1 SPECI FI CATI ON PSEUDOMONAS AERUG NOSA OUTER MEMBRANE PROTEI N PA 5158 5
Techni cal Field [0001] The present invention relates to a protein
antigen or a peptide antigen derived frofm a Pseudononas aerugi nosa outer 10
menbrane protein PA5158, and an anti body agai nst the antigen. The present
invention also relates to a vaccine conposition conprising the antigen. The
present invention further rel ates $BEGIbHaAMEE8Lti cal conposition, a

di agnostic agent for a Pseudononas aerugi nosa infection, a kit for
detecting 15 Pseudononas aerugi nosa, and an agent for enhancin

anti - Pseudomnﬁé@ﬂwwésagERHGiNﬁsé@Hﬂi%%M EMEHRAN Ea'ﬁRFgri%W c,
conprising the anti body. Background AptA@ﬁQOOOZ] Pseudonobnas

aer ugi nosa, which is a gramnegative bacillTus universally distributed in
natural &nvironnents such as soil and water, causes serious | ethal

i nfections rgsi . herapy. Its nmain targets are conprom sed patients
wth 25 atteﬁ%%'féﬁo%glc%ef ense functions generally called conprom sed

hosts i ncl udi®@byir ned, organ-transpl anted, and cancer patients.
Pseudononas aer ugi a.l i t] cierl ‘Rospi

i nfections. Furt he—rﬁ'gr Blf‘ésr:%'ﬂgeiinn@feg@ﬁ@nté/%ggge%&b%/UI?%| g'ﬁaéﬁg unm %rr ea

| et hal to cypeptidid landsgenpderimes from antAsewtaDioad 3@ eiyannosavouger
anti - Pseuydonpn o] agt in\vi I WL v eadm. i

pat i ent 40wl aniaapec R R P St el Bhe pl PR UAREE LS alFRRn, .,
due to the dfhg mpesisendnéevehntieseuaisnoradates ulp nesxacainer aampesigion
vacci nes or anti i e ai eu i : 5

St udi ed for COMBHEE SR S e OB o Pt VBRI, BB oS e
of the bact etd um hath suateatiialadsempagéitiohat a 2disgrneskict pgahtofforadi nes
or anti bodi eg_nust repar din fhe dipfferent r .
Pseudonbnas é&?ﬂépﬁg@ags[ Ogﬁgggﬁﬁg‘gucﬁﬂg@éﬁ'{’ﬂat i %n, Qﬁﬁe E)oﬁ':vg] t%ﬁ'(gé
treat nents of PeeBgendonasas aeeuggnossa i ahdct iaon udgepgtpabsi vesithaoging or
active immunity. wth Pseudo e i AL ot.el avi : am no
acid sequenc@nﬁiﬁ#ﬁsuﬁ@ﬂag%%ng‘ggé@%gﬁsgegﬁ’r@( ng)?ha%sﬂ]b\égﬁﬁe Ig@te . For
exanpl e, a l@ntiddotilg, rmrhppisnhgi the ankbaedyporti ons of outer nenbrane
proteins OQorF and Oprl have been fused with each other (Japanese Patent

Lai d- Open Publication No. 245699/ 1996), and a type IV pilin protein
(W2004/ 0992Baxkigrveangesmt known as applications of such a Pseudononas

aerugin p LR to 15 vaccines. [0004] Moreover,
anant i -%ﬁelbﬁbﬁ?aanti body (W2004/099250), an anti-PA1706 (or PcrV)
anti body (U. S. Patepbubosnof38opdramihc33 7985 chand téheglrake Imgatieen 20
reported fory anhi body etes il AHARH B TRCHIBIPIRE ndfFSIHARE BlghehE:
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




[ 0005] However, a bacterial protein comonly possessed anong
clinical isolates of Pseudononas aerugi nosa, which exhibit 25 diverse
serotypes, can be applied as a "conmon antigen"” to the prevention,

di agnosis, or treatnent of a Pseudonpnas?aerugi nosa i nfection and as such,
has al ways been demanded. [0006] It has been reported that a PA5158 (al so

known as 30 (GHiihs PLOBELN ANCPEEInRY S ahefhddjesORfiBstae breplreut er
menbrane protein that constitutes efflux punps directly involved in

resi st ance tdependiog ycesi dehant idifferens (serebvresbi af Afsavgognanas
Chenot herap%e,%%()ﬁosél 1101-1111). However, it has been conpl etely unknown
that the protein i s°35 used as a vacci ne conponent, and that an anti body
against the[P0fiEIn is used as a therapeutic or diagnostic agent for a 3

Pseudomgas aer ugiyaosa, dnfeclicg MY, AleVdifibhVeRt kAR opThe
present Ynventors have attenpted to'identity a novel “and useful "conmon
anti gen" fr dincRshoriarasaevrgigiosas dnbackonneishngn@assbrei wemunityr orari ous

ncodi ng & PASNES LB RNt d KEs TPt PRI BriEef £i5ipd, 9"
AU SRUNI gl Ul o Pl Al ik il
}nveﬁtors hé-{ﬁe”ﬁgdaﬁg bysﬁgﬁﬂggﬁg?%sibge%ﬁx%%tﬂﬁ)ddal ifg%ﬁ/ateg(sarﬂﬁg’ 3
Pseudpmag\s/er@fom;gh?met pgbtéinputmt wm;:hxtp@scté?thﬂl af rca?ian;srrtﬁ?tbmnEA5158
(F:)(r)gtsglr\r/]ed (@J’ f%szﬁpr%rghgr?@)gf B%&%pgggééht q?’r#gt‘&!@ hg\gghco ' red

t hat me)linngmi(ssgtagayee;fﬂa{tgf]bgyaidbgmemd’tﬂylitaﬁnni Hat. i 24563 1?363?128&”8 o
2 Pecudomonds 8 ety ab BT nc s Bhar DRSO Ly g T b ey

t he anti bodyagplicstibast hef RABARS zpr Bseudoprzaapl exerligidosandpd@®einartd t hat
t he ant'gody exhi bits an effect of enhancing anti-Pseudononas aerugi nosa

activi ty2of #H-QRFFogl ycosi de antibiotic (Exanpl e 14). The present
invention i fOe#f on 25these findings. [0008] An obj ect of the

resent invention s to provide _a protei tigen,,0r a tide i used
gs a vaccine conpd\épf‘?gﬂg{?mi chaﬁaspaﬁmgb"irﬁyl{a)%y ?oqgubstgﬁf'ﬁ)al I fﬁﬂ@x’?@ﬁ? or
g_reat a 30 F(WFD}EQM/F@QQQIS@Qi,nag\a amfiePALIDENEo caPcr\és panti bioal v fd1(aU.S.
Iversity of. clini I eriye at e t e as

aer ugi noga iprﬂt(?é{‘:i ms'oﬁﬁéggavia&@/aﬁsgmdyagggm 'pﬁg E%Yfggg)%% 0009]
35Accor 3ong repdrtedpr feent aintitendyon drulger e tasgeting ded awsantdaewnas
conposition conprising a protein antigen or a peptide 4 antigen which can
i nduce the p?‘“&fgf@(’l%ﬁ BfO'driMant i body agai nst a Pseudonpnas aer ugi nosa

PA5158 pr ot gigu0$P010] According to the present invention, there
is provided a 5 protein selected f

rqmthe .grou conﬁistin of éherei naft er
referred to as a "PPHIIS & FhP BretRipte ”I‘ﬁv%?lﬁsl%?ﬁfﬁ. among,
protein conptlisical 66l aaeknofcPdeselvrbnasof adhyirnas¥) whicki igxhibpt ot ein
whi ch coppri ses an am r{:o aci d seqbuence of ,SEQ_ . . "
ng iverse serotypes, can be applied as‘a “common antigen” to the
prevention, diagnosis, or treatment 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



10 ID NGO 4 in which one or nore amno acids are del eted, substituted,
inserted, or added, and which is functionally equivalent to a protein
consisting of the am no acid sequence of SEQ ID NO 4; (iii) a protein
which is encoded by a pol ynucl eotide which 15 hybridizes under stringent
conditions to a pol ynucl eoti de which encodes the am no acid sequence of SEQ
| D NO 4, anf8s@udompgasawtigngshyird@qtiodl.ent to a protein consisting of
the ami no acid sequence of SEQID NO 4; and (iv) a protein which
conprises an ami no aci d sequence having 20 70% or nore identity with the
ami no aci d sBgmenurybf $6O Inveddiosm, and which is functionally equival ent
to a protein[§ﬁ6§isting of the am no acid sequence of SEQ ID NGO 4. [0011]
According to gresent invention, there is provided a 25 peptide

conpri siig the am Mheapresaryieneatofs SEYa BINOM edoto aideantifiyo aanodel

sequence of I 9 ' C L.NS #O 0 e 1NRY
substitutiongﬁgLéE%#ﬁlft%@ﬁvﬁggr%gyﬁbgﬁas?§“%pé%%¥§égéyﬁgﬂfi%éﬁﬂéﬁﬁ%ﬁinent
accordi ng tootsber pmmbtrah&vqmoitetﬁs).. Atef 00a2io vk cstudiiag, tthe hprme&sbnt
i nvention, ptii.de B.SL N ' uence
of 'S£0 1D NP REEntgishy REED CraluRE” s GERBGH TGNl BRaRr h HEHE e
one to severahcodm@raaPA\b‘e%Jt(aiimukhomm (der®pmGeproedier présentamn 35 a
"peptid e t0
(her et naff er e E0FEL, TR BT 5 FRel diithdi adr &iBsa, Iy g iomiy
present i nveekpoesae\d nelyamudpss dFf the tresemumndreabsencensf heenadi sgrd o t he
oS g cEHEPES 5 PHGRRBSE, e bl iR AL ES A Rt T PP
present | nvegtdan@nanaﬂyes:e mﬁ mocurdedl mmtbsg@ﬁPﬁemmnbm aenpgrrmsw thﬁ
protein accoydi to,t ent nvent i on t ording to the
P esent | nveriabi prisp BN PREA eI Pot g s e Hi AR E A ERHE HS gen
_10d00rm<1? ti nodcw@met&!mi@ aarmhtcel ga@tltl gﬂntavtrog pagﬂl darent cgmph@tetsh can
i nduce the productio an_a ody inst a_ Pseudononas eru sa
PAS18 prot SEANEFEVEd: KExaroaly 7Er 2 S mlra i d Srlod et
accordi ng t ohtke mmﬂ“enheidwt&mh fojn) aniﬁse[r@ﬁﬂﬁ]or antlboéls]camhmget:lo ti;heh
present |nvent|on ere i 'S..provi cCclLne Cconmpo tIO .Qr us t he
prevention ol {PHBIZAREN ofW Eﬁ?%egseigﬂ§g§£ 5‘?5‘3”‘\?@‘?‘%%&%‘6 Has® ﬁgmlg? nosa,
conpri sing tbet@ntlgﬁﬁtmmn@setfecn aga@mgh ngféotubhs pm%emsemd@mom and
andlor 28 udRCgiTerABnreLted RERY, iics’ (BRERBPRRe 2 12bntngh, tier e
I2 ; provi fled a{\tﬂjﬁdmﬁmd@ge?rme @A%msl ?aﬁm &?hPAsngSamtdr eBgjn or
a portion er or a 1tuU na [ a n er ecelnayter
referred to QEQ %Hﬁﬁtlﬂﬂﬁy WB@Pa.nge%& ﬁﬁg pPBse flo%n%anFUUQG]
Acglordlt Eg ththP@@eﬁmﬁoEg\seg%e 6:7rt2dw ealcswp vme(hm lahbrn o@ed)ﬁl ted
under e acce cordi o the
resent | nveRDLBHOBAEXATBPIE obtded ThendRREAlk (BYENEGThAS! BASRd i1 e
in the anveﬂﬁe§@|@mdnﬁﬁatnent of dlseases associ ated wi th Pseudonobnas

aer ugi nosa, fﬁg@ sing the antibody of the first enbodi ment according to 35
t he present i on, and optionally one or nore pharmaceutically

acceptabl e carrier Anaﬁﬁj@dit &fl trentpFesent 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



6 [0018] According to the present invention, there is provided a

di agnostic agent for a Pseudonobnas aerugi nosa infection, conprising any of
the anti bodies of the first to third 5 epbodi nents according to the present
i nvention. [0019] According to t hig present invention, there is
provided a kit for detecting Pseudononas aerugi nosa, conprising any of the

ant i bodi es Ca‘nttigfnf h3tht@arh Nhudi bR FROY casrobfidny érﬁiﬁ@QY@gﬂfr?ﬁent

i nvention. [002 According to the gresent invention, there is
provi ded a pofERUARBPNES: derMamasdy Pl >SS mef§bfonas aer ugi nosa activity
of an am nog[lggpﬂ}?' de antibiotic, conprising any of the 15 anti bodies of the
first to third enpbodi ments according to the present invention. [0021]
The present inventAWPsiogi desthe vatesent dovgadianotherg B Riopieedar

ant | bodysor dFRiclanabialt ERSY G clyBRP 8BndReiRy | idr (ereiharantially
prevent or treat a Pseudonpbnas aeruginosa infection and further respond to
t he diversithefefrad itniasla 'sodtrinsaderidiag ¢ dhephresent inventianBseudononas
aer ugi nosa im{ ect,l T i j I i tic
agent for a(I‘SL%uhg%lgsegmg@%hﬁgﬂ%ﬁ%g@ﬁ%ﬁfﬁ%r@%\(@%?g)ég%gg]gbg&ggt for
a Pseudononak; aerugi nosa infection. [0022] Furthernore, the antibody

dina toth b : . . . :
the Pasigs g0 g RrEPERLMER chBiplise® ah s dciarschlienle) Y SER %9
present10n Afeul@wnds inevdgichosenel wraddoreommino i aceds i ate eded@tadt hese

regions are i y hj conser Lue g | N§. I f
ser ot ypes et@gﬂiﬂ#éﬁéac'm%}#ddi \r(;%r s%aéllslﬁhi (a:éz}?d]i s‘@lt'g es.§S Tﬁgﬁéﬁg?‘e%?l\fhe
anti body acanudivadend tcha pratsintcomsishin®ofi thearpneddd seqeeachiefh 35
t herapeutic %éeﬂf) I%&,aﬁ,{Pseudormnas aerugi nosa infection. 7 Brief
Description the aw hg [0023] Figure 1 shows a pET15b plasm d

( pET- PA5158-(1)i) & Datodieied vOeicdy iist iemcaded hdy nyemolygnucbostigie[ mabicts

e vents ovu R e LA WA nTR I8 PaPRS O\,
protein and ermeodes|tbe adeirequithseqferceafyBhitl é0tNde ¢pesdl nhidheis
Phobe) " o ¢ (UERSIARESy uERIR S, o o PR Gahudiho oy FRe PR htb
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.
f0o11]
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



15 three-di nensional structure information about a Pseudonobnas aerugi nosa
PA0427 (OprM protein (I Biol. Chem, 2004, 279, 52816-52819) highly

honol ogous to the PA5158 protein, three-di nensional 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
nucl eot i de segt@nbagoftmudieopirdeens3nventioro andi14he meptoe defs e an

ol 1 “sur f atecBodriBaSmlelft CyCCFRNRE BEURE: BrisedE S e REo ) S5
[ 0026] ocadgionally s festbvalypostarrpdr to oms OfpaptedefS) 38 qurdirgntd s a
protein sel eﬁ"i@i)rfersg tigg t%,ac_onsi sting of: (i) a protein conprising the

am no aci d sequence o 4; 30 (ii) a protein which conprises an
am no acisd sguigdde of SEQID NO 4 in which one or nore anmno acids are

del et ed, substitut ' d r ed, . ich.j cLional |

equi valent to a pr’gegﬁ)h&iﬁégsw%gpﬁjﬁ'ﬁe'ﬁ'gﬂm%l Eﬁéﬁéﬂgnéég%ﬁ%ééq D NO
4; d35(i i) aaptiges (rjt;tyv!nipaisitisarermmhmiiimga tpgﬂ yratkeeot 'gdeovdhgm_jﬁ trwhtlrﬁedi zes
under strin conditions. to nuc tii de i C en es the am no
acid sequengép%gfe'%Edq\ﬁr&Pn!l, %éﬁg%i%%gﬁgef Lﬁﬁé&ﬁrﬁaﬁ foe%%apé%?e@g a
prot ei n consirsténtgonf (Hdreipafiter, abiisl adigencnapoSHohD AN the andigdry) a
protein %{/]v: ch cor‘g)r.hses an_amno acid sgquenc% havi ng 5 70‘V€A.ﬁr m)gce

i dent ity wi t OHHEPHD RIPETRAHEeACB B SEQMTING 04,2 P HAFCcANTYEN
f]chngtEiQo:‘l%I | yweﬂuhvglg?;tirtcm@e ptimeeiproldmimii 0f ah tanetiam:cdwo agathstequence
o] : . resent .specificatjon,. the
expr essi onN%ﬁ%UG&"ﬁ%?%sloagﬁf’ﬂH’%%‘? dsBé$3%£I eqré)&?igubgf?t u?%f(ﬁ?d;*ﬁggfted,
or added" negsfertdditd s hadiigeatdoampbsastibaés) cargorddnguto aheopdésant o
wel | - known technical ,yret hods such as site-directed nutagenesis, or by
substituti on'rB‘?erét'BPu ality nunber of am no acids to an extent of being
natural B gef@paygd. The nunber of amino 15 acids to be nodified may be

preferably 1 to 50, nore preferably 1 to,30, further _nore . preferably 1 to
oS St  rurt her Aprardirtd doskhe Preselt aneabiol i Il GravEed 4

[ 0028] Thﬁ nedctined camposagod s?aquﬁm:l encahepit:méeeabiloy] o @ﬁelﬁﬁazqemién@f aci4;1
sequence aviin one aor nore re r , ,one 0 several, Or . or
consorvat i el ibsE, Hssoristart | WuTL FedliaaR ot M iass o O TP AN
present spectiie Gattigen thwpesitict@reerdhid o Bve Jesidrituinavitigaanmd hat

¥ idresid bstituted with other chenicall
Si ni | ar 26 nOPHENE WesP B! BiaRsI DM aEHECaNYe dehS R B SAITIR Pon

include a cagiueheseaddyertadjuvgraphobic residue is substituted with
anot her hydr&wﬁg;c residue, and a case where a certain polar residue is 30
substituted not her pol ar residue having the sane electric charge. For

every type of am nacestdisg ftoneheoppédantsiinveatical BRepsiidsprbidedan be

substituted in,. ucc&a rranngr (aj%?e kgown in the present tﬁﬂ%cal field.

