindr oturedn iBxaapll€ %,
the spleen wa S | cextr d under gnesthesi The obt ai_ned, spl een
wns vashed v i arEe fadis oo NihB erSoFedinttAE eune Sk hanghr il
bet ween sli de thlengedis tinds cobishiadd sasidtectdt aby thee HIUIGN cderibédsh
sanple as fi nﬁE smal | Sgéeces. The obtained splenic cells were washed by

centrifugatio )&‘?mﬁ rpmfor 5 mnutes using an RPM -1640 nedium On the
other hand, rdl%®h cells (P3X63Ag8Ul cells) were cultured in advance 15

ot ons O RS P 8L, 37, A%BRRAD biddmd ot Rne
cul tured nyel avellceh lwhilt the smhax@qiﬁmﬁal(s&wasmqﬂo_grwy lofuEx emvpighed
by centri fuga'ésl,on iu%lcnf% atlnrl]?ePgl -ﬁg40 ?}3 éqg] ]and mgxed \/\t':ng bthZCN . 5
af or enent i one sfff%r‘ﬁ divalned, ey gxtracellyial §e9ig: Alimk Re
splenic cells gstirmiedunbesedf orhethmed-aitmersionalecstractwmpr Mfioratatipns: 1.
The m xed cel b S BANHIS ARt a£000inb8T B0, BYRRY Tikein (.
15 Biol. Chem., 2004, 279, 52816-52819), three-dimensional
structure information about an £. cofi TolC protein (Nature,
2000, 405, 914-919), and secondary structure information
about the PAS5158 protein, had been absorbed. As a resuit, in
such ELISA, the absorbance was 0.053 in a 10% FCS-RPMI
20 medium as a negative control, whereas the absorbance was
0.903 in the culture supernatant of the hybridoma deposited
with the National Institute of Advanced Industrial Science and
Technology, International Patent Organism Depositary under the
accession No. FERM BP-10672. It was therefore revealed that
25 the MAb that binds to the peptide is produced.
[0157]
Example 14: Enhancement of anti-Pseudomonas aeruginosa
activity of an aminoglycoside antibiotic
It has been reported that the PA5158 protein is an outer
30 membrane protein that constitutes efflux pumps directly
involved in  resistance to  aminoglycoside  antibiotics
(Antimicrobial Agents and Chemotherapy, 2003, 47, 1101-1111).
Variants deficient in this protein possess increased sensitivity to
aminoglycoside antibiotics. Thus, whether or not various types
35 of antibodies that recognize this protein obtained by the present
inventors have an inhibitory effect on aminoglycoside antibiotic




cells were sufficiently | oosened. To the centrifuge tube 25 containing the
cells, 1 nL of a solution consisting of 2 g of polyethylene glycol (MW
1000, Wako Pure Chem cal Industries), 2 nL of an RPM-1640 nedium and 0.2
mL of DMSO (Nacal ai Tesque) was gently adged. The cells were m xed by
slowly rotating the centrifuge. One mnute later, the centrifuge tube 30
was slowy rotated, while 15 nL of an RPM-1640 medi umwas added thereto
over 3 ni nut effitRe PEENPS Wapdeséaer i fuged at 1000 rpmfor 7 m nutes.
Then, the supgaEgnt was di scarded, and the cells were suffici ently

| oosened. Thereaftier, the cel | concentration was _adjusted to_1.

cells/nL in terns ofPSERIGHINGMIAS cAENHT(RORY £M&3rre%nramq G(ME)CZ%QO)
resul ting cel 'ﬁeré‘%ﬂ%k‘% Eﬂ‘ﬂﬂf% %R/e@nfg’rﬁ‘@%’ﬁ%?d:cm ﬁfMQeﬂefrﬂ—HnﬂJdn A da

96- wel | 45 m cropl ate um t ono Bake e cel svvere cul tured, under
condi ti onsSof MBeAGOM a@dadlivéeduh@dhw foM}ﬁWfJ witd 3he sa&aﬁrmeﬁﬂmy 1

to 2 weeks |at 1%hy@fé g’ Qdpel %H&ﬁ@e V\@uﬂtﬁlr fRs v edunderng

m croscope. 5 ]I (1) Screening of antibody o |n erest An anti bod that
binds to the dmursSuaif%rceg@mtams@mmm@@du@t bR nGEntaation od Byl

whol e cel | EL@ImHACSPIiAerd NdPxamRLSLiTe MBREAYEEIOEH, PRI atdaeéd@nds

to 10 the PA5 I econbl nant ote or ve extracellul ar I on

(SEQ I D NO 5 @orcosmgntpakion @f 300 M/PABnggpﬁéﬁébQﬂvad%t@EQ'éﬂsby‘at he
d b

ELI SA desghi bed,d! %@?g@. G[ 8454 rﬁgﬁogd}&{%ﬁ bcﬁ{}t gﬁro‘?ﬁ%&

anti body of interest oncentratlon mc c Is was
adj usted to 2>hm:dem@/dmpqsntag HNTeY% ﬁwmcmpunnNorhEEms%Ptla@?@m | s

wer e, di spensegal aRRPALRNSERY | 9GO hdligh! bradBe BuPAIe! frofhCEBl ol e

(Sum t ono Bake |te overni ght “under conditions of
5% C2, rel at iKidd 2 mjwgatiad) pgptideyyS&EY B7CNan &hmmU|nm®gr@la>seltaae

hybridomas detg{qnReda Ry pAEESE NG d Ca® L ¢ NGaRBOPNiREd from the
15 PA5158 recombinant protein-immunized rat sera were added at
each concentration of 300 ug/ml. Then, shake culture was
carried out at 37°C for 4 hours, and the number of viable strains
in each group was measured.

[0159]
20 As a result, the strains were proliferated to 1.05x10°

cfu/mi in the control group, whereas the strains were
proliferated to 5.4x10° cfu/ml in the negative control group.
Furthermore, the strains were proliferated to 6.4x10° cfu/mi,
7.5x10° cfu/ml, and 6.3x10° cfu/ml, respectively, in the

25 antibody-added groups, all of which were lower than the
number of viable strains in the negative control group. It was
thus confirmed that each of these antibodies has an effect of
enhancing antimicrobial activity of an aminoglycoside antibiotic
gentamicin.

