REENG NEERI NG MRNA PRI MARY STRUCTURE FOR ENHANCED PROTEI N PRODUCTI ON
REFERENCE TO PRI ORI TY DOCUMENT [0001] This application clainms the benefit of
priority wodero/@®8se. S. C. 119(e) of U.S. Provisional Applpcraiscan/o&s67 al No.
61/ 155,049, filed February 24, 2009, entitled "Reengi neering nmRNA Primary
Structure for Enhanced Protein Production.” The subject matter of the
above-noted application is incorporated by reference in its entirety by

ref erence thereto. BACKGROUND [ 0002] Transl ation initiation in eukaryotes

i nvol ves recruitnment by mRNAs of the 40S ribosomal subunit and ot her
conponents of the translation machinery at either the 5 cap-structure or
an internal ribosone entry site (IRES). Followng its recruitnent, the 40S
subunit no transl ation
it on CEEN IR LITNG MR FR AR AR CPUREROR BRLANCED
recruitment to the initiati ®RQBEEY PROBEUETAONy t hrough the 5 leader in a
5" to 3" direction until the first AUG codon that resides in a good

nucl eoti de context is encountered (Kozak "The Scanni ng Mddel for

Transl ation: An Updat BEFERENCEFQPRIOTXYDOCUMENBO)). Mre recently, it
has been postul ated that translation initiation does not involve scanning,
but may invol0091] et heThiﬁ@ppiicatiblbgbbmaﬂhesbaltnfmiofpriaﬁtyelhdm% WlseC.cap-structure

ot al SR G R Rl AOR SR N BYARAPAT s BN A AR, et
t hat baSﬁtltlbﬂl“Rseﬁg?nekﬂﬁghmPHWySﬁﬁctﬂt&ibQEhhaﬂé&BPt%@BP(&l@&@ﬁ » Chappel | et

al., "R bosonmal tetherjng and cl usterl ng .as nmechanjisns for translation

i ni tiatilBRsubMQADaliEr el thaabeye-npirg2PPH ‘Zat’("QO’E)B’WrPO“PFF‘é‘ byosfessnseit S noves to an
accessi bh@eHWF rERANR: g0l S not necessarily the first AUG codon in the
MRNA. Once thé subunit reaches the initiation codon by whatever nmechani sm
the initiator Methionine-tRNA, which is associated wth the subunit,
base-pairs to the initiation cogaekd¢ReuUNmoe (60S) ribosonal subuni t
attaches, and peptide synthesis begins. W 2010/ 098861PCT/ US2010/ 000567

[ 0003] | nasmjﬁjb@? tr aﬁ&hﬁ%ﬂl&plnﬁtﬁtﬁﬁnﬁélﬂéak%téshm"cgms rbGuitRht B ARRA 2

scanni ng nmechani Sm the effects on translation of AUG codons contai ned

wi t hi n 8f the 488l eibgsomad swimuhitgnd othea rompibentsad ks, tranglagion swshiverysit gdherd, and it
is kno t itive or a
negat i %ee$?%’c§m0&ygop eﬁﬂ%r@ﬁﬂ{bﬁ&rﬁgerﬁ@%&&é}%ﬁ%ﬁ&! é %Eetggécr r%gl'rilucl eoti de
cont ext theatdd sﬁlalrimhaVesaoaﬁhmumm cotort. (mea»mribl@ hehnatipstof @ams!l#&idé codon can

i nhi bi t translatl init by. di ver ri.bo SOneS. fr he aut hentic
it at R LD dg R b S ot Move o tod SRS SETRH PR 1 eq by a
scanni n%1@%%68%@%%1?1@%@@@1’3%@g"leﬁdﬂ# ieh feetsdipdctibRufit thalfiritni ti ation
codons in codi ng sequences on protein synthesis. In contrast, the

t et her i AY/@ pedondhat mgpidns dihagpadraudeotide spatest s BicouRAteraddKiogak Sthfgest s t hat
put ati Vgcr;%mrg ﬁbaa@oPﬂQﬁﬂald& APBHESSF LI 1%9? 108956941 89 emMpd h AUG

codons n- canoni ca y be utilized, conse ntially |owering
the rat esceftlypitdiaebeengyostuleed mabnyarshmmaunlnglqm dolas ntbtenmjt/hsmmng itti ation

codon for ri b do ul ation can
al so neﬂlﬁ'l“?/é’ tgﬁﬁ%‘&é {) %‘1’7&“3 Hmésfé'egﬁl\m%’i/capnﬁtﬁ& 8‘%%‘”‘&@39& ly between
21- 23 nurk@Ahg 8BFHdsBmhEABLRItSdRdntBimal §RFPORPREIS eOdl. TRibEsdURI eaptiagei n

conpl exes. It has been suggested that m RNAs can ne atl veI i hpact protein
| evel s Bipdteddypdransiggonal cpauser edﬁﬁe‘?té'éﬂﬁéﬁ??g’aﬁﬁf‘\% ASHa¥t ent

pepti de f tting to the
pepti de 1éi(%?wz!s%m%@‘ézddsﬁlr@ﬂagbflgﬁtcaﬁn Rﬁ'o?dh%{ te(tEéHr_%ldn@ cﬁlgsgéér)n .Qil thodgh

m RNAs g@n@ﬂmﬁommsmt@nnmeamoréfﬁw @Sbyloﬁé@é—lﬁﬁﬂhﬁ 006)bl ity sites in
the 3 r ansl| d Seq e to have
Simi 1 ar STRpRIRLE, B AL BN Ry SidR Rl 1R Bleestall RS PORTCROTHT

sequenc s mRNASOntethdgaubiasipeashes the dﬁana&erpeodonrbg wiatayvesmeclanishe tiso- cal | ed

"seed se ue cl udes nucl eotid 2- the m There may be
nore th stheﬂ“r'fe'w WWSFW‘%?A&{HES}‘G[S@g%} PAE PRSP Rfe i npact  of
put at i Vﬁnﬂndlloh'c@&dnp'fheclﬁfé@Q&OS)%H@Nﬁal%ngnﬂgat&@ﬂééeﬁmgﬁepﬁﬂdsyﬂtmwgﬁﬁl ng sites
in NRNAs pose chall enges to the pharnmaceutical industry. For exanple, the

i ndustrial production of protein drugs, DNA vaccines for antigen
production, general research purposes and for gene therapy applications are
all affected by a sub-optimal rate of! protein synthesis or sequence
stability. Inproving protein yields and higher protein concentration can

m nimze the costs associated with industrial scale cultures, reduce costs
of producing drugs and can facilitate protein purification. Poor protein
expression limts the |arge-scale use of certain technol ogies, for exanple,
probl ens |n expre55| ng enough antl gen from a DNA VaCCI ne to generate an.
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[ 0007] Di scl osed is a nethod of inproving full-length protein expression
efficiency. The nethod includes providing a polynucl eotide having a codi ng
sequence wonotomsgsnot ein; a primary initiation codon thacTits2upsbveseam of

t he codi ng sequence; and one or nore secondary initiation codons |ocated
wi thin the codi ng sequence. The nethod al so i ncludes nutati ng one or nore
secondary initiation codons resulting in a decrease in initiation of
protein synthesis at the one or nore secondary initiation codons resulting
in a reducti rib L, div i . t L.many, Jdnktiation
codon, ther eggoﬁsg cr eagﬁaﬁgﬁ%% t-r%{esflagt;l?ﬁ '%g%'fvi reaﬁlkq}g(uﬁp gtggfl%lh%e fdl 5@%@5%

[ 0008] Theedhmiifrasthe affeas swtramptdtiviler f MG codmhs@nrtaimed mothén jueddest fecdeed such

that the am no, acjid sequence remai.ns unaltered. The on npre secondary
it at 14RTREHARD codhny dayebecn GoRsifred. g i‘tri@%f‘?"é‘fr&’a%\%“ KHY s8an iy Mequence
or out - of 1@ Ban WaieithBea f@ﬁtmq)r%%gm%ffew@q PORIPEynAER de&HANLASTY

initiation codons can be |ocated one or nore nucl eotides upstream or
downst r ehergdneothe auelpasisicsratext aed enltutsronditiors: Farexapipls o Hastrer@ch UGt nent

site can. Q. " The. Yy initiation
codone. CHOpEM B FaRk RomistyBon By AV IR aBmEREEn SERRAARK ' 1L 2 The
met hod dainatisrcéadde. Howeater, e nation thitaranslagors mitcaeiaryya scanrtin@miedmnegodon wi t hi n
t he codi sequence., T t.hod n include mutating all the secondary

vt o 1906 RO RRG e SHecla PotaT A LB e G Rk SRR ean e
nut at ed gypthasid. @8 SorftaNQ frrltbBermtiasbdisemeeHahBXs.of Tlagsiaidnahit@tiof the one or
nore secondary initiation codons can avoid introducing new initiation
codons. SPEgESHibalPHBHVeMitigtion sadonsin gpdig SEuEREEs Yhichincudeibeth £6&ons can

avoi d i niuQAUGH g0 ThiAM oF 65fns GHMEHCE ized @n iYL HAY 10 ertlRanORRe 6f NOT e
secondary 1nitiation coo’ilons can avoid altering usagé bias of mnutated
codons. priteingentbesis bycoropeting wyithathe duthenticeinitigtiop oddopelpt fiklisomes. pept i des
other than the full- 1length encoded protein can be reduced. Miutating one
or nore secorfd@04] i ni Miatd RNAdoUBNA)eovediatediown-ntgubdivoicagalsd RNA seed

sequences, spli.ce daonor. or ceptor _sites, or est abi LLzation A
el enent s’?egft@}ébgmagtc}raﬂislgﬂ?'?)g@(ﬁ'eggy'am%yﬁé)arecﬁ‘en?%g%%|W g ?L’:zlr;l ength protein
expr essiflefiddsGh RAGH. andRe: ciiPHAInts BE Hbslarlddpadia cogpRx@ollyhisdeent | de

sequence having a codi ng sequence for the protein and one or re m RNA
bi ndi ng %‘Bgf‘é‘:?d%?f?é&t'BBW%i%ﬁp?ﬂatt‘h’élydﬁ’d’?ﬁg’r%té’cﬁ‘d% by basg-PAliiNg (o Hgg‘t”h% one or

nore m %rwu@ﬁ”gwj&ts@a%ﬂify[,h?asgeﬁrt g@ﬂtﬁi@ sfa%ﬁH%' hiad {rfhshtidR CHRAGRY i(Buldli&NA
bi nding at the one or nore"m RNA binding sites resultin a reduction of

i in
m RNA- medinht Gdittid g ¥mthe &pol af mdkN ofMpdiated Gene Sensing”i @ 1326t €0NW9Bhcr easi ng
full-length protein._expr | ffl.cl . . SO
i ncl ude /gr@foggl? Wdﬁg%g g(e)'ﬁ)er%lt?)}?@%r}lﬁ%l té%)’f %@é;cgs}’%%%ggp%g{%ﬁ %gﬁl Eg%%gs(')t%ggll tgl;:sequence
remai ns ogtdnelaed.sequracesgUTRE) cBmRINAY, thde havd dennbown e lervesbnitarnucl eot i des
in an m RNA see seguenﬁ.e.. The net hod calgl?.i ncl.ude nutati n(gs,qne or nore
nucl eot i "RESsEEARfertdtom Rindingsitercanididsithia cAGRE STRUFBRICRY i it t he

pol ynucl getdnee. TAGLBAERE oddis VB IO -E&MRd F§el Wetfuehtd, alvhiRE ifil@ledr nor e
nucl eoti des such that rare codons are not introduced into the

pol ynuc|msleptidesefiolthe miRiNde Therhmay bamaretiandd0mgitiremdniBNAON nor e

nucl eotides such that additional nm RNA seed sequences are not introduced
into the pof‘y’nucl eoti de sequence. The one or nore m RNA binding sites can
be | ocated wihhhgy t he L0g: ] . - LIk ng sites
can be | ocat @i&wﬁt hi n@ggk%q '@ﬁ'ﬁpﬁ%gf%‘f%@‘%@gﬁgﬁﬁc en@gﬂ?gﬁ?&?\ tr?r%dgeém RNA

bi ndi ng sequeasescad niBNAsbmtlag sites im MRNAS po'se thadldeges seeehemack@bl] A furt her
under st andi n f the natur.e and advantages of.the nt discl osure may be
real i zed“g‘?trgeg 8?%‘1?8‘@?% H‘et’H‘éus}réarlrﬁf‘?ﬂ%ﬁtdo'g%tfﬁr?t(gH's‘n%gﬁ]ﬁ\i‘g PpENFi'¥ati on and

cl ai ms. JARbdrBRREBh FEh e (FealtiEp RO NeBtdr @eAthEiagyagstickAorisBars llow gr owt h
curves of Réééﬁz:oli DHS%ceII cultures transfornmed w tﬁ, CAT (dianponds) or nCAT
expr essiabfecied hy esul-optimalqagrad proteinaynthpsts gfLseauence pghiditn NENPWPS bl ot

anal ysi inl Qe SR cbh @MrFrior GnimibiREe AR dosts hideRfaar@d with CAT
(O or ?Pé%n(@%t%ﬁjpr@ig?’on cgnstrurctos;. [nOn6114] Fiegurg :§> shows a lWsstern bl ot
anal ysi sindifstreat seakctwdtufasored B@Aosts off peduciag dfugs apd can fahiliwite protgipe CAT or

nodi fi ed CAT expression constructs; [0015]Figure 4 shows a Western bl ot

anal ysis of supernatants fromD&4 cells transforned with the wild type CD5
(cd5-1) or nodified CD5 signal peptide athyroglobulin Iight chain
expression constructs (cd5-2 to cd5-5).



DETAI LED DESCRI PTION |I. Overview [ 0016] Descri bed herein are nethods to
nodi fy natural nRNAs or to engi neer synthetic mRNAs to increase |evels of
t he encodwo 2proovesem. These rul es descri be nodifi cati onsPrco/us®NAocisd? ng and
3" UTR sequences intended to enhance protein synthesis by: 1) decreasing
ri bosomal diversion via AUG or non-canonical initiation codons in coding
sequences, and/or 2) by evadi ng m RNA-nedi at ed down-regul ati on by
elimnating m RNA binding sites in coding sequences. [0017] Described are

met hods of..reengi gﬁi}@ c to

i ncreasé"f' tﬁgﬁlolnelﬂég??mspec rlgptﬁ?tﬂgt I %E %CELarsyg? %%r&grﬂglaﬁnadg %gsl al cells.
The et l'tbda(adfp&:gprdbwndmareepnesslmg]emmghippﬂ@ee(frwn)aﬂ]NaA ivachirst toigaherpte@duct i on of
protein drugs as well as for resear.ch purposes, gene therapy applications,
and DNA NPHRRF FESEORSHO F?R,dr“é'a%i’}i‘?de gﬁ[‘i"@%‘ﬁ“ﬁ‘r oduction. Greater protein vyields
m nim ze the costs associated with industrial scale cultures and reduce
drug costs. In addition, higher psoMMARYnNcentrations can facilitate
protein purification. Mreover, processes that may otherw se not be

possi bl e due b@ogloor mqexteqsaneéﬂolrneﬁemfm iBp@virigtht Bffictvagued stabiliphase 3
clinical tri aI S, or in expressing enough antigen froma DNA vaccine to

gener at eof@rotimianyatienssdisprQyine pateibyisidang coasengation. forxamals Helber i bed
her ei n. 1L3ustrmhfo§h{:ﬁ&nosfp[r&gﬂ1%r0¢y s specificationis not limted to the

parti cul ar ogy, protoc and reagents described, as these may
vary. It is to b [ TTel sedigspihn is for

t he purpose ca&#)é@gscrl %? %&ggﬁ?@g hg?%gr{%&g lhgrfﬂwgﬁl 5],mtéan%(p|hs not i ntended
to |im teffitiencycdpe nm‘thddheclpdessemldmgtam@dbmumhpttdl‘e havirg beodiesenided by t he
appended cl ai s the sin ar forms "a", " n", and

b e bRar i abrinep dptiaten fiogei it RuEHE S iRepu R aufes ande

ot her Wi Sfe of Rié%o seEQrEda@(ﬁlrmit@n ch@SRNEdaER Within sheClding sieﬁl@dnude$'héimﬁihud ality of
such cells, reference to "a protein” includes one or nore proteins and

equi val eVosnelHdgsaRtatiigoRis o nare ssendaey iiEaHan£odpRs reylting e Pdssraass i,
[ 0020] Unj e %ﬁorﬂ@tf ﬂr@é% %tﬁ%&%&‘ﬁe oftt br ﬁ\@&%b&@arﬁ'ﬂglaﬁﬁh @&idn@ r&uftfigTB aused

herei n have the sane ani ng as comonly understood by those of ordlnary
ski |l i meduveompf ribasowlal (tlheltsmnsmdtw§mnm§lqrpemwey irafiation cpren, flagreyini ng
ref erences eneral definition of many of the

terhms :JS'B‘He qugté‘iﬂge’Eﬁ%g Woée"&?épre%\éon 2%%‘8 i ess Di ctionary of Science and
T 1992) i
of Bl ochon s (D00 Rtk SR B afs i S iRling g or FRRLpREIGRGE ot ! onary

Uni ver sithy o 8890 @Eﬂ%@@c@%alr@ﬂﬁhere&mrﬁmmre sdabﬁdlarp naﬁ@ncmf

Chem stry, Kumar (Ed.), Annol Publications Pvt. Ltd. &2% tﬁ Lonary of
M cr obi io8gis cande Mbthe samaFeading fesye asshe geding seagencs|or OEEﬂ me YRS | ey &

Sons ( 3rc§dﬁ1‘g P9 |99e’-)rhe %?Bf' R0 s)écmdag"ﬁmaﬁBﬁ ¥oddidRhn (n,Eﬂ)c)ited Bﬁél&l edge (1st

ed., 199 onar Phar maceuti‘cal Medi ci ne, Nahler (Ed.
Spr| ngermMemueigotT@Is@sst(emezt)do“msman@ﬁamyi Mosmghwpwltmﬁ?ém@t ripe Kumar and

Anandand Publ |ca Qns i onary of
Bi ol ogy ?rB?l 6relrert1)tasc':t cﬂ’e*“ecruéjﬁge EXW #éris anggﬁ?& m?%gssé?r!aa ford

Uni ver Sllhylai?ére&ﬁioﬁ§tdh helecRQHm AFIG, ARG, GUa, FUGAEUGNnA U, AddGpandf t hese
terns astheyl_ S ECIfI(de_gtytOthl di scl osure are forowded pereln
[0021] THE Uberlbe anjinglydgmutating mo[R,ban, ARe.SecRfagy. (tatiog cadumWithip, o ing.

entity, R cRiILIRLARE The hR&IRAN iddudenfhtbiGiesall thesedond@9tinitiadd ed to, e.g.,
protein, polypeptide, small organi c nol ecul e, polgsaccharlde

pol ynuclasdensawithin e qoding seqeence.tA Sarkingnuclepiidgcan bemytated to adessynt het i ¢
COWPOU”%av&ﬁ%npﬁaséﬂa%%m%{‘ﬁ%Hﬂjma@?}ggu&ﬁ?@'oﬁ'ﬂ{dreé'ec%dér iR4tidFOr ©

subst ances essS otherw se specl , terns "agen substance and
" conpounddomsrean aseid mtrﬁdelcmga]ngfeabiayomeccbhm T[-mz@wnef therqmﬁ ‘ocmote on” rreans

it of at h .
R STE2h8 ot e LRl A I A
synt hesi oF ik orlBWA nRst€ condarY\Ai AN DABRELRGV6IISREHRE Gﬁ@EﬁVas [o(ﬂﬁﬁﬁtéla”le term

