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i ncor por at ed ﬁ;ﬁﬁn i (ﬁ%}q F1ON 8 Rl%cﬁlf@ | ON The
present mven?lkgrl:{g%%\‘/l es Irlrgt‘;rrlgﬁﬁ{ (I(:ZOHDOSF'[IOI’]S or genera Ing novel

nucl ei ¢ aci d nol ecul es through R ranfs: iﬁ%m ng that -target abundantly
expressed 15 precursor nessenger GHr8 (target pre-nmRNA) and contain
the codi ng sequence of a protein or polypeptide of interest. The

conposi tions of the invention iﬂlﬂlﬂ@jgﬂfwﬁﬁé@ splici'ng nol ecul es (PTMs)
designed to interact with the target pre-nRNA, and nediate a

trans-splici ng react iTbapresappliceion daims beaefyapder 21 V8- §1%0/Vel chi neri c

RNA ol ecul Q)roxﬁéi&ﬂamEénﬁAﬂN@&mEﬁQ%@Jﬁ@? 92‘4 fﬂ&!l%d)cﬂﬂeﬁa EUOQE]%'d'ﬂ;cl%uré)&" ypepti de
of interest. In particular, Pe 20 ta NA'i's al bumin or casein

pre- nRNA.  THEhIgF ‘ﬂﬁﬁ% ingpropHid @Fﬂ“Ff‘o‘H eg B'EtBY PEsEhanpHcalipRalsaflamtict i on of
chimeric RN/}mBdee@ulseAplmemh NI 1 (V4 50/] WA QS 31 Jo005 SAaDS@a@nt AppRéaBib OF

pol ypepti de t t t stic or

i ndustri al ﬁoﬁ'ﬂ(ﬂz’t g]ﬁ@j lls%l}'iedﬂ %’w?ﬁ@ﬁéﬁ "pF%‘TﬁpW? lc??lp(t:ﬂ@‘p@}cﬁtf"é “can be
recover et i rysses/oe3gnfiied\lasuaryl219200p) thsdistlosirava which areaksby ipsopporaleibymet hods f or
the | arge-scgl ‘{%rlg@lgt%mg Of proteins or 25 polypeptides of interest. The
conpositions 0 Fhvent i on further include reconbi nant vector systens
capabl e of expressing the PTMs _of the invention and cells expressing said
PTMs. The nethods of the inveRELSOBEREEMNENTIONt acting the PTMs of the
invention wth the target pre-nRNA under conditions in which a portion of
the PTMis trans-spl iThepredent 1ﬂvepmfnt;ir@ﬁﬁemfnemdsm ahddogpbsitiine for B¥eratigg f or m a

chimeric RNAﬁom? lm?c elilcl aef\:ldtnr]] E}ecu €es leougheélgk %:S:s-s%h%go &ngtitsgge? rébundantly 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
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pol ypeptide of interest. BACKGROUND OF THE | NVENTI ON PRODUCTI ON OF LARGE
SCALE RECOMBI NANT PROTEINS 5 Reconbi nant protein production technol ogy
provi des for the generation of large quantities of protein for function
and structure analysis, industrial uses, drug design, diagnostics,
therapy, and vaccines. Manmalian and insect expression systens have been
enpl oyed to produce biologically active reconbinant proteins in a short
period of time with high yields. Bioreactors containing cells incubated
under . s pecifel thrpdt pRAKN O RFoencdinpeic RNAOndleculetifativoildexpeesspepreieialoe product i on
of reconbi nant Q%P elns Transgenic dairy cattle and transgenic goats offer
al t er nat i v@8'%E P@Eé ors as a high volune source of reconbi nant

protei ns. Reconbi nant proteins of interest are expressed in the mlk of
these transgenic animals, B&GRGRQUNDQE THE INVENTION 4 harvested for the
reconmbi nant protein of interest. Cattle can produce over 9000 liters of

m | k per years antPRCDECTHONAFINRS HRECOME PRODEINAt s of proteins in
their mlk, which is conparable to the anount s generated i n boreactors.

Cattle gan express ﬁ@ésmbﬁlémBfoeuﬂrmcﬁdaa@chm@wmﬁes foPthOEHAEREbragonom cal |y
by cell “cul ture. Large-scale production of valuable ther Eg(@tlc proteins,

with flexi Biree qentities of profpinfosivpgtipr pndstuqiyre prslyels, “E,d&ﬁf“t apes Sighd risks are

al so pOSS'dﬁgﬁ‘o n&%&&ﬁ a%a%aeain@sp raa:ﬁﬁilﬁn&mngeamemedmbesﬁem e Benr econbi nant
proteins or

peptides. It enables the manufa f co ex or
uni que nol @E’B]Oé%d tp H’&f‘“cﬁﬁ‘ﬁﬁé‘ﬁa“éé"“"ﬁf‘?}ﬂ‘ﬂﬁ‘%‘t E‘Ptﬂnﬁfnélr‘?ﬁ?ry h‘ met hod.
Coats are Qﬁgiqnemat Bidteh@brs Euh&ﬁnnigrtblﬂmhcs:bitmunﬂhepqnifmdmditmmha&é bdemr ge scale

therapeutlc i ns_(.Bal ar State of the art in the
producti%n f%“"g‘?}nj F8’°g‘8§? fq’e%“%‘%“ép‘i‘-"e"‘tsul Dev. 2004, 16:465-70). Coats
have been shown to express various proteins in 25 their m |k, including,
inter alia, human gftNwsenindainrseite andimpsepnic eossioffereltenatives ta HoTeRHOT A n | [ |,

tissue pl a%fﬁgﬂ%ﬁa&e%Ede\é%a{mbuaﬂ[qnaém@meb&ﬁamﬁt ﬂaotelﬁsexﬂz:wat Feansgeni cs, for
exanpl e, has ressed over 14 proteins jn tr enlc ats géFgreater

t han | g/Leél?feﬁﬁ? ifg the Al f thesetransgeaic a“lﬁf*f’&‘dﬁ’k‘t’li“é?ﬁ%%?" ‘ﬁ"éiraﬁ ﬂf‘?s oteins from

transgeni ¢ @k dBbant BroRfRbsTim&est , Ctifdanl plojiucd 0kt QOOODi]ﬂarﬁﬁﬂﬁHt)per yezrs RNA SPLI Cl NG

DNA se uences in the chronosone are. transcr,i be anA§ hat
q ‘are capable of producmg large amounts of proteains n the1k1)' dlk v.r:hlc% 19 comparable To tE)

* -amounts generated in bioreactors. Cattle can express complex proteins that cannot be
| produced economically by cell culture. Large-scale praduction 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
therapentic 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 n

25  their milk, including, inter alid, human growth hormone, insulin, spider silk, antithrombin III,
tissue plasminogen activator, and ol-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-coding regions (introns). Introns are renoved frompre-nRNAs in a
preci se process called cis-splicing 5 (Chow et at, 1977, Cell 12:1-8; and
Berget, S.M et at, 1977, Proc. Natl. Acad. Sci. USA 74:3171-3175).
Splicing takes place as a coordinated interaction of several small nuclear
ri bonucl eoprotein particles (snRNP' s) and nany protein factors that
assenble to forman enzymatic conplex known as the spliceosone (More et
at, 1993, in The RNA Wrld, R F. REasSHLZCGand J.F. Atkins eds. (Cold
Spring Harbor Laboratory Press, Cold Spring Harbor, 10 N.Y.); Kraner, 1996,
Annu. “Rev. Bi ochem ;66 sea@ezwés%me ShthRimeRa kb o pROBRNACRh

92: 315-326). In nost cases, splicing reaction occurs mnthln t he sane
pre- mRNA  regPi@sgpding aﬁﬁp@r{eﬁogs)ta@rmuyua@ st intrgenighpancdodige seieiieen t wo

Independentqul\froﬂsi)amﬁsﬂslamanweefrmﬂ‘ﬁwmﬁsm fé@x@eﬁrb@ﬁb%aﬁdﬂ'c&s iGhg (See Figure
.1) Trans:splicing. was st .di scovered jn r;gpanosomes Sutton &
1% 696 CBY-vicady 5e5

Boot hr oy, (Eb%e’ e}/ 4??”5%‘}*8 i Bptest 2 g4t and
subsequent | 34:31 M -FESRtPHEing ke pliceas &c&drdiﬁalnad uiraso‘fm Gﬂde{aerﬂgmzlﬁ&)ﬂ,earf | at wor ns
(Raj kovic et al, 9 Davis et at,
L0 3 B PR s GRS ok Bitei s PBITIe S orhER ok ot at
1997, Proc.enhatatit cordpdaxckno@eas. thel Spliecesémb B89are érral. 1 1963, ipTedRNA Woild,\RiANosoma
brucel, al | termni 20
by trans- sp?:g@“@g daﬁgg”tknl% o Z&!l& %p%nég%gg{léaggﬁogwés %Olé%ﬁn%l{%b%ht 0 sone
genes i P CeNorkabdi 1996, zﬂ;ﬂlﬂ&g‘@ns?locn‘m S5 EHem Statey iand Qo Pi98fed f or addi ng a
singl e compnrssaguence to many different transcripts. The nechani sm of
splice |l eader trans-splicing, which is nearly identical to that of

conventional cis-splicing, proceeds via p tran fer reactions.
The first causes 2%“%3%‘?58’5??&15‘?Bﬂgbqa"t%?“?c“?w‘g‘ﬂg‘g‘bﬁ\é’ﬂﬁ’ Apond produci ng
a 'Y shapesbli&uanelieds ienhalraeglidige Spla‘xﬂr\gMa&eernﬁvotzmiep&meedﬂamenﬂemmer medi at e
in cis-spli he second. rea ation roceeds as in

convent i onar&lg‘?ssl-s “’al?d(s:t i "Sp The @5“"}??‘{5& F)X]g‘é'ﬁ %&rgswaﬁprsfﬁﬁc%ere dPlice site and
sone 0of5 t HeypsoiiNes (Sulted &tmbfatoyd,é%fhéelt 47023 ; Mpiphicérialy 198RCell §N317L| osel y
resenbl e th fi& Eubgegwmgfr@?ﬁgt%des'(MQJe%PﬁlréhMﬁ%IY Sceﬁ%lvgd o:??l @ E&]&c gplicing

"~ may also re erent process gtbs) - TRNA
s i nteracts Wikt WORPremNelricef. Sai. 5%@%@37& BaviRKAL, 1§9ﬂaafrﬂwln@hemhé70r2é8:36hbl nation

of - 3_SP! IshRinflsh®RiBbARE (Vii¥Cer GRMYSAEI Ry Dbz SRS o485 sl e O
r ans Splicin
P parasglte Trypanosoma brucei, all mRNAs acquire a splice leader (SL) RNA at their 5' termini

20 by trams-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 canses
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 suRNPs that catalyze the frans-splicing reaction, closely resemble their counterparts

involved in ¢is-splicing.

© 300 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 region sequence |inked to the endogenous constant region in a

transgeni c nmouse (Shimzu et al., 1989, Proc. Nat'l. Acad. Sci. USA
86:8020). In addition, trans-splicing of c-nyb pre-RNA 5 has been
denonstrated (Vellard, M et al. Proc. Nat'l. Acad. Sci., 1992

89: 2511-2515) and nore recently, RNA transcripts fromcloned SV40
trans-spliced to each other were detected in cultured cells and nucl ear
extracts (Etce Gtes Btweeh HbconieMBal ple-mRHAS 2DI6) typeddwewsesplicingressur al | y occurring

trans-splici r event
(Fl ouri ot @s“g"tte‘{at? acc?‘ﬂ’él}’ %ans%lp 1S ah&@ﬁ%glgmélo%ghrp‘g?%l I@%&l Bi ol Chem
277: 5882- 589f9nce meatothamd@emquamstsprqgenmgatrﬂasaememuaﬁé@masefaﬂ model system

t o exam ne h ) ﬁﬁvteg,@J e Kepangka & Sharp,
1085, Gl | 4R BB e st bGP U e e 1005,

Nat ur e 375h&leen deasnmwéﬁ&ll@rbéwaale?raﬁé@f‘l 4@%9“ W%?%%S&I A@ush%“dRes
24:1638) . Reasonal YNl h&lifiirorh EBRRA-SYVAD ireisniPlided Qeaet otk Sesabiad anal og)

was achi eve between RNAs capabl e of ba rin h ot her, splicing
of RNAs notlnwguqeéﬁqﬂéﬁ‘@d‘“ﬂwﬁ’%gsgé‘i‘F‘lah’gl%%a%% ﬁé&g%?ﬁﬁ%‘?’?ﬁed by a factor
%}c\lAlcF){NAG ht%ﬁtuﬂaﬂ){ Ydobikifg B—&;@@ﬁlrcm‘glafm&hlﬁﬂla? PRGERIOALSs holight Btk ParaRyedbv i og(sR |
- interactions, a rates har a ee

(1995, Nat (Flgmeve. & eh)20 0P ol eyt By A2 B‘F%%fb@gsg%% Ui e 360: 692)
and Bruzik J.P. and Mani ati s, T., (1995 Proc . Acad. Sci. USA

92: 7056K7059) . Thesézm«ams@pi@ma@mheelattsec}aelaanqdvlémenrWw%fbenm es and
[2qUI T SPGGLRiAGHs e PRRRL Srou S ROndka & SRS CRIBIGSPISORcs) [ € Or

exoni ¢ splicing dition to splici ng nechanl Smshl:gﬁélm ving the

bi ndi ng of 1A&f €Flb4?e155r®t@i’ﬁ§e@ 1995 Netwere 37 %0107 Ragmathaeliatiir RIpRee i act t o

correctly Gutandid Rismaluss). Reatsdsnamsi ememamn@ﬁmlbmgak)%escwucemala@)d j 0i ni ng
of the RNA by the intron_jtse

a

nol ecul es &S pshisye heireen Fas ‘@P@k\/“%@e%‘f'ﬁﬁotc@‘ b F%‘fﬁ’i‘%f’}e}s“& 1s’(’tbeen
tar get egd t Qutheddd byPRRiphitisg WA tHeydimishetegra figoraf th. Kiheirevitidwdassd di zat i on”
region into fhe rlboz me. b I o the t
catal ytic reifingeagions ‘E‘ﬂ“ﬁ‘ﬁ%@?ﬁ%&{{gg‘v@& ?eracilons Ger'e tﬁ{&ﬁ &\l@een suggest ed
t hat such rob&mrz:ynjecmﬁzﬁ /R oy (1085 Nalrubpe3 76:S € ibrutibl. Pt&qMamn%ﬁcﬂ (V&gi on or
cl eavage of I 5, e 1 human

gfué%%@ﬁ%)eaad Brumk\jP hd N?aldﬁﬁ Q‘S T99§ f&&eNLtfl AL TR U.@/I

di seases c y pro guct 1 on oreign o errant RNA. I n such
i nst ances 9aA056-REW. Tbése rattons Eru atlebﬂ%e‘dwtff@qt@@lﬁww Teﬂliﬂzeépqctﬁhﬁl‘?ie t ar get

RNA and, by epe aglL @gchtaQaP &(%ﬁlg:e;ph% B &Y¥RP ke Bhabison of the target RNA

or caus® déstruction o 'RNA"t hrough activation of nucl eases. The use of
antisense 4 In addition to splicing mechanisms involving the binding of multiple proteins
to the pfccursor 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
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RNA has al so been proposed as an alternative nechanismfor targeting and
destruction of specific RNAs. Using the Tetrahynena group | ribozyne,
targeted trans-splicing was denonstrated in E. coll. (Sullenger B.A and
Cech. T.R, 1994, Nature 341:619-622), in 5 nouse fibroblasts (Jones, J.T.
et al., 1996, Nature Medicine 2:643-648), human fibroblasts (Phylacton,
L.A et al. Nature Cenetics 18:378-381) and human erythroid precursors (Lan
et al., 1998, Science 280:1593-1596). For a review of clinically rel evant
technol 0gi GavA BasiRélbdel profNAd asef @lteThbiveig@Rinisaifdr tighti@and 2RRDZibiéUr €

418: 252-8. The sent invention relates to the wuse of targeted

trans-spl i SPHYRM%at ed by native mammalian splicing machinery, is., 10
spliceosones, to reprogramor alter the coding sequence of -a target ed MRNA
U.S. Patent Nos. 6, 08BgWMeZerrgynas agy | dndyae. 28@tied 7gndedieing Bes t he use of

PTMs to mdi'e%n%tr@te&:ﬁ%“éﬂz %hiléﬁgémA%ﬂ&&écﬁnrﬂh@@%ﬁ:%wﬂs@ stzﬂrﬂﬂ precursor
MRNA to generate novel I Neric references cited herein are

her eby i*ncorqyés fHuebipsts{fopsss et et e 1998 Nattre Mediging 360 878), hemag fibrakists oF THE

I NVENTI ON Th@:aafoesmtet Wﬁmemne:@f mA7de81)aRd RRGS e@mms W&kst([ﬁﬂﬁ for
generati ng nucl.ei ¢ | ecul es thro tra e%@l i ¢i.ng that

Q
target an é‘ﬁulr?égﬁlee’ffe é@p}%’@i?@ agyreEsfel mggﬁﬁé?m reRpo ity ¢ ar get
pre- mRNA)  &RNK, carfuliéngertah@Gillad] 2002 Memkbeng:25208. The Bﬁsemt nvaition Rhteprltypept | de of

interest. The sitio elnv ntion trans- splicing
nol ecul es (‘-‘ﬁFﬂﬁz} n‘%@émﬁ‘hs C’P%me&‘%}ed P ‘(Mr?aﬁmfah “%ﬁﬂ%‘ﬁﬁ“?‘l‘&%fpr essed tar get
pre- nRGA splivelosomael, ttrepregram arradtersisd ¢oding spquamecdfiacangat@isulRNANg I n t he
generation of novel chineric RNA nolecule (chineric RNA) capabl e of

encoding a pr otein @rs mw@feptslo@@mfsbrstm@ﬁszslibm@a%%rﬁgéaf expr esses
target pre- TRNA FFXa be sel ected fromthose codi ng for al bum n, 25 casein,

~myosin and PIMStQmefiat fens SPISIS rFrotios W@"’ﬂ?cél‘%”r et Pf°FH’é°‘p'ﬂﬁ~‘§6§bg°Wa‘? he
i nvention Insveu BhimEHRVRN AP AllleféleN@s Fifed Her6ih e Mer@by iGtbipiRdtd by e e C Ul €
conpri sing sequences that encode a protein or polypeptide of interest that
may be of tﬂP‘ﬁ‘;\r BE¥ti c, diagnostic or industrial inportance in a host
ani mal ¥5rom whi ch the pol ypeptide or protein can be recovered in bulk

anounts. 30 The conpositi 0n§ﬁMﬁﬂ€dF%j@ﬁMt her include reconbi nant

vect or systéms capabl e of the invention and cells
expressi ng -sai d PTMBhe pibsent 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 sequeénce 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 frans-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




-5 1 nmethods of the invention enconpass contacting the PTMs of the
invention with the target pre-nRNA under conditions in which a portion of
the PTMis trans-spliced to a portion of the target pre-nRNA to forma
chinmeric RNA nol ecul e that woul d express a protein or polypeptide of
interest. 5 The present invention provides for nethods of |arge scale bulk
productions of proteins or polypeptides of interest. BRI EF DESCRI PTI ON OF
THE DRAW NGS Figure 1 shows a schenmatic representation of cis versus
trans-spl i Chdihds memmxaamlend@]pﬁsgmﬁ@ thdRiiigs of tiediremimi vdthitegargeent at i on of

pre-trans-s "ii}sx;l NS LS CHloES w@Fmamonﬁif%@Bé s PIRNG G ] oRh of

represent at "SR ans- s icing reaction between™ the target 5 splice
site and PTiM @rgd prspRNAdo Bmtle claimenc RN molaculetit axorldERRIesS FPYIINOT4 shows t he
rational e f liBgdgal bumn transcripts as the target pre- 15 nRNA
Figure 5 s %\E/%%ﬁg&gorrponents of human plasma. Figure 6 shows

trans-splicing into the al bumn tar r

schemati & represent a0F BIFSHF PYREPEFS V?fg {OFgﬁtEngNﬁa eﬁcga%%Uﬁ?c(fdfl%ﬁtsls Ofa

trans- spl i cjriiging @6lypeptidesbLinwien t he tar get 5' splice site and PTM s 3
splice 20 site, (b) trans-splicing reactions between the target 3' splice

site and PTMs 5' splice @iﬁ Es_}g_k%{—@q@}e—pﬂmmggf an internal exon by a
doubl e trans-splicing reactron In carries both 3" and 5'
splice sites. BD, bi nd| ng ,donai oi nt sequenc PPT,

ch
pol ypyri ni di ne t ractfig¥h Sh’é’?”?g?“i“@&*‘:gfe?eg he ﬁﬁr"gm@ Sho wu{‘ﬁwe present

invention apgibed to trans-splicing nmediat ed HPV- 25 16 E7 single chain
anti body production strategy. Figure 9 shows a schematic illustration of

mouse album n exon Iy 4{1?\%1511'5@911 échglzatn? febischiahih f@reﬁkﬁb‘-ﬁ[ﬁwég molaME a

nucl eoti de sequence 0 trans-spli ced nouse al bum n-
- (PTMSs).

Figure 3 shows a schematic representation of a frans-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) zrans-splicing reactions between the target 5’ splice site and PTM's 3' splice
20 site, (b) trans-splicing reactions between the target 3' spliée 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 frans-splicing mediated HPV-

25 .16 E7 single chain antibody production strategy.

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

E7 scFv cDNA.




HPV 16 anti-E7 scFv mRNA. Figure 11 shows a schematic illustration of PTM
containing additional endopeptidase cleavage site. The PTM structure is
simlar to scFv PTM except that it has an 5 additional endopeptidase

cl eavage site or a native "Pro"-peptide sequence. Figure 12 shows a
schematic illustration of trans-splicing strategy to elimnate al bumn
sequence in the final product. Ex 1, exon 1 of albumn; CS, additional

cl eavage site. Figure 13 shows a SDS gel show ng the production of HPV16

anti-E7 scFv in Hepaig @1@%113\@“%&% ééqsaﬂe@ SrilddnslQlidlinoubehmrafit CDNA
(identical to the trans spliced was transfected into Hepal -6 and

Cos-7 cel | SHP‘@éaﬁ‘i‘§7Ef5§fnRN‘°ansfectl on, supernat ant and cell |ysate was
prepared and anal yzed by Western bl ot using anti-FLAG M2 nonocl onal
anti body. Arrows i ndfignedld shdves aexipeetieitlust3iionloDRTMeosaniag dlditional- HPV 16

anti-E7 schyy Fﬁn%&%%ﬁé@gém%"‘ﬁtﬁ%%%?e $Bhil&r‘?&e§$‘bﬁ4"l§’¥g&&aﬁ%é E/ SCFV

function in coeﬁe ve cervi cal cancer
mat chi ngp Hﬁddlnergh@ndmpm%#;d odeavvge eitelds a patiyp SPreCpaptidesequenagAl b- HPV 16 antl - E7
scFv expression cDNA plasmd. Cells were growmn for 5 days and assayed for

cell survival using Fiik 123ReWk-a sEilegidfi®illddraGdhOiEoR- s'pndw@mafb@ 9 EliriRMe 16

(O, used rammieyiebizd Bepnt pili e ot LAEbuPRR Coaigre degpengid o | O

trans-splicing domain which includes nouse albumn intron 1 specific
bi ndi ng 20 donmai n ( BiBpre 19iskrvs aidaast showing the meoductiowof INES abti-BhAedivioi nt  (BP) ,
optim zed pel, xlpysénsnmge alﬁJnﬁ&hP(f'f’?MpEﬁcF@c%@P&&%ﬁc%l fotne(tahd Sphf;éal | oned by

the majority o t he codi ng sequence_of anti-E/ scFv sequence. PTM

Expr essibn mBNY};vwasdpnsigtedipe Ié%héta@%osﬂtce%és tys pestrigansteetion, mmanso | ¢

cont ai ns F%ﬁ@c&lﬂy&{éﬁﬁs {)@;Lalréa%aiariawzmymteﬁf BBin S0 P meastesl ation
plice mutant is_identical to the_ functioqnal PTM but has a

signal (BGH
poi nt nut atﬁ“g'??d&tm?g’sf‘}‘?@at&&?éﬁeﬁﬁeds?’ql"é)a(’@/ﬁlwm sV anliffy/isely- site; arrows

indicate priners used for trans- splicing assays. Figure 16 shows the
preci se trans-spli ciFigyredi shifé tﬂe&raam;ilicﬁimslbﬂﬂ’vwmi-ﬁ’t gFv fimct®e idelisim n exon

1in cells t | um sanmpl es from
m ce inj ect%wpfit?ﬁgeﬁvﬁ%b%%g%ﬁaéﬁ?- {E&E%%Rﬁnx%b% se‘?%%n was passed

t hr ought SFL AGnefcted ithyn Alb-HIPY iansirfel %ﬁ\a«txymntVPN\fﬂgasemdq Cellsoreragpwigfoant i - FLAG
M2 monocl Q;@adayﬁﬂlh hé&%& 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

HPV16 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 & 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.




