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Typical expression systems are characterized by a host cell line comprising an
expression vector containing a heterologous promoter operatively linked to a cDNA
encoding a gene product of interest. One such system for protein expression (and
overexpression) uses the SRo promoter, which is composed of a fusion between the
SV40 early promoter and the R segment and part of the U5 sequence form the long
terminal repeat of human T-cell leukemia virus type 1. Takebe et al. (1988) Mol.
Cell. Biol. 8:466-472. Another overexpression system utilizes a human
cytomegalovirus (CMV) immediate early promoter. U.S. Patents 5,168,062 and
5,385,839. Both of these promoters are regulated by endogenous, naturally-occurring
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plurality of target sites may be operatively linked the first nucleotide sequence, to the
second nucleotide sequence or to both the first and second nucleotide sequences.

In any of them methods described herein, the protein may comprise, for
example, SEQ ID NO:25 or equivalents thereof (e.g., SEQ ID NO:2, SEQ ID NO:3,
SEQ ID NO:7, SEQ ID NO:8). Thus, described herein are methods for regulating
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In yet another aspect, polypeptides comprising SEQ ID NO:25 are provided.

In certain embodiments, the polypeptides comprise SEQ ID NO:2 or SEQ ID NO:7 or

equivalents thereof,
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Figure 5 shows the sequence of a polynucleotide (SEQ ID NO:13) encoding
the 2392/10 protein. Portions of the sequence encoding the various domains in the
protein are as follows. Nucleotides 7-27: nuclear localization sequence; nucleotides
43-327: zinc finger domain; nucleotides 355-555: VP16 transcriptional activation
domain; nucleotides 586-609: FLAG epitope tag.
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the transcriptional control of a SRa promoter (denoted SRa in the figure). In the other
plasmid, each transcription unit is under the transcriptional control of a SRa promoter
to which 8 additional copies of SEQ ID NO:1 have been appended (denoted SRa in
the figure). 2392/10-7 refers to a clonal isolate of CHO cells stably transfected with a
nucleic acid encoding the 2392/10-VP16 fusion protein. DG44 refers to the parental,
untransfected CHO cell line.
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fragments. Two nucleic acid, or two polypeptide sequences are substantially

homologous to each other when the sequences exhibit at least about 70%-75%,
preferably 80%-82%, more preferably 85%-90%, even more preferably 92%, still
more preferably 95%, and most preferably 98% sequence identity over a defined

length of the molecules, as determined using the methods above. As used herein,
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length having at least approximately 70% sequence identity with the sequence of the

selected nucleic acid probe. Stringent hybridization conditions typically allow
detection of target nucleic acid sequences of at least about 10-14 nucleotides in length
having a sequence identity of greater than about 90-95% with the sequence of the

selected nucleic acid probe. Hybridization conditions useful for probe/reference
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A "binding protein" is a protein that is able to bind non-covalently to another
molecule. A binding protein can bind to, for example, a DNA molecule (a DNA-binding

protein), an RNA molecule (an RNA-binding protein) and/or a protein molecule (a
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activity. For exanple, zinc finger proteins have

DNA- bi ndi ng, RNA-bi ndi ng and proteinbinding activity.
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proeyssingAnforagomnBes édatis stofing ffornpitioh @if BXistied ZFB dedg® and
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bpdingslbn Seonfor exerele. U9 eients 6, M%O%le(ﬁfbﬁ%c%gss% 6633¢,261;
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or more zinc fingers, that has been constructed to bind in a sequence-specific fashion

to a predetermined nucleotide sequence. Generally, engineered zinc finger proteins
are non-naturally-occurring proteins and/or contain naturally-occurring zinc fingers in
non-naturally-occurring arrangements and/or combinations. Methods for engineering
the binding specificity of zinc fingers and constructing engineered zinc finger proteins
include, but are not limited to, rational design, randomization/selection techniques,

polysome selection, cis-display, one- and two-hybrid systems, and selection from
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t ar géa Epame e ABHCAHPS RrelgicasidpBudienprefemcomplex or other
s@@étﬁfe%gln%hsﬁlg%%}flelc' deid ShaPEl o?lyzﬁ’gof the chromosomal karyotype of a

cell. Examples of episomes include plasmids and certain viral genomes.

A "target site" or "target sequence" is a nucleic acid sequence that defines a
portion of a nucleic acid to which a binding molecule (e.g., a binding protein) will
bind, provided sufficient conditions for binding exist. For example, the sequence
5’-GAATTC-3’ is a target site for the Eco RI restriction endonuclease.