"DNA vaccines" refers to a DNA that can be introduce (f'
codons. The generation of truncated proteins, polypeptide, or peptides other than the full-



into a host cell or a tissue and therein expressed by cells to produce a
messenger ribonucleic acid (mMRNA) nol ecule, which is then translated to
produce awoaounyesseant i gen encoded by the DNA. [ 0024] Theprcange@geodsgene of
interest” is intended to include a cistron, an open reading frame (ORF), or
a pol ynucl eoti de sequence which codes for a protein product (protein of

i nterest) whose production is to be nodul ated. Exanpl es of genes of

i nterest include genes encoding therapeutic proteins, nutritional proteins
and i ndqglgs%l%l g“coh‘%cfér% ell{3 QItbecJ r@&uce@e atﬂ’% dn@toﬂr{‘:(‘)% Se%glq'd ftﬁttétﬂ)?xl ude r epor ter
genes or ect er genes such as enhanced green uorescent protein
(EGFP) , dodeisfean aseid garmiacmgemRNAas@d sehehcasusplice O 5f Begeps sitenoi s t he

process b oly tide is produced from DNA. The process invol ves
t he tradggwﬁd%?@hﬁéﬁ‘ H@‘g@ﬁ% into NRNA and the subsequent translation of
the nRNA int ol ype 0026 e term "endg ou as .used herein
refers to a 3@& ornﬁﬁﬁvgﬁdﬂgﬂl§ﬁ HE”WFPGP¥VB@fﬁ§§ fN t he ter m
exogen(%l* res&@d @f"f%le'h@y aTlg';erﬂ@thH@ﬁncWeETBJoleduﬁé)éz'Bthtﬂ:lédﬂi%e\éé Wnémeitpost

[ 0027] A "host “refers toaliving cell into which eterologous

pol ynuclaemimgee@@qgeﬁmdtq rertettn e ane qnapreeethArhm(bdguéw locﬁ‘t@ Vithinng cel |

| ncl Ude%hg&; r'rt‘%seﬁﬁéencg %q n%.ﬁ (ﬁ‘j@ SIeJnL) tIiN bﬂtd §11%9 ‘Pﬁ&ﬁaﬂ]t gigh Means

for introduci Fero po ynuc e seq (fence into the cell are
wel | knaesults én gdecréasansﬁqdz:NAmmdleg aiche o:pmranom miRde bmdmgtshcssplaeltleg
precipitati oi transformati n, and/or the
li ke. 'Péﬁ“ﬂ?ﬂ é?@ﬂ%ﬁ %ﬁ@e$8?Vﬁﬂ%Wk@PP8gp§% &WE&“P@ % ™t r oduced i nt o
the cel Imtr%asﬁtgrtenllerc%@bb@t@xemeet(mma@t or cloning vector. In some
enbodi ments, host cells can be engineered to incorporate a desired gene on
its chronpsorpofs] i N iThe nALMRIERN aMINNCIB@ShuGEAE Snd Sahoedcketi@¥BLeyed in
the practice of the present nethods (e. gBW CHO cells) serve as hosts are
wel | knotef thaarnine agidisequBaes reaajns ungiemse ragthed can lNdPé%mummsjoaﬁPhg A
Labor at Ol%grel}{a g@t&des %)dem rgged?er QQA’E: Fzrl’?esr?tet@tgd gar?n cudg%%gtmﬁ%g obrent et
Iec r Bro

al ., Current ocols in ogy, John W
(Rlngbounednudaﬂﬂﬁ$smmnh&onmmembadbnewmsmthmedmusunmehépwmnmﬂﬁmMaryotic

cell. 0028 T ternkilndu &%@ gﬁ " is used Q % ﬁ?aa&penlca

bi ol ogi csgﬂ“eé‘ Methqd agdngudsREaHRY Qg & T?rﬁﬁ’élf SO GR st' an i nduci bl e
t ransl atdoab@ aré RGUhRSRUICYd ﬁheﬂ@rﬁotynttdebwqus@ct OrHRxXpaBod eantiaclade i nduci ng
agent, translation fromthe el ement gener s initiated de novo or is

i ncr ease‘HUta‘tb‘tﬁ/@‘eé)rtB‘%fs'ﬁpu‘d?Ot@Gﬁ§"E‘ihttb%tla\9‘€‘t'|°é%lé’l"R6\tA ESE9rSBQUENETF. ArARCY nduci ng
agent C%H rpcﬁrced ﬁ-rto %%Wnﬁ e@tl&t§e8§§tcgolr}@' dnle @F nfofe MRNJ& EindiRt bitdstagxXposed,
for exanp eat d shock, a toxic agent such as a heavy netal ion,
or a | acbe locfatai \Mmltlmttmnmdldgcnemme? Theone lor oot miRNArbindieg bitdgegan b¢ can be a

o nor norigctie 4pati & b s o it SRk PR ShaRE SRt Gnifl o™ "

pOlynuCHeaﬁaﬂﬁnhm$hdﬂﬂ&ﬂdedqnamenclude a pi ece of polynucl eotide sequence
(e.g., DNA) which has been isolated at both ends fromthe sequences with
which it is ifooet) at elyfigmei ingessisnding dffike Ratineraal bytvancaes of thg pgsaame of t he
organi sm_The purified polynucleotide can be an ol i ucleo i de which is
ei t her dBEPéQSéredPa)ét’%'ﬁ’Plézeé'thﬁfféﬂ‘ce‘ao@8Ir%ﬂ81“§@9ﬁ%58? BFt! ?Eﬁ‘é’BPB%r at ed
into a vgghQr; a fragment inserted into the genone of a eukaryotic or
prokaryotlc organi sm or a fragnent used as a probe. The phrase
"substantially pure,” when referrln nucleotlde means that the

mol ecul e has been segRREERBDESCHM 6‘t 0505 WENGS ol ogi cal conponent s

so that, typically, it has at |east 85 percent of a sanple or greater
per cent age. [[00323] The Figures 4 B showi stewteqyneasoé £ colhRESecell gifwiessequence,

deoyr 1 GRS B Etac%r"*ﬁ"%ﬁ ) befcad “e”e%?rew?'ﬁs‘fé.&?ﬁ@a ol e or

doubl e-stran ornt ess |n1t ncaQ own

anal ogs of niﬁ@? ?dh M3 ?tg{ %y%\/"fg?'}aeysf etq tq eeslcgngcg'?azgg?qr@a nmanner
simlar Jo‘leﬁﬁSdc‘Eéllstbﬁh%ﬁHédWﬂH ANE(©UrinkleAT (N@'eﬁp&ss?&t ébnsegugnces can be,
e.g., prokaryotic sequences, eukaryotic nRNA sequences, CDNA sequences from

eukaryotic nRNA, genom ¢ DNA sequences from eukaryotic DNA (e.g., manmali an
DNA), and synthetic DNA or RNA sequences, but are not limted thereto.
[0031] The term "pronoter” neans a nucteic acid sequence capabl e of
directing transcription and at which transcription is initiated. A variety
of pronoter sequences are known in the art. For exanple, such elenents can

i nclude, but are not limted to, TATA-boxes, CCAAT-boxes, bacteriophage RNA
pol ymerase specific pronmoters (e.g., T7, SP6, and T3 pronoters), an SPl
site and a cycllc ANP response eIenent | f the pronDter IS of the

o o - v o



sequence or 5 UTR) is a particular section of nessenger RNA (nRNA) and the
DNA that codes for it. It starts at the +1 position (where transcription
begi ns) awo 2erdwsgeust before the start codon (typicallyPADGS2ab/000567 codi ng
region. In bacteria, it may contain a ribosone binding site (RBS) known as
t he Shi ne-Del garno sequence. 5' |eader sequences range in length fromno
nucl eotides (in rare | eaderl ess nessages) up to >1, 000- nucl eotides. 3
UTRs tend to be even longer (up to several kilobases in Iength). [0033] The
term "oper abl pnked:. " i 6 f Lanal

| i nkage bet \Aétesgllglgnet iFééHer é%@ﬁ‘%gpt egﬁe?rz?%'t%a?%és f%%ﬁg&?rgrgrﬁelr%%ggﬁenabl es

t hem t o teasfoymeditvith ndldrtypoCrAdl orfruntified@A T ekpresexaopistyctsy gene i s operably
linked to a pronoter when its transcription is under the control of the
pronot er and [00€5) r anFigurpt shewsla Medteins blooanatysid of supanathets &dm PG4t he
protein normally encoded by the ne. Symlarly, ransl| ati.onal enhancer
el enent Gebis gprsiemied Vﬁg’s‘gﬁi""é‘?éﬁp%ﬁﬁﬁ (%P5gbrﬂé Wd‘gﬂgpéé‘tgnf‘lfpeipflg%m ows

up-r egultﬂ%gnob{.m&%&fchm QpredsiRNMstri @ORABINBAIE59m t he gene. [0034] A
sequence 0f nucl eoti des adapted for directional ligation, e.g., a

pol ylinker, is a region of an e‘%ﬁressi on vector that provides a site or
means for directional |igatPETALED BESCRIIERN de sequence into the
vector. Typically, a directional polylinker is a sequence of nucleotides
that defines jtwo Qhydiie® restriction endonucl ease recognition sequences, or
restriction sites.—UOpon restriction cleavage, the two sites yield cohesive
termni to W;[beﬂ%]a POIYRUGH Rk AR aREAMBHER 0 G atur A RN AL Or e expr essi on
vector. In anm enpodi nent, the two restriction sites provide, upon,

rest ri cténgmeel yathatie nRMbhei inereassrienetd ofithaencaded proteit digseinasdasayiband

t hereby permit. directional.inserii f i ce into the
cassett ergoég]?atg)QﬁFf’pTlg?\% ﬁoedm %nu%%(@q%geqﬁg%ﬁ%gw%gigé?Og%ﬁzglgﬁ%%ﬁ? %ﬁpdi rectional

| i gat i onsyafhesis Bt BidecreasiggiBsromabdivasivhedd At€sor mtcadedicalgsitintidrt i pl e

di rectional c|oning neans. V\hdz%e ihe s{fquen]i%g of nucl goti desla}darﬁ ed for

di rect i oiP4PNY NGALING SequEnFSIen AT Al by G¥ading i RYARdiated JQWniresyldiqnidye 1 e t o
as a mul &jph&idg ARNG bidif siteVR RARLY R§&SRdSCT/ US2010/ 000567 [ 0035] The term
"subject” for purposes of treatnment refers to any aninmal classified as a
manmal , €. g.,[0fYFRN ansksPQbed WERRHTRE TR et gifeRiNR RN AT privedty Blidikeani mal s

i ncl ude dogs,” cat’s, cattle, horses, sheep, pigs, goats, rabbits, and etc.
Except wihetrandteskd tohecrease the vipldtof epacificoproteingbp eekaryaiceand dagferiad cgllh

i nterch eab n.an ' t - | il R :

[ 0036] Tr s'g?tli%?sl ‘%)eﬁcri?b ae((:llfl:1 g% %rj% er sapp E)‘Q‘S@Hgﬁﬂ%@%é‘%f‘?rge tggtOng‘merlggmgrs ed to

i ni ti at easoxelr 8gut b@réh ppeses,pieho therdpgrapph@iniphe and DNA Vactnes fori ncl ude, but
are not |imted to, c-Mc, c-Fos, c-Jun,. B, . cEt s, TA, GAL4, .GAL4/Vpl6,
c- Myb, MpEISasIRg-ankgen B&%%ﬁ“?rb p‘ﬁrﬁﬁtﬁf RISk ¢ ieg?ENﬂmb'é? %ngg égs,oc'ﬁké-‘ﬁ%and TRE.
Exanpl e gfuste54eq6 et RaCadi rbduce Weky Rt Oh Sddified, hekther Proteiftendaftiatldngi ted to,
GenBank accessi on nunbers K02276 (c-Myc), KO0650 (c-fos), BCD02981 (c-jun),
M27691 (eREB)litairosa queiticalion. Nylogpyer piredses REMBEOhe(isH Not Ry136632

( GAL4/ Vpl8).: - ) ) 2 KB tria N 853568
(SP6. R BoPi R oS SR e R3S S B eondRROES: B My e s T

pol yner asgyessiAE86el@han(iginfrdn a RINA vi6@6d B genREe an] i00BHeAesponsssiaamei al | y
identical" nucleic aciﬁq r ,am.no, aci.d sequence refers to a nucleic acid or
ani no ac?‘lfS'BEdﬁg}gctgeWI‘i éﬁs Fﬁgflg?fel%er%{n‘sequence that has at |east 90%
sequence identity to a reference sequence as neasured by one of the well
known progranH. despéfididonsierein (e.g., BLAST) using standard paraneters.
The sequence identity can be at |east 95% at |east 98% and at |east 99%
I n some enbodjogn8] s, tTies spebjfeatiorsBauelnied ® thé pabiouiar metodelogy,l engt h as
conpared to the reference sequence, i.e., consisting of about .the sane
nunber oProksAls; @@da%geaﬁ%crgggcﬁ%@f‘é?at?asva(x- dof '%%g’ﬁt‘*ﬂﬁ%‘stgs H’é’ﬁﬁ‘@s) or
nucl eot i g, meRlguest KehQh PRk MYk sRE bﬂ@es@ﬁsﬁlﬂg peRRllar ERBSBMSsEWaANRce identity
can be readi |y determ ned with various nmethods known in the art. For

exanpl e, the BLASTN program (for nucl eoti de sequences) uses as defaults a
wordl ength (W of 11, an expectation (E) of 10, M5, N=-4, and a conparison
of both strands. For am no acid sequences, the BLASTP program uses as
defaults a wordlength (W of 3, an expectation (E) of 10, and the BLOSUM52
scoring matrix (see Heni koff & Heni koff, Proc. Natl. Acad. Sci. USA

89: 10915 (1989)). Percentage of sequence identity is determ ned by
conparing two optinmally aligned sequences over a conparison w ndow,
wherein the portion of the polynucl eotide sequence in the conpari son w ndow
may include additions or deletions (i.e., gaps) as conpared to the
reference sequence (which does not include additions or deletions) for

o, S N o o —— N e .



di sease, or to prevent the manifestation of clinical or subclinical
synptons thereof) or therapeutic suppression or alleviation of synptons
after thewoanioimsseati on of the disease. |In the treatmentcofUscanddese?
renodel i ng and/or heart failure, a therapeutic agent may directly decrease
t he pat hol ogy of the disease, or render the disease nore susceptible to
treat ment by ot her therapeutic agents. [0041] The term "vector" or
“construct” refers to polynucleotide sequence el enents arranged in a
definite, : / gene
products ntH ﬁéaé&a&gﬁ%dgé gg{t tﬁ?&do : ?%rltr%%gtteméetpgc}rsee\xhlﬁgﬁﬁ%BEgQ%Flgﬁ]gfabI y
control |tbdapp-5y4iﬁdaﬂilht)$ they are transm ssi bl e pol ynucl eoti de sequences
(e.qg., plasmd or virus) into which a segnent of foreign DNA can be spliced
in order to i[00t9lduce Ashsed bereingtheBitgulantfanizdst, "ae), hisd tthe' pmolmje plurdls

replication and/or franscription. [0042]A.claning vecto a DNA, sequence
(Vi calrencpinsisthe g sras sk oteemitee i, fu srrpaleertshoRatary 1 a

host celde)y" fRfquhA ﬁllﬁrdlﬁy shacACEIR, kFBEn &Y toOB Brddéin @ingRlks oMbeHIRSreOF
restriction endonucl ease recognition sites. A foreign DNA fragnent may be
spl i ced Hreteins ahdequavalents ﬁx@rqotigwrstqtéesq Sillsd de therat, BRd syfostout t he
replication and cloning of the fragnent. The vector may_contain one or nore

markers suit 48020 or (ddess definrg athsmises alt iechnienl gnd seigntiffcgermecisedl | s. For
exanpl e,, _nar ker Y,

[ 0043] Anheeei Iﬁagvs? §P%%/ég%? or{r HI? gsthMm fﬁt? Iu%‘ &;&%86 gyrlnﬁllr?gé !\)/técrtglc?ra FSﬁéuktﬁli ?‘rslﬁgapabl e of
i nduci ngarttbevteetpuhe&ﬁsMum‘pdrﬂamstAetfdstmnhgsefdsrem@s ptcmmmonemfcknlltwntlaat er

transformatio nt o host .. The cl on NA..I § usua | gced under the

control gfergl &éJm“oé’ Ay P e theRHpS ‘E%‘? '%@A%F‘ﬁoﬁ”éeg(%cﬁ%gdgwq%@duences such as
Pr ONMDL €1 5;cRbndP DRSNS anlPTOMb gy SIGHBNERY, Neadeb@c p@@§¢1F‘teut i1992); i nduci bl e
or repressible. 10044] An "initiation codon” i atlontrlplet is the

posi t i orOxtpraPigriepary B’@ﬁhﬁméfnea’?ﬁéﬁoéﬁcﬁl%ﬁmlﬂ%ﬁ@l@teéﬂt §Edy.) Oxéorgeneral | y

| ocat ed h di J,yk([a,; , the
initiat |[%§11v%:rgi l5re§se€ etd ?8?1 P g?%‘%%%‘% fdqu eot%tégs (the Adeni ne,
Uracil, (&dd, Suaol Hubh(:dxld@)s Pm@t@dﬂ@@es@zcwmnwm op Migabioldgy cdiMdaeadird

