WD 20041037982 PCT/ US2003/ 033433 HI GH EXPRESSI ON LOCUS VECTOR BASED ON
.FERRI TIN HEAVY CHAIN GENE LOCUS 5 BACKGROUND OF THE I NVENTION Field of
t he | nventworggdd3®t1l This invention relates to the fiel dpofupmbeeishss

bi ol ogy, and in particular to the devel opnent and use of vectors for the
expression of heterol ogous genetic sequences in transforned cells. 10
Description of the Related Art. [0002] Typical expression vectors contain
pronoters to drive the_gene o i | vad | ation
signals to generate a TR Pﬁ%{gﬁbﬁ%ﬁgg%ﬂg)?tend to be
only a few hundred base TN ﬁt CRAIY YT SUS if not all, of
the regul atory regions for optimal expression as determ ned by transient
15 transfection. However, expression constructs containing these
sequences, al though highl yBAMOGROWETDIOF THEIIVEINTIOHENSf ecti ons, are -
~not always able to confer a simlar |evel of expression when integrated

into the chrondtin as a stable transfectant. This is due to

posi ti on-de%&@@@%&@%@@i on, a phenonenon in which the site of
integration has m @ﬁdﬁﬁ% ; 3 | of
‘expressi on (Vvlsgﬁnﬁigggg,ﬁXnn. egﬁ%gg%%g%?&%?g#%%%#gggﬁégﬁf%8¥ﬁe result
of posi ti oppaeioriad entheedxpelomaeminni siseuvl denirs for theexpresssotl 6SheddroBgous
transfection screening, in vthLch nost of the cell lines produce little or

'no productgﬂ#ﬁ@ﬁ@@&?@?sFﬁnmé°H§85F@§inecessary to screen a | arge nunber
of transfectants in order to identify a single high-expressing clone.

Even af tigr wb\ﬁ%ﬁﬁtgﬁaﬁ{eﬁ%. transfectants obtained using standard

expression Vectors typically have expression 25 levels that would not be
sufficient to nmedd02dmiktypeiadexpredsem Goiirs corftid @Bdmdtees toidmyedbangeneiafg and
| abor intensive process o FR .amplification is frequently enployed to
(nor case. ox RSV L garRLyHmpiGT Bentls G imerts e gy Bt
integrated goRleRSesAindiotdifla P HESEEOBaePARE Eﬂ'ﬁh?ﬂl 4ndRioBBlih YhokE€ Httldi ©
anplification to greater than 100 copies i'n order To approach the |evel
30 of expresHiofthefegutroyeegass Heoptimal eipressionus detsrvined ibyitramsiest r engt h
(from ortll y two llel}_gs‘g. The dif.ferences bettvveen t andar d exprﬁési on
vect or s and éﬂ%%%boﬁo O ERESXPEFEORS LU R PN TS St HUUpPE et bRt

sequences Shidhby filiRtibhAPiaksich dhsfectionkCart A6t AwWE 2004 Shi88Lsimilar level
PCTI US20037 033433 o _ . :
‘ of expression when integrated into the chromatin as a stable transfectant. This is due to

=

-

position-dependent expression, a phenomenon in which the site of integration has a
dominant effect, usually negative, on the level of expression (Wilson (1990), Ann. Rev.
20  Cell Biol. 6:679-714). The result of position-dependent expression is evident in the
resulis of a transfection screening, in which most of the cell lines produce little or no
product. Therefore, itis usually necessary to .screenr a large number of transfectants in
C order tq__identif_y a single hi gh-ex_pre_ssin g cl-on_e_:. Even after extensive screening,
. transfectants ob_taiged.usjng standard expression vectors typically have expression
25 levels that would not be sufficient to meet commercial titer goals.

[0003] The time consuming and labor intensive process of DHFR
amplification is frequently employed t_gjﬁcﬁ:qase expression levels in stable
transfectailts. For example, integrated copies of standard expression constructs
typically require amp}iﬁcation to greater than 100 copies in order to approach the level

30 of éxpression of endogqlou_s genes with promoters of similar strength (from only two
aI_ieles). The differ_ences between standard expression vectors and endogenous geneé

~ are most likely due to the presence of sequences 5” to the promoter and/or 37 to the



are nost likely due to the presence of sequences 5 to the pronoter
and/or 3' to the polyadenylation signal of the endogenous genes that are
abl e to caphespsmsmigs omatin  configuration nore favourabl edOusREPIRIS ON.
An expression construct containing  sequences that can confer favourable
posi tion-independent chromatin configurations, 5 regardless of the-

integration_site(s). I v > erati cell lin

hi ghly expr%%é%%%ﬁkgerSﬁ%gguggﬁgﬁgggggﬁﬁﬁkﬁé'%§H$mﬁnﬁﬁ%ﬁﬁ¥?eﬁgﬂ88%%1 The
present i nvestyhdunylitiparisal ofthpanidogebi@arpehbiethdese hpRrrmrontd alvhgdinathy
expression "locus vectors" derived fromthe ferritin heavy chain gene.
The concept ce¥igarationgaeis fywarehle for XpresHan o\nteHpresHgR CoRIIIShCOHAMNthe
regi ons fou ' ' ' r ' hej.r al..
chromat i n_oadugssed M fan byt AYbUREROERER I RS ol AR rigns.
het er ol ogoufeggfIMes of BiRSiafcptAiontshe(spwetkiie ddvuengdons G gafetitthelf@iNies N
heavy chai n gene | ocus vectors which include 5 and 3' sequences which
can convey hiEBlygxpressegdicterologesssicassi on to het er ol ogous genes in stable
transfectants. Thus, the invention provides genetic vectors for the
stabl e transfection and expression at high levels of a desired protein
wi thin eukaryotic cells. [00051 In one aspect, the invention provides
genetic vectors for stable  t3MSLERY OR THRINGYBNGSIONoN of a desired

protein wthin eukaryotic cells including:. 20 (a) distal 5 flanking
sequences of a eWiotWW@ﬁ?G%@’?@ onglepsadyain pt, ppopuibatdsvplopmenbatkigh of

a eukaryagti 1 ast: ' I i i r

het er ol )(')igo u gxﬂ rg%EOETe r%‘cg:(gl?s ‘%%té’ k?cﬁhgg%ékﬁnlgfw gﬁﬁﬁ%‘%’hﬁ& %{ragﬁ?gée%u eiﬁ%eecsoncept ofa
effective fUbchy aesal ighased on tiergbsarabiianthaf tha reslkdy fvahi 6’ had 85to highWhi ch

t hese sequences are operably joined in the order (a)-(d) inab5 to 3 .
ori ent at i onSXRipEsEd SpRGSIA el Riwal chiemalip seHeHs copesn ginevels of ()

sequences; i F i.G i.Stal 5B f | . Lse a
sequence of ot en:@ta 1%6%%) t;s)ggg AV F?i‘&r a ™ ﬂggg: F és%t%ﬁ ?%gﬁ{ﬁlcﬁ?v@gggéﬁﬁﬁ
nucl eoti de hesyahei dedebubetreanwiioh iubndertd and 8", BGRkeps $hick can convey
transcriptional initjation, si t% of a ferritin hagavy chain | ocus; _ and/or
(2) the 15r okighdpvals of expuessionty hslsmiesniis gorsip stable wansiertane e Thys. fhe | east
20 bases hgyj e (0% Jdent § j d
petveen | b Ra Sl BRE B R R ot ey B o R ARRRE S B
ferritin hekwyglsclfaideskratpstiein Robicdkaryctinaeler aspect, the vector

i ncl udes at | east irst heterol ogous . coding sequence encodin

a
desired protein. [ , Ipac aiRrsh oV R IR Y dgBrEhE veeto 026@8}9037982
PCT/ US2003/ 833483 ion and expression of a desired protein within eukaryotic cells including:

20 (a) distal 5' flanking sequences of a eukaryotic locus; (b) proximal 5' regulatory

sequences of a eukaryotic locus; (c) at Iéast a first insertion sitt_a for a heterologous
- sequence; and (d) proﬁimal 3' regulatory sequences effective for transcription |
termination of a eukaryotic locus; in which these sequences are operably joined in the O
order {a)-(d) in a 5' to 3' orientation, with optional linker. sequences between adjacent
25 sequences; and in Which (1) the distal 5' flanking sequénces comprise a sequence of at
least 100 bases having at least 70% identity to a nucleotide sequence found between 20
bp and 100,000 bp 5' of a transcriptional mitiation site of a ferritin heavy chain locus;
and/or (2) the proximal 5' regulatory sequences comprise a sequence of at least 20
bases having at least 70% identity to a nucleotide sequence found between 1 bp and
30 10,000 bp 5' of a translational initiation codon of a ferritin heavy chain locus.
[0006] In another aspect, the vector includes at least a first heterologous

coding sequence encoding a desired protein. Thus, the invention provides genetic



vectors for stable transfection and expression of a desired protein

. wthin eukaryotic cells including: (a) distal 5 flanking sequences of a

eukaryotic locus; (b) proximal 5 regul atory sequences of a eukaryotic
| ocus; (c) V@ 2008831982 first heterol ogous codi ng sequenceP€ldBsdinig3szas d
desired protein; and (d) proximl 3" regulatory sequences 5 effective for
transcription termnation of a eukaryotic |locus; in which these sequences
are oper abl yehialdeflsthbletPRsRESSH addxptddioh Bf & desirddProteiPi B QihQBticW th
optional |inker sequences between adjacent sequences; and in whi'ch (1)

the distal ®ellfinghidingy (2hdgubhdbakngrpqiancesoizeepkenvticdfcuss (barekinid 6’
b havi _least 70%identity .t | eotj d ce found
between 20 BRESHIESEUGES b Sekantotts lodhsy Jfa: Toket et BEFeralp Gouseonives « o
of a ferritisbqltpay¥ndehpigkaldiddied ?iwdiﬁ{ralﬁ%d&bﬂ@dﬁ%p?ﬂir@@ﬂat@iy §RAHAREOr Y

- sequences cogpri_se a sequence of at |east bases having at l'east 70%
.identity X oefectiyeriorirauscrigbon tegmanbien pba aukdreticdenus] inhphihdhd® ©@Enoes 5'

f at | atj onal, .ini.tiati f a,ferritin h chain.l )
C0007] 1 s irecRea iR A BNl ings 1S aeienfpu 0B R GRBOBHAREET T e
15 . from aséfienbdsiverbaavatjent Bqh@ebs andl th Shiver(1 piHe ekl fankihbe

proximal- 5" regulatory sequences are derived froma ferritin heavy chain.
| ocus. | n yeequsnersrcompibiee aveqrience obwti¢ast MY pasexhambg & lease §0Veidentjty to a

sequences and the.distal 5 fl.ankin eque e derived from
Fonttin neayeiniireRbdics TRl b B ARy ST il o
regul at ory sffueRCaR cfatfedflindfal y EBhih 1ok fanliesr (2} the phadiil ShakulatoBE US,
and in sone enbodinents the vector further includes distal 3" flanking
sequences ofequenessiconIPRiSh e segncepRPinatlenstid0 bisgpbaing At least (78 midenbiydp @ent s
of the invent i@t ' ' ' 1 Q9o nce. .-
d\d udes at rﬁf'l%lgs deogr%gmlfdé%'? ﬁﬂc i gﬁé%ﬁld%é%f%%ggéﬁg eof}gdaﬁn%lsifagﬁggﬁgﬁmum
enbodi ment s cbdish dfisfitirOReavicBaihdsci®. het er ol ogous sequence is a _

pol ylinker site 25 including at | east two_restriction endonucl ease sites.

[0010] I n cert ai H0OWbodP sewme smbpdimsats, fRedistabh flankiag sequaneay aresterived
regul at oy, > LN I ILCl %ﬁgqg b of
t hese eﬁ‘b%dﬁgﬁgﬂ?gﬁﬁﬁgéé@u gﬁy@%ﬁ@ﬁ%ﬁﬁgggﬁ%é I's gfrhl?a{/lerjd&fg?gam rntron
1 of a ferr béquenteavydahadfroye aderritin hesey thaimloend okl yee btler etnbedipticnxd, mal
5' regulatory sequences jnclude untranslated exon _,éo sequences. [0011]
In some enb8BiBRPOXINAL e APTYSCAYageNGhe At RclnkIng| SeAMENCSS 28k mal

5" regul at ORY ReOMGR e MRy ERliRIockengt h of between 1,000 and 10, 000
3

[0008] In some embodiments, the proximal 3' regulatory sequences are
20 derived from a ferritin heavy chain locus, and in some embodiments the vector further
includes distal 3' flanking sequences of a ferritin heavy chain locus.
[0009] In certain embodiments of the invention, the insertion site for a
C o - heterologous sequence includes af least one restriction endonucleaée site, and in other
embodiments the msertion site for a heterologous sequence 1s a polylinker site
25  including at least two restrichon endonuclease sites.
[0010] In certain embodiments of the invention, the proximal 5' regulatory
sequences include a eukaryotic intron sequence. In some of these embodiments, the
- eukaryotic intron sequence is derived from intron 1 of a férritin heavy chain gene. In
certain embodiments, the proximal 5' regnlatory sequences include untranslated exon
30 sequences. |
[0011} In some embodimenfs, the distal 5' flanking sequences and the
proximal 5' regulatory sequences have a total length of between 1,000 and 10,000



WO 2004/ 037982 PCT/ US20031033433 bases. Simlarly, in sonme enbodi nents,
the proximl 3' regul atory Sﬁquences and any distal 3 flanking
sequences \ al length of between 1,000 and 10, 00 012]
In anothe?hgégé@%?ﬁ%he i nvention provides eukaryotic celﬁgﬁﬁigﬁg g%%éd
with any of the vectors of the invention. In sone enbodinents, the vector
has stably 5 integrated into a chronosonme of said cell and, in sone
enmbodi ment shas¢shSimlagy, insomesmpsiiacrisdhagroxagaleh srenldomesesnsesianthanya d
cell. [0013] ' ' t [ j Vi ie cells
el udi ng: P HTSFEpESERtplE e LR ARG PR BN VAT BLE
proximal 5' regbi2ior lh aRehenspst, thé irtvettideapyoldes ehlogyiic detls nahstegagt a
first coding sequence; and 10 (d) proximal 3" regulatory sequences

ef fective f¥itharuesdeivpeipsritbe mwaﬁ%nlvoﬁor@ GhncRs; the verdoshasistablhi ch
t he sequenc e .0l I (a) - i 0. Lol 03!

or' ent atTortitepis SRCS Siofds iR suld LRSS b Sobofifonts B8 crices:
and i n whi dietdrologds édikndlictfuahceds ekprbdedig ss@gegnces conprise an
exogenous sequence of at least 100 ( ) . bases having at |east 70%
identity to a nud@0&3k i BesameerahedinicaiimtheiBysitien ng?ﬁ caikaryede eelis 000 bp
5 of atr ipti inidiatio i ferrit.in heavy chaiin.! ocus;
and/ or (2;319?]%%{“% é%ncﬁ%tﬁi g'ﬂa%]g}gdl% %flg%]‘g?%% g%%%a&otgol%%}sr 2@) -h'gg%g%enous
sequence Ofregﬁlatoﬁ?ﬁSéqfuBﬂcesM%%ﬂ(H@Wiﬁgocﬁlb; (©asleadiQPfiistiediiing Yequendd; and

nucl eoti de sequence found between 1 bp and 10,000 bp 5 of a

t rans| alf orfd) proximply’ regulaeoieasencss eHEst Ve far HanseyipeemicAningios £ p0014] In

anot her asp e | nvent. ' i | | 4 i ) 4,20
exogenous. SkaryehEfoqR Lo B! St AR BB hked TR ohder L8 s B )

| ocus . oper@idnyationi Wil optiosal dadtiengequenpee beieveeh AQkbEnt Isequsnots) and aswaich,
the invention provides a nmethod of producing a desired protein in a )
eukaryot i c dée gisial 3 dlapking FEqUsIEp% CHRPIESE) N FXOGTNIUA §Stenceakat lepsh 10Q |

of the inv i o -t i i y ni [ LR a

Ul ture undapeoindle 21682 20N RN 1B R aiephd) TRt T kel B8 26D 21 3

pr ot ei n15antDi@)0 s §lofhitrnsdrigiondbmitiawnsito b€ b ferfitin tiedhechaid lodhe.aniD16]
These and O&Ser aspects. and advantages of the invention will be

to those of e proximal pereghlatqry SRAUERECHMATISE AN GEQETIOPS peensfiotat it%g%‘i "
which  fol | gyes ﬁgliég HQ:4H 96%%@8@& t6 %%@H@ééeﬂﬁé&%%ound between 1 bp and

10,000 bp 5' of a translational initiation codon of a ferritin heavy chain locus.

