COMPOSITIONS AND METHODS RELATED TO mRNA TRANSLATIONAL ENHANCER ELEMENTS
REFERENCE TO PRIORITY DOCUMENT 100011This application claims the benefit of priority under
35 U.S.C. 119(e) of U.S. Provisional Patent Application Serial No. 61/007,440, filed December 11,
2007. Priority of the aforementioned filing date is hereby claimed and the disclosure of the provisional
patent application is hereby incorporated by reference in its entirety. BACKGROUND

100021 Translation in eukaryotes is initiated following recruitment of the 40S ribosomal subunit, which
can occur via the m7G cap-structure, a modified nucleotide found at the 5' ends of mMRNAS, or through
cap-independent mechanisms. The latter has been termed internal initiation of translation and can be

mediated by vari§OMROSTTHINS NP METHOD SR EL-ATRD TR RNA 40S ribosomal
subunit moves to an initiatjo 0 rﬁpﬁg’ E}t@ﬂ j i?@?’[ j ptide synthesis begins.
Sequence elements com%ﬁ?ﬁr?fﬁggding se[gjnr%lren S art‘%e aﬁd ends of rriRNAs can affect
the efficiency of translation initiation. Sequence elements that can enhance the translation of a
cap-dependent mRNA haven%ié(;ﬂE ﬂﬁ{m@ ts (TEEs). 100031Some TEEs
enhance translation initiatio Eﬁe@%@?ﬁ involves gg%%ﬁr?g to the RNA component of 40S
ribosomédeatjunitSisedBE aitasdanak Eid Aeréi Af pSorite MEERISH. 8IS0 §ihdRTad - fbosomal
recruitmgnt Sites, R tg RS RRCIHIRIAD Of HgyislalionidMeyRT»dP PEL IO N igspme entry
sites (IRE@‘QS%%%I r?(%%ﬁnfgﬁgﬁ%é TEEES. SUMI\/_IARY [00’041There is a need in the art for more TEEs
which cahesdanemtitionsddiliaedstoisirersbyrelaimedinndidie divrirsuy ahthg ey irerahyateRk present
disclosutg addressehinisPRd RHsHOEeHs EARE N ienenarpgct, provided are isolated or synthetic
polynucleotide sequences which function as translation enhancers and include at least one mRNA

translational enhancer element (TEE). The TEE present in the polynucleotide sequences consists of
RNSGAGMGRMR (SEQ ID NO:1) or MSGAERGRAMVARBSEQ ID NO12), or a substantially identical

sequence thereof. Also, more than one copy (e.q. 10, 25, 50 or more, copj f TEE can be
oresent S1ELe p mefé%a%e@éweel§¥r%a%gfm?gwaﬁxgafearsﬁ%?ﬁ@%éﬁgﬁﬁ‘ggtﬁ%;ﬂ
12[NISIGAGAI GRAY 2RARR4 (SR DONER3ocRE) 88208 8GORRG M WRE ¢S NO:4), or a
substaniiady é?gng{g?gé%%%ﬁs%gggﬁ bIBNESE SEGHENGES RS ARRPREGlebhauadipresent N1 is

absent, i or G if present, eferably’A,C or G; Si'is absent, or C or G if present, preferably C or
G; M1 isimtepnat intiatipnbéaansirtianand sephesaat g brmmyious MechaRRY- ARl RYIBEN be the same

or differeptn i aRsemle PhbcRufisth RIRSAN ¥sferal Mubual GidiSsin ahsantagsrcodds, itresent,
preferab%)absent; R4 is absent, or C if present, preferably absent; and ES is absent, or, A if present,

preferabfPSFHERPTRABSHOUBE iiPsorRd BYRAIGE SHELRsTS el bRy R TIFA €SSBS ¢ or G if
present, wigfaradyc6doigGednteigsGtandS' Miis' Ends of MRMA i affest Wids Hivsanty of A or T if
present and R6 is absent, og A if present. 10007 1In angther odi t TEELQnsiRts of RINI
SIGAG MT@&%W?F%’E&%‘F?&: |§r‘1°ﬂ-‘ﬁ%g§°e§%é‘heé‘es f‘é aﬁ’g“fi’ %%%gg%as“eg???{h’l%A% or53 0; Siis C or O;
M1 is A arR)RReie Aaen @ramd MahigafiooriCnhmegtotiementp 6blrRent, the TEE consists of
R5M3S2CS3GCN2GM4WRe. In this sequence R5 and 126 are absent; M3 is absent, or A or C if
present; S2 1S C or G; S3is C or G and 52 and S3 can be the same or different: N2 is G, C or T; M2
is A or GO0 apEeot EER SRS TIOSGEAR LOTRE AR G egn%g,lstlﬁeth&{ f/lr\{aqc Sbtae sequences
include pdifikg batie RN segugneeihaf 4 Sitribasitil%uidentcaidd §Sseopsonce Ryl GEAD NOs: 5-35.
In some embogdiments, the polynucleotide sequences incl S having A SeAHERGSRat is
identical10'0ne Of the sag%]%gfqncggg%? gﬁjasﬁg‘é}dgscrgus ?&gg&?&% it _

translation; however, most internal ribosome entry sites (IRESes) do not function as TEEs.

SUMMARY

[0004] There is a need in the art for more TEEs which can be useful to regulate protein
expression in biotechnology and gene therapy. The present disclosure addresses this and

other needs.



100091In some of the polynucleotide sequences, at least 2 copies of the TEE are present. In some of
the polynucleotide sequences, more than 2 copies of the TEE are present. In some other
embodiments, the polynucleotide sequences include at least 5 copies of the TEE, at least 10 copies, at
least 25 or more copies of the TEE. 100101In a related aspect, provided are cloning or expression
vectors for recombinantly expressing a polypeptide in a eukaryotic cell. The vectors contain a

eulcaryqgiomoieich 1> BRRRROteRioAPaAle BliA saBHRE S ishlacyaigsat least one

MRNA tran cer element (TEE) discloséd herein. The TEE present in the vectors
consistsfaiddMSE ABNEBRMRISE DN ]ent ST HE oM WemysEmasmensst or a substantially
identical ' [ vectors consists of
RINIS R o R Lo T G R S A R (520 1D NO:),or a
substanBAIRGAEREH M (R SLNERLbF fn HSESEENENEBLRBEQIBEN:Br A r G if present; NI is
absent, afbétaﬁtﬁggi&feﬂ{ﬁae@qm@{ﬁ@é’oﬁQ.@B,%;o'?é naPsentopy (.8, G K presents pigferably C or

G; Miis A or C; R2 is absent, or A or G if present, preferably A or G, and Rl and R2 can be the same
or differamtrenopissibsetnh JEA eancbefpieseBhin) BieeRabipusiertide ReAIS5Sent, or A or G if present,
preferably absent; R4 is absent, or C if present, preferably absent; and R5 is absent, or A if present,
preferajppabsentMa ndbaeRéngrie TEA doptaseot RtefBrabl Kl GRMSRIRIRSESEPIT or G if
present, preferably C or G; S3 is G oy C: N2 1 r T, M4 is A or.C; Wis absent, or A or T if
DresontMHEr S AL SR R EHRe (RS inhar aauiely e s e vector
consistsigfrERINIS 1RAOKGRANMZRZR 3B dhis sequiépessdrt; RG arubrdtave Alisent M is A, C or G;
SiisCorG;Mlis Aar.C;R2is AgqrG and M2 is A . In another. embodiment, the. TEE present in
the vectWEﬁﬂs‘?é?ggE)gWSﬁ%zé’ééﬁgﬁﬁ%faﬁﬁalﬁ% Igr;; &85 15%%5%; 58a%r§??é£%rles a%)g{leont; M3 is
absent, O R0t ebikprasentra? ibpteom pbfdmblyoA Grahchi® Rirehd R caanlie the samaeor different; N2
isG,CaqrJ;, M2is Aor.C;, W is absent.or A if present. [0Q13]ln some of th tors~the TEEs consist
of a seq%g%(r:een llaéﬁéssal?ﬁés?&r%é%f ﬁgfe]hﬁ%rﬁf?é‘tapé‘ésfgﬁaéb%%g‘ soe[]lglétsgd }?c?%séééﬁ%%l%%%% In some
other ventaesit thefEF2Bly abssistRf ia segug e tifgrésdoepticiatablp dequenrod Belsclestfitons SEQ ID
NOs: 5-35..[0014]In same vectors, the mRNA translatiopal enhanc is lacatee 3' to the
promoter éf eﬁ%p?é??%%&fré%&%ﬁa @gtﬁt)grlsfco 'a g%e%())rn‘g %ﬁ%ﬁ%&e%{[%gggsgg&e%ce ’enzcoding a
polypeptickersf on@rest Soreewf theReabbcOw rtheis idande Maseébrid polyidciedtide SeYlience
encodin olypeptide-ofinterest whigh.| Rlyalinked to the mRNA translational enhancer
elementgl%g%]r%/’\gr\%c?t%ﬁl,fl reggr%%ﬁ\lg,g tﬁr‘éh%gtgl%%l e%h%ir%:esr element is located in the 5' leader of the
second polynucleotide sequence. Further provided are DNA vaccines which include a yvector
expressifBi3h anfiercdiantarbedimentstis e rransintsral Fndh o Redd RN65etele €., eukaryotic
host cellgisyehasxCh 1 RaHaRYhichBgtransieatad yith hiavedos; MG Aldn @; fRythen aspect,
provided are methods for recombinantly producing a polypeptide of inter T thads entalil
construlfiABiaieR g o VaRRPRATE e W%@%ﬁ%@@?&%@fﬁ% by (e.9., 1,
2, 3, 4, In #s 22usRoRYEHE RPRICEhOING MR NAHastatiopalEiThaaeat deisenbil@t Sy és€ach
operably-linked to a polynucleotide encodipg.a polypeptide of interest. This is followed by transfecting
the exprSSiBfB@RY Rt RUKSANE %é]ig&eéf{) eﬁ)?, l%g é’&%ﬁﬁdiw&ﬂ%@ﬁiﬁ@ %Wéf/oosrt cell
transfected prdtedine expression vector. In an embodiment, the mRNA translational enhancer element
(TEE) present in the vectors consists of RNSGAGMGRMR (SEQ ID NO:1) or MSCSGCNGMW'A
(SEQ IQJyfp). 0 Ay deEny Hensrdberaaid001Rlnan embadimeny. the TEE
presenﬂéﬁt%f vec%%af§%%%§g§s§iof ‘REN.IhS%IaégA%aMTGRZMZ R3R4 e§§.EQ ID NO:3)l o%?
R5M3Ss@sscCiat il (&Edenqaidion serusrsmlemealy) IBiRsarstulhnt®fiereof. In these
sequen%%&lﬁ:ﬁ?,&ﬁ@?&&ﬁ&é&i&%@@%@ﬁ&é\lila&mapaemﬁcxfam@ Qrseyifepeesantipiefatably A,C or G;
Siis absent, or C or G if present, preferably C or G; 11/441is A or C; R2 is absent, or A or G if
present'bPEFRPEBI RBEBS S REQTH RS e the same or different; M2 is absent, or A or C if

present, preferably A or C; R3 is absent, or A or G if present, preferably absent; R4 is absent, or C if
present](rederablin abserf ted®Bnigckissistet seruanifasraséanst greserabdf HissERE MBRECABYent, or C or

A if present, preferahly CraEAs B SARSRAL, Bk 1R I Rissent ieferblY fraQe; B3dsr or C; N2 s
G,CorT;M4is AorC;Wis absent, or A or T if present and R6 is absent, or A if present.
other embodiments, the polynucleotide sequences include at least 5 copies of the TEE, at

least 10 copies, at least 25 or more copies of the TEE.



100171In another embodiment, the TEE present in the vector consists of
RINISIGAGMIGR2M2R2R3RA4. In this sequence RI, R3 and 1(4 are absent; Nlis A, C or G; Sl is C or
G;MiisAorC; R2is Aor G and M2 is A or C. In another embodiment, the TEE present in the vector
consists of REBM3S2CS3GCN2GM4WRE6. In this sequence R5 and R6 are absent; M3 is absent, or A
or Cif present; S2 1S C or G; 53 is C or G and 52 and 53 can be the same or different; N2 is G, C or
T; M2 is[0080]C; Whie mtiatediaspeda irprideshare[clonBETITe NRFENHOR ARt dABI ERARHE& Blement can

consist %&&&@ﬂ;‘ég%%ﬂ%ﬂ'&e%tﬁéﬁ@%é%ﬂﬂCﬁlé%é’c&ﬁ%@ﬁk@%ﬁﬁéﬁﬁ%ﬁ@%&%ﬁmuIO consisting

of SEQ ID'NOs In some methods, the rnRLNA translational enhancer ele consists of a

sequencehirhisepgeRtichrksh el sardasatemc b BdEs ALISAN P RS 'D NOs: 5-35.
Some of thrimetaodseae ferthantTuers awibsaphdieiexresSEE ipessnbinant patypeptide from the

host cells or fro hg ilum surrounding the cultur ro, %H@ tides of interest can
be prodﬁE@ﬂs\tﬁigﬁl W%&%@@é{éﬁ@ %)e@nbﬁérﬁ&ampéﬂg r%(?%éegré%ﬁtherapgé ic% proteins of
great clipibaiatimipivy taasecareeguitadalehtoedfie methods. [0019] A further understanding of the nature and

advantages of the present invention may be realized by reference to the remaining portions of the
specification and claims. BRIEF DESCRIPTION OF THE DRAWINGS [0020]Figure 1 shows a

schematgpigpresentafionvotinéan shetiprRbentai-trivanpesiibrsifeesback vector along with the
[ P1 d ipti ipti TF ,
bbb erbellacr i atw iy e e st et 2o W e

enhanceqoidyen positivadeedhrak vt ctauascinthdgue Ih titheasthirehpeoRijlstalisackdrostoprotein

synthesis. [00221Figure 3 shows translation enhancing.actiyities-of translational enhancement by 5 to
25 copies YES%%’%)%L; Va%’éffét"ﬁ? é?é?é’ﬁwéﬁ?sp RO %Y e{%\%%%%rg‘éét% f/ng’foarqs?zoé-(r@;] atched
control Gopsiter].plee2aihiguce @;shnviss £onsE Ry s rintis deduced fibprevarippsfEEEl gldéments.
[00241Fi e5$ow anslation enhancing activities of synthetic sequenges ed on motif
sequencog Lé[{(gltc:1 ‘IH’?\I%‘.T)‘%’F rtrgce)tl sgq?feogicfgr nSS 15%6?5)0%%&8&/? tlg%eepegi(%:’[ivity of a
size-maiebfeabiyntrot CorRiriscibs&E HAK BDAIERERIR Pefirhidyebsmy 0025IBistlosédifierein are

novel mRNA ranslatgnalconancerelerients (TEES), Saecileali A)das Aetgld b Examples

. present, preferably absent: . ! .
below, id&rfifie Sre B nuymber oFshortnuciectide sedquences that ar capable of enhancing translation

in mammalan Adsprslst(ergfe@bOGo0BHKicelisintsy Oisclostpresentanseraily Motifs;or TEEs from

these shorl gg%g?éﬁg%mﬁé@%@%me?m ool 1o SHSEACMARMR (S NO'L), and

motif 2 is NO:2). It Is noted that in these 'sequences, R denotes A or G, M
denotesoh AifprSedenotes G or C, W denotes A or U (T), and N denotes A, G, C or U (T).

[0012] In another embodiment, the TEE present in the vector consists of
RiN,S;GAGM;GRoM;R,R3R.. In this sequence R, R3 and Ry are absent; N; is A, C or G; Sy
isCorG; M;isAor C;Ryis A or Gand M, is A or C. In another embodiment, the TEE
present in the vector consists of RsM3S;CS;GCN2GM4WRs. In this sequence Rs and Rg are
absent; M3 is absent, or A or C if present; S; is C or G; S5 is C or G and S; and S;3 can be the

same or different; N2 is G, C or T; My is A or C; W is absent, or A if present.

[0013] In some of the vectors, the TEEs consist of a sequence that is substantially
identical to a sequence selected from SEQ ID NOs: 5-35. In some other vectors, the TEEs

consist of a sequence that is identical to a sequence selected from SEQ ID NOs: 5-35.

