WO 2012/ 024351PCT/ US2011/ 048006 ADENO VI RAL ASSEMBLY METHOD CROSS- REFERENCE
TO RELATED APPLI CATI ONS 5[ 0001] This applications clainms the benefit of

U. S. Prowveizorai2435ppl i cation No. 61/374,198 fil ed AugustCct@is2@@b@ooshi ch is
hereby incorporated in its entirety and for all purposes. BACKGROUND OF THE
| NVENTI ON [ 0002] There are 52 human Adenoviruses which infect different
human tissues and 10hundreds of adenoviruses that infect other species
ranging fromfish to pARENGOVHRAIAGSENEBLY MIBTFHOP ef fi ci ent
nanonachi nes that deliver their genom c payload to the nucleus within an
hour of infection. As DNA viruses, they do not integrate into host DNA,
they can be produc i I i i r ot ocol s, and

t hey have denonst r§%§%§%flyw¢§;@?@ﬁ“§ﬁg%@ﬂ?g‘é% er apy
applications for the expreSS|on of e enes 15Fbmever ate, their

topic
pot ert i d00&H | Thiaepeliretipnydaigedhe 'Pﬁnﬁgb ‘eisbﬁrq%%l MO8 waés@emm B74d88 of
one vari r r and
conblne1ﬂ% ?P elgéﬁgplgﬂﬁég %@%@f?@o ng%p’1§Q%ﬁ§k%%¥%%ﬁg§?ggﬁﬁé Thus,
there is a great need to extend the repertoire adenoviral vectors beyond
that of Ad2/5 and to develop a technological platformthat facilitates the

rapi d, de novo assenbly ogAtweRoaden ot TAE [SRTNESHN rom conponent 20parts,
allow ng the systematic incorporation of nmultiple nodifications and

het er ol d§0RA elleare ates>2 lsmqmféd@ygtremwhmhdnfeakélfmbnahmg@tlwe&mi nat ur al
vir ar.chi,t r eff ci ent ari and
exprs o g0t BERBuol BT i B feelsS e foB R il S «

provi de \pawey dré highlyaemierhi ﬁn@ﬁﬁﬁﬁlﬁesﬂtﬂ@t ddnet el bikonaig §aYISad fathe hogleigpor at e
mul tiplex and quantitative neasurenents of the pathway activities

der egul aviéinian hgyrgfdpisgionr sAs DAY Viseyepl they dg wogqagrﬁrﬁén&ﬁ%hpw thyty can
d t t
adenov, oY ELREF L AEYEUSL SRRLGRENARcl toll DAEREPHA, dMRSPUE LY tO

t he adersafdty al resaedhoms hused gene thasipg appl@divadior did axplespivaef sctogiegendsher apy

and oncolytic therapy are limted to Adenqvirus (Ad) serotypes and 5. Ad2
and 1ad5 BRvercaiedgtet Weirppicatiakappheatigns havricey ﬂg@alﬁ‘ Dydle alfiont exchishg yse a

| egacy qof¢ o\ﬂ@%r%t?/ A@?{)Isan%aﬂS Whingda bRd fﬁ%%a@)‘t‘llltgtt@ chIRdd: AHE BB Re multiple

particul arl region. Ad2/5 Fi ber tei ns | nfect eplthellal cells
by bi ndlgwgemcornbdnéicatenmpamdly a@ARysttﬂnatmatlunih&i yher€AR grsatmetd exgrtesisbe on al |

oo |k A R R E0 by NP FEICL BRI RO 0008 o e

preexi stthiGadBidtdsdhd ?aEﬂig d@ﬂ&\b&é%gérﬁ&yﬁﬁ%{?&tadéﬂﬁ/irﬁl gMahRh floRO&IInCHY t h
off-target |iver uptake and inflammation, limts system c applications.

Thug0 t h@rtaseélocvyﬁn%dnz/ssstezre@tncomgorp@lratlg@ nénmétml@/@uoyhf@n@owmdélptercrieg%y i's not
necessar Ilen\{en?% 0%1%11' ag%/%teﬁll ol 1ﬁ ’tak %ggi?ntgé]eeqf%ﬁenﬁa{t&rrayVlra (ihllt%‘{: ?/vh?crlll 1§ﬁ‘gglr dent

of history 0 engl neer

t her api afiglilhaffioiait irobdti dum@fng@ntiléﬁpresﬁ@g B gdnee (ﬂdﬁn&udi@gabplﬁatvaﬂahtgut whi ch
can be adm ni stered systenlcallégln repeat ed rounds of treatnent, avoid

liver t oXicoistym conid Ripwide pyweHilieanondc ége@wwﬁ@r@mwg peends thaheorporate
vascul atﬂfulﬁP ok %L& ghalﬁﬁét v nidaRudhRRRRHR SB0FRE iSiticI ARREALR G HHRLnt

byst ander e

25  tumor sarnples
[0003] The potential of adenoviral vectors in several applications is hindered by the ability
to manipulate the 36kb viral genome rapidly and systematically. Furthermore, the adenoviral
vectors used in basic research, animal models, gene therapy and oncolytic therapy are limited
to Adenovirus (Ad) serotypes 2 and 5. Ad2 and Ad5 were among the first to be discovered

30 and, as such, there is a legacy of vectors/tools with which to manipulate their genomes,
particularly in the E1 region. Ad2/5 Fiber proteins infect epithelial cells by binding to the
receptor, CAR. Unfortunately, CAR is not expressed on all cell types and is downregulated
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10 |l ocal i zed expression of pro-drug activating enzynes/toxins within the
tunor and whi ch reawaken a beneficial host anti-tunor inmune response.
These ar ewoepmozadsal | enges which are further conpoundedpby/ushetiomsbé | ity of

human adengvirus to replicate in mce. This, precl.udes the eval uation of
human orfEdMAY BOGS RS o T Ot g IS e T GL e T3 RePEKGP RGBT RS nouse
nodel s bexis@iﬁg@@ﬁtre(lﬁzﬁi\gl\&ﬁibwmiw Y A BN WhatUaritRg ity B ark@NREGF Bpthke and

15nodel s. [0005] There are 52 human adenoviruses, indicating highly
speci al iiRBammgaen. Aitrystemiq srpdicttiong. Jhes. thpisc@AidRP Yastads faraeantdelvsst

have. i BOF Bl SRRt AR PP SR B uPLh N MRS 2T

a di sti netidemtudhist@f,. ~ E3' i mmune- nodul ati on genes. Their uni que properties
have not been 20 extensively studied or exploited due to the lack of tools
necessar j | Il ad I I, uses
that 1 nflont, (DA il AR0RESer Joltn SEaandc Sl Py A CRAVD T S HBB P

Pr ovi deduiner silevtiar éytgokplidatns butowhikk sen beatlnoihiséaresysizineodlyi in réfgeatedrt . BRI EF
SUMMARY OF THE | NVENTI ON 25[ 0007]. I n.one aspect, .a nethaod is provided for
meki ng &OP%&EEGHW@&HM@V{@F I sdcpatly rt'f_ﬁ%ﬁ ang CRs H1ORLOUAB DI ) .

The et hadcdiftglldgse: SRR UIsp&aR r@&l%'t&h,“geﬁ&'afé £ AR} by Qafer BRER bgdenovi ral
gene nodul es selected froman El nodul €,” an E2-L2 nodul e, an L3"L4 nodul e,
an B8 nddedliecd expressionmd pre drugractivatangemayingstoxms ovitdnm thel tempoandrwhight  t her eof

as descrjbed bhel.ow). . 0008], I n anot her aspe a_library including a
o ur a1 05O R ROV A g e FREVAT oo PR sa® ale gl eheh BRIt
2012/ 02435 kiPGatt bEpAPlubd 08P AR ihAQRY]of hinmanali&iRkiras REGhlicad inSmrE T ovi ded
for practicing the nethods provided herein. BRIEF CRI PTI ON. OF THE
DRAW NGPr¢dedas [thapygliagion of hunsgrheraolgisryiakey in ipmung sompetent gegeticidiiovi r us

vect or I §g¥§r imtati 1 urrent
systensqﬁggggigggﬁ%$§%§ggngﬁggf&gﬁggﬁa] |é%#gE¥g&éﬁg%ﬁ§%6§§&?ﬁgpgﬁged to
be ager aasdxld.o further devel op adenoviruses as therapeutics. A sinple

di agramindi cating sone of the major problens that need to be overcone in
the tieldgos) TRALZe 0 IHER Aondd iR, ALROSHL Bidi P& LiaRbdd Wabhfiof RHT
differeAf a eno@?rug gener a. R%tlgﬁ?’aﬁgmm %ﬁg%8€$fu§es arng?gtgﬁ. Thi s
denonst riafeesng el replidaginy inflifepat hes tissuctdneiradeody.iMasy dflheseivityses[i0fttG]

Figure 4, Receptors and tropisns.for the 5 nown human adenovifuse

Recept or GGG TG LA AvaF PebEEEnedret bl aiar b gPeaHe CARETS ¢ hus
be expl ojsta@fistfnef cdRHAFIEY T iEnGRUhSINatYd HHES -Th[eﬁ%édue@@éh?esiav&ﬁ&%éﬂ ation
of a "core" genom c region across adenovirus genera. The 15 top of the

fi gidbe ixtaaswiehypitudi¢der axpitef dubito the tesk oAd® | gyeavesrery BE® Iy thioir £810meswi t h

t he core,.regi,on, highlighted i.n dashed.box. This.core reqgion is,conserved

t hr ougholP A Y AR IR HEES TAEMERY hat drtisy ThRud RRrtbsh &8V iV und
the gengsjAvi-t)he bottom figure. Al genera share this core region, wth

al nost all of the core open reading franmes present fromthe Va2 (left end)
t hr ough p - Ll . ] Lahbi |t i at the ends of
20 the dgﬁgﬂe:%%kg%Pﬁggﬁ}%Q%évggﬂﬁegﬁﬁgg%%P%%%gﬁpghﬁéﬁg%hﬁﬁto an El nodul e

(also referred to herein_as a El-like nodule) (everything |left of the core,
denoted by a bar), a cor@R%55§ﬂgdvﬁﬁ%%§gﬁTHFIaﬁggfyﬁnﬁnd an E3 nodul e (al so

ref eisr eqoh@7|nefnSmd adfecRm franbd k& roRdil R n(a%ﬁgaylfet?&rﬂginhﬁ aFdEEQJiliuQ\fgéls&f the
core, denoted by a bar), since the content of the nodules wll vary
sonmewhatrefeetedtehcrsipesi“‘dsiserbbly )t Niiermgbed inchides slserhbhmeg ¢ nudldie acdfmiwd  not .

In sone 25cases, the fiber otein LS i jately n ot core, ile
1 ot her TRate Adsroxe) o Hadtlss &bt Fink Hor boduft, AFES-LoMmodife, B854
module, an E3 module, an E4 module, or an adenoviral macromodule (or mutant thereof as

described below).

30 [0008] In another aspect, a library including a plurality of adenoviral gene modules are

provided.



[ 0015] Figure 6. Transcriptional maps from various adenovirus genera
showi ng conservation of transcriptional units across adenovirus species.
Core genasoane/®@idmn, as are genes found in one or two @emarsaoii/bisose fi gure

id i f .th jability.at, th d f 30, t bet
Gener o, 10B; SBiRoueh Bt LR i ko e el e Ml i e e 8RR Bl M ot
al., (2005) Fam |y Adenoviridae. Fauquet CM Mayo MA, Maniloff J,

Dessel berger U, Bal|l WBRIBH RYESRIBTHON QISTHEID $A (eds): Virus

Taxonony [ 10 Repo . t] i of

Vir uses.[ﬂ%]?ﬂgev%lg}l},g ]l\lej\gf’vtcvglﬁjﬁﬂ%% C@%%E%e&%@%g i Ei g&ﬁ% g&ﬁ%@&%ﬁ%ﬁynnent of
am no acAdkemd66-ThkbSarefsetdral lhitmionAdsthpid yuresnaswtgpiothel Adsembbedvdrasmds. i n
SEQ I D NO 32 (on the bottom just above the consensus) with the 5

cor 1 6SPARRI 9. £iBaHnSOldhciEUhAcBPIYIENRRSR BUGH: b AM RRALIIIRYas
adenoviruses. Any of the non-human Ad sequences are at |east 45% 1 denti cal
wi t hi n ttherspeutigs.oA swhele diagdiny irdliedting scompéathedndjor problepd Shy okshertase
sequence. Label.s on.the left indicate GenBank accessi on nunber and

corr espdNELBESG 0 1-32 in order top to bottom respectively. [0017]
Figure 7D-7G Alignment of am no acids 501-747 of the human Ad5 hexon
prot ei n [90124s Bigurefbra phylegSrac hpe Neiimzsthe deurtdiéerbot adengvijus geneibolet alhe

consensuys) w the correspondi.ng,reqions i.n _several hexon.,proteins from
o b it A G bV fu B AR R PR I AES e St R R tR R MRt o
i deni cabmwyt hin this region when individually conpared to the Ad5 hexon
sequence. Residues highlighted in yellow are 100% conserved across speci es.

Label s e & i ngli : ' - e 0
15520 | DRSS 4 SGERR SRR PE AR aholATRGLR AR TREROR
7TH- 71 . Andgropsnis vaty Betivoen secotgipes4d8-sdbgroops, e cdnuimagibeAckp | dXda-fbi redirgging
protein as set forth in SEQ I D NO 103 (DBP, on the bottom just above the
consensfSiaR ¥HS¢She correspondi ng regions in several DBPs from non-hunan
adenoviruses. Any of the nonhuman Ad sequences are at | east 35% i denti cal
wi t hi n t[A0B]r elgigore SnhEonsenvdiion ditai'doye’ 2@Enoonpagmd acwss hdcnadbuDBResedience.

Resi.dues highlighted in yellow arg, 100% c erved jes.. Label s on
Ehe Paf toF REMe A Asnk e et e Rt Ads gt AsS 1B AP FEh iy 1

NO 74- 1Q3rd ReRndBEN AR IR dRMl ®BX. TESRBEL dey¥BhYs cdrid8d tliﬂ)l%h"oﬁt A9. Al ignment
of am no acids 6-43 of the human Ad5 pVIII protein as set forth in SEQ ID
NO 135 (adanqvies igenararas ipdieatedibnihe white bospsansudihcgends in iee kasiomeSpondi 25
regi ons | . RVLLL .pratei f - n VAT f the
non hundissd G T Bl kB 3%} Mol GEVRG A TBn AR R Rt o

i ndi vi dubé [Yax@stpaiddhroogh the pAdH (Hihd dnd eTbegE@mit arelbslitp Nidshe tHeadhtls of

i ndi cat e GenBank accessi on numbers and correspond to SEQ I D NO 104-135 in
or déf t dpc genopwst Sriplisandplaveidiafsd oyraasdyle magsriatogn Ednmedide (alaqychtradia

initial i i eIl i
2012/ 024518 b B b BB e HRbB ey M. s coremogtue
exanpl e (dénated by s birg apdtaeiBymoidile (pldooneferiolido hermgnmnind3-Md tmbdulte gat eway

d nbl : he |eft i d
Syst om (PUBEEIERP i BSHOA oo Agralf BEE BRD) NiccDEntarH e gl Wi~
or gani ZafhphridwiBebeRY¥N §idcica! B Y RRiANRETER thd B&kaviin®:.f RUondll f f erent

att reconbination sites that result Trom Gateway cloning. Al four contain
a cent r alasat the fivegpoteionts idhioliatelfiinekt to shavee.evhtilean attena(human dvds) rat i on

t akes pl ace %ttP sites reconbine with attB sites with a specific enzyne

m x (BP)USHRMP &t t ant reaction creates attL and attR sites. This reaction
is reversible with another enzyne m x (LR), where attL and attR reconbi ne
to forml80t§ aHgue G Blranglipoosl nrpg fiog YRS Seepeshieesdicts diopiies bet ween

the 6 differ ' ' i-fi Ly T, ' i it

match. seBt Beped e Par i BubR QB St CERETRATRILA e

att P2, efe@ics found in one or two genera. This figure provides a view of the variability at the ends of
30  the genomes between genera. "Davison, Benko, Harrach" as recited herein refers to Benké M

et al., (2005) Family Adenoviridae. Fauquet CM, Mayo MA, Maniloff J, Desselberger U, Ball
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[0024] Figure 11. A) An exanple of the division of human Ad5 genone (SEQ ID
NG 137) into nodules for reassenbly. B) Locations of attB site
i nserti onsoabtan4zseassenbly of the 15 proposed nodul es ®eirrus20miossosé t e

gat enay t 0025 F', el.é%é | e otential -attB insertion
It e it IRE A TR VhABRE e B R RaR RPNt oA fieiel S0 be

det er m megyday. mgdvg@anps\bwrkpgmmsgadenow rus sequences within the targeted
regi on and choosi ng pl aces around non-conserved sequences. Arrows indicate

h f 20
g.t ?SBgni se i Oﬁll;g}slfl%?éA gg% Vﬁ\gg?ﬁég an%ﬁlgﬂéggrrlggg M?& &th?pg% | nsegjt | on SE% ween
L3 and EdoteincslsesfortR)in SEQED NOsEY (onahe Bottoen l}ﬁﬂt\ab@\ﬂ: th3 cansdndod) wirlthees. For

this parti cul ar insertion, it vvas decided.to buffer the recopbination site
by dép| i OFCIGIingdeaiass WasrRIARRlaETsRTOtoHRS frorpaPIBBMYRRTON THIA- ¥R OE4
pol yA.  ThUGon- ﬁﬁrﬂgtgAW'sE{{hetnB@s AL b8R8V O ch Bw RhAURs Ik &?@&& %ex?fnd‘i\fi&ua% bp

| ocat ed between those el ements. 25[0026] Figure . | enges and
results qomnareﬁltngildbdi)pmlamerasheequeme Acii’ﬁehmdlluh@k:ftbgd@&tﬂGeiﬁBenl{ agbssion t he
bottom i sts

the re h fra nent obt ai.ned by PCR and
Dhe o e e et B R T SRR o IO B e e b 1ty of

all the errors was 100% that suggests the tenplate we used differs from
t he publ[08hHd Agsresdiencdignarat ohwmiprcReids §e1+7¢y of thediugtan A8 eaor pioteingur e
14. ,fhe Ado no es. can obt ai ned f.om DNA

obt a| neaa 5?9@%5 & g??ﬁ?%@?lﬂfﬁgggh thi)of[tuos][1 J ggboveentgemcocnsﬁ\%{ gﬁqsﬁllgsol at ed

di rect | yeoffeqionBingirbiieas m\é&&aﬂﬁdx&aﬁﬁﬁ&ﬁ@ﬁbﬁd&ﬂﬁﬂ&i&%&@@ﬁmm@w Andofused as
tenplate for the Ad5 nodule PCRs. Al five PCRs were successful. Left

panel : EPNFREMAAdriRAUFRCcCPERsA ilastddd ideptice atithin fiigteeiosankan: ngividugly and E4
nmodul e P I r

Arrows S ieard Bl ARShGon R, AL PREARR BN EN i SR BF 1000 RROHELS,

5[ 0028] dera@mrmeclss. Lebdls on ﬁmdeﬁsncmfaté GenRatk @desovinualbegeind condifoad to n

gat eway BP reactlgn%.. Th(g El, Eg,[ and L3 nodul es were not efficient in the
st ardar PHREINGAS SR PIdT {pdo PetamarEDecH¥eidl es were. [0029] Figure 16.

Di agrans for sequence and ligation i ndependent cloning (SLIC). The left is
f or si nd08L§]r algigeret 7H5L]. CAlighinére of hmina agpids 408-403 oéxla&r’rlplreamAdﬁDINA-b(@[)'ng
fragment SLIC. 10 030 i A7 e of SLILC t ate way. entry
vector s MBS Ra SRRy O GO ah3Gaor o6 1o G perJBSRth Ads &
region itfe B&?&,baﬂcﬁhgrég%s@n §QchR OB fRom AbRhhklan Blenb@BLRE. Ahydf ﬁférﬁdhm
(lacZ) were inserted into the gateway DONR vectors using SLI% Al'l the

col oni eswarentAdksdqaueres exetat dtasivey’e ldfvanawwhnschSe@gloanfdlqyosﬁilmdueﬂf or lacz

i nseption. Only or ma ze a t at e,
andezgot ORE reedr%géla IA%SZD Se@llencﬁokeSIQue,S%l Cilrfl5e§‘rﬁ§eld Rﬁaﬁ? ergrecorbloo/hmgoels?er\ygée

present dcadss op&)es. dlabelobn Wi leh ivksate GOBBANKVR cEBionHumbERUusd cohrespddd td=l
region slows the growh of bacteria. This explains why we had problens

i nserti nfF@IDHY: ﬁg 198 qrlpr fopce bpitoras icoreched¥t i ons. [0032] Figure 19.
Initial nmultisite gateway strategy for reassenbly of Ad5 genones from 20

t he fivdootjul Bigerttly AA@h&nEof drins ticidS 66i3 dftlee Iureat AyYS p¥LH pracines et

conbi ned. aJ on tuff vector. The stuffer s th n renove

insert d°f th%gslb NPi15or Hederiom, Juphebon g Consertiy @‘PGP@GS\B@P&nghen
conmisnedc£ign Rl &at 15‘\@11?15}‘8'&411%" t?orﬁ SR/ 'E%maﬁ_*ahélo@%éésc gbln@,rof Shd ﬁ&rﬁ%ﬁh
toxicity associated wth the El nodule and the large Size of the E2 and L3
modul es.scf@D8S arFiglgast 330 idSrtecat vahinghistrég o wiram indldhs dwdlyeseii ppradiutalthe DEST

vector. T and 25 dul. e re.obtai ned by PCR fromtheir resetlve
e bR R e A A R R e R e SRS
Subsequetats?EY)L YRR YEY 1 $PMITr8ES6p RCEJItRM, ¢&ps@lvess are inserted flanking the
nodul es by | C after di gestl ng the vector W th uni que restriction sites

englneer An Al Ly
process ng e§g5§ $ %%ggpgq%% E dc Bp%ég+§g%> oPnfgwg %gﬁﬁed wth
one of each of the remaining 3 entry vectors in a gatemay LR reaction to
reassenble a conplete viral genone. 6 WD 2012/024351PCT/ US2011/ 048006

[ 0035] Figure 22. Efficiencies of several counterselection markers
attenpted with the Adsenbly nethod. PheStccdB is used and is efficient
either by blind screen of colonies, or by first using colony PCR to
identify insertions followed by standard restriction di gest screening.




5[ 0036] Figure 23. An Adsenbly vector backbone contains two unique features
for enbodi nents of the nethod. The vector backbone uses a pl5A origin of
repl i cat iwo,201i2¢ds1l owers t he copy nunber of the pI asm e@CTiuses 1/0esb0€i Ng t he
toxicity he AdS. El np naI t he vec tains a
el + 200 schiEt A G Rtel o4 Smieb LR fur Sony Rkt oRED' O "The
viral gemgments: vuliibige a6k whask sEPOytdni eNeheeinbRendMENOGH khdHegur e
24. Efficiencies of th% Ad&syenbl y ?gglfzbtl oﬁﬁ; A) An Adsenbly reaction for Ad5
was per fipp pEaposesd $§tepof nol of the core dual DEST vector and 10f mol each of
El nodul e, E3 nodul e, and E4 nodul e entry vectors. The reaction was carried
out at r[0020]t eRperealtOl. eA avaiarh gbthilingndnichalatfofimpstghmznioNdBLidwayaeal | s t he
f ol I owi ng day. Sixteen_clones were grown and prepared for screening by
ECoRY dilgenb mqft%l syes-t heerg erecfp%@g ferent pbiRsampHtienpifcs dhat resytt o ﬁafgf“@t/gest

pattern c(lédlﬁ'é SAll A BRtath é‘@éh@ attB I‘e_lgldﬁottﬂ% %chzsgﬁfﬁém'theg_ ac)tual' s a negative

control, the digested core dual DEST vector by It Is a positive
control reeonmlgaimedkensquleeaEtP A rgemmobree wWish atthmteawiithg sphcaﬁaﬂmymrte wfx El

entr ro Ad errbl eff' ci An _Adse r eact r Ad5 wa
o ol TR R B Rt et it VB e eokel SR iRE ada o
entry vegbr @&%ﬂe%&qm?amter@tuﬁ%nd 20R RS FEABAYhE P b YaBCt OF S, The

reacti on was carrl ed out at roomterrperature overni ght, and transforned

i nt q,NE Ten. cl.o [ epared
tor Wer daHl, BebaloR Syety MGl sro el e Bl LA SRR o F e
restri Ctslp@ﬂﬁdalgﬂ‘ééorﬁﬁhésﬁwﬂh (t6 @thtcht aKB)l-sited-will Snly ReoRISmd x&fﬂlﬁi@ﬂtPl sifes)” s a
negative control, a digested Ad5 E2-E4 vector. "(+)" is a positive control,
a di gesta® %W@b@tt%?t@enorre 25 [0038] Figure 25. The method of AdSlicR
for human Ad5. Beginning with the E2-L3 core nodul e created for Adsenbly,

t he vect[0024]s Fignealli er)dAbyxaﬁSmab oflthgeldtision of itndaicA dadndmde (ﬁEQI[IBN(MW)t hen

inserted into, the vector SLI.C e _sybsequent vector i ari zed
w. th PadMtorBeduselr WS%@H@ oquo%g‘ 9P HEdDIEIYY ST SasE a

mlset %3 Q@Eodules umh%@rﬁl@t}sﬂ: %@chnglf %},CI encies in the hu_man Ad5
AdSI i cR od Colony PCR 1's s 30a rst line of screening followed

b tr f P I 040 Fi 27. .. The

nsensl dOOAI e RyRoTe fxamp%@%gtea fiiG B3t bt RSt gy sighome
repli Cat(ISEQ IIROOVI 7Y Ubnsbidh sWeScaareeidtir@thed Yy %ﬁgﬁﬁ@ﬂlﬂbf vaRBuHResbRd genome
was 7 WO 2012/ 024351PCT/ US2011/ 048006 transfection into 293 cells, and

visible ssqmge%walplpél@ﬁ tarizotyd rggipn 2nd Bboqsalgségteﬁgroamdl newRensstied SQIUSAESS. of

Adsenbl e d viru t Ad5, wa

col | ect ejg"angmrdep acthoden i) go%rr esi1 }égag Alg@egreecy?g%gﬁgl o dgl#tsec%t) acr oss
t he 20hol Bl 1ﬁteet1dva§tevdeewéénﬂoamddaym3dulét 0Q0¥dB Fingettien Be&weldlsenbli @d AdS5 has
only a sli ht decrease in titers when grown in 293 cells. 293 cells were

i nf ect ednedulesn tBRonyrtion diabesyean Fhand emedales. BT S e S INSSFIONRGISL | C
Ad5 cont i ons

i ndi vi d e@&?g![téi vf?@esl%\%v%tgbfggﬁ (ﬁe%:ljt g[g/sdlgj!tilg?tﬁ%ghﬁég? gg@egtét %@E@g{h%

ELI SA. 'Iﬂt&r pdlIyWstopr askthe ﬂﬁhepolﬁﬂho“v“\hwsn ylodg frethtthaateB tidsertiddse atilygdtation uﬁthand

t he AdSIc?gg il rus cont ai ly the attB3 insertion. 10 Both show a nodest
2-fol d p dorated bshpesnd Ste \‘Rne e | evel s. These data al so denmpnstrate
that viruses created using AdSLI C have no replication defect in 293 cells.

| npa6 | 0826 fbiguml 13. Ghalisessswed ecstilts efr teying toeinéhaee Ade thodulesby PR

shown). .00 i 29.. Fi.gure,29A sets.forth vecto i.n entl
ontry vebEgrob ol ety A uS s SRk el ARl SyiBad B PERFH
nmodul es theagfes@ickyReh @ﬁ@hdhb&w%t@ Sgdtll{ chte. dicd ﬂhle |r§M@&1&MhW RO 8@Ss st he
vector. |If no changes were made he entr noted "wild-type." Figure

29B set sl 008 thet feggessiniemplate ve nsed diffein mﬁte;puehdle/idtsm cqagncdeddrthped
her ei n. %eggg&)@ﬁ% from whi ch the macronodul es were derived are |isted
first, He nodul es that conprise the macrom)dul e, fol I owed by
any chag{ﬁes to the vector. If there were no changes, i s_denote

wi 138- t yIpR27] FF‘@Hlfeel“Z%esAe(t%aqeé?‘tlFﬁl AgRsvoosiyl a%cagléq?&bé@n@doxa%%rﬁﬂ%ﬁ’%u ng
Adsenbl y nomes
are base é%d(ﬁ &31% ?ﬁé ]Iq’I gggi}oé‘%yﬁlg Q%/%sggoﬁ%tfgﬂtﬂ Eka{/{}{ gg)l}gtpla lgtfhere
were no changes it is denoted ‘Wl d-type." [0043] Figure 30. Insertion of
entire genonmes into plasmds using SLIC A) A schematic of the procedure,
whereby a plasm d vector is obtained by PCR containing short (-20bp) of 25
honol ogy to the ends of the viral genone to be inserted. Both the genone
and vector are then treated with T4 DNA pol ynerase and used in SLIC as
normal . B) Exanple of the insertion of the entire Ad5 genone into a plasmd
backbone. All six clones that were



screened contained the entire genone. Since the genones can insert either
forward or reverse, in this case four were in one orientation (clones 1, 4,
5, and 6)wendizozessnere in the 300t her orientation (clonesTarsand/ 08006 [ 0044]

gy 5 A MBSO A PR o LI S50 R S s oo
assenbl yhagl: 82RAN1HURRIUIGRPER M qusdrupliBats € Rade pOndlr BIS, H3y ped B4 (iRl He RO
104), using an AdSLI Cr system qFhe Iglm E3-fiber, and E4 nodul e plasm ds are
desi gnedn duplicathdied segvcinnicns tedasyed PeRumoducst ragevorrcamijpban theaight eave
the exact c%‘f%{{i}easﬂ?dﬁ%%ﬂgtga or Cﬁ?eg‘uence and ligation independent cloning

s e I d (Ovm N

(SLICO i earlze either Swal or Pnel) core vector. This

elimnates the need for PCR to obtain the |lipear fragnent needed for SLIC,
t hus der d30HY t Hguisotdediffigientigs ohine Adaadenaviig %e.nelmoqa"g%én gaieya¥ Bined such
that no £onshgnTREANANCEnd §3 nftRflds Gkt RO rliliendih B st ARBRIMRA GRS LWME the ThE
typi cal nethod invol'ves excising the E3-fiber and E4 nodul es and conbi ni ng
wi t h t héE3 el B4 medulcgedrecore vector. This creates an E2-E4 nmacronodul e

whi ch can then be cut with Swal 10 and conbi ned with excised El nodules to
create g§0g®9P! EiBredRN IMBeraBRLHO0I REE land ﬁémdn%aap@ﬁdémuﬁﬁi@otsnm g type 1
was assenbl ed using the above strategy and infectious virus form ng plaques
was obt defhedfoasingie-fragarst 8E1G . ovhibsfthenghtas 3mexareplr of mMufodB|fragingni $L185.

Gowt h analysis of viruses containing single attB reconbination site

i nsaot i que30|n Pipder17 olicdgBbf SVIC RS@Edte fatewhy esint RatorhiwWitient Bipafeway nce
virus created using 15Adsenbly carried a slight growth defect conpared to
wild typ‘éﬂl“}%%z}’(lﬁisgure 28), viruses were created using AdSLIC such that

t hey contained only one of each the attB insertions present in viruses
creat ed [0831g Pdseni®. yThc208 EElkdgson(ik o dgraagii yoxietoebacteiiac Tad Aalts Elnrejidh=10.
U205 cells (bo'ém)ngraph,) wer e inLect ed at_an MJ =50.. T%tggl vifr']t S was

col | ect & 248ntiph(facZy yees ngaitpdiiptodhegatewy PO ¥eders psingpddt't rdhhbet ween
modul es dobotesaidné Fadl: 868! 0aL -Rome! AQOLAIEAIRRMBRES if@rid Gy Reo Vi r us
in U205 cells, the attB insertions at the other three junctions did Inhibit
gr ovbh conpaalddizedcalphids aysered[0DOUTE] Plageaed Béth vBiraoegative fomi k. i Bdwenter.B4

i ti it t . t he El E2- L | d. f
(P gur e sl Syl RSEeh P arsaet: GoShe R er A8 BILd pal BSHBE ¢ i ons
refer toAPoBI tde@iSslews BRgré WMt IF babePEQThiD chelaith3d thydnd PAASbLIRhAWAR G  Si nce

the initial attB3 insertion site between the E3 and E4 nodul es caused
growt h def essrsgatFvgurceosbinatiemreastiansnat e pl acement was desi gned. Base pai r
positions refer to positions as set forth in SEQID NO 137. [0049] Figure

38. U20500%d]l sFigercel 9. nhigat editisitt RateivaistratgyMok 7&@scaitdy bOAAS gwhdnuis fEsth | ect ed
and titered after 48 hours. Three viruses created using Adsenbly are

conpér edht Bveumodulerpy 3ocPisudTirstyBrafides> eHEt VRcHHE Bick mebiagd dermivehattB site
| nser U] QRFrLRLAGK PATRRIS Ao fe'n?)%?% gﬁ&%@ &WE%@%Q%%EQ PRORRISD Lo

the original attB site placenents
2012/ 024353 RedtotdSRE2 1Hd4dadenad to usat thackmpleteagtchBmsi Thisl pactatuéat stretepeen t he

L2 and L3 nodul es and cont ai teg%attB insertion between_ the 13 and E3
modul es SPA%FD Lt fTocits thtﬂ&} W.Od\‘f‘lééﬁgfheli?@ﬁrs@e Fheg%%%‘}%]il:%/m&gﬁl%e used
to create viruses where transgenes are expressed
[0033] Figure 20. Creation of the human Ad5 Adsembly dual DEST vector. The E2 and
25 L3 modules are obtained by PCR from their respective entry vectors and are combined with a
vector backbone using SLIC. Subsequently, gateway counterselection cassettes are inserted

flanking the modules by SLIC after digesting the vector with unique restriction sites

engineered at the ends of the modules.

[0034] Figure 21. An Adsembly process for human Ad5. The core module dual DEST
30 wvector is combined with one of each of the remaining 3 entry vectors in a gateway LR

reaction to reassemble a complete viral genome.
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fromthe El nodule. In this case, the El A and El B genes of Ad5 were
repl aced with a GFP 5expression cassette in the El nodule. Virus was
assenbl edwospreg24sfsenbl y, and vi abl e GFP- expressi ng vi PU3/Usa6l 108086 ned.

[ 0051] Fi e 40. S |y can be used to create viruse ere.transgenes
bre exprltBG (il Pnd RstnaR p BRu R R b Re SRR S SRertEL Sub R B

ar chi t ecAdiemblylinethbd. PREBHceIB@AsusRAhd isedfitientdsihet By binel stlechbfRoBhRE Hr( ADS
nucl eoti de 29251-29772 andﬁgut nCherry in its 10place. The E3 transcript

t hen natyrfast ysinggql ¢R te KentifzHasarjongepbowedibypstandardrasicigpdigssted. The
Vi rus Kgﬁﬁ@ted usi ng Adsenbly, and a transduction of U20S cells is
shown. I's 1S an exanple of 1) transgene expression fromthe E3 nodul e,
and 2) using the natural viral transcrL tional ~.architecture to _express
forePgn [§&3s. Fignss3) A Gdpeantly veelry bag E?% GRAtaiRpEWE; YK uet RS fQTpt i onal
ar chi t eGhiiRih i SIPHERRD. TIRIRCHP pAIBBROERES b5 RBriafiFo p Rk SyhiThe
native E4 pronoter was replaced wth the CW pronoter, and 3 native E4
genes wdpwerseld epychumitichof tha pégyend shusAddweniid the wascitthendiasd dyttoe Adg&tle t he
virus. Bas air positiqns refer to positiaqgns et forth in SEQ.ID

NO 137, Treoud; Ay vapGe fanye R B4 oo  Srruswionhir G UBs WP o

nul ti pl &]bhaTSIRMEXcRI FIHRE €i$a $Endrhe FohhBe FéctoDshidkSoréipbt tlahc@fnl ve viral
transcriptional architecture. The virus 20 created in Figure 41 was

transdu i.nto U2 | s f.or rs. fotal ..RNA S |lected,..c was
SyntRes DIt il d8 gy S ey A Rsmhg relenth palAoF Rl Ryt

spl i ci nAdPwhigerfdehed iying EX08moT6fethb kaekiual DBST ivasto£ Al fidedth BPlH1 ced
transcript, which will express GFP. The white arrow indicates the spliced

t r anscr ipedulewi3aRodile. and Fdrraadul aEmBr YSFIorThi Ae Haptiy Fetaaachit el 108  or ei gn
. il .
S oy SnPSRPESERE, (OAINA Bor LRSS A Bof SRLRRc0 1 v©

controls untran C S or c cted w 5,
respect iol@lecy wekOQo4in dnid gueparetixXor sarcaminpliyaE¢oRV digebt. plveo dfythed 6 ofonehanges
| e nodul es .in single me assenblies using

[ ti dsenb] vy.
gic géfizmrggpéf'sq? theiREreetiestrition digerip %g%t%rﬁé NS dgEAMe Wi pﬁﬁ%éﬁﬁ {,aﬁﬂerg\r r ows
i ndi cat i“@g”is Véggﬁoﬁg@oﬁuﬂaﬁ%e liQc8aLborREH IPEPF L&&oﬁ@ fulf <ganE,Asmembl Y.