30 [0160]

All of the antibodies have a property of being capable of
binding to the PA5158 protein that constitutes aminoglycoside
antibiotic efflux pumps, and a portion of the sequence thereof.
It was therefore estimated that the present effect of enhancing

35 anti-Pseudomonas aeruginosa activity of aminoglycoside
antibiotic results from inhibition of the efflux pumps.



interest were adjusted to 5 hybridomas/0.1 nL using a 10% FCS HT (G bco)
medi um and were di spensed at a concentration of 0.1 nL/well to the wells
in which the thymc cells were 25 dispensed on the preceding day. One to
two weeks later, the growth of clones coylg be observed under a

m croscope. The clones were anal yzed by the nethod described in the
paragraph for screening, so as to select clones producing the antibody of
i nterest. The YWhat wostamMediisy a concentration adjusted to 1 30

hybri doma/ 0.1 niL using a 10% FCS/HT (G bco) nedium by the aforenentioned
met hod were di spensed at a concentration of 0.1 nmi/well to the wells in
whi ch the thym c cells Aerantigespeasepositiemecemeaégingg ad@yoteie antigen

weeks | ater, e r : d, by t; i i : ragraph
35 for scr eeniﬁg?gs'?)eg?d?elaég?t'g%ﬁn%‘%?ﬁo@%%ﬁ%%qﬁ%§ﬁ g? ah
interest. 46 dunuibsHy(3ygainstvathwewdbmaoeasiaaredigsosad pbddbeproteiol MAb
The clones of interest sufficiently proliferated in the 96-well mcroplate
were scaled up in stages in a 24-well plate, a 5 50-nL flask, and a 250-nL

flask and cultured id A pOYEFCSatRREedddoomtherdrqupdoreisting hé: cul ture
tant of;yt | . i.ped d .1 bed
T “Exanpl e 6.0 G REP e Ch I R R MR FLAF S BB S TP i ng
to the well d&h which the synthetic peptide (SEQ ID NO 15) of Exanple 5,
whi ch t ai N ; ; i SEQ . 5 i, gt d
onI tChr gg?dﬁlrrgn 1|)o%SP%#%‘@Etwuﬂrigh?%?)h?%%@éggna%%dbgaggggu%%ﬁ%gggagfuéfﬁgsa

PA0427 (OprM If¥ olNé:n 4] in 1®viBichl .orGhenr, n200d, apTidio Sasits S8 dleleted,

(Nature, 2000 iUl JhGerted"BE AR aFR CuiRhn B ni PO Rally,

the PA5158 pr ciivaléat tbezmprattetm bmxhsisking pédhlet amimo sadth sEGLEMCe lof
absor bance vvassé—)QOI%; i\ilﬁzﬁ; 10% FCS- RPM
(iii) a protein which is encoded by a polynucleotide which
hybridizes under stringent conditions to a polynucleotide which
encodes the amino acid sequence of SEQ ID NO: 4, and which is
functionally equivalent to a protein consisting of the amino acid
sequence of SEQ ID NO:4; and
(iv) a protein which comprises an amino acid sequence having
70% or more identity with the amino acid sequence of SEQ ID
NO: 4, and which is functionally equivalent to & protein
consisting of the amino acid sequence of SEQ ID NO:4.

3. A peptide comprising the amino acid sequence of SEQ
ID NO: 5, or an amino acid sequence of SEQ ID NO: 5 which
contains one to several conservative substitutions.

4. A peptide comprising the amino acid sequence of SEQ
ID NO: 6, or an amino acid sequence of SEQ ID NO: 6 which

contains one to several conservative substitutions.

5. An antigen composition comprising a protein according
to claim 2, or a peptide according to claim 3 or 4.

6. A vaccine composition for use in the prevention or



20 nedium as a negative control, whereas the absorbance was 0.903 in the
cul ture supernatant of the hybridonma deposited wth the National Institute
of Advanced I ndustrial Science and Technol ogy, International Patent

Organi sm Depositary under the accession Ny FERM BP-10672. It was
therefore revealed that 25 the MAb that binds to the peptide is produced.
[0157] Exanple 14: Enha?c ment of anti-Pseudononas aeru i s nosa activity

of an ani nogl y'6&tREANOf fi8ERECF1a$3RCIBLRH WHFFERHTORAO NP A PRAGHIPSA

protein is an @ingrisiag FMuAiGeR’ ebfFositRin CARIrdiNGCEo SEdi X PWPS,
directly involved in resistance to am n]%gl cosi de a'Btﬂl bi OtICE .

(Anti ni crobi al ARG YORAHYRBROPHENERS, P acguticplpy accepfable/Largiars,
deficient in tdilgentdt ghtl/oPSRPEYaNE! eased sensitivity to am noglycoside
anti biotics. Thus, whether or not various types 35 of antibodies that
recogni ze this protein obtained by the present inventors have an

i nhibitory effect omammpglammd)@lg aAGAHR | § Yoo @lbbn R Mpe MRHnbest ed.
[ 0158] Pseudonpnas_aer ugi nosa PA103 stTains (ATCC29260) were shakKe

cul tured over mARE S8t PEGEEIM of RuMArElantheseofi QUi @ fengbi@inah ARgraenit ed

to 1x105 cfu/ haMeblp the sane nmedium Then, the strains were shake cul tured
again at 37C. Two hours later, gentam cin was added at a concentration of

0.125 g/m. Likewi se, to a negative control group, PBS was added at a

concentration of 3003 gamN [ r t td 158L1
| gG as the nonocl onal ant?lr)]gg)y(ﬁ{g ggﬁgggﬁ}g{/ﬂ%h% ﬂ*ﬁ@@r’? nga gg’gs?%dgog%un er
t he accessi on RoClatERvl,BrhEIETD the porkian of e ASEUGENENahH@argg/PPset i on

purified frompAwy sELH eqaiiHIasedapepsii d%@&@é!&wse&) “DIPYBhZ e T #he
sera, and rat_anti-PA5158 [ gG as the IgG traction purified fromthe 15
PA5158 r econmbififEHIGNOEHaehaiiosd RA% 1 88rprol&ie. added at  each
concentration of 300 g/m . Then, shake culture was <carried out at 37C for

4 hours, and the nunber of viable strains )
9. An antibody or a functional fragment thereof according

to claim 8, wherein the cell surface-exposed portion of the
Pseudomonas aeruginosa PA5158 protein is selected from the
group consisting of:

(i) a protein comprising the amino acid sequence of SEQ ID NO:
4;

(ii) a protein which comprises an amino acid sequence of SEQ
ID NO: 4 in which one or more amino acids are deleted,
substituted, inserted, or added, and which is functionally
equivalent to a protein consisting of the amino acid sequence of
SEQ ID NO:4;

(iii) a protein which is encoded by a polynucleotide which
hybridizes under stringent conditions to a polynucleotide which
encodes the amino acid sequence of SEQ ID NO: 4, and which is
functionally equivalent to a protein consisting of the amino acid
sequence of SEQ ID NO:4; and

