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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



cough, however, the recent concern that young adults (vaccinated during
their childhood) wth waning imunity agai nst whoopi nhg nay serve as a
reservoir for the pathogen, and thus may be passing it on to their
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. 4Tkiay 2006
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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 el. 1993) to shift the cytokine pattern of the CD4 cell types from a Th2
(IL4, IL5) to a Th1 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.




the hunoral and Th I -1 ynphocyte-nedi ated cytokine profiles. Mre recently

Cant haboo et al. (2000) conpared the hunoral and cellular 1mune responses

of mce follow ng vaccination with the killed whole cell pertussis 5

vacci ne (WCV: DTPw) and with DTaP and reported that the DTPw, although

i nducing a lower antibody titres to the pertussis toxin, filanehMay<006

haemaggl utinin and pertactin, was nore effective in activating macrophages

and nore protective as judged in intracerebral challenge and bacteri al
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whi ch has b e%vélgﬁgraL%pomatic-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 arod mutant of Salmonella species (Hoiseth and Stocker, 1981; Mukkur et
al. 1987) as a successful vaccine. On the other hand, the aro4 mutants of Skigella 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.




5 previously to have honology with the eukaryotic genes in the quinic acid
catabolic pathway of Aspergillus nidulans. Even though the sequence of
this gene indicated its involvenent in the catabolic pathway, the

i nventors discovered that it rescued an E. coli  aroD nutant and that it,
therefore, was capable of functioning in the aromatic am no aci4dMay 2006

bi osynthetic pathway of B. pertussis. Further investigation also confirned
that B. pertussis 10 did not contain an aroD gene, supporting the concept
that there was only one gene encoding a'§-‘dehydroqui nase in B. pertussis.
It was al so discovered that inactivation of the aroQ gene is effective in
attenuating B. pertSISMMARNIOE THEINVENTIDN S capaci ty to stinmulate both
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genetically rain conprises a disruption I ogenous  ar oQ
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an al ternate @ugdihg®aine 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 areQ) gene. Suitably, the

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



5 the genetically nodified strain conprises an exogenous nucleic acid
sequence in its genone, or on an extrachronosonmal el enent such as a

pl asm d, which is capable of abolishing or otherw se reducing the
expression of aroQ or the level and/or functional activity of the
3-dehydr oqui nase encoded by aroQ Suitably, the nucleic acid sdgapd06
conprises at |east a portion of aroQ in the sense or anti-sense
orientation, which is 10 operably |inked to a transcriptional control
element. Alternatively, the nucleic acid-3sequence conprises a
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t hat infects dyivithef mxc:baaiydroqumm eﬁsodmiIHy fbeQaSmmbmtthef naoRit heidfsegeged ng,
the structure and se uegsﬁe of arop é? Eordetel pertussis..is useful for
the product i oFRMPIsEna 1§ashéh PPN OF ARl it e SPUSE Rl AN FensBATiFRtation o }r‘éﬁ ns
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portion of thens@puend onid] d@kdnl) vHireaFe fitdz ek sﬂemﬁc‘ﬁllﬁlbﬂfd@ft@ bf 8fherwise

enbodi nent, the pol ynucl eotide conprises the Sequence set forth in SEQID
NO 3. In ondnémsEdviHerransuptofifie f96t 88 sequence is a variant having at

| east 50% preferably Ieas refer eas %
breferably ar 1 east dupied, BRELBE Mool Fubliph EpORmIIRE 2 kel odBid
even nor elipr efedabiy sttdin |lae asdadB58escraedo abQVt%coﬁﬁ%my aﬁ&%t&ﬁﬂuemgﬁmud %Bﬁd t y

to at least a rition.of fhe sequence se n SEQ. | D. NO

hnot her - enbodVHEhis CPHE VP 1 ReESHE ‘oRetyloRth € rgienco die fardetiay |
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stringency conditions, 4 _May 2006 -6- preferably under_ at Ieast medi um

stringency c SRBIPPSILoRS agpinst d’(‘if"éa“iﬁir BipEess. yAa‘i?a@Pslbiq gie hetprojaggum@p foreign

condi tions. Suiifekak prefdriify BGHVel @Bmi aSpadtioghLMat is dfcRtbalt® el HPerelR BERIAR! ¥ at
| east 25 nucleotides, nore preferably at |east 50 nucleotides, even nore

pr ef er abl %Q atin p@g‘é@neﬂ@@bﬁ@g}cgbmcd@@o gemyppne that infects by the mucosal route.
As will be apparent from the foregoing, the structure and sequence of aroQ from

Bordetella pertussis is useful for the production of the genetically modified attenuated
Bordetella strains of the present invention. Accordingly, in another 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,



5 nore preferably at |east 150 nucl eotides, even nore preferably at |east
200 nucl eotides, even nore preferably at |east 300 nucl eoti des, even nore
preferably at |east 400 nucleotides, and still even nore preferably at

| east 500 nucleotides in length. Preferably, the portion is a biologically
active fragment of the sequence set forth in SEQ 1D NO 1 or 34 Mag 206
3-dehydr oqui nase enzyne encoded by the aroQ gene of the present invention
is useful inter alia in the design of inmmunopotentiating conpositions or
for the production of antigen-binding noecule that are interactive with
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20 ami no aci an - ' AR HSEOSYER0: [M8F €

preferably a?tﬁfggﬁéltgﬂ 0 gﬁ%ﬁbﬁ%@g%&g%%dt%% Sg‘?‘@ ersg c,y at §| gast 70 am no
acids, even hore preferably at |east 100 amino acids and still even nore

preferably at |east_ 130 1 no .25 acids in | h. Preferahly the .portion is
a biol ogithlly actilps 3tdehydrasminass e‘fZPi@%%%?&%‘ﬁ@Z&lgét‘oé S%Hf’tfﬁ?'rerl’f@%'gﬁﬂm 2.
Anot her aspecis usdfull iRy REEARE ddsTBAR ith@indPBichAdg cbﬁr@sitﬁhh@ o fof ttqréduction
construct for disrupting an aroQ gene in_a Baordetella cell, conpri _sjg:?: a)
a non- honol ogdfAatignebinding metrculp it prgrnteigstive witl et eazYRRe Fefjch cayidbe viHiEsd ed

upstream of  thes RARMYORIP PSP Usudhls 'FPRARLEEN br BAY 4dtQBng tdrSisdlhting! vARADBOIY
regi on having a nucl eotide 'sequence with substantial Tdentity to a first
aroQ gene seqiehyidrequingsg enyyraess Ebwindn WeinwloBy asmsel enthe gaeseridinvephigh dhere dn of
the non- hoyml dduisi L 8Rds DAY NY
a2 ucl ot e RAANE AERLIAETHAM.pRA Coiiink AR ARSI SARRC O RS 0
sequence, t heleast Mpgrtia006the Fequense evtdortly D GEGERENOeGuence having a | ocati on

downstream of the first aroQ gene ,sequence in a,naturall curr.li
endogenous aroQ geﬁé‘tﬁlyﬁth%“Bg‘P&é‘fiéﬁﬂ’_&n‘éfeﬂs 12, vapaRi;hayigs af Ieﬁgé 53%% pmlf"rrft‘\gi’ and
second honol ogyst 669 afdse E{c&r&iy SUEst G0RNEvehaR@t Prdferabl) QIM005095, even more
reconbi nation to occur be

t ween the nucleic acid construct and the
endogenous arRseicibeatlpash 99%eand 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 pogtion, the second homology region

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



5 nucleic acid nolecule is introduced into the Bordetella cell. In a
preferred enbodi nent, the aroQ gene conprises the sequence set forth in
SEQIDNO 1 or 3 or variant or derivative thereof. In another aspect, the
i nvention contenplates a vector conprising a nucleotide sequence that
corresponds or is conplementary to at least a portion of the sdgMaycd06et
10 forth in SEQID NO | or 3, or a nucleic acid construct as broadly
descri bed above. In a preferred enbodinment, the vector is a.DNA targeting
vector. In yet another aspect, the invent?¥en envisions a host cell

cont ai ning a vect.or

s broadly, descr.i bed abov
i nvention entiPERELr gg?ﬁﬁc%lgﬁg%llmﬁa}gr?do%gl%gﬂ eS%fa ﬁé{& fﬁlg%tll?r%%g%fe% %‘5’?‘%
interactive whtahndniigllpoedcypagt éndegenpay droOngenv af KlenBordetelie cell 2Additionald; dhadi ng

to the present invention. The present Jnyentipn ther .provide t hod

for produci ng‘%g @Qﬁaiqneifwb%%“msé& ‘&?Pgﬁ?e& f%ggtixtﬁnéﬁwwl %O%F?DS%R%? f5d

i2 gt E odgcit nlgI ttbebcfalluqle@sg@enamé dlg@l?!&sicimednsﬁl&t Elli’lt@fiﬁﬁhyl’l(ﬂ:%&fh’u:ls b0 aleoy evhicn ttise ? .
ordetella cell under conditions su e.nucl ei £ aci onstruct is

o 0gousl y HEGHITRGIETA S HIRIoRR 6 o seie N B adREBr TRy o

produce a genghbpGahd soniRiEts the SeqBoHcd 85tFbiRinSH() I NT: Al d¥i3ng varigtit f dgrhvatvear 0Q

gene. In a preferred enbodi nent, the genetically nodified Bordetella cell
cont ai ni ng t Heerg@fol ogousl y reconbi ned nucl ei ¢ acid construct is further

characteri sed by expressin reduced or, undetectable | evels o r In
anot her preferred i'ﬁﬁ%‘ﬁﬁ‘??eag‘?‘?cgﬁh%W@W@Picgﬁﬁefnyﬁa?eﬁoadﬁcl TLoBETEEE & {uﬁﬁgg

| acks the abideqdecd hapédtbssdnda of n@iniplenatady chedtyldaso g pontimeof theicapientelzyt sai d
aroQ gene, The genetically nodified Bordetgella strain of fhe ent

i nventi onld s fEBMPERIP Néh}eoﬂé’s‘?rg”‘rf“ﬁ 15 3L A L@?&Wgéeéc&l?g%gl? VEORS t hat
are effectiveriBn&l drbddiniéht, ahe voitdd ke DRA tirg@mgRecor. and preferably a
protective i mmune response, agai nst a pathogenic Bordetella strain,

preferably a natur &l yeanbthgeaspectBthe dedeatidraeryosions e st celbfontdimingervectprad | y
nodi fied Bordet I‘%a Sbt ra.hn‘i or related organism Thus, in yet another
aspect, the |brWﬁ§l$?f SHeE 8RTEnpl at es a conposition, conprising a genetically
modi fied Bordetel | § $hdiidraspeee, B eR0emBrach faslintesl8aasNaclecaO VL is
together with a pharmaceutically acceptable carrier.” The conposijtion may
opti onal |\ conpaifieatly anteractivgveititthe pelypeptids, aowign.agparitor detivative geardingfo the
enconpasses ap[ré:sgm;i%lpn of matter conprising dendritic cells which have
been exposed a genetically nodified Bordetella strain as

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 are() 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



5 broadly descri bed above for a tine and under conditions sufficient to
express a processed or nodified antigen derived fromthe Bordetella strain
for presentation to, and nodulation of, T cells. This enbodinent is
particularly useful for the design of immunopotentiating corrp03| tions for
eliciting a hunoral and a cell nediated i mune response. |n oné May 2006
enbodi nent, the conpositionis in the formof an in vitro cell culture. 10
In a further aspect, the invention enconpasses a nmethod for nodul ati ng an
i mmune response, which response is pref er§b|y agai nst a pat hogenic strain
of - Bor det el | ayfiyry ARl HoIaNionSherC UR" b PHafnAYMcAIIP ! RELMBIA QaichaThent
in need of such treatnent an ective anount of a genetically nodified
Bor det el | a stqozipasition mayontme&y@qnmse amadivendl y  descri bed above. 15
According to still af er ect of the present inv ntl? t here.i
provided a met hodh?BF “PF%&BW&‘H?"“&HH? SripassghHhEIRasiop P ASY ﬁOWBn%%gh

or rel ated candifticobslls WKIBP hawl Bign %ﬂﬁﬂs@d & @rdef@ichly ehodified EBtrdérelian &teah @é
such treatnent an effecti ve apount of a  genet.icall éﬁ nodi fi ed Bordet el

strain, or’ a Eeadhodescribgd abgue fgF g die,and dadsricgadjtionssyHiciepf o eXpIasH p Pfﬁ‘fesé?

enconpasses t{endififedintidefitd ﬁ'@ﬁl'tl’{e M&:&y@ﬂraﬁpfo%ﬁe@éﬂt@mz& afll hritidlafién
broadl y described above™in the study, and nodul ati on of an inmune response,

whi ch is prefadr AtseYs. Jgis mbOdﬁﬂ%ﬂ$Wé¥waéIYSﬁsﬁ@i fprdhe drsigmeefammungpotertiating d
or ganl sm 4 Wl ggg@l’ls ?OI'BBICEF [%%%bgjﬂ C]i”ﬂﬁd% rluueFk%H(glﬁC 1]1'! %Il@‘

di agranmati c representati on show ng whi ch

rest ored ar oRnrhodamnt, the commomn@selngme fqrm wah@h wp@ell ml@me 2is a

di agrammtic representation showing.a Pileup al |Sgnmant he an glﬂ SQﬂene
sequence Ptesent i hBiIrthek gsrerts dhrp HiveyongencpEps %Ssi‘§n rh‘é‘P‘g

aroQ sequenGRnunkr&péme3nhich %s;ﬁﬁklﬁ%ﬁdf&aﬁl?ﬂ%&ﬁﬁﬂ bahcsgaﬂmlstrhu 9 BakdeifJa bhe
construction of shuttle vector pUS ordl 0 ure 4 1s_a phaotographic
represent at i Rl EANTRr esRPriSE adminipteing toe2 rpégﬁﬂttlé need of such HEMPSEr Fse
chain reacti Qfy, ét'f’x@'%)m@a?ip {af g&%éa‘ﬂg n%&f&ﬁ%%&e[ﬂ%a&gg%loﬁ%daﬁ?oﬁ &: broadly
pertussis nmutant that fai to grow in the absence of aromatic am no acid
suppl enent s. dfbaibed eyt s confirm the disruption of the aroQ gene by the
kanamyci n,  resi stance cassette, of ogdkgc Lanes. are, as_foll ows: qf\bane 1,

H nd1H cub® 7v St andsFerdpe Behll BIRWE‘?E“L%PF& EITEsTRE inyveptiongthess is pEgw

aroQ nut ant gided kRNBe 4reatrend BAd/&S méf w‘h@@ﬁn co orlfeldtéd tor@idldf;, and
Lane 6, Low DNA NMass Ladder (G bco %beh ure Aglss 1‘al:ighgra hi c '

al
repr esent at i FRMPHSHRE ﬁ@m{qﬁséerg)grtg pgn@@%én qudB) spdy Fepbagnd an effccnve amount of a

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

= O 5
(—.-

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.




aroQ nmutant in the lungs of mce at 1, 3, 5, 7, 14 and 21 days post

I nocul ation (no mcroorgani sns were isolated at day 21, resulting in the
exclusion of that data point from the graph). 20 Figure 5B is a graphical
representation show ng the persistence of B. pertussis aroQ nutant in the
lungs of mice at 2, 4, 6, 7, 8, 9, 10 , 11 and 12 days post i ndcMp¥i2088.
Figure 5C is a graphical representation show ng the persistence of B.
pertussis Tahoma | in the lungs of mce followi ng inoculation. Figure 6 is
a graphical representation show ng cl earafice of infection in lungs of 25
vacci nated and control mce after intranasal (I1/N) challenge with a 2. Ox

| 0s CFU dose of Vigpie@BESCRISIONOFSTHEDRBWINGST gure 7A is a graphi cal
representati on show ng production of IL-2 by T-cells in pool ed nouse

spl een sanpl es st i Wiguad BB ai diagrathmatiovepraseRAsion showitigopplesnii® map of pyPQPAtddal
representation .show n roduct i f -2 hy. T-cells in 30 pool ed nouse
spl een sanpl e‘gl“%lfTeﬁtﬂfegtag‘bgW?v#’%]ﬁgﬁij??OFﬂA‘%ldéf%y 2006 -10- Figure 8Ais a
gr aphi cal 1 epresentahonc ol mpebielh ool spikp Bighdgof e BRg o
nouse supernatants om spleen cells stinmulated in vitro with PTxojd.

Fi gure 8BS s sengrseplenasapreseapiretient &b iftrgmentondi & gpasiustiuerd etheppublisied, arap
T-cells in p%ollled nouse supernatants fromspleen cells stinmulated in vitro
with FHA. 4 NEY"20%6 - 11- BRI EF DESCRI PTION OF THE SEQUENCES: SUWMVARY TABLE

TABLE A SEQUENCE | Ip;saQeENGELERGahtit NgWBERatRRQIuBrdNG) (A8 coRrfitties bb siandQ
gene942 nts SEQ I D NO 23-Dehydroqui nase encoded by SEQ ID NO 1144 as SEQ

ID NO 3B. peteetesBV8QBpWE)-codi ng sequence435 nts SEQ | D NO 4FORKAN
grEllee E)g RIOnt ?Biggzl E}gNu%l} ggAﬁé@%k}ﬁggég%%ﬁﬁgn é%g aIgBOL\éogel gﬁ% B{eirggﬁftggf nts
10 a polymerase chain reaction (PCR) amplification of genomic DNA (gDNA) from a B.
pertussis mutant that fails to grow in the absence of aromatic amino acid supplements. The
results confirm the disruption of the aroQ gene by the kanamycin resistance cassette of
pUSQBord10. Lanes are as follows: Lane 1, HindIIl cut A Standard (Gibco BRL);, Lane 2,
Blank; Lane 3, B. pertussis aro() mutant gDNA; Lane 4, B. pertussis BP304; Lane 3, E.

15 coli gDNA; and Lane 6, Low DNA Mass Ladder (Gibco BRL).

Figure 5A 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 wete isolated at day 21, resulting in the exclusion of that data point from
the graph).

20 Figure SB 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 (VN) challenge with a 2.0x 10° CFU dose of
virulent B. pertussis Tohama I.

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

pooled mouse spleen samples stimulated in vitro with PTxo1d.

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

30  pooled mouse spleen samples stimulated ir vitro with FHA.




-12 DETAI LED DESCRI PTION OF THE I NVENTION 1. Definitions Unless defined
otherwi se, all technical and scientific terns used herein have the sane
meani ng as conmonly understood by those of ordinary skill in the art to
which the 5 invention belongs. Al though any nethods and naterlals srgllar
or equivalent to those described herein can be used in the pra

testing of the present invention, preferred nethods and naterlals are
descri bed. For the purposes of t he present invention, the following terns
are defined below. The articles "a " and¥an " are used herein to refer to
one or to nore thag g%FEBBBA is apkﬁ&l Eeﬁre@éntdn%ﬁ‘§ﬁoxﬁﬂ£};roﬁﬁctibﬁ%f GNALPBRILGERS in

obj ect of the artlcr wa exanpl e, "an el enent means one el enent
or nore than n@nédmoemewpema’thets fremrsplbabmlrlts stimijlgted gvdtrp withiFTxpid. ref er to the

position or |ocation of a subunit in a polyner (e. on of a
particul ar nucl eot Ftearg B i agsenhigal represeptadion shavdes P’Pﬂ‘éct“‘m\?gp}g% By -Sgls Wy ch
as 10 subuni tp%o AL & pbarataarts oy E&él@k&%h&&m 6 witRFe1pr ef erably 15 by
as nmuch as 2 'su unlts om a speC| d position or location. Alternatively,
the term "about” is used her ei n to refer to conditions (e.g., anounts,
concentrations, time etc) that vary by as nuch as 30% preferably by as
much as 20% and nore preferably by as nuch as 10%to a specified
condition. "Anplification product” refers to a nucleic acid product
generated by nucleic acid 20 anplification techniques. By "antigen-binding
nol ecul e” is neant a nolecule that has binding affmty for a target
antigen. It will be understood that this termextends to i munogl obul i ns,

i mrunogl obulin fragments and non-i mmunogl obulin derived protein franeworks
that exhibit antigen-binding activity. 25 "Antigenic or inmmunogenic
activity" refers to the ability of a polypeptide, fragnment, variant or
derivative according to the invention to produce an antigenic or

i mrunogeni ¢ response in an animal, preferably a mammal, to which it is

adm ni stered, wherein the response includes the production of elenents

whi ch specifically bind to the polypeptide or fragnent thereof. 30 By
"biologically active fragnent” is neant a fragnent of a full-length parent
pol ypeptide which fragnment retains the activity of the parent pol ypeptide
(e.g., 3 4 May 2006 -13- dehyfroquinase activity or antigenic or

i mmunogeni c activity). As used herein, the term




"biologically active fragnent” includes deletion variants and snal

peptides, for exanple of at least 6, preferably at |east 10, nore
preferably at |east 20 and even nore preferably at |east 30 contiguous

am no acids, which conprise the above activity. Peptides of this type 5 may
be obtained through the application of standard reconbi nant nuéiMag 28064
techni ques or synthesised using conventional liquid or solid phase

synt hesi s techni ques. For exanple, reference may be made to sol ution
synthesis or solid phase synthesis as desdribed, for exanple, in Chapter 9
entitled "Peptide Synthesis" by Atherton and Shephard which is included in
a publ i cation enti GragF SHSERPTIONGR THISSE QENCES: BUMMLRY TaBIamd
publ i shed 10 by Bl ackwell Scientific Publications. Alternatively, peptides
can be produced by digestion of a polypeptide of the invention with
prot ei nases sIHALEA endoLys-C, endoArg-C, endod u-C and staphyl ococcus

V8- pr ot ease. —The.digested fragnents can-be purified by.—Ffor —hRi
per f or mance [l $eyiENcR oAt ogr aphi ¢ ( HPREDUESKIMI ques. The t erjim LENGTH
"conpl enent gr y"NiitegRs tlo the topol ogical capability or matching 15
t oget her of [Ateractt+nAgrsturiaces—of—a—test—potynueteottde—and—ts—targqt
ol i gonucl eot|iSi) ID Wii: th (Payednesipard gdnhea | ar ger pol ynucl eot i de242Tibsus, tlhe

test and tar%ft Bgl nuclieoti des can be described as conplenen%gég, an
further mor e,| ¥  Act| Scbehvdroguingssencaded PR EQIDAX 1 conpl enefttdPy t o |each

ot her. Cbnplqﬁ?g .knd| ity such as A

conpl enent arjy fl:iﬁtk?r'bu, %ﬂ?“é@?%ﬁ@éﬁe tg%{/ to Gin the ge%gtnitsc code.
However, thilSEPID Noeat || RORKAN pdmeonpasses situations in whi|@dihere ifs
non-tradi tignal base-pai|ring such as Hoogsteen base pairing |which has |been
identified i|PEER}NOnStr RRAChD| ecul es  and postul ated [t i st i|n a
triple heliX. In the context of the definition of the term
" conpl enent rFQ IR NO: o[ RORQBHES and "ni smat ch" as used herl@®M$efer |to

t he hybridi?j%ggg:&E ozert' .pai red nucl eotides in conplenmeptary nudleic
acid strands B: éé& Lo i ci E%Hﬁis—Lhe

classical A-T and G C base pair nentioned above. M snmatches are other
conbi nati ons of nucl eotides that hybridise less efficiently. Throughout
this 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 of steps or elenents but
not the exclusion of any other step or elenent or group of steps or

el enents. By "corresponds to" or "corresponding to" is neant (a) a

pol ynucl eoti de having a nucleotide sequence that is substantially
identical or conplenentary to all or a portion of a 4 May 2006 -14-

ref erence pol ynucl eoti de sequence or encodi ng an am no aci d sequence
identical to an

gh




am no acid sequence in a peptide or protein; or (b) a peptide or

pol ypeptide having an am no acid sequence that is substantially identical
to a sequence of amino acids in a reference peptide or protein. 5 By
"derivative" is neant a pol ypeptide that has been derived fromthe basic
sequence by nodification, for exanple by conjugation or conpl ediMagy w006
other chem cal npieties or by post-translational nodification technigues
as woul d be understood in the art. The teen "derivative" also includes
within its scope alterations that have bd@n nade to a parent sequence

i ncludi ng additions or deletions that provide for functional equivalent 10
mol ecul es. The ter Hpy 4 SiPPESCRIPEIN0OFCHTE IVENTION ol ogous” refers to
any nolecule (e.g., a polynucleotide or polypeptide) which is introduced
into a host by experinmental nmanipulations and may include gene sequences
found in thatl, hdsfinitiankong as the introduced gene contains sone

nodi fication (e.g., a point nutation, the presence, of a sel ;tabl

mar ker gene, the plalsshdwingd ofepdses alhitgehmicd nd jspigntific terms ysg Frie\}]ehatvﬁ%qehe
natural | y- ocGypL 'n{eemng‘ipeomﬁ&ﬁ hﬁ&é?&m&%}emoﬁsom&ﬂa@@m iR thekeiswhieh ay and

all discrete coding régions of” the cell”s genone, as well as associ ated
non- codi ng ariavantiopu belougsy Altbeighnany metheds %‘ﬁemﬁféﬁ?ﬁ simifap O FgHivaleptsto bigse

generical Iy hereing L%ﬁﬂecih 90318 ARLHAGRS b c&rifly ol b Ak if AT Preftidser ent

Bordetel | a speci es. I ntended t© nean the open reading
frame encodimghaslsesidf mete1pd$ )apaeptaCdbcsl diod thed papeses &' thamjesgnt nyentonditheg
nucl eot i de setﬁfiencef i ny eﬂ/negb the regul ation of expression, up to about
1 kb beyond t OB BHBS ?Iggl ut possi bly further in either direction.