The EI nodul e converted INnto a transgene expression cassette for a 30
| uci f er ametrGFP digesicd coppteddd giivenchdXoncproteihe ampunhef EBemnpdwdceornwas

altered.at Qu 451 to n by poin ation. ortion of the nati d5

i ber | DS EARIRLD T IHE e praetr iy rogien B Pevepdetprbef vt ePERET rom
ot her huyraR: @HeBEMIDEST SQI& YPR! oBhXEY iMddaRSeni§ R cto¥6hd 10fmol each of E3,

2012/ 024351PCT/ US2011/ 048006 created usi ng Adsenbly, each with an alternate

fi b@d pravgddidnmoBde entpavectyypsihe wastian waseehrfigh oyi@braoat empemtypesvenight as set

forth in I 137 S0 ers 46 AJ854486, BK0N01453, NC
001460, R aRYCrRA BB NEATEIRRHS LR R AR R Spg S ER ARG o R AR

5[ 0055] fbi guieinddby FedRev diplabtmSehén off thtl$e@sloatediotddulsd igrobtiestiotiyn biea

i nproved transduction capacity in human embryonic sten1ceJIsg{hES%é

conpar edatern: (ke sigplall” AuthefDNA laddey nen)” Esenggative contrd qudigested Adakldils MO s

fm R o T LS Eoﬁ%%??%%ﬁ@drﬁo‘é@é%ﬁni%@gﬁjaﬂ et R Rk
i . GFP [ . i ndi

LovRus D B Heanbsy Yo 8) Sine A s b b o)
Al T MagRSHAE Erch@M B8t AdscrblyTREN dolor & 1iR%rizd QAP aldigiliBn 4 The BXGRARGE Of

core nodul es between Adenovirus serotypes produces Viable virus. A core
modul e fmodnlesdire themsnsertedtndel theTiretoAdSnESLENI TES subscnicesvastares hadiizédd t o

carry the Adl| X a U exon-Ei.b r ctd.vely. Wol e virus was
el otith s RUOREEPy sSHR THRTE SR T SiC e s B SiUrF3M8Re pase
pair positions that are noted in

[0039] Figure 26. Efficiencies in the human Ad5 AdSlicR method. Colony PCR is used as

30  afirst line of screening followed by restriction digest of PCR positive clones.

[0040] Figure 27. The Adsembled virus grows in tissue culture. A) A plaque created by a

replicating Adenovirus that was assembled by Adsembly. The Adsembled genome was
7



the "final virus" list are fromas set forth in SEQ ID NO 137 (Ad5) and SEQ
I D NO 141 (Adl 1). [0057] Figure 46. Using AASLIC to nmake nutations in

viral gerwe 20re/uzber to study their function in the conteXtusedl1wisons
infectign. An.the ule,, the E1B-55K gen S ted 20 at .the His 260
posi 11 ol PaleRia g 1o s SRR MRS £y Ty PriD G Ele s "aseentl ec
usi ng AdBhiifucdrtoRh SRdsemdlddweds. ERdthiRehis #ont & ks fvgion of AfdeerhBidd atd SMas=10
with either replication defective Ad5 (lane 1), wild type Ad5 (lane 2), or

Ad5 H260Allestathandsreplataghaato Fesr E3reallas Cear petepabic sffegeicirse s e plags ect i on
and anal . rn blot for p53 (top panel), mdn2, Ad5 |ate proteins,
and actf%%gqﬁﬁ¥%&ﬁﬁkg'mﬁld type Ad5, the Ad5-H260A virus 25is unable to

degrade pb3 and has _a defe in production of |ate proteins. DETAILED
DESCRI PﬁB_@ﬁ‘\HaflﬂlE %mm%? _d[z%#ﬁo hstonppslight decrpipgabfiCrpBTEFEwEeR dPrefers
to deoxyd||pomsclfQtyid ﬁlf&'iedrdtlaﬁWiﬂ@t\bﬂ?&t@?%ﬂﬂggﬁﬂﬁﬂi &%eh{%‘?éae& 5,lof

ei ther single- or double-stranded form and conpl nts thereof The term
enconpassé&d Itusdecantavingsitbemnioatttd mgerkopvwr aaclc bEmu aieB amaltogs imehividwdiyf | ed

backbon W0D.2012/ 024351PCT/ 011/048006, r esj dues _or |inkages, ich are
Synt het | o S COTGRELIT A POdRATOIETLRGE LIS BECER Mge oMbt SRhave
simlar fiididdgaR HRPLEdnRTeirdshad Rl RISDKEVIRTo8tatniAg bAly (ROSBNInSEHiBh e
nmet abolized in a manner simlar to the reference nucl éotides. Exanples of

sucHOandbalyshaw e madiest Infotlthdearedse gpmparicd to wghdgphlovds. hileese data also

h h 1d hyl ph h , hiral - met hyl  phos
> 0- ot Horienrgntiaf Bt eaeBIRA RS AR SHIGREN: R gl PSP RSt

ot her wi Sevdlbr aBtvadsesavdatitoréldrirwadabal 6 7aCiEL $estuRsws). al so inplicitly
enconpasses conservatively nodified variants thereof (e.g., degenerate

codon s J1t Uk I : guence
expliciﬂﬁ?ﬁyngf%ggé%% é%? |5§ |y,ﬁg%g@ﬁg?%?éﬁg%ﬁﬁﬁeﬁﬁﬁg?ﬁ 5$¥%ﬁggnay be
achi evedichstitgdmercad.i Ad ssegpentres winchviicahoddes wirk ddriddipasiitted firwf one or
nore selected (or all) codons is substituted with m xed-base, and/ or .

deonsi nde/Rect B U ne s £t Vastorall no (igere weraAGadoHas Cniiyissisaaied ou il

Cht suka t?]%)e.’alF-iguré -29§'s?ﬂs fort Bt oAy kARS8 AGLABRY anlOSBRNE Ak d&lcriphd . Mot
Cell. Probes 8791-98 (1994)). The termnucleic acid 1s used interchangeably
wi t h gertereic.DNA seriRas fiohi gbich cheemtdrdmodalnswpal denived ewtlisthd. firdtSf@OSEH b

particul ar nycl ei.c acid.seguence also inpligitly enco sses "spli.ce

Var i ant 41 metey L Comprisse acromPapiEo folloied b i SR e Vet ar o6 igre
i mpl i ci tdofe BDCRAMAS SER dBRMtc@ Rt ENEFRRIRE2NY s@s fiH A8eno@rh@dnogiest hat
nucleic acid. "Splice variants,"” as the nane suggests, are products of

al t @dnatassemied ngnghdesmbly geAdSLIE eedeseribadshoreipt Adrseradypds diiom whichild ei ¢
acid transcript. may e i ce ch at_di.fferent, (alterpate) npucleic acid
2ol ce arBnerlreTRedle Ry BREBHSTRLMT bbb ES Rty IRBS Ry A Rg

product i pangds, i pJ de@bted avildntpe vary, but include alternate splicing of

exons. Alternate pol ypeptides derived fromthe sane nucleic acid by

read-t hr t Fs I At L0 - g : i fANNA L] Any

pr oduct 4001, BRI A e e R DD S E AP A POV
product suf thr protedure) saadrdby atflasnidetetor isiobminelirbyex@Rpbetamingnhbetgs2bp) ofiannel

splice variants is discussed in Leicher, et al _, J, Biol. Chem
252 (52)0@@@@%@%%@@1‘ iral eeRsEaq to??(?ﬁ%%ﬁ“ﬁ@t Bgth the cerine#ldevegios ety s

cont ai ning, LOfAeh ﬁaﬁbm?o hdcCangBR&I MO HOAMBOH) T anPRAIGAC ES MRY
enpl oy standard li1gation and restriction techniques, ich are well

under st dostriion offtbe emtire (*sBezchamk aittd 8 pddsnad backbnndvbABeixl doncSitlmivege A
Laborat ory Mapual ,. d ring Harpor Laboratory, .New York.(1982)).

2ol at eqerAChi NGRS safsentete. SreaBRRPRES SodhoH R Eregades my be
cl eaved,refdbd, A @i cad® Ebuir Srekd BAIRGrichtatibe (diHeN108S5, a8d 6) OB wdldGh ieC aci d
is "operably linked" when it is placed into a functi onal relationship with

anotifer atgtlosicatatien (Flensgdemde). For exanpl e, DNA for a presequence or
secretory | eader
[0044] Figures 31-33 illustrate methods of adenoviral genome modification.



WO 2012/ 024351PCT/ US2011/ 048006 is operably linked to DNA for a pol ypeptide
if it is expressed as a preprotein that participates in the secretion of
t he pol ypept2otbap4zsipr onot er or enhancer is operably |inleed/useoia/oasndé ng

sequence hfitoaffects the transcription of the seguence: or ri bosone

b nar ng 19" | BRSO Tph Pradheniye B eSlri e cahiL REL R S ip®h efbii oned so
as to fafélschatdvidiaapeat( e IIR0eTE)| WsinganoRes Al ydter KEsE' E Messnsbdrhald t he
DNA sequences being |inked are near each other, and, in the case of a

secr et orEA medige plaseigtstare designed wach Hat badraybpiesed wibveveetionsrameshst do

not hav i bk I ). i i | .
convenig%%%gg{?ﬁ#ﬁ%%%%ﬂgﬁFg%%qﬁk&%3§%£5|?%g&%g§ﬁ@gxgngfgﬂﬁﬂgaggﬁzI%Ric

ol i gonuchebihéatiecddaiti oikisr Sival bnk@el carcercunedrtinclaamated drcecifédPCR to
conventiognal practice. 10[0063] The ternms "identical"” or percent i

"i dent i t@),ta'm the lingar Eegment pegledifioS o, Mt srating tas otsetidd o Bitrogues,sEass-iltis
sequenc t r : : e sane
o have b L o e R o S P A hat
are t he tgpind niéthed invalyosibx 6084 ihddidtfibar ang Edfrasdalidsyan6 Sombit08g withYhe BOGEL 85%
90% 91% 92%. 93% 949%. .95%  96% % 98% .99%. .or higher identi over a
Spebi 11 CUCHEGIGRIC K. LipHren S id- 1o narPaReErUchest i pe BB LhoNtonce
overjpa GRARBAbERA WHHIRWQE 1 d8sduliiab etbalceti Aiplc@ S chBAS WREntSined 2wBEAST or
BLAST 2.0 sequence conparison algorithms with default paranmeters descri bed
bel ow, dypbyonsEradahoatus grireehwasardebledabing tapdborve sat¢geand iafogtiousNaBIS web

site or the like). Such sequences e.then sai 0 _he "substantially

dent | et s PO SIS G TS B SHEFolE applted to. the
conplinment of a test sequence. The 20definition also includes sequences

t hat hav80#d| ekigniesdSafurih anglysisiod wguseasoneiningynglp a8B reqembirdipa site

substit utiQns.. : Cii . o rit ount for
gaps anghéﬁe Pfﬁ@#ggﬁégg@é f@%h? é%%? fP%§®§g%8gg§$g%eW%g?@ﬁ&%ﬁggﬁgs at

| eadtt abbdsemdby @anticba slgihd grosvth dufekeainges] torwil tygt hiruo(Figoe 88 pvatersabl y
over a region that. is 50-100 am ngo acids, or nucl eotides in |length. 25[ 0064]
For sequ¥figéred ‘rnigsA&%,LIf:ySBPl?:g;a‘F ﬁl% rentaiggd eplyong of §aC§s‘h%1atF%f1§F]’é‘r?€é
sequenc i t j c
conpar | S R o B A RSO PR S hc ERAMERC R0
conput erJ2Q@vbslsgbettiae goaph) dicranéstedrag anl dsO 28t Batal vifusneseseartyd 4&holirs

sequence al gorith ram anet.ers are design d. Preferably, default
o oor ampat SibieRd BIAHE B TGS Bedern rROuRE B Sra L Eed Ryttt
desixgnat@gwthldenReUsRER] %9& OIS STOS 8¢180THetanm ih fiefokak eél Ah&nlbe percent
sequence identities for the test sequences relative to the reference
sequencgundgimsedidonhibi@rewibgompersdrtamelddyse. WO 2012/ 024351PCT/ US2011/ 048006
[ 0065] A "conparison wi ndow', as used herein, includes reference to a
segment [004HNYFigae 3 Sinde thvlinhal attB4 featiog uide/Betp@sn the WM1sanddi2er? athdiilcom t he
group consisting of from=20 to 600, usually about 50 to about 200, nore

usual | y @BWGEra0th dedecapdigurg 39). pherdr phcamsefidinpevarylchignebMsss B t o a
referen Sﬁﬁgyﬁﬁ&qoggﬁﬁ zé%gf&g#gggﬁ££$%§gpiiﬁuous positions after the 5

two sequences are optina s 'of alignment of sequences for
co ris re_wel |l -known in th . timal_ align of sequences for
compar I nrErecn AT g ni ?t?é%wigflﬁ@n |86%BfftWﬁ%h@§%yané|%b{995ﬂﬁ% of Smith
& Vat er ngfgedAdYwi R cts We 3%&1@ 21térb A8 blaceR¥nt R d&@igﬁ&d?EXseaﬂa'i iohs

al gorithm of edl eman nsch, J. Ml . Biol. 48:443 (1970), by the search
for si mrkker ta postenked safforfear Slo@ 1B NQPgd&n, Proc. Nat'l. Acad. Sci. USA 10
85:2444 (1988), by conputerized inplementations of these algorithms (GAP
BESTFI T,[064% T AFiganc §TEABR el 18 wieheinWcaeonsh firtenaiOss 020kityal erRaekaded
Genetics Conputer G oup, 575 Science Dr., Mdison, W), or by nmanua

al i gnmermdaiered per8 honspdbrdcomrusesescated gping Sdsanely arrcompersiddo iwildvypecul ar
Bi ol,agy (: e . 066 r r exanpl e
of épgoP§$%§YPﬁ%?%%%%éﬁ?Pzﬂfé“%%$§8§$gﬁ%ﬁﬁgﬁéh%@¥%%ﬁ$“§%§ﬁgﬁ@%%%ﬁﬁgbentity
and sequgre émpiholtd glomttly c@npartdies tBk AbginangitHBhiASTactnitndd @ik 1B Alvhéseh are
described in Altschul et al., Nuc. Acids Res. 25:3389-3402 (1977) and
Altschul et al., J. Mot. Biol. 215:403-410 (1990), respectively. BLAST and
BLAST 2.0 are used, with the paraneters described herein, to determ ne
percent sequence identity for the nucl & c acids and proteins of the
invention. Software for perform ng BLAST analyses is publicly avail able



20 through the National Center for Biotechnology Information, as known in
the art. This algorithminvolves first identifying high scoring sequence
pairs (H3Pe)oteyo2uzbentifying short words of Iength Wi n rhe/useanpiseguence,

e RSk L SR R BT e VAP Shh eoiy £, T v

r ef er r edndc@ti@sbdtWeer @b mhta@ﬂfmqﬁo&msdhmen@tmfeah@bMK Al tschul et al.
supra). These initial 25nei ghborhood word hits act as seeds for |n|t|at|ng

searche fi r i ded in
bot h dlrec@non@@a%ﬂﬁg%dggﬁﬁgg&ﬁ@%@%ﬁ#@?m&?ﬁﬂ%§&£§h%ﬁ%ﬂn%%%? %. E;lggnnent
scor e cdrmehd Elbﬁleaﬁledln thig rwieathev&lﬁs aind E5B gtees@dlAzislvedre deplisied gvithf DGFP

nucl eoti de sequences, ters M (reward score for pai r. of natchlng
resi éuesexpsq%%a%e@)méa@ﬁm@ BiRaVitys &@weeméﬁidmseﬁeﬁ%ﬁmh@ PR Vighle GFRy ways
< 0). Foh,ARiiRevRG! Hasennanges. 30a scoring matrix is used to calculate the
cunulatlvg score. Extension of the word hits in each direction are halted

when ativ I core falls aoff b uantity X fromits
o 8054 vt Ao AREF S i v Bl Shigeetng s TSt b sh b e ¢ o
t he accuph atd PNmBHuleRSin rth@f@iteanelgattﬂaﬁm% ¢i0hd| AecHi@Sth AU ThAIER SRR was Or the
end of either WO 2012/024351PCT/ US2011/048006 sequence is reached. The
BLAST almgedifichin Ciﬁéﬁrtaﬁ‘@t]elr@( pyotan (édﬁnl)(cldétd@rZiQﬂﬁb29We'l)sledlslﬂtm(lh@ryy Hnids speed
of the aI| n STN f.0 eotlde S8 nces uses
der At PULTROEL bR Ph N RIS A G SncEBRR bR ARG EAER G 20 &
conpar i SIHe vafus el Rraitddands. A&yémbgmaﬁ@a@@hwuse&u@m@es ckingis BhaVal AHy Ranam
uses as 5 defaults a wordlength of 3, and expectation (E) of 10, and the
BLOSUNE 2x8wpki afd) franyacre pesessiaaraplic &3 medukord 2)mswe thawatnral weald.  sci |
USA 89: 9 I expectation (E) of 10, Me5,
hh , %%3%§g%%§%ﬁ%§g%c%ggge &3 Eﬁ%gﬂgg%3067] The terns "pol ypeptide, "
"peptide"” and "protein" are used i.n erchangea |y herein to refer to a
pol yrer 1895%ni Hguigetla Usiwgithe palivetiva F%‘}Sﬁ’ép%‘ﬁf?c%ec&ﬁ? HROOHEPY BElfer s in
whi R 1Qra‘i’i§%en9§ froRf the @H‘n%&iui’é: e hEST R piogn ALt W rbﬁlhé‘éd%ltl?ﬁl%'ﬁl\q@' m nmetic
of a corresponding naturally occurring amino acid, as well as to naturally
occur r i ngomnicnand imitipo By igenss veerd repdaved a&tlﬂnrtednlsgemsoﬁkdsemlbgf wad then assiddo

C ot et 1A ot B B IO TP B T SR B0 Sk UAEE Hord

mnetics that function in a manner simlar to the 15naturally occurring

ani no adPBs3] NeiguicaA2. Ydserally chimbe usAdrie cereleddruseewhéro seileple sapitchss arhe
genetic & th i ed
hydroxypr Fgﬁéﬂé@%gﬁ %€§8?@§anag 8“3% %%h mg%%@%ﬁ“n%%ﬁiﬁgggr@%fgmanalogs
ref @0s t@caapauREs 41 haks tﬁay@cédnﬁlt@@aesheﬂs CorQAgin, cethl BRNAURLLdotlcatsd,a
natural ly occurring am no acid, i.e., an a carbon that is bound to a

hydr ogerDNA g spxesienddigm R aping sindpBupimiagendP R geigermeddo gest sphicing
honoser i, c

sulfonlu?r?héﬁeﬁglg'?]g?ﬂé Tﬂﬁgegﬁhgg??&ggn%Hgégﬁés%?%ﬂg&ﬁh pbmgﬁg?we or

nodi fi ect}mrithedﬁntmﬂ:#obomdﬁzateblthe spéitad trartshiépts ariehbyallies pehemChairy sﬂmuct ure as

a naturally occurring, am no aci d. no acid. m neti s refer to ch cal
conpoundlé‘“{q‘?étfatﬁsal?%ﬂ% es‘f{pr%@ gFNss Cifhpe ?’%Pr%ﬁs?‘? BPRR Sing %H%O@Hl@ E eni cal
SUIuGgt urge Ré afile @&hﬂﬁs @i%ﬁpanéﬂ%fced Qélfs ofr YRed 1'nPe’&§ed' \ﬂthawﬂﬁ '?ﬂfcrAc‘ﬁS %sb@étwtegz a

naturally occurrlng am no acid. 25[0069] Am no acids may be referred’to

one- | ot 11954y napts "PolnshiBRaR By RBey -OsRErEs® BroSERY B R ot ur

Commi ssigaiple @M{éhf&isb@ﬁéiles Hlbllﬁg\@lcﬁ@mb?ﬁ)ﬂ& dgra @ BIplBEhd Me Pt e bitkiules @@ MEON| Y

accept ed slngle | etter codes 0070 Conservatively nodified variants"

appl i es A® gaomearithvertiedl grrand lmm@at@géhea@haagmwe reesmogyle pripetofelt to
partlcul e n i f refers
to thosén nuc?é%sgh%csﬁ ?hgﬁ,fﬁﬁ&eﬁﬁé%gonﬁgﬁﬁé }ngéa'fl %g}rlygggés)grﬂr&%ﬁ)ln ng% ﬁfcal

am 130 aduélfSaguERR asiongirotshie The hbonpiolcti @ tAe L8 ntlelas wal alemml &lansam no
acid se uence to WD 2012/024351PCT/ US2011/ 048006 _essential ly |dent|ca
sequencdaln tydisautaifon, Repagpbthg ejtivy AdhEbgdndhg &3 &9&@16 ves|raplaeedivifber  of

functi onal.l r
 not ancene e SERGREFQ IR RN IR AR (ROYRD BRETERP T o
al ani ne Thus at every position where 3% alanine is speC|f|ed by a codon,

the codon can be altered to any of the 5correspondi ng codons descri bed
w thout altering the encoded pol ypeptide. Such nucleic acid




variations are "silent variations," which are one species of conservatively
nodi fi ed variations. Every nucleic acid sequence herein which encodes a
pol ypept iwe 2ai2n4zdescri bes every possi bl e silent vari at ipom/uskottilogsonac| ei c

acid. One of,skill .wll recognize that ch codon,in a.nucleic.acid (except
Ae, whi R TN sy SRS L8 TRET piRR BB R ESE B
i's ordinads fefertth BosHidns 8 Qet0Rrth o SEQYIPINPAET) ARBssivm Milshickd PAossuas el d a
functionally identical nolecule. Accordi n?I_/y, each silent variation of a
nucl ei c ABSA48hiEIHEAZD s W 160, ywpe e de7VY sarpsspd toiSEQH NQi&dt i thed
sequencere%lig'g&t&,erl spect to the expression product, but not with respect to
actual probe se’guences. [0071] As to am no acid sequences, one of skill
will recqognize that individual substitutions, 15deletjons or additions to a
nucl &i ¢ [985%, Hepte He Fi BP%IB@BPiVHé§656Fea&ddtS€}gnA‘§%?Hl?§h’é%’W&Ye lters, adds
or del et q I i 3 } i in the
encoded Eosnon SBe RPN AuAE! ity ofe SR CrIRRRESTL SRR SiTh e o Bl s

al t er at ifdwr.rlgodt ESC wardeasdbeddi dt sradiaus MOlafor 2diond8 Aoid and GFPaxplmssibeal | y

simlar am no acid. Conservative substitution tables providing functionally
i i | ar TSN DETHETOSTE Yl RBRA 1 A " HATE RPN ATE BOREEY JAE ey DatsT

nodi fi eds vals @M B-GFe’, Whidddbids@R GIP aitlr 8 Aty Suflold CORHMBRiRlERe the

vari ants, interspecies honologs, and alleles of the invention. [0072] The

f ol 118w ngrusifiphr clymepsstediGie.,uld hism dimvit thech dis fibdramobr. dlcioreger sattdlee
substituttisons fﬁj" gne anot her: 1) Alanine (A), Gycine (Q; 2) Asp artic
acid (D HEEHG"Yid (E); 3) Asparagine (N), Gutanine (Q: 4) Arginine
(R), Lysine (l%llg 5) Isoleucine (1), 25Leucine (L), Methionine (M, Valine
(V); 6) [PARAly| Bigussi 4 Exphaneagf ense modpley betryopp Aslshraidruswyrotypes seduges (S)

Thr eoni : d { | oni ( : i ght on,
prot of na TAOUIYS X b PSRt AdEl waEUAMRE AL BRES odlios $ER D0 Co
e.g., tanadified to caviyrtbhs AdhlplDehrd Baixdn-FHive] espectiasly VWhbdlervirus mas asseadlddhat
the cell, virus, hucleic acid, protein or vector, has been 30 nodifjed by

t he Pnt r%atgc%ﬁ?@dcofmdavw&rémsewﬂsonn% GHle Hhsigsopalppo iy thit apgpoted in

al terat i« - hat L id; tNeh 5 .1hp derived
froma ctgf]lﬁgaé%gggi l;ls;{gr. Thﬁgsetﬁﬁﬁﬁgpg,}@g%%gﬁﬁ Szzéglﬂgﬁg'grlzss genes
that ardAddi).f ound within the native (non- WD 2012/ 024351PCT/ US2011/ 048006
reconbi nant) formof the cell or express native genes that are otherw se

abnor mel (pysBXPFigaRerh. NG dSINPIE SR nflltatitRl iC¥P4192R&0ndrddltd stullPthéd] The
phrase "stringent hybridization conditions" refers to conditions under

whi ch a fprdisa inithd confet Plvive intciiens In thegel modwsctha&hBedSk gpicosdsiputpisda
Con%lOe?( arg]tﬁ(etllf{s%68f 05‘19181'1 & la.Sg IoC[i er nlljogituletso e@%w?%inere. TRAUIISE S geﬂbﬁ] nt
conditi dns ar & ‘seduende-dependent and w1 BE i T erent’ iR drfteren

Ci r cuns iz pesdSILION gkmas 8HidH RGeSy RyhRdIAl Z&8lsspge ifftaed AyMel=10 gheeither
tenperatures. An extensive guide to the ,{‘é{b” di zation of nucleic acids is

found i entiqager Acfeqtaenhd ylare DnwBH sawetd Stlane Aner AbT HeoAflanc 3). Total

Bi ol ogy-.; i di | i i rim 1\ icnct pl of
hybri di zpe{{;{lggﬁvgén%ﬁl%ﬁgalgﬁ%?oe%%ﬁ%sﬁhﬁa&g{oglibdgagg?l egls a\ggt&%f@gggﬂ%o@ner al ly,
st ri ngemntanelpnddmn? ohdS atepreoeliesciretadtia. Uelilabthi twib-tECAddwRe Aldb a2 @0Aevituser mal
mel ti ng poi (Tm for fthe eci fic .sequence a defined ionic strength
pH. ZPhe g e%qugfaé*ﬁﬁé?a%ﬁ %ﬁ%ﬁnH&%PM$&W@r%Wéngth, pH, and

nucl ei ¢ concentration) at which 50% of the probes conplenentary to the
target hybridize to the target sequence at equilibrium (as the target
sequences are present in excess, at Tm 50% of the probes are occupied at

equi librium. 15Stri nggntae PEDESORIPTEN @SPHEeNaENEd W th the addition
of destabilizing agents such as formam de. For selective or specific

hybri di Z2efinsftonsa positive signal is at |east two tinmes background,
preferably 10 tines background hybridi zati on. Exenplary stri ngent
hybri di 78058In ‘Goumiéit rod rafen thdeayribahuctaatides or5tnfideotedes ded pdlyn88C, and 1%

) X 0 X ) ) ;
5?;;(’»0'82%?&& g%&ﬁ% siflg%(f%[g%rd’g{lg%gggr%ed]fo/?‘n%%%d clogl%&let%r?etnltsnt%eraetof. %’ter%t h wash in

encompasses nucleic acids containing known nucleotide analogs or modified backbone
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[0075] Nucleic acids that do not hybridize to each other under stringent
conditions are still substantially identical if the polypeptides which they
encode arwoxotzgkasstii ally identical. This occurs, for exaoplus20nioesvwa copy

of a nucleic acid, is created using th Xi mum codon degener,ac ermtted
by the. gSERE" glees gt g watbale. TR e s o Ly B RGbe ai ze
25under vimigie hateHinil it Bihdige propadtids ladlthzat fetdhcs ARE b iabitls andEXRIFR gy Y
"noderately stringent hybridization conditions” include a hybridization in
a buf f ermgpboliged oy mannaeimijaryp feeaeferams gpecefides7 Examplgs af sugblanglags x SSC at
45C. A I.J 1 Lldizat | | . i . of
ordinar§8§k§+xﬁaﬁﬁfh¢§% .’§8§@§§8ﬁ%%%8?§§?§§$§§P%§%¥g%ﬁﬁ@ P?%?gg}?%n and
was h 5cordirbi-mathyt pitospRoritds| 2-1ehethyl pbomictdtides) gejitidensichfic siids (PAAS).
stringency. Additional 30guidelines for determ ning hybridization

par anet r Vi ] : Pr ot ocol s
o ol caul ey B B Sty HEd R MR M el GLRIES a frous ARG USRI Aoy

2012/ 0243bARaARsEISDD I @800M0{ified 6hridos therf (ag.t degereratewodomfubtabtibnd6C i s

typi cal fqr | tri lifjcation, alth ling t t
oy v ar PGPSt e Bte T N ST AT Aarcrich QR RE i gh
stringe rue%_elf’e@& R fubRbiiy m#, bEMRENAY BY gerattpodbudrls inSwhi¥Pteahird

al t hough hi gh stringency anneal’i ng tenperatures can range from about 50C to
abou 5aBgtiodependpngorsrsetehtedgon stprcolensgs bubshtitesheidh friixdd-base Igptal cycl e

diti f.or .bot h. hi d I iof i [ i.ncl
Genat ur LIRS SEuPY ok T L GREIRE: TR H hhase

| asting BOL Bem. 26(226052608aMI8 HNREbERS: @N, HDASRII0PrBRO8D1083C1994)). 1The 2

m n. Protocols and guidelines for |ow and hH%Q stringency anplification
react i orfgmapecleie g¢iddenscddntgrchapgeablyyyigh gencagDNAY gdgyA pdRoprdeesidst and A qui de
to N@thqgﬁwﬁﬁgoéﬁglications, 10Academ c Press, Inc. N Y.). [0077] As used
herein, ‘the term "cancer" refers to all types of cancer, neoplasm or

mal i gnant tunors found in manmal s, inc)uding .| eukem a, carcinomas apd

sar c,lgrraép()@lenﬁlpémﬁuﬂaéﬁ%l% KLY UICE ARE GPPBFITY RRCOSRRENYS - BREASETAeT Vi X,

col on, hgay ”a\‘j‘ﬁa!fm 14 inkd by 4Rbleil 98 $TBliLitl§ 8hdorh e,
nesotheFﬁongéyb ary?lg‘r%%ﬁg%gg%%wgihﬁah?grﬂg%%gé%h§sﬁghl g%?égfgﬁga

Addi t i oreakodexdaryp spdice matiand ef thebulgidin aad Di'Sgaserarihus” ke tgkianiesupgasphanrea,

mul tiple el o neur obl.ast oma, ovari.an cancer, rhab Qsar co r.imary
t hr ombodY P OSTROT JeTRIS SHEMECR Rutsr ALR Sy o7 bt e iead Tonfeiay

mal i gnanhaypeliead suchitha Wi Ao altdBat ORaMic 638 SHINRI Hodustd dabde BFRAGEr
cancer, premalignant skin |esions, testicular cancer, |ynphonmas, thyroid
cancér, nebncphiless Merhaniems ftrabentoduetinnerf spRayemiansienh dryinelude plterasteer

mal | gnant, ;BNpSE el ce | A SNAOIRL LAl 4 SR0G for ALEARL, SOLLEGAL CRANRSIan
neoplasn@ ol e Che” endocri Re and eXocr i he pancr eas, anﬁ:pros at'e "cancer

[0078] Tthasérdition akealkesi@dmpagkebs thik dafhiioh.0OARYy pedassiovr e splidhg thastidn,

di seases of the blood-form ng organs and is generally characterized by a

di st or t dBclpdisg irecopbinagh fipg of iespbphiirdugs,. areimklided Bsthigiefiniiony Ay ecur sor s
in the i r-alkl i Ni 1Y ssified
on the DR oA TRER RN PRI o LR el 4Bl

chr @bi c;2762)36@93-yp 1afioe®l | i nvol ved; myel oi d (nyel ogenous), | ynphoid

(1 ynphogenous), or monocytic; and (3) the increase or non-increase in the
nunber a9pef et ok@ubSod & fuigbIR 'v@&%s'c%ﬁi&ﬁﬂh%th% rdeﬁ%&l%ﬁ%&lt{c%‘éﬁé &s&i@gm&) . The
P388 | eukem a nodel 1s wdely accepted as being predictive of In Vvivo

ant i - | eulostrolscgudrices myy cinploysstdndhiddygtion had reatrconp twhdiqératvhichstre welblsi ti ve
30 in the P388 ,assay w ||, generally.exhibi ne | evel, of anti-Ileu 1 C
2cti vi (YRt P areBRERe B i MShler Bt 2 FuncfgroB bapufl: 68T ©
Accor di gﬂnylg HBor B8 RiMdry] NV NMJrR(19829). Ldese@p hBhiIODNA sbeatéder | eukeni a,

and, preferably, a nmethod of treating acute nonlynphocytic |eukem a,
30 synthesized oligonucleotides may be cleaved, tailored, and re-ligated in the form desired.

