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relates to genetically nodified Bordetella 5 strains, which have been
attenuated by disruption or inactivation of a gene encoding a netabolic
protein, specifically a gene encodi ng a _prot ein necessary for the

bi osynthesis of aromatic anmino acids, and nore specifically, the aroQ gene
t hat encodes a dehydroqui nase enzyne. The genetically nodified Bordetella
strain of the presenpEFEETIVE ENTHETES WD USESTHEREFORpPagate in a
manmmal i an host, but remains viable in the host for a period of 10 tine
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pat hogeni ¢ Bor dgyeiDROForREANVENTIONE present invention, therefore, also
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detecting and isolating variant aroQ genes and expression products.

Bibliographic details of various publications referred to by author in this

specification are collected at the end of the description.

20 BACKGROUND OF THE INVENTION

Whooping cough (pertussis), a respiratory disease caused by Bordetella pertussis,

accounts for more than 300,000 deaths annually worldwide (Galazka 1992). B. pertussis is

a non-invasive pathogen which localises to the tracheobronchial tree and produces a large

array of potential virulence factors, which may play a role in the pathogenesis of pertussis

25 (Weiss and Hewlett, 1986). A killed whole cell pertussis vaccine, generally given in
combination with diphtheria and tetanus toxoids, has been available in many countries for

over 40 years, and while its use seems to control pertussis epidemics, concerns over the
reactogenicity, ranging from high fever, persistent crying, pain at the site of injection and
possible existence of acute encephalopathy (Baraff et al. 1984; Pollock et al. 1984;

30 Howson & Fineberg 1992) led to the development of acellular pertussis vaccines. Children

under the age of two and up to the age of five years are extremely susceptible to whooping



-2- cough, however, the recent concern that young adults (vaccinated during
their childhood) wth waning imunity agai nst whoopi hg nay serve as a
reser voi rwbas/o6dies pat hogen, and thus may be passing it oRCTOULE1768
children, have stinmulated interest in the devel opnent of an alternative
vacci ne which can al so be used safely in the adult popul ation. The
protective 5 efficacy of the acellular \{%C_Ci ne has been the subject of
controversy, however. Apart from the controversy on the efficacy of the

acel | ul ar \aggh, hewelEraie, reé@t ebiicerre fat Y ournppadlts vagbinagdtdding hadir sldtdhous)
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pertussis, may depend upon acquired cel [-nmedi ated resistance and activation

of macrophages RythbugtetHeaxact dahrdlof ymmuaily agdigst infeytigh oigit & perbisad fzestill
cytokine, interleukin 12 (1L-12), a heterodi neric. cytokine, produced by
nonocyt e/ mBeY 67RRISELY Apderstood, apmak expgrinants arex PROXHIRS IRGHEISHIRSBVIRNCEViPgly of
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These findings suggest that protection against facultative intracellular pathogens, such as
B. pertussis, 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 increase activity of natural killer (NK) cells, has also been
reported (Manetti et al. 1993) to shift the cytokine pattern of the CD4 cell types from a Th2

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

Redhead et 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 vaccine. This finding was
attributed to the induction of Thl-mediated cellular immune response by the inactivated

whole cell vaccine and Th2-mediated humoral immune response by the acellular vaccine.



-3- These findings were contradicted by Zepp et al. (1996) who reported the
i nduction of both the hunoral and Th 1 -1|ynphocyte-nedi ated cyt oki ne
profil es.whbseeriexent | y Cant haboo et al. (2000) conpared rhe/Awoeoras and
cellular inmune responses of mce follow ng vaccination with the killed
whol e cell pertussis 5 vaccine (WV: DIPw) and with DraP and reported that
the DTPw, although inducing a |ower anti lgody titres to the pertussis toxin,
fil ament ous haenaggl utinin and pertactin,® was nore effective in activating
macr ophagenagdinBigs Weretetitddied@by Zepiwedall (1996) Whe ajpekted the iabadtoang®otnd
bacterial lung cl earance experinents than the DTaP. These authors

suggest ed thehuneespl andeldil dysphpediermediptedesytoking prafilesuci al role in

elimnating bacteria 10 which escape hunpr def ence nechani sns., I n_the
devel opnent of y%‘?f? n’@%elﬁ]gapﬁ%%‘al?fﬁ’n%t iaprt @@b I‘i?l“&’tare&atﬂﬁoé@ﬁ@”;uw lehﬂar
Sal monel | aiﬁ&%@é%@ﬂ%ﬁﬁ f64d BIRRAAL Saccibdrth BithARUAAE VAR AP pRHERAS

ar oA-i nacti vat murium and” aroD-1nactivated Shigella flexneri
have begn dewdho(¥dVami Hvouad with DEfaPrandatportet thatathe Ay, dthdugle indupmgiaat ed

i mune responses,. ich are protective in 15 nouse nodel s.and, t he t.arget
speci s ( MiRRGankbody gl T8 DRTRES einy BB RGOV BRIt B0 Petfpgtin,
i nactivati gihQlefRcBaN il &Hkﬂgntg?ﬁﬁé‘robﬂag‘ég_%ncﬂ’i%&_@%%leétmtas! j88g% fndinfAcerebral

attenuated phenotype wtr ective stinulation of anti’body and
cel | - nedi atchaldngenand begpuaisbmgi sleaaere rexpérymerds thsn rthp oPdaBb Tdeseo agthiesr

pat hogens. For e |l e Ro(?e ts et a .mélg 0 devel oped an. . . .
aromati c- déb@?ﬁ@ﬁﬁgﬁuf%' o {ESA{}I“B‘?HIE’. ¥rﬁ@%§i %r?mglufoq? {in imipafing, bacieria
per si S‘q020v&}ﬁc}{&@aﬂeqﬁﬁﬁ)rgfde[@'rﬁgn{e@ﬁa@gﬂly a short period of time (4 days at
reasonabl e nunbers) thus casting doubt on its ability to stinulate the

cel | -nedi at ed i niunhd Yelelddment afuvdceihe @gainktomgny dstriceljular pathoersnsuchhass
result was unexpected, given previous reports regarding the success.of the
ar oA nut antSalronsle sperias|and Sfizella sPeaigs Hus pttenyatedvacqiass suglygs aradipretivatad

al . 1987) - ECLf - ; ggvﬁg’twg,ﬁ L S 1of
Shi gel | a S%ZQ?) gr;hH% m%lﬁ&leho\g%g‘%ut?gm%@}gg%@e}? L@%@c@%ggeﬁﬁan t he aaggtgaléecfé)ti on
mut ant s of stilm@lasabeths peibiody an( el lnmediagd Linmalrer gpsfi@8ds, . whioh daa¢ eorotet¢tivieas not

been possible to ipactivate any specific gene qf rdetella. stra o]
per mi t?§ he “ﬂﬂ”é%l&’&‘t({égsna@f %e iSPEFISY Flﬂg"tr_tf’étaq'i éggjl g %Erqd@age@dby at
a very | owydyrel, thelinh&ifafles bf a%qnicnﬁa& oBf¢ & SfeSpditbelnd1084ds 19 RM BN t O
all ow the induction of a host- 30 protective inmune response, particularly
cel | - medi apbendtypeuwith effest@e03inQ8 & ido PETibad)) 2nd 76 edht<HUMNRE CEpAHSEs is
| NVENTI ON generally not extrapolatable to other pathogens. For example, Roberts et al. (1990)
developed an aromatic-dependent mutant (aroA) 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 aroA 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.



In work [eading up to the present invention, the inventors determ ned that
B. pertussis contains a gene with am no acid sequence honol ogy to the

ar oQ encowed3Beo1dehydr oqui nase enzyne of Actinobacillus plPelraapaeusdni ae,
whi ch has been reported 5 previously to have honology with the eukaryotic
genes in the quinic acid catabolic pathway of Aspergillus nidulans. Even
t hough the sequence of this gene indicated its involvenent in the
catabolic pathway, the inventors discovered that it rescued an E. coli
aroD nutant and that it, therefore, was capable of functioning in the
aromati ¢ am no asUMMAREOF TEE INVENTI®N of B. pertussis. Further

i nvestigation also confirned that B. pertussis 10 did not contain an aroD
gene, suppda twank leddmgcuplct@pine pm¢ntt1hmmowaﬂleanw;ntm aletremancdethe0Bi pgrtessis

3- dehydr oqui nase in ertussis. It was als Seover eg t hat nacb%i/:%l on
of the ar§0M@Bhedi §e’}§f f"é‘gl NP 1 agifdy SRARSPES %@?t'ﬁs P ni ng

its capaci yyn oqiﬁﬁdavleﬁmne %@t&tﬁab@am dﬁgurdpmz&@s\pﬁ@ﬁ%@&eﬁ reported
cel | -nmedi ated i mmune response. This ing is surpr|5|ng|nthellght of

a previ bus pravpmsty mﬁbwmgomhhugydwltbtthgraukaryatmcgenfrﬁ 115 s quined acide eatabalic
pseudot uber.c Iomz resul. s |n pyer at t
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di sease SYMmmnﬁﬁpﬁl@cba%ormgatmraynﬂleswemdi»s dizesRpets tHay MRadRAiahi B doBLA)
in sheep. By contrast, the aroQ nutant of B. pertussis is not too highly

at t enuat edaeai nrans and ghaniss thegaforcaws oaable offunetioningeinthp aramatic amjae asid
\/\hoopl ng C?h‘%{m@?} a(ﬁ(l:or datn %ﬁt}s tPJ?J%&Qi 1§§eeslt}%atio% éo%rﬁrme&t a% Bzgertus is

predi ct ed PRER Vd aro o enic ral

Bor det eb | adiwoubd cadtsia axf:@?dzergehéles@@mm@r meecfdana thIthufere tvm Glg st gene
invention provides for the first time genetically nodified Bordetella
strains of epeediggedrdehysiroqiinase Hup. par(ssipdbanslse ﬁlﬁﬁ?‘é"de%g}lat w@mﬁpn ghthgr

| nact i vati gp, rg%er?e 3 EBeCRILC Bdit tefudin g‘% g:?%h?s fPstt%tQ?nrgfté t@ﬂ &Y oY stfn@GRe

encodi ng a el n necessary eslis o am no aci ds,
and nore BBthmr atntlbudl)armmuné hsSpmSe @nd artelltxhahate@dﬁmme trespoiised @hysoﬁmhwg Base
enzyme. Accordingly, in one aspect of the present in ent| n reis.
provi ded aSYBHERECH 1the g oI 11 MEYIQHS enep%ﬁs%hoailﬁgh P?. grodhyin

conpl ej¢ | %ﬂ@gajtm?&doﬂ%bte%l AARGEROHS ova M algq?fgﬁl @'ﬁﬂnﬁné PGY ?C' ty

to propagate’in a I'an host but renalning Vi host o
peri od of themabysufakingi et récombiiut etram ummmablerafs[aom@na@algmst ehepdtslamgenl C

30 Bordetella strain, erably a natural hogeni r.det el
Sountr e o St BY BieSraront Seiin; siotenaP LA (ChAdin shesp. By cantgast
organi sm {3 cﬁ-errﬁﬁtﬁﬁtrcﬁ% %@m?s@&s”i? Abt tob ﬁh?glﬂlﬁﬂt?énh%h ladd hERQif e §t"tr'éé’ti% as

conprises a disruption in the endogenous aroQ gene. Suitably, the
di sr upt i onaNascitxeendidateragainstedhaoping cough.donosredarice avifhahé prpsentanention, it isf

Bor det fd | appe\éicYga tgg’t/ tge6 Pnla(é)t?va%corg/ '%aro ingtger pa?hogenlc strains of Bordetella 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
aroQ gene and a lower capacity 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 aroQ gene. Suitably, the

disruption has been introduced into the genome of a pathogenic strain of Bordetella by



honol ogous reconbi nation with a DNA targeting construct such that the
targeting construct is stably integrated in that genone, wherein the

di srupt i owomB/06tes aroQ gene results in an inability of tRrReTgdaneniosal |y
nodi fied Bordetella strain to produce a functional 3-dehydroqui nase or
detectabl e | evel s of the dehydroqui nase. In an alternate enbodinent, 5 the
genetically nodified strain conprises an.exogenous nucleic acid sequence in
its genonme, or on an extrachronosonal efenent such as a plasmid, which is
capabl e of hoRBRIgb&iré@ntHinAldAetwhse DRAUGAraetiid Q@ofytRicesationhef (e eaingt he
| evel and/or functional activity of the 3-dehydroquinase encoded by aroQ
Suitably, terstigicisesteblydnigeepteduianibat senoms jveeseintthe dissyptionyof thecfh*OQ/ g0 Q
in the sense pr.anti - [ j I1ChR I ' a
transcriptﬁgﬁg H%%%#?Jﬁﬂiﬁgﬁéﬁ§&£§}¥ggﬁg |9&%3?3%%%5ﬁ§§ﬁ§'%%%%%gﬁﬁgggggnce
conpri ses 3-dehbdroyiiasersaidteapbleokyels of getdetigdrofainases e nidrhyte lentblodiindny, a
transcriptional control elenment, wherein the ribozynme specifically bhinds to
or ot he?wi the genstiepllc mrodpid, SEAIR  CORYUTSESD 12N oFXABRROUST BRSIe rAsId [SeruenEe Bty
aspect, th ent 1 nventi 3 et i : umﬁ%f'e

Bor det el | agglﬁngef, nd}a%d %ir{ o%gagﬂgégggr[ﬁgg%@lg%gv%cgg%pé ipgi?snméa’at eafgt 8 %%é of
exogenous gesishinghérchtheiwisapalbtiag ahe expressai 0f aary) amtthgdevel had/or Sunctional

het er ol ogous. qr forei tg the Bordetella st n.. This enbadi nent is

parti cul ar P VEes thefﬂaehyﬁ@qa&aﬁ@ﬁn?ﬂdeii Sk CeHEb itl??gn@"dﬁﬁﬁ’éf Bgagfiace
agal nst !J“E&hgxg&g zgaltsgk‘?gaepértioﬁ‘ccﬁo&;@'g]%}’the tsBRseN6H GRIPIERE WhichfatibR! Whikh is
antigen is preferably derived froma pathogen that is unrelated to the

Bor det &0 | aop¢ralaliynlisled, to 20 tramscapporel evontrd! eidnoctit. méviternativel yp dhéogeleid sicidne
that infects by the nucosal . route. .wi ||, be apparent .fromthe.foregoing,
the. st ruct USRI CaEHERCb rPATPGEN PG PERRIRERIRL TR sBaebls snfER o,
the producth@Rrigfioddl@ofeseiibmat! WheRsH HieeHbadyhRNHRERRallPOI- 6| dravtRdrivadens
of the present Invention. Accordingly, in another aspect of the present

i nvent i on irtiemnets withoy toanserent odihei arolgenel pol ynucl eoti de conprising a

nucl eoti de sequence 25 that corresponds, or is conplenentary to at |east a
portion of the skyaditaedsaspesto thepresentpayventionngontemplates 2 genetiegllyemoditied
enbodi nent 0 I i 1S n t.fo i I D
NG 3, 1 BRREIROH s tbadls EOFOARE En BT EOIEE oreCbldhent B

| east 50% whipheib eapdbleyobéxpressiag ah @dkigemthet isthefeeslagdug catforlegmsto tHO Bordvndile
preferably at |east 800/?1' even 30, rrgi%]; pf@% erably at .| eagt, 90% and . still
even nore PFrarerBis ymapdimensiis pagicubily, usprsk, foygti ofesighoPs dRRIMOBOERRIME: v
to at |eas : 1.0 t ugnf tAf hn B d forgien! N
anot her en%%ﬂ?%ééd,s fg %agﬁs\t/al??gaggi Eﬁcg%egg'l é c%?ﬂd%%¥,i [ gn %\g oltﬂcg)gogt ?{aa%%gg
portion of aftigen ispopfieraldg dsBved foorh la pathogEtHaDisN@relited to helfmtdereldt stransand,l ow

Stri ng%'l Cyinca? Srdelfér}e rgﬁbo\(/i\lgngn:%,/ tge6 8&%‘( gge'?xcg{nfét %{ i(I)l e7c?s8by 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 aspect 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
ID NO: 1. In a preferred 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: 1 or

3. In another embodiment, the variant is capable of hybridising to at least a portion of the

sequence set forth in' SEQ ID NO: 1 or 3 under at least low stringency conditions,



-6- preferably under at |east nedium stringency conditions, and nore
preferably under high stringency conditions. Suitably, the portion is at

| east 18 woaBmatiddles, preferably at |east 25 nucl eoti des, PCFNU®2pt®8 er abl y
at | east 50 nucleotides, even nore preferably at |east 100 nucl eoti des,
even 5 nore preferably at | east 150 nucl eoti des, even nore preferably at

| east 200 nucl eoti des, even nore preferably at |east 300 nucl eoti des, even
more preferably at |east 400 nucleotidesS, and still even nore preferably
at | east SP&fé}my%uad@tslehﬂ rhé&deth strifefé e eaddlitions, bl nfod¢ bieferably wnder high

bi ol ogically active fragment of the sequence set forth in SEQID NO 1 or
3. 10 The SriggéncyrconditigBse enzyne encoded by the aroQ gene of the present
invention is useful inter alia in the _desjgn,of i opotentjati .
conposi tions or PBahdIPOHAR I Weaséflgé‘r‘l‘f’legﬁﬁlﬁsbp 3 yr%heé’éh#énl‘ﬂg‘?tldgf’e

I nteractivg, %‘gfﬁmg a?reﬁf%@nuwebt@despaah thdpe pfetferhmg%@lqagtm 0dGueROLAS, ERh
aro@Q nutants ordetella or for detecting or 1so6lating variant 3-

dehydr ofjui mase peafiergblysat 1ddstid 50 innclyetideanetdnemomspreferatiy at heasp?2 @k engleotides,
invention there is 15 _provi ded an_isol at ed, pol ypeptide ¢ | Si a 1 No
aci d sequeft&® {14f WB@F@E&&M]@ L3 nu?%a‘g?é%a ‘%g’i’tli“BW Bfe(%%?éféfys égﬂ‘éﬁgeﬁ?et
forth in SEQILAIE ard stifildvieRBhote prétBraBlY ROeRE iS00 IREMEMER ih et WPrefibly,
havi ng at |east 50% preferably at |east 60% nore preferably at |east
70% even tierertoreiser bblogically hetivstfragmugnt e the saguance petdbrh ab SFQalD Néhdtoro0v,
and still gven nore preferably at |east 95% 96% 97% 98% or 20 99%
sequence identity to at |least a portion of the sequence set forth in SEQ ID
NO 2.,5uitably, i i 1o i f : . | east
10 am K5 aci ds. " Thos <RBldpluisP otbyrh 8ot B B e oP i SERL thy Bhich

pr ef er abl yisaisefukagtr dih mnthe design ASimmavPotenbattngoaippsitiohy oafor tleamodadioam no

acids, even _ nore preferably at least 70 am no acids, even. nor referably
at | east 100aniigepdindingmolgsyledhat are é%rﬁctﬁ@r%lﬂpﬁ@f ERZyBIey ngeCh %@4 gagbh%{% no
25 acids i : -a h ' [ ' i qal: i }

f ragnment o?’ tE ﬁg&gg%]u@;?g@e?wa E)Sr ﬁﬁ%\&éé%% IIO% %ﬁbgkﬂ%%? ng(%{aa plé%l?anct)fB t he
present i niehnydrauinse teazymsest Thas,nncyati another dsmpeoh of rthc present indergronpthieregisan

aroQ gene in a Bordetella cell, conpri.sing:. a) a.pon-honp| ogous
e b PRy Bl B Solgi54 Rolypentide FOBIITGG oF 3ET PhAti b S Ba o pe B RO 9

non- honol ogays, 30:iéE6f RE SERehceRef for@n SERLID NS b, honol ogy regi on having a
nucl eoti de sequence wth substantial identity to a first aroQ gene

sequence; and C) SaitfeE Qhel aR@IDdcaD¥equeiticas al weiaherhvislonIsidst S8M, PrefbfaBly at
non- honol ogous repl acenent portion, the second honol ogy region having a
nucl eot i delesgcif¥ncaorg prsfesaithy ek leestal 0%, deveni moretpyefgrabbc ah kpasty ¥op geiga more

Sequence, M}?erably 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 c) a second homology region located
downstream of the non-homologous replacement portion, the second homology region

having a nucleotide sequence with substantial identity to a second aroQ gene sequence, the



WO 03/ 060105 PCT/ AU02/ 01768 -7- second aroQ gene sequence having a | ocation
downstream of the first aroQ gene sequence in a naturally occurring
endogenouwoaBnigene of the Bordetella cell. Additionallypcdrisozoirest and
second honol ogy regions are of sufficient Iength for honol ogous

reconbi nation to occur between the nucleic acid construct and the
endogenous aroQ gene when the 5 nucleic acid nolecule is introduced into
the Bordetella cell. In a preferred enbodinent, the aroQ gene conprises

t he sequeng&ofi@lrd@ gtk dcdustce@halnd@lodatioh ddwastreadd bEME st AHEPIgent bat@ence
t hereof. I n another "aspect, the invention contenplates a vector .conprising

a nucl eot i #ea nabyalbneecurting erdngeraisondd gameiof the Asrdereln sel: Additienallyadhe 5
ti foth i =Y
Por o conat Pl and SRR TR ROt G bR Terlh e Rimloedlle Beitithlch |

vector is @ bbthritet@edn g metdioracid conggictadidt theremdopaius drb@ gemeewhérnthe
envi sions a host cell caontaining a vector as broadly described agbove

St | . . . In
anot herS aspadeic agidamelgcdnts 18Hodesd inte theRordeellg el dn arefgrad Frabedimenty fie | s
15 specifi i.n i i IIﬁeD% rii V-1 104t
derivati veﬁgggé%ﬁ énogﬁlﬁfgg% ﬁ% S@%éeggée Heff f%}éﬁtg‘?gn. ngﬁ’? ggdgn%aﬁ%ﬁvcg%inonwe
further praieredds a nethod for producing a genetically nodified Bordetella
strain, conprising: - introducing the nucleic acid construct as broadl_(%/e
descri bed above Imauother @pe@pthgeinztntoncesinteroplates acretiirtdommpsismgeh nu¢lgetidehe

nucl eic acid construct is onol ogous| ecombi ned i nto.the. aro ne i.n

t he ggan_omeswef??atﬁ‘agg‘?rfespgn&p?rola 6@8‘@“&8&?&’ 3% gk ?VStn%(?lo ﬁfoéldOfB@F &gﬂ‘%%{ig el |
cont ai pg Ng f@trlinSSRQEANEF QQrd; e a nukRicadid eb@truetaehidadlyrdetribel idove. In a
genetically nodified Bordetella cell containing the honol ogously reconbi ned

nucl ei ¢ acpefamisambagdiment, thg veeter iseHANAGUBEIREEHY. expr essing 25 reduced
or undetectable |evels of aroQ |[|n another preferred enpodi nent, the
genetical |y nodl¥ yemdaeseact. dhe énvention: grVisiaas adios ¢&fl eont@ppg forecior as

functional {3 Sh?é [ encoded by said aroQ gene. The genetically
nodi fi ed ngb&g e %ﬁ%kirag??\éof the present invention is useful for the

design of i munopphefthiAhdpRet, SNTRARKAIOBRIbIAES aRlAtigEd-8linemblecele! hhf isng
an immune 30 response, and preferably a protective i nmune Tesponse,

agai nsi5a peecHogiyimeBotivewith the palypephde, podtion; sariant or denivatie apeordiogénihe
Bordetell a counterpart of the genetically nodified Bordetella strain, or
rel at ed orggﬁ?‘gﬁ?"#ﬁﬁ%, in yet another aspect, the invention

The present invention further provides a method for producing a genetically
modified Bordetella strain, comprising:
- introducing the nucleic acid construct as broadly described above into a
20 Bordetella cell under conditions such that the nucleic acid construct is
homologously recombined into the aroQ gene in the genome of that cell to

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

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

encoded by said aroQ 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 Bordetella
strain, preferably a natural pathogenic Bordetella counterpart of the genetically modified
Bordetella strain, or related organism. Thus, in yet another aspect, the invention

contemplates a composition, comprising a genetically modified Bordetella strain as



contenpl ates a conposition, conprising a genetically nodified Bordetella
strain as WO 03/060105 PCT/ AU02/ 01768 -8- broadly described above, together
with a phaommaoeuds cal |y acceptable carrier. The conpositipch/At@g/oopsi onal |y
conprise an adjuvant. In a related aspect, the invention enconpasses a
conposition of matter conprising dendritic cells which have been exposed
to a genetically nodified Bordetella stra n as 5 broadly described above
for a tinme and under conditions sufficient to express a processed or

modi fi ed abidagBn ddsdribeadaiovemtdgeshdBoivitht &l plearmicaitioallyoracpepeatdeat @iian The,
and nodul ation _of, T cells. This enbodjnment is particularly useful for the
desi gn of FHMDABHB WAY PREGHRYY CemRpeIt 3dwant.or eliciting a hunoral and a

