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WD 2008/ 036675per m S2007/ 078785 COMPOSI TI ONS AND

NETHODS OF ENHANCI NG | MMUNE RESPONSES CROSS- REFERENCE
WOLHRBPRTED APPLI CATI ONS Thi s appl i cati BRIVEPHOHRTETSS

priority to U S. Provisional Application No.

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

i ncorporated herein by reference inits entirety.

5STATEMENT REGARDI NG FEDERALLY SPONSORED RESEARCH

et . | 1 . h

?J%%ogm gﬁv\gg\‘c?;% by Nati o%yglcﬁi #@tlliztgﬁtcgéﬁ%?ﬁ@gw?h ar anﬁ%VSES

R21 Al 063137. The United States may have certain

rights in_this invention. | NTRODUCTI ON 10l nfl uenza

virus i nfEROSSREBERENGE 30 RERWERD ARRLISHYBIGKN 1,

presents a nounting health and econom c concern.

Evildunapplichiear ¢lyinisnutiocigt ®sUShatovidiidh! ApphicaiohNu. 66/826,983, filed

i rcul at et n .suscepti.ble.birds and .swine.in
Bl o PoBorRE R R R ER P e B R I S bt eve
that if left unchecked, the current H5NL avi an
i nf$DATEMENT REGARBING FEIDERALLY SPORBORED WINEARCH
transm ssion and cause a worl d-wi de pandenic. Wth a
MOt inf¥ntloatwasdhade I oD hes s ;
be devastating. Regar glpggfsw%%ﬁ%eshg abi | ﬁt&ﬁ%@f%r%@ ational
Institetes gliSlealtiupant B &de@ 134y iTan Umfel Satesamag Mave sertain rights in this
inve%'ti%ﬁady threatening to have a huge econonm c inpact due
to the eradication of poultry flocks in affected
areas. Therefore, devel opnent of a vaccine to protect
humans, poultry, sw neINPHOBNETIQONMESt i cat ed ani mal s
fromH5NL i nfluenza is needed. An influenza vaccine
t hanflidhze apablifedfion) kR i S i
20as_other influenza vir usegg%‘gﬁ?é%ng%{}lﬁ\gf.ﬁ%ﬁmﬁ(noummg
heal8ppndorrenraiceaionesnalvidergalently dndicaterathbnd SHT G odbpasg to circulate
‘ - (871, PIA 7872 aor .PTA-7873 are disclosed. . .
bets R oS o 36 S BEghe B o W SRS OBy sciemtss

beliadet v aft ledt Hrheakes) tha cvhesi HSHN hvaanPhdlubR@ewtll Gakdiy to allow for
acceptable carrier. 25In another aspect, nethods of

hum@R A g LRRSIFRGR and $awsis world-vdde papdsetic.pyVith a mortality rate of
1 n' | | t . b 3 P 4 5 1

oue ST YEhH PR BEELTE, SR, S PRISHRSHL BN g vis o

caus€Mitinchgabd, eviah ihilwedizaHISODAO alrtdig thahiepiipt todavhanupgeconomic

i R B3 SR S, BBt cn ot
vacR08d §368A5RGHANS 2RI 0 G8TR5 and %tﬁervcﬁﬁx?ésﬂgz%t EGhMald Trom HSNI

~ _administered to the subject in an anmount ective
influgnhasoweddte Aminfhienzaegpoins thadls dahabls ubpetdcting agdiest HSN1 as well

ine, . .
as other Hffiénza viruses would be optimal.

Se

=

SUMMARY

Salmonella enteritidis 13A strains having ATCC deposit numbers PTA-7871, PTA-
7872 or PTA-73873 are disclosed. Also disclosed is a composition comprising an attenuated
Salmonella strain and a pharmaceutically acceptable carrier.

In another aspect, methods of enhancing an imumune 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 thercof. The
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In a further aspect, nethods of enhancing the I mune
nse agai nst Influenza A in a subject

Woﬁg‘%‘ﬁﬁf@ten ng to the subject a bacterium con'iﬁ?’%%%”‘é?s”‘

pol ynucl eoti de encoding a 5 pol ypeptide of Influenza

A M2e protein in an anount effective to enhance the

i mune response of the subjeét to Influenza A are

er_as ect thod

vaccﬁé%’l\f%cqcﬁqs aﬁmlmsteﬂga éé’ fle 31% ec!;' i an, ef give 1 negga%e the immune
responieaﬁtth@mu;d&ta)tﬁuba@me by admi ni sterl ng to the subject

a bacterium conprising a polynucl eotide encoding a

polly pdpheyasrset, mpthade 95 snhengipg thy igtranne ppoase aggbighinfluenza A in

OGS 0% A5 LOMERL ) i S0E RS B

polyipaptsdd bf Iefhehirer dMisepioreinmeh hndanafnt géhetat iongnhance the immune
at i o;}ts) in a %Slae” um are provided. A

rcsPPP%s‘%ﬁE‘bﬂWﬁ%TO B P2 Cop PTG a count er - sel ecti on
MRIK Sk AdcheR BsRBY h@:&lﬁidb%f%&ﬁﬂc& %H&ﬁxofﬁ?&ﬁﬁ ss$é %%h%ﬂaenza A
pol ynucl eoti des honol ogous to the sequerices ankln
infepfiftainiaoiibisict by ddministerioh tothesobjectof bacwaumamhmrusm@a: poiynucleoude
ner at cleotide is

enotfRs atitepio ol FEepBE AL aIR B b ATROMCHGgHEg to reduce the

morbRIg9 RioBRtddoitas Shbadduehi BFdctos hiaThil@NzAR ddpRVIREI at e
is I'solated. A second pol ynucl eotide conprising the

nutatsib rﬁnﬂﬂhahmctbweﬁmd§ 98 geaespiitiesitchipatifio goystiang in a bacterium

are @%C I ng CE& ﬁ&l?ﬁd%?eog@g o %ﬂ&hg En?{rn](i)tgruée?c g5 ﬁ‘xaﬁ{eﬁ gind ;I.—Illq Gntibiotic

reszsmtcermeﬂdeﬁtﬂ%maﬂﬂ by hpolghictemsiges idohlogetiand the se§@ndéLdanking a
counter-selecting for | oss, of the counter-selection

mutﬁthornr(gfe in the) cbqqn@sg:pp of thebackratumy pacasrategpt Fisdarst pelynucleotide is
thenb grﬁﬁJdQEédq thd atﬁ%) etfah%}jim\ﬁa‘r‘igc% Nrel SOk oﬂg %&%\{ﬁﬂ%q arﬁ antiblotlc

cterium capabl izing a s i's Sel
seledifver bacdttermadiate s atdleed at & deand aolpmhc)]{awdt e:otnpdemg the mutauon

fanfE G R bR B RGP oi0e a0 SRR Riasoiision SHels Aenerated
ThebR6hRI 'pHHhu&%tﬁ% 1@%'1:@%&%%@: nid HEe Wéﬁ% 2881184 SBe-specific

1 depicts the schene for nmaking site-directed
mutpnitiatsplates HyreoSate renbedting f@ﬁb@rQﬁth<ﬂ¢®nleﬁ$§a¢t®112ndépl cts

t hﬁlﬁgagss dgegjr@hre”g%cg a{ﬂg%ﬁ\ée@ﬁa&gﬁla %ze%fgg Vaccme vectors are

providger tA Qfastehﬁxhocdp@m@ & eblohirmpl amBbeed BNLEdRQL | de bacterium is

Fi gure is_a bar graph showi ng the relative anount of
aﬁe@@qunwin@ @@bfaycig@ﬁ%rmmatg 30edHEneq preodivigra solypeptide of CD154

of the

capc{bﬁ‘edéﬂﬁ{lﬁg } eat% %qﬁgo%{g&r%teaqmgQhégd’cﬁ{rfu%p or aph showi ng

t he anmount of serum anti body over tine after

adm ni strat i BRIBF DIESCRIO KGN €F THEDRAIWEYGSWO

2008/ 036675PCT/ US2007/ 078785 - 3 - Figure 5is

a gi@aph shipicRg tHehech¥aiebifsh nakily cid-Gilkenal afut®ions in Salmonella

vacm nation with SE HM at day-of-hatch, boost at day
entepifidifind chal | enge infection with a | ow pat hogenicity

l nfﬁl%ﬁﬁé?h@cgtthg’ge g@f&hﬁﬁggf Iﬂ?et oc\grlapé)lrég fﬁ(tenngn%{fls m@tﬂo%i used to

genqmsttha:mb [aedh M:’Eev@ﬁ) tﬁé&nh@%nﬁnﬁﬁbh@ ) eﬁtmlmryB bnlfyhuﬁmtﬁieA
er vcmg}%lon wi,th, SE. HM at. da-ofﬁgatch t at

Gy B4 8 SCHARB Lo MR AR SHAGP 38 BBt aRoen sonerated 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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Figure 7 is a graph showi ng the norbidity of chickens
after vaccination wwth SE || M at day-of - hatch, boost )

WOL98H09751 and chal | enge infection with a hi gRCT/US2007/078785
pat hogenicity Influenza A at 32 days post-hatch.
10Figure 8 is a graph show ng viral shedding at days 2
and 4 post-challenge with a-Bi-gh pathogenicity

I nf A ' ' W th Pl . .
iy BT ARV AE I B OBl B aseinason e 58 v
at day-ofihytcBDbopsisit bRl ¢ And OEIIAdERCRESCRIRRIIEN pReegstinantluenza A

techEoI ogi es enable relatively easy mani pul ation
at 3gfda t-bateh.pact erial and viral species. Some bacteria

ANk vk USES i Holillevi 1Rk | . i
apaPS 4o 2B Mo Pl AR (RER g 4 b Hllpnge it a tow
patipgetieity Infhwedza/A rafisesacomkeomtvith SEtlilMeat dagoit-hetch gaiosr £ day 21 and
or eliciting an,i ne, response to a heterol ogous or
cha %}ggil‘_b#ﬁ‘fté‘ﬁ’te}qg%?z@g%%?ﬁal or viral vaccine vectors
MRYF; fkrd17Cis bNRafadHebalg 1B TeGbidan &e&k&&@%&%@@&%ﬁ& ¥ sE 5Mm
long lasting inmmunity. Vaccine vectors are often
at daptotrhitolel Boosinaxdom?diand challgnge dafeesicandith 2igdpativshizity Influenza
I dditi.an, ,such vectors can often carry nore than
Aato#e&é%?%‘é tcz;lhd_ may provi de protection against _
MulHigyt & i Bfg@hl BUFiROeAT §heddin€ at dayd 04081 ApPLLhalldnBt Hith a high
invention relates to the use of Sal'nonella vectors in

pathpgeririta intienzmy afenecainpigon with SEriiMet daspbhatel, kgl atdey 21 and
, . . hogeni ¢ agents. Sal nonel | a
Chdlsis‘?{rggi?ﬂg&#glkagag%?% Eﬁtéﬁ@gbci ne vectors because of the

ability to make bacteria 25 capable of expressing
het er ol ogous pol ypdiETAHSED IDESCRIRTIDN bacteri al
genes may be nmutated or attenuated to create bacteria
W tRecb@bidaat MINAAtRAGS0EEE Senbblet Rativelye h@d Rénipulation of many
i mmuni zed subj ect, while maintaining imunogenicity.
bactepial aidi Yiral yoastest MOmSApagtsralong vitgses #Fe myldly erenon-pathogenic, but are
cap@ASbf gt%r{%}aﬁﬁ‘g'a%i)ustt ﬁrﬁﬁﬁm@fesb% el %E%eaﬂé te%'?\é.ﬁd s b attractive
mucos [ ne response i s docunented. al ~vacci nes
vaceise ngetarsSérnelivitidgn av émhame @6hope® dolGehterobdpest oruesal antigen.
[ ne response and are relatively easy to adm nister
Bacfegial gx Hn‘gln?qﬁ:ﬁqng vgﬁtgr%@%ﬁ%tmlwyna&ralt CCHGP rf@A tproduce robust and
long>HsHRY GhohRnUFC CVARIRE (LA o3F BriBOLeldSvel) fiﬁé;ﬁ%)'e?(s?vé tb produce and
generating a strong protective immune response as
admgistenr odddionhsich veolos canodice narry Wor2(008H08 6B EERET WB2 provide
00.7/0 78785 -, 4 = .counterparts. A Salnonella strain
PrOtEEGn A MBEIPIFIBECHAP %8F1 % ct i ve nucosal, e.g., oral,
vaqgionatdssutt Waldl idlvdrioM irélated w el @k JRmEAUadvdRBrd §EGhccination
to readily vaccinate a subject against one or nore
and pgarigengeni ef dgewns respgosesasgaHBNISametallenazial offer pathogenic agents.