Meth". )., Inb t I t 1y AUG
but ¢ hi e IEBREE TSl 1P B R S o e I AL RTBH he. (ML),
Nucl eot I@&ntzftbpmm(mt)hﬁbumét@e (AU, a1r999)scmatonaie)soﬁwmaseummt i ation codons,
both in eukaryotes and teria. 5] A "downstre initjation codon"
refers tMedigne, rwatht'edt(ﬁ% SP(SE!‘S?F Verdag T@Off Gé’ )eéP’ﬂW’@t?faé.? }1‘16”%’1% henti c

initiat 'mn&r%te mnatmdc(eht Y, AdindIPRbRERORIPUE BId @za@b) tahg AgBi}ﬁomﬁﬁl ofupstream

initiation codon” refers to an initiation codon that is |ocated upstream of
t he aut Wnloige (Oxford Rapieorack Keferenceh Martin Bhd Hined Edls ). &t ford Unigessy Reestised

her ei n, ref r on with
respect 4 hg(g@ tE eﬁlgyg'??lfc% %}@fogﬁ&gg gﬁ]ﬁ @FH{Q % tﬁﬁﬂeﬁ)l)‘; gpeglds?tgg%g}m codon
on an nRNQd@eWsemeeeprsVale(thdemthat is towards the 5 -end of the nRNA
sequence relative to another |ocation within the sequence (such as the

aut hentic ini[od21) on dd@aétn ‘@igentd ibOWRS hiieaibsanet) mol@hey, sletreng codon t hat
is towards the 3'-end of the pRNA swguence relative to.anther |ocation

wi t hin tREPRRfl SRR, O epAmtondRereple lbingludes, fitis Bef 'dm?tﬁ‘?tq &8i>on codon" or
"Pri mar yorhint bél&tt)éﬁade%m org%@hﬁ)lécelet p&lyéRtkdrt] plyfeARAdEfand i stron that
encodes the fi am no aci the codi ng sequence of the encoded protein
of interlést ludaode apabal erodist.iasynidetiecaropungds aid chemicad eempRIldy Ot fii t 1 at i on
codon” 1L Ruibf offivd & hbA':A0a 000 Ak QIBEGEN A s AIERRI Y OF
authentic nitration co The ehcod pr ot I nterest.
secondar‘gubstnice’gbndicongadband? sregeatkinaréhangeabhsliargam of t he pri mary or
authentic initiation codon and | ocated within the codi ng sequence. [0048]As
used herein, [0022) easdthepérat VidhroaX pleassi ofit of BNArthattencodeaansirggé on of a
nodi fi ed rrRNA ere one nore secondary initjati qn codons nmut at ed
hat  gorobeaidysinyoie: 1 he (S0n Qe aRICOH AHHare P (Y SRDETASOITA B 1056
20%  30%itHiR WnhiQhe YnusRIFRINAQ¥EEurs.ne pol ypepti de concentration obtained
fromthe wild type mRNA where the one or nore secondary initiation codons
have not been nmutated. Increased protein expression can also refer to
protein expression of a mutated mRNA that is 1.5-fold, 2- fold, 3-fold,
5-fold, 10-fold or nmore over the wild® type nmRNA [0049]As used herein,
"ribosomal recruitment site" refers to a site within



an nRNA to which a ribosone subunit associates prior to initiation of

transl ation of the encoded protein. R bosomal recruitnent sites can include
the cap swouetumsgela nodi fied nucl eotide (nvG cap-structrarasS2diouneat t he
5' ends of nmRNAs, and sequences terned internal ribosone entry sites
(IRES), which are contained within nRNAs. Qther ribosomal recruitnent sites
can include a 9-nucl eotide sequence fromthe &G x honmeodomai n nRNA. The

ri bosomal recruitnment site is often upstreamof the authentic initiation
codon, but c so b S -1 h §CelapLEd At on.
[ 0050] As usemgf]ei n, %ggeg@e%?%gbg{"é e?%fg?g@{;@%graﬁ%u albggc%%?gr ence an
or gani srntshdisst detiror aniesuefant] hieraieeep@bsed by @nls tolppdduen e mksseniger samre am no

acid. Alteri usgge bjas refers to nmutations that |lead to use of a

di ffer er’ftboebcg ﬁa?‘agmﬁﬁg%s'ﬁ?ﬁlé""gﬁi%c%lﬁther\/\ﬁr?“ﬁ%éednf’ﬁﬁ “oF VISHE"8PEY er ence

t han th%n@(gdegm@he oRdAon. [0051] As used herein, "full-length protein” refers
to a protein i ch enconpasses essentially every amno acid encoded by the
gene encodi ngo$IY) Pr Otrek Mngf}R9%e ofSikickdst' i irtéiRledd inkRAWa tREHE, Ar € subtle
modi fications of "some proteins in living cells so that the protein is

act ual | ypen tpading fismed OB or arpeil wusteopdosasiupreewrhieh eqdes)far agreteinat i ons. For
exanpl e, . s e| ) h 1 i rgmthe

am no-t@fﬁl&%@?&%ﬂ ? 531}@5%0 %\g;eeé:r g%&%gll&éﬁgﬁg%&g%%gdﬂmpgﬁ%ﬁg?% (?ncrease
nmol ecul dntewst igtlude ddmet elnadingrtherhpqutiotpesteins.asitrémpebdedtedsrandimduatrimbt hi oni ne
and an al anjne residue at the amno-termnus of the pratein: one or both
of thesé’sgfgL?rﬁ[?&S' QF’%esf"?é'Hﬁréﬁtﬁaﬂ}g}SB%?}% 'FPY; r§8?ﬁs\fé5$8&w§e&aﬂfeﬁe protein
in the bRgéUERAs GBbhced BAGHFIUoYdREENt ProtBMAEGFRRTIORFas@ kenes Y ReAHY by

het erogenous so not all nodifications happen to every nolecule. Thus, the
nat ural P#gr¥s)] ength" nolecule is actually a family of nolecules that start
fromthe same am no acid sequence but have snall differences in how they
are nodi fi ed 0628 t er Bxpression jsehgyprocpisdyerivieh &pelypspiids issprediagd drompi |y of
ol ecul g5y [ 5 Lehser) ' oeE intSRAHNA G (HeRl6deqhtht
nucl eot i eAa?l?eeéla)t%%%@% ﬁgtﬂ{eﬁgr%sféd’tﬁr%g#ﬂ%ogeﬁ fntsecon ary }{eni tslreogtti on codons
f r om t haransldiieorgofitegmBNA Trantpobipkptidendi fi ed" refers to nucl eoti de

alterations that renove a subset of all possible nutations of secondary
initiation cqoa2s] frofhtemceddoggnoeyiasnsed HeteilRedferste @ geref norRnbldg omal

di versian vja do treaminitiation godons [0Q53]As nentioned,above, it is
wel | - kn(fnfz\h‘f“{‘ﬁél?e mﬂ‘iﬂnﬁ St S8 IFA™N PIOBRN S Teg%[ﬁLor %g%lﬁﬁloii??r&aﬁlyt ransl ati on
ef fici engynd iiPe K@M etos@N AUG codon in the 5 |eader, termed an upstream
AUG codon, can have either a positive or a negative effect on protein

synt hesi s deg@@ﬁ]ng O\ 138t QBINQefetss aNie] LRNIiAS vaRE £iéterordpdusel | ul ar
condi tions. An upstream AUG codon can inhibit translation initiation by

di verti mylynuplee qyengeristth de guherehaen intraduegdat Therlivéngiesh ipledgsdiote al . |

"Transl gt | I . . agyl AR e | at ed
reg; on oy IRZ ca LY LBl a3 HENARMT s Reahs R HARK B nche Bldals

275( 40) :palyndadleADRIE3q 0O Bt thefeoH aexaalbkeowikieguirtemsictaond eBciropauigner et al .
show t he fiboson%}. di versi on effect. (%f u stgean}iAUG.ct)dgnt.i n tg;% 5' | eader
sequenc &2 EHRATSRNALA BLRGHP ALRS: RYE O Yeeten: YITH AR A AL 5P AT S i on codon
i N many (RORKd. Eften, thel HetdfMOPSusifdRinuLIeanidd sqleite ERbBe MAGRIdedBS0BhSEiini ti at e
at ot her upstream codons, 1ncluding ACG GUGE GIG UUG TTG, CﬁGCTG

AUA/ ATA, 2 raRksaplp@XpESHHOMYRIIIRPT claning \estor £} samegmppadiments.higst sEs farsYfown t hat
manmal i apo | | {lids| j iDROsAMdRA VBl Ekoswhen the
initiat %gﬁ{nggggﬁﬁorgo@égéeﬁg%k% %#eg@fé e&trr%rgﬁkgﬁfs(g (dh? r) was rru}fat ed to ACG
( PeabodycellXhd cafi be8TipldyeBiimthe pCingiee 0P B2 prest@4iethadsgg ), CHO telty) kerve st udy by

Peabody showed that, nutant, injtdatiaonccodo A f . 4UUG  CUG,
AUA, AUGS gﬁ%kgﬂﬁlﬁeqlamowpéhea rt‘eéeieoe'éi’ P gr@g rQtrz)%eet é&n@%%slpé'r %%%pér ently

nor mal  dhfbbrdideMaaainl, dald SprifglB&Bpi PRs0(3™ «dh@001)26ud B&ABA-B08%)rent WO

2010/ 098861PCT/ US2010/ 000567 [ 005 _Th%{Eet her i {]% nd cl %ﬁbﬁriln% nodel s of

t rans| atfirefecelsiin Mefacuiar Bidog. Ao Wilsy & parss [ngt (RInskoyed;. at'B >3 €an
accessi Qyfholithdnk2tHeHdsCRUAN 2 3L $otitefts have shown that an initiation codon
can be used in a distance-dependent manner downstream of the ribosonal
recruitment site (cap or I RES) (Chappell et al. "Ri bosomal tethering and
clustering as nechanisns for translation initiation"™ PNAS USA
103(48):18077-82 2006). This suggest s’ t hat putative initiation codons in
codi ng sequences may also be utilized. Translation initiation at downstream
initiation codons, or secondary initiation sites, can conpete with the
authentic initiation codon, or primary initiation site, for ribosonmes and

| ower the expression of the encoded protein. Decreasing the availability of
these secondary initiation sites, such as by nmutating theminto a

o " N B Y -, e e



Kozak (Kozak, M (1984) Nature 308, 241-246), which state that an AUG in
excel l ent context contains a purine at position -3 and a G at +4, where AUG
i S nunberwo 2010/09881 +3. [0058] For non- AUG codons, si m | CTrusk@s/08@em t o
apply with additional determ nants from nucl eoti des at positions +5 and +6.
I n designing nutations, the codon usage bias can, in many cases, remain
relatively unaltered, e.g. by introducing nutated codons with simlar codon
bias as the wild type codon. Inasnmuch as different organi sns have different
codon usage f nci e ifi : I i snicells
fromdiffere ?E%ani ??rlgt%/{n Ilﬁd\glgﬁf d&%&%ﬁ?g?@Ef%rggggfﬁﬁgﬁg&% l(%(la

appr eci afrtlyditwhgdrin ehamefférodisardiasioh diwedarhiadeciblearaesiaaenal regutatyt o eukaryoti c
cells, byt alsp apply to bacteria.. Al though bacteri transl ation

ot s S biarRrels 7t patks b fa b SR et

still OCLHESIY isAnkiated Sl SBBNGSIs intredsbiNgboveRibakal bpeddsbdaitivb &eveboftal | ed

Shi ne- Del garno sequence. Non-AUG initiation codons in bacteria jnclude ACG
QUG UUGXpEsiipn. A indaging agent carjbe, IPOOROIPIe ashewsmeaditinp it Whishacellded are
modi i Sboas b LAHIA0 REMUIRREROER A 0ERATAR Sl AL AP KRINRS, &r £Y
decreasing ribosonal” diversion via downstréaminitiation codons. These
codons dack afraciutrikent AldGhaifeigenvah dadier omthe lisetdrgen be a ppmpowddbaiafepiown t o

codons_dark oot AUBhATGgemdh dadher onthcissiard brisierioun ¢
e G e et AReRM R Rl bbbl e embodi ment

t he downstre Jaitiation, codon is nutated, Reengi neering of RNA coding
sequences toetﬁh%ﬁease OF ShEsss Iselated of PB‘Hﬁ%da%OI}"H{?gﬁo\t/lge it a?'?(%a '

downst r gaguidy piked Qb1 ERERBEIOIeqGEe (Y0 DA YWMliiah hikgbdet $dolAeha both t he
downstreaminitiation codons. I n another enbodinment, the flagnkl ng

nucl eot i ands framehersrasersgs Pothavhigsis is ypedipely capdsuoys inidedgwfalt . I'n an
enbodi ne : ' [ ; | ida@anyt at ed to ATC codons
resul ti n%k?rﬁlﬁg%ﬁgﬁﬂ?%ﬁgréagﬁﬁgﬁg?gflﬁg@gggg?(ﬁfd&{| on. | n anot her

enmbodi nerligonETedtide sdunch is mithdraloblgoakingleptrantisdrapolypudientide SgmeniCTC. | n

anot her .enbodi nent., ATG codons can be nu t sulting in a
Met hi oni'H%OTW?%E(BMP§6’Ie§85iagtgagme)n?glﬁ‘? rﬁeg 13%)%?2%%&%%@%%&82%5?“ G codons
can be mbiirpslictRgdnlsss; orlarfragnrhheved arh pebbre Mhe pAbGe tatistastiatiyrpubs” mut ated to
ATC codons, CTG codons can be mnutate ttﬁ CTﬂﬁi ci)g%gg, and thegﬁcont ext of

i ni tiat ovheAveferiie 1B RobIUGIFaldS NEERS AT HE MAYFY CBE SRS PRRCHE ™ ni ti at or
from COGhg a%ﬂaﬂ?fﬁlgtb'idlg it4] BmBbAHN® thin) typieafly GERATHE IdaF) 8 PpBreeAt 8Ci d
substitution. In other enbodi nents, nodificationhs can be made to the signal
pepti de 4 samphd errgreater pereentige AUG and CUG codons can be renoved. .

Modi fications can be nade including a nodified signal peptide by renoval of
most of the {0030} i al Theitermatnuglsoddriseauencedripyeleic aridATqRCARR" | 1of the
signal peptide, renpval,of ATG ., . T 1 i G utam c
serd (50 o e bATER g afhy KRR BRnaT e SHib LI Te (51 S

Ar geni nepdlyRherdieitiverainigle- subaitilé-sirandad fqro06id Ghlasscahatwisedinniegues in

nol ecul ar bi ol ogy can be used to generate %h rgut at ed mfcl ei.g acid

s equenc eRCOrPFSEES ko aalogs PiiratifabnurlEofigethaUbbEREe I YIRS AT 'ERIR i on

techni qUGshnePSiFliRE fo RRrelIy-bauedf nuIkiaed Sucldibatigisequrated canptidg.cation
protocols and other nol ecul ar biol ogy techni ques known in the art. For
exanpl e, prpiryaticrgaeances sukaayptisanRNA SaURNGES: i© seayenrEs §rm ke8¢ t hr ough
t he use i I [ [ [T d ' dified
sequenc e BRI LR, L B R B BB TR Mot | des
synt hesi gathetid DINA beRNAsieqenhcesbat aronst limtiebkdeppr oaches can be used to

i ntroduce nutations at one site or throughout the coding region.

Al t er nat i vel y[00Bthol ogkhdsermetpomnbree! meamsaancke ackkstquendervapablicie a nut ati on
or exogenous sequence into a,target sequence.of ipterest. Nucleic acid

t r ansf er dFCBRHEHISEIIPYRN gt ¥hiG itg’ﬂf‘lﬂﬂ' Pi'%l'é"tfa?%iin# SPTRY PORPICS s ect i on,

el ect r opQpadnc&are khos e BRAIFaf @nipls IsedtCelanibils tarAinsIude, but are not
N-[1-(2,3-Diolo ony%propa/clé*-N, N, N-tri met hyl ammoni um net hyl sy fate

medi t at elémitedinsT AT alkaxsh, Canit Tdares dacteiioptinea RNy pRlymeRshEReadEnesi s
protocol, point nutations in a particular gene can also be selected for
using a positive selection pressure. See, e.g., Current Techniques in

Mol ecul ar Bi ol ogy, (Ed. Ausubel, et al.). Nucleic acid anplification
protocols include but are not lim teddto the pol ymerase chain reaction
(PCR). Use of nucleic acid tools such as plasm ds, vectors, pronoters and
ot her regul ati ng sequences, are well known in the art for a large variety
of viruses and cellular organisns. Further a |arge variety of nucleic acid
tools are available frommany different sources including ATCC, and vari ous
commercial sources. One skilled in the art will be readily able to sel ect

- . . o o T r



according to a cell type of interest, e.g. rodent cells for expression in
Chi nese hanster ovary cells, or human cells for expression in hunan cel

| i nes or worosppessecati on in DNA vaccines. This program eamusecomeosan mRNA
to elimnate potential initiation codons except for the initiation codon.
In the case of in-frame AUG codons in the codi ng sequence, the context of
these downstreaminitiation codons can be weakened if possible. Mitations
can be performed according to the codon bias for the cell line of interest,
e.g. hu éfi bpf.Qrinat | I ies,

Sacchar g S o, e A R Lo T
yeast, agleméntcdfthe poduorertis abthi mfducibdd type, themitdrstivge thcfaasestinirgspbasstteri a. | n
hi gher eukaryotic nRNAs, the recoded nRNA can then be searched for al

known se¥gnd #EBS in the organismof interest, e.g. human seed sequences

for human cell |jnes. Seed sequences can be tated with t foll ow ng
consi der at i or{ngéf Wi tﬁ@ﬁvedﬁr‘g‘?ﬂﬁ?‘feﬁﬁr P'Pféaném%ﬁde%l% Hy\leé‘aﬁreﬁglg?d%ﬁ) wi t hout
dramat i c@hldhc@bt STUTM) it APaHRABE stidf 0PMetIehAirRINA QARNDEA) ad) thé DNout

i ntroduci ng new putative initiation codons. [0066] Wi le this specification
cont ai nsthategessforiti f stastsas thedelsrasitivad Whpteriranagriptieh Segint)ang cadsivsled

enbodi ne, e ; u | i n@n the
scope of&ggrrer% sg%%%dg%ﬂﬁ@?cgﬁg%% (gﬁﬁ%?&j\;\%{}gﬁquﬁggcz?ﬁ’ ?e’f}@ %ﬁ?ﬁ rat her as
descr i ptiibnsmebirfdeat site€RBSpkoovin as the SpanctDelgdrae sesubangi Peleader sequengds| be

understood by .those skilled i.n the ar hat vario in form and
det ai | s TSP ‘\éée'ﬁgg}bEO?H@r%CﬂCO&ﬁ?%@mfar%fg%%errflelssnraeﬁs?%e#?F’ggagrrggﬁq-ng of the

subj ect mRidoAAesISSTTRRGEhd (G teabmlohgat(lp assebat kitobasedds tanighed in this
specification in the context of separate enbodi nents can al so be

i mpl enent ed o088 LI NatHeQB M fopRrably)Bhiede BB UsHerad assbiianeeT eddry o vari ous
features that are described in the context of a single enbodi nent can al so
be i npl efuseticadl linkage betwserogenetio §lementsdhatapmiotted iy 2 Sranper thahenables hsme

sub- combj,nat, 8Gtthg’{p'f1§[§yaqrfuncﬁbhpoﬂgr%xglﬁﬁlte% She TRYp 250l FRREd Rehraloe as
acting in certain conbinations and eveh inrtially clainmed as such, one or
nmor e f eatvhendiss thameenimionlisimded theawbirpldfitonprometdrand thegranaeriny pheduesctissed from
t he conbi nat j on nd, t he, cl ai ned conbi nati o e di.re to a

sub- combf RIS Hansfated Wgorﬁhgﬂoéﬁmé‘fm%a Bupreeds |Y@¥§gnnef %ﬁ‘%@g‘?‘pe of the

subj ect @@ista8bndl enki@kbmaeméy i§ hgeradlphsscintedtwithal gedwof [AQ6]iAl hllows

publ i cations, databases, GenBank sequencfes, patents, and patent

appl i cat Moreguiareddemnplationela mBAA frassfibeshiTaPdN&&i n i ncor por ated by
reference as if each was specifical l%{ and individually f’indj cated to be

i ncor por at ed 9938k er eherauersenpleisofidessgdpatad for SiteearabigatiorpT s ar e

provi ded;as; - idnl HShlept idds A dite o SeaRPRL dirkdtdakI

vari ant sp(\g\}?lllr{klé[)’gbgfeegm"l dﬁ‘?ﬁ% }regﬂ%m ?%&(gggétg?&érai nat?y skill i nlrt_ﬁe art and
ar e encoligriss efla pylyntdedsioseqiedce ingd s vectpx divpicelly a disgiienat aelybpkest
mul tiple. translation jni.tiatio L& Wit hi [ o
To060] T srReaReb eleBlibt TRt &P irbdle PesNOp hARRE AR Beqnition, o o
UTR and &Qqdéndes, oeggsantsion kitesRWponrranisiaidnpdl aavdes teasessites piekl @hesve ef fi ci ency

by, for exanple, diverting riposones fromthe authentic .or denonstrated
trans| at feBRInt 9 Whigh BPOBBH%FI‘?W%SF%‘I‘%&? Fanehsigafsd tp thegxpressign ve tﬂren%ragsence of

mul ti pl eerhbinbAL theBwb Rstrictioh QllesSprb @ide APORFki@tiBn Qlcal AiKe, BoHebRBdrmidlr
demonstrated translation initiator codon induces initiation of translation
of one otharase sopeemplementany viditherehnpermitdicastionad inseaiog|ofripohynetieptideency of
the TUllscoflRt IR &lllue TR0l ERAMIE tld ROSIRL bPRUCRdIEL Bfipleddbe TRNA
transcript's encodi ng comrmerci al [ y-val uabl e human protel ns, potential

t r ansl at diegetibmdl tligafionoransoham aveghencealf hucleatdien that defimes mybsple daeationell
downstream . of the authentic or deponstrgted translation initiator. codon are
nut at ed ‘?18“‘85 F‘Wﬂsa%ghetrﬁﬂ‘fée%‘fet“%PF'?%?e;S’F‘g?Searantﬁgz P Eefgo aflﬂtg?ltfos? ‘%g{‘ %Sod, t he
MRNA Seqp@h&sud @staiklicd a@shuls refeered €sad 4 Maltiphidlogingsitel encoded remains the
sanme. Alternatively, conservative changes are induced that substitute am no
aci ds having simlar physical properties. [0070] The canonical translation
initiation codon is AUG ATG Oher identified initiator codons include, but
are not limted to, ACG QUG GIG UUGE TTG CUG CTG AUA/ ATA, AUC/ ATC, and
AUU/ ATT. Intracellular protein: Chl orgnpheni col Acetyl transferase (CAT)

