TARGETED Lt f-SPLI CI NG OF H GHLY ABUNDANT TRANSCRI PTS FOR I N VI VO PRODUCTI ON
OF RECOMBI NANT PROTEI NS SPECI FI CATI ON RELATED APPLI CATI ONS The present

appl i cat iwo 20écai4pm2benefit under 35 U.S.C. 119 to U S. rPrasceisosabs Pat ent
Application No. 60/617,324 filed on October 8, 2004 the disclosure of which
is hereby incorporated by reference in their entity. The present
application also clainms priority to U S. Application No.|l 1/141,447 filed

May 31, 2005 and U.S. Pat. I iled
January 21, 2005 and corresp(‘)zﬁg%(ﬂ *ﬁ%ﬁ%ﬁﬁéﬁﬁgﬁiﬁﬁ‘%ﬁgﬁﬁ%‘;g filed
January 21, TRASSCRIETSIFOR 106 VINE® PROBHCTHONQF RECEHBINANTRROTEIN DY

ref erence i n their entireties. FIELD OF THE I NVENTI ON The present invention
provi des net hods and conpositions RIEF ng novel nucleic acid

nol ecul es through RNA trans-spli C|§nlsg]j‘r t%at tlgyget abundant |y expressed
precursor nmessenger RNA nol ecul e (target pre- nRNA) and contain the coding
sequence of a protein or polyp .S The corrp05| tions of the

i nvention include pte-transsplicing nolecules gned to interact
with thé target pre- %Rmse%ﬁwlmwwabﬁmﬁh@dgmv |$é3 r§e1a 9 H: resulting

in the gengrafiAm l‘%ﬁen@APﬂ%ﬁhorﬁbé rE@%‘l‘? 3%8&'@}1 Bridbs & S004ME biscIENA) orcapabl e

of encoding a protein or" polypeptid interest. In particular, the target
pr e- TRNA |szhachmwyomcoumaé¢dqbyp\e€erw theprantip ' The Peesertt apisationabsetdams i s t o

devel op 1N pMbt9s %dxfs@&c%oﬁ% ?i‘/'lﬁ'?“ﬁl%aﬂ 9604 ﬁat@@rrﬂrtémgglaﬁ&yences

that encodB® ern ide of I1nterést t nma
t her apeut i Senaili\lagrﬂd@tll,lc%oﬁled Mum’rZilaZOOE apbeormgsroading PQTMICainn Mol from

whi ch Qv. gfg%s@e?%fﬁféd ?auae 08%nl asay;uhas% Hidh Sre LR ﬁyg{cgae&ed'ugyen“ on

al so p arge scale pro uctlon 0 I ns
pol ypepti dﬁerafcemnmeirestiretle'ﬁhe conpositions of the invention further include
reconmbi nant vector systens capable of -expressing the PTMs of the invention

and cells expressing said PTMsgp @O%%ﬂﬁﬂnbﬁe i nventi on enconpass
contacting the PTMs of the inv ik get pre-nmRNA under

conditions in which a portion of the PTMis trans-spliced to a portion
of t he target pre- nR\heeesensinvieatiqnirdgsenatheds asl oappgtionsfer geRIn%expr ess a

protein or novel nucleic acid molecules through RNA trans-splicing that target abundantly expressed

15  precursor messenger RNA molecule (target pre-mRNA) and contain the coding sequence of a
protein or polypeptide of interest. The compositions of the invention include pre-trans-
splicing molecules (PTMs) designed to interact with the target pre-mRNA, and mediate a
trans-splicing reaction, resulting in the generation of a novel chimeric RNA molecule
(chimeric RNA) capable of encoding a protein or polypeptide of interest. In particular, the

20  target pre-mRNA is albumin or casein pre-mRNA. The purpose of the invention is to
develop in vivo production of chimeric RNA molecules comprising sequences that encode a
protein or polypeptide of interest that may be of therapeutic, diagnostic or industrial
importance in a host animal from which the protein can be recovered in bulk amounts. The
present invention also provides methods for the large-scale production of proteins or

25  polypeptides of interest.

The compositions of the invention further include recombinant vector systems
capable of expressing the PTMs of the invention and cells expressing said PTMs. The
methods of the invention encompass contacting the PTMs of the invention with the target

pre-mRNA under conditions in which a portion of the PTM is #rans-spliced to a portion of



pol ypeptide of interest. BACKGROUND OF THE | NVENTI ON PRODUCTI ON OF LARGE
SCALE RECOVBI NANT PROTEI NS Reconbi nant protein production technol ogy

provi des wonoédnaz2gener ati on of |large quantities of protecmdsesosfossaesi on and
structure analysis, industrial uses, drug design, diagnostics, therapy, and
vacci nes. Manmal i an and insect expression systens have been enployed to
produce bj o] ogi cal | tiLve recombi r i i r rpod of tinme
W th ni oy rarbEe ity TR S SR ERREKNL hoRe b Ml Boul oBrd ShlollRoL 02 P11 ¢
condi ti onslypapeieldeaneréstui tful in | arge-scal e production of reconbi nant
proteins. Transgenic dairy cattle and transgenic goats offer alternatives

to bioreactors as a high ﬁ%k%ﬁﬁ{ b3S LE" RiigRNt proteins. Reconbi nant
proteins of interest are expresézg&rnJ%ﬁE—%S&%;U%;ghese transgeni c ani mal s,
whi ch can be coll ected and harvested for the reconbi nant protein of

i nterest. CattleIﬁﬁﬂlﬂ@ﬁﬂﬂi@FdﬁﬂKﬂﬁSGALEWEKKHWBHVANTWRﬁﬁﬁﬁﬁéars and are
capabl e of producing large amounts of proteins in their mlk, whichis
conpargbl e to the M&ngﬁeéwﬁ&cﬁ& RERLRAS bRIvRles foRtHel Bn&@NVFPT €SS
conpl ex proteins that cannot be produced econom cally by cell culture.

Lar ge- scabrge gnantities ¢fprotein fordinesiph end siaptapsanalyss, prdysiaphses, gdiugrlesigiaxi bl e

scal e-up {9, £ Oner e aARLta an8 ASES eAeksiohS¥Seri Bveb&q Possi bl e.
Cattle a#ggﬁfgggghgéigggt cé@%@&g%ﬁghggﬁ?ge ofe%gcgnbigi%t pXoteLns or

pol ypept i awgdoyeli to pradizk divlogiallyrastive agsombmantfpretoing ineashort pepidcpidmevtithcul es

t hat cannot, be .preduced effici - I t re al so

pot ent | al HSE P RAREop Gp e B e R ot B ATRb R ons R R, 2

pr ot eilns fBehlda&sgr-gcele@rodattion dftabmbmhntiph@eias.t i n t he producti on of
transgenic goats. Reprod Fertil Dev. 2004, 16:465-70). CGoats have been
shown to express vafl - ' | Lo ok Kefer atE eI 08 bibBi®ds & 1 A,
human growt h hor mﬁéaﬁg#ﬁgﬁa?%?At@e;?dg(’;{rraﬁm%%hf,gﬁ%g%]ﬁ %rﬁr_or%gﬂ? 1t ssue

pl asnmi nogelglaeslimatorce ddmetombinantiproteiny pRécombiBantpyoteinTofantcrgetwres, f or
exanpl e, has exprgsse er 14 proteins. i Q. Lr j { ater than
g/ L of n‘?fo?SS(eaé? s 1%_0? £8e Uags %eé’%c%f%%s’o I%hﬁgggggﬁu{eﬁgg%?do gi% %\tg(gﬁo(r?om

t r ansgeni the ssaombinsnt pRitéiBubinteess , Cattlbran produ@0d/er 9499.160s 6ZmillPpéd ySPs and NG DNA

SeqUGPSC esaré Qapta go }t]rro &?nsg gr‘?ge %‘ﬁ&rﬁsr 0 psrgtglln? Fthéil! ;[m k,p\{f}ﬁéhnﬂs?cl‘om“spé[rﬁ% to the

amounts generated in bioreactors. Cattle can express complex proteins that cannot be
produced economically by cell culture. Large-scale production of valuable therapeutic
proteins, with flexible scale-up and significantly lower capital costs and risks are also
possible. Cattle are also a safe and renewable source of recombinant proteins or

20  polypeptides. It enables the manufacture of complex or unique molecules that cannot be

produced efficiently by any other method.

Goats are also potential host animals for the production of large scale
therapeutic proteins (Baldassarre et al., State of the art in the production of transgenic goats.
Reprod Fertil Dev. 2004, 16:465-70). Goats have been shown to express various proteins in

25 their milk, including, inter alia, human growth hormone, insulin, spider silk, antithrombin III,
tissue plasminogen activator, and al-antitrypsin. Genzyme Transgenics, for example, has
expressed over 14 proteins in transgenic goats at greater than 1g/L of milk (Rathin C. Das,
Production of therapeutic proteins from transgenic animals. BioBusiness, February 2001,

pp-60-64).



contain coding regions (exons) and generally also contain intervening
non-codi ng regions (introns). Introns are renoved frompre-nRNAs in a
preci se pwvoeesw4enbkl ed czs-splicing (Chow et al, 1977, eelrlusi@sbs@z4 and
Berget, S.M etai, 1977, Proc. Natl. Acad. ScL USA 74:3171-3175). Splicing
takes place as a coordinated interaction of several small nucl ear

ri bonucl eoprotein particles (snRNg'Fggsﬁquﬁ@ny protein factors that

assenble to forman enzymatic co as the spliceosone (Moore et
al, 1993, in The RNA Wrld, RF. GCestland and J.F. Atkins eds. (Cold Spring
Har bor Labor at ory E?I@tswu@medmsm ¢higmesamig gre, tramscyibyd inky prewiRNAOHS.  Annu.

Rev. Bi OCQoenrt%uP_lcc?dS Fﬁ rggloﬁlsoémn%} (ﬁ\%neq'ﬁ a%btclamaﬁl mtl:r%gﬁin g&l Lod?ré rﬁéﬁw326) In

nost cases feact urs wthin the nol ecul e,
whi ch is tiettorsl lefrerssyd nemlomgl ﬁcﬁpbxeenngbetwwwsetmeSmHgbﬂMtChg

transcgib re i [ uy e

7ra"s- épl f(gloﬁ"getmi’r et”tlgl lgg’ogérhe FRJtI r yp[;t%ggé%% (\}gg '{cad% : oot hroyd,
1986, Cel 14:377715275). plipiny takes plhce,as i@&ﬁrdmﬁedl Intefattibd 6} seaerdl snablsecjeent |y in
nemat odes

use & Hirsh, 1 Ce 9: 753) kovic et al.
1990, Pr oEgo’Nﬁ oprote H?C?eééﬁf’%%é&,) a’éif"@g'}’éowlﬁeﬁiftosrs @?y\%?enﬁ’iéggd)mﬁ Bi ol .
Cheml 270er&$'811ld 3 conijfllex ﬁoﬁh&ﬂthe@blﬁ@ﬁ%ﬁﬁdMoﬁre(&/ﬁl ,8R9%Btin The RNA%&r,ld RibC.
Nat'l. Aca ScL USA 94:553 t he rasite Trypang al I nRNAs
Nequi T e aoelendend Bhduking o) (CldrSrane Hreier Lebory e GRS PPARELLERc: ng. "A &
| eaden o SeQULRGGamsr, IBOALKAREY. BChER, 65870403081y eiESuthtle, Jags)@eltabdi ti s
el egans. This nechanismis appropriate for adding a single conmbn sequence

to many dP¥BETEHY- transcripts. The mechani sm of splice Ieader
/rans-splicing, which is nearly identical to that of conventional

crs-splicing, procagémsiasesf MOsRBgRERIM odciRather the easipronRNAThe fir st
causes the formation of a 2'-5' hosPhod ester olﬁfe $rod Ci ngrﬁ Y' shaped
1 B (i €d p

br anched F‘l‘?!eé\‘lﬁ’e‘ﬁlil%ﬁ’éter@ﬁﬁf”&é? g BIPRR ‘T“XF‘?“&H’VO‘ re-

cwsplici gRNANE te?rﬁ&pﬁ‘&jnsrsﬁﬂ@ihg O('See ﬁgﬁe 1) T;gz@:k biflitinglWa8 Giegt dfsc@reldfin
conventional c/s-splicing on %ences at the 3 ‘Pl ice site and

some & t HEPWATRRIDS (Q‘H@t‘ 8{:%?%\‘&‘!‘% 19% Cell é7§ pYsehng of- e L80; Rl 47 1dkel y

resenbl e LheiubsdgRiHA ?% Rk dtSdel (m@hgé%imrgh QY8 el QD: n513) ﬁ_zi’tatﬂﬁnsS(ththBgt may
also refer to a d| erent@Frocess where an i ntron pre

i nt er act s ahi 1OA0.do¢. Marbricask Sei. EEFTFEP: davivapa! éﬁ%ﬂcfl‘?’ﬁb C?‘P(é 47986%’&) nati on
f"; : E'S' ggl Iﬁﬂécf ﬁglmﬁmﬁ%n&mm@&% nE 1 1997 p,RE Qa0 SdiNt84 9¥-863)01n the
parasite Trypanosoma brucei, all nRNAs acquire a splice leader (SL) RNA at their 5' termini
20 by trans-splicing. A 5'leader sequence is also trans-spliced onto some genes in
Caenorhabditis elegans. This mechanism is appropriate for adding a single common

sequence to many different transcripts.

The mechanism of splice leader trans-splicing, which is nearly identical to that
of conventional cis-splicing, proceeds via two phosphoryl transfer reactions. The first causes
25  the formation of a 2'-5' phosphodiester bond producing a 'Y' shaped branched intermediate,
equivalent to the lariat intermediate in cis-splicing. The second reaction, exon ligation,
proceeds as in conventional cis-splicing. In addition, sequences at the 3' splice site and some
of the snRNPs that catalyze the trans-splicing reaction, closely resemble their counterparts

involved in cis-splicing.

30 Trans-splicing may also refer to a different process, where an intron of one

pre-mRNA interacts with an intron of a second pre-mRNA, enhancing the recombination of



postul ated to account for transcripts encoding a human i mmunogl obulin

vari abl e regi on sequence |linked to the endogenous constant region in a

t ransgeniwormesaa2133hi m zu et al, 1989, Proc. Nat'l. AcadcT®skooslBés436: 8020) .
In addition, r WS-Sp| icing of c-myb pre-RNA has been denonstrated (Vellard,
M et al. Proc. Nat'l. Acad. ScL, 1992 89:251 1-2515) and nore recently,

RNA transcripts .fromcl oned pl wer e detected
in cul tursggcecgétfﬁ REEEen TR &9TYER loélxtp&%c lfsEl—Jﬂll.l %ec?p ‘1%'%%83@&5\7%0 J.
14: 3226) .poktalaed s accout tﬁcrraﬂahgcnpts(enmdmugg human smmphdghibnln wdriabkgregén an

prenRNA5|sto arare vent( J. Biol.
Chorn i rieatenge ITEA oyt endaahal ofo i itont s S Soul SRimia LR
t r ans- spli9g9y,god ams'haeni. S&eUS286:8020ndml addiyien,erant-splexgmifoenybhyge-Rdhani sm of

splicing by several ar sk 71

Sol ni ¢k, hpdhesn d@%P‘FStrgtﬁgﬂéla %ﬁ?éf%{ % Oﬁdg‘ﬂ? “%@@ég ’ﬁa?tg 955 E%ﬁ Ségg %Pas man and
Garci a- B:rﬁd}Q%cerélt (9)§NA]|:ﬂHﬁ/|s@i ps flAﬁm dgnela@almozﬁhni@a&)ed toRaals otharbdgre éétédlt?dz]N:Agnt
Araws- spli ci ng o of c/s-spliced anal g a ween

capabl e d cHaged gsHs #dycled eégeqﬁs Guhege 7 bj ‘\“9%8 gg“%@@ E@f’vei’eét hered by
base pai rjafai¥aRcdrihd D@rfs-s@h&ﬂl@bﬁﬁﬂﬂmﬁi’m%ré ﬂnms 1§)fhoﬂ,éht td¥eBrtreleRenti t 10
transsplicing reactions not requiring obvio i nteractions anong

t he subst(Flﬁ’Pé@t Guest &, 308%f Bidd Gherching: &- @%e%@z(Jlgg’SCh%gUr@S%'% 10),
Bruzik IP. & Maniatis, T. (1992, Nature 360:692) and Bruzik J.P. and
Mani afoi s, T., (1995, vifs Bens-dpating hasheasluseSad a hiSdel SPstehd iofexdMBR Yhe These

reactions occur at relatively |ow frequencj

el enent s, meshaHsma ef PligipaAY ssveizhgrgupsdfrparekasy gg‘"‘ lgégctfrq??fc éﬁ?qgfhgnﬁ hancers.
I'n addi t i85 t@sRl1i5¢] CitardBCRSA ﬁsms NawR! 3755300 Hasmdt AdicgcioBlanty, twsm e
proteins to the precursor nMRNA  whi ch_then act to correctly cut a

RNA, a t HVLfC(flfrvé@ﬁfa@ﬁS% m&bmﬁégonew effisniiens;sBlicing g 0dr ofcesPhsea 2 °$)Jh
intron itgelthield b@mten RN@\stcgﬂamEd)f bak dhi¥ink G BMNMEY, §lR S HNAJ RRZYMES. The
cl eavage activity of ribozynes has been targeted to specCific RNAs by

engi nider itetherad by Base paiting wobturtherdimingshed byegyfastar ofklo Qthgs it e ##HE. Upon

hybri di z 118F%;e9cttoggvcgt‘?%cg%%%%’oug ﬁﬁACI@Itiﬁllﬁ/tEﬂa@tlJng Ql'nQI‘fg tﬂg stb3Ratés BRQZy me

cl eaves t een suggested that such yrma activity woul d
be usefulobfsmedbyechma&hﬁdt(l% Betuxd 33504 Botzik Tkt @eMaNW n(l9P%o0, such as
for the treat r d sqn of foreign
of aberra]{r’q‘? ﬁﬁﬁﬁ%?ﬁ g@%ﬁg:ﬂ(ng% Z‘ﬁ%@ﬁgﬁéq{ %%’P%Fegﬁyﬁg%pg}em gned to
hybri di ze92t7056+1859)albest reRNﬂomndcubyt olatidilnlpw fequireias andyesquiRNiRepalezeént

tr ansi At Ie erxlne%];s Eub:ﬁ ag 9 5 nstream 5' splice site or exonic splicing enhancers.

oin

In addition to splicing mechanisms involving the binding of multiple proteins
to the precursor mRNA which then act to correctly cut and join RNA, a third mechanism
involves cutting and joining of the RNA by the intron itself, by what are termed catalytic
RNA molecules or ribozymes. The cleavage activity of ribozymes has been targeted to

25  specific RNAs by engineering a discrete "hybridization" region into the ribozyme. Upon
hybridization to the target RNA, the catalytic region of the ribozyme cleaves the target. It has
been suggested that such ribozyme activity would be useful for the inactivation or cleavage of
target RNA in vivo, such as for the treatment of human diseases characterized by production
of foreign of aberrant RNA. In such instances small RNA molecules are designed to

30  hybridize to the target RNA and by binding to the target RNA prevent translation of the target

RNA or cause destruction of the RNA through activation of nucleases. The use of antisense



RNA or cause destruction of the RNA through activation of nucl eases. The
use of antisenseRNA has al so been proposed as an alternative nechani smfor
t ar get i ngwendogasiseuct i on of specific RNAs. Using the Tetralsyemsnacigs oup |
ri bozynme, targeted - ns-splicing was denonstrated in E. coli. (Sullenger

B. A and Oech T. R 1994, Nature 341:619-622), in nouse fibroblasts
(Jones, 1996, .Nat ur bl asts
(Phyl act o]FlNALha%als%?éeglpr()pR%etd Vg 8“ %m llv%rsne‘[l}@n]??gA %@%?glgﬂ? HH%ﬁMenlrj{/ffhr oi d
precur sor spetiiaRNs. al ., 1998, Sci ence 280: 1593- 1596). For a review of
clinically relevant technologies to nodify RNA see Sull enger and G | boa,
2002 Nature 418: 25 T esent e of targeted
r ws-splicing nedi gjlse tl%ehFetr%?v meta I%dnﬁﬂ%ﬂgwpra? e?etd%sang' }F_} ﬂ%v&h% e

spl i ceosodesonstraed e[ ogi. eSnlbngeaBt/’erand Rechc . nkj?%,e?ifuméél 619- 9220 anget ed MRNA.

U S. Patent 87 an 6, 28 [ se of
PTMs td nB81 roﬁe}spgﬁg@% g'l i i 2 ?29 A a’)’/c"(’:egzné3 é?gﬁ%% {Pﬁplégﬁs%r ecur sor
MRNA t o g@hekabs, INAVE ! Miuﬂ‘EGbﬁ‘etz‘E&\lP&WWSl) mif}mmncemhrcudtpwufsmseum ar e

her eby i ncor t ed intheir.entiret RY .OF THE.

| NVENTI G\FTHQQ%SQE’%%P ﬁgge’n ﬁ%ghe%’i’ 89TV Ohdinia re}a/ﬁ‘{ﬁ&g%&%%“fs t8H’s°§1‘f25r

gener at i NANAOYRISuNelzind Gilbos, 2002 Sakihes18t3323Udhe Riddent frveitionatlags tohkd  t ar get
an abundantly expressed precursor rressen | ecul %eé)grget pr e- mMRNA)

and cont a¥s§ of FeseEddrars Selisdednediatest yaf”ﬁ?’%%é’inﬁ’ jan %ﬁ?‘%g‘ﬁ‘f i nterest.

The cegmogiitéRBsefo eBglamVi AltéraR dodflgielfich®-dfhadigasd mRNAY nol ecul es ( PTVb)
designed to interact with the abundantly expressed target premRNA, and

nmedi ate a trans-sp in act i ner.at i on of. novel
chi meric RNA nol ecG} é %ﬁfﬁ%ﬁ' 81%&% %éééég?@d&iggﬁggg?shﬁbe tlhf)}“sc?toél n or
pol ypept i pemeto medige Q%ns-gﬂlﬂlngbéﬁﬁd@fﬁ}l JOnRXHESERSt fréduget mRING: widtkeriray be
sel ected from those codlngfor al bum_n,  casei n, om(gdflbrom wth

al bunmi n beevshehyneceRNAs Al rderghfeyeitsd hS’fe“’carﬁ%h‘?rﬁWe‘H qrerated by e itbp i n vi vo
product i ofeRtnihiymeri ¢ RNA nol ecul e conprising sequences that encode a
protein or polypéptide of interest that nay be of therapeutic, diagnostic
or industrial inportance in a host animal from which the pol ypeptide or
protein can be recovered i ngNhARYMNTSE INVENGRHIROSI tions of the invention

further include reconbi nant vector systens . )
The present invention provides methods and compositions for generating

novel nucleic acid molecules through RNA trans-splicing that target an abundantly expressed
precursor messenger RNA molecule (target pre-mRNA) and contain the coding sequence of a

20  protein or polypeptide of interest. The compositions of the invention include pre-trans-
splicing molecules (PTMs) designed to interact with the abundantly expressed target pre-
mRNA, and mediate a trans-splicing reaction resulting in the generation of novel chimeric
RNA molecule (chimeric RNA) capable of encoding a protein or polypeptide of interest. The
abundantly expresses target pre-mRNA may be selected from those coding for albumin,

25  casein, myosin and fibroin, with albumin being preferred. The purpose of the invention is to
develop in vivo production of chimeric RNA molecule comprising sequences that encode a
protein or polypeptide of interest that may be of therapeutic, diagnostic or industrial
importance in a host animal from which the polypeptide or protein can be recovered in bulk

amounts.

30 The compositions of the invention further include recombinant vector systems

capable of expressing the PTMs of the invention and cells expressing said PTMs. The



capabl e of expressing the PTMs of the invention and cells expressing said
PTMs. Thenet hods of the invention enconpass contacting the PTMs of the

i nvent i onwwoizbés/dubs2t ar get pre- nRNA under conditions in woiras2espsestd on of
the PTMis trans-spliced to a portion of the target pre-nRNA to forma
chimeric RNA nol ecul e that woul d express a protein or polypeptide of

interest. The,present i. j Iy f | e bul k
o oduct 1 oREBEFRH TR kO ERbBls BhucklE et B difivenfion W6 BE BIRT 21 &6
THE DRAW piemIBN 4 under bosditws imwhich e pertion of thp PENER trats-spticest to@ipsrtiparof us

-spljci lans.. Figyre 2 i i on of
e P SOERARTS L it ORI RSB BRL SR 0" ©

r epr esent pélisepti@d ofdntetestWs- spl i ci ng reacti on between the target 5 splice
site and PTMs 3' splice site and 3' exon replacenent. Figure 4 shows the

rationale for selecting albumn transcri Fﬁl\lﬁg igure 5
shows 1he corrponen'(t:lé1 © %S%nﬁh%ﬁn%n%%é&egﬁrglﬁje?%(’%go{;ﬁ%ﬁ;s%%ggég |t8| n%fFi nt o
t he al bunproateirarog pbdlypepadestdiidnterBstgur e 7 shows a schematic representati on of

different trans-splicing reactions (a) fra".s-splicing reactions between

the target 5 splice si tﬁ@?@is%hﬁ‘l 69@@@%3%*@) ra"s-splicing
reacti ons between the t 5" splice site and
(c) replacenment of an internal exon by a double trans-splicing reaction in
whi ch the PTM car r iFigrobshowg'a sglrhagic reppis¢riationiof eis versp, tragp-aRlicitg domai n; BP,
branch po'{eﬁgtioggquence; PPT, polypyrimdine tract; and ss, splice sites.

Fi gure 8 shows the present invention applied to trans-splicing nediated
HPV- 16 E7 single chain antibody production strategy. Figure 9 shows a
schemd®i ¢ i || ust r atfigye dshavesasehematimpresentaion pf provias-gplicing motecyigsy

cDNA. Fi gu shows a nucl eoti de sequence of the trans-spliced nouse

al bum n- 6 anti-E7 scFv nRNA. Figure 11 shows a schematic illustration

of PTM cont ai ni ng addi ti onal endopepti dase cl eavage site. The PTM structure
is simlar to scFv =as é)?l&@ﬁta sehempatip feppesentagipn of a trans-splicing reaction between

the target 5' splice site and PTM's 3' splice site and 3’ exon replacement.

Figure 4 shows the rationale for selecting albumin transcripts as the target pre-

15 mRNA.
Figure 5 shows the components of human plasma.
Figure 6 shows trans-splicing into the albumin target pre-mRNA.

Figure 7 shows a schematic representation of different trans-splicing
reactions. (a) trans-splicing reactions between the target 5' splice site and PTM's 3' splice
20  site, (b) trans-splicing reactions between the target 3' splice site and PTM's 5' splice site and
(c) replacement of an internal exon by a double trans-splicing reaction in which the PTM
carries both 3' and 5' splice sites. BD, binding domain; BP, branch point sequence; PPT,

polypyrimidine tract; and ss, splice sites.

Figure 8 shows the present invention applied to trans-splicing mediated HPV-

25 16 E7 single chain antibody production strategy.

Figure 9 shows a schematic illustration of mouse albumin exon 1-HPV16 anti-

E7 scFv cDNA.



addi ti onal endopeptidase cleavage site or a native "Pro"-peptide sequence.
Figure 12 shows a schematic illustration of trans-spMing strategy to

el i m nat ewel2basnismssequence in the final product. Exl, erpomub2@boadsdbuni n;
CS, additional cleavage site. Figure 13 shows a SDS gel show ng the
production of HPV 16 anti-E7 scFv in Hepal-6 cells. Muse aI bum' n- HPV16

fanti -E7 scFv cDNA dentdesf gsa&gctlﬁogl grﬁ%ggncgggﬁesg nﬁ[l;fﬁ‘d 156 & ansfect ed

into Hepal -6 and superna?lant and
cel | |ysayieviesntPERpavesk®and anal yzed by Western bl ot using anti-FLAG M2
nonocl onal anti body. Arrows i ndi cate t he expected ~30 IcDa nouse al bumn -

HPVI 6 ti-E7 F 14 | 16 ti-E7
scFv fuﬁgt: on |flcc ’4u§e rew58§? e]nv lilé&a%gnﬁﬁ@ cb&gqlng‘“h&ngfxa o

rvi cal cancer or the
mat chi ng Hlavpmgas‘e |c1eevage e THRPIM stams;frexstsmdlawtd QFWRTNE¢4RpL Gratinhas-a7 sCFv

expresgion cDNA p I wer e r own far 5. s and assayed for cell
survi val Efiéii‘tl‘i’d‘a]l\ﬁf“ik’pigg e g@‘i“'@‘ﬁ? ytepga ﬁtb‘(ﬁs Prp ?c?ﬂté‘f?ﬁ%ﬁ’uen%ef HPV 16 anti - E7
scFv PTM (A), splice nutant (B) and nouse al bumin mni-gene target (O,
used for in vitro PgRrstshoes a stheMataslegtatien of)twgisspliicimg statdgymhm'pdté cing
domai n whi ¢ch j ncl udes. nouse, al bum.n.intron [ nein (BD),
short spaélg?rf"“csBﬁheB‘FFs‘ﬂg}%sts@’(ih%rﬂg‘gt'ﬁéh%(ﬁnS&f%\]? " Ffs E%d?wﬁ‘? zeegvaﬁof;ypyrl n dne
tract (PPT), 3" acceptor site (CAG followed by the najority of the coding
sequence of HPV 16 Fég\ké}EﬂuowsE\S%@w@nwmg theTivoducioe e EHBWI1 6 anticle T seEnithy CW

pronoter. At -t end the | I owed by
bovi ne gr 5@?‘“ Q%e lf‘r&ﬂ%usﬁéllbum eny%@?ngﬁE*s%CF%P%nF% tggh‘{n%%&rlr%tg ant is

i dent jgal nﬂmA)h@sfnumdtanaﬂo HEPpM -bund Gass7 eelisoi&ritrs past- aansﬁannat smmelaamt:ept or
site (CAG ss, 3" splice, si icate br used, f
Cransspl 1 EsaEys peplet gl & RS I hERE Sl AR IBRE B ey 16
anti - E7 sehtibofil MrioWsAndi®utsthe atpattadl A3EXDOmause Ialbﬁleilﬂ—SH]Pngﬁl ati-E7 AcFshows
Western bl ot anal ysis of serum sanples frommce injected with nmAl b- HPV16

anti-E7 scFv cDNA ru S h f C m and
anal yzed by Wester ﬂ%ﬂ"ﬂ“%’f ﬁéfﬂe‘é{/? SQ@ %"K)Eb %ﬁggg ntl'gfscg{‘{tqngéu igfn %lhgure 17B
shows WesH@vapdsitiot cc&nﬁkly:sn@r ofils SSiHu ror tieomatehingeHP Vijnegdtiod cellstwerdHPV16 ant i - E7
scFv PTM onl assed thr h . FLA finit um and
ool y ooy Bk st p BB e s P B SRR G Wl iRlot

5 days and assayed for cell survival using MTT assay.

Figure 15 shows a schematic of HPV16 anti-E7 scFv PTM (A), splice mutant

(B) and mouse albumin mini-gene target (C), used for in vitro POP studies. PTM cassette

consists of a trans-splicing domain which includes mouse albumin intron 1 specific binding
20  domain (BD), short spacer, consensus sequence branch point (BP), optimized polypyrimidne

tract (PPT), 3’ acceptor site (CAG) followed by the majority of the coding sequence of

HPV 16 anti-E7 scFv sequence. PTM Expression is driven by CMV promoter. At the 3’ end,

the PTM also it contains FLAG epitope followed by bovine growth hormone polyadenylation

signal (BGH pA). Splice mutant is identical to the functional PTM but has a point mutation at
25  the acceptor site (CAG>CAT). ss, 3 splice site; arrows indicate primers used for trans-

splicing assays.