Il nediated i I nbodi ment, the. . itionis. i
the form of an i $TE4ES EXFL Ui PO FRCPATSH reDRBPSIASR EEREHER PRI | on

enconpassegeirfiRt &4 Rich Hady baéd BehREd td Rti¢ A5 PRBERed WrAbre//E SRAASE 1S
preferably against a pathogenic strain of Bordetella or related organi sm

conpr i s§ ngbeadiyndescmbadnabore fer pame and undermoaditions swidisient waexpeess agnocessed

effective amount. af enet i I i fied Bordetella strain, ar a :
compos! 11 ot PR isA e Al Traml 1t SR8 o bre b tirsRu el ¥ piptope
aspect of bher paIRSamis émb@iiinemis pahRuRirlySusehif \foel g’ desighes higthdmpoleAating
treat ment and/or prophyl axi s of whooping cough or related condition,

conpri si ngcempesiiansefarneliciiing aphumenat apd meeld wedigigd himmung fespensgn In one
effective i i.fi Bor.det el train, or a

conposi ti o%lggg‘@hﬁ%é% %&Eoég)ggioﬁﬁée%lytgggo\% &%%em ?ﬁgoeéne?]i Jélztu%'so enconpasses the
use of g genet i Cl Ly sl fdofitdy BHURY AR eriddmibatid T ARl tnoHiRERE BT
above }n t he stuglf an né%ﬁ%d?@bn o%lan anﬁﬁ% response, mh#?h ?s :

pr ef er abl yiraganasispenspay hioh egspensstis pricferatfly Bgaios tagiattegenic srhiatod Boodagelfu am
WD 03/ 060105 PCT/ AU02/01768.-9 BRI EF DESCRI PTI ON OF THE, DRAW NGS Fi gure 1
is a diagr &ﬁ%ﬁﬂ&gwaegm%%ﬁd@ww ¥ B R HREeh O SUEBSAEE! ARhi ch
restored ap@Ritidbaatunt bf a GOhdticABAMBBific BopbElid ¥iPsn, &F DfpRitioh, & broadly

di agrammatic representati on showing a Pileup alignnent of the aroQ 5 gene
sequence pdesuohed ahwvehe 1 kb fragnent of B. pertussis and ot her published
aroQ sequences. Figure 3 is a schematic representation,iIIustratin% t he
constrlti on of Arcarding toysidh Q)rfurﬁlggwﬁca jof 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 Bordetella
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 4 is a photographic representation of an agarose gel show ng the
results of 10 a polynerase chain reaction (PCR) anplification of genomc
DNA (gDNAvofasmme1as B.  pertussis nmutant that fails to growprOm/Ate/natssence of
aromatic am no acid supplenents. The results confirmthe disruption of the
aroQ gene by the kananycin resistance cassette of pUSQ@Bordl O Lanes are as
follows: Lane 1, Hi ndul cut ? Standard (9’ bco BRL); Lane 2, Blank; Lane 3,
B. pertussis aroQ nutant gDNA; Lane 4, B” pertussis BP304; Lane 5, E. 15
coli gDNA; and Lane 6, Low DNA Mass Ladder (G bco BRL). Figure 5Ais a

gr aphi cal repres8RIEF DPESCRIPTIONOF THE DRAWINGSf B. pertussis aroQ
mutant in the lungs of mce at 1, 3, 5, 7, 14 and 21 days post inocul ation

(no microor gani Siguravbiss disglastnedicatpresonta®ion sheging taiphaggmid nydpeofptiSQBordh of

that data i.nt fro the graph). ,2Q_Figure.5B is a graphical

representa %6‘2‘@??8\'&3}?50‘}3%‘%%%@1 C:ﬂl’es%c"édooyo ‘ﬁ%lgﬁﬁ’let ussis aroQ nutant in the
| ungs of mce at 2, 4,.6, .7, 8 .10, 11 .and, 12. . l-at |

Fi gure oC is a gfhgblﬁ?%éﬁd(}%%rrag&aﬁ]tcar?l?rssﬁné tl8\I/lvis‘lrllongtn %@ﬁlgﬁﬁﬁég@ﬁn%%@{ quOrBQ
pertussss ?a:tea BRjukndeNprebnt lilnBe 10kb MagmehObl @\Mf@@tuisﬁoﬁmﬂ attie@pubfil@gdr&o@ i s
a graphical representation showi ng cl earance of infection in lungs of 25
vacci nat edsegvgnessntrol mce after intranasal (I/N) challenge with a 2. Ox
108 CFU dose of _virulent B. pertussis Toha |. Figure 7A is .a graphical
representation sRENSG Ir bAGRIMNYIE Gapresentati %S&féilvé t{““n CopypicHan r?éug’@tﬂ%
spl een sampl&s: StsOHBbAYED in vitro with PTxoid. Figure 7B is a graphical
representati on show ng production of IL-2 by T-cells in 30 pool ed nouse

spl een sanpl es stigi Aiesiphdtoriaphie réfrtdenatibn o O3r6R0ID ShRGRL ARORENISTES
-10- Fl(()gure 8A is a graphical representation show ng production of IFN-y by
T-cel | §0i namedymeerasechain seastipndPeR) anfplifigatign ek gercanie PNA (INMARdromh avBt r o
w th PTxoid. Figure i r aphi. [ sen i .: i of
'eny by roeded iR daintal BB Ble SRGICERT AR BHIZuRENRD R ¢
in vitro wdshlts b fitdOH i §HPHAED o PHRE MIGLEENE 158the IanaltinFrebiiahdd E4Eb&UN &I

THE SEQUENCES:. SUMVARY TABLE TABLE A SEQUENCE | D )
pUSQBord10. Lanes are as follows: Lane I, HindIlI 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 SA is 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 B. 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 B. 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 vitro with FHA.



SEQUENCELENGTH NUMBER SEQ I D NO 1B. pertussis aroQ gene942 nts SEQ I D NO
23- Dehydr oqui nase encoded by SEQ ID NO 1144 as SEQ ID NO 3B. pertussis
aroQ codiwg oseeuenced35 nts SEQ I D NO 4FORKAN pri mer 30 nPSTRE@MOD6MNO
5BACKAN primer30 nts SEQ ID NO 6FORQ prinmer20 nts SEQ | D NO 7BACQR
prinmer20 nts WO 03/ 060105 PCT/ AUO2/ 01768 -12 DETAI LED DESCRI PTI ON OF THE

| NVENTION 1. Definitions Unless defined herwi se, all technical and
scientific terns used herein have the sane neaning as commonly under st ood
by those of ordi pafiye $Kiid & giaphichErepreberitfiontheWirgifodition & TN GTbyUE MG

Al t hough any nmethods and nmaterials simlar or equivalent to those described
her ei n canpbaedgwusd supemataptsaftem spleern cells stimnlptesk intieo pitbPIrpid. nvent i on,
preferred methods and materials are described, For the purposes of the
present i nvent i oRigure®B if »Btaphicalepispeniationshawingiuaduséion ol H%%er hyrFcelleg " a

" and "an " are used herejn to refer to one por to nore. one (i.e. 10
to at |eas Po?a)lﬁ‘gﬁnoli?e %%Sma@%ﬁ?T é%ﬂferb%ﬁ?léé{}mE%%tetdﬁg VETQ W&tﬁlgﬁﬂﬁy way of
exanple, "an elenent” neans one el enent or nore than one elenent. The term
"about"” is used herein to refer to the position or location of a subunit in
a polynmer (e.g., the location of a particular nucleotide in a nucleic acid
sequence) that varies by as nuch as 10 subunits, preferably by as nuch 5
subunits, and nore preferably 15 by as much as 2 subunits froma specified
position or location. Alternatively, the term "about" is used herein to
refer to conditions (e.g., anbunts, concentrations, tine etc) that vary by
as nuch 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

techni ques. By "antigen-binding nolecule " is neant a nol ecul e that has
binding affinity for a target antigen. It wll be understood that this
term extends to inmunogl obulins, immnoglobulin fragments and

non-i nmunogl obul i n derived protein frameworks that



exhi bit antigen-binding activity. 25 "Antigenic or inmmunogenic activity"

refers to the ability of a polypeptide,
accor di ngwD®36mE03 nventi on to produce an antigenic or
in an ani mal,

preferab

fragnment, variant or

ly a mammal, to which it is adm nistere

derivati ve

i MPCAGI®ROTI68 esponse

d, wherein
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In the context of the definition of the term
and "m snatch”
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25 Mat ched nucl eoti des hybridise efficiently, such as the classical A-T and
G C base pair nentioned above. M smatches are other conbi nations of

nucl eot i owe odhetiohiybri di se less efficiently. Throughout PRIT5AU02/01768
specification, unless the context requires otherw se, the words "conprise
", "conprises " and "conprising " will be understood to inply the inclusion
of a 30 stated step or elenent or group pf steps or elements but not the
ech usi on of any ot her step or el enent group of steps or elenents. By
"corresponds to" or "corresponding to" is meant (a) a pol ynucl eoti de having

a nucl eotide sepFIKHEDBESCREPMIONOK THE/INVENTION or conplementary to
all or a portion of a WO 03/060105 PCT/ AU02/ 01768 -14- reference

pol ynucl eoti de sequence or encoding an am no aci d sequence identical to an
anm no aci dIsedefindtiprisn a peptide or protein; or (b) a peptide or

pol ypepti de having an am no acid sequence that is. substantially identical
to a sequence of Ualmﬁéeta@ddghtrww&, all éechpisabandoeniantifie BrMeppesddierein hapy the

"derivative" is rreant c
sequence bya%gle]anlél%t i On &@dggﬁ?&d’%t%@é Opgﬁghagi f(l\{l q tilé ?.\q]ts %ll%? ?{n
ot her Cﬁemmhtlombelehg£$lmOu@y angsmeﬂhbdmsxhcatnmaﬂs amﬂlatlazaéqummneahnhmes

as woul d be understood in the art. The term "derjvative" also includes
wi thin itsdeenped hereirapibsrsed i theprogtioseesiingoftthe Rrespririgrention oprstated

i ncl uding ald ik O Refigh el ORSCHRAL 1Y AL RSREs et moaly Savhuah e 10

nol ecul es. ore| or "exogenou etero ogous refers to
any nol ecufdlowirg ttrms arepteﬁye‘djbélewtl de or pol ypeptide) which is introduced
into a host by experinmental nmanipulations and may include gene sequences

g asdthe” aret usedibersth togefee tacanst qti tagnage than one (i.e.

found in that hoShe aiclesrig

rmd|f| n int nutatjgn, .t resenge of sele abl ”

o ker [Gont ot s prea b Bom i Fal s AR BY vl SRupl: B
nat ural | y- afeam ére@em&@R BEmord ah BhEIS gleﬁlte as used here| n refers to any and
all discrete coding regions of the cell's genone, as well as associ ated

non- codi ng and r @@eltetthOfapose g assl hefditi o rdfé“retotﬂ&rpnsn oara@@eiog of aisebutsitid
generically herein to designate aroQ genes, 1%6 vari ant S from 20 different
Bor det el | a2 195N (; egtﬁéed%%éwpsofaa e%rtlwt@reﬁbfétpt IRehAUGIsiE a5 Requengs) rthat

frame encouing, SREALIH & RPLIRERL W g AGENS DbuRid ard nf200; Fe‘i’él’a
nucl eoti de squoéﬁces I nqu) %31 tﬁ%rar ggbufat |ﬁlon of expr ésscllon 8 H bout
1 kb bEyontly tahenahdasn? sniegiits rﬁorbut spepiffedipmismohmrt loeatiann Aéte’rﬂtmvelgh tt&:ctennn
In this regagd,,,the gel Oy f.urt her
about” is used herein to refer to condltlons {e g, amounts concentrations, time etc) that
vary by as much as 30%, preferably by as much as 20%, and more preferably by as much

as 10% to a specified condition.

“Amplification product” refers to a nucleic acid product generated by nucleic acid

20  amplification techniques.

By “antigen-binding molecule” is meant a molecule that has binding affinity for a
target antigen. It will be understood that this term extends to immunoglobulins,
immunoglobulin fragments and non-immunoglobulin derived protein frameworks that
exhibit antigen-binding activity.

25 “Antigenic or immunogenic activity” refers to the ability of a polypeptide,
fragment, variant or derivative according to the invention to produce an antigenic or
immunogenic response in an animal, preferably a mammal, to which it is administered,
wherein the response includes the production of elements which specifically bind to the

polypeptide or fragment thereof.

30 By “biologically active fragment” is meant a fragment of a full-length parent
polypeptide which fragment retains the activity of the parent polypeptide (e.g., 3-



endogenous (i.e., naturally associated with a given gene) or heterol ogous
control signals 25 such as pronoters, enhancers, translational control

el enent s woak/0e018hi ne- Dal ganb sequence, initiation codonPCrexusMstsson
codons and/or transcriptional term nation signals. The gene may be

i ntroduced into an appropriate vector for extrachronosomal mnai ntenance or
for integration into the host. By "effec éye anount”, in the context of
nodul ating an activity or of treating or ~ 30 preventing a condition is
meant the delfffiqainasé aetivigf ot fmmigeaiomurimndinogedit \aetivioy)aAsiuzed iedimlthe termneed
of such nodul ation, treatment or prophylaxis, either in a single dose or as
part of a &ikegicalbxacaive fragweriodnslydesrdsietionaiariants dd smallipeptidsss gh‘texé’inp Cor

t r eat ment y i t i L4 i I

syt om. acLSaraf BypEbiTaL kAT 10, FONGLIRIPh 1A% 2634 L ERb Byt ey =
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form of associ ation between nol ecul es and i n particular where ‘'one of the
complementary to T or U, and C is complementary to G in the genetic code. However, this

20  invention also encompasses situations in which there is non-traditional base-pairing such

as Hoogsteen base pairing which has been identified in certain transfer RNA molecules

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. Mismatches 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 or a portion of a
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pol ynucl eotide is transcri bed and the pol ypeptide is translated. The term

"patient” refersThe t@al I'@eS a0 fustR@BinOfefc@é Be hnyrandarall dasoektd 66dibig eszidivyof
individual it is desired to exam ne or treat using the methods of the

i nvent i on. thaggdsegenome, as well as associated non-coding and regulatory regions. Thus, the term

“aroQ gene” 1s used generically herein to designate aroQ genes, e.g. variants from

20  different Bordetella species. The gene is also intended to mean the open reading frame

encoding specific polypeptides and adjacent 5’ and 3’ non-coding nucleotide sequences

involved in the regulation of expression, up to about 1 kb beyond the coding region, but

possibly further in either direction. In this regard, the gene may further comprise

endogenous (i.e., naturally associated with a given gene) or heterologous control signals

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

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 associated with that condition. The effective
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20  other combinations of nucleotides that do not hybridise efficiently.

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 1s, 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 acid molecule encoding the target polypeptide.
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such ex(ﬁ)resm on vectors include transcriptional and translationa
2 manner that the polynucleotide is transcribed and the polypeptide is translated.

The term “patient” refers to patients of human or other mammal and includes any
individual it is desired to examine or treat using the methods of the invention. However, it
will be understood that “patient” does not imply that symptoms are present. Suitable
mammals that fall within the scope of the invention include, but are not restricted to,

25  primates, livestock animals (e.g., sheep, cows, horses, donkeys, pigs), laboratory test
animals (e.g., rabbits, mice, rats, guinea pigs, hamsters), companion animals (e.g., cats,
dogs) and captive wild animals (e.g., foxes, deer, dingoes).

By “pharmaceutically acceptable carrier” is meant a solid or liquid filler, diluent
or encapsulating substance that can be safely used in topical or systemic administration to a

30 mammal.

The term “polynucleotide” or “nucleic acid” as used herein designates mRNA,
RNA, cRNA, cDNA or DNA. The term typically refers to oligonucleotides greater than 30

nucleotide residues in length.
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20  with broadly similar properties without changing the nature of the activity of the

ci ds

polypeptide (conservative substitutions) as described hereinafter.

By “primer” is meant an oligonucleotide which, when paired with a strand of

DNA, is capable of initiating the synthesis of a primer extension product in the presence of

a suitable polymerising agent. The primer is preferably single-stranded for maximum

25  efficiency in amplification but can alternatively be double-stranded. A primer must be
sufficiently long to prime the synthesis of extension products in the presence of the
polymerisation agent. The length of the primer depends on many factors, including
application, temperature to be employed, template reaction conditions, other reagents, and
source of primers. For example, depending on the complexity of the target sequence, the

30 oligonucleotide 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 complementary” to the sequence on the template to which it is designed to
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20  vector. Generally, such expression vectors include transcriptional and translational

regulatory polynucleotide operably linked to the polynucleotide.

By “recombinant polypeptide” 1s meant a polypeptide made using recombinant

techniques, i.e., through the expression of a recombinant or synthetic polynucleotide.

By “reporter molecule” as used in the present specification is meant a molecule

25  that, by its chemical nature, provides an analytically identifiable 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 to describe sequence relationships between two or more

t44 (13

30 polynucleotides or polypeptides include “reference sequence”, “comparison window”,
“sequence identity”, “percentage of sequence identity” and ‘“‘substantial identity”. A
“reference sequence” is at least 12 but frequently 15 to 18 and often at least 25 monomer

units, inclusive of nucleotides and amino acid residues, in length. Because two
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Wiley & Sons Inc, 1994-1998, Chapter 15.

The term “sequence identity” as used herein refers to the extent that sequences
are identical on a nucleotide-by-nucleotide basis or an amino acid-by-amino acid basis
over a window of comparison. Thus, a “percentage of sequence identity” is calculated by

25  comparing two optimally aligned sequences over the window of comparison, determining
the number of positions at which the identical nucleic acid base (e.g., A, T, C, G, I) or the
identical amino acid residue (e.g., Ala, Pro, Ser, Thr, Gly, Val, Leu, Ile, Phe, Tyr, Trp, Lys,
Arg, His, Asp, Glu, Asn, GIn, Cys and Met) occurs in both sequences to yield the number
of matched positions, dividing the number of matched positions by the total number of

30 positions in the window of comparison (i.e., the window size), and multiplying the result
by 100 to yield the percentage of sequence identity. For the purposes of the present
invention, “sequence identity” will be understood to mean the “match percentage”

calculated by the DNASIS computer program (Version 2.5 for windows; available from
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hybridised sequences, moderately stringent washing conditions are selected to be about 15
20  to 30° C lower than the Ty,. Highly permissive (low stringency) washing conditions may be
as low as 50° C below the Ty, 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 hybridisation 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

is 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 genetic change, preferably a permanent genetic change, is induced in a cell following
incorporation of exogenous DNA. A permanent genetic change is generally achieved by
introduction of the DNA into the genome of the cell. Vectors for stable integration include

plasmids, bacteriophages and other bacterial viruses and the like.
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which is operably functional in a Bordetella strain of interest, or related organism. The

vector can also include a selection marker such as an antibiotic resistance gene that can be
20  used for selection of suitable transformants. Examples of such resistance genes are known
to those of skill in the art and include the mptil gene that confers resistance to the
antibiotics kanamycin and G418 (Geneticin®) and the cat gene 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, underscoring 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 aroQ

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

“AroQ” and “3-dehydroquinase” are used interchangeably herein.
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20 2.2 Variant aroQ polynucleotides

The present invention is also directed to variants of the aroQ gene of the present
invention. In general, polynucleotide variants 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 99% 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
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DNA sequence. After hybridisation, a DNA polymerase is used to synthesise an entire
20 second complementary strand of the template that will thus incorporate the oligonucleotide

primer, and will code for the selected alteration in said parent DNA sequence.

Generally, oligonucleotides of at least 25 nucleotides in length are used. An
optimal oligonucleotide will have 12 to 15 nucleotides that are completely complementary
to the template on either side of the nucleotide(s) coding for the mutation. This ensures that

25  the oligonucleotide will hybridise properly to the single-stranded DNA template 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 ef 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).

Alternatively, the single-stranded template may be generated by denaturing

double-stranded plasmid (or other DNA) using standard techniques.
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exanpl &5 de&thastsd Apheterodiplen ppleauleyis thus formed sugh hakers stEandof NAFREodess0) ;

and Q0 repll I L} At i : i Y, L.-gtaal .
210 Oyt S BR i b 48 bAeeigh O AT Syl iRy Byl -Gt
PCT/ AU02/ Odrigidal Rfplafy)percati¢sythe pativeundleotd skauenrel afhths polhgteptidesor fragment
substantially conplenentary to a reference polynugcleotide are ideptified by
bl otting t BRIiGhes!s _%‘?mfi%@?’aa@haulgﬂ%@%@%sénﬂﬁ%q asitabls st gl usually

i mobi |7 sed %ka?yd?@&ﬁdhxas(ﬂi?rcgfi.efxﬁpﬂ e BYRERREWE, HEY R 1R BA1 #&arose plates

nitrocel | ul gse), foll owed by a hybridisation step, angﬂa det ectm on step.
Sout het® bhmt s¢ragpedsusing)thedoligoniiclestidef grimerc bamphe aedetentablOlhek ayidentify, the
northern bjotting is.used.to.identjfy npl enentary R ence. Dot
bl ot t1ng. alPeTRolsiRR Favineo s BaelsaRee THOREHFp: TEHHER AT BRAENA
DNAI RNA - or tHi2hlvidiia iR MiitdBleeXpldion RONEREES as BUEH ubiag RBhMAEISna" Bcildgy
known by those skilled in the art, and have been described in Ausubel et

al . (1994- aigbeloneyithatiyetain thadesired antigenipaotigty areddepadiedl Wigre drairhoges bavsuch
met hods, Sﬁuth rn, bl otting involves se%aﬁj?ti ng DN,tA rrgl ecul eua&ccortdi ng to
size by ge % ¢t regpli%r?'%?} omy, PYREFRPSHS 6 lﬂléessip%l-lggﬁ J°5F &P Y% oé)e
synthet§ c s@jibicRAen oflRd td\Jdddt ieshingtiéhe nenbr ane-bound DNA to a

conpl ementary nucl eoti de sequence | abelled radioactively, enzymatically or

f1 uor ochr omat i caAltymativelglotinkdscdrininggmaragesdsit oDIDNA| mgy beNAed aophasdwkee
nbrane prior_, 15 to hxf{;ridi sation, as
f

et DR B B, S5 o A b Baeary
nggggg' ggﬁlglgggiu et RV el 16 "R EndeNhaly | B Hatie RY Ahs¥el ' " QLI (in
particular, Chapter 8.4) which describes a first protocol that uses complementary
20  oligonucleotides and requires a unique restriction site adjacent to the region that is to be
mutagenised. A nested series of deletion mutations is first generated in the region. A pair
of complementary oligonucleotides is synthesised to fill in the gap in the sequence of
interest between the linker at the deletion endpoint and the nearby restriction site. The
linker sequence actually provides the desired clusters of point mutations as it is moved or
25  “scanned” across the region by its position at the varied endpoints of the deletion mutation
series. An alternate protocol is also described by Ausubel et al., supra, which makes use of
site directed mutagenesis procedures to introduce small clusters of point mutations
throughout the target region. Briefly, mutations are introduced into a sequence by
annealing a synthetic oligonucleotide containing one or more mismatches to the sequence
30 of interest cloned into a single-stranded M13 vector. This template is grown in an E. coli
dut ung strain, which allows the incorporation of uracil into the template strand. The

oligonucleotide is annealed to the template and extended with T4 DNA polymerase to

create a double-stranded heteroduplex. Finally, the heteroduplex is introduced into a wild-



or colony hybridisation. A typical exanple of this procedure is described
in Sanbrook et al. ("Ml ecular doning. A Laboratory Manual", Cold Spring
Har bour Pwess/joe@989) 20 Chapters 8-12. Typically, the folpicamiuvgogsaer a
procedure can be used to determ ne hybridisation conditions.

Pol ynucl eotides are blotted/transferred to a synthetic nenbrane, as

descri bed above. A reference polynuclepﬁ'ge such as a pol ynucl eoti de of
the invention is | abelled as described above, and the ability of this

| abel | ed peypent)Cofitrhie whizh Wil prélieaereplitdtionnf tidbemptmdittindelie pothempueserat | de
is analysed. A skilled artisan will recognise that a nupber of factors

i nfl uence BYBPVARIStitey (genenated sihets pragil 48 angarpsratsd), ithereby deswiang, 1 AlgNesed

pol ynucl eot.i de: typically be greater than or equal to about
108 dpningg?@ﬁghgﬁlggﬁguﬁgggtgéble signal. A radiolabelled nucleotide

sequence of Speck{fe'?fbn%gteéiﬁ& bYutddiRedi® an@ UidPRH MHutagenesis Lkl PORM XY FRb&leY
0.5 pg 30 of DNA. Tt is well known in the art that suffici'ent DNA nust be
i mobi | § sedmpivyetido cnestinchpelyneclgntidei varidets @ccdrdimg tp tthe snvgetion. db|thistrogdrdy e
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pol yet hyl eagg glsycol 6000 during hybridisation can al so increase the
sensitivity of hybridisation (see Ausubel supra at 2.10.10). To achi eve
meani ngf ul r esul Adtefracinellyduitabliesailyrmicl ot sveuercepadrinntscd fethit itlentiomayide sed
on a nmenbrane and a | abel | ed, pol ynucl eqtide, a sufficient anount of the 5
| abel | ed pBISpATFEIaEeRTing tﬁﬂkethﬁ%meerig@d to the inmobilised

I tide foll owm ng.washi Washi n nsures that, the | abpell ed.
D Ui ot | e Pl Shinas "SRty 2% Bt e kerLe VRS Dtioh TS b a

desired degr gertidh SOAMLRRBE Folyncledtidd1tchalie 186 noPAktAkel a8l hdgod hentd | |
be understood that pol ynucl eoti'de variants according to the invention wll

10 hybri di sesequencer & for exemplsoiey ferth soSEQeIMN(Rr 1 ar 3|, oast sdquencstencodieg @y
conditions. R ferencq h aein to | ow BriQ%enc condi ti,ons .i ncl udes and
enconpasses THORIGE PIREPIIE g faemsit 9 ihe ynyd5iot, ok atomplemen ol Soif SeAudiE i e
and fromat Lkfapblypbstide preftdbdy aicoliR@sthe shpuhcelselVicr fn anlf_nyne R ISEQ S ato:on

at 42 C, and at |east about 1 Mto at |east about 2 Msalt for washing at
42 C. Ldw stingency conditions also may include 1% Bovi ne Serum Al buni n
(BSA), 1 15 nM EDTA,. 0.5 M NaHPO4 (pH 7.2), 7% SDS for hybridisatjon at 65
C, and (i) 2xS&v,obtaining, smycleyy acid; pxigaatofremaan prgamsmyT whicky isareigrabty a( pH

7.2), 5% SDSHIi&BOI‘é&ﬁi%Hli, Nd AhofL BBrLEBREL Aadfefium including, but not restricted to,

bacteria from the genera Pasteurella, Actinobacillus, Haemophilus, Helicobacter,
Aspergillus and Pseudomonus, and still even more preferably a bacterium belonging to

20 the genus Bordetella, or related organism; and

(c) using said primers to amplify, via nucleic acid amplification techniques, at least
one amplification product from said nucleic acid extract, wherein said amplification

product corresponds to a polynucleotide variant.

