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25 The invention provides an inmunogeni c pol ypeptide conprising an E. coli
Acf D (orf3526) pol ypeptide conprising a nutation relative to the E. coli
Acf D (or f80626)1/rarei n whi ch decreases the toxicity of toemBmumegeni c

pol ypeptide as conpared to the E. col2 AcfD (orf3526) protein and wherein
t he i mmunogeni ¢ pol ypepti de rai ses a substantially simlar inmmune response
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at least the first 760 Ntennihal am no "acid coil ACfD. (orf3526)
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| east ﬁp&, t y one of SEQ ID NGs: 20 to 76; or (c)
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Exemplary mutations that decrease the toxicity include a deletion of all or a portion of the zincin
metalloprotease domain and a point mutation in zincin metalloprotease domain which reduces the

protease activity. In certain cases, the point mutation is a mutation of a zinc binding residue or a



substantially simlar inmune response in a subject as the E. colt AcfD
(orf3526) protein. The preferred pairwi se alignnment algorithmis the

Needl emarw@iosioto7ghobal al i gnnent al gorithm [7], using eefaBidiopaosret ers
(e.g. with Gap opening penalty 10.0, and with Gap 5extension penalty 0.5,
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I\L termTied idvehticn @mvd&sa@x cranpAasgedict polipuptille cmiphslﬁgfaﬁa EordoB526fD [{oxi3A6N.

130 ARG B 0K o aRe T TGRS PRuMPRR I Guk S R yrleetiet

fragrremon(pmlsq:srl ses an am no acid sequence that conprises: (a) the am no

aci d sequence selected fromthe group consisting of SEQID NGs 77 to 95;

(b) at | e@stthadmiegdiinequencteseldctey fifotn i gronpeomsistibE ol $ER NONOs20 th3695; or

WO 2011/ 007257PCT/ 1B2010/ 002043 5 (c) has 1, 2, 3, 4, 5, 6, 7, 8, 9 or 10

(or nore) (5 A3act BosdpeReiidtnbtytehay bt SEARIDENDS, toi785&1 t i ons,
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20 The value of a may be selected from50% 60% 65% 70% 75% 80% 85%
87.5% 90% 91% 92% 93% 94% 95% 96% 97% 98% 99% 99.5% or nore. The
i mmunogenwo 2polippspt i de fragnment in certain enbodi nent s parhB2mabo2oepri se
at least the first 10 NNterminal am ne acids of the E. coli AcfD (orf3526)
protein, at least the first 20 NNterm nal am no acids of the E. coli AcfD

(orf3526) .,nr e ] I f
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at Ieas’fnpc‘ﬂ’ée’}t g@)@“@%‘@?ﬂ’i”ﬁgﬁ’tgﬁ%%{)g ﬁ%ﬁ? [Bf the E. coli AcfD (orf3526)
protein, at Ieast the last 210 C-termnal am no acids of the E. coli AcfD
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seqwenCQQ%@Mt%% f9|5&fm9'6%e9@‘m9&°/oc99%;%Qi%g)rm’iorSEQ ID NOs 20 to 76; 5(b) at
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1, 2, 3rheffore@oinf immundheni p@lypéﬂlde@ Enammﬁ)er soriigh @ dRIEiO® redtivel tathe &, a&zt ABﬁD
et ey s i s b B0 e e G S B el 5 o
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Ao STl Ag G g e Ear et st B e Temova)of Spstantily dfipt insi tegfinafly
808 90, ardi® a01&§ﬁb toZﬁQeg seSreg@heRi@dal fof @loOa pétt oOthe Ol- teﬂmﬁﬁl préliné&richGeriat, or
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oy i it TR ibugse RRNOHRICP 8T i Bohenpn 16t ot Rl i ke ool ey 3P i

wher ei 20t Neerntimal amiy@ndcidspe kymppped tdaethé Eagzﬁemﬂ)r(arfsﬁ) arogeimsi wa!;tnh& finst 20 Nt | ar

or of or 6 Ra, Poir o 28 ShBRte S W rig 8o, SRS BRER W AR E B 0
al i 2nnmewtmiadlgoning hoidp 2 compamd) taldeakil tolipAcBNErS526) p_rog:m at tlehsthhp fogeldi Ng
penal t K}ggmnal gt'[%ng acf’aF(As W&)lrnpalrg@ gl% Exéo?znﬁ&tﬂ'(oqg@% I'Ot_Cll'{) -ap’ leak'llsfhgqlrgt

EBLOSU scori ng orithmis conv enent e

t he neetdh@lnalofmllmo ncidhes EMBESEd pfa&l@a@ecqh&]\cmrm@&@oﬂnymtai di@st tha dirsiod Ut her
vari a”tém% 196end Qcﬁg%r 20mbsed % tnenﬁl e nwtdrf%'su&) yr@feam& %asmlemrch

forns, hom) 0gs, ogs, paral og val ue of a may
be sel demaigali#oine 3005 26GIHMPESYHO ﬁm/@ «:pa*%\cféb%rﬁég% prstﬁms% I%%he dirsy, 7025~

92%5 93U%miAd1%amife %eid? a¥coRpated 98 the BO%ii &8@%@52%@&1&)&? dakEdhY ffr§tmm S
w | not corrprlse at. | east the | ast 100 C%éqggnbrgg ani no a ids. o

col t Acemunglming sgyls 35 gompared 49 theaEsgoli 4 Bopreteits chicas) tharﬁrﬂo"eo ﬁ ds
of the Emiafldmifs bddd{ & Echipadd arthé €1 Fuli AtD @AB526)NRoteits br H0@asCthectirgi aN-

amno acids of .the E. colt AcfD (arf35 at |least the |ast 400
C- t er mi HAPNAAIHRP 2RLGSARS CORPATF tol‘:the(’gtﬁ fé&#’lﬁ&fgﬁgg@é")‘ Mprotein, at |east the
| ast 500 C-term nal

The invention also provides an immunogenic polypeptide fragment of an E. coli AcfD (orf3526)

30  polypeptide wherein the immunogenic polypeptide fragment comprises an amino acid sequence that

comprises:
(a) the amino acid sequence selected from the group consisting of SEQ ID NOs 77 to 95;

(b) at least % sequence identity to any one of SEQ ID NOs: 77 to 95; or



30 amino acids of the E. coil AcfD (orf3526) protein, at |east the |ast 600
C-termnal amno acids of the E. colt AcfD (orf3526) protein, at |east the
| ast 700 wWeotermonmh ami no acids of the E. coil AdD (orf 626B20qo/0d2ein, at

| east the last 750 C-term nal am no asids of the E. colt AcfD (orf3526)
protein, or at least the last 758 C-termnal am no acids of the E coli
AcfD (orl p i Hrst: 10 .

Nt or i nal A ook g br- e 10 ARRREREE e EREd ki (deBlioh sergpns.
2011/ 00725HPmtios) 0wbich 024y43: 7t seperafei logatioR9Or Ray rendontigucass asoccamparil tofthe he

E. coli AGildcht HEBGZE) (bh'a at least the first 300 N-term nal am no
aci ds of c@e E. E? Agc? ?/grf3526) protein, at least the first 400

N-term'nal S. rf 3526) . t he
first SOO(N-%%mI%%F&j na(l)lyamS%: oﬁ?]ﬁ% gé[?og)gl YSI0&CY Ealf‘gl %E%ngro Oglﬁ;ﬁm

| east t he ehélr stovi@Owdber off namiasrianids doim N-efrmihs tk. CeaiindcfshicH drat 3&26) 5
protein, a.Ieat the, fi,r it 700 N-tgrmna amt?lo aci ds 0

E. l.i Act
ot 5595, igFaT haciengs 1 » afang a8 Wik rBTuMRreaRs Pon Sy igaogd st L
coli Acf ch(a@ri ﬁm)lcznraﬂhtgﬁemamﬁfo aids, edste: khesdledted fréamO20N2A5¢B0 3534048, 150,

acids of t onC ActD ( 3526 e

pol ypept i (?g 7(Ef§9 5?(8 1pﬁ’eB (ﬁ i’ 3%11 %8&5?%%5921%4’%\@933%915@%% EFH ﬁc%l
(orf3526) 020083 N0.94 EY5, l(mn 03529.9800.98] dnidti¥ x 9fis hdteni 1H!EFﬂometﬂith Runieees | de
as conpared to the E. 10co/i AcfD (or 13526) protein while the i munogenic
pol Ypept i dthemeptestiniegds a substantially simlar inmune response in a

subject as the E. coli AcfD (orf3526) protein. Exenplary deletions that
i ncrease teresblthebimmpgogentsl pelpentide fegment Basblowenttoxsiny than| thefE.t ¢ ActD

N-t er mi nal o, #%h 5P Fﬁ’)@énq Snd Rvﬁe?eutl hite %Mluﬁ@grenircelgﬂ)ﬁﬂpn&eeﬁ:gééﬂént Ghis@ h sgﬁstzﬁltlgﬁyt

of the N—term nal proline-rich repeat I mrunogeni ¢ pol ypeptid
of cl ai m SimilghansnsF respenskan @shipctias thedirseafct (osB51Qa8tteinhe first 15 20
N-term nal am no acids as conpared to the E. coil AcfD (orf3526) protein,
at | eastha Ipeefbireds tpa®ise- mbgmment| akgoiithm dsi te NsedempaMadselo glolel Ealignpient

cortar UM AR Perafh onffRiert d0¢) LR qall ol PR, PTOP HRE 1D, Gl

N- t er mi exd¢nseomi peoalgc @5, asing (blnmEBé@SUMdm scofing owithix )AThi® algoritl3s 26 sonyeniertly,
at |east the f| St 40 conpared to the E. coli
Acf D (oETf %)te plrncgtle "eeyzeatg 33@ EF@(S% l(ggfégf\l- 20 term naI am' no aci ds

as conpared tpo the E. | AcfD (opf3526 firs

bt or m Ebee anbrepimies snfile e nbed v Lo i o Bbe 7 & besdydpeciieht,

at | eastariahis, polnsbrphtt e Mehivddgsasitido@s palslogs maamared to the E coil AA)
(orf3526) prot eln, at least the first 80 termnal amno acids as conpared

to jhe ’Ehe &a%é of%any Gegéléégcﬁﬁmﬁ{ 515%' %,aést/LD%?% 759¢ 84, 859987 Ko ©p9) O@%,

am no acl ds as conpare orf3526) protéin, or af |east
the fi r%&%ﬁ%ﬁ@@@é%ﬁﬁ% 9% ﬂ&%a&%s%é%cpajm@ ed to the E. coli AcfD

(orf3526) protein. The E. coli AcfD (orf3526) protein may have an am no
aci d sebheampansgdngcpadybeptidnfrigoeeng noepaic embodimenty woll nSEQmipBsdN@deatt th® first 10 The

'AQ}’GD“E 'mg@@? aBEq%VAcﬂﬁ%fg{L %@gﬁg@%ﬁ{lh@ﬁ%ﬂ%ﬁg&%% Fealt tﬁ@ﬁ?sp%o Rl te mﬁ mﬁﬁ& !

Conpr i siwiisa terh.voli defd (66 aENpotcithat lea horfisst B5q¥-terminal aipinp e of ek ol d
SN CRAPRPISRY rG 8 hiYEaHHRUAE AR RhifA AlincEGud b S, €41 tAQ:ﬂSE(orff%% a;

| east a% sequenceé en’u 0 any one o

has 1, Hrotem,oyat lfast the ﬁvst%N-tgmanal@mn(q)amdmf Fspﬁlgr\éﬂ%(ﬁrﬁ&@mr@elw terations
(del etl ons, insertions, substitutions), which may be at separate |ocations
or may Be m@mmmg@mpolymtld@ fipgment in gertdie eBByhyents Celicly fnay Hp combingy widrili¢ or ;

WO 2013&9&3&%@8@6&%8}%@9&%&%se at least the last 125 C-terminal amino acids of the E. coli
AcfD (orf3526) protein, at least the last 150 C-terminal amino acids of the E. coli AcfD (orf3526)
30  protein, at least the last 175 C-terminal amino acids of the E. coli AcfD (orf3526) protein, at least the
last 200 C-terminal amino acids of the E. coli AcfD (orf3526) protein, at least the last 210 C-terminal
amino acids of the E. coli AcfD (orf3526) protein, or at least the last 217 C-terminal amino acids of

the E. coli AcfD (orf3526) protein.



(d) when aligned with any of SEQ ID NGs: 77 to 95 using a pairw se

al i gnnent al gorithm each noving w ndow of x amno acids fromNtermnus to
C-termi nuso(sueth7ishat for an alignnent that extends to pcanBriao/ewogs, where
p>x, there are p-x+1 such wi ndows) haé at |east xy identical aligned am no
acids, where: x is selected from 20, 25, 30, 35, 40, 45, 50, 5 60, 70, 80,

22, O}OOT%el%letég%%h@r&g&e thgm&é%%@ goqy%e%@eofra&g%l? CBSB%én%Qn §0FozPA§f%
not an (onB&2fgpotypeptidetwhersin tharmdmnugcmccpomgptr@aqomnsqsmn@gmo aqrvl1®qe¢me thae

[ rrrrunog&ﬂﬁﬁlspsol ypeptide fragnment raises a substantially simlar inmune
response I'n a subject as the E. colt AcfD (orf3526) protein. 10 The

D grent Gt Ao Bid ATRN < Mo ok e ofoul Ui R pESED IW?&%' Bheni ng
EBLOSUNVG 2
gg(r)]gl ;é n'élg)r?t%m“rﬁlsgqug?cécﬁ%)“f‘ew)r%%%g?érg%m ?(195 ‘%ptf’g ‘?Sf!t gg |tnet he needl e

tool in the EVB pack pol. ypeptides. i ncl ude ot her
variants &9 lged O% 6?3 §.9 éO(Ph’@P{S’gﬁlﬁéle "éqce,d Yigratigns Weleienso nserHiPRhi ¢
forns, hormbsqaﬁmng,r tvhmhqﬂ@ b ar &pedte, lobatioas bs magthe. coh ﬁmal akecodpaedni@ythde
sel ected from 50‘V 0%, .65% 70% 75% 80% 85% 87.5% 90% 91% 92% 93%
94% 95% S%’%‘“@? &’3 BYE9> 99.5% or nore. The inmmunogeni c pol ypepti de
fragment in certain errbo iments will not conprise at |east the first 10

N-t er mi nal@ayheroaligapd &vithrany (pd SEQ HAINOAZD]tp 70181852 B9iryise talispmentt algrihm, t he

firgf 20 Nalehiovivg widoROof ,@Qnﬁﬁd) Ci%xd@ffr&rHEN Eema?rﬁis' toAS &l Rlsf RRedP thaPFGH 8 N,
at least the first” 25 Nterm nal anino acid the E. coli AcfD (orf3526)

protein, atigmaentthatipxtends & paming aedsy wagre Hﬁi"n@er&&f%’"ﬁ*ﬂ such veindewwy)ihaaf )

(or 13526) 18404 9'1&1311&951 a%fgné@éﬁhot&?dsf w}é{e ?ef*}s %1&&&{‘}}8@:' 2@@5”906‘55' ds, 5, dohe
E. coli AcfD (orf rot ein. enlc&)%%)petl e fragment in

certai n e$Bodi ﬁ@n?Q; lpﬁh P20y 1§§e1g@ml)ifrﬁ 50,1056 PIEBSA. e )
[ 1 t | t.
W no 2@?%6 fg??% S 6§§S{)t96t be7 @@'8 ?35 et Efcﬂl}lgfg{;t a‘% f& elatﬁbrgﬁ 1?{0&1&&1 Ep

col i protein; east t termnal amn
aciifs of i themeargsf| integert D (orf3526) protein, at |east the last 175
C-terminal amno acids of the E. coli AcfD (orf3526) protein, at |east the
| ast 200 Ghemintibedinnambgeniapolgsepttle fragmént raidsia shibfthht{ally SBHGRO immund esponsat

| east the. Ias acids of the E. coli Acf1D (orf3526

protein, oty Jffcg%s(% %‘h‘??]‘ggb (ﬁr%g}%)?é’%‘?nal ami no aci ds of the( E. coli :
Acf D o 1352 otein. The invention agdi al ovi des

R ot PR AT e R R VR R LR e
of an Ealg&@thin mfﬁhﬁ@aéﬁﬁﬁ%&s&té&@qagl Wﬁh%ﬁ! Gpéinﬁé"ﬁeda 90®©NkAd with Gap

Iaﬁ)epu de fragment comprises_an _ani no. aci sequence. t hat conpri ses, at

aoxtensipnarRalty génd |“€1§"gtﬂéﬁ BRYOshded S@Eeg mtRgos Thisa &%ﬂlys 1S GReeBicAtlY he
Immnogﬂm&naﬁédfmﬁéh%ze%a&mﬂé EMB % antially simlar inmune
response in a subject as the E. colt 3526) protein and wherein

125 C t e RARRL SN GER bl %%?%E%&l?@%?&%@%&?‘z’%ﬁ“ 3feling SRl jofpta=!
col i AcpdyhorphB5ens, hootoddgs, ortloldgsaparalops mutents,¥&0 C-t er mi nal ami no aci ds
of the E. coli AcfD (orf3526) protein, at |least the last 175 C-term nal

am no aChelealef off hmaFbe selkited\iibi 1096  BBRESRIIOVEITE%, 80%, 85% ST.886, DE%L 92RO

s 210% Plhmreae Rt BB Sk M RAMOR D (or 13526 prot i n, or

at | east the last 217 5C-term nal am no aC| ds of the E. -coli AcfD (%rf3526)
pr ot ei nExemplary dragments avilh Aot Gerariss|at dpaptathe last §O} Criermmnal appee pgdspfdhand: Wethsch

gl obal A&ﬂog@mszé)qir&em atheasi ?He 1ay&loog: gahaul imipa B LEHE K @0 AcBD(brf320)

openi n enalty = ext e ena 5, usin
D CsUNRRE o s tdist 2 CSlatital a4t of e o 6B BETL R P32 msv Bhet st
t he need$te00 QlotlerrmﬂaltaJﬁﬁncEMﬂﬁSS tiRAE kg A chiB (orf35A8Nwerinp al lyszepicile SO0 O-edrhmdiel

var.i ant. QI . c ey i ants

poI nor PAPE a¢! 5? W{sth of Rl %‘3&(085#{58%03?” g?ﬁfqh@g“aé@h efmma lqrino 3¢ids Qfthe, o
of a nay. &di AefDe@irBd26) pmeh)% 1a8%he 6514700 @Aerndingh arBﬁ%acBlS%f 7 E58q/i 9090

91% 2fV 4%  95% % 8% .99% [ eni c
pol ype ‘8%5? 31%1 %t? 9tP ?aS? ?fﬁ)ucffqéegnélﬁlllacarggl 7 "’l(():lsdlgto?{)ﬁnQJit ﬁg}geA%{D I%%g%%?%glms
15 wil Iomtleasoﬁprlasé/'S&tC teeaaial thmofdcidstof ie K- tali Aicflalor&f2appmtsinisr déestive E.
coli t . t ' 0 S
of t he. 1oy rIREp oo Bl dyinal Bfino'dofis bL . B Nl (FH136) Rl Bt
am no acids of the E. coli AcfD (orf3526) protein, at least the first 30
N-term nal amino acids of the E. coli AcfD (orf3526) protein, or at |east
the first 33 NNtermnal am no acids of the E. coli AcfD (orf3526) protein.