[ 0071] Chl oranphenicol is an antibioticd that interferes with bacteri al
protein synthesis by binding the 50S ribosomal subunit and preventing
peptide bond formation. The resistance gene (cat) encodes an acetyl
transferase enzyne that acetylates and thereby inactivates this antibiotic
by acetylating the drug at one or both of its two hydroxyl groups. The
unnodi fi ed open reading frane of CAT contains 113 potential initiation
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and nCAT expression constructs and plated onto LB/anpicillin plates.
Cultures were obtained fromsingle colonies and cultured in LB/anpicillin
(- 509/ M ))wat0®Mgs88sitt h shaki ng at 220 rpmuntil | ogari t hirCE/Use@noboseas
reached as determ ned by neasuring the A600 of the culture. The cultures
were then diluted with LB/anpicillin to conparable A600'S. The A600 of the
culture derived fromDH5a cells transformed with the CAT expression
construct was 0.3, while that fromthe cells transfornmed with the nCAT
expression c ct b Qg lﬁ]mp]%g expressi on
was i nduced 3pg§ﬁ:e I\ggéct)%grzg‘r{bjggtnt ai'ne By &tﬁ}eaﬁﬁé{t}‘éfEﬁQB&f] %@i‘?’lp | asm ds
by the idiasstb‘ddashmmrﬂal,lesgphmpgﬂ andmob-hdmangaaramabpjimampkrs déngn-Par@&n f i nal
concentrati ters of each. ransferred
Lo’ T r MR R IERN Kiepoii bR RO e RRuGRERHE i GS ERGet

concent rakdnQidted, théQernfsCpatiéht” d:6@ubj3etd arddf@d hdrdhlinteadhdnghabBg/Iflan Cul t ur es
were incubated at 37C vmth shaking at 220 rpm and the A600 of each culture
nmeasur ecemhodimes the putyest isdugnant 0073] Fi gures 1A- 1B show growt h curves of
cultures of DH5a cells transformed with CAT (di ampnds) and mCAT (squares)

expr essi on cdA886lict s Tramscaptignpfeiar eders &t@‘rywaﬁfp&ﬁg‘fl%‘rh%'é reed i on was

i nduced Ty t I1iliters
of 1 PTG DHale AR bRcAbibT 3r kB lueh B torE ARARE B el it

Chl or anpheniMyol c-Fes uUlun,r@REB ¢EtndFATANCARH; GALINED LK C{MYM(MYQE NHE60, 320,

640, 128 d.2 i Ki t 220
rpm and é’%%%%%? Be-aly °8PF°C%HL’%\HZV vvere (bve(}rllaﬁE é%‘i%ﬂ?%% ng :

Clﬁll tur e_SI_eﬁﬁédM@ Slldh fh&t@rs@rﬁcﬂﬁc{%ﬂ”lﬁft o n&ZQ?]l@dﬁldofS@Qgiaﬂﬂ( aﬁhalsmbanmlnemcol ar e

snown. e X-axis represents I e 1N urs r

Sor i | E0P2RE 60 Mo aI6SR (-lpsbitathg | Ratve). M EsT AR R SRR Rbwea ¢ hat
bact er i ayhs @SN TERI Ko 486 edmmm@mmmvgmsr\mmwwbpetter t han

t he bacteria transforrred with ressi on construct at_ all

concent rM8# DM yad)sHIHAR3 A (NFg@r)eEP §A351  (SPA RiNAyholyawseasar, At BB | of

Chl or anp | (320 a e still grew,
but ceII \r}}l\?ﬁ pPmeerang‘iirpﬁ_fb‘%3%&%51(1\19\%«%1%%%@@%?263@? éhr n ?gﬁ%— e that nore
functi ongb3@ni(orRENPheni col acetyl transferase enzynme was expressed fromthe
NCAT construct thus allowing the bacteria transformed with this expression
construct to [Q08W bet tersubBtahtielydtieseslc euoleictdeidoramiind aait isequendhD

2010/ 098861PCT/ US2010/ 000567 [0075] To de mne the rel atjve anp nts of

Chl or anpKERT ©A nuslest 3Aid PLAIRING RIS CRHERGTY &&ﬁ?ﬂ%@%ﬂé&qreﬂs‘?ﬁhﬂ%@é 4t &

transf or gipgl s urmkbe Bt Bﬁ%%&%&@&n&@&%%ueawwnueme WM BIrRwh bl ot

anal ysi s was per ormed on cell extracts at 5, 30, 60 and 90 m nutes after
i nduct i omognymrsrdrssnbgd)hergm (egl, t%@@tusm@mmﬂrﬁmammrs\ﬂhe BINERGEf uged, and
bact eri aI | et l,..Qf b4 e SDS gel
| oadi ng rﬁﬁ ron %Jt?éaé?ﬁ@da&g%as 82/36619 &t nggé(o %gr??j{t%lgg&gengs flh(Sagded ont o
a 10% Bi sibjeei ﬁhﬁiﬁﬁe mxiﬂaaotyﬂthmajme getth a@nmhparnd;twwec eefbneactsfeeumd tey, a PVDF

menbr ane and obed th an anti T anti bod tern bl ot
anal ysi sCOSF‘sq‘&%t{jagg“%%Fﬁ”ﬁ-@é{m&eélo O’Itrgé{ﬂgﬁ‘%? \ﬂn g'feﬁeh)é&?lyf %Bst a‘;énd NCAT
(CAT) egéaﬁé?}%@sl)@ﬂnﬁaéb%td%uesn&le@rfov96ryﬁukﬂedudeesq@h&@r | PTG i nduction. The
results showed that the anmount of Chl oranphenicol acetyltransferase protein

(above the 1%@98{“” K &ehudrize SdERSityhi bRl ckadilly ietfe iR with Varidas fethods
transforned with th T expression construct (nC) at all tipe points

t est ed. Kroomneh Abeedry sfios eesrmplﬁetherﬂleﬁr%%nemr% (foppualéatide SPAMCBEAS BSERE was

al so per e n dified
CAT ORF ‘\ireg%dgggldé%g gﬁ?{é})a"@ﬁ *H eék}‘]%or e@;o?g& cl\gngtﬂr]u?f ?ﬁi%%‘?*a*%a*n‘fﬁﬁ a CW
pr onot erof(mdq $temtiedFobymtnoemsi eqterces tisf BCABTR progran Ghésrreslefaplisgt er Ovary

(DA4) cel [N f C X ruct al wi.th 20ng
of a co-¥VP¥ iFé‘rg@c(\% cB‘hF’f taﬁf’%\@%‘% 5{1@%?&@@% g ar'ggss?Fdase
repor t er HeMiRS fe BHEMKA, Prbd. oMt e @it )d. \8es US/2B%fe2156d989)). Q’ei&@ta@@@f D4 cells
usi ng the Fugene 6 (Roche) transfection rea ent according to the

nmanuf act $¥ABENCS idendtyrip detemged Em/éwmarmawor?@gre Iy aUgnedsgaeness V6he cel | s
were |ysed using 2501 of lysis buffer. Lac Z reporter assay was perforned
to ensure equal transfection efficiencies between sanples. 30l of l|ysate
was added to 10l of a 4 x SDS gel Ioa%iong buffer. The sanple was heated at
72C for 10 mnutes and | oaded onto a 10% Bi sTri s/ SDS pol yacyl am de gel .
Proteins were transferred to a PVDF nenbrane and probed with an a- CAT

anti body. [0077] Figure 3 shows a Western bl ot analysis of extracts fromthe
DA4 cells transformed with wild type (CAT) and nodi fied CAT expression
constructs. Cell extracts were fractionated on 10%Bis-Tris gels in 1 x
MOPS/ SDS, transferred to PVDF rrenbr ane and pr obed vvrth an ant i -CAT

e Y . e r D I



[ 0080] These constructs were then tested by transient transfection into

Chi nese Hanster Ovary (D&4) cells. In brief, 0.5g of each expression

const r uctwel2origsgsi h 20ng of a co-transfection control pCaars2aonhess?
expresses the -gal actosi dase reporter protein (pCWw, C ontech) was
transfected into 100,000 DXA4 cells using the Fugene 6 (Roche) transfection
reagent according to the manufacturer's instructions. Twenty-four hours
post transfection cells were |ysed using 250Wof |ysis buffer. Lac Z
reporter : : i fficiencies

bet veen Sopaer P O GERTN. BEROLIE pERHR R IR TR MES sbs ge

| oadi ng doufpheson Wihdow armgyliecludsadditiingdr deletiaG (f oy gapd) as qontpaseddndhd oaded ont o

a 10% Bi sz Tri s/ SDS pol yacyl am de gel . Protein re.transferrned to a PVDF
et anﬁgcwe&g&f&f&%ﬂf%%ﬁgﬁiﬁﬁ i ﬂ(%f?%i%ﬁ‘gﬁi&{} InfbBirkRLs s
shows a t@olteledtesd MdepRtc@nfake Hla etdronini mu@ibeBSof I anst or ne
Tgnt creriiog %yv@%gfz%‘é’%é%iﬁ%ﬁe@d%%%‘?g%?%?a%?@ o8& ecciech Bte vere

| i ght cHESHOBKHr ! L CIE)IE t S were
fracti ongtedcQno %Q% fBle bk So R hddbobitton MR RPhe funtts beragfed © PVDF
menbrane and probed with an a-kappa |ight chain antibody. Experiments were
per f or mewpsitionhbysihp eotalatuariier pF positeass i thervingiow b eqrappsiser endbmubiriyieg ency was
chai n prsalen PN BRI AR B B ERS Beacke SCC Pas subst ant 1 a1 |y
i ncreased for, exp I on. {4 UG .0 i e.Si gnal
pepti de (cd5-[g§$§|The gﬁ%?eé%sit%%ag nst %ﬂ%:\?gth{gc%c%-a%é%%da%ﬁ asg%tifgnoéf and with
i mpr ovectonipeheitor dgermtotdtastbjeat wptevehher deldytbadbnget bftht swhpomscodon in t he

signal peptide (fully rescued). als ad |levels of protein product in the
Super naraRp et Rl BER RGN T st Gde A TBBa T 2har | abl e Li ght
chain O@ﬁe@i@ﬁ“?ﬂh@%ﬂggﬂohﬂ% afrBRING of litHiGitin® ARtHeAgevbIdprfert bhMMseasd8) contai ns

104 potential initiation codons including 8 ATG i ncl udi n(g, the authentic
i ni tiat icondigonom dispalenT8ybjectnnageed of wragnent igtagle pBicapalready mlieringo AAG, 3

ATA, an T 0NSy: i.fi i i Ny i . pde in
an oh- an TR U R sl Weftah Atk BERE (CBAE Ay B tRRR i RRLOCR, L)

Li ght chhg¢ diséRer is anbepmaverged.i ght chain signal peptide 2 (SEQ I D NOS: 130)
contains 104 potential initiation codons including 7 ATG including the

aut henti c i ni[0040]i on JoehmentltayHeCprophyMdtic (b3pré&kBs oddeldyGhe ddse€of3hel5 AGG
10 AAG 4 ATA, and 2 ATT codons. Thy-1 Variahle Heavy chain cont ai ni ng
heavy cHiieAses PRAreYsapIE fany! e?f%‘f‘h‘?f}rgm??‘sorps&g‘gm‘?aé Fymﬁﬁomsg}l?qr%‘?%ngd ons

i ncl udi NEerdfufid Sippr&SioH Gk B0e iRt tsPRPlonts dfRl theahdPRsEOEIOSE thd diséke, 18 ACG,
42 GIG 7 G 43P CIG 43 A 33 AAG 5 ATA, and 2 ATT codons (SEQ I D NO
131) . MJdithe tecatmeni of pasdiac reiaedaling apdloshearfpilyem tha@penficragspvindyy an AUG and
CUG codoy; li%E& =1y i : i inNi Nng heavy
chain siodggrr?g péé%%@eé%@](%)’)rﬂggﬁggh%dé%%%%? te)h@?gﬁﬁ?ﬁistg%}gﬂbgﬁgggﬂﬂiomI udi ng
18 ATG, treathamtlbngthehthemptiterdgentsi ni ti ati on codon, 14 ATC, 18 ACG 43 GIG 9
TTG, 41 CTG 43 AGG 33 AAG 5 ATA, and 3 ATT codons (SEQ ID NGO 133).

[ 0083] Thy-1 Ya04Hbl e Oihgldrmchvactor GRFcomstrwbi” céfetshie psiygndkotpleptqubece s

replaced with the signal peptide (SEQ.ID NO, 137) cont.ains 104

o ent T Hemdrh et arae PR AT figas s SR B PRRESLAE nont i ¢
initiatigRe @Prodliers fhbCareo y like®I&thebe didfment? éafBdpredidtab5G, 10 AAG, 3
ATA, and 2 ATT codons. A nodification was made in which the ATG codons were

changed coptrolied. doatsally.ithen arg #apsmistble polynneleetidseasnes) (¢t PlasBlieati ne (1)
am no  agj;heH hikhh | NENAL2E be HIPHInf dr@&ith Mird@Se @S0 made in
whi ch tﬁ}égﬁggci\gﬂggﬁék%%@gﬁ?ﬁggd to CIC %%dlons n( SrEQtI D f\IO 9139) . Anot her
nmodi f i cdbreggn A inmdwst aelleio prlontoteitNER icatido mad/eetranspmiptadned t o ATC codons

that resulted in Methionine (M to Isoleucine (1) amno acid substitution
and CTG codoif804@r e chAacigridgivectTi€ adddAssqueBEtypically. a 1laOhid ohpbageer

nmodi fi cat,i.gn. made. in i ch ATG. codons r hanged tq ATC.codons

resul ti n“éf“ah's\éyg%é? Fﬁpi‘ﬁ?tﬁ@u mpysly Ubht %Féfﬂﬁ%(]?)“%é%'i '%89%{883'236 B uti on,
CTG codqpg swall @ufbangraesttietidaléndonetdase raabghitibesiGaninefoteigt DNN fragheit AUG was
i nproved by changing the codon 3" of it fromCCCto GCT resulting in a
Proline (P) to Argenine (R) am no acid substitution (SEQ ID NO 141).

[ 0084] Si ghal peptides fromother organisns were nutated as well (see Table
1). DNA sequences for signal peptide Ithat function in yeast and mammal i an
cells were analyzed and nutated to create nmutated versions (SEQ I D NCS:
145-156). It should be appreciated that in signal peptides, which are

cl eaved off of the protein, in-frane ATG codons can be nutated, e.g. to ATT
or ATC, to encode Isol eucine, which is another hydrophobic am no acid. DNA
constructs can be generated that contain these signal sequences fused in



Pichia pastorisl Kar2 Signal sequence ATG CTG TCE TTA/ AAA/ CCA/ TCT/ TGH CTd
ACT/ TTGE GCE GCA/ TTA/ ATG TAT/ GCC/ ATG  CTA/ TTE GTC GTA/ GTG CCA/ TTT/ GCT/ AAA/
CCT/ GT'T/ AE02@0109886% Pi chi a pastorisl Kar2 Signal sequen®eTrssei0m00s6T Si on
ATE CTC/ TCH TTA/ AAA/ CCA/ TCT/ TGE CTC / ACT/ TTGE GCE GCA/ TTA/ ATT/ TAC/ GCCl AT

C/ CTA TTE GIC/ GTA/ GTE CCA/ TTT/ GCT/ A AA/ CCC/ GT'T/ AGA/ GCT 146 chi cken /

| ysozyne signal sequence ATGE CTGE GGT/ AAG AAG GAC/ CCA/ ATE TG

T/ CTT/ GIT/ TTE GTC/ TTE TTGE GGA TTGE AC T/ GCT/ TTA TTd GGI/ ATC/ TGT/ CAA/ GGT 147

ara cro st A s A B RO Py s i 1y

cl ngcaTgmanf@Mfrégﬂéﬁmmatc@@ﬁymatauumr/m@e BBFkdR siighkl fosessience
AT A aC/ AGC T/ TGGE, GCT/ ,GOC/ CTG AT G CTG CT
Gé.g g@ﬁ%t‘-ﬁ"@ raEEPTIG q S‘:@E CEERe: aghFRT may QIR Aﬁ’%% & er si on

ampicillin resistance.

[0043] 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.

[0044] An “initiation codon” or “initiation triplet” is the position within a
cistron where protein synthesis starts. It is generally located at the 5' end of the coding
sequence. In eukaryotic mRNAs, the initiation codon typically consists of the three
nucleotides (the Adenine, Uracil, and Guanine (AUG) nucleotides) which encode the
amino acid Methionine (Met). In bacteria, the initiation codon is also typically AUG, but
this codon encodes a modified Methionine (N-Formylmethionine (fMet)). Nucleotide
triplets other than AUG are sometimes used as initiation codons, both in eukaryotes and

in bacteria.

- [0045] A “downstream initiation codon” refers to an initiation codon that is
located downstream of the authentic initiation codon, typically in the coding region of the
gene. An “upstream initiation codon” refers to an initiation codon that is located upstream

of the authentic initiation codor in the 5' leader region.

[0046] As used herein, reference to “downstream” and “upstream” refers to
a location with respect to the authentic initiation codon. For example, an upstream codon
on an mRNA sequence is a codon that is towards the 5’-end of the mRNA sequence
relative to another location within the sequence (such as the authentic initiation codon)
and a downstream codon refers to a codon that is towards the 3’-end of the mRNA

sequence relative to anther location within the sequence.

[0047] As used herein, “authentic initiation codon” or “primary initiation
codon” refers to the initiation codon of a cistron that encodes the first amino acid of the

coding sequence of the encoded protein of interest whose production is to be modulated.
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ATG AGH CTT/ GGA/ AAT/ TGT/ AGCI CTC/ AC T/ TGE GCC/ GCC/ CTC/ ATC/ ATC/ CTC/ CTT/ C
TC/ CCC/ GGA/ AGT/ CTC/ GAG 150 Human / cal citonin receptor precursor signal
sequence WOGHABIRITA/ TTT/ ACA/ AGC/ CGEH TGT/ TT PCT/US2010/000567

G GCA/ CTE TTT/ CTT/ CTT/ CTA AAT/ CAC/ CC A/ ACC/ CCA/ ATT/ CTT/ CCT/ G 151 Human /
calcitonin receptor precursor signal sequence rescue version

ATGE AGEH ACA/ TTT/ ACA/ AGC/ CGT/ TGC/ TT  GCA/ CTC/ TTT/ CTT/ CTT/ CTAI AAT/ CAC/ CC
Al ACC/ CCA/ ATT/ CTT/ CCC/ G 152 Human / cell adhesion nol ecul e 3 precursor

(I'munog] Qbul i n superfam|y,nme r,4B)...si gnal .