In this regard, th%g%ﬁaew“ £dar'tahermclgea)ﬁéraﬁ to RAHAYERI0 (-dor@thanﬂﬁ%é ally
associ at ed mnth a given gen or heterol ogous_ control signals 25 su

pronot er si0 eﬁhah]@w gneof ammatical objeriof Bre agicn By vy rampish ] Wbam)
sequence, i nijfi.at le&%p&m,grgrﬂ%%%ag&eﬁodons and/or transcriptional

termnation signals e gene may be I ntroduced into an appropriate vector

for extrachronos o e f6Bth MBRIAN BiscdNerdif bo feftr kOthe bosiifor O’ttlﬁnatlhrEQlf’mmﬂoumBm
"effective anou i

e cont ex .mdul ating an activit treating
or 30 prevert? ljm%f dftgnd % ?%ﬁ“‘?"s"#ﬁ&?ﬁ‘gﬁﬁeméifmgﬁ o 3 ZReles aﬁ% ﬁeﬂ‘é‘ﬁtm%?n%ﬁtnt of
active to an yafe§ vy &hlidlich dsnorsﬁ&sim@fpr@féfamyr@ddslraidhwwsubhmamﬁaambreqﬁeferamy
prophylaxis, either in a S|ng dose or_ as part of a, series, that is

ef f ect i vel5f orbynascnalt 3soh s $ Homes pResifieg ,poqna?n pF losetinmn Algmaivdpbe demns of
that conditiqp,oF f Med A8RI tQ éﬁ‘:l' t@%ohc!ﬂﬁorﬁy(ﬁgt Qﬂﬁuﬁ§ %Qﬁéeﬁfrﬁﬂmw trhe btBpthat

condition. The effective 4 vary dependi ng upon
t he heal t h andryphyasirgedh agéﬂ%, pte&nahby by Bﬁamums\ﬂO&ru and mereypreferably 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-



treated, the taxonomi c group of individual to be treated, the fornulation
of the conposition, the assessnent of the nmedical situation, and other

rel evant factors. It is expected that the anount will fall in a relatively
broad range that can be determined 5 through routine trials. "annlogg"
refers to the percentage nunber of amino acids that are identiédayg0
constitute conservative substitutions as defined in Table B bel ow. Honol ogy
may be determ ned using sequence conparison progranms such as GAP ( Dever aux
et al. 1984, Nucleic Acids Research 12,-1387-395) which is incorporated

herein by ref : hi . %ﬁﬁﬁ f SHAL YedoherSHOHE 3 al |y
different | ena%{]ﬁpc{%gmta%]%as%ﬁg?toégmx%%ﬁg?ﬁ cou (?eg% acg‘(;l?]:))g]r&ed by E.irnsert i on of
gaps into thebatlogjentiniciivesfoegmeytipcibdisrigletion warimntseand sell pepfidgpdpreexapple he
conparison al gorithm used . ri ch O, o ' 1dgnot e
the pairing ¢ aﬁ%%?e?{sﬁfag yatﬁl%jag lé)b{ﬁ?{% "&48%@ éﬁ%&% ztﬁgH%rg% l@g@@g&gﬁ%
hybrid or a Dbt RNCortighsischmifoagidse whith aompiiseshe alidye setipion Begides ef thisdyrs

sequences that are related by the base-pairing rules. Ln e ' W th
ToanG G pa ¢ dh e pteing Sraa P oy Phtida febdeibingnt Ry =i cphigest
regard, the dreyithesisB®uGHg cavehtionhidiaidaiy solabphisesimttesie tachniqiesr Farexsmple,
hybri di sati on 1;r%,g;ﬁ_lent i al of paired . nucleotides.in corljﬂpl ment ary ngc*%rc
aci d st rands.[CIEREHERY MG INME o ROLRY YIRS 0fif iphpserpihesiy gy fosetiO¢d, 4
classical A-TExafple GnCRp&e IPitiklcd e iR @ﬂntﬁ&ﬁs’\"eoy Mo al® Shéphard Whiclpisher
conbi nati ons of nucleotides that do not

, > ges \ 0 hybri di se effi ci_enﬁl ﬁ ‘?e&grﬁ ce
herein to "i redydsdin o @ublicatoneéibled ehuristic Kaqcegngiied by MIERI G 204 BULSRGh,
or other for %fﬁm&%ﬁ%%ﬁ&@r@&fcma ARKEEVISSD E%til:%s ichn B@pioli6del B didesisa one

of the nolecdles I's, or mmcs, a conponent of ‘the | mmune system By
"i sol ated" i 9fneanbypeider¢fathet ingntior with proteinases sychops sndelysiCal sflodrgse from
25 conponent s i NWotkdsel Prd & tg a8 b ified by,
"nodul ati ng" clné&%%a@n?ﬁ cl{rﬁ%‘:é é%?%%%%@%%&a@én%‘?“@ t %agnegfsr ect Ie?"‘ or s
indirectly, fohexamplechighpetfaomafeigtidehmmatgraptict(i{PbEC) techmqugat nol ecul e. For
exanple, an agent may indirectly nodulate the said |level/activit
interacting with aThoI'8U| 6oBR/HBF THaTCERe! thgr 6’8?10%1’%&45’?@&” Ar f‘¥ﬁt‘§’¥'g
regard, ipdi nigekniRE Uikl QirfadesISNg 1&n ?ﬁ@hﬁlﬂkoﬁdé A BQLY HERhiele10),
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: ot . \ :
includes within its scope nodul ati on of expression of a first nucleic

aci d ol ecul evhichynay ¢ parbef adgrrnpdingelegsidsdlins, e testamdrtargglipohmesiestidenedng
Tar oot potypibraehS SYRARRRNA, SLARRHELE Bl AR hinBpeag e
sanpl e such asmpleorenersioshe otberpGhipplentnay intudex basa complempashniily spehi aget is
extract is | chll'n]ajfe%l%ntfalr'yotmT grrU,da%trl b\ﬁggonﬁﬁlglﬁéntgy Poaétilil ﬁl%lgéﬁctﬁz%gﬁé? %Iogjevér,ht?lis
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



host. For exanple, the extract can be obtained froma cell, tissue or a
biological fluid isolated directly fromthe host. 5 The term

"ol i gonucl eotide" as used herein refers to a polynmer conposed of a
multiplicity of nucleotide residues (deoxyribonucl eotides. or

ri bonucl eotides, or related structural variants or synthetic 4fdf»g0ee
thereof) |inked via phosphodi ester bonds (or related structural variants
or synthetic anal ogues thereof). Thus, while the term "oligonucleotide"
typically refers to a nucleotide polyner-4r which the nucl eotide residues
10 and | inkageg el oA, SARM HifeRaldt @bddinPEf dhidoébia bdqushde!idhicin@esst 0od
that the termalso Fincludes mfkﬁln Its scope various anal ogues i ncl uding,
but not rest ramitedcit Gequeegs indepaptidé oF proteaw;i ats(b) Pxagtide HrsdyRepidenRayEean

phosphor ot hi oat.es, .net hyl 2-.0-npt hy Lan | i.ds,, and
Phe 11 ke, Therie apdciegingd 1P & ARRARE Yy S0lulBl B sebRAWE e ikl a

particul ar appletened pepide drprotkingonucl eotide is typically rather short in
| ength, generally from 15 about 10 to 30 nucl eoti de resi duea but the.term

can refer 5to nol ecBvesdephativay i Egithe polypertie dhat thae bear ervyst | fpar dhee Byl
or "nucleic asgdg%;\cél By ﬁ%&&h@ﬁiohyfoyéﬁﬂﬁﬁs%y LuStiorPdr cﬁ%!éﬁh@%tlﬂ&ﬁerl dB¥mical

"operably Iink nmeant that transcriptional and transl ational

regul atory pudigtinsor bppostransiations) owidificatimateshaiques asevquid be understood in the art.

pol ypepti de- l ng | yul [ L F. KBRS

pol ynucl eot i g@%ﬁg r%%%%t)r[‘%}béggg{nchﬁtg %@%@ﬁ%&é@ﬁ %%ml St rgtnﬁs g:"éé . £11I'C}\eemtaer m
"patient" refpareat saupatei ipriiding fadditiomsnorodelgiohe thatrpmavide fon dunational ckavivalept

i ndi vi du?lllo it i sél?esi red to exam ne or treat using the nmethods of the

i nvention® HIBHEBY®S it will be understood that "patient” does not inply

that synptons are RLESSR! “fordinlaf GxofBRbER! & HlRkolb@dis " WefeRi 1B dhhendleaRre of
the invention include, but are not restricted to, primates, |ivestock

ani mal s (e. g.(e-gs Rerspynueisoide orapodypsptided rvhishsis iptregved iniha hastohy, expsgmental
animals (e.qg...fakhi ' ' LEE; | RPed
animals (e. g.r?anégﬂ?@,omglggﬂg&gﬂ% C B% %ga{\?ﬁ %hg(?ﬁnrrtg?s% %‘3‘?’3‘?“;“? ggfggt?dddageer,
di ngoes) . By gephaontsine sbme ahddjficatiore fe. @b b epodd rmitation, itke presemce @f Fosdlestable

liquid fi]dl || |: g . d
LS il P BRSO Bt o

"pol ynucl eotigdré. or "nucleic acid" as used herein designates nRNA, RNA
CRNA, cDNA or DNA. The termtypically refers to oligonucleotides greater
than 30 nucl eoti d@he tasmdigese’| 8 ysechherpin raferlp apperd aH discrpifecadifgggions of

LY A, W AU el QUL SRR
“aro() gene” is used generically herein to designate aroQ genes, e.g. vanants 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



pol ynucl eoti des that hybridise with a reference sequence under stringent
conditions that are defined hereinafter. These terns al so enconpasses

pol ynucl eoti des which differ froma 5 reference pol ynucl eotide by the

addi tion, deletion or substitution of at |east one nucleotide.  |n %B'
regard, it is well understood in the art that certain al ter at i 6hday bésive
of nutations, additions, deletions and substitutions can be made to a

ref erence pol ynucl eoti de whereby the altered pol ynucl eotide retains the

bi ol ogi cal function or activity of the rdPerence polynucleotide. The terms

"pol ynucl eoti de variant" . and.” ' ) Lc MoAdhE YndiviQiaDeChe i ng
al l el ic vari dftoyt w@owagyp%elgg L?ddréélgﬂohggi)ﬁag%ma%}g&lg%%g?gﬁﬁ" are used

i nt er changeahtegteberiai mxonomief group oof indpadughee e teeatedo the ifermulation ol theng ¢ o
variants and synthetic anal ogues the,. A NESE ofhBE Sl FRtof ¥ T O
amino aci d pdPREFLes ﬁhmsssf?ﬂlgﬂteog&en%?dé&g%ﬁ?\act)log’c| resi dues is a
synthetic nonypaiddr bl theQmedunf wily fahime relaiivt]ly brooth ramgeathat eai badetgmrrglgue
of a 15 correspondi ng?ﬁna,turally occurring amno acid, as well as to

nat ur al | y-Jocdliorgthguess tHalsaci d° pol yners. The term "pol ypeptide variant"

refers to polypeptideg, Wl chl [ @ pbtOfilg? mubBlRraRiRo RIY BNk hntesl bhe

addi tion, deletion Or substitution east one amino acid. It is well
under st 0od i reohdtizutarcondepraties awstintiontass defined amiTbleaB | bedowraliomelogh MY ¢ o

others 20 with broadly. sim| ar Tt ' £ BT (B ckhe Hal urgs4of
the activity GFPHE ‘%'B‘Eysﬁ%up?flfedg&? oﬁsdeﬁl\?) |v§g§%l§st|tult(i ons) as descri bed

herei nafter. ByldipHimeResdaschn2ans7-ans)ovhigoisuiobaperaige hereirc By refprencepd fiy

with a strand of DNA is capable of i.nitiall ' hdrer
ext ensi onttbr o‘ﬂ‘i:Vci"qPq‘T““EstfgsapﬁlI@ e é’“lgsfank@iyséﬁ.’rg%nﬁglgﬁgg f@%é?@%ﬁ;e{%ﬂeﬁug bl'ér:g
primer is prefsgipakh Yoy intekion ST gapelcskol te aligmmentns®S edpisi bding dyteinpined, for

anplification but can alternatively be dotg'bé@st randed. A prinmer nust be
sufficiently sxemgle; ey the poraparisen dperithadsed By G448 ensi on products in the

presence of the pq}é,¥%3£§ij¢a§%g} ﬁ@s?@@é?éin tolﬁﬁkgoﬂe?ﬁ@ﬁﬁﬁﬂ ofiddfhpRinieARFy SIRRBHES ON

many factors, inclu a ation, t erature to be enployed, tenplate
reacti on concietiens, toQidiace n ENGRANA hgmil orsoDNAeRYA Infbride CompEgentay g e,

dependi ng, on the conplexity of the tar [ ugl i de
priner ty caﬁeﬂ?/e“&ﬁ%%ﬁ%e “?n(?e%@atoarre %E%%%@?gg%pﬁerh%e@%'%s@g fﬁgﬁéh it
caln conlt ai [1 ;@MEII' aﬂ@lﬁj;ﬁ@ﬁ?ﬂm G.Gﬁliqmupet E].paigs Mthrﬁsartda@t : dpbies with ge In this regard, the

pol ynucl eotides, such as from ou nucl eo residue .

ki | obases or WBRE M3’ 3pd smisgt eﬁ%gﬁﬂigﬁgﬂ r{:ilgr ‘Sedw E%btf‘glésf‘g% oéél}%lsﬁvp%gd
conpl enent ar yp, el §dd€irS QAMBRARNALY it ©A5M ahrands0 Mbickdl inucleatidde diyhridise to 4
May 2006 -18- nybridise and serve as a si &3’ for  t hetJ ni |batv| iﬂisOft hes are

synt hesis. Byeffigigniy atehi 2 the classishiph-d g Cafpese R PERUEBEHID Y Rt ' SPRE™ Br i Frer
I's suffich@nt | ¥ ComBlERGRRhYcIRdBYRAdEinsehybridise 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 is, or mimics, a component of the immune system.

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

25 components that normally accompany it in its native state.

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

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

of a nucleic acid molecule encoding the target polypeptide.




with a target polynucleotide. Preferably, the prinmer contains no m smatches
wth the tenplate to which it is designed to hybridise but this is not
essential. For exanple, non 5 conplenentary nucl eoti de residues can be
attached to the 5 end of the prinmer, with the reminder of the priner
sequence being conplenentary to the tenplate. Alternatively, 4 MayZ2006
non- conpl enmentary nucl eoti de residues or a stretch of non-conpl enentary

nucl eotide residues can be interspersed into a prinmer, provided that the
pri mer sequence has sufficient conpl enerdbarity with the sequence of the
tenpl ate to hybridjse. ) e De:,rﬁl
synthesis of the e eﬁér of %ﬂ"}"ddc‘f‘ga“f B’?{’l ?a%lrpi sru@?lasl%rog a?ﬁ er’s '?%Otc}ide

mol ecul e t hatextach ds pdlgpeptidp extiaki is 1mqaﬁeﬁrm curdesud:;i Ermquepmadar sovtchof theoi et y
of anot her | ecul e. ot herw C term” B i.cally
refers to ang‘Bfty ?fc?’@B’tP:lediﬁep?’Sﬁgt tHat® lfq"i"fﬂ%da{!r ma%B‘%]ﬁefSS‘ﬁo?ryAnE@Fog&alf ggf,d
often call ed 1§dmeddlieangﬁ-bmpmbﬁgucl eoti de", through conpl enentary base
pairing. Probes can bind target 15 pol ynucI eotides | acking conplete
sequence &Sonpl emenTbe temp aligbrucksetiqger’ ol aisedi beeincriefres tna pehyaes cpMpRfedh @f 2of
the hybridis ondi ti S e r

I ndirectly. lteprhtcq Oq"nrugfégé 5i 1 ﬁgﬂ & g@%ﬁnhﬁn E:Bgﬁeés %sg‘t"g‘g‘@g‘f]er" gron rre ea eeir s to
a pol ynucl eotsirgigurhbrarizaitsi or syinthetic la;talcbgues rlimorb)ulidteidaria @howhpﬂbbsymmné@mfde
into a formngt norma I foun ture, : e ophi

pol ynucl eot i JE¥EASTHE f go? ng’t% K ea?%lf) uscgl on 90 T/ﬁé‘gf C‘)Jrh?lgGemr%er ly,
such express i“oﬁgm&amrd%” typtdau;d fefdrs ansmicleptideoprdymeria whichribé mtcleotidd residues

regul at or poI eot i de aoper abl I|nked to the.polynucl eotide. B

T Soombi it MR beeon Beh A S os E HE RbaHSeRE i Elfs et
techni ques, |1ndh1des WRRRUGRCEPES 2SR @IS RS nﬁ:iud@lgr BaaisbioswiRted 06, peptidchmtieie

pol ynucl eot i de reporter nol ecule”™ as used in the present specifjcation

is meant a m3ride u%/}eAS)ZE’hf’Waf’fathqst ghosphorgthigptes, smethy phosphanges f-methy

anal yti cal 'y rygdgidid b, endirg b, THiakadlslz0 W8 tehRoledld 8t vaPNddpending BEee X
conprising an antlgen-bl nding nol ecule and its target antigen. The term

"reporter nolpasighlar applieationxArplégonueieqide lsdwléﬂilﬂfa@@‘gqheﬂ |1fh¥§flgtb:rlge6f3rafl}‘lfﬁnﬁr tion
of aggl l’lg' n%ﬁé QOSM% ﬁ‘écléo‘ﬁge pésﬂﬁ?s %ﬁf h% 18 L:%‘I ?Qferbt%a]gélecﬂédoft :ﬂl? IL: 3%1?
e at'1onshi ps be

Terns us escrl be sequence re tween two or noré

pol ynucl eot | dbbough thel ;epepfpal:emcleﬁuleud@ “nusleis gl éseME"usedcﬁprrgeson

vu ndow', SALSNSR t]qc}:ent ity "per cent age of sequence I dentity" and
substantlal orgenti ? reference sequence" is at |east 12 but

frequently 15 to 1ﬁya%9e;gf;lyemqke3 » {sef&dnt A WRARHBonal Bhd &anslafiehdl Sediat
nucl eoti des and am nho acid residues, in |ength. Because two 4 May 2006 -19-

pol ynucl eot i @elmygigetidacare pesiigred eelgtyy toa §®mﬂéeerq0d@5 pobympglectide dn suchBd of
the conplgte greagﬁérgguéﬁf %Biy;nq@le&ﬁlgﬁ'%%bw&ﬁd the pSlypeptial isHahyasd the two

pol ynucl eot i
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

ot 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.



sequence that is divergent between the two pol ynucl eoti des, sequence
conparisons between two (or nore) polynucleotides are typlcally per f or med
by conparing sequences of 5 the two pol ynucl eotides over a "conparison

wi ndow' to identify and conpare | ocal regions of sequence simlarity. A
"conparison wi ndow' refers to a conceptual segnent of at |eas# May 2006
contiguous positions, usually about 50 to about 100, nore usually about 100
to about 150 in which a sequence is conpared to a reference sequence of

t he sane nunber of contiguous positionsléﬁter the two sequences are
optimally aligned conpar W _ITRY ol add Qﬁﬂg

del etions (i.e., gapssEtc %Q%Eflfo aglgs agg cvgﬁpgy e%?er B {Pﬁ ei‘gghzasnce
sequence (V\hi&xiplajmgsmb@mmmﬂ)mpqueaea adi:dmtyl witls mrefciaicetpaiyml)clebode @tmuml or

alignment of the two. segu al i gnment of se uen r..aljgning
a conparisonP &“ ﬂ&?ﬁdﬁfa@ ﬁ?g"c‘%ﬁ%l@tﬂ B ?)rﬁncc?&%%ﬁ?cgruf@gcfﬁ} %5 ﬁgﬁ ’%\r%t%agsa} Cof

al ?Or i thns (kﬁaﬁned %ﬁl dfter., THefSTefms and ehtuiphéses Polyhecisitideowhich diFferefom

Sof t war e Pac age Release 15 7.0, Geneti G ou 575 Sci Drive
Madi son, rejepenceol wclie?n%dﬁé’dttl’%ﬁ‘d“mdgfﬁ?'ﬂ@ngg%‘{bs‘ét!‘%fh?fgaﬁﬂeaﬁt ong nt fuc ?°§'§Eﬂ ting
in the hi ghe%tmﬁfegﬁﬁt@ﬁe”émmb@wd QMEE ark (1Rt cSRINREIaEOM: MEIDSRYF Ganaat ed
by any of the various nethods sel ected. Reference aI so nmay be made to the

BLAST fani | y 2¢itiprsogelatinns 43 Feptiationfan bainade o3 & defprFne R%Mﬁkm&e whgreby
1997, Nucl. Agd Qﬁerﬁi?:imly%écl@o%é@ reténgqh@rbm&gl&! Mﬁéﬁ el &hvgwqw%@eadeys' S

can be 20 found in Uit of Ausubel et al Current otocols in

Mol ecul ar B wagycleotuighThe Wse {pobyngeleatide variant§and {'oggnt Galsptiesludegiatugally ¢ er m
"sequencqqi denkidive alf’e cg here| nrefers to the extent that sequences are
i dentical on a nu y nucl eoti de basis or an am no aci d-by-am no

acid basis over a“mz z\MeOf“ ﬁiﬁéa&hcﬁ’ﬁﬁ?oteiﬁhu&us&l infeedhagidablyheftin BeefcCe
I dentity" is cal cul ated by 2 arln%two op tlmall all(lgned sequences

over the w ndo® ﬁFer(RfrﬁﬁHF‘? agh TeséFB{eél"%‘i kaglantsad r?tﬁ*FB%tfc Irlosyes of BRSame-
whi ch the i damti Grse P! ﬁii f‘écinQntp%? Af)&l?lil&s in ®hicH onLer forelamify adid'Rsidues

i dentical amino acid resi e.g., Pro, Ser, Thr, Qy, VaI, Leu, Ile,
Phe, Tyr, Trps dl_%thetl%mgnmﬂlr@ y Repurming gmingsacid, queh agyas chamicalimlogee gF @ i n

bot h seqngC%sﬁ&sgoym% Sl ?{P&HP@% amtfo ¥R GGl RA5 ha%%@;ﬂcgﬁaﬁg hélufifhotabd

nunber of nmatc tlon total nunber o In the
wi ndow of corppbfmesﬂon (i.e., the w ndow si ze), and rrultl plying the result

by 100 to yield the percentage of sequepnce identity. For the p ses of
the present i nvenﬂ“’or\erm" s@?}f%ﬂ@‘ég VERRY | trgfersyfq pol WJH%P’@E@O@‘%‘E A the

"match per cerﬂéf@ﬁﬁce pofiipe eeﬁ#e malﬁohede@%§b§smo@ﬁmﬁ&%famaw@maﬁﬁ@r&1don 2.5
for w ndows; avail able rom4 6 -20- Hitachi Software engl neering

Co., Ltd., Sauvell Saderstodrie ﬂy@est fowfmﬁhatéomsm}nw gnaysh Qathswsl t s
as used ip t Rgm 68615 NSRIITE PHAErRS GATREN ¥hAin e SIIMBEL the activity of the

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



"Stringency" as used herein, refers to the tenperature and ionic strength
condi tions, and presence or absence of certain organic solvents, during
hybridi sation and 5 washing procedures. The higher the stringency, the
hi gher will be the degree of conplenentarity between inmobilised tar

nucl eoti de sequences and the |abelled probe pol ynucl eoti de se&d‘éﬂ!@goﬁhat
remain hybridised to the target after washing. "Stringent conditions”
refers to tenperature and ionic conditions under which only nucleotide
sequences having a high frequency of complmentary bases will hybridise.
10 The strin equi | u @,Hﬂggg NtR.an n
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are sel ected; WA guttmggg 1%%%&3? o%gfrgrat% hért\ﬁetgﬁ%erhgarm%sd s %ﬁ;ﬁ)tgmﬁééofhﬂx ﬂ%nn)
The T,,, is ttlam;ﬂaertpenrlﬁxthmes ddsignid chhybigise butsthsas mpt:easan@htFosemh%emn-

hybridises. 15 to.a perfe enent ar r »S a ed
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regulatory polynucleotide operably linked to the polynucleotide.