20 The i mmunogeni ¢ conposition may further conprise an adjuvant which may
in certain enbodi nents conprise 1-12% by vol une of a netabolizable oil, and
0.2% to 2v6%hyowssrght of an emul sifying agent, wherei npCraBrmb/ai2043 zabl e
oil and the enul sifying agent are present in the formof an oil-inwater

emul sion having oil droplets substantially all of which are less than 1

m cron th@ ﬁp§t 30k Ne{emuﬁal ;ﬁ{ﬂlp Xm&éz)é% f col? g‘t%ﬁﬁ ?&P}SZ o{em afip:géftt elﬁ/?sp §0
enul si fyrng agent conprising yoxye enesorbi tan nonool eate” an

sor bi t daminglgimee acids\pictheifn colh éc@@; (af53e) emtimt, lakleashihes fifsy ﬂ%Natgremnalmno

pr eSentacld of 51@ 4. ObINNeID fRr38dY) PrllehGLasL itk S0 Rkt anknodd'cmgloﬁh%/FE coli

subst ant1 al ess m cron 1 n dianeter
(TV) . WéDf(@rfé@%ﬁ) rpgote!e{ @s%?arsr @@ firstrf0A d\b@wwabwaeﬂs@ﬁ qédedhgoli rﬁﬁﬂﬁd@@ﬁz@

pol ypepibdg, bt l%géf?&t SrsPIRS ﬁftémha{al raﬁﬁxﬁi 5&1&%f'tﬁ@§t c&ﬂ&c@(&ﬂ?%)%otbnmrl@&?m c
fragnent of SEQID NGs 1. to pe w thin

B-cel | tBpfitsyped rfammaalamm%aévqs "éﬂ?et%ﬁél’ AstR ﬁP@é?@dﬁ@@m@%‘“B‘?S‘i ta@ﬁf%t %QeH
enpi i G@inhidal (aehifh acithioTtheZEERSCANID riB826)Proteini | ar net hods), or they can be
predicted (e.g. using the Janmeson-WlIlf antigenic index [11], matri x-based

appr Oacﬂﬁsfoiekglhg 1%811&9?@ ﬂo%%ld-g[fﬁla el g&lt&ﬁ]a deféﬁHﬁ ﬂe'latﬂ@ttd‘@& ke cLl;LQ]:ﬁD

OptiMer & E , TIsites [20],. hyd icit
ant i ger(P@ﬂ%d @f@tflsz hicly merﬁésemlms Y <fitkei wgwgprﬁc lpelrye?réﬁé 88 cgapare%/whe E.

etcro) - Ll A&De(%rBSﬁS%t Stedvhife G 1ﬁfhuﬁ g;n) %d%gﬁdeaﬁﬁl FaRe0anLsMAbly §aflabi nd

to the antige 11/ 007257PCT/ lBZ 02 10 binding sites of

anti bodf‘%%“nﬁlresi’o’&%l“!a?‘@d:@bﬂsdpg - SN GRLY AP BIoK he referred to as
"antigenic determ nants”". The foreqoi ng det oxi fied i mmunogeni ¢ pol ypepti des
and i niicawpiany delprinng ﬂ@mﬁczr@serthamh@ inghedeggmovahiof subgtantigliyiall f thedN-terminal

| MUNOGRHE a & YPRRAd %lﬁ%eﬁﬂagibn féﬂ%@al%@gﬁl Bt %ﬁ{ §thé N-RrSiHRig inelr{bhf%epe'ét or
sui tabl e conposition can include an adjuvant (i.nclu 5(% W t hout

i i t athodh BheymgpuroReniaapbiepids of Flaymel wheran deqssdign inremodalsd ot feggt the first
" nllsunozlﬂmt&nﬁ&mmotdcma%s acﬂﬂpdf@ﬂﬂoctﬁé@rﬁo‘ﬁ ‘AdBl (@w)526§>pro@elﬁ ik teaalﬂee ﬁx@{ %0 Nf

coupled ta the epti de, s_.an antib T-cel | i

o hon B RGBS GURT 26 Eed £y o R GRS POl bt 18 BEG DO

tﬁ 1? tél@ﬁﬁzﬂ(ﬁngﬁfhyid? fag gﬂmpnhed:kb theeE.i mvma@emrﬁsmlmgem |ade:ast5thelerrst\/£dN 10

The fore etoxi.fied imu ni and | e

ol yper NGB PIGAs of FRPEHES RofeHouter] AR GES0) TR aY BB STy R des
t hat, whedingcdmino atids ad copaed ttb;}fecE aodt ActBu(darBb2® prouasppsat ldagtnthevtfirst 5 0cldn
ud an _adj uvant. |nclud|n SN

?[e detor a?}sdérlljlrsl% & dlg as tc%mpar% {I on colz Q?Dt ﬁ 1395'68 r}%Xteu}, a ?e%statg%"f'\/&rgo

rredl canemisil doshowyids @s compared &bihe E;acraizl Acﬂ.“)c(mlﬁﬁé@ proteimh@t frabtythe firstdid), N-

i nduce i I S e S
the 1 sorahad P gt fonfira WHes G M (RASIORRBHRE of 18k HETRANCRE |
whi ch tthenihahramiog epids a$ ucalgpmd tq thegler crOﬁedciDT(mBﬁZﬁ)exgoieng adéﬂtasixthe ifisgg 90 N-

| Muno gy DALiNP AN QLeéongJa%d' tmgggm &cﬁodsomg%) H6tch! BORFRP tenGhUsieN.
without Timtation, |Inmunogenic peptid wheh adm nistered to a
subjlectteimping a%@qws@sémgdﬁtwwle%@é?mﬂé] R8N adj uvant (incl udi ng
without Iimtation any of the 20 adjuvants |isted or discussed in the
sect i onlhel Fnembgefl? ¢orEERpb sratdinmeayahaye raddmmaenidsseqbericoweplected fepns dhiet abie

carri er,oaQsi q,qlSEQ ogopeliypeptide, induces an antibody or T-cell nediated
i mrune respor%se that recognizes the isolated full | engt h pol ypeptide SEQ ID

NGCs 1t t d.
A det o \éenrn%ﬁ o FﬁrXﬁhéfso?J HX%\E/%E tp%gﬁe}stmm%gﬁma §fe %ggglﬂ achs (S'xﬁézég
| D NGs pplmm@ whezen |thvc1humglogmc polyprptide fregngent momrznses an 4mirg, acsi sequense t@t
et cy) Ps@Ci d substitutions, such as conservative substitutions (i.
substitutions of one amino acid with another which has a related si de

chain). G?J(ﬁ{né Srﬁin8>écﬁ’l&g%ﬁge s%IE!: ﬁhﬂ? é%hﬁagrﬁ%ﬁb%f%‘s@hﬁ'hﬁ%%'t 9 f our

famli es . aspar ate ic | Si ne

?égLQLQ?SQB Bt rfééeq%ﬁ%ﬁy%a by %{f W%Ttryg?ﬁpﬁ{a' oy
Ui cant ne Gt skiod BiReA Sk e mOE) SUEBALITS HHAIEREE) WeeGys: SaTaPFos

cl assifi esl.,ﬂ;jsﬁiufibxhsy aﬁxcmrnmyamd 8t ﬁﬁhrﬁﬁ laemdﬁs ot ﬁlagﬂi&&foahgucﬁlﬂb&t ¢omglatednioahe
Si gql e ani no _aci t[s yl\n ( hese fam |ies does not have a mmjor effect on
t he™bi ol oYTHR&TCH et @Y ;An ’2011/ 007257PCT/ 1B2010/ 002043 11



one or nore (e.g. 1, 2, 3, 4, 5 6, 7, 8, 9, etc.) insertions (e.g. each of
1, 2, 3, 4 or 5 amno acids) relative to any one of SEQID NGCs 1 to 19. In
gener al , wbeaeni@odstoxi fi ed pol ypepti de or i mmunogeni ¢ pecypppii/deoix agnent
of the invention conprises a sequences8that is not identical to a conplete
one of SEQID NGs 1 to 19 (e.qg. when it 5 conprises a sequence listing with

<100% seq ent e r| S f)
is pr e?‘@r red atgﬁgefd ﬁ‘é aggf)ggg | de ca27e Pgﬁi gﬁpﬁ 33%% atléb olgrﬁi ses
a pol ypepbaodiemounglmmdcmg qffx lahmq:aapis ditogn SE@hidus eqlietarmmuse(sud}h&laarﬁcm zhody

speci 1 caft g9 SHEr Gl 4 P o o0 el by e i Pl E it

non- Acf D {eastf3b Rignti¢al @hgnerdsarmnb hacafsf whereyx $d @ﬂndedcﬁmhlm B69d% r351@0t4far50; he

ant i_body’ N+ Cifi ffinit. h ecific
Bi ndi ng- r BPeite A tsd P00k fr bR E S AL R P s e o3ROl
various f 019850.08, @94,1013, 096, 0.199] 0.08, 0.99;)and$H/+-Aletbt andegdribasy livioagdded up

| i pi dat ed tglon I %ﬁl dat ed phosphoryl ated, non-phosphoryl ated,

myri st oyl 8t BEPEHENIMNGETst oyl at ed, nmonomeric, nultimeric, particul ate,
denat ur ed, etc%il For i nstance, a_ 15 pol ypeptide of the |nvent| on may have
a | i pi dat eein e ipmanogepistnolpepyde. fgrenoph rapes asubstantiply fgnilar mmppne;gyponse

Pol ypept i gessudfeethswhd A LN Y&M28)preRih. be prepared by various means (e.g.
r econbi nant expression, purification fromcell culture, chem cal synthesis,

et gq) - p tP t ed
et RE RO Ty BPARRS PURb T 811 PRELAch iy FORE R iamcie
puri f i edgdrihm [i7], @Sl@]@@@dhpa@mmm (eg Wﬁbrﬁammlqgomeytplépﬁ b8, fndd qltth@e
fromn i<n DERE or
host czﬁ&w pobig’egﬁﬁb 2 gSIHg lgr e 2%@% %é eas ou %gﬁ(&vfﬁgﬁdy
wei ght )imp&aﬂm@bnmiualtlh%@dlelteeisntlmabMBw(S%apkage [8l.e. Iess t han about 50% and
nore preferably |less than about 10% (e.g. 5% of a conposition is nade up
of ot herhesx pgl@v}pq&mee&cnmieycfm@t VdiRats GHEBQEDe\AIA;J@@thmgﬁm irfclddinieg ammwaairiah@nsd
are separated fromt ol e ani smwit ich the nolecule is expresse
Pol i pe gt gRAPIEC £orms: Fﬂmm@ C’r{@’@ﬁ{gso??r%h)%s B &ty E col | poI ypept| des.
Such pol ypepti des rra be further selected from NVEC, APEC

El EC, Bfwcp > seledted fi0m398p 1608 $3578 0% &5 BORe: %%%y%é% 8%%, ?Eﬂer s

to am @W“@B%,@Q%\’@?‘f/ 96%, &/ Ié@}ﬁ?d% obsy; RP¢pEr may be linear or

branched, ’i't "y conprise no amno acids, and it may be interrupted

b h
by O ARG oo NS B AR URARApall: B9LAR B AL AR e has
f or mat |1‘é1tﬁnng1ayenmylaaltds oﬁtheIE pphla’tqﬂa iGorfgex gmwm, ehleagy Iﬁlms@vhb?(wat@mnal aanmany

J i pg
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pol ypephfBerf3si arawingatdenst the firsir 30 Nrisamiesd asinapridmefiibe Ee celi ﬁcﬂa |(<er§i5|8@)
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known in the art. Pol ypeptides can occur as single chalins or associated
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not present at the N-term nus_ of be transl ated as

t he st dnetangatdeasiide st b/ Siloterming are@eeﬁldﬁ a{) the E- clifcfBOK3 045 projginyas lqaptthe
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as Met. Exampl es of - etie ncl ud e not lim
hi st i di3sune (afggs c(f theeE ‘HhsA?/d? §2 pgote% orgit egst t[7e lagt 21@18 F?mling)amdaof

mal t osahdENBLiEPOERS26) proteirgl Ut at hi one- S-transferase (GST). The invention
al so provides an oligonmeric protein conprising a polypeptide of the
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ol i gomgo e fragoente 1) &r CﬁgnAeg}, 2|%§/O;|)oll}9pept1 e wheréin the immunogenic

polypeptide fragment comprises an amino acid sequence that comprises at least % sequence identity
to any one of SEQ ID NOs: 77 to 95, wherein the immunogenic polypeptide fragment raises a
substantially similar immune response in a subject as the E. coli AcfD (orf3526) protein and wherein

35  the immunogenic polypeptide fragment does not comprise at least the last 125 C-terminal amino



15associ ated. Conpari son of the inmune response raised in a subject by the
pol ypeptide with the i nmune response raised by the full length protein my
be carri edoauii/wsms7by any nmeans avail abl e to one of ski lpcTiiB201bveo2asx . One
sinpl e method as used in the exanpl es9bel ow i nvol ves i mmuni zati on of a
nodel subject such as nouse and then challenge with a |ethal dose of E
coli. Far, pt n e I I
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pr ot ei nmpwnéﬂn&i ihuhé ndedfegbbl iAchdENBASSTA0kager8].€i n agai nst which the

i mmunogeni ¢ pol ypeptide fragment woul d be conpared (for solubility,

t oxjigCi tJhe30 PolyPBAIRs IRFRRNSBer MR8 oMSBQID ROK 776Rrws e ifing/ 8l1dt cC@riantCT D
(orf 3526) prote| n i ncluding wthout Ii mtatl on SEQ | D' NOs 1-19. In

pr ef er rRUYTBHIRbBiS fREms, élonIPH’éSAETIDl‘(&SfI?aS@Q@ BB wi || be the corresponding

full length protein fromwhich the i munogeni c pol ypeptide fragnent is
obt ai nethe val® cfBUMmAY BT S FRETTraBA0V6)/(O0R G430, T8%THEYS, ﬁ énSi%n?S'éﬁ%o%%le%es a

process92f/0r93p/r @gwclgggo ??‘905?"% %d@) fggtf/e u?:rI jehtion, conprising the step

of cul tUr’ng & host %t 7 anst orne erc acid of the invention
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pol ypeMlMDdﬁrﬁﬂé) Prmﬂehtl on may take place in an E. coli strain, the

invention will usually use a heterol ogous host for expression. The
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conprISIng the step O eSISIn% east part o e po ypept| e by

cheni cai% mbangolumgy 0§nénualepe,ofanti hé)f sbeoilify o cneiclsifysigy seerti GEPriHI®Hr i d
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nunber of” forns including #thout limtation, reco&ﬂdnwa , i.sol at

subst arft@el| 37¢ PRsFRtrindhe (qrmo AhPBrin-fater cpuSIshaving t ﬁubawatlféﬁnglp of
20pol ypeth a8 Jess kN intlcionliy gieRkicd @8 MBPi(TRPes and i munogeni ¢ fragnents in
their natural state). Nucleic acids The invention also provides nucleic

aci d enmdfo%g g&safﬁb@%nﬂaggm@bb@pa%ép%aallﬂﬁﬁm@ge&l@%oly@ }%ﬁie' fPngérIts

al so provi des nuclelc acid onprising a nucl eot i de seguence t hat encodes

one or mﬁeéabbor@yzpem ilepssorsy eiiprid ipwrynoepts desment ehREQLNQsohto 38 #e
I nvgnt | . gée a&h&r%hgﬁémw@ Igél g (I)B?fécljlgepg:ﬁﬁﬁc%rnng%ﬁ|e?ﬁ$;5éj%u§l?%{%‘é§§axh9é" ng

sequenc ntit to such nu uences bet ween sequences

i s prefidentified emilﬂefrathh)’r(é@ wsing REPSHEANOVIAY or sigmmilan orathadgl os ghey an B gardietetn as
d
escri g(gg agﬂg%he ﬁﬂ&égowm'agug%dﬁmnv | Onmfﬁfsewagggaa{eggmammm@ns

to enc e”sane am no aci ucfeic acid
whi ch daa], iFERIT@PEe [ 140l X heewahnnetvorks H®).dOptiBEr I&ytﬁleezéﬁ ol ¢dERONE%can
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rel evant conditions include (in order of increasing



stringency): incubation tenperatures of 25C, 37C, 50C, 55C and 68C;, buffer
concentrations of 10 x SSC, 6 x SSC, 1 x SSC, 0.1 x SSC (where SSCis 0.15
M NaCl amnwlokbrmmivrzsvtrate WO 2011/ 007257PCT/ 1B2010/ 002048 TAB20b0rb62043) and
their equival ents using other buffer ®ystens; formam de concentrations of
0% 25% 50% and 75% incubation tinmes from5 mnutes to 24 hours; 1, 2,

: . . h '
O " R0 5 GAodB 1 UGB, TR el i bR W
Hybr i di des¢rimomants€chni ques and their optimization are well known in the art
(e.g. 5see refs 28, 29, 211, 213, etc.]. In sone enbodi nents, nucleic acid
of ht he ’ir‘Tl{i)B/ﬁiiég'dirli‘g bytbki'hﬁégaﬁgndmganb a@bg@kpmﬁbeeingllﬁmmiogéﬂig@ompepﬁnwﬁbmms in
ot her enbodi nents it ri di zes under inter iate stri.n yco Lt1ons;
in pref‘@F]t“a 1on, [RMKZAZERIG i PLEBRHHTR S & e, enoadmiRIgiErs yocaowgieﬁ Bhd .

An exengihaily @)ﬁtpogﬁoﬂ ovHieH E;arngﬁﬂ@dé By idjudtrt 2 hcDIYiO RAThbLO ifhitaGorD @y dMCthd O X
SSC. An exenpl a t of rredl ate 10 strin enc5¥.h brédi ation I

condi t 1 Eheant 15t of dtseusssd e Ssefod[mmpnagcnic Smpgstigny and mefiGarpyy below)
hyblr i di @ad _b\gt’ablkodhﬁhdrldbﬂpled 30 G&Cp(ﬂﬂﬂ:pﬁdel iduSSCan Titiboid \ve M-éedNmidisted d@gune
nucl ei c_aci risin uencge eguences (e.g.
For  antiegERSe ) REPENTeRd e GGl JEBLPTTREFe  EQ MR a0 4% EePerTeRe

i nvent i fgm vitach e infrdogenidydlypepitidats derivegact i ons (e.g. Northern or

Sout hern 15blots, or in nucleic acid mcroarrays or 'gene chips') and

ampjg fi-pgd f&Eg(ﬁl?gﬁ‘GEtbQﬂﬁd (iBmnfinoBédie polPeptriesRnd Lifdtunb¥hic WoBReptiR! Fagméfid

ot her nucleic acid techniques. 'Nuclei'Cc acid according to the invention can
take vanrlyde wishous limaitagionsimmnrogsnic polypentidgs thet evkenr asmirigterod de tapyubject 1n a

pri Mer Sgy;(R§10 %ﬁwoglﬁ&?l\hﬁ& %M; 1ﬁcludguﬁﬂ edldﬁlvﬁﬁ' (I(ii1§llﬁﬁngt lU&fi‘thbﬁ‘tv ﬁﬁﬁthﬁ’cﬂl 0RY oP&he

circular or but w | genera near Unl ess ot herwise

speci f i @nvants disgdior étfcusawnztbe 8GPHOR | H@mnqgfsmf Kempesitions japh mepispments’] bejwy), 5
nucl ei corag keliaBRYcattidr! doafled @ e PSysipHE, endi&ésam eﬁha‘oay B angk1eAeiaed ifnine

conpl ementary single-stranded forns whic doubl e-stranded form

e Ry Sreo s HabESo RS ot ee Bier ol b raymantite SECLD AIGS hif D HEBeED Q! o

aci ds. fNyalvich @elidiupb éﬂf@frh@—){gﬁt{g daivage preferably provided in purified
or substantially purifi ed formi.e. substantially free from other nucleic

d , I
Fr om of puf fgbdeify bERees ost*ﬁ’@]d%ef% HOLIpePSt b Shim @Al molyeop Y Gt | Y
about Sidehder witlday lmtagicm; imawabgasio giolypeptides Qm;twlmgoaaitrm@lsqudur)@ sulvlwct me
acids ofyybifle dom :é‘éé]&brp%ﬁ‘é e i ?ﬁcg&i%bky afjuvEf! (Sncﬁﬁiﬁﬁge%th ﬁﬁntat?!}h %f%é ds

of the 1T nventio prepared I'n na by chem ca hesi s
(e. %9 padwpht@ﬂlawﬂ oF ﬁ@cwm inethé secipn ﬂmpunqgewmemepwthnﬁ agérrtedlcm}aelm gestewng

longer g Etﬁ{aﬁlea&hﬁjﬁ? SBHIBA 163 B O Alﬁ?e@ﬁ&e (ifea ch grﬁﬁﬁtmo% loP -G YBEFtkd ifdhune

jOInIng S orter el c acids eot | g usi n |gases or
pol yrrerigenesye that waegpasss the isphated DA lenggy mlmﬂ@tl eBEQ IRYOs 1 to 19, respectively,

2011/ 00ggm 4¥ric &5%9&%9@%904 §a§1§ent is derived.

A detoxified polypeptide of the invention may, compared to any one of SEQ ID NOs 1 to 19,
25 include one or more (eg. 1, 2, 3, 4, 5, 6, 7, 8, 9, etc.) amino acid substitutions, such as
conservative substitutions (i.e. substitutions of one amino acid with another which has a related
side chain). Genetically-encoded amino acids are generally divided into four families: (1) acidic
i.e. aspartate, glutamate; (2) basic i.e. lysine, arginine, histidine; (3) non-polar i.e. alanine, valine,
leucine, isoleucine, proline, phenylalanine, methionine, tryptophan; and (4) uncharged polar i.e.
30  glycine, asparagine, glutamine, cysteine, serine, threonine, tyrosine. Phenylalanine, tryptophan,
and tyrosine are sometimes classified jointly as aromatic amino acids. In general, substitution of

single amino acids within these families does not have a major effect on the biological activity.