Figure 16 shows the precise trans-splicing of HPV16 anti-E7 scFv PTM into

mouse albumin exon 1 in cells.



Figure 17C shows Western blot analysis of serumfrommce injected wth HPV
16 anti-E7 scFv PTM + target. 50-100 ml serum was passed through FLAG

af finity wolosane2a3d anal yzed by Western bl ot using anti PErAS2042/080a00cC!| onal
anti body. Figure 18 shows a schematic representation of a bicistronic PTM
for the production of whole antibodies, the PTM cassette consists of a

trans-splice doml fiddeh) h%%'swféis{gaﬁ}b@] e 090 ERAR) i G HRAGHLote D, PPT,

codi ng sequence fo ffe éntire rocessi ng peptide from
t he foot afthlmmbHHPVAb ae@ER sehiviadNA. mvmﬂ/}ermn Waheasemtbwhgbﬁh&ﬁcaéﬁldtytl es (ECW)

R O N e L e o e

point; PPT, polypyrimdine tract; 3'ss, splice site. Figure 19 Schematic of
tar get ed trans- spl iFegungl 1 shhwsr&fest&pdAotlanhlmiQO%debmrrfrwntnacQg@Iecqsd SAthRNA,

Fi gure_20 i f

const r%ctggﬁFggﬁl'kzﬁc t W@Qy%ﬁn@ﬁh’ cndrgvsa ass?m@hﬁ%gpﬁ It‘tgef)e "on)

mut ant s ( aeigablyxe 15ONEsteh blot asink autilRLAG PE thomelondlpetivedy. and mi | ano vari ants
(positive controls). Indicates point nmutation (deletion) that result in

premature term nat IFQ%uI;'e H:b shltl)ﬁ/u We%@%ﬁo%%?l&gls Ot 8y ﬁgﬁl%gegg{fg@d Wegtern bl ot .

Figure 2 1 SDS gel s oW N expression in cells. Figure
22 Wester HPbIthntsEwavgﬂMe taegq:jri@slsﬁoorh sama veepassed through FhAGlaffanityurman  Apo
udmn Al b- hAI ;

A t 2
Ianelog’aO \iﬁlfo ﬂi}g a}na@ﬁ%é trya‘ﬁss bgﬁt PR a“\?‘alfﬂ. a%m IBonocponalaa’rllnelF Yorotein in

super nat ant and | ower panel, prot einin cell Iysat'e_ F| gure 23 Chol esterol
ef fluxoin 293 ceI | Figheerbhshowa tischgmiatiereprepangagion oha bifistreme PTMrfat thhuman Apo

A-1 protei B FELEGA u%ﬁtf%g%e ETQE gfgsc&m%fﬂ%g@h@&ad OCO Htegy.

Fi gure 24§ | son o scree Fl gure 25
5 GFP-A bllclmHE)anﬁthﬁg ddrhddn 'Ehmrgqiacéﬁe&lﬂé’m’(f ecodiigck@eniaer the guten d:lghtcwhalﬁ,

G-P- Al bl n ies. .Sequences ip_italics

i ndi cat e #E‘ééf g’r‘?é?slsmgf)eqtﬁg\ﬁc‘? F%g’ g%&d%oué%ggea?e%(W@yjesglent protein
fol I owed b;)ceﬂudsmwoa&rbiﬂm (EGMIVY nferibl eibabomk entr2sieRES) dakwed by drelfulhed) . /"
' ndi Czlig esle‘ggth co mg sequ: nlcle ((:)F héavy g}}am Abbreviations: BD, binding domain; BP, branch

point; PPT, polypyrimidine tract; 3’ss, splice site.

Figure 19 Schematic of targeted trans-splicing of human ApoA-1 into

albumin target pre-mRNA.

Figure 20 Schematic of human and mouse albumin-human Apo A-I cDNA
20  constructs (test constructs), similar constructs with point (deletion) mutants (negative
controls) and wild type human Apo A-I and milano variants (positive controls). Indicates
point mutation (deletion) that result in premature termination. No full-length protein was

detected on Western blot.
Figure 21 SDS gels showing human Apo A-1 expression in 293 cells.

25 Figure 22 Western blot showing the expression and secretion of mature
human Apo A-I protein in 293 cells. Lane 1, mouse Alb-hAlJ; lane 2, human Alb-hAl; lane 3,
wt Apo A-I and lane 4, milano variant. Upper panel, protein in supernatant and lower panel,

protein in cell lysate.



Figure 26 schematic diagramof the pre-nRNA target used in the HCS (SD,
splice donor site; SA, splice acceptor site. Dotted |ines indicate target
c/ s-spli avogpos/Hegar e 27 Schematic illustration of the PEWUGamsesdses used in
the HCS. PTM cassette consists of a trans-splice domain including (TSD):
vari abl e BDs, short spacer, BP, PPT, 3 half of the codi ng sequence for

DeRedExpr ess.  Abbr SHUA 1 pbieyers LG RELAR REBHTRGR pEbRRRARBL OO <

protein chgitipabieeaange;A-I Rietini nt er nal r| bosone entry si te, BD, bi nding
domai n; BP, branch point; PPT, polypyrimdine tract. SA, splice acceptor

ite. Fi 28 d
L0 28 el R A PR AR AP LANAL S ey and

illustrates the high capacity screening (HCS) method. Figure 30
7ra".s-splicing ef ffigire}d Compmivob of kigk capacityf scopenifcIEB Protoede al bumi n
target. Figure 31 Bar graph show ng trans-splicing efficiency and G-P

f1uoregcence of Varg_l% nglkﬁ:PsﬁllbﬁﬁE@Plferm#%r%et:s&fﬂéﬁze:g&ugl@&ﬁi@at i c show ng

t he human Apo A-| expressi on cassette used roof of principle in
vitro st ustiqesice pf §Gite- %lréﬁb%\sena ferdmeiratsiudied; &@uamﬁemhowmen Helies éldéﬂaWum n

m ni - geneg AR £ tet&ﬁ&gge@ gélérferéﬂp ﬁ@&gxgeaﬁ%taﬁ%lﬁ%a gﬁpﬁ%ﬁm aci d

sequence 0 rgure 35 trans-splicing of mAl bPTMs
i nto al buiritnan éxohexbni2rsegteatrséundetlingd). i ipdicate8B ayd 3'tsplice jicpnsanal ysi s of
trans-spliced human Apo A-1 protein. Figure 37 PTM nedi ated trans-splicing

i nt o endogenous al %@2@%%&1&@%99%5 SUERNAGra NS iR rRANEGIRID, ¢ di agram

showi ng a human alb n targeting strat eg to i ncrease ApoAl expression.
Fi gur &0 39smdiaedenor kite; SAy authegac@sptor@ltelmqﬁed nes indipaipriarges egreistn®).i n t he final
trans-spMed product.

Figure 27 Schematic illustration of the PTM cassette used in the HCS. PTM
cassette consists of a trans-splice domain including (TSD): variable BDs, short spacer, BP,
PPT, 3’ half of the coding sequence for zsG, IRES followed by the full length coding
sequence for second reporter DsRedExpress. Abbreviations: 3°zsG, 3’ half of the zsGreen
15  fluorescent protein coding sequence; IRES, internal ribosome entry site, BD, binding domain;

BP, branch point; PPT, polypyrimidine tract. SA, splice acceptor site.

Figure 28 is a PCR analysis showing the cloning efficiency and diversity of

the mouse albumin binding domain (BD) library.
Figure 29 illustrates the high capacity screening (HCS) method.

20 Figure 30 Trans-splicing efficiency of PTMs selected from HCS for mouse

albumin target.

Figure 31 Bar graph showing trans-splicing efficiency and GFP fluorescence
of various PTMs selected from HCS.

Figure 32 Schematic showing the human Apo A-1 PTM expression cassette

25  used for proof of principle in vitro studies.

Figure 33 shows a schematic diagram of the mouse albumin mini-gene pre-

mRNA target.



Figure 40 shows al bum n-human Apo A-1 cDNA, trans-spliced nRNA, old and new
PTM and targets that nay be used according to the present invention (NCE,
noncodi ngwexoss/04bBk, hunman Apo A-1 and Ex, exon). Fi gur ecd/ub2e5096128
schematic illustration of trans-splicing strategy to elimnate al bumn
sequence in the final pr oduct Exl, exon 1 of albumn; CS, additional

cl eavage site. Fig 4

Al b- hApoAl transsplllyli &4 §4 8t”e| e%é%gt{?rggﬁ%%h%ﬁ acia% ugp&?ir‘;ﬁaﬁdgatl on of
ApoA-I byiWestern bl ot anal ysis. Figure 44 shovvs the functionality of
ApoA-1 as determ ned by chol esterol efflux assays. Figure 45 denonstrates
the use of plasm d- : t: f human
HDL in mce. Fi gurePl? @g@%&%h}sﬁﬁﬁsys&)g%@é g%wpo ggtlg(r%e %{é/):dﬁllht?tﬁ?lgugh
trans-spl tedisng to exon 1 of al bum n.Figure 47 shows that uni nocul at ed
controls as well as animals that received a PTMthat were defective in
splicipg showed no 7l cul at ed

W th bgt h al bum n f%?%gét‘é%%tgélgbef a%dﬁ(?s e aggr%%%%aﬁgmgﬂl %th%{lql I
denonstrated significant plasma | evels of Factor VIII. gure 49 shows the
utilization of a sifigire3tRIMrmediaise rawsaiplicing l‘ﬁbwoafi“ﬁ’%%tl@ﬂméﬁé‘?%%tn E7 of
human papj|lomavirus (HPV). Figure 50 denmonstrates that in vivo

[ raws-spli ced product was effective in inhibiting the growth of
HPV-infected cells. Figure 51 denonstrates the validity of irans-splicing

into a highly abundagie 3% shewe pisghematy diagramshowing faumAKt LY RE B8HHencodi ng
t he singl gtfﬂq‘%gt Q&cAﬁyAqlexgﬁgglgpdy trans-splices specifically into the
t

preci se nuc sequence I'n nouse al bum n pre- rTRNA Fi gure 53 Schemati c

drawi ngs of nouse al bum n- human apoAl (mAl bha@gﬁ ) n% apl i ced
nRNA, 181 d and new Ifwfﬁﬁ%lsﬂoét’rs&@t%ateﬂeﬁo cHippnags né‘?&?ﬁncet‘l’h fitiman apoAl
and Ex, exgh. sp'ﬁbélfﬁr@déf} Trans-splicing between target and PTM pl asm ds
produces

Figure 40 shows albumin-human Apo A-I cDNA, trans-spliced mRNA, old
and new PTM and targets that may be used according to the present invention (NCE, non-

coding exon; hAI, human Apo A-I and Ex, exon).

15 Figure 41 shows a schematic illustration of trans-splicing strategy to eliminate

albumin sequence in the final product. Ex1, exon 1 of albumin; CS, additional cleavage site.

Figure 42 shows western analysis of mouse and human Alb-hApoAl trans-

spliced protein.
Figure 43 shows the identification of ApoA-I by Western blot analysis.

20 Figure 44 shows the functionality of ApoA-I as determined by cholesterol

efflux assays.

Figure 45 demonstrates the use of plasmid-based delivery system for long-

term production of human HDL in mice.

Figure 46 shows the generation of secreted FVIII through trans-splicing to

25  exon 1 of albumin.
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functional protein in 293 cells. 293 cells transfected with different
concentrations of mAl bhapoAl cDNA or PTM + target plasmds. 48 hrs

post -t r angbeoddiams2nedi a was col | ected, processed and agsaysdoosoBdbaix
potential) for activity as described before. Figure 55 Tratts-splicing
efficiency of the new and old PTMs in 293 cells. 293 cells transfected with

diff erent concentr gl on S%LWE&N{Jnlﬁo%{lﬁ?e%&lt%%s@s%u o Eniftafk o %g,&gmfecti on,

total RNA isol ated an rans-s Iclency was quant i RT- PCR
usi ng speB'TMitnatme'rdmlfanvd—‘mgphcanmw&rnmatmé@IHI ts shovm ng the presence of
nmouse mAl b- hapoAl nRNA Fi gure 56B RT-PCR results show ng the presence of

[rns- spli ced MRNA el SEaBLINGEaAG, FToRER, AR UL SIS RRIRGE RS oP! 1 €1 N9

of hunman apoAl 0 endogenous nouse
mnicircl aﬁi,thePBTMmhaﬂmchaa&AVIIRHemmrsuaectegmﬁmsplasnpﬁt lewsis efifdcter VIILndi cat e
RT+ and RT- reactions. Figure 57A Western bl ot anal ysi s of ser um sanpl es

fromnice injectedpy P’é‘faﬁ hf.Queh

Pr otongBI ue col umm %&%@Wg?e%ﬁgﬁ%ﬁ% o yze db(éétern bl ot
usi ng hunmegimpB?ef lvpeoiphpiioraatiiub GdRY). MC, m ni CI rcI es and PL, pl asm d DNA
RT. Figure 57B Western bI ot analysis of serumsanples frommce injected

ith PTM onl d h
Wi t only an tT ﬁ@%&u#{;@%rﬂ&vo (93 2Pk p%emmaee%&@emr oug

Pr ot o- Bl ue col umm umn + and anal yzed by Western bl ot
usi ng hunahibitngAhe gp‘e&udﬂPH’Vaquctﬁddyl.lS- MC, minicircles and PL, plasnmid DNA
Fi gure 58A Western blot analysis of serumsanples frommce injected wth

PTM plasni d. 50 m ggerum y@snbiNRVG0RY b8t H8-spnshARRl Me gty Byinist er n bl ot
usi ng hurman apoAl SF?)%CéllJfl C al’rlltl body. aArir%(’)ws |n(§1|§qcatgg1 28 k@yhurrrlan apoAl

protel®h. Fangemp. 58B Western bl ot anal ysis of serum sanples from mice
injected with cDNA plasmd. 10 nl serumwas inmmunoprcipitated and anal yzed

by Weéstern bl ot US'F{fﬁlr@%@w@Eﬁﬂhe Wﬁpéntbcﬁ _I%ﬂﬁ: kg ¥haifr hidH6QomaParddbbdy@nal ysi s
of serum sanples frommce injected mAl b- hapoAl cDNAAPI asm ds.
trans-splices specifically into the precise nucleotlde sequence in mouse albumin pre-mRN
Figure 53 Schematic drawings of mouse albumin-human apoAl (mAlb-

hapoAI) cDNA, trans-spliced mRNA, old and new PTM and targets. NCE, non-coding exon;
15  hAIL human apoAl and Ex, exon.

Figure 54 Trans-splicing between target and PTM plasmids produces
functional protein in 293 cells. 293 cells transfected with different concentrations of mAlb-
hapoAI cDNA or PTM + target plasmids. 48 hrs post-transfection, media was collected,

processed and assayed (efflux potential) for activity as described before.

20 Figure 55 Trans-splicing efficiency of the new and old PTMs in 293 cells. 293
cells transfected with different concentrations of PTM + target plasmids. 48 hrs post-
transfection, total RNA isolated and trans-splicing efficiency was quantified by qRT-PCR

using specific primers.

Figure 56A RT-PCR results showing the presence of mouse mAlb-hapoAl
25 mRNA

Figure 56B RT-PCR results showing the presence of trans-spliced mRNA in

mice.
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present invention relates to
novel conpositions conprising te-transsplicing nolecules (PTMs), designed
for spliowoomm4rsdi at ed trans-splicing, and the use of pewais20msloscd es for
generating a novel chinmeric RNA nol ecul e conprising sequences encoding a
protein or polypeptide of interest. The PTMs are used for |arge-scale

production of the ptotej Ruolal j | N RL: NoEs ; t he
present invention %Jr;%l\?‘f %ébg?)rp@hrépﬁtg%&e&ﬁg%%fé ?‘J('[)l %éﬁu&%ﬁgﬁ?ﬁr ot ei“ﬁgor
pol ypept i eiflogénouineiise atbutrivaprenmRN A én micet M€} mpucitcles, PldiphgmosPNg; BT,

i ndustrial inportance. I{Jgad it{' I gg{)ﬁdi nents, the present invention may
be used tBVPFOGIEERIOBART & 1! Eﬁeg{;ﬁa‘*ﬂ i 8B i nterest in vitro, for

exanpl e by producing the chinmeric RNA and translating it in cell
cul ture. The PTMs ofFigunes5TmWesteindriot ahaysiusfseium spipies osonmee mpagiedvath

r'.s-splici c 1 Se~(1) one or re.tar bi ndin ' af are
desi gned P@%B@@%&?@%@I %6 B? fam %asfeg%rg?ghpﬁgg%,coq?rw %0 gglg%p PIE:IE] ‘% egi on
that i ncl pdpandamdlyze®by Bestamdtgtusing hithan apodl syecHicantilgydlyi b, domoircles t e; and
(tii) nucleotide se n encoding a protein or polypeptide of interest.
The PTM nﬁiflmurpfaﬁ‘gfdaigﬁﬁgﬁeﬁse a branchpoint, a pyrimidine tract and one or
nore spacer regions that separate the splice sites fromthe target-binding
domai n. (See Fi gur &Figixe THe Westtinddst aodlydihe semmesamiples fremooiep agstedonthact i ng

the PTMs he i i ith a dant |y ex ssed,t ar get pre- nRNA,
under congiﬁ%ﬁéaqr&#mﬁg[ﬁrggﬁ E)IS‘WIH%%B??;} sr‘fé"%ﬁ?ﬁﬁ?({s&o}’ E‘é?ré)p%g@g o 0"a portion
of theot a(tgaéplgxé e}baﬂﬂw 1oG) and ma@zé’tbh/}eWeaé‘linmgﬁhx@i?BNAndepeAﬂhpzeciﬁor’rpri si ng )
sequences encoding the proteip or po tide of interest. (See Figure 3
Asqan abuh‘Hﬁ’ﬁ?Y'y‘\’ngﬁ‘l“ngi“da ‘#ELrﬂﬁﬁE“‘! isﬁ@pRNA encodi ng al bunmi n may ge
selected as the primary target, because it is a highly expressed pre-nRNA
However, other trar&gie pis Westain tdotenallysoofmemnesspitsifromhingh ingdsteddatice coul d

al so be selected,..such as, but not limted to, ,caseip, transcripts in breast
tissue t h%@@“ﬁ%éﬁd‘éﬁ?@ Ve BP@%%%’&C‘%&%W&&P}V Zﬁ%ﬁ%ﬁée“glﬁ"gﬁ(gtuﬁ%g ani mal s.
Addi t i onahuaiupdanteyifiesptiRegearéwsindicate p3 kDa hahardpoAhpseircodi ng for nyosin
(in nuscle cells) and fibroin. Al bumn pre-nRNA may be chosen, because

serum,concentrati on..of in i.s sufficiently high.i.e. in .range of
Dot wolh 45. 50 gy mFiEse HepuTaiarb St sllb W ol fiee b S EETIE O
sequences cDNAGlahiidim)ml grem RNnmiddproig@atel tand mahizghby Biestemtiiatusiog s

human apoAl specific antibody.

Figure 59 HDL analysis of serum samples from mice injected with PTM and

mAIlb-hapoAl cDNA plasmids.
20 DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to novel compositions comprising pre-trans-
splicing molecules (PTMs), designed for spliceosome mediated trans-splicing, and the use of
such molecules for generating a novel chimeric RNA molecule comprising sequences
encoding a protein or polypeptide of interest. The PTM:s are used for large-scale production

25  of the protein or polypeptide of interest. The methods of the present invention provide for the
large-scale production of protein or polypeptide of interest that may be of therapeutic,
diagnostic or industrial importance. In additional embodiments, the present invention may be
used to produce a protein or polypeptide of interest in vitro, for example by producing the

chimeric RNA and translating it in cell culture.

-12-



of expressed i nmunogl obulin nolecules into the blood. Even a noderate 5%
conversion of albumn pre-nRNA target will result in the production of

si gni f i canblagodnisgiz2ant i body concentration, i.e., therapegrivs2esnsansration
in the blood. The invention provides for nethods of |arge scale bul k
productions of a protein or polypeptide of interest conprising

adm nistering to a e .PTNk O e. i i : cting the
BTV wi ¢ ht he-t ar got! TP A IRGaRons o R ime RUERE] A RMEC 1T Ly
i s trans- sghprised) o @ npo¢ targenbiading Hemaihuthatand degigestospeditatipbigdto premRNA t o

forma chineric Lecul e that expresses J4he protein.or pol i.de of

i nterest, a5t P@ﬁ%@%’hégb%’g?q N ﬁ]a i at%??lﬁg%ﬁ?r %tﬁén@?re%fsﬁgcet he
fluid to akfoakif; EiipmatiebtileGEquendey pepting @ paftein bt pulgsbtiGTIRUGIRETRE THE
PRE- 77L4ANS- SPLI C| NG MOLECULES TH& .\E)r esent..inventi on ‘1Pr ovi des co%osi tions
for us® i RTNMeRut MIthes GomBULE 2 BrpicHRYiNt2 PYTpiding Tadiapd ARy YaRATe PFH gk
targeted thHapRBar®ihepN sittBork Thdxargkt-Hikding dunei. i(Se Feguip2) se (i) one or nore
target binding donmains that targets binding of the PTMto target pre-nmRNA

(ii) a 3 splice region that.includes a 3' splice.a r site and/or 5
splice donor site; elg‘ﬁ(‘}‘emgF j’fthﬁg’lv‘é‘giof’Sgcogg’aﬁé’ﬂgtggtlngﬁﬁeg@ltlﬁﬁOf;th%wgfnglloﬁ or

Iool ypepti d’ﬂ? @h ﬁfbdﬂfﬁﬁ’lftklgfekpreg_sbgtaEEBN‘p‘reQﬁRNJ)&QEﬂdBN@ﬂﬂitigms imashichl sgortichalf tige  at

east one_of the follow ng featuyres: (a i pdin onai ns, target to intron
sequences PIM g rraeespbirgdde r‘l"ipPE}“’PS'ij fhﬁéaré“ pff’r'mg‘ﬂj‘s‘stg forga %‘?Vﬁh%‘t“gg‘&fﬁg‘h e target
introfg (fbledhiBcohprishiquentid eh€odidgIMNPprofefit dr@blypertidk bfintgesf ¢Sde Faues and
repressor) consensus bi nGc]ii ng sites. The PTMs of the invention may further

conprise 8he or nobre spacer regions to separate the RNA splice site from
the target binding donain. The general design, construction and genetic
engi neering of PTVA@RAbERIAMNGExpadsiedprediRNZE ke FADA khdodingaltmticaagbel

nmedi at e spl.i ceosone nedi ated /raws- spl l%'bn% reagti Onﬁbl\%t inthe cell are
descri bedSqlFFtede e primery farget, peganisit kg dighly gressed pre-gRYfs eyevemaher 280, 978,

as wel | agafdeiiftethairahes epadssditin lab&RibhdR@ R0 hisa be NdtedOSUCH 26 bOG ot
09/ 756, 096, 09/ 756,097, 09/838,858, 10/076,248 and 09/941, 4 t he

2,
di scl d&ur Emited tonpAsein rARSETIPYS ALPIERSE BIseGthph2Te dnadanty SXI?TPFS?%’éi"i“?ke‘H fpmans; e

herein. T?x@i $tRrARimal NHRBnABBAAN® extph8sed Yh@RgRWR1ideend3d BbdiMgl far & bi ndi ng
affinity for a target pre-nRNA. As used herein, a target binding domain is

defi ned asmyasiy (impiusde rdls) gnddibroipyc| eoti de, protein, chenical conpound,
etc., that confers specificity of
Albumin pre-mRNA may be chosen, because serum concentration of albumin

is sufficiently high, i.e. in the range of between 45-50 mg/ml. (See Figure 4). For example,
20  Trans-splicing antibody sequences into albumin pre-mRNA will result in high concentrations

of expressed immunoglobulin molecules into the blood. Even a moderate 5% conversion of

albumin pre-mRNA target will result in the production of significantly high antibody

concentration, i.e., therapeutic concentration in the blood.

The invention provides for methods of large scale bulk productions of a
25  protein or polypeptide of interest comprising administering to a mammal the PTMs of the
present invention, contacting the PTM with the target pre-mRNA under conditions in which a
portion of the PTM is trans-spliced to a portion of the abundantly expressed target pre-
mRNA to form a chimeric RNA molecule that expresses the protein or polypeptide of
interest, collecting the bodily fluid from the mammal, and treating the fluid to obtain the

30  protein or polypeptide of interest.
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bi ndi ng and anchors the target pre-nRNA closely in space to the PTM so t hat
the spliceosone processing machinery of the nucleus can /rMs-splice a
portion olotbe/mynthetic PTMto a portion of the al bunm rcpris20BNés428 he
target binding domain of the PTM may contain nultiple binding domains that
are conplenentary to and in anti-sense orientation to the targeted region

Thousand nuci sot | dSERE e L R s P on the. bi ndi ng
domai ns may conprise at least 10 to 30 and up to several hundred or nore
nucl eotides. The sgdepfesenit inyewfontpreyidey Kempspitioas f%éwagwr%mgnpwacant ly by
bi i ng. ASEr e PR il s (ol al2k et AR THE SIMESAIE L Rendoi® ar et
Absol :Jt ecamrserénomrdrimpore @tgehbinding gorediny thatdargéts binding o&tha Pl dhto tﬂé@eq uence
"conpl gnent ar yx: , t ROrtion o .ref . l€J S a
sequenge _rgvr?%lélﬁéﬁ)fq?? 6.01(1acﬁtre%%nrﬁﬁ?t§ﬂ%_n zsa?|3fsxf/fllef:eoacg%#oggrée&t%?ﬁy%pfed{@gpvﬁ th the
target pr giteniiiAjii)noclaotidg sequstabbreoding b proteil iepadiyieplideyofigertstbr i di ze wi | |
depend on both the degree of conplenentarity and the Iength of the nucleic
acid (See, for exa 1 A

Laborat ory Manual , @?Eﬁéﬁ}’%ﬁg‘&gﬁ xﬁéy ﬂé&ﬁ%gd{@gﬁgﬁng%%?&;?g% gCoI d Spring
Har bor, Néatuhs(&)bindBegdomslinsytargeterbtol intragesequehess iy dpsedirosimify toube diog Saci d, t he
nore base m snpmat ch ith .an RNA it.: cont aj i 1] T . abl e
dupl ex. Cﬂ’g}c% ﬁlgﬁquse%%lilér,\\gaEgﬁtelng??’ Q@anrlll%hlglgé}st %@A@fé@@%ﬁ%@h{cgblﬁ%%‘g@%& ni smat ch
o[ L?F@: hami;reﬁgbﬁxgﬂmyra@s bigdfngsitefsnﬂhe lﬂTMs oﬁélddr;vegtidnanajdilgthmc?mp?d;@nz -
stability o e ridized c a. cific enbodi nent,. the binding
domai n of ®TRYCERIFTSFIGRY Y S%P&é%%? i{)&é‘xe%ft@%%%%g%lmnﬁ“f ﬁaégetqglrngleng%ﬁlpglfl hMRNA so as
to reduce the nunber of sequences derived fromthe target pre-nRNA For
exabrrpl e, ftar geting Iihmgcmlsla:jglen@tesuﬁi{ontambg@aﬁ(g@lgh}wé}gmﬁmwan@in1 zes }?rllli
nunber of ,sequences .der.i rom et.. pr Fﬁ% . eri c

nol ecul e. dﬁ%ﬁﬁ#ﬁm%y egléﬁs{ﬁa()1 8 Slécccﬁ?sgl\(?lenﬁa{a%rsglﬁ%ﬁgoo er I%hcﬁgnnfsgf%{;?f or

exanpl e, téactimngkvithinithd ellhed described iredetadinn Uah tParetr Nosn6,083702, 60%3,4&ndbody

the P | 383 BPulr bl sRm AR ol ek Ao bR BB 0B ("
prot ei n boynsk, 097, G0/838838f 10201648 @ahd (9784 1A the dheloaubasrod sihidhyreex pr essed

target pre-nRNA accordin he .pr. [ [
g P ?ncorporateg%y referenc% i1t1 %egr egtu%tlees%%petm.l nvention

The target binding domain of the PTM endows the PTM with a binding
affinity for a target pre-mRNA. As used herein, a target binding domain is defined as any
20  molecule, i.e., nucleotide, protein, chemical compound, etc., that confers specificity of
binding and anchors the target pre-mRNA closely in space to the PTM so that the
spliceosome processing machinery of the nucleus can trans-splice a portion of the synthetic

PTM to a portion of the albumin pre-mRNA.

The target binding domain of the PTM may contain multiple binding domains
25  that are complementary to and in anti-sense orientation to the targeted region of target pre-
mRNA. The target binding domains may comprise up to several thousand nucleotides. In
preferred embodiments of the invention the binding domains may comprise at least 10 to 30
and up to several hundred or more nucleotides. The specificity of the PTM may be increased
significantly by increasing the length of the target binding domain. For example, the target

30  binding domain may comprise several hundred nucleotides or more. Absolute
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may be any abundant transcript. {See, e.g., Figure 5) Preferably, the
target pre-nRNA is an al bumin or casein pre-nRNA. However, the target could
si m | ar | ywbeo@n4adsandant transcript in plants, such as ebiraso@spbdsd |

bi nding protein. In a specific enbodi nent of the invention, the target

bi ndi ng donmain is conplenentary and in anti-sense orientation to sequences
of the apoA- apoBb, al bum n it. glgu;ﬁ[ i I T™M i n

cl ose progﬁnﬁq ?nﬁe gﬁ’ﬁgﬁ?ugbag?a %8?@% gt:r%]%‘ﬂrgg> C ﬁg&ﬁ%@mgﬁgﬁ% e,%{: t ar get

bi ndi ng dpsrabmofiamRNMe, ad edfemnaido heremnyeans heequerce hayvipg sufficienteot i de, protein,

chem cal conpound,.etc., at _.conf er. ecifici fe bi.ndi chors

t he apoA- i",mrﬁ?m%l’g%’éy %’?bezflbt?[}ﬁ'}'%br@?zg-ngtgfggégfﬁ%&sfﬁg%%g % gtg?lggﬁi;ﬁ l so t hat
t he spli censsbilky v poedit ndl dapehd areborh of dedree oflvomplementarity/and shedgigitcef a
portion of the .

PTM.t 0 a_portion_of the apoA-.l, oB, or um.n
D e iia. e gugeic iy (Seopsof Bfauneis SPRbrc ey (s8ePler Bt EhPE e
i nvent i onpahig, Zdﬂlcg,@ol@slﬁlﬂ‘%gﬂﬁﬁmfrlﬁbﬁaﬂo@ Rresspt elaSpiing Ilgarﬁmdl(\liew Yeorrlt)i - sensg
orientation tq sequences of the alpha (si) casein, a S C i.n, beta
casei n or CRegsHY- the donggr tf‘%ﬂ‘@é’ld‘zﬂ)‘}gé‘-“ﬁ%ﬂ&,&dm# E’r?r%l?f‘lsﬁlmt‘sr‘i‘g‘t%‘ﬁ\)l"izﬂgﬁ a’b&ggét
proxi m t ymhQcédifin hitd @ffitfornPh sthslaBSp1&P | Orfei skled frothe 82X 8dMis€urtath 4 Ble@iBle bi ndi ng
domai n may be defined as any no i nucl eoti de, protejn, chem cal

| ecule, i.e.
conpound, degres of mismpatchyesengtisofdyplex Py Bseraf siapdagd prarqiyres fIAHBIMSHRS  he al pha

(si) g@seimbiliflPhR Hybddiz&Rdfipltx. Det a casein or kappa casein target pre-nRNA
closely in space to'the PTM so that the spliceosone processi ng machi nery of

the nucl eus can trans-splice a portion.of the PTMto portion .of the al pha
(si) casein, al pha [pasyectigsabadingat Q‘eé’é&déﬂgrd?’ ‘%gdﬁlffap ﬁ\ﬂé"ég‘fﬁs Tpﬁ?lg‘ét

pr e- MRNA. sc[1éncBTiN b e UAr & nl N0 s€ Atb Adige the BumBdR b SequérRe dfivédfadm kiec! udes a
3" splice acceptor AGsite and/or a 5 splice donor site. The 3' splice

regi on malprgetpieHBRN Ao Far e*emple, BregHrhipErhieadsngesoiien HIsst RN tract .

