METHODS OF MAKI NG MODULAR FUSI ON PROTEI N EXPRESSI ON

PRODUCTS I nventor: Thomas D. Reed FI ELD OF | NVENTI ON
wab@7iomaent i on rel ates to nol ecul ar bi ol ogy nmepdmds20a6/060065

products for perform ng the nmethods. More

specifically, the invention relates to nethods of

cl oni ng nucl eic acids that encode nodul ar proteins,

where nodul es may be added sequentially at

METHODSOE MARING I UPAR FUSTONPROTIAN RRPRESSION PRODUCTS

matter related to ﬁ%h{&?ﬁ“heﬂlaWReﬁg/ 728, 259,
60/ 803, 913, 60/821, 682, 60/ 821, 958, 10/ 682, 764

(US2004/ 0185556, PCT/ US2004/ 013517, WOR005/040336),

and US2004057201 | P (WD20051 16231). Each
F]EIJ)("%#ﬁﬁﬂEgﬁégﬁtents and applications is hereby

The inventidACRIARRI Bl @BleOBMar BoRI SN ASho B SAIHINRs AND ERIHARARE methods. More
Reconbi nant DNA techndl ogi es and nol ecul ar bi ol ogi cal

specificallyrdhe suventégn edldey tgmethodeof chomingsnunleic kaisharthitrenchde motiular proteins,
h t i ncl ud ni pul ati ng, nucl ei ¢ aci ds usi ng
where modgE el HELIA R AL BB Bl
nucl eoti de/ nucl eosi de ki nases and phosphat ases,
nerases, and ot her nol cul ar biolqgé7tools to

|

This appligjBit et e b6 Rater e BerbionamicHien Bpb. GHTRHE2595PE03I913, 60/821,682,

60/821,958'6516)‘?5%9;7@& Yu 1585@gé’,%c?ﬁ/ﬁiﬁzw/bf@7%&/(5&0%9(%‘3?6) 11/233,246, and
ooks for "no [ anpl'es o

ecular ol ogy researcherts.
US2004057203 B (We 2008 h b2 3k nBadhsofi these welents Sandtapplidatiods is Herebly.incorporated by
Fritsch and T. Maniatis, 1989. Ml ecular Coning: A
reference. | aporatory Manual, 2nd. ed. Cold Spring Harbor, New
York: Cold Spring Harbor Laboratory Press; and Joseph
Sanbr ook and David Russell, 2001. Ml ecular Coning: A
BACKGROABYD NP PRIERART 3rd ed. Col d Spring Harbor, New

.Y : d .Spring, Har bo abor.atory Press., A probl.em.
Recombmqnﬁ%%gholpgei ﬁrgd ?Qiﬁ?u%f %}chtg%a& g}%lgv{stoz c%gﬁ@g:?em acids are known
in the art. SUcHBRdtEodRIiAEIBN HRXRRSHE A cRICLHES Ssivd RSsBidiBH ehdbnucleases, ligases,

el ements can be eaS|Ié§|nserted at desired positions

nucleotide/ppelpesideakiansarerng. phasphipss.apolywisrases, apdr othieromoldularehiplogy tools to
generate de%{/rg{i EéCGElb égmgc%i@ agﬁg\g\g‘sreggt%? ﬁ%ﬁ{a%ékﬁnanhgﬁ %?%é%ecf\gitten as reference

esl| s een I na poln

books for mblcb@lui bibluiglydedegrohbrsaEparaples of thesecbferecdambmmld dchde, Sambrook, J.,
nmodul es. of the invention addresses

. An t .
E.F. Fmsq%ﬁ%ts% &Mew%&%_%%&%&aﬁt@lﬂ@n&hé Lphoraterydeedlopnd. ed. Cold Spring
Harbor, N&P VERE:- 8518 riﬁ%rfilﬁ%loﬂ?ootrﬁgfyeﬁe?sa dd %@g@ﬁﬁb&?&i grg:oﬁ DRvid Russell,

to build theém out starti'ng from scr
2001. Molesnkr (boengnd ddborentry dfag irdeértaldSpgeg élaabdryNeel YdrksCold Spring

t o met.hods of maki ng fusion protein expression
Harbor Laboryfaiydtess- anot her

A problem in the art is the lack of methodology to engineer chimeric protein expression products where
modular elements can be easily inserted at desired positions within a chimera. In general, while hybrid
or chimeric proteins have been made successfully, the goal of synthesis has been towards final endpoint
products, without building-in a predetermined mechanism to add more modules. An aspect of the
invention addresses this problem by contemplating the future need for chimeras and variations thereof
and making it possible to build them without starting from scratch for each one. One embodiment of
the invention generally relates to methods of making fusion protein expression products. Another

embodiment of the invention relates to methods of making fusion protein expression products with pre-
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enbodi nent of the invention relates to nethods of
meki ng fusion protein expression products with
w@e@engyilneer ed nodul es. Anot her aspect of the PEERL06060065

relates to building block nol ecul es or nodul es, where

nodul es are pre-designed to be capable of insertion

into a chineric protein expression cassette. The

i nstant invention also contenplates libraries of
engineered @NEHUNAE AQBHRP BiPcBiSoft thdtinvedtlod eelikbd td BEitHih® bldRR molecules or modules,

di scl osed nethods. I n one enbodi nent, nodul es are made
where modles areppredissigned toct ¢apsbleof insertios)intesa CIDEEAF DEPiein expression cassette.

. PT ERT. Y| S - .

The nstanESesm (5] cphieipl kb AP et el ioghleg Tha sl DY iz in the
disclosed mEft®dS0@WnE ehdBdinkedt, moduled arSinbde tvith @réfetermined restriction sites.

5'-predeterm ned restriction site - open reading frane

(ORF) of polypeptide of interest - predeterm ned
DETAILEDBESCRIPIHON OF OB ERIIE SNPHOPYRUCE LML SEUtNCES
SEQ ID N€x:ufif en edasmplenf adendert rmoidamiodslei Theanodills hasdhase - i3h structure of:

ot 5, B0 SRR BT BB ek i
restriction 5 NQudffdrs- gﬁeﬁieféhﬁﬂeh r}eﬂiéﬁéﬁgsi%ﬂ g Fg@dé\t@ﬁn'écﬁ T T@F}g&ion sites and

pol ypepti de” encoded by SE r 1. EF DESCRI P
stuffer also@Ac@RAMINGSCES GURENIahadsraimisarhe withdhe polypetitidg of interest, therefore

e entre S BEELSHR o rSRel FEATSEE RS R SR n Proure 11
reagents. FIGURE 2 shows a nethod for building fusion

(Srqtei ns in a Ctermnus to N-termnus direction,
SEQ ID NQ2iis theinedypembdasncedddby BRA IBMNP ng reagents. FlI GURE 3

shows a nethod for building fusion proteins in an
N-termnus to Ctermnus direction, utilizing one
BRIEF DESCRIFHIONOY BRAWINGS eagent and one |inear DNA

starting reagent. F|GURE 4 shows a nethod for building . .
FIGURE 1 showspa H}eél{lq_g buildmg Nsoa PSS peneNisiRingg 4o C-terminus direction,

tilizine twd ifbiak PNA YhitideZbanfno |inear DNA starting reagents.
wihEe w%l GURE 5 s%ovvs rE{eg%LIJlrssi ve nethod for building fusion
FIGURE 2psioives msnéthodadiof\buibding fussort pro@eine imian(gtednines td dhiterminus direction,

uilizing toGEE0 oE PRGN SFEE KPR | ved {1 om porti onb of exons.

FIGURE 3FHaWRES micthodCror il d il Sprofeifsinn® NeteRQInMPaRtd-d8&inus direction,
wherei n one nodul e contains a |localization signal.

utilizing one|c@omEsD Sartuigaergsrbind ws lorartDNAGrpng regemt. wher ei n

FIGURE 4°8fowP g li{xlle%h&cf) Potraﬂu%m%nfuﬁﬁlnt porg%it}saﬁ' an N-terminus to C-terminus direction,

utilizing two linear DNA starting reagents.

FIGURE 5 shows a recursive method for building fusion proteins in an N-terminus to C-terminus

direction.

FIGURES 6A-6C show examples of chimeric polypeptides wherein modules are derived from portions

of exons.

FIGURES 7A-7C show examples of chimeric polypeptides wherein one module contains a localization

signal.

FIGURES 8A-8C show examples of fusion proteins wherein one module contains an epitope tag.

FIGURES 9A-9C show examples of fusion proteins wherein modules contain different functional



FI GURES 9A-9C show exanpl es of fusion proteins wherein
nodul es contain different functional domains. FI GURE 10
WG b@®7@me exanpl e expressi on cassette cont ai ni PGI/AS2006/060065
chinmeric protein coding sequence nmade according to the
met hods of the invention. FIGURE 11 shows an exanple
nodul e cont ai ni ng an open readi ng frane of interest
(ORF) flanked by predeterm ned restriction sites and a
domains. sniffer. FIGURE 12 shows an exanple of a library of
nodul es useful in the invention. The |library nmembers _
FIGURE 1Qashawis ranexaszle srpigatien srsselée ceipining ¢ shimerteprotein coding sequence
made accoxldﬂ%ggﬁee{\{e@ﬁds%{ltﬁe bve '(%191 Il and Site I11. The open
reading franmes are no rawn to scale, and therefore
FIGURE 1 irsyowsiry examplengiible dontaitieg enbpeh wedihg fiahe: ofiibtedsy (ORF) flanked by
ers.are contain wi thin vector DNA. In one

.menb
predetermingdygfrigtion sitepand asudieri s a circul ar plasmid. Fl GURE 13
FIGURE 18h8¥%s an WRiMAR Ha ARk BFhI80 uRIFQL 5l tAS i 13fH|Cli
con%?%a?orfg?gsyﬁ}hesbggf%bgéevygggghsﬁ?ﬁ tﬁﬁéﬁfléuggmylnmnbms
have identiaalepredetéroiihawestrisdors sitasdsditaged higSie L\SiteXl] aptl dHi@dIIf The open reading

s rs 08 i i SR S Bl b B T AR laeh e, the by
members ate dhta@fed WikiERESoABIFAL 4DoRh QU QAR 188 vEStoVi8 GlcRtSlar plasmid.
contai ni ng nodul ar, chinmeric pol ypeptide gene

FIGURE Kosbewsict snetisrl of DekaR fricaNpOteimHby MyENmicOspbigatorial synthesis.
o] L an | at e nei h f ' | ar )
Aunevias NI 8052k A A BENTRILIS £POU ey g 1 s o

ClaT; fwd mbtadsifégehrdrel han®tehos; V kiandafok ivestigtil NooVe TV RNENiiadlkites.
relates to sequential, directional cloning of

FIGURES pgA kile| &hory gsamples offi NECLP| sqresiningemeguiar.e shinegighpolypeptide gene
constructs. €| onabl e el ement contains an open reading franme

‘flanked by predetermined restriction sites. The

nmet hods i ncl ude using clonable el enments and vectors

| s starting materials for
BRIEF D‘fﬁ?@mpﬁﬁ mﬁéﬁ One advantage of the
The inventiflY 881kie@ Mol Mettal Jit m@ki‘ngvﬁo&lﬂﬁr @ﬁﬁﬂeﬁéagfcﬁéihoé@ré% ion products and
. fusion proteins to be nmade quickly and easily w thout
compositiongaitilingl i thtegicthodanth particulat, ¢heduvensiohselytesnto ssqoertiay directional
. step. enmbadi.nent . of the invention general .
cloning of FoRRuclBFUSTRRRUEE HotsBealoh omiEr of i SPRME elefieat sprgpins an open
reading frafleGRHEES by HRAEREHINSIBQEHMPALIE. ThB endthmAhéIRH: h@hAEIBRable elements
to nmet hods of making fusion protein expression

and vectorp Copfgiiag Wosh clesrmisnat siertlz matgtiplssfor Aprsmbanani I3 At teghniques. One
stvntogo e MERERAMULEL AR 6, By ol ol B e ity
and easily without sieedingto desipn and ehalo®e cachevbsepsntaloriag siept e. The

instant invention also contenplates libraries of

nodul es that can be utilized in

One embodiment of the invention generally relates to methods of making fusion protein expression

products. Another embodiment of the invention relates to methods of making fusion protein expression
products with combinatorial modules. Another aspect of the invention relates to building block
molecules or modules, where modules are pre-designed to be capable of insertion into a chimeric
expression cassette. The instant invention also contemplates libraries of modules that can be utilized in

the disclosed methods. In one embodiment, modules are made with predetermined restriction sites.



