10

15

20

25

WD 2008/ 036675 PCT/ US2007/ 078785 COVPOSI TI ONS AND
METHODS OF ENHANCI NG | MMUNE RESPONSES CROSS- REFERENCE
wa oRBRATED APPLI CATI ONS Thi s application cl ai PET/US2007/078785

priority to U S. Provisional Application No.

60/ 825,983, filed Septenber 18, 2006, which is

i ncorporated herein by reference inits entirety. 5
STATEMENT REGARDI NG FEDERALLY SPONSORED RESEARCH Thi s

COMPOSIRIBR SRR NirfedBs O pRiFA SEad& FrhiiER b responses

grant R21 Al 063137. The United States may have certain
rights in this invention. |INTRODUCTION 10 Influenza

virus inf @ROSS-RIPFERENCE T/ REVUATED NPRISCZAT IR ,
presents a nounting health and econom c concern.

Evi qgfncs, é)‘ﬁ'cﬁﬁfnl é{ai.hﬁ%ﬁ)ﬁ& i %Igai’{)d?’%a'l %&)ﬁﬂéﬁtioﬂl}ﬁ& %0/895,983, filed

circul at bet ween scepti s and swne in
Sepicthdni hdy 2080, wirish sfin¢drporaied hereivbynyefarcnaerin iits estirety.
believe that if | eft unchecked, the current H5N1 avi an

L et EEMRNL R A Bk b Pl SETRR el Rk arcr

ity rate of 1 50%, such an out break wo
e diinsVe gtz s Uatte Sl EuTRmEY pPOhEvgErY by National
In§tﬁ’ute§ atiERalttpRnt Rb 5 2a663138V IBR WitlddURaea ntdy hve %ertam rights in this
al ready threatening to have a huge econom ¢ i npact

inmgon.o t he eradication of poultry flocks in affected
areas. Therefore, devel opnent of a vaccine to protect

h : ltry, swi ticated ani mal
MmN T ieneat s IREBIDEEIRORED ) Co o S0 e
e Tpden2f AR . e b, AR AR Rhe g ey mounting

hesitl SRNQbhémRNdoRtdrhi BvRlehd tl8dlEindR a8 MaNHSRT B cdtRRaRiglto circulate
nunbers PTA-7871, PTA- 7872 or PTA-7873 are discl ose§

beiveso siseaphiblsebirdss and swingowsi widsningoieions jof gheuworld. Many scientists

be %t eﬁ'}fxgéfle% a:h ngl g{;‘e (ﬁﬁrre%t]gpﬁgda%%xg g@{ remn%?g?vt Calt%t¥ to allow for

huéaAab Qiuﬁﬁln&fhnlsﬂiﬁﬁdm dndSROSSE woldawidle BjaBdémiBy With a mortality rate of
adm ni stering a vacci ne vector to the subject

ovslr e aurh an pbipak oakt buidevaniatieg. n§egardlesy 9%@535)&@ 6f the virus to
Hu?ﬁ‘ C&Q&g%eavﬂafn I%Hé:l'{zg g ahteE%' Hﬁé&f&?&%od&vﬁ%gg% economic
no aci

am no acl S an rrsin

1mj>4ﬁ-dl1é90 tie efididdtion NOpadtrg rﬂoaks’nmraffeo@dfai‘sas e@herefﬁlne, d‘é@lopment of a
2008/ 036675 PCT/ US2007/ 078785 - i ne vecé
VageIRg fAp shratesty hpmans, op . eB¥ing ang Lot ?Fo pnesticple ta}m/@aksofrom H5N1

infiI39 GendeB&.| AN W Muenza vaccine that is capable of protecting against H5N1 as well

as other influenza viruses would be optimal.

SUMMARY

Salmonella enteritidis 13A strains having ATCC deposit numbers PTA-7871, PTA-
7872 or PTA-7873 are disclosed. Also disclosed is a composition comprising an attenuated
Salmonella strain and a pharmaceutically acceptable carrier.

In another aspect, methods of enhancing an immune response in a subject by
administering a vaccine vector to the subject are provided. A polynucleotide encoding a
polypeptide of CD154 capable of binding CD40, the polypeptide having fewer than 50 amino
acids and comprising amino acids 140-149 of SEQ ID NO:26 or a homolog thereof. The
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response of the subject to the vaccine. In a further
aspect, nethods of enhancing the i nmune response
wa@ag@ssde73 nf l uenza A in a subject by adm ni st BCT/N§200D078785
the subject a bacterium conprising a pol ynucl eoti de
encoding a 5 polypeptide of Influenza A M2e protein
in an anpunt effective to enhapnce the imune response
of the subject to Influenza A are provided. In yet
vaeqing Westoras pdministenst Ho dee vibjeck uan agoenteetivotitd Wi enjpance the immune
associleii:ledbvg %{Bthnflcucenza A infection in a subject by
TeSRaRTe SRt hé o F K gﬁbj ect a bacteriumconprising a

POl Vi o Gheiedr gl ct, eediRsds b edhapBing PedinEgnedesponté d@ndsd Iffluenza A in
M2e protein in an anmount effective to reduce the_ 10

a sbiiert @i admiaistesioide e bkt wbantaiay cemprising @ eelysrclogtids encoding a

poh@f #]tlllc? ng# glﬁhghfa [ Miedgl%teilll i 3! %IllOlﬁR oe{fﬁe%ﬁv@?& Qfthance the immune
FO(fSO generating Site-specific mitatrons 1n a

redpafiseaufithsubigcetolinfiverdrdy ard providdd. pol ynucl eot i de

;gtn'ﬁ{rs :ygi!t qr}}gg)thaelr é?m%g{, ;;f-é%)e y Ig!giglgmrgrgh% g{g)rlglai?y gsnsociated with Influenza A
oRELINS SHL R OB P 0 PSRARTA A i
engaling atmdypeptide HOf Msflueped yin Mleeprotaiie in an mdune kffective to reduce the

i ptroduced into the bacteri.um and,k af h I
TP A SURE T A I SE 08 QYL pIGZA A Are Provided.
i nt qp i Abfet asfesO ndifslls ok ae@nfy By eMialibns in a bacterium

conprising the nutation flanked by polynucleotides o
arprowidsd o s fitsd pelyqualensisle compniking@ cobaterrseleqtiogrmarkercandsn antibiotic

ner at ed. h cond, pol ucl got | i h .
RS ker PTG PROBPLAIHED SRl &P spusoes fosin o
mubeti@Dtitd B 1he Chin®soR¢ TN badterfieh &C féreeatédr The $isst Polynucleotide is

the counter-selection marker. 20 In a still further

theps pricaduces tinfe dehef bactariaie aagi aftr thamalpgons Tpgempigation and antibiotic
rs . Vi bac | 0 .. .

Se%’oﬁ%ﬁ ia§i lﬁ{ge ae(gét%j léc? glms?és e%e%:et% Eéllcliﬁ}l [&Fﬁ@‘]@g@tﬁl é’ r {;%rﬁ?rilssl,ng the mutation

flanked by pbBauclastides homylugotent sedeencesarkingithe angatipresiteds generated.

Thoepid RODTRIEH G 168 HOGERanisBERISaPaR) B T ste-specific
maﬁﬁt%&s%yt%&umﬁs%w 1039 of the b &ntdr- SaR1SA fhatihs
schene or

Ing site- I rected rrutatl.onsm_ ]
Sal nionel $tAl fextheer aspecti snetkbdyufer devdbqping dactanaldwsdcgre vectors are

sche f, t he. over| [ xt ensi on .PCR .nmret hod .us to . .
DEUE At S R IE CHPRITRIOD CeIOMAE (S RGEIERED | 3B geterium i
atRhudtf® ah @ BB PGS @bingBsinFiatieBerde | cheddiR@a SHIARMtide of CD154

showi ng the rel ative anount of serum anti body
capeble ofbiadingtto C3BH0tik incpiperaterbingn hebaetedamed i n response

to admnistration of the indicated treatnent. Figure 4

is aline gra ' i body

over tinme aft%%ﬁ?ﬁl?gﬁwgﬁ‘ﬁ%m cat ed

tr ealz"irgrgr%t ' déll\)?ctg Otgg / sc():ﬁgrgz 5f01|? Cr;lrallkLin?gz Os%f 1r7e§t7e 5mu’[ations in Salmonella

enteritidis.

Figure 2 depicts the design scheme of the overlapping extension PCR method used to
generate the M2e and M2e-CD154 insertions into loop 9 of the lamB polynucleotide.

Figure 3 is a bar graph showing the relative amount of serum antibody generated at
the time points indicated in response to administration of the indicated treatment.

Figure 4 is a line graph showing the amount of serum antibody over time after

administration of the indicated treatments.
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-3 Figure 5 is a graph show ng the norbidity of

chi ckens after vaccination with SE HM at
wal2aopsosechmt ch, boost at day 21 and chal | enge i PEBUS100TI078785

with a | ow pathogenicity Influenza A at 32 days

post - hatch. Fi gure 6 is a graph show ng viral shedding

at days 2 and 4 post-challengge_.wth a low 5

pat hogenicity Influenza A after vaccination with SE HV

at Higrof inawsaph shewing the mpalidity of phickens afteewrpsination with SE HM
ot SR AL R8Ot S SRS lnn o G148 ofnBbfthy Influensa A
at 32 ddyspost-hdtciat day of hat ch, boost at day 21 and

challengelnfec n wth h at hogeni ci t

| nf |Fe@ﬁ§é is Agéa owaggswﬁgae mg%ﬁ day®? pnd, A mostechallenge with a low

paﬁ’l() uBigraVA Eiﬁ%] v%,laﬁﬂgt'rl] RN A d@g@ ch boost at day 21 and

Ha enge wt pat ogem cit uenza
chaitdnge mfemmmmada)oﬁz pmdt-haISE HM at day- of - hat ch boost at

day chal |l enge i fect 32 .post - ha
Dy AR A R PO L0 Ay CBRACKB ARG SiseBation with SE HM
at ﬁﬁ‘}agf RatbIe | iabbivAt |ty ©3 nd SRR dhgh @ﬁfe&[bnoxfwtﬂﬁr}ﬂgh pathogenicity Influenza
bacterial’ and vi raI speci es. Sonme bacteria and viruses

A atr dayb dbst-hetchnon- pat hogeni ¢, but are capabl e of

ana fugirt Sds & iR BovirBrRS e BEN oo RiEs B0Figflee wih o high

paftob&ditity thfReniaAufer vREPEAGEWIR SE 1Rt a&rd%'%fhu&h Mboost at day 21 and
foreign antigen. Bacterial or viral vaccine vectors

chalignepinfeetiontd dawmdipest-hatehect i on and produce robust and
long lasting immnity. Vaccine vectors are often

relatively i nexpen5|mgﬁﬁbq%$@m&q adm ni ster.

In addltlon such vectors can ten carry nore than

one eg%nlél }nﬁ,]a rt?NHa ¥ecﬂ£&gggg eirf%l%t ?&51‘1\% ?ﬁ( nlt?lgmpulatlon of many

I OUS agents

babtféioi@ll’ﬁridoﬂraﬂ epetiedS Somnd Mtaﬂﬁandfwﬁaésrwa ahlday veadmepsthdgenic, but are
vacci nation and generatlon of i mune responses

capaPl¢ AL genSEAtRG RAIOPBSt AMMUBE KSPORRt HdGEhD qgthgzlruses make attractive
t
S R TR ASh otk Rt e anign

Baexgpiab o8 ivirgl meleaieo’@wmapohmpe pheé datsral infectibohi andop’rpduce robust and

ba terial genes nut at ed or aftenuated ta
lopg lasting yapauaity 5 %ﬁ%ﬂé} yGetes #6 %PHGE’%‘H@% 1§e’fﬁ9nflﬁ% to produce and

adhfihistel €th Qfdltldml VeRtbrS L ch calinhdie ‘Eﬁ:!nrﬂn@'aﬁhéléh and may provide

I mmunogeni city. The ability of thé Sal nonella to
prenecmW@atdsemghsﬂer inifectiows dgeats. t ract of the host and

gi ve rise nmucosal espon nted. . .
S i et S SA R G REE S o T i vacoimaton

andOBstRtatiPHC 66 aﬁmmspdngémgaﬁstasﬂmaw @hat mu@ﬂ Pa@@éémc agents.
to adm nister to both animals and humans. t he

Saimonalla stansyonalke [shitabde yRerénes vecers egruse rft thg@. ility to make bacteria

capgt];lg chfl \e/xeprleslglng heterologous polypeptides. In addition, bacterial genes may be

mutated or attenuated to create bacteria with low to no pathogenesis to the infected or
immunized subject, while maintaining immunogenicity.

The ability of the Salmonella to survive the gastrointestinal tract of the host and give
rise to a mucosal immune response is documented. Oral vaccines using a Salmonella vector
produce a robust mucosal immune response and are relatively easy to administer to both
animals and humans. Many of the current Salmonella vaccine strains are not as effective in

generating a strong protective immune response as compared to their more virulent
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generating a strong protective inmmune response as
conpared to their nore virulent WO 2008/ 036675
wERONBAEEAD7/ 078785 -4 counterparts. A Sal nDnePdHUS2007/078785
strain that could be used for effective nucosal, e.g.,
oral, wvaccination would provide a vector that could
be used to readily vaccinate.ga.subject against one or
nor e pat hogeni ¢ agents, such as H5NL influenza. A
compiperiel | A Satenslla arain shatapenldder wiedafor eifpsive maucosal, e.g., oral,
Va&g& ef?)alswﬁgg Ipﬁ(ﬁé&eg%‘?g{tﬁr?ﬁg?% eé% ruI %Q%éﬂg/ a?gﬁlgt{esa sub_hect against

onvaﬁmomepaﬂmg‘cﬁrc againts ysudlgas HEN1 ifftueapd.t ope of | nfluenza

A vir row de I n, addition, nethods of

devé} 36 "fﬂj"e %e@r ifdis,waino peetil g %@%ste&?"re%ﬁ@i%‘@ recombinant
va8lind VEBIAE 38 Ql@ﬁﬁ%?hlb @trgins'cﬂ@]d@&tnbgﬂ gé&f‘é fesy 1neavector carrying

vacci ne vector c npr|3|ng a pol ynucleoti e enco |ng a
tthngoeptopdeofoInmemlaBA girua ihpryided. trheddiobn,t mathoils of developing

1gabl of 5) g_l?gg %o CD40 are di scl osed. .The vac rc]biélned .

Va?fé ?}S‘?c Or gt ERPangng AR INERNG FeSPARNG 1R 2 Sl Ry Administering

a VAg@h8 §éctb o R A aﬁpcﬂyndc;eoﬁaéi bR dinae pody b eHEd ¥f CD154 or a homolog

associated with T1nfluenza A infection. Finally,

thereefitbet i tapgblecafdinding toi €124¢ preisclasednThe vanginei wct@rs may be used to
e a?n%te%llumunlésrle rf)%nse a%,aﬁl%g Inrtﬁlggzne;oA %‘?% QeQuE%%tetengz)rlbldlty associated with

conj unc on W I'g "extenst on

Infedies & mfeoibaN Fiallo/d ﬁiethoﬁQ)f enc@XtinetdiRt pscibblAnit&ions in a bacterium
provided. A wi | d-type isolate of Sal npnella,
usmg) thenRed aecombingtion ystensm cemnstion( with gverlapping sxigngign PCR to

geé&%e’%ﬁﬁt‘éﬁtg ?grftz%l%%&%%gé u?‘ﬂlilﬁ ?§e¢r80 T%)? 1) on was

eI ex tvatti-typs dsblatpaf Sdlmongllas Salmoabilé Ietfzwrmdzscm €SE13A) (deposited

wilh e dameTC R GG COlGHED (A LCONPBSFHMBP L2000 lepesit number

Pﬁ@b%@ﬁn%ag’ ele&@& tbgﬁﬁsu oﬂ 1%0151]@{&1'%&11‘5? hé ‘Eﬁ?se%mcosal colonization and

I'mportantly, this wl Sal nonelTa isol ate causes
submucashl ﬁnmshjchiyordmtobmkam pemmﬁmgsrebust plesggatmh of associated antigens or

rf ormance in, conmerci.al chi d| C
ergPet Eoagunersids FgRapr dretro T el DS Sylsatheli ol causes no
clipflallp Aeleb@bleti¥asd 80108 6f pdifdtmlatee ilN@naRdrtial ¥hibitens nlndlcatmg little
organismto colonize a subject, such as a chicken,

d1$era@ﬁ - g m}entlhleofatbtt wildytyest Sqlmn@lagarvﬁgﬁbraﬁe@nr%$ | 131@& ability of an

f i c n. ] €
orgipiat o Pbfizf = e WA <BhAuER o6 WGy of the organiom
toepliear dt i ditefof ﬁtfb@ibns iOptimafly, zd%mﬁﬁtcﬁﬂdl&ﬁe cin Ex@myhée and spread

4, SE13A is capable of replication in_the cecal
tottisaags) beyard die festion sitecASoferaenstratas ib ExpmpleatcoF F3bin capable of

re@%%él 2 'tllleS céc?t[ togéll?vﬁﬁ&soﬁf h%c‘uoﬂf ﬁtdaﬁ e M()}all%g q'tkhilé Kk tonsils for

can |1 nvade ot her tissues, foun
wedks after mifiettiohe [i1s pdditon, §E18A ean 1nmdef0t]ﬁrttﬂsues,rrﬁﬂdts ifemd in the liver

The SE13A isol ate ngg ,b% f.urther attenuated by
andi{Be $RIGR YPHG aqRoTtR 44¢r 18 Siffkne necessary for

sust-pi&e1 8 &PIsbaat (R) & rlidRr DACh&IE® bYUinatidl@tiRE at least one gene

| aboratory or manufacturing conditions. Attenuated
neSedsaynir | susteinedirelication of de bacterie dutaislevafcleboretovie or ananufacturing
co%rdﬁio%se.s %rttleggged Salmonella strains that can be used as vaccine vectors are described
below. SE13A was used to generate attenuated Salmonella strains to develop vaccines and
generate enhanced immune responses. As demonstrated in the Examples, SE13A is invasive,

non-pathogenic for poultry and causes no measurable morbidity. These features result in an

enhanced immune response as compared to non-invasive bacterial vectors. Attenuation of
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30 bel ow. SE13A was used to generate attenuated