[0062] Nucleic acid is "operably linked" when it is placed into a functional relationship

with another nucleic acid sequence. For example, DNA for a presequence or secretory leader
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WD 2012/ 024351PCT/ US2011/ 048006 chronic |ynphocytic | eukem a, acute
granul ocytic | eukem a, chronic granul ocytic | eukem a, acute pronyel ocytic
| eukem a,wadoiz02335¢cel | | eukem a, al eukem c | eukem a, a IPeWRISeylloesonE

| eukem a

et ont ¢ hgBraey ke s ST EpaBHes Tl PRl Gl Y B s

eosi nophh lthdCscbRUKR BT the polyPeptidd; 8 pkativms ormdbRidtr GiperdbBUKEEdae alkeamBbl asti c

| eukem a, henocytobl astic | eukem a, histiocytic | eukem a, stem cel

| eukeni #$cqerge etxmffmwtbp gransgipeen af the sequspediioe a rbasasng kinding e tqperably

| eukem g; .| . i N Ay 1l 1 WS Y ous

| cuken gl IERERARP LBl AR Aol oRER RS b bl G il frioh CRAGRERP)

: eutem' a'ppélﬁ@l?lﬂ%[{l(ydibmééltls thaglﬂlkée]DN&s. seqiwrcemehg)hhllaaitdge nba&lehelﬂi)tiher, gm]@n:y}ﬁ c
eukem a, myel obl astic | eukem a, nyel ocytic 10 | eukem a, nyel oi

gr anul oS & 4 K&y Acadpy PHHBRBE Y] 18 rrilimenbase. Nawgusn cnhelsanfanotays na

| eukem ;E,K%%cg%ne LI%I 194 len%ﬁgén a, plslép:‘#n I 17 %%aﬁlgﬁla{eﬁﬁlgﬁlﬁg@ 1rg;tmelm ceil‘tleg'?ﬂ;llsj élm' a,

subl eukestes dé sotleanst.ahe synthateailigberodatidatdaptars ok lihleark erivaed {n0@¢Sidaiddee t er m

"sarcoma". generally refers to a tunor which is nade up of a substance I|ike

15 the € %WF’&tl‘Eéhﬂré‘E?‘?e\ye ti ssue and is generally conposed of closely

packed cells enbedded in a fibrillar or honbgeneous substance. Sarcomas

whi dR cdf0&GH t Flesatcwrds Videntical “casmisiagnt ‘iidentiaf,” emthic wertpkteafttive or hiost nwileidi ng

m t ochondsdoal. 01 dant. and. a0 anticancer agenl Lol ude 2. ghondresarsome,

fi br osar'¢omng, pPQ’H%‘hosa?P%% S Heranofarc Stk ﬁi}xoggpcourrﬁ,qugs? Bo&4afCons,

Abenet hyame 2 he@@spcadicl PSR chREE 6NMBminb aPRIS8Si6@ITRr naté6lcd thad afd thPadrhe 20

sarconmm, anel obl astic sarcoma, botryoid sarcoma, chlorona sarcoma, chorio

. p y ,
car ci norfiS- @b 8vdRensry.corfarablyy 03%s! 70 el SAVe St 98d Bk P7%1 IXar Wi,
stromal , R a . i fihr i ma,
gi ant cer o aa ot 98k, S0REECRTRer (AR BroraRETRY oG, RRLASb BRI
mul tlispl elighghfonhedihemebrribggnderra oe ansagon pansow birsdein e deaigaaod rafioB asel | s,
| ynphora, i nopl astic_sarcoma of T-cells, Jensen's sarconm, Kaposi's 25
sar coma, MREPIA arngé FLARF obRE/ A gl seBIcR B naERD &P H@é,wqﬁaaqi%ﬂam
Tes ench R S3UEQed BADRSLER) miAlA AMEm&R L VIs0ANhIoRa GO, RoUSI

sarconm, serocystic sarcoma, sSynovial 3arconm, an angi ect al’i ¢ sar com.
[ 0080] T dieramtlientBteanSnell' seiqsertcakans than saehio te ‘Sulsteamtially siengcdl’ofhis he

nmel anocyti.c. system of the skip and. qth or gans. | anomas whi can be

[T eat od QRIGIHEH A1 Srby DSBRI Heapt SufiEems Por 1B RARRY mid6ehondr i i
oxi dgnt RfditRR a&dtih8aRGakqRASES thht el b dBletibR an@ R ABUBonRaS Yot la§ Hos@tHaoUS

mel anoma, anel anotic nel anoma, benign juvenile el anoma, C oudnman's

mel anomghavesubstisitignonds dedgribiechel Pastbe praferedagerithing gempdcounteongansend WO
2012/ 024351 PCT4 US20Q11/.048006 .| ent i go_nal igna | angma | i gnant nel anonma,
nodul ar HelbomaranbUgar nerS TRy Al M B 4P 2 dmitd Nt anone.
[0081] THhelebgddnin Caigth, d0iRre prefeildy boera plohgnand Snego gnmstdeidirde up of
epithelial cells tending to infiltrate the surrounding tissues and give
rise to %keag@i%éée.ng&enm ary 5carci nonmas which can be treated with a

conbi nati on of antineoplastic thiol-binding mtochondrial oxidant and an
ant i26and@064 gehdr sequdnacl eomparisoextgpiphley omcicnagnce actsianoe nEereacs segqusnceatoci nona,
adenocystj.c carci noma, adenoid cystic carcinona, carcino adenomat osum

car ci non¥hiph teshicaRgices gicrcampated,, Mohey Usie jeqBTREC campadiogralgaithm et andonm,

basal Cc&lferGRE SidiRHBs af@ilBQ R0 BRSMA &ﬂ_ekléh@sfegue&@%%@hﬁte%%‘fecéléafg?iﬁued, if
basosquanous cell 10 carcinoma, bronchi oal veol ar carcinoma, bronchiol ar

car ci nomecessaynatiogguince epocithmo prgrane patamcfans arc clasighatehelretenallpnigiadtel | ul ar
carcinonmg, chorionic cargino |1 oi d carcinonma,, conmedo carci noma, COrpus
Car i norOLE TSR P CAl PR Py, 1ieapaliv gR@Els e ity bydegignated * The i

30  comparison algorithm then calculates the percent sequence identities for the test sequences

relative to the reference sequence, based on the program parameters.
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carci noma cutaneum cylindrical carcinoma, cylindrical cell carcinom, duct
carci noma, carcinoma durum enbryonal carcinoma, encephal oid carcinong,
epi er noi dwoanmnesta, 15carci noma epithelial e adenoi des, Pexashyitioas006

carcino ar¢inoma ex ul.cere, carci,nona .fibrosu elatiniforn

car oi nond®%el &t FRBTETER TR o5 Breg TR, R aPREBC |4 peknisahf any one
gi gant oc#lthdm@higer of temttbubad pdsaidis REIBEcd GoaNlE @ERIpGBhsistes ¢XI fRIATBO to 600,
hai r-matri x carcinoma, hematoi d carcinoma, hepatocell ular carcinona,

Hur t hi e usBally dhauedhisnibouhy), mese sawelly nberd, 108y 2brsp AP Ginawhish eispaieace may
'ng ant i he Qfkyanglh o SeRen e AP AR st Bﬁmdt@h&@s%sﬂ%%@her the
carci nona, ‘I ntraepl elral” carcinona, ronpecner carci nona,

Kul cl5i t zky-seqidncesadre bptairally hlamge- delthods af aligronant of esjubtdek &6 coatpatiswnae
carcinoma | enticul are, |ipomatous carcinoma, |ynphoepithelial carcinomg,
car ci norteliTERRIY HytBe athe ARHMt Pligiment AbRUCHASH EH GPMPAENG2A HREONEES: nona

mol | e, e mipggg 16 fibhOITRy a%@ﬁﬁin’i‘ BFBmITHR PR an CRNS uggmdmcm% (19 B e,

mucoepi carci nonmm,” car cl nona nucosum nucous carci noma, 25 carci noma
nyxonat dgebs homslogh aligmyes|algoaitton wd Megdlemban &eWunedy, &i Moh&jolc4ty:44h@dn8ao),

ossificans, osteolid carcinonmg, papillary carcinoma, periportal rci nonm,
prei nva 391e§§¥§}%%ﬁ%?‘%??ﬁ%ﬁ@dGEPFmﬁﬁ} ilHBpan; dﬁﬁﬂggdoﬂguéglc ma, rena
cel ljpcargi: neug | 948) kiydamyputée8 iMplcihlatioAd &f tRQRBIg ARG (GNP, BBSTOIMaL odes,

schnei deri an carci nonma, scirrhous carcinoma, carcinoma scroti, signet-ring
cel | carfARbieandciiAss o mmathsiWistensin Gemtics Seftivakagkagenoasstics Sloapoicd

carcino spheroi dal ce car c,pona, spindle cell carcinpna arci noma
apongt ostiP Chaai: Bir el WG T s el el R AR rsgBR e home,

car ci nongg.t €labgt PotoRbisGhMol&al & BIOIBRy t Rlsabl &6l 08B S19%5rsapplcikaypl cel |
carci nona, carcinonma tuberosum tuberous carcinonm, verrucous carcinomm,

and car Gj i 1S204 1/
U her apduoila e PRd i SR S AR PR AL Benes,
pr oddcesdatftiteatidsdqaencafsimiarity aresthaBiHAY TS irel BAASTRE dxadthndpskichnct
formulatjon wi ||l depend on the purpose_of the treatnment, and wll be

nscer t aldaBIRAEy ABRERGR] €1 s AithBoans SIS MR HEID Fechieqes o sbelvle. o,
Li eber magy,, Ebﬁ&gﬁ%ﬁ't!%@#, rR%%@t%l;FOBDRST‘éﬁh BLAL?.04PI8kd. \gvitl?ﬂ% 5 The Art,
Sci ence and Technol ogy ot Pharmaceutical Conpounding (1999); Rem ngton: The
Sci ence mranderadesccibed herPha tondatgrmi@Opdredad is¢quence idemtrip far, th€dudlerc a¢idodd) , and

Pi ckar, Dosage l.cul ations,.(199 . ~[ 0083 term ".pharmaceuti cal ly
RCoept ALTECEY T (GYerigha At At PL RN BhASE b F BRI LFE ¢ 5

i nchhgde taRlubB t1Rf NAtRPaPCEtMEfof BIRQMRIR gMMBImATdR, B BRAVER tMé bl TRkativel y 10
nont oxi ¢ acids or bases, depending on the particular substituents found on
t he conpdgmidbmdesdyésyuadt identdying h oppgrpsvars nefrs (HEPproersdentifyingehert on

cont ai n [.eliabi KLY B3h fleco, LHNELLANA bR imBaRSRglLLON SRl LS g an Red
obtainedw%y 8onP%cting e “heutiral Torﬁ18* Such” conPoundg WPCH a“ sttt ci ent
anmount ahrebigd dast Tesdhddasignceivitharwdie af thersad |ehgdilint AdMtebak O dglucisel et .
Exanpl es of pharmaceutically acceptable base addition salts include sodium

15 pot agsfewrst teal B amghbemed waid spisdnfeshalfilnbschyt enfidgrenlind keas initidr o

St molsar Rlibor e R FORROKRYS sQlts K RAEREYrdhBY FALBEA TSN hBlithd V! Y
basic functionalities, acid addition salts can be obtarned by contatting

t he neutthah. Tae moed hsuah ceenalindsthMitdetiansaldfig edckntquanotfor aofartabehedesi r ed
acid, either neat. or in a suitable inert solvent. Exanples of .

phar mcé&ﬂ%}vwilg%%%saﬁwa%@? awa%a?f i élﬁnglav&ff‘séqorf‘é|a&‘d"§_l<ﬂﬁ@§%ua%gf%d from
I nor ga”'xﬁlc%ﬁ@éséq'ﬁ&?ce&%% SRk oM n(D?éMM AEROERN Sair dHrhdtbifing FRIRCIafways
nmonohydr ogencar boni ¢, phosphori c, nohydr ogenphosphori c,

di hydr ogefpndsp immalty se@ud farmiismatebing mgsiduwgeriway s €0). chortymine adi sgquences,

phosphor ous .acids.and the |jk s wel| .as the |ts degived m

ol 201 e yorBRraRie b eldbro e cifulaEeield FRohonrbhe Fesphiyincech

mal ei ¢, JIRLAGM fre ARAZRhEN: tRUSHNAEe aﬁ%ﬁﬁl_"ehﬁscofel{ﬁm b by tRCHlantity TR it€,

pht hal i c, benzenesulfonic, p-tolylsulfonic, citric, tartaric,

25net harfesumuarichicvahdalupighe pueulapyesssorggdcs dedera e beaws dudto thgri no aci ds
such as ardqi .e d the |ike, and salts .af organic acids like. gl ucuronic
o gal actrBiAs e’ dipr e R RSl bl ARG, BE I Tnt b Sl of
Phar maceuti cal Science 66:1-19 (1977)). Certain specific conpounds of the
present invention contain both basic ahfl acidic functionalities that allow
t he conpounds to be converted into either base or acid addition salts.

O her pharnmaceutically



30acceptabl e carriers known to those of skill in the art are suitable for
the present invention. WD 2012/024351PCT/ US2011/ 048006 Detail ed
Enbodi mrerwe 2b12Adsasmbl y Met hods [ 0084] I n one aspect, a merlusdoiig4goevi ded

for maki ng a reconhi na i.rus,(al so referred t erei.n as
! s ano Pyl RS he BTN bR eb PGS U E b R BB (vo 5 o
nor e adepAiivig)l arfgiepecd®tttt eSeride CThE BLAS TN ProktaniDthgslcctide B&quedcdypdul e,

an L3-L4 nodule, an E3 nodul e, an E4 nodul e, or an adenoviral mnacronodul e

(or nut ayes asefadp agsordisngihi BOPdd) swgxperigtiand odiBotiTreNtst andve net hod

i ncl udes i clkeic acid . f ree, nif i novi r al

gene. modd B At Wb Gt EAER B8Ry bTe Ploetdt AW G0

an E3 nmafttdudts aavorfiéngih ddB3eal expactai@n@yiof ab, ddchoBDOSIUM6 T bworih@ niuttit ei ¢

acid may be an afgenovi rgéwgenorre construct. An adenovirus genone construct
e

is a nudpe demkets & Hepik ceNHt- ead S SUpBAT PP alignments (ﬁ%&fa
manmal i ag gggoelc%ﬁbﬁ(%)amw F/I%ENLQJ,%HQ &&%ﬁ@%%ﬂ{s@aﬂaﬁovi rus. The nucleic

acid may a e a partial adenovirus genone construct which, together with
an addit|i | xirus (e.qg. a.helper vitus).is capable of form .
Fecondi it Aaalioiint gt rewed’ 1B 3 SRRt er QUehiB T erein t
mammel i aBfct REEHSIYmed BLarRHB ROMI EHERS. T hQHITRAPINRY aRfnd &I h&IFRE iAR¢hich .
packaged to give'rise to progeny viruses. Thus, the methods provi ded herein
may l0nclander awse abinoragiduesidde ivawi araficiglethomecal mimitie of & easraspawsting natpaldy
genom ¢ Iodul 9 NSE SLQ1AIRYS Sl SRS ARL HBOR. 4 KANSIRCLiAR,E nt O

manmmal i an-cered™E ther Aone, ° "va é’orcrﬁlllengnfnl ng ¢ PP Y4 t oget her
with a hehpelly ¥ddutsng drinb @pidipedinggd. and packaged to give rise to progeny
viruses. CGenom c rmc?ul es may be 20sel ected based on evolutionarily

conserv q « L4 I | 9@@[ i . :

enbodi rrgﬁ?gﬁ t he %eﬁltlh% ﬁl:&?]agfdu%ge?gz}gélg%?llwng&% e nggﬁgﬁ%ég%%@l@%gﬁs’t%r ee or
nor e adendiasahingecid anpldpd &8l @eineatwdnintcios gt Einctiodin emaarer k2nila? terodul e,

an L3-L4 nodul e, an E3 nodul.e, and an E4 npodul.e. The resulting Qgcl eic acid
(al §8 r RBFRSHOTY I A0 461 den Nalsal Rcrring AR} Roide#1g thosmapogsled @x theessed
af ter ass@oml ¥deCasdvell §hb&AEHo alifi@Haehihad madifieh ANs! RYk thePackaged)
thereby%or m nog A Teconbl nant adenovi rus. Themexplr e’gés?bl?l}; o?xytpﬂ(;e] r?gﬁl eic

aci d mayabiwxpglufaprate dnd O-phdsplgserine. sAtino aand anadeds| refees tg.compotundsribitdaye ng

t he nuclt i Cc aci d.icg]:eo.alcel I&I, or iﬂlq\rlllg’vo' I n certain enbodinents, the

expr essi BN PRIG OPIUGE PRUGIESP P e WEH BESFCPERGIARY Y 8¢ e St GHbRTE 'S
[0085] Tha@nd & &y RIEA0Y chdbx AeRsuiTRd dhfno g@dtp,UsaAnReERup, ¢ & Sh@hSsctiRe,an El
nodul e, annE2_- 3}6 Lgariroc?ul e),(‘ﬁ?ri: lll_%l-aLA n%od%l el? an EB %Ddgleeé, an EA? 1rr%dul e or
a mafr omedlgheng, hestbiohinAnuderddo viataibnige mestihd dulfeniig; Suplke pedlegsehava medéficsl ¢
ot er s 19uaRPEC foml B SBogBUTRaHIds DackloSs BRish g e ORLALRY
2012/ 02485 akeTdsWUSZ200rA110 6 EQ06n @itmnd adtid UABinodicidmindicdeefois@o chémigolime

enbodi nents, one or nore of the individual adenoviral gene nodul es nmay be
assenbl €@MPgRdssthel haxe a stipeipredhatds giffesnt fionpths epprplrdonial pnateref agi d.  An

d i . 3 I S i t1- t . . of El
moaul e, "SnTRGHR il Pulcfioh R SRRRIPHBR L nfliBuly (BRER GRS 27 The
erdded b8 RRiaL milpE e EINCIUDY SN B ey S
modul e, @ppER JFBYYhEoncaft %gﬁ?ﬁgs' @cod&en&e‘ar@t%?ﬁgm@uw BIRRERRAUl e, " as

used heréin, reférs to: én macr onodul . a nucleic acid including
an El noderhenciatdedionidiskidn mhaaleetidenbkavasy), maydwreferred 40 bptheomoduhanly i . e. a
nucl ei ¢ aci g‘?«fl ncllu itp?g an El nodul e, an E2-L2 nodul e and an L3-L4 nodul e
conbi ned{*Par BIEEZHAEPUodul e (i.e. a nucleic acid including an El

modul e, an E2-L2 nodul e, an L3-L4 nodul e and an E3 nodul e conbi ned);
[0070] “Conservatively modified variants” applies to both amino acid and nucleic acid

30  sequences. With respect to particular nucleic acid sequences, conservatively modified
variants refers to those nucleic acids which encode identical or essentially identical amino

acid sequences, or where the nucleic acid does not encode an amino acid sequence, to
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an E2-L4 macronodule (i.e. a nucleic acid including an E2-L2 nodul e and an
L3-L4 15nodul e, also referred to herein as a "core nacronodul e"); an E2-E3
macr onoduwe 20i2/e435a nucl eic acid including an E2-L2 nodelce;usanilodsobél nmodul e

and an E3 dul e, conbi ned) ;. an E2-E4 cronodule.(i.e. a nuclejc acid
el uai mas R, FeBR i Ehéos BeB i S IR RIRGY Bt fned: BB 8% mau o
conbi nedyuimb20 8N fulndtidrdl Ifagn@eBIdik Rid dcid- endodiily&iiGendib@in. Nidr igkitsi@e ahe L3- L4
nodul e, and an E3 nodul e conbi ned) an L3-E4 nacronpdule (i.e. a nucleic
aci d i ncodensfgCan GCE IGCGuad GEU alh crpdagin Areing geidafanme. r?%ﬂlﬁ,l?’é CEYIDi ned) ;

d .. -E4 : . . . ) E3
modul e 4 B PRRE RIBCAEA b v Spadh L APl SHDDEAE 7.
nmacr snodiskespohdag dodedsdsaitied itholuealfdring.thacrwoded palgpapidduBegh mrcldnadd- E4

macr onodul e.. Where an adenoviral . macronodule i s used as one of the two or
more selWEREANSAdRNBIRY VAriaHeR| WRIChGFC QRSWRHIFS plocanpavilichemedidefd, the ot her
sel ect ed & Vi ; | Lndh v | gene
modul ot Red 30 et & ¢ hel AR AR P P AR B BRGS
each i ndiverycheabibddnowiariatiogeitbe moduicecids Qrreadekill will igcagneze that dable codon

assenbl ed nuc] ei c.aci d, her. separat e or within.a c.r onodul or
oo i gmuplstetri B A G e R NS tne b haunit o SR os 1 or
assqpbl iygch ReorfushiE the 86lyGolidn f&?m%ﬁaﬂ)&ﬁﬁ BERMALRd BSidNE fuddagndtB- L2 nor

L3- L4 nodul es are Sel ectéed as anofher nodule for inclusion in the
assembl ddentigel mplecelei dccordibgho taghoiesswp@TpUsSPoN1Yc480dev itk ewiodes a wher e

t hree or re.adenovj.r.al ge nodul es are sel ecte he adenovir

ey oo ude SRHiGEn AERReIPE GBS PE REIET o hR S ARRIN rhisg by,
some enmbdnimntsecttbactiel otk idyabrdes assenbling the nucleic acid from

t hree adenoviral gene nodul es selected from (i) an El nodule, (ii) a core

macr ono 1 a 114 . - . . L
macr omoddl ) FRS dArhind gPid el R ML B A i BRI o il Wbstnigny o
f ourl Sadefetetiongibr ghiiteonsvel ahescrakric padider priy@aptilt, arpelttia,sequenos @hich

macr onoduyl e, E3 dul e, and, an E4 nodul e. [0087] .I n, sone, enbodi nent s,
one or rAFE %‘%gr%&l? 19 agEede MBQIasY orgyskel RegrrBiage AT ewinogcHisdn Hhecssaddul e
prior t l Sb&irag L h&ch QR S iok0 the
N e B e R L S L
nmor e i ndifwndgano ade mothi ar dlemgele snoidarlaesnmatidi fohsedediveististitutiongabecr onodul e
(i.e. an El. nodul E2-L2 nodul e, an L4 nodul e n E3 nodul.e,, and/ or
bn' £ nouemide T topRly dbBhrRER S TR R ERORB LG ohs A ERTEORALr Shodul o
Thugg | MeANEd e 481 sididditomal ReGot HElugRI ARlviaRgnts NBteryp6tied ¢ acid
using the core macronodul e and one or nore 15adenoviral gene nodul es

sel ect edhoiradest pred #lclespdtheinverionE3 nodul e, or the E4 nodul e. [0088]

Adenovi ruses are non-envel oped, icosahedral viruses that replicate in the
nucl eus.[007 atienfVbivalg @eiteroidthelscqptdy htheth diedsahm dret@isctvatieer t ai n
positions in adenoviral %fnones, as described, for exanple, in Davison et

al ., Jourhsitugnsdanieamoticy:d) dggning Cop §)ycimu(G)pdsasapaerid (), Sdwamic

denovi raet (4 S GBI A3, GRER PR B R S (STl o .

aderndvi riaducgerie), MethioamegM)y Vet (VOr €) Pheaglalumide (8% Tyhedie @DpToxptophte Si ze

R Al i, ST DU S AL o

herei”1lﬂ%m%uﬁﬂ9kﬂkc acid containing an adenoviral inverted termi nal repeat
(ITR. The EIl nodule may additionally include a pronoter that nmay be
of the assepbl.ed nucgl.eic acid.

250pera inked to.a protein codi ng,regio,
The bl BBl T ey PR aal OB PR R Caer o r A Bl AP IE
regi ons.acld) pafdéiht draRclod, ihdieatbS fRat BB IO, virus, nucleic acid, protein or vector, has been
30  modified by the introduction of a heterologous nucleic acid or protein or the alteration of a
native nucleic acid or protein, or that the cell is derived from a cell so modified. Thus, for

example, recombinant cells express genes that are not found within the native (non-
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the EIl nodule may al so include any of the viral genes found fromthe El
term nus of an adenoviral genone to the viral polynerase coding region
(di scussewiolei2mayisiFor exanpl e, the El nodul e may addi t ipomaiskyrtiomsohade

codi ng regions f t he. maj or transcriptiaonal,activator. 30El A (,e.g. encoding
nact Py arar ey Pl R on PR R 8 A B et &

bl ocker skprdstdd, BRtsr CLprPssc@oBndti RPtcRed aue. bi ndi ng and viral nRNA exporters)
and/ or plg( (e.g. encoding mnor structural proteins and proteins that

e ot T M shiBeti Bl A el SRR L) ek YRR Sorre

enbodi mabdise wilhieybiddizvod itk earp& sapeoxicopt/gicylly hex SamEesmzguicrofln@olgich as t he
El A and E 1B regi ons of an adenovirus faiu,nd in nature (e.g. see Fi gure 5).
[0090] ARidsEutitono GRGE peaueREss | SEERenfitiongarg spqnenes-densaflent @Bkl Af ng at
| east o in AR ¢4 I j i otein
codi ng. T o P S R eF 2 Gt P
DNA- bi ndemgerptuntseiAn codisng guedy torthe AybeidiE2+ib® ofmahl¢ie acids tsyfpinadiinl Bijsdar,i ved

formthe_ adenoviral. E2B, LI /or L2 regio The E2-L ul
NP A R b Ul 3 o et N TR R et A e
transcr i‘@\!eﬁne@-%‘f.bﬂ_ﬁéi e$ oﬁﬂ%é‘fél’iz‘%gii@h Bid {Hé%ﬁa@g% :bﬁfludlélc Qé‘iﬁlﬁ%iyﬂ 1‘993)@' DNA

into the viral capsid), 10 (e.g. encoding viral DNA pol ymerases),
E2B 10TP Gancepllyestoingént gondigonserreraiedtcdiodicaibaut ha Glowat than thet thermeahds  of

viral gen s _and 4 s -necessary for viral .repli.cation and.packagi.ng), LI 52K
P 5 SRR et AT e P R R R B S
I'1a (e.tgm aaﬁ@ai(uﬂgememea sdnfidigtcnial pHI MEhfteit bedcehtedtiony & whighbbizsgs the
capsid), L2 Ill (penton) (e.g. encoding major structural proteins that form
t he ver ttBxpbes eranplgpsntaryiip dicetarges hygidizste the rgch srgipnce a egylipriym (gs the
encodi n r ot ej Ht h i oci ate
i h v FaE A e oS s b o e R e AR e
t hatl5f orSmEngdne casbtd@isandyoalsdoed avhéryeDWAthaheladdigorvof distabdiigd)gentanacl 2y pX
(e.g. encoding core structural ,fpr oize_i n that bind to and condense the viral
genone) .forpiigge Fa tixe AE Pecificdypridization, ¢ pogitiyve Sighpriv i it B9 se sane
size in 2B, 1 [0S, iLus found in
nat ur e (ﬂg.glg@Bg%(g%gf%ﬁPlg lg)t.lrl.%so%g%&%\%& ﬁ%?f%pgfrlmggf%ﬂ%%ﬁﬁg%%yher ein, is a
nucl ei ¢ hlybiidizeoon ainditivgs atn beasfollowergof5086 farmamidaNAx SOCy amt HSSEHi ng

regi on and.a .hexop.ar ot ei odj egi on.. | o) nmbodi S he L3-L4
rodute By arSE R e Sk St T B iRt e e i B8 Mg PeSsbrindn some
enbogdi manig,.spdhgraethe E2-L2 nodul e contains a viral DNA pol ynmerase

25codi ng region, the L3-L4 does not contain a viral DNA coding regions and
vi ce ver Likew.se,. where th 2- 1.2 modyl e, cont.al ns_a_hexon. prot ei

cod ng. 879N NEeR Euidt R B WER AR RS Fugaiusl Siafa BN AGID, and
Vi ce versabstarialyliddnkigal iMhepolpeptdeswhiciothel ensdbtagd substantydl Fyaticdat. brhigli ng
protein coding region, the L3-L4 may not contain a_viral DNA- binding
protein %@rﬁn%r FEHIRI Vel a50py of 8 ygleic) aeidyis gegatafgisig, the mexipyna codaga

pol yrer I i i i i 0R: vi ral
R T

?s S Qﬁgl ex\i;danmbdaérateEycétlgipgeﬁhbyﬂrﬁﬁiaﬁomdmdi&‘oﬂmfmh@my ﬁmbdﬁetet;?dﬁmgnlt egi ons
associ 2l DAY GRT R G L QgL SNSRI 1t PR BE  BRAREOE HOVURHEh ces)
L3 Il (hexems a%%7°d}@nag%sggﬁ§§]§g€rz{tqga@ly Mﬁgfg@lybridization is at least twice

background. Those of ordinary skill will readily recognize that alternative hybridization and
wash conditions can be utilized to provide conditions of similar stringency. Additional
30  guidelines for determining hybridization parameters are provided in numerous reference, e.g.,

and Current Protocols in Molecular Biology, ed. Ausubel, ef al., John Wiley & Sons.
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(e.g. encoding major structural proteins that formthe triangular faces of
the capsid), L3 23K (e.g. encoding viral proteases that processes viral
prot ei ns wo 2mpkiste capsid assenbly), E2A DBP (e g eneouiusgoibe4sobé ndi ng

protein t bi vira Jitates re tion L4 e.g.
bncod nd OB el ot Rirebire SEoMBRAC BRuTEn (o DgH e LD BT e
transl atj 5} ns that
or oot o aPuaP It chRE AR RS Dol deddbolidonc a?@g‘%?é s a4
22K (e. gmrmdacgthnchmmglestﬂﬁgéd@gchm anpli fitibAatLcripe@aturg eNgbodx pRESSBI on and
aid in viral DNA packaging). In sone enbodinents, the L3-L4 nodule is
appr oxi rfﬁ]@léflﬂyalth@@gh aiah sginrg@ncsnam@hlgmg]teawetaﬁéei@n TEDOR fé@fﬁ ahﬂutrSQgCémevft an

adenqvir und.in n ure or, t L4, and L5

Sendvi rfoct St of Shiringphdth and oty 4y B! SRlGBRROR, fir b8 nieh
macr onodik§ow %ﬁ‘ln%@ncrﬁn%lﬁﬁgtl&% hengd Qd@r?auﬁ'gtlorﬁ%a%é’fof@@’@ el gy Jo s&s used
herein, refers a'nucleic acid containing at | east one of a viral DNA
pol yner as#.,aadinnglihg phase lmdgaorsecxor?. rpinQtagd An eeEhsign pegic ofi abdun 78Uréor 1 -
enbodi rrents t he core macronodul e may al so include a viral DNA-binding

pr ot ei n <BH- fyotasals gAd ghidelipgrdolonoridtagh stripgency grplifiSHHAATEHBQN & ncl udes
nost of DNA
repli catérgﬁd%ﬁl palggﬁalg?%gwaﬁwgg)gbn(gk ?ﬁ%ﬂgolyn?n%;g%lt% er?l}goa@u% gﬁ \ﬁlarﬁ;oﬁg "'DNA

pol yifler asedemdi rgss; égi dinY.)a hexon protein coding region and a viral DNA

pol ynerase coding region. In other enbodinents, the core may al so incl ude
codi ng r@@IQNSAS lediRrdiY] thé Rr@l-"cAREPALRGs @ AN PR o?tcﬁl‘i’c%'% HeBplathQr€i NSt hat
form an associ ati on between the capsid and the viral genom c 20DNA at the
verti ceg)lahg_nanu tum(orﬁeﬁomd i maymabspn oetidmg lveliapriastarasemassndpaspeians t hat form

the tri aces .of, the ca S in Vi a. r ot eases
thatdpr(ajég)% ZEY&EC&S IBFIBEWZﬁ%’miW %W%Ni% M&}%ﬁl 6%%01%1: 3404
encoal ngi InB O dms i1 Pectll 108g, d) YthEI GHha, st 8|S

replicat |lon) % 100K (e.qg. e%lCOdln pr OtSEI ns r]ilhat 1?ﬂhlrbl t csel | ul alﬁtergrsot ein

syntlResjagd é\fi@ﬂ%lpblr@@ip@at es\ingluge, |Pbltd@k1@ﬁd?lé¢aﬁ@)Norleﬂ0égKnee g.
25encodif el n 4 22K
(e.g. en 0 |n§{apro?té}lpﬁlg’e p%%ﬂ?)l?éeté&k ea%nrca C%B\éfﬁ%)%éx%rgggaggcl)%aﬁ nd aid in
viral Dwmm&mkwgsls,g)nmﬁaaldck@zomﬂzmgmwe priodiynigralnatimoty, amset, inptligaantact i vat or s
and proteins that assist in packagi Cg viral DNA into the vjral ﬁapm d), E2B
Pol (e. g)an@rﬁ%%mﬁ@awm@m@mmﬁ&ﬁw@a dgiapry adslep gance PEMAdgRiSKY! t he

t erm nal t t cessary
o soui s e e R R R ST e
neceds argenftmrrnpa;ct(agwmg:ev,l m@iign@lﬁ&ypﬂicalccmms eudmettial chhéea, 4deengl caticddi ng

m nor structural protﬁ hat hel p to. stablllzesdthe cp L2 111

(pent on)cae%efgneoal%é@ap Bier?& %“r““gtaPGE%“Rﬁr%ﬂe PARGERY A PRSI &P?ﬁrt he vertex of
the capsid where the fiber E)jwtrudes) L2 pVI1 (e. g encodi ng core

st r uct url@078Iwolxoteon GRaksnR fms@maﬂhowam@femm giahgnant discargprof bgylaad-

hi st one assqck at e di ng
Core ot rEPTPereRs 30 Rrednitaly bbby CuBRed PRIk onl YetloBima e
viral capsiodytes enethelr piduesofd ieke Plood ehdboncangrdw. n&l{eaug is gneadiyng cor e
structural protein _that bind to and condense the viral genone). In sone

mbadi mehinically plassiBied an hsdasie of 61) shpprationandehgracise ngélﬁéh@awquw 9ength as
th E2B,
e 28 et uf oo Rl FOLBRALBIIALBANDERN (AL 0RRe ® O

nat ure (rﬁorg)cyﬁeanﬁl(g)lhe ifgyeas¢ O08B-intlasinahehumestaba@thabycltshe tha hslad)d-DNA
pol yner ase gene co tai.n ence t at shar es. at ast 45%(e g 50% 60%
700 809s ks otalsgkegyodsudlmkcrmiess The b ge mig isgurlygeoenivd asgisne

i dentit mi ds
996. 110 &#*C?‘%e“fﬁ%?;%ﬁ%ﬂ%ﬂy%n@r 1618 LBALRA thef adbonblul B R RANEE 2

7A- G orin Ittmthlsgxgisa;mrlbgdnemélymbﬂtltfspmmlambbﬁmtl kepbermesactlﬂinempnm wigardéess oded
by the h ntal E se nce t res at .|l east 45%

60% 709 H0¥C Solsiikety o ScshiheaBof Baosht avsftemis s HietRony

i denti t%f&ﬁaﬁﬁ ieﬁﬁéhla%dcﬁﬁfférQMWaSm@fﬁbﬂQ)f aeitds a%ﬁ(e%oﬂly@ﬂo):yt@c le@kdnii@, aci ds
501- 747 of the human Ad5 hexon as set forth in SEQ I D 73 (Fig
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7D-G or honol og thereof derived from another species. The protein encoded
by the viral DNA-binding protein gene contains sequence that shares at
| east 35%0eo0245% 50% 60% 70% 80% 90% 91% 92% Pe3XS2@4848086% 96%

97% 98% 99% or ,100% i dent.i t o _at least 50 contiguous amno.acids (e.g.
215 of e bR IR R R A hisg R R T Sk fe” So
forth i mcocQ@rémydotARIckifchda, Aduk T-&J11 16aEi9 M dukemeofuktania Veruks Mmoot her
species. [0094] An "E4 nodule,” as used herein, is a nucleic acid

cont ai nileigkema.bapepbyle ieukemen. blast esildeukgmin bevms dukertia, ichipara mrcloertisi nal
repeat ( 1 i addi-f.] ncl codi ng
regi on f%{}lﬂ%ﬁ% lgl%k%ﬁrrg?gﬂg? g@b%%@ 8?1{]@25 a’%ﬁ%ﬁ%%h%ﬂ%ée&ﬁéh@%ggﬁlé{]ﬁ Gnal | y

i ncl §de hadgioey 1eukginid) hefoblabide letikenGih thepocgtob&rtothiuRgmiar bisgodisgictihikiemiagdi at e
E2F transactivatjon of viral transcription), E4 orf 6 (e.g. encoding

pr ot ei nsStam el [srberireadts BPNEINAC SHKEHES il%l,kog%%levk%laawp%ﬁ%lr@ﬂlk%l&aa| | ate

MRNAs, : | Cl e [ [ - hat

regul at 2@8??@?%%?%%@%@?%%00%}%%% |£:ai’ 1 g,phggﬁggﬁkgft&%’ S@%O?@m orf3
(e.g. ercdaimg pmphesarrentahvat! 1blkeoka, p3t catidical eaulat megwkaryopyticoleukatiigy upt VRN
DNA- r epai r 30c | ex,, and.prevent _.concatenerization), E4 orf2, and E4 orfl
(e.g. orBEREONETS HEmhmoReois Sak g Tag ot s B dpakEe ¢ her eby
| eadipng bk iRty dloid Bty ic Blle®Rl mySlbmonbddtlc lehinSiRaGehdikeRit s, the
E4 nodule is approximatel y 'the sanme size in |length as the E4 WO

2012/ 024851RCRIUSEEMIE, 018006 mysddron phfsnaay taaksnkemipugrofyaledytinlenkenyee or t he

E4 and regl pns ., of . ap _adenovi r,us .found i.n, nature . g. see Figure b).
Fo0os] AQcEsffiRid SR FRR Heut A et Defifir b fafemB TR ring ey

nucl ei ¢ \adiffbre&aital dlingukdntendi ng region for one or nore fiber proteins

and/ or an adenoviral inverted 5 termnal repeat (ITR). In some enbodi nents,
the E3 e i e i efL aof the
prot oi n 10otIng Gt e & SRRV R BRRRR b SRR A SR pARaR M, o
t he 1genahechibsoattamonndativEiiguicand)s gehbellp\ébnposddif vipselggiacked wllaombgdied t hat
encodes .a protein that contains sequence sharing at |east 35% (e..g..50%
60% 70942 mla@@w)eow&eww%m- Saf%)m_@w 1@@@9?@@%38%% upuRateg09y

i denti ty,etaQeifdo la%ﬁ@%hiéigoié&lngﬁﬁfo'c%lﬁfﬂﬁl S8LAR A LASnE@nler agéﬁt)inélﬁd@a[“ no acids
6-43 of the hur?an Ad5 pVITI "protein as set forth in SEQ I'D: 135 (Fig 7J).
The E3 mbdudresaregymadibiresaomoalal, fynphobardene ouélampspegimensykasardomapVi |1 (e. g.
encodi n m nor structural protein) E3 12.5 E3 CRI . g. encodi ng

ot ot el nERBredn MR eRER. SeRbasiei e oS G N PR bdul at or y
Pr otei NSafddada, hbloBlabtiddecdmABbIrgaA sRCEHEThBIrb@A karcEda ANRrib @afbinddig 0di ng
proteins that functions to 15efficiently | yse the cell for virus rel ease),
E3 RI Da quebrgonaépreeiningVilmsimoensitemnaopdgnoriel siscaniastrempipaeontanEwing's

pr o- apoRLAL G Fash ARSTRALLLILATLEELh, SHI CF Ly by RuD o i€ cftogpcodi ng

i munonodul at ory pr ot el s That rerove e prQ%- p(c)prfldt% C Fa aRd>TRAI L from
cel | surfi@ipgin's fadcohdh, Tdfotthig muetislo @ightendddicdiotthagitabrdohacknapalasts) , and
L5 IV (Fiber) (e.g. encoding major structural @Erot ein that extend fromthe
pent on Basemaf Baecdlsy lygipbaaip pimsnyneblastic paseept of Tisehd engpn's paicerppd<aposi's
enbodi t .S I OXI S ' [ as the
e R L o
adenovi rsagofmypdostoal Batcame, reecigocydeasatcogial Rows) sardod 6drodystit Edcdda,

macr onodul e,." as used e{ein, 15 a nucleic acid including an adenoviral

i nver t edYPRYiRh FEOMRe il pIPRpIICIRECOMa3_ E4 nacr onodul e may addi tional |y

i ncl ude any 25 known adenoviral sequence fromthe end of the protein coding
regi on dPO§N | The ern lmelaiRmbhbdtlen tatmaahe twingharising fromuke oflanbeytgepstom ( as

shown in Figyre 5)..The E3- macr onmodul e addj tional ly.include coding
eqi ons Y SIOEHT g o MeRERRT R CrET et sh R apbisser e ©o%

t r angactinviabdpPatie thiyi-bialink hARaOohdHal 6Ridantfhd Qb fanfcdnBerthge NGO HA ForPr Ot €1 NS
that pronote viral DNA synthesis, stabilize and export viral |ate nmRNAs,

and pr orfse@pphirel-legligingus welpnorna agel@otip swiinemapbatigl higcnilganclpeeud.at es

encodi ng P apar e RhERt PR k8o R TER A Tuiels ol i
DNA-r epai r
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conpl ex, and prevent concatenerization), E4 orf2, E4 orfl (e.g. encoding
proteins that pronotes signaling through P13-kinase thereby leading to
prot ei n swothewi2e3sand cell survival), 28 WD 2012/ 02435PPTN/SkIB201500©48006