(iv) a protein which comprises an amino acid sequence having
70% or more identity with the amino acid sequence of SEQ ID
NO: 4, and which is functionally equivalent to a protein
consisting of the amino acid sequence of SEQ ID NO:4,

10. An antibody or a functional fragment thereof



in each group was neasured. [0159] 20 As a result, the strains were
proliferated to 1.05x108 cfu/m in the control group, whereas the strains
were proliferated to 5.4x106 cfu/m in the negative control group.
Furthernore, the strains were proliferateggto 6.4x105 cfu/m, 7.5x105
cfu/m, and 6.3x105 cfu/m, respectively, in the 25 anti body-added groups,
all of which were |lower than the nunber of viable strains in the negative

control group@QcOrdiRg thdabensi rwberehattheaelbsurfretr S RITRAHI RRMTHRR an
effect of enhagn¢hRY IR 00 Al m i de i@kotiC
gent am ci n. Sgﬁ[ gggof%%lt"{dao O?;r?éc'aaant ) c‘)'g:ogé ?é\v%ﬂgggﬂegé%qgf gbepi%;\%m@é
capabl e of biCREMRAGISEAJt HeepARIs® @G esRquBACEc OhsPECULIES MBiindgl 9ERNde

antibiotic eff u ' rdq frih £ i
t herefore estialrrrg?necg t ?t t he (%?(ggeénﬂt @e":f(?elci? @f@'eﬁgﬂgfcn%%ﬂgms bhe'es

ant i - Pseudonp 3§y eiat Gginsesxadote sLbgtidtitidisiogl ycoside antibiotic results
frominhibition of the efflux punps. 48 Wat is clained is: 1. An antigen

conposition conprising a protein antigen or a peptide antigen which can

i nduce the productidd.of Aan amtihaddy @gaiensfuacheeadonfsnasnaet ughessef
PA5158 pr ot ei r ot ei I e 4 ;e ons) Skl idofha a
protein corrpriiégicéadﬁ]h@ g.%‘l r?(?)agf;'i ?‘%’eéﬁ@r@? E)Etl'] g BPEEEIOW 4;b ?lg’l/ lgoglr]%t ein
whi ch conpri séepasited nonder dhecacesrsdodf NGEQERP RB-146i72 .whi ch one or
nore amno acids are deleted, substituted, inserted, or added, and which
is functionally equivalent to a protein consisting of the am no acid
sequence of SEQ | DING 4AN(i gintikogy ot®i nanhfienciisnahcdgegmment thereof

pol ynucl eoti d ' ri diz€e r My § td i

pol ynucl eot i dgc%?«gﬂwg zﬁr{l)ggclige]!srﬁt ﬁéb‘gﬂngﬁgmacqhgigggyéﬁggé%% @%@géiétgfl\?o?rt%?nand

which is of the Pseudomonas aeruginosa PA5158 protein is a peptide

' comprising the amino acid sequence of SEQ ID NO: 6, or an
amino acid sequence of SEQ ID NO: 6 which contains one to

several conservative substitutions.

13. An antibody or a functional fragment thereof
according to any one of claims 7 to 12, wherein the antibody is
a monoclonal antibody.

14. A hybridoma deposited under the accession No.
FERM BP-10672.

15. An antibody or a functional fragment thereof
according to claim 7, which is a monoclonal antibody
cross-reactive with the same antigen as that of the monoclonal
antibody produced by a hybridoma according to claim 14.

16. A pharmaceutical composition for use in the
prevention or treatment of diseases associated with
Pseudomonas aeruginosa, comprising an antibody or a
functional fragment thereof according to any one of claims 7 to
9, and optionally one or more pharmaceutically acceptable
carriers and/or diluents.



functionally equivalent to a protein consisting of the amno acid sequence
of SEQID NG 4; and (iv) a protein which conprises an am no acid sequence
having 70%or nore identity with the am no acid sequence of SEQ I D NO 4,
and which is functionally equivalent to aggrotein consisting of the am no
acid sequence of SEQID NO 4. 3. A peptide conprising the amno acid
sequence of SEQ ID NO 5, or an amino acid sequence of SEQ ID NOQ 5 which
contains one to sevekdl AoN3EENR i vemustiarutaeerding AopeiaiMe &otprasi ng
the anmino aci ¢sa0 SEn i i iacids s SEQ
ID NO. 6 whi cﬁ) contggléﬁg%%rlle todgeg\llgrggl gggﬁg%r at%?lvg%s:ﬁrgsﬁ’t ﬁ“f'f’gf]fﬁ g.ﬁ_eAn
anti gen conpodiiseanecasancistad with Awudereiras meruddnesa; b 2 systamic
pepti de accor g ; | a cisne Wﬂ i f o hazt he
prevention or?ﬁg&t{!(?%gt ?rﬂefrrﬁe%o diégggggg ads06] atpgg Wi t bﬁ?&udggﬁ%ﬂbﬁa
aerugi nosa, dofgelienng an antigen conposition according to claim1 or 5,
and optionally one or nore pharnmaceutically acceptable carriers, diluents,
and/or adjuvants. 7. An anti body agai nst a Pseudonobnas aerugi nosa  PA5158
protein or a portionl8hefesCcciie acouneesisinn aceorbng toheflabhn 8.0nn2
anti body or afl.téﬂ,%' il AR, : e iR 14 i eERhN
the portion 01p e égggg'gr%nas @tgrshglshoggcagﬁgﬂggap?ﬁ@???%%H%%% tive
sur f ace- expos @deptarnonast gasugPsaaionmnfecticrr ugi rosMWPABIBE presigtanto.

An anti body or, HEL : according to claim8, wherein
t he cell surfapggfjexpol&s)g?}’gore“}gﬁ{%% t'ﬁﬁg&ggéhdormnas aer ugi nosa PA5158
protein is selected fromthe group consisting of: (i) a protein conprising

the am no acid sequ e ,of %IE%‘ ; + Ehl)oa i iC hhS§S an
amno acid sequenceeior? éQd *%'N%Pﬁﬁ\’/t\h?%% %ngg%fr}b%on?g)?g?ﬁ %gcrg Ids are
del et ed, infection, comprising an antibody or a functional fragment

thereof according to any one of claims 7 to 13, and 15.

20. A kit for detecting Pseudomonas aeruginosa,
comprising an antibody or a functional fragment thereof
according to any one of claims 7 to 13, and 15.