Exanpl es of ﬂBF\%&I_ 98P phobt ey Qﬁ?‘?fba%cq%@g’ﬁﬁﬁﬁ"dg nféfoﬁ%niﬂlé_,

i sol eucpime, 35SherGoNethdredf, nr d FuPlcRUTRL f ¥l enenesf anedraridmeni ne.

Exanpl es of .po ar ((Jr{eutralg, Lam no 80| ds ingl ude %LyU ne, serine, =
eferred 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.



9 threonine, tyrosine, glutamne, asparagine, and cysteine. Exanples of
positively charged (basic) am no acids include arginine, histidine, and

| ysi ne. Exanpl es of negatively charged (acidic) am no acids include
aspartic acid and glutamc acid. 5 [0030 In the present
specification, the term"under stringent conditions"” means conditions
wherein a m{r@yﬁgﬁ washi ng procedure after hybridization is carried out at
a high tenperature in a solution having a | ow salt concentration. 10 Such
washi ng conditi onAeHTHBg for theapiesent. isvestignx $6ere1ss mviavideddisum

citrate and Jj di hl g4 dg) 5 s n ably
0. 5xSSC, 0. 1(&%%8?%?@ Gég@{gtr %’J mgnuféeg.g.gﬁgggmﬁwﬁ{)l&@zsg? i g&?‘ﬂ@g{ﬁ,e
carried out GaMEcEdNganad@ywi Off ath@ovmntibodéas |9f « Reecafigshbr tgsi hpirs
commercial ly, R L . riudi L : scarried out according
SRS 13 herRtRidiffe e REBRAINGXBItife HresRRLRartiGR | [0032] 20In the
present spedid3X2}ion, the term"identity" regarding nucl eoti de sequences

or amno acid Seq%&ccﬁ%iﬁﬁgf@fth%e ﬁ@iﬁ@eﬁﬂigwiﬂf‘é}‘ée@ﬁfr%?@ea@kjt
conpar ed sequences Th terfs of nutleotide reésidués of am ho aci d residues
t hat consti tferedebeatingqPsecak nDnah aUGAI0Sdal gemprisuch @8y " otidine t y"

shown in th . S k- i O - e t usj ;

search prog%aﬁ'é%gm?néﬁst%@g@résgﬁiﬁsﬁ? Inﬁ'}é'('j-ai %ﬁ?ﬁéﬂgﬁ_ or%cgggﬁ{)%?msuc a
nunmeri ch0 vginesead irdention.can easily be cal cul ated using a default
(initiali zat/[:d:tpé gar aneter in FASTA or BLAST. 30 [0033] An amno acid
sequence hawi C} % or nore identity with the am no acid sequence of SEQ ID
NO 4 can be an amtworaling ¢eqtieecprasenhgnyesfiéonpl ihes@disrpravideda e

r ef er abl 9 : ;e 9 e Still:. turther
5 mor o pr enigtetARosar HEnC AR B gt Mo Blifios?' RSty 18Eng
nost pref er aifl y a90%amimoglydakidei t awnkibiotthe campfisirgenangnedf anihe acid
sequenc 0]0] . I, 1 resept; in iom, | f.t ] '
equenciSor Bgebpging, of the' I Bk Eibhnarlte 2E BB o fhean 6
easi |y be dgtmysantethvdmilion.vari ous nucl eoti de sequences encodi ng the am no
aci d sequen d)% EQ ID NGO 4 can be selected. [0035] Accordingly, a
pol ynucl eot i'de 41 oding a protein 10 conprising the am no acid sequence of
SEQ I D NO 4 neansTietprasentairpagntioh providesatvaecibidAcentpesiteomfar8EQ | D

Cotion havi g POUGIRRBEAIRMEFAFT 6 A n i BREF SRS SR il e

pr esent 20nveabilidy ftot rrbstasitiady apréW@ni5 creqireat cor rRspatolinopas such

a DNA Sequengeefuginosa 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.



[ 0036] A preferred exanpl e of the pol ynucl eotide encoding a protein
conprising the am no acid sequence of SEQ ID NO 4 includes a

pol ynucl eoti de conprising the nucl eoti dez. 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 am no
aci d sequendrief CRESRriptide oitharD@wiieger m ned by 25 evaluating a

bi ol ogi cal ﬁmnon or functions associated with the expression of the
protein con of the am no acid sequence of SEQ ID NO 4. For exanple,
it can be detern madubg Rishomsa pET 1GH pAasnpidof BET-RASEEBF23s by genetic
reconbi nati on technl que and then evaluating whether or not an 30 anti body
agai nst the PA5158 protein can be prepared. [0038] Since the protein

accor di ng t@éfﬁl@d@@ﬁnﬁﬂ\(ﬁﬂbmhd meentised on the cell surface of
Pseudononas %i}r#ﬁjnosa protein can be used as an antigen for
prepari ng arl ody 35 agai nst Pseudonobnas aerugi nosa (protein antigen).
[0039] 11 [pAsiggrp;td't@;ﬁ | I surface-exposed portion of the PA5158

protein, the follow ortions havi ng no detectabl

nut ati on (her ei naff epl%ég%r Bé@t@*@ & %t%&@fe”@m fﬂﬁlggg%ﬁ Nyer e
identified edvBaPt FESMCOME AT drits arammlo@aseqmaecea@mrﬁEQa@dNo 5,
or an am no acid sequence, of SEQ | D NO 6 5 whi cﬂﬁiont |ns one to seyeral

conser vhPi véseamanre upfonbe dH@tein g&st i the coNGIetiAS (SRAUGRES &L @
sequence of p’iﬁgdd%iél&ud% icAdingT the gsidtesqaueacdeatribed IR SEQE Iphi ch

contains one 10 to several_conservative subsfl tutions. [0040] Si nce

t he pepti desN@ec%rEtﬂfhéEQ I@]é“%re’s«e’?ﬁsﬁ%%ﬁﬁ Yon are exposed on the cell

surface of gnnas aerugi nosa and conserved in Pseudonpbnas aerugi nosa,
e

t he pepti des can 15 used as an antigen for prepari g an anti bodé a, a| nst
Pseudononas aer ugi osEigpefihgxtant E{féﬂﬁf 0[‘00‘4% |gna JFRUBBRET ded
confirngg t %Hﬁ@d%e‘?ﬁil@%@b&ﬁu@ﬁhﬁé affofmratiohi abdut a |P%fé@lﬂjdm6ﬁﬁs of
clinical isolates of Pseudonponas _aer ugi hosa and. as_such gig 279,

advant ageous€GIROSa RAPAL & (RBFUD REOERIFO o ight M |

For the pepts%ﬂs&%@&@mhﬁghwe HIRee8goLBVers | Ahe applsaciad ng@teun, My
be added to Cterninal s thereo 25 for ajfanpl e, dEO as t_i) revent
aggr egat i on Hinea-gimengienal esEiuctuE e Mmatieny 12k athdE arffat T

of ten used t r e el
t hese. The pﬁh%t}éggs aggiljlr%d QD’@(PahQS g?ggegggpnva/e?]? P%)%]cdggc?]aw @égégil{?d for

exanpl e20by i@éarwtaoay@b@uﬁeth%é?%b Bheretein, st was &séHRake bithdi ng

wth a spacej [a;Qﬁ‘fl &l o SWBleotides 337 to 1479 in 1479
(Sul fosucci n| m ¢ seq el m dorret hyl | cycl ghexane- 1- car t?@ yl at e) or t he

like is gendﬂ'éClQPh@@ﬂ as @ﬁea%MraCfﬂutcoﬁcbﬂgl Fﬂgt% ak tHigleohide
compound fungliQBhee 3F BEGGE KR Pe EReHdek0Qft4tell 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 (iii) a protein which is encoded by a polynucleotide which
hybridizes under stringent conditions to a polynucieotide which

wer e



12 For the peptides according to the present invention, carrier
proteins such as bovine serumal bumn (BSA), oval bum n (OVA), human serum
al bumin (HSA), or keyhole |inpet henocyanin (KLH) can be used as carriers,
but not limited to 5 these. [0045] [Anti®en conposition] The protein
according to the present invention or the peptides according to the present

verti oo RS Ee A PAnfntO PSR 8PS0 RGB! A2anl Wifith TS

according t I"on ereis ded
conposi ti on feorgiiosaky eqle:vmienblm anprmnoconhre;tp@tofdéh@r&mg@ﬂ afiidch can

i nduce the p ody i nst a Pseudononas aer ugi nosa outer
menbr ane PAS%@T%&%%&P%E@I?OQQQ Q atd In this context, the protein
antigen or t{ie)peppicteianvihgem wmmlﬁsarasrblqmblwuaekdi B}Eqplﬁﬂd@uhﬁgﬂﬂge
o osent Pnverdvorp bebRHs RV Bl e Winfherafla SBONERESBFREITER 7' 20
the art. [0l 4, and nwhiehprissdomctiatally cadquivalene terra " anoteien
conposi tion mposi t.ion_consisting of ro ein antigen,
or the pept.%%"éﬁ?'irt?eHﬂh%a%f?ﬁoéﬂ%ﬁq%'f%ﬁf%@'ﬂﬁ% af antigen and
ot her conponEgyn27][ 0048] According to the present |nventi on, there
is provided an a osition i Si ) r ot ei R 0
pepti de antigen Wrifgﬁﬂ@ n:? éﬂteﬁépg%&ucwb% o' SE%'? %%ng(ﬁ‘set 30 a
_ﬁ_’EEUdOtWQOGS &BTINOI a\?m Bﬁélﬁegedt @tu“bstt (it B ![n‘émtedlﬁ ocrom@dedt”l mrgans .

e an |gen o] i ons |ng Q the present. inv ed as
a vacci ne. gj&@or'ﬂ"ic’t‘?‘gF ok~ BES; eESf?P i ﬁ%’ﬂ?p gu rg §§0\Lj$°ded a
\{SCCI ng C?”Dﬂ@!ﬁ-kﬂ@v@@{t@ghgﬁm mmdsggnctlgapcmtemmemtnd:kmuaag;enéscsg t he

producti on an an Q ai nst a Pseudonpnas ino er

membr ane PASQ%BJW%*E[&?‘H U'{'Q\éSQ? AcRbrality nyp nﬁgrpp S Wﬁnpngghcﬁlotr? aj
vacci netCS"P@ﬁtﬁéﬂE@mﬁ B@ingsmawratih@ @enémmted)n OThtEéﬂ&tmtbletr of deﬂS?S
associ ated wi Se non ki Si ant i ition
accor di Ag t A€l Fﬁlebaf'eﬁ'f‘oaff\'/%ﬁi g Er%f%{}%g,l@fgo @ r%re(i’%ngBF
phar mﬁCeUt' cel by 30ceplables ¢ﬂbf‘eeb$ef@l1&b1§mt18 toandj orstillj furshes oaorde
prepared. 10 carriers Eqsre i n,the,vacci ne comnposition

accor di ng toP{‘q‘fge"E‘llDé\ééntto 5w€ﬁf’| gipst gre Mo s2d on the node and route

of adm ni strpgppeR;] and actual standard drug fornulation and may be, for
(O, “hunan ser unT BEOURH NGR4T aRARS, RATITTspeaherst saPly i3
sol ubi | bger saffin® .acklhaegliente YRA/ibY @naner Cﬁn@rrepropreﬁerﬁbw, mrsettxml c
rystai 11 ne S¥ETRoSE, Lt O QTS & i aitipRR 1n the rATSS
acid sequence.
[0029]
In the present specification, the term Y“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 include alanine, valine, isoleucine,
35 leucine, proline, tryptophan, phenylalanine, and methionine.
Examples of polar (neutral) amino acids include glycine, serine,



20phosphat e, |ight anhydrous silicic acid, and cal cium carbonate), binders
(e.g., starch, polyvinylpyrrolidone, hydroxypropylcellul ose,

et hyl cel | ul ose, carboxynet hyl cel | ul ose, @nd gum arabic), lubricants (e.qg.,
magnesi um stearate, talc, and hydrogenatéd oil), and stabilizers (e.g.,

| act ose, mannitol, 25 maltose, polysorbate, macrogol, and pol yoxyethyl ene
hydr ogenat ectm@smnnepl It)yro@nyeprigiutd'rmiﬂtd)yl aspaazmijtim, 7a¥ds odiystrelreet at e,

a surfactant basic substa e. dg.,,sadi hy. i de, . )

et hyl enedi an‘?)ﬁ@ @Fﬁarﬂfc 3 egxdicgmrgﬁeéjar @6‘%’%@ agf‘gﬂ)n %@fdﬁeﬂ?ﬂfﬁjﬁe, or
tLI sam nogetda@a)ng;eﬂﬂstlday%banaﬂdya@ineao Ekanwimafgiegmﬁjé]\éspmgéigcal ly,
t he pepti des ording to_t sent _invention can.be goupled to a known
KLH sol uti on( céﬁf(b)i giEdo ?L%F%TEP‘S' CG% gsBAVHG Eb%'p ﬁ{‘dogfl&a@g% aﬂfgerol

sol uti ong as[(}aog@]carrl er protein, so as to enhance the anti geni ci ty of the
vacci ne conpositio cording to the ent vention., 14 [005

The dil uents used fmaﬁ'}?e zfc% @ E' g@@o?ﬂfrﬁg 1”(5‘4‘?{[ 58

in;/enltl 0{1 a{j@o@@itﬁmgg hﬁé&lﬁlﬁ'&t}f)@oh@tlme vﬁhéré?ﬂtﬁ Q‘?e'ﬁdmc:tﬁm@t W,lcsrgmg a?d
actua sanar 0 atjop.. a S 0 e.diluents, inc e, water,
a sal i ne, FR)‘%‘?AH’?% lﬁf”gér efaygéﬁqaﬁ@ 1(’Qnd'%t b?%‘éﬁ'%%na?ﬂgsoiﬂht |Ean|"‘ iB6b54]
The a?l UV&ntﬁeM@FLffa%@aé B@n vgccsmtaﬁm'p%Wn nlagcmﬁ disadt t@oﬁb@nﬂ{a@mt

i nventi ec ase n the no rou

and act 40 *SSURRAMASINGG FanAiabS Gan Bl exar bl Qb Eoa 611 aaGide

chol er attoxints mmcms?dm&h tapate @gme%?oomm $eduml tﬁﬁfﬁﬁé) @m@mn:

i mrunosti mu conpl ex 0 e

di ffer depen Omweiggeanm Pgﬁ\f Og‘gg(gng] gef?e$§é f?re]ﬁﬁﬁlg}: for

reci pi ent atlglmkngteg Pseudononas aerugi nosa infection, but admniatration

can be carriged oui by any of oral adm nistration and parenteral
adm ni straﬂﬁ?\o intravenous injection, intraarterial injection, 20

and | ocals admi ni StH?b'rRﬂ)zaEiQiﬁ e\?aﬁ”ﬁég cbfﬁﬁ@d RAj e Theralcord@intes twahi on
pref er abI e. éOOS or oral adm nistration

Pt ol kNP EREhed. arkn ;g.aésapglwﬁlgn@tﬁemmf’er%lﬂva@\éa\mgfezs

known to perﬁQFE?ry%kMzbﬁ@Eté‘tlbhecﬁﬁtbeB@ﬁ‘r@tﬁ@ﬁlﬁ deconding & &he method
adm ni strati on and parenteral adm ni stqqagé I"ig’acan e prepared by a

convent i onal ABFEIEEE, It HRSEXARHARS (BT fawikht i gen conpositions
accordi ng torhfhgapresent invention, for exarrpl e, wth the aforenentioned
phar maceutical |y accetgt able carriers,

é’tﬁ% Exarr,pl es of. a
dosage #& mfor orHl @nﬂﬁ@%@'ﬁﬁtﬁﬂﬂ?*f‘ﬁétfﬁ’@e tarahdidenfiiy 489agdintr s
such as a sohukjid¥tide t@d@éncésgroﬁf””ér%ma pﬁi@erse@ueﬁcé@?rﬁb%ns[ 0@&?]