SRR SOLCELIA Do S R BT o b

capdtiel f Usipigsinbi Betablogbs palygeiRiser | BedddiBpgchbddtaall | genePmay be
vacci ne vector carrying the Me epitope of Influenza A
mutgled (4 jitengpteditecacatd Ragiern tViBnlowrda medeptiTeeaesise to phenipfected or
PIRYE-T: MEC etk abanci ng an i mMmune
: reg%gﬁgg\él&h%gﬁéﬁ%fhg%ﬁ%;}ﬁg@% é%ngt?g'ri ng a vacci ne
v eclherabdappf tisi Sedmangial ty suciedht destenaeminggtrat of the host and give
. _polypeptide of CD 154 or, a honol o fher eof that |
rise {9, A AHICRSYFMBIURE TFEORSS ibeaGagntedy; (daf asstnes ?Fﬁég\?a%’i‘rlﬁ@“a vector
prodR6 tOFhusBMubRaUEEHuhO rekBoRRNARGR: "i‘@laﬂi%’f’%!&ﬁsf &° RARRSter to both
~agai nst Influenza A or to reduce the norbidit
aningdls aed humanon Many of theenrant/Salmbeatinivaecindstraihd gre rat as effective in

nethod o enerating.site-specific mutatio in a .
senfZhRE Shot TR ki Re CBREP b o rdipefiript fheft more viralen

conjunction wth overl appi ng extension PCR to generate

mut ants contai ni ng no extraneous DNA is provided. A

wild-type isolate of Sal nonella, Sal nonella

enteritidis 13A (SE13A) (deposited 15 with the
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25 weeks after infection. In addition, SE13A can
wo20Vade et her tissues, and is found in the liver and i
PR SB1"8en up to a nonth after infection.  PCT/USHETO7878S
SE13A isolate nmay be further attenuated by
i nactivating at |east one gene necessary for sustained
replication of the bacteria-éutside of |aboratory or
ctyri o a I ne I I a
cougtﬁzr%ﬁ}@al 82 %ihg{ﬂg%ogxg s{rblﬁntgat A&g}ggécﬁ hge%\/ef%%t gp ve fucosal, e.g., oral,
vacciestorn wedd gfﬂﬁ)vMehmtoﬁfEIhBéoMafbe useliot @adiBNeicaigte a subject against

at t enuat ﬁd Sal nonel | hggg 6@510 devel op vacci nes and

ORe PTG PUN RSN RESHLS; p - As denonstrated in
t heA Bkandlega  enfrk i3y étlsdld DYASI ﬂb%{b?gﬁgﬂh&ar o8 recombinant
poul try and causes no neasura

vac¢ipaveaters nuaslsuisingi thlsatraisnhanks:dlblednﬁpmlﬁmmpmsac&@ vector carrying

e SRS BN B SESHEBAS) o5 smaots o secloing

vacSht Séutby aﬁ@lfrrﬂ:tthd@l@ oﬂfanfgiﬁaiﬁg ah M@unk %sboﬁé@‘i‘n Qghﬁjé&% %fdmimstermg
the bacteriumto spread may increase the safety of t

a vaggiag iveeor %nm@mwml@éﬁohde ehrodmeamsilepade qdeiDbSMqr a homolog

PR S A o il W DATIR P LB o Rty ve wsed 0

enhhnogi amadnmmﬁlres;ﬁme%gairﬁt InffRiehRsA or Thilucd e nddrbRNYALdoBRAted with
i ncreases the safety of the vaccine vector 5w t hout

Inflpcsip romitesting: Fﬁ@llvw@@émf epagating site-speqifie EaFatiBs ireybacterium
e [ t I

usmI%ntCh Igdn é&og{ﬁﬁ@{t]lg? s?&st?n&t g%@%urﬁﬁlo‘i{"%h 0%@9%[% Cr?g 8>éttcr’1s1on PCR to

gengheRnutpite Qonteimpig, nooaxtrenedmeﬂﬁNzaIiEprpvﬁt@l ns dam htrA

or oth stresr pur,
Ao PR S lge B el el P B ria A S A @eposited
t T e
WItIf fr};l\k;!gi@fsée&aﬁ 188 '@ﬁi‘lt?loeigﬁfe%l% pgf %Fg gg ﬁ?ﬁgnsllﬁésreiga?ﬁ(ymﬁéposﬁ number
PTA-EI&?' Br vrasedsacpeswdaypoarni lmueuahazbdny 0 eause auxosal @phnization and

no aCId han si ne and
subrgilostl e BlRAE i PRPS. B Rins s PhORoRRgt RESohge & bnigens or
epitepRdd @dmandeial iashb.C IRbokAASE i %hldQ?ﬂé' Qgﬁﬁ)n@bﬁfsfﬁ&t causes no
proteins. Mutants in htrA are also attenuated and
Ghntwl&qt) Hefpctable rd@@@@dmsléws@ﬁpwfonyaw ihyramatesialpdideidéndicating little

TR BRI G50 ALARSSIECLRET b, g o

organasm hﬁcaiﬁdee & Buldeatpguck by achickay,Ss irdidatealyythe bhigity of the organism

ations are _nqgn-revert.i nﬂ nmut at i ons t hat cannot be
0 rﬁﬁlﬁ%&f Petieishe af gissgpe QPB’E‘a B Yasping cagidp enslsoriayadgand spread

to t4S1eS e POIRY theMUREEHP TR, gso%ﬂo'n&?%%@ﬂfj}iﬁm Lig %53'1%1 c’a?babla of
vacci ne vector may include nore than one nutati or
replegamplietia ecaalcionslsvaetr oralnafecton tad narlrht: mollzmcfdsfrbm Ith@ttbhsih for
mut ati ons are

oGl RATRRGRADT. oy HE vy SESOSER GRS P HESigh i Bfoutd in the liver

and FIRCQIERL B RS o REhAfureiiv@ldoves my be used as vaccine
vectors. Pol ynucl eoti des encodi ng pol ypeptide epitopes

f r die ably 1 uribdate ohay de hbgdhoi cattcm@mdl }‘manzﬂ:ayatbg at least one gene
R e L

condicibysus@fiated eSulifByel R tramhs €hdt @n B tuGed ikeva%&ﬁ@ RBSORBOfescribed
the bacteria or encoded on plasm ds or other

belogi t PRER: O8I0 BAratsaitenapleg Sapaeietia siraios fadevelagpsvaccines and

' ' n cterial . .
e BBEAIR AR ORE RSl ISCHLRE A P RIRUE| Gl o0 s vsive
nonmadmgemaIfoxmliujtr}uakb@msﬁa‘mememlmbﬂﬁﬂ%ﬂmaf@tures result in an
ei n, and the pol ynucl eoti de, encodjng the epito
enhfigeq FREIREACPALS PreoTREbrl B0 BERYRuEAaH dectSisqubliouation of
to all ow expression of the epitope on the surface of
the bacteria. For exanple, the pol ynucl eotide encoding
the cpitope may be inserted in frame into the
bacterial polynucleotide in a region encoding an
external 30 | oop region of a transnmenbrane protein
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5 anti body-nmedi at ed precipitation. The pol ynucl eoti de
encodi ng an epitope may be included in a single copy
WOGMEPE >t han one copy. In the Exanples, a baBEBUSHIT078785
vacci ne vector containing nultiple copies of the Me
epitope inserted into loop 9 of |anB is descri bed.
Al'ternatively, nultiple coppés of an epitope nay be
acc e vector at nore

S R I G N R NI

safqaplof pRP vhélese. t b\@tde@x{cﬁsm&@hz@%UExénQpi@sr ot hyls 4°fSEihﬁ strains with
subj ect and capable of stinulating the i Mmune system

mufafopseigssad of Girtietaindhe pejlityeipigenpele maymalueo résponses butthade limited
ropfidiBn I YREGIRE “RGEShe AU ThEReL DRy SF B vaccine vector

wnlpmity@mptdnd@mglﬁ&tlmrﬁmg@ﬂcﬂt)ﬁ of binding CD40 in the
sub ect, and stl mul atl ng the subject to respond to the

HREOYS 8198 Dealgds {152 aageyi ot etherr Srlerogellaepenes pecludiag, but not

i hed ¥l t g Y
hmggf%lf? of g %Yﬂ? h‘éﬂé’ 1g ﬁé‘g’r f%e‘%R [ (ﬁ{t% l#‘%e ChY é’:ﬁ%glgﬁ’edagf’ hird ot
othdzrrsacvs%amd:a,tubgms,tm , oy a:lﬂig_mlaim@o@mt inakd Eﬁﬁﬁﬁl@ﬁ(&hiﬁmlom in arod
e of s int ppreci ate that these
andggfr‘f% pEpP kfla&%d &%ﬁftﬁialarenggﬁfled Tl &, gpies e spzymes mvolved in the
shil@kderbiedyReHesHGRANEY RXRE ﬁﬁ)%?a@asle a@x‘vf g%g o RAfths Qe auxotrophic

t he vacci ne vector "or nmay be se rete
for ﬂbﬁr VR tEo pingw® @ﬁé%dwn@phwcwm@mepmdy phqnyiaikaumpambe is a stress

resp%nse g%w Wﬁ%&é"h@% C#epetrw aean(rS(‘E g ogﬁﬁasemta? gigéafeafﬁbgrrant plrtt)tgf%s Mutants
in hﬁQﬂ kb @ﬁéﬂlﬁfbd&lﬁ& Atbb Y i2er&ddcDSknBigth M P BPR Y S HBY rd3Gde.
linked to the znucl eoti de encodi ng the epitope,

suchietpuptions | 1f1h’é0 aiecthinvé desseibet inthe Ecmaplas weldgiséipt inudations, but

the %ﬂﬁa)l}nd&glcéxg s dlgfﬂi qR! tﬁz@%@i&ewg / es§lﬂ abg/l, tkheulgllu%%f)fl% are non-reverting

mutaticsdihag camoolby pemnedancvf sﬁ@k%e;i h@hltalﬁe eapaid® @flude deletions,
bi .ndi 2% tQ CD40, al so, encodes the Me epitope of

Inverppg SRS aub sEpsBUUDINOSS Bicaing GO0 mie iaglnde mage than one
tﬁﬁ 166 & 1 ¢ :

e ynuc é%%?éthgﬁﬁg ?ﬁ%&? %ﬁwbe epbﬁgggagﬁdn%ﬁghLW@qdndh”A'

