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GENETI C gﬁg§b¥ﬁ,yECTCRS 5 BACKGROUND OF THE Il V' VENTION Field of the

| nvention "% invention pertains to the field of genetFPEIUSVHMSS.
Specifically, the invention provides nethods for inproving the efficacy of
genetic vaccines by providing materialg that facilitate t al geSERQUY a
genetic vaccine to a particular tissue or cell type of interest. Background
15 Cenetic imuni zation represents a novel mechani sm of inducing protective
humoral and cellular immunitSJ. Vectors for genetic vaccination |y
consi st of DNA that includes a pronoterl enhancer sequence oﬂmmmmmmad
to a gene of interest (which often encodes an antigen) and

pol yadenyl ati on/transcriptional term nator sequence. After intrasugtul ar or
intradermal injection, the gene of interest is expressed followed by 20
recogni tion of t PARGSHITING DPGENEYICTY ACCINEVELTORSNe system
Geneti c inmuni zations provide neans to induce protective rnmunity even in
situations when the pathogens are poorly characterized or cannot be

i sol.ated or cultured in | aboratory environnent. Antigen is expressed in the
hosl5 cell cytoplasm (for exanple, in nuscle cells) or, by inclusion of a
signal secretion sequence, is expressed on the surface of the host cell or
25 secreted fxomthe host cell. The antigen is processed by endogenous
processes of the host cell transfected by the genetic vaccine vector. Wen
expressed cytoplasmcally, the antigen is thought to be targeted to the
prot easone for proteolysis. The peptides so derived are sorted by
endogenous TAP-1 and TAP-2 and transported into the |lunen of the rough
*300002* WO 991 41402 PRAICISERNOBRD30R THE ISVEERTEON2 endopl asni ¢
reticulum (RER), where they associate with MHC Cass | nol ecul es for
eventual trafficking to the cell surface as a nol ecular conplex of Cass I,
~2- ni crBigldpiithelnxpatioept i de. Wien the antigen is released intact from

transfected cellsq4it. is thought to.b ken up by endogyti at hways in
APgBand pr ocessed TPHYBYFHiomPe h%mcg-ﬁfﬁcgﬂ&?ﬁgﬁ%ﬁ ch’efia%?ﬁé@f?ﬁyo'rheevent ual
present @b MibrPProl iRk incRids M A6 And heRRLAI B r EEAGMRAL AnddbycRBPIAEE Wi th MHC
Class | or Il holecules. The efficacy of gehetic vaccination is often

| i m t edmbieriatsethét faciditdte tapgetiog offa gyectet vaccinataei partivelet tysse bntall tyek b§.
Generally, less than 1 % of the nuscle or skin cells at the sites of

i njecti e%xpress the gene of interest. Even a small inprovenent in the

ef ficiency 10 of genetic vaccine vectors to enter the cells can result in a
dranmat i Batkgrogage in the level of

15 Genetic immunization represents a novel mechanism of inducing protective
humoral and cellular immunity. Vectors for genetic vaccinations generally consist of DNA
that includes a promoter/enhancer sequence operably linked to a gene of interest (which
often encodes an antigen) and a polyadenylation/transcriptional terminator sequence. After
intramuscular or intradermal injection, the gene of interest is expressed followed by

20  recognition of the resulting protein by the cells of the immune system. Genetic
immunizations provide means to induce protective immunity even in situations when the
pathogens are poorly characterized or cannot be isolated or cultured in laboratory
environment. Antigen is expressed in the host cell cytoplasm (for example, in muscle cells)
or, by inclusion of a signal secretion sequence, is expressed on the surface of the host cell or

25  secreted from the host cell. The antigen is processed by endogenous processes of the host
cell transfected by the genetic vaccine vector. When expressed cytoplasmically, the antigen‘ ‘
is thought to be targeted to the proteasome for proteolysis. The peptides so derived are

sorted by endogenous TAP-1 and TAP-2 and transported into the lJumen of the rough

T
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i mmune response induced by genetic vaccination. A vector typically has to
Cross mamh ohRf4d €'s which can result in only a very m nor Pf &,8:{},29f t he
DNA ever being expressed. Limtations to inmunogenicity includé: 10sSs of
vector due to nucl eases present in blogd and tissues; inef1ff' fcstfnl@mintry of
DNA into a cell; inefficient entry of into the nucleus o h 5 cell
and preference of DNA for other conpartnents; |ack of DNA stability in the
nucl eus (facter. limtin clear stability m iffer fromthose affecting
ot her - cEPRGRIETIS RiCuT GGR). arvire @Wﬁw&wggﬁéﬁ@w mekee@& It hat

i ntegrat : 16l 8nc fi . J i8N an .Site
oo et LA Bt SO ADSnfhe] HERLEL KRR o,
pr ef er alahg pkgtidet Weh@eme bhiEgends ediétBed LRI aRdEdtbE BIRY itlidihAdakhtlb B8UE Or
20 cell. Thus, a need exists for genetic vaccines that can be fargeted to

speci f i ¢akeslup barendo¢ysispathwgye sn APC andaqreeassedaimterndilycii therhiblyiendegenonsr eased
abiljty tq enter the target cells. The present invention fulfills these and
ot et n@BHsYaySIqueKER kD Saptal R BRI FLFUFRES 7 REUIE TASRARHS 1BITOBPIRK dos

met hOds_v‘;iﬁ{l\ﬂﬁEHEE pgrgn&ﬂ%émgspeci fic binding nolecule that is useful for

i ncreasing uptake or specificity of a genetic vaccine to a target cell. The
met hods i nvol ve: deaffidagy af bédetiaiicehatiopcio oben fiftiteB My)AefEcRat asigite shat by
reconbi ning a nucleic acid that encodes a pol épegti de that conprises a

nucl ei c S8BEUP WFEIEE Mectels irtoreeln @eacrally) lsbethanilth ehthe meusclecrskin qsls ghidst i de

t hat i . a.cell - ifi bi.ndi 0 d in.. d i he lib
o2 dontltFt SRR apRas ergstic R iBfesRY: Blef ARl imBH et EnE FF Fefchken o
t hatg canriefdic vVacAndVEhds fo ankth@Balld Qndesifll inSB8Ghfit ShrE&EE Rt @k 1ev15%getp

cel I s SUBSTI TUTE SHEET ( RULE 26) WD 991 41402 PCT/ US99/ 03023 ~ ~ s E
zooz of imannecespanse induzed by genaticuceciantiorgeA-veres gipidally fmado cross many

B cel | 5 DA BHIANEN L 40 ORG BRI Eic R AT MedaN Redver BB REMEMSEd mont o,
e et 19t fins'h S MNER AR 00186 S VaoP dELd SRFELH Srcblrf B0 BAPLY
useful for 1ncreasing ake ‘or specificity of a geneafsl PVatel ne 1o a 5

target aibkbes nvfflciei eftly) of BNANMRIOU £4ll; dheffieRAl edthy STDRAGinkeHhe ndclb@y dbthef a
nucl ei ¢ aci d which conprises a pol ynucl eotide that encodes a nucleic acid

bi ntt ng celread prefarancerofl RN tfor ¢thencomppraranth dackef N Hfstabilydn Sleqauglaud whi ch
conpris el.).-specific.ligand t.S i ficall.y binds a protein on
Che. sur taclramiing Bificas appied PRy it p ogerplptite PR b B 3R8 7 or o

di ffer fehamdaRmn OhmBstmbdts) W, 6r VERIdHs ikt ifedhdasto Jhe cRioRtHiemeant i brary of
reconbi nant binding noiety 10 encoding nucleic acids; (2) transfecting into
a popul afficdenayfoflmtsgraten husd thelsité o finyegritiore Maesvergefoc imanfy aphlicdtionoopri ses:

a) a binding site specific for the nucleic acid bindi grg domai n and 2 a
menber @&ENEHEVACFIBERAYS BrefFabls o the BENBICRCREE 1 FRIET 2 BRESHIAR TSR 8P REL aci ds,
whesein the reconbi nant binding noiety is expressed and binds to the

bi nding site to forma vectorbinding noiety conplex; (3) lysing the host

celI's under condi tTH3sa fiddalextes fBﬁ%chHti%r\MB&inés thabdandiengrgeteditb epecific cell
vect or - bi ndi ng noi ety conplex; (4) contacting the vector-binding noiety

conpl ex anditissug typasqdtintersst, ard whichexbibit andngreas)yd abiupitte eptenthetareefeaclisel | s

t hat congain a vector j spl ati t he optim zed reconbi nant cell-specific
bi ndi ngnlh}ﬁpéﬁ?mrfﬂ?f?r&i°86f§&1t§§€?s?Sﬂﬁ?gmﬁge? rget cells. If further

optim zation is desired, the nmethods can further involve: (6) 20

reconbi ning at | east one OPUMMASTY (K THE TRMENTIOINNG noi et y- encodi ng
nucleic acid with a further formof the polynucleotide that encodes a
nuck®i ¢ aci d bi ndi g meseni mventidh@rowdbumetwds foraptahingaecebeipgeific biiingle

t hat encodes .a cel |l -sg)gfi fic Iigand, which ar e sane or different from

et
the firSBORRYS BREIHIERbIATNCTERS g HHEAOTSPEE] Repls BRIV AEFINF B i Hant
bi ndi ng Jmi = ' uclet ol s f ' it pul ation
of 'host ol e ZEREAE LB UG RUES ofrrobbAR R BB P P S e
speci fi aeéanbihing amieletd axiddiatevode Agoypemide thmctoprisbea necleivhacidenndingndi ng
noi et y-encodi ng nucl ei c acids, wherein the reconbinant binding npjiety is
expr esseipmaigiand nauclels agiddhasienendes aqiolpeptids tahrempmsss greebispesi g bHsieg v
conplex;, (8) lysing the hast cell der_conditions that.do. not disrupt
bi Al ng AR SERSHRE AT 1o e R B s B POSBH Bei T et
vect or - biingihBeholRued tfalcAAR R oW ki hah 48l 1&8LL11-Sfectfl tRESBE Targehdells
identifying Target cells that contain the vector; and ( 10) isolating the
optim zed reconbi nant binding noiety nucleic acids fromthe target cells

whi ch contain the vect or SUBSTIRSUESSHEBTH RSHEETEY RULE 26) WO 99/ 41402
PC TIUS99/03023 1 1 S E P 2002 4




(-11 ) repeating (6) through ( 10), as necessary, to obtain a further
optim zed cell -specific binding noiety useful for increasing uptake or
speci fi @fQ%?/“Moza genetic vaccine vector to a target cel | .PCTREPRIEAt | on
also provides cell-specific reconbi ngnt bi nding noieties § prsggu Eg by
expressing in a host cell an optim zed reconbi nant bi ndi ng noi et@- ncodi ng
nucl ei ¢ acid obtained by the nethods of the invention. In another

enbodi nent, the invention provides genetic vaccines that include: a) an
opt i mioz particeavmtsres inclusderaitigen-pissentingtandtany gerpprosessing ¢ells) setl asmiuselbi ndi ng
domain and a cell-specifig il d, and b | ynucl eoti d equence t hat
conpr i°& “};‘Pnﬁ?ﬂaﬁ‘r‘?@‘? t’cce‘:,Cﬁ?L’dé aﬂgrkﬁl}w Sﬁg@?%ﬂ tﬁ@?ﬂe%iaﬂﬁl\'ﬁ‘{jg omai n is
capabl e of specif tGat LibBaiRhRmk S BidedidiPror SolatfifdiPEaipbOdi Ment
of the invention provides nethods for obtaining an optimz cell-specific
bi ndi Bpecific Bihytingardiedy Useful fordnesingouptpteadtapedfititg aty geticvpeind focd ty of a
genetic vaccine for a target cell b reconbining at |least first and

: 1
setondargeiagt molye: {B ragembinangatilepst ina%t(aé@) ﬁ%ﬂoné derms of Al pusipie ead wléchnhi ch

encodes_a .non-toxi ¢, recept or bi.ndi ng,mi et,y-of. an _ent er at oxi r. other
Cox n OTRERSE PRI REE Bl e Bt AR aEheifdind S i dh KRR A o or
nOr € REInAForndast a hRldl KIYGRidh d hiﬁb’rﬁéé’aEéll-EﬁéEH'i@lié‘é{atthﬁ%ﬁé&ﬁ&al@%ix‘i’&s? (2)
transfecting vectors that contain'the library of hucleic acids’into a
popul a¢ & proteifi onak¢ swikck sf a wkiboBntereshewhereinaghe fisst iads sevoad dorprselsferdrom f or m
reconbi nant cel |l -specific binding nojety 20 polypeptides;. (3) cantacting

t he réeer]w FART™E OF MmoznBugleqtidentd aTasycrp lisrary péFsrarbinagbbingdingmeieya) |

sysfa £ of:sa b 15 - r whi , i nant
| 2 EheddiPhlciic fid8 APRARARs et PRIl QURE ML BT RS 0701 na
t o t heattpsetiiclk ebmpriddet dyadsindihg sitdheieei Mdfor feakR et adld BEHdetd donvAs ahdie vect or
by a target cell by coating the genetic vaccine vector wth an optim zed

r econts) pamambes of thegbeary jof resombinagt basidetgymeiebdensedingynuchesesidss whetelibds ar e

al so provided by .the invention. The, prgsent inpvention.als rovi des net hods

For e AerEbmRindRe MY (proet BIBiRgunels Biihfes B 1o &

Vect OlhifRAPRABRM cdipleli(a) r}@&g PR hb &hd uﬂ@ér'cﬁﬁ&ﬂioﬁ?maﬁh@n&rdié‘rﬁﬁponent that

has, or confers upon a vector, enhanced ability to enter a selected

mbhmalbinding oSthe vectpobindoigimaisty catiplex; (4) enrmetin@the vidoes dimbBogmmdsety nvol ve: (
S to.produce a

1) 30 i ni f L. of .pol | eot i
1 br s B ALRE BEYAES: Bl obiAeniBang WA P B8 PRPAGR HEHOC1 ani ma

alibr . j ' Kages,. 1 T 26) WO
oor a1 £ soReEdR 6858 REOEhl:nBRE GRETe s W atblec bl e 00} e
| i br artjeseftarg@@en®i nant pol vnucl eoti des operably |inked to a pol ynucl eotide
that encodes a di splay pol ypeptide, wherein the reconbi nant pol ynucl eotide

and the di spl ay Ipbirthgepptiragationds dgpiressk gheomerbods ¢ansfughempinveles:{6hi ch i s

ich is di.splayed on the surface of the replicable neti ¢c.package; and
(%° 7 axSoitifRe 3 B RBa pPinin et et b mal Bt RS M e oot e
ti ssue Qbnmiderh 88 theddlyiRkicBliddintidcalbea ﬁwacat;itd%naﬂgheﬂnaﬁnraﬁwo? 3, Wwherein
recovered replicabl e dgenetic packages have enhanced ability to enter the
sel ectfedherdommbf the pbiynscleotigethatahobdésst cedlt-specificdigahé, wisinirate.the §anieiot her

optimzation of the deljvery vehicle is desired, the nethods of the
i nventqzlﬁ?remfmrﬂélﬂe figgtd secondyfpripg de PEOHHCR G fartherdibasry of gscmbingnt wﬁm—s ses at

| east g 3] - nys| | ' |4 | & genetic
packad iR aEaNEL RALiSRRlO" (Bl R nd BuG P RAe) ORI HRA LAY
P2k ynueteed thekesnigiser HAiRdiAg kit dpReifid fobfRmucRic 466 BHdinad¥main and 2)

pol vnucl eoti des; (5) adm nistering to a test animal a library of replicable
genet itbe preombipest bisdinh nufietytencodinpnpelesesida, wherstr thefrecolbirfant binding| | br ary
of reconbi nant pol ynuc] eqti des, operahly |linked to a.pol ynucl eoti de that
oncoadioBi s SxprBped RS bgt IiEE bRREIET I i BesHor DR AP o 15
and t l I i . NS0 I i IS

i ch T N o o By S RS e ' o)

r ecoveanoisty doaiex; #9) @ngetirg the veatok-bieking haterpcempler ettt a tanget bell sl ect ed
tissue of the test aninmal at a suitable tinme after admnistration;, and.(7)

r dBeatiPisgest and idpatyfiing tamgyt cells thikeerigiy the ve@on paal H)alsplatng e GPpINER% ed
mbj_pant. del hi cl e that_exhi bits further . ity
et or 5ol blpdite mifeR: e afbs SR s gk ST PR hekloriahe ©

Met hods of administration that are of particular interest include, for
exanpl e, oral, topical, and inhalation. Wiere the admnistration is

i ntravenous, manmal i an SUSSTEEUTE SHEET (YYILE B6) ude, for exanple, |ynph node
and spleen. In another enbodi nent, the invention provides nethods for

evol ving a vaccine delivery vehicle, genetic vaccine vector, or a vector




25 to obtain an optim zed delivery vehicle or vector conponent that has, or
confers wepsgqdsect or containing the conponent, enhanced SP@F/%%%%% for
antigen-presenting cells by: ( 1) reconbining nenbers of a pool o

pol vnucl eotides to produce a |library of reconbinant pol vnudileSER casaz;, ( 2)
producing a library of replicable genetic packages, each of which conprises
a nenber of the library of reconbi nant 30 pol ynucl eoti des operably I|inked
to ap nucl eot | t hat odes a di spl .pol v tide,. er.ei n _.t.he

Feconbt hinteppBiie 63 pledBin B Redetvi ) R S RER Rz USUSpPubEey s o
SUBST! fifHmsibiely (B2 H HAUR R GO 0302 ackirk wecfr B 2002
fusion prot%*% &%ich ig mﬁ?%ﬁ“ﬁ%ﬂglspla %é & t eésurfa%e of‘fﬁ% ?eplicable
genet i carpetadege; (3) contacting the library of reconbinant replicable
genetic packages with a non-APC to renpve replicabl e genetic packages that
di spl ay non- APC- skitsdnysmion adsaopropisies pelbsnegtic regembinant tiring B10i4H§S t he

r econbi_nant |L{ . epetic_packages that di.d t bind to the.non- APC
o amrateed 68 ekG3fe LR SeB 4 RRARHen dRo b Rin il -tpiprdd™
recovemgglefcaRid SHtairRd BOMRS hietHdds baeRSnntiopapabl e of specifically binding
to APCs. In an additional enbodi nent, the invention provides nethods for
evol vi ng a vacci e agethevembodiatent|the inyemtsdri provisdes geretiv eatames that iscludect or
conponepnt to.obtain an.optim zed delivery vehicle or . co nent to obtain an
opti m z’lgan 88?“?‘%7&896 Wlf"é bé‘FCEO%E%%‘?W fhst E%‘H‘%Wéﬁtnu@[ﬁft aﬂgg{“d&g ‘%’G’r?ﬁ%r S upon
a vect ah:ag Il 1 . . L arget

el | by f SRR e BTR7 BB o RN Gt Ik chinbrhl b e 2k "0
acl@l whiteheis teotleseiancidbiedihgy domaite REipatiés ofdpetiGically biadink s theditiisgcond
forns differ fromeach other in two or nore nucl eotides, to produce a

| i brar$!®f reconbi nant invasin nucleic acids; (2) producing a library of

reconbi nant bact efi.ophage ach of. whi ch di splays on.the, | bact eri ophage
surface a fusion é&‘&b@é%ﬂbﬁ IRETE OF LoF %ycrglo@me%ﬁ?scma@ﬂgs g%ggta%%ﬂ ses a

r econbigpantizddNeASIpRc e ikdlifig A1 ' AefRho YFiReifcse t hat
encodesdﬂa ollf spl ay pg%ﬁ ypeptli %gﬁl%;ﬁe%ﬁ?gﬁr%&ékﬁgﬁebﬁﬂg %/w;f %%cor?bﬂ?nant
bact er iofptgegeionrachine fpoptargdticell byt (It) aregmhbinélg & leastifirst emisecony] forboofial phage
and_phage, which is bound to the surface of the target cells; and, (S)

r ebdveMUAIGHAY, B APRANEES & R Bcrotide Mhich ensedess RAT oK TPLEPIREIdRG t he 20
rec OVEfrE&leig%ggﬁseﬂﬁ%t%QH &J@ﬁ%}'&g%ir?g%gl%h{ tﬂgtﬁrﬁ%ﬂg SERARGHEL n@ﬁbﬂ frdnh hbh €Nt €r

t he target n-sone e opt1 m zed reconbl nant genetic
vacci netherdih w6 or Hlré MdldoticRb] t6lpesduce 1ibest @f recomdananhscleibheidngd) usi ng
these nmethods exhibit inproved ability to enter an antigen presenting cell.
These renbisgung vertonsviat gentatnsthie dipraryiof owsleis agids éntotaipepulating pEkast eglisst ep to
renmove viect.ors which di,d not enter an antigen presenting cell: 2~ culturing
the cel'V ISP IGIES SPISP TS BT PHb PR AP aHer CEanectis BPdige Aot i gen
pr ggenty 84dss (3)a00lta 8RS flel BGorhBRaRlel e &d 'bﬁEl?erﬁn' BRY p&spGtiiEs WaaCI ne
vectorl¥?ﬁ§ﬁ1tﬁeﬁgel l'ysat e. %%tpg%ﬁ:prg?entfng cells ?%%t?@%ﬁtain an

opt i m zeutllrsecfacdrecaptor gbnergd ceHraidn@) daeinoinmgoeaincl eecothbitanf cadldspeyifict or
exanpl e, detecting expression _of a marker gene that is included in the

vect or PINJIRE BohY Pebaepidastexhikihenhgaerdiabelity s binddo thedarget edlrpisthads of

nucl eot | 0_that encaodes i n L i .M zed
Fecombi AR otk GRGREFE Yy TRRRRF bl Bl s s PR

i ndi vi digalor hiithr 87 dptRREEFezoibiint EHRE ﬁi&&lh@iiﬂﬁ@ﬁoi@tz Wce@ By BldRSTI TUTE
SHEET ( RULE 26) WO 991 41402 7 PCTNS99103023 1 1 SEP 2002 presenting
cePfs; methedd ararlsagrovidedbe teddve®@e. wi t h T | ynphocyt es obt ai ned fromthe
same i ndi vi dual agbthe APCs; and 'denthyin% tra sfeﬁted APC cul.t.ures which
are capabl e of i nHBEPRE™ IRVeNUARAISOPFRYidesTREReds fof GROYINgANAGHBS HEIVSEL nonse
in the : i Skt Lpereased T
 yrphoc s Ray o SPRe RS vREioR i th el R bl Y B B o e R B e

act i vi tyehig@abmnsimporieat thet haebt cordfad upbs A #asef] caiimekd asilipy whintdriacblectéd an
exanpl e, the_genetic vaccine vector can be capable of jnducing a TH 1

r esponJBammalen Hesveawop pdmiristratigistoaonagmapdhesnagdpaginyolvel Yiphocyt e
response that.involyes aqne Q re of proljiferatio | L- roduct i on, .and
| e0rr apeomp e bes of Maedl ol B RssBgt lp@isr Horag IR oo Ve
the use,Nm@eREkES (y%iafstéﬁq§V£%@gt%nﬁﬁalqeﬁurx&rc}f r¥ltable @néthadackdpekude a
nucl eoti de sequence that encodes an antigen; optimzed reconbi nant vacci ne
vectors can be identified by: injecting the library of reconbi nant genetic
vacci ne vectors into a test animal; obtaining |ynphatic cells (e.g.,
dendritic cells) fromt he 'Tﬂﬁﬁrﬁal'llE,ETaﬁ&U‘r%EE{eri ng reconbi nant genetic

vacci ne vectors fromthe |ynphatic cells, wherein the recovered reconbi nant
genetic vacci ne vectors exhibit




15 inproved ability to enter |lynphatic cells. In sone enbodinents, the
‘antigen is a cell surface antigen, and prior to isolating the optim zed
reconbi n¥®x99¢eHet i ¢ vacci ne vectors, cells that contain aRCatsondioed
reconbi nant vector are purified by binding to an affini ty1rfs%grniggz/\hi ch
selectively binds to the cell surface antigen. The inventi'on-al so provides
nmet hods of evol ving a bacteriophage-derived 20 vacci ne delivery vehicle to
obtain a delivery vehicle having enhanced ability to enter a target cell.
These ngtheflehich\wamiise§ e nfenees oPlhe libtary of e&embinahigblduch@riges dpefsbly and
second forns of a nucleic acid which encodes an invasin pol ypeptide

wher ei rirkied td¢ 2 pelynaelg¢otide thatierfcodessa disply pofypeptideawhereintthe racombwantor nor e

nucl eoti des, . ta.produce.,.a |ibrary of reconbi nant jnvasin nucl.eic acids; (2)
pr oduci quoﬂfig??‘g ﬂ}e HERIBYHPR MRS 285 SXPrESSHRAS, é“é‘&& Wr%?m\kﬁlﬁ}h‘sz&“ﬁﬁ spl ays
on the; | | : jd NLAYeri c
gene t HSARREREE I RPEHE, BFhlep bR PRRIS e HoEh Mg el "1
pol §nucdepeti¢ pckbfaattherao gessem i kisddebectqdalsepepttharst dndhalcpatsaniblgmehe

l'i brary of reconbi nant bacteriophage with a popul ation of target cells; (4)
renovi rijten AGBIRTT3sIRagwharen weenasedwepipatle genstinpackegeshave apitanced drilitpre

target cells: an ~) _recoverin hase .whi ch are presen Lthin the target
col s, SEnesdfied Meria It R nup et e mab AL ar have
enhanc eghaibatidnVofltRe BB WIry VBB cIEqS 8&ired tht tnetfddSbfhhelifiventibh RthePRVbezat i ON
is desired, the nethods can include the further SUBSTI TUTE SHEET ( RULE 26)
WO 99/ 434 02cdA@inidgIOMuB362 3cid that toBhAse00 2east @psemimbiffi) polyaoctkitideng a

nucl ei c ,aci d ich c ri ses at | east one reconbi nant invasin nucleic acid
obﬂ%i neRPIHPRHTAMIFRIP 25815as@%wmﬂageirgc%@sm"@ewlawgtlﬁ%ﬁeg@fh4: hith a
further I j . ' .af.. fzeconbi nant
| nvasi POSPL RO B HIUENE BlE, houRE ABHEPofkellhbiNE sol BB TP T
bact er i aiphiageringac A tedt ahirdliadibraty dfkepliRabie geidic hacked, eptloorwisith f ace a

fusi on pol ypeptide encoded by a chineric gene that conprises a reconbi nant
i nvasi reomriises & mesber of drealvrhen litvamy dfirecomipeany pelyhededtides ppereble hinkerkty a

di spl ay, I tide: (8 ontacting.,the library aof reconbinan .

bact er | bRTEHEIACR Thetedhod G EiPIbf Fotipapucurn BB RBoT g MEISBHIE phage
angsphagy o ushlay HoHRHAL SreledBredstd!BGEuslbn E%‘?eiﬁ WLeG is GidiSis dApRyed B
recovering phage which are present wthin the target 10 cells; anhd ( 11 )

r epeat i thg sqfdcetdfitipeicgplicaldl® penetic pacicazesh) yrecdvarinpteplinatde genctiopaclkages thiaz ed
reconbi nant del.i verg/ vehjcl e ich exhjbits further have enhanced ability
to ent ACPHRECHAR Jat seleqtedtissip ok Wirdest ABGRAl AbhEW bl dimRtlisd Swavwr#g a

bacteri der i L\Eer ol I LMer ehicle
havi g CAneatE ARUAE) B8 leeslitfins obfh Ehftul- Lot rdofilaafery Vel
addi t i ofelivest whiclothat exHiBjts Fittef enHagcéditilitye empt 4 s6letel memanhenassue

delivery vehicle a polynucl eoti de which encodes an antigen of interest,
whéPei nupdncadgnnisgationfo 4 mammed tMethods pf adeiattragornathai @ OhPPUFPYHERIErese whi ch
conpri ses second di spl ol.ypeptide; ( dm ni.stering the delivery
vent ol cnpds TBES s el ot AR elgian aVRbm At adbe RisEo e G

vehi ! et BsieR o iRENEH ifdude, FLelBHIOINRR FodcfdlsgRtnani mal . 20

Al ternatively, the fc?lf?IgV\/i ?\tlgl sFep’Sat%n e ’gf‘fg?o{i/bed: ( ?2)ni nserting into
the optim zed rechnimathertentieldinnentythe éfventien aropaley metiode fordeoiMrigeh encodes
an antigen, of [ .nterest, wherein the antigen of interest is expressed as a
fusi on ine de By e il IRCRBHPIAFSIBE VECISh OB AYCHPLIPMBPIEY vpept | de; (13)
adrini stering the delivery vehicle est P02 -" PR 1 ni ng
an'tsher the delivery vehicle is capté(gf)glag}&lor?g&lé?%gderlfgu r‘%?ulﬁzﬁ ‘g‘?eg?ﬂ bodi es

agai nst cémponepEthBORAN oMzﬁ&sfﬁPB@ﬁivé@tér tdifainik itgeddbnifone efteated spacifisaypl e
of a target cell of interest for these nmethods is an antigen-presenting

cel | . | for@négenspresentingtrells hy:gh) irecorphiningdesmberneftapap! pdpolprerdentidegtoand
screeni ng .a reconbi nant cell -specific hinding noiety..for bility to

i ncr eas%’%l%‘feaak@br&}'y QEEEP?H%B@V&C@W%H%@%%@ 8@:‘&9%’}/1‘1&" agﬁlrﬁ?lb‘:@bfecel |, the
met hod hSALAG: [Nl i aang[c Esidadtor ns of at

| east o %}Eﬂgkﬁéekﬁge%%%%‘? ogagﬁg?gﬁﬁg%ﬁmg@%ﬁ%ﬁ%gtgrt andrgsecon%lﬁtf orms of the
nu@ilei cpalghutienides operably IGIMBSTd I bdEmEtIERId tRhllehcatfe} a dishlay BERDeAOL? 8a

wherein the recombinant polynucleotide and the display polypeptide are expressed as a



pol ynucl eoti de that encodes a nucleic acid binding domain and at | east
first and second forns of at |east one additional nucleic acid, wherein
each of WR¥41#Q and second forms of the additional nucl EETEIIWBnpri ses
a-pol ynucl eoti de that encodes a ceII-sgeC|f|c l'igand that sspegisf hgal |y
binds to a 5 protein on the surface of~“a cell of |nterest) mhereln t he
first and second fornms of each nucleic acid differ fromeach other in two
or nore nucl eotides roduce a |ibrary of reconbinant binding

noi et y- %lnmcnrwglmwhicbns:wgmhdsdlsplaye@mtitg@uﬁg:eapflthebmhyatde gomsticaragkdgeom t he

vect or GrisPACHEE Ui 1hrar QLaPEp pare FAYGRTF EEOeH S PACkReR NI BOTMAPE B0
bi nd t
encod g e RadieenBi IR Bhes o WRBIe o BC Spe i B AR PP R T L

of vect @!)Scdntﬁcﬁng)ltlﬁb RtorfibinéntieplicabR deetidhekaiend thhidi®nsidsird td @e Rl APO!
bi nding noiety is expressed and recovering the expressed reconbi nant

bi ndi ngwithiaatAPC pug reaspyetingghedeghabbirdwshel éfcwﬂﬂbrmﬁte rhtougredgrepbitably to a
vector comprising the 15 vect or - bi ndi ng noi ety

conpl ex&® ’%gfpﬁgﬁPS%?Eﬁﬂpgﬂ 6@@%@FMEFWB$H§?%gFng conplex with a target

cel I of interest; jpndaddifiot¢LRbIAMAS thed m@é}ﬁxoﬂ rme@s hefh9at f&%’vbﬁqﬁ@ﬁ“ ain a
vector from the vector- bi ndi ng noi ety conplex |, recovering t

r econbi veaineaieliverypehids, gexhntmdaangnm@duyonméommompodeﬁtrtorubaemyasuch t ar get

cells. 20.In another aspect, the invention praqvides a conposition for
el i citi PRfiraiTed ApliyRsy Wé@skﬁr%éomﬁa@ené Enhtaigas openized-dediypmi VeRiale BT YeAtorg

d
7 ofthd, StRberRTRaL B ot hfn Tk ionte R hs R, B PR BRI "
ant i genteadiflertratgee @apby S@)s récoRibiedh 8t 18hdt Girst WHE@ 5 &IoRd trhignd WICd Migeid@tid bi ndi ng
domain is capable of 25 speC|f|caITy bi nding to the binding site. In yet

anot her whigbesnrodasha invasenpalppeppidewteein sheritshad feoondfornts el fifier fzotd egdlr eeni ng
a reconbinant cell-specific,binding miety far an_ ability to ipcrease

Lt ake, OWEF ISHByPT TBOERgEleptdas; {ypraducs )by g sy WepigmuglieAGaS cor | |
t he net hgd i forns of
at | eas @Bﬁ&&g §1c 366&9‘%&%9%' n egﬁ%}g ﬁ‘*@?@?ggﬁk&égg%d forms of
t helﬁnucbmtmcqmagb mrf@enasmsaomp@lgbmtdeIeﬁcﬂdedeby\dmh&heﬁmgaﬁahatazdmmﬁemg moi ety
of an enterotoxin, wherein the first and second forns differ from each

ot her i www&u@m waen@uelp@aclddwrabﬂbhpke&de @@olynucleotidssthat encpggpa Qtspl%r ary

o o OB o i R Rtk P SR

nmenber ggdthelld; I(lv)' éniodhg ﬁmlpﬂé{émﬂ a8t Whahiif ouddib thé‘&vﬁﬁéﬂé@f@ﬂe one or
nore nmenbers of the library of vectors into one or nore host cells, wherein

t he mentegetstlls; land I(5br®pyerﬁlaﬁhagew:nb| an@ptesgmy ithing tkwdamgst csllsewbm@gs@ld to
f nmbi t [ f bi.ndj t d d
t hedd oc QN TENP AL TS SRRCIFR e Biesa G it GRScsHDREbEs et P TREENAaet ng
th nbi t
€ reconbl nan C‘i‘# onﬁ?%&'bB ifneils nﬂfearb% dﬂ?%";% gco%%l}{%%h%cf V‘Ac%ﬁxe%ﬁ%%l nant

surface receptor of a targe ce etermn e reco

cel | - spdelifdrg véhicids,"g vebloEtompaeyRebtaigka @ﬁutbbie&nemb@sﬂ@eﬁibmbnﬂmowd to 10
bind to the target cell. Also included is a nethod for producing and
screeni ﬁbl By focadRTAnrARtige pleBensipB i Ehase merthasisiven énxplysoweshing theeetlppiem
ablllty n ase, u take efficac r,specificit of a vacci anti gen
for a i BIEEfRahon SERES FRsdvsdeeBRavHEh fig o £t plpoesmarier e P8t ti ¢t
andysec @Gﬁ’uxﬁr?tﬂ@ cBlls R alpp@fterPitRdined At trhrstBGidh; 1yiile B AR E&Bredenting

pol ynucl eot i whi ch encodes a cell-specific binding Toiety, wherein the
first anellseodisdlatingrtbse optithized faecombmanthgenetievadcimet weoton frompthe aelldysde.i des,

to prodyce a library of reconbinant nucleic acids; (2).introducing one or
mor e mefBRISEN Bresentirasells %%Fowetaarogumé@éﬁe@mmwrgeeewpwcsw Vécw%ﬁf@r of

the | DE8Rderhel BORPLDANIHGLBNG o B8R0 LN o o8 MRV iIGRc SR kRS

wherei n th reco |nan nuclerc aci

expr essegctbfs. TOE6MS ehReaHMnt e Eakblic tRefeMesioPtoEbAgsMRIstIAOkyiRAtd de;
(3) contacting the reconblnant cell -specific binding noi ety pol ypeptide

wi t B0 a dhatienendes ar émmupegenit ansigen andppfinized rdcombinand genstisi vaceige Vectprse
reconbi nant ecific. bln n t|de exhi bits enhanced

i 1ty e 6 s gt Blel Firhy wBR o9 S ot s sunhik R AR
reconbi nant cell-specific binding noiety polypeptide to the vaccine antigen
or coating the vaccine antigen with the reconbinant cell-specific binding
moi ety pol ypeptide. |n arsusSTITOTEESHEET (RULEBIgeNti on provi des a met hod of
identifying a vector conponent that confers upon a vector an enhanced
ab|I|ty to enter an 30 antlgen presentlng ceII or anti gen-processing cell,