By “recombinant polypeptide” is 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

LI 11

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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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, Gln, 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



5 of genetically nodified Bordetella strains of pathogenic origin that are
attenuat ed by disruption or inactivation of their correspondi ng aroQ gene.
The invention, therefore, provides in one aspect an isol ated

pol ynucl eoti de conprising at |east a portion of an aroQ gene from.a
Bordetel | a species or related organism Suitably, the pol ynucl édlay@006
conprises the entire sequence of nucleotides set forth in SEQID NO 1.
SEQ ID NO 1 corresponds 10 to a 942 bp &%nom' c sequence for aroQ of B.
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pol ypept i des hybridiges saguegpcswg@aptglyégingent washing conditions are selected to be about 135
20  to 30° C lower than the Tr,,. 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.



of the proteins that affect their function or regulation. For exanple, a
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10 site-directed) nutagenesis, PCR nutagenesis and cassette nutagenesi s of
an earlier prepared variant or non-variant version of an isol adddap2006al
pronoter according to the invention. digonucl eotide-nedi ated nutagenesi s
is a preferred nethod for preparing nucleotide substitution variants of a
pol ynucl eoti de of the invention. This tedinique is well 15 known in the
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20  used for selection of suitable transformants. Examples of such resistance genes are known
to those of skill in the art and include the mpell 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.



original tenplate) encodes the native unaltered sequence of the polypeptide
or fragnent wunder test. This heteroduplex nolecule is then transforned
into a suitable host cell, usually a prokaryote such as E. coli. After the
cells are grown, they are plated onto agarose plates 10 and screened u3| ng
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fragments are then cloned into suitable expreSS| on hosts such as E. coli
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DNA may be usedq.i BordeilifohoCOpolymibelsiteles of point nutations thr oughout a
sequence of interest that has been cloned into a plasmd vector
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variants according to the invention. In this regard, reference may be
made, for exdfpedivelyo Ausubel et at, supra, in particular Chapters 8.2A

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 aro() 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




and 8.5. Alternatively, suitable polynucleotide sequence variants of the

I nvention may be prepared according to the follow ng procedure: 10 (a)
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rolling circle replica exan ed 1nh Liu et
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descri bed by p%pa{eﬂa&ﬁmteir mdh-variart ¥98#%n dBiantisdtiied gatesl ﬂaﬁmitﬁé’r?acdcﬁ&ﬁg to thed

Q,Qreplicase anplification as for exanple described by Tyagi et al.,
(1996, Proc. MMM Acad. Sce. USA 93: 5395-5400). 4 May 2006 - 26-

Typi cal Iy, pol ynuc?ﬁg&lug%m\(&r]hgﬂg t,{q@%ﬂ&%ﬁ% #,?é}é&é?i” et MRS PR E&rﬁfgy to

a reference pol ynu SErer et t1ng t ech ni ques t
i ncl ude a st emclﬁbt&}eebl;stltumlon vatiiantsafiagelyandedtideroHihk iinvenitiam Thistechnigye is well

(preferahly syn ranes ocel | ) l4g
hybri di sglt5| oﬁm %‘% ﬁrg %Ireetxg@f’le Hesgrfb%ﬁ by%‘&%ﬁ'ﬁereﬁa k ? DNA? 18 usegy
identify a cmrrpbl@ﬂmmﬂadcy dobdAdiag Qe REQ; IIMCNcher or (3 g tarltagdl lsy Uybuidisiog an

identify a c uence. bl ottin nd slot blotting can

be used to i d’g’g? {}gt“{e ‘?‘%‘PCENAWFE% b{ﬁﬂpmg PR temp '

pol ynucl eot i dre SigglelenGEsd foPMCIT a plasmid or bacterlophage containing thc una]tered or parent
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.




techni ques are well known by those skilled in the art, and have been
described in Ausubel et al. (1994-1998, supra) at pages 2.9.1 through
2.9.20. 10 According to such nethods, Southern- blotting involves
separating DNA nol ecul es according to size by gel electrophoresis,
transferring the size-separated DNA to a synthetic nembrane, érfday 2006
hybri di si ng t he nmenbrane-bound DNA to a conpl enentary nucl eoti de seqguence
| abel | ed radi oactively, enzymatically or fluorochromatically. In dot
blotting and slot blotting, DNA sanples -@fe directly applied to a synthetic
menbr ane pri or 15 | dieSat st ep
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can be used to etermne |d|sa|o Pol des are
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| abel | ed as descrlbed above, and the a

f th | abel | ed
pol ynucl eot i 9883l Kpplate);eaeodgs the ngive E@EFWBW%P%H# %B B}%Eﬁt’gﬁtqr Jeement

anal ysed. A gkidrh&d @i icsfstiupick imolR6R M heRtririffmad MR alitable hba el Sually
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108 dpnl g t Qnpig: gérfé& WRin g%@shg&hae&ide gﬁdmer /haelagIaoaa&%ieegbemthéﬁw de

sequence of specific activity can detect approxinately
0.5 pg 30 of bawnal |cplomgs\he1nng Kirrommtaied RINA. ﬁhct rquéant surfiedt DA fpspeniigie be
I rmobi |1 sed | ave
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6000 during brldls tion ncrease. t he se sitivity of

ybri di sat ol T teAR lsie ST riheeRRaBIbET SRR Elabel baRle e © Psul ¢
from hybnisdi saiubmdlﬁebma&adateﬂohqmmaﬁ@ot ide immobilised on a nenbrane and
a | abel |l ed polynucl eotide, a sufficient amount of the 5 |abelled

pol ynucl eot i de musAlteraativelys iliokgsgaming: matagensisiof i mal baweedetst intreduce

foll owi ng wa I\da t

hybri di sed oﬂagﬂato %ﬁﬁ : E§Pﬁ&%g&naﬁ sehﬁ%ﬁ%%??#r%tﬂﬁhw%s%r eg&igletgree of

conpl enent ar ptaymtdovcdw IFab@IXampie ;ﬁdietrgmuohaoﬂ:a deade to Ausubel et al, supra, (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-




It wll be understood that polynucleotide variants according to the
invention will 10 hybridise to a reference pol ynucl eoti de under at | east

| ow stringency conditions. Reference herein to |ow stringency conditions

i ncl udes and enconpasses fromat |east about 1% v/v to at |east about 15%
v/iv formanide and fromat |east about 1 Mto at |east about 2 f1\ay 2006 or
hybridi sation at 42 C, and at |east about | Mto at |east about 2 Msalt
for washing at 42 C. Low stringency conditions also may include 1% Bovi ne
Serum Al bunin (BSA), 1 15 mM EDTA, 0.5 M2%HPO4 (pH 7.2), 7% SDS for
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fo atleast about 3G bieclrRALARIFaN i Oeigssls WapiPCR @ag«am t
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washi ng at 60-65 C. Preferabl pol cleotide variants. hybridise to a
ref erence pol ynucl AYemadvelyy s \El'ﬁ'b 5‘9&?%&%@%&?&% gﬁ%" mﬁ%l R R %¥gency
conditions i 2BARISY EARPRASwInE Qacedire] east about 31%v/v to at | east
about 50% v/v formam de and from agout 0.01 Mto about 0.15 Msalt for
hybri di sdi on at (f)2rédting npimetso which. 44 dmlbmllabdngene@tﬂyh’etesmlenctf compxisesvas hi ng

at 55 C. High strin OndItIOI’lS n %. nivl , 0.5
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0.1% SDS; or  Gédubnd@. ﬁ%sa&mplm BsHAin 80! NaHPG# 3( priaeenod heSg for
washing at a tenperat ess of 65 C. 4 My H? g (Q
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recogni se that séﬁébb@ﬁ@ptﬁi@%«s@&%lf&&obﬁgﬁﬁﬁe@&ﬂn@é@df&rﬂh iARhY Ghéef $K@ ID NO:
specificity of the ybridi sation. Optimsation of the stringency of the

final wadfes c&h serve to ensure a hi gh degree of hybridisation. For
det ai | ed exanpl e

e Ausubel ra at pa es 2.1 16
and- Sambr ook ot - 0P oo B ecth exBiel e o "FHEE YRR, iy
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to 68 C, one skilled_in the art wll C|a I hat_ ot her . tenperatures may
be suitable fog"’lc g oG ite &EIFH \lﬁgl 'éreﬁ%a ‘H{[fﬁr |Iﬂ‘fe§’£f’f" , '@gli“ﬁtﬁfcal ly
occurs at aboulsgPgfius Sd2Psekdomonus, 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 ef el., (International Application WO 97/19193); nucleic acid

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

(1994, Biotechnigques 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).



bel ow the Tmfor formation of a DNA-DNA hybrid. It is well known in the art
that the Tm10 is the nelting tenperature, or tenperature at which two
conpl ement ary pol ynucl eoti de sequences di ssociate. Methods for estimting
T. are well known in the art (see Ausubel et at, supra at page 2.10.8). In
general , the Tmof a perfectly matched dupl ex of DNA may be prddvey@§08s an
approxi mation by the fornmula: 15 Tnmr 81.5 + 16.6 (logro M + 0.41 (%O -
0.63 (% formam de) - (600/1ength) wherein: Mis the concentration of Na+,
preferably in the range of 0.01 nolar to260.4 nolar; %+C is the sum of

guanosi ne and cyt osi ne bases as._g.per.c: I wrha ses,
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stringency washk§199#-1898, sopraiset pages 2% Igbouglp2.928. 30 nin at 45 C, fol | owed by
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stringencl washes (eodinggtors m%th{% ?l;lﬂgt\f\‘%& %ﬁm?ﬁ ﬁn\éo?v SS@H"’}%? I%&egd by
0. 2xSSC and QndleditdcsRditip t@ﬁzélgrgelalemdpha%siﬁamﬁﬁe@ng 4he\dixe-2p4A6ted DNA to

Met hods for detecting a | abelled pol ynucl eoti

de hybrj dised t
i mobi | sed pof¥ihstie ambgneqand hdiridisg e, Wﬂ&bﬁgﬁ%\ﬂﬂ @ & b RORREMSPEY such

met hods i ncl ygejeofidt &ﬁ@&k@%@ﬁéwmdﬁaa@eﬁ%ﬂzga@ﬁmy A ALoeRSt MBI S €t |
fluorescent and colorinetric detection. 5 For the nost DNA fragments

_ art,
will be of atblotingandisiotblattings DNfesemples aeg Jispotdy appliad tor 2 Bthstie MEBTAHE B0 Dy &
usual l'y afs qusa&%%t?ngg 200! eotides. Such small DNA fragments are useful
or , ylbrl 3

as prinmers f I sation screening, etc. Larger DNA fragnents,
i.e. greater than A@0 aneGlagai i Blewingr eeplS&f ulsed owhet oientifyimg @bmpkmerayoded
ol ypeptide. For use jin anplificatio ' '
Bri ?/Tgrg will Hgéynucleotides in a cDNA or genom?c lSI\elg(iﬁalra?'sthchsaus%ogén E%focgss%?blgq&f
or colony hybridisation. A typical example of 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° to 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

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



10 used. 3. Cenetically nodified Bordetella strains The subject genetically
nodi fi ed Bordetella strains of pathogenic origin typically, but not

excl usively, conprise a foreign or exogenous pol ynucl eoti de sequence or
transgene present as an extrachronosonmal elenment or integrated in the
bacterial chronobsonme. The 15 Bordetella strains are preferabl y4 Nbay 2600
exclusively, selected fromBordetella avium Bordetella bronchiseptica,
Bordetella hol nmesii, Bordetella parapertussis and Bordetella pertussis.
The genetically nodified Bordetella strai?ds t hat may be constructed in
accordance w r tednhVv I I faph! inl SIS , of
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i ntroduction of an additiqgnal copy gf, the target E.?.ne Efﬂr by ope thi vely
insertingda 13%sHed aqlyaurleotitr, musteber ykridisedytpi the dmmgpilised, X"‘Bﬂeg'il‘&' 8VBE of
an endogenous,;gaRY. WaskiRe eARrdsathgeiheOIBRGled THROMACIENAIRIRShyFBMisBE 08BN tHeUt | Ve
or conditional, 1.e. dependent on the presence of an actiyvator or

repressor. Thampbilissdypolyeysdeotide ydthaa [dgsitstl tdgamee fof rpmplementasiin i thesskg!jeds
t han the hos olyﬂﬁcléo?i gtherwi se altered in its coding or non-coding
sequence. Th |ntro<§lu'ced gene may be a wild-type gene, naturally occurring

pol yrmor phi sm or alt vgnetunéabtbyd tBpdiuslkailicsannes acordity toakapbmionarling
del etions, substjtutions or insertions 30 in the caodin
lean

[ [ or non- in
regi ons. 191 e hybridissdn adeferener Robwuciael ?Sd‘é{g’éﬁ IRy siEne Y§?}E1bth“&gl?&?ﬂ“%1‘?ay
utilise the 3eQR BNOWRIRzeRROARtMs|ihdhkRS aﬁ@e@oﬁm?&@ést fdm genRest abhene; vihe
i ntroduced gene is a coding sequence, it is usually operably linked to a

promoter, white# lgashepupbise vivFormaside td feasmatIpastighopbl M to Hderet dbowt 2 Mridltot her
regul atory S?&Eﬁgﬁ&§atfo‘ﬁcwhf°e@, dn@'ar RAREETH M td B 1edsDBodPS M BACKE Wasting A

knockin and a ckout may be conbined, such that the naturally occurring
gene is di saBfed; Lematrimgensly cenditons alsmnaytinaludeciBt Boping iSeruab Ajbunan (BaSdk il cal | y
nodi fi ed ,Bor j t e i j . o 1 r
Compl et e PostEH St B Rufhor BR £5FMANDS R AMIARMGRE & GaBfFL PR
the "knockod@tl% §bSupr d¢fi) §.6HeBSAal ImMnBIATA] ¢@ novi gdaH RO (pHATRp ok BRS fray be
achi eved by a. \{gr‘jﬂ%‘égm Jm rre%ur}ani sns, including introduction of a

di sruption of” ftheg coding sp&flue%ce, e.g. insertion of one or nore stop

codons, insertion Slfitaﬁl)gﬂé‘pf)ff'yg@i@?yﬂae viftiafits hySHliRlth @ RefBbnePiiyRbclestRIg UEME S,

substitution of stop cddons for coding sequence, etc. In sonme cases the
forei gn 10 t PhaieAge mediur ussingsacya penditionp.niiediun fiingeray rorshitians einglade mpd

| eaving Q{)ne%n&%g&efr&ﬁ af [88st 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 88C, 0.1% SDS; or (ii) 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
(ii) 0.5% BSA, lmM EDTA, 40 mM NaHPO; (pH 7.2), 1% SDS for washing at a

temperature in excess of 65° C.



native sequence. Different approaches may be used to achieve the
"knockout". A chronosonal deletion of all or part of the native aroQ may
be induced, including deletions of the non-coding regions, particularly
the pronoter region, 3 regulatory sequences, transcriptional regulators,
or deletion of a gene that activates expression of aroQ A 15 fay 200Gl
knockout nay al so be achieved by the introduction of an anti-sense
construct (anti-sense suppression) or a sense construct (co-suppression)
that bl ock expression of the native aro@gene. "Knockouts" al so include
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regions found_in the mRNA. It may further include specific transcriptional
20  DNA duplex.

Dep

C

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

Tm — 15° C for high stringency, or T,y — 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).



and transl ational regul atory sequences, such as pronoters, operators, etc.,
I ncl udi ng about | kb, but possibly nore, of flanking genom c DNA at either
the 5° or 3' end of the transcribed region. Wen the nucleic acid
construct is then introduced into a cell, the <construct will integrate
into the genomic DNA. Thus, nmany progeny of the cell will no 18 Mangéo6
express the gene at least in sone cells, or will express it at a decreased
| evel, as the genom c sequence is now di srupted by the selection narker.

| n anot her enbodi nent, an individual disr28ption reduces, abrogates or
otherwise inpairs e .expr S|ono i dhe
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I nt roduced bygegtdi®l. i C exchange due to a double cross-over reconbinati onal
event, or any other method wherein a DNA repl acenent event in which two
separate BNA reconBomntatinmst pars TINA rfguients will b of ek isaginigenusleotidesi ewallng of

t he intact gnef I C t.al | tion
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or aroE, or Rﬁﬂﬁpﬂ;&ﬁieSFbrOMdcﬂngﬁﬁﬁﬁcﬂfon&Eﬁﬁtlmshalchgaerﬂﬂm pdir Of)pﬂmeﬂsuméﬁnet o 30
survival in the, host and/or to bacterial virulence, or any conbination of
such gene]so. Aﬁ?d strain of Bordetella can be used to introduce such an
attenuating nutation. The resulting attenuated strain can be tested for

the del etion jpf (%Jﬂﬁééaﬁﬁ%ii d BORFe1ddly siBhods known in the art such as
ybridi sati

Sout hern bl ot h atioh, and the |level of attenuation tested in a nouse
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sufficient to induce an innmune response against a ogeni c Bordetell a
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above additi dhaddkguts” and “knockins”. In the present invention, knockouts have a partial or

20 complete loss of function in the endogenous aro@} 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 déietions, 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



contains another deletion in a different gene. The advantage of having two
deletions is to further reduce the possibility of reversion, and to
additionally attenuate the bacteria. However, for use as an
i mmunopot enti ati ng conposition or |live vaccine, a certain amount of
replication is necessary in the host. Therefore, in a preferred Maya8Pfent
the 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 described herein, or, as a second sikp, in non-human primtes. In
et anot her enbodi nent. .th he
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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 areQ gene may resultin a
reduced level and/or functional activity of the 3-dehydroquinase (AroQ) encoded by the
aro() 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



eukaryot es and occasionally prokaryotes. The expression cassette may be a
construct or may formpart of a naturally occurring plasmd. |If the
expression cassette is a construct, it may be joined to a replication
system for episonmal mai ntenance or it nmay be introduced into the
genetical ly nodified 15 Bordetel | a strain under conditions for4MayZ2006
reconbi nation and integration into said strain's chronosomal DNA. 4.
Targeting constructs The invention provides a targeting vector for
produci ng a genetlcally nmodi fied Bordetélta strain of the present
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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., purd, purkE 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



are preferably isogenic, to the target |ocus. Conveniently, markers for
positive and negative selection are included. Methods for generating cells
havi ng targeted gene nodifications through honol ogous reconbi nati on are
known in the art. 15 In certain enbodinments, the targeting construct may
contain nore than one selectable nmarker gene. The sel ectabl e HeVRE2008
preferably a pol ynucl eoti de which encodes an enzymatic activity that
confers resistance to an antibiotic or drug upon the cell in which the
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by deleting a portion o he

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,



coding region, deleting the entire gene, introducing an insertion and/or a
frameshift nutation, etc.) or may be used to introduce a nodification
(e.g., one or nore point nmutations) into a gene. 15 The targeting
construct or vector is then introduced into a host strain by any
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pol ypeptide %@gur}l %'ﬁﬁt Irfig %&%ss;Jnacggg‘enﬁé is a%Bn%njg , g%@ fyélﬁédeb RirgliRgtidnal

activity. Inone ragnent nmay
3- dehydr oqw rsgﬁena‘oﬁ Episcmyal rdamteramrt rext nerytedintrediced mt@lthﬂga@allcaﬁutmﬂlﬁﬁﬁ of

Fragment o1 CHEssary B b cRRCBE B Aeeb R UAd ERbffon LT a3,

3-dehydrqu| r‘taﬁm&&hal\mﬂa which is indicative of the fragnent being a
biologically active fragnent. The invention al so contenpl ates bi ol ogi cal

fragnents of the above pol ypepti des
4. Targeting constructs

The invention provides a targeting vector for producing a genetically modified

Bordetella 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 aroQ 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-



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

anti gen-bi nding nol ecules that are interactive with a 3-dehydroqui nase of
the invention. For exanple exenplary pol ypeptide fragnents of 8 residues
in length, which could elicit an inmmune response, include but #Mapad06
limted 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 4400 yol ypepti des The invention

cont enpl at es. 136 3 Of, YALLAUEARD AR ARY BERKCASHck <A e BREARLELA | 1

| mmunopot enti ati ng cOMpoOSI 1 ons. e ne producing pol ypeptide
vari ants i nclindewiléplpadBanderellz $teirs tTherlevehof hooQoiraliuoéd i pdivefetelipoittgesft | de

conprising the sequence set forth in .SEQ.D NOQ .2 [ | ol pai cal tive
Fragment 35 UREREGTSY oF ARt b acpo ae me i it il 88} afnei

pol ypepti de, pacftdinteﬁ&hdémfrsmiﬂldm grmidi Al ma; gradbiling pd plcr},aucfeommésm)nalcmovz\:;'h inyludds t he
parent AroQ pol ypeptide, including 3- de roquinase activity, '

Do Cat o5 DG 1008 P EEPBUIPIL HI  BRRPTIATSQ k8 ol Weplgm

anot her enmbodigramtlysid). BPLMRAR] b dencridfidl A3bQIiS a RhdletuteFhidl réwink @6 biglogicall east
30 one am no acid of a parent pol ypeptide conprising the sequence, set forth
in SEQ | D NOacHvity st the wildshyag eel pid waich prsferabligeh the sas mofeculas Weight as the
different amyip.@pdfofebulpr oduce a 4 May 2006 -37- nodified pol ypepti de,

I ntroduci ng sai d pol ypeptide or a polynucleotide fromwhich the nodified
pol ypepti de can beTamgeting aséceds ifot homologdus dkeeombinptan d@ketallelc ekchange) will

di srupti in, the or.r espondi ar ene, . and. det ect.in activjty of
Che. par el ARBEPRta AN ERABIen of Aol Rgretiung e priese Mo fPeRy a1

i ndi cat es t hafcliidearegOgH dfi REholsdy)to &R taghet losusAThosp @eifihayPe N@i-isogthic, fwar
exanpl e, one may egt the reconbinant cell for growth in the absence of
aromatic am fF Reedsly ifagenierie the taragtdpous fenvepentlyymarkers ferpositisp gpd 5&ever ap| y

at |east 55%gcle®tioh ¢ afchld@®! Methads fo?%@ﬁeraﬁﬁ%ccﬁ%’ﬁﬁi@f cRideieRt dRditicatiordseast
65% even nore preferably at |least 70% evén nore preferably at |east 75%

even nore prdrargtionolngopereemignagonaedmoyd iethppidf er abl y at 10 | east 85%
even nore preferab at .| east ..90% apd stil.l eve re preferably .at | east
5506 homdPogous. t o eRin, SABMRET e e (arestng, SvERudohRy RhtaBoiP jdh o5k,
in fragnents seledighle dharkébUgdnabiTie sviatthtdn trdarkir| is prafemabht al pagiucleBfde which
preferably at |east 55% npore prefera .at |l east 60% . even nore

|
pref erabl y atnfodssin ggymatic ek vipnhat %rﬁaﬁweé? an gnjjotiggy, drug ipqn thegell

preferably atp WRREthe seketally RRAKEPIsRxpeREE G@E&ﬁbl@hakl&?s&haﬁﬁé’%oﬁﬁ%"; paditRre
preferably at 15 | east 85%. even nore preferably at |east 90% and still

even nore pr aelegtaie ylala(prq tppiegllycare gominant 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 caf 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 (Sms) or a sacB gene as
for example described by Pelicic ef 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., 72 gene). The presence of the positive selectable marker permits

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



sequence identity to the sequence set forth in SEQ ID NO 2. Variant
peptides or polypeptides, resulting fromrational or established nethods of
nmut agenesi s or from conbinatorial chemstries, for exanple, may conprise
conservative amno acid substitutions. Exerrpl ary conservative
substitutions in a pol ypeptide or 20 pol ypeptide fragment accoddViay 2086t he
I nvention may be nmade according to the followng table: TABLE B Oi gi nal
Resi dueExenpl ary Substitutions Al aSer ArgLys Asn@n, H's Aspd u CysSer

G nAsn d uAsp G yPro 4 May 2006 -38 Oi gt Resi dueExenpl ary Substitutions

H sAsn, G@n | Val I Nl 2haved

Leu, Tyr SerTnhr l[%lnllﬂgs ?melé LLiBh of at ﬁ)é’%ﬁ%&\}tﬁrrht a%&au Su%stantlgflgchanges

i E f unﬁt i on amoan&asiﬂedtablmhkatpmgltsstbbsienmﬁnatlmn@f aeHaicontpining tedargetgssetont i ve
t han those sh i n TABLE, B. ive
SubSt i 1 ut | ono AR RERACTG Gy TRiEs BT RES Y e EHooBol BifonERARSH Y

the 5 substi teiaga QM&),Cd%llﬁﬁx&udhl doelive wherppaskece tbdiugr whick stleah apyes then a

E)gl ép?ptsle?:lse Ofex%éq% 1315 tg% @ﬁ B%l{a]“l%e? lﬁ%lg%;ﬁ)?%warkgrrdwt E:%{ztam a CX[%; c())fotne cl:olu%terf Sal %f)‘fe

marker.

Preferred targeting vectors of the present invention are of the “replacement-type”,
wherein integration of a replacement-type vector results in the insertion of a selectable
marker into the target gene. Replacement-type targeting vectors may be employed to

10 disrupt a gene resulting in the generation of a null gene (i.e., a gene incapable of
expressing a functional protein; null genes may be generated by deleting a portion of the
coding region, deleting the entire gene, introducing an insertion and/or a frameshift
mutation, etc.) or may be used to introduce a modification (e.g., one or more point

mutations) into a gene.

15 The targeting construct or vector is then introduced into a host strain by any
convenient means such as, but not limited to, conjugation, transformation, transfection,
transduction, translocation, etc.

In a particularly preferred embodiment, as described in more detail below, a
replacement-type targeting vector was used to introduce a deletion in the aro) 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 kanamyecin resistance gene was cloned. A copy of the §/2 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 AreQ polypeptides

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

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



hydr ophobi ¢ 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, H's or Lys) is substituted for,
or by, an el ectronegative residue (e.g., GQu or Asp) or (d) a 10 residue
having a smaller side chain (e.g., Ala, Ser) or no side chain @gy2086y)
is substituted for, or by, one having a bul ky side chain (e.g., Phe or
Trp). 5.4 Polypeptide derivatives Wth reference to suitable derivatives of
the invention, such derivatives include -3mno acid del etions and/ or
additions to 4 pol %{Bﬁe&te' gr?e’ticil{y.arﬂgﬂ?ﬁéd Bhra¥dlid @Rin &hd f8sent mvbdieRNd bR an
wherei n sai d ‘d8r7 vatl ves conprise an activity of an AroQ pol ypepti de,

i ncl udi ng 3- dehyme eesporas egaamst Barderglla Stexirdiof pathegenisforigin. Ao exemplaryfigydatella ude

fusion of the ol. ypepti des, fLa S. ptide variants of the

i nvention wi tﬂ‘f"gfsﬁye_%q‘%ﬁi/%%éﬁ%gg%r&h E‘ragoﬁ%ﬁjr)\g&gor exanple, it will be
appreci ated that said polypeptides, fragnents or 4 May 2006 -39- variants
ol ypept | des. - Hay e B Podul at e an activity s menti oned
?bovg. tThé ]E)ol %/Eepﬂﬁideggall_ﬁ/r agive nir@nmntsvmav?{g swr@chw@c¢oggegntpommﬁyitabi

used to a fur r rot ei , ; Y/ AAkhe

ori gi nal hostpmcfﬁ%reﬁ(ﬁ?‘%lenrtﬂ%?Et)'t?lgeqrﬁﬁ%gﬁ@&ea‘ssuassligglte{hlﬁ(ril the p'{ijdreifﬁlgtcﬂe{gl on.rgof t he
f usi on pr ot eifragnfenr of saiit pubgpeptide qud| thdn testingi thee fre grgend foratherapriromatobingicel

protein may be used in thi s . respect as described,i.n e.det.aj | .