Mcqhodiwﬁmdﬂemg subd newteidtis g wWkibk:@D&bW tholy.pept i de are both

din | 9 of the.l Th f skill
A e SReaef aedonthn SA00 Brfov iy HBE PEHFAGE vaceine
vcc@n,c oqhonglu@&t}@dcstar@&ﬁﬁg 'Héfﬁ;@ﬁlc@r %‘ﬁ"Pi?-ﬁﬁ é‘%%% %%‘A%Eglé"‘ﬂg??i’a“ho cenic

of the |anB gene may al'so be used
organasmy mElyuble iascpod ymcihedlacmaeermiommgssai ol b}npelpxtcieuixa of generate

anciplls BRRPEPOLET TR uPR LB, mRh i SEoTBu0 B shipaseme of the

bacﬂ‘eﬁ@ o tf®dsd bh dRemafs dr fibﬁle!/ bxtRhrohtRoMBEDRAY. t $:08b pbl@ﬁucleotxdes
protein contains about 24 am no acids. The

enc%ng: pRifae arovinseried intp atbpeterialpeloweleptids thetds tczgprtesﬁ@dn Enitably, the

bacﬁé’h&lﬂ;}ﬁ&yﬁw@o\ﬁ?@ eﬁ&%‘é& Ig%ra.f\léﬂ r{lllrg‘v ee x%'féuy dglgltg% B ?f%lﬁ(g%tld%\énwdmg

the 26IGpeds %EE&CHWBMH@@EB?@?WCI%U@ lscEt{u%ﬁdeB@ ANOBESression of the
si nce thegf’l918 I g idemc. In addit]on, influenza
CDitghe O s SUEERRIC PR i P amBles e el Bdleatidszaneoding the opitopo
maydbd {RESAH in ﬁfﬁrf] e $eh ke é?:'fb?ﬁf Fﬁglgnu&@ﬁdé i) lz{etﬁglgﬁ enbQfing an external
revi ews of t Me po ypept sequences | ated & 8
looth mmcm of\d ransaurohn by svien probedis tsecls dmt Lthal betteddl. poluiabids sequence
and., fect 171-177 (2005) and Reid et al., J.
rem@ﬁnﬂﬂ é?ﬁn% %53 (2002) 5 each of which are
i nQQEd?@a[tﬁf% tHé%foWdﬁci@Mudeeér@&ﬂﬁg ehel dPitbpSmEP bl ‘ir%EMed §?@a secreted
al so SE -4 in the attached sequence
polypgpiides| %@S@p&ﬁ %lhm dstartwilbappdsing thitehe rptalymeclwtgie encoding the
pol ypeptide may be inserted into the vaccine vector or
only a portion may be used. In the Exanples, an eight
am no acid pol ypeptide (LM2 having am no acid
sequence: EVETPIRN, SEQ ID NO 5 or its variant 10 MeA
havi ng ami no acid sequence EVETPTRN, SEQ I D NO 20) was
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As di scussed above, a pol ynucl eotide encoding a

pQl ypepti de honol ogous to a protein 25 of the subject
“m¥ﬁg%ﬁﬁ§°capable of enhancing the i mune respbaEESI87/4078785

the epitope may be included in the vaccine vector. In

t he Exanples, SEI3A strains including a polynucl eotide

encoding a CD!' 54 pol ypepti dé-capable of binding to

: . de strated t.o enhance the i nunune response )
e Bl SR B ML TR IR0E5 L bR o S2B8H Sression
andpprestuediionrofithe EFIRRNG &hé nMAEE B bP A sujeétiplled, whf®he bacterial

CD154 polypeptide is fewer than 50 am no acids |ong,
vacgne ygster sl thabramplesen Influenzady virendRe ehitopeagusgnsetiedento loop 9

: a ] ihds . N .. t ] Lypept.i de may be.
of pEePed o8 B8 TH0R bl s, BrofURiE D, RORMIE OB s Rmed by
antihoddmediatddevaginitidd. dhepaSneuitdiidleaatsliing ah dpRogs May BB@icluded in

.C%ﬂ54 segueg&; and CD40 binding region WO o
2 SIBEB SPRBETSISCTAUSIOEPEY 0 78 sExgnples adweterialgtrgine vector containing

& W8 Gs ' - i e§. . i
BSOS AP0 DENR S BRGELES o IR Mg gy
mulijple @picard 28RQINES Nay b dyserted pec thevedeyerial vaccine vE&er at more than

§D49 bi ndi ng regi ons of CD154 have been determ ned for
O OHURber of speci es, including human chi cken, duck,

MO Usy1 Ao GadstdnodAEl ndl Beptiaeihal Bre 3@ - '

5N T R0 1D ?\lOH%g SO el o ig it o i subject
andcapahie of visnylating thi dugiine Rigsten ite raspendatoi thé foyeim epite may also be

. ces, lh t Lndi ng.regi on between species

insFRAEDE Dol IR Reite B0 A TR R s’ PG ecror may

inclpdd y QEASH Gl MREtidDhe: ik CaRbafCEinifg CIILRAGHE SERANEA sthnulating
chi.ckens. Therefore, one may practice the invention

the Juiery te prepensstodperaceing ‘@EiPSAHCSGF ysepleleddereipn apitope. As described

ol 4 G TR AROBIPSRAL s 0L B WO IR oo o

the gacincofectoh er BElkBAnst exafankrohtosom@iky. pOhy pLelet irte andwil N preciate

D 154 pol ypepti de were encoded on the sane | )
fhatﬁ??%ﬁ%@%%%ﬁa@ Cifh B e £ AAECt At rpodaipleptidis randnerpressed in
diftérBR Satsonek! dcArt WeUs! 8PtbiHend @ecmb&ht%gﬁ%%g@otide encoding a

inserted. In alternative enbodi nments,
CD bl yodepsriidecapabletof enMReingchy pepuindespenge bea fonegal epitdpy may also

i stinct .pol ynucl eofi des. SE13 MR t ai 15
ool 5k BE LA S SRRSO, SRS OB BBl may e
linkbd &eiht 961 ynté8otiROMCOINE tH{%ﬁﬁgp@%@t@iﬁtk@f Mhé/!&@c-cﬁ@h%ém} fhe CD154

the sane as SE13A aroA Me, but also contains the
polypenisle gydihg fecigsgaiapp anaredent ag dretsenieipalynodeotBleofin tharamples,

s 8, B S0 00 D TS SR o

encdsicd B MR ApiMpk of DifhehnsAa SdeBEQ WINOS: Bland\o anghehascHeR 8equence
M2 epitope inserted 20 in loop 9 of |anB. SE13A

. .Me-
llstlm-ievhn M- EBseslenashe neolamebetige peicadingnder M6 iapitbpopnd the
ro Sk BRI LA 53 KNGV s gne

Thost rodli skiltieési thaadre dvillsapPiEdciae Hivkic badtaia SpobERCIEBING Sncoding other
inseéted in.Ioo% 9 of Ian?. Thi% strain contains
trangpepbrape profinseatid seher jepps of fhsJawBgeng pay alsepersedd t o as
M2 erhk NG 139, ' d -
rrateEEs %%E%i e Guobd@ A pAFRAIGHRO A E ot fride of the
inflyengary]eproteith e Thbestedawse of Hednflecont mizmt MSgirooeine khawn as M2e,

B8 VS EREIG ALt SR R0E5S e BHELLYE outos

amind heideNThe WMIeUstPpeptide VARISTRIIE {ro@X BAE &81a@Nt0Qhe hB& within a given
i, mune-stinmul ati ng nol ecul e was shown to further

speqigie rlBafael, ARk b By Dty occwsingi rwRhenstindee bavel boey issflated from
this concept and these 30particul ar bacterial vaccine
vectors. Conpositions conprising an attenuated
Sal nonel la strain and a pharmaceutically acceptabl e
carrier are also provided. A pharmaceutically
acceptable carrier is any carrier suitable for in vivo
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- 9 - water, buffered solutions, glucose solutions or
bacterial culture fluids.Additional conponents of the
VOB Fi ons may suitably include exci pi ent sSPETER2ME 078785
stabilizers, preservatives, diluents, enulsifiers and
| ubri cants. Exanpl es of pharmaceutically acceptable

carriers or diluents include7stabilizers such as
ni.tol, .starch

. carbohydrates (e. orbital, .m , , 5,

mf%cgecfr)@?é?nsgﬁ"ﬁ?@o&’&I%a%ﬁur %‘i‘im‘&r Ji éﬂﬂ‘é‘og’u‘(’i‘ﬂuﬁ?aa‘f‘ ki jgolated from

avif aiRPSAinB hofik AAR) DIERAL FbHNic 0B SSNIS MR @RicBOVE P} Seviews of the
serumor skimred m |k and buffers (e.g., phosphate

M2gupalereptidespauengssl isolatedniremclhunana bivisnzandsswine hadtiestet biu et al,,

- C | L t osi thon 1S suidt.abl
Ny O T —
eachfwiect 48 pOSRGated hereBUBj @ErerRY RHLRISEEIIeBAIB SEQ ID NO; 1-4

) ﬁacci Be 10 vector. containing a CD 154 polypeptide
in tag pftacred pqupiGsdisHagt o CD40 and activating CD40 are

al s@,; j ; ] cl.or hSi t . .
o SHBERL fS AGELAR, MR COIUARRLIRY b osrcd o
the capehé @edbr bi nolyng poniofDAdy bs usadin i dit dismchples, an eight amino acid

subj.ect | n.ampunt effective hance the_i.mmune | )
poliisdtil S Mo B Bimbjoetiid SoReRE: FRE FBN. S JBIYOM faits varian

coj _ . . o : _
MILATHR, YAEHPclf SRRSO S, PP Lot o

SE 1133 andh derapissitedoioyieditck de apSEQyY BsiN@se 28dr aomisistiativml ogehickens.
. reof . Several i tabl e.pol tides are identified .
suif B B8’ voeiy G0 MK AoMhe B BB s B B ot e munogenic.
Anpelnypepéiid erdahem t9ha 1SopiBe SP§RIypepRR tdpabiSUW &6diting a cellular or

Sui tably, a polynucleotide encoding the pol yfpﬁptl e of
hungpre) jopmiyey regprsey subtaply, B immusoggne fregment of M2e may be the full-

I kng . i de of I D NG . .
o ENUELGRAE 0B ME 0L RREL 5 s Sy Re v sis
10 pohypeptindaci@0oidf orfSkedeladiMOucidsiofitee figlddngth setieks. a
pol ynucl eﬁg de encaodi ng, t he  pol ¥pepti de of SEQID,
NO: 98t LugblepritapssilopnCliggnan ap infigeraed tviperinevrsidiingude, but are

ol Bl S 830 WP G810 R st

pro@jn bk Infbedzd . aFoheciogre, vadpiukotidst ancodingl SE) ID NO:21, SEQ ID

NOSETSERL B o U SOLIE LTINS ERRONSe L0 8 o ot

in 8¢ 28NilShpRRINOBRE halesT Mtk sdbiRed maiay R&d i@éorﬁ@iﬁﬁt"tgélewith any

in the nethods of the invention. The CDI 54 polypepti
otheragpitspe e dmey adehbmascd e commetion redp pnlyeeptiles kacoding immune