Consensus Seguenfe SumBir df S uenceS&riveE 8RR takkt Fe-AINA Rethdchimblié RRAr €gi on
used in RNA splicing are well known in the art (See, Mowore, et al., 1993,

The RANA WmoleduleCol d Spring Harbor Laboratory Press, p. 303-358). In
addition, nodified consensus sequences that maintain the ability to

function as 5 dongiin@py inGPaisd bERnRVE BroupPbth6ind AGHiGRS fifRYarifle,used in the
practice of the invention. Briefly, the 5 splice site consensus sequence

i s AG GURAewehvide belixfameation, apemet snipractipns, antibgthy Riomeions- prYEMAleiR=pur i ne
and /=t he,§pldi&fotidh{ &bh bsTwReliPwhieh HIPTM RenBine&Bd i0G8eoghib@a GROZ RN of three
separate sequence el enents: the branchpoint or branch site, a
pol ypyri nbujgmg prateinti.eq A@rat¢ie bagind to a specific target pre-mRNA.
20 The abundantly expressed target pre-mRNA according to the present invention
may be any abundant transcript. (See, e.g., Figure 5) Preferably, the target pre-mRNA is an
albumin or casein pre-mRNA. However, the target could similarly be an abundant transcript

in plants, such as chlorophyll II binding protein.

In a specific embodiment of the invention, the target binding domain is
25  complementary and in anti-sense orientation to sequences of the apoA-1, apoB, or albumin
target pre-mRNA, which hold the PTM in close proximity to the target for trans-splicing.
For example, a target binding domain may be defined as any molecule, i.e., nucleotide,
protein, chemical compound, etc., that confers specificity of binding and anchors the apoA-1,
or apoB or albumin pre-mRNA closely in space to the PTM so that the spliceosome
30  processing machinery of the nucleus can trans-splice a portion of the PTM to a portion of the

apoA-1, or apoB, or albumin pre-mRNA. (See, e.g., Figure 6).



consensus sequence (YAG. The branch point consensus sequence in manmals is
YNYURAC (Y=pyri m di ne; N=any nucleotide) (SEQ ID NO :2). The underlined Ais
t he site wb bscanaets2f ormati on. A pol ypyrini dine tract ispcoast@dobstyeen the
branch point and the splice site acceptor and is inportant for different
branch point utilization and 3' splice site recognition. Recently, pre-nmRNA
i ntrons begi nni ng th th cleotide
AC have been i dent:f’1 WY ergp(fg gqlrbrg(gh{ &Of% E}'rkgtlﬁrgﬁegn gﬂlﬁihéﬁg}ﬁm%?)ﬂr}g

sequenc esconﬁ;ﬂenmﬂtdry amd anyti-sage eragtion ttaieqlﬁanmtqf tre aépilaiépll) caseing@dphadsr / donor

sequences, al so .be used to r at e or
nore spac %ﬁse‘Pet{ffaoﬁ?feé‘j % @pg%ﬁé?ﬁg ? EEY & FI %/501§I "pé@%gh?%? épq
bi ndi ng dead fArgeassr ahaespheing NEdresardple,m ﬂaﬂget uaamg amlxsmaw defipgd rengay be

designed to_include features S 0 d function
o blogk TRHArdEn RGBT PEALE PRI O fa, FIers EULALES | hat
enhance t p@dinp ai drehdtd tHtepthB @s 19 ad’séjﬁt alfffags2)yRNGiIn/\bétl dseiator Kpps eageiance
encodi ng a protein _or_ polypeptide of int s also included i.n the PTM

e et prmRY RGBT Sheq MR Fot P ReBnmepH e iE ekl cs

whi ch whegr ¢ ﬁ‘1ﬂ§eu§ Rdd F%Rk&ceu’}%rﬁ(ﬂxrcﬁ ee M’Mtd’fﬁb\é‘hu\m oflthe g1phal (6 1)ichseihe
formation of a chineric capabl e of encodi a functional protein or

pol ypept i @léh?b(ﬁz)iqﬁlﬁeél?’é’éttaCaSFH’eoflk?Mar?ﬁV“btérgéﬁijP #d to contain the exon

sequences of various reconbi nant proteins or polypeptides. The proteins or

pol yE@‘@ti des of LnP%m ﬂa&c@ﬁals@&@miﬁddmmtdlgemghammems'sp]iri]da? of

cyt oki nes, growt actors, such as e suli.n rom h factor,
TR ESRE T

hor mones, 2ARYIAS sknenddere Hirlge deney 3 9o Feggn MRy faPefitdded
protein OBraﬁameem ﬂﬁ)lﬁ)fynfn’iﬁlﬁé@%t OFH¥erlRBs s’éqﬁéﬁ@és&@ﬁtﬂé S'meeCHoﬁd)rl’slté mat is
expensi ve to produce conmmercially, such as m | ano riant.
The PTM sthef3' spliee fegiopH69dIRA RMSP&@H&ﬁEjNFé‘éﬁﬂ@WfbthE%{%ﬁenl‘daOf&%@ ’el9é§

sequence, TRURKIARNEAEXVN SHHESNRNS Labratdhy1RER . BUREYS)! headanivhl mblifiset of
exon sequences encodi ng the antigen of interest. Thé nunber and |dent| ty of

the sébuenusenstoseheengesehiatinpintaia tEphHitwiofincgienans despreplicesijgseangp’ splice
trans-spl i %ﬁo’ﬁg n{ag ?9 4@ th'e ipﬁ:cthSQf tl'Fe‘f?ernﬁ@rpl Wﬂ% 5' s%hceegf@ RodseRugcement or

i nt ernal on replacenent occur (See’Figure 7). I'n an enmbodi ment
of the i nvemerces AG/CERAGUYWhers Agiadenosing blprcht Etkuaning (Heetogipacer, bi ndi ng

dormin. o5 Buaging A Bl TN  Roore ol epsp bipudems b 12, |
site of t b@]uaiEMete;nents the branchpoint or branch site, a polypyrimidine tract and the 3'
20  consensus sequence (YAG). The branch point consensus sequence in mammals is
YNYURAC (Y=pyrimidine;N=any nucleotide) (SEQ ID NO.:2). The underlined A is the
site of branch formation. A polypyrimidine tract is located between the branch point and the
splice site acceptor and is important for different branch point utilization and 3' splice site
recognition. Recently, pre-mRNA introns beginning with the dinucleotide AU and ending
25  with the dinucleotide AC have been identified and referred to as U12 introns. U12 intron

sequences, as well as any sequences that function as splice acceptor/donor sequences, may

also be used to generate the PTMs of the invention.

One or more spacer region(s) to separate the RNA splice site from the target
binding domain may also be included in the PTM. The spacer region may be designed to
30 include features, such as (i) stop codons which would function to block translation of any

unspliced PTM and/or (ii) sequences that enhance trans-splicing to the target pre-mRNA.



relatively weak conplenentarity, preventing non-specific r ws-splicing. The
PTM is designed in such a way that upon hybridization of the

bi ndi ng/ twogeddoagesportion(s) of the PTM the 3' and/or Pcspisb@s/osdse is
uncovered and becones fully active. Such "safety" sequences conprises one
or nore conplenentary stretches of czs-sequence (or could be a second,
separate, strand of, nu I.C i I i t : I f the
PTM branch poi nt, 6yP?C%O§F%3%%Frg%t%§(ﬁp%glppogcgn s°|9 gﬁg?fgidgg?g&e%%ﬁ??esgsi te
(spl i ci ngineluéede it he, PBY afothle dintxintidn.t dTheaPTs of thdénveptidncinay cehteimesxos

t henmsel ves. This "safety" bindi revents t sphicing el epen from bein
active (i ?egpe%fso‘@]%abyﬁ%rﬁmﬁ'% cegg?,'&; %%rﬁ‘%}ip(r:?'rr?g ag'fﬂorre%uq P gﬂrlﬁ a %&f?ﬁﬂf]g to thg
PTM spl i canigklieRNAGapdtild ofncalignefinsjonalljreteini on@blypepile bhimtetsaf BieyPTNMay be
di srupfed by the binding of the target binding region of,the PTMto target
br o RNA, ™E R SIEFISEFRGS oS 1%, BT PSSP TR ATICTRAP PP ™S BEki ng
them avai %&%e@ti&le@. t T Brofddnsl 6€polRteptidedr efeintepyse maRNR) sefecdClra@ntthdlgroapquence
capable of formng a steml oo tructure may al so @e included in.the PTM of
t he i nvenfqn8\tngrR CbtPE‘é‘%Smtgr?‘Wgeﬁs*}ftPﬁn SYely BhEPOSSHo s BIRP (BB LREE  wher ei n
t he codi NgorhRAdsOEnSfmdshend® iMitody eptlypep@ieed 1D a@@ifb@i the MertbdddN oS -or The
insertion of mni-introns into the coding sequence of the PTMis designed
to i ncr eaRAYRERRdNof | WiETest Mk bexdntheiapeubifneiRted (that olfnFXREBHVO O t FRIYSEM donor

site. M ni:dxﬁrﬂérf:@{i‘y,%ﬁ'&%'?\%%lto?AB@Ai A9iesd @iaatht 0 the coding regions of the

PTM i nclude smal | naturally occurring introns or, alternatively, any intron

sequences, including synthetic mni-introns, which include 5  consensus

donor sites and 3' TE&SE R e dRrEALES MR ErenemEsTEdido ORI finglsi N a 3¢
splice sitQuéRe hbitipRNEkoh EHRMERS o aRdthatiVeRi he Jofn?(e'&e s eT dRoRi sequdhéean
sequences are preferably between about 60-150 nucleotides in |ength,
however , #fcAfling thergecse] intpreds The npmbsread i vgifiseanryceaiabe bedik®a. 1n a
pr ef er r edpeiR Qi Wepkind Gh thd1G/pk BY §aki-Phicing ReacHbiliizl, Bt &R EAERKAES' &g 5 and
3" end of an endogenous intron. In preferred enmbodi ments of the invention

t he 515 i ntepbpemanhgipigmnal exoameniacementihpd WilbescelSes Higreiyt h and the 3' end is
about 40 nucleotides in length. In a specific enbodi nent of the invention,

an intron of 528 nygheahbsiffert 6MBE ifemtbn! HQafeql iOMIGcTFaENGRSthIRY be
utilized. Sequence of the intron construct is as foll.ows: o ]
spacer, binding domain, or elsewhere in the PTM to prevent non-specific trans-splicing. This
is a region of the PTM that covers elements of the 3' and/or 5' splice site of the PTM by
relatively weak complementarity, preventing non-specific trans-splicing. The PTM is
20  designed in such a way that upon hybridization of the binding/targeting portion(s) of the

PTM, the 3' and/or 5'splice site is uncovered and becomes fully active.

Such "safety" sequences comprises one or more complementary stretches of
cis-sequence (or could be a second, separate, strand of nucleic acid) which binds to one or
both sides of the PTM branch point, pyrimidine tract, 3' splice site and/or 5' splice site

25  (splicing elements), or could bind to parts of the splicing elements themselves. This "safety"
binding prevents the splicing elements from being active (i.e. block U2 snRNP or other
splicing factors from attaching to the PTM splice site recognition elements). The binding of
the "safety" may be disrupted by the binding of the target binding region of the PTM to target
pre-mRNA, thus exposing and activating the PTM splicing elements (making them available

30  to trans-splice into target pre-mRNA).
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5" fragment sequence: (SEQ ID NO 3)
Gagttcttttgttcttcactattaagaacttaatttggtgtccatgtctctt
tttttttctwohbdegiezgggct ggaaggt at PCT/US2005/036424
ttitggagaaattcttacat gagcattaggagaat gt at ggg™gt agt gt ctt gt at aat agaaattgttccact
gataatttactctagtttttta

tttcctcatattattttcagt & t agcggcc
ge. 5 “fr agment Se%etgcgeeh&é( %&@%&%@5&%&%@%&kﬂfé@&&ﬂfe&té et N

Ccaact at cinglmdédiattit RiM of theddvehggngaacct ct at cat aat actt gt cacact gt att gt aatt gt ct
ctttta

ctttcccttgtatctttt ghgcal agcagagh AGHhARRGARIIAN HdidtReRIH tIaRuRgaat gagt
t aat agaat cttt acaaat’ aa _ _ o _

gaat at acacigtontafche BEgas gagimatetdy agg@iaargtligamn.sc tThagusgttiga tof myeitinEengdotot aat aat
gatgggtt atttcca Inyt ther f,

consen SRR"& &GliehEe: ﬂz‘ae?gﬁ\l/[nc esc?%gﬂo 0 ﬁgﬁbﬁ%ﬁ)&'%{%{ ﬁle %E&gg{n{%@%d Jones
et al, NARc&@ntﬁﬁlSJf BEFIM dBuw@tsite.nMini-intkoh Gequeacel $ARe Spreited mgp &etdodamgor and

repressor_conse qu e cludes a.uridinesrich |on that IS
required f§I°n5' O?zllﬁ F@gl &Pi F‘%@LB%P‘P“&?C%V‘% “gr allt?tmatigfyhu & &6de 1 SAR
CONSENS Us s¢y@éHeed) GReledigdsyntirtc inlisi-ihdordspwhich iscwised CensERBRlGA i iUGEAVGU ( SEQ
I D NO 5). Wien inserted h E e PTMs, of the3,| nﬁentl on, .t he lSAﬁla? consensus
sequences HPEISPHIEPEIEEs VR oide & branch peitat 3 RECHHE A L PIRLTSPBP Ai ty to
t he 510 dop@im™ide@atf i ntron sequences. In an enmbodi nrent of the invention
the 1 SAR sequences are inserted within 100 nucleotides fromthe 5 donor

site. In a preferr ertbod nment of the i I ces are
inserted within 50 NG&PRGPTILEWRTEH atr?tgre%i% n%e %en agom 6§%§0 ﬁ%ﬁg Feflerred
enbodi mentength, idweveingiitintesh seienteSARITERAsd NaRths aiay alsodeubeid Tk pleferred0

nucl eot i des the 5 donar The conpasit ,the invention further
conpri se P?R}E‘I“Pﬂﬁt(’fﬂé‘?\fé"%‘é‘@ﬁ The @H@l“?’f@é‘ﬁ’@gﬁ)’f‘ﬁes thecg tf&g 3 ?@ %{J AieRECE WS 2y e
sequencesinybhe inNplettsic@entodbitaly S fhdeint@sioh Thel 6S irdidadfriginent Gl alsoub TV
translation in the absence of trans- s |ICI ng or, te%tgroduce a PTMwith a

speci tfc PW‘HC%Plﬂ'éﬁaﬁé&‘eénﬁ(ds‘iaboPh Y59 ences that may be
inserted into the PTMs include any sequences that are capabl e of nediating
a czs-acting (self-1gl£apciiy) exﬁmnﬁ@hidfi mg m@aﬁtﬂ cdh. infiu fofr $230mensedddsncl ude
but are not limted to hanmer head, d hepat.itis delta virus

ri bozynes C‘(‘E@égmgéhﬁ)\ﬁ? lopving sequegess m??’ IZ?% eﬁqqy%@e?%glgfgnggf) congtruch 15 as

enbodi mentgRiyst he i nvention, splicing enhancers such as, for exanple,
sequences referred to as exonic splicing enhancers nmay also be included in

the structure of the nt hetic PT raasacting splicing factors, nanely
the serine/arginin Frf‘%’i‘u nt ggpence: (g/EQ IBI\?(%?
20 Gtagttcttttgttcttcactattaagaacttaatttggtgtccatgtctctttttttttctagtttgtagtgctggaaggtat

ttttggagaaattcttacatgagcattaggagaatgtatgggtgtagtgtcttgtataatagaaattgttccactgataatttactctagtttttta
tttccteatattattttcagtggctttttcttccacatctttatattttgcaccacattcaacactgtageggecege.
3' fragment sequence: (SEQ ID NO:4)
Ccaactatctgaatcatgtgecccttctetgtgaacctctatcataatacttgtcacactgtattgtaattgtctctttta
25  ctitcecttgtatettttgtgecatagecagagtacctgaaacaggaagtattttaaatattttgaatcaaatgagttaatagaatctitacaaataa
gaatatacacttctgcttaggatgataattggaggcaagtgaatcctgagegtgatttgataatgacctaataatgatgggttttatticcag
In yet another specific embodiment of the invention, consensus ISAR
sequences are included in the PTMs of the invention (Jones ef al., NAR 29:3557-3565).
Proteins bind to the ISAR splicing activator and repressor consensus sequence which includes
30  auridine-rich region that is required for 5' splice site recognition by Ul SnRNP. The 18

nucleotide ISAR consensus sequence comprises the following sequence:
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proteins, have been shown to interact wth such exonic splicing enhancers
and nodul ate splicing (See, Tacke et al, 1999, Curr. Opin. Cell Biol.

11: 358- 36®0 2006aa28t al, 2001, J. Biol ogical Chenistry 2p6TA33@3/03@889; Fu,
1995, RNA 1:663-680). Nuclear localization signals may al so be included in
the PTM nol ecul e (Di ngwel |l and Laskey, 1986, Ann .Rev. Cell Biol.

2T 390 PR byAR AR e d B0 Bl DA RO o p 27 280,
synt het i cindddVion] thé B8 AR eorRershedequenbaraee ihseated ints hkeisguange ofthe PTM iAdtbis¢ i onal

f eat be added to the PTIM nol ecul |.at | i gnal
Lo modi 1y PRNABK B AU SHRS AT oeughevs: inghrbat e e b Rance

spl i ci ng, 1addidquaiad ar@ir@@l’tdagmﬂﬂgl(m)nﬁcleéitmi fbi'the$ dbnat e lanmnifared r egi ons,
additional splice sites, Frotectl ve groups to rmdu te thﬁ?} tabl lity of

t he mof ecﬁp@%‘ﬁﬁ‘tﬁfﬁ\?é‘h"t@“%’g hg d3AR sefluersER e Rsa o™ Y - Bugiger e t he

PTM st r uctigoRor ste PIrEV BB ptéfélrfbaleﬂibbamueﬁtfofmmdnﬁemthBTMR s&iuemmrs, such as a
3" hairpin structure, circularized RNA,  nucl eotide basenodification, or

synt het i cinsertadovthin 2mncisetides ob e S daneksitent o PTMs to pronote or facilitate
nucl ear |ocalization and spliceosomal incorporation, and intracellular

stability. To faci ITHeaJoalé,@ghbr@c@ﬂ @B iNentibte fUdthe eomipe IPINIY fep hhetebéh
interest that is produced as a result of trans- spl*cl ng Sbie]](rquence t ags may

be i ncor pergrestsd; thtipeledeecipaating bREY e FUHIE oL RS 4 wswptfgf FeAPLSES Bn of

the expregsete@i®t@hi PIMPRINYRER indBe @bschddt 6 #Sls-sPiQAkkI6F tooprodulte aCTNIET i C
RNA nol ecul e, The PTMs may be further engi neered to incorporate cleavage

sites to fihial Spff'(aﬁ‘éleilgfbloath%Wd@Pd(isheTl?FBE?}IﬂZéme‘Eﬂ“E@iG%éhaF pay g insertedrigei n or
pol ypept i ﬁﬁ PV HeRideShy %&fagﬁaeb%aemrﬁﬁaﬁéiopﬁ@a@ﬁﬂgbprcgcwﬁ&g QbifLREvigd)i meri c

RNA ol ec Secretory signaling sequences coul d be incorporated to
i ncrease By slicing resctioth eSuskpibendray lmlﬁﬁeéluhaf@rnobbm}fﬁfb@thaﬁ@l%heaii Ma#pPiBst . | n

additi on 40 fddids Wy wh&qmogﬁ?éé%&erctmﬂet%mm TR dSeseangd Tor

spl i ceosorne- ate trans I cing reactions, nucleic acid nol ecul es may
al so be designed for rlbo%grre medi ated (group | and group I1) or tRNA
endondél ease nedi atlBdn pmbeimen|of ey cptione snlis g enkgrests 8458 as-APEXpMME are to

be synt hegigaflel Rrtch 'ié)as(ethﬁlE Qﬁkir& eﬁﬁ%érs nﬁg GRo Bd h@lu@&ﬂnbﬁe dmetufigrd at the

base noiety, sugar noiety, or phosphate backbone, for
the synthetic PTMs. Transacting spllcmg factors, namely the serme/argmlne -rich (SR)

proteins, have been shown to interact with such exonic splicing enhancers and modulate
splicing (See, Tacke et al., 1999, Curr. Opin. Cell Biol. 11:358-362; Tian et al., 2001, J.

20  Biological Chemistry 276:33833-33839; Fu, 1995, RNA 1:663-680). Nuclear localization
signals may also be included in the PTM molecule (Dingwell and Laskey, 1986, Ann .Rev.
Cell Biol. 2:367-390; Dingwell and Laskey, 1991, Trends in Biochem. Sci. 16:478-481).
Such nuclear localization signals can be used to enhance the transport of synthetic PTMs into

the nucleus where trans-splicing occurs.

25 Additional features can be added to the PTM molecule, such as
polyadenylation signals to modify RNA expression/stability, or 5' splice sequences to
enhance splicing, additional binding regions, "safety"-self complementary regions, additional
splice sites, or protective groups to modulate the stability of the molecule and prevent
degradation. Stop codons may be included in the PTM structure to prevent translation of

30  unspliced PTMs. Elements, such as a 3' hairpin structure, circularized RNA, nucleotide base



exanple, to inprove stability of the nolecule, hybridization to the target
MRNA, transport into the cell, etc. For exanple, nodification of a PTMto
reduce t hwoauewmabizzcharge can enhance the cel |l ul ar upt alkeTafs2ads@sémi ecul e.
In addition, nodifications can be made to reduce susceptibility to nucl ease
or chem cal degradation. The nucleic acid nol ecul es may be synthesized in
such a wa to be canj not her | | des
(e.qg., fo%oalzlf EE;neof1 i %rgs qgésttég%ael?gs ’ %%cbgeﬁ?cgﬂéor?tér?)lgﬁ)vo h?s %%Qgﬂ&gggfﬁ?ﬁﬁgéci litating
t r anspor t matdaoksalizhgoncanld Ispliveosomahincérperations anyl intracetlelangabilitet al , 1989, Proc.
Natl. Acad. Sci. USA 86:6553-6556; Lemaitre et al., 1987, Proc. Natl. Acad.
Sci. 84:648-652; P i i i enber 15,
1988) or the bl oodgérfg#lﬁga{gggﬁcg?n sgeemgé%&%gé{gﬁptggghnﬁfs?gﬁgﬁo

W89/ 1013grodymeh s & tesult gfgrans-silEingl @8@Ince haghmaylbemtorperated injgthe@dMsl davage

agents_(see, e.q., Krol et al .. Bi pTechni ; -

i nter c%l a aﬁ%%“’ra“g%eﬁtf téKn"((g'spélgbc%.oa ? f %gggqresf?fg@fg& °§$§$’§Tz§’gg ?t"_;ém %gegg %ﬁgl}ct To this
end, the oftht chimedcRNAMdlemild. es nay be conjugated toanot her nol ecule, e.g.,
a peptide, hybridization triggered cross-1linking agent, transport agent,

hybri di zation-trigggp %M'Jsa%vb%gﬁn&gg%eegpgo  inbbrp 0Bk c%ﬁv&%%ﬁésﬁé‘fa%ﬂféﬁ% certain

cases to cleave amno acids-origina umn to obtaint urified
bi ol ogi calsbitiacefithempnetteologicdllyiantierpesttin of holgpeptide dfantacht feonetheby st andar d
met hods such as, engi neering.a prote Si in the junction between
portions S’fpfﬁffﬁid}r&glﬁ pf?drgﬁ%‘glt euér%%nrllenéfn I%Hjé)ﬁer%lélgbnbi nant protein of interest.
One exanple is the TEV protease. Another nethod is to tag peptides with,
for ex@npl e, cal nodetietorbsignilingsedoenaesroulhedecomerdietite ivagase ggertiompidel y used

to obtain,only th 1N ' ' e protein of interest and no am no
aci ds derlth\?g g Srsg‘rgrﬁr%eghtrprﬁp%lyg&t%f%ﬁgir;l'te%ar'get. Various other well-known

modi fications to the nucleic acid nolecules can be introduced as a neans of
i ncreasi ng i nt r acellh addationsto gsi BTN ynodasuleqddseribed povepyhich predesigngd forcat i ons

i ncl ude, 1 not: Lt el ddi & d: on.: ' of
bonucl o8t Fae p g kb Sl ol M Sholp AT A ERER

ci r cunst aficeibozpnermedistet @amed asd gioinp 1N gr RV Adadprustbaseruetisediramispkcitgavi ng

nodi fi ed internucl eosi de |inkages such as 2'-0-nethylation nay be
15

prefe f ed™“* & ei ¢ acids contai ni ng nodi fied internucl eoside |inkages may

be synthesized using reagents and nethods that are well known in the art
(see, Uhl mann et ahWhengperifichiBys aRdey be othssizedigairrosesmihstie BIMs:, ah, 1990,

Tetrahedr gny b§hs caft bd m3ditied Adng G ERORES Sught Efty! BRSHRSFhate backbone, for

example, to improve stability of the molecule, hybridization to the target mRNA, transport
into the cell, etc. For example, modification of a PTM to reduce the overall charge can

20  enhance the cellular uptake of the molecule. In addition, modifications can be made to
reduce susceptibility to nuclease or chemical degradation. The nucleic acid molecules may
be synthesized in such a way as to be conjugated to another molecule such as a peptides (e.g.,
for targeting host cell receptors in vivo), or an agent facilitating transport across the cell
membrane (see, e.g., Letsinger et al., 1989, Proc. Natl. Acad. Sci. USA 86:6553-6556;

25  Lemaitre et al., 1987, Proc. Natl. Acad. Sci. 84:648-652; PCT Publication No. W088/09810,
published December 15, 1988) or the blood-brain barrier (see, e.g., PCT Publication No.
W089/10134, published April 25, 1988), hybridization-triggered cleavage agents (see, e.g.,
Krol et al., 1988, BioTechniques 6:958-976) or intercalating agents (see, e.g., Zon, 1988,
Pharm. Res. 5:539-549). To this end, the nucleic acid molecules may be conjugated to

-20-



The PTMs of the present invention are preferably nodified in such a way as
to increase their stability in the cells. Since RNA nol ecul es are sensitive
to cl eavaye 2bg6/0aeisbul ar ri bonucl eases, it may be pref er ablrastaswsa2as t he

conpetitive inhibitor a chemcally nodified oligonucleotide (or conbination
of oligonucleotides) that m m' cs t he action of the RNA bindi ng sequence but

is less sensitiv to nuc ea ava ln additi PTMs can
be pr oduc%‘lﬂ’ﬁgé Eﬁ ape lfn ézlag%‘hﬁr‘&?“ﬁ‘g rgsé?l]l g\f\’?%ﬁ %ﬁ%ﬁtéaggnt

stabili tyhjt@ldnﬁwemtggdagcleaizaga a:gantbgtc.nucl eases (Puttaraju et ah, 1995,
Nucl ei ¢ Acids Synposium Series No. 33:49- 51; Puttaraju et ah, 1993,

Nucl eic Acid Resear h 21: 5 . L1l I I be
required, for exarrp t())e I{e%% rg%l %1%13%%?'{({%@a&%%@ﬁx@g&@g?ﬁ” amglf%?lake to
i nprove kalbehinas obtinttiee putificd belogically adizs pro&din ef interesta dthésrdas bé achieved by

Modi fication S ure..of htlc PTMs
i ncl ud bfff’mizfdemmﬂh?‘{glsﬁﬁhséﬁglf’%?nﬂ% Pbogﬁée ﬂ% &uricfl%nnl%etwél%g h’\égcs gse of : (i)
phosphor obhginaing SroalBmiX and thW@mem&t(plfotan wf heandst. nAid examefe it tve TEV nor e

wi th the remai nder as . 88 Nucl ei ¢

Aci ds ResProtef:- ﬁ"@@%?‘?%’d Is, gg(p@g,tgé: 5[1 %’i??xamA[e’ %ﬂ?mo%ggl P8P TREr on
Letters, 3Phose ARIBILRIE beenXvidélg uZeESo ()Béllrﬂohly tM¥se Kmird. acide irbthe po®BDof J. Amer.
Chem Soc, 111:2321-2322); d(||) hosph} onates {e.g. Z=nethyl (Mller,
P. S., et inigrestaugkyy amjno ggidsde OmQ 3 9’6‘5@“ °OBESY; (iii) phosphorani dates
(Z:N-(al kyl) 2 e.g. alkyl rrethyl et hyl, butyl) (Z nmor phol i ne or

pi per agi ne) §Agr awalariofs othﬁtweﬂlLknoﬂvﬁ&ﬂ),dlﬂEB‘ﬁxms td\ﬂnt: hucldic add nﬁdﬁculeuﬁﬁbe

85: 7079- 7083 X or WEN 9 C | ds Res.

o 3805, soauctdnyg mesmbhnbiirs s plspeeltts ity g bk b o VT et )
(M1ler, RodiBcatiddt irdlude, baBae nbli 16iRAND, She additida oﬁﬂfﬁ&n@‘h@@)encealbd (v)

phosphorus free |inka . car bamate cetam date, acetate) (Git, M
J., et al ribomyylgotidgs tocﬁg%?na“%@ epdsyqfithe mol e‘i’zﬁain sgBBCITcERsancegvhgte Cop g |

1979, J. Q@Fegéedgﬁﬁtht}}:ﬁﬂgdlﬂad|nucﬂ%§&9rd§-3%g mbd]ﬁ@eﬂﬂteiﬂu@]@os@év'lﬁlﬁcﬁ d¥Radnfdscat i ons
may be incorporated into the PTMs of the invention. Such rmdlfl cations

i ncl ude tRe- @§@YBT‘°“ npy bepreferret Mivqleipagidseentaiingmodifiqd) intprnagleesidn at ed

nucl eosi dﬁ§k &&Q{eﬁﬁ'&m Bagerts an@tmeMods thhOR wemltﬁdweﬂ fﬁ tﬁ%rﬁj edXes.
17: 3373- 338 and ||| uoro 2' -ri boxynucl eosi des ( ﬂ rug, A,
et al, 1981911114‘19 ef dodPe émeﬂel‘du?ﬂ ¥3t58dechngder g g, iﬁ%‘B)Tetr#ﬁiiftoﬁ . pase

modi fi cat b PR$s { AL reRYes RReIMIEIS.0 the PTMs, including but not

The PTMs of the present invention are preferably modified in such a way as to

20 increase their stability in the cells. Since RNA molecules are sensitive to cleavage by cellular
ribonucleases, it may be preferable to use as the competitive inhibitor a chemically modified
oligonucleotide (or combination of oligonucleotides) that mimics the action of the RNA
binding sequence but is less sensitive to nuclease cleavage. In addition, the synthetic PTMs
can be produced as nuclease resistant circular molecules with enhanced stability to prevent

25  degradation by nucleases (Puttaraju et al., 1995, Nucleic Acids Symposium Series No. 33:49-
51; Puttaraju et al., 1993, Nucleic Acid Research 21:4253-4258). Other modifications may
also be required, for example to enhance binding, to enhance cellular uptake, to improve

kinetics or to improve other desirable characteristics.