[0014] In another aspect, the invention provides a eukaryotic cell including an
20 exogenous 5' distal flanking sequence derived from a ferritin heavy chain locus
operably joined to a coding seguence. |
[0015] In another aspect, the invention provid'es a method of producing a
desired protein in a eukaryotic cell including the steps of (a) providing at least one cell C)
- of the inventton or a descendent thereof, (b) maintaining the cell in a culture under
25  conditions which permit high expression of the desired protein; and (c) isolating the
- desired protéin from the culture. _

- [0016] These and other aspects and advantages of the invention will be
apparent to those of skill in the art from the detailed description and exampleé which
follow. .

30



BRI EF DESCRI PTI ON OF THE DRAW NGS [0017] The foll ow ng drawi ngs are
Lllustrative of enbodiments of the invention and are not neant to limt
t he scope of the invention as enconpassed by the clains. 5 [00181 Figure
1 shows ratWPHB7HZheavy chain exon sequences. [0019] Fif 2003/03343
illustrates one exanple of the subcloning of the region containing the
ferritin heavy chain exons into the Litnmus 38 plasm d. [0020] Figure 3
illustrates the del etion of exons 2, 3, and 4 frompFerXl and insertion

of a polylinker to gener atBRIEFRESARDFEON OFITHEMRAWINGRIr e 4
illustrates the dgletrjon, of. . the exon.1l codi region from pFerX2 to .
generate plasmid &93{71)(3&}]5#8*0&@?%67 R HB%FQE‘?? e&é??%f‘&f“gs Bf%m d
pFer X4. 100221kt Uil ape AsBnédnt Sl AESsdoPE of RGN ANtiBh 2E 4R Ssgehrbertlfg@ 4

- of the fenitin heavy chain gene fromcosmd 15A using P I on.
- [0023] Figurdamus | | ustrates the insertion of the PCR fusion product of

Figure 5 _into the Hpal _and tll sifes.o Fer X4 to generate plasmd
pFer X5. [0024] Fi @@flg]a?}?ﬁ“ﬁ fhajyssat el‘i'é“ﬁ?fﬁ'\)’é’#’ﬁfexf’ﬂge%?essi'te from
pFerX5 to gener ajopy agfgusie PEiffctBtes dne é%%gﬁ& oﬁhﬁ‘éﬁ@cl@nihé(bf‘ﬁferr@éi‘éﬁ t he

addition of the distal 3" flanking sequences to 20 pFerX6 to generate
pFer X7. [ 002&htdniggiles Bmifin sty abas ekxbms iathdihe Lomust3 Stesndidst al 5

f1 anki he ferriti hai t £ X7
Gener at o pi s d DREbKeb B S Hhiske r i S ion o Cr S 2. Ph® BOmEXhand of
plasmi d_pFeriBiribAet Wt Binkh%o gBRMAE ok bggequences. 25 [0028] Figure

11 illustrates the genefic map of plasm d pFerX9, including the sources
of the séQuences. 000D oFigareydiiusirates tHeulstation ef theaxond pedimperegiontfrosn

transcri bed reagi,Qn of the .pFe d r X9 pl l 003 i e 13
i |l ustrates Ef?g*gé%é?ﬁeégﬁ%s‘a‘ﬁ%%%?rﬁg %Iéé’“%%%nh%gtoeéeﬂ?ﬁ%Pgﬂ%ﬁ asni d.
6031] Fi gurgret®ashows the results of experinents measuring reporter gene

expression in pools.of transfectants. 5° R
[0022] Figure 5 A-B illustrates the removal of exons 2 through 4 of the

ferritin heavy chain gene from cosmid 15Al using PCR fusion.
15 [0023] Figure 6 illustrates the insertion of the PCR fusibn product.of Figure 5
into the Hpal and Aat]l sites of pF erX4 o generaté plasmid pFerX5.
| ' [0|]24] Figure 7 illustrates .the removal of the Swal site from pFerXS5 to
generate plasnnd pFerX5.1. |
- [0025] Figure § illustrates the ad&iﬁon of ﬁle distal 3° ﬂatﬁdng sequences fo
20 pFerX6 to gencrate pFerX7. ‘
N [0626] Figufe 9 illustrates the addition of the-distal 5’ flanking sequences of
the ferritin .heavy. chain gene to pFerX7 to generate plasmid pFerX8.
. C [0027] | Figure 10 illustrates the genetic mal; 'o.f plasmid pFerX8, including the
sources of the sequences. ' |
25 ~ [0028] Figure 11 illustraies the genetic map of plasmid pFerX9, including the
sources of the sequenpés. ' . |
[GBZQ] Figure 12 jllustrates the Sequence of the transcribed reéion of the
pFerX8§ and pFerXQ plasmids. | . ,
[0030] Fi cure 13 illustrates the genetic map of pS]DHFR.Q, a DHFR
30 expressioﬁ plasmid_; . | _ |
. [003}1] Figure 14 sho_ws'the resulté. of eXpéﬁ;ﬁehts me_asuﬁng feporter gené

expression in pools of transfectants.



WO 2004/ 037982 PCT/ US2003/ 033433 [0032] Figure 15 shows the results of
experinments neasuring.reporter gene - expression in transfected isol ates.

DETAI LED wbSesloeTds@N 5 [ 0033] The patent, scientific andpdpdissibiossiss
_publications referred to herein establish know.edge that was avail able

to those of ordinary skill in the art at the time the invention was
made. The entir ghsciosur? gf t he i-s?tue? U S. egl%tents,. Qubli hed and
pendi ng pat ent E];%) catfohs? SANG® SEAEMT 8f EF R S LR e &P A 2E Fier eby
i ncor por at egb;@ggidhqﬁefaggﬁaed isbhatéefinitions. [0034] Al technical and

scientific terns used herein, unless otherw se defined below are
i ntended to have the sane neani ng as commonly understood by one of - .

ordinary skill in the art; references to techni ques enpl oyed herein are
intended to refer to the tecﬁg?&g&i g nderstood in the art,
i ncluding variations on those C stitutions of

equi val gnt t ech[io3aps Thb ipetentietiettihie aaPpRiRA pibBcMichseEfen®lith hedefh t he
art. In order to nore clearly and concisely describe the subject matter

whi ch is esteblishkanwiladge thahwas gyailphindg thede afiordinary Silbinthearids dhe tome

certain te whi.ch _ar e i.n..th ecification appended .cl ai, ns.
Co0se] "ok HETRTAEH s S Thechiibd BedRSS dRL R, BIRERE BbUEE
refers 20akdpaidingChut@oseiiltioss et iother esfumentds citel iy 8id Kersi®) | Whi ch
encodes ‘a pol ypeptide or RNA product which can be expressed in the cell
under appr Bseirgr@dedbyigfercBes. M tochondrial |oci are expressly excl uded
fromthe scope of the term"eukaryotic |ocus" as used herein. [0036]

Di st al 19 ﬁeﬁﬁ%ﬁoﬂg Sequences. As used herein, the term"distal 5 25

fl anki ng sgquences” refers to flanking nucl eoti de sequences which are 5
of the proxi ma[0034] r edideakticyl andGuRAGRS tedins asgEigein]iless cthefasodefidedse -
sequences can have an effect on transcription rates hecause of their (_) :
ef fects onPeRFeRsintsndsdtodays the samedpeaningicsrsuroBlyangderyigos hxone olof ¢ he

basi ¢ regul,aholy SSRGHHCSE r%f%regxce ek %zeﬁﬁ@%tlﬁggm ard rPQRRATs Riegdi ng
sites) and further renoved romt%e transcriptional 1 nitiration site than
30 the prox fheltechhignegsd ananyniyamderstoed. in Twears igdudibg tvir atiorset a thbse

f | anki sequences cap . range between 100-.100, 000, bas I'n certain
enbodi et FeTRAECTATRAHIHOR, %t%apwaﬁmwah@ﬂE%%WWh WOUR beaePHEALIR 8Re Of
500- 50, 0003 baSH the afP OminaQ A8 nfis @falY atd €00y BQRrBe the subject matter which

is the invention, the following definitions are provided for certain terms which are used

in the specification and appended claims.

[0035] Eukaryotic Locus. As used herein, the term "enkaryotic locus” refers

20 to any chromosomal genetic locus of a eukaryotic cell which encodes a polypeptide or
RNA product which can be expresse& m the cell under appropriate conditions.
Mitochondrial loci are expressly excluded from fhe scope of the term "eukaryotic o C‘) _
locus" as used herein. '

[0036] Distal 5' Flanking Sequences. As used'herf_:in, the term “distal 5'

| 25 flanking sequenc.es" refers to flanking nucleotide sequences which are 5' of the

proximal 5' regulatory sequences of a gene. Thus, although these sequences can have
an effect on transcription rates because of their effects on chromatin structure, these
sequences are generally 5’ of the basic regulatory sequences (e.g., operators, promoters,
ribosome-binding sites) and further removed from the transcriptional initiation site than

30 the proximal 5° regulatory sequences. The size of the distal 5' flanking éequénces can
range between 100—100,000.“bases. In certain embodiments, the distal 5' flanking
sequences will include between 500-50,000 bases, 750-25,000 bases or 1,000-10,000

6



WO 2004/ 037982 PCTI US2003/ 033433 bases. The distal 5 flanking sequences
.can begin anywhere 5 of- the proximal 5 regul atory sequences, and
typically Q%gh J ases, 50 bases, 75 bases, 100 bases, ‘?"?{P ' "

1, 000 bases, ,Bﬂégg%ases or 10,000 bases 5 of the transc[?' ?%ﬁ?f%%"ﬁ
dinitiation site. D stal 5 flanking sequences can extend for substanti al

di stances 5' of the pronoter and 5 transcriptional initiation sequences
of a gene, aagest ipieckgialys' Eankingecquencas ssebegis anpoire Hasfdbs pR&iOEDS' hases

or 10,000 b ' of the transcription initiati.on_si 00 Pr oxi.nal

5 Regul at O?é@iaet We%?@ggn%%sangs dcar@rbee%ﬁ‘, i%agﬁ,éb%aseﬁr 2}%}33%?’ @?@%?Qgﬁ)ry

sequences” HREA! 5,000 bS] BOU0 BReSSALETNESas¥ ' Ol 1 teansOg Gfini@dontshe. 5’
-end of a gene and which include the basic regulatory el'enents (i.e., the

promot er andJistal S'fmsingsedenceran sxtmd dprsubsipnisa fistaicss P the prrepaiesgnd

necessary; f ranscrd.ntion transl ation,. The..siz e _Proxh| 5'
r egul at orsy glfaaa%%jr? 8§£Ié§1tﬁaﬁg%gcgq%8%%e\ﬁéwg§ g%%égﬂ%ty@bﬁ HE{%‘ gsl %10&?62’3? ®ai %686
enbodi ment s batdde2 ROCXbABES 051 0,06WbEsaE STof HisCEMBBEASoninttiatiohRftkude bet ween
50-5, 000 bases, 75-1, 000 bas?gror 100-500 bases. In sone enbodi nents,

L% 28 H =

the 3' end of thd09¥7dxiba 2emlatprieqyerngan As gsedberpia, theripme dpragimy
i medi at el y (5! hatdon initiat " t" he.
codi ng -+ ogt onresdraSefAbSy Pheitlo bRUEb RS B ey Bhfare RN o &S

regul atory <8ddenges: fanwhiok intliede (BeYutnrgalaidty elchntd @.cl, e gRAter and, if -
i ncl udi glt%oi ntron sequences and, therefore, the 3" end of the proximal

5' r egul atlor Presedfy EPREaler anthribosoakIpdNE FRIVCASSEDACCSEGTR Y dnsqmptomasd, | n
sone enbodi - - O X1 " E ' - i ne 5'
ot ng 20, s darsator "PLPGALTAL prod BR: BeBlokor SURRER i HIng erilen 50
@f—.\quence) . PO®ODates5 n ceregn kmbodiyneney theneesmak 5'aaghlatorpieduetces will

anscriptional ;initiatjop site, and end 10, 00 bases, 5,000 bases,
1, 000 basesP@Whﬁ‘é’%’é{g%g’@%g%@éﬁ}ﬂ}%ﬁgg%%@ 0580%38%3%??- bpsPEges 50 C
of the transgfiiphi | Nial dt AF] i o ' ' ry
Sk quoncen. " JERARENREIN ihagt bRk sLERIBA LAY, o pPRGIAL 8
sequencds’ imfredmtdp Shefthettadsiamdgivanoe st Vethrtvodor of theatdthgegont he 3

end of a ge and. whi ch incl ude,.t he basic regul,ato el ements (i.e., .the
Cranel at i onAtoRE AR BT SHACHECT St o BuRRaL T Bretlpafedures oas ncfude
transcripti Qiflent & iMeAtl & the rg%ﬁ@ﬁl%ﬁfdih%]iﬁfron BéRRAEes BRNALRFAGR SficNY e Sk
translation termnation. The size of the proximal 3 regulatory

sequences céwrrpmymma) &t wegelatorp s@ueodesivas estend tp e intadmsegubiegis mbfargoveryis 30
proxi mal 3' requl ator equences wll include between.25-1, 000 has

50750 basesPl empaistesty MGRS Sinal screstird FpREecl B30 it ot tpin 2 AR,
sequences Caéquiéﬁcéé?.lg[}% ¥t ebdon duder Sl shbit MNedrmiiedl BEqiRhtON Fabxingd] op"

codon (i.e AG, TTA.or TGA). Proximal 3" L

: regulatory sequences extend 5' of the transcriptional initiation site, and can end 10,000
bases, 5,000 bases, 1,000 bases, 500 bases, 100 bases, 75 bases, 50 bases or 20 bases 5'

C of the transcriptional initiation site.

[0038] Proximal 3' Regulatory Sequences.  As used herein, the term "proximal

25 . 3'regnlatory sequences” refers to nucleotide sequences which are located near the 3'
end of a gene and which inchude the basic regulatory elements (i.e., the translational
termination codon, polyadenylation signal and transcriptional terminator) necessary for
proper mRNA processing and translation termination. The size of the proximal 3'
regulatory sequences can range between 10-2,000 bases. In certain embodiments, the

30 proximal 3’ regulatory sequences will include between 25-1,000 bases, 50-750 bases or
75-500 bases. The 5' end of the proximal 3' regulatory sequences can be defined by the
translational termination or "stop™ codon (i-.e., TAG, TTA or TGA). Proximal 3’

regulatory sequences extend 3' of the translational termination codon, and can end
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regul atory sequences extend 3' of the translational termnation codon,
and can end 7 WD 20041037982 PCT/ US2003/ 033433 2,000 bases, 1,000 bases,
750 bases v 25A3pgses 3' of the translational term nati opeT/eesiesesi18939]
D stal 3' Flankinag Sequences. As used herein, the term"distal 3

fl anki ng sequences” refers to flanking nucl eoti de sequences which are 3'

equonces. afdolpast. LREPHE I8 A GRSt A ol Bl el ity

codon, and pedopadenyl ation signal) necessary for proper ni RNA processing

and translation termnation and are further renoved fromthe |
transcriptional {¥3§i ndistahd’ flanking Sequensesy ok psedihegein,rthe tarmt "disjal 3'

 The.size of . 4he distal.3 £l anki .
between 100740 S5 Ghssse My site b REBE S RERKS Mifn 633, pRES
f 1 anki ng 5segiRaass’ Wdullatbryetitercbeb e 8ond OlnBOHI sdaasRes are/HOf &R YR

bases or 1, 000-10, 000 bases. The distal 3' flanking sequences can begin
anywher e 3' Tegulaiony spaesecerd(i-c3 the dop radey ynd pelyedeydationfégnal)miecasshry &g n

200 Races, e e 00 B 0B e b b PR

subst anti al tighstipAeRs t@mitdtionhetetthanhe prediinenal redBatoey ﬁéqci)neﬁée@n Thedne gnd
pol yadenyl ati on sequences of a gene, and typi calfy end 100, 000 bases,

50, 000 basethe digaliy dlapkias scqnenees @ogapgalaiwgen $60-1 AR000 hasser pesrtpiral

t er m nat.ion . 4 . el t r 4R~ [

means. arg qSREERRny I S Hefline 8ot B cgenofirl 03 EPbases,
cosm d, chrgpogsjie0 buidsws 1,000r 10000 PLeet The dishil ghflarkimpgaabicet caibéghr i ng
nucl ei ¢ acids between cells. Vectors may be capable of one or nore of
replicati onanyihsred'sgidhe proxanalol’ reslgary sequenaes.aRddypicallebrsim PBH bagsgt 750 O
need not po bifhti ' $ -
Coni ng and iy, BREE of 2806LARRATM SN RonhBch SHAUL DIHART e

t er m "t r ansflagkihg sequenesnsat krtend Jort substadtiglt disiandes BdoBthe élahsdapiptianalor gani sm

of a vector that replicates within that cell or_  organismor_tha

hat
expressds alPBIRANBIraen SutRRiNEeYIRiCRAEALELPS oF2 BrGamdRPiteily Bt 100,000
Wi thout i nt gge-atdgshd 15%95,tzbﬁyo@%%ﬁ‘orq{o,ddwaﬁeﬁvlof%e Rt @?ﬁh{a‘?iroﬂ'
n s used to T "of t ods o