35Exanpl es of a dosage formfor parenteral adm nistratiqn includ .
sol ution, a 489p@Asiodn COARCH eRGRNDEtYWagRRatieq COMPpare sequences in

terms of nucleotide residues or amino acid residues that
constitute such sequences. The numerical value of such

25 ‘“identity” 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



15 suppository, an ophthal mc agent, nasal drops, and ear drops. [0059]

If the sustained release of the present preparation is

desi red, abi odegr adabl epol yner(e.g., 5 poly-D, L-1actide-co-glycoside or

pol ygl ycosi de) can be added as a bulk ndirix (see e.g., U S. Patent Nos.
5,417,986, 4,675,381, and 4, 450, 150). [0060] In the case of

oral adm ni %fro%mé]nti%%lrogé%f agﬁg%tﬁa 15 & 10 col oring agent can al so be

added. [006 riate p ical carriers and diluents and
the like, af@(3v} naceutical necessities for use thereof are described in

Rem ngton' s Phar eyt.i.cal I [ ; p cci ne
conposi tion accor di shgoﬁ{ﬁg‘gbfgg‘gﬁntﬁgéﬂ?ﬁﬁﬁ iasmcliré?e%nilgﬁe%%cﬁ{/erﬁg dg(raesent
i nvent or bassiiQohDt N t ypds ofiiveervaac nuel aotidgesequiengeossidaaidingy itotcan
adm ni stpation.of the n tig i iLnation w 0 i , the
type of the %ﬁﬁ'&/ahﬁs @%ﬁ%ﬁ?h?%?er eﬁrhtﬁ%r %hpgt hrgu%l‘ggtgma@ndsgggéﬁés; of
admi ni st r at iemcodimd) athdesamédoeffcedt s¢quencea ofr SERPt IDe NED: tHhercapelta ¢
effect), and qqg&é)g generally 1 Rg/dose to 100 ng/dose per adult. Wen the

pr esent vacd adm ni stered with adjuvants, the dose nmay be generally 1
25 ng/ dose tf[@QO35Y/ dose per adult. Such a dose may be admi nistered several

times according to, deci sion of the _present i.nventaqr ecessa Qr
exanple, initi gl \/%%%qrr?gplg&‘r and sﬁg’é\éaﬁgtﬁd%ggoo%t%croacﬁggci nat i bﬁgtg?]

1- week téoggrcéahgtrmn_gbaw@?"miiﬁd mg.sédqﬂenngtdaﬁ/tSIEyQ D mtstcle{né?hemc‘ntonkand
a secon ooster _i cti can, be i ed ou n e

and 16th to %yhav@@fi{,” e?;‘bg garye @Mﬁ%“'???%toﬁt %%Sﬁi at'\?%h,zi [}quﬁg t he
same fornul ajliisens.DN@OE8huleAvdd bn@g]diagm garhbcsininccacidispovhich thas
resent invention c recogni ze a _Pseudonpnas aer.ugi er_ne ne
PASISE 16 i ROAN ohak o 7| GRORREFEEY ramaia ey B GRERe Bl i o abA

aer ugi nosa. d&f\pdhcéccorthag presehe pnesation nferthern,inchedesi arprRNidded an
5 anti bggy accordi né to the prgsent mvE‘nt 'Aﬁﬂ' or a functional fragment

t her eof 1 2wheTRAYEPRE GUESBRTEHNEHES BYERIBHBNAL SEL&IIGFosa PAS158 protein

is a cell sq‘rg@{g@ exposed portion of the Pseudononas aerugi nosa PA5158
protein. [00

5] 10According to the present, invention, there is pr.ovided an
ant i body accor di ngét Hr?gf’e”%tdes@mmpﬁgeﬁ?i %He \H?QYEPE“?%&BoFﬂ BB t%he
Pseudononas mejteghnesepAsiRP thieotRinino satitt spqiente et SEQNIDt NO:het
present inventio %herel nafter referred t.0, as.,an "antibg % of a first
brbod ment - dBchraeacs 1 bRuirabiBst coTRYSITE 5 nitbeRae Sealengelht qi ng
to the ppesepE() mweny:op, there is provided an antibody according to the

pr esent inve‘{}r_tgi) n., wherein the portion of the Pseudononas aerugi nosa PA5158
protein is t %éﬂ)tide of

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]



20 the first enbodi nent according to the present invention (hereinafter
referred to as an "anti body of a second enbodi nent according to the present
invention"). [0067] According to the present invention, there is provided
an 25 anti body according to the present invention, wherein the portion of

t he Pseudononas aerugi nosa PA5158 protein is the peptide of the second
enbodi ment accordm@tﬂ@cbheswfase%xprm\serdt pomtiomeoéithaf PAS e rnodeino as

an "anti body hl rd epbodi nent accprdi t ). 30
[ 0068] e, 1 it Snt PRy I BB oM Tyttt aDTe . At 0t
protein accanditagid® Y herpiesfiter irafentedn tandabi rpi:statwe heex@sandbobaas
aerugi nosa. It al s i ncl u es ﬁ{?fgntl body that recogni zes the pept| de

accor di ng torq‘:fHQnﬁ c4ERe 10FNL 35 [0069] 17 preferably obtained by
I muni zi By ag Wﬂbn@é\&ﬁinﬁwg%emﬁﬁnana@mi sgqummmoﬁﬂ&@nl[admﬁrl 5j ng

the purified protein ant| id [ n sent

i nvention, vl &y @@H&ﬁn%é f%ﬁh}gt c,_g hF&HE@é& Héggﬁﬁ body.
Such 5 an angd Q@@}érﬁﬁ&oh@e%ﬁﬁiv@ss@bﬁtﬁftatmﬁs bady by collecting blood from
the heart or artery

, at t th f d t h
obt ai ned ant® SgRtid Fom&gfﬁbrgﬁﬁgb%%ﬁhgceﬁ gﬁéﬂ%ﬁgf%gemnﬁgveﬁu on

i ncludes: 105p aqplaYﬁI;%\aicuar&ecﬁl@éMceromﬁrglmahoar& ivehibh @otrdtaivesl dne usi ng
t he PA5158 protelin or peptide as an a ?en and i nmuni zi ng a mammal such as

a nouself} t htQ ﬁ@Vﬁfr@Féﬁ’é‘ﬁﬁrBﬁE‘d’eaﬁP WiTh incl udes a nonocl onal

anti body pr o[i@lg.qg by a hybr| doma that pr oduces the nonocl onal anti body of

t he present i nvention a chdgarl c antj bodty &d a hum%al zed antl body
prepared by genet i 2iNeR Shei REPLEtes 8CRATEURY Tanthe GG LIV HYY "R EDar ed
using a huma@xP BsBO@ HHRIUEAINOs i FaREISIT PsilidBapiad hee tidigrosE0Gitid
20When t he antl body accordi g%ﬁ}o t he present mven%hon is.,admnistered as a

medi canent t GOBSANVEA, 1R RSERFOIMPNESH\FE HG05 ahne REREITRSt &Pfs RF
reduci ng ssi dggéﬂf egks. ah0033kigdle i*wna'ﬁréwa'rh@y aﬂea@ﬁtlﬁlﬁid"ﬂ}ﬂ"‘“ yist

wherein all regions are derlvedfromkdu human anti body
accor di ng t oPSRECBEEAS JRKIEHIOST ERRPE %Pé‘%éﬂ%’d using a nethod wel |

known to perfggg %kl Iled in the art (see e.g., Intern. Rev. |munol, 1995
13, 65-93; J. Biol, 1991, 222, 58% 597; Japanese ent |d-
Publ i cati on No. BOTB%QQM'E@%WE\T%QQE isnrad & EMPd“@ﬁg%t é’tmbﬂol\b

155492/ 1998; a n 6 githane P, ﬁmalLau @1@@1 f
Publ i cati on ngﬁp gﬁglggf%SSQhT?paﬁgggégg?g gl 3ﬁ émri] Egbl i c?atl on o

509612/ 26b6: PRAYADIAAAESed PR GHOIHAN SF*G |r|fb”§t A96QLH ) fgg‘é) 35

[0073] 18 t¢ ﬁ@?péﬁé“h'sg guPBkYa ldMnasHs Seauemnce of the anti gen-binding site
(CDR;, conpl erren arity determning region) Of a nouse antibody into a human

anti body gené @6@:} grafting). The humani zed anti body according to the

present invention 5 fHingd 'vet hpd bgeh@om\,émlggrsgns
skilled in the o FoR B! Eb%@aézsgga%%d 80/ 6565]

78
"chi neri c anbil@ckiyyg igsoap zEﬁ@VbBanQF’é’ﬁaﬁ@dﬂlﬁ/ Nt @t &) Be{’ﬁén@ga?r taﬁr%ofvegl on
of a cer%% nf pid & fstohﬁfcﬂf‘ﬁir%meﬁ'toab%%%tiﬁn A teadyo odledtfiter ent
ecf fi

speC| es ere rom ca a nouse |I's | nuni ze ant h%e and

an anti body ¢hargsise r/égeaﬂa@ww gl @Midakiopi Wl et Bﬂ'@ﬂs% it out
of the gene %fné@ ae“qfésgi%én@@w,beﬁx anehhhiteédo%atﬁ@éeV reEEON i S
then allowed to bin to an-anti
pept:des 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]



15 constant region (C region) gene derived from human bone marrow, so as to
prepare a chineric antibody. The chineric anti body according to the present
i nvention can be prepared using a nethod well known to persons skilled in
the art (see e.g., Japanese Patent Lai d-i@en Publication No: 280387/1996 20
and U.S. Patent Nos. 4816397, 4816567, and 5807715). [0075] The

I I ib or di h b d
Ui g a et hod wertrkrign PAPHdfRs nacERiTRE, { B’ PPeSplsoTaPEReRt
Ant i bodi es: cértmbOpe@meﬁJMrafalb,ovEdeFﬁeﬁww aﬁliﬂmm(CB?o.ﬁD'I,eﬂvﬁd)ﬂJUfTSprl ng

Har bor Labor 988 erlrrent oc Nt

edi ted by Séﬁjf’&yﬂoi;‘ )a@t §E rrI’(ooaoI aIIIIéII MrI) Nk%ggl%é II&ﬁIdﬁIIbody
Hybri doma aﬂférﬁblc%mﬁd(Kﬁdi)bxcaﬁaﬁmmsJemszedﬂcareteral buKaoteind raifedds) ). 30
[ 0076] The polyclonal antibody according to the present invention

can be p5ep dheseusi ng a nethod well known to persons skilled in the art.
[0077] 35Thegdd4ms t| onal fragnment" according to the present invention neans

a part of a ant i a parti I fragnent), 19 which specifically
recogni zes tI‘I’é‘ 9%9 (HI"&‘Q% to the present invention. Specific

exanpl es of such aI“Hé'”ﬁI‘d)EEIﬁ' a‘crcaﬂmﬁ:ﬁg toclthde p?@benffamveﬁtuabu )& the
vari abl e reqgi on fra ment é uI fide- b?nded and ap?al ngl e chai_n
el

anti body (sd¥eAti gsaﬁecgr ﬁ’ePéSFen OW?‘fﬁnt'bn can £% @5 fanpl es

of the ppti Ondteph &RGigdr Jr @Tﬁﬁébm@t aneRsll ngrt@st Ia(tcblr&wglttd rtbent i on
i ncl ude an anti body ag a| nst aa@_{ot ei.n conpr.li 5| n t no aci d segiuence 10

of SEQ I D Ncprezserar IaweM% &f & dgudHoy igeds erh GNP BRI, ns

one to Severéd mePRsAg vaﬁevmo%ehstaﬁu eAnsr thed @phd@farﬁlf@énfwhmrﬁan
t hereof. [0Q79] Preférred exanples_o thetm &IQOI t he second 15

enbodi nent  dBEsICE t§e Prosuigiierenf FAveR SEUARRONAR i body
produced by e HHCRATBULEPPRERTSrHEFA FERS! SR @RN10672. [ 0080]

Accordlggly, accordlng to the present invention, there is 20 provided a
hybri do ©1-1) deposited with the National Institute of Advanced

I ndustrial Scienc T g I Eeﬂ@tdrft“ bnPat Rk Hdiesambeprasi tary
(AlI' ST Tsukuba Cen'IaIrrgIEIIqIS %HB?S(% Vh?lm ku g, nl bar aklﬁégO - 8566,,,Japan

under the acc¥tdIrehergb IWW@ﬁdle}'?EU('{Vm&f € BHOFG IS PE [T @7@)9 25 I)n

Cct ober 7, 2&%’% T nb&padeRCE&StidIBgt Got Nhedr BBESENE
invention is pr g‘it?gﬁlgfngl%ngg IcIﬁIate1 a%g\b&&@oosﬂ 30Accor di n?l to. the

present i nvemvention RG@nddngrigy petetd WEREQ PEaSOBsoxsTledhin i ve
with theg sanﬁ]@grrtgen as that of the nonocl onal antibody produced by the
hybri doma according to the present invention. [0083] 35According to the
present invef@4A) there is provided an

In the present specification, the term Tantigen
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



anti body that can bind to Pseudonobnas aerugi nosa, which is 20 produced by
the animal's own i mune systemin response to the antigen conpositions
according to the present invention. [0084] [Use of antibody and
pharmaceutical conposition] 5 Di seases associated with Pseudononas

aer ugi nosa Pseudononas aerugi nosa i s a pathogen of opportunistic

i nfecti ons whraductase of eghalanttredyuagaéssivia Paadiertanzs i aefwnosa

i st = 4 i i istant t

anti bi ot i cs CHEET bTemitaray Bas TRFHRIRLE Vo' 10 Dacter: um of hospi t
infections. A30SB¢wn later in exanples, it was confirned that the antibody

f the first enbodj { .. [ . t i i Vs
O ot L oo hTERLAEL RS S s e ALEREAIn . ALERLe ashRdidies @
aer ugi nosa- sfraceptd hhetiar pneventen wirt bresitnepliagé dBdasest asss ciawuted by

dmi ni stration,  of ' d._a Pseud ' - tible,.nuri
model v th a\hdbt  BORPPOTERERS, ctitdb DY B 1TADPA B oft By cl N han de
nﬁnopydraten%&xmd_ itord amvbd_r&lm% 1t<{ tivas gﬁlese{:dzoh'f\:!ennﬁdnyl“amdt?;ati@:ntailhody of
the first enbodi ment according to the presen ve c as
protective ePPECtCTadRiH& ?h?%&qﬁ#&'%ﬁi\é %FF%g?hgergé@?&%t g’@kﬁﬁ'&%ﬁnas
aer ugi nosa- sgadgot iddjeveamntsncambdelprépasegdl es 11 and 12). Thus, the
ant i bod% of Lﬁsﬁ}‘lhrst enbodi ment according to the present invention is

t

usef ul vention or treatnent of di seases associated with 25

Pseudonpnas aer ugi Theacafr@8SLised in thebyanpires coimpbeitdd s emcesr dagoto at ed
w t h Pseudonpnas aerlﬁgi.nosa I ncl ude sxs{%&rgn im;qﬁcti us di seases, caused by

a Pseudononaf'@dVEFEISAMERERD Y SRLT AZEPL %dnggerggfisf%%e

Pseudononas ger 4@hiipgetraniatt iamd hetuskastairelargepd fiegnfearmuobatiogi tdred  and
endocarditis. Al tBr nati ve exanB es of the di s%ses @socist ed wth
Pseudononas S YigPRosaCl nEXGIRP &t i ¢9' 1 REdPROEHESsi hrSirt § ROV ha®rum

ot ol ar yngpl ogiuirial BSANEWRINIbamMEh{OVA) I eaphaatsesurir alummheditad, and
cat het er 35i nf ectLon in t]c"e pul. monol chql cal, fi ?%E Bost %Eega}tl ve peritonitis
and post oper @NfvekE¥hetei JHnPeta REMAXARRt (SHDRe 1SAHPRHEG g (@8-
surgical fi eéﬂﬁaﬁbﬁﬁﬁﬁcﬂy@.brma@é{]dan_dafilmmpﬁotri ELEYn] isutoinitt Bgentsy neal
ul cer, corneal abscess, panophthal mtis, and orbi gal I nf, ecéﬂlﬁon I%@t hﬁ

opht hal nol ogPE%$e‘fY%ﬁ'H,e5an€ng’rq’ﬂaf’]?t?rr a@%‘c’ipd?BE?i Redvi MeFtRfiShg 56N cat ed
uri tﬂﬁry tr?Ctnjrit;a_@nlh'gontl:e!!télh@s?é,heh@a?hrtfot@ﬁt imalto_mjl agatcﬁam arroydveh lgeh_e anus
in the uyrologic field. rt her,_exanpl es,.t hereof include.burns (including a
serious2&9Jrnghﬁépﬁ‘ﬁﬁvﬂ'i@tﬁw\f%@?ﬁéﬂ%ﬂg BF t?,”ddgeffﬂpp?alcqr é'@ttleSn and
cystic fibropisdet$086] 10@@_?_?nti bOﬂYSMrcW}e first [wgpommmg?ng@ﬁéi, n? to
the present jnvention is useful in that it js expected to tive for
t he Breventi BMd(SPXVPéQPMé(FﬁE?‘éMOS&rmﬂtﬂyﬁl?%gul%"sqfs?%ﬁ{ Wéﬁ&gﬁﬁf&%ﬁgeﬁﬁgi nosa
infection whipgly igumi fiamiky, tabrieaits [(@R§7] rhabsreidimystanrdte, ptflgent
invention, therge 1s, provi ded use of the n'ktﬁj body, of tgle ;ﬁl rst e odhgent
accordi ng t 03K 9ganatedk ol Jonandr s a]B F&rag (8 Gr PERPFTe TGN LYy
therapeuts ¢ pggRbsbor dhsRARAHABSOCI AhEEroMdIN Psaudononssiyasieghydsae
[0088] 20According fo the present jnvention, there i rovj ded,a ég/od for
preventi ng ohYdregensted sastes alldoci WEeW‘bhdﬂfs"&ﬂBﬁﬁﬁﬁ %qﬁgrﬁ 9,

conpri sing tBedsleP I8EtAN NiskireaEREhtd HF @V Bl ¢ &b stiaridee (8REYtd ghling
ef fective anpunt of the anti bocd]P/ of the LI rst enbodi ment acgordl n% to the
present 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 mi 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.