Ot her possi B 8‘?‘1‘”’[5‘1’% Bt %agmfg léla%h? Eﬁﬁte%fod'&g%ey%rﬁs‘ih%ﬁ%ﬁwntgn?lat ory
response.  Pambihet kRbodmanp bisio@éal Sdeebityootthé Magsm lsdested diveiinroducdng a

gl utat hione S-transferase (GST).. O her deriYati\éjgs C ntengalﬁad{.ed by .t he

i nvent i ontl ndiolimucleqfige fromewhish ajfragmentpf ths polypeptids ap pe lpnsited 1990 (- ¥ s,
| NCOT POT al | 0Nyl dtba B achvifIS whisl @ irdtlive i invaliymen: ity g
pepti de, polypeptide or protein synthesis and the use of crosslinkers and
ot her net hoddolpairdlly achyprds@meanhs or mati onal constraints on the pol ypepti des,

fragments and variants of the invention. Exa f side [ '
m)digfi cations cont gﬁf}f‘%‘l’tmétﬁmb@mt ??é‘}gﬂs’ﬁaé%seqﬂ?“’% | Sﬁts i°?é‘fje u%gb%glﬁﬁpggﬁ ons
of am no grougst ﬁddal’ﬁ as ;_l;tyfeﬁﬁ%]yl agtl@a@ms \aingi’ch aeftietin tength, ﬁnﬁym aHit ﬁcghmiclineon of
anm no groups with succinic, anhydride and_tetrahydro al i anhydri de;

am di nat i dn VFEPRNS7R 4 paiEel farit regucegﬁ' B%WP%F%@HE 05%?#531135?'8 ST Y
cyanate; pyrigaxybalehRRoqinabd/sf (hE iVehtfonD Y61 Skample- ReBpREPPGRpliad frapaatsby
reduction with NaBH4, reductive al kyl ation by reaction w th an al dehyde
fol l owed by reé@uesiduss nyength, whighepuldgligitap immupeIsenensa. oty byt arg gotlgnitedo ups

with 2, 4, 6-fridiks pReszener s4lplxonis.agid.R044-50BS)64, Fhe2Cay-pegilssgpeup
may be nodified by carbodiinideé activation via 0- acylisourea formation

y
fol l owed by S6b8THUeADS-dbk Idl2GA2]1-628, 183, 13@anddR7d44RPHRQ TR &G 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



correspondi ng am de. The guani di ne group of arginine residues nmay be

nodi fied by formation of heterocyclic condensation products with reagents
such as 2, 3-but anedi one, phenyl gl yoxal and gl yoxal . Sul phydryl groups nay
be nodified by methods such as 25 performic acid oxidation to cysteic acid;
formati on of mercurial derivatives using 4- chloronercuri phenyésMapR6Aic
aci d, 4-chloronercuribenzoate; 2-chloronercuri-4- nitrophenol,

phenyl mercury chloride, and other nercurials; formation of a m xed

di sul phides with other thiol conpounds; -3daction with maleinide, naleic

anhydride or _othe ubst.iLtut.ed nal ej.n de: r ey |

i odoacetic ac‘P?ng"r P@W &5 é%mglé“;:m%6alg1r?§8'ggpﬁbg%ﬁg@%ie\%?ﬁﬂgyaﬂgg%thzft
al kal i ne pH. msdifiédgRingRptidsdanl be sarstyedlinto awedil having a 8detionaxforpliseyptiby in, the
al kyl ati on of the indolg@iin W t.h 2-hxdrox -5-ni trobenzyl ,br nipe oy
sul phonyl hal SPHE®oRHng wefi ggaei B JGSHONPB ASHELL LR RAGR: SSPRgpHde,
resi dues may jRQudin@didehfiodiinadé bétdity,ONhich intlidaeds rthati the aiodifedndlfpeptiderimaa
3-nitrotyrosine derivatlve. The 4 May 2006 -40- im l(Jiazol e r‘iﬂn%_ ofha h
hi sti di ne % edtolpertifgyvapantnBan Fraawplewnfma i o krPabingH il fer growth m the

di et hyl pyr oc af,ReRat CarShatlYanth&¥di@t i on with iodoacetic acid derivatives.
Exanpl es of incorporating unnatural am no acids and derivatives during

peptide synthesi sli penktatievatiartts witkcberad leabti 5004, prkftrably asleasd 55%; saoramelonablyr i ¢
aci d, 6-am nohexangjc acid 5 4-am no- 3-hydroxy-5- phen e | |.d,

35 no- 3- hydt 569 BYhabsiy P EeliaRY hiErd 050 BRI PEHECS b R i, e
norval i ne, phgswpgfateilpas legst MsYhewa mdaprsibheat 12ast BO%Bglenatore preferabiynal/ or
D-isoners of amng acids. A list of unn%% r%# gEino aci ds cgﬂtengla%gg by
the prestht 1past 816 an morgpisiimabhnatipast $9% andrstl evep mese PESSTeRtY A1 B754P° 4 no
aC! d c-am n%H{oY(fgbﬁs RC4 golyﬁe’pﬁﬁé Bchﬂ_‘eﬂﬁfl]ﬂh’ |sH¢WrV (AEEQ ID NO: 2, or in fragments
an1nocycloproEane-carboxylate ,an1n0|sobut¥r|c aci d .

ani nonor bor nytheregr $rtehlyaratanyll Sresd) laastalrnerefergrly aplentt yp % wRFepeeterably
L-N-met hyl i s} gliei 606, ePernbrdi fréfelabi3 a01eRit 88%, ByedSRéte prcfer@lly @t least 70%, even

more preferably at least 75%, even more preferably at least 80%, even more preferably at
15  least 85%, even more preferably at least 90% and still even more preferably at least 95%

sequence identity to the sequence set forth in SEQ ID NO: 2.

Variant peptides or polypeptides, resulting from rational or established methods of
mutagenesis or from combinatorial chemistries, for example, may comprise conservative
am‘no acid substitutions. Exemplary conservative substitutions in a polypeptide or

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

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




D-cysteine D-glutamate D-glutamc acid D histidine Disoleucine
D-leucine D-lysine D-nethionine D-ornithine Non-conventional am no acid
L- N-net hyl al ani ne L-N-net hyl argi nine L-N-nethyl asparagi ne

L- N-nmet hyl aspartic acid L-Nnethylcysteine L-Nnethylglutam ne

L-N-met hyl glutanmic acid L-N-nethyl histidine L-N nethylleucindMay 2006
L-N-nmet hyl l ysine L-N-nethyl net hi oni ne L-N-nethyl norl euci ne

L- N-net hyl norvaline L-N-nethylomthine L-N-nethylphenylal anine

L- N-net hyl proline L-Nnedlylserine L- N-FPet hyl t hr eoni ne

L- N-net hyl trypt Opmdll C=NeErhyt tyrosi ne 4~ Vay 2006 Non- conventi onal ami no
acid D phenyl al afi ne Ongipl Resihe D- splixemglary Substitutions
His Asn, Gln
Ile Leu, Val
Leu Ile, Val
Lys Arg, Gln, Glu
Met Leu, lle,
Phe Met, Leu, Tyr
Ser Thr
Thr Ser
Trp Tyr
Tyr Trp, Phe
Val Ile, Leu

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

5  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
15 invention, wherein said derivatives comprise an activity of an AroQ polypeptide, including
3-dehyroquinase activity. “Additions” of amino acids may include fusion of the
polypeptides, fragments and polypeptide variants of the invention with other polypeptides

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




D-threonine D-tryptophan D-tyrosine D-valine D a-nethylalanine
D-a-nethylarginine D-a nethylasparagine D-a nethylaspartate

D a- net hyl cystei ne D a-net hyl gl utam ne D a-nethyl hi stidine

D-a- et hyl i sol eucine D-cc-nethylleucine D a-nethyllysine

D- a- met hyl met hi oni ne D-a-nmet hyl ornithiine D a-nethyl phenyl al 4rfVag 2006
D-a-nethyl proline D a-nethylserine D a-nethylthreonine

D a-net hyl trypt ophan D-a-nethyltyrosine L-a-nethylleucine

L- a- met hyl met hi oni ne L- a rret hyl norvat i rre39 -L- a- net hyl phenyl al ani ne -41

N e e T herectporad G Ltk (R pief Ay ok e Tahpek %E%éﬂ?ﬁes
a- met hy!l - ami n@apslieydxpécted tarmjﬂhlbyzlanylctmiﬂym@bmhtycmad ebove

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  medification 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
NaBH,; 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



a- met hyl cycl ohexyl al ani ne cr-nmet hyl cyl copentyl al ani ne

anet hyl - a- napt hyl al anine a-nethyl penicillamne N-(4-am nobutyl)glycine

N- (2-am noet hyl ) gl yci ne N-(3-am nopropyl)glycine N am no-c-nethylbutyrate
ct-napt hyl al ani ne N-benzyl gl ycine N-(2-carbanyl ediyl)glycine

N- (car bany! net hyl ) gl yci ne” N (2- car boxyet hyl ) gl yci ne 4 May 2006
N- (car boxynet hyl ) gl yci ne N-cycl obutyl gl yci ne N-cycl oheptyl gl yci ne
N-cycl ohexyl gl ycine N-cycl odecyl gl yci ne L-a-nethyllysine

L- a- met hyl nor | euci ne L-a- rret hyI or ni t hi me#0 -L- a- net hyl proI ine 4 May 2006

Non- conventigpal.. el |ng hﬁ% 5 ORAE0 with
L- a- net hyl val 1 ne 8‘1{%‘_1?,% %g | p eny+ hﬁjﬁ car | P:E{ %r yc?ne
-carboxy- | cﬁélh)ﬂpmmmtmbhyﬂ(ylaam wmi) m;lqdcgtpr@phdfelvams Non- convent i onal
amno acid L-a-nethylthreonine L-a-net h){l tyrosin
Examples of incorporating unnaturdi amino acids a.nd 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

aminoisobutyric acid
aminonorbomyl-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

a-aminobutyric acid L-N-methylalanine
a-amino-p-methylbutyrate L-N-methylarginine
aminocyclopropane-carboxylate 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
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The invention al so contenpl ates pol ypeptides, fragnents or variants of the
I nvention that have been nodified using ordinary nol ecul ar bi ol ogi cal

techni ques so as to inprove their resistance to proteolytic degradation or
to optimse solubility properties or to 10 render them nore suitable as an
i mmunogeni ¢ agent. 5.5 Methods of preparing AroQ nol ypeptides ArMay 2006

pol ypepti des, fragnents, variants or derivatives nmay be prepared by any

sui tabl e procedure known to those of skill in the art. For exanple, such

pol ypeptides may be prepared by a proceddre including the steps of (a)
preparing a ypecombrmant—i5—potynucteotT{e conpri Si n)g a nucl eotr de sequence
encodi ng a ppNypeprientiongbenyng atidg t he s&guerventiosal angpe BCfn any one of SEQ
ID NO. 2, or|a biologically active fragfrent thereof, or variant or
derivative of Ltvmstylsesiiech” nucl eoti de sebemeBY e ably 1inked to

regul atory e Erp.ggltf ?hrérlé’%opﬁarx'lt roduci ng thaLroFﬁgtgﬂﬁMe pol ynucl eoti de i ni: 0 a

sui tabl e hos cul turing the hos to express reconbi nan

pol ypepti de |rLommefigvii@eonbi nant 20 pol ynuv-hrodyitdtioprenglafahnei sol ating [t he
reconbi nant pol ypeptide. Preferred nucl gotide sequences include, but fare
not limted {b-Mhesdiguamtetyl set forth {N-BEG3;dpheaylpiorst 3. The

recombi nant poirbamdinetbyelgcing pr ef er abl ycarbpmyimethpiglyafe an expr essi on
vector that|my,k be | f-replicating extra-chronosomal vector such as a
plasmid, or hl¥ P@F'?{ig‘td‘phﬂ?ﬁ'ég}yzt es i hto a host genome. The regul at (]ry
el ements wi | [2HERQEYHPPYPHE appropriate for the 25 host cell used far

expression. Nunerous types of appropriate expression vectors and suitable

regul at ory sequences are known in the art for_a variety of host cell
Typically, the refiiPasisppiatednintle pifc P{J&E’PSIB‘gPl’Saif‘E ﬁ’é’tmpll‘?’ nfPt %tﬁblﬁs(?, 3

pronoter sequgieRBatiohE B fle Riypehida! fraghRANIN GARantE bP AROMWéNtiBhH, NeirtOhothd-€S,
transcriptional start and stop sequences, translational start and

t erninati on ifanasived sTosadinkers sughcasbibpctinas] ipndoestes hawng €SH)Canser groMisve or
30 induci gl e t a L Dt B ;
13 with 0486 S £ 5, %@%@Eﬂeﬁ&c}i ﬁ%ﬁ%yﬁ?&vﬁﬁ@é @s‘?&?g %S@ﬁeté}x bﬁfﬂﬁ'ctlonal

i nvention. The pronoters e € urally occurring pronoters, or
hybri d pronoteagents Waichowsndllyneentaine ane aminogéactiyromeietshsush i dN-pydspapisegcinimideny

2006 -44- In r e ' . essi . tal

cel oct abl e ik apSHE Bflly HARRL TRlve bidfery SBEC3F NSRS OF SO Moy e,
Sel ecti on gerabodimtidevdh ladditienyrpeptides han bacdnfamdtionally cosstrpined tfor ttemphody cel |
used. The expressi.on ctor al so iLnclyde a fusion tiner (typically
b ovi ded by Do of FELY vae bt i Cie L BioPisot SPER A Be b dsb s e
of the i naﬁntjaoaandi Nﬁmmwaaﬁxﬁd faa?s, aand f b6 fovinatiul ypeﬁnicdpepvvﬁ%&oxsaﬁaiogums bon
partner. The, nmai,n advanfage Q sign partners is at they assjst . .

i dentificati Wogha%?ovaffpf"fqnéaﬁv%ﬁs plag ¢p Fbﬁmﬁgwﬁ%w&?ﬂq FIHEr to

EXPress 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 agueous solution by oxime formation; Algin ef 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 af

25 (1994, Peptide Research 7: 195-206) who disclose head-to-tail cyclisation of peptides




said fusion polypeptide, it is necessary to ligate a pol ynucl eoti de
according to the invention into the expression vector so that the
transl ational reading frames of the fusion partner and 10 the
pol ynucl eoti de coi ncide. Well known exanpl es of fusion partners include,
but are not linited to, glutathione-S-transferase (GST), Fe pdtVan
human 1gG nmaltose binding protein (MBP) and hexahistidine (H S6), which
are particularly useful for isolation of the fusion polypeptide hy
affinity chromatography. For the pur posef3of fusion pol ypepti de
purification JReid i fsh m@ﬁﬂm BRI/ of thE LY Skind B dsh 86 ahoFrudliié Bidy

| one

chromat ogr aphy are 1 anyl ose-, and nickel -
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partner servahatamdalafd gbéstienfunidarg” which allows the fusion poI ypepti de
of the invention to be identified by fluorescence nm croscopy or by flow
cytometry. The GFPThagnyestion @isql capfratplaiess elypaptjdesu fEgments orr YaEaLs %%ft}eon of
the fusion %ﬁ? iEqﬁad b€
express the 18 ﬁ‘éﬁ}ﬂgﬁp{h“p‘?ﬁ“ﬁfge&nﬁ°&ﬂ d I\I}g‘gtrédgiculéﬁgg)gv&%%}? E)e?re@tldrlllﬁ(s:%rret hods
such as fl uonmpmerﬂd'eiracfustwe toproteblytiodegsasiationey t¢ Pridsise selebipamreneticaer §p
usef ul i thls ter ap t the fusion partners also
have pr ot ease (f'jleléa\ellélgnéor3| b%%aé%ﬁ'mﬁﬁn%%%{l@‘%}{% or Xa or Thronbin, which
allow the relevant protease to partially digest the fusion polypeptide of
the invention gmivtiedsedhprepatiResOpdlipeptidesombi nant pol ypeptide of the

i nvention therefrom The |iberated polypeptide can then be isolated from
the fusion partner AnyQ yehpentidentfraghmensenanigntaohiderivatives ey da prapored hyi &

artners accqy t
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effecte y any suitable nethod, inclu ransfection, .and transf.or,nation,
the choice of" Wh°wqepv%'é’eo‘gp@ﬁ§feﬁ‘f “g‘n npgleptidg s3eapeart is RRPgoRYG m@ﬂnﬁ

met hods are latdey Qe dn®s; (0BRodvRing Hhd i‘ejcomﬁmirﬂ@o%hcletﬁlcﬁeiﬁﬁrﬁ)sm% host
pol ypeptides of the invention may be produced by culturing a host _cell

transformed welHcheulayige dheshasheslElorapressreamtanasy palpepdde o the Z57oBlinaY a

ItOO' {Eept i 1€, 2 g,lneél&ﬂidsa'ahar @5 tikofRink" AYNRESmbiNAH | M peplidd Prepatd ViRicRESRr di ng
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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.




conditions appropriate for protein expression will vary with the choice of
expression vector an d the host cell. This is easily ascertai ned by one
skilled in the art through routine 10 experinentation. Suitable host cells
for expression may be prokaryotic or eukaryotic. One preferred host cel
for expression of a polypeptide according to the invention is 4 Max £8P um

The bacteriumused nay be E. coli. The reconbi nant protein may be
conveniently prepared by a person skilled in the 15 art using standard
protocols as for exanple described in Safirook, et al., 1989, in

particul ar Sectiong g‘i)réﬂ%d%bd&iiﬁéﬁbethe %&preésmn(\ﬂe&%c&&&& a deleciaBle trhgddrar
Chapters 10 and 16; Coligan et at, (1995-1997), in particular apters

1, 5 and 6. Aenetorafow i sylecuqm@fma@s@rp@waséﬁtﬂFSdaelethagﬁﬁ%@se welbimoymigt
derivatives ’1@%9%%%9%%&%%&@9&1 solution synthesis or solid phase

synt hesi s as descri or exanple, 1n 20 Chapter 9 of Atherton and

Shephard (supra) amge tfprdsaber@tr alayalso Gﬁbﬂ%)a fusfon ﬁhﬁhergmmdalm ﬂmgleanby deul es
The invention al so contenpl ates anti gen- bi mg r’rPI ecul eﬁ t hat bi
speci ficaPly GXETGSSE%VB&‘P&séﬁ%ttﬁleo’ﬁé‘&}n?}{%‘wﬁ%@? g of the ARYROFPTL IS ‘i}‘BFerf %€ %and

derivatives. fRi&f &Ji@Rbide With sa@mmsmﬁrpamdadmgnm la@6uilage o€ 6R1odi pagndroist tha
I nvention is interactive with the am no acid_ 25 sequences set forth in SEQ

ID NO 2 or vheyi aémtsdqnﬁéﬁ?é'@ﬂ aan@rrpllélﬁa?ﬁﬂﬂé’f sqifh fusipgnob@sptren B oder \SKREESI es
may conprise %Y?, i I pehRRak xs%éésls&?g#toqﬁgateﬁ%mmétm%&ﬁdﬁgm HeimpaaRar ed,

for exanple, cti'ng a pol ypeptide, fragnent, variant or derlvatlve of
t he i nvent i onnto ithe axpeesporovhetor swthattpe@méatlom|r¢9ﬁ1nss€5ameﬁ@fth@é’uﬁwrb@r@?r and

ant i bod 42 aP EPoBERNE RElacT A1 Eh e plfiich e PRI PO A1

prot ocol s whilinfitedety, piatatlied-Sairanstbese r(GEEY Hmpotmnaofﬁhmlannlg@lmajwﬁe bmdag,

Ausubel ot PSP gbghataie RO Hpif b bl B 7 Wbfied B 1

In lieu of t h@u&h ptypepleé by 4ﬁnit190dhyoﬂmd$mdlph§nFmSthe@uqiosal ofeflision tolypeptide
producti on spec Ion anti bpdi es e roguced, usi t he

st andard met R4 %?é‘oﬂgoé‘&p“&féﬁ F’&Pgﬁwgﬁﬂ% Vaggé %ﬁ:ﬁ@ &ﬁ&y ngglg)%ﬁp{}}( ¥§75,
Nature 23§, 48atHigde-, afyloky, é]ﬁrlﬂcl{eﬁc(&rﬁobﬁmdg;’lgi&ﬂlr@ﬁﬁs tdapaceedly aMagieschi bed,

for exanple, in Coligan et at, (1991, supra I%TDI"[&HSI ng. spl.een_or
other anti bodatureppsayaialy e dif Jomp speheas ﬂrer eéprﬁﬁ%d%f%@%sfébﬁl%@lwpch

Cgfl gﬁ?rs] l)pogﬂir | i/??sl ve? he [ nverillt?rlngjr?at ?ﬁTp nveﬁgt?‘lgﬂo(r%?sct S0 C%n?fe’:&népllregt es
as anti gen- biembpdigentp| the uecembﬁwt Palpnuciesbide amdxmﬁqse&b i 2the reepmergtigbvgciar
fragments, A %EAE%at Id\t/es%l Yed 1%101% fL?l l'legeei‘naﬁgr r}gmlo&gr ﬂ?xog Szm:n%r 8N known in the art is
20  green fluorescent protein (GFP). This fusion partner serves as a fluorescent “tag” which
allows the fusion polypeptide of the invention to be identified by fluorescence microscopy
or by flow cytometry. The GFP tag is useful when assessing subcellular localisation of the
fusion polypeptide of the invention, or for isolating cells which express the fusion
polypeptide of the invention. Flow cytometric methods such as fluorescence activated cell
25  sorting -(FACS) are particularly useful in this latter application. Preferably, the fusion
partners also have protease cleavage sites, such as for Factor X, or Thrombin, which allow
the relevant protease to partially digest the fusion polypeptide of the invention and thereby
liberate the recombinant polypeptide of the invention therefrom. The liberated polypeptide
can then be isolated from the fusion partner by subsequent chromatographic separation.
30 Fusion partners according to the invention also include within their scope “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.




conprise a synthetic stabilised Fv fragnent. Exenplary fragnments of this
type include 10 single chain Fv fragnments (sFv, frequently terned scFv) in
which a peptide linker is used to bridge the Ntermnus or Ctermnus of a
VH domain with the Ctermnus or N-term nus, respectively, of a VL domain.
ScFv | ack all constant parts of whole antibodies and are not 41y 26806
activate conplenent. Suitable peptide linkers for joining the VH and VL
dormains are those which allow the VH and VL donains to fold into a single
pol ypeptide chain 15 having an antigen bi 4Ading site with a three

di mensi onal struct t bEBiRadli B@edtide enagfbea
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No 4, 946, 778 er I SwRYhER

pr epar ed, ‘?\2@ de"?'ﬁe%ccorg%ﬁgéeuw Lﬁﬁitsﬁg%gagﬁﬁ%ﬁﬁﬁ:ﬁ% Kreber et al
(Kreber et atofglaﬁ?nthéanj nmmunol . 20 Met hods; 201( 1) 35 55). Alternatively,

they may be prepared by nethods described in t ent 091,513,
Eur opean Patent NoRg@mbimot pelypanptides of iths ipeenggn Wﬁtbérpr ofyged &?F‘gf"@f‘% h?’f%Ql

Nat ure 349: 2%%91 @6{1 l@éta?%gp,@gmﬁlvegtglgg,ﬁmﬁgnﬁmendowe@whge@blyp@udé;

practi cal approa Al ternativel e synthetic stabilis Fv
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in (4 OCﬁfCUt her et .al. Biochem 29: 1363-1367; Reiter et at 1994, J.
Biol. Chem Z&B° “m“i‘ 7-18331; Reiter et al. 1994, Biochem 33: 5451-5459;

Reiter et al. 1994g, T%Fft&ﬁ?for eﬁgeéfbn réad b plokhBioti\6paRaryefic. @ne picfded MOI .
| mmunol . 32: 249- 2 so contenpl ated as anti gen- bi ndi ng rlr)gl ecul are

si ngl e vari abiost Md’ponxmmmﬁ@ Rolvpepris agegsding 42 eo‘F“"éW&Hﬂ? 8 bartEtinys
ward et al. (%%égmh?e?géﬁb}% o444 May 2006 -47- 546); Haners- Caster man

et at (1993, Lure 448); Davies & R echmann, (1994, FEBS Lett.
339: 285-290). Al t ¢h&fcbMBiniint p&&anaxmylb@eambmﬂmmgqmbdahyuhgemsmmn ilee a

"mnibody". In this regard, mnlbodlesae | | S|on

anti bodi e, v# Eﬁn%ﬁ%%dlﬂﬁ(’tacoéﬁ Ay e E’ﬁ"oﬂp:LF g‘?‘?‘f’é‘ %ﬂ‘?rf’ %I”\éyn 8?9 % a
whol e ant i body,;cial Sadtoks 16 2Ry 1, ARGSY of &, ¢ MLI998K iDpartifidar\thaptees ML and
domai ns of a native anti bodégaused to the hinge region and CH3 domai n of

t he mnunoglkﬁbmdfiplmef(ﬂﬁls %‘19?7dflné9é§ﬁ‘ﬂ¥ré:haﬂ’ie§él=35“5@161 n U.S. Patent No

5,837,821. In an alter nat r[Hb nt| gn bi nE ol Ry

conpri se non- i nmmu ¥ g{’?%ﬂ ypfﬂn f’el amewoaf1 wquLtexarrp

reference miysyﬁ@edi&ﬂ%sﬁ‘n@ s#fiution 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



10 & Schultz, (1995, Proc. Nat!. Acad. Sci. USA, 92: 652-6556) which

di scl oses a four-helix bundle protein cytochrone b562 having two | oops
random sed to create conplenentarity determning regions (CDRs), which
have been sel ected for antigen binding. The antigen-binding nol ecul e may be
nul tivalent (i.e., having nore than one antigen binding site)4 Magg006

mul tival ent nol ecul es may be specific for one or nore 15 antigens.

Mul tival ent nol ecules of this type nay be prepared by dinerisation of two
anti body fragments through a cysteinyl -cdfitai ning peptide as, for exanple

di scl osed by poﬁgﬁ,ﬁﬁ %&15&% fgta{n L9 qg’ thé:?%ﬁ&loﬁes%ccég’ m&ﬁgl@nﬂoﬁlﬂboxﬁé’t‘jm@ geer et
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that naturall fQ?SyF\rJEé;:EeS g?é d@?‘—fwﬁé g Lt g&?&éé&%ﬁ %Igg%jiogsothﬁlegf Q@H&scﬁﬂed for

1579-1584), ucine zippers jun and fos)
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| east two scChtse bftﬂkﬁ@irﬁ@ﬁ@éshﬁﬁghﬁtsﬁv@ﬁﬂ% bflderivhtivek of the ﬁnvemimns regard,
non-coval ently or covalently linked scFv dinmers termed "di abodies" 25 may

be used. Ml ti-scFVke imagntion abp%@@mplﬁ'@s &7 anfigemrbiading eplerttiendvoRal, Kab'Affiber

NIt - sorve. T BariilBoitn Hklhs "RukHRN<R, UG AiERMAAL PRl Loy

Patent No. 5 c&ﬁﬁmﬁ%} syﬂrﬁlcaﬂtﬂbllgai]Fblfw@Hﬂg iﬁnbmplatye&agmﬁents‘h@f thisvype |llmhld¢ay be

used for ff|n| y Ln i | nat.ur t
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Sx anpl g (r:I ef eltc%hblﬁg[enijbﬁmﬁmﬂS f g) lCQemiimis mﬁafv‘fﬂldoniagigcﬂilr mmtel@nmgﬂnrdq-mnnwamedg (r) 82
escribed in Chapter o i

-48- The ant FEBFFIEE Hd‘?fr?gvhﬁ‘?’%ad’érl sk Beondaatipgss L @&“@B%ﬁ% L g ot

l'ibraries fombras |aaﬂlatepéﬂrrgjmgnt .GRfatM péphide ulﬁu@mdrqasmmg mbasrgranbeq doamaiisn.
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fragments, vaF RAsSWAICH aeyi haMaad ¥s dpmeng FR/g‘H% igp .2 g, p"i FﬂéldF f08Rt i on

al so Contlgnplhﬂlﬁé ah Qﬁtlgb%em&img’j‘@ltté 0451 abthfb@di}ﬁermﬂn@lcﬂ}u@ﬁlré SinligPtAtat of the

dehydr oqui nase ehzynes using , for exa y suitable i munoaffinit
chom ’

based net hod anﬁlmlmmimsgsuemfta wilestle mtabp@ I!‘d”hlﬁ?l‘hﬂlﬂ Ao cFReBIvat B gea sy Lavkers
| nmrunopr eci p I on in
whi ch anti - hg&%gﬁéﬁﬁreﬁl sggegtae[s?%g bi ngﬁtbg tﬁélﬁlgtgﬁ leﬂssgg%gqgﬂ %%ﬁj}pﬁg a
sui t abl e r esiP4617RS Hcamvcr, insoviessac bukenistahseat. §aFr1:sI 1gay l@usgvmdeﬁf @iarnple
cont ai ni ng 3 de dro nd..t h h e n
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subsequently B € resi e red I'nS 1 Nc
(Phar maci28) , Methods; 201(1): 35-55). Alternatively, they may be prepared by methods descnbed 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 ez 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 Vg 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 ef al. 1994. Cancer Res.