.




contacting a library of vectors, each vector conprising a vector conponent
that conprises a nenber of the library of reconbinant nucleic acids, with a
popul at {@ﬂggﬁl‘ﬁ%ti gen- presenting or antigen-processi ng cePFEUSERF023

determ ning the percentage of cells in_the popul ation that :{:qn in at |east
one vector of the library of vectors, ?hereby identifying at |¥ds®l0@ne
vector conponent that confers upon the at |east one vector the enhanced
ability to enter the antigen-presenting or antigenprocessing cells. In yet
anot herPresspeeg celis sorqwianng sansiecied ABES avithel hmp%peytemhsamtdwg-om thasanee

del i ver.y,vehicle,.,to tain.an.optim zed del i ver ehicl e havi nhanced 10
apeci T iEE R ARE: 2R i Blthe Faditfa SEA P lgn Vb ec GapB R of T ot e
nmet hod ; 4 St . I i f otides to
O oducdi gt BT nghbeiekepaRy Thod IR T: KpdhsPRithe mBRUUAbED] | To0.
of replsetrirddragrnit groupaoksgmsg, oféncrbasedl Tilymphosaeipriolifeestion, ierdassd Df t he

| i brary of reconbi nant pol ynucl eoti des operablly 't nked to a ﬁi?]l ynucl eoti de
tha? eneBRBecEc-amutirisy colislagiupt sgpnst aareeicalliand inceasadryiakine

pol ynuc I, t i Lynucl eot | de_are expressed as f.usi on

pr ot ei r# r\%ﬁéé@%ﬁi ?&dl s%%ggﬂé%%eﬁg?ﬁgc ?6??%%"&" ercfnﬁée F%Plie EHP Cﬁgﬁaﬁlc
packageresgohbe §9PeNia6Hde@Dy A rhisdpERE APTs IRTRHRI AN mph8Pht fRPbRe@tet i C
packages with at |east one non-antigen-presenting cell” or

nonant i igeelver anessinagte afgirblifemtioanidy2 prejuciion bhé imerfeon-g ppaickiges t hat

di splay non 20 anti.gen-presenting or. non-antigen-processi ng-specifi.c fusion
pol ypepti des; andA(dg)n%[\?‘E‘muﬁQ‘%f RE these BisHCAR R o ve ing ‘é,sélﬂ? CRfERPFUNC
Paglagescidiobe dhifl Pl Re ik lie Atnd:iBTke AEMATABLIBELaPIAREAL I N0 cel
or non-antigen-processing cell wth at Teast 'one antigen-presemting cell or
ant i gerompindiesssicombiednlt vadviherveevecdnt: idbaedtthainjdeing tHeditrite ot | east one
antigen-presenting cell or antigen-processing ceLﬂ, wherein 25 the

r ecoverEEOTPRIPANCIANCHC YarfaRe YeCue i 8 deshrrimel pakining fymahett £¢llsdpEy bi ndi ng

ot uacera e ERE A s S e R B D el BB an
opt i m z@emdRd IyveihatiéRRIIS lvehehay tH e EARROLR AR hAt I¥ndtR vABLIRE v@etsrggﬂggitcel I,

the nethod conprising: (1 ) reconbining at least first and secon

nudbei cimuodsl, abdhiyttoehtaniyrophatio colie sinssomerenawidimentd, yeasntigeteis awlet seiface he at
| east first aalr}g second r11ucl ej ¢ aci ds dif%from each other in qElwo Qr nore
nucl eot FHEE™ ang R1A5 40 dsolating;thy optimized Fecombhiantganetic,vacsing VactelSefdisdftys: (2)

pr oduci aliy| f : m‘@; : i &h €ach
of whi c‘ﬂg‘ I s%ﬁl‘g@sﬁ%znéatrﬁgorgglg#etavieéﬁﬁggeﬁgﬁr%ggg% a %@%ﬁ%@%gﬁapﬁg encoded
by a chselextivelydénds dolthé celbsgpfacs antigent econbi nant invasin nucleic acid

operably linked to a pol ynucl eotide that encodes a display polypeptide; (3)
contacting the |iBb&aiyvesfion alse ppvidastmehedsaficvpinge Wleﬁoah%eﬂéﬁmdati on of

t t cells:.. (4 ' b hage. and phage whi ch.is, b h
PP ace S feh R R A R R A RisH i Bt SR o3P ke
Wi thin édie Trasgaetitislifvol WOk 8ieRs bR 1] S6QWRiIRHy PNBME fifst Sn@HicbeRFMEQT phage

o

t hat have enhanced ability to enter the target cells. BRI EF DESCRI PTI ON OF

THE DRAA WhdleiG8cid which ebcodds as imasimpodyreptiat, edyerdimthedbstandiseqpnd detmssi ng

nucl ei c aci g_ bi ndk%gr,ot eins that facjlitate entnx of gfeneti C _vaccines) in
par ti culiHer TREN AT T i 56 OF MOFRpucientidss, 1@progusayeliaragt otaesamhied, obt ai ned

by DNA subit nhiBie £ik; (kRdulife 3 1Hod ' ; t &lch oFivhlcrsO t hat
a fusion prlo{leélz n %l%‘l’ ?r)l E‘?’gé lng‘l t%gggt%?f%gg%g?n%aé%gg{e@baft iocl esc. Phage
WO2391 4didpldy 6 HeSH U RidpRagessuifade SRRy dpatie efdoded Bnd Ehinent @end thet
desired target tissue are identified, and the fusion protein is then used

t 0 coat CHMpEsss RirecarakioRnanyasi rucleipatig operably linked to a polynucleotide that

encodes a display polypeptide; (3) contacting the library of recombinant bacteriophage with

a population of target cells; (4) removing unbound phage and phage which is bound to the

surface of the target cells: and (5) recovering phage which are present within the target cells,
30  wherein the recovered phage are enriched for phage that have enhanced ability to enter the

target cells. Again, if further optimization is desired, the methods can include the further

SUBSTITUTE SHEET (RULE 26)



Figure 2 illustrates a strategy for screening of ML3 libraries for desired

target i wo ®fs13ari ous tissues. The particular exanple ill uls'#{/@g@gghﬁ.%l ates to
screening for inproved oral delivery, but the sane principle appliés to

| i-braries given by other neans, incluging intravenously, intrgprsggl arly,

intradetnmal ly, anally, vaginally, or topically. After delivery to a test

animal, the ML3 phage is recovered fromthe tissue of interest. The
Figure 3.is an

d ted t bt ai further. tim ti .
B ¥ gnnires i (D Er AR Rl aatiRlaieisdd B Ao risB Ut on tFamoutidt BYAHE  r om
t oo ue ™ . . el st d
sequentliF acle JERAREN Gk P fily GHED N oq fedtrfim R cBH GiC BOL1 1
(por ci fiethef F68D ofPoNG@ucRptidand pﬁd@beﬁmmiliﬂrﬂblﬂ FdcorBifaRERvaEinNO:  3) .

Figure 4A and Figure 4B show a protocol for e generation and transfection
of hunp@lydedentidesc(7e efrpducing yfurdenlibrehosisrecrebiphriimciaiopbigef, eadiify i sol at ed

nonocytes.(J.eft) 1 nd cul.tured_.dendtztic cells, obtained by culturing the
b1 G0 WERBEjTLL'S ¢ B BAGe Etnee SErR R Tt foberite mopt SERA LRI F gur e

{Faner S AP TR AN i3 Lol o GRARD B & U4
ni ti onthaPénchlies 4 éisplaypptypefiides (8) amitbding thé Nbraex afekembinahebdcedtiophsge

i nterferons, chenokines, hematopoietic growh factors, tunor necrosis
f act or Withridopulation®f tarag cglo b hremeting ynbquad pbage and phagsevhieleishionnd to

| | i gh t el th | at t I ti tl ,
brof i 188 S ITErT StiC A ER <P Ul | Qrregp aring Fhat SHisD ArA @ R 2t 8RRt The
LM " SALCE (19 [t 65thrduln IR0)CEMeceRa, 9 65 DAlntkAgRihizegs OpUi mal

25 antigens. Several properti s of the anti‘den can be used in selection and
scr eenfeegmbimzhtidélng rantiige whichpgxditsisdarthdralade Bghanstdbbilityt 1, entemhgett uci ty
and presence of epitopes fromseveral related antigens. Selection is a form
of scredhsi ng in which identification and physical separation are achi eved

si mul t aneously by_expr Lon o sel.ection narker i C i h_sone genetic
ci rcunst ances, a%{li1 g?/vrge g@f’?@m&%r@%aehﬁg% ﬂgeWgYa'I?el’a_anYégﬁp&sfé‘g] f'e ot her
cell's GARireQelivés Wehsde tb%ﬁﬁ}xadgﬁﬁ@rg%HGIe%W%éﬂaH@d%‘ﬂityftQ!ém%%ﬁfﬂi‘ &.

luci ferase, beta-gal actosi dase and SUBSTI TUTE "SHEET ( RULE™ 26j WO 991 41402

10 5PCT¢elisgs/indoas tie dldBioBat8Bed: ({2 enseftinginés theriptiprinddaienomBabatct i on
mar kers | ncl ude drug and tqoxin yesistance genes, and the |ike, Because of
li mi t 285168 Yeele gnplymgiclspiidamiuch ergedes a8 apigereef inferest whereinthe aqiiges: udi es

e PR RAkeT baahok SRL PR MNP G KRR R oSl B "5, S 0o
subseapsipbéntide! U eginkiMiseniab YWd MiveROfAdlé Wea tedMaHIfal; QEH QI CEetOimiihg

studying the quality or strength of the induced i une response using
| ynphowéieibet ths dgbiveryedhictedscafabld ofrindiczegia &TiLnmebponak tthihedest epomalaneous

o ARG BE e e ), PSSR R 1 the,
) heterx%'cB%Hﬁn??ﬂH%?ﬁéhi& g@giﬁﬁ&%%&g%ﬁ ehcc?de@'ﬂ.ﬁlaﬁlige iﬂ't'eres%%vﬁb?ﬁgr Host

herein, I's one at orrglin roma source rtorelgn to e particu

cel I, e antiferd of PFErENSs SRR sE0ALRsionpopeplidedhfchedhiprises s@onddispiaym
Thus, a heterol ogous gene in a host cell includes a gene that is endogenous
t o t hep@aperticle) E3) hasistinisering theudelivary tebiohe teoaliekt admahvadil {1 Dadétomninmga

het er ol us,seguence |jn, the applicati ons described hetein typically occurs
o eoH PR R ST O ah e FrRlE SRR neeline Hrubadict fed@as ik
segnen i Ay | I r S I o the
o SR ppath AR CBBHAR O allfeeo? HABRMS APldBIEST L tarly AT IRGRUEIL

el ementhebsmBRod® iKmatigky-ptederitthg cell.

In one aspect, the invention provides a method for producing and
screening a recombinant cell-specific binding moiety for an ability to increase
uptake or specificity of a genetic vaccine for a target cell, the method comprising:
(1) recombining at least first and second forms of at least one nucleic acid,

5  wherein each of the first and second forms of the nucleic acid comprises a

SUBSTITUTE SHEET (RULE 26)



Exogenous DNA segnments are expressed to yield exogenous pol ypeptides. The
term”gene” is used broadly to refer to any segnent of DNA associated with
a biological function. Thus, genes include coding sequence$ faggg ot he
regul atory 20 sequences required for their expression. Genes al so I nclude
nonexpressed DNA segnments that, for exanple, formrecognition sequences for
ot her proteins. Genes can be obt ained froma variety of sources, including

Cequence | APYPYERNGE o SREBeSR p e BRATd oA BE e, pRgthet s
par anet er SSea&ndrftﬂntsewfmtle@siloafe@BdntIMrmuamw aeid, Wheeeinakhi c acid or

protein, denotes that the nucleic acid or proteln is essentially free of

ot her cel | af te f(‘,"é BASARERNAFAASPfi tBﬁ aaditjonak 84eleICAGE CPMRIiSeS at ural st ate.
|t f d
b houbous P2 E?Eégﬂd@ SARHRRS Socil kit foihal toedficalf BIEI Hon Dol ny

anal yti%tal pedteim ot the $wﬁm qftmselisutimterespwneaemythamrsteargiedsecmrﬁicformphﬂr esis
rotein which is th

or high 30 erfor n | j.qui d chropato ph
pr edoni nanf EB@HP@ E‘F'@éJé rff‘?m&%&gﬂéﬁﬁg%‘ﬁt% Qrﬁg%glﬂ%{ﬁ@‘il%‘?ﬂ Bmdwqeeai I n

particul ary T, T (RULE
26) D o8, sB Aot Usggt/rmaggﬁg%ﬁaégf%ﬁgoémgﬁgg%??ggﬁ& progusted {1
flank the g@rraey ahdeeneoftemahpriibraryrof setembinaah bindingeeietpfenicotimgenicleithe
term"purifi g enot es éhat a nucleic am% S5)§e|nﬂ;feshr ise, to
essenti al | §°6fe™ QFF‘d” {FRCY Y51l SOMRSIREPet] 2 5&9['” BUS SPEGIG P NeNUCIRIG ACIY; 1 at
the nug) ei pirGnfldemait Qh@b?a'rﬁe%e? Bffile I?d?@h?oﬁ@%%rﬁant%cﬁn@h&f@fyam y at
Ieast about 85% pure, most preferably at” | east about 99% The term
"nat ural | yeo@@dmgmgl'encp scuge@ tuatradgcmgmaam mbfegenbers of e i airy)gﬁd in

ool ypept dbeaPIEig kOB A st &L kil el e EB Ko PRBArE bR, = °

(i ncl udi ngmyisty9s expRRekbEdand reBoRriPhe é)ﬂﬁ'@@&’.&i reRbfibisartrbifd@rgBhoiaty; (4)
tissue) that can be isolated froma source in nature and which 10 has not

been i nt enbinging e exIpssedirapprinantbiegiaginaeishaioot yester comprising the
naturajdy- fh‘aﬁ‘rf 5o @P&%%E‘i‘or-% r‘?%ﬁ}of?&k onﬁ;ﬂ&‘?r E8nt%%ﬂ?§g thPQaLGleot i des
or r|bonuc eot| es’ and pol yners er i ther s

doubl e- st r bimdiérdy Froiety cUnipEe)swﬁh@cla‘i'ge:taddllwﬂmtmésmandl t@ determiaingoiffpase s

nucl ei ¢ aci ds cont ai nl:l ng known anal g}g of natur nuc| ?oti des whi ch have

simlar bi AArA&IGESFelS Falalsa VRelof eGiefcpie li“ga’@P BREMEEX » an
met abol i zeghdRefin Bcotmbifbi ééﬁsﬁ ilsaelals g'ﬁho%%H I'eﬂgaélqulo‘?ﬁfahg%%ch

Unl ess otherwi se Fndicated, a parti ar nufﬂ eic aC| sequence a
i nplicitlytargebeglssses conservati veI y nodi fied variants thereof (e.g.

degenerate codon substitu |ons enent ar uences. and wel |
the setfllence_expl | of 1 ghoiar esved theBuprfnpiey descd BhERGeLoB b AT
substituti gasmARNDRsPOREE RS ddyndRRe! af)ian@ceabiviiteinding whaiely thae third
position of one or nore selected (or all) codons is 20 substituted with

m xed- basecamgrises aduiolgia asichzindiagi danaain st 2 eell-speeific ligand.oand bNacl ei ¢

Cassol et ApmpcEgHas SbaiRineRls cqnai€ o) eduys R e ufida g 0
91-98). Theoin hﬁé@!afﬂlﬁdlﬁ aptedwherai &t hotlelccawid ofrimy dvridin Becepabtdbf, and

MRNA encoded Mg;i NucI eic acid derived froma gene" refers to a

nucl ei & acprRegit 5@'“950§%btﬁ@§i%9'€%e gene, or a subsequence thereof has
ultimately ser ved as Eﬂ;ﬁl}}ﬁ | bed
froman nRI~" A, an @y%féﬁé@%f%?gaﬁtgren [B\IQVGQ@%I@% t he

CDNA, an RaiAd tsceaesing bedccbmbmahheel&spéclfletblrﬂm metiety forazareablllty td:euncxwd;efrom
t he gene and detection of such derived Eﬂro ducts is indica

e anElekp. SlHoAGA R SPEO T O PNECRRE STtOgRIPbA 1GRb Co.dRE AMeBed: n a

sampl €. comprising: (1) recombining at least first and second forms of at least one nucleic
30 acid, wherein each of the first and second forms of the nucleic acid comprises a
polynucleotide which encodes a binding moiety of an enterotoxin, wherein the first

and second forms differ from each other in two or more nucleotides, to produce a



30 Anucleic acid is "'operably linked" when it is placed into a functi onal
rel ati onship with another nucleic acid sequence. For instance, a pronoter
or enhancer is SUBSTI TUTE SHEET (RULE 26) WD 991 41402 RQATNSYeB023 12 1
1-S E P 2002 operably linked to a coding sequence if it increases the
transcription of the coding sequencegp Operably |inked neans that the DNA
sequences being linked are typically contiguous and, where necessary to

o0t PSSR By EAMNEFRE RIS LRI (91 BHSIIN, AR UrRBcl o pever

several 5 kbnaoy)aéeex;ommhﬂnamtmtmfmc ety evheesinreachbeoctdr ccanpride sea hm‘rgbensof sone
pol ynucl eot i d eIe nts oper ab) d but not contiguous,
specific bh?d'i 6% rqqpp'iljﬁ%@'ﬁq "?\%'dyﬁotie)cbn reducing ong, groEe "%?mf’%@rﬁf and
a1 Cept Or hdTRSARy 8f READAIIARS b oP itk MosPEoIRNKHERIRGHL tnédbeRBRteAlbriry 2
m xture of nolecul es. The binding of the nolecules can be considere
speC| fit iof tdt@nhblndnhgldelfna@ldwls|es<pmssaﬂdutfor1n>a rﬁoanftulnanttcellfslpeutflcl x 106
'~ or grea term i nan n used ere cel |
i cat es BRiMG Moo YRsR S FReLEOkernt Bl s oA ce sBes Tipcing
expresses ﬁfd?@tptpdfﬁaémfder @)Qfdht@cﬂmgﬂlﬁé r@&’orﬂbiﬁ@h%@“-@ﬂ@éﬁﬁc 'bffﬁin@g% fncetyd.
Reconbi nant cell's can contain geneS that are not found he nat|ve
(non-r econﬁolryaﬁpfm vt eelt serfaca receRy@fis tasgat el agd é@)ndetesnlrwmufame]

o 11 ed afteoabt Gt bR el moldty oBoeptls oRhi RESAECETAB Ll o <o

enconpassepineletolthetthgfet eemt ai n a nucl eic acid endogenous to the cell that
has been nodified wi thout renmoving the nucleic acid $omthe cell; such
nodi fi cati ons i ncl udélshivskidgstiaiarmaathegd fQéﬁ@dl@mgae@#réﬁfeenﬁ’fgé specif ¢

mut ati on, ette" or
sinply an @%ﬁﬁ@bgbﬁ%lt ssetc?H%amsqzlg'o@lﬁ @g‘g ?%F&%:roaﬁ?s(g&ﬁ@%bqg%%grggt ed

r econbi nantptaker efficatedr s;mciffcftwaefvawnieearm@wfdr altergenicell tthetmathedcapabl e

of effectin xpressjon of a structural gene in sts ¢ atible with such
sequences. C%)‘E‘Bf'é%’@l h reseewiniag af %@Shg'@t%PgI%&QFQE‘N%PEQQ%%O%PP@HQ ly,

t t I

ranscyq p éBfB thﬁf E'E')rﬂﬁﬁ‘s X ?ogfchl'ygﬁeotfgléwfﬁéﬁ oYcodd€a c%ﬂ%{ﬁé'cg@rﬁméfiﬁ c)pam g

cassette includes a 2~ to be transcri be
encodi ng awtlesgindile ;ﬁcﬂt;qmelrﬂeoﬂe;i foumsl diffep fromp each offudiin twoalr niaret or s

hel. pf ul ff d i bed
e LofaBEBh o ol S oy o Bt BSe Rk SR B eARe bR
sequences bhaor€M&HBers &f Qﬂ@ar@@ﬂf@&ée Bk ofl WHtH SormBAsES b Me@beBf the
expressed Pr otein fromthe host” cell. Transcription termnation Si gnal S,

enhancer s, libriady of reaomioaed ruCKIE @citsqindn o8¢ ariaers hgstwelsevBeraiethe

SHEET TR ol e S A B BB R R T

"mul ti val erdcomtsingendell-gse gifiepind g’ mcretyaporypepm nantomtacting heent anti genic
pol ypeptide" is a non-naturally occurrlng ptide that I ncludes am no
aci d sequefReOMPINaRA ¢RIFEPaqifimbipdinasmalety Pp pya@fﬁ ifa,a Gl eywrfacuraceptor of
pol ypeptid C, ast sone
b ther eqf chleb LRl B gt i CsE GoRSpERRP g Mot o2, Fhoe

are recognp@l@@ebyd@ekhnbﬁéleaaaﬁoemdblhtyt@mmthdmgeMI bade) fusirecdred with
t he source pal ypept| de. The sourc ol ypeptides fromwhich the different

epi t opes aliekiag Q/Eﬁfoé?@“ﬁ%%ﬁ rsPariftoPibgmgsmpiety polypgptide ithesyaccite a
simlar stpyeldy 6 aoslH Wb%fc]frfé”énté%'ﬁ%i% thePidcBh Af??ﬁ@éﬂll‘cé HH bih@gt es,
serotypes, strains, sp CI es organi smor from rent | sease states.
for exanpl moidl9 phiypepdides "i denti cal " or percent "identi ty in the context

of two or nore nucl ejc _ac] ue ref t or nore
sequences or subsequhh@@%thﬁﬁﬁlm‘g?e%{?%' V%'& Br H%\?ea H‘%B |C%(§‘E{yé)ﬁ’9;@nt age
of am no_agketof BSPURBNOaHEhRM UFSH aliRtordfehdh &Bbilitpheert&mar ed and
aligned for maxi mum correspondence, as neasured using one of the follow ng

sequenh)s cantigen-peaseating el lomantgenpracassing celk pee mashod cemprising cegaling
"substanti alI Wary 0 récocnafl)i’nanf Huéle% acc%lé By suBJecEI%)tcgurjeccoen'fblnaf:(')rcni%t Rast two ‘

variants of a polynucleotide that differ from one another in at least two nucleotides;



pol ypeptides, refers to two or nore sequences or subsequences that have at
|l east 60% preferably 80% nost preferably 90-95% nucl eotide or amno acid
residue identity, when conpared and aligned for naxinmm coyrespondence, as
measured using one of the follow ng sequence conparison algér Elt%hmg Zor by
visual inspection. Preferably, the diebstantial identity 20 exists over a
regi on of the sequences that is at |east about 50 residues in length, nore
preferably f e L

br of or abl y OnECuy AR &velors Bt Ao cotlihe o Widor edoBREk that, .
150 resi duesmptines amaenatieo df trenlitraryt dfregembénmare uateic avidst withizapdpulation

i denti cal oyer t he enti | en hh of the COdI i ons. [For uence
conpar | ond! EOIITEPIGPeHET SEGDLRRR PIRESSIY o e PE Rt i tadhe deseemagani ch
test seqUePELESisihahe popalivn tHAEHiainNg |@a§%+éere&o,ccsrmemb dthv@etdrs hm

test and reference sequences are | nput into a conput er, quence
coor di nat etheseby umugmag atileaist onewes@ammmm@ntﬁq:hean@rahgon|themt fasyr am

paranmeters_are d nat onparison algorithmthen
Bal ot at caOPhaepEr S AN aLER SR ey MR ekE e Se O HEFEAES el at i ve
to the ref gfcejé@g,n@eggmgnce based on the desi gnat ed program paraneters. 30

Optimal al i gnnent "of sequences for conparison can be conducted, e.g., by
the | ocal honol ogy alypet armrherasrﬁoﬁrth&m\t@mroerrrrawdes\wmethqﬂoﬁor el\/blvlllwa

per Usvol odgging SV B By rlr oyl s il el Pevild Binreced nan
& Winsph, dpedifitity fBir ahtigdB-pfdskriting TEN) or ntige-precdsein @éllsstﬂé hitthéy met hod

of Pearson & Li pman, Proc. Nat'l. Acad. Sci. 5\85 2 1988), by
conput er i zEAMPRBINGhENEEP BRI merreaersafg?omlmotympleomsm ProduesTa, and

575 5 ‘Soi elenppr FERRinar WeyoledsT A ARG o (RS o 2RO uBhelR ™
Ausubel et patkagdsneaah ofwma:remrﬁphee@é neemBbeéigof thehitor driyasf reeomblrfaarbl e for

determ ni ng percent sequence jdenti t% and sequqence simlari t% is the BLAST
al gori t hm PaNEReptdereppiapaalinkeddora pRYNUEeOHge thaj enggres gidisplay15: 403- 410

(1990)45 Soﬁél}zgéﬁtrééj [rPiha! r%gorgb@t%F %B@an%ﬁe%trb a?Hbthb(dré’pl%)y ai | abl e

throug t he nal ter for I ogy or mat I on
(http: 1/ wwolyobclentide ardegpressedlaissa gisgor prokein iwhich isedisplayed ondbetsufrfacag

't he. quePyrEdaniite CRAFLR Parkds: UikEuraoind I g BRI e val Ued
threshol d ggME8biE ydHticHdHBEEs w.thrataeamrdﬁeqiorr-aﬁt@érrsrésemh@ cell R néat abase

sequence. T is refeerred to as the neighborhood word score threshold
(Al t schul antiggn-prangssinp. celliiegemonptreplicaids gapelitpackagesdhat displaytnais seeds

i ts ot RLRBBRAO R sbhreRPor RSt s Re R B ASREE e Mt BT .

the cunul atbmactihg gemetonsisioast replicdife ganet@packadasrtbtdidveot bied &s the at
cal cul at ed usr ng, for nucl eotide sequences, the paraneters M reward score

for a pai rlegst ade BRNrANtidesrRIgsenting gewer raorrr)anaw RIQGSSSHIG 58 Lidsn &

m smat chi n )

Ttr i1 s RS SRS Dre SR eell dhantBlh.EbaAE b SRALERSRTngINSEOMAY |
hits in eabinddorteeat taasaoaermrftrged-pnbeentrrrgmelIoarraﬂt@ehvmoaessgngmeu wloenen
falls off bythe quant i X from.its maxrrrumachrf value t he currulatrve

score goestiegesayeregrep ifahle denetic BackRdesRGRAPADIE ST SHEiaybIndiRg 1o
negative-s sof either sequence is
reached. ﬁw%ﬁ%&?j grchémgggﬁa N Fgce%]ﬁ]?%nd X determ ne the
sensitivity and spee'(ﬂheﬁn\zdmoalalsgmme:ludesTmmeIhodBfoA@?Nvamg)grvancmb(ﬁelivery

nucl eoti de enc uses as. defaults a rdl ength ( f an

Cxpectat | ETEP Bo0I a eeired shTved, anie heily entfatosd ikt Boierdt ot n
strands. Fgg é‘tr‘&é?lotr%hfetﬁ&ﬂd%ﬁﬂ&nﬁ E‘Er@b&%’b'l?nrﬁﬁ a0le@ast frseandsecdeh@ul ts a
wor dl engt h ((\J/\) , an expectatio of 10, and the BLOSUMc2 scori ng

mat r i x3Q s erudheisi aaids, Qachmfrkamlﬁ e('l@.m armrm/casrn\mlypemm wigrein ths/at least

BLAST al goler AR <25 e Bl E A Es el 'Y eREh P f SR8 SForeiiitootttes: I,
bet ween t wercsR@e N ark sB@combinant ivdsim nSbBRTddids; K2 Ppfddutind®librad§)of V\D
99/ 41402 PCT/ US99/ 03023



1.1 SEP 2002 15 & Altschul (1993) Proc. Nat'l. Acad. Sci. USA

90: 5873-5787). One neasure of simlarity provided by the BLAST algorithmis
the smal | est sum probability (P(N)), which provides an indic%gkq@ of the
probability by which a match between t nucl eoti de or amnb i U%equences
woul d occur by chance. For exanple, a nucleic acid is considered simlar to
a reference sequence if the smallest sum probability in a conparison of the
t est nucl eecorbinant bactariophibgeceaeh afiwhishodisplays os the bactarmphabewurace,

ferably less than about,0.01,.and nost .preferably |ess than about
00061"" Andd fidtoh AETRebAG efRHed Ry Srinimalic TRhb aRECidRARs &Fesarmbbrah Tal 1y
i denti cal ih@aéiﬁﬁhﬁ@i@abwfb;ﬁﬁé%y?ﬂnﬂédWd%rddﬂl_ _Iéé’clio%atﬁl Bt@h&@deéla@%tpé ri ngent

conditions. The phrase 10 y di zing specifically to", refers he
bi ndi ng, dotyregtidg; (Drcantacting thierdiprarty of recorbinant datteriophageaviti z ul ar

oy esent | POPUAN € AR asTy (AP MovgEaBR AR sk ahage Wi i)
subst anti abliie sLFEEE D tHe GRGEY &IMBNEARA Y5 WRbUSirRbhade WMiMESR: SreRERPE

nucleic acid and a target nucleic acid ‘and enbraces  m nor nlsnatcﬁes t hat
can be acowihindbe target/celisdudiengintthe recovenge pbagefara entinked fdrrphdigeathiabn

nmedia to achieve the desired detection of the target polynucl eotide
sequence.éngﬁrﬁﬁgﬁFd 'FYS??H&?gﬁeEﬂHSF??%%s" and "stringent hybridization
wash conditions” in the context of nucleic acid hybridization experinents

such as Sout hern and norgﬂ@ﬂfpnn%@mﬁﬁgﬂ OSTAREDRAOWENES dependent, and
are different under different envi ronnent al paraneters. Longer sequences
hybri di ze speci fi caFlgurat ilhisrgbes straspefonbbraiing And exhgnsilvie agid bieding t he
hybri di zation of nucleic acids is found in Ti3ssen ( 1993) Laboraton~
Techni quayoteinsBhatcheititale eymuplEenpliceaccings, iBpaitisylar-naked DAY A aiftotarast eells. -
Nucl ei.c Aci d,Prohes.part .| .chapt 2 " Overview.of principles. of

hybr Pdi zﬁYﬂeB‘rk?e‘érfg atslféag'tqbé%‘%ﬁﬂpyoﬁ&r%g}“g’@géﬁ ]d“]fﬁdégé‘ cggg@vgglyon@f%ﬁ er, New
York. Ge L1 yrrrr R L : Lobazat.i %QW% ] are
sel ect ed'}f‘rg?cg{GY%%gg?ﬁéﬂﬁ%léﬂ&\gl%‘?ég{\]é@?@gﬁd@rthg?u%eﬁ}ﬁg goicr?t (Tr}r%SJ ?Pg)r%gt he
specific sequence at a defined ionic strength and pH. Typically, under
"stringent conditions” a probe will hybridize to its target subsequence,
but to no other sequences. The Tmis the tenperature (under defined ionic
strength and pH) at which 50% of the target sequence hybridizes to a
perfectly matched probe. Very stringent 30 conditions are selected to be
equal to the Tmfor a particular probe. An exanple of stringent

hybridi zati on conditions for hybridization of conplenmentary nucleic acids
whi ch have nore SUBSTI TUTE SHEET ( RULE 26j WD 991 41402 PCTNS99103023 1 1
S E P 2002 16 than 100 conplenentary residues on a filter in a Southern or
northern blot is 50%formam de with 1 ng of heparin at 42C, with the
hybri di zati on being carried out overnight. An exanple of highly stringent
wash conditions is 0.15M NaCl at 72C for about 15 mi nutes. An exanple of
stringent wash conditions is a 0.2x SSC wash at 65C for 15 m nutes (see,
Sanbrook, infra., for a description of SSC buffer). Oten, a high
stringency wash is preceded by a | ow stringency wash to renove background
probe signal. An exanple nedium stringency wash for a duplex of, e.g., nore
than 100 nucl eotides, is Ix SSC at 45C for 15 m nutes. An exanple | ow
stringency wash for a duplex of, e.g., nore than 100 nucl eotides, is 4-6X
SSC at 40C for 15 minutes. For short probes (e.g., about 10 to 50 10

nucl eoti des), stringent conditions typically involve salt concentrations of
| ess than about 1.0 M Na+ ion, typically about 0.01 to 1.0 M Na+ ion
concentration (or other salts) at pH 7.0 to 8.3, and the tenperature is
typically at |east about 30C. Stringent conditions can al so be achi eved
with the addition of destabilizing agents such as formam de. In general, a
signal to noise ratio of 2x (or higher) than that observed for an unrel ated
probe in the particular 15 hybridization assay indicates detection of a
specific hybridization. Nucleic acids which do not hybridize to each ot her
under stringent conditions are still substantially identical if the

pol ypepti des which they encode are substantially identical. This occurs,
e.g., when a copy of a nucleic acid is created using the maxi mum codon
degeneracy pernmitted by the genetic code. 20 A further indication that two
nucl ei ¢ aci d sequences or polypeptides are substantially identical is that
t he pol ypepti de encoded by the first nucleic acid is immunol ogicaily cross
reactive with, or specifically binds to, the polypeptide encoded by the
second nucleic acid. Thus, a polypeptide is typically substantially
identical to a second pol ypeptide, for exanple, where the two peptides

