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attributed to the induction of Thl-nedi ated cellular imune response by the
I'nactivated whol e cell vaccine and Th2-nedi at ed hunoral i nmune response by
e acel W evosvrsci ne: WO ~13/A~I1.111S PCT/ Al J(12/ U17G. -3 These
findings were contradicted by Zepp et al. (1996) who reporf:gd“{“h/@'ﬁ“ﬂduction
of both the hunoral and Thl-Iynphocyte-nedi ated cytokine profiles. Mre
recently Cant haboo et al. (?000) conpared the hunoral and cellular inmune
responses of mice foll ow ng vaccinati on"#ith the killed whole cell
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at t enuat e(d phengﬁﬁgd\’iﬁbfﬁﬁ%f%lggpﬁ\yke&s #ﬁﬁj?‘gh%ﬂ’%ﬁﬁi%§iab‘bé!%earﬁ@reduce the

cel | -IRedirambgr pfrhoosterrsbsponiste snsuinggemedeal by 16k i ; t e to ocher

pat hogengy. For, Qﬁar};pl &) Raber £s etgggl ] e( 1_9960) d‘e\;nﬁﬁrgggﬁj tgntﬁ%larcp%cemcm

aromat i c- %pende fehniplss alymy Bxpuisthegndpetian afSihd regponsdstthmaavé BesAGhb Gn

persi st 28bé fes d&'t%iﬂ!é'Msloﬁ)é—tmrﬁffochﬁorgéﬂa}{ns?wﬁggé{'hgllgsl'ﬂ'i od of time (4 days at
0 0

reasonabl e nunbers) thus tasting u ni "to stinulate the

cel I -nedi at ed Ahlwogh yhe( &k nAt@@Ud ' : ing .pratection.. This
result was unexpect ed gi ven I|tl)r,evi odgﬁjl}d;rgfr r%ggn}?’ggnggctéﬁoﬁgv@h - BYréEsssds stillt he
ar oA nut 4Rt CYPPIet yandensieodperimad sxpimenth mn pr&tigia threaﬁﬁé?evmk&’ﬁ}}a‘?t al .

1987)5 aswhils Ysebbahy! anyRSSL0e. . On the gt her hand, the aroA nutants o
Shigel | a sfoeci esﬁgégmaélxlgsﬁlggﬁ’&ayt Blaye? [5‘88r’8r‘Oﬁﬁ’céF%'@élS%tmnamm@rmmlmdek’et i on

een poss bl oo maet Ve Eraey BRUANG I RE e AR Shisks aber 1 0
per it t%ecebfragﬁetpgwnuéﬁyﬁs/m abortaimecesaarty foscanplietetiong-Gki kgl vy at
a very |Mlls el al. 1993). This suggestion is supported by the observation that 3. pertussis is not
exclusively an extracellular pathogen and can be internalised and survive within
20  mammalian cells including macrophages (Ewanowich ez a/ 1989; Saukkonen et al. 1991),
These findings suggest that protection against facultative intracellular pathogens, such as
B. periussis, may depend upon acquired cell-mediated resistance and activation of
macrophages | by interferon (IFN)-y-producing T lymphocytes. Another cytokine,
interleukin 12 (IL-12), a heterodimeric cytokine produced by monocyte/macrophages and
25 B cells, which is known to inerease activity of natural killer (NK) cells, has also been
reported (Manetti e al. 1993) to shift the cytokine pattern of the CD4 celf types from a Th2

(IL4, IL5) to a Thl cytokine secretion pattern (IFN-y and IL-2),

Redhead er al. (1993) reported that mice either convalescing from an active

infection or those immunised with the inactivated whole cell vaccine eliminated bacteria

30 significantly more effectively than those receiving an acellular vacciﬁe. This finding was
attnibuted to the induction of Thl-mediated cellular immune response by the inactivated

‘»w.l?ole cell vaccine and Th2-mediated humoral immune response by the acellular vaccine.



| evel in the host and that persists in the host |ong enough to allow the
imduction of a host 30 protective i mmune response, particularly
cell-nediated i nmunity. r WD 03/060105 -4 SUWMMARY OF THE | NVENTI ON
PCT/ AUDXY®I¥¥85 work | eading up to the present inventi @&T/Al&0) ¥ent or s
determned that B. pertussis contains a gene with am no acid sequence
honol ogy to the aroQ encoded 3 dehydroqui nase enzyne of Acti nobacillus

pl eur opneunoni ae) whi ch has been reported 5 previously to have honvol ogy
with the eukaryotic genes in the quinic acid catabolic pathway of
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pertussis. hurttrer In trgation al so I rme at B. pertussis
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whi | st r%@bﬁgmouwx,@@aﬁ%t i ok M aﬁma@mag@txtim%d!m%ur,Qﬁﬂonse
and a cell-nediated i mmune response. this finding 13 surprising in'the
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Cor ynebactefi um pseydot uber,cul osts results in over-agtt tign (Si ns et
al . 1998)“&’3{1?[5%8'&;#’3&56%' dyne l‘:iecf’é‘?PSFn%ﬁﬂeng‘FP'éi Hafn '_ﬁ)a%e kesg PHBRTSne
agai nst tshegdht-ACHIE cO AR GAMBRRY BYayl Bl%ypaa[:l%eial Srchainnelirﬁﬁﬁftﬁ%%aclcﬁa ,

| ynphadenitirs (Cf.A) in sheep, By contrast; the aroQ nutant o . pertussis

i s nd@ tovhuph eiehpe burnemaldafenteamethhpisme. i s nore attractive as a vaccine
candi dat e agai nst_whoopi ng co;gh. I n accordance with the present invention,
it is 20 predidpdbe deselopment phyagoingsi agginst mapy Qniracedutasr pashagsog shele as

i . -onf ies. Thus,. th
S Sl AELIR VAR A PROT L S BT N SPELH 3o i1

Bor det el |Sa ngihtrairnen ahd pasDageerivated Shigielia fapierhipave Hees deatlbpdugicetbuhy to
di sruption 0|i ina&)"teiavati on of a gene encoding a netabolic protein)

par ti cul PP fathe wROGYi i) selbrstiated praBwesEEERORsss WRishpRig sRFRtcREYs dn of
I ATy MR oS RAEN 214138V ORI o0
i nvent i o{owdver, ¢ha magnevbnl efl agpagénddrigeat inyone pathogen that leads to an attenuated
phenotype with effective stimulation of antibody and cell-mediated immune responses is
generally not extrapolatable to other pathogens. For example, Roberts er al. (1990)
developed an aromatic-dependent mutant (arod) of B. pertussis, but it was found to persist
20  in the lungs of mice for only a short period of time (4 days at reasonable numbers) thus
casting doubt on its ability to stimulate the cell-mediated immunity (CMI) required for
long-lasting protection. This result was unexpected given previous reports regarding the
success of the aro4 mutant of Salmonella species (Hoiseth and Stocker, 1981; Mukkur et
al. 1987) as a successful vaccine, On the other hand, the aro4 mutants of Shigella species
25  were found to be poorer vaccines than the aroD deletion mutants of the same species

(Verma and Lindberg 1991).

To date, it has not been possible to inactivate any specific gene of a Bordetella
strain to permit the production of defective strain that is able to replicate only at a very low
level in the host and that persists in the host long enough to allow the induction of a host-

30  protective immune response, particularly cell-mediated immunity. -



nodi fied Bordetella strain having a partial or conplete loss of function in
t*he endogenous aroQ gene and a | ower capacity to propagate in a mamrali an
host but, ‘B?WUMM viable in the host for a period of tinme sufficient to

i nduce ah”i"MME response agai nst a pat hogeni c 30 Bor det 14TALYY M4
preferably a natural pathogenic Bordetella counterpart of the genetically
nodi fi ed Bordetella strain, or related organism In a preferred enbodi nent,
the genetically nodified strain conprises a disruption in the endogenous

aroQ gene, Suitably) the mdisruption has been introduced into the Renorne
of a pathogenic [ et el .. WD 03/060105 _5 PCTAU02/01768
honol ogous reco@%ﬁ%&ﬁﬁga‘%ﬁﬂé&eti ng construct such that the
targeting, construct is stably integrated in.that genone,. rein the |
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its geno : r omal el epent such.as, a plasmd igh is
capabfje gﬁegggflygﬁ?ﬁr}agﬁo 0 ﬁ@r)vr\\r‘ﬁg‘e%r%eag%aﬁﬁ%mt ﬁgngesxbr} Z}%%iqgﬁ"%fachdf S\gghﬁ?”% he

| evel andfatiwdybe tspargdlluBoiidniisy Bfent theugh dehysuentd BAIRIsensedadichitdaioQ

Suitably, the nucleic acid sequence conprises at |east a portion of aroQ
in the seR¥YVemeninithesenabolismatitya ithiinvapiosndiseovegedohat Hbescueil kel ¥ a
transcripg,l L rol, el t i : nugleic acid sequence
conpri sesgﬂggﬁ]ﬁ tgfz}{;ﬂlg-lg%{(:}gé?%gﬁk\}I\@r?ucgf)%g% iog?¥%1gbﬂﬁslngﬁ%ga%? AHRR Y% a
transcri ftioxyngictic phway oL Bepentssisvhetier invebsgationataon®nsipaed fHae 3 pyrisnds to
or ot ervgr@e interacts with a transcript of the afoQgene. In a related
aspedf) t '}?r‘é‘_:?@ﬁt“ A& i%“t’?%éﬂ@%‘l‘%ﬂ% Can"gf@héf‘?tcﬁ!erfy“f?ﬁd?ffl}’édlelse“e

gor det el |chesdin2h 3 RRyOAAMAY i85 pEHDEA. ARENEISOBRLELLANR inhARELOR BP the
exogenous gene which”is capabl e of expressing an antigen that Ta

het er ol ogoe@ gene foeféicve tnoatteheatByy Beteehisas sthilat retaifihigsitsecdpadiym@ndtinhslate
particul arl,y useful for the design of inrrtunopotentiati ng conmpasitions
hgai nst GRMLRLATIPOK I TBYRREPRIEGIE: hfifmeghiFd BN GRarse of NE dndig
anti gen isGrppispigelimbihy AgHL veda FpRMoas P 98Rowhat t

Bor det el Isarpgtsr agi I’ll and) %8 in %1 %r ef e?r?ghgn%g%i ntll,qﬁt lﬁgregg?hgge%’%%hgne

t hat !9 nf darenabygcretion muew®dlberadoss rossltsiin lovbreagmatient(Sidomong beaf droégi ng)
t he stru?turéa anq(.se uence %f, arogfrom B rbg%atel I a%ertussi.s is useful for
the prodi& on "ot " & G EREIEEN Y RBLIFY B8ntalEaIMBoPERRR| 11§ dBFHFNs of
the presephdrbme¢epidcBy Iy érﬁ"sﬂﬂin}’caée&lsal'}ﬁfplﬂﬁﬂerﬁt%P?’?EAan $Haep R8P e&itast,

invention there is provided an isol ated polynucl eotide” conprisi’ng a

nucl eot i Hte reglmpwal of B. pertussis is not too highly attenuated and hence is more attractive as

a vaccine candidate against whooping cough. In accordance with the present invention, it is
20 predicted that the inactivation of aroQ in other pathogenic strains of Borderella would also
confer the same properties. Thus, the present invention provides for the first time
genetically modified Bordetella strains of pathogenic origin that have been attenuated by
disruption or inactivation of a gene encoding a metabolic protein, particularly a gene
encoding a protein necessary for the biosynthesis of aromatic amino acids, and more

25  particularly, the aroQ gene that codes for a 3-dehydroquinase enzyme.

Accordingly, in one aspect of the present invention, there is provided a genetically
modified Bordetella strain having a partial or complete loss of function in the endogenous
aro) gene and a lower capacily to propagate in a mammalian host but remaining viable in
the host for a period of time sufficient to induce an immune response against a pathogenic

30 Bordetella strain, preferably a natural pathogenic Bordetella counterpart of the genetically
modified Bordetella strain, or related organism. In a preferred embodiment, the genetically
modified strain comprises a disruption in the endogenous arof) gene. Suitably, the ~

disruption has been introduced into the genome of a pathogenic strain of Bordetelln v




25 that corresponds or is conplenentary to at | east a portion of the
sequence set forth in SEQID NO 1. In a preferred enbodi nent, the
pol ynucl eoti de conpri ses the sequence set forth in SI:Q mNO 3. In one
embodi ﬁ@ﬁf’?’"{’“ﬁg" nucl eoti de sequence is a variant havi ng BtT/PEAZR1 780,
preferably at |east 60% nore preferably at |east 70% nore preferably at

| east 80% even 30 nore preferably at |east 90% and still even nore
preferably at |east 9S% 96% 97% 98%sor 99% sequence identity to at |east
a portion of the sequence set forth in SE%,II~ NO 1 or 3. In another
enbodi neffMmologeus, ZeGoaptinationc WHALE DA HyBETIRE SoRgTUch ich| Baktthe 1BEgetingn of

t he sequey; e | I labora ry: L r tyl.ngency
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medi um stesulog@nsyingbitich of e genaidll yratodi fixdel @walelly sumdad proditesd funogenty
condi tions. chitably, t he PO{etion s at Ie%st 18 nucl eoti des, preferably at
) past 25 RERYHeqYIBRSS or fskestapledresla pl (hegdehy@aguingts. Hyan aBeimaescmbrdimicnor e

prefera : t . n ref.er i ast ;. 50
el cot i HEsEeneERN, mAC GG (cliTises 48 RglIR RRE] R0 beer OO 1
pr ef er abgeyronte, logast adGAtracicbrmosdmid sglerpsr@nsurbras prpddsendpidi 14 eastble160

nucl eoti%%., and stLII .even nore, preferably_ at eas%i ':'fOO nucl eotides in
length. PEUFEPRHIPthemi EociBh E CPrETATLET KPP RE 10! FAPHHOHECEHITA he
Sequenceacﬁ‘ﬁt%fcﬁrthg 3'-cﬂ'cl'§mqbi¥13.sé\@1co@ed)'bty3qro@ Stivgbi3; gRhysagU R $8q gy T
encoded by the aroQ gene of the present invention’is useful inter olio in

t he desiagmmpises minlerspat pritivmtaf ngrofonmpdbeé semgsoroanti-eense haigntwidne tWitch o
anti%en-bi n ilnq. l,ecul e, t hat. areli nterﬁc ive wiith t at] e Eé/ma whi ch, coul d
be B 1 10Ee REdclt AtrelFiniensl ritah elemimt pAlEmpbYely Jfe mieItie a6 i ng
or i sol afeqiihc¥addnfitised ad BBYANMILRRANE FS1FMIBRELdENNE i Rp¥@bly2Makee o aspect
of the present invention there is 15 provided an isol ated pol ypeptide
conpri sitrgsenptionah eontedl ¢lgeentewbereinhtie rehozymsppaddically hindsdasir ethpoyisd on of

the Seqqﬁ{é?aectss\ﬂth];(?r%ﬁpcgpm o%@alrg)ngg'\c. 2.
In a related aspect, the present invention contemplates a genetically modified
15 Bordetella strain as broadly described above comprising at least one exogenous gene
whiéh is capable of expressing an antigen that is heterologous or foreign to the Bordetella
strain. This embodiment is particularly useful for the design of immunopotentiating
compositions against unrelated pathogens. Accordingly, the heterologous or foreign
antigen is preferably derived from a pathogen that is unrelated to the Bordetella strain and,

20  in a preferred embodiment, the pathogen is one that infects by the mucosal route.

As will be apparent from the foregoing, the structure and sequence of aroQ from
Bordetella pertussis is useful for the production of the genetically modified attenuated
Bordetella strains of the present invention. Accordingly, in another aspecl of the present
invention there is provided an isolated polynucleotide comprising a nucleotide sequence
25  that corresponds or is complementary to at least a portion of the sequence set forth in SEQ
IDNO:l.Ina preferrcd embodiment, the polynucleotide comprises the sequence set forth

in SEQ ID NO: 3. |
In one embodiment, the nucleotide sequence is a variant having at least 50%,
preferably at least 60%, more preferably at least 70%, more preferably at least 80%, even
30 more preferably at least 90%, and still even more preferably at least 95%, 96%, 97%, 98%
or 99% sequence identity to at least a portion of the sequence set forth in SEQ ID NO: | or
3. In another embodiment, the vanant is capable of hybridising to at least a portion of the

" ‘?seq‘:t_lenée set forth mSEQ D NO: 1 or 3 ;in‘der' at -lgast'f;]o'w stnngcncy ‘cdridit'iqnfs,>-‘?" "



Sui tably, the am no acid sequence is a variant having at |east 50%
preferably at | east 60% nore 'preferably at |east 70% even nore

pref er ab| ] ast 80% even nore preferably at |east 90% and still even
mar e pr3¥éW§§?§ﬁht | east 95% 96% 97% 98% or 20 99@6seqﬁ% (GEEAEAEI ty to
at least a portion of the sequence set forth in SEQID NG 2. Suitably) the
portion is at least 6 amno acids, preferably at | east 10 am no acids, nore
preferably at |east 20 am no acids, evermmdmore preferably at | east 30 am no
aci ds, even re preferably at |east 50 ami no acids, even nore preferably
2t Loast MOIRAIRSAgES %fs’fa%%#*%r%nmfwaﬁwoa% e q0eTe TS CAH K GAET BEhand
still eveqrpmneyRbffigbapPly at least 130 am no 25 acids in |ength.
preferably the portion is a biologically active fragnment of the sequence

set Forth in SEQilablyNihe BortibN 9 MeladSBaficlcdtidt ) @raeABBNAL ey @3t hRMdRRES al NS
to a nucleic acid construct for disrupting an aroQ gene in a Bordetella

cel |, corppiediragrably aldesrd A0 e isnsuey cn apita pesfersblypdieasb 00 hycleotfdes.saven
porci oo hRE ARrERREIE0 B0 R B RO BRI ot o 2R ARG s,

subst ant i éen | fiOFS iprafetBlya atilesdt 300 QuIRBEI&E RIRACRIor Meferabdy SRCRAN 400
honol ogy regi on | ocated downstream of the non-honol ogous repl acenent

portion, musEotdessand sEHSIVEYare grefarablynahliersy S0 Muelcabdisdin lsagile Reaferabhn
bst ant i ' t.] : . : . 60105
peT) g0z B4 PRERELE bid e B ERRY ALARUEP e SeRLE S 1R in SEEHENARRSE:

the first3i.aroQ gene sequence in a naturally occurring endogenous aroQ gene
of the Bordetella cell. Additionally, the first and second honol ogy regions
are df suffi ci erite 1-deiydhoduanase omynugawrsdedby thei arai gene bb trecpasenb etveston t he

nucl ei ¢ aci d .construyct, and,the endogenous ar.0 ene when the nuc)] ei.c aci d
mol ecul e 'f 458y Glﬂ'g’@d"i?]?ﬁ%csngfeoerBB’r”g‘g‘f’B?ﬁeﬁg%tH\% "‘%."lpf‘?sléwﬁf &f ECWEFJP 68 hent ,
t he ar oQFeRfg&PPRBIngSfolehfe HRM URNGEr R Tve b ioH HAt bR yREQwWiddh N1d beQWtilide T

variant or derivative thereof In another aspect, the invention contenpl ates

a vect or izosmensignipr aana@l | rewanideofs Equderadls phder dotectigpondsolating yariant 3-
conplenentary to at |east ortiaon of the seqguepce set 10. forth i,n SBQ m
VO 1 oreBydraqdtnd ezgmes TN, n et Aeer aShethRRIF Biesel BUEP UL UE i &
pr ef e5r egrovifrineslatedigofypepGddéorhsrisind M amindr L&t $ddde®h A corresponds to at

least a portion of the sequence set forth in SEQ ID NO: 2.

Suitably, the amino acid sequence is a variant having at least 50%, preferably al
least 60%, more ‘preferably at least 70%, even more preferably at least 80%, even more
preferably at least 90%, and still even more preferably at least 95%, 96%, 97%, 98% or

20 99% sequence identity to at least a portion of the sequence set forth in SEQ ID NO: 2.

Suitably, the portion is at least 6 amino acids, preferably at least 10 amino acids,
more preferably at least 20 amino acids, even more preferably at least 30 amino acids, even
more preferably at least 50 amino acids, even more preferably at least 70 amino acids, even
more preferably at least 100 amino acids and still even more preferably at least 130 amino

25  acids in length. Preferably the portion is a biologically active fragment of the sequence set
forth in SEQ ID NO: 2.

Another aspect of the present invention pertains to a nucleic acid construct for
disrupting an aroQ gene in a Bordetella cell, comprising: a) a non-homologous
replacement portion; b) a first homology region located upstream of the non-homologous

30 replacement portion, the first homology region having a nucleotide sequence with -
substantial identity to a first aroQ gene sequence; and ¢) a second homalogy region located
~downstream of the non-homologous replacement portion, the second homology' region

. -having a nucleotide sequence with substantial'identity to a second @ro gehe sequenice, the



In yet another aspect, the invention envisions a host cell containing a
vector as broadly described above. In another aspect, the invention
enbraCQ§oggn%qﬁggen-binding nol ecule that is 1 S specificallﬁ i nteractive
with the polYPepti de, portion) variant or derivative acddrdrReFHa he
present invention. The present invention further provides a nethod for
produci ng a genetically nodified Bordetello strain) conprising: introducing
the nucleic acid construct as broadl y-descri bed above into a 20 Bordetella
cell under condi{ions such ﬁhat t he nucleic acid gonstruct i s honol ogously

r econbi mEEPNIA’64 BROCSFBSNGE ARYING 29fetigR ABWRSIETAM Ahthe Bl arp@ g5neaeRUensS
geneti cahl Ak i C Jeni ' e - lirt
a pref e?b%“%g&%&ﬁfﬁ%ﬁfgg@gg?gﬁ |é}ﬂ§(§p??%§a‘|§%‘%%?g‘?| gd@gpﬁ%l%g %i ni ng
t he honoiirelgodsicyondbomnblogedegiond wicofavffttiow hstgthudér iandlugddseecahbinagcser i sed
by expretssi n 55 redL{ged or . undet ect abl e l,eyel s of aro% I.n anot her

8 BREATIHSAE  F AuCigimatf CanFUHchGgrs ine FERBTOLE 1Al Bne WAk $he he

preferre

abi | isty dueleRy RIVARIRufMBEITRNBL] BFBB RS FAGEINGIE ma%%&qe&é’mﬁ@&iﬁxeﬁ{,% gene.
T he genetically nodified Bordetella strain of the present 1nvention is

usef ul faspQgsee dermpasesdhe Feavancepst fombi iatSEQ [R¥Pos ot Batraeritdiatr darigative
ef fecti \{ﬁariao eliciting an i nmune 30 response, and preferably a "protective
i mmune response, against a pathogenic Bordetella strain, preferably a

natural patho [ |4 0 r.PAr £t netically modifie
Bordetel |l a st rg'giqh,gthgfr) Egp%}:gtdé%%g%'gﬁ?@ﬁnp %ﬁﬁs?qﬁe%%é%mg%'f’%ear “‘é‘gﬁ%tb‘%, t he
i nvent i eequencotitaeupiredpesda oc inposplementaryc ongr lesdtngpértiogesfahé eadleyice Radi fi ed
Bordetella s in .as 03/ 060105 PCT/ AU02/ 01768 _g~ broadly descri bed
abojg, fwﬁbtméﬁgﬁwﬁa Iofa :n%r_cﬂemq?@am? BB 15| b %p@nbcdrﬁ_bovforx@_@si tion
may opt inpdfakdd/eriOSHRIeRE RV R WABNA Jag%e@mg%akﬁd aspect) the invention
enconpasses a conposition of matter conpriSing dendritic cells which have

been exposed 10 ye el Apedty (iedidniied] cROIHRLS] hést 21 Hohafifing aleRR
descri bed above for a tinme and under conditions sufficient to express a

pr ocess&tpadly desetilfddeaborprt i gen derived fromthe Bordetella strain for

presentation to, and nodulation of) T cells. This enbodinment is

particul arly Hsenemer aspechdhedayeghionrembrasseddpantigsnibading redepdsithitass f or
eligiti Jo: i: esp .. In one e di ment,
he Commas I ah s e BRI bolBRAEL b B AR Y e B 0F L e
aspect , ptehentimeatibn.on enconpasses a method for nodul ati ng an i mmune
response) which response is preferably against a pathogenic strain of

Bor det el | a or Thelpatseut onvganos furtbanpoivislieng adthad &repiodgeihg a2 gprdticany i n
need of sggh Itlj'e tnyzntt an effective amount of a genetically nodified

Bor det efPASH Berderellq Suan OMPUSIABon . as broadly described above. 15

According to stillingodueidghk REREE beiflconBeudr85BdIy NS v N
provi ded a nethod for theghtreat ment lancd/ or praophy%agi sg‘g} e\%hggplpﬁgﬁc%ugh or

rel # ed condi8eriaeligonpli videy aendivnnst endmghato the patclent adid cestuef isuch
treat nent an I?Jrﬁglggéﬁlsa gé%?"yti’aﬂgs&"?? 85%%%&3!%&!’% lr;lt)ﬂllef égndom%o[) %gl égl % rain,

or a comnposition,
produce a genetically modified Bordetella cell containing a disrupted aroQ gene.

In a preferred embodiment, the genetically modified Bordetella cell containing the

homologously recombined nucleic acid construct is further characterised by expressing

23 reduced or undetectable levels of aroQ. In ancther preferred embodiment, the genetically
modified Bordetella cell lacks the ability to produce a functional 3-dehydroquinase

encoded by said areQ gene.

The genetically modified Bordetella strain of the present invention is useful for
the design of immunopotentiating compositions that are effective in eliciting an immune
30. response, and preferably a protective immune response, against a pathogenic Borderella
strain, preferably a natural pathogenic Bordetella counterpart of the genetically modified
_ “Bordelella strain, or related organism. Thus, in yet another as\“pfc;:‘"'ci, the inVGnti"o'riu |

..~ ,conlémplates a composition, ‘comprising ‘4 ‘genetically modified” Bordetella “strain as




The invention al so enconpasses the use of a genetically nodified Bordetella
20 strain as broadly descri bed above in the study, and nodul ati on of an

i mune e which is preferably against a pathogenic strain of

Bor det el | g%gf;ﬁﬁ% ated organism ''. WD 03/060105 -9 BRIEF/DEEERIP TI ON OF
THE DRAW NGS PCT/ AU02/ 01768 Figure 1 is a diagrammtic representation

showi ng a plasm d map of pUSQBord4, which restored aroD nutant), E. colt
583190, to wild type. Figure 2 is a dia§rammtic represent ation showing a

Pi |l eup al nt,_of. t aroQ 5 ene e ce rese in the 1 kb fragpent
of B. pert% ggesdgsﬁﬁb?frﬁ’@?v%utﬂ%e ergbtg@&?]g )Flaﬁﬁ?[éatée SrgeLchBfrat i ¢
represent@{mm.ndnlru@td;@tdn@my @J}eprg@ragtaa}mahpn of shuttle vector pUS@Bord 10.

Figure 4 is a photographic representation of an agarose gel show ng the

results of 10 anmic;amaﬁmahamemmmemp(aﬁ@m campbsitibs af ARePtorgSNonE DNA
grow i n the absence of

(gDNA) fr aB) ant that fails to
aromatic HBC &EVY W éﬂ%p*‘@’ﬁ&lﬁeg expaedr WsiIgeBe i@y i modified Rurdefafie iseninods t he
A T T O N

foll ows: Lane | cut

.3) B. penrtmm:bfed amt (e i etk frobNie Bhﬂi&ﬁell&)su@m ttﬁrptrmmas;oﬁt’@%d rhédifation E
15 colt %IPNﬁ g Lane b). Low, DNA Mass Ladder (G bcoBRL) igure SAis a
gr aphi cal prese ‘ﬁtemﬁd‘é’}?ﬁwsn@ft’%”be%qfﬂt @ﬁdée gesign %emmpgtcami@g

mut ant i Rokip8sitilR9ToCkliBlifE aa'thétéb ’aalg a 66”1%16%%(? P iR ﬁgp%%%rucr%ﬁ;t Iot9n

(no microorgani sms were isola resu |ng in-t

t hat dat anﬁ@dmemnbmomgosgmph)n thEGorﬁ gﬂzrrezrﬁfﬁtrbsclacglmmahl cal representation
show ng t he persistence of B. pertussis aroQ nutant in the lungs of mce at
2, 4196, 7, ¢, In a ferther jaspechnther inyertinns epmpasmcalmmod foFi puddaSeg i2a a

h I
?Lat’h;c?a%%@“%?é%@t@ P SRR ik B BRAnE o Boati R P Bl o |
g%ﬁd and

r epr esentatfed nrgivowhngompedi@nadgimitedind ectd piidnd ihunga of S!?Cll_’l MBS e ﬁ
control ce after |ntranasal (T/N). chall enﬁe with a 2.0x 10g CFU dose of

virul ent & cc‘b’ér”t’“t@’é‘? 8 qr(gﬁraqtftﬁaljy modtﬁed Bordetella strain, or a composition, as broadly
described above,

15 According to stiil a further aspect of the present invention, there is provided a

method for the treatment and/or prophylaxis of whooping cough or related condition,

comprising administering to a patient in need of such treatment an effective amount of a

genetically modified Bordetella strain, or a composition, as broadly described above,

The invention also encompasses the use of a genetically modified Borderella
20  strain as broadly described above in the study, and modulation of an immune response,

which is preferably against a pathogenic strain of Bordetella or related organism.



Figure 7A is a graphical representation show ng production of IL-2 by
T-cells in pool ed nouse spleen sanples stinulated in vitro with PTxoi d.

Fi gure 7B raphi cal representation show ng production of IL-2 by
T-cells |0h‘ Jé%" gol ed nmouse spleen sanples stinulated i n VCTALOMITTER FHA:

VIO 03/ 060105 - 10 PCT/ AU02/ 01768 Figure 8A is a graphical representation
showi ng production of IFN-'y by T-cells in pool ed nouse supernatants from
spleen cells stinulated in virro with Rfxoid. Figure 813 is a graphical
representation showi ng production of [FNy by T-cells in pooled nouse
supernatants hamspleen cells stinmulated in vitro with FHA, WO 03/ 060105
PCT/ AkU02/ 0176§RIF0 ﬁﬁﬁﬁmﬂﬁé@#f P TRERRAMENESUENCES: SUVMARY TABLE TABLE
A SEQUENCE Tb NLB, ERS ENCELENGTHSEQ [ D NO. . 1B. pertussis ar gene942
NtsSEQ | D NO  ZE¥hytd SRETATIEY ChsRtsaatiatnn sapwings Néfmﬂlmap a&sﬁ@%ﬂyrm 3B,

per t ussi &h@dh%t@&@ld}gDSrﬁ&lH@aneéo?55§§/§o'5'?@whl@t 4FORKAN primer30 tttsSEQ ID
NO 5BACKAN pri nmer 30 ntsSEQ 6FORQ primer20 ntsSEQ | D NO 7BACQ

primer20 nts Figutd 2i94 dxhgrlaﬁin\:ﬂzﬂc)mpres%@ﬁg%‘lvﬁ@ DERGab2 fehhOht the ord
INVENTI ON 1. befinitfons
gene sequence present in the 1 kb fragment of B. pertussis and other published aroQ

sequences,

Figure 3 is a schematic representation illustrating the construction of shuttle
vector pUSQBord10.

Figure 4 is a photographic representation of an agarose gél showing the results of
10 a polymerase chain reaction (PCR) amplification of genomic DNA (gDNA) from a 5.
pertussis mutant that fails to grow in the absence of aromatic amino acid supplements. The
results confirm the disruption of the aroQ gene by the kanamycin resistance cassette of
pUSQBord10. Lanes are as follows: Lane 1, HindlI cut A Standard (Gibco BRL); Lane 2,
Blank; Lane 3, B. pertussis aroQ mutant gDNA; Lane 4, B. pertussis BP304, Lane 5, E.
15 coli gDNA; and Lane 6, Low DNA Mass Ladder (Gibco BRL).

Figure 5A js a graphical representation showing the persistence of B. pertussis
aroQ) mutant in the lungs of mice at 1, 3, 5, 7, 14 and 21 days post inoculation (no
microorganisms were isolated at day 21, resulting in the exclusion of that data point from
the graph).

20 Figure 5B is a graphical representation showing the persistence of 5. Pertussis

aroQ mutant in the lungs of mice at 2, 4,6, 7,8,9,10, 11 and 12 days post inoculation.

Figure 5C is a graphical representation showing the persistence of 8. pertussis

Tahoma I in the lungs of mice following inoculation.

Figure 6 is a graphical representation showing clearance of infection in lungs of
25 vaccinated and control mice after intranasal (I/N) challenge with a 2.0x 10% CFU dose of

virulent B. pertussis Tohama 1.

Figure 7A is a graphical representation showing production of IL-2 by T-cells in

pooled mouse spleen samples stimulated in vitro with PTxoid.

Figure 7B is a graphical representation showing production of IL-2 by T-cells in

30 pooled mouse spleen samples stimulated in virro with FHA,



pC T/.411(~2i11 | ~~,Y Unl ess deFned ot herw se, all technical and
Scientific terns used herein have the sanme neani ng as commonly under st ood
by those“ijmkgpﬂary skill in the art to which the S invention bel ongs.