"transfectio enbrace a e various met
i ntroduci ngecedmh vectors, including, but not limted to the nethods

referred to int t as transfecgtion, jransformatjon, 30 transduction,
or gene transfer T&%@i i d%%@%ﬁ?ﬁ%dﬁ@%ﬁ’eg{gr Jrﬁlﬁ?’if’i Y EEPFHh, DEAE-

construct, such as a plasmid, phage, transposon, cosmid, chromosome, virus, virion,

20 etc., which is capable transferring nucleic acids between cells. Vectors may be caiJable
of one or more of replicatton, expression, recombination, insertion or integration, but
‘ need not possess each of these capabilities. Thus, the term includes cloning and
expression vectors. - C\
[0041} Transfection. As used herein, the term "transfection” means the
25 introduction into a cell or an organism of a vector that replicates within that cell or
organism or that expresses a polypeptide sequence in that cell or organism with or
without integrating into. the genome of that cell or organism. The term "transfection” is
used to embrace all of the various methods of introducing such vectors, including, but
. not limited to the methods referred io in the art as transfection, fransformation,
30  transduction, or gene transfer, and including technigues such as microinjection, DEAE-
- dextran-mediated endocytosis, calcium phosphate coprecipitation, electroporation,

liposome-mediated transfection, ballistic injection, viral-mediated transfection, and the



dext ran- nedi ated endocytosi s, cal ci um phosphate coprecipitation,
electroporation, |iposone-nediated transfection, ballistic injection,
“'viral -nedi ated transfection, and the 8 WO 20041037982 PCTI US2003/ 033433
| i ke, Cel |wWO@p04203@%83i sns whi ch have under gone transfecti RCHATE200EI38433ed
to herein as "transfectants."” [0042] Stable Transfection. As used
herein, the term"stable transfection" neans transfection, as defined
above, whi chikee®.li r drgahising §rhadt Bavetihdadgon®tramsftioh aff refdifed 16 héRet &
into the genone of the transfected cell or organism Cells or organisms
whi ch have UeRsfedams. St abl e transfection are referred to herein as

"stabl e transfect 3 ahl j . use erein...the term
_"operably joi ned"[a?{ez?eés@gﬁ%%'e%s)ﬁgé‘gh%gﬁbﬁeo%a _ﬁgsfbn":kﬁﬁlg %Cfmﬁenet iC
regul atory eleneohsfenidnpagiiiiebd ebewrgivhich reagdisen ivbirehort8MalCatspart Hfthe
coding region to be transcribed into nRNA by an RNA 10 pol ynerase which
_can bi nd 3t o VeFier o tsenegme phthetempsiesiedopll or ergaptss. Gellsr oxganissapivhichr y
regi on, inckudi I S Q] di ng
A R R S
‘binding to a pronfogdst \Wpdrbly Ibiged.cguhusédlisreineic asimiitgeablisiofd" refers to
transcription of the coding region into NMRNA. In this context,. .
per i ssi ve é&AWRIERtERY fivrtional lﬁgqag@ef gensHe apmp ooy dersenty pad a gencicepding 15

for constituytj: E\Qﬁﬁ‘% C I . a
repressor o?ég{l %gwg{cgs%?é%gftﬁ%n I n gegg‘?{]@cﬁe t?%%‘?‘@%@.‘%‘?@?ﬁﬁ%ﬁ%f%’f gf\lA
pronot eri®, aobmappe oydiciata bind vo diioor mored fithoregulaasy klvawmtsl (MTHueea art, for
in vitro transcription systens. [Q044] Hetero] ogous, As used herein, the
term "het er 519 %Fé"Te%%@%ﬂ§?1“a]ﬂﬁﬁeg‘iﬂé@ﬁé%‘?mteﬁt3t F#oPerblydpimeg & e cpding region

sequences, {fah rNIg Pgﬁgférés‘é iSE4 gmeﬁﬁiﬁﬁﬁ%tiv%ﬁﬁgﬁl of gﬂdir%tﬁr% rd ater

ature or do not na I'ly occdr within e sane genone In n
exanpl e, i f wathuetteoegulatohudemnandediigige tregfcoptionh bLire icedinpecgidnh intp niRIEA. t 0
one or nore equl atory elenents,. these sequences are.considered ..
et er ol ooyl T Wi LEISIE CoRHoN VaHE THOROG Fa S ORI SReDE o
or they jar e gQlonkRtiek ﬁrﬁﬁo'?&s,%@éﬂ%afiﬁé&ﬁﬁidn@ aﬁ&ﬂi&a%sel{c@%élr%d}‘gée‘sbﬁ&tﬂlge

Positions. As used herein, all nucleotide positions are 25 designated
Wi t h respecpresenceted ag indascr iof répxzssitié/ohiucibdd progwteas.cmdappropfiatelie viter ritin

heavy chain _gepe region in. the "sense". orientation. As wll be apparent
fromthe c8‘%ﬁ£§ 18, %i}ffboﬂ%latﬁﬁﬁ@ %’Bf’f YEOFHUSTRIPD S{FEmE; ¢ her desi gnat ed
Wi th respect: to {6UR4) PExitdroRiposd. AbassilhénCod ainPhetd@ob®isr intdais, REaY Y

chain gene or with respect to the position w thin one of the sequences
i ncl uded i nTashect Sefrepic@ors genehg sequengdsethpbibgmgenetic sequences are not operably

20  joined in nature or do not naturally occur within the same genome in nature. For

example, if a vector includes a coding region which 1s operably' joined to one or more
regulatory elements, these sequences are considered heterologoﬁs to each other if they
C are not operably joined in nature or they are not found in the same genome in nature.

[0045] Nucleotide Positions. As used herein, all nucleotide positions are

25  designated with respect to the strand of DNA which includes elements of the ferritin
* heavy chain gene region in the "sense” otientation. As will be apparent from the
context, numerical nucleotide positions are either designated with respect to the _
position of the start codon of the ferritin heavy chain gene or with respect to the
position within one of the sequences included in the Sequence Listing. In the former
30 case, the adenosine or "A" of the start codon (ATG) is designated as position 1, with
preceding positions being negatively numbered. In the latter case, the relevant SEQ ID
NO will always be specified. Relative nucleotide positions will be described with

reference to the conventional 5' and 3' directions on the sense strand.
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30 , case, the adenosine or "A" of the start codon (ATG is designated as
position 1, with preceding positions being negatively nunbered. In the

| atter Ca%e 20044 758%' evant SEQID NO w Il always be Spe%‘é*}ﬁ@ﬂ(}%&ﬁ&i ve
nucl eoti de positions will be described with reference to the
conventional 5 and 3' directions on the sense strand. 9 WD 2004/ 037982
PCTI US2003/ 033433 0046] Percent s.of Nucl eotide Sequence Ildentity. As
used herein, thd0¥ddlciaregsdacss okh & Pepugneg Ideptibietuseddieraieltbot i de
sequences . :

dont ool BErsAgRE P S Aty Hach Mo AUTRRALleo B Wi 0 Biea
nucl eot i desippn dsemimber of hesidkaivhah 20 idchticdl betwegube aksnedBefndmeedSdivided

cal cul ation %L' t he, percenta identity, the_sequences are aligned using
the al gor it BRmbsErigyGleptfesmressniga the srylarolithe ™y srIDERAFpRSETEM wi t h
defaul t al aval A i1Q j | pute
of the Eur cASaiBERCAGocpldsh G B SdhaRGR i Ut QLR hE Aghitbl tof
(htt p: // wwamedguivatent kKigotiihst)alf Whe Chis@l Wesogiabedithdefanitggiues, atailable

(1994), "CLUSTAL W_Inprovi.ng the sepsitivi gr ogressive nultiple

f
sequence 10Bmoueh eiiropsindtigiieapticn stfe @%\%Gﬁ%}fr pediplsrulapBigleg gap

penal ties i P%Bt b /RAkL 66 a L i 3 - 0.

[ 0047] Der %%8%%3? ' u@etﬁ'/her e%ﬁf’a%'lﬂ%alfl %?%Vfgié(?laﬁlgeggﬁ?dr%rzn eezr%ggs ed

in rel ati qi9%4), tCEUBTAGI W: bfipmvingthe sdrsilivityadpeogessiveaanRipldsiqueiee
sequence ha?_ beentajg; can be obtained or, produced, directly or .

i ndi rectd y, 2lePBtihFoues seeace WEEEHES ROFIHORISPAGDS 0B Pepalfipeendirisht of
inserti Onsimﬁﬁk%ﬂ)fégsWcﬁ&ﬁﬁiﬁ&k%iﬂ%ﬁﬂi@ e reference sequence. Thus,

for exanple, a sequence Ich 1s a subset of a reference sequence can be
derived from t HéO4Bf eDenoml Senu ehceseldyhedksh, ¢hée tgnf 'ldariked frosgubacesd in ()

Simlarly, equence can . be derived froma reference sequence by a
Combi nat 1 orfelRoR HEBEAPEHLO! ABIRGR SSFaFGmeass St 1R EABFILE JS BRal Oreahor e
nucl eoti deg,d d?:tﬁnéc?&eﬁr‘éﬂ&%d,sfﬁ%ﬁg%? indIRBIPURRA RferdflesBGRMEL BP $naking a

del etions and substitutions can be limted by a required percentage

i dentitls Betsbmmbe of afsertons.alelatgue nr sbatithtiohe ndbereferbnse quproes. [ 0048]
Nuneri cal nges. As ed herein, .the recitation.of a numerical.range
For o vari ol 15 SR APERGLeroRE S OHUEY 1 Pt A PEHS SROTRY® B PF QBT o
with the CeroMaid RErenRbeqhent®bR Mg fRAkMAoRRNM Mimihi! a §aR8fee cBRUS,
for a variable which is 25 inherently discrete, the variable can equal
each i nt egére degivad foin 2 tderangestenegice by rgrembiatinef ingerions, delgtions Tof

the range. s%b%thﬁ&lly of Jn% r01r %o\fg 1r1_1|_1c golrtlede\sl\@rll 2(1: Peflersen&en Qe%iﬁgﬁ‘éé, yThe number of

20  insertions, deletions and substitutions can be limited by a required percentage identity
- between the reference sequence and the derived sequence.

[0048] Numerical Raﬁoes. As used herein, the recitation of a numerical range

for a variable is intended to convey that the invention may be practiced with the C)
variable equal to any of the values within that range. Thus, for a variable which 1s
25 inherently discrete, the variable can equal each integer value of the numerical range,
including the end-points of the range. Similarly, for a variable which is inherently
continuous, the variable can equal each real value of the numerical range, including the
. end-points of the range. As an example, a variable which is described as having values
between 0 and 2, can be 0, 1 or 2 for variables which are inherently discrete, and can be
30 0.0, 0.1, 0.01, 0.001, or any other real value < 2 for variables which are inherently

continuous.
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continuous, the variable can equal each real value of the nunerical
range, including the end-points of the range. As an exanple, a variable
“‘which is d , havi ng val ues between 0 and 2, can 1. .0r

for vari ablg‘gg&i}\’%lﬁ QZZre i nherently discrete, and can be 35%’.”%,2003{0%43?
0.01, 0.001, or any other real value < 2 for variables which are

i nherently continuous. 10 WO 2004/ 037982 PCT/ US2003/ 033433 [00491 Or.
As used herein, ufftds Sbeds ppeddiarsin Wepsapeaiclydpdicaed th’f‘éwt?érﬁhﬁncti on
"or" is usec{z &n "drMed 18k Vieth s 2 oL/ Si ve"
sense of "elt 5: " Gener a? Sn tlatl 8]?1%(% &-t %ngﬁa%htﬁgr escg{ri%lfé‘

i nvention daansectﬂ","e]ﬂmrtmaf‘t, upon the devel opnent of a high expression
"l ocus vector"” derived fromthe ferritin heavy chain gene. The concept of

a "locus vegt or"1 : s.@asgd on .the observation that the regions found 5'
- and 3' to hi "genes in their natural chromatin contexts can
“confer higher |evghsp] OfTh@ﬁﬁée%%ﬁiv%ﬁnéﬁdﬁ)eﬂﬁé%gavgﬁbgﬁél n@@ve] ?EPéFugh

the present invention provides a ferritin gene locus
vect or whi clexpressionl 8ocss vegin” aenm@mndlmfmhemmhm genghThé evrelept @fa

t,0 heter.ol bl f th
Phvent on closts e T8 R BE R ebBratipy i s eeaET B epder oheag
expressi on alphkg deg¥ehshat nﬁmﬂ%ﬁtoh%n%ﬁteﬁts%msﬂfeﬁh%@rem& g cells.

The Ferritin Igieavy Chain Gene. 15 [00511 The rat and hurmman genones
cont ai n nul texptessipn trebgenlqpous gongs nBlwrefofe, theepréssnt mvtmdxemyld@hmfcmtm

(Hent ze 986 Proc. tl. .Acad, .Sc A 83. 7226-.72307 The
o o e it el @D henedp S et h iy Bua B ant SiaeBied EE B St iy e
separ at ed tlb‘veﬂshrﬁ gtdatlbﬁwhéthm@agoug BEXQNS sthbleF0uE@bIad)s. TERABAD !ﬁlventlon
Accessi on Nos. 51, ML8052 and ML8053 di scl ose three ene segnent s
ich are srmjmdt&gepatiq ¥ectors Br tha gtablegrangBeimmyandeexpresyiogeat leyddsef a hr ee
segnents cov. t u at ferritin heavy chain genomc
sequence. Fld%u ed1$?k§ ‘;"ﬁ rﬁf}g@rfegc@%&{ unt ransl at ed sequence,
including the transcriptional initiation site at position -168, foll owed
by exon | arfthetfeentid Hesty (RAn 3enef the 5° end of intron.1. Exon 1

i ncl udes t he start codaon-and e codes 38 _am no, acids. Figure_ 1(B) shows
the | ast!50 bp ofl09Hd stheggtang hymag WOFESPBWWH“W pCesethpeEudpgenes

the' first 3%:% %ﬁt;ﬂl?en?%f ag(ﬁgntzetfan(1§sajé: éﬁkaéﬂﬁuggg% bg@& 33

bp of the 3 I owed* by &xon’ , Intro
3" untransl éZQéﬂ?) The rat ferritin gene consists of four exons (i.e., exons 1 through 4) separated
by three introns {i.e., introns 1 thmugh 3)- ‘GenBark Accession Nos. M1 8051, M18052

" and M18053 disclose three gene segments which are shown in parts A, B, and C of

20 Figuare 1. Together these three segments cover the four exons of the rat ferritin heavy
chain genomic sequence. Figure 1(A) shows 168 bp of 5" antranslated sequence,
including the transcriptional initiation site at position -168, followed by exon 1 and the

C’ first 104 bp of the 5" end of intron 1. Exon 1 includes the start codon and encodes 38
‘arnino acids. Figure 1(B) shows the last 50 bp of the 3' end of intron 1, followed by
25 exon 2 and the first 35 bp of the 5' end of intron 2. Figure 1(C) shows the last 33 bp of
“the 3' end of intron 2, followed by exon 3, intron 3, exon 4 and 3' untranslated
sequence, including the stop codon arid polyadenylatlon 31gna1 132 bp after the
' termination codon. |
[0052] Because the insert sizes of cosmid libraries are quite larg_e; they were

30 ' chosen to obtain sufficient 5° and 3° flanking regions. In particular, rat cosmid library

Catalog #R1.1032m (BD Biosciences/Clontech, Palo Alto, CA) was selected. Other
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sequence, including the stop codon and pol yadenyl ati on signal 132 bp
after the termnation codon. 100521 Because the insert sizes of cosmd
libraries_are quite |arge, they were 30 chosen to obtain.sufficient 5'
and 3' 1KY i ons. In particular, rat cosnid Iibraf§l/US2005/033433

Cat al og#RL1032m (BD Bi osci ences/ C ontech, Palo Alto, CA) was sel ected.

