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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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WO 2007/076166PCT/US2006/060065 engineered modules. Another

aspect of the invention relates to building block molecules or modules,
WQHErdThtdules are pre-designed to be capable of insertion it6 i) 065

protein expression cassette. The instant invention also contemplates

libraries of engineered modules that can be utilized in the disclosed

methods. In one embodiment, modules are made with predetermined
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for building fusion proteins in an N-terminus to C-terminus direction,
sso 0 N UBEHONA FETatantE FICURE o houo  ecursi

direction.
BRIEF DESCRIPTION OF DRAWINGS
FIGURE 1 shows a method for building fusion proteins in an N-terminus to C-terminus direction,
utilizing two circular DNA starting reagents.
FIGURE 2 shows a method for building fusion proteins in a C-terminus to N-terminus direction,
utilizing two circular DNA starting reagents.
FIGURE 3 shows a method for building fusion proteins in an N-terminus to C-terminus direction,
utilizing one circular DNA starting reagent and one linear DNA starting reagent.
FIGURE 4 shows a method for building fusion proteins in 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



FIGURES 6A-6C show examples of chimeric polypeptides wherein
modules are derived from portions of exons. FIGURES 7A-7C show

W@RHHPIELo6f chimeric polypeptides wherein one module cont&E/BS2006/060065

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

WO 2007/076166PCT/US2006/060065 domains. FIGURE 10 shows an

example expression cassette containing a chimeric protein coding

FIGURE 1$esjusncemadenpbeesding doiheassethootsof thexinvehiinei & isdd8r ddding sequence
d hows gn ex le module cotrgtaining an open reading frame of interest

ruade accor?aﬁvli? ﬁ%enﬂlee%%/sp?eg‘eetg}ﬁ%%eoﬁlrestriction sites and a staffer. FIGURE 12

FIGURE 1 si3hwesaan example bauibrauytaihing dulepansefidiiy therdrventinere#@RF) flanked by
det .lib ary me,;lmberts havge idﬁ?gcal predetermined restriction sites indicated as

prede enm%eﬁ{er t§l et ahE She fif %r'open reading frames are not drawn to scale,
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. .are contained wijthin vector DNA. In one embodi tthe v ri .
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FIGURE Idndbdwa lasitesthbiG 0R ESKidA - idiyshpuwteianiplesyfarectocsmbitationiiag) synthesis.
Abbreviatidh¥ ﬂlu%ﬁ{s %%'unr]ee % %glk’(ﬁﬁ,%&'gﬁqg%?fn 3 dcirt N&Bﬁ/{ IV; X1 stands for Xma I; C1 stands for

ClaT; fwd means forward; rev means reverse; V stands for vestigial NgoM IV and Xma I sites.

domains.

FIGURES 14A-14D show examples of vectors containing modular, chimeric polypeptide gene

constructs.

BRIEF DESCRIPTION OF THE INVENTION

The invention relates to methods of making modular chimeric protein expression products and
compositions utilized in the methods. In particular, the invention relates to sequential, directional
cloning of polynucleotides encoding polypeptide modules. Each clonable element contains an open
reading frame flanked by predetermined restriction sites. The methods include using clonable elements
and vectors containing these elements as starting materials for recombinant DNA techniques. One
advantage of the invention is that it allows for many variations of fusion proteins to be made quickly

and easily without needing to design and evaluate each subsequent cloning step.

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.



BRIEF DESCRIPTION OF THE INVENTION The invention relates to
methods of making modular chimeric protein expression products and
WQampbations utilized in the methods. In particular, the inventiBATr/@lAeA$0065

sequential, directional cloning of polynucleotides encoding polypeptide

modules Each clonable element contains an open reading frame flanked

by predetermined restriction sites. The methods include using clonable
Each Clonagiee;r&%ntg nd vec ors cgn,}girglsing tQIese C?Ier;[ril nts as starti mate%als.for di
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. without needing to design.and.evaluate.each subsequent cloning step..,. .. .
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represents dioclesnutee dtesidenmitdutesomviieschazed Wesaarpresidesigueattotoenology conserved
ACTOSS prote%%blﬁigg irlll%esrtigri\egnto a chimeric expression cassette. The instant
invention aiso cgn%emplates libraries of modules that can be utilized in the
disclosed methods. In one embodiment, modules are made with
... predetermined iction sites. \WO 2007/076166PCT/US2006/060065
Non-tmii g i A BORAEioIMRe sSi e phosphatases
phosphatasghatbemtisdpsdilo peardnding drarsembinisresthsuity) aszpuenothimitedDDA binding
: I in._or. pol tide, or a functional domain, structural, .
protein s B R SRR foapit, o mame e
few. signal, epitope, exon, or other desired subcomponent. A database
directed to modular protein information available through the National

___ Library of Medicine called Conserved Domain Database, or CDD,
Non-limiting gresuries efdiretsmdedonidentifyindedomAibdndise dnaam;ioasidption activation

. o h _ i o : '
domains, difYHENGE aﬁ}ﬂéﬂ%y %%%ﬁj{#leegh(g%% t%%&%ﬂoﬁggfiﬁngggxg%%i%ulaww domains,

Non-limiting examples of proteins’inc
death domagufh pleekspiobphelesysiphdspharidbisdingritsypeptidertigaedspding domains, ligand
o , ' its, indin [a] .
i ARS8 IO, 0BRSS DUANHAGIIRE I, oo
domains, aqggdptofeupinsitenddeasmea fevne Nomdinsitiogexesm stas. of functional
domains include DNA binding domains, transcription activation domains,
dimerization domains, catalytic domains, phosphorylation domains,

Non-ﬁmiﬁ%g&mﬁy%ﬁw@p@aﬁm@nﬁn@p@m@,l_@tai idlimologipriorbeinshiipidegions, acidic
regions, baﬁ@f@@&ﬂ'&? 'Hg’;‘eﬁ‘épm{f@%ﬁlmé?'ﬂﬁrg%mpéis\@fﬁ%%%&%ﬁﬂi&%&lﬂ%tor binding

) finger regioris, leucine zipper regions, g-protein bindin mains,
domain, andyfpetdypitibH domamBaite arsACHOinS, and transmembrane domains,
to name a few. Non-limiting examples of structural domains include alpha
... helical regions, beta sheet regions, acidic regions, basic regions,
Non-limiting, exeamméisi Ol RTamain faretam Brude ssontins domdias, phosabriblation catalytic
domains, piRiSsiRedomainRGMEA IoRRNHNGAeman I8 RAMGA HE Wnetabolic enzyme active

Non-limiting examgles of enzymatic domains include enzyme active sites,

sites, proteifoapihGTyHEsN ESAGHHATRSS osataselivataiiaie gbraainde pathway enzyme
active sites JRNIHEHAIARGICABIYHE dOMAIR;ICIAAANGRH NS AHINEISURSyme active sites, to

protease active sites, polymerase active sites, lipase active sites,
hame a feWglycolytic pathway enzyme active sites, nucleotide synthesis enzyme
active sites, and amino acid synthesis 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.



Non-limiting examples of inhibition domains incude kinase inhibitory
subunit binding regions, phosphatase inhibitory subunit binding regions,
WQaH allgsteric ligand binding regions to name a few. WO  PCT/US2006/060065
2007/076166PCT/US2006/060065 Non-limiting examples of binding
domains include steroid hormone binding domains, peptide hormone
binding domains, substrate binding domains, ATP binding domains, PDZ
domains, SH3 domains, SH2 domains, PB1 domains, drug binding
domains, g-protein binding domains, DNA binding domains, lipid binding
Non-limitirgpenaimsiesafohyirg dohiating dodwestespahibelinoe s 2atidin gl donains tpeptide hormone
. name a few. Non-limiting examp| f. lgcalization si include .
binding co 3 Bl R e R, R g domains, sr2
domains, PRitodhoathkakdliogabiadion signalss plagroemdaihliagedacalizgtioN sidsiating domains,
. ... . and sarcoplasmic reticulum.localization signals, to name a few.
tipidbindi e e R A Rt i p e v
epitope,His6, acidic regions, basic regions, and antibody binding regions,

limiti ew. In nature, protein domains often correlate with ex ns.éti . :
Non-timiif KRR C0l Do S e R R Rl fion. signas
nuclear localpdutar peptdnsiiicehkadyticlocAliveiien sigadisgpirame mtabexeipcalization signals,
and sarcop R/ NRIERIPREAIE AR AREIEARABT .01 Interest accoding 0 the

invention. One skilled in the art récognizes that some exons have split

codons at the ends corresponding to splice sites. When this occurs, the
Non-limitiRPLUOR QLSS MR % Niaining the correct open reading frame,.. s

on Lt e O R PR IR i, i

regions, bagiedeginoestibeE ey pulitigesgiotsicamdiire nafewe, but nonetheless

have a desired feature or property. As used herein, the term module

means a nucleic acid that encodes an open reading frame comprising an

In nature, pptaiydaningirafive shimbresvilankenbylpiedutegiited resmistiorsitémiffling is one
explanationV\fQFﬂlgq?nggﬁlaQQﬁ“"i’l%jdﬂf% eﬁfstﬁ{aé%%(%l}.aﬁlué e CIje'Qdin% J‘rame of an exon,

mammalian systems, the modules shoul mammalian stop codons.
therefore, rqpresmdeiateepehitrading fior nfaptseepaicofrditg de tipolyreicotiGesdetiled in the art

recognizes 3R é’&ﬁ@%x%ﬂ&*hé(@& ﬁt"&ﬁl&q{% t&'ﬂttfi‘éeeﬂ% 'H&‘F@%&%&fﬁglﬁ%{]@ﬁé@“ é%%s When this

expression vectors, viral vectors, or artificial chromosome
occurs, the fHedier ohiranastattba eriomricaseShescimmins msdulesdine fraigeds the ORF of
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

interest.