25 invention to manmal s i ncluding a human. [0089] Di agnostic agent for
Pseudonbnas aer ugi hosa i nfection As shown later in exanples, it
was confirmed that the antibody of the first enbodi ment according to the
present 30 invention binds to each of tHeé protein according to the present
i nvention, the peptide of the first enbodi nent according to the present

i nventi on, mgﬁf pepti de of the second enbodi nent according to the
present invention, and reacts with only Pseudononas aerugi nosa and with no
ot her bacterial speaéebiBon{Exsed bs theavdcane compesidiad asserdimgdo hat

t he anti body, J rdi t ot i YWRIMd on
22 binds to qﬂ:‘{a ptggg‘?ﬁggﬂggn?@?%rggé%ﬁggi %%?daggoﬂriﬁ ﬂgs?gn%%ae present

i nventi on (Efanpidenidistrationas dnd t hectusdnf stanedlarhatdtue dormpo@ion. t he
third enodi or dj:ng t nt. J ti jhds_to epty de of
t he second eﬁ%ﬁ?@éﬁt %facéhgdi @!‘F%ﬁf{e 'grcgl\é@%t i(a\ﬁna\]/{egnljtqi oﬁ, éstr?rgi%régac?s W th
only Pseudonpinasphataginfeacdmshhinehamnd at bimarbanadei soludperi es (Exanpl e
7). Thus, thﬁ)a@%é'lbody according to the present invention is useful for the
di agnosi s of udononas aerugi nosa infection. 10 [0090] The anti body
according to the priesemdjuvarers ugedcam the vaedimetcamippsitioa pactd fdied

S0 as to di et rpsen i ABRaE Ger BTG, HARL D BfbaR gt ' ==
?ﬁg gr: 30 rlgﬁip_gseﬁ;jeg irarg{wigtik?‘lgio?pﬁﬂﬂd _a;']cctmmidszﬁg”ldard habrupg e‘sae‘im;]uia;ﬂ/@lmti on,
i nfecti onpuséﬁan‘fwgsan?f]bgﬁﬁ a%&ﬂ%ﬁéé tgn'?ll‘i'gis rgg‘gﬁganggm‘}qbnngq]{m%]

The di agnosiisegetibbtieaccoetitegotaxinhe pr{éFent i niposowre,can badcarriaad out

Coars, bl oodMBIINPSHER MR Ler AP SHT e n human ot 1ok of a | Lo
Pseudononas @3088fugi nosa infection, subsequently contacting the collected
dot or m Athg whet hekNoRRER TS aEian seHta by e i Akl bn e pag; 50
Di a nostic epbdyi ivdight Psendoamdageneral mesdth rdfeat reripient at Askonfiang to
kool R N MR 7 SN A Al e
the present gameeti asut 3byl 08B¢] 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



23 | abel ed. This detection kit detects the presence of Pseudonobnas

aerugi nosa by detecting an antigen-antibody reaction. [0095] 5Thus, the
detection kit according to the present iswention can further contain
various types of reagents for carrying out an antigen-antibody reaction, a
secondary anti body used, for exanple, in ELISA, a chronopgenic reagent, a
buffer, instsuppositeryaad/ ophénaimst agentt, nasal. drops dasidredr drdps0096]

Pot ent i at or (32(5 ﬁglhanci ng anti - Pseudononas aerugi nosa activity of an

am nogl ycosi 3 i biotic As shown later in exanples, it was
confirmed that addiftithe slusthneat irbledseaasionttieng tesdrite pregsaatidmvient i on

15 h fim bi al tivi f ' I [ tibioti
gentam o n (SkatBle 14 Fnus, o HodkePBIAPIEcCor o R ahe pr cdlnd -

inventi of capohe Dyselhatid & qoeigiptosiider ot opobrdignokide priain Beendoimhas

r ovidod s iUl Eaier £5hs Sdordi o PaberhdiaS e Sett 7 hBbnct g BT, © 'S
produci ng a gpatenrdS0 arsdpr enhanci ng anti - Pseudononas aer ugi nosa activity

of an am nogd‘éﬁéahde antibiotic. [0098] 25According to the present
i nvention, t s provided a nethod for enhancing anti-Pseudononas

aer ugi nosa activi tsh eheatasariofagial cadhdaitrbtivinota ¢laveding é%@ﬁttahﬁj st ep of
admi ni s ﬁri ng a therapeutically e{)fec iva anount of the antibody according
to the é es R G HYE it €8N RIFRaPE 394€ddi ng a 30 human. [0099]

Phar maceut i cgyogefposi tion The pharmaceutical conposition or agent

according to the esent jinvention may be used in the formof a c osition
35 compr Psing t he ARBIOBER L8 BBAEMAL UL CAb CAFHEER AN EBES AN GENE (i ve

i n?_redi Ielnt a&mﬁepr &Rl a@hﬁﬁﬁ@?éhﬂid@ﬂ tr:iléc@sgiitfe:s?dfo% U | l@ﬁéxfeofndare
optionally other conponents, for e e, a saline, an aqueous gl ucose
sol uti on, ~ ardeaCHREGMRREBINGN'S houTarkutial AeisilfeSal composi tion
accordi ng to/gme2present 5 invention may be fornulated as a liquid or
freeze-dried form k as, neces ar%%l Such . a pharnmaceutical conmposition ma

I

. y
optional 'y contai nplSfacelt FiR@l MPCERe pCANBOSHIPReRLCOTEingx dRpIthE o
stabilizer, gréd@seineehtion Jodderefmpian by agftprdseHtlinventor 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 booster 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.
[0063]
[Antibody]
35 The antibody according to the present invention can
recognize a Pseudomonas aeruginosa outer membrane PA5158



10Exanpl es of the pharnmaceutically acceptable carriers can include:
mannitol, |actose, saccharose, and human al bumin for a freeze-dried
preparation; and a saline, water for injections, a phosphate buffer, and
al um num hydroxi de for a liquid preparatfon, but not linmted to these. 15

[0102] An administration route may differ depending on the age, body
wei ght, sex, . gener al ﬁlﬂq Clafd indPUto agine Niskl AdABngaN be
carried out %@}gh@ (@f %r a&jdnr?n?lfsl?f% ﬁoﬁmﬁgﬁ‘bnad?e%? e?g% ggm ni strat |§on
(e.g., intraengieosaj.ection, 20intraarterial injection, and |ocal

adm ni strati[ﬁgjl % utes. Anong them parenteral admnistration is
pref erabl e. Q) f A dose of the pharmaceutical conposition differs
dependi ng on the ayecotubdy bteitte presentainvertienal thera ih wovided pati ent,

anti bodycoroupBeyn SR A8 4P dareottn Rl Gef e B ARy
co;rEosiO]Ei ggdfaaagidig?gtm?redife gvl&eeeﬁmoi th;egnpio;ntioirs génthel Wew.dpmonaﬁogl t
Pgr gOi nt ra\fi%ﬂ%’%io ]’ae?ﬁ%jolﬁg l‘j)'yOt]eiE 1%% §g§r gggﬁgé:bqqg%o‘géc?weortﬂ% (ﬁd
phar naceut i ddle Pgepekirhvpasageondgirmasd ®ASES Prppdeini nventi on shoul d be
adm ni stereiéj'@%ggvance to a patient at risk of a Pseudonbnas aerugi nhosa

i nfection. 4] When the pharmaceutical conposition is prepared as a
25 di agnosti ¢ ageniccdidingdtagiiostpresaganineentibe, othaienés provddgddasage

f by ad . Sui le f : rRSGH :
2 cul ture. s PoRvY ahtarding 1 A ar Bosh ToPrRRET ursfH VR BorfRR. "
ant nggé i(shm(;feetﬁgr ?gﬁﬁo@bﬁrgﬁlb@m@y& o 'ngsai lP_AIS mrmmem'?_risattbkay paoteired

t S , 1 Nl sal
\;,)Mr eservat i 5@%{)9,"#‘59 %) fﬁ@sgﬁ‘?wgﬁggnF@a}} ﬁﬁﬁ}%@%gfﬁgk%ﬁ?&% 45 an
Al ternati velYantibedgntafody fixistt emroeliemént neeocovroimqdsor libe: oprésemix or
the li kESi s al so det;ea)i_m' ned for its antibody titer and appropriately

di | ut edi2andMEM I PRekervative is added thereto for use. Such an anti body
of the presefgoépyention bound with latex particles is one of preferable

ool o For oxcAbRaR ForBierarddit ihvERREn, SR DY e,
are suitabl egasib baterdinkp toxamIpreskht bl ertien nafiereint the poasint
o b o §hE ASSSab st e ruaines P RS TARE P 8L IE LGB ASPHBECDTL S,
not intgpdedtHe® Werski nérdsbdienéheseacaaidhgs. td 01he] prespht inveeniaChi p
Coruhnosa dOreHRaRIS)y TRl U8 LA rnA U T SPSGHE e
are expressegmbodirieft Wecaphgnntied prdderdtumresdoa’) Shake cul ture was
carried out
[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 & 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



usi ng Pseudononas aerugi nosa PAO1 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 (%% human sera (the final
conposition of LB nedia was equal anong then) at 37C until absorbance at
595 nmreached 1.0. Using RNeasy Protect Bacteria Mni kit (Q AGEN GrbH),
total RNA wgsrefrrabbt ebiatceddbydntouhieingtdodxpsdmeethli an8hallogithent s

i ncl uded th i d pfie Sj . O.hio I r_ (Aqil ent,.

rochnol ogi o T AHiaBRCcBHPAL & e Hdngl iR cRIBHES mrstBin P toeRe

met hod descraorbeedptide aentigens aicooldideyl tol the Geresenip inGentiosx pwdrdshoiz dat a
was anal yze si.ng.Mcroarray_Suite. 5.0 (Alfynetrix and, si gpal and

ot ot on wad PR EROR R bbbt £ohy e tnelBBtdtih 806h suc
_thgt thgsavammmbbdy oénsberlmedfa(sj@ra @Mregﬁg?i&)c&w Hyas | dthg T)(U@od

i ndependent experinents re carried out. . a.result, a
baag0: oy ot dTAMT IR hBalErSo arary e e Ra tagcentisran SErBraTR;  aad
determ ned, pund in? théhsbicihedr gntidegandi ti ons regardl ess of the presence
or absence fcg%ﬁ sera, to be "Present" that indicates that a

transcripti uct was detected, and it was thus shown that the gene is
expressed. Moreoverhe arfth80d§ acosading ¥xtNe plesBattiaventngy indlRfes:187,

5341-534(), which js an inner, menbrane-spanni ng, profein . that 15 associ ates

with PAbSSE DR IBAITA PREDGCY It B HR0C I BBtiboRLE bted ad Jay SFeing

punps and i SHeNMAROSBYpFAtRIAOOE petitiblet a5 safUshtigen aideyahuRezitrg a

am nogl ycosi de antibiotics, was determ netg? stHnder t hese conditions free of
u

these drugs,Mesngak taS GndNPHSEa VY SnAIRTERAENHIRE &5k RN TIgeRot

expressed. QB pntliaRls aanod8nal Qirgli o wgsp cad eced NBd at AybBeiddthesent ”,
under all tt}%actondltlons reﬂﬁrdl ess of the presencg‘éor bsence of added

sera. [0108] produces e meNREIY AMIPAdYer Phi ntlE exipiasS&Idd, and

the 25 pgssijpvidnitionatai ichigtec PeRUsddPARKRB Br HghianigedonshaBbdy
present on the ba%t{grl al surface was ugge,sted. c}S_I',S su‘ggerﬁéed hat the
Pseudononas PIERRJSTHSRY pASTR ¢ BRI MDIBatOL (fediigugicand 8o ant .

[0109] 30Examiaoa'g prepyee s inBAa 1BSaanaritib 6y b Eddutinn] dRssglBat eri al

strains used were, 88 Pseﬁgom)nas aerugi nosa strains (stored in Yokohama

Research La® MRl pF 188 kKeKai sha) isol ated from various types of clinical

materials imog7njcal facilities across Japan, and were subjected to tests.

These 35 _strains re derived from bl ood,, urine, sputum pus har yngeal
s WBhegndh I w

mucus, &Ad the | i K¥heth§henantibegy3erarding tRidhe Argsanteinyention 1s
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; J1. 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



G |, etc., based on serological classification according to the decision
of the serotyping conmttee sponsored by Japan Pseudonbnas aer ugi hosa
Society (1975). [0110] 5 (1) Preparation of genom c DNA Each of 88
clinical isolates of Pseudonbnas aer ugi &a was cul tured overni ght at 37C
in a Mieller-H nton nedium (Becton Di Ckl nson) and col |l ected by | ow speed

centrifugati 0 10
pr epar ed frgfrgpﬁgﬁéo anﬁ%(gggﬁ %gs accor%@qté@té mn@ikwsw
descri bed i r(Cc[bRurremmp!ﬁmedéaiﬂt%er@ammmlﬂ'@Qll]feemn)\rrpqlﬁflébatméhlsé?f DNA
fragment by o] n yie e, a
regl on 15 céﬁpﬁgﬁ 'Tﬁh}? gquJé@%é‘teE“%’s I?lse [P)%ﬁngm fln’gg\lélty a
primer set (PSEQEFDZBI@ ahté:rmti\SE@QCUd\Dg 89 Ehﬂ Qﬂ%@rftl vaventianpCeny PRy each
gene wasg des u H:p%% NiH

sequence (N Eﬁiﬁgﬁa W@O@@ @sol%% %}e oprgocék%@g?e 0(%30
(Applied 20 aB1t0($5& eng),, EPZROI) @ard WOSKMOABGhY. Takara ExTaq (Takara

Bi 0) accordwl\gnst ructions included therewith. The DNA fragnent thus

anplified b s confirmed by agarose gel electrophoresis to have the
si ze of interest ('DJﬁe!S“bb)me[rOdlahtﬂEchB‘) m1aay|5|a;nbb0dm yprepand déy

MLt Sor een IRCEEBBLtTES (A PIsb 80t 8 rr b it n8E9 b el EombEne
sequenciog r@bg&gofﬁ ?rre[ saSBQdyD N AiffersBQ | B lpIEKCzieSLZ) tlgamfmbmof
sequenci n C roduct were .de .base
seguence ?Nggﬁgﬁgi%lpy@iagwguf& H’gnzlbﬁﬂ%vq‘ig%a %ﬂg ég' L]—ﬁﬁgéﬁé klgﬁB plied
Bi OSYSfjems% awaboﬁgegvamiablg(e:galgs;m: ey gsgmm%hathblrmaentmagﬁmhgen o vvats
carried out usjin e i cc ng to
i nstructi onst4h & ﬁﬂngr ghth O%Tﬁig]e Eﬁ%‘é%%i W%i?@%ﬁ{?bﬁ@dﬁucﬁﬁsg
gur |hf |ded uGSIE)ﬂggJFd\/LdﬁﬂSﬁ%edev- ngmatls th’b?l aﬂgm&ectdrqn@a'dl bo) ahi Bhbldb(m_ytﬂ
ephadex ine rsham e
vva?er |i‘15ad\fé9f&%tanltherr‘?g'f)ﬁ‘e éu otgﬁge éﬁ%@ﬂ%@bﬁé‘%‘éﬁ BE%%% trglgmn%

lied Bi ,3%30aBNfo aé Enedidi ) The[ @hisieric
?ﬁg ngl ynhgﬁz.%r?g? se gnc sAPn ?aeeclaf\glhcak i I?% %B)i‘er o GI;A;
anal ysi s wer@HOOMY @44 418g) §BeE Fal'segll n%ﬂg §§ % g%gﬁeﬁfp%t
se?utences \fg.l@rfg)rﬁ)gh@dhbgt hvé!{hOISﬁ]gWr?)rt}d prerEA@ﬂs skilhed. mAsth&: rarsu(see 21
mut ati ons were. observed i ul <1 en c
protein (Tabfd-1)1aPa1g5¢ Pa?enpel%\ﬁlé-\pé?engﬁﬁgﬁggg@& 3( a%gﬁl?’%lj’l re%l ons
(SEQ I D2NC Bnédnd. §EQatéhN®lo§.) 4B 2T pd 8N6 562, ﬂW&‘SéI&O?MEM ors based on
15 three-di W&Sbgﬂ structure information about a Pseudonpbnas aerugi nosa

ein

PA0427 ( Opr (1 Biol. Chem, 2004, 279, 52816-52819) highly
honol ogous to the PABLSHigrietieinal t Aneibatiyrensicordingt rtct khe i presenti on

At Sh G B A 2874 ot et Bt P Ao SBgarY

no det ect abl gepsd RO %ii@&ﬂhalth@narfh(%éuggyﬁAdtlﬁt&ltetsheAPiﬁ!anmoay%

aer ug n%SSa felSalnSusa roé§| r]—laﬁold\?efaur%da%thd:OLane a”&oﬂf”smi%g ﬁg?’bNunber
Laboratory (1988); Experimental Manual for Monocional
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),
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which specifically recognizes the protein according to the
present invention. Specific examples of such a functional
fragment include Fab, Fab’, F(ab’)z, a variable region fragment
(Fv), disuifide-bonded Fv, and a single-chain antibody (scFv),
and a polymer thereof.