Fi gure 17B shows Western blot analysis of serumfrommce injected with 5
HPV | 6 anti-E7 scFv PTMonly. 50-100 pl serum was passed through FLAG
affinity colum and anal yzed by Western bl ot using anti-FLAG M2 nonocl onal
anti body. Figure 17C shows Western bl ot analysis of serumfromm ce
injected with HPV16 anti-E7 scFv PTM + target. 50-100 | serum was passed
t hrough FLAG affinity colum and anal yzed by Western bl ot using anti-FLAG
M2 nonocl onal antibody. 10 Figure 18 shows a schematic representation of a
bi ci stroni c PTM f or rFighe 17 R0 Wdsen bidt avatyeis of @i sopplieefom mive ifkiddcasset t e

consists of a tr -spli. | including:  Rhiddi mai n, short
spacer, BP,’W'F-]’P’\‘?@%%&?&@“;@ ggvg@ﬁﬁ'ggﬁf%%me‘%f%gaﬁﬁaﬁ c_%gl%? IqQZA

- sel f - pr ocessiuag aptpblyctd by Westem biet dsigtantkhHAGHIR thongflarshansibodyr us (FVMDV) or t he
encephl omayocardities (ECW) internal ribosone entry site (I RKS) foll owed
by the full 15 | engiyeqof it s RS MR adfysi 8schint it Mice Aatea witat i ons: BD,

bi ndi ng domai n; BP, Dbranch oi nt; PPT, pol X@ w&w&é%ﬁ& 'ss, splice
site. FigurkPVi§ameREseEy PEMonlyr 30 PR HESTIT w5 2 %ilr s TOAPBA-1 into
al buni n t argehnaRe&r vy NAemilQ usifg 20-FBekGavB otochal ntivedy. and nouse

al-bum n-human Apo A-1 cDNA 20 constructs (test constructs), simlar

constructs with poi g, (AG-ehd A% esfH bR ABHRY fom HRRIGQUAIiAND W | d type
and ni 154 lants (p I I nd

human Apo A-| no var ositive controls). i cates point
nut ati on ( dE\SGianthE7 sofinPTMesterzet. J01108 pbseriruwvas pessrdihmeudh B\ G #§8nitvul | - | engt h

protein was Ay Vst ib Bl anti FLABNE? RdnoSios @albsayshowi ng human Apo
A-1 expressﬁogﬂﬁitaﬁg%n%géel Fs. 25 Fi éﬁh}raglzz Western bl ot sho:’s\,i ng the

expressi on and secretion_of mature . human o Al pr [ iy 93 cel I s.
- Lane 1, !%ouse Al b-h fg,“relqgﬁ%‘w?,“ﬁﬁﬂ’& °’2&’BSP%‘?§£’?°$%%‘%‘B§’,%€‘W%38‘%/4-| and | ane
4, mlano vasduativh.of wipedmtipaiis) the PTHtcedsettciconsistspéa fratsspliceandaih 6Y panel
protein in cell |ysate -0 Eigure I Sfd | e 1RBn&ig! | S
denonstrat i’ ‘S“({’%mgﬁn dé’é“%?‘osr%mofpac?rizj%f??g’ﬁaiﬁagﬁ{ﬁ%ﬁ Apot AT pr%ot g?ln’. Fi gure
24A SchematiAcsetfprdeésits bapsddi@ThE fol and miovth distasaying(FMDF) ¢fifhee 24B Conpari son
of high capaci LESOLNBC(NORlortl ARG ey SucTireie) RiBRecy i ALDI N1Ex2
Pr e- TRNA Ta?ng%%%gg%ﬁgﬁgéﬂg uc eoqtnlibde . w e. ) ) _e 4

' 15 - length coding sequence of heavy chain. 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-IcDNA
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-hAL 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.




sequence of 5 GFP-Al binl Ex2 gene for in vitro studies. Sequences shown in
italics indicate first half of the coding sequence for G-P fl uorescent
protein followed by human albumn intron 1 and exon 2 sequences
(underlined). "/" indicates 5 and 3' splice junctions. Figure 26 schematic
di agram of the pre-nRNA target used in the HCS (SD, 10 splice donor site;
SA, splice acceptor site. Dotted lines indicate target cis-splicing).
Figure 27 Schematic illustration of the PTM cassette used in the HCS. PTM
Cﬁsset te consi thP S ogé%ré%mﬁ:i??}oi ?fﬂmﬂiﬂfmi- I(Sjblli; Béhdastiange ﬁJ}S@)esmagfi ?%:5 g BDs,
short spacey, .. , 3" half of the coding sequence for zs

foll O\A/ed_by‘{‘f“ﬁ‘g“aﬁﬁ‘lmf‘anl@ﬁd\ hPe8li ng  sequence for second reporter
DsRedExpress. Abbreviations: 3'zsG 3" half of the zsGeen 15 fl uorescent
protei n codi ng sequdi@ks 24ARBdBemitiqtoE FAGE-baspbBE nelection styptegy.t e, BD, bi ndi ng
domain; BP, branch point; PPT, polypyrimdine tract. SA, splice acceptor

site. Fi gure 28 is as:@%@n@&mh@nsahﬁmmaditbecrganag(m@s)qjid‘técelsency and
diversity of the nouse al bum n binding domain (BD) library. Figure 29

i Ilustrates the high,capaGh tyn @gﬁ. 2 re 30

Tr ans- safltl cing effi r(:1:|é’ncy O{;ﬁ‘%%ﬁiﬁ%ﬁ% grgt'ée I%fé%gl}ce ﬁlﬁfgeﬁgg al bum n
target. Fi gequen@pfBLHFPgHlbnHESIgowiforgn viranudisy|Seqrienags ghown i ilicyindicat GFP
f1 uor escencg h@if oMAL 4 éoﬁfﬁé séD Ié\t{ae é?bﬁﬁh&ﬂesﬁén?ﬁ?olémouo@e@ useﬁ apegfMati c

showi ng the hunman Apo M expression cassette for proof of
principl e iiprep, 1tqn66§@&dﬁ@§nceqipg1§ﬂ@eca '/'SiRdjgaies & @éﬁéﬁlmeu@ctennagr am of the
nouse al bum n m ni-gene pre- NnRNA target. -9 Figure 34 shows the nucl eotide
and am no acid seqummnfschﬁnhﬁbdlagmm dfjiepre-hRNRI tardét@seddn B BGS (SD,

trans-spigl ]Incgdonors te, QR I]\J/F Ia{;n(‘:[e%tor sitg ;t?gtted eﬁln%gate%ﬁ}%s—Tﬁmpéel l S-S -Fi gur €

36 Western “Biot ana SI’S 0 ns-s tein. Figure 37
PTM nedi at ed trans- I icing into endogenous albumn exon 1 in mce. Figure

38 shows a schenmati ﬂr%?érsa]i‘ﬁ‘@%\m-‘%“@Qf@??é’ﬁl\h‘rabﬁ?ﬁﬁwe@’art@é{@%@TM

cassette consists of a frans-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 fract. 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.




strategy to increase ApoAl expression. 10 Figure 39 shows the strategies to
elimnate al bum n sequence in the final trans-spliced product. Figure 40
shows al bum n- human Apo A-1 cDNA, trans-spliced nRNA, old and new PTM and
targets that may be used according to the present invention (NCE, non-

codi ng exon; hAI, human Apo A-1 and Ex, exon). 15 Figure 41 shows a
schematic illustration of trans-splicing strategy to elimnate albumn
sequence in the final product. Ex I, exon 1 of albumn; CS, additional

cl eavage site. - Fi gugured shdvaute nnvelsdtide mdamioyasid sequénceroisill tapecifivdran

Al b- hApoAl trans- spliced protein. Figure 43 shows the identification of
ApoA-1 by Vestern bl ot anal ysis. 20 Figure 44 shows the functionality of
ApoA-1 as determ ned by chol esterol  efflux assays, Fjgure 45 denonstrates
the use of plasmi d- FigedSsbowspapysplising fmABRTMGAY 2pmmexe bddBPfon of human
HDL in mce,pfigure 46 shows the generation of secreted FVIII through
trans-splicing to 25 exon 1 of albumn. -10 Figure 47 shows that

uni nocul ated controls as I ani.nmal . ' t hat were
defective in splici rfséguﬁ%\\ﬁ%fte aﬁfﬁ%?%’% @Fﬁg%llffg‘gﬁu?‘gxggogﬁlo&g%hat ani nal s
i nocul ated with both al bunmi n mnigene target and the PTM encodi ng Fact or
VI 11 denonstrated sifigid 37cER-medinted fansepliang ingp endggqngys alhumn exgn Eing yr e 49
shows the utijclization of a single chain nonoclonal antibody directed

agai nst E7 of human papillomavirus (HPV). Figure 50 denonstrates that in

vivo trans-spliced produgt . was effecti.ve | Wala] eI W . - owt h of
HPV-i nfected cells. FF4u eSh%V_’L“dsghr%lr?é (l}%gt?%né oﬁgl@\gzlilpélnéﬂl%r% | {grggr%s-spl i cing
i nto a hi ghitptegprorictesate Apb@A1 expaessian.i pt . Fi gure 52 shows that the PTM
encodi ng the single chain nonoclonal antibody trans-splices specifically

i nto theypreci se nucligpd idiBosaRdRAREIed (O cHRMSE Bl B3qherdé Brt Figure 53

Schematic draw ngs of nouse al bum n-human apoAl (nmAl b ‘
#rans-spliced product.

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; hAL human Apo A-land 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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hapoAl) cDNA, trans-spliced nRNA, old and new PTM and targets. NCE,

non-codi ng exon; 15 hAl, human apoAl and Ex, exon. Figure 54
Trans-splicing between target and PTM pl asm ds produces functional protein
in 293 cells. 293 cells transfected with different concentrations of mAl b-
hapoAl cDNA or PTM + target plasm ds. 48 hrs post-transfection, nedia was
col l ected, processed and assayed (efflux potential) for activity as

descri bed before. 20 Figure 55 Trans-splicing efficiency of the new and old

PTMs in 293 cells. %@@w @%hdv% that ARG ebnvbIL Bs Whif £ aXiRAL meQRGRBE L at i ons of
PTM + target post- transfection, total RNA isolated and

| d
trans-spl i cqqgthgtfs“lr'r‘]lr% eé"‘t‘(E‘fF V\éém‘&%lﬁ\"ﬁ”?q‘?"e‘:dmﬁg/vﬂm PCR using specific

prinmers. Figure 56A RT-PCR results showi ng the presence of nouse
MAl b- hapoAl 25 nRNAigereg§rskovBait RimBORocubsad it bothatbumin hihigerstegence of

trans-splicgd th@@wn@wdyyﬁ%w@ﬁmﬁ&gwsggﬁ@&tEﬁgsrﬁ’%ﬁs%mc&% vifiow ng

trans-splicing o uman apo ous nouse al bumn pre- nRNA

in mce.  MC, mnicirgles, qtl)lasmd DINA; Jreverse transcription and
W ndi%ate RT+ and e shaisonmie %S@ggfhawwmﬂm@pdww% s of

ser um sanplsindt EO 6T in@e pdpiljoartiad (PN 5 MAl b- hapoAl cDNA. 20 | serum
passed through Proto-Blue colum (to deplete albumn + 1gG and anal yzed

by viestern bl ot ust iR GRAMS BRAo i ﬁlh%%m s offloflNeGh " C €5~ and

PL, plasm d DNA RT tern bl ot SI's of serum sanples from
m ce i nj ectiubitipg the grpTRNodHPY-infertedalll + Target plasmids. 20-50 NI serum
passed through Proto-Blue colum 10 (to deplete albumn + 1gG and

anal yzed by Vst er n Figufit 51 WSS rdies Ry vaBERAY #oReplidingin® AhighRAWundhe,
m ni ci rﬁ) es and PL, plasmd DNA. Figure 58A Western blot analysis of serum
f

sanpl es % r SHPH®e injected with PTMplasmid. 50 1 serum was
i mmunoprci pitated and anal é@r ed by Western blot using human apoAl specific
anti body. Arrows i ndigeeti@ skavsiiphthh Bidenepdmaithesinglesham me®clha) emtivodi8B st er n

bl ot anal y §is Qflic pbHcaR b 88 plek R Muliebie stjubifck §nd¥sd Sibumin pre-mRNA.

Figure 53 Schematic drawings of mouse albumin-human apoAl (mAlb-
_ hapoAl} cDNA, trans-spliced mRNA, old and new PTM and targets. NCE, non-coding exon;
15 -hAI 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-
hapoAl 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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CDNA plasm d. 10 | serumwas i mrunoprcipitated and anal yzed by Western bl ot
using human apoAl specific antibody. Figure 59 HDL anal ysis of serum
sanples frommce injected with PTM and nAl b-hapoAl cDNA plasm ds. 20
DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present invention relates to
novel conpositions conprising pre-trans- splicing nolecules (PTMs),

desi gned for spliceosone nediated trans-splicing, and the use of such

nol ecul es for generating a novel chinmeric RNA nol ecul e conprising sequences
encodi ng a protein giguRJsy REMARNEsuBE showing Erastspliciineof Riivn apo4l RI3E thtd or

| ar ge-scal e production 25 of t [t ot.ei r_.pol ti.de. I rest. The
net hods of fRECHUEEAME a?%‘éﬁf?%‘g%%@‘@%&%?ﬁ a?%%’-‘é;%]gﬁgﬁ fE)’r oducti on of

protei n or . pRkypeRtdiwton afd V- ihdieRT+HahdRTreactie. of t herapeutic, diagnostic
or industrial inportance. In additional enbodinents, the present invention

may be used to p.roq#'gtﬁﬁe S%Apvv&{eﬁh{l‘o&%l\ﬁﬁloymiaﬂ@le@ﬁorhﬂﬁcﬁﬁﬂ&iedivﬂthw tro, for
exanpl e by produci ng e chineric

and translating it ip cell culture.
-12 The PTNBAlfhapdid cDNGHH! grmum prsred fupnep Rf%ﬁ’iﬂ&%‘é’m@ e alPug *
trans-spl i GhAfand afHRd by Wedtdrd bIOEIng huriaPoAI3p@Hic altibody. NC dninfairtles t hat are
designed to sge0|f|gallg bind to target pre-nRNA, (ii) a 3" splice region
that i ncl uckad Ph phesmidPNABTacceptor site and/or a 5 splice donor site; and
(iii) nucleotide sequences encoding a protein or polypeptide of interest.
The { 5 PTM may f urRigues S780Hgsteirsdotandbyssof spooi semplea frpi prigeiikipgied itlact and one
or more spacer nedl ghsy 1208 56 MBeR pasEa Sloh@Sprtb HlelcbR
target-bingﬁﬁﬁoﬂﬁ%hln. %2%%“%?8%@%52) Q%g né?hpdsoo ghe iﬁyen??on
enconpass - condepleteiathyminiclg@and awlyzediey Wesesmblpigwsing Wieas aBenlepisHant | v
expressed tapget RN tes APl pIERRADLAONS i n which a portion of the PTM
is trans-spliced to a portion of the target pre-nRNA to forma novel
ol ypept i de. of i ni erBr: SpaRB Yot RS SRR N e REL LT
pre- nRNA,  t PRy Phiénid s0qdisengn wksinmumprmipitalod andsiedlpsd b Wastern blot yshignar y t ar get
‘because it s a highly..express : -gﬁ”@. WeYEehoaRheh transcripts that
are al so e%ﬂpggg%ﬁgfﬁ%ﬁ$a bgﬁhﬁggﬁggﬁcou al'so bgosg%ected, such as, but
not 15 limted to, casein transcripts in breast tig;ue,thai %Le.abundantly
expressédl in mlk i rFigninEiRsWesimblesanalysisplseup sampks fremmgeredlsihne | y
express ed {8 plhdrE 3 0ipNG& i PRastiiReR et B arid@halyzed by Western blot using

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-frans-
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 PTMs are used for large-scale production
25  of the protein or polypeptide of interest. The methods of the present invention provide for the
Jarge-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 cxample by producing the

chimeric RNA and translating it in cell culture.
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nyosin (in nuscle cells) and fibroin. Al bum n pre-nRNA may be chosen,
because serum concentration of albumn is sufficiently high, i.e. in the
range of between 45-50 ng/nm . (See Figure 4). For exanple, 20
Trans-splicing anti body sequences into albumn pre-nRNA will result in high
concentrations of expressed i nmmunogl obulin nolecules into the blood. Even a
noder at e 5% conversion of albumn pre-nRNA target will result in the
production of significantly high antibody concentration, i.e., therapeutic

concentration in thqnbll»mgof@ﬁvanﬂ&ﬁ&wgammlwgmnédﬁﬁed%mwn@f | ar ge
scal e bul k productions of a 25 protein or pepti de of i nterest

compri si ng QERT(E PRE9T TS tBreet bR Aemaing dhabar “'Slﬂne tﬁépec‘g‘f’@é’é’ﬁ’@ %9 nventi on,
contacting tar@a pFéTlhmmdﬂ)wepltcafegﬁﬁ thet ifcl RIBINAS’ umeaccepzmtté ArdRSa s'rspmhl ch a

ortion of liced to..a port.ion f t bunda

Dot baced 1hgato BT Brishees ottt AR s e o At P xpr esses
Eﬂe protia: P mppfuythmpbmp}&e @Brand]xpm:armmmdnmltiamhdmg:drhﬁrebpt&eﬂrygﬂﬁdslul d f'['O(T
.the mamal , tein or po epti de
of inter estma%g%?%{g%ﬁ%ﬂgl&%%&% r@%kﬁlg‘nglﬁ’qseé%ﬂ%p ECULES 'FI)'heyBrgsent

i nvention provides conpositions for use in generati na3 novel chineric
nucl ei ¢ aci d nol ecullds methpdsifthe fnypniian engompesrronegingheff Msph the PFRionf ¢ he

i nvention Gy ﬁbﬁ&arﬁl&)ex&éh@ed@d’rgdﬁ?ﬁe%lw @fider ainﬂiﬁbﬁtgn darBh B&ﬁ&mtthet argets
bi ndi ng of tN?gPTMt tar Ilce re n that

i ncl udes a MM EgrpeRigdie P?S'?“s"gfhé‘aéﬁ‘?ﬁll?rfbwj\@ﬁ? ‘dﬁB‘P‘e“% & and (iii)

nucl eot ide mwadule daRFEisRGailemes acqdingiiRipfotat ofpolypaeidé olittedit. (StFgest . The
PTMs of the.invention nay al so include at | east one of the follow ng

- features: (&) binding donains targeted to intron sequences in close
proximty to the 3" or 5 splice signals of the target intron, (b) mni

introns, and (c) | SARap F'Wt“?l@ﬁ}’ expeepieql piemeR N ttho R 4 enceding gbunie mﬂlébtsor )

consensus RLpag theiptiftry kR okl iaf 2 hipQ e@v@,&wb&%ﬁﬁx fdkiRELMGONPri se one
or nore spacer I‘tT%I ons to Separate the RKIA lice site fromthe target

bi ndi ng dorf&n§sTP étagf‘e%@reél’feiﬂ%%‘}lbﬁh “‘E‘B?Pé‘?er‘i%‘fllaﬁﬂb%ﬁ&cﬁ@ﬁ%‘t}ﬁaé 8 neeri ng of
PTMs angs  dgiiled) dasdin Pihs@ptstif Bredst @iel that Yre bunG4hElG €5dstHd inRdk AllBmER| | ceosonme

nmedi ated tranps:spl.icj rreactions, within the cell descriped in detail
s e phgumsly dgatioEbmaRE L g PR Bl | s
Uni t ed St amessilPéih enicleApd)iaadfiirain Seri al Nos. 09/ 756, 095, 09/ 756, 096,

09/ 756, 097, 09/838, 858, 10/076, 248 and 09/ 941,492, the disclosures of which

are 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 &
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 frans-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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incorporated by reference in their entireties herein. The target binding
domain of the PTM endows the PTMwith a binding affinity for a target
pre-mRNA. As used herein, a target binding domain is defined as any 20
nol ecule, i.e., nucleotide, protein, chem cal conpound, etc., that confers
specificity of binding and anchors the target pre-nRNA closely in space to
the PTMso that the spliceosone processing nachinery of the nucleus can
trans-splice a portion of the synthetic PTMto a portion of the al bumn

pre-nRNA. The -t ar ge§TRUOTIRE O THEI PR ECHRANGSPEITIN Sn nul tipl e binding

domains 25 that are conplenentary to and in anti-sense orientation to the

targeted region of UL gelenRf GadiBiaed Hnph e tor icilhAbadlRBIds oY

conprise up to severa ousan eoti }l)‘lp erred enbodi ments of
the i nvent |abnnetnheuctb‘mm;dng)lﬁehﬁihmghmﬁetﬁfﬁﬁﬁsﬁemét s of efnyenign and up to

sever al gur&%gﬁse% oﬁEDJr%M%&%{naﬁlgaemaﬂmase@@tsbanaing ¥t P& tREM may be
i ncrease

ni fI cant by "1 ncreasi ng the Ien t t binding
domai n. ForprewBiY @) 23’ Flé‘c?%?l%’@%fha“&%“dﬁ?"rﬁﬁﬂ’ﬁeﬁfﬁ rﬁm’rﬂéﬁ %F#ﬁ‘??gé‘ Sever al
hundred nucgahi @BHusikotiaP kguendSMlotihg@a préina® pillepixtofinictest. al t hough
preferred, is not required. A sequence "conplenmentary" to a portion of an

RNA, as referred to.he fd SRRk

conpl enentarity to t;lgl gﬁ%bgtﬂy%{ﬂ% dﬁﬁqﬁg%ﬁ)dpﬂ\é&aﬁgﬁﬁt pré mtﬁ\lA formng a
stabl e dupl features: (‘iﬂancmgdomaystatgeh?@rlﬂtmﬂz?@luwcfﬁﬂmél’@f?e?ﬁ‘a‘%'ﬁ‘ﬂ@leﬁ ¥He degree of
conpl enent ay ISQ\RG(Q[h@ it S9Ring b t@fxarrple
Sanbr ook e'?s %e%lg?@g%ftd{'&al\}lgﬁgxgﬁﬂa@fmﬁl15133‘1%%@{?{1 or at olr“ §ﬂl\/§ﬁuala 2d Ed.

Col d Spi@ ncpnsizapkessor)icatsersat kindingtess Ihe BEYiyof: IPY?QUCII!&P%’JP RIS RS .

Ceneral |y, Jr%ré 595&{31% {biko Ryhrade dicRNAGspRetGltefiom @Ritdlget bidingdnainbase
m smat ches with RN% may contain and still forma stable duplex. One

skilled in the art ngs‘ngc S DoReh b LA, URALERQ pTipaRL b OF | ength

of duplex by use of ures ete ne ot he 10 stability of
t he hybri di dednstotign of their kiilit tesewhshil medinth spliceaserne medigtedtaretmigingomai n of t he

PTI Lar get s, SGRNih neGIUSUEETAh b i BBk Bs ETE05 @5 dbPuigeduce (e

nunber of se uences romt targ pre-

targeti g |612&0§ﬁ8,@eqeiéwdérsteﬁtafph%ﬂtm%@éﬁahﬁ? §‘-"‘T‘?‘F§NB!§ 0%HT 3410 ?3@'5%9’?@ nunber of
sequences gy 3\4 997, 6§/@i§ és@%ﬁo% O anl 09941TADY) tho HidcldSureslbif Witch 6re RNA - 15

ol ecul e. Bi'n al’so be achi eved {hrough ot her nechanisns, for
exanpl e, mcorporated by reference in their entireties herein.
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, efc., 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

PFTM 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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through triple helix formation, aptamer interactions, antibody interactions
or protein/nucleic acid interactions such as those in which the PTMis
engi neered to recogni ze a specific RNA binding protein, i.e., a protein
bound to a specific target pre-nRNA. 20 The abundantly expressed target
pre-nRNA according to the present invention nmay be any abundant
transcript. (See, e.g., Figure 5) Preferably, the target pre-nRNA is an

al bum n or casein pre-nmRNA. However, the target could simlarly be an
abundant t r @mplmeprity,ialhquilaprefireds isobt remiiredh | doseayshsd complerhdntedy"iga prot ein. I n
a speci i ¢ aihade HPRa Ol roddSa TR hofs » lifonl a0tk sl N9 domi n 1S 25

conpl enentary and 1'n anti-sense orientation to sequences of the apoA-1
apoB, or al dgmpiementirily e abje tohyiwigige Wlwfﬂﬁpﬁﬂwmm&ﬁ ssablsstepler.oxi mi ty to

the target mrabﬂ,fya@ﬁy—oa@&é &nmpend E.%mmaaaag{ee of&rﬁpﬁ:ﬁﬂ%nt?'aﬁm&"gn g@i n may be
defined as any ,. hucleotid em cal conpound,

etc., that %%?W@f"sfw‘g}ﬁ%& ff"i "t’fP’P@lQ(?FmB‘Pﬂm‘ Rl lgﬁM&ﬁE’H@r@”t‘%AéﬁWAﬂ‘i’y or apoB
or al bunin m&,emnf%ml A RBSig HarboiIabatbe Pedds; COIliNp Ay MA1Bdr, NeheY&Iaj i ceosone 30

R R I e U
Figure.6). nl@obmamnmtduﬂfompembfeldaplenﬁhﬂskmpnméaﬂbﬂab@mﬁhtmblet he target
o1 " oo o Bkl bt U, RAER PR 200 e S SRR QI BOLARL BP0 seauchoes

of the al pha case caseln a caseln or ﬁappa casein
t ar get pr e-staRijty ofiilisihbridigedl domfex. PTM i n cl ose proxinity to the target for
trans-splicing. For exanple, a target binding domain nay be defined as any

5 nol ecul e, Le. nuqﬁ@gj‘emd@emwameatﬂwbﬁmﬁ &ﬁlmmmmdr e%tsﬁemﬁct hat confers

specificity of di n and anchors t casel n pha (s2)
casein, betsaq%a%%in ity Rﬁéé%fw fep%ﬁf?@w“m% ﬁﬁﬂvf‘l&?’s&%ﬂe@gﬁﬁ %epace to
the PTM so tﬁrgatpretthspmremﬁ;ﬁﬂlhrgmmghm sagieRC ot thethiget pod-mRRA nucl eus can

2l pha ( 52) Eagu bR b e ok Bt Be P Pt g ialho “The P

nol ecul &5 almaecglent ai ns a 3' splice region that includes.a 3" splice
acceptor AG site and/or a 5 splice donor site. The 3' splice region my

further conprise a PHARGHHQAIHbe ARAvA YRS HicHhliens! foRGlampeONsensus
sequences for the 5' splicé donor site and the 3" sp [ice rn%gon used in

RNA spli ci rifoughdripighalix mwwn» WW&’“&F*‘F“‘(“S@E“"O%E‘FE@C“@F ogproteingdgc  The RNA

Vor | d, ‘Col didmtérit@iondandhak tosdia ixicR i PRMES EngirRereB@3ccdpifide a spbifRdAiA i On,
modi fied 1 consensus seq uen%fe)s t hat |nt ain t eAabl lity to function as 5'

donor spl i CERITEPEE, A, aplotgidpng to a spect ific arget pre-1m

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 chiorophyl! 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 frans-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 1o a portion of the

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




regions may be used in the practice of the invention. Briefly, the 5
splice site consensus sequence is AG GQURAGU (where A=adenosine, U=uracil,
G=guani ne, C=cytosine, R=purine and /=the splice site) (SEQID NO.:1). The
3" splice site consists of three separate sequence elenents: the
branchpoint or branch site, a polypyrimdine tract and the 3' 20 consensus
sequence (YAG. The branch point consensus sequence in mammals is YNYURAC
(Y=pyrim di ne; N=any nucl eotide) (SEQID NO :2). The underlined Ais the
site of branch for i amther sheqifid epbpdimenit df theinvention, thedargeh biadiagidaginieen t he
branch poi nt Lic i albmrsgi fferent
branch poi nf® mﬁafplf’r zrﬁf“?dgﬁargl% %OL&ﬁ%&BQéq%ncgﬂgéﬂggdﬂh??ﬂ)%mﬁecen( Y

pre- TRNA i ndasetm beth@egimer kappawisein Wtfépfm“m abich eld g PIHIn &1efi H‘i‘lj“‘?‘@’ with the
di nucl eot i dg tﬁb‘%r%"fl%?trpﬁ%?hdn% i dxhiRple, 3 Rlpek th@hE &%a‘irﬁn%&e@&l&eﬂ fanpns. Ul2

intron sequence as any sequences that functio ?g_pl I ce
acceptorf domeleculseiop, andesside, pEiein, %ﬂeg‘&alb’ém%‘éﬂ} efco IREFABER SBEFEY BTME of t he

i nventi on. {NgnOhd RA&s ﬁ.@@@@i(sne&blﬁrm;ﬂ)) (sn}xaseapaétamelﬁ bﬂcaﬁb%mw ice site
fromthe target” binding The spacer

regi on nmay %etd’éfs‘?i%ﬂéd‘l"ﬁ%y 1“§83°Ff? &@T"eﬂé"?ﬁ%@mﬁ% ?ﬁprﬁgesimg)madf“nerycodons

whi ch woul dosfen@éib@Rar Mol a poradsif e POM tof partiyn ofilspiljiie &) @FM, and/ or (i)
sequences t hat hance trans-splicin get pre-nRNA. -16 A

nucl eot i de 3&6&%2‘5‘@“@%&%&%’5 HUBROfE 9"‘1“ eti’%%?%/%éptl de of interest is also
included in the PTM of the invention. The‘ PTMs of the | nventl gn nmay contain
exon seé@uences whi cHre REMmalpcalsalse panjaing a 3sphicegesiondhaj gcludssa 3 3lieg wi i1 resul t

in the for HRE% Q)?A@fsn@-and%l%'ﬁﬁgxh& dRNAsieA PRDE ﬁ)li@é re€io6 0V Rgthé chibgiié h onal
protein or pol'ypeptid

erest. The PTM ma% ge, elng i,neered to contain
t he exon seljens angka RPLPYHHGInG Epch ARt Sﬁ“iﬁ"@ﬁ Lo SPISEAONSERF Pifes. The
prot ei ?S 0rﬂ1f99'sﬁﬂ¥é@%ioﬂ@§cd@tfRNHTsﬁ!’cﬁ‘@hrelmukﬁerrﬁhﬂﬂe(attQSkeIMm,Tem tﬁ‘)@,uE
consisting o e or.s. ,Suc uman
growt h factwkby%%ﬂ@ré%d g’é‘ﬂ%ﬁ@%&ﬁ%&m%? b §'3$§pep{am&w§n%}ﬂrqg%ddl tion,
the encoegledcdascaiue sdquankes thudmuinept thakdiliof to fiunthmas 6' dovoy splee sites bl 3apbier i C
protein that is ex%ﬁ,ﬁ%h%g &grc dil‘{l?emvegrtg)onc%% ﬁ{e‘%ls!gﬁce sﬁé‘%seﬁ&sApOAl orApo

Al nilano VEBPIREY the Thvent i o engi neered to contain
a single ex@quen@aeqﬂ@tﬁwwI(Wheplkaéewm%ﬁqlum@sguamm &Fcdesingt i vel y t he

conpl ete sef_ %];:1 ee n8n- ees?ﬁ&@ﬁést firRE1. N9 Thb sﬁl&%'sﬁ@d%n@its AU BSekate The

nunber and 1 uences to be used the PTMs w il depend on
t he type. oﬁeqmenmpﬂmbfb repchodrs pf Wgnch piteea POIW’@%H}? tpggpddedent, 3' exon

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

- gplice 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

95  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 gencfate 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.