Maodifications, which may be made to the structure of the synthetic PTMs

30 include but are not limited to backbone modifications such as use of:

21-



limted to use of: (i) pyrimdine derivatives substituted in the 5-position
(e.g. nmethyl, brono, fluoro etc) or replacing a carbonyl group by an am no
group (Piwoiedidsp232d . A, et al, 1990, Nature, 343:33- 3Ejustespsqaes i ne
derivatives | acking specific nitrogen atons {e.g., 7-deaza adenine,
hypoxant hi ne) or functionalized in the 8- position {e.qg., 8-azido adenine,

8- brono adeni ne) (f r.a revi se 197 ol og.
Macr onol ecul es, 3413}?(’59/1)‘“Ot ﬂatgo@ ‘frlqg?l toﬁg Sﬂ/& CO%bbAeaH{):%(\)/f]tTV % I y I'inked
to reacti mréwmtheemdm@r BLPE ,e. 5 YIS (8@in, Ci A, psdiy, aﬂ’&Snslu«(lMc Ukids ResR. S., et

| 1988, Nucl R S . . 113- 4
Shenant hr &f Sﬁ%’g&z(%éﬁﬁé %i(cgg%‘détl{ %(I?g) ’a[ggl%b’é?%gmé%%gfrf 3]/3% %61%6%?3@ g(fﬁ‘g)
nustards GMSaSSOW. K-DYer al€1983] J. Ab%%heﬁem 112232132 ®2p) (irreversible
Cross- Ilnklng a)gensvvlth or _wt

acri di e (Driigh H}Oaﬁhoﬁéfe%&j&?s‘)’e ﬁ(ua( P%eeegi@{ rgﬁ& Jlégg%?’nt S%ﬁﬁ éﬁsg)

67 777- 783%65)((1115)lpho§ﬂﬂbﬁhudiwsI(Z/ﬁwaﬂ%ﬂ)z(e g ﬂkﬁrrﬁdtlwleeﬂ@u suummzdmoﬁmbmdron with
pr ot ei ns) (Conno y, B. 1989 Nu 7%33 ci ds Res.
I

17: 4957- 49@49&1«1?),()%@3%@(13&1 (1%%31|Pr<f0 é’a%a@édf%f« b 8507 PHo, brono
gr oups (U‘ézﬁﬁﬁﬁmdg Ni“é?gb 1985 Afuwe)c Ahdsi RS | 1-‘6 3. 3(5@3)0(10)lphbgphoﬁfea§@ i nki ng)

(Perrouaul t, G, Nature, 344:358-36 0). In an enbodi nent of

the i nvent(ZTQralkd] ¢@Gm§]®{1,eft§h}il ) RYHEE B § > Pl whP 82 Biokkemitityapl: afhg-5474);
I nt er pycl %9@#1 Ehclsg{fgﬁégﬁee 1'1nk§ es (. E%aﬁ%&@%@taﬁfdaﬁehﬁ'ce&% kest, 'qu ndits, are

replaced wt roups can used. For exa one such

ol i gonucl 874, deCkmwétm (Eelclam hhﬁa‘i‘alsﬁsééé%\t Yhdwer f{len%%d GhemnSos- Rerindr affinity
to DNA an an natural oligonucleotides is referred to as a peptide
nucl ei c améc:;d\iﬁ’li?t ) (for review see, Uhlmann, E. 1998, Biol. Chem
379:1045-52). Thus, PNA may be incorporated into synthetic PTMs to i ncrease
their stability andheddipmangegmedificationymaype tnﬁ@pprarigemoﬁwé’T the n anot her

embodi nenﬂnv%&jh%ubmgaﬁbmns fnbﬁdﬂ;%smy (15)9 %\ﬁ@él@d@id%é’(li#ﬂk@i 240

| i pophilic groups or ot reagents capab roving uptake by cells.
For eﬂanpln@thyﬂah@i @TNDMﬁSéBﬂOM@) hidprdse BcSvaIl @nﬂ?%f’ Vﬁ%edcﬂb esily:33hbl est er ol

(Letsingen,g Snld ((ng?ré_t}"?dg%?%%y%lf {egﬁfles%?;) (K?\?g’% e$9}- lg@\ Nu%@o@éeé%n@Si 6);

(ii) pol yam Proc. Acad. Sci
84: 648- 65Aurleatideer8: BIGBUBED. pol yners (e.g. polyet hyI ene glycol) to inprove
the efficiently wwth which the PTMs are delivered to a cell. In addition,

conbi nations of theﬁmgys de gr?daﬁcaalcﬁg ﬂgs?m %@M%%&]ﬁmpmﬂadg%@w 0

i ncrease the stability ['1ver into the target cell. The PTMs
of the i n\lrmntedunuscaﬁ @)anymm@inq: d\erwem\rced@st!@@dgm@d Stmswpmfng:@eﬁlywmo

chi mar I ¢ I?ll\lAro etc) or }e%{ag%% a%gljblmyl group by an amino group (Piccirilli, J. A., ef al., 1990,
Nature, 343:33-37); (ii) purine derivatives lacking specific nitrogen atoms (e.g., 7-deaza
adenine, hypoxanthine) or functionalized in the 8-position (e.g., 8-azido adenine, 8-bromo

adenine) (for a review see Jones, A. S., 1979, Int. J. Biolog. Macromolecules, 1:194-207).

In addition, the PTMs may be covalently linked to reactive functional groups,
25 suchas: (i) psoralens (Miller, P. S., et al., 1988, Nucleic Acids Res., Special Pub. No. 20,
113-114), phenanthrolines (Sun, J-S., ef al., 1988, Biochemistry, 27:6039-6045), mustards
(Vlassov, V. V., et al., 1988, Gene, 72:313-322) (irreversible cross-linking agents with or
without the need for co-reagents); (ii) acridine (intercalating agents) (Helene, C., et al., 1985,
Biochimie, 67:777-783); (iii) thiol derivatives ( reversible disulphide formation with proteins)
30 (Connolly, B. A., and Newman, P. C., 1989, Nucleic Acids Res., 17:4957-4974);
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The met hods of the present invention conprise delivering to the target cell
a PTM which may be in any formused by one skilled in the art, for exanple,
an RNA nolecudss2e a DNA vector which is transcribed i ptco/u208563604 ecul e
corresponding to the PTM of the present invention, wherein said PTM bi nds
to target pre-nmRNA and nedi ates a /raws-splicing reaction resulting in

formation, .of chi nerl t hat .expresses _a prote ypepti de of
i nterest. (‘M%E\E%Sgg@ﬁ'gé%ﬁﬁ?%-@gﬁ%’ E@“Wé%@%ﬁég c’?cﬁgﬂﬁl%}%:{@é?% acid
mol ecul es (¥ ellipiinen{phntoiyvia crastlillendYPermualdi\A., @r a/d 8690 dniwwe S44858da)f i ed
versions thereof, single-stranded or doubl e-stranded. By nucleic acid is

reant a PTM mol eculig., gy hlRENIFuRt ba N L RAMELERRS RSP Y Bel o aci o

nol ecul e, or a nuclelc aci d nolecule e a ribozyne or
t - RNA endeupdcaredsternnalsesitierlinkhgei Ce.abé bhckb)dne ofi the nudlbwidh @nits @nm@;é@dd with

deoxyr L bonuc| eoti des, or onucl S|des a ¢

phosphodi 88Y¢ hgro}lﬁﬁggaggse& %%‘la?l? gdoqe SH@agggnuc‘%?pget I(Tanrn%q}r%uc%gll RSBy al so
speci fi cakigwn to inddéth ahighegbffinitg iocdSNA AP BSRACthai ndaskdigotuvintiddsan the five
bi ol ogical |y occurring bases (a i uani ne, yi0 and
oot ) - FSIRaRdaR B GRS BTE GENATLLor Ry oo R, BB R

RNA/ pr ot el3179 m45[3‘>11?\/ TNG/ PN A @iy Ibe Gatbidfatdd iffols@ithitie PTMIAD imteaseltasir gned t 0
enhance the stab of the invention can be

. .
prepared B{P ‘HW“?(@EH‘B@I‘“&PI%J]WF‘Hﬂ?erférgﬁtrﬂre F&@V‘? he synthesis of nucleic acid

nol ecul es. For exanple, the nucleic acids may be chem cally synthesized
usi ng 1gommer ci al | y lavadthé@lehbodigraicoftis: iaveation, mermwima)sbdaqovaﬂemﬂ}dﬂfked hat are

wel |l known jin the art (sege, , iit,..1985, C] onucl i de S esis: A
Practical t OAWP%‘QE ﬁrouP’F‘é qﬂ?eéé?gg@?ag%&e OfEgroYing)upta %\Fp%fxﬂgt Veto™ ]§y fhetic
PEMS Pg ﬁtﬂn ]?thgﬂﬂl@élﬂés&ﬁiasyb)é doPal¥itlynidkéd 8N @o;ashomsg,m (OdtsihdeA Isquemqessﬁe,ncodl ng

t he of interest uc enc can be jncor ted i

variety of’ ’%Nﬂ%r@a@oxﬁhﬁgﬂewsrsﬁgsﬁé' F’sgﬁllyémﬁﬂﬂlﬁﬁ’laﬁ'e@féalpr@%tp &%%S such
as the T7n#PoadOSci, A 0%: BMG%%tM@MI@b&mQ@%Q%%thM petoler ase

pr ormt er sequences | ncl ude the follow ng: AATACCGACTCACTATAGGGAGA ( SEQ

| D NO16) speroverthy viligerdars warhdhediNG {fséé‘weﬁdm cejl lyrgddition,
AATTAACCCI&BQM%@@%%&@EQ@@M@&&UOM may be utilized to increase the stability

and delivery of PTMs into the target cell. The PTMs of the invention can be used in methods

designed to produce a novel chimeric RNA in a target cell.

The methods of the present invention comprise delivering to the target cell a
20 PTM which may be in any form used by one skilled in the art, for example, an RNA
molecule, or a DNA vector which is transcribed into a RNA molecule corresponding to the
PTM of the present invention, wherein said PTM binds to target pre-mRNA and mediates a
trans-splicing reaction resulting in formation of a chimeric mRNA that expresses a protein or

polypeptide of interest.

25 SYNTHESIS OF THE TRANS-SPLICING MOLECULES

The nucleic acid molecules of the invention can be RNA or DNA or
derivatives or modified versions thereof, single-stranded or double-stranded. By nucleic acid
is meant a PTM molecule, a ribozyme or t-RNA endonuclease based nucleic acid molecule,
or a nucleic acid molecule encoding a PTM molecule, a ribozyme or t-RNA endonuclease

30  based nucleic acid molecule, whether composed of deoxyribonucleotides or ribonucleosides,
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The base in bold is the first base incorporated into RNA during

transcription. The underline indicates the m ni num sequence required for

ef fi ci entwonaswaeispti on. RNAs nay be produced in high yipelrarseeos/oBex2vi tro

transcription using plasm ds such as SPS65 and Bl uescri pt (Promega

Cor poration, Madison, W). In addition, RNA anplification nethods such as
iR

Qb amplifi ion can b ilized tq.produce t.he. F f ... The PTMs
my be’ purtd B RRseL e et fiResrs SE Rl iy TP kehRbeie "o 0]
exanpl e, e alsd Mecigiasllybiacipdes infitleid akiys @etpobdd df bades other thérf thefivey or anti body
interactions, .reverse,. phase chr.omatography.or gel. el ectr oresj.s. O

cour se, tﬁ@%‘@k‘iaﬁ}’ EFUHIE;DASES (%e?‘f‘e’rgégg%ﬁ'ié"‘feh O?Weanﬁr@fﬁ%g)gqgfgcﬁhﬂ’fi cation
wi || depemd PFTMPaHThe iaventibE may ZemprdbADNa/FaAl Fhapstdih of DNAMRARrdaeiaci d to be
purified. The PTMs_of the invention, whether s ntecggl?g sfcherri cally, in

vi t r o, 5 or chimegs pgleclgnthparesdrsiehedio sabpnesthe glabifjpy - modi fied or

substituted nucleotides to increase stability, uptake or binding of the PTM
to a target pre-nRNAe PiMsaddie ihgsntiod €inlbeprapared pintemethodkndwnan BEMt t he PTMs

may be nodified with peptjdes, chem cal agents, antibodjes, .or nucleic acid
nol ecul es forfﬂéﬁsy@%&%?tg‘,“"lﬁﬁ a&ﬂﬁ%\‘ﬁ%cé‘mf'hgorpﬂ‘igrgi’ &t e’b‘fci)ebce?cfcis W the PTM

nol ecul es chean€dNyBsthésieaubiRnsonahacitly dvakitdyweagdtstdna sentkdsizedsibl mettiods he art .
In i nstances where a nucleic acid El ec%l e _encodi ng gy PTM iﬁ utilized,

cl oni ng t SEhHE FFH KRR Ihe 3t (SRE e CattalPSBeOligoaucieqside YRR ST44 ¥ nucl ei ¢

acid npl egy},,%aj:mmgﬁsgmf&g,%@ﬁna)ect or. Methods commonly known in the art
of reconbi hant DNA technol ogy which can be used are described in Ausubel et

al. (eds.), 1993, Current Protocols._in | ecul ar, Bi ol g John Wley &
Sons, NY; and Kri eg‘?lé‘?“}atlf%os,yn%% V1] 8@6%736@%‘(’332‘?’ SARSCTRUPRBY 2t or y

Manual ,  StagktBerdReLsRodiig the PIT®I sMieRBC SdEHIONANeqRESds @fn bethedrpsihtedry be
reconbi nantly engineered into a variety of host vector systens that al so

provi de f @Ho ? &e \@HEY Of vestors frywnsipen HomspiableRNA PolyRgTas e AOMOK™ HEN #ecessar y

el enents kRrrdkpeGh i1“51?01 Rralé AOmbletPidoagnfs RN pbijibraddoms®r Ruddesh a
construct to transfec arget cells in the patient will result in the

transdpi ptncdide dfe felgwingi ent anounts of PTMs that will form conpl ementary

base pairs with therenflogeReaalchcRALEeCdcRIGE (FRYID ROt S, and thereby
facilitate a frns-splicing reaction between the conpl exed nucleic acid

nol ecul es. For exanpl e, a vector can be introduced in vivo such that
P6; ATTTAGGTGACACTATAGAAGNG (SEQ ID NO:7)

T3: AATTAACCCTCACTAAAGGGAGA (SEQ ID NO:8).

The base in bold is the first base incorporated into RNA during transcription.

"20  The underline indicates the minimum sequence required for efficient transcription.

RNAs may be produced in high yield via in vitro transcription using plasmids
such as SPS65 and Bluescript (Promega Corporation, Madison, WI). In addition, RNA
amplification methods such as Q-p amplification can be utilized to produce the PTM of

interest.

25 The PTMs may be purified by any suitable means, as are well known in the
art. For example, the PTMs can be purified by gel filtration, affinity or antibody interactions,
reverse phase chromatography or gel electrophoresis. Of course, the skilled artisan will
recognize that the method of purification will depend in part on the size, charge and shape of

the nucleic acid to be purified.



is taken up by a cell and directs the transcription of the PTM nol ecul e.
Such a vector can remain epi somal or becone chronosonally integrated, as
| ong as iwoeass/dag23er anscri bed to produce the desired RNfcTiUSeoos/oBSidM Such
vectors can be constructed by reconbi nant DNA technol ogy net hods standard
in the art. Vectors encoding the PTMof interest can be plasmd, viral, or

ot hers known in the_ar us, for replication an X i.on. in_manmmal i an
cell's. Expression o etliﬁré\/lss%fgﬁfelﬂx%mgﬁ(% ﬁﬁbsylnﬁlgmﬁ%l\ﬁlglgﬁg é1736%{%5f%d by any
pr onot er / RH ARG B satitveat@shdpressice of niddéfied ok substitaet nicleatidentalincasase
preferably human cells. Suc r t er s/ enhancer an,.be induci bl e or

consti tut iS‘i?B‘.ht}SHBtﬁkep?rz?Hﬂf’@r ﬂ?@d’?‘ﬂ@&%ﬂ et %ffénclﬁ%’fi' Fq %F?@B’ {f;g?mflﬁe SV40 early
pronot er LeGh&R of BRIV the EEMandy 6haobigiad with pdfidds, chéaicul ag@0adBadidd 0) , t he
pronoter contained in the 3' long termninal_ repeat of Rous_.sa Vi rus

( Yamanst o ogfuckgic acid mglyculess fqr eyample, tgenharneg;the phygigal Prongaiss PE@#ﬁm ki nase

pronoter (YAQIRE. Sich@hodifich@&hk ardWaPknoNaltd thoferdkMiGh tHe aft. A 78: 1441 1445),
the regul atory sequences of the netallothionein gene (Brinster et al.,

1982, Nature 296:39-42), the viral CW, pronoter, the n chori onic

gonadot ropi n- b pr ofteRARCEs T ShBISIEe ‘”’é’f‘P‘&PIFC @@%f’é‘%i‘ Pﬁl@? Pt.‘ﬂzlgﬂdocri nol ogy
106: 1 11- LiohfhktecBhiquesAMBwh YiP@e @it mialy 86 ied forcdsiifigthf théAlucic a¢idmdlesutciner can
be used to prepare the reconbi nant DNA conpstruct, which Cﬁ@ be .i nt roduced

direct|y ianeepresonvpeer dMatheds commenly kapwy i e arf pf rgorhinanh PN AEFnglogy s o

whi ch 1gel afidnv@h ¥e 1l 8fd debdiBed BSAsEBE] LAF/0@Es. ) 8993, CMe&: PfstocbRrin Use in the
practice of the invention include a%{.eukar_yotl C_expression vectors,
X

i ncl udi ng MelecutrsBidlpgy, {aba Widey & iSpas, Nk prdliaeadsr, 19901 @sns Tragtenands t hose

deri ved frgmdfith, &l Bbsrafty Mahiddibckiihreddenovi r uses or adeno- associ at ed
viruses. A hunber of seletction systems can al so be used, including but not

limted to selection for expression of the herpes sinplex virus %E m di ne
n

ki nase, hypoxant hi nEefficaeodgrdaphbYioh gdsrest F&EQF Eegapinaifly eqgiagfrefemto

phosphor i Qagylt, bE RRsTRIRS ftdMQhfialko pfovidéfor lRIRATion SFtheDNM-in thedd schient cel | s,
respectively. %\I so, anti-mnetabolic resistance can be used as the basis of

sel ectliSon ahdgontgimihemesessaas dememnior direcsing tha mmpseriptgy of theddM e e ¥s6&f st ance to

met hot r exap &, , AR RerdseRigeRARSR h{_eg;la@e% Wil f5ANRfRS @S8crplBl 3  Whi ch
confers resistance to nmycophenolic acid; neonycin (neo), which confers
resi st anc euffioicandnmoigisyf 83 MsghaGwill Srmgampleygrtampasapaps pits sistradessneisbr ase
(hygro) - SERNAGRLAL ARG BrelcBy BEHRATY 6/ ﬁkﬁ%}l'@in rJ&EfJneJe'E\@één%{EbOdi ment
of the i ‘A’*\}%ﬁ,{éf%ﬁ&feﬁﬁe cg?sr? c’uPt ure 1s tr ans?gr d1 a? a lowratio of vector
to cell, complexed nucleic acid molecules. For example, a vector can be introduced in vivo such that
20  is taken up by a cell and directs the transcription of the PTM molecule. Such a vector can
remain episomal or become chromosomally integrated, as long as it can be transcribed to
produce the desired RNA, i.e., PTM. Such vectors can be constructed by recombinant DNA

technology methods standard in the art.

Vectors encoding the PTM of interest can be plasmid, viral, or others known
25  in the art, used for replication and expression in mammalian cells. Expression of the
sequence encoding the PTM can be regulated by any promoter/enhancer sequences known in
the art to act in mammalian, preferably human cells. Such promoters/enhancers can be
inducible or constitutive. Such promoters include but are not limited to: the SV40 early
promoter region (Benoist, C. and Chambon, P. 1981, Nature 290:304-310), the promoter
30  contained in the 3' long terminal repeat of Rous sarcoma virus (Yamamoto et al., 1980, Cell

22:787-797), the herpes thymidine kinase promoter (Wagner et al., 1981, Proc. Natl. Acad.



such that there will be only a single vector, or a limted nunber of
vectors, present in any one cell. USES AND ADM NI STRATI ON OF R NS- SPLI CI NG
MOLECULESvoheosmapesi ti ons and net hods of the present i peeniscas/ 036424
designed to generate novel chinmeric RNA nol ecul es containing sequences that
express a protein or polypeptide of interest. Specifically, targeted

spl i ceoso i ugli exon

r epl acerregtre gﬁd %‘?%4119%3 %ge%flacg)ﬁgﬁtléng%sn&glee%ﬁég tto %@%@%Q@ﬁ?ﬁg’h

chi meri c RNAS82,Adgirt 296139-43), thervhaiﬂ,l‘rﬁzf pmmdtelﬂldé\hmdl eltoedmtcaoyébte@m-

RNA ol BB (s PTG bty bt et il Pl dORITRI R & ol ypept i e of

i nterest of the present invention is translated to generate a protein
product conpri sing Adyeyprr(dtpedsmid)coqnﬁdiyxpﬁpbi vzieal eéctormhebesed tRrefaer thbl y, t he

proter e i.nterest rod ale quantity in
the bo IVCF’)‘F’{’#‘%‘ g?%"g ﬁ%psh'B Wﬁ%l Lé HS? va"étro tyhegtilss egntg are known and

can be USQ@eh@tn’ielly’;mﬁil%ctbﬂ&alﬁiwﬁmd; whlchls&edﬁfvelgrhlﬁe¢tmheeiemrddrtangﬂtoellCeI s, e.qg.
encapsul ation in |i Bftgorres 0 articl mcr oca(gsul es recorrbl nant

cel I's capdftarsder usg %B’iaﬁt{:fet‘ﬂﬁ e %‘st‘P?EiB‘?‘F any SUKAYRI RGP EE Y 8docyt osi s
(see, e. GincludthgdEnoMimitkd &/ viral exfleslon veliem) suZlbas hésd Yedveddpom thoolssafct i on of
a nucleic acid as part.  of a retroviral, .adenoviral, adeno-associated viral
or ot her W@t”é‘rses’laﬂ‘fr’é’c‘ftrtséﬁoroﬁdewsocé‘t 'éjc‘t‘?‘é"r?or ation, cal cium phosphate

medi ated transfection, etc. One or nore PTMs) and the delivery system
woul djgonstitute t haenmhwuctemﬁb@tysfeﬁulcm he wdied) ihelingcbut sotiiatedks by
convent i onal admi ni strati gﬂﬁg’gt hods, ., such s i pt ravenous i ntraport al

9 Ry

i nj ect i on SelfqoR f GXRIFSSioR TR HEPISE ViV RR KT PP PERRNA

nol ecul e BRY%p K&b@tﬁﬁiﬂstéthts@@hctdaemﬂgﬂsw;shohb@sycmrr@&ta% ptbﬂa,m BUk-, west-dr be acti ve
in specific ceI | s that express t he ahundan %/ ress %t?a re-

target, s8h dgicipptsallp Epastively; f‘léoﬁ"lm‘é'l‘%‘tml‘ﬁ esisi ‘f‘?epéf‘ cu fh%glﬁb theI i a,
site of Ca9&idn ForAHYARISIate RendTRIEE! (& f/ﬁ)etvh@h cctrtf@s Risis@n@ o Eﬁéﬂﬁ)kera‘Se{nt hesi s.

The PTM woul d be active in _its t he bi ndi ng domain of the PTM

adher ilfg Wthln@rgwrgétl@whg@hﬂwﬁeesfmset (H@t) aFuReRiers reEsipRcs Sy mycqphsnplic
pre- mRNA. g erlengag (rféo?%l&mohférsr}gslstﬁda@ t&ﬁQh@yQQH@Gm&f arfdhﬁ?l% Hybiwasl d be

i nserted or spliced to a defined sequence of the tar resulting in
a chi mer i phosph¢transfanasethpgreswhbish gonbers epsistancedapygrempgint ea pefstred n or

p0| ypepti gx%b&{lm%ﬁto? 't}%qﬁventlon, the cell culture is transformed at a low ratio of vector to cell,
such that there will be only a single vector, or a limited number of vectors, present in any one

20  cell.

USES AND ADMINISTRATION OF TRANS-SPLICING MOLECULES

The compositions and methods of the present invention are designed to
generate novel chimeric RNA molecules containing sequences that express a protein or
polypeptide of interest. Specifically, targeted spliceosome mediated trans-splicing, including

25  double-trans-splicing reactions, 3' exon replacement and/or 5' exon replacement can be used
to generate such chimeric RNAs. Additionally, ribozyme or t-RNA mediated targeted trans-
splicing reactions may be utilized to form chimeric RNAs. A chimeric RNA molecule
containing sequences that express a protein or polypeptide of interest of the present invention
is translated to generate a protein product comprising the protein or polypeptide of interest.

30  Preferably, the protein or polypeptide of interest is produced in a large scale quantity in the

bodily fluid of the host mammal.



The al bumin gene is highly expressed in the liver, and provi des abundant
target pre-nRNA. By targeting al bumn, the serum concentration of the
expr essedwpnodeism3pr oduct of interest may be expressed aCcTplsy®isobegically,
bi ol ogically increased or therapeutic |levels. Al bumn has a serum
concentration on the order of 45-50 ng/m in |arge mammal s, such as cows.
G ven a noderate ”\%rﬁsﬁss(félli'vcr&.@%te%sur LEene n8fcan5r%9 bl gEnSaRL i ties of the
expressed protein proauc OF PRt erest can be produced 1 n vivo. Based on a
pl asma coommpusitiabd afitheoihvehfiomiptortellsfe. gakimapsutatian th poswrdes; mriczopartigtes- spl i ci ng

efficiency.of 5% 2.5 mg/ f th r.oduct. i enerated. T t, which
corrlpr: ses %%CaB?“%ﬁseﬁeﬁonbwn%Lf%é?ﬂalglgg) f8¥p¥?sﬁ‘f‘|§?}bes f fnpfr’sgtloglérﬁeé?pg%f yé%a(r%d;ent a!t :
bet ween 2erhlobBbdid (std) e gh &isaidukn,ai987, e B iGkem. 26214429-haihaeongfutiiai @nacy of the
el dss SUBEURE SEhis BBAEE BB Ry T g BEREH AE TAMGESER o ampunt s of
recombi napfecRbLEEDNES, aéu&oF@hmem&idmhoéﬁhae He@iaRl teRg&iion,Rept i des as t he

target pre-nRNA also facilitates the goal of producing reconbi nant proteins

and pol ypeptides in l|arge S. in prateins representover 80% of
nilk proteins. The%&?ﬁf&?éem&g?ﬂ tﬁg%ﬁgﬁﬁ'ﬁgﬁ WORi °8ﬁ?tﬁ§ ﬁ‘gp ol ecul e
can be seahRhesuldbéaditiniéreddas rhmatilstiyeonvdnkombhdmhingdatfonametinelsysatisas such as
cows. Delivery of the PTM.i.nto a_host . e.either direct, in whi.ch case
Che- host | INEetenp 5B R TB. TGP SO LA TS M TREE o

ol ecyh e, RAIA hmHdédlERiky bd distyibutedithedisRout fRShirc@iglidng bitfwduld Yesiktite iaRpdeicned wi t h
the PTM or PTM encodi ng nucleic acid nolecule in vitro en transpl anted

t
into the FASthat orEess thegBundgphosierrssed fgraet IPFFO%HNArté@BEE‘PF‘\?éP?Rm&%tC‘?’ i vo or
ex Vi vo ggngbdghisyficis, hinmMasReRhdliaCsie BPOLLiARR thesishBd fuusdi€tells,aRe dtelos
directly admnnistered 1n vivo, where it is_expressed to produce the PTM

This can Bwosie shssissHeuP By vwawld Rerachysg its B ofiebivdiggdompinohtheart | e. g.

by constr gejy aaﬁeﬁ&gt@%he%F&e&ieg@éhc@mh@wuha&nay@k&ﬁb@é&taag@i Se A LSSI On vect or
and adm nistering it so that it becones intracellular, e.g. by infection

usi ngla dBsliaingeansrsphitios theeodingdempionaf fhelPTdF wovldbe inspricd|oryrgat-slicgsee U, S,
Patent No 4de%§9d n%g@éme of th%%réyt, L &Gktink H £GlimOR ARNAGKAL SRR es Phrolict US€ Of
€ DO ranent e. g

. t MRN; .
m cropart il : ., a gene gun; Biolistic, Dupont, Bio-Rad),
or coat i ngomprising| thgyprdesinoyr pobypéptide pf iateeest. ecept ors or transfecting agents,
encapsul ation in |iposones, mcroparticles, or mcrocapsules, or by

adnmi ni stering it infhleiafblﬁﬁgf%etn?isaniiﬁﬁﬁ&i%sémh%liv@r, kROMBViES BRdaht t he

nucl eus, by adm nistering n | age to a

target pre-mRNA. By targeting albumin, the serum concentration of the expressed protein

20  product of interest may be expressed at physiologically, biologically increased or therapeutic
levels. Albumin has a serum concentration on the order of 45-50 mg/ml in large mammals,
such as cows. Given a moderate trans-splicing efficiency of 5%, large quantities of the
expressed protein product of interest can be produced in vivo. Based on a plasma
concentration of 45 mg/ml of albumin and a moderate trans-splicing efficiency of 5%, 2.5

25  mg/ml of the product is generated. The product, which comprises the protein or polypeptide
of interest, is generally present at between 2-5 mg/ml in the serum of the animal. With higher
efficiency of the splicing reaction, the yield of recombinant protein would be greater. These
yields support the concept of using PTMs to generate large scale amounts of recombinant

proteins and polypeptides.

30 The use of casein peptides as the target pre-mRNA also facilitates the goal of

producing recombinant proteins and polypeptides in large amounts. Casein proteins represent

27



| i gand subj ect to receptor-nedi ated endocytosis (see e.g., Wi and Wi, 1987,
J. Biol. Chem 262:4429-4432). In a specific enbodinent, a viral vector

t hat contwonsoddae2sPTM can be used. For exanple, a retrovcrals2008086r4 can be
utilized that has been nodified to delete retroviral sequences that are not
necessary for packaging of the viral genome and integration into host cell
DNA (see M| t .al, 1993 . Meth. Enzynol, .217; . e i

vectors al¥8 85%0‘&33@( Aot Thesfpirese E Bf&s{eim Riog lécgf S5 |§\g/71-é131%82 ggean%{;/]?ér/dé{ &Jgr
adeno- ass 6e katetdl and hadvest@Ciram sheawitk dbtainedefcbnf mamgelssudehds oogsy to cel l's or

ti ssues. (See, Kozarsky and WIlson, 1993, Current Opinion in Cenetics and
Devel opnent 3: 499- . for rexi e L: . hyery). In a
preferred enbodi ne gh(}/?rytoﬁglei nve%ﬁ?gﬁosgﬁlgggée/%@%gaslgegg?rgytvglgﬁl%sgg'ie hégtcl%/or may
be used t dirclglyiexpssedtochePTMac PdMmwiceding s ldapibmeleafle, onindueatgn heehPTM  The

vector _i s desj gned so .t hat, .dependi th vel .. of ressi esired,
the pronof&f: Eﬁeﬂf‘ arg ﬁ‘ﬁ%%&%slforg{gg %th@%owé ﬁf)?rggeer?%%/dl%enu?fr%{s%ea??ie%&l i ?e o n![ he

vect or . Anelthethea pispRafed o (he hestdEhése exyapppdacha asetnowin reggevteslyt asinsf erri ng
a gene to cells in tissue culture by such nmethods as el ectroporation,

| i pof ecti &t °C&Y ‘EY%gﬁ“ﬁa?Ltjg’ﬁﬁ’at e nedi ated transfection, or viral infection.
Usual Iy, the nmethod of transfer includes the transfer of a selectable

mar ker to the cell sin akp&ifixednitodament, theancipicacklds dingddy adminstrédon vivo, | sol at e

those cell g that have taken up. a re.expressing.the transferred gene. The
resul ti ng EEIHBETRIRTC t8lpf%d“8£tﬁe Egl\@e lsvcgﬁi,?ﬁ agegmglishe Q) nymerots

f by "various net hods
Known 19N tnfeéhodk knownin #hefiteb.g!, b conettinidj; iram part dfha appopriats metldioacidene
delivery is autol ogous tq the host' shcelbl . _The t@r ei@fﬂrgt i rgver}t it.on al so

provi des FORTCEHRYESPIINGASTERBIEL] I H CEFFUE ITRE At it "o S UBHIBE a

nucl ei c a@idefeletﬁvéqﬁia@gmatefwoeﬁraflaﬁbtimazirfgmc@btsaé Ul%?atﬁﬁtd@_@l%@,ﬂ?@f orthye .
protein or_polypeptide of interest, and a accept e carrier. In a specific
brrbodi mendireaecEan pl e DNA. BREY 18 COTGreariclapbarimen (e 5 dreke £on

" phar maceyidisat, Dups BRI, r cmgsvimm@rd@\se@bnbs\ﬂrfacer@@ﬁ{oad éranggringy of the
Federal or a stat e@gﬁo_vern(rent or [isted in the U S. Pharmacopei a or. ot her
gener dP| y agetogrrepeintion ir iresupes micrepartigles qrigiRrapalles, f’ralﬁ’oadﬁﬂ‘?‘%te‘ﬂ)‘%‘_f Peul arly
i n humans j, e Eﬁépti'as%{ch%khocvﬁft@&ﬁertt& Aicfd, B9 Bliminrity #h lingge tdd ent, or
vehicle with which the therapeutic is adm nistered, Exg@l es of suitable
phar mac eutligensl sublgetrtd escepter-mediztederidpesdosis{seemegs Wy ethWal. Bifdr frdéduthedal
sciences” 50y W shRrtin. Many nmethods standard in the art can be thus

enpl oyed, "1 ncl'udi ng” but not

In a specific embodiment, a viral vector that contains the PTM can be used.