NTGT R Rt o6 Fodesy ERERah e Ry ol BB er amchs WigP9a T

é IGCGy’ chlrmb ml {dGhfdatio r1f5&id_ribf| Bﬁﬂheﬁg&ﬁbﬂ p;&ﬂl&iﬁ%fﬂ?ermll ahe becoddqry édtiatior
nmunogl obu | in superfam |y nenber, 4B) signal .sequence, rescue

AT GOG/o0eT tseeneely dexpstranet Heprhare Pt AT i) Soken God JoFaserTaT/ Tas

| GCE Cc%mt@%@gge&gce.v\o 2010/ 098861PCT/ US2010/ 000567 versi on

[0048] As used herein, “increased protein expression” refers to translation
of a modified mRNA where one or more secondary initiation codons are mutated that
generates polypeptide concentration that is at least about 5%, 10%, 20%, 30%, 40%, 50%
or greater over the polypeptide concentration obtained from the wild type mRNA where
the one or more secondary initiation codons have not been mutated. Increased protein
expression can also refer to protein expression of a mutated mRNA that is 1.5-fold, 2-

fold, 3-fold, 5-fold, 10-fold or more over the wild type mRNA.

[0049] As used herein, “ribosomal recruitment site” refers to a site within
an mRNA to which a ribosome subunit associates prior to initiation of translation of the
encoded protein. Ribosomal recruitment sites can include the cap structure, a modified
nucleotide (m’G cap-structure) found at the 5’ ends of mMRNAs, and sequences termed
internal ribosome entry sites (IRES), which are contained within mRNAs. Other
ribosomal recruitment sites can include a 9-nucleotide sequence from the Gix
homeodomain mRNA. The ribosomal recruitment site is often upstream of the authentic

initiation codon, but can also be downstream of the authentic initiation codon.

[0050] As used herein, “usage bias” refers to the particular preference an
organism shows for one of the several codons that encode the same amino acid. Altering
usage bias refers to mutations that lead to use of a different codon for the same amino

acid with a higher or lower preference than the original codon.

[0051] As used herein, "full-length protein" refers to a protein which
encompasses essentially every amino acid encoded by the gene encoding the protein.
Those of skill in the art know there are subtle modifications of some proteins in living
cells so that the protein is actually a group of closely related proteins with slight
alterations. For example, some but not all proteins a) have amino acids removed from the
amino-terminus, and/or b) have chemical groups added which could increase molecular

weight. Most bacterial proteins as encoded contain a methionine and an alanine residue at
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Human / HLA class | histoconpatibility antigen signal sequence

ATE GI'd/ GCE CCC/ CGA/ ACC/ CTC/ CTC/ CTG / CTA/ CTC TCH GGE GCC/ CTE GCC/ CTH AC

C/ CAG ACOVOGH 09886155 Human / HLA cl ass | hi st oconpat i biPCirtus2@oigen si gnal
sequence rescue version ATE GIC GCE CCC/ CGA/ ACC/ GTC/ CTC/ CTT

[ CTT/ CTC/ TCH GCE GCC/ CTC/ GCC/ CTT/ AC ¢/ GAG ACT/ TGE GCC 156 HcRed 1

[ 0085] HcRedl encodes a far-red fluorescent protein whose excitation and
em ssion maxi ma occur at 558 nmand 618 nm +/- 4nm respectively. HcRedl
was gen L 1 .. Of f I j omt he
Faet eony wfifhe Qb SORRE BRI ord R R R e Oy qtent |y
hunman cdetomegivierformedofftbe piokaiin @r the bpetersal icelh Thesatypesdfiraodifedtions affhi s ORF

contains 99 tential initiation,.codons including 9 ATG .jncluyding the

ot hent PP PeRous e 3 eif RS b KR mofpli PREMRE Lnd 15
AAG codapasurdlSED-leReOmolddi)e is Ettubllypun thnpiar 1 radlecudel thatastdri G the saneRedl  ORF
were generated (SEQ ID NOS: 135 and 136, respectively), FEr throp,?i etin
(EPO) [ GUEBY prifBeAusrsa it bpv smalldifferspges;ig hgw\ihgy e modfiedy g%%i?f‘?‘c Whent .

Usi ng CLHBE IcAa gy BRMAIseRyence that encodes for the
human Eg%??geg?o{dgigng?%r@%suicdgd be?/ow and avail abl e as GenBank Accession
No. NM_ 00079%y0k% OPt A0 ekl nat gy ¢ i Srefel NSUA@R i nitiation
sites wthi ngl??nsg] nR tlfsgﬁg%@}nbt%eg%dg&% %&gﬁeﬁnpleary humsm1 erythropoietin
(EPO) pradteeitinng thaenosie thosttotahlsetmidapvinitigtionRdotions fascthe pedingagran. n t he
sequence, encqdi ng,. t he ture peptide is underline I tent L

transl at it BH'aﬂ?ﬁi"ﬁ%ééeido ﬁgfgfs;{f)fm@le&édse Egﬁefaliulf’ﬂs g‘?‘i refnﬁrg% S%ﬁh&ﬁaéleé})rsg%s are

bol ded, rmsti&@rwamahari(y hitih@droodens fromahe c@ismorediong to net hionine is
capitalized, and uracil (u) is substituted for thymdine (t) (SEQ ID NG
111): 1 cccg}gag o jcccgcet ¢t get ccgacaccgcaccce tl%gacag 61
ccgcect ct cct d¥hggd¥ e ERI SUIRLLILICH IR
gccccecceggt gt ggt cacccggecgegecccaggt cgct ga ccccggcgaggegecgga (181 .
gATGgqggt gca&@%@ﬂa c c Y URERIHOEG RO ’ctgsﬂg%? %V&‘b&%&f@g’gﬁcctogg‘ edyythin

t ct g9gcci GLEAYLACLBGYHILIAIAGTRGOSS! £t SlafpBaeRALRYBEHIRGH BE5 13d4r,
gaggt acct ctt ggaggccaaggaqqccgagaat at cacgacgqgct gt gct gaacactg 361

cagct t gaaTGagaaparcar AHGE codegacsadwan aijar aposifive ATCRGaE Y@ sk on ppotein
O R L0003 MBS . 0
KA o oy o P
ot got BRI MU A SR0DE (VERGAE Pt dCAE EORNT OBt EL Y oaats 12931
Sooatar iﬁﬁﬁﬁﬁﬁﬁmﬁﬁﬂzﬁﬁﬁﬁﬁﬁﬁ%ﬁ%ﬁ?ﬁ@% Coooeaaree sar

gaaccccothaynddéger2Qedf 73 Oados examerie Areyss 8. are 8 yyMsyenctgh show
gcaATCacgt fh CANRPIREARRAGRACE ﬂ%@ﬁ@ﬂﬁ%&i@ 88dnGh @R0ATGHEAARG R 961

t cacagggccaactt gagggcccagagcagdaagcat t cagagagcagct t t aaactcag 1021

acagagccAT aa aat it 1
Tooacacact T O O O e A A L ot ¥

t ggagaacharagptdes dagkhayydet tretstamygho saacgugcisbGy ettt otdet tpshizam
ggt ggcaa ccccecettga Cc T g‘g@ g 1
Gact ot odentts RFATh AEgs ST KR Te A e R PR A TEn
aaac cac CaaAIB ATER adyi[ 8 OBstlekamplet R by Bech RBowe SHak fraRimadiah Niboswndd caequence,
silent or conserved i L .
initiate translation at a non-AUG triplet when the initiation codon of mouse dihydrofolate
reductase (dhfi) was mutated to ACG (Peabody, D.S. (1987) J. Biol. Chem. 262, 11847-
11851). A further study by Peabody showed that mutant initiation codons AUG of dhfr
(GUG, UUG, CUG, AUA, AUC and AUU) all were able to direct the synthesis of

apparently normal dhfr (Peabody, D. S. (1989) J. Biol. Chem. 264, 5031-5035).
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substitutions are made wherever possible. In the case of Methionine and
trypt ophan, which are only encoded only by one codon (aug/atg) and

(ugg/ t gg)wonemp®sssivel y" a substitution replaces the segaEnseoiencdi ng

met hi oni ne or tryptophan with a sequence encoding an am no acid of simlar
physi cal properties. Physical properties that are considered inportant when
maki ng conservative am no acid substitutions include, but are not |limted
to, side chain geonetry, size, and branching; hydrophobicity; polarity;
acidity; aro £& ver 'Bgﬁ;i i g : | s vol une. For
i nstance, th Egt?ng]no a?i%gst&}'ééu ngc%ﬁerrfég%agsn@@%ﬁ@%éﬂg& aﬁ?ﬁt uted for

met hi onipestubecthastearishdse caninitataati adscegseibll ihitiation t@lohyntyuidephevr c,

non- pol ar, and occupy. equi,val ent Van.der. Waal s vol unes. Thus, a

cubsbyt aubuR Mt O Gubetiod SO Gl b sPir § B danS AR TR AONBE R ect
protei n JrahgtiBtBomhEdeiuitfehSsiR (DALIARESY (@HEpPell acd/d “R DosdrBil hétaeine
substitution. Alternatively, the anm ng acids ':#rosi ne or s)hen%/l al ani ne can
be substdndglusiringas meghanisgisfar panstaiioa ipifaden” 1 AoUadi 1934894881 1-8%imi 1 arl y
ar omat i 1ArfaC GhYst by Aligie iNRRLG Eodbh|Scott Ul Se 1s6 BO89] The
foll ow %)Ogj;quengjégiyss an Ig(arrﬁalle o%l a ?rpqli ]‘nlsceog1 r%ﬁi tnfgsnrggyr?5§ encodi ng
human erwiliaed phriaetlation(iE@@)ion aidovaisieanh inipasioarvodens, or seagndary witiationt i at i on
start sites upstream t he denpnst.rated ,nitiataor i onj encoded by
nucl eot i &g £ 9%%)%6 gﬁ% tlﬁ%%heend&me&ﬁ o C%td?%tr?sr a ?ir nmﬁnal%to?g{ '{gg(r)ll( start sites
downst r atyvs@rhes dnddoweanthe sipredsath dfmhd érabded protelr. oDeaneasinigithe availhiligodi ng

region, are nmutated (nmutations in italics) (SEQ.ID NO 113). 1
cccggagcdlfae 85598 X&EE@{%‘@&@@@P@T %yﬁbﬁé%gﬁg@e@&ﬂ%ﬁg&?@@“ ggdon,
ccgccct GhGeiseS MY ACHFBIIRY D HeFBmE | RABATBDGHIAGCHE FiB6LER hhdaGHoré21
gcccceceggt ct agt cacccggegcgecccaggt cget aagggaccccggecaggecgegga 181

gATGqqqafadens gadodad peateio ekpgesien-aget t ct cct at ccct act at cgect ccc 241
t ct aggcct cccagt cct aggcgeccccaccacacct cet ettt aacagecgaqt cct aga 301

gagqt acct ct t 48@98Jc c aaddagrsenfaygethodaléeefat joprovest apctryera cHedient paggin
cagcttgalTAagatttt aact at,cccagacaccaaadlt at TTACCE 421
qTTAgaggetXBEfé %%%&arﬁg‘é"éa%%gcé’é“ e@ﬁé@@%&g%’%\é r?fg%: %&‘%ﬁ‘%"t"%‘%ﬁggg‘e 481

t gt cct aagadgisnagcticdrat Baglifnaaingtdodasaac pitkgioagodastiacadeg seqadices
qcCTCt agt t aaagccgt cagt agect.t cgcagcct cagcactctagttc ctct 601
agcccag gaﬁg"éea‘é‘é%%‘iecrfé‘gf‘% %"&5’%‘?)& ?‘geéid% PigHe ﬁ?&?ﬁ%@ﬁ%@g‘ﬂwat@g 1
cact act 3a6RMmk Wkl pseadt hidts agrAbE WAl He CRAi A& L IR GAARIBAIR 04 Imindténk
gaagct at acacaggggaggcct acaggacaggggacagTTAaccagttttatccaccta 781
ggct t t t aloanstacem thittation cedenstihaiars eyttoddtamenvitl thecodivg sesenres thega1

d t 901
oaTTaac ] B LR DAL SO OFY oo

t cacagggihysiabigy aapoic pagaciay gak gst haehpagagc Abicat v adapeic@ade 1021

ggacagagccTTAct aggaagacacct aagct cact.cagcaccct acaaat,t tt aTTAcc 1081

?ggacac g Ct“@é%d%@ﬁ?%ﬁ??c@??f%t@ﬁﬂb@?% %EW%%ﬁﬁﬁitgéﬁiﬁAac;: i%gi
ggagaactt ag aagctct cacttctce ct cacaggc act ccc

ggt agcaagagcgb@%ﬁt aac;)df?ﬁbﬁlﬁ{agﬁfl Qggg‘ﬁ'&%pﬁ?’ﬂd&g‘ﬁﬂ%%n ‘d‘ﬁ'gt@%et plagoweh

gcct ct agpiiGhEMbOGaHRing aditdiseditendd tendfils haReed CIHi a3 Posalla &€ indanyl Sakds

aaaccaccaaaaaaaaaaaa [ 0090] The unnodifi ed open reading frame for
er yt hr ogsraitse fhegasnetis Gose gBdqgereraiciagf mast amigeiagids aisdrededdYATE Of iMHYE udi ng

th t i C Ahni tiation: : : 14 AGG
10 AnG, SO TR s RS BRIV ATS ol TR A et B o nmde
i ncl udi npeaodmgiAfli Gdind i@ repreptivele. Mutatemmfaldophstnzst ingatichsogat ent i al

initiatipn codons (SEQ ID NO 116 renoval of, ATG and, CTGs of si gnal
pepti de tﬁgg&ol%eﬁé‘ge ,ac{ygﬁﬂ\'/eé"lcg & %ﬁﬁae ©rsidgied: A’b&lc(}:'oca%eﬁst%%{ghﬁe[f ingin a
G ut am cofagéchg th atnnodcid Sguaitee (&) basvaieatas i Altehslely, ittheBm(nS&Qid D NO  118)
or a Hstidine (H to Argenine (R am no_acid substitutjon (SEQ I D NO

119) . ExSAYINEe B3:10 Kispain v&aﬂﬁr% thsinugierdesfianlingghe pytaldve inttighan can
transcrighitimes be mutah&48 Ui Y| nFhARNEFACTENERNGY thRiidieladith doRoh AFGEA UGRNA _
transcripts decreases translation efficiency by either inducing degradation
of the tadgest thiRiA berdane aedopding tor thepugleatiderronteyt rulesestablished bzzsﬂ\’?qrﬂw t ar get
MRNA transcript. To inprove translation efficiency of nRNA transcripts
encodi ng commerci al | y-val uabl e human proteins, all known or predicted m RNA
binding sites within a target nmRNA' s I3 | eader sequence, 5 untransl ated
regi on (UTR) sequence, codi ng sequence, and 3' untranslated region (UTR)
sequence are first identified, and secondly nutated or altered in order to
inhibit m RNA binding. [0092]In a preferred aspect of this nmethod, the seed
sequence, conprising the first eight 5 - nucleotides of the mature nm RNA
sequence is specifically targeted. Seed sequences either include 5
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[ 0095] M RNA binding sites can also be identified by entering any sequence
of less than 1000 base pairs into the Sanger Institute's M RNA Sequence

dat abase wpublomsssiavai | abl e at PCT/US2010/000567

m crorna. sanger . ac. uk/ sequences/ search.shtm ). Table 2: Known Human M RNAs
mat ur e sequences, and seed sequences. M RNA Mature Sequence SEQ ID NO Seed
Sequence hsa-| et-7a ugagguaguagguuguauaguu 1 ugagguag hsa-let-7b
ugagguaguagguugugugguu 2 ugagguag hsa-| et -7c ugagguaguagguuguaugguu 3

uQagguagngsaﬁ'(kgéakaé/I. ?99%%?%9#999&! YA 348 Which state that an AUG in excellent
context contains a purine at position -3 and a G at +4, where AUG is numbered +1, +2,

+3.

[0058] For non-AUG codons, similar rules seem to apply with additional
determinants from nucleotides at positions +5 and +6. In designing mutations, the codon
usage bias can, in many cases, remain relatively unaltered, e.g. by introducing mutated
codons with similar codon bias as the wild type codon. Inasmuch as different organisms
have different codon usage frequencies, the specific mutations for expression in cells

from different organisms will vary accordingly.

[0059] It should be appreciated that the methods disclosed herein are not
limited to eukaryotic cells, but also apply to bacteria. Although bacterial translation
initiation is thought to differ from eukaryotes, ribosomal recruitment still occurs via cis-
elements in mRNAs, which include the so-called Shine-Delgarno sequence. Non-AUG

initiation codons in bacteria include ACG, GUG, UUG, CUG, AUA, AUC, and AUU.

[0060] In an embodiment, disclosed are modifications to coding sequences
that enhance protein synthesis by decreasing ribosomal diversion via downstream
initiation codons. These codons can include AUG/ATG and other nucleotide triplet
codons known to function as initiation codons in cells, including but not limited to ACG,
GUG/GTG, UUG/TTG, CUG/CTG, AUA/ATA, AUC/ATC, and AUU/ATT. In one
embodiment the downstream initiation codon is mutated. Reengineering of mRNA
coding sequences to increase protein production can involve mutating all downstream
initiation codons or can involve mutating just some of the downstream initiation codons.
In another embodiment, the flanking nucleotides are mutated to a less favorable
nucleotide context. In an embodiment, ATG codons in the signal peptide can be mutated
to ATC codons resulting in a Methionine to Isoleucine substitution. In another
embodiment, CTG codons in the signal peptide can be mutated to CTC. In another
embodiment, ATG codons can be mutated to ATC codons resulting in a Methionine (M)
to Isoleucine (1) amino acid substitution, and CTG codons can be mutated to CTCs. In
another embodiment, ATG codons can be mutated to ATC codons, CTG codons can be

mutated to CTC codons, and the context of initiator AUG can be improved by changing
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4 agagguag hsa-| et-7e ugagguaggagguuguauaguu 5 ugagguag hsa-let-7f
ugagguaguagauuguauaguu 6 ugagguag hsa-| et-7g ugagguaguaguuuguacaguu 7
ugagguag Weaeloawsssil ugagguaguaguuugugcuguu 8 ugagguag heaTrasebin/000567
uggaauguaaagaaguauguau 9 uggaaugu

the codon 3’ of the initiator from CCC to GCT resulting in a Proline (P) to Argenine (R)
amino acid substitution. In other embodiments, modifications can be made to the signal
peptide in which one or more AUG and CUG codons can be removed. Modifications can
be made including a modified signal peptide by removal of most of the potential initiation
codons, removal of ATG and CTGs of the signal peptide, removal of ATG, CTG and
ACG codons resulting in a Glutamic acid (E) to Glutamine (Q) amino acid substitution or

a Histidine (H) to Argenine (R) amino acid substitution.