Modules may also contain polynucleotide sequences that encode peptides not found in nature, but
nonetheless have a desired feature or property. As used herein, the term module means a nucleic acid
that encodes an open reading frame comprising an open reading frame of interest flanked by
predetermined restriction sites. When the methods and products of the invention are utilized in

mammalian systems, the modules should lack mammalian stop codons.

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
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cloning sites within a vector and provide directionality of module cloning.
WOPBTZANE DESCRIPTION OF THE INVENTION Many protef{sdig2006/060065

modular in nature. For instance, a nuclear receptor has domains including

a DNA binding domain, a ligand binding domain, a dimerization domain

and an activation domain. It is often desirable to make chimeric receptors

. .. hy exchanging functional domains between the receptors.so that domajn
restrction 58 ERAINY AHIBE SITOMR SICTOPRER PeSeRin ACTHR B E ISR T module
cloning. be made. It is also desirable to synthesize fusion proteins that have novel
cellular or therapeutic activity. For example, chimeric polyligands that
modulate protein kinase D activity have been designed and synthesized

DETAILED@ESVRIPHIGN O THFOUN YENADENUrces (see 60/728,259). An
ect of ﬁlelinventi n tes ts%the combipatorial mod#lari(&rgf.fusi
o)

as re o) .

Many proteiS e ModyIar i HNire, Kok RIBER<oPUSIER FSATTIY A SRS Hnsgine 2 DNA

binding dorntdoypoiigbad inialmudmmproiaimexprassiaiveadselid ah aoyhdewiiedbmain. It is often
. location. In other words, the inyention encom es an inventory of

desirable o L o B DENGLA B gunil IR AN PRSI AL optor so that

domain funkEea@ityuitdirtg Blodiksiamidterooking saatidad fiberipguitdditisnalebpeside. It is also
. of the invention are metho making these modular fusion.protein:

st AR g e ISl h G BRGNP AL el For example

chimeric pahdigaeds ihethoddubitmpdutan Rionsndofatvitphaenbpentéesigardaind siothesized from

onvenience of gﬁlonin it isgdesé é%%ﬁake modular elements that are

a variety ot%etero%) pUS Profein sottces (see . :
compatible at cohesive ends and can Hé inserted and cloned sequentially.

One embodiment of the invention accomplishes this by exploiting the
An aspect QF Itﬂ[ea{ VAR, tlerselg ersefcg”c?ltéoﬁoren%cljr?a{%gﬁﬁar?lgcﬁﬁgr{ticggrﬁ}ls%%lalélrdotei%ﬁ and preparing
cleavage. Another aspect of the Invention encompasses modules wi
building bloglen ot adimy fradnegfifmking tetuencds thayrpnreted Side of fag@RFEot@ia expression
cassette at éﬁw'é@ r}%r lro%%ttr-ll ﬁlol% Sﬁé\m%%'sg %ﬁ% PN E éa{gglo%n ys]seeéjélrrlleﬁléla% Ty %f components
utilized for restriction enzyme didestion as many times as desired. In-other
designed tonbrdsti lzpicdeteheingd 2estivtiorasie goukeoriod(ieisbuiiliieg hludks or interlocking
1 Dy i I ectrecursive,.sequential,cloning of modular .
modular e A A Lo AR B5s gapdulr fusion
proteins eagitpteid isonmvatizcutindnibifoikaardgamethbodandnstaftihg witbn@ioedgelntes methods of

modular cloqﬁlﬁ;g of component protein domains.

For convenience of cloning, it is desirable to make modular elements that are compatible at cohesive
ends and can be inserted and cloned sequentially. One embodiment of the invention accomplishes this
by exploiting the natural properties of restriction endonuclease site recognition and cleavage. Another
aspect of the invention encompasses modules with open reading frame flanking sequences that, on one
side of the ORF, are utilized for restriction enzyme digestion once, and on the other side, utilized for
restriction enzyme digestion as many times as desired. In other words, a predetermined restriction site
in the module is utilized and destroyed in order to effect recursive, sequential cloning 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
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(ORF) of interest flanked by predetermined restriction sites. An example of
Woestridiorosites flanking an ORF of interest are sequences reB6dHi22e) {60065

the restriction enzymes NgoM IV and Cla I; or Xma | and Cla | (see
FIGURE 1). Referring to FIGURE 1, one embodiment of the method
utilizes two nucleic acid starting reagents. One reagent is circular DNA

consinins AT R PRI LS ORE Dlarican e S v an
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. ..__end by an NgoM 1V site,.and fl e, 3' end, in qtder an Xm .
containing OB IEINY SRS T SRR (O A dEAT e ke G SRBVGRY site, and
flanked ongpac® tardiwo differchyrestiation eizyméstChiricand deattesthedodAa first reagent

. term "stuffer” is synonymous .with "spacer’,and th t
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. len ich is a myltiple of three, since ¢ re three bases | SAn L.
frame of infSJISEHHER) B RO O O R B S M ARGAER 3 b, i orce,
by an Xmadtstferdsgac€inimitbalkeathefcamisyreacidscomposifientafal lerwbomdingbripace for two

. 0 odular cloning.method accordi the inyention includes cuttin .
different e U IS 108 R B TS i X W hpymovs witn
"spacer” and BieXwa teove angeaindterh @izabiyviertramgnTdriscRN Abfragiffentisphecr should be in
frame with%ﬁiggg{ (%%t’f‘ faeggir\%”ﬁaa%?gg ta% %%(é:rlés%?el %ﬁggﬁ?@véhe Iseext%ﬁc hngvﬁ{rc%u}gra multiple of

reagent. In'a'seéparate tontainer, the second circular reagent,
three, sinceaiddithentotivecidestswithdNgoMetdmplt Glaffio yieidld heldaSdIMERGA, encoding

' ' oy | hang. Th d
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DNA. These restriction digestions generate first and second DNA

An embod%mfgfqg %Hu‘igfnaéﬂf?ﬂg ﬁ?&ﬁﬁ&vgc%ggﬁné/ é&e{hghﬁéget%r%?%a%%lﬁggg %g’ating the first

_ agments are mixed together, annea and o form a thir
circular Dol aengeiD NAtir Xgmd rndi{d adhteyishtelibear S Armtile 4ifsDMNA anethheg and a 5' Cla 1

overhang, MQMNX %&%H&hﬁ%ﬁ@a@b%&a‘afﬁﬁ@ 1 %@1 %@ééﬁya%del {g}gim l§J from the second

circular DNAT Now this vesti region of DNA Is protecte rther

circular DN¢nigaigeniNiodsevatitieetivainsnt the gaermsbetftarii AiNAe regitingligdabie donor, is cut
with Ngol\/fl)P@rﬁl%ﬁa@ng {@9}&% i M@a@y&dlﬂéﬁ%ﬂ%tﬁ“ﬁ §O&%§|T Jiag ﬁé g I\AI 5' NgoM IV

V, and 3' Xma | and Cla | sites which are useful in subsequent, recursive

overhang. Eherfiprpaee PN Hisprosbisthan hEiftgseaed Miameis s tmesdoepideskbone DNA.
These restrﬁ't'i%ﬁtlﬂg@étﬁﬁg %&%@e'ﬁ&gﬁlﬁf SONIHRYEHI oINS &ﬁﬁ'{tﬂ{?gg{%ﬁ&%é&ve ends.
FIGURE 1, the direction of WO 2007/076166PCT/US2006/060065
module addition proceeds from N-terminus to C-terminus of the fusion

When thesPRIIM vleAR Bﬁg@@m@ﬂ@&@tﬂﬁ%ﬁ@%&ﬁ%ﬁ gnﬁ%@lgd[%%@ﬁ%?{ed to form a third

module addition?gigloceeds from C-terminus to N-terminus of the chimeric

circular DNphofsgmpistheomatsiq detighinsca Bie gt MW xedathe AfgptAdV site that was in the
second DN@NSWCIEE5ES HERRESERE iR ﬁﬁ%ﬁ@é\?%ﬁﬁikf@ﬁ%@\@gﬁﬁgHPfﬁﬁgX is protected

cloning when used in a module. One skilled in the art recognizes that the

from furthaqgeme IV @itdizeM theé Nigrstisiebuhnasasiwen fealkivithtbachsultiag fsdehgpen reading
frames in t1RStHIR QEALHS BRISISENISREOHINAH! M EERIPNIS 58P KIEYREIATAM sites which are
. example). One of ordinary skill in the art also recognizes that other .

useful in sybsognainteRETgMUFISTERS HEBBTBIS RIOsatcrRIBbeiFREHH NSRS signes to achieve
directional, A8§GERES RGN PEESRHe T AR i alSelerHig d85IHEHAR FREPRYCIEARE S irection of

are 1) selecting a pair of endonucleases that generate compatible

cohesive ends but whose sites are destroyed upon ligation with each

other; 2) selecting a third restriction (=7ndouclease that does not generate

sticky ends compatible with either of the first two. When such criteria are

utilized as a system for sequential, directional cloning, protein

subdomains, modules, and other coding regions or expression

components can be combinatorially assembled as desired. With respect to
calactinn criteriiim nitmber 1 above other rectriction endoniicleacace mav
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one vector. Another way to assemble coding region modules directionally
WQaHgeguentially employs linear DNA in addition to circular DRAI/E§}006/060065

example, like the sequential cloning process described above, restriction

sites flanking a coding region are sequences recognized by the restriction

enzymes NgoM IV and Cla I; or Xma | and Cla I. Referring to FIGURE 3, a

irst circular DNA reagent is cut with Xma | and Cla.| to yield linear, DNA
modile addifiir PSERAS FOa AR 10oC TV PG, TR TR PR fbe cxample
depicted in tAEAERE atheAdBectind sEagdole additieapadoatde-StrantedrbMAsftadinenhinus of the