21. An agent for enhancing anti-Pseudomonas aeruginosa
activity of an aminoglycoside antibiotic, comprising an antibody
or a functional fragment thereof according to any one of claims
7 to 13, and 15.



substituted, inserted, or added, and which is functionally equivalent to a
protein consisting of the am no acid sequence of SEQ ID NO4; (iii) a
protein which is encoded by a pol ynucl eotide which hybridizes under
stringent conditions to a polynucl eotide which encodes the am no acid
sequence of SEQ ID NO 4, and which is functionally equivalent to a
protein consisting of the am no acid sequence of SEQ ID NO 4; and (iv) a
protein which conprises an am nojacid sequence having 70%or nore identity
with the am no acid sequence of SEQID NO 4, and which is functionally
equivalent to a protein caosicstigigigof the am no acid sequence of SEQ ID
NG 4. 10. An antibody or a functional fragnent thereof 50 according to
claim 8, amver @ini téiea €gkha sdr f ace- exposed portion of the Pseudonpnas

aer ugi nosa PA5158 protein is a peptide conprising the am no acid sequence
of SEQ | QiNO PERudMtna@Rerufifdsaaueeimdnseguenee BHISBEQ | D NO 5 which contains
one to several conservative substitutions. 11. An anti body or a functional
fragment <ifer eeb2opaccording to claim 10, which is produced by a hybridoma
deposited under the accession No. FERM BP-10672. 12. An anti body or a
functi onalisobr dpyawatdis2ner eof according to claim8, wherein the cell

surf ace- etfgoseas>po+28i on of the Pseudonobnas aerugi nosa PA5158 protein is a

peptide conprising the am no acid sequence of SEQID NO 6, or an am no
acid sequatieceidf SEQ ID NO 6 which contains one to several conservative
substitutions. 13. An antibody or a functional fragment thereof according

to any orié/0of Pabrtimeergiond. 12, wherein the antibody is a nonocl onal

15. An ari£i%od

or a functional

anti body. 14. A hybridona deposited under the accession No.
fragnent thereof

whi ch is <@'lroidel onal anti body
<212> DNA
<213> Pseudomonas aeruginosa
<400> 1
atgccgttoc cteotteteca tocctegecg cagogattae cectggectc ggogatacty 60
ctescogoce gotgegtoac tteogaagge ctggaaccga acgoccgact geaaccggea 120
geogesotos aggcggpcag gagectggac ggegtagose tttcaccage gecctggecg 180
cgecaggact getggaccgg gotoggoeac cggeagetog accaactgat cggogaagce 240
ctgcaaggea occocogacet goagategee gaggegegte ogogeoagee gecggeaacg 300
gcccaggege aagatgecge gegocagoog acgeiggacg ccaaggecag otactcogec 360
atcogogoge cgaccagegt ggccccggea cogetoggeg gicgotatte ggegatcaag 420
tacctgtoge togecttcaa ctacgacttc gacctolgge goggopager cgoogectgy 480
gaagocgeee tegecocagge caatgecgoe cggatcgaca geeaggeoge gogoategge 540
ctetoggoga geategeseg cgoctacage gacctogeoe acgectitac cgtgogegat 600
ctcgccpage aagaactgaa gogetegeag cgcatgaceg ageotgagoca gaagogeatg 660
agecgocggac togacagoaa gstocagete caacagacge agaccoaget ggctacegce 720
cgocageage tcagegocgs cgagoaggac atcgocagog cocgoatoge cctogeogty 780
ctectgegca agggeccega togopgicte gaactgoage goccgeaace gotgaacceg 840

FERM BP- 10672.
according to claim?7,



cross-reactive with the sane antigen as that of the nonocl onal antibody
produced by a hybridoma according to claim1l4. 16. A pharnaceuti cal
conposition for use in the prevention or treatnent of diseases associ ated
wi th Pseudononas aerugi nosa, conprising an antibody or a functional
fragnent thereof according to any one of clainms 7 to 9, and optionally one
or nore pharmaceutically acceptable <carriers and/or diluents. 51 17. A
vacci ne conposition according to2claim®6 or a pharnmaceutical conposition
according to claim 16, wherein the disease associated wi th Pseudononas
aeruginosa is a systemc infectious disease caused by a Pseudonobnas

aer ugi nosgcagbditfedot@ttic kBtecAcotagedane g crrpesict iconemewor didhg to claim6 or a
pharmaceutical conposition according to claim 16, wherein the Pseudonbnas
aer ugi nosgtgcodcacdtoedes ceagpagbds dragcpare sigsttoqmt gad@gmualonvifds aer ugi nosa
infection. 19. A diagnostic agent for a Pseudononas aerugi nosa infection,
conpri si ngc@mtreensdcbaalyt oegcecshignactdscried cderatpre maccadeksr ed20accordi ng to any
one of clainms 7 to 13, and 15. 20. A kit for detecting Pseudononas

aer ugi nossgttzeanpeimiag chivtimde diextgocer caatdtenst ebagatattef r #Pfent t her eof
according to any one of clains 7 to 13, and 15. 21. An agent for enhancing
ant i - Ps e dergtagers ecaencergh nassetseercaapagiaage @ﬁfgaléﬁﬁgaﬁﬁﬂwﬁy?«coﬁ“ge antibiotic,
conprising an antibody or a functional fragment thereof according to any
one of clegpoagtaca7aceeradeBt seleped®. ctpgeceBROtIERIERER cSPEadEmE <120D> Meiji Sei ka

Kai sha Ltd. <120> Pseudonobnas aerugi nosa outer mnenbrane B)r ot ei n PA5158
<130> 1622@BFERC<iEBTESLIP LPBABLB1BAEL LK 5T tah 95 oagsipg 126

aacttcgace tggecatgce togotacgee gaaggegtcg geagetacet cgacgeccte 1320
agcegtgoaac agcaactgot gegtogecgaa cgecagotgy ccagectgga gagecageag 1380
atcgatettt coptecaget getocagegoe ctgggogece gtitccaace cgattecoge 1440
teoogetgoge togotacege gasagegocg goagsatga 1479
210> 2