Sal nonel |l a strains to devel op vacci nes and generate
we@ndvans®ds | mmune responses. As denonstrated i nP€TES2007/078785

Exanpl es, SE13A is invasive, non-pathogenic for

poultry and causes no neasurable norbidity. These

features result in an enhancegd i nmune response as

conpared to non-invasive bacterial vectors.
SEdﬁAebmutabnn of genes 2G0EMibe 7BilNCTY tishanariwy 8ygBead 1gay increase the

sofSRL SE MY RVt « 5 RnoRR I e il TR 4 PEAFA sins it

militBgonéds ei-dkor AiB4 dannbé aligtoigendrite abiamine $espbnstabltchave limited
4, SE13A strains with nutations in aroA or htrA

replicafiom i e apst) i Thus, sheyaHenuatian dncrearsuitles pafsoslstie yageine vector
wit} Yl?céda ohfdn {h%%ﬁrﬁ%gﬁ{‘m{gﬂ the host. Thus, the
enua I on | creases e safety of the vaccine vector
5 wWiNlb@tidnscmap rbeniaden th ﬁivaneuymfnmgeﬂSaihioyielldvgémisimdflading, but not

.y be nade |n vari ety ot hey Sal nonel| |l a genes

lipifRe) el CHY, TBufs st ok P’%&Qt @np%yaltercmﬁmlbg?éla protgins, dam, htrd or

otlﬁ&‘%ﬁess%fé@d SRR arf Ubis anl I 30EsHWAL il the Exglﬁg]es Nhiitions in arod
or other stress related dgenes, aro, pur

andwmm ware tihendExa afitreste SEth‘tu oFs irp WA araWMcsAmvolved in the

“ﬁel(g) uﬁr;’ﬁg’t(?%& 2} %‘??l}ll’ta()tﬁ f:‘I_S gr%gmt%g:ﬁ{@;a& ag@)nﬁ%{s) H%‘étf‘%ts are auxotrophic

fopaﬁé""éﬁﬂnaﬁfc hfifho2 hQNR IR pRAL, NYRIsIRN BB pReAIAThE. AhBA is a stress
auxotrophic for the aromatic am no acids tryptophan,

respppsssgene thatdeneedasyd paripldsaec pretgase that degﬂd@s@erra@smﬁqmé Mutants
e
in B0 180 o0 8A8SA (RBLLBLASILE BLANRITE NI fBlniRasades
at t eri¢ahedtiezdn drap e hir 2 desgibed irshe Fixhnpies Yrel deletion mutations, but
hydr ogen peroxi de., The nutations in aroA and htrA
th%l ENEFIOHE §aR e pasdeER Anyariely af waye| Svitably. the sutasiens apspon-reverting
e Y
m@tlélﬁ hg}'%ﬁ'h{op %gtrgﬁrﬁroegging?gﬁ geﬂst?%\/g%u'tlﬁfr)]l)é Iﬁtltaji@%/sf'glﬁlsude deletions,
intdrsibng allnsmtloﬂme ancepabstitions. aAsvagine séotqr. m3yi melote more than one
nmut.ati ons i nc|lude del etions, inversions,. insertions

MyAHO, 498 1 SRRIPICO R <V ACHNG ACEIOR N4t EOHPINNEALIART dRy O figoA and hird.
MEMBEs Mmﬂyﬁﬁ'&ﬁkatléxﬁfm@%@mh&uﬁlﬁfﬁe qithe vector nay

contain nutations I n both aroA and htrA. Met hods of

maki ST 3du oh tiwu tténueted racambyiedrt S&ﬂdmdcmvatlhes araly. b20sed as vaccine

vy o hebieafiReRIEE RRARA SPharyh iy iEnbe! TF pathogenic

or@ESHS REhyPBE YRRl dftoe et Bavestidl ﬁl@dneﬁﬁhésdéﬂn&e&heobacterla to generate
pat hogenic organi sms \B;(e be inserted into the

angigenie miodypapiddesx pFlass pelsinusjeotides Buyther ingerted igtmtheaghgomosome of the
bal%%‘glgg)?géqu%? lg}égﬁée%{ﬂlﬁs?% n%ﬁ%%xﬂ?#ﬂ@ﬁéio%gatl (:Dt'i%z/? gﬁi’falﬁ? polynucleotides

erkbdiag efitepes pleinsdratd itk ﬁahfﬁhalépfdlymﬁﬂb’oﬂﬁem ex@N@sed Suitably, the
Sui t ably, pol ynucl eptides 25 encodi ng, epitqQpes_are
bactesial pelanychetidg eperdes @) tlanspemprane |pé<6@md ang fhgtpalyucleotide encoding

thg ﬁggﬁﬁsﬁ qnieﬁ% @Rl n%? bidi&ial %@@%ﬁ?lk G gps:éhﬁé&fég L& afdW ®xpression of the

ransnmenbr ane pr ot
epiteby nu theetrfade oftheddctaga. For example, the polynucleotide encoding the epitope

may be inserted in frame into the bacterial polynucleotide in a region encoding an external
loop region of a transmembrane protein such that the bacterial polynucleotide sequence
remains in frame. See Example 1.

Alternatively, the polynucleotide encoding the epitope may be inserted into a secreted

polypeptide. Those of skill in the art will appreciate that the polynucleotide encoding the
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the epitope is inserted into the bacteri al

pol ynucl eoti de sequence to all ow expression of the
wepisops7dn the surface of the bacteria. For eRERpPEm®)7/078785

t he pol ynucl eoti de encodi ng the epitope nay be

inserted in frame into the bacterial polynucleotide in

a region encoding an external 30 | oop region of a

transmenbrane protein such that the bacterial
epiteneysould boinsertedsio quvide aariety of bagterial polyareleoBles tEpenyilecexpression

JAlternativel v, th | vhucl eot.i de. encodi e . .
and gr CoREREDEYE thiche To 0% PG Bl ERSBHs haleblvigh the bactrial
vaddifks @ectdr. Jiithd Ekanples; aaThflidnzh AapipdsevRakpitdpeatastifserted into loop 9

pol ynucl eoti de encoding the WO 2008/ 036675
of phy/lemBoemrc0sh P 3A encgﬁwf@cﬁee%@ﬁswnb@f ithes epitepg Was gonfirmed by

' i . eri [eles. .1 9. ' : :
b5 AR BRI SRR Sy B Hu e ntutd i
a simgiel oepycel erecharnosdapgc tin thecBt amapled, titbatthgalbactiae vedtor containing

vacci ne, vector. I n the Exanpl.es, an _Influenza A.viru )
myjiBle spes 5 thd2F RBERREIETIRE dniedegp § of ggm i fedscifiedg dbjieratively,
BB 8 SHELRE R MPIRSRAE I HRLERL LEBA SR t mor
onpddoptiaic| eot i de encodi ng an epitope nmay be included in

2 bdRRaeEP s e Bn g e BT E5S 1 R g itatE BT 0GR e subiec
an@fcapdbfe HERIMRLARPBe iMaRHE SFktdh @ rdspOil B thé fdraigh epRope may also be
_described. Alternatively, nultiple copies of an |
insgpiied dpte armgecine Veetasr t Agl desrribed hie miere tdstailabelowc @ jvigecine vector may
: t h b Q01 | ' : :
LA P b el BRab AL ot SR Bl simuaing

th@bubljée t& tisp&a to e dacvaeaidctor @hd $tk iasdskRtddngrdigieepitopen@s described
systemto respond to the forei %_n epi tope may_al sq be
abp¥ie with degarhicoepitopess dhese PRIFBYAFOtidag M3x Se inssEEd o fgrchromosome of

i ) i i~acl ) )

thE Shdire YEloR ¥y pin A6 BertffthisofiBily, ORE i1 Gt will appreciate

thatuthieseC polgpepticies wah dkei ingertetihia & whyietgt oft polymsitides and legpressed in
.yacci ne vector and its associ afed forei epi.t ope. .As .

Ai{fEISE} PHLOR BeapEHIE WeEKT PEGEPDE GeRRRTopHY, PYHBLkotdS encoding a

CB P&Néﬁi%&%& @%%bl@adf dABar St $emiuit PeshBiReGH 5?8%5%91%&9& may also
the va C ly.

ccine vector or nmuaintail ned extrachrormsorm '
enCnde tfe foéigh epitopche Thetpolyrucleatige ev¢asling at®RlS54 pelypeptide may be

. pol tides can,be inserted..n a rJjety,of .
1R Y e et e Greaf A Baitape, S el i R Vasgipe vestor the CD1s4
JANRpUEE Sld Be YQRE1oAlepREpIBY pREcIA QAR Sfhe Pdlghucleotide. In the Examples,
pol ynucl eoti de encoding a CD 154 pol ypeptide capable

bl
a pélynudhenticle regcadieg b pelypeptidesgfonBeS4 thah 1 ¢apablg of dmdingto CD40 also

na S 0.enco he faqred [ . ql. .
ook ARl SRS 9.9 e e s
listinpk edInt ahé NExangliys) uthee pbiydaciestidediengpdine thpi MIpe epitope and the

such that in the vaccine vector the CD 154 .
poivurkeps ercoding the e DYl ¢ gplyrertislierasoth psepedindrep 8 9f thedamB gene.

ynycheot Lde:qq | . : .
TRAE SO YRR AT Pt gooning ot
trarsmeabednepratinb andlothgr loopCiabe alnsidgene may also be used.

The SE13A bacteria may include a polynucleotide encoding a polypeptide of the

influenza M2 protein. The ectodomain of the Influenza A virus M2 protein, known as M2e,
protrudes from the surface of the virus. The M2e portion of the M2 protein contains about 24
amino acids. The M2e polypeptide varies little from one isolate to the next within a given

species. In fact, only a few naturally occurring mutations in M2e have been isolated from
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encodes the Me epitope of Influenza A. See SEQ I D
NOS: 8 and 9 in the attached sequence 25 listing. In
wao h@sas@npl es, the pol ynucl eoti de encodi ng t hep®RES2007/078785
epi tope and the polynucleotide encoding the CD 154
pol ypepti de are both inserted in [oop 9 of the | anB
gene. Those of skill in the_art will appreciate that
bacterial polynucl eotides encodlng ot her
infectgd dywiaps amee phod 21§ fu epileptihedn Iaé@pgn,omﬂtlﬁ@al\aws isolated from

ne ,nay. a 1 t
SR bR e i 0P st SIPeSeBhat et B6viens of he
Maafﬂowptadd\/eeqaemeen@olatw efrcﬁﬁtmﬂmﬁalamaﬁfaﬂdhgmhefﬂdsengea Liu et al.,
A virus M pro rotrudes fro
Mscmbea@eddflfe%@l i ﬂ&s”ﬁ@%oﬁw@dd’eﬁa@ cbalok ViFRl Kﬁz10717 10723 (2002)
B8} SRR ELEDLARP e R ARSI Syt AR50 spgo o 14
in\bhetatttanh@i @hwace 11stpxg:| es. In fact, only a few naturall y

occu rrut at i e bee i solated.from W)

008 B8 PSR e he enbis Nk RUPeR G be Tusered into
the vA&End b@ct&géisoﬁlwi SRR T bd ﬁse%d dirf ine rExahr[Hlésuﬁﬂ%?ght amino acid

viruses isolated from avian and swi ne hosts have

padiyrfeptide ALM2yistving arhinocasnd eequenie: M'ﬁﬁﬁb&rﬁﬂé IDFNO 5 or its variant

MEF NI AR SSHERCEE HARIG S 10 Dig0,Fif Sncorporate into

S]M393I &W&erﬁé&‘t&féﬁ&@ Sducé ah AhtiBId fe ¢ aféadRahBtrefion to chickens.
J. Virol. 0717-10723 (2002) 5 each of which

Slatablyl, ﬂ@moﬁmrmfethe h@emomytldeemeqf@de@tmthﬁ yacsingyegtpeisyimmunogenic.
See aI S
gerg %agg} ';Pés % O;féy %(2 loégf}%l}%tgf)@%g g%aaﬁﬁq{fﬁ@ﬁ&u?g a_cellular or
h&ﬁ&a]pﬁhrﬁﬁ@tdsﬂ@sﬁ’ﬂﬁ@ﬁblyﬂ&ﬂrltrmdmbgélﬁc flfagmeﬂtaGK:M% may be the full-
vector or only a portion may be used. |n the Exanples,
length é{%q@olgpﬁpﬁée,ég,saltabf%wﬁ @Bthd)é n'((LwnHmcHE Ly prygore amino acids,
t 10
GRS BEPaERLS SR A
NO ZObhemmtabreoamtppersalbemclustom in 3 Ifuearal Addewtine vVeaomeidelude, but are
ni strati.on

nc%tg rgl{lﬁ%g}%gzg?ynu%g cgagd«%l Bf.pgpt&#eg)lfat % em%glutmm or the nuclear

pBRirY BERAAERzd AS € Fhedxdrile, f)(h?ndéi’&)@iﬂé‘seeﬁc%ﬁfn%r SEQ ID NO21, SEQ ID
| munogeni c.  An i munogeni ¢ fragnent is a peptide or

NP2y SEQX ITHN O: 2 2 SEQID NI0:24 miay ge dncdusletl in avaenine vector. One of skill
; htrlm)ral i nmune rﬁggonse Sui t abl an i,y

& Gﬁ’e‘ﬁ]ln anproGiAte apy, f Hg:se aeque%}gs lné%g?%uﬁsagn Lofhibination with any

oth&t gﬂﬁffkl AR may #40 balisyd R YoRanddnowithoiokyRplidéd encoding immune
aci 15 or npbre am no aci ds, 10 or nore amn no aci ds

stipulatosy papides seh asa pelypeptise of KOG | -1 engt h sequence.
O h .
R

ofptHey ce dlidt de Tapatle of rgharingpthet indrsncofespdise to the epltope may be
hemaggl uti nin or the nucl ear ﬁl‘OtGln of |Infl

inghyde %hﬂ*ﬁl wccipg vVisiae | Ebthe odFhtf* SEeif inclydioe 136 ‘Polymucleotide
erdodn g? g%lg‘pﬁéﬂ&:@lﬁ% éa?al')\fgo%?bmd?ﬁg D4R WTe A4niSRYr&I to enhance

I nc ctor. One of skill
the immune response to the M2e epitope as measured by increased antibody production in

response to vaccination. Suitably, the CD154 polypeptide is fewer than 50 amino acids long,
more suitable fewer than 40, fewer than 30 or fewer than 20 amino acids in length. The
polypeptide may be between 10 and 15 amino acids, between 10 and 20 amino acids or

between 10 and 25 amino acids in length. The CD154 sequence and CD40 binding region
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inthe art will appreciate that any of these sequences
may be used in conmbination with any other epitope and
woregnsabees be used in conjunction with pol ypept PCEES2007/078785
encodi ng i mmune stinulatory peptides such as a
pol ypepti de of CD 154. As di scussed above, a
pol ynucl eoti de encodi ng a polgpepti de honol ogous to a
protein 25 of the subject that is capabl e of )
are pptaliehlyFonsravedharnene the spoadespesies.hdhe i lohesequgnceseof chicken and
i ncl |4t jAe SE13A
i B0 S E DO ¥ B R RO L RPN B 15

pol yFiepCh4e bindimdegioas obCDAdbH Gatobdeh4Rtammired for a number of species,
. denon trateﬂ_ o enhance the inmmune response to0

t he

m?\kz@né&wnaﬁé iesenndick,raouss and aitle #86 dreathomoaySEQ ID NO: 6, SEQ ID

r edygh ' r i H O i Y, .
N TN 771 SSSDEROL, S 1IN0, LAY, A e
vaBigbihity i thelsdqmbhees irethe CR40aindig régiaebetwbamnsp8tiesthd Exanples below
. than 20 am.no aci in length. Th ol ypepti de. may be .
ingigeinbet (36 A0 1D L34 RO BRI, M5t B CHFrah d oy gesponse in
chkef$ OfTherBRE¥EBRe lﬁcgigﬂa&ée%nﬁlv@&kﬁﬁ ukiAg| %5&9&:@- spbBfic CD154

CD154 sequence and bi ndi ng regi on WO %O 8/036&%5

pob@EPIUS00 2/heesaiagous-GD dp4pelyperttidghl y conserved anong

t he ,vari qus ecj es. CD 154. sequences of chick

on i EXEnRBE Seidn SEISA TeedPin AR HAFREE Sl e G n cach of the
SINGA @faind 88 DEZS polgbepetiddrendiRe T T SAdpoIghepaaE Mefe @fcoddd on the same

154 have been determ ned for a nunber of specie

. . . S 1 3 .
palyerclegtiaRy and vegse dnifedeen withueaeh otbersendathe Salmopella pelynucleotide in

B 933 Wk RS, b R gines (A4 Bpliide and the w2

polypehtidg mdyhBe @ncsled abyi distihétt polymucldoeidese q8&18ASarod MBe contains a
M0 binding region between specgjies,.the Examl.es

deistiogyin qradiaadithe {hi-MAseemiigraiSk® 195_@0@5 inpafsdi igto Ipge 9 of lamB.

BlAC b 1 RENREEHE54 RCihle 'THRE: T SR 3F0A M2eC BUL KI8D Rontains the CD154

ST erefore, one may practice the inventioh using
pepfide (SRQ DD B) ins@RIH logp? yileptB witls therM2e esitope ¢SeegRii@ ID NO:8).