[0014] In some vectors, the mRNA translational enhancer element is located 3’ to the
promoter and adapted for directional ligation of a second polynucleotide sequence encoding a
polypeptide of interest. Some of these vectors further include a second polynucleotide

sequence encoding a polypeptide of interest which is operably-linked to the mRNA



[0026]In another embodiment, motif | is RINISIGAGM1GR2M2R2R3R4 (SEQ ID NO: 3). In this
sequence, Rl is absent, or A or G if present; NI is absent, or A,C or G if present, preferably A, C or G;
51 is absent, or C or G if present, preferably C or G; Ml is A or C; R2 is absent, or A or G if present,
preferably A or G, and R1 and R2 can be the same or different; Ml is absent, or A or C if present,
preferably A or C; R3 is absent, or A or G if present, preferably absent; R4 is absent, or C if present,

preferabtyensigéonal ardantheslemissdin spmaseiPris i RN & AaMAE i PRIRSIVFPSEC ID NO: 3)
wherein 1., R3 ;3164124828580 sDbbiig ﬁx%@&&ﬁé& RGeS Mirifieh o GdRPais BIOAG and M2 is A
or C. [0027]In another embodiment, motif 2 Is R5M352CS3,GCNZGM4V\{R§§E(F) 1D I}‘Lgl_t . In this
sequencEaRSSs HhSh RCBIdR A ERISRIPTS S TRF AP ISR KNS RS LEURE BT 5t AN HrESERL,
preferably &i@dirSRois ahiseRtg Qe ka6l rasent prefesOCeell FrEd s onBfdiRd G, C or T,
Mais A or,C; W is absent, or A or T if present and 126 is absent, or A if present. In another
embodint8fit FHSEFSTs R5M3S2CS3GCN2GMAWRE (SEQ ID NO: 4) wherein R5 and R6 are absent:
M3 is absent, or A or C if present; S2 is C or G; S3is C or G and 52 and S3 can be the same or
different{0025k G, 1B afarthorepetopoypdaeyashody farif§suBBie By PRIAISE8on, several specific

sequencessyphesizesthased o thacRnaanmS Riifs Al diseaseskicnde sk QHRINOS:5-35). These

synthesized sequences are not represented in the sequences %;gd to iciJ ngg/ gée motif sequences.
ity. iéoti

The syntnelidets SubparEs PERRASTH anfahisatt AXHEPRNN-Betivity *Phign LG 9Ehces that
contain Qpgi&y) BTuliplevcopias afithesensanue rias-atacapabiachl grhdngitigkednslation by up to
25-fold. 100291Disclosed herein are translation en ers which are isolated or substantially purified
polynucl@é&’(&g‘;"(‘é‘}& 5] %fﬁaﬁ’qggﬁ?g%ogrt:énéerr?ﬁ%?‘g%gbsle\féqé s ({e%gs%f %nnsgercnﬁﬁl translational
enhanC%@lemmnt(aéEE)rdt_selaﬂ@utyhﬁmsfrdws(e:goI(}hii@lafit)d@sddannfeﬁktﬂdngdb@rb?ﬁé‘,laﬁén
enhanceys whe ef&ggg'%%%@ 3 polynyeleotids eRerding aRRNRERIAS AbInieeRInEemplary

TEEs are shown in 35. 1t is noted that while the TEEs are set forth herein in

deoxyribdnuehs dTEE spesaentdashsre e ransssnf BPIEA FRERSSFENRBICotRS including the
TEEs alsg@reempassie @%&fﬁﬁ@migg sibonusiantise, Saeanentes s preMegd are cloning or
expression vectors that contain the TEESs or translation enhancer polynucleotides disclosed herein, as
well as host cells that harbor such vectors. Further provided are methods of employing the IbEs, the
wanslatigggpanderpauiciealinen and i aeaianaaciots aiggbance tanslation and
production of a desired polypeptide (e.g., a therapeutic protein). (0030]The disclosed methods employ,
unless of@hBiserifdfe SR VeBIRERIGHD tethifigticy IR dvbRelataf S?&é@%fﬁ%ﬁ@ fetombinant
teChniqUﬁ%?zzx'jU'kﬁfQQ{@anﬁm#J fRiglagy RiEheEsFYANghireE RdagN W NG s abgepithin Ahe skill of the

art. Such techniques are explained fully in the literature. For example, exemplary methods are

describe i REFEBHOWi iy RRsRYe ABSSCDA Hf teettaPralfsBbuACCIbRing: & 2256586y Kidhual, Cold
Spring ﬂ@&&%@geﬁ{,%éf@é&;@,ogQQlMﬁgent&@}I-Rgmrasgarar@;oc@}sdnﬂ\dwmlqﬁammy,AJohn Wiley &

Sons, Inc. (Ringbou ed., OOS;D; and Freshney, Culture of Animal Cells: A Manual of Basic Technique,
Wiley-Li€5 Gnend Rnaed Raganperihe stmiond e P SR 8F oh a5 Gk RFRTES to the particular
methodolpgy,pIPIRCH!S; aRrliseasait o ARG hefpRSdNe s TaAY IValbseiitsRal foatadie, badeiBtood that

the terminology used herein is for the purpose of describing particular embodiments anly, and is not
intende dPRSSRANPISE b 5 iver e e SR B WhRIASHY t?éegeé&wb%ﬁm’m3 éﬁg%%& &d claims.

10032]Ag ysee Aerpiasdhe SiEarIBr, 0 1sa’as, 1aabsandortOesrGoifge @i giredéeablyce on@ss the
context clearly dictates otherwise. Thus, for example, reference to "a.cell” includes a pjuraljty of such
Iﬁ;,]wg aaf rl( eg QLsen{

cells, refSrehBetdidBrstEm™ Mctudds 84 Sﬁ?’&?@h?ﬁ PEGUMVEIBHES fheredi Khown to those

skilled inothg Asreangk.so forth. [00331Unless defined otherwise, all technical and scientific terms used
herein have the same meaning as commonly understood by those of ordinary skill in the art to which
this [0017] In another embodiment, the TEE present in the vector consists of
RN,;S;GAGM,GRM,R,R3R,. In this sequence Ry, R; and Ry are absent; Ny is A, Cor G; S,
isCorG;M;is AorC;Ryis A or Gand My is A or C. In another embodiment, the TEE
present in the vector consists of RsM3S2CS3GCN2GMyWRe. In this sequence Rs and Rg are
absent; M is absent, or A or C if present; S, is C or G; S3 is C or G and S; and S; can be the

same or different; N, is G, C or T; My is A or C; W is absent, or A if present.



disclosure pertains. The following references provide one of skill with a general definition of many of
the terms used in this disclosure: Academic Press Dictionary of Science and Technology, Morris (Ed.),
Academic Press (1" ed., 1992); Oxford Dictionary of Biochemistry and Molecular Biology, Smith et at
(Eds.), Oxford University Press (revised ed., 2000); Encyclopaedic Dictionary of Chemistry, Kumar
(Ed.), Anmol Publications Pvt. Ltd. (2002); Dictionary of Microbiology and Molecular Biology, Singleton
etal. (Ed$0018hn \WheynB $a tessiatienr! cimppeDHemaRl a5 CORERREASIIBFRIEDS Routledge (1" ed.,

1999); D'g%%eaﬁfmg Eiaa{me@u@e%é\él@@g@ie@tead%&%r&%%a@@wm&_wgem@mw%m@icﬂonary
of Organic Chemistry, Kumar and Anandand (Eds.), Aiunol Publications_Pvt. Ltd.éz 02); and A

Dictionarf 6P Bfomg @i BN Henslaronel aiaas R AFMEALPRINE PEASSISES Y ifversity Press
(4th ed., 200alrurhesWasiicatiass pbmamesedipesaderins GSHR VAP spé6ifiakyetofthis

disclosure are proyided herein. [0034]The term agent" includes any substance., mgl e, element,
compound; %%%Fﬁ‘é%ﬂg’gﬁg i3 V?I‘%’élfé%f.n r{l]ﬁ% Ot é%s,s %tr ?scor%?”ha/rﬁfgéﬁ Fo?e %de pigr(():?t%eli{r%l,e polypeptide,
small organtcelislecfiten podysediohasideypdipgubltectidecdhdstrsllike Varteus belepapides Product, a
synthetic, sompound of SiGhAMISA! femEANIyeLHEoMARALORLLIA R MAfGbYANCES. Unless
otherwise spemﬁed, the terms "agent”, "substance”, and "compound" are used interchangeably herein.
[00351 T tectepenticiptatrintnof areatclinicdimpoatanes anectiiebla Kihbie pedpdstide or protein. The term
"transcriptional unit” refers to the segment of DNA within which the synthesis of RNA occurs.

[0036] Thedem "RNAHaceHIestdeipis 46 At aicaty hedpeosiiibe griesenaihosttaellroey tissue and
therein eggre se?%]%é C%!;S to ro%ﬁuce a mesasengier ribg%c\:fleéc. ciq} malRn %}agrr}%lecule, which is then
translateBtEPrEHicE TTEREHE DT eSS 8RT B Re “TOU37{THE fTanguage "gene of interest” is
intended to include a cistron, an open reading frame (ORF), or a polynucleotide sequence which

codes for a protein product fﬁ'ﬁé&?ﬁ’?{fﬁ‘)ﬂ é%gr%,lﬁtm\ﬁﬂ@(pg regulated by the translational
xamples of genes o

enhancer elements (TEES) Interest Include genes encoding therapeutic

proteins, gpsgiionakprateinshahd indnstrialusslularatains raenas aldni@msieaiaize include reporter
genes or selectable marker genes such as enhanced green fluorescent protein (FC‘BHEP , luciferase
|

genes (R8I OFRIRIGK ST A% BB USIBRILSRE BIICE SL R P RAHTARSS BSIgBR TN 1 Broduced
from DN#p2)Reqpepcessinseivanihfadtendriniar bifteageoeintd miRNA and the subsequent
translation of the inRNA into a polypeptide. 100391 The term "endogenous" as used herein refers to a

gere ot f0urs s VR sl WSR2 OURINIS, dnBisdngsogge not normaly

found in the wild-type host. 100401A "host cell" refers to a living cell into which a heterologous
polynucl@etigestgdbrdevreter Be Briase datithaduit B eRIDIREk NP RERIEBS BElF ultured cell
and a cell within a living organism. Means for introducing the heterologous polynucleotide sequence
into the qobiz2ie weltiknevershegs taariatantienhalic ol aptvationfosdoiiat glabsphateepremipiration,
microiniegtion, yansieymraion, gl nfeien, apdle ihe ke, Qien, e e dlgasypalypucieotide
sequence to be introduced into the cell is a replica fe expression vector or cloning vector. In some
embodinrestthed eontrollsarsatrins: engineered to incorporate a desired gene on its chromosome or in its
genome. Many host cells can be employed (e.g., CHO cells) and serve as hosts as is well known in
the art. 30623.9., Sasukracketatoelrauiabtionsdgcd taoratosysIaRekfaid. Spring Harbor Press
(31d ed., 2001); and Brent et at, Current Protocols in Molecular Biology, John Wiley & Sons, Inc.

(ringbou ﬁ%ﬁoo% g SpRadinaol. Ay aelling srtanilic el dRdnthe s

0
"hotnolo rs to & sequence w as a structure (e.zg,%nucleotide sequence) that is substantially

identical mtifacarenrerb(SREIBYRshrer il saauspeeicSRRIVA A atiaHYF &n s e ments

disclose@ hetsinm ixpicpllyndae asaelag maintains the ability to enhance translation of an mMRNA
encoded by a gene of interest. Homologs may be screened for activity by creating mutations in the

reference sequence described above, inserting the mutated sequence at an appropriate position in an
expression vector containing a promoter operably linked to a reporter gene or a gene of interest. The
expression vector can then be introduced into a host cell to examine translation of the protein encoded
by the gene. If translation from the reporter gene is the same as that of the reporter gene under the
control of the reference enhancer sequence then the mutated sequence is a functional homolog.
100421The term "inducing agent” is used to refer to a chemical, biological or physical agent that
effects translation from an inducible translational regulatory element. In response to exposure to an
inducing agent, translation from the element generally is initiated de novo or is increased above a
basal or constitutive level of expression. An inducing agent can be, for example, a stress condition to
which a cell is exposed, for example, a heat or cold shock, a toxic agent such as a heavy metal ion, or
a lack of a nutrient, hormone, growth factor, or thedike; or can be a compound that affects the growth
or differentiation state of a cell such as a hormone or a growth factor. [0043]The phrase "isolated or
purified polynucleotide” is intended to include a piece of



polynucleotide sequence (e.g., DNA) which has been isolated at both ends from the sequences with
which it is immediately contiguous in the naturally occurring genomc of the organism. The purified
polynucleotide can be an oligonucleotide which is either double or single stranded; a polynucleotide
fragment incorporated into a vector; a fragment inserted into the genome of a eukaryotic or prokaryotic
organism; or a fragments used as a probe The phrase "substantially pure,” when referring to a
polynucleotide, means that the molRBEAESERBESERIBIEPNom other accompanying biological
compongnts saghad.igypically, it has at least 85 percent of a sample or greater percentage. [00441The
term nucleotide sequence,"” "nucleic acid sequence,” "nucleic acid," or "polynucleotide sequence,”
refers to @adspxyriDissiciabhicei aardbanutiesikié patgidonal eithensingkenarts 6UBs)stranded form, and
unless othention {mited. sneompassesnonn.analegs etRAMA N Glagides ipghybridize (o nucleic
acids in &mannersimiar to na?urfﬁly-occurr g nuclectides. Nucleic aci sequences can be, e.g.,
prokaryotie:ketjde sepsnetskhny otic caRNA cfephanciog, tuDMAise du arvcesdom gkerotie SnRNA,
genomicVfaeaancer ) eHaNole AN SuraammaliaBNAlnARdsnihetic DNA or RNA

e

sequences, but are not limited thereto. [0045]The termd;%romoter" means a nucleic acid sequence

capable BRURRIKMEIRERSEHITGH aRBotimeRCIPAAdATTHIR GARMGEMR (RFRAPArdMmatsr

sequeNnce e KNAvNSodREMWZOrSEAMPIRosLICEle Rral s ke uhare Rechied to,

TATAboxes, CCAAT-boxes, bacteriophage R olymerase spegific pr ters (e.g.,.TZ, SP6, and T3
promotersTar ¥HAPHES &R Sooy SREAR l‘érs%DAﬁs%eaf&ﬁﬁe%ﬁrl t@pﬁfﬂ%@?qgt‘é fﬁe hducible type,

then its agtiyigy)increases in response to an inducing agent. [0046]The five prime leader or
untranslated region (5' leader, 5' leader sequence or 5' UTR) is a particular section of messenger RNA

(MRNA) adhe DINA At codesaldl IhiaFs alihe, 8| GRelasRURRIe, aRs@iRyaD Resing) and ends

just before the start codon (usually AUG) of the codin%\éeglon. In bacteria, it may contain a ribosome

binding JREhiRBTFREfoRN BabasatSHiKe oD Bl 4ERFRF Sl g MbeEPIHE 81éalett Had BIEs§Hundred or more
nucleoti%@fﬁmﬁyl;&ogtkiecé's\#i;%xlm&,@@\&rﬁlmweg&uaﬁfefeey@slafsk&o@a?imedsxg@z)mzooéllmhe
term "operably linked" or "gperably associated" refers to functjgnal linkage between genetic elements
that are J‘Bi%?ﬁnﬁ’ncﬁ Mahte ﬂﬁﬁieé‘rer/éﬁ? §rﬁ‘?ab'ngt8rc§rwl§ ‘tﬁréaﬁfo‘i’?ﬂ cfghecﬁ’éﬁ%? %‘?%)f%%ple, a gene
is operabl linkedrin @ Arontifpradean fiseframseripioCis Rindabthst conialrdl ifiprpsemoter and the
transcript produced is cogrectly trapslated.into the protein narmally . Similarly, a
translatigrﬁga {eargﬁ'a%:sgpglﬁéﬁgé%’?gngp%ggr é%sségg fg%g/%%tﬁ g%g%l{é g’?lgrlgtée{r%e%% %bgil%\?/v%(%hp-regulated

translatiorrtf & mRNAStFhSEYIeB At el g 6HQ B0 28IA3 evhrspisdiof Ruensbiidars allagsted for

directiongll Iiiggt:i@rbre@ qup@lg{i@jg%li%%rgg@rkgfi@g gg(@rgggim VEgIQr that provides a site or means
for directional ligation of a polynucleotide sequence into the vector. Typically, a directional polylinker is

a seque nucleotides that defines two aqr.mage, restricli a ition sequences,
or restrii c()?% iites. ’EJ%’(%E festh |§lﬁn 8@3\%’6‘3%&%&%@%%&%% ggrﬁri?’tgloqv@hl h%
pplynuclé@iiel&;queﬁc'e; qhstiuedtgatﬁdmsthe @q&eﬂﬂ@ogbwmd%zlis ahsempadihoerdt, ithe two restriction
sites pro }Qs%nﬂfgf&&%ﬁ %‘8{&!%%"‘{@8?&?, S8 TP.1at %F@f&%@f?%‘@}‘@ﬂ?@ @@, thereby

permit directional insenfon ot a polynucleotide sequence into the cassétte. For example, the sequence

of nucledtideSabastEoMaivikertion ifgehrsatcen/contaif rreseptiantBof sbesebids Hhat defines
multiple gigegHonaLalaRipg-msanse! 5P ¢ JeIENEs B ONKSOLveRadaRien odipctional ligation

defines numerous restriction sites, it Is referred to as a multiple cloning S|teé004_9]The term "subject”
for purpdSEEH freahhBariersth MayispmalAasshidd 4w st % Shirar & ¢Pnon-human
mammalsdSsampRsaf pothsunrnagimatsinsiutecdays: Tatd, ¢attler Qrees, ssesy opigsf goats,
rabbits, and egc. Except when noted, the terms "patient” or "subject" are used herein interchangeably.
Inan err%%sﬁlnrﬁent, the subject is human. [0050]Transcription factor refers to any polypeptide that is
required to initiate or regulate transcription. For example, such factors include, but are not limited to,
c-Myc, clB8] e-JJR addiop, sreralRIAicAguEnGA BANPrsizedsedvyoDe rpsepsus motifs
bacteriophagg-RReE i RAEPIYNEEsaS) Hifnksanththedzdd e mele &f seqieneaseneading such
factors ig;:flude, but are got I,imiteélpét , GenBank access:'%n nur%?ers 02276 (c-M %} K00650 (c-fos),
BC00298 {ESLRSMEF8d1 (R 3?‘3(&‘ ESRERSTS M7 P8 LSRR SRYERS (%%L&), AY136632
(GALANgdah Db a8k(ol\Viyk)iti S 26 B Mywidy, 2006293 AhéNEomdia)oitR SHaEGRo( EdpiecRNA

polymerzse), ASSZBALL (7 SNAPOMIEIAS) No.TATAY, P ENA Bpymerase). AL304604 (HIF-1),



100511A "substantially identical" nucleic acid or amino acid sequence refers to a nucleic acid or amino
acid sequence which includes a sequence that has at least 90% sequence identity to a reference
sequence as measured by one of the well known programs described herein (e.g., BLAST) using
standard parameters. The sequence identity can be at least 95%, at least 98%, and at least 99%. In
some embodiments, the subject sequence is of about the same length as compared to the reference
sequend®028)., coPsiskisgddfeatio arehimssaomerhivereof vhinivareusoatgihor sukebtansialles (for

p°|ypepg@ﬁ%%%%ﬁ@&ﬁ@&@%@@ﬁk%%&?Jgﬂ{aﬂ%ﬂéucﬁj%%l‘é%éﬁgygﬁﬁeﬁlrs[%@%& uence
an be reddily d

identity ' determined with various methods known in the art. For example, the BLASTN
programtigari#iselsntiansertlemeat | TRES discirsed M dnwoFIRsA P YIVT 6P tide s fgsétation (E) of 10,
M=g>, fN?ﬁﬁﬁ@@t@a?@ﬁ]ﬁf%@R‘v?%xb@H&r%gWﬂ&gﬁ%g%@%rg@i@ozﬁﬁ%s§8%%ﬁ£%$&WD9r?‘m( uses
as defaults a wordlengt of 3, an expectation 0 and the Cco matrix (see
Henikoff &Ef&hika %5&%5@‘%?“@@& g9N6B1E %fQébﬁ.nlgg a }é’lgfaﬁ%éjtg ce identity is
determinegsbyfeiresdin gntis optivoallyledighed qencencas divatdreatilpapisaicinin@B®s wherein the
portion of the polynucleotide sequ in the comparison window may include additions or deletions
(i.e., gar?s yélélgcl%c}r%g%rén it%ffﬁ tﬁgleriéf‘el%é} Ss%arﬂcé)rql eafevsi%%ﬁoérc)eé Oﬁ’gsl}%c%aléué%g%%%s or deletions) for
optimal adigrentent afsm_erw@@éerS\ngemﬁséntawﬁsrsél@ul@_wdibymﬁéﬁﬂitming the number of
postions i g Mt MElisA il hasa RLARIS AElPJORiHE ACHPHARA!IRRaUCnces (O

yield the number of matc positions, dividing the number of matched positions by the total number

of positiveeidrs tHamfirdoavistedarfpagndaptemplappmgeTERss the iirnoaienAeilbne’ percentage of
secpatrtgdhicicROH{QRa L e e ot dasiien shrntrnrairRicment (Il Elcdeiess dasisacting

sequences that increase the amount of polypeptide or protein produced from an mRNA, above the

translatiBAYBFRI4Fdetna BERRERIGEIREIhe. Examples of 1EEs known in the art include sequences in

the 5'-leader of the Gtx homeodomain protein (Chappell et al., Proc. Natl. Acad. Sci. USA