30 54:2714-2718; Webber ef 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-



Poros(r) resins (Roche Ml ecul ar Bi ochem cal s, Indianapolis), Actigel
SuperflowlTM resins (Sterogene Bioseparations Inc., Carlsbad Calif.), and
DynabeadsTM (Dynal Inc., Lake Success, N Y.). Alternatively, the

anti gen-bi ndi ng nol ecul es can be used to screen for aroQ 15 nutants of
Bordetella as a facile means of identifying attenuated BordetefIMageP8fns
of the pathogenic origin in accordance with the present invention. 7.
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met hods for achieving adjuvant effect for the éa,cci nel i ncl ude the use of
30 agents such as H WW‘?\?@I‘PB@EP’G@L@F Hiigeh hingioe mp ﬁ?’r}k’; A BISE 88%d as
0.05 t0 0.1 ;R&HRGASLUHAIdEGVRNproRiPRARRRES FOUdaRPRreRabic Snayasthateys &uw t h
synt hetic polyners of sugars (Carbopol) used as 0.25% solution. O her

sui t abl e 14dj kv Sehultg orBdU Rder. da. deadsdiddih @246 3985 S6hwhich dgclopesfopelix
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gl ycolide (PL nanopart rmul ations (Conway et al ., 01), as
wel | as i nmdeterminoiglregionsgCORE) thivh dgve tear selested| fgnaphigta Meding.e. g. |

interferon (1FN) -ganmma, interl euki IL), -1, IL-2 and IL-12) or. | FN-ganma
i nducers conpounds; %ﬁ’&tfgeﬁ?‘"ﬂ&gymﬂ?@q%g’w %‘Hﬁlt“vih?mﬁﬁsthw{ﬁ Qf yhan one
formul ati ons ;q4 dﬁoaa@iugobﬁgj. el dhinfvdléd: Uh@bculisOflbe he speéifit | fot!lonk | of more
tradi tional mad% cines of different ethnobotanical ori 3i ns..

The
i mmunopotlént i2atigeny Maltiyalsnt: melsculescol Hith iyPe dnayhke preaae by disrization Heyobe
prepared as %.gﬁﬁ%?%ﬁ'ghtg tﬂrei;geﬂ %g#&éslg)fl-cﬂﬁtajnhﬁ%egﬁ&@wtfbloékaﬁfpléHﬁ%ﬁ@@g {5»?3) :

However, soli urtab utron Irn or suspension in, liqg
prior to injdukamer ahy(1993% Caherr Res.p¥3 g826MH34) anhGuinbéron al.i @ 9Wedi funol.he
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fragments to amphiphilic helices that naturally dimerise (Pack P. Plinckthun, 1992,

20  Biochem. 31: 1579-1584), or by use of domains (such as the leucine zippers jun and fos)
that preferentially heterodimerise (Kostelny 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 bioclogically 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).



agents, or adjuvants which enhance the effectiveness of the vaccines. The
| mmunopot enti ati ng conpositions of the invention are admnistered in a
manner conpatible with the dosage formul ation, and in such anount as wl|l
be 15 therapeutically effective and i nmunogenic. The quantity to be

adni ni stered depends on the subject to be treated including, e4dVaygR@6
capacity of the individual's inmmne systemto induce an im"rune response.
In a preferred enmbodi ment, the imunopotentiating conposition is formulated
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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  pgenetically 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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the solubility of the surfactant in the propellant. For inhalation of
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desirabl e to maintain desired | evel s of protective imunjt 8.
Dendritic ce|1ntr@mbgm¢f@tm1b,alationa] administration. The genetically modified Bordetella s rains-

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



The invention further provides a conposition of matter for eliciting a
cellular and/or a hunoral imune response against a target antigen,
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cells include, but are
such as hydrofluorocarbon (HFC) propellants could also be employed and in this regard
reference may be made to various HFC propellants disclosed in Intemnational Publications

W092/08447, W092/06675 and W091/04011.

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.



to, IL-13. Maturation of dendritic cells requires the addition to the cell
environnent, 15 preferably the culture medium of a dendritic cell one or
nore maturation factors which nay be selected from nonocyte conditioned
medi um and/or factors including TNF-a, IL-6, [IFNa and IL-1.
Alternatively, a mixture of necrotic cells or necrotic cell |yédfaya896pe
added to induce nmaturation. Maturation can be induced in vitro using

pl asti c adherence, cytokines, LPS, bacteria, DNA containing CpG repeats,
RNA or polyl C, CD40-1igation, 20 necroti-élcell's. In this regard, reference
may be made to Stej, casstofﬁ§m£éeptt Q3% AN appRRHih A9 HbR TkOAY B0 132k who
descri be net hods an ons I sol at n and “maturation of
dendritic celalst, aﬁﬂhﬁhe cast hbyptsing dnldlr@dﬂ-@tylem oldé.ﬂpgmonllanwmmmt@mhalfu on

of dendritic, c r t he the present invention are described
for exanpl e BQFAP Jor 8 8?‘%?%%@% 25 |'rmunol, 158 (5): 2134-2142),

Thomas and Li psky fn]s%ﬁ'n%’msgan'cé?mmil be ﬁ&%ssﬁ.rg')to pltRd& »41@2&11@ {2 ddahgtiayiosiofal .
(1994, | mrunol ogy, , ‘y et at (1997, BI ood, .89 glo)
3708- 3716, \ﬂm Fomppsiten aqccqrig% to Fth@cprmp 'A\‘P&HOISC usyglly pot gpceeding

826- 830) , foldBA o3 7or( 19) :
7698-7702) , CREHENR08)s, AR %‘gié’? B el fol &%h%ﬁhw% a%d%b wib o 0,
Reddy et at (memusmlyaowpstgvbou(tgme sdmisisgions /e, administratiens E‘tll ngrmalioleerat gy p

196, "Bl ood, 1 1o eveitihen i e WL rpdhynieth M esk il g 10

489-500; 199®posiérsnaLlimdryald 61 1{54years] QdiAlld B58) yeogh Wikl l:@tdoatabaqwgglalnmwen/ed

189 (5): .82 ure 388 (644): 782-787, 1996, J Exp Med, 184
(2): 747- 1§72)1565“58R?5Y§%2’£8%“°°§ BWen et at (1999, Cell Immunol, 197(1):
62-72) and Pienonti et at. (1999 JI mmunol , 162 (11): 6473- 6481).

Al ternativel g D pRfOINRS Bk inemmOrtalised dendritic cell lines may be

produced using oncogenes such as v-nyc as for exanple described by Paglia
et at (1993, JExp M;nveﬁtmh?ﬁirtb&) prodi8@3a t@6fgsitiod. of matter denelipiting n gelsfar

dendritic cell of a geneticall e I to be
pl aced in cor‘?f‘ifief a “{"Wra d@ﬂ’leF tr?sgoggla,ggmsé %taﬁgggﬁn t%%n‘r‘m ne‘% %En%p‘#e?lflgtg |:§lsby
persons of skilidh hake bl ﬁbbsedﬁl@l@éﬂdlballyﬁﬁédxﬁed Mréetellwm&t acbwﬁcny]d@aﬁmbdt ella
cellsfor12hr at 37 C. . For I. an gﬂ?ns mJllion

dendri ti dScelapevefar 4 tme angd 'é“de‘F"" HHORS §1 %toa"étﬁf?ﬁg? ?rc?c"t?@?dl k] moflif%g BIPer 1 ed

enbodi ment, igeRPddUrEmAdeRdl TBok-defe/Glttatn &reprééentatio@do,f &id hivdukatisr @ﬁnT cells.
i nternal i sation. The geneti cal Ial nodi fi ed Bordetell a ceI ls s ogl Pﬁl
exposed to t Herdetaligr patigen-pamed dendritic cells may be prepared by a me 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



for a period of time sufficient for the dendritic cells to internalise the
antigen. The tinme necessary for the cells to internalise and present the
processed Bordetella antigens may be 15 determ ned using pul se-chase
protocols in which exposure to Bordetella cells is followed by a washout
period. Once the mininmumtine necessary for cells to express pfddexgead
Bordetella antigen on their surface is determ ned, a protocol may be used
to prepare cells and Bordetella cells for eIiciting | mrunogeni ¢ responses.
Those of skill in the art will recogni séZin this regard that the length of
ti me necessar for an a r

I nternalise é g‘l\iigrrl@) g %’Bga& !ﬂi {}]Qs anfﬁm@gﬂqme@'&ﬁ?ﬁhagl ency
of primng ofmdrmediﬂndfd fising fited ligand. athecﬂmtadnmthﬂeﬂgyceaﬁsawkmgs Fuchets [a

cytolytic activity.in LtrQ.or rit e I

Ot her  net hod§°1?h wiony of ﬁl‘i-gg’ﬂﬂn&ﬁi?‘g%r gfq? Aaels‘fn% é\ﬁe@f&é@ g'g%ml?efr?%
presence of RicuBEHceRE givh Eisetdlimartirddendandkiells for useinltisis afvestion. exposure to
the Bordetella cells, are also contenplated by the presented invention. 25
The primed dendrit Aa exempleryahethdd fosrcalening plunrotentialPBM (s to peoduep armatyret o
efficiently ent I tides
on bot h i SPREREYSPLRERTSY AREFE f) WAL AP PR AP WOROUE AR | 1o
by dendriti c thiekdspect, hutmugdwﬂdmmanee(dnglanG;ellp,ae Wnb}pmhagpbg@@slcsiemmm as a

result, efficientl C class ar. th . CD4+
Thel per 1 ymsGoyas b0 AhEet R e opr pAREGHSs er il defh PESMCH B! e
presenting Bcpiesieﬁoelolf dytakihésgetiich profnbe tmml&xﬂenﬁﬁnofmccahmmdm of GMeRSF and
Iyrrphocyt es can provide critical ,sou s.of hel bot h for eratl n
act|ve CoB+ b BipgRces e iiFans GRATIER o Mg DA GSBITS SRl s th

specificity fgdehie banigieiadatiodenpkiBMeRRi6 celid- Odidf icykinke tBattU;irsmote
response to antigen, and for generating the nenory that J; requir

| ong ter m r esifraiagdomplaproaesor AelsitpA. lmFlﬁ‘F”lf?lé"r“d“B%F%'ét"é‘th bl are H?fﬁ%i‘?(‘?%and
presentationpyrjdendritic cells, allows these cells to tailor the peptides
that are appropr| ate for an |nd| vidual's MHC products, and increases the
nunber of speci aI i Madirstionnoff démleiyic avells gequires phisc additiomgo abé Icsll duvireonet,,

oSl ey Ses o B A 2SR Bt e, 1

nodi fi ed ant inggne selkcttdiBom ﬁrﬁ)’ﬁ@é}fte tondRBhédIRedin afdibifactdsithohldagsTNF -l - &;I ass
Il nolecules, efficient T cell nmodulation in . situ can be a eved.

Ther apeutic ARd-%#plkyl- a"é‘ff?"@t‘&ﬂbl g matturg pd NEeTotit pells 08 SOt pelieySHie A it

cell's 10 Gen%adl&l%lIMddEP%aftdrﬁfanMaﬂﬁﬁtﬁJ'nlﬁn%'dﬂ?ﬁecﬂﬂﬂgﬁbmsﬁlg%s{@ a&!‘fbﬂance,
antigen-specific T \lé’)énB ocytes generated with these dendritic cells infra

can be used &%tokises. apterianﬁmommas GR§ Eporio §NA enBovlr (REhlEraRt i ¢
or t herapgut 'n]%crﬁf?cp LiRAG RS re I[t&e an N\é?h nﬁadc\’{@'sqanﬂ&? ePLEN B @RI¥naTAL Ur €

dendriti ¢ cells, can be injected that elicits
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), Fearnley et al. (1997, Blood,

89 (10): 3708-3716), Weissman ef al. (1995, Proc Natl Acad Sci U § 4, 92 (3): 826-830),
Freudenthal and Steinman (1990, Proc Nat! Acad Sci U S A, 87 (19): 7698-7702), Romani

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

30  3640-3646), 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),



an i nmune response into a syngeneic animal or human. Preferably, dendritic
cells are 15 injected back into the sane ani mal or human from whomt he
source cells were obtained, and are, therefore, autol ogous dendritic
cells. The injection site may be subcut aneous, |ntraper|toneal

i ntranmuscul ar, intradermal, or intravenous. The nunber of conj #d¥@¥2086i ned
dendritic ceIIs reinjected back into the animal or human in need of
treatment may vary depending on inter alia, the virulence of the
Bordetel la cell's and size of the 20 indi#8dual. This nunber may range for

exanpl e bet weai,abaul 19, 208 mhfinor Y (P6R72)RAE PRERAY: BEYYSBEN AhRiLL, 106

and 107 conjugate pri endritic ceI dendritic cells should be
adn1n|steredlﬁh(d)pﬁéﬁﬂﬂ%@utlcaIIy acceptabl e carrier, which is non-toxic

to the cells and the |nd|V|du uch carr| min
whi ch the dendriti Altemalively, g ft%h?ﬁ‘i sﬁr??%awsﬁ &B?sfg‘@f‘%ﬁp%@&?e
such as phospERLenkbAL 56 a§@ln‘zj&%s faéxﬁlﬂq@xesémumy@agma éhe (1amcy Egrifed,
dendritic cells’in Situ is the capacity to mgrate or honme to the

T- dependent ﬂ€§ﬂ8n3w6ﬂ9pyhph0|d ti ssues, where the dendritic cells would be
in an optinal p05|t|on to select the requisite antigen-reactive T cells

fromthe pool t ent |ynphocytes and thereby initiate
the T-dependen %2Aﬁn h bt Jr b B4l ed enbodi ment, the Bordetell a-prinmed
dendritic cells of Thhguiseysnd géhetmaﬁ?rr@ﬂﬂie&@bi@d%blll&célfsrtobé pRE¢ER comict with

prophyl axis of infection by a strain, preferably a pa enic_ strai
Bor det el | a. IdgndsHistcalds caarhsstgteraingd empigicallyrbydResens;o ILE’dt%Bé‘ﬁdp‘?WlF‘EC eelis) s of

the inventiqg | ﬁg}gﬂaféggb@%ﬂga%g@um 19506 849l B %ok AogCanRBERC" 6 pgmeqa81+ or

CD4+ CTL, for 4 optive transfer to I munosuppressed
i ndi vi dudl0s \Mﬂomdhen deadsitie tedls nmmunahhe)d'mpnm1ngnﬂmeienélstgmnsu§s In Ro preéstegapl e,

anti gen- speC|f|c adopt | ve erapeutic
pur poses in | rrgmgtﬁ a‘fg‘fbré}f ’ﬁepﬁlvgd g{éfalg-@ nq%enIaB%PBgl , 1991, J.
Exp. Med., 174: 15@133 Q@aall?ﬂdﬁlf&h%“de?etﬂa%lﬂls’ shd98 De e%posEdtbthé/BéhdnuaZ&Is
249- 256; and 5 Johnson et a Med 1-971), malaria

(HIl et al. forippaiodnefitimesufigent fom@aﬂagtnﬁc &aHs Walmegwaﬁﬂ the #Hests The meas
| Vi N
nel anoma (Van, &S%&Bf g@ﬁ&fﬁﬁ to%étgmaﬁ%%d p%‘%rg rﬂfe?g%egéé B&Mgla]a@ﬁ% s &R¢ p¥oung

and St ei nman, In yet anot
embodi menits, tdh@ngremaualwulse -ghasti frpledolBor whicke Expesurs te) §erdfeée§la &ellﬂlélfwmegl

vehicle for eter ous. .an e g@§ | | ting
10 Bordetell a par ?"94*‘8 d%‘*“&a {)P% @glr{aﬁl %hwq"%gevsgzg?:f%ngé;lg t Qgﬁrﬁisgﬁ egs|%lr-1lt er
alia for tredordadllaantigenaphhiéiaxirfacofs detevinined, ,a pratote mia bearseqbw prsparé cells

infection or for,t a.condition such as ancer, |nf tions
cont enpl at ed aBé/) BPF%%?IFecﬂﬁforl%\%lﬂg |“8ﬂ’ufi?ﬁ’,‘=’fnﬁd'53p05ﬁf 03¢ 06k resbrl ctvgg
infections caepgaisdi this Yegakdemag tht ilagthl dﬁthmmasmg&ﬁmemgeﬁpenhaﬂ:g tdllsto

virus, Epstein-Barr virus and respirator ncytial vir
i nfecti or?g’ i rﬁ’b?&?&@ms%ﬁtmta?‘éﬁﬁ?&f‘ antsl €n may va¥y 33{)en ing on the anggen use tEei“{:wlency

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 celis 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 1I
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




15 restricted to, those caused by Neisseria species, Mningococcal species,
Haenophi | us speci es Sal nonel |l a speci es, Streptococcal species, Legionella
speci es and Mycobacterium species. Parasitic infections enconpassed by the
i nvention include, but are not restricted to, those caused by Pl asnodi um
species, Schistosonma species, Leishmania species, Trypanosona4dyiayi2886
Toxopl asna species and G ardi a speci es. Cancers V\/m ch could be 20 suitably
treated in accordance with the practices of this invention include cancers
of the lung, breast, ovary, cervix, colo¥,- head and neck, pancreas,
prostate, stomgh ’theb+cﬁ% onséﬂ'o%ﬁé’en, B0 for |g]€1‘{é?£tlng%§ ﬁﬁﬁfégﬂﬁlat Qﬁ@chﬁ'red for
testicle, uterus; anomi3 the various | eukem as homas. The

ef f ect i venesdoug terth esisvange |asrhtfacomatmyFméheas&€é@eléi el lﬁ@ak&rﬂ}ld @Eﬁsﬁféﬁloé‘ by
techni que. Fo S I u [ I t ed
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or recomnbi nanhdlvidtm& MHItf grotets, emd insreases g HiiBer biadpetiblisdd stmglatory aitigsn- Such

assays carn erfor ing fo xanpl e _prinate. .nmouse qQr e
(Allen et 'g‘? ngg Mﬁ’ .({eiﬁ'@ir@sﬁ%é’-% eda‘fvgl?) r\‘fg{%ﬁ]ger ré/]engténal
infra). A terrﬁlﬂhdeMHCs toh&aelaf)cﬁlyaacayoxaﬂigbbienail sttt dfdhceltmyThing, b3 Qusing thet or ed
usi ng one or t echni ques i ncl udi ng, but, not .ted to,, HA class |

t et r aner aﬂ“?f{ ﬁﬁj antlg?nsg’gtt% Frpesatyn ﬁ%og 9 FhErss: dlgéﬁég a{lg‘ggssf rmoel\%{f?fjl e

Al l en et al . effidigt @)cell mtdalatibremats i RssEywed( Al | en et al ., supra), ELISPOT
assays and intracellular |IFN-gamma 4 May 2006 -56- staining (Allen et al.,

supra), ELISA Assays - for I|near B ceII responses and V‘éstern bl ot s of
cell sanple exp ;s e eticcappligationsof Bardetedls itic 168

i nvention may be r |l un to d,a ractica f.fect
particul ar’ preferr %“r‘%]&ﬁﬂ?g rg Qﬂ’d\%”&‘@] g"é’%ﬁ‘? \%EEEBTSP‘%WéC T
follow ng nonméhdcymtgeﬂaa@aamh &Rese 4dewam102Q91@ i E&N\ﬂ%LE&dEXeAM&Esl in
Bacterial strains, plasmds nedia and gromh conditiaons A conplete |ist of

bacterial st r‘%‘F‘H’élmaﬂ‘EP ﬁ}r@mgswé@nnmhmagﬂ%?r Vﬂ?%mb@m}ica%%s e BSimedy)| o

1. E coli stk %c\ﬂ%%&ﬁkﬂbgﬂﬂitﬂreﬁ%&iﬁ%@hsl SanltB lﬂéaémb)oiny%tﬁo% tAf@licits

(Oxoid) overni ght at ertussis was routinel rown in a nodified

version of VepiByIunge;rgspoaseniaty %uﬁi’T(gF%ﬁ“‘r élllmab%@“?albrpf&ﬁ’gﬁerde@éﬁlélGFBS A¥di um
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contai ning 15% steri eep
and are, therefore, autologous dendritic cells. The injection site may be subcutaneous,

intraperitoneal, intramuscular, intradermal, or intravenous. The number of conjugate-
primed dendritic cells reinjected back into the animal or human in need of treatment may
vary depending on inter alia, the virulence of the Bordetella cells and size of the
20 individual. This number may range for example between about 10* and 10°, and more
preferably between ahout 10° and 107 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



bl ood for 2-3 days at 35-37 C. Cohen-Weeler (CW agar (Cohen & \Weel er
1946) 10 containing 10% steril e-defibrinated sheep blood and 10 mM MyCd 2
was used for B. pertussis growth during conjugation experiments. TABLE 1
Bacterial Strains and plasmds StrainsRel evant propertiesSource or
reference Bacteria E.coli SMLO7, pirMbilising strain, 4 May 2006
recA: : RP4-2-Tc:: MuRoberts et al. (1990) JMLO1d oni ng host DH5ad oni ng host
583/ 90 oni ng host, aroD nutant B. pertussis ATCC9340vir+Rosetti 1997
BP304Tohama | spont aneous nutant, SR, vid+ Tohama |vir+1950's Japan/
vacci ne Pl as , I I nc.
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(Bi oRad) .

prophylaxis of a viral, bacterlal or parasitic infection or for treatment of a condition such as
cancer. Viral infections contemplated by the present invention include, but are not
restricted to, infections caused by HIV, Hepatitis, Influenza, Japanese encephalitis virus,
Epstein-Barr virus and respiratory syncytial virus. Bacterial infections include, but are not
15  restricted to, those caused by Neisseria species, Meningococcal species, Haemophilus
species Salmonella species, Streptococcal species, Legionella species and Mycobacterium
species. Parasitic infections encompassed by the invention include, but are not restricted
to, those caused by Plasmodium species, Schistosoma species, Leishmania species,
Trypanosoma species, Toxoplasma species and Giardia species. Cancers which could be
20  suitably treated in accordance with the practices of this invention include cancers of the
lung, breast, ovary, cervix, colon, head and neck, pancreas, prostate, stomach, bladder,
kidney, bone liver, aesophagus, 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 ef al., 2000, J. Immunol. 164(9): 4968-4978

also Woodberry et al., infra). Altematively, 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 [FN-gamma



15 purified fromB. pertussis using a BioRad Genomi c DNA Isolation Kit. All
DNA mani pul ations were carried out using the protocols described el sewhere
(Sanbrook et at, 1989). Restriction endonucl eases, T4 DNA |igase and

al kal i ne phosphat ase were purchased fromeither MBI Fernentas, New Engl and
Bi ol abs or Anersham Pharnmaci a Bi otech and were used accordi ng4t'\63YR@0
manuf acturers recommendations. The PCR kit used was 20 purchased from

Fi sher Biotec. EXAMPLE 3 Characterisation of the aro0 gene To detect

whet her B. pertussis possessed the aroD-gére fromthe aromatic

bi osynt hetic path its,genom | br.ar r i mar oD
mutant, E. cofaninggiliggser g, s‘ﬂﬁ'ﬁ’ %&ﬁ“ﬁéﬂkﬁ%ﬁ@rﬁﬁe?gn%g%fﬁgﬁ %smmépwgﬂﬁd

whi ch rest or afloth ffcelldhaplt ekpressing thet sypthetkc. potyalucleatids al | owed it to grow on
medi a | acking aromatic conpounds. It was assuned that the Iasm'(ii ffe§cui ng
the isol ate cont ai ireatdertthataheiDveptine maRbe foafibx ‘i“lSlFifSEﬂ"gé‘E‘i PY{nig prpctical ettect,

el ectrophoresi s. were._us i L gdibe® by Gvaldf of the Folidwvingd @on-
facilitate séﬁag\ﬁ% Rbe?ﬂf%e&%oggﬁm& vvg]gnﬁrb%her chgggte to produceéra

smal l er 30 lirkking eagpdnt . This plasm d was subsequent|y nanmed pUSQBor d4
(Figure 1). Analysis of 4 May 2006 -59- the pUSQBord4 insert sequence
reveal ed that the approximate 500 bp gene was not simlar to the consensus
sequence of the aroD gene. A BLAST search using ANG S showed that B.
pertussis possessed the aroQ gene simlar to the catabolic pathway of the
fungus, Aspergillus nidulans. The aroQ genes from several other

m croorgani sns were used in the 5 ANG S PILEUP programto confirmthe
identity of this gene (Figure 2). Methods C oning of the aroO gene To
create a gene library, the B. pertussis chronosomal DNA was partially
digested with the Sau3Al restriction endonucl ease. Ligation was attenpted
as described 10 el sewhere (Sanbrook et al., 1989) with the different sized
gDNA fragments and BanHl - cl eaved pNEB 193 whi ch had been previously

al kal i ne phosphatased. The ligation m x was el ectroporated into the aroD E.
colt 583/90 by electroporation using 2.5 kV and 2 nm gap cuvettes to yield
a desired pulse length of 6 ns (BTX ECM 600 El ectrocel |l rmani pul ator, Novex
Australia). M@ mninmal agar plates 15 supplenmented with anmpicillin (100
g/m) were used to select for transformants. DNA sequenci ng DNA sequenci ng
service was provided by the Australian Genone Research



Facility (Ritchie Laboratories, University of Queensland). Sequences were
then anal ysed at the University of Southern Queensland using the ANG S
(Australian National Genone 20 Information Service) program Prograns used
within this site were the Blast, Mpping and Pileup prograns. EXAVPLE 4
Generation of a nutation in the aroO gene The cl oned aroQ gene4day 2006
inactivated in vitro by double digesting the plasmd 25 with the
restriction enzymes NgoMV and BssH to renove a |large portion of the gene
(300 bp) as well as two BssHi-BssH fragénts (719 bp and 44 bp - see
Figure 1). A kananycin resistance cassette derived from pUC4K was
anplified by the pghyyfppg§ chain reaction (PCR) using prinmers with NgoMV
and BssH restriction ends to create a fragnment size of approximately 940
bp. This NgoM V-BssH cassette was then ligated into 30 pUSQBord4 to

repl ace the dJexieMPpdELl on renoved by digestion. This new plasmd was 4 May
2006 -60- named pUSQBord7. The 719 bp BssHI -BssH fragnment was then
re-1igated bagdsrehl frdileplaPhias Wedioand griwib eauimik y re-named pUSQBord8 af ter
confirmation of the correct orientation of the fragnment. This plasm d was
t hen di gested wi t h ARxoRiletalis dBhadtrial srainsrand iplasmidsnised intthis shuidyiinprovided in
conponents (i he insert. a p ) 1at B%tg;—( I nsert
coul d be veT(fg{ent'oE'acg’;hlg%%' ea\greec EEHE? ﬁu%lﬁ-%‘ie:ﬁ?tl'g E%\t/lg%? Eé ]?Irala |\g%%dg aroQ
gene into B. gvermighsat 37° @. Bup@iges wes ratinelpgrowmin b insodifieds tarsiom ofdlesvey

required. pRTPl.is bi Lisahl ue,t.o t - acl.i ng.factor C b

chr onosonal %%ifg‘gﬁét@eg%g%ﬂ?ﬁtﬂnggcg‘gl?ei m@kﬂ'ﬁg@tﬂn@ ‘gp%lf‘g% &ggf?nga es in
It his strai R Bﬁﬂ&(tmgg&ﬁ(m})ed‘g@ﬁgﬁc%h Dibﬁn@in{] c@flﬂﬁingﬂ?waéﬁleaéﬁbrﬁdtedmhaep
ysogeni ¢ phage (Roherts et 10 at 1990 T gﬂjo IS i .
pertussis pr o\ Ode@_rtzh%dﬁﬂe%{l35€8n£-t$‘§ﬁé‘\w&€§§§_ *\‘gﬁrrw‘ﬁ’feﬁgﬁ&g‘h?[}? 5.96@

fol I owi ng oConpbkERlH010% TH&iIS8Rihatd shep Blodhhd $82mki MREY®Ias pis&d &rnB.i S

al so encoded by the plasm d, which renders the Streptomycin resistant (SnR)
host Sm senggtikssés i dung ganjugatiqn eXperifogi®) . The EcoRl - BanHl insert

menti oned above was ligated directly into pRTPI to produce third plasmd

pUSQBor d9. 157.1ﬂé?crease the chance of a reconbi nant event occurring it
was necessaryAto add a scaffold sequence fromthe original 1.5 Kb

fragnent, upstreamjfromthe inactivated aroQ |ocus (located in pUSQBordl -
not shown). MPQMM‘ L #f¥gation was performed (Figure 3) to produce

a new shutt lfe—vector—eady—for—conugatton—Fottopmg—etectroporatTom——pf
the conpletd plsaamisd [nto E. RekvanShop@lepi r, kanpnyci Souresirgeferancd KnR) [ and
anpicillin 30 resistapt (ApR) transconjugants werk isolated on LB agar wth
appropri at e |&uciebaoti ¢s.