20  For example, a retroviral vector can be utilized that has been modified to delete retroviral
sequences that are not necessary for packaging of the viral genome and integration into host
cell DNA (see Miller et al., 1993, Meth. Enzymol. 217:581-599). Retroviral vectors also
include lentiviral vectors. Alternatively, adenoviral or adeno-associated viral vectors can be
used for gene delivery to cells or tissues. (See, Kozarsky and Wilson, 1993, Current Opinion

25 in Genetics and Development 3:499-503 for a review of adenovirus-based gene delivery).

In a preferred embodiment of the invention an adeno-associated viral vector
may be used to deliver nucleic acid molecules capable of encoding the PTM. The vector is
designed so that, depending on the level of expression desired, the promoter and/or enhancer

element of choice may be inserted into the vector.



limted to hybridization assays to detect formation of chineric nmRNA
expression by detecting and/or visualizing the presence of chineric nRNA
(e.g., Nowbhessmszmssays, dot blots, in situ hybridizati orcTarsdoos/036424
Reverse- Transcription PCR, etc.), etc. In a specific enbodi nent, the
conpositions of the invention may be adm nistered locally. This may be

achi eved by, for exanple, and, not of | 1m i cal ] si on
during surgery, todsl‘n((:)aer%pr%?aic}(’:got%egggel}é@é.lgtoiaﬁe%rﬁﬁghhgﬁng%ﬁ%afgegét\bound

dr essi ng adllséx tissue gatuye, bybyich methadsi as klectigporatiandipofector; atléimmephospbsgte means of a

suppository,. or by _neans of an. inplant. said jnplant being.of us,

non- por oug%,éd‘é'ied Eéﬁlszg"tcf‘?fbt?é V‘ﬁﬂf‘g‘?‘i“&?; %FWEIP'Ut fﬁlﬁ{hﬁg ﬂgtf%lﬁéég l,ncglf}%sﬁhegg&glfegl astic
menbr anes of HéeldctabRmSarkeDtd e cEIRNThOLelks atethaeplshied gndbe kélacdioy tosiyslste tibse such as
nanoparticles, matrices such as controlled-re]ease and h‘)édrogel S.

|
The  PTM vFHis thais hake taken ap Bpcate PrPresBe SR ase St DI B TEde BRI uce t ho

desired apnRLSHOIClCEEARY d arg HFDaB6us rRethddl kadwi MGhsaf Uangegerasdc odi ng
reconbi nant proteins or polypeptjdes. Ef fo(fcti ve dosages of the PTMs can be
det er mi ne&mbofimeniHhp Flused fos genpetelvarn antofagora e hostSi Bl art whi ch addr ess

such paranmeters as biological halflife, bioavailability and toxicity. The
amount of the conmpomietprdaent afvehtivh alsd\pesilides for¢ampbsitiche cemprisigpchnlzyfectivandar d

clinical techniques. Such techni ques i de analysjs. of sappl.es to

det er ni ne#mpuRt Rea FEVAr aé‘PCIE)‘FG‘E‘Bieﬂco F‘gﬁ&%g&?‘ﬁn&%%f’i’ﬁam“&pé% ucgoncofithes

achi eygd. plofibidiolypeptideiof intérkdt,and § Seusptable¥arBipt. i19 B pdcificmbatieayad to hel p
identify optinmal dosage ranges. The present invention also provides a pack
or kit CcoRfiFifrsf hgh%ﬁéceBF’C%rEere@ﬁf%WnB}Pgmﬁ?qup_%"élly\ib?“teﬁt_a@tfiemﬁ‘i‘nsﬁB‘?@V"’_(Sif t he

i ngr edi entg 2 oulaltRy SRAVPSH thd PRISraPhr 4 fRe pdVéAMInOM IRRAIOMRIU.Y. associated with
such containers) can be a notice in the form prescribed by a,  governnent al

agency r e§barmesqpgiaton ethamgrnerally (reegnizsd phasmacoppig foyrusy imeals andlreh noti ce

reflects gﬁamm inA¥mbie TR Y cier RIHE AL BilRnf AjukRE eRipied! & veRicRaMal s.
The ‘present 1 nvéention further provides for nethods of |arge scale bulk

produdfi omsthothich the bhempentipis gdistinigersd.i Beamylesiof switabletphammppeutisl garriers are

adm ni st ery] : s PhE L g RLeSEMalavent i on, contacting the
PTM wi t h fisgg% glrllg%ér@f{g@éigresgéyﬁ%aar%et prgnRNA Snder conditions in which
a portion of the PTMis <r"s-spliced to a portion of the target pre-nRNA to
forma chimeric RNV reethnds stapdard indpe b eadetiims eﬁw&yﬁ’hn@%d‘rﬁfg?%wpti de of

| nterest, li&%& RHybAGZ4tRE 2BQNH doNefel ttibShatibR BT dnitReriHRRA expREsid AL | Ng the
fluid to obtain the protern” or polypeptide of interest. The invention can
al so be udetecting ahdiorevisuahizing the presensh ofghimeric mRNA (e.g., Northern assays, dot blots,

20  in situ hybridization, and Reverse-Transcription PCR, etc.), etc.

In a specific embodiment, the compositions of the invention may be
administered locally. This may be achieved by, for example, and not by way of limitation,
local infusion during surgery, topical application, e.g., in conjunction with a wound dressing
after surgery, by injection, by means of a catheter, by means of a suppository, or by means

25  of an implant, said implant being of a porous, non-porous, or gelatinous material, including
membranes, such as sialastic membranes, or fibers. Other control release drug delivery

systems, such as nanoparticles, matrices such as controlled-release polymers, and hydrogels.

The PTM will be administered in amounts which are effective to produce the
desired amounts of chimeric RNA molecule containing sequences encoding recombinant
30 proteins or polypeptides. Effective dosages of the PTMs can be determined through

procedures well known to those in the art which address such parameters as biological half-
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sil kwornms that express a highly abundant transcript responsible for silk
production. Various manmal s are appropriate hosts for |large scale bulk
product i omo 20éwapm213ncl ude rumi nants, such as cattle, goarsr/e®s3sbeep,
giraffes, and canel. These ani mal s have been donesticated, and produce m |k
and an abundance of serum Cattle are preferred. The protein or polypeptide
of i nt er e, SAN ARG MESHid ML ddhlBSiBPof A0 Bfich L B esence i
t he manmal toes not trigger an I nmune response. To mnimze such an effect,
t he mammudaerminediby standaad elihigall teahnigues.oSechitenhmiqosslippedeswilysis pesplegtees wel |
known to e of .skill i arf .. ln.an i, ment . tnventian, the
express ed‘(’)%%“r‘%"i 1?15‘6 Irleg afu% tp tr(lngm £ 6%?%‘""8 P%coufﬁlg?r?%é’ % ﬁee{l %éehlé\g?'u% ag ? R‘%’ﬁ’em manmmal .
Al t er nat i viebyssaydreayeoqpioedlydd epiplityed to hetpadercify oginiah dodage rmmgde. of t he mammal .
For the serum blood is collected fromthe manmmal and centrifuged to
separate the serum i,ni C r rotein can
be con%:entrat ed an(}%?fpfs%nggvéﬁmgtagﬁgg?%ﬁ%Pf&uc(q){ 5%@3?%@&1 Osnle-r%;‘lp ar

concent r atantaidepufiiliefdi vatit ane er oo dherisgredientbef the eminfosttiont dfehe imanéon al s, such
as ml k. Separation.of t.he protein | ypepti.d i nt erest. can be

per f or rredoﬁ{s%ln?‘n@ a\?%lorcllagetﬁismprs ?l'éfor? PUF 'Shagl%fa ?écr)1 g‘feéréﬁjr?ic}j%gre%“ﬁf&%%m to one
of skill pévetringenat dgenSeregulatirg. the menasure,Mse & saleff piodudts, Mthidhfroded | on

Pri nci pl esﬂand Practi ces, 2d}\§rd.1é{ é‘iﬁn er- Verl ag 19817), Met hods in
Enzynol ogift eSS 2REET GRS AFrgeRt ™ gq% e IOp fge o salg mhapmals, 055 1nc. ),
Sanbrook et al., Ml ecular Coning: A Laboratory Manual, 2d ed., Cold

Spri ng0 Har bor Pr es&he Gakeht Syentivg fiddrch proyidbs f8r meth®89of 1Mgastiatedilkof

Experi ment al, |.munol i.r
1086, Bl aRRURPIRet:

oqy. Vol.s. H.V (D Vei.r. and .C. C Blackwell. eds.,
Aanin o Posfnspliocl o) oolfibnd Mg fiaral AL me
React i onSPTIE oftie preBenn jraaitiohCtonmactigsthe MEMI oittPae khun@adtlyfexpreds®d Argel pre-
fol |l ow ng | es are neant .to exenpl..f e present .inventio nd as such
are not | FROAUBEso M BT BBt AR IV P b e LS SRt e
i nvent i oNtardeXASMAENA to forh a\éhvi{arié RNY¥SmORLhICHRt Mpbishds McHirdteih@r AdiYpeplide SI NGLE
CHAI N_ ANTI BODY ( MALB- HPV-1 6 ANTI - E7 SCF The a) bymi.n targeting
Strat bhy  ShERR PG b By DU T ST DA R ERTST  hunan
papi | | omappéieiniis fodyPeptiié of ikdvest G heddnti&ncanialglbe usddan mvardbr@dyichas vi vo. The
concept involves targeted /rans-splicing of HPV-16 anti-E7 scFv sequence
i nt o al bufHkyorms that express a highly abundant transcfipt responsible for silk production.

Various mammals are appropriate hosts for large scale bulk production. They

include ruminants, such as cattle, goats, deer, sheep, giraffes, and camel. These animals have

20  been domesticated, and produce milk and an abundance of serum. Cattle are preferred.

The protein or polypeptide of interest can be produced in large quantities as
long as its presence in the mammal does not trigger an immune response. To minimize such
an effect, the mammals may be treated with various immunosuppressive techniques well

known to one of skill in the art.

25 In an embodiment of the invention, the expressed protein product is found
circulating in the serum of the mammal. Alternatively, the expressed protein product is in the

milk of the mammal.

‘For the serum, blood is collected from the mammal and centrifuged to separate

the serum from the remaining cellular components. The protein can be concentrated and
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pre-nmRNA target. Al bum n has been selected as a target because of its

el evated expression in the liver to provide high al bum n pre-nRNA

concent r avoanodaapr2zabundant 7r"s-splicing targets. The presastoosiobeiys

eval uated the effect of al bum n sequences on expression, secretion and
function of HPV-16 anti-E? scFv in vivo. The nouse al bum n- HPV- 16 anti-E?

Fv (mAl b- v 6 - Fv). 1
Const r uot BEAHE) B epsprbmeeaniiel X vaiF bty B fug il o

expr essi Ofsed bR HakgiaB Wcls &Cmidit.i on in Cos-7 and Hepal -6 (nouse hepat onma
cells) cells. The trans spNted cDNA expression pl asm d was constructed

using | ong syntheti ry oli tid
consisting of codi r% %ff‘tb %ﬁ%frgdgp g&f‘ ‘fgmere tca i}ggfggng(iegsﬁ ce. The
codi Nng Seqaie prodin pmu‘&emai tb(tlii’ﬂquesaxﬂhknbwtas omsafakilll ie theusti By, ¢.peSdopkd, owi ng

CTACCAT CRA ST AR ent o LR P Ot AP e 1987) Methods

TTCCAGG(GSE{ST de@%@s Keaderhic PN Sainbokletraby er se
pri mer

wm&m&#@&@cﬁ*m&ﬁf@%@dﬁ@ﬁ#&t&ﬁﬁd&ﬂ@&ﬁ%@s Cold Spring
CAAAAAGCA s -“ w thmmemed C.

nucleotldes in bol'd |ncfude NA 'a restriction sjtes gﬁed f or

nd
cl oni ng; Gth@kWﬂbG¢hd8ﬁ%é¥%ﬁ€§lSﬁ@ﬂﬁﬂ “PW@“W%&é@“%?B@%?H‘%&‘ 19 sequence,

In whijgh RRGBRJ 94 bd.yB ﬁ/cfuﬁtmlﬁ%sgmtlo%m tdey, 19 the italicized
nucl eoti des i nclude partial HPV-16 anti-E7 scFv sequence). HPV-16 anti-E7

scFv codi ng sequence was PCR anplified using a cDNA cl one and priners: Seal
(5' - GCTAGCATGGCCCABSTeew @@?fe(‘%%@ tp Bgmltfyﬁfpéﬁtﬂ‘tgbvéﬁt“t’?“d NAGCTT
TCA CTTGTQEH%T%%EIQA%%@;EEEHAHI%t}@@?&ﬁﬁ dBleGRAGEdn.(SEQ | D NO  12)
(nucl eotides in bold, NAel and nd Il restriction S|tes for cl oni ng;

italicized nucLeotldes
tag). The &RV :

enzynes. The resul ti ngNmm@mt(m HIPIVSI6 ANQBEESCEW tIDNhe anneal ed oligo
fragment and then ligated into pcDNA3.1 expression vector (lnvitrogen). The

(alli;[ gﬁp tél (1”0; y of the P-I;Mu(r:nair? tsa?é[e%ref\g ?t?a%%? rs]l(lzown m%lg\{lr [ é Laseb(genbgva?uagg ?or(ﬁteng

production of human papilloma virus type 16 (HPV-16) anti-E7 single chain antibody in vivo.

The concept involves targeted trans-splicing of HPV-16 anti-E7 scFv sequence into albumin
pre-mRNA target. Albumin has been selected as a target because of its elevated expression in
the liver to provide high albumin pre-mRNA concentration for abundant trans-splicing

20  targets. The present study evaluated the effect of albumin sequences on expression, secretion

and function of HPV-16 anti-E7 scFv in vivo.

The mouse albumin-HPV-16 anti-E7 scFv (mAlb-HPV16 anti-E7 scFv)
positive control cDNA (Figure 9) was constructed to imitate the final trans-spliced product
and tested for expression, processing and secretion in Cos-7 and Hepal-6 (mouse hepatoma

25  cells) cells. The trans-spliced cDNA expression plasmid was constructed using long
synthetic complementary oligonucleotides and PCR product consisting of coding albumin
exon 1 and HPV-16 anti-E7 scFv sequence. The coding sequence of mouse albumin exon 1
was assembled using the following long oligonucleotides: forward primer (SEQ ID NO:9):
GCTAGCATGAAGTGGGTAACCTTTCTCCTCCTCCTCTTCGTCTCCGGCTCTGCTTT

30 TTCCAGGGGTGTGTTTCGCCGAGAAGCACAGGTCCAACTGCAGGAGTCAGGGGCT
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EXAMPLE 2 : PRODUCTI ON, EXPRESSI ON AND SECRETI ON OF ALBUM N - HPV- 16

ANTI - E7 SCFV ANTI BODY | N HEPA1-6 AND COS-7 CELLS: The effect of the al bunmin
exon 1 sesoenem4pB2nucl eoti des) on expression and procepsirng2aE/obidys 16
anti-E7 scFv was evaluated by transfecting the trans-spliced cDNA plasm d
along with a control plasmd (simlar to the trans-spliced cDNA wi thout the

FLAG t ag) use hepat Il)_‘ﬁ?f 6 and Cos-7 cells. 48 hrs

post - trangﬂ?&oar?revﬁed?rgmﬁrm ec(ped passed t hrough FLAG affinity
col um (SWAW%MWGGAWWWW

expr esst On NaLKdEat 2 AAChBE AR A GERER AR ERPRELOAR R POdY

AAAAA

(Sigma, Cxt 16 e Sy} esul ts
in the profixAGOonTaE nﬁd’lletdﬂiﬁéd if bﬂﬂhbkllmad\'hprmde?lﬁl resﬂ‘ikmohlsmaluswhnslempgl ced
product cont ai n 7 :nucl eot.i es. o m no aci.ds from al ﬁlulh n tarﬁg{et MRNA.
For hu?mn“%‘}?ﬂme Arqlentides ipcl %E‘OH% I8P &0d SERIREH AL B e G1RRT
sequence télel AR sfghflPeptifeOsHdahe itdicRe@mlcldaddsTiohi| pagiaCHPVF6aati{E0RSEY | n one
exenpl ary strategy, ?Iustrated in Figure 11, the PTMw || be engineered to
encode" Fup§aHence)- ke endopeptl dase (or proprotein convertase) cleavage site
whi ch has been used to express proteins in vivo (Fuller RS, Brake AJ,
Thorner J, Science,HRAGS aftBB7 46,codiflB kquilice vas RAR aitplifibdabirg RDNAoOMES L,

Thorner J, G bson HL, Brake AJ

111: 2851- dgBeandjpgigsrs: $s Qs TN% T@%@égﬁ&g&ﬁfﬁ%‘%) &}moek H, van
den Qypel N@llg%dg@aﬂ (DuwmyfrrdzﬂL Roebroek AJ, Siezen RJ, Ml Biol Rep.
14: 265-75, 19 Ducker t Br unak Bl om N. Prot ei

Sel ecti on Mw%ﬁgg EETAEH%|CECT%9T§%M®?Q%§‘%S i gned

to includgd:hg (ﬂfc%ﬁ!ié@ 1§b&&”Nm5dd\/Em§ﬁﬁe@fdcﬁ&l Site§ R kloningEitalicizd €- pr o”
signal (if it has one). This strateg esigned to take advantage of the

endogenou@ufﬁ%@tﬂﬁlvseSt@EP‘PClSPPe@}n ﬁlﬁdmdﬁré‘ﬁﬁf?lft“@leéﬂ‘llﬁn@e‘\(ﬁ égdghhehhpropibedssi ng and

secretion d%fastéd“@uﬁ B%‘?!mcf HARaT SRLEEHI AR ETH dQIdRredut Gw Al firdGghtod Similar
towld pr ot el For exanple, trans-splicing of PTMinto al bum n

pre- nRNA wath dlest anpeadedi dige ﬁag@mtﬁﬁihénhﬂiﬂlaﬁd)CPN FloRXPISSHRIEYSIOF hat i n

addi ti on_ iRy Sofd THRARMEMRIG bPAY PIR dalbelOUNROIAD AL By SEhbiieH M

under goes “several post-translational nodifications 1 n ot cel ["ul ar

conpart neffigurai®). finally, endopepti dase cleavage resulting in the rel ease

of a mature, fully processed biologically active protein that is identical

to the w '@'XA %(fbﬁ@mchﬁbN ARORESHONTENS SEEHIHON OF ALBUMINM f1be-

super nat an e toftal cell Tysate Trom
16 ANTI-E7 SCFV ANTIBODY IN HEPA1-6 AND COS-7 CELLS:

20 The effect of the albumin exon 1 sequence (7 nucleotides) on expression and
processing of HPV-16 anti-E7 scFv was evaluated by transfecting the trans-spliced cDNA
plasmid along with a control plasmid (similar to the trans-spliced cDNA without the FLAG
tag) into mouse hepatoma, Hepal-6 and Cos-7 cells. 48 hrs post-transfection, medium was
collected, passed through FLAG affinity column (Sigma, Cat# FLAGIPT-1) and analyzed by

25  Western blot for the expression of HPV-16 anti-E7 scFv using anti-FLAG M2 monoclonal
antibody (Sigma, Cat# F 3165).

The current albumin trans-splicing strategy results in the production of
chimeric mRNA and protein. The final trans-spliced product contains 7 nucleotides or 2
amino acids from albumin target mRNA. For human applications it may be desirable to
30 eliminate the albumin sequence in the final product to preclude immunological reactions. In

one exemplary strategy, illustrated in Figure 11, the PTM will be engineered to encode
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cells transfected with cDNA expression plasm ds was anal yzed on a 12%
SDS- PAGE and transferred onto nylon nenbrane and probed with anti-FLAG
ant i body.wdésdemmspesul ts confirned the production of HP¢TAS200810864R¥ SCFV,
30 kDa in size predicted for the mature protein in cells that were
transfected with FLAGtagged cDNA expressi on plasmd in both Hepal 6 and

Cos-7 cel] Fi anes 3 & .6 t no such
o oduct vt TREPPHIRELR Porto P coBieral T e bl R SRR RS, T s e
wi t hout th@rdgw.aeﬁragn ¢ (Fuiller S Brakees), Thé@naddSGerGe, 2146f482p<k86;31|9)39 In

addi tion, tec the. ce i cating
That 1 ho R LRGP AR DRy b Gbeait ik SbEan: fhari o BonpLe 3
: h77|v1|‘\lfs- Seki ?ED%ALBH;YLZ‘SSWQ&%M%EWJS@EMWB@I]EinlNJriIS HEhMEIBélGXWahY ACTI VE
The e ectotea um n_seguen n HPY-16 anti

eval uat eddeyOyvedandpivl; yap Q%“E%W%ﬁegﬁ?bé g‘%‘ Vie3e PIEFK”é’zéWZg EEEFL’i?%er vi cal
cancer Ce”% Dﬁ@(@ﬁ'PCBth@BC}ﬁbm%|ﬁr§tezn$!’n|g|®es(gﬁ\ml&nbﬂ_ B73957- 11111at)043r1ﬁ HPV- 16
E7 oncopr ot ein positive was transfected with mAl b- HPV- 16 .anti-E7 scFv cDNA

expr essi ofhogieagrpmple, thgd %Wé‘h?%‘bes’(%‘fﬁt%‘}c“@éIﬂlesf’mt@ns@ﬁ("“(‘l&?weﬁrepﬂ% 31) that
do not express eE4penaPRi bkt Nx«a%néyl iRk 5@4@&%& aekigHeli o ttaie&amtbgeldw 16

anti-E7 sc cDNA expressi on plasmd | s "were grown for 5 days and the
nurmber of the én@ngr:ws patiys cellua mashipgr tey é‘%hé?“rﬁ TRROENIHOTL IS SINEeAnd SeCItion Pf  assay.

I'n they cage sl 447 gs 1#8d be%én; {oRe GRIFh&GRh shARE RS wi‘?@tlyiﬁpro@u{'l?or &npreHPV- 16
anti-E7 sckv 1nhi }t)e proliferation by -75% conpared to about <10%

i nhi biti ohanSﬁkang%GfNWW%é‘Qbmlme a&IN/s tapgetiprofiesee b ghimeHo RSN edndpre-he
functiona nl)t;)fcingn tl’ial?‘ﬁmatdd ﬁt&B & %mﬁé ST i'ﬁ'PXu hjeﬁdﬂﬁéskmgx%u?ﬁlﬁ}{ ant i body

(Figure 1 ese resu s no con sence of any mmj or
adver se efiidergoss @M@altmstaﬂrmlmmnabqulémt@m n Ottl‘ree ccflluihaa bompaamentsphii,c ed product

on HPV-16_.a f r QVi fy the

ef fecti veﬁréglt Ogﬁ?glgeggﬁ%%ga‘% ?eg?]lgl?%# tﬁé%agr%eog\ér??a %frﬁv‘ﬂgﬁﬁ;}gﬁes or the
producs i Ohlomglcﬁlllm'{dtwomteiraﬁhhu 1bmidyt1qabﬂoylpre\p1ﬂd ops(Fagwd¢ 62). t her apeutic proteins
in vivo. The structure of HPV-16 anti-E7 scFv PTM expression cassette used

f h f-of - j
or the proof-of-p (ﬁb%ﬁf R)l Ssp?l prbt@nn'ﬁgomnélé% EQtag‘n{'orFﬁegtU{a?c%l‘rigSate% PTM

cassette consists atr I'Cl ng TSD I nc es 279 nts
bi ndi ng doatiaitransfested] vathealNk pxpression piemids was analyzed on a 12% SDS-PAGE and

transferred onto nylon membrane and probed with anti-FLAG antibody. Western results
confirmed the production of HPV-16 anti-E7 scFv, 30 kDa in size predicted for the mature

20  protein in cells that were transfected with FLAG-tagged cDNA expression plasmid in both
Hepal-6 and Cos-7 cells (Figure 13 lanes 3 & 6, left panel). On the other hand, no such
product was detected in mock and in cells that received the cDNA construct without the
FLAG tag (Figure 13 lanes 1-2 and 5-6, left panel). In addition, no protein was detected in the
cell lysate (Figure 13) indicating that the majority of the protein processed and secreted

25  normally.

EXAMPLE 3: TRANS-SPLICED ALBUMIN HPV-16 ANTI-E7 SCFV PROTEIN IS
FUNCTIONALLY ACTIVE

The effect of the albumin sequence on HPV-16 anti-E7 scFv function was
evaluated by its ability to down regulate HPV-16 E7 expression in cervical cancer cells.
30  Cervical cancer cells, SiHa, (ATCC # HTB-35) that are HPV-16 E7 oncoprotein positive was
transfected with mAlb-HPV-16 anti-E7 scFv cDNA expression plasmid. The matching
control cells, C-33A (ATCC # HTB-31) that do not express E7 oncoprotein was also
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al bumn intron 1, 24 nucl eotide spacer region, strong 3 splice elenents
such as the consensus yeast branch point (BP), an optim zed pol ypyri mdi ne
tract, a wplem4ameeptor site (CAG dinucl eotide) foll owedths260s®3¢@jority
of the coding sequence for HPV- 16 anti-E7 scFv (Figure 13). The PTM
cassette al so contai nS bovi'né grow h hornone pol yadenyl ati on signal and

FLAG tag to assist. ip t ect | of .tr -spliced.protel he entire
cassette Ré‘?ile@fegﬁ’@ﬁ tFWPg‘ﬁE'ﬁg{lb@mﬁ%7 > F‘(/‘g@tggrex]grgscsk%lc? rllagsfm&'mﬁleg%w%;gnt ains the
cyt onegal giwnusr { &AW hnddihe ArhBdr of telutive viablells wa3 da@tthinedby, caldrenemct or
backbone was further nodified to include the Maz4 (transcriptional pause
site) seq@ﬁ&asﬁ%"reduce cryptic ds-splicing between vector anpicillin gene

and the PTM 3' splice site. A splice mutant (splice inconpetent) was al so
constructed that wds thethase of CEHV-1®pdsiteve feemzhl cansek cdEMitlesoAlbbEBVdbove but

a2 B S S SRR T oA PRy g e 1980
pr oof - of - ps A MPVPhéasteldilesmd theremidemondtiatudithe fth¢tongapef harges-sphicel TRNA was
the. pr o- A HEG 6 pg By Fustdnabaly Fipuis 30 westame fpnd Bt e 2972 ©f
trans- spl hgde@ Aagly PhjeHAise Bffedhs dil s AbathfalssiuanddR theGiralrins-spllcedic Fv
chinmeric nRNA was eval uat ed%cttl):;\/, co-transfecting Hepal -6. cel] s with

mouseal bufadustioniHEYeheantiak feafv Sinction. Quialsoyovine syidapse ofthe ffsetivepessobry pTM

(functjhongle JGHMsi@ns W tHE ptddsht Sikhticd ftheploddctibh bERnttiseermabesyt PTM and
nock transfection. Total RNA isolated fromthese cells was anal yzed by

RT- PCR usipplyperideseandiop thefapewdie pretainy AR 1 TSF2: ACCTTTCTCCTCCTCCTCTTCGT)
(SEQ ID NO 13) and HPV-16 anti-E7 scFv PTM (sca3 : AGIAAGCAAACCAGTAGCCGTC)
(SEQ I D NO: 14) speciHeisGudifide ¥ HPV( 1 dnflEH7 DFVBTMG:xBickich dabdite ade@ doritie Fi gur e
15A and 15C). These priners_ produced the&‘a{)redi cted 404 bp, Psrfgduct only in

cel | s t haPraoebprasipipeudy is dhugastedindigusn B4 Jhe P TMaseRr GRS 082 98%e 1)

whi ch co- marat feh.8 @89) Wat AcRA&IZTH hdbiRliriokaRtofipkiefe Winidus€ DNA cont r ol
(Figure 16, lTane 2) and plasm d DNA ( Flsgure 16, lane 6). No RT-PCR product
was débecrbymimingen |.24muglaetidsspasar weion siRRe 3 spliceelompnisruchy 45ithy aBsepsis | ane

3) or in g@%&&m&ﬂ&%ﬁﬁ% $ eI obByrih AR thlt, a HRe RERBF QRYCAGNES
purified and was directl’y sequenced,” confirm ng the precise trans-splicing
to the prditincleetificy follpwed by the maisrrity picheadingrsgquenee foaHE¥ 16pnb-EfR8 i n t hese

cells (Fi ?ﬁr rg ]Ig)r "ﬂ'h%\ﬁ'ﬁvl Qa%gle‘?tle.)also I%Haflins ﬁd@ﬁle%l?&ytﬁ hBﬁ%ﬁl&&)@lyQ&Bﬁgﬁérﬁ%{ahat t he

met hods o esent 1 nvention _ _ _
and FLAG tag to assist in the detection of trans-spliced protein. The entire cassette was

20  cloned into the pcDNA3.1 vector backbone, which contains the cytomegalovirus (CMV)
promoter (Invitrogen). In addition, the vector backbone was further modified to include the
Maz4 (transcriptional pause site) sequence to reduce cryptic cis-splicing between vector

ampicillin gene and the PTM 3’ splice site.

A splice mutant (splice incompetent) was also constructed that was identical to
25  the functional PTM described above but had a point mutation at the acceptor site
(CAG>CAT) (Figures 15A and 15B). The splice mutant was used as a negative control. For
in vitro proof-of-principle studies, a mouse albumin mini-gene target pre-mRNA was used
that consisted of exon 1, intron 1 and exon 2. A schematic diagram of the pre-mRNA target

is illustrated in Figure 15C.