. nergted by. synthesizing and anneali omplimentary, oligonucleqtides
chineric e B IS ey b LHor A0S G BaRRtee represet
trio of sitesehayersitogensiaieapehanhgenifievseaoustinearmiyAldas 3' Cla |
overhang and a 5' NgoM |V overhang, which are compatible with cohesive
ends of the first linearized DNA acceptor. When these first and second

One skilledO Aéragmemoisnares hiaieth ¢dgeihe [ \anite aletlienidigdieddedorie avibppkd with each

circular DNA, theXma | site,that was in the first DNA {?Ji%é\l IV site
oter s ot 44 e R Bro SRR SRR AR S dFR T B FLDATRR B o<1, one of

ordinary skilbwetter aseglsencesdtandinathethesutihgchitsiositprgteipotinterestni@IRE sequential,
o 5.- ORF 6).in th t@' d circylar.DNA sti]l contain intact 5' NgoM 1V, and 3'
directional Qo o S S R SRS e i e eteases are 1
selecting a plonivfestepsckaplotess cate bergpaate dohwsieccusltime sioaeieseare destroyed
... directional, seguential,.modular.cloning events (see FIGURE 5). )
upon ligati g H A B e S G e 3881k T P s gmerste sicly
ends compaplesetit ettty of fiteStidatvpelitrenulsivetenedutantilonihgsvalsystaseir sequential,
o lanking se es. Example.3: Methqd starting with two linear .

aireoonal QR R e A MOt Bression components
can be compadtamady wishrhlsdinededdiis as starting reagents. In this example, the

NgoM IV and Xma | sites have been swapped as compared to other

. examples herein. Referring to FIGURE 4, the two starting reagents are 1)

With respeet (e stdedbmokoiesivitmanddd doitione ovtbrransiasitba S1@Bucpaschamy; be employed
‘ gl AnARerHsad PiRrestn @ R B ROSH y
o accom e i D Pt e i L o al ereate
complemendirp RFethaagsl Whadbiliste strdNbs ¢ ONpnoeihssadingdiames cugrtidioingitas. Therefore,
i L Ej(ma Levedbann antech Al oysianabsre N8 dSand 1
o genera‘ .i%g'n(]edia%ely upstream an fgr% %gmaégv{v{ﬂt% (?%lgwprgegéﬁ%g rﬁ%&%ﬁ%{rﬁe@,tg Fand ligated
can be utiligiPX? At WheHORE:X is Tgolelldown¥meahatsyuandNgdivs vxsiteple and other
examples d@é\?ﬁﬁ@dﬁi?é?%?n‘.’v'th ORE X. WO 2097/076166PCT{U8200(_3/060065 The

two starting reagents may be provided or synthesized various ways. For

example, by restriction endonuclease digestion, chemical synthesis, PCR

Additional tRANGRUIRRIRHIANE RIS FRSAUEHIANGSPIESEAL IRt rﬁ&%@ﬂﬁamh respect to

be a product of restriction endonuclease digéstion or may be added to the

the species dmadied. Ahiprfiesioar pratgiter Bhie ®rvaasas tieoae ehodasant of smviddingd Xma I are
a preferred PAF VORLING tREWORIRHING LEAIRNLS 'meiﬁeﬁ'ﬁ!ﬂmﬁig?ﬂ@QBEdﬁibnal selection

RF X) flanked upstream bg an intact Xma | site and downstream by

criteria maykseringjafe freararcrisssredicpinmacide prendasshy e pedeateliaf imstance, it may

be desirablO8S A0S ASEHARIR L adH QRSO GIHSIUIEEn] REINARENIAMmino acids. Tn the
IV/Xma | region (indicated as ve;t]glal NgoM IV, Xma | site) can no longer

embodimerg ShawbyNGSNWREno Yok II3nenid Herekovs protetaseadimni finewese the amino acids
encoded ardQIEHIANOY IETRLEPHRSIV 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.



Example 4: Module libraries. The starting reagents discussed in the above
examples may be members of a collection or library of reagents. Members
WRLiHEeliection share a number of characteristics. The minink4IT/US2006/060065

characteristics shared include identical predetermined restriction sites

(NgoM 1V, Xma I, Cla I, for example) flanking the open reading frames of

interest. Also, the open reading frames of interest are engineered to lack

these same restriction sites internally. Furthermore, at least the first

starting reagent (acceptor DNA) is a circular DNA and is engineered to
Example 2cdiesindresetiandtiestictiest@ites only once in the entire circular DNA,

namely at.the open reading frame of interest flankjng sites. In othey words, :
axnotier v 0 RO SR S TSRl LB enaa B gl ear DA in
addition to késtuieti ®NeBw@|seuvhsiks likeahe sxphadiahelvindf ghe dovendiarribedutiere, restriction
tos 1 I]k.donorgmd acceptor reagents are circular DNA and are identical exce fﬂr/ dClal
sites flankig ¢ SSIRG SSRIRY 5 AATFHR QU SR Sl e gRR fPaHasy and Cla,
or Xma I and €likal. BNfréggenFI&DRE®: ntifiadttoithe adoepiorcbiNA ieagenttinXhat I and Cla I

. . theé)@ of inte flanrin restriction spte V\gwile e ab m{f‘?% .
to yield lmgﬁ ofgr}?étkagt%%%% Snlﬁlﬁ%n\%/i?ﬁ%\ %h% élrac Ig?'%ﬁ?&ghﬁéec & Thi 'éfeagent is the
acceptor. Apsissitderberanse thinreledsell srsended DA Aufifigthawaedrentctheyreghtifesizing and
. the vector, One of ordinary skill in the ecognizes that N I\/{27I¥V ite . .
smncaling. Qg0 o R e RS RN R bvediRoion v
appropriatecesisistamt ¢hryuggsoot ghecremgeviOpe Showtioary kkihinDhAahaBoCla I overhang
' izes that other.restriction site groups may be utilized..In o . .

and a3 N A R B e ligriet DA
acceptor. frames of interest WO 2007/076166PCT/US2006/060065 composed of

mammalian codons surrounded by predetermined restriction sites

encoding amino acids in frame with the open reading frame and whose

When thesa:ﬁmsm@mm&@m&yﬁnmm@t@mmgﬁhmmdm emblghiménd dorm a third
circular DI\?‘X,C &&Bﬁafy%{%em&%%?ﬁ%ﬂgﬁﬁg%l& ear%%ﬁeol(llgc}ﬂeﬁ} éﬁggga%%a?@ in the second

see from FIGURE 11, t recognition sequence (
DNA are destieygd snatfzeGlyirdivir QIRIE IDANG HAGHAR AAGAAG Alat)entedesulting fusion protein

o ners SRR IR SO EROR LSSINEIGE GO, gt v
Cla 1 sites| védogriton sequiéined (NPE@RTY erivosiestheivspcibhereforgsthéhiogulecss can be
repeated ndlfggllf)ﬁ% Fhep %I] 581?1‘3%%{1%@%%%?5%@3%%{%{‘%r?dh&i%%f%‘h'ﬁ& ere%%}%legee FIGURE 5).

__library of modules is engineere consistent with respectt to
Restriction gatsiyitanoguned HadigodlcBch*opeh, realirlg fremdersicinteeesepeshiaita trio of sites that
permit recufORAHURHMAB RIS SHRA %Q&%%tﬁ%ﬂﬂ% %@% g each successive
cloning step. The variable components of the library include the open
reading frame of interest and the stuffer/spacer component of a module,

Example 3V ihsaaVaInn WA &l CRRReRNR shaddddipacgdons from the

species intended to express the fusion protein, and that every ORF of
The methodrpé iBstineRsi thecppetieachprise@ rastivtibhtsen T B frpostaibogesgtts. In this

example, tHbey th\fﬁf‘yﬁﬂaisl gi%?ﬁﬁ&@ﬁéﬁ{%&%&f ies 55}9%%9&8 tcgeoﬁ[ér %aﬁ%ples herein.

as eDNA libraries. While cDNA libraries géenerally contain protein coding

Referring tgehl{aHBAS flafikedwy vaetograataenonistel), thagsiotehrelaing with a 3' NgoM TV
overhang ag@GHSNEES P@%ﬁﬁgc@ﬁ%%i—y APEPICAAIAGIr2MER LREMERIQT (RIFIGIOR positioned

sites flanki% the protein coding sequences have not been engineered to

upstream ofEeNeeh Y ithangrenetimeoiig sansdinnedisrfmacaseupssiertion ORI Z, and 2)
double-straRNINSRIEG IR PeAuFRMEMEN Jag. AiRcey cading 3@91"?1%9%@11{&)5 40 8 1 overhang,

. restriction sites permitrecursive cloning steps according to the invention.
wherein thephgfid iy bregds ivertibiatedrunsiereastirb i BrmnsDNIA phrarisadingrame of interest,
ORF X, an§RMNAURags XAy coinIRaaueNces s bR &7 3N AsHniansiated i orF x.
regions (UTRs). FIGURE 12 shows an example of a library of modules
useful in the invention. Example 5: Building a homonaultimeric fusion
protein. 9



An example of a homomultimeric fusion protein is a polypeptide
comprising a dimer or multimer of, for example, ORF 8 (see FIGURE 5).
WO H Bpheacteading frame of interest, ORF 8, can be of any lengffH/#)52006/060065
composition. For example, ORF 8 can be a peptide inhibitor of protein
kinase D. When building a homomultimer from a circular DNA according
to the invention, the two nucleic acid starting reagents are identical.