[0078]

Preferred examples of the antibody of the first
embodiment according to the present invention include an
antibody against a protein comprising the amino acid sequence
of SEQ ID NO: 4, or an amino acid sequence of SEQ ID NO: 4
which contains one to several conservative substitutions, and a
functional fragment thereof.

[0079]

Preferred examples of the antibody of the second
embodiment according o the present invention include a
monoclonal antibody produced by a hybridoma deposited under
FERM BP-BP-10672.

{0080]

Accordingly, according to the present invention, there is
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)
on October 7, 2005.

[0081]

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

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

[0083]

According to the present invention, there is provided an

antibody that can bind to Pseudomonas aeruginosa, which is

N
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produced by the animal’s own immune system in response to
the antigen compositions according to the present invention.
[0084]

[Use of antibody and pharmaceutical composition]

Diseases associated with Pseudomonas aeruginosa

Pseudomonas aeruginosa is a pathogen of opportunistic
infections which cause lethal consequences with reductions in
the resistance of hosts. Moreover, Pseudomonas aeruginosa is
resistant to antibiotics and is therefore a main causative
bacterium of hospital infections. As shown later in examples, it
was confirmed that the antibody 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
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
invention actuailly has protective effect against infections on a
multidrug resistant Pseudomonas aeruginosa-susceptible murine
mode! (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
Pseudomonas aeruginosad.

[0085]

Examples of the diseases associated with Pseudomonas
aeruginosa include systemic infectious diseases caused by a
Pseudomonas aeruginosa infection including a multidrug
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
infection in the pulmonological field; postoperative peritonitis
and postoperative infection in a biliary duct or the like in the
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surgical field; abscess of eyelid, dacryocystitis, conjunctivitis,
corneal ulcer, corneal abscess, panophthalmitis, and orbital
infection in the ophthalmological field; and wurinary tract
infections (including complicated wurinary tract infection),
catheter infection, and abscess around the anus in the urologic
field., Further examples thereof include burns (including a
serious burn and a burn of the respiratory tract), decubital
infection, and cystic fibrosis.

[0086]

The antibody of the first embodiment according to the
present invention is useful in that it is expected to be effective
for the prevention or treatment of a muitidrug resistant
Pseudomonas aeruginosa infection which is difficult to treat.
[0087]

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]

According to the present invention, there is provided a
method for preventing or treating 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
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
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
(Examples 7 and 8). It was aiso confirmed that the antibody of
the second embodiment according to the present invention
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binds to the peptide of the first embodiment according to the
present invention (Example 13). It was further confirmed that
the antibody of the third embodiment according to the present
invention binds to the peptide of the second embodiment
according to the present invention, and reacts with only
Pseudomonas aeruginosa and with no other bacterial species
(Example 7). Thus, the antibody according to the present
invention is useful for the diagnosis of a Pseudomonas
aeruginosa infection.

[0090]

The antibody according to the present invention can be
used not only as a purified product but also in the form of a
hybridoma culture supernatant or ascites, so as to differentiate
a Pseudomonas aeruginosa infection from other bacterial
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.

[0092]

The diagnosis method according to the present invention
can be carried out by coilecting biological samples such as
sputum, a lung lavage fluid, pus, tears, biood, or urine from
mammals including a human at risk of a Pseudomonas
aeruginosa infection, subsequently contacting the collected
samples with the antibody according to the present invention,
and determining whether or not an antigen-antibody reaction
OCCUrs.

[0093]
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.
10094}

The antibody according to the present invention may be
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labeled. This detection kit detects the presence of
Pseudomonas aeruginosa by detecting an antigen-antibody
reaction.

[0095]

Thus, the detection kit according to the present invention
can further contain various types of reagents for carrying out an
antigen-antibody reaction, a secondary antibody used, for
example, in ELISA, a chromogenic reagent, a buffer, instructions,
and/or an instrument, etc., if desired.

[0096]
Potentiator for enhancing anti-Pseudomonas aeruginosa activity
of an aminoglycoside antibiotic

As shown later in examples, it was confirmed that
addition of the antibody according to the present invention
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]
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]

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 including a
human.

[0099]
Pharmaceutical composition

The pharmaceutical composition or agent according to
the present invention may be used in the form of a composition
comprising the antibody according to the present invention as
an active ingredient and preferably containing the purified
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antibody, and optionally other components, for example, a
saline, an aqueous glucose solution, and a phosphate buffer.
[0100]

The pharmaceutical composition according to the present
invention may be formulated as a liquid or freeze-dried form, as
necessary. Such a pharmaceutical composition may optionally
contain pharmaceutically acceptable carriers, for example, a
stabilizer, a preservative, and an isotonic agent. '
[0101]

Examples of the pharmaceutically acceptable carriers can
include: mannito!, lactose, saccharose, 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.

[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,
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
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
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.

[0104]
When the pharmaceutical composition is prepared as a
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diagnostic agent, this diagnostic agent can be obtained in any
dosage form by adopting any means suitable for the purpose.
For example, ascites, a culture sofution containing the antibody
of interest, or the purified antibody is measured for its antibody
titer and appropriately diluted with PBS (phosphate buffer
containing a saline) or the like, and a preservative such as 0.1%
sodium azide is then added thereto. Alternatively, the antibody
of the present invention adsorbed on latex or the like is also
determined for its antibody titer and appropriately diluted, and
a preservative is added thereto for use. Such an antibody of
the present invention bound with latex particles is one of
preferable dosage forms as a diagnostic agent. In this case,
appropriate resin materials, for example, polystyrene, polyvinyl
toluene, or polybutadiene, are suitable as the latex.

Examples
[0105]

Hereinafter, the present invention will be described with
reference to examples for promoting understanding of the
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,
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
(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
documents included therewith and quantified using 2100
bioanalyzer (Agilent Technologies). Then, experiments were
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carried out according to the method described in documents
included with GeneChip. Gene expression data was analyzed
using Microarray Suite 5.0 (Affymetrix), and signal and
detection were calculated. At this time, correction was carried
out, such that the average value of signals from all probe sets
was 1000. Two independent experiments were carried out.
[0107]

As a result, a PA4761 protein (DnaK or HSP70), which is
a house keeping protein, was determined, under all the culture
conditions regardless of the presence or absence of added sera,
to be “Present” that indicates that a transcription product was
detected, and it was thus shown that the gene is expressed.
Moreover, a PA2018 protein (MexY) (J. Bacteriology, 2005, 187,
5341-5346), which is an inner membrane-spanning protein that
associates with PAS158 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.
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
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]
Example 2: Analysis of PA5158 gene in 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
strains were derived from blood, urine, sputum, pus, pharyngeal
mucus, and the like, and their serotypes include group A, B, E,
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G, I, etc., based on serological classification according to the
decision of the serotyping committee sponsored by Japan
Pseudomonas aeruginosa Society (1975).
[0110]
(1) Preparation of genomic DNA

Each of 88 clinical isolates of Pseudomonas aeruginosa
was cultured overnight at 37°C in a Mueller-Hinton medium
(Becton Dickinson) and collected by fow-speed centrifugation.
Using DNeasy Tissue kit (QIAGEN GmbH), genomic DNA was
prepared from the obtained bacterial cells according to the
method described in documents included therewith.
[0111]
(2) Amplification of DNA fragment by the PCR method

Using the prepared genomic DNA as a template, a region
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
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]
(3) Analysis of polynucieotide 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
genomic sequence (NC_002516). BigDye Terminator vl1.1
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
reaction product was purified using MultiScreen-HV plate
(Millipore Corporation) filled with Sephadex G-50 Fine DNA
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Grade (Amersham Biosciences AB) swollen with water in
advance. Then, the polynucleotide sequence was analyzed
using Applied Biosystems 3730 DNA Analyzer (Applied
Biosystems).

{0113]

The polynucieotide sequences in the clinical isolates
determined by the analysis were converted to polypeptide
sequences, and these polypeptide sequences were compared
with those from the PAO1 strain. As a result, 21 mutations
were observed in the fuli-length sequence of the PA5158 protein
(Table 1).

[0114]

However, 2 putative extracellular regions (SEQ ID NO: 5
and SEQ ID NO: 6) predicted by the present inventors 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 structure
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.”
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[0115]
Example 3: Cloning of the PA5158 gene DNA fragment

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 £. coli expression vector
pET15b (Novagen) by the following method.

[0116]

Based on the signal sequence, and three-dimensional
structure information about a Pseudomonas aeruginosa PAO427
(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 information about the
PA5158 protein, it was estimated that a nucleotide sequence of
nucieotides 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 Bic) was
used as DNA polymerase. A reaction solution was
supplemented with 10% dimethy! 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 Biolabs) and BamHI
(Toyobo). pIVEX2.4d was digested with Xhol and BamHI.
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These DNA fragments were electrophoresed on agarose gel, and
extracted and purified using QIAquick Gel Extraction Kit
(Qiagen). The PCR product and pIVEX2.4d thus digested with
XhoI-BamHI were ligated using T4 DNA ligase (Ligation High,
Toyobo), and E. coli DH5a strains (Competent High DHbaq,
Toyobo) were transformed with the ligation product. The
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
sequence of the insert was confirmed (BigDye Terminator v1.1
Cycle Sequencing Kit, Applied Biosystems).

[0119]

Next, pET15b was digested with Xhol and BamHI, and
ligated to the XholI-BamHI insert fragment of pIVEX-PA5158-10.
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 PAS5158
recombinant protein

Celi-free and E. coli expression systems were used in
expression of a recombinant protein.
[0121]

RTS 500 ProteoMaster E. coli HY Kit (Roche Diagnostic)
for carrying out transcription and translation using T7 RNA
polymerase and E. coli lysates was used in a celi-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
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.

[0122]
E. coli BL21 (DE3) strains in which a T7 RNA polymerase
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gene has been incorporated, and a pET vector expression
system (Novagen) having a T7 promoter were used in an E. coli
expression system. In this expression system, transcription of
the T7 RNA polymerase gene incorporated in the chromosome of
the BL21 (DE3) strain is suppressed by a lacl repressor, and this
suppression of transcription is removed by addition of an
inducer isopropyl-8-D-thiogalactoside (IPTG), so as to induce
expression of T7 RNA polymerase. Moreover, transcription of
the gene incorporated downstream of the T7 promoter of the
pET vector is also suppressed by a lacl repressor, and this
suppression of transcription is removed by addition of IPTG, so
as to induce expression of the incorporated gene through
transcription caused by the T7 RNA polymerase supplied from
the host. The E. coli expression vector pET-PA5158-1 is a
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 Cloning 2nd ed., Sambrook et al. (1989)) and
transformed with pET-PA5158-1. The transformants were
cultured overnight in an LB medium containing 50 pg/ml
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
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)
was used at a final concentration of 200 pg/ml.

[0123]

Ni chelate chromatography using the His-tag was used in
protein purification. The insoluble protein expressed in the
cell-free or F. coli expression system was solubilized with a
dissolution buffer (Dulbecco’s phosphate-buffered saline (PBS)
supplemented with 8 M urea, 5 mM imidazole, 200 mM NacCl,
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and 0.1% NP-40). The dissolved protein was bound to Ni-NTA
Agarose (Qiagen) and washed with 40 volumes of a dissolution
buffer. The protein was further washed with 40 volumes of a
wash buffer (having the same composition as that of the
dissolution buffer except for NP-40). Then, the His-tag-fused
protein was eluted with an elution buffer (PBS supplemented
with 8 M urea, 300 mM imidazole, and 200 mM NaCl), followed
by collection.

[0124]

As a result, 1.5 mg of the protein and 9.0 mg of the
protein were finally obtained from 1 mi of the reaction solution
in the cell-free system and 100 m! of the culture in the E. coli
expression system, respectively.

[0125]
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
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
was dissolved in an 8 M urea solution, resulting in a
concentration of 100 pg/mli.

(0127}

The amino acid sequences of the extracellular regions in
the PA5158 protein were estimated by the present inventors
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 £. coli
TolC protein (Nature, 2000, 405, 914-919), and secondary
structure information about the PA5158 protein. Peptides
containing the estimated amino acid sequences (SEQ ID NO: 5
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and SEQ ID NO: 6) were synthesized by a solid-phase synthesis
method using Fmoc. A cysteine residue was added to the
amino terminal of each amino acid sequence of SEQ ID NO: 5
and SEQ ID NO: 6. Peptides having an acetylated amino
terminal and an amidated carboxyl terminal were synthesized.
[M+1] m/z 1664.2 (calculated value: m/z 1663.9) was observed
by mass spectrometry in the synthetic peptide containing the
amino acid sequence of SEQ ID NO: 5 (SEQ ID NO: 15), and a
peak with an area ratio of 88.25% at a retention time of 15.469
minutes was given by HPLC analysis for the synthetic peptide.
Alternatively, [M+1] m/z 1540.6 (calculated value: m/z 1538.7)
was given by mass spectrometry for the synthetic peptide
containing the amino acid sequence of SEQ ID NO: 6 (SEQ ID
NOQO: 16), and a peak with an area ratio of 76.47% at a retention
time of 12.524 minutes was observed by HPLC analysis for the
synthetic peptide. The synthetic peptide was coupled to
kevhole limpet hemocyanin (KLH) via a spacer, so as to prepare
a conjugated peptide. Sulfo-SMCC
(Sulfosuccinimidyl-4-[N-maleimidomethyl]cyclohexane-1-carbox
ylate; 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
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
lLaboratories, Japan) was subcutaneously or intramuscularly
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 ug/animal each of the
formalin-inactivated strain, the PA5158 recombinant protein,
and the KLH-conjugated peptides described in Example 5 was
used. One week after the final immunization, whole blood was
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collected from the abdominal aorta or carotid artery, and it was
left at room temperature for 1 hour and centrifuged at 1500 G
for 20 minutes, so as to obtain a supernatant having
approximately 5 mi/rat or 50 mi/rabbit of sera.
[0129]
Example 6: Purification of the IgG fraction from antisera

An IgG fraction was purified from the rat and rabbit
antisera according to, for example, the method of McCauley R &
Racker, E; Molecular and Cellular Biochemistry 1, 73-81 (1973).
An ice-cold saturated ammonium sulfate solution (pH 8) was
added to prepare a 43 (v/v)% suspension, and the obtained
suspension was stirred at room temperature for 15 minutes.
Precipitates were collected by centrifugation at 10,000xg for 20
minutes and dissolved in a 10 mM potassium phosphate buffer
(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)
supplemented with 10% glycerol, and subsequently dialyzed
overnight against the buffer. The dialysate was centrifuged and
then applied to cation-exchange chromatography
(DEAE-Toyopearl 650M (Tosoh)). The pass-through volume was
collected as an IgG fraction by measuring ultraviolet absorption
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
antisera and 15 ml of the rabbit antisera, respectively. The
proteins were quantified according to DC Protein Assay
(Bio-Rad) based on the lLowry method, and I1gG purity was
evaluated by SDS-PAGE.
[0130]

As an alternative method, Protein G affinity column
chromatography was used in purification of an IgG fraction from
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the rabbit antisera. The method was carried out according to
instructions included with HiTrap Protein G HP (Amersham).
The rabbit antisera were added to HiTrap Protein G HP column
equilibrated with a 20 mM sodium phosphate buffer (pH 7), and
the column was washed with the same buffer. Elution was
carried out using a 0.1 M glycine-HCI buffer (pH 2.7), and the
eluate was immediately neutralized with a 1/20 volume of a 1.0
M tris-HCl buffer (pH 9) placed in a fractionation tube in
advance. A volume to be collected was determined by
measuring ultraviolet absorption 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. Approximately 60 mg of proteins was
obtained as an IgG fraction by purification from 10 mi of the
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

For whole cell ELISA, a bacterial suspension of PA103
strains cultured in an L.B 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
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
(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
0.18 M sulfuric acid. Absorbance at 450 nm was measured,
[0132]
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As a result, with regard to the PA5158 recombinant
protein-immunized rat sera, the absorbance of negative control
rat sera before immunization (100 fold diluted) was 0.031,
whereas the absorbance of the PA5158 recombinant
protein-immunized rat sera (100 fold diluted) was 0.399. This
indicates that the antibody (IgG) that recognizes the bacterial
cell surface-exposed extracellular region of the PA5158 protein
is contained in the PA5158 recombinant protein-immunized rat
sera.