’ ject t.o any, forei,gn anti antigenic
st Sieplifls B LR PO TR S0EBL P Vector . Cane of
skiAd distustdieabaré, apdiynu@RPAGCIRbEInE B%biyﬁ@ﬁi&@o%gous to a protein
pol ypeptide could be used to enhance the immune )
of thaspBIsse thap iymsarablenah cafnaciagt the dimmunp gpspossst fodthe epitope may be
: [ i V.ect T 0 ptide. from .
el QRGBT Yhe Aoy B8R4 T RE KR bngidE SRR R i R mucteoiae
enchdinpian@Dbft polyptgideeapglo bl HIGDER. tol CDAN erelex@md B ated to enhance
p%epti de hongl ous .to the CD 154 expressed, on o
the {itAE TP ©fihe Re2eERijoRe BS AasHip Bl indeasahantikodgrproduction in
nfioNtctiBatidie Sy : Faci
resﬂzg)lr?t [ é)encplr%sent [ nnggéﬁ%gﬂﬁ W%gl FS){PJ{ I z&eeglg@%%ﬁglﬂ%g%o&lt?ﬁiaglds long,
mopGuelis/foBe6HEREY, 1382003 BT 87 8Swver tha) 20 amino acids in length. The
| i gand-receptor connpl e I mul at es nmacro ge (and . )
polteBRRL ST PSR 1D etis s HEHoRe die WEVIoET o Ocdid &) apgno acids or
bet@EURAITE enddPR ARG QGHSindlREBNTHY &TD P4eRGINARE AN OWUJ Binding region
i ncreasi ng cytokine secretions known to activate other
| ocal inmmune cells (such as B-1ynphocytes). As such,
nol ecul es associated with the CD154 peptide are
preferentially targeted for imune response 5and
expanded anti body production.
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Potential vaccine vectors for use in the nethods
i.nclude, but are not Iimted to, Sal nonella
WOREY MRl | a enteritidis), Shigella, Escheri cRfHU$307/078785
colt), Yersinia, Bordetella, Lactococcus,
Streptococcus, Vibrio (Vibrio cholerae), Listeria,
adenovi rus, poxvirus, herpes¥i-rus, al phavirus, and
Ql n_addi ti.on, haods of .
s SR IARSRELAL AU B3 h Lo AL CITRANOE. 0, oo and
humat dre ;Jﬁ)vaiedrxe SEC) I@gN@DMJBﬁH $BQABS0] 24, eshpWitivaly.
subseq Sgb [nfluenza A_infection are di scl osed.
Bri (;J handing wewaes ebrbilpé davibeeni detasmingg feioa aumber of species,
r Thdle I
T e oL RORLha L A0y L SASR B vo: 6, seQ
NOt ﬂf bE@WHﬁN‘O RPLSEQ 1EnNEeX 1% SHY DO respbreivbBe Although there is

TN R R
indRea@t Bad ﬂ@ﬁﬁ%ﬂ@?ﬁ@ﬁ@[ﬁbépﬁﬁ@%%n&b@e Y@bhighYe 8l %%%ﬁ:?nﬁaoresponse in

known to those of skill i'n the art, 1ncludl ng
chigkens-t e dhersfarye one amdse peactice ethdi myedtd mEingt sporics wpeafic CD154

gh i bed .h cter| nay al so be engi neered
poh?pe%ex roégglefeﬁ(glomtgfllgﬁg Y?eé’ ®in conjunction with
pol mnke Eeahplde Seran i 18 AdkcRRARNRIDAG LA §ek Qt%ted In each of the
response as di scussed above, such as in SEQ ID NO 8

SE ldgstees ho Mgy polypapeds widche £D154 nebynepédt Weis cmoctwﬂ on the same
l.e. of b
po L RAAERAEL O O, AR Y 0 RS 58l o Mo i

whishi thegovert dnselted. Mealodayipe pinboéiments, the G]DESMﬁ(ﬂ?[&Hpude and the M2e
dosa e to pbe adnj ni st ed wi | | & { dependi ng on the
B

pol)g&gtl NG h e ﬁﬂﬁp@ééﬁ’l tigt Robeuglenfidess | SEhReA msad MRe contains a
deldtRHlif df‘f)fi %H‘tﬂé iM?Mz@fbpﬁggepgs{]@%tmpﬁo%‘) ﬁ%&@@%@g loop 9 of lamB.

agai nst an 1 nmune-r I's sou
SElddnpusi MQQFCW bethadampias tS318d. amdazedbstealaf con?zﬁns the CD154

peplorE TRt Rt Rl R P ol d s amolsee SEQ D o)

Thi®aedi® sl Rpodife@Wif0fe AT CEOR RSk lRber PTAL ‘783?@ 105 to 107
bacteria are suitable. The conposition may

admIHidét k& dMankoniane @ deletiomyn hied addihai ﬁteéﬁrlédLM%emtope inserted

o B, SRR P ST EMTETSEu 0 et o o

lamBOXNi€h tHel¥Sc SSRMeaEB0 YN B ek defode Bk She BTCOYas strain PTA-
three or nore weeks. The bacteria are 30 suitably

787%i abl e prior to adm nistration, but in sone

. i i| i .
croa 501 51561519, ToY B0 LAO B 6%y ey oo o

lamiBe T ﬂrahmcwr&mhﬁ anltepic CofidreoIulo) @itbpesdfiNBe, irdfe®E R as M2e-LM?2

(SE&E%OHQ@;}% ngﬁf?pt @%‘@ﬁ%}v&ﬁ e OB 1S P peidt (SEQ ID NO6).

2008/ Q3667 let‘BEOQEM?&Zé%%d }écombl ant SaIEBEalEa stralns were

adm ni strati fo animal's or hunmans, e conposi t
derrrmytra:_s@:i tadmc&ucsﬁmfeplutbtyv@y yatdcavy amtfbodg aitess agamisudue mgzc epitope of
not i nt ranas y,, mucosal ly, b
i s et PO AP by G e ey yas shown
to REBE] Yacr@ibe B0HBSQ) tRErs, BELIAMISE HiRddoalithy 68 @{LQFbonce t and these
admi ni stration or addition to drinking water or g
partiguiar hadetial oaeding vestars. abI e For chickens, 5the

C 0 'Ho g& otsit%% ogﬁ%ﬁﬁ@%g (A n %t%g e%e\}ﬁnagar?,e?t%lb gn%fa ggarmaceutlcaily

acc@ltﬁb%]camgr Emmgte pfcﬁ&@dnsﬁsphaﬂn&eﬁﬂ&uil@%meﬁa}ﬁ@ Riueiet is any carrier
iis not limted to, a vertebrate,

cl udes, but
Slllt%[a?t %pfs,wgo ,rﬁ%ﬁxptratg)@, t Abg yhgrrﬁig%ﬁdllb,ﬁ(:ﬁpﬁ&@@ carrier may include
suitably poultry such as chickens. O her animal nodels
of infection may al so be used. Enhancing an i nmune
response includes, but is not limted to, 10 inducing
a therapeutic or prophylactic effect that is nedi ated
by the i mmune system of the subject. Specifically,
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encoding antigens sel ected from pat hogenic

Wo tc?%' ?([ganl snms or viruses other than the vaccin
VESP ™ Such pol ynucl eoti des may be deri ved ??HH]SZ"“W‘”S”"
pat hogeni ¢ viruses such as influenza (e.g., Me,
hemaggl uti ni n, or neuram ni dase), herpesviruscs (e.qg.,
t he genes encodi ng the structin aI WO

wa%p 0 %ﬁﬁg’gg 7 éﬁu c/)n%rsé q}%({;g Z,goélggctné 8r batc%gag pcj}gﬁ"eg &h,l'&so D eAdditional

€r pesvi ruses

corfipatie@isnpf thE RIS RS , mPATBMIBIP VinEIUEE SoxcBRNBNBVIH WS Cfabilizers,
and the | jke. Heterol ogous pol ynucl eotides can al so be

pre%y@;vgg,dilhlp% Palpidgeng [pktoents; dxamplgs of gharamceutically acceptable
carﬁngﬁg)? gﬂgeﬁ?gﬁcgdg?tab@ E{éxﬂﬁ ag l(!? %ﬁir&tgg(@ S 1 5ot OMb&litol, starch,

sucpmkypiuaise; odeixtfezs) bfmmmcaas hi@ﬁmuﬁ&lcd%saﬁ ;ﬁ&eﬁ?&dn&;ﬁhg agents such
attracti ve candi ﬁeglg se of a vector vaccin

as BoyIFTTEIT OF Pamen 5P fsepinaeRiierRdiepeEprcially when such
sabbape 5%5?2?}‘*“2‘5%@%%@5? R RARE MLt o
spryjadesime. The pol ynucl eotides may encode inmune system

nnlﬁﬁ | es kno for.their stinulatory, effects, .such as

ﬁlé»ﬁf; é)g anci, JRMERG. (ESRPRSEE I @ bigiet EY] administering a vaccine

veckdHc@RfaBfi@Na CT¥1 Sa%l)fF@ﬁnMa}S!iﬁl@ beBitRe to t@)dona\ﬁ@a‘éﬁ@atin CD40 are
i mrune-regul ati on. "The vaccine vector may al so include

alspproyitlge] éfgnen@e@n@ eseli nglm!émgl the golymankeptido eatddmg apelypeptldc of

oS3 IMIECE SPRRRS O BP0 YRSRLI i et

enhahdeethep@mhireCrebptingé o lise bubjet kﬂ@@ﬁeeﬁac'dmet hatitab¥, E@he vaceing vector
f the Enterobacteraciae fam provi

menber ed
Corﬁﬁwés ﬁeﬁq(iﬂalcif'@tlé‘s‘(é’ﬁfﬂqlﬂﬁ adbatyneagd %é@l%gnawmcaa@ﬂﬁd%—ﬂ% of the
izQn an
e T ol Rop LB SRR IO PRBT 260 A5, PR tBe3sevenal suitable
poly}mpugcﬂ tar@rudsmtif'ﬁedaélemrcouﬁh&ablg,eltia%:tpo(hmuﬂkbkw .encodes a CDI154

tiv , sacB m so, pe u s a ) )
ol Mot st bkt Mo THlRGy oS ahabls freplugilgogde encoding the
i i 0
pol YYfri% é)gcg?(? ILE%:I;I%} GQéeﬁvae?Qﬁ’ E%&%lgﬁ;%tugﬁ%sng pﬁ?ﬁu@@%(ﬂ? Eittoding the
pOiYIFf@tlQ%nbﬁ’éQdD 1901 3 As usEtien Rs&mmpﬁym@etxéysﬂwmngahe polypeptide

t l.ate r.ec | nat |, on j ncam na. .
of H It ROTR R bt B B PRR RE S Gk e b SO EhEfge of sEQ 1D
NOFB fshged ﬁpmﬁce@n&ybalyh@éle&fd@Qﬁ§&im%hﬁ dolyPRptideShtt &Q@NO 29 is
cassette was first inserted into the chronbsone in

usefl 4 aBVY e HethpyExaBRtss ofe hemar EOHHH matipeptide TRER, 11} Nis 6) 1s used ina

d
L0 Vi S L4155 S8, PGB ey i

antien.milkes dther epbReenEiimbifatBERoPCOd8¢ hoBaEdtidenand Bebjects may be
%egﬁ sired i ns rtion sequence was added sinultaneously
3

il the r}wa@ of the invensesdi hyy ¢RE34 pelypaptidn arsei el used & enhance the

t
BRSOy R4S 67 BB, LRS!y in
vacgianeedbr. nns iof ekidli inebt ex mﬂta@ptesmtmﬂaatbthe UIHEK:MI polgmptide could be

nber of the Enterobacteraciae faml The
useid iy Eplpse ¢l DRMARS FESRRIISY 1 FATG Gusa. onsACtigenh gplsiprtideagresent in a
vact@e ve®pbers of the Sal nonella, Shigella, Escherichia
and Yersinia genera. A site-directed 30 nutant
i ncTime;@,l.‘/bmﬂdlesfr@mt CDi 4 statutatesi avs aninilon resgehset atolgast in part by

vindg3b ety P FEE eapalbs e bBrod Rt R 6 e cp1s4

cxpfd’ﬁ@ecladﬂaﬁﬁrﬁ@e &ils tdif&h@ gubjeitandyshiemik %aﬁdﬂﬂ’é of birdagutd the CD40
in a "scarless" mutation or a nutation that does not

recenbett o ﬁlagwh@gasraélﬁe@@@ @élg%ﬁ@égntmgm@gs wageutilized. Binding of this
site-directed nutagenesis disclosed herein can be used
WD 2008/ 036675PCT/ US2007/ 078785 - 13 - to generate
aut ol ogous bacteria which are deleted for a single
gene or even a single am no acid or nucleotide.
In the Exanpl es, the polynucl eoti des were generated by
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5 pol ynuel eoti des are avail able and could be utilized.
The linear first and second pol ynucl eoti des nust
WO Y some sequence honol ogous to the sequBREES2007/078785
flanking the nmutation site to allow for Red nedi at ed
reconbi nati on. The nmount of honol ogous sequence nay
conprise |l ess than 300 base-péirs on either side of

atlon Sit i tabl e | ogo sse uence i s
llgﬁnggg%k 0&1&8{3}5 gﬁgmggqsr macrpp agﬁo{]ayﬁo %8? qﬁag@e ﬁglls such as
denidritie @élw}%i eAllnoE 9h&%@y@§§ 1284 ladti %Sk’en‘i@ﬁ)ﬂ%li@rlﬁ&@asmg cytokine

those of skill in the art. Int anpl es, the linear

secisEpYTh kv iy a@wamtberép@@timﬁmaqeél@l ($Lhilcﬁ8tﬂléyrmﬂ®t>ﬁc3)a As such,
ohES 05,1 SR 952 D861 A5G B8 B s e

andmbmtdedmﬂt@m@lygiﬂ@nﬁﬁbnl s sel ect ed. Then, the bacterium
@ﬁt enrat ed to ene ate an attenuat ed bact eri um
Att B JACGRRE v F opirell thy methedsi welidef butetrhags limited fo,