Hawever, two separate restriction digestions are. performed. Utilizing th L.
The two styE FoAeitI0 ToCt Bl b B e AT AT W ik O BGFIM Sy Testriction
endonuclea¥anitigeationCtdrig @argiethesis) POReatdyBfication, to name a few. The overhangs present

. 2007/076166PCT/US2006/060065 container and another digestion with
i the reas R K PP S CATPAS R PR URHIA: NG Bt e 1 the ends as
linker or adapeatz edivectarb A mliTie¢al@agtomiratity and eqlnggand figatingting reagents is

« chimerc SOURE R R A R BEF ) PRORCHES ) ABHISDERALD e hd Aot by

intact NgolMuSirateidGia ISk Eloyang thayrstatswithdwepbnedriDiNBesoplesdesrable to add one

ne skilled.in the.art 'Iﬂ/e nize the variations available tq th I'gralﬁ1 .
or more med g U R R R i R PR RRRCISE i T site) can
no longer heterobyulipeddlid Yusianprotdindg dsphlypéptide aocaatisiag duleast digestion by these
. o non-identical modules. FIGURES 6A-6C illustrate some heteromultimeric
YIS fusion proteins built from modules containing exon-derived ORFs of
interest. FIGURES 7A-7C show examples of fusion polypeptides where
Example &ﬁorﬁoﬁqlﬁpga%%gjn_s a Iocallzqtlon S|gnal.. FIGURES 8A-8C show
examples of chimeric polypeptides wherein one module contains an
The startingpitegentaglifeiGidR BESBA DGvshownepiamples bé cwimbeis pfotetofdatidin or library of
reagents. ; SHQ %lf” %%egg&@:rt]f 09 g‘lﬁ?é%”%&i'nngé{rogﬁ lc?lgrrgc?tlenﬁs'ﬁ%gha{et hr%irrﬂr%[a ogﬁaracteristics
escribed herein may be used to prepare heteromultimeric fusion
shared inclpdetelasticalphatehoreintbrhssiotiproin aayithén Beekgrésdetbirexample) flanking
the open r&%g‘ g.' l}l%lﬂlé;se %151!&%5 %ﬂs&st*ﬁ% e%”@%(ﬁﬂ?@ﬁfé%r%%sﬂﬁgr& S reettﬁerégineered to lack
contdining a chimeric protein’ coding sequence made according to t
these samejrsatritioon Fites fustom o iéimthamarseftlessetirshstadispreagent (acceptor DNA) is
a circular ﬁ@?ﬁaﬂﬁjﬂc&g%(ml %o?qﬁ{gﬁlvﬁ%%ecga@@ ?@s@%ﬁ%ﬁyﬁ{&e 8%1%}{%@1%6”1‘ etc’ﬁg%%tire circular
of the Inventioh are useful for the combinatorial synthesis ot severa
DNA, namigbsteviotinei ipae resitimgl tameusiynitrhiie ftiek digestion ip otficationdsmilengeceptor DNA
vector is e@%@%‘%{‘{éﬂlaﬁﬁ ?ﬁe@é%%?&@ﬁﬁ%ﬁq%%&%ﬁ%ﬁée Qﬁg%ﬂé%gf“a'”e.rs are
ombined as follows.” This example Is a synthesis or every possible
heteromultimer fusion protein assembled from four circular DNA starting

In one emﬁg&%éﬁ?o?@l‘fgl (?@ﬁ?f@ﬁ?%@th l{ﬂ@@&%ﬁ'ﬁ?ﬂg'g&gg{&grﬁg ?pg?edcgggﬁ?tﬁq\b& and are

] ) as moduleA, mo uIeB, modu eC, an oduleD: " Forin ance, th _
identical exeepilfanthretdromendineisami idaatirastribanathcrgrabindinget, the donor circular DNA

reagent is H&‘P%&ﬁﬁéﬁlqglﬁ?eeg&%m@qjﬁg%%@ht, in that the ORF of interest flanking restriction

_ ) moduIeB-moduIeC-moduIe.D-modu eA:; _ o . '
sites, whileggrieheeiniioa G ARI afeDterrstteRas fenigoaveithis Hsraisanl a4 afolecule. This

is possible B ARMIL1ROS TOKE diffarant siretlar DNARGERRIOL EEABRINS &i6r

linearized by cutting with Xma |'and Cla I, €ach in a separate container. In
another four separate containers, four different insert donors are cut with

One of ordinary skill in the 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



NgoM IV and Cla |, The inserts released from the donor digestions are

puffed to obtain four DNAs WO 2007/076166PCT/US2006/060065
W@aNdlind thoduleA, moduleB, moduleC, and moduleD with NBEFAURRO8(rep0065

Cla | overhangs. The next step is to mix an aliquot of each of the inserts

with each acceptor in the same acceptor container. Each acceptor is

therefore getting four different aliquots. The molarity of each insert added

ta the each acceptor is an a nt effective.to achieve. desired . ) .
composed o AU PBY SRR 3 L HABH S FB Tl acogig amino acids in
frame withnherdpenatediol fypeoiiibtelios wiidnes, waetsttiadehaougiily HISERA 1 illustrates
an embodi nurrlrtlb?.r of nglia gaf eacr]g][1 f% eafour dor&?& inseertgégseﬁt.s'ze, " an see fi

OGHLEHL SSSTHSH, anel Srh &P TS SRR SrRPINEHuABE B INSTsetatigedpe can see from
FIGURE Aftertannéalold aid ligaiipgithesestauensxtui@s a6 o)lowiogddimelaGly, the ORF
i roduced. From the acceptor. containing moduleA: e
(rcandST RREBIEES SEm T SOoHe o BOMER T cogricon scenc
(CCCGGGnatulds-Mrodije BhE ranfiire GCEGOGA CihDiring dee dileBLyGly; the Cla I recognition

-modu(%leA duleB-moduleB moduleB-moduleC . .
sequence (ﬁgﬁé@rﬁg oieh ﬁ—}r%rsn? the grgc%%fo%gon alﬁll%gl ﬁ?gféhﬁea&i:"l’ en reading frame which
contains amn@RiB leCimaestlsPheniichalyCimoddiés inedglatdmbauteConsistent with respect to the
restriction St 89 ﬂ?&i@gogyéﬁ I:())pen reading frame of interest so that modules may be inserted without
having to design each successive cloning step. The variable components of the library include the open
reading frame of interest and the stuffer/spacer component of a module, with the provision that all
components should utilize codons from the species intended to express the fusion protein, and that

every ORF of interest lacks the predetermined restriction sites.

The library of modules of the instant invention is distinct from other libraries known in the art, such as
cDNA libraries. While cDNA libraries generally contain protein coding sequences flanked by vector
restriction sites, the protein coding sequences are not necessarily open reading frames; the vector
restriction sites flanking the protein coding sequences have not been engineered to be absent from the
protein coding sequence, nor are these restriction sites engineered to be in frame with the adjacent
coding sequence, nor do the restriction sites permit recursive cloning steps according to the invention.
The library of the invention is further distinct from ¢DNA libraries in that cDNA libraries have non-
coding sequences such as 3' and 5' untranslated regions (UTRs). FIGURE 12 shows an example of a

library of modules useful in the invention.

Example 5: Building a homomultimeric fusion protein.

An example of a homomultimeric fusion protein is a polypeptide comprising a dimer or multimer of,
for example, ORF 8 (see FIGURE 5). The open reading frame of interest, ORF 8, can be of any length
or composition. For example, ORF 8 can be a peptide inhibitor of protein kinase D. When building a
homomultimer 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



From the acceptor containing moduleD: moduleD-moduleA
moduleD-moduleB moduleD-moduleC WO
WQow7/078166PCT/US2006/060065 moduleD-moduleD Since R&d/Usidi61460065
connecting the modules of the fusion protein DNA cannot be digested with
- ...the predetermined restriction enzymes-used in this example, more inserts
can be added by repeating the above steps of linearization and aliquot

i addition. The method ombinatorial synthesis, is useful for generatin ..
contaner afg BT BRSPS LBl > PR G/ CEEh R R er Mixing he
linearized viegedON selahExarmpeséd Rysamimesling|naidaksypthesis i afdidordimer of ORF

the methods abovi, the module libraries ¢

f the invention may be utiljzed in .
8. These StgQ SHCEGRTSION AN AR i WA QR AR 8 R > echioved.
Also, as ill@ftehbnesas STREE) epdshaRynamichoors hinado Al symiblesigdakesepirited in the art
hen many compati E overhan%s are present in the same reaction

. W
will recognizg the v HIRIIPS AFIHBLE (S 9 ligate to each other. In contrast to
the recursive methods described above, where a fusion protein is built
o ! d\lhﬁer jnus to C-termi ussgzrxice versa(% the dynamic method results in
xample 6; Buitdinga s Qi H WREIS LR S fiards orientations and in no
An examplpaftictlacordeliMéileftiié i reids of fudyibkpddacotein singstt letst awe non-identical
Yy chos. odulesﬁ? alogous to first .second reagents as
modutes. G I S AP AT RS thE UGN BPS 0 AR, DUl fom modules
containing exon-derived ORFs of interest. FIGURES 7A-7C show examples of fusion polypeptides
where one module contains a localization signal. FIGURES 8A-8C show examples of chimeric
polypeptides wherein one module contains an epitope tag. FIGURES 9A-9C show examples of
chimeric proteins built from modules containing different functional domains. Any of the methods
described herein may be used to prepare heteromultimeric fusion proteins. Furthermore, the fusion
proteins may then be expressed in mammlain cells. FIGURE 10 shows an example expression cassette
containing a chimeric protein coding sequence made according to the invention. The fusion proteins are

useful as research tools or as therapeutics.

Example 7: Stepwise combinatorial synthesis.