An "accessible region" is a site in cellular chromatin in which a target site

present in the nucleic acid can be bound by an exogenous molecule which recognizes
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that an accessible region is one that is not packaged

into a nucl eosonal structure. The distinct structure
w@booan3meressi bl e regi on can often be det ect edP@yUS1085/032157

sensitivity to chem cal and enzymatic probes, for

exanpl e, nucl eases. An "exogenous" nolecule is a
thegpigetsite. tWighoutavigling teobetung byrapy patticitlar theowy, it is believed

e ' Ll .b tic,
P Rt WM R B bt il T ppBeitolf iiceis. The
diztthdt stristuted fmtcbesibid feioh@aR 6fibn bOdétb@edBY it SdHlsAvity to
devel opnental stage and environnental conditions of

chagpicaleand engyppatic prgbesefos gistapleanyeltagesul e that i s
pr esantn ri r ' Lo n muscle is
B cROkebof ke A8 R Ol S U PRl R G A o
butalah be Sitriduaed into acetbbyond @ rhodueaetid)pideaanicah@dthdrs

an exogenous nol ecul Wl%hb_r spect to a )
o Ao PREEIGEAR Fie Fbues Wish exsrcs tethg perticular
A&k hPal sfaBf af BRI cBmettal k@fﬁ '&F'o@ he'&1S s Gbr Bcample, a
mal ecu t

unctioni ng endogenous no e or a malfunctioni'ng

mgiacsledhata$ presens onky dupingreotbirporiiodevetmpogmn ofimusaié scml e.

An _exogenous mml ecul e can amgng ot her. things, a
A SkeTo R HEak R HPnGEe 56 30 0 BRE ol tary, 2 Botectle
ind0Edd BiERaAE siddck ¢ aE:RlgENouR M8t Te with réspBRAb Q'ﬁgh-ﬁ%@-s% cked
such as a protein, nucleic acid, carbohydrate, |p|8,

cedl. v prageays mplepdp can edmprisgofoy sxarsplar 4 thmctienipg version of a

I £ ' [ f.1h b [ I
i doBheS ROl FofoulstR oS IHEE KSbe Roratiis.
fuluitdrehg edvigdousiadleclde. DNA and RNA, can be single- or

doubl e- stranded; —can be_linear, branched or circular;

and QBSXPLENGHS molechlergh ke, aangaterdbings; ajsmsllmeleeasuch as
. f j . 3
sGERRRE 15T LAAIURLRAED AR Bt b pBromoleiesucaga
petiig mincldixsacid carbohPdbteatisid Sglgétpr@bih, lipsmbrin) poiyssdchgale,

but are not |limted to, - bi ndi n roteins, .
axpi AR R EHIVE SE B0 e ROl P FEHBRIBP I oRaeiiog ene or
mBR! dBthehisi e il fd N 1436 24i@d ﬂ%PdQ ﬁﬁﬂgféggg\fﬁx can be single- or

met hyl ases, denethyl ases, acetyl ases ylases,
dauibleasiandedsives ph dinearebranchetl @g crsidar; and camtis ofmgdength.

| i.gases, .t i . SONer ases, rase nd heli cases. )
NGB eRane pe e dnles e Wl et dletise
mlei€ BElag ey orRhaplel B.S. Patini N8E 5SSKGIBBQME 5120181 N PRYteins

nucl ei ¢ aci d. For exanple, an exogenous nucleic acid

inglyde.csirprei nod ligniter ihe, AN Arhinding nrotejas dranscriptiph &tirs, chromatin

[ i i . cell  or a chronosone,t hat
rof BUSATP Bl RURTHcE DA Bintifie proBins b b RS P iR
deénmdtliylales dcetylazts, dsa@pnaes kifkeas phésphhtaid, megfed €

known to those of ;skill in the art and include, but
regorabinages, ligasese tPPoisomerdspsy ShagesAnddelieaspst er (i . e.

|i pogpue ' [ I i 0N L bid

ol bor] SETpenb AORUILN AP IR 5o Ty tr b ite b Siogenous
mplectlecd. @ bantargdnaustprotedl arinuolejehaesd Bdrexample, an exogenous

c?-.gr eci gl”ll tation, E- dext ran- medi at ed transfer
nucleic acid can comprise an infecting viral genome, a plasmid or episome introduced
into a cell, or a chromosome that is not normally present in the cell. Methods for the
introduction of exogenous molecules into cells are known to those of skill in the art
and include, but are not limited to, lipid-mediated transfer (i.e., liposomes, including

neutral and cationic lipids), electroporation, direct injection, cell fusion, particle
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and viral vector-nediated transfer. By contrast, an
"endogenous” nolecule is one that is nornmally present
WO pooa/0p3asd i cul ar cell at a particul ar devel opnRCit/E52005/032157
stage under particul ar environnental conditions. For
exanpl e, an endogenous nucleic acid can conprise a
bmhbardmsmt;realcmtreplgnsphﬂte copregipifatio MPWEiderirare mediamdl teegisfer
her o r a naturallyoccurring epi sonal
mﬁL@F VECQE EﬁHF?F%%aI endogenous nol ecul es can
i ncl pgRoRirak, %n%ndctg@ﬁow M Re s loAB Bak ISHIrMAILY Prsetsn a
and enzynes.” A "fusion" nolecule is a nolecule in