A detoxified polypeptide may include one or more (e.g. 1,2, 3,4, 5, 6, 7, 8, 9, etc.) single amino
acid deletions relative to any one of SEQ ID NOs 1 to 19. Similarly, a polypeptides may include



radi oactive or fluorescent |label, or a biotin label. This is particularly
useful where the nucleic acid is to be used in detection techniques e.g.
wher e t hewourolimgiog2sacid is a prinmer or as a probe. The tecmBrueb@ogs aci d”
i ncludes in general neans a pol ynericiif orm of nucl eoti des of any |ength,
whi ch contai n deoxyri bonucl eoti des, ribonucleoti des, and/or their analogs.
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aci ds (feNAsg toodnynesyhSEQINNOatles)190r nodi fi ed bases. Thus the invention
includes nRNA, tRNA, rRNA, ribozynmes, DNA, cDNA, reconbinant nucleic acids,
brancheg géH@ﬂaB'vsiheﬁ%ld@ﬁ}mfiﬁdw&péﬁudél&ﬁhﬁﬁlﬁlog%l@ Bgs&ffderfpdgﬁleneéicthe Wvehon
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a DNA gi ﬁgﬁ@e mAII be replaced by in the RNA. 25 Thegtern1 ‘conpl enent "
coﬁ% y when used in relation to nucleic acids refers to

matson Crlck base pairin Thus the conplement of Cis G the conpl enent of
Gis C Palyeeptiderhsademithothe Anventipn(ean by prepated: b vapaps amans (o8 TecoBbIngNt | s
A It PSS 81 HGRica syntidsie cRY! RABorhBiRShNRIxResded t O
conpleﬁéﬁ%ggg? |nésnkﬂmg? Qﬁﬁﬁuc?eggwacfﬁl ot t he thentlonngaﬁﬁ%ec
used, frroteinsanppreferted. pr oduce polypeptldes as 30 hybridization probes for
t he detectlon of nucleic acid in biological sanples; to generate additional
cofles Rdlypdpedesucsed mdthahe ds/entian germefaﬂablyprbmlydepwrﬁednmsslmmdly purified
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wht st S0 e O BRaRD. SEPaT Al b APt 904 BBru deF b S0 P

may be muﬁrﬁrbfeaiblwlesaﬂdhcabomtew% i(&. gBS%Fcf a @empaditior ismadewnbs othbr é)hﬁessed

i nv ntio Ué%eiﬁ ﬁ:ds are. ﬁreferab . at | east 7d ucI otld s inb qgth
(e.7§. Jépep?e us ths antjgens jiy thegomppgt 10257“’33?81’”?5 Ofgé%*‘smzﬁ‘ 25,
26, 27,Wﬂﬁhﬂﬁﬁn0@&ﬂeﬁﬁﬁ>ﬁ%mﬁ33 34, 35, 36, 37, 38, 39 40 45, 50, 55, 60,
65, 70, 75, 80, 90, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190, 200,

225, 251901”?%” des38d DM (ROTHvVERSorPre 'eré}B‘%B]é' E.Te8li tp@@zggﬁﬁd&s eﬁ@&%d]ﬁ%pﬁd&fmﬁ)he

i nventi on cleic acids are prefe nucl eotides in length

(e.g. 480 furttgy sebsed Gow, NM»@g ZREC, 1@%EC1@AE@3@IE@,2@PE91@M HEC o9, ),

75, 7oqx%§wp§%m 1055, 50, 45, 40, 39, 38, 37, 36, 35, 34, 33, 32, 31, 30,

29 28 25, 24, 23, 22 21, 20, 19, 18, 17, 16, 15 nucl eoti des or
rs..an

ter [ e the nvienti o an r cl ei sed
£ orithy b el Felfp R PLags To Sy fid AUER P hand Wheth 18 NG I iRt '>
(e.g. 16t bridched2it M8 cdmpriskomodified Ja?mnd&cldiQandZﬁ) m&1be ﬂﬁemaﬂed 851 noAamil®,
27, 28, ac% S. Tgé te?fr%sra s%l e%%r'ngaes%)an amme aci “ér‘%hat%”‘é’%%é& {n%g%e% tu%a'l?)ll && grent S
intervention; for example, disulfide bond formatlon, glycosylation, lipidation, acetylation,

phosphorylation, or any other manipulation or modification, such as conjugation with a labeling



Pol ypepti des of the invention are useful as active ingredients (inmmunogens)
i n i nmunogeni ¢ conpositions, and such conpositions may be useful as

vacci nes.w@aotiimes7according to the invention may eitherpchappnepizgdzactic
(i.e. to prevent infection) or therapeutic (i.e. to treat infection), but
will typically be prophylactic. 20 I rrrrunogeni o corrp05| t| ons will be

phar rraceutl Ko The ual.l j

addi ti oY ?‘Lt Xésﬁ)t Pg@%%p&.e forteﬁé’y\l\l yB?lgg?ﬂ%geé/ Iﬁglhe one q?@%g%ﬁoéyof an
phar rracaannho @ald @ludieg, (fe) examgde, ninantufA amamodads, ] ),luawte(lsa)s .other tnimali fdeagjbons
di scussj on of ﬁaﬂ‘éfﬁﬁ’ a[d]ﬁij exci |ents 'gls ﬁv.ai | abl e f 208. Thor ough
di scussiERE 184, B eﬁ\?ﬁﬂf’ CUL AR SIREE TABT & fi‘sﬁo?%ﬁc A and 31.
Conmpositions will generally be admnistered to a nral i n aqueous form

Prior tBhQZE‘V%%ﬂnrﬂrgﬂdﬁi pelPeniidfe ¢ERPTisIng 2 SEISHSE th-Eh Wal-Fravdierar iPr 5 an

NON-;aqUSRNS 4cRl BequERde hdALMMEACabRe! HRAUIN RO A/ 8 fuleARS adEfinBANAHoRE LW €k | N
aqueous form then filled and distributed and adm ni stered al so_in_agueous

form onMetiopRreyides fusien psptging. |Whera theN-tegmis woder @f ePaifanefr ATG, but this

reconstddayf §d nb fn%s@d? AINE Wt%rr‘flﬁﬁlﬁno@t ﬁ&]?pép'tlﬁ@ PfwillSR trdtiRefal @H@pé?z%lcfafd) n
of the invention nmay be dried, such as a %o ﬂhlsed formulation. 30 T

conposi amion aeis farthituenslop rrather theni ases Msic $ 6pdes iy atghe N-terminus Of Y
2- phengég{g%e?g@‘fo lhow]e$/eIJ it \ﬁ[lq;eqq n§ted \f@éfeﬁxe?ﬁ &l oft k%url gifn:ésr]ﬁclﬁg@ BhfarBGot

subst a rom ess than 5 mat er I’ al edg
t hi ®rerlgaited toeélstl\?mcdagse@ ecHis: avhereny =nd 4 éu7,y8 & d Oraymeorp), @f ropltase-binding

Preserv cularly preferred. WO
2011/ 00@%@%&%&%%?@?5%%3@%??$éxr} nprove thernal stability, a conposition
may in e ate eraur roecweaen o.contro ci it is

y ud t t p t1 t t. T t i ﬁ#ﬁ é t
preferrel PSRN El%péovb%ﬁ AP RPMERC RIEIEIN CQIpsing 2 POlypepiidy ¢ ﬁe. miolm
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ng about er salts that ma resent inglude
ot ass! v cHGPIAOMSD EASPHTICES dF HPar Y HBER R e AmeBUPLACHHSL R
dehpsdr adseocigt@gnesi um chl ori de, cal ciumchloride, etc. Conpositions wll
generally have an osnolality of between 200 nOsnml kg and 400 nmOsm kg,
pr ef er abyp Qﬁbifﬁﬁ%@%ﬁ@ r&%ﬂi&&meénﬁ' avudbﬁecmyeth@bsfys dﬁMeYWfﬁ"tllne Whihthe
t he range of 290- 3 Conposi tions i ncl'ude one or nore
buf f er stespopsg msedmyrtherf%ll iermgﬂumeteuarrmi@gﬁnmeé %lameeby apy epRs Higilakle to gne
bor at e m&m;&, thé a2\ @g o as u8edinShé %&gplpg%eﬁ&» i RRfeks arﬁmuﬂfzwo%w an
al um num roxi de adj uv nt or aclitrate fer fersvvl typically
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sterol, such as cholesterol [51]. Conbinations of saponins and chol esterols
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of t he adj uvants can be found in refs. 55 &
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par Vi r osones an arti VLPs
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These viral proteins suitable for use in virosonmes or VLPs include proteins

der i vedchhpaidisHs! %ngen‘éfdllﬁebéshkfrﬂmi’s@er% 8" aNAmni& PR 1aqh&ouB Ydrﬁ#SPﬁéU% as
core or capsl d protel ns atitis E vi rus, nmeasl es vi rus, Si ndbi s vi rus,

Rot&vi r dgminisgation AewrBe Hﬂem%melooum%haw&qeaw pUWN-aQYPaus TR0 Fefsinsthan
Papi | | offtho¥bl W8meH¥cinBNard Bg6Rictutdd3 1P 388&us form, then filled and distributed and

administered also in aqueous form, other vaccines are lyophilised during manufacture and are
reconstituted into an aqueous form at the time of use. Thus a composition of the invention may

be dried, such as a lyophilised formulation.

30 The composition may include preservatives such as thiomersal or 2-phenoxyethanol. It is
preferred, however, that the vaccine should be substantially free from (i.e. less than 5pug/ml)
mercurial material e.g. thiomersal-free. Vaccines containing no mercury are more preferred.

Preservative-free vaccines are particularly preferred.



10 (such as coat proteins), GA-phage, fr-phage, AP205 phage, and Ty (such
as retrotransposon Ty protein pi). VLPs are discussed further in refs.
57-62. Viwoonemwm7are di scussed further in, for exanple, pcefiB20a&0@2043
Bacterial or microbial derivatives Adjuvants suitable for use in the

i nvention include bacterial or mcrobial derivatives such as 15 non-toxic
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30 "LT"), cholera ("CT"), or pertussis ("PT"). The use of detoxified

ADP-ri bosyl ati ng toxins as nucosal adjuvants is described in ref. 87 and as
par ent er avoadjiwneaasts in ref. 88. The toxin or toxoid isppraBanebizgsi n t he
formof a holotoxin, conprising both 8 and B subunits. Preferably, the A
subunit contains a detoxifying nmutation; preferabl y the B subunit is not

nmut at ed, r t he adj IS, a ot su as, LT- K63,
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CTAB) . foh 0 | P
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J. Pol yoprgferdb)y beteveen IQe?r arahdj 2pemq/ moyeprgﬁreble! R 1. fﬁmrnlmatnlmnsoh/xslg»hmtamlh
pol oy BEHly B drflrbits) GEPRRIAR, 'BE MABPABRAE BC0E BPRGT Sl is
pol yoxyandérpheuse aluoriinima hydex grhosphata otitnPO4Al molar ratio between 0.84 and 0.92,
included at 0.6mg Al**/ml. The aluminium phosphate will generally be particulate (e.g. plate-like
morphology as seen in transmission electron micrographs). Typical diameters of the particles are

in the range 0.5-20um (e.g. about 5-10um) after any antigen adsorption. Adsorptive capacities of

25  between 0.7-1.5 mg protein per mg Al"™" at pH 7.4 have been reported for aluminium phosphate

adjuvants.

The point of zero charge (PZC) of aluminium phosphate is inversely related to the degree of
substitution of phosphate for hydroxyl, and this degree of substitution can vary depending on
reaction conditions and concentration of reactants used for preparing the salt by precipitation.
30 PZC is also altered by changing the concentration of free phosphate ions in solution (more
phosphate = more acidic PZC) or by adding a buffer such as a histidine buffer (makes PZC more
basic). Aluminium phosphates used according to the invention will generally have a PZC of

between 4.0 and 7.0, more preferably between 5.0 and 6.5 e.g. about 5.7.

Suspensions of aluminium salts used to prepare compositions of the invention may contain a

35  buffer (e.g. a phosphate or a histidine or a Tris buffer), but this is not always necessary. The



30 conbi nation with an octoxynol [107] as well as pol yoxyethyl ene al kyl
ethers or ester surfactants in conbination with at | east one additional
non- i oni cweunfiawtmnt such as an octoxynol [108]. Preferpetd/pmhiyooyest hyl ene
ethers are selected fromthe foll ow ny group: pol yoxyethyl ene-9- |auryl
ether (laureth 9), polyoxyethyl ene-9-steoryl ether,
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Conmpounds. 10 Exanpl es of i m dazoqui nol one conmpounds suitable for use

adj uvantlhe ¢ancenirationpé Al | oin 4 perhpebétidnnfor edrmpdstration 88 pjtieht ispraferbly less than

Resi qui 1 R- ! 13 el r ansl b 2 ts. t .t he
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15Substituted ureas useful as adjuvants include conmpounds of fornula I, I
or 101, or shlts OH@mdfions )(1-Rl -YL/xLIA /\ (CH2)aPRAPA Tb |1 HO P00==P- CH
2 -- -0 ? 2 -
[ (C15ﬂ e(r)nulst?én g'(;'mpoos?tioln%ashitab(lé fozr)u'se )as adjuvants in the invention include squalene-water
emulsions, such as MF59 [Chapter 10 of ref. 30; see also ref. 34] (5% Squalene, 0.5% Tween 80,

and 0.5% Span 85, formulated into submicron particles using a microfluidizer). Complete

Freund’s adjuvant (CFA) and incomplete Freund’s adjuvant (IFA) may also be used.

15  Various oil-in-water emulsion adjuvants are known, and they typically include at least one oil
and at least one surfactant, with the oil(s) and surfactant(s) being biodegradable (metabolisable)
and biocompatible. The oil droplets in the emulsion are generally less than Spum in diameter, and
ideally have a sub-micron diameter, with these small sizes being achieved with a microfluidiser
to provide stable emulsions. Droplets with a size less than 220nm are preferred as they can be

20  subjected to filter sterilization.

The emulsion can comprise oils such as those from an animal (such as fish) or vegetable source.
Sources for vegetable oils include nuts, seeds and grains. Peanut oil, soybean oil, coconut oil,
and olive oil, the most commonly available, exemplify the nut oils. Jojoba oil can be used e.g.
obtained from the jojoba bean. Seed oils include safflower oil, cottonseed oil, sunflower seed oil,
25  sesame seed oil and the like. In the grain group, corn oil is the most readily available, but the oil
of other cereal grains such as wheat, oats, rye, rice, teff, triticale and the like may also be used. 6-
10 carbon fatty acid esters of glycerol and 1,2-propanediol, while not occurring naturally in seed
oils, may be prepared by hydrolysis, separation and esterification of the appropriate materials
starting from the nut and seed oils. Fats and oils from mammalian milk are metabolizable and
30 may therefore be used in the practice of this invention. The procedures for separation,
purification, saponification and other means necessary for obtaining pure oils from animal
sources are well known in the art. Most fish contain metabolizable oils which may be readily
recovered. For example, cod liver oil, shark liver oils, and whale oil such as spermaceti
exemplify several of the fish oils which may be used herein. A number of branched chain oils are

35  synthesized biochemically in S-carbon isoprene units and are generally referred to as terpenoids.
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Shark liver oil contains a branched, unsaturated terpenoids known as squalene, 2,6,10,15,19,23-
hexamethyl-2,6,10,14,18,22-tetracosahexaene, which is particularly preferred herein. Squalane,
the saturated analog to squalene, is also a preferred oil. Fish oils, including squalene and
squalane, are readily available from commercial sources or may be obtained by methods known

5 in the art. Other preferred oils are the tocopherols (see below). Mixtures of oils can be used.

Surfactants can be classified by their ‘HLB’ (hydrophile/lipophile balance). Preferred surfactants
of the invention have a HLB of at least 10, preferably at least 15, and more preferably at least 16.
The invention can be used with surfactants including, but not limited to: the polyoxyethylene
sorbitan esters surfactants (commonly referred to as the Tweens), especially polysorbate 20 and
10  polysorbate 80; copolymers of ethylene oxide (EO), propylene oxide (PO), and/or butylene oxide
(BO), sold under the DOWFAX™ tradename, such as linear EO/PO block copolymers;
octoxynols, which can vary in the number of repeating ethoxy (oxy-1,2-ethanediyl) groups, with
octoxynol-9 (Triton X-100, or t-octylphenoxypolyethoxyethanol) being of particular interest;
(octylphenoxy)polyethoxyethanol (IGEPAL CA-630/NP-40); phospholipids such as
15  phosphatidylcholine (lecithin); nonylphenol ethoxylates, such as the Tergitol™ NP series;
polyoxyethylene fatty ethers derived from lauryl, cetyl, stearyl and oleyl alcohols (known as Brij
surfactants), such as triethyleneglycol monolauryl ether (Brij 30); and sorbitan esters (commonly
known as the SPANSs), such as sorbitan trioleate (Span 85) and sorbitan monolaurate. Non-ionic
surfactants are preferred. Preferred surfactants for including in the emulsion are Tween 80

20  (polyoxyethylene sorbitan monooleate), Span 85 (sorbitan trioleate), lecithin and Triton X-100.

Mixtures of surfactants can be used e.g. Tween 80/Span 85 mixtures. A combination of a
polyoxyethylene sorbitan ester such as polyoxyethylene sorbitan monooleate (Tween 80) and an
octoxynol such as t-octylphenoxypolyethoxyethanol (Triton X-100) is also suitable. Another
useful combination comprises laureth 9 plus a polyoxyethylene sorbitan ester and/or an

25  octoxynol.

Preferred amounts of surfactants (% by weight) are: polyoxyethylene sorbitan esters (such as

Tween 80) 0.01 to 1%, in particular about 0.1 %; octyl- or nonylphenoxy polyoxyethanols (such

as Triton X-100, or other detergents in the Triton series) 0.001 to 0.1 %, in particular 0.005 to

0.02%; polyoxyethylene ethers (such as laureth 9) 0.1 to 20 %, preferably 0.1 to 10 % and in
30  particular 0.1 to 1 % or about 0.5%.

Preferred emulsion adjuvants have an average droplets size of <lpym e.g. <750nm, <500nm,
<400nm, <300nm, <250nm, <220nm, <200nm, or smaller. These droplet sizes can conveniently

be achieved by techniques such as microfluidisation.

Specific oil-in-water emulsion adjuvants useful with the invention include, but are not limited to:
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i noxal i ne_conpounds,. Tri azi ne undgs, razal opy. ine c ounds,
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E5564 [ 133, 134]: pol yoxi doni um pol ynmer _[ 135, 136] or, .ot her N-oxi di zed

pol yet hyl erdupieRRy then fecrpdiuidisipg dhe mijiisienfhe resgiingeeneulsing mayHiavg sypmicron
("MsMP") [ 181 Hroplefs B! Witk HnoxlerdRAdiRmEleP bt Biiielf 100HaWHdninl PRdferablyCiboas

one having formnul a:
180nm.
¢ An emulsion of squalene, a tocopherol, and a Triton detergent (e.g. Triton X-100). The

emulsion may also include a 3d-MPL (see below). The emulsion may contain a phosphate
buffer.

20 e An emulsion comprising a polysorbate (e.g. polysorbate 80), a Triton detergent (e.g. Triton
X-100) and a tocopherol (e.g. an a-tocopherol succinate). The emulsion may include these
three components at a mass ratio of about 75:11:10 (e.g. 750pg/ml polysorbate 80,
110pg/ml Triton X-100 and 100pg/ml a-tocopherol succinate), and these concentrations
should include any contribution of these components from antigens. The emulsion may
25 also include squalene. The emulsion may also include a 3d-MPL (see below). The aqueous

phase may contain a phosphate buffer.

e An emulsion of squalane, polysorbate 80 and poloxamer 401 (“Pluronic™ L121%). The
emulsion can be formulated in phosphate buffered saline, pH 7.4. This emulsion is a useful
delivery vehicle for muramyl dipeptides, and has been used with threonyl-MDP in the

30 “SAF-1” adjuvant [40] (0.05-1% Thr-MDP, 5% squalane, 2.5% Pluronic L121 and 0.2%
polysorbate 80). It can also be used without the Thr-MDP, as in the “AF” adjuvant [41]
(5% squalane, 1.25% Pluronic L121 and 0.2% polysorbate 80). Microfluidisation is

preferred.

e An emulsion comprising squalene, an aqueous solvent, a polyoxyethylene alkyl ether
35 hydrophilic nonionic surfactant (e.g. polyoxyethylene (12) cetostearyl ether) and a

hydrophobic nonionic surfactant (e.g. a sorbitan ester or mannide ester, such as sorbitan



HOOH 10H20H where R is selected fromthe group conprising hydrogen,
straight or branched, unsubstituted or substituted, saturated or

unsat ur atwo 28ciydo72sal kyl (e.g. cycl oal kyl), al kenyl, al kyoyhBando@oyd
groups, or a pharmaceutically acceptatle salt or derivative thereof.
Exanmpl es include, but are not limted to casuari ne,

casuari ne- G; a0l ye %%ﬁ)}zqgﬁjeﬁ'lﬁ n@len%ofe%rs /bfas at least
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[ 139-146] (W gof Ehegal @vprb&elphmejeylth phyc tesp Hhang299i me { €2)nThé amnigion may

a- glycosylc a .
[ (2S, 3S, 4R ?ﬁ" E)g ?{?% ¥ act opyrggoglﬁtﬁ)l-’zq(:Hol%%g%ggaa en émgnoa) Slig% ﬁu Adec
anetriol], dﬁﬁ@fﬂ?l’ﬂﬂmds,ldcﬁﬂnd/ﬁ- suetdse); gaaﬂ/@ctansljk)d:mﬂygtyctfs;deeSuch Eﬁul%u@amm' be
| nuI in [147& I%r\l de%rl vative thereof, such as al ganmuli n. Adj uvant
|nat| on1 é i'hvention may al so conprise conbi nati ons of aspects of one

2 Uvant ScoMbETTEhET rayAIEe. wolsiimet AAS iod ADLTROR], 2he cinad soRvAAaten an
oi I -i n-wat E(bveighitﬂcﬁ]tﬁﬂ;e[cﬂ) bner(tQ)n &ljeanadivacdifesdare 8% dqualens, 4% oldxarie 105S

dor i vat i ve (blistie: pbED2sTECT 149] e 1 e O L L

chol esteroldlm@Aﬂcoaes@p@mCrbaf,@C&glﬁaaé + 3dMPL + I L-12 (optionally + a
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squal ene, Tween one "or nore bac conponent s
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i munostimul ating agents are disclosed in chapter 7 of ref The use of
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phosphate is anot her pr eferred adj uvant . her preferred adjuvant

conbi nat i o 0P dasertheddn refereacs ﬂﬁ@r@ﬁucmﬁby afﬂfhthrhgf @lmh@%ﬁm@estaéiﬁsaaxlswr&
al um or resulamereafb %v]laérHﬁiS oﬁgmeﬁmhfaaaud@mlﬁfeth%mtmeemmﬂhﬁ%n%ée andor

3dMPL may be used e conpositions he 1hvention may elicit both a cell
nmedilat ed | Mn@oﬁ@éwhwa‘gs (zelnydr@zsyeﬁlyh)mrmamdlammne response. Th| s i nmune

response w ferably induce.l ti neutr I i Si ant bodi es
T’ a et ApaPubi in i # paRqpiR ?ecgrélaﬁ‘} @Sf)egrtﬁo‘hate{% itk R EoD
pnuenbcocCussociated as helical micelles [46].

e An emulsion comprising a mineral oil, a non-ionic lipophilic ethoxylated fatty alcohol, and
a non-ionic hydrophilic surfactant (e.g. an ethoxylated fatty alcohol and/or

25 polyoxyethylene-polyoxypropylene block copolymer) [47].

e An emulsion comprising a mineral oil, a non-ionic hydrophilic ethoxylated fatty alcohol,
and a non-ionic lipophilic surfactant (e.g. an ethoxylated fatty alcohol and/or

polyoxyethylene-polyoxypropylene block copolymer) [47].