L4 pVITI, (e.dg. encoding a mmnor structural protein) E3 12 5K E3 CR a (e.g.
encodi n eéﬂ’%?ﬁ&"i‘l}%lat‘%%% DERSEY 8%63%1083&; n 1?56?@?30( % QPb@ﬁ@o@?ﬁﬁaoma’

i munonagd|sap@fiYiaP§@éRlingsmelRaéma.nhi bit MHC- | antigen presentation), E3 ADP
(e.g. encoding proteins that functions to efficiently lyse the cell for

virus r e I , u i A t i t
v L DRERC) ToElaf Rl A0SR Bl OISR AL RO AT LS
Pl and TRAL LT ram coll aur aca) B Tk oo oo o, eneohing <

pr ot i n<CAAME WHRD a%blrﬁfé%%tegwité’ﬁa()@hm@im %mjﬂoqlé%ﬁ@.dﬁ@ﬂé@éi% maj or
struct Urrﬁﬁoo‘?igﬁaﬁdl Rxidapt aﬁ&%%@lcéﬁcemgeggmgﬁa&,q?r 1&ndinaF GarbiSRANS! ble for

receptor binding). 10[0097] In sone enbodi nents, one or nore o
adenovi rainoge ngcmothal gknpeystic decmomapadenordecystid edrciooma@rgnomsabst i t uti on,

addition or deletion of a nfucleii:qa&i d?l rel ative toaltlhelse ence of the
modul ¢ FHSRPRITSR GRS RCEogY cqifritly ol CosgiBorabi RO ¥ CElFRAMER he
adenovi rnakal@eneaBdraccdrSind@h Y&t cl1itfe, Basalt Sarcihbfa NBHRORiuEmBEed & 1pr ovi ded
herein may encode a sufficient nunber of adenoviral gene nodul es such that,
unddf cesatcaiams dronchivalvesies paicmpmasbroneluelef easeinoma dirontiwgenie catictmoawi d i nt o
a cell resulisnl 0uliNgnl CRIRLL N Bl Ak RIS 3D oM OmReLant cAfenovlnts, The
nut ati on 117 One of re cl)]’Patnﬁé) qdefio 74 gen% s LS (VRS may a oW Y he™:
resul ti ngnideROinous, t@phegdrtiaane, dribriseiecGenbsal @r@nordh seasiedscel I's such
as cancer cells) but not replicate in other cells (e.g. non-diseased cells
such as JEAPQrp Cuqua, oy isical gasgingmna rralindiiced celhedreigema nduch eIFPHA. of one
or nore c%fc?ﬁo‘?{;]@g&ﬁgﬁ, &%b{}%ﬂhl%fciﬁcﬁnzg 'e&&ﬁﬁal%@d AL MM R R inbRE E .
exogenous or heterol ogous protein coding region such as a non-viral protein
codildg reagiimoma cpltheliald ddéroddespéxophgticsardinom@a,paatiinscxalycnor @vcidemaddi ti onal
viral fupctionaljty, loss of a viral functionality (e.g. replication),
provi de ?Suén’rgéla%%fo@f- CVFWH@%%@@HH%HMG’@P@?’ SR GEHCATARE, GO,

provi de giga[nt@ceﬁﬁlfafb‘?gla%ulﬁf EdiSinOh ) 4r rﬁﬁ%éa%ll&@rcglon?a, Fhip-nf-2998d cmeRal d
protein); or provide a virus capable of producing a protein o? I nt erest

t hat i s IRbsutbd eguawntiayhé¢maicallddr candhoma.gdurilfle ecll fayeinbmnt heptinasecindmas, t he
nmut ati on na dd. a vi.ral function.or subtract a viral function. .The
econbi aRehsgisCheliadue. iRk SitRiaral vt fiisp debiibsns i GuisEaRiABTY uses
t hatyphav@rdiesiia, ietichitediab Yark 8 mia NK FoRhee hérQrtaRinddih, RiQIERRYS I Barflinoma,

het er ol ogous) nucleic acid or the alteration of the native nucleic acid
sequencdargfivell ghicmoats, bntigelyr tecindinargrrizpmaleati¢ware] lipaprsousrcarmnanaf t he
adenovi rgl,  HeNGIRAULER A% 30 AesETL O, BORKE I RYinbe S¥Ehysion of one
or more Of Pthé adenovirar g%n% nodures pr 25 1% - URECNEL 'VE Adenovi r al
genone. daf0@hha, Thtdthonad mseneiivadcaeitota, tAEnBHE InRipaagh dedrdigbrdes a

nmut at ed adenovi ral nucleic acid sequence., An adenoviral nucleic acid
sequencenyecglldagyaneeeridsumeid; G3ranging, GRIgINOF}a MYCosyg, mucous carcinoma,
2012/:02 j NOVI. T -l d. Ly The
mut zsedélcg%’qe#riocﬁé 1?{3%9%%{/8?%?%%8?%%%%&2%@28%3/@ gélﬁft C]fnp%lr%i Caatrér/%ﬁ?%al%i on in one
or nor e wkifiths, aderid¢ancalongepepiliagd chemoas, dasmriabedciabmdepremvadive t he

excl usion of one o nofrflrg of the aldenovi ral. gene n?déﬂLes .gr esePg. in the
native ddERYNG é’FlC%‘@r?S arciiRMRe Py %Cﬁo@r%%‘?%’é%tr%‘}a Efrecaseiapar Of KREY-i ncl udes
a del et ggdsadenPviat@hofH ChRiifon@tdattomatodes, schneiderian carcinoma, scirrhous
carcinoma, carcinoma scroti, signet-ring cell carcinoma, carcinoma simplex, small-cell
30  carcinoma, solanoid carcinoma, spheroidal cell carcinoma, spindle cell carcinoma, carcinoma
spongiosum, squamous carcinoma, squamous cell carcinoma, string carcinoma, carcinoma
telangiectaticum, carcinoma telangiectodes, transitional cell carcinoma, carcinoma

tuberosum, tuberous carcinoma, verrucous carcinoma, and carcinoma villosum.
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5sequence, an ectopic adenoviral nucleic acid sequence, or an exogenous
(e.g. heterol ogous) nucleic acid sequence (e.g. encoding a non-adenoviral
gene produot2pi2/oesinut at ed adenoviral nucl eic aci d sequentasoey/0isves ude a

nmut at ed = {RF ne pr.odyct at confers altered .functionpali.t nmut at ed
o b o oA Ey PERGPE AT Rl ERCHGURod Firil! R RSt proBufi: &t o
viral cogfecrfot Whidh ittis BHMmt&gd CTRY Bxdct Besc@Rd Yonul@iohepidrdepénddsothei n, a 10
mut at ed hexon protein, a protein fused to plX, a protein toxic to certain
cel |'s, a@uEpnspoéthe tmatrmm,t4né|w1ilih§éiﬁ0@@ﬁ@bkerhyrﬁ@r$kd§ém@mera@tsusmgiéwwnhan t hat
type wh E | ei i.d is j r t i e.g. a
opor -t avul U e L LR bl AR RIpR e PO Al AT ISR BABHR | o e
enbodi meftesdrt, (e eenbaigh el echaclody bf\Rhariirseirhel Ebmpamthding (1999, Ruml@idn: deed may
al so include both the El podule and the E4 nodules. |n certgin enbodi nent s,

the 15 m§ées enaEraticael Qaegaeng Ut Edigan @€raat. EAEoHZ00Y), kar, Prgage

nucleic(gg' B i nclude the El nodul e and the L3-L4 nodul e. The
nucl ei ¢ ac?ﬂana;(g%s )include the El nodule, the E2-L2 nodul e and the L3-L4
nodul e.

0]..0 n _sone, enbodiments, the nethod.includes. assenbl i t he
nucl ei ¢ 001 Pl FaBroriEEDy Ssehaferals genari LS TEracr el r om an
Bl modul @@ Gah&nfRPidtRide 8dltsfe? tOaiRE dbiBpodid MdficHIRE bMphiARSitOfcl#QBRONeNt s
thereof In related enbodi nents, for the exanple of hunman Ad5, the nefhod

i ncll@desoatoxendsidsy baes, depehéding oadhapdrionaranbgitugnssiiouad oathampondndul e,
an L3-L4 ndu

o0 STyl TR S0 RS I SR 0 SR S
20, 21, fddctioAdliticd4basdaddiZibn sdAi caBBe 0BRincdby BhtacBda thdhcutddl foddof Sh 37, 38,
compounds with a sufficient amount of the desired base, either neat or in a suitable inert

solvent. Examples of pharmaceutically acceptable base addition salts include sodium,

15  potassium, calcium, ammonium, organic amino, or magnesium salt, or a similar salt. When
compounds of the present invention contain relatively basic functionalities, acid addition salts
can be obtained by contacting the neutral form of such compounds with a sufficient amount
of the desired acid, either neat or in a suitable inert solvent. Examples of pharmaceutically
acceptable acid addition salts include those derived from inorganic acids like hydrochloric,

20  hydrobromic, nitric, carbonic, monohydrogencarbonic, phosphoric,
monohydrogenphosphoric, dihydrogenphosphoric, sulfuric, monohydrogensulfuric,
hydriodic, or phosphorous acids and the like, as well as the salts derived from relatively
nontoxic organic acids like acetic, propionic, isobutyric, maleic, malonic, benzoic, succinic,
suberic, fumaric, lactic, mandelic, phthalic, benzenesulfonic, p-tolylsulfonic, citric, tartaric,

25  methanesulfonic, and the like. Also included are salts of amino acids such as arginate and the
like, and salts of organic acids like glucuronic or galactunoric acids and the like (see, e.g.,
Berge et al., Journal of Pharmaceutical Science 66:1-19 (1977)). Certain specific
compounds of the present invention contain both basic and acidic functionalities that allow

the compounds to be converted into either base or acid addition salts. Other pharmaceutically

30  acceptable carriers known to those of skill in the art are suitable for the present invention.
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39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, or 50 25kb in length. In sone
enbodi nents, the nucleic acid forned is at least 10, 11, 12, 13, 14, 15,
16, 17, 3802nﬂmn281 21, 22 kb in length. In some enbodi wemts201tlogsonac| ei ¢

aci d forﬁ?‘idﬂéiﬁ Ileastt 10, 11, 12, 13, 14, 15 kb in length. In sone
enbodi , acid formed is at | east 10, 11, 12 kb in Il ength.

In sone enbodi nents, the nucleic acid forned is at Ieast 12 kb in | ength.
30[ 0101]1- The Adsemtily Metheds or nred by t he nmet hods provided herein may be any
expressi bl e nucleic acid. The nucleic acid may be expressed to produce an

adenovi r H§84 Trc}]r/% c?h@% raL{ﬁ bs%%%{i&?f.%%r epﬁgal{%;%&%ﬂ{n%%%@ (?n some

|nfect| or se rep |ca catl on conpet ent
enbodi n&afesr,edttclslhzeram(ﬂsé‘mlsanblgl”)r ST'ha méth@dnndludﬁ:@mahblhﬁg smndcieptiddrometts, t he

assenbl i ng i ncl udes conbi ni t novi r e no s (or macgronpdul es)
t ogePherO T A ! S PRt acte&fr | RET0E; S At Boms Bt o gT
adenovi rysqu 10 dH IEBSmOdul TBE FNRIMIE Sorlad a8ORAME] MEcrbRolik TbPmU AR theRBF £
adenovirus upon introduction into a cell (e.g. expression or formation of

t he vi r uksséretlfhelopal ) sorﬂmqstdlmestsn@emﬂﬂmﬂir inelndes, assdneblangeshovidel agidne
dul f
monner gty By S et R e SR RS Sels s A B P e Pl ool RREG e or

exanpl e thédl§ anaall £ehodGRl 81BY mddarNA®ES @odandirah au&ﬁ)mqmaa@ﬁmaﬁré Iihgat i on
10 |ndependent cl oni ng t echnol ogy ("SLIC'). The gateway technol ogy or

si nillar nuelehmastidEny Saph egenoyirnegeneas qonstricse Antsidaravin g@@@mﬁg@ ingicl ei c
acid (e. g NM g [ AUTRALS PJeEs%H‘Lgé’geuﬂ%h%& &Rlctlgt‘ljﬁlt(?h?n %ﬁ%ﬁlaﬁ%eﬁ?l na}»t?ible The

net resu I's 1Tnsertion O sequence 1 on

vector af f&n@ﬁ@hdecoﬁﬂﬁi@t hémbnebn gitesnua i #ed hﬁglalsame a%kﬁﬂ@tid:ﬂb@[ry{s referred
to herein as "site specific reconbination nmethods"” or "SSR nethods."™ In one

such apHCNeRE copstrust thCBﬁos@b@rﬁwfh%a disignaf vigpmier: & halosr Wi & Fapabie &R entry
vect or 'fﬁfrﬁm% faqgﬁotueqlﬂﬂﬁ‘éﬂt g@en\@%/ﬁ{lg{;vheﬁ Qﬁ)r%sgé&' etg% Qﬁa tﬁ)ﬁu&t?on 1ﬁﬁ) h&%‘flian

propagati on estination vector Ent ry vectors an
destliSnatdebn Tlecidensvitusps safokyed ony dic mepleediand aaakragedsno@m nSerto mny

enbodi nent s, try vectors ar e, reconbi nat.i gn, conpet ent

embodi nmeffises- gﬂr Bicthads p&rVédeﬁ%rqna %tlrlﬁrrdec%%welgr&an aq?m‘rl Beqs 7
conmpet enly& %th%e&rtrﬁér% g@ﬁd&nfé%&ﬁﬂé& 2heteRlo gmfs%le%%&%hr @on%ﬂﬁe@t@bnﬁo dul es,
whi ch can be released fromthe entry vector by enzymatic restriction,

t her eby intel remmagatt ¢rdls aeddnglonglin g@n@pleuwmleg celPhiod meﬁ@r wiith adelpesSR

nmet hods adaptl ng. th g %lgaé ec nol. o9 for insertlgﬁ ade VI raI ene
rodul s ‘iieg stiistER a8 PEIRd BV pkitonts Rl o PR HREATE M) pECT 61 ¢
aci ¢op! asnct basRNAr Soluh e cofderttsl Bgudndes, gahe wgﬁoﬁa%hﬂﬁﬂcﬁ@afal lusits. In
described, for exanple, in Sone et. al., J Biotechnol. (2008) Sep 10; 136( 3-

254) : 1130me:cmbgdimenys, tha mgthod inchitstrassrabling toguleicaid frygghny 95 mosnd

Sasaki, a%%ncﬁjlrai gé]ne g&ﬁlgscs}%fé%{ed ffo%? o t’l IHDQizﬂe, a %Z-ZIflzgmodule, an L3-L4 module,

an E3 module, and an E4 module. The resulting nucleic acid (also referred to herein as an
“assembled nucleic acid”’) may be expressed after assembly (e.g. replicated, transcribed,

25  translated, and packaged) thereby forming a recombinant adenovirus. The expression of the
nucleic acid may be performed in vitro, in situ, in a cell (e.g. by transfecting the nucleic acid
into a cell), or in vivo. In certain embodiments, the expression is performed in a cell thereby

leading to virus production.

[0085] The term “adenoviral gene module,” as used herein, refers to an E1 module, an E2-
30 L2 module, an L3-L4 module, an E3 module, an E4 module or a macromodule thereof. An
adenoviral gene module is, therefore, a nucleic acid (e.g. DNA). A “individual adenoviral

gene module,” as used herein, refers to an E1 module, an E2-L2 module, an L3-L4 module,
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[0103] For exanple, where an SSR nethod is used, the assenbling includes
contacting a reconbination conpetent destination vector (e.g. a destination
vect or i nwbudimg4zir econbi nation site nucleic aci d sequentaS2and4sone or

nore of t adenoviral_ gene nodul es 30with an integrase.(e.q, .|anbda phage
ot ogr ad® £ BBHS R EPEREE BB H ey chp of PoPE RS sfivaBTar o
factor) ddbeseRy géimibdifesinapBen¥hbRl f@ensmame vhismy®Lésqirior T EsseMBIiMs theDr e
of the adenoviral gene nodul es are reconbi nati on conpet ent adenoviral gene
nodul es nUslels acih Adedewviral maep@odwdds Beicapbingtion obtwoe dupbemiatr ohaskt e

nucl ei c i Aok / / 0 06
enbodinéﬁ@%ﬂqﬁﬁgg%g%ﬁ%gu%b?gﬂggéo ﬁﬁg%ﬁgg%ﬁgﬁéggggggégéﬁév?ﬁgI gene
modulses rasormodutedhdryfoaclds @ finar seamhdd meldioaid (d.e DNA) tacinaludds segtesce to
an adenoviral gene nodul e thereby forning t he one or nnrg recomnbi nat i on
conpet erft” faen dvildnogenentoat gduicnaipt-fdr reoddeidadnt BodY hendiemedulfor e
recombi npt 0 SIEAGYEN mARFAAMIL 2hs GRARARLULES @re part of S a

reconbi nati on conpetent entry vector. In some enbodi nents, the

r econbi nat kok1ddénpedrempdenire avackor ®icmaiuding angE omedde andre E3fL2 inedule
adenovi r al %gﬁgggpdules are formed by contacting one or nore reconbination
conpetent & ral gene nodul es and a reconbi nati on conpetent donor
vectigr Wi t by 8MN-1i4heQbAS8ule (18 a8R¥IcfOdci RN MECOMBHNAL dn0Fn-CoMRRfuUndent Iy
vectors containing one or nore of the adenoviral gene nodules. Thus, in 10
some enmbodimeails! madylecombinadk i on conpet ent destination vector and one or
nore reconbi pation co tent entry.vectors contalning one re, of the
Rdenovi ral " ENd TaTPEBALFT ¢ SHERiCRER AR il CyPRul P P ad by
form ng anradenauiulabn@enes madulcecondsiq); [ 0104] Figures 20-21 diagram an
enbodi ment of the methods provided herein devel oped 15 for human Ad5. The
assenbl i ngai Fetlidaacreprtilai(gy adugsi 4cmnpblﬁmge9@tl%r%ﬁwd@keanéranr¥e%b4 entry
vectiqrs, e 0 I3 i tl.e, with one or nore of
eitﬁgr |anﬁg§“%h§%§h¥h %5§g§§$§%§¥ﬁ%§¢gﬁgggmgggiLionase, or the bacteria
host i nt ega@ERHSB haabmodult lies. abyclear atidhmpchidirgderkEd 2 alodgenen Bdud @oshdet or .

I n some enbodi nent s, {heﬁgﬂ%%ﬁ vectors are fornmed by adding a reconbi nation
site to an¥gehbymodrleqombi ule, followed by 20 conbination with a donor
vector and,QBs.iof mibofflefld. Afucl ATRAPiNERAAE d¥ 200 A3Rid #IDIE PRBEG.

exci sionase, or the bacterial host integration factor thereby form ng an
adenovi r al ag€&fenavinthdng aari4 mosdde tombinefl105] A destination vector is a

nucl.eic acid whi ch t denovi r al ne dule js, to be jojne such as a
o'2gf 4 TheLpdmGomalls 20y Nkl iR Mo - b il ! GE» il
25cont ai ni pgmbinedyadenoviral gene nodule to be included (e.g. inserted)
within the destination vector. The destination vector may have one or nore
adenovi r al ageaddmearbeedpe éseatnupicicrcid mcidmest i hl4 frodyle, e kBinmdutp andhe
reconbinat&9ﬁ4%ggﬁftqgﬁﬁg§ 1& ation vector and the one or nore of the
adenoviral “gene Ui WY he integrase (e.g. integrase, excisionase,
and/ or hostn EB{EgHhatrbModiila¢i @ a)nucB] L210Bkluaingemardmoadlc and sh Ee nisidulei ¢ aci d
sequence, also referred to herein as "att" site, is a nucleic acid sequence
t hat?>f aci | FeBPB&din vitro site specific recombination between two nucleic

acids. | I . i I hi i i ence is
ppr oxi e oS EnbRISEET By e dn! BRSTMPRIRE B P oL BH P BB TLE sagf

exanpl e, maro@odutd) orani KBE4$ nfaeromuaiuéd. CWaeiicthn sid cpusiraEmaergmiodule igadedwayne
reconbi ngtorial signal, such as.those shown in Figuyre 10 and/or set forth

i n Sone Wi 10 o MOIESEREERAB OV ragDadISoBT iﬁ?@@&%&@)@@f?—%%{’ thqaqtﬁ Tey, et

al ., Geng@®tcRe8en V%Qpﬁl)dulg/@) islaf88st ahiRdwidRRCh (SASAKI ger?etmédiul;e contaiBb®t echnol .
(2004), 107, 233-243. (e.qg. attB sites, attL sites, attR bsites, attP

sit &9, avitBn thsit ndmovaaltiPacrginbége.ahdothtrewdidkepch [rdiid]al bderooirel gemb odidoint s,

the one .or nore reconbi pati on.coppet ent .adenoyvi ral gene nmogul es form part
of (or dr BprBOBhtongF thitySEEReEE et VAo oBmsR D B Iy be a

pl asm d Hareabdb eFv danpRd, Qe JROTAIR! O@Yoremoré BaléAEd 06R6vied| @BhdY.

technol ogy. [0108] In sonme enbodi nents, the DEST vectors contain different

count er sedddes fonastombhrethe aycle asislin tler enat eeciontvdotes seithes theE2ahy npA3-

fr angentLi rplgaullesn ar%%éltec Iecrf aé: 2(1)1{10 Iér'n?o%le for inclusion in the assembled nucleic acid.
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prevents growth of bacterial cells. Figure 22 describes the efficiencies of
various countersel ection cassettes that have been used in the nethods
provi ded Wereim24§50109] Fi gure 19 details an ori gi nal pmcmasmhlmumoﬁhe

reasse enow rus ene dul es at e

Repegidli i B B R P S (O SR TR R v
vect or s,midémedit ismdt 6h FPAVEEEmagienddilcdr EQ%‘@m@ﬂ@ﬁio@ﬁleand a fourth unrel ated
stuffer nodul e. Once these four nodul es were conbi ned, the stuffer nodul e

S r eI B BRI RARL RO Bof TEAL R T, @ﬁwhﬂga{e' RRCRA i Brce .
Lastly, remalning two adenovirar gene rodu re i nserted

r ea](c:]'E i Omdbmo\ﬁlﬁl’@ér&trﬁodlﬂ@ s\éle:’c&ki feam (JD(;En ETh&luby, (ig) a’kair% p{aemmhlewalsd (111)

i nefficient usi e | arger adenovir gene nodul es i n gateway

reacti orfé,F 32@05‘;‘16 Eﬁgmﬁg’ﬂ lger n 8%1%#%@0%3?1& thipe fedhpd ey ?iémeE[udFmdul e.
Conbi nat,js@n, TR %hﬁ’éjﬁuc(l&c gmd%nﬁ@?qd%éﬁ RGeS RERUE fidnd O E £ABLER.
assenbly of genones fromthe nodul es .g. less steps to perform and
greaterzeﬁﬂenmemmyﬂhb;meE&hu@Mkpﬁnd@@E&ﬁkﬂﬁhe SLI C t echnol ogy enpl oys
anneal ing of a single stranded honol ogous sequence by relying on
eXOHUC|qg@@ngeﬂﬁkﬁkﬁﬁmihﬂﬁ&ﬁs%%E%ﬂﬁ@ﬂ:ﬂﬁﬁbﬁhﬁg%&éﬁm&@egnm LmﬁBﬁk@%ﬂgS in
25 two nucleic acid (e.g. DNA fragments) (Fig 16). Thus, the SLI

t echnol dgym empricegso l(argo @ssen@émﬁﬁlqmmimacad}d\’\éherﬁm magromadulsds ém’meéJ i ng

(e. hybr i on, exonucl ease- gener ed .single stranded
nucﬁ ct50|§hf@1nau S%ﬁﬁgﬁﬁang§“%%c?%§ |nsemP§8Hmdgkzm‘ongldn¥% g. DNA)
and destihfigidu@Nadéastiai gely Byddedndiengidedaviehineihasdsondant (ing ah me nwbdule,
technol ogy for insertion of adenoviral gene nodules into a desti nati on

vector t# Eokimaguionan kddienedyleia Rmgdulg, %déqren@“efe@@l@l dBEOWY. This
process Ky I er,

met hods o ug[%l%gsgﬁ 'Ei%g‘f:“ﬁﬁg'legg% L](?Irse g(?ﬁ?@ceﬂ T@bf‘ {ne%%\g%p H%dlrg@rﬂ tﬁ%

Nat ur e Nbtthod i cd0OagsecmBlin@ht nAblGic deidyusie A cdneagercaxbmwiﬂe exdond @ rﬂkﬁreAd Sl i cR
as WD 2012/ 024351PCT/ US2011/ Q48006 est abl i shed for man AdS. Fiqure 26
det 4P| s ARVl pRicdRedUEss ssiecterdrqne ictl lomedle, thp &3 Amh i R et tﬁmll] For
exanpl e, where the SLIC technology (or simlar cloning technology) is used,
t he assdf#$8IngAileoivirdes anyton-diveiapgd (ieosghedualneaisesnyt raplnaby indhe audlarns.

co ete stlna ion 5 t or a. desti nat on vect or |.i near
vector et tal ARt Tintidad herdina Rt PR AGoliFelng (e o on
each tergghbmss, s HscPBEd, o1 dREHIQTn D%s&ﬂ@ﬂ?ﬂv.]&oﬁfhaﬂ?@en@ﬂﬂ WiR%drhenedy
forning an adenoviral gene nodul'e vector. The hybridizati on conpetent

dest i nat§4eA8eAc2 8. dayoms gmbb@meefSeﬂlueedemyuﬁbg@ﬁ meghiles aSLd@V@drﬁ;@et ent
vect,ar The 0 ene

hy btr2|%d| zz}tltm K] naragltl)owmtS en%guged%%soavsllr gFH gurln %1‘39 %i}owmg gﬁg\\l}farl gene
modul e (rﬁo@lesq)rbvlﬂecahereﬁei@mellraalth@emrmdu{ees)u)e il&vlobgseatkbl) eEséh ®beulsi ngl e
stranded nucleic acid (e.g. DNA) overhang (e.g. on each term nus)

suf fi ci &R §nce w&r?é%ewr@@%wdsaﬂtﬁ@aevegwrwhena AERRECENCAE d (e.g. DNA)
overhang of the destination vector to facilitate hybridization (e.g. under
stri nger{ﬂOSﬂ:}ndAhi“Emn)@duld hasammlahemfhodsi amndcc a¢ilh eowtemingrat ddonowimd irverted

overhang and the a ene nodul e..over han re each a out 0 to 15 25
bp in | eRGHRRI TepRat ﬂfr B«S %511 fl@ﬂw%élgtmﬁa% BpropoL Shat the f or med
usi ng argpefBRf RLEN p'fﬂ%élﬂ%@l@ﬂn@%‘gloxﬂ Qtitlag]asééﬁ{bl&l)&ﬁﬁ@l@amdl NTROPE nRARRdL Ment s,

where the destination vector 1S circular (e.g. a plasmd), the destination
vect or itgpicklgadeded éog theiaténcarraehtbaodbebsB yediorer dbypddigomintgcdTRiregan,

dest t t T | d t t b tacted
W th an BoCLEERUE aalaSs el ian R b ndel B B e e ST onE T elch 2
T4 DNA mklydmlraage%orﬁeherts@waﬁ%bwastef&ediag%glsﬁ tAidusRdTRMIG! ¢BE cdegiib,nat i on

vector. Simlar t he hybridi zati on conpetent adenoviral gene no nodul e may

be for mehe By mashicmey ﬁgilm@a@y unqle@ Godine regiens e tles/npigr traessapheil peIVgiarh an

exonucl t her nt ene
moddte. Tt Somen g taEhire et ARELE T ERTRECR, B HERE HhhRan?

dest i natbleskem@ I8 55K (25, pAsisdingane idihdhendden R NAl cxgenas andibrgsX nay

i ncl ude conbi ni ng the hybridization conpetent destination vector and the
adenovi r(&2- SREMEBHRPEYEICURR IOt IRA PEYiRR At BIcriqs vabdomgBdhastitls, wher e
t he adenoviral gene nodule is circular _or contained within a circul ar

pl asnid, the adenoviral gene nodul e i s2finearized by endonucl ease treat nment
prior to exonucl ease treatnment. Thus, in sonme enbodi nents, one or nore of
the hybridi zation 30 conpetent adenoviral gene nodul es are forned by
contacting an entry vector that includes one ore nore entry vector
adenoviral gene nodules with an endonucl ease, thereby form ng one or nore
reIeased entry vector adenOV|raI ~gene nDduIes The one or nore reIeased

. e T e 1 S



WO 2012/ 024351PCT/ US2011/ 048006 or nore hybridi zati on conpetent adenovir al
gene nodul es. An entry vector adenoviral gene nodule as referred to herein
i s an ademownrai24xyene nodul e that is part of an entry vecrarsovossbeased
entry vector. enqviral gene nodul e referre Q rein i n_adenovi r al
gene” modaPatt iae Hdaofus %Y B SRLEHF AT SRE Ppb Se bl ot AR ance. &
restri ctinfHddan@iiBhe ENnfod0ldEs Spi0dniiedy the shime spden bihals tBeReArmdWiB i s not
circular (e.g. obtained g_y PCR or gene synthesis) and does not require

| i near i Z8gIPBNOIAN askengarusoriscin @agic (a2 a4e0Bigue Pn sone enbodi nent s,
annealing a SLIC conpetent vector to one or nore of the adenoviral gene
nodul es [0090]i nah tER-IRTMM ) gs tibed HBLdif; ic @ apetentidataddingpdcidenadfnovi r al
gene nodul e(s) with a DNA pol ynerase. 10[0113] In sonme enbodi nents, the

SLI Csc_orﬁ&@f _@#}iA DRIYISFase 6PH1AE FEIYHENIG hGrap eroiefarsadineareigent $98%ul es prior to
anneal i ngwidtherl lite £2TPEGhSM 89&Hfélﬂd"e%'viﬁ?ﬁﬁﬂﬂ%ﬁ@}mf@ﬂf‘&diﬂ%‘re?ﬁﬁ?
enbodi nents, nultiple SLIC reactions are perforne quent 1 al | 0 I nsert
mul ti pl élted&hbf incallulege yepicablguleased fodrhtid adenogioateE28yibad dindien 1 8 regionorer t o

bt ai i i I 1ds.to b t | ate t t
Sdenovi ra Lo Bidlsgoy slttesal e Ty sedinedatbe ThEaR iR r e tetos e o
genones - akQifioRla88vitéts RAG KRRARS thaNasSRIE R IR DN A higo Bhd Grdl HREd

gp%m ent
adenoviral genonmes are obtained frompurified virus stocks. Figure 30)’

di adPansE2hPetbgdemedmngofiras DA polpmetrees, Bl ppP du cmsoding éxedagphigalf or human
Ad5. [0115]. The adenovir al e nmodul e vector is a nucleic.aci.d having at
east - ot kire RSN Ub° Baai (B AT West S B Pl Bftidn A8

t echnol q@ykagifly, DESK €6lgnanebeing plotéiele Aevebdasy g packagh@ulies Dareimeldgdidsp t he
destination vector to formthe adenoviral gene nodul e vector. For exanple,
once f orlpkeldla €1ecr@dnavningr styiralnsaigin ﬂ(wé%gl.p to bl ren igiceryidgbAdnpdul e

vect or) fu Lfd i ri .00 gy
A G s e L e e T T S

f ur tiber fégepmaiuad), D2 p¥linogu e dRiptdoer ¢hietirarprotoms twith inmedlegctoddstone MAI ch
can be expressed (e, g, in cells) to faorman adengvirus (e.g. .a replicable
adenovi rafdpssoprigswith leél&ﬂgAéﬁﬁ%?%lﬁB’sljz ﬁ?-greﬂu@a&ﬁ% Sg%lPtu@aéﬁéOtﬁlﬁﬂthaé may
be furt i,fd S ri i t i : m
cecond. Ty O e D B e P S " or
f ourt h atientovdl padteigeing brsidolaed condenpetcivirel ggnoarcg bidubew ancbadireentgchor

t her eby in he nucl ei ¢ ,acid, which can be 30 resse o form.an
adenov) FieLg gl pBRPIEATHIE ThpaRE R PP ghe EABephA RO GHASATEN ¢ he
nuchei ¢ Aehdlihs fdthdad aRRY ((')e? sQ@Figufé@JU' e vector. WO _ _
2012/ 024351PCT/ US2011/ 0480 [0116] Indeed, different cloning technol ogies
may be to,assenph.e t nucl ei.c_aci.d ar adenoviral .gen dul e- vector.
o some DA AR ST s i ARt s Bl BRSO e i R LR O Bt T gy o
hybri di zatal DINA polReiceRt codifg rdpad Ml MeKbAprdtéin@ofling$tégiatlemBonical gene

nodul e thereby form nm first adenoviral gene nodul e vector. The first
adenovi rearbogehents thpbdild medplhmay alsg prgledeayird PNAhhetiegprofde aeding al  gene
nodul e. fi i | 0 g . i.ral
gene. modef oo RimAGERRKHER, RS UIELLE Kl o R P AR P! o ase
(e. @5 arcodimigaggias.ahe &Rdidsdaenastcontin b RirelgDNAI @difpasiohaeatidvipe véea.eby

form ng a second adenqviyal gepe npdul e vector. The second a viral gene
modul e Jé&%ﬁse,mggﬁr%@e?%? Hw_ﬁpﬁépfl@ﬁlseoh?ﬁe? BB &edRY r%&a@hémdfﬁ“gwe
modul e VRELHtain®: &xoﬁgﬁ)ttéiﬁ‘ ‘%dliﬁ% ge}%goﬂ/ SREAE verd) C}Si{&fﬂ‘ﬁr@,e\f?fﬁ’él?g h@@@&%’ﬂgﬁi@ﬂlle gene

nodul e may be a reconbi nation etent second adenoviral gene nodule. In

sone enyodiamsnt wral DINA bindsig prdemovedisg rogeme theddul ¢ nay noheorfdn alv2rahDtif-e,
the L3-L4 podul e,. or .the E2-1L4 macronodul e. The second oviral gene
odul o MY Dion B e i dee b oo T ed H B B anpl & of
conmzioni NG digQBive, tﬁ@h&%?rbt@irﬁ&félﬁ?%gioh%d&ﬁ@ﬂ@wD@A-tﬁﬁdﬂﬁg pRyleth @8ding
provided in figures 20-21 which 15 conbines SLIC with gateway.
region typically appear only once in the assembled nucleic acid. The L3-L4 module may also
include coding regions for L3 pVI (e.g. encoding a minor structural proteins that form an
association between the capsid and the viral genomic DNA at the vertices), L3 II (hexon)
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[0117] In other enbodi ments, the assenbling includes contacting (e.g.

conbi ning) a reconbi nati on conpetent destination vector and a first

adenovi r avogerenzmzdul e with (e.g. in the presence of) amrCTniSegnas®o¢e. g. an
i ntegrase, exci,sionase, o I,ntegrati host .factor). thereby form first
ndenov; raie GrndegRipe vl DS el R i i P fecgo Rt PRl | 228

20r econfyie BaénBAingAMREHRasdsl thatpré@efe Wik Ppro@aiiao BBMPIce &a@sig.as@mwéyg, Feat or) .