11" " - =y o V2R



17 proteins fromwhich one or nore of the epitopes were obtained. Specific
bi ndi ng tg an anti body under such conditions may require an anti body that
is select PPYM9% s specificity for a particular protein. ARGTASIPI23f

i mmunoassay formats nay be used to sel e?(it ant i bodi es speci{i1 é

i mmunoreactive wwth a particular proteifi. For exanple, solid-pha @2 ELI SA

i munoassays, Western blots, or imunohistochenustry are routinely used to
sel ect nonocl onal anti bodi es specifically inmunoreactive with a protein.
See Har | that effidientinenter hegigsiredittigoiases areAd trtfdasrat the Mesioaprotédoisth@pr i ng
Har bor Publj cations, New York "Harl ow and Lane"), for a description of

i munoas Y387 1P GP3 SENEHGVACERETEFISECdhat can be used to deternine specific

i mrunor eactivity. i £ d K : ! r | i 10 be at
| east twi ce backgrg}%&%p%g e%?%\%%%}gfogﬁ%%%ﬁé% 3}?%3(:1%%&%?@&5 cfloln 10 to
100 ti mesarpatig®f vurmchs tistioss SEie-miriistdarexampld iliactrated teddteorSscrezhing fpar ti cul ar
pol ynucl eoti de sequence refers to those pol ynuc| eotides that encode

i dentd caimprovedarehdslyeryy buidapsaraaprinmple@paki¢sdo dibraries geeen roth¢rangans.he

pol ynucl eoti de does not, encode a m no .aci d. sequence,. to 15 essentjally
Pdent | catebifie EERenom RN eba R o) SR, Ve Re P PR3 R AGE X ge
nunber Ofefiwed¢ id PR dnymAIdGR M CRbhARE G RLEvEEd BEmMANE QLRI H TNt ¥ The

pol ypeptide. For instance, the codons CAUJ, CGC, CGA CGG AGA, and AGG all
encode t hmcaduraoarald tpeate 1ol abdain Tinther optimézagioy. posi ti on where an argi ni ne
is specified by a ¢odon, .the codon can pe altered to any of the

cor respondi ng codoﬁ%%&%’@“ﬁe{‘%&‘{cgﬂop F PIgCRATE B Bécﬁ%}a&pepti de.
SUCM PO Bt AbAndbdl NBIahL BNBebAohl \ch hd KASIEALLANS. SHW:GR. iR
speci es of "conservatively nodified varrations. very pol vnucl eot1de

sequence setpracds iardE. helientrobiiaB (SEQUR NG PoEyqgpdnteotoxinsB (fasie) (BEQ every
possi bl e silent variation, except where othenvise noted. One of skill wll

r ecogni zEPMHA12)eandClrderefoxim subunitdd SEQ JRINO(Dxcept AUG which is

di ily th | v. cod f or.. met hi oni difi { iel
Punct ronal 1y dent FiSiFE 88 andFislE 46 BOb0 R nefi@Poy 5e BB Heptration Rad bifeley
each "si beRtm4@AdrakitieRellO Fighre Wk lsRbws ﬁﬁiﬁﬁle%liyﬁpopﬁ&@l@eﬁlgﬁléég%r?frﬂﬁ%ib drfth s

implicit in each described sequence. Furthernore, on€ o
r ecobfni zend helturéddindritio atlissabvanéed byt cultvsingdbe biobd mponocytasidi the presenogiod AL-

| ter, d i ngl . id | 1 t f '
i ds (£ RISt G Sevenrtous F ket 4B paNE Al SRemerhAMAYSY of S coded
SEQUENCE 4gf, 't?t%'EEQR&E{faYlé’fethcﬁ%né'gﬂkxﬁldeﬂaé’ﬂ{cb&és'@ﬁ" wnere the alterations

result in the substitution o mno acid wth a chemically simlar amno
acid. Conservative substitution tables providi ng SUBSTI TUTE SHEET ( RULE 26)
WO 99/ 41402 PCT/ US99/ 03023 18DETAISHD BESGRIRTMN| onal |y sinilar amnino
acids are well known in the art. The follow ng five groups each contain

am no aC?%)?in’itif&s are conservative substitutions for one another: Aliphatic:
d yci ne , anine (A), Valine (V), Leucine (L),.Isoleucine (1);

Aronggic: Phenyl al ahien@n ‘fohtokine’ osdlindes( it exdmiyR! iapRRQkinYY interferons,
Sul fur-containing: Methionine (M, Cysteine (C); Basic: Arginine (R,
Lysi ne ( khempkiges. Hematopeiptic gromdl Gctosspampr oecredisifacOys ag wansiorolsg gL W) |

Asparagine (1 ~, G utam ne . ,See al.so, .Creighton 1984) Proteins, WH.
Fr eeman gﬁﬁgr&%éﬂwg%e 9’%2}‘?}ldﬂ‘iFc‘ﬂ?ro‘ﬁ%‘%fjggE?f“séh'_%tr{Bg@E\)edE?mﬁaHO%tddi tion,
i ndi vi duabtipaRal prolitdr A% and &l FAdrkAiof of AR eﬁﬁw\egmﬁme%lyh@ﬁq_,. add 10 or
delete a single amno acid or a snmall percentage of amnd acids in an
encoded sequence arlheatrsp strroninel described, yn gadtirdlj #processithatiidersifies optimal
25  antigens. Several properties of the antigen can be used in selection and screening including
antigen expression, folding, stability, immunogenicity and presence of epitopes from several
related antigens. Selection is a form of screening in which identification and physical
separation are achieved simultaneously by expression of a selection marker, which, in some

genetic circumstances, allows cells expressing the marker to survive while other cells die (or

30 vice versa). Screening markers include, for example. luciferase, beta-galactosidase and

SUBSTITUTE SHEET (RULE 26)



A."subsequence"” refers to a sequence of nucleic acids or am no acids that
conprise a part qof a |onger sequence of nucleic acids or amno acids (e.g.)
pol ypeptiH’éf”[r‘é‘Lﬂﬁecti vely. 15 Description of the Preferred REFRIP R s The
present invention provides reagents forofaci litating the abi iiﬁg F5)f @
genetic vaccine to specifically bind t& and enter a target cell %r ZP ssue
of interest, and nethods of obtaining such agents. In particular, the

i nvention provides met hods for obtajning binding peptides and delivery

vehi cl egreeRdluoreapi piefed. iSelectap maskers inclidenineg preregisiaasegenes@d ner ease

t he spegi fici of the genetic vaccine for a particular type of target

cor 1+ " 7ie i el ol TP B ohs fy SRR Boily rRidreieRts WiErrde BBhponent s
that cagn@pRhespAuaasdy 8skhPdcaRhimOmameed. flnGhdsy sWARR, 4R aflipdhs GRIMiMNCE i on
with a genetic vaccine vector. A Creation of Recvnbina~:t Libraries The

i nvent i atraduoad tegsstanenals,rapdritbe omipiine respdrisbs aeiselsseqhienptyl spudied osnaliering hat
25 are then screened to identify those |library nmenbers _that ex(ﬂi bit a

y y
desit ed PRHEPRF ARMUARACIPOBRAHAT P FUAYIRg e Auality 9 stheneth ehihe dndyse BIBRYE of
vari ous ol . i j . . i j on can
Vary de bERyRR e R UR IR e P Bl P ittt ANGEE SRRk
pol ynuckeettigheah hat descestas iriths wolitle f astufhl Bdlaiisty il eeirdse@t mathbigand for a
cell-specific receptor is to be optimzed, different 30 forns of nucleic
aci ds t Belectiondegerfarmeddy want of the nucleic acid binding domain or a

| i gand SUBSTI TUTE SHEET ( RU 5 99/ 41402 PCT/US99/03023 1.1 S E P
02519 Tor a oot - SRS INAETIR oy tHESERE BAUEE o QLo FRIESR The
et QS nfeRit ARl 2hs h@HerdiMs BAE tHAPbribMAES e Psoutd fordign RS bhdichlar The
variant forms of candi date substrates can show substantial sequence or
secondahystxdetluat ifrfadm shedanar souycepms tnodified frotrhies original foheyTakpal d al so

differ in at least two positjons. The initial diversity betwee or ns,, can
be the NETPPERYS 2553 BRGY: cei;amcé‘ed%m geae ghat 15:99dogRnOpE FRthe P%WPQHLOS‘ &Fts

(honol o r I: i Lf Lngj vi tr.aj:ns: an

or gani o o0t PERAMAM AR MIAH Mlon S herb RS Sl B8 WX LPLMIOR Tlences

f rom t heiesaibed Gegantypivalle ogcurs @hroagh thevidé b ADNANSHuffig! Thi tHevemnys refeh €o

initial diversity can be induced, eg., the second variant form can be
P20

gend? at adDNh ssgment whishés foreigs or hereralegous te thessll 01 homalegqys tmthepeikbyt inys e

f | which | ack f di 1 tivit e L 990) Ge
o8 T07° Pepstog viffih i BEF CLRIGRE SR Hon thg Sfenet {shne BEfnas? Forely DL,
formi nE%mgvﬁo%mm_tsegxhem&%Eé@rp%ssé@&h{iaale&ég&bﬁs ghigpepirRgl i n further

detail below). The initial dwersity between Substtafes is greatly augnented

i n subsequent st epgBheottrm égenediiyesesidmuadiy @ referaorbny segnoent oL PN#nassociated

i nprovenents,. are.achi eved after one round of reconbination and, 15
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r ecgﬁbi ﬁ%@?éghesiﬂéﬁﬁ%%f%%ﬁ%ﬁ;ﬁ@%%%}ngﬁ ?foellrnéﬁtq © P %&%&% éss)"[(:'atdn pgr& %’t%gttsi ons of

f or mat s thatsfodes@nplegformret oritier sedbndes fdraltipstprotbims eGémes wah be shtained frone
conmon pri npigygclpfﬁﬁ% Requrlsiéyeéz@gue%ce reconbifn_a;ti op ent %!1 l's. suf;:cei;i‘ég
cycl es cfvaE OHEASS JACIHBLIG: BE rOmbR BRWECQT 18iCTRSH QT HPINCHIRIE YN ?
Cdont 1 ¢y el estielre RERTRiPRaRieY Helts Sraeh BT BP LR, | .,
gi ven c)akfmeté@Conbi nation can occur in vivo or in vitro, intracellular or
extracellular. Furthernore, diversity resulting fromreconbination can be
aug2ént ed i npragy CTlnd Errby‘:mm‘tt%ﬂ, mjpeprapplriedrtetam_mtdbiocﬁctiqu]rut mgﬁmﬁesoté%t.hgt,
ot oduct 40 BHEIFE BT PGS SFHBEIHE 13501 poFirUbEr cHTRaHTEr v e
Pr Oper t ya504ci SOAARE Hahpdlistatl an; ' | a1 aRhAIGh Gt GHBe§n OF M
Vi vo or agn c\}uron?tgcglﬁ%?r%asﬁt%ﬁ}?lsggemﬁ%}\}e}tﬁl?}#ga%%%?@%edn%t?avadg%ant forms of
t he sequsthera dgsorugediags ittonrPaiifyf @rddvimdgenkisy de ahpicadly detarmined usingan
organi sm or, related sequences fromthe sane orgiani sm as .alleljc

e

vari at i Relytical chepigssisehniapsssueh s olyagrylamidnge! elasropbargsibPhigR | i brari es
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SUBSTI TUTE SHEET (RULE 26) WO 99/ 41402 PCTI US99103023 20 1 1 S E P 7002
(St emmréé 1995) Bi ol Technol ogy | 3: 549-553). Reiterative cycles of

recombi nAY? 8H414Md screeni ng/ sel ection can be performed to FCHEVSREO3@Y0| ve
the nucleic acids of interest. Such techniques do not require the extensive
anal ysis and conputation required by c hventional nethods f&r E%ﬁyzﬁ@pti de
engi neering. Shuffling allows the reconbination of |arge nunbers 5 of

mutations in a mninmum nunber of selection cycles, in contrast to
traditi gerding Faineswdech fandrthe gend and emvede spro®uugther then thegean obinterest.

reconbi nation technigues described herejn provide particul ar .advantages in
hat "t helhepPah I SrB7 RS oA ADGE R SHATCE o Les Hoedh ¢S5 aky PrE Pathese.

t her eby iHraH\élthrB&cﬁeN@éé'l. f’%ﬁEul‘&ﬁy, iPhnetrth @ thOAudiBe LRPStorkid i%"ﬁl‘l%t
di fferent conbinations of nutations can affect a desired result. In sone
i nst ancebputi®ie pere, netre pretfernbly at Geastrahoot 8 5% pate, ambmostfrefiersblyi adedssabout

avaiLabIeomhich, al t hough not required for sequence reconbination, provides
oppoPturﬂgt/Pé‘éfefor nodi fication of the technique. Exenplary formats and

I f inat i . TEL | f. 1
shut Tl i no. Cevor ur D bR ARREIRH MBI abBHEL R ok PR sBh s fropde
present ih YRR 8 Gisiid ot wh?%ﬁﬁﬁdia{ll aeRd by nAP Pbi @@Eﬂp%]g é)gly%gpt'?&t&m

Application Serial 15 No. 08198, 431, filed February 17, 1 ~Serial No.
PCT/ US9Fichvneiotifi¢ beqhentethatispyestm, in 2@ @5gantan (1n¢luding vir8ses dmcasn, prbtdzeel
April 18, 1995 Serial No. 08/ 537,874, .filed t ober 30,. 1995, Serji.al No.
051 564, B Pleal TGVERBAI B Ueba codiespTaRG FoBg tATEeHs Jar 1R RED oh 25,
19960 Sefdsabt hien i%ﬁ@éau@?lﬁodifﬁ'eh%? i thelabork PP is maRirhi®-oMRrring.

PCT/ LJS96/ 05480, filed April 18, 1996, Serial No. 08l650,400, filed My 20,
1 996, Serial No. OBh&iebmSHdclefcidcetl rdfersroAdoByribbableothixs ioatibdimcldddiatzhd 824,

filed Septenber 27, 1996, Serial No, PCT/LJS97/17300, filed Septenber 26,
1997, arkplgeers dnerpef inpitirey Syrgior odoyble-giiandes fomelpless specificalyylimaed thgy |

Sci ence : . S . al : 49- : r,
o1 of TeoH et ShPribiseititioi Gk Ahigfimonirahpd 8 of Bairh whilEitldes WARETS ),
91: 1074 Thal@ Zodildr b9RHhg ppeftlEefas th¥¥etirencd AQ: 188 A Rnd(ak9 Bb)abo ¥ edITR bimainedl . |
Nat ur e Medi ci ne 2(1?:%-3 25 ( 199b); Crameri et al., Nature Bi otechnol ogy

14: 385- imilar tpgggyrally gedurnng whdlestides. Unlessrotearwissdndipated fagragtivartar inpelpics
entirety f_‘fr all p rdposqﬁs.tlaher met hods fO{. bt aidﬂ' ng reconbi nay&t

pol vnucl % FeAREncs AT LIRS BReampRRRs Gouseralivsly mpdiie e oot 88y as ¢ he
subst r at & eh@htelAos Bﬁﬁsti&dtmws)j 4 doifhlerh@ftar9 s8ditnBes AR MRAQY $hed REHRENAT T ON
(PCT/ US98/05223; Publ. No. 98142727); 30 oligonucl eotide-directed

mut agenesipicitiyandicatei eSpesdicallgnddghnerdtecoddesubsBatiens miPbe ddizevé8dy( | 985) ;
Bot stei n and Shortl e, Science 22;)_;‘6 1193- 1201 (1985); Carter, . Biochem ,I.
237: 1- 72°5EMERE FeRMENSRER TV IRthe thisgl posiigy oloaneiargnorpesletisyr gpsesions ¥ s £ p
200 1 o ¢ N LhelLncy. of ' ti N? ;

mut aenearaitled 8 ffked et Snlot WEQERI R re A ARBHCL PRl Koty MERRMair
eds., SpResngersoder OagukBerdi (1985P3 Didl. Chesml patedcasnBg8 ttwese en®l (I9dS) ar e

ol i gonuc] eoti de-directed nutagenesis (Zoller and Smth, Nucl. Acids Res.

10: 6487Ressobnier g8 A} 99N bo §¢!1i Rrabas §ndli-28)15be tempgusizes geidsaped and Met hods

in5 Enz 0, 329- 35 7 hot hi oat e- nodi fi ed DNA nut agenesi s
(Tayl or ')éﬁ?é? Jél?a.n,%é%&%%n%&e’lng’sc([kgg? Aﬁ%&m@@%%g{ i‘@ﬁ%‘?‘; Taylor et al., Nucl.
Acids Res. 13: 8765N8d18it dciP&mivied FHrn ARy R aBfdreleshiRidi adWifdr whideé ds Res.

14: 9679-9698 (1986); Sayers et al., Nucl. Acids Res. 16: 791-802 ( 1988);

Saye¥ss esyndliesis theigene, Ack debsRgeence Gher@d3has Wtirateys8)ved arattemyplaesThusugh ng
ursct comel o A herpLales (KUnkel POt Aead S on B 80 10
mut agenepiNg wsbfifled from the cDNA, an RNA transcribed from the amplified DNA, ezc., are all
derived from the gene and detection of such derived products is indicative of the presence
and/or abundance of the original gene and/or gene transcript in a sample.
30 A nucleic acid is “operably linked” when it is placed into a functional

relationship with another nucleic acid sequence. For instance, a promoter or enhancer is
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gapped dupl ex DNA (Kramer et al., Nucl. Acids Res. 12: 9441-9456 ( 1984);
Kraner ang,dd/d1g2 Met hods in Enrynol. 154: 3S0-367 (1987); Plézﬁg%gm zal .,
Nucl . Acids Res. 16: 7207 ( 1988)); and Fritz et al., Nucl. Acids ﬁgs. 16:
6987-6999 ( 1988)). Additional suitablejgrethods include polnt SEP S ch
repair (Kraner et al., Cell 38: 879-887 (1984)), 15 nutagenesi s using
repair-deficient host strains (Carter et al., Nucl. Acids Res. 13:

4431- 4443 985) ; rter. Methods..in Enz | . 154. .382-403 (.. 1987

dol e 1 onoRTPAgditks (6% fbfins AERORGEE ncreR e e thagidn of (e otinka8dddpe. 1
(1986)), oﬁé%g Kke@RndaRb @it MR DRACschBsces Bdih@Rniid!drd R@?éanp@oﬁmoﬁ agd, al .,
Phil. Trans. R Soc. Lond. A 317: 415-423 ( 1986)), tagenesi's by total
gene synwhess recédsanylip geinewoglroteinSmidengaegia S codtB®ud Atilin(reddifd fram20 Sakamar
and Khorﬁpa Nucl . Acids Res. 14: 6361-6372 (1988); Wells et al., Cene 34:
315323 ( 99%'3;& S CRIAIRETS BFsrRllY fupction wien sepagatedsfrom dhe promoter by seuaral (

rer Shanc vt 2 RGeS PE i a BYEL PR iRl PolodiooufartBils o o6

A 1 econbiagtbewpeapbl Bnked buis Hai dontikaddsowed by at | east one cycle of
screening or selection for nolecules having a desired propemor
characteristic. |f Anspesifisrndiagiafinityherweandwp andlequbesdfor gxarhpleoa ligand and

duct f mbi nat i [ =S nbi t ts,
"t r oducBASIRICS VTS EFHTal Bisting L ah Ryt isor modAi AT rent s can

al so be Ligik&akst ThaBiRRRY OPhe M dUstah b@Eo&ﬁJﬁédrs@%&HE%ﬁgbiﬁxgéém s

before screening. 30 Alternatively, products conbi nati on

Vi t ri® ar ebawriet 10f8d “bmcbaget xd9° M ' vs gzeatref or e screening. |f reconmbination
is perfornmed in vié?@-recpnbin Iiogvgéoducts_can SUBSTI TUTE SHEET ( RULE 26)
WO 99/ 41402 PCTNS9IRGITES recqmeingnts whgp sisebwitlh Faferenssto geell dpdispetithiehthene
cells in LCh i | . i | I nant
cegront ooy EEURCHEC R REICRAbLAR rERI 4R or EEbrElSHFY p e oF Bok R ncp BARY V20
bef ore shereslbgihs nibRicwidir Recmisifidrt @6l @n@bniakl geatd Bar 46 penfband witkiat
property or 5 characteristic is to be acquired or the property or

char act ethespatyef{wen-rgepahinant)rfome péthe cel. Resonibinantealls samglse zomipingenss e

di scyssed bel.ow lt.is not_.ysually necessary to u rstand.the nolecul ar
basi £ by IR ThepavedpE o HEdet kel R snth HE PO (e iR Bient o)
have acqwd &4 Byeamifkial MBARY FHe PIrRPAS] diRmBhssed\ @18 Bk botbinGSmicki@hdiye to the
starting substrates. For exanple, a genetic vaccline vector can have many
conponengendeggneuncioshe ealhthdOhdscheien gnaadi fikidf viridliomn temaovirgnitie ducleiceacidefrom, the odi ng
sequence, Jegu|atory sequences, targeting sequences, stability-conferring
sequenceg?ﬁa%m%%wg%wl@eawﬁ@ fined by pepe Eeplagement Siffgseqificqapration,

pr esent at,j ces affecting integration). Each of these conponent
sequenceéhggﬂa%gqﬁggﬁéggand reconbi ned sinul taneously. Screening/selection

can 2then be per f or netrechbmbirRyoeRPression@asseRe Dotzimplptan Segiressicn ¢dasdrte dv/ e
i ncreased episonal 1 S maintenance in a target cell w thout the need to
at t ri but ausigirrddeansructegenerged srompinandy phgyinthetioally, vatpwateit acid alervaEs of

h i h i cul i | d.
dosi 1 oq s sREREARE AR Aol RSB 8 AL R GHER Bertn Bl h B FRatRE itk 3ol
i n bact esbqheneé. | Expiai8ioh@atdettBs fntRias herhd prorkdtbis@hg Bg%&\%{l}@ﬂﬁmﬁéﬁﬁti&{

culture. Later rounds, and other types of screening ich are not
amenabl e termigatianesngrrads. | Typhheadlye theatcanghinat espresspar dassette thaludesmmusleiaacidel | s

to optimze reconbi nant se nts. for uyse in an environnent, close to that of
e P | i BaGHSBet M fraf PROBHACIMORRPE & e Lo RSBy H SBATINT, he

preci se e | Ao . I = i ).
T coms o R fechie hEENT Br HEIBAA T ey RUTRRIA e RS B SRR e
w th a viheyeinfKor erxrapiel &n etpression dissettagapaleobieimiealicieotdensegaeices that i n thi s
25 patient. The screening or selection step identif es a subpopul ati on of

r econbi n&REOdSHFiERAl Sequeate Hat diresspsereaiion Shar exniessed Brotein fost the hestsed

i mproved { L ert.y or operties u ul _in.genatic [oF i

epend: ng T RAC IR p R lerplec Bl e S me e £ B b Fyed R R e
conpgmentgeneexgretsich, c&PRBE BE Mctudld ii iah URMEsstIn dabsetteee form Mre than 30
one round of screening or selection can be perforned after each round of
reconbi nati on. ' SUBSTI TUTE SHEET ( RULE 26j WO 991 41402 PCT/ US991 03023 23
1 1SEPZ200ZIf further inprovenent in a property is desired, at |east
one and usually a collection of reconbinant segnents surviving a first

round of screeningisel ect %‘Pniﬁ?‘ﬁ%‘ﬁ%f%& %ért her round of

reconbi nati on. These reco nt “segnent s' can reconbi ned with each ot her
or wWith exogenous segnents representing the original substrates or further
variants thereof. Again, reconbination can proceed in vitro or in vivo. If
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additional diversity than is present in reconbinant segnents resulting from
previ ous rounds. The second round of reconbi nation can be followed by a
further r®Hh¥W4340215 screening/ sel ection according to the pPCRAISHP/BIH23
di-scussed above for the first round. The stringency of screening/selection
can be increased between rounds. Also, !#he nature of the scrédifPadli2t he
property being screened for can vary between rounds if inprovenent in nore
than one property is desired or if acquiring nore than one new property is
desired. AdditionaA ‘mmulnvsensfantiganonilyzeptidel’ and reongenam gnuiavaletten be
performed until fhe 20 reconbi nant segnments have sufficiently evolyved to
acqui r e WECRHEPLHPEPHER 1R NPRBATHALY QSFUpaE Pylypspiidsattiiprudss apinggsid
screenin f ' [ i [ : ' n
ever al upiceeB3m! ordfid b tctesHORARlS, AR TSR ST e
or pol ypeiirallg scairting polybyptideeAt ReQIbING aNiheReivits] i ffbiedesmiplb dche |1 brary
as fusions with a protein that is 2~ displayed on the surface of a

r epl iScabtequepsaeonstipie Rpigapes that anexeapghiged py arjbodies pound inarmammad tut hdee,
e.g, Owirla.et al.. Proc. Natl. Acad..Sci. USA 87:.G378-6382.(,1 ,

e i - obeeRimec@ witch SortE belsmpHRe TrEGuispe PeuBeRIdE S HicaERE o 5
86- 388 (epkfdBEN are ldRHVES arBlus@ily holiskons fi:dd Have e ke o Blsiiid strue@irindior
packages i ncl ude, for exanplé, bacteria, eukaryotic viruses, yeast, and
spor es. Bctidny, germt oftep dokadjerenmbisdlafes esgroeyytek \strassdsfeotes di fapgaisthiobr ar i es

are bact enop e, parttcul ar] ~~ fil anentous phage, and especially phage
ML3, Fd H‘E}‘R cre @‘FeaSBBtS*FF- EXagMpeT (RULE 26l WD 99/ 41402

PCT/{dS99/ 03023 24 “ ) i v.ob i ' | i i es
enco1 i ng pol ypepti ig%tﬁgb@%&%ﬁl %%ﬁc eﬁﬁﬁgédgﬁ,h)éxfﬂg Icpﬁé(%%{:}%lol (%rq%%ret hese
phage f onudléig adidfod pobipeptid Ritlenc&e eefercro@wo oPRORT seqUér Rk bl Ak8quenesd tha, WO
91/ 78989; MacCafferty, WO 92101047 (gene 111); Huse, WO 921 06204; Kang, WO
92/ 18619arEdmiama enhave gsperifed prIfentrgsob e@ine asshiseidyesornusiaghidrs dabysibe,

1y b 5 i Ly, f he ph i | i d
v e i S B ZoRDERRAER ke O R PSS e e uRRE UPFRE oo
thereof-tmmg%egﬁwgmﬁﬁmﬁﬂﬁ rifin® @fth&isuhig8pdcignat or near the

N-term nus of gene or gene VIIT although other insertion sites are
possisl e. Eukar yot iThe phrass &sibstantidbly idengidal” cin dhiesquingaxt pbtwepewticidasidsor an

anal ogous nmanner. For exanple, display of human heregulin fused o gp70 of
Vol oney  RRIVPEIED PGB HA O FIo5S SHEHGss B SiPamPRcEs Chy) Deke apas 0% o e,
Nat . ACBRferaly 20YRhole prefddely 362504 niddlebtiic oPRAMS ckiiRsiAhE ReAfiny! Satnas
replicabte genetic packages. fn this case, polypeptides are displayed from
t he out ecompartdiasd aligried dospatihunt-eorrespaniphe, asmedsased usiig dhe «fithe fdllsvihave

been reported to be suitable. Sequences of coat proteins of these spores
are pr ovFHaNgsComEsemalgprigms or by vigypl ingpegion. Pogferably; thesupgtaptialadentey can

i <ty RSP %8 L BRI SRR ol L REROSER o0 PP AR forlS

expr essegrefdtably@dveeh bézisiisf Athst BaGt B0 redide@! dndl thokt hprete a8l SAk RBdIRNt s are
typhi murium Bacillus subtilis, Pseudononas aerugi nosa, Vibrio cholerae,

Kl ebsi el bebsgantialip ifleaticalpvesad¢ast ahorbt Frseidess. Neberse cinkodumifintigithy sggyences
Bact er oi des_nodosus,. . Mraxel | a bovis, and.especially Escherichia coli are
preferred® %Q?tg?tf%g’dfier&lfﬁg?v%&efeé’&lée lﬁ?%‘Bé’f%Fﬁ&é‘%F%‘(?ﬁ%%d by Ladner et 20
al., US 5,571,698 %gséﬁ%ﬁée%ﬁ?p%n&dﬁ, Bebidanelogs quugﬁéq&%@éﬁ)d:%fer&m sediidhce
protein of E. coli is suitable. "A basi’c cohcept of display nethods that use
phag2s or t@whish tes péqueabiseargeompdred. pWhkmgeng 8 s¢duenestaiyparsbmreigorigim dest

physi cal assqci ati on between DNA encodi ng a pol ypeptide to be acr.eengcg and
the pol yagéquerencmﬁqgermyedamuta%tgéaoaw&ﬁ spRseaREnFE gRardinpIasAEe FefeRdEhl e 25

genetic pagk ' j i i..0fa ' ncl osing
t he genone o?‘g?ﬂ'émp%gg ug%%méﬁg?ﬁgg%zég?} g?%%ﬁ@ﬁ‘?“g‘g?ygggtg | en?s
encoded kymbhagsogengifthmithen &8éwitkd the eRtntatq@npdidehtis foAtRaedtdequence@) ween
pol ypeptides and their genetic material allows sinultaneous nass screening

of very [relpgee aihdesfercnde ssaugnecduaed enjthdidesignatest prpstapppyemgess. Phage

di spkayi ng a pol ypept.i d ith affinity to a target, e.q. receptog, bind
30 180 he t ar ot P allepmsde Rttt tofial S o srrBef B8RS o ¢ ne
target. ThelotalahidiygPdlgtPENhided Washhay ady. 4 .1%s§9:4@b§99819g be
determned fromtheit respective genones. SU6STITUTE SHEET ( RULE 26 WO
99/ 41402 PC TNS99/ 03023

SUBSTITUTE SHEET (RULE 26)




25 1 1 SEP 2002 Using these nethods a pol ypeptide identified as having a
bi ndi ng )] for a desired target can then be synthesi gq.i by
convent i gﬁyﬁ)ﬂ%‘éﬁs, or the polynucl eotide that encodes the%’ eé‘IgI}?@wég
pol ypeptide can be used as part of a geggtic vaccine. Recorbil r&Eft 2002cl ei c
acid libraries that are obtained by the nmethods described 5 herein are
screened to identify those DNA segnents that have a property which is

desirabl e for genetic _vacci.nation. ,Jhe r&i cul ar eni l..oyed
w il varyoriioddimialEsn g o QedernfeoN b s06] B et iR ol Wl
Whi ch i MeaéR Ag Rimil Srity RIS d of Deiréedl & Lipthie FHBES Aked 4RnELIsel. @/sacks.2hibr ary
is introduced into cells prior to screening. If the DNA shuffling fornmat
enpl oyed (1988 by computerided imptementatidni bf threge aifgoridnoniGGARMBEITNATs E4S8&FAL s 10
generated alre exists. in acell, |If the sequence reconbinatign is

per f or rreo“n% ﬁa&qyrﬁosn Wﬁ&vlﬁmmﬁﬁaﬁws ISeEwars Packags drpetes GOMRMELHIRWE S Tht o

the desir 8 ! I i O r f.

recont; nats bRl W fr B TRRL bR BR e er kil ATRIBELE o5 infl

i ntroduction or carOIbcee)daﬂiprl@dmﬂFdﬁmmhvis shitiplé SorvRtgrRinin@pereehtl types
can be used as a recipient of evolved genes. 15 Cells of particul ar

i nt er est seqedngelislentity,ang sequanice binidrity isthe BLASTE algpathns achichisdissérihed in

[ [ ti j t . (.1995) C. R Sci. 111
5. 1207 Absehd el g Mo BTy SERERL S0}, sBrdulor sbormine Eliith amiges
(Attridgesghbify a\(ailjagl%ﬂ:ovgﬁ?derﬁatﬁ)ai CEnter RirBadteckldSsy InfdridBkickox et al .
(1996) Gene Ther. 3: 173-8), lactobacillus, shigella {Si zenore et al.
(19983) Sdhepr/evav.acbidd-nigyy/).EThisalgorithmriapdloenfisuirleftifyiiginigh acmingoz 7|
(1996) Gene 169: 20 85-90), as well as mapmalian cells, including human
cel I's. | rPQBHES BHEOATTHRENPY IdsntifyiBe FRRFERPTASDL leneah W Bt e GUPY SSAPATCE RICh n a
first nosfuneAthehdr SRR (HAONGS AR LI hPBholORbrRT iR bii ki b & gECONd

ost nore anmenabl e o0 expressSion, selection, or screéning, or any other

desi r abl ethpairacRhgth. in hldatabBseRbuénte T i6 Refefied td & (e Yeighborhibs®WatdEstorent 0 t he
cell type depends on the DNA-uptake characteristics of the cell ty‘ge, e.g.,
at u

havi ng vithegsheld CAlsabnber a2 Ssimeinh gThessanitial ndfighhonbieasawordrhitsaet asciepds rally

conpetent.. .l f. the gell i S usceptible to.natural .and .
chemiical -miiee Fasdtne B bregHSE SouBpimg Boro TRAGT RS AR henexsiiediBul o
usual 'y eggth _@ﬁfe&i'o%hfoﬂ?@i&téeﬁﬁcnc'effof 0€FaP 8 thelRfuldtive AN SHAERALbIR! n be

el ectroporation as well, one can enploy biolistics. The biolistic PDS-1000
CGene Qun ihBieasedd CubariativeassoreCA)e ead@gatbdlising) for psdestidetsequanced, thegiagameters
DNA- coat ed gol d, or t;émgsten icrocarriers toward tar cells. 30.The
process i ¥ GgyATd e doriapadr ofi raichiaggesidesi plaaye s 0)iané Ni@rigftpicar r

il onBisningtcbdes; sUBE < IR artdd 2UF ReplehPRYF b AR T 530 1870
99/ 41402 EuJeuldté 8RB sébrel Ektérsion2IqRe patdRitdil daviediyectivhiagdhalted when:

essentially a mld electroporation format for |live tissues in animls and
pati ent s (Zwasulanye ahgeeenbseaye fells ofé by tireanaatiy X froms its pgrinpumagiipyed Novel

bl cat | DA AR as SRS P 15 oF pps¥ Justs e hag PhiafeH bERT e ey
the |i br ahagatbe-sReABRENRR al iR BB theleh8 of 8lther R @nePls reidHelly TRE B2t ed

to all ow expression of genes to occur. In many assays, a neans for
i dent i fyi algomtbirl pararhetersd¥nTaand ¥ detarmireithe sensgttiprandspessoefdbe pygnn@nteThe

vaccijle vgct of all kinds can include a sel ectable ker ne.. .Under
sel ech veBLARIR FTBEEM (P Sclnbos SEaionces) pats m5ianlis ampialenp T 1nd ker
W T surviymec I of S I K RLS, 1 Gl ; t b s R4 Rds otk &
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phenotype. For exanple, gene that encodes a cell surface antigen that is
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can be, for exanple, an %ﬁ?ggﬁipﬁgbﬁh&(ﬁﬂ'ﬁgg whi ch specifically binds
to the cell surface antigen. Exanples of suitable cell surface antigens
include any CD (cluster of differentiation) antigen (CD to CD163) froma




reconbi nant genetic vaccine vectors by the chosen route of adm nistration
and, at various tines thereafter excise the target tissue and recover

pl asmid f Wo%4#2t | ssue by standard nol ecul ar bi ol ogy procBETSE%/03PpE
recovered vector nolecules can be anplified in, for exanple 1E5ppcefp and/
or by PCRin vitro. The PCR anplifi cati’on can involve fiuther gene
shuffling, after which the derived sel ected popul ati on used for

readm ni stration to animals and further inprovenent of the vector. After
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and quantitative selection of those wth different |evels of_antigen
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expression of cell surface-localized antigen In a first éenbodi nent, the
i nveh$ i otheayrtinsidzationshedistosehiewe therdeficad detqutiers of the tarigeicmlymucleotide
surface-localized antigen. The antigen gene is engineered in the vaccine
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antiggn t i a .S e L L ot
't ear e ol Retal mERbkCL St Beighiol hbrltind el LY Bl hubhr bl Bbed
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transmenbrane protein (e.g., a surface menbrane protein on pathogenic S
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to direct it efficiently'to the cell surface. In a nmnority of cases, the
anti gén fasd veashicenditions avelstlettad o ErabentHyE hoves tRInGhe gramnabineltingpatys (Ta) g. |

sone antigens of .10 pat hogeni ¢ protozoa). The vector. library |s.deljvered
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fromyrusc . i.men i mal _physi.cal rifi I LS .
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readily by FACS to separate B cells, CD4+ or CD8+ T cells, 20 dendritic
cells, Langerhans cells, nonocytes,_and the like, using diverse fluorescent
nonocl onal _anti body reagefUSSTIHSER SHEETIRME(28)si ng the antigen can be
identified wwth a fluorescent nonocl onal antibody specific for the