E.coli

SM10Apir | Mobilising strain, recA::RP4-2-Tc::Mu Roberts et al. (1990)

JM101 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

pRTPI Ap®, mpsL, oriT, cos Stibitz, Black & Falkow (1986)




This new plasm d call ed puSQ@ordl O was used to transformE. coli 583/90 to
check whether the aroQ gene had been inactivated. Results showed that
transformants could not grow without supplements of arom x, indicating
that the gene was inactive. E. coli SM O pir harbouring pUSQ@ordl O was
conjugated with B. pertussis 25 BP304 on CWagar and transconftddan£80er e
sel ected on CWagar containing kananycin and streptonycin. It was assuned
that B. pertussis transconjugates exhibiting KnR had incorporated the

nmut ated aroQ gene into their genone. Thi -98shoul d have occurred due to a
crossover involving the remaining aroQ sequence flanking the KnR gene. To
verify that only the donor fragnment has been incorporated and not the
entire 30 plasm dCylfgiRxiraniotitl @bedie(IBraizuial e d/Ur%sa) mmomﬂeag@rremwhg the
streptonycin to again check for SnR .1f vector i C& on uLlad 0¢C izred
via a singl e ‘5RO T COMPRIKENG M igqrsasifig the amgpnt SEamge 19 dhiga1 e

St (Roberts @fonfith erh?999s). ﬂn&fﬁ%dﬁﬁ@@swﬁég%érh@dﬁw?ﬁﬁmm gwlgl()jﬁw) wikteor

kanamyci n resi stance cassette PCR, of 'tenplate DNA was_added to 48 ttL
of mast. er 5m writhout grosdtic icarrpeHnds éarymu@owawﬁefl tootstaionitht ar” phepotyreyefpER 5
buffer; nﬂMn ndyhe %Qtlcﬂﬁtﬂfea?onﬁﬁ%‘ém & of
primers F l\fm%gr (EZSC%%%I as gselfgséegﬂr}%%%r}]lé'liggl cen and 2.5 Ulo q.

pol ynerase. 48npghfli eathi of mmampm: ftmosred andu ;thepsrldgmamb! éOt}I@Fl#a#aGh of
controller (PIC-.100 i nc he fol |l owi ng parameters: 5

t
mnat 94 C f%ﬂ%%@%?f‘c%c‘ﬁﬁ?? PEF20 ?05; ac'd30 sat 35C, 1 min at 72C, and
30sat 94C, and 30 cugl gspilic %&&@ﬁtﬁa@lgns 348 Todelechh ¥éreCas BN6wS kafarfyciR40C.
TABLE 2 PCR Priners Priner -+ 3" Primer Sequence
FORKANGT G@C(XEBG[WEM@T@M@' W@lﬁﬂﬁf@ R CKANGOSOBIUHCACTAGT GTTACAACCAATTAAC
FORQATGGECGCAACCCATTCTTGT BACQRGTTTTGAGITTTCGGAGGTC Bact eri al conj ugation 15
The nmet hod described by Roberts et at (1990) was used for the conjugal
transfer of TNMPEEAE coli to B. pertussis. Briefly, after 72 hours
growt h B. pertu33| S BP304 was swept from BG agar specifically using a
steril e dacr direpanafionamd mosiputodemdbdNAn phosphat e

Extraction of plasmid DNA from E. coli strains or agarose gels was accomplished

using a Prep-A-Gene DNA purification 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 e 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 aroQ gene

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

biosynthetic pathway, its genomic library was electroporated into the aroD mutant, 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 1XKb fragment. This plasmid was subsequently named pUSQBord4 (Figure 1). Analysis of



buffered saline (PBS). The optical density of the suspension at 630 nm was
determ ned and adjusted to an absorbance of 0.4. This procedure was
repeated using E. coli SM OXpir 20 containing puUSQordl O (see results
section) except that gromh was swept from LB agar supplenented wth
kananycin. A nixture of the above suspensions was nade at a ra#iMayr090: 1
and 100:1 B. pertussis to E.coli cells. These were placed onto sterile
nitrocellul ose resting on a foundation of CWagar and i ncubated at 37 C
for 4 hours. Follow ng incubation, growt-#925 was agai n swept from each

pi ece of nit r[ﬁé’ﬁﬂyégﬁ&%ﬁ ifBd <& %Fﬁt%?&)%ﬁﬁ@@'t @%&?g@%&lmgﬂe%@b b gé@(va%%@mmﬁgr
suspensi ons eri a vvereqp ated ont ar suppl enent ed

kananycin,  sbtieptoosansissequedcaeithe nm%me%ﬂlé\rséf semgtyamgd\l‘f@ﬁ SQQWQQ)thBt days

at 35-37 C ' "
ar omat i c- depén )_%“%pqsl’r’%sﬁes({:onj qun?e 3¢ ﬁ‘#&??ﬁﬁg%ﬁﬁ&@iﬁdﬁsﬁﬁ Wer e
verified usi n@p@g\{lbzgardulqak atleSzra@géneaﬁdm\mevdndmthtmDﬁwbmgarBsmqawm wsesli 18 ther 0Q

mut ant col _oni mwi.th . aro tQ have a sl ower
gr owt h rat5g t‘ﬁgﬁ%m@fpr?ﬂﬁm:ﬁ? PR e 150 nb’ac?{ %g?negfl%qre ﬁal led to grow
wi t hout suppl ements of arom x. To investigate the genotypic properties of
t he aroQ mut aethoddCR | ncorporatl ng 10 aroQ gene priners was used to
anplify a fragnent containing the aroQ gene with an approxi nate size of
500 bp in theClpangoftht et genn. 1t can be seen in Figure 4 that the B.
pertussis aroQ mutant has a fragment size of 1150 bp This increase i
fragment size apprexsaie &l geneohbranpdifdd Pervnie @F‘i"@‘“&ma{ HNA % Pl ah‘ent

(500 bp) m nucﬁ Ja& v@ﬁpwgg'auﬂﬂ {%Eth%rpéddénﬁcﬁ%sé In E1Bh%%&e1hﬁ€d 94 QeRBbddaTR

cassette. To c nfirmthis result, the nment was extracted
from an alfar cewhert (SambrpadRenls, h98%ﬁ1@éhfedléﬁer%$%ec\/\dgNﬁdtﬁsﬂleﬂfé ang gy t he

KnmR gene (res e aroQ PCR 1 uL of
tenpl at e DNA \?\%‘éédam%@%@h%%%?&%g@?{@nghggggo contbgl ning 5 L of 10X
PCR buffer; 5 L of THNTRsatioR MM :wasd electporated( Hto HiY) aré'@ Eprwhessx/maiy) of
prinmers FCRQand BACQR as set forth in Table 2, supra i(ﬁgR
Enhancer (G trdstraparytiongising 2. ok \Uarsk 2 mangap 61 yaes t&’s%eld Arﬁ‘ﬁ‘flﬁ'e‘filpeléf cggth\pd & ms

performed W tlrx Ebfr f6@b|Iﬂ‘é\étfbgclp?ﬁaﬁiﬂﬁfaﬁﬁSNO%WAﬁlst?éhajﬁMﬁ fiith gl at@0
cycles of 45 s at 95 C Cand 1 mn at 68 C. 25 EXAMPLE 6

15  supplemented w1th arnp1c1llm ( 100 pg/ml) were used to select for transformants.

DNA sequencing

DNA sequencing service was provided by the Australian Genome Research

Facility (Ritchie Laboratories, University of Queensland). Sequences were then analysed at

the University of 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 mytation in the aro( gene

The cloned aro) 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



Determ nati on of the presence or production of the major virulence factors
by the aroO nutant of B. pertussis Experinents carried out to determ ne
the presence of the major virulence determ nants including FHA, PT and
pertactin, also included in the currently nmarketed 4 May 2006 -63-

acel lular vaccine (PT is detoxified), in the aroQ B. pertussi s4MégegPea
that all the above factors were present in or generated by the aroQ nutant
vaccine strain (Table 3). TABLE 3 Screening for the presence of FHA, PT and
the 69 kD pertactin in the aroQ B pertus$0s by 5 western blotting using

specific mn%%ggﬁbségg@z?ﬁ@ gsﬁpaéﬁa%{iél?.?s Pﬁsﬂa‘%ﬁﬁﬂ%ﬁﬁkﬂﬁfg—ﬁé’a@d%&ﬂm@ﬂie' et

FHA++ PT+- Pertactin-+ 0 the~aroQ nutant in vivo in mce
M ce were i nplasinid esidwubbeqBently 1 G7nanGedXpli§QBord86 afier 1 omfigRkisorofof tthe eprecd

mutant 10 m _cr oo ganj by the intranasal .rouf : ef 10 |
beriod of 3 \ESREtqLP T sy, This RIAHT 35 Fhﬁ%%@?ﬂéﬁﬂ‘ﬁ@@?@ﬁh@dﬁ%’éﬁ%& ed
m ce were fouwpehktio i fit airighmly corhponedit €iod. she {rséry unde pNER193)dso5Bat thenFcoRI-
conparison, i }.Ce ino ated with 9.3 X 106 CFU of virulent B.

pert ussi stg tH{é]"’@'l‘rlrl‘ﬂﬁeﬁr‘i?‘ﬁ%w‘%‘fddﬁmWIWPé"Het ectable in high nunmbers in
the lungs of infe ' ' . 4 iReQlr sAf ety
In the first experﬁn@ﬁ%ﬁbgﬁ?gtﬁ{gﬁ%ﬁvﬁg %oggc\i\’(gir}g&?n%%‘%{%&%&md?he6§<r107,
6x108 or  6x hilisodgostpinf wererraqyiredhipRIPT GRuehilisbletdue tara®-astingfactors encoded

m cr oor gani sngs t he | nasal route.and gb d o rl.od. of. 4
weeks 1 or gy iegrnegt BEA AR pFseF it B e ISR i BRI R kR i
}Ner e Vﬁcc: natsﬁﬁin\&héh)ﬁ&g&gena;bfﬂwb&rgené@@dmbgﬂéd 6133 lysagenidyshage (Rdbeas ance
romthe lungs monitored af 1, 3, 5 7, 14 and, 21 post.- vacci nati.on by
the  int iGnadkilPouike 1th9§%&?&? ingf IOV g DA ARPRPRTERCSY BT 4,
6, 8, 10, 12 pRghidléhidldy follodiBy dbdjuatiose The YWeHeorihs &. eal BT kiBkohtaDpRomicR | N
t he second experinent for determnation_ o anti bodi es and interleukin 12
(1L-12) | evelaiso e,gpccp@gg byotyg plagapid, which renders the Streptomycin resistant (Sm") host Sm

sensative (Sm°) (Stibitz et al. 1986). The EcoRI-BamHI insert mentioned above was
ligated directly into pRTP1 to produce third plasmid pUSQBordS.

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 £, 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 SM10ipir 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).




EXAMPLE 8 Persistence of the aroO B. pertussis nutant in mce Two
experinments were carried out. B. pertussis strains were grown on BG pl ates
for 24-72 hrs, containing arom x when required. The bacteria were
resuspended in PBS 5 containing 1% casam no acids (in vivo grade). An
absorbance of 0.1 at 630 M was found to correspond to approxi fidday ¢086x
109 colony-formng units (CFU) of the B. pertussis aroQ nutant and 3 X 109
CFU of B. pertussis Tohama I. Ten-fold serial dilutions in PBS + 1%
casami no acids were nmade to prepare vaccife and chal |l enge doses. Dilutions
wer e spottedM%g&g BG plates using the standard Mles and Msra nethod to
confirmthe nunber 10 of CFU. Fenale 6-8 week old Balb/c mce were mildly
sedated with xylazil (0.04 nL) and 20 L of the bacterial suspension was
pl aced onto t&é{—&ﬁh@ﬂ%al nares of each nouse using a m cropipette whereby

the transfer f10M khen0d gyl EIRIESMLEA R 2 HEGH ARINEONIChLENREH 11 o

i nhal ation by the nouse. Ic time intervals, depending upon the
type of 15 ex{Sepl mfmister guinwups (rofde ningwdiatetie upmacuse) icewtainmgds wheoft HaERER,

| ungs and spl.een asept i e eqd. - T, r . r :
hormogeni seil i]“’r’i‘?%F’S &%ggﬁ%%%%@a% %&Lalglggfg_(%W},%@&Jégr@?%ﬁ&ﬁioﬁﬁw ons of
each honogendiGRKANe apl BAEKANt & BGE faghrin( Falld 2arandi X5 wWheof Toeqoiyneddseusi ng
t he standard les and M sra_nethaod and the r of CEU r oj.ned
after 2 days MHeGRgHeD yvag; pesiprped 3p arr?é°gi"’é’§afwgqﬁ?@§leﬁ?%t&"ltg’ﬁs(ﬁi@ﬁ‘?’@s A and
B show that tlReaRéI0Rk FWitA e WASG~ing pirgattads] Eminat DUEClfolhyeddly Srinitel ayplet of day
11 post-adm nistration by the intranasal ‘écgte EXAIYPLI;. % Thfe-F petgnt.i I
protective cafacaty” & 1 fhe ahf5 &, End 3o al i o P A GrelssPIfe PReCpbIMEn el al
protectivg capag hyd ffs dtbge @ 0Q mut ant vacci ne was assessed in 25 mce,
whi ch had received 3 doses of the vaccine, by determ ning the rate of
cl earance of a sub-MVD50 dose (2.0x108) CFU of B. pertussis Tohanma |
strain from tHBLERgs. Met hod and Results Experinental design for
vacci nation and challenge 30 A group of mice was vaccinated with either
three doses qbce Pamgrt ant aroQ vaccine strain (1x108, 5x108 and 1x109 CFU)
or the placebo solvent at days 1. 7 and 14 by 4 My 2006 -65- the
i ntranasal royﬁ&erﬂrhe mce were §@|31F1§59§rc§e851=1n?9y 28 with|virulent B.

I

pertussi s Tdhanma y|the intrahasal route. was di scojered that the

Y e ad ol

vacci nat ed eHeared—the et 11 TSN day 6
post-challe g%di(lﬁﬁ;ur e E;)%E&&qégﬁgém@r@rﬁgﬁgﬂ%l%ﬁé% rZI Znt Y g

BACKAN GGGCGCGCACTAGTGTTACARCCAATTAAC
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 5.
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



m croorgani sns were isolated fromthe |ung honogenates of placebo

vacci nated group of 5 mce until day 30 post-challenge (Figure 6). Sera and
| ung honbgenates fromthese mce were collected for determ nation of total
anti body | evels and isotypes. Antigens used were Kkilled whole | | i 8% B.
pertussis in the Indirect ELISA or purified FHA or PT in the RO ot
blotting assays. Serum|IL-12 |l evels were determ ned using commerci al

sandwi ch ELI SA kits (Biosource). Determnation of IL-2, IL-5 and INF-y in
spl enocyte 10 culture supernatants obtai H8d after sti rrul ation with either
FHA or chem call y-.i nac d t |Ehentidr &ithl Baapatinj ed
out using coWﬁ? x (i avgtf BTe% %t:mogtﬁ @Eulr_l ﬁ%@sﬁ%ﬂe& osour ce) . %(AI\/PLE
10 Serum ant i saestymaeid ahd arbaix. @tamsmmwbmeééor\ﬂaé@ﬁ Aexsed 33T HCot he” ar 0Q B.
pertussis in mce 15 Analysis of sera fromthe safety experinent described
in Exanple 7 revealed that all mce immunised with the aroQ B. pertussis
mut ant devel IPEHMERE Hodi es agai nst FHA and PT (Table 5). TABLE 5 FHA- and
PT-specific serum antl body t|tres in mce inmunised with the aroO B.
pertussis 20Canf® zafaliLl, geels N QIaVHICBERENARIKE - | nuni sat | onFHAPT

1>50ND* 3>50ND* 5>50ND* 7>50>50 4>5 0 N ; I on
of 1/50 of3 t he ser JRnssampeans dl\?&# g%)?hé%" %&;Sﬁ%ﬁﬁeﬁ%ﬁegﬁ% gggyégﬁtre

was greater thans abh 9 #aNsut arosiid B7pém&hs WAL ina@ahi «mﬂbnhnstgrarmt onlmedismapithe at
that dilution of the serumon days 1 and 5 sa

such probabl yarpmissverpfpngdp haypas Wﬁb%m‘éﬂhsfateé‘?fmq’ﬁ% glie m%q?"’ ai‘/‘s“gé}‘ﬁ?n&g? 12

response begi apiNg “g{h@‘ﬂguﬁpmts@ga@nﬁ;easonabl y high value at day 5 post
5 i nmuni sati on %da not shown) is clear, however, that three vaccine

doses are required Tot Bvetpae &ieegﬁo@plg rprcﬁpeuwatof almet @0l mp@rlt, FER ch?rgﬂaﬁ%l | gG

in the lung hompgenates althou B vac nat S& sufifd &l ent
to initialt® tHed sAGHGS Yps Pg? QM é %mg'\#oér?gtea%'?gr og g .
approximate size of 500 bp in the parental strain. It can be seen in Flgure 4 that the B.

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 uL of master mix
20  containing 5 gL of 10X PCR buffer; 5 pL of dNTPs (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 Tag 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 aro(

muiant 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




10 TABLE 6A Antibody titres against whole-cell B. pertussis Tohama | in
pool ed nouse sanpl es Schedul e: Lung honbgenat esSer um | gAl gd gAl gGPol yval ent
7 days post | vaccination0001125 7 days post 2 vaccinati ons0060167125 7
days post 3 vaccinati ons2405280650600 14 days post 3

vacci nat i ons64084807791280 21 days post 3 vacci nati ons960974808May 20885 28
days post 3 vacci nati ons320ND460>1067>2560 35 days post 3

vacci nati ons2080ND320>1067825 Val ues represent reciprocal end point titres
15 ND = not deternmined It can be seen fréhthe Table 6A that the titre of
the antibodi %?e]ﬁxflart»}agcir'légﬁ’l" R AedbRAied)\3S Rl HPOTB. GRALssisretdaled thiMaINihe @Bovsi t h
three doses of the attenuated vaccinhe post- challenge with virulent B.
pertussis. 4 fadigrs doGRTeswTt iT ABEEeREd Ay therrag) mutant waccing sirda (Tahbfotle- cel | B.
pertussis Tohama | in pooled sanples fromcontrol and vaccinated mce
post-challengﬁybg?g honogenat esSer um | gAl gG gAl gG Days post control

vacci nated c vacci nated control vaccinated control vaccinated

Chal | engem cemi cemni cem cem ceni cen cem ce, - 10>120009900’2190>%619 .
Screening for the presence of FHA, PT and the 69 kD pertactin in the aro(Q) B. peritussis by

5 western blotting using specific monoclonal antibodies

Fraction tested Supernatant Bacterial pellet
FHA + +

PT + -
Pertactin - +
EXAMPLE 7

Safety of the are() mutant in vivo in mice

Mice were inoculated with 6 X 107, 6 X 10% or 6 X 10° CFUs of the areQ mutant

10  microorganisms by the intranasal route and observed over a period of 3 weeks for any
morbidity or mortality. None of the vaccinated mice were found to suffer any ill effects
(Figures 5A and 5B). In comparison, in mice inoculated with 9.3 X 10° CFU of virulent B.
pertussis, the virulent microorganisms were detectable in high numbers in the lungs of

infected mice (Figure 5C).

15 Method

Determination of safety
In the first experiment, a total of 15 mice were inoculated with 6x107, 6x10° or
6x10” colony-forming units (CFUs) of the aroQ mutant microorganisms by the intranasal
route and observed over a period of 4 weeks for any morbidity or mortality. In the second
20 experiment, 24 mice were vaccinated with 8x10® CFU mutant microorganisms and their
clearance from the lungs monitored at 1, 3, 5, 7, 14 and 21 days post-vaccination by the
intranasal route. In another experiment, samples were taken at 2, 4, 6, 8, 10, 12 and 14 day
intervals. Sera were also collected from mice in the second experiment for determination of

antibodies and interleukin 12 (IL-12}) levels,




201200025500210>960 4012000119002530>640 60>12000>127002130>640
80>120020>127002530>640 101200>120070>127017157133>640
12NDNDNDND10179160>640 141200>1200290>12707793>960>640
161200>1200630>12702965>960>640 21>1200>1200630>10603739>960>640
30>1200>1200750>127037237>960>640 5 -1 = pre-chal | enge Val ues Adyar20né
reci procal end point titres There was no anti body response in control mce
post-chal l enge until day 8 post- challenge (Table 6B). However the |gA
antibody titres in the 1ung honpgenates \Pdrsus the serumIgA titres of
vacci nated mge yorg significantly greater at all intervals post 10

chal l enge. Furthernore the 1gG antibody |evels in the |ung honbgenat es

could be co idetred 9 be Ietast at ;gtkllemlscgne | evel, if not greater, than

its serum | g(ﬁ%’i—f—’%&@—@&@%—"&—tﬁw At part o ther hand, mice vaccinated

with an acellul ar T%fe‘x%ﬁirﬁ&?sﬂ»eére LAtieO bl B) perRROMREiROwdre BroWnOsHBG i pidles t h
g

only small anount of I n the lTung honogenates but. 15 with significant

amounts of | g& 2h72 hes, sentaimngtaretaiy veen gewired nhherbasterin overewresuspended in PBSe
human dose at . . . ) -
Det er m nate5 i on Oo@éﬁg#t?}ég%%&lg{ﬁgﬁl}cﬁt@r vgﬁg@gﬂﬁl ?ADISJE@%?)g%?gGe ?(?ﬁ&{lﬁ% fg%nrda of

vacci nat ed nite eomrdspbadomoapptaximaelydf XS®f aolemafomaingBmity SEFUS of thewd ppertussis
determ ned agai pst the b ~sanif i cant. i rul e 1.0[:Ss: . f pgd FHA
and PT, in deOQFT&‘fa“ég% gqﬁ’sFﬁg%? ﬁépeﬁﬁ sése¥uhraxé‘ a?gfege%gd?ﬁegélcﬂ %ﬁ%&\/\glﬁﬁ et at
(1979) except1% hasamid HRG- W&SEnideadiprpatodecyd and ohallzngey ieses. d2ilugiehs were
el ectrophoresi s) was rried out termnati of IL-12 was.carried, out
using a connépﬁ%eglon ﬁa@ﬁtﬁéﬁlﬂgé@? Qem%"rﬁﬁ?saﬁng %ﬁr@ q’%@"éﬁooqf’nfri@ qlﬁ ngber
acconpl i sjged of@eging commercial kit (Biosource, Australia). The anti-1gG and
| gA antibody titres against killed whole B pertussis cells were determ ned
usi ng a standard i Fenale6t8 ekl Balbaynicd Werbetildhniedated with aivlazih). ¢rmbbade or
production of, FHA PT or Pertacti.n Determ.nation of the producti EHA,
PT and perta iH’Jr’ xHJ;het %teﬁﬁ]{%}meng?t} WAsp STl O8t0 13 e ematl Nored HPEREE oL u%Ing 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-MMD350 dose (2.0x10%) CFU of B. pertussis Tohama 1 strain from the lungs.