15 replacenment or internal exon replacenent that will occur (See Figure 7).
In an enbodi nent of the invention, a "safety" is also incorporated into the
spacer, binding domain, or elsewhere in the PTMto prevent non-specific
trans-splicing. This is a region of the PTMthat covers elenments of the 3
and/or 5 splice site of the PTM by relatively weak conplenentarity,
preventing non-specific trans-splicing. The PTMis 20 designed in such a
way that upon hybridization of the binding/targeting portion(s) of the

PTM the 3' and/or % sgleotids seqlteﬁcei Siceiipoy o (ﬁl]ﬂlybﬁnidﬂﬁﬁinfetﬂsﬂiﬁa&ﬁti ve.

Such " saf ety S89YAACER CRTR LS8R0 e p1AR! & GO TRESHENLA Youfly Shghes of
ci s-sequence 'C na. separ HuET &l *Rei d) which

bi nds 't 0o ormequsnces bbttclhwmndews-ﬁlﬂwttdhe ﬂ@TMdbpaﬂnRN@mlmesultpyﬂlerhruham dfeact, 3'
splice site,and Aaapsd lo'fgﬁacoéih% fifdic fqﬁg&dt& ﬂ%g%%ﬂ?@&ﬁ"t I@@Hﬁ bind to

parts of the splicing elenments emse nding prevents
the spliti riopyebeseaircsred e epmien e axoni seguefies eof ‘@n@i@krwbywpa\m@mswher

splicing faelpemidés omeasrateﬁ.b Iopgo stplidts O?TM@@IM%%E@@& %{be tak P

el ements). The bindi ng 1P di sru ted by the binding of
the target Br¥REHGE Féfﬁlflb% 5‘I°thh@°tP"FNF‘E°B atsa‘ﬂ’@%ﬂ’ ingilig, ' gioHths fe®bosi ng and
?ctl vati Ing HohamE’sTMns}p;Les Cdnﬂganﬁi)(ﬂﬁeﬂilﬁ)eﬁtml ng thﬁaﬁ amaldn&kale@ pr&&ntd?bl f

rans-splice nug e sequence capable o
orm ng o SPURITST SO, BFE Trap GPEdAt PE el PROEHE BTRIGICL he
i nventign. cohecpiatgemh ab Ap@yitdr dpoh Umilirervagmovi des PTM nol ecul es wherein the
coding region of the PTMis engineered to contain mni-introns. The

insertion of mni-iAyLL @Rkrd B Be imvehfdh Iﬁadb@gng%%%@%@oﬂm taNEnoRT Mok S

designed to increase definition of the e€xon enhance recognition of the
PTM donor $Pquence)mitiple ke srauegese AE alierqayvale thencompletsqset §f xanheqeeneisng

regi ons of ch&ﬂmE-ﬂMahﬁgéh uﬁlﬁteﬁditﬁ"mm Adhbér and MernfifCotitel sBihedal fodRSsddlin the
alternatlv any, |né ences i ncluding synthetic mni-introns,

whi ch i ncI S5Wl Sgpre l‘mg"i Plging Fractsn. L% GnECRLTYCTRFLSNBER whi ch

i ncl udeisa bé}ﬁateﬂierjﬂﬂdlﬂbmalax&lreﬁiﬂemﬁr&ﬂﬁt Wil canidl (JebFig@e®).i nst ances a 10
pyrimdine tract. The mni-intron sequences are preferably between about

60- 150 nucl eoti des 'Imanelgmal@nmb $N Glion, Bl QN REAHENGRS 4@l | nCr eased

I engths nmay al so be use Fred . end e rnvention, the
mni-intr oﬁP@@fnb‘F(?lE&@ﬂtaWem@‘seﬁw ig thed T (@fprexent aprdwgefioians-splivingofhis | n

preferred npRELNEASPIH thitBvdd GNP it Benor & BHEOH bF AGFBit,yl S about 20

relatively weak complementarity, preventing non-specific frans-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 ¢clements). 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-mR.NA). |
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15 nucleotides in length and the 3' end is about 40 nucleotides in |ength.
In a specific enbodi nent of the invention, an intron of 528 nucl eoti des
conprising the foll ow ng sequences may be utilized. Sequence of the intron
construct is as follows: 5 fragnment sequence: (SEQ ID NG 3) 20
Gagttcttttgttcttcactattaagaacttaatttggtgtccatgtctetttttttttctagtttgtagtget
ggaaggt at
ttttggagaaattcttacat gagcattaggagaat gt at gggt gt agt gt ctt gt at aat agaaatt gtt ecact
gataatttact ctagtttt tamcleotide sequence capable of forming a stem-loop structure may also be .
tttcctcatat.t t o ccacatctttatattttgcaccacattcaacact gt agcggcc
gc. 3 fr ag‘ 'ﬁ{ Esgtg%%@getttﬁe IE%%E(%“D NO: 4) ° 9129899

(C;f ta ta f ;at g%gaat catat g['hg %&ggnﬂn%gn%%g aﬁlarglgt.:[ Sr%%«tie%aﬁﬁ%% eculgs \g e(;gr(l: tth tc;ao 1218 taattgtcet

ctttcccttgt,atigd &ftthegﬁm%t@gﬁ@e@@gb A6 AARGAYEA AW adsbriibrasanhial-ntrbrgambé caaat gagt
t aat agaat ctttacaaat a

gaat at a&cttf‘%f‘ﬁ‘ﬁ’tgﬁ%f’g‘ﬁ%ff ghtha RTM desispeig inpratedefiytigh i Barior §ad b "facct aat aat

gat gggt t t t akddgsiei@gor thé) PYMI doncrodith.e Misjietzint sequepred ol berinsdrtedfintd lile dodingnt i on,
consensus | SAR u re_inclu n (Jones
et at., NAR‘@@“.%%S&-%%Q&CM% ﬁ?%li] ?hrllrgﬁ)b()émc’im%‘%%{hpg\?r's%&r&ahﬁel% P’ }rég qgt.llcit?l vat or
and repres Ssraquen@s\simgﬁng mtmlenmm -ipfndng hwhighcinelukess' Sensensuy ﬂqmplh%!teif redh3'r egi on
that is requbleds iOlenss HRl H8ublel el SRR b BlfecWtc bha FHE insithcs 48

nucl eoti de sensus Sequence compri ses the | owm ng sequence: 18
CIII:UGAWUUW@@NJ@MG*SEQ I D NO5). Wen inserted |nto the PTMs of the

i nvention, the | SAR consensus sequences are inserted into the structure of
‘the PTMin cl ose pr[mxhﬁﬂxiir)&oheeqhé]eesﬁre mlefaably béttr@nabout 60-1 Smuslegidenises. | n an

enmbodi nrent of the inventi t n 100
nucl eot i des<t&hAPYHE %‘"I'H'%ﬂ'b?eq‘ée“feé °€R°reasgdjleeg?h 3 magag%"e % ﬁ:‘,@. \‘\Afférgfi
i nvention, doft@dimSARf ﬂeqmemsthanmmmrm rcorephsw thé1§'rand &' emh@f gomdmmisr om t he

5' donor site. In gwglr)rrag [’?1 é"%ggfnﬁ‘gﬁg‘%%’%%egf t]g %Q’Y‘ il Qo BB | SAR

sequences are™ i s es of onor site. The
conposi 13 onsicledtidesio lingthemt thodl efdis plvut A0cweiprtidesdn ol t hat have been
engi neered to include cis-acting ribozyme sequences. The inclusion of such

~seguences is 10 deShganﬁﬁaﬁ@ emBeliG&ht T vhe frﬁéiﬁxblataniﬂtrbrnof 5e8 abdexids of
trans-splicing t%Eoglroduce a PTM hl eC|f| C l th or d‘gfl ned
end(s). ThecOF’ipB%'Z%/ é‘ﬁﬂﬁﬁ?ﬂéﬁ“"?ﬁfﬁ?y% ‘fﬁg ﬁ%‘g?cf’é’& }WI fon PREUPIVE i ncl ude

any sequenc@gowshat are capable of nediating a cis-acting (self-cleaving)
RNA splicing reaction. Such ribozymes include but are not limted to

hammer head, hairpin s gaoment sequence: (SEQ ID NO:3)
20 Gtagttcttttgticticactattaagaacttaatitggtgtecatgtetettttttttictagtttgtagtoctggaaggtat
tittggagaaaticttacatgageattaggagaatgtatgggtgtagtgtctigtataatagaaattgticcactgataatttacictagtittita
© tttecteatattattttcagtgpctttitcticcacatetitatatitigeaccacaticaacacigtageggecge.
3' fragment sequence: (SEQ ID NO:4)
Ceaactatctgaatcatgtgcceetictetgtgaacctetateataatactiglcacactgtattgtaattgtctottita

25 ctttcccttgtatetitigtgcatageagagtacctgaaacaggaagtatittaaatattttgaatcaaatgagitaatagaatcttiacaaataa
S gaatatacacttctgcttaggatgataattggaggcaagtgaatcctgagcgtgatttgataatgacctaataatgatgggttttatttccag
In yet another specific embodiment of the invention, consensus ISAR
- sequences are included in the PTMs of the invention (Yones 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:

18-




and hepatitis delta virus ribozynes (see, Chow et at 1994, JBiol Chem

269: 25856-64). 15 In an enbodi nent of the invention, splicing enhancers
such as, for exanple, sequences referred to as exonic splicing enhancers
may al so be included in the structure of the synthetic PTMs. Transacting
splicing factors, namely the serine/arginine-rich (SR) proteins, have been
shown to interact with such exonic splicing enhancers and nodul ate

splicing (See, Tacke et at, 1999, Curr. OQpin. Cell Biol. 11:358-362; Tian

it 625 6;891@ﬁéctlamlamjml Acudu @EQrIDSNGi y)l W&n%ﬁ&féa1r3%§39rMEbftheé995 tENAPTM
ucl ear cal i zation na ) al so be C ed.in e

mol ecul e ( OPFGHR fhe %W&W%@ Sﬂqz@%a RiFrisdpt0 theampqrrpighe 1!‘15"93’6%08390

Di ngwel | arqdoitﬂh&kfbyhe 51 hds; sitd bRAIELS: sbdheﬁdeﬂdhmmlﬁﬂimeﬁﬁofﬁ&wé&&))t the Such

nucl ear | oc zation SI an nce the tran t of

Oyt it ¢ RO et k0 I RubtBSided o BRSMERr L C (LA BRRREL (S0 1 o

f eat ur ess cagmboljneatctd éel ntvmttomehd?ﬂ&l nejuece az inggedwiisn S(micipatifenfrérathcon

signals to gpdify ¥teR§|@ :ﬁ&?@ﬁr@ﬁﬁ% %&:ﬁt@ht o I inv@fitio }hfsﬁffht Eeguﬁ%?e%%mes to

safety"-se

enhance splicin n regions, conpl ement ary
regi ons, adaserte Wﬁtlﬂ%lp'lck@t@e%qftﬂ@§'d@¢fq§¢ot ective groups to nodul ate the
stability of -.the nol ecul e and prevent degradation. Stop codons may be

included in the PTMHkrddﬁwttﬁniefme Qmﬁﬁontﬁlﬁﬁbﬁ|c&hbﬁ8 IUMs3tQatLH&$@|bEeﬁ‘aed PTMs.
El ements, such a tructure nucl eoti de base

ul.ari
o o 1 DR &gl RprBiR ek 56 NSOR 56D SO RPTIE ©o
pr onot elr degignddito addece MM tresslatibrotiathe aigtice pf &nﬂb spiidingceos @rmlicel NETVpOr at i on,

and 1 acl b e A b b R SnLABEEL By WRLENE ©, O
sequence t dbs Py iishidé peyosepusnees gt pnatcapableeof Iiﬁﬁlém;tlngTh eis-a8ing dgY- ctnamm)t e

affinity pLﬁN&'SﬁEL rlg Wb, tstl& e SRR 3 dQE&ta?é&tﬂﬁngP%Bﬁ%BEﬂh g, & tnntefest

product  of I'meric urt her glneered
t 0 i ncor poraat benatitsdgkaydrug Pt‘%mftséseﬁ’ﬁiowet et 994, /el e 36%253561634)nat ure
" biologically active protein or polypeptide of interest fromthe expressed

protei niproduct of tien @itiotkentof RilhveRtio Gulidng chlanb@CHuek & for Sia@PR| | NY
sequences coul d to |ncreasea?S8 ret &%@“ the £ pressed

e el BT B ot Sk R ke Pl 0l o
descri. bed alxosyethetit ATofs. Araesacdbgispiivgg fiotos, napdly theeesmemrgmmdtmh ak)

trans-spli %r&&nsr AL b Wown ' fheFdcPw ACAuTh IBLE SHLHE MBXced S mBGuSES! gned
splicing {See, Tacke ef al., 1999, Curr. Opin. Cell Biol. 11;358-362; Tian et af., 2001, J.
20 Bivlogical 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 o 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




for ribozynme-nediated (group | and group I1) or tRNA endonucl ease nedi at ed
trans-splicing 15 reactions. \Wen specific PTMs are to be synthesized in
vitro (synthetic PTMs), such PTMs can be nodified at the base noiety, sugar
. noi ety, or phosphate backbone, for exanple, to inprove stability of the
nol ecul e, hybridization to the target nRNA, transport into the cell, etc.
For exanple, nodification of a PTMto reduce the overall charge can 20
enhance the cellular uptake of the nolecule. In addition, nodifications can
be made t o médfibdti®, GusteHt adaldgs, tah Hednconpolared i REMCh grwmotelor teidjitagedat i on. The
nucl ei ¢ aci d nol.ecul es . be synt hesized in as to be

conj ugat ed T%hgﬁ%?%%?ngﬁyggpgmgﬁghnggMQ ﬁ%%??%%@nfg?gaﬁ' for targeting
host cell receptors in vivo), or an agent facilitatjng transport across the
cel | menbrane (see,Todacitate godlectipm giethe Kpteig or polypepsige °’%3P'gr€§t ¥ . Acad. Sci.
USA 86: 65535:6Re& as ZQSMﬁifﬁ'hﬁsfsﬁ%ﬁﬁg, gquenceltBf} fay BE DEorpdRgtd intoAeREMsSUhe
84:648-652; PCT Publjcation No. \W88/09810, . ub%%spgdfﬁgcegber 5, 1988)
or the bl oc@esHFromYF aftimtypuriticationef thg expressed sotei) oy POLYRGPHIROT\ETCst BigeS} 10134,
publ i shed Agitic chiderid @88 moldayilr i di zat i on-tri ggered cl eavage agents (see,
e.g., Krol et al., 1988, BioTechni ques 6:958-976) or intercalating agents
(see, e.g., Zon, 198§, PTﬁQﬁxéﬂ)e lﬁ%ﬁtr erpimated B 4bmord clelVage &k ticiiRaudiuc! ei ¢
acid nol ecul es may be conjugated to -20 I another nolecule, e.g., a

pepti de, hyisltigh ekths wafure blolpgisplbipetvegeaiein prpelypeptidgefinterest frgmdhsor t agent ,

hybri di zat i 9Bzttd SH0ehPhded SAKASEMSRFNA mEk&ile. | T MY be necessary in certai n
cases to cleave amno acids originating from albumn to obtain the

purified biologicall ctive protein of .nt ' Thi . ieved by 5
st andar & net hods su rgtgryé“ ?iﬁééerqi"%nﬁesé’ mf)krig @éogéotr%?dttg lnﬁrﬁgst%ﬁ%cpﬁ%ﬁﬁg{]i on

bet ween porthé expsessed prokeingir pelypepgdefof ouereat. bumi n and t he reconbi nant protein of
interest. One exanple is the TEV f protease. Another nethod is to tag

peptides with, for exgadlod o &AM teteboitbeRMRhith ard RBed B hods have
been widely used to obtain only those am no g ej n of

| ! Y [ ﬁ%ﬁf iin the E%oé )
i nterest anwlitfesoRmrgiaiee rae-RHGPSASRFUPTISHEISICBEIRTRICBHes A als® Pagegeted 10
Var i ous ot h@F ribée)rhe-kaR (aGk I dnd afou® MporttRNA BRionutldagi medeiddranbiplcing es can be
“introduced as a nmeans of increasing intracellular stability and half-life.
Possi bl & n5#iPcati ons include, but are not limited to, the addition of

fl anki ng sequences of ) )
' When specific PTMs are to be synthesized in vitro (synthetic PTMs),

such PTMs can be modified at the base moiety, sugar moiety, or phosphate backbone, for
example, to improve stability of the molecule, hybridization fo the target mRINA, transport
info 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 vive), or an agent facilitating transport across the cell
membrane (see, e.g., Letsinger ef al., 1989, Proc. Natl, Acad. Sci. USA 86:6553-6556;
25  Lemaitre ef 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




ri bonucl eotides to the 5 and/or 3' ends of the nolecule. In sone
circunstances where increased stability is desired, nucleic acids having
nodi fied internucl eosi de |inkages such as 15 2'-0-nethyl ati on may be
preferred. Nucleic acids containing nodified internucl eoside |inkages nmay
be synt hesized using reagents and nethods that are well known in the art
(see, Unlmann et at, 1990, Chem Rev. 90:543-584; Schneider et at, 1990,
Tetrahedron Lett. 31:335 and references cited therein). The PTMs of the

present | nV&Bﬂlerﬁbl@ﬁB d¥ fpeptRb) hybriddiidd Bebeldd cRdCihkig \WEht, &8nshélt agdft, | NCT ease
their stability in g{ﬁl | s. Since RNA nol ecul es are sensitive to cl eavage

by cel | ul arbybp ff‘gﬂ’ﬂmgg?i %eavﬁg?ag?ﬁ‘yetﬁe preferable to use as the conpetitive
inhibitor a chemcally nodified oligonucleotide (or conbination of

ol i gonucl eoti des) t Hamayhempesssaty eceseiniceses tofclettsamiAcidbirigthatng femyuence but
I's less senglliVe obelnnwuﬂmlﬁégmmﬁw Ar&e@%@'inte&egﬁ This3h @é&ﬁ}&%& L PTMG

can be produced as nucl ease resistant circu nol ecul es wi th enhanced
stabi | ity tspnfarépethedsauchas ensageiing 8 Rrotspseriite indbegurstipryptwegn Bgrtionst  al ., 1995,

Nucl ei ¢ ACi figind PR MPmICild R D mbiRat fdteimdfintibkk.t Gkl is #e TEVO 93,
Nucl eic Acid Research 21:4253-4258). O her nodificatjons may also be

required, fREPIAsS Ather ?‘E}h%ﬁﬁﬁ@é’cﬂldﬁW% fOIFBa“&ﬁlﬂn%ﬂle‘éi“E'éP‘Pi‘JP%@“?}m ake, to
i mpr ](c)ve KiThedel nﬁ&hoﬁf1 hdv@bdeﬁﬁ’ﬁdaly?isﬂtt@&i’tzﬁﬁleﬁy ﬂﬁ@aﬂnﬁﬂ’hﬁffdﬁ[ﬁ'ﬁﬂﬂr&&h ﬁs

Modi ficatians ich may he .nade.to estr ure of the synthetic PTMs 30
“include but™ tﬁﬁﬁgaﬂ%'foa\n?‘ﬁci@tcgﬁd?’g“ﬁ%@kﬂh ?}F‘?’ ‘ions such as use of: -21 i
(i) phosphorothioates (X or Y or Wor Z=S or any conbination of two or
more w tth the remai ntgpusgthepyell-moyn mpdifcatignstp the ngleigacid melecyles cand®8, Nucl ei ¢

Aci ds Res. 1mtro1d§cea%§)9m§a%géf)mcr3§§§g ﬁl@b@ﬂlh(&&bm@aﬁd ﬁ&lf l‘i"f‘é PJS%&Q Tet rahedron
Letters, 30, 4693-4696), Y an S (Br et at, 1989, J. Aner.

Chem Soc. ,mofificatsops chide byt. afeswtliml fed %ﬂﬁ?ﬂ‘b‘*ﬂ%’éﬂ@#ﬁlﬂé@“ﬂ?e@f Z=net hyl

(hM 'l ﬁr nﬁucleﬁﬁde@-ﬁth&-ﬁ%@{or%’ -end®l Bthe n%lﬂ;'%ﬂfb Itnﬁaﬁe &@?xﬁst?tfcbdb\ifl%erel

phosphor ami.dat es, ( Z=N-. e.g.. al kyl ne et hy uty

( Z=ror phol PfEeaEHd s "“‘g’é’%é ges‘ﬁ%/dpéi‘ﬁfi %83 havigg mogidied X@m“c]é?s‘dﬁtlmkaﬁ%%"h Broc. Natl.
Ac ag S . Meﬁ@IaHWﬂayMEﬁ&fen@d( MIclexd/ﬁﬁNH);or(td‘i{B@ mddifiedaiterdicleodi®S88, Nucl ﬁl f:
Aci ds Res. 352 photriesters rre y
Cthyl ot o Fopbe Sptiieed stk (BB BET IR o xbfliowd s afiode ) 1o
and (v) phdﬂqlrhmnwsalf i 258, Chenk Baye0):348-584; Sclarehlanen -k, 19%(C Ettashediat ieft. acet at e)
(Gait, ':_ M ‘?5'1 33§ ‘rindq‘!eferences cited therein).

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 ef 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.