30 PTM mediated trans-splicing and production of mouse albumin-HPV-16 anti-

E7 scFv chimeric mRNA was evaluated by co-transfecting Hepal-6 cells with mouse
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be used to provide efficient fraras-splicing of HPV- 16 anti-E7 scFv PTMin
vitro. EXAMPLE 4: /N VIVO 77MNS- SPLI CI NG TO ENDOGENOUS MOUSE ALBUM N
PREMRNA TW\BGhb/0Ad32 PRODUCTI ON OF HPV- 16 ANTI - E7 SCFV | RcuSkooshge424
denonstrate trans-s licn of the PTMinto an endogenous nouse al bumn
target and production of HPV- 16 anti -E7 scFv protein, the follow ng

Sﬁf ,er iE7”S$t ur(‘q%%ﬁ),nﬁ% arg%@laﬁrbn heﬂ%'@l% tg-ﬁrsrngofle\gﬁl‘éaQ%tlB'ﬁ\{llﬁrM) or

(addi t i onaiith tlersghde pphtagEplicé Mcompteann BEMD axd mmtAransnﬁacxmnt TettahRNtA isotateti00- Ny of

the contrqgl c b- HPV16. anti - E7/ScFv lasm d t ha rans-spliced
MRNA wer egﬂ?&%ﬁégﬂ%éﬁlyesw thfPeéztﬁ"ag %‘3'?* @’8{“}{‘ e t(% (glgrmnla%sF%WBL/ 6pn‘: ce.
Ser \l;\g] sambgfrmmem@dmﬂmrlmm(sm IRND: 23 ahd PV reeanfici 7nicBv BOBE anal yzed

y stern ot Xi mat e er assed through FLAG
affinity €6t M@Q‘ﬁ%ﬁé@%@éﬁé&i&@?& ®N§ﬁ4£ﬂW2$C§B§G§A@HC$r ansf erred
on to ni tBﬁGﬁ? ls#ds QB cARINR Fanf @mohnlanecsacthwetaam@mpmdac&ﬁhwremmquaaI

ant i body Proteins were visualized usin hem_ | um_nescen

(1 nvi t r ogeieductapky ipgstis dhnf recgiped Rathtapgepin rfe%‘tﬁllotlfs PTNG{Fiare ﬁ:ar’ilé 1)&1}3B’65r ance of

HPV- 16 apf jyifdted Sl6Ng Wwith b Bienifal Sisdbaal bean@a wWith@ DN AL &n@ sl (eagrutaftea&ngzhr s
post-injection with % he cDNA contr ol Er ession plasmd, (Figure 17A, | anes

3 and 4) anplesyad DA/e(Figuge Hhfnog 6?>‘|W?P §rﬁr‘l’%¥‘ch‘t’aszj&teﬁ‘te§ “(‘Ifilbﬁ*'f“éfeft)zﬂ | anes
7 and;§). wﬁqutﬁe%ﬁwmut%ttgF%Qxle'lg' 138k 33%@ 1rptﬁ&,q(qfa§1§fgaloﬁf(F1§ﬁl%C1'6Clﬁﬁéj4 y3PhkDa HPVI
6anti-E7 sckFv was al so ected in mce that received both thé target and
PTM ( Fi guPERPI®uct wiseyrifedsand veas dirprtlyspqueneed, eonErmaing & Pregitd ranospiGd band
was det eCEQetqe 1%8 l§pl§c%§ﬁés§>qltl{9m &Iﬁ tgy e@ét@*mlkﬁﬂ%th%se%ells G‘fléurep f)d”lel )
Finally, mce t receive e PTM rgeting endogenous target) al so
showed t héowsr e&ebcﬂmt thaalg@e dealtSPWblm that tthe-rlEZh@e By the Pregent énvemton maynes

1-2). These resu e trans-spMin
of nouse g?gst?ﬁ?on rﬁ‘t‘/ﬂf%{%mé’”’;’%ﬁ méﬁa%um n gﬁggt] S%?%%W 3(b) producti on °

of HPV 16 anti-E7 scFv through “raws-splicing. In addltlon the above
resul 1§ qurXAkMPLEAHI\HE&VQTMV&SaE (NG d OSENROESENOHS M 2 BRRENt i on

for the produgidefys mteei%%mwtﬁ@@nents
t hereof in vivo. CDY PRODUCTTON Accor di ng to

sone enbodi nent s, the PTM cassettes of the esent i nventi on ma
modi fied to producelomdemopgeicamsynlianspliae BBYAnte Ae endogeounmause ﬁwﬂehau n.

target and production of HPV-16 anti-E7 scFv protein, the following experiments were

conducted. One hundred micrograms of mAlb-HPV16 anti-E797C2 (PTM only), 70 pg of

As

20 PTM + 35 pg of mini-gene target (additional target plasmid to increase pre-mRNA
concentration) or 100 pg of the control cDNA (mAlb-HPV16 anti-E7scFv) plasmid that
mimics trans-spliced mRNA were hydrodynamically injected via tail vein into normal
C57BL/6 mice. Serum samples were collected at 8, 16 and 24 hrs time points and analyzed
by Western blot. Approximately, 25-100 pl serum was passed through FLAG affinity

25  column, samples were then separated on a 12% SDS-PAGE, transferred on to nitrocellulose
membrane and probed with anti-FLAG M2 monoclonal antibody. Proteins were visualized

using a chemiluminescence kit (Invitrogen, Cat# WB7103).

Western blot results indicated the appearance of HPV-16 anti-E7 scFv in the
circulation of the mice as early as 8 hrs post-injection with the cDNA control expression
30 plasmid (Figure 17A, lanes 3 and 4) and the levels dropped significantly at 24 hrs (Figure
17A, lanes 7 and 8). Efficient trans-splicing and production of predicted 30 kDa HPV16
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illustrated in Figure 18, the bicistronic PTM cassette is simlar to the
HPV- 16 E7 scFv PTM shown in Figure 15A, except that it may contain, after
t he codi ngodosmismsbor t he single chain antibody sequencectdA2eslobesed eavi ng
oligo peptide derived from Foot and Mouth Di sease Virus (FMDV) (Fang et

al ., Nature Biotechnol, 23: 584, 2005, the disclosure of which is hereby

i ncor por at refer C HE@%G] er nal
ri bosone %rﬁﬁi?%gl wasfﬁ?@%} ﬁ?ﬁﬂllgeetﬁg(%%%r egg&tﬁheam tiul’l?ggl ot ec no}ﬁi 10: 458,
1999, t heladésskech,defupanel)f Omihic other lmnuaroesluyh bamd ovap detactteiijmWCk gkdgekmoe) sequence

fol | oned th din ce to in vel s of
transl ati %“6‘? ﬁé\ia%féigngh@ﬁ%ﬁ% Fin @ usetﬁ%tfrectewgdﬁ Yo | go @“&?ﬂn&e and/ or the
| RES sequeiiiegeriols @iget) ks shdvedsbcmresdnder cdfiaSq&a HPasl6taemE7\sew (Fimen€nt ed

(Fang et e Biotec Curr Opin
Bi ot ec?mo “eslloi\l)?l%%ese ie%lég)ﬁeaﬁ %?géﬂccemn‘gﬁ%wgﬁﬁﬁa%sz‘bﬁ“&g ?ﬁ%uﬁe and t he
second chabiminFaRRimé € mdhddulbuainl tadgeabﬁenmAu@wroﬁwnoh beHpvosluai-Epn of
doubl e chain anti bodi es.  EXAMP dE E PRESSI C]\l“_]g: H N APCL| POPROTEI N
(APO A- | ) SSK EoRaal rarmarliokiso T addiqusihebesscseithg F\reV“‘ELiJ e e iargstiigy was
undert ake&ra&% v @Y tHe Wedsbht VRGN Yot BE PRGN SF MhefaBeitic Gty golgrﬁépuﬁ@rana he
production human Apo A-1 protein, maj or conponent of high density

| i popr ot efrmmtyers?f%m@r vari ants and subsequently increase HDL
concentration as a treatnment for individuals having or at risk for cardio
vascul@r di sease (GHAMPITHS: DOUBDEAIIEAIN ANSIBODY PRGIVDUTION as a target is
because of its elevated expression in liver. H gh al bum n pre-nmRNA

concentration results in abundant alis- i cing.. Th concept
i nvol ves targeted tA5HEINgHP F?ﬁ‘%"énbé’fl"w%?da‘?%géd PSR ‘i@b %eﬁegt PYRES" A- |
anal oguesmafbOmalifiediopredueetiiidotias @dtainiggibbth e lighedndihsavy@hiincnease Apo A- |

expr essi on Thi s, study. eval yates ef fect of.al bum e n Apo
A-1 protel lrﬁ‘s%%ﬁﬁirlégég“&’nlg gl?(pi“"éﬁt’ioliﬁtpg- CosEiie s %’Hﬂar'ltﬁﬁ‘ flﬂ)s\lf Eﬂg?é‘ﬁ:ﬁ&wﬂ
A-1) functiodm ih FlgutengMIa)&eﬁmﬁdtmah@%onﬁmwmrmoaﬁagaemmarfai tB§ingé cHakie
al bum n- human _Apo A-1 cDNA control s (Fi, g%%q%&gpog were constructed to mmc

the filhal aﬁtwa%segwe%&%%elﬁféfétfmgekg%s@aP prdeetand Mputhlistastict i on i n

293 and hepal GO P R{HaRg étlder)@)me BibYecH:b5 20588, %6\5 GRNGESldkaTeo WA i€onst ruct ed
usi ng Iong conpl enentary o |gonucleot|des an roducts consisting of
()

al buni n ekaebylasrirdietad by mbwense) OTé‘S@cﬁ'ilCg’hmyﬂca“h?‘?ségpwv)t‘ﬁémé thosgms equence
of nouse gpf, sfftl:"@ﬁ@,s?h@am& SARNCH BRI 18458151999 thd BsdiQlde@d® Ny | ong

ol i gos:

which is hereby incorporated by reference) sequence followed by the full length coding

20  sequence to induce high levels of translation of the second chain. The use of the 2A oligo
peptide and/or the IRES sequence to express the second transgene has been well documented
(Fang et al., Nature Biotechnol, 23: 584, 2005; Martienz-Salas, Curr Opin Biotechnol,
10:458, 1999). In addition, PTMs encoding single chain and the second chain (separate
PTMs) could also be used for the production of double chain antibodies.

25 EXAMPLE 6: EXPRESSION OF HUMAN APOLIPOPROTEIN (APO A-1)

ALBUMIN-HUMAN APO A-1 FUSION PROTEINS

The present study was undertaken to evaluate albumin targeting strategy
(Figure 19) for the production of human Apo A-1 protein, major component of high density
lipoprotein (HDL) or other variants and subsequeritly increase HDL concentration as a

30 treatment for individuals having or at risk for cardio vascular disease (CHD). The rationale
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nouse Alb forward prinmer (SEQ I D NO 15):
ATGAAGTGGGTAACCTTTCTCCTCCTCCTCTTCGTCTCCGGCTCTGCTTTTTCCAG
GGGTGIGT WOR0e@AEBAGCACCC. reverse prinmer (SEQ ID NO 1®LT1/US2005/036424
GGGTGCTTCTCGGCGAAACACACCCCT GGAAAAAGCAGAGCCGGAGACGAAGA
GGAGGAGGAGAAAGGTTACCCACTTCATG, and human Alb forward primer (SEQ I D NO
17) 11 ATGAAGI GGGTAACCTTTATTT TCTTTITCTCTTTAGCTCGGCTTATT :
ACHT GT G TSR A G L e PS8 O SR SR T Ve T albumin
GGGT GCAT ClARIRAR b4 HoR ces (It VA BBAIGRIGACET fMaR$plibivaClhe concept involves
AAGGGAAATAAAGGTTACCCACTTCATG. The ungerl [ FEd nuxl eotfédes.i ndf'gcate t he end
of al buni Rrasidrrars-sdisingd 811 fypeuman Spg A-| ARARP Ad ARaIgRUS JI0 FRPTUR RIS i ner s
over| ap t gRRBRARAd A lzoal i ¥BRCr&RO Afo IA- COPrdigios e THRRAEY WodudiSiheanpl i f i ed
using a cDNA cl one ,(ATCg: clone # M3C-1249) and priners: 023 (SEQ I D
NO 19) 5 ( 5etfecoo{atnmnsRrerehrITAREAC) Pralsi ARESSIPSERYTSten Rd BRsions: - "CTAG
AAGCTTCCCACTTTGGAAACGTTTAT TCTGAGCACC GG). The PCR product was bl unted at
the 5 end and themrndifgamt(@Buiint Apding filnctiod innelioaak edhliatedd Hujanraadt ri ction
enzynme. The resulti ng product was first |jgated V\n'é%h myse or human, al bum n
exon 1 anBonseisrsiqns AEYC ARPBIRUBAZPP 4t PR BN SUEYE 2P) VOF CoBTRHSd
Expr essi og, Rinds Medfaliis 3p el Prddier fetixbressisin giodgsing antbhiaeionlin begaid Apo A- |
i ncluding the signal peptide into pcDNA3. 1 to generate wild type human Apo
A-1, and hepatoma cgho(Heabeankhefpsiene f%}}Scht%werﬁP@nwct@%Sl%ls% tution at
posi tijen 173o16Rntd3 RigUPERRE MY FERHIIESs WALiSiR T AIbEANSIXOH ¢ afdih@SarPOSi ti ve
controls. The final constructs were verified by sequenci ng. PRODUCTI ON.
EXPRESS| ONpAMD! SRaRETH &NBariln B gadive Apmence| of mg8seay ﬂnmﬂ?@nmmxg@é CELLS
The effec f 1,0 n expression and processing of human
Apo A-1 p&gﬁeﬁs%h%é?ug?gﬁ%g?%odﬁg%B?rggﬁgs(gecti ng human and nouse fusi on cDNA
pl asm ds along with a negative (deletion mutant) and a positive control
cDNAs (wt Apo A-1) moysg Ajbgfgrward primer (SEQ ID NO:15):
ATGAAGTGGGTAACCTTTCTCCTCCTCCTCTTCGTCTCCGGCTCTGCTTTTTCCAG

15  GGGTGTGTTTCGCCGAGAAGCACCC,

reverse primer (SEQ ID NO:16):
GGGTGCTTCTCGGCGAAACACACCCCTGGAAAAAGCAGAGCCGGAGACGAAGA
GGAGGAGGAGAAAGGTTACCCACTTCATG,

and human Alb forward primer (SEQ ID NO:17)::
20 ATGAAGTGGGTAACCTTTATTTCCCTTCTTTTTCTCTTTAGCTéGGCTTATTCC
AGGGGTGTGTTTCGTCGAGATGCACCC,

reverse primer (SEQ ID NO:18)::
GGGTGCATCTCGACGAAACACACCCCTGGAATAAGCCGAGCTAAAGAGAAAAAG
AAGGGAAATAAAGGTTACCCACTTCATG. The underlined nucleotides indicate the end
25  of albumin exon 1 sequence and 2 “C”s at the 3’ end of the forward primers overlap to human

Apo A-1.

Human Apo A-1 coding sequence was PCR amplified using a cDNA clone
(ATCC: clone # MGC-1249) and primers: Apo23 (SEQ ID NO:19) (5°-
CCCCAGAGCCCCTGGGATCGAGTG) and Apo5 (SEQ ID NO:20) (5’- CTAG AAGCTT
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cells. After transfection, cells were rinsed 2X wth serum free DVEM and
i ncubated with serum free advanced DMVEM nedia (I nvitrogen). After 48 hrs
post - t r angbeeddoams2nedi a was col | ected, concentrated, aralyzeasfiosss24 he
expression of human Apo A-1 protein. Coomassie Blue staining of the gel
reveal ed that both the nouse and the human fusion cDNAs produced the

dicted = ' i = A f A- |
emonct rafrtagIad AR EoR A R GEACL U, Be LR b wpubhedifP
(Figure 2fhe 5 amisd Zhed, digestéd with Hiadldl (indivatedtihbsle) esitictionleszynshdived t hat t he
I | of _ I 4,
8y nd cateHLTREoRH SRS Eobh u o o fimetaugfin elend R R e T

expr essi OpcEMA3. Il”éﬁﬁr@ﬁﬁinrv@ctoﬂlm\hﬂﬁﬁgeﬁl lfﬁcbrebﬁmdplamdmfanﬁﬁgﬁuﬂe witRe cefigct ed i n
nock and 1n cells that received se fuysi o %? nucl eot.
Byo

e
del etion FouEE o hyran Apsepitliindugd 'u‘!g giFgn Pepq 8H§°R° BePfiate Yeht i ty of
the band ghghu@SAPOALY, ¥Rdhht MiGRSvgRht ﬁﬁclhbﬁmd?nst%%é‘td Cyesubivitionraeed by
West ern anal ysi s um@gﬁ) nonocl onal . human Apo A-1 .anti body (Bi odesign, Cat.

# H45625) Posiisuk73 (BL7EY) RYPression Plasmists afcre @w&w&%teéab@sﬁafaﬂt o et ot al
cel | Iysahgalfcgﬁg%gtetvlels,Jeflﬁasﬁ)eﬁhgglc th fusion cDNA constructs, w Apo A-l
and Mlano variant was analyzed on a 12% SDS gel and transferred onto nyl on
menbr ane and |ncubat ed vvlth hunan Y. st sults
confirmed tHROBUE R A

nol ecypar mass of 28 kDa predr pR@qiEINgn\tige muge protein. Western dataal so
i ndi cated the presence of >90% of the mature human Apo A-|I protein fromthe
fusions or w Aponé', fn Ee super na ant conpared to c‘gll | ysat
denonstrating nor neiPesHEHE §]1b}‘|‘6 AN & SEERCE GR CFRICSS9S 2B P‘ioges%(lﬁg 8&‘“&""?2,
ﬁorfpar e | %\Egsx GizL o?en}/\»}vﬁsfb@Matefbﬁhhﬁfecflﬁ%bﬂfrﬁﬁl aNe FrPusd fﬁﬁo@HBI&A\pedelst h

epatoma p cells transfecte usi on t UM N APO
A-1 FUSI ORjopgwit PN"%"QV?@Q@WW@Eg %’P EIVegan %@f\sg ét rﬁ Hetuence on
human Apo céts! Afittfahifedtiona1e Wele Uk oW ithBete Hied DMBNIahd BRiutEdGAgset t e
transporter protein (ABCI)é_ medi ated transfer of cellular cholesterol into

Apo AlP acwepiltse advanecd TRy IENSmedis (IPHtPRRn)-AXsr 48ihE @pHiiiaasiection BERVEY t o

|ipid frego B ARk, aﬁﬁ?zeqlf&rtﬁé é)!p?égs@tﬂgf Hutin QfpblAlX piadinies obtai ned with
fusion proteins was conpared with those fromw Apo A—F and negative

control sanples. Control HelLa and HelLa ceI | s stably transfect wi th ABC
pl asmi d were grown ©9maesis Blugsiiningft phe gebreyeal ‘?ﬁé‘? bt’ﬁlté ’F‘B‘é?ﬂé?f?%?th 1 nCi/m

3H chol estghod fusibh LBNAS PHduédArtRd prodicE®L2gkbapkStein 6&ld WhivéLmEBRELHith

that of wt Apo A-1 demonstrating good expression, processing and secretion in 293 cells

20  (Figure 21, lanes 2-3, 6-7). In addition, these data also showed that the level of expression
was similar to that of wt Apo A-1 (Figure 21, lane 4, 8) indicating no adverse effects of
albumin sequence on human Apo A-1 expression and processing. On the other hand, no such
band was detected in mock and in cells that received mouse fusion cDNA with 2 nucleotide

deletion in the signal peptide (Figure 21, lane 1 and 5).

25 The identity of the band that was observed in SDS gel as human Apo A-1 was
confirmed by Western analysis using a monoclonal human Apo A-1 antibody (Biodesign,
Cat. # H45625). About ~5-10 pg total protein from the supernatant or the total cell lysate
from cells transfected with fusion cDNA constructs, wt Apo A-1 and Milano variant was
analyzed on a 12% SDS gel and transferred onto nylon membrane and incubated with human

30 anti-Apo A-1 antibody. Western results confirmed the production of human Apo A-1 protein

with an apparent molecular mass of 28 kDa predicted for the mature protein. Western data
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3Xwith serumfree nedia and incubated with a serial dilution of the nedia
containing the fusion proteins (supernatant from 293 cells transfected W
fusi on cBN& 20@nabr3ects, nornalized for Apo A-| protein eomaspisaséson) or
with 10 ng/ wild type Apo A-l protein as positive control. Cells were
allowed to efflux for 18 hrs. After the efflux period, nedia was collected
and an_al jgyokicoba HaPraBHL UM-Y68 dr iRl Rlifich R¥o AL bt it e bl

counti ng. € remal ning counts I n the ce raction re determ ne
an over noght AmxAq{las theonpematint cooparaiganel lysaihdenpansicasing nefnfidl psocessiog
cal cul at ed dj. vi di CO S fol MX . i t he
counts i na?cﬁ%crﬁ{éo |4 zg?ﬁéslﬂ? I u%g?’l “°f .&‘53%‘? iglggl.i %ﬁﬁ@gﬁ%ﬁ@%ﬁ%ﬁ@%@&gﬁ@% as a
bl ank andowwased wihth hegatanth fHepG2 ) dels tadfeord with fuiaueINA obxistrieied I n t he
presence of an acceptor in the efflux nedia. The anount of ABC nedi ated
effl UX observed), a ‘ i A-PES fig‘ PR AP CIERAL VYSi@fyRr ot ei ns) was
simlar to that - . s X data o

denonstrated that the absolute efflux activity observed with the fusion
proteins were conpdhalsffect of albimigisequengseomtbiman Apna A-h &nglionapes epalpaterd it e n
across th ] ISodrRfploRsH GBI 1) healifdIRASHCR QlugNYy M8j or
adver se eﬁ?%@?%ggﬁgq?gﬂgr%ﬁﬁgﬁuse%uengg ?%&?%%Q%Fna% trans-sﬁﬁé@ pr oduct
on Apo A- thdlasteed!inso Apd ek accepisi | The reease pliadistlatsteg celhilatehelesterbtatlipidhe

ef fectivepes f the It ent. . | 20t -

ot oduct | of oI s AR Bk G0 Sudthe by PSSy NARASEh eBink Wi ¢ /.

H GH CAPAGHTPAr<sGRERNSeFOR WEShAAH G GFgabPT tdvitio]l BiniilRisNGom@N M cNSakiOR ALBUM N

TARGETS i gh.,.C city.scree to..identify,.optinmal, bindi domai ns
o s ok ks RRRS LRt S ABC hiabia feE0baoleh < PRigk B e 3BT 1S
Pat ent Apfhch thatiédomitiSe pCatinl Mbcholedfeif.3A fled 2quifibrhtixgs fhO2 DUk 2008Yeré Faghede 24A)
with varioys .nodifications (Fi re, 24 . H CAPACI TY .S EN. PRE- VRNA
TaRCET Moog SBRER e AL TR el flion bR e bR oTabiedss 114

t hr |Ou]9h 3ﬁﬁioh@icﬁéirrl]@(fsu&ﬁﬁtdﬂpfr(nﬁem c%ﬁ@and‘ﬂ@LﬁOﬂ(Hﬁ?n (PN gueostd&y, was PCR
anplified usi t he gengnmi ¢ DNA an rinmer, 5.(SEQ I D NO 21) (5'- CTAG
CCATCE GTIFPARTFE TR CONATIHRP Y “(@E@q*‘f WN@J%Z’?&PE{H REGR ag;ceeocec
AGCCCTTTGhévhive Edfalol CTEKe) werd IeowRER erfiad el 8 Wass ARbiede efifige péesd, medibwBam H - and

Not | (indicated in bold) and cloned into an_existing HCS target plasmd to
gener at e collected and an aliquot’of the medium was then counted by liquid scintillation couniting. The

on
after

remaining counts in the cell fraction were determined after an over night extraction with

isopropanol. The percent efflux was calculated by dividing the counts in the efflux media by
20  the sum of the counts in the media plus the cell fraction. DMEM/BSA media was used as a

blank and was subtracted from the radioactive counts obtained in the presence of an acceptor

in the efflux media.

The amount of ABC1 mediated efflux observed with fusion proteins (mouse
and human fusion proteins) was similar to that of wt Apo A-1 (Figure 23). The efflux data
25  also demonstrated that the absolute efflux activity observed with the fusion proteins were
comparable or slightly better than the wt Apo A-1 protein across the concentration range
tested indicating the absence of any major adverse effects due to albumin sequence in the
final trans-spliced product on Apo A-1 function. These results provide strong evidence
ébout the effectiveness of the compositions of the present invention for the production of

30 functional biologically active proteins in vivo.
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pc5 zsGmnl-Ex2 plasmd (Figure 26). Stable cells expressing the 5 half

of the coding sequence for the green fluorescent protein (GFP) (zsG een
from C onwecb)s/aespl ed to intron 1 and exon 2 of nouse aChuwskevsgssaes was
established in 293 cells by transfecting the target plasmd foll owed by
hygronyci n sel ection. After 2 weeks of selection, hygronycin resistant

cl ones were pool ed, characterized by RT-PCR and used for HCS. MOUSE ALBUM N
PTM BI NDI NG DOVAI N LI BRARY The nouse al bum n sequence conprising intron 1
and exon 2 was PCR anplified using genom c DNA and pri rrers as descrl bed
above, di gEXABMPLEIT HIGHGARAGIHY SCREANSIFAR ISQBAEION OF2 f{leBH

concateneri zed fragnent (- oduced to increase BD
conpl exity. The concatener HﬂﬁL EHN%(I}]Q% ed into small pieces by
soni cation and fractionated on a 3% agarose gel. Fragnent size ranging from
50- 250 nucl eot i des Awbigh cgalclt)pmr@eﬁl(HGS)ten@mtlﬁyeqp@mblpaﬁ?mkélomﬁsmfgr Kpesgow

enzyne_and, cl oned i PTM cass e f

hop! 1 i1 Shadngr iR et hEERGBINE, STRGRTE:A8 (5T P A LB G Serigt

anal ysi s ofo. 1071693, 190y filey 1@/24/20032 Figiro M4l Wiy Yrivecondificationoigid 248)ency and
produced a conplex library with >106 independent clones with BDs varying in
size fronb0-250 nts (F : By} K aivhcys anplified in
bacteria and used for HM%A@CI ' B Bhs 1 HCS. PTM SELECTI ON
STRATEGY Fol | owi ng the FACS- based PTM sel ectl on strategy described before
(U.S. Patent Appli ddousemlbgmin infromb andigxog §gompusing ofinugleqtgles hj4hpygh a mal b
bi ndi ng d PR SHPHESSIsE o

5'zsGm n?@%lg%rﬁgﬁgg éﬁgwt%l Qv\%)g&pgg@%%z%’gge % urBe1 24@?&@6:%19??0 on day
1, CO%$07 rmmmd/mn@rspmAﬂIﬂG (&E@IDM}i%T)éét—@JAﬁGﬁAﬁQ@Gm nl - Ex2 target

pI asmd u RA%999-Ts¢ e JEMElCeRES were
del i veredﬁ 0 glésay cells expresgl ngg,gybg@;%%%%?gf@ % as gr ot opl ast s.
As il | ust AEGEUCTITGABAFGHU Gé"TEQCCc)eTHes}’GEepred@tJWasetheratﬂlg@tedzmﬂﬂaanI FACS, and
cell s expressi hGFP Q r 2
fractions P(? Igotquﬁgazgteg I;%bor% ?]rongé) (0 C?\?lv g}sgx&%ﬁﬁgéﬁ Pﬁg |d§§1 g&%lra:jc]é;t cad of a
si ngl e fr @3 k@Pmas -Pr2eplasmis K}ygm‘e%)r Biakld celRExprefsimgthe ﬁ’ehaibcbﬂtbe::ccuhhg:el s were

,[ gfggﬁg b%equellgle_: or theeg)r(c;[e;l%%lre%cr:]ent protelw&ﬁ%zs%regl f\r/or(rjl ech coup?ecf gduce

intron 1 and exon 2 of mouse albumin gene was established in 293 cells by transfecting the
target plasmid followed by hygromycin selection. After 2 weeks of selection, hygromycin

resistant clones were pooled, characterized by RT-PCR and used for HCS.

MOUSE ALBUMIN PTM BINDING DOMAIN LIBRARY

20 The mouse albumin sequence comprising intron 1 and exon 2 was PCR
amplified using genomic DNA and primers as described above, digested with Bam HI and
Not I and ligated to generate a large concatemerized fragment (~10 kb). This step was
introduced to increase BD complexity. The concatemerized DNA was then fragmented into
small pieces by sonication and fractionated on a 3% agarose gel. Fragment size ranging from

25  50-250 nucleotides were gel purified, ends were repaired using Klenow enzyme and cloned
into PTM cassette described before (U.S. Patent Application Serial No. 10/693,192, filed
10/24/2003) (Figure 27).

PCR analysis of the library colonies showed >87% recombination efficiency

and produced a complex library with >10° independent clones with BDs varying in size from
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plasm d contam nation in the final H RT DNA preparation. About 40 binding
domain containing PTMs from LG and HG fractions were initially tested by
par al | el woaon&fmeiszon. 7ra".s-splicing efficiency of theseUldsosass
assessed by FACS anal ysis. As predicted, the percent GFP positive (G-P+)
cells and the nean GFP fl uorescence was higher in PTMs fromHG fraction

contai ni ngOrENe KPR ity shef P et o BATRE ST 0

t ransf ect tleropémdl Bheby HEBI t s are summari zed in Figure 30. GFP nean
fluorescence was used as an indicator for assessing "“raws-splicing
efficiency of the individual P Cigien P nmean fluorescence, the
/raws-splicing efficiency of RIMSEL Ggi'lz‘TMs selected fromthe HCS
were either simlar or slightly higher than the rationally designed nodel
PTM ( Fi gure 30). Hdiedlowing tb@ﬁ@%&lbaﬁﬂgmequtlmﬁ@teﬂéﬂ%ﬁl“?ﬁdme@ﬁ% $1.5 to
2-fold) t - ' a 1N PTNVAWESiBaiRE &6 (DY t he
current sCRan iSRRG GhoYl o ek T0RBAR:) SHARRRIRL SRR EOF

obt ai ned. Fibouny tsmgsths aseqy, cetlhexpraspin@ the P AvE -l &2x2 premRAd farget Vasrtedtesy

char act erikfeatlzii on 5% parall el transfection followed by nol ecul ar anal ysis
usi ng revé e %ransari ption (RT) real time quantitative PCR (RT-gPCR) for
specific trans-splicing and the results are summarized in Figure 31. Total
RNA was isol at ed anBriefly; en dayili, €08¢7 eeils eteaiaigd and drapsfegiesd with HysGRmIgPCR.
Target an [ 4 G PR or LG9 PPRES ek &

trans-spl %é?l];glyé&gﬁgﬁ’{do‘%gg Lé‘g’??@ lxr%lg e%@%éghrlgﬁ%ng&pr?mgg e_épgﬁei fic for
t he 5'12sGdelxeredds agsaeeslls asprgssig StasGheld | -ERA peeamBN At ds@rajfibito rAs@iistmied n

fl uorescenc al u up,.to ~b- f i ple] j ion) for
trans-spl il%&lﬁél%‘fefefgcf@rslw r%)g e%%ftteég% gﬁ%%ﬁgﬁ%elg%}(éﬁ%%%% ltZ ed HCS
conpar ed tpeopartioaite 8RR IWeye ddisitghied fraoteds iPTMghEregn (G Band. loBigrdeh 8rG) esul t s,
i.e. enhancenment. in . /raws-splicing efficiency served with the
enriched | af)tr‘oé'rsyns(“f_aéogﬂﬁmﬂsé%?&m%gfev&ogglﬁ%secéb%{\?ﬁh@h@ms %??lygﬁtgeglf?lgr ary,
whi ch i s eeRsiesduenby MIRDpResktractnSaltonved by FaeR &f digstiorofo r&cotargent at i on and

sequence positjon on trans-splicj ficienc d cificity. was al so
anal yZed. PATEGIOHBRYRAIoy tp%lﬁ%ﬂng?(?merP%ﬁﬁl%hgg%‘{tgpﬁlnﬂﬁlgé?ﬂ%ﬁni brary were
conpar ed \sbhthininR @ TR frdsEd ahil BIGAfiattibnsowere MTtily $63ted bl paratiélit@nsfestionr ound of

enrichment. Sequence _anal ysis of the PTMs fromt sfarting librar
reveal ed tTﬁ%&s-sgligg_g/gfﬁciencyyof these PTMs was assessed berA(l,:be ana}ygis. 9 y

As predicted, the percent GFP positive (GFP") cells and the mean GFP
fluorescence was higher in PTMs from HG fraction compared to LG fraction with a 2:1 ratio

20  (Figure 29).