In some embodiments an emulsion may be mixed with antigen extemporaneously, at the time of
30  delivery, and thus the adjuvant and antigen may be kept separately in a packaged or distributed
vaccine, ready for final formulation at the time of use. In other embodiments an emulsion is
mixed with antigen during manufacture, and thus the composition is packaged in a liquid
adjuvanted form. The antigen will generally be in an aqueous form, such that the vaccine is
finally prepared by mixing two liquids. The volume ratio of the two liquids for mixing can vary

35 (e.g. between 5:1 and 1:5) but is generally about 1:1. Where concentrations of components are



20 Two types of T cells, CD4 and CD8 cells, are generally thought necessary
to initiate and/ or enhance cell nediated i munity and hunoral immunity. CD8
T cells owp2expess a CD8 co-receptor and are commonl y pefraBzoadod2043s
Cytotoxic T |lynphocytes (CTLs). CD8 T3cells are able to recogni zed or
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A review of the development of saponin based adjuvants can be found in refs. 55 & 56.




32 immuni zation without an adjuvant. Still nore preferably, the conposition
conprising a conbination of a THL and a TH2 adjuvant elicits an increased
TH1 and/ owoanii/merseased TH2 i mune response rel ative topcomBrii@ged2osn Wi th a
single adjuvant (i.e., relative to i msunization with a TH1L adjuvant al one
or immuni zation with a TH2 adjuvant alone). 5 The i mune response nmay be
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particularly useful for immunising against the EAEC pat hotype, and thus for
preventing diarrhea (both acute and chronic). SEQ ID NO 22, 28, 36, 41,
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(both adOt é&iBnd chronic).

Bacterial ADP-ribosylating toxins and detoxified derivatives thereof may be used as adjuvants in
the invention. Preferably, the protein is derived from E. coli (E. coli heat labile enterotoxin
30  “LT”), cholera (“CT”), or pertussis (“PT”). The use of detoxified ADP-ribosylating toxins as
mucosal adjuvants is described in ref. 87 and as parenteral adjuvants in ref. 88. The toxin or
toxoid is preferably in the form of a holotoxin, comprising both A and B subunits. Preferably, the
A subunit contains a detoxifying mutation; preferably the B subunit is not mutated. Preferably,
the adjuvant is a detoxified LT mutant such as LT-K63, LT-R72, and LT-G192. The use of
35  ADP-ribosylating toxins and detoxified derivatives thereof, particularly LT-K63 and LT-R72, as



SEQ ID NGO 79, 85, 93, and 94 and their other are particularly useful for

i nmuni si ng agai nst the UPEC pat hotype, and thus for preventing UTls

i ncl udi ngwohkwti/meds7l i mted to, pyel onephritis, cystitispChashiecezoes and
recurrent), peritonitis, catheter-asswciated UTls, prostatisis, and
10bacteriuria (including asynptomatic bacteriuria). SEQ ID NO 80 and their
ot her VAGLANS oAl B Al GUIRY 190, t5 o4 YsehPTCr MR 5§ BY ERDBA! oY) NEh B
pathotyp preventing ysen ery |n par |cu l'ary
dysent erejie)remdfoHla&uQ(e agd suhstcthi1¢rt$r isrpreferabBEGased dﬂGhe&ll,gnBlénts aofdth8 A and B
their o vapi r | arl sf I Sd
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i nfant rifaendeein)its ShifpetyDsdlely: fo82he PBrpoaacf Ihe ahgnmblﬂlandoarhmb acd inantberiag e
partj cu{ arl% useful for inmmunising against the EPEC pat hotype, and thus for
pre ent iarrhea (including infantile diarrhea). The manmmal is
preferably a_humap, but may be e.g. a cow, a pig, a chicken, a cat or a
dog, as E. 2 U Sprobl ematic in these species [4]. Were

the vacgifg@n immuA6mpaNREK sarhble fw@e ak faejubmf@ﬂl the nweﬁﬁ&{ ﬁxléhﬁde% {rle€l suBh 9
a toddler or infant) or_ a_teena he vaccine is for therapeutic

use, thes WtangRking (pg-elekalbr3 B- ‘? eléﬂaglér6 th Brilak?ul®), %cm,(&]netqrfmﬁdéa for
chi | dr ey d¥RYord)S %&@oﬁega Qbﬁ)h?rﬁfilnﬁlﬁufgd B3, End turhOr 8636sS RAGCIA préRsage.

i mrunogeni city, checkihg efficacy of therapeutic treat ment
i nvil vegnmwmmwaﬁ@rlEILdai I | nf ection after 25 administration of the
conpositions of the invention. One way of checking efficacy of prophylactic
treat ment i ngol veBzoadhristveshmaMumdhesivﬁsponses systemically (such as

[ j he | d d/ ch
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of assessi nlglthe i m"runo |1c y of the conpositions of the present

i nvent i HYAGEapts ‘%Qﬁﬂ%‘é‘g‘ eq%bot eins reconbinantly for screening patient
sera or nucosal secretions by inmmunobl ot and/or mcroarrays. A positive
reaction betfeen Migoparticlgi n” and the patient sanple WO
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i dent i fylQ0amutoddPHvann cham«?tgrengorsmfﬁfwabé\or%m to ﬂ@um intiagester, amhnost

ef f%(PaCyreFéfrab\f CSh QQ'IH@ﬁ{nt F@P) 11?1 d%n‘i'%a%ﬁﬂlé‘ﬁﬁt lafl ¥lotifed¥able and
eng| ng a I's Of ectl1 on, .g., guinea prgs or mce,
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Conposi ns of thé Favention w | neral | n ere 0 a
pat i ent optidnakkytreated to have a negatlvely-charged surface (e.g. with SDS) or a p051tively-charged

surface (e.g. with a cationic detergent, such as CTAB).

25 z Liposomes (Chapters 13 & 14 of ref. 30)

Examples of liposome formulations suitable for use as adjuvants are described in refs. 103-105.

J. Polyoxyethylene ether and polvoxyethylene ester formulations

Adjuvants suitable for use in the invention include polyoxyethylene ethers and polyoxyethylene

esters [106]. Such formulations further include polyoxyethylene sorbitan ester surfactants in
30 combination with an octoxynol [107] as well as polyoxyethylene alkyl ethers or ester surfactants

in combination with at least one additional non-ionic surfactant such as an octoxynol [108].

Preferred polyoxyethylene ethers are selected from the following group: polyoxyethylene-9-

lauryl ether (laureth 9), polyoxyethylene-9-steoryl ether, polyoxytheylene-8-steoryl ether,

polyoxyethylene-4-lauryl ether, polyoxyethylene-35-lauryl ether, and polyoxyethylene-23-lauryl
35  ether.



delivery may be acconplished by parenteral injection (e.g. subcutaneously,
intraperitoneally, intravenously, intramuscularly, or to the interstitial
space of wotzsgwedsy or nucosal ly, such as by 10 rectal, poraB20ieo@o4z abl et
spray), vaginal, topical, transdernal27or transcutaneous, intranasal

ocul ar, aural, pulnonary or other nucosal adm nistration. Novel direct

dellvery forgs capmﬁtagﬁhgclude transgeni c expression of the polypeptides

di scl osed h e.g., transgenic expression in a potato.
The i nv&mhosphagene, sechuasepbly [di(earbokylatopheneny phospiiacaneh(fPEFAT") msrdenciibed, for

pr ef era% a%p{l uﬂe‘f eﬁce? ér?n(fem Ccagq)g%g& em ¢ and/ or nucosal immunity.

Pref er e en ance /of ‘'mucosal immunity is reflected in an
enhanced TH1 and/gg i gggne response. Preferably, the enhanced i mmune
response in in the production of 1gGl and/or |1 g&a and/ or
:VglAs D|0§ Qe 626 llaardgyyl %bgﬁthd@l;ﬁﬂﬁiﬂ@ Forsedeed Wdfavarits an kg inlvExhtﬁ)ﬁﬁﬂﬁliﬁdé qsh@@btbbd/ le.
tiple doses e sed.in a r ni sati on schedule and/qr in
a boost‘él"mfrfﬁiﬂﬂ hschny bR sesluamine (R DR #?ﬁ”ﬁu regeHla I o BHTHOS
doses n@yr-MEDRY, VeRd bM-dcbSImaamyR! - aqidnfyt BLiSTHluthAityRs - Barfine- @(p@@rﬁaﬁﬁﬁéylw ne
and nmucosal boost, a nucosal pfine and parenteral boost, etc. Miltiple
doses vélysereygdarnyphesphapinxy-sthajaaingMTBBE) 1 week apart (e.g. about 2

weeks, about 3 meeks about 4 meeks about 6 weeks, about 8 weeks, about 10
weeks, aboutM; prada 1040 B 2 etc.). 25 Vacci nes of the invention

e i I t. be
R Y ffﬁ?ézo‘ﬁ%*"@lo%@ e OPH&“% G o s Gy HERE BB g R °F
| east 5]!1'111gmarosl OIRA83 P [fl &r m;] Raesigaimhad f(‘CR 814&’()e[ 0§ B]qgarldhtheuamaﬂms aad esatme
el derly, >50 ear 0 YE an eferab >65 t he
young ng§°9<§e§ea §OCW8§§?téiﬁ§Ed }¥%n%§&ﬂﬁeéwoﬁ f%m“8¥ azk%%ned
servi celnadatoqulhlbhmswambemneﬂl refpreagRdnt tmmrﬁan the chronically ill, or 30
i mrunodeficient patients. The vaccines are not suitable solely for these
groups, howener, sindnmey peasused nore generally in a population. WO

2011/007257PC!(1826107 002043 37 The are also usefu] in adol escent fenales
(e.ly. axpdutiniedigpasiisgivl as awyapistinclifle porapaugds ef %’W‘Hlérl Iior §llorjsaltetheseghs
Vacci nes of the inventifon may be adm nisteqed to patlents at gybstantially
the sane tinme as (e.g. during the same nedical consultation or visit to a
heal t hcare prof essi opaly,_Qr vaccination cenﬁ;e) 5 ot her vaCC|st ;e.g. at

substantially the séne tlhﬁmas a neasle .uaC@@ne a munps v CC|né\ a
rubel | a vacci ne, @WR van|ne a varlqella voC|ne a vaCC|n§ a

di pht heri a vacci ne-s=a t ebanres vaccrﬁb*1a>perFﬂ§§*§7VaccT —“a DTP"VHCTCI ne,
a conjugated H. i nf uenzag type b vaccmgg ancknactlvated oIioviru
vacci ne, a hepatltl "B V|ﬁ VaCCInQ#d% nenlngpe@ccal ugat e vac

(such as a tetrawal VﬁBS Y v&c)He), Wﬂ$§p|raUOrymsyncyt|al I NS
vacci ne, etc. 10\Nuéle|c éﬁnﬁ i mruni s&ion Th flnnunogéﬂlc conpositi né
descri bed above &n arde paw eptide @n{“gens al | cas§$ however / the

pol ypepti de ants‘geps can beirr eplacedéby’nucleuc ci ds (typrcal ly
encodi ng those pol ypeptides, to give conpositions, netho and uses
on nucleic acid inmmunisation. Nucleic acid i munisation is now a deVel
field (e.g. see references 154 to 161 etc.). 15 The nucleic acid encodi ng
the i munogess defired pines$@ehden] 1, \suclafas lERIB030587 y HR 8A373Y | EFR 804053 'h&ER
expressed i n he SY ¢

oy odi ont WUEypERaT S AR H B, ER B80S ERFazdh ERUIR2 or R
conprising: §04405% @gonoter; (ii) a sequence encodi ng the inmunogen
operably linked to the pronoter; and optionajly (iii) a selectable marker.
Preferred vectors may further conprise (iv) Jan origin of replication; and
(v) a transcription term nator 20domnstrea&1 “"and operably linked to (ii).

In general, (i) & (v) will be el C\anﬁm&lii) &.(iv) wll be
prokaryotic. Preferred pro ré arg hmpronnter ‘%P from

cytonegal ovirus (CW). Thexyvector nay aI i pel ude EBQQ Flptional

regul atory sequences (e.g. ancers)“iﬁ’adg¥;ion to the pronoter and which
interact functionally wth®{he pronoter. Préferred vectors include the

i medi ate-early 25 CW enhancgrlipg r~.and more preferred vectors al so
i nclude CW intron A The pronDﬁQr Ids opergbly | i nked to a downstream
sequence encodi ng an i rmunogen, suc \(ﬁqr expreSS|on of the

i N nunogen- encodi ng sequence is underothe pronoter's control. Were a
marker is used, it preferably functions in a mcrobial host (e.g. in a
prokaryote, in a



bacteria, in a yeast). The marker is preferably a prokaryotic sel ectable
mar ker (e.g. transcribed 30 under the control of a prokaryotic pronoter).
For convewoenoigo7isypi cal markers are anti biotic resi st arce/1gan@s02043\0
2011/ 007257PCT/ 1B2010/ 002043 38 The vsctor of the invention preferably
conprises an origin of replication. It is preferred that the origin of

replication is active in prokg yotes but not in eukaryotes. Preferred
vectors thus include a prokar t' r k for selection of the vector, a
prokaryotic origin of replidmti ut~a eukaryotic pronoter for driving

transcription of the Ven(asdyng/ge\quence The vectors w ||
therefore (a) be anpfi d and sel ectled in prokaryotic hosts w thout

pol ypepti de expres on ut (b) be e pﬁ/é‘s'ég\/\e/ka{?@ﬁ ¢ hosts without
being anplified. This arrangene e f clejc aci d gprgpHy3at i on
vectors. The vecPor Mf the m?sntl on may conprise a eukaryotic
transcriptional ter O t he codi ng sequence. This
can enhance transcriptigfig evels. Wiere the coding 10 seguence does not

have its own, the vector of the inventi efer abT y ~Conpri ses a

pol yadenyl ati on sequence. A preferred pol yadenyl ati on sequence is from
bovi ne growth hormone. The vector of the invention may conprise a nultiple
cloni ng sitepl p,a8di44,90,40 sequences encodi ng the immunogen and a marKker,
the vector ma nprise a 15 second eukaryotic coding sequence. The vector
may al sbt %Pg@t%lﬂila! REGbe peadreigihthefineatian dnstusled sequence in order to
perm t transl ation of a second eukaryotic pol ypeptide fromthe sane
transcri pte aantimndalkyhghegeminidetphosphhie\detiyativiehsuchre R 2NFIQ0d2NY Sequence
may be downstream of an I RES. The vector of the invention may conprise

unmeg hyl ateeda GRigsERichibazhedeoriibi] héﬂcﬁ%@‘ih@%&@os%@ CIH ‘%Qf"e%cm% hM&ﬂi()%s lof

common a cytosine precedi ng a guanosine, flanked by t purines and two
3 pyrini di n@smulating,Happufaciuangyandt sstEenBENor laekee cwpcm@is faze plag desebad in

denonst r at edre?é?e&% POt it HifdsEHlcafRlch C?Qfaré %ﬁﬁfcﬁiarl&lya?e%n% ih %ﬁﬁﬁﬁ {)n of

Vectors may be delivered in a targete %[ Receptor-nedi ate Ivery
techni ques alrumaneesiphpratibload manoneslearsilds for dlicepredection pd Zytokings, Buch as TNF-
Therapeutic gonpositions containing a nucleic 25 acid are admnistered in a
range of about 10Ong to about 200ng of DNA for |ocal adninistration in a
geng) t her 3pyapt &%@mh @Hﬁ&mr %hbmsrﬁfw@sch&flos%@%t re‘i&Qn&g 129. AAHbds> B MY,
about 11.1g to out about tg to about 500 jig, and about 20[tg
to about 100@§muletingma aqu@@g,@@dwwn@arfphgctaveg@mpq $ apy alpe desseibed n
Factors suchrage Rt 8d '@E # tsérﬂg; Kbg%&hesfa?é ?Hf&ﬁﬁﬂgr@féeﬁvé i L Ad1aliGy Sk S
of the encoded gene product) an I cacy 8 transformation and expression
are 30 consiliena pesipserghblond mdnonugleas cells fos thitopradectioapdicyoiresrsugh 85 FdiFe
efficacy. Wagre greater expression is desired over a larger area of tissue,
| arger anount's of vector or the same anounts

15 ® A nucleoside analog, such as: (a) Isatorabine (ANA-245; 7-thia-8-oxoguanosine):
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and prodrugs thereof; (b) ANA975; (c) ANA-025-1; (d) ANA380; (e) the compounds
disclosed in references 124 to 126Loxoribine (7-allyl-8-oxoguanosine) [127].

e Compounds disclosed in reference 128, including: Acylpiperazine compounds,
20 Indoledione compounds, Tetrahydraisoquinoline (THIQ) compounds, Benzocyclodione
compounds, Aminoazavinyl compounds, Aminobenzimidazole quinolinone (ABIQ)

compounds [129,130], Hydrapthalamide compounds, Benzophenone compounds,



re-adm nistered in a successive protocol of admnistrations, or several
admnistrations to different adjacent or close tissue portions may be
requi red wo 2efffieeeis7a positive therapeutic WO 2011/ 0072%¢PaBioi®aasy 002043
39 outcone. In all cases, routine expwrinmentation in clinical trials wll
determ ne specific ranges for optinmal therapeutic effect. Vectors can be

del i vered usj pve .Gl i i e of
iral or nortorale phhde St Eahibolis, UifEnC Ebiints bl CorifblndS
5Vir alj- bas ed[l%f};lt @lmrhr:fiqnirlltTjEIkicunampgmr(ﬁsE anmsit(alagX mumlbelhruisa_cT@hllzirlr)ad oegwperr:]@, Ion
in a desired,c re. nown, i N e art. enmpl.a i ral -based vehicl es
i ncl ude, busp}gg%al%ﬁlpﬁu}@lef%@p?%quraélgo%zﬁ%ﬂ%? C(I)'né?orqu\‘}f’ tlly]"gis (e.g. references
172 to 182), I I 1S - indbis vir - L Ki
Forest vi rusC AR AR CHRR o WA dlhaini st At e, S5
ATCG VR- 1246the diR Nategouist BFSGdduBhé34ncephal itis virus (ATCC VR-923; ATCC
VR-1250; ATCC 10, VR 1249; ATCC VR-532); hybrids_or chineras of these .
viruses mly 4l BOYBEIQUEE PORERGi FRREINY: Stite. Yroxjdaed mobyetienepuperazine
canarypox, nggivhii@d vaccinia Ankara, etc.), adenovirus vectors, and
adeno-associ ated virus (AAV) vectors (e.g. see refs. 183 to 188).

Admi ni st r at i Methgt inobife 51-mbaephosphatd (“dAMRIYHD/A]r us [ 189] can al so be

enpl oyed. Non-viral delivery vehicles and nethods can al so be enpl oyed,
i ncl udi ng,* b&tpohdrydiox Fatadepyriobizidirescoprpopod {1380 sucke enetertsengdivantlanked or

unlinked to killed adenovirus alone [e.g. 189], ligandlinked DNA [190],
eukaryotic cell delivery vehicles cel%® e @ refs. 191 to 195] and nucleic
charge neutralization or fusion witk,c rdgyr anes. Naked DNA can al so be
enpl oyed. Exenpl ary naked DNA introductd nmet hods are described in refs.