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

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

221-




1974, J. Chem Soc. Perkin |, 1684-1686; Git, M J., et at, 1979, J. Chem
Soc. Perkin I, 1389-1394). In addition, sugar nodifications nay be
incorporated into the PTMs of the invention. Such nodifications include
the use of: (i) 2'-ribonucleosides (R=H); (ii) 2'-0O 15 nethylated

nucl eosi des (R=Owe)) (Sproat, B. S., et at, 1989, Nucleic Acids Res.,

17: 3373 3386); and (iii) 2'-fluoro-2'-riboxynucl eosides (R=F) (Krug, A, et
at, 1989, Nucl eosides and Nucl eotides, 8:1473-1483). Further, base

modi fi cations that N&YpHa h&@ﬁ@at&qx[chﬂ’&%Zﬂsmhﬂydbm’gndjmhoﬁwbor| imted to
use of., (i) pyrimdine

ivati ubst i tuted h ifion (e.
met hyl , br ofpre withghemsrpaindgr %PX)%X’?%%FI&C ﬁgeé%czlaér@ &ucﬁlc'{‘:%iesb’y an(amgno
group (Piccig: 3:ﬂObJ3221$ XB.(Cosstick ., er 299989, Naztahemqn 3485,38,-4893-4696), V)andur i ne
derivatives,| cifi t.r pge g deaza adeni ne,
sa@qn’n;‘ﬁngflﬁ cHal éﬂd bz Q:h %‘EE 1(1‘%a921 2(332)

hypoxant hi n%j 3 8- azi do adeni ne,
- 8-brono 5adei)mam)/lplgcfsphonaesr(eg|Zemethmlél\’liﬂb=né’ss ﬂai ,8930 1Pid. Chepr, 25996585 ol og.

vhcr ool eCULES): G ph%gqﬁo&%mtes (PN, LMo} aah%?%a 1) pensoRtali@tc| v 1 nked

to reactive ens(MIIer P. S,
et at, 1988p1pedum¢eé(ﬁegraa@l,§setmésl988 Byyece Vetl. AFlmfb ci. 6079"71.@@ (X %)

phenant hr 0' Qﬁé@m ‘]e?z§ iQQtNﬂktcﬂcﬁﬁ&es Bsgmemsﬁ (mphcaahoa&sersao%)
nmust ar ds "as oV, ersible

V. et CGe
cross-1i nk| HrOajehee f\)ﬁﬂlyh ety e‘%(M‘}Pf’E:tP Pnea E’elgﬁz %{?F’gé@b"’?’é)é&%ﬁi %@f) (i)
acri di ngg (1 MdgvmbdhdrOfr RGBS (c.g HafbeRste, atdtamiiie, adetate] FBE, M. Bieodhi m e,

or of ei ns) 3tchihan 1 etk 160 e AEY 2L P ST B BB I, 2o
17:4957-49743g9-13982 (iv) al dehydes (Schiffs base formation); (v) azido,
bronp groups (UV cross-linking); or (vi) ellipticines (photolytic

cross-1linking) (Per rf?}‘ﬁﬂﬂﬂ &n’ sulgar’mo%tﬁcgtlons mgjgt%anoﬂ;’éPa%ﬁ%to éﬁéﬁTﬁgSﬁB@O) I'n an

embodi ment of the invention, ol gonucleaqtide h.the sugar

and i nt er nuuivensign.geuch mﬁ‘l’dﬁ@"éf’nsllﬂcé‘ the Mge %a@%b‘ﬁ‘é‘“ﬂ?os{df‘?e(hnﬁbl 188’1 Pde units,

are repl ?C e%&‘&l&t@d PucleMEk (micﬁwm (si)?dm Bes Vg @, 1959 NugxaagliscRes. omasmc h
ol i gonuc whi

eot | m metic r
affinity to3W3&41@!‘)ﬂkﬂ?%%%\ﬁ‘bm\iﬁleﬁ‘s?ﬂq{g@%ﬁ’e%t‘ftﬂégg%@s ”de %F’?aélg to as a
pepti de nuchgieoras) §1147PN4g3).(for review see, Unl mann, E 1998, Bi ol . Chem
379:1045-52). Thus, PNA may be incorporated into synthetic PTMs to increase

their stability andfﬂ{hﬁ[bwag;n@aﬁ&tlsdsm %aJPWdeQ%tB@l‘M m@fu@m?ﬁmﬁot 10 In

anot her enbodi nent o & I'nvention be coval enfly Iinked
limited to use oft (i) pynmldme derivatives substituted in the 5-position (e.g. methyl, bromo,

20  fluoro etc) or replacing 2 carbony] group by an amino group (Piccirilli, . A., e 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. 8., 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. 8., ef al., 1988, Nucleic Acids Res., Special Pub. No. 20,
113-114), i)henanthrolines (Sun, I-S., et al., 1988, Biochemistry, 27:6039-6045), mustards
(Viassov, 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,
Biéchimie, 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);

-22-




to lipophilic groups or other reagents capable of inproving uptake by
cells. For exanple, the PTM nolecules may be covalently linked to: (i)
chol esterol (Letsinger, R L., et al., 1989, Proc. Natl. Acad. Set USA,
86: 6553-6556); (ii) polyam nes (Lenmitre, M, et al., 1987, Proc. Natl.
Acad. Sci, USA, 84:648-652); other soluble polyners (e.g. polyethylene
glycol) to 15 inprove the efficiently with which the PTMs are delivered to
acell. In addition, conbinations of the above identified nodifications

may be utilj.zed tq i RGEK he..stabjilit n | i 19k BT into the
target cel Id.“'z)f%ghyaﬁsﬁg&gfg%%eeﬁofﬁ\t}é'ﬁ?ﬁ?'%a%‘dg’gbﬁorg%gﬁ%gg“ly glrogr[rseltghflugg)ég{sdesi ghed to
produce a nidellipidesinhplolyripmosstinking) fierrovaubidl.i ef alfH B90Netmgid43p8-8400 pr esent

i nvention conprise delivering to the target cell a 20 PTMwhich may be in
am[/)NfA orm used \ng ﬁngnikédxﬁcﬁﬂleht{)bfgﬁ%v@ﬂdon,dii@énua&flﬂ@h\finetia{ﬁnmmﬁg! ecul e, or
a vect or [ is transcribe to.a nol ecul e .corr espondi to the
PTM of ¢ he EESRHPTRYSHES BARoEnAer S e P RBAIEE T FEFORE R nRA and
medi at ess a ndvélgfapsqahibeised FoainpRonk st bligongeléatidd minest whioh ks beenchi meri c

THE TRANS. PTG N REeER o A ERERh i Ryl HiBhRkgnay 500 0RO

THE TRANS- nucl er ¢ aci Mo

- can be RNA wferrBNA a9# peptidirrivvlaic ihsid @N) (fopweview e, VidmeinpRsl 984 @icdFhem.

singl e-stra 0§, d I h Gy B | a PTM

nol ecul e, %ﬁg%ﬁg%zr)r’e?%h?’ Iﬁ‘ﬁ%ﬁ’ﬁgﬁﬁ‘? gg*s%eg)ﬁ%’ghecgﬁlrl}%é? g’?rgﬁgg{a‘é nol ecul e, or
a nucl ei ¢ asabilityandéee bindinga{Eoit forghatamatpremRY¥Aul e, a ribozyne or t-RNA
endonucl ease 30 based nucleic acid nol ecul e, whether conposed of

deoxyri bpnucl eot i desn @fothier BAtdRleaOs il @Srention ABe PTMNayeebisentcipdsed of

hosphodi est er | i nk dified_ linkages. Th | i id al
Cpeat 11 cal 1§ P Rem e Rt e Da B e e b PP S e 71 ve

. bi ol ogi cal | rvewlttulésnopylibva sealefthydmbidne, (gphalnstere (Létdiyger, Rel., eyl 09Bhe and

uracil). In,addition t Rl i o] i RNA,
RIA pr ot oi P81 SRR Pt e o s bl A, fERL, By 0 0%
enhance t heNet dizid) §ct, \USdf 84:648-6p2Mgher Rtiebleppiinesst (e girelyethylenetdlysol) an be _
pr epar egl byiggg&oeﬁ@%ﬂ@fgn t mlaia,]tf.&ﬂrwsra&eddeii&rmdttbgcénygﬁ Afsion, of nucleic acid

nol ecul es. exanp e nuclelc aclids nm emcally gﬁ;nt hesi zed

be ¢
usi ng “conmetosbipptiops afthe 4bais iéemﬁﬁg’gmﬂﬁ@a@ﬂan@ygﬁtﬁ@éqdztei@rew thestehislts that are

wel | known j.8 ahiREry 3k bTiis B8 thtafdercel3aite PTARAGBihe (iR binlte Alck demeiiddk hesi s: A

Practi cal o )
: designed fo 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 QF 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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10 Approach, IRL Press, Oxford, England). Alternatively, synthetic PTMs can
be generated by in vitro transcription of DNA sequences encodi ng the PTM
of interest. Such DNA sequences can be incorporated into a wide variety of
vectors downstream from suitabl e RNA pol ynerase pronoters such as the T7,
SP6, or T3 polynerase pronoters. Consensus RNA pol ynerase pronoter
sequences 15 include the follow ng: T7: TAATACGACTCACTATAGGGAGA (SEQ I D
NO 6) SP6: ATTTAGGTGACACTATAGAACGNG (SEQ ID NO7) T3:

AATTAACCCTCA | flel irst base

i ncor por at e??%h %ﬁﬁ?ﬁg %@g%éﬁlkaﬁgm%ga%@ Mﬂ%gtggnﬁlgrtﬁtﬁg& ‘Iﬂ%ldl cates the
m ni mum secmelrpdm Speedmllye@iﬂmd@ﬁrn“éﬂﬁ P%@Séﬁmpqsﬁ‘h‘?fé?éﬁeﬁ ohsr§1n & may be produced

ool g't @62&%%3%5%(?%%%& el RS, eﬁosmeamrsksn Rueditiers SPS65 and
arplirl catl g‘f‘“’% PIbFISHCIN Ry CePRTSe Wﬁ#ﬂaw%w%ﬁﬂw%& to_produce

the PTM of chiidr@hRidoulesdBat 118 Besiihbdio BRtnde@hetibility dfehelPrMaNy sui t abl e neans,
are well .known in the art For exanple, the PTMs can be purified by gel

filtration, affinity.o ; A& nPNAS B

chr omat ogr aphy or geTh eI ectttgi%ﬁ%crng&s}f%ﬁg% bg ﬁé skilled ca{{?ttl san wil |l
recogni ze tfoaihesmemﬂmdelo#clqdmlﬁwlﬁeaﬁﬂrmmﬂl lhe G@b@ﬁﬁldi‘ mapert on the size,
charge and ghaps ?osfynmési}@d &Hx%lc&hﬁeragﬂﬁv&ﬂ%bﬁ%z@&ﬁd afna @ﬁtham?ei’s ty meRaPTMs of the

i nvention, whet synt hesi zed chemi'ca vi vo, can be

synt hesi z edﬂli‘ttlfitfﬂtw‘él kppwsiaheart e fdd Ot éas% P"Sﬂ’ﬁ%’f‘i“flﬁ‘?yéﬁ’eﬁﬁ él Rsgitictles to
i ncreasgy sgp}%cjchtmpfégtggﬁrdognguhmdl ng of the PTMto a target pre-nRNA In
addltlon foll owi ng synthe5|s of the PTM the PTMs nmay be nodified with

peptides, chemical a lcma%,] ant t(i)cdﬂﬁfs'ca? %en&?,g& E)%%luqn U\‘?ﬂtﬁﬁ”* es, for

exanpl e, to enhance roper mol'ecul es. Such
modi fi cat i oDNAaeqmenwed dncddmz\m R’IM thnisrestoiﬁuohlﬂl\m Seﬂln‘»nftcheﬂnéaetmcomwaieﬁst ances

where a nuclel acma&a%?tglakw&s%omg | 08 BEHYRAA pibyiretadiflomoréis Qi3 RO

t echni ques K for _cloning o he nucleic acid
nol ecul e i nbhoT7,8R6.axF3 e@lm@mmw@rs CWFWE@&@HWW?WSWHW% art of

reconbi pant . DA &@ﬁﬁ&ﬂh@gy

T7: TAATACGACTCACTATAGGGAGA (SEQ ID NO:6)

- SP6: 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-8 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.




10 which can be used are described in Ausubel et al. (eds.), 1993, Current
Protocols in Ml ecular Biology, John Wley & Sons, NY; and Kriegler, 1990,
Gene Transfer and Expression, A Laboratory Manual, Stockton Press, NY. The
DNA encodi ng the PTM of interest nay be reconbinantly engineered into a
vari ety of ‘host vector systens that al so provide for replication of the DNA
in large scale 15 and contain the necessary elenents for directing the
transcription of the PTM The use of such a construct to transfect target
cells in the patient transcri fficient
amount.s of PTMs t hat WIPLI+J[ Pg tr%?ﬁméecl)lho gﬂhe%h >t/ & 1zed%$1ért? E'allg in w?ﬁ ar i

endogenous| yvo, embe estedzed rneﬂwrﬂbb&ndea’lf gedlﬁed qn@%ﬂn@ﬁ ell?}wfl@étol aresse a

trans-spl i claght SAGH & BREL WRRIPTAIG 2 GOIBIEHRAAHLBG, b gDl ecul s, For

exanple, a vec%r can vo such 20 is taken up by a
cel | and disvetbests of the Pﬂvhﬂws@iﬂvlpmabbp medifiedavifrprptides. eheical azeiip Antibodieset or can

remain epis DRGIERs T U Wdnhahok ML BYfRLIGbpedss draiR@TRS it can be
transcri ed&mlm%rr%duce I’Sle de%ed RNAC Bl% ? peSuch vectors can be

const r uct eﬁﬂﬁ?"kécmmﬁiﬁﬁawww@éﬁﬂﬂ@d@"s?@qsﬁ'@d%th%f‘%ndard inthe art.
Vectors encoding the PTMof interest can be plasmd, viral, or others known
25 in the art, used Iﬁd}rstaﬁcep{vharaaﬂmhicaﬁdn@lepmlembdim:immmiﬁtddan cells.

Expr oS! on AlneEnEAURAGS, FREATLPR PPN AT GBI By

pronoter/e ef Saquences
preferably dmmnssmewm)r Blgthhdspommonlp kgwarinthn e phrecombinget DNAgehoploge or

CONStit yfi V@hlclﬁ!ﬂ?% %8&%&&%&'&%&&&%@% (ALL 190 cﬁ&éﬁlﬁ@féc&ﬁn the SV40 early
pronoter region enol st, C. 1, Nature 290:304-3 10),

the pronot eMolseilas Bintegyniehn erieit =ﬁ§°1'§s NVO’W@ Kf’ésl?ﬁ H’&P GeapdapstgmRous sar coma

virus ( Yamegtslsist, A%boratgga\@anug@técktog?reZs?ﬂiﬂg?) the herpes thym dine
ki nase promoter (Wagner ef al., 1981, Proc. Natl. Acad. 25 Sci. U.S. A

(B 14411449) . 1S "ol SRBSIREEAG IR I RS OISR
human chor i oviiety gﬁhftadabuomystmnﬂhatplmpmvléer fof tdplidatiorbad ity RNA mtlargel 8gd, Mol .
cell. ERfocksRalag ﬁ%ﬁ}r}%re&i&%; for & eiing Moe3eRBricHof Ble BT, e 23 0, YAC or

vi ral vecto can repar e rec i nant DNA construct, which
can be int r@dua:@dstdllctte@@n8§80i tmg@i cﬁlh‘en ﬂ1¢ matiges il esult in dettispssrptiopef y | vi r al

vectors Ca”suhﬁleutsa%um bEPTMEhA Wik %‘?dm Yorhknflany ake (RGSwinShle Lrdbgiabushe! | -

Vectors for use int ractice of the invention include any eukaryotic
expr essi on &xpiEssed ere-mmﬁ&awatsf@d Bgreby, Beilifate gimapeisnliging {raqlion betResndissi on

vectors, suglhpReeddiORR able okeifles! FoMBxiifte, @ vasist o be introduced in vivo such that

20 s 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 . inthe 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 carly
. 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 ef al., 1980, Cell

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

-25-




retroviruses, adenoviruses or adeno-associated viruses. 10 A nunber of

sel ection systens can al so be used, including but not limted to selection
for expression of the herpes sinplex virus thym di ne ki nase,
hypoxant hi ne- guani ne phosphori bosyl transterase and adeni ne phosphori bosyl
transferase protein in tk-, hgprt- or aprt- deficient cells, respectively.
Al so, anti-netabolic resistance can be used as the basis of selection for
di hydrofol ate transferase (dhfr), which confers resistance to nethotrexate;

15 xant hi negg Ltﬁ&‘h ”ﬂ 1@&195@31 Qhd DQENry dehnsk 6f RS RethiGlidncintBheBrictRter s

resi stance to henoli ¢ acid; neonycin (neo), which confers resistance

to am nogl y&ed? eN@lfaﬁiSG 3% W@‘PWPW“BWT’&I?&B%‘{W%W@P@QE@C%@W 0) whi ch

confers resﬂgrﬁﬁm&&qﬁoﬁéﬁbé}ggﬁa@ﬂmh Mol |0311 EnRSShEIEG6:1 ENDOYIekENt  Of the
invention, the cell cultfureis transforrred at alowratio of vector to

cell, such that thefe wl| e vect ar _ nunber of
vectors, present in )}Wﬁ?é lbsfﬂg ﬁ¥l} g\%gggvﬁ\lﬁec %‘fﬁ%’fggﬁr‘%ﬁg
TRANS- SPE | Geuﬁmmaﬁsmhmhwmnmm@d @wdtlmtpmdssueﬁltet he present
| nventi on aﬁﬁﬁ 1ve1 Frg! vteaors 91%@)%(1&5 @hﬂf? ?éctl E}J H%Et'tl?e d&%‘d c?&ﬂl es contai ning
sequences t a protern or (%P e of |nterest Speci fically,
targeted s pVeoams)E!om lmdpra@'eﬁoftthﬁan‘?mﬁwﬂi dp any quikEyatig exgession vectors,
- doubl e-tr anﬁclﬁcml%ﬁft & hﬁfi}t@@{o' fBexprossicR¥Qfork, %@Q@H&@Eﬂ@@%ﬂ%ealas@fon

repl acenent can be used generate such chineric RNAs. Additionally,
ri bozyne orwﬁmﬂﬂwsﬁéapawéﬁ‘F&¢ﬁ%ﬁ%ﬂmW¥§H§“Sspl|C|ng reacti ons may be
utilized to formchinmeric RNAs. A chineric RNA nol ecule containing
sequences t hat expr eﬁﬁmﬁbepbﬁbleition eystemotappbpbe dred,ddclidimgbntawt linmfedthe pr esent
i nvention sl ated t gner olnicly t he
protein or T)egef PR OPth? ?i %&gg '%{ g#ygdrlg i%’?agy &g:'o%r ot ee: g'rillhlg%
pol ypept i deprmf;phmmoeylemsterase aod @@umephosphmabqszdrhgesfes@apletequaﬂhhew oA t he

bodily fl UI c?l@ss &%}E@M@J Also 2t Vﬁfabﬁ%@es@sﬁlnéevcﬁﬁ We BYSL:MFHad & known and
can be used to tran onposi tions of the invention into cells, e.g.

encapsul at i sheciior i diodwmidae el EidwonferessEreEie BFELT 4 Ec onbi nant

cells Cél?abkaﬁth%-g%meepﬁ SipRGb{ R HORRAS LS, Mich ERELNIeQStaTB BindcGthendBBdOCYt 0Si S
(see, e.g., 55’ .. Biql em 262: 4429 443@Wﬁ construction of
a 5 nucl ei ca%P‘EP“élﬁmé'éﬁ"l WBTChé"'ﬁfeé%‘ie%%“F%‘i" amualyensidp Sré 18434 TS Ed at ed
viral or ot Hﬁ‘aﬁph\iﬂﬁﬁ;@fase (h}gﬂb)&ﬂﬁdh@&lf@fﬁ re%ce&il@ﬁioh@aﬁr Ritapeferreéal ci um
phosphat e nedi af ed transfecti and thﬁ delivery

‘syst em woul emtoginent off L}{eém{eﬁlgm tﬁ%‘&u 81[11ture 1g¥ansgrmed ata low ra Jf VECIOT to ce

“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 frans-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 frans-
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. ' ' '




whi ch coul d be adm ni stered to manmal s by conventional adm nistration

nmet hods, such as intravenous or intraportal injection. In a specific
enbodi ment of the invention, the chineric 10 RNA nol ecul e nay be

di stributed throughout the circulation, but would be active in specific
cells that express the abundantly expressed target pre-nRNA target, such as
hepat ocytes, site of albumn synthesis, mammary epithelia, site of casein
synthesis and nuscl e cells, the site of nyosin synthesis. The PTM woul d be

active inits RNA fQj ustdgl ﬁ) rg&gmghd %nﬁJl%eth’Ms?éi“ﬁ-E“ ng to the

t ar get ed sequence in ex ressed target pre-nRNA. 15 Fol | owi ng
trans-spli momgosﬂtOmaOf@tﬁdi“fﬁgﬂ%omFﬂls,@fg Gm@SWMﬂ\thHOGOW mﬁ@éﬂl% or

trans-spli ggdrocdfuid, %Hbﬁﬁﬁ‘t c§1fsq9&9ﬁ%f&fpmgéa@ thefto smn@e@wp{ot Reditdy & chineric
MRNA t hat expresses a product n%) tel n._or pol ypeptide of

Nt er ot THEPeHoBLRTne BN AR Wi Ty el hea S5 A PPISBVEEUESTR pr ov des
abundants t]ﬁElgi@Emcﬂ)Es%aH%etI&MmI @Jeg@tirhlnﬂieﬁd -sotiated vtrhlen smwaat&oncent ration of

the expressed pr roduct, .of J nterest ressed at

byt of 0g1 CHFTEPH oL RIS, e i cheBle i JEREoT el . Albuni n has
a serum concentration on.the order of 45-50 ng/m in |arge mammual s, such
as cows. G ven a noderatmor PANE) el thedefigeredystemivonisycontitugohe tredugle quantiti es
of the exm; h68d BE RhnfiliflerBd B%%nai%fbi'c&k%i%ﬁaﬁ a@lﬂﬂlsﬁ’ﬁmﬂ m@u&e&cm vi vo.

Based on a asma concentration of rrg bum n and a noderat e
trans-spl i clntrpge@ﬂ!r ranteprital isjectiy, lpa specifi mﬁpﬁme@fof thn @vmmchmsengener at ed.

The pr ObeCtRNM/moremé:ﬁmeldmu&h&r&rgﬁﬁueiham%laﬁm ¥RRuidde actﬂf:- inl spdciicest, is
generally present at between 2-5 in the serum OL he anima] . Wth

hi gher ef f5es i exprest the pandgpfly e’ipfrgsefiéaé&?f?ra RNAarsgh Sich ahePpeRyBinsith ant
pr ot ei N wouwfdibieingyakie, mamhies&ithelia cHitelf casepiiithesishied mosRaplls, Bt sivfng PTMs

t te | I t d I tides.
30 The. use BioBSour. pBeeTRERo IS b RR PR e, e Rnfur SR Y 5cts the
goal of prRIGadhadgrete tabgetedméqumcamGhMuﬁaﬂlymbtyﬁapmgekqse-mﬁNhar ge anounts.
Casei n P§ Otfﬁ 10ing ?Bis%éhec?r%% the godm%lgﬁéalﬁ g( (%% f")['l\q'vlolﬁld%r g&sgjteﬁ %t tr ns ﬁxcp ressed

protei nproduct can and har vest ed
from.the nithkddinedieneded of hmtarpenresuling machinesc mBN th@skpr%eeqsy pwﬁuqt he PTMinto

a host* may {%@Rﬁlr}ﬁ?@cpr&lﬂﬁ%Fﬁqisédeald%fggre&ase the host is directly exposed to

the PTM or nuclei ¢ aci nmol ecul e, or |nd| rect, in which 5
case, host cells are fi

acid nmolecule in viltf QLE"%“H%%‘%ES?}L&‘E)E?%WFV\%%‘WqEﬁqB’ kA m%‘g'ilplybﬁgfgaggd!t c\g nuetete
appr oaches iap& pltIRWA. B BARAHd Allfimin, tl@Seruf 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 quanfities 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 frans-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 animai. With higher
efficiency of the splicing reaction, the vield 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
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vivo or ex vivo gene delivery. In a specific enbodi nent, the nucleic acid
is directly adm nistered in vivo, where it is expressed to produce the PTM
This can be acconplished by any of nunerous F 10 nethods known in the art,
e.g., by constructing it as part of an appropriate nucleic acid expression
vector and adm nistering it so that it becones intracellular, e.g. by
infection using a defective or attenuated retroviral or other viral vector
(see U. S. Patent No. 4,980,286), or by direct injection of naked DNA, or

by use of mgr W@&ﬁrﬁﬁéﬁ%@ﬁﬁﬁ% STRRed ptef prod%ct%?ﬁi@clgﬁiéhcm&ble&ild é&n Dupont,
Bi 0-Rad), or coatin 1ds or cell-surface re@@)tors or transfecting

15 agents,; byreerpedn thP‘U?thdrfmFlit%%‘&?@?‘“eﬁffﬁfﬁaﬁﬁ‘fnﬂsﬁu S i cr ocapsul es, or
by adm nistering it in Ilinkage to a peptide which is known to enter t he
nucl eus, by adrri ni st Bdlivag o'fthe thﬂmnkhngenaycbeaithdr tligrata th vwhidhy casstthethpst is

recept or-ne ed en t | . Chem
262: 4429- 44 y TR ‘g’ct%cm e T%gnagdn%nl{mmgaaggom\lfeé% g%reftfigt“%:i:cgnt ains the
PTM can be usgtiost ceﬂ@aﬂédirst taafophed with the@TMowiFAY] engedinegcleip peidmolgruid it zed t hat
has been nngzltr];,' 18} m%gspﬂﬁf!e@fn B thobO thistlwo a?ﬁ:geéﬂ&%?esknbmtres Bvdlhs Hecessary
for packagi ng e viral genone and integration into host cell DNA (see
Mller et avlvoorm%og%flﬂwe%nzynol 217:581-599). Retroviral vectors also
include lentiviral vectors. Alternatively, adenoviral or adeno-associ ated
viral vectors can belnaypificledbodijréne ﬂdelh&:mieaq‘td is direrd) hdmimptered &strves. ( See,

Kozarsky and W] s 2 vel opnent
3:499-503 f8P°r%'tfsé’§?r8§ﬁfd9t?b%?§)§ﬁg\?r}&us b'asé:aén ag(ﬁ)enpd(ﬁlg&]@;% %f%%ﬁqg preferred
enbodi neat stthtdsénéwniie titeiagye. ﬁ,rbyadenmlaglsmaatoédl appnomlratweelmlamd may be used

Lo del | ver DehShes a6 aUBhBCULGS: SIARLELAL BALAMAL L REnRTMn e Voot o

is designet e en expression desired, the
pronot er andﬁ@wtlmamatﬁd retre/rnrelrw olher virAlojeeter (FP&)P H&ateridNor 4,289, 280% oF Whe

vector. -28gd; é}foh%fnaﬁapﬁpﬁ%?b}&eg%erdﬂ@rhbw%ﬂbamﬁm(egcsgdne ity ol ves
transferring a gene s in tissue culture by such rrethéds as

el ect r opor aBiogsiic. lpﬂpﬁetf B@tﬂaéh“ C@w"él“ﬂthﬂlﬁ‘ﬁb%rﬁﬁléﬁ%facqféﬁﬂﬁfsé’&“?”P f&¥ection, or

viral i Qgecﬁéeﬂt@ en%éiﬁdtll)ﬂ in lfpbﬁm@?H@@aﬁiﬁzl& bARREfRipstlas bigadminkerihg inmsf er  of
a selectable marker tq the cells. The ¢ Ilsaw theéga% dunc%er sel ecti on
(i ERBIES

to isolate HHaeHs Perids Whichisknoym sp e’ltglﬁle’r\"“ﬂf)“s dppmist a9 4
t r ansf-er r ediigad subjedthe rdcfistiniddagd eioondlisigat.g., Baladné Waaltvshe Bel Cher. ed to a
manmmal by v%ziﬂ%gs_mg% hods known in the art. In a preferred

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.
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enbodi nent, the cell used for gene delivery is autol ogous to the host's
cell. The present invention also provides for conpositions conprising an
effective anount of a PTMor a nucleic acid encoding a PTM effective for
obtai ning production of the 10 protein or pol ypeptide of interest, and a
acceptable carrier. In a specific enbodinment, the carrier is a

phar maceutical carrier, the term "pharmaceutically acceptabl e" neans
approved by a regulatory agency of the Federal or a state governnent or

listed in‘the USs. %&@@w&@% Réde‘i&%}?[ntogaedéﬁh%ﬂvéétfaﬁ Q’Hﬁ'%e?&%ﬁhar macopei a

for use in ani mals, ticul arl umans erm"carrier'
refers to eaebiintisne CUHBFGPKIMhPth@%@F p‘P“éﬁ??Ofatmﬂ: lipeferticmecaletinyphopphafRi ch t he

t her apeuti %édﬁte@%s@cﬁ&ne&eﬁjrah 1R Bsialy, th%%ehe@bﬁaaﬂh&rmyme &a{sfef: arriers
are described in "Rem ngton' Phar maceuti cal scjences Marti n.