The first adenoviral gene nodule vector is hybridized to a second

adenovi rlaBP geaengeding PNAbindbg rretciisibat dingds stiaD Mol fagiditatesaaplicaign) e

vect or. T, i rSt ' : o - ol ' -
compet ert SYIS(ES: o RPOAG Hho Gl ARRBHIPLOR I BES O AR ARMER fBjation,
second ademaViateairogany IMOIBK &.4. eneodiydbpiotiizathitqromorpptieing odtenoyvilr al gene
nodul e (e.g. an 25entr¥) vector). | n sonme enbodi ments,. the second adenoviral
gene modiNes)i et angrs fipor pigteiNseant b 2R (¢4 Ghsading projping Hwt promojes late

Macr oo oL L.al E’%‘i‘:’;ﬁf 8Ym he, 4t he E3
nodul e, %aﬁgﬂn-egt%giéﬁggﬁlay%?%ﬁg? Il)ﬁgg%rcm enbodi nen?gmf)gd.ig&%sﬂ@ggggn%l e of
human AdBddul¢ bepERxiRatoiydhé sanansize indengdh helthed B E@Azand Lappgiors ofarel y 14 kb

and 10 kb, respectively. One of _t i scoveries 30 .proyided herein is that
the i 2cdbro iR Taund5 iy e b nbini LSS 5 Heiprpnth SEBaHORE! B 0p | ar ge
to abf i Glagpt|(ygassemitesy. nto the nucleic acid using standard or gateway
(e.g. multisite gateway) cloning technol ogies. An exanple is provided in

[ hug,. i di | Qni hnol im |
cl oni ng P8R naoghAt TEuETe Rl 5i 37 o8 A5 B4R Duos -

t hese mged B&reinDtdderd tél@atdlBidtab@toMRELiNE at(16ash on@bf £k DNAGoBMerastOddiher
adenoviral gene nodul es may be added using, for exanple, gateway cloning
t echnol d§gieB andpfexon protegheoditeyisEione At somopapedipigats he corepeRiPBOdHE NMape
L3-L4 | - AL -0 4 cl e [: FLdl f I assenbl e
the nucl oReTaarar o oNABIbY B BigRcaith, Iison® JEIRLAR Bebfie?s
gat dday )madrembdge dichalce gyst & thaviralctiuatur phocdhseniclbhs thbs: wepishnedr SLI C and
gateway (e.g. multisite gateway) cloning strategy is set forth in Figures
20-21. [lPHAgpplesatipnp B@P&ei/ﬂ oy erphpdimentrghitichidsy sy INEAONPBRE de
fast and afioirEhiBAt ROVAENS08RB 2B off AP VHAIDRA | ibRsfances,
t he ade%gginrgdgélge’naoﬁrf%%cgn%%r ?J%gfgl gsgggs%l gd i nﬁl @@%gsne d%gﬁf%g@gﬂg 7, 6,
5, 4, 3,otixrcorbodinnty, (&) cordmey atsb hiodisd eprodunigdegiohefoeilid phAf(augt treodmgabl e t he
i nsertion. of ad nolvi rus ft%%gments int.ot.v cttors, faci I.(f a(gtg i ndependent
nmut agen i ) i itro
d8i"g’ R TR TBRIAP™ R PSP E it Brehibe crRid &IPS
assegbl YONAQE A vekifecSRTB 1€ (HQeh B R @nco@ﬂ\% BijoRdthuchfralt fiStcAd NG Ybidihegene
modul es may be selected froma library of reconbi nant adenoviral gene
nodul es, triargudastfages of thesapsidl, LPRIK (e enenidmeevitsd drateasesthaf pro¢rssasddehbl y
process enabl es quick and effic¢cien uct i on,. of i.de. 15 variety of
Pecons ne tsagadth £t B Bt RO HF Shf0ult PR Ah ok hed b Bt o 2 e
adenovi rahdsfwne DINahd fayillasedpheutions, LBl 00&oRIY. Badodonsprofcindienomiibial gene
nodul es. The net hods thereby provide the ability to create novel Adenoviral
ser ot ypecchnlappiosn pynthgsis and paorgotedtaapptien phyitad late preteayi khid3desovi r us
serokyp i . ol .:anly i I.ORS, .| } t i que
or oner ¢ 1 sodpe bR BoR R SRPD A AT PEEA 10 Yt T ot
t he ser qiryteas thapebrhdtes Iatardenl ponqadpesstioalahy a@MioiviralDBAepdckiging), EABUNBE2ZY t O
preval ent serot%/pzs. él[012.1 . Certain enpodi mean of. t.he net hods gh i ded
herei n d§8i TRPEINSAME L2BIFTIHEN PFHHIRIUY R CRICHIRY RS EpZY) Rackestng i &\?*g
t echnol qg, thd Hial 2 1¢¢.2. Rt eiraveld f ehusime el i ance on
Adenovi rgﬁsbts%-?o% ;L%%ﬁ%’}j I%g{ebeg%gi%ﬁgﬁeé 2§a\rr4%ﬁeaﬂg)1?ﬁﬁﬁn’sae§%m5,% Wn(eergg 25 all
five of dnhedifg theoduhiayl proteinERati@taphptiuthe endshd vii8} gehonmed ahéis rtichess&3 fomdul e,

and ,tthe E4 nodul e are enpl o , nt opti.ons ar.e substantially increased
a0 sl (RS n i rRist Ly HE BTE cPRORE Bt SR N Beaiiatee T oo o
hgar ei n aRAPDANA hifto 64Rats), AN 10f (68MARYA g GRiasORRictualtpiStcBS A Belp to

si mul t aneousl y. The net hods may al so enabl e avoi dance of

IS 10122 . . \
pr evi oustapiliass e C_@eﬁd}réde{_!;l]s(@ﬁiﬁply)_ (8ar engpding rexjer syiopskhprotins tedt foren Bt
horl OgOVue e>r( 8? 81%*%5&% IW%QI'GI tﬂe ﬁBeeGC'rgtlnllcfegﬂ Lliai)c\l;l‘le Ee'.glenécgc{igglg Qosre structural
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or in mammalian cell culture (e.g. MAA C), which can often take several
nont hs. Moreover, WD 2012/024351PCT/ US2011/ 048006 certai n enbodi nents of
t he net howe 2praonzizbed herei n provide sinple protocol s w POTAS2MON06

avai | abl e reagept.s w,t hout, .t he e of specialize teria (e,

codb: rodTeliResH ot tnidngs H3 Saf R RuPHb BT PSS b Bl ooy (e
herei n idAedUBE cork tru@yANPlotsing thit M gRNBSIFatidh baERRA\DN Alang @esral or gene
function anal ysi s. S(ét) denoviral nutants in which the | oss of adenoviral
gene f urfépiiehene enmercsiihagrateinamng L2dX et iceeading ¢pra sirwdrrabporedn tat bigdder go
sel ectiy i i i LMt ] I C ] ctions are
conpl emetﬁtalé%f%‘fdgglg%% gg%le% lﬂafélgzé %)?é%lggegﬂgﬁl,&%t 'h er&agqgﬁédélfbﬁu?cat i on

def ect | wppuairhatelyahe ke sigain longth agPetEIB, [Mi LRSL3, B2Adgndercgiinkofisn may

provi de novel replication defective Adenqgviruses for _gene expression. The
Adenovi radereyinis daHd) 18 dayes pigthe KéBrbl Hodd nEfei ht ﬁ’é‘i/)LBée%‘ﬁtSiorﬁaﬁééWQﬂmﬁ hi s

pur pose. ol iy INfink@see Qe RiRNsYADS, the library of El nodul es may include
for examo){le several§ %I Aeor E1B- del et ed nodul es and/ or each contain a

differe | i an pronoter. thereb | owi ng the user to choose .t he best
or oot erl 05 ex EheSBeidgbhe Tl pRA B My Relsopeis Sdiresditn
utili zi ngafe et Rt A59N@.o 5ONSE60% PR, BFOhid1e6 ane 99é, bhe, asienog,r us
genone. [0124] In sonme enbodi nents where each of the El nodul e, the

]
E2- U9 notiih.&8%, R8YL.3- 1007 nodentisy tor 4 deapaS hetigaousaameing heldsee. gratlliparaime

The & isishr2oTREOEB RS ARORITETaR ol hREED AN Brerke e,

nmodul e ancbrmeloM Pt s dériet dim itythdepetesd. VIER frétei cbyd B B héxdinezene
adenovirus using any appropriate mnethods (’e&%]./ PCR t echni zues or gene

synt hesintaipssequspserilabshapesrt {qasiArp fag- Pendfve 7Bka88ink 39 hedl or e ptd%f i ed
virus (K ) y, 880 0 - il i, Gl i:

obt ai ne?é‘%odsg%t/?ireé%ﬁh%gr@’ ggﬂéo g%g)r%\ilb%? ?dgegelﬁtgztrﬁnc)ig%?éetsﬁ ‘“Jlgr%%%frlr% a{e}{ﬁlgd]oigﬁuf?rssent S,

t he 16onakigatli)af aafind hedE50 InDHubfahe hinaaiEAdE Aexadas set fokrthen SEQLD Nod1d @igt he
E3 nodul e nd the E4 nodul e constitute or pacronodul es thereof constitute
a conpl e7th',CS(9F h%%@ﬁéh?f?%ﬁu Cieylve Fmenether sprsiss e@%ﬁﬁ@nchﬂiﬁ@ thgygra

teachin CN ' ' j [ b4y, t R, g, may
et e g En SO LE Bl echeRt SR IR LIRS b 0o

exanpl e, 70805066, 90br, Ahtd, 82%approo2dh, ey, W&o 586 Hbo, d8Yesmithes )ajeniityeb at
insertiqgn sites for reconbination site nuclejc acj ences a

gat evey PEShETHiLBRT SRG Al Breif ob Sty B B R e A9 D&AvE, o
AdengVi ryisdise pRiMRES sdayr PR SHO IDeD: 188 dFig M- Bk 2688 b3ah&edf 145R0d Ho@f8006
t he genom c regi ons between adenoviral gene nodul es may be anal yzed for
conser vanpgr spediesone enmbodi ment's, nucl eoti de conservation between
serotypes are avoi ded, whereas degenerate regions are acceptable insertion
sites. H009gxamplB4 narliledl 45 RpP hopin, & £nptSe héidBSntaiigns @mitieft &id es for
reconbi nation site nucleic acid sequences in human Ad5 are denoted 5with
arrows i99niHLg an adenopirgdpertsd terpyigal repeab(ITRY. glirsomgenghodinmprys e B8 [ 0126]
In somne i . g i y be
shor ¢ ¢ HaRaALE el £ Eod AL RRiCToP Gh AT, R0 il SN IR Sl

pr oZisde chdditiokalfyineluti2 codvh g repiomdifer E4 otflted7 &h@rehcadimgipiotaifis theuediate HXEt ween

the Ad5 fi ber. pol and the E4 pol YA, duplication of 27bp of Ad5 sequence
was | _nséFatné%PUé(F%‘ﬁéo Ly trf“P?éfla‘tl?fB’ bl ok e FRGogHE Pfeteélféé‘“]t Promig gl
ebodi MR, syhiesiQUEIRIL AQledndrPyll 1ASRIONA AndGRaRo iRV G P clync udes

one or nore feconbination site nucleic acid sequences. Figures
di scl osenexding beésinwthatiegalates yyrantoansedpi®ni ant spliaog,tand bsodulae PPAG), If  how

(e g SRR v ed PSR RN
r ecogbi nRiipl&d en@pick tii colditsneriZatiSONME4 @A OSHAENGF] (&g. encoding proteins that

promotes signaling through PI3-kinase thereby leading to protein synthesis and cell survival).

In some embodiments, the E4 module is approximately the same size in length as the E4
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15 reconbi nant adenovirus including one or nore reconbination site nucleic
aci d sequences (e.g. att sites) may grow slower than a reconbi nant
adenovi r vsOlackizmgFione or nore reconbi nation site nucIePCTﬂEMMlmamuences.

I n ot her_enbodi nent s virls nbi nant i ncl u one or

Feconb SEPBAT & FbTiyeRuolRa R i Edigs By ety O RO B

| east asmhﬁgtegsm@F@ggpﬁblnant adenovi rus Iacklng one or nore reconbi nati on
site nucleic acid 20sequences. |In other enbodinments, the nucleic acid (e.qg.

adenovt [geR P BECk Ak AL AEP e ATROATHI A, WL IURI! o 201
r econbi n@htadfing b teding edgidrcfoaonelosmareefitee phetineant/étha ddnsomdiliivesied t he E4

nodule is an attB3 rﬁéonblnatlon site n cleic acid seque ce. In sone

enbodi meRmynalirpeeah (JARY; & %O@ilf‘dertﬂ%odgme%é %Eﬁ rn%ﬂd a@y\k@e‘fvar ) includes
a reconmbijpalign s&]ﬁéﬁéeefrd}ﬂ ele&ing oc'f‘%eg%réﬁeﬂil lfe o'n%\ﬁpggﬂ Y ‘éﬂe%k lgfatéc?gto‘l as
set forth in SE D NO 137 or an equi val ent leotide in a

t her eof .th¢ ngknttblemmmrdpﬁidc gmunm (at Kipwruml Fﬂguredm ﬂIhQ eVl cadiep mglcmauls aggne

nmodul e vectqar) in Iudes ombi.nati on site.nucleic ids e ween
O B R N S SR AN S ot Lol
(e.g. adeppuvioralolgenes oyl 94%995%r96% Ngefokds, @ 9%5@10@'%)@5&&2}'&! dt8cApCl ei ¢
aC|d sequence 30 fol | ow ng nuci eotide 4035 as set forth in SEQ I D NO 137 or

an dui ) eontigynyslagung aady (g. %lalhmiﬁﬂrmgo epids 698 dfthohuredn AdbpMilerategn as he

nucleic a mod 18V eat des a,.reconbi nation
site nué?ééc acﬁgcgﬁgggﬁggg?brlo %ﬁh a?ﬁgéﬂégﬁgl §1§%90¢%§¥q$mQ§ SEQ I D
NG 137 dbr BR p®UII(Y. |@1@bdlﬁg@|n(ﬁﬁbﬂ Sﬂﬁlctdﬂaléprdit@ IEgd 2t e MBafR 14, (b€ @A WO

2012/024351PCT/U82 11/ 048006 enbodi nents, e nucleic acid (e.g. adenoviral
gene nodupieingdlat blocks arantepes, B3 grldnts gw@tl@@m%mmunﬂmd@ﬂ%ormr@re@éq@énce

bet th
rgcgﬁgpnhgsghﬁgﬁﬁéﬁgg&}]?%9%%#%§§§§ﬁgﬁgggbépbal%%%ﬁgﬁgg%Lﬁﬁﬁﬂgaie aﬁd t he
E3 nvdul «fficisntnlyad thBTell éarorituis m@lbas@)) BIRB®n@g. en@dag) ichrseguedatorkn ot her

enbodi nents, 5the nuclejic acid adengviral gene nodul e vect
i ncl udesPrateins gt r?r@%%ﬂ%lil%%rpra@ﬂp@fle Jarfoich AN framsesth e bl RileR - @erge El

modul e and, &dagnﬁ%uﬁaﬁ fato Oﬁ%f‘e%%z{t%ﬁﬁ@é bk ?};(ﬁit&tf‘c KEl8H TRAGT FrGgauence

bet ween the L3-L4 nod E3 nodule and a't reconmbi nation site

nucl ei c cahlsdrfs®q,tﬁ=31bfé7ll§ét: geemodlhg pEScims that bloak dpdttesifdandodul e (Fiber) 6t der
enbodi nents,. t he. f| conbl ation cl ei c,aci d, sequence. | S i ncl uded
" he TCRik BriorslenRE pg A hienEbbigBe edet n8Seby SR MY | b
NO 1237 qecpioreting! entodemBadihiatsl theE3nasmlIOG atpiaﬁfx%&telyaﬁéisahﬁ@s&@inr d
reconbi nation site nucleic acid sequence is included in the nucleic acid
fol | owi dgngies é}@tﬂhégm@@an adenogirus wund in pAtSEQr |th;9 E&JﬂmCBIZS tgiens odgui val ent
nucleotl%e k%m%ﬁno%qh%g (;egée 18% ] Li sted below is one exanple of an
|nplenezﬁ e dPHICIR Ny E four 15 insertions into the Ad5
genonme (SEQ ID NO 1 he nunmbers denote the nucleotide position within
t he publ[P8¥dd Aa5Eéeﬁ4war§@a@@ﬁc@swé#l@r@néS.arwélfetq a6l igrhudinggnadengvaigl f or
i nserti o t . exanpl es
bl ow RS iRk, 2 Tne L EEMUEL AR faf ERERGRY ihehdng

sequénc dm))\xzaraelemmd@t !;eqluentbe feoml thehmdaifi i [rateirocoding dbnoé givél e tfedTRt he

final insertjon is .in bald. erson of ordin S 'I i Ot he art ul d
i nredi at ewedr %&%ng@éergﬁbwwﬂgg@oaﬁdﬂ%?h%an&%gﬁ5 Jﬁ%ﬁ‘eﬁé r{n%ﬁr?@gdl\ﬁo

si milar gant 8t a0y e c%av\gsreéﬁbﬁyﬁ)r SAQHEHE §S @@Bm\ﬁ rSOA9 1304215
CAACTTTTCTATACAAAGITGTA Bet en 17959 and 17 % CTTTTTAATACAAAGT

Bet ween Ezﬂt?éﬁlsm”id’ afq gviral @QAEﬁ'ﬁﬁ@’DAFA@%@@' E@'@ll@pm tBagtemared/i328 1 6:

ACAACTT CCTGAATOGT T ITA TCAACGTG 30[ 012 he..assenbl
ot ooy VA s b TzEEnd ST T4y T as 48 W ava PRI ESE ke Ads
Vi rg9. l%ngéulﬁg BrotélRs bl @ghlBRs ©frhl drBaeH R 0l shpha@ngmhhodsdnstewpdag, her ei n.
On four separate occasions, wld-type Adsenbl ed adenovi rus has been

t r ansf ecr8d(cighercadalg protging tkyat mlesk p53-mediated transcription, disrupt MRN DNA -repair

complex, and prevent concatemerization), E4 orf2, E4 orfl (e.g. encoding proteins that

promotes signaling through PI3-kinase thereby leading to protein synthesis and cell survival),
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WO 2012/ 024351PCT/ US2011/ 048006 has been produced. Additionally, this
prot ocol has generated 13 nutant adenoviruses, all of which produce
i nfecti owsownraur43siki gure 27 prOV|des i mges of reassenblpet/useéidosgope AdS

fromth ection.as n 0 d ontq. 293 cells.
mhe i r dsbe AP sCEhEe REn e SRl B TR E 47 r RS PBS IO R SRR 26 have
been t esjre@ink@tiat beRks ERIpte¥s) SES b BACH. ¢ R ﬁhhﬁnon@c&ium&wprmem&mr e 28.
[0130] In another aspect, an adenovirus nade a met hod di scl osed herein

i s proviigkigit MHCSowsizemprssrmigions, EX AEPa(e@n@mofi@g prefeing fat &gictions tonpet ent .

| t t
1 ot SRR IS ARSI U5 DD Rle EERLGALL A SRRAISD.
aspect , profeinriladt yerhowas ith rg-apoplotit Ehslt yndTR Atle froxi delil sugfec), PORUDRS(e(ee. J.

macr onodul es) are prOV|ded In sone enbodi nents, the_ librar |ncludes a

pl ur al i typcedingipmupemeditatonyRrateins thatierpyrethe prayaRANIRSA KasLiand 1)

i ncl ude I f Magalatll nts, the
| brary SoRoss & o O A e ROPm e p SR P o %"Pﬁ’@w%ﬁﬁ%w

enbodi negRiter) (bIgeeﬁdotihlgrryajomﬁuadEd motphuhatl axtenddfond ttefpenntbakSamibael es. | n
150t her enbodi the |ibrary includes a plurality of different E4

modul es.” eﬂWﬂS%EﬁBf@ﬁﬁ%ﬂIW@ﬁ?g) the library includes a plurality of
different core macronodul es. I n sone enbodi nents, the adenoviral genone

|'i bri@ry [089%r eblaﬁom @ard:zﬂdrrmmsg one oanmaet digte a@l@@&mh@de alydulss lr[omm@zane on ot her
enbodlnenhs HQ? i.brar o ﬁ ﬁ%l Hdan't (? ggqaee¥1 dules a
20p|urall?§ ot d??#%ge tgﬁ %9 P@s a %I ? ? f %r2¥5ﬁe °L3- L4
modul es, sequddktibaiicioddfe Ruhd BT BB hafRl TOIUNRS typa) Rdedbaibis ford vt ther ent  E4
nodul es, and/or a plurality of difference core macronodul es. In sone

embodi meNEROVikahaeci e isi derivedy eﬁoréxmkathetwcl@fc agid providiad hamey BAvdUl es,
wh
e ormd i SLRGTATEAY sk DLty BuBLAT Bt Qb SRpLorls Ky

macriénocdiohéisipng mldhsfectitﬁﬁofphmma:ﬂélt ycidfintdiafck B resntts EBthE‘ﬂomnbm (] GI lﬂIﬂE]Satlc[I‘D 133]

In sonme enbodi ments,. the plurality of different adenovjral genﬁanndules
and/ or FREWEIFBLIESViEe Themprn injaRe R Fior ke afenayEat geaa MGdHRs APt er ent

types ofygdanovsikm ng%gér?ovgus%lfegﬁéa%]fn s%%%eﬁ? éé% (ﬁléefage%rc%n% s&ﬁra‘gtcb(&%} For

exanple, in sone e Iments th lurality o ferent El nodules, the
plurali toycllm)fbud néff replecate BthG cnﬂ@@lgwpn{diseaq@kiweﬁﬂ uch as)hea:lﬂlfyfcehﬁa)ntThE:S 30L4

dul the pl t t. E3 modul es, the pluralit di fferent
£a- moduiaeaiohigs b ieile b EiSTh it arnorisit conBaarae G tegor e -
Mac PNMOdidiRRh oF Db ﬁlﬁr@&@g%u@ 3t hetmleg%%ﬁﬁéﬁ 53863 Iééfﬁe’{{)gu%h Q4808R-vaane

modul es froma pluralit adenoviral types (e.g. nore than one human
adenovi rmote@eqomquréglonl olilgzla]ddltwnszfrme enm@m PrOFFIRS, m@}hpromdqraéﬂitlto;laloa‘lral
differe denov ene d%he are ent in that

Chey e dlndRER0Y: 18 oD o TR RR Qe YopBERIR I o b fyethold 1R

adenovi rgtectios teeg Ca fawr@kcsﬁqntaﬂ@x@,,prawau Asital ﬁwth@azloﬂdarsqmmmhum@l gucliaci d
sequence, an ectopic adenoviral nucleic acid sequence, or a nucleic acid
s equencéa%é(%])%@ DEPISiBh OB HONHIFi & WIus gaprdlpploriodeging Eprotein afprterestth iy i br ary

izncl r I d I f ferent
2" 23" o aRertly ihelin@br e A BERurer (R 5% n Gl R ol 1
differ erthn&ﬁ)nrmdulbtmt aairpll ﬁuna[dnt yTlrefredinﬂjlmm atleriodirnwd lpk@hlped)herampl urality
of 10di f nt .of cyr onodul e . core ronmpdul es) j ncl.udi ng a del eted
adenovi riareR iRl ea%@d% VivE bpel BORHHe é@@ﬁwnfraﬁu%@ewé AR exegegous
Sequencge gnﬂetgr@ﬁ LS RERNOKIJ & th@ Hﬁéxﬁh&n 88 nSEAURIRESe 2Rl s@uUBKE! it aci d

sequenc codi ng a ‘non-adenoviral gene product. [0135] In sone
enbodi nedestion meygiethmiugh y noftatdinf ihene ot madesidhe rddnogenlezeno dwidelss and/ or
ve C;S@?;) d(i’é fbeara OXI;Ge,%IQ gb{h%aegclc RSion 2 I?é grnrtno Gt %he & e?ltoxifailra %CeinéM rnto I!llgs Sr%sentt ry

in the native adenoviral genome.

[0098] Thus, in some embodiments, the nucleic acid includes a mutated adenoviral nucleic
acid sequence. An adenoviral nucleic acid sequence is a sequence found in a natural or
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15exanpl e, the library may include a plurality of different El nodules, a
plurality of different E2-L2 nodules, a plurality of different L3-L4

nodul es, wopbiwekisty of different E3 nodul es, a plurali tgTafS2aitfoissrent E4
nodul es, nd/ | ural i.ty fferen ACI O dul es rmdul that
ore-r ecotbrnafafiri s paldtho The PR o TR e R Rk RS R
differ erttorﬁdemwtdrﬁh oie @eniastaéi@tt 1S a@dHdk 4] ot FRCILRIBS HEREbEAT By Harivgiteat i l on
conpetent (e.g. SLIC conpetent such as after linearization). For exanple,
in sone EEBOONINEARSOr MAE afjtht adopoyir lcgermodules picagnit i1 thematys sdepeviral £

nodul es, u , ent
13- L4 nt%u 191% E@éér{aurgfubcgnlﬂlfe@'é f}ﬂ% Pg‘?%gh%c@ggérir{ﬁ%&lae%lé%&lg Iltjl?%l élll(?ltlclg*c ac?(f

di ffer embqtléﬁcamdwce@lc a&l&dé@fal auglkigraald seyuake, djrfaﬁemgﬁnoosf (ckR hbt@rdmgrru@)mdul es
that are héli)ri di zati on corrpetent 25[ 0137]. Portl ons of the libraries

provi dedUSEIEIGH PRAVERS enge%ttceemw ngnfadenetiel gensrrogurd). shieraefatsdt ween

di 17 er enfichifaPnud e oialt SOMIER 2 GBARA 3 Y plRAutiiiadoRR

mat ched t0 Fgucnové1 3 nO\C/?{gla? constructs vrglfﬁkg ire %1% ﬂnctﬁﬁoﬁ Ity or
| ack of dltaredtfinetminglity, afﬁmmtﬂbEtB}ﬁkgmb probucy 4 estahelr alengvitah@bef gne, provi de
t he ablllté’rﬁtﬁo create.novel Adenoviral serotype chineras by m xing and

mat chi nd’ & PRIV AR R PRI G PP TS SR BNy M PO Ao @ _
adengvi rrﬁuta&@@l%xcﬂpﬂ'ét% aﬁfr&%hﬂﬁ%&t@gﬁ okdiRkdXiORL deBBm A, aidinipiiteer t heir
i deal adenoviral vector WO 2012/ 024351PCT/ US2011/ 048006 [0138] In sone
enmbodi rra:mtyﬂ fidar gahedon ﬁmad@em@u&mu@n thamihyt type whgicdhe sudeic peidiiniobtFacd,

exanpl e, ure 18 de r at s th Xi Cl t ul e.
some. e st T ARE sl I efet R B gy o aSa R Ta S n o8\t i
pl asm ds that are maintai ned at | ower copy nunber (e. g pl 5A ori gi n, of
replicat ﬂ@%%l by somegmbodingiie thaviisdiieracid dicludes shedhbpiogele. Jbpaudsigyrce
tOXICIty e thods (e.g.
gat eway r |glrcts e @ﬁheeggqn%%l tﬁ% gx%g&dgieétga:h:i st%é%@b&:tﬁﬁgegi?e@g BP
readti omuereta adiemecluess ﬂIBI‘Eltl’ﬁedtﬂehdeﬁlEEQdB2 addaley iThahugenecidday eiso | n sone
enbodi rrents an _adenovir gene nodyl e that is inefficient usj ng an SSR
met hod (1BCly e%he&hr@%ﬁv ﬁ%L@@.IénIy‘t W&éulﬁeTHﬁﬁP peicacimpyalse ierdsihskl ¢l oni ng
met hods n(l&hﬂc t@-ﬁﬁ:-)Lz Igg,cgﬂg gnd],(gghch@ﬁ%ﬁ% a strategy to use SLIC in place
on

of an SSR neth o .g. using gateway c I ng enzynes) to create entry

t | th ded th
e hoe ki i e@é@ﬁ&t}?ﬂ&% A BE R e pderblint el bR 415 el Ui e
two or neisetREeRYOVIAl gBRNRoIMEN Bt @R b8 E 1 RodNIOM AR BbdMedi €3 an E2- L2
nodul e, an L3-L4 nodul e, an E3 nodul e, an E4 nodul e, or an adenovi r al

mac rZQnde@lQ @nd/@uti@tm\tatlph%@rewnmemeﬁmmqfe&l tﬁéx’ttmmbonqgmp@tpr foathe cxamplenent s
o e Kl et GQIRRRis A0Sy At GRTRABENL R (SGHTI S AREYE 1

Sections’ I anaror” hlen[1 or "ex |nen t may

i ncl ude 12 ﬂﬁU@llll@'Eﬁl 8314 nidtld)eh Eg rﬁctnruqa@ ,and @ME4®1ﬁodﬁlle\/€In®Gﬂdilﬁ\éhfbahln%|Eb?the
nodul es sel ect ed froman El nod nodul e, an

E3 rodulnicleigmor forpad issatdeasa ), aldleh%\lﬁrlaﬁ 1|5fal,fr dﬁh)bﬁjll@ 20ﬂ¥é %@ﬁe% 2éc?§:l may
form pari; o 2 ?6%052( 94, B @{59397”‘39)3813%41' 35UBSe4 Ay EA 63 %%85(?(% .

desti nat’i (’)n vector or hor’ Vg ‘or) [ n’sofre 'aspects.,
pr oZisdedkbhierd@igth. nhwom@lmldﬂlraenlgcﬂt@mudmt hcid formct hoattleasn l@,dldnd)i?ll Bal4.gene

nodul e. ors kits may incl de one, or more r conbLnatlon
JBsite Mieh b i §L»cﬁ}3ﬁ>de§e%la/@rsoawsqmt@ S AIRUF o1 Ep BTGt

over hangc{pi0,a 1”&'@' 18l ¢4,20i 14, RGN ofRalRhRRhertOHE AE1AC 8Lif Fidncdti§ &nded
nucl ei ¢ aci d ‘'ovérhang upon contact wi th an appropri ate enzyne.) In sone
enbodi mdmass 10,tHe 1 &b tirolength. dn byrbe Eadbediticots, hompelemmicid formed is at least 12 kb

in length.

30  [0101] The nucleic acid formed by the methods provided herein may be any expressible

nucleic acid. The nucleic acid may be expressed to produce an adenovirus. The adenovirus
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destination vector, a SLIC conpetent vector or a donor vector as described
above. The vectors may include one or nore adenoviral gene nodules. In sone
enbodi mrenwe,20tme43sect or 30i ncl udes i nclude a counterselecwhmmnﬂm&mmttes
WO 2012/ 024 51?CT/U820 1/ 0 %0 mh i43] d]thOQ% t nents d%lt% for
practi ci'hy ThETFREPHLHK! °6r38 P RE BT RO GE" 68 P%S 5‘ (} TR ew of
t he pre&g@huagggmupgagnw@ﬁdthe Adsenbl y net hods and L|brar|es (e.g
exonucl eases, |ntegrases pronDter sequences etc.) 1V. Exanples 5[0144] The
foll ow a ai med
i nventi gglﬁg\ K@[sﬁﬁl& ChAs %‘r@:ﬂy 1591&06 &)lrrll%bbrllIlﬁ?aét eleﬁe}sl?\;lmlgg%

' r econbimbdigeés (oi fxﬁbrogﬁidome)stogahdem gboptheexitlegpedvid, a&he@enn vhercﬁientaeoh of theand
replicating lytic cancer therapies 10[ 0145 devel oped t he use
r ecorbi PAETQOHTUS oy .Oéglapmquwéesrlwnalu%e (ng"‘a?s@Elr‘r‘iﬂ%ieF SeNQYiFUs|UPgRnoMeS
from conpeastioR it %cel@% B iR o P 6f3thf9ﬁ‘E | A3t 0ADOTHOYA bthe
nodi fi cati ons and heter enents. [ 0146 e poten of adenovira
vectors amboslﬁnﬁltalthamhomaallgemnméulhal (ecke medrdonyo duihes ) a;ltatlalssdngbltcblneamgl neer and

combine nul ti etic nodifications.rapidly .and s stemati ca The 15
O e S AR S A R S R

uni que obr &&hlrﬁlﬁé){h% shesatiéd a'té%hy%@cl‘lﬁ@lo?y hEForthe IBRIARY én”ﬂtlﬁgah@ﬁat' ons in the
genone and are not general anenabl e for systenmatic use or creating

pr edilse iodansodand ckwnmgftf:@mplqgmf‘sldcr”hp“f@ gatﬂgabeteshr@@gym stragrpedhaplogh of

| ar ge gen auci t u riction Sites
ket b R OO ER Pl e BRI s st BN SEb A BoR I hE° e
gener at lc}ﬁéblef naclzﬁsmﬁi to@hothSHUTHd 1t rasaR iPihsitibmof HBuEDBIGcqRALOMIS ® be
nodi fie and a ' backbone' vector with the viral genone The major rate

i mi ti nglestnasion yectorersplaspidt dhesei tachnelogisiand mesknds i etleaahercleeiips by
honol 09%%1%2 s”ég %h?&cb&b{ﬁﬂ&?h{eﬁ{&d&%ﬁ % &%é{s > }Q’OL ﬁ&ﬁ%ggb{ca%ﬁm

occurring a es an requiring mul t e roun
pur i1bi caifia0r$SRt methed| RDINA frdgeneﬁ’h%aré ﬁd)vbdaﬁﬁﬂ'bammty)vemor Inyo bdan{mgomSector

reconbi nation in special rial strains. These 25net hods are |imted.
[0147] T8 Byl eﬁmﬁ. cgn%thle i YVS PEARagaston af thedpstipationysrigy fag ). wel g yestors

devel opegdl qcRmuabn aga&g\f%gl&aly%ﬂ%@reeéﬁsmlan a&gsaﬁ@&s{né Habo&mahs! trtyhe .

rapi d and systematic generation of conpound viral nutants overnight.
el i m natvestornat ﬁ@ooné)nnatlandomppne&u:|IBethreeemhbdlnantsocntnnvawmmﬂellahrldehﬂlm t he
shutt] e vectors, tine-consum ng and 30l .abori ous

df
bl aque  SORITFISER SR coTPF SO VoG AraiEey EESLEME of Per Sogu AN n
Vi (00 nauslulcVQHRIAE 92435ABETOHIROLHD 4800, v GERFRS eumw from

conponent parts including: 1) nultiplie nutations/nodifications to viral
genes, zpleg%mﬁlefadmﬁvwh@newqchMGSS l]i’m@\y@@%h@elg are/$$Rmetlgs agasingithes t hat

bind diff rent [Lec [s;an t serot PES ct enes, e.
or 0o ug BorUeR TR Loy neat TS et R Bean oy RlntE SR Sl

t he addifbirh ﬂletzfucfdwwi@(ss;g rhtnlfcﬁﬁkﬂdidl@f)ﬁlsﬁfd)t &Eﬁerﬁbﬂleﬂhﬂds/d)ﬁ/@nfg tﬁ&ght@@aﬁlnd
di agnostics, and 5) directed in vitro viral evolution. In addition, this
t echnol d@cghnology is déscribed, for example, in Sone et. al., J Biotechnol. (2008) Sep 10;136(3-

25  4):113-21; Hartley, et al., Genome Res. (2000), 10, 1788-1795; and Sasaki, et al., J.

Biotechnol. (2004), 107, 233-243.

[0103] For example, where an SSR method is used, the assembling includes contacting a
recombination competent destination vector (e.g. a destination vector including a
recombination site nucleic acid sequence) and one or more of the adenoviral gene modules
30  with an integrase (e.g. lambda phage integrase, lambda phage excisionase, or the bacterial
host integration factor) thereby forming an adenoviral gene module vector. The one or more
of the adenoviral gene modules are recombination competent adenoviral gene modules (e.g.
an adenoviral gene module including a recombination site nucleic acid sequence). In some
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t akes advantage of the natural viral transcriptional architecture, which
for human Ad5 encodes 36 genes (not including splice variants), so that

mul ti - proweiznizmugsiexes and entire pat hways can be assemrbiras2oideksoser ed and
Cco- expressed. Vi enoviral infection. [0148] To overcone the |im.tations
of adb) Sty A RrrBrs FSHFEE P Ra b o RedUrl B moddit Ridldiocs
that enagyl fldif& feafhBindgo N UBREEITM Yeq@bnd@de BR il¢rmlirgBtas B dult thékbp from
genom ¢ conponent parts and heterol ogous el enents. LBing a bioinformatics
appr oacHormuag sl one areorgirgcoatbéition gempeiciaidepevithaengmeddes. KBYthdit o 5

units, b . i Il 1S.ef b I ALd d
Funct] onioouai S4 e iirk o AR RO R DS R ovird REIEAONAN BOB B8R,
genosi ¢ dxegcdrdbingtionpeunistdnit biitdy yectort N sbrua einbodismeatsdtht yeiontisitiopp of which is
al tered by engi neering nutations or heterol ogous el enents and further
expandeOBPeaHEHE \ef@fgﬂr@ SOEHRINGANE OT m%wﬁﬁh% 6@9%15&13&?@% Hpdpigs 2PN pes,
nutantslﬁng i r ]ﬁﬁﬁ? i A i que
properti ées, ngdﬁgﬁ% I§ee?aIJc O%f 1%t% ﬁ%ﬁ)%ﬁﬁ%rg&?@pé}erﬁgg%e ?%é%%?%edﬁ}eits%?gray and

rapi dl y reessisestinesnipetent dormovpétet wityen dntegrase, thetaby fusning thdsesrbbipatien g.