A hundred more BD containing clones from HG fraction was isolated and
tested by parallel transfection and the results are summarized in Figure 30. GFP mean
fluorescence was used as an indicator for assessing trans-splicing efficiency of the individual
PTMs. Based on the GFP mean fluorescence, the trans-splicing efficiency of the majority of

25  the PTMs selected from the HCS were either similar or slightly higher than the rationally
designed model PTM (Figure 30). However, several PTMs with considerably higher (1.5 to
2-fold) trans-splicing compared with the model PTM were present. In the current screen, a

ratio of 1:20 of superior PTMs vs. the rest was obtained.
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of the BDs were in correct (antisense) orientation conpared to 49%
incorrect orientation. The BD size varied from40 nt and up to 336 nt and
al so showso 2gesad2m st ri bution indicating the conpl exi ty pofi/usbesmédsbs BD
library. In contrast, sequence analysis of the PTMs selected fromthe
enriched library, as expected, showed an increase in correct orientation
pos (88% and the Tean (iDub® ol YPeik AR AR k¥ alttPGard-RARdORB, 5L AT L1 N
library, which is cONEMER EfY i Th pr evi ous WOF K demonst r at | ng at” | onger
BDs are nparelletrhnsficeion follPwtd by mplecdér anhlysis 2GaFeverieriuRiriptin (RT)RpENEmSPLI Cl NG

CF HUMAN APQOL| POP -1 LLS .HUVAN., APOL | POP EILN.(APO A-1) PTM
Det ai | ed SYAEativic %ﬁgqﬁﬁ@aﬁ\”ﬁ&%ﬁ%ﬁfﬂ‘ﬁ% apgl ét"/&%%‘ﬁ%?r?g‘“@ﬁ“%‘z(ﬁéé‘a in this
exanpl e t gigahmy. PoRIEN Afwap isolatidpahe rrgs-sphicing effitichtygwasem@Rured heRPIWCRasset t e

consists of a tr -spl.i.ci ng domai n SD) that in de unique restriction
T os s S Nndhedi i B3] wecifi PRy e 67 Fleating sereils Faoman e e el 5,
nucl eot i dgpIRRRGRATs Meagiréd using prinfeyiPedtic fopkieGezsGi dxbn asmrbudishgdesdrbed.onsensus
yeast branch point (BP), an extended E%Iﬁ@yri m dg' pe Oﬁc{)ac.thréw ucl eoti des
| ong), a Sptedes he&k Ok mean fugessesn SUP ey GfMLAEG B HET hgj ority
of thecod h&%aﬁgﬁiéﬁrﬁetrfzws Wikih§l etk RAcy WARRTR tofRE with IPTIVRNAcéte® FromithelHBS t hr ough
nt 842 (Ref seq. M_(_)0003£5) and as_shown in Figure 34). The PTM cassette

al so cont &pmearedie asainalbpdssigaedpedal PN Erguee HigSipbrEeRskl - eysnsamest

post - thansthiRishRORL effiSiGhtlyal /A Sbs&hEIRIM the \WRiREd liraBNE&NHE HO QP | ity of
trans-spliced nessage. The entire cassette is cloned into pc 3.1 vector
backbone, cewpaztd withthastagingibwme gAidhvs sansisispiowt EViPYSHeieet-ogen) . I n
addition, the vector backbone was further nodified to include Maz4

(transcriptional papgefséilof BDSERHANGLarldGequRAGREDY Bt IrensSdpficis@! | Ci ng
bet ween vector anpicillin gene and PTM 3" splice site. PTMs used for

f unct i onarffisieney & speqifigity o elso applyzsdy Theprabsecepb Fardera slongs BYP B ¢l oni ng 279

bp and 149, hp. BPVE RS Re éd?ﬁ;faradn@ﬂﬁm\/é&@ﬁ&ﬂmrﬂéb.e.t PR sdibiedd ARforeac! |
sites and were verifiéd by sequencing. MOUSE AL UM N M NI GENE TARGET
PRE- miRNA Fennd @éersiebmenit ing in vitro Apo A-1 function, a nouse al bumin

m ni -gene target consisting of exon 1, intron 1 and exon 2 was used. A
schemati c di agram oeqhdige RaBRINVAHATIRS frdrd tHeRAWgl 1ibrdry GivEReBat ~T18, MOUSE
al bumi n coordinates are as described in Ref Seq. NC 000071. ,The mouse

al bumi n ERf the BDspyepe HcareaRigAtisesy) ofieptatqnppmpates o 43o incerst priqpiatian The
follows: &fyq P HERRPRAD nEHIHID8DEhNEd hiRo Btéwle8 bdd@StridutloniRiGBnSthé was

complexity of the mAlb BD library. In contrast, sequence analysis of the PTMs selected

20 from the enriched library, as expected, showed an increase in correct orientation BDs (88%)
and the mean BD length was significantly higher than the starting library, which is consistent

with previous work demonstrating that longer BDs are more efficient (Puttaraju et al., 2001).

EXAMPLE 8: TRANS-SPLICING OF HUMAN APOLIPOPROTEIN APO A-1 IN CELLS

HUMAN APOLIPOPROTEIN (APO A-1) PTM

25 Detailed structure of a human Apolipoprotein Al (Apo A-1) PTM used in this
example to show proof of principle is shown in Figure 32. The PTM cassette consists of a
trans-splicing domain (TSD) that include unique restriction sites, Nhel and Sacll, for cloning
the lead binding domains (BDs), a 24 nucleotide spacer region, a strong 3’ splice site
including the consensus yeast branch point (BP), an extended polypyrimidine tract (19

30 nucleotides long), a splice acceptor site (CAG dinucleotide) followed by the majority of the
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PCR anplified using the follow ng nouse genomic DNA and prinmers: mAl b-ExIF
(SEQ I D NG 23) (5'- ctagGCTAGC ACCTTT CCTATCAACCCCACTAGC) and mAl b8 (SEQ I D
NG 24) (5ve 2066ca9838CCCCC AGGCCTTTGAAATGTTGITCTCC) . Thesecprisomssséaent ai n

uni que restriction sites at the end of the fragment (indicated in bold).
The PCR product “was di gested with Nhe | and Not | and cloned into inducible
expression vector pc FRT/ TO d ned x system
(1nvit rogé?ﬂmg Sf’ﬂ‘ée“g? 5&?"5@@@&}‘?’@8{‘ %F}M m)g}lhrouﬁlf @%-{Rcon? ains the
f ol | owi Ng NV AU ®%ind GMhoPM A Bigaie, 34 €The(RIAV 24sodtic aBY40ntpins ;lmSé/HQI ation site
and hygronycin selectlon mar ker _for establlshln stabl.e cell I nes.

GENERATI ORPlpgelepy! %a&fﬁo{ﬁﬁ\?ﬂ:‘ hengsiiE-Begtfansaft f\T CHABPEITRS %g the target

pl asm d dewpREPRENALIRY the sAbBitAbH funk 3pl@el nesdabe. | THe@ntil@hsseteis elss&ﬁmtohe nouse
al bumin mni - gene target consi st of exon 1, int

gener af ed POIANABy ypgorgiackhong, WWMWP&%%‘QW@?‘?%‘HQW&E’%%’W% ﬁe"t)ap’get pl asni d
( PCDNATCF 1 g 1 D Bt lvectbibackbond waY fufher miSditiddl 10 Ghietild M42@ (teatb&iptienhl pause

s-spliced product but no al bum n protein. Upon canfjrmng the apl i cing

pattern oSitarsemsenc| o rRdhes CrWH“C-Cgfegﬁbmfl&l?‘ij\é‘?enﬁﬁeémhmmgmsﬁe&%f“léi%@fl line in
Flip-1n ToReX s#931agl st%d‘ﬁﬁ%ﬂ%ﬁ&?al?L&&Q@ﬂAumﬁ@faﬁ&HAﬂﬁ’ﬁMﬁ%t\%rQEt pl asmi d

fol | owed b hygronycin selection. After sel ectlnngor a period of ~2 weeks,

hygr onyci gemreeatédshyaahening 19 ané A 49 proBP senusres infaitha Bl sepset WV@F%WEF n until
used. EFFI fjgﬁb \;Wﬁg APO Al PTMs Human Apo A-1 PTMs
sel ect Ed %}%ﬁ Stgﬁ(}}g‘éﬁ Cahs gl ent nd accurate /raws-splicing to nmouse

al bumn pre-nmRNA in stabl e ceI | s. PTM nedi ated trans-splicing and
production of nouse MOUSEALRIIMEN NINIGENE ARG | BREMIMNGAS eval uat ed by
transfecting stable cells w't h mAl bPTMB7C2 and mAl bPTML58, along with a

splice nutant | ackipyg dbhienshraihg(if PlkCApd A0 TMELE Rt mUbdAIbamTh HEkene
transfection. Total RNA isolated fromthese ceI | s, was %? nal yzed blé RT- PCR

usi ng noudiedconsifiing eEaxgad. Bien hanfsromgd gvaaused piehsaaatic diagragy el e These

primers proguced ertlfk%h%ﬁm Fi&lﬂ‘g 3@9%&90@69@951% &Bhﬂndtd@ afefdsldssckibed inlreeei ved
functional PTMs (Figure 3 | anes 2-4 and 6). No roduct was detected

in cellbs tSeal¥( H00%d. ha IHO‘tSH albymin B -IpdExA P“’o‘FlRNﬁ tﬁ’iﬁ& mAlgRelriBdtixéh (Fi gure
35, lane 1.anf wd as (SHGwESH B £ t YRR spling kekhcRBAdAShL IR WasS equenced,

confirmng the precise trans-splicing to the predicted splice sites of the
PTM and t PER amgiéied psieg trRfgdlowingsmentst eenogli¢ BNARNG prigensmAlb-ExIF (SEQ ID

NO:23) (5°- ctagGCTAGC ACCTTT CCTATCAACCCCACTAGC) and mAIb8 (SEQ ID
NO:24) (5’- ctagGCGGCCGC AGGCCTTTGAAATGTTGTTCTCC). These primers
20  contain unique restriction sites at the end of the fragment (indicated in bold). The PCR

product was digested with Nhe I and Not I and cloned into inducible expression vector
pcDNAS/FRT/TO designed to use with Flip-In T-Rex system (Invitrogen). The final
construct (pcDNATOfrt-mAIbEx1-In1-Ex2) contains the following features: CMV promoter,
Tet operator, SV40 polyadenylation site and hygromycin selection marker for establishing

25  stable cell lines.

GENERATION OF A STABLE CELL LINE EXPRESSING ALBUMIN TARGET

Using the target plasmid described above, a stable target cell line that
expressed the mouse albumin mini-gene target consist of exon 1, intron 1 and exon 2 was
generated. Analysis of total RNA from cells tr.ansfected with target plasmid (pcDNATOfrt-

30 mAIbEx1-Inl1-Ex2) by RT- PCR produced the expected cis-spliced product, but no albumin

protein. Upon confirming the splicing pattern of mouse albumin mini-gene target pre-mRNA,



Real -time quantitative RT-PCR was used to quantify the fraction of nouse

al bum n pre-nRNA transcripts converted into chinmeric nRNAs by PTMs. Priners
for real wormogRER2wer e desi gned to discrimnate betweerctrarsgas/ossson 1 and
trans-spliced mRNAs. Using the protocols described previously,
trans-splicing efficiency of mAl bPTI\/97C2 and mAl bPTM 158 was quantifi ed.
Mouse al bum 7 158 fficiency
of 5.6% afd? @ ﬁ‘gf)cnernéglpl TN?\}g %3 ese als}\({:%ﬂ}yl ra%r%@ﬁlébus r%{atﬂﬁlanglipl i ci ng
bet ween nmlrs)eredibjouygmnymmsel@ame Afar w&cupgﬁ)mﬁbwocmfdzm hygrethpdih e cel | s.

TRANS- SPUCWG Al GTH PROTEI N The PTM nedi at ed
/ rans- spl feélsﬁat'ii)%@ ﬁ'ggeé’gg]g\la%?‘a‘f‘h@eém MR ok Wllglﬁstfge ful | | ength mouse
al bum n-human Apo A-1 fusion protein in stable cells. Briefly, assay cells

expressi ng the nousEFRICHNT HRANSiSRISGNGOE-HIRMANWMBO AR Mect ed wit h
mAl bPTMs (97C2 and 158), human al bunmi n-Apo A-I fusion as a positive

controk, and spli cquha0t, At/ SREAA FMAL 1S sfdRERk A SRl dcsialeunct T on

as a negative contr were was after rsvv|t serumfree nedi a
and i ncubatedsphcinp ttanivwsn@liadmmﬁmnslwﬁmmté@cqﬂed?w mifltated 14@s-bplsingtand edi a

was co a ec toﬁtlﬁ%]g E\S %QS}&I‘ ?)tu?nqn QndlanaR x Cq}llg ?&%r S Ql’ﬁaatﬁ(f O d uct I on Of

fulll engtﬁ rotein em)ns a4 usin human Apo A-|
ant i body asnstkedng stiﬂﬂdceﬂlbam mAleEi]M&ﬂ@Z artchﬁALbQWMléB rv(l;origemﬁwplwmustental bum n

e " GeRnk el bR dncomp R AR R Hok B CHIR TR AR hotlbRl -

A-1 pnot etiesd &llewuﬁﬁiatyzemb}CET-lPthusmgsﬁcmeé ﬂﬂummtmgétmn¢hummﬂApd3HN§’m7C2 and
158) (Figure, | an but not, in c C r ansf ect ed
wch & soPeCiEatimsn TBre Prmms i b weSRd Pifhutpriaiss Siiroel BC,

co- i glr at fé&em% ﬁn&lztr&awlbmmmwl %5, Pmbs :f-ma?]@m) Nb@ﬁcgi paomodmctcwa imn@11e DNA
control plasm igure 36 ane13 T e studies

preci se AF&'@/%“?BIW‘E‘IQ‘%SP&‘@? uient Qrﬂ’émﬁﬁﬁg@ngm#}g“%n {’J‘fﬁUWO A-
PTMs, 1 esylddhdi@vak uﬁﬁ'\ﬂ ama Qdygf&écqga s&@fuerlcdd, confiradimLiiki prebigér&ansés@ﬁmﬁg fothg ot ein
in stable cells. - TRANS- SPLI CI NG TO ENDOGENQOUS, MOUSE ALBUM N

PRE- nitA pmdMeéEphq%élt@Sfcff |ﬂe:fa‘%:1§}\4 @rd thp farget e NS 18 sleble cells (Figdisi’the hi gh
capacity screen (HCS)
Real-time quantitative RT-PCR was used to quantify the fraction of mouse

albumin pre-mRNA transcripts converted into chimeric mRNAs by PTMs. Primers for real-

time qPCR were designed to discriminate between target exon 1 and trans-spliced mRNAs.

Using the protocols described previously, trans-splicing efficiency of mAIbPTM97C2 and
20 mAIbPTMI158 was quantified.

Mouse albumin specific PTMs 97C2 and 158 showed a trans-splicing
efficiency of 5.6% and 3.45%, respectively. These data confirmed robust trans-splicing

between mouse albumin mini-gene target pre-mRNA and PTMs in stable cells.

TRANS-SPLICING AND PRODUCTION OF FULL-LENGTH PROTEIN

25 The PTM-mediated trans-splicing was assessed for the ability to produce full-
length mouse albumin-human Apo A-1 fusion protein in stable cells. Briefly, assay cells
expressing the mouse albumin mini-gene pre-mRNA was transfected with mAIbPTMs (97C2
and 158), human albumin-Apo A-1 fusion as a positive control, and splice mutant with a

point mutation (G>T) at splice junction as a negative control. Cells were washed after 5 hrs
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were evaluated in vivo. Fifty mcrogranms of mAl bPTMB7C2 (PTM only) or 20 ng
of nouse al bum n mni-gene target plus 30 ng of mMAl bPTMB7C2 pl asm ds were
m xed wi twp'20dwREd36al (Q Bi ogen) reagent and injected vipaTi@2é0sw84404 i Nt O
normal C57BL/6 mice. Liver and serum sanples were collected at 24 and 48
hrs time points. Total and pon A nmRNA was isol ated and anal yzed by RT-PCR
usi ng nouse, al bum n |f| S primers.
7ra"s- spl MEP AgUTdSe ?l&?f’ H‘C g %‘ﬁhg‘lvaé“? Mﬁenrlnmcfreeetnﬁalxt ngljed;gvhg% bot h

m ni gene tham@aia vials dslldeEl] @@hesfatdsd andmalyedd byaWestern iblot.Prodvation efdeilved PTM
only (Figure , lane 3, 8 & 9). sitive du Jas purified
and seque]ﬁE%tH%‘H‘é‘ﬁ‘bgg? Pk ?rﬁﬁ“‘t‘ﬁ%f dﬁ?“@ﬂﬁt?g’gf?‘&%mé?m@i%j%ﬁ aﬁgﬁo € 231 buni n
exon 1 i nj&chveaabovdpo A-1 codi ng sequence at the predicted splice sites
(Figure 37, |lower panel). These resul ts denonstrated accurate transsplicing

bet wee the PTM and, t he endo nou bum n_ pr.e- TRNA t.ar n nd
furthet validated AISURICH4S, lfﬂg sete?gkog VRUIIG XS lﬁ“gﬁ’tﬁé‘}[ §mgg%58?| bes a

strategy int 18kDaaRGminARGAIn W-&fﬁﬂl@ﬂprbﬁﬁm’[ Ef@e%plmglgtrmedmmomjcbmm
sequences, Flgure 39 descrj bes vari.ous tin

sequences HlNeRgth mpfuFEuman A4R0 A PriER ‘S&V%ﬁt&’ ce I “@nsgnée ‘?“6}218‘8%‘03

trans- spl peRd (@rcdug i 58)Biguie3 6] mmtzmzbht A irl Eudirdls hi.6l, £ Eratiufidvrad wAMOA
wi t hout any. al bum n sequencge. For

ex the curre
trans- spl fRECABUEN} ftip gipck didgire 36-ilanes %g? ?)‘}ddH‘E}E‘t ‘fodﬁlgbﬁ‘tedtc‘ﬁﬁrg? g}@ URERAPANd

proteid. AbeabibRplotdin %auéﬂhblﬁg?@i)NAQ@hﬁdl pﬁ@x‘ﬂl(ﬁ@ng%rJ%nléﬁé €0, ITgese sidied am no
acids fromal bumn target nRNA, _For human applicatjons it may be desirable

to elim nagadh eMEmgdRIpaISs e sRifing hehvetenéleﬂ?wa? algyrensen § arcpusan

i munol OgAcla#mea}estultng%n the PrddioR 68 BRIR aYbusir- ﬁﬁrﬁﬂVAﬁ d Aliysbeatigsable Fi gure
40, the PTMw I | be engi neered to encode "Furin" e endopepti dase (or
pr o- pr ot ePéﬁlSconvertase) cl eavage site which has been used to express
proteins in vivo (Fuller RS, Brake AJ, Thorner J, Science, 246: 482-486,

1989; Br esnahapxRiyp1lpes dR ANS-SPOMRIGITO BERDOGHENGUS MAsmAtBUMINake AJ, Barr
PJ, Thomas G, J Cell Biol. 111:2851-2859, 1990; van de Ven W, Voorberg J,

Fontijn R, Pannekoek H, van denwan Dui j nhoven HL, Roebroek

AJ, Sil#zen RJ, Ml Biol Rep. 14 PRgm : = Duckert P, Brunak S, Blom N.
Protein Eng Design &Sel ection. 17:107-1 12, 2004). In another exanple, the
PTMwi Il be desi gnefdleteﬁiciacfycdﬂlhheleédﬂlérl‘{aﬁ afleeted' fsmmhﬂhightchpaeitysmefeet(HGS) si gnal ,

Iadv éht ag;‘e"’S‘?“' evaluate zrr]zaizlzvo Flft}; rtmcpoag%n?sno mAl-tla-phéD‘?(rJi Wgnlmfior 2‘39 lr%%gset o take

albumin mini-gene target plus 30 pg of mAIbPTM97C2 plasmids were mixed with jet-PEI-

Gal (Q-Biogen) reagent and injected via tail vein into normal C57BL/6 mice. Liver and
20  serum samples were collected at 24 and 48 hrs time points. Total and poly A mRNA was
isolated and analyzed by RT-PCR using mouse albumin exon 1 specific and human Apo A-1

PTM specific primers.

Trans-splicing was detected in a single round in mice that received both mini-
gene target plus PTM plasmids, as well as in mice that received PTM only (Figure 37, lane 3,
25 8 &9). Each positive RT-PCR product was purified and sequenced demonstrating the precise
trans-splicing of mouse albumin exon 1 into human Apo A-1 coding sequence at the
predicted splice sites (Figure 37, lower panel). These results demonstrated accurate trans-
splicing between the PTM and the endogenous albumin pre-mRNA target in mice and further

validated albumin targeting strategy in vivo.
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t he endogenous native cellular machinery to enhance recognition, processing
and secretion of the final trans-spliced protein to the site of action
simlar twowndesbsbrspe protein. For exanple, trans-splici rgrafs2005NBé4ns 0

al bumin pre-nRNA target produces a chineric nRNA and prepro- protein that
in addition to signal peptide cleavage in rough endoplasm c reticulum

under goes sever al St - nsl.ati onal difications in other Jul ar
conpart ments and, i T%%/,aﬂes‘érhtifﬁ65%%?%’&58’%@%% %‘b@ erxgrselsﬂlﬁ.l%gtalggr%lgn%%kg rel ease
of a nmat Uh@mar dlbinyin BERERSS.EFighic b degctibdslviriastmeaas @ffeditrdnating hldomins i denti cal

to the wild type. (Figure 41). LE 10: /N VI TRO AND | N, VI VO .PRODUCTI ON
O RECONEH AR TR LTy -PhiSABRabrt (. AP RIS PP R FANSCH PTS
Three exaygh@sl Rfthd Wil¥ iypo hixth&i £poA IDKBBUECArybuasn equasel t of /rans-splicing
into al bumi n pre-nRNA have been denonstrated. The first is production of

human OA-|1. These. studi es have shown.that human 0A:- | s .produced in
m ce aép evi denced By* m?%%rcéggrf% u “%@F]é‘i"?%w%%ﬁy éeﬁ‘rll\é\slalﬂ?%, _

} denti fi cgiddadtionfor AaMerid mRW AN Itpestein bRt finangdnySpliced biogusteortains 7 and
unctionality as determ ned by chol esterol flux assa Fi gure 44).

Mbr eappr oPY§IEatidesor 2 amino ?‘i’fg\ﬁ%al PR et #ﬂjﬁgﬁ%ﬁ%}f{?ftw@gmwga in an
i ncrease Qfsidbib td Ainki4te he AN MIREQuAORYI théTBIM! Prodeaedhpreupéy infibloglalr easi ng

HDL by 20-25ng (Figure 45). As a second . exanpl e, e sequences for a
singl e chzastionstip 9BRIGCRIPIAEY siFriagt o te i F R4 e BoM \V/‘i‘ﬁ’&?nﬁye%?datgm d. In

these 1§t Ugi®8e “BurSl T EndoPtifastPeIGRe-pRIEin el bRRENcIdViRGIedhRB Ak ekn E7 Of
human papi |l omavirus (HPV) was utilized. Results showed that the anti body

was expr egsaddo arrdess erianse viriiguleeRagirake A, dherner Jofciercr; 246; 4824800
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cells (Figurée 50). This stud$/ effectively reproduced the results of
Wang- JohafnifiGelietiok11:28537889, 1804 var ¢hVesWigbanrhagdh Fortigd, Panmekeck Hoesul t s
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t he onder 76f1930;3WehémP, Bragakr b \Blemdld PhyeiBiksk Oesign &alelectian. 1TB07-11Pné#04)-10: 41
1416, 2008 ksonled et il FRURI 6o acdiehidith iR B e Mok ' b DG QrcliBISe
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the final trans-spliced protein to the site of action similar to wild type protein. For example,

20  trans-splicing of PTM into albumin pre-mRNA target produces a chimeric mRNA and pre-

pro-protein that in addition to signal peptide cleavage in rough endoplasmic reticulum

undergoes several post-translational modifications in other cellular compartments and,

finally, endopeptidase cleavage resulting in the release of a mature, fully processed

biologically active protein that is identical to the wild type. (Figure 41).

25 EXAMPLE 10: I[N VITRO AND IN VIVO PRODUCTION OF RECOMBINANT PROTEINS
BY TRANS-SPLICING INTO HIGHLY ABUNDANT TRANSCRIPTS

Three examples of in vivo protein production as a result of trans-splicing into
albumin pre-mRNA have been demonstrated. “The first is production of human ApoA-I.
These studies have shown that human ApoA-I was produced in mice as evidenced by gene

30  expression and secretion (Figure 42), identification of ApoA-I by Western blot analysis
(Figure 43), and functionality as determined by cholesterol efflux assays (Figure 44). More
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Factor VII1. Uninocul ated controls as well as animals that received a PTM
that were defective in splicing showed no Factor VIII. {See Figure 47) In
subsequenvobestises2 ani nal s were inocul ated with both alpbwnispoosionésgene
target and the PTM encodi ng Factor VIII and these animals denonstrated
significant plasma |evels of Factor VIIlI (Figure 48). As a control, the
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trans-spl Rod4)g i nto honol ogous targets. 1 1 EXAMPLE: I N VI TRO
TRANS- SPLI CI NG OF HUVAN APCAI | NTO MOUSE ALBUM N PRE— nRNA FUNCTI ONALI TY OF
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trans-splicing of Hrarﬁ}H %‘SERP “t4h TEEEeAPETANS © ?18 nWé% een.
eval uat ed ehdmdmgtmanse Hdotos WHSvaaniﬁﬁlﬁ;&dedb'ytra’mmlyI to Eactd%m{ﬂjinbdioﬂgmiI:aSS ette

trans rter rotein nedj at ed nsf ar ch | esterol into
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protein. FE&femY MP%?H\?%{?Q%‘% %gg’glll\é\g %“ITIE&Q%S Jegé%%ﬂ@ﬂ%ggfrggm”t ﬁp(r)réhse
al bum n PaMe{tvliDipTiMR g SRoweaQiatrat VHIL €8deFefure 47) In subsequent studies, animals
were inoculated with both albumin minigene target and the PTM encoding Factor VIII and
20  these animals demonstrated significant plasma levels of Factor VIII (Figure 48). As a control,
the Factor VIII minigene was used. Use of the albumin pre-mRNA was significantly better

than the Factor VIII target.

Additionally, the relative levels of mouse Factor VIII pre-mRNA and mouse
albumin pre-mRNA were determined. The results are shown in Figure 51 and illustrate that
25  the levels of albumin pre-mRNA are 270x more abundant than Factor VIII transcript,
demonstrating the validity of trans-splicing into a highly abundant transcript. In each of
these three studies, the PTM utilized the same binding domain, that of mouse albumin. The
PTMs utilized three respective coding domains: human ApoA-I, mouse Factor VIII and a
sirigle chain monoclonal antibody against HPV. It has also been shown that the PTM
30  encoding the single chain monoclonal antibody trans-splices specifically into the precise

nucleotide sequence in mouse albumin pre-mRNA (Figure 52). It has also been separately
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t he apoAl natural 3'UTR + bovine growth hornone poly A signal (BGH pA); or
WPRE 3' UTR + SV40 poly A signal (SvV40 pA) along with nouse al bumn

m ni - genewban@aiss23¢Fi gure 53). 48 hrs post-transfecti onpcsupessaans was
col l ected, concentrated and assayed for chol esterol efflux. HeLa cells
transfected with ABCl plasm d and HeLa control cells were grown to near
confluency, Cells were.then ] oad Wi L nCi/ After
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ext ract i ohawiridhs-bepgdpahomologhs tgeetcent ef f1 ux was cal cul ated by di vi di ng
the counts in the efflux media by the sumof the counts in the nmedi um plus
the cell fraction. DVEM BSA nedi um was used as a bl ank and was subtracted

fromthe radioactive counts obtained in the presence of an acceptor in the

ef fl uxmedi a. As shown in Figure 54, the anount of ABC -nedi ated ef fl ux
observed witii EXANSYHY M@W@N@@RHHM&N@P%MTOMOHSEkground
and was similar totAaimebritRRRAFUREINERANTY 8 GbyePNA plasmid. The
above described r n produced
through “ra"s-splicing is functional and (b) the absence of adverse effects
due tdOal bumi n sequBedendtian phige himail apoAh pteypproducgd HpeghdrngbaingPfinct i on.
Trans- spl iyGi a0 2 b6l 1 Bre BN IAGTAE oo Sal A W2 O s Glesdel e
RTPCR (qR‘PﬁlllB%%p%éxfrlllclfﬁ 4t) ﬁlgﬁ%éeaztﬁ\n%lgﬁgre shown ?e_n Fail gure gSt Basevé Son e(S:|RT- PCR
resul ts i tynsasirisarAThbinding ciss@ENRnsporter, protPMNARCH hmagiatad, taasfenradicelBagTR pl us
bovi ne grow.h hor.nmn j li: ( TM: yi WPRE
3 UTR b us o B Ao ot il e dp Baic AT ARkl b

ef fi ci encyumbn sfoaAl RiNAqhantifed anfiltee effouvaesy obfaingd aith ¢ohi-splised praincwei€ i r ned by
di rect _sequenci ng.. o e RT-PCR product,, 12 EXAVPLE: ] N VI T - SPLI CI NG
o FVAN. APeRTe Rtk A s Bk s Al KSR G ogenous
mouse al byHEK2$B)evereRidhsfeated @ith e sdd@imis REM(nAAbPTMAUCD) chotainingajghedl pr ot ei n

and HOL 1, o281 nlhaPPUTR bR ghhh Roblohe b3S A signal (BGH pa) or wRE

3°’UTR + SV40 poly A signal (SV40 pA) along with mouse albumin mini-gene targets

(Figure 53). 48 hrs post-transfection, supernatant was collected, concentrated and assayed for

20 cholesterol efflux. HeLa cells transfected with ABC1 plasmid and HeLa control cells were
grown to near confluency. Cells were then loaded with 1 pCi/ml *H cholesterol. After
equilibrating for 24 hrs, the cells were washed and incubated with media containing the
trans-spliced human apoAl protein (supernatant from HEK293 cells transfected with
PTM-target or cDNA control plasmid that mimics trans-splicing) or with different

25  concentrations (2.5 pg, 5 pg, or 10 pg) of wild type purified apoAl protein as positive control.
Cells were then allowed to efflux for 18 hrs. After the efflux period, medium was collected
and an aliquot was then counted by liquid scintillation counting. The remaining counts in the
cell fraction were determined after an over night extraction with isopropanol. The percent
efflux was calculated by dividing the counts in the efflux media by the sum of the counts in