t he di scl osed nethods. I n one enbodi nent, nodul es are

made with predeterm ned restriction sites. Each
wa@eb@naiiies el enent or nodul e contai ns a pol ynucP@DUSZIB6/060065

sequence that encodes an open readi ng frane of

interest, such as, but not limted to, a full length

protein or polypeptide, or a functional donain,

structural domain, enzymatic domain, inhibition

Each clonabRn@ementbbmshbigle dofRIR, a b@l@ﬁhdlé’(ﬂid'ecﬁéqﬁdnge dhat RbAQPS open reading
exon, or, other desired subconponent. A database

frame of infetesle Sheh £ vt énmtﬁdoioe@nﬁlilnheag’fhamrp@m av olyaspléde, or a functional
r i

domain, s %%g%@eg%%é{@ rxtialg éﬁﬁ%}tﬁ 'rug b?rgcgugg dl)r%gm localization signal,

epitope, expesoubther fdegirdddaibtorhyomept. d@WEKbﬁsebaﬁ@cﬂle(DEb a{ﬁdiltar r’:}ﬁbt‘ém information

available St dike NEGOTNGHDTHIOF MEERA BG4 COSGried. Heghpge {stabase, or CDD,
represents Meoﬁe%\ﬁ%e 'f&cﬂdbﬁgt%ﬁign&ﬁﬁzﬁns 54085 kY ré'cf(fssaﬁquisnce ho énology conserved

phosphat ases hat ase subunits, pepti I gands
across protgin dameikice gnd gpeoieease subunits, enzyne subunits, DNA
bi ndi ng protein subunits, g-protein subunits, ion
channel subunits, and nmenbrane receptor subunits, to
Non~limitiyi§aré§a1ﬁpfe§%f e - ﬂgtl{%ht prfifX 3ARLES 1QhastdINEiran %lubumts phosphatases,
omai ns i ncl ude br ndi ng domai ns, transcrlptlon
phosphatase stbupdtsi Beptifloriigends, rapivrten.zprofesse sigaith senzyeieasupuiies, DNA binding
protein subgﬁ ']%gtﬁaﬂpﬁg)ﬁﬂﬂﬁr é{):rg&%a%el %%Hn#]s g%ﬁlb%r%rl)é[:?p%rdsu%umts to name a
few. bi ndi ng domai ns, hor none blndlng donalns I|gand
bi ndi ng domai ns, zinc finger regions, | euci ne Zi pper
regi ons, g-protein bi ndi ng domai ns, glycosylation
Non-limitir$Oda! Hdnal & H:Fclrf]}
on _mmto na eSa few. dl{llond grrq?% li)lﬁc’ludgxa es o struct’ura Hon aciivation
domains, dimemiationi darhaivs (adtapij?ltzac kﬂehlaml phwhoryéa,tlohedansilne,etegulatory domains,

r egi . d
death domagt%glglio E@tﬂl}? ﬁfer?llgl%gkggl g@gslmﬁ | Gt onr?sdg ! oq)i}g 1115 domains, ligand

binding dmﬁQmE aﬁﬁ@ﬁn@ér%gﬁﬂs q’éﬁ@ﬁie%p;f‘é? gegﬁfsaé 'r&@inhilﬂ&ih% Qomains, glycosylation
omain, to name a few. Non-| ti ng exanpl es

domains, a@hﬁﬁmnm@omd ﬁmsmmbmam @nmtoaamwefew tes,

phosphoryl ati on catal yti c domai ns, phosphatase

catal yti c domai ns, adenyl ate cycl ase catal ytic donai n,
Non—hmmﬂgﬁé)ﬁhqﬂéscomymal&ﬁﬂam Bclu@s alphk HeBad Fedichd, WRtSEHe8regions, acidic

ynerase actlve sites, lipase active sites,

regions, bagp gifa%v% hydiggh 90@ﬂ121§=n@tra@hméh%ﬁﬂde§>onﬁmg|d@mamse co-factor binding
domain, anéﬁ{é%:?ocﬂ Bini: gﬂgﬁlaﬂ{:'{&d ﬂa%nec‘é% >, and am no acid

synthesi s enZyne aétive sites, to nane a few

hbn l'imting exanples of inhibition domains incude

nase.i nhibitory buni t, blndlng regi ons, phaqgsphat ase

Non"hmm“ign?ﬁamnlﬁr Sipmate dgnﬁmsrfac pdy PR afiye Ailiessehasphorylation catalytic
domains, pﬁds@ﬁd’cgsebéa@ﬂj/ﬁlgd(‘}rﬁ&hQ MR RaBAPBlad oM MNOGsthhifll IelBolic enzyme active
nc d'h

exanpl es of” bi ndi ng donai ns ude steroi d hornone
sites, pTOtemenmﬂn’g wfesmpoipmepeptactie hitasybipasebaatiote mgesjogigcaiyuc pathway enzyme

active sﬁes,o%l}%i , g&énsg%%%yﬁg g}gﬁsue%:ra% rgfrjll n%1d S nﬁ{ers]lss enzyme active sites, to

name a few.

Non-limiting examples of inhibition domains incude kinase inhibitory subunit binding regions,

phosphatase inhibitory subunit binding regions, and allosteric ligand binding regions to name a few.



domai ns, PBl domai ns, drug binding domains, g-protein
bi ndi ng domai ns, DNA bi ndi ng domai ns, |ipid binding
waleowiondase car bohydr at e bi ndi ng donai ns, and  PCT/US2006/060065

di meri zation domains to name a few. Non-limting

exanpl es of |ocalization signals include endoplasmc
reticulumlocalization signals, nuclear |ocalization
signals, mtochondrial |ocalization signals, plasna
menbrane | ocalization signals, and sarcoplasnic

etlculun1locallzat|on signal s, to nane a few ,
Non—hmm%qqgamg]ﬁstq rng%ﬁq;p@gs el u%lg,s‘gegﬁ @ formeye kinding domains, peptide hormone
F 6
binding doﬁ%ﬁg%él%%%%? gﬁlsdﬁfﬁo(%)gjfﬁ{énsf %ﬁngﬁﬁgtdg&g}ﬁs %ﬁ‘?ﬁ gﬂlmgr ﬁIéB domains, SH2
domains, RRHgiansins,t drugdrirdiag fdewainsn gqabﬂeﬁebmrimgt @cbmmd@,nDNASbmdmg domains,
Yivid bindi often . correl at Wlbth exons., a t hought that natural
tpid bin Ay PEPPRYIrE bigidin %ﬁ%@% npeE et dspaine iocimes a few.
nodul ar protelns in eukaryotes. An open reading frane
of an exon, therefore, represents an open readi ng
Non-limitig srasmpies jofit lecalizatien swndis nigiclude tdndoplasreivt febiculu@néocalization signals,
i zes that, sqne exons,

i Ll ed. h
nuclar ot R isagie 5 BhdngGh B AP 6B W moPERTrele localizaton signal,

and sarcopRktRSreti @R 16dliSatRfECsdRals, 1danROL fw@n Or segment of the
exon containing the correct open reading frane is the

ORF of |nterest Modul es may al so contain
Fienits n e no R
o i LA 5o 8BNS REPUL 5Pl P, s, i
regions, bafie adgisrs, and pribpey bindinkSegiony thedmé B fer.he term nodul e
nmeans a nucl eic acid that encodes an open readi ng
frame conprising an open reading frame of interest
In nature, Igﬁ)&'ﬁ{‘ 86mbixs RESH %Bﬁémenx?ﬁih S 'tﬁ’(ﬂlﬁﬁ{ Hes natW'Paq %x{)ﬁ' Shuffling is one
met hods and products of the inventionl are utl
explanatlomﬁmthe mmemqpscbfemsdulahprolmnm iresuksiyenidsd Amcpemmmg |fmme of an exon,

sersors, RGO 105 TR S O L LEETA N P B0 RE L i e

recognizes VBRI RN &xtmk HiQe Rpfit 86RnHAE thd Bﬂ&se&)rfeﬁ’p&id'i@hﬁﬁphce sites. When this
pl asm ds, expression vectors, viral vectors,

ocours, theption of stgresnt Oftlropnas. coTkning delecerart wodn rmlmg fahons the ORF of
endonucl ease sites in the nodules are unique within

the nodule. In one enbodi nent of the invention, the
predeternined restriction sites of a nodul e are unique

thin a vector or other nucleic acid congr|5|n t he
Modules n}?ﬁdﬂ% containg prlxnuslietids seauenecspihati sredni nretfies not fornérn nature, but

nonethelesShdeS @ésggﬂ B0 o8 ?O&Hg Nhg %aé% ltée%gllnwchtehcla& %}@}fiﬁ\%ﬁ&%ﬁ Whucleic acid

provi de directiona |ty bni'ng
that encod BESGRMRTI GNdDE Tikel dOhifIN avbopyenp rezidizign Sranvee ofragtotear flanked by

Y RN LN T
mammaliarPéyRinty ?tlﬁl%@ddlbs sBotll TR rﬁéﬁmgﬂaﬂjé%&?b&ﬁgd an

activation domain. It is o

interest.

The modules of the invention may be part of a larger polynucleotide such as a vector. Such vectors
include but are not limited to circular plasmids, expression vectors, viral vectors, or artificial
chromosomes. The predetermined restriction endonuclease sites in the modules are unique within the
module. In one embodiment of the invention, the predetermined restriction sites of a module are unique

within a vector or other nucleic acid comprising the module. In this context, the predetermined



desirable to make chinmeric receptors by exchangi ng
functional domai ns between the receptors so that
waleowionsibanct i onal ity can be studi ed and/ or neRCT/US2006/060065
research and therapeutic tools can be made. It is also
desirabl e to synthesize fusion proteins that have
novel cellular or therapeutic activity. For exanple,
chinmeric polyligands that nodul ate protein kinase D
restriction 8i€dsi providle NANGueDEIBAING Ee RethiRNOvEIOH ARS hRttel 8REBLBnality of module
) variety of heterol ogous protein sources (see
cloning. 60/ 728, 259). An aspect of the invention relates to the
conmbi natorial nodularity of fusion proteins and
preparing building bl ocks of open reading franmes that
DETAILEDYESERIPTOONODBIEHIE INVENTIQINI on protei n expression
cassette at any desired location. In other words, the
Many protgips, &g ipeilaniadipgie sy instancey @ Aueleyr sreRieipasrdarrains including a DNA
binding do i, SREEd Dinhe R i UrRAZ AR Joridn SndBIARkyetion domain. It i often
desirable tovmdkd elrimfetioaedeptprs Bydkeliaopgml fasg@otisdabaithbetivewre tiei receptors so that

. ar.e t hods of Ki t hese nodul gr. fusi on proteins :
domain furSaalGy Siioe SHER B Yo ORI A e kbl bR e T is also
desirable t@yrith&ideNFi8idhi RBtelRGthitdRs e RY B0 R JFRHshftutic! RBVRY. For example,

.. of conponent protein donmains. For convenience of
chimeric palylégrindgythat moxdglatteprpteibkinasedD metikatyrinaalbaen é¢signedtasd sprathesized from
. r tible at cohesi and can be inserted
avamtyoaﬁ?r@ﬁnﬁgc}ﬂgggbnusé)ﬁﬁe Ir(‘ﬁe)e/ 6ﬁ&g’ag%odi ment of the
i nvention acconplishes this by exploiting the natural

properties of restriction_endonucl ease site ) )
An aspect pesgRvention rehescloctho sgmbinatastah arodulasiy: of Fpsiem eroteins and preparing

biing bREEDE L8R SABGIPASHES TP S, Mt fhRRER 6820 i FAB cxrsson
cassette at artyi desiretllotation. &sodthectvonis, tha yrrtidi geshipasses ag éveatody oficomponents
. the other side, utilized for restricti enzyne i )
designed gy .ga Bl tost P ¢ PrBSeTEaRERs &b LHGOD bhlfingdesks o interlocking
modular fGUrBREURIITIRGH adiRels dCht Gvetibe ak@nfeﬁfodg%‘%%&ih these modular fusion
' utilt zed and destroyed in order to effect recursive,
proteins eagibytjarghednatniehibiniIn ghis fregand,LAnagmisd denvenit of. th&Exmveptien includes methods of
m dlm_lhhthqg startrﬁg mﬂtﬂﬁﬁwo vectors. A nodul ar fusion
odular clofing @l EUIPONEILIIOGE ¢4 £ ol | owi ng et hod and

starting with 2 reagents eachcontai ni ng an open

reading frame (ORF) of interest flanked b
For convenjsngel of clopinge dt is desirabls toomakg mggulamglemgmg@ ag¢ compatible at cohesive

ILGiion si i LNt t.ale i 1

e nd 8% BhELIBAbED ELAONNG 51 O Bl SHE oy pprpisis i
by exploitingvthanttutileprbperties dmesiriction efdomutlefssesite rbdddftioh)and cleavage. Another

Referring to FIGURE | 5 one enbodinent of the nethod
aspect of thginygnign CpeRampassqsanedules; Witk ey iepding dagerflapkingrgquences that, on one

side of the (A&Y&M }niiﬁzeﬁi fof i‘gsﬁ{c&gﬁﬁﬁﬁ% g{%%betgﬂ &{Eeoﬁelﬁgpﬁ g%gﬂtgg sail%e, utilized for

~frame of interest on th
restriction dugpive|digestiom as anady files ke desiredt IeotBér wonds, 4 predetdeminedyestriction site
in the mod?xper étn&}lggégpﬁ cijlers]’c(zrlo?edqnaorlderS lcot gffec!t nreg&rgnezg, g’e\%lrlgr?ﬁal aclom'ng of modular

elements.

Example 1: Method starting with two vectors.