Gt her . 11 WO 2004/ 037982 PCT/ US2003/ 033433 |ibraries, however, also

coul d have WM\% elsocgubhieas beeinzedhanseqpenngs podp amee/been prepared

synt het i cal E%%B In order to avoid cloning processed pseudogenes
when screefi (11 cosmd library, intron sequences were chosen to serve
as probe terrpl at[@@SB]Thﬁ%edétbawhﬁrworM@g 0BtRBE sé@)ﬂoEéﬁBs WhieA Gcreading EROM C
DNA (Catal og #6750-1, Clontech, Palo Alto, CA) as enpl ate and prinmers
based on r ePamiddibsmMAINAI9E SgRHBEETV SIERhesRIde sem@mp@ﬁeamplat@; dihiessy | at ed

7l brary o uRSRRE P RO RS B4 B B R TR s A roghat oo

(15A) was i@, dis&riémﬁﬁﬂepﬂdi Wik Brs basddr drCilel 6 EPRANRSE.- dgeﬁbﬁud f¥86nces
segnents of rat tn%gnomc se uence from GenBank served as a guide to

| ocat e t he feaseiGepB @1@@11&1@53 mobﬁlvaﬁxepma;ﬁddmmmtmnsméewlgm and

expression 4 ocus tor Y, ain_ Cene' h
Expr essi on JEogoélém ?% WaFB%ggrie%fﬁe produ ?e eﬁnﬁbﬁe me%(e&e@g | ocus

vector of t(gA) wueiablam @annaﬂpedaﬁmeahbﬁbewﬁn@amewe sedrdnt€3ER| €,
t he sequences formng the vector can be 15 obtained froma single clone

or fromGulgenpmie sememes fromnEienBelesraea wsamawde indoeale drdodingregions rad tat
ferrltlnh r nmalian ferritin heavy
chai n, %? 8Q§Ig§nf*}ah§%a%{%é¥e£ n%ﬁ}eg’\%mgﬁal n genes. The sequences
can be based on aII natural |l y-derived sequences or a m xture of

nat ur al | y- daoductidn afiferrsinfiémtyi Chae Gepntiesh Expressisi Loams Vdche. | ocus vector( )
can be produced by_first obtaini n Q one or .nore |ar enoni ¢ fragnents
including all od %i.ﬂ e ragueo ata gfheewssecrwﬁm\ge@%gog & BHETHAN en

del eting Orbe'a'a rﬁ%&%& F}B%%iggg&%gé eﬁ?ls ‘%ﬁe %\1%&6'& 'ﬂcﬁﬁﬁﬁ it Vegﬁ)g b Be

sequences, e pro onin oni ng on y the desired
fragnents ofbtanlml fremrai single ble:aeybr Glori mugfpﬂmclon@ CFheamgudncesicatdbhasedg

these with o es dse uences. Sim | arl ures of th
appr oaches m\%’FFEY 8’9/8}?9" Hﬁ?‘h eaVQ’BC S I¥'d’é‘ ﬁ’ahmamﬁ%ﬁﬂ&saﬂ% and
insertion %vab a?ﬁrmr%}i%%lﬁﬁle%irhﬂﬁha{ férﬁﬁn ﬂ@aﬁ}f @din ge%§“r14@§eqtu€ﬁ&s can

approach takern and the order of the various stéps is irrelevan
be based on all naturally-derived sequences or a mixture of naturally-derived and

synthetic sequences. In addition, the locus vector can be produced by first obtaining
20  one or more large genomic fragments including ali er part of the ferritin heavy chain
gene region and ther} deleting or inectivating undesired sequences while inserting
desired sequences, or can be produced by clomng or subcloning only the desired .
ﬁ'ag;neﬁts of the ferritin heavy chain gene region and then combining these with other C)
desired sequences. Simil.arly, mixtures of these approaches, employing cloning,
25  subcloning, deletion, inactivation and insertion can be employed to arrive at the desired
constrdct. The approach taken and the order of the various steps is irrelevant to the
invention and is within the discretion of one skllled in the art.
[0055) The high expression locus vectors of the mventmn include, in order
from 5'to 3', (a) distal 5' flanking sequences of a eukaryotic locus; (b) proximal 5
30. regulatory sequences of a eukaryotic locus; (c) at least a first insertion site for a
heterologous sequence; and (d) proximal 3' regnlatory sequences effective for

transcription termination of a eukaryotic locus. Optionally, linker sequences nday be
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invention and is within the discretion of one skilled in the art. [0055]
_.The hi gh expression | ocus vectors of the invention include, in order
fromb5' toy3 istal 5 flanking sequences of a eukafyoki.C. us,
(b) proxi n%ﬁ%?pi/ﬁ%agr egul atory sequences of a eukaryotic F’%@Eﬁ??""k"@%ﬁ%

| east a first insertion site for a heterol ogous sequence; and (d)

proxi mal 3' regul atory sequences effective for transcription termnation
of a eukar yBrepent beitiesh sapuedh () Finthemore gulsat oge phihelrbstally fggking

Fur t her mor 6 SR E 20 Pt ol S et AT R PRIR IR bl

proxi mal 5' coregpbRliog seqnemits of aFelim Kb tiadih bale. i1d@bivstembiiditients, distal 3'
"correspondi ng sequences of a ferritin heavy chai n gene. In sone
embodi nent sflaging sgquences preAse wghuledoe theagciote al so i ncl uded in the

vector. [ 0056] e i I: ' ector of the
“inventi og, t he B@g?])@@ég%%ﬁ?ﬂg%@%rﬁgg%&g%ﬁg%&oﬁb%s%? %’ggéﬁ}eﬂ}' %élrt]i%ghk ‘
Accessi on Nehe pFARIVEBE. deberifddeldw Sis discRikd HOGSMBIBNICRSsAGINBr oxi mal 5
Regul at ory ‘Sequences. [0057] In sone enbodi ments, the distal 5 flanking

sequences of\YtlAé9ibcus 10 vector will include a sequence of 100-100, 000
nucl eotides having at |east 70% 100%identity to a nucleotide sequence
found wi thin thedifsta] s¥iafdADSLAESAHANGESHPE s EBARE $ddiefiRRYY chain
-l ocus. Thus, in some enbodr IMents, the Sta s can

i ncl ude at | east[0D80] ﬁﬁ@gme?&ﬁboéinﬁaﬁ&, tHEQT Q605" f130kiA 6 equEic @04 the 10209, 000
nucl eotides having.at |east 70% 75% .80% 85% 90%. 95% or 100Q%:jdentity
Lo a 15 aoreur e iedatienteneatiel THdHnOLmicsnuss ey poast s biiances
of a ferritifnfgayY nEBatidE dQGtRe Bind Vo hd df)shﬁ Seﬁkﬁfm};%&%@ﬁ&‘é’of%he
stal 5" sequences can 1 nclude 1,000-10,000 bp, 2,000-9, 000 bp,
, 000- 8, 000{eptirheayy @b8in To@B0 Thusah shhwrevitngimens ukndistl 5T Dokdg senuatdesr:

croodi e, k5 T 0 SNBSSl R Spd et or
chain  genens@saBERSin@Rdedsd 7697959011309, 8BAL 504N e5%%i sitiapvPidehtigb ang
sequences W ll be wunrelated to any corresponding ferritin heavy chain
gene sedfeneesdcotiloosplenoinmad vatvin theodistah® fgnkinglseqrentenefia fegitsehgmnices,
A T
sequences of 00HMe0J000 bp, 2/601-91000ibpl 3IGNOLIOW Bp or 4,000-7,000 bp of flanking
sequences. -
[0058] In other.embo'diments, the distal 5' flanking sequences of the locus
20 vector will share lower peréentages identity with the corresponding ferritin heavy chain
gene.'sequeﬁée_s, and in some embodirnénts the distal 5' flanking sequences will be
unrelated to any corresponding ferritin heavy chain gene séquchcés. o
. C [0059] Downstream from the distal 5 ﬂankjng'sequeﬁc'és, the hlgh éxpression
locus vector of the invention includes pfoﬁinlal 5 regulatbfy é.eqlireﬁt‘:e's. In some
25 embbdiments, tﬁé proxizﬁal 5' regulatory séqteﬁces of the locus vector will include a
: sequ'e-nce of at léasf '201—10,00'0 micleoﬁdes having at least 70%-1 00% idenﬁty toa
nucleotide sequence found within the proximal 5' regulatory sequences of a ferritin
'ijeavy chain Tocus. Thus, in some énlbbdimenﬁé, the proxiﬁ:lal 5' reguléatoty sequences
' can include at least 20, 50, 75, 100, 500, 1,000, 5,000 or 10,000 nucleotides having at
30 least 70%, 75%, 30%, 85%, 90%, 95% or 100% identity to a nucleotide sequence found

within the proximal 5' regulafory seqﬁ"enées'; of a ferritin heavy chain locus. -



sequence of at |east 20-10,000 nucl eotides having at |east 70% 100%
identity to a nucleotide sequence found within the proxi mal 5'

regul at ory, ] . of a ferritin . heavy chain locus. Thus, in sone
“enbodi nent‘g,%qtaﬁ‘g&gg%xi mal 5 regul atory sequences can intt HHS20P033 3L
20, 50, 75, 100, 500, 1,000, 5,000 or 10,000 nucleotides having at 30

| east 70% 75% 80% 85% 90% 95% or 100% identity to a nucl eotide
sequence found - PéNi nntdieer snbeidivagnts the pgyitaaldy eesbdenseawenots af therritin

heavy chain | ocus. 1 2004/ 037982 PCT/ 1J52003/033433 [00601.1n ot her
emboti ment 0ty S M B R RGeS SR L P hen B e LYY
Wi |1 share chemesenp 86fiRAERIRR ihdeikidnbotihéhts R HeXHAS BORGIAM 8EduchédR
heavy chain_gene sequences, and in sonme enbodinments the proximl 5
regul atory dated g pny ¢reragpensiing faritiphenvy dbeinrgepgsagienges.erritin
heavy chai n gene_.seguences. .5 100611, hi all odiLments, the proxjml 5'
regul at ory sequgrqﬁ‘g@_ ﬁ@sa?lseﬁ%b(’dglf’?lgtﬁ’t _?/quxgn?‘ﬁﬁ?%tl%ﬂ’ ANTHEE? ﬁ% of
t he het er ol @gotve ©AMitAGoR GEhREption BEtheMeRF4I8Eo1s Yolding! 12810486 beinsedtB¥uto | N
t hose enbodi nents in which the proximal 5' regulatory sequences are

based upon théeedor ridgpondhesg erdodiments ealigh dheproxieald’ meglasoryssquenhes

shoul d not be varied,to such an t ent, t hat, t.he sequences bheco
- Thettect vy s PpPA ks R R Bt horyY Ep i eeh? RO e g mot
conservat i g kel @REdthes csteahihasheReqichfdybdeBifie iRffedtivE RS DARathioNdNg
site, or the replacenent of these features wi th equival ent sequences, is

necessaly trsowpEBgigescripten i b theyconsery Hiwnadfraigrs sach/escthe ' TAGA bord or

ot her hand, it 1s,.aS0.acceptabl,e to | et gl v _replace .t hese seguences
i th fonct B RRbEP e GERE Sheshtaf S Retnd B B SR S E Eany
known pr oxiigBbedssary &gprleddrod fintEGn010% of the Rk pizsdbh @6ctee NOS theSthkd kit id t
i.s acceptable to replace these sequences wth chineric sequences based

upon the pradsd asseptable fegempletshyreplage Hirse saquengrsoyithimestiges) equivalegtydom | n
N Ry _ . , . TTo _ .
20" oot Al dacd e lias] Sl i KhARK RO AETIHSBERRRATAAGE RERX ™

nucl eot i Hlesothérgenery Sitniladgst isH3eeplaklede cbphick tlyest eequentied wioli thlienesiequence

found within, respectively 20 the_distal 5 flanking and proximl 5'
regul at or y SSBBRNSATRASCHRPOH theproxima! f aegR]atoRaTegions & WO (OF MOBFESRFS. t hese
enbodi nent's, thegdist at, 2, feln?m@a'- QRHE ' - Praxi '

regul atory sequgrqgg? hjz:iuvsgmfo- 00 21 ?nc}g’nti t%ﬁst%t¢g%g%ssg§%é§%é%%@smﬁ ound
within a fmoxintd 5 fegelatprye beguendes durdudd D868 &ndsedfaat dasi T00- Bi00mededtides

and can' ai GAvTRerAes ALEQSDATIGHY B AaBpiepbdc Seaments Gt i reepEeiely,

20 the distal 5’ flanking and proximal 5' regulatory sequences of a ferritin heavy chain

locus. In some of these embodiments, the distal 5’ flanking sequences and the proxmmal
5' regulatory sequences have 70—100% identity to cohtiguous sequeﬁces found within a |
feritin heavy chain locus.
[0063] Because intron 1 of the ferritin heavy chain gene can contain positive
25 regulatory elements, and 0.2‘111 aid in RNA processing and transport, it can be
advantageous to create a locus vector that includes the maintenance of all or a pdrti on
of intron 1 as part of the proximal 5' regulatory sequences. This can be accomplished
by maintaining an ATG codon and, optionally, additional codons 5' to the beginning of
the intron 1 sequences. If codons other than the ATG are maintained, they can be
30 derived from the ferritin heavy chain gene exon 1 coding sequences or any other coding
sequences (including synthetic or artificial sequences), and will encode the N-terminus
of a fusion protein with the heterologous coding sequences. Such an N-terminus can

function as a leader or signal sequence to aid in expression of the heterologous
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~advantageous to create a |ocus vector that includes the maintenance of
call or a portion of intron 1 as part of the proximal 5" regul atory
sequences. This can be acconplished by maintaining an ATG codon and,
optionally, WaREIH138¥8%2 codons 5' to the beginning of the ROWUSMW0H033433
sequences. |f codons other than the ATG are maintai ned, they can be 30
derived fromthe ferritin heavy chain gene exon ‘1 codi ng sequences or any
ot her codi ng n i

e e R L RG L I
codi ng sequemsgtion S (e &m Mglsrrmm@tmnm orﬁpnbﬂmhﬂ)asnhe iimadet 5'do tlsi gnal

sequence to |d i.n é’% of t he heter ous 04/ 03798

PCT/ US2003/ obegangin hal spRRSE Repq g ﬁ“ﬂ%sﬁ\iﬁe%% FEARRCes (S
addi ti onal hﬁa&errok 9@95155@@%@@% b Bfthd Ailll e(£TE codén émgé Srovided as
restrictton site or a polylinl".er) can be inserted 5 to the beginning
of introndl mQﬁt&tVs@qﬂencasbmboﬁthgmsam‘tmer@&gbwannaHC$equences

, I d te T ATG
Codon” can’ bo pr oViEE aloR R g ni BRebfa in e Sithel EATG colgf oy
inserted hetggpel d&@h@qﬁ&%%ﬂﬁﬁﬁl RGN M@aﬂodlﬁl@ﬁws%@m cB&&Hcdbe

mai ntain either the ATG codon or any other codons: prior tointron 1.
Rat her, in spmesengirbodindeortcan b@m@md&éhzo@bﬁemmouecoqmgswnm Imsonh 2 or

C e o e R B AR B L S SR )

10 the i p§r Ofhe teOFONexon 2HGEIS) and it ADE DI 61%’3? Raiebé Bﬁfwmrhst;@nmm(é ded
as part of the vector, or can be part of the inserted heterol ogous

sequences- IYﬁCEﬂTJ ot 9B bamedHT ihe iparted heerolagousrrequansey. i) alhl@atamﬁsm avhich
ctor, howeye 1{11 1?)%(3%21' %%’Fthg%gtr T %’3%%& hi& ﬁS&&&’&o‘? 1%_@;[' \GE&Qf 1 ntron
or eCIUI val ent splice daonor an g ﬁnt ai ned

SO that the defiiériets SLMtON ST @h@va@@ﬁ&pﬁdﬁ@&@f&ﬂﬂ&c@@ﬁbi %qﬁéﬂfﬁ:‘d&ﬂust@eher
15 sequences within the intron can be deleted.or varied, or additional

sequences ¢ aWaJBE'JJFQQsS@rtF@dhe WS OB SERUNBRATA BOSTLHNSqRRAOpalY Tamovdn et s i n
whi ch | ngﬁ Ogs,relqgérﬁgw st on on dz daﬂsb% el égll é}fvaﬁe@ %%ﬁ&%%ﬁﬂ%qg&%wgaﬂ o1 on,.

whet her . not sru t he splice’donor an
acceptor si tiaserter]ist dasemdimdsiemnt Hloiwevapin mmnmmm ﬁhxdhamm‘rpl irmsintssed, or

must provide e U|va I'i ce danor and i 0065]
Finally, bec# Pré‘iﬂ%?f QEOHS RRUDS TS Pﬁﬁé}?g% &2‘”& 3“§f|°§‘o1 E%ﬁ{ %‘Ptﬁf‘é“&ﬂt
iron regul atﬂﬁé){ ITRBE arld 4262 ngr siteR, ﬁaﬁﬁ réebGstrid dRPRIRY GBRGEIM a@@é‘ﬂtﬁﬂ §1es,

-138 to -111) - at” negatively controls translation dependi ng on-t

~ level of |rwmmseprmqumaMMMrdoammdaC(celﬂQB.*)ltesOelI 72:19-26), the

creation (9 t the | [%SHSQ] VE a {(, b%%gusg I%rr?tm 1¥eavy chain gene exon 1 also contains an

iron regulatory element (IRE) 3” to the ATG (at approxunately posmons -138to -111)
 that necatlvely controls translation dep endm g on the level of iron (rev1ewed m
| C - Klausner ot al. (1 993), Cell 72 19—26), the creation of the locus vector can optlonally
include the deletj on of the IRE from the prox1mal 5' regulatory sequences