[0061] Standard techniques in molecular biology can be used to generate
the mutated nucleic acid sequences. Such techniques include various nucleic acid
manipulation techniques, nucleic acid transfer protocols, nucleic acid amplification
protocols and other molecular biology techniques known in the art. For example, point
mutations can be introduced into a gene of interest through the use of oligonucleotide
mediated site-directed mutagenesis. Modified sequences also can be generated
synthetically by using oligonucleotides synthesized with the desired mutations. These
approaches can be used to introduce mutations at one site or throughout the coding
region. Alternatively, homologous recombination can be used to introduce a mutation or
exogenous sequence into a target sequence of interest. Nucleic acid transfer protocols |
include calcium chloride transformation/transfection, electroporation, liposome mediated
nucleic acid transfer, N-[1-(2,3-Dioloyloxy)propyl]-N,N,N-trimethylammonium
methylsulfate meditated transformation, and others. In an alternative mutagenesis
protocol, point mutations in a particular gene can also be selected for using a positive
selection pressure. See, e.g., Current Techniques in Molecular Biology, (Ed. Ausubel, et
al.). Nucleic acid amplification protocols include but are not limited to the polymerase
chain reaction (PCR). Use of nucleic acid tools such as plasmids, vectors, promoters and
other regulating sequences, are well known in the art for a large variety of viruses and
cellular organisms. Further a large variety of nucleic acid tools are available from many
different sources including ATCC, and various commercial sources. One skilled in the art
will be readily able to select the appropriate tools and methods for genetic modifications
of any particular virus or cellular organism according to the knowledge in the art and

design choice. Protein expression can be measured also using various standard methods.
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hsa- m R- 100 aacccguagauccgaacuugug 10 aacccgua hsa-m R- 101
uacaguacugugauaacugaa 11 uacaguac hsa-m R- 103 agcagcauuguacagggcuauga 12
agcagcau weasmisskd5 ucaaaugcucagacuccuguggu 13 ucaaaugeChas20mRedteta
aaaagugcuuacagugcagguag 14 aaaagugc hsa-m R- 106b uaaagugcugacagugcagau

These include, but are not limited to, Western blot analysis, ELISA, metabolic labeling,

and enzymatic activity measurements.

IV.  Evasion of miRNA-mediated down-regulation

[0062] MicroRNAs are an abundant class of small noncoding RNAs that
generally function as negative gene regulators. In an embodiment, modifications can be
made to mRNA sequences, including 5' leader, coding sequence, and 3' UTR, to evade
miRNA-mediated down-regulation. Such modification can thereby alter mRNA or

nascent peptide stability, and enhance protein synthesis and translation efficiency.

[0063] MiRNAs can be generally between 21-23 nucleotide RNAs that are
components of ribonucleoprotein complexes. miRNAs can affect mRNA stability or
protein synthesis by base-pairing to mRNAs. miRNAs generally mediate their effects by
base-pairing to binding sites in the 3' UTRs of mRNAs. However, they have been shown
to have similar repressive effects from binding sites contained within coding sequences
and 5' leader sequences. Base-pairing occurs via the so-called "seed sequence," which
consists of nucleotides 2-8 of the miRNA. There may be more than 1,000 different

miRNAs in humans.

[0064] Reengineering mRNAs to circumvent miRNA-mediated repression
can involve mutating all seed sequences within an mRNA. As with the initiation codon
mutations described above, these mutations can ensure that the encoded amino acid
sequence remains unaltered, and act not to introduce initiation codons, rare codons, or

other miRNA seed sequences.

[0065] A computer program can be used to reengineer mRNA sequences
according to a cell type of interest, e.g. rodent cells for expression in Chinese hamster
ovary cells, or human cells for expression in human cell lines or for application in DNA
vaccines. This program can recode an mRNA to eliminate potential initiation codons
except for the initiation codon. In the case of in-frame AUG codons in the coding
sequence, the context of these downstream initiation codons can be weakened if possible.
Mutations can be performed according to the codon bias for the cell line of interest, e.g.

human codon bias information can be used for human cell lines, Saccharomyces
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15 uvaaagugc hsa-m R- 107 agcagcauuguacagggcuauca 16 agcagcau hsa-m R- 10a
(nmmu-m R-184) uggacggagaacugauaagggu 17 uggacgga hsa-m R- 10b
uacccuguayeacngasssuugug 18 uacccugu hsa-m R 122a uggagugayasaaogousguuug 19
uggagugu hsa-m R-124a uaaggcacgcggugaaugcc 20

cerevisiae codon bias information can be used for this yeast, and E.coli codon bias
information can be used for this bacteria. In higher eukaryotic mRNAs, the recoded
mRNA can then be searched for all known seed sequences in the organism of interest,

e.g. human seed sequences for human cell lines. Seed sequences can be mutated with the
following considerations: 1) without disrupting the amino acid sequence, 2) without
dramatically altering the usage bias of mutated codons, 3) without introducing new

putative initiation codons.

[0066] 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 a method 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 of the subject matter described. Certain features that
are described in this specification in the context of separate embodiments can also be
implemented in combination in a single embodiment. Conversely, various 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 subject matter is

defined by the claims that follow.

[0067] 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.

EXAMPLES

[0068] 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.
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uaaggcac hsa-m R-125a ucccugagacccuuuaaccuguga 21 ucccugag WO

2010/ 098861PCT/ US2010/ 000567 hsa- m R- 125b ucccugagacccuaacuuguga 22
ucccugag Weaemissh26 ucguaccgugaguaauaaugcg 23 ucguaccgPhTarseoiROALEE7
cugaagcucagagggcucugau 24

Example 1: Modification of multiple translation initiation sites within mRNA transcripts.

[0069] The presence of multiple translation initiation sites within the 5’-
UTR and coding regions of mRNA transcripts decreases translation efficiency by, for
example, diverting ribosomes from the authentic or demonstrated translation initiator
codon. Alternatively, or in addition, the presence of multiple translation initiation sites
downstream of the authentic or demonstrated translation initiator codon induces initiation
of translation of one or more protein isoforms that reduce the translation efficiency of the
full length protein. To improve translation efficiency of mRNA transcripts encoding
commercially-valuable human proteins, potential translation initiation sites within all
reading frames upstream and downstream of the authentic or demonstrated translation
initiator codon are mutated to eliminate these sites. In preferred aspects of this method,
the mRNA sequence is altered but the resultant amino acid encoded remains the same.
Alternatively, conservative changes are induced that substitute amino acids having

similar physical properties.

[0070] The canonical translation initiation codon is AUG/ATG. Other
identified initiator codons include, but are not limited to, ACG, GUG/GTG, UUG/TTG,
CUG/CTG, AUA/ATA, AUC/ATC, and AUU/ATT.

Intracellular protein: Chloramphenicol Acetyl transferase (CAT)

[0071] Chloramphenicol is an antibiotic that interferes with bacterial
protein synthesis by binding the 50S ribosomal subunit and preventing peptide bond
formation. The resistance gene (cat) encodes an acetyl transferase enzyme that acetylates
and thereby inactivates this antibiotic by acetylating the drug at one or both of its two
hydroxyl groups. The unmodified open reading frame of CAT contains 113 potential
initiation codons (20 ATG, including the authentic initiation codon, 8 ATC, 8 ACG, 12
GTG, 8 TTG, 11 CTG, 6 AGG, 10 AAG, 16 ATA, and 14 ATT codons) (SEQ ID NO:
120). SEQ ID NO: 121 is a fully modified CAT ORF and SEQ ID NO: 122 is a partially

modified CAT ORFs in which only some of the potential modifications were made.

[0072] Figures 1A-1B show bacterial expression constructs were generated
containing the CAT cistron (CAT) and a partially modified CAT cistron (mCAT) and

tested in the E. coli bacterial strain DH5a. DHS5a cells were transformed with the CAT
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cugaagcu hsa-m R-128 ucacagugaaccggucucuuu 25 ucacagug hsa-m R-129
cuuuuugcggucugggcuugc 26 cuuuuugc hsa-m R-130a cagugcaauguuaaaagggcau 27
cagugcaa Weasmissk30b cagugcaaugaugaaagggcau 28 cagugca®Cimas20mRedEs2
uaacagucuacagccauggucg 29 uaacaguc hsa-m R-133a

and mCAT expression constructs and plated onto LB/ampicillin plates. Cultures were
obtained from single colonies and cultured in LB/ampicillin (~50ug/ml) at 37°C with
shaking at 220 rpm until logarithmic growth was reached as determined by measuring the
Agoo of the culture. The cultures were then diluted with LB/ampicillin to comparable
Agoo's. The Aggo of the culture derived from DH5a cells transformed with the CAT
expression construct was 0.3, while that from the cells transformed with the mCAT
expression construct was 0.25. Chloramphenicol acetyltransferase expression was
induced via the lac operon contained within the CAT and mCAT plasmids by the
introduction of Isopropyl B-D-1-thiogalactopyranoside (IPTG, final concentration df
0.4mM). Three milliliters of each culture was transferred to a fresh tube containing
chloramphenicol resulting in a final concentration of 20, 40, 80, 160, 320, 640, 1280, and
2560pg/ml. Cultures were incubated at 37°C with shaking at 220 rpm and the Agqp of

each culture measured at 1 hour intervals.

[0073] Figures 1A-1B show growth curves of cultures of DH5a cells
transformed with CAT (diamonds) and mCAT (squares) expression constructs.
Chloramphenicol acetyltransferase expression was induced by the addition of IPTG,
(0.4mM final concentration) 3 milliliters of IPTG containing culture was added to fresh
tubes containing Chloramphenicol resulting in final concentrations of 0, 40, 80, 160, 320,
640, 1280, and 2560pug/ml. Cultures were incubated at 37°C with shaking at 220 rpm and
the Aggo of each culture measured over time. The results for cultures grown in the
presence of 320 and 640ug/ml Chloramphenicol are shown. The X-axis represents time

in hours, the Y-axis represents normalized Ao (relative to starting Aeoo).

[0074] The results showed that bacteria transformed with the mCAT
expression construct grew better than the bacteria transformed with the CAT expression
construct at all concentrations. As shown in Figures 1A-1B, in high concentrations of
Chloramphenicol (320 and 640 pg/ml), cells with the modified CAT still grew, but cells
with the wild type CAT did not. These results indicate that more functional
Chloramphenicol acetyltransferase enzyme was expressed from the mCAT construct thus
allowing the bacteria transformed with this expression construct to grow better in the

presence of this antibiotic.
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uuugguccccuucaaccagcug 30 uuuggucc hsa-m R-133b uuugguccccuucaaccagcua 31
uuuggucc hsa-m R- 134 ugugacugguugaccagagggg 32 ugugacug hsa- m R- 135a
uauggcuuwioaowaosssiguga 33 uauggcuu hsa- m R- 135b uauggcraiisaunmeesauguga 34
uauggcuu hsa-m R-136 acuccauuuguuuugaugaugga 35

[0075] To determine the relative amounts of Chloramphenicol
acetyltransferase enzyme synthesized from DHS5a cells transformed with the CAT and
mCAT expression constructs, Western blot analysis was performed on cell extracts at 5,
30, 60 and 90 minutes after induction by IPTG. 50ul of culture at each time point was
centrifuged, and bacterial pellets resuspended in 30ul of TE buffer and 10ul of a 4 x SDS
gel loading buffer. The sample was heated at 95°C for 3 minutes and loaded onto a 10%
Bis-Tris/SDS polyacylamide gel. Proteins were transferred to a PVDF membrane and
probed with an anti-CAT antibody. Figure 2 is a Western blot analysis of lysates from
DHS5a cells transformed with the CAT (C) and mCAT (mCAT) expression constructs at
various times after IPTG induction. The results showed that the amount of
Chloramphenicol acetyltransferase protein (above the 19kDa marker) is substantially
increased in DHSa. cells transformed with the mCAT expression construct (mC) at all

time points tested.

[0076] Analysis of the Chloramphenicol acetyltransferase ORF was also
performed in mammalian cells. The CAT ORF and the partially modified CAT ORF
were cloned into mammalian expression constructs containing a CMV promoter and
tested by transient transfection into Chinese Hamster Ovary (DG44) cells. In brief, 0.5ng
of each expression construct along with 20ng of a co-transfection control plasmid that
expresses the B-galactosidase reporter protein (pCMV}, Clontech) was transfected into
100,000 DG44 cells using the Fugene 6 (Roche) transfection reagent according to the
manufacturer’s instructions. Twenty-four hours post transfection, cells were lysed using
250ul of lysis buffer. Lac Z reporter assay was performed to ensure equal transfection
efficiencies between samples. 30ul of lysate was added to 10ul of a 4 x SDS gel loading
buffer. The sample was heated at 72°C for 10 minutes and loaded onto a 10% Bis-
Tris/SDS polyacylamide gel. Proteins were transferred to a PVDF membrane and probed

with an a-CAT antibody.

[0077] Figure 3 shows a Western blot analysis of extracts from the DG44
cells transformed with wild type (CAT) and modified CAT expression constructs. Cell
extracts were fractionated on 10% Bis-Tris gels in 1 x MOPS/SDS, transferred to PVDF
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acuccauu hsa-m R-137 uuauugcuuaagaauacgcguag 36 uuauugcu hsa-m R- 138
agcugguguugugaaucaggccg 37 agcuggug hsa-m R-139 ucuacagugcacgugucuccag 38
ucuacagu Weaemissk40 cagugguuuuacccuaugguag 39 cagugguuPhTarspIROA5E7
uaacacugucugguaaagaugg 40 uaacacug hsa-m R-142-

membrane and probed with an anti-CAT antibody. Experiments were performed in

triplicate with extracts from cells in which transfection efficiency was the same.

[0078] Comparisons were made between three transfections with the wild
type (CAT) and three with the modified CAT. The amount of CAT protein (above the
19kDa marker) is substantially increased in cells transfected with the modified construct.
The results showed that the amount of CAT protein (above the 19kDa marker) is
substantially increased in DG44 cells transfected with the mCAT construct. Modification
of the CAT ORF by eliminating multiple translation initiation sites within the resulting
mRNA transcripts demonstrated that this technology may be of practical use in numerous

organisms besides just mammalian and bacterial cells.
Secreted Proteins

[0079] The usefulness of this technology was also investigated with
secreted proteins. Mammalian expression constructs were generated for a signal peptide
that is encoded within the Homo sapiens CD5 molecule (CDS), mRNA. Mammalian
expression constructs were generated in which transcription was driven by a CMV
promoter and where the cd5 signal peptide was placed at the 5’ end of the ORF that
encodes a light chain of an antibody against the thyroglobulin protein (cd5-1, SEQ ID
NO: 123). The CDS5 signal peptide sequence contains 7 potential initiation codons
including 3 ATG, 1 TTG and 3 CTG codons. A series of expression constructs was
generated. In one variation, ATG codons in the cdS signal peptide were changed to ATC
codons resulting in a Methionine to Isoleucine substitution (cd5-2, SEQ ID NO: 124). In
another variation, CTG codons in the cd5 signal peptide were changed to CTC (cd5-3,
SEQ ID NO: 125). In another variation, ATG codons were mutated to ATC codons
resulting in a Methionine (M) to Isoleucine (I) amino acid substitution, and CTG codons
were changed to CTCs (cd5-4, SEQ ID NO: 126). In another variation, ATG codons
were changed to ATC codons resulting in a Methionine (M) to Isoleucine (I) amino acid
substitution, CTG codons were changed to CTC codons, and the context of initiator AUG
was improved by changing the codon 3’ of it from CCC to GCT resulting in a Proline (P)
to Argenine (R) amino acid substitution (cd5-5, SEQ ID NO: 127).
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5p cauaaaguagaaagcacuacu 41 cauaaagu hsa-m R- 143 ugagaugaagcacuguagcuc 42
ugagauga hsa-m R- 144 uacaguauagaugauguacu 43 uacaguau hsa-m R-145
guccaguuwwocoengyssucccu 44 guccaguu hsa-m R- 146 ugagaackgaasecioanggguu 45
ugagaacu hsa-m R- 147 guguguggaaaugcuucugc

[0080] These constructs were then tested by transient transfection into
Chinese Hamster Ovary (DG44) cells. In brief, 0.5ug of each expression construct along
with 20ng of a co-transfection control plasmid that expresses the B-galactosidase reporter
protein (pCMV, Clontech) was transfected into 100,000 DG44 cells using the Fugene 6
(Roche) transfection reagent according to the manufacturer’s instructions. Twenty-four
hours post transfection cells were lysed using 250pl of lysis buffer. Lac Z reporter assay
were performed to ensure equal transfection efficiencies between samples. 30ul of
supernatant was added to 10pl of a 4 x SDS gel loading buffer. The sample was heated at
72°C for 10 minutes and loaded onto a 10% Bis—Tris/SDS polyacylamide gel. Proteins

were transferred to a PVDF membrane and probed with an a-kappa light chain antibody.

[0081] Figure 4 shows a Western blot analysis of supernatant from DG44
cells transformed with the wild type (cd5-1) and modified cd5 signal peptide a-
thyroglobulin light chain expression constructs (cd5-2 to ¢d5-5). Cell extracts were
fractionated on 10% Bis-Tris gels in 1 x MOPS/SDS, transferred to PVDF membrane and
probed with an a-kappa light chain antibody. Experiments were performed with
supernatant from cells in which transfection efficiency was the same. The results show
that the levels of the secreted antibody light chain product (above 28 kDa) in the
supernatant of cells was substantially increased for the expression construct lacking CTG
codons in the signal peptide (cd5-3). The expression construct lacking CTG, ATG
codons and with improved nucleotide context around the authentic initiation codon in the
signal peptide (fully rescued) also had levels of protein product in the supernatant that

were substantially increased.

[0082] Thy-1 Variable Light chain ORF containing light chain signal
peptide 1 (SEQ ID NO: 128) contains 104 potential initiation codons including 8 ATG,
including the authentic initiation codon, 15 ATC, 6 ACG, 14 GTG, 4 TTG, 26 CTG, 16
AGG, 10 AAG, 3 ATA, and 2 ATT codons. Modifications were made in the signal
peptide in which an AUG and CUG codons were removed (SEQ ID NO: 129). Thy-1
Variable Light chain ORF containing light chain signal peptide 2 (SEQ ID NOS: 130)
‘contains 104 potential initiation codons including 7 ATG, including the authentic

initiation codon, 16 ATC, 6 ACG, 13 GTG, 4 TTG, 27 CTG, 15 AGG, 10 AAG, 4 ATA,
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46 gugugugg hsa-m R-148a ucagugcacuacagaacuuugu 47 ucagugca WO

2010/ 098861PCT/ US2010/ 000567 hsa-m R- 148b ucagugcaucacagaacuuugu 48
ucagugca Weaem/mssh49 ucuggcuccgugucuucacuccc 49 ucuggcueCham2moBeGED
ucucccaacccuuguaccagug 50 ucucccaa hsa-m R-151 ucgaggagcucacagucuagu

and 2 ATT codons. Thy-1 Variable Heavy chain ORF containing heavy chain signal
peptide 1 contains 225 potential initiation codons including 18 ATG, including the
authentic initiation codon, 14 ATC, 18 ACG, 42 GTG, 7 TTG, 43 CTG, 43 AGG, 33
AAG, 5 ATA, and 2 ATT codons (SEQ ID NO: 131). Modifications were made in the
signal peptide by removing an AUG and CUG codon (SEQ ID NO: 132). Thy-1 Variable
Heavy chain ORF containing heavy chain signal peptide 2 contains 227 potential
initiation codons including 18 ATG, including the authentic initiation codon, 14 ATC, 18
ACG, 43 GTG, 9 TTG, 41 CTG, 43 AGG, 33 AAG, 5 ATA, and 3 ATT codons (SEQ ID
NO: 133).