Al t hough any methods and materials simlar or equival ent P&TtAleg@1Uéscri bed
herein can be used in the practice or testing of the present invention,
preferred nethods and naterials are described. For the purposes of the
present invention, the followi ng terns-ape defined below. The articles "a"
and "an " are used hgrein to refer to one or to nore than one (i.e. 10 to
at | east one) of '§¥e3QraAwEPNGEI regpgsertetion shavenaptadaceon BNy byfT-exidsnipl e,
“an el enegbolc ARG , t han.,one.el enment.. The term "about "
is used thelien to ?%“%Pﬁ!{[ oﬁgfﬁgémgélse?{??%}ls 58!’“1'%‘8@%’[ ‘gﬁoowltuhpi-ﬁ?fgni t ina
polyner (e.g., ¥ j Wet3] | eotiide in ucleic acid
sequence) t hat vtah?, iréegﬁ(l?)‘{/é ggp?r%(a: CB%E%L‘B&&S%{?H%’E% Sr|c())rd 5?’@%%4@%%53-??1%1 5
subuni t s, pesldd mouee pupefnaraalsl fyord Sployn eellsmigfulasd 3 SHBWILH BHAr om a speci fied
position or location. Alternatively, the Eerm "about " Is used herein to
refer to conditions (e.g., anmounts, concentrations, tinme etc) that vary by
as nmuch as 30% preferably by as nuch as 20% and nore preferably by as
much as 10%to a specified condition. "Anplification product " refers to a
nucl eic acid product generated by nucleic acid 20 anplification techniques.
By "antigen-binding nolecule " is neant a nol ecul e that has binding
affinity for a target antigen. rt will be understood that this term extends
to i mmunogl obul i ns) itnrnunogl obulin fragnents and non-i nmunogl obul i n
derived protein frameworks that exhibit anEi gen-binding activity. 25
"Antigenic or imrunogenic activity" refers to the ability of a pol ypepti de,
fragnent, variant or derivative according to the invention to produce an
antigenic or inmmunogenic response in an aninmal) preferably a nmanu-nal, to
which it is adm nistered, wherein the response includes the production of

el ements which specifically bind to the polypeptide or fragnent thereof. 30
By "biologically active fragnent " is meant a fragnment of a full-length
parent pol ypeptide which fragnment retains the activity of the pazenf

pol ypeptide (e.g., "3 t~o u3;a~otry; -13 rc:~r~Atmai o~ ~ dehyfroqui nase
activity or antigenic or imrunogenie activity). As used herein, the term
"biologically active fragnent " includes deletion variants and smal |
peptides, for exanple of at |least 6, preferably at |east 10, nore
preferably at |east 20 and even nore preferably at | east 30 contiguous

am no acids, which conprise the above activity, Peptides of this type 5 may
be obtained through the application of standard reconbi nant nucleic acid

t echni ques or synthesised using conventional liquid or solid phase

synt hesi s techni ques. poi exanple, reference nay be nade to solution
synthesis or solid phase synthesis as described, for Gxanple, in Chapter 9
entitled "Peptide Synthesis " by Atherton and Shephard which is included in
a publication entitled "Synthetic vaccines " edited by N ehol son and
publ i shed 10 by Bl ackwel|l Scientific Publications. Alternatively, peptides
can be produced by digestion of a polypeptide of the invention with
prot ei nases such as endoLys-C, endoArg-C, endod u-C and staphyl ococcus

V8- prot ease- The digested fragnents can be purif5ed by,



for exanple, high pecforn~ance |iquid chromatographic (HPLC) techniques.
The term "conpl enentary” refers to the topol ogical capability or matching
15 t ogegher,.of .knteracting surfaces of a test polynucleotide and its target
ol i gonu{c‘log‘g{U?@é'? whi ch may be part of a larger pol ynucl eBtTa&024HG%) t he
test and target polynucl eotides can be described as conpl enentary, and
furthernore, the contact surface characteristics are conplenentary to each
ot her. Conpl enentary includes base complienentarity such as Ais
conplenmentary to T or U and Cis conplenmentary to Gin the genetic code)

~owcver) this [WalY, j ses situations in which there is
non-traditi onaﬁgﬁﬁeﬁg%ﬁﬁﬁgl@ﬁ‘cﬁ% iﬁﬁgs%éﬂ@s‘b%gwiﬂﬁy AABWECh has
been identified in certain transfer 1ZNA nol ecul es and postul ated to exi st
ina triphglﬁgkix, In the context of the definition of the term

"conpl enentary”, the ternms "match" and "m smatch" as used herein refer to
the hybfidisaii on_pdiential of palred nocteotTdes T conpterentary—huel ei C
aci d st} aR& .Pﬁgﬁﬁﬁtched nucl eot i deSEQUBENGEse ef ficiently, |SUCBNGTH h

cl assi chl WUMBHEB G|C base pair nentioned above. M smatches|are ot her
conmbi naf | ons_of nucljeot1des that nhybridise tess effircrentty—FHmroughot
this sp#e@f‘@i@alﬂpo}]) dhwedussiserofosmneéxt requires ot herw se, {9d2wer ds
"conprisesh m i ges~ .,and "eornprising” wll be understoodd to inply [he
i ncl usi oﬁﬁélﬂgﬁg@ztet?élac@tdé?)q%?aséleg?f’é’ﬁa%éﬁrs\%@ RNQ steps of 1é#erents put
not the b SN off t.he ten: or el ement or group of $teps or

el enentjs. IH":'\I‘l(I:G(;'Irbre ,gafq%lfsu%tsg"‘{rg@ Q%le redPdidi ng to" is meant 4@§5"5a
pol ynugl sEQ imevdayi NFORKANGBRdl de sequence that is subst aﬁgb%{# y
identidal or coniplecrientary td all or' a por''tion of'a "’ (3
~i : ~i fI[SEQMPINO: pC| BATKAN)pHr¢r 17G 1 - 14 reference pol ynughggti de
sequende or encodi ng ‘an am no acid sequence identical to an| am no acid
sequendSEQ IR Nt | ¢EORQ primeei n; or (b) a peptide or pol ypepsjde havijng an

vV

am no gcjd sequence|that is substantially identical to a sequence of gm no
aci ds i|PER FRNQ:dnceBAGRA pdémer protein. 5 By "derivarive "[ iGngeant 4
pol ypepti de that has been derivéd from1the basic seguence by nodif+ecati on)

for exanple by conjugation or conplexing with other chem cal noieties or by
post-translational nodification techniques as would be understood in the
art. The terns "derivative" also includes within its scope alterations that
have been made to a parent sequence including additions or deletions that
provi de for functional equivalent 10 nol ecules, The term J' oreign " or
"exogenous " or "heterologous " refers to any nolecule (e.g., a

pol ynucl eoti de or pol ypeptide) which is introduced into x host by

e~cperi nmental mani pul ati ons and may i nclude gene sequences found in that
host so lang as the introduced gene contains sane nodification (e,g., a
poi nt nutation, the presence of a selectable



| S marker gene, the presence of a reconbination site, etc,) relative to
t'he naturall y-occurring gene. The term"gene " as used herein refers to any
and all disgr .coding regions o f the cell's genone, as_well as
associ atg lrlg'ﬁ'(/)dr'aﬁng'adi ng and regul atory regi ons. Thus, the tE&ﬁr"'lﬂ?’ﬁﬂ"ﬁene" i's
used generically herein to designate aroQ genes, e, g. variants & om 20
different Bordetella.species. The gene is also intended to nean the open
readi ng frane encodi ng specific pol ypepi2des and adj acent 5 and 3'

non- codi ng nucl eoti de sequences involved in the regul ation of expression)

up to about 1 k t{\ec j I 0ss{Ply further in either
direction. In t%&%@@@?ﬁﬁ%@ﬁ%&%%ﬁ ?‘ﬂgF Conpri se endogenous (i.e,)
naturally associated with a given gene) or heterol ogous control signals 25
such as promyghgissnhancers, translational control elements such a

Shi ne- bal garno” sequence, initiation codon, tern~ination codons and/or
transcripti onal Unfds@ideRiddosthengaaladl techAfaf SRE sMitﬁetchﬂ% LAV REdin 4R @R
appropriate vector for extrachronosonmal naintenance or for i1ntegration into
t he host . sBye mspjusg-as gemammiv ptiderstaod hye thosabéxtdindry sbdlimthengt anwachi et y

or of ¢reat] 0 0 preventing.a condition is.neant. the adm ni stration of
t hat agm)un'i‘}eggo"a?:’fll%\r}%spp}g]y}?ﬁgbnag'iyvﬁnﬁﬁgﬁ?s P AR Bt Sanjiay %W‘éﬁ?'@fn‘,o thése
treat ment degcribédpérginactnshe Wellliglind pradicei diALQindOQhO hr&SnPRNVENRn, Fre@hkSs)
that is effective for nodul ation of that effect or for treatnent or

pr ophy| axImstheds tandt matsHaist arsndeseribedr Famehe qruapasagy of hbe spresénpt ioeergion, the
associ at ed, W . jtihon:' ' The ~effective~ wu U>. ~nrc;tr r to 15
~~(: t'/ r€0"~ol |'+é,1‘“w€/§'fi%quj’éé§‘&nt wi |l vary dependi ng upon the health and
physi cal condi t TR ek1et g~ 1aRgI-Y); dygl 8int h ].C.group of

i ndi vi dual to be térleateed, tahe %‘or Hrrﬁl“é%c?g% g‘ftbﬁg%?%o?rr%o(grit%%%?q em'(‘Jc 8'6'
asseskhento dfleashenayeditiagrasimatiatli afect afitheadrticle. Be wayarftexhaplqr'an eldndns”’
expected that the, amoun in arelatively broad range that can be

t will fall
det er ni neTeHISHFSIFTHES BD’E’PFFe‘Ih?“r pag demenly p| ogy" refers to the percentage

nunber of amn (o £ hat ..a i.dentical .or constitute conservative . .
substitutions gg'?edﬂg‘gﬁngggﬁln '%’gsﬁfjg‘eﬁ”blé’l gfert °8‘é’3?"r?é;}°%é‘°ﬂ@tférsm"t‘féﬂf’hsi ng
sequence £ polyarer Yag., PO {catisn 80 @ pascuGRCRRYBE an% ﬂclél:;acﬁ@géjcgucﬁ%f)'tﬁhtc
Acids. Research 1 Z, 387-395) which is incorporated herein by reference. In
this 10 WAEs 8Ydemuscy asfl0subppits, areferably hysasanuctad Isybutiitsf andmtor¢ pregerablyo

t hosgscit 1 i rtiqn. of gaps into the

ol guent’y SuEeh 2s 2P Hifinle oRIREATEY pBIRGH Sk drafio) AlmDafyates i

al gori t hnfabsed’ iywsédRereinHighefedlis edridtbhs (8 g YRBUAR! @rRehPatRROLS RS (RAI i NY
of conpl enen | de sequences to produce a DNA-DNA hybrid or a

E)ar Y nucl eot | _
DNA- RNA H{6Y P¥ 35 eieh e A8 RrsferRlydyias nydscle sind meoretpuserabl b as esuchhat

are rel atgdgyiot Rassehitd g rules. 1 n DNA, Apairs with T and C pairs
with G Tn RNAO. epairg&gmdlﬁ]mA and C pairs with G In this regard, the

terms "match" anghplficshdh sibdud® rbeR%o ASREIR 8] grrod&a dehErafbiy fllcPat hop
potential of paired nucleotides in conplenentary nucl®ic acid's rande
Mat cR@d rﬂmﬂ]kﬂg@ﬁl@e@cmmﬁidi se efficiently, such as the classical A-T and
G C base pair nentioned above. M smatches are 20 ot her conbinations of
nucl eoti des thdly cuigen-binging mvlsevlet fsimgasha ImoleaRbsf thaehmseinding affirtity for a

"interactjye" . udes,, [iefe Q interactio reaction) or ot her
form of gg(ggtciag g é‘hdge \EA’Ee%J qn@?%é{?f)gg&éhdﬂ'isnleﬁ% te?‘EcE}fj%lrmV\/r‘u’@ "85@*’5#‘“% he
mol ecul esninamoglbbmﬁrmmgmcmsca@aammﬁoglbwimﬁ@cﬂs%teﬂﬁl ﬁ@%ew'oﬁg flapd "
is neant naterial that, is substantially or essentially free from25

conponent¥hieHaptiges-biading aglébhmpany it in its native state. By "nodul ating"
is nt i ncreagi ng or decreasing, either directly or indirectly, the |evel
and/ot functi ondP 862G Or tiprgfogenia ragvitmp relsts & thprabilidanpf &, pa?;pargm nay

i ndirectl l\akigndt i, o tj Vihty: interacting with.a ol ecul e
ot her t hz_ifbrél gﬁﬁgytﬁbgrgt Glerrg?'zgﬁvé%\é%]/dﬁ%i lso !rhé’gg]%r,molnnc?ﬁ ng%ciuc BUPLEBH SF a
gene enc duimugogeni@raypensp oh yapeuimale pRferably! 4idmsrinif i Whidhsitse aamimp@Eddat i on
of the expression of a fi rs{ﬁ nucl ei.c acrd_nol ecul e, wherein _an expression
product &ereik the fesponse jcly Ség‘? arodystiypleclamanis arhich specitisabyckisidn the a
nucl ei ¢ 3piyHefRIcer WagmeRGRABY the target polypeptide; °

30 By "biologically active fragment™ is meant a fragment of a full-length parent
polypeptide which fragment retains the activity of thc"p:irent‘ polypeptide (eg, 3.



VI~OO03iiiGQuiii~- 16 P(."]~/AI1~1) 2/(1 | 71i$ By "obtained from" is
neant that a sanple such as, for exanple, a polynucleotide extract or

pol ypeptide extract is isolated from or derived from a_particular source
of the NOSEHHE? exanple, the extract can be obtained frBm/AWEM ™ tissue
or a biological fluid isolated directly fromthe host. The tetrrt

"ol )gonucl eotide" as used herein refers to a pol ynmer conposed of a
multiplicity of nucleotide residues (ddaxyribonucl eotides or

ri bonucl eotides, or related structural variants or sypthetjc analogues

t her eof ) dEPHRRAMIRASS 2RI BH AL BTSSP KT OHITRNNYESPIC 24X IEY &' l"‘E‘Rfilt Berein. Mg sBRe s or
synt het i opaaadiofHLShBFFdeHehe  iHokiRes Wakli&h VARniERM sRAlh GaRIEL et klanple
typically reflers”to a nucCl eotide polynmer 1 n which the nucleotide resldues
10 and | iofiklgas 6bpteferallytah taastalle moae predérhlyly at astrIthaid ¢venwndrk pheferahbeatst ood

Lo oo S Sl SRt Aot VAN BReaRHRSal B ko
phosphor %J;yi BEAS R SinedTRirbYgh m@%ph@ml@h%?isz%an%Em&n%tbw&& akig B@nfi§uesand

the like, The exact size of the nolecule can vary depending on the
parti cul ar syaphesisedusion copvensiongidimued ensdlidephiase synphesa teghmasiheForstxamplé.n

| engt h, eral Ly from 15 about. 10 to 30 nucl.eoti de residues,, bu he term
can ref e?ggﬁn%ré&}?eegmé? '%ﬁgH'lthgﬂgf‘tmt, e%ﬁstoﬁcfﬁbﬁ H&'ﬁ%e f‘gﬁﬁ‘fs'sp&‘f 9%%?8?“&%1 ﬁjﬂe" or
"nucl ei ceggmple, inSChyRECRlehhitiets eBeftide $AiMARIs0ltydAMEHORCIIdISSephitd walRarighbl y
linked " is nmeant that transcriptional and tra.nslational regulatory

pol ynucl Bwiudgddn apublientiopiestider r'dinaheried’aceings pedijadapt Nishiolsae 60d published

pol ypalel j j uch . r . . tide i r 1 j. bed
o’ Thhe! B9 kol sRielaR raRPRET bkl BRI 45 3R fckd o fib O0C
of humanopra pblypéptidenohlth@naventioh Udiels propsiriagel vichuak dridoLgs-Agsdndedrs-C,

exam ne or treat using the nethods of the invention. However, it wll be

under st o8#HdGHWC anshstaphylocersus Vagrroteass T he higestadnisamnentacan Be gusified by,
Sui t abl ; i :0j . of i i i nclud but
are not TR, iR pet et 1l GRmACHAELE LPLEMRRLEE 10 e) DU

horses, donkeyghe REMAS) icoh@PRMFAIHYY LRSS 8NhEBbBoIoSidl ’caﬁa%tilh}'tén nfHt&fing F at s)
gui nea pigs, hanmsters), conpanion animals (e.g.) cats, dogs) and captive
wi | dlfani togetbex of dnteracting surfaesrof ditesy podynucBytidgaad ritsc bagdt cdigopudeaelst abl e

carrier"” is . meant a soligd or liquid tiller i]uent, or encapsul atjn

su bS![ ancghtcﬁé?ayc%acnp “6@0 é{ﬁg’@? PQ b’ggélf‘ﬁ"é% IJ Sﬁﬁltﬁ%{ﬁggw target p%l‘&ﬁ‘?‘#?%‘t‘#éfg' fdn to
a 30 manp@lesciBed faercmdbp;%aﬁwg,l S0 hiterRbre, MeCe st aBihbe cRFadiSRGicharei n
desi gnates nmRNA, RNA, CRNA, cbNA or bNA. 'The terno t?/pl cally refers to

ol i gonuctauplemenianr toaach othenrC@aplemettent inclydesdmisd gemplamdneanigy kuch asvik s

cr~nK ttt>~: ,- 17 NGC-r. Zi ¢~H The_ terns, "nol ynucl eori d ariant"” .and
ot ant orpfmpftay el bl utf CRe RellEmeffiPic O HIHEnel (56 HEMCRE idnt ¢
Wit et rghvertRicasdenoompakRetsideiome duentich MerdRl porghdobhddssd pating¥hen di se
with a reference sequence under stringent conditions that are defined

her ei naf #seHoogstreacbase PAINg| Which fas peers édestifed yn gemaptiranssr B A meleeyles from

a and postulated to exist in a triple helix. In the context of the definition of the term

“complementary”, the terms ‘“match” and “mismatch” as used herein refer to the
hybridisation potential of paired nucleotides in complementary nucleic acid strands.
25  Matched nucleotides hybridise efficiently, such as the classical A-T and G-C base pair
mentioned above. Mismalches are other combinations of nucleotides that hybridise less

efficiently.

Throughout this specification, unless the context requires otherwise, the words
“comprise”, “comprises” and "comprising " will be understood to imply the inclusion of a
30  stated step or element or group of steps or elements but not the exclusion of any other step
or element or group of steps or elements,
By “corresponds to" or “corresponding to” is meant (a) a polynucleotide having a. -

- nucleotide sequence that is substantially identical or'‘complementary to all br"a‘bb;ﬁion ofa



5 reference pol ynucl eotide by the addition, deletion or substitution of at
|'east one nucleotide. In this regard, it is well understood in the art that
certain a Bl ens 1 nclusive of nutations) additions) deletions and
gubstitu?%%ﬁiaﬁgﬁﬂbe made to a reference pol ynucl eoti de wHE'EBY ¥ H&%l t er ed
pol ynuel eoti de retains the biological function or activity of the reference
pol ynucl eotide. The terns ' polynucleorfde variant" and "variant" al so
include naturally 10 occurring allelic vdiants. "I'ol ypeptide", "peptide"

and " prot ’ e i r ngeably herein to refer to a polynmer, of

A no ot d st AP R I RELARAIEY keSO LR b A stisBedfdetietls an
Thus, thesaniheratd applkeycet b aptmieas proRas;Ydrebs al PepMiieCdt $U19pPhidBRHaQifHTHAO
acid residues is.a synthetic non-naturally occurring am no acid, such as a
chenical BPBATH Spaugnessthap iy sebndddiaHy identigrlata ¢ ssquencei agaming avdadndd as

well as tqe.p &E%%:éﬁ%:gcﬁ;:g%t@f-nng am no acid polyners. The term "pol ypeplide

variant " reters ptides which differ froma reference pol ypeptide

by thesaddition)ggdeltioneoris sttast iat Al 98 agt..one. an agid Lt is
wel | under st ood iﬂ thé art f%r exar?p e gtg s”gatrtreilmgmgéneg g%‘%gl %@R/’ 5 l%Ef‘?élcnged
t o ot hers seQuence hyimashbi¢ajios; for Example bysohjugstio dheathpleXiagoviftgothRe cRahidhe Of

the acti vi of the po eptid conservative substitutions) as descri bed
her ei naf t éé%eﬁf ‘”B)ryiPﬁé{‘%’pﬂ5@“%"3&"%%1@@%@&@%&% weuldrhecinderstrad 1pdhe aa.
with a strrededi “AMvarivs” S0l R1e8 fwilHmh bik @EJp@Fa!{epzﬁ%o?xXr?ﬁﬂqﬁivé b8kn ha Eillﬁgar

extension product in the presence of a suitable polynerising agent.

primer isPpicat seqisnee snchylieg sdditinnedr idaletionsx lhatipr@Sde ffor dhretoypali squivalent
anpl i iécaHoq&iulp&t can alternatively be doubl e-stranded. A priner nust be
sufficrently 1ong to prinme the synthesis of exte=nsion products in the

presence of o TRRIIRr 3Bl b 08B LD of AL, BF i B TEr depends on

many factors, including apflicatio tenperature
reaction Gomdiatpaymicletideror pebpeptics) valiich $oimauedd ito ERSst HyOExfRNAEMA)
dependi ng on.t? . cog&gexm of the target sqeﬁ)guence) the 30 ol'i gonucl eoti de
primer typlAeHR" %?‘086 Ay inpkpde genessequepsss founddn dbatihget sodepgiasthe inlredusedh i t
can cont apéhel ENREInIUBKROMbEARH BHES 2 Bhi RS AN 98
pol ynuel e%ti des, such as hamcaﬁllutgI §06 d}(lztlnﬁlg?%tf?gl' rtgésaip(g‘%g'gcet 8f§e§/%?%{f‘blc
| ul oblbs esmarkemgeee, the pressnse ofin re@msBh@Tnatet acheelatiVsbdieantirally-Yecurring
conpl enen arey" to the sequence on fhe ~tern~plate to' which it 1s designed
to ~ ' TCO w3/ ()fiiltll~ 18 1'C ('/1 (J112/(1 t 7f8 hybridise and
serve as a site he jnitiation of synthesis. "substantially
conpl enent ar y",ﬁ@%@ feant taf H%ﬁd l??{gmrfffgﬁse Iy %Egji] SISl GodiBBrEBIRRROAS v
to hybri dihaeeldstdenameadsges!l RAlsYEHRLLAsA-8lin bRl BRIy E RSP THIES i ns
no msmatches with the tenplate to which i"tl_éoi S deggi gn%’cf %‘Omﬁ%“ Uﬁhgg%t
this is notroEsgers | & usqdogenesiaHh dicreorio Slesignak emmoil geryesn ey, eadriates fies dues
can beg atg; ; f Lhe. ph7zner, with the remai nder of fhe
pri ner se&qlﬁigﬁgg B%g‘?clrﬁg%cglrﬁ%ﬁg?rgﬁet _5%%/5 Iotlith MRt 19 racanpphe ngn Teading frame
non- conpl @wredingrspecifc | pedipeptiies emiddidpseet 5 aart B eheA c8dinB MicfRBL & E%
nucl eotide residues can be interspersed into a priner, provided that the
primer sdfURNEL IHEYE wgvlatien ehexpsessiomne i abautyl ki bhayardethe eqdmgcrgivin, bhe
tenpl at e $R<BRPH, S8t it hapd eby. form 10 a tenplate for .
synt hesi sﬁ of twﬁe exc'?elr?s:ag’%&\gg’g S?P ' (#’ hlt%[fep%? Frﬁe{ﬁ.e gf)'}eoﬁ'éaryjlf'é'%’éﬁ’sc?’mﬂse
mol ecul e endageriplindée. | nataralip asdotiateds wih angieerd el by IRWIEBESuLEontrol signals

25 such as promoters, enhancers, translational control elements such a Shine-Dalgamo

sequence, Initiation codon, termination codons and/or transcriptional termination signals.
The gene may be introduced into an appropriate vector for extrachromosomal maintenance

or for integration into the host.

By “effective amount”, in the context of modulating an activity or of treating or

30 preventing a condition is meant the administration of that amount of active to an individual
in need of such modulation, treatment or prophylaxis, either in a single dose or as part of a
 series, that is effective for modulation of that effect or for treatment or prophylaxis of that

~.. - condition or for ameliorating the symptoms as$ociated ‘with that condition The effective -



other noi ety of another nolecule. ~J'nless otherw se indicated) the term
"probe"” typically refers to a polynucleotide probe that binds to another

pol ynu often called the "target polynuel eotide", throu
onpleﬁgﬁﬁgwgﬁgase pairing. Probes can bind target 1 S pBFyHIEA Bﬁﬁdes
I"acki ng conpl ete sequence conpl ementarity with the probe, depending on the
stringency of the hybridisation conditions. Probes can be |abelled directly
or indirectly. The tenn "reconbi nant pabynucl eotide " as used herein refers

to a pol numeo i de for d in vi t he mani pul ation of a pol ynucl eoti de
ot B0t B SRaRr APTaina et e Ratit and piSRRELERraEsn oibe b et

pol ynuc! gejbdle iHeafadBonic tg}sufs Oéfnxﬁénv@ﬁale)wrﬁésﬂr&ne th\ée?gfrﬂ'[ulatg%n%?atlhley’

such expression vectors include transcriptional and’trans
regul at o?%ﬂ'nmﬁllmhjéh@@ﬁﬁed%ﬂ@petrfameymedlnkledma@totlhan@ojtbmumll@enu @ietorBylt is

"reconbi pa p de" S, p made Uusi ng reconblnant

t echni qugék cEtcB%Q’t ﬁ%r ou%‘f{"t‘ﬁgrzégrué&{) gaﬁ'X’Bﬁpgmraac@Hﬁ? it ca5r be PReABRE

pol ymclmﬁ@ugdeommémagporter nol ecule " as used in the present ,
specification is meant a nolecule 2S that) by its chenical nahue, provides

an anal yti cal | YHomielogy T refbiseo sh@ pacert i@t mahb@VeT dnkigo delde eld QR Riknfca¢ BRFP! e~C
conpri si n%ﬁ@n ant i gen- bi ndg2 g nol ecule_and its target antigen. The term
"t eport €f° ‘I“E‘*’c&‘?'@ﬁwépg‘b SuR§IERRNS @5 definedf ’%EPPIﬂagngJ@Wnﬁqnmiow mayhbbi t i on

of aggl Nys$ and t he, |l

Ter ns u?eelél&tﬁﬁohégeu %Egﬁggﬁgﬁgﬁﬁe a? £0§§ anﬁéqs a‘b% @gﬁq@\%‘"{wx Y2 fsgg%

pol ynuelf‘éatlaude@ubrkmhrgqbem |l&58395r)0ﬂm1d81 rr&bmoeﬂe«e He i ®R @ terence OTAP A SON
uence ¥dent " and

Wi ng : Etuy g cgpta of sequence identit
"su tan‘ﬁ%f’ PG‘&HTP g-similar presubstant ys@g%mééengi Y thosg eised; herginigguld be
frequentdoynpardd b iA&TtidNG( Sagst he 4% 0, ueFO cley
of * nucl eop!t | despand an—i n%IH vgg?a res e u é‘%[sgﬁ%{'#%c%%éusae
"WO | | Jiexamples-by lhle,compﬁgsml'gomhkmlxﬁﬁ/wx}j\.? tt
“Hybridisation” is used herein o denote the pairing of complementary nucleotide
sequences to produce a DNA-DNA hybrid or a DNA-RNA hybnd. Complementary base
15 sequences are those sequences that are related by the base-pairing rules. In DNA, A pairs
with T and C pairs with G. In RNA U pairs with A and C pairs with G. In this regard, the
terms “match” and “mismatch” as used herein refer to the hybridisation potential of paired
nucleotides in complementary nucleic acid strands. Matched nucleotides hybridise

efficiently, such as the classical A-T and G-C base pair mentioned above. Mismalches are

20  other combinations of nucleotides that do not hybridise efficient] y.

Reference herein to “interactive” includes reference to any interaction, reaction,
or other form of association between molecules and in particular where one of the

molecules is, or mimics, a component of the immune system.

By “isolated” is meant material that is substantially or essentially free from

25  components that normally accompany it in its native state.

By “modulating” is meant increasing or decreasing, either directly or indirectly,
the level and/or functional activity of a target molecule. For example, an agent may
indirectly modulate the said level/activity by interacting with a molecule other than the
‘target molecule. In this regard, indirect modulation of a gene encoding a target polypeptide

30 includes within its scope modulation of the expression of a first nucleic acid molecule,
wherein an expression product of the first nucleic acid molecule modulates the expression

of a nucleic actd molecule encoding the target polypeptide. ~



pol ynucl eoti des nay each conprise ( 1) a sequence (i.e., only a portion of
t'he conpl ete pol ynuel evti de sequence) that is simlar between the tmo

pol ynucl e@ly @ggy,@nd (2) a sequence that is divergent between th

pol ynucl eot'i des, Sequence comparisons between two (or nnref“BBPyHUUf%otldes
are, typically perforned by conparing sequences of 5 the two

pol ynucl eoti des over a "conparison wi ndow' to identify and conpare | ocal
regi ons of sequence simlarity. A "conpatéson wi ndow' refers to a

conceptual segnegt .of at ast,.50 contiguous posjtions) usually about SO to
about 100, nore ¥u£lbfay"eéld'e?ff’ iso'ﬂ?c%r}%gdﬁmﬁwulch“MP'Z:%W&‘P%%C?MIS@C?@ME
conpared téxtact 6f B5IGPERIRAAUACS xﬁlat&&‘ﬁoﬁfi%?g@HV&Pﬁo%f 25 Hu%c%ﬁ 03'&!:0”5
after the two sequences are opti nal he conpdri son

conpri se aRft-tFgnexapmleiethetdxgng ¢an, bac })b!gapd)frcmﬁ abelyt tisf@@ooora biefmias fluid

conpared t; nce ence {which does not conprise additions or
del et ons)g?%?ﬁgr]"t% E)éﬁ éﬁhgﬁﬁéht of the cwo sequences. optimal alignment of

i enentat ong. T BRI RR A MR e B e TR T e
W sconsi n nBeitigticics oSqut:tmnde pasxktwge(daelmaﬂuéll&ﬂdc@,orfi%tﬁidcfc%né&"fwt Rlated

G oup) 575 Sci eqce brive I\/ad son, al\{X USA) or b i nspection and t he best
al i gnment SEelra Y"é’s‘ﬂ‘st?rnéy'l‘ elichan @ﬁ%éterﬁ%@d ég\@a ipbazphodiesisy dondhdor

et or ence ares SeucEEITLALAS R, Sl PR PeE (NG, S8R Bl o

gl scl osed “bygeiuckohde” etplcally refeB893 a dgukggdfmeQ?eRﬂﬁﬁh%? t?éﬁ%lc?x%ﬂ%ﬁgbﬁd

i scuggi on uence a is can,be ound i n Uni of Ausubel er
T o iR ST RN Saanany BEBATHaR L WibAR WOerEgok oaHk T Lo

Lo 1095 hmgtti s 08 LG SARSER AR Ko B8R Rt al ke

tv the extent that sequences are identical
basis or a‘h‘d&rffh’@)‘tséscpldﬁswelamlmenmhdspjwmthtoatcerrraat}vyll NthovplvnaeeMRaD insdRyl

Th dent i t l'ated by 25
Cwo opti maPToEah 39Ga e FEREC Fie PR Hed of risome el shparang enaé‘é;pﬂqu%g
the nt unbpﬂmeﬁlap@ﬁﬂtcm@ﬁ @ﬁ oM@Hrﬁbteth& tﬂé;ﬂtdt@ﬁr‘ag{wa}cﬁt fh l@ﬁ%ﬂ Qe%g?alfyefgér

A T G ) or the identical am no aci e.g.,
Thr @ y abaus |10 0e30 nyg@ott%@esxdp;s, burthe térgs canrefer o nsleodas, ofGhny legih,

t 0 e,quen.ces to |} d the. nunber of mat ched
p05| t| ons ng) gﬁdlhﬁgq‘%ﬁ{e rﬁ?n)gle lteS'fl ert:\‘ct?b"sl%e‘ ngs bWPtcﬁ@Yt‘bgteQI forundge of
30 posi tndmgmunlcbh@esv\n ndow of corrparl son (i.e., the wi ndow size), and
multiplying the result by 100 to yield the percentage of sequence identity.

for the pur poseEyofaptehdylprhekaﬁt isl mv&ntthExHUansSﬂgﬁmq:QnﬂCi%'s!ahb’nal l‘é’Fullatol??
the "nptch percentage " cal CU ated by the

d t ood .t
ot or e S e ioacdFaTgve iR RSPk apaodbigEpdlymimleoside in sbal 2 U
1131u0|0rtamem~azqw fotfrhlcfeotibd ISkl the b IRERY R AL LTS HoeT i D

Co., Ltd.) South Sari TFrancisco ornra rd def aults
as used in the Tif @ARMEE AN HTErs A6 FAHRANY t,}{\ﬁf.ﬁ, (L&Y @as
used herein) refers tg‘ﬁt tlte te rgra?ure%dm%eﬁr%agﬁreng a](:e(l)n%fjllntcl Ons: %nd
pr esence [Bdividuabiidedesiredde teaarnmeroganatcusmg Memmeshodiwﬂmmymdrdmm»eﬁ jand 5
washi ng C €. gher stri,n the higher will be the

degr ee 018)& @oggltﬁeﬁérrsﬁ -EIB.C;IBI 'iha{ e\7?ae O‘fsn%bﬁrfﬂr]%éamt ERIOTA LR doescat Sitpdnces
and the Ininsinblsckhar tﬂ!me“ﬁﬂitﬂmwhwaﬁldiethéqﬁ%ﬂ%ﬁ%nméff- BRMBE YU 54G L O

t he é?r get, after  washi ng Stringent conditions ers nper ature’ and
i oni € coRAimatesndivesiaek ammeals (g ysheap, ews,dlmrseqtdenkm, Ipagso ngbardtld)rghtest

frequenc jAan basgs w || | di se O The stringency

r equi red)él g’f‘ar%%g?gof’@ sé‘){dﬁ%n’é’? %‘Béméﬁé %‘Hﬂtcﬁep‘é"ﬁﬁ%’"tﬁibﬁmﬁﬁes (8.7 688,
conponentdsggrandeaprieiwilognimal el spkéOBe@Ngingiigequent washes, and the tine
al l owed for these processes. Gener al | y, in order to maxim se the

hybri di sati on Byt @haneacalicaitgesdeplapler dodiisat isofee0Rdbd &nﬁqm g1selegted;
about 20 to ZS%Iovver t han the thermal nelting point . The Tmis the

t enper at OF E'APSHRA TS BEYNEF thapewibeisalel wugsdtin é‘m%ﬁteysrﬂﬁbﬁladmgesmjnoﬁ tba a

perfget | ya08p! enentary probe in solution at a defined ionic strength and

pH, Generally) in order to require at |east about 85% nucl eotide ‘

conpl rrnent ar i The QbmhypbiHhaasliBetyensesic figh ( EA9EN heshBS I NGR N

conditions are sel ect eg tyo be about S to 15 %'ylﬁéd hélen &es% I%s MRNA,
RNA, cRNA, cDNA or DNA, The term lyplcally refers to ohgonucleohdcs gTeater than 30

- nucleotide residues in length.



than the Tm In order to require at |east about 70% nucl eoti de

conpl enentarity of hybridi sed sequences, noderately stringent washing
conditigns are selected to be about 15 20 to 30 C |ower than the Tm

bi i ghl vy 'gEH%T ve (1 ow stringency) washing conditions ne§T/BEVHE oW as 50
C below the Tm) allowing a high | evel of nis-matching between hybridi sed
sequences. Those skilled in the art will recogni se that other physical and
cthem cal paraneters in, the hybridisatipn and wash stages can al so be
altered to affect the outcone of a detectable hybridisation signal froma
specific |evel T8¢ t§BRDI FgPrbeeaidn verenet anthd vaBiapt obefes dqupalyrscledtides t er m

"transgener .S, U el d | .genet i-c terial that has been or is
about {0 RE P FRELARAC e BRAILPS A IR NE Boh By e
ext r achr pnsoctedtidek emehybrifiseavicieh ke fereacd dequbme luyider NAGERN baldiGSls! ihange mor e

parti cul ar‘lz,i alaﬁ?qr deterla cell or related cell thereof. The rta~~sgene is
used to ff gfé‘f gnaftge i Pyseqisans algoimapmpasses relivtleelides veliich differaiorgemet i ¢
change, t t G C byl dinacell.

foll 05\3~r Pgnfg[fcﬁénég@r] o@?? Faoﬁﬁg gggg%ﬁbﬂ%%&gﬁbg@%ﬂgﬁftelﬁ%sﬁ%? Eucgﬁoéﬁj@e IS

gener al | n stshiegard it iywélhtindusicdd mnthefirttha cBNAn aNt@tibACINGRBRER fefuthimscel | .
Vectors f&) ..St aBI e.int eﬂr af}i on i nclude plastnidsbacteri ophages~ and ot her
bact eri af ssdgletony AASuPitithens cagdemardeto. g refgrenqearylynycledtidiewherebyd - 21
By "vect@k" alifedBaRhudenftey GhEMd §6) cule. breferably a .DNA .l ecul e
derived, for eii{ar_ﬁppg? ?r om a p{] asm d,?0 ﬁ@%‘?eﬁﬁ"g‘&a&g,%‘gg&c"‘g?‘%fﬁ‘fﬂ%’cﬁ nt a
whi ch a pdlyywmirtidot Thieteons ‘pelynnsenidedaaiunc| anke tvarfon ealsar inplgé aarbdlly
contﬁj ns one. or Hnﬁre unitque restriction sites and can be capabl e of

aut ononoUs "Fels 4" €4t Y8 a defined host cell 5 including a target cell or
tissue or a pr. j weel) or. 1is thereof ,.ar be in rabhle Wih the
genone of the 3%?){); ﬁé@‘y%bsétép é’g%:hénltdhi? gtf fle 4% }5%3@%@&%&;@@13 TRETFIR AR FelfEctonl e.
Accor di ngpylyntehef watt®kcidarsidgesasndatet omumwsmpédccmah@_ey%?w sarhe.® » @
vector that exists as an extrachronposomal entity, the replication of which

i s i ndepEitieRESOETRhIRMD Ko#fBINC 2eid Rt WEs AN Which, onegor| mereamioe acidossdues

circul ari.p L ) . h . el n a_10 m ni.chronpsone, .or an
artifi ci‘gllgl cﬁr oérir%:sgé’rhef.??{r a@%‘é@?ﬁ?@%ﬁ'“@oﬁ A %chnfﬁ r‘?Eg'}%mF r ANARHE 3y 3sel f
r epllisc atdoarspodtiingrmairaiyebocurritpeanias aoid, saweldes @il bechiap aiihé adyced
into the host cell, is integrated into the genone and replicated together
with t h@APYfosomes) into which it has been integrated. A vector system
can conprise arhsei{%: I_e,.veictor or pl asmd, two nore vectors or plasmds,

whi ch toget her "o PYHREPLIEE APV BRI FHfetselq HHYBG%% whichnddfer hsomepone of

the hostrefegdnke plypéptide BYINO8RINion! AE1GDPbE SutRfitul; ' LRl Ty
depend on tr?ee gor)r’ggeti bility of) 10tnhe \t/:ec‘?or&ﬁg{lwtl?ﬁgyﬁgfsﬁ?&g\gﬁa At %Q{j/\hcl?ch t he

vect or i15W™ed updersiopd dullhgendt for axarnple phatseme agaseacitih enaydetdbngel prefias abl y a
bactgri al.,on eriophage vector. whi.ch is gperably functiopal in a

Bor gt el%fléh %’f‘?ﬁ’?’% sb'?ﬁ)élornf) g’lpggltef Yithoul| changing, &npéwg'ﬂﬁe‘h\‘?eé‘i‘wtycaﬁ tht so

i ncl ude pagq,ebz&;et(ic&mmﬁk@ﬁub%uﬁzhoﬁ@ adReRAbePhALILGREESSI stance gene that can
be 20 used for selection of suitable transformants. Exanpl es of such

resi stance geBys'aimerkriowneshd at hdigenafiechidi IWhith) Whén phiveRothi DGhigle of he
npel r g& t hat gf ers, resistance to the antibiotics kananycin and 1
(Genet | qﬁﬁ* IS GaPaofreofaaiiztjas e BEsic 81 RRCr exensiempliedud in e prasdnbe of i ¢

chl vr amghgpi.grl & ~ Wirh. - " "ner mal " e e ,
i nter cggngggg?yp %lgqrgne%l@é Q?‘é“‘mﬁe’gz&g*’gﬁeﬁg‘?g%é%? %E? ”%l%'%{&%‘téicg’ér'}"%’i'[“é‘”bf nost
of the rfftiercy iofanpidicstiee bes cocaliernithglnst WoableystARded O tPAsdr hakt Kxanpl e

with the tghen?tyﬁe of a nmutant. As used herein, underscoring or italicising
the namdVBicqliydARe {panms th Satkesishel gutsasion predusts astthe priserceppbtles n

product poMiictilation hirdt cahed tJrena arﬂ ene j.n :Tgae absence.of any
under scgr}ijyg{g or itafici s?]ng?r@é%r eﬁlar?gﬁggj 'd£r§69 ShaY éwri’hglcﬁ‘\db'@ 34
gene, whappleasor, Acrof@gratushial be dnmdbysl, eentififte pERLiGh BopdiNoN otk rédpenisaspQ’
gene. The terps."Ar oIQ' arid "3-dehydroquirrase” are_used interchangeably
her ei n, Source of primers. For example, depending on the complexity of the target sequence, the
30 oligonucleatide primer typically contains 15 to 35 or more nucleotide residues, although it
can contain fewer nucleotide residues. Primers can be large polynucleotides, such as from
about 200 nucleotide residues to several kilobases or more. Primers can be selected to be

~ “substantially complcx‘ncntar‘y" to the sequence on the ‘l{éfnp'l“at‘é'toﬁ'\,&}{i’ch it isfdesi‘gﬁéd'?{oﬁ s



VI'""OtlI3l11aJ;v ~22~ 2, |I'nlyrrucleotides oJlfre inverrtiorr _2 .|
Borderell a aroQpol ynucleotides I'C T /,AIll1)2/(1t 71i$ The present

invention,pbSsRERdicated in part on the determnation of the. «,§Rgt h
sequence op%tﬁe'ﬁg'r 0Q gene from B, pertussis, which is use?ﬁq‘f/'iwrll(lzé(’rl‘é ia for

the production 5 of genetically rnoditied Bordetella strains of pathogenic
origin Chat are attenuated by disruption or inactivation of their
correspondi ng aroQ gene. The invention, -iherefore, provides in one aspect
an isol ate ynucl.eotide ¢co i@ Si | t._a pPortj .of -an.ar,0Q gene
froma Borggﬁlg(#' % ‘S|a‘31ecf'|crevs‘,3 3? ?EF';;} e@goﬁéaﬁ@a}%ﬁonwﬂ?t %lﬁgl%‘he po ybnsu%éll%gcn)?'i de
conprises th@pRirchlagy’s afliehrantothanurl mahédgssusidiedtdr tdmplemBRQry b Wobridise SEQ
D NO: 1 corresponds 10 to a. 942 b‘y agenom' c sequence for aroQ of B..
perrussi $- Withi 3 agsuepbBudertidie Prelsrabhbtibe PEMSHESANE R REr Masrigches ) with 185
region fro t - t : : | W )
region f ro%’@ﬁ%&tm %g{*ggtllk ggségeét% %gﬁﬁse%g :“ggH gg‘ %g?rﬂ%grlle%‘o%xgﬁg%%ﬁ&i ng
site from atmaplemennahe oidlesid2retiduesbant benatcakieat iodte 80;endnud 1he poidisngwithghence
from about nugl eotide 73. to about nucleotide $04 as set forth in SEQ 1D NO
3. 15 A BeEiMARAE AfJAF IRTUNST $HANFNCSt REMEaFRMRIEMARIRE. [0 ¢ {afeplaleodIGEHREVENom

B. pertussjs,. i; 4 i ] J
100 gene AsenapEr Rl ARLIOly PRIARD T B i R Rar P KBRS

i nJI uenzaepes@ots omtircintdrepersel ento aprensrppricaided tae thequbaercequggek bas swElifidient
Aspergillus rrjdul ans counterpart arqQ genes) respectively. 20 2,2 Variant
aro0 pol yn%?@Sﬂe'&‘é’é"ﬁ‘HﬁH&eﬁgﬁ"cF ﬂ{/&ﬁt"?’Bﬁr’}af%O ép@%ﬁm theespath 4 ‘SEFP%{ T8 of
the argQ gf%ﬂ;zetr&esgﬁfh%@m tHe Bk ERSioR Broducl o fARSFHAL). POtynucl eoti de
variants according t0 the invention conprise regions that show at | east

SO% nore suitabl'grodk” kefestio A0Hblcpre iRl By (4 speRaft sedQdfice B sBb-RERIAEABE Y
at least ~0% even nore preferably at |east 90% and still even nore

pr ef er abl yothe mpietieak anwier, molsoyle o nlessombgryriseomdicateduthecterm deratiet yyrivaly a

reference pgl I ' u j:dent i i ) par i ' ")

or when co’%géé%/g%%t g‘gg‘lﬁ&gﬁ%gﬁeﬁg ggéﬁ%nﬂég&i{rﬁ) |t}(‘: éﬁ@uéﬁ?‘%glﬁ%’eﬁﬁ Q’? sc\Mrl)é(;érj or med

by a conputtaigehpolnogyotidedgniaou Kin @emplementiey drate phiHneneProbR0dinT®Md thdget

r ef erellgce p(?l ynucl eotide is se|lected fromthe sequence set forth in SEQ Yb
T .