Suitable nucleic acid amplification techniques are well known to the skilled

25 addressee, and include polymerase chain reaction (PCR) as for example described in

Ausubel et al. (supra); strand displacement amplification (SDA) as for example described

in U.S. Patent No 5,422,252; rolling circle replication (RCR) as for example described in

Liu et al., (1996, J. Am. Chem. Soc. 118:1587-1594 and International application WO

92/01813) and Lizardi et al, (International Application WO 97/19193); nucleic acid

30 sequence-based amplification (NASBA) as for example described by Sooknanan et al.,

(1994, Biotechniques 17:1077-1080); and Q-8 replicase amplification as for example
described by Tyagi et al., (1996, Proc. Natl. Acad. Sci. USA 93: 5395-5400).



Sui tably, the pol ynucleotide variants hybridise to a reference

pol ynucl eoti de under at |east nedium stringency conditions. Mdium

st ri ngencywoasnaiivs ons i ncl ude and 20 enconpass from at | eagtA@koUtes 16% v/ v
to at | east about 30%v/v formam de and fromat |east about 0.5 Mto at

| east about 0.9 Msalt for hybridisation at 42 C, and at |east about 0.1 M
to at |east about 0.2 Msalt for washi n%e_t 55 C. Medium stringency
conditions also my include 1% Bovi ne rum Al bumn (BSA), 1 mM EDTA, 0.5
M NaHPO4 (pH 7. 2Typicdi¥p, WledfdbrVagiafi@t then afd s@stdatiaBpdednplerdentar$Se a0. 1%
SDS; or (ii) 0.5%BSA"~ 1 25 EDTA, 40 mM NaHPO4 (pH 7.2), 5% SDS for
washi ng at reress wlymicdosidasre/identifeedda Ylatimzdeehnigues shat Apgladeny siep avhseebyo a
ref erence pol,yv:nucleotid i gh j ngdli L4 QNS | si ringency
conditi onsB}lr% uad Sa%rg %Hggﬁrrggésds Q# ?dorrﬁs‘ﬁrg)!t ﬁ%ggﬂg%ﬁlg%o%%e% Yo {I/If l\ﬂb?% ea%ucb gl%st
about 50% witioctinioRy] fddored by adivbabieationdstép] aMl baleteation step. Iduthdrs dldttidgis
hybri di sation at, 42 C, and about 0.01 Mto about, O. g)% M sal t fomo washi ng
at 55 @ HPepd orideniiAcseaRiaueRtai RN squshss: nerherg dlottngcnused ¢ @9%&\,& 0.5

0. 15 S0, « SomBiefbntafy SR <Gl PO RRAE R kicP Ridring ey (g ulbyfioiastty
¢
washi ng at camplesienaraDNA/DNA S DNSRNA BRICA/RIDAOSH 966 65 FeGELdiRRY. (RItHS

-28- Other stringent cgnditiqgns_ are 1. known in the art. A.skilled
addr essee mchmq\l@caaame@ Wb hpseoilladon the art.ang haxe heen drserabedny/gisubel

optim se tgp%lsgﬁgjl_;lbgg,ltsxﬁgz af Ppes DYOr infllugRbigry. Optim sation of the

stringency o I na hes "can serve to ensure a high degree of

hybridigation. Fagcdtaingl k& dsRkamptifsds, SRAthHS UbBHingt idfolvesS Yepatatily TRIARS
2.10.1 to 5 2.10.16 and Sanbrook et al. (1989, supra) at sections 1.101 to
1.104. Wi melesules aermdingde Bige byresl elpgraphpteyisciansfarng the aze-1epaptadddNAe
from about 42 .10 68 C one,ski:l.led in 1.l 4l L eci t her
t enper at ur %ssynnte%ln &gt |r?r<iaeb Iagg fhal fl(mdlssingi tlrllla éé]%%é]%?wdg n]s)wﬁ/é& %n% ttr%fplén'{'&ttargr

hybri di sat hdledtiie &seljiyddice dhbelle@ Gedibactiatlyabmrimatilally o fRibrdchrdigdtivally.nig don f or
formati on of a DNA- DNA hg{brid. It is well known in the art that the Tm 10
i s the nel bloHipg agpdot lethiag, RINArsemples arqdieccay applichtoragyngishp msmhiang grior

pol ynugd eot j . i ssociate. Methods for estinmating Tm are wel |l
known |P§n tLdeIgg’rntd&?g%%&g%?ﬁ' el et al., supra at page 2.10.8). In general,

the Tmof a perfggt |a)fteﬁﬁ§i95'eglo¢ﬁ@re§e fiDNfseBYy RS PestiGingd &%}{ﬁé?nentar
approxi mation by the fornula: 15 Tnms 81.5 + 16.6 (loglo + 0.41 (0/G+é) -

0. 63 (% f opolgmidedtides (GOTPNArmytgehomigHaNAi library) sushtah ¢hrougivtbprecesoof pddqukia+,
preferabl Yot Qolgrh]yeh{/l?rpcgs?atiga g't%’lcaﬁo éx%rrnpieoof this procedure is described in Sambrook et
al. (“Molecular Cloning. A Laboratory Manual”, Cold Spring Harbour Press, 1989)

20  Chapters 8-12.

Typically, the following general procedure can be used to determine hybridisation
conditions. Polynucleotides are blotted/transferred to a synthetic membrane, as described
above. A reference polynucleotide such as a polynucleotide of the invention is labelled as
described above, and the ability of this labelled polynucleotide to hybridise with an

25 immobilised polynucleotide is analysed.

A skilled artisan will recognise that a number of factors influence hybridisation.

The specific activity of radioactively labelled polynucleotide sequence should typically be
greater than or equal to about 10® dpm/mg to provide a detectable signal. A radiolabelled
nucleotide sequence of specific activity 10%t0 10° dpm/mg can detect approximately 0.5 pg

30 of DNA. It is well known in the art that sufficient DNA must be immobilised on the
membrane to permit detection. It is desirable to have excess immobilised DNA, usually 10

pg. Adding an inert polymer such as 10% (w/v) dextran sulfate (MW 500,000) or



0.4 nolar; %+C is the sum of guanosi ne and cytosi ne bases as a percentage
of the total nunber of bases, within the range between 30% and 75% G+C, %
f or mam dewD3060805 per cent fornmam de concentrati on by vol umeT/Awngitesi s t he
nunber of base pairs in the 20 DNA duplex. The Tm of a dupl ex DNA

decreases by approximately 1 C with every increase of 1% in the nunber of
randomly m smat ched base pairs. Washing '-;s_ generally carried out at Tm-15
C for high stringency, or Tm- 30 C for noderate stringency. In a preferred
hybri di sat belyethyzaedglyecl a00® rdutiapehyt@idisation ¢unt aizoelncrdass ethe 2&ensianity aste or
a nyl on nenbrane). contaj ni ngi i rmobi | i sed DNA is hybridi sed overnight at 42
Cin a hybhyiidisationdsasuhysabeloupnaldildni%ed f or mam de, 5xSSC, 5x Denhardt's

S
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stringency washes (i.e., 2xSSC, 0.1% SDS for 15 30 mn at 45 C, followed by

2xSSC, . 1%bsibgl polyndudeatide must3e opridised It wea inypobilised pelynesiedtule fallgwme

stringency shes,(i,.e., 0. 2x 10 1% SDS for 12 mn.at 55.C. fallowed by
0. 2xS8C amtiginge st e B 0 PRI, PaShudteitelis bhupRisosty | 81
PCT/ AU02/ O#/68bilid€t pi¥yBmiedstideotvitied lesitddgdéertad! doathldéntatitg! 9othed@belled
hybri di sed to an i nmobilised pol ynucl eotide are well known to practitioners

in the artpolguedieatisichods i ncl ude aut or adi ography, phosphori nagi ng, and
chem | um nescent, f]uorescent and c(gl orinetric. detecti.on. For the st
part, DNA fragneHtwillpq yndsestend that polumclepgide yariants aerording &, the) ipveption walls ¢

18 nucjgot | ) 1aly I t t BoL ] i AceDNA
1 ekt Rt SPGB SEnu D 68
Lar ger DNAherematgriewt stingeney couditidnsringlhdes abdGnnompasses flem aleasusteiutll % ov

production of .the enc d ol ypeptid For .use .in lification reactions,
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Bor det el | afstiyBlidRatidifat#PiCe Ghd GEREd 268kt Y MRAtT1ERE Rk dNIQhl FoShhdhiMSatof
pat hogenic origin typically, but not exclusively, conprise a foreign or
exogenous #21 ¢nliewetiingtacy eendetmne atro mayinshend % Boemerferem Alhumin (BSA), 1

Bor dot 01 | aPS T €5 8% hvalpghdnfiyf B0 806 NS oS nREGURG o 6] ECRUET G
Bor det el | a0av SIS, dBCiL k! BSAY 0HGhS BB, b nB@TOEHED] I ZIESY SDS for

Bordetel |l a parapertussis and Bordetella
washing at room temperature.

Suitably, the polynucleotide variants hybridise to a reference polynucleotide under
at least medium stringency conditions. Medium stringency conditions include and
20  encompass from at least about 16% v/v to at least about 30% v/v formamide and from at
least about 0.5 M to at least about 0.9 M salt for hybridisation at 42° C, and at least about
0.1 M to at least about 0.2 M salt for washing at 55° C. Medium stringency conditions also
may include 1% Bovine Serum Albumin (BSA), 1 mM EDTA, 0.5 M NaHPO, (pH 7.2),
7% SDS for hybridisation at 65° C, and (i) 2 x SSC, 0.1% SDS; or (i1) 0.5% BSA, 1 mM
25 EDTA, 40 mM NaHPO, (pH 7.2), 5% SDS for washing at 60-65° C.

Preferably, the polynucleotide variants hybridise to a reference polynucleotide
under high stringency conditions. High stringency conditions include and encompass from
at least about 31% v/v to at least about 50% v/v formamide and from about 0.01 M to
about 0.15 M salt for hybridisation at 42° C, and about 0.01 M to about 0.02 M salt for

30  washing at 55° C. High stringency conditions also may include 1% BSA, 1 mM EDTA, 0.5
M NaHPO, (pH 7.2), 7% SDS for hybridisation at 65° C, and (i) 0.2 x SSC, 0.1% SDS; or
(i1) 0.5% BSA, IlmM EDTA, 40 mM NaHPO,; (pH 7.2), 1% SDS for washing at a

temperature in excess of 65° C.



pertussis. The genetically nodified Bordetella strains that nmay be
constructed in accordance with the present invention generally fall into
two groupwp osobdiejui al |y termed "knockouts" and "knocki n®CI/Aun20imes pr esent
i nvention, knockouts have a partial or 20 conplete |oss of function in the
endogenous aroQ gene. Knockins have an introduced transgene (i.e., foreign
gene) with altered genetic sequence and function fromthe endogenous gene.
I ncreased (including ectopic) or decreased expression nmay be achieved by

i ntroduction of @phardfiideanabnditigns &t Wélekhewgeh tigear, Aoskillyd apdresset weaillly
inserting a regulatory sequence that provides for enhanced expression of
an endogen&ﬁ@géﬁﬁﬁh%fV%ﬁﬁsghmp§r@@tb@eﬁémpqh§§e“bHHW§§§ ySRseTCHy sofi thet i ve

or cond! t1 §0ldisdsiof oﬁﬁgfz@ﬁ&%nﬂ@ sg'{?%e/n /B Hashs ARLLNR OknGlre a hi

repressor. orei gn gene 1S usu ither Tfroma erent speci €5
t han the hdegree of hytsididatien. lios detalled exanples, séesAvambielnsy ady supsa-atpatend.10.1 to
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utilise the 8508 SHOKMAY inARERARIM abprekRtt thet dhércRRpERr&SHay bbheitable Fdie
i ntroduced gene 1s a codi ng sequence, it is usually operably linked to a

pronot er , @mingent\wondigous MasmpohykodErlayes: typBallyagcuseatcaheyt 20U to 850F
i nduci bl e, . and re I | at or QUL T .,0Rn_., he
st bact ePFith 8 Tefof FaAhmbls PREATEhBEAMN ISfall Rlot R Al de iy

naturaldy isogeUntlking t atufe, dr Iampediur@ad waithagwioe eqtplemematynbo e uciestide
Preferably, a genetically nodified Bordetella strain of the present

i nventi on BRgsicRces Kissagiatp aMetiods fssbmating b arst well keqwh i the art{seeepnshehgus

ar oQ gene ighto the "knockout" group of genetically nodified
or gani sns. g&d“lg%g%%cg{ﬁlgé%ggs e achieved by a variety of nechani sns,

i ncluding introd ' ISy ' [ B NEEpredi
i nsertion of oneﬂgéﬁﬁg?§$g?gghégggﬁgﬁyPﬁ%g%??ggﬁgf?gn%ﬁA frag&gﬁ?gﬂé?gP

del et i on ofpmoxinmgon bgtheefovsulasubstituti on of stop codons for coding
sequence, etc. In sone cases the foreign 10 transgene sequences are
ul ti mately del et &d=f&lont 10& (penoMe + 0-4WrayCh- hed %’é)rfaﬁ”g@ntdé)tlﬁ@O/lﬁ@gth)/e
sequence. Different approaches may he used.to achieve the "knockout". A
chronosonal del ePheithM af thegongeiitsatipn 0? he rpeferabbain e ranegel O Ay, to
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region, 3' regulatory sequences, ~ transcriptional regulators, etion
of a gene himaberacf basas,ewitbinpthe sangmbetivean GQ6 And T 5% GeHU; ovtafortamideo st theay

al so be achi eved. by the introduction of an anti-sense construct . .
(anti - sgnsaergaﬁpﬁosﬁgv@ﬁ)coafefgrag%ééf velbruty sBEth s Jbe FUpPELef BR5® PHiER imfhsck
expr esgd onpAfA HilSlex.
The Ty, of a duplex DNA decreases by approximately 1° C with every increase of
1% in the number of randomly mismatched base pairs. Washing is generally carried out at

T — 15° C for high stringency, or T, — 30° C for moderate stringency.

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

25 membrane or a nylon membrane) containing immobilised DNA is hybridised overnight at

42° C in a hybridisation buffer (50% deionised formamide, 5xSSC, 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° C), followed by two

sequential higher stringency 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° C).



native aroQ gene. "Knockouts" al so include conditional knock-outs, for
exanpl e where alteration of the target gene occurs upon exposure of the
Bor det el IwoO9B06i105 t 0 a substance that pronotes target gereTaAU2DE®S ON,

i ntroduction of an enzyne that pronotes 20 reconbination at the target gene
site (e.g. Cre in the Cre-lox system, or other nethod for directing the
target gene alteration. In a preferred egpodi nent, the partial or conplete
| oss of function in the aroQ gene is effected by disruption of that gene.

I'n accordance wi pMediR @k Q&%!&iin% RVRBElidaNpol iR leotitls MypiiRed S6liahainiotitsad t s
in an inability of the genetically nodified Bordetella strain to 25 produce

a cor r espopdlynucléatidet iavnavelledpowsstoprptisgnes by thetastt duthe methedss ingludenat
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3- dehydr ogdefRassm. (AroQ encoded by the aroQ gene or in an inability of the
strain to produce a functional 3-dehydroqui nase or detectable |evels of
3- dehyds oqui naseFoethrtmvs pfaet, DNAfrageeois diitighec ef ht lehsthidutudldneidegQisually at
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sequence of fhe gene. By way of. xanpl e, a nucl ei cid construct c be
pr epar ed cBHt@Fmﬁiﬁgi‘ar é‘%q &gQBIlgcﬁﬁPg?C%ﬁgﬁéugﬁﬁFc}f? 52 P'f‘lgé’lr}tpé"&’lqr?'n'twdﬁ;be
targetipg pugd ei c aci d sequence that is conplenentary to a genomnic
sequence (pronoter and/or coding region) to be disrupted. Useful genomc
sequences to be 5 disrupted include, but are not restricted to, aroQ open

readi ng fr aneGenbsadlypdifiel Bprigtdldssais donmai ns and adj acent 5 and 3
non- codi ng nucl eoti de sequences involved in regulation of gene expression.
Accordi ngly, a tZhgeutjen gengicely eodifiedRomdereldestspneofgrathqganic ooigirt typically,| ei ¢
acid pr eseﬁt bet #@en the initi atfj on codon and t(ae l?]Cége)cg.dcodon of the aroQ
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further include specific transcriptional and translational regul atory

sequent®s, Bouddellasstpainmrateepreferapr butonss, exstusively, riglegid ngombBerdetella ldyiurut

i bl | anki ng. j eith he 5' 3'
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progeny of the cell will no 15 | onger express the gene at |east_ in sone
cel I's, or w@fgordaage mathsthe pregentainyentioageaerally ] intgdwe rgaoups, colloquially termed

“knockouts” and “knockins”. In the present invention, knockouts have a partial or
20 complete loss of function in the endogenous aroQ gene. Knockins have an introduced
transgene (i.e., foreign gene) with altered genetic sequence and function from the
endogenous gene. Increased (including ectopic) or decreased expression may be achieved
by introduction of an additional copy of the target gene, or by operatively inserting a
regulatory sequence that provides for enhanced expression of an endogenous copy of the
25  target gene. These changes may be constitutive or conditional, i.e. dependent on the
presence of an activator or repressor. The foreign gene is usually either from a different
species than the host, or is otherwise altered in its coding or non-coding sequence. The
introduced gene may be a wild-type gene, naturally occurring polymorphism, or a
genetically manipulated sequence, for example having déletions, substitutions or insertions
30 in the coding or non-coding regions. The introduced sequence may encode an AroQ
polypeptide, or may utilise the aroQ promoter operably linked to a reporter gene. Where

the introduced gene is a coding sequence, it is usually operably linked to a promoter, which



genom ¢ sequence is now disrupted by the selection marker. |In another
enbodi nent, an individual disruption reduces, abrogates or otherw se

i npai rs twe osxpriessi on of a aroQ gene and in this regard, PCTAAW2AI6pt | ON
may reside in the deletion of at |least a portion of the transcriptional
and/or transl ational regulatory sequences 20 associated with said aroQ
gene. In a preferred enbodi nent, the di _sg(?l_pti on conprises a defined
deletion in the aroQ gene. The deletion"in the aroQ gene can be introduced
by all el i c ngxyeaastitdiite s0inducibleodildetidreSr AVES sehe&ReDicqairedfblexpiésdibn O
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preferred @mbopioment¢s, thiget gene alteration, introduction of an enzyme that promotes
20  recombination at the target gene site (e.g. Cre in the Cre-lox system), or other method for

directing the target gene alteration.

In a preferred embodiment, the partial or complete loss of function in the aroQ
gene is effected by disruption of that gene. In accordance with the present invention, the
disruption suitably results in an inability of the genetically modified Bordetella strain to

25 produce a corresponding functional expression product or detectable levels of that
expression product. Accordingly, a disruption in the endogenous aroQ gene may result in a
reduced level 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

30  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 a gene so as to decrease or prevent expression of that gene in the cell as



15 genetically nodified strain is tested for its ability to survive in the
host. These tests can be <carried out in vivo, for exanple in the nouse
nodel deswoilBmebibgrei n, or, as a second step, in non-hum@aTpi@i®®s. | n
yet anot her enbodi ment, the genetically nodified Bordetella strain of the
present invention may be used as a vector or delivery vehicle of antigens
fromorganisns 20 other than said Bordejella strain. Illustrative

enbodi ments of such heterol ogous antigé'élTo be expressed by the
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20  associated with said aroQ gene.
In a preferred embodiment, the disruption comprises a defined deletion in the
aroQ gene. The deletion in the aroQ gene can be introduced by allelic exchange due to a
double cross-over recombinational event, or any other method wherein a DNA replacement
event in which two separate DNA recombination events result in the exchange of a piece
25  of the intact gene for a homologous piece containing a deletion. The deletion is preferably
large enough such that the gene is inactivated in the first attempt and to reduce the
likelihood of a recombinational repair. Other genes, or at least portions thereof, which can
be deleted include the pur genes (e.g., purA, purE or purH), other aro genes (e.g., aroA,
aroB, aroC or aroE, or pertussis toxin gene, or any other gene which contributes to
30  survival in the host and/or to bacterial virulence, or any combination of such genes. Any
strain of Bordetella can be used to introduce such an attenuating mutation. The resulting
attenuated strain can be tested for the deletion of the targeted gene by methods known in

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



system for episonmal maintenance or it may be introduced into the
genetically nodified 15 Bordetella strain under conditions for

reconbi nawoDea/oemos i ntegration into said strain's chronos@CaIAUDDAI76E .
Targeting constructs The invention provides a targeting vector for
producing a genetically nodified Bordetella strain of the present

i nvention, conprising at |east a porti o_n3j)_f a polynucl eotide 20 of the
invention or variant or derivative of thereof. Specific constructs or
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present invention may be used as a vector or delivery vehicle of antigens from organisms
20  other than said Bordetella strain. Illustrative embodiments of such heterologous antigens to
be expressed by the genetically modified Bordetella strain of the present invention include,
antigens bacteria, viruses, fungi, protozoa, metazoan parasites or the like. The heterologous
structural genes may encode envelope proteins, capsid proteins, surface proteins such as
outer membrane proteins and capsids, toxins such as exotoxins or enterotoxins, or the
25 genes of interest may specify proteins, enzymes, or oligosaccharide antigen or for
modification of a saccharide-containing antigen, such as LPS, of the host bacterial strain,
or for synthesis of a polypeptide antigen, or variants or derivatives thereof. Specific
examples of genes of interest include HIV glycoproteins, malarial circumsporozoite
protein, HBV core protein, and arboviral coat protein, to name a few. Alternatively, or
30 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 to, Helicobacter pylori,



t hrough honol ogous reconbi nation are known in the art. 15 In certain

enbodi nents, the targeting construct nmay contain nore than one selectable
mar ker gewe.03/biaosel ect abl e marker is preferably a pol ynuecgettiode1iski ch
encodes an enzymatic activity that confers resistance to an antibiotic or
drug upon the cell in which the selectable marker is expressed. Sel ectable
mar kers nmay be "positive"; positive sel ?j::[ able markers typically are

dom nant sel ectable markers, i.e., genes which encode an 20 enzymatic
activity WalsehophlisbRfifeizee bad Neissany maeigsidialor cledrh .vifak aegpiratrppathopersant
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invention agk8nRtohbepNAEP! acenent -type”, wherein integration of a
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into the target gene. Replacenent-type targeting vectors nmay be enployed to
10 di srupt 4a guRRringebhitirg i n the generation of a null gene (i.e., a gene
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ordetella strain of the present invention, comprising at least a portion of a polynucleotide
20  of the invention or variant or derivative of thereof. Specific constructs or vectors of interest
include, but are not limited to, anti-sense aro) constructs comprising a sequence
complementary to a polynucleotide, fragment, variant or derivative as herein described,
which will block native aroQ expression and expression of dominant negative AroQ

mutations.

25 In a preferred embodiment, the vector is used to disrupt the aroQ gene, which
results in partial or complete loss of function of that gene. Any polynucleotide sequence
capable of disrupting an endogenous gene of interest by introducing a deletion, insertion or
replacement of at least one nucleotide, and preferably from 10 to 20 nucleotides therein,
(e.g., resulting in a nonsense mutation, a missense mutation or a frame-shift mutation) may

30 be employed in this regard. In a preferred embodiment, the vector, or an ancillary vector,
comprises a positive selectable marker gene. The disruption may reduce or prevent the

expression of aroQ or may render the resulting AroQ polypeptide completely non-



mutation, etc.) or may be used to introduce a nodification (e.g., one or
nore point nutations) into a gene. 15 The targeting construct or vector is
t hen i ntrowouseaibht o a host strain by any conveni ent neamETsuUOR/o0a®S but
not limted to, conjugation, transformation, transfection, transduction,
transl ocation, etc. In a particularly preferred enbodi nent, as described in
nore detail below, a replacenent-type tﬂ' geting vector was used to

i ntroduce a deletion in the aroQ gene of” 20 Bordetella pertussis by
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encodes an cnzymatic activity that confers resistance to an antibiotic or drug upon the cell

in which the selectable marker is expressed. Selectable markers may be “positive”; positive
selectable markers typically are dominant selectable markers, i.e., genes which encode an

20  enzymatic activity which can be detected in any bacterial cell. Examples of dominant
selectable markers include the bacterial aminoglycoside 3’ phosphotransferase gene (also
referred to as the kan gene) which confers resistance to the kanamycin (Km®), the bacterial
chloramphenicol acetyl transferase gene (also referred to as the cat gene) which confers
resistance to the chloramphenicol (Cm®). Selectable markers may be ‘negative’; negative

25  selectable markers (or otherwise called ‘counter-selectable markers’) encode an enzymatic
activity whose expression is cytotoxic to the cell when grown in an appropriate selective
medium, such as but not limited to a gene encoding E. coli S12 ribosomal protein, which
renders a streptomycin resistant (Sm®) host streptomycin sensitive (Sm®) or a sacB gene as
for example described by Pelicic et al. (1996, Mol. Microbiol. 20: 919-925).