paicelar eahloat @mpartisudar slaveleprmental| Sé&ggluedermaéthwlarlc@wromnental

BB o b s 40 i US55, Ao RSiome,
théi deh&me ot a ﬁﬁ%h&ﬁinoh}’ﬂﬁ&ropfasﬂﬁib@l@dﬂo el dalnasirglfy-t he
first type of fusion nolecule inclu but are not
opqupingepisomal nyeleigracit chddifignal ﬁ@%ogé&%wpn@lemdesmmﬂude

' ' a transcriptional
p{f)gégﬂi‘f ?(%} g cﬁgﬁ%& P%ts()?%%ﬁinél}c ?ﬁ?c acids (for
exanpl '&’usml"nnclleaﬂe 1saa:hxdleenlreoni whgchtthe drusére Butumii reblecules are
descri hed supr s of Lge second ty

lipked, preferablycay emhfm wmma ulgs parn ‘i’fiﬁhFég‘%? gflenaical type
ofhalaiefaﬁle &Idééﬁ%@ dgffére¢tmh%mléagf3§sb§9fﬁa&bﬁ5§ Eﬂlﬂplémftﬁe first
po , an ve

ypept i usi on ween a m nor gr
tyipie od dusiandokcwla ¢ghauds, hut ate néiXpnidsktiopfusmin moqgmst(ﬁir rexample, a

. q., f usj t ej. [t f
A by G 24 DA destif e e oliie] seufy dgenain
afid ﬁﬁioﬁ%@ieﬁp&c'ldiﬁf&f& 9a hi€leiR28id&inBodifg ﬁleciﬁblbn r[;ro‘ruem
wherei n the pol ynucleotide is transcribed, and

descahetstippe). @campé(vss:tféh@@comcbtyge A fusion melecyle ulcéudﬁr, but are
gt il nt o osEpn el P Ru MG i o gifmsptigy and

a eI X BSREE AmidHeRbdVel Uinder 68d b nudleieasidspl i ci ng,
poly%vptlde cl eavage and pol ypeptide |igation can al so
be i Fublessen pha pioiii 68 o fusfonprpiedy ép A celhcan eaulf from

o PEOEp LB PR 9o Qﬁéﬁp%?élgﬁa#%gégﬁé%ﬂ@

pmtaﬁe@h eell, @H&e?m ﬂ’:]@dlmdctdoﬁdglsﬁﬂiln&ﬁﬂred , andl th«lg aassctipf or
ur pos t t ,

BB (b ORGP PRORGLIS s 6] pi R mitecyle; Whi

:
s%sls%@gﬁz Jﬁ%#l?@%ﬂ%%@llr&ﬁlﬂsﬁt& utsﬁk? : eg ijéégﬁ fteid 1n5i8€11

gen er or not suc | 'at ory sequences
Taz{rfs-spﬁ:piagmmypeptld@cﬂem\gaga aod polypepdids dllgatmﬁdcalsﬂmebﬂ:lasolved in

CRESEA 0L Renc | SELHES,, B LS D0k AESSRSE dohvery

td tARSkALIRAAN heMhAd SXempPIATYRIRESE awﬁﬂas@ﬁed 1 QRAREEIN this
binding sites and internal fibosone entry sites,

dlsn}mamer s, silencers, insulators, boundary elenents,
repl N 'agtehg,m fgrrthgin?r%bses otf ‘ctllexprglste}l’fa (&‘iscqesnutre Snllcgh?&es a DNA region
encoding a gene product (see infra), as well as all DNA regions which regulate the

production of the gene product, whether or not such regulatory sequences are adjacent
to coding and/or transcribed sequences. Accordingly, a gene includes, but is not
necessarily limited to, promoter sequences, terminators, translational regulatory
sequences such as ribosome binding sites and internal ribosome entry sites, enhancers,
silencers, insulators, boundary elements, replication origins, matrix attachment sites

and locus control regions.
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and | ocus control regions."CGene expression” refers to

the conversion of the information, contained in a
w@emwe/0338t 0 a gene product. A gene product canP@BUS195/032157

direct transcriptional product of a gene {e.g., NMRNA

tRNA, rRNA, antisense RNA, dsRNA, ri boz , Structural

RNA oﬁewpmsmn fofgra t@themmyerman of @@é@ématmmn%ampd ina

c [ r od

SPHE P S el o e B B0 G A GEA et o

a\gbme:@ SmaRNyg n;RNAd rlem MtMQ@SESAwM\IA;SnMﬁiengmctural
adeny] at i on, 51y| ation, and editing, and
Rg\f%g%wso dvns %foRlﬂé %prceéieﬂwt&nécnméﬂﬂws@fqr@ﬁample siRNA,
bigu

oS R P BRRBE B U B e s
thhchnd: aooddied, b)jfplgg)eessesesmh @s sapping; be/ad;eﬂylatl@npdnathghubﬁ and