Many met hod¥26s ‘é‘ﬁé‘&l”ﬁﬂiehtotﬂﬁé’e% Thecqils pe thep placed H'ﬁﬂea?&atmw tﬂ Z‘,SP'&H |ﬂﬁ’§e but not
limted 40 dandandt ﬂbu’é@dkb@uﬁb AJ SR Y Eprésingldt &etsfef-fecr gm& | THR r@hiltiag eb@ibimanTRNA

expression b det and/ or. .visualiz resence of _ c merl c MRNA
CoP o Nor obroat e Efactla g fommaty Vi b cio BURGRD it 1 e

Rever se- Tr afitbedimpit) tbenceH’GRd f@tgene)deliehCis altslogous el lbits cahbodi rrent t he
conpositions of the invention may be admnistered locally. This may be
achi eved by, for exqﬁp},esenﬁmn%talsmsm\ms 10f cohdpBliticRt bdMprisink B @ecdvaf USi ON
during surgery, topical application ., in conjunction with a wound
dressing amoeRt ofg P EMoya nys 'Ciaﬁ]déé‘toid’éﬁapgv e#?eawefoaﬁbtemeemetce?n off}¢ means of

- @ SUPPOf] t Grdkein Glrpo%cﬂmé’-éﬁnt&@st%daﬁcchﬂﬂﬂl@dﬂner Sah @pekifip kAbddih& Mg of a
porous, non-porous, qel atinoys material, incl ud%%r‘g merrbranes such as
u

sial astic rFé'f‘f'S’r‘éﬁB’?““i‘?F Fephisarier, theysa r PheppRcsFally apospiatie’ dpeags WRIeYSe
syst ens, su@h r@lafbﬁgf&g@ﬁlytofmb B&lcrahBitarsta@a® veahiidnt aﬂlsted)ﬁith@UJSGd rel ease
pol yners, rJDunts whi ch are

ot Latt ve SRR B ot ety fektptiaed pran R Gt imall SN ®

cont ai ni ng m&qulenuehumnso’ﬂnengmr"emabreﬁamadBlﬁbnpnd)m\enmgcmenpoﬂ wepielst i des.

Ef f ect i rm wel |
known ti(;set hofz@g‘%h t%}fhér%%?&)v# dﬁrﬂgz}?fgc?e%gﬁlglﬁg%ﬂﬁg’?fgﬁet efg%ug% oagalscal hal f
life, bioavsickibddliih [Repmingtah'stPbarime¢enipcal Stisaces iy, Martinhe corrp05| t| on of the

i nvention can be determ ned by standard clinical techniques. Such

t echni ques:i ncl ude mwﬁmdsetan@aamltmntc@nbmasemmop@ inklubing bitavel of

protein or pQ e of interest has.be n _addi tion,

vitro assaQEﬂlﬁ%gﬁ'ﬁB‘l‘qd@H% JssAy Bl dateed feptratipno gan@Frﬂf ﬁg‘gﬁlﬁﬁs‘%%{ mal dos age
ranges. 5 TdarctiupandittvisudlizRig tieresaics of dhinevic BIAN e ga Bisriiein debdys,dotbsts, Si ng one
or nore,. cant. f{eetg)f etche i ngredi ents of the

s fille
conposi ¥4 ortd S'ﬁ';hgﬁl{\dzza}"%%é e(‘{ﬁschrranscnp {on BB

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-




optionally associated with such container(s) can be a notice in the form
prescribed by a governnental agency regulating the manufacture, use or
sal e of products, which notice reflects approval by the agency of

manuf acture for use or sale in manmals. 10 The present invention further
provi des for methods of |arge scale bulk productions of a protein or

pol ypeptide of interest conprising admnistering to a mammal the PTMs of
the present invention, contacting the PTMw th the abundantly expressed
~target pre- hféﬂﬁmevaumﬁhﬂy arﬁi%}dé:?l RSarhdintR the Borfpoliféid & éfQHih @renﬁ&me:amvl is

trans I t t hi RNA
e e B Eaha i s S Bl b g™ ©

col | ecting dehaninoitite Yevéllobpdiefored polyfeptidemirinalest ankkeh adhievedign hdtleloﬁlmjl dto
obtain the rotein or epti de, of Jinterest,. The invention can al so be
used in invV& ‘Eaéﬁﬁysar?’@'s"p“grﬁkﬁge? Pleyeq fo ﬁv}\lﬁl °ntftﬁ nn@l%c%%%e%ée%ﬁi ghl y abundant

transcript responsible for silk production. Various manmals are appropriate
hosts for |arge scalThe pasert ipteodriclsoprvidarpaipck qrit ComRISGRIHAMOE such as

cattle, goalfmintltlied wiRS8Por ritiré SthEifigredidAel of BB BImpodillERQf MR ifVBten have 20
been donesticated, and produce milk and an abunc}3 ce of sergm Cattle are

preferred. opﬁ@naﬂror%rarrdo‘rﬂlﬁrﬂhw&aﬁqr@ecabrerr%%é‘re APTEENNSE B¥diced in | arge

quantities g%semnhomag%ﬁcyr&@laﬁﬁgmeﬂﬁ@fac&ra,b@orrammbmdm whick ndticté gger an

i mmune response mze su ch _an fect, ]t e rramTaIs may be treated
with variou§ QCW%@E%'L}L%"’%’?WQ g gs“SWISI"emIJH Yo one of skill in
the art. 25 In an enbodi nent of the invention, the expressed protein
product 10 s found ciThepresent inggntion fuytheer preideniesfmethiods ofdarerscale mylk er nat i vel Y,

the expres fhu@tfoqg @f'a@rcﬁ&l?gr%iypéﬁldé b Iﬁta@st coﬂldrgmgﬁdrﬁlhﬁtewm namfi@rihd he serum

bl ood is c cted fromthe rfmanmal and centri to separate the serum

from t he r HiMsAfHg peceqnt @V?&PO%S?%HW%PTMH@‘ W@g@?ﬁt%ﬁﬁrﬁéc%%éﬁt rated and

30 purifi edyia shangatidontet RRdR fEl@S the PIMITE Jrars-spma@wﬁo&tohofwh@url fication
procedure can be used for other terjals, such as mlk. Egr ar on of the

protein or Ftﬂf’e‘BWﬂé" form ¢ phimpriecNA malepple tb@rei‘%?sﬁeé&w@é‘?tﬁﬁ OrRPLPFRYES protein

purifi casl Qﬂlﬁtﬁé‘sh BbIGLeeg, ewetobilkad fiorh memmr mﬁimehﬂmgm fidi¢toabthin tiBee, e. g.
Scopes, Pur i f ] atr 0 | es, .and actices, 2d ed.
(Spri nger - \}E?tf’lﬁﬁr poi@ﬁ’f'ﬁe Oq\@tﬂ%td Iﬁveﬂﬁm cﬁo? feg w l&‘)’f’ﬂ’“‘c MRG No.  Kapl an,
eds., Acadesikeorkis €Btxpksic. h)ghlysamﬂamodansertmtadqunmbllk'/tﬁbredhrinaducabron| ng: A

_ Laboratory Manual , 2d ed., Cold Spring Harbor Press, Cold Spring

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 freated 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 mam.mai.

"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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Harbor, N.Y., 1989, Handbook of Experinmental | munology, Vols. I-IV (D. M
Weir and C. C. Blackwell, eds., 1986, Blackwell Scientific Publications);
House, Mbdem Synthetic 10 Reactions, 2d ed., Benjam n/Cumm ngs, Menlo Park,
Calif., 1972. The followi ng exanples are neant to exenplify the present
invention and as such are not intended or to be interpreted as limting
the scope of the invention. EXAMPLE 1: | N VIVO TRANS- SPLI CED ALBUM N- HPV- 16
ANTI - E7 SI NGLE CHAI N ANTI BODY ( MALB- HPV- 16 ANTI-E7 SCFV) CDNA 15 The

al bumn tar Bn & for the
producti on %ﬁhhd‘&%as%&ﬁ ﬁﬁyéﬁrrgg%ﬂigmg ?ggﬁcgntén&%n?gﬁ aﬁ[%’gl@é-dgg ffhr?gl e chain
ant i body i rmsed %otherm@nde;ﬁ@émmﬂhvol ves targeted trans-splicing of HPV-16
anti-E7 scFv sequence into albumn pre-nmRNA target. Al bum n has been

sel ected as a tar getsepedivn sRthofrotbinor pdl@iepide df iaepstessbeqrrionmed tdimg | | ver to

provi de hi once t t| ranga- icing 20
targets. The?nﬁ"sé’ mgé Ag e s"tﬁc%'% VG e gjf eg{SkﬁfQ Hﬂ?%?tseéﬁ e'gééc%%é es on
expr essidn, R.gedhettin Qunﬁcaumai Pringigles and P@f:tldePWd 4ds (Springer-Merlagec FB87), Methodso. The

p
mouse al b%%(,gﬂl\éxoég (@Bhlowicd aRAfeY u@g}le pasHR\/;d@m@rﬁess Bl )SEblook PO Ui ve

control was constr dtoimtate the final trans-spliced
pr oduct arMOb@M@anihgrA babpratosysManyal, p erb.&old Spgnaﬂﬁb@@eqsaﬁo@@pmg Cos-7 and

Hepal -6 (TS, 109020 HardRook 8t biphrifedl S Hifog). Lo 0IT) wmramcexpressl on
pl asmi d was construct ed USIlggq\yele@ synt hetjc _conpl enent a

ol i gonucl edt-iBkskvell glspdd8opp 'Ei’r‘i‘éF Eyhligajiony: Hayeh: de%fPﬁmﬁli‘eﬁc exon | and

HPV- 16 gt i Rdadtions; BY b SHRRAGECUnTRIBesC MBS BarB UL NoO®. of nmouse al bumi n exon 1
was assenbl ed using the follow ng | ong oligonucl eotides: forward priner

o e e G
TTCCAGGGGTGIGITT é@%‘@gﬁ e_g:g)[ , and
reverse priswerar¢ SEDtenirdNOLolHE jinterpreted as limiting the scope of the invention.
GCTCAGCCCCTGACT CCTGCAGT TGGACCTGTGCTTCTCGECGAAACACACCCCTG
WM@A@W%W@%@S@WHW AGAT-E7 SOIECHATN e

nucl eotides 1 n bold inclu g gﬂ i iné Ejg E_fﬁzgri Mltes used for
cloning; 5 underlined SOt - um n exon |

sequence, in which the mpjority codes for signal peptide; and the

itali CI IzSed nucl eot i dis albwrsin traigstipmstiategy shofPlyinlFigirahhas bgen exalwajed fordbrience) .

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 frans-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-HPV 16 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):
GCTAGCATGAAGTGGGTAACCTTICTCCTCCTCCTCTTCGTCTCCGGCTCTGCTTT
30  TTCCAGGGGTGTGTTTCGCCGAGAAGCACAGGTCCAACTGCAGGAGTCAGGGGCT




HPV- 16 anti-E7 scFv codi ng sequence was PCR anplified using a cDNA clone
and primers: Scal (5'- GCTAGCATGGCCCAGGICCAACTGCAGG) (SEQ ID 10 NO 11)
and Sca5 (5'- AAGCTT TCA CTTGICGICATCGICTTTGTAGICCCGITTTATTTCC CCTTG
GICCCACC) (SEQ ID NO 12) (nucleotides in bold, Nhel and Hind 111
restriction sites for cloning; italicized nucleotides, stop codon; and the
underlined nucl eotides, FLAG tag). The PCR product was digested with Blpl
and HindlIl! restriction enzynmes. The resulting product was first ligated 15

with the an@g@beangbé,gcbnﬁ{ep(gggnpmm)then Ilgat ed into pcDNA3.1 expression
vector (lnvitrogen ( 33 St ce was
verified bycggﬁ‘!fgqé‘% C?E%{ie'z‘?%& XBNEEE 2 ﬁé%@%@é& ON AND
SECRETI ON CEAALBNMCNGAGG@GGAIB\MGE?G&GH)@{G NGARA : A TTE A

CELLS: 20 T ect of . t g (ihs NS ‘?%hﬁ s) on

expr essi on gﬁaﬂ;}; @i‘% sfeﬁm%%]‘n crllJ’.igmntl %eﬂgc vV Was evakouat ed by
transfecsi n@d&rhmdmnamdﬁmeiudedlemalmemrdl wiusAey: Wivthichdhegeairitvl  pl asmi d
(sinilar to Li P At 11 ThAR HIVADY) adi QD US €

hepat oma, I—‘I’e"ﬁa&fmsgﬁﬁ%ﬁ@o aﬁ@ﬁl S 48 hi sSlpostept ransf ectfl1 oin medi um was

col | ect ed, q@@%@m t hrough FLAG affinity colum (Sigma, Cat# FLAGQ PT-1) and
anal yzed by 25 Western blot for the expression of HPV-16 anti-E7 scFv using
anti - FLAG M2 m)nocl CHY-16 anfitE7Remcodift gawenceGeds PCR adiplbified usiihecRNAr ent  al buni n

:);gtn; ?]pl IT(r:\‘!ég] i2H ‘?"%%er%g%%“g% {;{Eiébgﬁto‘gﬁé‘t% @,#ﬂg ns nucﬁa ig:‘)smo?rl\lAZangm no

aci ds f1®m ’ODUyEnd Stad(HeAAGRNA. TGAdor human applications it may be desirable

to 30 eli m agterd it At eRaReeest iAoy 6 @eashude
i mrunol ogi ary strategy, ust ra in Figure
11, the PTMNQilR) (nipdeotidey inhobd dbel pwl Fing Hésm%@mtﬂélquﬁbmpg ialidssdopept i dase (or

propr ot ei n &%ﬁ&ﬁe%%ﬁ odglll %ﬁ&’ﬁ%nd%ﬂhh&l ﬁwh&iae:hﬁﬁz\@%%ﬁ TR PARIpdu@XRE €SS

proteins in Vvivo S, Brake AJ, Thorner _J, Sci ence 46; 482-486,

1989; Br esﬁ&qﬁ%WMB@[@‘G%”‘ﬁl reprghmengymesfl feriesulting prgdpet stgs fifst liggfed e AJ, Barr
PJ, Thows $th the anngﬂédlohgﬁ Eigmeﬁt]agié %ﬂg&%ﬁ@ﬁo polBE0;1 ekpssiba vbfﬁdﬂ W, Voor ber g

J, Fonti]n R Pannekoek Quwel and AM nhoven HL,
- Roebr oek A.J(In"ﬁoé?ﬁmmh%wy 3'16 P@J;}assi‘l? ssgsnopavas VEI@@%PJ‘BJ%GR%W P, Brunak
S, Blom N. {gtegiop Eng Design & Selection. 17:107-112, 2004). In

- EXAMPLE 2: PRODUCTION, EXPRESSION AND SECRETION OF ALBUMIN - HPV-
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  Westemn blot for the expression of HPV-16 anti-E7 scFv using anti-FLAG M2 monoclonal
antibody (Sigma, Cat# F 3165).

The cuirent 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




anot her exanple, the PTMw || be designed to include the protein's own
native secretion signal, i.e., "pre-pro" signal (if it has one). This
strategy was designed to take advantage of the endogenous native cellul ar
machi nery to enhance recognition, processing and secretion of 10 the final
trans-spliced protein to the site of action simlar to wld type protein.
For exanple, trans-splicing of PTMinto al bumin pre-nRNA target produces a
chinmeric nmRNA and pre- pro-protein that in addition to signal peptide

cl _e?v?ge i P‘F{lﬂi’"ﬁﬁf &ﬂ%@?@%ﬁpﬁ&&&ﬁ Uéd#&tasé}@ﬂﬂa@@ﬁﬁl whRN Bisdbken used to .
post-transl ational .nodi fi i i.n aqther cel | ular ¢ ts and,
“finally, efiBF8RIYRLEVH é@i?éggsq’&lfﬁtﬂﬁgef Sf’ﬁ’ée’lzé‘?'ggggé%m >mature, fully
- processed Iheditah bgjlodid B, Thohas\u e Thoosdr & Glbsoh RE, Bigkd AlleBir BRThdnmasChe Wi | d t ype
~(Figure 12) y@b 30,1 t ot al (,pr i.n fr t er ng._or the
total cell G é‘?';ﬁ%'r%gsr%ztgggélq%gg’ ?gﬁgg%@?’gvap °6‘ﬁe{gﬁ‘?%:ﬁ%§‘§gg‘}“8@§-‘t‘g‘h“b‘l asm ds was
anal yzed onleaOiR€ler8334,RaGBuifhaven HLaRsbeek 48 SemendRInibifiolRepdd @68 7and pr obed

with anti-F ' I [ ign of
"HPV-16 ant ill-9 é?@%\b??%nik\gﬁlhﬁm;iﬁé@agr%%?%%@gé ?%{mg'hy?%’gﬁ?gmg@ %r otein in
cel I's that amethes examples fhe ETMavilhbe desiBncd® inglydrethe prOIRIN sORP nalB§isesFEtiot asmi d i n

both  Hepalgfa.ad «fRSe? s%ﬁdl liBit hdslofld)! Fhislhatef) 6 ddighe®io diRhivaR@RE)) . On the

ot her hand, "no suc product was  détected i'n npck and in cells, that

recei ved t Hee cafpganqis s erdlplatingchigery tq gpBancefepqenitiqy, praepsgie andpecretion@t 1.2 and

E(S-F 6, I elfotls)nﬁerlﬁi_ da? tran!s-!@pl@éﬁ};&tiaiﬁﬁbhth@ﬁte]%f&?i&i ﬂm}n@%hdﬁi §d f@éteinFok Ebﬁmpiéié" I :jysat e
igure i ndi.cati at the ma ty of the protein processed an

secreted 232ASPHES W%WE’E‘“&%PW@%%%P@&W b SR BV £ BRKITI - E7 SCRV

PROTEI'N | S prd=psbieihl thahihladtidGd biiml gépededidaesge indoughrvadapldonivirgticslejuence on HPV-

16 anti-E7 scFv function was. . evaluated by its il to.do regul ate
P S B e T e A ol
Si-Ha, ( ATCGinfhidide@plidasdrei¢avape eestiivt ib GheEdlesnciopnargifdlyposessed/e was

transfecte Wgﬁh LD g’tyqjg %ZE %% Lxprgssion plasmd. The
o 1 .

mat chi ﬁ% %g’n? cc:ﬂ Vel ci]ls?, ot 5%\%%!3 ogl ‘gig l?‘ﬁatﬁdo not express E7
oncoprotein was also -33 transfected with the mAl b- HPV- 16 anti-E7 scFv cDNA
expressi on plasnid. A%efH4 ngatigtal P@?“Eiw_ﬁo'?’étﬁ sypegaipat of the totplcelh ysaleloms el ative
vi abl e cel |cansasstealaeniicDRA eRpressioh plabiied Wistinal{AWl 3 a 296 8YS-PAGELRE case of
HPV-16 pos Itrtalls\f'eerreg %rrxt\({ |113(/:lg:|1 mgm r}gn%ramf Ig-lo‘tlae% ’wiﬂqi'I arlzg%FLHél al?tiblalc@./ We%tgm 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 celis (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 mAIb-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

13-




5 anti-E7 scFv inhibited cell proliferation by -75% conpared to about <10%
inhibition in G 33A HPV-negative cells and thereby denonstrated the
functionality of the trans-spliced albumn HPV-16 anti-E7 scFv anti body
(Figure 14). These results not only confirmed the absence of any major
adverse effects due to al bum n sequence in the final trans-spliced product
on HPV-16 anti-E7 scFv function, but also provide evidence of the

ef fectiveness of 10 the conpositions of the present invention for the

product i on pfAUAGLIRARhABHED G M- -FIRLBREBA &lfsssh glhanididwls apeut i ¢ prot ei ns
in vivo. The structure of HPV- anti .- cFv PTM.E%%ré%@si.o .cassette used
igu

16 7
for the preeye S A Ard thy nmber p{plative yiph %%ﬁﬁ?‘ﬁ‘tséiatew gMSK The PTM
cassette copgiBl&apf a trans- splicing domain (TSD) that includes 279 nts
bi ndi ng domai n conpl enentary to nouse 15 albumn intron 1, 24 nucl eotide

spacer region, strong.3' aséBkﬁﬁg-1g}5§ﬁﬁ%&vi_§aw&hc&§e1fs,@ﬁﬁm&mvsle yeast

branch point (BP), an oﬁtl mze ypﬁire/l m di ne tract 2. spl.ice acceptor
site (CAG itirifovsoinhibitsy celbmrplifuetipntyair he praprated toabeyt 4%“’@5’&1"&@}‘ %‘eque_nce for
HPV- 16 ant i 3 H7yp¢ Rbatifecbititih@ iy dekdfsnitMns AmsiehilRy of thorg@8piRbNS bovi ne
growt'h hornone pol yadenyl ation _m%n%tl : :imd LFLAG i{ag tol as st D the

det ecti on oflbymip HRV<§pplBYschY gtibpdy, (g 1dn Therer ey Bh PR WZJE“% tl oned into
the pe DNA?i abs;&t@s&my hajelrdaoa? e_ffft_hi ok t@aﬁm‘ ﬁktaudnbtzg'n d;;gmm;ga&-w?edu s P( W)

pr onot er nvitrogen). In on e.vectar C : er

T S0 el e Del2 4 e T PO SRR 1o
reduce ¢ Yy pthk CorfipoSitiGd ¢ Prgselc bvaetom mwoduc opgl a an e '
splice site. 1A Sthlei ce mitant . sr&gn%% lrklﬂconpetent) was al so constructed that
was i dent i cBIYRRCBUChETRMCt  onal - PTM descri bed above but had a poi nt

mutation at the acceptor site CAG>CAT) (Figures 15A and 15%%. The splice
mut ant was used as alhsastireef FEYh1G a5fi-E7 el PTV expressiqn cassefisrisdriontPs nei pl e

studies, a pRYSEpahdiNily R NisugRNf HiardBlh. DieP TV dsenacontisedt a tdaat consi st ed
of exon 1, intron 1 and exon 2. A $chﬁg§1 [ ﬁ di. aﬁ%r agn of the re- MRNA t ar get
i s illustratrbging foneinfdpR) thafancludes 238 pis binging fippl CORRLMERP 49 WE &nd producti on
of nousesal umhiniddbY, 28 nadkotide dpiced REivn,Glongs! ipticedRNAntsaschay the vatsedushby
~co-transfectin Fﬁpa%ells.vﬁ# use .- 34 1%1 D00 L rcgghe target
plasnid al 'o}ﬁf‘ast&n"ﬂf’ RSB g gp ROSEVIERY ??"Erﬁ‘% ?gﬁmé’% %]fp/%( or- with the
spli ce nut agihnde@pdd) Giowaidyriataority BT codingl saquake for BRE{leenti-BhscFTot al RNA
I solated (Figure 13). The PTM cassette also contains bovine growth hormone polyadenylation signal
and FLAG tag to assist in the detection of rans-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 teduce 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 scEv chimeric mRNA was evaluated by co-transfecting Hepal-6 cells with mouse
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fromthese cells was anal yzed by RT-PCR using nouse al bum n exon 1

(Al bAI TSF2: ACCTTTCTCCTCCTCCTCTTCGI) (SEQ I D NO 13) and HPV-16 anti-E7
scFv PTM 5 (sca3: AGTAAGCAAACCAGTAGCCGIC) (SEQ ID NO 14) specific priners
(primer binding sites indicated in Figure 15A and 15C). These priners
produced the predicted 404 bp product only in cells that received both
target and functional PTM (Figure 16, |lane 1) which co-mgrated along with
a simlar size band observed with eDNA control (Figure 16, lane 2) and

plasmd DNAalE(uE‘lnngfn?-gén@ tarée@f&ﬁ'snﬁa alorMme patste;clVs m(fﬁjtﬁﬁﬁﬁf- Ieldo/lj d? C ells

transfected 10 wt I ce nutan ure 16, | ane )l in
t ransf ect i oWthths ij’ll?"em‘ﬁﬂ’t (Sphq?éncﬂ‘)‘PetePh%n&mg{n}?F'meéf@t\% %Wﬁ‘@&‘“ﬁnd was
directly segispineRdellsGAB hialyadd iy RIECHNsREinfasd it &dh | CAIBITIF: t he predi ct ed

over - pane JCC R CTkETERAGERTAR b T R ek 1

present 3 nyedb:i AGTARGCARRCOAGTAGOCOTOMBHR IBINO: b) eetifit pdnas GpmeCi ng of
HPV- 16 anti,- 75(% M., |t{ % MPLE. VI VO TRAN EICINGTO
ENDOCENOLS TSt %fﬁ\?feﬁ ipgint 2 ot TS S s e S P 407 B AN - 7
SCFV I N M Giedudtontyancdils thatrib@ived botistagpl and ﬁmgm&l RIive(FeEnM liGniae lawhshdogenous
| b 7 h
nmouse al bu t he
Molni gEaf%ﬁ Ql%L s BLRLY ‘gé ﬂ)ag&'ol%grgh el é\ﬁ@%ﬁnﬁﬁ (F%Erg Ys, FPJnQ?f

foll ow ng expefFliments” were con m crogr ans of’ mAl b- HPV
16 anti - E7W@13§@¢MWF}8}H€ 19 gjang 6 NoRY-PRpredigSwes dstectrd injce &é‘i%SchWget

(addi ti gpaly; %im% 016, ﬁﬁég%@ﬁn%@ﬁﬂﬁfs&mgﬂgﬁem@mwpmﬂe or 100 g of
the control_cDNA (mAl b- HPV 16 ant i - E/scFv plasmid that, mmcs

trans-spl i CPéH{IPfP@HAtWP@“WGFQ)‘H%F@W@&WWCF%f@@FB’HEWQ“’P’&‘? yang&RIKiNent 0 nor mal
C57BL/ 6 m CtSthe%ﬁbﬂiéfEH%ﬁfE@h&§oMHMﬁﬂd|tM@&pﬁJ—mﬁNAl@th@d&del&‘{Fx@ﬁrS16| me points
and analyzed b ﬁe rég“gl ot . roxbgg '&)‘é% h(ﬁ t serum.was passed

t hr ough FLAB'EPFT f‘?}’ BYeTFR t RePethedight §B‘B§PHP%EB“‘BH“ 12%

SDS- PAGE,. theassft@proeide ﬁﬂc;émtrﬂﬁstspm@ df PV sI® antiREMseFaPEMamaizpr obed wit h

anti - FLAG M2 nonocl onal anti body. Proteins were visualized using a

chermi | upy NOELRNSEE Ul Ayl BYRISSPNCE 46 ERBOHIR oS MBI RE M BUMIVIAEY! S
i ndi cated t appear ance circuration of the
mce as early &aRIgARARGEEAND PRADUCHON P : ‘M_-v B7 S6RY I MIGE.Hr essi on 30

plasmid (Figure 17A, lanes 3 and 4) and the Ievel S dr opped significantly at
24 hrs (Firgure 17A Toldamestate amil-sBlicingtol the @TBtotah it gSiphs idusOalRintin

production of p icted %g[ K,q% I—@:l 6 E scFv was al so detected in
i ce that  FEERRUERPHEET SRR VLR SRR Ok P e vor
conducted. One hundred micrograms of mAlb-HPV16 anti-E797C2 (PTM only), 70 pg of
20  PTM + 35 ug of mini-gene target (additional target plasmid to increase pre-mRINA
' ' concentration) or 100 pg of the control cDNA (mAlb-HPV16 anti-E7scFv) plasmid that

mimics {rans-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, Catf WR7103).