30 When more than one selectable marker gene is employed, the targeting vector
preferably contains a positive selectable marker (e.g., the kan gene) and a counter-
selectable marker (e.g., S12 gene). The presence of the positive selectable marker permits

the selection of recombinant cells containing an integrated copy of the targeting vector



of at least 6 and preferably at |least 8 amno acids in | ength, which can
elicit an imune 15 response in an aninmal for the production of

ant i gen- bwodiBnein®l ecul es that are interactive with a 3-deloydamguiwase of
the invention. For exanple exenplary pol ypeptide fragnents of 8 residues
in length, which could elicit an immune response, include but are not
limted to residues 1-8, 9-16, 17-24, 2? 32, 33-40, 41-48, 49-56, 57-64,
65-72, 73-80, 81-88, 89- 96, 97-104, 105- 312 113-120, 121-128, 129-136 and
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tomprt's: ng o e Ergh 08 (L, Phich Ha® It liteff By R Y hehoiBe IR rEthmifit o Bl O

fragment 2%hd hegetQlite);vellb which fstueivenivhemigiowmdn dnéddurrwhidk selcidtabainse the

pol ypeptide, and testing said npdified polypeptide for an act|V|t{€ﬁ Ib t he
parent Ar oSXpEssreek the sountercselrgiahls markaied BOISQNIaHNLS oRYcef the pQunteipclagtabl
|nd|catesn%ﬂgﬁ the nodified pol ypeptide is a polypeptide variant. In

anot her e nent a polypeptide variant is produced by replacing at |east
30 one am no aci @ré?f:rr&iﬂ?%' RAE vEQb¥RERd ﬂesé;@[m@hﬁémetomesqemmn&wpef’orth
in SEQID NO 2, or ogrcally active fragment thereof,

di fferent avhiernin antegration pf @dlﬁpbceanmtﬁ%‘/ mom@mmmbeanmmof Bmlm@hlef i ed

Phe "moai | Ak Roroai s b B RamadTay e efir Mo B, atiRolt oo

of , or 10l SUKRIPLON defe rkdifitin 53% RS ReAsthiich %f%?nﬁﬁnﬁnea@@ de f@ﬁé lifRghpable of

actl vity of the par ent AroQ pol ype tide, including 3 dehy roqui nase
activity, akpressinghalifenctienaliprefein; hull genis mayl bp geygraigd ibyedelaling apgstipy péphs de
vari ant. Fqr.exa ant 0

absence of © qlgﬁagglgna%e ?m”%?{%s ﬁ]I'e %théﬁﬁﬁéﬂj i anf‘gédvl\?l{ %ng'g;a%%ag?h&%
pr ef er abl y najtatiodgstc. po¥om4ipbe l@éd?ft@rlﬁlb(bdhcead meRBdation Ae. g5Vl P Bore point
preferably at | east 65% even nore preferably at |east 70% even nore

pr ef er abl y matatjoagkintoysgeneeven nore preferably at |east 80% even nore

preferably at 10_| east 85% even m)re r ef abl t | east 90% and still
even ? e prefer gg? )}a%?t“i‘ge&%‘%“@gto/&)r g’ﬁ CB@)I‘ tﬁe%)?’f’ﬁes%?én &y any
exanpl e sheytchnShfahOsNR a2 buPhot ﬁmflt'ééggegﬁrx\j’u/gattlgﬁrﬁﬁﬁsforﬁé'tlt)@biré(nsfééﬁf)hant S
will have at least 50% preférably at |east nmore preferably at |east

60% even tonslupnaf, drafbgatiat, dteast 65% even nore preferably at |east 70%

even nore preferably at |east 75% even nore preferably at |east 80% even
nmore preferably &t a particularly preferred embodiment, as described in more detail below, a

replacement-type targeting vector was used to introduce a deletion in the aroQ gene of
20  Bordetella pertussis by allelic exchange with a copy of the aroQ gene present on the
vector. The aroQ gene to be exchanged with the wild type version contained a deletion into
which a kanamycin resistance gene was cloned. A copy of the S12 gene was also present
on the vector. Once the vector was introduced into Bordetella pertussis, by conjugation in
this example, a double cross-over recombinational event occurred such that the vector
25  aroQ gene containing the deletion, was exchanged for the chromosomal wild type aroQ.
The resulting recombinant Bordetella pertussis strain was Km®, Sm® and contained a

defined mutation which conferred attenuation as described herein.
5. Polypeptides of the invention

5.1 Bordetella AroQ polypeptides

30 The invention encompasses the use of AroQ polypeptides from Bordetella in

immunopotentiating compositions. For example, such AroQ polypeptides may be used in



15 |l east 85% even nore preferably at |east 90% and still even nore
preferably at |east 95% sequence identity to the sequence set forth in SEQ
| D NO 2.wuasioemnds pepti des or pol ypeptides, resulting fromCrattioontdss or
establ i shed net hods of nutagenesis or fromconbinatorial chem stries, for
exanpl e, may conprise conservative amno acid substitutions. Exenplary
conservative substitutions in a pol ypeptjde or 20 pol ypepti de fragnent
according to the invention nmay be nade according to the following table:
TABLE B O b&ic@ﬁ'wiﬁ?ﬁﬂe%éﬁ&i&@ﬂ? hivdificdus ikl s@alR oflimSRreseht glvestiAsnGIRit adi S
Aspd u CysSer G nAsn uAsp G yPro WO 03/ 060105 -38 PCT/ AU02/ 01768 Ori gi nal
Resi dueExeimpimangresponse dgainst Sosdasp/ipgrainsafpathogenie origiay AngyemplaryBprdeiedlar g,
Adn, Gu MetLeu, |le, Phe . hy Ser TrpTyr TyrTrp, Phe
Val lle, Lelo&ESSHrsy Qg%&é é%geggog%#cﬁﬁy%wﬁade bypsgl ec%/i ngIO
substitutions that are | ess conservative than those shown in TABLE B.

O her repl acemBiibRoNaHY dothe Pidfients

5 Biologically active fragments may be produced according to any suitable

procedure known in the art. For example, a suitable method may include first producing a
fragment of said polypeptide and then testing the fragment for the appropriate biological
activity. In one embodiment, the fragment may be tested for 3-dehydroquinase activity. In
another embodiment, biological activity of the fragment is tested by introducing a
10  polynucleotide from which a fragment of the polypeptide can be translated into a cell, and
detecting 3-dehydroquinase activity, which is indicative of the fragment being a

biologically active fragment.

The invention also contemplates biological fragments of the above polypeptides
of at least 6 and preferably at least 8 amino acids in length, which can elicit an immune
15  response in an animal for the production of antigen-binding molecules that are interactive
with a 3-dehydroquinase of the invention. For example exemplary polypeptide fragments
of 8 residues in length, which could elicit an immune response, include but are not limited
to residues 1-8, 9-16, 17-24, 25-32, 33-40, 41-48, 49-56, 57-64, 65-72, 73-80, 81-88, 89-
96, 97-104, 105-112, 113-120, 121-128, 129-136 and 137-144 of SEQ ID NO: 2.

20 5.3 Variant AroQ polypeptides

The invention contemplates the use of variants of AroQ polypeptides from

Bordetella in immunopotentiating compositions. Suitable methods of producing

polypeptide variants include replacing at least one amino acid of a parent polypeptide

comprising the sequence set forth in SEQ ID NO: 2, or a biologically active fragment

25  thereof, with a different amino acid to produce a modified polypeptide, and testing said

modified polypeptide for an activity of the parent AroQ polypeptide, including 3-

dehydroquinase activity, which indicates that the modified polypeptide is a polypeptide
variant.

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 biologically active fragment thereof, with a different amino acid to produce a



conservative substitutions and relatively fewer of these may be tol erated.
Cenerally, the 5 substitutions which are likely to produce the greatest
changes iwoa3pelhgpepti de's properties are those in whi chPCa)Aw@m2kydsophilic
residue (e.g., Ser or Asn) is substituted for, or by, a hydrophobic
residue (e.g., Ala, Leu, Ile, Phe or Val); (b) a cysteine or proline is
substituted for, or by, any other residﬂe; (c) a residue having an

el ectropositive side chain (e.g., Arg, H's or Lys) is substituted for, or

by, an el e%Jd?ﬁh%@ﬁél%ffé%tiﬁ@Ein%@ucﬁ@g daid ;ﬁl)g)epﬁde%f))a Ulyrud)eotidd Grone sihidie the
having a smaller side chain (e.g., Ala, Ser) or no side chain (e.g., Gy)
i s substi madéfedfpmlypeptiddhgan eteansiatedrintos ¢elll haying; axdeletioa of, predigruptiqhia, gie

. 5. I ide deri [ (1.h ref - ' I ' b f
(he | nvent COREPERIE dsrPy Rty a8 aalilfls 505 2ol el uadpiiyapiiies ©

addi tions §IiifoByREPdioeinader RHFRAL which Viadicaes tieht thdenodlfled py§pdptids is a
wherein said derivatives conprise an acti Vit;[)ﬁ-@()f an AroQ pol ypepti de,

i ncl udi g BobeRtidsqyAneak & ox axpmpley one spY; teploths  repembinanfocall fay2rawth imteude
fusi on of tagfeﬁc&%%&%g&i[ Qﬁﬁm afcgi@grrents and pol ypeptide variants of the
W 0 es

i nvention er pol ypepti ¢ or proteins. For exanple, it will be
appreci at ed_t hat ps gl JO) FRRRWHER at 1805024 Sre Rk atPaORAQ B840 Mnore preferabl
PCT/ AU02/ 01768 -39- variants may be incorporated into |arger polypeptides,
and t hat suatlait#i0gerevpo mope ptefatalsly antoast15$6 dyen engre praferably atdehst 20%, even

activity as nentioned above. The pol ypeptides, fra ts or variants of the
i nvention MYC B{e?f?rg@ééd‘??e&“aﬁ%’r?‘??gP‘YIEP%{%@ y'at§ asg@%p?‘é‘fn We@ﬁgﬁéga%}yo?t
deri vegof r ot £, OvieA i@t paGtetablyTiQedst 0693 nd REA Kieh gy pré:feﬁ_ﬁg/! dilledsNoshe
purification of the fusion protéin. For instance, a polyhistidine tag or a
mal t ose bi hdinalpgpusotoed polymypiide asstod examplei shopasipeTEQdD HéEX % iobad fragmepise

 rmanomoaufatesty> Bebgaents Rl FReCR ARCiEhieBryy dfRRociote Hate Bt ge

Protein A af 18t 6094, e tore bfe@éi&lfl?raﬁtbﬁst(@@eveﬂﬁ'&é F?’éﬂéﬂau@tdt\l@%t 70%, even
contenpl ated by the invention include, but are not [imted to, 10

nodi fi cat i omwre preégrafly @higapis75 % ry6n perraprederably aldenst 80%! cvari mereaeefgrabling/ or
their ri i ri i.de pt.i o] r i i t he
use of Tor ol@H HE e PR ERb i B WO R R R Rea B U e 85
const r ai nt sequendeidery yp@Rist§lRce dof AGEIASEQ@IMINO:@ i ants of the invention.
Exanpl es of side chain nodifications contenplated by the present invention
i ncl ude nodi fi caVianas peptidasionpolypeptjles,sesultirgstrdy ratograbor establislidd metbodsoof15
anhydride; acyl ation ﬁ‘f am‘ng@ groqp?’ﬁwi.th succinic anh%},dri de. and .
t et r ahydr ofH4EERFSLS O HAPTAMRnAtgal fhATISITASS. F9T Famplh A EYPRR g Aogservative
car bamoyl abinan, Qtid@ShEMnAfoRNP Ex¥nbliry QAR five PYIHsHRX¥hALHOR Riydepidd&r th
pyri doxal - 5- phosphate foll owed by reduction with

20  polypeptide fragment according to the invention may be made according to the following

table:
TABLE B
Original Residue Exemplary Substitutions
Ala Ser
Arg Lys
Asn GIn, His
Asp Glu
Cys Ser
Gin Asn
Glu Asp
Gly Pro




NaBH4; reductive al kylation by reaction with an al dehyde foll owed by
reduction with NaBH4; and trinitrobenzylation of am no groups with 2, 4,
6-trinitrabeamenes sul phonic acid 20 (TNBS). The carboxyl @cowvorayebe

nodi fied by carbodiimde activation via 0- acylisourea formation foll owed
by subsequent derivatisation, by way of exanple, to a corresponding am de.
The guani di ne group of arginine residues y be nodified by formation of
het erocyclic condensation products w th Teagents such as 2, 3-but anedi one,

phenyl gl yoxal ahd gl yoxal ul phydrly be nodi fied|by nethods
such as 25 perfprm cgrép‘fff’%{lifﬁ‘)ﬁgtl on '%Xﬁg’ewng?é’@fod’s formati pn of nercuri al

derivatives usi hg 4- cnloronercurlp enylsulpﬁ‘nlc acl d,

4- chl or omer cur i penzoat e; Hi chl or ongr curi - 4- enoI phenyl nercury
chloride, and ofher nercyrials; forjmation of i xed disulp1ides with
other thiol compounds; redction witlh naleinidg n#éfeic anhydfi de or ot her
substituted nal pi m de; E%poxyrret hyl ati on w th ipgoacetic acld or

i odoacet ami de; B0 and carbanoyl atidn with cyanate at al kaling¢ pH.

Trypt ophan resi jues may nodi fied, for examuig, Ghy al kylajion of the
indole ring with 2-hydroxy-5-nitrohenzyl brom de or sul phonyl halides or
by oxidation wifh N brondstcci ni m de. Tyrosi neew,dlsj dues nay be nodified by
nitration with fetranitromethane tq forma 3-nitrotyrosine derivative. The
WO 03/ 060105 PO/ AU02/ 01788 - 40- i ni dazol e Mehd-8f TH hi sti di pe resi due nay
be nodified by N-carbethgxylation with diethylpyrocarbonate|or by

b

al kyl ation with|iodoacet aci d derfi vati ves. | es of inceprporating
unnat ural am no aC| ds anfl%u,deri vatives during p?%}l de synthegis include but
are not limted|t use 4-am no |butyric aci 6- am nohexapoic acid, 5
4-anino-3-hydro<y 5 phenyjpent anoi d aci d,

4- am no- 3- hydr oky- 6- net hyl hept anoi g acid, t- butyl gl yci ne, nofl euci ne,

norval i ne, phenyl gl yci neTyromi t hi ne,| sar cosi nelrp2Phdri enyl al api ne and/ or
D-isoners of anfno acids. A list off unnatural am no aci ds coptenpl ated by
the present inpention i¥akhown in [TABLE C. TH8URUC Non-conventional am no
acid a-amnobutyric acid a-am no-a-nethylbutyrate

ani nocycl opropane- car boxyl ate am noi sobutyric acid

am nonor bor nyl - car boxyl ate cycl ohexyl al ani ne
Substantial changes in function are made by selecting substitutions that are less

conservative than those shown in TABLE B. Other replacements would be non-
conservative substitutions and relatively fewer of these may be tolerated. Generally, the
substitutions which are likely to produce the greatest changes in a polypeptide’s properties
are those in which (a) a hydrophilic residue (e.g., Ser or Asn) is substituted for, or by, a
hydrophobic residue (e.g., Ala, Leu, Ile, Phe or Val); (b) a cysteine or proline is substituted
for, or by, any other residue; (c) a residue having an electropositive side chain (e.g., Arg,
His or Lys) is substituted for, or by, an electronegative residue (e.g., Glu or Asp) or (d) a
10  residue having a smaller side chain (e.g., Ala, Ser) or no side chain (e.g., Gly) is

substituted for, or by, one having a bulky side chain (e.g., Phe or Trp).

5.4 Polypeptide derivatives

With reference to suitable derivatives of the invention, such derivatives include
amino acid deletions and/or additions to a polypeptide, fragment or variant of the
invention, wherein said derivatives comprise an activity of an AroQ polypeptide, including
“Additions”
polypeptides, fragments and polypeptide variants of the invention with other polypeptides

15

3-dehyroquinase activity. of amino acids may include fusion of the

or proteins. For example, it will be appreciated that said polypeptides, fragments or



cycl opentyl al anine L-N-nethylisoleucine D-alanine D-arginine D-aspartic
acid D-cysteine D-glutamate D-glutamc acid D-histidine D isoleucine
D- | euci newoDslogaomie D- et hi oni ne D ornit hi ne Non- conventricanglozanisgso aci d
L- N- et hyl al ani ne L-N-net hyl argi ni ne L-N-net hyl aspar agi ne

L- N-nmet hyl aspartic acid L-Nnethylcysteine L-Nnethylglutam ne
L-N-nmethylglutam c acid L-Nnethylhistigine L-Nnethylleucine

L- N-net hyl | ysi ne  L- N-net hyl net hi oni ne ~ T-N- net hyl nor | euci ne

L- N- et hy| Rewidad ke be'—rnEbrEfBltade' R 1drferlypephiticte bhy it e 0yR ddrgeti peypeptides
L- N-net hyl proline "L-N-nedlyl serine L-N-nethylthreonine
L- N- et hy| maypdssgieaaxpected to modulate an activity as mentioned above.
The polypeptides, fragments or variants of the invention may be fused to a further
protein, for example, which is not derived from the original host. The further protein may
5  assist in the purification of the fusion protein. For instance, a polyhistidine tag or a maltose
binding protein may be used in this respect as described in more detail below. Other

possible fusion proteins are those which produce an immunomodulatory response.

Particular examples of such proteins include Protein A or glutathione S-transferase (GST).

Other derivatives contemplated by the invention include, but are not limited to,

10  modification to side chains, incorporation of unnatural amino acids and/or their derivatives
during peptide, polypeptide or protein synthesis and the use of crosslinkers and other
methods which impose conformational constraints on the polypeptides, fragments and
variants of the invention. Examples of side chain modifications contemplated by the
present invention include modifications of amino groups such as by acylation with acetic

15 anhydride; acylation of amino groups with succinic anhydride and tetrahydrophthalic
anhydride; amidination with methylacetimidate; carbamoylation of amino groups with
cyanate; pyridoxylation of lysine with pyridoxal-5-phosphate followed by reduction with
NaBHj,; reductive alkylation by reaction with an aldehyde followed by reduction with
NaBHy; and trinitrobenzylation of amino groups with 2, 4, 6-trinitrobenzene sulphonic acid

20 (TNBS). The carboxyl group may be modified by carbodiimide activation via O-
acylisourea formation followed by subsequent derivatisation, by way of example, to a
corresponding amide. The guanidine group of arginine residues may be modified by
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 derivatives 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 ring with 2-hydroxy-5-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



L- N- et hyl t yrosi ne WD 03/ 060105 Non-conventional am no acid

D-phenyl al anine D-proline D-serine D-threonine D-tryptophan D-tyrosine
D val i ne wD-oaweabdhyl al ani ne D a-net hyl argi ni ne D a- net hpCasyiae/agicsie

D a-net hyl aspartate D-a-nethyl cysteine D a-nethylglutam ne
D-a-net hyl hi stidine D a-nethylisoleucine D a-nethylleucine

D-a-net hyl l ysine D a-net hyl net hi oni ne LB—_a- nmet hyl orni thiine

D- a- net hyl phenyl al ani ne D-a-nethyl prolihe D a-nethylserine

D- a- met hy | ihidegsé Neng [8f aa Madtiditlel kosRiuePay bdntodiBed byt W-aibaikoxylation with

L-a-nmet hyl | euci ne L-a-nethyl nethi oni ne L-a-nethyl norvatine
L- a- met hy| gisgrinyascanbonaterryalolatongth iodeacetic acid derivatives.
Examples of incorporating unnatural amino acids and derivatives during peptide
synthesis include but are not limited to, use of 4-amino butyric acid, 6-aminohexanoic acid,
5  4-amino-3-hydroxy-5-phenylpentanoic acid, 4-amino-3-hydroxy-6-methylheptanoic acid,
t-butylglycine, norleucine, norvaline, phenylglycine, ornithine, sarcosine, 2-thienyl alanine

and/or D-isomers of amino acids. A list of unnatural amino acids contemplated by the

present invention is shown in TABLE C.

TABLE C

Non-conventional amino acid Non-conventional amino acid

a-aminobutyric acid
o-amino-a-methylbutyrate
aminocyclopropane-carboxylate
aminoisobutyric acid
aminonorbornyl-carboxylate
cyclohexylalanine
cyclopentylalanine
L-N-methylisoleucine
D-alanine

D-arginine

D-aspartic acid

D-cysteine

D-glutamate

D-glutamic acid

D-histidine

D-isoleucine

D-leucine

D-lysine

D-methionine

D-ornithine

L-N-methylalanine
L-N-methylarginine
L-N-methylasparagine
L-N-methylaspartic acid
L-N-metﬁylcysteine
L-N-methylglutamine
L-N-methylglutamic acid
L-N-methylhistidine
L-N-methylleucine
L-N-methyllysine
L-N-methylmethionine
L-N-methylnorleucine
L-N-methylnorvaline
L-N-methylomithine
L-N-methylphenylalanine
L-N-methylproline
L-N-medlylserine
L-N-methylthreonine
L-N-methyltryptophan
L-N-methyltyrosine




Non- conventional amno acid L-N-nethyl
L- N-nmet hyl -t-butyl gl ycine L-norl eucine
a- et hyl -woiosEobut yrate a-nethyl -'y-

a- et hyl cycl ohexyl al ani ne
a- met hyl - a- napt hyl al ani ne
N- (2-am noet hyl ) gl yci ne N (3-am noprop
a- napt hyl al ani ne  N-benzyl gl ycine N-(2-

a- et hyl cyl c
a- met hyl peni

val i ne L-N-nethyl ethyl glycine

L- norval i ne
am nobutyrate
opent yl al ani ne
cillamne N (4-am nobutyl)glyci
xb;glyC|ne N- am no- a- net hyl buty
r banyl edi yl ) gl yci ne

PCT/AU02/01768

ne
rate

N- (car bamyf et hyl Jgryci ne . N-(2- car boxy
N- ( car boxyplemrgprushijenal @ming 4541 obut y! g
N-cycl ohexpyl gl yci ne N-cycl odecyl gl ycin
L- a- met hy| perphsngieldginel - a- et hyl or ni t hi

Non- convengional, amno acid L-a-nethyl
-proline

D-serine

D-threonine
D-tryptophan
D-tyrosine

D-valine
D-a—methylalainine
D-o-methylarginine
D-o-methylasparagine
D-a-methylaspartate
D-o-methylcysteine
D-o~-methylglutamine
D-o-methylhistidine
D-o-methylisoleucine
D-a-methylleucine
D-o-methyllysine
D-o-methylmethionine
D-o-methylornithiine
D-a-methylphenylalanine
D-a-methylproline
D-o-methylserine
D-o-methylthreonine
D-a-methyltryptophan
D-a-methyltyrosine
L-a~-methylleucine
L-o-methylmethionine

L-o-methylnorvatine

L-a-methylphenylalanine

ethyl)glycin
IWrQ?éveWOE?&’WHQﬂF% gl yci ne

e L-a-nethyllysine
AeN-methykyalifg | prol i ne WO 03/ 0601

ie-l(II thyféthylgr]Ec1né/ | trypt ophan

L-N-methyl-t-butylglycine
L-norleucine

L-norvaline
o-methyl-aminoisobutyrate
o-methyl-y-aminobutyrate
o-methylcyclohexylalanine
a-methylcylcopentylalanine
o-methyl-o-napthylalanine
o-methylpenicillamine
N-(4-aminobutyl)glycine
N-(2-aminoethyl)glycine
N-(3-aminopropyl)glycine
N-amino-a-methylbutyrate
o~napthylalanine
N-benzylglycine
N-(2-carbamylediyl)glycine
N-(carbamylmethyl)glycine
N-(2-carboxyethyl)glycine
N-(carboxymethyl)glycine
N-cyclobutylglycine
N-cycloheptylglycine
N-cyclohexylglycine
N-cyclodecylglycine
L-o-methyllysine
L-o-methylnorleucine

L-a-methylomithine

D5

L-o-methylproline




L-a-nmethylvaline N-(N-(2,2-di phenylethyl carbanyl nethyl)glycine
1-carboxy- | -(2,2-di phenyl-ethyl am no)cycl opropane PCT/ AU02/ 01768 -42
Non- convewbDiodmed108m no acid L-a-nethylthreoni ne L-a-netrgiratroesise

L- N- et hyl honophenyl al ani ne  N-(N- (3, 3-di phenyl propyl

car banyl net hyl ) gl ycine Also contenplated is the use of crosslinkers, for
exanple, to stabilise 3D conformations t he pol ypeptides, fragnents or
variants of the invention, using hono- bifunctional cross |inkers such as
bi functi onpl Tm do esters hawgg(CHZ)" pacer grou 5vm1[;ﬁp =1ton|=
6, glutara H@Wﬂ’é"e”ﬂp GW&% ci ni mi de %’l”¥e'§’r?6aﬁ‘€f”é‘f’6’c functi onal
reagents whi ch usually contain an am nc-reactlv noi.ety such as
N hydr oxyspbwr-mctiylseringnd anot her gr oug 6‘é‘éqt Yg“?% ive noiety such ap

mal ei m do di t i ety or carbodii dition, peptides can pe
conf or mat i ];1 %Bﬁqpila%e for exanmyl eSgh}qtyr'ﬁ?srl%educt|on of doubl e bpnds
bet ween C'| angd,.( Igglg,ﬁ,taﬁf]@ of am no aci ds, LbN IP%WhBH{O? l12find0 Ca and N

rmet hyl am po ac and by formation of cycl1c” pept or anal ogues by
i ntroduci npNc@a, ga{phb@ﬂ&ﬁypuch as for mmgqqmmﬂp]d@ymm]bet ween the N pnd