A modular fusion protein is made using the following method and starting with 2 reagents each



conprises DNA with the foll ow ng characteristics from
5" to 3': --NgoM I V-ORF 1-Xma | -stuffer-Cla |-.
wao-eoorharies eferring to FIGURE 1, a second reagePCT/UUS2006/060065
circular DNA al so containing an open reading frame of
interest (ORF 2) flanked on the 5 end by an NgoM IV
site, and flanked on the 3' end, in order, by an Xma I
site and a Cla | site. The sniffer respresents
containing AHWpeRtredRse Hhale @ROVOERBHEN HReE byOfrelis@nthéd %sﬁ:mtlon sites. An
restriction enzynes to bind and cl eave the DNA. The
example of; @strictignisieseflankiag gy (IR 0 dfcight: #re sspurnees re&ﬂgmtzemebyme restriction
I FeRi{ |, ..t
enzymes NGy B 0 o DR T VRRSCH Y (BETHIGERE, ) 460 o' FIOURE 1, one

embodimert pdrthe erdhdigutiliasewo miokkid hed %fwﬂi@ sdageittsl (Dﬁ?a/ €eagent is 01rcu1ar DNA
I ength jch is a multiple_of three, sjince codons_ar

containing p 0BG 241 fragpgyof mterest ARRIFel)sianked pn iRsp Prg by an NEOM IV site, and
taubff e/

s o ST AT AT U2 o 10T GRS i v

comprises Hﬂduwah thd Grliomgngrettanadiersticofroinny to 8"t -INgGM VEADRBA-Xma I-stuffer-Cla

1. Furher SRR, b SrcitaHachb iRl BN B 15Rgaths th open reading
frame of m&‘{@f (ORE 2 ?ﬂgméd&'zm thd 8 dnd BYAh I TV RIS, dRINAKSDGRIME 3 énd, in order,

t he accep wi || "accept an excised insert
by an Xmaflr s atﬂﬁél Gladifg. TEher s:tuffalr regpesantsayiaotidesnthat albqyaeraugh space for two

different re 8’[&181'1 ne%zymg h?o %ﬁ :‘%utlgg EP]%NQ ’I{hg qge nt"gﬁu el‘"l %dsy!ﬂonymous with

onor, 1S cuU

"spacer" anﬂ&h@ﬁ@cﬁfénhgk Eh%afse@h%crmhdn@alﬂy Berefd. @n gelﬁa‘tzﬁ[ iha REL R Gr épacer should be in
NgoM | V overhang. The second DNA fragnent is th

frame Wlthpqﬁla'c}ofsme@peaws@dlﬂg diemessand thersfors éaovéétaw ab‘%@%bdﬁecloma multiple of
o &at t ety @@ﬂ
three, smc%Niéﬁ aﬁ'\% met[ﬁlteg Ba@gﬁqung tle%l%le& ﬁié Sl}szségdel% 3)% @%@n@é , encoding
GlyGlyGlyt ’ﬁb@ﬂuffeﬁmcandayslme rmdleE)abﬁirfora:gi‘rmmmsarcms m xed
t oget her, annealed, and ligated to forma third
circular DNA fragnent, the Xma | site that was in the
An embodfnhédn lof INA0BREr LREINIRMILY Rib@ideh RS th‘é’aiﬁvérﬁloh hﬁcﬁﬁ@so E‘&jftmg the first
DNA are destroyed in the third circular
circular DNAe staggritawith ¥gladrand C1ONA ylsldﬂmmelaNédwﬁln ) r?d Xmatlhmerh)mg anda5' Clal

overhang, Ttlgg RT\FE%{' L glggcgsé%%g@gg)% @gﬁ@%&?@ﬁ lfuﬁ g)léc‘tl{]ﬁ%ritalsgt from the second

circular DNA k€agbt! ITnNGpSiatd don€amdraih séddhaGlredlar DIQMeWYerd 61184 the donor, is cut
Xma | and Cla | sites which are useful in subsequent

with NgoM B¢ @n@ |Cd@ I c§<P mlchg releessd linvar RNy with<is3' (dla Iinverhappandg 5' NgoM IV
overhang 136 I?ﬁe?l %nﬁ {i]%%tak lts ?89&%&?& J@ét&)r backbone DNA.

ar c on|n event's eprc
These restri%h@u&%eﬂuoﬂs henehtedit and sedomd N A fm@dlehtsmt}pwmwﬂfe cohesive ends.
fromNterminus to Cterm nus of the fusion protein;
while in the exanple depicted in FIGURE 2, the
When thes{!fifsf Ghd QdboRl DTOS Rl akd B BEARLS ad AT AL form a third
termnus o imeric pr te|n stricti
circular DNEA tﬁagmnei; thpnXmed sy thdg eieb in/theXinst DINAaad tk &gbM IV site that was in the

second DN%Q rgggt%cgyae gﬁ&h% ﬁ}qedzenr:] ; ar# | Owggnﬁx&est1fgﬁ?§gﬁcg{jgﬁi léNA is protected

from furthPMemaki dr N%OMW BRedtidn, HREQINLARS ﬂaﬂﬁﬁlgtthg rMﬁMg‘ Msed open reading
site and t sité can be swapped W th each

frames in the third circular DNA st111 contain intact 5' NgoM 1V, and 3' Xma I and Cla I sites which are

useful in subsequent, recursive cloning steps. This process can be repeated numerous times to achieve

directional, sequential, modular cloning events. In the example depicted in FIGURE 1, the direction of



other as long as the order is consistent throughout

the reagents (see FIGURE 4 for exanple). One of
woe@inargs skill in the art al so recogni zes t haPCDUREN6/060065

restriction site groups can acconplish sequenti al,

di rectional cloning as described herein. Preferred

criteria for selecting restriction endonucl eases are

1) selecting a pair of endonucl eases that generate

module addifPpiocl® fahestermitRds MmO DE tsd FilfondfrBteHe SHHiRYBGhe example
n ligation wwth each other; 2) selecting a third

. . upo n W e . )
depicted in IFEQURiEC itehdisssdion of ewdeletapdition peaseedst freya feteaminug to Miigrminus of the
imeri | L th: e ir St .
chimerc UG5 1E0FRAA RE N ARBAL0STchl 1V Dbt s (el rerent
trio of sitesdhat@einhio rthirsive) Bigugntidd cRihaignvisanhgedii amodaedul es, and
ot her codi ng regions or expression conponents can be
combi natorially assenbl ed as desired. Wth respect to
One skilledf! {66 b FBedphiAe8 flat MNARR TVL5iRDAVE he SERET sESHT b Bbed with each
endonucl eases may be € oyed to acconplish this
other as lomgahithd.orf@ris exnnipbe, thidgghdut he Magerits (SEs MVGIUURBBS f&r &:&mple). One of
. nd el all create co enment ar.y oyverhangs when the .
ondinary sifin et sfhosioF HESHER 1o SoBRE LT SHC SBGRY b dodrpash sequentiel,
directional ERRIRS Br RscrifedIRAGH WrefcABY chiPiaGbr s8I R IBAN ST MIBRE:]cases are 1)
. re.co?nl tion sites are destroyed when anneal ed and
selecting a |ppig ot eeranupletsss that Epnesde gempatgdé coliesiveteads btevhasy sies are destroyed
L LV.and Xnr |, are used in.this anpl e d, ot her .
upon ligaiQ QM et Rl 7 st L R ot o TP B PR B8 enerte siciy
ends compdtihid withteither o fids teaswhee kebt driderid@y vtiligtd!skea SBEaN for sequential,

L. usage/ bias with respect to the species in which the,
directional glegingn Priesn spbdagnains, mroduless alsether qodingregion 68 PrrEAtsion components
can be con%ﬁ%ﬁ%aﬁy%%n%’[@dds Rligega preferred pair because they
oth util1ze codons recogni zed by mammal i an cell s.
Addi tional selection criteria nmay al so include the

: roperties of .the amn ci ds .encoded. by the codons.
With respepigip SpISCHONERICTIR THERPhA AHRY: PUISF oI iRPGndORIR SRR e employed

BAOAnU eFst NSl Jqn
o s SHCIVGLAREE 1 L08Rty LR S e 1l

complemerdgrs oXemhangsawkernathpy efitdpNAdcopsining dwausspective saepgution sitks. Therefore,

. encoded.are rel atively bioneutral: M IV endodes .
in general, FE RTG0F el e Ko ettt Slra N pRbpyed Hhbmsplod end ligated
can be utilizé€@s @lpaR irhkd SmelWhy aQ‘U%o_M(fN’ lafd Xrha 1 BR: el iMitil example and other
recogni ze that the nethod is adaptable for other
examples dggsabpéBensip. ut i | i zi ng codons used in ot her
speci es. Exanpl e 2: Method starting with one vector.
Anot her way to assenbl e codi ng regi on nodul es
Additional diitegia ttb aestti¢tionssidosedeaed béladtion raaplmeiiriel dodemusddbiagwith respect to
. additi to.cCi lar . . F anple, like the
the species glé &/M gﬁ?sg:cfnlo];ﬁ%%g? {yﬂ]ﬁ&@g@r%g )r(IP ggg eg@@alér}ent NgoM IV and Xma I are
ferred R ebdilsh ALy fitifit AMbAGreBo SR SRR cEls. Additi i
s rfesd PR B Rk Ao ALY, RBERBEEIN ol s
criteria may ¥Msamcth@eath¢ propertieXivéithe aamdo &tids kncodRébethe ecvgloho For instance, it may
G%JRE 3, .a first cicrlcul ar reagent is

be desirabl{a: It% @1@%{1&?&1011 endonuclease sites whose codons encodeC&{argmédt z{]még%cids. In the
embodiment shown in FIGURE 1, NgoM IV and Xma I are a preferred pair because the amino acids
encoded are relatively bioneutral: NgoM IV endodes AlaGly in mammlas and Xma I encodes ProGly
in mammals (see also FIGURE 11). One skilled in the art will recognize that the method is adaptable

for other species by utilizing codons used in other species.



to yield linear DNAwith a 3 Xma | overhang and a 5
Cla | overhang. The first DNA reagent is the acceptor.
wo2@eonree reagent is a |inear doubl e-stranded BI¥US2006/060065

fragnent generated by synthesizing and anneal i ng
conplinmentary oligonucleotides or by PCR anplification
foll owed by digestion with appropriate restriction
enzymes to generate overhangs. The second |inear DNA
has 3" Cla | overhang and a 5 NgoM IV overhang, which
are conpatible wth cohesive ends of the first

Example 2; Method stagtimgithaneyestor. \Wien these first and second

. m 0 . Aan . .
Ao P O 255 R ) Gy e DA
addition to chradlamBNIAL Fot bearfiple,dikeBNAscnentidl eloNggMrodess idegribb@tbove, restriction

. .was in the second DNA are destroyed in the third
sites flankipg 7 eQing TIBAPR ATRBFIFRTES TROGHIERE BY, Ura T4pKkichen pirymes NgoM IV and Cla I;

i usi i i -
o inn 1 EEM L R FOPGORES 1 0481 DA (T Ty ol
to yield lingay, DAdwh aXdrenha hoderThag dndsa Se€laihowdthamgy The fudtiDNAedagent is the

subsequent|y. i n.successi ve cl onj teps, This ocess .,
acceptor. A’SeoRdraamds dimkanan s rnded NS BiRFisvh seheriled Ph s (hesizing and
annealin W%&ﬂt , olIBshLROtiGds0B} pURNbmplifiesion @Fved) by digesti ith
‘g Rest r i.ctiﬁi})’n sites recosgni g)gd by Nggl\}l IVf. Xma |, an}él rgestion. wi
appropriatergriptigheiyymes da gencrate pvebengs. dhe seeondflincat BNA hag 3' Cla I overhang
' ] rsivie ul ar nj en_use f | ankj.ng .
ond o ' NGRUTIY LB oG S Ohnbl o, SHRD 0300 Sl PRCLPhrcea DA
acceptor. doubl e-stranded DNAs. The nethod of the invention can
al so be perforned with two |inear DNAs as starting
reagents. In this exanple, the NgoM 1V and Xma | sites
t t e . .
When s 48 F B00RIPRDE BB IR By h b AR et 1 o i
circular DNAatheKins Tasite thit weasviacthe firkdakAcme the NgodM BV siNgabdtlwas in the second

DNA are dgs\érigj?cﬁﬁgnpg gﬂ.réia %%cu}a%b&éﬁ%’vg%g%ns guqvngg ' %I}T@?ggﬁg gees?llting fusion protein
f interest 5e ih % e MrtYaSh i SNEEM !

ofnrs: 81 Ot o OV YDA, AL AT SAREMJY. 3o
Cla T sitesdwhishemey banddizedNobsageentlye &d ismepessivamelonimgt steps. richis pBocess can be

Xma | overhang.and.a 3' a | oqverha erein th
repeated nugigoys GRS REASIAE iftsonds SnpertfE palRie Slhe oPeises FIGURE 5)
Restriction WitésreBGRizoER/INSEMITANX 0] 11208 €128 bnddaittiedses 2 eI Bidlof sites that
. ORF X is followed downstream by an NgoM 1V site al so
permit recusiveg madianglepingrhiex udeastigking apquenges eagent s nay be
provi ded or synthesized various ways. For exanple, by
restriction endonucl ease di gestion, chemni cal
Example 3s ¥dthed star tilCRithrtploi friecandoable-strtandad®NAd. ew. The
rhangs present in the reagents nay be a product

% ] of .
The methoq L (i, EYRGA GAY af&a OedsEararihityn lgear B Ases staing teggents. In this
example, tHRgS&AAB/ 83d Krhd E]FRES Rive AR 6 éssc&'ﬁgﬂ'?% g(p P%/I\%fa examples herein.