. t Modul at
ofiffe 08 Prasefs ool 0% HpricainnoG, mgiutiag: Jermnion. and
pl!i& BoryRiPbR; StﬁinﬁﬁtlnatfaﬂcﬁﬂPOﬁlb&ylaﬁ%h | rﬁyﬂlﬂﬁétﬂﬁe?mp%{ﬁr &{yf‘atmn

[imted fungal ce (such as yeast
C eI I éMOQIniamn" Qf@i@@;@mmstml ne&ns toel dhgngenia thmrmvnge:lfla:gene

MAoﬁiPL ﬁlg{l ?Eexpgaség)tnecrgg ?I}:,Célﬂd 913\}% pgtel%gt%g@%]; g%]% ag%{vaehon and gene

repedksiepdi ng sequence within or adjacent to a gene, in
which it is desirable to bind an exogenous nol ecul e.

Bi ndiTgapaticbeelisdrcludrs bpiarp aglémised toe fupgal cells (such as yeast),
plahALHE, fanmAPc%ﬁé b mLﬁ‘M s aﬁd fugl%' O”ﬂgsf | nterest can
€ presen chronosone, an organel | ar

gen omé're{golgof 1nt&ésﬂb1b angrdgidn oitdéllﬁraﬁ phrofialin, SdEh ag for
i nfecting viral genone, for exanple. A region of
eﬁanlﬂlg? é‘s&enE gh? B‘é“'\‘r‘\ﬁ)‘ilﬁg BEQURRCSBHIA §T pdigeeh taod genegiywhich it is
[
ATy b 30 SEpRGus AIEAR. Hnifg oAl o8 Bt Ripedcfht cs.
transeriptienal wigulatiohi A mgion tof neresticar te prgérm s a cRiolitgdme, an
$streamor ownst r eam of thhd@OdL ?Ig Arelon
erjyome, 2 kel ¢opems (& piitocapndsal, pRIgrapaste P ngting virel
gddile, R cfinpe. A fégﬁ)n'b\f%t@l%ﬂ &8 Rifrin Hfé Joﬁﬂ%&r@gloﬁ of §'3¥ne,
integral val ue of nucleotide pairs.
Wl'tbmél’@sml@d Inpmca@ag regidns' sk ag tiowedayplé, idadel’ seoences, trailer
se %) r%ltr are sed 661;erichan abI VVI th
AEFEFRACEPES grwb nalﬂ)o&s #EH rems é 8 S8bnent s
dc(vsmleaxa%fmmﬁfg&egbﬁ MAeSion of tnt¥idkiCdan bBAs SARM A E Bingle
are arranged such that the conponents function
nysRoER PYIr ahap tl 3,800 nuadeqiisls Priss In leyethienanztintegrabvalomef
n&fleottllag gooponent s can nmedi ate a function that is
&8 upon at | east one of the other conponents. By
vvay ’Dlﬁe ﬂehhsl&ipl’eﬁitllve Illnk@e!' hﬂdlSdiferﬁivle@ﬂﬁikeﬂ'egﬂk‘@ﬂb&ﬁMy linked”)
sequence, such ,. Is operatively linked to

arg ué‘?ﬂ’dlfﬂt?@cl@@wéh’c‘@lth fdtenqace toigEiaPiiQINef twiog mnere §paponents
(:BEARGEEO Bchh ), IS HAEL BhpddARSHE bkl sl hfifine

codi ng "sequence 11 response
components function normally and allow the possibility that at least one of the

jamry

—

components can mediate a function that is exerted upon at least one of the other
components. By way of illustration, a transcriptional regulatory sequence, such as a
promoter, is operatively linked to a coding sequence if the transcriptional regulatory
sequence controls the level of transcription of the coding sequence in response to the
presence or absence of one or more transcriptional regulatory factors. A

transcriptional regulatory sequence is generally operatively linked in cis with a coding
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presence or absence of one or nore transcriptional
regul atory factors. A transcriptional regulatory
WG ewemssss” i s generally operatively |inked in cPGI/ub1005/@32157
codi ngsequence, but need not be directly adjacent to
it. For exanple, an enhancer is a transcriptional
sequgtea bul yeed aqtlemdicectiadjacent ép#r ot exsinyplé,ianiceblartcer is a

AR5 U DB R Rl RS e

evanBoagh thel yrd ionk@diguead refer to the fact that each
of the conponents, perforns_ the sanme function i

i nka%eh Tesbech i eine polspepissribe m oparstively finked” qaarefer to
I E i ) i
tihotflar o Bitho ERp Aot It fRMGRAichdn Aokl the

other eorhparatad iptvooldar itvegeihattsorlinkddnBomexatiple, R respect to a
DNA- bi._ ndi ng donmgj regul atory domain are in .