Ctermni @‘ﬁgéﬁ.ﬁ H@;g) g@ chai ns or t%hmg@hﬁetﬁ},] §elysiai n and the N or| C
termnus of the peptides anal ogues.| For éxanpl e, reference nay be npde

to: Marl owel{4D99y- lﬁlzalf-ql}p]mwl-&hy[\/em cinal Chemstry Letters 3: 437-44) Who
descri bes p@ﬁ{nbitg,cn)pfdplaﬁ@t ion on TFA resin 15 usi ng trimethylsilyl (TMSE)
ester as amortnogonat—protectinggroup—Pattmand—Tam—(1995—3—Chen

Soc. Chem Comm 2021-2022) who descri be the cyclisation of unprotected

peptides in aque r A I

Tet r ahedr on Lettg?gé gg&k‘%@%% ?3%1% |§? %lggergo &d%ﬁ% % g/nt%ﬁésleggf
head- t o- t atbnfoftiyations ofelé pdl@@emc&slﬁsgm\@tebdeam of s ventig, usaigeloned- al
(1993, Tetrahedron Letters 34: 20 1549-1552) . who descrjbe the production of

head-t o- t aP} wepalccraepkml@é% Syph %smléectlmmsqoo?ﬁaqrs daving (Gl hesPags LrRRps:
Tunel tys et yah {1994, 16 ?g%x g1ﬁyrﬁr0)§8 %@Jesté&%ﬁé heRp-gfafdibha the

synthe5|s of cyclic pept| activate
reagents which usually contain an amino-reactive m01ety such as N-hydroxysuccinimide

and another group specific-reactive moiety such as maleimido or dithio moiety or
carbodiimide. In addition, peptides can be conformationally constrained, for example, by
introduction of double bonds between C, and Cg atoms of amino acids, by incorporation of
10 C, and Nymethylamino acids, and by formation of cyclic peptides or analogues by
introducing covalent bonds such as forming an amide bond between the N and C termini
between two side chains or between a side chain and the N or C terminus of the peptides or
analogues. For example, reference may be made to: Marlowe (1993, Biorganic &
Medicinal Chemistry Letters 3: 437-44) who describes peptide cyclisation on TFA resin
15 using trimethylsilyl (TMSE) ester as an orthogonal protecting group; Pallin and Tam
(1995, J. Chem. Soc. Chem. Comm. 2021-2022) who describe the cyclisation of
unprotected peptides in aqueous 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 cyclic peptides by three-
dimensional 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 is carried out with N-
protecting group intact and subsequent removal leading to cyclisation; McMurray et al

25 (1994, Peptide Research T. 195-206) who disclose head-to-tail cyclisation of peptides



i nternedi ate, wherein activation of the immobilised peptide is carried out
with NN protecting group intact and subsequent renoval |eading to
cyclisatiwo3Nbibsray et al 25 (1994, Peptide Research 7: pCIm@R8)768ho

di scl ose head-to-tail cyclisation of peptides WO 03/060105 PCT/ AU02/ 01768
-43- attached to insoluble supports by neans of the side chains of aspartic
and glutamc acid; Huby et al (1994, Reactive Polyners 22: 231-241) who
teach an alternate nethod for cyclising peptides via solid supports; and
Schmi dt angttdchb@es idsdRBTe suppoftepy ntkandBSthedMde clarns/aY) asphrdicding Qlwtsicaadidst hod

for synthesising cyclotetrapeptides and cgcl oFent apeptides, 5 The for g(goi ng
met hods nayirey eseb(1994pRerrize Fobmest #at L8 kaft 1)y Whe Hedchast alterpaie yphed &ds

t hat nodul . rep j ? . [-Qn. i i t t .
pol ypept | doectsfEiEE bk RolRbcpl: antSorRUF I Bl SR70 PERIAR 163, 4
modi fi ed usf419) ohdidislosermxhethod for dynthesiging alyclbeahpeptides asd cydopeatapeptjsiesy e
their resistance to proteol ytic degradation or to.optim se solubility
propert? es 188 fqrég"lll@m@éh%‘éFnatyﬁ’é’rﬂsﬁgpeprgéﬂqeé’ﬁp r’é‘étl%‘%hiyr?ﬁﬂﬁ&’g%ﬁﬁ‘i R?l%@gﬁ‘??s 5.5

Met hods of ypg %ﬁﬁfaf&eéfoﬁ@ctﬂ%‘ﬁiﬂ&ﬁh@ des AroQ pol ypeptides, fragnents,
b

variants or derivatives may be prepared by any suitable procedure known to
those of skill ifnghavéltion 586 RntMPifes PobpePRdcpPeRhRas bRWarikes psfefrr ed
by a procedure including the steps of (a) preparing a reconbinant 15

pol ynucl eoirvertigrothet haverfipen nndifiesiousingeordwgiiemetecula brplegical tgsbnigpesHsd aeto
conpri sing.the equence set farth.in any.on f SEQ | D NO... 2 .

bi o ogr cal PRs L RSP e St Bedti Bl Br R ootbimss s B oigBr® prse,
whi ch poicl eglibtifemaasRRaRabI6 adaEinainogkhiblagehtt 0 regul atory el ements; (b)
i ntroduci ng the reconbi nant pol ynucleotide into a suitable host cell; (c)
culturing the host cell to express reconbi nant pol ypeptide fromthe
reconbi nant 20 Methgdsiof preparohe: 4ra@dolybepiidasl at i ng t he reconbi nant

pol ypeptide. Preferred nucl eotide sequences include, but are not limted
to the sequencesAse® Hobyrehtides, SEgmems,NQ@riantsopr derivhteey meyrhsi prapared by any

e 4 el 1 PuBIeSPPRERERAR i Pobe Skt T Bl B BEIR0 g BEfBlprdsy Bl ™

vector thabe prepagd abgsa i ptbeedardGféludiggon®. sttpe Jfega) piepaying! £nRedrEbinkt!
general ly be appropriate for the 25 host cell used for _ expression., Nunerous
types b3 appybwileeiids orprisig dAusiertidsrssqugnge eaending p dohwghlida eryprisip ithsces
are known | 0 vari Cng t I AVjeY! ,

r egul atorygeuégn%nst%yqrﬁlhc{nu%g,o l?? ‘Sé)ér ngﬁ I2|’ (r(}’l?lf] ebEOIP%;,XBPf%thTJﬁ%eﬁratgg%%tehﬁ%egg’,

| eader or st gafihnt sEqiegina, of i thesspictbinudiettdes ise@ence riansperdby ilinkad tot art
and stop sequences, trans|ational, start and term nation sequences, and
enhancer ofegakiory flgpenigbe irteaducing the recgmbinang polynucleotide into a suitable host

cell; (c) culturing the host cell to express recombinant polypeptide from the recombinant

20  polynucleotide; and (d) isolating the recombinant polypeptide. Preferred nucleotide

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 variety of host cells. Typically, the
regulatory elements include, but are not limited to, promoter sequences, leader or signal
sequences, ribosomal binding sites, transcriptional start and stop sequences, translational
start 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.



30 i nduci ble pronoters as known in the art are contenplated by the

I nvention. The pronoters may be either naturally occurring pronoters, or
hybri d prwoms®sEoi hat conbi ne el enents of nore than one pPCEMA0R01768\0

03/ 060105 PCT/ AU02/ 01768 -44- In a preferred enbodi ment, the expression
vector contains a selectable marker gene to allow the sel ection of
transforned host cells. Selection genes gre well known in the art and wll
vary with the host cell used. The expression vector nay al so include a

fusion partner (Iygigrefelryd Ribotiesht,bthetdrBresSoRXiectos somaing er sedectatde nidikdr t he
reconbi nant pol ypeptide of the invention is _expressed as a fui(znon i
pol ypept i d&end tetallewthe salestion op Hrrsiermedost ¢alls Selerlign Banes ¢ Well &newn pathener s

is that t91%11@@?15gﬁr[yi\ﬂ%l%fh.bgtq:teh(ﬁged”md/ or purification of said fusion
e. e

pol ypeptid n or 0 express said fusion polypeptide, it is necessary

to ligate a poly IR V3P Iy BoliRcIhdea RRIATHaHAEY (tyPiE Ayl fI6viadPbEaR! On
vector so that t?g@%ﬁgﬁéssl at i onal ?eagiln(g:; fr?imes gi%a the( *‘ﬁusi (ﬁ]ﬂ?p\grtnef and

10 t he Ppol yxpredsemt vateory 60 tHat the. reveshbinkntmatypsrade bethedfivéntion ds eppressae ias a

i nclude, but.are.not . limte 0, gl ut at hi one-S-trapsfer.ase (GST F

ot on_of - HsiftPagePuderEeE e hatthat Shemr piseRliih FMiiarh Fifet fabat

(H S6), Wﬂtlfég a8di§ iBeftificatidrdd dyoryseifiehtidroéf dafPfudion Polyleptide In bitfdr @express

pol ypeptide by affinity chromatography. For the purposes of fusion .

pol ypept i deaid fiasidrt padppepide, biyis apgassary jo bgatoanelygrelpatide aceqrdingrie thrinverdws f or
affinity chromat ograph re 15.4ql t hi;one- o - lckel - or
cobal t - con}Iﬁ%g%ee&%Feégf)ﬁgg?grs%etg |t\ﬁé%§p Sl%&ﬁlﬁl rsegg%lg%sﬁagqe’rs iog(tar}ge afq‘lgm \%{1 "B in

"Kit" f@r mhespityhueEotiBe céhdax PWeE Khdiva esh@iples QF gtdh) pararidinciide, but atd &)
fusion partners and the Pharnmacia GST puriftication system In a preferred

enbodi ment limited tpegbyashiaaerS-trasiprase | (EST) d B ipstien pf dyiean {80t maltessnbiadisgal

vector pF . Cri F @I L1087 er
Wl | knonnPIORHiR RS bl RELTRIdnd tHrsih, G A8 hflcuiae U R0 R0 BE "
partner sefusim palypeptidedryesftiany chtagitogapinh Fozltheparposes bfigision polypgeiaei de
of the invention to be_identified bé fl uorescence m crosco flow

b
cyt omet ry. PuHacagipp by adfinity clremaiogianby, rslsvandnatgess fot affinyy y%%égrﬁ%%x #8n of

the fuysio yohept. )f -llnyent i _ar: i | '

expr oL ( nELPRAKAEPahifost, shl pidddioh LM Bhiup e RSB, Ry S
such as f| matregs erecavanalile instkétdl foren, Isu@bassthe QIAgxpredsACS)stemi €Qiagen)iuseflubivith
useful in this latter application. Preferably, the fusion partners also
have pr ot eddiSek fesdomgurtaemseand dhg Phagngcip Gk tmwiiation syewndnna pusfesred

Lo ShecARo R SOk B allisc S e skonRLUarRL:
I nvent i on pReA6fasaiescribeé nlord&rlBtheeeipadtey pepithatdusiciapartiee wellknosaliatiechrf isom
the f u% Ongr%grrlt ug;es}:) nt %lrjot%glgq(%%j}s ,i;}flllrs %ngr? %g.r? err]isgw%g g? raa &o?gs'cent “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 “epitope tags”,
which are usually short peptide sequences for which a specific antibody is available. Well
known examples of epitope tags for which specific monoclonal antibodies are readily

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



30 Fusion partners according to the invention also include within their

scope "epitope tags", which are usually short peptide sequences for which

a speci fiwoanbstotly i s avail able. Well known exanpl es of pepistope1isags f or

whi ch specific nonoclonal antibodies are readily available include c-MWec,

i nfluenza virus, haemagglutinin and FLAG tags. WO 03/ 060105 PCT/ AU02/ 01768

-45- The step of introducing into the ho cell the reconbi nant

pol ynucl eoti de may be effected by any suitable nethod including

transfection, angh¢sepfaitraiuciag, infoltRe Bb@icelk tigd recobimbntpdlynueteotidpangiart on
| oyed. Such nmethods are well known to those of Skllbﬁ

t he host II
the art. Sefieteby BRKEURIIG RSO0 INEN S FATh AN F2RHPTBRIG, S choiee
cul turing g,00sLin e&épeﬁa 8 BidTRAL wutégnﬁ GXBlARRLMBY B ERAHOhER

nucl ei ¢ aci d encoding-a ypeptl oglca y active fragment, variant
or deri vat ofskiHGE heditng to the invention. The conditions appropriate for
protein expression will vary with the choice of expression vector and the
host ce5I Th| s Rscaalsinin mémph@srté‘dhcbngm@rsma}' Ibed>r¢ducc<ﬂ1éya?iultmtlllf8 alight
routine eri nmentation. Suitable host .cel or e si on

b okaryot | CebF RO eressiBrerbaoHite Teler 15 CRpRFtrdienits,
pol ypept i dﬁloq@gaéml% R&tiveO filaBfiehi) \\RiahOor | Gerivalivd taREbrd g Tdnethe biagéionUTHes ed
may be E. coli e reconblnant protein mii/l be conveniently prepared by a

person ski kouditions aphepria® far protein expressindutloyapr with ¢l choige dferpresgierpyeetor

described in 989 rti e

Ausubel et a%ﬂl %ﬁn?‘lgﬁf’ul ls bﬁﬁﬁa?—s{‘ ?ljtt:aﬁ edpg ongﬁgﬁgedf% zglr?dm f%‘%uglp ?j %‘gqei gan
et al. ,10(19%&9&73)tmnl n partl cul ar Chapters 1, 5 and 6. Alternatively, the
AroQ pol ypeptide, fragments, variants or derivatives may be synthesised
usi ng sol uti on sSmﬁtéflﬂshmt oc¢llssfol exprpdsamensy Mkaxs'oacsodaﬂ«arydued()né preferred
exanple, in apter 9 of Ath rton and ephard ra). a i n. Roher ge
et al (1995pst CG’“ 2hFXRIETRIN RGP Rg %P%u‘l“-‘égr%‘\*r?e g ehYsTIon e o nbaezﬁ%u tes

anti gen- bIBQ&&?HHH&%QHL ¥8e EN@Jy; bi nd specifically to the aforenmentioned
pol ypeptides, fragnents, variants and derivatives. Preferably, an

anti gen- bi ndi ng rpé %é@hfbuﬁtﬁ@?{ uli\ﬁlatyQ)etd@ﬁvérﬁéfﬁl@'tpr@ﬁhrécﬁby RipRfsef iskivied W tHe t he
am no acid 25 sequences set forth in SEQ |ID NO or variants thereof. For

exarrEI $5 t Bg lmtr@]g g@ndagdnm*ptvgolsm é@utwni«aﬁembsdulgesmwoek,péq ¢bl 498, in
t
ol ypent | et il SRR i g RSyl 203 (o040 Sy S IRGH A niE Sl °

product i on16nemiGsiganei @h (PE95-1990h, Ul garicaler Chagtedh 5 and 60 obt ai n pol ycl onal
anti sera.
Alternatively, the AroQ polypeptide, fragments, variants or derivatives may be

synthesised using solution synthesis or solid phase synthesis as described, for example, in

20  Chapter 9 of Atherton and Shephard (supra) and in Roberge et al (1995).

6. Antigen-binding molecules

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.,
CURRENT PROTOCOLS IN IMMUNOLOGY, (John Wiley & Sons, Inc, 1991), and
Ausubel et al., (1994-1998, supra), in particular Section III of Chapter 11. In lieu of the



Met hods of producing polyclonal antibodies are well known to those skilled
inthe art. 30 Exenplary protocols which may be used are described for

exanpl e iwo@alsgen et al., CURRENT PROTOCOLS | N | MMUNOLOBET/AtboktreyV | ey &
Sons, Inc, 1991), and Ausubel et al., (1994-1998, supra), in particular
Section |11l of Chapter 11. In lieu of the WO 03/060105 PCT/ AU02/ 01768 - 46-

polyclonal antisera obtained in the proqRFtlon speci es, nonocl onal
anti bodi es may be produced using the standard nethod as described, for

exanpl e, byolkelohalr ariteraMbbisined fin the Préductied lsbﬁzlébﬁﬁmorﬂ)QfmnAEZﬂtlboﬂ[estamee
recent nodifications thereof as described, for i n. Col |gan et al.

(1991, suppeeyuesd ilmllheaﬂﬁ%qaﬁ‘b meghodeds @ﬁSC@l?%rfOTa?ﬁm@WySKSPEHGB Ajilstein s
derived f r@@7§1 ypep | gkoﬂ%sg@@hglﬁpm&g rQ@eﬁ BRI RBGY iRt RY W e@crﬁféﬂ ®r

nore of th varlan s or derivatives

i nvention. eﬂdﬂ@le nmemoﬂlgm @t 30, Costienppal asy aﬁmrthhgﬁgl-sbleanild’tgoﬂhai entibeely Fv,
Fab, Fab' and F(ab')2 i mrunogl obulin fragnents. Alternativ t he

ant i gem bi gmdﬁgng@pl&g?rg/eﬁgfgpm eFRsucHen spesissrHach hasbegsi ipp e‘i:\‘i’ 1 RNt .
Exenpl ary ofc megg gcgé?ﬁtmévﬂ?éﬂen{s Cartilss Qﬁeﬁ{/ AleS of Bl dfa‘doxfl ragments (sFv,

frequently ch a’ pepti I'S use to bridge the N

termnus or C teffl p{3n@én Asd/chi@aPlates\s tahtlgéiﬁblﬁdﬁlgrxﬂbl%iﬁeson ¥FabEF 8’ AT,
respectively, of a VL domain. ScFv |ack all constant parts of whol e

ant i bodi esFéd), amenwoiglobalihefragmenss.i ddiemativelp) élrnsnntlg@abmélmgerrp@pmedmay

i nkers for .nin V mai n arethoev\,hlch w t he and
W "domai necubich & yRbgic eBira Fy GPERE  ERinid RS B B Ve R R

bi ndi ngy si ifghichBindFy Ra@Berls (@RS froq@ht]$ Ttérﬁl%ﬁléEFv)Slhrﬂzlhalﬁ aE@pﬁdb’ihnl&E i$ hged
antigen binding site of a whol e antibody fromwhich the Fv fragnent js

derived. Lt thmhk/tmgnumr Qéassming ofaohedenas withthe & siniup et NHprmaimas,
lr’ret hod di SCeLé)esc 1ve1y %% Jot xp tScﬁp lacﬂ 2[ Zt?i§f a'fgvéﬁ\(ﬁ{o’le LlESAE HASRS n&
inker is @ SCFv

S “‘nmay accordance

met hods ouible m@dcmﬁté(f:@hpllénﬁht slutéﬁ{é @b}ﬁideelﬁnkafs fot Q&ngJthe IMpaby dBﬂlalns
Met hods; 201(1): 35-55). Alternatively, they nmay be prepared by nethods
descri bed #t§ thpseswhishy @%ﬁw ke ¥rood gmlomems ekl Frip énpingls podgeptide shaiphe

articl b r 9 I t et
al (19@% ?{n‘){%%ﬁbag g&eﬁgﬁdn egtegwﬁﬁ% &%ﬁeg@%a(ﬁélppr oac%%b% tgst%ﬁ e
Al t er nat i vaitigentbiedisy sitdref aml&leamabbdgcﬂroﬁvwhrcmgﬁem‘w feapmpnt sederivedi Binkpii de

25 stabilised Fy (dsF in which cysteine residue re intro ed into the
VH and L Boias the desisedproRsiics may e qofaingd b isanethed fiselose ’é‘dﬁf%epf‘%t No

br oduci ng GOy 28 A GuElE ?‘ﬁgﬂ‘“?%%*’@%%g%fff?@?%%t S P ST o
29: 1363- 1B86accoRkinte witht mathodd 98tlined .in B{reber Eh@n{Ki2b6&: er al. 1997, J. Immunol
20  Methods; 201(1): 35-55). Alternatively, 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 Pliickthun et al (1996, In Antibody engineering: A

practical approach. 203-252).

Alternatively, the synthetic stabilised Fv fragment comprises a disulphide
25  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 et al. 1994, J. Biol. Chem. 269:
18327-18331; Reiter et al. 1994, Biochem. 33: 5451-5459; Reiter et 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-



18327-18331; Reiter et al. 1994, Biochem 33: 5451-5459; Reiter et al.
1994. Cancer Res. 30 54: 2714-2718; \Webber et al. 1995, Mol. Imunol. 32:
249- 258) .wAlsocmont enpl at ed as anti gen-bi ndi ng nol ecul es a&ca/Adiongl s

vari abl e region donmains (termed dAbs) as for exanple disclosed in Ward et
al . (1989, Nature 341: 544 WD 03/ 060105 PCT/ AU02/ 01768 -47- 546);

Hanmers- Casterman et al. (1993, Nature. 363: 446-448); Davies & Ri echmann,
(1994, FEBS Lett. 339: 285-290). Alternatively, the antigen-binding

mol ecul e MBY6Y: OfaRfetS€aglerniah @t BOMNY93, Ninkd)363: 4450RI8Y, DAviey & RedtBnAhe(199R/ |
ver si ons of whol e anti bodi es, which encode in a single chain 5 the
essential FESFers3M: 2854A0)- e anti body. Suitably, the minibody is conprised
of the VH and VL domains of a native antibody fused to.the_ hinge e i?ln and
CH3 domai n of t héltemaivslbgihssaissn-kfwg melegitle may, compiiss|d m oslg‘o‘ 15n

U.S. Pat ent, ?mﬁi%z»dﬁg dre §Iﬁhlla%r§lbﬁ§%mﬁ&e gﬂﬁﬁwl&? Bhicht é?ﬁo@f? Il P&t dglgjnggr

mol ecul e may” conpri se non- 1 munogl obul in derived, protein framewodrks.
exanpl e5 r dfecsssential etameite ofradehdl®aibodg.0SwitaBlyh tHet minifodyas compuosed dfahe Vy

Acad. Sci. U 2: .652-6556) whi.c j sgl oses.a four.-heli dl e.protein
ey ochr ome BERs FRAIBLOE Sga oI RaN duS8anT her BN coth T it ph e

det er m ni ngyAREbABGuIGRERule Wi eAApE:, RRERs&LINATEEePattRINARBE 98P bi ndi ng.
The anti gen-binding nolecule may be multivalent (i.e., having nore than one

antigen bindi ng & bf)altedheribbdiméad, @ anfdeAChihéin g aYlebile SAHE cbinpricohone
or nore 15 anti giens. Mul tival ent nol ecules of this type may be prepared by
4

di mer i sat i samynogloknlanderiyediypreieagiiamewonkp Faggrampley efrerge may he aade hyKu

id , ' : . 3y . 53:
706, S5055 &, S AT A 350 K BT Sa%sp AR g R0 B
Al t er nat i veliydle @rotEini cyrich@meso2beavimeiwd loape thndymised itooreafe ¢dngplamentbigy

fragnments to anphi philic helices that naturall g di neri se, (Pack P.
Pl i i nckt hufetemgigmg rogiops ((dpReh Which havebeenssglested for apfigensBindmedomai ns (such

R
enbodi ment ant‘(i%’/éﬁ( BidHineV &tegNEudfP At QeltPhokRRRE I Hfy BeMPebi6AkENbns 0fGh6re

chain anti boc mul ti"-sckv) conprising at |east two scFvs |inked together
by a pépti datigens.niativaient midleculesgef this mype- wey dheeprepgredrbyc dwnérisatiory off i thiked

scFv diners_terned "di abodi es" 25 may, be used. Milti-scFvs e
o1 Speci 11 ¢ SH10) SEReBro e et CTHET e MINIDES Poptc %, 357 ERTag ik chasor by
different adamgen b IGORICERLRE Reb.C53:14936-4WBU )t drdSCIYiBer@YalbDE199D EPakklioRr
exanpl e by nethods disclosed in U S Patent No. 5,892, 020. The _
ant i gen- bi M:n2hbiGcditemabyely hdimengation way pgyfagilitatede by fiasiomof jithe aptibody
fragments to amphiphilic helices that naturally dimerise (Pack P. Pliinckthun, 1992,
20  Biochem. 31: 1579-1584), or by use of domains (such as the leucine zippers jun and fos)
that preferentially heterodimerise (Kostelny et 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 et al, (1995-1997,

supra).



chromat ography in isolating a natural or reconbi nant pol ypeptide or
biologically active 30 fragnent of the invention. For exanple reference
may be neve wBoeciinsrunoaf finity chromat ographi ¢ procedures @eIcatoR®w768N
Chapter 9.5 of Coligan et al., (1995-1997, supra). WO 03/060105
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| mmunop®t emttisequently cdutpd Sidm dhes rdse Ryefeated aabihy imaalie’: | SephBosef t(Bhdrmasia),ai n

of the present _invention i.g useful.for . th esi gn. of . i oporentiatin
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strain, nore suitably a natural pathogenic Bordetella counterpart of the

geneti cal | $ucogssdN.Yad Bordetella strain, or related organismand wll,
therefore, find utility in treatin and/ or preventing whoopi ng cough or

rel ated conditi ofidtermtivaly, theearfigenbinding,pwilgculss cander Upeshi syreehdempraies

i Mmmunoppt ept i ati it i Gl ~ i
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phar maceut pasthbgepicoarigpinidcerdaate with tHepueseneidyerftion. exanpl e, sal i ne buffer),
and optionally in conbination with at |east one adjuvant such as al um num

hydr oxi de or a conmpound belonging to the nuranyl peptide famly.
7. Immunopotentiating compositions