[0083] Thy-1 Variable Light chain ORF in which the signal peptide is
replaced with the CDS3 signal peptide (SEQ ID NO: 137) contains 104 potential initiation
codons including 8 ATG, including the authentic initiation codon, 15 ATC, 6 ACG, 13
GTG, 5 TTG, 27 CTG, 14 AGG, 10 AAG, 3 ATA, and 2 ATT codons. A modification
was made in which the ATG codons were changed to ATC codons that resulted in a
Methionine (M) to Isoleucine (I) amino acid substitution (SEQ ID NO: 138). A
modification was also made in which the CTG codons were changed to CTC codons
(SEQ ID NO: 139). Another modification was made in which the ATG codons were
mutated to ATC codons that resulted in Methionine (M) to Isoleucine (I) amino acid
substitution and CTG codons were changed to CTC codons (SEQ ID NO: 140). Another
modification was made in which ATG codons were changed to ATC codons resulting in
a Methionine (M) to Isoleucine (I) amino acid substitution, CTG codons were changed to
CTC codons, and the context of initiator AUG was improved by changing the codon 3’ of
it from CCC to GCT resulting in a Proline (P) to Argenine (R) amino acid substitution
(SEQ ID NO: 141).

[0084] Signal peptides from other organisms were mutated as well (see
Table 1). DNA sequences for signal peptides that function in yeast and mammalian cells
were analyzed and mutated to create mutated versions (SEQ ID NOS: 145-156). It
should be appreciated that in signal peptides, which are cleaved off of the protein, in-
frame ATG codons can be mutated, e.g. to ATT or ATC, to encode Isoleucine, which is
another hydrophobic amino acid. DNA constructs can be generated that contain these

signal sequences fused in frame with a light chain from a human monoclonal antibody.
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51 ucgaggag hsa-m R- 152 ucagugcaugacagaacuugg 52 ucagugca hsa-m R- 153
uugcauagucacaaaagugauc 53 uugcauag hsa- m R- 154 uagguuauccguguugccuucg 54
uagguuau Weaemmsskh5 uuaaugcuaaucgugauaggggu 55 uuaaugcrChaB20m0BeGER
uagcagcacauaaugguuugug 56 uagcagca

Upon expression in different organisms (such as yeast Pichia pastoris and mammalian

cell lines), protein gel and Western assay can be used to check the expression level of

human light chain antibody.

Table 1: DNA sequences for signal peptide that function in yeast and mammalian

cells.
Organism/ DNA sequence SEQID
signal sequence NO:

Pichia pastoris/ ATG/CTG/TCG/TTA/AAA/CCA/TCT/TGG/CTG/ 145

Kar2 Signal sequence ACT/TTG/GCG/GCA/TTA/ATG/TAT/GCC/ATG/
CTA/TTG/GTC/GTA/GTG/CCA/TTT/GCT/AAA/
CCT/GTT/AGA/GCT

Pichia pastoris/ ATG/CTC/TCG/TTA/AAA/CCA/TCT/TGG/CTC 146

Kar2 Signal sequence rescue | /ACT/TTG/GCG/GCA/TTA/ATT/TAC/GCC/AT

version C/CTA/TTG/GTC/GTA/GTG/CCA/TTT/GCT/A
AA/CCC/GTT/AGA/GCT

chicken / ATG/CTG/GGT/AAG/AAG/GAC/CCA/ATG/TG 147

lysozyme signal sequence T/CTT/GTT/TTG/GTC/TTG/TTG/GGA/TTG/AC
T/GCT/TTG/TTG/GGT/ATC/TGT/CAA/GGT

chicken / ATG/CTC/GGT/AAG/AAC/GAC/CCA/ATTI/TG 148

lysozyme signal sequence T/CTT/GTT/TTG/GTC/TTG/TTG/GGA/TTG/AC

rescue version C/GCT/TTG/TTG/GGT/ATT/TGT/CAA/GGT

Human / ATG/AGG/CTG/GGA/AAC/TGC/AGC/CTG/AC 149

G-CSF-R signal sequence T/TGG/GCT/GCC/CTG/ATC/ATC/CTG/CTG/CT

C/CCC/GGA/AGT/CTG/GAG

Human / ATG/AGG/CTT/GGA/AAT/TGI/AGC/CTC/AC 150

G-CSF-R signal sequence T/TGG/GCC/GCC/CTC/ATC/ATC/CTC/CTT/C

rescue version TC/CCC/GGA/AGT/CTC/GAG

Human / ATG/AGG/ACA/TTT/ACA/AGC/CGG/TGC/TT 151

calcitonin receptor precursor | G/GCA/CTG/TTT/CTT/CTT/CTA/AAT/CAC/CC

signal sequence A/ACC/CCA/ATT/CTT/CCL/G

Human / ATG/AGG/ACA/TTT/ACA/AGC/CGT/TGC/TT 152

calcitonin receptor precursor | G/GCA/CTC/TTT/CTT/CTT/CTA/AAT/CAC/CC

signal sequence rescue A/ACC/CCA/ATT/CTT/CCC/G

version

Human / ATG/GCC/CCA/GCC/GCC/TCG/CTC/CTG/CTC 153

cell adhesion molecule 3 /CTG/CTC/CTG/CTG/TTC/GCC/TGC/TGC/TGG

precursor (Immunoglobulin | /GCG/CCC/GGC/GGG/GCC

superfamily member,4B)

signal sequence

Human / ATG/GCC/CCA/GCC/GCC/TCG/CTC/CTT/CTC 154

cell adhesion molecule 3 /CTT/CTC/CTT/CTC/TTT/GCT/TGT/TGT/TGG

precursor (Immunoglobulin | /GCG/CCC/GGC/GGG/GCC

superfamily member,4B)

signal sequence rescue
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hsa- m R- 15b uagcagcacaucaugguuuaca 57 uagcagca hsa-m R- 16
uagcagcacguaaauauuggcg 58 uagcagca hsa-m R- 17 caaagugcuuacagugcagguag 60
caaagugc Weasmissk® uaaggugcaucuagugcagauag 61 uaaggugc PosarsiR0ABGEAa
aacauucaacgcugucggugagu 62 aacauuca hsa-m R-181b Aacauucauugcugucggugggu

version
Human / ATG/GTC/GCG/CCC/CGA/ACC/CTC/CTC/CTG 155
HLA class | /CTA/CTC/TCG/GGG/GCC/CTG/GCC/CTG/AC

histocompatibility antigen C/CAG/ACC/TGG/GCG
signal sequence
Human / ATG/GTC/GCG/CCC/CGA/ACC/GTC/CTC/CTT 156
HLA class | /CTT/CTC/TCG/GCG/GCC/CTC/GCC/CTI/AC
histocompatibility antigen C/GAG/ACT/TGG/GCC

signal sequence rescue
version

HcRed 1

[0085] HcRed1 encodes a far-red fluorescent protein whose excitation and
emission maxima occur at 558 nm and 618 nm +/- 4nm, respectively. HcRed1 was
generated by mutagenesis of a non-flourescent chromoptorein from the reef coral
Heteractis crispa. The HcRed1 coding sequence was subsequently human codon-
optimized for higher expression in mammalian cells. This ORF contains 99 potential
initiation codons including 9 ATG, including the authentic initiation codon, 8 ATC, 12
ACG, 16 GTG, 21 CTG, 18 AGG, and 15 AAG codons (SEQ ID NO: 134). Full and
partial modifications of HcRed1 ORF were generated (SEQ ID NOS: 135 and 136,

respectively).
Erythropoietin (EPO)

[0086] Human erythropoietin (EPO) is a valuable therapeutic agent. Using
methods described herein, the mRNA sequence that encodes for the human EPO this
protein (provided below and available as GenBank Accession No. NM_000799) is

optimized to eliminate multiple translation initiation sites within this mRNA transcript.

[0087] An exemplary human erythropoietin (EPO) protein is encoded by
the following mRNA transcript, wherein the sequence encoding the mature peptide is
underlined, all potential translation initiation start sites within all three reading frames are
bolded, the canonical initiator codon corresponding to methionine is capitalized, and

uracil (u) is substituted for thymidine (t) (SEQ ID NO: 111):

1 cccggagceccggaccggggccaccgcgeccgctetgetcecgacaccgegecccetggacag
6l ccgccctctcctccaggcccgtggggctggccctgcaccgccgagcttcccgggATGagg
121 gcccccggtgtggtcacccggecgegcecccaggtecgetgagggaccccggeccaggegegga
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63 aacauuca hsa-m R-181c aaccaucgaccguugaguggac 64 aaccaucg hsa-m R- 182
uuuggcaaugguagaacucacacu 65 uuuggcaa hsa- m R- 183 uauggcacugguagaauucacu 66
uauggcac Weaemmsshkd4 uggacggagaacugauaagggu 67 uggacggaPoTarsaiROAGE7
uggagagaaaggcaguuccuga 68 uggagaga

181 gATGggggtgcacgaATGtcctgcetggetgtggcttcteetgtccetgetgtcgetecce
241 tectgggcctcccagtcetgggcgecccaccacgecctcatetgtgacagecgagteetgga
301 gaggtacctcttggaggccaaggaggpggggaatatcacggggggctgtgctgaacaggg
361 cagcttgaATGagaatatcactgtcccagacaccaaagttaatttctATGectggaagag
421 gATGgaggtcgggcagcaggccgtagaagtcetggcagggcetggecetgetgtcggaage
481 tgtcetgcggggccaggccetgttggtcaactcttceccagecgtgggageccetgecaget
541 gcATGtggataaagccgtcagtggccttcgcagectcaccactetgettcgggetetggyg
601 agcccagaaggaagccatctcccctccagATGcggcctcagctgctccactccgaacaat
661 cactgctgacactttccgcaaactcttccgagtctactccaatttectecggggaaagcet
721 gaagctgtacacaggggaggcctgcaggacaggggacggATGaccaggtgtgtccacctg
781 ggcatatccaccacctccctcaccaacattgcttgtgccacaccctcccccgccactcct
841 gaaccccgtcgaggggctctcagetcagegecagecetgtecccATGgacactccagtgeca
901 gcaATGacatctcaggggccagaggaactgtccagagagcaactctgagatctaaggATG
961 tcacagggccaacttgagggcccagagcaggaagcattcagagagcagctttaaactcag
1021 ggacagagccATGctgggaagacgcctgagctcactcggcaccctgcaaaatttgATGcc
1081 aggacacgctttggaggcgatttacetgttttcgcacctaccatecagggacaggAlGace
1141 tggagaacttaggtggcaagetgtgacttctccaggtctcacgggcATGggcactceectt
1201 ggtggcaagagcccccttgacaccggggtggtgggaaccATGaagacaggATGggggctg
1261 gcctctggctctcATGgggtccaagttttgtgtattcttcaacctcattgacaagaactg
1321 aaaccaccaaaaaaaaaaaa

[0088] To preserve the resultant amino acid sequence, silent or conserved
substitutions are made wherever possible. In the case of Methionine and tryptophan,
which are only encoded only by one codon (aug/atg) and (ugg/tgg), respectively,, a
substitution replaces the sequence encoding methionine or tryptophan with a sequence
encoding an amino acid of similar physical properties. Physical properties that are
considered important when making conservative amino acid substitutions include, but are
not limited to, side chain geometry, size, and branching; hydrophobicity; polarity; acidity;
aromatic versus aliphatic structure; and Van der Waals volume. For instance, the amino
acids leucine or isoleucine can be substituted for methionine because these amino acids
are all similarly hydrophobic, non-polar, and occupy equivalent Van der Waals volumes.
Thus, a substitution of leucine or isoleucine for methionine would not affect protein
folding. Leucine is a preferred amino acid for methionine substitution. Alternatively, the
amino acids tyrosine or phenylalanine can be substituted for tryptophan because these

amino acids are all similarly aromatic, and occupy quivalent Van der Waals volumes.

[0089] The following sequence is an example of a modified mRNA
transcript encoding human erythropoietin (EPO), wherein all potential translation
initiation start sites upstream of the demonstrated initiator methionine (encoded by

nucleotides182-184) and those potential translation initiation start sites downstream of
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hsa- m R- 186 caaagaauucuccuuuugggcu 69 caaagaau hsa-m R- 187
ucgugucuuguguugcagccgg 70 ucgugucu hsa-m R- 188 caucccuugcaugguggaggg 71
caucccuu weasmissk?0 ugauauguuugauauauuaggu 72 ugauauguPoFarseoROAGE7
caacggaaucccaaaagcagcug 73 caacggaa hsa-m R- 192 cugaccuaugaauugacagcc

the demonstrated initiator methionine within the coding region, are mutated (mutations in

italics) (SEQ ID NO: 113).

1 cccggagccggaccggggecaccgegeccgetetacteccgacaccgecgecccetagacag
61 ccgccctctectccaggeccgtagggetagceccetacaccgecgagetteccecgggTTAagy
121 gcceccggtetagtcaceccggegegecccaggtegetaagggacccecggecaggcegegga
181 gATGggggtacacaaTTAtcctacctagetctagcttctcectatccctactatcgetcce
241 tctaggcctcccagtcectaggcgecccaccacacctcctetttaacagecgagtceetaga
301 gaggtacctcttagaggccaaggaggccgagaatatcacgacgggctgtgctgaacactg
361 cagcttgaTTAagattttaactatcccagacaccaaagttattatctTTAcctagaagag
421 gTTAgaggtcgggcagcaggccgtagaagtctagcagggcctagecetactatcggaage
481 tgtcctacggggccaggccetattagtcaactcttcccageecgtaggageccetacaget
541 gcCTCtagttaaagccgtcagtagccttcecgcagectcaccactetacttcgggetetagg
601 agcccagaaggaagcccetctcccctccagTTAcggectcagetactccactccgaacaat
661 cactactaacactttccgcaaactcttccgagtctactccaatatccteccggggaaagcet
721 gaagctatacacaggggaggcctacaggacaggggacagTTAaccagttttatccaccta
781 ggcttttacaccacctccctcaccaacttaccttttaccacaccctcccccgccactcct
841 gaaccccgtcgaggggctctcagctcagecgeccagcetatcccTTAgacactccagtacca
901 gcaTTAacttatcaggggccagaggaactatccagagagcaactctaagttataaggTTA
961 tcacagggccaacttaagggcccagagcaggaagcttacagagagcagctttaaactcag
1021 ggacagagccTTActaggaagacacctaagctcactcggcaccectacaaattttalTAcc
1081 aggacacactttagaggcgttatacctattttcgcacctaccttaagggacaggTTAacc
1141 tggagaacttaggtagcaagctctecacttctccaggtctcacaggcTTAggcactcectt
1201 ggtagcaagagcccccttaacaccggggtagtaggaaccTTAaagacaggTTAggggeta
1261 gcctctagctctcTTAgggtccaagttcetttatttacttcaacctcttacacaagaacta
1321 aaaccaccaaaaaaaaaaaa

[0090] The unmodified open reading frame for erythropoietin contains 88
potential initiation codons (8 ATG, including the authentic initiation codon, 5 ATC, 4
ACG, 7 GTG, 3 TTG, 32 CTG, 14 AGG, 10 AAG, 3 ATA, and 2 ATT codons) (SEQ ID
NO: 112). Modifications were made including a modified signal peptide by removal of
most of the potential initiation codons (SEQ ID NO: 116), removal of ATG and CTGs of
the signal peptide (SEQ ID NO: 211), removal of ATG, CTG and ACG codons resulting
in a Glutamic acid (E) to Glutamine (Q) amino acid substitution (SEQ ID NO: 118) or a
Histidine (H) to Argenine (R) amino acid substitution (SEQ ID NO: 119).

Example 2: Modification of miRNA binding sites within mRNA transcripts.
[0091] MicroRNA (miRNA) binding to target mRNA transcripts decreases

translation efficiency by either inducing degradation of the target mRNA transcript, or by
preventing translation of the target mRNA transcript. To improve translation efficiency of
mRNA transcripts encoding commercially-valuable human proteins, all known or
predicted miRNA binding sites within a target mRNA’s 5' leader sequence, 5'

untranslated region (UTR) sequence, coding sequence, and 3' untranslated region (UTR)
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74 cugaccua hsa-m R- 193 ugggucuuugcgggcgagauga 75 ugggucuu WO

2010/ 098861PCT/ US2010/ 000567 hsa-m R- 1 94 uguaacagcaacuccaugugga 76
uguaacag Weaemmssk®5 uagcagcacagaaauauuggc 77 uagcagca reaAuseionoGa7
uagguaguuucauguuguuggg 78 uagguagu hsa-m R- 196b uagguaguuuccuguuguuggg

sequence are first identified, and secondly mutated or altered in order to inhibit miRNA

binding.

[0092] In a preferred aspect of this method, the seed sequence, comprising
the first eight 5°- nucleotides of the mature miRNA sequence is specifically targeted.
Seed sequences either include 5’ nucleotides 1-7 or 2-8 of the mature miRNA sequence.
Thus, a seed sequence, for the purposes of this method, encompasses both alternatives.
The miRNA seed sequence is functionally significant because it is the only portion of the
miRNA which binds according to Watson-Crick base-pairing rules. Without absolute
complementarity of binding within the seed sequence region of the miRNA, binding of
the miRNA to its target mMRNA does not occur. However, unlike most nucleotide
pairings, the seed sequence of a miRNA is capable of pairing with a target mRNA such

that a guanine nucleotide pairs with a uracil nucleotide, known as the G:U wobble.

[0093] For example, human erythropoietin (EPO) is a valuable therapeutic
agent that has been difficult to produce in sufficient quantities. Using the instant methods,
the sequence of the mRNA sequence that encodes this protein (GenBank Accession No.
NM_000799) is optimized to inhibit miRNA down-regulation. The PicTar Web Interface
(publicly available at pictar.mdc_berlin.de/cgi-bin/PicTar_vertebrate.cgi) predicted that
human miRNAs hsa-miR-328 and hsa-miR-122a targeted the mRNA encoding for human
EPO (the mature and seed sequences of these miRNAs are provided below in Table 2).
Thus, in the case of hsa-miR-122a, for instance, having a seed sequence of uggagugu,
one or more nucleotides are mutated such that hsa-miR-122a no longer binds, and the
seed sequence of another known miRNA is not created. One possible mutated hsa-miR-
122a seed sequence that should prevent binding is “uagagugu.” It is unlikely that this
mutated seed sequence belongs to another known miRNA because this sequence is not

represented, for instance, within Table 2 below.

[0094] Similarly, the PicTar Web Interface predicted that human miRNAs
hsa-miR-149, hsa-let7f, hsa-let7c, hsa-let7b, hsa-let7g, hsa-let7a, hsa-miR-98, hsa-let7i,
hsa-let7e and hsa-miR-26b targeted the mRNA encoding for human interferon beta 2
(also known as IL-6, Genbank Accession No. NM_000600) (the mature and seed

sequences of these miRNAs are provided below in Table 2).
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79 uagguagu hsa-m R- 197 uucaccaccuucuccacccagc 80 uucaccac hsa-m R-198
gguccagaggggagauagguuc 81 gguccaga hsa-m R-199a cccaguguucagacuaccuguuc 82
cccagugu Weaemaesskd9b cccaguguuuagacuaucuguuc 83 cccagu@uThisaewioRséDa
aguuuugcauaguugcacuaca 84 aguuuugc

[0095]

sequence of less than 1000 base pairs into the Sanger Institute’s MiRNA:Sequence

MiRNA binding sites can also be identified by entering any

database (publicly available at microrna.sanger.ac.uk/sequences/search.shtml).

Table 2: Known Human MiRNAs, mature sequences, and seed sequences.