The methods of the invention are useful for the combinatorial synthesis of several heteromultimers
simultaneously. While the digestion, purification, mixing and ligating steps are as described above, the
reaction containers are combined as follows. This example is a synthesis of every possible
heteromultimer fusion protein assembled from four circular DNA starting reagents, each containing a
different module coding sequence designated as moduleA, moduleB, moduleC, and moduleD. For
instance, the resultant heteromultimers will ideally number 4%, and include moduleA-moduleB-
moduleC-moduleD; moduleB-moduleC-moduleD-moduleA; moduleC-moduleA-moduleD-moduleB;

etc. as well 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 IV and Cla I. The inserts released from the donor digestions are purifed to obtain four DNAs

12



In the simplest example of dynamic combinatorial synthesis, an acceptor

DNA reagent from the library of reagents according to the invention is
WQIR8sdmith Xma | and Cla I. A second DNA reagent is thenPEij@Spig6/060065

with NgoM 1V and Cla I. Additionally, a third DNA reagent, also from the

library, is digested with Xma | and NgoM IV. The second and third

digested DNAs are isolated such that the polynucleotide containing the

encoding gt SEONG i S DA FEROBHRE ORDLREN T (A RCADR B The

step is to mawneallifuwo tiffehost Witdatianswithdivh firseptud setienchieagenrigor container. Each

. becayse of its NgoM 1V.gnd Xma | overhangs, the resulting fusion prpiein
scceptor is R0 M Wt 05 iGN ok MATEHCA ot BolBtbCded f the cach
acceptor is examplendéfytiavoim crhibiradesial Syioibksim saiedy Esmekdangptegétrr wanted to make

multiple modules that have been cut with NgoM 1V and a | with first
roughly (g RHAT s g Rlenr S LA ESEa BB O N RHREILS e mumber of
moles of ewithdfiebe fmarliangs are@nrieated s gatpokitivdiyectibnilridotationsy affect the

occur wjth each module,.For i nce, if.five modules predige with .. .
mumber of R A U oy e R S G4 fmer fusions
are producealinealed, and ligated, each of the five modules WO

2007/076166PCT/US2006/060065 should be present in all possible

orders and orientations. Furthermore, the overall length of the "middle"
From the acegtioncofthieihginododetein will vary as well, since one or more modules
moduleA- rr%axlgg absent from or present multiple times in a fusion protein. FIGURE

%S4 non-limiting illustration of dynamic combinatorial synthesis. This

moduleA-nfiglireBepresents only a few possible fusion protein constructs that may
moduleA-nE%ﬁultegom the method. One skilled in the art recognizes that numerous

additional fusion protein constructs will result. In one embodiment, the
moduleA-nidaitldn encompasses a vector comprising each of the following

elements arranged sequentially to form a module open reading frame,

said vector comprising a) a first restriction site that codes for a first group
From the agfeptinmeiecidsygunerkilehe first group of amino acids comprises at least
mo duleB-Iﬁ}SV&fé'Rino acid_s; b) a firs_t open reading frame coding _for a p_olypepti_de_ of

Interest, wherein the coding sequence of the polypeptide of interest is in
moduleB-nfraivwleRvith the coding sequence of at least two amino acids of the first
moduleB-rl{§§H1i§_(Eion'Si_te; c)a se_cond restriction site that cc_)des f(_)r a secon_d group

of amino acids, wherein the second group of amino acids comprises at
moduleB-medstal¥o amino acids, wherein the coding sequence of the second group

of amino acids of the second restriction site is in frame with the coding

sequence of the polypeptide of interest of the first open reading frame,
From the aggvtwheeininiepatgilefeotide sequence of the second restriction site is
moduleC-nfiRhihe same as the polynucleotide sequence of the first restriction site;

moduleC-moduleB
moduleC-moduleC

moduleC-moduleD

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

moduleD-moduleC

13



d) a spacer polynucleotide sequence, wherein the spacer polynucleotide
sequence codes for at least three spacer amino acids, and wherein the
W@ athhg séefuence for the spacer sequence is in frame with th@CT/US2006/060065

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

th %[Sing sequence of the third group of amino acids of the third
mOduleD'n}%%I’E lon 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 ngt the s a nucle t|d uence of th flrs
Since the SIGEHHGh G UG AHIhe BTl S o BTl LAe AL are Giested wih e
predetermumbll)mst@ieﬁﬂﬂie@qmdﬁdfﬁh&lmeﬂmﬂm%ﬂm’ﬂ@mnsﬁﬂs WiObe added by repeating the

above st IRRETALER oA A AT Tork S THOHLTS BT PARATHD ARG pe userl fo

generating Bngthemdraiediohentrikaimvdntiooushniphisesimasastamiherénttied in cells.
elements are arranged in a 5' to 3' direction, wherein element (a) is at the
5' end of the vector. Another embodiment encompassesa vector of claim

Example $nhgraimit ecstdhentsaisnithaged in a 3' to 5' direction, wherein element

... (a)is atthe 3’ en oftr}gvect In.another bodlme t the in entl
tn addiion e LG e R R HTHNG & O\ BRrAB) TR in dymamic

combinatorihkesyhjertienwbiciaidiindsogeoperterbagingfrévere o"fimhmrwmﬂ;&nuﬂlaydoeﬁy Dynamic
z—icter Iorm mmfa\llan romoter. Other bod| ents encom
combmatona E 2 en

ot fnher con?prfselng S UAtseiaRsd rfg?d’ﬁr atis 371 the t;mﬁ_h ¢ same reaction
mixture andesmcabowmtb ton amethemdnifgatinentatheoieentiorn@rcom pasbeseursive methods

described afg v W eFer%'%fhere R0 BN Slige N ARU Al e S Shieadin ihe dynamic

ranied between the first an second Festriction groups occur in’eithe
method resilés firstiogesscoridggsirietion émekwiur@weﬂdefmddimmltaMthmmo particular

order. wm%%%r{wg‘ § &t %%tlﬁus?oﬁf %Qﬂ% L%%&Q B %MH@IE’&%@ B? ’HPJL%H‘ %o%les (analogous

igesting the vector from a Ove With restriction enzymes that recognize
to first and feecsecenadeadtms rbstirivtite Sited de't reatefaliméanaeptotemisiag fiegtable.
and second single-strandud overhang, wherein the first and second
overhangs are incompatible with one another;
In the simplest example of dynamic combinatorial synthesis, an acceptor DNA reagent from the library

of reagents according to the invention is digested with Xma I and Cla I. A second DNA reagent is then
digested with NgoM IV and Cla I. Additionally, a third DNA reagent, also from the library, is digested
with Xma I and NgoM IV. The second and third digested DNAs are isolated such that the
polynucleotide containing the ORF of interest is kept. The next step is to mix together, anneal and
ligate the first, second and third DNA reagents. Because the third reagent can anneal in two different
directions with the first and second reagents because of its NgoM IV and Xma I overhangs, the

resulting fusion proteins will have a "middle" with two different orientations.
Y

A more complex example of dynamic combinatorial synthesis involves mixing together multiple
modules that have been cut with NgoM IV and Xma I with first and second 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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b) providing a first insert, wherein the first insert comprise at least one
additional open reading frame, wherein the at least one additional open
Woeating &refme comprises 5' and 3' overhangs that are compalibEeRpIfe0065
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 yector, wherein the ligation of.the 5_overhang of the at le
should. be BSR4l RSP STdR e AR MDA AT, ST ad o g gneth of the
"middle" sdttetindahydotam phesaintietgation el tkn @ ovetrangrohibéudédernst baabsent from
nﬁeeg][o][llié\sg.fn;:llrglei::lrrl\n(;:atlsi r\1/vith the second single-stranded overhang of
near vector, and Whereih the ligation of the 3' overhang recreates the
third restriction site, wherein the first open reading frame at the at least

ne additional open,reading frames are ligated in frame wijth on other.
FIGURE 1 O R 160 s 6 O B0 PSR- oF g epresents
only a fewfpeisiblediypieptigdeteonyorisingtajidigesting die figateitlexpdsdioOneskilied in the art
recognizes [ATLSORNG IR Festiction. enzvines hat resogrize (e additional and the
gn recrea edr?ﬁlra festfiction sHed 1o Creatd®s fnearvé&iswith a third and
fourth single-stranded overhang, wherein the third and fourth overhangs
In one eml%ar 1rirr1]ecn gt%tﬁl\? %tok}loeqlecoammtrs]seersi Q)\}%r&\)/ idig Srio Orégc. Sefrtt Wl%gﬁ%@in elements
he second mser comprise 1885t e Addiid op%n reading frame, g
arranged seyirerigitithe firteastodeladpiioratiopehareadinig frectve compiisag 5' and
' h that ampatile with the third and fourth overhan
o) B S e R R et o of
anieastotecatitiscrad ipohspeptidenofantedest; c) ligating the second insert
' li r to for ew ligated ression vector, wherein the
b R B B S Kol saquence
wfthaipe mepisiegdé isteserd évlioVermarvg thfttvectiday segotmganifetdirathivo amino
jgadti ft ! .of the at least one open reading frame anneals
MR e P AR

sin d overhang of the linear vector, and wherein
c) trstigadiviokthm 3itevbeherdpsdoreatesntitegtioing o simdtivacsite, wiierizithe second

g%rﬁg%?r%ﬁﬂz{@ 0189 JSAMAS.8'8 1.0ANs é’%ﬁ‘iﬁoog&%f‘%&%ﬁrh?en%ﬁﬁ{% sequence of

ent, the invention encompasses a metho aking a fusio
pslypeptitierenpnpirasitigo acids of the second restriction site is in frame with the coding

0
or present I{he

sequence of the polypeptide of interest of the first open reading frame, and wherein the
polynucleotide sequence of the second restriction site is not the same as the polynucleotide
sequence of the first restriction site;

d) a spacer polynucleotide sequence, wherein the spacer polynucleotide sequence 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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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
WQRHE8LdNe single-stranded overhang, wherein the first and JEb§2006/060065