The genetically modified Bordetella strain of the present invention is useful for

the design of immunopotentiating compositions that are effective in eliciting an immune

20  response, and preferably a protective immune response, against a pathogenic Bordetella

strain, more suitably a natural pathogenic Bordetella counterpart of the genetically

modified Bordetella strain, or related organism and will, therefore, find utility in treating

and/or preventing whooping cough or related conditions. Thus, the present invention

additionally encompasses immunopotentiating compositions comprising one ore more

25 genetically modified Bordetella strains described above in combination 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 muramyl 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 adjuvant compounds can be selected
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geneti cal | y=nodi rains-—20 ‘contarning conpositions of the
present 1nventi O‘i*h@riﬁmﬂfn%fg&'éﬂ@itﬁﬁgu&ﬁﬁpéﬁidnmg%’v&tﬁaﬂe{ﬁ’esacfn%isw?@d in a
treatment and/or prevention of di'seases associated wth infection by

pat hogeni cnehnai nempétitBor eeh ethe adesade rfetmtletomr gahiisnsuchThusunts as hwill be

conpositions are. preferably deli d t he | d. m. ddl irat
1 act s by Hiranshisdlliesfeein And heninoedie TheAiputy ot Ob GAImIntRLFTES Feeained dehe
| over res pismgé& 'y Yel @&dted fciidingt 2. bihe %P&&dye&) thetiR@iviRane Makduad!sy¥tem to

nodi fi ed Bor into a solution and/or a suSpension

ordetella can be formulated in
of parti cingkicé an unwune fesporappr opri ate for inhal ation. Such carriers are
also well known to the ordinary artisan famliar with inhalants for the
del i very of fi neltid Bysferres eaphodimeisthe anmypepoteKiating compesitde is\farmulated for

i nhal abl'e {06 BR0A/6! fialafiBfa THAMiARHohCThe 3officAly hAGiflaod/Bbrefs strains-
20  containing compositions of the present invention are preferably used as immunogenic
agents for the treatment and/or prevention of diseases associated with infection by
pathogenic strains of Bordetella and related organisms. Thus, such compositions are
preferably delivered to the lower and middle respiratory tracts by an inhalation route. For
administration by inhalation into the lower respiratory tract (e.g., the bronchioles), the

25  genetically modified Bordetella can be formulated into a solution and/or a suspension of
particles in a carrier appropriate for inhalation. Such carriers are also well known to the
ordinary artisan familiar with inhalants for the delivery of fine droplets and insufflations

and for the delivery of inhalable fine particles. The mean particle size of the droplet or
powder for inhalation administration into the lower respiratory tract (e.g., the bronchioles)

30 is commonly, but not exclusively, in the order of from about 0.5 to about 10 microns, and
typically ranges from about 0.5 to about 1.0 micron, comprised of powders, mists or
aerosols, into the lower respiratory tract (Remington’s, Id., at page 1451). For inhalation

administration into the middle respiratory tract (e.g., the oro-pharynx) the mean particle



powder for inhalation admnistration into the |ower respiratory tract

(e.g., the bronchioles) 30 is commonly, but not exclusively, in the order
of from avows/o@bst o about 10 m crons, and typically ranges/Atomzabout 0.5
to about 1.0 mcron, conprised of powders, mists or aerosols, into the

| ower respiratory tract (Remngton's, Id., at page 1451). For inhal ation
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solubility of the surf.actant in the el lLant . Faor inhalation,of droplets,
m sts and aeros oﬁgwg?lﬁgﬁ?s "&Ietb? cftggnsﬁéﬁpogiet%e%ﬁtﬁ SErEoY lls b(pelcsaélor FeaRee
aer osol gepgfatditstoddBuregsddl dispryson abb powdBreddaiéditiflent S1€ Ridediprende & be
metered to provide uniformty of dosin _gRenington[s,_ld.). .

Chl or of | uosmeathymsertiorplthovalve thrpesgh wbigh ke porapesitiamissdisnensed: fepventional
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regard rehobsatusedyo mereasdthesolubhity ofithe kragpano prethe padpelldhtscl osed in
I nternational Publications WO92/08447, W92/ 06675 and W91/0401 1. Wen
provi di ng a pati Eotinhalatiod ofdroplatst mistsadndi asrsnisonsnus daviceyg sedngsasbulissrssoror

25 vaccines, the dosage of the conposi.tion . w !l depgnd upon the. route, of
2 i St 1 aPIoGTHTEA SSF) SOy SCRB Y AUshle. dGeHt o SupheERES £ B
vacci nat edpRifed i@ pRVIRSERforfRYTosiBR eflifon ¥eld)N ChidtBH186Yocarbéis (C&T)er al
medi cal condition, previous nedical history etc of 'the
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'° 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

inhalational route and as part of a single or multiple administrations.



person to be vaccinated as well as the excipient or adjuvant present in the
conposition. In general, it is desirable to provide the recipient with a
dosage r awga3mbo1hs om about 104 30 col ony form ng units (crdi/Aw2a0mbs cf u,
nore suitably of from about 105 cfu to 1010 cfu although a | ower or higher
dosage may be adm ni stered. Myst preferably, the vaccine conposition
according to the present invention is adpmnistered via an intranasal and/or
i nhal ational route and as part of a single or nultiple administrations. WO
03/060105 PCT/ AURRHR E46B0f iebnatks) thd'@ose &R b@fapﬁﬂeﬁlﬁﬁéte@ Jfoth@meiess than forka
approximately four tines |ess than for an adult, and in the case of young
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of protectlvelrmunlty 8. Dendritic cel nbodi ments The invention further
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have been iegéégfrgergaldeq{gfé SP1Sy Y glp/ﬁplgzg 8fsdé‘flggq eSrAble jo Jaaigtai, ey
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processed or nodified antl gen derived fromsaid Bordetella strain for
presentation to, and nodul ation of, T cells. Bordetella antigen-prined
dendritic @&el Denimic bdl gnbgptimedtsby a met hod including contacting dendritic
cells with a genetically nodified Bordetella as broadly described above,
for a time and ufberincotion tfimmes mufiﬂi:schemmppaitiperQﬁ matteri for Bbicitiogal rellulay be

20internaI| endritic cel and culturing the.Bor | a
anti gen: comtdt AR Fsbore aeapsCl e iffeelaumbuaRE e HL cels
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cells are Bseldtdilaoantigen-primed dendrmc cells may be prepared by a method including

contacting dendritic cells with a genetically modified Bordetella as broadly described

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 to
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 blood as peripheral blood mononuclear cells

30 (PBMCs). Although most easily obtainable from blood, the precursor cells may also be
obtained from any tissue in which they reside, including bone marrow and spleen tissue.

Peripheral blood precursors may be purified using monoclonal antibodies, density



appropriate tissue source, which is suitably blood or bone marrow.
Dendritic cell precursors, fromwhich the imuature dendritic cells for use
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necrotic cellirligsate may be added to induce maturation. Maturation can be
induced in vitro using plastic adherence, cytokines, LPS, bacteria, DNA
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expansi on and/or maturation o ritic ce or t pur posSe of
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25 I mmunol, . 158 (.5): 2134-214 Thomas and. Lj psky (1994, J I nmungl, 153
() "A016 hdsEao iphissBRHOGE. Me o ParingHERD g2y plestiyadence
Fearnl ey etykined, 13K/ baBeRPIDNA containing CpG repeats, RNA or polyIC, CD40-ligation,
20 necrotic cells. In this regard, reference may be made to Steinman et al. (International
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 et 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), Feamley et al. (1997, Blood,

89 (10): 3708-3716), Weissman et al. (1995, Proc Natl Acad Sci U S A, 92 (3): 826-830),
Freudenthal and Steinman (1990, Proc Natl Acad Sci U S A4, 87 (19): 7698-7702), Romani

et al. (1996, J Immunol Methods, 196 (2): 137-151), Reddy et al. (1997, Blood, 90 (9):

30 3640-3646), Thurnher et al. (1997, Exp Hematol, 25 (3): 232-237), Caux et 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, Nature, 388 (644): 782-787; 1996, J Exp Med, 184 (2): 747-572),



89 (10): 3708-3716), Wissman et al. (1995, Proc Natl Acad Sci US A 92
(3): 826-830), Freudenthal and Steinman (1990, Proc Natl Acad Sci USA, 87
(19): 769800300195 Romani et al. (1996, J Immunol Met hods pCT2a100A)768
137-151), Reddy et al. (1997, Blood, 90 (9): 30 3640-3646), Thurnher et al.
(1997, Exp Hematol, 25 (3): 232-237), Caux et 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, Jl munot’ 161 (4): 1947-1953), Cella et

al . (1999, Abigken Meg, (1599, C&IDYrimbdl; BER1): 15@-%) alNg Pisheontidd&l(@999,.J FdanoB 7,
1996, J Exp Med, 184 (2): 747-572), 03/ 060105 PCT/ AU02/ 01768 -53- Ahonen
et al. (19962 (13316473c6#8Abl , 197(1): 62-72) and Piermonti et al. (1999,

JI mmunol, 162 (11):6473- 6481) Al ternatively, transformed or i mmrtal | sed
dendritic cell I|AHsmatiglypEansiomedey IWWBS%‘&%’&EHgé’GQT s ay,beprodugeds o

exanpl e deﬁ&% %ﬁ&) Mespsﬂgl(lnan a ?‘v{yc?s for@%%%?_edé@f%e%?@agﬁa A {1@93 ABnA201) .

8.2 Antigen g of cells e nunber a genetically nodi'fied
Bor det eb | ald&(ti)sl&% B®1pl aced in contact with dendritic cells can be
determ ned enpirically by persons of skill in the art. Dendritic cells are

i ncubated with Bordetella cells for 1-2 hr at 37 C For nobst antigens , 10
g/mL to 1 108L0Amfidenipsimingafidendrific eally s |s suitable for pr| mng the

dendritic cells. Inagreferred a(frrbod Li %% @IC cells.are
utilised for theThnnvmRer of daeneiigaily ;q éefggﬁ @& Sdal i pQuytpct wit
Bordetel |l a of
time suffi (c:ll&gdrﬁtﬁf%pg)? %{gbggent ri '%l ?f@géﬁc&ﬁfb??%éﬂrligﬁskggﬁ% ﬁle irﬂﬁegg‘ﬁﬂ b&ﬁ
time neceasdinyutfatd witte Borleledlatoalls fardr it ats3y° h Fop meseattigehe, mpgef[se)dl

Bordetella anti ?ens may .be 15 determ ned usi.ng Rul se-chase protocols in
whi ch éXpodfirmiliien @@fléewcplés de|sudable fopprigyeg thedegduic rslls: Beri pgfertsdce

the m ni mugyhb &% AE SRy d it te&kliSa ‘thlﬁé%‘&rt%%xegflﬁgregﬁige%alﬁ& tella

anti gen on err sarface 1s erm ne a protoc used to prepare

cells and Bordefgl Féhe%!all}smfoﬁfﬁeﬁ'B&Hétélfwcéllm&%%@'eﬁ 6&8@9&&%dﬂ19§&150f
skill in the art wl'l recognise in this regard that ?he I ength of tine

necessary fara pericainod gmn-SpffMthmgleabhdnlua)cezB tohatpom)isoslee atigent Enntiies e

an antigen a e on,.t he antl ) used. Ef n
of the denare BEEIR B RRyie ToRtren e SEriseg Arurlls doidns Blel Be"
activily i QeteMhinb®usihg PaisBShakRNHbIoLHIS i Yhich @Pobt 96 Bordirelfaldells i iR wed

met hods known to practitioners in the art, which can detect the presence

of anti genbpr# WAshoyuperade Qﬁcedéﬁdmmtmw,mdem §CQ¥F$3@Y forergllsstor express tprecessed
Bor det el ! a Ce ete%laca%IE gel?l Iiﬂ}e}irosrll}r e?erml?l)(e goﬁen%)ﬁg Iggle\é gtpltré)})ra]l{eoce%ls-rhe

pri med deng ic e pr esen nventl Relré
ef ficientlynd Bordetella cells for eliciting immunogenic responses. Those of skill in the art will

recognise in this regard that the length of time necessary for an antigen-presenting cell to
20  phagocytose or internalise an antigen may vary depending on the antigen used. Efficiency
of priming of the dendritic cells can be determined by assaying T cell cytolytic activity in
vitro or using dendritic cells as targets of CTLs. Other methods known to practitioners in
the art, which can detect the presence of antigen on the surface of dendritic cells after

exposure to the Bordetella cells, are also contemplated by the presented invention.

25 The primed dendritic cells of the present invention have the capacity to efficiently
present a processed Bordetella antigen in the form of peptides on both MHC class I and
class II molecules. Modified antigens are acquired by dendritic cells through the
exogenous pathway by phagocytosis and, as a result, efficiently charge MHC class II
molecules. Accordingly, both CD4" T helper lymphocytes and CTL may be activated by

30 dendritic cells presenting Bordetella antigen in the context of MHC class II. These
lymphocytes can provide critical sources of help, both for generating active CD8" CTL and

can in some circumstances be primed as CD4" CTL with specificity for the target antigen



present a processed Bordetella antigen in the form of peptides on both MHC

class | and class Il nolecules. Mdified antigens are acquired by

dendri ti cwoeBloeo1dbhir ough t he exogenous pat hway by phagocy®Pogiavoantiés as a
result, efficiently charge MHC class Il nol ecules. Accordingly, both CD4+
T hel per |ynmphocytes and CTL may be activated by 30 dendritic cells
presenting Bordetella antigen in the context of MHC class Il. These

| ynphocytes can provide critical sources of help, both for generating
active CD8Hufiflg tlanstuts B8porise S0 HRtign! andridragetating the inteathrashaCi¥ teqGirkd it h
specifici t?( for the target antigen WO 03/ 060%{215 PCT/ AU02/ 01768 -54-, during
the acute G sesiganastangarRccigions Surthen Sprderaly qalleuntakeoind prgsantation by
required f n er Sj yacainat.i rthe -det el |
ol Upt akSEndrRo el oSl FIaE,: B aAC el P, (Rl ARCppprBREAIF) £

t ai | or theimpipdudessMH@praiuets ppplr inprebses ehd oumber ofi speéialishd atinmldvbi prtigeict s,
and increases the nupber of specialised stimulatory antjgen 5 presenting
cel I's. Nor BEFERtMEeslr NPEows Idgn‘ﬁ'ﬁﬁ lsc%wé%&%ﬂﬁﬂ il tm&tléleaﬁ’?tf%‘féﬁsonon
mul tipl e Mgifie Miiel t PelapolRidial 8F oo Rns latiin ST &dilsOThf by usigk ti:
Thus, by usi néﬁtﬁzﬂemdﬁfig@lant iégenos'fgof the pr easent inverslti on’t%uch%r ge
VHC cl ass magnfiedcdngigend ¢f tho Ipeesahtagyentiohftp change MHECedldss rfoahd | cdass dhmiokecsles,u

can be achi gved. .8. 3 Therapeuti ¢ an rophyl actic applications of
Bor det el | a-eﬁci“??éa Cd"ﬁﬁmfuﬁ%@ndﬁf’lt’écafg’e?%ﬁ@f’%@al ly rmggofi ed Bordetel | a-prined

dendritic cells and antigen-specific T |ynphocytes generated with these

ggﬂg{)is} ![ i(:o(r:lgblél Sl"ﬂe%ﬂ‘eﬁ%ig %é?( &5 Bﬁagg%cal %Pﬁ&ftljolﬁ?ﬁf bgrdgi-eg’zg-ﬁmqﬂ#ﬁ{i@&lls q
cell's, 1ghi ch areqppefQNghhydifed Wrddemiplibes dalifife €AY aRE Anggaﬁgﬁe@imwany
method that elicits an”imune response Iinto a syngeneic ani nmal or human.
Pr ef er abl y Jynighodyics i| genesitdds vathe thieSe | dgndotiededdlac kiffantcan t e useheasandtives ior
human from whom t he source cells re abtained,, and.are,.therefore,.

AUt ol ogous MRBEPTPTUEEH fanpopiions HTateRBIR ot hafPLC eaMisHihbang primed
intraperit gagaivhidhré BrodGabY Aaturk QEARARIJTRS, caf be injédt@l BN AHPmethDE tHhy BlGfs Of
conjugate- prined dendritic cells reinjected back’into the ani mal or human
in need of an Aiw@mumerrespanye it ray syhgpeaiclianygnal rori ntnean. Arefgrabih edendriid eeldse arst

t he Bordetel.l | s _and size of the,20 individual, This nupber rapnge
for oxhim SutdedBick afle 385 i 25 50mandrom PRy s b s D e BfolaB B
106 and 10%nd @R, UBakRTer AiBdgslRNebniikiic cerd.| The HHQLBBNGE hig beedubsutaidoay d
be adm nistered in a pharnmaceutically acceptable carrier, which is

non-t oxi c trérappritonead) ingramscylpe intedopmak 1. iInggrenoyar The rnugeher b e¢mugateowt h
medi umin j -dengri L. ]S . N It fering
medi um sucﬁgglgﬁ %@@H&a&glsﬁéb egtreg%alsﬂgfn:%ﬁé& %&yﬁrey %‘a ul?eéhiogl?{eﬁtgp#g ACYi on
of dendritvarycéégending o tiktel uliohehe apratinty dfothel Borakegllarcells and size of the

20  individual. This number may range for example between about 10* and 10%, and more
preferably between about 10% and 10’ conjugate-primed dendritic cells. The dendritic cells
should be administered in a pharmaceutically acceptable carrier, which is non-toxic to the
cells and the individual. Such carrier may be the growth medium in which the dendritic

cells were grown, or any suitable buffering medium such as phosphate buffered saline.

25 A key feature in the function of dendritic cells in situ is the capacity to migrate or
home to the T-dependent regions of lymphoid tissues, where the dendritic cells would be in
an optimal position to select the requisite antigen-reactive T cells from the pool of

recirculating quiescent lymphocytes and thereby initiate the T-dependent response.

In a preferred embodiment, the Bordetella-primed dendritic cells of the invention
30 are suitable for treatment or prophylaxis of infection by a strain, preferably a pathogenic
strain, of Bordetella. In another embodiment, the Bordetella-primed dendritic cells of the

invention could also be used for generating large numbers of CD8" or CD4+ CTL, for



hone to the T-dependent regions of |ynphoid tissues, where the dendritic
cells would be in an optimal position to select the requisite

ant i gen- reaaBioeEoy cells fromthe pool of recirculating @aredment7es

| ynphocytes and thereby initiate the T-dependent response. In a preferred
enbodi ment, the Bordetella-prinmed dendritic cells of the invention 30 are
suitable for treatnent or prophyl axis oj5§ nfection by a strain, preferably
a pathogenic strain, of Bordetella. |In @nother enbodinent, the

Bor det el | aagéptivedirgignar fot Intmasdsuppreéset hiadividuainivho nare ourlabllea ks ndidt umedalf or
generating |l arge nunbers of CD8+ or CD4+ CTL, for W) 03/060105

PCT/ AU02/ 0 imBmine gesponses Fiof sxanplgrpntigen-specitimuRE s G bread Se pdppidnely transfarsgho
are unabl e : il AN Sith TPV SfiBhex.  genrgepegi fic
CD8+ CTL cg(?l gagﬂ%lﬁtl V 3%8 %dr ansfuglrarsg?imwgf tltHer apeutic gurog]g;ekegﬁ’i ngiﬁ’g'

i ndi vi dual €£xpf Metigt1idd: W3R 1640y Canfnéchibeloer 4/KOLR93el. Bkp., MEAQ177.)249-E5qy. arlded.
174: 1593-1600; Carm chael et - 9 Exp, . oy 177 249-256; d5
Johnson” et }%ll'lls,on fé@lz?, 19@?’ P- %d’ ,111%7%1‘%7&’-@?@5‘%;/%&&‘ %4la 1?5@4 Natyge, 338
1992, Nat ug§4 4360ind AMrARIinRLA S8 LIRRDhoYTYYA BeSBReRE: JE! 1300 BLidAYEN
der Brogen et a‘l?).oé,m llégqgn Science, 254 1643 647;eand eoung ‘and 'St ei nhan,
1990, J. E2p4: I43-164174nd YiBhS-ahd SRinméam 1980, Jahap. ided. ekodd hreh332)t he
genetically nodified Bordetella is used as a deli \(eég/ vehicle for

het er ol ogous ant iyenrs aadhereesvbodmgniaiby @engttvallyusodified Bosddtelmds usdl as a
Bordet el | a-,pri ned dendr] t |l s of .. I | f i ralia
For tr oat etV 87 sPEBhabfieHiols iR RLMREIOAT Ve B E dhe kLB,
or for10r e8or@dllcOpriraed Gandtitit @Bllssefithe @& eni@@ay be Mbéfal intdrfd@mtfopigatment or
contenpl ated by the present invention include, but are not restricted to,

i nf ect i ons PERGXIaYis apjirgl, bpgderialiop parasitip infeetipnzor fortiatiaert of acepdision such as
virus, Ep .- - \Vd i I E i clerj.al

nf oct i one Tel uage ieiiths R " e BHREK Wienltd Hietal9hE 18 netr
speci es, Mestrivgal g dafectipe chessd byaHMWPHEpatisis, Bifleenzas Jfpanhesenaickphadifie siras,,
Streptococcal species, Legionella specjes. and cobacterium  species.
Parasitic r%ﬁ?té@rlﬁ%§l%eftsﬁxﬁa§¥éﬁywn®ﬁ@} Vive ﬁa%ﬁa]i lﬁcha_a@ ing{pdeahu appRot
restrig§ edregtihied ROSRo&ALRSE %&ﬁéi@&pﬂdé Mes PREWERocoEH] %&?e@,”?fg%%ﬁhzﬁéi

Lei shmani a species, Trypanoso speci es, Toxopl aSma species and Gardi a
speci es. CapacessSahhoreacpedies, Sae20caat spetigs,t egatnetla ispecaascod ddpabandetimt he
practices of thi } i nyent #on i ncl ude cacrl1 erg of the . Iﬁ@g breast, ovary,
cervix, cofRffi®h APSHAIFELpOs PRRTPEYSS Bt ‘fsf“e‘i’?’ét,“ms’t"ﬁ hbul e, garestricted

ki dney, bORg {ho¥eTcaust@S BP NABYRodilh Akgbeids € SthisloSomb L PELSs, FBAARONE s;ﬁ_@ie&,he
various | eukem as and |'ynphomas. The effectiveness of the inmmunisation nmay
be assessednwshogranspesias,t Bbybplasié spetdsnangueiarfigrspexesiilaacer€Mhitly sodd dssays

ey be26‘\ nplsﬁ)l}/a%ijy teated i’ ElclcrcprJ a%:[:ee dwitﬁptilg %9&%%5'\53& this invention include cancers of the

lung, breast, ovary, cervix, colon, head and neck, pancreas, prostate, stomach, bladder,
kidney, bone liver, oesophagus, brain, testicle, uterus, melanoma and the various leukemias

and lymphomas.