Method and Results

Experimenta)l design for vaccination and challenge

30 A group of mice was vaccinated with either three doses of the mutant aroQ

vaceine strain (1x10%, 5x10® and 1x10° CFU) or the placebo solvent at days 1, 7 and 14 by



was carried out using specific nonoclonal antibodies by western blotting
essentially as described by Towbin et al (1979). Briefly the aroQ nutant
of B. pertussis was grown in Stainer and Scholte nmediumfor a period of
48-72 hours and subjected to centrifugation at 15 4000xg for 10 mns. The
supernatant concentrated by pervaporation and the |ysed bact er #dlay 288 nent
subj ected to SDS- PAGE foll owed by western blotting. The bl ot was devel oped
usi ng nonocl onal anti bodi es agai nst FHA, PT or pertactin (obtained through
the courtesy of CSL Ltd, Parkville). EXANPLE 11 20 Determination of the

i nt erl euki ns tg%l%nﬁrm?zﬁgl bl A kel &l i o bdyny \@ittl?girﬁaltg?z&%}sﬁs T6hrkelr ©

super nat ants e Interleukin-2 a mterferon& (IEN-y) titres were

det er m ned udibydheintr@ysadsoute dnwatstisseversiNhat the vac¢ipptedwineded Flaared Hgimlsal |

Camarill o, . [ ) i i
standard cu E@élcmmé%%%fgg@fb % H#yfg‘é‘ﬁoﬁwgﬁgé}%g glgfggxegg g,% attfrllé; %g{g}] ?ltﬁlllltl(g pﬁ % J{ki:u lr‘l3I1t
concent r at i onsicfoorgahisms syereeisoleted domupe ungthambgenatek ofiplacebd. vaddieatedgrogeals

used for tinul ati,o t he.spl en te u e .
cheni cal | y-i A3&Y f‘(’/’%ﬁ%&i%@?@ﬂ%’%ﬁ@% g‘i’%‘ff | Gg;ge%u%ngﬁu%éeéofn%e?%ﬁssﬁ%%%eg% MUt nin
( F:—lA) . The r :aaseﬂé ?aleﬁfegfﬁﬁﬁeﬁﬂnjnﬂtidﬁ @“u‘llstebangib@iyde&lmgsmmeai Agigehs wad peds ed
spl een sanpl e ro o) e control ,and,va ed m.ce - apd.

post - chal | end® ed‘l"?ﬂé&‘é Cﬁﬁfso} go"%’f"@-?ﬁ 1 g‘ﬁﬁf’dlﬁ%ﬁﬁ?‘% 8h pr'ﬁ?q_Egg‘f o] Fg\kﬁl iy
chal | enge at wayém Iddt bléking hssapel Saym 30-1R0RVel€ Rdrt @ld@fmintd fusiig X@inthmerdibler e

was al so a significant production of IL-2 at days 10 and 30 4 My 2006 -69-
post - chal | engéndrrieth EE[§ kith Bipsircek distmmanation ﬂ&ﬁ‘%ﬁln-pé)éf‘d ANETY| 18 FleN06E not
expect ed gnd cufre Widndtdnid S BRAPAHP Lty bRor iR GinRP THAL O ciRiAly-inkiRed'aS
significant production of INF-"y 1In t‘ﬁe vaccl nated mce pre- and _

post - chal | engertussisdiogiat (ATgoidh everaalae chmind @nt uging womingreiadly available yaneiwich
responses congider, : esponsi ble for long termprotection (see Figure
8). 5 DI SCUSW(@Q@ESOE%&LPLES During an attenpt to clone the aroD gene
fromthe B. pertussis genone, a fragnent containing a gene with am no acid

sequence hongixogurre fohe aroQ encoded 3-3- dehydroqui nase enzynme of
Actinobacillus pl europneunoni ae (Lal onde et al. 1994), reported previously

to have honolggy, e%dadﬁBﬁzﬁuﬁﬁ%@agefoﬁgﬁ‘a@%c&wﬁ@mg R agemm i k@bol i ¢
pat hway of Aspergirrus nidufans, Wwas dl scovere OSEettl . Even though
the sequance of thaalganer iefdiremtitkaichsexpanbnte®pibed i Examplea? flvedlédthat

pat hway, the aLac_t that it. rescued the E. coli aroD n&an.tb ‘ug este}g t hat
it was capabl®d mBice FAmERisEVTY the gre@ & petrustnmutant developet et %ﬂrﬁé Hg
pat hway. PCR i bip (sddks)pri mers al so confirmed that B.

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



pertussis did not contain an aroD gene,

was only one

sequence di scovered by Rosetti

usi ng the publlshed conpl ete genone sequence of Bordetella pertussis

/[ pedant . gsf. de/ cqi
pI7Set =Bor detel |l a_pertussis_Tohama_| &Page=i ndex)
reported the construction of

5420 (hptt
bi n/ www/f | y.
2002- 01-07 14:25:19].

15 gene encodi ng a 3-dehydroqui nase in B. pertussis.

The

(1997) was confirmed in a BLAST search

20 Roberts et al.
whi ch waSSGfound to be effective in

an aroA mutant of B. pertussis
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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.



15 an anti body response is also expected to be generated against this
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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).



The citation of any reference herein should not be construed as an

adm ssion that such reference is available as "Prior Art" to the instant
application Throughout the specification the aimhas been to describe the
preferred enbodinments of the invention without limting the invention to
any one enbodi ment or 20 specific collection of features. Tho$dviay 28R6] |
in the art wll therefore appreciate that, in light of the instant

di scl osure, various nodifications and changes can be made in the

particul ar enbodlnents exenplified w thout®-departing fromthe scope of the
pr esent |nveﬂ£ ? such nodi fications and changes are intended to be
i ncl uded wit A A %e scope of the appended clains. 25 4 Nhy 2006 -72

Bl BLI OGRAPHY Baraff C. : \ . )
associ at ed r caLEHY or

t 4 dose. . Pedi — . %, D
<L X ng. - and &Seﬁn?ﬁgdﬂﬁ*és‘:%a% Hgaﬁétv%?%erfa%#‘on 3 %ed a%“ S!Vn“%é |
i nune r esponsgsfidant vindéree Celdrs, pnafiacBA whd PT, medot bt wammgﬁheprovemq ne,
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Ewanow ch, C.pofyacryfaniide bl dl@mrophresiy) Wi carsied bat. E)cteﬁhmaﬂlmrmieI,L -Bnwagicarried

Peppl er. 1989. | nvasi on of L 299 cel S by viru etella si s.
Infec. | mun.out85ng 8EgRuusHial ‘tl?—(gr‘ Qpyce, st Ha)Zg%eO{ Figtlg Y& et ;ssé%]d:
di agnosi s, i nfseftdoimerdlsl mmnmwe ﬂ%D&haDl HBfentidpGand Ig,m aétody hyresoigamst

Sout hern QJeensI and. Frohlich, De Bernard .Eg@%j‘é
Siber, and R kiljgd viple Bpertuspiggells W%F%%W‘eﬁéﬁ?ﬁééfagd¥% E‘ﬁ P?Sf% by

Bordetella pertu33|s t hr ough adjustlng the grow h medium s ionic
conpositidh. D i 8 resd frod o/iE3A, P oriRegiactinCont r ol of
pertussis in the vvorld Worl d, Health St 45: 238-24 Qi s,
Capl an, G Carl et t iDeteymingtien phthe Prdyctn %aFL}%rPT Fefbpertaptin ;ﬁﬁ%&ﬁ‘f‘t trﬁﬁali%e

model  of _pr otgg! it authum@rbpwﬁ@moﬁocb&laaﬁﬁmouie@rbymehﬂamnga&gdnneuy as/:
2366- 2376. Hoiseth, S. A Stocker. 1981. Aromati c-dependent

Sal nonel | a  tdeperibed mewérreetwbﬂS\?%r u%qﬂy th%em& TRIARG QfB. PErISF ARV RIS
Nature (Londoginedd scholt medium for a period of 48-72 hours and subjected to centrifugation at

15  4000xg for 10 mins. The supernatant concentrated by pervaporation and the lysed bacterial

sediment subjected to SDS-PAGE followed by western blotting. The blot was developed
using monoclonal antibodies against FHA, PT or pertactin (obtained through the courtesy
of CSL Ltd, Parkville).

EXAMPLE 11

20  Determination of the interleukins IL-2 and INF-y in_the antigen stimulated splenocyte

culture supernatants

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

Cytoscreen Mouse IFN-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 superatants 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
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The sequence discovered by Rosetti (1997) was confirmed in a BLAST search

using the published complete genome sequence of Bordetella pertussis [ORF 5420
(http://pedant.gsf.de/cgi bin/wwwily.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 th¢ arod mutants lodged in the mouse lungs in experiments

conducted by Roberts ef al. (1990). Since the challenge dose administered to mice by
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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 er 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



CLAIM5 1. A genetically nodified Bordetella strain having a partial or
conplete loss of function in the endogenous aroQ gene and a | ower capacity
to propagate in a mamalian host but remaining viable in the host for a
period of time sufficient to induce an inmune response against a

pat hogeni ¢ Bordetella strain. 2. The genetically nodified straftfMay 28P&i m
1, wherein the pathogenic Bordetella strain is a natural pathogenic
Bordetella counterpart of the genetically nodified Bordetella strain, or
rel ated organism 3. The genetically nmodifli-ed strain of claim1, wherein

t he pat hogeni.c..Boy. de Ll deke} sl B

bronchi septi cagrflﬁg{#'dﬁes?g ?tgﬁ iag(?nnggﬁa?lo irg?gg?gl% Hgﬂg lgge?g%iérﬁ?gesdi 2{/ gﬁaé@tél&

Bor det el | a peptassbdelated ofgapisgenet i cal |y nodified strain of claimi,

wherein the pathogenic Bordetella strain.i Bordetel.l a.pertussis. 5. The
genetical |y nodifi @stgﬂnﬁﬁﬁe@lﬁ ?lt}‘l ‘To‘ﬂg%‘frﬁ ridgteqid, steipy of EQYFHIF%W ’inﬁcrglﬁg’
endogenous iR 8REsterfd by S nSI8MREIVE fltlaiasBdik, 6 16 Rdwingpropeértitsn S, _
wherein the disruption has been introduced into the genone of a pathogenic
strai n of sBor det eltha shyinh@iitlcog thistere caitii-halli-thawd TFN-g posNehdlangge((FNg
construct such that the targeting construyct is stably integrated in the
genome, wherein tﬂféesmtgf%%?ﬁ e)dgdlfﬁlgggr@%fﬁg?fgey esults in a reduced |evel
and/ or functiopa tivity of 3- dehy.0 ' cof 1 j y
nodi fied strain o:“IL'gﬁalfléercg%l ﬂgos ?‘%&‘?n"g Igﬂﬁg%ﬂggﬁggowr%cﬁfeﬁmgcgi%g%lfség%d&ence
in its genone, or attvags NE¢ellgchr onosomal el enent, which is capabl e of

abol i shing or otherw se reducing the expression of aroQ or the |evel and/or
functional actt vilfy-yefodubel t3-Thd loplly s qwotsasastivaierod K pslls#réd @acgphapggand

genetically nodified strai.n of claidp 5, conprisin n ogenous nucl eic

acid seqll?gnce in' ?egeségﬁg%%mﬁ?eoﬁlyaﬁégf Fac rsdcl)ermﬁlg%r'ma?&(el ement, which is
capabl e of abol i $iihnGvdl oPIHRALW $he hftthiAiedn HRENAX MORDSéRIRs Ghd aiificant t he
| evel and/or functional activity of the 3-dehydroqui nase encoded by aroQ

wher ei n t he nucl eiptodaetion efeigigeenkens Z erghliNasthgtust ohdhe atopnated Sprche HPBQ i n

t he sense or anti - =Y Lan. J I LWnked to a
transcri ptional cgﬁé ro;aco 815 %ﬁ%@bbgﬂ%Wf@ggéaui%%g&ﬁ%%{mg}énet| cally

nodi fied strain of TRt distTosure SRV fateRf) paRnEAPPUEIMON Sand pabledatiomcitad hefehigisence
inits genonme, or on an extrachropnosonnl, el enent, which is capable of

abol i shi g omeEPKErRPeEsddrdt MgretFraceigiseadieBn of aroQ or the |evel and/or
functi onal

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



activity of the 3-dehydroqui nase encoded by aroQ wherein the nucleic acid
sequence conprises a ribozyne-encodi ng pol ynucl eotide that is operably
linked to a transcriptional control elenent, wherein the ribozyne
specifically binds to or otherwise interacts with a transcript of the aroQ
gene. 10. The genetically nodified strain of claim1, further HdVangOQ6
partial or conplete loss of function in at |east one other endogenous gene
sel ected from apur gene, another two gene, a pertussis toxin gene, or any
ot her gene which contributes to survival-41n the host and/or to bacteri al
virul ence, or a conbination thereof. 11. The genetically nodified strain of
claim1, wherein thgppihcRaryys selected frompurA, purkE orpurH 12. The
genetically nodified strain of claim1, wherein the two gene is sel ected
fromaroA, aroB, ®aedfdr. J3IOE. Chdy, abidel. PeChtirgal 98¢. N iassocidtieBozadiadne] 4na
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Investi@diod etfeddllal i hwmot8 dp| yhete el i zad Bely
strain of cl grjemli"s%’vam&re\i/{lcﬁ%elﬁﬁg‘%ﬁ ogous or foreign antigen is derived
ee S 1% .

froma pathogen at_infec e micosal route. 16. An isolated

pol ynucl eoti de comgibhéd, Savidand! M. B IWRER16rE 1048 NE@ kil ace e pedpRR GhbthQhadest
complenentary to at |east a portion of the sequence set forth in SEQ ID NO
1 or 3, whi clrultyss giown in Buidmadpys Ansd. Pube Heddthi 36371 n | ength. 17. The

pol ynucl eoti de of c¢laim 16, wherei nugl eotj.de sequen as at | east
70% sequence i denﬁmovﬁgag' |‘§a3~ﬁa}‘ﬁg‘f’ﬁ %h ‘%f“&f‘fé’ E‘éaﬁegﬁgggﬁe’ PRE N in
SEQ I D NO 1 meppRr. 1089. hiop@l HeLe ReDédld 8y ofrulehtaBoricl]a paamsses. nféd)@mmun.

nucl eoti de se gsgﬁe_}ﬁ capable of hybridising to at | east a portion of the
sequence set 10 479 SEQ ID NGO 1 or 3 under at |east nedium stringency

T oo 14 o o YA 0. 2600, pbricrcl) BeRAat WELBAL, fifcRln SliThifuafy. pUBS €1 1

the portion is a biologic y active he sequence set” forth in
SEQ | D NO 1 IsseBatic@0Uniéersite of StudampQtiegpsdokli de conpri sing an amno acid
sequence that has at | east 70% sequence identity to at |east a_ portion of

the sequence set f SratichnBSEQE: B. iy Bernardez Clayds bRy jbery god & Wi vvastzo,
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22. The pol ypeptide of claim20, wherein the portion is a biologically
active fragnent of the sequence set forth in SEQ ID NO 2. 23. A nucleic
acid construct for disrupting an aroQ gene in a Bordetella cell,
conprising: a) a non-honol ogous replacenent portion; b) a first honol ogy
regi on |l ocated upstream of the non-honpl ogous repl acement por th May 2006
first honol ogy region having a nucleotide sequence wth substanti al
identity to a first aroQ gene sequence; and c) a second honology region

| ocat ed downstream of the non-honol ogous %Bepl acenent portion, the second
honol ogy regi on hayi a puc)egqt| nge b il 1yl tq to a
second aroQ gene sé‘a S’eg"tcéfeﬂ'sggﬁ;ﬁ@gﬂ%éggfyﬁtgﬁéﬁeﬁ%ﬁ%a@i Rg‘qgnlioggg‘t I on
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33. The conposition of claim 32, further conprising an adjuvant. 34. A
conposition of matter conprising dendritic cells which have been exposed to
the genetically nodified Bordetella strain of claim1 for a tine and under
conditions sufficient to express a processed or nodified antigen derived
fromthe Bordetella strain for presentation to, and nodul atio May 2906
cells. 35. The conposition of matter of claim 34, which is in the form of
an in vitro cell culture. 36. A nmethod for nodul ati ng an i mmune response,
conprising adnmnistering to a patient iT4eed of such treatment an

ef fective amunt ofy L, GeRYbORICILAIPHL LSl BOT BbRlleo lrlsls (BSE. 163 M 1.

or the conposition 0 aim or the conposftion of nat of claim 34.
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<212> DNA <213> Bordetella pertussis <220> <221> msc feature <222>

(5). _(5) <223> n = unknown nucl eoti de <220> <221> m sc feature <222>
(7). _(7) <223> n = unknown nucl eotide <220> <221> misc_feature <222>
(512)..(512) <223> n unknown nucl eotide <220> <221> m sc_feature <222>
(523)..(523) <223> n = unknown nucl eotide <220> <221> nisc_fedtMag200622>
(527)..(527) <223> n unknown nucl eoti de <220> <221> misc_feature <222>
(536)..(536) <223> n unknown nucl eotide 4 May 2006 -2 <220> <221>

msc _feature <222> (552)..(552) <223> n72-unknown nucl eotide <220> <221>
m sc_feature <222> (561)..(561)

CLAIMS

1. A genetically modified Bordetella sirain 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 Bordetella strain,

2. The genetically modified strain of claim 1, wherein the pathogenic Bordetella strain is
a natural pathogenic Bordetella counterpart of the genetically modified Bordetella strain,

or related organism.

3. The genetically modified strain of claim 1, wherein the pathogenic Bordetella strain is
from Bordetella avium, Bordetella bronchiseptica, Bordetella holmesii, Bordetella

parapertussis and Bordetella pertussis.

4. The genetically modified strain of claim 1, wherein the pathogenic Bordetella strain is

Bordetella pertussis.

5. The genetically modified strain of claim 1, comprising a disruption in the endogenous

aro() gene.

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 S, 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 aro(, in the sense or anti-sense orientation, which is

operably linked to a transcriptional control element.




<223>
k223>

K223>
<223>
223>
223>
<223>
<223>

<223> .

0333535 3535 35S

= unknown nucl eoti de <220> <221> misc_feature <222> (582) . (582)
= ﬂnknomn nucl eoti de <220> <221> msc_feature <222> (584)..(584)
3_ynknemm nucl eotide <220> <221> nisc_feature <222> (587)..(587)
= unknown nucl eoti de <220> <221> m sc_feature <222> (594)..(594)
= unknown nucl eotide <220> <221> nisc_feature <222> @swayZO §97)
= unknown nucl eoti de <220> <221> misc feature <222> (745)..(745)
= unknown nucl eoti de <220> <221> misc_feature <222> (746)..(746)
= unknown nucl eotide <220> <22176mi sc_feature <222> (747)..(747)

unknomie pereli@ol medifledVitaird @6 @1aim 5, comprising an exogenous nucleic acid

sequence In its 'gencme, 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 a ribozyme-encoding polynucleotide that is operably linked to a transcriptional
control element, wherein the ribozyme specifically binds to or otherwise interacts with a

transcript of the aro() gene.

10. The genetically modified strain of claim 1, further having a partial or complete loss of
function in at least one other endogenous gene selected from a pur gene, another aro gene,
a pertussis toxin gene, or any other gene which contributes to survival in the host and/or to

bacterial virulence, or a combination thereof,

11. The genetically modified strain of claim 1, wherein the pur gene is selected from purd,
purkE or purH.

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

aroB, aroC or aroE.

13. The genetically modified Bordetella strain of claim 1, comprising at least ome

exogenous gene which is capable of expressing an antigen that is heterologous or foreign
to the Borderella strain.

14. The genetically modified Bordetelia strain of claim 13, wherein the heterologous or

foreign antigen is derived from a pathogen that is unrelated to the Rordetella 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 cotresponds or is

complementary to at least a portion of the sequence set forth in SEQ ID NO: 1 or 3, which
portion is at least 50 nucleotides in length.

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 IDNO: 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 NQO: 1 or 3 under at
least medium stringency conditions.




<220>
%220>
220>

220>
220>
220>
<220>
<220>

220>

<221> m sc_feature <222> (765)..(765) <223> n = unknown nucl eoti de
<221> msc_feature <222> (768)..(768) <223> n = unknown nucl eoti de
<221> mesc_freature <222> (778)..(778) <223> n = unknown nucl eoti de
<27i1> misc_feature <222> (791)..(791) <223> n = unknown nucl eoti de
<221> misc_feature <222> (806)..(806) <223> n = unknowd May12886i de
<221> m sc_feature <222> (812)..(812) <223> n = unknown nucl eoti de
<221> msc_feature <222> (823)..(823) <223> n = unknown nucl eoti de
<221> misc_feature <222> (829)..-(7829) <223> n = unknown nucl eoti de

<221> 19 Bfe poBRhtiESRide DL CaT 18 Whkreir (B2 g’artion is a biologically active fragment of

the sequence set forth in SEQ ID NO: 1 or 3.

20. An isolated polypeptide comprising an amino acid sequence that has at least 70%
sequerce identity to at least a portion of the sequence set forth in SEQ ID NO: 2.

21. The polypeptide of claim 20, wherein the portion is at least 6 amino acids in length.

22. The polypeptide of claim 20, wherein the portion is a biologically active fragment of
the sequence set forth in SEQ ID NO: 2.

23. 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 ¢) 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 aro) gene sequence having a location

downstream of the first aroQ gene sequence in a raturally occurring endogenous areQ
gene of the Bordetella cell,

24. The construct of claim 23, wherein the aro() gene comprises the sequence set forth in

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

25. 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, which portion if at least 50
nucleotides in length.

26. The vector of claim 25, wherein the vector is a DNA. targeting vector,
27. A host cell containing the construct of claim 23 or the vector of claim 25,

28. An antigen-binding molecule that is specifically interactive with the polypeptide of
claim 20,

29. A method for producing a genetically modified Bordetella strain, comprising
introducing the nucleic acid construct of claim 23 into a 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.



£223> n = unknown nucl eoti de <220> <221> misc_feature <222> (854)..(854)
<223> n = unknown nucl eotide <220> <221> misc feature 4 May 2006 -4 <222>
(870)..(870) <223>-n = unknown nucl eoti de <220> <221> misc_feature <222>
(871) (871" <223> n unknown nucl eotide <220> <221> m sc_feature <222>

(881)..(881) <223> n = unknown nucl eotide <220> <221> nisc_fedtMag200622>
(884)..(884) <223> = unknown nucl eoti de <220>  <221> misc_feature <222>
(889) (889) <223> n unknown nucl eotide <220> <221> misc _feature <222>

(892)..(892) <223> n = unknown nucl eoti d@8<220> <221> nisc_feature <222>

(894)..(894) 30<.2I%%?ner%ho:d g clfari% , %glleglo'&lg %gnetically modified Bordetelia cell containing

the homologously recombined nucleic acid construct is further characterised by expressing

1> > 1

reduced or undetectable levels of aroQ.

31. The method of claim 29, wherein the genetically modified Bordetella cell lacks the
ability to produce a functional 3-dehydroquinase encoded by said aroQ gene.

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

together with a pharmaceutically acceptable carrier.
33. The composition of claim 32, further comprising an adjuvant.

34. 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.
35. The composition of matter of claim 34, which is in the form of an in vitro cell culture.

36. 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 32 or the composition of matter of claim 34.

37. 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 32 or the

composition of matter of claim 34.

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

modulation of an immune response.

39. The use of claim 38, wherein the immune response is against a pathogenic strain of

Bordetella or related organism.