A L e SR

SE1XEBIA arAMbIBRoMERIs R cYRAGH 188t #fdthakge MRET4M2 epitope inserted
pol ypepti de were encoded on the sane pol ynucl eoti de

indnep Qeafdaini. fSTI%& dird MBESID Bidhlkas the €111134 reatidminsemted in loop 9 of

V50 2 65500 R i e i

78Me W& pol ypeptide may be encoded by distinct
pol ynucl eoti des. SE13A ar oA M2e contains_a_15 del etion

i n aFlsastzain devienataba)BE | &b Mpeon(smnSEQ NRONS:9) insasiedel loop 9 of
S50 gy SEhof 0 e Py PR v
(SEEPID NO:§)SHQ MZeA(BE) [DN6@20pahd the OB 4 Holypeptide SBA D NO:6).
8230&2 {6 b hplehe terc 9&%-566@'\'15?13% repgbBRSAela i were
demonstrated to produce high, putatively protective antibody titers against the M2e epitope of
influenza viruses. Furthermore, expression of the immune-stimulating molecule was shown
to further increase antibody titers, confirming functionality of this concept and these
particular bacterial vaccine vectors.
Compositions comprising an attenuated Salmonella strain and a pharmaceutically
acceptable carrier are also provided. A pharmaceutically acceptable carrier is any carrier

suitable for in vivo administration. The pharmaceutically acceptable carrier may include
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SE13A htr A M2E contains a deletion in htrA and has the

M2e- LM2 epitope inserted 20 in loop 9 of |anB. SE13A
wWhe0s0d@E CD154 has t he CD154 peptide insert edPCHUSHOP078785

9 of lanB with the W epitope (SEQID NO8) and is

deposited with the ATCC as strain PTA- 7873. The

strain designated as SE13A HWMgcontains SEQ I D NO 9

inserted in loop 9 of IlanB. This strain contains
watet, t byffazed oplwionsf gugosegiolusives of bbterialr etibunee dluids. asAdditional

WPe- L (SEQ I D.NO 5) and. MeeA (SEQ I D NO. 20) .and -
copfgneite sof st §EmBOTHET B’ Pk Ay calploo Apaas stabilizer,
préfReyaaibey aildass ehhiddfiés aadhibiirmits Sekamprl bapkdrmatdisically acceptable

were denonstrated to produce.hlghli putatively

®

cagiess et dilyantsaineluge atpbilizeis sycty ghFarbehydrtes @ gpiotljnd, mannitol, starch,

' Vi s r t r ' ..
st R0 AR 8F P 500 G By inin s s
asibﬁ@fneasmnﬁﬁlt sikhﬁglyéd Eﬂitkee&ﬁl, butier (ergiphgsphatechuffenal Espycially when such
this concept and these 30 particul ar, bacteri al .
stapalizer s ar &t theospmBRSIHANSn thecenmnastiongs sHitakle dorfieerg-drying or

Spﬁg,l_&?ﬁl%[ la strain and a pharnaceutically acceptable
carrifer are also provided. A pharmaceutically

acc édethblie of @nhdaneingi snramye caporises in sauiubgbt by fadministering a vaccine
vVivo admnis Lon. The, pharnaceuti.cal l cept abl e.
vegl Spaatig » CRESHaa e S Gapeos, Boses oS E0 A8 pising CD4O ar
alsoPproRided. ThEMhEiRIv&drtohPRiSingGhs! pOISBU e cABSIIRE a polypeptide of
bacterial culture fluids. Additional conponents of

CPhi#t capaplesoft bindingtayCIa4)) isadsimyinisterdd.thea exlzjeqsi in ransamsenph effective to
s _stabi.lizers reseryvative i luents, iflers .

erfins®] B8 ok endbir I bR ap B LR FUbRL 6 ecine vector

confiiPh R vhuckotidd ehsoddig di poliebidé Medlutdiss Stk latiderisio-149 of the

such as carbohydrates (e. g\l sorbitol, mannitol, )
hugnay EP154 alppepside (SEQCH3NOHEE) rsng hoprodage theseafy c Revesal suitable

g
pdnepritiafienbthef @ame. spesipeas dlel gnbjsoe n Saitubily, sspelphddleeids encoding the

are added to the conpositiqns, the conposition |s . .
PaYRpHEF &1 15 fIPeTa@é-%g}Syﬁlﬁqa ip il Jeg% ArRPIVHisloRtde encoding the
n . . . .
ppABane sEO ITRUS if £RAH BRI, FrdlMithidbncodis the polypeptide
offSEQ BN 87 aspsddl ie dvckdianmhilyrgicteoti@Datkoding the polyaeptidy of SEQ ID
0. are,.al so provided. .The, vacci.ne .vect or LS )
NOE s i, PR pBBie g s EFRE e unisetadRh 550 No29 i
u8RRBOWs.Ofn thi MkaR@]es OtheBifhah TIRSA JulFiepi&A(SFR 8D NO: 6) is used in a

subject in an amount effective to  enhance the inmune _
chideporaseinpfveetior agdifiy demonstratedeto\enbanagethe Sommuap| rgspongeeto a foreign

vacci veector —contains a polyn t,i de encodi ng a .

B Tpa by SO hrsrGRLG: S RoRod DY D G BPER A sfbcts may be
udeAiran tehstho@obihe pivedtod. SER CD15MpoReeptile rAayBé1Beddo enhance the
_thereof. Several suitable . o ) ]
immune response in the subject to any foreign antigen or antigenic polypeptide present in the
vaccine vector. One of skill in the art will appreciate that the CD154 polypeptide could be
used to enhance the immune response to more than one antigenic polypeptide present in a
vaccine vector.

The polypeptide from CD154 stimulates an immune response at least in part by
binding to its receptor, CD40. In the Examples, a polypeptide homologous to the CD154
expressed on immune cells of the subject and which is capable of binding to the CD40

receptor on macrophages and other antigen presenting cells was utilized. Binding of this
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pol ypeptides are identified herein. Suitably, the

pol ynucl eoti de encodes a CD154 pol ypeptide fromthe
W@ 2008/0302Ti es as the subject. Suitably, a PCT/US2007/078785

pol ynucl eoti de encodi ng the polypeptide of SEQ I D NO

6 is used in human subjects, a polynucl eotide encodi ng

the polypeptide of SEQ ID NOjg7 is used in chickens,

m@?o' ynucl eoti de encodi ng the poI peptide 20 of SEQ ID
lignmi-rezgptios conwlex stimulates, macrpph%gn uénéomaqieplmge ditieage tchlds such as

f d_i d . .
deR&) |lt¥(:ﬁ fejelfllt tg({ 1@1@(?%8&%03&0?% ém% 8?&,%%3{“%8“%‘]9“ elnlﬁcr%asmg cytokine
seé‘ﬂ@uﬂ& KrpwnUesttivate CalE - loéd) itnhQEXRIP(Sh o MR 1jmibytes). As such,

CD154 pol ype(gtl de (SEQ@%D NO 6) is used in a chicken
MQlg@Hgs AsS with the CB13bpeide ﬁ@tmafefe@tlelrkmﬁ&eéed fiog immune response
g{&ig oreign antigen. Thus other
anE af%g‘g‘ﬁ’?agg’r%‘f&ﬁg I{ ons of CD154 pol ypeptides and
subjPetdnsialegccire 2&ctors efotilusé rin tthe nietidus disclotle,t e are not limited to,
Salprile dSpionel rAMET (UG SHES ot ter i (Be Eoflb Lefyiia, Bordetela,
LaE%@éc@Q Qﬁltegﬂ)%&c% EVlBhSe zErz M’d?@r%j dpisRifaS e&[&l%ré\nrus, poxvirus,
vacci ne vect or. Inthe art w |
hesmpvmm dpha\mmaxandlwelﬁaassﬁdaqadmrpeptl de coul d be used
to enhance the hES onseto nore than on
it DRG0 bl e eriRBEB 4 Himtne, SR Gitshinluggza A and
m@fﬂ&isp@f Y@ Rlihg %61‘5%%5613@8' Wﬁha§®§ecﬁﬁnﬂ ThikiAza A infection are
response at least in"part by binding toits receptor,
dischvsed. Bmeﬂmﬁthzmlmdé§on@rlp@ a@«p@gﬁwrm thmbmgbmbaqt@nmh gomprising

anﬁlﬁc %2% ynugP: gd Q]H en{:%cf) Il%;bg)gly%?}gi f Ipﬁg%lza A M2e¢ in
anra?febmadwage@narmleqm@ polf;tﬁépt@le@ iehRis SEQ MYy N@.|1|-5Sar\/&3$0. The insertion

utilized, Binding of this WO 2008/ 036675
of tlesTMBs polypepiidss o theybpcteriyanaay be aprompliskatpinexvariety of ways known

to S[fld)%%@ékﬁ? C Ceflfng%t %?rl {Eagtg t é @9&9‘&@5 gft‘é hﬁ‘enc ed mutation

suc dendr to en ance phagocytosis a
systaini deseripec derdimt i Dlre \Mad:thleumnmapmsm be corigiicered to express the M2e
i gqns known to._activate other nmune_cel | s

Poig%%{%ﬁéeégn BOWWH’(S‘CWIEE9 yn',&‘;lecgllgleﬁ CapaL}l&C@ l@gb@g:lng the immune response
asQﬁs%ﬁgs'e@taﬁgveV‘%ﬁdﬂ dsh SEB Pt oPgRhd dEQATENDEET ﬁlrl%%ddﬂrl A polypeptide

target ed I mmune response 5 and expanded "anti body
ofp@Bd;Iintcapable pb bandinga CDAAcman dbevexpresssl by rthel bectemurn He enhance the

.msthodsmcl limted to, Salnonella
R e AT e L5 MBnouFPiS e cher toni & (E
col |"I)he lYS%flﬁldUSQ%/ e BObdlalBiridered WAt REP@epnding on the age, weight and
St rept ococcus ibrio (Vibrio cholerae), Listeria,

spacienekithe sebjegiothe imasts, and ewtp @6 edministragipp had the gpe efrpathogen against
wﬁ‘gﬁ gg n%ﬁl%%g 'ré"&agﬁisevl's S8he. 19hé cmﬁggsn'i(% 015113 ggtagl%%ﬁs Qrfed any dose of
enhanc P s il

onse uenza

badRrtih @dﬁic(&it teslioke ag nﬁmi‘.lbd: ﬁHslesaS ®aS b@hﬁdné&i thix doses ranging from 10>
subsequent |nfl ugnza @ infection are disgclose

topk() e\bP"}ﬁeﬂ"fa HEomeiOh dasl C&QﬁPF%’eora@ﬁmnl%tt@rngbqq?“& are suitable. The
co‘fﬂﬂ%‘sﬁ%}l rﬁ’a}bﬁé: L&hldiEe 'SPJ;J Shdd%r may be administered two or more times to

increase the immune response. For example, the composition may be administered two or
more times separated by one week, two weeks, or by three or more weeks. The bacteria are
suitably viable prior to administration, but in some embodiments the bacteria may be killed
prior to administration. In some embodiments, the bacteria may be able to replicate in the
subject, while in other embodiments the bacteria may not be capable of replicating in the

subject.
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an I nfluenza A M2e pol ynucl eoti de sequence encodi ng a

pol ypeptide of Influenza A W in an effective anount.
wab@shBs7pol ypepti des i nclude SEQ I D NO 1-5 anpPCR0S20011€78785

insertion 15 of the W pol ypeptides into the bacterium

may be acconplished in a variety of ways known to

those of skill in the art, inghuding but not limted

to the scarless site-directed mutation system

des drar laduhinigsragion .to Thimabnort lmmhany tﬂnayompgsitlw Ieabgbmcbnmdstered by a

t.0,_express the | ypepti.des on ction
vy AEcrear et BRcH s RiniE i abeRe N rRRos. by soraying
infr@fPRRISE patdhtdthiBE SE5REMRBENE orSIUE byaRrdsdl SERIrhiubAly. Eye-drop
and SEQ 1D NO 9.” I'n particular, a poly eptlde 20 of CY,D i
adpsnisEatreadditios tﬁdirw}gm@tmsern%r opé aBx Hy pyitablge For chickens,

qQU@ ne response of the
thgs)u(glj{ﬁggcgtlty(mo%?aﬁ’e i Sﬁ%/e%‘gﬁ ggu The useful dosage to be

adm Sunsd eneatlimehts of &reyn@banem grovideanethbds (ff@ﬁhammgahtmune responses
. and _ speci es_of th? subj ect, the nmgde and route of

in g Aikiedt rAtSubiechinsludee fufge ot limiteddgen egabrats suljghly g mammal,
e i 0

sl TNISaE S5 OHSE g Ui, ROCHRRLL, oD/l ol of

inﬁwhéuerrmly adlsonbmesede dphasang b imsuee véspousedocltdeat bakais st limited to,

r.an from.103 't 010 cteri.a, fr 04 to 109

infSRRE FILETGRE O FrORRG S TEo I P O ey e system of the

squb%t SQéHi’ﬁ’@a'llS/' SithafBitg ha 1ﬁﬁ|ﬁﬂn@'&i@h@@nﬁ?hﬂcl@d@&]&hcéﬂaﬁoducnon of

adm ni stefed two or nore times to increase

antﬂmdms suek pe ndsmnonsigated i diigwe 3 hed Fignpo < tenbmcnﬁwlasé switching of

ster dtvvo no nes. separat d ne k

o REULAERY s feRntol Y nfibP Lo SREE AR sEuflp 4 Botper T oo
stiBful sitnt sllyiolpticab bl st ifduction afibid BtceR medbry but i n

sone enbodinents the bacteria may be killed priaor

admi Whissenvisionsd that seessheptipprs oF ahgens fopwths same or élff?ﬁ?lt pathogens
maf L8t Pl Eahfiokfd 1Fe gt Rabeind Vo L gBGRE an enhanced
inireyre edpondg agairish enultipibj aimgens\/‘l)mﬁx&bihaﬁtﬁv&cme vectors may encode

PCT/ U 2007/u§) 785 -11 For adm pistration to ani nma
angigery, ¢ PAtHO8ENE MYROOFEISHS. YHHSSS; Yt U0y %§P°éf‘ted antigens.
AHﬁﬁﬂlﬁfaYloH f REcEhTe {'&fdré‘ géﬂﬂlgle i phRling Wl ahfens has the advantage

i ntranasal Iy, nucosal by sprgyl ng, intradefrmally,
ofpducing nmhhwtysagbmait ameoumOﬁ diweadeb ot thyy sm tissl bor example, live

Ll
ol ARTHEA a0 T A S b e veor o
elfeingCad iGlRRR responbd WafiRfRORIpld AifigeiRY be adm ni stered
in ovo. Some enbodi ments of the invention prow de

ot hddsrajoscen malualolen eodengponiaens an be Supflebin e bacteriel
geélﬁpi :aglt y ! rfﬁ?rsr%ré?a}l sﬂé oF ?lg%ﬁ%u\laei% ngﬁe c%}rle i°¥§f S{?lgg‘ﬁlﬁtu%mg methods

wellikhaWwh \in bt YOrUsitalls sitbifekiasgtiofdoh @blyﬁﬁélwidemi)ﬂeﬂitﬁin external
of, infection may al so be used. Enhancing an_inmu
PorEiepbL Al Bansmambyass, Proteins & ¢aypled; ta; segienpes which target the heterologous

polynucleotide for secretory pathways. One example of a suitable transmembrane protein for

insertion of polynucleotides is the lamB gene. In the Examples, M2e and CD154
polynucleotides were inserted into loop 9 of the lamB sequence.

Heterologous polynucleotides include, but are not limited to, polynucleotides
encoding antigens selected from pathogenic microorganisms or viruses other than the vaccine
vector. Such polynucleotides may be derived from pathogenic viruses such as influenza (e.g.,

M2e, hemagglutinin, or neuraminidase), herpesviruses (e.g., the genes encoding the structural
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10 inducing a therapeutic or prophylactic effect that

is nmediated by the i mmune system of the subject.
wepsiosdeeal | y, enhancing an i nmune response neRCT/O8i00T&78785

enhanced production of antibodies, such as

denonstrated in Figure 3 and Figure 4, enhanced cl ass

sw tching of antibody heavy_g¢hains, maturation of

antlgen presenting cells, stinulation of helper T
pr@tetnts sof hespesiirses), orﬁtr@vlmsyt &¢-g+ ithe BpEe) lenvalepd prhiein), grdenoviruses,

v& ﬁ&jseg ?(?roret%vnﬁ(;lrses Xr%c} éhgnlslf(? ; %%erg%%‘ggﬁggpuaeoudes can also be

obfhuie‘deﬁ(ﬁﬂﬁaathagé}ﬁ@ Bitﬁerld”fa)g enéhmcoding Ba®ekdl Proteins such as toxins, and
Conblnatlon In a s e vaccl ne vector to generate an
OUESH HRPIERIENS |DEOGIRG- rles\%@hshetaghtgﬁgt pﬁiynwlmteigearfth@ diggasites, such as
Eltﬁ%ﬁg R M&tv%@&rﬂt&%s‘@&cﬁs@rﬁ 2 RYoFRLRAG antigens from
tiple pat hogeni c m croorgani sms, Viruses or tunor
assdlbil)aiuekéo‘adlﬁsi gending padypeptidésr atvobed df mggmngethe immune system

B incTLAGE 158 SBreR AT oD ey S et wape By veccine. The
[%ﬁ@legﬂl&@,%ﬁse@odé li‘rﬁnﬁﬁ@?ys‘térﬂ‘?nolg&ﬂes%ml for thdiV §1mulatory effects,

attenuated bacteria, such” as Sal nonella enteriti
sudigAs aprinteilekin FunomNeeosiaderioe oy entioterfomm, oelahather pajynucleotide

infilee B GBS BRI o ook vitc Besforg e g fectudsy pplynucleotides
enttiRg bEHides khbwon RSBl an HENEreSBonsE) YsublP Bs ﬁﬁs@DlSéﬁbolypeptlde
site or alternatively may be carried on a plasm
degesibed hessithods 25 wel | known in the art. One sui tabI e
sit A In%Fhodrb eﬁérgtrih(é) L%e?s% Xlﬁg u%’t ong T a 'bgctg\ﬁthﬁ 'wht is a fnerdtber of the

ext erna rane protelrns or coup

Etﬁ@obﬁﬂﬁiwa‘@&m s fprd\&d@EtTHdlﬂeﬂhecﬂ as ek@gﬂtﬂsed makes use of overlapping
& ol ynucl eotide for secretory pathways. One exanpl e of
extension B4R othe rBeds rspmbinase pyséinai #nds # interediary ansegion of the I-Scel

e 3 e
BAHOAEL B0 AR L S AREGE o o
used ag & eo&rﬂa&e}ﬂeqm mafkerS Thelevenall s&gt(egﬁ 1smbioy\munlféglrb de%Overlapping
but are not des