~art. The result of annealing an I gat |
Referring tot BIGURIG 4; ehgéwb sstarsing redgentsrire Pod weetpt ibdektofRFvizh 2 3' NgoM IV

overhang agé\%é 2(;1%3?#2% %ng,p\% er:r%%n;mbXpe%nrelacri]itngcéar%(g%f %ntgrlegt,e oﬁdz, is positioned
upstream of the NgoM 1V site and an Xma I site is positioned in frame and upstream of ORF Z, and 2)

double-stranded DNA open reading frame containing a 5' Xma I overhang and a 3' Cla I overhang,
wherein the Xma I overhang is immediately upstream and in frame with open reading rame of interest,

ORF X, and wherein ORF X is followed downstream by an NgoM IV site also in frame with ORF X.



intact NgoM 1V and Cla | sites, allowi ng the process
to be repeated if it becones desirable to add one or
worrg/onaeal es. The |igated NgoM | V/ Xma | regi oPCT/US2006/060065
(indicated as vestigial NgoM 1V, Xma | site) can no
| onger be cut by NgoM IV nor Xma | and is therefore
protected fromfurther digestion by these enzynes.
Exanple 4 : Module libraries. The starting reagents
The two stditmgUSs&sts May He ROEAVE] EX AR IBYIOS WBYPE0S eRimple, by restriction
coll'ection or_ library of reagents. Menbers of the
endonuclease digsetiqre sheypigplesyathesirpBER gmpdifigatian, & nayne & SowThee overhangs present

‘ hall . ] el .  cal

in the reag 1P Lo HREAR B Sirchn SRR AT SERkL SRaagsato the ends asa

linker or adaptdr @s ischerrial i8)thé hrdnKkiengsulief Dpedtingeadilipgtifd thigaso Gfarting reagents is
interest. Also, the_open reading franes of I nterest

a chimeric gplypepfifierEited - QR X2 Klaplrrdsupsisentp by a8 intae{am | sit @yl downstream by

intact NgoMf\e Eﬁ'd"‘bgay I sifed r&lﬁ%&gﬁﬁ% prébest RAGL e%@ﬁ%fw{r iP Bed:%.trﬁerstd'eﬁgable to add one
reagent (acceptor ) it A el Teul ar and IS

or more maxiuisn€ke BgatedNgoM Bi/Xntahesgion dmdicated tas ivestigind NdoMe §V, Xma I site) can

no longer ﬁ% lg%t li%ggépi){gl\% E}Eﬁ@&%’* i%p,& Iés: u e%qe%eﬁtgggc{r% gg}th%hd?gestion by these

enzymes. Ot her words, the acceptor DNA vector is engineered to
| ack these predeterm ned restriction sites el sewhere.
In one enbodi ment of the invention, both the donor and

3 ol ents are circular DNA and are identical
Examp]e‘fg)%g(gﬁlg?lgﬁlﬁ%é open reading frame of interest. In

The startingneddeats EshREdMRNhe abbR SQRPlesChiE BE AenkWfs b£AABNEctioh or library of
not identical to the acceptor DNA reagent, in that the

reagents. Ngwpbers qf fhe celectionsirreng neeber pe chyactsistics., Thn mpipimgl echaracteristics
stare nc RSB PR B e A el D LS L) g
the open r¢ddéng frhmes eflinterssr Alsol tHe dyenpoadifig édmayvey ifterest drbengineered to lack

t. of the. tqr. f [ kill .in the art .
these samep gg i, SIS CHET [ RGPS 11648, i U4 Th qe8pt acoeptor DNA) s
a circular ISRA A8 i$ VERR&H Mol ddnBRThe S Hifle RSrikOADsiAR oh@reoﬁgtrﬂhe' éhtire circular

consi stent” t hroughout the reagents. One of y
DNA, namgkyi 4t| the operhecadmg fadrso of edergsti flaekingtsites. dnhher words, the acceptor DNA

wector i AR B e PR TR SR D"

cont ai ni ng open readi ng franes of interestconposed of
manmal i an codons surrounded by predeterm ned .
In one embpasimentcaf the insieptien, dietlo icrdpnantnd aeasps réagenis e cipguler DNA and are

) ] ' f . tid i )

denicn 35 AP 281 P £ 005 3o SLPBRRAR M M B0+ it DA

reagent is SotCidestidal by ehieyacoeptoe DNYavéagentainpthlay thesODRE DREteddst flanking restriction
i nt eE es% freAS one can see from FI GURE 11, the 0]

sits, whild e GGirpt 1o (88 Qo OOE Aot b S5 AR g ereu R Napolecule. This

. . . ; e

s posile PAGHHRRACOACHCRHT ISR UL S iy
the staffer (GECGCGAGEC) encodes AyGydy; the Cla l

One of orcﬁr?a%? %Qilllt ilnotﬁe art recognizes that the NgoM IV site and the Xma I site can be swapped

with each other as long as the order is consistent throughout the reagents. One of ordinary skill in the

art also recognizes that other restriction site groups may be utilized.

In one embodiment, the library members have modules containing open reading frames of interest

10



sequence (ATCGAT) encodes |l eAsp. Therefore, the

nodul e itself is an open reading frame which contains
W@roodRF6166 i nterest. The library of nodul es i SPCT/US2006/060065

engi neered to be consistent with respect to the

restriction sites flanking each open reading franme of

interest so that nodul es may be inserted w thout

havi ng to desi gn each successive cloning step. The

composed ¥rhhralatiac €A QitEunded by frekétbindingd tedfil dide stteen@P@Rg amino acids in
readi ng franme of interest and the_stuffer/spacer

frame with thgpremeisadipg framerad vebosoredens pee wilised by sranamals. BIGURE 11 illustrates
0 h e
an embodu?x%{ﬁgﬁ}g%h%Olﬂgxgrlggfé%%ﬁ%ﬁégggﬂ;&sﬁ{ th{% §t %%??gs't ﬁs one can see from
FIGURE ORF thé Ngb®r eIsvt ltea@gqﬁmtrh aseqwtdet QGcromlcy eglchi st lAJlaGly, the ORF
|£§ (;ﬂ&g i nodul es of the instant invention
(AAGAAG %@}neB? § Lyshydrysbyslonbyt the Xme hrgcognition sequence
|
(CCCGGGZ %ﬁ%béil%ﬁ P?pm{?e Fl%@%t@%‘?lﬁ@%@é%ﬁlé&ﬁ(g@ ‘Iﬁléod% ?%y sg%ncgé 1Y recognition
sequence (AJSIGAT) pnodss 1ledsp.t Frergfowt dienmodulientpefeiy Latarrq&a raading frame which
he vect

contains ar @ElFrqefgS% St i l%éelggf(frgé{fﬁgq@ﬁ]ﬁ%ﬁg re%gg%eé‘f: Q. By Fchrbswtent with respect to the

restriction SIRAYRAGRS dasl BpdiPicaBRE TrANIbMBRIEH sb thdt enciRERhay bOMRserted without
the protein coding sequence, nor are these restriction

having to depige sadngyicessive @loningosteri. Ahe wam@lwmmpqnmtsﬁth@ Bbrary include the open
reading ﬁa‘fr?edbfqgltec’rgﬁ lactﬁe s er/ggacgc Y St Lt {%gl ?rﬁ% Il%:f\elxéﬁ{%?%% provision that all

recursive C oning s

componentﬂsﬁodld hitdizy coﬁoﬁshﬁoﬂnrﬁie Rpecds ﬂnﬁenﬁbld tdexprdissthenfabioh pRdkein, and that
libraries in that cDNA |libraries have noncodi ng

every ORF%&@@]%@%“@G%Prééetgm%%f%mcﬂm Pifgss| at ed regi ons
(UTRs). FIGURE 12 shows an exanple of a library of
nmodul es useful in the invention. Exanple 5: Building a
The libraryhafimoruil¢s ofehé msfausinventomas distinctArore )oﬁmp libraofes &mown in the art, such as

o iSO s st e e pepeptide L
restriction @ﬁ&e tﬂ:é GkEn DodinkD §eq‘&9€d%s ra?@‘ﬂbf‘ deds @By Q%eﬁ '?&ﬁfu?gs rames; the vector

8, can be of "any length or conposit
restriction sm rﬁanbmgcmEp@t@a gotiag aeqy@ptasdeve mhi Imetncangnfeelpdao be absent from the

ase D. Wien omonul t.i mer ., fr |rcuI
protein cofihB 3&fiele, ML i et rftidion R Cpbindrig 6, BEif iy e adjacent
coding seqféretAdidior tﬁé@@ﬁ‘icﬁloﬂrsﬁeé paniii LalrsivEQu) ‘(ﬁ ste é’\&c&%ﬁ}?g t%ttﬁe invention.
restriction di tions are performed. il7zin

The hbraryS@ﬂ@e SRYSHHPR Sy ¥ fhsemtérpn@ icD&Ap bibraties i thah ¢ b@nes have non-

[ u
coing soarcl0 Sl 8 K MR RO OTRy). FAOURR 1SRG rampc o
library of nddalds ussfutarthé etventidn.i n anot her contai ner. M xing the

linearized vector DNA with the rel eased insert,
annealing, and ligating results in a fusion diner of

Example Soﬂlznlﬁm i‘ﬁ&ﬁo lﬁlgﬁeﬁ@@usk?@n Pﬁﬁﬁ ted a nunber of times

unti | e desi nmber o ules is achieved. Al so,
An examplasof ial hamtmldtmwnc rfuﬁd)IGpRElﬁ is mpelypagtlckt @miprisirtgha tlimer or ‘multimer of,

for examply. FEF R G TREVGES) e e sorsineuries PhintfietyQRfg can be of any length
or composition. For example, ORF 8 can be a peptide inhibitor of protein kinase D. When building a
homomuitimer from a circular DNA according to the invention, the two nucleic acid starting reagents
are identical. However, two separate restriction digestions are performed. Utilizing the same exemplary

restriction site positions in Example 1, one digestion with Xma I and Cla I is carried out in one

11



Exanple 6: Building a heteronultineric fusion protein.
An exanple of a heteronultineric fusion protein is a
w@odoypaqbé de conprising at | east two non-i dent PCEIUS2006/060065
nodul es. FI GURES 6A-6C illustrate sone
~_heteronmultinmeric fusion proteins built from nodul es
cont ai ni ng exon-derived ORFs of interest. FIGQURES
7A- 7C show exanpl es of fusion pol ypeptides where one
container afi® St tBerCREHsBbN ViR NOAARITV ZaH IO &l @Rdd oul Ifdifeer@On@faer. Mixing the
. show exanpl es of chineric pol ypeptides wherein one
linearized veotdn DN A srithadheseleased iserspaneading, MddigrEss opubTinghgion dimer of ORF

exanpl es_of chimeric prateins Pt £ I . .
5. These SEATPR FF acpenfHecPuhberRirbr il s el e ARG o Syptes is achioved.
Also, as illiRt0Qds FIGSIRE DashehRaesthrt WEh the 1iRedDNA pioteales. One skilled in the art
. heteromul tineric fusion proteins. Furthernore, the
will recognizesdhe Hariatione paslalgyio theapetbad-expr essed i n manm ai n
cells. FIGURE 10 shows an exanpl e expression cassette
containing a chineric protein coding sequence nmade
Example 6aBudldilig@héterdrhealtimerdafusiom. probeinf usi on proteins are

USSR SRS O N TR
modules. FIERTREY YR 60N i1 214S &I hfe%for%lﬁlﬁm%ﬁﬁbfu_ﬁ‘i@ho dofdins built from modules

synthesis of several heteronultiners sinultaneously. )
containing \Afph-detiveel ORFe of iioteresp FIGURESR 78/7C shoi regramples| df fasion golypeptides

steps, are.as descrj.bed above, [ ont ai_ ners ..
where oneSpRRISTEGRERe < TRl AER T FIGTRES S o] ORI el of chimeric
polypeptid€ whéRhY opesSmbilie J&tﬂsoaﬂlapit%dymm@tﬁac show examples of
assenmbl ed from four circular starti ngdr eagents,

chimeric pecteins doflt &iom mydalediconiidng diffraentduaginngl demgigeneay of the methods
decrived U5550RY 59850 TG, pRAIAAEp RO M et AR, o fusion

proteins mayltheh by erprabred i tananidin oetlh.uBEGURE Ul0sBows dhlerBnpid ekp€ssion cassette
. nodul eD; nodul eB- nodul eCG nodul eD-r nodyl eA; . ) )
containing gSHMEts e kin @Ql%m}lg@@mmag@,rd@g to H@énmhpna”ghe fusion proteins are
' nodul e. The four different
usefulasr%?{f?ﬂﬂg?é%ﬁ%égc%egl?gg reagents are linearized by
cutting with Xma I and Cla I, each in a separate
not her four separate containers, four

tainer. In
Example ﬁ%&?@?’éﬁf"?h’é‘é‘? riYSKBIesSy ¢ cut with NgoM IV and Cla |
The methods UF&hd ASRhtSn bR 8RFA0 0L KA HBInHBRRN syRkERat bORTeRI Beteromultimers
purifed to obtain four DNAsencodi ng nodul eA, nodul eB,
simultaneomslgtuendle teendigativnl pwifidatinn,Ngiziig anddigatiag steps arpes Wagrghed above, the
. The. next step.is tqQ mx an i quo f each e .

reacion. PGB, e ekl e ChliBP. TRl BOR afingdl® of vy possivi
heteromult&O&t Rkida fprotERCAIs@abled idin Feur cheilef DNA giettingngagedty; each containing a

) different aliquots. The nolarity of each_insert addgd
different rpeslulheoding Wegusaepdspignaod as RSHRA e Qe By B0dBleGe find aoduleD. For

instance, gslie'élﬁgaﬁtl}%ite? LORBLdL Gl ng%ﬁllfxrﬁl%eﬁ'ﬂi fanan?wmgtﬁgdﬁIQA—moduleB-
make roughly € sane nunber of each type o
moduleC-thedwdedmihdduteB-modnk Camotioe Badodudergh lmyo duleC -sroaieledumbduleD-moduleB;

f
etc. as welf)as homomultimers of each module.
The four different circular DNA acceptor reagents are linearized by cutting with Xma I and Cla I, each

in a separate container. In another four separate containers, four different insert donors are cut with