ﬁ&&élr%ﬁlmﬁé’_tla? Hk‘g@@H ia%;%. lﬁp@h‘_@n ihgidomagbis fpegitp adangopigtional

reguRtdrofane 'tﬁ@lﬂomﬁ‘-bt?ﬂﬂ(% cﬁig%ndiﬁ aRPIHR r%glelg?ﬁgddrﬁa?n are in

target site and/or 1ts bin site, wh
opagiivelinage tdpinsthe fiissongimlypeptideysbeZEP ®N A-bindingddrmaiatpertion

igibls BT P nee e e tpdine SO ORR e sy fageigys abl
td el @l (@.%i,@cﬂi&%t@oﬁ%?ﬁe_@dg@nan_&fi‘ip‘{@ﬁpti de or nucleic acid
whose sequence is not identical to the full-length

pr ot & ‘Hungisnglreyivatpat’ oer "enstiend feagiment'\afta preten, pslypemide or

oG0R sIF R0 o0t bEBERSE Pt R BpiosB8RL o
to e Gull-ee prot¥in, pBBpSHitR dtwiibRic R1d, yesiethit@sh@sarhdfinction as
correspondi ng native nol ecul e, and/or can contain one

therfulldength arateis nedynephide erimiclein pdd dugnetiongt fregient can
PG B 5 ST ML B A 5wt
nheule indiccdaaiconabi 6he de emone hihinonm@idon mucldadd@sibstitutions.
A eonEH A TR B o R i
tcﬁ){b@idﬁ’&l t¥ %@ﬁlbﬂﬁmf@@a& p%@ WRNmEmBes in ﬁgarﬁxﬁlﬂﬁita’ﬁy,o 1?¥thods for

ter-binding, electr oretic mobility-s
detemminog eroiepi fuattiorrassiysiowbNEor kranpigahe BN Adinding

b . el hor, . See A | et ah,
AR ot REEBHoFeqh b SBeprBrLiR POTA oY dbter-RIngine
cRBPS IR tRI RS -IRM, REmARMEpIELPREod HayRX TNPA @leab¥ze can be
coi nmunopr eci pi'tation, two-hybrid assays or

assaygsl wngal electrophoresis. egehstubd eaall spot HBe abdlity oSegrotein to

PO e B -
irEMgh6eesipilat@n) ey d=hytaRY askiyRtoR icoSpRATENfAOE B0t IDeEH+E0 CAR

Di scl osed herein are conpositions and net hods for

bjogheimigal oyeeofor examae diglds einl (IABRNVarree Ids34H-246; J.S. Patent
N%xgggg 845 flaﬁﬁ 9%4 5Q)d_ucti on of RNA and/ or

protei’n. ese i ncl ude Tusion proteins conprising an
engi neered zinc finger protein and a

Engineered Zinc Finger Proteins and Target Sequences

Disclosed herein are compositions and methods for regulation of transcription,
which are useful, for example, for enhanced production of RNA and/or protein.
These include fusion proteins comprising an engineered zinc finger protein and a
functional domain such as, for example, a transcriptional activation domain. Suitable

functional domains are known in the art and include, without limitation,
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functi onal domain such as, for exanple, a
transcriptional activation donmain. Suitable functional
waelooveiosassar e known in the art and include, w tPOIUS2005/032157
limtation,transcriptional activation domains such as,
for exanple, VP16, VP64 and p65. Mbreover, one or nore
trefiscriptiosA metivatiod idoframssticl am &iri e&mapledmﬁn‘éPfQébargl nos.

MG e of flearie obfufebdt dhdiofAdonmiuge ™ "
trARREib ekl @E‘tl\FﬂﬁBhldeﬁiah@r cdNbe pFEfRAL Qﬂeﬁél%rpfusioﬂ‘i%iﬁﬁf M do-

by reference, for disclosure of exenpla functi onal

owaehUrS Pajant dpplieationdwbbertionNos 2092/916Q94f)4 ingerporstastbsi n

e e conpr|5|ng t he
e e e R R 511
sequéncgtains epbedgrhts] Hzinb ﬁn@ﬁ@r@ﬁeﬁﬁ@ %ﬁgméél?ad( fn@to h,
supra), a pronmpter conmonly used for protei

SeAUISBRFROTEISIng fhe &aaéeté?qwe%GGE FTGGAAGSER WD BarThie
SLRERCS 8 Byt RS BRI AR BB 0PI fonty

ugddrfor priotege prauuctian, byt GRS 39RE 00piet BEQ IDaNObleen be inserted in
h
og%cg%cgeﬁer ea%ytp?orgbtgg krtlownS E‘l(%he art IElOg am\’tprgmgt@r no acid

SR o ACPE LR N R RPOE | S0 B RS

effincenertioriind tedSBQIIRANQJi luks thesingine scidrse@EQeE) NO, 2

R OBRERIGE R Y GNP HA et P SR Rspa

LERMER THNGERIEF AEPRERRRFVEOSSISCRE AITK TPIONIE HSTNSID NO:2).