30  the medium plus the cell fraction. DMEM/BSA medium was used as a blank and was

subtracted from the radioactive counts obtained in the presence of an acceptor in the efflux
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efficacy of the ead PTMs sel ected from high capacity screen (HCS) and to
denonstrate /r"s-splicing of PTMinto endogenous nouse al bum n target
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det ect ed Radh&iboGl FErMSuadP DV vRERPOAT RatiralgUOR plsthalinBRpdwalnhor@bneycl es of
anplification. Al sanples frommc at iyed baqth em ni - t ar get
2nd the’ AT pdkPEEneY BabDene s pia EIG T ey B By S
conparpSoprnvd Shewtd Qﬁlilaa?zrms@gidveg el tat the RINX levél aTte-astRidy®f pgnd-hat
received the PTMonly (Fig.. 56C). Each positive RT-PCR product was purified

and sequefdlisingrerspaiirmst b girest ergrensingof e REPERARAUSY human apoAl codi ng
sequence into nouse al bumn exon 1 at the predicted splice sites. These

resul ts denonsEKAMPISE QNNIYVE TRANS-SPRIGIBIGNQF BeERM Rdyd IRTH MOd)SEne

endogenous al bum n pre-nRNA target _1n mce further validate al bumn
targeting strategy for the prodgkwgﬂﬂgﬁﬂg&&peutic proteins in vivo. In
addition, accurate trans-splicing to the endogenous nouse al bum n prenRNA
target to produce hmamnspiipi@dito 4 édtiegenousindlis€ sibwam plemBNA tagdeehhs bSar um

sanpl es were collected frompce jnj d wi.th PTM onl PTMtt ar get and
cDﬁR flor ehwvndp pERsES ]?}W‘aﬂfap?fgfrﬂﬂte‘&éagml&@% Tpepiic q&‘gfoe‘ff“%ﬁ’%gt ern blot.
Appr oxi makfciey APheaCad BTN SciitteddDnas &fpadityrsoregh (TS @ By ddirlohsialdl ue
affinity colum, (Si gma-Al drich, Product Code PR% E’% Thi s step_ was
i nt r oducedarpsrbicingioh BT M iglorsndegsneps anquerclbuipin e hiediowsp by PEdrgion®fian 70% of
lt he pr OLeihg,%aﬂ Ao pHRIANEE foflow g ERRSitAAER been!peABENOFiRg hli@berins bRl | Ze

ower 4 u?nAgQIETM97C2 (PTM only); 30 pug of PTM + 15 pg of mini-gene target (additional target

20  plasmid to increase pre-mRNA concentration); or 20 pg of control cDNA plasmid that mimic

trans-spliced mRNA were hydrodynamically injected via the tail vein into normal C57BL/6
mice. Liver and serum samples were collected at 8, 16, 24 and 48 hrs time points. Total and
polyA mRNA was isolated and analyzed by end point RT-PCR using mouse albumin exon 1
specific (SEQ ID NO:25) (ACCTTTCTCCTCCTCCTCTTCGT) and human apoAI PTM

25  specific primers (SEQ ID NO:26) (ACATAGTCTCTGCCGCTGTCTTT). As shown in
Figure S6A the presence of trans-spliced chimeric mRNA was detected in 11 out of 14 mice
that were injected with cDNA control plasmid, indicating good delivery of the plasmid DNA.
Next, PTM trans-splicing to endogenous mouse albumin pre-mRNA target was evaluated
using the target and PTM specific primers as described above. Trans-splicing between mouse

30  albumin target pre-mRNA and PTM was readily detected in a single round of PCR with 1 pg
of total RNA and 25 cycles of amplification. All samples from mice that received both the
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proteins. Sanples separated by 12% SDS- PACE were transferred to

nitrocel |l ul ose nenbranes and probed with a human specific apoAl nonocl onal
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that is i fptesydeete produsionsf herpsHig PETteIBMa™@xpr essi on in vivo. See, for
exanpl e, Chen ZY, He CY, Ehrhardt A, Kay MA. (2003) DNA vectors devoid of
bacterial DNA resulmaamumrasdusdtemnsaspdmhg @ithé amegenbnmslgeramumppressi on in
vivo. Ml Ther. 8:495-500; Chen ZY, CY, Meus ayg\\/l% %004 Si | enci ng
of epi somdRNA iresy ierodnes huway w%yroml%lglrﬁlﬁe BAR feu qnatr € € in vivo.
Gene Tper welelsoBo@eBodm bl idjested AsH IPEFM my,ma@étanmemmwot fR6 progadtidhed by

reference. Mnicircles were tested by clonin bPTMB7C2 expression
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mA bPTNB?g%AéJ #RRkh @ﬂﬁéoPP-BMBluérﬂf'HE% J:Q@(sﬁgfha-mr{wtmauc( dedemtdv8ARTM or

control mmcs raws-spliced formof mnicircles were
hydr ody narﬁheaﬁrepyfvais ijteducsd twlampﬁp Ple@l“rF‘“id ﬁg%s weﬁwkwmeaﬁe thanc’®% ¢fi ver and

serum s an%eeiﬁot\@ﬁg ﬁ) LRIl Sfit6 %c%séﬁm@feﬁoéd@ kPBEEr AsdBEKolvbiBuR@nht S. RNA

anal ysi s by gRT-PCR using nouse al bum n exon 1 specific forward prinmer and
hurman lépo,ﬁrot@pﬁecﬁafnp&esﬁ@ﬂ@l@éﬁiﬂ%@s-@éﬁﬁ were Hansfrared tamigoephulogy of nouse

al bum n b%ngs %{32;9 A ERlHI%ﬁ SEJCHH%QA%SH({% atnﬂﬁ(gﬁlt(Bldﬁ@slﬁovm in

Tabl e 1, t e resu tal ned a splrce mutant PTMwere simlar to
backgr oundntedpatammak Fai #nHﬁﬁéSM)cB«rotgm@ were vidvelized by @ shemibfminescenspkitced nRNA was

readily de(‘ltngﬁrtoggn, %tat#dw %%).Rﬁgstte'rh Qio?x%gdlfg Qndl&gédctﬂé iptﬂgarance of human apoAl

protein as early as 16 hrs post-injection in mice injected with cDNA control plasmids. In this

20  group, 7 out of 14 samples were positive for human apoAl protein. (Figure 57A). In mice
that received both target and PTM, 5 out of 6 samples were positive for human apoAl protein.
In mice that received the PTM only (targeting endogenous target), 4 out of 10 samples were
positive for human apoAl protein. These results demonstrate the accurate trans-splicing of
human apoAl sequence into endogenous mouse albumin exon 1 leading to the production of

25  human apoAl protein (Figure 57B).

13 EXAMPLE: IN VIVO TRANS-SPLICING OF MINICIRCLE VECTOR DNA FOR
EXPRESSION OF HUMAN APOAI PROTEIN

Minicircles are DNA vectors that lack the bacterial DNA sequence that is
implicated in the silencing of gene expression in vivo. See, for example, Chen ZY, He CY,
30  Ehrhardt A, Kay MA. (2003) DNA vectors devoid of bacterial DNA result in persistent and
high-level transgene expression in vivo. Mol Ther. 8:495-500; Chen ZY, He CY, Meuse L,
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mnicicrles can be used as a non-viral PTM delivery system Wstern bl ot
anal ysis of serumsanples frommce injected wwth mnicircles encoding the
PTM conf iwoedog/dagz3pr oduct i on of human apoAl protein thr egghustesansssepl i ci ng.
Ten to fifty mcro liter serum sanples were inmunoprecipitated using human
specific apoAl antibody. After elution, sanples were concentrated, analyzed

on a 12% SDS; . probed with . the sane anti . hfic apoAl
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t he prese?f\&e of a 28 kDa protein band that co-mgrated with the positive
control plf9f1°€d apoAl protein (Fig. 58A). The presence of human apoAl
protein was al so detected in 4 week serum sanples (Fig. 58B). These results
not only confirnmed Mineiplkodaettéstd byfcldningahe apdRTMAT6L @kpressiongagghite

r*.s-splicing.of. PTM.i nto. endoge s nouse al bum - .ar {n m ce,
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B agh MR gl 1o epinsGels® SerpavEodAmced iy s T8n i REA 5 7000
}.81%?].1 g-mcsgﬁl?/g(ﬂggeiLizvgﬂilndls‘éiét?ﬁv\sah@fe@%FWcoﬂWecﬂaMS hi& thBugh 4 w8K timd8 2. 07 7

. . 5. . . B.C. PTM.. 75ug 48h 1.89E+00 12 19.7 1.7,

Brett tri BefntsJRNAapHptishetR GPEBsg "Pgsezaiblgmﬂ.%é?ﬂ ?SP@C!% opgad PiimsRind) 35E+03

1—6050 18 1 n8ihn dboR P Ee8ic tvedd pRmerdonBrmid the rIAMplidibg of h8ust 81bomin BIM, B |~ wk
' into endogenous mouse albumin pre-mRNA target. As shown in Table 1, the results obtained

with a splice mutant PTM were similar to background observed in the mock group. The
presence of trans-spliced mRNA was readily detected at 4 week post-injection indicating

minicicrles can be used as a non-viral PTM delivery system.

15 Western blot analysis of serum samples from mice injected with minicircles
encoding the PTM confirmed the production of human apoAl protein through trans-splicing.
Ten to fifty micro liter serum samples were immunoprecipitated using human specific apoAl
antibody. After elution, samples were concentrated, analyzed on a 12% SDS-PAGE and
probed with the same antibody (human specific apoAl antibody) that was used for

20  immunoprecipitation. The blot was developed using an ECL kit (Invitrogen, Cat # WB7104).
Western results clearly showed the presence of a 28 kDa protein band that co-migrated with
the positive control purified apoAl protein (Fig. 58A). The presence of human apoAl protein
was also detected in 4 week serum samples (Fig. 58B). These results not only confirmed the
production of human apoAl protein through trans-splicing of PTM into endogenous mouse

25  albumin pre-mRNA target in mice, but also demonstrated the utility of minicircles as a non-

viral PTM delivery system.
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chol esterol was neasured using FPLC. The baseline total HDL-chol esterol in
the control group averaged to about 60 ng/dL. At 48 hrs tinme point, -25%
i ncrease wo 2v@t@b23biDLchol est erol was observed in the cortrals:@BNésgs oup

t hat expresses an mRNA that is identical to trans-spliced nmRNA. In
contrast, no si gni ficant increase was observed in the PTMgroup at 48 hrs.
However, Ri [Tt RE e QG 5 t ot al

DL chol st er?)(:}‘ V19 FrARS.-SPLANG GRMUNAR AR5 L5 g P8 K08 o ek
time poi nALBUMIN EEEMI@M@GCREABEPHWHFDE/N%IEU HPOBROTERN (HBE} ed vvlth cDNA.
Accordingly, the results presented in this application clearly show (a)
successful and acc Ld t |:01 IMahBsQ nouse

al bum n target pre%n%l\?ztﬁe'g%?nﬁg &ﬁ’%:ét}(?fofr?léo ﬂtss(%u 1apoeFmgr ot elgﬁl’} t hr ough
trans- spl pmdngloamxﬂhumusztpoAirpmtemaﬂntdugh tr(irms}SPpcmgIg@mbmesw HARripgreasp @Al prot ei n
t hr oug tran n |nm a n 9 ase in HDL
| evel dvel” f’he tﬁ glél ?rhlcew 54 %céegle\gﬁll&ﬁ&ﬁéﬁﬂ)ﬁ ]13I yﬁ%&sosrﬁgérleat ed with
reduced rchNAqﬂasﬁ:rad dnmesstwkaphodda&@’e) asl\llsemrbedlsbdvepﬁwm samzples weaneli cat ed

that "i ncr HDL chol e r u rdi ovascul ar
ri sk by 2 Hgé‘ﬁfﬁe CTERLERERqts 6@% S(fh{)‘ﬁuglﬁg’rﬁg%) 3'{‘% {TF%DEIS% %gtfrﬁ V5 sk of
E:g r onfir X] agtbl?ﬁlyAe&byﬁ@a&ﬁl sulfhtd @r&?amﬁldmgham(ﬁmuldbe reﬁlﬂm w&re@ﬂl‘nqhn@di with88; 4

upp T of the Natio Q est r ol ation Program
L NCED] BTt e Ty oL e oGt WS VAN B G SUTHRECBRCRN g Bl 0od
Chol egbper alagédt phd b LubsaiAelatdy affes @@-hﬁiﬁﬂ&odﬁafbﬁipeiatdr& waEbd&ﬂthu&ple 30 mBet hesda
[ Md] : Natignal Chol esterol Education Pro ri hﬁgle?. Lun and
Bl ood | nsfd" Ehite 2008 mmnthe cleastuperipiay (i Rl pxe f@ EhpLrlingyind IR} 1
Publ i cat i gRo1&4er&13da3 meBE BN RIsiBIEPI 20 PHe bab¥lineeatAlt HBL-chdiédlerolSa freSdfirol Br ewer BH,
2004, N Engl JMed, 350, 1491-1494)The present invention also }E%ﬁw des a pack

or kit coSmupaysagegivabaut ofome/dboht4d hﬁ%ﬁ*@e PRI, & d>pincreagiid 'Rl ke of the

i ngr edi entg,1QberbINGas©BERAAIiH iHRRSntRf cDRA r&}fﬁﬂaﬂesz&esswﬁl raﬁﬂh R4t ididbntiERY
include a notice in the form prescribe gover nnent al agency regul ati ng
t he maAuf éxtransepliqed mREYA slalcent@ﬁt p%agfﬁﬁ%@ém“F@aﬁlesW%rOde@hé%IT Mpgrguit s,

whi ch not i r e or sale
for human4g§rr$1 ﬁlt)\!gfg\%é?‘ |Son nQﬁZkgB%sgeﬁgn 1?%2%1}[6?33%5:@;5” %{{)@q%gﬁ t%eH l?i?-m ted in
scope by rhaestqelovdsiobseeyrddulbamemsamples coleatysl a4, Hanglch Werkdinteepodithin miagleed,

vari ous Mogidd Gfh bR addMso mYSRLA QN LA AdBRieR, iGesC R GhlRed
herein wl econe apparent to those skilled int from or egoi ng
descri pt i émthisrgplatonpearly shgw FapurcesssfulSnd hcaweedé trwts&ph@ngomelsp albemited t o
fall

20  PTM into mouse albumin target pre-mRNA, (b) production of human apoAl protein through
trans-splicing and, most importantly, (c) production of human apoAlI protein through trans-
splicing in mice leads to significant (25-50%) increase in HDL level over the baseline.
Increases in HDL blood levels are associated with reduced risk of cardiovascular disease.
Numerous reports have indicated that “increasing the HDL cholesterol level by 1 mg may

25  reduce cardiovascular risk by 2-3 percent (Castelli WP. Cholesterol and lipids in the risk of
coronary artery disease - the Framingham Study. Can J Cardiol 1988; 4 [Suppl A]:5-10A;
Third Report of the National Cholesterol Education Program [NCEP] Expert Panel on
Detection, Evaluation and Treatment of High Blood Cholesterol in Adults [Adult Treatment
Panel III). Final Report. Bethesda [Md]: National Cholesterol Education Program, National

30  Heart, Lung, and Blood Institute, National Institutes of Health; September 2002. NIH
Publication 02-5215. Brewer BH, 2004, Am Heart J, 148, S14-S18; Brewer BH, 2004, N
FEngl J Med, 350, 1491-1494)
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wi thin the scope of the appended clains. Various references are cited
herein, the disclosure of which are all hereby incorporated by reference in
t hei r entwoebesaa23dE CLAIM 1. A cell conprising a nucl eipcTasehsasdsecul e
that encodes a protein or pol ypeptide of interest wherein said nucleic acid
nol ecul e conprises: one or nore target binding domains that target binding
of the nucleic acid_,nol eCL{I.e tthat encodes theke r.ot ((a);nn .or g%l%%%gti de of
interest to an abund&®{9§" é@("ﬁ?éog‘saés(?qr%vt’%étapﬁ? WLHIh The cell; a

spli ce regomilnerafiB@RCHEN orfea inie fhhd ingepidntabethe thepsitlone ef thegiveniohrBm t he
target binding domain, and a nucl eoti de sequence encod] the a protein or
pol ypept i B&KSF kit fraginelydeagiofiee Tgléfﬁg%?ﬁeﬁcé@e‘ijgy?ﬁ%vefng?eﬁg?g%%y- MMBher ei n
sai d nucl @ieGnaafdurdLecdtlsge bpHaahRgnicaRdr Bilogival @aducspivhich Agtice aeflroreNt s
within the cell. 2. The cell of claim1 wherein the. abundantly expressed

t ar get 3 pr @PRIRYAADY the agensy PEFAMHRGHIE.HES o BlFFOBHER A PHEFI8Hr e- mRNAS  encodi ng
al bum n, casein, nyosin and fibroin. 3. The cell of claim1l wherein the
abundant | y expr esserhetpadsg@tinyehton iR te Be ittitsd lsbapriby thedkspecifie cel | of claim
1 wherein the_abundantly expressed target pre-nRNA.encodes. casein. 5. The
cel | of cr@pPedimeyifer eé‘iaﬁpleﬁgesﬁﬁliﬁqg’ﬁﬁf : g‘gﬁ?ﬁ’rvégg‘ésdn'\l@é&‘ﬁg?mﬁ SRR Rpr i ses
a tunor - spegitidd © tRse esoRbedSRRCH ML REorhe APSeht ththosskilldddn eRlatt fRfm @kai m 1

wherein the abundantly expressed target pre-nRNA_conprises i ¢crobial or
aut oant i géeregeingaesgipsign P‘?‘g%g%'lali’aﬁb".ng FiguTgie S W‘O%ﬁcag‘:‘f’%ﬁ A5 li‘t"\fbﬁ%‘ft]@ifﬂi)t he
abundapt | Yi@HPhefeEof tBE Sfknd2t RalHNA £RUPFFS SR cfary biledhefin, WRAKCIBSEOCT at ed
transcript. 8. The cell of claim1 wherein the gqreqt ein or polypeptide of

i nterest Ewhish arstadl herepp icemeratpd by pefeispesi 18 theifgnbwetiesy t oki nes, growt h
factors, insulin, hornones, enzymes and anti body pol ypepti des.9. The cell
of claim1l wherein the protein or polypeptide of interest is selected
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fromthe group consisting of ApoAl and ApoAl mlano variant. 10. The cell
of claim1 wherein the protein or polypeptide of interest conprises a

si ngl e chaonoantsbizedy pol ypeptide. 11. The cell of clai mci/ushbesesrzs he
protein or polypeptide of interest conprises Factor VIII protein. 12. A
nucl eic acid nol ecul e that encodes a protein or polypeptide of interest
wherein said nucleic acid nol ecul e conprises: one or nore target binding
domai ns t%cﬁléi et binding of the nucleic acid nol ecule that encodes the
protein or polypeptide of interest to an abundantly expressed target
prenRNA wi t hi n1t he &etll congrisipgiacecleiegtid moleukpbat encodesd woteinhyait  separ at es

the splice yegign fromithe target bi.ndi. onai n: a nucl eoti de sequence
encodi ng tpﬂ@p%?lg? 8%18%6#‘?5@??58%&%" el%?Cprﬁ‘togeFlégforP%&gg transspliced to the
target pre-nRNA; wherein said nucleic acid nolecule is recognized by

nucl ear spli ci o wonpoteget sinding domaibdibatdariget birkddng oftlee miglsicedctd medeailarol ecul e

of claim 12 wher,ein the. abundant.l| xpressed iar - i sel ect ed
from tRe aéﬁ?fog%sﬁ% %rf)feﬁlgor(?f) fj Er’petl-d ériﬁﬁm%reesﬁt(s?gaia{r%ndgﬁﬁ@u%%? cas f%t re-rryosi n and

fibroin. hRNAKathinuht @llc aci d nol ecul e of claim 12 wherein the abundantly
expressed target pre-noRNA encodes al bum n. 15. The nucleic acid nol ecul e of
clai m 12 wher ef PHRES B ndant |y expressed target pre-nRNA encodes casein.
16. The nucl ei g spcérdegion Batdeparttbs tht splite degionttemein tdrfxe bakingdiambinyareix pr essed
target pre-nmRNA cqnprises a tumgr-specific or 1tum@r a .socitgtt«re?d transcript.
17. The nucl ei & "AEFHHIrERABEITF Encorng|the 4 Rr9tsin gr BPIPIPUAR 8T BISTRSHARE F 9 S x pr essed
t ar getjopr gplid3ilfs ®e MRt fRSMRNAL crobi al or autoantigen associ ated
transcript.18. The nucleic acid nol ecul e of Lai m 12 erein the abundantly
expressed t ar gEhepinsaigmupleic 3pidmaleeuleds ’(PF?%‘FZ"@ Y JRelear spicigSPIPERF IS anscri pt .
19. The nygihe Gedql.d nol ecul e of claim 12 wherein the protein or

pol ypepti de of

2. The cell of claim 1 wherein the abundantly expressed target pre-mRNA is
selected from the group consisting of pre-mRNAs encoding albumin, casein, myosin and

15  fibroin.

3. The cell of claim 1 wherein the abundantly expressed target pre-mRNA

encodes albumin.

4. The cell of claim 1 wherein the abundantly expressed target pre-mRNA

encodes casein.

20 5. The cell of claim 1 wherein the abundantly expressed target pre-mRNA

comprises a tumor-specific or tumor associated transcript.

6. The cell of claim 1 wherein the abundantly expressed target pre-mRNA

comprises a microbial or autoantigen associated transcript.

7. The cell of claim 1 wherein the abundantly expressed target pre-mRNA

25  comprises a viral or yeast associated transcript.

8. The cell of claim 1 wherein the protein or polypeptide of interest is selected
from the group consisting of cytokines, growth factors, insulin, hormones, enzymes and

antibody polypeptides.
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interest is selected fromthe group consisting of cytokines, growh
factors, insulin, hornones, enzynes and anti body pol ypeptides. 20. The
nucl ei ¢ awbdaoswnlsersnl e of claim 12 wherein the protein opcpalsy@spsisde of
interest is selected fromthe group consisting of ApoAl and ApoAl nilano
variant. 2 1. The nucleic acid nolecule of claim12 wherein the protein or
pol ypepti de of ji nt efest ri . S . chaj i i de. 22.
The nucleic ac?'d no heeccfjll1 ngEmegﬁ% fzﬂe\r/]&%létglgiOE%{)IRB&;@?%QQ?%WS% %%%etgepti de of
i nterest dmapthe g@sp Fasisong M AgoAdrantl dipnAl 28landvarenthod of produci ng a
chimeric RNA nol ecul e that encodes a protein or polypeptide of interest in

a cel |l conpri 5}49; '}%ﬁ%}“%lﬁ% P{;}hi&giﬂmyﬁ?ﬁéﬁgﬁ@gﬁaﬁﬁgoﬁ B cofpfisdTRNVA

within the cell "with a nuclelc ac ng the protein or
pol ypept i dingkfchainheutedy poliedptids r ecogni zed by nucl ear splicing conponents
wherein said nucleic acid nol ecul e conprises: one or nore target binding

domai ng that ta[getriiafibpdanl | biGeRYR fbeindk ol FlBE U Ricddiplonpicades the

protein or polypeptide of Interest to the abu y expressed target
pr enRNA wiFattomVlhgroewl. | ; a splice region; a spacer region that separates
the splice region fromthe target binding domain; and a nucl eoti de sequence

to be trans-spi}cedsotibeoh olbicRistaNBNA ) B SE Boll BblLISH flefesCl d

nol ecul e is recogni zec nucl ear splicing conmponentS within the cell. 24.
The net hodvhsfeircdazd mcle® an%en@lbwlﬁt‘?v@malwmant |y expressed target pre-nRNA is
selected fromthe group consisting of pre-nmRNAs encodi ng al bum n, casein,

nyosin and fi bpQl §-meetar Eh@in@iﬁ% RHaiRS thad tReBR RN RucleeacaRiHdam | y

§
expressed target pre-nRNA encodes al bumi n.26. The net hod of claim 23
wher eilfl t Weat ghnodesdthe Proteinqmelypentide aF terespioan shpgaathcrfesssed 43eqtRre-27. The
met hod of cl.ah Widd mbesiei n the abundantly expressed target pre-nRNA
conprises a tunor-specific or tunor associated transcript.
a splice region;

a spacer region that separates the splice region from the target binding domain; and

a nucleotide sequence encoding the protein or polypeptide of interest to be trans-
15  spliced to the target pre-mRNA;

wherein said nucleic acid molecule is recognized by nuclear splicing components

within the cell.

13.  The nucleic acid molecule of claim 12 wherein the abundantly expressed
target pre-mRNA is selected from the group consisting of pre-mRNAs encoding albumin,

20  casein, myosin and fibroin.

14.  The nucleic acid molecule of claim 12 wherein the abundantly expressed

target pre-mRNA encodes albumin.

15.  The nucleic acid molecule of claim 12 wherein the abundantly expressed

target pre-mRNA encodes casein.

25 16. The nucleic acid molecule of claim 12 wherein the abundantly expressed

target pre-mRNA comprises a tumor-specific or tumor associated transcript.

17.  The nucleic acid molecule of claim 12 wherein the abundantly expressed

target pre-mRNA comprises a microbial or autoantigen associated transcript.
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28. The nethod of claim 23 wherein the abundantly expressed target pre-nRNA
conprises a mcrobial or autoantigen associated transcript. 29. The net hod
of cl ai mR8d 2évaneisn t he abundantly expressed target preroRNA2@60mB642EES a
viral or yeast associated transcript. 30. The nethod of claim 23 wherein
the protein or poI ypeptide of interest is selected fromthe group

consi sting of I lgfhnes%ligro\éﬁnpolga tngI%%mll?WHe ‘Qéh\,\%é‘%)a%?e’ﬁ’ nzygres and

anti body pol yp rern the protein or
pol ypept i éregedpretmMREAaInptisesaotirelbdrgdast assonidtéretrapsaipp. consi sting of ApoA and
ApoAl m | ano variant. 32. The nethod of claim 23 wherein the protein or

D e Cor 14t oS 3hc RIB RS TGk P2 GRALR AOLLBACK pBbARADLE I8 33

The net hod of erei ern or I'nt er est
conpri ses iftaett dsrse}dbtledl frpmahegmup Msxsmgrrétchtokhn@a‘ gromui faciorsginaulpy, bargionesor

pol ypeptide of in C conprising: contacting an abundantly
expr esSed “PAFGRE" afnél %‘f—’ér&’& ?th‘fﬁ the cell with a nucleic acid nolecule to

produce a chineric RNA nol ecul e that encodes the protein or polypeptide of
i nt erest wher et saThst mcleicerid nadf'wdlemﬁk:l@imIlbWbcrnprthfsmgtﬂm@ObPemﬁe t ar get

bi ndi ng donmins. t ar t n !’%:-E ule to the
abundant | §/n %r>°EStrlseS§see 8?18[5 gr% r?%%,&?g\/ﬁf%%'l\ Hﬁé ﬁé Afﬁhl S {(r;te region; a

spacer region that separates the st)l ice region fromthe target binding
domai n; and a 2lcl eBtindelesagideresuterf blain 1 awbersiyl theprgteiner pRlypertidg et

pre- nRNA \M%ere com{nhs%s Q'{s’ﬁ%lgl %ﬁgﬂtgf){i@%oq%}%ﬁ é s recogni zed by nucl ear

splicing conponents e ce erein the chineric RNA nol ecul e
is translated by the cell to produce the protein or polypeptide of
interd8t. 35. Jhe nBrehudeisfacidinglepubpilasn &2 whemia thprateirarpglyespidested

target pr g;g!\lA [T @bt he group consisting of pre-nmRNAs encodi ng
al bum n (?nt Qo %gkn %ﬁg I{r r0|n 36. The nethod of claim34 wherein the

abundant | y expr essed tar get pr e- MRNA
. A method of producing a chimeric RNA molecule that encodes a protein or

polypeptide of interest in a cell comprising:
contacting an abundantly expressed target pre-mRNA within the cell with a nucleic
15  acid molecule encoding the protein or polypeptide of interest that is recognized by nuclear
splicing components wherein said nucleic acid molecule comprises:
one or more target binding domains that targét binding of the nucleic acid molecule
that encodes the protein or polypeptide of interest to the abundantly expressed target pre-
mRNA within the cell;
20 a splice region;
a spacer region that separates the splice region from the target binding domain; and
a nucleotide sequence to be trans-spliced to the target pre-mRNA;
wherein the nucleic acid molecule is recognized by nuclear splicing components
within the cell.
25 24, The method of claim 23 wherein the abundantly expressed target pre-mRNA
is selected from the group consisting of pre-mRNAs encoding albumin, casein, myosin and

fibroin.

25.  The method of claim 23 wherein the abundantly expressed target pre-mRNA

encodes albumin.
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encodes al bumn. 37. The nethod of claim 34 wherein the abundantly
expressed target pre-nRNA encodes casein. 38. The nethod of claim 34

wher ei n twe 2aémmdsnt | y expressed target pre-nRNA conpri e/ B2008mB6428peci fic
or tunor associated transcript. 39. The method of claim 34 wherein the
abundant |y expressed target pre-nRNA conprises a mcrobial or autoantigen

associ ated transcript. 40.. The. hod of . cl.ai ' antly
expr essed targgg' prgherff?ﬁ%)dc%%&’ggég% "N tpgiabu(r)lranygggﬂg{gg%%gegﬁg trgnscri pt .

4 1. The mmtdtegcatincl ai m 34 wherein the protein or polypeptide of interest

Is selected fromthe group consisting of cytokines, growh factors,

I nsul in, hornopes, enz S . ant i I ' neiRd of

cl ai m 34 wher e?z t hghep'%%ﬁ%q % "g“r‘mgg|“§‘§%};§“x‘5§%‘¥"3‘§ gnﬂk'?’ ggrgssstég%g-gggrle-ect ed from

t he group compeses hiturgorabecdiod turanichsspafdd tinscaipt vari ant. 43. The method of

clhal m 34 wherein the protein or polypeptide of interest conprises a single

chai n anti body ,pol y ' - i Wl protein

or pol ypepti dezg'f i n egr%l‘Létg‘?d %%ﬁ%fpﬁg gvshgﬁygtﬁ g?ﬂ{?fi?“@ﬁ r;'zt))rtéée]sieegl\li.%?é’e%Ija whiRRA
comprises a microbial or autoantigen associated transcript.

29.  The method of claim 23 wherein the abundantly expressed target pre-mRNA

comprises a viral or yeast associated transcript.

30. The method of claim 23 wherein the protein or polypeptide of interest is
10  selected from the group consisting of cytokines, growth factors, insulin, hormones, enzymes

and antibody polypeptides.

31.  The method of claim 23 wherein the protein or polypeptide of interest is

selected from the group consisting of ApoAl and ApoAl milano variant.

32. The method of claim 23 wherein the protein or polypeptide of interest
15  comprises a single chain antibody polypeptide.

33.  The method of claim 23 wherein the protein or polypeptide of interest

comprises Factor VIII protein.

34. A method of producing a protein or polypeptide of interest in a cell
comprising:

20 contacting an abundantly expressed target pre-mRNA within the cell with a
nucleic acid molecule to produce a chimeric RNA molecule that encodes the protein or
polypeptide of interest wherein said nucleic acid molecule comprises:

one or more target binding domains that target binding of the nucleic acid molecule to
the abundantly expressed target pre-mRNA within the cell;

25 a splice region;

a spacer region that separates the splice region from the target binding domain; and

a nucleotide sequence to be trans-spliced to the target pre-mRNA;
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wherein the nucleic acid molecule is recognized by nuclear splicing
components within the cell and wherein the chimeric RNA molecule is translated by the cell
to produce the protein or polypeptide of interest.
35.  The method of claim 34 wherein the abundantly expressed target pre-mRNA
5 s selected from the group consisting of pre-mRNAs encoding albumin, casein, myosin and

fibroin.

36. The method of claim 34 wherein the abundantly expressed target pre-mRNA

encodes albumin.

37.  The method of claim 34 wherein the abundantly expressed target pre-mRNA

10  encodes casein.

38.  The method of claim 34 wherein the abundantly expressed target pre-mRNA

comprises a tumor-specific or tumor associated transcript.

39.  The method of claim 34 wherein the abundantly expressed target pre-mRNA

comprises a microbial or autoantigen associated transcript.

15 40.  The method of claim 34 wherein the abundantly expressed target pre-mRNA

comprises a viral or yeast associated transcript.

41.  The method of claim 34 wherein the protein or polypeptide of interest is
selected from the group consisting of cytokines, growth factors, insulin, hormones, enzymes

and antibody polypeptides.

20 42.  The method of claim 34 wherein the protein or polypeptide of interest is

selected from the group consisting of ApoAl and ApoAl milano variant.

43,  The method of claim 34 wherein the protein or polypeptide of interest

comprises a single chain antibody polypeptide.

44.  The method of claim 34 wherein the protein or polypeptide of interest

25  comprises Factor VIII protein.
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