NgoM 1V and Cla 1. The inserts released from the donor digestions are purifed to obtain four DNAs
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mol es of each of the four donor inserts. Insert size,

conposition, and other factors nmay affect the nunber
wotoomorass added. After annealing and |igati ng PEEES2006/060065

four m xtures, the follow ng dinmer fusions are

produced. Fromthe acceptor containing nodul eA:

nodul eA- nodul eA nodul eA- nodul eB nodul eA- nodul eC

nodul eA- nodul eD From t he accept or contai ni ng nodul eB:

encoding ABEELPmBBEIEBEACHREC] &3 MibaukD By MebRBrVIasd O8] overhangs. The next
nodul eB- nodul eD From t he acceptor containi ng nodul eC

step is to mip guEEated srdyoitbel inset Wish srepraesrfor BChawane ecseptor container. Bach
acceptor is@g{lékogg%g% LT: gﬁr E{% %%@}@%ﬁs? g‘é@ rm&lgx%yaéf] LG MRIHLERA to the each

acceptor is &R dthoah} ¢ftudtil € fomtidve Besind Wid EhiGinseRs tHve ckaunplel ddne wanted to make
connecting the nodul es of the fusion protein DNA
roughly thecsampeatupler ¢ Gach wae @ betctorpiliyngl ene Morkibefld oughly dhe gme number of

moles of eg%égﬁéeyi’(ﬁﬁ'dd&nﬂr tirﬁ.bﬁ?igﬁ‘lgegg kSe, BRSosiPRCLAS oBRR Bors may affect the

repeating t ve steps of linearization
number of andesaddidgdioA ftarckatinealong. anfHigating Hese Gfur cuirtviresather foldwing dimer fusions
synthesis is useful for generating |arge nunbers of
i meras sinultaneously. The chinmeras can then be
tested in cells. Exanple 8: Dynam c conbinatoria

synthesis.
From the acceptor containing moduleA:

are produc

moduleA-module A
moduleA-moduleB
moduleA-moduleC

moduleA-moduleD

From the acceptor containing moduleB:
moduleB-moduleA
moduleB-moduleB
moduleB-moduleC

moduleB-moduleD

From the acceptor containing moduleC:
moduleC-moduleA
moduleC-moduleB
moduleC-moduleC

moduleC-moduleD

From the acceptor containing moduleD:
moduleD-moduleA
moduleD-moduleB

moduleD-moduleC
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In addition to the nmet hods above, the nodule libraries
of the invention may be utilized in dynamc
weomhionaseori al synthesis which will al so gener BEBEUBZ0g@60065
nunbers of chinmeras sinultaneously. Dynam c
conmbi natori al synthesis takes place when many
conpati bl e overhangs are present in the sane reaction
m xture and are allowed to anneal and ligate to each
moduleD-nyda®D | n contrast to the recursive nethods descri bed
above, where a fusion protein is built Ntermnus to
Ctermms (or vice versa), the dynamc nethod results
. i nins . Coined in b 3 . _
since the FASI°ER SR 08 QMIEC RENARGS DN BRI g it e
predetermigydti@stdibtibh endyuids Qize P (0 tids BxQapis] Moed MisatLcanbhadded Byrepeating the
chosen nodul es. (anal ogous to first apnd second yeagents
above stepgaf bge@ngwe:}qd glmot ddmtk--’l‘hfgarp@th@q of gambigatogal synthesis is useful for
. . . . | .
generating R flo5er 6 CAlAbIE S fultzb sl ThE ERbREs X MERIR (fted in colls.
reagent fromthe library of reagents according to the

i nvention is. digested with Xmm | and Cla |. A second
Example $,xnamie combinatqtal YRSt ed wi th NgoM 1V and Cla |

In addition@%ht n@ARddsYabode,! 1Ak b FaNAIIbRREE BY thePin$OntfdnOmk} B8 utilized in dynamic
] library, is digested with Xma | and NgoM IV. The .
combinatorizd spritieanwhichi will alsqeeneeade Digs nember 96 Chitetassughltaegusly. Dynamic
. ‘ | | . b = of i o .
combmatmt&ag Eyﬁgﬁsg %%%ge(ﬁl%éc? @Bgr? g}aﬁ%gl .ngatibgg 8}%1%%?1%5 g'rr]eﬂérgelrseengtrllta b same reaction
mixture anldi gatalotRe thi dimbal SRICGRSe abeathiotiter DMA coRB@eRd She recursive methods
) Because the third reagent_can anneal in two different .
described agpy cthesms fugiamprotedn fsi udlt Nateemiee émE-teeeigentos Virscvtiwe the dynamic
|. . . .
method re Et% iug f}tn%?tg{weelin S]%V’f\k%dﬁﬁﬁ%%clec&’féﬁfsm%gg@gwé@ftoﬁ%%&snQnd in no particular
order. Whildi thé ewe ahdsafithe fisfangmrstein’camstracts argpinelored Aypheseafmodules (analogous

dynami c conbi natqrial synthesjs inyolves mXin .
to first andts%:i?é‘? REASCAS BB 3R %OH%d Eheegmaﬁﬁ{' P%Qégﬁ %\éﬁﬁ"’blﬁfpt%%t ¥ Nggéble-
IVand Xma | with first and second reagents di gested

as di scussed above. Wien nultiple DNAs with these _
In the simpdase exvanpds ofd aario eernbinatmnidl $yntesisdan dicdptoeDNioreagent from the library

ori ent atians. occur .wW,t h each dul e. r. i,nstan i f .
of reagents iR R Bo gL e e N4 Ll SRR BN Feagent is then
digested with XgdM PIeAENa 1. AJdasaBlly, St DN AFBHgehC aRIBOM fhe library, is digested
anneal ed, and |igated, each of the five nodul esshoul d

with Xmapk apdeNeoM 1. dibe freend bind rindedigeatnd BNAsna: jsolpsed such that the
- [ €4t Q . epqt.h €y M ddl e
potmcteofH EORRIE e OFE NSRR eREH Tl bRSel F togtr amnl an
ligate the faste sewondané thied DINGS réwgyntb B edasenthe filtiiednraapenireas enheal in two different
[ times in a fusion protein. FIGJRE 13 is a

I tipl
directions . thp et ARf iSpqondtTeagsnsh besaushy AR AT INEbihaRdr @ I overhangs, the
resulting fu?%ﬁltﬂ?@éin% will MaSe § SR TvRR] ﬁidte&ih%reﬁ%ﬂexﬁtfo?w possi bl e

usi‘on protein constructs t may resu romthe
met hod. One skilled in the art recogni zes that

rous addi tional. fusi Qnm;fJ)r.otei n constrgrcts wi |

nu . .
A more C?rag"igwxampeoﬂ IEHBH FERPIAPHEL PTRSTE BYOR JRiEHSs tagether multiple
modules tH4€BERS bEQBEL With NKAE TVOhnd Bend OWiWViRg 8H QBB reagents digested as

discussed above. When multiple DNAs with these overhangs are annealed and ligated, bidirectional

orientations occur with each module. For instance, if five modules predigested with NgoM IV and Xma

I are mixed together in roughly stoichiometric amounts, annealed, and ligated, each of the five modules
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arranged sequentially to forma nodul e open readi ng
frame, said vector conprising a) a first restriction
w@a0g/0td1e6 codes for a first group of am no acPdBUS2006/060065
wherein the first group of ami no acids conprises at
| east two am no acids; b) a first open reading frane
coding for a polypeptide of interest, wherein the
codi ng sequence of the pol ypeptide of interest is in
should be fpFadem W bh Jdisibodidets aedlveiBaetieds. Furthe@dsdre! e 8VEAP length of the
w iy acids of the first restriction site; c) a second
middle" sqcign pf theifurion pradein mall varrssvells pinge ereeiTaograRilesmay be absent from
ks 1 ds, L 0.:the second group of am no acids
Orpresemfggﬂnl‘g%tgg%sqgta eglg? 0t@e\/b%)l am no acids, wherein the coding
sequence of the second group of am no acids of the
econd restriction site js in frane wiith the codin

FIGURE 13 &8 G IBHIEHEUHEIOR i tdvamis comiiagtedsl ypthepis. s digure reprosents
only a fengg‘é‘ﬁblre%ﬁb? %trﬁéiﬁr%nstﬁfb‘#s wherBl Redierfa! e erltlﬁ);at 't(jl}]xg skilled in the art

quence o0 e second restrittion site I's no
recognizes $mtreumsrouk edditdnah fiosicoprothén segtnecis wilbfesulie first
restriction site; d) a spacer polynucl eoti de sequence,
wherei n the spacer polynucl eoti de sequence codes for

In one emBYdith&@s thet ﬂﬂﬁr&ﬁioﬁp&féﬁﬁlﬁﬁ&ﬁg WR6tofl SomBASinYPREEIE LA tHNB1lowing elements
codi ng sequence for the spacer sequence is in frane

arranged sogperiafly go weelsopereresdigg dricts, ofid vemorsepamising
Gt jte: hird restriction.site,that
o) RERUEHG R gl oS 57 o ok Bohf LR ighePufiehigl B eroup of
hinidothciifsQompPise Lt ¢ust B A6in6 @tMds; ses at | east two
am no acids, wherein the coding sequence of the third
b) it oren rearingdraies epstings for pgolymentiierd dnterest Whprey) the cadiag sequence
r . . |. . .
S BER oA e B UGS ol el st o amiv
polly ofibt Eostiretrigmqusitace of the third restriction site

is not the sane as . th ol ynucl eoti de _sequence of the
) bR ris RS P oS TGN HoPe of SS1, Adeo herettighe second

bfouPQfF afto moﬁ%pﬁse@afn@isywhﬁ&ya@ﬁs,%@m%] chdiﬁ%:&quence of

second restriction site, wherein el enents (a) rougd )
the)scegnal droug eHareinbianide of the socrmdaestti¢tion site i§ wriranpdwith the coding

nodul e n_r.eadi rane. ot her enbodi nent, .t he .

PR SREC SRR o iRt of MeBRaheh e b iHrein the
polyandestideieguddce bPthd sedbnt @6striIdn s & Rt Phcdafi¥BRthd olynucleotide
Is at the 5 end of the vector. Another enbodi nent

éﬁ%@ﬁ%ﬁ#@@%ﬁﬁﬁé?ﬁbﬁm@fﬁ%!ain1mherein the el ements are

d) ?éﬁ%{w?ﬂgﬁ%l@oﬁa s%@e?%eé %hrgge?% lfhf%répaé@p SB@hﬂclg&mgaue%@g codes for at
least three spacer amino acids, and wherein the coding sequence for the spacer sequence is
in frame with the polynucleotide sequence of the second restriction site; and

e) a third restriction site that codes for a third group of amino acids, wherein the third group of
amino acids comprises at least two amino acids, wherein the coding sequence of the third
group of amino acids of the third restriction site are in frame with the coding sequence of
the at least three spacer amino acids and wherein the polynucleotide sequence of the third
restriction site is not the same as the polynucleotide sequence of the first restriction site and
the third restriction site is not the same as the polynucleotide sequence of the second

restriction site,
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I n anot her enbodi nent, the invention enconpasses a
vector further conprising a pronoter operably |inked
W0 e0ozloes166 porti on of said nodul e open readi ngPET/HABN6/060065
The pronoter may be a bacterial or manmmalian pronoter.
O her enbodi nents enconpass a vector further
conprising an untranslated region that is 3' to the
third restriction site. In another enbodi nent, the
whérBiedMheits 6)GRRAE $&Sard iV-EatRIlinMdee t€ lofic kh6ther @I B @he module open
restriction sites in any of the open reading franes
reagjag{ie@- t he first and second restriction groups that
occur in either the first or second restriction sites.
I n anot her enbodi nent, the invention enconpasses a
In another BRibbdichedf, tieiivagicn Cfdﬂ@rmes P Oley e piticetdn denglementngre @janged in a 5’ to
di gestin the vector from abqgve with restrictio

3’ directiopnylereia ¢lement @k syt the X ad 98 A yegpi Anptiey em mbodiment encompassesa
vector of c%;a?rﬁtwrﬂei:éﬂé ﬁi;éeeg%rhn%ﬁsﬁt‘a LB End It Sired GG, Whedih Qlef’hent (ea) is at the 3

I rst I ngl e-stranded over hang, erein
end of the ¥¢atmt and second overhangs are inconpatible with one
anot her; b) providing a first insert, wherein the
first insert conprise at |east one additional open
In another '@f3iRSer ! BBEBnveMABH @hPorhiRs@la VEAST fiuRiher BstEhhdian @'promoter operably
open reading frame conprises 5 and 3' overhangs that
linked to the &’ portpa lsfedvmdulft loperf masitngafrdmgec“ﬁhﬂjpwfrmmgs be a bacterial or

mammaha? é)génelh e@g}% 8§§Eean}ts llegg Joop gas A ocgoer %tglg]i g&gﬂqsmg an untranslated

region that@®BWo e thite réfridtivheiiest; c) ligating the first insert
into the linear vector to forma |igated expression
vector, wherein the ligation of the 5° overhang of the