NO . 150r polymislepdesilagiong spmplsistrghence complemsnigity Mithihe grodeofencafingedi ons
e _ > . _ it e T gt
Cha oo {3k SRRy e AT b b or B L B o RN

~' CTI A ~t | 2/ 111 e terrh r BESHBRA 1 pﬁlyﬁﬁﬂéﬁlﬂ'e_"%@qy&f‘ﬁﬁeiﬂfrcfepﬁtoeé‘ﬁ&gﬁﬁlci%t%cei n,
etc. The sequence changes may be’ substitutions, insertions or  déletions.

Del et i ons foayed inctitrd byl the genginiatige s apotymuelsotidd wtd afemohotanatmatly fewnkindi ng
regi on. O her difications of interest incl.yde epitope tagging, e.g..wth
the FLAG SyBiertongxaigle, thegombafbetiplBobEeFrt e P brP e fombritiison s
prot eRps Wekidr 91RABrallyUGLES COIPresBIoAt bcdisrs ([AERMe MBYnRApHSPA . adt car@litidhad
genes may be used to study structure~Function relationships of A roQ

pol ypept i degilatery padyricientidgopprablyilinkedfo thepokymutledtrds. t hat affect their
function or regul ation. For exanple, a polynueleotide according to SEQ ID
NO 1 or 3 can B mtacaréinans palyperiiddons mrealge Relypeplide gade ppiaaJgensahinant

e L e
By “reporter molecule” as used in the present specification is meant a molecule
25  that, by its chemical nature, provides an analytically identiftable signal that allows the
detection of a complex comprising an antigen-binding molecule and its target antigen. The
term “reporter molecule” also extends to use of cell agglutination or inhibition of

agglutination such as red blood cells on latex beads, and the like.

Terms used 1o describe sequence relationships between two or more

30  polynucleotides or polypeptides include ‘“reference sequence”, “comparison window”,

“sequence tdentity”, “percentage of sequence identity” and “substantial identity”. A
_“reference sequence’’ is at least 12 but frequenﬂy 15 to 18 and "o’ﬁe‘n at least 25 monomer

2 units, rinclusive of “nucleotides and- amino -acid residues, in “lerigth, Because’ two



prepared variant or non-variant version of an isolated natural pronoter
according to the invention. digonucleotide-nedi ated nutagenesis is a
preferrﬁ,qn ”t,mg for preparing nucl eotide substitution variants of a

pol ynucl'€ot ' d€'"df the invention. This technique is wel | PCHAKHDWIoRN t he
art as, for exanple, described by Adel man et al. (1983, DNA 2:1$3).
Briefly, a polynucleotide according to SEQ 117 NO 1 or 3 is altered by

hybri di sing an ol igonucl eoti de encodi ngSthe desired nutation to a tenplate

ate is the single-stranded formof a plasmd or

DNA, wherejn t.he.tenpl ‘ n _ .
bact eri opfl %‘:le‘blr‘éeéin'ﬁﬁ'nﬁacﬂ”r@”lpﬁléi: gt gcfeﬁ‘ﬂe"}ﬁér(éﬁt oy serivenefethe Afomglete

hybr i di sbiyAifoledtidbeqiehot) NRIAECsitnila SRl dh IS foBI 620 SgCond

conpl ementary strand of the tenplate corpo

ol i gonuchesgyenate thati isedivergeat hietWeeoothe hoo pdignstdotidgdscabibfeatb@parisonsai d
par ent i seqﬁgn e. G erlal I ?/ 'ﬁli onucl@goti des of at |east 25 nucl eotides
" | engt REAPET TR T ore bR Pinsteodfra/R Gamedbi ReefoRmed bhavmpang squnces of

nucl eot i gestwdablvakiEle6@dmR! I @@{mj 0, t : | at e _on eit her
side of the nu?l eyg‘ti des) 'c(gié?naé for trﬁgﬁg&uﬁ@t}ér"on{? gﬁf’é%@r‘@?ﬁgﬁ%t}o g t he
ol i gonuctegns @é sequencehsimviladiys & ‘ooparisgn windone' rsiengtoea séricap@esdhfert eppl at e

noi ecul e 4 | at e,.can be.generated hy those vectors that are
ei t her ér'?%gé%%‘ af:Pﬁ’?%h&ﬁ’@“gﬂaggm\?@d"dﬁ’@}” go’tnl’ﬂfgéls%b‘t%fﬂﬂ%@

cont ai n #boai NP Br whichRGE§LERRABR o BTpialidNo Qf re fedlck GaL i by Vi era
et al. (1987, Methods Eﬁqzhyrml. Sagagylogreld b SecAce BEMISERE nfbebde Vi o

may be iGABHRVQHF Peritbonsnaltést the Havoy sequsnsest arcgepiémallye atieney. eTishrcangpads@0

t enplgat g,; j Iy - nded.tenpl ate j s cribed, for exanple,

o Bt g § e e e A MABRIRI o BT o s F5 U B eptwegeo | he

si ngl e- 9o rthndefdreneest@icRcaTawhible doeg AP EGHBEsDYIRBERL & wa’ion‘!géﬂ ﬁ-(ﬁ nded

pl asm d q,or ot hefr DNA) using standard techni ques. “VIitJ~ | 0.% -24

it(i-rr tihey v §- (L aRg! gr gpmentad spquenves igengie ncpartisva
Ahgpmsptphthe pvassaqyences.(Qntimal ok rod A

| i b de i ivdli t i ngl.e- st dt t, d
Qi Lo iRl ial Sbe VUl by BohBfieBR0P B BHSTIRR: | STBlRE e (GAR, ¢ he
Kl enow fBESERIET FASTRN. shdpEH ASTEA iis @hé )Wissoﬁshﬁmea@ld.@¢>&f@va$¥%£n§§e%elE&% .

| de

co e strand of the tenpl ate using the oligonucJeot as a priner

fo?‘?é %ﬁ@lﬁe&@ g"ﬁ@f’@f efm»é%n?rﬁﬂlwe@wswmgn,fg’rlnblaz@mrbyc hapeioa

strand afq DhA ,ae e¢;lut fy: pol tide or fragnent under

test, and the %?hgﬁ%zj#gngg?tﬁgﬁg? 3?:%’1% ?'éﬁ%‘af%%&%&oﬂ%@%ﬁé N e

unal t er éempanioanwmdoi) tdeserptell hyeqmtyi de ther vrioag MRAhodiNEMdct1dde Referbhie also

het er odypl ex nol eﬁjk‘esé@%&ggn .Hra sformed into a suitable host cell)

usual I'y yg’rco'i?af"’y € Aply obProRTHS af ferfxample diseloscdghyviritschiiey ar e

pl ated an{ 09579NRsCAlARES 25033800 S AEGHILYMALNG. dGegREAGORUEI COLLdp. Pr i mer
y the 0

hawi ng a detectable | abel to identi acteri al oni sahﬁéﬁ/f:‘ﬂb he
mut 41 ed femd, inTHaitr shilof dhsubrlteatadd “ONerehr Rgmesuls imiMolehigsr BICBRS i1BLS

sui t abl g,. Si. on u as ~ colt using conventional technol ogy and
cl ones '?Y]'g%&pér‘et fr ﬁmt ﬂ?%z@régapé?ﬁ'isgeni c activity are detected. Were the
cl ones have b e i random nut agenesi s techni ques, positive

cl ones woul d Eg‘gé&ﬁ% }tl)%gel'% s“g%ff(%cgﬁn%erq l?ﬁrg‘érre e @eﬁ’&&xt%éh%ﬁeawr@ﬁs

Al t er nasrevidkntical ionke hudeaidaibygnuEldotige sk SorCin %o”’?&(d-@?-aﬂﬁﬁg atcﬁd Lgsﬁg oduce
clusters of point nmutatiagns throughout a sequence of I nterest that has been

cl oned PYRF@ ¥INGPW<i YMpaBiasy Thisora eneaempiage o stereasne édensiyy hie caledrtddobyAusubel

et Bl ., Shipir {J i\ Cutl ter 8, whi, ch gescri bes g fast protocol
that usea o Iter?tz,lD tg‘lr;%yygagggﬂ bl ng%egc()’tv Frdti% WY & ﬁP‘F’B%”%’"uaF‘&UE‘”‘“g
restri ctheommbet of patjitiarant whizhttheidergi) huthataciSbise (Bg, Wtﬁﬁrﬂ?slg%r 1He
nested series of deletion mutatjons is first generatéd i'n'tHe région. A

pai r of eV amuaqidresidpgyertich ey Prouer, iTar.S§lyt Wek Lsedle, #he,i Tyr, Trp, Wye, gap i n

t he se of i r est t | i nker at the del etion epdpoint and

t he negr ’q'ﬁse’séslﬁi’g}th?’o‘ﬁ&éﬁﬂgfdﬁ%gd»?ﬁ%g?cuﬁﬁhgﬁéée%%?ﬁ%ﬂtl"yy‘?hjd{;? g%’@bF‘he

desi r edofcinashed posifiogmidiidingitied homBeresf hfatched FBYAENO by 2B (SRR GE' 0SS
th«? region. by.its @osition at the varied endpoints of " the del etion nutation
serPes. PORIoRS in thevindgMpl soBIParisonfiso thiewerdobesize)y and sutieplyitg thk resuupr a)
whi ch : R t I t enesit.s procedures to introduce small
ol ust e of0 iR Bl nlaB o MR R P e raes of fig pyesen

mut at i oRverdios, i ‘itequedoc édeniint o wall Sequedasioby (anmead ithg ‘Gnd YN Pptdrtage

oli gon uc%kc%?attécp gy e’ b?\i}(gl ggio%r;])%lc? rprcgrgrg:%.\:&esfggx‘g .Czhse %@f't v? i ntdg »?/s ;S f‘,%‘fg gﬁf&om b



30 of interest cloned into a single-stranded M3 vector. This tenplate is
grown in an ,E. colt duf uirg strain, which allows the incorporation of
uracil into the tenplate strand. The otigonucleotide is annealed to the

t enpl at e VAht%¥"Wended with T4 DNA pol ynerise to create a 'ddimV&i47%anded
hetero' duplex: Finally; the heteroduplex is introduced into a wild WO
i3/l nUtpS PC. T/,alu2i (117&8 ' -25 type E. coli strai n, which w ||
prevent replication of the tenplate strapg-due io the ' presence of apurinie

sites (generated where uracil is_incorpqrated)) thereby re tin
pl aques comtahioEME f“&kﬁ?‘ﬁi%% IdRe 8P WA - e ETamciscaut-aly é’l’?ﬁ ;L,%aﬁr)dusmg

directed IRNETh 511545 W98k 1 Wreﬂkéﬁap@algic %ﬁ% «%’%Wasr bruct

pol ynucl eoti de variants accor ing to the invention I's reégard,

reference may be:gg %ncﬁorase&aémlrerc:ﬁorésueuwm@twaiperaz&epw ibficPairddgenl ar
Chapters 8.2A and 8. Al ternatively, suitable polynucleotide sequence

variants obnditiens,randrpressnceray abrsnps epasreain acg;mrqjxsqigertts) mnegﬂrybhdmw and

proced a atin r rs which are option rate vvher
each ¢ rrprl%“gg’% )pb ?‘i’%ﬁ gpQ hgﬁ r“e‘ﬁcsg "RES G dle g‘fg'arﬁé ‘i"ﬁﬁ ﬁ'f’ng But ﬂ
restrict e@owerﬂer@m(;)bgan@nsmmn@daargfephueé@tmel Rqdiced Md thel 1BbHe@ p?a;é\lo
1 ar 3, or sequence encodi ng a reference pol ypeptide or fragnment of the

i nvention poammuale@bﬁmeenemes dial semain hbuidisesblo thalagepafppepshing: preferably
encodi ng the sequence set forth in any one of SEQ 1D NO 15 2; (b)
obt ai ni ng x nucl ef’é"ge8 dowlitpntt “?fF’én*Palﬁm@F@&HF%ﬁ igAICcYPTdYions aindenpyhjchy

m croor gagh%uc%‘illd@%@eﬂé%fﬁrv aée/h,gg%ﬁh g eh?‘g’w‘% bR vﬂﬂtr‘ybndjse

restricte bact rom nera t' nobaci
Haenopbi | The stigdgenop agjuinell inspdegiidd ssuame dpendtomandsicpanid upohlthe eugoustor e
pr ef er abl Yol bact eri um eI on Rﬂr;lga to, 20 the, genus Bo cletella, ar related

or gani sm “BRATEYS BEPHY EHP%I disstion Ipdghbggapgnt ‘?’f’sg ruanditke Ume gllowed for
anp! [ 11 catidn JrECNsqCenkall, P UplerOR rfiRhist | AMHYBAIRGAIH Fhie ThOHL Reln

nucleic acid extract, wherein said anplification product corresponds to a
pal ynucJr hybiidieaticar éauditionSure adeacdiuatomt Qoaom"al‘qbd:wén mam it tHeemanimglte ar e

well known to kill.ed 25 addressee, ncl ude,_pol yneri se chain
reaction PP@R&& T?‘Br mdR ﬁeaipa@é%%é”dmﬁh é’t%lﬁ%?”@‘f taé&“ SG%Llf}BP'éf'Yb%‘iIF%nd

di spl peemgnt, ﬁtm?édtl i G@rﬁﬁl@ﬂeﬁé%)cpr@c?e 5P oﬁ?ﬁ@ﬁrpe{te? dRFGEL qg’l‘i*c g{% Sﬁ)@t[ﬂf‘t No

5,422,252; ralling circle replication or exarrpe n Gu
et al., (O@gerall;a, m/mdcr td:lnemuresmdﬁasmt&ut 88% rmEIMndmdorhpIeefenaht)Oﬂﬁhybndlsed
application 11V0 Li zardj. et al | nt er nat i onal plication

92 81813%{1 and & Aﬁ
VO 9711918%8uencsc gty SEpgensovashing ondLlions ate selastad: tocha shamt SNAdBAIC dveror
XD ¢ AR IHICS, Do OKNANM Bl 3 1gasl WY 7B OREGBLANC Sordofeir &%tgoo%‘))

and Q /3 rsrplicase anp on as tor exanple descri t ul
( 1996, Phplrididdel dequéiced m&ieratelySaing2at wasiiodh e&ddns are YWcted rbe-SBbA 15
PCT- (3[ ~~E>2§5°Ic %wer than the Trm. Highly permissive (low stringency) washing conditions may be
as low as 50° C below the T, allowing a high level of mis-matching between hybridised
sequences. Those skilled in the art will recognise that other physical and chemical
parameters in the hybridisation and wash stages can also be altered to affect the outcome of
a detectable hybndisation signal from a specific level of homology between target and

25  probe sequences.

The term “transgene” is used herein to describe genetic material that has been or

1s about to be artificially inserted into the genome or onto an extrachromosomal element of

a cell, particularly a bacterial cell and more particularly a Bordetella cell or related cell

thereof. The transgene is used to transform a cell, meaning that a permanent or transient

30  pgenetic change, preferably a permanent genetic change, is induced in a cell following

incorporation of exogenous DNA. A permanent genelic change is generally achieved »by
mrroductlon of the DNA into the genome of the cell. Vectors for stable m(cgrat\on mcludc

I plasxmds bactenophagcs and other bacterial virusés and the like, -



-26 Typically, polynucleotide variants that are substantially
conplenentary to a reference polynucleoti.de are identibed by blotting

t echni gwWg,d @kuigec! ude a step whereby nucleic acids are il;}_ql'zpl ‘%I ed, on a
matri x (pref eré‘ﬂiy a synthetic nenbrane such as nitrocellu o'g{e' Zf(ﬁfo | owed

by a hybridisation step, and a detection step. Southern blotting is 5 used
to identify a conplenentary DNA sequence; northern blotting is used to
identify a conplenentary ItNA sequence.2lDot blotting and slot blotting can

be used to identy, f. : gqgaﬁ r N
pol ynucl eot i de ?gqu%eﬁgoggBL uc FtaeF():ll |gufgs}l&are wéﬂ ’ rg%ﬁ%%&gws}ﬁﬂw ed
in the arderwn] fonvexaimpn fkenca i Pasthid,n bAusudylaget yedst (rl99ds, 1988, wisidpra) at
pages 2.9.1 through 2.9.20. 10 According to such t hods, Southern hlotting
i nvol ves EepRPAEtiis ook ABicHEL PO b cHg W%(%e%bgszcwa'@wn%%@wfowﬁe%si s,
rans e ridigididfi et GinASHA! B eehebINY LitoRombi HEpiGuBR TR 208NN dost cell

menbr ane- boun t I e

hybri di si ng the DNA to a conpl enentary nucl eot sequence
| abel | £8d imzdidiara targdt\cell ©n tigsuetor agirbgendor EdlLior xshe omaedfcad by intégratdetwith

blotting and slot blotiin DNA sappl es are directly applied to a synthetic
menbr ane PiSiESPORS O_f B’Cﬁ{Fng‘Hh%séP‘?%ﬁggéheaHBW. SeﬂHe%ﬂe_t'gf"rﬁ’ _qW@I%I%WF‘ﬁéglgt ep
I's used WRNydHGNEdnl bé BE SREIINRIBRT RDNCAIRLYIHLEdCQk! 0LS eliBr dnat MO as an

M
genornic DNA |ibrary, such as thrqugg the process of plaque or colony
hybri di satitochromasymiat aintityx athip| epbéatiohi ef prluclke disr endeperdiest raf beltromvs@antr ook

t at. ("Ml.ecular Coning, A laborat K | d Spri b
Preos, LoRB)ICaIN, et dped of sTo2ef sedny pHRRHE o iR eiieH o FBF e dulur o
can beo Us@ighittofREShe BteadRIficil| SchkdrRgbofRN ikl Pittor B YoHiETheRy ﬁ%%n%rf&

blotted/tra.rtsferred to a synthetic nenbrane, as described above. A

r ef er enc easgutingsedf-eplicalions Altbmavely, gad yaeierl caatbedmeot hichevhenviatroduediisto
| abel | ed desct,i bed above d the abilit f. this |labelle

pol ynucl e@? gt cieg, ﬁQB‘F%&fégéh\&ﬂﬁ%g ﬂfsinpmgqafqutggﬂﬁm \Q/uﬂbh]::é:g\(qragsqnée(s)
anal ysed. info $kichlieshsdeth fadprated. |A (@GNSR dahTbmPpride ARAIE1OVeciRTr Plimid,

i nfluence hybridisation. The specific activity of radioactively labelled
pol ynucl 39 efemeeeqyastree o5 Rlagmifst Whichapesthesecogtasa ties ot SN drtodrsuiatrogecedbout
10$ dpm ' b ' ' i
sequance e thedieffind erinelfhe e boh Puhiion, fuk RbRE R Sadt BUF B Alve

0.5 pg 30epknddbif\the donigsatibiity of theowttor withhee Abst dellaints whichahenéctbhisAomest be
i mMmobilised on the nenbrane to permt. detfecti on., It is desirable to have
e

excess i rAGRMYEdH thnpiesend Gasel @QI'GC‘QCE.W? by & §actarialinsbecteneRhARE VeRieh as
10% (w | ? 0Q).: .o~ il g ]
o 11 v OFT Bply Aol morikle Bl i of spfspfsl dn kbl gty Thecan

al so i ncreake camalss érchidei avselegtiod mayker subihsa@tanomtiba e Bsistdhel gedepha@ cah be

2.10..10). To _.achjeve ani pgful results from hybridi sati on between a
pol yRlci e é%”-iel?ﬁb%‘if’ %@Q%ﬁf@sff‘?@ﬁﬁvar@aﬁw&e%ﬂ%56|r¢5&9arﬁs|g9m§car@&lpwe, a

sufficie f e td h {.Q t he
mob | S8d o o SR b i, RO e MR R S8 (P Eoltrs Sl BeETS, 18
| abel | ed aptbiptivckaaniydm ind GAI8r(ICdnatetn®)ndnd the cohgene which confers resistance to

the antibiotic chloramphenicol.

The terms “wild-type” and “normal” are used interchangeably to refer to the
25  phenotype that is characteristic of most of the members of the species occurring naturally

and contrast for example with the phenotype of a mutant.

As used herein, undersconng or italicising the name of a gene shall indicate the
gene, in contrast to its protein product, which is indicated by the name of the gene in the
absence of any underscoring or italicising. For example, “aroQ" shall mean the aro(Q

30  gene, whereas “AroQ" shall indicate the protein product of the “aroQ” gene. The terms

"AroQ" and "3-dehydroquinase” are used interchangeably herein.



i mmobi |i sed pol ynucl eotide with a desired degree of conplenentarily to the
|I"abel | ed pol ynucl eotide. It will be understood that pol ynucl eotide variants
accordi ngd@kéy@sinvention ~. vill 10 hybridise to a referegnce ‘

pol ynucl eoti de under at Jcast |ow stringency conditions. IQ?’@I’%II‘&'@"%M ein
to |l ow stringency conditions includes and enconpasses from at (east about 1
%v/v to at | east about 15% vlv fotrmam de and fromat |east about 1 Mto at
{ east about 2 Msalt for hybridisation-32-42 C, and at |east about 1 Mto
at | east abo Lt f hing at 42 C. |~ow stringency conditions

al so nmay ?’nc%@é"%&q‘g&“f%&@?’b%’% bumin (BSA)) | 15 mM EDTA, 0.5 |Vi
NaHPO4 (pH 7.2), 7% SDS for hybridisation at 65 C, and (i) 2xSSC, 0. 1% SDS;

or (ii) O S%]B@l,\de,y;(mqya)? @]@?C;g&id@ﬂ NaHPO4 (pH 7.2), 5% SDS for washi ng at
room tenperature. Surtably, e pol'ynucl eotide variants hybridise to a
reference pol yniid peksémenwindesn igprelioass iﬁfgﬁiﬁ %ﬁh@&é%&ﬁﬁkﬁ)ﬁ 8@:’3?%1‘1-‘?&1}6}1

0 out
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16% v/ v t¥IEnceedbe arasdigersohem /B perussiamibdeh Bndeful omeratlid Gashe phautién 5 M

I I hybr.i di ' .C, d I b
0 1M o o EFREEI e th P Pord Bl DS SEBRGede s e mesteRAgancy

condi t i ondisrapsen mRYinkdishatice of 1heiBReirB® R8N, hd) &Q,m\{'h 0.5
M NaHP04 q(rpH 7.2), 7% SDS for h br diB?ati (;]Igln%@%g%g ISII??&II&? X 58@?%0. 1 %
(

SDS; o pyldgs_ BoREAPeet o isalsts Eg)‘y;\gclqmichamowaﬂ%mg 4t péds a Pprtion6fAASarbgr
washi ng glenf@ofrs orc@ffegia p@%éér/ or e ?ed?@%%ﬂé@{lg@%gﬁ dII'/e?II‘II}?‘glIC?quI%EIQI:Ir?&IP%ECSI 0 a

ref erence pol ynucl eoti de un hi'g

st ri ngendbhe eurdisequanse bfishaleidanstdorPiPIES [ NO; at sbsaﬁj NEPOUL oAk %ﬂﬁ v to
at | ggst :abgsIIAIZ 50% v/ v. for mam ?e and from about 0.01 Mto about 0.1 sal t
for hybri'diPsati BheHIomis sequenct fofiasae of B weariusys. aBus sequen defsmst prooot@0

washi ng ale ol A LN Y i bcl ude, 1% BSA, 1\

EDTA 0, B o R L) 495 Pealor B B Ry bt e TR Ot Maseliac Fiang

0.2 x SSGI) ®-10 %e8Msfronr akoiut pudedite,37)18 SBoutlnuEMoBBT 42; #8b5MnMNBIRIH o (k- |

7.2)) 159 SDSbfor wa}sQi vg_.at - a tenperature in excess of 65 C \gNU

113t 116 U5 PRy, nysiee *FIBAIIa(‘? #peyt nucleotide R andr 2 fgdime srandicei fam abautwel |

known i nntéleotadet 73 1 2Bkl RILoRHIE 655681 W Hlnrﬁ@ﬁ?% { hat various factors
0 €

can be mani pul ated to optimse the specifticity hybri di sati on.

Opti b sati on of BefistanRGROGYWIS stafieard id@?ahuwao?fhﬁé g@ ga%, %@mté’.l PRy e @

hi gh degree of hybridisation. for detail ed exanple e Ausube
supra at Ah§em othepmcrogragnsmsgevdslsatidt SenBr pokusels @b §chd8BsplsupsRYYAt

secti onsg I d,. 104 i sjringent, washes are typically carried out
at terrperI?a—'t6 I%O?esgI‘)'(r)é’m gﬁ%umﬁﬁc Ioo C,H‘IfHIé’Pga‘i“I | dY'4etizqene AgtinoRpeifius

appr eci apleutdpatumbives, NeErpesakus\@sri A8y ABpersiilsaRbfai AL .

condi tions. Naxi mum hybri di sat'IIIf))ﬁ rate t‘gp'?cal l'y o?:curosﬁggtrbgggﬂég 56" to 25
C bel ow TRRECRNEWor formation of a DNA-DNA hybrid. It is well known in the
art that the Tm10 is the nelting tenperature, or tenperature at which two

T 206 vl LB P BT8R “Aubel ot &l supra at page 2.10.8).

The present invention is also directed to variants of the aroQ gene of the present

invention. In general, polynucleotide varjants according to the invention comprise regions

that show at least 50%, more suitably at least 60%, preferably at least 70%, more

preferably at least 80%, even more preferably at least 90% and still even more preferably

25 at least 95%, 96%, 97%, 98% or 95% sequence identity over a reference polynucleotide
sequence of identical size (“comparison window™) or when compared to an aligned

sequence in which the alignment is performed by a computer homology program known in

the art. In one embodiment, the reference polynucleotide is selected from the sequence set
forth in SEQ ID NO: 1 or 3. : | |

30 The aroQ gene sequence, including flanking promoter regions and coding regions,

may be modified or mutated in various ways known in the art to generate targeted changes’



In general, the T, of a perfectly matched duplex of DN'A may be predicted
as an approximation by the fornmula: 1 S Tm= 81.S + 16 6 (logto M -~ 0.41
(%Cr +C) $o6% formam de) - (600/1 ength) wherein: ntration
of Na+, Frg)r(g?gré)(ﬁly in the range of 0a0l molar to 0,4 rml ?crr}lgéﬁ/i?ﬁ&? is the
sum of guanosi ne and cytosi ne bases as a percentage of the total number of
bases) within the range between 30% and 75% Cr+C, % formarnide is the
percent formam de concentration by volFrdAe; length is the number of base
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Bor det elthtasmlmanm feimedf apmsont bi sEpiriophsgeSamtahiak the hadl s ér, parent
~or del el p ng. Bor de ert ussi.s tically nodified
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|ntroducedtr%1 g , a?,
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25  the oligonucleotide will hybridise properly to the single-stranded DNA lemplate molecule.

The DNA template can be generated by those vectors that are either derived from
bacteriophage M13 vectors, or those vectors that contain a single-stranded phage origin of
replication as described by Viera et al. (1987, Methods Enzymol. 153:3). Thus, the DNA
that is to be mutated may be inserted into one of the vectors to generate single-stranded

30  template. Production of single-stranded template is described, for example, in Sections
4.21-4.41 of Sambrook et al. (1989, supra), |

Altematwe)y, the single-stranded template may ‘be generated by denatunng S

t

. "d0ublc stranded plasmrd (or other DNA) usrng standard techmqucs



2S target gene. 'These changes rnay be constitutive or conditional, i. e.
dependent on the presence of an activator or repressor. The foreign gene is
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altered in its coding or non-coding sequence. The introduééd”ﬁéﬁé'ﬁﬁy be a
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In a preferred enbodi ment, the disruption conprises a defined deletion in
tthe aroQ gene. The deletion in the aroQ gene can be introduced by allelic
exchang e to .a double cross-over reconbinational eventé))‘ or. any_ ot her
met hod %‘2?@,@{9‘5 DNA repl acenent went in which two separ -J"ﬂMA"’)(W
reconmbi nation events result in the exchange of a piece 25 of the intact
gene for a honol ogous piece containing a deletion, The deletion is
preferably | arge enough such that the g&ne is inactivated in the first

attenpt gnd t.0 reduce the |ikelihood of a reeonbinational repair. Cher
genes) oflygf EI IS rab‘arr‘f}?lglh‘smlfﬂ@ryg’blfr,cw\mi"%Ogg‘ﬁ ‘B’EP@Lq Sg‘iaé‘ﬁ duE & (§PTERBDuUr
genes (e.df apupiniAsitRU{den@btcBUfier; @hbiehs MRARPNES), (Rerfby & i oC
or arokE, orapperi uglsi s(g'ltéoxirtl3 eneer) or arllsy otﬁ gi)ne v{/hl%ﬁ (L:lgmgri bgﬁ)gg@%o 30
survi val dontaniag kpbtmutasdBNAo bacterial virul ence, or any combination of

such genes. Any strain of Bordetella can be used to introduce such an
att enuati ng nutPREIghsPeris MELgrRSSHgand fkefled awtagepesin usiag BIER treax aloflr t he

del et ison b i ‘ i e: . SU
Sout hir n TIRIER, Skt ratRcliFr RS, KOG T W W B aserg,
rriouse refeaDcesmy, he madgp @ sxampld, tadaistbetephl nage), inpadrskr OxegictsNs.2he

Exanpl es bﬁlsgi\;v. Any deletion in the aroQ gene would result in the
at t enuat i8 the bacteria unless the deletion was small and al |l owed for

functional aroQ.expression. Any deletion which inactivates the, aroQ gene
expr essi on or ﬁlgeg%glvpfynéwa%e g?lyf’-?‘ge(ﬁgﬁe‘e%‘f%’ﬂﬁé’t‘”mtf P?F]ESWP’F“‘N? oY feci ent
at t enuat ipedpafdd ftcOMAPOGERY fol15ivi '@}oeéd@ﬁ;Bordetel | a such that it has a | ower
capacity to propagate in a nmanmmalian host but remain viable in the host for
a peifod of {a)erestirg priment which artuopti@inlly "¥8geLeERSHARGEH 28eH R6inphises a

pat hogeni c Bordetella _strain and preferably the same strain that was the
subj ect of PARIOBnah R 16fFrense ApbyHicieotins dasiuding byt peleresirsteshio,imesa@igemy t he
geneti cal | L _ St [ the del et i in the aroQ
Gene. a5 desef e e for ol AR, 5 SER) IRt M e SfdeP el 2

di fferent gderencerpelypeirilntondegofenhalihegntentonedred campleirent of faid shiglenégduce
t he possi bi lldt?é of r%er iqQn, and.to,additionally attenuate the bacteria.
However) f&#d FOLPSRY p’icﬁﬁ‘&%%@ g BeiSryepemprs Soth Bhawt ong LSEQIBI N a
certagn ampunt of replication is necessary in the host. Therefore, in a
preferred enbodi nent, the 15 genetically nodifted strain is tested fvr its
ability to sty)vibisining & hichastacidTRRESIT 88/HS aff BtpPBsmaryiied iguﬁrefe’?aﬁ'i}/v;?) for
exanpl e in the nouse nodel described herein, or,” as a second step, fn

non- human Pr¢raakeasism, andemopm prefetablynpoklctdehim) indledigendui mat |rystrivdi f ioed

Bordetel |l a j e present inyentjon /,,be ysed as, a tor or

del i very \'/g%c?%: er}g)?'t a‘?lltg i%y;erelga ?1‘% lﬁ"()e\rf%a Czlﬁgg%hﬁt PR “§a¥§?'86£‘ffé%"el | a
strain. || Usmbgidlus dnd PonddmoRid, an@fstiB oéh AOFLHRIPANY A FABTHURNS1605iRE to
expressed by the genetically nodified Bordetella strain of the present

i nvetftion { (ﬂeﬂ%go’é’ﬁF{’M§°’B§ét°éﬂ4f&§m;ﬁnﬂuses, fungi, protozoa) netazoan
parasites or éhe, | i ke, The heterol.ogous strt~etural genes may encode

envel ope pr otS8iU§e sarberimers to amphéys Yaq, pecleis apidoareplHicayae kechiquat. @t lenstrbr ane
proteins agdk &RPAfchtion! (IARS FoH LaREn KA FldNSuRler SURGER' B Do PLafdle 25
genes of interest may specify proteins) enzynes, 6r O |goséch§r| q&'Eht | gen
or for nodpodecticoopspondatosemdracliatide omtiaitni ng anti gen, such as LPS, of the
host bacterial _strain) or for synthesis of & polypeptide antigen, or

vari ants or deb@itadid wegeiehanidampldisatior itechaiqaaplaes well groves tof this ndlelietst

i ncl \V/ t o ' .Ci ! it tein, HPV
o ot 1, Adales e C B ol o) AR Ble. Baif SHIREAEIACHS Fobeimnde dsbipedom 30
addi ti onahiuskl &g BRER)OINAGE dSspRREMSRMNTRINI A0S BIBAS ?ffdér%‘)%ﬂié&ééﬁbed

: ; 1
associ ated anti gens such as cancer-related antigens

t unour - 38588 Reeat Nats. 4275 2s tdhingsireln aentishtioroRiGR s e fatexdmpiGEEseribed mens) .