101:9590694, 20idiseicndd ticthads\eohTIEE suiesscitietosisd Insliehteds epnBEELIBINOS:1-35. Unless

othervisenaials TS EElRL 00 RclRRRARERATRANS G RIRRS S I BIEINA Seqpences and the
ements in

corresponding coding sequence e NA sequences. 100541"Transla jonal enhancer
polynuclielpg¥sbigshermisamaanh iEHRRPRIGEpONHER B8B tNTR B e ekidbef Bec2PolTHER Ieotides which
ir?C|Ud|e RRERUIOLR @iﬁt&;@ﬁ?ﬁi&ﬁ%@@ ﬁx@aﬂﬁilai?ebheg&}ﬁ;ﬁk,eexéﬁ@@TM%EE 'as?fé or their \{ariﬁnts,
omologs or_functional derivatives. One or. myltiple copies of a specijfic . c e present in the
polymuch TR T A e AR OHAP Chr SRRAE SUALE ot BRTERGed i ome o
more setfrendeGed By, Haten Feace 38 gheriianBranber dnearmmorBrofdiessipecific TEES
exemplified herein,. with h beli resentdn one or,m opies. When multiple sequence
segmen{{g‘%%uéfesg\zot%’eﬁ%r@a%o%a'%%eﬁ?’g?%ég&ﬁgﬁﬁg%bgggeﬁfh%gsgé%s%%eﬁo #fgg‘é’r‘fo"[@ or
heterogeméeuls;atisud, Mevalitifesie dachmiause §Yienitt s, dneaflaibrd®hancer polynucleotide can
harbor identical or different types of the specific TEEs exemplified herein, identical or different number
of copies of each of the specific TEEs, and /or identical or different organization of the TEEs within
each seguence&agmenRt. 10055)The term "treating” or "alleviating” includes the administration of
compounds or agents to a subject to prevent or delay the onset of the symptoms, complications, or
biochenj3lindiciBhif spelifease(ésqotl taidibo dyshandtiaa) radibvidiingythesygnyitoans or arresting or
!”h'b'“”gelxggﬁ?ﬁ %M%'%?E%?ﬁés%fzﬂ}% %%ﬁ?‘% 5 CARSHL B {-§8§5"oe{h§Wéqg}%lﬁorﬂ(?%%%%eatme“t
include patients a reaéy suffering from the disease or disorder as well as those prone to have the
disordeheicthéstirihg Rermotseof desratning eapcyrs varhedimatsenlyrandreretibgidediophylactic (to

prevent ghfelaydhie epast okthe dinease LRISY Sl theqtlrnestayian applingeal aiswpclinical
symptoms thereof) or therapeutic suppression or alleviation of symptoms after the manifestation of the

disease e treatment. of cardiac remodeling and/qr heart.failure, a therapeutic.agent may directly
decreas@@%g patr%c‘fé?/golfeﬁ%nd?gggsn ,uo?rgon er the 3%(93%% %Srel%%gcgé%é fgf?rrggfr%ent by other
therapeuticsagenton[O05 13 THe dentateyettomvise. Cbnstfocexeaipls, rofpriyeriticdetivd Seglettse elements
arranged i 2 fefipile Ao RfAKRDEAtonSUGh that e 6XPIRSSIRG Hlaghesigene products that are

operably linkedto these elements can be predictably controlled. Typically, they are transmissible
polynucfastiaiersdiarebkoenyg. (o themiskaisd it ime-aatsduEyment of foreign DNA can be spliced
in order to introduce the foreign DNA into host cells to promote its replication and/or transcription.
[00581A0dz31ing \ixdias id-ArlddlAtisagiancdl (brhicallyadiasmidiotphagasdvnctintaidatie replicate
autonorened oSt el B0 MNLISGIaREl 6P Bnae piA PHELIWIRL Qhfgstiction
endonudiease reco%nltlon sites.” A foreign DNA fragment may be spﬁced Into the vector at these sites
in order to bring about the replication and cloning-of the fragment. The vector may contain one or more
markers suitable for use in the identification of transformed cells. For example, markers may provide
tetracycline or ampicillin resistance. [0059]An expression vector is similar to a cloning vector but is
capable of inducing the expression of the DNA that has been cloned into it, after transformation into a

host. The cloned DNA is usually placed under the control of (i.e. , operably linked to) certain regulatory
canliancec clich ae nromontere or enbhancere Promotar ceadiiencrac mavy he conctitiitinze indiricihle Aar



[0060]Provided herein are isolated or substantially purified polynucleotides which function as
translational enhancers. These translational enhancer polynucleotides include the specific mMRNA
translational enhancer elements (TEES) disclosed herein or their variants, homologs or functional
derivatives. The translational enhancer polynucleotides can contain one or more sequence segments
including the consensus Motif | (SEQ ID NO:1), Motif 2 (SEQ ID NO:2), Motif la (SEQ ID NO: 3), or
Motif 2a {SHEUR pRaid}. ITheb b whrgtrafestatienslosidanecs fxiifhwile atidesrabdeCorttaimadnc or more
sequence se nts that include one of the specific NRNA T, shown-| NOs:5-35. As
demonsfpﬁnégﬁgfﬁge@%ﬁﬁéelsn %‘e‘?o‘&s,cég(sﬁgs%%zn 9 'g?gf%é%%’g%"g in esr‘éts%’%? g%éctor that harbors
one of thEsdmmRIANIEES (Fob il s sigiiReesst il v ad8 8 prowdndpRieitin.ah addition to the mRNA

TEES shownyin, SER. IR NOs:LAP sl R EES 1SR 530,306PMRASS e AHRBcRS Hha are

substantially identical to one of these exemjglified sequences and can retain the basic functional

charactetfstit08f s Aivaneitrperis &ipriaseioiiot BrbHBrabRMAEKES dehnaliRrtiiatiang Rkt cell. [0061]A
sequencegegnent M tanstaiensdisniaananastbinsienbaas Cain derain jsERe, sheaific MRNA
TEE or several of the mRNA TEEs shown in S@ ID NO%:(}%%S Fa;%%:heg%g?s %?cilf'&)%}RNA TEEs
present if Se¥ &G 08RLE sEdmert AhEIE 104 B & (<1e8HY 8o f thid: R in the séqueénce
segmentDAeraatiyERhanlitple;capiesiniradhtdbiiBd) RSpAnRBEEY atag Aelpsdd@M in each sequence
segment_Typically, the different mRNA, TEE elements,in ransiatio har lynuicleotides
can be o%é”?(éot?\%ryo{iln &4 'gﬁj(gg‘é’ﬁisfg'ééé‘ﬁ‘ %’iﬁ‘é?%‘r“%%%%‘%g;@ ﬁ%‘ﬁ%@? nul?g(é%?l%%g{e%ﬁ%%bes that
can vary(}s12);1lavd dodiatiea@ymidedtide Onfted it Bbmé RefesiatonMastingnddiipeirircleotides
contain oy,pNG AEGRNRSEAMERL SAME ibeLaasAANALaBRRS ARl CIRRUdeRSontain &
plurality of sequence segments. In the latter embodiments, the sequence segments can be
homogeRRRI¥ Eneridieaidy) kntitidistiooe)ams pso wdRterfBodiments relate to a translational enhancer
polynucleotide sequence segment which includes a mMRNA TEE sequence that is the same or
substantjediy4identiia teraraghthénskaee ace subtonee jmSEQuIE) Nds:dt I5nPomme athetyembodiments

relate to a translational en er ide seguenge segment whi j 4,5, 10, 25, 50
o more LA e TR D A D O SR B e
translationgdneniaksatep phyinsasidutidies nelimadecside qudribe gy niepanisiemegrbhmedwdseé than one
(8.9. 2, $rifneicUoMPEEETINE HIERIENBIRN A ET 2 SHMUMI AFSRHR MQscteadheds variants or

homologéj. In these embodiments, each of the specific nRNA TEEs can be present jn one or more
copies (&8ss ctherwise speoifics, the termspiagInin SHPEBRTE ot SIBBEHREME Higdranslational
enhancehRedymiEssidrRsegontain more than one of the sequence segments noted above. The
different sequence segments can be identical in terms of the types of specific mMRNA TEEs and the
number giapies gheach, soecilie MRNG T hetoreq iberci hlsmat sl dos muliple sequence
segments can be different in the types of specific mRNA TEEs and/or the number of copies of each of
the specitieteiRIACTEES trAnsaRRsPH sait mtfetifachesseamentRAR e WiltAvhit 8% hown in SEQ ID
NOs:1-3g,yreians Rithesespecific TEEs or homoloas with substantially sequence identity can also
be used. 100631 The specific mMRNA TEEs or translational enhancer polynucleotides disclosed herein
can be 0 construct re binant clgning v ctoEﬁ ol gxpres ion vectors, Such vectaors, are useful
for expr@glgn a p%p%ﬁﬁd%‘r’gfecfﬁ of fﬁ?eg%s?,ae.g., a%ﬁgrcé%leuetllg\{f)?o ecﬁ1d. it 0eil/ }({:%S% %ﬁ@o be
employest mtitsecapduticraippixatisned bycklryOiddvereimessongrmibonacigy aTidd meRMbinant vectors
can be GRBRILIEISAIAT, HiRed. s Hoathen vahisles KIQUIInloersy Budmseion or
incorporation of one or more of the specific mMRNA | EEs or translational enhancer polynucleotides
described herein. Examples of such vehicles are. discyssed.in thde Examgles below. T%Pically, the
vectors 8tén a PRSHASIETASSi A5 18%?%%#05’1’%“&%@[‘)%&?&% BRIRKEFRR IR BPRBLEEeSe.q.,
mammafiamb(SRER)ls) .al pdhyevdeidrk, sequchee omiiatning sciyneneetismopedhisty(finked o the promoter,
e.g., at 3' fo the promoter. The TEE-cantaini eq e Q fhe spedifi irggs% shown in
SEQ ID ]I{i%)rses ﬁﬁoges%raﬂgﬁ%%ns%g?r‘l%gnrteﬁ]uc%gdﬁbgy g‘ %’Eﬁngl% g%?n%ﬁﬁ%%%}l en%%ncgr polynucleotide as
describeerkatpoeofigrnseefonterssh inddidioaeiiss kasbding degeravtis praeisesudéscadhpted for
d'rect'0rﬁlottqaél%qaeﬁeelmgéﬁlfmaéﬁaugaﬁ@sm&@gt RACNRERIARIOIPIRIGS i xample, a

polylinker can be employed for cloning the polynucleotide sequence so that the cloned sequence is
operablytKablecnankrpacratcurhs EpprsFAERenJivmBteT A RIcIRE TREEEIUSHEPs SGhEhce.
Polylinkers are Bplymsisiegfide sequences that can have a series of three or more closely spaced
restriction endonuclease recognition sequences (see, e.g., Sambrook el al., supra). In some
embodiments, as illustrated in the Examples, the vectors allow the polynucleotide sequence to be
cloned into the vectors at a position so that the TEE is present in the 5' leader of the transcribed
MRNA encoding the polypeptide of interest. 100641In addition to the promoter and the TEE-containing
sequence, some recombinant vectors described herein further contain a gene of interest or a
polynucleotide encoding a protein or a polypeptide of interest. The gene of interest or the

polynucleotide sequence is operably linked to a promoter sequence and the TEE which facilitate the
officiant trancerintion 0f the incarted nolvvniiclentide caarience in a hnet call Tranclation of atilkarviotie



recombinant vectors can have one or more of the specific translational enhancer elements shown in
SEQ ID NOs:1-35. For any of these specific enhancer elements, the vectors can harbor just one copy
of the enhancer element or multiple copies of the same enhancer element. For example, to increase
polypeptide expression from an associated cistron, concatemers of 2, 5, 10, 20, 35, 50 or 75 copies of
a specific TEE shown in SEQ ID NOs:1- 35 can be present in some of the recombinant expression
vectors.[GI38]e otiBxprasiarsshhwerotatiiie shiphenpel gegmidnis prirdohein dope Aty isan include one
or more of the spefc TEE sequences sxempliied e, Joparlnaddion iR aeprginantor
express?o% VB0 G Contain additionals guence elements. For example, the vector can contain an
origin ofhepiR¥toimtas peétbeptidpecific markers which allow phenotypic selection of the transfected or
transformed host cells, Other elements present in the vectors will vary depending upon host cell type,
but will gaperally ingudeseaaanasssnyolied irihe isitiatieon etiranserigilipfoand irahshatida and
sequences signaYlg_ﬁ tige termipation of tran crigtion. Tran%cri tioﬂalfeﬂﬁéj‘r}?&re s‘gﬂ#?gggs may also be
present YPRELIILE AR 18, ROEHS o ding EAgA&TRESWTRI the saMe transcriptiont unit, controlling

elementsostich as ribosome binding sites, and polyadenylation sites, additional transcription units
under control of the same or a different promoter, sequences that permit cloning, expression, and

transforfggiign of 2 ARt calk 1BrSAML.ARRAIBIERES Wt MATieIS dlskdde soRAABsIRRtIde that encodes

a signal peptide that directs the polypeptide encoded by the cIoned?giene of interest to the surface of

the hosSRIENGS bt Becthiesdifsarpirafiredobis Lume Rl imeiydes DOBIsuLTsH S ehcodes a

moleculgy tagineh GRmiasibiaiemsepriatidoahadmsicelhtiexisgssepdhauepotiés gene from a host
cell that does naot express, the reporter gene. [0068]In some embodiments,.the re omlﬂiqant vectors are
sl drde o ;

intendeSCBFESHIEE o2 e A AT R S e S SRS hese include
various pravipinakanmelsisisaiefl, asinkectaris virgladftcids, dndsamies dikbhoQifisentse provided are

DNA vaccines which expresses a target antige: fery! diselosedagrein. A large
numbe?ﬁgf %g%l%orgs &%ﬁlﬁg%trl Use | ége%é?}y%é%&;%ﬂﬁ%%ﬁﬁaﬁﬁ%q&g %&g%plesﬁ%ﬁjde the pMSX'ND
expressiertuantolofing xeressibrsimmemadimente o gl edlapenNasngiaeeeBio| CHMra%63:3521,

1988); hachlavitis Ry et yReLror ﬁ%ﬁ%’%ﬂ&ﬂén nsechesllssiandohemipriss forgukaryotic
expression as described in Botstein et al., Miami Winter Symp. 19:265, iggﬁ(; Broach Cell 28:203,

1982; BEREhEt ) ang ke pidiAstERAS el kWM G F G mECEIFB bfiprehensive Treatise,
Goldstezang /R eIsatided I ubbersieMiRiSsS i Spdisy H9B8) Press¢afeeembetiinends, the

translatignal enhancer elements or palynucleotiges are incorparated into DNA constructs designed for
homoloGStR FeBomiiiation” ﬂfség%?ﬁa‘gaérewg&ﬁé%%f@%? i%égﬁsécqgﬁi,(ﬁlpégé}l/%&i%g;
Mansolzd@at, [N sdoiee836:848nk088; dsorels =t ank@wiits1c63, 1987; and Doetschman et at, Nature
330:576, 1987. [00691For vectors expressing a protein of interest, the mRNA TEESs or translational
enhanceggglynucigetides ayRivalirhiaseniduthevaatermape siilinkedtonegedaidsy elements

such as a promoter, as noted ahove. Dependin%;ré)n the specific ﬁ;*)]rotei of interest apd vector/host
system tEBEAGEEHA R HP URRSAL FBH R AP hE BERRBSR S RE G mBhRTUi tors. Examples
of prompirrsAhahsafiddal uahshinglcidaméhe dischater lafréhe .nyseathe tAkdibiolein heeterHamer et at

J. Mol. |, Gen. 1:273, 1982): the immediate early and. TK promoters of S.Virys o et at J.
Virol. 65’%%3&@2‘3@ @@Cg)t;rfﬁ’e QY %r@%&meo%org ebﬁo?llsgeé]f: acl)lftﬂie Srs"g %%%%ﬁ%féixﬁ%l); and
the huntars@idvégfomotaiitiBystrantion ahuleibdsl s 2e 530rehog 53qtsaRZBRNILEANYIS RNA
promoteys of (el (Fuissan. et e Al Rl ki el bRl NALUGOBIBAAASES). the

fidl-length tranScript promoter from Figwo irus (FMV) (Gowda et al., J. Cell Biochem., 13D:
301, 1989yRaier eRerabht kkedite BrisRRItEr BEIR OFIGCRrAEERIEEET: ol b SENIESSION Y867 £2837).

IAd r(];ut_i 0 é}ﬁé_ﬁt’) Efé@@?@&ﬁc@lﬁ?n?@ﬂ lrgﬁﬂ&ﬂ(ﬁé(bﬁﬁﬁﬁéﬁﬁﬁﬁ&m:m amh &whﬁsaheadgamg rﬁxél”gﬂaudeutg IeSCO)
Ight-inducible promoter from the small subunit of ribujose bis-phosphate carbpxylase (Ss
lgﬁt §§t&xﬁ 6 (5% tLe co%trcﬁ.