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

T T —

readiagnsngedes for at least one additional polypeptide of interest; e) ligating
the first insert into the linear vector to form a ligated expression vector,
wherein the WO 2007/076166PCT/US2006/060065 ligation of the 5'

In another engbiingf the ialleaRinoreppRbsreaviog fraftedntisatdcniththadiegtanged in a 5" to

, ... Single-stranded qverhan the, linear vector, wherein the ligation of the 3'
3" dirccion SAGETIE GITHE R fonch bR T ar AT G BB compassesa
vector of chiingletsiraindire dvernang-obthmfodar y8ttors atictvihereimthadigetiomofa) is at the 3’

the 3' overhang recreates the third restriction site, wherein the first open
end of the cht

a8fng frame at the at least one additional open reading frames are
ligated in frame with one another, Further embodiments of the invention

encompass a method of making fusion protein l\rlfAconstructs

In snother B A L A SSR0A PO LT TEADig promote operably

linked to thvhefepormehaagdntodntaiopan epding chding frihvewbintéeeshagnbe a bacterial or

mammalias), %%Ee'&gé CBt o) %gi?rge%%rggc:l%;ﬂgg%?gt xlisecﬂ[("J)l [ ﬁgchbe\f %t lr%?ﬁ:s%g an untranslated
predetermined restriction endonuclease sites, and wherein 2 of the

region thatpsedetehmihed sisdt@nsstompatible overhangs,

In another embodiment, the invention encompasses a vector wherein there are no restriction sites in any
of the open reading frames between the first and second restriction groups that occur in either the first

or second restriction sites.

In another embodiment, the invention encompasses a method of making a fusion polypeptide
comprising,

a) digesting the vector from 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;

¢) 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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b) digesting the first polynucleotide reagent with 2 different restriction
endonucleases that cleave at 2 of the predetermined restriction
W@aHEBAIekease sites, generating a polynucleotide with 2 differ&@6fl/US2006/060065
overhangs, c) digesting the second polynucleotide reagent with 2 different
restriction endonucleases that cleave at 2 of the predetennined restriction
endonuclease sites, wherein a polynucleotide containing an open reading

frame of.interest is released, wherein the releas olynucleotide has 2
G GRS I EN T G A HANGR At R s e
ligated Givériraa g,/ of the: patytheeleotide digested in step b), d) mixing together,

annealing, and ligating the poly-nucleotide generated in step b) and the
In areléhasechpodymectetitidercontainingoarpepes a eatting rfimekoigrtdnestngpolypeptide

co s,tle1 ), wherein a third polynucleotide containing a fusion of open reading
Pameeis generated, wherein a junction between the open reading frames

a) digedeneshislimiehgersssorpttbtertfraligestion with astriofithhecnzymes that recognize
ﬁ%dé)dgfﬁg%% SRd T etﬁel“grggttela lﬁrarl%%g‘%g{@ﬂns? i tme:etl %na ﬁl% t%gcgcor with a third
wherein sequences flanking the fusion of open reading frames of Interest
end taw thsitgiretstelrdinect iesgistieneditélse thithisnchéthod, dirgthangs are
P&g&u%lt?bqti%i[ﬁ'%ebaenc{ Celf_ljal‘ DNA. Furthermore, in this method, the first
and Second poTynucIeoﬂ es’ are circular DNA. Additionally, the

b) preveiiegninecbndstrietiowbitasmiiay deeomstogritionrspureeridesstamblgdditional open
1V |, and Cla I. WO : 065 T ' '
A WO G ISR T 05

thefiagolaiucteatidpapitdeivéd thetbipdgnd feptticedktiatges, thirerein each of the at
Nnucleat . iomal ) .

S AR e R OB

presveding first and second polynucleotide reagents, wherein each reagent

T

arhorindhsakigasivenfdhd Kinerehaz of the prissetonaioran shedintgfeme anneals with
ggm&ﬁ%&%g&%&%&& @e%gﬁg%@%@ﬁJyalxpe%%ﬁwg&g%ﬁs aﬂawgfgﬁe 3

fferent restriction endonucleases that cleave at 2 of the predetermine

aesiienarr € on detebereesings, geAomfliaga polgelacrébtibie firlpsingle-stranded
'@&&Hﬁ@@%@{ﬁf%%ﬁmr, 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.

In another embodiment, the invention encompasses a method of making a fusion polypeptide

comprising 4

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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c) digesting the second polynucleotide reagent with 2 different restriction
endonucleases that cleave at 2 of the predetermined restriction
WeaHsAeléase sites, wherein 1 of the restriction endonucleasBS TSUSRMGOaP065
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,

nnealing,.and ligating the polynucleotide generated in step b) and t
LT 0 o B S e eSO R i e st
sie sy tratieré overbairg pbiyoliatkeotidetcnainitig théugiaticof afrea Jeadidgng of the
frames is generated, wherein the fusia open reading fram f interest
R BB L DR A BT LA of the
betaeestiie adenheading:Taates effitie 2 sviatka s addrapretettrindmedriction site,

. restriction endonuclease sites, Anqther aspect.of the invention is a library .. .
whercir T AP BL AU IB RS ARG AR b UL RIED a6 e S Gpary lisaed in
frame wehdmgairather 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
Further embesiinictios sitds aneavinpatibbenpalis eanhtivtdesf ardking érsiorepaitcop&NA constructs
reading frame of interest lacks the predetermined restriction sites. More
Specifically, the library contains polynucleotides, wherein each
a) provpdymdoigotiot sarainpaynopkntidadicrgéramevbbiateresthardgeiteremtains an open

. ch open reading frame of interest is flanked @n one gnd by a.sequen
reading e B R e T et o (6 SR L apEecnC S IRC By at teast 3
predetemhiepdinestichtiope andauiclgayansidesf imdreshéscilarkent dhahpretbermenttd sites have

sequences cleavable by Xma | and Ca I, and wherein the open reading
compa qr%emogc%rﬁfﬁlt%%’est lacks sequences cleavable by NgoM IV, Xma | and Cla I.

b) digesting thedinihmalsoericondpassemt/eitbr? Gbfesrisingttivton iwulanadleases that cleave at

2 of th&ﬁ%’é&é%%ﬂ%% ARd:besh %%k&%ﬁ?&%&é@'ﬁ%??%@ﬁé?%rsaF' gﬁﬁhe%ﬁée with 2 different
shows a vector containing a chimeric protéin gene construct, wherein the

overhangspe construct is releasable from the vector as a unit useful for generating

c) digestr{ﬁgzcgggé%&mrﬁ?ﬁn&q o‘?bﬁgegﬁ%geﬁp%ﬁﬂed&?&‘égy%stﬁrc{{ %ﬁg&ﬁrcil%ases that cleave

from the’vector ne by restriction endonuclease dlgestlon.

at 2 of The petdeiseatinedsgenistionhaniinjediadenitcproriveiinof feigireisotideseontaining an
open re%gﬂt% ?fa&ﬁ% Hf"%ﬁ&?éh‘? i3 ?éfégsé‘a,” %EQ{ﬁntﬁqué}é%Qéﬁ %%%§1$Fﬁg%as 2 different

vector containing a gene construct of FIGURE 14A is a ul for _
overhangsnaierivhemasfestor dialwy erhamgsnie opimpesiblereigremoverhung edtungodfnucleotide
digeste&rlﬁ E'E@f)' ene are optimized for the host organism. Polynucleotide :
_sequenc s linked to the gene construct in FIGURES 14B and 14C include
d) mixigg tegaderitegraabnee endblinstiogabrinal i opttepeaticct anstrertd i#ne the released
polynuéig&!i@g@_r‘&fﬂﬁiﬁﬂfg 051?0%&? nl%g&?né: IGLRE dADRBWYS S’fVEQ&S_’rc), wherein a third
containing a chimeric protein gene construct useful for generating stable
polynugleqtigreeontaining a fusion of open reading frames is generated, wherein a junction between

comprising

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 I.
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WHAT IS CLAIMED IS: 1.A vector comprising each of the following
elements arranged sequentially to form a module open reading frame,

WA V6 comprising a) a first restriction site that codesKoTd/§i#8¢6/060065
group of amino acids, .wherein the first group of amino acids comprises at
least two amino acids; b) a first open reading frame coding for a
polypeptide of interest, wherein the coding sequence of the polypeptide of
interest is in frame with the coding sequence of at least two amino acids of
the first restriction site;  C) a second restriction site that codes for a

The method®EA géol'@fl)@c{téﬁmfé‘&ﬁgd&ﬂv ffleﬂsﬂéh@lﬁgwsgsgaqumﬂigmm aglgigein the first
ids, w

comprises at least two amino ac erein the coding sequence.of the
polynucleotigeprRy sty SarIie 5RIaSEh &S RBAPPSERNCOH SR LS TR -

the coding sequence of the polypeptide of interest of the first open reading
frame, and wherein the polynucleotide sequence of the second restriction

Additional gibesimeniereampas R pbhvtaskiag PERSR RD frSOPSLHSL Gomprising,

a) provg%i‘?l% ﬁrlsq)%@%%ﬁ@@dw%&%ﬁ&é?f&g%ﬁ%ﬁ,méﬂmm spageit contains an open
. ynucleotide sequence codes for at least three space-r amino acids, and
reading, fFensiAfigcEetiny SaisrtecrshRBcLisedin s R ?W?Péﬁ%me@ﬂé‘/ at least 3

predetcRANBYCIEQHIE R ABPRERSHE SREONA deKHEHAN Jtefamé pre@terthidd sites have
restriction site that codes for a third group of amino acids, wherein the

compatihl?opg%hﬁ%?a amino acids comprises at least two amino acids, wherein

b) digetheLOdingsepaencaaidbediitiorammafiaring asidiidthadbirkleases that cleave at
restriction site are in frame with the coding sequence of the at le

. ] st three. :
2 of thg B RIFTREPSEICE SR IOHe RIS 58 Lot SEA ien e BY BN Gide with 2
incomp@lictipmaiigds not the same as the polynucleotide sequence of the first

. restriction site and the third restriction sjte is. pot the
C) dlgegg}gﬁb% 1R55Rae g@q&gﬂ@gt&e reagent mth% 31&61’61‘1’( réss%rllg:%(?llls JIQC?OHUCIC&SGS that cleave

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
between the open reading frames of interest lacks said 3 predetermined restriction endonuclease

sites.