“because one or nore of these residues participate in
s equdhe endgslieed anainp peigiresidids én SEQUINING: hevrragpond to residues —

1%88%19+? %% 'Te reg{ t%ltﬂg st&? gP{ fa é’?%n}feﬂﬁ%)llp)?ge 061[ (%F&tezmc finger and

Feco Ions a di

ateakkkbied ﬂles‘&mﬁﬁﬁ)naégioﬁ@’ﬂﬁbﬁﬁé efle BftthoMAd AR rédididdse
protein identified as SEQ E). NO. 2, since they wll
Parcipatera seqvRCTMSCHICHY pﬁgucé?;@amfiubmlyg Aerggdingly, proteins

|
e T S N e S
seqman:cefam gms1dmwkd&mmle(rmte theprotein ideftifi€thiseSEQ ID NO:2, since
242 and 6 26 and, the resulting protein can
thr%“ﬂ &ave %‘els@ﬁﬁ bt”?‘ég‘%%ﬂﬁf’ﬁ“? ¥n, e.g., to enhance
Pr Ot $hils, i Gtiet biBodiAeaR! e 'E}Q'sé’ rec@@g’u&?f‘er fhs éﬂuﬂﬁrh%ed in

f| nger proteins having the fol | owm hg sequence can
SEQ® NQ:2 #lwvd) el esdekedun hm;danc mgexzaaakm (see, e.g., U.S.

0§ 0 AP SR o
tri¥deaptionNetith ehhdhck BERAEIA ptddABLiGE gA&ibrdthEf' ShiBfeerel i3

and +6 are primarily responsible fo
ﬁpgqmpéfptﬁma bavies thqa@llewmwncmmb eumacrg liy therdigeldsedrinethogs:

anel Rﬁstl\ﬁ‘ zin I%5‘(ﬂ'ger %% ?gsﬁﬁ%];%gﬁj'?gt%&sc'x“'

-x5 QSSDLRR—H-X3 5-H (SEQ ID NO:3).

Within the recognition region, residues —1, +3 and +6 are primarily

responsible for protein-nucleotide contacts. Accordingly, non-limiting examples of
additional equivalents include proteins comprising three zinc fingers wherein the first
finger contains a Q residue at —1, a N residue at +3 and a R residue at +6
(QXXNXXR, SEQ ID NO:4); the second finger contains a R residue at —1, an A
residue at +3 and a R residue at +6 (RXXAXXR, SEQ ID NO:5); and the third finger
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finger contains a Qresidue at -1, aN residue at +3
and a Rresidue at +6 (QXXNXXR, SEQ E) NO 4); the
W@ ewonsBstd nger contains a R residue at -1, an BCT/ESiodues32157
at +3 and a R residue at +6 (RXXAXXR, SEQ E) hK)S)
and the third fingercontains a Qresidue at -

cppiging ad residug ahnh ad residusiagid aad aP&ce@w@@@(Q&E@m SEQ
IDRGH, AldGtbh Bl BRI A8 oS 7R HRF pRIY (£ Eedulilc

ds’to a sequence conprrsin targ e seque
c@ﬁﬁ@i@:‘ﬁk tél%EQ@hDGlN@GQ‘TGM(HdM (SEQ ﬂBlN@MQ mpl ary

thre |nc finger roteln engi neered to bind
t he teAEI‘raé]B& p gge[)pr@lyg)engmeered to bind

t@&%?%glﬁ&ce r@@l’%‘(ﬁ%‘rg\,%& KW&WW%@ following

ARSI quKéIdeT GEKKFACPECPKRFMOSCDLTRHI KTHONK (SEQ I D
. erl | ' i ' in SEQ I D NO. 7
cor 1 KRR HTOGRR ETRARE AR ERWR b e p b ok