25 B. Fen"ithi Heavy Chain Coding Regions.
' [0066]) Typicai]’ji,’the locus vector will not include any coding régions from
the ferritin heavy chain gene. However, ”d.ei)end'ing upon the method by which the
“vector is created, ferritin heavy chain coding regions can be included iﬁtenﬁo'na}ly or as
artifacts. For example, if the entire ferritin heavy chain gene region is cloned mio a
30  vector with the intention of using only the distal 5" flanking sequences and/or proximal
5' regulatory sequiences (together "the 5' ferritin sequences”), the coding regions can be

“purposefully deleted in their entirety. Altematively, a heterologous sequence insertion.
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i nclude the deletion of the IRE fromthe proximal 5" regulatory
sequences. 25 B. Ferritin Heavy Chain Coding Regions. 100661

Typi cal | yqs, ) vector will not include any coding i from the
ferritin ﬁ%%@@“@ﬁggﬁ gene. However, dependi ng upon the néiﬂ@§5§V“Rﬁp%h
the vector is created, ferritin heavy chain coding regions can be

i ncl uded intentionajlé@pr_as artifacts, For exanple, if the entire

ferritin héd%(esnarnelaREricien sie ore RAWiRksD) andpraxingl I cegslatony spqucnecs
ferriti : . : | ' e
5 Fogut ar oy GiRfaBp ke 3C0 A enRencok ARG, SEUENARRARLYS PR ™

codi ng regifansincagquednecs withga slefetibb yheomldaigpegionst Because of tlisShiervening

Al ternatively, . a H]et er.ol ogous sequence insertign_ 15 W 20041037982 - N
PCT/ US2003/%¢8 eodmeegigns weuld bgnactvated: [ Smilarysilt ef e cadisgrogippker )
and, prox ¢ gt REBLE, | ' ' ' nki ng
sequenc?s;%;é% Itg{ e i ﬁi%lrh%/cé)g [ m%l%?tgcti 81(’36/& ﬂgmgp{é&?ﬂ@gé&eﬁ}%%&h s%q%éedggences
Wi t hout delisskitivg diteemd peldrimal #geguistorBegatsees ¢dndt diionnily dise3hPanking

i nsertion, the codi &g regions would be ipactivated. Simlarly, all of the
codi ng r egiSeEnsese saHd berperied gpmedistidn 3 dedheistad cadpet apddition, a larger
alternativ sl fo] ﬁfec}H ! i 1 I s i 3
regul at or y%?g](ﬁl}eﬁg}éé;@%%ﬁ} pt1onall yﬁgﬁg%e&%z&éﬁiﬁﬁi&r%ﬁ Oggﬁeulge%%éis(%’%lé‘%ul d
be i nsert edequenedinatieiby sie ahdpioémslt Ardgubnoigseqhencadintioptionsly dis@es’
portion of the coding regign can be maintained before the insertion of
the het' oif5abng Se@l@&ﬁ@ﬁ o B & dvsip arodsin s b PSR ai inally.cogthipgtiong of

sequences -%gﬁ,lr ' i ot Qatin

fusion pr o&%@r%%# pér)égggéc%%ﬂ%ﬁ%%?ﬁ é%%ﬁ%?%?%@%%ﬂ%‘% or eg%i ng
appr oaches regonsrge pagiatly ddletadcindipagiallyheadtemtadtiynthh émestionhefi integvesingg B
regions are partially del eted. an artially inactiyated by the insertion! .
0 | nt or veRPAEPOSa qu SrEE SHOPHIrERtS TEHEU IS, HBIAsdRe SR o PRsteckss
reduce the;$icg0atfl abhd'EntYARIMAIA seqhtiRet kalgde@nd untransl ated sequences

are deleted. 15 C. Heterol ogous Sequence Insertion Site. [0067]

Downstream from the proxi mal 5' regulatory sequences, the high.

expressifon | ocuss.vBeterplogustSequénoednsertton Site| udes an insertion site for a

het er ol ogous s o such s a “ Ii,n<'r Site.. The heterql ogous
sequence i nsertﬁmi t mggsﬁregg ﬁ%‘ﬁy%% f&a&%@‘e" F?ﬁugat&ﬂ’i S&ﬂu%flcl‘?ﬁ’t%? gﬂgg‘gous
sequence CaRplssibNERLE febtbibfahs ivehtdeiichides Bn GRBIIA sitedoPd HetBfBsiduE abl e
manner t.o allow for production of functional high expression |ocus

vectors wi SPRUEDFRaBYNRN pollipasiei dhe beterlegusseaumise mseBivnsiiesgnber a
heter ol 090 iy SERRENSHIE Aich N H et B108bh LS gh B NANDGHUR 18 & YR Ay O

site-directe
20 controlled and predictable manner to allow for production of functional high expression

J

locus vectors with a reasonable expectation of success. Insertion sites for a

heterclogous sequence can include sites for homologous recombination, site-directed -

()

mtegration {e.g., via transposons or viral constructs), or endonuclease-mediated
restriction. The length of the insertion site can vary from 4 bp (for use with four-cutter

25 resiriction endonucleases) to 1,000 bp or 5,000 bp (for use with homologous
recombination methods). However, in certain circumstances, the 3' end of the proximal
5' regulatory sequences and the 5' end of the proximal 3' regulatory sequences can form

~ an insertion site without the need for the inclusion of additional nucleotides between

themn. Thus, for example, the last two nucleotides of the proximal 5' regulatory

30  sequences and the first two nucleotides of the proximal 3' regulatory sequences can
form a 4 bp restriction site which can serve as an insertion site for the heterologous

sequences. Aliernatively, only one or a few nucleotides may be required to form an
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integration (e.g., via transposons or viral constructs), or

.endonucl ease-nedi ated (,) -restriction. The length of the insertion site
can vary fr. 4 %or use with four-cutter 25 restriction o
endonucl eas‘gg)m%@g?,(s 00 bp or 5,000 bp (for use with honoF&Ja{ps03/033433
reconbi nati on nethods). However, in certain circunstances, the 3" end of
the proximal 5' regulatory sequences and the 5 end of the proxinml 3

regul at ory desgtitmceis bebyeehdhese sequenesse (Ehusythe langthwiithoinsertive siieechlfide O he
i ncl usi on of, gddi, onal _nucl.eoti des n_th Thus, for exanple, the
| ast two nucll’ 2b?ri3tdgé)§ggwepﬁgﬂ§r%§?ﬁoa?’eﬁéﬁﬁgaﬁpé?%%wfo sequences and the
first two nucl eotjpalsy ah sbine cbedinitks, The Kt@uloabas SeqateeREeSorCaR: willor m a
‘4 bp restriction site which can serve as an_insertion site for the

het er ol ogoudncledepnsife seore ppelaptitersequanges, onlejtherfae sensg of antisenesd stvuides nay
be required [ 16.. V0. 0 P 03/ 033433 .4 nsertion
‘'site bet msze r‘{& ]?%%és)egpé s%g Eséhﬁg%%n. Sl%ﬁsaéf’? ‘%%Lzrgf%rn‘“bﬁgﬁg% 91%%39?%%%38?1#5 ®site

coul d be 0, restictidn sites Gt urdguevilthe Astdrndihb Bndetticn HOQaRBe d9oHlinked
above. [00681 I n sone enhodinents, the heterol ogous sequence insertion

site will itk medudes gandipiiveolsueh estrictien suepfeméiosd ssatee flewbility héugense
o e . Y iy Fois :
artiticial cageiarauRa Gl R BN AcARs; A ebhlC Ak bbb RV

vect or, and s BRatpledrdnd@igwe3e can be a pol ylinker that includes a
multiplicity of such restriction sites to afford greater flexibility of
use wth different_restrigction endenucl eases. An exanple of such a

4=

pol yl i nk& is prébi rgumal 3’ Reaulaiog ¥igure 3. 10 D. Proxinmal 3

Regul atory SequengRsj [[Q)Qﬁ%iregﬁ‘mﬁﬁ W%Jl‘ﬁ&%ifé‘l%ﬂﬂ%&&ﬂ@o?& &ﬁuérﬁres,ttﬂg
t erol ogous sequences, the high expression [ocus vector ~of the
nventi on i highttessgpoitcnsivegor ofdhe iventign sebpdenpesim#dt’’ eegratonyum  t hese
sequences include a ,pol yadenyl ation signal..In so enbodi nents, the
o oxi el 3 Sr A1 B DR sl £ T BHSE A S B T Sore
term nati on egihgfdents! ﬂm&ﬁ@ﬁnﬁwgﬂﬁﬂame\%%é QRUSAGRE £RndcRpHMIE the
translation termnafion or stop Godon, ereas in other enbodi nents the

stop coddn wirminden signel. Udsdme embiedineis ty spgoenrces eguinnbde ithsteansiatiof0701

e P 06 e S} Skl RSB DR e TARMLA e

proxi mal 3' inc&meﬂggmeqfeﬁmog@g@qﬁ@@esteﬁ,he | ocus vector will include a
sequence of at |east 10-2,000 bases nucl eoti des havi ng at | east 70% 100%
e

identity to a nufd8}i dheseeiienta reglaary sequences can be derived from the ferritin

heavy chain gene, but need not be. For example, in some embodiments, the pi'oximal 3

20 regulatory sequences of the locus vector will include a sequence of at least 10-2,000
bases nucleotides having at least 70%-100% identity to a nucleotide sequence found
- within the proximal 3' flanking sequencejs of a ferritin heavy chain locus. Thus, in
C | some embo&h'nents,- the proximal 3' regulatory sequences can include at least 10, 25,
50, 100, 500,.750; 1,000, or 2,000 nucleotides hav’ing at least 70%, 75%, 8§0%, 85%,
25 90%, 95% or 100% identity to a nucleotide sequence found within the proximal 3'
regulatory sequences of a ferrtin heavy chain locus. In-other embodiments, the
proximal 3' regulatory sequences will consist essentially of a polyadenylation signal,
which can be derived from a fernitin heavy chain:gene, a heterologous sequence, or a
synthetic or artificial sequence.
30 . .[0071] Inother embodiments, the proximal 3' regulatory sequences of the

locus vector will share lower percentages identity with the comesponding ferritin heavy
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within the proximal 3' flanking sequences of a ferritin heavy chain
| ocus. Thus, in sone enbodi nents, t-he proximal 3' regulatory sequences

can incl ugg @tyobdast 10, 25, 50, 100, 500, 750; 1,000, 1653969033433
nucl eoti des having at |east 70% 75% 80% 85% 25 90% 9 %or&?o&%

identity to a nucleotide sequence found within the proximl 3

regul atory.,sequences of a ferritin qiag}}/ Cth in Iocuzan. 0n her

enbodi men{ban e SERSFsamain soins pliosierts Mt RroRensl;y feeplRily syauences
essenti al lwilfe réiolel 36 oMY batdspbndih g Rattitin hehv-F fhaid RerRSegedicked from a
fenmtin heavy chain gene, a heterol ogous sequence, or a synthetic or

artificial sequence. 30 |00_711 | n ot her enbodi nents, the proximl 3

regul atory sequé algt ¥ n ctor will share | ower percentages
identity with t oryesponding ferritin heav 7. WD 2004/ 03798

PCTI US2003/ 03348872 BF ARG Bonuibkpieimafd I?%“%‘S%“&H%“&Fﬁé%&sgﬁt he
proxi med  ZexpfeRsith 3Rk YeSEEGEME @fventibh Ep@@;ﬂ@riﬁblﬁﬂ@sddiﬁtﬁi AMankRENespondi ng
ferritin heavy chain gene sequences. E. Distal 3" Flanking Sequences.

[0072] Dovisgeansesn Theodisteh? fnkiugrrgnugices eapbadaiipd Seguihedenitinlivaviii gh 5
expression.l ocus vector. of .t he.invention optionall.y include istal. 3

fl anki ng c;‘g%eﬂg’et%u% nﬁ%n?fibset |or§xmﬂ)fgh1l?i % nﬁ%‘i‘\%‘ggtst ﬁb%al _eﬁ?@%%f rom
the ferritdefudiRayyf the atub veBQBEWIIDiclyiekefRENdR® aFRAStENBNTIOHO0I N SONME
enbodi nents, the distal 3" flanki ng . seguences of the | ocus vector wll

i ncl ude a Wisipgtideshayingat leashd0%1 84 oynuboto awndlentide geanenes fovgd atithieast
70% 10980 | glentdh % hBud UCLEOLL P, 168UE TGS, BndiMLL PRI G, LeJg, di stal 3

fl anki ng sequences of & PEIET N ﬁeavy chai oCUS. Thus, Th sone

enmbodi ment@nbddiv@ests shalistil 3f lakkignequesise Re sndadt 4t ekur®, 800,705 1,0000,

500, 750, 1,000 10, 000, 25,000, 50,000, or 100, 000 nucl eoti des having ,-
at | east  7UH§007B5,00805%,0005 07 108609 muslogtisies Dewmeiatisaet 100175 % %ol de ()
sequence f AT 1 ] e j SEHED el bt

heavy chai %jé{“l’?cs\t%w@ %E@?}\lﬂ%ﬂnoagfﬁ%lgidé%%%s Sel ow, t@ﬁéﬁ {“fhgﬁai %g[ @mﬂé

fl anki ng seguaiteest £ firiiinabavdechliinioas] 0A OSkbviapin the 604mBleHDElotpihe distal

3, 000-8,000 bp. or 4,000-7,Q0Q b f flanki.ng sequences. [0073] |n other
ohbodi Kent3 fORRBE graiearesseaARgNE hoed i ams 23PN 1000 baac e 5 1|

share | omegjomq%@boggﬁglgﬁ%ggtgg@én%gh the corresponding ferritin heavy

chain gené sequenc one enbodi nents the distal 3 flanking
sequences wi || .[9872D lnothba¢mbbdimenisytheaistals}) dladking séq@rencdsiaf thelaeys chai n

gone S oo OB 1 Sl PR IRh T Lk SRS SR nBRE AL
gene sequences, and in some embodiments the distal 3' flanking sequences will be

20 unrelated to any corresponding ferritin heavy chain gene sequences.

[0074] The following examples illustrate some specific modes of practicing ~
the present invention, but are not intended to limit the scope of the claimed invention. (3
Altemative materials and methods may be utilized to obtain similar results.
25
EXAMPLE 1

Creation of a Ferritin Heavy Chain Locus Vector.

{0075} In order to generate a high expression locus vector based on the ferritin
heavy chain gene, three phases of development were employed: (1) cloning of a
30 ferritin heavy chain gene with substantial 5> and 3” regions; (2) production of an

expression vector based on at least one of these gene regions, and (3) optimization of
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the present invention, but are not intended to limt the scope of the
.claimed i'nvention., C). Alternative materials and net hods may be
utilized tcwomoammggym lar results. 25 EXAMPLE 1 Creatio Ltin
Heavy Chain Locus Vector. [0075) In order to generate a hgcﬁ;UeSg%dr:@éésﬁk%n
| ocus vector based on the ferritin heavy chain gene, three phases of

devel opnent _were e cIonln of a 30 ferritin heav |n gene
W Eh Subat aFE vEF OB RsAHE P g g b poRgeie P i tove Bt appas
vect or basefrddicdthe s&asbr Vgémtm@ﬁefeg@fge regions, and (3) optim zatl on

of 18 WO 20031037982 PCT/ 1352003/ 033333 the vector. As noted above,
many ot her -appr ol¥fel &usl thetiagion iseniningmpibeferitindicayy chhi exarisdromnesaid

Farr1 1 et W SR ntor e Kl aPtyechF R0 Y o8l HALY ¢ Betine
Litnus 3§ verkeld Ethelmﬁﬂh KRoDRASh&t §vaR 1@1%@1&%105&&;3@15;;

(Figure 2). The amHH Xr ol fra ment was isolated fromcosmd I SA and

| i gat Ied i nt end ligahubinggljinge s éthWﬁﬁ i haed Sl to ganerpenplesnist RﬁeaXin d
Fer X 15A
DT e ey W PlcoSRRONS RSB el B3kt e BEPHRRF LS oty 0™

Therefore, meafMard hRed Gﬁﬁfédh@dﬁc@ﬂn%i}ﬁlﬁg Tmafor@@&newmbstﬁeu@pﬁw ate.
10 [0077] Figure 3 illustrates the deletion of t he fragnent cont ai ni ng

exons 2, 3, OCWSmW%bBPéW(NBand the insertion of a polylinker -
cont ai n| g Aat | | S S, t as Fe X2.
The del e ed Hpal [o;i}'?gb % re§ ?&SE %Ep%ne%{ E‘ef&%aﬁqg%ﬁ%%c?ﬁg.%e‘g]e%ggrtgto

the Hpal sigld ﬁoﬁlhﬂ?eVXEtaﬁ(ﬂ merin@a‘fﬁcm%fa ﬁdslghﬂcerenﬁtaﬁﬁng RhetT @l Sdi nker
regenerated the Hpal site, but the 3 end did not,. Screenlgr;g for the 15

&;l entati onr eémcfi%ﬁl“isﬁf{ EFnSiats PlRsFd pEFney- ﬁ@? dﬂﬂ%ﬁgpaﬁﬁ sxEndethiremg
gi on was ﬁﬁ?lﬁ-(fﬁgfgté OB S8 XS the! }g‘?az'sﬁgmttﬁ@ VG i in ﬁg*lgg}r{%ﬁﬂg E?Sﬁf@ftﬁ@d the

foll owi ng sp onor Intact to erate plasm
illustrat eSpdlja]aﬁketf@eﬂeh'eﬂltbmeﬂ ditecbwtiba31 emlodii mgt. r Sgeening\fis the

acconpl.i shed i sql at t he Bat nHl - H (2515-2719) and Ncol - BanHl
(2830- 2535)%‘?‘%@?&#@?%2‘@5 P’é‘?‘ﬂ@éﬂggé and Ncol generate conpatible
over hangs which [2@'79} ttrﬁeieiéhel E&ﬁHJv Hg’ﬂ:ﬂl wizg @a@e@tﬁ%ns Araso! 1&%@%&&9@ her

to generate pFer a result of "this mani pulation, exon | oOf
vect or was mﬁmgedotﬁummd the following sphce donor intact to generate plasmid pFerXS

Figure 4 illustrates that the deletion of the exon 1 coding region was accomphshed by

1solatmg the BamHI-BspHI (2515—2719) and Ncol BamHI (2830 2515) ﬁagments from
20 pFerX2. BspHI and Ncol generate compatlble overhan gs which perrmtted the resulting

fragments to be ligated together to generate pFerX3. Asa result of this' mampulatlon,

exon 1 of the vector was changed from:

BspHi
CCAGCCGCCATC ATG ACC ACC GCG TOT CCC TCG CAA GT@ CGC CAG BAC TAC CAC CAG GAC TCG GAG GCT
GRTCGGCEETAG TAC TEG TGEG CGC AGA GGG AGC GPT CAC GCG GTC TTE ATG GTG GTT CTG AGC CTC CGA
FMet. Thr Thr Ala Ser Pro Ser Glm Val Arg.Gln Asn Tyr His Gln Asp Ser Glu Ala

’ " Necol Splice Donor
GCC_ ATC RAAC CGC CAG ATC AAC CTG GAG TTG TAT GCC TCC TAC GTC TAT CTG TCC ATG GTGAGTGCGGCCT
CGG TAG TTG BCG GTC TAG TTE GAL CTC AAC ATA (GG, AGG ATG CAG ATA GAC AGG TAC CACTCACGCCGGR

FAla Ile Asn Arg Gin tie Asn Leu &lu Leu Tyr Ala Ser Tyr vat Tyr Leu Ser Me t

to:r .