196, and 197. Liposones (e.g. imunoliposonmeajod hat can act as gene delivery
vehl®l es are described in refs. 198 to 202. 20 Additi onal approaches are
descri bed i nwh@teRerceele@od RoR0the Eunupheomposing i nalrogbe| istrerght suri bmibkleedf or
use incl udes ical LI ver h r.o [ in
ror. 204, novBOgeRed R SRRl SRR el 1 ARE AR LR,
such can be akyriy end cbrylhgough orepghatmareubéaliyhatceygably natti @ederivative gadreof.

materials orpuse.of .ioni zing radiation.e.q. refs. 205.& 1. her
Convent i onal EHETHSuteRBl” S8R aR4 EpF Yphal s fenlefinSs ol gt o iraesy. o

t hels<codi ng skepierasearineCT-goecastiarineeX dndidrg-casimeineferdiand- hel d gene transfer
particle gun [207] or use of ionizing radiation for activating transferred
genes [ 203 gAZ0B]d lipend, suely apim asglyaesylieGnhige [{39-444]i (@e- eegalaojasylcethanijle),

m croparticl i g arly . hanntQ. t he
m croparti cllg?és%@gﬁﬁg% g&g%ﬁngr?a@ ngﬁ%ga?ggg S{’ %\%ﬂ Ia]?ﬁ(gogg? ?gg%{)ghgr ed
surface (e. gD-galastpgrhnesyh2-ENS)exacosanqydaminp)r &b yi-ediadeganttself,f GRONYe 191, 3"-

treated 30 wht 5 j.oni ergent, such as CTAB). Ceneral The practice
of the pr es\g%tsn}fﬁ g%%{logﬂc%rmaﬂféeéﬁ% oy, unless otherw se indicated,

coment | 003'A%§ﬁ1ﬁfb@ﬁuﬂﬁl@b?8ﬂ Ferfviitiveinefeb e Tust dal B EEM| ar bi ol ogy,
i mmunol ogy and phar macol ogy, within WO 2011/ 007257PCT/ 1B2010/ 002043 40
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Adjuvant combinations

The invention may also comprise combinations of aspects of one or more of the adjuvants
identified above. For example, the following adjuvant compositions may be used in the
25  invention: (1) a saponin and an oil-in-water emulsion [148]; (2) a saponin (e.g. QS21) + a non-
toxic LPS derivative (e.g. 3dMPL) [149]; (3) a saponin (e.g. QS21) + a non-toxic LPS derivative



the skill of the art. Such techniques are explained fully in the
literature. See, e.g., references 208-- 215, etc. The term "conprising"
enconpasswe 20immoh2sdi ng" as well as "consisting" e.g. a eOTEBRI10/HE@043
"conprising” X may consi st excl usi velgo of X or may include sonething
additional e.g. X+ Y. 5 The term"about” in relation to a nunerical value

X areancte.d SIMPLITRL Groiichd?{ ool UBETG8M) S3aMBE {NELE) oy LuTRAY) or

" Genl nf i er s a assl gned consecutl vel ly to each
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sequencemakpg r($2%hmvﬁerv\ﬁ86n ad ogeed, mbﬂealﬁactwlrab el 82@&1 odmpatients ﬁcmdt$1e agreup he

same in comp arl t eq the

ool ogiP RN G AR TR g terdesdiacaer (EDY0: st 4 el
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216. A referr%(ﬂtpall nment s det er gedcgha gg i t h- Wat er man honol ogy
sear ch AMgyHT -tgkic Pvﬁévegﬁ{gjl’ XEV -gap open penalty of 12
and a gap extension penalty of 2, BLOSUM matrix of 62. The Smth-Vaterman
honi) og@tl@eetb@ﬁn@ﬁsgmtuapmlmws@nb@wg pgENfsAre dlzglwsed@a@hmterskpt fef. |3H the art
woul d understand that "isol ated" neans altered "by the hand of nman" from 20
i ts natThealuses todit & alumam,um fhydtoxddec andfoi ralumainiune, phiosphiates atyeeant cisapeyechilanty
removed f omlts ori.ginal envir ot h. For_exanpl .
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pol ynucireiBdMIEL fiaypelug@ept i de that is introduced into an 25 organi sm by
transformati on, genetic manipul ation or by any other reconbi nant net hod
woul d bﬁh@twl%o%tm@ of theliRventis lni’atyeélllcu%\éﬁ{‘a kdil mt:diaedsmdne%s%sw asl WelB& 4
organi sm which organi sm na I"i ving or non-livin except where such

t r ansf ofture@ralo Fmmyes ét:ﬁpénsr?aﬁhy%% ATBUSS rﬁpoateh aill rf&é@hﬂgbh mucml?%émt%da &es
an or gag st dilAlantiBo LN &8I hBALRH 'n'ﬁﬂh'l'ﬂrétﬁ_%lt arl %ﬂ@ﬁlgh@spaﬁd Hﬁéﬂ &dposure to
occurring organism 30 BRI EF DESCRI PTI ON DRAW NGS Figure 1 shows a
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Preferably, the invention includes a composition comprising a combination of a TH1 adjuvant
and a TH2 adjuvant. Preferably, such a composition elicits an enhanced TH1 and an enhanced

TH2 response, i.e., an increase in the production of both IgG1 and IgG2a production relative to
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(G : 1106482071y00425AM no aci d sequence from El EC strai n p8®38200106200204355515237)
5 Amino acid sequence from ETEC straia? B7A (G : 75227618) 6 Amino acid
sequence from EPEC strain E110019 (G : 75239450) 7 Ami no acid sequence from

EPEC st.rain.E2. L 15259 ' i TEC i
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89109748ith 44H1 adjuvant alone or immunization with a TH2 adjuvant alone).
5 The immune response may be one or both of a TH1 immune response and a TH2 response.
Preferably, immune response provides for one or both of an enhanced THI1 response and an

enhanced TH2 response.

The enhanced immune response may be one or both of a systemic and a mucosal immune
response. Preferably, the immune response provides for one or both of an enhanced systemic and
10  an enhanced mucosal immune response. Preferably the mucosal immune response is a TH2
immune response. Preferably, the mucosal immune response includes an increase in the

production of IgA.

E. coli can cause disease at a number of anatomical locations [4] and so the compositions of the
invention may be prepared in various forms. For example, the compositions may be prepared as
15 injectables, either as liquid solutions or suspensions. Solid forms suitable for solution in, or
suspension in, liquid vehicles prior to injection can also be prepared (e.g. a lyophilised
composition or a spray-freeze dried composition). The composition may be prepared for topical
administration e.g. as an ointment, cream or powder. The composition may be prepared for oral
administration e.g. as a tablet or capsule, as a spray, or as a syrup (optionally flavoured). The
20 composition may be prepared for pulmonary administration e.g. as an inhaler, using a fine
powder or a spray. The composition may be prepared as a suppository or pessary. The
composition may be prepared for nasal, aural or ocular administration e.g. as drops. The
composition may be in kit form, designed such that a combined composition is reconstituted just
prior to administration to a patient. Such kits may comprise one or more antigens in liquid form

25  and one or more lyophilised antigens.

Where a composition is to be prepared extemporaneously prior to use (e.g. where a component is
presented in lyophilised form) and is presented as a kit, the kit may comprise two vials, or it may
comprise one ready-filled syringe and one vial, with the contents of the syringe being used to

reactivate the contents of the vial prior to injection.

30 Immunogenic compositions used as vaccines comprise an immunologically effective amount of
antigen(s), as well as any other components, as needed. By ‘immunologically effective amount’,
it is meant that the administration of that amount to an individual, either in a single dose or as
part of a series, is effective for treatment or prevention. This amount varies depending upon the
health and physical condition of the individual to be treated, age, the taxonomic group of

35 individual to be treated (e.g. non-human primate, primate, etc.), the capacity of the individual's
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5  Methods of treatment, and administration of the vaccine
The invention also provides a method for raising an immune response in a mammal comprising
the step of administering an effective amount of a composition of the invention. The immune
response is preferably protective and preferably involves antibodies and/or cell-mediated

immunity. The method may raise a booster response.

10  The invention also provides a polypeptide of the invention for use as a medicament e.g. for use

in raising an immune response in a mammal.

The invention also provides the use of a polypeptide of the invention in the manufacture of a

medicament for raising an immune response in a mammal.

The invention also provides a delivery device pre-filled with an immunogenic composition of the

15  invention.

By raising an immune response in the mammal by these uses and methods, the mammal can be
protected against E. coli infection, including EXPEC and non-ExPEC strains. The invention is
particularly useful for providing broad protection against pathogenic E. coli, including intestinal
pathotypes such as EPEC, EAEC, EIEC, ETEC and DAEC pathotypes. Thus the mammal may
20  be protected against diseases including, but not limited to peritonitis, pyelonephritis, cystitis,
endocarditis, prostatitis, urinary tract infections (UTIs), meningitis (particularly neonatal
meningitis), sepsis (or SIRS), dehydration, pneumonia, diarrhea (infantile, travellers’, acute,
persistent, ezc.), bacillary dysentery, hemolytic uremic syndrome (HUS), pericarditis, bacteriuria,

elc.

25 SEQ ID NO: 21, 30, 35, 40, 49, 54, 59, 68, and 73 and their other detoxified variants are
particularly useful for immunising against the EAEC pathotype, and thus for preventing diarrhea

(both acute and chronic).

SEQ ID NO: 22, 28, 36, 41, 47, 55, 56, 60, 66, 74, and 75 and their other detoxified variants are
particularly useful for immunising against the UPEC pathotype, and thus for preventing UTIs
30 including, but not limited to, pyelonephritis, cystitis (both acute and recurrent), peritonitis,

catheter-associated UTTIs, prostatisis, and bacteriuria (including asymptomatic bacteriuria).
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(including travellers’ and infant diarrhea).

SEQ ID NO: 25, 26, 33, 34, 45, 53, 63, 64, and 72 and their other detoxified variants are
particularly useful for immunising against the EAEC pathotype, and thus for preventing diarrhea
(both acute and chronic).

10 SEQ ID NO: 79, 85, 93, and 94 and their other detoxified variants are particularly useful for
immunising against the UPEC pathotype, and thus for preventing UTIs including, but not limited
to, pyelonephritis, cystitis (both acute and recurrent), peritonitis, catheter-associated UTIs,

prostatisis, and bacteriuria (including asymptomatic bacteriuria).

SEQ ID NO: 80 and their other detoxified variants are particularly useful for immunising against
15  the EIEC pathotype, and thus for preventing dysentery (in particular bacillary dysentery) and
HUS (e.g. in children).

SEQ ID NO: 81, 84, and 86 and their other detoxified variants are particularly useful for
immunising against the ETEC pathotype, and thus for preventing diarrhea (including travellers’

and infant diarrhea).

20 SEQ ID NOs: 82, 83, and 91 and their other detoxified variants are particularly useful for
immunising against the EPEC pathotype, and thus for preventing diarrhea (including infantile

diarrhea).

SEQ ID NO: 21, 30, 35, 40, 49, 54, 59, 68, and 73 and their other variants are particularly useful
for immunising against the EAEC pathotype, and thus for preventing diarrhea (both acute and
25  chronic).

SEQ ID NO: 22, 28, 36, 41, 47, 55, 56, 60, 66, 74, and 75 and their other variants are particularly
useful for immunising against the UPEC pathotype, and thus for preventing UTIs including, but
not limited to, pyelonephritis, cystitis (both acute and recurrent), peritonitis, catheter-associated

UTlIs, prostatisis, and bacteriuria (including asymptomatic bacteriuria).

30 SEQ ID NO: 23, 42, and 61 and their other variants are particularly useful for immunising
against the EIEC pathotype, and thus for preventing dysentery (in particular bacillary dysentery)
and HUS (e.g. in children).
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SEQ ID NO: 79, 85, 93, and 94 and their other are particularly useful for immunising against the
UPEC pathotype, and thus for preventing UTIs including, but not limited to, pyelonephritis,
cystitis (both acute and recurrent), peritonitis, catheter-associated UTIs, prostatisis, and

10  bacteriuria (including asymptomatic bacteriuria).

SEQ ID NO: 80 and their other variants are particularly useful for immunising against the EIEC
pathotype, and thus for preventing dysentery (in particular bacillary dysentery) and HUS (e.g. in
children).

SEQ ID NO: 81, 84, and 86 and their other variants are particularly useful for immunising
15  against the ETEC pathotype, and thus for preventing diarrhea (including travellers’ and infant

diarrhea).

SEQ ID NOs: 82, 83, and 91 and their other variants are particularly useful for immunising
against the EPEC pathotype, and thus for preventing diarrhea (including infantile diarrhea).

The mammal is preferably a human, but may be e.g. a cow, a pig, a chicken, a cat or a dog, as F.
20  coli disease is also problematic in these species [4]. Where the vaccine is for prophylactic use,
the human is preferably a child (e.g. a toddler or infant) or a teenager; where the vaccine is for
therapeutic use, the human is preferably a teenager or an adult. A vaccine intended for children

may also be administered to adults e.g. to assess safety, dosage, immunogenicity, etc.

One way of checking efficacy of therapeutic treatment involves monitoring E. coli infection after
25  administration of the compositions of the invention. One way of checking efficacy of
prophylactic treatment involves monitoring immune responses, systemically (such as monitoring
the level of IgG1 and IgG2a production) and/or mucosally (such as monitoring the level of IgA
production), against the antigens in the compositions of the invention after administration of the
composition. Typically, antigen-specific serum antibody responses are determined post-
30 immunisation but pre-challenge whereas antigen-specific mucosal antibody responses are

determined post-immunisation and post-challenge.

Another way of assessing the immunogenicity of the compositions of the present invention is to
express the proteins recombinantly for screening patient sera or mucosal secretions by

immunoblot and/or microarrays. A positive reaction between the protein and the patient sample
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Compositions of the invention will generally be administered directly to a patient. Direct
delivery may be accomplished by parenteral injection (e.g. subcutaneously, intraperitoneally,
intravenously, intramuscularly, or to the interstitial space of a tissue), or mucosally, such as by
10  rectal, oral (e.g. tablet, spray), vaginal, topical, transdermal or transcutaneous, intranasal, ocular,
aural, pulmonary or other mucosal administration. Novel direct delivery forms can also include
transgenic expression of the polypeptides disclosed herein in foods, e.g., transgenic expression in

a potato.

The invention may be used to elicit systemic and/or mucosal immunity, preferably to elicit an

15  enhanced systemic and/or mucosal immunity.

Preferably the enhanced systemic and/or mucosal immunity is reflected in an enhanced TH1
and/or TH2 immune response. Preferably, the enhanced immune response includes an increase in
the production of IgG1 and/or IgG2a and/or IgA.

Dosage can be by a single dose schedule or a multiple dose schedule. Multiple doses may be
20 used in a primary immunisation schedule and/or in a booster immunisation schedule. In a
multiple dose schedule the various doses may be given by the same or different routes e.g. a
parenteral prime and mucosal boost, a mucosal prime and parenteral boost, ezc. Multiple doses
will typically be administered at least 1 week apart (e.g. about 2 weeks, about 3 weeks, about 4

weeks, about 6 weeks, about 8 weeks, about 10 weeks, about 12 weeks, about 16 weeks, etc.).

25  Vaccines of the invention may be used to treat both children and adults. Thus a human patient
may be less than 1 year old, 1-5 years old, 5-15 years old, 15-55 years old, or at least 55 years
old. Preferred patients for receiving the vaccines are the elderly (e.g. >50 years old, >60 years
old, and preferably >65 years), the young (e.g. <5 years old), hospitalised patients, healthcare
workers, armed service and military personnel, pregnant women, the chronically ill, or

30 immunodeficient patients. The vaccines are not suitable solely for these groups, however, and

may be used more generally in a population.

Vaccines of the invention are particularly useful for patients who are expecting a surgical

operation, or other hospital in-patients. They are also useful in patients who will be catheterized.
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tetanus vaccine, a pertussis vaccine, a DTP vaccine, a conjugated H. influenzae type b vaccine,
an inactivated poliovirus vaccine, a hepatitis B virus vaccine, a meningococcal conjugate vaccine

(such as a tetravalent A-C-W135-Y vaccine), a respiratory syncytial virus vaccine, efc.

10 Nucleic acid immunisation
The immunogenic compositions described above include polypeptide antigens. In all cases,
however, the polypeptide antigens can be replaced by nucleic acids (typically DNA) encoding
those polypeptides, to give compositions, methods and uses based on nucleic acid immunisation.

Nucleic acid immunisation is now a developed field (e.g. see references 154 to 161 etc.).

15 The nucleic acid encoding the immunogen is expressed in vivo after delivery to a patient and the
expressed immunogen then stimulates the immune system. The active ingredient will typically
take the form of a nucleic acid vector comprising: (i) a promoter; (ii) a sequence encoding the
immunogen, operably linked to the promoter; and optionally (iii) a selectable marker. Preferred
vectors may further comprise (iv) an origin of replication; and (v) a transcription terminator

20  downstream of and operably linked to (ii). In general, (i) & (v) will be eukaryotic and (iii) & (iv)
will be prokaryotic.

Preferred promoters are viral promoters e.g. from cytomegalovirus (CMV). The vector may also
include transcriptional regulatory sequences (e.g. enhancers) in addition to the promoter and
which interact functionally with the promoter. Preferred vectors include the immediate-early
25  CMV enhancer/promoter, and more preferred vectors also include CMV intron A. The promoter
is operably linked to a downstream sequence encoding an immunogen, such that expression of

the immunogen-encoding sequence is under the promoter’s control.

Where a marker is used, it preferably functions in a microbial host (e.g. in a prokaryote, in a
bacteria, in a yeast). The marker is preferably a prokaryotic selectable marker (e.g. transcribed
30  under the control of a prokaryotic promoter). For convenience, typical markers are antibiotic

resistance genes.

The vector of the invention is preferably an autonomously replicating episomal or

extrachromosomal vector, such as a plasmid.
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10  sequence does not have its own, the vector of the invention preferably comprises a
polyadenylation sequence. A preferred polyadenylation sequence is from bovine growth

hormone.
The vector of the invention may comprise a multiple cloning site

In addition to sequences encoding the immunogen and a marker, the vector may comprise a
15  second eukaryotic coding sequence. The vector may also comprise an IRES upstream of said
second sequence in order to permit translation of a second eukaryotic polypeptide from the same
transcript as the immunogen. Altematively, the immunogen-coding sequence may be

downstream of an IRES.

The vector of the invention may comprise unmethylated CpG motifs e.g. unmethylated DNA
20  sequences which have in common a cytosine preceding a guanosine, flanked by two 5' purines
and two 3' pyrimidines. In their unmethylated form these DNA motifs have been demonstrated to

be potent stimulators of several types of immune cell.

Vectors may be delivered in a targeted way. Receptor-mediated DNA delivery techniques are
described in, for example, references 162 to 167. Therapeutic compositions containing a nucleic
25  acid are administered in a range of about 100ng to about 200mg of DNA for local administration
in a gene therapy protocol. Concentration ranges of about 500 ng to about 50 mg, about 1pug to
about 2 mg, about Sug to about 500pg, and about 20pg to about 100pug of DNA can also be used
during a gene therapy protocol. Factors such as method of action (e.g. for enhancing or inhibiting
levels of the encoded gene product) and efficacy of transformation and expression are
30 considerations which will affect the dosage required for ultimate efficacy. Where greater
expression is desired over a larger area of tissue, larger amounts of vector or the same amounts
re-administered in a successive protocol of administrations, or several administrations to

different adjacent or close tissue portions may be required to effect a positive therapeutic
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linked to killed adenovirus [189] can also be employed.

Non-viral delivery vehicles and methods can also be employed, including, but not limited to,
15  polycationic condensed DNA linked or unlinked to killed adenovirus alone [e.g. 189], ligand-
linked DNA [190], eukaryotic cell delivery vehicles cells [e.g. refs. 191 to 195] and nucleic
charge neutralization or fusion with cell membranes. Naked DNA can also be employed.
Exemplary naked DNA introduction methods are described in refs. 196 and 197. Liposomes (e.g.
immunoliposomes) that can act as gene delivery vehicles are described in refs. 198 to 202.

20  Additional approaches are described in references 203 & 204.

Further non-viral delivery suitable for use includes mechanical delivery systems such as the
approach described in ref. 204. Moreover, the coding sequence and the product of expression of
such can be delivered through deposition of photopolymerized hydrogel materials or use of
ionizing radiation [e.g. refs. 205 & 206]. Other conventional methods for gene delivery that can
25  be used for delivery of the coding sequence include, for example, use of hand-held gene transfer

particle gun [207] or use of ionizing radiation for activating transferred genes [205 & 206].

Delivery DNA using PLG {poly(lactide-co-glycolide)} microparticles is a particularly preferred

method e.g. by adsorption to the microparticles, which are optionally treated to have a

negatively-charged surface (e.g. treated with SDS) or a positively-charged surface (e.g. treated
30  with a cationic detergent, such as CTAB).

General
The practice of the present invention will employ, unless otherwise indicated, conventional

methods of chemistry, biochemistry, molecular biology, immunology and pharmacology, within
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References to a percentage sequence identity between two amino acid sequences means that,
when aligned, that percentage of amino acids are the same in comparing the two sequences. This
alignment and the percent homology or sequence identity can be determined using software

15  programs known in the art, for example those described in section 7.7.18 of ref. 216. A preferred
alignment is determined by the Smith-Waterman homology search algorithm using an affine gap
search with a gap open penalty of 12 and a gap extension penalty of 2, BLOSUM matrix of 62.
The Smith-Waterman homology search algorithm is disclosed in ref. 217.

One of skill in the art would understand that “isolated” means altered “by the hand of man” from
20  its natural state, i.e., if it occurs in nature, it has been changed or removed from its original
environment, or both. For example, a polynucleotide or a polypeptide naturally present in a
living organism is not “isolated” when in such living organism, but the same polynucleotide or
polypeptide separated from the coexisting materials of its natural state is “isolated,” as the term
is used in this disclosure. Further, a polynucleotide or polypeptide that is introduced into an
25  organism by transformation, genetic manipulation or by any other recombinant method would be
understood to be “isolated” even if it is still present in said organism, which organism may be
living or non-living, except where such transformation, genetic manipulation or other
recombinant method produces an organism that is otherwise indistinguishable from the naturally

occurting organism.

30 BRIEF DESCRIPTION OF DRAWINGS
Figure 1 shows a CLUSTALW alignment of SEQ ID NOs: 2 to 16. The N-terminal regions that

may be removed to increase solubility while maintaining substantially the same immunogenicity
are shown at the bottom of the alignment. The N-terminal region up to the gly-ser linker or gly-
ser region is denoted with “G” and the proline-rich region is denoted with “P.”
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is a lab strain used as positive control, since it expresses and secretes AcfD (orf3526).

15  Figure 5 shows a comparison of solubility of the AcfD (orf3526) protein and various fragments
of the protein. Panel (A) is an SDS-PAGE gradient gel (4-12% MOPS buffer) of samples at 37°
C comparing the pellet (left lane for each protein or fragment) to the supernatant (right lane for
each protein or fragment. The lanes from left to right are: Molecular weight markers (191 kDa,
97 kDa and 64 kDa bands are labelled), control bacteria transformed with the pET expression

20  vector with no insert, bacterial expression of 3526 (his tag , leader peptide removed), bacterial
expression of L3526 (his tag, full length), bacterial expression of L3526-2stop (full length with a
stop codon before His tag), bacterial expression of AG3526 (his tag, removal of the N-terminus
of AcfD (orf3526) to the flexible glycine-serine linker), and bacterial expression of AP3526 (his
tag + removal of the N-terminus of AcfD (orf3526) through the proline rich region). Panel (B) is

25  an SDS-PAGE gradient gel (4-12% MOPS buffer) of samples at 25° C following the same order
for the lanes as panel (A).