TR
TR R OSBRI s

anderbined aminoeacist residueseinrSES) By faotrespopd teresidues —1

L NI R N T A

délﬁﬂ@i}llhbf‘te@tigﬂlﬁgm edpforisN bacalbd iy dthor Off R8P IdsiBes participate in
backbone sequence are consjdered equivalents to % P

seqyence speeifigity plgualgie poif insling cAecordmEinaprotois Q@gmnsmg the

the three
sBRE oo kdgbitollHiiont th £ BiteRloR pER BN Bro Boadehi iy
cm&ldekmi @uiabuhtsd to SEQID N’@*7f SIWhe)b@ﬂkmre&hé §d2fs DRAGbinding
&m Patents 6, 453,242 and 6, 534, 261) and the
spesyifi rng protein can be used to regul ate

tranggpd i EQRin &ngodlmte sSRb A %@re@{)g{lﬁbﬂ]r qugldﬁﬁde?lﬁed in

Accordi ngly, englneere zinc finge prot I NS “havi n
SERED N0k batavg) sacheqiamddmanypeing fiegeritackbvmedsescé. gs eﬁs

Pgtgltatlg %d4§3 52%%§B§é%é§1ié;() %n% a:lféu H&ég&g&@?ﬂ >l§e usecc:i to regulate
trins$EphiSClle] o Bhitice p fdtélﬁ'?@du@u&\p ﬁ%cor&ﬁé&'e&lélﬁ\%red zinc

recognltlon region, residues -1, +3 and
ﬁpgﬁrmmtmmy hpvgg wamgcaeqlmnoc eambaset] éothediischasad awtiods:

e e A s R RSP RO T o SO

CprQS(E)MlEHGXBS-WQSEQIIBm(f)igmger contains a Q residue
a Nresidue at +3 and a R residue at +6

(Qxxm&mt EEFOEnItiqn: rqglon,trﬁ@d%cdnw pndyeereguimatiliis a R

ré_"s_g&] E?t‘l'lgé%[& éA‘tlﬁﬁ §¢31ﬁ5!:? c%ogdlﬁgl%i dﬁ}lfﬁﬁ% de%%m%ies of
adctitidrenl epuival€ts B&ltﬂﬂﬂ@r@&:ms tomprising deesitifc ﬂhgdrB whiBEEirathR first

residue, at +6 (QXXDXXR,._SEQ I D NO: Thus, for
fipger pntains 6rQ)feé}dr’1‘§ ah ohyt N oSt gty F'{l% AB residye at +6

(GRRNEER SEQ ID NO:4); the second finger contains a R residue at—1, an A
residue at +3 and a R residue at +6 (RXXAXXR, SEQ ID NO:5); and the third finger
contains a Q residue at —1, a D residue at +3 and a R residue at +6 (QXXDXXR, SEQ
ID NO:6). Thus, for example, proteins comprising SEQ ID NO:25 are considered

)

equivalents for use in the disclosed methods.
C-X24-C-X5-QXXNXXR-H-X3.5-H-X7-C-X5.4-C-X5-RXXAXXR-H-X;.5-H-
X7-C-X24-C-X5-QXXDXXR-H-X3.5-H (SEQ ID NO:25)
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equi valents for use in the disclosed nethods. C X
2-4-C X 5- QXXNXXR-H X 3-5-H X 7-C- X 2-4-C- X

WO 2RBMEEHR- H X 3-5- HX7- C X2- 4- G- X5- QXXDXXR- H- M3F/BS1405/032157
(SEQ I D NGO 25) Addi tional equival ents conprise any ZFP
that binds to a sequence conprising the target

seq uédd@omts@gmgns@amcﬂ? thaGhinde §pd srimpReecomprising
en amn and +6 cont act
thfg%r\é\%sggue%emﬁéggm {éﬁ% reg| o of a zinc finger,

and guetHohidrss betwaerd angetackistatthe ha)/€3 bﬁtE% dasadtirbsidies of
See, for exanple, U S Patent Nos,
the reepgnitivg regien of 72 nger. aad HRg ¢0t1§§s m@ﬁam?b PIF"@ hevebren
%Qﬂ?é{ 021 60; &%&ﬁ@’@%"?é&m‘@%@%’o’é?%? 8'@@? W6 98 8546 33s;
cordingly, be consi deted equival’ents are
ad wele as PCT dablications WD §6/06p6@t @in 98/63105/8'1 | WD 987(5)3059ramﬂ WO

o500, L Bl Repfo bechRT SR cuiSentS e taree el g finger
profeid i vlf:fnclﬁhe %r&rﬁngef%oﬂfﬁns ?Qﬂ g'i ,h%I 4t EJ3ra%deT‘T<Q§ or\;I‘ gtt +6; the

cont alns N,
seeBndfilgdR, com;ams Ibat 1I aét S|-6t VREus3 end By Kt 8iond art@; and the third