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

-35-




| anes 3-5, left panel). On the other hand, no such band was detected in
nock treated mce (Figure 17B, lanes 1-2, |left panel). Finally, mce that
received only the PTM (targeting endogenous target) al so showed the
presence of a 30 kDa HPV 16 anti-E7 scFv (Figure 17C, 5 lanes 1-2). These
results clearly show (a) successful and accurate trans-splicing of nouse
al bumn PTMinto a nouse al bum n target pre-nRNA, (b) production of HPV 16
anti-E7 scFv through trans-splicing. In addition, the above results
fur tjher val dn%i&?%c}tmstaﬁé mbﬂﬁtbmlsdﬁlﬁﬁ‘ffb%&d]foﬂgth@taﬂét&ﬁ@?ﬁMl(Figt&ﬂﬂﬂ)ﬂ f or f t he
production o e nt 0 i des I ts thereof in
vivo. 10 E)éﬁ?\?ﬁ’é %%Bf@)éﬁ“ég Ei’“ﬁ M@Wﬁﬁ%‘%{l cg%r ing to sone
enbodi ment s(rigutea 7B]lIMdes aasleft pasl). (Ftnaﬂ)henqaltlesfm&:wddrwlemelPEM (tangwtmgbe nodified to
produce anti odles cOo ot h
i I'lustrated ?ﬁefﬁcus s egfgo glowgd% mse{'(!r%g’h% %&ngg?tﬁzs‘?g%@?n f’%l’ to the
HPV-1 6 £7 lswFV- 2P1Ilhbse$dsuimlearﬂw fEpgUn)euctsnful adeequtata fraas-siligingpimesent ai n, after.
the coding Wﬁﬂa%m&ﬁ& WS e RRRmE /R ) AR oF SEANG At 4

ng o e derived

sel f - cl eavi rom Foot and Mout h Di sease Virus
(FMDV) (FamgFethroagh tramaplmre Bi additior fhg rbove psultsdurthepyghdate thefargefingc| osur e of

which is hgL@ ﬂtﬁtq;?ésa@ ErbiRiEn RY th BlogicabiE 8tédpeithan@neepnpapmynsar di ti es

(ECW) interna bosone entry site (IRES) (Martienz-Salas, Curr Opin
Bi ot echnol , ﬁaﬁ@“%ﬁl"reifg%“’“t he disclosure of which is her eby i ncor porat ed
by reference) sequence follomed by the fuII Iength codi ng 20 sequence to

i nduce M gh levels & h ! PNe use of the 2A
oligo peptide and/or the IRES sequence to express the second transgene has

been wel | docunment edsccb AR Bhne @fhleﬂMﬁﬁ%@PﬂM@is@&t@m&h&p&a&nt B8éhtioR 005;
Martienz-Sal as, Curr Opin Biotechnol 'ﬁégﬁ%i In addition, PTMs
encodi ng sﬂﬁ@ﬂ@"&q‘?éﬁehméﬁ?ﬁ“fwt@ét?ﬁﬁh&‘% ﬂ%‘é Fag e avi oy Asoul d al so be

used for th@ume@umlwlaome gieididdne: mbd%eﬁ@islshﬁﬁt «asherﬁfv @ml\dabﬂ)m

EXPRESSI ON OF AE%I POPROTEI N ﬁg’ﬁﬁ %' M_N- Ifll#%l}&n I;’c a2y FUSI ON
PROTEI NS Thsé"’%’i' e By reridet Tmyeer 8%’1%8‘%‘%‘“63 buH"R AT getl ng
strategys (dntibodyeeqhice,20rself-hleavprpotipepeptide dofiveddiwvarFosizod ModthDisesei n, naj or

conponent af, hk%@gytﬁ%agm@ ngzee%t;z 33154 285, &t ﬁtttt@ctostﬁ@ f@gthsmand

subsequent | y°ncrea e t7on as a eat nent I ndi vi dual s
havi ng - or “alieraby sicorpomted by Wicenee et amepdiogewerdm@ﬁmhéemﬁtlb@‘nw e -36i

-entry site (IRES) (Martienz-Salas, Curr Opin Biotechnol, 10:458, 1999, the disclosure of
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




for selecting albumn as a target is because of its el evated expression in
liver. H gh albumn pre-nRNA concentration results in abundant targets for
trans-splicing. The concept involves targeted trans-splicing of wild type
~ human Apo A-1 or Apo A-1 anal ogues into al bumin pre- nRNA target; and the
goal is to increase Apo A-1 expression. This study evaluates the 5 effect
of al bum n sequence human Apo A-1 protein expression, secretion and
function. The fusion (al bumn-Apo A-1) function in vivo was eval uated.
Human and S Si.ons ) .y ol s
(Fi gure 20)%%2‘“%% e edge“fgecamusﬁ’c tﬁvalé%%ngpgg%??n@e{g%c J;%Iﬁoduct f or
expr essi on,prgunBEAssncemratiomiresultn ttabendant tar2GFortryels- Snilepat'l@n’aow ingolpgsep) . The
fusion c ry
o  gonucl eatE R BB IEaRIRER G A A o R i
Apo A-1 excnRISA teradt; 4nd the gast is o ingrpse Sprih Gxesesgigen dbis SpdyRyplwesdtd human

al bum n £XQleds of flin écaéﬁeéq{uﬁﬁn Ush R grdl6in Ehds OV, DrekioNhd Fhrichits: mouse Al b
forward prinmer (SEQ I

GBGTGTGT T TOGCOCAGAA CCT%T? m&é’o*%l PHERESY 52039 R oo
duka(vA ; (B B2 EIp RAIEGALEAZ0) wereconstmcted

G@f%wzd &%m%@%%?@%%ﬁ%%% AR

AGGGGTGTGTWmﬁ@@MMHme fusienaBNecopstivate rve(eseugtruqzﬁdr@ng iy :

exon 1 and human
CATG The under |1 ned nucI eotides indicate the end

i BRI
25 of al burfine Ackexen ﬁ andtyuRirdly, thareding sqguesicgef mayge and hwpep aduminggon br war d

priners oveyeRsehBied UERNh ﬁm@,,r.ﬁ%ﬂa bigggn Apo A-1 codi ng sequence was PCR
anplified usi ngsea ceDNA cl f(i:)ne ( TC% irg‘cif;iaone # M3C-1249) and prinmers: Apo23

(SEQ I D NO 19) (5' - w .and Apo5 (SEQ I D NO 20) (5'-
CTAG AAGCTT 37 CCCAEFTF PTRY GG). The PCR product was
bl unt ed at A{TGAAGTGGGTAACC'I“ITCTCCTCCTCCTCTTCGTCTCCGGCTCTGCTTTTTCCAG

15 GGGTGTGTTTCGCCGAGAAGCACCC,

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

and human Alb forward primer (SEQ ID NO:17}::
20 -ATGAAGTGGGTAACCTTFATTTCCCﬂCTTTTTCTCTTTAGCTéGGCTTATTCC
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

A7-




the 5° end and then digested with Hnd Il (indicated in bold) restriction
enzyne. The resulting product was first ligated with nouse or human al bum n
exon 1 and then cloned into pcDNA3.1 expression vector (lnvitrogen).
Expression plasm ds containing the entire coding 5 sequence of human Apo
A-i including the signal peptide into pcDNA3.1 to generate wild type human
Apo A-1, and the Ml ano variant which contains an Arg to Cys substitution
at position 173 (R173C) expression plasm ds were al so constructed as

pPoSi tive CORbERESrTAGRAAL T'P{*Aﬁu‘ﬁm@&éc@@ em\é@t:kg&dctwsgmm ng.
PRODUCTI ON, PRESSI'ON AND SECRETI ON. OF ALBUM N APO A-1 FUSI ON 10 PROTEI NS
| N 293 CELLte Thad axdthsadigsstodayith HindIlindisated in daldLisetotioh owzymf-db%i on and

processing @éultmgr;sﬁiaucté\«apﬁreﬂigat&r \Oﬁlﬁhdihsél\@c&]uﬁmﬁilbl&hﬁékoby ahd masai@ed ing human
and npuse fusion cDNA pl asm

?IS o) ne at i Ve. %i} on,. ut ant) and
a positive RN =y veslr }3\‘65"%& 1 x?’ﬁsts’é’“? TEPfRn ee@?wf altsf ecti on,
cells wege gei;m&cbfﬂﬁ{nmﬁtﬂo Asernulmlﬁgﬁes@l‘dﬁbdpﬁdbdnmpdmm bt ganerdte &d serum free
advanced DNVEM nedi Vi n fter.48 0, , media was
col l ected, EBHEERP %3§ 8 Q anéjna 112“ ?aﬂt i’cgrg&ﬁseagls% %Q@S%ﬁén%po A1
protein. Commsmi‘é BILTGE) s:tpmsmnpgasmfds whie agebomwwdhwswhmonwm Hhehe nouse

and the hu%p%&%ﬁjlg%ggyﬁ%{lgg?éw&gﬁ the predicted --28kDa protein band

whi ch co-migra o A-1 denonstrating good expression,
processing and secretion in 29
addi tion, th&REDYGTION, EXPRISSIY

to that 1@f wt Apo A-1 (Figure 2ROTEEI$€!N4938ELLS1d| cati ng no adverse effects
of al bum n sequence on human Apo A-1 expression and processing. On the

ot her hand, no such 61 elhohdicd R p@Rfhn ot G6lelshebPRImdneCei ved
nouse fusion cDNA V\n?ﬁ%g&n%\% eotﬁ%% %q eﬁ%n Fn tﬁg s]igr r?a gpe tnllde (Figure
21, lane 1 armlA-B)prot%wqwéamw|“P1}8f€6$nahﬁ@albﬂ}ﬁ‘dmt"PFa@S'9€H§%“o d in SDS gel

as human Apﬁoﬁ% %mvyé}égau%) Ellet'idﬁ%%u&}j amsfso@lwe &B%IY:@N&S @lﬁﬂm /21)T69s3 onal
human Apo A-1"antib i odesi g # HA5625 -5-10 g total

protein frosele H*é‘e%‘EﬁB‘ ‘H’&flséﬁ‘is vegFe lifﬁ‘ié‘ 2t)"o‘i."‘éh segug) freey ‘I“?‘l?f‘ltf’%‘é‘l}} s

transf egt edsefint fleefaldoin6da INDIVA ne0i $lintit6deR). AYﬁrmpest&raaﬂ&nM m2diowyar i ant was
~anal yzed on a 12% SDS %2{1 aai}d qt% tBsferre(lne(,? to g%lﬂl onlma rane and i ncubat ed
Wi th huran %gessh fonpgngatad. fnalyzeq 18HHS SxPHREY WSRO RSKM r med t he

production of human Apo A-1 protein wth an apparent nol ecul ar nmass of 28
kDa predicted for t heoomassierBiugntapting of the\aglgevsalpd datibath theggouse and the

human fusion cDNAs produced the predicted ~28kDa protein band which co-migrated with

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




al so indicated the presence of >90% of the mature human Apo A-1 protein
fromthe fusions or w Apo A-1 in the supernatant conpared to cell |ysate
denonstrating normal processing and secretion in 293 cells (Figure 22,
conpare lanes 1 & 2 with 3). Simlar results were also observed with

hepat oma (Hep&2) cells transfected with fusion eDNA constructs. 5 ALBUM N
APO A-1 FUSI ON PROTEI N I S FUNCTI ONALLY ACTI VE The effect of al bum n

- sequence on human Apo A-1 function was eval uated by measuring ATP-bi nding
cassette tradspidated the pre@etneé oF XBBGE the MRtk tuatn ApaASH btein fromate Adidhs
cholesterol |nto Q accept o | ease of radio-|abel ed cellular
chol est or o r 5 Pe Biidn B purRaER R moace el N S PE aimafeeREecr 1 ux

val ues obt adnth egretiprt in 28sllo Fignred2edonparedesesI0% € eiith ). @thnilar tebults ives@lsé r om Wt Apo
A-1 and ne i : ?&ﬂl gells stably
transf ect e%%%ér%ﬁu&@@%ﬂa%hagﬁwz Sl &erg%&v\%‘flg&eflﬁ%ér coj}l uency Cells were
then | oaded with 1 C|/n1 3H choI esterol After eU| I i bratl ng for 24 hrs,
cell's wete washeALBUMINARO Al FUSIGN BROTEINIS FUNCTIONALLY AGTINE h o seri al

di lution of the media contai ni ng the fusion proteins (super natant from 293
cells transfected w/I'héa@acowfaﬁ)mﬂnse@mnmmlmpAbBAHmemmdevfamate@mo A-1

protein co | i fch: as positive
control. %Qﬂﬁ?\'@?@frﬁd&gﬁ%& égﬁq{e&%tglg (‘%@ﬁ ﬁﬁtué?spetr EC%h 1 ux peri od,
medi a was cbdbstmlmé@iAama 1aaqcemor qlhstreleage thlwehmbbhlqsirwllm chdi@wrowdmtded by
liquid sci rﬁaeh&,ﬁatnuq;a A48 Lkified B mémmu@egob@a%ammmh forehis s T 1 act' on

were determ ned after an over night extraction wth iso ?opano
per cent 1%f qu’E}RafWa%‘ﬂ’c,‘h?SE@PIat“éd\PB% ingd negativy corfeol sapiass Cpmrol Helagpd | ux rredl a by

20 the sumgfia Eélﬁslﬁlﬂy'ﬂﬁrﬁfebted evaﬁeﬁblasnm wsrergmnq.ebéar EonBsenbyP BellsMEM BSA
nedi a was use tra g?n%foomthe radi oactive counts

obt ai ned i ﬁhet“ﬂ%“ ‘glg’e]dt(g‘/“gfsﬁé%h?i%‘%gﬁ%ﬁq“i BE4 Ifgel ﬁé’ﬁfed"fasheﬂe amount of

ABCl medi atdvief sklubred fedia uedintibhthd ¥idsd @fal[dii6ioRioNthe (ABib Sehtairdipdhdiuman f usi on

pr ot ei ns) ur 3 The efflux data
D5 e 5o Herbisrr i ek Bp et Homyss §its PEREPe wiokBh HNA rstBr ved it h 1 he
fusi on P otremndizeddoreArocirp arotid @nantraion)gin tvitly 10ad/ tvdld tjtphalpo Ahlepmteinpo A-1
g;;t ﬁ;ro?‘c Q)O\S/tz\lge chrﬁ'rec:n ?Qegl? We%u 15»9& t§ ?fﬂg}?for {BGIﬁ'E gxgtﬁr tlﬁ oA ;hengd ]Emh la%ft&)xss ence of
trans-spl i celdcisd odhrotlignot ¢ike msdimrf mmlnqn@wnteﬂrbeéteuld e&smillﬁtmnppwm ghstrong
evi dence - Bfiind il REL HEARS SeRlur b ARRAR bl B Ko chl;'.ﬁwm{ esent

i nvention for the producti on unctional bio | ca active pr ot ei ns
in vivo. 39sopropanol. The percent efflux was calculated by dividing the counts m 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
about the effectiveness of the compositions of the present invention for the production of

30 functional biologically active proteins i vivo,




EXAMPLE 7: HI GH CAPACI TY SCREENS FOR | SOLATI ON OF OPTI MAL BI NDI NG DOMAI NS
FOR ALBUM N TARGETS A high capacity screen (HCS) to identify optinal

bi ndi ng domains for nouse 5 albumn pre-nRNA target was perfornmed as
described before (U S. Patent Application Serial No. 10/693,192, filed
10/ 24/ 2003) (Figure 24A) with various nodifications (Figure 24B). H GH
CAPACI TY SCREEN PRE- MRNA TARGET Mouse albumn intron | and exon 2
conprising of nucleotides 114 through 877 total of 763 bp (Ref. seq.

NC 000071) (Figure 25) was PCR anplified using the genomic 10 DNA and
primers mAlbl5 (SEQ ID NO 21) (5' - CTAG GGATCC.GITTTATGITTTTTCATCTCTG and

mAl b8 (SEQ I %0 'ggﬂgﬁm The PCR
product was =¥ indi cat e ol d) and
cloned into an existing HCRAMARBSIFOR ABHMMN PARGEEY ate pc5' szrri nl - Ex2
plasm d (Figure 26). Stable cells expressing the 5 half of the codi ng 15

sequence for the gre@nlgﬁhw@w@aat(ﬂosmmbﬁhff@aﬂaammsﬁgmlnﬁfoanmﬂeont ech)

coupled to intron 1 _and exon al taIL hed in

565" col | § pybransFaRTA ot 1 PGS Sor RO O o et By R SHEi

sel ecti on. Wé.l1e69R190eRks 10814/203)€Riburo M A) ity vaxinpe inndificatisnssFigmre 2@)ones wer e

pool ed, char acterized by RT-PCR and used for HCS. MOUSE ALBUM N PTM BI NDI NG

DOVAI N LI BRARY 20 The npjisgecab iy RcREANPREMROARARIETY i ntron 1 and exon 2

was PCR anplified usi n'g_anW‘c_mA—d'm—lm‘e‘scrl bed above,

digested with Bain H_and, Not nd, ligated to

concat eneri zed fragnidptse E‘lb‘i’ﬁmlgﬁr)o“ ?‘"ﬁ‘ﬂ e§°‘g$‘é°}5"pﬁé§g gfler'ﬁ'?' ‘%Igﬁsclgé!mtmu%l ncrease BD

conpl exity. S’ﬂmﬁalfbﬁvaaipqm ded NC_DOOA7 YyaBigirk 25) Was 2GRempifibdusingthe gawarhic pi eces

by sonicati fraction Fragnment size ranging

from 25(@ g@ﬁ Erf“éeéstrinég’%?\g%%elg Iétggr ?‘??&%%‘9% were repaired using

Kl enow enzyGﬁTMCéH’[dfTé‘ﬂ‘CATﬁT@T(B‘EM DAGBESEQ RNOSR) e LT eEeGQG 3 Pat ent
Appl i cation ARAA ot 544 BEPAkestelr Wi BEm 21T) - PCR

anal ysis of A?ﬁbbﬁr ar iﬁﬁ‘?@ﬁ{%s h@&ggﬁgr?/otr econpi %eastl on efficiency and

produced a &miﬁi@t E(ndicatsd argpld)mqvlo;g@etqan@eﬁ@gmtarsqt@}qggldw FRPs varying in

size from . gﬁ?ﬁoﬁﬁp‘iasﬁm'fd @R 28)82;tab1<1 bais Qiﬂrémﬁé’thélsma&fo)ftmsmﬂgrm ified in

used for

bacteria an screeni ng timal Y.
15  sequence for the green ﬂuorescent protem ( FP) (szreen from Clontech) coupled to

"+ 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
Ttesistant 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
~ Not1and 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

~40-




PTM SELECTI ON STRATEGY Fol | ow ng t he FACS-based PTM sel ection strategy
descri bed before (U S. 5 Patent Application Serial No. 10/693,192, filed
10/ 24/ 2003), a mAl b binding domain (BD) library using the assay cells
expressing the 5 zsGmnl-Ex2 pre-nRNA target was tested. (See Figure 24B)
Briefly, on day 1, COS-7 cells were plated and transfected with 5/ zsG mnl -
Ex2 target plasm d using Lipo2000 reagent. On day 2, _106 independent PTM
clones were 10 delivered to assay cells expressing 5 zsG ninl-Ex2 pre-nRNA
as prot opl asiz50 ndIFikirt 295! THRpEGalylibiaRevdsa@plERd Zbacterd dnd uwarte seednigd after 24
hr by FACS, ,and. Cﬁ‘h’% ﬁi&'esm ng high GFP and proportionate RFP were
col |l ected |the?pt‘ln}a ke , high green (HG and | ow green (LG

fractions, instead of a single fraction as previously described. PTMs from
the collected cells were restliMIELRCTIDRBTRAREGYt r acti on fol | owed by EcoR V
digestion to reduce target 15 plasmd contam nation in the final H RT DNA
preparation. About 4QubiiagihegAdSHEeOPTM GElbctibhitRg g ddvtrivld wmh@r gnd HG

fractions e initial eI ans tlon -splicing
effici en?:y enf fpRlica tlﬁ?k}é’ﬂ\},\ﬁ lﬁggﬁ% @ ‘E‘w@ﬂg@g{) “Ed'“g,&gm?}?’g@?)ct ed, the
per cent GFH]I:@ﬂﬁ ustmg\/tbe dséaly pllsegprbssingthel 5tz mindalx2 GreinRNAUDE@ Saetagal. was hi gher
in PTMs fro ion conpared to LG fraction with a 2:1 ratio 20
(Figure 29)% 4 d nore BD containing clones fromHG fracti on was

i sol ated and tested by parallel transfection and the results are

summari zed in Fi gur S8y, oady hERs-7 elluwsrerlaehed tapsdectpd sith 323G indi cat or

for assessigg b phsrsidbdifd IflﬁoZ@f)(f lefdeRNOY d3f2, Lﬂ)élddﬂﬁhdéhm c]oﬁ) E\ere Based on
the G-P rreanfluorescen](cgqrﬁ he trans- spé’lfcm eff|C|en jority of

Dt b VAL SO B B BTIEl B TREPREA o PIRtoRAs ot HERBE R ghes

than the r ammmagukeag &eewgaaﬂteambem HWF@B'SgdnﬂeeIEQ&preMMRGFP several PTMs
Wi th conS|derabl L}ﬁl? %31 t& 5 t ol d htrhans |C|0%con12 ed with the
nodel PTM vi&TRS B’%%% werp Roliepigd 03y a&’ﬁns‘se éger?f“% Fg of “I'2% of superi or
PTMs vs. t hitacti@stinsvad o’i}iﬁl@a‘fﬂdtlon-adpremoﬁﬂmmc&PfMeﬁpmﬁlkﬁetoﬂ@pd 2AIsPTMs wer e
sel ected fO\Ler% %Ec%ec?ﬁ SR THEA Sl & %\'fcﬁﬂwgyby %&E‘ﬁéﬁﬂ (J(l%ﬁ&lrtgﬂiﬁil% e?” fol | oned by

mol ecul ar ana sSing reverse transcri quantitative
PCR (RTliqPCﬂR)Sﬂrﬁdnoaneeﬁdmctw ﬁaﬂsl*HET)DNélm@alam Abent ARbindingdam@ sunmari zed in

.containing PTMs from LG and HG fractions were initially tested by parallel transfection.

Trans-splicing efficiency of these PTMs was assessed by FACS analysis.

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 frans-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 slightiy 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 cbtained.




Figure 31. Total RNA was isolated and trans-splicing efficiency was
nmeasured by RT-gPCR 5 Target and PTM specific prinmers were used for
measuring specific trans-splicing, and total splicing was nmeasured using
primers specific for the 5 zsG exon as previously described. Based on the
gPCR or GFP nean fluorescence values up to -5-10 fold enrichment (after
normal i zation) for trans-splicing efficiency was detected with PTMs
selected fromthe HCS conpared to a rationally designed nodel PTM (Fi gure

31). Simlar result Sgoh tts st RO 2UTBTNIs e bellecicll 809 Surthpd charhodgizatfoh bgi ency, was

observed with the enriched libra LG.,and HG sanpl es). ..c ar wi th the
starting |i l?i’r‘%“"’v,rani‘/ffﬁt‘elhpﬁ%w@d’ﬁﬂog‘g%tmwsfsﬁ's'ﬁg W?r%%an%%Ptéoélgﬁfﬁagqgf fect of
BD ori ent at yantitaivd PERIRBHPER yfospécif@nreansplicianad i resolisage sugfirfariziddamcy and
specificity_was.,al.so |yzed., T eg e -of { t he
SFarting PR oF4pg OO P Eaer 8 RCHRARE AR e PRAIR ARG RTER (22,
sel ect eds af Tepet eneP TM esibeprimaf wanvsed fonmeasurirsprsdiscenampdriys ped toel t he PTMs
fromthe st g)rh(t,lh Qas &Qéﬂdﬁsﬁ%é@@é&?&g&ﬁ@ﬁ)r the 2s38xoR s privGouBPlesieg 1 N correct

(anti sense) "orientation co 49% 1 ncorrect orientation, The BD size
vari ed fronBa#ed ert thagRCR Ay GFE neasilyoreseerep valvggrdp ot difollsatichaneat®iBut i on

i ndi cating B&ﬁa]iz&%fo@%ﬁﬁs)ﬁgﬁ&néeﬁﬁim Was BRedtddFiArHTMs| sBle @i oGS HCSequence

anal ysis of the sel ected 20 fromthe enriched library, as expected,
showed an iﬁ&‘ifpé'é%@ﬂi‘?P%ﬁFYrdéEEHCBFPQﬂFE]Mi(E‘ﬁ“B %g‘g resulid ot 1B PBD | engt h
was si gnpf i marmd-wlibihgrasiedch s bberved @it thergnrchdd lirayy, (LGhihd HGisemdansi st ent

with previous work,denonstrating.that |o r.BDs .are more efficient
(e B SRR B R
Detail ed structure oFhezffbnynEBD agrotatipioisd staaense PRsitompras SPLEN used in this

exanpl e to "§flﬂ8¥\4c9 EIst&)ec%Qit?ﬁviaM%Qhﬁyﬂe& THE QYRentofThrabh @loded frodltRe PTM cassette
consists of a trans-splicing domal n ( @ nclude uni qéle restriction

, . ) TSD)  that
sites, Nhel staties Rad iprarypysre compaipdigith thaenrirhed 0By REMaSIEIRAYT BY%), a 24
nucl eot'ijde sRACHeniBaERN, a strong 3' splice site including the consensus
yeast branch point . (BP), an extended polypyrimdine tract (19 30
nucl eoti des | ong), splice ac i CaG: i [ fofd, oned by
the majority of theaselCl °t0 ﬁﬁ%gf@egfﬁgscéé%%r wlﬁ%l%a}%{ﬁ%g%aterq}gﬁt Agio} A-1 nRNA
f rom-nt - 118oftthe Bideyrernin cBA@t (aRistnslagientatiihicOOIBEZIo 4376 maerrestrsipiation. Ficgur e 34) .
The PTM CaSBBLLEwHeS fofi 80 halliSp b8 YA YAHROY bidlibn Slofing i woodChuCK

hepatitis pos ranscri ptiona ulatory el enent
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%)
-anid 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 APOQLIPOPROTEIN APO A-1 IN CELLS

HUMAN APOLIPOPROTEIN (AFO 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 SacTi, 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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(WPRE) to enhance the stability of trans-spliced nessage. The entire
cassette is cloned into 5 pcDNA3. 1 vector backbone, which contains
cytomegal ovirus pronoter (lnyitrogen). In addition, the vector backbone
was further nodified to include Maz4 (transcriptional pause site) sequence
to reduce cryptic cis-splicing between vector anpicillin gene and PTM 3
splice site. PTMs used for functional studies mAl bPTMB7C2 and mAlbPTML58
were generated by cloning 279 bp and 149 bp BD sequence into the PTM
cassette be : I t [ uenci ng.
VOLSE. AL BRI ek g MR Apd S TRER L A1 Rbhel e B o, AL
functi on, a%@@@”aﬂ“ﬁﬂﬁﬁhﬂ“"?ﬁ“rﬁ‘g“&é% The BT Mesassetisradsp sontains B¥S¥%on 1, intron 1

and_exon 2 %@ﬁd&iﬁﬁﬂonsﬁe&ﬁhﬁﬁ&hﬂ;&c 1paAgs FIN- Qns&lbﬁ'onmrregulmwéeﬁlaﬁ get is shown
in Figure 33.” The npuse_al b

U coor es are as.describe Ref 15 Seq.
NC_000071. GHREH rokangs fBﬁ?f?‘H‘m‘E?T”‘f"ﬁ q’l‘é‘?&‘;‘“‘?ﬁa& nire pRyRe 1 ﬁ&fﬁ%&?‘i" I nl - Ex2)
construcs edpcmmfsqlvleam;aclﬁz% Phick coagh® bftorsaaloERe progioteg (Ihdtrepan)l &ot i des 1

o e e PR )l R 1 a0

CCTATCAACCGaIaGEqehde ducebtyp@& i ihd betwden Getlor ici tgg]@(mﬂ MGC

ACII:CTTTGAAA;I’GT];GT&%%d ;I' g‘;ﬁﬁa g:br]_émg%r ’ @Zp . KA 5§ & EI’I ction sites
e o P S s e o A i A S 8

at the end f1agien product was

di gest ed wi &elnerNhtbb)dclm 28@bp andd AYbroB1d praderchinte thqmé%ﬁfée bstyecadBicon vect or
pc DNA5/ / vested In T-Rex system (Invitrogen). The
final Eb;:]-s%ﬂ?gggﬁﬁéetg{h%ﬁukﬁ rrg?%%xa-cilngl Ex2) contains the foll ow ng
features: CW pronoter, adenylation site and
hygronycin sel ection Hark & 5 Limais SIRNA cel | 1 nes.
GENERATI ON OF A STABLE CELL LI NE EXPRESSI NG ALBUM N TARGET Using the
target pl asm d descriobdunoniieiieg inaitst/molAe! fupstigata requpd albymieminiragne expr essed
the nouse lca}% is %}H" R6NC indh 9&ta &W%&tus&f ASXRhatie dibgthh 8Pt pand exon 2
was generat Analysis of total RNA fromcells transfected vvlth t ar get
pl asm d_( poBRMAerest is3ovnin Bigire3pnheameppe agpmiyeoopiimatep ars gt dstrivehia ek pect ed

ci s-spl I15>eds0ar1@@|to@éov1 DBt nidscHAHH Bk 1-IRI- Qizqirélmmm&g&mwmm e splicing
pattern of nouse al bum n m ni - genetarge ble cell line

gfeier & Stpiey 3
in Flip-In cpoytugiedasdollous) &7 kp agagntepreop gﬁ?/“‘{ gfide L SFpyey ‘@ast ar get
pl asmi‘d  f opdrowmshifiby ushgRaBYEHif Melsegdnbeid DNX indhridedsaaAibriEx1F (SEQIDper i od
Of - - 2 e ek NG5O TY L PraGC ACCTTT CCTATCAACCCCACTAGC) and mAIbS (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 (pcDNATOfit-mAIbEx 1 -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 AL BUMIN 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:'msfected with target plasmid (pcDNATOfrt-

30 mAIbExI-In1-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,
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resi stant clones were pool ed and maintained in hygromycin until used.