J | &
extqrﬁglaﬁq’%a‘ At Feie P e%ﬁrmvta lqBgdanking homology to the genome

of BETNOT IR KRB REon{biha3Csy sl &Fast ii28 b hﬁeﬁﬁ%cfe@&nbmatlon between
vector. Such pol ynucl eoti"des nmay be derived from

ingsaning dwndrc PCR-gnemtesbNAawithrih¢ baoteriel @engme. InvEhe, two-step mutation

hemaggl ut i ni neur.am ni her Svi.ruses . O,
prigrse BN sl SO AR e R B BB batReat e tamB gene
b dﬁ&g&@%&&}&ﬁﬁﬁlow IPheR! tHiShmisatioh Wh@rr@ﬁﬁé@drwmﬁ)e desired insertion
retroviruses (%Pgﬁ t he 160 envel opgl ﬁgrotel n),
v

seaepages(LMis-2E2e nat,@g sequsnetshy I ¢ muaks thergplapament, a PCR
prb%l.t%g ﬁ'ﬁg rtﬁe ‘&98 1894&{819 %c@l[%}&ed%s gg&daélﬁl?tltgr?eously with a plasmid

rom a

eneodingl it -8B et éﬂdbﬂtllcl@i’s@bﬁzy'ﬁﬁe ﬁsb@hfoﬁ%oﬁlﬁdﬂ mccuam detvtigh@he first and
menbrane proteins. Further, heterol ogous

Seﬁmdyﬁﬂl’étl@?ﬁl des from parasites, such as 5 Eineria are
artr b nipQfte- & ber of th
AR PSSR SIS RO U REh A b B68 iy momberof e

Erterobgpeeracige thireily.nmmiine Eatesdtenteraciae family 1ncludes but is not limited to,

members of the Salmonella, Shigella, Escherichia and Yersinia genera. A site-directed

mutant includes but is not limited to insertion, deletion, substitution and replacement
mutations targeted to a specific location in the chromosome of the bacteria. The advantage of
the current system is that it results in a “scarless” mutation or a mutation that does not contain

any extraneous sequences. Thus, the site-directed mutagenesis disclosed herein can be used
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may al so be included in a vaccine vector, such as a
live attenuated Sal nonella vaccine. The
w@eiognssieot i des may encode i nmrune syst em nol eRCI/E82007/078785
known for their stinmulatory effects, such as an
i nterl eukin, Tunmor Necrosis Factor or an interferon,
or anot her polynucl eotide 10_jgyolved in
i mune- ul ati on. The vacci ne vector may al so incl ude
to ;géngrnﬁ@ca%g@gcwééaacf@m odiietyargalsistert for lenvingle i2ene oi Avdnaa single amino
acgp IHE% @ esponse, such as the CD 154 pol ypepti de
escri‘bed herein. A nethod of generating site-specific
nmut dhitlExartiplas, hbe pelyhusiedtidas wefe generiddety e¥erlabping extension PCR,
Entero? i@gra0|ae fam |y is provided. The nethod as
bup g of £skally inathes atts @/ﬂéfanmsﬁatwbatn gthet smethpds 9if ogenerating linear
R €. t an |
policicblifee™att (AR IR® oSS B8] uBBa"0 THC THERE) @l and. second
poasmualeomdﬂst mists edregini mmamequence Rbmelogats velthe ssqeBeerdlanking the
as. a c elec on .mar Kk

. The
m%‘é‘?rhls}te s“f’reglfj o5 § laf gagon. Q/'z]:;? APuAL of homologous
se§ucn€8 fial Qofﬁ%sé’\%s Hﬁﬁ@ob Bade' ;%ﬁ'é R e|1’thIe§}&e %%Jtﬁéinosnlg Suitable
nklng honol ogy to the genone of SEISA. The
the h@ovﬂbgmqmc miﬁmbam%(&jbasc) paied i Btegpolpwiolebfidestrnaynbe introduced

RN N T Lo G S TN B

polfiRicleofRicd lweré bREtrdpdrate@mbEibe Bavesaf i rst inserted into
the chronosonme in the | anB gene by honol ogous

r ecAvietheds iobrdeveleping @ hbastesial aereine \Wwestor ease saleed pidvided.  First, a
o 8ufeSpEA ISRRIIAL, sHERUSREEREE Tl She SRR Qe o
geperauat amnatysd gcteHiemd eAttérmetiom ﬁeilytbeolbbrﬁﬁ:ﬂldé hgea vatety of methods

knp g et ol ades otz HeAlvs acCPbs oNANGFaUS seavingp encoding 2
Clbﬁéﬁ"ﬁﬁ Bﬁe £ é{ Bl togfbgpdlﬁﬁé gﬁqﬁké’lipb&'@} 1n@1ﬂ-’1e Q&%ﬁﬁ%ﬂrb%ctenum to

for ge atln |rect nmut a e use
geactytememmmeofectohe ThEfiRISd bty reptidd amyfoarfexlvgr. thdin 60 amino acids long

anf il hisp agno e Japghat CO PR, stk Rl o o thereor.
THN @a&f@ﬂia‘l' MRIrBeNEGr nfhyS bls6- HcbPotads a3Qedbrll ?(Ql nucleotide sequence
includes but is not limted to insertion, e¥| on,

engeding |anmn‘tlgmlarn¢l)rp@pﬂld;teﬂnmne emhcdtmmb,sthpa(ﬁ@éi‘bpoltvpemide and the
anITl een(i fol g the @edto e c ot € he %rallCt eria.
& B/ SpnE oy Shepied altin? SHEC BHSRToRgh PRt
res UTHeSdeKbWilng grahples sre Mbadt oAy © ba illutAativetini @t not meant as
does not contain any extraneous sequences. Thus, the

lingitationg pp ghey ssephefithe Bvertian qriof dheappendsdicaimscan be used
WD 2008/ 036675 PCT/ US2007/ 078785 - 13 to generate
aut ol ogous bacteri a whi chmyg ed for a single
gene or even a single amno acid or nucleotide. In

E{ang?lE)iarHJon“gtci‘uc{ op 1%2)4: | Iﬁ%lk‘i‘ﬁ%4\eﬁsre?ts9 enerated by

Fappi g ext endl o

Strains and Culture Conditions

All plasmids were first maintained in TOP10 E. coli cells (Invitrogen, Carlsbad, CA,
USA) unless described otherwise. Salmonella enteritidis 13A was used for introduction of
mutations.  Salmonella enteritidis strain 13A was a field isolate available from

USDA/APHIS/NVSL and deposited with the ATCC as deposit number PTA-7871. Bacteria
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but one of skill in the art will appreciate that other

nmet hods of generating linear 5 polynucleotides are
w@r@sladsr: and coul d be utilized. The |inear fPCHUSBENT078785

second pol ynucl eoti des nust contain sone sequence

honol ogous to the sequence flanking the nutation site

to allow for Red nediated recqphi nation. The amount of

honol ogous sequence may conprise |ess than 300 base
cqmgiingplasmidi ii246 wiertegrowntah80%it Gtlico hagtérieewerSigrowblae37°C. Plasmid

t he honol u ence is less than 200 base pairs.
Ui WIC)?Hglgﬁ?eégattﬁgg(g may be introduced 10 into the

bact BiiriABENard (LBYBhEAS Wdiouded! Rr rb@HR Sowdlidf!cells) id#SOC media

art. In the Exanples, the |linear polynucleoti des were
(leyizegano erishas GAntUS Ahwap asedefor phensyiio ¢xprsssion after electroporation.
vﬁl%}{ %Pgl%gﬂgtﬁi t}%%hS%@' al%{%?o%cg Qvel& %@) 24 B tﬁgal zloq Zain}pdmgm (Amp) at

prov I'Um capable of
l(I(lpjkgl/rﬁk; kansnyed @Qhpst.50hba, arldéhldragbhénicoT(C) at 2Ripual. ed

to generate an attenuated bacterium Attenuation may
Plasmigy formed by a variety of nethods 15 known to those

of skill in the art. Finally, a CD 154 pol ynucl eoti de
sequplaaﬁg%g,m 91@13%&@&&%@% d 8&ch &0 89£1y (Datsenko and

bi ndi n Is itncorporated into the attenu
¢rePNlMi 2@0, @%664016645aamthg1€ ale d tBacterioh2008D18&4921-4930, both

tide rthan 50 mno ac:| n
of PR o Pl BT ate L AGRF OsEas) SHTH RIS encodes
R&ﬁ réUonﬁ)1ﬁH§€an9ﬂn&§1 hRef rnedﬂéehé}ﬁélbgédsafecéﬁﬁﬁﬁlh% YEGA@Rming linear
al so incorporate a second polynucl eotide sequence

DN@ sitbothreryosomad AN e nfhds pb1|s1y1 pls¢ gentaing thyydmpicillin resistance gene

o BB Rl S b RS o7 Ol BBt 1Y . plasmid

plkPgsiessed akhe té r?};blht@%oﬂ@nﬁ?hﬁﬁﬁﬁcﬁﬁoﬁﬂ& Kﬁﬁi’éswﬁdﬂcé’ (K@n p@ene used in
illustrative an not neant as limtations on

owzlapring  Cfh ePlrsmidiB (ofrSesl. whichriemapyinekia the ealha. 37°C “produces the
{
50 Bl SR B o IRGARE LD . 1S g, rence: 5

TAM@AAM@GGHMT-G&(SE@IRNO.%)T @Pashiid E.uBG‘rbBbeIcaikd sontains the
nV| r Car | SE?% CA, USA) unl ess descri bed
r%%?tﬁ‘%ﬁ‘?é Efferitidis 13A was used for
| nt roductl on of nmutations. Salnpnella enteritidis
PER ain 13A was a field isolate available from 30
USDA/ APHI S/ NVSL and deposited with the ATCC as deposit
nunmbAH pringery 8ed. foBBCRaare HistpdirpDatde d 3ypHally, PCR was performed using

PCT/.US 787 4. carryin | agm d 6 wer .
SREFOHAEY 4bE Qi BPBHk EEPPHoneh B o T gpeiaied DNA (Qlagen,
Vaeﬁ&m @A GFA)NIx ‘(‘!ﬁﬁlﬁ:&?‘]ﬁlﬂﬁyﬁ@rﬁé baffer, 5{}'5‘%@ @?fﬂe éStratagene La

LB) nedia was used fof routine grovvt of " cel
Jcm;CpPngS\A) ImM dNTPs (GE Healthcare Bio-Sciences Corp., Plscataway, NJ), and
1.2uM of each primer in a total volume of 50 pL. The DNA engine thermal cycler (Bio-Rad,
Hercules, CA, USA) was used with the following amplification conditions: 94°C for 2
minutes; 30 cycles of 94°C sec for 30 sec, 58°C for 60 sec, 72°C for 90 sec per 1 kb; and
72°C for 10 minutes for final extension. Each PCR product was gel purified (Qiagen,
Valencia, CA, USA) and either eluted in 25uL. EB buffer for preparation of templates used in
overlapping extension PCR or in 50pL. EB buffer, ethanol precipitated and suspended in 5uL

of ddH,O for electroporation into S. enteritidis.
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15

(I'nvitrogen, Carlsbad, CA, USA) was used for

phenot ypi ¢ expression after el ectroporation. 5 Wen
wappsopirat e, the foll owi ng antibiotics were apdEUS1007/078785

the nedia: ampicillin (Anp) at 100g/m, kanamycin

(Km at 50g/m, and chl oranphenicol (Cm at 25g/m .

Plasm ds Pl asm ds pKD46, pKD}3. and pBC-1-Scel were

descri bed previously (Datsenko and Wanner, PNAS 2000,
Tahie d6 Ppimaez®quentekang et al ., J Bacteri ol 2004,

186: 4921- 4930, both 10 of which are incorporated

herel n I@yp#léfle# ence | n thel r entireties). Plasmd

sepRthEemerceenzynes whi ch nedj ate

1aht9n'6I ogqbg;sgug,econbl néFﬁWAé@TGIGﬁWEﬂ inear DNA with
lapfp-pnpsonmal  DNA___ThiSS§THICEGRTICTRIGAH TAGHet3ai ns t he

la‘/lﬁ‘ﬁffm | hdodp olseSi St ancé Q%WAgﬁQfGFéG”}
263 r e 30C for
Kﬂ’él ntenagge in the cafTe™ %ﬁ%ﬂg CG’EJTM?@(?‘?MGSECQAAGGTAGCGAAT
khenpl ate for anpl | fls@a 36D B REbSHANEG S )
Kgﬁne used TN TS5 OVelsl aRDR8cTertnacr @SN 0 pBC- T - Scet,
ki ch i g ,;gpcgngﬁ ai ned 'GBGfJA@G&%lrlm%RA F5C, pr oduces t he
l;E-liSiEél GZ%Z%EE 1 D YW AT Gl

pair, rare recognit |aamA$@rﬂpaeM3 5 -

laH{AQGGGATAA o b Al {BHHQUAA0 4 EGCEMNUAC TIGES AGAAAAAGGTTATTATACCATGTCT
pBC-1 -Scel al so contAé?YﬁSCWGC@W@fF armhenl col

2ribdi st afBEB(@mM-YMe FESCERBRAALRE GTQTE@THGT GITGAAGTTGAAACCC
PCR ar e (§)deopfdy n T@@WM@?‘TWWW@CGCAGC 3

12pb'rfor n@B”ﬂFs@‘Wg“’OPapﬁ' : QATRACCTTE AGK

-’CD5 5T TTATTAT T CGAAGTT
T afl enci er), ;) TTATTA TGTCTICCTECTCCTCCGAAGTTGAAA

' CGATTCGTAACTCCT
| Fch@edRPRcEFrTaPléAce ¥ USA), 1MV
A_ ]

5154 RO TO G A A K o T TR TGO RGN CIAGGAGTTACGGGIC
' er)4JMZ AV Ao RTE AR TdddA8GATSA8bA HPAEEBT @GO TCAACTTCGGA
Nigpgine t heesa oed caay ol rIGCEBicorrRami 74620 3

1lamBf C Ul €Suter keflons d8106Y9: WRBC AR RELECMAFTGATAR 37 OT T OWI NG

laanPpl i fi catehdp condi tsiceosscTOAEdcatTada 3m nut es; 30
cycles of 94C sec for 30 sec, 58C for 60 sec, 72C for
90 sec per 1 kb; and 72C for 10 m nutes for final

[ r ifi '
nCERAST, QiR LSRRG Uit 00 DGR e oop 9
infartiop st avlath corredpohdsniol mickotids 4457 msing\Se mypdgypirign as an annotated
xt ensi on P in 50L EB buffer nol .. o
regﬁx@mﬁeﬂ%cﬁﬂi@ f%re}srmsl%aage% tapspertgfe TR0k pepesnidan site in the K-t
prEh&C AP BREATE G oh qu%eées ﬁﬁ:tsﬁf)w{l'ag bifderlf}f342008/ 036675
PCT/ US2007/ 078785 15 Table 1. Prinmer sequences

En%ﬁ%b&la%ﬂn Primer region Priner sequence

@]
Q
>
4
&
=
=
o
g5
:]’[

Transformation of pKDA46 into S. enteritidis was the first step carried out so that Red
recombinase enzymes could be used for mediating recombination of subsequent mutations.
Plasmid pKD46 was harvested from E. coli BW25113 (Datsenko and Wanner, PNAS 2000,
97:6640-6645) using a plasmid preparation kit (Qiagen Valencia, CA, USA). Then 0.5uL of
pKD46 DNA was used for transformation into S. enteritidis 13A which had been prepared for
electroporation. (Datsenko and Wanner, PNAS 2000, 97:6640-6645). Briefly, cells were
inoculated into 10-15mL of 2X YT broth and grown at 37°C overnight. Then 100uL of
overnight culture was re-inoculated into 10mL fresh 2X YT broth at 37°C for 3-4 hours.
Cells to be transformed with pKD46 plasmid were heated at 50°C for 25 minutes to help
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am up-f loop 9 up 5" TGTACAAGITGGACGCCAATC 3' lamup-r
5' GTTATCGCCGTCTTTGATATAGCC 3' |amdn-f | ooop 9 do
WG 200803 GT TATGCCGCAGC 3'  amdn-r PCT/US2007/078785
5' GTTAAACAGAGGCCGACGAG 3' Kmf 5' GCTA TA TCAAAGACGGCGA
TAA C TAACTATAACGGTCCTAAGGTAGCGAAT | -Scel / Km gene
TTCCGGGGATCCGTCGA 3' Km r -16 -
. 5" GCTGCGGCATAACGGGAAATTGTAGCCTGGAGCTCCTTCG 3" Kan4f )
inpgiiypighoghiesigistien. SeltywapscrshyCimnames ooddHkyater and resuspended in

6(@&30;&%%% g%cgfo%ﬁ%v%%%;i%g4%-2h% %or Ii/?f)err/ls, lir%%gated in SOC

foP 2GChAIA TBAWTMH ihtECEatBRfeRd. T KC enteritidis
C CGITATGCCGCA 3" lami 2 CD154s/ 9 do
wr@gg@w&e@v%

tragts (QOMATtA T AT AT HacsaCcAmonmants were

prepop o AL P et oms et R R R Rt har 1%

ar§thy9e3whadiled tddnduce Red recombinase enzymes one hour prior to washing, and
CGATTCGTAACGGTGGIGGTATTTCCCGTTATGCCGCAGC 3" 1 2-1l -1
celipdislnat P@i?‘gg ﬂ}ecﬁ&‘;c dieat step.
5" AGACATGGTATAATAACCTTTTTCTGCCCAACCACCACCGTTATCGCCGTCT
Laop ppTEStdi KeceLoop 93lovwn Congmict Ser ) 4- LM-
5' TGGECAGAAAAAGGT TATTATACCATGTCTTCCTCCTCCTCCGAAGTTGAAA
( SerIntrodwiopn 9€1S¢el angpme recognition site along with the Km" gene into loop 9 of

thW %&Sog‘lbmﬁi Sys IemC(&)r%ACr&o and Wanner,

PIGRS 57h00597 64 VB E4S, Wthh is incorporated herein by reference in its entirety) and
5 AGACA:T%TATAATAACCT TTTTCT &DCCA@A @IA TAC%T C )

ox(eggpgmg N -(Horton et al., BioTechniques 1990, 8:528-535, which is incorporated

B L e A T T A R AR R g 1257 of he

laPr&iTgéHe L@MgeSalmgélwﬂgzphfmdrﬁmp L92 (8. %Wﬁﬁm'rmw reference
3" lam 3r sequencing 5 CGCTGGTATTTTGCGGTACA 3' In

gengpiee  First ithy .ueﬁtie@al Al | dopisigessn degions ipmediateli fipnkige the loop 9
1n\%”1 Eltec‘ lgg% r? a1b Ccﬁ%g\%felr ggéb%é@.}/) Silselké}n%ﬁ@‘iﬁéanseﬁbltaﬁly. Primers

s to nu
usegi MHrerimm-umfa&d dmmaprrofoaieg 9 nphad éme-dndend fen-ddal fdr loop 9 down.