19



BspHI  CCAGCCGCCATC ATG ACC ACC GCG TCT CCC TCG CAA GIG CGC CAG AAC TAC
CAC CAG GAC TCG GAG GCT GGICGGECGGTAG TAC TGG TGG CGC AGA GGG AGC GIT CAC
GCG GIC ™6 200@338> GTC .CTG AGC CTC CGA )Met Thr Thr Al ap&efusksieSass G n
Val Arg Gn Asn Tyr H's Gn Asp Ser Gu Ala Ncoi Splice Donor TC
AAC CGC CAG ATC AAC CTG GAG TTG TAT GCC TCC TAC GIC TAT CTG TCC ATG
GTGAGTGCGGCCT CGG TAG TTG GCG GIC TAG TTG GAC CTC AAC ATA CGG AGG ATG
CAG ATA GAC AGG TAC CACTCACGCCGGA RAla He Asn Arg G n He Asn Leu G u Lou
Tyr Ala Ser Tyr Val Tyr LeugSghoiet to: ... 19 WO 2004/ 037982 :
PCT/ US2003/ 03243 3cedafik b CorsDaRe e reeAI@CCCATC ATG GTGAGTGCGECCT
GGTCGGCGGTAG SRAC: GAGTEACBCCESArcaredtea 00791 Del etion of the exon 1 IRE
was acconpl i shed by repiM&ding the Sacl|- Eagl (2575-2639) fragment in
pFer X3 with a |linker that does not contain the IRE (but creates a 5
Kpnl site for s Ni YAt BRek RIEAS & T _this
5 mani pul ati on,@ggﬁn ]%Q%e]:ub?ﬁg vect%%rq was ?h%ﬁgggh?%%n?%%%de% iaﬂgd) . :
Sacl | (257! E15-216393 fpgment in pFerX3 with a linker that does not contain the IRE (but

%TT@% J g-' Epn(fcs:};g %or scc:fé%Tmng ;I;) génera e plasmi p%%s a resuit of this e«
G T A G O A G G BT A L e R R R A GCT COGIECAGG
CT to (linker

CCGGCGAAA shown in bold}: Kpnl (2579) Sacil (2575) Eagl
(2611) CAGAGTCGCCGCGGTACCGEGET GCTCGACCCCT CCGACCCCCGT CCGECCGCTTTGAGCC

GECCGECGAAA! o
fusion pr OdU@iCTM@&.GQﬁ rfrehc nal el @ﬂcﬂﬁ&b@ﬁ!ﬁ&lﬂh@sc ddce GE_&QﬁG@@A@TCGG
exons 2 though 4 with a polylinker containing Swal and Noll, while

mai nt ai ni e _proxin .. regul atory sequences and proximl 3

regul at or;}gﬁﬁﬁﬁgﬁé‘é@n%oghe ferritin heavy chain ‘gene. As shown in .
Figure 5(A), the first F:CR used cosmd 15A (Figure 2) as a tenplate. (\__,
Prl.mar | ocati ons fosrac”pg‘jjl;g‘fé?gé Ferl and Fer4 are indicaled

CAGAGTCGCCGCEGTACCGGTEOTCGACCCCTCCGACCCOCBTCCGGCCECTTTGAGCT
GTCTCAGCGGCECCATOGUCACGAGCTGEGUECAGRCTEGCGEGCAGGUCGGCBARALCTCGE

[0080] A PCR fusion product was generated in a three step procedure to

10 replace exons 2 though 4 with a polylinker containing Swal and Notl, while
maintaining the proximal 5' regulatory sequences and proximal 3' regulator;lr sequences
of the ferritin heavy chamn gene. As shown i Figure 5(A), the first PCR used cosmid
15A (Figure 2) as a template. Primer locations for primers Ferl and Fer4 are indicated
by arrows. The “priming” region for primers N1 and FN2 are also indicated by bars.

15 Inthe second step, shown in Figure 5(B), a Fer1-FN2 PCR product was generated.. .
The location of the “priming” region of primer Swa-2 is indicated. In the third step, ( }
shown in Figure 5(C), a FN1-Fer4 PCR product was generated. The location of the
“priming” region of primer Swa-1 is indicated. In the fourth and final step, as shown in
Figure 5(D), the final PCR fusion product was gencrated by using the Ferl-Swa-2 and

20 Swa-1-Ferd products as templates and the Ferl and Fer4 primers. The Hpal-Aatll
fragment was isolated from this product for insertion into fhe Hpal and Aatl] sites of
pFerX4 to generate plasmid pFerX5 (see Figure 6). The PCR fusion reactions used in
the first three steps to generate the Swal-Notl polylinker are shown in TABLE 1.
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by arrows. The "prim ng" region for priners FN
15 I'n-the second step,
was gener at ed. . .
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i @smEbidE (s
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ﬂ

d Aatl]l sites of

&M} gure_6) Th

¥R f usi on

reactions

pol yl i nker
"TABLE 1 Te
Cosm d 15A

USecgnid RCRt he
are shown in

Fes/FINRr ee st
PABIE: 1. 20 \

to gener ate
EitN

:$}VI35;§WS|-NO“

3/ 033433

npl at e(s) 5'
FNI Fer4 Sec

DFNT&erd’ Prin
Pﬁﬂ)dﬁgﬁ Ferl/H

04/ 037982 P
er First PCR (4
NWeEbr | Swa- 2

pbsm d 15A FerT FN2
Fetfuct FNI/ Fer 4

Swa-1 Fer4
products
is shown i

The

TI‘TI Tt
pri mer$

and

i

n bol d,

bet ween

Feﬁ‘fﬁ%v g 7St

ﬁare%ﬁ%r wn bel

ja-2 & Swa-"1/ Fer

Jfﬂ‘évlgre ere the

d8nces by

Swa-1_and Suwa-2

enent
pf,odyp

shown

t—Fert—or Fer3SFer%

I|nker sequence
E?ﬁéen FNI and FN2 or

under!l i ned I\Ihp

Notl Aatl!|l EN1_ACTT

TCAGC T G C T AGCGGECCGCCCTGACGTCCCCAAGGCCAT  Not |

%@;@@@M@@&wmﬁwﬁmw stf3hsh boe

and the complementary sequences between FN1 and FN2 or between Swa~1 and Swa-2

GGCCG

CTTTCCATTT.

are shown underlined.

Nhel Notl

Aatlf

Notl  Nhel

Swa-1

Swaj

Swal

Not}
CPTTCCATTTARATCTGCTAGCEGCCGCTGACRTC

Aatll

TAGCAGATTTAAATGGAAAGGGTATTTGTTATTGATC

FN2 ACGT CAGC G C

- ACTTPCAGCTGCTAGCEGECCECECTGACGTCCCCARGGCCAT

ACGTCAGCGCGGCCECTAGCAGCTGARAGTGGARAGGGTAT

[0081] The Swal site in the vector backbone of pFerX4 was removed by blunt

cleavage of the plasmid with Swal and inseﬁion of the double-stranded oligo:

GGCGCGCC
CCGCGCGG

which contains an Ascl site to generate plasmid pFerX4.1. The Swal site was removed

" from the vector backbone in order to make the Swal site in the polylinker above unique.
[0082} The vector backbones of pFerX4.1 (in which the insertion of the Ascl
ooligo of Figure 15 desiroyed the Swal site in the vector backbone) and pFerX5 (which

, 5
C
C
10
15
20

inchuded the Swal site in the backbone and the polylinker) were swapped using SacH-
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Swat ~.. Swa-2 T A G C A G ATTTAAATGGAAAGGGTATTTGITATTGATC 10 [ 00811 The
Swal site in the vector backbone of pFerX4 was renoved by blunt cleavage
of the pl b, Swal and insertion of the double-stranded oligo:
GX)GCGCCWSQB whi ch contains an Ascl site to gen%?ypémﬂp'gg?‘i‘?ﬂ
pFerX4.1. The Swal site was renoved fromthe vector backbone in order to
make the Swal site in the polylinker above unique. [0082} The vector

backbones d¥thHEzgaents 0] geneate 1 pEeE%? i(Bigvse 71 deng el wntaipddbe Fi gur e
15 dest m i e ¢ 1 nk - (which™ 20
I ncl ﬁZecrjo%/‘ﬁjceiylg\;\kgf Sl ‘é‘%‘%f%ﬁ%%“%k%%ﬁ%%en‘g&?‘ %Rélﬁg%a&%grs)% a\i\(glﬁée%pped

usi ng SaclpolylRikeY\@ig0€4/ 037982 PCT/ US2003/ 033433 Aatll fragnents to

generate plasmd pFerX5.1 (Figure 7). pFerX5.1 contained the polylinker
and but | acked the Swal site in the backbone, making the Swal site in the

pol yl i nker uniq : pol yl i nker Bgll| Bst Bl :

CTGTGAGATCTGT T(@%%Gﬁﬂ%@@%gﬂ CTAGACAACGCTTACCAGCT Aatll Sall

conpati ble conpatible was inserted into the Sall-Aatll sites of pFerX5.1
to generate plasm d pFerX6. The pgly!linkgg includes both Bglll and BstBI
sites and was designed to receiNg:ih&AdLst@az3ce fl anki ng sequences of
the ferritin heavy chain ge@esestdct®Q84taddrardi&lalr 3' fl anki ng sequences
of the ferritin heavy chaigagugene (Aatll-BanH Egsagnent from cosm d 15A)
were inserted into the AathmBgibled sites of pFeectpatislegenerate plasmd
pFer X7 (Figure 8). [0085] The distal 5" flanking sequences of the
ferritin hwaipseteintogbe Sall-ABtlisktes ofagiraRe . If toqgenpiabr Hhsmid 1Feb¥6.ofbe of
cosm d 15A, .F.qure

Tte of prRpSB b B0 RS B pRLR R el e lo SRl S it 5T

flanking sequences of the ferritin heavy chain gene. ( )

10 [0084] The distal 3’ flanking sequences of the ferritin heavy chain gene
(Aatli-BamH] fragment from cosmid 15A) were inserted into the AatlI-BgllI sites 6f :
pFerX6 to generate plasmid pFerX7 (Figure 8).

[0085] The distal 5” flanking sequences of the ferritin heavy chain gene
(BamHI fragment from pFerH1, a subclone of cosmid 154, Figure 2: BamHI 10269-

15  15176) were inserted into the BamHI site of pFerX7 to genefate plasmid pFerX8
(Figure 9).

[0086] The origins of the various sequences forming pFerX8 are shown iﬁ
Figure 10. The Litmus 38 backbone is indicated by the filled box. This plasmid.
contains >6kb of distal 5” flanking sequences before the initiating ATG codon and

20 ~7kb of distal 3’ flanking sequences following the termination codon. The Swal and (:)
NotI cloning sites are located at positions 10240 and 10254, respectively. Coding
regions inéeﬁed into the SwaI and Noﬂ sites should be blunt ended at the 5° end (Swal
end) and should start with the bases CAG to regenerate the splice acceptor followed by
the second anune acid. The Notl site should be present at the 3’ end following the

25 termination codon. ,

[0087) An additional segment of distal 5° flanking sequence (BspEl fragment
from cosmid 15A) was inserted into the BspEl site (6037) of pFerX8 to generate
plasmid pFerX9 (Figure 11; BspE1 fragment 6034-14211). This insertion adds both a
unique segment of distal 5° flanking sequence as well as repeating a segment of the

30 distal 5° flanking sequence already present in pFerX8 (10697-13990 1s the same as
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. [0086] The origins of the various sequences form ng pFer X8 are shown in
Figure 10. The Litnus 38 backbone is indicated by the filled box. This

plasm d con ajoss7egkb of distal 5° flanking sequences befy

initiating ATG codon and 20 -7kb of distal 3" flanking sef(lq)ueSrﬁlaljcsggﬁﬁ};*3'133

following the term nati on codon The vaal and Nod cloning sites are

| ocated at d 10254, ectiyvel n

i nserted |n98§¢ E% Ifn%‘i%“é%el%ﬁ eacefiiearﬁy%ﬁfo @%ootraf'?g‘ler?ga? end
(Swat end) r@&%tﬁh@ub@arateamﬂmmbbsemﬁ Basesoianhent’seggner ate the splice
acceptor followed by the second am no acid. Thé Not!| site shoul d be

_present at the 30088 ﬂ&lelwq@ge phithe 2Bnsaribeil negipn of theddierX$ aaBjerXA
“additional s

cosnid 15A) P S,}ggﬁq@ﬁﬁtﬁ llgelrj%%ekl nﬁ%m &%HE%%%B%F%E%&‘ dgél&’é‘fr ate

.plasm d pgFei@n(EkieinlibiveBeREl The parmoé TOA addgdidddentlaiion | Is@@i& htepn

“adds both a uni que segnment of distal 5' flanklng sequence -as wel |

repeating ausdaghmed ?afemﬁ@ﬂgmcezﬁ@tlaunﬁw ﬁrﬁfaﬁﬂoiﬂrﬁg W%ﬁ%@ﬁi@bent
pFer X8 697- 1 990 th 7982
IP?:T/ Ugr2003§ é{g‘ggg%n %Blaslgﬂf)%?e%hnﬁéﬁél nga%&ﬁgé ehtirel y sequenced and

the | ocations of sone of the restrlctlon sites are estimted based on
restriction fragnent sizes. [00881 The sequence of the transcribed region
of the pFerXS and pFerX9 plasm ds i&%‘ﬁ’éﬁ& Figure 12. The putative
transcrlletl 2o SLaL i t%rc;lg Aug%ie g The 5 intron is shown in |ower
case. The pug%rrve—cf%l-%ﬁnmg‘mﬂ—y‘g%‘rﬁ- ation signals are underlined. The
initiation codonAl RéperithGefié rst exon and the inserted gene, starting
with the second anino acid, is inserted into the Swal and Notl sites.