211> 1143

<212> DNA

<Z13> Pseudomonas aeruginosa

<4005 2
gacgecaagg ccagetacte cggeatcege gogecgacca gegteggocee gecaccgcete 60

geoggtogct atteggegat caagtacctg togetogget teaactacga cttogaccte 120
tggggeggog agogogooge ctgggaagos gooctogece aggocaatge cgeceggate 180
gacagecage cogegegeat cggectoteg gogageateg cocgogecta cagogacctc 240
goocacgeot ttacegtgeg cgatctopec gaggaagaac tgaagegoic geagegeatg 300
accgagctea gocagaages catgagegec ggactogaca geaaggtoca gelgcaacag 360
acgcagacce agetggotac cgoccgccag cagotcagog cogocgagea ggacatogee 420
agogeocgea togecotoge cgtgctects ggeaagggee cogatogoge totegaacty 480

cagegeccge aaccgctegaa cccggecags cigageotge coteggigot cocggogeaa 540



<160> 17 <170> Patentln version 3.1 <210> 1 <211> 1479 <212> DNA <213>
Pseudohonas aerugi nosa <400> 1 atgccgttcc ctcttctcca tccctggecg cagcgattgg
cgctggcctc ggcgatactg 60 ctggccgecg gectgogtcac ttocgaaggo ctggaaccga

acgcccgact gcaacoggca 120 ggcgccct co aggcgggoag gagcct ggac

tttcaccagc ggcctggceccg 180 cgccaggact ggtggaccgg gctcggegac
accaact gat oggcgaagcc 240 ctgcaaggca ccccogacct gcagatcgcc
cgcgccaggc ggcggcaacg 300 gcccaggcgc aagat gccgc gogocagccg

ocaaggccag ctactccggc 360 atccgcgcgc cgaccagcgt ggccccggoa
gt cgct at t e Yeegakaaated 20tca ita0loglzCges ERUGEdet GaRcAEARCIARIDL O
gcggcgagcg cgccgecotgg 480 gaagccgceccc tcggccaggce caat gccgec
gccaggcogecaagcatecgasab4bhetictat e ggegen geaizegogegeagnct akfagce
acgcotttac cgtgcgcgat 600 ctcgccgagg aagaact gaa gcgctcgcag
agct gagc cacgaagc geaddgab obiceirtizgreggac togatday camesiggizocalot g
agacccagct ggotaccgcc 720 ogccagcagc tcagcgccgo cgagcaggac
cccgcat cgegmogtagac e’ 8Otcectgclegygee aguggot agaedacgycggisét c

ggcgt agccc
cggcagct og
gaagcgcegt g
acgct ggacg
ccgct cggeg
gacct ct ggg
cggat cgaca
gacct cgcco
cgcat gaccg
caacagacgc
at cgccagog
gaact gcatc

gcccgcaacc gctgaacccg 840 2 gocagcotga gcctgecctc ggtgcectcccg gcggaactge

t 0ggocgc agsecgetgaeat tzed0fceqytdzgecgegen gutagtvgggreraggcyf cg cgeccgcaaca
t cgact cggc gaagaccgag 960 ttctatccca acctcaatct cggcgcgatg gcoggcct og

ccgccct grasstaewagegatsed 0@t teegegivtaferagryansestighgasepeesct ct¥8cag gt ggcgecgg
cgatctccct gccgatctto 1080 gacggtggoc gccgccgcge caacctggcc gaacgcgacg
ccgact acgasiewEggTatreesad siQaactigrnerieaeia leseiaenia ceasEagRGt cc%ggcc ct cggcgagg
t cagcgacga cctcggcaag 1200 ttgcgctccc tggagcagca ggtgat cgac cagcgccagg
cccgogat dttogé‘@é@aﬁg’tcé@gﬁE%HEGQ%@F%%%ECTQG%E@&F%@@P@Qc5038ggc gaaggcgt cg
gcagct acot cgacgccctc 1320 a%c t gcaac agcaact gct ggtcgccgaa cgccagot gg
ccagcct gFaBeEREecEgEatFca 3Egatosy égHtcﬁgttfct ag@?ﬁ’éf"é%éé‘ﬁﬁtgéﬁjt c&bgcc ctgggeggeg
gtttccaacc Q&attcccgc 1440 tccgctgcgc t cgct accgc gaaagogccg gcagaatga 1479
<210> 2 <£pogqtitopqapgocgattc cegotecect gogotépeta copgogaasage gecggeagaa 14

tga 1143

210> 3

Q11> 492

<212> PRT

<213> Pseudomonas aeruginosa

<400> 3

Met Pro Phe Pro Leu Leu His Pro Trp Pro GIn Arg Leu Ala Leu Ala
1 5 10 15

Ser Ala lie Leu Lou Ala Ala Gly Cys Val Thr Ser Glu Giy Leu Glu
20 25 30

Pro Asn Ala Arg Leu Gln Pro Ala Glv Ala Leu GIn Ala Gly Arg Ser
35 40 45

Leu Asp Giy Val Ala Leu Ser Pro Ala Ala Trp Pro Arg Gln Asp Trp
50 55 60

Trp Thr Gly Leu Gly Asp Arg Gln Leu Asp GIn Leu lle Gly Glu Ala
65 70 75 80



<212> DNA <213> Pseudononas aer ugi nosa

oggcat cogc

gogcogacca

gcgt ggcccc

ggcaocgct o

<400> 2 gacgccaagg coagctacto

60 ggoggtogot attcggcgat

caagt acot g tcgotcgget toaactacga cttcgaccto 120 tggggcggog agcgcgoogo
ct gggaagoc gccctcggco aggccaat gc cgccgacatc 180 gacagccagg ccgcgcgcat
cggcctctcg gcgagcat cg cccgecgecta caccgacatc 240 gcccacgect ttaccgtgceg
cgat ct ogcc gaggaagaac tgaagcgctc gcagcgcatg 300 accgagctga gccagaagcg
cat gagcgoc ggact cgaca gcaaggt ccasgct gcaacag 360 aogcagaccc agct ggctac
cgcccgcoag cagct caacg ccgccgagca ggacatcgecc 420 agcgcccgca tcgccot cgo
cgtgct gct g ggcaaggggc ccgatcgcgg tctcgaactg 480 cagcgcccgc aaccgct gaa
cccggeccage ctgagoctgc cctcggtget cccggcggaa 540 3 ot gct oggcc gccgcgecga

cat cgt t gacu @GgcigcCthggee gpdiecGagge HJaaycygacye A6DB¢ Eacat cgact
cgagttctat cocaacct@a atctcggcgc 9at ggccggc 660 ctcgccgocc
ogacgtgttg caggcgcgca gccgcttctt ccaggtggcg 720 ceggegat ct
cttcgacggt ggccgccgec gcgccaacct ggccgaacgc 780 gacgccgact
cgt cggccaga thc hiacthagd Gigpctlggicéa ggdtcciregyo P8ADh Igaggt cagcg
caagttgcgc tccctggagc agcaggt gétt cgaccagcge 190 caggcccgceg at at cgccag