(Conini HtEISHURICTI™ 505 EPLTES EADS IS ISTIRINE & &PIF-8FE YA "mannopine synthase
promotest (Helder atcate ibMIBE skqiRAct2B el W punadlveqsymthase(iNGiSH g fomatz(Shaw et at,
Nucl.Acids Res., 12:783146, 1984); octopine synthase (OCS) promoter (Koncz et at, EMBO J.
211597-§Rﬁ2}98%@w@ﬁ;d%laﬂfé%gégm%%mm@wwaﬁm-@-&@J&%%@@c@urley ela,
Mol. Cell. Biol., 6:559, 1986; Severin etal., Plant Mol. Biol., 15:827, 1990). [00701Promoters can
include #shf thehstigaty apsticaframan spdrsi Hromsaadone fralat sy GBS d PHEmReBE. The Camv

promoterseapesexatd Riem alcen ahitutiieapsnmeieis ml bl anest yeadtdllansinduaibiedprasmoter should 1)

provide low expression in th a(%sence of the induger;. 2) provide high ression jn the presence of
the indu¥er: %yféﬁﬁﬁ‘?oi{f]% i?lgﬁs iSh %Oéﬁgﬁi‘g‘{ﬁl‘iv %8%%6% Shter 'er%% W‘fﬁ(‘t{?ﬁlg %g$%élc6ﬂey})s£|)’ology of the
plant; and 4) have no effect on the expression of other genes. 100711In some embodiments, the
recombinant vectors can optionally contain a seléctable marker. The marker typically encodes a trait or
a phenotype which permits the selection of, or the screening for, a host cell containing the marker. In

an embodiment, the marker gene is an antibiotic resistance gene whereby the appropriate antibiotic

can be used to select for transformed plant cells from among cells that are not transformed. Examples
nf cintable celeactabhle markeare inchiide adenncine deaminace dihvAdrofolate rediictace



100741In an embodiment, host cells for expressing the recombinant vectors are eukaryotic cells.
Eulcaryotic vector/host systems, and mammalian expression systems, allow for proper
post-translational modifications of expressed mammalian proteins to occur, e.g., proper processing of
the primary transcript, glycosylation, phosphorylation and advantageously secretion of expressed
product. Therefore, eukaryotic cells such as mammalian cells can be the host cells for the protein of a
polypeptigse efznigsestulsrdondesonfsudidiostelislingsdad) fokee (] BiikeaHir IC293hadkRO, Hel a,
COS, MDCK, NSO and W138. [00751ln some,embadiments, engineered m i | systems that
utilize rect8ﬁ’1‘bﬁggrrl§ts\‘/lfr}lﬁs %l%erav' Aerenentd taol%f;l;[rge%% ae?‘&%’éﬁ%ﬁ%ﬂ%‘é’éﬁé’t‘ﬁn 0 ql%ﬁeqr):g\sﬁtl €z:ire
employedikEpsrexatmieomheundshny afetotics exiresdisfereatnien sreicobirngbeutienta of a protein
of intereslt) 9;9:‘6‘?@ ek franslational enhancer polynucleotide may be ligated to an adenovirus
transcription/transliation control complex, e.g., the late promoter and tripartite leader sequence. This
chimeric gene may then be inserted into%a(ge?:lovir% geppme bg/é?gitro ot i% viva recanbination.
Insertion IR043on-ddsitiaieretSRIASE PR VAT G RASINE EO Y rdy IBH RIS B Y)W B 8T oA
recombingglimitlstidatsigabie andoapabléoh éxptessi i Htedralppepiids 6bimtdrest in infected hosts
(e.g., see Logan & Shenk, Prac..Natl..Acad. Sci. USA 81:3655-3659, 1984). Al [ the vaccinia
virus 7.5}%38‘#%?%% é"r‘%é’@’ﬁ% i é%‘f%esa} R ér{]ta c %‘éﬁg é’l??ﬂ%:% .%gg’g%is%:mw-mm,
1982; Mauietisat.alhd pMifadd $01867c864 04 084 bPamibidonuilcpiide. wWhath seidiesdoubis Ar

19:492 7493 ikl QbBRAHALIN Hashale et RasR anbaving R mulrshich have

the ability to'replicate as'e romasomal elements (Sarver et al., Mot Celt Blot 1:486, 1981). These
vectors cairibegsaentersftikaaygiie S5irPly TRER PRER S Se RIRIFIERsaR#FSH 18 BIRRSmitMSuch as the
two genepipliernativalyidine Jel oWl DRIomecan belirdiistdomisa ama uecksicanalbies of
introducing and directing the expression of the gene of interest in host cells %:?Q'e .83%/Iulligan, Proc.
Natl. AcabFe8 FPUEAIdTYB S a8 PaRY S HiRIOBGR] EXBROSERH Srﬂé%Fhl‘é‘fé’ 8Hei8R A using
induciblejpsaspirreeinsiudingpluimothriteddenttige. metallothionine HA promoter and heat shock
promoters. [00761The host cell for expression of the recombinant vectors can also be yeast. In yeast,

a numbegmxﬁctorﬁmmi%gxg&m%ise jMenet indhicible RrAntalRLamay Rr urediSes, €.g., Brent etal.,

Current Protocols in Molecular Biology, John Wiley & Sons, Inc. (ringbou ed., 2003); and The

MolecularmBlpiagledidhe wsase.SadeRraioAREY T BpamsRtide A (heaycledidammtrg iRbor Press
(1982). Acgrastitutiveyeasharamoled sieh asdARidsobinekkdsen anitad welmpiamatasauch as GAL
may be used. Alternatively, vectors may Qe ysed which promote integration of, foreign DNA sequences
into the yaéﬁg?gé SR Qlfﬁﬁ%ﬁ IY?%%Q%’?%H%F@ ‘b‘fg%ﬁ e%qgl S igﬁn\%g%r%mé}léuutge%} %@kpression
of a genecfuniegeskhaaidee trusdsidycalyegiacunbebgiepgromoteryohosaxamie, viral promoters
such as the 35S.RN d 19S RNA ot V_(Bri -514, 1984) or
the coat S‘r%gr(? bcromr}r%ﬁ'grsfg?Ws(f%/r{nngifgggtg%t, §§%§§§%(%%qu1%%%§7 %r(r%;aﬁ)l}%e used.
Alternativsetyeptan fioromibasys o EiVds (the srrisaiamR B AR EBISDU o YA et BNEMBO J. 3:1671

1680, 1984, Biolie ebatmmkig ies444.838-843, 1984) or heat shock promoters (Gurley et at, Mol.
Cell. Biol., 6:559-565, 1986) may be used. 100781An alternative expression system that can be used

to expre rotein of interest with the recombinant vectors is an insect system. In one such system,
Autograé@g’% Iiforﬁteatmlgé?rﬁ%ﬁffhéa%%?sa\ﬁﬁ%e %ﬂé&?ﬁ?g U ag’geyg(?t%ﬁ%ngxpress foreign

genes. Thengirigignavs anvBpcidopteca pricgipe ioidi wells AT ariziyoofi pgenoetec kegtidecbiradtng polypeptide
coding SeaeRse MAkDe dengdionon aseRiakienians bl ks aadalagegander contiol ofan

AcNPV promoter (e.g., the po fin promoter). Successful insertion of the zinc finger-nucleotide

binding prstypre fdtcoting s baeierierhads RY YK pal e tBer BTAREOpSIE & gEhe> BAdABFoduction of
non-occlydegd recRIPINAED ViEHS, tri: a@ﬁéﬁd%ﬁ?%&}%ﬂi@&@é&?&ﬁ%ﬁtﬁ@@?&ﬁd@@ fostmehe polyhedrin
gene). These recombinant viruses are then used to infect cells jn which the inserted gene is
expressedesile B/Be, GEtii @C UYLy IBREFR5 SBIESPORSS: '3 BITHHNR28 B atent No. 4,215,051).
[0079]Once the recombinant vector has been introduced into the appropriate host cells, the expressed
recombir{@M@roteifhmyelpeiperitiettinnesuadalats wighoodhlsational heedsoaeiusieh e Extraction,
precipitaipry GRTOMAIAARRIN R R CELOmAIagraRRK: _A%%RQRHQ%S&'&M&B&B'% fheg.exact

procedure used will depend upon both the Specific protein produced and the specific expression
system uiiAEeat the rloReEEIR IhEHs- VienscHSRICHRHTS? ABSsRtsAusithsiataits LrahfedSpression is
preferreq,Rathies thayossieg &KREassion. varkabanhichsantainaridins ebraplicatian siest cells can be
transformed with a vector that allows stable integration of the vector into the host chromosomes. Host
cells with stably integrated polynucleotides that encode the protein of interest can grow to form foci
which in turn can be cloned and expanded into cell lines. For example, following the introduction of
foreign DNA, engineered cells may be allowed to 'grow for 1-2 days in an enriched media, and then
switched to a selective media. V.Therapeutic Applications 100801Further provided are vector systems
that can be employed in various therapeutic applications. For example, a vector for therapeutic

expression of proteins can be constructed with an mRNA TEE or translational enhancer
nolvniiclentide deceribed above and a nolvvniiclentide encodina a tharaneartitic nrotein Othear evyamnlac



[0081]In some embodiments, the translational enhancer elements and polynucleotides disclosed
herein are used in the preparation of DNA vaccines. In order to produce increased antigen levels, the
DNA vaccines can be generally comprised of an expression vector wherein expression of a vaccine
antigen is enhanced by the presence of one or more of the translational enhancer elements (e.g., SEQ
ID NOs:1-35). In some embodiments, the DNA vaccines can deliver and express more than one
antigen (BBekiban setidesiinsDeingingséqeevacciliveatigeer and theatramskationahershancer elements,
the DNA vaccine vector typjcally. includes a promoter for transcription initiati at is active in

eu karyorff‘cc(?é’ﬁs .eéfl(,l) R ﬂ%&h\?zgcctiﬁg\)fé}é otég gan g%négn&elpatt%a%egccgg g%%%ﬂﬁ%ﬁ%ﬁe'methods well
known in the art. For example, methods for making and using DNA vaccine for a given antigen are
describé®it] e.g. TEuarRiRBRFEHIlinkAk REVORRTALNBISOTRIOS 7508 (60 KIMSY OBIbERIAS Biophys.

Acta., 1484 chO90: CicdtitakaDpy jBiRkd Planthnd&Qhkl SndHOSMBAIS cAdig@heRdinfect., 1:7, 1999;
and Leitner, Vaccine, 18:765, 1999. [0082]Any of t e{YB?‘%?rS described above may be employed to

expressAVHECHIE MRSy SATIAFRERM VA §RREH ERANY; R BRIST 226 bE used to construct DNA
vaccinegsatripiot taunital the cions sl tiaspAdivids {adcaarysoxpipreliubbdAs (evoewpox vanant), and
ADV5 (adenovirus 5) vectors, as well as plasmid vectors such as pUC19 (ATCCH pPcDNAS3.I
(Invitrogtreaﬁfg%tgééﬁtg hec%)t %RI&W?)&% |rop%oa eglg égelgce:?g‘rllﬁ g% o’r?/,trﬁlrll%@g]rgﬁy gﬁ\ﬁ%igan, MD,
pAl4cycelem@O¥ @380y, 3BSLA8D Wikl € ©th8 Bl uByremifl pRUNZEUEATFOLHTY t8nlatearmptes of
promoter%{f@ Q Qg @B@{ﬁ jnthe vaccine vectors include, e.g., the SV40 early promoter, the
cytomega ov%&réﬁin'?mggiate ear?yégromoter/enhancer, and various eukaryotic promoters described
herein. [00831A diverse array.of vaccine antigens can be expressed by the DNA vaccines. These
include,‘@éﬁl HIVA SRRSO SRRt & W%egjﬂbaﬁgftﬁgﬁeaﬁﬁ%asn@n\’/f?’ll:f”s’ grﬁloé‘élrl\%lf Feipes Simplex
viral antiggins oPaxexprs acti geasr thiiuprradelr asizntigersndfeadiesving bgdigens! Dengue virus
antigens, Eruamaoeba histolytic tigen miiki. Forest vi tl P@sog'ill yilgantigens,
Plasmo'l"’t!E n%l\?ﬁ?%%nsg%%lgr%bng?ur%efa &%5?5%? 1zac\ﬁlt{l: b%gg%é%?tﬁag%%%%aﬂon antigens that can be
expressadlievtidesDidAdefiocitee camvecoiosaictidrfcmndotive orsh siee BRIDNSEAEENTESc6M. [0084]The DNA
vaccineg,canng Used {9, SIMUREZE A SHAIRCHIR RESGRE PIAYRHENW RiRizFHOWARAIAS! infection of

a pathogen (e.g., HIV infection). Such subjects include humans and non-human animals such as

rodentsReXprrleetidatsasagUirR Rpligarcdnrtbe BIPERESIRY Y&Hiats, IRGR-FIRRAITT I BRESMAethods of
administesingisnRNA YRGS PR seilablR sukiaaieledrstrihethiniiieite B68;, €.9., Webster et al,
Vacc., 12:1495-1498, 1994; Bernstein o, at, Vaccine, 17:1964, 1,999'1 H%Jgng et at ViIr]%I Ig%munol.,
12:1, 1568 PIEDRAARS B LG oD% SF TR 735U P PSR Rich PR YRUALRSR A QK. Kodihalli et
at, J. Vicakse#td: B39dxat997; henapibnetalf naeoiines b8:H65] HddiecFideal digatiovaenine, 15:924, 1997,
Fuller et al., Immunol. CellBial., 75: 389 7. L t, Vacgi : , ; at, J. Infect.
Dis., 18&921%“, 56%6%60%{5}1 ﬁl%ﬁ)}l |ﬁ%ﬁ‘%3%%r? naeﬁ(lzgllr%t &ep%%(é%%ﬁ‘%@gg(ﬁ%%%%é%ﬁ tI)Cy using one
or moresedubrespéoifideTides adapRiiRnrhirestaeiesh dicarinade B pPoONMERISTEES AT AR ¥erein, the

DNA vaggines £33 %%Rﬁtfﬁf%!ﬁ%ﬁ% With an adjuvant. Suitable adjuvants that can be employed
include, e.g., aluminum phosphate or aluminum hydroxyphosphate, monophosphoryl-lipid A, QS-2I

saponizli ﬂgﬁa}me asone, CpG IZ%,N sequence ,tCht(I)rller ﬁtﬁ(%xm‘tg%g)k&%%a I ahsgl 0 igseas. Such
adjuva % ance NS5 Eity BANE BRIAVERERES: M&thodd or preparing such modified DNA
vaccinesarenkhevgn hutiea artd See-herganUhmemetsatEvacpieecf 848h 2000 28chriearsbidet at J.
Immung|, 147, - 91 Sasaki I : < 7 Il et at
Vaccined?tés’lzoa%-%fgﬁ%?igf)%g’; S:S&’igtes%;fl lﬁ(g%g a?%%vﬁ%im%n%g%tg fgggg%?l ﬁgﬁgné%glf,%%%%g%%hem.
269:299D3tiargdar {abiscst ane Isethheigislintedrogaady; Jugaeambedimephiisrdbj @250, 1999; Agren
et at, Inypuge!l. Celt Biol. 76:280, 1998; and Hayashi et at Vaccine, 18: 3097-3105, 2000, 100861In
some embodiments, provided are methods for enhancing expression of a therapeutic protein in the

reatmepl by oo deeases Al eeR R0 S AbSHRIE AP YERIBE R EThatiaR B.1apslatona)
enhancer élement or p(ﬂynUdGOI € ana expr I gD therapeutic protein are transiected Into target

cells, exransoriptipnvitior throupih, theinferacsiorlofithbwertorcatichited targavioell cHes, cofpositions are
administqied 10ASEOIRAL 6 A ATBOMM AHITEISOUR eNoR harare Wie derhmase.pdhig subject. Such

gene therapy procedures have been used to correct acquired and inherited genetic defects, cancer,
and virdepeiymareachuibdr s IRExtE3Ew]eq) scanensRsoeadinn suchdBckU8 1841498002; Nabel &

Feignery, FIBI B&hinided 1d - SkARLARB - Miabh &ateke K0P IHE EOH L k@ ds6c1R88; Mulligan,
Science 926-932, 1993; Dillon, TIBT :167-175, 1993: |\I£§Jr u 455-460, 1992; Van
mrunt, SRARERI B TRt BB Tig At e R b AL AR TS 6.26 e,
1995; Kremer & Perricaudet, Br. Med. Bull, 51:31-44, 1995; Haddada et at, in Current Topics in
Microbiology and Immunology (Doerfler & Belun ]e]ds., 1995); and Yu et at, Gene Therapy 1:13-26,
1994. 100871Various diseases and disorders are suitable for treatment with the therapeutic methods

described herein. These include malignancies of the various organ systems, e.g., lung, breast,

lymphoid, gastrointestinal, and genito-urinary tract. Also suitable for treatment are adenocarcinomas
which inchiide malicnancieac cirich ace moet eolon fcanceare ranal-caell carcinnoma nroctate cancar



Non-viral vector delivery systems include DNA plasmids, naked nucleic acid, and nucleic acid
complexed with a delivery vehicle such as a liposome. Viral vector delivery systems include DNA and
RNA viruses, which have either episomal or integrated genomes after delivery to the cell. Methods of
non-viral delivery of nucleic acids include lipofection, microinjection, biolistics, virosomes, liposomes,
immunoliposomes, polycation or lipid:nucleic acid conjugates, naked DNA, artificial virions, and

agent-enhapeeg uptale ARG, MpoiestieMsiiermiizad (Men), I§HEZ3 NONB,QRY, 886, US Pat. No.