Figure 6 shows a comparison of expression and purification of the AcfD (orf3526) protein and
various fragments of the protein. Panel (A) is an SDS-PAGE gel (12% MOPS buffer) of
samples at from bacteria expressing 3526 (his tag, leader peptide removed), cultured at 25° C
30  comparing fractions from various stages of the purification. The lanes from left to right are: M:
Molecular weight markers (191 kDa, 97 kDa and 64 kDa bands are labelled), TOT: total
bacterial lysate, INS: insoluble fraction of bacterial lysate, SM: soluble fraction of bacterial
lysate, FT: flow through from Nickel column; E1, E2, and E3 three elutions with 500mM
imidazole buffer. Panel (B) is an SDS-PAGE gel (12% MOPS buffer) of samples at from
35  Dbacteria expressing AG3526 (his tag , removal of the N-terminus of AcfD (orf3526) to the
flexible glycine-serine linker) cultured at 25° C comparing fractions from various stages of the
purification. The lanes from left to right are: M: Molecular weight markers (191 kDa, 97 kDa
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MOPS buffer) of samples from bacteria expressing AP3526 (his tag, removal of the N-terminus

5  of AcfD (orf3526) through the proline rich region), cultured at 25° C comparing fractions from

various stages of the purification. The lanes from left to right are: M: Molecular weight markers
(191 kDa, 97 kDa and 64 kDa bands are labelled), TOT: total bacterial lysate, INS: insoluble
fraction of bacterial lysate, SM: soluble fraction of bacterial lysate, FT: flow through from
Nickel column; E1, E2, and E3 three elutions with 500mM imidazole buffer.

10  Figure 7 shows the amino acid identity between additional pairs of sequences. Sixteen
Enterohemorrhagic E. coli (EHEC) were not found to have AcfD (orf3526) gene (not shown).
The sequences (where represented) from left to right or top to bottom are as follows: 10 non-
pathogenic or commensal strains (1: a commensal E. coli strain, 2: DHI10B strain, 3: MG1655
strain, 4: W3110 strain (SEQ ID NQ:14); 5: HS strain (SEQ ID NO:13); 9: another commensal
15  E. coli strain; and 10: yet another commensal E. coli strain); three NMEC strains (1: NMEC
strain RS218; 2: NMEC strain IHE3034 (SEQ ID NO:2); and 3: NMEC strain S88 (SEQ ID
NO:141)); one APEC strain (1: APEC O1 strain); six UPEC strains (2: UPEC strain 536 (SEQ
ID NO:4); 3: UTI&9; 4: UPEC strain F11 (SEQ ID NO:10); 5: UPEC strain I1AI39 (SEQ ID
NO:133); and 6: UPEC strain UMNO026 (SEQ ID NO:137)); three EAEC strains (1: EAEC strain
20 101-1 (SEQ ID NO:3); 2: EAEC strain O42 (SEQ ID NO:12; and 3: EAEC strain 55989 (SEQ
ID NO:129)); one EIEC strain (1: EIEC strain 53638 (SEQ ID NO:5)); four EPEC strains (2:
EPEC strain E22 (SEQ ID NO: 8)); 3: EPEC strain E2348/69 (SEQ ID NO:16); and 4: EPEC
strain E110019 (SEQ ID NO:7)); three ETEC strains (1: ETEC strain B7A (SEQ ID NO:6); 2
ETEC strain E24377A (SEQ ID NO:9); and 3: ETEC strain H10407 (SEQ ID NO:11)); and one
25  antibiotic resistant strain (1: antibiotic-resistant strain SECEC (SEQ ID NO:15)).

Figure 8 shows the sequence motifs identified in AcfD (orf3526) including from left to right: a
lipidation motif; a proline rich region, a WxxxE motif, a zinc binding motif, and an RGD

domain,

Figure 9 shows the family relationships of the various zinc metalloproteases. The zincins are
30  highlighted with a grey box as the zincin motif is the motif found in AcfD (orf3526) (See figure
8).
Figure 10 shows an SDS-PAGE (4-12% gradient, Bis-Tris) of orf3526C expression. The lanes
are labelled across the top as follows: (1) Total cell lysate — no IPTG, 6 hours at 25°C; (2) Total
cell lysate — 1 mM IPTG, 3 hours at 25°C; (3) Total cell lysate — 1 mM IPTG, 6 hours at 25°C;
35 (M) Markers (sizes are indicated in kDa along the left side of the gel); (4) soluble fraction after
sonication — 1 mM IPTG, 3 hours at 25°C; and (5) soluble fraction after sonication — 1 mM
IPTG, 6 hours at 25°C.
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15 Amino acid sequence from EPEC strain E2348/69

16 Amino acid sequence from EAEC strain 55989

17 Amino acid sequence from UPEC strain IAI39

18 Amino acid sequence from UPEC strain UMNO026

19 Amino acid sequence from NMEC strain S88

SEQ ID NOs: 20-38 = C-terminal deletion amino acid sequences

20 Amino acid sequence from NMEC strain [HE3034 with C-terminal deletion

21 Amino acid sequence from EAEC strain 101-1 (GI: 83587587) with C-terminal
deletion

22 Amino acid sequence from UPEC strain 536 (GI: 110643204) with C-terminal
deletion

23 Amino acid sequence from EIEC strain 53638 (GI: 75515237) with C-terminal
deletion

24 Amino acid sequence from ETEC strain B7A (GI: 75227618) with C-terminal
deletion

25 Amino acid sequence from EPEC strain E110019 (GI: 75239450) with C-
terminal deletion

26 Amino acid sequence from EPEC strain E22 (GIL: 75259912) with C-terminal
deletion

27 Amino acid sequence from ETEC strain E24377A (GI: 157156747) with C-
terminal deletion

28 Amino acid sequence from UPEC strain F11 (GI: 75241179) with C-terminal
deletion

29 Amino acid sequence from ETEC strain H10407 with C-terminal deletion

30 Amino acid sequence from EAEC strain O42 with C-terminal deletion

31 Amino acid sequence from commensal strain HS (GI: 157162442) with C-

terminal deletion
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66 Amino acid sequence from UPEC strain F11 (GI: 75241179) with an E1305A
point mutation
67 Amino acid sequence from ETEC strain H10407 with an E1305A point
mutation
68 Amino acid sequence from EAEC strain O42 with an E1305A point mutation
69 Amino acid sequence from commensal strain HS (GI: 157162442) with an
E1305A point mutation
70 Amino acid sequence from commensal strain W3110 (GI: 89109748) with an
E1305A point mutation
71 Amino acid sequence from antibiotic-resistant strain SECEC with an E1305A
point mutation
72 Amino acid sequence from EPEC strain E2348/69 with an E1305A point
mutation
73 Amino acid sequence from EAEC strain 55989 with an E1305A point mutation
74 Amino acid sequence from UPEC strain IAI39 with an E1305A point mutation
75 Amino acid sequence from UPEC strain UMNO026 with an E1305A point
mutation
76 Amino acid sequence from NMEC strain S88 with an E1305A point mutation
SEQ ID NOs: 77-95 = orf3526C fragment amino acid sequences
77 Amino acid sequence from NMEC strain IHE3034 with the N-terminal AG
region and the C-terminal portion including the zinc-binding motif deleted
78 Amino acid sequence from EAEC strain 101-1 (GI: 83587587) with the N-
terminal AG region and the C-terminal portion including the zinc-binding motif
deleted
79 Amino acid sequence from UPEC strain 536 (GI: 110643204) with the N-
terminal AG region and the C-terminal portion including the zinc-binding motif
deleted
80 Amino acid sequence from EIEC strain 53638 (GI: 75515237) with the N-
terminal AG region and the C-terminal portion including the zinc-binding motif
deleted
81 Amino acid sequence from ETEC strain B7A (GI: 75227618) with the N-
terminal AG region and the C-terminal portion including the zinc-binding motif
deleted
82 Amino acid sequence from EPEC strain E110019 (GI: 75239450 with the N-
terminal AG region and the C-terminal portion including the zinc-binding motif
deleted




vaccination (% P value 3526A (AcfD -
(12.5) 0.01 3526B (AcfD -
Cl oni ng amo 2expessi on - 21G526C As an addi ti onal
was designed that conbined the AG3526t6N-t er m nal
solubility with del etlon of the C-termnus through the zinc notif

Ctermdeletion) 7/8 (87.5) 1/8

N-termdeletion) 6/8 (75) 1/8 (12.5) 0.04 5
conf i PCEUBBNG/O@OL0ONST

del etion that

ruct

i mpr oved

honohi o 2id sequeges FOPEFE G 8 S22 with g i
non- hi s-|t agQ 3@5 d E IHE3 34 -
SEQ I D NO 77) cf BQuegionndithiet -twllp@%ganfa&m@g (hS #1R5-8ind g RofTe
bel ow ( AG3526A1CIElstedand AG3526C Nat Rev). The anplified PCR fragnent was
di gested wi 8h l\kie\lmmndcuXhedlueaadﬁbmgﬁf}é@ slrmh(EZatﬂfE&l’ ((214b67r1)56\7€?:)t\01th {Hdav-agen)
and transforned lté}rrﬂ'ﬁ@(}'rrkﬁﬁ)heﬂu@ﬁd Citer@inglloatitn ig€lhding kIR zifd-Bind thtrhG6f
(I'nvitrdgen). Bl %gle{e@EB) chem cal |y conpetent cells were used f or
expr essi eu (-,fx SSi COH' Stirain
| HE3034 |- é% D ‘F% 8‘?1%"{’ E EE?% PG g lz%; rncon£ ete
Pri mer Bxtension ‘("WI‘ PQERIRg anAdhgriprgyaa |pr‘?Eﬂ°6‘dP%IH B8R R%A| qQr
and AG3526C Nat ed. pcr and | n—nel L and pet3 faor V-PCR of the pET-21b
vect or (|Nové@gen )Amfﬁb ecxebqumsc FOmMVERE O straia H 10407 s thrthxeN-termiBDHEsG Tdgion
chenmi cal|l y conpgtagdthea@tdrmirfad porion prgadihg the(dinwvbihding eivrif dBletell ( DE3)
chemi calll'y ”p“g%%o %&Td'sé d’é‘ﬁE@ H ?’Afzérstrgﬁl%&r x@ﬁl? kh%% -terHing l'A?% R’% ed
ver si on jof AG352 «?n% ;tl u he si gnal
Sequenc %ﬂg__pu ailﬁl SS(IE;\L :r}r ,zl Cﬂdl gﬁ]erz;l\r if de g.
Primers |usedB f o Adwipp |af31|dc§8‘ﬂ1}eﬁﬁe ’épmtq@@lrﬂ@ﬁalrﬁtr@ut %@g@a 16¢ At Wit tig ND  NiOs:
104 & 105) G3 526TmiEdBdLbrgonrad theddprminal portion including the zinc-binding motif
gaaggagdt at acat adgl@#ACGCCGTCTGTAGATTCTGG
89 Amino acid sequence from commensal strain W3110 (GI: 89109748) with the
N-terminal AG region and the C-terminal portion including the zinc-binding
motif deleted
90 Amino acid sequence from antibiotic-resistant strain SECEC with the N-
terminal AG region and the C-terminal portion including the zinc-binding motif
deleted
91 Amino acid sequence from EPEC strain E2348/69 with the N-terminal AG
region and the C-terminal portion including the zinc-binding motif deleted
92 Amino acid sequence from EAEC strain 55989 with the N-terminal AG region
and the C-terminal portion including the zinc-binding motif deleted
93 Amino acid sequence from UPEC strain IAI39 with the N-terminal AG region
and the C-terminal portion including the zinc-binding motif deleted
94 Amino acid sequence from UPEC strain UMNO026 with the N-terminal AG
region and the C-terminal portion including the zinc-binding motif deleted
95 Amino acid sequence from NMEC strain S88 with the N-terminal AG region
and the C-terminal portion including the zinc-binding motif deleted
96/97 | Zinc binding motifs
98-109 | Primers
110-111 | IC31 sequences

MODES FOR CARRYING OUT THE INVENTION

One of the antigens disclosed in reference 5 is annotated as accessory colonization factor D
(AcfD) precursor (orf3526) (amino acid SEQ ID NO: 2 herein) from NMEC strain [HE3034.
This protein has been expressed and purified, and it confers protection against EXPEC strains in

a sepsis animal model.

Sequences were obtained for the orthologs in various other E. coli strains. The amino acid

sequence seen in IHE3034 was also seen in strains APECO1 and UTI89, but 14 extra sequences
were found (SEQ ID NOs: 3 to 16). Figure 1 shows an alignment of SEQ ID NOs: 2 to 16. The
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10  Example 1 - Immunogenicity of the Full Length AcfD (orf3526)
The AcfD (orf3526) sequence from strain IHE3034 was cloned and expressed from a plasmid as
a recombinant His-tagged protein without a leader peptide, in an E. coli host. Protein was
purified and analysed. Gel filtration showed a much higher molecular weight than predicted
based solely on the amino acid sequence. Gel analysis in the absence of DTT, but not in its
15  presence, shows higher molecular weight forms of the protein (Figure 3). Thus the protein is
likely to form oligomers.

Sera raised against AcfD (orf3526) were used in western blots against total cell lysates (Figure
4(A)) or culture supernatants precipitated with 60% TCA (Figure 4(B)). The sera recognised a
~150kDa protein in lysates from both pathogenic and commensal strains. They did not react with

20  this band in lysates from CFT073 or from an AcfD (orf3526) knockout mutant of IHE3034.
Reactivity with proteins in the supernatants indicates that the protein may be secreted.

CD1 mice (5 weeks old) were immunized sub-cutaneously using 20 pg of the antigen plus
Freund’s adjuvant (or other adjuvant as indicated below). The mice were inoculated at 0, 21, and
35 days. Fourteen days after the third inoculation, the mice were challenged with a lethal dose
25 (LDB8O) of a pathogenic strain of E. coli. Blood was collected from the tail 24 hours after
challenge to evaluate bacteremia. The mortality was monitored for four days post-challenge.
The protection rate may be calculated as (%dead in control group (no immunization) - %dead in

experimental group (immunized))/ %dead in control group x 100.

TABLE 1
Candidates Sepsis animal model
Survival with Survival without P value
vaccination (%) vaccination (%)
20pg 3526/alum 64/78 (82) 9/80 (11) 0.0001

30  Thus, the AcfD precursor (orf3526) is an effective candidate for use as a vaccine or vaccine

component.
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(i nf eCt’l‘RﬁiEdf’se) Candi date AG3526C with Alum 20 ggl al um

20pg 3526/alum Sepsis animal model

Challenge Strain Survival with Survival without P value
(percent identity to vaccination (%) vaccination (%)

THE3034)

THE3034 (100) 64/78 (82) 9/80 (11) 0.0001
9855/93 (87) 9/16 (56) 4/15 (26) 0.14
BK658 (98) 4/8 (50) 1/8 (12.5) 0.28
B616 (100C) 6/8 (78) 0/8 (0) 0.007
536 (86) 6/7 (85) 3/8 (37.5) 0.11

Thus, the AcfD precursor (orf3526) is an effective candidate for use as a vaccine or vaccine
component not just against the strain from which the protein was derived, but also against related
strains, thus increasing the utility. Based upon the similarity between the response to the AcfD
10 precursor (orf3526) and the response to the three immunogenic fragments tested below (3526A,
3526B, and 3526C), one would expect that these three fragments would provide similar cross

protection as well.

Example 2 — Fragments of AcfD (orf3526) with Increased Solubility

Unexpectedly, AcfD (orf3526) protein displayed low solubility even though the protein is a secreted
15 protein. Asshown in Figure 5(B), removal of the N-terminus of AcfD (orf3526) through the gly-ser

linker or gly-ser region significantly increased solubility when expressed at 25° C (See pK1-AG3526

Figure 5(B)). Similarly removal of the N-terminus of AcfD (orf3526) through the proline rich region

significantly increased solubility when expressed at 25° C (See pK1-AP3526 Figure 5(B)).

To confirm that both fragments had substantially the same immunogenicity as the full length
20 AcfD (orf3526), the fragments were purified. The purified fragments were used in three
immunization experiments in mice, adjuvanted with Freund’s complete adjuvant. Immunized
mice were then challenged with a sublethal dose of E. coli. Immunization with AcfD (orf3526)
with the N-terminus through the gly-ser linker or gly-ser region removed protected 100% of the
mice from death, whereas death occurred in 90% of the animals in the non-immunized control

25 group. Immunization with AcfD (orf3526) with the N-terminus through the proline rich region
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removed protected 90% of the mice from death, whereas death occurred in 90% of the animals in

the non-immunized control group.

Expression_and purification

Bacteria with one of the three constructs expressing his-tagged variants of AcfD (orf3526) were
cultured in 30 ml of medium and induced to express the AcfD (orf3526) variant at 25° C (AcfD
(orf3526) without the leader peptide (3526), AcfD (orf3526) with the N-terminus removed through
the gly-ser linker or gly-ser region (AG3526), and AcfD (orf3526) with the N-terminus removed
through the proline rich region (AP3526). The bacteria were harvested and lysed by sonication. The
soluble fractions were isolated and loaded on an IMAC column. The column was washed three times
with 20mM imidazole buffer. The AcfD (orf3526) variants were then eluted with three washes of
500 mM imidazole buffer. As shown in Figure 6, removal of the N-terminus of AcfD (orf3526)
through the gly-ser linker or gly-ser region significantly increased solubility and yield of purified
protein. The yield obtained was estimated by Bradford assay to be as follows: 0.18 mg of 3526 and
2.34 mg AG3526.

Example 3 — AcfD (orf3526) Mutants with Reduced Toxicity
A zinc binding motif was identified in the AcfD (orf3526) protein (See Figure 8). The zincin zinc
metalloprotease motif is also found in StcE (Secreted protease of C1 esterase inhibitor from EHEC)

which is a protein secreted by EHEC that is involved in the pathogenesis of such E. coli.
StcE HEVGHNYGLGH (SEQ ID NO: 96)
AcfD (orf3526) HEVGHNAAETP (SEQ ID NO: 97)

Given that this motif is conserved in all variants of AcfD (orf3526) and EHEC was the only
pathotype in which AcfD (orf3526) was not identified, it was surmised that AcfD (orf3526) similarly
is a zinc metalloprotease involved in the pathogenicity of the E. coli pathotypes in which it is
expressed and secreted. Therefore, inactivation of the toxicity of AcfD (orf3526) was sought. One
of skill in the art would have no difficulty in modifying AcfD (orf3526) to inactivate the
metalloprotease. As the Glu residue of the motif is known to be most important to catalytic activity
while the two His residues coordinate the Zinc, the Glu was mutated to Ala as an exemplary mutation
inactivating the metalloprotease activity — SEQ ID NOs: 58-76 (See, e.g., Microbiology and
Molecular Biology Reviews, September 1998, p. 597-635, Vol. 62, No. 3). In addition, two
additional detoxified variants were designed: one with the C-terminus deleted — SEQ ID NOs: 20-38,
and one with the N-terminus deleted — SEQ ID NOs: 39-57.

Test of in vitro toxicity of full length AcfD (orf3526)
Two different cell lines were tested for their ability to assay toxicity of the AcfD (orf3526) protein:

human bone marrow endothelial cells (HBMEC) and Chinese hamster ovary cells (CHO cells). For
HBMEC, the effect of increasing doses of AcfD (orf3526) protein (0.1 pg/ml, 1 pg/ml, and 10
ng/ml) was compared to TNF-a (as a positive control). The TNF-o treated cells showed an average
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5  ug/ml) was compared to TNF-a (as a positive control) by measuring the change in potennal
difference over time due to the alteration of the cytoskeleton of the CHO cells. At the highest level
of AcfD (orf3526) protein test, a significant decrease was detected after 46 hours, but the decrease in

response to TNF-a was notably greater.

Thus, while a preferred test for toxicity with a strong signal has not been identified, the fragments
10 identified below still have significant utility. As discussed above, these three fragment should
provide a similar degree of cross protection as the full length version tested above. Furthermore,
commensal F. coli is a preferred strain for expression of AcfD (orf3526) protein. However, as
indicated Figure 4, commensal E coli express a version of AcfD (orf3526) protein, but do not secrete
the protein. Thus, expression of a fragment of an AcfD (orf3526) protein provides the advantage of
15  allowing separation of the fragment from the endogenous AcfD (orf3526) protein based upon the size

difference without needing an affinity purification tag.

Cloning and expression — 35264 and 35268

Mutants were obtained using GeneTailor site-directed mutagenesis system (Invitrogen). Genes were

cloned in pET-21b vectors (Novagen) and transformed in DH5a-T1 chemically competent cells for
20  propagation (Invitrogen). BL21 (DE3) chemically competent cells were used for expression. All
candidates were cloned and expressed without the signal sequence and as his-tag fusion proteins,

being purified by affinity chromatography.

Primers used for amplification of fragments (final column is SEQ ID NO:):

i3 1 3526F iGGAATTCCATATGTGTGATGGTGGTGGTTCA Ndel 98 }

i 3526AR ]CCGCTCGAGGTTGTTCACCACCGATTT | XhoI 99 |
.3526B} 3526BF jGGAATTCCATATGGATCCGCAAGGGTATCC Ndel | 100 |
| | 3526R | CCGCTCGAGCTCGGCAGACATCTTATG { XhoI 101 3

25  Primers used for mutation:

" oligo :

Sample } Nucleotide sequence (5' -3') i

i name \

_4

| 3526GTF1 | ACGACTGGCTGATTTGGCACGCAGTCGGTCATA 102 ]

3526E1305A | | = |
| ; 3526GTR1 ’,! GTGCCAAATCAGCCAGTCGTTCAGCGGCGT 103 !
L |

Immunogenicity — 35264 and 35268
To confirm that both fragments and the point mutation had substantially the same

immunogenicity as the full length AcfD (0rf3526), the fragments were purified. The purified
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Cloning and expression —AG3526C
As an additional confirmation, a construct was designed that combined the AG3526 N-terminal
deletion that improved solubility with deletion of the C-terminus through the zinc motif (AG3526C).