In another glltnbhﬁﬁl%st 1 aﬁng%ﬁo o E%%g&g%sra?ﬁggtcﬁ?ﬂggérﬁ :clﬁg('ge% %F: 8% \Aﬁgthétﬁwtn sites in any

of the opett mdhlngmasrbeofzednhhe Birst aué sévangd rediridtiva groupsahsttocomein either the first
pen.readi ng frame anneals with the second
°rse°°ndr§ﬁ‘iﬁ‘§il‘§1§1quanded over hang of the linear vector, and
wherein the ligation of the 3" overhang recr eat es the
third restriction site,wherein the first open reading
In anothelf reanbedianent,htheainvieetion copempatsist romathodpeh makini ag fusion polypeptide
frames are ligated in frame with one another. In
COMPIISING, ot her enbodi nent, the invention enconpasses a net hod

a) Qﬁ od¥Bid 1 vAcibH S0RTRHROb YR REIEG] SHORY I8 ek reBdgnize the second and third
gestlng the |igated expression_vector from above,

wiStRctioastites tor qreaic a hiagrescionaith @e‘éré@%dzsecqqdesn@i@strmﬁé pverhang,
%ger&n Sud FL ﬁl%ts%?%ﬂd;&{eﬂ}aﬁg? ‘Inre ér‘fc%o'n&ﬂ{l tv%?h {) O%E‘ e a

I 'near "vector sI ng ran’ded
b) q;mnﬂnag @, firsdifgeed, ivheledn theifirst iageet dopprist ableast bam gddidemenl open reading

frame, wherein the at least one additional open reading frame comprises 5" and 3’ overhangs

that are compatible with the first and second overhangs, wherein each of the at least one
additional open reading frames codes for at least one additional polypeptide of interest;

¢) ligating the first insert into the linear vector to form a ligated expression vector, wherein the
ligation of the 5’ overhang of the at least one open reading frame anneals with the first
single-stranded overhang of the linear vector, wherein the ligation of the 3’ overhang of the
at least one open reading frame anneals with the second single-stranded overhang of the

linear vector, and wherein the ligation of the 3’ overhang recreates the third restriction site,
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i nconpati ble with one another; b) providing a second
insert, wherein the second insert conprise at |east
woer@7adgdsé i onal open readi ng frame, wherein thECHUS2006/060065
| east one additional open reading franme conprises 5
and 3' overhangs that are conpatible with the third
and fourth overhangs, wherein each of the at |east one
addi ti onal open reading franes codes for at |east one
wheéldithd BRAbpRAGLINEPTLAE apfheiadlcatiRnk ad€liohdl Gpbh REdinBErames are
~ second insert into the linear vector to forma new
ligafgdga fmgncaxiph exsangthofect or, wherein the ligation of the
5' overhang of the at | east one open reading frame
In appthen¢rsbadimhnt; the invantidn shomphmssss ranctbell ofroaliag g fiuson palypeptide
| i near vector, wherein the ligation of the 3" overhang
e at | east one open reading frane anneals wth

a) Uhesdunt |H§§tiedl1 Bk feSidnanRgRy FRVEEHRBIwRA rdshRetioh BEAmes that recognize
an

vect or, wherein the |ligation of the 3 oyerhan% ) .
thecaddittons! andedhe recragtaddbird restrictian siteseto cygater elippar Mecten with a third
[ ) | Q4f . I

BRE Pu B SRR Svhing, Rehe s Ml DaBuAR S UBbgsal
@fcormplstiblg with disiapbthenl ypepti de conprising a) digesting
the vector of above with restriction enzynes that ..

b) pEAviing 2 scqond inssrowhergidhe pecpad mssit CpEpTids pitdsasbang agditional open

i . i . f i . ’ ’

S rdine BRI ek Mackhde haBitoh AR A EORM: comprises 7 and 3
overhhgsgbatarecinmativiravithbibe third indfoarthootthengs, herein each of the at

roviding.a first insert, whereip t first, j.psert .
e oetiPrplreh BRI EHME O Rspeiresenapiy iR pelypeptide of
Whiskst n the at | east one additional open reading frane

conprises 5 and 3' overhangs that are conpatible with
c) ligetifg the second insegdne the brdsamedor tateme b newdighted foxprigesien vector,

| east qne. addi tional o r i f ) f .
IR BRI b 383 oRRRDR R A Tt PR R EEg Bl Fhancats itk
heOtrt RhgldN@ranti €S bvarRGRdf theikat Dectdr, WBadeinvi@6 lightidnOof the 3
forma | it%at ed expression vector, wherein thel iga_ti on

gvethpee ofthe gklend oge epen 1adiag pmgenneplewish die fourh single-stranded
f S Wi ' . Si , .
PO PrRRk e kPl 15 el BTghos AOSed R DGk o i

ossetidimngitof the at | east one open reading frane
anneals with the second single-stranded overhang of

wheTR the lkgPenisaqiag Tages iR R WHEORS N of the 3
overhang recreates the third restriction site, wherein
the first open reading frane at the at | east one

Tn Gt Eﬁg&lﬁm%ﬁ{? e B0 eBE@fHFa%sé%raemHhQ@BFﬁai{fﬂg a fusion polypeptide

comprising

CO

a) digesting the vector of above with restriction enzymes that recognize the second and third
restriction sites to create a linear vector with a first and second single-stranded overhang,
wherein the first and second overhangs are incompatible with one another;

b) providing a first insert, wherein the first insert comprise at least one additional open reading
frame, wherein the at least one additional open reading frame comprises 5’ and 3’ overhangs
that are compatible with the first and second overhangs, wherein each of the at least one
additional open reading frames codes for at least one additional polypeptide of interest;

c) ligating the first insert into the linear vector to form a ligated expression vector, wherein the
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frame with one another. Further enbodi nents of the
i nvention enconpass a nethod of making fusion protein
w7186 r uct S conpri sing, a) providing firstPents2006/060065
second pol ynucl eoti de reagents, wherein each reagent
contai ns an open reading frame of interest, and
wherei n each open reading frane of interest is flanked
by at | east 3 predeternmined restriction endonucl ease
HEdthe, of @il \whethehfloPthe bt lehe opE 6pket Rading Gnfl n@Sal WA the first
conpati bl e overhangs, b) digesting the first
poeipritrendashavgehapg agﬂmlmﬁﬁﬂtw@rdivlﬂerr@méh@ ligationaf ghe P gverhang of the
. I . f ]
R B e P S Vi ¥l I ERE LRI BFétnang of the
gﬁéay‘ Recbe @hdrl] ol e ﬁng Zigﬁiiiicfrf &f tlliélB ! @g&[alﬁg RgIcates) the ’;]hird restriction site,
.digesting the second pol ynucl eoti de.reagent with 2 ) X
whereir{hEAGH RPN FRESTIBI A (Bl i Pladsh iqnsh PP ediae fmes are ligated in
frame vAh de&nBieAet erm ned restriction endonucl ease sites,
wherei n a pol ynucl eoti de contai ning an open reading
frame of interest is released, wherein the rel eased

ol.ynucl ide has 2 different overhangs, .and wherej
Further eGSR dhe, TR PR PLDES BT EH O A s oGy A DDA construct
comprisingt he pol ynucl eoti de digested in step b), d) m xing
together, annealing, and |ligating the polynucleotide
a) provgdingfasteand pecone mdg\;nuahdtldm geagenisasdigrepo legehucdagenti eatains an open
. C I Rj N n_open. reading fr . of~ 1 Nt t_of
reading M Elofthe R AR Bor L AR ey 8 R0l Bl by ot loast 3

predetefthine@ @@strieaet REdSHueRSe kitesyendr@hedin ®hef @id) peedetermined sites have
junction between the open reading frames of interest
compatible pyerhadg8er susceptible to digestion with any of the

s ROGON B33, 08kl 2 BRI L Elmctop v

2 of thd preidetarmifned pesiriatioa dndgmifctease sitesf gématating st padpmiciiorid¢ lwath 2 different
3 predetermned restriction sites. In this nethod,

overhajgsy st pol ynucl eoti de may be circul ar DNA. Furt her nore,

c) digedtidgithd SocB®d f)’&%ﬁl&ctléb?idg r&agbntBfith S QRGBS e%%lia&?éases that cleave

are circul ar . Additironally, the predeterm ne

at 2 ofrthe pradetermined iresig ctiray etslonne casg rsiites, onhereiguee pelasudientide containing an

open P8R 0819 sy Spadtiry WPRRE T T PIORO TGP i 2 diffren

overhartd3€ardd WBdreRQUn¥ Wﬂ%@@&eiﬂ%fgp{@&ﬂiﬁﬂbieﬂviﬂi 8Povrharf of the polynucleotide
repl aced by the third polynucl eotide generated in step

digestedjn steibll t i onal enbodi ments enconpass a net hod of

0 miE SRR, 540D BIPYRHSH B SOTRIT} By B an e i
polynuslbstidei vomaiding @agepdn eedlidgd nfsandn afpénerest of step c), wherein a third
polynucleotide containing a fusion of open reading frames is generated, wherein a junction between
the open reading frames of interest is no longer susceptible to digestion with any of the
endonucleases that cut at the 3 predetermined restriction sites, and wherein sequences flanking the

fusion of open reading frames of interest contain the 3 predetermined restriction sites.
In this method, first polynucleotide may be circular DNA. Furthermore, in this method, the first and

second polynucleotides are circular DNA. Additionally, the predetermined restriction sites may be

recognition sequences for NgoM IV, Xma I, and Cla 1.
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readi ng frame of interest, and wherein each open
reading frame of interest is flanked by at |east 3
w@e@detdaser ned restriction endonucl ease sites, PENUS2006/060065
wherein 2 of the predeterm ned sites have conpatible
over hangs, b) digesting the first polynucl eotide
reagent with 2 different restriction endonucl eases
that cleave at 2 of the predeterm ned restriction
endonucl ease sites, generating a polynucleotide with 2
i nconpati bl e overhangs, c) digesting the second )
The methodOhanUBs eeidattel rezagévely,wby hrefeating f gemnt) rthough od)i ovherein the first

endonuc| eases that c¢leaye at_ 2.of th r.edet er m,ned
polynucleoigapIpYEA Brstemelon a0 By 4R B84 RghupdeRicF geeiRg I Sep O,

restriction endonucl eases is identical to a
restriction endonucl ease of step b), and wherein a .
Additional pmbydinchsencatepass anadtnndof aekiog BniongadicigDNAaeaasigycts comprising,
i.nterest is rel eased nd.wherein t rel.eas .
o) proviig i et pernf e e R ATIEER S BEeHEREE fpent, ontgn an open
reading! PA8E BEMter8RNAR W einddadh bﬁﬁﬁfdaﬂ@gtﬁwn@ﬁf iraredt éoflardked by at least 3
generated in step b) and the rel eased pol ynucl eotide )
predetepoinedi Tebtrigtiom cogemicteesed isiep. fandnwherein gt ef dag peydetepgped sites have
‘ﬁﬁé mhﬁgein a third polynucl eoti de containing a fusion
compathic B AR E&adi ng franmes is generated, wherein the
b) digeétipi the fiesk polgatcleaidirvgpeht withQ diffeient resteistion endonacikasds that cleave at
by sai d predeterm ned rgstriction sites, .and mh@yein &de with 2
2 of thanpredeipraedyaesiietien sRAPRYcleasy Yot r GRSt pnPYyRddleotide w
. I L0 3 predeterm ned restriction endonucl ease
‘“°°mps‘;‘?§1l§§"§%ﬁg%sher aspect of the invention is a library of
¢) digeétiar the sgtopdpylymodlesidedesgeniith 8idifferantregoryonesidendlenses that cleave

a2 of 4 gudiahst BaBELPRENGR F SRl 61 B BN dothat SAg ol éndonucleases

is idenfikd188 a RYFMOLBIdhudlcale bNSted bYr AdiewRER NS Polynucleotide containing an
restriction sites are inconpatible with each ot her

open raadinghfzara¢ f2intdrest his Blessedictnsh Wheesin r1bs trelegsqdo polynpedeotide has 2
. are conpatible wth each other, and wherein each open
1ncomgag§{§ior}f§ Pee of interest |acks the predeternined
d) mix{@Sbgdthdrl AMeslidgand Npatheshepblynaeledtide gdemeratadtinatep b) and the released
cont ai ns pol ynucl eoti des, wherein each polynucle%tldﬁ . third
polynuglgatidst reongimiegel 0p&R; 19ading affame of Ablgreekof Ry ©)» wherein a thir
er.el n_eac. . R R ‘on1 of open
ptys 1S il S0 SRR L R, Wk adion ot
readingMi@ies f weetst dpRankee adgisai fredatrernoficd mesteicten sits, fridawhkeein a junction

on the other end b equences, cl eayabl by .X |, and
bewesy e open P oh SR By o BT by endomucicss
sites. | acks sequences cl eavable by NgoMW Xma | and Cla |

The inventin al so enconpasses vectors conprising these
i sol ated poynucl eoti de, and host cells

=

Another aspect of the invention is a library of isolated polynucleotides, wherein each polynucleotide
contains an open reading frame of interest flanked by at least 3 predetermined restriction endonuclease
sites, and wherein 2 of the 3 predetermined restriction sites are incompatible with each other, and
wherein 2 of the 3 predetermined restriction sites are compatible with each other, and wherein each
open reading frame of interest lacks the predetermined restriction sites. More specifically, the library
contains polynucleotides, wherein each polynucleotide contains an open reading frame of interest, and

wherein each open reading frame of interest is flanked on one end by a sequence cleavable by NgoM

19



conprising said vectors. FI GURE 14A shows a vector
containing a chineric protein gene construct, wherein

W0 b@79edies construct is rel easable fromthe vecrPOr/USEO&E060065
unit useful for generating transgenic animals. For
exanpl e, the gene construct, or transgene, is released
fromthe vector backbone by restriction endonucl ease
di gestion. The rel eased transgene is then injected