C-term nal sequence on PIGIlinked forns of the surface antigen. FACS
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popul ati on over petri dishes bearing i mobilized nonocl onal anti body
specific for the relevant antigen can also be used to renove unwant ed
cell's. CHOYHER essing the required confornational struct BEFUSIYBRS t ar get
antigen can be identified using specifhg confornationalIy-ﬁqugdgﬂk

nonocl onal anti bodi es that are known t®©’react specifically with the sanme
structure as expressed on the target pathogen. Because one nonocl onal

anti body cannot define all aspects of correct folding of the target
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the best i | vo, sel d t hat 20 | mmu

o1 el SECIPHASS -Gy ik AOTolor 13 GRgbIea: EOF Hics! IRDPSAGe PHBL e buct s, For
ul SCERASORE-Hr W LAT Lo F SR i L. |

ot 1 preleotdes) SRR ERARRE RGNS (AR PAERIRLIR, Bt Bepal abuflo 2 17

ant i gen M®al isg kypsigal3n®oaeMOs & 1.OAPNA 56 abe@nfrawvn (St bther eis) ai pFs MO0 (at or
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separate t di f types. ent”cell types described above
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devel opnment, fluorescence, |um nescence). Cells expressing the nmaxi nal

| evel of antigen can be identified by visual inspection, the cell or cell
col ony pm%"dﬂé‘ﬁd standard nol ecul ar bi ol ogy met hods used RE/Y¥BI2? t he
pl-asm d DNA vacci ne vector that confer rgd this reactivity. 1A SEPnZps vel y,
fl ow cytonmeccy can be used to identi fy1 nd select cells harboring 25

pl asm ds that induce high |levels of gene expression. The enriched plasmd
popul ation that successfully expressed sufficient of the soluble factor in
t he cor peateinb&dm which ohepr moee okthie eptiopdsvesre sbtained. Spesificindihgtosamar t i ng

opul ation for another raund of sel ection,. ipcorporatin ene shuffling to
expand REOOAAEASE u8h cppdifinhs may Tequtieapamtingdy Gabisselpugd fotissneliciy 9B

one rec [ el j (YA g, fLom
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anal yzi igclogbindpopul ati ons. Thousands of cells can be anal yzed per second,
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por L anT o S G C R SR HRUAE ARG e e SR RSN
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or suno Dhigds ¥ee depcobed gvernposdible sidanteariationrescept where gtheruispneted d 4 B .
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vect or nodul] es can be screened for. | nproved yaccinati on properties using

vari ous ‘lvglic{}ie’f‘ioge? %BP%YHE}Otng"t‘ﬁBﬂgllqlh%{‘t?aﬁﬁée%ﬁ‘éﬁ?ﬁsﬁq&e?q?ose of skill in the
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effect on induction of profiferation of the parti cyte type of
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DNA or of vectors harboring genes encodi ng cytokines, costinulatory

nol ecul es etcg can be 10 screened for cytokine productl on (e. | L-2,
IL-4, IL-5WQP¥4407 ) "10, |L-12, IL-13, IL-15, IFN-y, TNF-a) PSJIE590@8q23 T
cell's, nonocytes/ macrophages, total human PBMC, or {dil uted)q vyng)ét ood
Q/tokl nes can be neasured by ELI SA or anélgcyt opl asm ¢ cyt oki ne ai ning and
flow cytonetry (single-cell analysis). Based on the cytokine production
profile, one can screen for alterations in the capacity of the vectors to
di rect THfamdtpnally sigrikanainang mds(as“aﬁllemwdemdmn fldve felewipedivelgroupsaaagks i n

rati os of IL-4/ N—yHJI&IMILZ | L-S/ 1 F' N -5/1L 2, 1L-13/1FN-vy,

| L-13/1 L- f?nta}rh%g@plag at RECORSETVRLYS Bibs Kmb“’ OUACACER "based on changes
in surface expressio | \ n{,i - : .),
0 S Lage) e SR Bifline ) WAV, B Bl

like. 20 In sone ermbasbmmial Phegakhing (FRT9Td3the\ (¥, Tayptoplish ﬂWﬁ' yzed for
their capacity to induce T cell activation. More specifically, spleen cells

fromihjected nmce cSulfussontainingelMethioninneMpdpseine(Cof cytotoxic T

| ynphocytes to |yse hnfecied.. a | s is studied. The
spleen cells are rea%-ﬁ-v ‘%"é%"“&f?‘%hﬁ'gmgzléﬁ?‘&%ﬁ)gen invitro. In
addition, T hel per cgildictinlsh¥i8REIdFD)O0Iutatnie A&k YEE hsPirapiBd 'Glﬁt

prol i feration or proaulc!t orﬁﬁof1 TN1 qD)L 2"l 25 and ¥ E SB agﬁd 2 (I aﬁmﬁeé%
| L-5) cyt deeméw, Gyelgnbsél%PdotemﬂWHl Fre€Ddn-and @cﬁhpmybﬁoragidmphdsgmupmgs
cyt oki ne staining.anq fl ow cytonetr Geneti c vacci nes and vagcin
conponent £F @an%lg§gs g%ag‘ﬁ,EP%“&WP‘}“&E;FWQSFW“?’EF’ AslgkRns of gddHams Wﬁﬁhﬁﬁer’ add
responses, f j of
it Dot o CRICEY HRBESHind 26 RK ATR B perinlaE PR afles By S cleolEPtfen e
conduct ed a3€aM6 oghsehvatively amadifed pafatipher al B | ynphocytes from i nmuni zed
i ndi vidual s. Such assay nmethods are known to those of skill in the art.
Ot her assays i nvol veAdethseguense’ofeferate gmuemméggcﬂm apigs phamingrageds thal | s,

For exarrpl e, F ctl on_praovi des th ef fi.ci en UBSTI TUTE . SHEET
(RULE 56] SO apatsss pobtr SRBneSSouitind ids Gamice 55 G, Rppeptce)

i dentifyingg {,{,eq whi ch produce a desired antigen on the cell surface.

Anot her advant age of FRCS sel ection is that one can sort for different

| evel s_of expression; sonetinmes |ower expression may be desired. Another
met hodS i ndeseeiptionofithePreferred Embedistents ant i bodi es on a plate. This nethod

[ I nb f to.b t h d
ol v Sel oers Tor ni onBerreiens invBrish prdies Bteedts Rt ibutd R apfh ot A el
coated wi th%@@&kﬁé&ﬁicaﬁ?bhmg'aﬁa cRIPYILAES cBN O Rhe BEIQEL:, oatndl rﬂaﬂbas‘ of ng
cell's which express a particular anti gen. Ceneti1 ¢ vacci nes and vacci ne

conponent sobtéiamgzueh dgmmgamgaianshe maesion prevtifes mahod:sefoscbtemmbmdmgt heir
ability to_ inhi b|t r0|f a n vi
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vacci a

degreggof Qgﬁxl%ﬁﬁel tﬁ%?gen{&%? %Anﬁl\}\%gn t eagté%%@rr Q:ﬁgﬂflcg‘ﬁ'e%egk %%'E: %eﬂtzekl:hﬁﬁgg ° a
patient orartaib uaefuiridr obfining gendticl vioriat canpdmns iat eh:atcﬂﬂervu ddsirsd taypefing
activation of antigen-specific T cells. Inproved activation of

t unor - speciPEFICHtY shendisedhip coBIUNSHEN Pother GFAPKSCRCRINE VEHYT of the tunors. In
case of autoantigens, one can add i munonodul ators that skew the responses

towards TH2. Skiyn bi ePairen &rHechfmblitsh Libraries

The invention involves creating recombinant libraries of polynucieotides that

25  are then screened to identify those library members that exhibit a desired property. The
recombinant libraries can be created using any of various methods.
The substrate nucleic acids used for the recombination can vary depending
upon the particular application. For example, where a polynucleotide that encodes a nucleic
acid binding domain or a ligand for a cell-specific receptor is to be optimized, different

30 forms of nucleic acids that encode all or part of the nucleic acid binding domain or a ligand
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enabling detailed studies of the type of i mune response that occurs at the
sites of each injection (in mce |arge nunbers of injections/vectors can be
anal yzed)wﬁsﬁé‘t“‘dgui tabl e screening methods can invol ve det BeVUst 8P changes
in 20 expression of cytokines, chenoki m;? accessory nol ecdl ESEPand2 t he

i ke, by cells upon challenge by a |ibrafy of genetic vaccine vectors. 3.
Enhanced Entry of Genetic Vaccine Vectors into Cells The nethods invol ve

subj ecting to DNA shuffling pol ynucl eotides which are involved in cell
entry. SUBha peli-yerrelicisEsRIRicarg subieaied F aombnpne L Re Bsthods mryireat leasfii®hces”

or 25 "t r&ﬂ%@fon{i{?%& ?tin%hg@ﬁﬁ%ﬁz{tgrT@gﬂvﬁﬁoﬁxﬁgof@mﬁ&tﬁisﬂgg'rami &Gl sho\gr ease
transfer 1'h a ce speciTIrcC nner, or I C f’iC _|n a nore general nmanner.
Because tgu@staiiadl ke GRALUENCREondMY sildn@al sita¥Arid) ivileh d¥ah 8ther, kel 8howd @lsaot

of ten known, DNA shuffling nmay be the only efficient method to inprove the

capaci t y dffeDNat {aasetmogrositivas c Fho plitialdi vensityshebeseg femmd cantbiegherestiéof of
human_cells. 30 The net hods,. | nvol ve. recombining at | east first d second
f or ms> of TRIHALYAE AR & {flﬁaietlf%rawpw@g%f%gnii ofags) YEQ Gined from gfsrent; and
second f - i ffer er: - 113 SUB, : aglalﬁllg)T Hktgm WO
99| 4140201&%&%&9(?658%3%E%?S%ﬁg}s%g%&g%%ﬁ%%%%e nuc?x(eéc?tl ege.@e ?ttﬁdt abl e
subst r at equércesiffom thosama argahim (e eielic parianiond)actiernakivelg theg isitines, CpG

sequences,. poly A C, G T oligonucleotides, and random DNA fragnments such
as, for eHUFFBICECAUmBAICedDRE; the ssePRd ranborg(CAR Pe Beneried BRCERRRIOBS. |1t has

been sug at.  gell rf L NS, t.he.. [ 3 enger
recept or gﬁ%%?ﬂ%ﬁ:c{}] gléc ragts‘:eelflr &r %(r;cgn oéf)é §f)g(§:e| cﬁ#’ %%%36%1 g’gﬁf %DQ@E gf(% d 96)

| rm: Ui t yadbivitpQsdl-Lidd (1090)'GlnK8DN07-MB! bfthe FiRe $&dne QAL 6F, Dy reFIRakibA 6f the
speci fic DNA sequences or whether they bind DNA in a sequence non-specific
manner . Hassefoem, in@EBBatoe sradmhitater ipsteells tpiscussed mim &mther Hiall belodi) ndhe o

cel | surf.ace? (vld. ). In addition to the DNA se.%uegce, t he :

t hr ee- di noHE! SREFSYiReMISIDYTAeHS SRt Areractier it SPRSFatent siers PHeEWS!Eapaci ty
of these glasticdscdnthifdildnr cells. The 10 DNA shuffling nethods of the

i nvention provide neans for optim zing such sequences for ability to confer
upon a vector the aOiftentiynprovenidnes ara aclettedeftenorerotulbofabsanbiaadn atek ai | ed
information as tQ the mechanismby which this effect i s achi eved. The

r esull®i ngsal§95PRr fOBEVar JEBHBIVE SRAUANFEFRSPBPINAHRN faB e smplayefde AdieYeStient i f y

at | east 1. C '- .t h
capabi 11 ¢ o0t byt RS Blonshdegtbndibbshibibdih o ERGRRNE |,
of i nter efany Biffer€nt oM a8s antBsdrifutatioRabf fofbibtd(be dasorde® idfurtaert détaibbelbwt
nodul e can be contacted with a popul ation of cells under conditions

conduci veThesedommajs gifarg $oaneyeqrmnmon ipiinciptene Reairsise seglierae regomitinatinn gaeailsent age

of cells in the popul ation ich contain th ucl.ei c. acid vector |

det or mi nethechReayRlr of enmbyein i Birirate b Rati A TS T o SbF ciednani o
mar ke t ofdndig) b dirlefc A€ RldiddubdishORindfsofRlskuetb 1@Bnie9 74 &dch ofibrihediFREST -
In a preferred enbodi ment, clonal isolates of vectors bearing reconbi nant
segnent s Hrtbe psasende fimftatodnss Bpanyagieercwyicteu reeembinaget ¢an. octreinpevacerit afeo. of

Lot o oxp s Rl sxhosTiufR sl ebmor, S Hey Havignt om Shembgapascarte | 9
transfect L%en-[%’d)f-n%lyl%gletfgeaggﬁﬁﬁmﬁétﬂgdﬁy{ Afssenbsds (e%??@i"ﬁ]cﬁ-g)rpﬂe PCR or

reconbi ni ng” at | east ransfer sequence Wt further form
of the tremsétermangaeRiBetd diher detlbubsteatdsir phwiucts for recombination. In some

25  instances, a new or improved property or characteristic can be achieved after only a single
cycle of in vivo or 1n virro recombination, as when using different, variant forms of the
sequence, as homologs from different individuals or strains of an organism, or related
sequences from the same organism. as allelic variations.

In a presently preferred embodiment, the recombinant libraries are prepared

30 using DNA shuffling. The shuffling and screeming or selection can be used to “evolve”

individual genes, whole plasmids or viruses. mulugene clusters, or even whole genomes
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| i brary of reconbinant transfer nodul es. The further formcan be the sane
or differ fromthe first and second forns. The new lib I reened
to ident‘lvggs/é]t“h east one further optim zed reconbi nant veéwsé?zoaﬁﬂ%e t hat
exhi bits an enhancenent of the abili t%OOf a genetic vacci ng1VvSEH Qgp2t hat
includes the optimzed transfer nodul®'to enter a cell of interest. 30 The

reconbi nati on and rescreeni ng process can be repeated as necessary, until a
transfer nodule that has sufficient ability to enhance transfer is

obt ai nd§temmperd} 9N Bied eefmobogyfl 3 SABSPR T REHESIHEE FYCIRERE regymbinanongnda1402
PCTNS99/ 03023, 35 1 1 P 2002 rec Lhation and screenjng. vectgor nodul es
re obCEIRREeTorLyeE besnraed P BhR oMo R B e ER STt or i he
abi l'i t Meékﬁnﬁm 86 ndi reh BifSthe dRAMLIVO BnA1P4i 6 &Y cIRpRatiGH &QLir€€bY SorfveAtiorl cont rol
vect or which does not contain the optim zed nodule, nore preferably at

| east ahethodsrer palypepide engiseerangd Siméflingalbws didl rgcanbineten oflargetnugibers 99
per%ent nore target cells than a 5 control vector. Although {‘or, vacci ne

pur pos ¥ YALNS i § BFITHEN BRRDE: of sglestippvaies, In contiaside aditiqng), paiptise

ool RS ot A RSB et T oo
ef fi ci gfteyidebartistiagadah@BeCianihiehdynsrovide dedombin@idieittveén mandomen\aagt or .

For integration b% honol ogous reconbi nati on, 10 inportant factors are the
degr ee qaradl ofdhpge.Hherebnprewiding a verydhstoraysefrexplosiag ibaoapnerds whigh differenhe
frequency .of such.seguences ip th enone.(e.qg., Alu repeats). The specific
sequencrEaT RN LTSGR uReb L Srenaron Tn Some Stisorpuater Sreatr

| NYGQr BdridAst fOstiBhSl ifT6FRatit B a9RBdble/whith! 41ARb%Eh nbf te@lfRtd Yordeduete DNA.

Met hods and materials for constructing honol 8gous targeting constructs are
descr i bredorbinetiay, pravides opporfuirB6a) folatodifeealdh o 8thd tedbmagilecy (1992) 15

Bi ol Technol ogy 10:534. For nonhonol ogous, illegitimate, and site-specific
reconbi nation, reXiRIRTPERAL @WIMOB$%W ReremBINAEQN. SAMEWBES her apy

vect or ' j ' Ll en jnat 4 I i ,

G of Loy Rt Iy BAOE Luithig, SRS GPABIECERIRINE HARIFERNERBBed Sy ey e
21: 2025préfeh9invemtorsandepovérkersimto-peNdifig @pplicafibaiIN) Pateh0APpHdation Bedaimes
integrated at a LoxP site in chronosomal DNA in the presence of Cre

r eddnbi Nases/ 1,43z fited Februapy bT,U0PérSestal BionBCHJI$BY/Q2E: filrsds FemwaryBrihance

P ovi oD sRbNG GbAgSREY, flka RERELADoYS Ser o PRSI 838 Hieh PERRELSS ' °°
pol ypeptgghe Sedl NG 08584 655 aMEE NoDVENBE 30, tlylgsszeasma.i @sx&@g,smﬁxsedtm&ﬁ ent er

target cells. Although the nmechanisns 1 nvolved in DNA uptake are not well
under st 25d 996 HerinENhoRfE6 23,420 lddrMerchi2sn 1 @9t Begald¥e RCT/AIRAI034 & fded ¢

vacel nog LI G SOMIER G e L 800 A6 AERRED e Sl 1 o
enhgnci g,m%@?s&fai Nl 641971 304 ﬁl@@@%@ﬂeﬁfb%yzﬂf19§6,g§é}ﬁ‘i No. PRgoI8ey ebei ¢ acid

upt ake by a given ce type by oat 1 ng ’thé nucleic acid wth an evol ved

pr ot ei nfilede8eplembes26,d 99N eand Saeibl No VRCT/USH 742B 8] filed Deadembdeardl 7, $9%1;s0 capabl e
of binding to the target cell. The vector can be contacted with the

SUOSTI TRtFEmsEcfencrIVE: 155) (199 Soammenerz! pGrred 64436531 1885)1 Stemgpsn, 2002

protei Nngt N-VEi1,Q OF..| Lyo. 1 the |atyer .sifuati,ofn,. Qtg A 1}

expr es sg%cfr}%rend’%gelf)% E%éﬂ%é#%ﬁr?& k? ﬁie%(?f e Cf%ft{ 6% ﬁf'l ‘%‘}‘lz'f l:] il .g)r ! gtc?z%‘ﬂ é bZselq uence
within (1@4)’,@@&1{1&1@5Mﬁqr@B%:@B?GQP(@%?;@aﬂﬁri%@?.?NBﬁtréMé&&iwhyﬁd usual I'y
have nucl eic acid binding activity but” do not necessari IMave any known
capaci t {1996); éntraert e oy, NalrtreBiovachneiagyadi: 3l SENR (996K eactpDMAichisndi ng
proteins which dg%,n Qe used.in thes gﬁt hods i nclude, but are not limted
to, tralSOMORILRLTe ?rébq.?llal“étegt}re@'ng‘ﬁ PURRSS-ved in DNA replication (e.g.,
recA) and reconbi j 0 inSel a tions on
DNA (e.g., hist ongb??érg%rtlcgr@nq%rgi %‘%@ﬁ‘%‘?%aﬁipﬁmgkgﬁgﬁiﬁ% rt'?(ﬂgt can be
used i nobtathing dieerpitarenuéBedc dcidy ©28 @ thd dubstrasdda DA geufflinaindlude,dfor

repressors, the E. coli CAP protein, nglc, roteins with | eucine 10 zi ppers
and DNACYATRRIE-I9Mpdagaus meembination (RCEL) %ngﬂa;}’umg Nor WQ@%42%7:h + PoU

dongi ns . . Drosophi | a Lred .proteid;. protei,ns Wit foJyo:Y whose
ot Pt o e B AL G R B AR R Al B o8 i B ROY el 19OBX-RE Ny
zi nc fi (ssy, Bowsteid and STbttle! &w%@a@@/ﬁﬂgﬁdﬁ%@kg; NeteB Bisdhemt £237sUCh as
those found in yeast Gcrl4, the Cys; Hs (SEQID NO: G box found in
retroviral nucl eocapsid proteins, and the Zy(Cys)~ (SEQ ID NO 7) clusters
found in nuclear hornone_re eﬁ_t Qr-type _proteins; the phage P22 Arc 15 and
Met repressors (see Kni g?l‘t'aé HTE ?%Eﬁﬁ)‘nﬁ’.’ié"rfﬁl. Cheer. 264: 3639-3642 and
Bow e & Sauer~1989) J. Biol. Chem 264: 7596-7602. RNA binding proteins are
reviewed by Burd & Dreyfuss ( 1994) Science 265: 61 S-621, and include HV
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inserted into a vector, if not already present in such a vector during the
reconbi nati on step. The vector generally encodes a sel ective marker capable
of bei ng V¥PYEE¥d in the cell type for which uptake is dITE$PI0BG23t he DNA
bi-ndi ng protein being evolved recognizes a specific binding 3igm R0,

l acl binding protein recognizes | acO))2¥ his binding site can be included in
30 the vector. Optionally, the vector can contain nultiple binding sites in
tandem SUBSTI TUTE SHEET (RULE 26) WO 99/ 41402 PCTNS991 03023 37 1 1 SEP
2002 Thd 1989t Bnsket ¢fThaieffionencetiof bhgemicleotide directad musepgnesis’sn delda andsf dr ned
into host cells sual |y tol]l, to allow reconbi nant E)roteins to b

expr essddolgerianbio 8@’05?1??@%/@& billexedsdiSREnesiaY srlage Bering ?r%'l)érlﬂ%lpﬁie%gt
l1s t | i 1 A i i
Soput at | o e redfodt a0 ok o ARaft HLABHETIIA I Sy 2

After andAdPREPLD:BU7BS00 (IDSLY) Mdthowy hBnzphol €661488-500d 1 PRI dirioMesolt 1 ar e
| ysed under mild conditions that do not disrupt binding of vectors to DNA

bi ndPng frzpmel. hé4: 328r356X 4 kphasphgtbiostesmpdidied GINA-minhgdEPHS (Tqipr7er BLwi t h

SRR AN £ T T VR R e T i R e Y B o
et al., (5 1&M)and-ﬁlaﬁst&9npb§§? id9Red QQt 967939@83@9%)?%?& acid Mhicndi ng

protein are then contacted wth s of the type for |nprovedcor
al t er ed Agpidakes. 16 79¢H02 HOINORayecsonrdil.t Naols Atiay Res.rig: BQ3-8ké (1988))t abl e
recipient cells include the hyman cell types that are commn. targqgeés i n DNA

vacci natTBRSenFals $aing dracy-Goptaining templates (ownes Prae ¥yt degdrasi bpHafe 488
d iti , | 5, } . M cel |
of "6 P Rk oL ORLACH RER R 1 SEIE P Rer Bl uiE BT CCT 1S

and nmonk@ypeddupiex DEA(Mrames @ ¢ NubD AcBRRes PIA: 984 )-9884 (198N K rakt sndobt ai ned
fromcell lines are suitable. After incubation, cells are plated with

sel ect i ofritzotedrpyiadgizpmnolot 54:38 0538743 98 Ve Knamerart apr NedndciinRend 6y & Tor

Fecover dd B Hnd TR0 pllaric PR Red 1RO BRIl TRRD"datEnE R e gl ng
nucl ei ¢ 20thagd FchidPbnOmMnk& Rpait (REansRRABL ECHPI Rl 937\ 8944)),S encodi ng

the respective reconbi nant segnents. The reconbi nant segnents fromcells
exprids si mytagéreswasing repairdsfiveant best strojne (Carterteo ab, Nunit Aeids Resud: 4131-4443

| ecti | the r nbi t first d f
ool s, S198SY; brteiMesinat it ERamioha o SE4 AL LRIV IFOHBUBREREE vect ors. The
reconbi t . i k 1 t her
Cour cos (RO R TR RAL AEAORS DEDILS (IS8R R ONBhsplecifbn he
r econbi nesiriciegpeification W efls b4 416 PHi/e Tedr3] Rasc. 56@1]%357:&!15—486@986@ in the

same manner as before, One exanple of a nethod to_evolve an optim zed
nucl ei ¢ BEtagenssHdYigtabgangisimthays(Nambiane digreneadpdof 299-330hd 9§éhes.

Seo 20" SRR AEACRMAE Nl SRS Re:T A RS9 (PRAT BeROR 41 il 348140
DNA shuf $13 ngssaanderigensh @ ev,qme Ahegs Rest 9msosLIR1gi(nogpaKits forl arly the

carboxy- and am no-term nal peptide extensions, to increase the efficiency
of DNA t MHHEERISISSUBSINMETR!ISHRETNR(4.E, B)yRad \ionegham Jgermpimmsodnglzan 3

Biotechnology).

B. Screening Methods
25 A recombination cycle is usually followed by at least one cycle of screening
or selection for molecules having a desired property or characteristic. If a recombination
cycle is performed in vitro, the products of recombination, i.e., recombinant segments, are
sometimes introduced into cells before the screening step. Recombinant segments can also
be linked to an appropriate vector or other regulatory sequences before screening.
30 Altemnatively, products of recombination generated in vitro are sometimes packaged as

viruses before screening. If recombination is performed in vivo, recombination products can
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3011 SEP2002into cells. In this approach, the histone is encoded by
t he DNA ich it will be bound. The histone |ibrary can uct ed
by, for éﬁ%ﬁ%’é, 1) shuffling of many rel ated histone gen%&e/ﬁgg’&?éétural

diversity, 2) addition of random or parbi ally random zed pdptiSge ggguences

at the N and C-term nal sequences of the histone, 3) by addition of
pre-sel ected protein-encoding regions to the N or CGtermni, such as whol e

cDNA libraries,, nuclear, protein.liqgand |librari.es, etc hese proteins can
bo par t (SaIeTTEs A Srresag BB Erilhincr ot terormheliGRocolied, 11 Sing: PPBtaPRcer o,
In a vardl.atd f, i adi j L a
nucl e;/c rggchg&g?rg F%g%‘?%?ééi@’ﬁp%%ﬁ’ e gr{/eo \lllgldaﬁll :Elln(’?ta 8‘?&@#%9%%&% ’yas, t he
nucl ei ¢ teford stieaitingg 10 protein. Nucleic acid binding sites are evol ved by

an anal ogous procedure to nucleic acid binding proteins except that the
starting substrat eEhepatues of sgegeniagior selactioneprrAsPNANEA PEGPSFYOhant f or ms of

thesg sites are.screened as C onent of., a vector. that, al so _encodes a
nuo 61 o SerseHERE B asedis o BEPObE i of puftacilnd T Rich PuBEERERE " ona
bi ndi ng gyughtehitEmandeRimpias aMalidRSscBNBIN. NHNELt AsHBT reBEsRS th ddast | n
genetic vaccine vectors. If the affinity of the DNA"binding protein is
speci f i che madeduio\basiDlA vidiinkl pagicsliat prodidts pfresainbinatiem(re¢conbinart segmeritsit

bi nding site and  the se ce, encodin he DNA .bi ndi.n rotein in the

quen
genet i c RAYERPHEredAeMoer ’?‘&}ﬁ@i’mroﬂﬁrf‘ﬁs astariscsIsting tohg SRENR at or y

sequenc _ [ ?zﬁib’h ' h
evol ved N ﬁf{]g‘furﬁge&%?lg%eg??efﬁgy %agtgiﬁﬁg\%ggg I gaﬁg g“e"g? g@g?ﬁ%@g@gwﬁ?}g‘c
speddf i chdvngadiffetrentintededunle @y dodigissqlenceftegiiateint Rquaites, tagstayt or used
in screening are bound by the protein. In these circunstances, the vector

shoul d i Ssarenses, stedilyy-oepiarring sequeness, imuninrnedidaterny SCRuAREers SEIUERRFSt her Wit h
addi ti onﬁlf §e9uences re§ ired tpo effect t\faqci na[%i on rﬁr\ﬁ hﬁr?@%. An

exenpl ary & P8 ePH &R RIEHT "SRR ARS8 R T8 PPEERPN: A%t OF £%hown in

Fi gure leomgsontal @tierc@ ban BE viriidein@StednitihetiGmuliieof N9 MBLReniipsE&idRe! | S,
nonocytes, dendritic cells, B cells, Langerhans cells] keratinocvtes,

M cel | s cin thérebaprrforared, fdrexhmkle, fotetdosybenant segnhéntmthatshavh atcreased episamdl| e

for use with each of the cell . t s are kno to those of skill in the art.
For 8xarPinenane 15 tarest oelLMiovtiha npedip SHTABLESHCR BPRIAYSPRREH (YGRS ng

cells i &%&%@@ : !% i gand, fibrinogen, factor X, |CAMI,
~3- gl ycgi‘rfllld?}}g (azym)gan , S%ﬁhﬁ?ébf C pothri on of imunoglobulin G (Wir's
Handbook oJExper i nBepealdihgon e mgyculirdsreehing protocai aisdiifog a desitdd préperty, L. A.

Her zenberg, C. Bl ackwell, 5th edition, SUBSTI TUTE SHEET éRULE 26) WO
991 41402intiEal Towd(s) S gorgesgg van sexppimenze Resfagmed inbacksighedisglug tasgighng 174)

because el ool GLive liqgands.are esent on AR LN I dritic
col 15 RS E PRREASIS Ao ES Bl LARE N it e B SR
ent eot owhith 8¢ nétRHabR thiefeefihg & Bac¥rd cBlls, bt RiRErhed M midmdRid &dis to
purposes. The ability of the vec?ors to enter and activate APC, such as
nmonocyt eeptpiA redogdimant segrmense tbrhnge toatt énvgronnenivalesede shaof Hewipended use.
quantitigs pf iipopolysaccharide (LPS). This facilitat the .interaction
ot ween G BPhAT A RS o8 bt bRmAdins prisret celh il et Mt | b
Due 10 i f$mhATHRH{MRR Ir8h&hO C¥INATh ¥k iffanckd Fhib Eelfbathd ddffhdd £OmaGatis an
adj uvant, thereby further potentiating the imune responses. Enterotoxins
pr oducedtdye weatddavith patidvogfon exarhpie to miaimizmgyseblems af irmendgenicitutn @ds bi nd
cells and t{hus enhance delivery of vaccines, antigens, gene therapy vectors
and 2;§harl’r%¥t’~’r§‘&ti cal proteins. In an exenplary enbodi nent of the invention,

receptor binding c 0, i . I n _Y~Ari : erae
and ent er ot oxi geni gfﬂ;et#g%hzn%& %&Eﬁéﬁ@é;deagggﬁlg%g? é‘?lgtl%n%?#gj\é&ecgngpﬁéchnent
to cell sepmientthitetaRle0bE caNsvirdrachilibiktion 0€ a @Bw oY imPro¥ed désiRa pRspetty @r 0SS
the cells of the intestinal epithelium In addition, they can be evol ved

for 1 S prepesiceysdithigi sepetio vacsinmtiant Deneridimg o theBcrsen,| the racombhIaRt SERATSNES An
antigen of {)nt ereHst can be fuseg élf t hese toxi .subuni.t;tg iléklstrate t he
f easi bi | F#3,P%HeRHREd A5 ompanenis of ceifs: GemPORATS Y VipieR iR Les fe SIS M t at e
the RCr eghd Ain@lof SUBEMURE of BIEERINVSA Be PERMRhd Safi T AHH0BSd Bf reBdthbindidr. 9€Ns

i ncl ude growt h hornone, “insulin, nmyelin basic protein, collagen and viral
envel ope proteins. 20 These nethods involve reconbining at |least first and
second forns of a nucleic acid which conprises a polynucl eotide that
encodes a preferably non-toxic receptor binding noiety of an enterotoxin.
The first and second for i fr h er. in two or nore

nucl eoti des, so the DNA rsrgugwﬁltriﬁ%-ré §E‘gh?§&%%tp$®ducti on of a library of
recombi nant enterotoxin binding noiety nucleic acids. Suitable enterotoxins
include, for exanple, a V. 2S chol erae enterotoxin, enterotoxins from

o o Y . oy oy




WD 991 41402 PCT/ US99103023 40 1 1 S E P 2002 pol ypepti des can be screened
by contacting the library with a cell surface receptor of a target cell and
det er m ni‘M@"’&N“E’n reconbi nant enterotoxi n bi ndi ng moi ety poFT/BERBHSs

exhi bit enhanced ability to bind to the target cell receptaqry Epezto@ell
surface receptor can be present on the rface of a t ar get cels itTself, or
can be attached to a different cell, or binding can be 5 tested using cell
surface receptor that is not associated with a cell. Exanples of suitable
cell surface receptlbfigthenvhprdgeméninn epaonerty,is Gddired, at $easi dreerdng, usoally zan

evol ve bacieri al .superantigens for altered (increased or decreased) binding

to T cel I© 1@@@&05,:&%;@1%9@%@5 FUrvIYE) skroung i sEeaRicleRtiog SFSURISC vat e

T cells i : i i f4-C ' L nding.: acel |
Fecopt or [ MEC ST e bRIRREREA LI TR e Roap iRl ARl ARy Bt R A e
Urtica dieaticathstgresintxapenofsMsgaiehs regresenting theWHpindtdiibstrdtes bmfartiel .  26: 618

22) and Staphyl ococcal enterotoxin A (Bavari et al. ( 199G J. Infect. Ds.
174: 358- Asyiantpthesro{diALgina yeoRBbInation campiaseebinbarre pf sorivas el ilfarresi®hect i ng

superanti gens. that .bind MHC.cl.ass |l | ecul es (Wang and oj,gne (1997)
3P ¥ hmuncEreenint A bt Yt i s S ag SORIhrRS e FRRRO Y ¢
protein QlonfnfiOcalfbd fibfecydd 16 FutiR $tdhibihationlin 918, b1008h beAuBjedredtd fffhér A)
covalently I'inked to five B subunits (CI-B). CI-B functions "as the~eceptor
bi ndi ng cecpuneaionandith, wdsar be Shlaledgmfigk ipesbaringacemdoSrnorrrerarmal | an cel |
surfaces. The .toxic é—subu it.]s not necessary for t.He fupction of CI, and
in the afSeRENONCRVersgitlitBhBIevVIers ETRRNRS RSP denl C%%?SHF‘% FREREaRh g

Hol en i n{ﬁg% F o Ds o been
ShOV\nlII":ll bt o] s% vgﬁg%ﬁ %%édafgfjng\%ﬁ% a tln\?l?[tgiogsgljrg%egizt@svei %%grﬁtgz ?‘ﬂgg‘“ﬁ’ ﬁgﬁéggﬁ?mmne
r esponsescedif teegerforal a @ahd vémyviod resoinbiation.alile verond rermd fraokibiskipnet al .
(1996) Ann. NYAcad. Sci. 778: 185-93; Van Cott et al. (1996) Vaccine 14:
392-8). NPesseYe how perepmedggencraes Arthey teepmbipaniesg smentsydli¢hhensaBpasspr ot ei n

prevent ed se f aut gi mune encephal elitis (EAE mar i ne nodel . of
i i pl o ERBRA el BT B B BBt sreents Tl o R Pl e
ani mal s wi th nyel i nTRAGkendFoRhe bPredombAtiBA heHe tMolvkd Byaffuffherrbendaset of
clinical synptonms (7 days) attenuated the synptons in t%ese animals. O her

bact dbi al scresringéselestiethacrording tor the prineiples ddisBussed hboveSat the izt raundy xThe
Shigella toxin and Ca | obacter toxin, have structural, simlariti W t h
T Ent orSRBREPRE ObrCTRotReoR 6t Ringisrse ooV et b e G The Bamie GBS al'so
have sequgncs h@ 6k 16 4Rty Bdefobfdublief impBfb BRER I

ent er ot o%%ns canﬂggeﬁgé% ved %%c;rg?ﬁr?p?%f/deag a f?érﬁgﬁxyﬁﬁhiﬁt@ tvo cells brf;
gene shufthbn ooe prépertyisrdebiagd dryif aéquiiring mbte then beneve ptopeny dxdasirsdibuni t and
CT-B is 78%. SUBSTI TUTE SHEET aéiRULE 26) . WD 991 41402 PCT/ US99/ 03023 41 1 1
S E P 200hdditienal sowdsiof ESRpIbEIAEIY 2pd sEEsTRE DAL PeROmSAAIEAE ei ght

nucl et i : i I r LAl . coli
e oo e iaRaRacRBUS nest RSP ol biEallkd A8 URMed LA ey R [
shuf f I i ngpriogertye@sfubtgoranong ent er ot oxi n- encodi ng nucl ei ¢ aci ds &-om
different bacterial_ species. The libraries of shuffled toxin subunits can
be expressed in a sVpreus serasoing metheds forpartigelanapplisatiensaee deseribeshhieseip. In

reasons, stra'{ns in which.the toxic CT-A i referred. .égs

del eted are |
anti gen of° "It BPBBY S ARCHE g LRy St 8"ptrﬁsélr’iget§%betCSWEbH?aHgP?%I%S%%rL%?IWepgecr etion
of chi mer éreoBEd\eihe TedimbYnarkt PElyRLABERR 0P theSIHreS R FudynsGiith Bbidignthe is
bacteria in agar in the presence of nonoclonal antibodies specific for the
ant i ¢g¥n t diaplaysisorf the eurface dflageplicablesgeantt fkage Foevadmmpé, phege displey chg be
detected as i noprecipitation ip the agar_around the_col onie e _can
al so add @ﬁfil‘g%r;ﬁéi {:thfg% e%é‘fft dag: gfﬁf %6" &éﬁr gﬂr@%??@é%f%&iﬁ%ﬁ%&ﬁf’g’ni es
secretinggf; thig@nad 4 k i u L&, e 88§ ol QR &1 t
| evel s of S{lh”el%? ﬁgl 'ica)dn‘l g@% g??\?)ésrbgnt gﬁﬂg’u Cilﬂz?gég?‘n 6?%3? P(}%)I g? %‘se?g?nﬁd%e
cul ture nediuees. Othesteplicabis gdnbtic packagedaciabie, for ecuips baapahl sakafyotic ndi ng

to cells or receptors in solution. Binding of chimeric fusion 15 proteins
to GV 1 gHigcs.o$pdeandesperssors on cell surface or in solution can be

det ect{d by a nonoclnal antib specific for t nt i hat s fused
to thiéoet oxin. The as §ygefi§ti‘cnpga C\%?d% Sé'g%sg:ﬁleguwgg %Sﬁcg?oéalﬁzg#g'gb%éﬁq a é'Ngne may
evol ve f opadigipy&d phitidian¢ fAkEentbes HIRGEPIrEpQi{18f pHaBa M 13h8d @l IF1. Most
gangl i osi de receptor. \Wen increasing concentrations of wld-type
enterotoxins are added to these assays, one can detect nmutants that bind to
receptors with 20 inproved affinities. Affinity and specificity of toxin

bi ndi ng can al so be deterWﬁ@E'WT%§Hﬁz§€e(RHL§s¥@n resonance (Kuzienko et
al. ( 1996) Biochem str3~ 35: 6375-84).