[0133]

Moreover, with regard to the purified IgG fraction
obtained from the PA5158 recombinant protein-immunized
rabbit sera, the absorbance of an IgG fraction (5 pg/ml) purified
from negative control rabbit sham sera was 0.15, whereas the
absorbance of the 1gG fraction (5 pg/mi) purified from the
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 1gG fraction derived from the PA5158
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 1gG fraction (50 pg/ml) purified from
sham-operated rat sera as negative control was 0.132, whereas
the absorbance of the IgG fraction (50 pg/mi) purified from the
PA5158 recombinant protein-immunized rat sera was 0.370.
Moreover, the absorbance of the IgG fraction (50 pug/ml) purified
from the sera of the rat immunized with the KLH-conjugated
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
peptide-immunized rat sera.

[0135]
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Under the same conditions, whole cell ELISA was carried
out using E. cofi (ATCC25922), which is also a Gram-negative
bacterium as with Pseudomonas aeruginosa. As a result, the
absorbance of an IgG fraction (50 pg/ml) purified from
sham-operated rat sera as negative contro! was 0.118, whereas
the absorbance of an IgG fraction (50 pg/mti) purified from the
PA5158 recombinant protein-immunized rat sera was 0.090.
Moreover, the absorbance of an 1gG fraction (50 pg/ml) purified
from the sera of the rat immunized with the KLH-conjugated
peptide of SEQ ID NO: 16 was 0.072. This indicates that the
antibody (IgG) that recognizes an E. coli cell surface-exposed
antigen was not contained in the 1gG fractions derived from the
PA5158 recombinant protein-immunized rat sera and the
KLH-conjugated peptide-immunized rat sera. Thus, this result
indicates that these IgG fractions can be used in the detection
of Pseudomonas aeruginosa.

[0136]

Example 8: ELISA test

(1) Detection of antibody that binds to PA5158 recombinant
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
protein in a 96-well nickel piate (HIS-Select High Sensitivity
(HS) Nicke! 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
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
anti-rat 1gG antibody, 10000 fold diluted, Sigma) was added
thereto and allowed to react therewith for 30 minutes, and the
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plate was then washed. An enzyme reaction was carried out by
addition of a chromogenic substrate (TMB Microwell Peroxidase
Substrate System, KPL) and then terminated with 1 M
phosphoric acid. Absorbance at 450 nm was measured.

[0137]

As a result, the absorbance of negative control sera
hefore immunization (10,000 fold diluted) was 0.058, whereas
the absorbance of the PA5158 recombinant protein-immunized
rat sera (10,000 fold diluted) was 0.410. This indicates that
the antibody that binds to the PA5158 recombinant protein as
an immunogen is contained in the PA5158 recombinant
protein-immunized rat sera.

[0138]

Moreover, the absorbance of negative control rat sham
IgG (10 pg/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 1gG (10 ug/ml) as the IgG
fraction purified from the PA5158 recombinant
protein-immunized rat sera was 2.918. This indicates that the
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 extracellular
region peptide of the PA5158 protein

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,COs3
and 0.3% NaHCOs;) and placed at a concentration of 1 or 2
ng/well of the peptide in a 96-well plate (MaxiSorp, Nunc¢). The
plate was left overnight at 4°C s0 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
Fxample 5 was added to the wells after dilution and allowed to
react with the peptide for 1 hour, and the plate was then
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washed with PBS containing 0.05% Tween 20. A secondary
antibody was added to the wells and allowed to react therewith
for 30 minutes, and the plate was then washed with PBS
containing 0.05% Tween 20. A chromogenic reaction and
measurement of absorbance were carried out in the same way
as above.

[0140]

As a result, the absorbance of negative control sera
before immunization (100 fold diluted) was 0.053 in the well
coated with 1 pg of the putative extracellular region peptide
(SEQ ID NO: 5) of the PA5158 protein, whereas the absorbance
of the PA5158 recombinant protein-immunized rat sera (100
fold diluted) was 0.445 in such a well. This indicates that the
antibody that binds to the extracellular peptide (SEQ ID NO: 5)
of the PA5158 protein is contained in the PA5158 recombinant
protein-immunized rat sera.

[0141]

Moreover, the absorbance of negative control rat sham
IgG (10 pg/mi) as an I1gG fraction purified from the sera of a rat
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 upg/mi) as the IgG
fraction purified from the PA5158 recombinant
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 1gG.

[0142]

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
png/well of the peptide.

[0143]
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As a result, the absorbance of negative control rat sham
IgG (100 pg/ml) as an IgG fraction purified from the sera of a
rat to which only an adjuvant had been administered was 0.160,
whereas the absorbance of rat anti-PA5158 1gG (100 pg/ml) as

5 the IgG fraction purified from the PA5158 recombinant
protein-immunized rat sera was 0.589. This indicates that the
antibody that binds to the extracellular peptide (SEQ ID NO: 6)
of the PA5158 protein is contained in the rat anti-PA5158 IgG.
[0144]

10 Example 9: Ability of PA5158 recombinant protein-immunized
rat sera to defend against PA103 strain infection

Viable PA103 strains suspended in 100 pl of a saline
containing 5% mucin were intraperitoneally administered at a
dose of 1.0x10° cfu/mouse (20 LDso) to 4-week-old CD-1 mice

15 (purchased from Charies 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 ml/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 PAS158 recombinant protein-immunized
rat sera to defend against PA103 strain infection in _neutropenic

35 mice

12.5 mg/ml (saline) of Cyclophosphamide monohydrate
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containing the estimted am no acid sequences (SEQID NO 5 34 and SEQID
NGO 6) were synthesized by a solid-phase synthesis nethod using Fnoc. A
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sequence of SEQ ID NO 5 and SEQ ID NO 46. Peptides having an acetyl at ed
amno 5 termnal and an am dated carboxyl term nal were synthesized. [Mt1]
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5 nmeasurenment of absorbance were carried out in the sane way as above.

[ 0140] As a result, the absorbance of negative control sera before
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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.



42 (hereinafter referred to as CY, Sigma-Aldrich) was prepared and
intraperitoneally adm nistered at a dgse of 125 ng/kg to 4-week-old CD-1
mce on day -5, -2, and 0, so as to reduce a neutrophil level in peripheral
bl ood. Then, viable PA103 strains 5 were intraperitoneally adm nistered at
a dose of 1y@exdfRocGfitdpuse (136 LD50) to the mice. | mediately
thereafter, the PA5158 reconbi nant protein-imunized rat sera (all serum
sanples were 2.5 fold diluted with a saline) were adm nistered at a dose of
10 m/kg fram t harcotated proteiSesetactay srdratigre giduproiretstivg ofctivity
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saline) were adm nistered at a dose of 10 m/kg fromthe caudal vein. Seven

days | ater, prot ecti ve activity against the infection was determ ned based
on survival 2.5 [ &tusplated pephisleaselested fremotie groppneepsistiagcoh{ild sham
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SEQ ID NO: 6.



was thus confirmed that the rat anti-PA103 1gG has protective activity

agai nst the infection. Under this conggtion, 6 out of 7 35 mce survived in
the group to which the rat anti-PA5158 IgG as the IgG fraction purified
fromthe PA5158 reconbi nant 44 protein-inmunized rat sera had been

adm nistered. It was thus confirned that the rat anti-PA5158 |IgG has
protective activity against the infection. [0152] 5 Exanple 13: Preparation
of nonocl onal anti body (MAb) One week after the final imunization
Wi th _theI lor dpar e ArPALLIGE T escorpogitdoh qurobeising ra Ex@no?@hai@ordhag $ol eﬁndwas )
aseptically ct spl een was washed wt
an RPM - 1640 %nﬁjﬁuﬁd%%%gﬂid@%%gbpﬁﬁ\ﬁ:to %%qpﬁ?;af gerted bet ween sl i de

gl asses and crushed, so as to obtain a splenic cell test sanple as fine

smal | pieceg, Th?\ QBE@'n@e@oﬁiﬁmlén%Hl&é’\@f ﬁhé\@ﬁ'@%n@%rﬁéﬁtﬁééﬂ#ﬂéhton at

1200 rpm for m nu Rﬁ% e ot her han
el onna. coPf QIBEASES AsHok Aeen it hyRs e As P i sae SoTIP LR
condi ti ons ahn &8AtiGen, comripasitien raﬂmddtr}g b claivte4d,aamid 4Ciomalan oReVbF 1640

medi um cont %85@%%%{6&&&& ECEQ;}ftaﬂﬁeS@é#@rsf %ﬂﬂletn@ BH\AZO ul t”red

nyel oma cell's ng the expone nt|a
centri fugat @sduvanky an RPM - 1640 rredl um and mi xed vm t h t he 20
af orenenti oned splenic cells, such that a ratio of t he nunber of the

TP oL L AT B el b TR B BB Ry 2

super nat ant ofidbedPseadoednandetihenosihl BADRR 58 pmtﬁamnerslellgctledofyenedtheTo t he

centrifuge g the cells, 1 nL of a solution conS|st|ng of 2
g of pol yet pﬁﬁzéoﬁéﬁ%ﬁbww 1000, V\ako Pure Chem cal Industries),

of an RPM - n@gﬁmoaﬁ@tmgzoﬁth@farnmamaéa%enq?@sc&@im Nfdh 141,y
i’id?ed- me ﬁb ![aS }fﬁe@n TWPQQ%3@(Vn§Ib@§V|OYVaIrDEM|:1©9a¢|h€s@(ﬁ}|ném¢é WESE@IQD m nut e

at er, e I I u e Q e n
w1640 mNPL (B She B BBE8 it SRIdH, Bk d¥ibtet, Sty
centrifugedimserted) orpadded, andiwbidsis fitvectionaky supsvakirdnto agyodebtar ded,
and the cel |3l fffth%' &Hﬁh% %&g%@gﬁ%@ﬁ{%@‘@ & Nigecel |

oG RAT (1B BFPEEBBYC Thencasatt PHg BohaUclepEid whsh By hdizes ! ' °
EQEEFPE ;?t I $mcﬁir :lecr&\gédt\/\@d)rlwditrdr(s to %pmﬂ}duc!ét&idm wmsa?cgéﬁapef g[rlove
hum dity of %\6@% ﬁa@%’ég%ﬁﬁsgwg\% §8{?§é§g‘}£§q@<§q §{gr hybr i domas

grown int h@QMéInUsle\mth ebgedm@l thecamwao @chd seqoien.cesof SESBID(HZD Str eeni ng

of anti body ﬁg&y I urface
of Pseudonnr?g]];d ﬁiﬁﬁjﬁgggc&gg Vg dé(%%a @%ﬁ?ﬁlémﬁdﬂggri bed in
Exanpl e 7. I%F&Q/@F' §ﬁqHﬁFF§ 0 the PA5158 recomnbi nant
protein or the ay mevemtmmﬁiélsﬂsamf aagminé Qi Iseghience bavBiQ70D0Na:  6)

of the PA51 il te t anpl e 8.
[0154] (2) %ﬁorﬁ'i é 9?”@@? @?be@m&gpﬂéo %?fj%%@%'g‘?ﬁ)te t@%ﬁ A

concent r at i @ancowiBeh Bs dunotisoaalinyed i vedents tovds peeljain tesdsisting xotheel | s/ nlL
using a 10%a'?§§(cﬁ£cf@§é#;|ﬁbn€@%ﬁ§§@j 1hMOCA] bp RiccdbRpERSREht 2
concentr at :I\EPI into a 96-we m croplate (Sum'tonp Bakelite).
The cells @r%‘a -t ured overni ght under condl tions of 5% CO2, relative 20
hum dity of 100% and 37C. On the follow ng day, the hybridomas determ ned
by screening to produce the antibody of interest were adjusted to 5

hybri domas/ 0.1 nmL usi ng a 10% FCS HT (G bco) nedium and were di spensed at
a concentratd.on & solated weitibady egeingl ePentidpisehecties friepnitbecel I's were
25 di Spense§r@a pt E6nHEEBGILNGI ) dR e ptltR t@ngmm@e@k%héaémrnotaw growt h of
cl ones coul d be obseryved under a m croscope. The clones were anal yzed by

t he met hod FESHEEIC %/n the paragraph for screening, so as to select clones
produci ng the anti body of interest. The hybri domas having a concentration
adjusted to 1



30 hybridoma/0.1 niL using a 10% FCS/HT (G bco) nedium by the aforenenti oned
met hod were di spensed at a concentratgpon of 0.1 nb/well to the wells in
which the thymc cells were dispensed on the preceding day. One to two
weeks | ater, clones were analyzed by the nmethod described in the paragraph
35 for screening, so as sel ect nonocl ones producing the antibody of

i nterest. g%dgﬂﬁgbs(g Ln vitrq cul ture of ceIIs and uction of MAb
The cl ones (i} PRty CHBisH RS A e@nlaf{nfrp-%ag wEALEMCEr opl at e
wer e scal edofiiSEQ I& Ages5iwhiclRéontdinspbae ¢o several-ovlhskragkiveand a 250-nL

super nat ant S8 RetRBpr eIl PEPHER oMo PR ile Flsa deser bea

in Exanpl e 8eQP@m56]0f15EQ EDMOsA nviighr a sdnola aﬂ’djﬂod@tiéciﬁla@d@ﬁindl ng to
the wel | onawal whidthes syAEhShaRA r@mwéﬂer(tSEQa '\[geb’@de aifPttfe S, whi ch

tained the ext t d based
con 2l ned | L b Ludact SIER o WG, o g@@ﬁ@%ﬁaﬁ%gﬁr& nosa

PA0427 (Opr khemaftein (J. 15 Biol. Chem, 2004, 279, 52816-52819),
t hree- di mensi onal structure information about an E. coli TolC protein

(Nature, 2000, 405, 914-919), and secondary structure information about the
PA5158 pr ot 8in MHIS%@W%E%IIQQ&V op® Bundienal fragmanhtimeresK t he

absor bance \aﬁaoﬁdlﬁéfsto elaanﬂ@‘yovﬁfifcﬂ? r&8ubedi By aasy Brif6aR 'dégycpﬁ&tcr ol,
whereas the ab ortzﬁnce was 0 EM epghé e super nat ant t he

hybri doma dé'B %??ﬁ%ﬂ@ F ‘e of Advanced | ndustri al

Sci ence and Technol ogy, International Patent O gani sm Depositary under the
accessi on &%7 ido he MAb t hat
binds to twg pep?Mdiegpl S % t' W?g%g%t%e% (?é/%%&%eh éeﬁzlﬂ%

ant i - PseudofbREB %?%@'ﬂﬂ@s%f ('é@t pepweotioaﬁsamgn@@rﬁv@@s"nuw antd bi ot ic It
has been re@eqheﬁctehﬁt SERIBASDS p |9t§'pépt$d@'¢o@l%§§tiné%fmh@1% protein

t hat tit
amanoéf)Sio'saﬁﬁﬁﬁgpsn&e.c@f“gﬁienw@ SR slitei s P SeREFaby, 2003,
47, 1101- 11topsenaatiantssbdéitistions, and (hi)sa pemxteimcpnsﬂmg oh@reassdo

sensi tivi ty oy sapneakucassie AL 8 bESun RS siHBR BRTIngTad aispar i ous

types 35 of anti cogni ze I's protern alne the present
i nvent or s hééé‘eéfma%vﬁ?'ﬁgr'§ onadly aathEYeqE seizpemitderebsistingr ef f | ux

punps was testhd. am®id8cid sequerRecuiGRINAD REN:UG] BERFIAAISHSL rai ns
(ATCC29260) re sh Kg cu tured overni ght at 37C in a Meller-H nton liquid
5 medi um angy%rﬁﬁpég 6P%105 cfu/m with the same nedium Then, the
strains were shake cultured again at 37C. Two hours | ater, gent amicin was

added at a §@”Ce?¥rf %‘dlé’l‘.’éd)fan@bjo%@ Br%/fﬂngt*r%rgﬁl"‘frégfnﬁﬂt %8@?@‘:' ve control

group, PBS was at a concentration body- added
groups, rat aEQO ﬂig ngnyspne il éﬁ“ﬁf@tﬂlﬁro‘éﬂh@ﬁﬁm Bne iassiBogy deld@ced by the
hybri dona deposbtleshalizgetbddye. accessi on No. FERM BP-10672, rat
anti-PA5158L2 1gG as the 1gG fraction purified fromthe KLH conjugated
peptide (SEQ ID No: 6)-imuni zed rat sera, and rat anti-PA5158 1gG as the
| gG fracti odlpur i het’lriﬁlodmatd@dﬁt@d\mrﬂmﬂ)mtembnpﬂ\iot EERN BRI zed rat
sera were agggd-at each concentration of 300 jig/m . Then, shake culture
was carried out at 37C for 4 hours, and the nunber of viable strains in
each group was neasured. [0159] 20As a result, the strains were
proliferated2to A PhatORceitiodl mpbgltmfmsOUsgrm%e pheveasohhe strains
were proliferated to 5.4x106 cfu/m in the negative control group.
Furthernore, the strains were proliferated to 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 |ower than the nunber of viable
strains in the negative control groupsylt was thus confirnmed that each of

t hese anti bodi es has an effect of enhancing antimcrobial activity of an
am nogl ycosi de antibiotic gentam cin. 30 [0160] Al'l of the

anti bodi es haveeatPlePReif disehsbsidigoeria @ittf PREDEDAtOASS BoeubARIRS
protein that constitutes n Ic}/cosfl de _anti gl otic efflux punps d.and a
bortion of CRETRGHIGHER 2RIPERY O ¢ THACtoRal dragwentitheteal ahardiide
present eff éotarof cehahcians36 tanl 0; Bseudptionadyasn@girnoseeact i vity of

am nogl ycosi 1 hioetd r Al bi & f efflux punps. 48
What is cl aiqun%éﬁ?és(%&q%é@'n%?g%{jg@% %Pglé;?n%%}lcgﬂ?gléeﬁ%m t he group
consisting of: (i) a protein consisting of the am no acid sequence of SEQ

| D NG _ 4; (!193.61 WOE@&i'ﬂle\Aﬂbl@fpdyDﬁ?éhSa@d?ﬁir@@ tandlamaBiott sequence of SEQ ID
NO 4 in whigch one or