Ad- SlicR). Adsenhl c?n be used to assengﬁg a novelléfno vi a lti-site
20 speci Pl?ePeé‘E%‘HB% YRST9TS FONtHAG PG 95 Mof s AiHDF adqnoyival &ar modyiss s &8us ym a

pl agi d bakkbtdaiRas, 288 dndRh RidhQoRIpRIHEGsAAMRIN WeclodafFondt-nibleCR 1S a
strategy that may be used to erase inserted reconbinati on sequences for

nor e potregamivipgtin qogpictenhentynvacidrs prrdasmgropy oanwre pf th ed¢noyyel geThe

strategies disclosed herejn r use i brar enone buj | di.ng bl ock

cr eat o Toiron el R A e St R R ea v PSS s
to Ad2/ 5.ampd ot her desirable 25properties or which have been genetically
nodified to confer altered functionality. [0149] To achieve this, we
expl oi t di £ ) [ i fi ' i - i
opr oved P0G Flite J0 2 1REFR ahEriRARhod B (EEATRATHIRAUSHITb,
cl adses fof hureoAlb n&h¢ asscwbliggsinchidbechnliihBg aatckthatiah tvkctonmd! @tctd®Rmovbi ch are

reconmbi ned by distinct phage enzynes. Recently, novel aft site

speci fi G &8CiREY @a%éeﬁpam%w fd<pgvirgliggpe gofdply withans anegisofseher lambda

r ecombi 1At OfhtQastUiakibRh ShiNAxES Sthl Bade B HoOEH:cRFASh £, Hek@yt at i on.
Di scl osgj} gré%rrlasigg ag{bﬁo el aggllsﬁ)%gt&ir’]gnt (E):‘%at&ﬁi S §$§t tee% tg aﬁ%%lee&ge novo
entire Jorminggendemyirhl game geniohd eecowmbostent epbodimentSuthp entsy medtgrs atehi s
technol g revol utioni zes, the deyel o nt an ot ent i al | i.cati ons of
adenovi R e S e 8 FRci Uebehe oo [ BRE0P set o of
primers doRfbRaRioh akithOddHok Ge@oPaid che ¥ nidré B éitHeE&n(H&l'dfiShﬁlgreeiﬂte%ra@}, 1ahBdaised to
amplify the viral genome in nmatched contiguous groups. The Ad5 adenoviral
genonme iphagéririaentse.or thafppetealal jostingearatepn factor theeablyyforngiEy anadenovaalegen¢ )
transcriptions unit whi ch together encode 36-40 genes. 5[0151] WId type

Ad5/ 2, rutany %ntg?ve,&g%?'Z and di sparate adenoviral subtypes or animal viruses
are used as DNA tenplates. PCR fragnents are reconbined into 'Entry’

vect or s [P0 enddastenagion vegtar iy auelsic ased oonieh theedenasiishagnegnesulg sdo be
adenovi r; i ' [ ' [ Vi |l e

it 1 pl Qe SRE o RHRE R BR Ry B Oy B Rl QU AP EEEL ATy AERETT

( Fi @51B)confhinisg the aldawdvidat géredndaunlpodictintvledsi(ecac insoned)orvitiil thediestinatiahi on
vector's 10ani’hbi otic.resistance and the negative sel ecti&)q of unreacted
dest i nat¥esirvERT BrEnpliprEeCiosmayA1an s PReAr Bt e s EenseRRIUIGRIBPHY ey et
al .o 2000konhirfASS, EORLRHEDSL: Bartiffidh cohiiREMPMHnkidH etk GROTRI dhaldr-on
efficiency, internedi ate déstination vectors are created where nodul ar

r epl acemeore of thecaslepd atag garssmadhllys witk thesniepgrase &eg ontdgBRY, ERCisienast| @v/orThi s

qui ck arlld novel et hcgd of viral DNA mani pul ati on transforns the engi neering
of novel ™0} PFEALORSAT8)t aki ng advant age of the innate chemistry of DNA
reconbination. Additional conbinations are integrated, for exanple,

Ader8vi rl080@4 Eirpeombipdtion sBp nuecicacidrreq@mes abssl iefariged to bergint asr'aly

ntitceisetd e s
neutralizi nt | bodi r 10, Ad2/5 Vi . i n hods
lorsz) Beh ARLGBENE WRTRIERT L PR R iR Rl LSBT h R 1 e
bel ow 2Qictdf & ssinesmbodipen8Nths redoaibevidiyn DIENRIIEC hokScywhee Brppaxadatclyn t he
exanpl e of human Ad5, the El nodul e was obtained by PCR and inserted into

t he vector pDONR P1P4 using SLIC. The gDCNR P1P4 vect or backbone i ncl udi ng
attLl and attL4 reconbination sites wad2anplified using PCR and conbi ned
with the A5 El nodule by SLIC. In order to generate an alternate
countersel ection cassette, vector pDONR P1P4 was nodified. This vector 25
backbone including attP1 and attP4 reconbination sites was anplified using
PCR and conbined with the PheSA294G nutati ons and a Tetracycline resistance
cassette (the pLac-Tet cassette from pENTR L3-plLac-Tet-L2) to create a new

NA I o2 ——y 2 =l Ll N ANIN A PNT 2 2 ™A S RIS



WO 2012/ 024351PCT/ US2011/ 048006 [0153] In the exanple of human Ad5, E3
nodul e was inserted into the pDONR P5P3r vector by gateway BP reaction. The
E4 nodul ewoasizmnssit ed i nto pDONR P3P2 vector by gat ewapCBRSz@awoisoosn. The
att R5-c -Cn(r) -attR2 fragnment fromtithe. R P5P2 vect or s anplified by
PCR and %e%l%%ﬁﬂ?-n{:%r ?‘ﬁ%lp%d%é%ﬂf*ﬁ?%&%%s@‘g@?l? agdSeaire F‘é%%a t'&Way(r)
Pro Pl usiccoriithatod@aBfrall @0ch @&ntloss@h8wn In FRlurdl 0 antl/$H sef RethnRSon2008/. . Sep 10;
136(3- 4):113-21, é0154] The vector backbone for the Adsenbly DEST vect or

i s conmpd¥egcfoldape% Sepdfi1BRted): b2 biEticn stdle deenomedRenrfg090), thdde8t e and

| acZ ge .fied fr ' U9 93T ' | e pl 5A
origin gf‘%r’ep dlagczég%%l’oér{,aqb 't%?)ﬁg)g%?{%ﬁ?égl as mzéél-%%p%ﬁgg%@%ggvg%%’]ta &%f t he
Bi 0B5i ¢kt GabdP 20657 apBr $ises ditPr kitdsdnidahe 1ikd)e pl 5A on, whi ch nai ntai ns

plasm ds at a |ower (10-12) copy nunber is necessary to reduce El toxicity.
Lastly, oA A sohR cifirers, 36! §riettGhaik Mebokibitition B b XBHESST on
cassette for the enzyne | Scel was PCR d from plasm d BA Z5- CV5- BE3F. This
casset t enoddescoon @drtiofif@ ardhprevent tathir) acdlobonecctay. dhedbrortivetovewtydre acal | ed

pl 5A-Scel.. This is.the.vector used to start. geno 15 assenbly. In the

b el o TG samp RS Sttty Fitotoas Shamule P Shvkit S RIGHY of t her DNA
purified fromw ld type Ad5 virus or the plasm d pAd/ CWN5/ DEST

(I nvitrdg&e8l. noesBjenfwgandithghe RESDESTtoscsnsyn fificrdnée cewderptlecton human Ad5,
the .E2 and L3 dul es re inserted | asm bA- Scel hy..3-fragnment
st O TRAelth B SRSt E o AR RLE R o AR P F-i e ¥Rt fnced by
att RS angeahtsRowtt &bavRsialndl gl Figgtc PR dRCIRiveE €1 ofciphasy B agbeNR PSP2. The
second countersel ection marker (PheS-Tet), was obtained by PCR fromthe
vect or pPRENRISPIEPIOPPsSSARS hat treste fesp asedyp iy methpds prgyided higicey sel ect i on
markers were inserted on the right (ccdB/Cn) and left (PheS/ Tet) sides of
pl 5A- ScqgD10H- LBighye 1SLdcaiBfaheirigiial piopgsaMfdritheirdasyeenbiyest AdE tdodovemzyume s

engi neered . to the ends. of the E2 and L4 nodules to create the DEST yector.
25[ 0156] MBS AT VY HEMGATevidys RESYan RIS RO A ICAMRE NGV 1 al
9enq sMOAukEScofoft. TG GXRREh GcRf adaHERAI B8R mbMGeFAnd PRUKE WRIA:d B5fEt ed into
pDONR P1P4 by SLfC. The E3 nodul e was inserted I nto pDONR P5P3R by gat eway
BP r eactmodule. THecEheseddut modidss wasaotrdohddnthe spifonmRod8RIs tymgat dyway BP

reaction. [0157] Regarding Anp(r). cassette: plaspd pUCl9, th | 5A on:

bl asn o ARG A e e et Rtk og; Lo olbl el Bsoyodriua

di stri b}%eh@&odﬁﬁ@@fedh%teﬁ%? HQRQ\védcaibn adenbeahe GieN@camAd!l efis ofibinaer the
DNA puritfied from Ad5 particles, or plasm d pAd/ CWN5/DEST (I nvitrogen).
The DONRropastowss inpfiRnpPwvhan upspihe IpgpaRienea Ry cory BodWeringat-waygmions, WO
2012/,024351P 2 /048006 . n lLavi.trogen)~_ The Phe e, was
der e Tt i tpde g TGN R Rhs M BUERET ot eR B ARIT LS 1y

qui ck clsingentdan@SRamethbleprohidSAPS 4asivdsasthbly BE gaiathdygrdrh éhel@bdulds @gne, the
pl asm d pENTR L3-pLac-Tet-L2 was received fromJon Chesnut (Invitrogen). 5
[0158] Reyatas Ry enBdreaier ciieicreyelonercdiin)- net hod, 20 fnol of a dual
DEST vector, typically containing a core nodul e flanked by two

count er oL Hjt i Binc SEKSEethmdogy anployddmeding dffa si:1¢ seednded hemol gownseinéneg
entry vectoy .containi ene nodules. In the exanple of Ad5, this i.ncludes
conbi ni ﬁa rslyin) Sionug Recesnpgie &&g?%ﬁ@?dvﬂeﬁ?w lfirﬁe-goDN%S PVERerssdt an El
nmodulse  §RbmicNECER (. AMNES FRAKLR) ?%W).Vﬁﬁfs%e S@T@t&ﬂnﬁ%gﬁ@ﬁ?io sentry 10
vector. In sone cases, iIncreasing the anount of one or nore of the entry
vect or s hvaylogres eavebefation iarhepglcstrgndadsinneplBg (€.gohybofdizahen)Bby rehyded en ent ry

t f Ad5). Th i n, i 1A1, of LR,d. I
PRI o RS TR B R A A AR € U i AR ATt A
over ni gh{uc(ei@aol&(éJ%?mA) arﬂ'&sﬁﬁaﬁfotniV%&OY.SP%RIQQB%@&YM%h&t@&ﬂiaﬁh@mﬁqﬁe| i Al of

Vv

proteinase K (Invitrogen) and incubation at 37C for 10 m nutes. Five pl of
t he reacdililoric¢hnologytfpreinsertiomef alcnevirdl geee mpgictnipe demiagtionavactrita fqrsn e9

cfu/n) t e sansitive. t.0 the, c n I t 0 . YEG d
agar3lapl atF%sm élg agﬁg% igb%e{%Fl%lg a{égg)tlafsgga @ﬁsgplgi%g%%ffg%%e%%%ﬁﬁo H%\S%lélna%usi ng
Phe SA2 94 S1fastt AatSie Re @ dnery) niethodk bensia® PL.IPtdchicogiedidasdrived tfbeexample, in
counterselection used in the vector. Colonies are subsequently isol ated and
scr eened-ifeb il ¥ripreetlehgén@hRd), 408 IF s d]igws ga rdip &g npeReany) ¢ 0%%11%%
performed using the Phusion enzyne (NEB%. PCRs to obtain the ADENO VI RAL
GENE nodul es from Ad5 were perfornmed wPéh | x HF buffer, 2001AM each dNTP,
0.504 each priner, and | Ong of tenplate. For the E2-L2 nodul e, 3% DVBO was
al so added. Tenplate was either plasm d pAd/ PL-DEST (Invitrogen; for E2-L2,
L3-L4, and E4 nodul es) or Ad5 genomic DNA (for El and E3 nodul es). PCR
conditions 25were as follows. E2-L2 and L3-L4: 98C 30sec - 10 cycles of 98C
| Gsec, 65C 30sec (decrease tenp 1C every 2 cycles), 72C 7mn - 29 cycles of

~evnrs oo~ ANNN NN -—r~~ N —r~r~ A PN " NN N NN



3030sec (decrease tenmp 0.5C every cycle), 72C 2min - 29 cycles of 98C
| Gsec, 60C 30sec, 72C 2min - 72C 5mn - 4C hold. WO
2012/ 024350RCR/0283011/ 048006 [ 0160] Regar di ng obt ai ni ngPeirmzskoigamsens c DNA

frompurjfi iJus, up .00u rified. virus.is added to 3 1 of
Lyar s i rLEhe PR ARt a0 el ot B Sl PREed: R s
Mx is ingdbated at 60C for 5 mn, followed by addition of Sul of

prot ei nase K stock (-20ng/nL) and further incubated at 60C for 1 hour.

Sanpl es t C i r 1N, . . I Nl 15K x g
or 1om P4 et AR Rednd SEIC B Bhtor b ORA - SRR R R

i sopr opahehsscitibeglinekides hyurididpg . @tand&kink) ghftoididbich tompetdld ddehdten i s
washed with 70% et hano] and respun for 15mn at 4C. The i:efj‘let is dried and
r esuspen@elr (o8 t.ma[t’@ﬁ}é’fftoRé‘&#’@F%ngeSPF)Q:PaYlpﬁééPngier%@‘ﬁg ucjgigacid (e.g.
exonucl m@& B(fé?ﬁ&tfgd(e%g‘an 204 t@rrﬁihu@g%ﬁe%&g of ﬂletalagncfv%la{ﬁé’ﬂerfﬂod?u@éél
reaction: 50nM Tris , 10mM MyCI12, 50ug/ ni BSA, 200nmM Urea, 5mM DIT, and
0. 5ul T4h&bky frohynpeanasienovite gemambddn vegors t Hpdetridizageldédmprend fedtinlatiGn 5M
EDTA, followed by incupati on at. 75Cr5{§8ﬁ 20m n.  An eqtﬁlE amount of

T4- t r eat $GOPRAY PP RIEH RIS FrdhOBHEE FRSI g oPRORMREWtibe.  For
SLI'C cordabhdvighl gero AGIBEY May b hy@idi2aeh coppeichCMchsvitid 6he MBAuISK. & an

conmbi ning 3 fragments, 7ul 'of each reaction is used. 15 Fragnents are
annddl eddpyovirbgénsgnednl 68 fadinediadenovifab igbermeddiy)) Aasingwt sadiond single

decreasin t epperag ur C every 5 seconds. do tQ 25C. After

anneal s iy g RIERIA L BrRanty S Fielsg BT SRR G ohifiy ot cened

[0162] Regpldh&@arddSticehigld arandb@neiciontia (of. BNR) oderhahd aotie dbstBatiéh

reaction is perfornmed using 100ng of T4-treated pl5A-Scel (linearized by
e

PCR), ari¢ctnthigciitate hybridizating (¢-geurrder sHgeym capditionsd). (Iaspme sedopinaneRticr om

their r i t I r - DGE . Five
(1o of nrairtiheghl e B e ot bER ARaYIE Bl Bhul e SRARbOR 20

Q adasl | .25TopeinEShgain dTkethyhodiidaeisn as@pebiitaicstirthtioy vBER mapbe fdraictd usiagpegt i ve
entry vectors. Eac %f the linearized vector (45 Ong) and PCR products
(200ng) RPEOPIAEINEBORI®S T4 DNA pol ymerase and SLI C perforned as nornal ,

usi ng 150-200ng of vector and 25-100ng of each nodule PCR After isolation
of posi tVE]c| beresamplel i svimat dnebadéwnents ottore ihe destinatipn edas kirauwlar @ed. a

purified, then copbjned with an El pr.qduct (10 of T4-treated) in a
Pew SLt CFBHE HGEHHTEnSSHET BLAe™ehE terOnE aubBNBTYS BHatY FETprasH d | o
ready f gnehf @&RGhLRNIVRBot OThERAAS HEdtb G dcks-md&: tNBElbE b AdERAN af USes

30[ 0163] Adenoviruses are frequently used fotéwgene transfer applications.

For 28xargpbeyclease {i.cape cugyait vish dednuglense actimdy) surdastaol eNAspalymeigbdlur e, to

ani ity ssherd i) o BFLOAUIBNER K ihibiofl MOk Ok AENS, TS BRY 7 le
Ilmtlng actor |1 usﬂgaenowrsesm I'S Way 1S gené/

2012/ 0243mbRfoht AiA0N1d @ABOR0deX piiaSsl formédby E@itsdtiaplc.g Adanay) thy aésoairel
non-integrating viruses, and thus the transgene expression is |ost upon
cel | di a°8¢ Bldulorwidt any pxoqucleyssthergby foaming ehybuidizgtian corgpetenfagenpyiral gene
retrovir a Vi , . . .

pur poseatofgs R onfNHARE ny Bl Rty b A o A SE0aliOFIR G

| i m25i ngnk e nemofithe afletovansganenddasss negnintledSexmbiemgeahc hebraliditivhi cul t to

growto high titers, are difficult to.express | tiple transgenes from and
i nt egr atCQTTg’FtePhﬁ&u‘ifHHﬁ‘ti%‘c‘é?ﬁoéﬁg‘_lif aFROY; ﬁgwg.m?ﬁ?m with aﬁPﬁE;ﬁg merase. ?n_
demonst @h@CniiRRmdie vtk AL o R SR GRRITETLAL A SHBAEAIMAAH af OF el gn

circular DNA contalning an -2380bp attiB sequence into a host cell chronosone
at circular plasmid, the adenoviral gene module is linearized by endonuclease treatment prior to

exonuclease treatment. Thus, in some embodiments, one or more of the hybridization

30  competent adenoviral gene modules are formed by contacting an entry vector that includes
one ore more entry vector adenoviral gene modules with an endonuclease, thereby forming
one or more released entry vector adenoviral gene modules. The one or more released entry
vector adenoviral gene modules may be contacted with an exonuclease, thereby forming one
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specific | ocations known as pseudo-attP sites. This process has been
denonstrated using 10 circular plasm d DNA, but has not been denonstrated
with a viwoosuessas adenovirus, |ikely because the adeRroviusadiigesvosre i s
| i near and thus ul.d eithe of integrate or. would integrate causing a
chr omos airroB Feat s Sol s bean i &8 nfiietr anri t ERuRRGRT boR
adenovi rhisdeapRRertcd 16 heRIeld ah Ad&ideitaPedh@Ynddaad thutio Bark bAMS EiBl vetor, &
portion of the genonme becones circul ar through cre-nedi ated reconbination
of | oxP released eniryiysctar adsipvigpl fzene medele getaderredtodgraan isom adeeovir g

modt 11 od s B hdee s T8hed b HEGRIV0RL LY Wi ABRRAIALIHERANRS By . o1
are del ebad dntbodlrhaws, fley adeubiitgdlgend matsg et ek piileis@igoobtailee bz Rl @ohei S

replaced with a cassette expressi,n%, the cre recaonbi nase and the Phi C31
i nt egr as¥NtheH) andslogsaetgpaure lincadetion AYigelo §Xonpeease dicaincnsi Wgome
tet-respong g I I, 00 | i | oxP
sites are pld}aégeerﬁgiaﬁﬁ%hrﬁgggesr%ggec? %ﬁeenﬁ{r]lé%dﬁgé Pfé?%ﬁltga&offtﬁet eeﬁ%??%lgagé(’)‘ﬁ wher e
t he tr ansgbies msy exjude semtlinirgntic ShéC sempetdntbeciveend theadtndanl gand t he E4
regi on. Th(ﬁﬁ’ evelrlgm B’n bet ween these two | oxP sites will be inserted
into t heeEF@E) wit QoM@ astly, the PhiC31 attB site is placed within
the E3 region, although the particular placement of this short sequence can
be d0 ot[ﬂgmll olnasoimeresnbpdimenty thesSLIC aBnpetdng vagiencankany @errgiqregdenoairehough

in this exanmpl.e, the cre reconbi. nd_Phi i nt egrase are expressed from
the sameaaangoics ol e NES B Ot e R BB e RO EIE " Coul
al so ex thﬁl%serﬂﬂwﬁﬁe_tﬁzﬂZIYlﬂﬁ‘I5|efSL@GR@acﬁSMr@-b@rf&ﬂrﬂddsseb[ue[nﬂlﬁﬁ_lo iHpghmultipnsduct i on
of the adenovirus into cells, the cre reconbi nase and Phi C31 integrase are
i nduced.2dgp@vifahgencimeduwes. t he reconbi nation of the | oxP sites in the

adenovi rus 30genone. This |leads to the circul arization of the DNA | ocated
bet ween [0hbt]l okRogictemshodithérss, tilherlcatd eusin fadendvirel ganbegs as@admids eclosninede t he
circular fragment into the cel]ular chronmpsone using the att ite in the

f r agrent?s(GBRaf; 'y @F%er%tS)a.HenmgaL%f‘ae RS, PlslC Ry Ef 41ddo m&ﬁ-w%% _
2012/ 024364 RGTH LSRALiOB80RR I8 ¥ELboRE Sl dopleSFh RO thASER! &b RderOr ti ON
of the adenovirtus genone into the host cell chronosone at one of a limted
nunber cfdeh@aat gomwsnes Bheolitziaed Jemasirdicd veuaktbykse Xpges S@didgrans arhi s
integratign.,.There is no risk of adenovirus replication or reactivation
since 1) Hdireet ok gt Mocera g BEPia S RRIC SUTER Adre vi ral genome are
deleted in the process. Both of these 5regions are necessary for virus
transcrilflidn Hhawadeapyird genomodilo veqpr ingvamtcayresd bfvinhitdcasy eneadenoeral
exishing retravirus.and lentivirus systens,inc 1), integration at a
e 0ed OBt TR SRR R R RS IR R R P Blom 2)
i ncr easg@ns hibduRk hevRidedtd e dbdtRaSGeNet@XP fessithoAderdyirtahgendbhddulevdeeor.
retarget the adenovirus to specific cells or tissues through fiber

nodi fi cdtar exagmplR; ¢ige darnmy, thejadegpovigbeensanesful gicke therasicaendrb grramodwe ot ypes

q . . . - . I
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forming a second adenoviral gene module vector. The first adenoviral gene module vector is
a hybridization competent adenoviral gene module vector (e.g. a destination vector). The
second adenoviral gene module is a hybridization competent adenoviral gene module (e.g. an
25  entry vector). In some embodiments, the second adenoviral gene module is the E2-1.2
module, the L.3-L.4 module, or the E2-L.4 macromodule. The first adenoviral gene module

may be the E1 module, the E3 module, or the E4 module.

[0118] In some embodiments (e.g. the example of human Ad5), the E2-L.2 module and the
L3-L4 module are approximately 14 kb and 10 kb, respectively. One of the discoveries

30  provided herein is that the size of the E2-1.2 and L.3-L.4 modules are, in some embodiments,
too large to efficiently assemble into the nucleic acid using standard or gateway (e.g.
multisite gateway) cloning technologies. An example is provided in Figure 15. Thus, in
some embodiments, SLIC cloning technology (or similar cloning technology) is used to insert
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modules may be added using, for example, gateway cloning technologies. Thus, in some
embodiments, where the E2-L2 module and the L3-L4 module assembled into the nucleic
acid, it is preferable to assemble the nucleic acid using a combined SLIC and gateway (e.g.
multisite gateway) cloning strategy. A particular embodiment of the combined SLIC and

gateway (e.g. multisite gateway) cloning strategy is set forth in Figures 20-21.

[0119] Certain embodiments of the methods provided herein provide fast and efficient
adenovirus genome construct assembly. In some instances, the adenovirus genome construct
is assembled in less than 10,9, 8, 7, 6, 5, 4, 3, 2, or 1 hour(s). The methods provided herein
further enable the insertion of adenovirus fragments into vectors, facile and independent

mutagenesis within individual vectors, and/or multisite specific in vitro assembly.

[0120] In some embodiments, one or all of the adenoviral gene modules may be selected
from a library of recombinant adenoviral gene modules, as set forth below. Thus, certain
embodiments of the Adsembly process enables quick and efficient construction of a wide
variety of recombinant adenoviruses there by allowing fast optimization of customized
adenoviral functionality based on optimal combinations of adenoviral gene modules. The
methods thereby provide the ability to create novel Adenoviral serotype chimeras by mixing
and matching parts from various Adenovirus serotypes. This allows for not only
combinations imparting the unique properties of each serotype, but the utilization of various
tropisms of the serotypes, and their use to potentially avoid pre-existing immunity to

prevalent serotypes.

[0121] Certain embodiments of the methods provided herein avoid reliance on the limited
restriction enzyme site cloning technology. The methods may also enable avoidance of
exclusive reliance on Adenovirus serotype 5. Indeed, in the example of human Ad5, where
all five of the E1 module, the E2-L2 module, the L3-L4 module, the E3 module, and the E4
module are employed, mutant options are substantially increased over previously known
methods. In certain embodiments, the methods provided herein enable the creation of

compound changes in the genome simultancously.

[0122] The methods may also enable avoidance of previously known genome assembly
relying exclusively on inefficient homologous recombination in specialized bacterial strains

or in mammalian cell culture (e.g. MAGIC), which can often take several months. Moreover,
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certain embodiments of the methods provided herein provide simple protocols with

commonly available reagents without the use of specialized bacteria (e.g. ccdB-resistant).

[0123] Utilities of the methods and libraries provided herein include, for example:
(1) Mutagenesis of adenoviral genes for gene function analysis.
(2) Adenoviral mutants in which the loss of adenoviral gene functions renders them
unable to replicate in normal cells but undergo selective lytic replication in tumor
cells in which their functions are complemented.
(3) Targeted gene expression, either as a replication defective vector or replication
competent virus.
(4) The methods may provide novel replication defective Adenoviruses for gene
expression. The Adenoviruses assembled using the methods herein may be optimized
for this purpose. In the case of human AdS5, the library of E1 modules may include
for example several E1A or E1B-deleted modules and/or each contain a different
mammalian promoter thereby allowing the user to choose the best promoter to express
the gene of interest.
(5) Multigene expression utilizing the existing transcriptional architecture of the

adenovirus genome.

[0124] In some embodiments where each of the E1 module, the E2-L.2 module, the L3-L4
module, the E3 module, and the E4 module are employed, the mutations are not present only

in the E4 module.

[0125] The E1 module, the E2-L2 module, the L3-L4 module, the E3 module, the E4
module and macromodules thereof may be derived from any appropriate adenovirus using
any appropriate methods (e.g. PCR techniques or gene synthesis). For example, PCR from
viral genomic DNA obtained from purified virus (Fig 14) may be employed. Figure 13
details PCR efficiencies obtained for the human Ad5 adenoviral gene modules. In some
embodiments, the combination of the E1 module, the E2-L.2 module, the L.3-L4 module, the
E3 module, and the E4 module constitute or macromodules thereof constitute a complete, or
substantially complete adenoviral genome. Using the teachings provided herein, a person
having ordinary skill in the art may determine the precise locations of the breaks between the
modules. For example, a bioinformatics approach may be used to determine optimal
insertion sites for recombination site nucleic acid sequences (e.g. a gateway recombinatorial

signal or a gateway recombination site). Several Adenovirus serotypes may be aligned, and
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the genomic regions between adenoviral gene modules may be analyzed for conservation. In
some embodiments, nucleotide conservation between serotypes are avoided, whereas
degenerate regions are acceptable insertion sites. For example, certain appropriate positions
of insertion sites for recombination site nucleic acid sequences in human Ad5 are denoted

5  with arrows in Figure 12, Figure 35, Figure 36, Figure 37 and Figure 38.

[0126] In some embodiments, the sequence between adenoviral gene modules may be short
thereby necessitating duplication of sequences. An example is provided in Figure 12, where,
due to the short amount of sequence between the Ad5 fiber polyA and the E4 polyA, a

duplication of 27bp of Ad5 sequence was inserted along with the attB site insertion.

10 [0127] In some embodiments, the nucleic acid (e.g. adenoviral gene module vector)
includes one or more recombination site nucleic acid sequences. Figures 35-39 disclose
examples, which are by no means intended to be limiting, of how the nucleic acid sequence
position of the recombination site nucleic acid sequence within a recombinant adenovirus
effects the growth rate of the recombinant adenovirus. Thus, in some embodiments, a

15  recombinant adenovirus including one or more recombination site nucleic acid sequences
(c.g. att sites) may grow slower than a recombinant adenovirus lacking one or more
recombination site nucleic acid sequences. In other embodiments, a recombinant adenovirus
including one or more recombination site nucleic acid sequences (e.g. att sites) may grow at
least as fast as a recombinant adenovirus lacking one or more recombination site nucleic acid

20 sequences. In other embodiments, the nucleic acid (e.g. adenoviral gene module vector)
includes a recombination site nucleic acid sequence between the E3 module and the E4
module. In some embodiments, the recombination site nucleic acid sequence between the E3
module and the E4 module is an attB3 recombination site nucleic acid sequence. In some
embodiments, the nucleic acid (e.g. adenoviral gene module vector) includes a recombination

25  site nucleic acid sequence following nucleotide 32904 as set forth in SEQ ID NO:137 or an
equivalent nucleotide in a homolog thereof. In other embodiments, the nucleic acid (e.g.
adenoviral gene module vector) includes a recombination site nucleic acid sequence between
the E1 module and the E2-L2 module. In other embodiments, the nucleic acid (e.g.
adenoviral gene module vector) includes a recombination site nucleic acid sequence

30 following nucleotide 4035 as set forth in SEQ ID NO:137 or an equivalent nucleotide in a
homolog thereof. In other embodiments, the nucleic acid (e.g. adenoviral gene module
vector) includes a recombination site nucleic acid sequence following nucleotide 3608 as set
forth in SEQ ID NO:137 or an equivalent nucleotide in a homolog thereof. In some
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embodiments, the nucleic acid (e.g. adenoviral gene module vector) includes a recombination
site nucleic acid sequence between the L.3-L4 module and the E3 module. In some
embodiments, the recombination site nucleic acid sequence between the 1.3-1.4 module and
the E3 module is an attB5 recombination site nucleic acid sequence. In other embodiments,
5  the nucleic acid (e.g. adenoviral gene module vector) includes a first recombination site

nucleic acid sequence between the E1 module and the E2 module, a second recombination
site nucleic acid sequence between the L.3-L.4 module and E3 module and a third
recombination site nucleic acid sequence between the E3 module and the E4 module. In
other embodiments, the first recombination site nucleic acid sequence is included in the

10 nucleic acid following nucleotide 4035 as set forth in SEQ ID NO:137 or an equivalent
nucleotide in a homolog thereof, and the third recombination site nucleic acid sequence is
included in the nucleic acid following nucleotide 32904 as set forth in SEQ ID NO:137 or an

equivalent nucleotide in a homolog thereof.

[0128] Listed below is one example of an implemented insertion strategy showing four
15  insertions into the Ad5 genome (SEQ ID NO:137). The numbers denote the nucleotide
position within the published Ad5 genome sequence where the insertion site is located for
insertion of the recombination site nucleic acid sequence. In the examples below, the attB
sequences (i.e. the recombination site nucleic acid sequences) are underlined, and the
duplication in Ad5 sequence for the final insertion is in bold. A person of ordinary skill in
20  the art would immediately recognize appropriate and/or equivalent insertion sites in similar

contents or homologous virus sequences.

Between 4075 and 4076:
CAACTTTTCTATACAAAGTTGTA
Between 17959 and 17960:
25 CAACTTTTTAATACAAAGTTG
Between 27173 and 27174:
TCAACTTTGTATACAAAAGTTGTG
Between 32815 and 32816:
ACAACTTTGTATAATAAAGTTGCTGAATCGTTTGTGTTATGTTTCAACGTG

30  [0129] The assembly strategy in Figure 21 has been used 17 times to yield infectious
human Ad5 virus. Figure 24 details the efficiencies of the methods provided herein. On four

separate occasions, wild-type Adsembled adenovirus has been transfected into cells and virus
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has been produced. Additionally, this protocol has generated 13 mutant adenoviruses, all of
which produce infectious virus. Figure 27 provides images of reassembled wild-type Ad5
from the transfection as a single plaque and also passaged onto 293 cells. The viruses
produced from the strategy in Figures 20-21 and Figure 25 have been tested for replication

5  efficacy in 293 cells, as shown in Figure 28.

[0130] In another aspect, an adenovirus made by a method disclosed herein is provided. In
some embodiments, the adenovirus is replication competent. In another embodiment, the

adenovirus is not replication competent.

II. Adenoviral Gene Module and Macromodule Libraries

10 [0131] In another aspect, a library including a plurality of adenoviral gene modules (e.g.
macromodules) are provided. In some embodiments, the library includes a plurality of
different E1 modules. In other embodiments, the library includes a plurality of different E2-
L2 modules. In other embodiments, the library includes a plurality of different L.3-L4
modules. In other embodiments, the library includes a plurality of different E3 modules. In

15  other embodiments, the library includes a plurality of different E4 modules. In other
embodiments, the library includes a plurality of different core macromodules. In some
embodiments, the adenoviral genome library is prepared according to a methods described

above.

[0132] In other embodiments, the library includes a plurality of different E1 modules, a

20 plurality of different E2-L.2 modules, a plurality of different L3-L4 modules, a plurality of
different E3 modules, a plurality of different E4 modules, and/or a plurality of difference core
macromodules. In some embodiments, the library includes a plurality of different
macromodules, wherein the macromodules include a plurality of different E1-L.2
macromodules, a plurality of different E2-L.4 macromodules (i.e. core macromodules) and/or

25  aplurality of different E3-E4 macromodules.

[0133] In some embodiments, the plurality of different adenoviral gene modules and/or

macromodules are different in that they are derived from different types of adenoviruses (e.g.

different species or different serotype). For example, in some embodiments the plurality of

different E1 modules, the plurality of different E2-L2 modules, the plurality of different L3-
30 L4 modules, the plurality of different E3 modules, the plurality of different E4 modules,

and/or the plurality of different macromodules (e.g. core macromodules) comprise adenoviral
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[0134] In some embodiments, the plurality of different adenoviral gene modules and/or

macromodules are different in that they encode different mutant modules or macromodules
(e.g. a deleted adenoviral nucleic acid sequence, a substituted adenoviral nucleic acid
sequence, an ectopic adenoviral nucleic acid sequence, or a nucleic acid sequence encoding a
non-adenoviral gene product). For example, the library may include a plurality of different
E1 modules, a plurality of different E2-L2 modules, a plurality of different L3-L4 modules, a
plurality of different E3 modules, a plurality of different E4 modules, or a plurality of
different of macromodules (e.g. core macromodules) including a deleted adenoviral nucleic
acid sequence, a mutated adenoviral nucleic acid sequence, an ectopic adenoviral nucleic acid

sequence, or a nucleic acid sequence encoding a non-adenoviral gene product.

[0135] In some embodiments, the plurality of different adenoviral gene modules and/or
macromodules are recombination competent (e.g. contained within an entry vector). For
example, the library may include a plurality of different E1 modules, a plurality of different
E2-L2 modules, a plurality of different L3-L4 modules, a plurality of different E3 modules, a
plurality of different E4 modules, and/or a plurality of different of E2-L.4 macromodules

modules that are recombination competent.

[0136] In some embodiments, the plurality of different adenoviral gene modules and/or
macromodules are hybridization competent (e.g. SLIC competent such as after linearization).
For example, in some embodiments, the library includes a plurality of different E1 modules, a
plurality of different E2-L.2 modules, a plurality of different L3-L4 modules, a plurality of
different E3 modules, a plurality of different E4 modules, and/or a plurality of different of

E2-L4 macromodules that are hybridization competent.

[0137] Portions of the libraries provided herein may be created by different users and
shared between different users. The various adenoviral gene modules may be mixed and
matched to build novel adenoviral constructs with desired functionality or lack of
functionality. The methods and libraries herein, therefore, provide the ability to create novel
Adenoviral serotype chimeras by mixing and matching parts from various Adenovirus
serotypes. The library of adenoviral gene modules provides users multiple options for

building their ideal adenoviral vector.
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example, Figure 18 demonstrates the toxicity of the human Ad5 E1 module. In some
embodiments, an adenoviral gene module may need to be contained within plasmids that are

maintained at lower copy number (e.g. p15A origin of replication).

5 [0139] In some embodiments, an adenoviral gene module toxicity, size, or other factor may
prevent their use in SSR methods (e.g. gateway reactions). For example, Figure 15 details
standard gateway BP reaction efficiencies for the 5 human Ad5 adenoviral gene modules. In
some embodiments, an adenoviral gene module that is inefficient using an SSR method (e.g.
a gateway reaction) may be manipulated by alternative cloning methods (e.g. SLIC). Figure

10 17 diagrams a strategy to use SLIC in place of an SSR method (e.g. using gateway cloning

enzymes) to create entry vectors.

III.  Kits

[0140] In another aspect, a kit is provided for us in the methods and libraries provided
herein that include a nucleic acid including two or more adenoviral gene modules selected

15  from an E1 module, an E2-L2 module, an L3-L4 module, an E3 module, an E4 module, or an
adenoviral macromodule (or mutant thereof as described below). Appropriate components of

the kit include the compositions and components discussed above in Sections I and/or 1II.

[0141] For example, in some embodiments, the kit may include a nucleic acid including

three, four or five adenoviral gene modules selected from an E1 module, an E2-L.2 module,
20  an L3-L4 module, an E3 module, an E4 module or an adenoviral macromodule. The nucleic

acid may form part of a vector (e.g. a plasmid), as discussed above (e.g. a destination vector

or donor vector).

[0142] In some aspects., the kits provided herein may include a vector with or without an
adenoviral gene module. Vectors useful in the kits may include one or more recombination
25  site nucleic acid sequences and/or a single stranded nucleic acid overhang (or a nucleic acid
sequence capable of forming a single stranded nucleic acid overhang upon contact with an
appropriate enzyme.) In some embodiments, the vector is a hybridization competent
destination vector, a SLIC competent vector or a donor vector as described above. The
vectors may include one or more adenoviral gene modules. In some embodiments, the vector

30 includes include a counterselection cassettes.
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readily apparent in view of the present description of the Adsembly methods and Libraries

(e.g. exonucleases, integrases, promoter sequences etc.)

IV.  Examples

5 [0144] The following examples are offered to illustrate, but not limit the claimed invention.

A, Methods of Viral Assembly

1. ‘Combining’ chemistry and ‘recombining’ viral genomes to
develop next generation viral vectors and replicating lytic cancer

therapies

10 [0145] We developed the use recombination strategies for the rapid de novo assembly of
viral genomes from component parts, allowing the systematic combination of multiple

modifications and heterologous elements.

[0146] The potential of adenoviral vectors in several applications is hindered by the ability
to engineer and combine multiple genetic modifications rapidly and systematically. The

15  main methods being used for the most part depend on the availability of unique of suitable
restriction enzyme sites at appropriate locations in the genome and are not generally
amenable for systematic use or creating precise compound modifications in rapid single step
The manipulation of large genomic DNA fragments and the paucity of unique restriction sites
make this technically challenging and limited. Another method requires the generation of a

20  smaller ‘shuttle’ vector with the genomic region to be modified, and a ‘backbone’ vector with
the viral genome. The major rate limiting step for these vectors is recombination, which
either occurs by homologous recombination in mammalian cells (a very low frequency event,
occurring at random sites and requiring multiple rounds of plaque purifications to isolate the
desired recombinant) or by homologous recombination in special bacterial strains. These

25  methods are limited.

[0147] To overcome the limitations of current technologies, we have developed a novel
adenovirus genome assembly strategy that enables the rapid and systematic generation of
compound viral mutants overnight. This eliminates inefficient and imprecise recombination
in mammalian cells, the need for available BACs or shuttle vectors, time-consuming and

30 laborious plaque purifications. This strategy provides the ability to assemble in vitro novel

44



zszsa, ,-1,-1c wu_o Li.,Li.,c PTFL-136 Adsenbly PTFL-144 Adsenbly PTFL-147
Adsenmbly PTFL-148 Adsenbly ZZZ222UuO_ 0_0_0_
COCOCOCOtR0Q0 2OEBC PCT/US2011/048006

viral genomes rapidly from component parts, including: 1) multiple mutations/modifications
to viral genes, 2) genes from other viral subtypes e.g. viral coat proteins that bind different
receptors and switch serotypes, 3) ectopic genes e.g. pro-drug converting enzymes to induce
potent tumor by-stander effects, 4) the addition of fluorescent reporters or tags for in vivo

5  1imaging and diagnostics, and 5) directed in vitro viral evolution. In addition, this technology
takes advantage of the natural viral transcriptional architecture, which for human Ad5
encodes 36 genes (not including splice variants), so that multi-protein complexes and entire

pathways can be assembled, delivered and co-expressed via adenoviral infection.