4,946,787; and US Pat. No. 4,897,355 and lipofection reagents are 1?}%0 rel I%ﬁg.g.,
TransfecthmToSd ¢ Rfeefhiyeresslonie Batt helh/aRis R HYRSEPEi b%?fg(;ar?e@%ien A
receptor-irtogeitia, kfession i palyauéixeides (DRHEYe those described in, e.g., WO 91/17424 and
WO 91/16024. Delivery can be to cells (ex vivo administration) or target tissues (in vivo

administragieg). 10089)RmARGSASINSIRYARPICRIIGNSitis Asstafle-hatihe geng dbrigny vector

be delivered with a high degree of specificity to a particular tissue type. A eraI vector is typically
modified &51A&VEBPEGAtiEEIERCEBIF R EIFTfe Bysrssdiin) braghtaid W RIS Miotein with a viral

coat protgi,pivtRe.viErseso Walswdasenchbedgandis shasendr hanendifutsrerdaseantor known to
be present on the cell type. of interest. For exam [

le, Han et a%Pr%c. I\Itatl. A%adﬁc"t%?@'
92:9747-89%1n €eb5h e ST METBHRTIMFHE 1 RSFIRTATE S SBRBEM 35T eXpress human
heregulingiusgs 98°@patd, Anehiheoscdmbaimaninvikadineies] sheertdjachsenaenbeeast samaaheells
expressing, human,epidermel groth facton recentr, This PURGiRle, ¢ap s eiendadl .alger pairs of
virus expressﬁnegn%ltfigan%nfasion pro?eln and arg 3 ceﬁ’e’xﬁressmg freceptor. or example,
filamentouSoohtgieuaaniecmiinesbasdfaisplpatidscdgeacgrernsyeeptidaapssiuryffieaving specific

binding apm&%&%&@‘@%&%&r‘ose” cellular receptor. Although the above description applies
primarily to viral vectors, the same principles can be applied to nonviral vectors. Such vectors can be

engineered to contain specific uptake sequences thought to favor uptake ecific target cells.
(00901 THA®E b res SERTREGHSHLN ??é‘%%qﬁ%&gﬁ ?ﬁt ' g"dﬁ\ i‘ﬁeluélt?% i&eﬁgﬁ%ﬂ%’(ﬁd‘ it a&‘seu bject,
typically layt systexaenptimini RSN gintrdfienuk ditapentores) vy amdeseulara subdermal, or
intracranial infusign).or topical application, as descriged bglow. Alternati ectersican be delivered
to cells ex’ ngkngucgﬂ‘%r)so%gl éaélxg gﬁ‘% ?Fo@a?n? ?r(?d?\?ll%%gssu%]e%\é %e.cg é%rﬁ%ﬁ\og%g:é bone marrow

aspiratessttissiseRsiopsi)corcithbearsareo tr BleMStBuiesrestusasas| I@;‘?%ﬂtﬁﬁéﬂ%ﬁ%&ﬁﬁﬂ&@tation of the
cells into g subiechdLsirll e s larling o Gstiambichhaysdaearauaiedibs@atRiksmivo cell

transfection for diagnostics, research, or for gene therapy (e.qg., via re-infusion of the transfected cells

into the hB&CoNFINBRTSHell KA 88 thoLZBBYskirssniae et FAUFPEHBERIRdhALEmeiBsh be
isolated fegraotipasialj et orgRMEM aiaRaleciaehvdthy fenudsispacishigeniel ok CNAIrahd re-infused

back into the, subject organis gf. ., subject .t\éarious cell types,suitable.fo Viy ttransfection are
well knoviTE Y eo?(gﬁﬁﬁﬂrg%ﬁ dgﬁe@’gé,cee%., ErESREy %%&?@Wt%@é?ﬂ%lr%g? &18° A'Manual of
Basic Tedhaiipts (3ed eahs] 89dgjmparkdhe Meeéma&csiquqdrméivhi‘dr éodismts'gidpdafdr@iwitmisolate and
ohatioar e RN bl I Ed PR WO 6 (RO AR e Rl gLl e

o lim I iy appar

illustration, but not the scope. Other variants e read nt to one of ordinary skill in

the art ari$tarmiaingothpawsber iof pesitigrsea dechl hmislemsierhphsIpo arid daseaaring&sidr system for
identifying. tiansttionahaeacrishd2a83Hdgntification of ks pbisb s eirf @t igdlemonocistronic

positive feedback vector: one cistron encoding Gal4VPI6 transcription factor, the other encoding

Renilla ILR#BPSEE! BatERersRoso8s Rathcd FRhmaPE OERASHARH M he STIBYAEOPERESR Activating
Sequencend-AdipWhightenbances 1oanscyiplivheeshagaditecqpddéRdaadyhen introduced into cells,
the minimal promoters drive very low levels of both mR_NAs and encoded proteins. Introduction of a
sequenc can-gphance. Ion InfR.iRe R reERP RaldMB LA dst gs.deanslation of
the Gal4$/0§]%]mRNA. Tﬁg G&;a?d{g\%}%g%rqtein gg%lﬁse%ﬁbind t(f; both ptromotersq,%lrr%géeasing transcription,
driving itsheiinaiease chpamau @ tRabBERIE LR SF R GFOGCep S a5 RNy sitde YR the promoters of

the two geRamiharekyiiniating apesiimrieadhack lanpikRr YMEY ridemtitiadfemdinases of random
nucleotide sequences. In an embodiment, only cistrons encoding enh ncgp;l FP gﬁGFP) were used
az:grBFa

and impréReHeE é‘fgthﬁléfﬂ@ﬁ%%é?@gt?o@élmﬁ%‘iﬁ%%{ﬁ&ﬂ‘b anRgtedf il pSPtransfected
cell. Confignarimn ioysiyeo-26stnepinhoth 4béipasitiveclcEabaate slisteysed herain Lnan§iiQeDvector
system. [00931Figyre,1 illustrates a sc Ic_ representation of the. positive feedhack vector along
with the \}%{Qr)l%%’sgéfr(;tr]ﬁl (g?(sasr ?éﬁ“é‘ﬁ% If?éer? S%oﬁa#etﬁ h é’r}l%ere(%ﬁ? Ss%%%%ﬁ%}éasﬁctl%ég Hl&%% 1f’actor (IF)
genes, amRi denguohistaedthd herteapontipg sndmgtosqysnecariembrets ge AN Mauensemay be on the
same plasmid or on different plasmids. For the selection application, a random nucleotide sequence
(N), n nucleotides in length, is present in the 5' leader of the transcription factor mRNA. A sequence
that functions as a translational enhancer eIemenﬂ%TEE) will facilitate the translation of this mRNA,
The encoded transcription factor will then bind to sites in the promoters of the two genes and increase
their transcription. In one embodiment, the construct expresses two mMRNAS: one encoding a protein of

interest which may be a reporter protein and the other encoding a transcription factor. The
trancerintion of hoth MERNIAc i dArivven by minimal nromotare hiit fcan be enhanced by the evnreccinn Nf



TEESs are previously described in, e.g., PCT publication W02007/025008. Example 2ldentification of
consensus translational enhancer motifs 100961Using a dual monocistronic positive feedback vector
system as described above, numerous short nucleotide sequences that function as translational
enhancers in Chinese Hamster Ovary (CHO) and other cell lines, including BHK (Baby hamster
Kidney) cells were identified. These translational enhancer elements (TEES) range in length from
seven to fpeshje nucleaiitienaiscshawer ipdfygucke@dasiltipltteopiasooftiiesscT BESIHeledsdd protein
production by up tp 25-fqld in, CHO cells..In e at ' ies of the
same TE??(fru?é CESS'aIreeaP(fyn&c iﬁ%n ?Fe\ﬂ’b? ﬁ}{cwggéle%gt%%%gf Iﬁ‘i}gts%ﬁﬁafgﬁisgggs?géﬁtched control
which cohtaits(iho, FERIIO¥Ast s awdheitrearisiatstihareriorsae i nridoe dreat id Q88&ed after 2

days. Transjation efficigpcies are relative, the activielihemizednatshadcantreligenstruct. In Figure
3, the top 13 bars under the control bar correspond respectively to results obtained with 5 copies of 13

different TEELTH erbRPEROPBRRVSKEHAGH AR EHHRERIA § S MW SPANOHR $BE S 5 or 15

copies. TReQatiem Larsilluskaigihieckansiabenmhassiogieqbiiesahyiiianathen Tefhsequence
when 5-25 co;gies were employed. 100971Several gf these TEFGS showed seglég{gca?esimilarities, and
€

putative EBFSEREREMBRTESTRLIE PHE BRI F SRR fle o AR EL RIS FSgURcT 8BTS ESs of two

embodimesienofiharhiskioniifsriwaas folpmne]dtilts GaGIGR MEn(@EQUDAO:]), and
MSCSG NGMWA&SSE 1D NO:2). [t 5 noted that |

4t these s dengied A or G, M denotes A
or C, S deNBiEEEBrC, Waeno esllﬂ) %rsﬁ?‘gﬁlael\?e &%%%énAg,%éggggfrgﬁg.flOO%%% another
embodimerynizitide segberice ideRiNBICH NG RDvH 2R3ReSE DEBsermlifiedhis sequence, R1
Is abse”%éf%éiﬁ PdeﬁanPB‘?%?H&é}MérﬁQé%ﬁc%ﬁés Gran BmrrsgrbiReeferabhnd /& Rlefical is absent,

[

or C or G If present, preferably C or G; Ml is A or C; R2 is absent, or A or G if present, preferably A or
G, and ReHifiareptcraaizatiensahies TR MoNSesant SRS C if present, preferably A or C;
R3 is absent, or A or G if present, preferably absent; Rei is absent, or C if present, preferably absent.
In anothgoesapodimientsrihe tdadifidsl setplvieipRINIBIBABMIBRIMARORIRI(SEQIDNO: 3),
wherein RI, Ry.and RA are absent: N1 j rQ; Sl : i = 1(2ds Aor G and M2 is
AorC. [6‘65’&%%0éi‘nsélt‘f{%cr%é‘r’r%%???ﬁé’ﬁt‘%?ﬁmgﬁ%ﬁ% g%léﬂﬁe%c’?é%%ﬁ%b@l 2%%%(5%%2@ M4WRS (SEQ ID
NO4) in thiechenisehirdjcboiaahiswne, (GreA i grdiendypratetiaply Alsyiitng/MSUBBEMRSATC or A if

present, prafarably G ati A S s aRRERIoAEnPE AT RIRSSOTcHIafesAbYY Gisdrder BhigeeromC; N2 s G,
CorT;M4isAor C; Wis absent, or A or T if present and R6 is_absent, or '?I’\qu preseq. In another

embodinftsst YhERBID inshiaeatients RepRsyEeredaEitANEE S SE BN #F\Rerein R5 and
R6 are abareihM3 io AbaeiNs sérddr Or ifhprrsahba ithEdsomets thbdparvenandd S2 and 53 can be
the same or different; N2 is G, Cor T; M2 1.5 A 07 C; W is absent, or A if present. Example 3Activities

of syntheffo ERNA[BRSENNA BUBANGRTARNGH IS J0BRQRLEBRS A bR FoRsEES RIS noted

above, various speci sequences corresponding to generally to Motifs 1 and 2 were synthesized

and testertdemtrthesranfessarinarfislnietheg suhstimpbsymnierss hensafi MBFADEHNA fragments

containing, tae-t&shSR USRS VTS SpRaratad e fvainuedapringhcaruirmaniasy oligonucleotides
that were synthesized and annealed to each other. The annealed oligonucleotides had unbasepaired

nucleotioBEAERE% O G2 ISMansy iRk enbrarb RS Ry RTTERAN G SSRY TN G EXSR 1 and BamH1.
The fragesnésswerepalbrE yriptheal Beleader ehdetubiéatnssseapartausniiNbldndhepositiveyfeedback
expression v %tor as described in Example I. The Renilla luciferase constructs containing the motif

e
sequencé?% W Srﬁggﬁt‘t?e?ﬁg?ésritly transfected into CHO cells. Cells were assayed after 3 days for the

ability of the test sequences to enhance translation. A size matched control (reference) plasmid

contained¥98TA in The tefahingaEion. EIRSEReCh} 1HE T EERO MR RIS SRWANSE SISM6P e reporter
poly-peptidanata showeTiiEiging o AS@LRIHHM sashiBatndicatpritsivthefcenssigsns pradiistare

predictive of translation enhancing activity of a TEE which corresponds o .one of these motifs. Also as
indicated !HE ARTIAS! WE’@%‘Q@J&H&?%&%@& %W%Fo‘ﬁ?eﬁfgﬁg } 008%%8%%%‘ tr?a?'r? slfaafgg h(i{f{oe higher levels
than thoseahasgsitsla Mmﬁﬁleﬁt_ibéeséqme(mgs plsyndhetic B Estcovhispane@metd e¢bnsensus motifs
1 (M1) a”%r%ig\x@x@? cEanNgg ls%?lggc? ig%gggrk%q&r%%@ tINeOfMe]i'g]\ DNA into host cells to promote

its replication and/or transcription.

{0058] A cloning vector is a DNA sequence (typically a plasmid or phage) which is able

to replicate autonomously in a host cell, and which is characterized by one or a small number
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GCGAGAGAA 5 M1-2 GGGAGCGAA 6 M1-3 GCGAGAGGA 7 M1-4 GCGAGCGGA 8 M1-5
CGGAGCGAA 9 M1-6 CGGAGCGGA 10 1 MI-7 ACGAGAGGA 11 M1-8 ACGAGCGGA

of restriction endonuclease recognition sites. A foreign DNA fragment may be spliced into
the vector at these sites in order to bring about the replication and cloning of the fragment.
The vector may contain one or more markers suitable for use in the identification of

transformed cells. For example, markers may provide tetracycline or ampicillin resistance.

[0059]  An expression vector is similar to a cloning vector but is capable of inducing the
expression of the DNA that has been cloned into it, after transformation into a host. The
cloned DNA is usually placed under the control of (i.e., operably linked to) certain regulatory
sequences such as promoters or enhancers. Promoter sequences may be constitutive,

inducible or repressible.

IIL.  Translational Enhancer Polynucleotides and Recombinant Vectors

[0060] Provided herein are isolated or substantially purified polynucleotides which
function as translational enhancers. These translational enhancer polynucleotides include the
specific mRNA translational enhancer elements (TEEs) disclosed herein or their variants,
homologs or functional derivatives. The translational enhancer polynucleotides can contain
one or more sequence segments including the consensus Motif 1 (SEQ ID NO:1), Motif 2
(SEQ ID NO:2), Motif 1a (SEQ ID NO: 3), or Motif 2a (SEQ ID NO: 4). Some of the
translational enhancer polynucleotides can contain one or more sequence segments that
include one of the specific mRNA TEEs shown in SEQ ID NOs:5-35. As demonstrated in
the Examples below, expression of a polypeptide of interest in a vector that harbors one of
these mRNA TEEs results in significant increase of protein production. In addition to the
mRNA TEEs shown in SEQ ID NOs:1-35, the mRNA TEESs also can encompass sequences
that are substantially identical to one of these exemplified sequences and can retain the basic
functional characteristic of enhancing the expression of an operably linked gene of interest in

a host cell.

[0061] A sequence segment in the translational enhancer polynucleotides can contain just
one specific nRNA TEE or several of the mRNA TEEs shown in SEQ ID NOs:1-35. For
each of the specific mRNA TEEs present in a sequence segment, there can be just one copy
of the mRNA TEE in the sequence segment. Alternatively, multiple copies of each of the
mRNA TEEs can be present in each sequence segment. Typically, the different mRNA TEE
elements in the translational enhancer polynucleotides can be operatively linked adjacent to

each other or separated by spacer nucleotide sequences that can vary from 1 to about 100
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12 1M1-9 GACGAGAGGA 13 M1-10 GACGAGAGAA 14 MI-11 AGCGAGCG 15 MI-12
AGGAGAGGA 16 MI-13 GCCGAGAGA 17 M1-14 CGAGAGGCA 18 M1-15

nucleotides in length. Some translational enhancer polynucleotides contain only one
sequence segment. Some other translational enhancer polynucleotides contain a plurality of
sequence segments. In the latter embodiments, the sequence segments can be homogenous or

heterogeneous.

[0062]  Thus, some embodiments relate to a translational enhancer polynucleotide
sequence segment which includes a mRNA TEE sequence that is the same or substantially
identical to one of the sequences shown in SEQ ID NOs:1-35. Some other embodiments
relate to a translational enhancer polypeptide sequence segment which contains 2, 3, 4, 5, 10,
25, 50 or more copies of a specific mRNA TEE shown in SEQ ID NOs:1-35. In some
embodiments, the translational enhancer polynucleotides relate to a sequence segment which
contains more than one (e.g., 2, 3, 4, 5, or more) of the different mnRNA TEEs shown in SEQ
ID NOs:1-35 or their variants or homologs. In these embodiments, each of the specific
mRNA TEEs can be present in one or more copies (e.g., 2, 3, 4, 5, 10, 25 or more copies).

In still some other embodiments, the translational enhancer polynucleotides contain more
than one of the sequence segments noted above. The different sequence segments can be
identical in terms of the types of specific mRNA TEEs and the number of copies of each
specific mRNA TEE harbored therein. Alternatively, the multiple sequence segments can be
different in the types of specific mRNA TEEs and/or the number of copies of each of the
specific mRNA TEEs. In any of these embodiments, other than the mRNA TEEs shown in
SEQ ID NOs:1-35, variants of these specific TEEs or homologs with substantially sequence

identity can also be used.

[0063] The specific mRNA TEEs or translational enhancer polynucleotides disclosed
herein can be used to construct recombinant cloning vectors or expression vectors. Such
vectors are useful for expressing a polypeptide or protein of interest, e.g., a therapeutic
protein. They can also be employed in therapeutic applications such as DNA vaccines or
gene therapy. The recombinant vectors can be constructed from a plasmid, virus or other
vehicles known in the art by insertion or incorporation of one or more of the specific mRNA
TEEs or translational enhancer polynucleotides described herein. Examples of such vehicles
are discussed in the Examples below. Typically, the vectors contain a promoter suitable for
expression a polypeptide of interest in a host cell (e.g., mammalian host cells). In the vectors,
a TEE-containing sequence is operably linked to the promoter, e.g., at 3° to the promoter.
The TEE-containing sequence can be one of the specific TEEs shown in SEQ ID NOs:1-35,

a sequence segment including a TEE or a translational enhancer polynucleotide as described
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GAGAGGAGC 19 M2-1 CGCGGCGGA 20 M2-2 CGCCGCCGC 21 M2-3 GCGGCTGAA 22 M2-4
CCGGCTGAA 23 M2-5 CGCCGCTGAA 24 M2-6 CGCCGCGGAA 25 M2-7 CGCCGCCGAA

above. The vectors can additionally harbor a sequence of nucleotides adapted for directional
ligation of a polynucleotide sequence encoding a polypeptide of interest. For example, a
polylinker can be employed for cloning the polynucleotide sequence so that the cloned
sequence is operably linked to and put under the control of the promoter and the TEE-
containing sequence. Polylinkers are polynucleotide sequences that can have a series of three
or more closely spaced restriction endonuclease recognition sequences (see, e.g., Sambrook
et al., supra). In some embodiments, as illustrated in the Examples, the vectors allow the
polynucleotide sequence to be cloned into the vectors at a position so that the TEE is present

in the 5’ leader of the transcribed mRNA encoding the polypeptide of interest.

[0064] In addition to the promoter and the TEE-containing sequence, some recombinant
vectors described herein further contain a gene of interest or a polynucleotide encoding a
protein or a polypeptide of interest. The gene of interest or the polynucleotide sequence is
operably linked to a promoter sequence and the TEE which facilitate the efficient
transcription of the inserted polynucleotide sequence in a host cell. Translation of eukaryotic
mRNA initiates at AUG codon which encodes methionine of an mRNA. For this reason, the
linkage between a promoter and the gene of interest should not contain any intervening
codons for methionine. The presence of such codons may result in the formation of a fusion
protein (if the AUG codon is in the same reading frame as the gene of interest) or the
formation of a peptide that either terminates upstream of the authentic initiation codon or
overlaps the gene, but in a different reading frame. In some embodiments, the gene of
interest which encodes a protein includes the 5' leader and 3' untranslated (UTR) sequences.
In some other embodiments, the 5° leader and/or 3’ untranslated regions in the output
transcription product are already present in the vector prior to cloning of the gene of interest.
In these embodiments, at least one TEE is located in the 5° leader and/or the 3’ untranslated

regions.