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
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the second restriction site, wherein elements (a) through (e) are in-frame

linked to one another to form the module open reading frame, wherein
WoREKTTakstriction site is susceptible to a restriction enzyme tRaTINS06/060065

produce a first single-stranded overhang comprising at least 2

nucleotides, wherein the second restriction site is susceptible to a

restriction enzyme that would produce a second single-stranded overhang

comprising at least 2 nucleotides, and. Whe({ein aid irspﬁ%q%second

IV, and whelRipeasiORFa BGIHBRARERTRY RBHE KiliHET RREPERIBH TS Sxriatiffyes cleavable

by Xma 1 ehthelirst and secesd avedipnotdiieditiresictiasrsieland theysetesdleavable by
restriction site are destroyed. 2. The vector of claim 1, wherein the

NgoM 1V, &%éﬁ&iﬂ?&ramged in a 5' to 3" direction, wherein element (a) 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, wherejn element, (a) is at the 3' end of the
The invenjgegipo enqerﬁwés?écwtsmmmﬂ%@ﬁ%éﬁ@%@ﬁ?@@ﬁfﬁ%ﬁst@ host cells
comprisingS@RCIREiHi@M the group consisting of a full length protein or polypeptide, a
protein functional domain, a protein structural domain, a protein enzymatic
domain, a protein inhibition domain, a protein binding domain, a protein
FIGURE 1ealization damaissanaiap epiaperic protein gene construct, wherein the gene construct

is releasable from the vector as a unit useful for generating transgenic animals. For example, the gene
construct, or transgene, is released from the vector backbone by restriction endonuclease digestion. The
released transgene is then injected into pronuclei of fertilized mouse eggs; or the transgene is used to
transform embryonic stem cells. The vector containing a gene construct of FIGURE 14A is also useful
for transient transfection of the trangene, wherein the promoter and codons of the transgene are

optimized for the host organism.

Polynucleotide sequences linked to the gene construct in FIGURES 14B and 14C include genome

integration domains to facilitate integration of the transgene into a viral genome and/or host genome.

FIGURE 14D shows a vector containing a chimeric protein gene construct useful for generating stable

cell lines.
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5. The vector of claim 4, wherein said polypeptide of interest is a protein
localization domain. 6. The vector of claim 1, wherein said first
restriction site comprises a polynucleotide sequence recognized by the
NgoM IV restriction enzyme. 7. The vector of claim 6, wherein the
second restriction site comprises a polynucleotide sequence recognized
by the Xma | restriction enzyme. 8. The vector of claim 7, wherein thee

third restriction site comprises a polynucleotide sequence recognized by

WhHT éﬁaqlrégmgt%ﬁsenzyme 9. The vector of claim 8, wherein the

spacer polynucleotide

1. A vector comprising each of the following elements arranged
sequentially to form a module open reading frame, said vector comprising

a) a first restriction site that codes for a first group of amino
acids, .wherein the first group of amino acids comprises at least two amino
acids;

b) a first open reading frame coding for a polypeptide of interest,
wherein the coding sequence of the polypeptide of interest is in frame with the
coding sequence of at least two amino acids of the first restriction site;

o) a second restriction site that codes for a second group of amino acids,
wherein the second group of amino acids comprises at least two amino acids,
wherein the coding sequence of the second group of amino acids of the second
restriction site is in frame with the coding sequence of the polypeptide of
interest of the first open reading frame, and
wherein the polynucleotide sequence of the second restriction site is not the
same as the polynucleotide sequence of the first restriction site;

d) a spacer polynucleotide sequence, wherein the spacer polynucleotide
sequence codes for at least three space-r 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
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sequence codes for three glycine amino acids. 10. The vector of claim
1 further comprising a promoter operably linked to the 5' portion of said
module open reading frame. 11. The vector of claim 10, wherein said
promoter is a bacterial promoter. 12. The vector of claim 10, wherein
said promoter is a mammalian promoter. 13. The vector of claim 10,
further comprising an untranslated region that is 3 to the third restriction

site. 14. The vector of claim 1, wherein said first open reading frame is
themipreadtas Hajirrstito sdiarsdrsiemestidaothsragh (e 5repg- lgpked

to OAM JoyBets iR sRidHirshoRgR: rgﬁg{ﬂ%&ﬁ\%eﬁsdﬂ%t immediately adjacent

to said second restriction site. 16. The v&ctor of claim 15, wherein at
leastdreraddhiofiab opsrreading tamelis apserte ddbe teserc thm firsy ppenthat

reading frame and the second restriction site, wherein each of the at
WOSHET SHERGhe Bsert Ay e R hbRe SO Ehe dhejcast 2
nu@&%ﬂiﬂ“e%giﬂ@lé&%{ﬁetﬁe%%ﬁ%%@%ﬂcgﬁe 9§0éifbc%ﬁﬁble WherelBriction
each of the additional open reading frames codes for at least one

enagditomal puiwépritedotintersssiond single-stranded overhang comprising at

least 2 nucleotides, and
wherein said first and second overhangs are complementary to one
another, whereupon the annealing of the first and second overhangs, the first

restriction site and the second restriction site are destroyed.

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

3’ direction, wherein element (a) 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 (a) is at the 3’ end of the vector.

4. The vector of claim 1, wherein the polypeptide of interest is
selected from the group consisting of a full length protein or polypeptide, a
protein functional domain, a protein structural domain, a protein enzymatic
domain, a protein inhibition domain, a protein binding domain, a protein

localization domain, and an epitope.

5. The vector of claim 4, wherein said polypeptide of interest is a

protein localization domain.

6. The vector of claim 1, wherein said first restriction site comprises

a polynucleotide sequence recognized by the NgoM IV restriction enzyme.
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17. The vector of claim 16, wherein there are no restriction sites in any of
the open reading frames between the first and second restriction groups
that occur in either the first or second restriction sites. 18. The vector
of claim 17, wherein the vector comprises at least two open reading
frames. 19. The vector of claim 18, wherein the vector comprises at
least three open reading frames. 20. A method of making a fusion
polypeptide comprising a) digesting the vector of claim 1 with
restriction enzymes that recognize the second and third restriction sites to

create a linpgl veglarwithra firghand secaprhaingie:stapdsd QRIRRIGn site

wherein the first and second overhangs are incompatible with one
coanpiles; a pb)yprovidingla firsgueser, veoegiivte figsttinseKmamiprisstattion

least one additional open reading frame, wherein the at least one
“NZ¥ditional 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
polyBeptidelbEintstiestoanthim 7, wherein thee third restriction site comprises

a polynucleotide sequence recognized by the Cla I restriction enzyme.

9. The vector of claim 8, wherein the spacer polynucleotide

sequence codes for three glycine amino acids.

10.  The vector of claim 1 further comprising a promoter operably

linked to the 5° portion of said module open reading frame.

11.  The vector of claim 10, wherein said promoter is a bacterial

promoter.

12. The vector of claim 10, wherein said promoter is a mammalian

promoter.

13.  The vector of claim 10, further comprising an untranslated region

that is 3 to the third restriction site.

14.  The vector of claim 1, wherein said first open reading frame is

immediately adjacent to said second restriction site.

15.  The vector of claim 1, wherein said first open reading frame is not

immediately adjacent to said second restriction site.
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c) 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, wherein the ligation of the 3' overhang recreates the third

restriction site, and wherein the first open reading frame at the at least
one additional open reading frames are ligated in frame with one another.

21. e mefipad of glaim, 2Q uherer) the, irshingeriddiinghCOMRARBRA open

least one additional spacer polynucleotide sequence and comprises an
reatidigidnahe strictsen sitethatcisrebo gnize dimn thendamgefresteictioh thitesecond

that recognizes the second restriction site. 22. A method of making a
TeHILHIOBSKNpeptide comprising  a) digesting the ligated expression

vectQrfelaineh, MtlﬂH@SCH_i(PQQﬂ %M%ﬁﬂeaﬁgﬂi%éﬂﬁ@dﬁﬂiﬁ@@'_is in
and the recreated third restriction sites to create a linear vector with a third
fraane foubttbethgleestistidepcovieiting, whereimechéthivecand fssktction group,
8verhangs are incompatible with one another; b) providing a second
an : ; : "
Insert, wherein the second insert comprise at least one additional open

readipgeif@imeavineraincthedtinagt oneadditianarapen NgIraMRast one
comprises 5' and 3' overhangs that are compatible with the third
additional polypeptide of interest.

17.  The vector of claim 16, wherein there are no restriction sites in
any of the open reading frames between the first and second restriction groups

that occur 1in either the first or second restriction sites.

18.  The vector of claim 17, wherein the vector comprises at least two

open reading frames.

19.  The vector of claim 18, wherein the vector comprises at least three

open reading frames.