MiRNA Mature Sequence SEQ ID | Seed Sequence
NO:
hsa-let-7a ugagguaguagguuguauaguu 1 ugagguag
hsa-let-7b ugagguaguagguugugugguu 2 ugagguag
hsa-let-7c ugagguaguagguuguaugguu 3 ugagguag
hsa-let-7d agagguaguagguugcauaguu 4 agagguag
hsa-let-7¢ ugagguaggagguuguauaguu S ugagguag
hsa-let-7f ugagguaguagauuguauaguu 6 ugagguag
hsa-let-7g ugagguaguaguuuguacaguu 7 ugagguag
hsa-let-7i ugagguaguaguuugugcuguu 8 ugagguag
hsa-miR-1 uggaauguaaagaaguauguau 9 uggaaugu
hsa-miR-100 aacccguagauccgaacuugug 10 aacccgua
hsa-miR-101 uacaguacugugauaacugaa 11 uacaguac
hsa-miR-103 agcagcauuguacagggcuauga 12 agcagcau
hsa-miR-105 ucaaaugcucagacuccuguggu 13 ucaaaugc
hsa-miR-106a | aaaagugcuuacagugcagguag 14 aaaagugc
hsa-miR-106b uaaagugcugacagugcagau 15 uaaagugc
hsa-miR-107 agcagcauuguacagggcuauca 16 agcagcau
hsa-miR-10a | uggacggagaacugauaagggu 17 uggacgga
(mmu-miR-184)
hsa-miR-10b uacccuguagaaccgaauuugug 18 uacccugu
hsa-miR-122a | uggagugugacaaugguguuug 19 uggagugu
hsa-miR-124a | waaggcacgcggugaaugcc 20 uaaggcac
hsa-miR-125a | ucccugagacccuuuaaccuguga 21 ucccugag
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hsa- m R- 19b ugugcaaauccaugcaaaacuga 85 ugugcaaa hsa-m R-20
uaaagugcuuauagugcagguag 86 uaaagugc hsa-m R-200a uaacacugucugguaacgaugu 87
uaacacug Weasmmssd0b uaauacugccugguaaugauga 88 uaauacu@Cham20mBeEe0C
uaauacugccggguaaugaugga 89 uaauacug hsa-m R- 203 gugaaauguuuaggaccacuag

hsa-miR-125b ucccugagacccuaacuuguga 22 ucccugag
hsa-miR-126 Ucguaccgugaguaauaaugcyg 23 ucguaccg ‘
hsa-miR-127 cugaagcucagagggcucugau 24 cugaagcu
hsa-miR-128 ucacagugaaccggucucuuu 25 ucacagug
hsa-miR-129 cuuuuugcggucugggcuugc 26 cuuuuugc
hsa-miR-130a cagugcaauguuaaaagggcau 27 cagugcaa
hsa-miR-130b cagugcaaugaugaaagggcau 28 cagugcaa
hsa-miR-132 uaacagucuacagccauggucg 29 uaacaguc
hsa-miR-133a uuugguccccuucaaccagcug 30 uuuggucc
hsa-miR-133b uuugguccccuucaaccagecua 31 uuuggucc
hsa-miR-134 ugugacugguugaccagagggg 32 ugugacug
hsa-miR-135a uauggcuuuuuauuccuauguga 33 uauggcuu
hsa-miR-135b uauggcuuuucauuccuauguga 34 uauggcuu
hsa-miR-136 acuccauuuguuuugaugaugga 35 acuccauu
hsa-miR-137 uuauugcuuaagaauacgcguag 36 uuauugcu
hsa-miR-138 agcugguguugugaaucaggecg 37 agcuggug
hsa-miR-139 ucuacagugcacgugucuccag 38 ucuacagu
hsa-miR-140 cagugguuuuacccuaugguag 39 cagugguu
hsa-miR-141 uaacacugucugguaaagaugg 40 uaacacug
hsa-miR-142- cauaaaguagaaagcacuacu 41 cauaaagu
Sp
hsa-miR-143 ugagaugaagcacuguagcuc 42 ugagauga
hsa-miR-144 uacaguauagaugauguacu 43 uacaguau
hsa-miR-145 guccaguuuucccaggaaucccu 44 guccaguu
hsa-miR-146 ugagaacugaauuccauggguu 45 ugagaacu
hsa-miR-147 guguguggaaaugcuucugc 46 gugugugg
hsa-miR-148a ucagugcacuacagaacuuugu 47 ucagugca
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90 gugaaaug hsa-m R-204 uucccuuugucauccuaugccu 91 uucccuuu hsa-m R- 205
uccuucauuccaccggagucug 92 uccuucau hsa-m R- 206 uggaauguaaggaagugugugg 93
uggaaugu WeaemBs®d8 auaagacgagcaaaaagcuugu 94 auaagacgPhTarseoiRORBE67
uagcuuaucagacugauguuga 95 uagcuuau

hsa-miR-148b ucagugcaucacagaacuuugu 48 ucagugca
hsa-miR-149 ucuggcuccgugucuucacuccc 49 ucuggcuc
hsa-miR-150 ucucccaacccuuguaccagug 50 ucucccaa
hsa-miR-151 ucgaggagcucacagucuagu 51 ucgaggag
hsa-miR-152 ucagugcaugacagaacuugg 52 ucagugca
hsa-miR-153 uugcauvagucacaaaagugauc 53 uugcauag
hsa-miR-154 uagguuauccguguugccuucyg 54 uagguuau
hsa-miR-155 uuaaugcuaaucgugauaggggu 55 uuaaugcu
hsa-miR-15a uagcagcacauaaugguuugug 56 uagcagca
hsa-miR-15b uagcagcacaucaugguuuaca 57 uagcagca
hsa-miR-16 uagcagcacguaaauauuggcg 58 uagcagca
hsa-miR-17 caaagugcuuacagugcagguag 60 caaagugc
hsa-miR-18 uaaggugcaucuagugcagauag 61 uaaggugc
hsa-miR-181a aacauucaacgcugucggugagu 62 aacauuca
hsa-miR-181b Aacauucauugcugucggugggu 63 aacauuca
hsa-miR-181¢c aaccaucgaccguugaguggac 64 aaccaucg
hsa-miR-182 uuuggcaaugguagaacucacacu 65 uuuggcaa
hsa-miR-183 uauggcacugguagaauucacu 66 uauggcac
hsa-miR-184 uggacggagaacugauaagggu 67 uggacgga
hsa-miR-185 uggagagaaaggcaguuccuga 68 uggagaga
hsa-miR-186 caaagaauucuccuuuugggcu 69 caaagaau
hsa-miR-187 ucgugucuuguguugcagcecgg 70 ucgugucu
hsa-miR-188 caucccuugcaugguggaggg 71 caucccuu
hsa-miR-~190 ugauauguuugauauauuaggu 72 ugauaugu
hsa-miR-191 caacggaaucccaaaagcagcug 73 caacggaa
hsa-miR-192 cugaccuaugaauugacagcc 74 cugaccua
hsa-miR-193 ugggucuuugcgggcgagauga 75 ugggucuu
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hsa-m R- 210 cugugcgugugacagcggcuga 96 cugugcgu hsa-m R-211
uucccuuugucauccuucgccu 97 uucccuuu hsa-m R-212 uaacagucuccagucacggcc 98
uaacaguc Weaerass$13 (hsa-m R-18la) aacauucaacgcugucggu@agsedioaesauuca
hsa-m R- 214 acagcaggcacagacaggcagu 99 acagcagg hsa-m R- 215

hsa-miR-194 uguaacagcaacuccaugugga 76 uguaacag
hsa-miR-195 uagcagcacagaaauauuggc 77 uagcagca
hsa-miR-196a uagguaguuucauguuguuggg 78 uagguagu
hsa-miR-196b uagguaguuuccuguuguuggyg 79 uagguagu
hsa-miR-197 uucaccaccuucuccacccagc 80 uucaccac
hsa-miR-198 gguccagaggggagauagguuc 81 gguccaga
hsa-miR-199a cccaguguucagacuaccuguuc 82 cccagugu
hsa-miR-199b cccaguguuuagacuaucuguuc 83 cccagugu
hsa-miR-19a aguuuugcauaguugcacuaca 84 aguuuugce
hsa-miR-19b ugugcaaauccaugcaaaacuga 85 ugugcaaa
hsa-miR-20 uaaagugcuuauagugcagguag 86 uaaagugc
hsa-miR-200a uaacacugucugguaacgaugu 87 uaacacug
hsa-miR-200b uaauacugccugguaaugauga 88 uaauvacug
hsa-miR-200c¢ uaauacugccggguaaugaugga 89 uaauacug
hsa-miR-203 gugaaauguuuaggaccacuag 90 gugaaaug
hsa-miR-204 uucccuuugucauccuaugcecu 91 uucccuuu
hsa-miR-205 uccuucauuccaccggagucug 92 uccuucau
hsa-miR-206 uggaauguaaggaagugugugg 93 uggaaugu
hsa-miR-208 auvaagacgagcaaaaagcuugu 94 auaagacg
hsa-miR-21 uagcuuaucagacugauguuga 95 uagcuuau
hsa-miR-210 cugugcgugugacagcggcuga 96 cugugcgu
hsa-miR-211 uucccuuugucauccuucgecu 97 uucccuuu
hsa-miR-212 uaacagucuccagucacggcce 98 uaacaguc
hsa-miR-213 aacauucaacgcugucggugagu 61 aacauuca
(hsa-miR-181a)
hsa-miR-214 acagcaggcacagacaggcagu 99 acagcagg
hsa-miR-215 augaccuaugaauugacagac 100 augaccua
hsa-miR-216 uaaucucagcuggcaacuguga 101 uaaucuca
hsa-miR-217 uacugcaucaggaacugauugga 102 uacugcau
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augaccuaugaauugacagac 100 augaccua hsa-m R-216 uaaucucagcuggcaacuguga 101
uaaucuca hsa-m R-2 | 7 uacugcaucaggaacugauugga 102 uacugcau WO

2010/ 098380RCIVI9SD10/ 000567 hsa- m R- 218 uugugcuugaRCcuAsCccanms6c103
uugugcuu hsa-m R- 219

hsa-miR-218 uugugcuugaucuaaccaugu 103 uugugcuu
hsa-miR-219 ugauuguccaaacgcaauucu 104 ugauuguc
hsa-miR-22 aagcugccaguugaagaacugu 105 aagcugcc
hsa-miR-220 ccacaccguaucugacacuuu 106 ccacaccg
hsa-miR-221 agcuacauugucugcuggguuuc 107 agcuacau
hsa-miR-222 agcuacaucuggcuacugggu 108 agcuacau
hsa-miR-223 ugucaguuugucaaauacccca 109 ugucaguu
hsa-miR-224 caagucacuagugguuccguu 110 caagucac
hsa-miR-26b uucaaguaauucaggauaggu 114 uucaagua

[0096] The miR-183 binding sequence (SEQ ID NO: 59) was mutated
(SEQ ID NO: 142) and embedded into the coding sequence of a reporter gene, such as in
a CAT gene that also contains a FLAG Tag (SEQ ID NO: 143). This allows for the
evaluation of expression in cells by Western blot analyses using an anti-FLAG Tag
antibody in which mutations of the miR-183 binding sequence were made (SEQ ID NO:
144).
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ugauuguccaaacgcaauucu 104 ugauuguc hsa-m R-22 aagcugccaguugaagaacugu 105
aagcugcc hsa-m R-220 ccacaccguaucugacacuuu 106 ccacaccg hsa-m R- 221
agcuacauwyocogosgsguuuc 107 agcuacau hsa- m R- 222 agcuacaatusgeoacesgygu 108
agcuacau hsa-m R-223 ugucaguuugucaaauacccca 109

CLAIMS
What is claimed is:

1. A method of improving full-length protein expression efficiency

comprising:
a) providing a polynucleotide comprising:
i) a coding sequence for the protein;

ii) a primary initiation codon that is upstream of the coding

sequence; and

iii) one or more secondary initiation codons located within the

coding sequence; and

b) mutating one or more secondary initiation codons, wherein the mutation
results in a decrease in initiation of protein synthesis at the one or more secondary
initiation codons resulting in a reduction of ribosomal diversion away from the primary

initiation codon,
thereby increasing full-length protein expression efficiency.

2. The method of claim 1, wherein mutating the one or more secondary
initiation codons comprises mutating one or more nucleotides such that the amino acid

sequence remains unaltered.

3. The method of claim 1, wherein the one or more secondary initiation

codons is in the same reading frame as the coding sequence.

4. The method of claim 1, wherein the one or more secondary initiation

codons is out-of-frame with the coding sequence.

36



ugucaguu hsa-m R-224 caagucacuagugguuccguu 110 caagucac hsa-m R-26b
uucaaguaauucaggauaggu 114 uucaagua [0096] The m R-183 bi ndi ng sequence (SEQ
| D NO 59vowan/osdeat ed (SEQ I D NO 142) and enbedded i ntPQTiUse010000567
sequence of a reporter gene, such as in a CAT gene that also contains a
FLAG Tag (SEQ I D NO 143). This allows for the evaluation of expression in
cells by Western bl ot anal yses using an anti-FLAG Tag anti body in which
nmut ati ons of the m R- 183 binding sequence were nmade (SEQ I D NO 144).

CLAI MB \What fSS cl & aRtllo of%ldafnqewﬂgg Phhelo BPMbFégseFéHdla?J @iy Protein
expressi on efficiency conprising providing a polynu |'eot i de conpri si ng:
i) a coctiod@ssetqmamtené mrmoﬂaeluplleomcmsmpstream or downstream from a fibgsomapr i mary
initiation 1? (%n that is upstream of the coding sequence; and

iii) ond®SPUABI&" ®econdary initiation codons |ocated within the coding
sequence; and b) nutating one or nore secondary initiation
codons, wher &l n t Mae mettidi ofelaid Sy vhsreimtha ribesoned secriimemisite edmprisesf pr ot ei n
synthesis at th e or nore secondary initiation codons resulting in a
reduct i Grf2BPr #1 mal diversion away fromthe primary initiation codon,
7. The method of claim 1, wherein the one or more secondary initiation
codons is selected from the group consisting of AUG, ACG, GUG, UUG, CUG, AUA,
AUC, and AUU.
8. The method of claim 1, wherein more than one secondary initiation codon

within the coding sequence is mutated.

9. The method of claim 1, wherein all secondary initiation codons within the

coding sequence are mutated.

10. The method of claim 1, wherein mutating the one or more secondary
initiation codons comprises mutating a flanking nucleotide to a less favorable nucleotide

context.

11.  The method of claim 1, wherein mutating the one or more secondary

initiation codons does not introduce new initiation codons.

12.  The method of claim 1, wherein mutating the one or more secondary

initiation codons does not alter usage bias of mutated codons.

13.  The method of claim 1, further comprising decreasing the generation of

truncated proteins, polypeptide, or peptides other than the full-length encoded protein.

14.  The method of claim 1, wherein mutating one or more secondary initiation
codons does not introduce miRNA seed sequences, splice donor site, splice acceptor site,

or mRNA destabilization elements.
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t hereby increasing full-length protein expression efficiency. 2. The nethod
of claim1, wherein nutating the one or nore secondary initiation codons
conpri seswoubaragggione or nore nucl eoti des such that thecardseaoacisd?
sequence remai ns unaltered. 3. The nethod of claim11, wherein the one or
nore secondary initiation codons is in the same reading frame as the coding
sequence. 4.The nethod of claim 1, wherein the one or nore secondary
initiation codons is out-of-frane with the codi ng sequence. WO

2010/ 098861Pg—./ Uséol%%gc?gf%roving fulélen?ﬂ%r&%ﬁ@?reﬁgioﬁIeﬁ‘lc'f@n%% wher ei n t.he
one or nore secondary rnitidtiron®codonsS i's | ocated one or re nucl eotides
upst r eagvmpriddognst ream from a ri bosonmal recruitnent site. 6. The

met hod of claimb5, wherein the ribosonmal recruitnent site conprises a cap

or an | RES. 7. The nethod qf claim.1 I .

secondary initiat f‘)oﬁrocvbcﬁ%g p?@“%%?%&dteéaql*efl 8em¥4]rﬁ6er%é€%%€oedé%§eiq§%r}c%g&gf AUG,
ACG, GUhe pdiin dadGne Athord kRN ArgInddMsites located8yithiih ehenawidingcseqdence;ai m 1,
wherein nore than one secondary initiation codon within the coding sequence
i s nut a@ed. 9. The nethod of claim1l1l, wherein all secondary

initiation codons within the coding sequence are nutat ed. 10. The

nmet hod of clai m 1yp) Wiekigh heBHed: intBe HIRNAIndhg FREsCWEEINEamMatdtidnt | at i on
codons conprises nutating a flanking nucleotide to a |ess favorable

nucl eot irehelteimrt degrease in ml%\l‘if’i bingipg éﬁ%‘ﬂeh‘ém maese gRNA bipdiag sites i8S ng t he
one or n : i : initiation
codons. T ST BENN ARl Dby D6 B i O R e or mor e
secondalincréasingifeli-langticpd@Ensexpoesioneffi@éncgr usage bi as of nutated codons.
13. The method of claim 1, further conprising decreasing the generation of

truncated progein 0 eptide, <0 t] I'1-1ength
encoded pr ot zﬁn The Pneh}fﬁo?.f agl%r%gth%%g%f'hc g?%{h??ﬁ‘{c/\%g@gﬁ]aﬁgﬁgti ng one or
nor e se®aidar yites Borhprides atutatingans of apse madedtides octh cleat theRNAngeed sequences,
splice donor site, splice acceptor site, or nmRNA destabilization el enents.
15. A netHBEnSIemaRs 89pge4-ul | -1 engt h protein expression efficiency
conpri si ng:

17. The method of claim 15, wherein mutating the one or more miRNA

binding sites comprises mutating one or more nucleotides in a miRNA seed sequence.

18.  The method of claim 15, wherein mutating the one or more miRNA
binding sites comprises mutating one or more nucleotides such that initiation codons are

not introduced into the polynucleotide sequence.

19.  The method of claim 15, wherein mutating the one or more miRNA
binding sites comprises mutating one or more nucleotides such that rare codons are not

introduced into the polynucleotide sequence.

20. The method of claim 15, wherein mutating the one or more miRNA
binding sites comprises mutating one or more nucleotides such that additional miRNA

seed sequences are not introduced into the polynucleotide sequence.

21. The method of claim 15, wherein the one or more miRNA binding sites is

located within the coding sequence.
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a) providing a polynucl eotide sequence conprising a codi ng sequence for the
protein and one or nore m RNA binding sites |located within the coding
sequence;werdi0/098861 b) nutating the one or nore RCRNA260000567 Sites,
wherein the nmutation results in a decrease in m RNA binding at the one or
nore m RNA binding sites resulting in a reduction of m RNA-nedi ated down
regul ation of protein translation, thereby increasing full-length protein
expression efficiency. 16. The nethod of claim 15, mherein nmut ati ng the one
or nore mRl b|n n <l i i des such
t hat the anP?o aCIgeggﬁtgﬁggﬁ@gﬂgr%@&SEH%?éﬁggrﬂﬁgrﬁ e net n§&$?9%Ia|n1l5
wher ei n odsteitwitgn thes' nﬂtearmratMgnom RNA bi nding sites conprises nutating one
or nore nucleotides in a m RNA seed sequence. 18.The nethod of claim 15,

or .
or or & nuch @8t adde SMP IR PAEB R e IR BHAERET [ 10 Che

pol ynuclgakdddeitisis theen tRderlsBqddmee net hod of cl ai m 15, mhereln nmut ati ng the
one or nore m RNA binding sites conprises nutating one or nore nucl eotides
such that rare codons are not introduced into the pol ynucl eoti de sequence.
20. The nmet hod of claim 15, wherein nutating the one or nore m RNA bi nding
sites conprises nutating one or nore nucl eotides such that additional m RNA
seed sequences are not introduced into the pol ynucl eoti de sequence. 21. The
met hod of claim 15, wherein the one or nore m RNA binding sites is |ocated

wi thin the codi ng sequence. 22. The nethod of claim15, wherein the
one or nore m RNA binding sites is located within the 3" untransl ated
regi on. 23. The nmethod of claim 15, wherein the one or nore m RNA

binding sites is located within the 5 | eader sequence.
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