In a preferred e i t, ~th t | ntigen is. from ot heF
respi rat?(](:)l?’y&b%,ét r?%lj;'re%"ét E&Eéfgnggcsil%@g(”ga? aﬁggn}q”i‘ﬁt’to@ﬂl @qyﬁxcanon wo
7~' el i c'apars18) Ml Dizaidi ertol4 (WpkOiatidndl ApplR&lé wo bi/xb)gﬁ]?ﬁdcrcié%md
f ~l aemophi | us 1 nJl uenzae and Nei sseria neningitidis or frorviral

r espPr ats§AYensabassgderapiiiicationi (N Shvk e foysoampie desninbed yaSdoksanamiaps!.,or

rubel | a. h e i.ng. for desi.red heterol ogou

1 gen $) o, BlordEhfiuel 143077 AbsHE MR O Pilice ¥ B iea BorvearPist rai n
as an exesestsddy Dagsetd e(1996ePmceNpi @08 CIS 598 1 53950500} .ses-the - - o
het er ol ogous ‘gene or:'genes' of i nterest under the regulatory control of the
transcriptional and translational initiation and termi nation el ements which
naturally border the gene of interest. Were bacterial or bacteriophage

het er ol ogous genes are involved, the natural or wld-type regul atory

L, o Y Y S - =



eukaryotes and occasionally prokaryotes. The expression cassette may be a
construct or may formpan of a naturally occurring plasmd. If the

expr essi, tte is a construct) it may be joined to a replication
systemf'gg5 gg‘lﬁégr nal maintenance or it may be introduced f’hT)cQ}Uf’Hé”“"
genetically nodified 15 Bordetella strain under conditions for

reconbi nation and integration into said strain's chronosonal DNA
Targetf~rg constructs The |nvent| on pre2 des a targeting vector for
producing a ge ti. C"ﬁl} ri’D Bordetel | a stral n of the present
invention, corrp O E't°“ °pRantn et de pabstanilbocoaalepEnisry tthea
i nvent i Onre@d'reryéér}io?-ﬁ{uc%ugg EichﬂEhtYﬁe@lf)y Bi&ﬂh?goe‘ecmﬁa@é‘s' zi;htCmERn%tars'z'ecpt &h%’eby
vectors of interest include, but are not Iimted't sense

const nct smlsdmpraﬁsisngcam%bMeonmmamvempqurablg aspmhytmmMrmbesuch as

f t bed, which |1 bl ock
nat ve. ar SPEI st iaPt s S9n8ded iR AR g Aty SoRbem e aé ions.
25 Insa msaa%rm[.mq«ammmtmmmcmnea& H%ﬁﬁe&%l&'&hﬁ?‘f%’%sé«fﬁ fam@xgaen@

which results in partial or conplete loss of function o ene
pol ynucl ewmplemerisnyeRtid sepisbre Dot biomgpancglaarblettidg gan obis ugene Gfennfy

one- nucl canPER RRABNE, ENORNA 87 Va0 pebh e hsadrarts 50

resul ti ngecthﬂlcﬁlcﬂﬁfbs\emi En(ﬁWﬁ Bl itRdke sRIlIEUSS ESHt rﬂﬁhaia've'ﬂea{ d%cx&ﬁ@a‘;@ fg\!&uﬁoél
mut ati on) ed”in this regard. | ,n a preferre odr ment ,

0
the vect & g?élf”énwz?ﬁcf’ﬂ“aﬁ/‘}} Wé@&%? 1 tb@ﬁﬂi 29e¥).a positive sel ectabl e marker
gene., ,The di sr t|o may rec&g ent t he expression of aroQ _ or may
renddf the rasu ing foy S’ivl é“‘he@olb%’l“ét e'PVSPlVGSn@FPﬁra“ﬂgV\I)NA
(13/ U ~(Iphoté& 1 RCc k: ordidgWe| §zel t d | ev Ar 0Q
refer to ao | evel coo Kgg S\%hl%yhé??lemvxgﬁruﬂg tlvzft?lﬁfaeltm %ﬁg&? iR \ﬂfngblg
Bor det el [azsywihetic nnerﬁhendaeandl hytfriddsing)thpy mémbemd-wmmdBDN(Aetoehlca d’rﬁéﬁﬂa

i nt erest determ variety of rreth ds i ncl uding stern Iot
anal ysi s "galx'f)ﬁ’%t B REL $’§g gl)d/”gfod‘ﬁﬁ“f &te'@mpﬁa Yol QERY%W%“F?H)S/ Ingdot
produce biumiig aupdlor¥1em I t

undet ect abl e % evel gt of PEE%M%?&%%%QH et]%%?p‘i%‘aﬂ% Pﬁth@ﬁ ﬁ’%&tbanalpﬁlsqr
I n chbht r #shybridisatineas dheye. AroQ is a rml ecul e which retains the biol ogi cal

activity of the wild-type AroQ and which preferably is of the sanme
mol ecul ar wei g AlCTREVH MiRtIgRe sigBl deuneed Twhget |1d17@llﬁeng ocemﬁb:mentary

honol ogo ha 0 co e at | east

n port | of SpEARTREEH L ON oisenoftic BYACIRAG. SAHERS Eravsh i BEERSR! Piate v |

| ncl ude_oeghlams hgbridiamiohogyybieal barig o8l gmésaurarhpa@scasw ANSarfB%oR e
preferabl y isogenic) to the target | ocus.

non- |soge{1 G 3 ut

Conveni efit |(yM °f"5’rg poskatopatonyn ilanugllt iGadd sSaragt Herboar ePriessc | 19881
Met hgyls tgg tg‘glgﬁgzatl ng cells having targeted gene nodi fications through
honol ogous reconbi nati on are known in the art. 15 In certain enbodi nents,

the targeting T@I8d] ene.
The sel ectabl e %ﬂer k?ﬁqfesﬁg?“é’?%rr%f@hm g%gcf{;ﬁg&r gg? Cgl%% ‘"8&‘5%85 [é‘ﬂ“
enzymat i eondifiangi Poylynmottdomfaear blottedftransferoel tooa aynthsid xlnbﬁhbrﬁeOgs gisegbepon

t he ceII |nV\lA1 F f e]ctalegnark S. exp refsed Sel ect abl e markers
may be "FSYFtAS erenﬁ?)gf’ TPy egeeans @ H?L)FW&P@“E‘?/B thslipyensipn iy afeliethes

sel ect abdescribydk 86dve, iand Gthe BN SoMYi€ LGiach i 4

whi ch can be detected in an ﬁbgctf‘e\,pillapab%n??)%&ﬁn&gggpg%{T@Ibhlﬁ'ﬁc’gn‘%w an’

sel €t abmmeribhisedrpolynieleqtide istapalyssst eri al  ani nogl yeosi de 3'

phosphotransferase gene (also referred to as the kan gene) which confers
resi stance to Akille ﬁawamll(rmmlsetmt Hrember of factwlmndlmphu&nhyhﬂdmaenyl

transfer car e) whic

resi st an@??gat EJH o(r)g%p éﬁﬁ%%)/ ?zib&ﬂﬁg Pﬁ@é‘l’%%‘?@ﬁ S)éq‘ffé‘f:?(g}?%‘ é]ﬂaXP igslly be
‘negat i vgeatcmgmbr eqeal %abﬁitqfﬂf AphAnpRs KRIVEdd 9 deRERBIVY 881, CRIrA Gl abelled
“counter-sel ectabl e markers') encode,an gnzynatic activity whose expression

i s cyt otf¥len 6sqqﬁéﬂ‘@é4fISP9%@%3@WM0l to Hh @Wmmdt@cWMmaelmdlptgm _
suchoas droNAOY: b Weliathd, i B8NS AR Gedr DGOl Syl Zprbdsomal, Rrotein.

whi ch renders streptonmycin reS|st ive
(Si ns) onerabmac & premit desection. Iexedﬂsireblelasﬁiuehﬁ@eiéwnﬂ%tﬁﬁéeﬁ I.’NAabsua(l 1896,
Mol . M er Oblé)({ Z0:.919-925) . 30 Wen nore than one sel ectable mar%ie gene
i's enpl difed I4iRe ANapGHL Pﬂ'@"\?éét“&‘? 35r E%r vy desnemisnbag QEW tiOGé)OQ)aloeef able
marker (e.g., the kan ‘gene) and a countersel ectable marker (e.g., SI2
gene). The presence of the positive selectable marker permts the sel ection
y:, . of reeonbinarit cells containing amintegrated copy 'of the targeting
vector ~'



H~r)3i()Ill I rh Nc~ri,~tlozirn ~t,~ - -35whether this integration
occurred at the target site or at a randomsite. The presence of the

count ery.s8/- | e marker permits the identification of gells ¢ ai ni ng

t he tar\gjgte(\)!'}ﬁg&‘@ge)ct or at the targeted site (i.e., which hﬁ"s}’i\mzé'gqué’t ed by
virtue of honol ogous reconbi nation into the target site); cells which
survive when grown in nedi um which selects against the 5 expression of the
count er-sel ectabl e marker do not contafh-a copy of the counter-selectable

mar ker . ) i on - esent .inventjon_are. of the
TTept acepfePHLEE. LALACO00 ARRLChIELADR B OER. P I atbif, o
resul t s hybrddisationgedel Aasubelsupraalent Bl e marker into the target gene.

Repl acenent-type targeting vectors nay be enployed to t0 disrupt a gene

resulting in the gemeraniconingful aremulsl frgendybiidieation degene i pohpablestiot
expressin functional protein: null. genes npy be generated by delefing a
portion @%"?Wé‘si‘gﬂf’n‘bq 1"80f, a%lagfal?eHE tﬂ?iyré’gf"ﬂ‘ge’g%ﬁ heient pamel /G he
i nsersti opbaANd F81yRuddTRENLS VORI 161ke _)m%bm@é'dt gslgHﬁagozI&l forI‘SIIo_Ii\_ﬁrgé‘CG a

modi fication (e.g., one or nore point nutations) in gene.
t ar get i nyathonst WMaghingr ensuees othai ghet faball¢dhpelydudedidentsohgbribsdd shilyaim thy any

conveni e ns S...but .not limted to, .conjugation) transfotrnation,
t r ansf eclm%}?lﬂ?crdaﬁé%%afe%%& It-wr“ n I‘{?écléctdi g?.g,rceetog _corrl,p %“?J’é‘?’?t%'c'ﬁl §1,5| {?%5{] erred
enbodi negdlyndsecti@scri bed in nore detail below, a replacement-type targeting
vector was used to introduce a deletion in the aroQ gene of 20 ~ordetella

pertussis by altvdllite wndetsasgiethwi pdlymuctiafiyle 9ininteabRih @ &) telheSRIdNL Wil t he
vect ar- The aroQ ge@e to be exchanged with the wild type .version contained
I r

a deéPet iORTARE IO dRFLFnSe PARHSIET ifcrindprat dersklogeENsensy eppdidians. Refapiceof t he
Sl gen I i : r \ s ntreduced
Tt o o rehE 18160 BIRERE OGS HIEIRand NGNS H5h A el 107 YA

cr oss- ovent teastobouhhifeoralforeegnide acicliomadleastcbothBM to@ l¥ae hssut 2MadatQ gene

cont ai ni the .del etiqn, was,e~cchanged for the chronpsomal wild type araQ
The resdﬁJ I’%@“@%@Sﬁtﬁt ggnf: Bad ﬁ'elfﬁtlaggﬂgrwgﬁ zeaétt Hh2 wWaSalkfgr Washiigadld
cont ai nege g defw Indiionh Yy 0 i q&?gs'e

her ei n. e;g gﬁ%ﬁ?ﬁéﬁ%ﬂ"ﬁ@%@%ﬁu oni‘g%ggf"?é@%?}egﬂﬁ 0 lE'o(l%;/gp p'?i des
30 The imMMeRPITdn OenbbNpHESe{pH He2)ud% $PS fordQbpdsywapati G5esC fandny )RS, el | a

in inrnyn tiati. G Siti ~or, .ex such ~AroQ pol ypeptid~s
''ni ay b@f@g%ﬁ?n“ ?W%SI/‘?%‘%& f"c‘Nilchq%IA* éﬁrwaﬁ?ﬁ% @’}LF:Z-L %ggﬁcg}*t W th
t he geneidskidlelay ratdlidrhRdaBey derella strain of the present invention to
elicit an inmune response agai nst Bordetella drains of pathogenic origin.

An exenpl ary Boitdelypibepopeiutlestdesyasianis @PBRdiEOl AefReict paRinubRblifk LA1eSEQ LD
NGO 2. 5 éaBi ola jcally active fragnents Biologically active fragnents may

be proddt 8rshcEGAMITHFIRRESRRY CHHHIOBF e Madie duFiagsospweeniditianse inelude Rod

exappl e ' j d ' LAGUCH afr of said
pol %ep%’?%’éﬁ %Hﬁ%%?hgﬁntﬁggg ?ﬁgpﬁ:}é%\{ g’gﬁé%\ o ? %Or&?ﬁg’ g’b’&? %?T‘é@%@%‘mgﬁtcal

act i vi t yeastl abomn @, Selvbiodit nexst 3bouh@. StV asgivegert hybedisBord &S422dC 428 at least about

3- dehydr.oquj nas? act i vié . In ggot her embodi ment, biological activity of

t he fraaﬁg’?ﬁft‘“% gagktoyt éIY’ﬁf*II JEshipeat 30° GoMpdiugl €oneehey coaditinng alko a

f ragment;, Qf; [ , -t I 7 d,detecting
b clae ot ARG

i ol ogi ot hylendis ° Then X aveBSAL Ql ¥4 ca

fr nb f ‘{Qhe | ol w ngito at | east ggéndqg)r)ef erably at least $
amtio a ﬁfs}A’i W‘@ﬁg’oﬁﬁ?%%ﬁﬂ °§ﬁ f WaHhIRg# 055 5 r esponse in an ani nal
for the produgtion,of antigen-bindi ng. nolecules that are interactive with a
3- dehyd. r oqui Eéﬁs[gmBB" { "ePPﬂ’\%‘HF‘?‘B%. V%@Ptse&g’ﬁﬂf% texad AgrEEnge polxvelsetide
fragmentgdethigh stBiapEgTOhBitbRNBLih st &y cBHdidofy in€i ,gasnﬁg_,@a nse,

i ncl ude but é&e tnot‘kg’@l'lwls’rn'ot edl to rlgsi“du%gﬂl- 8{:‘]&189%6&%??%@?% - 2,SE %%Bgo

41- 48, 2alcag, abpul 84% €S- P2t lgat soout SDYEB)v B9D6NiIdR7and1B4m dbodSO0I011MZfo 113- |

o of oot P O] IR AR BRTRSAR 42 35 bheko Bt Mde T Misaloror
pol 3pepivasiafg b 57 BAH R gandyondMUACANS #AY iRl idad o6 B¥ROS I hAMOBBTASYI § abl e

met hods of aﬁr oduci ng polypeptide variants include replacing at |east one
ani no at YagPOa (pHriehk 7%o‘§)19§@pthy@adwmrat§isﬁg, wikb(i50dueBSE, Béts $BBf br i n

S _tr_:‘QilD(il_ 5%ggr/\,allgwlﬁqgf&ah&)ynﬁ“a%(fj(_%%%, 1% SDS. for washing at-a

temperature in excess of 65° C.



25 thereof, with a different amno acid to produce a nodified pol ypepti de,
and testing said nodified polypeptide for an activity of the parent AroQ
pol ypept i i udi ng 3dehydroqui nase activity, which indicates that the
nodi fi edk‘g&(;wdg’@glt’i de is a polypeptide variant. In another FEFIHI2AEHS, a
pol ypeptide variant is produced by replacing at |east 30 , one amno acid
of a parent pol ypeptide conprising the sequence set forth in S~Q Ib NO 2,
or a biologically active fragment thered8-witlo a di fferent am no aeici
to produce a U ti3W(,uty~ 1' CT/ A 1z/1) t 7liti - 37, nodified.
pol ypepti de, i nﬁgﬁugfﬁﬁf"gaﬁoag‘b'(?m/6é$t“ie§é‘gtﬁw‘h"bmeyﬁﬁrcf*eﬂi‘!]% aflfligpeny th
the nodi firechgapk YIBEPVhAGUSC Ait1dIS dahabé | b1kl oofhise NAYT HQ A AS! & ik
of) or disruption in, the corresponding aroQ gene, ané etectrng an actl
oi ly of tHwbpdisatian. QpiWissdy 9éthe Wangdnag blidierfnadwdsiey drnservoas ensed & wighy)

whi ch i ndi at .-t h di f.i.ed pol tide is 5 pol ypeptide variant.
por exarrpld%,g} cgﬁg%%dl{aé@{"nf reJeﬁaé%(qr%P%E%?’ s&gﬁusy@;ﬁlebqlg\,&zﬁp q ot Rages A9ene of
aromat fc anions awli Sisnbrédk @ele889, svprd)aniceivhd 1.1060at 14£ast 50% preferably
at |east 55% nore preferably at |east 60% even nore preferably at |east

65% even nore Widfecnaddent aashoe agé tym%lyemdrmraremglé@r@t@sl grgalltan@flsﬁsg 95%
y a eas 9

even nore prefearably at | east 80% oven nore prefera
even nor e“gfsgf gr i i"”g‘?d ‘I"e‘ggla”%‘% appEecstls fhat eihen tamnecatpres fregyabe yuitabld Sast
95% h I t o | . £ Q- I i 2. Ok |

o NOMDI 9@fHgent ch@mQﬁ’J.Whﬁﬂﬁh%dtﬁﬁoﬁ)@%%ﬁlggb\é?g 2’{ ;Eg%rao%lge%oe%%g{:y' gt

fragments thereof. Suitably, variants wl
| east 55%pelowribe Frebefophiiompf § ERSA- B hybyidn]tiDwell ihekenalthy adtihd 86T, 65%

even re.preferably at |east 70% even nore preferably at |east 75% even
more 1 ef B 0 elre e, or dswheriBie 4 el et gomplemntasy ol mRRcotiden

mor e pref gdqubhats Assb@AsIMEBYIARS eiﬁf'n'aii?%‘rrg h%?ﬁ%@lé%éﬁ)%ﬁ\@@ H ?%g'A%ﬁﬁﬁex%?%

sequence identity to the sequence set rira

pepti des ok, suptaBepLs 24¢6.8).resulting fromrational or established rnethods
of tnutagenesis or fromconbinatorial chem stries, for exanple, may
conpri se conser Padngldhe Tnoladrealestipy matcted singlex B ERPAanay bo peeliotet aven

substitutj ibraflo@ Y i,de or 20 pol ypeptide fragnment according to the
i nvention %@xz@g %aggmgcfgm?hg to the follow ng table: TA BT~E B Oi gi nal

Resi digeExenpl ary,_Sgipsl4 [ ( o :
1 gl na ewhdrbig! ar ; . e,
Val 1- Y$%\r(ga d.n, G uMetlLeu, c??e, PheNI)VE'ltd, Nl‘iéaﬁbﬁré;ﬁg’e}nggre{%ﬁ%g&%ﬁrrt&% I

k~heVal TI @4 mdlar; &fB5¢ antheaum pbapassing and ngtosion bases avadeertsntsgl @ahe netal
bstitut] t - ti i.n ' TABLE $,
aher 1 opt S sttes by dnd SRS KAVGHT 3007 B J578 (PG mamisaags v
fewer of pgeheme forramyiddeoideh@bidredy voRRRS;aAkhyth it fe RuSYBShE Huld g%ﬁfs nhigh are
|

IikeI% to_produce the greatest changes in a pol ypeptide' s prop es are

t hos@Yi n MVP(“&) a hydrophilic residue (e.g., Ser or Asn) is substituted
for, or by, a drophobic residue (e.g., Ala, Leu, Tle, Phe or Val); (b) a
cysteine or prgllye ‘?@g‘{}%ﬁmg?fF%F? by ppRsg¥imatsly df Fewith everyuesrefiss)ofa
resi due ha@yiitheHurdefst FABSRIV nYShad LD ) AT | s _or. sg i's
substituted for, or by, aangé’)lectsf%%&e%gthﬁ%dgg's?v u%’)“{ié? 5?’?crgi)hcweﬁb gy
(d) a 10 FresildlE fordughgfringemy| é1eT,, siddeCahaimodérategiringdhéy. Ser) or no side
chain (e,g., GQy) is S

' In"a preferred hybridisation procedure, a membrane (e.g., a nitrocellulose

25  membrane or a nylon membrane) containing immobilised DNA is hybndised overnight at
42° C in a hybridisation buffer (50% deionised formamide, $xSSC, 5x Denhardt's solution

(0.1% ficoll, 0.1% polyvinylpyrollidone and 0.1% bovine serum albumin), 0.1% SDS and

200 mg/mL denatured salmon sperm DNA) containing labelled probe. The membrane is

then subjected to two sequential medium stringency washes (i.e., 2xSSC, 0.1% SDS for 15

30 min at 45°C, followed by 2xSSC, 0.1% SDS for 15 min at 50° ), followed by two
* sequential higher stt'irigenCy washes (i.e.,, 0.2xSSC, 0.1% SDS for 12 min at 55° C
followed by 0.2xSSC and 0.1%SDS solution for 12 min at 65:68° Cy, ~ ~ © +




substituted for, or by, one having a bulky side chain (e.g., |1'he or ?rp).
5.4 Pol ypeptide derivatives "Wth reference to suitable derivatives of the
inventi Qi ,MlfRsderivatives include amno acid deletions and/or additions
to a polypeptide, fragment or variant of the |5 inventi oRCT{E#8t M7 sai d
derivatives conprise an activity ofan AroQ pol ypeptide, including
3-dehyroqui nase activity. "Additions " of am no acids may include fusion of
t he pol ypeptides, fragnents and pol ype@oi-de variants of the invention Wth
ot her pol ypeptides or proteins. For exanple, it will be appreciated that
sai d po[yp~pti é\g%‘?‘o&‘r Q%rrg?ff’%"%ra"gbellid'l’%ilfp("i% bybrdiyed fapiimmpebilised~~~H
I39 vari a8l mubRYRe @ CAEROKANES thNbRclRS e motﬁep%m'gm, \E}%dfshﬁ}cms ich
arger pol ypeptides may al so be expected to nodulate an actiVity as
ment i one@u egrafiie phospipepriging  antlr dgmeélutrsnascemafiuardssend fant e |divmemci on
may be f%@&dﬁto a further protein, far exanple) which is not derived from
the origi Rar ‘Host. The further protein may 5 assist in the purification of

the fysion prokgj | nst e | yhi stidi ne tag_or ral t ose_ bi ndi ng
e Lyal on PrORS) e 38, h0E SRRl WL BT s e el S5015LA

Q her podmishlig fudéaidenr atoet nSuglhye at Nese a%pﬁbopﬁﬁﬂé&ﬁeﬁnshm%noﬁjﬁﬁt ory
response.. Particul ar exanples of such proteins include Proteln or

gi ut at hi GASTENE R stsefllsas pasEys fox RER, dwbrdiseiive screoningmelcatlonigdyy D

i nventi O, bmedikid r Ji. t 10 ification to side chains,
i ncor por at F@?\ t_o’f g%jnR‘%%ﬁ?a{ﬁmg?nb?loﬂuglccltbﬁgesa%gl %Srequﬁ ¥ rPfag‘r“i‘\?at?‘SQE E‘Eﬁogﬁé
pepti de, pplopsptieipt Fdeuss ipemptificatiynichebns arl dsNeCRS palr & asabknkes 8. and
ot he{ met hgds wtrich inpose conformational constraints on the pol ypepti des,
fragient 88nd variants of the invention. Exanples of side chain

nodi fications contenpl ated by the present invention include nodifications

of am nosgr . h by »ac ion.wWth acetic 1S anhydride; acyl ation of
am no gr%upgy'\?\né cﬁ”‘g@c"?j;ﬁ‘}e%%'n Jf?%is%gménd t et rahydr opht hal i ¢ anhydri de;

am di nation w+ : i 1 ' r tion. of amino groups wth
cyanatc; pyri do}h)}y i aé%%@%ﬁc?%ﬁﬁgﬁﬁdﬁ '%%ér??ayo%’@%gfp‘?%}é%ﬁ&‘tcé’”%m 1>§\Wém’by
reduct i deutwiot éxcsstikely, coetbuise b feregnkor lead gepdudyol 401108 s¥idehc a8y @dridglyde

fol | oned bg/ {educti on wWth Nagl—l? and trinitrobenzylation of am no groups
with 2) HBFe8t F ARk PFATURDesuma AEmeN o8 infegratedt in theiireprialtheomasdsaxyThegr oup
may lse "BhqbieBs sBdincadrbash =M t LOR. Vi, A l,i sourga faormati.on

fol | owed by subsseqluent ggr ie@g?)?slg{iidgx%t)‘h@g\x/g{% 3?‘%%3%?"&, ‘f’ge’ﬁha avium,

cor r espafatideigllabranchisendcayuBmridelelie hgtnaasp, BbrdvtdlanpapeReisBURR BBMRSI 1

nodi fied by formation of heter | j c ,copdensation products with reagents
such as #87%*H{Ut iﬁ%dﬁg%ﬁgf‘“&@ﬁ?ﬂqégioé@{m%ﬂj ainsx ahat may phy ceopstreptedips nay
be nodi faceskdecen®itih & i P61 Ak i i 0 0 tei ¢ aci d;
formation of mgrcur?ﬁpdﬁ&gﬁf\%iaﬁ%ﬂ%ﬂcﬂﬁo%& roggé’i cﬁﬂ@é@?@%?%ﬁi c

aci d) 4- &RpekobtsEr s ["kaeckons’e;In 2he hprescatrBneantion 4 khnbeloptie Aeve ap P&l gr eury

chl gpi d e reurials; formation of a m xed disul phides with other
t hi glb c%ﬁp"g’ﬂeg%gsgr%fa F%ﬁn W 3F FREBEIug o Qagiiie; Knggkips hiave 2prinedused

subst i t uiansgenl @lelTi AeeighaghR)Y YWEE NilleRll ?Ehe\f‘fict 43 .ugﬁ&a%ﬁﬁ | @088 i the
i odoacet ami de; 30 and carbanoyl ation wi Th cyanate at a kal'Tne p~-1.
Tr ypt opl§BACEBRTgRNS. Insycased (ipelnding ediopichor dranped expyessibk ytlagtiieosthidvet ha

i ndol e k| k -hy =.S- Rt rob | brom de or. sul phonyl halides or by
oxi dat | %kn'gvt'%'k&ﬁr@n%{sg@%’f‘ﬁi‘ i G8Y ‘SFQFZ%&’EE‘ BE Qhdy fRsratbelyrinpertingda by

ni trati eegultory JequérBithitqyFevidantr Gehd ; s ' iAdtLve.
The,., 1A' O o%ﬂiyl I g ~ 111, qjII?:Tl/ : aUrrlaUTr{éZ(% tﬂprg%s?'orﬂbf Erﬁpgﬁécgo%%}é&ﬁ nggg/o ﬁgé

hi st di HE8Flegsngud hets chengepdnsy bd depstituider betchodivibaalj de. dégdndent on the

di et hyl rm_l;ll . kyl atd,on.wWi.t h i odoacetic acid derivatives.
Exanpl eg}%‘? Iﬁ;lgncor g%c(r?‘é’? |{°rr1tg%¥ Jﬁ%ﬁ%ﬂ‘?@cr}gfﬁ'%g%i *aglsaﬂiy G@ﬁﬁ%”? Pediftgignt ng
pept | despacitsithai the st Ueleishutheraie dlfed inhd estihg o 98.cBlindRRI N DIy 1 ©
aci d, 6-am nohexanoi c acid, 4~am no- 3-hydroxy-5-phenyl pentanoi c "aci d,

4- ani nolMtadyeRdo £G0G Mty k held-2ymsi eenscimurallp eplminge palginonsidreuer ne,

norval i : ' i LtAi arcosi ne, .2-thi enyl. al ani ne and/ or

107 val | B P A B B AR R o RSB

the3r edeite todingtdr aton-codsipwegion. TABLktréduced sequence may encode an AroQ
polypeptide, or may utilise the aroQ promoter operably tinked to a reporter gene. Where

« - the introduced gene is a coding sequence, it is isually opertably linked io a promoter, which



5 TABLE C Non-cortventio~a! am no acid Non-conventional am no acid

a- am nobutyri c aci dL- N-rnet hyl al ani necY

am no- a- KRS Mydduisyr at eL- N- et hyl ar gi ni near ni nocycl opr opane- car boxyl at eL- N-m
et hyl aspar agi nea. m noi sobutyric aci dL-N-nethyl aspartic  FCT/AUGZt 6y

aci dam nonor bor nyl - car boxyl at eL- N- net hyl cyst ei neeycl ohexyl al ani neL- N- net hyl
gl ut am necycl opent yl al ai vheL- N- net hyl gl ut am ¢

aci dL- N- net hyl i sol euci neL- N- net hyl hi st i~di0eD- ai ani neL- N- net hyl | euei neD- ar gi

ni neL- N- mef hyid ys§i bk ) oo
aci dL- N met yl%) %@ﬁpgﬁvgégﬁyg%&%g AR] MR ERBHAIH SPRYRECRYBa Y GRrsRIesNowEn hy|
nor val i neMhghest dacerium. A knockin and a knockout may be combined, such that the naturall
aci dL- N- net hyl.orni t hj neDl?ii sti di neL- N- net hyl phenyl af ani neD-i sol eucl ReL-N- me
t hyl prol i PEETIB &FPRI-Nablsding| el ierrddorp ditreduckd. et hyl t hr eoni neD- met hi oni n

eL- N-net hyl tryptophanD-ornithine ~L-N -pgeth' yl tyro5i n~ ~~'"~ U3 i1 !
~~ t'C ~ 0.~ i EPW'* p g‘?‘&ﬁﬂcﬁﬁy "Mh&'\l%gsré’ﬁfeﬂarﬁmmwﬁ the peaserl invention has a
D- pheny| abamianer EBbRpRld e BF ARKIHS i 1 RAP t.o Dzt yrosine
D-val i nc Ba- rre{[ hyl gl anine D-a- r‘r@fﬁﬁ%%’?"ﬁ’ E%%%%%%ﬁl%@éﬁ?%&]%e‘mo the
D- a- met hy'keaskputatasoup of gerstieal] yoyotldiedeorBardismet AWMk Fd1Ebe achieved by a
D-a- et hy| it stidine, D-a- et hyl.i sol euci ne D.a- et hyl | euei ne D-a-net hyl1ysine
D- a- met hyil’%%ee'? Pghﬂﬁga’@é%’ ﬁ%%‘%‘b’i‘%f'ﬁf"dflﬁ‘i“?“ AE2 Bisruntioniaf|thh eedinzsemienes, -2
met hy| pr olrisereioRodonebhyibeasid @ dona-iHRIHM b m - DRt ryptophan D-a
net hyl t yrosi ne L-a- nethyl | euﬁ;i ne L-Cx- rlret h‘;‘f net ?%ﬁﬁﬁ@t’ E‘%%&%’R%ﬁé‘s&?f&ﬁi ne
L- a- r net hSAIPERSKy FERsHRAIAB ofisiePceodoan farqoding seqizersce aete dinl sobhdTedsBy kheaforéign
L- N- ngi hy i = - Nk hyl.-t - but vl ci ne L-norl eucine L-norvaline
et Tyl R bR e DBl delricd iahy esirac, 198ving a net change to the
a- met hyl cyative hgequkadearDiffareat répipRydcByd ey 142 3 Yy CX

t hyl peni cimﬁpan‘icne N- (4- gmhﬂéoblq}?%?%lvg?%?nekm)&om - A

napt hyl al%‘gi ne a- rIe

N- ( 2- ami nGEVRGTORA! yielehen RE flBompArhethe ppliyanneg mey e anduoed, driclidihpyielubis at e

a- napt hyl i : i 2-.carbanyl edi yl ) gl yci ne

N- ( egr b)altrgjlﬁl ?Egﬁy%ﬁﬁ)é%g&n%&&&% o%*ileef’ﬁw '§f §}té;ﬂ)ég3y'°|g‘ﬂat0f)’ sequences,

N- (car boxlmmriwiq)'lgl yeguletorh)- oy delelivh Yd 04 gehoanit Q&R‘a&@%@\‘ésgilox%f‘grog A

I\l-cyqlsoheﬁgﬁcl &4 iﬁ%_ne N-cycl odecyl gl yci ne L-a-nethyllysine

L- a- et hy P HEPmaLEFerkon 9%@‘91%3%“0%*'1!%?1@YLUléxmtrq’dt@txhyIopraolantimnéc coristrudt

03: O ~t 1¢dm [ = = r-convent.i opal, am no acid L-or

et hyl serIi ngsdfl%kﬁ%ﬁﬂoﬂ yrp%8%’??3?%5@%‘1[\%5‘{&?@?3?’%8? k?l-a[ RE’(:’? F?PF&F%%IFWF@( hyl

car bany| metivsy myafd eenne' KnockmitoXalsé indlZde2edHdrhany kndkits 5t %Q%ﬁ,}éfé' QRLQpane
y

Nan- conv%']%]ri pnal mno acid f,-a-nethyl threon i n a L-c~-net tyrosine
L- N- et hy 8&%8&1% UrEhERNS RecuN- upPnexgopiieof |ty Bpyderailar sy tare tshiydtimey ci ne

Al so contlgitphaingsted Stafdae 8 QfeSkiasSli . far. exanple, to stabilise 3D
conf or mat i onlg of the pégl y%hzlpti dgl(sé,lgfﬁ’r e{gﬁén °§‘°8r 0\I%/a P aft™sr e ATARASIRSI on,

usi n@o hofefembinatieniad tel targeogenel sitakegs Csaiiththa Trbildy! gﬁtgn@%} ol HEF Ay ¢S

havi ng ( )~ cer groyps 5 with n =1 to n = 6, glutaral dehyde,
N- hydrox%%%%:nlgr%?% a%etggqeequ@raéwa. het er o- bi functi onal reagents which usually

oroup Speci 1 oot Baerrye SmBRNeK IHE afRLPE nBsIe oot Airstinviinthe ol

group specific.re ctive noie _ : :
For oxamml o by | miroducts on of dobhl o, bania Re Bl I hieich: BRARGTuRET
ami no actd@PURY spHy pesulis ioan grability of the genetically modified Bordetella strain to
25  produce a comesponding functional expression product or detectable levels of that
expression product. Accordingly, a disruption in the endogenous aroQ gene may resull in a
reduced leve] and/or functional activity of the 3-dehydroquinase (AroQ) encoded by the
aroQ gene or in an inability of the strain to produce a functional 3-dehydroquinase or

detectable levels of 3-dehydroquinase relative to a corresponding cell without the
3¢ disruption.