Saiﬂé%riéél%o ’{3%’5?; g%a??@‘;a’t k'Slh lclg E%}:@g@&lﬁ% (g! %%Higﬁgrerﬁnia Bordetella,

LacpmloymptStw@tocame & 1blf10 b(m&rmgclﬁm{&e)' sListeciay peieadveds, poxvirus,
into the attenu d bact eriamto generate a vacci ne

hergeatise AP e HSPPEREA dEUray be fewer than 50

amigo S C
o RIS S AR o FPIARE A ARRL AR A ans

methedy of | rilucieg anerbidityc assecintay wlthosubﬁcrpleptoﬂxdltanm sedofedtion are

n tJ ence .20enc.odi n n an
i R Fa iR BBa RRR e G J@% pritsiuygomersing
an raﬂdertzhex MMei @egmuelep@die/@qpéﬂce %n@dcﬁngfea? EptRR Jf']!ﬁhfeﬁﬂ@f\ M2e in
nucl eoti de sequence. | owi'ng exa

an %?ﬂé%/ IHegReusn pet\d2ppoly paptides elude SERITRNO hdt tTl‘@smsertlon

otk M S BRI B AR L 0 BUGARR  Rle R o

to th(ﬂsel\ﬁeskaihah N‘%eir(}Dﬁ&édMgSkﬁlt het hﬁlltﬁaaltﬁ&h@léﬁrl@sﬁ §ittt@rected mutation
_ %ds Aflr | asm ds were first maintained in

SYS‘%p agrefn- cef esbg (FRME (BYe RISOCH? |opkgereEA0 Bigmps the M2e

polibe&s ifl @&ﬁ LhdRd »ﬁgﬁg&iy’%%%g%l Qﬁle o2 eﬁ%@nﬁf{}%tﬂﬁﬁd nfindiesponse

was used for intro tlons
as dessuesed abaiesswhraaim SEQADNES: Eharfdl féE@ IDSO L elnqmaiclzahlaepolypeptide

of g&]ggggg c?paﬁén@éﬁpngl 3 %3{7 n%%/gg? g: E%isé d Wl'txehbzgcl"r]eermﬁr%ceghance the
imrA IR 8H3R6 B RCTALLROATAOUBLBSI ol Carrying pl asni d

pKD46 were grown at her acteria were grown at
37 A heppsaBtridgsasgriorhy mnﬁmmléd'am dgealing on the age, weight and

spe&r%r P‘].Bgﬁbje%?f qlhé@dﬁéﬂ‘? 50utéNals a(c#J Sed 1f tg%b%%t&;}fpg%gg%%n against

whitibay in@andifepordses plaghot Py @n@?ﬁ@ftfb&&h&ﬂb@ﬁdxﬁhstered in any dose of
el ect roporation. 5When appropriate, the foll ow ng

bacigrig PERBERLS %lﬁ%mva@a@wetr@snonée e &5 nvisagmol dhal Hses (angipg from 10°
to 1@110 10 19110!&1 ’IP ?dqo_r?mggdt% *6'1’7& @Qo gllombactgrla are suitable. The

chl oranpheni co I asm ds
composition may be administered only once or 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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Pl asm ds pKD46, pKD13, and pBC-1-Scel were descri bed

Wogzg)gvgg%gl y (Dat senko and Wanner, PNAS 2000,

: 6645 and Kang et al., J Bacteriol 20B4T/USZ007/078785

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

herein by reference in their entireties). Plasmd

pKD46 encodes Red reconbi nas_ellenzymes whi ch nediate

DS A TR Sl St R M isre by
varfpi ofi hlebis i@shdib@nes: @eneindd toS intranasally, mucosally, by spraying,
. tenperature-sensitive so that it requires 30C for
intipgdrmel haprsen Pty nabeepreously aaraily hylepigokerr insamaseularty. Eye-drop

ad%@@aﬁé@ 81f ?%dﬁ%[ﬁ*o'()%ﬁg?(?ﬁ%p%ﬁtﬁfé Brp%}gg a&{%céd?ﬁ‘d&%%%%ﬁf@b%?@c’)r chickens,

thewbhimphsitisnsraanbaadneidisianed hevoel | at 37C, produces the
- [ the foll ow 18, base
|pai5$§[|n? g&é%ﬁ%@?ﬁ%&dﬁ’%@éﬁ%&@e rggtho&vgf %%hancing Immune responses
in d @G%TAA %Tﬁ&)e's, 6EQ P h&ﬁaé% ﬁ?ﬁ?é%?@ suitably a mammal,

pBC-I - Scel al so contains the chlora
suitablyi & thanes, ECkids,ganeblyPERIZYALLh ps ichigkensus &thet amitR@Rmodels of

. care |isted jn Table 1. .Typical] PCR was .perforned .. .

inf PRGOS e S A8 S FBRR g SRRicS, Dl a gat limited to

indQ¢inPeRhEap@tiata? brdPWy Gk AUBH. thifak §liafed G ihe UMune! Hstem of the
cloned Pfu pol ynerase buffer, 5U Pfu pol ynerase '

subjest.r apewderdlyl anlporing anGamwsApsponsavmgNRdudeGmhanced production of

h e, .Bi 0- Sci 0rn., Piscata NJ nd . ..
otk GBh S U AT 12808 e EFGRE Yo Pty o gwitching of
antibbidy degiynealemariratibyncdfemtiei preRadng cad, bRhalktis of &éper T cells,

. U@%wafs u?ed with the faollowmng anplification

U Glgpiolytggecslisror andpcHon aksT anbB eglk memosy. 94C sec

fory : f ) : : ;

and 3oa P dfaisSlord boffes of dricedl idh RESREL: ol pahogens
maypbedadminisesedyel coubinhii@d i @ sgde vaddideengit@, toGlenetdBAln fenhanced
._and either eluted in 254, EB buyffer for preparation o
TR FSPUEC EBHST ANEURIF| )ity Keronenan BeRngrvecprs guay encode
antigaléwft)ﬁlemuit?ﬁl@%a%gaﬁ@%ie%ob?gaﬁf%ﬁ@,ndirés% REREGH: !ag,‘._o??i%ted antigens.

Oof ddH20 for el eCtroporation into S. enteritidis.

AdpDigreen 08 G6RERORCYr S2Qa et BB ssinglBultipRabitigeds has the advantage

o RYNTEL HFRART SR oI el MR A I e, e

attenuated bacteria, such as Salmonella enteritidis 13A, provide a suitable vaccine vector for

eliciting an immune response against multiple antigens.

Heterologous polynucleotides encoding antigens can be inserted in the bacterial
genome at any non-essential site or alternatively may be carried on a plasmid using methods
well known in the art. One suitable site for insertion of polynucleotides is within external
portions of transmembrane proteins or coupled to sequences which target the heterologous
polynucleotide for secretory pathways. One example of a suitable transmembrane protein for
insertion of polynucleotides is the /amB 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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Ioop 9 up 5' TGTACAAGTGGACGCCAATC 3' 5'
GTTATCGCOGTCTI TGATATAGCC 3'  51ATI TOCCG? TATGCCGCAGC 3
WO S PANACAGAGGGOGACGAG 3' 5' GCTATA PCT/US2007/078785
TCAAAGACCGCGADI ACTAACTATAACGGT CCTAAGGTAGCGAAT
TTCCOGGGATCCGTCGA 3'
51GCTGOGGCA TAACCGGAAAT TGTAGOCT GGAGCTGLTTCG 3

P e AR e R RS AT ey e viruss,

parﬁ@?cﬁzﬁ@ﬁ@m&/&ses ah@ QR 1iRe d OHeteroldeoRs YIoJNIBISERE can also be
obtained from pathogenic bacteria, e.g., genes encoding bacterial proteins such as toxins, and
outer membrane proteins. Further, heterologous polynucleotides from parasites, such as
Limerta are attractive candidates for use of a vector vaccine.

Polynucleotides encoding polypeptides involved in triggering the immune system
may also be included in a vaccine vector, such as a live attenuated Salmonella vaccine. The
polynucleotides may encode immune system molecules known for their stimulatory effects,
such as an interleukin, Tumor Necrosis Factor or an interferon, or another polynucleotide
involved in immune-regulation. The vaccine vector may also include polynucleotides
encoding peptides known to stimulate an immune response, such as the CD154 polypeptide
described herein.

A method of generating site-specific mutations in a bacterium that is a member of the
Enterobacteraciae family is provided. The method as exemplified makes use of overlapping
extension PCR, the Red recombinase system, and an intermediary insertion of the I-Scel
endonuclease recognition site as a counter-selection marker. Alternatively, sacB may also be
used as a counter-selection marker. The overall strategy is shown in Figure 1. Overlapping
extension PCR was used to produce linear DNA with long flanking homology to the genome
of SEI3A. The Red recombinase system was used to mediate recombination between
incoming linear, PCR-generated DNA with the bacterial genome. In the two-step mutation
process, the [-Scel site/ Km' cassette was first inserted into the chromosome in the lamB gene
by homologous recombination. Then, this mutation was replaced with the desired insertion
sequences (LM2-MZ2e, CD154s or combination sequences). To make the replacement, a PCR
product carrying the desired insertion sequence was added simultaneously with a plasmid
encoding the I-Scel endonuclease enzyme used for counter-selection between the first and
second mutations.

The procedure for generating site-directed mutants may be used in any member of the
Enterobacteraciae family. The Enterobacteraciae family includes, 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 extrancous sequences. Thus, the site-directed mutagenesis disclosed herein can be used
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Kmr Kan4l Kan4r |lami | i nside Kin' gene:

sequenci ng Me/ | oop 9 dn
WO 2008/036673 9 P PCT/US2007/078785

<13
to generate autologous bacteria which are deleted for a single gene or even a single amino
acid or nucleotide.

In the Examples, the polynucleotides were generated by overlapping extension PCR,
but one of skill in the art will appreciate that other methods of generating linear
polynucleotides are available and could be utilized. The linear first and second
polynucleotides must contain some sequence homologous to the sequence flanking the
mutation site to allow for Red mediated recombination. The amount of homologous
sequence may comprise less than 300 base pairs on either side of the mutation site. Suitable
the homologous sequence is less than 200 base pairs. The polynucleotides may be introduced
into the bacteria by any method known to those of skill in the art. In the Examples, the linear
polynucleotides were electroporated into the bacteria.

Methods of developing a bacterial vaccine vector are also provided. First, a
bacterium capable of colonizing a subject is selected. Then, the bacterium is attenuated to
generate an attenuated bacterium. Attenuation may be performed by a variety of methods
known to those of skill in the art. Finally, a CD154 polynucleotide sequence encoding a
CD154 polypeptide capable of binding CD40 is incorporated into the attenuated bacterium to
generate a vaccine vector. The CD154 polypeptide may be fewer than 50 amino acids long
and will comprise amino acids 140-149 of CD154 SEQ ID NO: 26 or a homolog thereof,
The bacterial vaccine vector may also incorporate a second polynucleotide sequence
encoding an antigenic polypeptide. In one embodiment, the CD154 polypeptide and the
antigenic polypeptide are encoded on the same polynucleotide sequence.