The advantage of the bacterial expression systemis that the fusion protein
i's secretedq% bacteria that could potentially be used in Iargﬁ scal e
product i oNO R4} 4¥98ver, because the fusion protein is in sol BETORMIPINg

sel ection, possible problens associated with 25 expression E sggag@ (such
as bias towards sel ection of nutants t only function onﬁ age) %n be
avoi ded. Nevert hel ess, phage display is useful for screening to identify
enterotoxins with inproved affinities. Alibrary of shuffled mutants can be
expr essewodnhgshaysyed ushrtmg libiBies ancbding polypeptideitoi hephisplaydd aftb ieitherygIHr e
selected b bi nding to, faqr exanpl.e, GMI' 30 .gang]josjde receptors in
sol uti onor&%°§E6$ phagg tpmpine a%l‘?é‘“hﬁ‘i?ngeﬁ’ﬁ-aé'ée' ng-,q?ﬂqgerg% SLL88 13- Devin,

SUBSTI T =N = ) 1 2002
the mut ante Lase Mag Ay WERHRL At BT WO SP0te hnk BOL Cssea
bel ow. A9X¢8€KN(gege ¥MHY.08adh Aifikiog protsinoniprishll 3 sighalisequendd, hidudlly bat Aer anmed
in Figure 1. Finally, the resulting evolved enterotoxin can be fused with
DNA Bi ndngsgsssribt éiom thawphage aeatipeotoiaic e pakyporiidedp be displayehensirithier the gane I
fusion protei The DNA shuffli 5 be done .either separately, in which
case 1 heo% seqdipttueth oc  dtbmoni Berdaf HErolenBRy Soulty selentRR B ol

react i onat optiehd the MN-térRfkhd & gefle AT ﬁﬂg’é‘de'\mm SMhohgh 'o{%ﬁfn‘écrﬁfm EifsARdb AA8ible.

bi ndi ng noi ety nucl ei ¢ aci ds which can be screened by transfecting vectors
whi ch contain the [Eukaroyic vasseaeht bagsed thidwplaygpadypeptidgsan af agalégmust he

nucl eic acid binding domajn, into a popul ation of S | I's. The binding
moi ety i S3BRYr e95&Y Hle?ﬁx@pl@gp? Euraﬂaggg&‘&@ %"Se‘i Wegp% OEU&?‘?J}CE M bi ndi ng
domgign t 2 0kndi i l.e |7 e
ysag un e e e B o S T g
noi ety cO9IbRXSpotbecateait®be usdidngirdpdicable gepettopaek apes.C Bithistase, bolypeptidest ed

wth a cell of interest) after which cells are identified that contain a
vect or a®§ dismaysgifromtbgiontecuirfarnenthespergi fgr aeanenls; spores Epm Acubidisdraye
isolated, fromthe cells. not her t hod for t ai ni nq _enhanced. upt ake of
2" Var got PHARYP R TP e of Shelroisi of Meft ol oFCRATRER Y

Speci fi cploh¥van' @15t bt Bipcigaden) (1087 UtdIRIcaffalst BB USR] RfrefiRaBR ek t aken
into those cells that initially take up the sanme DNA. The met hod uses cel
sur fldce pagkagesiRnlypdptidestnr tandisplayedaramsert@Natdi peticregcotbngi pell prbteirf that
exanpl e, . transcrjption factars, that, are encoded_in the target. DNA |
sequence}® SHRFER ‘F%g‘%hﬁﬁ 8 BatteEa SR &7 uﬁwéﬂm%fl%@r@gﬁéwﬁf‘ﬁﬂ“f he
bindi NG oSIRINPsciBbHRaPlerdBolP Y8EH) Endibrd AR ABLichNPadilliolic? NERKrid DY any.
process, passive uptake, electrdporation, osnotic shock, ofher stress) will
| ead t o pomdyskddapt Nelds®ia beingRiaR, Bacerbiddg riodbsppMyravells bimvis)and espacially
domai n. The gene encoding the Dbi n_digquonai n is engineered so_ that the

bi ndi ng &8 ishiaccadigredsalered. nDetalephRweresuatRe R BTSN BE Fscyssed Sy dppner et g
hydraphobj r&t 0, ] Cl: a c : oxyl :

tor rathus 2o US e T Eeg g e B R PR R B e PREGEBE RO i,
(PIG coppitgpdé.i on after partial cleavage of this term nal sequence. This,

in turn, leads to trafficking and positioning of the binding domain on the
cel | surface. The <abesicebhaspt ¢fadisplaiomethods Hat psephegeror ether replimbloganelq |

express the factor and,.have . ipcreased specific affinj f or,. t arget t hat
Conmina BRTARE EICRDIGT T of B 2h g b5 bRA A ok YR Tpe e

conpetiti i A kRe ; t DNA-
PO ahei f (B reaRMARAAC oY, THiS prfiital dEREISHIOR b YBLEY BT RERE .
upt aXe. SERIITI phcKigeSMEch dikihys 2fglypeptife a9 pdit 402 cHESK duSRBINGIBLEendRebfl S E

P 2002 Enhanced bi nding of the target DNA to . the target cell w_ | increase
the ef fi LISPRAZE §F OtHGA PREKAGE MXRSrSin tROPPINPRPME 45 Breqdsd by e grtrama e unct i on.

This pro . AERY g e into
col 1 st her P ERhESERRRy AofASiatlalEy LSRR BRL PRl RS ARG HBLEHS, 1 T2,
pl asm d, allbwg eitudiadebidMassschRRfing of @brydlargeaiiiticr it phagoreasagdifis¢mgnent , is
engi neered to bear_one or nore copies of a DNA recognition sequence for a
mamal | apobipepidasePhage displrgng B polypeptidecyish affiviiyyo p fargelt ¢.§ed IRCSRIES bind |

al regdy bear .one or re such notifs;,these can be identified by sequence
el 0 5 0 BB S RS pRase AutBihSd by Biwaeiene 16 FE urbtO The el "
identifi ' rahi ; j ed.0 one
o mor ¢ B e Mo B g et
format. This provides a practical nmeans for determ ning which factor or
conmbi nation of factors to use with any particular target DNA. In the case
of a small oligonucl eoti dSYBSHTUTR $HEER(BULERM as used for a DNA
vaccine), appropriate notifs can be engineered into the sequence. A
particular notif can be engineered in one or nore copies, in tandem or

o o o o v a - Al 2+ - s . Y




The invention provi des nmethods of obtaining bacteriophage vectors that

exhi bit desirable properties for use as genetic vacci ne vectors. The

princi pl e WeRYAW0t he 20 approach provided by the inventi on REF/WE%3Bi ne
the power of DI ~tA shuffling with the eé%raordinary power oq pgﬁﬁg@' phage
genetics and the wealth of recent advances in phage display te o) @gies to
rapi dly evol ve highly novel, potent, and generic vacci ne vehicles. The

evol ved vaccine vehicles can present antigen either (1) in native formon
t he surf adsingtheshaathotie@ polypsptideisentifiedcasihamingfa bamding affimetyl yorraedgsirad target (2)
sel ectivel y jnvade APC s . an del i ver vacci ne gonst r uct o APC s for
ot r acel | abeit R atiseizke D Pk By PR SrEinasneain i Ard VG erge et fpiodes
efficient f Ryl &b [ é gens to professiona
APC s wi I?%&Q@ﬁ%e&{ﬁséi net i ccgjséﬁang‘?gﬁ% é%ﬁh?ﬁéecﬂ%?nmne response to the
vacci ne. Genetic vaBetombidaitinueleic acidlibladiss thhtdre abiained bl vetmethody désogbddo

t he met hods 30 of the invention areéParticuIarl¥évaluable for the rapid
i nduc®i onheeiniare peraged ie identiht thasgPBA sasmentsdhat hayes &propemy yhichus desifapls

viral epi r : eny i such. as_superanti.dens._or . S | TUTE
SHEET ( RLff’g%g‘g?t& Va@\%“é@‘ﬂh i PR s B 35y B e Y8308, 5 %ﬁggﬂ%‘?“g
toxin. Higdlow! dépeningdntthdpaties &p&@f}ﬁ{r@ﬂﬁ% iepréveriint & sBudtal Topicafly, ow
afflnlty_prlnaé%ﬂresppnse antibodies. This so-called affinity nmaturation
process ithesbuledinarlefencid hierageisantaedused o esilsippiotioswsragning. dithe BN ANt
he. Spl oeHEgdp A ARG ar & U@ arO i H Y SR, DAL SRREAS )
t he spl eenl™t J ), 5
prof ggsi opalerAdd hig&iayRkRESA IR mh%e%ﬂﬁ@éx%gmm fd%f' i8 pRPinRans vt Baeel | s
and processed antigen fragnents to T cells. onally expanding B cel

popul at i oresombirzht hizvaey 10 paefegblydnsodudet dntotticeddsived celletypebefoteed f or t hose

mutant B cells expressin% antibodies with inproved affinity for antigen.
Thus, ef f SEFERE/BdeGPRY | N Memheryeithe seoombingniyiprry; 6aa e digked IRANGPHOMSY and

pot ency of. ' 0. Lmmanizi ng antigen. Additionally,
pr ocessedLlﬁé&%ﬁg%%gﬁggFgwﬁ‘r‘éee%r?g@'_t o stimulate antigen specific
T cells. Cenetic vagewiRSade dff%enltf;lsas@aﬁ Ve 8deliias b eetipisht dTebolvedgédess | MHC

restricted responses due to intracellular expression of antigen, with a
r esullSant Cellaef pasticuler iptereshiriclyee niarydrasterial codl types thdt asused kHISlyar Hageynes

Thus, invasive. bact.eri gphage,.vect I f.deliye enetic _vaccine
const ruct & WEEiPaRuEdRPRGRHY o4 aBeO B 0 dpd syt HE A 8 i !
bact eri oph@gmeive afd BRaneyediNes saarcar iiMeonda (ARBASES AR ATPR) Mabaink 1YL1¥5-62);
Preferred bacteriophage for these purposes are those that have been

genet i cal tipstdium ¢hew ect gl PO@d e d fore\E 113pAY, laaobachms cihigellaySie¢émérsraziagn
protein epj s, t el de, for exanple, |anbda, I7,. 13 _
bact er i opﬁl'a"ég? g‘ﬁ*ﬁ@cer%a%%ﬁ%@sgpf%{g StrRPIPgPceus (Oggigni ARRER @%P%@?? Lop:

vect f ORsl j AELL thes i [.Qn. i

fil aorrzg)nt oég léggt’caltseQ‘Fﬁltnlc;'a(|c3§hage ? ﬁ%lt ng’sl%%léfgﬁl\gg{s%dd& vrlx“neg%\a'/:lr;}/g?daé 8@2% al;?htgc%))lq%eept i de
f ragment sirivenfiomahé hivvaty isfaglpli€idd §104 firQ hosthandsis tiedGecovtred dnethadhdsa gad

particles, PonpePtides have been fused to both the gene Il and gene VIII
coat pr ot HItFpslueest o serons} gst mprapprableto expipssionselestion, oy ETesRing, 87 apy ghl y

evol vabl e Gl Lci-gnt L ar el v r. i

vacoi ne. veiFbPEupl Yoot ARmARE TR SF S inbelloifi e Al bl
properti edefings @K APDRA-@ftakdéhakaceristics bNMRAE QVIEFRB! &g.t Rdvingdral beeptoins,eved by
use of the nethods of the invention to evol ve bacteriophage genetic vaccine
vect of%s: beingycapatile of eamjugasipn.asbgingf nasiraljeceropaters. Hithoeelt Heai unspusespadlat i on
or oral delivery, ef f.i.cient. hom ng to APCs, .and efficient invasion
of target feahea aud MerSraing G samperncs SntsciruRlede Siekraora e phe IR &
used, fusi Y fé@ﬁi@ A0 LR (1Y i i bpdr@iddn &Y QEIBI NS
so t hat tagngbo égygrop f%?g? ég% beﬂégﬁg#hgﬁgl E%E§8§¥%gﬂé phébe

particl e. ohbeseemployitdslistian Diee pelisttr PBS-1000 Geat Gani(Bieral, SlerhleasCAusgsat or y
m ce so SUBSTI TUTE SHEET ( RULE 26) WD 99/ 41402 PC T/USQQ/OS%%? 45 ~ } S E
P 2002 t hRelymPresspre/aaceediaieQNAcoaisd 89id oriBnEssy rIcEacarIcatT PYaF! (frsgs cells.

respe t j : VAGEH 30 - l ved. | and ~

or al 13 del TORigEra Y StpaE o BEARRLERH fish el g ledep LR BB aRr,
for use i inthetrRimeleddsses, Mtk euitilie colld, Aad phigfl SRVELOPEHe tih @Nsiby elegtrbine
ability to honme to test aninmal APCs are readily transferable to human cells
by perform ng anal ogous sel ections on human APCs. Wile these nethods are
exenplified for bacteriop rs,._the nethods are also applicable to
ot her types of genetic va%ﬁig%%o‘?"égef (RUSE BBb ution of efficient
delivery of bacteriopha~e vehicles by inhalation or oral delivery 10 The

i nvention provides nethods for obtaining genetic vaccine vectors that are

o Y Y - e b o o, -, .




this technology 20 Screening involves preparation of high titer stocks
(preferabl Z phage particles) in standard colloidal fornulations

whi ch areV ﬁéPﬂV@?ed intranasally to test animal's, such as RFESOMBEHY
sanpl es are taken over the course of the ensuing day and ci f$§ %pg phage
are anplified in E. coli. It has been abl i shed that ML3 c es for

| ong periods in the blood after injection intravenously, and thus it is
reasonabl e to expect that phage that 2~ successfully enter the blood stream
t hr ough phise Idahgermnhlbemeersmwaﬁyna Inyildr edetropoeation iormeatfor fivesgsstes inahinals | s.

In a preferred e rounds  of c re .a I|e o the
i i ol PROPERSTE oG rahe e D rep it et E 090 NeV e esodit er
t he bl oo YRER es are
typi cal |€ teétﬁgg}:l ndi nﬂﬁug]t’?{e%g%drd"bte Zr??ﬁe;}g%tgc%r}a%ﬂg?td&%@é%cgﬂof entry, and
t he best P@wsgmam%@ubumdwwoeﬁas%ﬂo ex frarddtroducsion of tied litgatyo f3Bcomisinantf y
the nature of the fusions that confer efficient dellverg (of particular

8

i nt erest ONH8enese thergakds prephipnally)propagaied te gllew sxpressian obgenas e REUlevol ved

];98; 432820\5?:?'/ Egggy&géﬁp}ga%g %%%%‘Ef@é@ nft"ﬁ{;g%eggﬁl; ‘é‘é‘ UI 7 aﬁﬁ%“lsubj 8¢t | ng

the phaggs herekfiny. eGanetid vaysihevecirs Al MaRY carl RERME b ¥eledidBle hirket géxe, and
shuffling. An anal ogous procedure is used to obtain vaccine vectors that

are ef f edindee selbasivedehditionss dnlyrthddeycellythgeenpress theasstsotably matiar willlsumvive. i s
pr epar ed huffI|n The reconbi.pant .vectors are pa d and
B i ot GRS o SHae wlnclvﬁméﬂy%ato S sckuge b RER), e

sto h/ i y 1 L.Ng

ot v naP e Bhe Bhd PR DL PRk oL RS Sonichlls GBI Ay SRR

bl oodstr @mathwphbymyatansfetass Swigicic ean teesel ebestl fof weth rhycophenolir dcidy neect or s
that reach the bl ood/lynph. A schematic of this selection nethod is shown

i n Fi gur dngomy@n pbqsptz%arﬁfqreﬁ) mm%@m&elsshﬁeéé"owﬁh §14$, RygroBwFing Plent

hom ny t e V.

bact e)r/i og‘n"ége%?};e(c%}‘?rﬁsﬁ#ﬁza wg&Io %95?4?9%553%& glteft%g\%é%%e vect ors,
for effi gh&Rburdard (Mulhgarp&cﬁ g&ﬂ?Pr&”NbQ’?'HcQHe&@WS)Z'QSCMhS Solidhbfma&i es of
random pepti de |igands and used in (A above are enri ched for phage

whi chS selBargi(1282)y JoMak Appl. ,Gé@st by327)r st negatively seI ect| ng for binding 15
to non- APC cell typ nd then positively selecti b| ndi t 0 .APCs.
The sel ections is t‘gi)?’batq’?}a“ﬁ&rt‘? & %@%&P%%Pﬁ e} ?r}% %"r a&%%%s Vageing LA ge
fromthe I per

el ecti on Synr e FEgE R R RS Wb SRl S E, ntert Moot FLIE

sel ect i orontainihp ¢hebientbir ageqdhag@erﬁ:ﬁableqpbbrtotp@d [Fer exa(nmle; gene eha ehemdes arcgll An
alternative, selection format cqnsists of .injecting pha ellbrarles

i nt r avencysfage antigen fha & 1ot @ooally Mesent ersthediost ¢edlyf suitabler Thedeiectionpeans
| | ggt t I
The. P R AL niE N SHinbd) B Gk X TRbAPGEI SRR Bibls 1 P el BcRlc "0

E. coli atiﬂtgémrﬂﬂiﬁfpldswfﬁdﬁab@éc&l@ukﬁbémﬁigeﬁi thchelefafy OB (ddster & rounds) i f
further optimzation is desired. After the chosen nunber of rounds,

i ndi vi duadiffereataticn) andgenr (68t leteiCGIRLO3) from hepeciestsither thant thatrafithe hest Icylhﬂbéﬁhd

Th t f ndj dat bj ect.ed. t t h | yt
croonsh e BebRhel OSSR AR et PSS B R oy
Evol uti Orbr@fenpéGFlersleé)Qr@a%aﬂﬁ)é ezld)V(qwgrscefncé\E@frsah@osm@hﬂ% afait(1996)
invention are al so use for evol ving bacteriophage and ot her genetic

vacci2he iivcs Boidobnol bAradib e 9oChalﬁBge¢1 COOb ¥ Phdthieeno ffivgohigl. 6Bi651-656;
possi bi | i of 30 t t ss I ntigen processing pathways
with eith igof‘ﬁf & hla%%ﬁggcﬁ‘eglggtog r(&@h%g ej ‘ilé%‘tgcéﬁ’rﬁe@%réieﬂp‘ﬁ ‘CEIQW
\2/€éI)CCI ne V@d?hﬁgﬁeaug,ad% iff. i n by the evol ved vector. SUBSTI TUTE SHEET ( RULE

1. Screening for Vector Longevity or Translocation to Desired Tissue

For certain applications, it is desirable to identify those vectors with the
30  greatest longevity as DNA. or to identify vectors which end up in tissues distant from the

injection site. This can be accomplished by administering 10 an animal a population of

SUBSTITUTE SHEET (RULE 26)



WD 991 41402 PCTNS99/03023 1 1 S ~ P 2002 Invasins conprise a large famly
of bacterial 9protei ns which interact with integrins and pronote the

ef fici ent M3l i zati on of pathogenic bacteria such as SECHBI§8943423 Thi s
enbodi nent of the invention involves shﬁfl ing different fo rﬁﬁsﬂﬁ 2002

pol ynucl eoti des that encode invasins. For exanple, two or re-genes which
encode the 5 invasin famly of proteins can be shuffled. The shuffled

pol ynucl eotides can be cloned as fusions to the M 13 gene VII| coat protein
gene, foreeotaipins geraiig Vargjne veotess by thecthossn mutshofl ddprinisiragonnrid, atyaripnepar ed.

Th lib i bact er i h b i | t t APCs., Aft

e bat | it figreflar eRGe e SRRATRer M Ecaleh Blpsti RamdheBieie bynizglitng phage
b dt . i : i

ound to ﬂ&%cawﬁl\lﬂ@{%gy g{lotci&@g%sf g*gb %ec%@&eé%eétﬁf@\s%umcmwm hgiag@?&%hus

pol ycl on ant1 - 10 The ce are then sonfc

r el easi n@gxpinptps £t bwdt andavebys PCRa8 sitkd. | ThedCR meglifibstidnacandhvasied fisthet fene
protecti gg themfromthe polyclonal anti-ML3 antiserum. These phage can,
i f desi r sHULfHBS. 281 VhicB dhe darived selactedipepulaionsused &Qrirgadraipistation (q anraals
iterativ I; tyl Vi . 0, { nal
cycl e can Ylﬁ”gﬁf? réﬁgwfé’rg{gg?tgorf?gee‘é%hét #fﬁ%égg&{l%%ﬁcﬁh&?}ﬂy?? gﬁgfi%bﬁk Eél@ctéd

i nvasi vensasmidd b teasited fon theliodpscifad ckprbs e aafpdi inaHe Borirért geMfemdtion
fusions that 15 encode pat hogenic epitopes of interest. These phage can be

i nj ect ed undepthgisarae aonditiensias therplasmid avas selertadiimwivabi lities to i nduce a CTL
response to the pathogeni c.antigens. Bacterio e.vacci ne vehicles evol ved
for activity in i dERAREGPIRTLARETInE Bt e L CROGLS TR or SEFEHNS BRcEie.
Pringpp! &festMedlBEve 161 4lf Véfbr@bb@indl b capehlk oF rfa%'fn E%@%iréﬂ%ﬁ@en‘{aﬁﬁ' nes.
The ability to induce nore rapid and potent CTL ‘an eutral i1 zing anti body

20 r esponsescomd thissinmhback the iregniien priovidep atetiands forddentifgingfthosetveetosvialaut i on
of inproved counterneasures agai nst pat hogens of interest. Genetic Vaccine

Phar mac e (SSPERF VISSHE Pt iatorsthahexhit my alyothadssirrddissus losalizatien gad jopgsyity
hi cl , .genet. ir . :
! vent | oreTSASHERIGSP Shiorol FehilS JHbAY afilln ke Oor RIRAARRIG Hothdl?

ot her congbnes Outh.as cpokdks KRbrBokiged) eéll surfRe atdrssory hdtlecildy, MHC hardriraliles)! s
obt ai ned according to the nethods of the invention are useful in both
pr ophy| axTie madodsiarelyy invirpidensificalion of cslawhich expeass thedesirpdmelesulgdsmepy

b ial . . |, vi.ral . .ot h f | s,
ob ai nod SRRy BHCERm e ik of Sieich e BohaBHRT BaCind BHEy of Ve BRne
di seases mitrhdislof@lls hAA q@NBIRIVE selbQRIN BT IROE witH diffeten? levelsfof adiigdaet es

mel litus, 30 nyasthenia gravis, reactive arthritis, ankyl osing spondylitis,
and nul t i gipeessoha@s desied. These and ot her inflammatory conditions, including

| BD, psoriasis, pangreatitis, and. various SUBSTIT SHEE LE 2 WO
99i at ao~ PCTNS99/ 030%3 ¢ °‘im1¢n?|§g‘ tBeyEy SRURR ATS %%ng‘gﬁéfqéggwggﬁ Uges atall)“éféEyed
USi NGoYENst ddn HAGLEREebBAlasiNCLbARs YRk OTR RS mEGBR RNl chtpp Rk ed
using the tﬁods of tﬁe ﬁnagent%on.géenet}rcegg%g?ne vrgct ors and olt%aer
reagent s plasmaids ¢lcht eehibiy thehizsimet hiokbgicaf plopertiesnisents. oThe sacotmdinasekibrany t r eat
allergies and asthma., | ~i oreover, the use of genetic vaccines have great

promi se fPIEHYS f PeRlAaR oforecioryibaydi Herndngpavensi(e g sreombhinaenial vectony
i nduci ng Abrah TR Rele e RN M ASBINRY), GARS T bRI§ %Lnlw?ateh fversity generated either

by insertion of random nucleotide stretches, or has been shuffled in vitro to introduce low

25  level mutations across all or part of the vector.

(a) Selection for expression of cell surface-localized antigen
In a first embodiment, the invention method involves selection for expression
of cell surface-localized antigen. The antigen gene is engineered in the vaccine plasmid
library such that it has a region of amino acids which is targeted to the cell membrane. For
30  example, the region can encode a hydrophobic stretch of C-terminal amino acids which

signals the attachment of a phosphoinositol-glycan (PIG) terminus on the expressed protein
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body's i mmune system can be enlisted to reduce or elimnate cancer. In

present | ed enbodi nents, the reagents obtai ned usi .pvention

are used&’ﬁggg‘{}% nction with a genetic vaccine. The choi cep‘g}"bgﬁé#@# and

conponents can al so be optim zed for t particul ar purposg.o r.egting
% fof1a§5p#ar2§@

allergy or other conditions. For 10 exafipl e, an antigen cul ar
condition can be optim zed using reconbi nati on and sel ecti on net hods

I h d i pbed h iin. Such hods, d ; ) [
o var 1BKEEA G PR (pEeYeet B FEbheHaF A IEGREly MBS BHERS
P t t '- i i ~<1:Q. . 1 | n H
Library St Rroia s ubdlh phordfl udh sl s Lol oftss dlioles G000 (o,

Docket Naldid@#he pr&téihQb/his EhginderSd BdioHWith @ @b A tdrihaiuse 'Witkl @ adtip@n that
reconbi nant anti geni c pol ypeptide can be placed under the control of a

pr onot eris natugglly sgtransgrembranaprojeinfe.g.i & suréacs peanitirane protesp 0w pathdgesiqr onot er
used_.to express the antigenic pol piide can itself be.optip zed using
reco?rbi nvdfq_% %gﬁang,argtggg%ﬂr Wﬂf"_ﬁ&éﬁséﬁ%{f’ Sf?ome%%@%wé@&r F]‘Béd&ﬁer ein, as
descr i begyuiaBeifuldr@fofidih 041Phe ARRhdEL IoHb NBusiBETAhARIRLIFANR schibhes pat i onal
Publ i cation No. VO 98/13457)~ The vector can contain 20 I nmmunosti nul atory
sequenc esigraliop PAG-lanlmgel eSeqonlethe iproteiman b rgpressedio rdry ralgiag on thel dtgriadlirgnt
Application Seri %~~71,6enti tled " g)pti m zatign of | nmunonodu| atory

I , ~/ .
Mol ecul e2f the host é@l %Ngm taftisiendy tobeicell swigace) dno minomyedceses (heamigsary 10,
1999. The_r J i hods. the i I n al so be
used i n%&ﬁ?ﬁ%@%ﬁaﬁgﬁ%np |8 %i]r(r’f:‘)l%)%gﬁ%é%%t?lpgl%ﬂg%i‘ﬁg}sﬁ,%%g%ﬁ%gre capabl e
of t1ai | ofdthpenio prowos). r esponse as is 2~ nost appropriate to achieve a
desired effect (see, e.g., copending, commonly assigned US Patent
Appl i cation Seri al Thevegtorlitgayy ig dalivered & gv@and, afieri a $uitgbledntaeel ef time acci ne
Vect or Engi neeying.,. filed on Februar 0, 1999 as ITTC ALt omey~ Docket. No.
18065 00T ERY b dhus ftom fiveRt raBRl RS o é‘ﬁé"ﬁ{%ﬁ%e lsFisg- ?eﬁaﬁhecvtvﬁfﬁéi ne

that is #amard @b king sBAUbIdd Biofoglcd roe&iukssg M@ﬁdfr};gotﬂe us@SF RN sp&ffc

presenting cell or an antigen proceSsing cell suitable targeting 30

met hods surfaceleeacti vérdnociona patibodigs acaffinivy reagansilpisadiaticelp #iciiato pymiflyi cat i on
Serial |1~To, ' ' SUBSTITUTE SHEET (RULE 26) . WD 99141402 PCTNS99/ 03023 4 9
1 118 g isolatsd pishelial pelisEomanucasplsites yherpaipitheliusp mayhave beapipesukated Rt or s,

fGia In g'(tj i g W\?g%g?%ﬁ]‘g‘“éé?'?@‘ﬁ;“%%’&?@%‘%“ég%@ g%&mh%%ﬁcﬁaggﬁq%ggggﬁ vered

to a manpmdr t6 andlysiel Nds Beretiags a@iriaﬁréusmeatifyw&e%m&ecs edifip E€lppupudations
i mmune response. 5 Vaccine delivery vehicles can be delivered in vivo by

adni ni st fram gRouDtissyes, SHER putrdeenp livere hene mgmow dymphinpdeand blaod. Blood

iR T . = 9 SN | ar
ubder el sicBl S Salrionatdt (LBUEPBY EACEN BEHPIIR P REEBE TR, can be
i nhalped) déidritibexl€; AAnBahaci s SthehGtdty adORE GiRe, AR di¢@td Rorebhter Nati vel y,

vectors can be delivered to cell's er vivo) such as cells explanted fi-om an
i ndi vi dumlonpaonad antipedyreagéngsiphocyt es) bone nmarrow 10 aspirates, tissue

bi opsy) or univers donor hemat.opqieti.c stemcells, followed b

rei npl antati on of &h@sec“é’l?lﬁxi’rr?%ng&k%ﬁ‘f‘é?ﬂ ?m‘&dg?f}tkﬁegf‘f‘&aﬁg‘i’réi%f‘bn for

cel | s whj ' X _ r i very

met hods g{rago{}\grlyaﬁ akklﬂic;)(\gl)\(;?p Sgﬁgggh%fdg |9rfal féroltheﬁ‘(gaeg(glrt : guc%ﬁr?engﬁ{)){jtggi ncl ude,
f or exanpiréack apgsonEFAGS el genalobe quaatiytiOedssssaredt dhihe (@D3f)explesiibn of

93/ 24640; Manni no and Goul d- Fogerite (1988) BioTechni ques 6(7): 6&5’- ?9{[;
Rose?3U. sthesgresidorm of iy amigen phitmegh popytptipninGebs exmeting thp makisal level of " o) |

(1987) P tl.. Acad. ' 1 A413-7414) A I§ gk al
vectors %@?%P%a%gne?vﬁ%gﬁgﬁérge#&ggg@ b‘ﬁfehéé{én ée%%oaaslu.se(?&cbvgé veiﬁkﬁfﬁ%gﬁg% ASci .
772:  96- $&ineAlebtopthadlconfed38 Hlis FaRAVIE &An allemafé paStitdurtitbattafowa garifitatidn.
(1995) Curr. Top. Mcrobiol. Immnol.” 199 ( Pt 3): 297-306 for revi EV\Q, 20
papi | | omafalt those callsraxprassing tseamtigengand Betahsye beuseil prdor tq (badiag ovto arcelk ol .
66(6) 2731-2739; Johann et al. (1992) J. Y~rol., 66 (S):1635-1640 (1992);
Sommer f eFYIESINGE AN ZSRKFY es\?‘“igrcﬁfl? me) &eﬂeﬁ?m‘%}lﬂ’l‘f%‘&y @ppyption v1’§§9’§°sﬁ it
Yirojp 63 a%?éhrff} £He chisld i igen). | : -8@?&% n-@ilgeh’
Wbng- St aalrget al 7, TD&TF ljégékf% lggt(%ﬁla %enﬁdl Srgeﬁgiélhasg% agrgi 19%3) igrtl3
Fundamentzpredsimgoedls @aad ‘erytHivicydds Belaringovintly c@gledRanibodPieths relesatt ) Ne~
York and the 26 references therein, and Yu et al., Gene Therapy (1994)
supra.), and adeno-associated viral vectors (see, "Vest et al. (1987)
Virol ogy 160:38-47; Carte — S, Patent No. 4,797,368; Carter
et al. WD 93/ 24641 (1993)$U§§Tﬁpféﬁ%?‘ﬁuﬁ'rﬁ-&2%ene Ther apy 5: 793801

Muz~, ~czl :a (1994) J. din. Invst. 94:1361 and Samul ski (supra) for an
overview of AAV vectors; see al so) Lebkowski, U S. Pat. No. 6,173,414,

—— . S OA NSNS\ ALrC 1 ~NN N NS A AN NSNS A NN SN —— . o,




WO 99141402 PCT/ US99/03023 50 1 1 S E P 2002 Muzyczka ( 1984) Proc. Natl.
Acad. Sci. USA, 81:6466-6470; MLaughlin et al. ( 1988) and Sanul ski et al.
(1989} IWOAY4H02  63: 03822-3828), and the |ike. "Naked” DRATAHIPBIZRNA t hat
conprises a genetic vaccine can be intrgduced directly intotd sﬁmuue such
as nuscle. See, e.g., USPN 5, 580, 859. Gher methods S such as "biolistic"
or particle-nediated transformation (see, e.g., Sanford et al., USPN

4, 945, 050; USPN 5, 036, 006) are al so suitable for introduction of genetic
vacci nesantigen. ssk grayeadilyrpunified byowot ghavigy sedimpmsations Banringof fhheslb met hods

are usefizl npt onl in. vivo intraq uctlon to a, but

o) S0 T or PRI AR VBT s JRERE TR %@rm?%qqﬂqqagm @pﬁzsﬁpqc amal . As
for ot hegaehifip R katltl (eLAIENEH Mvife cas, 17 | O necessary) vacei ne
adm nistration 1S repeated in order to malntaln the deswed | evel of

i mrunonodui ation. GCelletxpressiggihd eequdreti oomfofrratibnal steleney of the egetlanfigaones,
papi | | omavi ruses, _retroviruses, etc. ) can be admnistered directly to the
manmal  f @A he idaatifind ysing grecdisl qoafarmaypnally- dFﬁé“%f@h@Pﬂ@ClQ@éévW%&%l%d

comosi (ESE ROt thedi AERIV AR MR e & Pl Al e et Bgfges ' o

par ent er Becdu€e Gne moHOEIhAMREADSy ¢anhbEdeAinE dilABpect VS rc@ﬁ@dft F8lding®T the target
intravenous), topical, oral, rectal, intrathecal, buccal (e.g.)

subl i ngumt)geno&bnd eapahinindirierthe posaibility of su ebtigen vldyclamws Withdrigh afﬁmﬁdm thal |y,

ot o IR b B A T

del id
€ 'l\(ﬁryhe%hg@xﬂé%gﬁ tHeARlPa0d o ﬂg %??tpﬁf(ﬂoggnl % 8@&5%‘?‘1@ S%ngglt C aclds

are aval e-an novvn to t fe art, hough

nmor e t hapathogen. dieewaRtd ﬂn&mﬁaibisq)oasihﬂhm Stt&lhs@sep&ral mouécadsna@mtmﬁhdsg on, a
particular route can often I’OVI de a nore inmedi ate and nore effective
r eact i onCacHAMONEIP FRact Motk dilferoRbeonsemintiraal| epifopgsdp theaioractbaiolded psotgHp In

ot o OB 0Bl A PR EMYSBy SOTRRRY O REUABLASRUBLT 0

Accor di ngl y, t her € The edrivhéieplyshhidPopulafion that altkessfllyipbieaReffiient of the
phar maceut i cal conpositions of the present invention. A variety of aqueous

Gar nkr s antigendn thaehrest hody $itef foethedesizad; tirae torthien nsedjap m@ stmmwdﬁtwn oms

are steril and r free of .undesirahl.e tter sitions
may be sERRhFR IR gEs e@%ﬁ%&{ﬂf%&ﬁ%ﬁ?ﬂ%@bﬂg? snaflii BSI86 18 BBhni ques.
The conpgshhéOBse %Xv&?fﬁ@dé@u@&‘ﬁﬁ%@ﬂﬁét afﬂ kis@ie¥ in
substance's as required to approximate physSiologic con Itions such as pH

adj ust i nPNh cratuihd-enmnniz&ABAMAdITE SHEET ( RULE- 26j WO 991 41402
PCT/ US99/ 03023 51 1S P 200 oxicit dj usti n ents and the
li ke, for exanpl e, l@’bﬁﬁ“ﬁﬁﬂogc?é{‘éégp %Vd%q @ﬁ%ﬁl%?’i%ég {55 RSP Sde,
cal cagum [ 'n.’rlﬂ% QnoRfmi@anetic
vacc?djne \F/Ig{élt%g?qﬁeﬁ S?ﬁg or w‘?étﬁ“g%’é‘gﬁhb%ﬁ%%‘g‘f g’?&am& S\A&%'n bg sel ected
primari | yFdrexespleniffit isiddsived 1onsxpresy theciosdstorg protoimdy7. wer BAL inantigdne | i ke in
accordance with the

presenting-cells (APC) (1o promote successful presentation of antigen to T cells) one can sort

APC isolated from different tissues (at or different to the inoculation site) using

commercially available monoclonal antibodies that recognize functional B7 proteins.