A disruption typically comprises an insertion of a nucleic acid sequence into one
region of the native genomic sequence (usually the aroQ open reading frame) and/or the

“promoter region of & gene so as to decrease or prévent expréssion of that gene in the cell as



10 Ca and N~net hyl am no acids) and by fomation of cyclic peptides or
anal ogues by introduci ng coval ent bonds such as form ng an am de bond
bet weenWes/idoarsd C term ni between two side chains or between a side chain
and the N or Cterninus of the peptides or anal ogues. Eof “&idi3{veTos
reference may be nmade to: Marlowe ( 1993, Biorgattte 8c Medicinal Chem stry
Letters 3. 437-44) :oho describes peptide cyclisation on TFA resin is using
irimethylsilyl (TMSE) ester as an ort hddonal protecting group; Pallin and
Tam ( 1996ompareb efo. uﬁoq,“d@lggno G119 0247,2022), who describe the cyelisation
of unprotected peptides in aqueous g%l%t%?rgg‘gb%/eq&?%o dhergtIonBY Avay refet al
(1994, TEH4MMEdR dNiclei acid £0BBrucdGAB-126AGharel Cofiaffih®S6schRlbll PASE cene
synt hesi §'h.f?:i1 iggggﬁ&{l)j %C‘ai l g%cl iC Fe‘gt ides via |ysine side-chaln anchori ng;
mates et al ( 1eCRG 4 LB G NUSte{ ©34d Spquends thatd9 campizmentiny tesgeridasict he
product i equeicel@amindterindidr Gk repiBRPL! eedj rnensi ona) solid phase
strategyy. Tumelty et al ( 1994)g hia ‘Cﬁgr%%ﬁgg%@&ggﬁgﬂg@m%??ngl@fﬁiéi@ég) who
descri be"'fMBtedy Adledsi sbusf atey ool crepleipteddes bragn epeni eI |f§‘§,gesa%£a/(ﬁ£€d
intermed A M o g Y :Edfigcn of, %%e ,mobi | i sed peptide is, carried our
with N protecting group 1ntact &Ab’ sistdearrodmgmeidolide acjuanedsanvolved
eycl i satinoeguldtidvlofigayic epraksigrS AdeoRifhly Rel earch 7: 195-206) 'who
di scl ose' _h allg‘j-t'c(_;e-,f ail' cyclisation _)(’)’f E‘tpéégtgﬁégg‘%ﬂ“"4may\9@’w§q fAeg af .S
pC .r/APB“("?é @ RYcreie ficig presgnt ketwaeshibd intivatimaniduhbed Sepy (t,o'ao%fm%%%gjf the
e

i de chaj : i icoacid Hyby et al ( 1994) React
> oFgﬁe?‘s"*@a‘fm‘z’%i"?%ﬁ%”% el Mo FFavehos 1 Mt sper toclidy ehe o1 arg 5

ept? deyntrins!aed iregienspfoand i (B GnISIAT I 99' 7). J.. Pept.i de

pReg. 49; 67 753 .whI d??gl ose ta met hgdnflg?y g?ﬁ?éﬁggug@?%(ép%ﬁ? ?F%ﬁ H@B‘tli des

and cycF%pe’ﬁP %)té%FrﬁF@.afcsyﬁﬁ@uqmﬁ%gb%gs protriobats, apeyatiie, bt&.?ﬂlc‘hﬂii@% et e

Funct on. T {heae s R B BEh R DA o ERborcds. 5 pagmend sfothe

var i ant §anseribed regigenhen thbatclety ecibesnsirrgiil ivgg, Hﬁ}oragc%’ 9]'&9%{ )elgm,gcul ar
0 ’ C

bi ol ogi ¢4l chnj ques sa as . to inprove their resistance
degr ada%?‘ghr&gr‘gm)ﬂ‘g‘iﬁr?tﬁi’%’ W51 8pBPMic PN oPaust memy qirogenyl6F the @R wiiNgsn Nor e

suiltiabl lenger exprésemeQae it hpds of preparingArap pol ypepti des
Ar 0Q pol y?ogpt ?des, f¥ agrryr;l:taggﬁ\r}gﬂegﬁtﬁ%MEB“@SFPV&% ﬁ\?é%ﬁﬁﬁﬁa%él fartkd by
any sui&ApMc fRqyeRatUs BoN gsanpted by inse!fios kialteri N the art. For exanpl e,
such pol ypeptﬂgdes may be prepared by a procedure including the steps of (a)
preparing a r8cERbichambodimens| amind|viditai dBngidRITedidRg, AroiidseRt diflgwigauence
encodi ﬁﬁxp@ir@ﬁld&i&{gkﬂ oqgrg;rbsi ng tse sequence set forth in any one of SEQ
):>.D SO‘F 2, ?r P ol 5gicRPRyEEE g &n this rgard, thodiseotion arayvasidamt ther

der i vatdeiebonof ahiesst a lichoMhe hiapidhe o | erably linked to

reg?ll at orﬁ. g(_ltdeneFt s; p(&i% i ntroduci r';gﬁtﬁ%%g@g%ﬁ‘%‘gﬁ@a[}ﬁ%}%%yégﬁqeage_c,i nto a
suf't abPEORBEE WEl Faid aggQ gans. uri ng the host cell to express reconmbi nant

pol ypepti de fhcom tg‘% reconbj, nant 20 pol ynucl eotide; and (d) isolating the
reconbi nant poIYyRERTTCdeemipndiment; dbe diseinsion avensisas anddimed nieldiidg, inbyt are

not |i akd@dedd) THe& h,n 5E NO. 1 or 3. The
r econbi ngtgepol ynuﬁﬁ%ﬁ?ggﬁ?g 08# é%rge:%aﬂllif 'Pﬁoﬁf)ﬁgflﬁrarﬂebﬁ ex¢hasgpdus & an

d . . - -
vect or deyble cross-oues racasmlinatianal evemt,iongnL¥iheAmelNoa I r,.such as a
pl asm g/enpf %hyc%c&vor t hat b egr at es iﬁto a hogt %ﬂ%ﬁg. i#‘hitégl?létéelﬂeﬁory
el enents W I genePaiPyafe gfﬁbF??BFib&taé% GrenthecsaB iholst exvhbdgeuses pleas

X osel ho inbRee Usr 4 KRASIOBELARBE LRI SXRIRS, e HSELer s and Sl Lab! e

regul ;t ory sequences are known 1n the
Typi caff8y) enayighr sghl thatothe  gérensnirciivtddIge thdd st 24tRniRtan ',{[;)9 ;cgﬂ Lq
i ndi ﬁ% @‘? tes,

pr onotas.y; . leader or sigpal sequences, ribosoma
transc ?{egtﬁ?% §rg E‘%&P&b'%ﬂ'& ngl; T6BAE S¢iIeNBBSS, or Bhiesbtapdroonad thedeaf, twideld can

t er m rietdedéted SMICHS pup Rn&N3HIC o] i vat.or gsequences. Constitutive or
30 inducjbl e rormterguas%gﬁno ’"l‘ﬁrrf“héu%‘r:%r%lfréﬁcﬁ?éﬁfﬂ geed (pg..taned,

i nventd 8. 2 Braymbt or pertassiheodn tdene, Ha i ters, or
hylr i qpm%‘?ﬁ‘?ﬂéh%?aa%dfoqbibne el.enents of %?keﬂe?h%ﬁeﬁgkgggﬁﬁ%e s {0 i ~G-
CIiilultTls~ orto

actenal virulence, or any combination of such genes. Any
strain of Bordetella can be used to introduce such an atlenuating mutation. The resulting

attenuated strain can be tested for the deletion of the targeted gene by methods known in

. the art such as Southem blot hybridisation, and the level of attenuation tested in a mouse



PC f/Ati021111' 1G8 -44In a preferred enbodi nent) the expression vector
contains a selectable nmarker gene to allow the selection of transforned
host cel ko y2R)g&LION genes arc well known in the art and will vary with
the host cell tggd. ' The expression vector may al so inclﬁgh”ﬁﬂgﬂéﬁﬁn
partner (typically provided by the 5 expression vector) so that the

reconbi nant pol ypeptide of the invention is expressed as a fusion

pol ypeptide with said fusion partner. TR@-mai n advantage of fusion partners

is that t i | thfi i nd/ ar rificatjon of said fusion .
pal ypept i gﬁa.(deﬁ? g‘?s er gl(f{c})) rl'é'%( 5?‘ 2@3 R ab?18 Y (&g]yg&nel%québf PRy eFqe WQ“’He‘Eé‘t‘éH’r y
to |igate tiee poinuatioh edthdbaaatousle’ght deldioni W¥LEhhPAnd MR wel S ESRLL

n
vector so that the translational reading frames of the fusion partner and
10 the polHdci*@Btssiga: Aynesiehen waich iadivatesxthepin gend esprossigarcy nEosks

i ncl ude, : t bk ' t-at.hi -S,transferase (GST), Fc pofion
of human ?%Hé“%;rlrg)lf? %sgecg]'f):ﬂrﬁd‘ﬁﬁéghg!rl 5%g|}£r%ﬁ(s Mgnén&tcﬂ‘é‘g%?ﬂi ?BF%@%’%‘&S@?'P ‘Wlni ch
are pabti Sordmeéiiz uskfibdt if as 4 boleatipanitpio phpabateiinn MahwAGRE hog Hay r&miigni ty
chr omat ogr ﬁg% gor th purﬁoaei of fi . rsion polypeptide purification by
affinity & ! gﬁ‘aﬁ}h@farp«s ad ohtimeetufficient lognduder amirmuot respatsegagaphy aar e
15 gl ut at hiag 7 sotraind P 0 -&on| ted resins.

respect i vgl y?gfl\r})acn?as;gégﬁ&né%r?l{ac%@ gﬁérgsg{ f%bllg;?n% nﬁ&'{(#ﬁﬁ ¢ essﬂﬁﬁcés‘:’ft he
Q Aexpr es8tfugyeat em (Q agen) useful with (hTTS6) fusion partners and the
pharmaci a GST purification system In a preferred enmhodi nent, the

reconbi nant pol Pn@eplst i erbadgnent pele dhe dresent hiaveraiomer thi apenedeslty pELiAcd as

d i d .ej t . A h f USi t Nne Il known in th
o O 1Tk Rifa tudaln BEVIEE WY bt I WACE- 0180 o8 Yot itbeaboiie iadbiopaly oo a
f1 uor escemmé'iha@r'x'otmidkkhtiah|iﬁ>WSdiif£}@ntfgb%E,0'!'h@9é\Ydﬂ%§ei&%a@fnﬁétkl% Jié?c\{[ﬁd?:ts'ég%) to

e t ag

be identified by fluorescence m croscopy or by flow cytoretry.

i s usef ul UfHEn rédise Jbe gssbibiteof ukversibmcand datidditichlly hetchuse ahe podcyapapt | de
of the i L oN j i cells which express the fusiaon

pol ypept %g\gg‘f&’t {?é(a?%\%sggnr} fln?)rﬁl.’ﬁﬁoge\%vh%&gogr%?%qsf%o bYsuacsirena serap @BrosBtence

act i vat edfc edplicbors ds tricogss{ry ABSheah8stp A Her&XbteAT iny auﬁﬁ?éﬂcdi @mthH%érﬁt e
appl ilcgati an, .1'”r Ef ec[igb({ é .the fusion partners also have protease cl'eavage
sites;” sUREHCUS! Y ROGEleq Yraits tgstearfor digigPHItY b Femive indbe host. Tledse vent caorlat ease

to parti aghyeddd b ey b ; [ f,..1he invention and thereby .
liberate t heed(rjdelggﬁigliv%hﬁtr t"%%f‘ gé‘gﬂ%’g&%% r?ﬁdg?ldﬁ%féﬁf { gﬁref'hé)f ’earsraosrﬁcoﬁfﬁétepv

| i ber at edn potyhpephipdena@an t hen be isolated fromthe fission partner by
subsequent chromat ographi ¢ separation. 30 Fusion partners according to the
i nvention al so lnrt eaethar embadinteat, rths cgemeti¢aly @i dda@s;derdMal 6tain a8 (Cthe

usual l'y i, pept.ide seguences for which a specific antibody is available,
el | knoiaﬁgg{}‘a*ﬁ%?%@d?%ﬁ? BR84S sstar oF dhivery ‘@%E&? p{ antigsas flophetganisms
ant i B0di esheatlfan'RRIOBIA e RNAKIrAR] BuiE; ; hid YLLUS, .

e Al B ﬂ%}?%@%gﬁﬁ%& f)fgycﬁi)??e?oloé% Angigens to

haernagglutinin arid Ff, AG tags. -as
U11211110FcxNesssd byttbpgarctiraitymedibedJordrtat/at stmirhofthe pedsknttiheenti@aandliaant
pol ynucl ept: i be. egted by any suitable nethod including
t ransf ect% ﬁ%&@gﬁg%?%@%g& ﬁ’é‘ﬂ’@ﬁ,toztoﬁemEW5?‘ifbpad?s‘WﬁPE Hevike; Theheterdegpyat on
t he host swedthrabgpheayasly cfioadb epdl of¥ifs, Wahdid g:’?@t%s,t ﬂxr?ﬂg}?otgn Sslﬁichlagi n

n may y

the art. 5 Reconbi nant potypeptides of the 1nvention produce
cul turi nUKT HEEbrags prateinnh R cARIswiteNing SuEK ps @XefoBmsVEc émerotXinsioni the

icl gi : -0di i de. biologically active. Tent, i ant
o 5§ B SLTREHR0 oD SO RE el Ko Phe OF lisPEacoRa dep rm &t coror
prot ei n ewdifeasboof wishdchyAdecomtdifing *&Qti%&ﬂ?isﬁéh 9 LFFP&PFh%i rﬁ)ﬁ[ M&?z%r?ap sfag the

host cell. This is easily ascertained by one skilled in e ar hrough
routine 20 f¥xpaihstisnehie BHyPeptide Abliger Bt variants of aferieativasticnnf M8yedific

pr okaryogj L t isC; . er, host cell for expression of a
pol ypept %dﬁngpscgrﬁégtég 'E’ e@?ﬁf‘}éﬁ%ﬂ, (;ﬂ ii SIYCREUEiLS, U‘rﬁ@“ﬂ%é‘%ﬂ“@@?ﬁ%%‘%sed
may be ~protwh,i HBVheore quonly, nadtarioi bkt hiakin) 9o GRMEIBNT hveRhEPaYed, by a
persB%n sk(”l,ed in. the i ’
additionally, the heterologous antigen may be selected from disease associated antigens
such as cancer-related antigens (i.e., tumour-associated antigens such as the melanoma-
associated MAGE antigens). In a preferred embodiment, the heterologous antigen is from

... other respiratory bacterial pathogens such as, but not limited 10} Helicobdcter” pylovi,




15 art using standard protocols as for exanple described in Sanbrook, et
al., 1989, in particular Sections 16 and 17; Ausubel et al., {1994-1998),
in partwauh@rGhapters 10 and Iti; and Coligan et al., % 1997) in
particul ar Chapters I, 5 and 6. Alternatively) the AroQgg I’Wé Pige,
fragnents, variants or derivatives may be synthesised using solution
synthesis or solid phase synthesis as described, far exanple, in 20 Chapter

9 of Atherion and Shephard (supra) and 33 Roberge et al (199s). 6.

Ant i gen- by ngi B8 T nti,on al sa jes antigen.binding
ol ecul es tha? lb{;gr)ldrm gg?f?ﬁyfﬂygéf'ﬁm"ﬁ rer?“éﬁqnbﬁéra FGPYRRPY patbegens

f r agment &ncinding those agndatdrwivameyges, niingfsaraibefla. an anti gen- bi ndi ng

nol ecul e according to the invention is interactive with the amno acid 2S
sequences set Ometdy mWESIBQCFUDII\@neQCOdmng dasirad mhertﬂ@éousﬁﬁng@g@mﬁb ¢ .bet he
anti gen- u ol e pol ycl onal anti bodies. Such
ant i bodi tg{stm(r%g '%b'g}? pé?”éagq% g&ﬁpﬁ@%{ﬁy" Sl‘ﬁaé’cﬁ Yy eXPTpEIqHegseetige The

f r agnent x agsi@nkaszez:aefo fsks/ @hOThetdSlobHYERE p t gci es,
whi ch may '?/rncl ude m ce o?@abbl ts, E:t o] 8 t al :% [I"p%r g%?ofaﬁl?él;gsgra d%fvtp%st hods
of produSEREYY| gentwhab! ake |ftﬁ®d¢ra§1®mb aneg | IrarIGMWnalt dnitidsre agli lekathationt he

30 | b d bed f |
Chi i gan arEfts WicRaAk QSR ottt Xhe B OF (S %rveb%‘é&'aaﬁowgéﬁéﬁgﬁg a
| nc) 199lhet¢rploﬁgbds e ubeinelved| e ndnlQ04r Qlwld t?ﬁ@regﬁiﬂ%@)rc% gﬁs Ra P%\%ﬂ

St~cf|oqwl of -' Chapter 11: Tn liev' of th itz -
46 PCTi B! ab(%s?wf@%drt Wy&mnec&mwxwmnmmalmw nchohhecqagmdetbbyome

speqloes &ﬁ' onal be p d u5| t he standar rret hod as
descri bet ?or1 e@gb ngﬁélﬁﬁq gﬁxgn Iéh’&f‘ rﬁe(’% T ARHEsHselsokd,

495- 497)eukoxryoba; andmeczrs&mehypmwdmatl ons thereof as described) for
exanple) in Coligan et al., (1991 , supra) by immortalising spleen or other

anti body 5 pro'HLﬁccxrgeiﬁedd sagdelte ey be mmsmadusetmaqnfosme?he%fmhgmnhpys been
i nocul at %gu of . the pol ypeptides), fragnen variants “or

r
deri vatiVves &ﬁpt ?’f@“fi%é]?ﬁ‘?x@ﬁ FSSIPALASHUS AL SN oit gt dpllnad tsa goplication

anti gen-shiteh o9 opbafzl lneSnieNancEaR it | gbul i

f ragfmant s. Alternatively, nt hencant |lgen?1£/bFé; m'é(l@n% er%cﬁlt g&% gbﬁeg
synt'het |15f,0”§@’a¥ﬂ Istrai@dupder fqoaditions foExeuqmlnm:ymhr aghenégandn (b %aWBt?axh%cl ude
10 si nglﬁrq_{,: Hlafﬁbuagrrents (sFv, frequently tensed scFv) in which a
peptide Tinker Ts used to bridge the Ntermnus or C termnus of a VH
domain with the Cterm nus or N-term nus) respectively, of a V~ domain.
ScFv | agk gty &ﬁ@s&%% pgrts of whole antibodies and are not able to
activate corrp able peptide linkers for joining the Vtr and VL
domai ns are tasdnvntioR mbligks tNero¥l i old into i,ng
pol ypeptide chain 1 S h aF\%l n‘g an a#trg vg%t dﬂ (tseé% éeﬁ'et cat”Pfrrgggtlfs

di mensi Eﬁ&l{e’@fﬂrij@mm%ths|pn¢sleatrmkmttdnatom{milﬂimataleidtgﬁpﬂrthhﬂﬂl b §hdcBeodile @
whob = apf hlgq nilogron whi ch tge E% nent. i s derived. Linkers having the
desired propert Fra?fl%‘éof) FrayahEe © @‘C{??é SREEH SR oRFtBISh oereeClons of | lslermtent
No 4, 94fnchid®, blt TAWeN& limifRdS R CafiRasS SCFVS MR

pr epar ed, for exanple) in laccor dance Wlet rb?eléﬁﬁs s’étgu?ﬁgﬁé%n‘?‘r? RF &5
(K.r ebe?oréplementamw a pplynushaotide,. fragmént~eadmdor d2fitarlve 3s: hetbinSR)eribed,
Al tern th epared by t hods, described in QL. 5. Pat ent No
S, 091, g{fg% Eﬁ'}ltl) be(gc)r% a en? d@) 2@?5%6@ aBHE‘f"Wécsé‘Pf‘l‘lf damppany pgadive afepQ

I Vil stmmmn(oiha91 Nat ure 349:293) and Pliickthun et ul (1996, In Antibody
engi neering: A practical approach. 203-2S2). Alternatively, the synthetic

stalfi | i sed FvDv ageerentd embpdinses, the dicstol POLSR BishaP ( In
whi ch cysteine residues are int roduced into the \}H gnd é\f%%? Eé}chgag%%h t hat

in the PO ARATURPTRPMRIFIE densentt Hacuamoot det gers Aniyl folyroxteoddelssquepbe de

bend t i [ dsFv are .descri bed for
exanpl 2&{ ﬁ%%\fggzuspéé h%%h@g%%ﬁ?% oc‘?fjl ﬁ%f g 1%’%@?‘&%6%’”%@%‘8?“‘&“ ar .
1994, JGClalccxhcnthfemleaZBSne ©63eotideB 33d prdfabb§ra&h 13 to W%eo@'d@%t{)‘gﬁh 33:
S451-54 ~eiter. et at. 1994. Cancer Res. 30 54: 2714-2718;

199S, 13 TEFPMRE BY 2 “%f?enszzmmz‘se) a 'NSE@S%BWt%l@pIOataefmna%staﬂlngamrbm@ ng

molagcul Se@pBysd OIS MaLiqa d dAbs) as for exanple

di scl osed 1h Vard er a? lmlgé)g kﬁ{a,gg@h@ g 4ve 5, 8 knd ary veclor,
comprises a positive sel_eclablc marker gene. The disruption may reduce or prevent the

SR v?%‘PjrCSSiOF‘ of arDQu_grk‘_‘I;‘l_Z‘ly;l’ﬁnd‘e{ the resulting AroQ polypeptide “comipletely "non-

et al



~ ..y = WU ;' n/tu~U (js PCT/AU1Z/0 t 7h8 -47546); Haners-Casternman
et al. ( 1993) Nature. 3b3: 446-448); Davies & Ri echmann, ( | 994) FEES
~ett. 33WO0A82&0). Alternatively) the antigen~binding ma
conprise a "ninibody". In this regard) ninibodies, are sﬁ‘eﬁ%&é‘i%ﬁ% of
whol e anti bodi es, which encode in a single chain 5 the essential elenents
of a whole antibody. Suitably, the mnibody is conprised of the VH and VL
dormai ns of a native antibody fused to th +hi nge regi on and CH3 domai n of

t he i nmundfigh@iumhi. ReAMeAqSs BArIPFefE%8 T i sed, tn C 5 . Patent No
5,837,821.. Tn a.n alternate enboo(l?r?ent, th‘ge’é’zf“us’ééﬁ” A ’ﬁ&%ﬁ]aaé&fefowy
conpri se B Widriwes otderaliaderainethe pavet ef ArbQap@dneddsin FWor8XaNP sBhin of

ref erence; e ~ & Schul tz, (1995) Proc. Natl, Acad. Sci.
USA) 92: é@@?’eéﬁﬁléﬁ%h?ééﬁmﬁ%%P&ee@w BEF’lerﬁé?qsxm%‘b‘ﬁmge“fﬁsmibivtmb«shr@ﬁre
b562 havi peottinCexi@oRs ffor teutiseaigh. tA0 L8i | Ly determi.nin
regi on (gRs), x\/\/ni ?h have b'cseﬁmsg\l 23553’33?859gﬁtp?§@%§f‘%r°ﬁg313% inclides
ant i gen- bi*HHMYS Hope s RFodegfiope fmatleteatable htve(s offunctivavi ARG QR 8, bhanegaq

anti gen bipgi [ . | tival.enpt | ecul es may be speci fic for one
or nore 1%”%#? ?lagi'%%ﬁﬁﬂ*%’a e Ct’ﬁﬁ?]e&ﬂcggs BMPIRFUe Mhieh netginpahpbimpegicd by
di mer i sat adivigfofthowiddtypgeoays § LaDwBich SrdfBagig; i -contai njn

pepti de as | for exanpl e di scl%sed by (rjamél gﬁggﬁfﬁys?;’ﬁdgé{“@é g&ﬁgﬂl?%%.hc%:
4026- 4034VdHNPCBREEIet al, ( 1992, J: Immunol. . 149: |20-126).

Altematively, dinerisation rr? Ee facilitated by fusion of the antibody
fragnents to anpHEPHIE VES'RE fHeBomplagoysaresomblinationnéie s ellqlRackchange) will
plii nekt heoimpriR ALleastQ RBIrG&NS, : : 4),.0r by use qf domains (such
as the Ieucil)rle zi,SSer s&} un aﬂ%’e%"’s@%ﬁ‘?“ﬁg aedrsérFﬁiutgF'iq”ICJ“?fg{’%?‘Mim}"é‘é

( Kost el nyineludg regionsggfhongology romthedbrgetl b8us. 1kbEe 1&hsis m%? bﬁrhoﬁ'—its&‘%eﬂﬁct But
enbodi ment. gff{& %li%oi \éa,l enthm)l eculjl e y conprise a multivalent 3ingle
chain antT98 Vo L ' TAECE AP the et lagus foonveniedy, mewsersdby posifi vked negatcher
by a peptseltetiba are Ricludk® KMthDdE - or, fovalently |inked
scFv diners terned "di abodi es” gg‘arﬁrg“;rﬂg&u%%%% ?/af%eé?-%e’??awﬂ calions

bi speci f i'aroygh jermglogpugiepembinagorareikhewnumtierarpf scFvs enpl oyed havi ng

different anti ﬂgn bi ndi ng specificities. Mufti-scFvs may be prepared for
exang e by net AbIETEiNs eMmBedments, dhe argeting wonstauct SmBO 20ARAh ridre than one

ant i gen- Ripask t invention may bhe used for affinit
chrogat og?lgghegiﬁg%kggllggﬁ ?'ngL% s}%gctcta% "%afﬁ?ego\éfﬁl%ﬁéﬁky Bo?%)pf@l&ﬂ#%@eo\%hich

bi ol ogi c&htodeaen exzynBicfactigingiat 66nfeR@ediHXtiHOR- ref erence may
be made to 'nﬁthgé)af Fnitl chr omat ogr aphicé pr octedﬁragggi?g?g’?ir@ Hpof @ﬁ:fﬁ er
9.5 of c&ﬁ?”béf selgetab %'119@@! isgxpressdpSelpctable vivitk &3/midyd tpakitivet ok itiGT / A

U2/ 11 telddeab ] v 0d) | ecul,es c be used to screen
expr essi oen ' g? gﬁh?keésw]hgr @g%ﬁﬁ%&%gﬁggbe %#?bg%g‘ag?e’f'rféfwi grrehhish ensodestri bed

her e#¢h, TAynatiaractivdy wichusenl beodedetRICtn amdhaktel; I i des,
fragment g, niants andgger' vatives of, nt hgjdi gétgg'?]?%ﬁte%%%@]g‘fﬁg%lgﬁ]@%ﬁl on
al so con?é?%ﬁ’zﬁ Barkers ing Cd*’e gh‘i‘F’@@rﬁ"ﬂP?&lW@ldﬂﬂ'ewspbotrmsfesnleagcﬁe 3alBo
dehydr ogréiféragiaio Q8 e TRR i ; a ui t abl e, j noaffinjty
based method i ncl udi ng,gé A ﬁg?tﬁffnﬁi}gﬁ%%ﬁe ‘P%Eﬁ@mﬁﬁ%ggwaamal

i munapr @deismphenion]. aclyb traheferasd gomt add refdrtddS@SasSMlkei Gy %@ﬁée\ﬂﬁﬁﬁgﬁﬁ}'eiré)n in
whi ch anrtegfséhgen’yﬁro i hase ani)i epbi ndi ng nol ecul es are at'tached to a
suitabl e T&SIn) t 8°ﬂg)§?'ﬂpkf°§"°€ ﬁ&é’cl-eﬁf'% i magkanpimayshesipegitdd’;ofegative
cont2ai nisaectabitehyfeaddl B ; te 5 C rogui nases, if any, are | Q
subsequent_lcy el ut ed ]E{ r ommt%ﬁglsi gégﬂ:r? @ﬁ"g‘?rgsﬁ%gﬂb?"e@?ﬁ@ iﬂ%ﬂ%fingéﬁﬁ'&%tb‘se

( Phar macicHyity Pdoss expressivn is Rytotexid/d deudedlr wBim gloom ﬁﬁﬁa@ﬂ&ﬁﬁ%@@é 'k%)a)
Act i gel d_§ ernf L'\ﬁ: TMhru?si n gs ero%ene 8i oseparati ons Inc. ri's adI |
f.), an ﬁ}nabeagsaé' - “t"D@W P [he Benq gneadimgole eapdi SN i¥bosomahiptaeinatvihicdl v,

t he ant irgederdi s : R .screen f roQ 15 nutants of
Bor det eIrI a as a fng‘gin?agh ?nél;s;grt]gﬁ(()ﬁi )dllg%{ %&?é}?%&‘g?cé?tseer?‘ﬁﬁté‘fee@"ggf’ﬂ%t‘%‘?q 8eT€t3Sai ns

of the {aE #xsa desoribagt by Peticioa an. A9RtE Mdlt Midrb6ioR205 8 00-obslvent i on.

30 When more than one selectable marker gene 1s employed, the targeting vector

preferably contains a positive selectable marker (e.g., the kan gene) and a counter-

selectable marker (e.g., S72 gene). The presence of the positive selectable marker permits

i sz he selection of recombinant cells containing an integrated copy ‘af the targeting vector



7. I mtunopotentiating conpositions The genetically nodified Bordetella
strain of the present invention is useful for the design of
i mmunoped 8nddedés Ng conpositions that are effective in eliciting an i mune
20 response, and preferably a protective inunune responsd; TAH%HEE a
pat hogeni c Bordetella strain, nore suitably a natural pathogenic Bordetella
counterpart of the genetically nodified Bordetella strain, or related
organismand will) therefore, find uti3ity in treating and/or preventing .
Whoopi NGy IMINHR'; AR D GRAR & hys, the present jnvention
additionally en@c;'rlr% sses%icmrunoatﬁct)&;%ﬁ%fsﬁﬁsr ols I 9i5s Teo Risesrsemd e ore
more 25 cgunist-seladtblyle moatkéri peemBottdatiet frafbh of BEIsARSEHk; |
conbi nat % @}r:? Wi ”i’ hgd; maceut i cal.lé acceptabl e carri erl 1?§ﬂ’§ﬂ‘@$ﬁn¢2?°to,
exanpl e, 8% PHEE %’lélﬁ‘e F0 WA RAstnGaEAedbY HirtierSiheatdlogousiredongtiindtizasiiione
' | LYl j I [ h I
SSL?;S‘Q“’%"Z‘#F?@%L vt S R R PR BHEcEeraee meamet e
vaccP ne CXpresueRRo cogeten$el@abhe) amatleer doaidt adntainUnd gy o yO LRk A
phosphagﬁ%{r ee%l um, commonly used as 0.0Sto 0.1 perdggnt sp‘fﬁﬁ?égﬁcﬁﬁtﬁbk
phosphat'e” buffered saline, adm xture with synthetic polyners of sugars
0 . . ! N D9 .
can b sel et SiFterte FEdtyE Yebis i bregn oD s Aihe Frenbapmons BDR,
(di met hyhéicar iradgrasibn afaORPLAGRENTE Vectdi FIRRAE] | -
pol y- | a%}aiﬂ;jccl?-_ggog%c?lge ( L%E) or MAnopar t | cspgém_éﬂf g’rse PR hEele by et
al., 20 T AR ZoRfUREP laerdnailypr) B plifipanesrs BUE heasmpyRaki nes
(€. .00, uiShpliLHeRe CLii Lnterl eukin {l L) -1, Ilr-2 and PL??JZ.') or
| Fhi- gamma i ndgcer s é"or'v%guﬂn( ES;E, EERERAUYL 04t \Pufl: Beng re.of hgane incapable of
i MunoseXpressiaigor funktomal ipdtian fuld e SRR BE SehiiSledd] tural products
parti Cu‘liﬂ%.i‘{g t r.adi hi onal nedicines of gjrjf f e%rcent cefuﬁ%bl%??n% ?%E‘BSF’.C};]E%S. The
i nunop &Py elgting dhe ieB¥Fca8ess dnteducing he imsetientanidiorentfroneshpy be
Fovever " SarPacEds oo B P bPal N PhkdlRe 25 madicalof legon i frimere peial d
prior tmutatiprs)tintors geay. al so be 10 prepared. In addition, if desired, the
i nopot ent iLBa{'Fi gggq(ignposi tion may contain mnor anounts of auxiliary
subst ances s Et ongtrant cenwdcekirf iyi then agesdused PlobAhb&r dh a9e , or
adj “Va%ﬁvé?'{i‘érﬁ*}n%@asngﬁ th? teffgctj veness of the vaccines. T{\hgn y ihtys
i munopot ent 1 at 1 hag corngosPiti BhSBHEY e GoRIMEAtPB ransformdtivmi samsfeedoin a
lr)nar ilngm;aﬁmmﬁbh{x_}@sﬁcatkb,% ?@' ;j_osage Lo_r mul ati on) an_(lj_hi n suc[l_ ?m);mt bas wil |
e erapeutically effective and i mmunogeni c. e quantity to be
adnmi ni st er ed Inleppadisularlyt prefesed] @sBodiAehe ab ! | RChdel 1€ g.), the
capaci t%/ of the individual's inmmune syst era td;tg%rg%gcigl J<:§’lr‘%gé| %Heb‘g%‘i{pgnse. I n
a pref SETMEREbMCHArAElng [YSClPR Wiapwseshin eritddate nglabaipai the @roD%dnargrul at ed
for0i nigoRNRSRl paM A b ANak AL m ni stration. The genetically noth
fled Bordetella strai l#é Q%'@%’%t gﬁ%ﬁ g/gmc%r?ﬁ?)%i“tfi tBﬁs“"GQ £9E Pewsk®n thaventi on

are pr ¥tdenhy ane@genstol teraxuhuoged inthaBe w1 54 vdrtin toR3hEF R keRNgh Alio
preveng,‘)h‘lc))cg1 gk di seases. associated with infection by pathogenic strarns of

Bor det &l PADCH B sngaRensnyas qlrned. A gepy ebthoa®izt gennsvarasoppeian abl y
del i vepgthet @ctdie ) spirat,ory tracts by an ilthalation
route. I_:oret gbdndi} nf)lgt9 érl\g{ei ‘%Eﬁi)lgg) agn tqug? ?do)lr{ml?%f’ 6‘}2{?{ REBHSTSr RYSTATY BEAGRY iR r act
(e.g., enexdmplac hi dsluble) Jrosheve? Segmisinational YyémashcaRey BRI gl ha Ve, be
foiSmJlgrtogi Lnto ?.spl ui‘l an and/ or a suspension of particles in a Carrier
appr opf &t B0 T HRRB AT S etiafy pscexchanged far theathsomossinial lvitintypearrb e
or di naTle a¢sultfan i A j N ts. For the delivery of hne droplets
and insuffl at iﬁ%nrséccgﬁ?gh%agf t ateepeé)gl 'P %Jél?sgwo?tml%ﬁ"éqsa%‘f”e’ fsi”%eg'?ﬁatc?i“élf@@a The
mean péafined mutationewbich chifededattannadon poiwerbditerdiphal ati on admi ni stration
into the lower respiratory tract (e.g., the bronchioles) 30 is comonly,
but nof exclusively, in the order of fromabout O S to about 10 m crons,
and t yhi ceYReptidey@ithe immentiout 0.5 to about 1.0 micron, conprised of
powders, mists or aerosols) into the lower respiratory tract (Rem ngton's;

I d., at doE%g i4§{1£ 3 iorl i nhal ation a~ninistration into the mddle

respirat & ae €S or 0- pharynx)' the nean particle ° wWJ
ht | 6~>i ub 0. P r.~(12/nl 7f i R

U3y T invedién eacs passes the use of AroQ polypeptides from Bordetella in

' Immunopotentiating compositions. For example, such AroQ polypeptides may be used in’ - o



size of the droplet or powder is commonly, but not exclusively, in the
order of fi omabout 1 to about SO microns) and typically fromabout 1 to
about 10WRéVE!*The nean particle size of the droplet or ppayiarn i Hx

i nhal ation administration into the upper respiratory tract (e.g.) the nasa
nmueosa) is conmmonly) but not exclusively, in the order of fromabout 10 to
5 35S microns, and typically fron1about3§0 to about 200 mcron. Ln one
‘enbodi ment for delivery of an active to-the middle and | ower respiratory
tract, theomeanwitanhe penettally @bditiee Aankiet stQfn BOMESF edest ﬁ?xrvgrit?c[nat%'éiicii:”ant he
range of fromabout 0.8 to |.2 mcrons. Ln deternzining aeroso

conposi t i SMEUE SEPPBifcas2RaY B! s stramel ef pathreenicamidie, At exemplaxt Bendeidllaed
" phar macewjgalk i ¥ *.edited by A J. dickey and
10 publisﬁéég%%gﬁgpgg?m%gﬁﬁﬁfﬁggﬁﬁgﬁqgsg J@gﬁg'?he i nportance of particle
size in therapeutic aerosols for effective delivery of a nedicament to a

desti nati onsg Bi@mé'}gmggmé pwémsthe fornn of droplets, msts or aerosols

typically conprise surfactants to ensure good dispersion of a powdered
medi cahent and Blislogicallypraouve efr {p@ientsTodyh bePBFALEQN J0f Y8, & h
whi ch the conposition is dispensed. Convygnt [ gnal I SasuorrPQ@t g%ta\é%i r?g[tgtgg
but are nBICFEEEPeVAW ths,ars dichexamplers sliable mettod reiydnelaile firSglrvdnisg have

al so been tord : bjlity of. the surfactant in the

pr opel | an???égr}t (?n aaﬂf g‘??@%‘@? %3§ g!b#e{egt?ngﬁhgf@ggﬁat E@rtgg 3PEropRatedhiglogesdl ces
such as natiwitysbr eneosmbprdénenty il ehgrtnOaRY be eedPP SRy BrogBRALL X tﬂlg@}, h bl e.
In additign such?gcﬁw ces .can be netered to provide uniformty of Si ng

(Reni ngt ofi°dheT| gmpodigypty Biglogisab s vibn ! (thrdyagent s tsstedskyl mgopudpel 4 ant s
but ofttherpQyRREiRAB DNt Ha A Lly, friendly, such as

hydr of i uor ocar bon (~1FC) %Pga:)g?ﬁénr?s??gg Og%gﬁgacfa% hé%?‘b‘?’%ﬁy%‘aaicﬁ t fik
regard redepctinge 3rehydrequingke watiwiny i whish Lisi Eﬂjm@eebrqqqgs&g?%%p%%%

| nt er nat ib%'l%l icPHbl ilcat‘_jE ons 92/ 08447, W92/ 06t S7S and W9l /70401 1 en
provi ding a patt SRt E'T%"%% e bacterial itnrnonpotentiating conpositions or
25 vaccines, t d of,.the conposition wi |l depend upon the route of
admi ni strati onhlg}ci ®§§mgﬁln V& {Perpplates ﬁ&l?%cscimlféa%lféf)soﬁaf theeabgae ipehpepuddse
vacci nat ed aanehst 6 @nd prefBaBly 168428, arhil& a8il ' icNeh P air S A8ner al
medi qgl condi ti on, pr,pzvi ous medi (‘:a!él hi staollg)g/%et]écﬁ%‘o}?%mcemgbelgg%ﬂt £ Hpgrune
vacci hat &BFPRESEE 3n apimalfer thecprrusitonaf aatipanvbintingmaslentles mat he GRSt | ON.
rn gener g it 4drSadesi, kL ab Q_.provi the recipiept wth a dosage range
of from ab%hufltl Bl%éhggj%g%ré%y&ft(})’% ﬁ?\%ﬁgﬁrﬁﬁ't%é SxapRie QXBmPBm’ Pobpgptidm fragmeantsabl y
of from ab8utsidis ioflangthy which @huld alidifiietne Hindll SaPR By be
adm ni stered, I\/bﬁt grgjer abl ﬁ t he \}acci ne é:OrQ oglsét?i]%ér]\b‘g%@grag?rq pﬁ’é"&eﬁe
present IhEHUESN & S BartiTrA4s Rér32d 3348, 448,05 55264, an3elT 2173180 Sl1a89. @val

route an -Pey.ty'oef a0 amlbhphe adirling s ions: ~ ' Vtrd
3.ii~r. ??’?ﬁ F(Z’{f,é&?_}il%‘ﬁaf ggﬂ§51%12b338 ag[gﬁ]"ll‘ﬁa Phégba‘@gb@f 2neonat es, the
dose will be approximately four tines less than for an adult, and in the
case2f yosgVatunt A€M pb tyears old), the dose will be approxi mately half
t he dose used for an adu ealthy patient, In sone instances, it will be
necessary to piTbedadentivh hcomdniplpes tREFsOi 3t v A0 NSt oA