[0065] Typically, the translational enhancer is located between the transcription promoter
and the AUG codon. The exact position of the TEEs relative to the promoter and the cap site
of the gene of interest is not critical; however, the exact position may affect efficiency. For
instance, some TEEs can enhance translation when located in the 5' leader of the encoded
mRNA, or in the 3' untranslated region. In some embodiments, the TEE is situated in the 5'
leader sequence of the gene of interest or a cistron. In these embodiments, the enhancer
element is positioned within about 1-500 nucleotides, particularly within about 1-100 or

about 1-50 nucleotides of the translation start site.
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26 M2-8 CCCGCGGAA 27 M2-9 CCCGCCGAA 28 M2-1 0 CCCGCTGAA 29 M2-11 CCCGGCGGA
30 M2-12 CGCGGCTGA 31 M2-13 CGGCTGCTA 32 M2-14 CCCGGCGGA 33

[0066]) By incorporating a translational enhancer polynucleotide described above, the
recombinant vectors can have one or more of the specific translational enhancer elements
shown in SEQ ID NOs:1-35. For any of these specific enhancer elements, the vectors can
harbor just one copy of the enhancer element or multiple copies of the same enhancer
element. For example, to increase polypeptide expression from an associated cistron,
concatemers of 2, 5, 10, 20, 35, 50 or 75 copies of a specific TEE shown in SEQ ID NOs:1-
35 can be present in some of the recombinant expression vectors. Some other vectors have
multiple sequence segments which independently can include one or more of the specific

TEE sequences exemplified herein.

[0067] In addition, the recombinant or expression vectors can contain additional sequence
elements. For example, the vector can contain an origin of replication, as well as specific
markers which allow phenotypic selection of the transfected or transformed host cells. Other
elements present in the vectors will vary depending upon host cell type, but will generally
include sequences involved in the initiation of transcription and translation and sequences
signaling the termination of transcription. Transcriptional enhancer sequences may also be
present. The vectors can also include coding sequences within the same transcription unit,
controlling elements such as ribosome binding sites, and polyadenylation sites, additional
transcription units under control of the same or a different promoter, sequences that permit
cloning, expression, and transformation of a host cell. In some embodiments, the vectors
include a polynucleotide that encodes a signal peptide that directs the polypeptide encoded by
the cloned gene of interest to the surface of the host cell. In some embodiments, the vectors
can also include a polynucleotide that encodes a molecular tag that can facilitate separation of
a host cell that expresses the reporter gene from a host cell that does not express the reporter

gene.

[0068] In some embodiments, the recombinant vectors are intended for expressing a
protein of interest in eukaryotic host cells. As detailed below, these include various
mammalian cells as well as insect cells or plant cells. In some embodiments, provided are
DNA vaccines which expresses a target antigen from an expression vector disclosed herein.
A large number of vectors suitable for use in eukaryotes are known in the art. Examples
include the pMSXND expression vector for expression in mammalian cells (Lee and
Nathans, J. Biol. Chem. 263:3521, 1988); baculovirus-derived vectors for expression in
insect cells; and other vectors for eukaryotic expression as described in Botstein ef a/., Miami

Winter Symp. 19:265, 1982; Broach Cell 28:203, 1982; Bollon er al., J. Cin. Hematol. Oncol.
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M2-15 AGCCGCCGCA 34 M2-16 ACGCCGCCGA 35 [00102] The novel translational enhancers
described herein can have various practical and industrial applications. For example, they can
minimize the costs associated with industrial scale cultures and reduce drug costs. Higher protein
concentrations can also facilitate protein purification. In addition, these enhancers may enable
processes that may otherwise not be possible due to poor protein expression, e.g. expressing enough
antigen froma DR MacCiiEARBeyestaprghmsne Teaphascokisese drsedtondkdnhiancers can be

used to dramatically increase the, yi f specific prateins in mammalian cells. F le, many
therapeué&%ﬁ&éﬁ eﬁ?é“&x;?e%siléﬁ?c%@gc%ﬁgpg gléﬁl%lnrtg’t & MoS aégrrﬁ%%n ?/n gé%%}(%gﬁ%%or the large
scale prostystipncthideape ticpmieied, ittceDdire prapetpdssigred Jori pioedd gratessing. In addition
to industygl AIpEIR R OGO A BHOARLABRANCESTENS.DAINTR) 5 NI IRRYSIQY systems.

For exarrﬂ%?e, or research purposes, therapeutic expression of proteins, and DNA vaccines, for
increasing.aNegen o atGHGS S0 Komswiie Y Spedfichith sehidnsthany epeeiftdWiRd described
with refereycess togyreferred embodiments thereof, these should not be construed as limitations on the
scope of an invention that is claimed or of what may be claimed, but rather as descriptions of features
specific t icular embodiments. It will be undetsiood, by th | int hat,various changes
in form aﬁ)c? ‘gﬁtails%rr%%‘f/e QA éeﬁﬁ’g‘r%%p\fv?fﬁ%lu?? 3%5?%?19% ?rglorﬁ%kﬁ%%n%ggﬁ%ﬁ}g%vention
describeeni@ectaipolgatalesideaney eygasdiyedsinthisspesifivaiparabih e extagudsparate

embodimgpis Gan,aleg. e MRIPRRIGIA SANPIBIARRLS inale SRCIRAB, GapKeisey. various

features that are In the ‘context of a single embodiment can also be implemented in multiple

embodintadiscsophestassmitods usatamrr s dhissmbmemotermaiby enrirnet ghthéatures may be

described.ahavaA% ARG, ITCEHBIE APRINBHLD TNk e bt ially daimestas sucht @re or more
features from a claimed combination can in some_cases be excisedgé)nk%}fe cté)mbin%gon, and the
iatidn 6P a RE BB

claimed EHtsmaiBPHIQY B ERGEII L &l ¥:-doMBInaRBH 6F Y V: Hifation. The
scope of dheyimETHOp-dmdefin et iapbe vtayy dbat t6]10vivifo0 1044248 BabBeasions teasabases,
GenBank sequences, patents, and.paten ications, cited in this ecific&;iw are herein
incorpora??é@ i Pé?éer‘eﬂ%gé‘% §ifte%}g}§%‘ér§ t%%%%ﬁ?;ﬁ, ’ahgog ?r?d?\%éi%ﬁ/{oulﬁnéﬁated tgrglgclﬁ%%rporated by
referenceéB oShak| b SIVZEINT | GLANIEBS)Sthd 3 2hRdblated pobyRAauidetaes abhedIdomprising at

st oSS AR IHENa s 20BN PO ISR L1oE XTSI H16) TR0 oMe A K

RINISIG GR2M2R2R3R4 (SEQ ID NO:3) or R6M3S2CS3GCNIGMAWR6 (SEQ w NO:4), or a
substantizRssaehecamesyfrentElgneedriesnerdimstE NS A it daencby &GePrBishenv iSRbsent, or A,

C or G if pyeseib)eferabbadh bt Grombis ks MV G atadfsresenteprsioraE €7 or G; M1is A or
C; R2 is absent, or A or G if present, preferably A or G, and RI anc{)RZ can be the same or different;

M2 is abseht)of AdHIEARIPERIRES HHETEARNG WHH e SRS T I SEMT BP A P& BPESEH Bieferably
absent; Rétisdaisenghoifditipte pennqeeftsabliiahssbtubndiRE itbaksetisehasifimtesent, preferably
absent; M3,is absent if present, pref A S2.isabsent, or € or, G if present,
preferabﬁ/afjfogny s;ﬁgég }Qsﬁg Icgr{: @)I@%ug‘l 8?’?@3?? }A\O{')irbe&3 ; V\}§I88% ét%sggr?%%)%% g[rg;'l"lf present and R6
is absenfaenteifiP8ahit] 934 T easudaiod polasrisotiveesfYekerce of -clBYBO Iuhrdidthe TEE

consists INSIGACMIGRAVBIRARI NSRRI, AS R0 Rbascabsensiiiag a1 S1 is C

B
orG;MlisAorC;R2iS§AorGand'M2is AorC. 3. The isolated Eol nucleotide sequence of claim 1,
wherein eTEEEBhSREQSF RIwIsse SSacreaMANRE, Whdrdh-RBahd3RE 21 Btdtent; M3 is

absent, QhiPhlorioRRSERY; A tedn REgP7 53 arGpn B23aRdGi2181d1 28, (bl bedhepsame opdlifferent; N2
isG,CorT:M2is AorC;W is absent, r%[%gj}e?g&g)

986; Severin et al., Plant Mol. Biol., |
[0070] Promoters can include both constitutive and inducible natural promoters as well as
engineered promoters. The CaMV promoters are examples of constitutive promoters. To be
most useful, an inducible promoter should 1) provide low expression in the absence of the
inducer; 2) provide high expression in the presence of the inducer; 3) employ an induction
scheme that does not interfere with the normal physiology of the plant; and 4) have no effect

on the expression of other genes.
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4. The isolated polynucleotide sequence of claim 1, 2 or 3, wherein the TEE consists of a sequence
that is at least 90% identical to a sequence selected from the group consisting of SEQ ID NOs: 5-35.
5. The isolated polynucleotide sequence of claim 1,2 or 3, wherein the TEE consists of a sequence
that is identical to a sequence selected from the group consisting of SEQ ID NOs: 5-35, 6. The
polynucleotide sequence of claim 1,2 or 3 which comprises at least 2 copies of the TEE. 7. The
polynuclegiide sequense ahblaihdnts, tieTevbishicompsises eideasichahpiestaithecéckabl. The
polynucleotide sequence of claim 1,2 or,3 which comprises at least 10 copies of the. TEE. 9. A vector
for recorBEhtl f}?iﬁ?é%?l Wd’ g%fﬁggﬁe&e&iﬁa& &l ei%%’%?c“@gl I‘%:’g% ?lrsr?ﬁ% %eelsj fze-,:l??/lgtr|1c:0r§’(omoter
operablyolinkest teeai pofynuchestick! seqtenog temprising latde asttodeneRNRe tatktatienalienhancer
element TE%%&XQ{{;K%MQSFTEE '&1%%%?%%? it Rl Rl d G 3 i1 FBE vector of claim

9, wherein fthe m translational enhanhcer element consists of a sequence that is substantially

identical ttenafewmupsepieet sellschomfrsmna sdiotipt conaritimperomg | Bxaories fsuiteblerne vector of
claim 9, yherain the ARNAITANSRHBNAE ARIANCRE alerperrsansistuaha Seauengeithat is identical to a

sequence selected from the group consisting of SEQ ID NOs: 5-35. 12. The vector of claim 9, wherein

the mRNAEHIANSRESEThARGING inasht EAfE N BeRRCSPBMBRIS WA EIAE 10 directional
ligation gharzeg9pssielynockpetisisaniense Bnkading diebnepiidest GietssisidicEhe vector of
claim 9, further comprising a second polynucleotide sequence encoding a polypeptide of interest which
is opera@?ﬁﬁ%@@gfﬂgﬁﬁwﬁﬁgﬁ%&ﬁ%n% ﬁ%ea%?csergllélmgn?t’ fﬁ‘ﬁeGSeaé%Egér)%%cngﬁnsfél} wherein
the mMRNA traadatiepattantmedeidignhenfasitocatibd (BFhgedeleader sequence of the second

polynucleotide sequence. 15. A DNA vaccine comprising the vector of claim 9. 16. A eukaryotic host
cell transfected with the vector of claim 9. 17.The host cell of claim 16, wherein the host cell is a CHO

cell. 18. fymethed foceeorinaniy produsion srpelypeplida Gemasising: (i) constructing an

expression vector which comprises a eukaryotic promoter and a mRNA translational enhancer element

that are grazhjoperaky-linketombephideeiiferoddeingdhel goly paptidaryvierfelithe TEE is
selected from the TEES of one of claims 1,2 or.3; (ii) transfecting the expression rinto a
eu karyoﬂ’érhoélgtl%%‘fﬁt’é{ﬁ?omﬁﬁsﬂgﬁa@ﬁ ihG %ﬁ%ﬂr%g EARIE LR er%p\isv%e & %?H%é)%gi%"ﬁ x\}1ee\c{t§o((;r%gthereby
producingf tbé}@@lrypepﬁckesibﬁ.vfhem&}eﬂmdlba‘)@fam @,mseingtﬁsmmk proteiagional enhancer
element C%PS'%E%Q%R[;E}I,%S ! Sngeiak 'ﬁha%%éa@é@ix igeptical g seapense selesiedfom the group

consistint(z;r of : 5-35. 20. The method of claim 18, wherein the mRNA translational

enhancebectsprspdvifbishs veeioss garindudniherpericartbedissguenes Rerestina%om the group
consisting, Qh&faa: IAMNES: PoRPvarious pathogens such as disease causing bacteria or viruses (e.g.,

E. coli, P. aeruginosa, S. aureus, malaria, HIV, rabies virus, HBV, and cytomegalovirus), and

other proteins such as lactoferrin, thioredoxin and beta-caseinvaccines. Other suitable
proteins or polypeptides suitable include, e.g., nutritionally important proteins; growth
promoting factors; proteins for early flowering in plants; proteins giving protection to the
plant under certain environmental conditions, e.g., proteins conferring resistance to metals or
other toxic substances, such as herbicides or pesticides; stress related proteins which confer
tolerance to temperature extremes; proteins conferring resistance to fungi, bacteria, viruses,
insects and nematodes; proteins of specific commercial value, e.g., enzymes involved in

metabolic pathways, such as EPSP synthase.

[00673] The recombinant vectors harboring the gene of interest and the mRNA TEEs or
enhancer polynucleotides described herein can be introduced into an appropriate host cell by
any means known in the art. For example, the vector can be transfected into the host cell by
calcium phosphate co-precipitation, by conventional mechanical procedures such as
microinjection or electroporation, by insertion of a plasmid encased in liposomes, and by

virus vectors. These techniques are all well known and routinely practiced in the art, e.g.,
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21. The method of claim 18, further comprising purifying the recombinant polypeptide. 22. The method
of claim 18, wherein the host cell is CHO cell. 23. The method of claim 18, wherein the polypeptide is a
therapeutic protein. PCTMS2008/013662 <110> SEQUENCE The Scripps Research Institute Mauro,
Vincent P. Edelman, Gerald M. Thou, Wei LISTING <120> Compositions and methods related
elements to mRNA translational enhancer <130> 37651-501001W0

Brent ef al., Current Protocols in Molecular Biology, John Wiley & Sons, Inc. (ringbou ed.,
2003); and Weissbach & Weissbach, Methods for Plant Molecular Biology, Academic Press,
NY, Section VIII, pp. 42 1-463, 1988. Host cells which harbor the transfected recombinant
vector can be identified and isolated using the selection marker present on the vector. Large
numbers of recipient cells may then be grown in a medium which selects for vector-
containing cells. These cells may be used directly or the expressed recombinant protein may
be purified in accordance with conventional methods such as extraction, precipitation,
chromatography, afﬁnity methods, electrophoresis and the like. The exact procedure used

will depend upon the specific protein produced and the specific vector/host expression system

utilized.

[0074] In an embodiment, host cells for expressing the recombinant vectors are
eukaryotic cells. Eukaryotic vector/host systems, and mammalian expression systems, allow
for proper post-translational modifications of expressed mammalian proteins to occur, e.g.,
proper processing of the primary transcript, glycosylation, phosphorylation and
advantageously secretion of expressed product. Therefore, eukaryotic cells such as
mammalian cells can be the host cells for the protein of a polypeptide of interest. Examples

of such host cell lines include CHO, BHK, HEK293, VERO, HeLa, COS, MDCK, NSO and
W138.

[0075] In some embodiments, engineered mammalian cell systems that utilize
recombinant viruses or viral elements to direct expression of the protein of interest are
employed. For example, when using adenovirus expression vectors, the coding sequence of a
protein of interest along with a TEE or translational enhancer polynucleotide may be ligated
to an adenovirus transcription/translation control complex, e.g., the late promoter and
tripartite leader sequence. This chimeric gene may then be inserted into the adenovirus
genome by in vitro or in vivo recombination. Insertion in a non-essential region of the viral
genome (e.g., region El or E3) will result in a recombinant virus that is viable and capable of
expressing the polypeptide of interest in infected hosts (e.g., see Logan & Shenk, Proc. Natl.
Acad. Sci. USA 81:3655-3659, 1984). Alternatively, the vaccinia virus 7.5K promoter may
be used. (e.g., see, Mackett et al., Proc. Natl. Acad. Sci. USA, 79:7415-7419, 1982; Mackett
etal.,J Virol. 49:857-864, 1984; Panicali er al., Proc. Natl. Acad. Sci. USA, 79:4927-4931,
1982). Of particular interest are vectors based on bovine papilloma virus which have the
ability to replicate as extrachromasomal elements (Sarver et al., Mol. Cell. Biol. 1:486, 1981).

These vectors can be used for stable expression by including a selectable marker in the
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<150> 61/007,440 <151>2007-12-11 <160>35 <170> Patentln version 3.5 <210>1

plasmid, such as the neo gene. Alternatively, the retroviral genome can be modified for use
as a vector capable of introducing and directing the expression of the gene of interest in host
cells (Cone & Mulligan, Proc. Natl. Acad. Sci. USA 8 1:6349-6353, 1984). High level
expression may also be achieved using inducible promoters, including, but not limited to, the

metallothionine IIA promoter and heat shock promoters.

[0076] The host cell for expression of the recombinant vectors can also be yeast. In
yeast, a number of vectors containing constitutive or inducible promoters may be used. See,
e.g., Brent et al., Current Protocols in Molecular Biology, John Wiley & Sons, Inc. (ringbou
ed., 2003); and The Molecular Biology of the Yeast Saccharomyces, Strathem et al. (eds.),
Cold Spring Harbor Press (1982). A constitutive yeast promoter such as ADH or LEU2 or an
inducible promoter such as GAL may be used. Alternatively, vectors may be used which

promote integration of foreign DNA sequences into the yeast chromosome.

[06677] In cases where plant expression vectors are used, the expression of a gene of
interest may be driven by any of a number of promoters. For example, viral promoters such
as the 35S RNA and 19S RNA promoters of CaMV (Brisson et al., Nature 310~511-514,
1984) or the coat protein promoter to TMV (Takamatsu et al., EMBO J., 6:307-3 11, 1987)
may be used. Alternatively, plant promoters such as the small subunit of RUBISCO (Coruzzi
et al., EMBO J. 3:1671 1680, 1984; and Broglie ef al., Science 224:838-843, 1984) or heat
shock promoters (Gurley et al., Mol. Cell. Biol., 6:559-565, 1986) may be used.

[0078] An alternative expression system that can be used to express a protein of interest
with the recombinant vectors is an insect system. In one such system, Autographa

californica nuclear polyhedrosis virus (AcNPV) is used as a vector to express foreign genes.
The virus grows in Spodoptera frugiperda cells. The zinc finger-nucleotide binding
polypeptide coding sequence may be cloned into non-essential regions of the virus and placed
under control of an AcNPV promoter (e.g., the polyhedrin promoter). Successful insertion of
the zinc finger-nucleotide binding polypeptide coding sequence will result in inactivation of
the polyhedrin gene and production of non-occluded recombinant virus (i.e., virus lacking the
proteinaceous coat coded for by the polyhedrin gene). These recombinant viruses are then
used to infect cells in which the inserted gene is expressed. See, e.g., Smith et al., J. Biol.

46:584, 1983; and Smith, U.S. Patent No. 4,215,051).