.more amnqg.acids are dele bst.itute i nserted,
or added, a qm%qeqtgc&f u?f&’ﬂ?@ﬁﬁﬁi?ﬁ a&&&rgm%ﬁ? Cﬁ%ﬁj@ lzj'o@bleﬁig%ﬂ}?sti ng of
the am no adiseasrasnoeiabéd SEThI RseN@idmortds) aarygioosansvwhisystemiencoded by
a pol ynuci eohfe; Hf?s.e%%@#é{'@ﬁrt%gnﬁ'qfseﬁddr%%*s £ORYihbeBInkéxthon.
pol ynucl eoti de consi sting of a conpl enentary sequence "of a nucl eoti de
sequence of a pol ynucl eotide encoding the am no acid sequence of SEQ I D NO

4, and whichd4,s fmogttmmatbmmﬂt'imlﬁﬁorﬁggtpr@aﬁhrs ooresi sting of the
V

am no acid sgquen f. SE . 4 i i_ch. ists of an
am no acid ?Zﬁqjﬁ?ége%%%n%%@gmﬂﬁ%é Fﬁﬁéﬁ]ﬁﬁh\g@%@”ﬁ&g id
sequence of FSEQdODNGes Beragdnops éhfactidruir bi mnatidyugdesisipeht to a protein
consi sting g {ﬁg},gg A bincsyeRetRin SEQ ID NGO 4. 2. An isol ated

pepti de sel ecte romthe group consisting of (i) a peptide consisting of
the am no acid sequence of SEQID NO 5, (ii) a peptide consisting of an

am no aci d seguencdiadnditz BReND for awrsehdoamdaas Bcotginmssa viesction,

conservativ j tutions,: I Li Iy ﬁﬂgﬁi ' jno acid
sequence of %Qé%gﬁ%’%%%hﬁ[ﬁ%b%%# é %‘lln%gtﬁ% (;Ill’ﬁj%% acl ﬂ%@%&%&%‘?gﬁ@ whi ch

i s functi ondblaneqmevafl elitimobdmpépti de consisting of the anino acid
sequence of SEQID NGO 5. 3. An isolated peptide selected fromthe group
consisting of (i), a. tiide consisting of the ami no acid sequence of SEQ ID
NG 6, (M) aepth Bt ErdrEstng BreuHOmoRes 46 HOLRn YT ISES D NO 6
whi ch cont aigrgibsogy 00 & évecdbnabfriegmant thesebSbttordinasto ang ¢méiof a

pepti de con%@iﬁ%% ES)J 1g)n am no acid sequence of SEQID NO 6 to which a
singl e am no id" s added, and which is functionally equivalent to a

pepti de consisting of the am no acid sequence of SEQID NO 6. 49 4. An
antigen conpog| t!/QFa‘@‘é‘mrf’ofﬁ'&%aﬁwcﬁh@ﬂ%ﬁ—@é‘&%&’:ﬂﬂvé@aé)@@%& or a peptide
according to %j ailé/m 'ﬁ@or 3.. 5. A V&Cél ne Co.rrgom tion for use IH tge
prevention GCMBAPHER 2BHNGOSKRIIde ARIRICICe FAMNPHSPYR floRBHRSAY or a

aer ugi ri osa,funatipnas fragraendrthegeof aaopoding tm angcondiofocibims| @it ¥). and
optionally one or nore pharnmaceutically acceptable carriers, diluents,

and/ or adjuvants. 6. An isolated anti body agai nst the cell surface-exposed
portion of the Pseudononas aerugi nosa PAS 158 protein is selected fromthe
group consisting of: (i) a protein consisting of the am no add sequence of
SEQID NO 4; (ii) a protein which consists of an am no acid sequence of
SEQID NG 4 in which one or nore am no acids are del eted, substituted,

i nserted, or added, and which is functionally equivalent to a protein
consisting of the amno acid sequence of SEQID NO 4; (iii) a protein

whi ch is encoded by a pol ynucl eoti de which hybridi zes under stringent
conditions to a polynucl eotide consisting of a conplenentary sequence of a
nucl eoti de sequence of a pol ynucl eotide encoding 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
consists of an am no acid sequence having 70% or nore identity wth the

am no acid sequence of SEQ ID NO 4, and which is functionally equival ent
to a protein consisting of the am no acid sequence of SEQ ID NO 4, or a
functional fragnent thereof. 7. An isolated antibody against a peptide

sel ected fromthe group consisting of (i) a peptide consisting of the am no
acid sequence of 50 SEQID NO 5, (H) a peptide consisting of an am no
acid sequence of SEQ ID NO 5 which contains one to several conservative
substitutions, and (H ) a peptide consisting of an am no acid sequence of
SEQID NO 5 to which a single amno acid is added, and which is
functionally equivalent to a peptide consisting of the am no acid sequence
of SEQID NGO 5, or a functional fragnment thereof.



8. An isolated antibody or a functional fragnent thereof according to claim
8, whlich is produced by a hybridoma deposited under the accession No. FERM
BP-10672. 9. An isolated antibody agai nst a peptide selected fromthe
group consisting of (i) a peptide consisting of the am no acid sequence of
SEQ ID NO 6, (H a peptide consisting of an am no acid sequence of SEQ ID
NO 6 which contains one to seyeral conservative substitutions, and (iii) a
pepti de consisting of an am no acid sequence of SEQID NO 6 to which a
single amno acid is addegecandstww ch is functionally equivalent to a

pepti de consisting of the am no acid sequence of SEQID NO 6, or a

functi onads fepgnenk kineseef . 10. An isolated antibody or a functiona
fragnent thereof according to any one of clains 6 to 9, wherein the

ant i bodyi2dyS pReIBBRE! 8RR no@NdtIOfkYbranelrotein Rasiss doma deposi ted under the
accession No. FERM BP-10672. 12. A pharnaceutical conposition for use in

t he preuemt gkl or treatnent of di seases associated with Pseudononas

aer ugi nosa, conprising an antibody or a functional fragment thereof

accor di qgost apaoy-nemz2of clainms 6 to 10, and optionally one or nore

phar macgets qatsd-yw-amcceptable carriers and/or diluents. 13. A vaccine
conposition according to claim5 or a pharmaceutical conposition according
to cl aimed2,17wherei n t he di sease associ ated with Pseudononas aerugi nosa is
a system c infectious disease caused by a Pseudononas aerugi nosa i nfection.
14. A vaewi rrateatinpesdién &n according to claim5 or a pharnmaceuti cal
conposition according to claim 12, wherein the Pseudonbnas aerugi hosa
infecti<am st a mul tidrug resistant Pseudononas aerugi nosa infection.

di agnos{at agent for a Pseudononas aerugi nosa infection, conprising an
anti bods2i®r DA functional fragnment thereof according to any one of clains 6
to 10. <21%. PAeudironas grerugdepect i ng Pseudononas aerugi nosa, conprising an

anti body or a functional fragnment thereof according to any one of clains 6
to 10. <4¢®. 1An agent for enhancing anti-Pseudonbnas aerugi nosa activity of
an am nagiogtios ictidtcdenei topcdedces cagespiel sEqieecaly @edefasdtly of® a functi onal
fragnment thereof according to any one of clains 6 to 10. 1 SEQUENCE

LI STI NGtegceepse Reliepatoaselitrogaared shaerapqed aceeqoresd 40a3eitehond? aer ugi nosa out er
menbrane protein PA5158 <130> 162220PX <150> JP 2005- 315202 <151>

15. A

2005- 108Ep8p0ctp6 @EecaRFCaE [BREPSTanan BETERRFCG & SREAFCEE T D>
<213> Pseudonobnas aerugi nosa <400> 1 atgcc
cagcgat $e5eEENE BEGEEteE GHEEPAEREEEAEPICE AR

ct ggaaccga acgoccgact gcaaccg

ggcgt agtiEtatect Crcerant ety

ttcc ctett

cHEGeEGT gt

2

80c211> 1479 <212> DNA
oca tccctggccg
c ttccgaaggc

G9aa0. 9950960 55,8807 0030 920cctgoac

goccageces aagatgecge gogecageog acgetegace ccaaggccag ctactocges 360
atccgogege cgaccagegt gecccegeca ccgetoggeg gtogotatte ggegatcaag 420
tacctgtoge togecttcaa clacgactic gacctetgge goggegageg cgocgectegg 480
gaagccgece teggecagee caatgoogoe cggatogaca gocaggccee gogeategee 540
ctotoggoga geategooeg cgcctacage gacctogeoe acgecittac cgtgegegat 600
ctogocgage aagaacigaa gogotopgeag cgeatgaceg agetgageca gaagogeatg 660
agegecggac tcogacageaa getocagetg caacagacge agacccaget ggotaccgee 720
cgocagcage tcagegeogs cgagcaggac atcgccageg cocgoatege cotogoogty 780
ctgcteeggca agggeccoga togopetote gaactgcage goccgcaace getgaaccog 840



cgccaggact
ct gcaaggca
gcccaggcgce
at ccgcgcege
tacct gt cgc
gaagccgccc
ct et cggcga
ct cgccgagg

ggtggaccgg
ccoccgacct

aagat gccgce

cgaccagcgt
tcggcttcaa
t cggccaggce
gcat cgcccg
aagaact gaa

got eggcgac cggcagct og accaact gat cggcgaagcc240
gcagat cpc gaggcgcgtg cgcgccaggc ggoggcaacg300

gcgccagcecg
ggccccggcea
ctacgactto
caat gccgge
cgcct acafgc
gcgct cgcag

acgct ggacg
ccgct cggeg
gacct ct ggg
cggat cgaca
gacct cgcco
cgcat gaccg

ccaaggccag ctactcoggc360
gt cgctattc ggcgat caag420
gcggcgagcg cgccgcect gg480
gccaggccgc gcgcat eggo540
acgcctttac cgtgcgcgat 600
agct gagcca gaagogcat g660

CoccagdatEetageattot Casgeadguatoberateh LeRBEE Sl ot caccot o780
gceage oL uagRc OUEERD LU JEPcEL-§B00aat gt PEagRbgcch’ cocogaca c900
{1 ot at OLEAAELFCHA Ot “CUBEOCORE GOe auer 6] COUELst 0ol caccagagac 1020
g;g;;gg@gg{gg%%g%%éc% ettc g%g%ggg&g&g&g £ St LCOGdgogccgat cttc 1080

t
c%ﬁé€8gg acgcgacg ccgactacga cotggccgto 1140
1200

ggccagt aca, acaagacqc g 8399 LGRgsdacygmpcot oggcaag
ttgcgctgé%gé"%g&"gég?"é’g%é“8%%%3‘%¢%§%°%§§g‘%§cagg Ccccgggat at cgccaggtcc 1260
1320

B & C G LA0ESALAGD EORLACA0GA9P000LAN BERARIACHICOaCTOCC! C
agcgt gcdac  agcaact gct ‘ggtcgccgaa cgccaptgg ccagcctgga gagccagcag 1380

at cgat ¢ttt g thigsaagsocgat t eccge 1440
t ccgcet g‘f:‘%%"tt%%gﬁﬁg@ggéé gg%%%%%g%gﬁg“%%%g%%%gﬁgl 79£g§210> 2 <211> 1143 <212>

DNA <213 :ESeudomnnag t@&&éﬁgéc“&%&c%ﬁ@@?ag@ta&%%%@&gg gg@got act o oggcat ccge
gcgccgacca geégtggccco ggcaccgcet 060 ggeggt cget atteggegat caagt acct g

togct 0gget . L.6ARGLACHR (EickGIACELEEAR: CAIGIEA0GE-AR60CT8IC Ct gggaagee
gocct oggcc aggccaat gc cgccoggat c180 gacagccagg ccgcgcgcat oggcctetcg

0CQagCalCH+LEC OGUCGER £AIHIACHEdlr GEREAEYCRhttEdopCCcdQCyg cgatctcgee
gaggaagaac tgaagegotc gcagcgcat g300 accgagaga gccagaagcg cat gagcgcc

ggact 0OgReat AsAaGet668 Mskaracagaifiaacgcagaccc agaggetisl® cgcccgecag
cagct cagcg ccgccgagca ggacat cgcc420 agcgcccgca tcgccotcge cgtgetgetg

ggcaaggggc ccgat cgogg totcgaact g480 cagcgcccgc aaccgct gaa ccoggccagce
ct gagccirges @ct oggt got ccoggeggaa540
<211> 1143
<212> DNA
213> Pseudomonas aeruginosa
400> 2
gacgccaage coagetacte cegeatccge gogoogacca gogtggocee gecaccgote 60
gecggtogot attoggegat caagiacetg togotcgget tcaactacga cttcgaccte 120
tgepgcegog agegogccge ctgggaagee gecelogece aggocaatge cecceggate 180
gacagceage cogegegoat cggoctetor gegageateg cocgegecta cagegacete 240
geccacgeot ttaccgigeg cgatctegoe gageaagaac tgaagegoetc gecagegcatg 300
accgagctga gecagaageg catgagegee ggactogaca goaaggtcca gotgeaacag 360
acgcagaccs agetggetac cgoocgocag cagetcagog cogecgagea ggacatogee 420
agcgoecgoa togeoctege cgtgctgote geoaaggeee cogatogege totegaactg 480¢
cagogccege aaccgctpaa cooggecage ctgagectge coteoggteet cocggoggaa 540



3 ctgcteggcc gccgecgecga catcgttgec gcgcgcet gge gggt cgagge ggcgcegecge600
aacat cgact cggcgaagac cgagttctat cccaacctca atcteggcgc gat ggcoggc660
ctcgccgecc tgcacaccag cgacgtgttg caggcgccga gccgcttat ccaggt ggeg720
ccggcgat ct cectgccgat cttcgacggt ggccgccgec gcgccaacct ggccgaacgc780
gacgccgact acgacct ggc cgtoggccag tacaacaaga cgct ggtcca ggccot eggc840
gaggt cagog acgacct cgg caagttgcgc tccot ggage agcaggt gat cgaccagcgc900
caggcccgcg at atcgccag gtccaacttc gacctggcca tgcgtcgecta oggcgaaggc960

gt eggCagedcR6LERSREQS cHCEEABCOLAIEAAEROGARE ck@Oca@t 00O cgaacgccag 1020
ctggccagcc tggagagcca gcagatcgat ctttccgtcc agotggteca gocctgggc 1080
g0ggt t t46atSHAGCEMYaHalQc CEQACT0RGBEaaERPL hICHRERC GogeGadagcssgccggcagaa 1140 tga
1143 <210> 3 <211> 492 <212> PRT <213> Pseudononas aerugi nosa <400> 3 Met
Pro PhetBicecbOtchiattallicaciz0te Tdageckicga HobctAitg ckautedega L20 Al a 151015 Ser Al a
Ile Leu Lou Ala Ala Ay Cys Val Thr Ser Au Ay Lou Gu 202530 Pro Asn Al a
Arg LewckdentBlr eoeodgaticytcMogetlatoebdzte Algtoatdey ghdcgaalier 3B4045 Lou Asp dy Val
Ala Lou Ser Pro Ala Ala Trp Pro Arg G n Asp Trp 505560 Trp Thr Ay Lou Gy
Asp Ar graédotatiobbeASpeetdotoka@tiel lacaatiaya Cdctieghca s6@7REH80 844 Leu G n Ay Thr Pro
Asp Lou Gn lle Ala Qu Ala Arg Ala Arg G n 859095 Ala Ala Ala Thr Ala G n
Al a G rzadsmedd sceMlcacglicgpzGisecProcctddage baoeeetO bestde0ecAspd0Al a Lys Al a Ser Tyr
Ser Ay Ile Arg Ala Pro Thr Ser Val Ala

caggcocgog atatcgccag gtecaactte gacotggcca tgogtegeta cggogaagee 960

gtoggcaget acctogacge cotcagegte caacagcaac tgotggtege cgaacgecag 1020
ctggecages teggagagoca goagategat ctttecgtec agetggtcca ggcoctgege 1080
ppogetttec aaccogattc ccgctooget gegetogota cogcgaaage gecggcagaa 1140
tga 1143
Q210> 3