EFFI Cl ENT TRANS- SPLI CI NG OF HUMAN APO Al PTMs 5 Human Apo A-1 PTMs sel ected
fromthe HCS shows efficient and accurate trans-splicing to nouse al bumn
pre-mRNA in stable cells. PTM nedi ated trans-splicing and production of
mouse al bum n-human Apo A-1 chineric nRNA was eval uated by transfecting
stable cells with mAl bPTMB7C2 and mAl bPTML58, along with a splice nutant

| acking the TSD (splice inconpetent PTM and nock transfection. Total RNA

i sol at ed L réﬁé’ﬂbj&eﬂ hesereeil BRYER3 aalakvysz@dbmem%dﬂﬁg Ihgtaf@uﬂamaidbum;jn )
target an ma o _A- sp, h ners .produced the
pr edi ct ed 3@@0‘%"31’ Wcmosﬁﬂ‘yl - n‘\efgeéfe egt’rﬁrfl%&a pe?%c(;e% \‘Zje ]%' r’(értomgn'gl PTMs

(Fi gur e 35, rebigtinee Sloizks dre@poold and Meinsinedinfhygrdmpdin vwidusdét ected in cells
transfected with the splice nutant or in nock transfection (Figure 35, |ane

| and 5). The PCR %W@Nmmﬂﬁém@@Wﬁumﬂmmtﬂmssequenced,

confirm ng the preci se rans splicing predicted splice sites of
th’e'PTMandthetar al -tinme
quantitafive RT-PCR 8@% ﬁftf‘%m?ﬁlghl@g ‘YS%#{CI Egaﬁ%ﬂ%cgra “al buni n

pre-nRNA tr meplicpfgso 0oy dbtmid prennR:NA:hx stebleicellsniFAmetigte@Fivis-spliitgrmd s f or

real - tine wer.e des t exon 1 and
trans-spli cqa%{wsfmwwib%} umgngt’)otsoco m{%&elggfra?b%ggprl%\%?g sly,

trans-spl i ciragfecting stdﬂ@ml:lywwi HWEMW@?@Q el TMIQ 8,ratgni prithyie S icoBdtagfuant i f i ed.
Mouse al buniagq@ﬂ%fjsfgngpﬂ%o@&%t 1200, alléﬁoamﬂﬁstnan troRMRNA Rolafeh ABm

efficiency o spect i veﬁ% hese data confirmed robust
13

trans-spPi ctherg Ce‘b@@%\ﬂ@lﬁ%’ﬁﬁé‘@ BRI Rowsie mnopferiibugéfareetapgBimasApe aRNA™Mnd PTMs i n

stabl e cel | geciff3iNe: mQMIMquﬁm3%bfﬁb&wm%lﬁmE| N 25 The
PTM nedi ated trans-spl.ici n A?isess_fgﬂfﬁgr th r.od ce full-

| ength nnus‘@cea‘leﬂﬁmtf?“ﬂ@% MGy sBf r? C‘S‘Y%Bf’tgc %é’? f% Briefly,
 assay cel | Straneﬁsmmm tﬁ&}sph&b&mfmiﬁﬁﬂn AlokX i Fediibn{Figesss, Phet AANA TWABCR

transf ect ed 97C2 ~and 15 hu A-1.fusion as
~a positive &8 ?%Spuﬁlﬁgaﬂﬂ(’?s dére‘fjr]ﬁ'ts’%\qﬁ?me %dn" "'"”&eﬁ{wsen?{a"r“%@wm@&% at

- splice jisincpredictedsplicd sha@éthe PEMond the Girget @enRNAvmsebleedls¢dgat3®r 5 his as
with serumfree nedia and i ncubated with advanced DVEM serum free nedi a.

After 48 hrs, the ngdidn mﬁmvbﬁ?tp@qbwa@q&awwaﬁfﬁdw@a@tmamhm@d by
- Western blot. Production of full- length human Apo A-1 %rot ei.n was

denonst r at e:dbqy:y]l g mBNA CHSTRREE cp&ygrtgg ipto &HW%&W&%W PTMs. Primers for real-

time gPCR were designed to discriminate between target exon 1 and frans-spliced mRNAs.

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

Mouse albumin specific PTMs 97C2 and 158 showed a frans-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 mATbPTMs {(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




descri bed above. 5 Accurate trans-splicing between nouse al bum n exon | and
PTM woul d result in a 28kDa al bum n-human Apo A-1 fusion protein.
Trans-splicing nediated production of full-length mature human Apo A-1
protein is evident in cells transfected with functional PTMs (97C2 and
138) (Figure 36, lanes 2-3) but not in controls i.e., cells transfected
wth a splice nutant or in nock (Figure 36, |lanes 4-5) and it al so
co-mgrated with the al bum n-Apo 10 A-1 fusion protein produced usi ng cDNA
control pl aﬁthiiséi‘m(lﬁegmb(ﬁa & incubane \ﬂim&)ivana'ddMMtsmih drse medja iAfitec4siis, r med
precise tr man Apo A- |
PTMs, resul mesdpawas qgct?cf" Ec\é\{%%t:alleg' gndfngéiiﬁdg We%rﬂu %l%ﬁ g&glrl]gatﬁg ﬁlh‘ A-1 protein
in stable MethlfsmarEMVPLErog:m WWO@%tb@smam@Nmmhm@E ALBUM N 15
PRE- mRNA | N.Mif& g’@ efficacy of the lead PTMs sel ected fromthe high
capacity screen (a were eval uated in vi vo. Fifty mcrograms of

mAl bPTMB7C2 ( PTM only of nouse um n mni plus 30 g
of mAl bPTMB7C2 pl as ﬁcé’é %a’ewemn‘j’“é%abﬁrm el E@?ﬁ?d‘@\r‘igﬁ %) reagent
and i nj ect agla Y8kda albihin\k@inin Apﬁm-lrfﬁnimﬁkotéiﬁms&ﬁmmgﬁwdmicd ;muucamdoQO serum

sanpl es m{f@a&ﬁ%e%&% %’HK%‘VQ s ev1den n cel%%anstf cted ?til‘}uncfa 0 1a]1p0| y A nRNA

was 1sola using nouse umn specific
and hunman ATMsASTL2 aRT Msm?wref%clamsﬂfﬁébu noffin gangrolg p¢4®llﬂgansfa<seddaﬂ@ct ed in a
o T e O ARick RIS i R (BGE 18 S0l Bl o A B Al K

pl asm ds, as Inmc rec |ve Igure 3 ane 3, 25

8 & 9).10Each! fish pioin rRuFRGRsiDE FoRIA coniEabplismid Fisars 3&#@“‘-‘31653681?@0@@“168

denonst r at Iagan LR RIS RS rars st iz RiWebd HImBse ABMISE eAnOUNE Rurkitdho! 1Nt O
human Apo A-1 codi ng sequence at the predicted splice sites, (Figure 37,

| ower paneld-! PiMegwulipgig therodustion of F"é‘f”éﬁl"%&ﬂl“&%”e"‘ﬁ%%h§f°t%‘b‘F‘|S@PIF|g bet ween
t he PTM anggtishe endogenous al bum n pre-nmRNA target in mce and further
val i dated al bumn targeting strategy in vivo. -45 | Figure 38 describes a

SLrategy to ! ncEeass A90RlaRERIERIOROMIARIN ol e AL, bu n
sequences. Figu bum n

sequences in the final trans-spliced product, i.e. to produce a
trans- slél iced product that is PRE-mRNAINMICE

The efficacy of the lead PTMs selected from the high capacity screen (HCS)
were evaluated in vivo. Fifty micrograms of mAlbPTM97C2 (PTM only) or 20 pg of mouse
albumin mini-gene target plus 30 pug of mAIbPTM97C2 plasmids were mixed with jet-PEI-
Gal (Q-Biogen) reagent and injected via fail 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 FTM 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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identical to the wld type human ApoAl w thout any al bum n sequence. 5 For 5
exanpl e, the current albumn trans-splicing strategy results in the
production of chinmeric nRNA and protein. The final trans-spliced product
contains 7 nucleotides or 2 am no acids from al bum n target nmRNA. For :
human applications it may be desirable to elimnate the al bum n sequence i
in the final product to preclude i nmunol ogical reactions. In one exenplary
strategy, illustrated in Figure 40, the PTMw I| be engi neered to 10 encode
"Furin" |ike endopepfFigatas®ddsaibedd dralegyab Gcitase APURT Exdsegiortiyaaya@gsi t e whi ch

has been used ta express protei in vivo (Fuller RS .Brake .AJ, Thonmer J,
Sci ence, 24%?““9{‘8'@’-“5@%,8‘1“6&“5%96@%? %bzdﬁ%%ﬁ V?W,“g E‘gadﬁgf m mf’ﬁ%ﬁ’r%é‘lnﬂ? Thoner J,
G bson HL, BigadreesAdthe Boal fraiREplickhpisdist, i.6to prdduGed ranBsmiced rddoctBH is- 2859, 1990;

van de Ven . g td.] : an den Quwel and AM
van Dui j nho%ﬂ“%ﬁ%’%g‘@gf’%%E‘F’%‘,Apg&g‘eﬂhﬁ%‘g’?%g‘ﬁhé “F“céep. 14: 265 15 75,
1990; Duckert P, Brunak S, Blom N. Protein Eng Design & _Selection.

17:107- 152, 2004). Fof comnlen e cuseatAiumn Fangsspieing ffafeey s idsned to i ncl ude
th he pr 0; ei n'ﬁﬁ)dﬁb\ﬂﬂn fahiméBc HRETAGHI ﬁfﬂteiélsmﬂ‘ihhl,trahs-%liced'bﬁfdﬁctIa?rﬂzﬂnsS'/‘i gnalj (if it
as one). This strategy. was, designed to t vant age,.of. the endogenous
native cel | @¥ ‘?"t‘éf’é(?’h% %P?/act‘dé%@?‘?ﬁg’ﬁ@@ t?‘é?fffgﬁﬁt' ?851",““16? %’&’&g@??ﬁdp’gﬁ ®secretion
of the fi ndtsirhiatostiminht dedlbpmnintsejuanct ;i thdnabprodnciab pecluidedmnsinstvdiat to wil d
type protein, For.ex |l e, 2 - Shlsk G- Y .0, pre- nRNA
target prodfEgLny r'?%%ﬂ%@rﬁ%ﬁ&é)gﬂg‘s%%g%nc%ggﬁgq’8{; ei n ‘P\?}gjf %_Jllﬁﬁég?gﬁc;foti on to
si gnal pépt exbedcFern die cidapaptideghloepraopheanswiering) dleavhgerite whidekgben sever al
post-transl éehm};ﬁgg)ga%s%@w@ﬁna&soﬁ&&wﬁwﬂs&ﬁrsa%gms;dm&é, and,

finally, endopept eavage resulting in the rel ease of a mature, fully

processed B?4S BrgsnekanPp, bedup ReThomet o Thometd GibsoniHle Rrake Af, Bag Plndomey d t ype.
(Figure 41) g 2% EXRAMRHEsk02349N1940:NBRANG W %b%@ﬁ% Ehinoel RECOVBI NANT
O

PROTEINS BY TRANS- SPLI CI NG | NTO H GHLY ABUNDANT T PTS Thre? exanpl es

~of in vivo pidtRPHVIRIANL YR Rusphoen s fpqorosk Al Siren iAgfeprt?%>-al bumi n
-DL e- nRI\IAsgave, lgﬂﬁDumh PSilhiaktSeBlom M @rdséik sﬁgbésigpmmd fi&rglﬂ:tﬁ?-lhm,rmﬂﬂ)ApOA-l :

“These studi es ve s ) n. A: | rodyced ip mce. as

evi denced bg" "(j‘gﬁg W@%%&g%ﬂ%gﬁﬁlgﬁ%@? Eﬂug%%f E‘i"ljﬂ‘rse"“ﬁ’z")"g‘"ﬁ SHEHIt i cati on
of ApoA-1 Dbyigvgs.t.etpre-frbOdigra@d iviss ene). (This gitezy 433 designdl t6 ke tdvanageiof y as

~determ ned hy chol esterol efflux. Figure.4a4) . re .46 .
appropri at e%,emp) 7°8%5 nﬁ{"ﬁ c\?gulaprrn%)a d@ﬁ%ﬁﬁgﬁ ceﬁgcléa? l‘?&péﬁgﬁ%@?geag st%aecl}o? %f an

i ncrease of thelDhalitnans-tphisee prasepantiztsée ebeptamisivelat o widdh peygie Frmesmple.ncr easi ng

HDL by %8_ 2?‘%—5}@1@&%&‘?1‘1&%*0 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-transl ational 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: IN VITRO AND IN VIVQ PRODUCTION OF RECOMBINANT PROTEINS
BY TRANS-SPLICING INTO HIGHLY ABUNDANT TRANSCRIPTS

Three examples of in vive protein production as a result of frans-splicing into
albumin pre-mRNA have been demonstrated. “The first is production of human ApoA-L
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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As a second exanpl e, gene sequences for a single chain antibody were
encoded in the PTM and delivered by plasm d. In these studies, a single
chai n nmonocl onal 5 antibody directed agai nst E7 of human papil | omavirus
(HPV) was utilized. Results showed that the antibody was expressed and
secreted (Figure 49). In addition, this in vivo trans- spliced product was
effective in inhibiting the growh of HPV-infected cells (Figure 50). This
study effectively reproduced the results of Wang-Johanning et al. (Cancer
Research S&iplopadeld, I0in vd o S&ﬁucha'ﬁlmﬁnﬁle&pﬁA Breflkeld @af inkkesechaDL&Nge of

nonocl onal anti bod al i.zat i.on tion_and achieving
therapeutic T 6vers éée’ﬁpenm?nmacfg gaperimeyt ’é‘maﬂ’i‘%gy%oo{%ggﬁlgwﬂg? of 3-30ug/ni,
as revi ened by Bakker et al. Q Mol . Ther. 10:411-416, 2004). In a third
exanple, a PTMtar ge@%arﬁ@cqnﬁ??faamleoﬁ@ewum%aainslenhmnmbpdyemaodu ng nouse

Factor VI endedfed acind Iming Eﬂrd%ﬁlvdré&tbfyaﬁ{éﬂﬂiﬁh meéegmﬁi@&fa%glyhﬂakn KOREkGt mce as
15 shown in Figure 46. These m ce have essentially zero Factor VIII |evels

in their? pl 3&hey dﬁ@é"{ﬁ‘l“ﬁ%"%m piiumanpapdiopayips (RS v pilised- Respligshaved 7 and
denonst r at EthStIt@I’aniboﬁ?.ﬂ'Es qaprostbind 0strédd (Figa&tw)r Mdhiuon \dhts RAQBMInaked controls

as well as a eceived a P ve in splicing
showed no Fsé’@‘fega “@\‘ﬁt [vas ?fégtévelﬁ?’ ‘%J{‘P@"%f%’ gﬁoﬁﬂb‘{fﬁ’é{q‘ﬂ% J%eﬁ%{]ffgé‘? SO%ni mal's  were
i nocul at ed Thig amdy@fftmadljommoducnd e geuls of Wagelohanihglehd. (EdidkeReastdhng Fact or
VIIl and 20 n I I ni f| ant L evel s of Factor
VI (Fi gurféstlgg??g(ﬁsiggacz‘]ﬁ iy fhﬁgsgg'ec 291 mﬁ?ﬁérr’\ueo%s used. Use of
t he al bl mom@rﬁmomgstsfgmuﬁmmd hq}uebmg ﬂempeutlhmnelst Mnﬁadiesmth& Il target.
Addi ti onal | Moot NG k@ b e3d S réfe e hdi! and nouse
al bum n pr eﬂ?ﬁ?l\fA vf/eré det er r‘ﬁg}ﬁgcf ' L\evg?téiﬁ kll:g%%g@eus ov\}w}Bl{ ﬁogﬁgﬁﬁé 51 and
illustrate 3% 25 the levels of albumin pre-nRNA are 270x nore abundant
than Factor VIII transcript, denonstrating the validity of trans-splicing
into a highly abundans third agsple, PPTMItiz@ig Mok oncloN@c&se hibtuam s6d udi es, the PTM

til dth f PTMs utilized
;J hlr elezr6es peg |d\a/1n mouaﬂqgﬁm ﬂ'lgwaﬁggm'ﬁ'ﬁ%& “%i?&%g‘llﬂsytﬁgﬁfécgwﬁﬂ@?f%‘\/m"ie aéng Ia 'z
si ngl e thaishowoindiguevél Thest miye dyveasrantially zdnbBactor VIIhiselsin sizirlpema. shown t hat
the PTM 30 I?éaﬁ&%kﬂﬂﬁf s}aféhe§ h@%o%%‘%{gﬂre@?“&f (le% %ﬁat@‘&tgrlu ”D;a'oéu%gcrnbépl I ces

speci fically 1nto ci se ge Sequence
pre- mRNA (FﬁagfeﬂéHISIZ)“noqutateﬁa@mlsgawgémnmbah@teemgﬁd aﬂl\/‘s'ﬂla\mrd hat the same

bi ndi n 9 domBiebive th@ﬂé:ﬁgﬁcﬁi UIEB: YO fk’ela Fi@lms, NIk %qub&%dﬁ{e Andas

were inoculated with both albumin minigene target and the PTM encoding Factor VIII and

20  these animals demonstrated significant plasma levels of Factor VHI (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 #rans-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
single chain monoclonal antibody against HPV. It has also been shown that the PTM
30  encoding the single chain monoclonal antibody #rans-splices specifically into the precise

nucleotide sequence in mouse albumin pre-mRNA (Figure 52). It has also been separately




splices into the sane nucl eotide of the target (not shown). This data
denonstrate that PTMs targeting a highly abundant pre-nRNA can produce
significant and therapeutic |evels of reconmbinant proteins in vitro and in
vivo and, as 5 shown in the case of Factor VIII, can produce significantly
hi gher plasma | evels of protein than trans-splicing into honol ogous
targets. { 11 EXAMPLE: I N VI TRO TRANS- SPLI CI NG OF HUVAN APQAI | NTO MOUSE
ALBUM N PRE- mRNA: FUNCTI ONALI TY OF THE PRODUCT { 10 The function of the
human apoAl sHakRtHaI the e BB ddni:OME Rndold Aemah jodi-Indpo efecifidatraapoAl i nt o
mouse al bum n pre- TRNA haé gi?e&. eval y t?q]gi vitro. This was assessed by
measuring, RIESHINHE APCORELLES tlﬂert&rﬁ?gllﬁ’f PMor ot ei n (ABCl) nedi at ed,
transfer of cellular cholesterol into apoAl acceptor. The rel ease of

radi o- | abel ed cel | ul Biis datagkemenstsgte that By Msitgygeting & kighly phymdat eipaRiNAeS
quantified sklaﬁlm% Qgﬁﬁéaﬁt'aH%mxa{Jédﬁae@éﬂ@&éa&%imnﬁ Roftih@RS1enk 68%oRAQkET N wer e
15 conpared"w t at fromwld type human apoAl. protein. Human enbryonic
ki dney c&| | showp itk of egtes \{fﬂaqagp@é%am«ﬁqan&rm@@’éplw’a&% ofprRjeIn

(Ml bPTMB7 Gk £8R%saticie o Bdrididdbus tarkfl€ apoAl natural 3' UTR + bovine growth
hor nrone poly A signal (BGH pA); or WPRE 3' UTR + SV40 poly A signal (Sv40
pA) along with nouse al bumin mni-gene targets (Figure 53). 48 hrs

post -transfection, supernatant was coll ected, concentrated and assayed for
20 chol esterol efflux. Hela cells trnIsfect e%U th él pl asni. d_and HelLa

control cel | slhWEXAMEGESIRRYHROHS 8 INLGMOUSE ded with 1

ACG /'mi 3H chol est er gigumin mzcm' 1T OOF MHPRODUGE cel IS wer e

washed and i ncubated with nedia containing the trans-spliced human apoAl

protei n_(supernat ant..fr.om. HEK293 ¢ i TMet arget or cDNA

control Iél asm d that Thr?ifurﬁ‘raéosn (flgr%'é%ls“-ngl}o%p?éf é%é‘?ﬁgﬁﬁéﬁ%{ij}%%ﬂdﬁ%??%'%%@é}g

“concent r at i bumsan(@oAd igjo mbusg albwnin pee-mRNAthastieprevelyaied ipyitdof Thiy wapdsa®Esefr ot ei n as

positive co lsari . &G YRRid QBRI bdiatb brarkfr Bf SHuA t er the
BBz 1, Sach G By ok RGN QL) btk bl E St

ef fl ux peri-od, ne ecte an ali c}uot was then counted by

i qui d sci neliolastato] wie apelmedenigr- TirhwslepssehfadipiayeledsHular ghalesteral to fipif fieg r act i on
vere determ 'ﬂﬁﬂ-aﬁ(;}tﬁ\ras etﬁnﬁ)%%ran@i.h@ﬁlpﬁ@yfe@%ﬁiﬁyﬂ %W&nﬁ-@{ﬂ@é’d%éiﬁ)lvereThe _
percent ef Tux was cal culated by dividing the counts in the efflux nedia
by the d8m efmnard with fat fom wilbyps henapapasd ROy STomaR eeliyenis Kidney £l DVEM BSA
medi-um was - 4eaeofSvere Rindadtedaiith @S albdkbi PRARMILPTETCH eontagihpatert ve count s
obtained | nthEa QF?OAF% I;lz?tl?rglnBQSTlgfi- ngrflmeagcrgxgt%%grl;nolng po yhfg Si%]:-afl héa(H pA); or WFRE

“3’UTR + SV40 poly A signal (§V40 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 HelLa 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 éfflux 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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-4s i nmedia. As shown in Figure 54, the anmpbunt of ABC 1-nedi ated effl ux
observed with trans- spliced protein was significantly above the background
and was simlar to that of w apoAl produced fromcontrol cDNA plasmd.
The above described results indicate (a) that human apoAl protein produced
t hrough trans-splicing is functional and (b) the absence of adverse 5
effects due to al bum n sequence in the final trans-spliced nRNA on apoAl
function. Trans-splicing efficiency at the RNA | evel was quantified by

real RtT I gBCRRIedIFﬂ% sﬁaltr?le Pgﬁi)elsamsk a{rrﬁ:@ntrogﬁ?bﬁ%e@lﬁﬁd &h@;v\asbsg_mmlmufaas-SSAl Based
on q results. it is  clear 0

natural 3' UPF@ESIPW‘%?S'&‘FlSW@‘ﬁ&P‘HWWVﬁg‘FH‘ﬁ‘g@" B&W‘Sﬁ&ﬂ“{? 'Rﬂé"‘\t&w Iap? w PTM and
the PTM wi tdroddRRrom &d]iﬁbuabuapﬁ‘s{ﬂa Mhe Sogddeberibal WsultQinBlEd (a) thindmmdn si ni | ar
trans- Sp|ICIn effici cy of. trans- Sp|ICIng
wne con1 1 ARG Pigbeed uiiheh B P ey Enospielaad G Ao AT, B!