[00679] Once the recombinant vector has been introduced into the appropriate host cells,

the expressed recombinant protein may be purified in accordance with conventional methods
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such as extraction, precipitation, chromatography, affinity chromatography, electrophoresis
and the like. The exact procedure used will depend upon both the specific protein produced
and the specific expression system utilized. For long-term, high-yield production of
recombinant proteins, stable expression is preferred. Rather than using expression vectors
which contain origins of replication, host cells can be transformed with a vector that allows
stable integration of the vector into the host chromosomes. Host cells with stably integrated
polynucleotides that encode the protein of interest can grow to form foci which in turn can be
cloned and expanded into cell lines. For example, following the introduction of foreign
DNA, engineered cells may be allowed to grow for 1-2 days in an enriched media, and then

switched to a selective media.

V. Therapeutic Applications

[0080] Further provided are vector systems that can be employed in various therapeutic
applications. For example, a vector for therapeutic expression of proteins can be constructed
with an mRNA TEE or translational enhancer polynucleotide described above and a
polynucleotide encoding a therapeutic protein. Other examples include vectors to be used in

vaccines so that increased antigen production can be achieved.

{0081] In some embodiments, the translational enhancer elements and polynucleotides
disclosed herein are used in the preparation of DNA vaccines. In order to produce increased
antigen levels, the DNA vaccines can be generally comprised of an expression vector wherein
expression of a vaccine antigen is enhanced by the presence of one or more of the
translational enhancer elements (e.g., SEQ ID NOs:1-35). In some embodiments, the DNA
vaccines can deliver and express more than one antigen. Other than sequences encoding the
vaccine antigen and the translational enhancer elements, the DNA vaccine vector typically
also includes a promoter for transcription initiation that is active in eukaryotic cells. Such
DNA vaccine vectors can be generated in accordance with the methods well known in the art.
For example, methods for making and using DNA vaccine for a given antigen are described
in, e.g., Gurunathan er al., Ann. Rev. Immunol., 18:927, 2000; Krieg, Biochim. Biophys.
Acta., 1489:107, 1999; Cichutek, Dev. Biol. Stand., 100:119, 1999; Davis, Microbes Infect.,
1:7, 1999; and Leitner, Vaccine, 18:765, 1999.

[0082] Any of the vectors described above may be employed to express a vaccine antigen

in the DNA vaccines. Additional vectors that can be used to construct DNA vaccines can
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include viral vectors such as ALVAC (a canarypox virus), MVA (a cowpox variant), and
ADVS (adenovirus 5) vectors, as well as plasmid vectors such as pUC19 (ATCC# 37254),
pcDNA3.1 (Invitrogen, Carlsbad, CA), pNGVL (National Gene Vector Laboratory,
University of Michigan, MI), p414cyc (ATCC# 87380), pBSL130 (ATCC# 87145), and
pECV25 (ATCC#77187). Examples of promoters that can be employed in the vaccine
vectors include, e.g., the SV40 early promoter, the cytomegalovirus immediate early

promoter/enhancer, and various eukaryotic promoters described herein.

[0083] A diverse array of vaccine antigens can be expressed by the DNA vaccines.
These include, e.g., HIV-1 antigens, Hepatitis C virus antigens, Hepatitis B virus antigens,
Herpes Simplex viral antigens, Pox virus antigens, Influenza virus antigens, Measles virus
antigens, Dengue virus antigens, Entamoeba histolytica antigens, Semliki Forest virus
antigens, Papilloma virus antigens, Plasmodium vivax and Plasmodium falciparum antigens.
Additional information of antigens that can be expressed in the DNA vaccines can be

obtained from the website of DNAvaccine.com.

[06084] The DNA vaccines can be used to immunize any subject in need of prevention or
protection against infection of a pathogen (e.g., HIV infection). Such subjects include
humans and non-human animals such as rodents (e.g. mice, rats and guinea pigs), swine,
chickens, ferrets, non-human primates. Methods of administering a DNA vaccine to a
suitable subject are described in the art. See, e.g., Webster et al, Vace,, 12:1495-1498, 1994,
Bemnstein ef al., Vaccine, 17:1964, 1999; Huang ef al., Viral Immunol., 12:1, 1999;
Tsukamoto ef al., Virol. 257:352, 1999; Sakaguchi et al., Vaccine, 14:747, 1996; Kodihalli et
al., J. Virol., 71: 3391, 1997; Donnelly et al., Vaccine, 15:865, 1997; Fuller et al., Vaccine,
15:924, 1997; Fuller ef al., Immunol. Cell Biol., 75: 389, 1997; Le et al., Vaccine, 18: 1893,
2000; Boyer et al., J. Infect. Dis., 181:476, 2000.

[0085] In addition to enhancing expression of the vaccine antigens by using one or more
of the specific TEEs or mRNA translational enhancer polynucleotides described herein, the
DNA vaccines can also be formulated with an adjuvant. Suitable adjuvants that can be
employed include, e.g., aluminum phosphate or aluminum hydroxyphosphate,
monophosphoryl-lipid A, QS-21 saponin, dexamethasone, CpG DNA sequences, Cholera
toxin, cytokines or chemokines. Such adjuvants enhance immunogenicity of the DNA
vaccines. Methods of preparing such modified DNA vaccines are known in the art. See, e.g.,

Ulmer et al., Vaccine 18:18, 2000; Schneerson ef al. J. Immunol. 147:2136-2140, 1991,
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Sasaki ef al. Inf. Immunol. 65: 3520-3528, 1997; Lodmell ef al. Vaccine 18:1059-1066,
2000; Sasali ef al., J. Virol. 72:4931, 1998; Malone et al., J. Biol. Chem. 269:29903, 1994;
Davis et al., J. Immunol. 15:870, 1998; Xin et al., Clin. Immunol., 92:90, 1999; Agren et al.,
Immunol. Cell Biol. 76:280, 1998; and Hayashi ef al. Vaccine, 18: 3097-3105, 2000.

[0086] In some embodiments, provided are methods for enhancing expression of a
therapeutic protein in the treatment of various diseases. In these methods, an expression
vector harboring a translational enhancer element or polynucleotide and expressing a
therapeutic protein are transfected into target cells, ex vivo or in vivo, through the interaction
of the vector and the target cell. The compositions are administered to a subject in an amount
sufficient to elicit a therapeutic response in the subject. Such gene therapy procedures have
been used to correct acquired and inherited genetic defects, cancer, and viral infection in a
number of contexts. See, e.g., Anderson, Science 256:808-813, 1992; Nabel & Felgner,
TIBTECH 11:211-217, 1993; Mitani & Caskey, TIBTECH 11:162-166, 1993; Mulligan,
Science 926-932, 1993; Dillon, TIBTECH 11:167-175, 1993; Miller, Nature 357:455-460,
1992; Van Brunt, Biotechnology 6:1149-1154, 1998; Vigne et al., Restorative Neurol. and
Neurosci. 8:35-36, 1995; Kremer & Perricaudet, Br. Med. Bull. 51:31-44, 1995; Haddada er
al., in Current Topics in Microbiology and Immunology (Doerfler & Bohm eds., 1995); and
Yuet al., Gene Therapy 1:13-26, 1994.

[0087] Various diseases and disorders are suitable for treatment with the therapeutic
methods described herein. These include malignancies of the various organ systems, e.g.,
lung, breast, lymphoid, gastrointestinal, and genito-urinary tract. Also suitable for treatment
are adenocarcinomas which include malignancies such as most colon cancers, renal-cell
carcinoma, prostate cancer, non-small cell carcinoma of the lung, cancer of the small
intestine, and cancer of the esophagus. A recombinant expression vector containing an
mRNA TEE or translational enhancer polynucleotide disclosed herein is also useful in
treating non-malignant cell-proliferative diseases such as psoriasis, pemphigus vulgaris,
Behcet's syndrome, and lipid histiocytosis. Essentially, any disorder that can be treated or
ameliorated with a therapeutic protein is considered susceptible to treatment with an
expression vector that expresses the therapeutic protein at increased level due to the presence

of the translational enhancer element in the vector.

[0088] A large number of delivery methods can be used to practice the therapeutic

methods described herein. These methods are all well known to those of skill in the art.
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Non-viral vector delivery systems include DNA plasmids, naked nucleic acid, and nucleic
acid complexed with a delivery vehicle such as a liposome. Viral vector delivery systems
include DNA and RNA viruses, which have either episomal or integrated genomes after
delivery to the cell. Methods of non-viral delivery of nucleic acids include lipofection,
microinjection, biolistics, virosomes, liposomes, immunoliposomes, polycation or
lipid:nucleic acid conjugates, naked DNA, artificial virions, and agent-enhanced uptake of
DNA. Lipofection is described in, e.g., US Pat. No. 5,049,386, US Pat. No. 4,946,787; and
US Pat. No. 4,897,355 and lipofection reagents are sold commercially (e.g., Transfectam™
and Lipofectin™). Cationic and neutral lipids that are suitable for efficient receptor-
recognition lipofection of polynucleotides include those described in, e.g., WO 91/17424 and
WO 91/16024. Delivery can be to cells (ex vivo administration) or target tissues (in vivo

administration).

[0089] In many gene therapy applications, it is desirable that the gene therapy vector be
delivered with a high degree of specificity to a particular tissue type. A viral vector is
typically modified to have specificity for a given cell type by expressing a ligand as a fusion
protein with a viral coat protein on the viruses outer surface. The ligand is chosen to have
affinity for a receptor known to be present on the cell type of interest. For example, Han et
al. (Proc. Natl. Acad. Sci. USA. 92:9747-9751, 1995) reported that Moloney murine
leukemia virus can be modified to express human heregulin fused to gp70, and the
recombinant virus infects certain human breast cancer cells expressing human epidermal
growth factor receptor. This principle can be extended to other pairs of virus expressing a
ligand fusion protein and target cell expressing a receptor. For example, filamentous phage
can be engineered to display antibody fragments (e.g., FAB or Fv) having specific binding
affinity for virtually any chosen cellular receptor. Although the above description applies
primarily to viral vectors, the same principles can be applied to nonviral vectors. Such
vectors can be engineered to contain specific uptake sequences thought to favor uptake by

specific target cells.

[0090] The expression vectors can be delivered in vivo by administration to an individual
subject, typically by systemic administration (e.g., intravenous, intraperitoneal,
intramuscular, subdermal, or intracranial infusion) or topical application, as described below.
Alternatively, vectors can be delivered to cells ex vivo, such as cells explanted from an
individual subject {e.g., lymphocytes, bone marrow aspirates, tissue biopsy) or universal

donor hematopoietic stem cells, followed by reimplantation of the cells into a subject, usually
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after selection for cells which have incorporated the vector. Ex vivo cell transfection for
diagnostics, research, or for gene therapy (e.g., via re-infusion of the transfected cells into the
host organism) is well known to those of skill in the art. In an embodiment, cells can be
isolated from the subject organism, transfected with a nucleic acid (gene or cDNA), and re-
infused back into the subject organism (e.g., subject). Various cell types suitable for ex vivo
transfection are well known to those of skill in the art (see, e.g., Freshney et al,, Culture of
Animal Cells, A Manual of Basic Technique (3rd ed. 1994)) and the references cited therein

for a discussion of how to isolate and culture cells from subjects).

EXAMPLES

[0091] The following examples are provided as further illustration, but not to limit the
scope. Other variants will be readily apparent to one of ordinary skill in the art and are

encompassed by the appended claims.

Example 1 Positive feedback vector system for identifving translational enhancers

[0092] Identification of TEEs involved use of a dual-monocistronic positive feedback
vector: one cistron encoding Gal4VP16 transcription factor, the other encoding Renilla
luciferase. Both cistrons contain a minimal promoter with 4-copies of the Upstream
Activating Sequence (UAS), which enhances transcription when bound to Gal4VP16. When
introduced into cells, the minimal promoters drive very low levels of both mRNAs and
encoded proteins. Introduction of a sequence that can enhance translation into the 5' leader of
the Gal4VP16 cistron drives translation of the Gal4 VP16 mRNA. The Gal4VP16 protein can
then bind to both promoters, increasing transcription, driving its own transcription and that of
the other cistron via Speciﬁc binding sites in the promoters of the two genes thereby initiating
a positive feedback loop. TEEs were identified from libraries of random nucleotide
sequences. In an embodiment, only cistrons encoding enhanced GFP (EGFP) were used and
improved the signal-to-noise ratios allowing for isolation of a single library plasmid per
transfected cell. Confirmation involved testing in both the positive feedback system and an

unamplified vector system.

[0093] Figure 1 illustrates a schematic representation of the positive feedback vector
along with the various promoter (P1) and transcriptional enhancer (P2) sequences,

transcription factor (TF) genes, and a gene of interest. The transcription factor gene and the
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gene of interest may be on the same plasmid or on different plasmids. For the selection
application, a random nucleotide sequence (N), n nucleotides in length, is present in the 5'
leader of the transcription factor mRNA. A sequence that functions as a translational

enhancer element (TEE) will facilitate the translation of this mRNA. The encoded
transcription factor will then bind to sites in the promoters of the two genes and increase their
transcription. In one embodiment, the construct expresses two mRNAs: one encoding a
protein of interest which may be a reporter protein and the other encoding a transcription
factor. The transcription of both mRNAs is driven by minimal promoters but can be enhanced
by the expression of the transcription factor via binding sites for the transcription factor that
are located in the promoters of both genes. A small amount of transcription factor mRNA is
expressed from the minimal promoter but the translation of this mRNA is blocked by an
obstacle in the 5' leader of the mRNA encoding the transcription factor. This obstacle may be
a stable stem-loop structure and/or upstream AUG initiation codons. The synthesis of this
transcription factor is dependent on the presence of a translation enhancer in the mRNA

encoding this factor.

[0094] Figure 2 illustrates a translation enhancer-driven positive feedback vector with a
third protein to block host protein synthesis. The first two genes (transcription factor gene
and gene of interest) are the same as in Figure 1 except that all three mRNAs contain a TEE
in their 5' leader. The third protein (e.g., the Rotavirus NSP3 protein) will increase the
translation of the first two encoded mRNAs by blocking the translation of host mRNAs and
reducing the competition from them. The third gene is under the transcriptional control of
promoter P3, which is either a constitutive promoter or an inducible promoter. P3 may also
include promoter elements P1 and P2. For the selection application, the mRNAs for the gene
of interest and third protein will contain a known TEE, while the transcription factor gene
will contain a random nucleotide sequence. In this scenario, the TEE is resistant to the
activity of the third protein. For a protein production application, all three genes may contain
a known TEE that is resistant to the activity of the third protein. The three genes may be on

one, two, or three different plasmids.

[0095] More detailed procedures of employing the positive feedback system to identify
TEEs are previously described in, e.g., PCT publication W02007/025008.
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Example 2 Identification of consensus translational enhancer motifs

[0096]  Using a dual monocistronic positive feedback vector system as described above,
numerous short nucleotide sequences that function as translational enhancers in Chinese
Hamster Ovary (CHO) and other cell lines, including BHK (Baby hamster Kidney) cells were
identified. These translational enhancer eieﬁents (TEEs) range in length from seven to
twelve nucleotides. As shown in Figure 3, multiple copies of these TEEs increased protein
production by up to 25-fold in CHO cells. In each example, there are at least 5 linked copies
of the same TEE in the 5' leader of the Firefly luciferase cistron. The first construct is a size-
matched control which contains no TEEs. Constructs were transiently transfected into CHO
cells and assayed after 2 days. Translation efficiencies are relative to the activity of the size-
matched control construct. In Figure 3, the top 13 bars under the control bar correspond
respectively to results obtained with 5 copies of 13 different TEEs. The next two bars show
translation enhancing activities of another TEE at 5 or 15 copies. The bottom bars illustrate
the translation enhancing activities of yet another TEE sequence when 5-25 copies were

employed.

[0097] Several of these TEEs showed sequence similarities, and putative consensus
motifs were identified from these TEEs (see Figure 4). Sequences of two embodiments of
the TEE motifs are as follows: RNSGAGMGRMR (SEQ ID NO:1), and MSCSGCNGMWA
(SEQ ID NO:2). It is noted that in these sequences, R denoted A or G, M denotes A or C, S
denotes G or C, W denotes A or U, and N denotes A, G, Cor U.

[0098] In another embodiment, Motif 1a sequence is RiN;S;GAGM,;GRoM2RoR3R4 (SEQ
ID NO: 3). In this sequence, R, is absent, or A or G if present; N is absent, or A,C or G if
present, preferably A, C or G; S, is absent, or C or G if present, preferably C or G; M; is A
or C; R; is absent, or A or G if present, preferably A or G, and R, and R; can be the same or
different; M, is absent, or A or C if present, preferably A or C; Rj is absent, or A or G if
present, preferably absent; Ry is absent, or C if present, preferably absent. In another
embodiment, the Motif 1a sequence is RyN;S;GAGM;GR;MzR;R3R4 (SEQ ID NO: 3),
wherein R}, R; and R, are absent; Njis A, Cor G; S;isCorG; M;is AorC; RyisAor G
and Mais Aor C.

[0099] In another embodiment, the Motif 2a sequence is RsM3S2CS;GCN,GM4WRg
(SEQ ID NO:4). In this sequence, Rs is absent, or A if present, preferably absent; M is
absent, or C or A if present, preferably C or A; S; is absent, or C or G if present, preferably C
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orG; S3isGorC; Ny is G, Cor T; My is A or C; W is absent, or A or T if present and Re 1s
absent, or A if present. In another embodiment, the Motif 2a sequence is

R;sM;S,CS3;GCN,GM4WRe (SEQ ID NO: 4), wherein Rs and R are absent; M3 is absent, or
A or C if present; S; is C or G; S3is C or G and S; and S can be the same or different; Ny is

G,CorT; My is A or C; W is absent, or A if present.

Example 3 Activities of synthetic mRNA translational enhancer elements

[00100] Based on the consensus motifs noted above, various specific TEE sequences
corresponding to generally to Motifs 1 and 2 were synthesized and tested for translation
enhancing activity (see SEQ ID NOs: 5-35 of Table 1). DNA fragments containing the test
sequences were generated from two overlapping, complementary oligonucleotides that were
synthesized and annealed to each other. The annealed oligonucleotides had unbasepaired
nucleotides at each end, providing sticky ends for cloning into the vector using EcoR1 and
BamH]1. The fragments were cloned into the 5' leader of a luciferase reporter mRNA in the
positive feedback expression vector as described in Example 1. The Renilla luciferase
constructs containing the motif sequences were then transiently transfected into CHO cells.
Cells were assayed after 3 days for the ability of the test sequences to enhance translation. A
size matched control (reference) plasmid contained polyA in the cloning region. Effects of

the TEEs on translation efficiency of the reporter polypeptide are shown in Figure 5.