211> 492

<212> PRT

213> Pseudomonas aeruginosa

<400> 3

Met Pro Phe Pro Leu Leu His Pro Trp Pro Gin Arg Leu Ala Leu Ala

i 5 10 15

Ser Ala lfe Leu Leu Ala Ala Gly Cys Val Thr Ser Giu Gly Leu Glu
20 25 30

Pro Asn Ala Arg Leu Gin Pro Ala Gly Ala Leu Gin Ala Gly Arg Ser
35 40 45

leu Asp Gly Val Ala Leu Ser Pro Ala Ala Trp Pro Arg Gin Asp Trp
50 55 60

Trp Thr Gy Leu Gly Asp Arg Gln Leu Asp Gin Leu lle Gly Glu Ala
65 70 15 80



115120125 Pro Ala Pro Lou Gy Gy Arg Tyr Ser Ala Ile Lys Tyr Lou Ser Lou
130135140 Ay Phe Asn Tyr Asp Phe Asp Lou Trp Ay Ay Qu Arg Ala Ala Trp
145150155160 Qu Ala Ala Lou Ay Gn Ala Mh Ala Ala Arg Ile Asp Ser Gn Al a
165170175 Ala Arg Ile Ay Lou Ser Ala Ser Ile Ala Arg Ala Tyr Ser Asp Lou
180185190 Ala H's Ala Phe Thr Val Arg Asp Lou Ala Gu Gu QJu Lou Lys Arg
195200205 Ser G n Arg Met Thr Qu Lou Ser Gn Lys Arg Met Ser Ala Ay Leu
210215220 Asp Ser Lys Val Adnteu @n dn Thr dn Thr An Leu Ala Thr Al a
225230235240 Arg G n G n Lou Ser Ala Ala u G@n Asp Ile Ala Ser Ala Arg
Il e 245250255 5 G n Arg Pro Gin Pro Leu Asn Pro Ala Ser Lou Ser Lou Pro

Ser Val 275280285 Lou Pro Al a ]&gi A%r Arg Ala Asp Ile Val Ala
Al a Ar 991290‘2@5:50'0?"&&?9,&%6%"eél“i‘JG AAg &L Asn Ile Asp Ser Ala Lys

Thr G u 305310315820 Phe Tyr Pr¥8 Asn Leu Asn"lou Gy Ala Met Ala Ay Lou
Ala Ala Leu 325330335 His Thr Ser Asp Val Leu GI n Ala Pro Ser Arg Phe Phe

Erg Xfilamzﬁlgfg 340342350 P06y Rl AiS aTehre @ pFS Ol le§ Phe Asp Gy Gy Arg Arg

100 105 110

Asp Ala Lys Ala Ser Tyr Ser Gly lie Arg Ala Pro Thr Ser Val Ala
115 120 125

Pro Ala Pro Leu Gly Gly Arg Tyr Ser Ala lle Lys Tyr Leu Ser Leu
130 135 140

Gly Phe Asn Tyr Asp Phe Asp Leu Trp Gly Gly Glu Arg Ala Ala Trp
145 150 155 160

Glu Ala Ala Leu Gly GIn Ala Asn Ala Ala Arg lle Asp Ser Gln Ala
165 170 175

Ala Arg ile Gly Leu Ser Ala Ser lle Ala Arg Ala Tyr Ser Asp Leu
180 185 190

Ala His Ala Phe Thr Val Arg Asp Leu Ata Glu Glu Glu Leu Lys Arg
195 200 205

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

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

Arg Gin Gin Leu Ser Ala Ala Glu Gin Asp lle Ala Ser Ala Arg Hle
245 250 255

Ala Leu Ala Val Leu Leu Gly Lys Gly Pro Asp Arg Gly Leu Glu Leu
760 265 270



355360365 Lou Ala Qu Arg Asp Ala Asp Tyr Asp Lou Ala Val Gy G n Tyr Asn
370375380 Lys Thr Lou Val A n Ala Lou Ay Gu Val Ser Asp Asp Lou Gy Lys
385390395400 Lou Arg Ser Lou Gu Gn Gn Val Ile Asp Gn Arg Gn Ala Arg
Asp 405410415 Ile Ala Arg Ser Asn Phe Asp Lou Ala Met Arg Arg Tyr Ay GQu
Gy 420425430 Val Ay Ser Tyr Lou Asp Ala Lou Ser Val Gn Gn Gn Lou Lou
Val 435440445 6 Val G n Leu Ml Gn Ala Leu Gy Gy Ay Phe Gn Pro Asp
Ser Arg 465470475480 Ser Ala Ala Lou Ala Thr Ala Lys Ala Pro Ala 3 u 485490
<210> 4 <211> 380 <212> PRT <213> Pseudononas aerugi nosa <400> 4 Asp Al a
Lys Ala Ser Tyr Ser Gy Ile Arg Ala Pro Thr Ser Val Ala 151015 Pro Ala Pro
Leu Gy Ghdk AbGid ¥ro 98TAsPRy Allaeb Y& Soyrieb erb Servaleu 202530 Ay Phe Asn Tyr
Asp Phe Asp 49u Trp Gy Gopy Au Arg Alasfl a Trp 354045 Gu Ala Ala Lou Gy
Gn Ala Asn Ala Ala Arg Ile Asp Ser A n Ala 505560 Ala Arg Ile Ay Lau Ser
Ala Ser Ile Ala Arg Ala Tyr Ser Asp Lou 65707580

Leu Pro Ala Glu Leu Leu Gly Arg Arg Ala Asp |le Val Ala Ala Arg

290 285 300

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
325 330 336

His Thr Ser Asp Val Leu G!n 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 Ala Asn
355 360 365

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

Lys Thr Leu Val Gin Ala Leu Gly Glu Val Ser Asp Asp Leu Gly Lys
385 390 395 400

Ley Arg Ser Leu Glu Gin Gin Val ile 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 GIn Gin Gin Leu Leu Val
435 440 445

Ala Glu Arg Glin Leu Ala Ser Leu Glu Ser Gln Gin tle Asp Leu Ser
450 455 460



Ala Hs Ala Phe Thr Val Arg Asp Leu Ala Qu GQu Gu Lou Lys Arg 859095 Ser

G n
Ser
Arg

Arg Met Thr Au Lou Ser Gn Lys Arg Met Ser Ala Ay Lou 100105110 Asp
Lys Val Gdn Leu An A@n Thr G@n Thr Adn Leu Ala Thr Ala 115120125 7
Gn Gn Leu Ser Ala Ala Gu Gn Asp Ile Ala Ser Ala Arg Ile 130135140

Ala Leu Ala Val Leu Leu Ay Lys Ay Pro Asp Arg Ay Leu Gu Leu
145150155160 A n Arg Pro A n Pro Leu Asn Pro Ala Ser Leu Ser Leu Pro Ser

Val
Arg
du
Leu
Al a
Al a
Tyr
Ay
Arg

165170175 Leu Pro Ala G u Peu Leu Gy Arg Arg Ala Asp Ile Val Ala Al a
180185190 Trp Arg Val Qu Ala Ala Arg Arg Asn Ile Asp Ser Ala Lys Thr
195200205 Phe Tyr Pro Asn Leu Asn Leu Ay Ala Met Ala Gy Leu Ala Ala
210215220 Hi s .Th er Asp Val e n,Ala Pro Ser Arg Phe Phe @ n Val
225“21’3(9?'3‘5924\{9?@%5%&3“ Iﬁllye&ée yl.i ?Hﬁgrc%ol‘ﬂfpeg%h rgAsp Gy Gy Arg Arg Arg
Asr0245250255 LefAla Gu Arg®Asp Ala Asp TV Asp Leu Ala Val Ay Gn
Asn 260265270 Lys Thr Leu Val G n Ala Leu Ay du Val Ser Asp Asp Leu

Lys, 275280285 | e r.g.Ser u Gn dn Val Ile Asp Gn Arg Gn Ala
Aspseﬁégazg@;fﬁ 22’2 erpl\i(a:, Lys AtaLirag A% By

L2100 4

<Z11> 380

<212> - PRT

<213> Pseudomonas aeruginosa

<4000 4
Asp Ala Lys Ala Ser Tyr Ser Gly e Arg Ala Pro Thr Ser Val Ala
1 5 i0 15

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

Gly Phe Ash Tyr Asp Phe Asp Leu Trp Gly Gly Glu Arg Ala Ala Trp
35 40 45

Glu Ala Ala Leu Gly GIn Ala Asn Ala Ala Arg Ile Asp Ser Gin Ala
50 55 60

Ala Arg lle Gly Leu Ser Ala Ser lle Ala Arg Ala Tyr Ser Asp Leu
65 70 75 80

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

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

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



Ile Ala Arg Ser Asn Phe Asp Leu Ala Met Arg Arg Tyr Gy Qu Qy
305310315320 8 Val dy Ser Tyr Leu Asp Ala Lou Ser Val Gn Gn Gn Lou Lou
Val 325330335 Ala Gu Arg Gn Lou Ala Ser Leu Qu Ser Gn Gn Ile Asp Lou
Ser 340345350 Val G n Lou Val Gn Ala Lou Gy Gy Ay Phe Gn Pro Asp Ser
Arg 355360365 Ser Ala Ala Lou Ala Thr Ala Lys Ala Pro Ala G u 370375380
<210> 5 <211> 16 <212> PRT <218> Pseudonpbnas aerugi nosa <400> 5 dy Ille Arg
Ala Pro Thr Ser Val Ala Pro Ala Pro Lou Ay Ay Arg 1 <210> <211> <212>
<213> <400> 5 6 13 PRT Pseudonobnas aerugi nosa 6 10 15

Arg Gin Gln Leu Ser Ala Ala Giu GIn Asp [le Ala Ser Ala Arg lle
130 135 140

Ala Leu Ala Val Leu Leu Gty Lys Gly Pro Asp Arg Gly Leu Glu Leu
145 150 155 160

Gin Arg Pro Gln Pro Leu Asn Pro Ala Ser Leu Ser Leu Pro Ser Val
165 170 175

teu Pro Ala Giu Leu Leu Gly Arg Arg Ala Asp lle Val Ala Ala Arg
180 185 190

Trp Arg Val Glu Afa Ala Arg Arg Asn lle Asp Ser Ala Lys thr Glu
195 200 205

Phe Tyr Pro Asn Leu Ash Leu Giy Ala Met Ala Gly Leu Ala Ala Leu
210 215 220

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

Pro Ala 1ie Ser Leu Pro |le Phe Asp Gly Gly Arg Arg Arg Ala Asn
245 250 255

teu Ala Glu Arz Asp Ala Asp Tyr Asp Leu Ata Val Gly Gin Tyr Asn
260 265 270

Lys Thr Leu Val Gin Ala Leu Gly Giu Va! Ser Asp Asp leu Gly Lys
275 280 285

Leu Arg Ser Leu Glu Gin Gin Va! lle Asp Gin Arg GIn Ala Arg Asp
290 295 300

{{e Ala Arg Ser Asn Phe Asp Leu Ala Met Arg Arg Tyr Gly Glu Gly
305 310 316 320



Ala Lou H's Thr Ser Asp Val Lou Gn Ala Pro Ser Arg 1510 <210> 7 <211> 25
<212> DNA <213> Artificial Sequence <220> <223> a primer for PCR
anpllflcaplpn_ 9 tgagcacgga agaattgcag acgct25 <210> 8 <211> 25 <212> DNA
<213> Artificial Sequence <220> <223> a priner for PCR anplification <400>
8 caaccagcgc ttgcgecttcg ggttg25 <210> 9 <211> 20 <212> DNA <213> Artificial
Sequence <220> <223> a prinmer for sequencing <400> 9 cgcat gaccg

agot gagcca20 <210> 10 <211> 20°<212> DNA <213> Artificial Sequence <220>
<223> a priner for sequencing

Val Gly Ser Tyr Leu Asp Ala Leu Ser Val GIn Gin GIn Leu teu Val
325 330 335

Ala Giu Arg Gin Leu Ala Ser Leu Glu Ser Gln Gin |le Asp Leu Ser
340 345 350

Val GIn Leu Val Gln Ala Leu Gly Gly Gly Phe GIn Pro Asp Ser Arg
355 360 365

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

<210> 5

L211> 16

<212> PRT

<213> Pseudomonas aeruginosa

<400> 5

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

Q21> 6

1y 13

212> PRY

213> Pseudomonas aeruginosa

<400> 6

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

210> 7

Q211> 25

<212> DNA

213> Artificial Seauence

{2200
223> a primer for PCR amplification

<400> 7



<400> 10 cgatctccct gccgatottc20 <210> 11 <211> 20 <212> DNA <213>
Artificial Sequence <220> <223> a priner for sequencing
10 eggcagot cg accaactgat 20 <210> 12 <211> 20 <212> DNA <213> Artifici al
Sequence <220> <223> a prinmer for sequencing <400> 12 ttgaagccga
gcgacaggt a20 <210> 13 <211> 27 <212> DNA <213> Artificial Sequence <220>
<223> a primer for gene cloning <400> 13 cogetcgagg acgccaaggc cagctac27
<210> 14 <211> 27 <212> DNA <213> Artificial Sequence <220> <223> a pri ner
for ge sqgmﬁé gzm&ﬁ cgcggatcct cattctgccg gcgcettas27 <210> 15 <211> 17
<212> P 3> Artiticral Sequence <220> <223> nodi fied peptide
(acetylatlon and am dation) 11 <221> MOD RES

216> 8

21> 25

212> DNA

213> Artificial Sequence

<220>
923> a primer for PCR amplification

<400> 8
caaccagoge tigegetteg gatte 25

210> ¢

218> 20

<212> DNA

<213> Artificial Sequence

{220>
223> a primer for sequencing

<400> 9
cgeatgacce agetgageca 20

210> 10
211> 20
212> DNA
<213> Artificial Sequence

<220%
223> a primer for sequencing

<400> 10
cgatetcoet gocpatcotte 20

210> 11

Q1> 20

<212> DNA

213> Artificial Seqguence

220>
923> a primer for sequencing

400> N



<222>(1).. (1) <223> ACETYLAT | ON <220> <221> MOD RES <222>(17).. (17)
<223> AM DATI ON <400> 15 Cys Ay Ile Arg Ala Pro Thr Ser Val Ala Pro Al a
Pro Leu Ay Gy 151015 Arg <210> 16 <211> 14 <212> PRT <213> Artificia
Sequence <220> <223> nodified peptide (acetylation and am dati on) <220>
<221> MOD RES <222>(1).. (1) <223> ACETYLAT | ON <220> <221> MDD RES
<222>(14).. (14) <223> AMLDATI ON <400> 16 Cys Ala Leu H's Thr Ser Asp Val
Leu @n Ala Pro Ser Arg 1510 Yo <«211> 19 <212> PRT <213> Artificia

Sequence <220> 2
cgecageteg accaactgat

10 12

{2110 20

<212> DNA

213> Artificial Seauence

<220%
223> a primer for sequencing

<400> 12
ttgaagccga gogacageta 20

210> 13
211 27
212> DNA
{213> Artificial Sequence

{2200
223> a primer for gene cloning

<4005 13
cogotogage acgecaagge cagotac 27

210> 14
Q11> 27
<212> DNA
£213> Artificial Sequence

<2200
223> a primer for gene cloning

400> 14
cgeggatoct cattoctgece gogottt 27

Q10> 15
211 1
<212> PRY
£213> Artificial Sequence

220> .
<923> modified peptide (acetylation and amidation)

<2205



<223> nodi fied peptide (am dation) <220> <221> MOD_RES <222>(19).. (19)
<223> AM DATI ON <400> 17 Ser Qu Lys Qu Arg G n Ala Leu H's Thr Ser Asp
Val Leu A n Ala 151015 Pro Ser Arg

11

<221> MOD_RES
Q22> ..M
<223> ACETYLATION

<220

<221> WOD_RES
22> (n..an
<223> AMIDATION

<400> 15

Cys Gly lie Arg Ala Pro Thr Ser Val Ala Pro Ala Pro Leu Gly Gly
i 5 10 15

Are

210> 16
211> 14
<212> PRT
213> Artificial Seauence

{220
<223> modified peptide (acetylation and amidation)

<220>

<221> MWOD_RES
222> (.. (M)
<223> ACETYLATION

2205

<221> MOD_RES
222> (14)..(14)
<223> ANIDATICN

400> 16
Cys Ala Leu His Thr Ser Asp Val Leu GIn Ala Pro Ser Arg

1 5 10

2 17



12

Q1> 19
212> PRY
<213> Artificial Seguence

<220>
<223> modified peptide (amidation)

{2200

221> MOD_RES

222> (19).. (19)

<223> AMIDATION

400> 17

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

Pro Ser Arg