25 (b) Selection for expression of secreted antigen/cytokine/chemokine
Another method for screening is to identify plasmids in a genetic vaccine
vector population that are optimal in inducing secretion of soluble proteins that can affect the
qualitative and quantitative nature of an elicited immune response. For example, one can
select vectors that are optimal for inducing secretion of particular cytokines, growth factors

30  and chemokines.

SUBSTITUTE SHEET (RULE 26)°



5-particular node of adm nistration selected and the patient's needs.

For mul at i if,able for oral adm nistration can consist of (a) liquid

sol uti ons,wli??z#‘wgs an effective anount of the packaged nuc|Pgl"§}-'£33/P%P%3
suspended in diluents, such as water, sgline or PEG 400; (b) ?aﬁ}m@?,
sachets or tablets, each containing a predeterm ned anount ot 1t Wi ve
ingredient, as liquids, solids, granules or gelatin; (c) 10 suspensions in
an appropriate liquid;_ and {d) suitable enmulsions. Tablet fornms_can include
one or nore of | actidsdirsksien witheserpgthodsds to geaprgte vsrtorg Hiag AlgrROpEL B8at es,

gel at i n. Togrpar bR ARG e bGP R g B AR P RS b SRR et uim
st ear at e ingivRRAIE{0RGh SivoRfcael hThe QXGbMitRatYSs dAReRIAB aest hlrhATafd, dftdrder s,
di luents, buffering agents, nbistening agents, preservatives, 15 flavoring

agent s, dhesen intesiahobymat fissye anffor cells fonh divensersites whithakniyat ererailctred.

carri rs.sqﬁlgozen e. for can conprise the, active ingredient in_ a f]avor,
usual Py SRR degore the wens heip@ etapdard celsbiglogicabRrogedires, MNCeRfh i si ng

t he acti i i i . . .ati. rLn.Or
suor ose. i APRERLERE el brRbide Ut hectBRie BN, BRAIEHER B MBI RERER". 1
the acti vigs isnigy st forteelicarfatecdnsighiodedcribed tabeveg physiddl putficatagiisegdatelvatl t he
genetic 20 vaccines, when adnministered orally, nust be protected fjom

di gest i orPopylatiens canthgesformed paerdapidentifiedtian aficells whichexpreskthedesifed vacci ne
vector w_ th itien to render, it resistant to. acid.ec and en tic
hydr ol ysip OS&L gé)p%g%(%‘ﬁﬁﬁ tﬁwgrafgﬁ?l&éﬁ ‘?%‘Péf‘r%S‘SBﬁ?@GPF‘é‘F%W;‘ﬁ F&é?%ﬁ“gﬁ% rEr’gar rier
such1ps 2APCRPBRRRs oMEaRHs PithdR HiRinGRldcRel§ 6F Hithefid QRIS HEich QBseATFACS! |
known in the art. The pharnaceutical conpositions can be encapsul at ed,

e.g., I n sorpsynsmbliziedmeinndawilbbeprefetiedmo sdpatatepthe difflerentf aell tgpeswThel ease
of the act.iyve inﬂredient. The packaged nucleic acids, alone or.in

conbi nat i BHeRNt 41y Pes deseribesiabave By alse Re sepagated 190 FRidyel Y e fBFin using
f | at i . , ) A " i "V tQ i i
| hal ati caiisferine, bBKEAR MinefE B eiladod P BaRi Uit Holcbna) )

propel | ardnsibodieCinowen @ ddfinertiediurfage hRfibtdne phenddypecitgurity iniigedceliend t he
| i ke. 30 Suitable formulations for rectal adm nistration include, for

exampPe, supposi t orFwifiedgells areqdated ontoagan Meatepunden gerflitions thatgnaiatain ¢fl h a
i tory . _«Suj tabl e SUBSTI TUTE .SHEET (RULE 26 9/ 4140
Pt soo HEE" Gols sl Re Habiig b o oRaBaT A e (Rar e

synt het i Gdbsitifitd iSR! 3 forfiatiBAAIRL ddpRndbnfme 684160 antildlli@AHAH dr® Rnovt td Feadd SO
possi ble to use gelatin rectal "capsul es which consi st of a conbination of

t he packaspecifinaltyl with thecsathanittultuze dmewpressadodnttie tayget fpathogemidlease bf thei d
triglycerides et hyl.ene gl ycals, .and raf fjn, hydrocarbons. .

For ! at BV PRI ol Har ok eaisi a8 Pl Mcabalinh Wb BRonagoRe antibadipl e
by inpra { b ool el i i der mal ,
et aer TouoG) B 2 ek brkdafy deakal e ght 4 MAERRUDIc il QEMA S o, B e,

i sot oni ¢ ddvelopinent, fljuerdstare slamirdsodire). GhilTéxpressing @ld marinadi tiévek b flamigen
buffers, bacteriostats, .and solutes that render the faormuyl ati on isotaonic
with the $ndsaddfified by visuahimspection; the st or celpolagy Picked 2pd skgdardquRiserlar
sterile i i.ngl ndi n iL.Lizers,
hi ckeni roo YL EARARe [Plec AP aldiadtll DS RERGI WP SicTonRBll By 20721

i nvent i ongea@dtyo NiterRaiBreba MoRecydsifitty sdndeafled fodterRifERY eeletiicel i hidUANQUS
infusion, orally, topically, intraperitoneal l'hyﬂﬁttl ntravesically or

i nt r hecplpsmpids that ¢ highddvdlnofsganackpessiond Thetenpiokstbplssmadmopnlatioathdn are
the preferred t hods of, adm.ni strati he formul ationsg of packaged

ol 6 ¢ ooty BEPs SRRt U Bl BEGighe Fofes: Bad e B fEGHESTrea
cont ai ner 3 R : j < i i LG ;

suspensi oﬁ?egﬁ%g&pr epgggeﬁﬁ@:}g&mé@éﬁolrgn %@ﬁ%@%ﬂéﬁ%ggﬁ%ﬁg&glgéIgg{l ?s of
the kind ginéfling trséypatidshe divedity,GE firthet ingpredeme iddesirbé pashksagahenomieei ¢

acid can al so be adnm nistered intravenously or parenterally._The dose
admi ni st efeERVerbthy dssireddhiplogiqsl aqitvity speadied byf plagreid fraum ssucs iy BAY ¥epcine-

30 immunized animals.
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20 shoul d be sufficient to effect a beneficial therapeutic response in the
patient WQ¥ebsi4gae. The dose will be determ ned by the effigagyssdbehe
particul ar vector enployed and the condition of the patient, as well as the
body wei ght or vascul ar surface area of3jthe patient to be #rleftRdE02The size
of the dose also will be determ ned by the existence, nature, and extent of
any adverse side-effects that acconpany the adm nistration of a particular

vector, or transdu 5 ce t < n. articul ar tient...ln determning
the effective armu%?‘%%‘ r{’ﬁ%&i’/oe’@{%ﬁlbtoglcg’ee%gé?ﬁ'%‘?g?oexfeg ‘.‘ﬁh{"ﬁf@’%’ eat ment or
prophyl @%hforfatidfaliepiiepés iqnh@éorﬁgch?rfo@@@elytbme; cHeBR KRR Igfd AR (RM& baf S
vector toxicities, progression of the disease, and the production of

ant i - veatsed teaetrifloodthestheiifitialngsulisifrae sereearting tith ahe seoreqlonwladngibbdyofeagemaked
nucleic acid froma vector is fromapout 1 ~g to 1 ng 30 for a,typical 70
ki | ogr aftiPdiol&sn seterelsoaiorprtiorad eprepes aatiprobed el spare cases tha pIBAY Paebed ar e

SUBSTI T - : 4 [ US99/ 03023,.1 1 ' 2002 53
cal oul aceeor s Sl o s e e e ds vl B depg™
Adm ni styrakd @rnagtebépgcconpl i shed via single or divided doses. In

t herapeutic applications, conpositions are adm nistered to a patient
suffering froma di seasgc)(pl. P"m'zo%}t}\ﬁf ectious di sease or autoi nmune

di sorder) in an anount 1‘0 itientto cure or at least partially arrest
the di sease and i tElosoembineal panddesAmednmuotifatedyahelyviothademiphilsh this is
defined as a "therapeutically effective dose." Amunts effective for this
use wil |pr@|@ﬁ§§ﬁij0ﬁméﬁow@f wdiveduat ¢elist Thheellsi asepassecdihepughan déynsingliosiace of
the,patient's health, Single or nmultiple ini,strations. of the

comblei otiie el bty Afkerhy M shelert B985k ROESRGE sdhal Bfttency as
requi r edopfithidrQlikedidgttcts ! PRwWIAkdRELy #o’@"&@ée@e@al%ﬁ@ﬁt ock BGe CRHRARIAIAN
shoul d provide a sufficient quarntity of the proteins o%‘thl S Invention to
ef f ecti wdlapalyemgtcellipepphltioent Thdusarptsafbyllacin bz mplykéd périsecumd, withphidh | ons

are adm nistered to a human  or other manmmal to induce an inmune response
that carfiegeepigeairaey apgyesnsivity Héatng ¢finet onsiations alloy simyldparamasr anadysise or

ot her caqnpdi t,i . 1 OX11Gl: d therapeutic efficacy, of .the etic
vacci ne °veéﬁ)gs;nppl%gggiggl(ﬁg’by!a?hé’y%@ﬁm 8?10 rcg‘n(?gtag?l_?fﬁ%fei‘élpﬁﬁos |tH§ns°f: gﬁo ard
phan sacewihiag! WhALSHIr88 1hutlddeintib6dies bieQSe®on@ XREAMIIPAIANARBLIEA, Sel] One can
determ ne the LDso (the dose lethal to 50% of the popul ati on) and the EDso

(t he dosurfateaniatracytaplagmed preteinsy and idestiB wil type apopmtibastatengellsyictestage,

pr ocedur e resent ed .herei n_and thgose of herwi se known ta those .of skill in
the art sndgieiect Wpé%ﬁls-gﬁ%%@&biﬁ‘?fééa‘“é RBB&PRIAhARgEN ﬁ?‘Ps‘{;%ngGé*jfere“t

adm ni st i : I : ages
fromO. 1HL§6&S?EH%%J%B %gol g{)aét(rgr %)haa%?cé%?snggf Bﬁ%ﬁ/mq fggél“ﬂg‘;&?f‘ﬁ%} r@i%gul arly
when t heotbirslgequireadind Nastt @fsadmem; anststuigderuraedtean Atk ngd thiedicolotd) €THd ood

stream such as into a body cavity or into a |lunmen of an_ organ.
Sub3f antaXRras§ionleeds o sy arge Sengs 6arpbe analyzed; simultasiceualy. aadimpatangdyi fY Act ual

met hods for prepari,ng,25_pare ally adm nistrable conposi,tions. will be
known orcygmgpéﬁ?sefigfgllﬁf}gg‘gs(kf %‘ﬁgd’of‘%gt ﬂgll%ﬁ'stseé%:&ox&p ¢ s“@h é)eéﬁe?n nor e
detail igheRbGPed UALECSH thoRecidSmBaITE 18121 s SinfllaFarEMohicdr, Ahhfdre Sntrdmt D
ed., Mack Publishing Conpany, Euston, Pennsylvania { 1980). The nultival ent
ant i geniepigpalay pepin afaspiifatioheexpmaseionilove] aspedt geneiber, baaecalveigint &t expr ess

t he pol pe[)t,i des, can bhe packa%ed i n packs, dispenser, de\{ji ces,, and {}-i.\;[s for
30 adni MasteERl mgrkgeranite asaayer hudloppodomamiig selgs individpd) nemap Jegus cyjture

di spenser Vi { cont.al Or .apre unjt f jpded.
O S e L B 13k O M A AR oL 1900 L B L
PC f NS994 QR0&3ired property2 393icady adrbRLSdH AlbPRicRlevehex IR WidSuMhdel be
provi ded with the packaging, along with a suifable indication on the | abel
t hat t hentigepousidrdgatesmiatiad beotéiorastdiegrtmerdd infF iagu r e it ddndi tion. For

exanmpl e,_the | ahel may state that the active conpound within.t ackagi ng
i s usef UTherrsiol of Bwgthesgindiyidual sequengesiinfeser ¢red &rog] e sslks S%E@Bi%ﬂﬁ)ﬁ@

hat - ar SRHTRL Berhyo g ioy aner a8 5 el RRiSneErerd SRR 4 ohhine °™°
r €spONS &anBEAVELERd in a single vial experiment.

— - -
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The follow ng exanples are offered to illustrate, but not tolimt the
present invention. 10 Exanple 1 Inproving The Properties O Bacterial
Ent er ot oxXVAIYBAIBNA Shuffling This Exanpl e describes the uBel/HF¥§82NA
shuffling nethods to evol ve receptor bi}?di ng conponents of ‘pﬁtﬂ‘p)tzﬁwi ns
derived from~ibrio chol erae and enterot®oxi genic strains of E coli1 for

i nproved attachnment to cell surface receptors and for 15 inproved entry to
and transport acro9s LhRineNcteenk M&RodNt estinal epithelium An antigen of
interest can be fused to ese toxin subunits to facilitate the screening
of evol ved ent er ot &«natis vizametvsctomraid akestor modélas c4ni heascecaped fordaiproeady of

protei ns. Exanpl es of .such antigens include growth hornone, insulin, nyelin
basi ¢ prES?cé?i‘%gB’EBm%’é‘?? USHIE WATPUS inapriR IeSiyee ’6‘23‘98? fhat ang E’Pit%tlr&“@ﬁtogﬁﬁlr%xi ns

are evol r ; ffling.
The o i I el ERPRREHER, b bbriblats BB ERpLdndRaliBe M P BHIREGH, [ )
CTB i5s 78fductisitofedfahtichathedflishl&anmphy@te fypgopiiseradt, AP B dellg/TT Bells,

nucl eotides are present. An alignnment of DNAs encoding CT-B and enterotoxin
B subuni Tsell digas. and Tecelt donessthiatype of scre¢rong for improyed edwvany activitg endit e t he

feasibility of famly DNA shuffling..In one enbpodinent, the Librari of
hu {1 eq PRos ety ERRFDO s tefetomnt Doy TOR G i or o e .
reasons, strains im YbtaePof ReedOKdctinEledotsobtalnl @fh@ ford SRekNiMY o fAhH&RN Of
interest is fused to the receptor-binding subunit. Secretion of chinmeric

pr ot ei ns DA ot o vesitens derboang genes eneosiregicybgkines, tostimmyatohemblectles et.)icandgar

in the presence of npnoclonal antihodies specific for the antigen that was
{ Usell t bSGTRgHedgat SORER ATQABENRA iy e Tochy Lh-SolL-Ged b 13 LA,

(RUE 26T Bk Bl oo 35 -l Bl iRy G, Sl
al so add whbleblged 9Cy fskintte chebeebMufed sy IS AAgadichtopliaiic bpoRk 8adiniagl oni es

secreting functional enterotoxin subunits. Col onies producing significant
| evel s ofnd Hewfcysimaetry (singé-pelbanalysisd nBesgdtonrthelcytokige prasduction prodide, omgdan he

| di_um i d h f nol bl.e. of . bi ndi
Co col s e B afe et i beFanern Bl &F Rei et TR FOERBHSRES: he (o
GMT' ganglebidishdda, fo? €RRINPIS bPBhanld inThtidsAFTLAWIFNYY, S04/ ONIIC3NFRey, detszat-ed by

a nonocl onal anti body specific for the antigen that was fused to the toxin.
T he assayllud3/Nwhold3d&t)s has t he advantage that one may evol ve for

[ d bi ndi I t S other than t GVIr i osid tor.

When | ncr easi ng_corlBNHORT GFL BHHRIEA S ACERIE DAL RS BAUTE o | nose
1 _ e ATHES BAHERC o

a1t GappRth RELEHS AR Sncitol Mip & B COUET ] 21PDRG) MEONIERT,

usi ng phagé IdCHIKaC DD, hadiBc refeptomy Ardthefikahuf f 1 ed nutants can be expressed
on phage, such as ML3, and nutants with inproved affinity are sel ected
based®on bi ndi ng t dNERME egRAIMenss, aenctis vapnis weclqss 3t analygrd B thsir eapacity

surf aces. vant f ' h ks t : n be
easily f 15? gﬁﬁélgg?gcat%ggm%ﬁ] ' ﬁér\%rs@%%‘%ggy%’ ‘%8 cgﬁ%%hxggg@d%g%l\%e é%%:?%eni ng for
i mproved jgyl@tbd & {heRiapadiy ofGBIAEST MHpIYCtes kd1/s€ Bifedied, dQitoddk farkex ablisr O
and in vivo. The in vitro nethod is based on Caco-2 cells (human col on
adenocar as sibdey. Theaspleancelsiareueastivatad withshespeoificuanti geminevitrgr dnaddition, T

sem perneabl e filters,. these cells spontaneously differentiate into | s
hat " e SHReECH LR Sitiation Fanedes Sy BemupRE RN DS PRP SRR pla o (L
funcbion _al - . TAY 3 + I t oxin
rec o%%i ng‘h? ?N%E‘gﬁq@%ﬁ%a%‘% %égag%klﬁ%?ﬁ r e%itg?%r}dedlg%gg glilr@cl))n4 t%hh%gngso of

t hi s cel lcytopymmiaoygtokaratidimhabndiilbwmiitoateerydet ect ed by nmeasuring the |evel

of antigen transport across the cell layer. Both nutants expfr ess,(fd in
bacteria and phage CEPFISe/acUREARE YaCrNGPIARANSNLE AN RIG0 Do tesiqdtigr AR y, and
addi tion ree | [V e r phage, a
l'ibrary gbé%cﬁl}} %é%'—%ﬁﬁ%’fec{ g)%f]%%’r%cegﬁ%f‘%%hﬂsr eg%%%éﬂ%ﬁ@gﬁéﬁggg%@}lnproved

entry i ntpRodutties of Aalibaiksispedifie/ Braf Anht @0t iflefeef Tkt @isaﬂiedntﬁ&eédn‘d&b&d Thi s
screening systemalso allows selection of nmutants with the nost potent

adj uvlnt usug {orexamplerperiptived B lyrgwhosytessirory imhwinized dadividualsafueh psseye pool
of phage ¢ e given and suc ful 30 tants can ,be ,recovered and used
o B oty kS0 thode Rl rtthe Qe Fshys 1OV RS A B Sores B 2L £ 26)

expression by the target cells. For example, FACS selection provides the most efficient
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WD 99/ 41402 PCTI US99/ 03023 56 1 1 SEP 2002 Exanple 2 Generation And
Transfection OF Human Dendritic Cells: Evolution O Vectors That Are

Opti m zedWBR9/41#8se Cells Dendritic cells are the nost pot BAT/USK/G30%N
presenting cells laiown to date. S This exanple illustrates the feasibility
of the usage of dendritic cells to scré@n for genetic vaccl heSEReQE)Rrs with
| nproved properties, including transfection efficiency, expression of
antigen, stability, capacity to present antigen. Figure 4A denonstrates the
phenot ypenediod 6 igbntyfying @ehs whichprainyt edegired adfipen othetkl gudfaqeerAmthef seven
days in the presence of IL-4 (400 Um) and GH#CSF ( 100 ng/m ). The

cul t ur ed adeantageaifA Qe spleqtion i that ap can somerrdifferenblevele of exgressiosied CD 1 a,

HLA- DR, CD40.. Q d 6, which is.,a,characteri,sti henot ype. o f

dondr | {1 SEMELTES VG ARRIE ] miy bé feskBe SRR s on i R PRt
The cul t WisbciRAAtboSieS 8h b plate Bhi§ HRtholaABMS B4k 6 Aumbér of cHBCb Dk handiedi ng
GFP driven by a CW pronoter. As shown in Figure 4B, the transfection

ef f i c§ endy ashort hiewebutehd meihwd valyyseleots. foHughest exprasssomalevelpeCapmtedne (~ 1 %)
of the cells expressed |Low | evels of GFP two days after 15 transfection
under coﬁeﬁanﬁaﬁge%iﬁ&aﬂe# w@wmp'gmleaptlmg%p@atés ARt ERad pAKEHUGNS or

i rrprovemncg?ﬁwmht& retséélpﬁfti@\‘fl&j io&hficiency of human dendritic cells. Very
little is Trnown about & mecham sms t hat regul ate transfection efficiency

and transgene expr eS&iedo vadtinteand vidciheehipdnets tHaoureldieytcdagains danggroved.
Therefore, DNA shuffli n? i s an ideal approach, because it does not rely on
a priori cgiscanhe ssaeened farnkeimabiliiie inhibit prodiferpioref thmer e¢lhlineste viftacess.

The ltwe ndri ti] el l.s described in this exanple provide the
capagg! [ ;%}lcﬁggségg%rgﬁ&\%g@t“&&helaﬁpr aries described el sewhere. Exanple 3
Sel ection of Bact er A\QHIxR80A 6f th¥ @Fidasy bl £E¥heHe VabdifS gttt or damntglélanes

Ability to Enter Target cells This Exanpl € describes a protocol for the use
of phage odiagphtymnmns éisender, fiothe dogrep e ptkia &sflanrastiaramhanthe vedenwinjectedcel | s
by, for exanple, receptor-nediated endocytosis. A library of, reconbinant

pol ynucl anjoithe skigist apauent B eSlaRBl miEong ntmmaioR s PRt Mg donai n

and a |i [ ofed G | Sies ' 0
i spiay FERvadd oftnfigdbldkift Todtk. RERIONLOReaEN BE ERRESOLARE TRAIRSS ) ) ¢
f or &5 perieabtoanhanaed killifig of thelimdrst hecase bl sutasttigsnsloadcgd ydd cal ly nul tiple

washes are carried out using high SUBSTI TUTE SHEET ( RULE 26) WO 99/ 41 402
PCT/ US99/immaunemodylatorsthat skepwothg yesponses towards Ty2. Skin biopsies can be taken,

enabling detailed studies of the type of immune response that occurs at the sites of each

injection (in mice large numbers of injections/vectors can be analyzed)
Other suitable screening methods can involve detection of changes in
20 expression of cytokines, chemokines, accessory molecules, and the like, by cells upon

challenge by a library of genetic vaccine vectors.

3. Enhanced Entry of Genetic Vaccine Vectors into Cells
The methods involve subjecting to DNA shuffling polynucleotides which are

involved in cell entry. Such polynucleotides are referred to herein as “transfer sequences” or
25 “transfer modules.” Transfer modules can be obtained which increase transfer in a cell-
specific manner, or which act in a more general manner. Because the exact sequences that
affect DNA binding and transfer are not often known, DNA shuffling may be the only
efficient method to improve the capacity of DNA to enter the cytoplasm and subsequently
the nucleus of human cells.
30 The methods involve recombining at least first and second forms of a nucleic

acid that comprises a transfer sequence. The first and second forms differ from each other in
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salt buffer) to renove phage that remain extracellular. The cells are then
pel |l eted /89 cated to liberate phage that have been i } . Phage
t hat are“lq? erated are then anplified in E. coli, and the%ﬁ@%ﬁ@?@gti de

t hat encodes the optimnm zed reconbi nant 3pi nding noiety is oﬁthsaeohggzlf
desired, the optim zed pol ynucl eotide Is subjected to further reconbi nation
to obtain further optimzation. In a variation of this schene, one can use

hageni d t hat es bot.h th mbi nant | i d a.sel ectabl
Sof cenabt e PR e LI BrERR Mot Greioh THURrdUReiPBFIREPh oper abl y

| i nked ] be
i denti f Fglé Bé pf’gﬁg&ﬁ%c?%lg?é%l}%’e? egg?&ggiéﬁg%éég%%?%ﬁgﬁqgr y ﬁgt hods
such 10 sach 4sl fooeeanplecgermniit VN2 draml Hunsmrdriotigr niaxanglian spedas. felas beetrel f or

Screeni ng CGenetic Vaccine Vectors This Exanple provides a nouse nodel
syst em £pegesied thag gell purfage SRS FURH 25 Hhf MBYPPHAGe GRAVEREE TeReParaaY 8tta8r s i n

hu skin | ' - P - i e n t nto the
e il o Yo L BRG0Pt TSt BRL BT
under goiHatier et FcEptOrs reé s giBeSbEl fic UMK Bk qinBEsrivaitthed Wey ind DXVA gxanpl e,
cosnetic reasons, or from patients undergoi ng anputati on due to, for

exanpl e sequeotaieny-specifitgnannst.cHowevere G tetragia dpvebres shown do eitantaDREA of
C.B-17 scidlscid, (SC D) ,mce as.describe y others ng et al. (1997)
Nat ur e %f%fl%%&?ﬁ&l%&?%@b?ﬁ@é@ P‘Rr‘i‘%ﬁ/ﬁ}‘#‘ wauepce, f-éé%}e@%éﬂerﬁwl( din.
Res. 15.¢4x ;f%?ﬁl I E‘yﬂﬁr}) : : 9 ) .
The vectS %rzmla?:bor ar i egﬁgggqgﬁ%%fég?lé%@?{;%? np e,f(ag#fggirggrt?%%o%gﬁ teﬁggh glil;[ei on
to the IRVA.shtffhivemethodsofitheamnaintign psovideuneans fdegmimlizing suoh séquengesifom|
route of inmunization, the evolved vectors can also be selected after i.m,
i.v., i 2hility gronferapan agiecips gierpbilitydp jeist § celpevenria timngkseraei afde@iiednt o t he
skin can_he jn t or at ¢ in.asfarmof. a.cream in a form of
naked DNR-OF %%&%3?&“0‘5%%%3#& W&c&%&ffs& > é%ﬂ%e Ing agent (such as
proteases, |i pasesTHeiredulidhgBhrahPerrebBabinafitthnkfer FRAuRE afPRidcBed &f itiertify
mechani cal abrasion, after renoval of the hair, or sinply by adding a

dr opl et ableapiiie optidided re¢nimibihans exanster modulertbatenhances thesdapahiliSi ofial vector

del (yery nethods, appl y to | I ani mals,..such mce or rat, |ar

ani YRl s Compeg ths {Finsier oo enishg COIHTIBICERR! i RGP Ss Varers thal s s
SUBSTI T mbikan U@BHngm a6 ; . nafEone002
Sui t abl gg%r otleages an Iglé%)lgsces tEﬁéﬁﬁ%@gﬁédﬁg&gé{??gé&%ﬁg%Jode ot’)%t are
not | i micordudiv toienthy\of theaveetop intoithé oeliss afddr wiieh fhelpkerventage oficelisah ése (such

as Al cal ase, or Savinase) with or w_.thout an al pha-anyl ase, a Iipase,ﬂsuch
as Li polPgRBiatiprswhich contay themuglsipracid veglpy isdgiprmned. Preferahlyy thepgeronwil 7y |
The rec i . . r cells
by, 1 or Siain fieltcHE B s HE A AL 639 IIBHAGAD bPFly e Skl

sel @0t vRevevisr. DRatlefptied bmbodintenticloa patitds)of vectenttearifid eecomblmanor by
selecting only cells that express the antigen encoded by the vector in
nor mal FESRENEBIEIISPE tomisstsepamte sultyrgs 96¢%\L%t die percpntagmeinveskars whighentean
use, for_ _ex e, . GEP as. a rker_gene, and after deli.very detect cells
that 10 TP pEaTeRRnle P USF bedERE AP S LB PR E I bbb The
posi ti verycik heci6r@in BR dodledrednietigsxanpl e by flow cytonetry based cell
sorting. This format allows selection of vectors that optinmally express
antigens in and trEysdadlyt tHeuesmbination pnocessvaxepeated by recombining at least one

25  optimized transfer sequence with a further form of the transfer sequence to produce a further
library of recombinant transfer modules. The further form can be the same or different from
the first and second forms. The new library is screened to identify at least one further
optimized recombinant vector module that exhibits an enhancement of the ability of a
genetic vaccine vector that includes the optimized transfer module to enter a cell of interest.