The following examples are meant only to be illustrative and are not meant as

limitations on the scope of the invention or of the appended claims.
EXAMPLES
Example 1. Construction of M2e¢ and M2e/CD154 inserts.

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/NVSIL and deposited with the ATCC as deposit number PTA-7871. Bacteria
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CD154s/ 1 oop 9 dn51GCTATATCAAAGACGGCGATAAC
TOGGCAGAAAAAGOTTATTATACCATOTCT AZ! | CCCGTTATGCCGCAGC 3
WO 2908/03¢678_ f CD154s- (A y) 3 - LM2- PCT/US2007/078785
51 TOGGCAGAAAAAGGTTATTATACCATA CTGGTOGTGOTGAACT TGAAACCC
(dy)3-loop 9
dnCGATTCGTAACGGTGGTGGTATTTCCQG.TATGCCGCAGC 3

| < 5 3-1 9
R L A ———
cu&%ﬂr%ﬁ&%% 700 TJ | - CD154- (Ser ) 4- LM2-
5

GAAAAAGGT TATI ATACCATOTCTTCCTCCTCCTCCGAAG TGAAA
( SeLpda{BepaiiSdrB)4medio pwac uLCCAT CAURFECESWETG, TCElls, and SOC media

T i

Wienu %ﬁ% A Botick v!relré added to the media: ampicillin (Amp) at
&;:JCOA\(XEA\(XBA\%A\%A\ P (Amp)

10@3&3/ @ééﬁ@@m&:ﬂ@b%%m&@%rmb@r@ ¢CB) pi 25pg/ml.
| CAACTTCOGA GGAGGAGGAG TA TCGCCGTCI TTGATATAGCC 3
Pliasarid8f out er regi ons of |oop 9: 5 GCCATCTCGCTTGGTGATAA
3" | am 3rsequenci ng51CGCl GGTAL111GCOGTACA 3' I n Table
1, Pleatnidsi d8oia) p&IEGE boe pBareSw@d mkeemﬁhbddypkﬂoﬁsljr b@étsenko and
9 5 insertion site,

NEFORNTINEL KN E ORI A e
of MRiANRELRLEMAE] RESNCS, H80NR: inBalid eﬁlﬂ@ﬁes?ﬁ?lﬁ%ﬁ# @8$46 encodes

represent the 1-Scet recognition site in
Re@rrﬁmbma&blenaymew vihidemtdiote seoplegansreasmbinbdmnofiincoming linear

DN‘Jz{] {h ch?gr%oso%a?%l\rlgP Olthaig Ipf%?mid also contains the Ampicillin resistance gene

and is temperature-sensitive so that it requires 30°C for maintenance in the cell, Plasmid

PKDI13 served as a template for amplification of the Km resistance (Km') gene used in
overlapping PCR. Plasmid pBC-I-Scel, which is maintained in the cell at 37°C, produces the
[-Scel enzyme, which cleaves the following 18 base pair, rare recognition sequence: §'-
TAGGGATAACAGGGTAAT-3" (SEQ ID NO:30). Plasmid pBC-I-Scel also contains the

chloramphenicol resistance (Cm") gene.
PCR

All primers used for PCR are listed in Table 1. Typically, PCR was performed using
approximately 0.1pg of purified genomic, plasmid or PCR-generated DNA (Qiagen,
Valencia, CA, USA), Ix cloned Pfu polymerase buffer, SU Pfic polymerase (Stratagene La
Jolla, CA, USA), ImM dNTPs (GE Healthcare Bio-Sciences Corp., Piscataway, 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 puwified (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 SuL

of ddH,0 for electroporation into S. enteritidis.
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Transformation of plCD46 into S. enteritidis was the
first step carried out so that Red 10 reconbi nase
WOZRWIHEYScoul d be used for nedi ating reconbi nBET/ER208F078785
subsequent nutations. Plasm d pl046 was harvested from
E. colt BW5113 (Datsenko and Wanner, PNAS 2000,
97 6640- 6645) usi ng a plasm-dspreparation kit (Q agen
Ta 1] Then 0.41 of pl<D46 DNA was used
Por t é‘ﬁg¥§)(i%??e(§n into S. enteritidis 13A which had
been pre d.for electroporation. (Datsenko and
Prygpegner rag&é %OOO E97m6640 6645) Brl efl y cells were

;:2 Lgf, oveqrom?lgvht )

a1 mocut-ated-i-nto cd‘d

andnd NOUP®99Ce! 1St & chey LAl Gew%eiwh 0046 pl asni d

KnWET € Neated at S0C $or R I BE R RO AT ARG GTCCT ARG TAGOG A AT

2008/ 0368&1aPLhNVS200 T LEHBERmcEfrea 31 nact i vat e host
Kmrestri ¢tion., Cell s SSredmsnedchiimerdlihaesctancdedd?26s 3
Kanfiit er  amiek Keeskis pendedAraco80dTefAcT %3l ycerol . Cel s
Kanfer e t hemngpul sed ats@400c24G0kMchosril- 6ns, i ncubat ed
lampify  SOC M2ffooiP-d8  hours$CaT BRE G el ok Bt @Gl AGTTAABA IR G AL TCGTAACATITCC
wi-th appropriate adiWETEGEE40C6E enteritidis
‘aJ“tl% ansf é%DHiﬁ'f’%) o' t h I KWéTWéC%ﬁMK@@JéM@W

for..additi.onal

by )- - DT A G A JTC G LGAAGTTGAAACCE
i2-i (G GTATAATAACCTITTTETOC A‘”A‘CEA
E ombis Chase enzyrresmgﬂ@A RaUr P or g LA - CCACCOTTATCGCCGICTT

THGET TS @O0, LM deTgacadita R0GCHE AT T AT AGHTGTE T TP CCOAAGTTGAAR

| - Seel [seignivbSed,@Rp CBcdovmcdEansteuctcckiddaadte c@IATTCGTAACTCCT
| - Scel senzyne r ecognmg_c@mcceammng}ma h the Km gene

TIknt 0 | GOF+Bepiv2did) t5 @m/xmsmdmc Gﬂt TTACGGGTC
t he Reden.@€embi nas -'~v L@ BNGOAGI - JAS 3
2000,  FE.6RaDw6645 SSaRT AF@TG%"@H@W%%@G%?& n by

lamppf er eﬁ’é‘éf%lwqft@9eﬁﬁp¢f’élFWGCmTweﬁBapp| ng PCR (Horton

lam | BB e chni uiSSCTHOO TIRCEPRCARD . which i s
[ ncorporated herein by reference in its entirety). The
insertion site corresponds to nucl eotide 1257 of the

[n TebiBI gierieized inngleSideyne bdapleypiaiiuh dilied dde 6Sthe JamB gene loop 9
eﬁ){(};}) ur i uraJ as an annot aiﬁ‘«ﬂﬂ reference 15 genoms

InseEiQr pile, vuCH, FATGSROBHSAR MBISRHEE f &RiTiag Sobehimuiia as e pnnotated

rcfef:ér@@ leRtné. NI At %ubﬁ%ﬁ&és'r@gkpﬁén ﬁ}{:( -8R rgcogﬁ @0 %itk 99 Rhe K-t

9 down, respectively) were a Separ

prinmgt ﬁék@hmeﬁbrﬁquumm&cfshmma& amerlpmd for Ioop 9 up
and lamdn-f and lamdn-r for loop 9 down. Then the

Elettmopgatienf r om pKD13 pl asm d was anpl i fied using
primers Kmf and Kmr, Here, the 1-Seel enzyne site
vvaSl‘ rslysféihﬁﬂhbﬁ al me@dﬁ% 8. @uiteh@idi' wanHe Bfst l‘»{t@bfcm@ieﬂ %f so that Red
t preceded 20 a region conplinentary to

recq Bﬂb@ FREYIRES ‘?Péﬁd be jugedaiog enediatinggieemmipatising crfasmbsaqyemcmutauons

Plasfrm § PRI oD dIPOR BAIRME 3l BRI Rl Baias 2000,

e conp ntary regl ohs "a

97: WOCHMS)Susﬁzﬁg @pﬁ@rﬁld Wapdlatisielt ﬁ?xa% SNPAIBAES CA 1998). PﬁEén n0.5uL of
reaction. gure 2a represents this design schene.

pKl?%alaHénwas 6 §¢rstfanﬁ@>rmﬂu¢rbmpp ) enfﬂrlf!deéél whikh hid beeh@mpared for

o PEIERER T R S5 RSN cots v

1noduhxﬂ¢d:ﬁfﬂo km Bhdbonosey Tandtt ke gib'uﬁlt AP bRk ®Bn 100uL of
plates, To verify the correct sequence orientation of

Ovew@t et Was rensopdpted rinted] (ol dregh BERY W brhthpat 3r7é’C for 3-4 hours.
r f I er
Ce“ﬁg%f% tg‘?’ gﬂ) mkéggﬁleplg%gg@ | ﬁr‘?eg%%at%%n%t ?%@P gr?dmmutes to help
| anBr are prinmers |ocated outside the lanB | oop 9
regi on. These PCR fragnents were gel purified (Q agen,
Val encia, CA, USA) and used for DNA sequencing. 30
Loop 9 up- LM2 or CD154s or conbi nati on sequence- Loop
9 down Construct The final overl appi ng PCR
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To shorten the anmount of steps for construction of the
WOnext( fragment the LM2 or CD 154 sequence was i

@WH@?rcal |y added to the 5' end of the | anf@kLUF2007/078785

primer and preceded by the conplinentary region to the

| oop-up-r primer. The previously used PCR product for

10 loop 9 up could be used t-dgether with the newy

. h,.L\NR.

naf 8L KA BT REOOBl | g T S fporencec i

60pIhef 10walyckdR CeRevbRNhertHAWRMEE 2460004 SUKNCfor i &Y, tncubated in SOC
sequences (referred to as conbi nati on sequences), an

for e hgupcr X epndajatnd eadedd mdia wﬁhtdpgrdpoln@eamtﬂbmm hs. enteritidis
I th add
o 5 B S SR PR, S s v

prepared (fmpadtbﬁdnapeleﬁ’@@poréﬁhﬂ eaeiong aiﬂ@t@?@%ﬁﬂﬂﬁﬁ faftfe &Ac¥pt that 15%
and Serine (TCC) as well as all other am no

aralgpy P%sté\%ﬁ cdHgsafuasaRerespmbioats Fredmgaac dour paompswashing, and
cells rd?(ﬂﬁ@%hé’r %%oﬁé%‘aﬁ%gé& TabCOl | and Sal monel | a

typh |nur|u protelns le 1 for further details
r | acement of |-Seel/ Knr
LO‘\%I;?BE) K%c ?%ngﬂ "&\T%Wg n Sequences PCR-B
ct.s ner 2 tro oratedlnto ent tidis cells
gﬁ OrGHen oF &?ﬁ‘f’e@e ¢ recogniflo ity 578?8 }yﬁﬁﬁb%m geneginggrloop 9 of
the ams %9h@%§ﬁ&ne4&l éonﬁlmﬂag ted Red morhbﬁé&é §fstedh Q?Q%ko and Wanner,