Gl eot | esent. the |-Scel recognitjon t
T]ilfﬁl % Ko gepe h =3nanid Wﬁm@t%@rm@@ﬁﬂw&ﬁ ngtf&%iﬁ@e g Brm-r. Here,

th% 'T%WQI élﬁyhh@@ﬁé ka8 §ﬁxth§ic§ﬁ§ ﬁ&fé@rtéttﬁeofﬂ end bAREL-PHHRES BB preceded by
pKD46” into S. enteritidis was the first step

a c%glqm ecmplitneraryt tocthe Reap-ut0 priseonibilexdss, emegion scooplingntary to the
loﬁgtdgf pgwfge%rwas a dgci J[on es egr?cpb t lr(]mt rI Ig)r?mgrf ]S}Peb&)?nci}lllmentary regions allow
all 3 PCR products to anneal when used as templates in one PCR reaction. Figure 2a
represents this design scheme. PCR fragments consisting of loop 9 up- I-Scel/ Km'- loop 9
down sequence (PCR-A) were electroporated into S. enteritidis cells, which harbored pKD46
and were induced by arabinose, and then plated on LB with Km plates. To verify the correct
sequence orientation of the mutation, we performed colony PCR with primer pairs
Kan4F/lam3f and Kan4R/lam3r, where Kan4F and Kan4R are Km" gene-specific primers and
lam3f and lam3r are primers located outside the lamB loop 9 region. These PCR fragments

were gel purified (Qiagen, Valencia, CA, USA) and used for DNA sequencing.
Loop 9 up- LM2 or CD154s or combination sequence- Loop 9 down Construct

The final overlapping PCR fragment, PCR-B, contained the added LM2 ( or CD154s

or combination sequences flanked by loop 9 up and down regions (Figure 2b). Combination
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Plasm d pKD46 was harvested fromE. coli BW5113

(Dat senko and Wanner, PNAS 2000, 97:6640-6645) using
w@2@Basgrdl preparation kit (Q agen Val enci a, QACT/USMP7/078785

Then 0.5L of pKD46 DNA was used for transformation

into S. enteritidis 13A which had been prepared for

el ectroporation. (Datsenko angy Wanner, PNAS 2000,

97:6640-6645). Briefly, cells were 15 inoculated into
sequgngeneonsistedXof LM or ranagiterapto Wi epRare wemnﬁeg hwith avian species

VEBR) IS o Db R RS G 8 e

Indegted rs2Gedn0EITEErdNiak rfon&%GLpizam@ merwo BeptedeAt (SKIE ID NO:38);
for 25 mnutes to he@ WO 2008/ 036
y

combination ogarars 7a% 1 )3@%54@5@)3@@ (Gl (REQoH? NO:39); and
wash
°°‘Eﬁ§§1€§8@ﬁ qg)O{ @r)i 50 yce)o| %_gewg Cﬁ[]5j4 (§enlg TM2-(Ser)e-

LMIJ-I(S&M(SEQZ[&DNOMBOkV for 1-6ms, incubated in SOC for
2-3 rs at. 30C and plated on LB nedia with
appr"gp orten the, amgupk ‘i’fg%tepssgr ERRICHPY |°E the pextSfragmeshtthe LM2 or

CIWM 4MseRKINEE Wi Ts§ntRBYiH 191080 ﬁ')t th @Cena/\b?fhetlmstﬁl f primer and preceded

transtormants were 5 prepared for additional
byghe ccomplynnclaanycmgnoaac theolosp-upiriprsnerp Thegreviousty ssde?CR product for

loqitd GRispiais BRY JorRLRE NRIBE PERb s R HG0aiehan which LM2 or
CISBY4s Swet shddfforatbdiaf @ 3 RAd 99 fodpeRtiowh 8B pelfORP 12 ﬁ‘rfh‘l PCR reaction.

| -Scel/ Knr- Loop 9 down Construct Introductl on of
Hawesen | for athpminsed cogurneesotiefsired tahd ngmipination kequengesh@necxtra PCR

sepp B8R o AL IS R B Bl R Sl RIS 0 wp win
ad2€0RuClDTdESHeiBIeAb insehtiohselsentcecenpedted ﬁﬂobﬁ-ﬁpir prijder. The coding
reference in its entirety) and overlapp

sequspee & Gty €PCD Bné ﬁeeaw( ek a3 oGl assalg 2@165 wln%méh were chosen
t I e
balgl bR BERAES Bl T hE PP AR IRE okt 3o Ml Bd Satmonela
typhivaurilirapiotgianeSessTabde B&brrfnﬂbérlchtaﬂly phprimes demgnTZ (S
typhi murium) as an annotated reference 15 genone.
Gérionsit Rephrtemiefit 6FRSelKnt #iflSLIVEP6R CDYSA 6 CoMibiliatios|Séquences
flanking the loop 9 insertion site (loop 9 up and

| oopR- @Op%dudftﬁ\i/@l%féléc‘ﬁ%b&bte\dﬁﬁt% 85@Pﬂehf‘zkiﬁ@eﬁ@ﬂ@ﬁ@%ﬁhﬁlasmld pBC-
Primers ‘used were |lamu and lamup-r fo

1-Spabat amoths xatlcaﬂﬂapmmmntefy #¢1 (Keepetoalg d\Bacterroh 605)4, H86: 4921 -4930,

Km enefro pKD 13.pl asm d was I|f
il ST DCoenb R B 18 Rfehcd" T S8 Buiigh e ST o oeach PCR-B
redsbiBationRlthEed WireaHoeM dcortifhg t6 theﬁibﬂltsifto B orDCin’ﬁﬁhtes but not on
t hen preceded by 20 a region conplimentary to th

Kmoplgtespdye (¢ ithe replageront 9& P%ﬁeéﬁﬂoﬂwcﬁme}nﬁeﬁﬂerliﬁlm sequence.
M%@iﬁﬁ% rr?&fmsgﬂéghéo Félgﬁéd[ \éﬁﬁeéﬁg&%?% rll’tSCq{a%nflghéed eaﬁgsﬁgéRg&{uences were
demmﬁwdtxsidgq)rﬁime dm3fhad laiﬁ:ﬁdoaﬁed eutpidatiesloom 9 doenPaR up amplified
reaction. Figure 2a represents this design schene.
ICPORE-f r agnent s consi sting of loop 9 up- |-Scel/ Km -
| 00

p 9
I-Scel site/ Km" insertion mutation

The first mutation step involved designing a PCR fragment, PCR-A, which would
serve as the carrier of the [-Scel site/ Km' cassette to be inserted into the lamB site. PCR-A
consisted of the I-Scel enzyme recognition site adjacent to the Km' gene with approximately
200- 300bp of flanking DNA on each end homologous to the upstream and downstream

regions of lamB loop 9 insertion site (loop 9 up and loop 9 down, respectively). The
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down sequence (PCR-A) were electroporated into S.
enteritidis cells, which harbored pKD46 25 and were
wo pabsoad7dhy ar abi nose, and then plated on LB weTugm7/078785
plates. To verify the correct sequence orientation of
the nutation, we performed colony PCR with priner
pairs Kan4F/| an8f and Kan4R[j@anBr, where Kan4F and
Kan4R are Km gene-specific primers and |anBf and
fragmest was antradupsst intd Scenrerdridisicelldexpressing did teompb@ase enzymes and

e CRiGls WE Bl AR e Rae Y B s PCR, posiive clones

we€ gatpieRdedTor 813 desitdtl Psérd ILIRI Site/ BASEFutce CIMME #dnffled mutant
sequence- Looio 9 down Construct The final overl app| ng
P

wasdrsignaiethdRl64. PCR- B, contai ned the added LM2 (or CD
154s or conblnatlon sequences flanked by | oop 9 up

Genothid Replacemienhef I-$¢edliKm" Nith LV@ndri GBI 54sror\@@mbination sequences
2008/ 036675 PCT/ US2007/ 078785 -17 sequences consi sted
of LIHe secorﬂrmmhﬁm stap eeqivited emistrapiingss BORI fadgatentyi referred to as PCR-

B gﬁiaﬂ%@? &gqq% g‘z N s1§1{1]1%§§[) t}lgé'negg}s rtll\ggtsqgalipg)gg e[r,M2 or CD154 or

cofﬂBﬁﬁ‘lﬁBﬁ de Héé%nﬁﬁﬁce% ?arﬁﬁ ht)ﬁ’llold%%s fikdRertSEACRDB amplicons have no
8); nbi nati on sequence no.

sel@ct(c@ lyl)ltke@ﬁimﬂ(l@ go)lﬁtet-sﬂeo’{t@ yﬁ@’ rePE@mdDt KD, tBO prevamud I-Scel site/

g SR B oL TSR L5t eneptinin St ot i et enome

whicH-MaH ( &ar i éeﬂ%@e' B MK 43kel §Re ITOSE FoY. t hﬁle?éfBl‘énthU I-Scel was

steps for construction of the next fragnment, the

ele@trop@eies! 5ntos 8B e alengvaiths PRRAB: | 4 8¢ gpcgmh@@twro of IP&R}B to replace
Pdgg-g sJﬂb? clo%gg w%ref clP({sEH%%se%n& Hl ea{;o_?lg(ffgto ? w on.l_gm but not on Km.

Afper ®N ,Q lssdmencmg df Hﬁ&m&f ooafirh @ﬁcc&@f&l@&mnﬂ)lmloﬁ@f IPIJZHJB the strains
used to ciher wth t new y constructed PCR product
weie, dapionted 130 S cord Mo ed RATEP H6F e abETES SM2, CDISds,

S R T R o A er) L RRBEARED154-(Ser)

LMbﬂS&r)naiM@r(Ss:E)q urespeetively. aTer xhndonPClones lfc&peach&hen@MlRednd CD154s

. due to the n | e hs f jnsert seguenc

insiHin vt e T R ER o abeed it b SR dbesstaising wnige retricion

enky A& bitRNfoP QAP %@ﬁloﬁoﬁgﬁ&{cg qanﬁol 0090 Rt Whorles REHEE by cﬁé‘%ﬂon were
codi ng 15 sequence f and Serine (TCC

positive fas the |desirdse muationo semlmrac méeeu@mwemsubasiemoostrated that the

G IR TRt YRS LCARIShR B o o rsion

wiﬂ@htfh’éfaﬂﬁlﬁbndﬁéﬂtdnéoﬁsfmﬁfebﬁ@é_’s. deSI gn. Genonic
Repl acenent of 1-Scel/ Km with LM2 or CD154s or

Exapifile DAt tRRuREN SPVER or REXE/BDAS2 iiethStsiREeTts.

el ectroporated into S. enteritidis cells along with
00515 il BP B Sy 0 v o e
htr158§ené9 Mutd@@0of thhicedd g&lel, a(key patesihehke tiersmic iyid pathway of bacteria,
resu tg ?rrl gggseré: rI]neta %llg tehcrlgrtn‘}/y) Whlql ggts fsgvrenesggar}atE%Rc;c%emical pathways.
Mutation of the strA gene reduces the cell’s ability to withstand exposure to low and high
temperatures, low pH, and oxidative and DNA damaging agents and reduces the bacteria’s
virulence.
To achieve deletion mutations in SE13A, the target gene sequence in the bacterial

genome of S. enteritidis was replaced with the Km resistant gene sequence. This was

completed using overlapping extension PCR and electroporation of the PCR products as
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reconbi nati on nutati on were chosen according to the

ability to grow on Cm plates but not on Km pl ates,
wale@svaserhe repl acenent of PCR-B for the Km ePcDUb2997/078785

PCR- A sequence. Modified regions in the selected

cl ones were PCR-anplified, and DNA sequences were 25

determ ned using prinmers |anBfigand | anBr |ocated

outside the | oop 9 down and up anplified regions.
descréhed| above.e Thkm jregistanice @enerwiaa targeted iirdo fthe genomie aediemcontaining

step i nv.o] ved, desi ani.ng .a PCR.fr nt, .PCR-A whi.ch
0§ 5oy SRARIUEY (@52 @D B Parid o8 Teceaiptile o Rt 200300 base
p#RSTRelgencs REMbISEIst Btht Hefest HEinke?edd Wrice KINGRBsiftanButants were
consisted of the [-Scel enzyne recognition site

obdgipeds dhe are o dmdnilelgfiorempfations Sysro KPHEMEH b2 DDA sopmpeing. The
. i | t r
rellfie BAAL B - B0oRAEla SR 0ER, SHGHEANIULBE AIRSIEETTbe Culture
Cdlleatipn Dnufepamibérodd, 20060 @eposi SNe.PTAVESA2) andl BpY¥t No. PTA-7873,
2008{56‘336675 PCT/ US2007/ 07878? - 13 fragnent was i
reRRCH Gl et #teguased gias PeTelSe eEipt & WP MEdSTeRgdRiR clearance time.
Bc'St?(b?eré Beenated %Mﬁ‘ﬁ? h&d uﬁc@ clédtaiB!t s%ﬁ?%%%@%ﬁ?ype 13A strain,
After screening a few colonies by colony PCR positive
but| tetle sverevable wecplemize thef tivert lspleets sindectcalntoasiledf chitkars after oral
. sit.e/ Km,sequence, and the. identified nutant was .
il i s 5o TR s pResholh @i . st lsqdgplated.
with LM2 or_CD154s or_ conbination, se(&uences The
Exanplsd- fanfirmption of sell surfagcexpression qfdyize and, GRIR4.
fragnment, referred to as PCR- B and shown in Fifqure
1

2B, €ehsirack egprsssiemet terdPe apd 13154 insseg eas cenfimedl with a simple
o O SRR o S SR e i

arfidb eadid osequ@idée rofabothmIE-DRM2C BNEAPIRNE] S8E@AIDRN@r5) and CD154
| acenent for theF}ﬁr evious |-Scel site/ 10  Km

(HAEKG DR IMS G IDPNQY conppgesetl {eacarsi auaied (eHlonThe resulting

. [: = i NP .
AR Uy ST Yl G b SERRTE s i
Mékda?2,ahe CiX16d ok tiedMSELBL adbGH 154 bomBIGR] Biseribh arglass plate at room

reconbi nati on of PCR-B t | ac - ositive .
telpERBLe AR AN Tenbate O AT BaBnd CoT Sirhas® BRisk st o determined
by %Hef PRbened oA predibliat. DNAURS dHeHOWIDinOTaBl DaNkSpdsiive precipitation

confirm successful reconbination of PCR-B, the strains
reagionels andieatedhpdd) SE1 20d agEgFBe Bediplatioarrdacsengdy irfdivated by a (-)

Sii&lgz S_h%d%gqu%?@qc\iﬁof’rtséa’\%s @%Dé%ggEBA Cv;vii’/d)[ysﬁecgd not react with the M2e and

CDPe4 )pdpthdee dnt{bogies AwMie M Sieding exgresking- X186 UH154 or M2e and CD154
LM2- (Ser) 4-LM2- (Ser)4, respectively. Ten random cl ones

repefed aabithe prproppate Aefibodies 4 dhus, e andrDie4 pentislegiatedieing expressed
oﬂﬁ%sﬁ@fﬁ quﬁgggctqud | am 3r then di gested using unique
restriction enzynes sites for each insertion sequence
and 100% of cl ones tested by digestion were
Table 2. Precipitation reaction

SE13A SE13A-M2E SE13A-CD154 | SE13A-M2E-
CD154
M2E antibody - + Not tested +
CD154 antibody - Not tested + +
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20 positive for the desired nutati on sequence.

Sequenci ng results denonstrated that the insertion of
wab®s0866CD 154s or conbi nati on sequences was eREDUE2007/078785

into the loop 9 region wthout the addition of

extraneous nucl eoti des. Exanple 2. Attenuation of Me

or M2e/CD154 nutants/inserts. Hfttenuation of SE13A was

achi eved by deletion nutation of the aroA gene and/or
Examepleds Vaccimagiendtudgit ati on of the aroA gene, a key

gene in the chorismc acid pathway of bacteri a,

r es ubPaysof-hatch é@yeﬁ)echiekmbletei cbtaieéd dioemaylovdli cwimmdrtiat hatchery and

raR R (RO B LS LF eGP LB FeRpenbERiiE ol g Ehiks out of the

pABXBRSSH ¢ kach Q¥AtRBAL Holp wdr€ TR aHA ShmbeR. Pithe 3RRks were orally
oxi dati ve and DNA damagi n agents and reduces the

infestederyi gavege withu0.2hed. of 39, TH aehil ®\(datd ot shaym) cf/ml of the various
rget gene sequence in the
S%%ca{é?a?a ntsﬁ%lc% é 1n§%blg§ teritidis was replaced wth
the Kmresistant gene sequence. This was conpleted
Takde 8g Challeh@PDosedoL ¥achngeatimedCraip) el ectroporati on of
t he PCR pr oduct S as V\D 2008/ 036675 PCT/ US2007/ 078785

10—l anma

| [ L{cu aphove—THhe—Kmreststance gerne—v

= L3I UT C

tar nat ent ¢ EO nnm fa rnrn on r\nnf al h ngQ ’gsemnnnc
Y <

T UAT ?ﬂbl Lo\J H 1 _ ’ l uuuuu

of intereSEIFA; or_htrA) by flanking t HQ” gfigfml

' -GP13 200- 300] base Dal r s 18f cfybmluences
honol og8E$3AdM2URerodenes of interest. OncdOKefumasi st ant

nmut arffd 3RWeNMEE-CD1 3 aved, t he ar oA or htr A 1g&tfatmion

mut at | 085 198INE @R r med by sequenci NG’ cfhhel o

reSUlgH g -RRBACDIHLIAT 7~ Sal|nonel T'a ST aipNss, e ©

depost ted wththe Amertcamnm Type Culture Coftection
on Septenber 13, 2006 (Deposit No. PTA-7872 and Deposit

No. IREA-ti@itdent gr@gp®ad hMﬁ;le&)n arl vedieidtiel il @@n Shrfadsh $ine litter and
wer e al soﬁﬂ;g}tﬁgd in vivo with eA?ar ds to cl earance

proyided waigg eAEbHe Mdayd st ail 18 R @ogfchatbie ppproximately 1 ml
ofg%?(ﬁcf @f%@oﬂe'cfégsfr&nl?% bt % e ngy@ar@@d%é eérugl wilemoved for

wer e ab toc onlzet een
lacemsd irt detemhiningf antibbdk éitess. aﬂneﬂlecsamle dam tembéds ifiom edch treatment

addi ti on, ﬁn atte%uat d str ki ng both ar oA and
ZRER AVEB s PutPANoed ofhEY o fverp,sals Cegh Pl PSRUSHY removed for
de@&iﬂmawhfo%sct&m %@@ﬁiz@ﬂo@(ce&@@nﬁﬁsi mQDaa'%fenapﬁivhmémf@P £nd spleen).
expreSS|on of MPe and CD 154 inserts was con I'rnmed

Individuah IB(ﬁlmﬁpéeen amdl Qﬁ@dytbmﬂt bayeples meod pret—atrlcbcd in tetrathionate broth

Ve 75 TEE Ry 9ol ogb S EereB Brosh BBl R iBe SrqgBeFonto XLD agar
plﬁtEé/ EUpp1EDEnt&EQRithINd¥IbRin aﬁ&i Nakbdc Ueid W'ﬁ@ﬁ@%@vmﬁ%ﬂt at 37°C.