QSiction
accordi ng ;ag the present invention, usually not exceeg?znfjnfcl@fp)%%&s from
adr, ~i ni SPE(4/gnsh HBFENERRIANYYingocompostetisng Shitalie admilnidst et iHGucigd

referab r r Least about.thre dm nistrations. The
gdm’ ni sté%l? ?%niiggvﬁaﬁ%'ﬁdP@?%épﬁ%% A fééﬁh A %"x)\glo\?ea wereRt patypeptides,

mor e usuadrhgrisingrhet teqeeck aef forth Weskoi ah S -1 rod ers_at
oy g asf th NESKQ 1) N0k PRRUBGLE AR ol o

intervals of '1-5 years, usually three years,

t hepjfo d@giePEd”‘l“é\?éﬁ@Cfsw HREeEtq Vepioguemd modied Pelypedidecasehdsting said
enbodi mesEpa; { i furtk i des onposition of matter for
epiod: memsARe o SR 9P LGN, B O doRt, BAIPORI el TR 1¢
ant i gen, dehydmogisiasey adieitgly hich @eichies Wt Ghe %“%aeﬁﬂg@’?@%gg al Bol9peptide

geneti caJalI%nt@dl fied Bordetella strain as broadly

In another embodiment, a polypeptide variant is produced by replacing at least

30 - one amino acid of a parent polypeptide comprising the sequence set forth in SEQ ID NO:

} 2 or a biqlogical}y active ﬁqgmem thercof, with a different amino acid to prddUCc%a”f‘; .



| 5 above for a time and under conditions sufficient to express a processed
or nodi Fed antigen derived fromsaid Bordetella strain for presentation to,
and nodulatisen @i, T cells. Bonrletella antigen-prined dendritic cells may
be prepared by a method including contacting dendritic cdQTéLlizim7ag
genetically nodified Bordetella as broadly described above, for a tinme and
under conditions sufficient to permt said Bordetella to be 20 internalised
by the dendritic cells; and culturing-t3e Bordetel |l A anti gen-contai ni ng
dendritic | for a.tinme and.under conditions sufficient for the nodified
mgﬁ‘é*%m&i&g %%ﬂ’f‘BV" e id PP YRERAe: P2 Rohicisobide dlons whichl the

antigen to
Sour ces ofmodigiRdpblybepitdelchs bEhRnseRdriib L ViR Us | hi Sl nvention can
be isol ated by ﬁet)ﬁg%s known tg 25 ghosecgﬁks@fgﬁl&?erﬁopﬁl’ Jérrq@m%%wmc be
aut ol ogouPrEsPadinggerail Eenk.t and dstoelortz oo dcheity ulfj Bet pdréntbArd@ e@;gg&rt;de

Sui t abl y,; | 4 referab unan dendritie cells are used from an
appropri at gmngsjdg%ggﬂo%&ag?/\ﬁf%ﬂl% éngg\af”é‘bq%ﬁsbﬁhébg‘comoééﬁé pedymeptide is a
Dendr ist i qpodgdebtide @&HHNS.OF Sy, exfal WHeCRay h&t R : ritdc cells for use
in antigen internalisation agggbf di ng t% thet i nvc[gﬁ?)i"gzﬁy%gpeﬁoblg@os thtmi bl ood
as peri pii@seice Bf somatipaBicaceds: cel s 30 (1?BMCsj _ Al t hough nost easily

obt ai nabl e from bl ood, the precursor cells nmay al so be obtai ned from any
tissue in whichBAEAl 6H18E Wilhbs tidrashS@énpreferablya Veaanst % spbaagreferstye.
Peri pher at 13508 ES Sbre SEH Y ptg-ed using ~ rTioiyocl 4na

~nant i bodi es, den’sePt yooor ﬁwéaggﬁfﬁ%t;ﬁ/f”t %CB@?'.% pAf{e[FP&%/" leqtimL/": even

- 52gr adi @wre prafergktat ldastyai%pevearmare praterabiynatltan 8056, LGS Rorc ey P9
freqqgncycanpé/sybe i ncreased. i E vivo using flt-3 Iigand. Wen cultured in the
presénce Of ¢yPoRITASLTE REHERR 2t deash PHarang rstibl eVeWINGSE paefdrably: 4t least D5f4 13 as

descri beHoel ioh | §f I r S0 ive rise to
i mmat ur e glengrgiwesi C %gPﬁgngdr% tssgr%%hﬁﬁﬁcgh?%eﬁt$%§%Aﬁlch2\e/r%llﬁr gRiod for

eui ' turi REreplutyijsblvemarizats WEMDs et qasioihyé,epris fevai Y1 b ElelR 15804 tnii@re%%fl&'!%biys _
descri beg l@?st'g‘b ent .2l al . %I r]%er n&tl oggl Publ i cation WO 99/42564)." I’n this
respect, cuf t ur es ot TRITERTGIE L ALERY i 70 &VER Jnare preferablyent leaap 76, men
phagocyt mordgefbrilly 6t legdt| 732, "®R¥n BRrO i | ol | non-proliferating
prec sol{‘3 cells (P}I’?,I\/Cs) in the %reéeﬁtg?rg}?ngcg%%de}é’ %}ggﬁorﬁpg?@{ay){ Mei r

di f f et enfpH o ven Berbpieiragn ablca@MOOSEnAsdI] E0eh mord pRTaEsIGas [&Hs095d, cant

quanti ti - he ure dendrjtic.cell ie. _antigen-capturing
phagocytsl%éu%{ce?Jn%'?glr)nialill essaetqflgr?fp%%&gé’hgkgzpdw&f e cells. Other cytokines

that pronmote djff.af cddkigal | cursor cells into immture dendritic
cell's incl ude,dbuat g%hﬁ%?%'%?gé&t gef“'ﬁﬂg%@.m ftoaplariesiablbthed apthodsiaf cel | s
requi r esnutagenasidiot ifom tombinatosial the@Rviie© R RkamAR, RI2Sf @hak lLure
medi um of. a de dr'bti c.cell_one or nore rraturaaT%on fagct é’?’?%?ﬁ%"?@ygbe

sel ect ed™POMHORYRSHEIASndItempla  sRaseryA ndlbstitidansoirs ai polypeiptide BNF- a,
IL-80 | K acdlrhi i - a i i t] ils
necr gti (I? °§é’i€ F&I!p;/gﬁa eenig;ﬁgg%gggté%vg,gymw u@%e))'( hg{rﬁtﬁdgtaicg%_ L‘I%Eflf’ﬁh‘gl?‘?l&i"gén be

i nducedtdbie:vitro using plastic adherence) cytokines, LPS, bacteria, DNA
contai ning CpG repeats, RNA or polylC, CD40-ligation, 20 necrotic cells, In
this regard, reference nay be nade to Steinman et al. (international

Publ i cati on WBABLE®182) who descrybe nethods and compositions for -

i sol ati on an-g—ﬁa{_u.p.a.t_j_g.n_g,t_.dgndri tic cells, G her methods for isol ation,
expansi on anfl/ or i depn.of d i bl for the pufjpose of the
present i nveptd nrg";gtrp r?ééég?fhed %{ry"}gidé‘%psﬁgh t?/”ﬁ"afkarri zawalet al. {'1997, J
25 I'munol, |58 (S): g{;34-2142), Thonas andrs'rﬂji psky (1994} J Imunol, 153
(9): 4016 40p8), O Doherty et al| ( 1994, | nol ogy, 8z (3): 487-93),
Fearnley et pl, ( 199%sg Bl ood, §9 (10): 370§-3716), Wi ssqnan et al. (199a
Proc Natl Acpd Sci U S A 92 (3): 826-830), Freudenthal apd Stei nman (
1990, Proc Natl AcadAm O S A 87 ( 19):Gifb#8s 7702), Rofnani et al. (
1996, J Jnmmunol Methods) 196 (2): 13 7-151 ), Reddy et al}| ( I 997, Bl ood,
90 (9): 30 3640-364.:Asp Thurnher| et al. (19GIlu Exp flematpl, 25 (3):
232-237), ux et al.. (1996, J E.rp Med, 184 (2): 695-706] | 996, Bl ood, 87
(6): 2376-8YH)) Luft &Y%l . (1998, Exp Hermat $kr 26 (6): 48p-500; 1998, J

| mmunol , 161 (4): 19%71;]1953)) Cgllo et al. &1999, J Exp Med, | 89 (9):
821-829; 1997, Nature, 388; (644): 782=787;°§996; J E~p hfed, v184
(2)747-572), Glu Asp :

Gly - ! Pro




w0 1131(1G11; 71:i PC~1'/0QJ112/11176R - S3 Ahonen et al. ( 1999, Cel

I mmunol , 197(! ): 62-72) and hienonti et al. ( 1999, J frmmunol, 16Z ( |

). 6473- @S ternatively, transforned or inwortaliseQéfa rLI%% cel |l
| ines may be produced using oncogenes such as v-nyc as for (id 70
described by Pagli a et al. ( 1993, J Bxp Jl~led, 5178 (6): | 893- | 901
). 8.2 Antis?en rimng of dendritic cells The nunber of a genetically

nodi fied Bordetella cells to be placed-i¥ contact with dendritic cells can

be determ ned gnpirircalty by persons—of—skrt+—mthe—art—+Fendritic cells

are incubated Wi th Qoigdet! Qebiducel | § BxomplurPShbstiatliody C. For frost antigens ,
10 pg/ m~. to | ¥o—mrt+tronmdendri-trcteetts—is—suttable—+o+—ping t he
dendritic cellg. In a priékerred enbodi nent, iAspGUre dendrit|c cells are
utilised for the antigen internali$ation. The genetically nofdified

Bordetel | a cellls shoul d b exposed{to the deddnjYilc cells fof a period of
time sufficieny for the dendritie ¢ells to ig@grnalise the ahtigen. The
ti me necessary|for the &8s to infernalise esent the processed
Bordetel l a antigens nayL&F 15 det efm ned ug&%gG ukge-chase protocols in
whi ch exposurefto Bordetella cells|is foll d ﬁb Ywashout fperiod. Once
the mninumtife necesspfy for cel|s to expresgg m{ocessed Bordetel |l a
antigen on the{r surface is determned, a protocol' may be usled to prepare
cells and Bordg¢tella cePhs for eligiting immgppggq@p responsgles. Those of
skill in the aft will recognise infthis regard that the length of tine

:

necessary for hn antige®epresenting cell to phBEgoeytose or i|nternalise an
antigen may valy dep.endjTBJg on the @antigen used. efficiency qf primng of
the dendritic fells can determijned by assayféig T cell cytlolytic activity
invitro or usj|ng dendrir jc cells jas targets 0{ CTLs. O her jmet hods known
to practitionefs in the drt) whichH can detect YMle presence g¢f antigen on
the surface of| dendritigycells aftler r1XpOSUf.g, ER the Bordetlella cells, arc
a(so contenpl aﬁted by the” presented invention. "2 The prunedjdendritic cells
of the present]inventiowahave the [capacity tgegfdiciently pjesent a
processed Bor detettaanmttgemrimr-tte—~formof—peptides—enr—both VHC cl ass |
and class rl nolecules_ Mdified antigens are acquired by dendritic cells

t hrough t he exogenous pat hway by phagvcytosis and, as a result, efficiently
charge MHC cl assubkfanti®l €Gub&Sin ndi % . I h tes
and CTL may be activated b)g/ 30 ﬂgﬁeﬁg{iﬁriggﬁ%dgllﬁggég?@gﬂ@ﬁgﬁ %ﬁl@t%?%aﬁgy
anti gen is9neaealvgnthancthese” showaCin| BABLEI B. Thdse tephiptraents evoaRN ber avhde

critical 0, o bot [ geperati.ng active, CDB+ CITL_and can rn
some cir chﬁét{rgﬁ@&sfup :&gwgg’?sr gnégrei@vﬁ&l@w@ﬁ' ef \}ﬁ"tsﬁ a3y R tolgratad; Gangrajly; the he
targed anubgamionswiich hrlikely blk&luceithCoreatet chl /i z r e

acute response to antigagn,l eggndjg‘_lpr S‘enf%rge?tieng&‘taﬁée%r}é%}’%cﬁgéglys&é}%é{&% ed
for |ong ¥eH9se &% Midn@e adndraphdic mesidpofe. g FSet heAsnBorsubstabied fogldr haptaake

and pres i : rjtj [ 1S, ol | these cells to .tailor the

pept Pdes%? E’g’?hgﬁé qéspl)éip{fé(;%ré ’a'%lg’ It?eglr’ Inghpl%no %hd& a gysiﬁ_lﬂf ¥ Rfaliee gsuaﬁamed

i ncr easedort loe bpuadesther residee; (@) b seoduetHaVi gBdrPENMctpopobigoR sﬁicPJh‘aﬁxe{latb%,nﬁrg,d I's.
nu

Mor eoveriﬂ,den ritic cells can be charged wth nultiple antigens tiple
MHCs to yli&PELyd) iy spbstanted dorops bp dngrietrosegatye acsidue (ofg., TGhedd Asp)Torug) aby

usi ngg t he.dmdi {4 ' : sent. igawention .to charge MHC cl ass |
and cl asge i n%?‘ggﬁufd;tssmggfls@lg e‘}rrleral l(:IIVLI'?EE:gr I/Qlﬁb&ﬁ%/)a?f 3R ?‘he s‘icf’taﬁ‘ g%l-ﬁ"b ly) 1s

achi evedsut&nmta*mmraombneamngr@b\hky@meicﬁa;aébgg@h&emrqu J3ordel ella- rimed
dendritic cells 10 Genetically nodified Bordetella-primed dendritie cells

and antigen-specific T |ynphocytes generated with these dendritic cells
injra can ﬁéﬁdﬂﬂﬂﬂ&éﬂﬁlﬂsﬁi n i rnmunonmodul ating conpositions for

prophyl actic or therapeutic applications. The primed cells, which are
preferably mat Wih miprgnse icsueplesdenvativaseof thi enteatiomysuahydenmhtiod inbhide
elicits o1 e n intg.,a s enei ¢ ani.mal _or human. preferably)
dendri ti %&A&%ﬁagée@qg&l %jﬁdejg‘i eagd’@%{q nt & Wépgéﬁtsﬁ%ﬁwerfﬁl oL VaRaRaR! fthem
whord& heirsentiare vartdis sxigderiohivai aaflpring RLiGity bhal R 8ol,pY '
dendritie cells. The injection si tep may be su%put ane(g%g,o @n‘%t?%egg%ﬁdéﬂéa] ,
i nt r amuséwicByroquingseadetivity., “"dddilions awénemino Toids nompeinchidec Fngiogad£phe med

dendriti i N Lhto the animal. or human ip need of.

treat men 01@&‘@5?? @epg‘%sgiﬂ]r?g& éﬁ’eb {r}l{lceya%nfsa?fl ‘F‘Eé"WP?I’F @’r\e‘emg‘?’ E‘ﬁép%‘rddétel | a
cel | s aner prarenaf Fomexafplendi willlbal appidti el edi dTRY| y@petesd & %g;@ \ohe
bet ween ‘about 104 and 10g) and m)reppreferabl y be%e}% about 1a 6 and 10 '
conj ugate-prined dend~tic cells. The dendritic cells should be adm ni stered
in a pharmaceutically acceptable carrier, which is non-toxic to the cells
and the individual. Such carrier may be the growth nediumin which the

T Y ]




WO U3I11GlL) 10s -55 pCT/ A-JUZ/ (117Gt adoptive transfer to i munosuppressed
i ndi vidual s who are unable to nmount normal irnnune responses. For exanple,
anti genywspPeGl.hine Co8+ CTL can be adoptively transferred For therapeutic

pur poses I n fﬁ@ividuals afflictEd with HV infection (KofpTexUuaf:17681991, J.
Exp. Metl., 174: 1593-1600; Carm chael et al., 1993, J. Exp. Med.) 177:
249-256; and 5 Johnson et al.) 1992) J. Exp. Il~fed., 17S: 96l 971 ))

malaria (H Il et al., 1992, Narure, 3609-434-439) and nmalignant tunours

1991 ) Science, 254: 1643-1647,

such as l.ano (Van der Br n.et al.,
and Yot i nqgn%ﬁ%jg%@’ in ?{POT%?‘?‘?J larggrpolypeptides, pd that suchahaper pokypgptides

anot her  emyatiorBerdk pedidtBtodREH 46 ah!ax:i PRALS hedion 8’&98&%' la is used as a

delivery vehicle for hcterol ogous anti‘gens as descri bed above and thus the

resul ting 1.0 Bhe gaypdprdeqriiagackndendiibhe ofele ivaftidhhgal BX%!}EB 08 Fnde®
useful inter. alio for treatnment or prophylaxis of a viral, bacterial or
par asi t i B'QARSEE PAPRIE WHED 15 Bt dasived dromatheomiiingl dwss (Thie faghagnoein miyr al

i nf ecd i ORS:; -at.e ol nt. invention include, but are not
restrict g%lsf g?h?ﬁt@%aﬁlgﬂ?‘ ggcrl]@ggn@:ﬁt%ﬁ\/?omﬁtgwer ias",OIQHT’tf BNIR8)OT 3B se
encephal bindmgvprolesy niaysbeisedHar thiviregpsciand deRFBE 3h Gh¥reSHAGY tHefw VOIS -

Bacteri al i.rg ections include, but are not 15 restricted to, those caused by
Jlieissef?4 chg:ﬁ‘%%,prﬂ/@msn@r&cé}éﬁﬁl whiirdic ipeaduceigamd piminenahdaors réabnzmel | a
speci es, pstiE I ' 20 I peci.es and cobact er ]

speci es. pa{rlgg??@gfcﬁfo gg@?ﬁgéj}eﬁég%g&;g%&& B?‘ ?’H%'”féﬂva?ﬁ %%W”?fgas%ééj?]but are

not restricteddthe) déd\&ﬁ@e@@dfﬁ&ﬂTpEYedHByaﬁﬁq%'vEd!mnsi%ﬁ{FgSbutsgrgirpz)li E%%é)g%e[g’ and

spe%ies, Lei shrnani a species, Trypandsoma species, Taxoplas
G ur'd a Bpdfiration iesideehsingtinedtperatid obenOusLiarhiabl acidsr sdl @ dhdind@paareance

wth th e f .5 invention cl.ude,cancers of the lung, breast,

ovary, gde%lgﬁépggfﬁlyé]%gae é’ﬁoprﬁécé’ksy’blﬁf‘ﬁﬁ 4ad the use of; rossdinkers anyl ofhardder )
ki dney, rethedsl iiih, ingRSe RbdatimatibRal dbh [ -3 el and, t he
various | eukem aé alnd Iyrrphomagt.’ The e?t?:glg{si@emesggﬁ?g?%%ﬁfmg&?@eﬁt?ngdn may

be asses€BANEEnYe aRyersiont Zxpmphs ebesidni cae mlifieatanp| @nteGiilatky Hys RS SAY'S
may be Vi I i mul,at ed spl gnocytes or peripheral bl ood .
rmnonucleie@]rc th@??ds{é’?g%i\%?é E}ré dl?ecﬁﬂ Prasgogggpﬁcgrggpsr%x& A5 Hadfylafopkith peatist ed
cel 1§ ushhgiriteCrcylatie] loéchniins gRbusehit s A%8INFC AR Bt GRSt N
. g, frmunol .

for exanple rjmate% mouse or human cells (Allen et al.,
| 64(9) : 9o smudinalion\ il peihy lasgtimidate; i qapaamayl@tidne ofi atmive | grougsheith

efficac 4 ! i i . - i tored, usi e or, nore |,

Fechn quians BFruIlcny QnE iR PP S A B pira et ng
of bot h NaBékh rexdudtiwt alikylatibe cbyPRMEHor S€ mrald%h?a@lf@u&bé@@ye@d@én@n wHRr @),
prolife i on assa SH’%@‘I len er al.) supra), ~LISPOT assay$S and

i nt race?ﬁglkﬁrm’l Ifﬂﬁ%'& ylation of aminé groups with 2; 4, 6-trinitrobenzene sulghdnid MSHL( .0 11
br RCT/ Urh&ozatboxv] - Wi len et,al....supra),. ELI.SA Assays
- for | mg‘gf B geélcﬁibpéglp%@@s ;ﬁéﬁggvé%td g‘équ §¥o€a§b% "rEléjISel Q‘s’ﬁ)ﬁfi% WapPessi ng
t he synt¢pispurepdonynation dotlowted bynsubiselpient dadivatib@idiMNta9n, MBdA e F adi | Y

under st god and..put i nt ractical effect, particular préferred enbodi nents
will nogﬁ%“’ép%fédéfggr i“B‘é@"- WMW@?“P hEOMR |9f oHEERen Bes8iues nney g ewdifisdeby

formation of heterocyclic condensation products with reagents such as 2 3-butanedione,
phenylglyoxal and glyoxal. Sulphydryl groups may be modified by methods such as

25 performic acid oxidation to cysteic acid; formation of mercurial denvatives using 4-
chloromercuriphenylsulphonic  acid, 4-chloromercuribenzoate;  2-chloromercuri-4-
nitrophenol, phenylmercury chloride, and other mercurials; formation of a mixed
disulphides with other thiol compounds; reaction with maleimide, maleic anhydride or

other substituted maleimide; carboxymethylation with iodoacetic acid or iodoacetamide;

30 and carbamoylation with cyanate at alkaline pH. Tryptophan residues may be modified, for
- example, by alkylation of the indole nng ‘with 2-hydroxy-S5-nitrobenzyl bromide or
sulphonyl halides or by oxidation with N-bromosuccinimide. Tyrosine residues may be

- modified by nitration with tetranitromethane to form a 3-nitrotyrosine derivative. The



WJ U3/fil Utua - 57 E~CAVMPLES EXAMP, GE ! Bacterial strains pla$mdsi nedia
and ,erow h Conditions PC X /A ritt2/It 17p A conplete list of bacterial
strai ns amdosplsag ds used in this study is provided in 5 ]; % 1. E coli
strains were routinely cultured in LB broth or on LB agar ? {"d¢§? &er ni ght
at 37 C. B. pertussis was routinely grown in a nodi Fed version of Verwey
l'iquid medium (Farrell 2000 ) or Stainer Scholte nmedium (Stainer & Scholte
"1971) and on Hordet- Gengau (BG agar (BéEton Di cki nson) containing 15%
steril e- dghidasdiat; §; : = ys 5;37,.C. hen- Wheel er
(CW agar Q?Co%%lg gﬁ%\hozglgg{gs@éﬁ%?c;ig&cc%}\%ai%%i ﬁ‘&gff@) by ewl'qaéb-ccﬁlé’f’ﬁyb’i“ioﬁaf”é@'
sheep bl odithetiplyroCarbarg @ zy alkiglatisredtith sdoRcetpeidididsd wigdawt h duri ng

conj ugation experinents. TABLE 1 Bacterial Srrains and |asm ds
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aminocyclopropane-carboxylate L-N-methylasparagine

aminoisobutyric acid L-N-methylaspartic acid

aminonorbornyl-carboxylate L-N-methylcysteine

c_yclohcxylalanine L-N-methylglutamine
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| Domithine. L-N:methyltyrosine
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EXAMPLE 4 CGeneratton o 'a nutation in the aro ene The cl oned aroQ gene was
inactivated Fn vitro by double digesting the plasmd 25 with the
restrictiw@noanspmies -NgoMV and BssH to renobve a | arge PO, ion of the gene
(300 bp) as wel|l as two BssHI ~BssH fragments (719 by and ofA%)?Y14ke
Figure I). A kananycin resistance cassette derived from pLJCAT~ was
anplified by the polynerise chain reaction (PCR) using prinmers with NgoMIV
‘and BssHI restriction ends to create a-ffagnent size of approximately 940
bp. This NJOMIV:BSSH e Wa e { ;

repl ace . fHergemengphamming geid ov~d . | Néh-conventiodal arbroadly - di gesti on.
.3-~is~-rfiew pl'asmd vvas:.:.: vt 4 (13/11Q&01(ls -60 I ~CTI,~ (I1)2H)¢%
7b8 naned boSoetylENnghe 719 by BssHI -|Bsathethyldgesiihe was t hen re-1i gat ed
back intqg

xtﬂhe pl asm d and subsequently re~narned pUSQBords after

confi r matfilo- BEWHEYPERMABCt ori ent at | d--efmath@tyresigerent . This pl asrni d was
then di gqst ed wt coR1l and BanmHl tolhQreak it into its original conporents
(i,e. thsllg(é'g’g%hyg’ﬁgnepNEH 193) so that qt'HémE@éﬁﬁ‘P"@PBWamnSert coul d He

noved i nt i r. In order |i .he inactivated aroQ geng
into B. g;gﬁ;%ga?g; iglgde vect or anﬁ%g:gyff&ég%gqt?ﬁln were required
PRTPI i s |robl T saB! €'to traps-act i (O PRETBHRYSS¥eHRd by chronpsomal| RP4
sequenced 1p¢;§§@3}.1j@,2]§ip&g&f_etﬁw 107~piir , pRTP 1 replicates in this strain
&6r0Bhnd e pir gene product carried vn a |ysogenic phage
(Robertste Ol 904 The tack of Ithis gene in_B. _pertussis provide¢s
the ideal conditions necessary far plasmd suicide, follow ng conjugation.
"The gene for the E. colt 8%2, ri bosomal protein is al so encoded by the
pl asm d, whi ch MERdAriEmpated; isefheolsrcPh cressligfesnt for SmRMpesto Stabsieses a0 ve

s St bi _ , _ ' nt i d ab
g e ottt ok pep 08, TR B P CHE AR RS

i ncr ease bifyectionah crosoflinkers suoinias bafanctionenimids Gurers Ravihd (ORS), RBERS A6 Ypst O
add ag SC@M}P' (llsgque_n e fro %&g 3{5: ginal 1.5 Kb fragment, upstream from
the inactivated arBQ 'cﬁl,\ﬁté’”% . hyfroyyrsepainaide-estent arhbstenp-bifurctippile
f r agment rdagemts ivaichVasu 8T Soni (@=Hat] 1.0 ew shuttle vector
ready for gonj uga?i on. Fol | od\;{\n'ﬁﬁa %’?lggﬁ%g%ﬁ g@e%ﬁg&?@-ﬁgﬁgr&ugmﬁm i d
into E' . arblanotiior Growp rspedifinanactiva meististsactt a6 Kin@eiditd FTiGid | hBicRP o
resi stan gr jj ugani.s were isolated on LB agar with appropriate
ant i bi ot %aéé&ﬂ \dg. ﬁ"gg&ﬁﬁﬁr’]‘%&a}c&i}@%§|‘i“@ﬁ’%ﬁﬂ@@%&aﬂowlms aiagd,tfor exampleobm B' |
col t 683ihdRdtctichetdoublealongs bidReREY Lagetdvated.  Results
showed that transfor r";an,ts coul d %OF %‘?g\%@%ﬂt@%ﬁﬁgﬂsgﬁgrﬁé’ﬂF?’B?m PBRx)
i ndi Cat i ey PHaNemrhyjamnonasids, nendt by doristionobf cgilicl pebpdds HraaRABE ATy
pUSQBor | dwth B. pertussis, 25 BP304 on CWagar and,
Anbisaiite COPLAIRRE! in st BopBEan ROHE 2R hgiesndny & #rchdermini

transconj ugants were se

St 1 ept orhetwesn o sidclasasTaLL At e AR 41R5he N §2036AThISAYES pENCL | N9
'S

KnR had i ncorporated the nutated aroQ gene into their genorne. >8houl d
have ocdPO8HeHUECR §XamBleodelsvance i map|be nyde hie: r eiaElbwi Nl 988 .0 Qi 6RANRN G

fl ankin . : ") i at . onl he donor fragpent has been
i ncor po%{?@g’é@hggi}? '?’hl‘ee(?leexfla‘r gé’ 133%”8% %e%'j"tbfeb?ﬁ’ti“gb%?ﬂ'é%“%?'b Tpeasin ur ed
ont 85 CWuaiger triviréthylsilyle (IMSEY ishtet Qs %abﬂh@aaglkpfoqgct[ﬁg%&oh@ ggqi%o ‘r,,? 4 Tam

n al'lele on

i ntegrat Lﬁ‘&hgd@ccurred via a single crossover)
pRTPI & s/t Kdtems ofeq eShais (arube2031-2022 wholdegyibe. the cyclisation , of

unprotected peptides in agueous solution by oxime formation; Algin et al (1994,

Tetrahedron Letters 35: 9633-9636) who disclose solid-phase synthesis of head-to-tail
cyclic peptides via lysine side-chain anchoring; Kates et al (1993, Tetrahedron Letters 34:
20 1549-1552) who describe the production of head-to-tail cychc peptides by three-
dimcnsiona! solid phase strategy; Tumelty et al (1994, J. Chem. Soc. Chem. Comm, 1067-
1068) who describe the synthesis of cyclic peptides from an immobilised activated
intermediate, wherein activation of the immobilised peptide isb camied out with M-
protecting group intact and subsequent removal leading to cyclisation; McMurray et al

25 (1994, Peptide Research 7: 19_5-206j ‘who disclose’ head-to-tail “eyclisation ofpcptldcs g8



WO (i3/11d110; Metlrods PCR nethods -61 ~' CT~A U(12/1n %ufi For the
kanamyci n resi stance cassette PCR, 2 uL of tenplate DNA was added to @8 P, L
of nast i%kine (nmade i mmediately upon use) containing 5 ~L of 10, ?C PCl2
S buffere‘;wolmémf'wﬂ?of dNTPs h(2 nM; 2 u~, Myd 2 (50 m\); 2 BASPEY#ach) of
primers FOR K~~. N and ~ACKAN as set forth in Table ?; and 2.5 LJ of Taq
poLynmerase. Anplification was perfornmed in a programuabl e thernal
‘controller (pTC 100, My Research inc.)-44th the followi ng paraneters: 5 mn

t 94 C f | 30.s at .35 C, 1 mn at 72 C and 30
3t g CtacRUEth BtombleNubbdtic 6 RIcER §f ek Baifly ol psoinliano gt achh o
C. TABLE HniWgRerRuli (19946, Ridcied POBmRPEs 22323 Rl MBvho teach an altermate method f:

N AR A’ acca

SequenceFORKANGT GCCGGOGT GAATCTCTGATGT TACAT T GI 3 ACKANGGGOGCGCA
ATTAACFORRYS HEE BeplidaseAd Feiidr PPt epd ISEMMEAGIKT T OBRAGEIT, Bafepidakesc - u~L

ation 15 ri [ t ..al 1990 s ysed for . the
conj ugal %TZ??S?&QQ%%Q@%% . ggﬁﬁ R%(’)Sl%g, g{)celslstfgéﬂ’z'.d%ﬂ\{%ﬂ#?p%’ffﬂ’éP“éf?‘
hour s 5gr ofiéfol gorey hethsdssmbiPBO dsedas psouiot cbii R BR AU cofiReihdd SAlpapudsi Ng a
sterile dger on,swab and resuspended in phosphate buffered saline (%BS). The
optical dBRSPedulye repreducti¥pBHSI®OM at fi 30 run was deternined and adj ust ed,
to an absorban of 0.4. This procedure vras repeated using E. coli

SM O-. pir 20 cortCalMeERY T BEeREPHEEP P lyRIAIdSS.s Saemsnts exvepants heft tg owt h
was sweptinddn®ioh thdd hagehe ; ; A L0 A re of the above
suspensi ons was madhg at c?%?géth?g@ g%lﬁggmfhgnggn?} E‘.o ‘@é@ ﬁetscg{' ’gufsosoE?sba i

cel | s. THeweovgdher piskitaade toprotestyticidegradati orocretol apitiosiee sdsiliggproperties or to

f oundat i ar i.ncubated at, 37 C for a hours. Follow ng
i ncuggti g%l&}&&hgé\\ﬁ/ %%535.”' & 33 GAIMMULREEHIC 38¢Bm  each pi ece of °
nitrocel l ul ose and r' esuspendecl ™ as above. Final" V91'f) ILiiUG)t11:,

- &~ pCT/ Alg{lszl(,gquE 3PP S P SolMepi@cd €71 @ were plated onto CW agar
suppl ement ed W ananyc

T streptonycin and arom x. Pl ates were incubated
for up to 5 dawse®tpot fidés, FagREva {ROT 1,9

frunsconi uQant sJo? %rgprf%ti c- depende’nge Tr angggh}’ﬂg’égﬂﬁ%ug%;5’(%Pyaf%dg"%o"t“|¥ TCnR
and SnR Weitable procedure knewi by thowy afysiill ik dteeart. Hdr fexamglenkstidhopdlypoptided ¥ayB.

pertussi g.a t ant _ col onj. es .gr,0 on mediumwith arom x were found to
have a s?’% 'Sr%%‘jrzg h ?a¥'8°?4ﬁ’5% '?ﬂa Ing ¢ then Sleps | Gméi‘bd?rem%nta Eefoginant
failéfl tpolyhovleyrideh@uipriiigPd A0RBSRIeNWeq@éREichcodiAeian ' - ypic
properti gsggf t he arocg rrumtggnt, PCRei rﬁgorr%oratc?(?];ggfoycg%éﬁqg%%gﬁ%ﬁf%gﬁggms

used to A§AYENGSseh fqrinigraltone eESEIDYQ:Hk cardiplggivallwiattiveaiagnai akireat, e

si ze of in. t ren strgi.n. Tt cC be seen |jn Figure 4 that the
13. pertg'(s)g’iagxrgr der%ﬁtv g‘ t© ﬁggh%fcf r‘@bﬁbﬁt"%ﬁf’?@e ofca4anss By onsakly; Hekehde in

f r agment r&ghheorgmdmeﬂmﬁ(b?Exwdaqéihgf’eﬁ@Féi%nib%a&xb%o%.@legfid% nﬁ%?ﬁ%g{gy ”LR

(500 bp) n Qus the 300 by deletion plus the insertion o

casset t ecelbdckeHmnng the hast cal 4o expresserecombimany pdlyseitida fen thaves ombinanc t ed

f d i R . pri f dt lify th

| romen paghaaeue! ARCARMINY KIRESHEBN TolspouRse. B SIRbELY the
sequences include, but are not limited to the sequences set forth in SEQ ID NO: 1 or 3,

The recombinant polynucleotide is preferably in the form of an expression vector
that may be a self-replicating extra-chromosomal vector such as a plasmid, or a vector that
integrates into a host genome. The regulatory elements will generally be appropriate for the

25 host cell used for expression. Numerous types of appropriate expression vectors and
suitable regulatory sequences are known in the art for a vaniety of host cells. Typically, the
regulatory elements include, but are not limited to, promoter sequences, leader or signal
sequences, nibosomal binding sites, transcriptional start and stop sequences, translational
starl and termination sequences, and enhancer or activator sequences. Constitutive or

30  inducible promoters as known in the art are contemplated by the invention. The promoters

may be either naturally occurring promoters, or hybrid promoters that combine elements of

* more than one promoter.,



Met hods PCR nmet hods For the aroQ PCR) | IeT) of tenplate bNA was added to
49 ~L of master mx 20 containing 5 uL of 1 OX PCR buffer; 5 p.T. of dNTPs

(2 ™) ; & upheuMgd 2 (50 MV ; 10 pnol es (each) of priners FCRQ and BACQ as
set forth in Tahle 2, supra; 5 ~eL 10X PCR Fn. haneer (Cri&drBR)7%8and 2.5

U of Tnq pol ynerase, Anplification was perfornmed with the foll ow ng
paraneters: 1 mn at 95 C followed by 30 cycles of 45 s at 95 C, 30 s at 42
‘Cand 1 min at 68 C. 2S EXAM-' LE 6 Det-eé¥m nation o the resence or roduction

o the rna' or vi C : aro nutant of B. pertussis Experinents
carried our to Lg g%&;\% {.rﬁﬂc?dx M]g%e CORTEEHY YEFIBF C%tﬁmsehé@f!@jéhlérlmrhamt s

i ncl udi ngcﬁérnbﬁquop«mmdlemmrqmnafon@l:@ﬁost%lly%qie b t et ed
Vt' U ~)Jl PCT1A t:c) 2/ (117GA acell ul rpﬁe\f;agéf*%g QPé‘f” ‘%lﬁ‘

)s
det oxi fi & )aJn |"H t"lar{ey ‘éff‘g@ed‘osb@r”t‘lﬁél s reveal ed that all the above factors
rrut ant vaccine strain (Table 3).

wer e present %enerat ed bémge aro
TABLL 3 Screen FEFSYHEY S Sty cds pine FA uwnamnftrr(e/pbmly Jproviget thathei n i n

t he af¥ o~ eﬁ:reﬁidnuﬁﬁlt& Ry t}ﬁt\fﬁes;e%mbp]l ¢ifzc monocl ona
anti bodi es_ Fraet| on Zest edSuper nat aﬁ{? r| a %rﬁﬁ\e 37 1s expressed as a

_PT- ~_Pefusiant palypeptisamithesaid &aremypaﬂhﬁﬂ"g W’ﬁ@“m‘“@“dﬁz%i@f Ws*b‘ﬂeéagtpg%qﬁﬁ%ﬁ? 10

were ino 0 109

m cr oor gglﬁy g%rsggbl&\é'}t}héa %M‘H&éﬂ%%h%%md S pdppeptige. b gdei pekxpfess
weeks f osaidfugi dpy;gbpw o'is B¢ ted ce were
found to. éuff:adrn%ny 1 eflfsect%?{irlgw §%§Q‘§Rﬂfn§%@&éﬁa CCPFFa%%Wp FiYGAYOR n
m ce i no@H e &aPRTian yectonsoltba !tBFwam‘latmnaUkadtngEframrdmf@ ifSsior Pfingt hid ent

h nupbers in the Jungs of infected
T co e pe DR EbQLTRTAE WE Koo BBl of esirepgrinass mace] bustare not
ox00 ol ooy oosainelS taheRraseISSTIOL RYiE ot A 18 hbis TS, ¢ e
i nt ranadipic %o{}?éggﬁ'éfi BW@Wéwedbﬁ&)awbethland pofticdlavigalsafull d6r RBMIAPEPKE Ly or

nortalit e were vaccinated with 8x 108
C1~U rrutfgsr:?‘ll %h&got?(gﬁﬁ %fﬁ,ﬂf gﬂ% rgr%qhé'aj:é’ﬁé © PrEPSEne! (fusieps pabmEeptoteed at

1, 3, Spumﬂczitmrabbdaﬂ"mnglayﬂ)nm@ga €¢183dnt A1 PYest
anower %Q@rl ment | es werem?;ken at ,“k? [ fﬂ?af{%ﬂ‘ig%%ﬂ@m lgl’?yAfar&ay
i nt et vals: 88y vﬁé’?)@"“‘ér s%’chFk‘%!cPééolPalbmmvg@ed nesmsercspmmmd]yewyi RRt for

det er m Raik@R A aANLLIRAT G ARA 12k G5 ltheuéi.g'exwes sy%tzem éQel\z:geelns) useful with
(HIS¢) fusion partners and the Pharmacia GST purification system. In a preferred
emhodiment, the recombinant polynucieotide is expressed in the commercial vector
PFLAG as described more fully hereinafter. Another fusion partner well known in the art is

20 green fluorescent protein (GFF). This fusion partner serves as a fluorescent “tag™ which
allows the fusion polypeptide of the invention to be identified by fluorescence microscopy

or by flow cytometry. The GFP tag is useful when assessing subcellular localisation of the
fusion polypeptide of the invention, or for isolating cells which express the fusion
polypeptide of the invention. Flow cytometric methods such as fluorescence activated cell

25 sorting (FACS) are particularly useful in this latter application, Preferably, the fusion
partners also have protease cleavage sites, such as for Factor X, or Thrombin, which allow

the relevant protease to partially digest the fusion polypeptide of the invention and thereby
liberate the recombinant polypeptide of the invention therefrom. The liberated polypeptide

can then be isolated from the fusion partner by subsequent chromatographic separation.