E(ANPLE 2 10 ExpH8k; &#%PFEE%I“@@&F@“S@&H@%%%W%NOﬁéﬁﬁwe pelylinker

pol y1 i nker CaF ST B IS b St B bbb R AR G

phosphat as e se(léiEékR)s aaportaeteac bechuas tie coepoercallygeadabbeaaus €Clohiech, Palo

cormerm bl e assay .(Qontech, Palg 15 Alto, for uct
is si rrpl aﬁ&o @6520 tﬁ‘?@m&%‘r éé@? ﬁa’{%gﬁﬁtpb‘f s%x%?’é’%%&“g‘f?&{oé%lweﬁ#g?‘ig
and pFerX9SEﬁPX8BﬁQ§’%d-BP%r§%M@PCG of the vector polylinker and the
original sequence at the end of exon 2 that needs to be recreated to

regenerate the sHi%0k dbn @f:qv&nee efiearvedtnr polylinker and the original sequence at the

5° end of exon 2 that needs to be recreated to regenerate the spﬁce donor are shown in

Figure 5. Thus, the 5° primer should include a CAG at the 5° end to recreate the natural
20 splice donor followed by the coding region’starting with the second amino acid (the

ATG is already included in exon 1). The. 5’ end of the PCR product should be left

- blunt-ended for ligation with the Swal site. For example:

' C General -5’ primer: -

25 . CAG NNN NNN NNN NNN NNN NNN NNN _
AAZ AA3 AA4 AAS5 AA6 AA7 AAS

aner for SEAP example
CAG CTG CTG CTG CTG CTG TG CTG GGC

30
[0091}] The 3° primer should include a Notl site followed by the 37 end of the
gene including the termination codon (opposite strand). The PCR product shouldbe
digested with Notl to generate an end cempatlble with the Notl site in the polylmker.
For examplé: '
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Figure 5. Thus, the 5 prinmer should include a CAG at the 5 end to
recreate the natural 20 splice donor followed by the coding region
starting cond amno acid (the ATGis already incl uded | n exon
1). The 5 W8 duhSRECONe product should be left bl unt - &EdEESPEY

ligation with the Swal site. For exanple: General 5 prinmer: 25 CAG NNN
NNN NNN NNN NNN NNNCNNN AA2 AA3 AA4 AAS AAG AA7 AA8  Priner for SEAP
exanpl e: CRECHS PFEMETG CTG CTG CTG CTG GaC 30 [00911 The 3' pri mer
shoul d i ncl ude a Not e clcpidcevwrd : : 2 ncl udi ng
the term nati on codon pp%%ttte stra?ﬁﬂe PCR. ’ be
digested with Noti to generdate an en corrpatl bl e vmth the Notl site in

t he pol )J(I i nker. For exanpl ®&-%23 WD 2004/ 037982 PCT/ US20031033433
Gener al primer: NNNN GOGGCCGC NNN NNN NNN NNN NNN NNN NNN " Noti 3" end

of gene Si ts ation codon in bold): TTTT
P %&‘P‘ISE%@CT%&@II E%é@%ﬁé‘ Fg)gigdg] Li gation of the PCR :

product W|th t he vectldITY le@@QC&BGM tACGRSA e TG NOTT ) GalaeSCHROGCC

recreate a Swal site at the 5 end of the insert. Instead the |igated

product contains a suitable splice acceptor at the "Swal end." The

I nserted region g&uﬁrm

amno acid to t @%Zermgﬁgpgﬁ&g%gﬁﬁﬁd@ghﬁghig the %gg{eﬁgq Pgﬁ\gtﬁf the 3'

end. F3P eXaiipHees i rédreae a Singhsitcont the Aberal dfithe Ii@éffTEs&%ﬁtthth NNN //

2'\22 -Il\-lglz W@@wsm le sEﬁcenEéc%pEO? I;R.t thAEwa%TIEthlgse%gr%OGnC\gl CAG

also contain the coding sequence from the second amino acid to the termination codon

followed by the Notl site at the 3” end. For example: .
()
15  Afier ligation generally:
CCATTT CAC NNN NNN NNN // NNN NNN NNN GCGGCCGC TGACGT

Example for SEAP:
CCATTT CAG CTG CTG CTG // CAG ACA TGA GCGGCCEC TGACGT

20
- B. Transfections
{0093] The host used for transfections was the CHO DG44(E) cell line
(Urlaub et al. (1986), Somatic Cell Mol. Gen. 12:55 5-566), which had been selected for
growth and survival in serum-free media. This cell line was maintained in a spinner
25  flask in serum-free media with added nucleosides. The cells used for transfection were -
in exponential growth. Either 2x10°% or 5x10° cells were used for each transfection.
[0094] Reporter plaémids were cb—transfected with a plasmid designated pSIl-
DHFR.2 encoding dihydrofolate reductase (DHFR) so that stable transfectants could be
selected in the DHFR-host. The pSI-DHFR.2 plasmid includes a selectable marker and
30  the dhfr gene driven by the SV40 promoter with the SVA0 enhancer deleted (Figure
13). |
[0095] All DNA was prepared by Megaprep kit (Qiagen, Valencia CA). Prior
to transfection DNA was EtOH precipatated, 70% EtOH washed, dried, resuspended in
"HEBS (20 mM Hepes pH 7.05, 137 mM NaCl, 5 mM KC1, 0.7 mM Na;HPOy4, 6 mM
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B. Transfections [0093] The host used for transfections was the CHO

.DA4(E) cell line (Ulaub et al. (1986), Somatic Cell Mdl. Gen.
12: 555- 566)y0 YAl obhopd been selected for growh and survip¥ghrshébsnssass
serumfree rredla ‘?hls cell line was maintained in a spinner 25 flask in

serumfree nedia with added nucl eosi des The cells used for transfection
were in ex enty al ro ) Elther 06 or,5x106..cel |

bach transt Betian: g Ahete ot BB ket A Pl bl rude RS -
pl asm d desigitadsedSRAP viakibh gvaoré@@ly pebnthit&yehihatcek a3 SE A ubeeh, PRI Rio SO

that stable transfectants could be selected in the DHFR-host. The

pSl - DHFR. 2 Qﬁéw&mmeéd Megativeranrofbineinged ke empyPUGHR vercéoro[lAi‘fC@ene

“driven by t t er, eted ure, 13).
[ 0095] Al %\N&S pPepa g%ﬁ#ﬁh%bg%glreg\g P?E‘P%L%Sgev 1 % gﬁ%’i(t ‘%&?Fﬁﬂa%r
t 0o transkechd DINOMAnFAG datEH iRmefdchbh as@fbl. 70% Et OH washed, dri ed,

‘resuspended in HEBS (20 nM Hepes pH 7.05,137 nMNaCl, 5 nMKCl, 0.7 nM
Na2HPO4, 6 nmv 2i00%6] 2Gedh Umgalop@m@g@d@@/mMPor!mlamé)andém pSI-

QU1 L RS AT BT B Sl Bt B "

Palo Alto, mGfk &gﬁéml\/@ﬂ%ﬂe ateB i EesGRINhE Blder bﬂ@s%ﬂb%e%b)é%@ls
vector (ATCC # Anerican Type Culture Collection, Manasssas, VA) as

a reporter wpptiensiandthe tastseprst ABRESDebt tash case the toshrepbier wanlowsnt r ol .
[ 00961 %Ch transfect (lion contained 50 g of a reporter plasmd and 5 g
pSl - 3‘3? “ﬁ‘ Phsni d wei ght was sel ected rather than equi nol ar
am)unts Froma nolarity perspective tAgre3are differences on the order
of 3-5 fold hetween the conf{rol reporters _and 'hp test reporters (TABLE

.. I'n each h tor waisMolargztio 10 he cqnylol TARLE
Reporter p?%éﬁ%ﬁ% S(ngﬁ,i d \/gfas}‘ﬂ?r atl otODbIﬁRORep ir‘. ea(ﬂﬁ’ft rS| ze
(kb) to contfdfEBEEMG each SEAP2 5.1 1 2 SE
pFer X8SEAP I8 27 PpSl DHF|-(Z 5,1:}/-“-' pFer X9SEA ISANONY 2 bI:AP
D KO SE SRR Por DY ! rer ﬁm.i TR
DECIXSSEAY 18.9 0.27 pSIDHFR.2 SEAP
pFerX9SEAP 26.6 0.19 - | pSIDHFR.2 SEAP
pUCI18 ; 2.7 pSIDHFR.2 | none
No DNA No DNA none

[0097] Cells and DNA were transfected by electroporation in 0.8 ml of HEBS
using a 0.4 cm cuvette (BioRad, Hercules, CA) at 0.28 kV and 950 pF. After the
15 electroporation pulse; the cells were allowed to incubate in the cuvette for 5-10 min at
room temperature. They were then transférred to a centn'fuge tube Containing I‘[.) ml of
Alpha-MEM plus nucleosides (GIBCO, Gaithersburg, MD) with 10% dFBS (HyClone,
: C, Logan, U’D. arid pelleted at 1K rpm for 5 min. Resuspended peliets were seeded into T-
flasks in Alpha-MEM without nueleosides with 10% dFBS and incubated at 36°C with
20 5% CO, in a humidified incubator until co]omes formed. '
[0098) TABLE 4 surmnarles seven experiments which were conducted.
Transfections 1-3 were each performed in triplicate, and transfections 4-7 were

performed once each.



No DNA No DNA none [00971 Cells and DNA were transfected by

el ectroporation in 0.8 m of HEBS

t enperat ure.
10 m . of
dFBS (Hyd one,

4K rpmfor 5 mn.

using a 0.4 cmcutrette ('Bi oRad,
Hercul es, CA) at 0.28 kV and 950 F. After the 15 electro
the cell s‘%%og‘*’?;ﬁmgwed to incubate in the cuvette for 5-
They were then transferred to a centrifuge tube containing
Al pha- MEM pl us nucl eosi des@&g BCO, Gaithersburg, MD) with 10%
Logan, UT) and pellet

L e

Resuspended

until col oni es foried 0007 FEEER 4 ol imiRHEsack ht's whi ch
were conducted. TradsfEPPESRZ 1-3 wer el BRBMIRR2f or ned SH plicate, and
transfections 4-7 heke | pesrK8SHEA®R once ppSIHER.2WO 200458341082

PCT/ US2003/ 033433 | TABL| fReFXESRAPRepor { EpSIHERRZd - DHFR RBp@rtef  # (50 gg

each) (5 g each) geng |]
SEAP 3 pFer X9SEA
pSI DHFR. 2 none
Transfection Effic
transfecti ons,

pell ets were seeded kﬁr o
10% dFBS and inculqa?% at é W

DHi
6 pteis

PEERR2 PSI DAFR Dp SR 2 PFef XBSRAE PS| DBFR. 2
R x9N 4 PPET SO e ”‘U”e nonePT e X9
PUCTRY ar o i nuPSIRHER D O 17 one .,

NoP¥8: ned 5 ENGPNA ansflect 21908 we

oane
CICy

col

as either pools or isolates. Al t hough all the pSI- DHFR 2-containing

transfections prcﬁdﬁ =Sl GNRR

ferritin heavy C

he transfections containing the
produced fewer colonies than did the

controls. This [p6E®]t rAsprokiaidndy 26ycdhe fithie haasBcikar! OsloRkPhES fRthed.

product .

These results were

sur

i ncl uded i FlableFensioghatsveiesmalyged aygither poels of kelaes: faltonek 4liihe pSI-

transt ecti 90 bIGhRAR, bhnd ol SCHMIBRISOLIAL MULLLOLShABEREIL GRS b

done to account for

10

15

25

uce tramnstectants
ferritin heavy chain locus vectors produced fewer colonies than did the controls. This

was irue whether or not the locus vector expressed a product. These results were
surprising éince the same amowurt of DNA was included in each transfection. Because
of the difference in transfection efficiency it is recommended that multiple transfections
be done to accoumt for the reduced number of transfectants. |

D. SEAP Assay

{0100] The reporter constructs contaimng the SEAP gene were analyzed vsing
the Great EscAPe™ SEAP Reporter System 3 (Clontech, Palo Alto, CA). This assay
uses a fluorescent substrate to detect the SEAP activity in the conditioned media. The
kit was used in a 96-well format according to the manufacturer's instructions with the
followin g exceptions. All standards and samples were diluted in_frésh media rather
than the dilntion buffer provided. Instead of performing one reading after 60 min,
multiple reads were faken at 10-20 miﬁ intervals and used to express SEAP activity as
relative flnorescent units per minﬁte (RFU/min). The emission filter available for the
Cyfoﬂuor I plate.reader was 460 nm instead of the recommended 449 nm.

[0101] Al of the data generated for the pools and isolates below was based on

the reporier constructs expressing SEAP. The titers reported were based on a positive

control with the kit. Although absolute values were not derived, the relative iter values
are useful.
[0102] The specific productivity was assessed in assays in which the media

was exchaﬁged for fresh media and then, 24 hours later, the media was sampled and the

26
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D. SEAP Assay 101001 The reporter constructs containing the SEAP gene
were anal yzed using the Great EscAPen" SEAP Reporter System 3 (C ontech,
"Palo Alto, CA). This assay 15 uses a fluorescent substrate to detect the
SEAP acti vi¥9200#%037882 condi ti oned nedia. The kit was used PRTASIHS{IHS
format according to the manufacturer's instructions with the follow ng
exceptions. All standards and sanples were diluted in fresh nmedia rather
“than the di $allsiveme mmlr@: Fhreavpdied titer wes eatnalizeddot Bierech guorber atdhelembof

after 60 m K intervals and used .
o oxpress SEARTIM 507 PERS HE LRt PSR e bispo LECHE B aistieie A o
(RFU m n) . 6l sSkepivé valhed available for the Cytofluor Il plate '
.reader was 460 nminstead of the recommended 449 nm [0101] Al of the
data generated for the pools and isol ates bel ow was based on the
reportersconstructs e I e based on a
-posi ti ve5 contr ol %ch eslkrggu Wh bt BiE PoliPRY e not
derived, the rel atl ve titer values 25 ar s(g? X1(#1 ff ¥he specific
productivity was assessed in assays in which the msdl a was exchanged for
fresh nmedi a andfé ?%gsi%ﬂtaﬁ%o‘is' ater, the nedia was sanpled and the 26
WO 2004/ 037982 P ceI | s were counted. The product titer
was -nornal i zed f#103heAfet theappdzeancabf thlenesdhetelld Weredbllrciud aadpayled
Because_ the.titers were relgtlve t he specific roductlTv ti.es re

00 fed g

expresstd aZopepdh TRRsIelpe ReraefrE e éd’&“é plgtesyr I ﬁ‘séfa&l% W@rqlcpt
(/M) x vol 4BBoritleht foHHEBM(IQﬁﬁ‘%Qsa % eQlfitsCBhth She 5301155 faﬁi%k@ g%ﬁ
e col ecte nd

[01031 After the appearance of colonies, the ce
pool ed - 10 ¥4 dfivepedls wermsibzed 6r. caslpoinstmet; tve dmgedspeningns 1 (iAlang1B) es

T-f1 k ke f 24 h | t
f@omth?ps Vet H5b &Ffrmeaha o g A1 e WEA sBRIRE 1 e
for each CQﬂ@{&gﬁﬁtr‘rﬁn\é&cﬁd&@”N@?éﬁﬁét&ﬁ@éﬁpeﬂm(e%ﬁZ@%ﬂi—ﬁFcﬂ@S@ﬁﬂhﬁ@a ferpm

experinment 2 (2 2B, and 2C). All assays were done three to four Wweeks
post - trb-’nsfleﬁfttrmafecm efficiency roiativextp dia ofber trasfegtions.pFer X8SEAP had a very

15 | ow t f ect t.h f -
[0104] Speci 1 ¢ 1078corEH RSl Bds tent BailiySofPE MR o Loni r o
( PSEAP2)  bupSBA®D) Yutidghiabheabié tmhtm@pﬁmammrﬁgsﬁmryect ors.

Notably, the ferritin vectors were capable of generatlng pools with higher speclﬁc

productivities than the control.