30  The recombination and rescreening process can be repeated as necessary, until a transfer

module that has sufficient ability to enhance transfer 1s obtained. Afier one or more of
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Addi tionally, one can screen in mce by selecting vectors that are able to
I nduce effective i nmune responses after delivery onto the skin. One can
sel ect v &¥44Rhat 1 S induce highest specific antibody ofCTHINNPonses,
or one can sel ect based on induction of_ _protective immune re S

foll ow ng chall enge by the correspondi r?ﬁ pat hogen. It is uﬁdﬁ%gpomthat

t he exanpl es and enbodi nents descri bed herein are for illustrative purposes
only and that various nodifications or changes in light thereof will be 20
suggest adcarbipaionmms sskdehingdvéaton medules argrobitaied whiclbareicapahieleftonfaring: t he
spirit and purview of this application and scope_of the appended clai ns.
ALL publ YROBATWFISIC 3518 KPR the ARILISK T FrietA las CahePLHLP P e andre Fazesh il ey
i ncor por f g - D 1
oA e i Ul S e s S 3 S N s
cel | spetd pdreenbinoek, agd mose pieférablyaan leasi dbotiy93 ar 9 eresns encnptapdee ceils than a

specificity of a genetic 5 vaccine for a target cell, the nethod
conpPi si RFro[¥ectory econbi ning at | east first and second forns of at |east

one nucl ei ¢ aci d, [.ej ch.of the first and.second forns t he nucleic
acid conprises a p)gP @%‘%’éﬁ%ﬁ?ﬁ‘"&é“% °S§388ﬁ'érgggg% &S _&Ee!%fn%r i ng domain
and at | gefekred] foptorad BpsiRGAGKS it idPbedesiablt RARE a8 Mte@dths Vvt fon'dedsei C
acid, wherein each 10 of the firstf and second forns of the additional

nucl ei ¢ applidatoosPNA sequenpes! thatuditestlyiod anditeatly &fifect thesefficiendyl efimegrafipwcdn gand
that sp ci.ficaIJS%l gi nds to a .Brotei n on.the surgage OI a cell of interest,
wher ei n YhiBcifydn e genslic yaacing ¥ Ron  F 4RGSR BY BOmPiagol: FFURDINAtAR: each
othep in r | Aes), ' r i

bi nd’ng Rl IRGroUE (e B IchAnRiAgaf 0 tbRblofl SAEALY, APl

vect or s dsrthefredqienty bf such sefueneeoinithe @ehorhe (xd. WYuTepeatsy.- The srcifig segiened C

aci ds, wherein each vector conprises: a) a binding site specific for the
nucl ei ¢ BEHgtng hamolgzensrarombingtie)) 1alsrimnortays sinerInt s EMOCEYTS FIRISH MM ant

bi ndi ng ig@ﬁgp@gﬁ&@@é@g@%ﬁ% BNE! Mot hud ALIRINGLD SRl HIRIfodbREbE" o

of the | ors i1 nto ‘one or noreé

encoded f8600P totRfiuckianélieiaribRd BY ¥. g, MansBLeG 988 Miilrd T3534%: BR@Idy2992)
expr essed reconbi nant bi ndi ng noi ety; (4%!3 bi nding the expressed reconbi nant
bi ndisng RisyEachinalegral ©:624.dior sonerneloggus, Hisghimate ey site-sperificirenombination,

\ég%?;; b%ﬂ@glhggat@ni gtrXecﬁgth 'b? )ét')ec(igz sﬁgsngnatﬁg ihrégaptyr{/%ct\c/ne% Ocrh_ipl.epa%l with 'Eai ety
encoded recombination proteins, e.g., Cre/Lox and Fip/Frt systems. See, e.g., Baubonis
(1993) Nucleic Acids Res. 21:2025-2029, which reports that a vector including a LoxP site
becomes integrated at a LoxP site in chromosomal DNA in the presence of Cre recombinase

20  enzyme.
C. Evolution of Binding Polypeptides that Enhance Specificity and Efficiency
of Genetic Vaccines
The present invention also provides methods for obtaining recombinant
nucleic acids that encode polypeptides which can enhance the ability of genetic vaccines to
25  entertarget cells. Although the mechanisms involved in DNA uptake are not well
understood, the methods of the invention enable one to obtain genetic vaccines that exhibit
enhanced entry to cells, and to appropriate cellular compartments.
In one embodiment, the invention provides methods of enhancing the
efficiency and specificity of a genetic vaccine nucleic acid uptake by a given cell type by
30 coating the nucleic acid with an evolved protein that binds to the genetic vaccine nucleic

acid, and is also capable of binding 10 the target cell. The vector can be contacted with the
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25 target cell of interest; and (6) determning if one or nore target cells
cont ai n WOWEI¥? from the vect or- bi ndi ng noiety conplex , PﬁﬁﬂJsﬁ@@Wéri ng

t he reconbi nant cell specific binding noiety nucleic acid f @Eﬁn guch
target cells. 2. The method of clai m 136 wherein the nethod furt er
conprises: (7) reconbining at | east one reconbi nant binding noiety encodi ng
nucleic acid of (6) wth a further formof the pol ynucl eoti de that 11S
E P 200groféin énwodeas iavivac Ieiie lanerckitaiia, ttg: wrowi is eapréésed iracéllsrdonesiningr m of
t he pol ynucl eotide that encodes a cell-specific |ligand, which are the sane
or dif féﬁéfﬁ@wf [OPRONAY FrPms3 Cashier seauents WilHREhe veslopr dheiBecleicmaiditinding br ar y

of reconblnan bi n encadi n ei c_ac r oduc
fu_rther AP ybeo %3/%gtug}r?%l?\§l¥%rﬁquﬁge %c{]ﬁlgpmﬁ aB‘#‘é{bS/d‘?% P&%Fﬁ%ﬁ hB\gﬁ'hdi ng
NDi etY'ﬂf}ﬁﬂiﬂvﬂgcdwﬁit?tocet@ﬁhé’e%r ARenitibic @8AIMNRGpeIkel N the further library
of vectors conprises: a) a binding site specifiC for the nucleic acid

bi ndi ng domai n an®Ny) bindiegrpmteins whivk chwbe exd ih iesametiokis urmrtmrfebbmtam‘b

bi ndi ng m)l, et%l encodi ng .nucl ei ¢ acids; 10,(9) introducing one or
menber SN ImIEd 1oy FrERsSFIDHPRAL 26RIFPISy eRAYBIES ITuetvsd s DN r%ﬁ@n%@tg créFA%

e el D SRB0URE S8 ORI BLAL BB kb SAKASRE saghgecover i no

t he expressed reconbina Mg omoie & expressed

reconbi prytimidesdiqraeMDNA MindingRotefs :ﬁa@can M@Qsteaﬁncq@d%h h mefeﬁte@si;rng
site to forma vector-binding noiety conplex; (11 ) con ing the

vect or - thcridmh@a pizd geto) and pyol repressors, 1B £: vdalhC AP peniget maelplrot@fnswnﬂekegsitne and
det.erm ni n tar et. cell.s con n a vector. the .
vedDor - Bpthagd TTa R et Bructdhans yen s 07 43y tndusea e ERD H8ESHS nant
b| ndi ng i I QA I | 4l 11 );
and (13 @e’%gg? Pﬂg&?é@?ﬁyi&uﬁoﬁl ‘T%rgttcglsgvcr:nr een ?whéé ﬁﬁ&g%ﬁ&eﬁeﬁ l'(ndi ng
noi ety {&ef gh cfm@lﬁtnénﬂﬁfcﬁ@@ LIRS E@mma%a‘nb@inwrs%u@ igerm|rac vacci ne

vector #0orcd) ! &EeeiD {&:l5) ¢ Rtets subh&s [H%E RfnRfin GLARL 114' tl WEJiH)s (4 et hod
conpri Sepy 6%{%\ #?ng A re?x%?xrﬂrnu%oga ro?éﬁ’x%ch 4&* E@@@ﬁb‘ﬁ . Lhat
%%ha&s '

I ncrea The

GRS e et RS (A AL 5 DNA bi ndi ng

dongi n Q%Mﬁ%ﬁréﬁ&ﬂsﬂ&ﬁ@hf‘eﬁﬁ' Qosed; BianThde 281083 93b400ndIERIwieg Of a
transcriptional regulator, "a pol ypeptide involved in DNA replication or

reconbl Rawdrgh989A Jr chrle@lwm 264: A5%-06@2, RNArhmnchmg ptetemEreVu@Wd 53ABupdt &t ei n,
t I DNA bi ndi ~

e & PDros g DS erdeas 11 6 o Bhers e 6T 2PEB Uonm n, & pr ot el n

having a zinc fingery And Adsala . RAXNG, B mgi%fga@%%d@am@m box. 5.

I o"f’ﬂ\‘ai'i
The nmethod of claim 711 erein the nuc?el ¢ aC|
toward acquisition of improved or altered uptake efficiency is effectlve by one or more

20  cycles of recombination and screening. The starting substrates can be nucleic acid segments
encoding natural or induced variants of one or nucleic acid binding proteins, such as those
mentioned above. The nucleic acid segments can be present in vectors or in isolated form
for the recombination step. Recombination can proceed through any of the formats
described herein.

25 For screening purposes, the recombined nucleic acid segments are typically
inserted into a vector, if not already present in such a vector during the recombination step.
The vector generally encodes a selective marker capable of being expressed in the cell type
for which uptake is desired. If the DNA binding protein being evolved recognizes a specific
binding site (e.g., lacl binding protein recognizes /acQ), this binding site can be included in

30  the vector. Optionally, the vector can contain multiple binding sites in tandem.

SUBSTITUTE SHEET (RULE 26)



doemain is an RNA bindi ng domain derived froma protein selected fromthe 5
group consisting of HHV tat and H'V rev. 6. The nethod of claim1l, wherein
t he targé?Yo?,%‘f‘l‘“%of interest is selected fromthe group coR&T&ISINB3BI nuscl e
cells, monocytes, dendritic cells, Bcells, T cells, Langerhans 2‘@' l's,

keratinocytes, Mcells, liver cells and’ epithelial cells.1 H0SER e met hod
of claim®6, wherein the target cell of interest is a professional antigen
presenting cell. 8. The nmethod of claim7) wherein the antigen presenting

cell is a dendritiTheaedctqrs eontaining \di #é¢metceapianmt segntencsedre transfoemédimg@r hans
cell. 9. The net hg‘g!(%f claim7) wherein the cell-specific |igand 15

conpr i sd¥skeslis YsHally £geolnde recPERIRniRgeEs o be parewsad ard hindrie W oup
consi st S TLA- 4. ' oored AR Fc
portion o to?ffh%nog% %E%%eﬁ%kﬁgn%al%%ét&elgﬁa u@n%’& %?@g%nm,ecgorgég(hé%bunit

t her eof . trab@forrhbttorN s tleined papuBkich &f cal3emestvf Whichi bt a eidigle PbciebPrest is
a human cell. 20 11. The nethod of claim 1, wherein target cells that

cont &i n ‘eswry Adiehan apRropE A PERodlg ablpwsiar expresaignfand bindings seliloare dysed under

sel ect abl e,narker tained.in.the.vector. 12 . net hod, of aiml1l,

aher o n B OGR4 by bR SEpedf I R sy Eefpr 1 ses a
geneti ¢ H4aGHIAE IyEChitfer 0f 350 HEPESTBAS.S Wil KOH), 8! InfV NS A2N0HNLINE
response that conprises: a) a reconbinant binding noiety that conprises a
nucl ei c glutachats, 6% glycarolyfliImgimi B A émM BFd¢ add € 1inivl) RMEF)qriak lgyozyme (0.3-

ol ynucl eoti de sequence that is capabl e. of 30 expressing an antigen and

'to haty gonvﬁ% %@@gné(ﬂgywoﬁuﬁgblgi(%eé',Scbaﬁé?mln?{srk3%€65§f€gﬁe$ragl§#ﬁw *(f'cg%adn i s
I e c ¢ e N _ 14,

P38 o el Paay birkifle sl ieMer! dntddfea iflUefld obthl Syne fol whichimef G &

moi ety fdlteraiupadliel ik dysited under adrionpfavktng efthk« Bitabrecipient édigiificludd a
vaccine or antigen for a target cell, the nethod conprising: .
the human cell types that are common targets in DNA vaccination. These cells include

muscle cells, monocytes/macrophages, dendritic cells, B cells, Langerhans cells,
keratinocytes, and the M-cells of the gut. Cells from mammals including, for example,

15 human, mouse, and monkey can be used for screening. Both primary cells and cells
obtained from cell lines are suitable.

After incubation, cells are plated with selection for expression of the selective
marker present in the vector containing the recombinant segments. Cells expressing the
marker are recovered. These cells are enriched for recombinant segments encoding nucleic

20  acid binding proteins that enhance uptake of vectors encoding the respective recombinant
segments. The recombinant segments from cells expressing the marker can then be
subjected to a further round of selection. Usually, the recombinant segments are first
recovered from cells, e.g., by PCR amplification or by recovery of the entire vectors. The
recombinant segments can then be recombined with each other or with other sources of

25  DNA binding protein variants to generate further recombinant segments. The further
recombinant segments are screened in the same manner as before.

One example of a method to evolve an optimized nucleic acid binding
domain involves the shuffling of histone genes. Histone-condensed DNA can result in
increased gene transfer into cells, See, e.g., Fritz e al. (1996) Human Gene Therapy 7:

30  1395-1404. Thus, DNA shuffling can be used to evolve the histone protein, particularly the

carboxy- and amino-terminal peptide extensions, to increase the efficiency of DNA transfer
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(1) reconbining at least first and second forns of at |east 5 one nucleic
acid, wh i h of the first and second forns of the nuglej i
conprise?xgggo 3%ucleotide whi ch encodes a binding noiety BF%QE%ﬁﬁG%
enterotoxin, wherein the first and secggd forns differ fromqagte @yfzer in
two or nore nucl eotides, to produce a l'fbrary of reconbi nant nucl eic acids;
(2) producing a library of vectors fromthe library of 10 reconbi nant

nucl ei ¢ .aci d rein each, vector .conpr,i ses .a er aof the library of

r econbi & ceﬁﬁcﬁg 38870&2]?’ ‘t‘%@smﬂ%ﬂ%f’ﬁg%ﬂ@ ﬁ&%r‘@‘ﬁ%ﬁ%”?eg@?‘%e

i brar : al;' aq r Ims,.,’tx ' . t he
I : brar§ 0 c%%ﬁ%%?n nt r?gg&lﬁgﬁucg%@é 'S Sﬁ‘g’lﬂééilé‘ﬁm?g@rdgr’ﬁn?‘ §’ r?f;a{(;&tg%?tgé%t
cel | - spegents frorhmahirsidiivigsion 2paddition yprntisoter patialigaavdming pdptide ecombi nant

cel | -specific binding noiety polypeptide; (4) contacti ng. the reconbi nant
cel | - spessnuensestibn NyanethCeeynipali spaugncesie! the istanedd) bysdditignef peecseiacied of a

t t L] d.(5) _det I nj i, the. mbi t |, < i fic bindi
20 151 etolBT o TR A FeistBe G5 P PP e PRI D er col
15. The prBfeftPloat 1ibkes) k4, THERE HBb1BInk REn B@bﬁni%ﬂ%rfrﬁﬁ%nﬁ&‘&%ﬁ‘?ﬁlkéétoo&esem on
the surface of a target cell during said contacting. 16. The net hod of

cl ai m 14histohebeh ibtaneotkdktersur f ace receptor is GM. 25 17. The net hod of

claim 14, wherein the host cell |s a V. cholerae cell which js inceip,abl e of
expressing CT- A 183 VANRHOMBHDE 3POYs RaEkdURe 2PIRERE SYF FacaRPIFet D% MeGieng an

. P! . | M eost de ¢ hot
bl &rdBidfne g&&l@in"&% *Bg‘év&%&’{ds?éaﬁ%zfico‘?%%a%an% n)élgllléfc_a%% ﬂnﬁﬁn at 1s

capabl e of expréssing an antigen wt rec speci bi ndi ng

30 rmoi et profeiro Nuckit &yd bindingaitee sreafvobledibinahdnalogduslprobiliuZddm kicl&id The
met hod of claim 14, wherein the reconbinant cell specific binding noiety

pol ypept PiE&INE prassipy expsptthakthe smiiecmbpraesantan veriantdinding sitestand r epl i cabl e
genetic r%@c%%ﬂgm forms of these sites are screened as a component of a vector that also encodes a
nucleic acid binding protein.
Evolved nucleic acid segments encoding DNA binding proteins and/or

15  evolved DNA binding sites can be included in genetic vaccine vectors. If the affinity of the
DNA binding protein is specific to a known DNA binding site, it is sufficient to include that
binding site and the sequence encoding the DNA binding protein in the genetic vaccine
vector together with such other coding and regulatory sequences are required to effect gene
therapy. In some instances, the evolved DNA binding protein may not have a high degree of

20 sequence specificity and it may be unknown precisely which sites on the vector used in
screening are bound by the protein. In these circumstances, the vector should include all or
most of the screening vector sequences together with additional sequences required to effect
vaccination or therapy. An exemplary selection scheme which employs M13 protein VII{ is
shown in Figure 1.

25 Target cells of interest include, for example, muscle cells, monocytes,
dendritic cells, B cells, Langerhans cells, keratinocytes, M-cells of the gut, and the like. Cell-
specific ligands that are suitable for use with each of the cell types are known to those of
skill in the art. For example, suitable proteins to direct binding to antigen presenting cells
include CD2, CD28, CTLA-4, CD40 ligand, fibrinogen, factor X, ICAM-1, B-glycan

30  (zymosan), and the Fc portion of immunoglobulin G. (Weir s Handbook of Experimental
Immunology, Eds. L.A. Herzenberg, D.M. Weir, L.A. Herzenberg, C. Blackwell, 5th edition,
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20. The nethod of claim 1, wherein the binding site of each 5 10 vector is

derived f ,nding site present in at | east one formo one
Wi3of % GRlushsifshs

nucleic acid o 1 ). 21. The nethod of claiml1l, wherein theé binding site
is joined to the menber of the library gb reconbi nant bi ndi g sgp 200

noi et y-encodi ng nucleic acids after said reconbining. 22. The nethod of
claim1, wherein the vector-binding noiety conplex fornms inside the host

cell and, prior.to the tacti of , the host cell is |ysed der
condi t 1 ont SRV Srdritrs dBaRS PheCanst il seaPre bty i GAYES:  The
met hod of ; h 8] = b ndi [ )
forms i ns}%gﬁkge&#ggﬁegglllﬁ ‘%&n‘g?%ﬁ‘f"g‘?m@%&g %ié@ %égpr%’t %tg%ifarl?geog (%ﬁﬁ) ,Bg%tﬁéghost
cell is | ystecbtaximkesr subnnlitd iheresf drbatso @6 imeatstdbisiargeting perpvsest or - bi ndi ng

noi ety conpl ex. 24. The nethod of claim1, wherein the cell-specific |igand

20 conprises a pol ypopRbHRY abthe yecors te fiter adactivaie 4RCe sultas menaayks, doup

o " . 3 d Cor £ bl ;
Fouror R Renc R0 oA oY i S0E RN o RO Pl ERSFT
bact eri al TaftfediBtagosithe iéradticnttuiédn vieBRF &0f mordyted, WRicHdvOh ctlfiSiideyi Ng a

vector conponent that confers 25 upon a vector an enhanced ability to enter
an anti gerecpptes ftlifify Re¢ to ity imamtnogémulptony astwvitiay, KBS is alsdbkelptchan as an

I si ng:. ' Lib .of nbi t | ei ids b bj ect i
o1 ecombAA ety Sugherppishyshneft SuBHhreRA SRl cot | de t hat i ffer from
one another in at 'ﬁ%ofo‘ﬁ’ﬁls;bor uggé%%;%rgﬁhﬁc%ggcmcéﬁg!aw @Jeﬁl%%%g{rié b

each vector conprising a vec conpri ses a

|i brarly obindeehsrimdithos enhariceideliveey 6fvackied) antigenp,eaé tipamf vectors and
antigen-presenting or anti gign- processing cells; and 11SEP2002 A
det er m ni RBAPRECHERERItHEBR 1o An exemplany smbpdimeapef e inisntiomireespiar Hindiag | east

ome. oot Okahald 1 ATl AURELEE i BT PRS0 Bl BB B2
abi lity coliare evolved for improved attachment to cell surface receptors and for improved entry to
and transport across the cells of the intestinal epithelium. In addition, they can be evolved for

15  improved binding to, and activation of, B cells or other APCs. An antigen of interest can be
fused to these toxin subunits to illustrate the feasibility of the approach in oral delivery of
proteins and to facilitate the screening of evolved enterotoxin subunits. Examples of such
antigens include growth hormone, insulin, myelin basic protein, collagen and viral envelope
proteins.

20 These methods involve recombining at least first and second forms of a
nucleic acid which comprises a polynucleotide that encodes a preferably non-toxic receptor
binding moiety of an enterotoxin. The first and second forms differ from each other in two
or more nucleotides, so the DNA shuffling results in production of a library of recombinant
enterotoxin binding motety nucleic acids. Suitable enterotoxins include, for example, a V.

25 cholerae enterotoxin, enterotoxins from enterotoxigenic strains of E. col1, salmonella toxin,
shigella toxin and campylobacter toxin. Vectors that contain the library of recombinant
enterotoxin binding moiety nucleic acids are transfected into a population of host cells,
wherein the recombinant enterotoxin binding moiety nucleic acids are expressed to form
recombinant enterotoxin binding moiety polypeptides. In a preferred embodiment, the

30  recombinant enterotoxin binding moiety polypeptides are expressed as fusion proteins on the

surface of bacteriophage particles. The recombinant enterotoxin binding moiety
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to enter the antigen-presenting or antigen-processing cells. 5 26. The

nmet hod OKV&& '159225) wherein contacting a |ibrary of VeCtorp%%§99/0§m

popul ati on” of anti gen-presenting or antigen-processing cells'1Ts per?orned
invitro or ex vivo. 27. The nethod of ,gl ai m 25, wherein the 1 sep 202
antigen-presenting or antigen-processing cells are selected fromthe group
consisting of B cells, 10 nonocytes/ macrophages, dendritic cells,

Langer hans cel.l s, keratinocytes, and le cel]s. 28. The nmethodg of claim
26, \Aherﬁé’i?WCP“ S&épl%g sefeened byAontacting g?‘é’r’@o‘&é?ﬁé‘ﬁswa&mf%%t%é P t3reete

29. The t LAl . : e (BQH r | -

cul turi néggﬁt gqgtgh’g&x?%‘?}ugﬁfﬁce et@%ﬂﬁgﬁt%% a %’f"t"g’gﬁé@?i&g{g@% h’éﬁ@él | s

Wi th t heenhbdved abiliof totsifid @ the tavgstdeliGeddptorCThe selbfiirfice tdteptePodnilsd progenst ep to
renove vectors that did not enter an antigen-presenting cell or

ant i gen-qiy ibe surdica gf @darget cgldtself, arsen deiatiecheddo gidifferarticeBner hindingear bom t he
cells that contain the at |eas ne vector conponent .. thereby o I ni.ng the
2t | Sast CURERRER S BBetsenBr bnlf el kP GORRT P El BBl ot SRR DT ( ne
enhancedsyafaid febeptéiR iRMHEY, férRample, - PEARER! bAdc&dvolv@batRBal

antigen-processing cell. 30. The nethod of ¢laim 25, wherein each vector of
t he |i brsupyragtigens forcteradirfcogasébor dengas¢d)dsnding it T eelt raxveptdr smtME(C elasapabl e

of eliciting a T hocyt e response and the cel|]s that cqgntain the at
| east o ceulss: é‘%gl)q S(HB?YFPP%% agyvate ?éﬁ% bl ﬁ&lgﬁﬂé%ﬁpeﬁg%nﬁnﬁa‘i-vi dual

member s QfoetRfeds it & T LAFIAESPREARAL FELLNGL BOARa S BRIRRE SR ¢ he

l'ibrary vectors in separa tures orf antigen-presenting cells or
ant iigen- gi@reR%H BgUARl dBoicd Bejeeditigph QViusktiete: ol 3199Q B2 dJ. Tnthiukb & 2661 8-

antigen-presenting cells or antigen-processing cells; 11SEP 2002 GS
co- cul t w¥drgd Srehylogeesebenteratoxin AdBavt étsfdnﬂi9g§]) ddnfest. &¥s. dR438&#5pr ocessi ng
cells wih ol sl AS S nRh ) BE Lereldl bl SRRk MherkflidBhe 1 ¥hnd MHC
class Il molecules (Wung and Gascoigne (1997) J. Immunol. Methods. 204:33-41).
Cholera toxin (CT) is an oligomeric protein of 84,000 daltons which consists
15  of one toxic A subunit (CT-A) covalently linked to five B subunits (CT-B). CT-B functions
as thereceptor binding component and binds to Gy, ganglioside receptors on mammalian
cell surfaces. The toxic A-subunit is not necessary for the function of CT, and in the absence
of CT-A, functional CT-B pentamers can form (Lebens and Holmgren (1994) Dev. Biol.
Stand. 82:215-227). Both CT and CT-B have been shown to have potent adjuvant activities
20  1in vivo and they enhance immune responses after oral delivery of antigens and vaccines
(Czerkinsky et al. (1996) Ann. NY Acad. Sci. 778: 185-93; Van Cott et al. (1996) Vaccine
14: 392-8). Moreover, a single dose of CT-B conjugated to myelin basic protein prevented
onset of autoimmune encephalomyelitis (EAE), a murine model of multiple sclerosis
(Czerkinsky et al., supra.). Furthermore, feeding animals with myelin basic protein
25  conjugated to CT-B after the onset of clinical symptoms (7 days) attenuated the symptoms in
these animals. Other bacterial toxins, such as enterotoxins of E. coli, Salmonella toxin,
Shigella toxin and Campylobacter toxin, have structural similarities with CT. Enterotoxins
of E. coli have the same A-B structure as CT and they also have sequence homology and
share functional similarities.
30 Bacterial enterotoxins can be evolved for improved affinity and entry to cells

by gene shuffling. The similarity of E. coli-derived enterotoxin subunit and CT-B is 78%,
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I denti fying the co-cultures in which a T | ynphocyte response is induced by

the tran t antigen-presenting cells or antigen-processing cells, 5
t her eby ﬁo@%{ﬁ?% ng cells containing the at | east one vect%ﬁr/g%gf/.%gol“ﬁe

met hod of claim 30, wherein the T |ynphpcyte response is sql ﬁ%tfpdzugzomthe
group consisting of increased T | yrrphoc@lte proliferation, increased T

| ynphocyt e- nmedi ated cytol ytic activity against a target cell, and increased
cyt oki ne production. 10 32. The nethod of c|aim 25, wherein the at | east

one vect ¥ seyerzl camppletehh¢ensgrpd reeionsRimere thanrighduriseadasicinbe fownd: & ¢

° 4 . g AL :
of the r SIS BPE HoR et Slalfh B B Al I Aol RASHORO bR s Bk il 2
repl i cabp@tf neeisC Thas, famks BN A Shaffias iSfeh PR AGRNg 3ﬂtero%ﬂﬁidﬂ@6hiﬁ§)ﬁu&éi@| ving

a vaccine deli ver_}/ vehicle to obtain an optim zed delivery vehicle having
enhancedaggefrom ditfergnt tactexial sppeiespr esenti ng cel l's or antigen-processing

cells, the method | Si ng; reconmi nji ng nbers of. a pool, of

pol yrﬁJcI eot i des to%ggggﬁ’ﬁ’és gﬁsfé&ﬂ%do?oaﬁrys 13 S¥RFASSSSOR HP@SBPﬂes; (2)
producin | \ ' tLC i | ri ses
D eber o S ¥ e B B A e 5"
pol ynuc| preférttel. tArasntrgen of érterastdian bk dysedab tipefet ¢pder-binkiag euburiit Secetionbf nant

pol ynucl eoti de and, t he _di spl ay pol ynucl eoti de are expressed 25 as a fusion
prot ei n GMMERCIPEOtEnS By Ay cholsrperca bs seresned by culiaing g haskasiadn ggatdn the

PACKaGE! pfeElncROPLAGLL M AL Lol e SEORRE AR LEPLER! e ARARLI

packages one non-a non- anti gen

processi i 160l bf kerétRINGY Betebid he MmAnSSYRSIbit6idIAGKROSSHT bidvahd HheSddlctites.
non-anti gen 30 presenting or non-antigen-processing-specific fusion

pol ypept Caesan alsd addiisme gangloisidegedeptors ¢x thethgaaintordezpd detatsl colapgseseireting
packages et gt el n95 o L0fuliR Liiostts beaRing MmO AL S R RS i o'
are then cultured in 96-well plates, and the culture medium is tested for the presence of
molecules capable of binding to cells or receptors in solution. Binding of chimeric fusion
15  proteins to Gy, ganglioside receptors on cell surface or in solution can be detected by a
monoclonal antibody specific for the antigen that was fused to the toxin. The assay using
whole cells has the advantage that one may evolve for improved binding also to receptors
other than the Gum; ganglioside receptor. When increasing concentrations of wild-type
enterotoxins are added to these assays, one can detect mutants that bind to receptors with
20  improved affinities. Affinity and specificity of toxin binding can also be determined by
surface plasmon resonance (Kuziemko ez al. (1996) Biochemistry 35: 6375-84).

The advantage of the bacterial expression system is that the fusion protein is
secreted by bacteria that could potentially be used in large scale production. Moreover,
because the fusion protein is in solution during selection, possible problems associated with

25  expression on phage (such as bias towards selection of mutants that only function on phage)
can be avoided.

Nevertheless, phage display is useful for screening to identify enterotoxins
with improved affinities. A library of shuffled mutants can be expressed on phage, such as
M13, and mutants with improved affinity are selected based on binding to, for example, Gm:

30  ganglioside receptors in solution or on a cell surface. The advantage of this approach is that
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processing cell with at | east one antigen-presenting cell or

anti gen- l.9g cell and recovering those that bind to t one
anti gen- [F}&Q?gﬁﬁogg cell or antigen-processing cell, wherei hgflllijg%/dé@ ered
replicabl e genetic packages are capabl e42f speci fically bi ndyrgept ogp2
antigen-presenting cells or antigen-procéssing 5 cells. 35. The nethod of
claim34, wherein the contacting of (3) and (4) is perforned in vivo or ex
vivo. 36. The nmethod of claim 34, wherein the nmethod further conprises the
steps of themutagys 9@%@% ﬁlgﬁ'ﬁr sileqted B 140 aFYE AS GBTHIPGGRAOA FEESRING e
reconbi n I ' ' qufnf | ' eneti c package that
IS capabI%g ° 9"&%@5?@%@4 @wg?hgﬂﬁﬁg t'o @h%e&é‘@%%%-afﬁ%%segmi ng cells or

ant i genprocessi ng CEinkiy,\thd Rs@ltihg evb10ed edotoxin emlberfusddopith DB b@dfiigoduce a
further library of reconbi nant polynucleotides; 15 (6) producing a further

| i brary @roteise andBeRMIC viaepng veatdre arpeenatddovitnticfysion peatein. dihe VA sheflling i ses
a nmenper of .the library of reconpi pant pol ynycl eoti des operab I hked to a
ol yntic! a8 P8 85pHEHhe eruelva T Bsh 2ge/BF DY Homia: aiersseaitied fef sauBiBnan
pol ynucl eptis deomBthddBadtion PRAYTTRAS ¥l S YPrbdlfRiidh 6r SHBY: bifladtUS! ON
protein which ios di spl%yeg on the 263 sur]g;artce c}?ﬁt%e rﬁ?@ggﬁ genetic
package; binding ortietytnunkpictdeadsfwititinean beé sureanygd b trassfeming vettorselpch caithin

genetic packages with at |east one non-antigen-presenting cell or
non- ant i §a®PPBEL A8 WRY asa bindipg siggrenesificnies thempgleicckibiaging domain, into a

non- anti ol e ' I . ponant.Lgen- S| l] - Ll fusion
pol ypopt FEBLRHEREPLORRANE Lol dRR R R RSFE B RO B e B G e
packages nificidadld Birtdig dmhiln k@ fdrRta ddctdresifiding BRI Bordplek J $losideds ead tHea cel |
or non-antigenprocessing cell with at |east one antigen-presenting cell or

ant i gen- gredyessigindgr eenditiensdhatsloapé dismipt binslingoaflihevegémdtinding awieiy esmphexe h
bind to tfie antigenpresenting cell or_anfigen-processi ell, erei.n . the
recovere ee‘fﬁcfo(f ég’l IW%%WQ‘I%IW‘}S%%@E% E%f?@t%‘g@a‘ﬁﬁ% a 8?19 Qg@&fﬁ"%er yhich

bi ndi ng t ; ' ' | = i L, and
T D SR e by B g b 1
further apicieic zeds aredsotited from thelkeNsery vehicl e which exhibits further

enhanced specificity for the antigen-presenting cells or ant i‘gen- processi ng

cel 142 37. A net hodnethermsihed foF Qptainme; srbansed npakg ol aiwast ONAPYbt ain 5 an
optim ze .V [ ' N L4 [ cell,
he. met haagialeh ¥eifer'as SNy BEIRNAREn Sekinkii), 8y llbbs Bl BRaTT
aci ds, eanimisdr ofobpies 6NREAEDNK takel ARG thdse YRRkt ififialWie&ipihd SenelDNAeast
first and second nucleic acids differ fromeach other in two or nore

nucl eot i dEle methoguseruesdl surfage ¢xpoession affmenelrartasseniated PR bindingdomaingef, ds;

(2) produgi Li brary of recombi nant bacteriopha ac f '

i splays Sherrir bt Erein BECR Ml AR el (RS o e ihihgeo,

chi mgpi ¢ Genged thatco FdcoLfitian bEfRAR A Re HiNKAS idmAMCUBtake 3€ bk @BRAR! ¥

|l i nked to a polynucleotide that encodes a display pol ypeptide; 15 (3)

cont act i nef tatget DNy amty actll (tecanylprocess, frasivenptalph algetroparitican, pspoticaghiosk, of

target cel
0

tkgr stress) will lead to transcription of the gene encoding the polynucleotide binding
domain. The gene encoding the binding domain is engineered so that the binding domain is
expressed in a membrane anchored form. For example, a hydrophobic stretch of amino acids

25  can be encoded at the carboxyl terminus of the binding domain, thus leading to phospho-
inositol-glycan (PIG) conjugation after partial cleavage of this terminal sequence. This, in
turn, leads to trafficking and positioning of the binding domain on the cell surface. The
same cells that took up the first molecule of DNA will express the factor and have increased
specific affinity for target DNA that remains extracellular. Cells that did not take up DNA

30  will be at a competitive disadvantage as they will not bear the cell surface target DNA-

specific binding domain, which is required for specifically mediated DNA uptake.
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(4) renoving unbound phage and phage which is bound to the surface of the
target cells; and (5) recovering phage which are present within the target
cel I's, 20"RPEH% t he recovered phage are enriched for phaBET/UAWY03Py e
enhanced ability to enter the target cel]s. 38. The nethod 1of SglPapya 37,
wherein the contacting of (3) is perforrﬂ?d in vitro or ex vivo. 39. The

nmet hod of claim 37, wherein the nmethod further 25 conprises: (6)

reconbi ning a nucleic acid which conprises at | east one reconbi nant invasin
nucl ei ¢ aBikanoed binding of thentargeh XN At thettarget astivall incgease twvafficidndyrafPMAL ar get

cell with a further | . of, . pol cleotides _to produce a further library of
r econbi naﬁemﬂﬁg?’ﬁa’g‘g&?ﬁﬁé F&W%ﬂ@é‘ g{fl‘@“‘(“?) Tbﬁs@g‘iféﬁfﬁp‘ﬁs?’\fﬁriﬂ%?t“fq brary of

r econbi na te6f inPRYaY : ' ' e bact eri ophage
surface aﬁ%%@gﬁlg?ypep?ﬁgﬁa&gdgy%@gtﬂiﬁ?gyﬁ@lﬁ%? GS a chineric gene
that conprises a reThetirgaa MNAMWAShSr dticdutiror &aéa pReaidligohicidotidet 0 a

pol ynucl eoti de that encodes a display pol ypeptide; (8) contacting the
|i brady obpaciestabpbmasimalisa cheamaesoniad &agiment, as gneinermeito neasione aF geore ewissof 5

(9) renovj L nd._phage I ch.is bound to th ur f.ac f the
target ce F’&%%%%’T‘Bﬁgg‘g%%g%gﬁrﬁgm ”é’\éga"m?lri B teﬁ?lléhaﬁllgce éwpefeﬁﬁ?rhilﬁmﬁﬁ%r%egr get
celI's; angkquddces wiBRE8ddyHkaf bne bivhOrHhCh Aotifs; dResd@meeSiaéntificl BydBiinbe a
further 10 optim zed reconbi nant delivery vehicle which exhibits further

have enhagnabybisbEndoggnaus reetifs recogrized by dtese fctoss alsticanTteddensifiedd of cl ai m
39, wherein the t hod, further c I ses: .ipnserting intq the optimzed
r econbi na?ffpe&@?ﬁ"ﬁky&yﬁmoeﬁgatg’gltg‘ggﬁFWE@I@%‘%%&@S\5\?1?%0 52 PaRel gt i gen
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D. Evolution of Bacteriophage Vectors
The invention provides methods of obtaining bacteriophage vectors that
exhibit desirable properties for use as genetic vaccine vectors. The principle behind the
20  approach provided by the invention is to combine the power of DNA shuffling with the
extraordinary power of bacteriophage genetics and the wealth of recent advances in phage
display technologies to rapidly evolve highly novel, potent, and generic vaccine vehicles.
The evolved vaccine vehicles can present antigen either (1) in native form on the surface of
these APC’s for the induction of an antibody response or (2) selectively invade APC’s and
25  deliver DNA vaccine constructs to APC’s for intracellular expression, processing and
presentation to CTL’s. More efficient methods for delivery of antigens from pathogens to
professional APC’s will increase the kinetics and potency of the immune response to the
vaccine.
Genetic vaccine delivery vehicles that are evolved according to the methods
30  of'the invention are particularly valuable for the rapid induction of high affinity antibodies

which can effectively neutralize viral epitopes or pathogenic toxins such as superantigens or
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20 Screening involves preparation of high titer stocks (preferably >10'? phage

particles) in standard colloidal formulations which are delivered intranasally to test animals,
such as mice. Blood samples are taken over the course of the ensuing day and circulating
phage are amplified in E. coli. It has been established that M13 circulates for long periods in
the blood after injection intravenously, and thus it is reasonable to expect that phage that

25 successfully enter the blood stream through the lung can be efficiently recovered and
amplified £. coli cells. In a preferred embodiment, several rounds of enrichment are applied
to the initial libraries in order to enrich for phage that can efficiently enter the blood stream
when delivered intranasally. Candidate clones are typically tested individually for their
relative efficiency of entry, and the best clones can be further characterized by sequencing to

30  identify the nature of the fusions that confer efficient delivery (of particular interest from the
cDNA libraries). Selected clones can be further evolved for improved entry by shuffling the
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10 (2) Evolution of bacteriophage vehicles for efficient homing to APCs

The invention also provides methods of evolving bacteriophage vectors, as
well as other types of genetic vaccine vectors, for efficient homing to professional antigen
presenting cells. Libraries of random peptide ligands and cDNAs used in (A) above are
enriched for phage which selectively bind to APCs by first negatively selecting for binding

15  tonon-APC cell types, and then positively selecting for binding to APCs. The selections is
typically performed by mixing high titer stocks of phage from the libraries (>10"? phage
particles) with cells (~107 cells per selection cycle) and either taking the nonbinding phage
(negative selection) or the binding phage from cell pellets (positive selection). An
alternative selection format consists of injecting phage libraries intravenously, allowing the

20  libraries to circulate for several hours, collecting target organs of interest (lymph node,
spleen), and liberating the phage by sonication. The positively selected phage can be
amplified in E. coli and further rounds of enrichment are performed (3 - 5 rounds) if further
optimization is desired. After the chosen number of rounds, individual phage are
characterized for their ability to home to lymphoid organs. The best few candidates can be

25  subjected to further evolution through iterated rounds of selection, amplification, and

shuffling.