186: 4921- 4930, which is”incorporated ereln
PNASt 41080 9&:6640-6643, eﬁ'tmfr &t w):orp@ramelsermrbseaﬁbremmts entirety) and

o FATE R ORI B RS PHEERI0 L8k 1 o

hertin liyhefelt@mb ac aprentresy. l?ﬁRuﬁelft@h stth @oﬂf@@poﬁcﬂ&%ﬂ%&oﬁ’@iﬁ? of the

nce. gbdlfl ed regions in the selected clones were
lam%(ﬁ?“&n‘ﬁ?r}gf deroneligdypiimusiaule it 63 ebiaurip) setosrasnpleigd reference

genHﬁﬂgQ%Hgt:q ug gﬁﬁﬁf ?ﬁgg @ﬁaﬁg% nﬂﬁécﬁ{ltgﬁf ﬁ%ﬁ(mg AR toop 9

insdrig®esitd ﬁmp‘nﬁtuptamd! fioop 9 dowil, hes;febnﬁdiy)nwhatanqﬂif&ﬂ%Qparateiy Primers
whi ch woul d

used e g R e T tar 07 100G 1 Seemain 6k k- aeiop 9 dovin
Thetncth@ﬁrﬂr BRI & P10 Jikignili 3. flﬁed P&E%@Imgg I&B'T%h? tﬁ%jx Here,

of the I-Scel enzyne recogni t| n sit acent to
the kificel apenme vite Wanpptlodeatist aldgd 200e 5300y I@h—ﬂ‘;jrmmr ithieg preceded by
ogous _to t stream.a
o P ER e i BB, 5 FRGer £/ oHo Fraplipegy o the
looS-dbig paiRdkr vae Rd & ddeWis S’V@ﬁRﬂ’%h\f?lx Mer. The coM@;mentaIy regions allow
2008/ 036675PC0OUB2007/ 078785 - fragnment was
all BrRGRduedisty i awsal aherrised @ serplpies ivxmeeBERnga®ed. Figure 2a

o RTHISE IR eS8 A SnREN Ty - on

doval @q&&cﬂ@?@Rs@mﬁﬁ eRdirbsurated ntél SSeAr@WHinsEIst Qdlich-hafRled pKD46
sitel Km se uence, and the identified mut ant was

and yaarp gylupedd o Blatedindleld ety Key plitesc € peridly ke correct
seq¥rkd éﬁ\@lta‘?iron COL34S BhtatHOLBbL A EE q%{?p% SPaC}F_) it Tner pairs

second nutation step required constru
KarfiF4gmahiand Kef@/laedr, tvdxeasKB@%&rﬂrKhrﬂRm Kot dehgrapeeifRBrimers and

Ia.mgg CL)%H% Oéfg%l?rg #‘)ngln E:Jq?rgﬁ Eggyuiggg?%%ese PC%\Dfragments
werB @Bl%t@ﬂ?éld $0fabag BN R, E@RU@,AE}%Ha LGNS DRVE sy genc% e

sel ecti on marker and nust be’counter-sel ecte

LR e R g
0= 08 S LT, AT S BTRE T covs

or cma&nrehensccqmpmwtfladkedrﬁﬂoaﬂ?ﬁ@ a@ﬂmgmviﬁeg;anGRglﬁe 28§.t €6mbination
reconbi nati on of PCR-B to replace PCR-A, positive
cl ones were chosen based on the ability to grow on Cm
but not on Km After DNA sequencing of nmutants to
confirm successful reconbination of PCR-B, the strains
15 were designated SE172, SEI 73, SE180, and SE189 for
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25 htrA gene. Mutation of the aroA gene, a key gene in
the chorismc acid pathway of bacteria, results in a
WOZREPE et abol i ¢ defici ency which affects seREHUS2007/078785
separate biochem cal pathways. Miutation of the htrA
gene reduces the cell's ability to withstand exposure
to |l ow and high tenperatures,7l-ow pH, and oxidative

a DNA d i ents ces . the bacteria's
seafiter BRnE B Bk A2 0 b « b S et amaciied siiy avian speces
(M2d26 4RIl GBIl 59e4MéheS R EPREert Rudth %s @9&&6 aly )gﬁm&tﬁsm residues.
5'. enteritidis was replaced w Km resi sta

IﬂSQj@ﬁéseﬁé@f@éﬁdféme i Bollos: éMﬂol(‘éE@d%@ﬂ@@?vaﬂbap@D@ ID NO:38);

oG 90,665 0,161 BB, 21 19, PR S4B s

condhimtien Iétmet{m res? s(mﬁmmsmmgwg%ﬁcbmM@(sfethMz (Ser)e-
g g Sn [ cont aining the genes of interest (ar
LMKFF‘% 53 #Ri ng the Kmresistance gene with

2001“0'3%%@?}%% QfHo{lﬁt @]stgﬁsﬂfb‘?r}ﬁﬁi 1[&85'? lormgl? ?)@ t!{?ngnt the LM2 or

genes of Interest mresis
CD bt stignede stesyathe@cadiy adtiedicditk &t iead ofblediih @RS’ oK@ and preceded

DNA seguenci n The resul ti ng ar QA-
by R gonpREnEH) iou SCEPRTS RRE: (B et iishReR FOReproduct for

100;?%3535‘39@ %&g% @ etéa;g %éfnﬁgdhlﬁge\g gp&n%éﬁ%@g‘@géduwm WA LM2 or

CDI¥sprease |11w@mﬂ)ated' hethatX endaf é@bzs@ dawngo penfemaths dinkeBCRdeaction.

t ds t Both of t
ot 0 el B R et g BRI BF b BRiul el ex PR
stepthivel hétledd i@t (pl@e m@eﬁud@m,omﬂﬁenb%neﬁw Qo %Hip‘ﬁfyt Rop 9 up with

col onize the |iver, spleen, and cecal tonsil
add%%wk%@e%me@ﬁca@ msewnrsﬁ@mmonnwt@dwowmm-r anmer The coding

sn P ARG FSLRs ORI PRCLOLD, B8 AL G EBRISEAE S8 chosn
baseelX pr. esgipiind afatdVBE tlen choSDIRuently used GldbnsS W FRGOI and Salmonella
essi on of MPe and CD154 inserts was confirned

r. th
th\WF "R PE]IRAE$- es%fqb%bwmli“’gélﬁtaﬂ? atppneralerien reacti on.
In short, polyclonal antibodies were nmade against the
Gengmip iephiceme é@ﬁr&@y om” o tthL M2pn (R 1 §4E VE TRuNnaBEG ¢qhences
NG 5) and CD154 15 (WAEKGYYTMSC, SEQ | D NO 6)
c odjCRgBtreaducts were afacireporpred o s, emwdzs Tk alegubvith plgsmid pBC-

R R IR T S
whi€ll i§ NecdYBealeWPhab@ 6P LBdesen ﬁﬁdeﬂtf}@?ﬁ Olbnés Qﬂna%?ich PCR-B

plate at roomtenperature and allowed to i ncubate for
recogdn@?él@é Agatioqmevere @b@qea@ec@wpgé@w@hnlma@ gfevenrfimethtdsybut not on

Km! r gsene o L t.s are sho

Kin 8" GRS Bk B SR B iEp, RS Se 2ol ok secuence
Modifiet @@@Ch hnytha {etoctesl Qﬁnwdfeﬁb ReBalnpIFicAl 86d DN AlseQiknces were

reaction is indjcated a (Hsign. The results
detegraingt élﬁmaﬁ)érrteﬁ%kdnﬁﬁéndsm@/x Lggatedr qpsudating laset9 dasseendain amplified
reg“grpse M2e and CD154 peptide antibodies, while the
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are ﬂressed on the surface of the
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SETH B EREaR e e lued SRtk e B Mieninh Mgk, which would
serve as the carrier of the I-Scel site/ Km' cassette to be inserted into the lamB site. PCR-A
consisted of the [-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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Genomic Replacement of I-Seel/ Km" with LM2 or CD154s or combination sequences

The second mutation step required constructing a PCR fragment, referred to as PCR-
B and shown in Figure 2B, consisting of the final insertion sequence, LM2 or CD154 or
combination sequences, flanked by lamB homologous fragments. PCR-B amplicons have no
selection marker and must be counter-selected after replacement for the previous I-Scel site/
Km' mutation in SE164. Plasmid pBC-I-Scel encodes the Cm® gene and the I-Scel enzyme,
which will cut the genome at the I-Scel site of SE164. Therefore, pBC-I-Scel was
electroporated into SE164 along with PCR-B. After recombination of PCR-B to replace
PCR-A, positive clones were chosen based on the ability to grow on Cm but not on Km.
After DNA sequencing of mutants to confirm successful recombination of PCR-B, the strains
were designated SE172, SE173, SE180, and SE189 for insert sequences L.M2, CDI154s,
(Gly)-CD154s-(Gly);-LM2~(Gly)s, and (Ser)s-M2eA-(Ser)s-M2eA-(Set)4-CD154-(Ser)s-
LM2-(Ser)s-LM2-(Ser)s, respectively. Ten random clones for each the LM2 and CD154s
insertion were used for PCR with lam 3f and lam 3r then digested using unique restriction
enzymes sites for each insertion sequence and 100% of clones tested by digestion were
positive for the desired mutation sequence. Sequencing results demonstrated that the
insertion of LM2 or CD154s or combination sequences was exactly into the loop 9 region

without the addition of extraneous nucleotides.
Example 2. Attenuation of M2e or M2e/CD154 mutants/inserts.

Attenuation of SE13A was achieved by deletion mutation of the arod gene and/or the
hird gene. Mutation of the arod gene, a key gene in the chorismic acid pathway of bactetia,
results in a severe metabolic deficiency which affects seven separate biochemical pathways.
Mutation of the Afrd 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

corpleted using overlapping extension PCR and electroporation of the PCR products as
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(WAEKGYYTMSC; SEQ ID NO:6) conjugated to a carrier protein (KLH). The resulting
antibodies were then incubated with SEI3A wildtype (no inserts) or SE13A with either the
M2e-LM2, the CD134 or the M2e-LM2 and CD154 combined insert on a glass plate at room

temperature and allowed to incubate for 30 seconds. Cell surface expression was determined

by the presence of a precipitate. Results are shown in Table 2. A positive precipitation
reaction is indicated by a (+) sign and a negative precipitation reaction is indicated by a ()
sign. The results demonstrate that the SE13A wildtype did not react with the M2e and
CD154 peptide antibodies, while the strains expressing M2e, CD154 or M2e and CD154
reacted with the appropriate antibodies. Thus, M2e and CD154 peptides are being expressed

on the surface of the bacteria.

Table 2. Precipitation reaction

SEI3A SE13A-M2E SE13A-CD154 | SEI13A-M2E-
CD154
M2E antibody - + Not tested +
CD154 antibody “ Not tested + +
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Example 4. Vaccination Study.

Day-of-hatch (day 0) chicks were obtained from a local commercial hatchery and
randomly distributed into treatment groups (n=55/treatment group). Fifteen chicks out of the
possible 55 in each treatment group were tagged and numbered. The chicks were orally
infected by gavage with 0.25 ml of 10%, 10°, or 107 (data not shown) cfu/ml of the various
SE13A treatments as indicated in Table 3.