30 Fusion partners according to the invention also include within their scope “cpitope tags”,
which are usually short peptide sequences for which a specific émibody is available. Well
known examples of epitope tags for which specific monoclonal annbodxes are readxly

avallable include c-Myc, influenza virus, haemagglutinin and FLAG tags.



Wda 113i(iGi : (t~ EXAWPLE 8 -64 Persistence of the arop B ~ertr~ssis
mutant in mace t'CIl~/Aiuxim~t~ts Two experinments were carried out. B.
pertussi.s. ins were grown on BG plates for 24-72 hrs,_ _containing arom X
when rz\zéf’?@{g%%he bacteria were resuspended in pgS 5 c@ﬁt%‘?'ﬁu‘f"‘ﬂ’d" %

casam no acids (in vivo grade). An absorbance of 0.1 at 630 nmwas found to
correspond to approximately 1 X | 09 colony-formng units (Cpl p f the B.
‘percussis aroQ nutant and 3 X 109 CFU &f- B. pertussis Tohama 1. Ten-fold

serial dilutiaops i.n PBS ~1 % casanmi Ci [e t [ re vacgcine
and chal | engeog})es%tg? Og‘ [ﬁ)tjdluéﬂg ’%Htpg%sgtcflggleﬁf%m@%ggﬁ %(?ggucﬁtgoﬁqu& "?‘Wegc

st andar deffcteisbynangly Mitbie meitbadntladiapnfansfatticne andimaasfotawin, O thoilebrl e
6-8 week old Ealb/c mce were mldly sedated with xylazil (0.04 m.) and 20
p.)r of Whishpal berdependsnseiisitont eelienmiencddSenitpethpds aserwelhismowaiceldoss each
nouse “S&”sﬂi] -nrﬂ']%gqui pette whereby the transfer fromthe pares to the
respiratory tract of was achieved via inhalation by the nouse. At specific
timeq nterval ' ' ice
were saor {1 cak SaRe PeY ReR s of e Ralon PP SEAMIER) By B 3 Tos™ The
t r achea @hldrdnsfogscdvvith dnoapomsios adctioncdbmbg RBSete abid/emadang a1pogedptide,

1 0-fold se(qi al dilutiops of each hom)g%nate wer e 8" ated onto $G agay, (with
aronux viHGIeBIcali 38y TSR MRBAY; ahdiEPYA Y REOLIIRB O 18T AnKEREd t he

nunber  ofonfftiong aﬁ3§_§ SRL ot Shta%ioR vﬁlﬁ)&&yiMﬂpﬁ@tﬁhgﬁe%%eﬁgregsi?r?g%g&e

results presente |}?1 )~igures SA"and $ show that the aroQ nutan

det ect atAnd tha hose cellingBisofs easidye aggertameddy one glodied adnthai at tabiugh rdatirtehe

i nt r@nase@ rr.lour'gle..o EXAMPLE 9 ?' he noterrtial protective c~acitv of the aroQ
B ~ert us2BFAREM"H % ce The potential protective capacity of the aroQ mutant

vacci ne was a ' ) ' [,V f vacci ne,
by determ ni ngﬁlﬁa@%g‘gk ‘gc%l? ﬁgpl egcggeé\é@éﬂéy %gq)é‘l;}%?ﬁt cvogs%kg%sgga{(g'%éfe%&@ CF~i
of B. perosusdl forlexpessmiond ofty polppdptidmnathiedingngshe Mblehoon and Haeeuhins The
Experi ment al desi‘gn for vaccination and ehalleng e 30 A group of mce was
vacci nategleRpmiised maybethcgéd doses of the nutant aroQ vaccine strain ( 1 x
1 Ce, Sx 108 d 1 x.,1l CFA or the placebo solvent at days 1 .and 14 by
VD 03/ 0(~(1 |t |TReEa g protsingma B ey o Re e Aedied iy Bega 2o i e o
chalisenged u¥ifig &aahddf Prdtbeold ! BN tex BnpREAdsESEAS inl SAAHAGIL dYaft Mpdontihanasal
route. It was discovered that the vaccinated mce had cleared the virulent
m cr oor ganticsi Segtiensy! GGabi;- Awmbtlosigd, (9988 )in partiduire Cladpears hrdd t he

i rul ent, m ' i.s0| at ed the | h t f pl b
vacei natSal G e 8- ae D riha e SBeb B BRdE (B gur o 6). Sera and
| h t LA ] - | ected f det i nat | t ot al
ant P body | overSeERaPire A AR MR Hagheh S uoin 8 (kAT e bs: °6

per t ussisgnthesised ersingdsohetivin SyhlhSAis @ sElid plede Efifesty ashestibdd) Eor\BREIpRNi Ot
assays. Serum | L-12 |evels were determ ned using commerci al

?Lﬁé&i cr:]rg‘::hémes o Atleerton; and Slhieriard (wara apd HaRobsrgos al(1B5)1 L-5 and IN-F-Y in

spl enocy~te 10 culture supernatants obtained after stimulation with either
out usi g HREr TS maldfEol e sandw ch ET. 1'SA ki (s (Bl osource) . BXA-LPLE
10 The invention also contemplates antigen-binding molecules that bind specifically
to the aforementioned polypeptides, fragments, variants and derivatives. Preferably, an
antigen-binding molecule according to the invention is interactive with the amino acid
25  sequences set forth in SEQ ID NO: 2 or variants thereof, For example, the antigen-binding
molecules may comprise whole polyclonal antibodies. Such antibodies may be prepared,
for example, by injecting a polypeptide, fragment, variant or derivative of the invention
into a production species, which may include mice or rabbits, to obtain polyclonal antisera.
Methods of producing polyclonal antibodies are well known to those skilled in the art.
30  Exemplary protocols which may be used are described for example in Coligan et al.,
‘MCURRENT PROTOCOLS IN IMMUNOLOQGY, (John Wiley & Sons, Inc, 1991), and
- Ausubel et al., (1994-1998, supra), in panicnlar"Séttion I 6f Chapter 11:In lieu of the © ~ .1



Serum anti body and |'1~12 response o~fm ce vaccinated",with the atop B
oertussis in mce 15 Analysis of sera fromthe safety experinent described

i n Exanplwec#ineveal ed that all mce i munised with the ar q@% EE;I u‘55| S
mut ant devel oped anti bodi es against FlI-1A and PT (Table S) 'Ié S FHA-
acrd PT syeci ~c serumantibody titres_in mce inrurrised with che,arop

~. ~perrussts 20 nutant Antibody titre agai nstDay
‘post - i muni sat i onFHA, ~Tl >50~* >50ND* 5>SONP7* 7>50>501 4>50>50 Npx: Not

det ect abl I&hatli [idtiif
10s |~ C~qmwcAl |agza}n§l§%{9|rbcg@%lné€{ wh]ggmg%/(%rgc{gﬁ{ ?ﬁe p&r%gﬁ}t‘&%dh{ar Bé‘?”eojdwasmé&eg? er

than 5p orPredigsd Bisigothy sprnderdvmeidion asi deacrihed, fiat exdetpdetinbKehit ahba¥ilstein
dilution ser 3 and 5 posli ni.sati on agnd as such

o obabry (AL s hos A e 5y BT ReoR R mob ttions e s, fo
response @npR| fig Cligad anel. 1 @89 Bepd) b aﬁ.gﬂahslyw{igegauc&ﬂ' arftbr 4RboPOSt
s immustisation (data not shown S c ear ree vac

doses ar e PFeligingest!ls degesteframen M0§Pgmnfﬂpcans wainthi has. bqeenmmi;ated V@A c&n,doﬂ gG
h vacci nati on.with onpe dose was sufficient

in the |ung

to initiate tﬁmﬁﬁﬁﬁ’%?“@“bggﬁ’ﬁé“%éﬁﬂFﬁ"f’8 TREHYRS tb?ﬁlyﬁ@“%) 10 TABLE bA
Antibod titres I SIS se saris
| es Schedul e: Luﬁgéh%%g%gitsgs& gA% M ngf%d%g%ta”f
vacci nat i 660); Oltnrh 26z Iotayin mgmeri’tsvaﬂdcarrm‘tvbrjﬂstﬂ@ &Qﬂg@ﬂlbaﬁﬂn %Méle@tﬂ%tm%

vacci nati ons24052 80 50600%@ %{3% gost 3 vacci nati ons64084 80/779i 2802
days post “3"RAct REPENG 688U Bu0TamBIE6EKeBPgRY dragmsnts Dfvthic ypat inohisi20ND

460> 1o pbdingi @P3m v [ 0 3 06782S ,Val ues
represent lr%m pr oclg@%g%gegﬁfﬁv ?ﬁg?ﬂ@& l% %%E Ezfg Ch]ﬁ gﬁ" “["i‘ R Wedseen
from t he traifidgeahe NHaminheor C terminfs dffaeV adbinbipdivels tmfcftdmuﬂlgﬁsrlm@érmﬁuyvas

odr e Pards Bl 4 T R St DGR S of Whol enigye and et

able to activate complement. Suitable peptide linkers for joining the V4 and V, domains
are those which allow the Vy and V, domains to fold into a single polypeptide chain

15 having an antigen binding site with a three dimensional structure similar to that of the
antigen binding site of a whole antibody from which the Fv fragment is denved. Linkers
having the desired properties may be obtained by the method disclosed in U.S. Patent No
4,946,778, However, in some cases a linker is absent. ScFvs may be prepared, for example,
in accordance with methods outlined in Kreber et al (Kreber et al. 1997, J. Immunol.

20 Methods; 201(1): 35-55). Altemnatively, they may be prepared by methods described in
U.S. Patent No 5,091,513, European Patent No 239,400 or the articles by Winter and
Milstein (1991, Nature 349:293) and Plickthun er a! (1996, In Antibody engineering: A
practical approach, 203-252).

Alternatively, the synthetic stabilised Fv fragment comprises a disulphide
Z5  stabilised Fv (dsFv) in which cysteine residues are introduced into the Vy and V, domains
such that in the fully folded Fv molecule the two residues will form a disulphide bond
therebetween. Suitable methods of producing dsFv are described for example in
(Glockscuther et al. Biochem. 29: 1363-1367; Reiter er al. 1994, J. Biol. Chem. 269:
18327-18331; Reiter ef al. 1994, Biochem, 33: 5451-5459; Reiter er al. 1994. Cancer Res.

30 54:2714-2718; Webber et al. 1995, Mol. Immunol. 32 249-258).

Also contemplated as antigen-binding molecules are single variable region

~ domains (termed dAbs) as for example disclosed in Ward et al. (1989, Nature 341: 544-

i ‘\"".'“'.»y:.:' ol e



TABL. ,E 6B NC~('/AU I 211)17(>7S Anti bodv titres against whole-cell $
pertussis rohama | in pool ed sanples fromcontrol and vacci nated m ce
yol t - cha}|,enaf,Lung honogenat es wSer unl gAl gG@ gAlgGbays post

Chal | engecont ol ni cevacci nat ed ni cecontrol m cevacci nat eff HAEEROIIEH ol

m cavacci nated m cecontrol m cevacci nated

m ce- 10>120009900290>96p20l 200025500210>960401 200011 900Z2530>64060>1 2000>127
'002130>f 4080>120020>| 27002S30>64010120047120070>1270t 71571 33>64012NT?ND1" 1DN
D10179160 0141 200>1200290>12707793>960>64D161200>| 200630>| 270296S>9b0>640
21>1200>1 2006385663520 6046 W8N 0> BOH HASAS) DA 0R& -Rie b4, §1 99K, =

pre-chal | BRBS L¥al 1@s §eps@sent reciprocal end paint titres There was no
anti body response in control mce post-challenge until day 8 post challenge

(Table 6B). Howskemnalivesy, 18AaamsdnDOANink intd1BSId magh&ml g NIRYSNAbes, yeL sus
the serumIgA titres df vaccinated m cCe were signi~Carttly greater a al |
i nt er val SeB¥Yt Mimbedies aresmall vErsieservdrade afibodp§ whichlemdydd mvaalsi%FiencHahﬁ
| ung Rong j dered.tqQ be at | east, qi .the sane level, if
ot g eaas CAEfiTel ittt £ ARSI G BhAL SN iine raitody chorman phel hhakd,
m ce vacainda¥edombink ofin ik aatiBsdy ased 18 HeOTiaPs ridibRRhd i o IgA
productiaon with %nh%/) smal | ampunt yc/)f ‘IsdgG I n t'lhg Ir%g hom%%?ggﬂﬁﬁ?ufc S
with si gdiwesiobylibmetesutsras) fpeexemplaedisdosethimt). $Bat@8 Nook837,82uni sat i on
with /10" thqnhurrﬁn dose %t day 1 and 21 %dat_a not shown). WO
Lid/ufitl 1 (1IN Epate embodiment, the antigen binding molecule may comprise non-
immunoglobulin derived, protein frameworks. For example, reference may be made to Ku
10 & Schultz, (1995, Proc, Natl. Acad. Sci. USA, 92: 652-6556) which discloses a four-helix
bundle protein cytochrome b562 having two loops randomised to create complementarity

detenmnining regions (CDRs), which have been selected for antigen binding,

The antigen-binding molecule may be multivalent (i.e., having more than one

antigen binding site). Such multivalent molecules may be specific for one or more

15 antigens. Multivalent molecules of this type may be prepared by dimerisation of two

antibody fragments through a cysteinyl-containing peptide as, for example disclosed by

Adams er al., (1993, Cancer Res. 53: 4026-4034) and Cumber er al. (1992, J. Immunol.

149: 120-126). Altemnatively, dimerisation may be facilitated by fusion of the antibody

fragments to amphiphilic helices that naturally dimerise (Pack P, Plinckthun, 1992,

20 Biochem. 31: 1579-1584), or by use of domains (such as the leucine zippers jun and fos)

that preferentially heterodimerise (Kostelny e al., 1992, J. Immunol. 148: 1547-1553), In

an alternate embodiment, the multivalent molecule may comprise a multivalent single

chain antibody (multi-scFv) comprising at least two scFvs linked together by a peptide

linker. In this regard, non-covalently or covalently linked scFv dimers termed “diabodies”

25 may be used. Multi-scFvs may be bispecific or greater depending on the number of scFvs

employed having different antigen binding specificities. Multi-scFvs may be prepared for
example by methods disclosed in U.S. Patent No, 5,892,020,

The antigen-binding molecules of the invention may be used for affinity
chromatography in isolating a natural or recombinant polypeptide or biologically active

30 fragment of the invention. For example reference may be made to immunoaffinity
chromatographic procedures described in Chapter 9.5 of Coligan er al., (1995-1997,

supra).



-68 1'<:'X ~Ar~n2ii117G8 Determ nation of antibody and interleukin |2
(1L-12) levels in the sera of vaccinaeed nice Antibody titres of sera
agai nst w@ oaRH{¥SSi . r were determ ned agai nst the 2 nost sj gni ficant
virul ence Factors, purified FI"i A and PT, in dot blot assdys d412d tshe
procedure 5 described by Towbin et al. ( 1979) except Chat no SDS- PAGE
(sodi um dodecyl pol yacryl am de gel el ectrophoresis) was carried our.

Determnation of 1L-12 was carried out -d48i-ng a commercial kit (Bi oSouree,

Australia). Th - i sh [ cial, kit
(B osour cb. AusTrEIPgEh-pidd piStRe B8RP b ARG o Bt ores onghbas o1 | el

whol e B peafiam gobypeplides ofahe ifleh@sihN@shcHbEd Berdind raBgLS aig,e%iﬁngga td dfect®
assay. 10 termnation of the presence or production of FI~A- or

Per t act i n2PEPRispRIsAhe PRLPEPH ¢S, gﬁgﬂWQ,iWaoh‘S and [darivRiveand treivastidm Thyst he
mut ant st fal B i ecific.nmonocl.onal antj bodi es by

west ern bf}%t ﬁv\r%gﬁ%’g%é%"t ?gﬁg}ﬁ‘gg&dg%c?’? &f %&‘}‘%FB%AP%"&"TQI’%CH&@?@} 1SoBiE ot y

the aroQ deltydmiquofasBengyendsusshigs, RAXGOPWN ahf sSk O BhmARGa BRNY bhedBdinem f or
a period of, 48-72 hours and subjected to centrifugation %t I9S 408’3’%3}6?0r

10 nins. *Pﬁlé’%% WaPah It dot ARFERCEYOBaIOgEPYY arid nimemunagesipigsion. A
bacteri al } b ; 5 - fol b tern blotting, The
bl ot was %ﬁ%ﬂ%ﬁ%‘?ﬁé%&fb&%ﬁa%nél bogld}‘e\gﬂgggpﬁg}?g%yamqurnps%ranngcn-

per t act i nbipdipganelechlehamuamtachéte tc aunitaisly redin Ol retiel, is Rahlatdd! @)th EXAMREP 11
20 Determi rslaetc} gn Ef tpe jnrsy Eg{&i@ns rL-1 and INF‘;% in the antigen

sti mul at 0BT En QLD BBy P S8 YT HARSERt 3ndoths 8 1dshydroawinasssi rif Znyndare

i nt ertijer osubyeqatbdlN- i i i oscreen, Mbuse

IfiN-"y kit (Biosource International) Camari
conduct edPas@s®essins{Roche MaelarBistlendeanld, bdiawepalay, Abid SdpémewHhesins

standard 2S . interleuki n ratio for the s Fenocyte

super nat a(%?e %@%QEL%P%?@&Q'%M&%M‘#]%G&@C &gi’(ﬁff B’E“P 3?%?%?“6&%(3!773& Bes., Lake

spl enocytSucedsktNIYes were chem cal | y-inactivated pertussis taxoid or pure
filamentous hamagglutinin (FhlA). The results presented in Figures 7 and $

ver e obtai ned Rdtemativelyedhs phtgan-biadpkemoldeams hah hbd t]?ccf:?cnk?x%l:n apf aroQ’
vaccipated m ce Bre a}rd post-chal | en There was 30 significant

e.
pr oddet i SHAHHS 9f Bordetallapy %&Cﬂﬁwqaéﬁ@gid&miﬁé}y&atl@l,uat‘_cd,BozdareHmdtrniay 0BGhepost
chal | eng bbdhi ' i.gni ficant production of IL-2 at

days 10 g;rl\td%%%m!:&\%h%n?gﬁ?%ﬁ%w%%gr%frﬁi%eﬂﬂw'2/ (17 irv8 post-chall enge

with FI-1A The (ow response at day 14 post-chall enge was not expected and

as such izt v,anmagj"dgf,'m,,%pmpﬁos@,mgper ator error. There was significant
production of ITrF-"y in the 'vaccinated m ce pre- and post-challenge,

i ndi cati t heThegderodticaly amudli BBid - ' dt
i ndi cati ng t heThagerdtically i e@WaOJtraTmbfiﬂﬁoﬁregcgl)??R@gﬁpg%%%léﬂgt?erq: 0

be respo si(%l.e fagr. long termprotection (see Figure
THE EX ANS-HS iAgePAtenEAg sumrdsgianstthe ue elfegiéveinf elatifing he iBmune

per tygsi Lning.a gene with am ng acid sequence

ot gy T e, Brel AT o R e S e P g i oRarariols

pl eur opnstamnimaes (shabtdpde mitural patidgdic B@r@@fe?[_@dga(,@é&b%qi%fy !ﬁfggﬁ\?/tﬁcally
cat abol'ic

honol ogy_ with the eukaryotic . genes in the quinic aci
pat hway WPdlkﬂﬁng}Z&S ?‘Hu?hﬁéagcmaﬂisﬁb@\ﬂewdﬂ theebue,t findl 98Iy, in Eweating hough

t he sequgiats B e96REobinG [ Lhval yenent..in the catabolic .

pat hway, the act tfat i?ﬂ) lr%s@gggd%rh}ee?aé%&](?gpéﬁﬁg?so[inﬁﬁt éH‘E PGB steatehat it

was capadsdiionflly .encoinpassag immunbpotasiaizigi CorBPbsiRorCESPHARY HnRebicC pRApL hnay .

PCR \gn h aroD,.pri rre({% flgod{%?fglfi rmed that 23. perrussis di'd not contarn an

aro gerﬁf,ﬂe‘é‘iﬂ}goﬂq ée h8orsift8ptsirgmat desrsibed wabovenlip @ambination with a
pharmaceutically acceptable carrier (such as, for example, saline buffer), and optionally in
combination with at least one adjuvant such as aluminum hydroxide or a compound

belonging to the muramy! peptide family.

Various methods for achieving adjuvant effect for the vaccine include the use of
30  agents such as aluminum hydroxide or phosphate (alum), commonly used as 0.05 to 0.1
percent solution in phosphate buffered saline, admixture with synthetic polymers of sugars

(Carbopol) used as 0.25% solution. Other suitable 'adjuVaht'éombbunds’can be selected " v



15 gene encodi ng a 3-dehydroqui nase in 13. pertt~sszs. The sequence

di scovered by Rosetti (1997) was confirmed in a BLAST search using the

publ i sh?% g(/)(m?‘luete genone sequence of Bordetella pertussis [ORF S420
(httn:/ peda i, sf.delcei PCT/ALI02/01768

bi n/ ww/ | y. pl ?Set r Bor det el | a~ert ussi s~Tohanma_| cS~Page=i ndex) Last updat ed:
200Z- O1-07 14:25:19]. 20 Roberts et al. {1990) reported the construction of
‘an aroA nutant of $. pertussis which wag.found to be effective in

el imnati.n |l numbers. of virulent challenge parent m croorgani sns
(ranging f@?’bmﬁe-(aﬁn%ﬂyl@mcﬁéﬁcwmmIimohquhiée)l. umdgsopsrtialie c polalaclidat &d
with 3 d sli t Ll y i.ntranasal route is strain was
appar ent ??/@ cgﬂ)é;i(%g@e:jm t@%gﬁj%%u?%gbfogng?hg" Y E'aﬁfji 88&@ 6 ¥ B4 esof

i ts conplemandineppaargandstadssf rsach res stymiphokiAess eslg Miker Bdbne BIFRAL I Ak, day 4
post - aer gﬁngei sal QE? Lm}o th(g I 3588 The aroQ nmutant generated i'nthis’

i nvest i gat T o F kS olind 2 anS il FFN-gHBma dedisprstsiompaunte sech as poly 1:C
vaccihat ed othei €irdfiuhea i apd i mge,.until day 1

post - i ntranasa) nians_ti Illsgl%]?kg?. f%ﬁ@%alage&rlngseBgfdc’%pégﬁ?smm(ﬁﬂ'ga WYPW?tWPéEC‘aoses
of the apastrwadyiraditionglunedidnés fabiffirent ehibeanaarerighs.t he virul ent strain

at day 6 post-challenge. The 30 nunber of challenge m croorgani sns
admi ni stered t Bh§ri@uepalentigting gemppgaes avcovdisg e drd pre$S@ inv@ntoRirgdebe t han

the aro in e use J.ungs jn experinents eornduetéed by

Robertspt;ertgijl:I éwtaflabgg%zggllcn@%mt(ﬁgg?h%ﬁ IFHGSOHYLR g dsRansior)-ddowevar seliby W

U r) 3! Urfetms seitable -f80 sBPutidnrih, or: $ugberston; ; : : s, via
e 8 Buituth o hsprton O FRERE 9 Pl ) o

aerogol i sation of the -, (Pe,rttsssts culture, fe the
present PASRALCQIP pddiiony & desired, dbe inmmuaepotantiating ¢oraP@N)orhanag dorpd ndod hat
the int aasd oA b i e challe .m croorgani s al so
enpl oyed in t hios_ i nlvle];xt I@g’g@t@gg} E% ggt‘)";ee:&fné Obrcg’d'?sgfg'b’}g Bgerb%olfa}éc?lir?&ﬂﬂ&ﬁ
human i #Beksoraduyaniseviaeh edahietht efBetS ek botheungdnky Roberts er al. (
1990). Investigators fromthe Bordetel |a |Jaboratory, Pasteur institute
and Smi thKlin e’:é‘@ﬁle\mmnmuu@gmg:abmp@ﬁj@moﬁmﬁi?e#ﬂ?ghrg le)?ﬁﬁi@tgrédhﬁ{ ot he
tri eonpgnen r Vacci ne,_cont ai ni ng. ' 0XOi and pertactin
'(P]Bg)@t V\ﬁ': e Esxl %§££§Eﬁt W%@Ee%f’&argcg OFEI“éﬁ_gI“i"ndeaE’t SHeh ?Ifr;@mtt hﬂé @Tgﬁ of
in ethenpeati five B IPAREYRRicV R E j FYaly) and, F~I =N,
These authors al so reported that *he 10 %@?Iﬁgﬁg%%d% mgtgf:et pepdsiilitance
was dos&UREPdRdtreathénahitingra.al thel emprcince! et individus®s iplfimet sysigRtibcal to
that reporte Qﬁwg.llé%gbgﬁseal. ( 1999) and followed a simlar trend in mce
t

i mmuni sed w t e aroQ nutants in this investigation. Mce i munised with

the aroQ B. p i I elicited antibodi es agai nst the two
maj or Vi ful engltra5 P’%ﬁ?@%’ﬁ%‘ﬁaﬁ‘gﬁ@ 8'5038“%%"% ﬁPE’P?W}%’gﬁ fgempigted ferownever

since tin&ransssland/oninhaltisna pdsbEsERPTRE geidiBallyl BoaliANsL oMy IGananse s

al SR e%oegt.ed to be enegﬁt %d against this protéin as we
mce. The yener STTRATANS i INF A ERSAS envicAtion aee praferablysestdvast Iminbeo o B.

per r ussigeniefd’ eheof I Wt irulent B, rtussigs is clearly
an advang'ts:gge not rersgﬁegg ag?@blﬁgg{“&‘%m %lfh gﬁ"ﬁfe%taﬁ%?c’qt&gé‘“gl t‘é%@’d?@db)hueosal

vacci nePakgsienist siinnmifnBordenatiia. and0rehnedick @AM k) 8hdh bmBosiBEhE rsSSi S,
desi gn rg&ragﬁ)% [.vvi t@ a cBrormsomaI deletion ir! the pertusSis toxin gene
was re?f%)r LY SRANTTY 19 Bedev e Ak middln respirairydiasisry aroidalasiet irogtepFott ect i on
in the adisgranseby (Mhahes | r, the protectio

ob%gr ved was not le,:i val ent ﬁ{f%qﬁ‘eh?twﬁrnrg%ét rgﬁyﬁm&gﬁ,ltgg% E’Sesﬁeﬁ fussi s
(M4l cateBrtically anodifigd Forderdilascanasaufarmishelidciatees! s6108bn aM&B, LAY REAM §iSSi s

t oxin i&gtm@ esscenti al .for, protection, it definitely played an

i mpor t dnt 7618 1 FURFLFRRPPIHE defainhalation ovish rgmissuate. 2lsth wellrko@wiutatite

gener atoedh rtiSft Behilify Whh $nH ' ' d to produce FHA PT and
PRN and aga?ﬁ%:ﬁ cpnstliltut es aﬁwgigrgséaggﬂﬁyggbggﬁ'qu?‘sf’ﬂgt‘ﬂ%&ﬂﬂ%I opnent
and evandder 8¢ dalivarypof énbaiable fmcpirtieleadBicnsiean pitierRpiing o?%&gﬁxotp'l:é?ror

exanpl j ce wi.th the information described herein, It iIs

possr br2 il RETRPIRE MR 9 B Tk er ermions travring 1 he drehaties two
geB@t i ¢atdrnimunlyi, Blteght it REVOIS|y . ' reversion of the

nut ant strajn ty:’) a Wl d-tylpepblﬁe[ﬂ(e)tgf/%g%Ertgmgz{b?é?@tg *83@8% #@"‘f‘ﬁ@“ﬁéﬁar _

t oxi ns MUeEalYagngey figssiaBoutdks ro abdutiddnpliade aymprsae.ofl povderd! SGPQsSi bl e
1O 2T Serob BT ARPHE! Bwer rebfirarly b Rbinglons 10 P& page 145, For imhalation

administration info- the middle respiratory tract (e.g., the oro-pharynx H‘)‘E‘-tvh‘e'méan particle



- -71 antibodies using standard nethodol ogies for treating infections
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15  surfactants include, but are not restricted to, sorbitan triolate and oleic acid. Solvents have

also been used to increase the solubility of the surfactant in the propellant.

For inhalation of droplets, mists and aerosols various devices such as nebulisers or
prgssurised aerosol generators are readily available. In addition, such devices can be
metered to provide uniformity of dosing (Remington’s, 1d.). Chlorofluorocarbons (CFC)

20  can be used as propellants but other propellants that are more environmentally friendly
such as hydrofluorocarbon (HFC) propellants could also be employed and in this regard
reference may be made to various HFC propellants disclosed in International Publications
W092/08447, W092/06675 and WO91/04011.

When providing a patient with live bacterial immonpotentiating compositions or

25  vaccines, the dosage of the composition will depend upon the route of administration and
will vary according to the age of the patient to be vaccinated and, to a lesser degree, the

size, weight, height, sex, general medical condition, previous medical history etc of the
person to be vaccinated as well as the excipient or adjuvant present in the composition. In
general, it is desirable to provide the recipient with a dosage range of from about 10°

30 colony forming units (cfu) to 10" cfu, more suitably of from about 10° cfu to 10'0 cfu
| although a lower or higher dosage may be administered. Most preferably, the vaccine
composition according to the present invention is administered via an intranasal and/or

inhala’lional route anq as part of a single or multiplé administrations” 0 TR
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contacting dendritic cells with a genetically modified Bordetella as broadly descnibed
above, for a time and under conditions sufficient to permit said Bordetella to be
20 internalised by the dendritic cells; and culturing the Bordetella antigen-containing dendritic
cells for a time and under conditions sufficient for the modified antigen to be processed for

presentation by the dendritic cells.

8.1 Sources of dendritic cells

The dendritic cells used in this invention can be isolated by methods known to

25 those of skill in the art. They can be autologous or allogeneic with respect to the subject 'm
be treated. Suitably, mammalian and preferably human dendritic cells are used from an
appropriate tissue source, which is suitably blood or bone marrow. Dendritic cell
precursors, from which the immature dendritic cells for use in antigen internalisation
according to the invention, are present in biood as penpheral blood mononuclear cells

30 (PBMCs). Although most easily obtainable from blood, the pf&cursor cells may also be
obtained from any t:ssue 1n whxch they reside, mcludmg bonc marrow and splecn tissue.

Pcnpheral blood precursors may be purified using monoclonal anllbodxes density



imunity to Bordetella peruussis: role of Thl cells irt bacterial clearance
inamrinc respiratory infection nodel. Infect. Lmriun. 61. 399-410.
Mlls, Kybusfaea200l. Immunity to Bordetella peruussis. Mcrobes |nfect
655 677. Mukkur, T. K. S., G H Mrlowell, B. A D. StocKer'/AWg1as . 1c
Lascell es. Protection against experinental salnonellosis in mce and sheep
by i nmmuni sation with aromati c-dependent Sal nonella typhinmurium J. Md.
‘Mcrobiol. 24: 11 -19. Pollock, T. M,-¥®-Y. Mrtiner, EE Mller, and G
Smth. 19%4..: to o pripmary i i sation with DTP and DT vacci ne.
Lancet, i iéaT%@%Q@’ﬁZ%%aeg&orKﬂy om ‘M[}Rri‘ ©& ,”?W.c' firgpiing frequepey may be.

1993. Ef f dotrieusedi innugusingafli- DigagniWhén BAnfed §f IR RELhUS St %6&%9& El?cgloa{sya
infection in mce is dependent on induction of cell-ned at I nmuni ty.
I nfect. | MARIngien of1 GHI-68Ggandrblndeps ILNBBIs, dexeribed deldw,Ahe RincpriotiNeigng

ME., L : A 2ad, . B.b., A , .E. L., Steip6off,
M C. angs@%‘sﬁé,@eﬁﬁ g@%ol%n%@#%ﬁgcgg#@%qlIlsir?lrgus&f”g bs %@gg'ﬂ‘é‘r doseseinl‘o °

acel l usar pertusgj sgd a1l b i . Pedi ics 1. el-12)
Rober e M. D nckart Rt o ik e RS T P, S deduckuzttdreand
char act er deedritinciélls ivideseribkd Ber Albiesl étaz/,pﬁﬁremibﬁalaPMcﬂlﬂérﬁW@99%9‘5%@5 : ]_F
ftnrnun. 58. 732-739. 1 J13/(tljU U PCT/AU)2/(J1' G- -74Rossetti, T. R
1997. C oﬁ%’ﬁ&esf’ﬁ%’ %\?faﬁsaﬁmma@r@é? e qe S'rjérqﬂ&ﬁgélﬂ-sal(@&g phagooyic ddhisics) .
Uni ver si t yelyf b edhtaifdES TRV . rook, ., ..
Fritsch, a%d 'IﬁWJI\/ani atils. 18;65@1'&%8 e%\ll\%? ?ac}m%ﬁé&l&égﬁﬁ%dsa{%évqﬁgdﬂa‘h,e 2"
ed. Col d Bigeeneg ofisyioines Whinbrrromote theiskiffer@GalialioBpAl saenbiadiRRust, GMN-CYXF and
Saukkgnen . eldos, M .Burr hs, S. Prasad, E. Tuomanea. |991.