gt ccaacttc gacctggcca tgcgtcgcta cggcgaaggc 960 gtcggcagct acctcgacgc

cct cagcgt g caacagcaac tgctggtcgc cgaacgccag 1020 ctggccagec tggagagcca
gcagat cgaltsp ata byeoge Ser Agclegdictla Aygdértrggiye Se080 Aiggcggtttcc aacccgattc
ccgctccget gegétbcget a ccgecgddhge geccggcagdh 1140 tga 1143 <210> 3 <211>
492 <212> PRT <213> Pseudononas aerugi nosa <400> 3 Met Pro Phe Pro Lou
Lou Hs Pro Trp Pro G n Arg Lou Ala Lou Ala 1 5 10 15 Ser Ala Ile Lou Lou
Ala Al a GryAlyRoVat &ThilvSee Td ferdly Holysdvn Le0S95e80 Pro Asn Ala Arg Lou
An Pro Alal@y Ala Lou d% Ala Gy Ar{flSer 35 40 45

cggcgaagac
t gcacaccag
ccct gccgat
acgacct ggc
acgacct cgg

Gly Phe Asn Tyr Asp Phe Asp Leu Trp Gly Gly Glu Arg Ala Afa Trp
145 150 156 160

Glu Ala Ala Leu Gly Gin Ala Asn Ala Ala Arg 1ls Asp Ser Gin Ala
165 170 175

Ala Arg e Gly Leu Ser Ala Ser 1le Ala Arg Afa Tyr Ser Asp Leu
180 185 190

Ala His Ala Phe Thr Vai Arg Asp Leu Ala Glu Glu Giu Leu Lys Arg
195 200 205

Ser Gln Arg Met Thr Gfu Leu Ser Gin Lys Arg Met Ser Ala Gly Leu
210 215 220

Asp Ser Lys Val GIn Leu Gln GIn Thr Gin Thr GIn Leu Afa Thr Ala
225 230 235 240

Arg GIn Gln Leu Ser Ala Ala Glu GIn Asp lie Ala Ser Ala Arg Ile
245 250 255

Ala Leu Ala Val Leu Leu Glv Lys Gly Pro Asp Arg Gly Leu Glu Leu
260 265 270



Lau Asp Gy Val Ala Lou Ser Pro Ala Ala Trp Pro Arg Gn Asp Trp 50 55 60
Trp Thr Ay Lou Gy Asp Arg G n Lou Asp Gn Lou Ile dy Qu Ala 65 70 75
80 4 Lou Gn Ay Thr Pro Asp Leu An lie Ala Gu Ala Arg Ala Arg Gn 85 90
95 Ala Ala Ala Thr Ala Gn Ala Gn Asp Ala Ala Arg Gn Pro Thr Lou 100
105 110 Asp Ala Lys Ala Ser Tyr Ser Gy Ile Arg Ala Pro Thr Ser Val Al a
115 120 125 Pro Ala Pro Lou Ay Ay Arg Tyr Ser Ala Ile Lys Tyr Leu Ser
Leu 130 135 140 Gy Phe Asn TyrgAsp Phe Asp Lou Trp Ay Ay Gu Arg Ala
Ala Trp 145 150 155 160 du Ala Ala Leu Gy Gn Ala Asn Ala Ala Arg |lle
Asp Ser G n Ala 165 170 175 Ala Arg lie Ay Leu Ser Ala Ser Ile Ala Arg
Ala Tyr Ser Asp Leu 180 185 190 Ala His Ala Phe Thr Val Arg Asp Leu Al a
A u Gu Qi akerroleis PA Gu ARPr20Q RPbeu SLrLeMEPR SravaMet Thr A u Lou Ser G n
Lys Arg Met SeyisAla Ay Leuz&l0 215 220 Asp Ser Lys Val Gn Lou Gn Gn
Thr Gn Thr Gn Lau Ala Thr Ala 225 230 235 240 Arg Gn Gn Lou Ser Ala
Ala GQu Gn Asp lie Ala Ser Ala Arg Ile 245 250 255 Ala Leu Ala Val Leu
Leu Ay LyspPd yaPnoLASpuAg AL Melien ASd UelVau Al26@ 265 270 5 Gn Arg Pro Gn
Pro Leu Asn2fro Ala Ser Lliasi Ser Lau PrgpoSer Val 275 280 285 Leu Pro Al a
Gu Lou Lou Ay Arg Arg Ala Asp Ile val Ala Ala Arg 290 295 300 Trp Arg
Val Qu Ala Ala Arg Arg Asn Ile Asp Ser Ala Lys Thr GQu

Trp Arg Val Glu Ala Ala Arg Arg Asn 1le Asp Ser Ala Lys Thr Glu

305 310 315 320

Phe Tyr Pro Asn Leu Asn Leu Gly Ala Met Ala Gly Leu Ala Ala Leu
325 330 335

His Thr Ser Asp Val Leu Gin Ala Pro Ser Arg Phe Phe GIn Val Ala
340 345 350

Pro Ala |le Ser Leu Pro |le Phe Asp Gly Gly Arg Arg Arg Afa Asn
355 360 365

Leu Ala Glu Arg Asp Ala Asp Tyr Asp Leu Ala Val Gly GIn Tyr Asn
370 375 380

bys Thr Leu Val Gln Ala Leu Gly Glu Val Ser Asp Asp Leu Gly Lys
385 340 395 400

Leu Arg Ser Leu Glu GIn Gin Val lle Asp GIn Arg GIn Ala Arg Asp
405 410 415

Ite Ala Arg Ser Asn Phe Asp Leu Ala Met Arg Arg Tyr Gly Glu Gly
420 425 430

Val Gly Ser Tyr Leu Asp Ala Leu Ser Val Glh Gln Gln Leu Leu Val
435 440 445

Ata Glu Arg Gin Leu Ala Ser Leu Glu Ser &In Gin lle Asp leu Ser
450 455 460



305
Al a
Gn
Arg
Val
Ser
Ile
Lou
Al a
Al a
Gn
Al a
PRT
I'le
Ser
Trp

310
Lou
Val
Arg
ady
Asp
Asp
Al a
Lou
Ser
Al a
Leu

315
325
Al a
Al a
Gn
Asp
Gn
Met
Ser
Lou
L
Alsa

320 Phe Tyr Pro Asn Leu Asn Lou Gy Ala Mt Ala Gy Leu Ala
330 335 His Thr Ser Asp Val Lou Gn Ala Pro Ser Arg Phe Phe
340 345 350 Pro Ala Ile Ser Lou Pro Ile Phe Asp Ay Ay Arg
Asn 355 360 365 Lou Ala Gu Arg Asp Ala Asp Tyr Asp Lou Al a
Tyr Asn 370 375 380 Lys Thr Lou Val Gn Ala Lou Gy Ju Val
Lou Ay Lys 385 390 395 400 Lou Arg Ser Lou u Gn Gn Val
Arg Gn Ala Arg Asp 405 410 415 Ile Ala Arg Ser Asn Phe Asp
Arg Arg Tyr Ay Gu Ay 420 425 430 Val Ay Ser Tyr Lou Asp
Val Gn Gn Gn Lou Lou Val 435 440 445 Ala Ju Arg Gn Lou
GQu Ser Gn Gn Ile Asp Lou Ser 450 455 460 6 Val G n Lau Val
6@ YeuQ@ay GG ¥laRhe GG AlyRElp PASPInSED Aby Ger AB5 470 475 480 Ser Al a
Thr Ala Lys70Ala Pro Ala4@ u 485 490 48210> 4 <211> 380 <212>