IV, and whifti® ea%qgjléﬁ kSl frdrd &f i QHisRIREd BHUR otBér dnbl®y sequences cleavable
transgené 1s used to transform enbryonic stemcélls.

by Xma I #hé Gledt end edwtedi thenopen weding fomet olidttersst BriGURMugngas cleavable by
[ S ful for transient transfection of the
NgOBdIV3#%%ﬁL@ﬁ%$gﬁherein the prompter and codons of the
transgene are optim zed for the host organism
) Pol ynucl eoti de sequences |inked to the gene construct
The invenfin #Hp@YRESNPESEsa VeCtasCoompisig: thesaolvelajod: poymclcgide, and host cells
.. d |0 o facilitate integration of the transgene
compnmngéﬁ%&%ﬁ%%Tal genone and/or host genone. FI GURE 14D
shows a vector containing a chineric protein gene

construct useful for generating stable cell I'nes.ﬁHAT
FIGURE 114 shomis pryscios containing s ehiggerie Bﬁag?m FCRT CUBEHCH YhEReER the gene construct
is releasabfe%énfrl%@ Qe GhSEN St A{HATEE gen%%fﬂgq{ﬂn dn¥e bBrhRl FyPexample, the gene
modul'e open reading frame, “said vector conprising a) a
construct, 61 trstsgeresisreletsed irosn the viebtat baskttese byrestiction stdapuolgaseatigestion. The
am no acjds, .wherein the fir ro of am no_aci ds .
released tr@:tglgﬁl?q géberaqucéeéisPh %méq]ﬁh%fc’ ftg](:‘tﬁlagc’y %&us% eg%sr of ?rgptgﬁlsgene is used to
transform érﬁ@ﬂ/bﬁﬂ, shérR BBIIC THE R}&t&oéon@ai]ﬂﬁé YRRRS boRtratt HISIURH 14A is also useful
~wherein the coding sequence of the pol ypeptide of
for transienhtransfeetiqns of thef frapgsngi wheneine theogfomeptere gk wedonsf ofathe transgene are
.- east, t am no acids of the first restriction site;
°punuza1%¥%§3%%%§ﬁﬁn 8striction site that codes for a second
group of am no acids, wherein the second group of
am no aci ds cogfrises at |least two_anino acjds,

Polynucleqijfisr ssiqpencre liakef ky thoegfmerroastgrct in SIS 1§Bamg HIC include genome
. . ' i .of ' r i cti ' s &
1ntegrat1onwa({8tn§ .lﬁ?ﬁ?.@ fgc:)igf&%egﬁ%gaa@gﬁgg ﬂlgftfa?]%%én%gxiltggi evgltaitl g%ﬂog%é ShdldrdBE: genome.

interest of the first open reading frame, and wherein

t he pol ynucl eoti de .sequence. of the second restriction .
FIGURE 140} shaves ciqricentagiing 2 Shipjesic petgin aeps aw%@cglésaﬁéﬁ{%feg%lﬁfaﬂng stable

. the first restriction site; d) a spacer pol ynucl eotide

cell lines. . !

sequence, wherein the spacer polynucl eoti de sequence

codes for at |east three spacer am no acids, and

wherein the codi ng sequence for the spacer sequence is
in

20



frame with the pol ynucl eoti de sequence of the second
restriction site; and e) a third restriction site that

weowed7d1e6 a third group of am no acids, wher ePE@T/URBE06/060065

third group of amno acids conprises at |east two
am no acids, wherein the codi ng sequence of the third
group of amno acids of the third restriction site are
in frame with the codi ng sequence of the at | east

WHAT IS ChAdMEPdSer ami no aci ds and wherein the

pol ynucl eoti de sequence of the third restriction site
is not the sane as the pol ynucl eoti de sequence of the

1. A Vgcitd'r%n{p@%fn%ieﬁéﬂ Qth8 IR wAR clehnk Rk Ay ddasbhditlallp B ﬁ)ir%ﬁ module open

I's not 'the sanme as the polynucl eotide sequence of the

readggcivarde, rseisitvecior compis§ing, wherein el ements (a) through

2)

b)

d)

) ,are.in-fra linked to one anpther to formt
5t PesTissn sPEat rts Rt s ErOwhBPREp ab sy Wi e first group of
HHBOIcilis cbRpa bRk Mast thbendhs asiged in a 5 to 3
direction, wherein elenent (a) is at_the 5 end of the

% Bt open wading Eayspdingder pelypaptide phEners, Whereis) thpeediag sequence

: '. to. 8 I L on j . .
96 RO PARRE o Tyeilas b0 dng YT Mg {FER egplgast ovo amino acics
et Girst @éstrddtminrsitd; wherei n the pol ypeptide of interest
is selected fromthe grqup consjsting.of a full |]engt
beseRd FesBIctige sip sods ?05 apeeTh axomﬂ%%mlaﬁaﬂdaovéqrﬁ,% the second
%’og# oF Qmﬁbrééﬁfs %Ptﬂ%png&% 1 d3st 1FoPnBh&LEdS %ﬁﬂe‘?ﬁh Iite GRITRI Rquence of the

otein inhib on domain, a protein binding donain,
secpndg@up of emado @atsiob thedssnendyestantdomasitedpiint Hpame vath thdeoding

vector of, claim4, erein [ ol ypept.i de. of )
ettt PP e T et pril ftine Tsfhorgad wherein the
YEGh R eotde Gbqticitelof tHOIQIcBhMrdshRtibh k4 is8 tHel seinke QB tifel foynucleotide
I s"susceptible to a restriction enzyne that would

saqueiesef dhe finstresigiche &itest r anded over hang conpri si ng at

I 2..nuc i de n rein t .

+ S ST SR e B BB B Syl B FEE R 0c pmnce cades for
RAZ AR e kparker Matlod ciils QahidGeheReis El0dddin seghencs foethel eghcer sequence is in
over hang_ conprising at |east 2 nucleotides, wherein

framg withribe palyaudedtilsdcpiraphaiigs seroad EsHUORBHERAD t o
Qﬁﬁrdal%gt}ig on si?qeutﬁgt cba?st fop &ilrd %réﬁgﬁo%ﬂié‘?’%gﬁgg‘?’ﬁé&%ﬁlqﬁ@ fhird group of

are capabl e of annealing to o
apirocqeidsabmpeisexdit ldasinisvo afmind heidy ediensin die @idaignefuence of the third

wherein said, first restriction.site conpris a ..
FOLD e 3¢ of i R oSG2 287 %&%Wﬂﬁﬁm qogfing sequence of the
E@8Ast kftd %ﬁc@r%ﬁ‘iﬂ@ acifls anfd\WhMERItRE p@l&nﬂdléﬁtﬂ?le Gequiied & tge third

the second restriction site conprisées a pol ynucl eotide

wsyisting eite is not the same as the polynucleotide sequence of the first restriction site and
the third restriction site is not the same as the polynucleotide sequence of the second

restriction site,

wherein elements (a) through () are in-frame linked to one another to form the module open

reading frame.

2. The vector of claim 1, wherein the elements are arranged in a 5" to 3’ direction, wherein element

(2) is at the 5" end of the vector.

3. The vector of claim 1, wherein the elements are arranged in a 3" to 5’ direction, wherein element



10.

11.

12.

recogni zed by the Xma | restriction enzyne. 9. The
vector of claim8, wherein thee third restriction site
waeeowni|aes a pol ynucl eoti de sequence recoghi zepChyS100€060065
Cla | restriction enzynme. 10. The vector of claim?9,
wherei n the spacer polynucl eoti de sequence codes for
three glycine amno acids. 11. The vector of claiml
further conprising a pronoter operably |inked to the
(a) idat thoBtendf efe waiod. nodul e open reading frame. 12. The
vector of claim1l, wherein said pronoter is a
bacteri al prormter 13. The vector of claim1ll, wherein
The %?dtgﬁ le kyHeRei tﬂyiﬁ% Pﬁ@e S iRRBLE]s- sefbbted Fden 48GEAIp consisting
further c I'sing an untranslated region
ofa ﬁhhltength p@dtemmrmbb'pbpm&eda pastinifietdtionalsionsin, Bproteimestructural domain, a

N R O RN T T R

1oca[1§d$foﬁld@,}ﬂagp aﬁagﬁ:e ikfe. The vector of claim1l1, wherein
said first open realngfrarre Is not imediately
adj acent to said second restriction site. 17. The

The \ézg%%'ﬁro (gfecg% %idi%%}g ‘sa1%8fé/§ eé}%a%g)f lu"? gtsetst 18 Q%ﬁ@tg% lgéa?lggﬁon domain.

rst
readi ng frane and the second restriction site, mhereln

each of the at | east one addi.tignal open_readin g .
The pegipiefl glaim b wheseta the fimt 1esiriRtiomater is sascepiiflnto aigighon enzyme that

would @%ﬁ (faé‘g(j fsh ﬁg%llg “S%ﬁiderd%%fﬂaﬁé b&gpﬂ§1ﬂ$" Be 179 n‘ﬁ(@fé‘&@dé@ and wherein

tronal open rames codes for
the @boﬂmsmcﬁmsms istdcoptétile fwod ;eptmtwlﬂ enzy&na thetewendd proki@ce a second
The vector of claim 17, erein t
singlepSrncl PRREIE SRR KON 4 HIISTAORS Pt gd frghgad second

oveldGhNERE cbilt efdeﬁﬁlry Rhe %ﬁ&ﬂ&&d st@Sthit satd @Rt dyeBend d\Rthangs are
occur in efther the first of second restriction sites.

capable ofrahmea,lmgtto ono netheriumddiapprdpsiats eonditong.ect or
conprises at | east two open reading frames. 20. The
vector of claim19, wherein the vector conprises at

The'v@é‘t%dr of élfu@f% 0&91@61‘61&%@1@' g rbstAsRS siklomDrivey d(]pcﬂymfcleotide sequence
maki n usi on ypeptide conprising a) esting
recqgn@edgyﬁhﬂNde aﬁe&ﬁieﬁ% YHYMEstri ction enzynmes that
recogni ze the second and third restriction sites to
create a linear vector with a first and second
TheSicB@k 6f ShinaMdehlremahdhsognd restriction site comprises a polynucleotide sequence

recognized by the Xma I restriction enzyme.

The vector of claim 8, wherein thee third restriction site comprises a polynucleotide sequence

recognized by the Cla I restriction enzyme.

The vector of claim 9, wherein the spacer polynucleotide sequence codes for three glycine amino

acids.

The vector of claim 1 further comprising a promoter operably linked to the 5’ portion of said

module open reading frame.

The vector of claim 11, wherein said promoter is a bacterial promoter.



13.

14.

15.

16.

17.

18.

19.

20.

21.

wherein the first and second overhangs are
i nconpati ble with one another; b) providing a first

WO p@entelesherein the first insert conprise at PEREE20061@60065
addi ti onal open reading frane, wherein the at | east
one additional open reading frame conprises 5 and 3
over hangsthat are conpatible with the first and second
over hangs, wherein each of the at | east one additiona
open reading franes codes for at |east one additiona

ol ypepti.de of .interest; c) ligating the first insert

The BRe SIS H aieuE PR b s A Bt B REs ! on

vector, wherein the ligation of the 5 overhang of the

at | east one open reading frane anneals with the first o
The yeetgt efstlziomble dumhes coripysiog an hatrirsked regmotthat is fite the third restriction
the ligation of the 3' overhang of the at |east one
open reading frane anneals with the second
si ngl e-stranded overhang of the |inear vector, and
wherein the ligation of the 3' overhang recreates the .
Thevgetprok daing 1.cvhspinspiddirst gpen ssadingfeamng isgmmediately edigpay to said

. the at |east one additional open reading

Seu)?%%%%&gPe igated in frane with one another. 22. The

met hod of claim 21, wherein the first insert further

conpri ses at | east one additional spacer . . . )
The ffsv%e@ﬁ@m iad&heg%laa@ﬂégst&@an ki fE4aC 1 7o e figisly adjacent o said
seconB$tddiGidnQkeSi te that is recognized by the sane

restriction site that recogni zes the second

restriction site. 23. A nethod of making a fusion

TheB SR REET 1 STRFE ol b sRR Gl ot GegindHegle is inserted between
the BRZYPERSedding a6 add ieSsebdifl Bstethdonr] wab@il &8h of the at least one
recreated third restriction sites to create a |i near

addijigatlepenraading framesds dnidane withtbodi the festopem reding frame and the second
o . ;
restrl%r?g)él;%g&gq, g}’{g %&%{eﬂn LS o It“ere}(gldﬂ 50%%?%%@%’@%&%@52@0&%% gor at least one

site.

one -anot her;

additioa&lrjol gdeofintchgt.second i nsert conprise at | east

one additional open reading frame, wherein the at

| east one additional open reading franme conprises 5
The3op ot SR DrapRrl RerdE sEAERALAG! S1obi I/ 1 b teading frames
betvaatdithé Hrstbndgeond eaitiction Eroapethatostes irf @thenthelfarsisir sesoad restriction
. additional polypeptide of interest; c) ligating the
St econd insert into the linear vector to forma new

| i gated expression vector, wherein the ligation of the

5 overhang of the at |east one open reading frane
ThearptonpEclgim h8.twlereinithedvestorgbmpssasan thest toeepharepdite framees.

i near vector, wherein the ligation of the 3

The vector of claim 19, wherein the vector comprises at least three open reading frames.