6) conjugated to a carrier protein (KLH).
Thf'e&llqwmgg meFAMEHbE| Rlateqwyese reash fariba maessacaor r@bsespemf Salmonella

ol YBSAR LEPRLPY B, S el OGRSy, gy eamen

groms eEdchantia pgsanad ipl Bubée Aitepfeserits the number of birds from Wthh Salmonella
positive isolates were recovered out of the possible ten birds that were cultured on days 7, 14,

21, and 28 post-challenge.

Table 4. Bacterial Colonization and Invasion.

Colonization (Ceca Tonsils) Invasion (Liver/Spleen)
Treatment Groups D7 Di4 | D21 D28 {D7 |[Di14 | D21 | D28

SEI3A 9/10 |3/10 | 5/10 |2/10 |8/10 |8/10 |2/10 |4/10

SE13A-M2E-CD154 9/10 | 7/10 | 6/10 |9/10 | 8/10 | 1/10 |5/10 |4/10
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tenperature and allowed to i ncubate for 30 seconds.

Cell surface expression was determ ned by the
wpe@seswes of a precipitate. Results are shown PCI/UsisbE078785

2. A positive precipitation 20 reaction is indicated

by a (+) sign and a negative precipitation reaction is

indicated by a (-) sign. Thearesults denonstrate that

the SE13A wildtype did not react with the Me an CD

01 e0fle | 8£10ai B4 O0ex @i 1ds Si0AP | 3/10
SKIEA-MIE-CM S raravR el 4@ CD10541/10ea3418d | éi1i0h | 0h® | 0/10 | 3/10

ap$i Bpv-MRshtast | bodi/és. | THas| 0NBe | ang ClY1054 2pi€pt| iodes | 2/10

SEI A ba2parerspesedd/1on| 1the sonbace/1of [bhe bagferioao | 0/10

25 Table 2. Precipitation reaction SEISA SEI3A-MPE

SE13A- CD154 SE13A- ME- CD 154 MRE anti body - + Not

t estPeeitive S@En(méﬂa élattbﬁaidyolate&mcotvasd dtbr birdWih each treatment group
2008/ S2007/ 0787 - 20: E@ | e. 4. he nri i
we 3y 3t BRSPS Sty G Tl dhe prigers speciic 0

ea@ﬁh&rﬂ@i@clﬁ!&e@lﬁhﬂ' abRCPYo R BHeNab- AMidz T 1548Rskrt. This technique was
random y distributed into treatnent groups

utifizeds By ensupet théhthegqtr@upyhat thef biedsnwernicsiginalitgiven whe equlvalent to the

stri) 93%&0*’31 %dsi% e£]c Emént ?(; g}{] “r)).ﬁ V&ft@g&tﬁé% )ef;gegrg gtézgns were the

samk tab the 3faifb Vﬁfh ﬁ/ﬂfbh tl;@Snrd@ rwel@'fnté&ad a THet reSll\Wllicated acceptable
cfu/m of the various SE13A treatnents as indicated

colopization ef tissuesapitinthg varipuy Sabmerellpsgaing fstedach t r eat ment

group. Treatnent G oup Chal |l enge Dose SE13A-M2E 102,
Exampi¢ 5. BReamtipdy ppoductipd. cf u/ M SE13A- MRE ar oA 104

cfu/m  SE13A- MRE- CD154 aroA 104 cfu/m  SE13A- MRE

ht r Aefuin céligcted fBﬁiﬂﬁ-t@d(ﬂDﬁﬂSm techAreafinanft gfovp vizaaised in an antigen

N R RS B M P, BB et i
we@éj cdtdd Withs ;ﬁg/‘m‘lj ey ﬁwMﬁ-ﬁM?@pﬂ%ﬁg (E@E’E’PPKN*@Q hp No: 5) conjugated

roxmateén; was coll ected from each
to BSAt hHantigefitad lqna‘ggseftllomedd@ pmdect onerrightiatdies Plagssovere rinsed with

PBTSOJ- 0. d @I ?‘(Ve? BH tgcl Por@ o%?ﬁt, \Izvhﬁ Sr%en%elntm% rp%evmusly coﬁlected from

rom eac
the b1rds in each of the 6 treatment groups described above. The plates were rinsed with PBS

+ 0.05% Tween 20 followed by incubation with peroxidase conjugated Goat-anti-Chicken
IgY secondary antibody (1:10,000 dilution) obtained from Jackson ImmunoResearch
Laboratories (West Grove, PA) for an additional hour. After subsequent rinsing, the plates
were developed using a peroxidase substrate kit obtained from Fisher Scientific and
absorbances read on a spectrophotometer at 450nm and 405nm.

Each plate also contained a positive control and negative control where the M2e
polyclonal antibody described above and chicken serum from an untreated bird respectively
replace the serum from the treatment groups. The absorbances obtained for the positive
control, negative control and experimental samples were used to calculate Sample to Positive
control ratios (S/P ratios) using the following calculation:

S/P ratio calculation: sample mean — negative control mean
positive control mean — negative control mean

The calculated S/P ratios for each group are shown in Figure 3 and 4. As is shown, M2e-

specific antibody levels for each group expressing M2e-CD154 produced an ELISA signal
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group were euthanized, their liver, spleen and ceca
tonsils aseptically renoved for determ nation of
whawmBesde2zd col oni zation (ceca tonsils) and baceer/usi007/078785
invasion (liver and spleen). 15 Individual liver,
spl een and ceca tonsil sanples were pre-enriched in
tetrathionate broth overnighyyat 37C. The next day
| oopfuls of each broth culture were streaked onto XLD
that yeas onpavgrags oyiep pP%ent elies avhent sompatesoivich theimrespestizeligrdup that only
' [ e i 7 | oW
exfipdts M2t 150 R RASEA A0 ST Ripe shACRR LA B D154 are boty
capdbdesiteicitingSalobusn ahlibodyaedponsetd. MBa CTEIE irésbonse was clearly augmented
col.oni zation_and invasion data are presented in Table

by adgifion o the,eRi S peniidgy tn addition, similas respentes ae generaigsl when either
thé* aF &P ot SRR %r.tﬁ&?oﬂ%ﬁh&fstl%l{sd efel QM ! CIT'hé@' ! hﬁy provide
positive isolates were recovered out of the possible
vat@ne beatats withahighersafecy Fdarunliattabusedaitisout sackficing2deneratidn of a robust
. 28 gost -chal | enge. Table 4. Bacterial Col onization and
1 $9SBANSCCol oni zati on (Ceca Tonsils) |nvasion
(Liver/Spleen) Treatnent G oups D7 D14 D21 D28 D7 D14
Exampleg VikgsNoutrgliggtion.10 5/ 10 2/ 10 8/10 8/10 2/10 4/ 10
SE13A- M2E- CD154 9/10 7/10 6/10 9/10 8/10 1/10 5/10 .
4/ 10\nhsera008lledahb 25 weeks Y20ty popstes Smmynizagen 3n- @Rk experiment)

A oIS 33 SRR B ey s o i

netrdlaBér estifgds3dy NPN2 hhflden24 {Ohatled Rivtr 1Qbdratied/Frfnklin, CT) using
2/10 0/10 2/ 10 SE13A- NPE-CD154 htrA 4/10 1/10 Q/10

stadarg nsptpeols (Gharlss Kivey) Liaboratesiss). | Ve ‘EaltlersndYquiralizing indices indicate

theﬁ‘fi‘ﬁé ﬁ{tisélla froi? Ivﬁ’éc‘frfat&fe&ﬁ’ B?@efer cﬁbé S‘ne’uﬂal‘;f%lﬁé~I Avian Influenza and
treatnent group were subjected to anal ysis by

thysoinypreteetiee ehbriyos freacthe viru§ POR) titersi raigget]Hfeorp i 3rer &8 in two studies).

specific to each insert disclqosed ip Table 1 to ..
HXPéflwieﬁsmmz@.lseg agma seasha iR petdd Wil &chpfsifiys control.
was 5 utilized to ensure that the strain that the

T4b1E 9S RIsNQitiizR8bn Y 9i ven was equivalent to the
strain recovered. In each treatnment group, PCR

conffiTmed thateg e .ecovered 3traj P a as
the |strains WISt g1t\‘l/::viawl|£lch the binds ﬁ?gﬁﬁ%ﬁg?[@gf§The

r esupts—nci-gated—=a pt-able—reot-ontzati-gn—of—t+ssues
wi thH the var Fgl%o%g/ nella strains tested. Exanpl e| 5.
M2e jantibody production. 10 Serumcollected fromthe
tagged bi rdsarpA M2BCRYMat nent| group was-dused in an
antigen capture ELISA to calc¢ulate Me anti body

| eve|] SE akoA MIiE(multiredpy-0Dab4 el | s of a8%-well plate

werel coated with 5 g/m of the Me-LM2 epitope
(EVETPTRN. St Jbk#é1) Conj ugat ed 8.3

n £

o.an

Example 7. Challenge Study.
Viruses.

The influenza viruses used in these studies were A/Turkey/Virginia/158512/2002
(TV/02) HIN2 LP Avain Influenza (LPAI H7N2) and A/Egret/Hong Kong/757.2/2002
(Eg/02) H5N1 HP avian influenza (HPAI H5N1). Viruses were grown and titered in 9-11
day old embryonated SPF (specific pathogen free) chicken eggs as previously described
(Suarez et al., J Virol. 1998 Aug; 72(8):6678-88.).
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to BSA. Antigen adhesion was allowed to proceed

overnight at 4C. Plates were rinsed with PBS + 0.05%
waw®en3e® and i ncubated for 2 hours with the SPCT/DS2007/078785

previously collected from 15 the birds in each of the

6 treatnent groups described above. The plates were

rinsed with PBS + 0.05% Tweep3 20 fol | owed by

i ncubation with peroxi dase conj ugat ed
Chiglzans andihogpingiken | gY secondary anti body (1: 10, 000

di l uti on) obtained from Jackson | munoResearch

Labdontldr j and E‘Wét ciglisngs chigkeisorvean teadeferriedniato megative-pressure-

sta'ﬁ‘(lés% stef:&J oFsg'ul? Pl §Sr Icn &g alﬁgﬁﬁql{l? %sgltsnazii ﬁg&fl} Sr){f E& E)hcbspfety level 3

agﬁ&ll&ﬁﬁ faf:ilﬁy aR¢kd aad Vﬁi@&@(’éﬂé\ﬁfiﬁ&ieﬂ adianma
spectrophot oneter at 450nm and 405nm Each plate al so

SeF&Bgyahﬁdelrﬂs ReBitiohve control and negative control
wher'e the M2e polyclonal antibody descri bed above and

chi gy g? RS Hm{ﬁ}tﬁﬁory sf 63k jgtr%eh{ﬁ?d é&ﬁ&pﬁﬁt ﬁf:ﬁgﬁéated homologous

replace he serumfromthe tr rou
Hﬁa}{isnnnwm wind @bHexted ar dand o Ekpi. \Ieandcﬁlay roland 14 in Expt. II as

R USSP BB R e A T LS5 posive

Vlﬁﬁtléd?ﬁionuﬁéxﬁ Srdl IBﬁd cRlatAWABs &Qhﬁélﬂddqf‘;t)oﬁ/cﬁ)alfeﬁ%é Qas performed in
cal cul ation: sanpl e nean - negat’ive con

9- }doéayt @ﬁ/@nbwnnat@ln Sﬁaehlckqne@gs ay prevoustyodeseniized (Tompey et al., Avian

IO A LTI A SRR TN

mﬂuﬁml(smp Ibr&B CitlY aativio 8P (1990 wittsMAep&aRifith Bf 20 %?mﬂ%entamicin
ELI SA sjgnal WD 2008/ 036675 PCT/ US2007/ 078785

sulfgiey andes Reviml ppenhatrsicsy By Sigow Ghegriesl Garapanyofibdosis, ﬁd@)nfrom each
Me. T
By L e A age Bl v Hola BB 122N Cosa

capabl e of eliciting a robust antibody
WF% bﬁgg to Me. This response was clearly augnented

es aﬁ'@tsé FRrolsi o bl oL} 28 Fibl28 iy ssparaied by SDS-

PAGE f 2459 ﬁ(ﬁ?&ﬂrﬁaﬁﬁe%l ahd RAfieria8 i’gvllél.L %r}_ﬁégiﬁapczynskl and

strains may provide vaccine vect ord
Tusnplet viiagy Dl$ i N(Baﬂult@ 43883 ac Briefly a@l-@&ae satuimofrom birds

pruiRG PSR WA SE AT ESY IPER 5o nglialfd, wit g membrane

coRaRSie ATV NikBér &l PRoiatSd6h RpefahiFBNtHollowtheI@RY' Rhdds in PBS-
agai nst the reconbi nant SE vectors descri bed above

Tween 204019 ¥ tteaimembyane s reactadr with herseradish @smr@seumbnlgd goat anti-

f or, Fies nkI|n
NP6 DG PSR B4 i, L) o
1:208batiktkion ifes ) hofe eA'ftab Wasling biedbswal, itid membiisle GRS reacted with ECL

indicate that the antisera fromyvacci nated chi ckens

Wendsra Blettiag iejeetion ReagantnfAmershamBiessienpgs, HispatawandVJ) according to

the manufacturers’ recommendations, and exposed to Hyperfilm ECL (Amersham

Biosciences). The film was developed using Kodak GBX developing reagents (Eastman

Kodak Company) according to the manufacturers’ recommendations.
Protection studies.

The initial experimentation was designed to assess protection of chickens receiving
vaccination with ASE M2e-HM (multi-copy M2e-CD154 with the SEQ ID NO:9 insertion
sequence) Salmonella from challenge with LPAI TV/02 (10° EIDs, per bird (EID refers to
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thus in protecting enbryos fromthe virus (VN titers
ranged from6.3 to 8.8 in two studies). 15 Hyperinmune
W@ 00836523 sed agai nst synthetic Me peptide waBCT/ESH0OZE78785
a positive control. Table 5. Virus Neutralization SE
strain Neutralization Index SE aroA ME 7.5 SE ar oA
M2E- CD154 8.3 SE aroA M2E (mglyti - copy)-CD154 8.3
Positive control 8.3 Exanple 7. Challenge Study
empry s Bections) dose))i 149 | %mn%rne@%@nugédmpfbldlnes@d viral shedding.

S%@eﬁﬁl’ﬁ%{é@%ﬁ%ﬁ%m@? %%Bglcﬁ‘é_!]ﬂ/eﬁg% ang}g’% gj‘regﬂsgé)nagsublethal (0.1

CKDagie? bird C2MD2:feré g cRizk 1¢thaAlldosE)) awd ge’thél rtfgstl QT(K)SCLHE%'A%er bird), in
uses titered in 9-11 ay o
te’éﬂ%?%ﬂ%ﬁéﬁ' mopa. %’ﬁé‘g |Vfr\£n]25hﬁ%‘ﬁﬂ%gen free) chicken eggs

as previously described (Suarez et al., J Virol. 1998
Em&g%v@{@ mamehﬁPA‘w 8/ 036675 PCT/ US2007/ 078785

- 23 gf"{éﬁ 1 @%’ er I3 lcke{?sr weie gecﬁ% 3%?%\#'3._6 "Mifds in groups 1

ChIC vveret 0O negative-pre

am;ltfalrédeﬁ&d shametactiaatidravith o0t 8 dfOpHoalb}[hitdlbuﬂfEBi-\siliﬂet @BS, pH 7.4).
J n Aa USDA—certl fied biogsafety

evel 3 icultu
lrc};cm Oy 3 FevvedEResiaENn ek ASH Vegtu. aFes Bietkhates Day 21) the
(hiRR BEr SPF Kl fo8 M P Rend GIRRE ARAION (hoosy utiizing saline
((homsl bgudi3) oHbTractnmtyeant \Siahinomﬁa aedotedeatede §Gradp)3)0 Three weeks

i n Expt, | d .0 and Expt .
atlg bbby b3 if i, 3 gy weit phallengiit ifiapisalty (0 wien 10°
erhbr98 Zfe¥RN8 doSNSO AL /MRl df PR02 (}{pm m\Bz?I Qﬁﬂcﬁﬂlefng&m)lrds were
oral and cl oacal swabs on days 2 osf-chal | enge

shamschaleigsdnwih 1000 BBY 1v1@| a;tra@ﬁsaé rrbmtyo n%alloaxnna@liallenge birds were
hi ck b
S Q95 B3 SR 5 Sl RY, Pl et

folletvingCetallendeedtith MPAIZHTN? bfeadtHdwheiar Rigures bigd aanérﬁulaae a significant
broth with antibiotics, (1000 units/ penicillin

redugyiog iy mgemdifhinfen vacsinatign eviths S8 13A gxpressing rM?Erm @D154. For
oy PRI SRR 3 o A ORG24
Thes alenirit arf. vifkb shiidirgy folloivirig challenge with LPAI H7N2 at days 2 and 4 PI is
shown in Figure 6 and demonstrated that vaccination with SE13A-HM also reduce the ability
of Al to replicate in the chicks.