The effectiveness of the immunisation may be assessed using any suitable

25  technique. For example, CTL lysis assays may be employed using stimulated splenocytes
or peripheral blood mononuclear cells (PBMC) on peptide coated or recombinant virus
infected cells using *'Cr labelled target cells. Such assays can be performed using for
example primate, mouse or human cells (Allen et al., 2000, J. Immunol. 164(9): 4968-4978

also Woodberry et al., infra). Alternatively, the efficacy of the immunisation may be

30  monitored using one or more techniques including, but not limited to, HLA class I tetramer
staining - of both fresh and stimulated PBMCs (see for example Allen et al., supra),

proliferation assays (Allen et al., supra), ELISPOT assays and intracellular IFN-gamma



or peripheral blood nononuclear cells (PBMC) on peptide coated or
reconbinant virus infected cells using 51Cr | abelled target cells. Such
assays cawols/opansf or med using for exanple primte, nouse pem/AlwemIresel | s
(Al'len et al., 2000, J. Imrunol. 164(9): 4968-4978 also Wodberry et al.,
infra). Alternatively, the efficacy of the inmmunisation may be 30 nonitored
usi ng one or nore techni ques including,_gfj not limted to, HLA class |
tetramer staining - of both fresh and stinulated PBMCs (see for exanple

Al len et aktainiSd!pAldon et &, VubfB] BLISH A58RY-SfdrAldeginBetelatesporseyyrangl , Wektb:SPOT
assays and intracellular |FN-gamma WO 03/060105 PCT/ AU02/ 01768 - 56-

stai ni ng ( Alateef il sample exppnssng theisyahetigpelyaud GOF’GPS linear B cell responses;

and Western blots of eII l.e ex esswl g thtlc %nucetldes
In order that th& e ?ﬁt&ﬁw&gﬂ%m@ grea S gl an RBL 1B PrRtfcg! ettect
practi cal f e Yoo ed
Dy vy of PROCTel prReed BbBNgRAR PIY o eSS B, 8’89*1%%%%@“““
PCT/ AU02/ 0litbéng SAnpYAMPLES EXAMPLE 1 Bacterial strains, plasmds, nedia
and growt h conditions A conplete list of bacterial strains and plasn ds
used in this study is provided in 5 Table 1. E. coli strains were
routinely cultured in LB broth or on LB agar (Oxoid) overnight at 37 C. B.
pertussis was routinely grown in a nodified version of Verwey liquid
medium (Farrell 2000 ) or Stainer Scholte nedium (Stainer & Scholte 1971)
and on Bordet-Cengou (BG agar (Becton D ckinson) containing 15%
sterile-defibrinated sheep blood for 2-3 days at 35-37 C. Cohen-Weel er
(CW agar (Cohen & Wheeler 1946) 10 containing 10% steril e-defibrinated
sheep bl ood and 10 M MgC 2 was used for B. pertussis growth during

conj ugation experinents. TABLE 1 Bacterial Strains and plasm ds

Strai nsRel evant propertiesSource or reference Bacteria E. coli

SMLOXpi r Mobi l i sing strain, recA: :RP4-2-Tc:: MiRoberts et al. (1990)

JMLO1d oni ng host



DH5aCl oni ng host 583/ 90C oni ng host, aroD nutant B. pertussis

ATCC9340vi r +tRosetti 1997 BP304Tohama | spontaneous nutant, SnR, vir+ Tohama
I vi r +1950we o3apani vacci ne Pl asm ds pNEB 193C oni ng vect oPCTAIR2/0L8 ZNew
Engl and Bi ol abs, Inc. pUC4AKSource of KnR cassettePharmaci a Bi ot ech

PRTPI ApR, rpsL, oriT, cosStibitz, Black & Fal kow (1986) WO 03/060105

PCT/ AU02/ 01768 -58 Cycl odextrin soI id meg-}a (I'mai zum et al. 1983) was

nodi fied by renoving the casam no acid conponent and increasing the anount
of nonosodium glutamate to 17 g (Frohlich et al. 1995). This nodified CSM
together with MOPpXAMPLESgar (Difco), with or 5 w thout aromatic conpounds
(arom x), was used to test for the aro- phenotype of B. pertussis or E
coli mutants respectively. The final concentrations of arom x consisted of
40 g/ nL ead&X4MPLEybt ophan, tyrosine and phenyl al ani ne; and 10 g/ nlL each of
di hydr oxybenzoi c acid and para-am nobenzoic acid. Al antibiotic

concent r at ipRRSUBEMkiHOHIARNBC e W P00 bRYYiOWS: kananycin- 50 10 g/ i,
streptomycin-200 g/ni and anpi ciTTin- 100.xg/ niL.” EXAMPLE 2 Preparation and

mani pul ation of BNAnpetedt bDbacedriapbiading sndPlasrhideiséd inctbils stedy Bipaevidéd in
agar ose_gel s was accorrpl i shed wusing a Prep-A-Gene DNA purification Kit

(Bi oRad . @ablsni cEDRR! (SYPINA) Wi sroutiiely gultpredging EBnproth gsreruddl asars{Orepid)

Bi oRad Gen ol-at
st gt he SVeish STOCEA MR ik o BT BRIAL WP (RARAUP VGl of Fenity
Restricti onqmﬂdﬁMmME(ﬁsmﬂl 2004) IS thingaScholta thedivta k Stamep BoSehoitt 4921 )wekleon

purchased _from either ment as,  New Engl and Bi ol abs o ner sha
Phar maci a Begtek&iengeiy (B @éar gog Ldiskusery G034 Ha &ér{mtala{elﬁ[eéﬁgnawd sheep

r econmendapi st Hg BERaKiS. 3952 mn-\%ﬂeaw BORG Stkal (O] 8N neBicP 1986

EXAMPLE 3 Charact érisation o the aro gene To B. pertussis
possest@d thmaiaimgD] @Bnsefileatefibheated ahedpi blood and 10 mM MgCl, was used for B.

pertussis growth during conjugation experiments.

TABLE 1

Bacterial Strains and plasmids

Strains Relevant properties Source or reference
Bacteria
E.coli
SM10Apir | Mobilising strain, recA::RP4-2-Tc::Mu Roberts et al. (1990)
IM101 Cloning host
DH5a Cloning host
583/90 Cloning host, aroD mutant
B. pertussis
ATCC9340 | vir' Rosetti 1997
BP304 Tohama I spontaneous mutant, SmR, vir'
Tohama I vir® 1950’s Japan/ vaccine
Plasmids
pNEB193 Cloning vector, Ap®, LacZ New England Biolabs, Inc.
pUC4K Source of Km® cassette Pharmacia Biotech
pRTP1 ApR, rpsL, oriT, cos Stibitz, Black & Falkow (1986)




bi osynthetic pathway, its genomc library was el ectroporated into the aroD
mutant, E. coli 25 583/90. During these attenpts an isolate was found

whi ch reswormededin® nmutant to wild type E. coli and al | owe@dTtiAttoe/0g68wW on
medi a | acki ng aromati c conmpounds. It was assuned that the plasm d rescuing
the isolate contained the aroD gene. Restriction digestion and

el ectrophoresis were used to determne ap;insert size of 1.5 Kb. To
facilitate sequencing, the plasmd was further digested to produce a
smaller 30 1 Kb fragnent. This plasm d was subsequentl|y nanmed pUSQBor d4
(Figure 1). Analysis of WD 03/060105 PCT/ AU02/ 01768 -59- the pUSQBor d4

i nsert sequence COgvkdéddntshhd niddéa ppizoxiiraué 19808) bps genkfiedaby nonowngitiear
to the consensus sequence of the aroD gene. A BLAST sear.ch i ng. AN

Showed | haasaEhng, & FORIPEn TR oSBT THE T, SEPUL AR T TP, SO b |
pat hway of éﬁﬂaﬁnéw&%s»ggsﬁ%%ﬁbhilﬂea i %&Hﬁr witheMo HaRreangs: (DiRY), seuesAl

ot her m croorganisns were used in the 5 G S PILEUP programto confirmthe
i dentit§ ofwithouts agpartic (Fengpousd faromix)hods 1Ged P rigstofor tthe aze oghegetype Td 5.
create a gene library, ,the B pertussis.chLonosonma s partiall

di gest ed WPEHHSHLTLFOA) m}“é‘gttsrrgﬁ’tef%%e?%?\]&ﬁn{ﬁ%ﬂqgﬁg%@hﬁ 194 e?,%{o&%f% copstsisthlad
as describ elsawhgr Mr - phd3BAniig;t ' reph st zed
gDNA fragng'gt Pslégir% e%am-ll -@%]I{teaveaq%lléﬂszigg 1%{?? %i ¢h %Ig}ge’bgneélhg)r g\?{ﬁéﬁﬁs o

al kal i ne phlisdrmatybaedic aEhkarld fgatiaonnohienzoiascidl ect roporated into the aroD E
coli 583/90 by electroporation using 2.5 kV and 2 nm gap cuvettes to yield
a desired pul se Adhautibicic @ngentratiBrxusedMosGelegtiaacwerscas follomisi panaaysim- Novex

Austral ja). mnipal a plates ., 15.s I n with anpicillin (100
g/ ) re”ﬁ}é%d’ Sﬁr(?pg’g?y&?t%oo‘?g/ﬁa%a&%ﬂFg.lsgﬁgg@gquenci ng DNA sequenci ng
service was provided by the Australian Genone Research Facility (R tchie

Laboratori mmtg sity of Queensland). Sequences were then anal ysed at
the University © out hern Queensl and using the ANG S (Australian National

Genone 20 Information Service) program Prograns used within this site were
i o eirldidans. EXAMPLE 4 Generation of a nutation

t he Bl ast, Ckeneseman ¢idd
in the aroQ gene_The cl oned ar ene was inactivated in vitro by doubl e
di gesting the pl Emﬁwnz%l st DAk ety £ qolfiSGAInG 05 pRESSNBRNSS SFaMBUSHI o
remove a | akidg zqur«t:ﬁ-QUGQl{e tlj}\‘?Agﬁ’lﬂ?ﬁcation Kit (BioRad). Genomic DNA (gDNA) was

15 purified 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 either 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 aro(Q gene

To detect whether B. pertussis possessed the aroD gene from the aromatic

biosynthetic pathway, its genomic library was electroporated into the aroD mutant, E. 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.

Restriction digestion and electrophoresis were used to determine an insert size of
1.5 Kb. To facilitate sequencing, the plasmid was further digested to produce a smaller

30 1Kb fragment. This plasmid was subsequently named pUSQBord4 (Figure 1). Analysis of



(300 bp) as well as two BssHI -BssH fragnents (719 bp and 44 bp - see
Figure 1). A kananycin resistance cassette derived from pU4K was

anpl i fi edwbystobaopol ynerase chain reaction (PCR) using prcr®2mich NgoM V
and BssH restriction ends to create a fragment size of approximately 940
bp. This NgoM V-BssH cassette was then ligated into 30 pUSQBord4 to

repl ace the gene portion renoved by digestion. This new plasm d was WO

03/ 060105 PCT/ AU02/ 01768 -60- nanmed pUSQBord7. The 719 bp BssHI - BssHI

fragment Bbfil ih@at REudhas kevedled tiddthe pasiingte0d bpLeaE HdeAbY similar
re- naned pUS 8 after confirmation of the correct. orientation of the

fragnent . qgnwsjswgnqerﬁﬁhw'g&g@w Wi BRABE owrfrch pigingaMi1S ého"fﬁde%ikt it

intoits orgain t nd

EcoRl 5 Barlr#H elrtﬁssésr gg%g tge(dro %éng stnjnﬂgregouf% e vectllza’%ﬂw%ﬁ OE-Q rmve

the inacti visperdilhis o:@hgmeThmbfb@gemrﬁtonﬁgdvsral athsunmrdergm@meweamsed in the

nmobi lising strain were required. I s. nobilisable due to trans-acting

f act or s3 endB¥Hekp PW%P@%WSH"“@F’Eth@&%ﬁﬁégtl‘bﬁ%"é’éﬁf@uﬁ?E) coli SMLO?.pir
PRTP1 replicates in this strain due to the presence of the pir gene

product camdrkslison a | ysogeni c phage (Roberts et 10 al. 1990). The | ack of

this gene in B. pertussis provides the ideal conditions necessary for

plasm d sui ? : I &E onj ugation. The gene for the E. coli S12
ri bosomal C%r OFL%WQ gnecncoded by the plasm d, which renders the
Streptonycin res'rét a@&te(§rg%}le NQsthr Sflhe FERAhIsME masoﬁﬁﬁllbmzw%& ;ﬁlmauy

1986). The EcoRl -BanH insert nen |oned bove was |i1gated directly Into
pPRTP1 to pldtgésteé wlth th¢ .&tzéwrdstptlﬁ@crrddﬁucl&zfseTblgancm mat@@tqdhan@cnbeda

reconbi pant , ev to.add scaffol d seqguepce
from ¢ B oFIsGVRaF (SEabiakf abtd) e Eleh At N A R S S
| ocus (| ocafegped ﬂN]@B’ﬁﬁa‘iﬂhféhhaﬂl%erﬁﬂ}@m&sl AKhhhdPpRsphaAaskeBNt | i gation was
performed (Figure 3) to produce a new S}Flutt | e vector ready for

conj ugati on. Fol IThwi figatRIne GhikOR@Isakiedfopopated Ninte ol @k&D pEas#ssid 38319 By
coli SMLOX, @ kanamyci n_resistant (KnR) and arrpl cillin 20 resistant
(ADR) t r an§leeWpRATAFANSUSHE B 5 ikYormsh ZemmberpLEvaliRsto urelh 2 degiredprilsstlength of 6 ms

antibiotic h C SQRQ S n

coli 583/9 ’{i Eéﬁggq?omﬁ &H ﬂ-lahgbql %)ll}geneeg @‘gg%ay.lﬁ%cb‘q B—[af‘ 'ﬁfﬂg@su ts
showed$ hakupplan&ited w&nfaﬁapmmul(dom@g/ngyware\usédlwﬁele%uﬁpIuaﬁﬁahﬁarws‘ aromi X,

i ndicating that the gene was inactive. E. coli SMLO?pir harbouring

pUSQBor dl Ogﬁg econ! ugat ed with B. pertussis 25 BP304 on CWagar and

transconju el ected on CWagar contai n| ng kananmycin and
streptonycin. Ity MBS § n ng
KmR had mcorporﬁds%gﬁ%rﬁ}%t at e?i E?%Sstgene in o h%?%g%?n%%ﬁﬁ%ggﬁgul d
have occur FedliguRitchied aboratories, University of Queensland). Sequences were then analysed at

the University of Southern 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 gene

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
kanamycin 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 size of approximately 940 bp. This NgoMIV-BssHI cassette was then ligated into

30 pUSQBord4 to replace the gene portion removed by digestion. This new plasmid was



crossover involving the renai ni ng aroQ sequence fl anking the KnR gene. To
verify that only the donor fragnment has been incorporated and not the
entire 3@opBasmsl, KnR isol ates were subcul tured onto CWpagaruoiol1ss
streptomycin to again check for SnR If vector integration had occurred
via a single crossover, then the S12 allele on PpRTP1 renders the isolates
Sms (Roberts et al. 1990). WO 03/060105 E&T/ AU02/ 01768 -61 Met hods PCR
met hods For the kanamycin resistance cassette PCR, 2 ttL of tenplate DNA

was added h@med @USOBYrd MERHeET19M8 B&&HI—RsBﬁﬁﬁa%ﬂBﬁdind ki resiigated $@9k into the
containing 5 L of TOX PCR 5 buffer; 10 tL of dNIPs h(2 mVM; 2 L MCl2 (50

m); 20 prplasmid eandhpulstqysntlperesnaneRkalSQRprehcdnm senfymatipnr of, the, cpasrte 2;

and 2.5 U of. T QL VNEEI Dl jfi.catj . J ' bl
Eher omr cotirmafel 8f HAECk et AR S ol i ASLh S RE bRy Sn IORIATERD! ©
par amet er s brdak Mt intdlits9érigndlodontpumentd)(i.6. theiihse any pNEB10B) s3@sattBE EcoRI-M n

at 72C,and30sat 94 C, and 30 cycles of 30sat55C, 1 mn at 10 72 C, and 30 s
at 94 @ TApmHIInsegropld hegpavedrinteey sugidgwectors'  priner Sequence

FORKANGT GCCGGCGTGAATCTCTGATGI TACATTG BACKAN CTAGTGTTACAACCAATTAAC
FG?QATGGCGCAACGC_%TA@@W@F”B T EAGT o ERRABEEr & ASTEC T LPULER VBN I 15
The met hod n%%ﬁ%ﬁﬁ%jﬁpailp%eﬁoﬁﬁﬁﬁ&i glu@h is mbBARAbINREe Y6 Bend MtinkHBct6 RNindEdId
transfer of DNATromE.coli to B. pertussis. Briefly, after 72 hours

growt h B. pgrchimsosenBPRP4 segsencesvpreseritrioni. BG/aSi 0%xpe cipR IR deplicasésnig this

sterile dacraon swab _and resuspended i n phosphate buffered salin PBS) .
The opti cafrdBARF tt?/ﬂﬁfpr?sﬁéces‘fﬁgéﬁé’i hea Odelggcqﬁﬂ?%%aéﬁpgwm %gea@d)ﬂ)erts et

adj ust t : | ; : ' forcol i
Srof? b 0oRREIRRA L st T RLOGRINS MERLLSRIRIEH, iR 1000

was swept prasmid Biicigeyrfollewigl conprgatoh. Witiergeke diemtie iFh colh St xihosemalf protesn sbove

suspensi ons, was e at. a ratio qf .10:1 an 0:1 B.. pertussis .gol i

ol o Thealsbarad b i Btk edist Eerier e tieatostisin BT 1o} host SR
sensative (Sm°) (Stibitz et al. 1986). The EcoRI-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. Following electroporation
of the complete plasmid into E. coli SM10Apir, kanamycin resistant (Km®) and ampicillin

20  resistant (Ap") transconjugants were isolated on LB agar with appropriate antibiotics.

This new plasmid called pUSQBord10 was used to transform E. 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 SM10Apir harbouring pUSQBord10 was conjugated with B. pertussis

25 BP304 on CW agar and transconjugants were selected on CW agar containing kanamycin
and streptomycin. 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 verify 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

pRTP1 renders the isolates Sm® (Roberts et al. 1990).



foundati on of CWagar and incubated at 37 C for 4 hours. Follow ng

i ncubation, growh 25 was again swept from each piece of nitrocellul ose and
resuspendwo ;aseEbdve. Final WO 03/060105 PCT/ AUO2/ 01768 - ®@29/Adwgp€msi ons of
bacteria were plated onto CWagar supplenented w th kananycin,

streptomycin and arom x. Plates were incubated for up to 5 days at 35-37 C.
EXAMPLE 5 Confirmation of the transconiucaants for aromatic-dependence 5
Transconj ugant s di spl ayi ng both KnR and ShR were verified using CW agar

pl ates w t hyapshisw t hout arom x. B. pertussis aroQ nmutant col oni es grown on
mediumwi th arom x were found to have a slower growth rate than that of

the wl d-t%@g@;{_@gt colonies failed to grow wi thout supplenents of
arom x. To= Gt e the genotypi c properties of the aroQ nmutant, PCR
| ncor porating 19’0%&%3#%5&?%1&rrleﬁ&ﬁrﬁ:e"@?seﬂé PR 9 ATTBY {chipldlc fmq detadded to

containing the aro approxi mate’'size of 500 in
par ent al st4|8aﬂIn .of Ihascaanmbeurs g@rade nnfiagliately Aipphatse) Iaent&mngjéralusxf |1:€)XaPGQ

h f i S f
Bt oxi At S{eE ”Er;“@gs SR iTENE; §aLo Mt (i BREF LorrenE (86D Bhrimerus
the 300 bp pgtgN ﬁ] éKAfo dsNS&' tor@NirPTablae2948d PP 5 KR o iR bbEmelde.

confi rmth| S result e 1150 bp 15 fragnent was extracted from an agarose
gel and PCRmpliﬁcaKnR wan @epfoimet sn waprégramchable themphi fopntrolder KATGEHG MJ

| t h PCR net hods FEor. t 1_L.of t | at
DA s ad Qe 18) By B OB PSS e het SEIBTeao BRI 2 -
L of dNTPs 36% aﬁ%bt 5rﬁlnl\@@bQC(51Qd Bt 58> CPAR B3 (RN 3PS aP$3oET SRR
and BACQ2 as set forth in Table 2, supra; 5 L 10X PCR Enhancer (G bco

BRL); a6d 225Cyand 30raiat 351G mer ase. Anplification was performed with. the
followi ng paraneters: 1 mn at 95 C foll owed by 30 cycles of 45 s at 95 C,
30 s at 42 C and | mn at 68 C. 25 EXAMPLE 6 Determ nation of the presence
or productleﬂﬂﬁlcﬁ the major virulence factors by the aroO nutant of B.
pertussis Experinents carried out to determ ne the presence of the major
virul ence AR Brimersant s incl uding FHA, PT and pertactin, also included in
the currently marketed WO 03/ 060105 PCT/ AU02/ 01768

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 to 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 resting on a
foundation of CW agar and incubated at 37° C for 4 hours. Following incubation, growth

25 was again swept from each piece of nitrocellulose and resuspended as above. Final



-63- acellular vaccine (PT is detoxified), in the aroQ B. pertussis

reveal ed that all the above factors were present in or generated by the

ar oQ nut awpD osacbhe strain (Table 3). TABLE 3 Screeni ng fecTiAi@prwsence of
FHA, PT and the 69 kD pertactin in the aroQ B. pertussis by 5 western

bl otti ng using specific nonocl onal antibodies Fraction

t est edSuper nat ant Bacteri al pellet FHA++ 52'|'+ Pertactin-+ EX4MPLE 7 Safety
of the aroQ mutant in vivo in mce Mce wWere inoculated with 6 X 107, 6X
108 or 6 Xsddfndibids off bdchgiaanefd pldi@ntontcl CWi aparobgpémaemed ywitthkahahydnasal
route and observed over a period of 3 weeks for any norbidity or
nortality. skentemyeintang atomeii Plates overs ingubaigddor BRI HoysiBPar Sny il effects
(Figures 5A and 5B). In comparison, in mce inoculated with 9.3 X 106 CFU
of virulent, K B ertussis, the virulent mcroorgani sns were detectable in
hi gh nunbeMMPt%ﬁél ungs of infected mce (Figure 5C). 15 Method

Determ nation of safety In the first experinent, a total of 15 mce were

i nocul at ed Gonfitm&nonldY the GunstOBugants x bodnatal-dapgndawcei ng units (CFUs) of the
aroQ nutant m croorgani sns by the intranasal oute and observed gver a
period df 4 weekJrinseonawgantfodisplaying sith dont AndtSm™ were erified awing20W agar
experi nment 4 m.ce re vaccinated with 8 t 1.Cr I:SITB
and their pkal%eesav?“gh%%(y\%tg%lttaﬁ%mVung%erynagﬁligta(r)gr(%égg%n%&o ) S%?JN?F”O&E? %ﬁgﬁg& iﬁldays
post - vacci RedniQRveddy fduhe to hiNg Bdlasél growtt rate thin aobHle wikipgpe. Miant Hioritses
were taken at 2, 4, 6, 8, 10, 12 and 14 day intervals. Sera were al so

col | ect ed ffilsehterigeaw withoplesupplements ek p®Mi¥ent for determ nation of

anti bodies and interleukin 12 (1L-12) |evels. 03/.060105 PCT/ AU02/ 01768
-64 EXAMPLE 8 Pel§i@vestigaied etg%%otmla@r@eﬂﬁ‘ér?fu&giaymgﬁmiP NCQTPRRRINE
experi ggnt r i t ; i i r iRl At es
For 2aTp Rra0"Ene P s usalio URPHRPE el ORaIS 1 PO g

r esuspendedpprnoxidBfe size of 500 bp in the parental strain. It can be seen in Figure 4 that the 5.

pertussis aroQ) mutant 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 Km"® cassette. To confirm this result, the 1150 bp
15 fragment was extracted from an agarose gel and PCR with Km® gene primers 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 ANTPs (2 mM);1.5 uL MgCl, (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 Taq polymerase. Amplification was performed with
the following parameters: 1 min at 95° C followed by 30 cycles of 45 s 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



5 containing 1% casam no acids (in vivo grade). An absorbance of 0.1 at 630
nmwas found to correspond to approximately 1 X 109 col ony-formng units
(CFU) of wbe3Bsoipertussis aroQ nmutant and 3 X 109 CFU of PBI/AI®ROUSSI S
Tohama |. Ten-fold serial dilutions in PBS + 1% casam no aci ds were nade
to prepare vaccine and chall enge doses. Dilutions were spotted onto BG

pl ates using the standard Mles and M srg nmethod to confirmthe nunber 10
of CFU. Fenale 6-8 week old Balb/c mce Wwere mldly sedated with xyl azil
(0.04 nl) addliuldQacdihe OPT iheetbraiice), iialtheswsige BS pormussaeptaatthapall ahd bieove
external nares of each npuse usi ng a mcropi pette whereby the transfer
fromthe niactass werapresenbiinrEgRepipd by dhe argl %@ma@‘ff"é@éﬂam\ﬁab £Rhal ati on by
the nouse. At specific time intervals, depending upon the type of 15

experi nment ps of mce were sacrificed and the trachea, |ungs and

spl een asegqt"lB%‘oﬁombl renoved. The trachea and | ungs were honogenised in
0.5mL PBS + 1% casam no acids. 10-fold seri aI d| luti ons of each hom)genate
wer e pl at efcreaning BB the presénme ioh Fald MDanttke yeh) imthe P e perttiand
Mles and M sra thod and th nurrb .wa determ ned after 2 days

i ncubat] onWatlerstDLQilng ySHg D¢ SRS n Figures 5A and B show t hat
the aroQ m{—an{—waa detectabte—mthe+tungs—of—mce up to day 11

post - adm hFeddtiahitateddy t|hpemiaraunasall Buoteriel pdiAMPLE 9 The potenti al
protectivge capacity of the aroQ B. pertussis nutapt in nmce The potenti al
protecti vergapacity of tlhe aroQ nutamt vacct ne wa$ assessed in 25 mce,
whi ch had|received 3 doses of the vagcine, by determning the rate of

cl earance| BT a sub- MVD50 dose™ (2.0x108) CFU of B| pertussis Tohama 1
strain fr DB, hg lungs. Nethod and Regul ts Experingntal design for

vacci nati pn chall enge 30 A group|of mce was yaccinated wth either
three doses of the nmutant aroQ vaccine strain (1x108, 5x108 and 1x109 CFU)
or the placebo solvent at days 1, 7 and 14 by WO 03/ 060105 PCT/ AU02/ 01768
-65- the intranasal route. Al mce were challenged on day 28 with virul ent
B. pertusseEXAMRBEEeY | by the intranasal route. It was discovered that the
vacci nated mce had cleared the virulent mcroorganisns by day 6

post - chal | . 7, S Vranf Ve, 9kker hand, the virulent mcroorganisns
were isola s of placebo vacci nated group of 5

mce until day 3QigowtreGhdul®EORith 6l IUDE BX-1056F 6 38 CrUPoNBERISD Fufsntl rom
these mice were collected for deternmination of total antibody |evels and

i sot ypHy. mmroorgasisms dxy therigtranasal 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 6x10", 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.



killed whole cells of B. pertussis in the Indirect ELISA or purified FHA or
PT in the Wstern dot blotting assays. Serum|IL-12 | evels were determ ned
usi ng corwerogioel10s sandwi ch ELI SA kits (Bi osource). DeternmPoatAtmooms| L- 2,
IL-5 and INF-y in splenocyte 10 cul ture supernatants obtained after
stinmulation wth either FHA or chem cally-inactivated pertussis toxin
(PTxoid) were also carried out using co rcially avail able sandwi ch ELI SA
kits (Biosource). EXAMPLE 10 Serum anti body and IL 12 response of mice
vacci nat ed BXAMPilmes ar oO B. pertussis in mce 15 Analysis of sera fromthe
saf ety experinent descri bed in Exanple 7 revealed that all mce imunised

(rabl e 5 - iR BOLR00 S AN ORI, PPboGy thires in mce
i mmuni sed with t t y
post -i rmuni sat i o%ﬁ%@%ﬁ?&%ﬁﬁ%i@%ﬁ%?@5*%%'5*”55’75@%%2%8“’%2 AR SR PG
det ect abl e fat 2472l ihkg)tcontairofig Moﬁiﬁlxoﬁhdnheqlseadu mhséuapleeaMrea‘é@l@]ﬁ)aﬂEd in PBS
PCT/ AU02/ 01768, - 66- However anti-PT ant Re‘gg b [e reaé r than 50 on
days 5 andSPBBEE ACBTHRINR GHOB U A BB il ABFEPaec ) 3RemB Ao Me
serum on d@d%o&esgén@'&daﬁpr@ﬂ%a"telyqn){nl'(ﬁ%%lo%} f@ﬂﬁng%ﬁ@qbpm)%@aﬁém peﬁésstshan
50. There was o an induction of a serum |L-12 responsé begi nning day 3
and reachi nm@mMMBWl%l@FU@&BU@EF&ISSId&'}Dh&pbs'EenﬁOIWmI élattlomn(BBSa“ not

hown It | ear, vve r hr ee vacci ne are re
Coner ki ¢ 614 GRERILATORMTe Emaddp Agrs i a e FREReS iR PSS vkt
honpbgenat egp@tdiUOBG Maes uﬁﬂéltwstmdafu PHRs 4 Mlmsnay&& tcédifirmttBe hidnbérat e

t he |nduct|on of the serum|1gG response (Table 6A). 10 TABLE 6A
10  of CFU.