Table 3. Challenge Dose for each treatment group,

Treatment Group Challenge Dose
SE13A-M2E 10” cfu/ml
SE13A-M2E-CD154 10° cfu/ml
SE13A-M2FE aroA 10" cf/ml
SE13A-M2E-CD154 aroA 10" cfu/ml
SE13A-M2E htrA 10° cfu/ml
SE13A-M2E-CD154 htrA 10° cfw/ml

Each treatment group was housed in an individual floor pen on fresh pine litter and
provided water and feed ad libitum. On days 7, 14, 21 and 28 post-hatch, approximately 1 ml
of blood was collected from each of the fifteen tagged birds and the serum was removed for
later use in determining antibody titers. On the same days, ten birds from each treatment
group were cuthanized, their liver, spleen and ceca tonsils aseptically removed for
determination of bacterial colonization (ceca tonsils) and bacterial invasion (liver and spleen).
Individual liver, spleen and ceca tonsil samples were pre-enriched in tetrathionate broth
overnight at 37°C. The next day loopfuls of each broth culture were streaked onto XLD agar
plates supplemented with Novabicin and Naladixic Acid and incubated overnight at 37°C.
The following morning the plates were read for the presence or absence of Salmonella
colonies. Bacterial colonization and invasion data are presented in Table 4 by treatment
group. Each ratio presented in Table 4 represents the number of birds from which 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 D14 [ D21 (D28 | D7 Di4 | D21 | D28

SE13A 910 | 3/10 | 5/10 12/10 | 8/10 | 8/10 [2/10 |4/10

SE13A-M2E-CD154 9710 | 7/10 | 6/10 19/10 | 8/10 | 1710 | 5/10 | 4/10
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SE13A-MZE aroA 16/10 | 4/10 | 0/10 | 3/10 | 9/10 | 4/10 | 0/10 | 3/10

SEI3A-M2E-CD154 avoA | 4/10 | 1/10 | 1710 | 3/10 [4/10 | 0/10 | 0/10 | 3/10

SE13A-M2E htrA 510 | /10 | 0/10 | 1/10 | 4/10 | 2/10 10/10 | 2/10

SE13A-M2E-CD154 htrA | 4/10 | 1/10 | 0/10 | 0/10 | 6/10 | 0/10 | 0/10 | 0710

Positive Salmonella bacterial isolates recovered from birds in each treatment group
were subjected to analysis by polymerase chain reaction (PCR) using the primers specific to
each insert disclosed in Table 1 to verify the M2e- and or CD154 insert. This technique was
utilized to ensure that the strain that the birds were originafly given was equivalent to the
strain recovered. In each treatment group, PCR confirmed that the recovered strains were the
same as the strains with which the birds were infected. The results indicated acceptable

colonization of tissues with the various Salmonella strains tested.
Example 5. M2e antibody production.

Serum collected from the tagged birds in each treatment group was used in an antigen
capture ELISA to calculate M2e antibody levels. In brief, individual wells of a 96-well plate
were coated with 5 pg/ml of the M2e-L.M2 epitope (EVETPIRN: SEQ ID NO:5) conjugated
to BSA. Antigen adhesion was allowed to proceed overnight at 4°C. Plates were rinsed with
PBS -+ 0.05% Tween 20 and incubated for 2 hours with the serum previously collected from
the birds 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
Ig¥ 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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2.
that was on average over 30% higher when compared with their respective group that only
expresses MZe. The data demonstrate that SE13A-M2e and SE13A-M2e-CD154 are both
capable of eliciting a robust antibody response to M2¢. This response was clearly augmented
by addition of the CD154 peptide. In addition, similar responses were generated when cither
the arod or hird auxotrophic SEI3A strains were utilized. These strains may provide
vaccine vectors with higher safety for clinical use without sacrificing generation of a robust

immune response.
Example 6. Virus Neutralization.

Antisera (collected 2 weeks after the booster immunization in each experiment)
generated against the recombinant SE vectors described above were subjected to virus
neutralization testing using HON2 Influenza (Charles River Laboratories, Franklin, CT) using
standard protocols (Charles River Laboratories). See Table 5. Neutralizing indices indicate
that the antisera from vaccinated chickens were effective in neutralizing Avian Influenzs and
thus in protecting embryos from the virus (VN titers ranged from 6.3 to 8.8 in two studies).

Hyperimmune serum raised against synthetic M2e peptide was used as a positive control.

Table 5. Virus Neutralization

SE strain Neufralization Index
SE aroA M2E 7.5
SE aroA M2E-CD154 8.3
SE aroA M2E (multi-copy)-CD154 8.3
Positive control 8.3

Lxample 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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Western Blotting Detection Reagents (Amersham Biosciences, Piscataway, NJ) 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 (106 EIDsg per bird (EID refers to
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moMitér¥® @18ily for disease signs for 14 days post-infection (PI). The morbidity results
following challenge with LPAI H7N2 are shown in Figure 5 and demonstrate a significant
reduction in morbidity after vaccination with SE13A expressing M2E and CD154. For
determining incidence of viral shedding, oral and cloacal swabs were taken on day 2 and 4 PL.
The amount of viral shedding following 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.

Fxperiment Il 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 ul of phosphate-buffered saline (PBS, pH 7.4).
Birds in group 4 and 5 received vaccination with ASE M2e-HM as described in Expt. . On
day 42, birds in group 1 receive sham challenge with 100 ul PBS via intranasal route. Birds
in groups 2 and 3 received challenge with 0.1 and 100 CLDsg Eg/02 (HPAI H5N1) per bird,
respectively. Birds in groups 4 and S received challenge with 0.1 and 100 CLDsy Eg/02
(HPAI H5N1) per bird, respectively. Following challenge, birds were monitored daily for
morbidity and mortality for 14 days P1. Chickens displaying severe clinical signs of discase
were euthanized by overdose of sodium pentobarbital. The morbidity resuits 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
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expressi ng ME and CD154. For determ ning incidence of
vi ral sheddlng, oral and cl oacal swabs were taken on
vi,ral .sheddi n ng
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reduction in norbidity after vaccination with SEL13A
expressing M2E and CD154. For detern1n|ng - 25 -
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leastsine didkluegzd AII\HMGﬁguwhahdieemgeetm ticotiAln HoNknat Adades 2
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vacci nation with SE13A- Me al so reduce the ability of
Al to replicate in the chicks. 26 W claim 1. A
vacci ne vector conprising a pol ynucl eoti de sequence
encodi ng an antigenic pol ypeptide and a CD154

pol ynucl eoti de sequence encodi ng a CD154 pol ypepti de
capabl e of binding CD40, wherein the CD154 pol ypepti de
has fewer than 50 am no acids and conprises an no

aci ds 140-149 of SEQ ID NGO 26 or a honol og thereof,
and wherein the antigenic polynucl eoti de sequence and
the CD154 pol ynucl eoti de sequence are inserted within



6. The use of any of clains 4-5, wherein the vaccine
vector is a bacterium 7. The use of any of clains
4-6, wherein the vaccine vector further conprises at
| east one Influenza A M2e pol ynucl eoti de sequence
encodi ng an I nfluenza A Me 27 pol ypeptide in an
anount effective to enhance the i mmune response of a
subject to Influenza AL 8. Use of a bacterium
polgRpRdd Biaf@ndtind FREGveab enllantd tenaRuAe MEoROLYNHUML;RPLHI de
sequence encodi ng an | nfluenza A M2e pol ypeptide for
Infly¢a Ranuf act ure of a vaccine effective to enhance the
i mmune response of a subject to Influenza A wherein
the bacterium further conprises a CDI 54 polynucl eotide
8. sedirerd e bestedith ngmprisGny 4t (G4t pollyihepti déVizapdphelofide
Y Do M A T e
cffebM@e pehlymue tethhtiae SEpBa6La QgREiogadhzh A huenRzand
~ Me pol¥ eptide for the manufacture of a vaccine
bacigripg dpithee cpBPrEa add IPAPP YaRglgt e sequshesenseding Aty 54
poi%?ﬁ&:‘ cré'aém@plbcﬁﬁ(ﬁiﬁé coan b hA8To LORPMLLS S8 oA iGERE.
pol ynucl eoti de segquence encodi ng a CD154 pol ypepti de
capabl e of binding CD40 and having fewer than 50 am no

aci;gds. . e.of any claigs 7-9, erein trl
> I'n f[?j% She %DQ% N go ‘ﬁ% lsi/l]%eapl) fela%:eo nleg . @‘Liﬁ“é% E{el\é%q B! YTL%GOB 5‘6 up
sequeansergbiing aofn Biefdal OMIR pblypSEQel fB NOn2inuSEQd & aNG:Sie

+SEQ 1D NO 4,. SEQ ID NO 5, SEQ ID NO 20, and
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combpFiga MBI | Of noBFRe lRidNQefuendded BH; i FedleaPlble of
) gEgélD h[xéjand an innﬁhoggﬁkgagggg§2¥?F%P$9EQ fl ble of
bindiggy YD4§ pndriveingsfewefthamid aniap peidy- 10, wherein the
I nfl uenza A M2e pol ynucl eoti de sequence is inserted
into a pol ynucl eoti de sequence encodi ng an externa
10. porihi ose @fang clairans-fewhdrein eheplindti@izn A MR2 polheptlds & Lfected

...any clainms 6-1]1 reLn erpum i Jrenber of

ror fptein e obs L Rete dns 05 BNGE ST bSO SERaPaO

SEQLD Nohersnis ke aeiehikMdysnia reah ekt et naef

. _any of (a) Salnponella enteritidi S having ATcc deposit

MM pgsetC IPERePBTISEQ BY N Sanripmeinpeenst fragnrene apibl é of0:3

and G@1 A& QBic FraBBh RFS ) B2l monel 1 a st rai n
conprising a futationin an 28 aromatization pat hway,
(d) a Salnonella strain conprising a nutation within

ar (e). a Salno l g strain conprisi mut at.ion in
L 2%?3§§%f5%§%H§éﬂggﬂﬂ '“§W3“§*$B%A%§E%ﬁﬂ@WF'“gﬁ?ain
seque il brsbid iatoMUoRinueBotidd s?:%feﬁce dttoding absLehfii AMoPbr
claims 8-13, wherein the 154 pol ynucl eoti de sequence
tranjnee MRS R t hi n a sequence encodi ng an externa
portion of a transnenbrane protein. 15. The use of any
of clains 8-14, wherein the CD 154 pol ypepti de
12, Cofﬁ)@' iwad apnelamns 6-11, wherein the bacterium is a member of the

Enterobacteraciae family.

13, The use of claim 12, wherein the bacterium is a Salmonella strain of any of (a)
Salmonella enteriticis having ATCC deposit number PTA-7871, (b) a Salmonella strain

capable of colonizing a subject, (¢) a Salmonella strain comprising a mutation in an



acids 140-149 of SEQ ID NG 26 or a honvol og t hereof.
16. A net hod for devel oping a bacterial vaccine vector
conprising: a) selecting a bacterium capabl e of
coloni zing a subject; b) attenuating the bacteriumto
generate an attenuated bacterium c) incorporating a
CD 154 pol ynucl eoti de segu¥nce encoding a CD 154
pol ypepti de capabl e of binding CD40 into the
aroratttanouapethving cd)er Jalinicdlagemnecaneridny aeeaten WRGInQfro4, (¢) a
. Wherein the CDI.54 pol ypeptide has fewer than 50 am no
Salmanclia sigi Gefaﬁﬁ%li‘%%gm APRGT s ooeysa BYh Y DE1BA of
Salibiflh BrNPc88 pREin@a BRBLAS hhgr eof ; and d)
i ncorporating a second pol ynucl eoti de sequence
encodi ng an antigenic polypeptide into the chronosone
of -t VAL 1 er.ein antigenic . .
4o Sy A5 B MEE Sha MRS OB i Grcemens
inscsteduwithmer srecncasent!ing awickieiml poraeeienegamseBGdhhe groddin.
external portion of a transnenbrane protein . 17.The
met hod of claim 16, wherein the CD154 pol ypepti de and

15. t herhantd @Rl Gf BRINGEPL, AR @R Bi1cRNTBUAGH LY 1dR&0SBMEs amino

,polgnucleotlde seqguence.
acids 140-149 of SEQ ID NO:26 or a homolog thereof.

16. 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 CD 154 polynucleotide sequence encoding a CD 154 polypeptide
capable of binding CD40 into the attenuated bacterium to generate a vaccine vector,
wherein the CD154 polypeptide has fewer than 50 amino acids and comprises amino
acids 140-149 of CD154 of SEQ ID NO:26 or a homolog thereof; and

d) incorporating a second polynucleotide sequence encoding an antigenic polypeptide
into the chromosome of the vaccine vector, wherein the antigenic polynucleotide
sequence and the CD154 polynucleotide sequence are inserted within a sequence

encoding an external portion of a transmembrane protein .

I7. The method of claim 16, wherein the CD154 polypeptide and the antigenic

polypeptide are encoded by the same polynucleotide sequence.