Experiment II. Challenge with HPAI H5N1

Groups of ten 1-day old SPF chickens were divided into 5 groups. Birds in groups 1,
2 and 3 received sham vaccination with 100 pl of phosphate-buffered saline (PBS, pH 7.4).
Birds in group 4 and 5 received vaccination with ASE M2e-HM as described in Expt. I. On
day 42, birds in group 1 receive sham challenge with 100 pl PBS via intranasal route. Birds
in groups 2 and 3 received challenge with 0.1 and 100 CLDsy Eg/02 (HPAI H5N1) per bird,
respectively. Birds in groups 4 and 5 received challenge with 0.1 and 100 CLDsy Eg/02
(HPAI HS5N1) per bird, respectively. Following challenge, birds were monitored daily for
morbidity and mortality for 14 days PI. Chickens displaying severe clinical signs of disease
were euthanized by overdose of sodium pentobarbital. The morbidity results following
challenge with HPAI H5N1 are shown in Figure 7 and demonstrate a significant reduction in

morbidity after vaccination with SE13A expressing M2E and CD154. For determining



Purified AIV proteins fromwhole virus (H5NL and H7N2)
were separated by SDS- PACGE in a 10 % pol yacryl am de
w@edosasd73 r ansferred as previously described PCT/US2007/078785
(Kapczynski and Tunpey, Avian Dis. 2003 Jul - Sep;
47(3):578-87). Briefly, anti-Me serumfrom birds
previously immunized wi th ASE;dRe-HM (1: 1000) was
. incubated with the nmenbrane 20 containing AV antigen
ingidence o oiiral gheddingn aralngndr eloanab sweby Wi ngen enedayvhshéd PL  The

' - . 9 reacted w .
Lo ! SRRl Sl e IR AT K BR8P i shown

in Fpee 8any dambhdiactd thfiotatigationByith SEN AMRE I8 Bflucd the.ability of Al
Bi rmi ngham AL) at a 1:2000 dilution for 1 hour.

to penligate yntgichiskes above, the membrane was reacted with
ECL Western Blotting Detection Reagents (Anmersham
Bi osci ences, Piscataway, NJ) according to 25 the
manuf acturers' recomendati ons, and exposed to
Hyperfil m ECL (Amersham Bi osciences). The fil mwas
devel oped usi ng Kodak GBX devel opi hg reagents (Eastnman
Kodak Conpany) according to the manufacturers'
recomendati ons. Protection studies. The initia
experinmentati on was designed to assess protection of
chi ckens receiving 30 vaccination with ASE Me- HM
(rmulti-copy Me-CD154 with the SEQ ID NO 9 insertion
sequence) Sal nonella fromchallenge with LPAI TV/ 02
(106 EID50 per bird (EID refers to WO 2008/ 036675
PCT/ US2007/ 078785 -24 enbryo infectious dose)) to
determi ne reduction of norbidity and viral sheddi ng.
Subsequently, protection from HPAI Eg/ 02 chal | enge was
i nvestigated using a sublethal (0.1 CLD50 per bird
(CLD refers to chick | ethal dose)) and | ethal dose
(100 CLD50 per bird), in terns of norbidity,
nortality and viral shedding. 5 Experinment |.
Chal l enge with LPAI H/N2 Groups of ten 1-day old SPF
chickens were divided into 3 groups. Birds in groups 1
and 2 received sham vaccination with 100 pl of
phosphat e-buffered saline (PBS, pH 7.4). Birds in
group 3 received vaccination with ASE M2e-HM Three
weeks later (Day 21) the three groups of SPF chickens
recei ved an identical second vaccination (boost)
utilizing saline 10 (G oups 1 and 2) or the
reconbi nant Sal nonel | a vectored vaccine (G oup 3).
Three weeks after boost (Day 42), birds in group 2
and 3 were challenged intranasally (IN with 106
enbryo infectious dose 50 (EID50) / bird of TV/ 02
(LPAI H7N2). Unchal | enged birds were sham chall enged
with 100 | PBS via intranasal route. Foll ow ng
chal l enge, birds were nonitored daily for disease
signs for 14 days post-infection (Pl). The norbidity
results
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15 follow ng chall enge with LPAl H/N2 are shown in
Figure 5 and denonstrate a significant reduction in
woreoBioslicty after vaccination with SE13A expr esBCHySRE078785
and CD154. For determ ning incidence of viral
sheddi ng, oral and cloacal swabs were taken on day 2
and 4 PI. The anount of virabgshedding foll ow ng
chal l enge with LPAI H/N2 at days 2 and 4 Pl is shown
Weslahgure 6 and denmonstrated that vaccination with
SE13A-HM al so reduce the ability 20 of Al to
1.1 eplA Sakrwnelia enteritidis 4 k4 strivadavingeECElde®isitinuerbgePTAL1871.
HPAI H5N1 Groups of ten 1l-day old SPF chi ckens were
?;g;ﬂ%gsaél%g%?avg%agﬁ ﬁatc}a(%lﬁlr W‘?’}Iﬁr“fﬂgdﬁ% g%?ln is a?tenuaged and wherein the
striafhas phyabe-dfubiopiAak saltjgee. (PBS, pH 7.4). Birds in
group 4 and 5 receilved vacci natl on with ASE Me- HM as
descrl On 25 day 42, birds in group
3-rec h?esgwaml@h%!%ﬂ@@a\m pr %o‘@hedelpshe \sﬁr%}nwﬁfrwaﬁeésaamutaﬂon in an
' in groups 2 and 3 received chall enge
ar{’mlﬂﬁﬁg?‘?banga{'oo CLD50 Eg/ 02 (HPAI H5N 1) per bird,
respectively. Birds in groups 4 and 5 received
4.chal Therfipmondlla soraih efiethin G0 WBERBOthEghddtion it ithinHEN)
per bird, respectivel y Fol | ovvi ng chal |l enge, birds

o SR R e AR b RSkl 78 motatonin
a@ifesghleslﬁﬂﬁ@ afwagr e eut hani zed by overdose of sodi um
pent obar bi taI . The norbidity results foll ow ng
chal | en w th HPAI }-@% ar hovvn in Figure 7 and
6. demorhst Yahpenellastram; ofic eﬂhs Aytation g withyy frpA.
after vaccination with SE13A expressi ng M2E and CD154.
7.For HiR! SAimoRLIng st\% %9%&0&6&21%15%8/ H%%Q%’o%ﬁ?&é an’ Ffluenza M2e

i nci dence of viral shedding, oral and cloacal swabs
polpreleptidtesequencad apcRlingah nfleenza¥ize pelppaptide.of vi r al
sheddi ng foll owi ng chal | enge vvi th HPAI HS5N1 at days 2

and P ovvn. re nst

8.0 e pRnd P Aol 4 ShdsRris SEIRARE M HonBlige is sclected
frdth thd @oti pbﬂscs@hg of SEQN® Ki: CISEQ WONROSIIII 6 %0:3, SEQ ID NO:4, an

PCT/ U82007/ 0787 -26- We claim 1. A Sal nonell a

imsppnogeRie dragmesinok SEQ I Q% nep m@@lwpwsfr@gmm rSEQ ID NO:2, an

irrr%tﬁ\oé?%& fraéme;[p t%@g?g\gbgﬁ%ﬁ V@Qhﬂnﬁoggﬂlé”fﬁ%&lentvmlﬁﬁ D NO:4 or

rain-rs a ereln rain i
conitfidtions tifereofl oni zi ng a subject. 5 3. The Sal nonel | a
strain of claimfor 2, wherein the strain conprises a

mJt a'hlleogalmonglpa st%gr? QP ct:llalzrr(;jl t7I \?VHGI% tﬂw?rYﬂuenza M2e polypeptide is SEQ ID
NO:5 or SEQ ID NO:20.

10.  The Salmonella strain of any of claims 7-9, wherein the Influenza M2e polynucleotide
sequence is inserted into a Salmonella polynucleotide sequence encoding an external portion

of a transmembrane protein.
11.  The Salmonella strain of claim 10, wherein the transmembrane protein is lamB.

12.  The Salmonella strain of any of claims 7-11, wherein the strain comprises more than

one copy of the Influenza M2e polynucleotide sequence.
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4. The Sal nbnella strain of claim3, wherein the

mutation is within aroA. 5. The Sal nonella strain of
w@peopsoseots ai ns 1-4, wherein the strain conpri SBGI/HS2007/078785

nmutation in a stress response pathway. 10 6. The

Sal nonel la strain of claim5, wherein the nutation is

wthin htrA 7. The Sal nonel Laystrain of any of clains

1-6, further conprisi fg an I nfluenza Me .
13501 yFhec [Sebmenella s atepie ne a@ﬁc@ﬁi%@ménltlﬂﬁlﬁﬂéthﬁra oopwrising a CD154

KRB e RS DS bl v
fromthe group consisting of SEQ ID NGO 1, SEQ ID NG 2,
14SEQ Tie $udmBnel BEQraiDoNClauny 13nwhdrbini thendHdifanpadydeptdersndelected from

thRierosD it PEYRAID T Set SN GEAFR RONGZERGE ID NO:28 and

SHE nageoi ¢ fragnent of SEQ ID NO 4 or conbinations
thereof. 9. The Sal nponella strain of claim?7, wherein

the | nfl uenza M2e pol ypeptide is SEQID NOS5 or SEQ
13 D Noeimpw gt ke I whetei the 6D pabnucleice sequence

erehn t he | enza I\/Qe nucl eo
s GofE 06 s SHMGRE P atE BTl PRl BBl f gorion of «
trefumbeae prredi ng an external portion of a
transnenbrane protein. 11. The Sal nonella strain of

clal ein, the transnmenbrane protein is |anB.
M@&Pﬁﬁéﬁﬁ@ é}tc ainy SO’FTvﬁﬁrﬁyl the transgpempbraneprotein is lamB.

vvherel n the strain conprises nore than 25 one copy of

7 he T S48RA811dVERaiR Uty gcéfeél&'nﬁelﬁ?ﬂuﬁrﬁ&@m 0 CD154 Polynucleotlde
2008/ 036675 PCT/ US2007/078785 -27 13. The Sal nonel

seguaengt s lotked my frame ¢ apolyndclddtide fsequehes encodipg ias iantggeaic polypeptide.
CD154 pol ynucl eoti de sequence encoding a CD 154
Cat nEREHESuRERR So P 1T . WFeriiRdPe it WBismsgide i an tnfluenza
Mgeb Qjﬁd@,e is selected from the group consisting of
SEQIDNO6 SEQ ID NO 7, SEQ I D NO 27, SEQIDN028
and _5 SIIE NO: 29. éiS The Sal nonella strajn
1% ai Thersplgpnellp stigpeq 14 BaYing Mﬂcpéqa?ﬁaev@mr%\ -7872.
sequence is inserted into a Sal nonella pol ynucl eotide
2(F €qUERCS 1 2BRAM! dirddT cﬁﬁﬁﬁ ﬂva@ s&frfdco éﬁglt flumber PTA-7873.

t ransnmenbrane protein. he” Sal nonél Ia strain of
clai m 15, wherein the transrrerrbrane protein is | anB.

2110 1The $hl@m®allzmstr@ml of sny af mlamfns aln;’fO ofurtberacomprigng @n Influenza A
wher nucl eot j. uence, i s

n Rl R R e B RO R ERCS b Rye AR potvpeptice
anti geni c pol ypepti de.

22.  The Salmonella strain of claim 21, wherein the Influenza A hemagglutinin

polypeptide comprises SEQ ID NO:21 or SEQ ID NO:22.

23.  The Salmonella strain of any of claims 1-22, further comprising an Influenza A
nuclear protein polynucleotide sequence encoding an Influenza A nuclear protein

polypeptide.

24.  The Salmonella strain of claim 23, wherein the Influenza A nuclear protein

polypeptide comprises SEQ ID NO:23 or SEQ ID NO:24.

25. A composition comprising a Salmonella strain according to any of claims 1-24, and a

pharmaceutically acceptable carrier.
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18. The Salnonella strain of claim 17, wherein the
antigenic polypeptide is an Influenza Me
w@eiogpapri de. 19. The Sal nonella strain of cl aPem/4s2007/078785
havi ng ATCC deposit nunber PTA-7872. 15 20. The
Sal nonel la strain of claim®6, having ATCC deposit
number PTA-7873. 21. The Sal mpgella strain of any of
claims 1-20, further conprising an Influenza A
26he neygiethadraif enbasicing as lmwee%@qwml@mb@nmlglm administering to

I T A N——
subyemggiesﬁdnﬁet fo vainagent the e/acsifip Wéﬁ&scmi@ N@lﬁll540 olynucleotide
2. 20 23. The Sal nonella strain

SeqeReTEnapamE, 4 FOHSA GPIPaRiAR SPAbe. D ERAR, the CDI34 polypeptide
ha{)fﬁg'f@@ér H{aﬁta%bﬁ‘tl POLMICLEH hﬁ’d?c gﬁ'sqﬁg:gm g&a#gax@m of SEQ ID

l'uenza A nucl ear protein
NG&G2bmwoadbmalapttheieof. of cl ai m 23 vvher ein the Influenza A
nucl ear protein polypeptide conprises SEQ I D NO 23 or

SEQ D 2 0 Si IS

27 SRAPTOL PF S 25, SIS TeoChRSH P Bralonths Tover tap 25 amino
acils. pharmaceutically acceptable carrier. W 2008/ 036675

PCT/ US2007/ 078785 -28 26. A nethod of enhancing an

I Mmune response in Subj ect COYTPI‘I Si ng adm ni steri ng
28t o 'Ehgenetheq et elaym @éc@fhﬁr@w@@t J4npelnpeptige it at least 10 amino acids

fective to enhance the inmune response of the
Jbj ect in response to vaccination, the vaccine vector
conprising a CD154 pol ynucl eoti de sequence encodi ng a
29CD TH¥ npashodoeffxtl ainhe? &; syhatzlirethe fCIMI Sddhiobypepidkdis ftone 1 o Abaiino acids
ol ypeptide 5 having fewer than about 50 am no aci ds
longg conprising am no acids 140-149 of SEQ ID NGO 26 or
a honol og thereof. 27. The nethod of claim 26, wherein

30t he T8 MéHod 6! YIRERDEIRhERH tﬂqs\@lﬂw%}?e%tlééﬂsn%Q 3pi 16:6, SEQ ID
28. The nethod of claim 26, wherein

NQ@3, $EQID Ne:37s SEQ IDNOr2810r SKRAD M@12%s 10 | ong. 29.
The nmethod of claim 26, wherein the CD 154 pol ypepti de

is f ' .Of
317 o TR 0 80, RS Py FRRLRR i bpresed on
thd\&rface 5ERe vacciiNOrettorSEQ | D NO 27, SEQ I D NGO 28, or SEQ

ID NGO 29. 15 31. The nethod of any of clains 26-30,

32\.merﬁ1|enm£tﬂgd Cpqdr?)ff 0 cla}{'gse% 3? ilesrelixtge %SDS 5(1 polynucleotlde sequence is

inserted within a sequence encoding an external portion of a transmembrane protein.
33.  The method of any of claims 26-32, wherein the vaccine vector is a bacterium.
34, The method of claim 33, wherein the bacterium is Salmonella.

35. The method of claim 34, wherein the Salmonella is Salmonella enteritidis.

36. The method of claim 34, wherein the Salmonella is Salmonella enteritidis 13A,

having ATCC deposit number PTA-7871.

37.  The method of any of claims 34-36, wherein the CD154 polynucleotide sequence is

inserted into a sequence encoding an external portion of lamB.
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the surface of the vaccine vector. 32. The nethod of
any of clains 26-31, wherein the CD154 pol ynucl eoti de
wGeewsesses i s inserted within a sequence encodpPCyusav07/078785
external portion of a transnenbrane protein. 33. The
nmet hod of any of clainms 26-32, wherein the vaccine
vector is a bacterium 20 3459The nethod of claim 33,
wherein the bacteriumis Sal nonella. 35. The nethod of
3&| ai Theamethadeofeiny ohelaBas 26r3d) Iwhefein tad mubnedt|is member of a poultry
Sp%g%grltldls 36. The nmethod of claim34, wherein the
nonella is Salnonella enteritidis 13A, having ATCC
deposit nunber PTA-7871. 37. The method of any of
3| ai Tiee méth3® of sibien 88, whehsin (Halfwdltpodpycies Isandhiicken.
sequence is 25 inserted into a sequence encodi ng an

ext er.nal 0] on 0 ) 008/ 7
4%cwe’f§§29%f§?%?%am5° claz@"?é-.ﬁ?w eritthe, Q%?ct Rmanm-ai g
26-37, wherein the subject is nenber of a poultry
413 PecTiRSmetBEd ofl E18InTRY, RAEré&h tifel BAndBis aMaglagl N t he

poultry species is a chi cken. 40. The nethod of any of

clai ms 26-37, wherein the subject is a mammal. 5 41.
42rhe Hiarmethod pf dpian 49, atherain dicansmpnbis geied: i s a human.

42. The nethod of claim40, wherein the nanmal is a

45 NR. | T TEH) % gfthgrl eNshdiSe ! JIE}HQ{E IAARRA2S in a subject

agai nst na su Jec conp
combnsmgsadmmm;eﬂr(g tdhrehs leub]ectt aabdrderive i |<1mmpmmgr asilnfluama A M2e

[ nf | a A Me nu tlde e _encodi ng an
PQHielfHdSsquRREE easv%% Pee AMASBRNDCRUCE Gk e gotiy effective to

erﬂa%&ﬂﬁ@ﬁﬁxﬁuﬁé‘ﬁsﬁdﬂ%‘ BPthE & l@@&%@ IfHfueheasubj ect to
Influenza A. 44. The neth of claim43, wherein the

I nfl uenza A M2e polzpeptl de is selected from the
441 ouiphecmethiod tof slpimf43sEderein N:@Inﬂu@E@A M2apalypeptide isselected from

Ry s b BT 10 S D04, SRA T N4, an

iniriiAogeee Tﬂef‘gnfehﬁ@fTBEQ mh Nek@ ADibdudo n%emd; ABgrh EATLOT iID NO:2, an
fragment of SEQID NO 4 or 15 a co nation there
inyBunogpRic rﬁegm@at @ﬁS%QQDd‘ﬁO& adrag iymoumgenip dragment <rfeSEQ ID NO:4 or

%F@%}é Mee pol ypeptide conprises SEQ ID NG5 or
62" 46. The method of any of clains 43-45,
wherein the Influenza A M2e pol ynucl eoti de sequence
45.s i Hsentetihdi of anp diadsiersi 43-4povharten] dlot [fuenraue™MdZe polypeptide

coglirlgﬁnsg% ﬁEQqBﬁéts orréaéQPBNd 88 of 20 a transmenbrane

46.  The method of any of claims 43-45, wherein the Influenza A M2e polynucleotide
sequence is inserted into a bacterial polynucleotide sequence encoding an external portion of

a transmembrane protein.