VI VO TRANS- iRkth GletialBimikikididdc R ORI finh INAGs- WnRMBhJMoNI PREtTRNA
Trans-splicing to an endogenous nouse al bumi n pre-nRNA target has been 15

shown to produce hu@@ns@?l g eBlcRh datr@mlm&envﬁbdmhﬁ&edmemﬁfemul ar, to
verify the efficac he 1 ead PTMs sel ected from hlﬁ & aC|ty screen

(HCS) " and tRFRIGRETERy gitdghe requlthare diowndn Fighre pS- PBertd a8 T HHE nouse
al bumi n t ar g&k mhioth®rad, 2y, PEMOGCdpb AThabial 3 NUIRASIuTQGAE grpw Bilheinbne t he

followi ng e rinent  has be pert r bPTMB7C2
(PTM onl y); m%@”@"‘%f*%’% ’Jre“’lrg'[@ aB‘ﬁ*‘H#W‘Eﬁh‘@’%?@éﬁ*@%@WPgﬁﬂal?ﬁ ﬁaget 20
pl asm di¢ o pIMY, ipsed @mﬂmwﬂh%phmg:eﬂﬁwmy 2t0ke RN tev@ Ity acduracpoftsraal- ¢ DNA
pl asm d t hat e drodynam cally injected via
the tail veﬁpHcm%Y’adscﬁ"gr”“rraqsby(%‘?%ﬁ?qémcm Oft\ﬁeﬁl \;JQ({ an&jgser um sanpl es were
collected at 8, 16, 24 and 48 hrs time points. Tot al and oI A mRNA was
i sol ated and dRFRAMRLERIN KO FRANS-SPHCRIGAFHUMANAPOALINTO M on 1
specific (SEQ ID NG 25) (ACCTTTATSOUECPREMRNAGT) and hurran apoAI PTM 25
specific prinmers (SEQ I D NO 26) ZACATAGTCTCTGCCGCTGTCTTT) As shown in
Fi gure 56A the pres ans- iced chi nRﬁlﬁ ef,ected in 11
out of 14 mce tha’?ll;%rsglmnﬁtec Sy %n%uﬁmow o r{\"{/‘% etg?Sbe?ﬁ:h cating
good dets veqhywmfomddecepiumsmpdAmdétemathDL lmtdbtlnmcléqﬂl tooenfg teo endogenous
mouse* al buni nd PTM

fP capy %ﬁsc” ga%;te\ﬁ%m%\{ gatcﬁ?scr#iﬁtllg% ta oh%(ggttrat@‘

speci.f:i c priners as above ns-s et ween nouse
: trans-splicing of PTM into endogenous mouse albun'un target followed by production of

human apoAl protein, the following experiment has been performed. Fifty micrograms of:
mAIPTM97C2 (PTM only); 30 pg 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 apoAl PTM
25  specific primers (SEQ ID NO:26) (ACATAGTCTCTGCCGCTGTCTTT). As shown in
Figure 56A the presence of frans-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




30 al bum n target pre-nRNA and PTM was readily detected in a single round
of PCRwith |l g of total RNA and 25 cycles of anplification. Al sanples
frommce that received both the 49 | mni-gene target and the PTM

pl asm ds were positive for trans-splicing (Fig. 56B). In conparison, 10
out of 13 mice were positive for trans-splicing that received the PTMonly
(Fig. 56C). Each positive RT-PCR product was purified and sequenced
dermonstrating precise trans-splicing of human apoAl coding sequence into
nmouse al bumyfhi e farget did tﬁdﬁwﬁ@sahastwh PosiGid fofRarSisfliemg (FipessB).resul t s

denpnstrate accyr at ns-splicin t ween ndogenous
al bumi n pre¢ us"f"a@é’&'ioafi imfﬁg (‘P’Igre:'?ﬂgn‘feﬁ?‘t”ﬂéf'si{lfﬁlflg @gtr?acew %I%F%M?algggtl n;

strategy fofFig. heC)pEa&dp@sitiveRT(Pth;inmuapeupmﬁe@mmtsequmed demonstating pre@eddi ti on,
accurate trans-sp I|c to the nous I R4 JARNA target to
produce hunff™3 SB g06 For eI CO(? %me“étgﬁﬁsgt%}bg’%@g% Ser umpéarrp't\éiﬁ‘es 10 were
col | ect ed f sioe sifec e"l"hemrecltseidmvmtme RTiviate riays-sphaingichiyegethe BRM 2ol f or t he
production _of nREALEER iV EarkiBRiehal ot Mt

Appr oxi mat ef”)%, g%g'ﬂggﬂﬁ qfsbéer um was assaerIc(i‘ ro&gha ePr ot eoPTréng I\/BI ue affinity
col um (Si gmrquawhemmdmeraefdher@eﬁ@pm@meo This step was introduced to
elimnate album n and 1gGs which nmake up greater than 70% of the proteins
in serum and to i ncra&&dituﬁmafm&rae krﬁa(—:@hctmg tb e teBdogeniosLradusg @binongre- abundant 15

proteins. ar g S- PAGE were tr ferred
nitrocel | uI %fﬁ‘ﬁ? ‘W&XB?(’ &k Pwltnmm aﬁ%ea“F\OHEt%éegl Fr(l:lg'a{'%o ® nmonocl onal

ant i bodyo Bwexdesllegnd frérm todxe irg¢cted math PTEdNLyy PEM5@280dnd clﬂﬁblffeith@rmctém
i sual1zed Bt DS UIASOERED ) ion(UAVARE AR, GAH WNELIAR. Vst orn

blot result&n e appear ance roteln as early as
16 hrs post pasmdeluougbﬁrthPmTé‘élqeﬁf@ér eqdurgy QSFS“@@NWCQ‘?(PH?%‘IC%‘PQE\W&“) In this

- 20.-group, 7Tmyste;p\tas%oﬁeeg@{oeeﬁm%{e%ma dnli ¥&5s Wifch KHAE@@ Iﬁ_&fbﬂha@?(%@f n.

(Figure 57A). In mce that received both target and l\47 out of 6
sanpl es wer Hie priinsinsrumgnd i iReprsessmale 1?5’#"6{0@!3‘{‘13”"5%'12%#\‘5@ ¥denty acej ved t he

PTM onl y5(t ala@&k) S’ﬁlp@éﬂ%@ﬁ@ﬂﬁli@@SDS‘-P)&GE%eﬂ&an%ueﬁ@o GesRlldssewer e  positive |

for human apoAI protein. Thes result nst r at rate
trans-spl i cPRgL@Res an prehsd b é‘p‘? W“gﬂﬂﬁ%@ﬂgﬁﬁ}%‘ﬁbj@@“al bumi n exon
| | eading t mtdrit@om, @dummmsmy‘ Pm%ﬁls mdféarﬁhuﬂﬁed%y thammnnne(s&mgme 57B). 13

EXAMPLE, | N VI e T@%ﬁﬁ%&)cw\l% GEloMels\llhtgmlgg'ted Me appearan% human apE>1§E RESSI ON OF

HUMAN APQA| {
" 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 apoA] 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, Meusc L,
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Mnicircles are DNA vectors that |ack the bacterial DNA sequence that is
inplicated in the silencing of gene expression in vivo. See, for exanple,
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, -50 Kay MA. (2004)

Si | enci.ng of episomal transgene expression by plasm d bacterial DNA

el enents in vivo. Gene Ther. 11:856-864 the disclosures of which are hereby

i ncor por at B t he
mAl bPTN97C2elga Xpre qu'o%ﬁeg%{s?gs ef%lgun% &gsgéle |e§?1é cl e%glgg%bgﬁé&g)gtgéét 0 seventy

five ni crog@*%@ﬂ?tsdlf V‘ﬁ%%ﬂﬁmﬁzsf(qfﬁﬂ@ﬁd@ﬁmm@?wh‘ch Hahasby MEoeonEdby ce mut ant
(defective REMOr control cDNA (mmcs trans-spliced nRNA) in the-form of
mnicircles were hydrodynarri call y injected via tail vein into nornal

C57BU6 mice. Liver d.s es, wer coI S5k at_48 hrs through 4
week tinme points. wﬁ?\% “Qeé'?tgs byﬁ]ﬁ“&%& I|°ng dr?ga'sax &P ’b%@lssﬁ&exon 1

speci fi c5 f cintwamiticipae vestor. Bifigt tolsventyrive napoghhmsgeci IFHTMS7€% ﬁ‘nmerpﬂ P,
ot ed LRpRIR0% kLS REeORYSPLIURA ST i, GRIENOUS MouSe

al bum n pre- e results tained wth a
splice nut amRNH]'MﬂwéP@ afiminitiggtes E’Vefelba@m@m@uﬂdlyomg@dmll Yeirtinte ngesk  gr oup.

The presengepefs ntue@ RvesSdil s Gl Ww@m&@@ hd 4% h@%@m@v&i tifle We €k

pOSt-Inj ection indicating mnicicrles can be used as a non-viral PTM

delivery s mwwnwlwﬁmﬂc&usaﬁ goyssiabbugin exeit Lispedfnioresd primid ce
i nj ect egh W HubhafThtiAG kieGii€ foverf i@t SRttt 1R b pliting mﬂbutmlmﬁ@mt i on ‘of

human apoAl otein throu t.rans icin Ten ter serum
sanpl es werEo ﬁ%&mbﬁ@e}% "éafeﬂ%‘iﬁ*?rg h%ﬁs%ﬁps@dﬁ@tﬂ 'aB‘B%GS‘msé’&i %dy. Af ter
el ution, saniH £pliveriganeBIM eRteshiineio batkgtopadebsaveddn tha %o80FelpBEe and probed

with the same ant|hody(OUIRNASRecl b canofl (a1l Bedkl (ol s used for 20

i munopr eci plsfmc’cel ope usin Pnvi t rogen,
Cat # \\B71QOdinicicrlviérat b used asambd-wirat PEMrdeliveghayster. the pr esence of a 28 kDa
protein band that co-mgrated with the positive control purified apoAl

proteim4Fig. 58A). W&%ﬂlﬁ%ﬁﬂﬁ%o@ﬁenmﬂEﬁ{}leéﬁﬁrﬁ'mn&rﬁkﬁécﬂvmﬂﬁaﬁwﬁél@so det ect ed
in 4 week serums | es (Fi .. Theseé results not only confirned the

product i on @I et ahes &teé’r “?tWPBﬁBW‘aPF%ﬂ{éP?&“} Erongh HPs-pPhginent o
endogenous TesfAhical i Birin RidITRMA ihahgkecipaitd Big hidin Pbem HeADNST 1 at ed
the urflit y t?ll;cnndg1 Anfle(r: (Ial{mon, samal?as werg cor}fcen\t/rlatl;fzgl Ianalyze 9ne all 2\{/6 é%S ?’X(S_‘vh

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).

Waestern 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 frans-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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pO70V ccnr ~~" Qfti Cqgq QA UUVLa -52 14 EXAMPLE: IN VIVO
TRANS- SPLI CI NG OF HUMAN APQAI PTM | NTO MOUSE ALBUM N PRE- nRNA | NCREASES
H GH DENSI TY LI POPROTEI N (HDL) One of the nmain objectives of the current
study is to determ ne whether production of human apoAl protein through
trans-splicing contributes to HDL increase in 5 vivo. To test this, mce
were injected with nouse al bum n PTM (PTM only) and control cDNA plasmd
(mmcs trans-spliced nRNA), as descri bed above. Serum sanpl es were

col | ected af4 gkhf@reni vivoerrpeisndes i€ms di SuMANABHA e e 8l Medst ot al

HDL- chol esterol was aeterm nea by . d

the resul t s&kE i IGREA of serum was
mxed with 4 |d dextran sulfate preC| pitation 10 reagent plus 30 | saline
and, after 10 mi n atOmeodthetaimybjeativay o thewasent etndy is fodgednifiowheB6r min (4C) at

12,000 rpm rlﬂﬁnﬁ &%ﬁm&#@ﬁé{}%@ﬂﬂg&%ﬁ?u@ﬁ %Wﬂ'%ﬁgﬁtﬁﬁges% B %n@n%a%e zal i ne and

t ot al choI ster e basellne tota
HDL- chol &st gra(To itentthlhemeevmﬂrmiecte@w@w%v@bla@eaTMdP'&M@W)%cmvbbL At 48 his

tinme point, ;pREYmimG rﬁﬁﬁ& Jas-{pRted mRNA as GRQ}BALESVR! schRPsaRBREVYEd i n the
control cDN%]\Jgrg/up E eiarsegspses an nﬁaﬁlAt hat is |<1Tentslacgl 15 to

trans-spl i c@@c‘i’fﬂlﬂdlffﬁ‘iﬂfd@ﬁwﬁ"&@(‘*s vthopghft veckRged ot FBhSBoliswl ¥Bser ved i n

the PTM gr ogiger@tned thBdeRish suif@é";ﬂ&cﬂﬁtamﬂﬁneﬂﬁ@\éﬁu thérebiil@ we@ cofpargivafhi f i cant
- chol es observed i n, serum sanpl es

i ncreases (25-50 er ol S
col | ected afoniols. ﬁpﬁﬁgcajiyv@é‘k ClSFTHE “ﬁ‘BT“H‘F‘i Wity H‘i%ﬁ“’a“ts?‘g’é“t%ﬁlwtm PTM only and
- al so m ge trearhetus\30 jhsalikdMAd, aRad 0 hfiki iﬂgiomteﬁlﬁwatﬁre%stﬁltrﬂﬁgbﬂmﬁtiﬂﬁnn inthis

~application e sho a) succe and ag rans ci ng of
mouse. al bunf O30 pbRR e HEk BARRET e AR A AR SR b duct on of
human apoAl chplegttrel wastneasuteglusing FRLGS ImaserhnﬂgtaaHBL -chuleterdl inpbe toamell y, (c)

production Iqﬂgg anss, | m ce leads to
signifi cant&%lgjgw%d%r%ﬁteﬁggg Rhﬁ}& ev °§%v2§mﬁ&éaﬁe§{§e |I%1Ig I ncreases in
HDL bl ood I@O’GN‘}‘O]&W‘@ obsstyed indhacagntydl cANA @rhup dt exproksesyin RN A theviaislenticalr

di seaseys VsCHIﬂﬁceH‘ﬁH@M n n{ﬂbﬂéﬁﬁt h&‘%ﬁﬁéaﬂ:qncfr&ééw 'oﬂ&‘e&-\%ﬁlﬁi tﬂQP]tDJTEro% per cent

cholesterol reduce cardi ovascul ar risk by
(Castel | V@Shf@f@Wé’@f’é‘f 810“’5ﬁ’cF‘W"p?%‘é‘gql‘r:'Faf‘tHE“‘i"aF%sI(250$0%)d’éﬂ°6‘h§P§r artery

di sease - - tdnglchEdid ghareSinleshim skrAflesboliedted b, 2 18BBweed timepbints irhic®- 10A;

;:'Therrfh | on I rol E i on Program [ NCEP] Exper
Pan e? Oﬁpo ttreat%d wEth %lellabtnly%ng aIsoChmge gga%es w?th cDIqIRngco?dmgly, 81% reas'ults[pre%ted pert

in this application clearly show: (a) successful and accurate trans-splicing of mouse albumin

20 PTM into mouse albumin target pre-mRNA, (b) production of human apoAl protein through

| trans-splicing and, most importantly, (c¢) production of human apoAl 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 Cholesterel in Adults [Adult Treatment
Panel IIT]. 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, S14-818; Brewer BH, 2004, N
Engl J Med, 350, 1491-1494)
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Detection, Evaluation and Treatnent of Hi gh Bl ood Cholesterol in Adults
[Adult Treatnment Panel I11]. Final Report. Bethesda [M]: National

Chol esterol Education Program National 30 Heart, Lung, and Bl ood
Institute, National Institutes of Health; Septenber 2002. NIH Publication
02-5215. Brewer BH, 2004, Am Heart J, 148, S 14-S18; Brewer BH, 2004, N
Engl JMed, 350, 1491-1494) -53 | The present invention also provides a pack
or kit conprising one or nore containers filled with one or nore of the

ingredients of the CREPASIN ARG Hisolphiidesy§iddk biOdit colP@ingPAEH nire Ki t  May
include a notice in the forn1prescnibgg@@¥ 35%overnnen¥§J.ngncy regul ating
t he manuf actagtegersilled with ang pemeye olfheiperadients of grcampisiogisgyt i II"“’B‘rllglcﬁuct s,
¥\hi CE not i C.ﬁd‘acl’c 81 i8fdySnduda R BEHRY @l theyrmt frescalgAng ¥ gofemmanaifagatcyiregylatige 0 & sal e
or human adm nistration. _The present. i nvention | e iJrited in
scope by t hite BERacure useé’ﬁﬁ%ea‘?r}%fﬁ?%ce@lrcal%?(rra]tbﬁ%?%csa?%fgésu?trsi%%’ %térggfi#cg} ndeed,
var i ous podigptovaltbyGraigaty biheanifstentusoor silm for hdukintadoimistrtionhose descri bed
herein will becone apparent to those skilled in the art fromthe foregoing
description and accOfRARYR Rkt 8stto RUGREARNcblcbRte@pRifr e i ntended to
fall 10 within the scope of the appended clains. Various . references are
cited herei embodimentsjoseaprlay descriged Rgfsine fndgpds vagjous ﬂ%‘?‘g%f}"ﬁs ﬁE‘EJ? PEPEPRE by
ref erence i %Hdﬁd&ﬁk&th&@ﬁ&sgﬂ{eh Bérein wﬁﬂqe%e%ﬁdr&ﬁt-tokhos&_slﬁl&ldﬁt; honpforns 'thagmz nucl ei ¢
acid nol ecul e that encodes a protein, or 0 nti.de of. in erein _
sai d nucl ei Pregeing despnntiopnd 2 E‘B‘?‘Wé 18Uty %"f‘fhxg&l%ﬁ%lf"%”ea"rﬁge% eg%ﬁ?\%i ng donai ns
t hat tanget whhifdicR@pebf thdpendad digs. acaridusTefehes ut et hatincthedisidsuehe prot ei n
or pol ypepti .Qf interest to an,.alhumn.target. - MRNA within the cell;
b) a spli ceog’éb‘%oaﬁe‘, al eregy g‘ﬁ%%?%drbéﬁ%}%ﬁmt@ -ﬁna@&gg%éeggsf es the splice region
fromthe target binding domain; and 10 d) a nucl eoti de sequence encodi ng
the protein or polypeptide of interest to be trans- spliced to the target
pre-mMRNA; wherein said nucleic acid nolecule is recognized by nucl ear
splicing conponents
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within the cell. 2. The cell of claim1l wherein the protein or polypeptide
of interest is selected 15 fromthe group consisting of cytokines, growth
factors, insulin, hornones, enzynes and antibody pol ypeptides. 3. The cel
of claim1l wherein the protein or polypeptide of interest is selected from
the group consisting of ApoAl and ApoAl mlano variant. 4. The cell of
claim 1 WWE&GTAMe protein or pol ypeptide of interest conprises a 20
single chain antibody pol ypeptide. 5. The cell of claim1l wherein the

protei n or pol yipept iAleclbompistgesiudaepdid gRdecutabhiomeddsla poteinairn. 6. A
nucl eic acid nol ecul e that encodes a protein or polypeptide of interest

wher ei N S gjofh Rpied 4 fGnidfdstw IRLRCGHIdGR RIPA S BDlecdR @InpPR&: OF nore target
bi ndi ng domdins that target binding of the nucleic acid nolecule that

encodes the pr i i f.l Q. I 1N _f.arget pre-
A ai thi £ iy ol Bl o i BeFlofit b BorBe AL A OF)
separ ates rhdleculthatcdcsdg itleprbtemoripbBptptidgel iméasitngn dlbomimtargeaprd- d) a

nucl eoti de sequence enc?ding the protein or pol ypeptide of interest to be

5 trans- JPRNASHIthIB theeell ar get pre- mRNA; wherein said nucleic acid nol ecul e
is recognized a Hﬁ&g@gmﬁplicing conponents wthin the cell. 7. The
nucl ei ¢ acid nofectle of claim6 wherein the protein or pol ypeptide of

i nterest is selcpetmadefregiom thatsegaraiep theaplédestgiogfrom the/tacget bieding dorosinh
factors, insulin, hornones, 10 enzynes and anti body pol ypeptides. 8. The
nucl ei c aé™ nol ecul e of claim 6 wherein the protein or pol ypeptide of
intergat is Se'd%hﬁ&eétfd@@bc}d@ﬁce@h@&ﬁn@ﬁ@?fo‘ééiﬁ B If iRBEstAD BN ra- | ano
variant. 9. The nucleic aclid nolecule of claim®6 erein the protein or

pol ypept i deliesd to thettersstprecoRPiA; ses a singl e chain anti body pol ypeptide. 15
é? : The nucl ei (%Nh%%el.ilg said lm?cﬁgilc %cigfmo(ic!:c%ier?s (rseo\cl)\'gl%eed lgly rtluQ:‘IeeaP gp?ltc?r{gnco%poggnltsy pept i de

within the cell.

2. The cell of claim 1 wherein the protein or polypeptide of interest is selected
f 15 from the group consisting of cytokines, growth factors, insulin, hormones, enzymes and

antibody polypeptides.

3. The cell of claim 1 wherein the protein or polypeptide of interest is selected

from the group consisting of ApoAl and ApoAl milano variant.

4, The cell of claim 1 wherein the protein or polypeptide of interest comprises a

20  single chain antibody polypeptide.

5. The cell of claim 1 wherein the protein or polypeptide of interest comprises
Factor VIII protein.
6. A nucleic acid molecule that encodes a protein or polypeptide of interest

wherein said nucleic acid molecule comprises:

25 a) one or more target binding domains that target binding of the nucleic acid
molecule that encodes the protein or polypeptide of interest to an albumin target pre-

mRNA within the cell;
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interest conprises Factor VIII protein. 11. A nmethod of producing a
chinmeric RNA nol ecul e that encodes a protein or polypeptide of interest in
a cell conprising: contacting an al bumin target pre-nmRNA within the cell
with a nucleic acid 20 nolecule encoding the protein or pol ypeptide of
interest that is recogni zed by nuclear splicing conponents wherein said
nucl eic acid rmb)e&ﬁﬂlléefﬁgiﬁélr;i ses: a) one or nore target binding donmains that

target binding Qf ' ' : gin or

pol ypept i de of ricErgs ffrBE sl sERLRRHLAR) ol EOGRRATANEAIRALE' )
splice regamdn; c) a spacer region that separates the splice region fromthe
target binding domaip; .. and d) a nycl eotide sequence.{o be trans-spliced to
t he target pre-‘%ﬁl‘@&? eotidggseipaics Prrofing i rrPlsineor WePﬁffeéjéﬁFtEwF@)ﬁ%cogni zed
by ”UC|searm§rBLEﬂic@8t&@1€W£%E& SmRMANIi n the cell. 12. The nmethod of claim 11
wherein the protein or polypeptide of interest is selected fromthe group
consi sting of cyhatidseid nugemwecid fhaetude is redogsiaed by nindeansplzsg compgneds 5 and
ant i body pol%iget\‘?ti s. 13. The method of claim 11 wherein the protein or
pol ypept i d&t fterest is selected fromthe group consisting of ApoAl and
ApoAl m | ano variant. 14. The nethod of claim 11 wherein the protein or

pol ypeptide of interest conprises a single chain antibody pol ypeptide. 10
15. The net hod Bf cl Bienvgleiogpidmesiloulelpé clpinpé aheretrthpppigpep plapepdfle pint er est

pol ypept i desprr e b fbon Psisl T VRS, eRRPHHELRO IR Bl o et

pre- nRYA Writzhings frdibarti®blly polipeptidedicl ei ¢ acid 15 nol ecul e to produce a
chinmeric RNA nol ecul e that encodes the protein or pol ypeptide of interest
wherein said nucleic acid nol ecul e conprises: a) one or nore target binding

dormai ns that tagget Bl 2 nidieuldbebiginfe ¥hbdin e fStltor polypeptide of

~interest is selected from the group consisting of ApoAl and ApoAl milano variant.

9. . The nucleic acid molecule of claim 6 wherein the protein or polypeptide of

interest comprises a single chain antibody polypeptide.

15 10. The mucleic acid moleeule of claim 6 wherein the protein or polypeptide of

interest comprises Factor VIII protein.

11. A method of producing a chimeric RNA molecule that encodes a protein or

polypeptide of interest in a cell comprising:

contacting an albumin target pre-mRNA within the cell with a nucleic acid

20  molecule encoding the protein or polypeptide of interest that is recognized by nuclear
splicing components Whérein said nucleic acid molecule comprises:

a) one or more target binding domains that target binding of the nucleic acid
molecule that encodes the protein or polypeptide of interest to the target pre-mRNA
within the cell;

25 b) a splice region;

¢) a spacer region that separates the splice region from the target binding domain;

~.and

- d) a nucleotide sequence to be trans-spliced to the target pre-mRNA;
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to the target pre-nRNA within the cell; b) a splice region; 20 c) a spacer
region that separates the splice region fromthe target binding donain;
and; d) a nucleotide sequence to be trans-spliced to the target pre-nmRNA ;
wherein the nucleic acid nol ecule is recognized by nucl ear splicing :
conponents within the cell and wherein the chimeric RNA nolecule is '
transl at ed by twieraetHe n2bleforcpd mdleceletidnecpgnitedibly mucigaosplivar dodgpoaénts
interest. -57 17.. The nethod of claim 16 wherein the protein or

pol ypept i d6TR thefelly est is  selected fromthe group consisting of

cytokines, growh factors, insulin, hornones, enzynmes and anti body

pol ypeptides. 18. The nethod of claim 16 wherein the protein or pol ypeptide
of interest is 125 sdhemetibdiofwiaimhld wheseip theopretest oruplydeptigoaf intenest Spo Al

m | ano varjiant,.19.. The nethod o l.aim 16 erein the.protein or

ol ypept | GEBH SR e e CRuie S ol iet et e kB UBBS yREI  de. 20.
The nmeshodn@bnoliyPoldeptRsei N the protein or polypeptide of interest
conprises Factor VIII protein. -58

13.  The method of claim 11 wherein the protein or polypeptide of interest is

selected from the group consisting of ApoAl and ApoAl milano variant.

14.  The method of claim 11 wherein the protein or polypeptide of interest

comprises a single chain antibody polypeptide.

10 15.  The method of claim 11 wherein the protein or polypeptide of interest

comprises Factor VIII protein,

16. A method of producing a protein or polypeptide of interest in a cell
comprising:
contacting an albumin target pre-mRNA within the cell with a nucleic acid
15 molecule to produce a chimeric RNA molecule that encodes the protein or polypeptide

of interest wherein said nucleic acid molecule comprises:

a) one or more target binding domains that target binding of the nucleic acid molecule
to the target pre-mRNA within the cell;

b) a splice region;
20 c) a spacer region that separates the splice region from the target binding domain;
and;
| d) a nucleotide sequence to be frans-spliced to the target pre-mRNA;
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
25  to produce the protein or polypeptide of interest.
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17.  The method of claim 16 wherein the protein or polypeptide of interest is
selected from the group consisting of cytokines, growth factors, insulin, hormones, enzymes
and antibody polypeptides.

18.  The method of claim 16 wherein the protein or polypeptide of interest is

selected from the group consisting of ApoAl and ApoAl milano variant.

‘'19.  The method of claim 16 wherein the protein or polypeptide of interest

comprises a single chain antibody polypeptide.

20.  The method of claim 16 wherein the protein or polypeptide of interest

comprises Factor VIII protein.
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