20. A method of making a fusion polypeptide comprising

a) digesting the vector of claim 1 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,
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and fourth overhangs, wherein each of the at 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

overNAEHR HE 1 daAVeR6r it i rgdfisniBEtHe BovampRiiges S and
3’ r%é?ﬁ%%ﬁ%&b ‘é%r‘ééﬁﬂ%%%ﬁt%ﬁ{‘ﬁq\é”}ﬁfﬁiaﬁﬁesé‘ﬁo?ﬁlﬁ‘w&%%gs‘ffwﬁéfein

are in frame with one another. 23. A method of making a fusion
eaplolyppeptide dompusiagidditiah diggstingethd vediomoé Claiae8 Wwithat least one

déestrict'on f?Té?nge thﬁ recol%gize he second and third restriction sites to

AdgiHonRAL RNERFREER PN second single-stranded overhang,
Whe@"‘lf@@tﬂ{%t ﬂ@_?&%@ﬂﬂ_&%rmﬁlﬁeliﬂ%ﬁ%ﬁ%@ withepg a ligated
another; b) providing a first insert, wherein the first insert comprise at

exjgassiomevadtitional open reading frame, wherein the at least one

additignal open reading fr camprises 5' and 3' overhangs that are .
om e F e S R T L S Pt geadine

frdersheneapdditinnatapen deadingiines codesiier ot Irastae adsisional
polypeptide of interest; )
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,
wherein the ligation of the 3* overhang recreates the third restriction site,
and

wherein the first open reading frame at the at least one additional open

reading frames are ligated in frame with one another.

21.  The method of claim 20, wherein the first insert further comprises
at least one additional spacer polynucleotide sequence and comprises an
additional restriction site that is recognized by the same restriction site that

recognizes the second restriction site.

22. A method of making a fusion polypeptide comprising

a) digesting the ligated expression vector of claim 21, with restriction
enzymes that recognize the additional and the recreated third restriction sites to
create a linear vector with a third and fourth single-stranded overhang, wherein
the third and fourth overhangs are incompatible with one another;

b) providing a second insert, wherein the second 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 third
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c) 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, wherein the ligation of the 3' overhang recreates the third
restriction site, and wherein the first open reading frame at the at least

and OWRifYRENYMEN ehetipt) rrartbelatRaighleasinapsmd iR RABFRAdING
fra%ﬂef\:'&?é@?Qroit%%fyﬁ@&lﬁéﬂtﬁi%d ﬁ%ﬁg&%‘&fq}ﬁé}%@wismg’ a)

providing first and second polynucleo ents, wherein each reagent
contajnsgninpehaeadinylfianeet ahiatehestirarad whergincetmmoperew ligated

reading frame of interest is flapked by af. least 3 predetermined restriction
XIS LB SR TG JRTHETT L (hEc A oGl oAt least one

op%ﬁd%!iéﬁi?g?%a?ﬁe ISfHSASPHRIR the @ﬁ%ﬂcﬂﬁ&i‘éﬁﬁ'ﬁk?d@lﬁtd’\é@%ng of the
~ produce afirst single-stranded overhang comprising at least 2
lingatleetioes, wherein the second predetermined restriction

endonuclease site is susceptible,to a restriction enzyme that would .
orodts 5 Bo i SHbIS Sl et SVSTHARS ooy B 1 aen reading
frati€eate s, vt the fourth single-stranded overhang of the linear vector,

wherein the ligation of the 3’ overhang recreates the third restriction site,
and

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

23. A method of making a fusion polypeptide comprising

a) digesting the vector of claim 8 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 ligation of the 5° overhang of the at least one open reading

frame anneals with the first single- stranded overhang of the linear vector,
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wherein said first and second overhangs are complementary to one
another, whereupon the annealing of the first and second overhangs, the
first restriction site and the second restriction site are destroyed; b)
digesting the first polynucleotide reagent with 2 different restriction
endonucleases that cleave at 2 of the predetermined restriction
endonuclease sites, generating a polynucleotide with 2 different
overhangs, . c) digesting the second Eolynucleotide reagent with 2

whiifdfeHiTditatitth dndisnd creusdantapt Bif ates raRe pRsdetermip@drame
anfRIFIIOM SRAQBUARASH SHIE S WHNRIGI0\R RRINE UAIGRLGE CONtURIng an

open reading frame of interest is released, wherein the released
polymutteatid & &ig 2 differetitco¥ e thanmban gndosdetesinhert@iofl thestriction site,
verhangs is compatible with an overhang of the polynucleotide digested
ana] step b), d) mixing together, annealing, and ligating the

polygugleaiidgganciatpd ineirrf) AacthihareiRasebRAHCISI¥Rnal open

containing an open reading frame of interest of step c), wherein a thir
regbyplisieatidaredigainthp dfusionvofopen aeadiay 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 predetermungrdl restrialiansitesoapdotei DRI AIR SesHensas iankiigs,
the fusion of open reading frames of interest contain the 3 predetermined

restridtipfositesng s, g revrd orbaHs EotidRersngamésiirstherein each
refﬁéﬁ?%ﬁ?@ﬂ@ iincga‘ig@{?‘rl%%ﬁ frafie! O 'ﬁ&l?é'i’%?\]oll&?i{l}‘h%i‘ei‘{‘{hgégf{‘ open
the first and second polynucleotides are circular DNA.
reading frame of interest is flanked by at least 3 predetermined restriction
endonuclease sites,

wherein the first predetermined restriction endonuclease site is
susceptible to a restriction enzyme that would produce a first single-stranded
overhang comprising at least 2 nucleotides,

wherein the second predetermined restriction endonuclease site is
susceptible to a restriction enzyme that would produce a second single-stranded
overhang comprising at least 2 nucleotides, and

wherein said first and second overhangs are complementary to one
another, whereupon the annealing of the first and second overhangs, the first
restriction site and the second restriction site are destroyed;

b) digesting the first polynucleotide reagent with 2 different restriction
endonucleases that cleave at 2 of the predetermined restriction endonuclease
sites, generating a polynucleotide with 2 different overhangs,

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,
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27. The method of claim 24, wherein the predetermined restriction sites
are recognition sequences for NgoM 1V, Xma |, and Cla I. 28. The
method of claim 24, 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). 29. A method of making fusion
protein DNA constructs comprising, a) providing first and second
polynuclecotide reagents, wherein each reagent contains an open reading

fram¥ et tiFiRrdRE, ARFIRErdIN VAR ISPEA eRaMd frdiHEGintYsshiges, and
wilgdigddpeatlpaicl RIRARGINNGS ERHIGHORIEnIANK RSB Rifiing of the

wherein the first predetermined restriction endonuclease site is
posyscelatibidetal @ esstdatianegnizyme that would produce a first

single-stranded overhang comprising at least 2 nucleotides, Wherein

the SDcBIBre REER TNt PEaI R Bo TKHERERALe Bl lreifrieneraed
in 'Q8H iBtj%&’iHWP@léB?édV?Hi?Iﬁf&%ﬁ%i@ &?Mﬁﬁg@{? @ﬂ?@ﬂiﬁl\geﬁlﬁﬁe of

comprising at least 2 nucleotides, and wherein said first and second

infgveshahgsa® complementary to one another, whereupon the annealing

of the 3% seond YerRRgs e fishesieton gt and e secondyy
restriction site" are d%s?ro?’edl, t digestihg the first paihutiedhige g

frgﬁe@gqgtgwﬂagtg(ﬂtferent restriction endonucleases that cleave at 2 of the
predetermined restriction endonuclease sites, generating a polynucleotide
with YhiseimphtBRedoarkghysen the) aipstisgdiesEcomes polyitieisstide no

ith. 2, differ Icti o] a Ve t
o e R el HE e 3
prafstionudtesses is ddenticiat spamdestriction endonuclease of step b), and

wherein sequences flanking the fusion of open reading frames of interest

contain the 3 predetermined restriction sites.

25. The method of claim 24, wherein the first polynucleotide is
circular DNA.

26. The method of claim 24, wherein the first and second

polynucleotides are circular DNA.

27.  The method of claim 24, wherein the predetermined restriction

sites are recognition sequences for NgoM IV, Xma I, and Cla L.

28.  The method of claim 24, 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).

29. A method of making fusion protein DNA constructs comprising,
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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
predétePinRiEstictioAnsiescand PONRBFERUGRINGRSS HsnwBRHE each

reé’gﬁe‘?{ﬂ 'eadingdrames,ehintergstdagkaRAige3 predgtermined KERYICIORL open

endonuclease sites. 30. Th€ method of claim 29, wherein the first
reqlilyguttentidefisioicoeldr BNanked3byThe leethdd pfalatori2®edheesiniction
ent OenLirC te gsrleds?t%%?nd polynucleotides are circular DNA.

wherein the first predetermined restriction endonuclease site is
susceptible to a restriction enzyme that would produce a first single-stranded
overhang comprising at least 2 nucleotides,

wherein the second predetermined restriction endonuclease site is
susceptible to a restriction enzyme that would produce a second single-stranded
overhang comprising at least 2 nucleotides, and

wherein said first and second overhangs are complementary to one
another, whereupon the annealing of the first and second overhangs, the first
restriction site and the second restriction site are destroyed,

b) digesting the first polynucleotide reagent with 2 different restriction
endonucleases that cleave at 2 of the predetermined restriction endonuclease
sites, generating a polynucleotide with 2 incompatible overhangs,

c) digesting the second polynucleotide reagent with 2 different
restriction endonucleases that cleave 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,
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32. The method of claim 29, wherein the predetermined restriction sites
are sequences cleavable by NgoM IV, Xma |, and Cla I. 33. The
method of claim 29, 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).

wherein the fusion of open reading frames of interest is flanked by said
predetermined

restriction sites, and

wherein a junction between the open reading frames of interest lacks

said 3 predetermined restriction endonuclease sites.

30. The method of claim 29, wherein the first polynucleotide is
circular DNA.

31. The method of claim 29, wherein the first and second

polynucleotides are circular DNA.

32. The method of claim 29, wherein the predetermined restriction

sites are sequences cleavable by NgoM IV, Xma I, and Cla I.
33.  The method of claim 29, 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).
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