[0148] To overcome the limitations of Ad2/5 and current methodologies, we have

10 developed Adsembly methods that enable the rapid de novo assembly of adenoviral genomes
in vitro from genomic component parts and heterologous elements. Using a bioinformatics
approach, we split the different adenoviral genomes (36-38 kb) into 5 units, based on
evolutionarily conserved sequences, transcriptional and functional modules. Each of these 5
units comprise compatible sections of a genomic building “parts library”, the functions and

15  diversity of which is altered by engineering mutations or heterologous elements and further
expanded by adding equivalent units from disparate adenovirus serotypes, mutants and
species. In order to create a new adenovirus with unique properties, one of each of the units is
selected from the library and rapidly reassembled into a complete genome in vitro using
Adsembly (e.g. Ad-SlicR). Adsembly can be used to assemble a novel genome via multi-site

20  specific recombination, which upon transfection, self-excises from a plasmid backbone and
replicate to produce novel viruses. Ad-SlicR is a strategy that may be used to erase inserted
recombination sequences for more potent viral replication (if necessary) and clinical use. The
strategies disclosed herein may use a library genome building blocks, created from human
and/or animal adenoviruses that have different tropisms to Ad2/5 and other desirable

25  properties or which have been genetically modified to confer altered functionality.

[0149] To achieve this, we exploit a modified A phage site specific recombination system
with improved specificity and efficiency, also known as ‘Gateway.” There are 4 classes of
recombination sites called attB, attP, attL, and attR, which are recombined by distinct phage
enzymes. Recently, novel att site specificities have been identified, that allow simultaneous
30  recombination of multiple DNA fragments in a defined order and orientation. Disclosed
herein is a novel application of this system to assemble de novo entire viral genomes from
genomic component parts. Surprisingly, this technology revolutionizes the development and

potential applications of adenoviral vectors.
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amplify the viral genome in matched contiguous groups. The Ad5 adenoviral genome is 36kb

and is temporally divided into ‘early’ (E) and ‘late’ (L) transcriptions units, which together

encode 36-40 genes.

5 [0151] Wild type Ad5/2, mutants of Ad5/2 and disparate adenoviral subtypes or animal
viruses are used as DNA templates. PCR fragments are recombined into ‘Entry’ vectors to
generate a library with the constituent elements of the adenoviral genome. LR recombination
into a destination vector assemble multiple permutations of individual elements into novel
viral genomes (Fig.1B). This is facilitated by positive selection for the destination vector’s

10 antibiotic resistance and the negative selection of unreacted destination vectors in E. coli
afforded by the toxic gene, ccdB (Hartley et al., 2000). In case the number or size of
fragments limits recombination efficiency, intermediate destination vectors are created where
modular replacement or complete assembly occurs in a second BP/LR reaction. This quick
and novel method of viral DNA manipulation transforms the engineering of novel viruses by

15  taking advantage of the innate chemistry of DNA recombination.

Additional combinations are integrated, for example, Adenovirus 34 Fiber which binds to the

CDA46 cellular receptor and evades neutralizing antibodies produced to Ad2/5 viruses.

2. Materials and Methods

[0152] Using the above guidelines, modified adenoviruses were made with the below

20  references components. Gateway DONR vectors were employed. In the example of human
Ad5, the E1 module was obtained by PCR and inserted into the vector pPDONR P1P4 using
SLIC. The pDONR P1P4 vector backbone including attL1 and attL4 recombination sites was
amplified using PCR and combined with the Ad5 E1 module by SLIC. In order to generate
an alternate counterselection cassette, vector pPDONR P1P4 was modified. This vector

25  backbone including attP1 and attP4 recombination sites was amplified using PCR and
combined with the PheS****¢

cassette from pENTR L3-pLac-Tet-L2) to create a new DONR vector. The attR1-PheS***9-

Tet(r)-attR4 fragment from the new DONR vector was then amplified by PCR and inserted

into the Adsembly DEST vector. See “MultiSite Gateway® Pro Plus”, Cat# 12537-100; and

30  Sone, T. et al. J Biotechnol. 2008 Sep 10;136(3-4):113-21.

mutations and a Tetracycline resistance cassette (the pLac-Tet
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[0153] In the example of human AdS, E3 module was inserted into the pPDONR P5P3r

vector by gateway BP reaction. The E4 module was inserted into pDONR P3P2 vector by
gateway BP reaction. The attR5-ccdB-Cm(r)-attR2 fragment from the pPDONR P5P2 vector
was amplified by PCR and inserted into the Adsembly DEST vector. See “MultiSite
Gateway® Pro Plus”, Cat# 12537-100; and Sone, T. et al. J Biotechnol. 2008 Sep 10;136(3-
4):113-21.

[0154] The vector backbone for the Adsembly DEST vector is composed of parts from
three different sources. The Amp(r) cassette and lacZ gene was amplified from plasmid
pUC19. This was combined with the p15A origin of replication, obtained from plasmid
pSB3K5-152002, part of the BioBricksiGEM 2007 parts distribution. The p15A ori, which
maintains plasmids at a lower (10-12) copy number is necessary to reduce E1 toxicity. Lastly,
in order to create a self-excising virus, the mammalian expression cassette for the enzyme I-
Scel was PCR’d from plasmid pAdZ5-CV5-E3+. This cassette was cloned into the vector
backbone to create the vector called p15A-Scel. This is the vector used to start genome
assembly. In the example of human Ad5, the gene modules were all obtained from either

DNA purified from wild type AdS5 virus or the plasmid pAd/CMV/V5/DEST (Invitrogen).

[0155] Regarding the DEST vector in the example of human Ad5, the E2 and L3 modules
were inserted into plasmid p15A-Scel by 3-fragment SLIC. The counterselection marker
expressing ccdB and Chlor(r) flanked by attR5 and attR2 sites was obtained by PCR from
plasmid pDONR P5P2. The second counterselection marker (PheS-Tet), was obtained by
PCR from the vector pDONR P1P4 PheS***“_Tet (see above). The two counterselection
markers were inserted on the right (ccdB/Cm) and left (PheS/Tet) sides of p15A-Scel E2-L4
by SLIC after cutting with unique restriction enzymes engineered to the ends of the E2 and

L4 modules to create the DEST vector.

[0156] Regarding the multisite gateway entry vector containing adenoviral gene modules,
in the example of human Ad5, the E1 module were inserted into pPDONR P1P4 by SLIC. The
E3 module was inserted into pDONR P5P3R by gateway BP reaction. The E4 module was
inserted into pDONR P3P2 by gateway BP reaction.

[0157] Regarding Amp(r) cassette: plasmid pUCI19, the p15A ori: plasmid pSB3K5-152002
was part of the BioBricksiGEM 2007 parts distribution. Regarding the adenoviral adenoviral
gene modules, either the DNA purified from Ad5 particles, or plasmid pAd/CMV/V5/DEST

(Invitrogen). The DONR vectors pDONR P1P4, P5P2, P5SP3R, P3P2 were received from Jon
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(Invitrogen).

5 [0158] Regarding an embodiment of the Adsembly method, 20 fmol of a dual DEST
vector, typically containing a core module flanked by two counterselection cassettes, is
combined with 10 fmol of each remaining entry vector containing gene modules. In the
example of AdS5, this includes combining 20 fmol of the E2-L3 dual DEST vector with 10
fmol each of an E1 module entry vector, an E3 module entry vector, and an E4 module entry

10 wvector. In some cases, increasing the amount of one or more of the entry vectors may increase
efficiency (e.g. using 50 fmol of the E1 module entry vector for Ad5). These vectors are
combined with 2pl of LR Clonase II (Invitrogen) in a final volume of 10pl. The reaction is
incubated at 25°C overnight (12-16 hours). The reaction is stopped by the addition of 1ul of
proteinase K (Invitrogen) and incubation at 37°C for 10 minutes. Five pl of the reaction is

15  then transformed into high competency bacteria (>1¢9 cfu/ug) that are sensitive to the ccdB
gene product and plated onto YEG-CI1 agar plates (as described in Kast, P. Gene, 138 (1994)
109-114; when using PheS***“ counterselection) or other appropriate media for the
counterselection used in the vector. Colonies are subsequently isolated and screened for

complete genomes.

20 [0159] Regarding PCRs, all PCRs were performed using the Phusion enzyme (NEB). PCRs
to obtain the ADENOVIRAL GENE modules from AdS were performed with 1x HF buffer,
200uM each ANTP, 0.5uM each primer, and 10ng of template. For the E2-L.2 module, 3%
DMSO was also added. Template was either plasmid pAd/PL-DEST (Invitrogen; for E2-L2,
L3-L4, and E4 modules) or Ad5 genomic DNA (for E1 and E3 modules). PCR conditions

25  were as follows. E2-L2 and L3-L4: 98°C 30sec - 10 cycles of 98°C 10sec, 65°C 30sec
(decrease temp 1°C every 2 cycles), 72°C 7min - 29 cycles of 98°C 10sec, 60°C 30sec, 72°C
8min - 72°C 10min - 4°C hold. E3: 98°C 30sec - 10 cycles of 98°C 10sec, 70°C 30sec
(decrease temp 0.5°C every cycle), 72°C 2min30sec - 25 cycles of 98°C 10sec, 68°C 30sec,
72°C 2min30sec - 72°C 10min - 4°C hold. E4: 98°C 30sec - 6 cycles of 98°C 10sec, 63°C

30  30sec (decrease temp 0.5°C every cycle), 72°C 2min - 29 cycles of 98°C 10sec, 60°C 30sec,
72°C 2min - 72°C 5min - 4°C hold.
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5  placed on ice for 5 min, followed by spinning at 15K x g for 15min. Supernatant is removed
and added to an equal volume of isopropanol, mixed well, and spun at 15K x g for 15min at
4°C. Pellet is washed with 70% ecthanol and respun for 15min at 4°C. The pellet is dried and

resuspended for use.

[0161] Regarding SLIC, linear fragments are exonuclease treated for 20min at room temp

10 in the following 20ul reaction: 50mM Tris pH8, 10mM MgCl,, 50ug/mL BSA, 200mM Urea,
5mM DTT, and 0.5ul T4 DNA polymerase. The reaction is stopped by addition of 1ul 0.5M
EDTA, followed by incubation at 75°C for 20min. An equal amount of T4-treated DNAs are
then mixed to around 20ul in volume in a new tube. For SLIC combining 2 fragments, 10l
of each reaction is used. For SLIC combining 3 fragments, 7l of each reaction is used.

15  Fragments are annealed by heating to 65°C for 10min, followed by a slow cool down
decreasing the temperature 0.5°C every 5 seconds down to 25°C. After annealing, Sul of the

reaction is transformed and clones are screened.

[0162] Regarding AdSIicR, for the example of Ad5, a 3-fragment SLIC reaction is
performed using 100ng of T4-treated p15A-Scel (linearized by PCR), and 300ng of each of

20  the E2 and L3 modules (obtained by PCR from their respective entry vectors). This creates
vector pl15A-Scel E2-L4. Five pg of p15A-Scel E2-14 is cut with Swal and gel purified
using Qiagen QiaexIl. The E3 and E4 modules are obtained by PCR from their respective
entry vectors. Each of the linearized vector (450ng) and PCR products (200ng) are treated
with T4 DNA polymerase and SLIC performed as normal, using 150-200ng of vector and

25  ~100ng of each module PCR. After isolation of positive clones, 5ug of the new vector is cut
with Pacl and gel purified, then combined with an E1 PCR product (100ng of T4-treated) in a
new SLIC reaction. This completes the genome assembly, and the plasmid is ready for

transfection to reconstitute virus.

B. Modified Adenoviruses

30 [0163] Adenoviruses are frequently used for gene transfer applications. For example, they
are used to deliver transgenes to cells in culture, to animal tissue in vivo, or to human cells in
vivo for gene therapy. One limiting factor in using adenoviruses in this way is gene
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expression is transient. Adenoviruses are non-integrating viruses, and thus the transgene
expression is lost upon cell division. Other viral systems that are integrating, such as
retroviruses and lentiviruses, are used for these same gene transfer purposes. However, these
naturally integrating viruses are small, thus limiting the amount of transgene that can be
expressed, are difficult to grow to high titers, are difficult to express multiple transgenes

from, and integrate at random locations in the genome.

[0164] It has been demonstrated that the PhiC31 integrase can mediate integration of
foreign circular DNA containing an ~280bp attB sequence into a host cell chromosome at
specific locations known as pseudo-attP sites. This process has been demonstrated using
circular plasmid DNA, but has not been demonstrated with a virus such as adenovirus, likely
because the adenoviral genome is linear and thus would either not integrate or would
integrate causing a chromosomal break. Here we provide a system whereby a recombinant
adenovirus genome is created in such a way that upon transduction, a portion of the genome
becomes circular through cre-mediated recombination of loxP sites, thus allowing for

targeted integration via PhiC31 integrase/attB.

[0165] For this technology, the Adenoviral genome is modified in several ways (see
Figures 31-33). First, the E1 and E3 regions are deleted to allow for multiple transgene
expression. The E4 region is replaced with a cassette expressing the cre recombinase and the
PhiC31 integrase. The expression of these enzymes is regulated using a tet-responsive
promoter or other similar regulatable element. Two loxP sites are placed in the genome, one
on the left end of the E1 region where the transgene is expressed, and the second between the
fiber and the E4 region. Thus, everything in between these two loxP sites will be inserted into
the cellular chromosome. Lastly, the PhiC31 attB site is placed within the E3 region,
although the particular placement of this short sequence can be at other locations as long as it
is between the loxP sites. (Although in this example the cre recombinase and PhiC31
integrase are expressed from the same adenovirus that contains the loxP sites and transgenes,

one could also express those enzymes from a separate virus.)

[0166] Upon transduction of the adenovirus into cells, the cre recombinase and PhiC31
integrase are induced. cre facilitates the recombination of the loxP sites in the adenovirus
genome. This leads to the circularization of the DNA located between the loxP sites. This
then allows for the integrase to recombine the circular fragment into the cellular chromosome

using the attB site in the fragment (see Figure 33). The end result is the stable (non-
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reversible) integration of a selected portion of the adenovirus genome into the host cell
chromosome at one of a limited number of locations. The transgenes are stably expressed
from this integration. There is no risk of adenovirus replication or reactivation since 1) the E1
region is deleted and 2) the ends of the viral genome are deleted in the process. Both of these

5  regions are necessary for virus transcription and replication.

[0167] Advantages of this system over existing retrovirus and lentivirus systems include 1)
integration at a limited number of locations within the genome rather than being random, 2)
increased size allowance for transgene expression, 3) the ability to retarget the adenovirus to
specific cells or tissues through fiber modifications (Figures 39-42) or the use of other

10 adenovirus serotypes and species (Figures 45), 4) ease of manipulation using the Adsembly
system, 5) ease of production of high-titer virus, and 6) ease of multigene expression from a

single vector.

[0168] This system advances on the current PhiC31 integration technology (sold by Life
Technologies as the “Jump-In” line of products) by the use of viral-mediated DNA delivery.

15  The existing technology is only plasmid-based, and thus is limited to cells that can be
transfected or electroporated efficiently. Plus it cannot be used in vivo unless specific
transgenic mice are created. Adenovirus is routinely used to deliver transgenes in vivo, and
thus this greatly expands the capabilities of the existing technology. One incarnation would
be the creation of mouse models using multi-gene expression cassettes via titratable and

20  targeted delivery of a modified adenovirus to specific tissues. Another incarnation would be
to mouse-line containing an att site for targeted knock-in. Another incarnation would be for

iPS.
C. Creation of a complete near wild-type adenovirus type S using Adsembly

[0169] Adsembly was used to construct a near wild-type version of Ad5 using the
25  following strategy. A wild-type core sequence flanked by gateway counterselection cassettes
was mixed with a wild-type Ad5 E1 module, a wild-type Ad5 E3 module, and a wild-type
Ad5 E4 module (Fig. 21). A clone that contained a completely assembled genome was
isolated and transfected into 293 cells. Plaques were visible after 7 days, and the virus was
harvested and amplified on more 293 cells. Growth analysis revealed that this near wild-type
30  wvirus (it contains 3 attB insertions compared to a true wild-type virus) grew to only slightly

reduced titers as a true wild-type virus (Fig 28).
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D. Creation of a mutant AdS that is replication defective, expressed GFP,

and contains a fiber protein from an alternate serotype

[0170] We created a mutant Ad5 using Adsembly. The Ad5 E1 module was altered such
that the E1A and E1B regions were deleted, thus rendering any virus made with this new
5  vector replication defective. After removal of E1A and E1B, a mammalian expression

cassette was inserted containing the CMV IE promoter and the GFP gene. The Ad5 E3
module was altered such that the AdS5 fiber gene was replaced with the fiber gene from Ad34.
These mutant E1 and E3-fiber modules were combined with a wild-type Ad5 E4 module and
a wild-type Ad5 core module flanked by gateway counterselection cassettes in a standard

10 Adsembly reaction (Fig 21). A resulting clone that was a complete assembled genome was
isolated and transfected into 293 cells. Plaques were visible after 7 days, and the virus was
harvested and amplified on more 293 cells. Growth of this virus indicates that this strategy
can be used for 1) transgene expression, 2) fluorescent gene expression, 3) replication
defective virus construction, 4) chimeric adenovirus creation, and 5) alternate fiber

15  expression in an Ad5 background.

E. Creation of a replication competent AdS using AdSlicR.

[0171] AdSIlicR was used to construct a wild-type Ad5 from adenoviral gene modules. The
wild-type E3 and E4 modules were obtained by PCR from their adenoviral gene module
vectors. These were combined with a Swal-cut wild-type AdS core module in a standard

20  SLIC reaction (Fig 25). A clone that successfully contained the core module with the E3 and
E4 modules was isolated and cut with Pacl. This was then combined in a second SLIC
reaction with a wild-type Ad5 E1 module obtained by PCR from the adenoviral gene module
vector. A clone containing a completely assembled genome was isolated and transfected into
293 cells. Plaques were visible by day 7. The resulting virus was amplified on more 293 cells.

25  Growth analysis of this virus revealed that it grows to the same titers as wild-type Ad5 (Fig
28).

V. Tables

[0172] Tables 1-9 disclose examples of adenoviral gene module vectors, destination vectors

and entry vectors prepared using the methods provided herein.

52



H-C ¢ To To To To

1

0 CO0 LU -1C 4-" ' (.

ToToToToTo To To To cccccccecccececcce

LULU. lu< u p_ -Ya) Ea) a)

-0 -
CC u_

SUOIlJasul
g3e v ||e suieuod

SUOI1JaSUl £gNe
pue yygne sulejuo)
SUOI1J3SUI €91k pue
‘gg1ie ‘ygne suieyuo)
Ajuo uolasul

€diie a3 sulejuod
Ajuo uolasul

Sdie ay) sulejuod
Ajuo uolasul

9d11e aya suiejuo)
Ajuo uolasul

¥911e |y3 sulejuo)
‘dgg/TLT 30,1, PUB
dq9/0t 1e uoiasul
WY1, suleuod

Vv 1M 031 paJedwo)
‘€dne ‘sgne ‘ygne
Aluo "piing eand
sousgnety (e
1e3U0) "pling ZTANd

)

‘

asnou-

<00

100
100
100
T0O

<00

T0O

T0O

<00

100

100

100

<00

"t:To't: wOtniPa2835To' t: To't: To't: To't: To't: To' t: To' t: TOPCTIMNS20H/088006 O
+ cocdco X

0O- 000 -0- 0- 00 O000") OOOOOOOOOOOOOOOOC)L/1 LUa).

2 22 uo u u

SO}ON S HIPGLUDIEIN

DI

T00 €00
S00 TO00
S00 TOO
T00 TOO
T00 100
T00 100
T00 100
T00 100
T00 100
T00 100
T00 100
T00 100
T00 100
¥ =
syuauodwio)

£00

S00
T0O
S00
T0O

T0O

T0O

T0O

T0O

T0O

T0O

T0O

T0O

haas
LLE

dd9-SIHI-AIND-TIV

YPOTI-€440Y3 'VO9TH-MSSAT3
4v0TI-EH0rd
VYO09ZH-)14549T4d

1M

1M

1M

1M

1M

1M

1M

1M

1M

SUOREINA

uoissaadx3gon 1IUyo93/poyiatl

Ajquaspy ZTT-141d

JINSPVTTT-NINDA
JINSPVYOTT-NINOA

JI1SPYS0T-NIADd

JINSPVYLOT-NINDA

53



LU 0
a)

000c- |

0 000 cLl

< 0 Lf1lrn?Lf1lrn

C WNAkci s

?.ClL. C1Lf1L. C1L. C1L. C1L.Cl1L.C1 LID1 0011 NJ NJ(O c-I

AN

LU O LU OwbWo/04351 O LUOLU CL.S.1 CL.S.1 CL.S. 1 C LrPEBTIUSLI4EDO6 Ti

LULUUJuJLWY)

r, W

¢
= qowy/ueys 6py ‘|iei €00-2J00T00-40T0-€4ST0-T3 6/6/5pv  [uoish} d49-on[]-0T 4] Alquaspy G€T-141d
- SpY eJawiyd Jaqi eJBWIY2 J3ql} ‘TZTHIW-[d4D-2N|]-0T43-TIY
;. qowj/ueys gpy ‘|iey €00-2J00T00-774600-€45T0-T3 g/g/spy  [uoisn} d49-on[]-0T 43 Alquaspy ¥€T-141d
A SpY eJawiyd Jaqi eJBWIY2 J3ql} ‘TZTHIW-[d4D-2N|]-0T43-TIY
A £00-2402T00-#3T00-€3ST0-T3 TTTYHIW-[d49-on|[-0T43-T9y  [uoIsn} d49-2n[]-0T 47 Ajqwespy  €€T-T41d
A T00 T00 T00 TOO0 OT0 SIH X9 WJ31-) XId {d49-AIND-TIV d4dD-AIND JINSPYZET-NINDJ
© SasNUIA T00 800 TOO TOO 1M Alqwaspy T€T-141d
_—  Pp3|qwiaspy snolaaid
© ul Juasald 3-€3
‘S u9amiaq aduanbas
. jeadal sy syoeq
A £00 T00 900 TOO0 910 £440¥3IV/TIV €4HO-7D-AIND JINSPY6CT-NINDd
= £00 T00 900 TO00 [LTO £440¥3IV/TIV €440-2AIN-AIND JINSPVY8CT-NINDOd
© £00 T00 900 TOO0 910 £440¥3IV/TIV A3 €440O-AIND JINSPVYLZT-NINDd
> £00 T00 900 TOO0 910 £440¥3IV/TIV VI8N €440-AIND JINSPY9CZT-NINDd
© £00 T00 900 TOO0 910 £440¥3IV/TIV €44O-AIND JIMSPYSCZT-NINDJ
T00 T00 T00 TOO (¢T0 AGG-dT3Iv JINSPYYZT-NINDOd
m\ Heys 100 TO0O 600 600 S)/11e1 J2qy €/SpV ‘d49-AND-TIV d4dD-AIND Alquaspy €ZT-T41d
- pue qouy gpy pue
_ 11e1 Spy oy Yiim Jaqly
+  ouswiyod e suleluo)
+., o T00 T00 00 600 Jaql FEPY ‘d4D-AIND-TIV d4dD-AIND Alquaspy TZT-T41d
oo T00 T00 TOO 600 d4dD-AND-T3IV d4dD-AIND
o £00 T00 900 TO0O TOO €440V JINSPVY8TT-NINDOd
foo) © MeYS’y EIANd4D £00 T00 900 TOO0 910 £440¥3IV/TIV d4dD-AIND JINSPVYLTT-NINDOd
o w suonJasul <00 T00 00 /0O Jaql} FEPY ‘d49-STYUI-AIND-TIV d4D-S3dl Alquaspy €TT-141d
| @%ey |jesureyuod
of - SOIONCINPELDIDEN | BI53 %3 & i3 suonemnn uorssaadx3anbluyoe1/popat ai
m_ o SHoPY syuauodwio)y
°T
,__U
ﬁm, 19198 L
o«

54



E wE

0-a0-7.)c )

0 -au-au-aa) a)

_ID2 _

>CO0

(.0 < (.0 < a oc7)
(f) ToToToToToToToToPaTwke11/048006 O

“1--.
0-

LU y-

4

U-ao -

r) u> ---- -0'CL >< > > >,
C

a a)
-43 C. 7) W0,20i2/24359 W 14-

) L--2...

a,

(.

0 -
eGP
<

\Y;
\Y;
'@V
oy
_% Eusbm |le sulejuo) t00-2402T00-739¢0-€3€¢0-T4 ¥3 ‘€3 ‘T3 SPY yum pisded TTpy auou
=+, 100-2403ZT0-¥3TO0-£3ZTO-TI NSSH/NESI/MTSI/N0TI-EHOPT NGS-9TIV JITSPVY8ST-NINDd
e m v T00-9J00TTO-¥4dT00-€3¢T0-T3 VZ8N-£44013 )GG-dT13v JINSPY/LST-NINDC
_m L v t00-INSY T00-2400500-73T00-€4¢T0-T3 YPOTI-€HOYT HGS-9T3IV JINSPYZST-NINDC
= W_ Vv U ‘GET-141d T00-9J00T00-7340T0-€39T0-T3 6/6/SPY[U0Isn} d49-0Nn[]-0T43 Alquaspy 6+T-141d
L BJBWIYD 413Gl ‘ZZTHIW-[d4D-0Nn|]-0T43-13
o % PryeIoo VISHI Yo Jaqy [ 1l v
Hoxa <f.8 aJedwod
- WH ] mw:._. 9102 | M\
°© 2D ~= el T00-2402T00-73600-£3ST0-13 €/€/spv[uoisny d49-0n|]-0T43 Alqwaspy  8tT-141d
F 3 quatei00 DTSHI BJBWIYD J3q ‘ZZTHIW-[d49-oN(]-0T43-13Y
qo@@moa asedwod
wﬁw_ m%_._. ‘2402 | M
L — S "g€T-141d T00-9J00T00-73dT00-€39T0-T3 TTTHIW-[d49-9N[]-0T43-T3V[UOISN} d4D-0N|]-0T43 Alquaspy /+T-141d
e s xﬁﬂeoU [O)XVE!
IQB:.E@B aJedwod
— IoE ﬂv_._. 9400 1M
O 3 \) A6G-dT4d T00-2403T00-4T00-€40¢0-T3 d4i9-T3v d45° Ajquaspy  ¥¥T1-141d
u, dois ayy 0}
,3 02 1Je1s ayl
2 @w_@_ 440 d49@
= o = Bishs oljspe 900-NINSY 900-73 Z10-13 EHMOV/SS-ATIV JI1SPYOPT-NINDd
- c_#fﬁz:cm CITE
Tmmﬁ -l 4101 2Jedwo) £00-2409T00-73T00-€3¥TO-T3 [d49-2n[]-0T43-13y  [uoisn} d49-on|]-DT 43 Alqwaspy 8€T-141d
- © “@eouny J1ay;
515970 IAUS ZZTHIW
FgtbpeShuia joauod
+OWHEYs ZTPY ‘|ley €00-2409T00-73TTO-€3STO-T3 TT/TT/SPY  [uoisny d49-an(1-0T 43 Alqwaspy 9€T-141d
O 2 @py eI J3ql4 BJBWIYD J2ql ‘ZCTHIW-[d49-oN(]-0T43-TIV
e SOIONCINBCUIDIEN B3 3 o =] suonemy uoIssaldxgsnbluyoai/poya al

t
L
c

I

JHSPY sjusuodwio)

0

I 91q¢eL

"t:To' t: To
-0

cY) -...

MLSDNOOCY) 0

0

55



'"t:To't:To't:To't:To't:To't: To't:To't: To r-ir-icncsir-ir-ir-i N NOOCOO00c- |

OO0OO0OO0OO0OOOOTIirlirlirlirlirlirlirli

/1 a

LULULULULULULULU  CbX

, PC0rUS20114048006 s C C <

uLuLu a)--.

)

t: S wo2812/02u351 +uJ++ ca><caca X <0_a

. 1.
0 <a) <

1M ‘paduanbas Ajn4
"GPV Jo suialoud

¥3 pue ‘€3 ‘T3 ays
Yum ZTpy jo sutejoud
[eJNIDONJIS [|B SUIBIUOD
"GPV Jo suialoud

¥3 pue ‘€3 ‘T3 ays
Yum gpYy jo suiajoud
[eJNIDONJIS [|B SUIBIUOD

GPY WoJi 900-NINSY
€440-v3 3y seve(dal
VEPY WOJ} 44013
GPY WoJi 900-NINSY
€440-v3 3y seve(dal
CIPY WO €440-73
SPY woJs 900-ININSY
€440-v3 3y seve(dal
6PV WOl €440-t3
440 uolsn 200-ININSY
dav-Ausydw yum
pase|daJs {40 dAV
440 Adsyow yim zoo-NINSY
pase|daJs {40 dAV
"Spy jo suisjoud
3 pue ‘€3 ‘13 ay3
yum TIpy Jo su@roud

£00-94098T0-739€0-€3/¢0-T3

900-2402T00-735€0-€39¢0-T3

G00-9403100-73€0-€35¢0-T1

T0O

900 T00 9710

(€ uoisaan) 1M

#3 ‘€3 ‘T3 SPY Y1m pisded ZTpy

3 ‘€3 ‘T3 SPY Yum pisded gpy

VSSH/VES3/VZS3a/VOoTI-cHot3

100-3403ZT0-73T00-€32TO-TIVSSH/VESI/VTSI/VOTI-E40T NGS-9TIV

SOION S HIPGLUDIRIN
2H15PY

DI

LT0-¥3

910-¥1

STO-¥3

T00-¥35¢0-€3T100-T1

T00-¥3%¢0-€3T100-T1

3 = I3
syusuoduwio)

I 91q¢eL

rEPY-EHOYT HSG-9TIV

CIPY-£H0TI HSS-dT3V

6PY-£40p3 NGS-9TIV

dav Alsydw+davv

davv

SUONREINA

Qouou
Qouou

Qouou

PV3 E440O-AIND

dav-Asypw

Ausyow

uoissaadx3gan Iuyoa3/poyia

Ajquaspy  69T-vd
JI1SPYS9T-NINDd

JINSPVYLIT-NINDA

JINSPVY99T-NINDd
JINSPVYS9T-NINDA
JINSPYY9T-NINDOd

JINSPVYEST-NINDA

JINSPVYZ9T-NINDd

JINSPVTIT-NINDA

JINSPYO9T-NINDd

56



L00-NINISY

TOO-WINISY
TOO-WINISY
L00-NINISY
TOO-WINISY
TOO-WINISY
L00-NINISY
TOO-WINSY
TOO-WINISY
C00-NINISY

£€0-T9

££0-T3
¢¢0-T4
0€0-T4
0€0-14
T¢0-14
9¢0-T4
9¢€0-114
GE0-T3
T00-#3cr0-€3 X

600-24028T0-73T10-€36¢0-T3

x X X X X X X
x X X X X X X

X X

x X X X X X X X X

600-24028T0-3010-€36¢0-T3

600-24028T0-36€0-£36¢0-T3

600-24008T0-38€0-£36¢0-T3

600-24008T0-3/€0-€36¢0-T3

600-24028T0-39€0-€36¢0-T3

800-94098T0-39€0-€38¢0-11

© o
)
—
o .
> 2
— & (TT/T€/S)
O .M *§s9204d ul 3uiuo|d
~DEO
S 8o
mw @) m
> 58 C  (T1/€/4)Bupiewsad
L BO (11/g/2) Bunews)
UCMO
ND O
— oo
2o
=
2. Z
Y006
N O o M_ SNUIA
.qw w G EUoIsSIan Alquiaspy
5092
) © ¢ € UoIsIaA Alquiaspy
—-—2° SNJIA
o
aC o € uolsJan Ajquiaspy
N4 ;\l)T SNJIA
(. _m — g uoIsJan Ajquiaspy
_— = snJIA
N o _m © € uolsian Alquias <
N ;ml O A ! 19 p
SNUIA
o< mw )
—I— O £ uolsian Ajquiaspy
- . — .
- So—— SNJIA
O 2 A Tois1an Ajlquisspy | m
©— w oT “SNUIA
w m am o = € UoIsIaA Alquiaspy
=3 g
D ©i=
w Za .=
- M @ o=
=3 w o
O . o=
\Y; \QC o=
m 4D =
Z 1 -

SOION S HIPGLUDIRIN

2H15PY

2iD3 23 3 I3
syusuoduwio)

€440-¥3V YSS-9T3V ‘9€-TV VI3

ASS-4T3V ‘9€-2V VI3

9€-7V V13

€440-73V YISS-9TIV ‘IXOXTIV VI3
ASS-9TIV AXOXTV V13

IXOXTV VT3

€440-73V YISS-9TIV N6T-9T3V
ASS-4T3V A6T-9T3V

A6T-4T3IV

Asydw + 35ZT-€3V

Auayow-¢£3

VISP uoxay ¥&/5/spv[uoisng d49-on|]-0T43

BI3WIYD 423Gl ‘TTTHIW-[d4D-0N|]-0T43-TIV

DTSHI uoxay TT/e/Spy[uoisn) d4D-on|]-0T 43

BI3WIYD 423Gl ‘TTTHIW-[d4D-0N|]-0T43-TIV

DTISYI uoxay TT/S/Sspv[uoisny d49-on|]-0T43

BI3WIYD 423Gl ‘TTTHIW-[d4D-0N|]-0T43-TIV

D1SP3I uoxay 6/9/spv[uoisn} d49-on|]-0T43

BI3WIYD 423Gl ‘TTTHIW-[d4D-0N|]-0T43-TIV

DTS Uoxay ‘e/s/spy[uoisny d49-on|]-0T43

BJaWIY2 Jaqly ‘ZZTHIW-[d4D-0N(]-0T43-TIY
DTSHI UoXay ‘2z THIW-[d49-on|]-0T43-TIy[U0ISn} d{D-0N|]-0T4]

(7 UoIsIaA) 1M

SUONREINA

I 91q¢eL

Qouou

JINSPVYY6T-NINDd

JINSPVYEBT-NINDA
JINSPVYZ6T-NINDA
JINSPVYT6T-NINOA
JINSPYO6T-NINDd
JINSPVY68T-NINDd
JINSPVY88T-NINDd
JINSPVYLBT-NINDd
JINSPVY98T-NINDd

Alquisspy

04T-vd

uoissaadx3gan Iuyoa3/poyia al

57



< KKK KKK KL

ul trrerrrrrrrrrrrrnd

z 0 O_c TO -4E

mm cn

LULULULULULULU

i oa

]

a_T o."5CL OTo LI
PCT/US2011/048006

<0 ZzV,

1001 1IN0 MM c

WO 2012/024351

<

IND13-SpPY ‘exe
913-5pY ‘eje
€TO-NINSY
vTO-INNSY
(TT/T€/S) TOO-ININSY

*§s9204d ul 3uiuo|d

(TT/1€/S) TOO-ININSY

*§s9204d ul 3uiuo|d

¢T0-3402T00-739%0-€3100-13
TT0-2402T00-73510-€36€0-13
£00-24028T0-739€0-€36¢0-T3
£00-24028T0-¥39€0-€3¥1¥0-13

v0-14
T¥0-T3
X X X ve0-13
X X X Teo-13

SOION S HIPGLUDIRIN
2H15PY

S0 3 3 T
syusuoduwio)

LLE

¥3 ‘€3 ‘T3 SPY yum pisded pEpy

3 ‘€3 ‘T3 SPY Yum pisded gpy
2ZTHIW-[d49-0n(]-0T43-T3V[U0ISN} d4D-ON|]-0T43
[d49-on]]-0T43-T3V[U0ISN} d4D-0N|]-OT43

JITSPYZ0Z-NIANDd

JITSPYTOZ-NIANDd
Alqwaspy  00Z-vd
Alqwaspy  66T-vd

dems pisded TT/SpY ‘IXIXTV V13 auou JIMSPY86T-NINDd
dems pisded 6/5py ‘IXIXTV VT3 auou JIMSPY.L6T-NINDd
d49-3e|4-x|d d49-3e|4-x|d DI1SPY96T-NINDd
V13-d49 VvT3-d49 JIMSPYS6T-NINDC
suoneIninl :D_mmm._mxm_w: _c_._uww ﬁb—_um_‘: a

1 3qe L

58



--0
1cD

=,
o
O .
&
wo
.
> Py
rOm
1
| -3
o %
vV o, =
S+
o -9
o4
C O <
i |
| I |
TR
S o
— A
D) o
A_n. Y—
.No
= o
V —O
o .
] -~~~
).__.a
OOH
OA_ﬁO_O_
.UC)M
OSL_
_ -3
~~ 1
0 o
O .
63 -8
O e
o >
W/_.m,ﬂ\_
i N
: 3m
~ —
©_3d
j —
[
5200
. ,M [
,E_O
.__.Etm_
I~
N ©
o o
TOTS

710
(DVL <- 11V) do1sp6l pue D19 03 paieInw 91y N5S  |eu1Suo 100 MNGS-9TaV Spy 13
110
XId Jo wi31-D ay3 01 pappe HHHHHHYS [eulSLO 100 Xid uo 3e1 siH Spy 13
XId J0 WwJu23-D 3y3 03 pappe HHHHHHYS  [eulSlLO 600 . Xid uo Bey Spy 010
SIH ‘{d499-AIND + 9T3/VT3IV -13
600
"JI1S 8uish pajJasul sem 493 [euiSuQ 800 d493-AIND + 9T3/V13IV Spy 13
"dT3/VT3V 40 9IS [oed aY) 800
g d
01Ul P,DI1S Sem d493-7S341d plwse|d wods SOIA-AIND YL |[ELISHO 900 1orowiold AND + 813/v13V sPY -13
413/viav
40 1S [9Bd 93 03UI P,DI1S PUE d499-7S3YId piwse|d wouy  [eUILO 900 . +g13/ d49 Spv n.oo
p.YDd sem yuswsgels YdoyAS-d4D-STHI-SIIN-AIND BYL CSIFSIN-AND + F13/V13V 14
"SDIA DITS 195Y-19Wd-12ed 900
g
Yam pade|day "awouasd Gpy aY3 Jo €TSE-8 dq syoeT [FiEHo 100 813/v1av SV g
<00
(DDD9<-D¥D) NSS-9T3 ul uoneInw YO9zZH  |euisuQ 100 VO9ZH-)SS Spy 13
%00
[92S-] UBY] JaY3ed Y 1| 011Xau |Jed sulejuod  |eulSLQ 3UON rEPY 13
€00
|93S-| Uyl Jayield Y| 03 IXau |doed suiejuo) _mc_m_._o 9UON SPY 13
700
VNG [BJIA PEPY WOJJ paUlRIqO UOIZDI T LM [eulSUO dUON VEPY o
100
VN [eJIA GPY WUy paulelqo uoigal T3 1M [eulSlO SUON SPY o
dey SJUSLULUO ol ejuaje suonemn adAjois
oituseld ) 3 Aiospy 13 [Baualed Henal j0095 @l
SINPOLUQIDRIN JTISPY mmmﬁﬁm\/

[(A4CLAD

59



:To
LU
\Y;

"t

o
0P8
O. @
[ - -
m _m & o> 6T0-T3 IN2-|2ed 03Ul P,DITS Sem gpY woly x|d  [eulSO 6T0-T3 XId 6pY Yium gpy 6/SPY  -T3
-+ O +—
e (029<-2vD) Y09ZH . ¥20
- . ; eUISIO S00-13 VO9ZH-)SS ‘9€-2V V113 Spv
0r- 3 : 3SS-613 ‘(urewop zad‘Butpuiq Tzd) vT3 U 9€-7 594 [9p | PV
L0
€70
2 m L 6T0-T3 IN2-|2ed 03Ul P,DI1S Sem TTpY wods X|d  |euiduQ 6T0-T3 XId TTPY yum gpy 1T/SPY I3
] -
— O
&0 (urewop 3 ) ) 440)
2 2 z° 2ad ‘uoiga1 Suipuiq Tzd) v13 U 9g-z sanpisaa paapep oo FOOTH eV v Y1
. © -

120
or 2 = m VT3 Ul IXDX1pa1jep  [eulduQ 100-13 IXOXTV V13 Spy -
~29 A 13

— 440 d499 Yum 0¢0
©..0 @O0 3 -
== %. o paose|das 36 913 Jo uopod dois 03 YTI JO UOPOI els) eutslio 10014 d499 + 8T3/V13V abv -T3
o o 'sauas x|d Jayio ul D[S 610
— OO NO ) 3 - d
_m - W o pue |aed YHm 1n) “33Is [ded e Aq pade|dad pue pals|ap X|d |BUISHO 10014 SUS I98d + XIdV abv -T13
o ~9O m JoyaA 3sad SA/AND/pyd woly Zyne - w) 8T0
—-. O O [euIglO Spy
coco>oo zyne - wo - TyRe - adouds e AWD Aq padejdaa 13 - Ty1e - adoinds 3ej4 AND -13
— ko 103093590 GA/AIND/pPYd Wwouy UISO yne - wo S
o-_o>D m ZYne - W) - TYe - adoyda JAN AIND Aq pade|dal T3 o - TH1e - adoyda 2AIN AIND T3
. O
role) 10103A 153( 910
euisu ne-wH-1yne
= M O GA/AND/PYd WOl Z91e - W) - TYNE AW Aq paoeidasy | orohO 2 I - THHEAIND Y13
_m = O - "11V¥9D1V Aq UIBLO 10 ZTYlw-(uoisny 4499 cpy ST0
_m L o w padeds ‘Y1N,E Yl Ul pappe $311S UOIIIUS0IaI ZZTHIW OM | o -9seJa41on|)-vT43 + 913/V1IV -13
_m e d49 pue dn| usamiaq pappe Jyl-e|y-e|y-e|y (uoisny 4499 ¥TO
= © ) [euIglO €T0 Spy
_m _m -y JO J=aul) v us_->mn_ _u__.cmm_n_ WoJd} P, YDd =sedajiont -wmm._wtu:_v-d._un_m_ + mHm_\<Hm_< -3
O ~
_m o < Jajowoud AND €10
- m o 3Y332.| 01 P,¥Dd U33q pey Yyaiym 600-T3 03Ul p,OIS pue  |euisuQ 600 d499-0T43 + 913/VT3IV Spy 13
) w ZdINVA-d4D-T43-X3d plwse|d wod} p,Yydd J93o0woid 0T43
< - m o dejy UOISIoA
- - - o SjuLLUuOY) T3 |eruaied suoiremnin adAloias i
>0 20 . pruseld Alqwiaspy
T L B eTe &
— o % o SO[RPOWICIEN DT1SPY  S3SMHIA
— "0 m
@ O -
. o< >
‘2 o -
- . >
© O _0 W ¢2lqe L
o .o=>

60



Lat, Lat, Lat, Lcr, e 5-66 0> > > > > > 00
MVWMO O 0o o o 0000000 o o

[crI NJNJ NJ NINJO sl

S- Sc5S- Sc5LCD Lat,
1 rs.