<220> <221> m sc_feature <222> (896)..(896) <223> n = unknown nucl eoti de
<220> <221> msc_feature <222> (898)..(898) <223> n = unknown nucl eoti de
<220> <221> misc_feature <222> (899)..(899) <223> n = unknown nucl eoti de
<220> <221> misc_feature <222> (914)..(914) <223> n = unknown nucl eoti de
4 May 2006 -5 <220> <221> nisc_feature <222> (915)..(915) <2434cy2006
unknown nucl eoti de <220> <221> msc_feature <222> (916)..(916) <223> n =
unknown nucl eoti de <220> <221> m sc_f eatlre <222> (917)..(917) <223> n =
unknown nucl eoti de <220> <221> misc_feature <222> (918).,(918) <223> n =
unknown nucl eot i de sE@RIENCE LISTING

Delta Biotechnology Limited (all states except US)
Cornford-Nairn, Renee (US only)

Daggard, Grant Edward (US only)

Mukkur, Trilochan Kanwaljit Singh (US only)
Rossetti, Tony Robert (US only)

<110>

<120> Defective entities and uses therefor
<130> 2601559/VPA

<140> Not yet assigned

<l41> 2002-12-30

«150> AU PR9776/01

<l51l> 2001-12-28

<l60> 7

<170> PatentIn version 3.1
<210 1

<211> G942

<212> DNA

<213> Bordetella pertussis
<220>

<221> misc_feature

<222> {5).. (5}

<223> n = unknown nucleotide

<220>

<221> misc_feature

222> {7} ..4(7)

<223> n = unknown nucleotide

<220>

<221> misc_feature

<222> {512)..(512)

<223> n = unknown nucleotide
<220>

<221> migc_feature

<222> (523} ..(523)

<223> n = unknown nucleotide
<220>

<221> misc_feature

<222> (527)..(527)

<223> n = unknown nucleotide

<220>
<221>
<222>
<223>

misc_feature
{536)..1{536)
n = unknown nucleotide




<221> m sc feature <222> (921)..(921) <223> n = unknown nucl eoti de <220>
<221> misc_feature <222> (926)..(926) <223> it = unknown nucl eoti de <220>
<221> msc_feature <222> (929)..(929) <223> unknown nucl eoti de <220>
<221> msc_feature <222> (930)..(930) <223> unknown nucl eoti de_<220>
<221> misc_feature <222> (935)..(935) <223> unknown nucl eftllae2Q960>
<221> msc_feature <222> (936)..(936) <223> unknown nucl eoti de 4 May

2006 -6 <220> <221> m sc_featur <222>‘%938)..(938) <223> it = unknown

nucl eoti de <220> <221> m sc_feature <222> (939)..(939) <223> n = unknown

nucl eoti de <220> <221> mi sc_feature
<220>
<221> misc_feature
<222> (552)..(552)
<223> n = unknown nucleotide

2035 355
I i n

<220>
<221> misc_feature
<«222> (861)..(561)

«223> n = unknown nucleotide

«220>
<221> misc_feature
<222> (5B2)..{582}

<223> n = unknown nucleotide

<220>
<221> misc_feature
<222> (5B4)..(58B4)

<223 n = unknown nuclectide

<220>

<221> misc_feature

<222> (587)..(587)

<223> n = unknown nuclectide

<220>
<221> misc_feature
<222> (594)..(5%4)

<223> n = unknown nucleotide

<220>

<221> misc_£feature

<222> (597)..(597)

<223> n = unknown nucleotide

<220>

<221> misc_feature

<222> {745) .. (745}

<223> n = unknown nucleotide

<220>

<221> misc_feature

<222> (746) .. (746}

<223> n = unknown nucleotide

<220>
<221> misc_feature
<222> (747)..(747)

«223> n = unknown nucleotide




<222> (940)..(940) <223> n unknown nucl eoti de <220> <221> m sc_feature
<222> (942)..(942) <223> n unknown nucl eoti de <220> <221> CDS <222>
(73)..(504) <223> <220> <221> -10_signal <222> (19)..(24) <223> <220>
<221> -35_signal <222> (37)..(42) <223> <220> <221> RBS <222>
(52)..(60) <223> <400> 1 ttgangncca ttgccgtttt ggcgttaaaa aggdgyay 206
tcgctcgtat tgccaacagt 60 ttggcaagct cc atg gcg caa cgc att ctt gtt ttg cat
ggt ccc aac ctg 111 Mt Ala Gn Arg Ilefeu Val Leu Hs Gy Pro Asn Leu 1
5 10 aat ctg &ke- ggc acc cgg gag cct cat atc tac ggc agc ctg acg ctg 159
Asn Leu Leu Gzy1sThfisdd gedbue Pro His Ile Tyr Ay Ser Leu Thr Leu 15 20 25
gcg cag atc gae2cadg’epgc- 8 gcg gcg ctg gcc ggec cag ctc ggc gtg 207 A a
Adnlle Asp GzﬁbG?ie‘BkWWanﬁFg”E Ala Gy A@n Leu Ay Val 30 35 40 45 4

May 2006 -7
<220>
<221> misc_feature
<222> (768B)..{768)

«223> n = unknown nuclectide

<220>
<221> misc feature
<222> (778)..(778)

<223> n = unknown nucleotide

<220>
<221> misc_feature
<222>  (791}..(791)

<223> n = unknown nucleotide

<220>

<221> misc_feature

<222> (806)..{805)

<223> n = unknown nucleotide

<220>

<221> migc_feature

<222> (B12).. (812}

<223> n = unknown nucleotide

<220>

<221> misc_feature

<222> (B823)..(823)

<223> n = unknown nucleotide

<220>

<221> misc_feature

<222> (B2S)..(829)

<223> n = unknown nucleotide

<220>

<221> misc_feature

<222> (853)..(853)

«223> n = unknown nucleotide

<220>
<221> misc feature
<222> (854)..(854)

<223> n = unknown nucleotide

<220>
<221> wmisgc_feature



gcg
Leu
cag
Al a
tac
Thr
ccg
Phe
cag
Hi s
ggc
Al a

ctg
Thr
gca
Al a
acg
Hi s
ttt
I'le
cat
Ser
gcc

Asp Ay T

acc
Ser
gcg
Al a
cac
Thr
att
Au
tct
Tyr
gat

t gat cct ngc

tcg
Trp
gcg
Al a
acc
Ser
gaa

\@ﬁzJ*

tgg caa
dn Ser
gcc gac
Asp Ay
agt gtc
Val
gta cat ttg

| Sg7lfU, (9€4)

Asn

ggt
Thr
gcg

Alalle

H s
acc
Asp
atc
Arg
tcc
Asn

agc aat cac
du d

gat
Phe
cgc
Asp
aac
Leu

tca$3>Ct @ L GExngad nGEIGogiIy
Leu Ser Asp Leu Ala lle

CC

ot feh

cgaaat ncgg
t caaaaccct
cgaaggcaag
cccaggccga
gt gcccgegy
cgcccaat ct
nnnnat nt gc

nridgtcggc gcc
cﬁé%ﬁhdﬁﬁ%

ngﬁﬂﬁnﬁcgu&&&%{%Géﬁ£tﬁk9tnggntn
ancannt agg nnannnan 942 <210>2 <211>144 <212>PRT

Ala Leu Arg

ure

aﬁattta cnggaatttg
OGS HE00K CAvpasLAGanB: ggNaagcagn
gat cgacctc gtggctgaat cgggt atcgce
gttcgcatcg tcaaattctc gcaagccctg
ctcct g nggnggct gc

ggc tac gag gcg gcg ctg

gaa ggt gcg

y
ttc

Ile
gat
Al a
ctg
Tyr
ata
Ay
cgc
Tyr

Al a
atc
Ile
gcg
Leu
tht
Lys
ggc
Leu
tac
Al a

ggnc aaggngccca

Leu
atc
Ile
ctg
Al a
aag
Arg
ctg
110
gcg
130
544

gtc gag cgc 255 Ala
G u Arg 50 55 60 atc
aac gcg 303 lle G n
Ala 65 70 75 gcc

gcg 351 Aﬂdﬂavaﬂ

Ala 80 85 90 gtg gcc ata
cgc 399 Val Alalle Pro
95 100 105 gat tca ttc cgg
447 Asp Ser Phe Arg Gn
115 120 125 att acc ggc ctg
495 1le Thr Ay Leu Gy
135 140 gcg cgc cac

Ala Arg Hi s accccggncc

ctg
Val

atc
Asn

gcg

tt nt at ggac
cgagctt gaa
caaccggttg
cagngcccgt
t ggacggacc
ancnnt caag

604
664
724
784
844
904

<213>Bordetel | apertussis <220> <221>mi sc feature <222>(5).

unknown nucleé%¢ﬁe

1=
<222>
<223>

<220>
<221>
<222>
<223>

<2205
<221
<222>
<223>

<220>
<221 >
<222>
«223>

<2205
<221x>
<222>
<223>

<220
<221>
<222>
<223

<220>
<221>
<222>
<223>

<220>
<2215
<222>
«<223>

misc_feature
(884) .. (B84)
n = unknown nucleotide

misc_feature
(889) .. (B8S)
n = unknown nucleotide

misc_feature
(892)..(B92)
n = unknown nucleotide

misc_feature
(894) .. (B94)

n = unknown nucleotide

misc_feature
(896) .. {(896)
n = unknown nucleotide

misc_feature
(898} .. {(898)
n = unknown nucleotide

misc_feature
{B99) .. (899)
n = unknown nuclectide

misc_feature
(914) ..(914)
n = unknown nucleotide

ct ccgaaaac
at caccgaag
gctatacatg
cgacgangcg
ttttaccgnn
gaaaggcgan

_(5) <223>n



<220> <221>m sc feature <222>(7)

<221>m sc_feature
nucl eoti de <220>
nucl eoti de <220>
nucl eoti de <220>
nucl eoti de <220>

unknown nucl eoti de <220>
unknown nucl eoti de <220>

<222>(512)..(512)

<221> misc feature
<221> m sc_feature
<221> m sc_feature
<221> m sc_feature
<221> m sc
<221> m sc

unknown nucl eoti de <220>

<220>
<221>
222>
<223>

<220>
<221>
<222>
223>

<220>
<221>
€222>
<223>

<220>
<221>
<222>
<223 >

<220>
<221>
<222>
<223>

<220>
<221>
<222>
«223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
222>
<223>

misc_feature
{915)..{915)
n = unknown nucleotide

misc_feature
(916) .. (9186}
n = unknown nucleotide

misc_feature
(917} ..(917)
n = unknown nucleotide

misc_feature
(918} .. (918)
n = unknown nucleotide

misc_feature
(521} .. (921)
n = unknown nucleotide

misc_feature
{926)..(926)
n = unknown nucleotide

misc_feature
{929)..{929}
n = unknown nucleotide

misc_feature
{930)..(930}
n = unknown nucleoctide

misc_feature
{935)..(935)
n = unknown nucleotide

misc_feature
(936} ..(936)
n = unknown nucleotide

(7) <223>n = unknown nucl eoti de <220>
4 May 2006 -8 <223> n = unknown
<222> (523)..(523) <223> n = unknown
<222> (527) (527) <223> n unknown
<222> (536)..(536) <223>4iMaygRRfown
<222> (552) .. (552) <223> n =
_featdre <222> (561)..(561) <223>'n
_feature <222> (582)..(582) <223> n



= unknown nucl eoti de <220>
unknown nucl eoti de <220>
unknown nucl eoti de <220>
= unknown nucl eoti de <220>

<221> m sc_feature <222> (584)..(584) <223>
<221> msc_feature <222> (587)..(587) <223>
<221> msc_feature <222> (594)..(594) <223>
<221> m sc_feature <222> (597)..(597) <223>
<221> nmisc_feature <222> (745)..(745) <223> n = unknown nucl edtMag 28060>
<221> msc_feature <222> (746)..(746) <223> = unknown nucl eoti de 4 My
2006 -9 <220> <221> misc_featur <222>§747)..(747) <223> n = unknown

nucl eoti de <2328 <221> m sc_feature <222> (765)..(765) <223> n = unknown

nucl eoti de <228 wik2lredtusec_feature
<222> (938)..(938)
<223> n = unknown nucleotide

50 3 3535 35 S

<220>
<221> misc_feature
<222> (939)..(938)

«223> n = unknown nucleotide

<220>

<221> misc_feature

<222> (940)..(940)

<223> n = unknown nucleotide

«220>

«221> misc_feature

<222> (942) ..(942)

<223> n = unknown nucleotide

<220>

<221> CDS

<222> (73)..{504)

<223>

<220>

<221> -10_signal

222> (19)..(24)

<223>

<220>

<221> -35_signal

<222> (37})..{42)

<223>

<220>

<221> RBS

<222> (52}..1{60)

«223>

<400> 1

ttgangncca ttgcogtttt ggcgttaaaa aggcggttta tcogetcgtat tgecaacagt &0

ttggcaagct cc atg geg caa cgce att ctt gtt ttg cat ggt ccc aac ctg 111
Met Ala Gln Arg Ile Leu Val Leu His Gly Pro Asn Leu
1 5 10

aat ctg ctc gge ace cgg gag cct cat atec tac ggc agce ctg acg ctg 159

Asn Leu Leu Gly Thr Arg Glu Pro His Ile Tyr Gly Ser Leu Thr Leu

15 20 25
gcg cag atc gac cag ggc ttg geg gog ctg gee gge cag ctec ggc gtg 207

Ala Gln Ile Asp Gln Gly Leu Ala Ala Leu Ala Gly Gln Leu Gly Val
35 40 45




<222>
<222>
<222>
<222>
<222>
<222>
<222>
<222>
<222>

(768). .
(778). .
(791). .
(806) . .
(812). .
(823). .
(829). .
(853). .
(854) .

<222>

(512)..(512)

(768) <223> n = unknown nucl eotide <220> <221> m sc_feature
(778) <223> n = unknown nucl eotide <220> <221> m sc_feature
(791) <223> n = unknown nucl eoti de <220> <221> m sc_feature
(806) <223> n = unknown nucl eoti de <220> <221> m sc feature
(812) <223> n = unknown nucl eotide <220> <221> nidstday@i0br e
(823) <223> n = unknown nucl eotide <220> <221> m sc_feature
(829) <223> n = unknown nuchéotide <220> <221> nisc_feature
(853) <223> n = unknown nucl eotide <220> <221> m sc_feature
4854y 5228y RoF cdakdyeWncnttel @Gl ggte ge 208 gte gag cge 255
Ala Leu Thr Ser Trp Gln Ser Asn His Glu Gly Ala Leu Val Glu Arg
5¢ 55 50
atc cag gca gcg geg dgoc gac ggt acc gat tte atc ate atc aac gcg 303
Tle Gln Ala Ala Ala Ala Asp Gly Thr Asp Phe Ile Ile Ile Asn Ala
65 70 75
gce geoco tac acg cac ace agt gte geg atc cgc gat geg ctg gcg gcg 351
Rla Ala Tyr Thr His Thr Ser val Ala Ile Arg Asp Ala Leu Ala Ala
80 85 20
gtg gcc ata ceg ttt att gaa gta cat ttg tce aac ctg tat aag cgc 399
Val Ala Ile Pro Phe Ile Glu Val His Leu Ser Asn Leu Tyr Lys Arg
95 100 105
gat tca ttc cgg cag cat tet tat ctg tcc gat ctg geg ata gge ctg 447
Asp Ser Phe Arg Gln His Ser Tyr Leu Ser Asp Leu Ala Ile Gly Leu
110 11s 120 125
att acc ggc ctg ggc gee gat ggc tac gag gcg gog ctg cgce tac geg 495
Ile Thr Gly Leu Gly Ala Asp Gly Tyr Glu Ala Ala Leu Arg Tyr Ala
130 135 140
geg cge cac tgatcctnge cccggeatnt ttnacattta cnggaatttg S44
Ala Arg His
accceoggnoe cgaaatnocgg gocgoggoca aaacacantn ggnaagcagn ttntatggac 604
ctcecgaaaac tcaaaaccct gatcgaccte gtggetgaat cgggtatcge cgagcttgaa 664
atcaccgaag cgaaggcaag gttcgcatcg tcaaattcte gcaagccoctg caaccggttg 724
gctatacatg ccrcaggccga nnncccggeg geecgcetcctg nggnggctgc cagngcccgt 784
cgacgangcg gtgcocgogg cncecgaangg ccatgtggne aaggngcocca tggacggacc 844
ttttaceognn c¢gcccaatct cggegnngeg cctatenten atgtnggntn ancnntcaag S04
gaaaggcgan nnnnatntgc ancanntagg nnannnan 942
<210> 2
<211> 144
<212> PRT
<213> Bordetella pertussis
<220>
<221> misc_feature
«222> {5)..(5)
«223> n = unknown nucleotide
<220>
<221> misc_feature
<222> {7)..(7)
223> n = unknown nucleotide
<220>
<221> misc_feature



<221> m sc_feature
c221> m sc
nucl eoti de
nucl eoti de
nucl eot i de
nucl eoti de
nucl eoti de
nucl eoti de
nucl eot i de

<220>
<220>
<220>
<220>
<220>

<2502,
<220>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

220>
<221>
<222>
<223>

<220>
<221>
222>
<223>

<220>
<221>
<222>
<223>

«<220>
<221>
<222>
<223 >

«220>
<221>
<222>
<223>

<220>
<221>
«222>
<223>

<220>
«221>
«222>
<223>

«220>
<221>
<222>
<223>

«220>
<221>
<2225
<223>

<220>
<221>
222>
<223>

<222> (870)..(870) <223> n = unknown nucl eoti de <220>

<221>
<221>
<221>

m sc_feature
m sc_feature
m sc_feature
<221> m sc_feature
<221> m sc_feature

522 L BT Gruak RS U
<221> m sc_feature

misc_feature
(523) .. (523)
n = unknown nucleotide

misc_feature
(527)..(527)
n = unknown nucleotide

misc_feature
(536) .. (536)
n = unknown nucleotide

misc_feature
(552) .. (552)
n = unknown nucleoctide

misc_feature
{561) .. (561)
n = unknown nucleotide

misc_feature
(582) .. (582)
n = unknown nucleotide

misc feature
(584)..(584)
n = unknown nucleotide

misc_feature
(587)..(587)
n = unknown nucleotide

misc_feature
(594) .. (594)
n = unknown nucleotide

misc_feature
{597)..(597)
n = unknown nucleotide

misc feature
{745} ..{745)
n = unknown nuclectide

misc_feature
{746)..{7456)
n = unknown nucleotide

<222>
<222>
<222>
<222>
<22®>
<222>

(881)..(881)
(884) ., (884)
(8891. . (889)
(892) .. (892)
(894) .. (894)
(896) . . (896)

feature 4 May 2006 -10 <222> (871)..(871) <223> n = unknown

<223> n = unknown
<223> n = unknown
<223> nMay Zdbfown
<223> n = unknown
<223> n = wunknown
<223> n = unknown



<222> (898). .
<222> (899). .
<222> (914). .
<222> (915). .
<222> (916). .
<222> (917). .

m sc_feature
m sc_feature
m sc feature

(898)
(899)
(914)
(915}
(916)
(917)

<223> n = unknown
<223> n = unknown
<223> n = unknown
<223> n = unknown
<223> n = unknown
<223> n = unknown

2522271 49 26)turé 926)
<222> {747)..(747)

<223> n = unknown nucleotide
<220>

<221> misc_feature

<222> (765)..(765)

<223> n = unknown nucleotide
<220>

«221> migc_feature

<222> (768} ..{(768)

<223> 1n = unknown nucleotide
<220>

<221> misc_feature

<222> (778)..(778)

«223> n = unknown nuclecgtide
<220>

<221> misc_feature

<222> {791)..(791)

<223> n = unknown nucleotide
<220>

221> misc_feature

<222> (806€) .. (808)

<223> n = unknown nucleotide
<220>

<221> misc_feature

<222> (B12}..(B12)

<223> n = unknown nucleotide
<220>

<221> misc_feature

<222> (B23)..(823)

<223> n = unknown nucleotide
<220>

<221> misc_feature

<222> (829)..(829)

<223> n = unknown nuclectide
<220>

<221> misc_feature

<222> (B853)..(853)

<223> n = unknown nucleotide
<220>

<221> misc_feature

<222> (854)..(854)

<223> n = unknown nucleotide
<220>

<221> migc_feature

<222> (870)..{870)

<223> n = unknown nuclectide
<220>

<221>

misc feature

nucl eot i de
nucl eoti de
nucl eoti de
nucl eoti de
nucl eot i de
nucl eoti de

<220>
<220>
<220>
<220>
<220>
4 May

<221>
<221>
<221>
<221>
<221>

m sc_feature
m sc_feature
m sc_feature
m sc_feature

midstay £806r e

2006 -11 <220> <221>
<222> (918)..(918) <223> n-2-unknown nucl eotide <220> <221>
«354822> (921)..(921) <223> n = unknown nucl eotide <220> <221>



<223>
<223>
<223>
<223>
<223>
<223>
<223>
<223>
<223>

0333535 3535 35S

unknown
unknown
unknown
unknown
unknown
unknown
unknown

unkpngun
unknewn

<22Q>
<221>
<222>
<223>

220>
221>
<222>
<223 >

<220>
<221>
<222>
<223>

<2205
<221>
<222>
<223 >

<220>
«221>
<«222>
<223>

<220>
<221>
<2225
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<220>
<220>
<220>
<220>
<220>
<220>
<220>

nucl eot i de
nucl eoti de
nucl eoti de
nucl eoti de
nucl eot i de
nucl eoti de
nucl eoti de

N e0td-de

<221>
<221>
<221>
<221>

m sc_feature
m sc_feature
m sc_feature
m sc feature
<221> m sc_feature
<221> m sc feature
<221>10M sc feature
<221> m sc_feature

<222>
<222>
<222>
<222>
<222>
<222>
<222>
<222>

(929) .. (929)
(930) . . (930)
(935) .. (935)

(936). . (936)
@olay.200638)
(939) . . (939)
(940) . . (940)
(942) .. (942)

Ruclepidwdencdirad Met Ala Gn Arg Ile Leu Val Leu H's
@y Pro Asn Leu Asn Leu Leu

misc_feature
{881) .. (881)
n = unknown nucleotide

misc_feature
(B84} .. (884}
n = unknown nucleotide

misc_feature
{889) .. (BB9)
n = unknown nuclectide

misc_feature
(8g2) .. (892)
n = unknown nucleotide

misc_feature
{894)..(894)
n = unknown nucleotide

misc_feature
(896) .. (896)
n = unknown nucleotide

misc_feature
(B98)..{898);
n = unknown nucleotide

misc_feature
(899) .. (899)
n = unknown nuclectide

misc_feature
(914) .. (914)
n = unknown nucleotide

misc_feature
{9158) .. (815}
n = unknown nucleotide

misc_feature
(916} ..(916)
n = unknown nuc<lectide

misc_feature
(917)..(917)
n = unknown nucleotide



15 10 15 4 May 2006 -12- Gy Thr Arg Qu Pro Hs Ile Tyr Ay Ser Leu Thr

Leu Al a
Val Al a
Arg lle
Ala Al a
Ala Al a
Lys Arg
lle Ay
Leu Arg

A@nille 20 25 30 Asp G n Ay Leu Ala Ala Leu Ala Ay G n Leu Ay
Leu Thr 35 40 45 Ser Trp Gn Ser Asn HHs Qu Gy Ala Leu Val Qu
Gn Ala 50 55 60 Ala Ala Ala Asp Ay Thr Asp Phe Ile Ile Ile Asn
Ala Tyr 65 70 75 80 Thr His Thr Ser Val Ala Ile Arg AshbMaya2006u
Val Alalle 85 90 95 Pro Phe Ile Qu Val H's Leu Ser Asn Leu Tyr
Asp Ser Phe 100 105 110 Arg G mMi-s Ser Tyr Leu Ser Asp Leu Al a
Leu Ile Thr Ay 115 120 125 Leu Ay Ala Asp Ay Tyr Gu Ala Al a
Tyr AbkacAla Arg His 130 135 140 <210> 3 <211> 435 <212> DNA

<213> Bor det elRk¥ peigcussitsre<400> 3 at ggcgcaac gcattcttgt tttgcatggt
cccaacctga atét téw)ca‘éé@?‘ggﬁ%}tg‘%ﬁ)cctcatatct acggcagcct gacgctggcg

cagat cgacc agggtt t Bgc “HHeye

ggccagct cg gcgt ggcget gacct cgt gg

caaagcaat c acgaggogtgc gctggtcgag 180 cgcatccagg cagcggcggc cgacggtacc
gatttcatca tcatcaasge ggecgectac 240 acgcacacca gtgtcgcgat ccgcgatgeg
ctggcggcgg tggezat &) giwentt gaa 300 gtacatttgt ccaacctgta taagcgcgat
tcattccggc agéait cttautkroge cegrt3®B0 ctggcgatag gectgattac cggect gggce
gccgat ggct acgaggcgge gctgcegetac 420 gcggcgcgecc actga 435 <210>4 <211>30
<212>DNA <221> misc_feature

<2225 (926) .. (926}
<223> n = unknown nucleotide

<220>

<221> mwisc_feature

<222> (929)..(929)

<223> n = unknown npucleotide

<220>
<221> misc_feature
<222>  (930)..(930)

<223> n = unknown nucleotide

<220>

<221> misc_feature

<222> (935)..(935)

<223> n = unknown nucleotide

<220>
<221> misc_feature
<222> (936)..(938)

<223> n = unknown nucleotide

<220>

<221> misc_feature

<222> (938)..{938)

<223> n = unknown nucleotide

<220>
<221> misc_feature
<222> (939)..(939)

<223> n = unknown nucleotide

<220
<221> misc_feature
<222> (940} .. (940}

«223> n = unknown nucleotide

<220>
<221> misc_feature
<222> (942)..(942)

«223> n = unknown nucleotide
<400> 2

Met Ala Gln Arg Ile Leu Val Leu Hig Gly Pro Asn Leu Asn Leu Leu
1 5 10 15



<213>Artificial Sequence <220> <223>FCRKAN prinmer 4 May 2006 -13 <400> 4
gt gccggegt gaatctctga tgttacattg <210> 5 <211> 30 <212> DNA <213>
Artificial Sequence <220> <223> BACKAN priner <400> 5 gggcgcgcac
tagtgttaca accaattaac <210> 6 <211> 20 <212> DNA <213> Artificial
Sequence <220> <223> FORQ primer <400> 6 atggcgcaac gcattcttgtd May@o0p
<211> 20 <212> DNA <213> Artificial Sequence <220> <223> BACQ pri ner
<400> 7 gttttgagtt ttcggaggtc 30 30 20 20d2-

Gly Thr Arg Glu Pro His Ile Tyr Gly Ser Leu Thr Leu Ala Gln Iie
20 25 30
Asp Gln Gly Leu Ala Ala Leu Ala Gly @ln Leu Gly Val Ala Leu Thr
3s 40 45
Ser Trp Gln Ser Asn His Glu Gly Ala Leu Val Glu Arg Ile Gin Ala
50 55 60
Ala Ala Ala Asp Gly Thr Asp FPhe Ile Ile Ile Asn Ala Ala Ala Tyr
65 70 75 80
Thr His Thr Ser Val Ala Ile Arg Asp Ala Leu Ala Ala Val Ala Ile
85 90 95
Pro Phe Ile Glu Val His Leu Ser Asn Leu Tyr Lys Arg Asp Ser Phe
100 105 110
Arg Gln His Ser Tyr Leu Ser Asp Leu Ala Ile Gly Leu Ile Thr Gly
115 120 125
Leu Gly Ala Asp Gly Tyr Glu Ala Ala Leu Arg Tyr Ala Ala Arg His
130 135 140
<210> 3
<211l> 435
<212> DNA
<213> Bordetella pertussis
<400> 3
atggcgcaac gcattcttgt tttgcatggt cccaacctga atctgetcgg cacccgggag 60
ccteatatct acggcagcct gacgctggeg cagatcgacc agggettgge ggegetggcco 120
ggccagcecteg gegtggecget gacctegtgg caaagceaatc acgaaggtge getggtogag i8o0
cgcatccagg cagcggcgge cgacggtace gatttcatca tcatcaacge ggecgoectac 240
acgcacacca gtgtcgcgat ccgecgatgeg ctggeggegg tggccatace gtttattgaa 30¢
gtacatttgt ccaacctgta taagcgcgat tcattcocgge ageattatta tctgtcecgat 360
ctggcgatag gectgattac cggectggge gecgatgget acgaggegdac gctgcgetac 420
gcggegegece actga 435
<210> 4
<211> 3¢
<212> DNA
<213> Artificial Seguence
«220>
<223> FORKAN primer



<400>

4

gtgcocggcgt gaatctctga tgttacattg

<210>
<211>
<212>
<213>

«<220>
<223>

<400>

5

30

DNA

Artificial Sequence

BACKAN primer

5

gggcgcgcac tagtgttaca accaattaac

<210>
<211>
<212>
<213>

<220>
<223>

<400>

6

20

DNA

Artificial Segquence

FORQ primer

&

atggcgcaac gcattettgt

<210>
211>
«212>
<213>

<220>
223>

<400>

7
20

DNA

Artificial Sequence

BACQ2 primer

7

gttttgagtt ttcggaggte

4 May 2006

- 13-

30

30

20

20