(nt egfrnlnln Ir%’égipé?@cf %‘%&14%& ‘?L@H"@FS %gﬂ%éf"é’l"ftﬁ"c Fadnne sels,vipt dritigenmeptophages:
Rol e i n pphagoenricy ot dh@aRsdRn-coln d S ACY - . Si ns, C. P.)
S. ,I. Du ,%t an, M Tacbgdj i an,c J:pcﬁ% yév\}{gﬂ%m CEIS-L&E%déégglpe%ﬁ%pm@ge

St r ugoel | ditfetggationpepricerspotentitgl imohaturetdendatie del uinalids, 1t are not limited
Co~ynebachefri y§ pseudot ubereul osis in sheep. Tnfect. Lntrnun. 66: 474-479.
Stainer, D."W and M J. Scholte. 197I. A sinple and chemically defined

medi um for the i .derel |l a, pertussi;s. ,~. Cen.
M cr obi ol ogy. 3&%&%{%}8ng? f)%rlﬂ's}fzi%%gl ,rgﬁr"e\{i\l | adqtion, 1§ &e egl] iegwironog®, The

constlPuctrrefgrably shectwmrnmedieat, arf ddaidgitietelloinede@of el as MiBN actdds B det eha
pertussfs, <3€ne:l C?0: 133140. Towbin, H., T. Stachelin, and J &r don. 79.
El ect r opMBPeti ¥ ¢ Z4m magecyr Gpeditionsd wadiye andéamyfbetnisdaclgding TNF-c, 11-6,

ni trocel IIPNOS and NEAL )P 29¢ %Pmﬁﬂ&e%gﬁgc&'agl 'cﬁgfohggérlogg rcggéisg?é lrriaypl\)ccad'

3

Sci., USA. 76: 4350-4354. Ve
Const r ucefded &f induonaaiuratiep dMualentioblvag ®el inddde@xn aiiro 2Ry ML Nce,

candi dat i.ns,-del etio tations in the aroA and the aro~ genes.
Vacci ne. %5‘%&&‘%’ E%ld?aé’:&“ﬂ B&&I &ﬂ@l‘aE’.’”&:cPﬁeWPé%tﬁ’. RN@ger pulylQl €Pdé-lizatomr s of
Bor d20 el hacrpge tcdBsi B thﬁnﬁgaﬁet‘féfepég% ﬁ?!i}g:e éﬁ%drﬁ gf égcels%%m %?%P (h'fl'e?nalt\{lonﬁ(:t uf,

P. ~abernehl, J. H Semtt, C.  ~ebsch,
Publication WO 97/29182) who describe methods and compositions for isolation and

maturation of dendritic cells.

Other methods for isolation, expansion and/or maturation of dendritic cells for the

purpose of the present invention are described for example by Takamizawa er al. (1997, J

25 Immunol, 158 (5): 2134-2142), Thomas and Lipsky (1994, J Immunol, 153 (9): 4016-
4028), O'Doherty et al. (1994, Immunology, 82 (3): 487-93), Feamnley et al. (1997, Blood,

89 (10): 3708-3716), Weissman et al. (1995, Proc Natl Acad Sci U S 4,92 (3): 826-830),
Freudenthal and Steinman (1990, Proc Natl Acad Sci U S A, 87 (19): 7698-7702), Romani

et al. (1996, J Immunol Methods, 196 (2): 137-151), Reddy et al, (1997, Blood, 90 (9):

30 3640-364'-;), Thurnher et al, (1997, Exp Hematol, 25 (3): 232-237), Caux er al. (1996, J
Exp Med, 184 (2): 695-706; 1996, Blood, 87 (6): 2376-85), Luft et al. (1998, Exp Hematol,

26 (6): 489-500; 1998, J Immunol, 161 (4): 1947-1953), Cella et al, (1999, J Exp Med, 189

(5): 821-829; 1997, _ygvryre-,frsss_('sazz): 782787, 1996, J Exp Med, 184 (2): 747-572), =~ "



Clerr~eos and M Slaoui. 1996. Pertussis-specific cell~nediated imunity in
infants after vaccination with triconponent acellul ar pert u35| S VaCCI ne.

| nf ect . womsiwnoi@4: 4078-4084. WO t13/CFi(>tt)s -75 CLAI%B

(?42/1)t 7~5~ 1. A genetically nodified Bordetella strai it é(W‘H@”?a("‘parti al
or conplete lass of function in the endogenous aroQ gene and a | ower
capacity to propagate in a mammlian host but remaining viable in the host
for a period of time sufficient to i nddde an inn.nune response agai nst a
pat hogenigh I im, e ca nodi.fie ain of claim
1, wherein ?ﬁggggf%%eﬁ%ﬁ & toélllrgﬁ(lgtg%tl%) Ag’eﬁﬁf’ﬂrféw?p{é{’%ddm'@uno

Bor det el 142 &bUin6413p64&1)0f the genetically nodified Bordetella strain, or
rel ated organism 3) The genetically nodified slrain of claim1, wher ei n
the pat hogeni c Adsmpsivelnt tansfpaned psinimomalBed diendriticQeell iivea mBPHES SR d
bronchi s a ho SII orderel | a parapertussis and

Bor det el ?%5 %ot%g'?sgguqﬁtaggﬁ'gcgaé‘ ﬁxég}p%dmbqq ‘b)ﬂg%&“raaﬁf Al &19%, difixp Med,
wher e n 17%&(§)at§83gE9019. Bordetel la strain is Bordelella pertussis. S. The
genetically nodified strai n of claim1) conprising a disruption in the
endogenous ar 0Q gene.. 6. , The genetically nodified strain of claims§,

wherein t he nonn afddeleincically oduced into the genome of a pat hogenic

strain of 90rdete| | a by honol ogous reconbination with a DNA targeting
construct suchThheamberefageyetidaty rrmcoinﬁaadrweneﬂasemoioybd m&&grlﬁt;g,qah d't”f]
evel

enone t .on, of the ene results in a reduce
and! or ) f%"-ﬁ’???%ﬁg'??%@f“ <8t ;/“'Bf*ei %P@Ca@h% Psrga%a%%ﬂllfm st g@m@nﬁcabny

modi i echrs tricabite® byt BbaBila COMPig §| e clelc geid seqyence
inits genome, or ‘on. an extr ach!r‘d(g?rl)?!;‘g‘rrax’al%r37 Q%P §l Igfﬂs %fﬁérgf% Tof

abol 10s hi Hy mjHiag ﬁ@?‘im@ewlbdwcwmgzbﬂmeforeppmﬁgsltbél dehd e Qeft. H"% bﬁ‘c\{ﬁJrcdand/ or
functi or):?+ %%é x%ﬁﬂ-n 4 s g} elEs ydr o ul nase encoded by aroQ
genetically rn Y FeRPRUB FE Iaé?Wl‘@f domipe iratizay iatwretisgamous nucl ei ¢

aci d sequence n chroposomal el ement, which is
capabl erfgi{ abg:}{agﬁlh%&gpm%g?w 'éje?ezlﬂlfﬁ %g‘quﬁ‘gb%ib?%%i%ﬂwdﬂﬂémwws t he

| evel arelt apefiodhof tiarasufficichy fdr ¥hof coded by aroQ
wherein_the nua.(er [51] %ﬁ;d slequerl ee gmxf%ggghgﬁtﬁg%gg@a porltge%eﬂb"f }IB’FOQ in

t he sen8&“Giary togpfespalise iaprhpresgrit dhe pocesed &okderd/iadseid eﬁpmay be

7 The o ."E‘Z??tﬂ““’ée@a?@%‘“%saﬂ%%h Begiido’ éerﬂﬁfeﬁg.cﬁé%fogwgénéts(

nucl ei cbra wﬂ-ﬁl@qquei i Ondet thegaimmng, 1ige rﬁ@es@&ﬁf&r&gﬁq@@ é"’% &
t he ex%res i on 6 aroQ

whic is vp?ﬁl? ?f abol i shing or otherw se redudcing

or the PEASHAARPEEN PO ARGTT w&ceaﬁ:wmlyed;fa Rrhtocal vl pdnseditnpepaenegded by
aroQ V\&}Q{gb 4 i ORI Ses t 7bo encodi ng

pol ynucl eot i fjueettﬁaféllgsﬁ(r)gﬁgggq i %gcnﬁ PPP%ﬁﬁsi.PfJiﬁ Pé%‘ﬁnﬁ igohe el wall errent ,

wher ei nrecmgnisg md,’g;mpgapehatﬂheéédgw of tidle nEQ:sEHr UBE BNV ?%éngﬁg%?ﬁg % claim

tr cr f the .a ene. 10. The genetica Iy r nod
a%e’ﬁr t'Hga% %%‘t?ﬁen"d ‘ﬁ{eﬂg}’ F aF 3p18ORpY ¥y depengingon uﬂnn:anugm|un¢cat15me.aa¢y one
ot her edfctﬁﬂﬁllﬁglbi"tEEB&@@iE%T!?@arLQ%QerBHE Vﬁﬁyﬁésgamt %.%} ggggl Egaghw)(/w -

pertussis toxih gene) or any other gena
the hostiframamsingtdsndide eellsads taigetsl HICHLs. Othex POMOUNRAWHG PRERRners i THE
geneti qﬂé la}Q %déhfl eddgt raibn of claiml, purE or pur-~
cah detect "the presence of antigen on the surface of dendritic cells after
exposure to the Borderella cells, are also contemplated by the presented invention.
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recirculating quiescent lymphocytes and thereby initiate the T-dependent response.
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asmids

pNEB193 Cloning vector, Ap®, LacZ o New England Bjolabs, Inc.
pUC4K Source of Km® cassette Pharmacia Biotech

pRTPI Ap®, 1psL, oniT, cos S Stibitz, Black & Falkow (1986) -
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| 1og/4| &: () ¢aamino acid componenot/ and mcrcaSmg thgoamo;nt of m'o'p'?s;?&cj;um glEtamatcl to ég/@; g
; lg/ﬁrgf/téll( )(@i‘i%{f{s% QQ%M%?'@ %S%l &)ge@\ler Wl(t])l minimal agar (]D*f@é) with or
without aromatic compounds (aromix), was used to test for the aro phenotype of B.
pertussis or E. coli mutants respectively. The final concentrations of aromix consisted of
40 pg/mL each of tryptophan, tyrosine and phenylalanine; and 10 pg/mL each of
dihydroxybenzoic acid and para-aminobenzoic acid.
All antibiotic concentrations used for selection were as follows: kanamycin- 50

10 pg/ml, sireptomycin-200 pg/mL and ampicillin- 100 pg/mL.

EXAMPLE 2

Preparation and manipulation of DNA

. Extraction of plasmid DNA from E. coli strains or agarose gels was accomplished

using a Prep-A-Gene DNA purification Kit (BioRad). Genornic DNA (gDNA) was

15 purfied from B. pertussis using a BioRad Genomic DNA Isolation Kit. All DNA
manipulations were carried out using the protocols described elsewhere (Sambrook et al,
1989). Restriction endonucleases, T4 DNA ligase and alkaline phosphatase were purchased

from cither MBI Fermentas, New England Biolabs or Amersham Pharmacia Biotech and

were used according to the manufacturers recommendations. The PCR kit used was

20  purchased from Fisher Biotec.

EXAMPLE 3

Characterisation of the aroQ gene

To detect whether B. pertussis possessed the aroD gene from the aromatic
biosynthetic pathway, its genomic library was electroporated into the aroD mutant, £. coli
25  583/90. During these attempts an isolate was found which restored the mutant to wild type
E. coli and allowed it to grow on media lacking aromatic compounds. It was assumed that

the plasmid rescuing the isolate contained the aroD gene.
Restrniction digestion and electrophoresis were used to determine an insert size of
1.5 Kb. To facilitate écquencing, the plasmid was further digested to produce a smaller

30 1.Kb fragment. This plasmid was subscquently named pUSQBord4 (Figure 1).‘Analysis of ©
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10, thfV&'lQ)hEl\A:ol\@erﬂsﬂs mmmdd)mhe)arm &@%N&EA)SB%&%&@ WNGBLYwed that

h& ()- 777[’7R%|”%§SC}SE%¥ZSCSSCC1 1:?‘3 aro) gene similar to the catabolic pathway of the fungus,
Aspergillus nidulans. The aroQ genes from several other microorganisms were used in the

5  ANGIS PILEUP program to confirm the identity of this gene (Figure 2).

Methods

Cloning of the aroQ gene

To create a gene library, the B. pertussis chromosomal DNA was partially

digested with the Sau3Al restriction endonuclease. Ligation was attempted as described

10 elsewhere (Sambrook et al., 1989) with the different sized gDNA fragments and BamHI-
cleaved pNEB193 which had been previously alkaline phosphatased.

The ligation mix was electroporated into the aroD E coli 583/90 by

electroporation using 2.5 kV and 2 mm gap cuvettes to yield a desired pulse length of 6 ms

(BTX ECM 600 Electrocell manipulator, Novex Australia). M9 minimal agar plates

15 ‘supplemented with ampicillin (100 pg/ml) were used to select for transformants,

DNA sequencing
DNA sequencing service was provided by the Australian Genome Research
Facility (Ritchie Laboratories, University of Queensland). Sequences were then analysed at
the University of Southem Queensland using the ANGIS (Australian National Genome
20  Information Service) program. Programs used within this site were the Blast, Mapping and

Pileup programs.

EXAMPLE 4

Generation of a mutation in the aroQ eene

The cloned aroQ gene was inactivated in vitro by double digesting the plasmid
25 with the restriction enzymes NgoMIV and BssHI to remove a large portion of the gene
(300 bp) as well as two BssHI-BssHI fragments (719 bp and 44 bp - see Figure 1). A
kmﬁycin resistance cassette derived from pUC4K was amplified by the polymerase
chain reaction (PCR) using primers with NgoMIV and BssHI restriction ends to create a
fragment éiza of approximately 940 bp. This NgoMIV-BssHI cassette was then ligated into

30 pUSQBord4 to replace the .gene partion removed by digestion: THis new plasmid was-~ "
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plasmid and subsequently re-named pUSQBord8 after confirmation of the correct
orientation of the fragment. This plasmid was then digested with EcoRI and BamHI to
break it into its original components (i.c. the insert and pNEB193) so that the EcoRI-

5  BamHl insent could be moved into a suicide vector.

In order to move the inactivated aroQ gene into B. pertussis, a suicide vector and
mobilising strain were required. pRTP] is mobilisable due to trans-acting factors encoded
by chromosomal RP4 sequences present in E. coli SM10Apir . pRTPI replicates in this
strain due to the presence of the pir gene product carried on a lysogenic phage (Roberts et

10 al 1990). The lack of this gene in B. pertussis provides the ideal conditions necessary for
plasmid suicide, following conjugation. The gene for the £, coli S12 ribosomal protein is
also encoded by the plasmid, which renders the Streptomycin resistant (Sm"®) host Sm
sensative (Sm°®) (Stibitz er al. 1986). The EcoRl-BamHI insert mentioned above was
ligated directly into pRTP1 to produce third plasmid pUSQBord9.

15 | To increase the chance of a recombinant event occurring it was necessary to add a
scaffold sequence from the original 1.5 Kb fragment, upstream from the inactivated aroQ
locus (located in pUSQBordl- not shown). A triple fragment ligation was performed
(Figure 3) to produce a new shuttle vector ready for conjugation. F ollowing electroporation
of the complete plasmid into £. coli SM10Apir, kanamycin resistant (Xm") and ampicillin

20 resistant (Ap®) transconjugants were isolated on LB agar with appropriate antibiotics.

This new plasmid called pUSQBord10 was used to transform £ coli 583/90 to
check whether the aroQ gene had been inactivated. Results showed that transformants

could not grow without supplements of aromix, indicating that the gene was inactive,

E. coli SM10Xpir harbouring pUSQBord!10 was conjugated with B. Pertussis

25 BP304 on CW agar and transconjugants were selected on CW agar containing kanamycin
and streptomyein. It was assumed that B. pertussis transconjugates exhibiting Km® had
incorporated the mutated aroQ gene into their genome, This should have occurred due to a

crossover involving the remaining aroQ sequence flanking the Km® gene.

To venfy that only the donor fragment has been incorporated and not the entire
30  plasmid, Km"® isolates were subcultured onto CW agar with streptomycin to again check
for Sm®. If vector integration had occurred via a single crossover, then the S12 allele on

. PRTPI renders the isolates Sm* (Roberts et al. 1990)." -
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Methods

PCR methods
For the kanamycin resistance cassette PCR, 2 uL of template DNA was added to
48 pL of master mixture (made immediately upon use) containing 5 uL of 10X PCR
5  buffer; 10 pL of dNTPs h(2 mM); 2 uL MgCly (50 mM); 20 pmoles (each) of primers
FORKAN and BACKAN as set forth in Table 2; and 2.5 U of Tag polymerase,
Amplification was performed in a programmable thermal controller (PTC-100, MJ
Resea:ch inc.) with the following parameters: 5 min at 94° C fol]lowed by § initial cycles of
30 s at 35° C, 1 min at 72° C, and 30 s at 94° C; and 30 cycles of 30 s at 55° C, | min at
10 72°C,and 30s a1t 94° C.

TABLE 2

PCR Primers

Primer Name 5’—> 3’ Primer Sequence
FORKAN GTGCCGGCGTGAATCTCTGATGTTACATTG
BACKAN GGGCGCGCACTAGTGTTACAACCAATTAAC
FORQ ATGGCGCAACGCATTCTTGT

BACQ2 GTTTTGAGTTTTCGGAGGTC

Bacterial conjugation
15 The method described by Roberts et al. (1990) was used for the conjugal transfer

of DNA from E.coli ta B, pertussis. Briefly, after 72 hours growth B, pertussis BP304 was

swept from BG agar specifically using a sterile dacron swab and resuspended in phosphate

buffered saline (PBS). The optical density of the suspension at 630 nm was determined and

adjusted to an absorbance of 0.4, This procedure was repeated using E. coli SM10Apir

20 containing pUSQBord10 (see results section) except that growth was swept from LB agar
supplemented with kanamycin.

A mixture of the above suspensions was made at a ratio of 10:1 and 100:1 B.

~pertussis to E.coli cells. These were placed onto sterile nitrocellulose Testing on a

foundation of CW agar and incubated at 37° C for 4 hours, Followmg incubation, growth

25 .was again :swept from each picce of nitrocelluloké and resispendéd as ‘above. Final® '
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aromix were found to have a slower growth rate than that of the wild-type. Mutant colonies

failed to grow without supplements of aromjx.

To investigate the genotypic properties of the aroQ mutant, PCR incorporating

10 aroQ gene primers was used to amplify a fragment containing the aroQ gene with an
approximate size of 500 bp in the parental strain. It can be scen in Figure 4 that the B.
pe}tussis aroQ mufant has a fragment size of 1150 bp This increase in fragment size
approximately corresponds to the size of the aroQ fragment (500 bp) minus the 300 bp
deletion plus the insertion of the 940 bp K" cassette. To confirm this result, the 1150 bp

15 fragment was extracted from an agarose gel and PCR with Km"® gene prnimers was found to

amplify the Km® gene (results not shown).
Methods

PCR methods
For the aroQ PCR, 1 uL of template DNA was added to 49 pL of master mix
20 containing 5 uL of 10X PCR buffer; 5 uL of dNTPs (2 mM);1.5 uL MgCly (50 mM); 10
pmoles (each) of primers FORQ and BACQ?2 as set forth in Table 2, supra; 5 uL 10X PCR
Enhancer (Gibco BRL); and 2.5 U of T aq polymerase. Amplification was performed with
the following parameters: 1 min at 95° C followed by 30 cycles of 455 at 95° C, 30 s at
42° C and 1 min at 68° C.

25  EXAMPLE 6

Determination of the presence or production of the major virulence factors by the aroQ

mutant of B, pertussis

Experiments carried out to determine the presence of the major virulence

determinants including FHA, PT and pertactin, also included in the currently marketed
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Screening for the presence of FHA, PT and the 69 kD pertactin in the aroQ B. pertussis by

S western blotting using specific monoclonal antibodies

Fracrion tested Supernatant Bacterial pellet
FHA + +

PT + .
Pertactin - +
EXAMPLE 7

Safery of the aroQ mutant in vivo in mice

Mice were inoculated with 6 X 107, 6 X 10 or 6 X 10° CFUs of the aroQ mutant

10 microorganisms by the intranasal route and observed over a period of 3 weeks for any
morbidity or mortality. None of the vaccinated mice were found to suffer any ill effects
(Figures 5A and 5B). In comparison, in mice inoculated with 9.3 X 10° CFU of virulent B,
pertussis, the virulent microorganisms were detectable in high numbers in the lungs of

infected mice (Figure 5C).
15 Method

Determination of safety

In the first experiment, a total of 15 mice were inoculated with 6x107, 6x10% or
6x10° colony-forming units (CFUs) of the aroQ mutant microorganisms by the intranasal
route and observed over a period of 4 weeks for any morbidity or mortality. In the second

20 experiment, 24 mice were vaccinated with 8x10° CFU mutant microorganisms and their
clearance from the lungs monitored at 1, 3, 5, 7, 14 and 21 days post-vaccination by the
intranasal route. In another experiment, samples were taken at 2, 4, 6, 8,10, 12 and 14 day
intervals. Sera were also collected from mice in the second experiment for determination of

antibodies and interleukin 12 (IL-12) levels.
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Female 6-8 week old Balb/c mice were mildly sedated with xylazil (0.04 mL) and

20 puL of the bacterial suspension was placed onto the exlernal nares of each mouse using a

mlcroplpctte whereby the transfer from the nares to the respiratory tract of was achieved

via inhalation by the mouse. At specific time intervals, depending upon the type of

15 experiments, groups of mice were sacrificed and the trachea, lungs and spleen aseptically

removed. The trachea and lungs were homogenised in 0.5m] PBS + 1% casamino acids.

10-fold serial dilutions of each homogenate were plated onto BG agar (with aromix when

required) using the standard Miles and Misra method and the number of CFU was
determined after 2 days incubation at 37° C

20 The results presented in Figures SA and B show that the aroQ mutant was

detectable in the lungs of mice up to day 11 post-administration by the intranasal route.

EXAMPLE 9

The potential protective capacity of the aroQ B. pertussis mutant in mice

The potential protective capacity of the aroQ mutant vaccine was assessed in
25 mice, which had received 3 doses of the vaccine, by determining the rate of clearance of a

sub-MMD50 dose (2.0x10%) CFU of 8. pertussis Tohama 1 strain from the lungs,

Method and Resulis

Experimental design for vaccination and challenge

30 A group of mice was vaccinated with either three doses of the mutant aroQ

vaccine strain (1x10%, 5x10% and 1x10° CFU) or the placebo solvent at days 1, 7 and 14 by
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ELISA kits (Biosource).

EXAMPLE 10

Serum antibody and IL-12 response of mice vaccinared with the aroQ B. pertussis in mice

15 Analysis of sera from the safety experiment described in Example 7 revealed that

all mice immunised with the groQ B. pertussis mutant developed antibodies against FHA
and PT (Table 5).

TABLE 5

FHA- and PT-specific serum antibody titres in mice immunised with the aroQ B. pertussis

20 mmetant

Antibody titrre against

Day post-immunisation FHA PT
1 >50 ND*

3 >50 ND*

5 >50 ND*

7 >50 >50

14 >50 >50

ND*: Not detectable at a dilution of 1/50 of the serum sample
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5 immunisation (data not shown). It is clear, however, that three vaccine doses are required
to gencrate a significant anti-B. pertussis IgA and 1gG in the lung homogenates although
vaccination with one dose was sufficient to initiate the induction of the serum IgG response
(Table 6A),

10
TABLE ¢4

Antibody titres against whole-cell B, pertussis Tokama [ in pooled mouse samples

Schedule: Lung homogenates Serum
IgA IgG IgA IgG Polyvalent
7 days post 1 vaccination 0 0 0 11 25
7 days post 2 vaccinations 0 0 60 167 125
7 days post 3 vaccinations 240 52 80 650 600
14 days post 3 vaccinations 640 84 80 779 1280
21 days post 3 vaccinations 960 974 800 >1067 1625
28 days post 3 vaccinations 320 ND 460 >1067 >2560
15 days post 3 vaccinations 2080 ND 320 >1067 825

Values represent reciprocal end point titres
15 ND = not determined
It can be seen from the Table 6A that the titre of the antibodies of the IgA isotype
was significant in mice immunised with three doses of the attenuated vaceine post-

challenge with virulent 8. pertussis.
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SI["!$/ %A -4TPn] #n [ 9@ L00m ] FN& (T - T FEOTRR C ) = mW =
IgA IgG IgA IgG

Days post |lcontrol | vaccinated {control| vaccinated || conmrol | vaccinated | control | vaccinated

Chaillenge | mice mice mice mice mice mice mice mice
-1 0 >1200 0 990 0 29 0 >960
2 0 1200 0 2550 0 21 0 >960
4 0 1200 0 1190 0 251 0 >640

6 0 | >1200 | o | >1270 | o0 213 0 >640
8 0 >1200 20 >1270 0 253 0 >640
10 1200 >1200 70 >1270 17 157 133 >640
12 ND ND ND ND 101 79 160 >640
14 1200 | >1200 290 >1270 77 93 >960 >640
16 1200 >1200 630 >1270 29 65 >960 >640
21 >1200| >1200 630 >1060 37 39 >960 >640
30 >12001 >1200 750 >1270 37 237 >960 >640

5 -1 =pre-challenge
Values represent reciprocal end point titres
There was no antibody response in control mice post-challenge until day 8 post-
challenge (Table 6B). HoWever the IgA antibody titres in the lung homogenates versus the
serum IgA titres of vaccinated mice were significantly greater at all intervals post-
10 challenge. Furthermore the IgG antibody levels in the lung homogenates could be
considered to be at least at the same level, if not greater, than its serum IgG antibody
counterpart.
On the other hand, mice vaccinated with an acellular vaccine (DTaP; [nfanm'xm)
showed no IgA production with only small amount of IgG in the lung homogenates but
15 with significant amounts of IgG in the serum at day 28 post-immunisation with 1/10™ the

human dose at day 1 and 21 (data not shown).
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polyacrylamide gel electrophoresis) was carried out. Determination of IL-12 was carried

out using a commercial kit (BioSource, Australia). The level of 11.-12 was accomplished
using commercial kit (Biosource, Australia). The anti-IgG and [gA antibody titres against

killed whole B pertussis cells were determined using a standard indirect ELISA assay.

10 Determination of the presence or production of FHA. PT or Pertactin

Determination of the production of FHA, PT and pertactin by the mutant strain
was carried out using specific monoclonal antibodies by western blotting essentially as
described by Towbin et al (1979). Brefly the aroQ mutant of B. pertussis was grown in
Stainer and Scholte medium for a period of 48-72 hours and subjected to centrifugation at

15 4000xg for 10 mins. The supernatant concentrated by pervaporation and the lysed bacterial
sediment subjected to SDS-PAGE followed by western blotting. The blot was developed
using monoclonal antibodies against FHA, PT or pertactin (obtained through the courtesy
of CSL Ltd, Parkville).

EXAMPLE 11

20 Determination of the interleukins IL-2 and INF-y in the antigen stimulated splenocyte

culture supernatants
Both the interleukin-2 and interferon-y (IFN-y) titres were determined using a

Cytoscreen Mouse IFN-v kit (Biosource Intemnational, Camarillo, CA). The procedure was

conducted as per instructions. A standard curve was plotted from the standard data, and

25  interleukin concentrations for the splenocyte supernatants calculated. The anti gens used for

stimulation of the splenocyte cultures were chemically-inactivated pertussis toxoid or pure
filamentous hamagglutinin (FHA).

The results presented in Figures 7 and 8 were obtained from pooled spleen

samples from both the control and vaccinated mice pre- and post-challenge. There was

30  significant production of IL-2 following challenge at days 10, 14, 21 and day 30 post-

challenge with PTxoid. There was also a significant production of IL-2 at days 10 and 30
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microorganisms (ranging from 10°-10* CFU per mouse) from the lungs of mice vaccinated
with 3 doses of the mutant strain by the intranasal route. This strain was apparently
considered to be unsuitable as a vaccine candidate because of its complete disappearance

25  from most i;mnunised mice by essentially day 4 post-aerosolisation into the lungs.

The aroQ mutant generated in this investigation was found to survive in the

reasonable numbers in all vaccinated mice at least until day 11 and in some mice until day

12 post-intranasal instillation. Challenge of mice immunised with three doses of the aroQ
vaccine resulted in complete clearance of the virulent strain at day 6 post-challenge. The

30  number of challenge microorganisms administered to mice in this investigation was nearly
500-fold higher than the aro4 mutants lodged in the mouse lungs in experiments

conducted by Roberts et al. (1990). Since the challenge dose administered to mice by



10968 () -3 K 1098& ()-3 gl0%$g& ()- =9][1vU4 y%LO%' 0& ()-# £10% " : & ()-

Slo/?/o':(z&'()- 10%':()&'()9 Y210% +& ()- S10%':& ()- 9 KL|[: -410%ny

X 1000& (WOWNIELO% $& ()-° . y9a0%' ' u& ()-# Oyva0% & () - #« chqu/p,

Zy%d0% & () - #LMN x}aa@10% n | ' 109N N& () - ' 109K X& ( .

110% ' : & ()- 910% ' : & ()-10%0%ev% [ @10% ZY%40% ' : & ()- Y Z°/<10% & ()

Z940% & ()- ,10%': & ()- G &10%& ()- f%élO% & ()-wiM [NA410105$105$105$

8) 1096%$& ()- !p8) 10%"$h& ()- OB. %0%&'{)-s gi %40% & () - S $
GL0% ' : &

Tooker () “oaar i (P20 e et Sishton e i S8 b e R gieh o
F( 10984 ()CO'Y!PUF(WM &a(a) with thﬁ(sl(l%m@&ﬁ@se et dl. A0%998Ed Yeported that 11(13:

" : " 109 9 - 11098 V&
0% M () ragh mage of Adfritslar s 6had e%aﬁwﬁgaﬂ%‘é‘ﬁfgmm@> i this
f 109M M&' (jhvesfig Q{Q)ﬁMxJ\/& b@)ttr ﬂeﬁk@o@@ o(&noﬁlxn Z‘%g‘% % E ﬂﬁ}] Q]L{(iﬂ%ﬂ }?/éf??’}

&' 1098 M&' () - - TT109M ME! (
1090 ME ()methpd uwmmoeer@.sowm&/&(l@?m 1nYg QPP N, f{om the Bordetella Laboratory,

Pasteur Institute and SmithKline Beecham Biologicals (Guiso er al. 1999) reported that the

tricomponent acellular vaccine containing FHA, PT (Toxoid) and pertactin (PRN) were
significantly superior at clearing bacteria from the lungs of infected mice than the
_bicomponent vaccines containing FHA and PRN. These authors also reported that the

10 efficiency of bacterial clearance was dose-dependent. The bacterial clearance pattern was
almost identical to that reported by Guiso er al. (1999) and followed a similar trend in mice
immunised with the aroQ mutants in this investigation. Mice immunised with the aroQ B.
pertussis mutants also elicited antibodies against the two major virulence factors, FHA and
PT, tested in this investigation. However since the aroQ mutant also possessed pertactin,

15 an antibody response is also expected to be generated against this protein as well in
immunised mice. The generation of CMI response in mice immunised with the aroQ B.
pertussis before or after challenge with virulent B. pertussis is clearly an advantage not
reported previously with ény other live attenuated mucosal vaccine against whooping
cough.

20 An attenuated strain of B. pertussis, designated BPRA, with a chromosomal
deletion in the pertussis toxin gene was reported recently to be successful in producing
long-lasting protection in the mouse model (Mielcarek er al. 1998). However, the
protection observed was not equivalent to that induced by the wild-type B. pertussis
(Mielcarek ef al. 1998). This result indicated that even though pertussis toxin was not

25  essential for protection, it definitely played an important role in protection against
whooping cough. The aroQ mutant generated and tested in this investigation was found to
produce FHA, PT and PRN and as such constitutes an ideal vaccine strain for further
development and evaluation as a potential vaccine against whooping cough. For example,
in accordance with the information described herein, it is possible to construct a vaccine

30  strain that not only incorporates two genetically unlinked mutations in order to prevent

* reversion of the mutant strain to a wild-type phenotype but also to detoxify the major

toxins such as pertussis toxin and adenylate cyclase. It is also possible 1o raise therapeutic
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present pre-challenge) indicating a Th1 response;

* IL-12 induces the synthesis of IFN.y, induces growth of Tc¢ and B cells and

activates NK cells;

. IFN-y produced by Thl cells is a potent activator of NK cells and macrophages and

10 is necessary for clearance of B, pertussis from the lungs; and

* high levels of the IgA type antibodies in the lung homogenates and significant
production of interleukins 2 and IFN-y, the use of the attenuated vaccine strain

appears to be an ideal potential vaccine against whooping cough.

The disclosure of every patent, patent application, and publication cited herein is

15 hereby incorporated herein by reference in its enlirety,

The ctitation of any reference herein should not be construed as an admission that

such reference is available as “Prior Art” (o the instant application

Throughout the specification the aim has been to descrnibe the preferred

embodiments of the invention without limiting the invention to any one embodiment or

20 specific collection of features. Those of skill in the art will therefore appreciate that, in
light of the instant disclosure, various modifications and changes can be made in the
particular embodiments exemplified without departing from the scope of the present
invention. All such modifications and changes are intended to be included within the scope

of the appended claims.

25
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10. The genetically modified strain of claim 1, further havifig a partial or complete loss of
function in at least one other endogenous gene selected ffom a pur gene, another aro gene,

a pertussis toxin gene, or any other gene which contrjbutes to survival in the host and/or to

bacterial virulence, or a combination thereof.

11. The genetically modified strain of claim 1, yherein the pur gene is selected from purd,

purE or purH.

12. The genetically modified strain of clajm |, wherein the aro gene is selected from aroA,

aroB, aroC or qroL.

13.The genetically modified Bordetella strain of claim 1, comprising at least one
exogenous gene which is capablg of expressing an antigen that is heterologous or foreign

to the Bordetella strain.

14. The genetically modifigd Bordetella strain of claim 13, wherein the heterologous or

foreign antigen is derived from a pathogen that is unrelated to the Bordetella strain.

15. The genetically Jhodified Bordetella strain of claim 13, wherein the heterologous or

foreign antigen is derived from a pathogen that infects by the mucosal route.

16. An isolated/polynucleotide comprising a nucleotide sequence that comesponds or is

complementAry to at least a portion of the sequence set forth in SEQIDNO: 1 or3.

17. The
sequenie identity to at least a portion of the sequence set forth in SEQ IDNO: 1 or 3,

lynucieotide of claim 16, wherein the nucleotide sequence has at least 70%

18. The polynucleotide of claim 16, wherein the nucleotide sequence is capable of
bridising to at least a portion of the sequence set forth in SEQ ID NO: 1 or 3 under at

least medium stringency conditions,

19. The polynucleotide of claim 16, wherein the portion is at least 18 nucleotides in length.” =



7
\J

WO g3re6eres PCT/AUG2M017

-77 -
20. The polynucleotide of claim 16, wherein the portion is a biologically activé fragment of
the sequence set forth in SEQ [D NO: 1 or 3.

21. An 1solated polypeptide comprising an amino acid sequence that cor esponds to at least

a portion of the sequence set forth in SEQ ID NO: 2, /
22. The polypeptide of claim 21, wherein the amino acid seque/nce has at least 70%
sequence 1dentity to at least a portion of the sequence set forth i?/SEQ ID NO: 2.

23. The polypeptide of claim 21, wherein the portion is at least'6 amino acids in length.

24. The polypeptide of claim 21, wherein the portion is a,biologically active fragment of
the sequence set forth in SEQ [D NO: 2,

25. A nucleic acid construct for disrupting an aroQ géne in a Borderella cell, comprising:
a) a non-homologous replacement portion; b) a firs{ homology region located upstream of
the non-homologous replacement portion, the ?z‘st homology region having a nucleotide
‘sequence with substantial identity to a firs’ aroQ gene sequence; and c) a second
homology region located downstream of tife non-homologous replacement portion, the
sccond homology region having a nucléotide sequence with substantial identity to a
second arof) gene sequence, the sgcond aroQ gene sequence having a location
downstream of the first aroQ gene gequence in a naturally occurring endogenous aroQ

gene of the Bordetella cell.

26. The construct of claim 25,2 erein the aroQ) gene comprises the sequence set forth in
0

SEQ ID NO: 1 or 3 or a vanant or derivative thereof,

27. A vector comprising a gucleotide sequence that corresponds or is complementary to at

least a portion of the seqgence set forth in SEQ ID NO: 1 or 3.
28. The vector of claind 27, wherein the vector is a DNA targeting vector.
29. A host cell contdining the construct of claim 25 or the vector of claim 27.

30. An antigen-§inding molecule that is specifically interactive with the pdlypeptidc of
claim 21.
31.A method for producing a genctically modified Bordetella strain, comprising

introducifig the nucleic acid construct of claim 25 into a Bordetella cell under conditions

at the nucleic acid construct is homologously recombined into the aroQ gene in the
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genome of that cell to produce a genetically modified Bordetelly cell copftaining a

disrupted aroQ gene.

32. The method of claim 31, wherein the genetically modified Bordetelljéll containing

the hemologously recombined nucleic acid construct is further characteyised by expressing

reduced or undetectable levels of aroQ.

33. The method of claim 31, wherein the genetically modified Bordetella cell lacks the

ability to produce a functional 3-dehydroquinase encoded by said aro( gene.

34. A composition, comprising the genetically modified Bordetella strain of claim 1,

together with a pharmaceutically acceplabie carrier.
35. The composition of claim 34, further comprising ag adjuvant,

36. A composition of matter comprising dendritic/ells which have been exposed to the
genetically modified Bordetella strain of claim Yfor a time and under conditions sufficient

to express a processed or modified antiggh derived from the Bordetella strain for

presentation to, and modulation of, T cells
37. The composition of matter of claim 36, which is in the form of an in vitro cell culture,

38. A method for modulating an imphune response, comnprising administering to a patient

in need of such treatment an effe ive amount of the genetically modified Bordetella strain