A method of making a fusion polypeptide comprising

a) digesting the vector of claim 6 with restriction enzymes that recognize the second and third
restriction sites to create a linear vector with a first and second single-stranded overhang,
wherein the first and second overhangs are incompatible with one another;

b) providing a first insert, wherein the first insert comprise at least one additional open reading

frame, wherein the at least one additional open reading frame comprises 5’ and 3" overhangs



22.

23.

over hang of the at |east one open reading frane
anneals with the fourth single-stranded over hang of
wo b@7lord1ear vector, and wherein the |igation oPCT/82086/060065
overhang recreates the third restriction site, wherein
the all open reading franes are in frame with one
another.4. A nethod of making a fusion pol ypeptide
conprising a) digesting the vector of claim9 with
thatsare cempaiblewith miestitshend seemdgmezl@nghevlmem rachaofthe at least one
er estrictliop sites t ate a l.inear vecto
el Sprelbe ety fed Pt BRRAR suPR AR TRl torest
c) mga@mgltﬁesﬁrsaﬁﬁersﬁﬁ@ﬂﬁ ma%atwﬁo R, d INEAEPKpdakBn Wedtbr, wherein the
one anot her; % providing a first insert, wherein t he
ligation of sy pverdme ofshe altlcrst arg opmacading fipme annepbewith the first single-
n e e e
%ﬁglgé&gveaﬁ%geo%f tm%{e%{ Vectu{} wﬁérgln B2 tggg ono(\?/fgr%gngsa}aﬂg of the at least

@iecopen mmﬁngaﬁrmmiﬂ@atshafﬁ the sécont dn%gacgfﬁdét}/wdmﬂ@f the linear
wherei n each of the, at east one additional o
Yesti syt Wherppdhe lgptionsof theay’ oyerhang titcates dha thgﬁ ggstriction site,

whef ARG (R a L BT R nE p LI Bhy RGO O Phoaliig Humes ar lgated
in fremetwath onshemothien t he |igation of the 5' overhang of the
at | east one open reading frane anneals with the first
si ngl estranded overhang of the |linear vector, wherein
the ligation of the 3' overhang of the at |east one
The @b d SRR I, R iR HR RS frth&econffzRBrat least one additional spacer
si ngl e- st randed over hang of the |inear vector, and
polypreleetide serecticr gad FaRpaTes epaddtionn) é@&ﬁm’f@nrsé@ e isggcagnized by the
st open readi ng
Sam% ?éaS%t%? %{t% gl%g e%ﬁ%[gg‘%se%%xé&g%(gl}ét}f%gg %%)en readi ng
frames are Iigated in frams Wi th one another. 25. A

mgwglog of . mak nngf rotein, DNA constructs
Amg g1akine 3iusigp so I HeREeromPrsigg second
a) &{%E.@fﬁ%%cef?%dé&?efpfé%ﬁtv%c]gtoi"@ﬁrlﬁhpzf % er ok n&ggfgﬁ'tﬁﬁrecogmze

n readi ng frame of interest
thp (addmeaa;ilanq tHerraoreatod thint esteistion sitel It@mfeeteb aki;neat vdceastith a third and

ede erm triction anucl ease. si t and. .
(BRI S G dgheY e e B8 USY € Rk Sucsitas ity oompatile
@Mﬁbﬂ@gﬂﬁherb) di gestl ng the first polynucl eotide
reagent with 2 different restriction endonucl eases

b) pmmdntg espeendinsgrt,ofher¢ia ﬂ;ﬁr@d@tdemmrh@unpwat leasti agg additional open

Tgl ?1?% llfrd eas@gfcéhnatﬁa at ﬁ %raFa ta%cgﬁ?xhaé %p?] regg ﬁ%l'rrgeeco%ptnses 5"and 3
SRrlyanigs Lo hﬂed}@nfp@ﬂlge rwlthmlt: thirdl Aidffberieoverhaib) whérti@dreach of the at

endonucl eases that c| eave
least one additional open reading frames codes for at least one additional polypeptide of

interest;

c) ligating the second insert into the linear vector to form a new ligated expression vector,
wherein the ligation of the 5" overhang of the at least one open reading frame anneals with
the third single-stranded overhang of the linear vector, wherein the ligation of the 3’
overhang of the at least one open reading frame anneals with the fourth single-stranded
overhang of the linear vector, and wherein the ligation of the 3’ overhang recreates the third
restriction site,

wherein the all open reading frames are in frame with one another.



24,

25.

at 2 of the predeterm ned restriction endonucl ease
sites, wherein a polynucl eotide containing an open
wo e@dionged rame of interest is rel eased, wherei PCT/H82006/060065

rel eased pol ynucl eoti de has 2 different overhangs, and
wherei n one of the overhangs is conpatible with an
overhang of the pol ynucl eotide digested in step b), d)
m Xi ng toget her, annealing, and ligating the
pol ynucl eoti de generated in step b) and the rel eased
pol ynucl eoti de contai ning an open readi ng frane of

A mietho@ o€ stakily ssfusion@plypehtideadomprisinigi r dpol ynucl eot i de
containing a fusjon of, open reading franes is,

2) garuinghaveciian elaimya YithessiisHo ebgess thaiecogrire theagpony and third
i - -
(SR8 Bl LRAES, e RSP ERYSEPULARL 1 st ovotans
wherel the Ede tiad secoad overbingsetd imnompatéde with dnoiasotbem

b) SV Bt eg e BOpPSa L cuRRT et st ARG open reading
ﬁbﬁl@,swhel'%@n g 18R Bﬂ@ad@ﬁti&'a%&lﬁn%g%diﬁgﬁﬁﬁk RofBAsdsi s 8id 3’ overhangs

pol ynucl eotide is circular e nmet hod of
thetdremcompatitie mathrthe fiest fd secondheveskangadvipotinsael eldhe dlelsast one

are.circul ar 28. The .nethod, of cl.aim 25, whereln )
Ml G abArhE TPl R RO e ST Pfg o futerest

¢) BeAtieneesrst MseaadteMinediMPector t@REn(Cl Agdted &&restion vector, wherein the
nmet hod of claim25, further conprising, repeating

Lgagiow ofyhe 1 opegangi9L thapkleast ane peer iepding Sampruasalprithghe first single-
BEFUL AR Rl AP\ASR, B! Y603 g o et
omekopeg réadinofragpe atnedals WiNAthe gasindsatede-stoanded siverangadf the linear

rovi di first and.second pol ynucl eotide, reagents,. .
| TefH %asarﬁmrtésggmondff e Ry n%beéﬁeafeézm R drramgsiogysite
whereid AL ¢ §3pen 2AAWELBE Bt BR6NILRVRe ABEHLAL JpbARPERIg frames are ligated in
Interest is flanked by at |east 3 predetérm ned

frame withgineiappthon endonucl ease sites, and wherein 2 of the
predeterm ned sites have conpati bl e overhangs, b)
di gesting the first polynucl eotide reagent with 2

A meth6d 6f @bBRE fhES plokdin DN LBSRRUEK easpasihfiat cl eave at 2
of the predeterm ned restriction endonucl ease sites,

a) provigingeitst sndgeeonskarajymuicleetds tagaaits, ivhprqin eaniyargepf eontains an open reading
frame O ?1{’(5]1‘%%19%11%1 ﬁ‘)vligrlglgxfe ?édhn énh (?ea?ﬁlcgo?_gm%ol)y E&g’t&legosegaglgréked by at least 3

reagen ere restricti on endaonuc

predetetrhiatd Clestéivitordtendoicldabe sites daide filieredtl I @St the Cprieddtermined sites have
endonucl ease sites, wherein 1 of the restriction
compatleiR¥RiRIEEses is identical to a restriction

b) dige%igl tQHé’ elg 3§§mﬁéle§ﬁ@eoreg t g)ﬂ? 2"@1@&%}11@ r&nﬁioﬁ?ﬂﬁbxﬁﬂéa% that cleave at

ai ning an open readi rame of interest Is _ _
2 of the ptedaisedined mestrtteme¢ndonindease stes ednqatingma pbboutidetideawith 2 different

overhanzgs,l nconpati bl e

c) digesting the second polynucleotide reagent with 2 different restriction endonucleases that cleave
at 2 of the predetermined restriction endonuclease sites, wherein a polynucleotide containing an open
reading frame of interest is released, wherein the released polynucleotide has 2 different overhangs,
and wherein one of the overhangs is compatible with an overhang of the polynucleotide digested in
step b),

d) mixing together, annealing, and ligating the polynucleotide generated in step b) and the released

polynucleotide containing an open reading frame of interest of step c), wherein a third



over hangs, d) m xi ng together, annealing, and ligating
t he pol ynucl eoti de generated in step b) and the
w0 edogasdes pol ynucl eoti de contai ni ng an open r eRdi/n§2006/060065
frame of interest of step c), wherein a third
pol ynucl eoti de containing a fusion of open reading
franmes is generated, wherein the fusion of open
reading franes of interest is flanked by said
polynucprotide tentainmeds fis®nrdfopen readingesamend gahanteilwherein a junction between

nct.i onhet ween. t he open reading fra of i,nterest .
the opdn BT REmES i THEET ISR RREPE SLTBIDIE o i ierisoavith any of the
endonudéds8$thaBdut athBe TRLORERincdl BitALHEh siWICER] Whérdh delqhiSdces flanking the
pol ynucl eotide i$ circular DNA. 32. The nethod of

fusion of op¢meadding fitasres iof int¢rest icpntein the d psetstmraninedirgsiuetiadiitcges
are circular DNA. 33. The nethod of claim 30, wherein
the predetermned restriction sites are sequences

26. The methog @Y alatre 25 ywiNgeild thd/firsKpalyhucl@itlle@ éirdular B4A. The
met hod of claim 30, further conprising, repeating

steps a) through d), wherein the first polynucleotide
27 ThemeSR 22, ShEDARhe 15y PLAGRIG IGUAL Ll cpmt DY
i sol at ed pol ynucl eoti des, wherein each pol ynucl eoti de

pen re frape of interest flanked

contajns. an_o di n .b
28. The methoq, &@%ms%r%eé?@rtﬁ? ﬁ&f%iete&%nﬁfimt%ﬁl%%ﬁ 359 aegg%mﬂog sequences for

NgoM IV, ®hfa9Sandatid ywherein 2 of the 3 predeterm ned
restriction sites are inconpatible with each other,

and wherein 2 of the 3 predetermned restriction sites

29. The mpE4 oo HRhe: et SRESsTendracsfie SitBet: Driiogk Wherein the firs
polynucleofi@Sprolidbd aNstsp L)ES repdfeed BY thestBlratplnpeleyidecdensiatdden step d).

containing an open reading frame of interest, wherein
the open reading frame of interest is flanked on one

30. Amethﬁgf&(kiﬁg %ﬂgﬁﬂg&;&bﬁ%’ g@s:&u@gc ?‘%.‘ls‘é/ and wherei n

open~rea ramne nteres fl anked on the

a) providinpdirsteind sbyorsigaligncrstidd @ayaid, evheyeiksichlreateat €dndaihs an open reading
37. Alibrary of, isolated polynucleotides, vvhergiﬁg(
frame Qfaapersd) yAd cVRG@einderchomr®; Frading 5pws ploanipisyl 15 Hamkegs by at least 3

i N . i n i r . .
ot 8 Sl SHBLEIALE 0, AP 0 o ATy s e
compatme NgoiMngy/, and wherei n each open reading frane of
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at 2 of the predetermined restriction endonuclease sites, wherein 1 of the restriction endonucleases is
identical to a restriction endonuclease of step b), and wherein a polynucleotide containing an open
reading frame of interest is released, and wherein the released polynucleotide has 2 incompatible
overhangs,

d) mixing together, annealing, and ligating the polynucleotide generated in step b) and the released
polynucleotide containing an open reading frame of interest of step c¢), wherein a third
polynucleotide containing a fusion of open reading frames is generated, wherein the fusion of open

reading frames of interest is flanked by said predetermined restriction sites, and wherein a junction
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31. The method of claim 30, wherein the first polynucleotide is circular DNA.
32. The method of claim 30, wherein the first and second polynucleotides are circular DNA..

33. The method of claim 30, wherein the predetermined restriction sites are sequences cleavable by
NgoM 1V, Xma 1, and Cla 1.

34. The method of claim 30, further comprising, repeating steps a) through d), wherein the first
polynucleotide provided in step a) is replaced by the third polynucleotide generated in step d).

35. A library of isolated polynucleotides, wherein each polynucleotide contains an open reading frame
of interest flanked by at least 3 predetermined restriction endonuclease sites, and wherein 2 of the 3
predetermined restriction sites are incompatible with each other, and wherein 2 of the 3 predetermined
restriction sites are compatible with each other, and wherein each open reading frame of interest lacks

the predetermined restriction sites.

36. An isolated polynucleotide containing an open reading frame of interest, wherein the open reading
frame of interest is flanked on one end by a sequence cleavable by NgoM IV, and wherein the open

reading frame of interest is flanked on the other end by sequences cleavable by Xma I and Cla I.

37. A library of isolated polynucleotides, wherein each polynucleotide contains an open reading frame
of interest, and wherein each open reading frame of interest is flanked on one end by a sequence
cleavable by NgoM IV, and wherein each open reading frame of interest is flanked on the other end by
sequences cleavable by Xma I and Cla I, and wherein the open reading frame of interest lacks sequences
cleavable by NgoM IV, Xma I and Cla I.

38. A vector comprising an isolated poynucleotide of claim 37.

39. A recombinant host cell comprising the vector of claim 38.