Exemplary constructs are provided as SEQ ID NOs: 77 to 95.

10 A non-his-tagged expression vector for the AG3526C (E. coli strain IHE3034 — SEQ ID NO:77)
construct was obtained by PCR using the primers indicated below (AG3526A/C_For and
AG3526C_NatRev). The amplified PCR fragment was digested with Ndel and Xhol and ligated into
a pET-24b(+) vector (Novagen) and transformed in DHS5a-T1 chemically competent cells for

propagation (Invitrogen). BL21 (DE3) chemically competent cells were used for expression.

15 A his-tagged expression vector for the AG3526C (E. coli strain IHE3034 — SEQ ID NO:77)
construct was obtained using Polymerase Incomplete Primer Extension (PIPE) using the primers
indicated below (AG3526A/C_For and AG3526C Nat for I-PCR and p-petl and pet3 for V-PCR of
the pET-21b vector (Novagen)). The expression vector was transformed in DH5a-T1 chemically
competent cells for propagation (Invitrogen). BL21 (DE3) chemically competent cells were used for

20  expression.

The his-tagged version of AG3526C was expressed (See, e.g., Figure 10) without the signal sequence
and purified by affinity chromatography based upon the his-tag.

Primers used for amplification of the non-his-tagged fragment (SEQ ID NOs: 104 & 105)

AG3526A/C For
(Ndel)

AG3526C_NatRev
(Xhol)

gaaggagatatacatatgGATACGCCGTCTGTAGATTCTGG
AG3526C

gtggtegtgctcgagTTACCAAATCAGCCAGTCGTTCAGC
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Primers used for amplification of the expression vector (V-PCR): SEQ ID NOs: 108 & 109

p-petl catatgatatctccttcttaaagTTAAA'CAAAATTATTTCTAG
p-pet3 CTCGAGCACCACCACCAC

pET-21b |
|

; —
i l
1

i
l |
| |
L !

Immunogenicity — AG3526C
To confirm that the additional fragment had substantially the same immunogenicity as the full

length AcfD (orf3526), the fragment was purified. The purified fragment was then tested as

follows. Two groups of 8 CD1 mice (4 weeks old) were immunized s.c. with three doses of
10  antigen AG3526C (either 2 pg or 20 pg), formulated in Alum at days O, 31 and 35. 14 days after

last immunization (11 weeks old mice) mice were infected i.p. with pathogenic E. coli strain

THE3034. Blood was collected from the tail after 24 hours to evaluate bacteremia. Mortality

was monitored for 4 days after the infection. Protection was calculated as % survival at day 4

and statistical analysis was carried out by Fisher’s exact test. Results of the challenge are shown
15 in Table 4 below.

TABLE 4
Candidate: Sepsis animal model
AG3526C Survival with Survival without P value
vaccination (%) vaccination (%)
2 pg/alum 13/16 (81) 0/7 (0) 0.0005
20 pg/alum 15/16 (93) 0/7 (0) 0.0001

Cross-strain Immunogenicity - AG3526C

To further confirm the utility of the additional fragment in providing protection against multiple
20  strains, the purified fragment was further tested as follows. CD1 mice (4 weeks old) were
immunized s.c. with three doses of antigen AG3526C (either 10 pg or 20 pg), formulated in

Alum at days 0, 31 and 35. 14 days after last immunization (11 weeks old mice) mice were
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Kandi mal l a et al. (2003) Biochem cal Society Transactions 31 (part

3): 604-PABLH §9] Bl ackwel | etal. (2003) J Immunol 170:4061-4068. [80] Krieg
(2002) Trends | munol 23:64-65. [81] WO01/95935. [82] Kandinmalla et al.

(2003) rBRkfengPSurafit~ 953 Candidate AG3526C with Alum
(infectious dose) 20 pg/alum 10 pg/alum
IHE3034 Survival: 15/16 (93%) Survival: 6/8 (75%)
(1x 10’ CFU) PE: 93% PE: 75%
536 Survival: 5/8 (62.5%) Survival: 6/8 (75%)
(1x10" CFU i.v.) PE: 50% PE: 66%
9855/93 Survival: 23/47 (49%)
(1x 10’ CFU) PE: 39%
B616 Survival: 6/8 (75%) Survival: 22/24 (91%)
(2.5 x 10’ CFU) PE: 66% PE: 87%
UR41/S Survival: 4/8 (50%)
(2.5 x 10’ CFU) PE: 50%
UR40/R Survival: 5/8 (62.5%) %
(5 x 10° CFU) PE: 62.5%
IN22/R Survival: 7/8 (87.5%)
(1 x 10’ CFU) PE: 80%

It will be understood that the invention has been described by way of example only and

modifications may be made whilst remaining within the scope and spirit of the invention.
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1. An immunogenic polypeptide comprising an E. coli AcfD (orf3526) polypeptide comprising

a mutation relative to the E. coli AcfD (orf3526) protein which decreases the toxicity of the
immunogenic polypeptide as compared to the E. coli AcfD (orf3526) protein and wherein the

5 immunogenic polypeptide raises a substantially similar immune response in a subject as the
E. coli ActD (orf3526) protein.

2. The immunogenic polypeptide of claim 1, wherein the E. coli AcfD (orf3526) protein has an
amino acid sequence selected from the group consisting of SEQ ID NOs:1-19.

3. The immunogenic polypeptide of claim 1 or claim 2, wherein the mutation is selected from a
10 deletion of all or a portion of the zincin metalloprotease domain and a point mutation in

zincin metalloprotease domain which reduces the protease activity.

4. The immunogenic polypeptide of any of claims 1-3, wherein the point mutation is a mutation

of a zinc binding residue or a mutation of a catalytic residue.

5. The immunogenic polypeptide of any of claims 1-4, wherein the zinc binding residue is

15 amino acid number 1305 based upon alignment with SEQ ID NO: 1.

6. The immunogenic polypeptide of any of claims 1-5, wherein the immunogenic polypeptide
does not comprise at least the last 100 C-terminal amino acids of the E. coli AcfD (orf3526)
protein, at least the last 200 C-terminal amino acids of the E. coli AcfD (orf3526) protein, at
least the last 300 C-terminal amino acids of the E. coli AcfD (orf3526) protein, at least the

20 last 400 C-terminal amino acids of the E. coli AcfD (orf3526) protein, at least the last 500 C-
terminal amino acids of the E. coli AcfD (orf3526) protein, at least the last 600 C-terminal
amino acids of the E. coli AcfD (orf3526) protein, at least the last 700 C-terminal amino
acids of the E. coli AcfD (orf3526) protein, at least the last 750 C-terminal amino acids of the
E. coli AcfD (orf3526) protein, or at least the last 758 C-terminal amino acids of the E. coli

25 AcfD (orf3526) protein or does not comprise at least the first 100 N-terminal amino acids of
the E. coli AcfD (orf3526) protein, at least the first 200 N-terminal amino acids of the E. coli
AcfD (0rf3526) protein, at least the first 300 N-terminal amino acids of the E. coli ActD
(orf3526) protein, at least the first 400 N-terminal amino acids of the E. coli AcfD (orf3526)
protein, at least the first 500 N-terminal amino acids of the E. coli AcfD (orf3526) protein, at

30 least the first 600 N-terminal amino acids of the E. coli AcfD (orf3526) protein, at least the
first 700 N-terminal amino acids of the E. coli AcfD (orf3526) protein, at least the first 750
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CLAIMS 1. Anc) nieassBs9% sequehoediaaititg € &6aHel oFiISEY) BNNDs: 20td 76Aek D (or f 3526)
pol ypeptide conprising a nutation relative to the E. coil AcfD (orf3526)

protein whi C‘('El?}dﬂ%n%l RdLWEh LAY 6f BEQPTIDINGs! DUUBOHE Risihg PR IpARGRe! SlforRtent
conpared to the E. coli AcfD (orf3526) protein and wherein the 5inmunogenic
pol ypepti de r aiadgsithmgsedsh mantingawindosi ofi ¥ aminp rands dronegemyauy to G tesmiyjusdias as

the E. coli Acf orf3526). pratein. 2. The inmmung i c, pal ptide of claim
1, eWner ein the ag.le("ﬁtd? 4 l%élfﬁl(a&g?%‘g%bnoﬁfgf’e‘f'}herﬁééggéla%dnff‘?odgii d sequence
selected fromthe group consjsting f SEQ I D NGs; 1-19. .. 3. The inmunogenic
pol ypept i de %lﬁer@péﬁmrgmogeplgmﬂm%mﬁw&ﬁﬁa f"%t*\?ﬂf]ﬂé)f Sglar MuUneEesRQpse F‘g?n a
10del eti on afppld asQhe & R ALEN(Rf350EFprételi N et al | oprot ease domain and a
point nutation in
8. The immunogenic polypeptide any of claims 1-7, wherein the immunogenic polypeptide
further contains a deletion relative to the E. coli AcfD (orf3526) protein which increases
15 solubility of the immunogenic polypeptide as compared to the E. coli AcfD (orf3526)

protein.

9. The immunogenic polypeptide of claim 8, wherein the deletion is removal of substantially all
of the N-terminal amino acids up to the gly-ser region, removal of all or a part of the N-

terminal proline-rich repeat, or both.

20 10. The immunogenic polypeptide of claim 8, wherein the deletion is removal of at least the first
20 N-terminal amino acids as compared to the E. coli ActD (orf3526) protein, at least the
first 20 N-terminal amino acids as compared to the E. coli AcfD (orf3526) protein, at least
the first 30 N-terminal amino acids as compared to the E. coli AcfD (orf3526) protein, at
least the first 38 N-terminal amino acids as compared to the E. coli ActD (orf3526) protein,

25 at least the first 40 N-terminal amino acids as compared to the E. coli AcfD (orf3526)
protein, at least the first 50 N-terminal amino acids as compared to the E. coli AcfD
(orf3526) protein, at least the first 60 N-terminal amino acids as compared to the E. coli
ActD (orf3526) protein, at least the first 70 N-terminal amino acids as compared to the E.
coli AcfD (orf3526) protein, at least the first 80 N-terminal amino acids as compared to the

30 E. coli AcfD (orf3526) protein, at least the first 90 N-terminal amino acids as compared to
the E. coli AcfD (orf3526) protein, or at least the first 94 N-terminal amino acids as
compared to the E. coli AcfD (orf3526) protein.



zincin metall oprotease domain which reduces the protease activity. 4. The

i nmunogeni ¢ pol ypeptide of any of clains 1-3, wherein the point nutation is
a nut at i omo@b1@ozisnc bi ndi ng resi due or a nutation of apcatBiod/dn@043esi due.
5. The i mmunogeni ¢ pol ypepti de of anyiof clainms 1-4, wherein the zinc

bi ndi ng residue is 15am no acid nunber 1305 based upon alignnent with SEQ
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am no aci Giagmentibésokated; pliifidd; obrecombidfagt) protein, at |east the |ast 200

C-terminal amno acids of the E. coli AcfD (orf3526) protein, at |east the

| ast 30 ] 1 | . cQ f J. . ei n, at

| east tﬁze%ggﬁmgggé%w%%ﬁﬁlgﬁg ya%ﬁdéﬁgéi silug t(ﬁg{p%.dng%%%h%(orf%%)
protein, at |least the last 500 C-term nal amno acids of . the E. coil AcfD
(or f 3528 AvpdyRicieotide epcoding the immyaegesrrotyrephids ofanyAficlimadidds of the E.
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of tshe . ABOEI coAtdN, (conthiio) phisoli®that eAtodes dsd inihendgasic pohpeptidleofmmabf
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Acf D (ors. 25¢4erinp kcoinPoient admpresisg thei@nfunbgéni@Polypeptide ot tlaim atd no aci ds of
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acids of .t 2 il (.Qrf: Q.. | east the first 400
N-tern1{163ﬁh\za%gﬁg%g;g%’aéﬁéget‘%gaéég%é??ﬂeﬁggga?lgﬁi53526) protein, at |east the
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301 east 1% fle vpeeine Gotpim: kodirthergomprising addiyas the E. coli AcfD (orf3526)
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(or (352fR). ThE Glabdifle oftlalBaBt ort &lgint il 7 Furt&Oconyi¥PisRpldd AQERSAPORLR 0dBpEH¥A043
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clains 1-7, wherein the imunogeni c pol ypepti de further contains a deletion
rel ative S&phWectcussiprompytiyus ByiEes 26 erpnin ailaroqtitich aptigane as additionad Fupeli i t y
of e i nogen| cp polypeptj de a 0.t . Ll Acf
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N-t er m nal 1 no i . Gal. i f. in,
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at least the first 80 Nterm nal am no acids as conpared to the

(©) at least 85% sequence identity to any one of SEQ ID NOs: 77 to 95; or



30 E. coli AcfD (orf3526) protein, at least the first 90 N-term nal am no
acids as conpared to the E. coli AcfD (orf3526) protein, or at |east the
first 94 wWetermiomslr ami no aci ds as conpared to the E. cecriBah®oos¥ 3526)
protein. WD 2011/007257PCT/ 1B2010/ 002043 61 11. The i nmmunogeni c

pol ypepti de of any of clainms 1-10 wherein the i munogeni c pol ypeptide

fragnent is ol AR r el [ 1 - The | nj

pol ypepti de (Io? any eg]fal%hah V{Ilﬁﬁ?&gofusmgﬁ I@@?rpn ifﬂ?r?a %ﬁn%g}ﬂég%_ Al%?neﬂt
pol ynucl eot i dlgorithmpeichgnbVigg windavogeRiamipohdipe frbinde teimifukytodf te@ndusthad af.
514. An E. coI| cell, . contai n| ng a plasmd that encodes the immnogenic
pol ypepti de Isst xryidentical aligngd amgno %5‘15 whergocis 38 aB@Hﬁ%ﬂ@ﬁt conprising the
i mmunogeni ¢ pol ypeptide of claim11l. 16. A vaccine conprising the vaccine
conmponent of whereip qmqmgemn@ommd@a@ﬂowrdpm% a§ eompreeed todheEi etlingyeiih

it onal - agad PR R b e € pB B Lo T SRR 4R

antigen, a Shﬁmnteee@@ﬁwmmebjéwusabe BnédlnReD @rS5e&reeccus pyogenes
antigen, a Mdraxella catarrhalis antigen, a Bordetella pert ussi s antigen, a

St aphyl 0 [ e

d OStI’i%jl? ?Iﬁ{n gﬁ{;g i%?a%%e%ﬁae gﬁ ne‘%y gnr ?%m cf‘? Qh?ﬁeﬁ&@% f% Q)rlyp%gtlde
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i i onel |.a pneunpphi |l a antigen, a Streptococcus agal acti ae

antigen, a Le

anti gen, ERERELPIIEn. oA HEHE 2hHrigannalarsian 261y gt 19 b actohsd] Lriseflen,
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faecal is anti nt erococcus faeciumantig i cobact er ori
antigen, &aStthpﬁysltGOOt-mmumhpmum‘qctdsmfshaﬁt ccgeApﬂh(oYBrS%)wprateﬂntoeraoteaétlthe ca

anti gen, ti ona coj i ge |l us. anthracis antigen, a
Yer si ni a %&3?3\‘ ?fnmé’ %%ﬁ@tlg (j,ﬁ#{}d@ﬁ?ﬁ?%g{@elgn“ gen, a Rickettsia
antigen, a Listeri a m)nocyt ofqenes antigen, a Chlanmydi a pneunpni ae anti gen,

a Vi bri4- dhelismamogenis rokvpeatidn frasment 2f t5@m lan?r @n Wherepy thes [igrunogenic
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(d) when alaagrtbdlaai 219 Grgrmoal 8E(NG Witef thT E. cai 86 Girfi$26) prateimios et kehstdgherent

last 217 C-terminal amino acids of the E. coli AcfD (orf3526) protein.

20 22.The immunogenic polypeptide fragment of any one of claims 19-21, wherein the E. coli
AcfD (orf3526) protein has an amino acid sequence selected from the group consisting of
SEQ ID NOs:1-19.

23. The immunogenic polypeptide fragment of any one of claims 19-22 wherein the

immunogenic polypeptide fragment is isolated, purified, or recombinant.

25  24. The immunogenic polypeptide fragment of any one of claims 19-23 further comprising an

adjuvant.

25. A polynucleotide encoding the immunogenic polypeptide fragment of any one of claims 19-
22.

26. An E. coli cell, containing a plasmid that encodes the immunogenic polypeptide fragment of
30 any one of claims 19-22.
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21. The i munogeni c pol ypeptide fragnment of claim19 or 20, wherein the
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coil AcfD (orf 35,23% apr otein, or at | a}%t, the . last 217 C t_lerm' al am no

aci ds of {e@nipantigen| ﬂef@nflzﬁcregweyﬁpgf tiap ANtigRn, potlagrpephi ssflectype B
pol ypept i gafr t j : ‘beliCf D
(or 15556 Uiv) AATER o PecAlP cOhughicRl RUEEH L [ HDRLIE] Priibifephila (tkerd:d
consi st i n§treprogiecus Exdipriat-ahgen? 8 NelSaerid ganondyenéd entigehypehlaimidiaftracgomats of

any one of clains,19-22 wherein the i ogeni | ypeptide fragnent is
sl at ed, JPEPT Pl PRIILLRNEIAANEDSH Hierpghily Qe B Aot JHMPTafEs
fragment @ecany #@f8em)f aCERlePdodlns2fudciilnt Naftige®MAr IHelibsbadfer 2gjlMaRhtigefd - a A

pol ynucl eoti de encoding the inmunogeni ¢ pol ypeptide fragnment of any one of
cl ai ns 19Staphylococcus sapgophpticss, angigen, ackariniacawpara¢atitiag aatigsnagnidflitions Leed/bdes

t he d mun i C po ti frag of .one of clains_1

20127 007283 T 1%2%‘%‘8?’8’02’8’ agi§ O e vaag%?‘%)e{mc reri)’bsneaﬁbgéc“oﬁ%r ?lsvug%%“f%em

i mrunogenbepallospepitigdn, § rrgest atigen)ya DRRrf mohddyrigedd- ahlige® 8 CAlamelid ne
conprising the vacci ne conpgnent of claim27. 29. The vacci ne of claim 28

further cBREIFAIGEaBtecadALTHRI. Chplage aptigensae Sasonstlaclyabinpntigens acherirgho9

further . ORISR ol B Aho HALH06S ATRARE Y #RIBLAD SRR

Nei sseri a gitirdrs anti‘g 0COCCUS pneunoni ae ant
Streptococcus pyogenes antigen, a Mraxella catarrhalis antigen, )
Bor det e} - Angaymynogerc palypegiie rementeamrIEssecanaaine agid saiienge fat gpmprises:

St aphyl ococcus epiderms antigen, a Clostridiumtetani antigen, a
Corliyhebact de) i amingicidseniacestleetsd fomthrgen shndise oRRFQARNS 10878 10
(Hi b) antigen, a Pseudonobnas aerugi nosa antigen, a Legionella pneunophila
antigen, a Sb)efpbaa6d0SingRaindad héid aftlatigRcongpaliel t6 SPQ D BOOL0 hosae
antigen, a Chlanydia trachomatis antigen, a Treponema pallidum antigen, a
Haenophi | us cr.eyi i a erococcus hS~29k | ), .. a

Ent er ococc us(g*J aaetgigaﬁhgg;/lt’i tsg‘gug H?e léie hy it%% a%r%eeorff%;t?g? :N%ash ? é) 'gtg(gﬁp’ 4

St aphyl ococcus saprophyticus antigen, a Yersinia enterocolitjca antigen, an
addi ti onal Hd) cwhen 2Bgredt WifknanyaoBREQ 1RsNSst RP el &7 asingge pairyisgedligngieat
pestis antigen, My co terd. L [ i i i tdsia. Lgen,
a Listeria m)no%g?%é{g%hg%%ziﬁﬁlgghvﬁﬁ@%(iﬂa%yﬁgﬁégg%ggﬁp{)ﬁi t%ﬁgﬁﬁgée?}e, gﬁl{;ﬁth%% o]
chdlser ae ant i gedt leadt 5glid@aniehl Aighydaminericidgewhera xBoB0 ahd gidurgdor f er i
antigen, a Porphyrononas gingivalis antigen, and a Klebsiella antigen.