47.  The method of any of claims 43-46, wherein the bacterium comprises more than one

copy of the Influenza A M2e polynucleotide sequence.

48.  The method of any of claims 43-47, wherein the bacterium is a member of the

Enterobacteraciae family.
49, The method of claim 48, wherein the bacterium is Salmonella.

50. The method of claim 48, wherein the bacterium is Salmonella enteritidis 13A.
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47. The nethod of any of clains 43-46, wherein the
bact eri um conpri ses nore than one copy of the
wo pdoBoawza A M2e pol ynucl eoti de sequence. 48. HA¢EUS2007/078785
nmet hod of any of clainms 43-47, wherein the bacterium
Is a menber of the Enterobacteraciae famly. 25 49.
The met hod of claim48, wheregp.the bacteriumis
Sal nonel l a. 50. The nethod of claim48, wherein the
Slpactldeimethod ofelaimy A8 Whereintthe badteriun iga attgpuated Salmonella strain of
5 PCT/ US2007/ 078785 -30 51. The net hod of
an§%9§ﬁ9i§?§mhereln the bacteriumis an attenuated
Sal nonel la strain of any of clainms 1-5. 52. The
52met ﬁEhé méthad yof aihy adfadlaitns448- 51, whidreinethe IhfheenkafA M2ez polpnucleotide
nucleo e sequence is inserted in lanB. 5
Se@?ncg ?FétFﬂHH“B’f ‘clai m 48, wherein the bacteriumis
Escherichia coli. 54. The nethod of any of clains
5343- %e MAREEHM1iRE4 D IR R VaStehi@ O BAGk} ibME coh>: The
nmet hod of any of clains 43-54, wherein the bacterium
further conprises a CD 154 pol ynucl eoti de sequence
S4enc oldiermgethodnf any »f slimp dptH/ dehaseip by eactsiriuty iwdiaatpbailes.
the CD154 pol ypeptide having fewer than 50 am no acids

and I, n Syl 4
5or aﬁﬁgﬁlothg)lgi %her eo? ?ag%lg @hégm%%elé t%f:ol; °§‘?‘%’£w ZC%mprlseS a
Chh&r polpniidientid®kbquenod ypedingde Cﬂ])lliprpcﬁﬁ&p&ﬂchziﬁabl‘dbeGbmdmg CD40,
SEQ I D NO 7, . D 27, SEQ I D NO 28, SE
thwégéé4 p@*rypew@Eh% st than 0 ?ﬁI@QO@FIdSGH %@pegﬂg fpgno acids 140-
14@%@@@@)@@4& *&ﬁolﬁ%%?éb‘?e is inserted into a
ynucl eot |

bact er’ al e sequence encodi ng an external
portion of a 15 transnmenbrane protein. 58. The nethod
56of arhe wéthod af eiaim 355 whereire thei GD1 e polapengide womipsises SEQ ID NO:6,

SR RNG TrEEa B o7 ShATE NG AR SEhaiPRG S 2na Py

ovo. 59. The nmethod of any of clains 43-58, wherein

57 he HrhartRd oMHlAGR IFOPI6s GvhetdiiTthe CB1 3N peRhaciédille sequence is
anti body response. 20 60. The nethod of any of clains

inspgted gintquire rharisrigh @obimuelpetide iseangAee casling can esiemal spastion of a

cell response. 61. The nethod of any of
trc agﬁg@g%g%&nv\herel n the subject is nmenber of a

poultry species. 62. The nethod of claim6l, wherein
58& he Peuhkthpdsgfeayesf chimms dBi5dk evherein the bacterium is administered by a

method selected from the group consisting of oral, intranasal, parenteral, and in ovo.

59.  The method of any of claims 43-58, wherein the enhanced immune response

comprises an enhanced antibody response.

60. The method of any of claims 43-58, wherein the enhanced immune response

comprises an enhanced T cell response.

61.  The method of any of claims 43-60, wherein the subject is member of a poultry

species.
62.  The method of claim 61, wherein the poultry species is a chicken.

63.  The method of any of claims 43-60, wherein the subject is a mammal.



25 63. The method of any of clains 43-60, wherein the
subject is a mammal. WO 2008/ 036675 PCT/ US2007/ 078785
wo 38M3d679he net hod of claim 63, wherein the sPWj/E81007/678785
a human. 65. The met hod of-3&ny of clai ns 43-64,
wherein from about 104 to about 109 bacteria are
64.  ABENRHRIITeHith 83 WRrSiH P EGbiecia hif@n Met hod of any of
claims 43-64, wherein from about 105 to about 107
bacteria are adm nistered to the subject. 67. The
65.  riat oethaaf ofamy aff clgihai 43864 3vtein floar ebout 16 tohatoued Oubacteria are
is killed prior to admnistration to the subject. 68.
administpred feethesebieft: any of clai ms 43-66, wherein the
bacteriumis not capable of replicating in the

6. JHEEThoL 6 el TR oo VAHSh B8 Aol TO2LCHgfL g bacteria are
adm1n1é%@ﬂ€@'td ﬁb@ﬁb gdm ni stering to the subject a bacterium
conpri si ng an I nfluenza A M2e pol ynucl eoti de sequence

encodi ng an Influenza A W pol ypeptide in an anount
67. dhtentihve 0O any ecflchirhied3rds, bivtlerein alss bactatied Wi killed prior to
subsequent I nfluenza A infection. 70. The method of
adminigiyafiopiGhe syhiestei n the I nfluenza A W pol ypeptide is
sel ected fromthe group consisting of SEQ ID NO 1,

5 SRR R R R AR e o R g

the subﬁ@@ ID NO 2, an i mTunogenl c fragment of SEQ ID NO 3
and an i mmunogeni c fragnent of SEQ ID NO 4 or
conbi nations thereof. 71. The nethod of any of clains

69. @9meéthodweedicmgt the manbilite ngsacidtell/Ratipiflypeat A dﬁed:tsonSiEQ subject
AD NG5 or, SEQ ID NO 20. 72. The net hod, of anﬁ1

compriging #Agnigisiering (i dheisHbiesie 2| haqtm acompysing an Influenza A M2e

e d i nt.o.a _bacte .
polymuBSfi bt SieodB R IRehA ARG S ulallaP iR R 3G ectve to
reduce ﬂfe rﬁ’orbfdﬁtg@m& £ 38 2Ru8subht h?ﬁlenﬂ'ﬁ inRépd of any of

clainms 6 , Wherein the bacteriumconprises nore
than one copy of the Influenza A W pol ynucl eoti de.
70.  The midtleodneftdiooh 6, wheseiothedhfiemza BOM28 polypeptiieris tdiected from the
bacteriumis a _nenber of the Enterobacteraciae

group peisisiipe /ipSBR0EP oNEsl7 SR TSSOy B D5 NQ:32 SEQ ID NO:4, an
immunogenic fragment of SEQ ID NO:1, an immunogenic fragment of SEQ ID NO:2, an

immunogenic fragment of SEQ ID NO:3 and an immunogenic fragment of SEQ ID NO:4 or

combinations thereof,

71.  The method of any of claims 69-70, wherein the Influenza A M2e polypeptide is SEQ ID
NO:5 or SEQ ID NO:20.

72, The method of any of claims 69-71, wherein the Influenza A M2e polynucleotide
sequence is inserted into a bacterial polynucleotide sequence encoding an external portion of a

transmembrane protein.

73. The method of any of claims 69-72, wherein the bacterium comprises more than one

copy of the Influenza A M2e polynucleotide.

74, The method of any of claims 69-73, wherein the bacterium is a member of the

Enterobacteraciae family.



75. The nethod of claim 74 wherein the bacteriumis
Sal nonella enteritidis 13A. 76. The nethod of claim

wQ Z08mberei n t he bacteriumis an attenuated SaPemDnsionz078785
strain of any of clainms 13% 77. The nmethod of claim

74, wherein the bacteriumis Escherichia coli. 78_. The
75, T pRBrent 2 bR Biadin WENALA TGRS

69- 78, wherein the bacteriumfurther conprises a CD
76.  Thé meinidyictiirady| whersghebagerine 3dinngeatddISzAmonella strain of any
pol ypepti de capabl e of binding CD40, the CD154
of claimypl ypept i de having fewer than 50 amino acids and
conprising amno acids 140-149 of SEQID NGO 26 or a
nmol t hereoft, 80. .The .net hod .o | ai,m 79, wherein
7. IR Peelipa ot S ot hien 1 SRR iR e B ete D 7,
SEQ ID NO 27, SEQ ID NGO 28, or SEQ ID NGO 29. 81. The
78. 'TﬁE Hf%ﬁloﬁ of ﬁfl}abff@lz? fhs 89-B0wh Wbt Ehcﬁf%%mqpig“to%acﬂlus .
pol ynucl eotide sequencé’is inserte Into a bacteri al
pol ynucl eoti de sequence encodi ng an external portion

79.  Ghe methoansnamylof aieims 60 F8eivhereiithe baeerieh fathedfcompplsedfa CD154
clains 69-81, wherein the bacteriumis admnistered b

polynu@leqt@@rﬁ@wengfe prcodng & EBD4 nelygmldp C@mbiﬁ @ﬁbm@lnmCMOawheyCDm

| nanasa era n_ovo
polypep i PR Ty Bissth Shifiacfil ind b Ciing doinoriGidi THE o SEQ
NO: 26915&@019@1\3;%{}{6)160?[380 es. 84. The nethod of claim 83,

wherein The poultry species is a chicken. 85. The

nmet hod of any of clains 69-82, wherein the subject is

80.  Thewmmatiedd, of B&im ﬁmevhmdﬂmh‘b OD184 polypéhide WhBEQI ID Nwes or SEQ ID
e is a human. 87. The method of any of clains

NO:7, %E\Q@QN%&@Q\EP N6t2 %96 SEQIDNOE%about 109 bacteria

are admnistered to the subject. 88. The nethod of

gﬁ%{ 8}6&}0@ o%l c&qﬁnﬁ?)s gq \Q@Wretl% rheh@sgglﬁﬁélﬁdc e{%&hg sé(quencecgs inserted
into a %Q&&QWCPQM&%@&!@O&QB&% amexterial ‘3\% 1%k % Hansmembrane

generating site-specific nutations in a bacterium
proteinnenber of the Enterobacteraciae famly, conprising:

a) generating a first polynucl eotide conprising a

counter-sel ection marker and a first antibiotic

82.  Themsihod < any ok eleimpg @%&bdﬁlwyﬂp he/bagterismt is @dainistered by a method
S 1ot esf anki n mut ation site
seected RO el St Bl PRGHR Pt R $Bluci ng ¢ he
first polynucleotide into the chrompsome of the
83.  rAEhRiHoH ¥ By ¥&thims 69-82, wherein the subject is a member of a poultry species.

84.  The method of claim 83, wherein the poultry species is a chicken.
85.  The method of any of claims 69-82, wherein the subject is a mammal.
86.  The method of claim 85, wherein the subject is a human.

87.  The method of any of claims 69-86, wherein from about 10* to about 10° bacteria are

administered to the subject.

88.  The method of any of claims 69-87, wherein the bacterium is killed prior to

administration to the subject.



reconbi nase- nedi at ed honol ogous reconbi nation to
generate an internediate; c) isolating the
WO niogs@ds at e by selection for the first anti bP@OI/U82007/078785
resi stance marker; d) geneBating a second
pol ynucl eotide conprising the nutation flanked by
ol t t ugn
9. P A T R TR Bl 10 G DGR R MRS o the
Enterooteyarite! fanily,dempritiagt he i nt er medi ate by Red
reconmbi nase-. nedi at ed honol ogous reconbi nation to
gbserestmgae &gt @bﬁ@@lﬁ@m@ SARRREISING %\ﬁaunfte;r selestion magker rad a first
ecific nt b 0 e ecting for the
anivioffy SRS ke THLBR m PO LSR5 FOBEOLYREo 1 sehliigyMonking o
mutatidhl site T $8 chidhfRkEhE of (A€ bAdtérfifm;PO! ynucl eotide is
generated by overlapping extension pol ymerase chain
ib¢ adtddacing e ﬁir'sﬂ] goiyatitiedidef intdl tiemh@Sn@om@Qof thedaeterium by Red
t he second pol ynucl eotide is generated, by oqverl apping
recomb@a@ﬁ@vﬁ@ Biedge BSECURRANMINAS genesHe anmicrmediaitet hod of

Hisflng By, A PR

delcrAinand Y@e&wu@olyx&%leoﬁ@ee e&ﬁﬁmﬁlgngthsl A4 ﬂanked by

ere| n the bacteriumis Sal nonel The et hod of
polynuclbetides B@molnparsdo thetshqueneastfankingithicsnBatiomsie! | a

terltldls 95. Th rreth of claim92,. wherein the
Shdrteaducifg the secondrnabamslepids miadhe wiemsdialoly dtedaliggombinase-

. I
o 3080 A Bat DL IR0 ARV BRBERRL o0 1.1
ifNisolaBiRg (B sBOERCIREmuBES by rb%ﬁnt@@&l&ﬁﬁ% B kHeS108d) 0P A counter-
side of = the mutation site. WO 2008/ 036675
selectidA@m4rki82007/ 078785 -34 97. The nethod of any of clains
89- 95, mherein t he polynucleotides honol ogous to the
ite in step

¢ :
0. irg‘grgﬂ?‘?né‘gi Ple§ & gg’nwg@@‘“bt g “ﬁieﬂ Bughsotidecy @p%rézeéfby qysdlapping
extensi E@&%ﬂﬁ&fi&ﬁaﬁlregﬁwnme met hod of any of clains 89-97,

€ counter-selection marker conprises a |-
Scel recognition sequence. 99. The method of claim 98,

91.  ViAerBétRod @8 HHih- SElop I Rehetdh $hceBecohd p%%ﬁélb@tﬁi% is generated by
introducing a plasmd encoding the |-

overlapphgontensien pelyaethss elaicteaetipnf or | oss of the | - Scel
recognition sequence. 100. The nethod of any of
ai ms 89- rein the counter-sel ection marker
glj ﬁﬁgqtlggisotg gg/c(\éh celalms 89-91, wherein the bacterium is selected from the group

consisting of Salmonella, Escherichia, Shigella and Yersinia.

93.  The method of claim 92, wherein the bacterium is Salmonella.

94,  The method of claim 93, wherein the bacterium is Salmonella enteritidis.
95.  The method of claim 92, wherein the bacterium is Escherichia coli.

96.  The method of any of claims 89-95, wherein the polynucleotides homologous to the
sequence flanking the mutation site in step (a) comprise less than 300 base pairs on each side of

the mutation site.



101. The nethod of claim 100, wherein
counter-selecting in step (f) conprises selecting for
WO ows/0afe75ucr ose sensitivity. 102. A method f oPCT/US2007/078785
devel opi ng a bacterial vac8#ne vector conprising: a)
sel ecting a bacterium capabl e of colonizing a subject;
97.  DheahétREW8E 'agl‘ﬁ ot R&ARRYSS5] Whefeth %%”ﬁél?ﬁu%le%ﬂdé&t B&g&@é&fé to the

bacterium c¢)” incorporating a CD154 pol ynucl eot1 de
sequeneefiardirpethe nuddion gite irCEdHG) poyrieedtssdkan 20fdaks¢ paisfon each side of
bi nding CD40 into the attenuated bacteriumto generate
the mutatiomsiéd: ne vector, the CD154 pol ypeptide having fewer
than 50 am no acids |ong and conprising anm no acids

0-149 of. CD.154 D.NO.26 or honpol.0g t hereof . .
98 JH g kB R TN T Prsone B R ate: Smprises a1
Scel rebopnfiddQeqidnBg a second pol ynucl eotide sequence
encodi ng an antigenic polypeptide into the chronosone

of the vaccine vector. 104. The nethod of claim 102 or
99. 108 ,methet ef clainh 88 babdreinicalinteasticting we step(f)i ®mprises introducing a
,éalnonella. 105. The nmethod of claim 104, wherein the
plasmigengrshieg fthe {-Scdapndenialease and eselepting dorrloas of gbe Ifeel recognition
g;thod of claim 103, wherein the CD 154 pol ynucl eoti de
sequence or its conplenent and the second
pol ynucl eoti de sequence or its conplenent are on the

100. JREEmetR ¥D4URY BOLlhAs ¥D198C Wherein the counter-selection marker comprises

sacB.

sequen

101.  The method of claim 100, wherein counter-selecting in step (f) comprises selecting for

loss of sucrose sensitivity.

102. A method for developing a bacterial vaccine vector comprising:

a) selecting a bacterium capable of colonizing a subject;

b) attenuating the bacterium to generate an attenuated bacterium;

¢) incorporating a CD154 polynucleotide sequence encoding a CD154 polypeptide
capable of binding CD40 into the attenuated bacterium to generate a vaccine vector, the CD154
polypeptide having fewer than 50 amino acids long and comprising amino acids 140-149 of

CD154 SEQ ID NO:26 or a homolog thereof.

103, The method of claim 102, further comprising incorporating a second polynucleotide

sequence encoding an antigenic polypeptide into the chromosome of the vaccine vector.
104.  The method of claim 102 or 103, wherein the bacterial vaccine vector is Salmonella.
105.  The method of claim 104, wherein the Salmonella is Salmonella enteritidis 13A.

106. The method of claim 103, wherein the CD154 polynucleotide sequence or its

complement and the second polynucleotide sequence or its complement are on the same

polynucleotide molecule.