Female 6-8 week old Balb/c mice were mildly sedated with xylazil (0.04 mL) and

20 pL of the bacterial suspension was placed onto the external nares of each mouse using a
micropipette 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 0.5ml 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 (2.0x108) CFU of B. pertussis Tohama 1 strain from the lungs.

Method and Results

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



Anti body titres against whole-cell B. pertussis Tohama | in pool ed nouse
sanpl es Schedul e: Lung honogenat esSerum | gAl gA@ gAl gGPol yval ent 7 days post 1
vacci nat iwo@304add 7 days post 2 vaccinati ons0060167125 7 pdaygioposics 3

vacci nati ons2405280650600 14 days post 3 vacci nati ons64084807791280 21 days
post 3 vacci nati ons960974800>10671625 28 days post 3

vacci nat i ons320ND460>1067>2560 35 days p€ st 3 vacci nati ons2080ND320>1067825
Val ues represent reciprocal end point titre 15 ND = not determined It can

be seen fr ¢hy inkienakabiogtebAllthize wtertec}tauexﬁgedmfn daesanith bieslemsB. gplerfidies Totfama
I sotype was significant in_mce i munised with three doses of the

at t enuat ed [ b dhd lﬁ&ramﬁglt outeh i was dipsovgredhthat thgvagginased W&@thﬁ%ié‘@red\w YBpleB0105
-67 TABLE 1947
Tohama | i ?fﬁfoljgo g&éﬂﬁ% dg? g)f%bttgégﬁ%{?r% (I@%u&ég@(:m nat e m ce b’osﬁ'lte- g a%ﬁifl:gz

Lung honogeiiaioeraalsum Wgé\hgﬁtgﬁrgﬁ @a&mgolmﬁogenmtbs of plaacini viatmdted @noupodf
vacci nated control vaCC|nat@g cont r.ol i nat

Chal | engenfiieiieidifayeil RsHhaiemee BRIt eri@ﬂm@y@w%@@@@m these mice

were collected for determination of total antibody levels and isotypes. Antigens used were
killed whole cells of B. pertussis in the Indirect ELISA or purified FHA or PT in the
Western dot blotting assays. Serum IL-12 levels were determined using commercial
sandwich ELISA kits (Biosource). Determination of IL-2, IL-5 and INF-y in splenocyte
10  culture supernatants obtained after stimulation with either FHA or chemically-inactivated
pertussis toxin (PTxoid) were also carried out using commercially available sandwich

ELISA kits (Biosource).

EXAMPLE 10

Serum antibody and IL-12 response of mice vaccinated 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 aroQ 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  mutant

Antibody titre 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



201200025500210>960 4012000119002530>640 60>12000>127002130>640
80>120020>127002530>640 101200>120070>127017157133>640

12 NDNDNDN®DO13/680169>640 141200>1200290>12707793>960>640 PCT/AU02/01768
161200>1200630>12702965>960>640 21>1200>1200630>10603739>960>640
30>1200>1200750>127037237>960>640 5 -1 = pre-chal |l enge Val ues represent
reci procal end point titres There was n966apti body response in control mce
post-chal l enge until day 8 post- challenge (Table 6B). However the |IgA
antibody titres Hywdte batnPThRMIGANAES waer gresteit fitan SeronmdhgASt add gspest-
vacci nated mce were significantly greater at all intervals post 10

chal | enge. vmmaﬁ@nn@ﬁelogr@ch@eaﬁ fhsb @jlutiery of $he serupe on (hays Horfo et at Best-
could be ¢ i - S I i f - : t han
ts. seram PRUAE GEAEaC S o BRR, 134 rhit30" Bie st leo n ilbBbdtl 684 S

wi th an acé¢lLl1al Rspome beg@ningdTady; 3| andareaching M) reasimablydhigh Value pr delyct pess-
with only small  anount of 1gGin_the |ung honbgenates but 15 with X

si gni fi ¢antMBRPisAEeN Rty ry@sﬁﬂw% dt $eleamm faqweeray%z% thygs va¢oingApssa pTeoiTaEh

1/10th the - : | a :

pCT/ AUD2/ 01% ggﬁgﬁ g q@@ﬁg‘t’oimgea%ﬁé B g'g?%és nl(g%f £@n%3fj@ggﬁ%g P@?@?%%E i%#g?uzgh( | L-
12) | evel s vacrindtienvathoonefdosawas nefiednntoasitiatéribé inddgtidn dfiths savimdeGaespgasenst
B. pertussi,f were determ ned agai nst the 2 nost significant virulence
factors, plf#$6ad)-FHA and PT, in dot blot assays using the procedure 5
descriﬁ) d by Towbin et al. (1979) except that no SDS- PAGE (sodi um dodecyl
pol yac §I am de gel el ectrophoresis) was carried out. Determ nation of IL-12
was carri edABLE 6dsing a commercial kit (BioSource, Australia). The |evel

of IL-12 was acconplished using commercial kit (Biosource, Australia). The

ant i -19G anghba bl it bl 651 IR Tshlohd i ey oRSI RS ool I s

were determned usSing a standard 1 ndirect ELISA assay. 10 Determ nation of

t he presenge or RrQdUETTon of l—ﬂll-}ig hr(;rlnogerna{ése_rf actin Seram
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
35 déys 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 vaccine post-

challenge with virulent B. pertussis.



Det erm nati on of the production of FHA, PT and pertactin by the nutant
anti bodi es by western

strain

bl otti ng welensiied | y as

mutant of B. pertussis was grown in
period of 48-72 hours and subjected to centrifugation at 15 4000xg for

was carried out using specific nonocl onal
descri bed by Towbin et al

Stai ner and Scholte nediumfor a

(1979) pcBrAwRhy768 he ar oQ

10

m ns. The supernatant concentrated by pe% aporation and the |ysed bacteri al
sedi ment subjected to SDS-PACGE fol | owed z western blotting. The bl ot was
devel oped wusing nonocl onal anti bodi es agai nst FHA, PT or pertactin
(obt ai ned t7yBnEIBBt he courtesy of CSL Ltd, Parkville) EXAMPLE 11 20
Determ nation of the interleukins IL-2 and INF-y in the antigen stimulated
splenocytel : t

(LN y) ¢ PRt , Iﬂ%&h%?'é&lﬁg

(Bi osource ahﬂb&fcﬂﬂﬁédm&bpoﬁaﬁﬁﬂkkéeo CA)

conducted as

The pr ocedur e was

per instructions. A standard curve was otted fromthe standard data, and
25 interl gukin copcentra ’%]I% e spl efocyte supern ts cal cul at el.
The antl ge@"]l ch!J nqro%éna{ep pn q n! Znnn\lfg nnlgétrﬁ@ns Wer-e—
chenically-inactivatedI@%rtu55|s tokﬁid or |pure Ig&lanentous hahﬁgglut|1in
(FHA) . The D %/? (Ls %OIHZFQES\% & Qed @mﬁllog %&?naée antgol Weh n%%h rvg &?e%' g
spleen s aﬁe [ i ot 1: COR E il nate gc% ice
post - chal | signi ficant mro ||r~f ion nf I nl I owi ng
chal | enge [at days 19, 14>umm andOday 300pogt ohal|l engge wi| t hoPTXoi d96Thef e
was al so sTgmfcant ctiropg df -2 at gqays 10 _and 30 WO 037 0p010b
PCT/ AU02/ O]_Eg_\-;;‘ post-lg | Llenge VILE 0 he |l ovfr es] anle ag@ 14
post - chal | fenge pot enpatted and aosugh ot is aomsi fer ed Io be4can
oper at or ror.  fere g fcant dyction \||—-- rmthe
vacci nat ed{_m I’__e_O_aIn 0t -lch¥ | en@lg%)l ndi 8at| 2:' ndﬁct on~ &4
pronotion [of 8Thl| tgpe resmonseSMmonsineme( to be responslbbe for >bang ferm
protection(sge H 8) DS )bl TH I:V-\IVI-’ Suripgian enpt
to clone the dro g@ %%gt eQ@U oer a@ku gen %Z élér ht 28t ai hi ng
a gene with arm no squDenceNn)nDI agy t g tibe drle9encoded) 31 3- >640
dehydr oqui [Tasg,_en rmoaciitt tgar SUTTOTL ae ( onde at
1994), re||por]4ed ilﬁl ousﬁ\cg)b 22@ h%j@% oqy &Ot ot PuI\ar 8'[ c (3 Hes | n
t he qui ni ¢ acied 1108t abs1200 patsmfvay BiR7¢s erg;' I lus 68 dul asssp Was>640
di scover ed(Rgset 997) ven e MCe, of (he_gene (pgi cag ed
its involV t >112¢(i %1{%9 ol i ég \rl:llfgé& he fa 't t3iat it>968 >640

30 >1200( >1200 750 >1270 37 237 >960 >640

-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; Infantrix ™)

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).



rescued the E. coli aroD nutant suggested that it was capabl e of
functioning in the aromatic amno acid biosynthetic pathway. PCR with aroD
prinmers awem3oerdirnmed that B. pertussis did not contai npram/AdooDigene,
supporting the concept that there was only one 15 gene encoding a
3-dehydroqui nase in B. pertussis. The sequence discovered by Rosetti (1997)
was confirnmed in a BLAST search using the published conplete genone
sequence of Bordetella pertussis [ORF 54 (hLt p: // pedant . gsf. de/ cgi

bi n/ ww/ | y Mpdefiseet =Bor det el | a_pertussi s_Tohama | &Page=i ndex) Last updat ed:
2002- 01-07 14:25:19]. 20 Roberts et al. (1990) reported the construction of

an aroA nu iff ¥ esfe];aegft\;a\é(gnllt@d mlce
elimnating S

crination of
(ranging from 10 I
wi th 3 doses of ?ﬁ&%m#te Pgit: ?%?%ggﬂqs ﬁeﬁér?\l{}glér}%gs?g?le%%ﬂ{ﬂgﬁ %@gtcglte ?aﬁ%mwas
apparently slgﬂﬁhsndﬁhﬂehdedahersupmﬁetchﬂﬂa and RT,\indot blet essayk dungetheguracesiareof

its conplete dis earance 25 fr nost ni se ssent i da
4 post - aer §&wrd becht PHRT oMb £he dﬂ%g ) ?’FF@PL:TTEQ At §ﬁ§§c§é€i§r 2%0881%3?4% cyl
I nvesti gat 1,8, WR%nt i ggl &1ect§d1sme¥ﬁ) b tcaﬁledr&@smeﬁhﬁamﬁr@éy rwaal damed

vacci nated m’'ce”at t until day 11 and in sonme mce until
post - i nt r anasading lasioninhalt:uabm (B:lmébhen,geusﬁaha) ckhei lavel rof dbell 2nivah ad:d@nwélshhib es

of the aro vaccine re ed in co | ear virulent strain
2t day 6 pOSPECARMIEHGER! FHESoaMBRR 0 TR AT Tigenieh oty e aetins
admi ni st er gf1ddQyRHIE B ,Je&ugéu &lls Wé?é&ét&%lh&fhdﬂ?gsa 88y indREE-HIGRA Righer than
the aroA mutants |odged in the nouse ungs in experl ments conducted by

Rober t S istered to mce by WO
03/ 060?@ RISYOUANRSION DY 1S presen ¢ %EFIQ[%( i)wu;pegﬁ%t i a aerosolisation
W th the rEe” “Si*aiet il o tfw Pro%v%b%@f;ﬁﬁée‘l’?e%nﬁd? offn 29 SpRafRil il S
node of adriaRicatriet blitgus‘iﬂgesp“ehﬁ'id RBHEc| Sl A tbHEs synweatesxo b yadntidilyt & s
investigation, is a better predictor of tEertecu on in human infants than

t he aerosoldpmbp@hyﬁqvénmﬁah@%ﬁ)bﬁwbe ¢ grel maytant of g pertupsiy, was igfj%inblfns
fromthe B o P t t

51 of ogi cal S ey SohORPERGGYor s gREHE 8h 12 HollE MBI KA HRRE T

vacci ngs coradxNy fhgl&ldﬂns H‘Be(sir@matd)t o&ﬂﬁhnﬁ&feﬂ@tﬁet’va@mn‘a@d the lgsegrhahenalnt |y
superior at clearing bacteria fromthe I ungs of infected mce than the

bi conponentedimgnl subsectednioatl-Ré Hfolloneedmnivesteradloting nbhgs blot ¥3s depelpredy
that the 1gflﬁgflﬁ&40%ml HrivBag! anlaﬁlt Ftﬁ& AP PRRE ﬁe%anQ%ew@& ref%g%mhe d&;nﬁes

bacteri al rance pattern was i dent cal reporte i SO
et at. (1999§Jsar1ddjkﬂrkm/le)d a simlar trend in mce

EXAMPLE 11

20  Determination of the interleukins IL-2 and INF-v in the antigen stimulated splenocyte

culture supernatants

Both the interleukin-2 and interferon-y (IFN-v) titres were determined using a

Cytoscreen Mouse IFN-y kit (Biosource International, 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 supematants calculated. The antigens 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



i mmuni sed with the aroQ mutants in this investigation. Mce i munised with
the aroQ B. pertussis nutants also elicited antibodi es agai nst the two

maj or vi rebeoeribact ors, FHA and PT, tested in this invegcrgatomes However
since the aroQ nutant al so possessed pertactin, 15 an anti body response is
al so expected to be generated against this protein as well in inmunised

m ce. The generation of CM response in g@'ce i muni sed with the aroQ B.
pertussis before or after challenge with"Virulent B. pertussis is clearly
an advant aggstihhllerg@ RATH BIAPTRY low fsyonsk bidaay pulshetiallehyewas htrenipécel and
mucosal vaccine agal nst whoopi ng cough. 20 An attenuated strain of B
pertussis, aseudhghis eonsigpR, to %Ptaﬁ ORERANT SHIOE okhgre Waesighifigant produsdiopof dNEwy s
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However, t Tl tpsclegobberonsidacy edbawspdisiblefpniongltemi piotectibatsee Figieed). by t he
wld-type B. pertussis (Melcarek et at. 1998). This result indicated that
even though pertussis toxin was not 25 essential for protection, it

defi ni t 8l y QISEYISSIAN OFJHE ZXAMEBLESI n protecti on agai nst whoopi ng cough.
The aroQ nmutant generated and tested in this investigation was found to
produce FHA, PT ngR attempistos glone dbpswpP ugcas Giem, g’éaB- PECES BN # f or

cougn.  For TEE@niaifRE s 26 Ak BT R E MR Ao BT BE SO0 AT ROPP N0
it is possidbhgiréquitResézyale af VACRbIRIBE plautdphelmakianolLatondy émabr 94 es
two genetically unlinked nmutations in order_to Erevent reversion, of the

mut ant st r ZR9TiEd REeViPRAY (1 pravisnerBelpge With the SBKaIryolfet2sRes N thfe G acld

t oxi nsyguc j ' 1ok Wl e
oo A0t RedBelRTAY T s S B A B S el 1o BB eRBR LY
st andar d ns¢dquedad ofjihesgechenndicaed itsgnvohfenodni dm sheceatishodic patiBeayd dicefacaithat it
species, or related _organisps. |n summary, the geneticall dified.

Bor det el | ar%sﬂeﬂameo@ £e Presmmtant ﬁ{}%ﬁsfeént,hat_ anﬁs ﬁﬁ?ﬁ%iﬁ Q%léﬂg‘alowlgt H’ethe_
noni Nvasi verdniicanaRa heill Bids§nthbiS pﬁtH@la?.qid‘I@WiﬂﬂgerD%ﬁﬁérb 4o confirht@l @t A1 N
enhances the level of IL-2, 1L-12 and 1FN-y post challenge (IFNy present

pr e- chal | epgeyssisndidamt icogtam dthhrale gponsepportiig IR ¢ondeptethatt theresyas helyi aneof

| FN-y, . Lnduces rgrgj\#\{thz’oi Tg and B cells and activates NK cells; IFNy

producdd byeRgFreading @ rdehydioguingse & pGHUESE: of NK cel |'s and macrophages and

10 i s necessary r clearance of rt.Usshenf I S, i

Fevel s of the | oAt sbERRE IEGaRtied by RO TS n ROk s B ERST, el
using the published complete genome sequence of Bordetella pertussis [ORF 5420

(http://pedant.gsf.de/cgi bin/wwwfly.pl?Set=Bordetella_pertussis_ Tohama_I&Page=index)
Last updated: 2002-01-07 14:25:19].

20 Roberts et al. (1990) reported the construction of an aro4 mutant of B. pertussis
which was found to be effective in eliminating small numbers of virulent challenge parent
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 immunised 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



production of interleukins 2 and IFN--y, the use of the attenuated vaccine
strain appears to be an ideal potential vacci ne agai nst whoopi ng cough.
The di sclwews®6mhs every patent, patent application, and pwoiriAamebonscited
herein is 15 hereby incorporated herein by reference in its entirety. The
citation of any reference herein should not be construed as an adm ssion
that such reference is available as " Prj7 r Art" to the instant application
Thr oughout the specification the aimhas (g'een to describe the preferred
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- 72 Bl B CortimidyusedabyfRoberts e al. €1990). bygstigatasg foom rhe Brrdetglla 1aboratoryp

ot ed "y : v, _ - Y .
eacti one. RAGCSoENSs 0 AN BARARBERSSES o oSV ey ARE VY
K. L. Xi ngriconthoMentIacefalab@hccimOO6htaining VIEESA | Bat (Torowd) anélpetthain RN hwerer al

i mmune responses to whole cell and acellular _pertussis. vaccines. Vaccine,
19: 637- 643igntisaatly sspIoTapld clvrnns \Raeieria from othg lupgs 1of sigfecteds puce, ¢hagy Hisar ed

Euanoni o, PorShtdl! G RP Vnbhile Biid FREPRN, ThPke JuidiCaicheiortta (it
Peppl en0 18ffiencp\odbacterialf cléahice298 dostldspdmdenti The dattefddradetraick papemtwassi s.

| nf o . 57: .2698-2704. F ], D . 000 d [ 1. LS:
i agnosi . AR EEPEFA 4 ital FRORF §Y Cptiber ¢ LLO9Y B BoweR poum L ipngyh mice
Sout her n Qﬁ‘iﬁ'ﬁl@\ilsé@ss\%trhﬁgé’ QH]_% glélteﬁlts ih- thiskn é&igd%nsﬁié@fnﬁﬁﬁnig&gﬁh tfe a0 B.

. ] Vi
Si ber, and nproved pertussis toxin production by
Bor det el | apprendsissnitants hisoledihitatiantbodiag agaest thyrteiat thajeedirdenes fagniscFHA and

iti J. Bi. ch. : - ) ) )
comost Loy Hie R e Rei i S i 4 R S eracn

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 any 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 et al. 1998). However, the
protection observed was not equivalent to that induced by the wild-type B. pertussis
(Mielcarek et 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 to raise therapeutic
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The citation of any reference herein should not be construed as an admission that

such reference is available as “Prior Art” to the instant application

Throughout the specification the aim has been to describe 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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19. The pol ynucl eotide of claim 16, wherein the portion is at |east 18
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6. The genetically modified strain of claim 5, wherein the disruption has been introduced
into the genome of a pathogenic strain of Bordetella by homologous recombination with a
DNA targeting construct such that the targeting construct is stably integrated in the
genome, wherein the disruption of the aroQ gene results in a reduced level and/or

functional activity of the 3-dehydroquinase.

7. The genetically modified strain of claim 5, comprising an exogenous nucleic acid
sequence in its genome, or on an extrachromosomal element, which is capable of
abolishing or otherwise reducing the expression of aroQ or the level and/or functional

activity of the 3-dehydroquinase encoded by aroQ.

8. The genetically modified strain of claim 5, comprising an exogenous nucleic acid
sequence in its genome, or on an extrachromosomal element, which is capable of
abolishing or otherwise reducing the expression of aroQ or the level and/or functional
activity of the 3-dehydroquinase encoded by aroQ, wherein the nucleic acid sequence
comprises at least a portion of aroQ, in the sense or anti-sense orientation, which is

operably linked to a transcriptional control element.
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the conposition of matter of claim36. 39. A nethod for the treatnent
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geneti cal | ;471 Innﬁ%???é B%r g’e(lflieei g ﬂg{r fgg?%l&l@fhgﬁ%@l%mfg}tﬁ%rﬁégls? hﬁil,l&gﬁ%&)& o
nmodul at i on battedal viralenve, sresqpartsmatiod therddfe use of cl ai m 40, wherein the

i nune response i s agai nst a pathogenic strain of Bordetella or rel ated

organi sm 11, The genetically modified strain of claim 1, wherein the pur gene is selected from purA,

purE or purH.

12. The genetically modified strain of claim 1, wherein the aro gene is selected from aroA,

aroB, aroC or aroE.

13. The genetically modified Bordetella strain of claim 1, comprising at least one
exogenous gene which is capable of expressing an antigen that is heterologous or foreign

to the Bordetella strain.

14. The genetically modified 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 modified 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 corresponds or is

complementary to at least a portion of the sequence set forth in SEQ ID NO: 1 or 3.

17. The polynucleotide of claim 16, wherein the nucleotide sequence has at least 70%

sequence identity to at least a portion of the sequence set forth in SEQ ID NO: 1 or 3.

18. The polynucleotide of claim 16, wherein the nucleotide sequence is capable of
hybridising 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.
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20. The polynucleotide of claim 16, wherein the portion is a biologically active fragment of
the sequence set forth in SEQ ID NO: 1 or 3.

21. An isolated polypeptide comprising an amino acid sequence that corresponds 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 sequence has at least 70%

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

25. 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 replacement portion, the first homology region having a nucleotide
sequence with substantial identity to a first aroQ gene sequence; and c¢) a second
homology region located downstream of the non-homologous replacement portion, the
second homology region having a nucleotide sequence with substantial identity to a
second aroQ gene sequence, the second aroQ gene sequence having a location
downstream of the first aroQ gene sequence in a naturally occurring endogenous aroQ

gene of the Bordetella cell.

26. The construct of claim 25, wherein the aroQ gene comprises the sequence set forth in

SEQ ID NO: 1 or 3 or a variant or derivative thereof.

27. A vector comprising a nucleotide sequence that corresponds or is complementary to at

least a portion of the sequence set forth in SEQ ID NO: 1 or 3.
28. The vector of claim 27, wherein the vector is a DNA targeting vector.
29. A host cell containing the construct of claim 25 or the vector of claim 27.

30. An antigen-binding molecule that is specifically interactive with the polypeptide of

claim 21.

31. A method for producing a genetically modified Bordetella strain, comprising
introducing the nucleic acid construct of claim 25 into a Bordetella cell under conditions

such that 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 Bordetella cell containing a

disrupted aroQ gene.

32. The method of claim 31, wherein the genetically modified Bordetella cell containing
the homologously recombined nucleic acid construct is further characterised 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 aroQ gene.

34. A composition, comprising the genetically modified Bordetella strain of claim 1,

together with a pharmaceutically acceptable carrier.
35. The composition of claim 34, further comprising an adjuvant.

36. A composition of matter comprising dendritic cells which have been exposed to the
genetically modified Bordetella strain of claim 1 for a time and under conditions sufficient
to express a processed or modified antigen 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 immune response, comprising administering to a patient
in need of such treatment an effective amount of the genetically modified Bordetella strain

of claim 1, or the composition of claim 34 or the composition of matter of claim 36.

39. 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 the
genetically modified Bordetella strain of claim 1, or the composition of claim 34 or the

composition of matter of claim 36.

40. Use of the genetically modified Bordetella strain of claim 1 in the study, and

modulation of an immune response.

41. The use of claim 40, wherein the immune response is against a pathogenic strain of

Bordetella or related organism.