S_
OOOONJNJI cnc: :

. 00-

[(A4CLAD

©
©
N
W L€0
m, suoljeinw zzo-T3 pue Z10-T3 pauiquod  |[ewuQ ¢10-13 3GS-9TIV ‘9€-2V VI3 1% 13
=)
—
m (T1/1€/9) NGS-4T3IV M6T-4T13IV 950
= "'ssad0.4d P313|9p 45S-9T3 JO UOPOD dO3s 01 ¥ET-9TT JO UOPOD Hels  |eulsLO T0O0-T3 Spy 13
.M ui Suiuopd
& S€0
w pa319|9p 45S-9T3 4O UOPOI 14e3s 03 HY6T-GTI JO UOPOD Jels  |eulslQ T00-T13 A6T-4T3V Spy 13
S 140
— o XId Jo wua3-D 3e p,DI1S 92Uanbas d499-Dy14/M Jaxul|  |eulSlIO T0O0-T3 d499-ov14-XId Spy 13
> O
— XId T-AVIA €€0
00 Z£0-T3 31n2-|2ed 03Ul P OIS Sem T-AVIA woly Xid  |eulSuo ¢€0-T13 . TAVIN/SPY
w m 00 P d _ yum id499-AIND + 9T3/VTIV /sp -T3
. 's9uasd ¥|d Jaylo ul IS |1oed + €0
: euldu -
w > pue |[oed Yyum 1nD "91s |oed e Aq pade|dad pue paiajap x|d [PUIEHO 600-14 X194V ‘d493-AND + 9T3/VTIV PV -T3
S0 '900¢ DOdr ‘|e 12 oeyz uo T€0
W_ M m paseq "¥13 JO UOPOD 1J4e3S 2J0J2q dWERJ} Ul PaI3sUl d{D leuiBlo 100-14 v13-d1d apv -13
‘ 0€0
Iu_ % . TZ0-T3 Y3lm pauiquiod ZT0-T3 Jo suoieanw  |eulsluQ T¢0-T13 AG9G9-4T3aV IXOXTIV VT3 1% 13
10
= I
=M™ -T7 JO SUOISIaA A|gWISSpE € UOISJIaA - TTTHIW-(uolsny 4499 620
w LL] ST0-T4 jo guol 19 pe g uol STO-T13 _aseJa4N|)-0T43 + ATI/VIIV 1% 13
>
— u % "uopo? 1Jels X|d Jo JuoJ} ul Aj3DaJ1p paAoW IS GNE 7 UOISIIA T00-T3 SUON SpY 8c0
= N -T3
—1 100 120
= H__ M X1d/9T3 40 Y1N,E Yl 0l pIAOW 1S GNE € UOISISA T00-T3 SUON SpY 13
— —
—_~— 970
M\H__ M 6T0-T3 Ind-|oed 03Ul P,DITS Sem ZTpY wody X|d  |euldlO 610-13 XId ZTPY yum gpy ¢T/apy 13
N
a0> T40]
m R W dew SIUDLULIOY) Hobieh 13 [eaualed SUOREINA adAlolas di
] & ol puuseld Alguiaspy :
R = 101 y ey
m D 0 SINPOLUQIDRIN JTISPY mmmﬁﬁm\/
g
NaRN
—m O
) ~~
<tON
~ 1
. O
oN

61



0

Vv
PCT/US2011/048006

_ > CoCcC 0

.= LE (/) CO=00-0EO0-00 muoU
.0 uu

4 LU rsl(.

+

0 CO +-,C0 +-,

CL ss-

WO 2012/024351

-0-0 a)a) +-,+-,

+ -

+, +
+-1

uoisnj 4409 10
¥T0-T3 JO EUOISIaA Ajquiaspe ¥T0-13 -mmeﬂ_%_vszuﬁ m_EU,\<E< 13
€v0
T€0-T3 Se VT3 03 d49 JO UOISNJ [BUIWISY-N dWeS T20-T3 IXOX1V V13-d4D 13
IXOXIV 470,
Jawnd aj3uls Buisn £70-T3 WoJ) VT3 Ul IXOX1 Paisfep €20-T3 VT3 ‘x1d TTPY Uam Spy 13
IXOXIV Tv0
Jawnd 9j3uls Buisn GZ0-T3 WoJ) VT3 Ul IXOX1 Paisfep §¢0-T3 VT3 xId 6pY UM SpY 13
0v0
6T0-T3 IN2-|ded 0UI PD[TS seM FEPY Wody X|d 610-T3 X1d yEPY yum spy 13
6€0
6T0-T3 IN2-|ded 03Ul P,D[TS sem £py wouy X|d 610-T3 X1d €pY Yyum spy 13
"SDINI DI1S 19SV-1aWd-1dkd 8€0
Yam pade|day "awouasd Gpy aY3 Jo €TSE-8 dq syoeT 900714 813/v1av -13
d
nEM\M_n_ SjuLLUuOY) T3 |eruaied SUoIIeInAl ai

[(A4CLAD

SSNPOIGOITEN TSPV

62



-00
0_ 0O_

PCT/US2011/048006

0 LU LU O_ LU O-

4 0-
'17 E E

.1- a) Lua) Lus_ (/) a)a)
0'7,

0 v,

+!
-0Vl < <

4

cu LULU O woO
-00mU c-I CL U
a) a)E S8oQir/me3ser

"3S-6pyd WoJy pauleiqo qouy Jaqly 6pY

'VNA [BJIA EPY WOJ} paUlEIqO qouy Jaqly EpY

"Sqoud| ajeulayje

Ul DITS 03 [9ed Yim InD "qouy Jaqlj a3 syoen

"CT0-€3 Ino-|ded

01Ul P, OIS aJam Jaql4 pue uoxan TPV 3yl

uoisny dav-Ausyow yum padejdas dav o 440

Auaydw yum pasejdal dav jo 440

'SJ19q14/suoxan eulalje ul J|1s

01 [oed Yilm 1n) “Jaql4 pue uoxa-n ayj syoeT

800-€3 aUO[2 1nJ-|oed 01Ul P,DI1S pue

VNQ [BJIA WOJJ paulelqo qow 3jeys Joqly ¢1PY

800-€3 aUO[2 1nJ-|oed 01Ul P,DI1S pue

VNQ [eJIA WOJJ paulelqo qoud 1jeys Jaqly 6pY

800-€3 aUO[2 1nJ-|oed 01Ul P,DI1S pue

VNQ [eJIA WOJJ paulelqo qoud 1jeys Jaqly epy

'sqoud|/14eys a1eulalje ul JI1s

01 [2Bd Y3IM InD "qowy| pue 1eys Jaqlj ay3 syoe

039N J9ql} SPY p3juey

-[aWd,, INd-[aWd 03Ul p,JITS sem Jaql] FEpPY

‘'sadAjouas Jayjo

Um sdems axew 0} JapJo ul uoidad 3uipod

J3q14 ay1 Sunjuelj Aj3oaJ1p SaS |aWd SPPY

VNQ [eJIA GpY WoJ) uol3al Jaqly-£3 adA1-plIm
dejal SIUSUIWIOD)

pldse}d

[euido
[euiduo
[euido

[euidlo

[euido
[euido
[euido

[eu1dlo
[eu1lo
[eu1lo
[eu1dlo
[euwidlo

[euido

[euIdlo

uoisioa Ajgluaspy

8¢0-¢1
8¢0-€3
T00-€3

¢T0-€9

T00-€1
T00-€3
T00

800

800

800

100

€00

100

€3 jeausied

£ 9qeL

qouy 6PV ‘Yeys/|1ey Gpy ‘edawliyd Jaqld  6/SPV0E0-€3
qouy £pY ‘Yeys/|1ey Gpy ‘edswliyd Jaql  £/SPV670-€3
qowy Jaqiv SPV 8¢0-€1

"GPV S19s|9 ||V "J2ql4 pue uoxan TTPY aY3 suleuod  TT/Spv 970-€3

dav-Asydpw + davv GPV S70-£3
Alsydpw + davv SPV ¥20-£3
Jagi4-uoxanv GPV Z10-£3

qouw/1jeys ZIPY ‘el SpY ‘edawiyd Jaql4  ZT/SPV TTO-€3

qouwy/1eys 6pv ‘|ley Gpv :esswiyd Jaql4  6/SPVOTO0-€3
qouw/ieys £py ‘|ley Gpy ‘esswiYd Jaql  €/SPV 600-€3

qowy/yeys Jaqyv SPV 800-€3
13qy vEPY  ¥€/SPV 00-€3

Jaql} Py payuelj-|swd SPV £00-€1

SUON SPVYT00-€9

suoiieIngy adAlodes @i

SS[NPOWCIIEIN JT15PY G 3G RIA

63



4 4 a)

. E,
CCCcccec

Oc

) ¢ O
ccCCcC
"1 : PaT/US200/088900 O O O

.C CC cca

(]
"t:Tototo

u_

U_
:To

"t

:To

t

:To '

't

0000000000000 O0OODODOODOOOO4444A4

4- 4-a) to mnu

CO COCO COCOCO COCOCOCOCO CoCo € C C

444444 1LU.Llu.lULUULU LU LU LU LULU

_-a LL,
1_| )

"t :Wo 2012/0Re351t : To
0O 000 O 0000

o0 o o.1-
a) LULUcn "
"t:To

"ZT0-€3 1d-]oed
03Ul P,DI1S 249M JaqI4 PUe UoXaN YEPY YL
"ZT0-€3 1d-]oed

03Ul P,DITS 2J9M Jaql4 PUB UOX3N EPY YL

€ uolsJan Ajquiaspe

€ uolsJan Ajquiaspe

€ uolsJan Ajquiaspe

€ UoISJan Ajquiaspe

€ UoISJan Ajquiaspe

‘pasueyoun si uoledo| G gie ayl

“$3 10} Y1N,E @Y1 01Ul paAOW 3US £g11e ay ]

"CT0-€3 INd-d>ed

01Ul P,DITS 3JaM U4 pUe UoXaN ZTPY YL

"CT0-€3 INd-d>ed

01Ul P,DI1S @M I3 PUB UOX3N 6PY dYL

'VNd

[eJIA PEPY WOJS paUle1qo qowy Jaqy EPY

"3S-2TpVvd Wouj pauleiqo qou Jaqly ZTpY

'VNd

[eJIA TTPY WOl paulelqo qowy Jaqy TTPY
SURLLIIIOD

[euidlo
[euido

[euido
¢ UOISJaA
¢ UOISJaA
¢ UOISJaA
¢ UOISJaA
¢ UOISJaA
¢ UOISJoA

[euidlo
[euIdlo
[euido

[euido
[euido

uoisioa Ajgluaspy

¢T0-€9

¢T0-€9

T00-€3
€€0-€9
¢€0-€1
T€0-€9
0€0-€1
6¢0-€3
T00-€3

¢T0-€9

¢T0-€9

8¢0-€3

8¢0-¢1
8¢0-€3

€3 jeausied

£ 9qeL

"GPV S19s]2 ||Y "J9q14 pue uoxan FEPY dY3 SUIeIU0D

"SPY s 95]2 ||V "Jaq1d pue UoXan £PY 8y sule3uo)

Asydw + 319'ZT-€3V
qouy YEPY ‘Yeys/|lel Gpy :esawiyd Jaqt4
qouy| ZTPY ‘Heys/|1el Gpy :esawiyd Jaqt4
qouy TTPY ‘Heys/|lel Gpy :eJawiyd Jaqt4

qouy 6pY ‘Heys/|lel Gpy :esawiyd Jaqt4
qouy £pY ‘yeys/|lel Gpy :esawiyd Jaqt4
QUON

"GPV s19s]2 ||y "J9q14 pue uoxan ZTPY dY3 SUIeIU0D

"GPV sI 9s|3 ||V "J2q!{ pue Uoxan 6PY SY3i sulejuo)
gouy YEPY ‘1eys/|iel gpy ‘esawiyd Jaqi4

gouy ZTPY ‘eys/|iel gpy :esawiyd Jaqi4
gouy TTPY ‘Heys/|iel gpy :esawiyd Jaqi4

suoiieIngy

¥€/9pVY 9¥0-€3
£/SpV St0-£3

SPY Zv0-€3
¥€/SPV T¥0-€3
¢1/Spv0t0-€3
T1/SPV 6€0-€3
6/SPV 8€0-€3
€/SPV £€0-€3
SPY 9€0-€3

Z1/SPV S€0-€3
6/9PV t£0-£3
Y€/9pVY £€0-€3

Z1/SPV £0-€3
TT/SPV T€0-€3

adho19s dl

SS[NPOWCIIEIN JT15PY G 3G RIA

64



=
N
od
o . &
0Oo0g
TR
1=
o._Z
o3
~=
O =
.. Q@
_7P
)I.
o
o .
n
© o
\mm
o
[
-~
1 O
—— N
w oo
aO(
1 0<
E N
- | -
—~~ D
— oM
N N
AOA
N
A.l(
SN |
)rl_u_l_
e
o
~~ 1
O
N s N
| —
. O
88
.mm
< -8
W =
U\_OM
Og
—~~
— —~
C_a
.wr,
))3
« © O
O |®©

94Jot73 Suluielal
‘pe13]ap £ /91013 SUIpOIUD 91017 JO WEBIIISUMOP Iduanbas
‘3 JO Y1N,€ 9yl 01Ul paAow 31Is £giie
SPY WoJ) £440-13 9Y3 sade|dad yEPY WOy €440-t3
SPY WoJj €440-13 9Y3 sade(das ZTPY Wols €440-t3
SPY WoJy €440-13 9Y3 sade|dad 6pY Wody 44013
#4403 o uonisod
|UISIIO 03 PaKIYS UOPOI HeIS 94YOTT ‘PAIDIBP ¥4HOY3
144013 jo uonisod
[UISIIO 03 PAKIYS UOPOI HEeIS Z4YOrT ‘PIDIPP T4HOY3
JueINW £4Y0-3 Aq pade|dad st 44013
JueINW £4Y0-73 Aq pade|dad st 44013
P1IasUI 8Je S3US |OYX pue THINYE pue paialep s €440-t3
19D <- V1V "93ueydyinb Aq speiy
[92S-| Ueyl Jayied Y| 01 IXaU |doed suiejuo)
[92S-| Ueyl Jayied Y| 01 IXaU |2ed suiejuo)
VYN [BJIA FEPY WOJ) paulelqo uoldad #3 LM
153a-SA/AND/pyd wouy pauleiqo uoisas 3 adAy-plim
dejn piuuseld SIUBUHEOD

A CLAD

[euIdlo

¢ UOISJaA
[euIdlo
[euIdlo
[euIdlo
[euIdlo

[euIdlo

[euIdlo
[euIdlo
[euIdlo
[euiduo
[euIdlo
[euIdlo
[euIdlo
[euIdlo

T00-+4

T00-+4
T00-+4
T00-+4
T00-+4
T00-+4

T00-+4

T00-+4
T00-+4
.100-+1
T00-+4

uolsian Ajquiaspy 3 [elualed

L/940t3V

aUON

SPVY610-71

SPV 810-t1

VEPY EHOPI EPY+SPY LTO-P1
CIPV €H0PT CTPV+SPY 9T0-73
6PV €HOFT 6PVY+SPVY STO-P1

122N
THOYIV

MSSH/MEST/NTSI/HMOTI-EH0TT
VZ8N-£H013
€013V
410T| €403
QUON
QUON
QUON
QUON
sHoReINiA

SPVY10-t1

SPV ET0-11

SpPV ¢10-71
SPVY 110-71
5PV 900-11
5PV S00-t1
YEPV ¥00-v3
PV £00-11
YEPYV ¢00-v3
5PV 100-t1

adAoias . gl

SB{NCOUWICIORIAL DIISPY  $3SHIA

65



Lo

Lat) mz -
L.ncod (ALLO-O0
0 (1) (0 Z(1)co 'C
CCO> (0 > CO >4-+

i..n(1)-
(Ocr) C> _
T

t2) oo mz m48 "'
V)

153Aa-SA/AND/pvd plwseld woly p,Ydd 21-23 SPY 1M auou Spy 100-73
STUaUILO) Z1-¢3 [erusied stoneInip adAjolas i

C.7(1)(H (..

SINPOWOIDEIAN DISPY SASNYIA ‘0] oeg 09

+1

S3qeL

1D () 73 a.)_ a,
0

:3 COL (WQ/2012/023350 couz( 1)
(1) (0 cr) C 13-

.n 0 o oo>o0 o0 -,

L
n .
7
(
_C+1

66



..--a)0 -0 _C- (-7--- (1) + (1) (O Cr) (0(0-0 13 -0 LL -0 LL -0 LL cO a)
CO44.--" a) Qa, (I,= (A V) - uU . C>C>C>C.zZzC-(.0CccCCcCo- E
00 rs.1 Owp=ot/@4351.1 C1) O (1) (...) LU (...) Lu (....)pcraseothroysons (./-)
To To To To To To cccccc '"t:To't:To't:To't:To't: To't: To 888888 To To

"t: To't: To Lcr, Lcr, Lcr, 88 >>> WD 2012/ 024351PCT/ US2011/ 048006

Table 6
Comments
WT Ad5 L3-L4 region PCR'd from plasmid pAd/CMV/V5-DEST

Parental 13:14

Mutations

none

Serotype
Ad5

1D
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reconbi nant aden
nore adenovi r al

nodul e, an E2-12
12. The net hod of
nodul e. 13. The ne

conprises the 2

acid further Conpﬁlseﬁ the:2 E2-L2 nodul e,

E2-L2 nodul e and
to assenbling
of the three ot¥
Mmmﬂnt%rmq

U

Table 9
Flused B3 used B4 used core userd

Mutations

Serotype Regions

1D

i d n

-0ca2ro<ro<alad0- aacC)
2 WO

L)y >L) -0(..)
-1 2 LUO_ LU 14- Lu 14-
11. A metrhusdoiofo4svaki ng a
ovirus conprising assenbling 2 a nucleic acid fromthree or
gene Ebduﬁés selected fromthe group consisting 3 of an E

nmodulke an L3-L4 nodul e, an E3 nodul e, and an E4 nodul e.
claim 1, erein said nucleic acid conprises the El 2
hodLbf aim2, wherein said nucleic acid further

E Iera14 The met hod of claim2, wherein said nucleic
the L3-L4 nodule, or both the
Ehe 1'3- L4° nodul e. 15. The nethod of claim 1, wherein, pri or
Qunmnd 2armmomMMe|sfowmdbycoﬂnmngtWJ
nor e %p@nav@ial gene nodul es. 16. The net hod of claim5,

OAD uNe>|§v&h E2- L4

o0

o}

C

E1 replaced by CMV attR
pAd/CMV/V5 Dest vecto
E1 replaced by CMV My
from pAd/CMV/V5 Dest
E1 replaced by CMV Fla
from pAd/CMV/V5 Dest
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2 macronodul e. 17. The nmethod of claim®6, wherein the nmethod conprises
assenbling said 2 nucleic acid fromsaid E2-L4 macronodul e and one or nore
adenovi r avogeren2mzdul e sel ected 3 fromthe El nodul e, tkReTES20m0u8086 or the
E4 nodul e. 18. The nethod of claim 1, wherein the nethod conprises
assenbling said 2 nucleic acid fromat |east four adenoviral gene nodul es
selected fromthe El nodule, the E2- 3 L2 nodule, the L3-L4 nodule, the E3
nodul e, WBAT IeCEAIMBAUIS. 19. The net hod of claim 8, the nethod conprises
assenbling said nucleic 2 acid fromthe El nodule, the E2-L2 nodule, the
L3-L4 nodule, the E3 nodule, and the E4 3 dul e, 110. The nmet hod of claim
8, wherein said nucl ei ¢ RElpd; A makinghECoMHIngRl adprqViKHs CORPINGY asFemdligem 1,
wher i N SAlchiOMGh fof BRlcbroVPLISRTiIA HAL Bloati2 8Ny Fbal thd gfduﬁlc%nﬁgt;;\%
sequence, a nutated adenoviral nucleic acid sequence, an ectopic 71
20128024854 PIThaBRE bh/H24BD 0B dBRdembyildahodule lapi k3 module,sadueddenodile.a
nucl ei ¢ aci d sequence encodi ng a non-adenoviral gene 4product. 112.The

met hgd of claim 11, wherein said.nutated adenoviral .nucleic aci sequence
encodes a nut at ed]7E4- O‘?\’f'—l? ngl%tﬁ%d %fr%l&%iw nad nr%ll[e fod’ o‘for%ﬁ’réﬁe%ﬂ]f%l wher ei n
sai d2nmutagdde adenoviral nucleic acid 2 sequence encodes a nutated E1B-55k
gene product. 114. The nethod of claim 11, wherein said nutated adenoviral
nucl eic acid 2 sequence_encodes a nutated adenoviral fiber gene product.
115. The met hod of I ai Mhemethpdpeslpingiwhartinaridduslisnoid fugthchepmpises B6i d
Zsquenq§4ﬁggages a nutated viral coat protein. 116. The nethod of claim11,
wherei n said ectopic adenoviral nucleic acid

1 4. The method of claim 2, wherein said nucleic acid further comprises the

2 E2-L2 module, the L3-L4 module, or both the E2-L2 module and the L3-1.4 module.

1 5. The method of claim 1, wherein, prior to assembling said nucleic acid,

2 amacromodule is formed by combining two of the three or more adenoviral gene modules.

1 6. The method of claim 5, wherein the macromodule is an E2-L4

2 macromodule.

1 7. The method of claim 6, wherein the method comprises assembling said
2 nucleic acid from said E2-L.4 macromodule and one or more adenoviral gene module selected

3 from the E1 module, the E3 module, or the E4 module.

1 8. The method of claim 1, wherein the method comprises assembling said
2 nucleic acid from at least four adenoviral gene modules selected from the E1 module, the E2-

3 L2 module, the L3-L4 module, the E3 module, and the E4 module.

1 9. The method of claim 8, the method comprises assembling said nucleic

2 acid from the E1 module, the E2-L.2 module, the L3-L4 module, the E3 module, and the E4

3 module.
1 10. The method of claim &, wherein said nucleic acid is at least 12 kb.
1 11.  The method of claim 1, wherein said nucleic acid comprises a deleted

2 adenoviral nucleic acid sequence, a mutated adenoviral nucleic acid sequence, an ectopic
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2 sequence encodes a pro-drug converting enzyne. 117. The method of claim
11, wherein said non-adenoviral gene product is a 2reporter protein.

118. The meohorr/fzsel ai m 11, wherein said non-adenoviral PgeErisS2qnodsecs is a
2targeting protein. 119. The nethod of claim 18, wherein the targeting

pr ot gi n ddgneyitalesleic acidsgetonagy oppavelcis asid wauense gheadingea neir-adanprigalpene ei n.
120.Zhe 1ﬂ9d of claim1, further conprising transcribing said nucleic 2
acid thereby form ng a reconbi nant adenovirus. 121. The method of claim 20,
wherein said reconbi nant adenovirus is 2replication conpetent. 122. The

met had of cl ai m 20,2. whéFleimethad df ¢leieoihiwtantin add matatedisddinsvizaleplcletaddidn

i nconpetent. 123. The nethog 8f claim1l, wherein the nethod is perfornmed in

vitre., BAURIEOFREss Pe bt PRIGA086T4: The met hod of claim 1, wherein
sai d assenbling conprises hybridizing 2 a hybridization conpetent

destiination vectori3to OfiR MEhHPHECIINPY 1, A i%adih 9d ZAMREY 8MnoJirAdRIORYd 434 gene
nodul es thereby form ng an adenoviral gene nodul e vector. 125. The net hod of

cl ai A 2&4¢cquitiee eigodehemuydied Bi B-atk ganconpgedtent 2destination vector is forned
by: 3(i) cleaving a destination vector thereby formng a |inear destination

'} ol eaving ti on vecto desti
exonicl ease ther oy of o RS NThE, Mgt | Gy R BRAPEAYSRLEN Mlet A

vect ar. st@entbendsathoshuftcddRnovizAd fivehgdneipioddde one or nore hybridi zation 2
conpet ent adenoviral gene nodul es are fornmed by:

1 15. The method of claim 11, wherein said mutated adenoviral nucleic acid

2 sequence encodes a mutated viral coat protein.

1 16.  The method of claim 11, wherein said ectopic adenoviral nucleic acid

2 sequence encodes a pro-drug converting enzyme.

1 17. The method of claim 11, wherein said non-adenoviral gene product is a

2 reporter protein.

1 18. The method of claim 11, wherein said non-adenoviral gene product is a

2 targeting protein.

1 19.  The method of claim 18, wherein the targeting protein is a tumor-

2 targeting protein or a vasculature-targeting protein.

1 20.  The method of claim 1, further comprising transcribing said nucleic

2 acid thereby forming a recombinant adenovirus.

1 21. The method of claim 20, wherein said recombinant adenovirus is

2 replication competent.

1 22. The method of claim 20, wherein said recombinant adenovirus is

2 replication incompetent.

1 23.  The method of claim 1, wherein the method is performed in vitro.
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3(i) contacting an entry vector conprising one or nore entry vector
adenoviral 4 gene nodules with an endonucl ease thereby form ng one or nore
r el eased wotniz/ozesstor 5adenovi ral gene nodul es, and 6(i iPLTaSRM1A®ISNE t he
one or nore released entry vector adenoviral gene nodules 7 with an
exonucl ease, thereby form ng the one or nore hybridizati on conpetent .
adendviral 8 gene 3fodul By mathqd ghdaipet Hvkereip seidasspmblingiseppripesdydedEmeng

conphi S %She}%%@%z%%ﬁ B Botént rd%%tﬁ{m.bﬁ' @%étéjﬂg GRIBE B lggoﬁﬁﬁéaﬂﬁﬁ b&ﬂgé’t@r&t or and one

or nore reconbl nation conpetent entr vectors taining onh or nore of
sai d3adexdonovial ggenaodmeithesbyvdrinignan adeegvied getdm@peidy véctbor m ng an
adenoviral gene nodul e vector. 128. The nethod of claim 27, wherein said

reconbi nati on co tent_entr cto ont.ai_ni ng qne_.or nore of said
Londvi ral | gane ot esTiactbed sty S ofeRuE My hSHE S i oo er

r econbi nRLiMAEREE RIbmadanovi ral gene nodul es and a reconbi nation
conpetent 4 donor vector with an integrase, thereby formng said

r ecodbi nati on conp@tcdevingrit doptinatvnorestos therebai fpinige eimcardayonagionfvestar.d
adengvi raald gene nodul es. 129. The nethod of claim 1, wherein assenbling
conpri sl 2(i) hybridizing a hybridization conpetent destination vector to
a hyBridi zati on 3qayp&itefingfshidSincad@RovitionlveaP & ithad tkenddsetirdor m ng a
first adenoviral gene m)duFe 4 vector; and WO 2012/ 024351PCT/ US2011/ 048006
5(ii P cdamaiegithghdaidizatipn sempfeslghtingtiop&peorodul e vector and a

reconbi nation 6 conpetent second adenoviral gene nodule entry vector with

an i Rt egrase ther f ! | - ctor.
130.‘?‘he met hod of e%ﬁ'/ai ?nﬁ%gﬁ&l\}\ﬁdegfe?%ﬁ?%g v?lfé?és]{?maer@r?ﬁﬁbg? genelgartr{é ule is 2
t he EBE2- Lddnmpetbut ajendhieallg8nd thoduldsibhe,fooneddyy: E2- L4 macr onodul e; and t he second

aden%vi ral 3 gene dule.is the El nodul e, the E3 nodule, or thgz E4. riDduI e.
(SDcontactlng an entry vector comprising one or more entry vector adenovira

4 gene modules with an endonuclease thereby forming one or more released entry vector

5  adenoviral gene modules, and

6 (i1) contacting the one or more released entry vector adenoviral gene modules
7  with an exonuclease, thereby forming the one or more hybridization competent adenoviral

8  gene modules.

1 27.  The method of claim 1, wherein assembling comprises contacting a

2 recombination competent destination vector and one or more recombination competent entry
3 vectors containing on or more of said adenoviral gene modules with an integrase thereby

4 forming an adenoviral gene module vector.

1 28.  The method of claim 27, wherein said recombination competent entry
2 wvectors containing one or more of said adenoviral gene modules are formed by contacting one
3 or more recombination competent adenoviral gene modules and a recombination competent
4 donor vector with an integrase, thereby forming said recombination competent entry vectors
5  containing one or more of said adenoviral gene modules.

1 29.  The method of claim 1, wherein assembling comprises:

2 (1) hybridizing a hybridization competent destination vector to a hybridization
3 competent first adenoviral gene module thereby forming a first adenoviral gene module

4 vector; and
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131. A library conprising a plurality of different El nodules, a plurality
of 2different E2-L2 nodules, a plurality of different L3-L4 nodules, a

pl uralitywofi2imient E3 3nodul es, a plurality of diffecens2&E4/onwdal es, or
a plurality of different of E2-1L4 4 macronpdul es. 132.The library of clalm
31, wherein said dliueertiatipgspiddirstraderamirabpeneotiedws yeckeyaing agremalinatipnof

diff | i d
3pl ubal RS nERRaY o b gl chib Ol U8 Mhodrdier BRI Eine S0 e
or said spl:chﬂdaddbh(ywml géncthddide eqdtorof E2- L4 macr ormdul es corrpri ses adenovi ral

gene nodules froma plurality of 5adenoviral species. 133.The library of
32, wherein sald | urali ferent El_nodules, 2said plurality

cl ai y.aof d
of dlrpfferent E2- L20%mnd f@smetl;%éafﬁﬁlmﬁuwrmﬂzﬁfirfsfeardéﬁ?w@égﬁ%% P&, said

3pl upal Itha/EQsz%B&ﬁé Etﬂé LEfim&l&m@Sor ﬁ@z%@lﬂd&%ﬂ&ﬁm%ﬁ#& (R TRaul es,
or said plurality of fferent 'of E2-L4 macronodul es conprises adenovira

gene3no¢uhesmﬁnbnsﬁ@d@imh@ﬂenheEsDMMmknoadedmeoaﬂeserotype 134. The
library of claim31l, wherein said plurality of different El nodul es, 2said

plurality of diffeyent L2 nmodul-es. said.plurakit f_dj fere
P odutes. ”sai d 3pl ulal i ¢ Bty FRR SR o BRkuf o Gdtcrdol o3 mddyies f Bptagpeot
differ erttlff&/énmmeﬁodu@ers $pluehlidV Uf ailffctant B-14 dlbdifley, arpuur@ﬁtylazdtfferent E3
macr onodul es conﬁﬁlses a del eted adenoviral nucleic acid se uence, a

]

5subst i te&desad eheity &f diipeqnsiEd raedudiess eigrplysadity ahdisiercapptEAdénovi r al
nucl gi ¢ aci. §$H&§nce or 6 a nucleic acid sequence encoding a

non- adenovi ral gene product. 135.The library of claim 31, wherein said
plurality of different El nodules, 2said plurality of different E2-L2
nodulles, said pl urZéZI i t yT'eflitdaryfod chuh 31 3whérempelid @sraliseofdliBpdenr Bl iogules,

di ff [ di ff E | d
bR TR R LN IR S .
Vo 2@12/1;?&4@@1&%&&%%1&9&@@9%%% G E9f mBAALTLRdid BRI B Sai d

plurality of “different El nodul es,
4 dlfferent of E2-L4 macromodules comprises adenoviral gene modules from a plurality of

5  adenoviral species.

1 33.  The library of claim 32, wherein said plurality of different E1 modules,
2 said plurality of different E2-L.2 modules, said plurality of different L3-L4 modules, said

3 plurality of different E3 modules, said plurality of different E4 modules, or said plurality of
4 different of E2-L4 macromodules comprises adenoviral gene modules from more than one

5  human adenoviral serotype.

1 34.  The library of claim 31, wherein said plurality of different E1 modules,
2 said plurality of different E2-L.2 modules, said plurality of different L3-L4 modules, said

3 plurality of different E3 modules, said plurality of different E4 modules, or said plurality of
4 different of E2-L4 macromodules comprises a deleted adenoviral nucleic acid sequence, a

5  substituted adenoviral nucleic acid sequence, an ectopic adenoviral nucleic acid sequence, or
6  anucleic acid sequence encoding a non-adenoviral gene product.

1 35.  The library of claim 31, wherein said plurality of different E1 modules,
2 said plurality of different E2-L.2 modules, said plurality of different L3-L4 modules, said

3 plurality of different E3 modules, said plurality of different E4 modules, or said plurality of

4  different of E2-L4 macromodules are recombination competent.
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2said plurality of different E2-L2 nodules, said plurality of different
L3-L4 nodules, said 3plurality of different E3 nodules, said plurality of
di f f er entwB2ormdudses, or said plurality of 4 different @CTER2014/048006

macr onodul es are hybridi zati on conpetent. 137. An adenoviral genone library
pr epaltr ed accordi n%6to a nmet hod of one 2of clains 1 to

20.
The library of claim 31, wherein said plurahty of different E1 modules,
2 said plurality of different E2-L.2 modules, said plurality of different L3-L4 modules, said
3 plurality of different E3 modules, said plurality of different E4 modules, or said plurality of

4  different of E2-L4 macromodules are hybridization competent.

—_—

37.  An adenoviral genome library prepared according to a method of one

2 of claims 1 to 20.
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