31. An inmmu [ i : . I.S) ] ' e
that " conpr | SLRath i ek A ool pRRR SR ORI Bn i il R Ry GRL RN
consi sting ofubfsbQsldd ANGs/i 2D @or3¥526) protéih) from 1 to 10 single am no acid
alterations conpared to SEQ ID NGs: 20 to 57,

32. The immunogenic polypeptide fragment of claim 31, wherein the immunogenic polypeptide

a
n, a
a

does not comprise at least the last 100 C-terminal amino acids of the E. coli AcfD (orf3526)
30 protein, at least the last 200 C-terminal amino acids of the E. coli AcfD (orf3526) protein, at



(c) at |east 85% sequence identity to any one of SEQ ID NGs: 20 to 57; or
(d) when aligned with any of SEQ ID NGs: 20 to 57 using a pairw se

al i gnnentwel2gowdotdsm each novi ng wi ndow of x ami no aci decrnBroidod2es3ri nus to
C termi nus has 25at |east ny identicad4 aligned am no acids, where x is 30
and y is 0.75, wherein the immnogenic polypeptlde raises a substantially
simlar i puNgen &£ 6 tel n.
32. The |m'runogel%|%§ego "‘E’gbr{ﬂ‘ll gﬁm* r%mtﬂg a| r#g%f—%ié?é}&‘é%h)dt Rast tﬁé

i Munogenilast paod Qaemhmaieandnesmdmbf the Fp ebls & céd (d>rﬁ3a€é€6) plhmelh %ﬂea&ﬂtﬂie st 800Chnal

Gt or m nal T GTER BRiSop G- BolichiD REPIQOPha) GGt 60 C{gpminal

2011/ 0072348 {J hE208 092%31\@#0 (635326 g)‘?oteﬁis bt RAG the UKK o)A 1FHiMHP aRfihs!S
of the E. Act D (orf3526) prot el n, east the last 400 C-term nal

am rﬁo aci dends)bf the. Eoli AcflD (dxﬁﬂ%l ptrotﬁmzcﬁ)eaplrtbc bish750aE-téransal atrheo hcads of3DO

Ct | ). i t E. i Acf.D f 26 t t th
ast 600 & CoF ARARORRTRY piptfasorcft irist e 1o OB Glbppnal PR E ot
| east the AcESYorf94> p?(ﬁélmd?@beﬁﬂﬂt%mpﬁs@ﬁt' 1esst e firde 100 NGMhinAiCnkinb QEd3926)

protein, at least the last 750 C-term nal am no acids of the E. coli AcfD
( orf 3526) tlmlét@{zmcfbr(OdBSZ@aE@temhet leags the7tgt 200t Mrterinmagl @mmmlétoﬂshe&f cc?lhe

E. coli (o rot se. at as flr 00
Nt o nar Ry (RSS2 o Bl Adke e S 300 - ERFRL 38y a8t el dalf A
firgt 200¢ (Nﬂﬂﬁﬁ’gfwém aemlél@t ﬂh@lﬂilgt 400 N-I&ﬁ‘mﬁaal Glﬁinio Aedddf(thE E35816Acﬂb (Jcsrea 526) at
| east the first 300 NNterminal am no acids of the E. coil AcfD

(or f 3526) Ppteneiticashthe|fisgsy00 Nréerminal tanwmaqui& ‘éfrth‘i’ anlaﬁp%(oawaé) mpteerh atE,
| AcfD d
Co1 ! 2 LPLGY BRI 04 bl A3 bificl Bl FUB (o0l LR O

anmino aci disst 700 tNveerfainat amhnoémﬁdl% ¢fothe Z526) AxfDi(eifBs26priteias at lbm t}ie fist 7500

N-term nal _am no, acids q coli AcfD 3526) protein, | east_t he
first 750 NIrBIA] ﬁ@Ima%ﬁl%ogﬁwdg it pRE @rf‘%#I PRIFIP PHA kss%jle rﬁmt - or

at Jseast il hidino BsNr AGLAIE AaD @990 aebes, Of the E coll AcfD

(orf3526) protein. . The 1 mmunogeni ¢ polypeptide fragnent of claim31 or

claim r ot
sequengjg'@?e@b@&gg&lﬁ?lﬁg‘%ﬂt}dﬁ% conglmsgtgllg1 % 3&0‘?% ?%&?&nﬁm&@ %’Z’I Rﬁ%)e

I mmunogeni@fifaby peyndin des i agimicidfeqaayceanizcet] fivina ttesgr8ip Séhsishiag of SEQED 20
i nmunogeni ¢ poI peptide further contains a deletion relative to the E coil
Acf D (orf@@(ﬁ rotein which increases solubility of the inmmunogenic

pol ypeptide as conpared to the E. coil AcfD (orf3526) protein. 35. The

i munog¥hiThe pnppeggenite pohyRgptidet feagmentioh 30y  MRferad| ﬁlatm% 3Bt whereins the
rempyval of I te I S

o yRsor ¢ egTSRSIA b8lpehudt fyuiler cBRabls CUTAR RERY, B £otPAt (526,
repeat, oprdeih whi@bincréagesisohibiivgenihe imalunpggii¢ pelypepridaas borﬁf)ared ol thee 24 coli
wherein the deletion is renoval of at least the first 10 N-term nal am no
aci ds as é\gﬁ%é(p%}ﬁ%@,p{qﬁgnE coil AcfD (orf3526) protein, at |least the first
20 N-term nal amino acids as conpared to the E. coli Acf D (orf 3526)

pr ot ei n35. dhe |iggymogenc ﬂ)pImptw fagnagnti ofatlaianiddo wheredrs thes delepmisetrmaeyat vé E.

coil AcfD e I

aci ds as 8%‘%8%&‘3@ ? ﬁ%? )theo c0| fﬂ %‘EI’BE‘*?H‘@W%‘ ek ?’fﬁe%ge A [e é)g%t t e&??rst
40 Mternpmbf&mNmmdiprMemmrqmad ot bothhe E. coI| Ach (orf3526)
protein, at least the first 50 N-termnal am no acids as conpared to the E.
col i AcieDThe lihAfeaben pélggg}md@tfrd t of bRirh i34s heRilNHeaddldtidal is 26 oval dFiadls
as conpared to WO 2011/ 257P B2010/ 002043 65 the E. coli_ AcfD

(or f 3526) lggptoheifisst 19N tergnal tapning Iﬂ¢1§$ asrgaq\patred t thaIE. gadl A TRAPHS 2 PEQigar ed

to the E. f f
a?n noeam gIgPéaaét @% B:?é gg ﬁ%%?ﬁ%ﬁéﬁ@gl%m %gﬁéyé‘gg%)th%%fg?n%ﬁfiwg t he
first 90 bkdtﬁﬁ,rmtndﬂastafhenﬁrsaCSOdN t&ﬁnﬁl@maﬁﬁr&ﬂ atids tasecdmpaeetl to Ad [B. (colif R6AD)

protein, or _at |east the fi N-term nal] am no 5acids as orrpared to
the%E. co qrﬁﬁiéébp(%?lflastzlﬁystptﬁ%tﬁéwrﬁ8 ébtemméi AR e ﬁsccmwsfim thfel. coli

fragnent aqf I i I
[ gment AL S AR, R 0% e IMGGH6 00 MIGEIALE v o
pol ypept i deli Wcﬁgr(enﬁsm) paotyinp bt lehsaltlmsﬁﬂtlSGN—felmntrIabammnmdssasrt@nmar@idqouhant :

10 39. A %w&lﬂg trf??%? r})(%&gfnngt east tilm st %%EIG nalyaPneEo Iacc:il sfagg rgggrted ?(];

any of cl




40. An E. coli cell, containing a plasmd that encodes the inmmunogenic

pol ypepti de fragrrent of any of clains 31-36. 41. A vacci ne conponent

conpri si ngotzbei/domsunogeni ¢ pol ypeptide fragment of cl ai wc@iB204@00243vacci ne
conprising the vacci ne conponent of odsaim41. 1543. The vaccine of claim42
further conprising an adj uvant. 44. The vaccine of claim42 or claim43
further c i sin | . .

Nei soor i a ek ol e Rpb] B, (ERGHRe TR MR RS P B cfingored

St r ept ocogg Ube myogﬁnaettar(btfgm) I&OMYI aateleha thatfast BalNSemﬁhalgﬁﬁmoaamds as
Bordetel |l a pertussis antigen ghyl ococcus aureus anti

St aphyl ocG@@H%reé;S‘i’ ther fri @lla"h?ﬂ)g@ﬁﬁ;% JaPrgtsin, iagi1qash the firgt 99N- t%mlilﬂé‘ﬁlm‘aa%? n
ynebact er iU ARkl RE A B AGE orést@);—',wa&m oSt 1Al HE RER D4 N Rl o
anti gen, e ononas aer ugi nos ti'gen, & Leqi one a pneunophi

ant iygen, aciat; nepimpwetieshadatdic Ache(af3SRGeprotetn. Nei serri a gonorr hoeae
antigen, a Chlanydia trachomatis antigen, a Treponema pal lidum antigen, a
Haenmophi?. a!hedﬂ@rimgexﬁabbg@apu@ fralin®dn® ©F Ga Y f fctmna 3l S 6awhérgidnthe mmunogenic

Ent erococcus faeci umantigen, a Helicobacter pylori antigen, a 25

St aphy| oc pebmsptidedragpiopt lsdﬁf%latﬁﬁi}m“g@ﬁd of reeomliRAng ent erocol i tica antigen, an
additional E. coli antigen, a Bacillus anthracis antigen, a Yersinia pestis
ant i gen3g. Thiyieahawigeiic UsSl ypbpaide Utappient aftdrgedt cRid GHeI7 FirtheR dong@iRingdan

Li steri a nopnocyt ogenes anti gen, a Chlanydi a pneunoni ae antigen, a Vibrio
chol er ae admvgrén a Salnonella typhi antigen, a Borrelia burgdorferi
antigen, a Porphyrononas gingival/is antigen, and a Klebsiella antigen. WD
2011ly 007X 3V FsTY AUl 0 £AEdARE3the EmmiuAd gdnitepadyiepad@frhgm st @fienyg of deinecd1e3b.f rom
t he group consi sting of SEQID NGs 77 to 95; (b) from1l to 10 si ngle am no

Ceauenci ekl HeCaiSfoR i b igigede! tdmfigmmpgiik pBlipgRR bt of

w th any ahy SEainkd NCB6. 77 to 95 using a pairw se alignnent al gorlthm each
novi ng wi ndow of x amno acids fromN termnus to C termnus has at |east
X.y ide I ,C ' . ] Y rein the
[ m"runoggn c%pcg yp e&?gﬁ% rai 8 ﬁ‘gih the IWH %éléF ?01 eﬁﬂg f%g%n %%)%fec%gggﬁnse ina
subj ect as the E. CO|I Acf D (orf3526) prot e| n. 10 46. The i munogenic

pol ypept?-devaccageerprising theayaseine compenest af elaian #hmunogeni ¢ pol ypept i de
fragnent does not conprise at |least the first 10 Nterm nal am no acids of

theiE. £NiThe Agédind sirdia3mR) fupthert @intpristg dnealpivahiie first 20 N-termi nal amino
acids of the E. coli AcfD (orf3526) protein, at least the first 25

ds.. of I f 6 . i h
ot B ETaana UL B el 83, Cul BRI SRy bERfhert
at | east tsHectddffromst a IeidNetiar memiagirdixi aniges) dssmzfmdchecuE privahonisef ddtigen, a

(orf3526) protein. 47. The i munogeni c pol ypeptide fragnent of claim 31 or
46, wher eiSHePIREOGCHIMPHOSREST @RSt fe Maraee!or ag%hfllsaa%g%ta Boridgiella epextustieast

t he | ast f
at | east PRoEha StdpLOREdL B A hiliel o SIapi oo fOis epfriis B 1o PAEA
pro2kei n, adrakieasigen, e Coanhelbatterio diphitiealaecavtigen, evcHdsmozﬁhzhzhenjEi;enzm typAds D

orf3526 rotein east the last 200 C-t am no ds of the
(E col i )Aéﬁ%‘)p 2%)’3a SEif "'{S “ﬁ’fugi”é"afgta“t“ﬁ&nl%l ?"Cpf‘@f"f‘ﬁ P yHieAy 2

aci ds of l;SFP%pz%coé‘cQ.l‘ bgﬁ@étge(aﬁflgé#g@em@?ﬁ& gbﬁbrrwea@fmtig%ﬂsé Chl&%zyb’ﬁzsﬁac%a;zatzs

C-termnal am no acids of the E. coil D (orf3526) protein. 48. The
i m‘runogenlautlgﬁml Pp&poukend palidumt ardfgea,ny Hyeenaphiles dumy134nttg¢n Wr@rt@lonoqcne E.

coil AcfD 352 rotei n has an mnoa seq Iect d. fr
group conér §f1 snga g%GIES;%E eff‘i%ﬁ”s g 1urp gt "?glé’ %rrryff %%a ¢ ﬁr/'peaﬁfg]
fraggrent Glapaplpcodtas Sdprepmiidhs @tigh IO RIderdr0coNTPaRAHLEN, an RAdIIPENE. deli
fragnent is isolated, purified, or reconbinant. 50. The i mrunqggenic

pol ypept i éetlgqnag@mﬁqcz&s AWhrgeis entigeng| drsYFUNIY Hesis HEALEBNPr | cRbackerium
adj uvant. 2rfosidakt t gl%l?éetttléz%_ anj@(e\ﬁ),da @%zértbeﬂow&%%y Qnt&%h,y R %htl&rg)edia

fragnent of any one
pneumoniae antigen, a Vibrio cholerae antigen, a Salmonella typhi antigen, a Borrelia

burgdorferi antigen, a Porphyromonas gingivalis antigen, and a Klebsiella antigen.

30  45. An immunogenic polypeptide fragment wherein the immunogenic polypeptide fragment

comprises an amino acid sequence that comprises:



WO 2011/ 007257PCT/ 1B2010/ 002043 67 52. An E. coli cell, containing a

plasm d that encodes the i munogenic pol ypeptide fragrrent of any one of

cl ai ms 3wd&01158725A vacci ne conponent conprising the i mPamagaNo/c2043

pol ypepti de fragnent of any one of cl&ins 31-49. 5 54. A vaccine conprising
t he vacci ne conmponent of claim53. 55. The vaccine of claim54 further
conpri si ng adj f
conprising a )addt?&tglqgltrllra §C€%§-&n§%ce€s%%p%§eiﬁm @gl p%?ng{suﬁégf%?gsﬁé@% Z%O
meni ngi ti di s9yntigen, a Streptococcus pneunoni ae antigen, a Streptococcus
pyogenes antigen, a Mraxella catarrhalis antigen, a Bordetella pertussis

10 antigen, @)St apoml10600GkE]PMhRYScRINM feffidns SonphRE 1 SERD IO WOLPT ELO 5 S
anti gen, a ostridiumtetani antigen, a Cornynebacterium di pht heri ae

antigen, ?”Dpi’c'léédﬁw%fs&}iﬁﬂé@ﬁeﬁm?% Ehf&'x’ietl)f I9RIds: 27 Reyidenonas
aer ugi nosa antigen, a Legionell'a pneunophila antigen, a Streptococcus

agal ot ac 8! eMhePahEIcaofl anpUPAUHGIBARARNYI 455 Rk AIHAIR ofienmens

trachomati s anti gen, reponenma’ pal um anti gen, reyi
antigen, a Eaigmtbmoeanhsmdﬁng adnddw sf anhiige acids front Nitatdowus ¢ aeminuy has at
anti gen, a | i cobacter pylori antigen, a Staphyl gcaqc saprophyti cus
anti gen, AL XY e%tﬂﬁaéglb%fl@ml%a% W@@W"‘éﬁ% giyt‘? §ﬂ§1 coli antigen,

a Bacill us ant hracis antigen, a Yersinia pestis antigen, a Mycobact eri um
t uber cul OS| swbmngbwmlaumm@tméyp&phm faifena substangialdy similepivvpyRoigepRase in a

anti gen, ﬂ&y %ngamggafe rg@bgp@g e Vibrio chol erae antigen, a
an r

Sal nonel | a typhi I gen, el'ra urgdorferl antigen, a Porphyrononas
gi %vall s antigen, and a Klebsiella antigen. 57. An inmunogenjc

cot e dBmMNPETHG PRlNDERtidE Agaent oloedAijih bt Whksein they rampnegents RolvrReptide
aci d Sequ%&@fﬁ{‘@&e@%@é@&% af’t“l%és%%tﬁr?tofé ﬁetgHﬁﬂﬁ n!uﬂ§ %gfdk %()frt}% BNl dﬂsﬂf’f
ypep e oes not

SEQ I D NGs el n the I mmnogeni c po e ragnent
conpri se t(&r€3326) provtinadt 1880 thenfirso2@di-@aminhl thimokacids alfitheMd. ¢9li Aoﬂ) BaP’R6)
protein or does 25t erm nal. 200 a

he C
coli Acf DW‘HF‘PS@B%“ §}%g&? > Etsrernmh'eammﬁﬁ@@@f] the fécﬁ?g e ac'ﬁgg?&araiem, B
wher ei n thasﬁheqmtlsoﬁ@ft&rmfaﬁél%ﬁaa@sr&fttﬁbrp: DS ARD Weg@&%%%%& the

sel ected fromthe group consisting of SEQ I D NGs: he i nunogeni ¢
conifosi t i dmstdB Neteammad @maro acclictsqu\tl&BEfaMlztAndD (odAp26)piretginan adj uvant . 60.
The i mmunogeni ¢ conposition of claim59 wherein the adjuvant conprises (a)
1- 12% b47. 3B Oimifieno@enia psrﬂypﬁmﬂé Aedpneenoidf, claind 3(1bdr @62 %herei? tﬁe%dnynume'g@m of
an emul si fyL ng ﬂge{{lt, rel n the netaboli 17aaE)I e oié and the emul. yhn%
agent ar epB y@g@t qgn}qqg PSRt qu]ghse(ﬁt eastfhe -terminal amino aci so the
2011/ 00725}? ik | \22??&&?1 ﬁ%A’é’?H{%rlﬁsgrf'Sb% Eé'i’mi}ﬁ}’hrﬂﬂnoodckdsfoQIH’é Et §olz Ach

substanti a ch are less mcron in dianeter.
i mu nogem(orﬁﬁiﬁbpmtetmm lexfst thiedastn139 Gateaméiah amd}ompaistofdbfnﬁr cade$0ﬂia10rﬂ353% by

pol Joxyet mERdrit fies 2o TobrainmLeding abi i, = oo R BrosAbREb Rt Ay

squal ene a&dt thBeasePM Sitbvhing AURGhcids 6f 1&6%5@31"1 A'ch tcﬁ%ﬂ?@} ofdin, &7 at least the
oi | -in-water enul sion having oil droplets substantially all of which are

| ess t han last 2 tEdamipalgimineeeids of thg 2. calhActR{\Ed26X profeduci ng an i mune
response agai nst E. coli conprising adm' nistering to a subject a vaccine in
accor daff dhwiimmumegerse @obpeptids fragment 1, argBorB0of dlaingst 3 1-4fid whareh6 ther Eanoli

100 mmunognl SRR prb@h bl ACERIIANEE sdlulleP e il BT ohsRhng of
25 SEQ ID NOs:1-19.

49. The immunogenic polypeptide fragment of any one of claims 31-48 wherein the

immunogenic polypeptide fragment is isolated, purified, or recombinant.

50. The immunogenic polypeptide fragment of any one of claims 31-49 further comprising an

adjuvant.

30  51. A polynucleotide encoding the immunogenic polypeptide fragment of any one of claims 31-
48.
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. An E. coli cell, containing a plasmid that encodes the immunogenic polypeptide fragment of

any one of claims 31-48.

A vaccine component comprising the immunogenic polypeptide fragment of any one of

claims 31-49.
A vaccine comprising the vaccine component of claim 53.
The vaccine of claim 54 further comprising an adjuvant.

The vaccine of claim 54 or claim 55 further comprising an additional vaccine component
selected from: a Neisseria meningitidis antigen, a Streptococcus pneumoniae antigen, a
Streptococcus pyogenes antigen, a Moraxella catarrhalis antigen, a Bordetella pertussis
antigen, a Staphylococcus aureus antigen, a Staphylococcus epidermis antigen, a Clostridium
tetani antigen, a Cornynebacterium diphtheriae antigen, a Haemophilus influenzae type B
(Hib) antigen, a Pseudomonas aeruginosa antigen, a Legionella pneumophila antigen, a
Streptococcus agalactiae antigen, a Neiserria gonorrhoeae antigen, a Chlamydia trachomatis
antigen, a Treponema pallidum antigen, a Haemophilus ducreyi antigen, a Enterococcus
faecalis antigen, a FEnterococcus faecium antigen, a Helicobacter pylori antigen, a
Staphylococcus saprophyticus antigen, a Yersinia enterocolitica antigen, an additional E. coli
antigen, a Bacillus anthracis antigen, a Yersinia pestis antigen, a Mycobacterium
tuberculosis antigen, a Rickettsia antigen, a Listeria monocytogenes antigen, a Chlamydia
pneumoniae antigen, a Vibrio cholerae antigen, a Salmonella typhi antigen, a Borrelia

burgdorferi antigen, a Porphyromonas gingivalis antigen, and a Klebsiella antigen.

An immunogenic composition comprising an immunogenic polypeptide fragment with an
amino acid sequence that comprises at least 90% sequence identity to any one of SEQ ID
NOs: 77 to 95, wherein the immunogenic polypeptide fragment does not comprise the C-
terminal 180 amino acids of the E. coli AcfD (orf3526) protein or does not comprise the C-

terminal 200 amino acids of the E. coli AcfD (orf3526) protein.
The immunogenic composition of claim 57 wherein the E. coli AcfD (orf3526) protein has
an amino acid sequence selected from the group consisting of SEQ ID NOs: 1-19.

The immunogenic composition of claim 57 or claim 58 further comprising an adjuvant.

The immunogenic composition of claim 59 wherein the adjuvant comprises (a) 1-12% by
volume of a metabolizable oil, and (b) 0.2% to 2.5% by weight of an emulsifying agent,

wherein the metabolizable oil and the emulsifying agent are present in the form of an oil-in-
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61.
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WO 2011/007257 PCT/IB2010/002043
68
water emulsion having oil droplets substantially all of which are less than 1 micron in

diameter.

The immunogenic composition of claim 59 wherein adjuvant comprises (a) 4-5% by volume
of squalene, and (b) about 1% of an emulsifying agent comprising polyoxyethylenesorbitan
monooleate and sorbitan trioleate, wherein the squalene and the emulsifying agent are
present in the form of an oil-in-water emulsion having oil droplets substantially all of which

are less than 1 micron in diameter.

The method of inducing an immune response against E. coli comprising administering to a
subject a vaccine in accordance with any one of claims 16-18, 28-30, 42-44, and 54-56 or an

immunogenic composition in accordance with any one of claims 57-61.