(3) Evolution of bacteriophage for invasion of APCs

The methods of the invention are also useful for evolving bacteriophage and
other genetic vaccine vehicles for invasion of target cells. This opens up the possibility of
30  targeting the class | MHC antigen processing pathways with either internalized protein ‘

antigen or antigen expressed by DNA vaccine vehicles carried in by the evolved vector.
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T e eubation, the Cells are exHanstively washed to Fomove o6 phags and phage bouhd to
the surface of the cells can be removed by panning against polyclonal anti-M13 antibodies.
10 The celis are then sonicated, thus releasing phage that have successfully entered the target
cells (thus protecting them from the polyclonal anti-M13 antiserum). These phage can, if
desired, be amplified, shuffled, and the selective cycle will be iteratively applied for, e.g., 3 -
5 times. Individual phage from the final cycle can then be characterized with respect to their
relative invasiveness. The best candidates can then be combined with gene III fusions that
15  encode pathogenic epitopes of interest. These phage can be injected into mice and tested for
their relative abilities to induce a CTL response to the pathogenic antigens.

Bacteriophage vaccine vehicles evolved for activity in mice according to the
above methods will establish the principles for the evolution of similar vehicles for potent
human vaccines. The ability to induce more rapid and potent CTL and neutralizing antibody

20 responses with such vehicles is an important new tool for the evolution of improved

countermeasures against pathogens of interest.

Genetic Vaccine Pharmaceutical Compositions and Methods of Administration
The delivery vehicles, targeted genetic vaccine vectors, and vector
components of the invention are useful for treating and/or preventing various diseases and
25  other conditions. For example, genetic vaccines that employ the reagents obtained according
to the methods of the invention are useful in both prophylaxis and therapy of infectious
diseases, including those caused by any bacterial. fungal, viral. or other pathogens of
mammals. The reagents obtained using the invention can also be used for treatment of
autoimmune diseases including, for example, rheumatoid arthritis, SLE, diabetes mellitus,
30  myasthenia gravis, reactive arthritis, ankylosing spondylitis, and multiple sclerosis. These

and other inflammatory conditions, including IBD, psoriasis, pancreatitis, and various
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10 example, an antigen for a particular condition can be optimized using recombination and
selection methods analogous to those described herein. Such methods, and antigens
appropriate for various conditions, are described in copending, commonly assigned US
Patent Application Serial No. 09/247,870, entitled “Antigen Library Immunization,”
which was filed on February 10, 1999 as TTC Attorney Docket No. 18097-028710US. The
15 polynucleotide that encodes the recombinant antigenic polypeptide can be placed under the
control of a promoter, e.g., a high activity or tissue-specific promoter. The promoter used to
express the antigenic polypeptide can itself be optimized using recombination and selection
methods analogous to those described herein, as described in International Application No.
PCT/US97/17300 (International Publication No. WO 98/13487). The vector can contain
20  immunostimulatory sequences such as are described in copending. commonly assigned US
Patent Application Serial No 09/248,716entitled “Optimization of Immunomodulatory
Molecules,” filed as TTC Attorney Docket No. 18097-030300US on February 10, 1999. The
reagents obtained using the methods of the invention can also be used in conjunction with
multicomponent genetic vaccines, which are capable of tailoring an immune response as is

most appropriate to achieve a desired effect (see, e.g., copending, commonly assigned US

[ 28]
i

Patent Application Serial No. 09/247,888 , entitled “Genetic Vaccine Vector
Engineering,” filed on February 10, 1999 as TTC Attorney Docket No. 18097-030100US). It
is sometimes advantageous to employ a genetic vaccine that is targeted for a particular target
cell type (e.g., an antigen presenting cell or an antigen processing cell); suitable targeting

30  methods are described in copending, commonly assigned US patent application Serial No. "
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t& ()- !tﬁgi!ca ;/gly(s%tenll%gadrrﬁrﬁstration (e.g., intravenous, intraperitoneal, intramuscular,
subdermal, intracranial, anal, vaginal, oral, buccal route or they can be inhaled) or they can
be administered by topical application. Alternatively, vectors can be delivered to cells ex
vivo, such as cells explanted from an individual patient (e.g., lvmphocytes, bone marrow

10  aspirates, tissue biopsy) or universal donor hematopoietic stem cells, followed by
reimplantation of the cells into a patient, usually after selection for cells which have
incorporated the vector.

A large number of delivery methods are well known to those of skill in the

art. Such methods include, for example liposome-based gene delivery (Debs and Zhu (1993)

15 WO 93/24640; Mannino and Gould-Fogerite (1988) BioTechniques 6(7): 682-691; Rose
U.S. Pat No. 5,279,833; Brigham (1991) WO 91/06309; and Felgner et al. (1987) Proc. Natl.
Acad. Sci. USA 84: 7413-7414), as well as use of viral vectors (e.g., adenoviral (see, e.g.,
Bemns ez al. (1995) Ann. NY Acad. Sci. 772: 95-104; Ali et al. (1994) Gene Ther. 1: 367-384;
and Haddada et al. (1995) Curr. Top. Microbiol. Immunol. 199 ( Pt 3): 297-306 for review),

20  papillomaviral, retroviral (see, e.g., Buchscher ez al. (1992) J. Virol. 66(5) 2731-2739;
Johann ez al. (1992) J. Virol. 66 (5):1635-1640 (1992); Sommerfelt ez al., (1990) Virol.
176:58-59; Wilson et al. (1989) J. Virol. 63:2374-2378; Miller et al., J. Virol. 65:2220-2224
(1991); Wong-Staal er al., PCT/US94/05700, and Rosenburg and Fauci (1993) in

Fundamental Immunology, Third Edition Paul (ed) Raven Press, Ltd., New York and the

o
W

references therein, and Yu et al., Gene Therapy (1994) supra.), and adeno-associated viral
vectors (see, West ez al. (1987) Virology 160:38-47; Carter et al. (1989) U.S. Patent No.
4,797,368; Carter e al. WO 93/24641 (1993); Kotin (1994) Human Gene Therapy 5:793-
801; Muzyczka (1994) J. Clin. Invst. 94:1351 and Samulski (supra) for an overview of AAV
vectors; see also, Lebkowski, U.S. Pat. No. 5,173,414; Tratschin e al. (1985) Mol. Cell.

30  Biol 5(11):3251-3260; Tratschin, ez al. (1984) Mo!. Cell. Biol., 4:2072-2081; Hermonat and -
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O OV, rodioed dirdotly into s tsshe, such as smscie See, &g USPN 5,580,859, Other methads
5  such as “biolistic” or particie-mediated transformation (see, e.g., Sanford et al., USPN
4,945,050; USPN 5,036,006) are also suitable for introduction of genetic vaccines into cells
of a mammal according to the invention. These methods are useful not only for in vivo
introduction of DNA into a mammal, but also for ex vivo modification of cells for
reintroduction into a mammal. As for other methods of delivering genetic vaccines, if
10  necessary, vaccine administration is repeated in order to maintain the desired level of
immunomodulation.

Genetic vaccine vectors (e.g., adenoviruses, liposomes, papillomaviruses,
retroviruses, erc.) can be administered directly to the mammal for transduction of cells in
vivo. The genetic vaccines obtained using the methods of the invention can be formulated as

15  pharmmaceutical compositions for administration in any suitable manner, including parenteral
(e.g., subcutaneous, intramuscular, intradermal, or intravenous), topical, oral, rectal,
intrathecal, buccal (e.g., sublingual), or local administration, such as by aerosol or
transdermally, for prophylactic and/or therapeutic treatment. Pretreatment of skin, for
example, by use of hair-removing agents, may be useful in transdermal delivery. Suitable

20  methods of administering such packaged nucleic acids are available and well known to those
of skill in the art, and, although more than one route can be used to administer a particular
composition, a particular route can often provide a more immediate and more effective
reaction than another route.

Pharmaceutically acceptable carriers are determined in part by the particular

25  composition being administered, as well as by the particular method used to administer the
composition. Accordingly, there is a wide variety of suitable formulations of pharmaceutical
compositions of the present invention. A variety of aqueous carriers can be used, e.g.,
buffered saline and the like. These solutions are sterile and generally free of undesirable
matter. These compositions may be sterilized by conventional, well known sterilization

30  techniques. The compositions may contain pharmaceutically acceptable auxiliary substances

as required to approximate physiological conditions such as pH adjusting and buffering
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particular mode of administration selected and the patient's needs.

Formulations suitable for oral administration can consist of (2) liquid
solutions, such as an effective amount of the packaged nucleic acid suspended in diluents,
such as water, saline or PEG 400; (b) capsules, sachets or tablets, each containing a
predetermined amount of the active ingredient, as liquids, solids, granules or gelatin; (c)

10 suspensions in an appropriate liquid; and (d) suitable emulsions. Tablet forms can include
one or more of lactose, sucrose, mannitol. sorbitol, calcium phosphates, corn starch, potato
starch, tragacanth, microcrystalline cellulose, acacia, gelatin, colloidal silicon dioxide,
croscarmellose sodium, talc, magnesium stearate, stearic acid, and other excipients,
colorants, fillers, binders, diluents, buffering agents, moistening agents, preservatives,

15  flavoring agents, dyes, disintegrating agents, and pharmaceutically compatible carriers.
Lozenge forms can comprise the active ingredient in a flavor, usually sucrose and acacia or
tragacanth, as well as pastilles comprising the active ingredient in an inert base, such as
gelatin and glycerin or sucrose and acacia emulsions, gels, and the like containing, in
addition to the active ingredient, carriers known in the art. It is recognized that the genetic

20  vaccines, when administered orally, must be protected from digestion. This is typically
accomplished either by complexing the vaccine vector with a composition to render it
resistant to acidic and enzymatic hydrolysis or by packaging the vector in an appropriately
resistant carrier such as a liposome. Means of protecting vectors from digestion are well
known in the art. The pharmaceutical compositions can be encapsulated, e.g., in liposomes,

25  orin a formulation that provides for slow release of the active ingredient.

The packaged nucleic acids, alone or in combination with other suitable
components, can be made into aerosol formulations (e.g., they can be “nebulized”) to be
administered via inhalation. Aerosol formulations can be placed into pressurized acceptable
propellants, such as dichlorodifluoromethane, propane, nitrogen, and the like.

30 Suitable formulations for rectal administration include, for example,

suppositories, which consist of the packaged nucleic acid with a suppository base. Suitable
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the packaged nucleic acid with a base, including, for example, liquid triglycerides,
polyethylene glycols, and paraffin hydrocarbons.

5 Formulations suitable for parenteral administration, such as, for example, by
intraarticular (in the joints), intravenous, intramuscular, intradermal, intraperitoneal, and
subcutaneous routes, include aqueous and non-aqueous, isotonic sterile injection solutions,
which can contain antioxidants, buffers, bacteriostats, and solutes that render the formulation
isotonic with the blood of the intended recipient, and aqueous and non-aqueous sterile

10  suspensions that can include suspending agents, solubilizers, thickening agents, stabilizers,
and preservatives. In the practice of this invention, compositions can be administered, for
example, by intravenous infusion, orally, topically, intraperitoneally, intravesically or
intrathecally. Parenteral administration and intravenous administration are the preferred
methods of administration. The formulations of packaged nucleic acid can be presented in

15 unit-dose or multi-dose sealed containers, such as ampoules and vials.

- Injection solutions and suspensions can be prepared from sterile powders,
granules, and tablets of the kind previously described. Cells transduced by the packaged
nucleic acid can also be administered intravenously or parenterally.

The dose administered to a patient, in the context of the present invention

20 should be sufficient to effect a beneficial therapeutic response in the patient over time. The
dose will be determined by the efficacy of the particular vector employed and the condition
of the patient, as well as the body weight or vascular surface area of the patient to be treated.

The size of the dose also will be determined by the existence, nature, and extent of any
adverse side-effects that accompany the administration of a particular vector, or transduced

25 cell type in a particular patient.

In determining the effective amount of the vector to be administered in the
treatment or prophylaxis of an infection or other condition, the physician evaluates vector
toxicities, progression of the disease, and the production of anti-vector antibodies, if any. In
general, the dose equivalent of a naked nucleic acid from a vector is from about 1 pgto 1 mg

30  for a typical 70 kilogram patient, and doses of vectors used to deliver the nucleic acid are
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) 9X9\5 n ’sufﬁcxenf to CZU(I)'g oYr at gaslt I]:)Ial']t-l%{y léué?(rlcst the disease and its complications. An amount
adequate to accomplish this is defined as a "therapeutically effective dose." Amounts
effective for this use will depend upon the severity of the disease and the general state of the
patient's health. Single or muitiple administrations of the compositions may be administered
depending on the dosage and frequency as required and tolerated by the patient. In any

10 event, the composition should provide a sufficient quantity of the proteins of this invention
to effectively treat the patient.

In prophylactic applications, compositions are administered to a human or
other mammal to induce an immune response that can help protect against the establishment
of an infectious disease or other condition.

15 The toxicity and therapeutic efficacy of the genetic vaccine vectors provided
by the invention are determined using standard pharmaceutical procedures in cell cultures or
experimental animals. One can determine the LDsp (the dose lethal to 50% of the
population) and the EDs, (the dose therapeutically effective in 50% of the population) using
procedures presented herein and those otherwise known to those of skill in the art.

20 A typical pharmaceutical composition for intravenous administration would
be about 0.1 to 10 mg per patient per day. Dosages from 0.1 up to about 100 mg per patient
per day may be used, particularly when the drug is administered to a secluded site and not
into the blood stream, such as into a body cavity or into a lumen of an organ. Substantially
higher dosages are possible in topical administration. Actual methods for preparing

25  parenterally administrable compositions will be known or apparent to those skilled in the art
and are described in more detail in such publications as Remington's Pharmaceutical
Science, 15th ed., Mack Publishing Company, Easton, Pennsylvania (1980).

The multivalent antigenic polypeptides of the invention, and genetic vaccines
that express the polypeptides, can be packaged in packs, dispenser devices, and kits for

30  administering genetic vaccines to a mammal. For example, packs or dispenser devices that’

contain one or more unit dosage forms are provided. Typically, instructions for
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1098 () - Fo® kAR the tabeNNeY St dXdke ActiVdQomPOtifd within the packaging is useful for
treating a particular infectious disease, autoimmune disorder, tumor, or for preventing or

5  treating other diseases or conditions that are mediated by, or potentially susceptible to, a

mammalian immune response.

EXAMPLES

The following examples are offered to illustrate, but not to limit the present

invention.

10 Example 1
Improving The Properties Of Bacterial Enterotoxins By DNA Shuffling
This Example describes the use of the DNA shuffling methods to evolve
receptor binding components of enterotoxins derived from Vibrio cholerae and
enterotoxigenic strains of E. coli for improved attachment to cell surface receptors and for
15  improved entry to and transport across the cells of the intestinal epithelium. An antigen of
interest can be fused to these toxin subunits to facilitate the screening of evolved enterotoxin
subunits, and also to facilitate oral delivery of proteins. Examples of such antigens include
growth hormone, insulin, myelin basic protein, collagen and viral envelope proteins.
Bacterial enterotoxins are evolved for improved affinity and entry to cells by
20  gene shuffling. The similarity of E. coli-derived enterotoxin subunit with cholera toxin CT-
B is 78%, and several completely conserved regions of more than 8 nucleotides are present.
An alignment of DNAs encoding CT-B and enterotoxin B subunits from two E. coli strains
is shown in Figure 3 to illustrate the feasibility of family DNA shuffling.
In one embodiment, the libraries of shuffled toxin subunits are expressed in
25 V. cholerae. For safety reasons, strains in which the toxic CT-A is deleted are used. An
antigen of interest is fused to the receptor-binding subunit. Secretion of chimeric proteins by
V. cholerae can be screened by culturing the bacteria in agar in the presence of monoclonal
antibodies specific for the antigen that was fused to the toxins, and detecting the level of

secretion as immunoprecipitation in the agar around the colonies.
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the toxin. The assay using whole cells has the advantage that one may evolve for improved
binding also to receptors other than the Gu; ganglioside receptor. When increasing
concentrations of wild-type enterotoxins are added to these assays, one can detect mutants

10 that bind to receptors with improved affinities.

Enterotoxins with improved affinities can also be screened using phage
display methods. A library of shuffled mutants can be expressed on phage, such as M13,
and mutants with improved affinity are selected based on binding to Gy, ganglioside
receptors In solution or on cell surfaces. The advantage of this approach is that the mutants

15  can be easily further selected in in vivo assays as discussed below.

Screening for improved oral delivery of vaccines and proteins can be done
both in vitro and in vivo. The in vitro method is based on Caco-2 cells (human colon
adenocarcinoma) that are cultured in tissue culture. When grown on semipermeable filters,
these cells spontaneously differentiate into cells that resemble human small intestine

20  epithelium both structurally and functionally (Hilgers et al. (1990) Pharm. Res. 7:902-910).
Shuffled toxin recombinants, fused to an antigen of interest, are placed on the top of this cell
layer and beneficial mutant are detected by measuring the level of antigen transport across
the cell layer. Both mutants expressed in bacteria and phage can be screened using this
method.

25 Alternatively, and additionally, the mutants are screened in vivo. When
expressed on phage, a library of shuffled enterotoxin recombinants can be screened for
improved entry into intestinal epithelium and blood stream afier oral delivery. This
screening system also allows selection of mutants with the most potent adjuvant activities.
The advantage of using the phage is that a large pool of phage can be given and successful

30  mutants can be recovered and used in succeeding rounds of shuffling and selection.
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freshly isolated monocytes and after a culture period of seven days in the presence of IL-4
(400 U/ml) and GM-CSF (100 ng/ml). The cultured cells were negative for CD14, whereas

10 they expressed CD1a, HLA-DR, CD40, CD80 and CD86, which is a characteristic
phenotype of dendritic cells (Chapuis ez al. (1997) Eur. J. Immunol. 27:431-441). The
cultured dendritic cells were then transfected with a vector encoding GFP driven by a CMV
promoter. As shown in Figure 4B, the transfection efficiency of these cells is very low.
However, a small percentage (~ 1%) of the cells expressed low levels of GFP two days after

15  transfection under conditions shown in the figure. These data illustrate the need for
improvements in the transfection efficiency of human dendritic cells. Very little is known
about the mechanisms that regulate transfection efficiency and transgene expression in
dendritic cells, or how they can be improved. Therefore, DNA shuffling is an ideal
approach, because it does not rely on a priori assumptions of the mechanisms that are

20  limiting the process.

The cultured dendritic cells described in this example provide the capability

to screen vector libraries described elsewhere.

Example 3
Selection of Bacteriophage-derived Delivery Vehicles having

25 Enhanced Ability to Enter Target cells

This Example describes a protocol for the use of phage display to select for
polypeptides that can enter dendritic cells by, for example, receptor-mediated endocytosis.
A library of recombinant polynucleotides obtained by recombination of a
nucleic acid binding domain and a ligand for a dendritic cell receptor is expressed in a phage
30 display format. The phage display library is incubated with dendritic cells for a period of

time, after which the cells are washed (typically multiple washes are carried out using high
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(gluoresccm prote(u)x operably linked to a CMV promoter). Cells that have taken up the phage
can then be identified by placing the culture under selective conditions, or by methods such

10 as fluorescence-activated cell sorting.

Example 4
Animal Model for Screening Genetic Vaccine Vectors

This Example provides a mouse model system that is useful for screening and
testing genetic vaccine vectors in human skin in vivo. Pieces of human skin are

15  xenotransplanted onto the back of SCID mice. Pieces of human skin can be obtained from
infants undergoing circumcision, from skin removal operations due to, for example,
cosmetic reasons, or from patients undergoing amputation due to, for example, accidents.
These pieces are then transplanted onto the backs of C.B-17 scid/scid (SCID) mice as
described by others (Deng er al. (1997) Nature Biotechnology 15: 1388-1391; Khavari et al.

20 (1997) Adv. Clin. Res. 15:27-35; Choate and Khavari (1997) Human Gene Therapy 8:895-
901).

The vector libraries are selected, for example, after topical application to the
skin. However, in an analogous manner, depending on the optimal route of immunization,
the evolved vectors can also be selected after i.m., i.v., i.d., oral, anal or vaginal delivery.

25  The DNA delivered onto the skin can be in the form of a patch, in a form of a cream, in a
form of naked DNA or mixture of DNA and transfection-enhancing agent (such as proteases,
lipases or lipids/liposomes), and it can be applied after mechanical abrasion, after removal of
the hair, or simply by adding a droplet of DNA or DNA-lipid/liposome mixture onto the
skin. Similar delivery methods apply to small animals, such as mice or rat, large animals,

30  such as cat, dog, cow, horse or monkey, as well as humans.
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purely on their capacity to enter the cells or by selecting only cells that express the antigen

encoded by the vector in normal mice, monkeys or SCID mice transplanted with human

skin. One can use, for example, GFP as a marker gene, and after delivery detect cells that
10 are transfected by fluorescence microscopy or flow cytometry. The positive cells can be

isolated for example by flow cytometry based cell sorting. This format allows selection of

vectors that optimally express antigens in and transfect human cells in vivo.

Additionally, one can screen in mice by selecting vectors that are able to

induce effective immune responses after delivery onto the skin. One can select vectors that

15  induce highest specific antibody or CTL responses, or one can select based on induction of

protective immune response following challenge by the corresponding pathogen.

It is understood that the examples and embodiments described herein are for
illustrative purposes only and that various modifications or changes in light thereof will be
20  suggested to persons skilled in the art and are to be included within the spirit and purview of
this application and scope of the appended claims. All publications, patents, and patent

applications cited herein are hereby incorporated by reference for all purposes.
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10%& ()- " 10%& ()- 100 100 recomblnln at Ieas first and second forms of at least
one nucleic acid, wherein each of the first and second forms of the nucleic acid
comprises a polynucleotide that encodes a nucleic acid binding domain and at
least first and second forms of at least one additional nucleic acid, wherein each

10  of the first and second forms of the additional nucleic acid comprises a
polynucleotide that encodes a cell-specific ligand that specifically binds to a
protein on the surface of a cell of interest, wherein the first and second forms of
each nucleic acid differ from each other in two or more nucleotides, to produce
a library of recombinant binding moiety-encoding nucleic acids;

15 (2) producing a library of vectors from the library of
recombinant binding moiety-encoding nucleic acids, wherein each vector
comprises: a) a binding site specific for the nucleic acid binding domain and b) a
member of the library of recombinant binding moiety-encoding nucleic acids;

(3) introducing one or more members of the library of

20  vectors into one or more host cells, wherein the encoded recombinant binding

moiety is expressed and recovering the expressed recombinant binding moiety;

(4) binding the expressed recombinant binding moiety to a
vector comprising the binding site to form a vector-binding moiety complex;

(5) contacting the vector-binding moiety complex with a

25  target cell of interest; and

(6) determining if one or more target cells contain a vector
from the vector-binding moiety complex , and recovering the recombinant cell-
specific binding moiety nucleic acid from any such target cells.

2. The method of claim 1, wherein the method further

30 comprises:

(7) recombining at least one recombinant binding moiety-
encoding nucleic acid of (6) with a further form of the polynucleotide that
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nucleic acid binding domain and b) a member of the further library of
recombinant binding moiety-encoding nucleic acids;

10 (9) introducing one or more members of the further library
of vectors into one or more host cells, wherein the encoded recombinant
binding moiety is expressed and recovering the expressed recombinant binding
moiety;

(10) binding the expressed recombinant binding moiety of

15 (9) to a vector comprising the binding site to form a vector-binding moiety
complex;

(11) contacting the vector-binding moiety complex of (10)
with a target cell of interest and determining if one or more target cells contain a
vector from the vector-binding moiety complex of (10);

20 (12) recovering the recombinant binding moiety-encoding

nucleic acid from any such target cells of (11); and

(13) repeating (7) through (12) to screen for a cell-specific
binding moiety useful for increasing uptake or specificity of a genetic vaccine
vector for a target cell.

25 3. The method of claim 1, wherein the method comprises
screening for one or more cell-specific binding moieties that increase uptake of
a genetic vaccine vector by the target celis.

4. The method of claim 1, wherein the nucleic acid binding
domain is a DNA binding domain derived from a protein selected from the group

30  consisting of a transcriptional regulator, a polypeptide involved in DNA
replication or recombination, a repressor, a histone, a protamine, an E. coli CAP

protein, myc, a protein having a leucine zipper, a protein having a DNA binding
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5  group consisting of HIV fat and HIV rev.
6. The method of claim 1, wherein the target cell of interest is
selected from the group consisting of muscle cells, monocytes, dendritic cells, B
cells, T celis, Langerhans cells, keratinocytes, M-cells, liver cells and epithelial
cells.

10 7. The method of claim 6, wherein the target cell of interest is
a professional antigen presenting cell.

8. The method of claim 7, wherein the antigen presenting cell
is a dendritic cell, a monocyte/macrophage, a B cell, or a Langerhans cell.
9. The method of claim 7, wherein the cell-specific ligand

15 comprises a polypeptide derived from a protein selected from the group
consisting of CD2, CD28, CTLA-4, CD40 ligand, fibrinogen, ICAM-1, Fc portion
of immunoglobulin G, and a bacterial enterotoxin, or a subunit thereof.

10.  The method of claim 1, wherein the target cell of interest is
a human cell.

20 11.  The method of claim 1, wherein target cells that contain the
vector are identified by selecting for expression of a selectable marker
contained in the vector.

12.  The method of claim 1, wherein each recombinant binding
moiety-encoding nucleic acid comprises a genetic vaccine vector.

25 13. A composition for eliciting an immune response that
comprises:

' a) a recombinant binding moiety that comprises a
nucleic acid binding domain and a cell-specific ligand, and
b) a polynucleotide sequence that is capable of

30  expressing an antigen and that comprises a binding site, wherein the nucleic

acid binding domain is capable of specifically binding to the binding site.
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102>10%& (gémprises a polynucleotide which encodes a binding moiety of an enterotoxin,
wherein the first and second forms differ from each other in two or more
nucleotides, to produce a library of recombinant nucleic acids;

(2) producing a library of vectors from the library of

10  recombinant nucleic acids, wherein each vector comprises a member of the
library of recombinant nucleic acids;

(3) introducing one or more members of the library of
vectors into one or more host cells, wherein the member of the library of
recombinant nucleic acids is expressed to form a recombinant ceil-specific

15 binding moiety polypeptide and recovering the recombinant cell-specific binding
moiety polypeptide;

(4) contacting the recombinant cell-specific binding moiety
polypeptide with a cell surface receptor of a target cell; and

(5) determining if the recombinant cell-specific binding

20  moiety polypeptide exhibits enhanced ability to bind to the target cell.
15. The method of claim 14, wherein the cell surface receptor
is present on the surface of a target cell during said contacting.
16.  The method of claim 14, wherein the cell surface receptor
is Gui.
25 17.  The method of claim 14, wherein the host cell is a V.
cholerae cell which is incapable of expressing CT-A.
18. A method for producing a composition for eliciting an
immune response, the method comprising coating a polynucleotide that is
capable of expressing an antigen with a recombinant cell-specific binding

30  moiety produced by the method of claim 14.
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the member of the library of recombinant binding moiety-encoding nucleic acids

after said recombining.

10

22.  The method of claim 1, wherein the vector-binding moiety

complex forms inside the host cell and, prior to the contacting of (5), the host

cell is lysed under conditions that do not disrupt the vector-binding moiety

complex.

23.  The method of claim 2, wherein the vector-binding moiety

15 complex of (10) forms inside the host cell and, prior to the contacting of (11), the

host cell is lysed under conditions that do not disrupt the vector-binding moiety

complex.

24.  The method of claim 1, wherein the cell-specific ligand

comprises a polypeptide derived from a protein selected from the group
20  consisting of CD2, CD28, CTLA-4, CD40, and ligands therefor; fibrinogen;
factor X; ICAM-1; B-glycan; Fc portion of immunoglobulin G; and a bacterial

enterotoxin, or a subunit thereof.

upon

25. A method of identifying a vector component that confers

a vector an enhanced ability to enter an antigen-presenting cell or antigen-

25  processing cell, the method comprising:

creating a library of recombinant nucleic acids by subjecting to

recombination at least two variants of a polynucleotide that differ from one

another in at least two nucleotides;

contacting a library of vectors, each vector comprising a vector

30 component that comprises a member of the library of recombinant nucleic

acids,

with a population of antigen-presenting or antigen-processing cells; and
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performed in vitro or ex vivo.
27.  The method of claim 25, wherein the antigen-presenting or
antigen-processing cells are selected from the group consisting of B cells,
10 monocytes/macrophages, dendritic cells, Langerhans cells, keratinocytes, and
muscle cells.
28.  The method of claim 26, wherein the cells are B cells which
are obtained from a B cell line.
29. The method of claim 25, wherein the method further
15  comprises:
culturing the cells for a predetermined time after contacting the
cells with the library of vectors;
washing the cells after the contacting step to remove vectors that
did not enter an antigen-presenting cell or antigen-processing cell; and
20 isolating the at least one vector from the cells that contain the at
least one vector component, thereby obtaining the at least one vector
component that confers upon the at least one vector the enhanced ability to
enter the antigen-presenting cell or the antigen-processing cell.
30. The method of claim 25, wherein each vector of the library
25  of vectors further comprises a nucleic acid sequence capable of elicitinga T
lymphocyte response and the cells that contain the at least one vector are
identified by:
transfecting one or more individual members of the library of
vectors or transfecting pools of members of the library of vectors into separate
30  cultures of antigen-presenting cells or antigen-processing cells, thereby
providing transfected cultures of antigen-presenting cells or antigen-processing

cells;
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response is selected from the group consisting of increased T lymphocyte

proliferation, increased T lymphocyte-mediated cytolytic activity against a target

cell, and increased cytokine production.

10 32. The method of claim 25, wherein the at least one vector is

a replicable genetic package and the recombinant nucleic acids are expressed

as a fusion protein which is displayed on the surface of the replicable genetic

package.

33. The method of claim 32, wherein the replicable genetic

15 package is a bacteriophage.

34. A method for evolving a vaccine delivery vehicle to obtain
an optimized delivery vehicle having enhanced specificity for antigen-presenting
cells or antigen-processing cells, the method comprising:

(1) recombining members of a pool of polynucleotides to produce

20  alibrary of recombinant polynucleotides;

(2) producing a library of replicable genetic packages, each of
which comprises a member of the library of recombinant polynucleotides
operably linked to a polynucleotide that encodes a display polypeptide, wherein
the recombinant polynucleotide and the display polynucleotide are expressed

25  as afusion protein which is displayed on the surface of the replicable genetic
package;

(3) contacting the library of recombinant replicable genetic
packages with at least one non-antigen-presenting cell or non-antigen-
processing cell to remove replicable genetic packages that display non-antigen-

30  presenting or non-antigen-processing-specific fusion polypeptides; and

(4) contacting the recombinant replicable genetic packages that

did not bind to the at least one non-antigen-presenting cell or non-antigen-
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capable of specifically binding to antigen-presenting cells or antigen-processing
5 cells.

35.  The method of claim 34, wherein the contacting of (3) and
(4) is performed in vivo or ex vivo.

36. The method of claim 34, wherein the method further
comprises the steps of:

10 (5) recombining a nucleic acid which comprises at least one
recombinant polynucleotide obtained from a replicable genetic package that is
capable of specifically binding to the antigen-presenting cells or antigen-
processing cells with a further pool of polynuclectides to produce a further
library of recombinant polynucleotides;

15 (8) producing a further library of recombinant replicable genetic
packages, each of which comprises a member of the library of recombinant
polynucleotides operably linked to a polynucleotide that encodes a display
polypeptide, wherein the recombinant polynucleotide and the display
polynucleotide are expressed as a fusion protein which is displayed on the

20  surface of the replicable genetic package;

(7) contacting the further library of recombinant replicable genetic
packages with at least one non-antigen-presenting cell or non-antigen-
processing cell to remove those that display non-antigen-presenting cell or non-
antigen-processing cell-specific fusion polypeptides; and

25 (8) contacting the recombinant replicable genetic packages which
did not bind to the at least one non-antigen-presenting cell or non-antigen-
processing cell with at least one antigen-presenting cell or antigen-processing
cell and recovering replicable genetic packages which bind to the antigen-
presenting cell or antigen-processing cell, wherein the recovered replicable

30  genetic packages are capable of specifically binding to the antigen-presenting

cells or antigen-processing cells; and
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5 an optimized delivery vehicle having enhanced ability to enter a target cell, the
method comprising:

(1) recombining at least first and second nucleic acids, each of
which encodes an invasin polypeptide, wherein the at least first and second
nucleic acids differ from each other in two or more nucleotides, to produce a

10 library of recombinant invasin nucleic acids;

(2) producing a library of recombinant bacteriophage, each of
which displays on the bacteriophage surface a fusion polypeptide encoded by a
chimeric gene that comprises a recombinant invasin nucleic acid operably
linked to a polynucleotide that encodes a display polypeptide;

15 (3) contacting the library of recombinant bacteriophage with a
population of target cells;

(4) removing unbound phage and phage which is bound to the
surface of the target cells; and

(5) recovering phage which are present within the target cells,

20  wherein the recovered phage are enriched for phage that have enhanced ability
to enter the target cells.

38. The method of claim 37, wherein the contacting of (3) is
performed in vitro or ex vivo.

39. The method of claim 37, wherein the method further

25  comprises:

(6) recombining a nucleic acid which comprises at least one
recombinant invasin nucleic acid obtained from a bacteriophage which is
recovered from a target cell with a further pool of polynucleotides to produce a
further library of recombinant invasin polynucleoctides;

30 (7) producing a further library of recombinant bacteriophage, each
of which displays on the bacteriophage surface a fusion polypeptide encoded by
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(9) removing unbound phage and phage which is bound to the
surface of the target cellis; and
(10) recovering phage which are present within the target celis;
and
(11) repeating (6) through (10), as necessary, to obtain a further
10  optimized recombinant delivery vehicle which exhibits further have enhanced
ability to enter the target cells.
40. The method of claim 39, wherein the method further
comprises:
(12) inserting into the optimized recombinant delivery vehicle a
15  polynucleotide which encodes an antigen of interest, wherein the antigen of
interest is expressed as a fusion polypeptide which comprises a second display
polypeptide;
(13) administering the delivery vehicle to a test animal; and
(14) determining whether the delivery vehicle is capable of
20 inducing a CTL response in the test animal.
41.  The method of claim 39, wherein the method further
comprises:
(12) inserting into the optimized recombinant delivery vehicle a
polynucleotide which encodes an antigen of interest, wherein the antigen of
25 interest is expressed as a fusion polypeptide which comprises a second display
polypeptide;
(13) administering the delivery vehicle to a test animal; and
(14) determining whether the delivery vehicle is capable of
inducing neutralizing antibodies against a pathogen which comprises the
30 antigen of interest.
42.  The method of claim 37, wherein the target cell is an APC.
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