20 F. Transfectant Isolates
[0105] Isolate§ were obtained by “picking” colonies from transfection
experiment #2. “Picking” was accomplished by aspiraﬁng directly over a colony with a |
P200 Pipetman set at 50 ;1] The asplrated colony was transferred ﬁrst to a 48-well
C " plate and then to a6 Well plate when thcrc were a sufﬁclent number of cells. Spcmﬁc
25 productivities were assessed m 6-wc]l plates at near conﬂuent to confluent cell densities
using the 24-hour assay described above. 40-50 isolates were analyzed for each
construct. The results are shown m Figure 15, m which the isolates are prc.éented in the
order of their specific productivity for each SEAP expression construct. The scale of
spectfic productivity is consistent between the panels for comparison.
30 [0106] The majority of the isolates (63%) from the pSEAP2 transfections did
not express product above the limit of detection. - The highest preductivity from- .
- pSEAP2 in this experiment was 46 units per cell p-er day (relative value for
comparison). In contrast only 28% of the isolates from the pFerX8SEAP transfections.
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Notably, the ferritin vectors were capabl e of generating pools with

hi gher specific productivities than the control. 20 | F. Transfectant
| sol at es W&Q&}m&ﬁ% ates were obtained by "picking" colonj §25&JB33433
transfection  expérinment #2. "Picking" was acconplished by asprrating
directly over a colony with a P200 Pi pet man set at 50 |. The aspi rat ed

col ony Wastransferr dfirst to a 8vve| nd then . to a 6 well
pl at e whenS¥iH&ssed chbelpy the lnpio rﬁlﬁ??{i‘é‘i’n 't’ﬁ‘f%‘gf %§8 EsBichivities abeye the
producti vi n

conf | uent %:ﬂe st ensiti e%ﬁﬁﬁgaldrt\grr??\%%h&t E%@%@;g%g@gg@@g@&%@%%@ 40- 50
i sol at es mmmmaitwaedSﬂmmtspme}lqmnéay, wtre thbineivee®ild bighar thas feinghest
Figure 15, i h_t he ar the ord their
Speci fi o pPBHERT B9 AR RS R B SO AT S RUE P PHBCABHS of

speci fi ¢ paodysd MBS ¥ did gpﬁgéfo'}&leig pykbeapanel s for conparison. 30
101061 The majority of 1t ﬁe ol ates 63% fromthe pSEAP2. transfections

did not express product above the Ilmt of detection. The hi ghest
productivity from pSEAP2 in this e i was 46 units per cell per
day (relative value for conpari son%rast only 28% of the

i sol ates f RaAWdiRE FRBLASHAP transfections 27 WO 2004/ 037982

PCT/ US200375033433 expressed product below the limt of detection and 44%
had producti vit ijf@bduerddrdo rdﬁughﬁmtmzp&‘&kﬁ@vemtmfsf exsearituse, Bhendbghlest

roduct.ivit Fer X8 SEAP s 259 un| t r.cell
P o0 e R PR oy el B, oriS SFe5 IRV BGIFF om
IOSEAF‘2 A hQﬁg@Eﬁﬁ‘ﬁs M%%%&S@eﬁ)r‘é%%él QD 1&@&&%@%‘%%&6& 5@ each ldfihed SEAPZ,
it did not performas well as pFer XSS E 3 Reduction of Vector

Si ze. [0107Pjastmdsoshgem md’AEblEéeiStWeél aglfw die QominsepSEAPﬁZmd@éK‘dSc(ﬁO use,

5" and/or 3 9 regions of the vector were deleted (TABLE 5). These .(‘)
del eti ons \ﬁ?"g Yested as before using SEAP as a reporter. Approximtely

30 isolates were tested fromeach of TABIEX asm ds shown in TABLE 5 as

well as fromthe controls, pSEAP? and pUCI8 (10 isolates). TABLE 5

Plasm d Réglasmid' end of |{Regien drdend ofthe § Yendfofthe | Bietefthe del dt i on*
del etion* {plasm d (bp)** |deleted [ deletion* deletion™ plasmid (bp)**
pFerX8SEAP none - | 19340 '
FerX10SEAP 5 2513 7414 14439
pFerX11SEAP 3’ 13727 17636 15431
PFerX12SEAP 5 2513 7414 8042
3’ 12704 19101

15 * The deletion end points are based on the pFerX8 sequence numbering
** The SEAP gene constitutes 1557 bp of the plasmid
[0108] The pFerX11SEAP vecior perfonnéd simlarly to the pFerXSSEAP _
vector, mdlcatmg that the ~3.9kb deletion in the 3’ region described in TABLE 5 was .
20 not detrimental. The pF erX10SEAP and pFerX12SEAP vectors did not perform as (’
well as pFerX8SEAP, indicating that the ~4.9 kb 5° deletion descnbed m TABLE 5

was detrimental to function.

EQUIVALENTS
[0109] While this invention has beeri particularly shown and desctibed with

25 references to certain specific erabodiments thereof, 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 spirit and scope of the invention as defined by the appended claims.

Those skilled in the art will recognize, or be able to ascertain using no more than
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pFer XBSEAP none 19340 pFer XI OSEAP 5' 2513 7414 14439 FerX 1.1 SEAP 3
13727 17636 15431 pFer X12SEAP 5' 2513 7414 8042 3' 12704 19101 15 * The
“del etion )] are based on the pFer X8 sequence nu ' e
SEAP genegggﬁgﬁ%ﬁhﬁgs 1557 bp of the plasm d [0108] Themiﬁ'r 0%%E%§Q
vector performed simlarly to the pFer XSSEAP vector, indlcatlng that the
-3.9 kb deletjion in ,the 3' region de cri bed |n5%¥%wé§ was 20 not
detri ment a|r0ﬂ&ﬁ¢§x5%m%1f6§@hpﬂ%{wcmaw@ fsIeEhespg ofrentb et herrErHehs
wel | as pF ﬁg&f%ﬁé r in
TbLE o PrEdibd et tokﬁgﬁngﬁf}%%@h%&lﬁsv%féhﬁ%ed?gkfgg?fL“S\’r’ﬁ' pealinge 11
i nventi on hBewehddre gaendeddlamtsy shown and described with 25 references
-to certain specific enbodinments thereof, it will be understood by those
skilled in the art that various changes in formand details my be nade
therein without departing fromthe spirit and scope of the invention as
-defined by the appended clains. Those skilled in the art. will recognize,
or be able to ascertain using no nore than 28 WO 2004/ 037982

PCT/ US2003/ 033433 routine experinentation, many equivalents to the
specific enbodi nents of the invention described specifically herein.
Such equivalents are intended to be enconpassed in the. scope of the
appended clainms. 29 CLAIMS Wat is clainmed is: |I. A genetic vector for
stabl e transfection and expression of a desired protein within
eukaryotic cells conprising: (a) distal 5 flanking sequences of a
eukaryotic locus; (b) proximal 5 regulatory sequences of a eukaryotic

| ocus; (c) at least a first insertion site for a first heterol ogous
codi ng sequence; and (d) proximal 3' regulatory sequences effective for
transcription termnation of a eukaryotic |ocus;

C
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wherein said sequences are operably joined in order (a)-(d) ina 5 to 3
orientation, wth optional |inker SEfKaREes bet ween adj acent sequences;
and wherein (1) said distal 5 flankimg seguences conprise a sequence of
at | ed¥hatipdabpaekis: having at | east 70%identity to a nucl eotide sequence

LR e &%Mﬁ&%}&%@%&gﬁm 84 SprkLaRREL ELLANRbNLIG! | O

site of €3\ al oCUS regul at ory
seque Blé %a ence %I %!g ? bases having at |east 70%
identity t I5 B SEWTBAELL & ﬁ’a"’BE %é‘@n | bp and 10, 000 bp 5' of
a trans| aPhBEXimRl 6| ep F?fiié‘?fb‘ﬁn%ﬁs CUKRIYPHAIRBS Y chain | ocus. 2. A

geneti c vedebopt keast afivsh insextionsife &na fénqt hﬁqrom@rlegemna sesfuencai@sdr ed

protei n wi (@) proxdwiakymsguletore béqueneasefiestivefor frapscrptivmterfiinatioardfiang
sequerdesrystic bbcagtkar yoti ¢ |l'ocus; (b) proximal 5' regulatory sequences of
a cukar yot inhekéifigaid deghertles h:ea;ja&mm)f Joindd ih@kdtt ¢A)qAPiPa 609N Grieaatiat) Meth
enCOdeﬁmﬁMlﬁk ﬁéﬁce@%@ﬁ@cﬁadﬂe&tsé enEééa%ﬂldT%ex%m regul atory sequences
ef fect s&ﬂ%ﬂﬁﬁf S'F?cfa é’std Y&tlb&t 9615§se%‘ﬂﬁ€ihﬁ'ai‘

sai d . aa dase eeﬂ g&u ﬁg Q%féﬂf

orien t 11 a&g en a ace sequences;

and sgin lli mig} Fﬁ‘(l ﬁ‘éﬁ’n@és corrp?]{%e i@guence of

at |east 1 Bad @§°’H§V‘ii 9‘7‘5&‘? af%é@&lemcpaeﬁﬁ? £ yequenee et a%¥@quence
f oundbadnsetisasty0lp idendityl 0e woteotide sequspcafound haseen dihpord 10,600 brid'ioda
site U&nﬂaﬁomahmmatldmmdpn@lﬁalfmmm“y oaig Byeusai d proxi mal 5' regul atory
sequences conpri se a sequence of at |east 20 bases having at |east 70%

( i dent2ty t @ gendtic vecor fe stablpienatection atld Brjreeson df Diestrad pidleidGlitliia 5' of
a tran@})ajﬁcmgcbﬂhw gt on codon of a ferritin heavy chain locus. . 3. A

genetic VeghoLis@s st e Saubdcds 0B a & Bbi:sai d distal 5 flanking
sequences ge%ogﬁﬁmvg;g?éﬂq&&anﬁq m‘n& gLp.locus. 4. A genet iC
Gy a

vector as ) & i X d 4“, pri ory
s et il s

sequ °‘§-‘e§r d 5 distal flanking, sequences are derived froma
ferritin hehespirespdd sequsaees are gperpblydeised & order @)-(@snian’ iy’ ereatasioncVith s
1- 5 vipdiopahlindeer dequenzenbdtween adjapentsagugncescapdevivageinar e deri ved from a
ferritin h@aweiddiatal St fisnking sequénage oemnprise/ £ sdquendesofian leasty] (ileased haring ats
1- 6 flasst 6% identityi toiarthctiotiabeqiiendd Rnkd Betweef Q0®Pead 100,000Mpr9 bFan heavy
chai nridn@6ristional injtiation site of a ferritin heavy chain locus; or
(2) said proximal 5' regulatory sequences comprise a sequence of at Jeast 20 bases
having at least 70% identity to a nucleotide sequence found between 1 bp and 10,000 bp 5' of a
translational initiation codon of a ferritin heavy chain locus.

( s, A genetic vector as in any of claims 1-2 wherein seid distal 5’ flanking sequences are
" denved from a ferritin heavy chain locus.

4. A genetic vector as in any one of claims 1-2 wherein said proximal 5' regulatory
sequences are derived from a ferritin heavy chain locus.

5. A genetic vector as in any one of claims 1-2 wherein said proximal 5' regulatory
sequences and said 5' distal ﬂanking sequences are derived from a ferritin heavy chain locus.

6. A genetic vector as in any one of claims 1-5 wherein said proximal 3' regulatory
. sequences are derived from a ferritin heavy chain locus.

7." A genetic vector as in any one of claims 1-6 further comprising distal 3' flanking
i sequences of a ferritin heavy chain locus,
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30 S. A genetic vector as in any one of clainms 1 and 3-7 wherein said
insertion site for a heterol ogous sequence includes at |east one ' -
restriction endonucl ease site. 9: A genetic vector as in claim8 wherein
said insertion site for a heterol ogous sequence is a polylinker site
including at |least two restriction endonucl ease sites. 10. A genetic
vector as in any one of clains 1- 9 wherein said proximal 5" regulatory

seauenses | e uin. ST P ok R B e, SRR ARRAET
:Rtflc)nhPtcﬁ?qo%P“l%rég‘HWﬁ’%% ﬁ"ﬁfr? &fric @eﬁ 'écﬁ‘éatsl"'é M¢ector as in any

one of clains 1-11 wherein sald prOX|naI 5 regulatory sequences i ncl ude
unt r an8 at ed: 8306HC ¥et{Or AT teclaing$ Wherrih aaid mswé@péiteé@r ¥ heterejoasns seueReaiS s
1- 12 whelysinkerssife dncluding|at Bastitvarrkstrictioneendonuelease sites.sai d proxi mal 5'

regul atory sequences have a total |ength of between 1,000 and 10, 000
bases. 1014. AAggrtievector ecininyameiof chitiis d:9ewhdreinl saimoimiza Mregubitsorysai d

pr oxi ngd u@nce@@ﬂd!ﬁdﬁ@éﬂc &gﬁ%cgj@gc@ny distal 3' flanking sequences
have a tot al length of between 1,000 and 10,000 bases. 15. A genetic

vector S' tgtle LIS o % tfon & dd1d d GhS
corort Lo ASEHIELRCA i LL6hAch LAY 5*%y‘ff%aia:§“f‘§§"‘f’§t s

|n|t|at|on S|te of a ferrjtin heav chain | ocus. genetic vector as

in anyldf cABRSUC veolohasiniany oae @ elmral 1§ Whertanﬁald@rgﬁmaéﬁcrégu 20B¥pr i se

a sequésquendsa wicledeamtrapalatedzooniseguentasy to sai d nucl eoti de sequence found
bet ween 20 bp and 100,000 bp -5 of a transcriptional initiation site of"-

a ferrid.in Asmupticheitor dsdnany ohé of dapenbi  wheasin esidalistalrs’ flayking sequehess

1- 2 whaidrdaid prakiinaliss fepulforyl degideicBgh SRAUSNAT BMgtlCoBdtwesr BOOEG v 10,000basefg
100% identity to said nucl eotide sequence found between 20 bp and ‘

100, 0013 4. bP R gel étncavéc'&&rh%‘iﬁ ﬁbﬁ@@i’dh&kéi 74 LA e‘-iﬁ%ﬁd fo Fﬁ'rrb IEtoﬂf’aVy

ol
i ot <85 Res 1 Y GRGF S fankii Fbinel Ravt ol ool PP el L0514 1500

havi ngbaiF '| east 70% I dentity to said nucleoti de sequence found bet ween

20 bp and 100,000 by 5' of a transcriptional initiation site of a

ferritlh hAdepetawactorasdnany ebclaim bgéwheecmé@ﬂ&istalé' flanking sequesre ns 1- 2

wher ei gpmanisd ageguence baving ahlearicR 03 identityde saidamgleptide sequsgemfoynd between 20

| east Wp AR0LAG006DphE off adgranscripgmsnl imddgion ente of 4 fardtis aeavyieirebrisie

sequence found between 20 bp and 100,000 bp 5 of a transcriptional

i nitiagg on gigegetitiveatdrak ih khy of £8M8/1-2 Naticfeih @4 Qistal 5' flanking sequences
comprise a sequence having at least 90% identity to said nucleotide sequence found between 20
bp and 100,000 bp 5' of a transcriptional initiation site of a ferritin heavy chain locus.

C_ 17. A genetic vector as in any of claims 1-2 wherein said distal 5° flanking sequences
' comprise a sequence having 100% identity to said nucleotide sequence found between 20 bp and
100,000 bp 5' of 3 transcriptional initiation site of a ferritin heavy chain locus.

18. A genetic vector as in any of claims 1-2 wherein said distai 5' flanking sequences

comprise a sequence of at least 500 bases having at least 70% identity to said nucleotide

sequence found between 20 bp and 100,000 bp 5 of a transcriptional initiation site of a ferritin
~ heavy chain locus.

19. = A genetic vector as in any of ¢laims 1-2 wherein said distal 5' flanking sequences

comprise a sequence of at least 1,000 bases having at least 70% 1dent1ty to said nucleotide

sequence found between 20 bp and 100,000 bp 5' of a transcriptional initiation site of a fcmnn
~ heavy chain locus.
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0. A genetic vector as in any of clainms 1-2 wherein said proximl 5

| atory sequences conprise a sequence having at | east 80@6|dent|ty to

nucl eoti de sequence found between 1 bp and 10,000 bp 5 of a
slational initiation codon of a ferritin heavy chain Iocus 21. A
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comprise a sequence having at least 70% identity to 2 nucleotide sequence found within the
proximal 3' regulatory sequences of a ferritin heavy chain locus.

30. A genetic vector as in any of claims 1-2 wherein said proximal 3° regulatory sequences
comprise a sequence having at least 80% identity to a nucleotide sequence found within the

proximal 3' regulatory sequences of a ferritin heavy chain locus.

31. A genetic vector as in any of claims 1-2 wherein said proximal 3' regulatory sequences
comprise a sequence having at least 90% identity to a nucleotide sequence found within the
proximal 3' regulatory sequences of a ferritin heavy chain locus,

32. A genetic vector as in any of claims 1-2 wherein said proximal 3' regulatory sequences

comprise a sequence having 100% identity to a nucleotide sequence found within thc proximal 3'
regulatory sequences of a ferritin heavy chain locus.
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40. A genetic vector as in claim 36 wherein said distal 3’ flanking sequence comprises a
sequence of at least 500 bases having at least 70% identity to said nucleotide sequence found
within the distal 3' flanking sequences of a ferritin heavy chain locus.

41. A genetic vector as in claim 36 wherein said distal 3' flanking sequence comprises a
sequence of at least 1,000 bases having at least 70% identity to said nucleotide sequence found
within the distal 3' flanking sequences of a ferritin heavy chain locus. '

42.  The genetic vector pFerX8.

43.  The genetic vector pFerX11.

44, A eukaryotic cell transfected with a vector of any one of claims 1-43.

45, A eukaryotic cell as in claim 44 wherein said vector has stably integrated into a
chromosome of said cell.

46. A eukaryotic cell as in any of claims 44-45 wherein said first coding sequence is
expressed In said cell. ,
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46. A eukaryotic cell as in any of clains 44-45 wherein said first. coding

sequence is expressed in said cell. 33 47. A eukaryotie cell conprising:
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48. A eukaryotic cell comprising:
an exogenous 5' distal flanking sequence derived from a ferritin heavy chain locus
operably joined to a coding sequence.

49, A method of producing a desired protein in a eukaryotic cell comprising:

(a) providing at least one cell of any one of claims 44-48 or a descendent thereof;

(b) maintaining said cell in a culture under conditions which permit high expression of
said desired protein; and

(¢) 1solating said desired protem frormn said culture,
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