<213> Pseudononas aerugi nosa <400> 4 Asp Ala Lys Ala Ser Tyr Ser Gy
Arg Ala Pro Thr Ser Val Ala 1 5 10 15 Pro Ala Pro Lou Ay Ay Arg Tyr
Al a |3ee Aly giaThen AlothrSer LkodlaZBo2%2 8 Gy Phe Asn Tyr Asp Phe Asp Lou

Ay

Ay Qu Arg4¥a Ala Trp 45 40 45

210> 4

211> 380

212> - PRT

(213> Pseudomonas aeruginosa

<400> 4
Asp Ala Lys Ala Ser Tyr Ser Gly |le Arg Ala Pro Thr Ser Val Ala
1 5 10 15

Pro Ala Pro Leu Gly Gly Arg Tyr Ser Ala lle Lys Tyr Leu Ser Leu
20 25 30

Gly Phe Asn Tyr Asp Phe Asp Leu Trp Gly Giy Giu Arg Ala Ala Trp
35 40 45

Giu Ala Ala Leu Gly GIn Ala Asn Ala Ala Arg lle Asp Ser GIn Ala
50 55 60

Aa Arg lle Giy Leu Ser Ala Ser {le Ala Arg Ala Tyr Ser Asp Leu
65 70 75 80

Ala His Ala Phe Thr Val Arg Asp Leu Ala Glu Glu Glu Leu Lys Arg
85 90 85

Ser GlIn Arg Met Thr Glu Leu Ser Gin Lys Arg Met Ser Ala Gly Leu
100 105 110

Asp Ser Lys Val Gin Leu Gln Gln Thr GIn Thr GIn Leu Ala Thr Ala
115 120 125



Al a
80
95
105
115
Ile

Lou
I'le
Asp
Met

Pro
I'le

Gn
Lou
Arg

Al a
Arg

Ser
110
120
130
Lou
Pro
Val
Ser
Al a
Ser
Phe
Asp
Al a
du
Ser

Ala Lou Ay Gn Ala Asn Ala Ala Arg Ile Asp Ser Gn Ala 50 55 60
Ile Ay Lou Ser Ala Ser Ile Ala Arg Ala Tyr Ser Asp Lou 65 70 75
Hs Ala Phe Thr Val Arg Asp Lou Ala Gu Qu GQu Lou Lys Arg 85 90
Gn Arg Met Thr Qu Lou Ser Gn Lys Arg Met Ser Ala Gy Lou 100
Asp Ser Lys Val Gn Lou Gn Gn Thr Gn Thr Gn Lou Ala Thr Al a
125 7 Arg Gn Gn Lou Ser Ala Ala QQu Gn Asp Ile Ala Ser Ala Arg
135 140 Ala Lou Ala Val7Lou Lou Ay Lys Gy Pro Asp Arg Ay Lou
145 150 155 160 Gn Arg Pro Gn Pro Lou Asn Pro Ala Ser Lou Ser
Ser Val 165 170 175 Lou Pro Ala Gu Lou Lou Ay Arg Arg Ala Asp
Ara Gl @nAegSer1/86 A185!u180 ASr pleAklg SfahlaGlra I a Ala Arg Arg Asn lle
Al at®ys Thr Gu 1185 200 205 ®he Tyr Pro Asn Lou Asn Lou Gy Al a
Ay Lou Ala Ala Lou 210 215 220 His Thr Ser Asp Val Lou Gn A a
Arg Phe Phe Gn Val Ala 225 230 235 240 Pro Ala Ile Ser Lou Pro
AspLa@ Ala Ghly Larigu Al ygLyar §y RraAskshre Z45L@50u285 Lou Ala Gu Arg Asp
TYr Asp Lou Al®OVal Ay G n'dyr Asn 2601865 270 Lys Thr Lou Val
Lou Gy GQu Val Ser Asp Asp Lou Ay Lys 275 280 285 Lou Arg Ser
Gn Gn Val Ile Asp Gn Arg Gn Ala Arg Asp 290 295 300 Ile Ala
MihA@hDéOﬁé'pTg%d@U Aﬁrane%!aAPEng%grtw Prg %C@E Gy 305 310 315 320

Leu Pro Ala Glu Leu Leu Gly Arg Arg Ala Asp Ile Val Ala Ala Arg
180 185 190

Trp Arg Val Glu Ala Ala Arg Arg Asn 1le Asp Ser Ala Lys Thr Glu
195 200 205

Phe Tyr Pro Asn Leu Asn Leu Gly Ala Met Ala Gly Lsu Ala Ala Leu
210 215 220

His Thr Ser Asp Val Leu Gin Afa Pro Ser Arg Phe Phe Gln Val Ala
225 230 235 240

Pro Ala e Ser Leu Pro |le Phe Asp Gly Gly Arg Arg Arg Ala Ash
245 250 255

{eu Ala Glu Arg Asp Ala Asp Tyr Asp Leu Ala Val Gly GIn Tyr Asn
260 265 270

Lys Thr Leu Val GIn Ala Leu Gly Glu Val Ser Asp Asp Leu Gly Lys
275 280 285

Leu Arg Ser Leu Glu Gin Gin Val Ile Asp GIn Arg Gln Ala Arg Asp
290 285 300

Ile Afa Arg Ser Asn Phe Asp Leu Ala Met Arg Arg Tyr Gly Glu Gly
305 310 315 320



8 Val Gy Ser Tyr Lou Asp Ala Lou Ser Val Gn Gn Gn Lou Lou Val 325 330
335 Ala Qu Arg Gn Lou Ala Ser Lou Qu Ser Gn Gn |Ile Asp Lou Ser 340
345 350 Val G n Lou Val Gn Ala Lou Ay Gy Gy Phe Gn Pro Asp Ser Arg
355 360 365 Ser Ala Ala Lou Ala Thr Ala Lys Ala Pro Ala G u 370 375 380
<210> 5 <211> 16 <212> PRT <213> Pseudononas aerugi nosa <400> 5 dy lle
Arg Ala Pro Thr Ser vVal Ala Pro Ala Pro Lou Ay Ay Arg 1 5 10 15 <210> 6
<211> 13 <212> PRT <213> Pseudogmonas aerugi nosa <400> 6 Ala Lou Hs Thr
Ser Asp Val Lou Gn Ala Pro Ser Arg 1 5 10 <210> 7 <211> 25 <212> DNA
<213> Artificial Sequence <220> <223> a priner for PCR anplification
<400> 7 Yl Goagedygye: sgadt tgcsy Vacgot GBS In<a10x 8l <211> 25 <212> DNA