[00101]  The results indicate that the consensus motifs are predictive of translation
enhancing activity of a TEE which corresponds to one of these motifs. Also as indicated in
the figure, TEE sequences based on Motif 1 tend to enhance translation to higher levels than
those based on Motif 2.

Table 1. Sequences of synthetic TEEs corresponding to consensus motifs 1 (M1) and 2 (M2)

TEE Nucleotide sequence SEQ ID NO
MI1-1 GCGAGAGAA 5
M1-2 GGGAGCGAA 6
M1-3 GCGAGAGGA 7
M1-4 GCGAGCGGA 8
M1-5 CGGAGCGAA 9
M1-6 CGGAGCGGA 10
M1-7 ACGAGAGGA 11
M1-8 ACGAGCGGA 12
M1-9 GACGAGAGGA 13
M1-10 GACGAGAGAA 14
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Mil-11 AGCGAGCG 15
MI1-12 AGGAGAGGA 16
M1-13 GCCGAGAGA 17
M1-14 CGAGAGGCA 18
MI1-15 GAGAGGAGC 19
M2-1 CGCGGCGGA 20
M2-2 CGCCGCCGC 21
M2-3 GCGGCTGAA 22
M2-4 CCGGCTGAA 23
M2-5 CGCCGCTGAA 24
M2-6 CGCCGCGGAA 25
M2-7 CGCCGCCGAA 26
M2-8 CCCGCGGAA 27
M2-9 CCCGCCGAA 28
M2-10 CCCGCTGAA 29
M2-11 CCCGGCGGA 30
M2-12 CGCGGCTGA 31
M2-13 CGGCTGCTA 32
M2-14 CCCGGCGGA 33
M2-15 AGCCGCCGCA 34
M2-16 ACGCCGCCGA 35

[00102] The novel translational enhancers described herein can have various practical and
industrial applications. For example, they can minimize the costs associated with industrial
scale cultures and reduce drug costs. Higher protein concentrations can also facilitate protein
purification. In addition, these enhancers may enable processes that may otherwise not be
possible due to poor protein expression, e.g. expressing enough antigen from a DNA vaccine
to generate an immune response. These translational enhancers can be used to dramatically
increase the yield of specific proteins in mammalian cells. For example, many therapeutic
proteins are expressed in CHO cells, which are the most commonly used cells for the large
scale production of therapeutic proteins, to ensure proper post-transcriptional processing. In
addition to industrial protein production, translational enhancers have potential use in various
vector systems. For example, for research purposes, therapeutic expression of proteins, and

DNA vaccines, for increasing antigen production.

[00103] While this specification contains many specifics and described with references to
preferred embodiments thereof, these should not be construed as limitations on the scope of
an invention that is claimed or of what may be claimed, but rather as descriptions of features
specific to particular embodiments. It will be understood by those skilled in the art that

various changes in form and details may be made therein without departing from the meaning
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wrl2 <216zbbdiRdrt> SoaRdRel{)Ndxious features that are described in the context of a single
embodiment can also be implemented in multiple embodiments separately or in any suitable
sub-combination. Moreover, although features may be described above as acting in certain
combinations and even initially claimed as such, one or more features from a claimed
combination can in some cases be excised from the combination, and the claimed
combination may be directed to a sub-combination or a variation of a sub-combination. The

scope of the invention is defined by the claims that follow.

[00104] All publications, databases, GenBank sequences, patents, and patent applications
cited in this specification are herein incorporated by reference as if each was specifically and

individually indicated to be incorporated by reference.
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CLAIMS

WHAT IS CLAIMED IS:

1. An isolated polynucleotide sequence comprising at least one mRNA translational
enhancer element (TEE), wherein the TEE consists of RiN;S;GAGM,;GR>MaR;R3R4 (SEQ
ID NO:3) or RsM382CS3GCN,GM4WR, (SEQ ID NO:4), or a substantially identical

sequence thereof, wherein:

R,is absent, or A or G if present; N is absent, or A, C or G if present, preferably A,
Cor G; S, is absent, or C or G if present, preferably C or G; M, is A or C; Ry is
absent, or A or G if present, preferably A or G, and R; and R; can be the same or
different; M, is absent, or A or C if present, preferably A or C; Rj is absent, or Aor

G if present, preferably absent; Ry is absent, or C if present, preferably absent; and

Rs is absent, or A if present, preferably absent; Mj is absent, or C or A if present,
preferably C or A; S, is absent, or C or G if present, preferably C or G; S3is G or C;
NyisG,Cor T; MyisAorC; W is absent, or A or T if present and Rg is absent, or A

if present.

2. The isolated polynucleotide sequence of claim 1, wherein the TEE consists of
R;N;S;GAGM;GR:M3R;R;3R, wherein Ry, R; and Ry are absent; N is A, CorG;S;isCor
G;M)isAorC;RyisAorGand My is A or C.

3. The isolated polynucleotide sequence of claim 1, wherein the TEE consists of
RsM;S,CS3GCNLGMWR wherein Rs and Rg are absent; M; is absent, or A or C if present;
S, is C or G; S3is C or G and S, and S; can be the same or different; N3 is G, Cor T} M, is A

or C; W is absent, or A if present.

4. The isolated polynucleotide sequence of claim 1, 2 or 3, wherein the TEE consists of a
sequence that is at least 90% identical to a sequence selected from the group consisting of

SEQ ID NOs: 5-35.
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<213> Atrtificial Sequence <220> <223> M1-5 <400> 9 cggascgaa <210> 10 <211> 9 <212> DNA
<213> Artificial Sequence <220> <223> M1-6 <400> 10 cggagcgga <230> 11 <211> <212> DNA

S. The isolated polynucleotide sequence of claim 1, 2 or 3, wherein the TEE consists of a
sequence that is identical to a sequence selected from the group consisting of SEQ ID NOs:

5-35.

6. The polynucleotide sequence of claim 1, 2 or 3 which comprises at least 2 copies of the

TEE.

7. The polynucleotide sequence of claim 1, 2 or 3 which comprises at least 5 copies of the
TEE.

8. The polynucleotide sequence of claim 1, 2 or 3 which comprises at least 10 copies of
the TEE.

9. A vector for recombinantly expressing a polypeptide in a eukaryotic cell, comprising a

eukaryotic promoter operably linked to a polynucleotide sequence comprising at least one

mRNA translational enhancer element (TEE), wherein the TEE is selected from the TEEs of

claims 1,2 or 3.

10. The vector of claim 9, wherein the mRNA translational enhancer element consists of a
sequence that is substantially identical to a sequence selected from the group consisting of

SEQ ID NOs: 5-35.

11.  The vector of claim 9, wherein the mRNA translational enhancer element consists of a
sequence that is identical to a sequence selected from the group consisting of SEQ ID NOs:

5-35.

12.  The vector of claim 9, wherein the mRNA translational enhancer element is located 3’
to the promoter and adapted for directional ligation of a second polynucleotide sequence

encoding a polypeptide of interest.

13.  The vector of claim 9, further comprising a second polynucleotide sequence encoding
a polypeptide of interest which is operably linked to the mRNA translational enhancer

element.

14. The vector of claim 13, wherein the mRNA translational enhancer element is located in

the 5’ leader sequence of the second polynucleotide sequence.
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<213> Artificial Sequence <220> <223> M1-7 <400> 11 acgagagga <210> 12 <211> 9 <212> DNA
<213> Artificial sequence PCT/US2008/013662 <220> <223> M1-6 <400> 12 acgagcgga <210> 13
<211> 10 <212> DNA <213> Atrtificial Sequence <220> <223> M1-9 <400> 13 gaccagaggalO <21C>
14 <211> 10 <212r DNA <213> Artificial Sequence <220>

15. A DNA vaccine comprising the vector of claim 9.

16. A eukaryotic host cell transfected with the vector of claim 9.

17. The host cell of claim 16, wherein the host cell is a CHO cell.

18. A method for recombinantly producing a polypeptide comprising:

(i) constructing an expression vector which comprises a eukaryotic promoter and a
mRNA translational enhancer element that are each operably linked to a

polynucleotide encoding the polypeptide, wherein the TEE is selected from the TEEs

of any one of claims 1, 2 or 3;
(ii) transfecting the expression vector into a eukaryotic host cell; and

(iii) culturing the host cell transfected with the expression vector; thereby producing

the polypeptide.

19. The method of claim 18, wherein the mRNA translational enhancer element consists of
a sequence that is substantially identical to a sequence selected from the group consisting of

SEQ ID NOs: 5-35.

20. The method of claim 18, wherein the mRNA translational enhancer element consists of
a sequence that is identical to a sequence selected from the group consisting of SEQ ID NOs:

5-35.
21. The method of claim 18, further comprising purifying the recombinant polypeptide.
22.  The method of claim 18, wherein the host cell is CHO cell.

23.  The method of claim 18, wherein the polypeptide is a therapeutic protein.
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<223> M1-10 <400> 14 gacgagagaalO <210> 15 <211> 8 <212> DNA <213> Atrtificial sequence
<220> <223> M1-11 <400> 15 agcgagcg <210> 16 <211> 9 <212> DNA <213> Atrtificial Sequence
<220><223> M1-12 (1'3) <400> 16 aggagacga9 <210> 17 <211> 9 <212> DNA

PCT/US2008/013662

SEQUENCE LISTING

<110> The Scripps Research Institute
Mauroc, Vincent P.
Edelman, Gerald M.
Zhou, Wei

<120> Compesiticons and methods related t£o mRNA translational enhancer
elements

<130> 37651-501001W0O

«150> 61/007,440
<1l51> 2007-12-11

<160> 35

<170> PatentIn version 3.5

<210> 1
<211> 11
«212> DNA

<213> Artificial Sequence

<220>
<223> R denotes A or G, M denotes A or C, S denotes G or C, W denotes A
or U, and N denctes X, G, C or U

<220>

<221> misc_feature

<222> (1)..(11)

<223> R denoted A or G, M denotes A or C, S denotes G or C, W denotes A
or U, and N denotes A, G, C or U

<400> 1

mscsgongmw a 11
<210> 2

<211> 11

<212> DNA

«213> Artificial Sequence

<220>
<223> R denoctes A or G, M denotes A or C, S denotes G or C, W denotes A
or U, and N denotes A, G, C or U

«<220>

<221> misc_feature

222> (1)..(11)

<223> R denoted A or G, M denotes A or C, 8 denctes G or C, W denotes A
or U, and N denotes A, G, C or U

<400> 2

rnsgagmgrm ¥ 11
<210> 3

<211> 13

<212> DNA

<213> Artificial sequence



<213> Artificial Sequence <220> <223> M-13 (5c1) <400> 17 gccgagaga9 PCT/US20081013662
<210s 18 <211> 9 <212> DNA <213> Artificial Sequence <220> <223> M1-14 ;5'3) <400> 18
cgagaggca <210> 19 <211> 9 <212> DNA <213> Atrtificial sequence <220> <223> M1-15 (1'4) <400>

19

PCT/US2008/013662

<220>

«223> Motif la

<220>

<221> misc_feature

<222>  {(1)..(13)

«223> R1 is absent, or A or G if present; N1 is absent, or A,C or G if
present, preferably A,C or G; Sl is absent, or C or G if present,
preferably C or G; Ml is A or C; R2 is absent, or A or G if
present, preferably A or G, and Rl and R2 can be same or different
M2 is absent, or A or C if present, preferably absent; R3 is absent,
or A or G if present, preferably absent; R4 is absent, or C if
present, preferably absent

<400> 3

rmsgagmgrm rry 13

<210> 4

<211> 12

<212> DNA

<213> Artificial sequence

<220>

<223> Motif 2a

<220>

<221> misc_feature

«222> (1) ..(13)

<223> R5 is absent, or A if present; M3 is absent, or C or A if
present; S2 is absent, or C or G if present; 83 is G or C; N2 is
G, Cor T; Mt is A or C; W is absent, or A or T if present and R6
is absent, or A if present

<400> 4

rmscsgongm wr 12

<210 5

<211l> 8

«212> DNA

<213> Artificial Segquence

<220>

<223> Ml-1

<400> 5

gcgagagaa 9

<210> 6

<211> 9

<212> DNA

<213> Artificial Sequence

<220>

«223> Mi-2

<400> 6

gggagcgaa £



gagaggagc <210> 20 <211> 9 <212> DNA <212> Artificial sequence <220> <223s M2-1 <400> 20
cgcggcgga <210> 21 <211> 9 <212> DNA <213> Atrtificial sequence <220> <223> M2-2 <400> 21
cgccgecege <210> 22 <211> 9 <212> DNA <213> Artificial sequence <220>

PCT/US2008/013662

<210> 7

<21l> 2

«212> DHRA

<213> Artificial Sequence

<220>

<223> M1l-3

<400> 7

gcgagagga 9
<210> 8

<211> 9

<212> DNA

<213> Artificial sequence

<220>

<223> Ml-4

<400> 8

gcgagegga s
<210> 9

<211> 9

<212> DNA

<213> Artificial Sequence

<220>

<223> M1-5

<400> 9

cggagcgaa 9
<210> 10

<211l> 8

<212> DNA

<213> Artificial Sequence

<220>

<223> M1-86

«<400> 10

cggagcgga =
<210> 11

<21ll> 9

«212> DNA

<213> Axtificial Seguence

«220>

<223> M1-7

<400> 11

acgagagga ]
<210> 12

<211> 9

<212> DNA

<213> Artificial sequence



<223> M2-3 <400> 22 gcggctgaa <210> 23 <211> 9 <212> DNA PCT/US2008/013662 4213>
Artificial Sequence <220> <223, M2-4 4400> 23 ccggctgaa9 <210> 24 <211> :0 <212> DNA <213>
Artificial sequence 4220> <223> M2-5 <400> 24 cgccgcetgaall <210> 25 <211> 10 <212> DNA
<213> Artificial sequence <220> 4223> M2-6 <400> 25

PCT/US2008/013662

<220>
<223> Ml1-8

<400> 12
acgagcgga

<210> 13

«211> 10

<«<212> DNA

<213> Artificial Sequence

<220>
<223> M1-8

<400> 13

gacgagagga 10

<210> 14

<21l> 10

<212> DNA

<213> Artificial Sequence

<220
<223> M1-10

<400> 14

gacgagagaa 10

<210> 15

«211> 8

<212> DNA

<213> Artificial sequence

<220>
«223>» M1-11

<400> 15
agcgageg

«210> 16

<21l> 9

<212> DNA

<213> Artificial Sequence

<220>
«223> M1-12 (1°%3)

<400> 16
aggagagga

<210> 17

<211> 9

«<212> DNA

<213> Artificial sSequence

<220>
<223> M-13 (5'1)

<400> 17
gocgagaga



cgccgeggaal.0 <210> 26 <211> 10 <212> DNA 4213> Atrtificial sequence <220> <222> M2-7 <400s
26 cgccgecgaall <210> 27 <211> 9 <212> DNA <213= Artificial sequence 4220> <223> M2-8 <400>
27 cccgeggaa9 <210> 28 4211> 9 <212> DNA <213> Artificial sequence <220> <223> M2-9
PCT/US2008/013662

PCT/US2008/013662

<210> 18

<21l> 9

<212> DHNA

<213> Artificial Sequence

<220>

«223> Ml-14 (5'3)

<400> 18

cgagaggca g
<210> 19

<211> 9

<212> DNA

<213> Artificial sequence

<220>

<223> M1-15 (1'4)

<400> 18

gagaggagce 9
<210> 20

«<211> 8

<212> DNA

«213> Artificial seguence

«220>

<223> M2-1

<400> 20

cgcggegga 4
<210> 21

<21ll> 9

<212> D[NA

<213> Artificial sequence

<220>

<223> M2-2

<400> 21

cgeegooge E]
<210> 22

<21l> 9

<212> DNA

<213> Artificial sequence

<220>

<223> M2-3

<400> 22

gcggctgaa 8
<210> 23

«21ii> 9

<212> DNA



<4480> 28 cccgcecgaa <210> 29 <211> 9 <212> DNA <212> Artificial sequence <220> <223> M2-10
400> 29 cccgctgaa <210> 30 <211> 9 <211> DNA <213> Atrtificial Sequence <220> 223> M2-11 (03)
<400> 30 cccggcegga <210> 31 <211> 9 <212> DNA <213> Atrtificial secuence <220>

<213»> Artificial Seguence
<220>
«223> M2-4
© <400> 23
cecggctgaa 9
<210> 24
<21l> 10
<212> DNA
<213> Artificial sequence
«220>
<223> M2-5
<400> 24
cgcegetgaa 10
<210> 25
«211> 10
<212> DNA
<213> Artificial sequence
«220>
<223> M2-6
<400> 25
cgcegeggaa 10
«<210> 26
<211l> 10
<212> DNA
<213> Artificial sequence
«220>
<223> M2-7
<400> 26
cgcegeegaa 10
<210> 27
«211> §
«212> DNA
<213> Artificial sequence
<220>
<223> M2-8
<40C» 27
ceccgeggaa g
«210> 28
<21l> 9
«212> DNA

<213> Artificial seguence

«220>
<223> M2-9



<223> 142-12 (4'3) 400> 21 cgcggctga <210> 32 <211> 9 <212> DNA <213> Artificial sequence
<220> <223> M2-13 (4'5) <400> 12 cggctgcta <210> 33 <211> 9 <212> DNA <213> Artificial
sequence <220> <223> M2-14 (02) <400> 33 cccggcegga <210> 34 PCT/US2008/013662 cla 10

<400> 28

cecgecgaa g
<210> 29

«21ll> S

<212> DNA

<213> Artificial sequence

<220>

«223> M2-10

<400> 29

cccgetgaa 9
<210> 30

<211l> 9

«212> DNA

<213> Artificial Seguence

<220>

<223> M2-11 (G3)

«400> 30

cccggegga 9
«210» 31

<211l> 9

«<212> DNA

<213> Artificial sequence

<220>

<223> M2-12 {4'3)

<400> 31

cgcggctga 9
<210> 32

<21l> 8

<212> DNA

«213> Artificial sequence

<220>

<223> M2-13 (4'5)

<400> 32

cggctgcta 4
<210> 33

<211> S

<21Z> DNA

<213> Artificial sequence

<220>

<223> M2-14 (G2)

<400> 33

cccggcgga s
<210> 34



<212> DNA <213> Artificial sequence <220s <223> M2-15 (G12) <400> 34 agccgccgcalO <2IC 35
<211> 10 <212> DNA <213> Arti 1Cla equence <220, <223> M2-16 (Gil) <400 35 acgccgccga

«<211>
«212>
<«213>

<220>
«223>

<400>

10
DNA
Ertificial seguence

M2-15 (G1l2Z)

34

agececgecgea

<2105
<211>
<212>
<213>

<220>
<2235

<400>

35

10

DNA

Artificial segquence

M2-16 (G11)

35

acgccgecga

PCT/US2008/013662

10

10