325 330 33b

Ala Glu Arg GIn Leu Ala Ser Leu Giu Ser GIn GIr Ile Asp Leu Ser
340 345 350

Val Gin Leu Val Glin Ala Leu Gly Gly Gly Phe Gin Pro Asp Ser Arg
355 360 365

Ser Ala Ata Leu Afa Thr Ala Lys Ala Pro Ala Glu
370 375 380

Q210> 5

211> 16

212> PR

<213> Pseudomonas aeruginosa

<400> 5

Gly fle Arg Ala Pro Thr Ser Val Ala Pro Ala Pro Leu Gly Gly Arg
1 5 10 15

210> 6

211> 13

<212> PRY

<213> Pseudomonas asruginosa

<400> 6

Ala Leu His Thr Ser Asp Val lLeu GIn Ala Pro Ser Arg
1 5 10

210> 7

211> 25

<212> DNA

213> Artificial Sequence

<220>
223> a primer for PCR amplification

400> 7



<213> Artificial Sequence <220> <223> a priner for PCR anplification
<400> 8 caaccagcgc ttgcgcttcg ggttg 25 <210> 9 <211> 20 <212> DNA <213>
Artificial Sequence <220> <223> a priner for sequencing <400> 9
cgcatgaccg agctgagcca 20 <210> 10 <211> 20 <212> DNA <213> Artificial
Sequence <220> <223> a priner for sequencing <400> 10 cgatctccct
gccgatcttc 20 <210> 11 <211> 20 <212> DNA <213> Artificial Sequence
<220> <223> a prinmer for sequencong <400> 11 10 cggcagctcg accaactgat 20
<210> 12 <211> 20 <212> DNA <213> Artificial Sequence <220>

tgagcacgga agaattgcag acget 25

<210> 8

Q2> 25

<212> DNA

213> Artificial Sequence

Q200
€223> a primer for PCR amplification

<400> 8
caaccagege ttgegeiteg getig 25

210> 9

211> 20

<212> DNA

<213> Artificial Sequence

<220>
223> a primer for segquencing

<400> 9
cgeatgacce agotgageea 20

210> 10

<211> 20

212> DNA

<213> Artificial Sequence

{2205
<223> a primer for sequencing

<400> 10
cgateteoct gecgatetic 20

<210> 11

211> 20

<212> DNA

213> Artificial Segquence

220>
£223> a primer for sequsncing

<400> 11



<223> a prinmer for sequencing <400> 12 ttgaagccga gcgacaggta 20 <210> 13
<211> 27 <212> DNA <213> Artificial Sequence <220> <223> a priner for
gene cloning <400> 13 ccgctcgagg acgccaaggc cagctac 27 <210> 14 <211> 27
<212> DNA <213> Artificial Sequence <220> <223> a primer for gene cloning
<400> 14 cgcggatcct cattctgccg gcgettt 27 <210> 15 <211> 17 <212> PRT
<213> Artificial Sequence <220> <223> nodified peptide (acetylation and
am dation) <220> 11 <221> MOD RES <222> (1).. (1) <223> AGETYLATION
<220> <221> MOD RES <222> (17).. (17) <223> AM DATI ON <400> 15

cggeagotog accaactpat 20

Q210 12
201> 20
<{212> DNA
<213> Artificial Sequence

<2205
223> a primer for sedquencing

<400> 12
ttgaagcega gogacageta 20

210> 13

Q11> 27

<212> DNA

<213> Artificial Sequence

{2200
£223> a primer for gene cloning

<400> 13
ccgotogage acgecaagge cagetac 27

Q10 14

Q1> 27

<212> DNA

213> Artificial Sequence

2207
223> a primer for gene cloning

400> 14
cgeggateot cattetgooe gogottit 21

210> 15
Q211> 17
<212> PRT
213> Artificial Sequence

{2205
£223> modified peptide (acetylation and amidation}

<2205



Cys Ay Ile Arg Ala Pro Thr Ser Val Ala Pro Ala Pro Leu Ay Ay 1 5 10 15
Arg <210> 16 <211> 14 <212> PRT <213> Artificial Sequence <220> <223>
nodi fied peptide (acetylation and am dation) <220> <221> MOD _RES <222>
(1).. (1) <223> ACETYLATION <220> <221> MOD RES <222> (14).. (14) <223>
AM DATI ON <400> 16 Cys Ala Leu H's Thr Ser Asp Val Leu Gn Ala Pro Ser Arg
15 10 <210> 17 12 <211> 19 <212> PRT <213> Artificial Sequence <220>
<223> nodi fied peptide (am dation) <220> <221> MOD RES <222> (19).. (19)
<223> AM DATION <400> 17 Ser u Lys Qu Arg Gn Ala Leu H's Thr Ser Asp
Val Lau @n>AM@ REE 5 10 15 Pro Ser Arg

Q2> (.. (1}

<223> ACETYLATION

<2205

<221> MOD_RES
Q22> aD..dun
<223> AMIDATION

<400> 15

Cys Gly 1le Arg Ala Pro Thr Ser Val Ala Pro Ala Pro Leu Giy Gly
i 5 10 15

Arg

210> 16
Q11> 14
212> PRY
213> Artificial Seguence

220>
223> wmodified peptide (acetylation and amidation)

220>

<221> MOD_RES
Q2> (H.. (M)
<223> ACETYLATION

220>

<221> WOD_RES
222> (4)..(4)
<223> AMIDATION

<400> 186

Cys Ala Leu His Thr Ser Asp Val Leu Gin Ala Pro Ser Arg
1 5 10

210> 17



12

<ty 19
<212> PRT
213> Artificial Seguence

<220
223> modified peptide {amidation)

220>
<221> MOD_RES

€222>  (193..(19)
<223> AMIDATION

<400> 17

Ser Glu Lys Glu Arg Gln Ala Leu His Thr Ser Asp Vai Leu GIn Ata
1 5 10 15

Pro Ser Arg