SRR RS PR S B Ve S o

herein can conprise a portion of a fusion protein,
wherein the fusion protein also contains one or nore
funcFllsmnIpl‘@l@mmlisl e(ﬂéoélllg polynusteotides onal regul atory
domai,ns 0C S ,

tagsAS g%evwlﬁg'r&%x gngl éedgzﬁﬁlcng& Ci sébt%e 8@1%?1115

dik¢1Beaepdin ta cbrﬁp'rmerai porfiéh 6f Dficloddiotbids wherzi the fusion protein
sequence (NLS), a zinc finger binding domain (ZFP),

als gonymng one eifaese fangtional %%%lnwtg Jrnaeiationalropalaterind

oI S e R ARt S22 P i

acid saphienes dffy fasipn pratein compsikingra riunlekf IpualizaBiof Sig@ehds (NLS), a

e R R R %a%lam%w)

ard ?Flﬁdﬁltgggta%%ﬂgﬁg ed&foted 229000 Uﬁ'sﬁ@&vh ﬁﬁn@,&

enco 927110 protein is shown in gure 5.
Nraah(k)t iTheaiclbotide sequoney eDhotting thek prgtedoisshowe emFigure 3 (SEQ ID
Ng)omonal Iy be associated with one or nore “functi onal

fns' "regul atory domai ns" which facilitate,

e.g. An%ti@hﬂceﬁéﬁlbﬁgy pRtdn (239@0102 heaiha @ind4cid sequence (SEQ
nmodul ati on of gene exgressn on e bindi nge domai n can

D:bél(bd»?/)aﬂhewmlnythumﬁnT o veduenad of apodawickkptde (HEQ I ANO:$3)
ly t
R e B o R R B ERES or “o € “Gonmi e bei ng

two copi es of the sarre domai n, or two different

domai ns. _The_regul atory donai ns
Functional Domains

Any DNA-binding domain can optionally be associated with one or more
“functional domains” or “regulatory domains” which facilitate, e.g., DNA processing
(e.g., DNA cleavage) or modulation of gene expression. The binding domain can be
covalently or non-covalently associated with one or more regulatory domains,
alternatively two or more regulatory domains, with the two or more domains being
two copies of the same domain, or two different domains. The regulatory domains
can be covalently linked to the binding domain, e.g., via an amino acid linker, as part

of a fusion protein. A DNA-binding domain can also be associated with a regulatory
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can be covalently linked to the binding domain, e.g.,
via an amno acid |linker, as part of a fusion protein.
wo2b33Is5Ndi ng domai n can al so be associ at ed wWaTIUS2005/032157
regul at orydomai n via a non-coval ent dinerization
donmain, e.g., a leucine zipper, a STAT protein N
dewei via k ndoeayalentsimenizating demsing eign @ lppcdnestipparse8TAT

She Sci ence 3 1 Bar ah
pfipdlypN CtaF i ot ot ki P 5 P S Sttonce
254%@)(199@)e3mamhaﬂd-1>omw Baw. T&mﬁimozlﬁmﬁﬁ%iwa 121-
1%&[998) KI'enm et aI Annu. Rev. Immunol. 16:569-592

658); Iﬂém@tefaql Apg. Jrew. Brgmurgp L6gH08-39293898); Kiganm et al.,
65 (1 T
A A i PRSI IR Y o I R opgy end
Pdmering ead/. a?ryci&m Bawbe (IBQSD)t I'The, regulatotiddongaih ben e as3bciated

wa@,{gq: E]glg}quf U he?tea?]ér;g{ %gq: ggstqtgénn%:ﬁpﬁ% rlqer eg,ﬁlljr ll\%gce%rmnus of
tﬂélﬁﬂﬁﬁéﬂgﬁlb&n factors (activators, repressors,
co-actfTvators, co-repressors), silencers, nuclear
hor rrﬁlmmmmmgula’rosy damamg awduder ags effcqztblr dmnzhas:froeranscnpuon
fmg( WiSts Laprds 3?{1 tors 60 € gls oL
APy ‘m ﬁ%%@r afles} m&%sara ﬂe@ﬁ%ﬁ% ea:snd
hbf€drle 18SepRk, ébtn@@gefné‘@ﬂaﬁ?ioﬁp@iﬁﬂ 4%tk {d. £ iye, B fos, myb, max,

rearrangenment enzymes and their associ at ‘ed factors and

magdiel,icts; b¢l, atybomgs famlbsmgmbans @tcl PpDNA mpglrmwbseand their
ot i dwadpd modth SR PGS R0 AL i asociated

fat&irh yhd motifead; @ﬁ%atmmc&@élﬁir@m,anhﬁdlﬁﬁﬁ@ﬁers (e.g., kinases,

ases, klnases osphat ases,. pol yner ases,
@qﬁ%ém @nd deacstylasavle @MSE@ madidying enfyragsd e, aegyliransferases,

tc%)g %ﬁ{ef' s@d! %eﬁ%@ésf lighses KAR0S hbéf)‘g%{&al hﬁ‘&l&&eras

ypep Ides I'”Chone a regu atory
eniimmc]leaSeﬂ,the@&tséd) aaé tHeh&l‘sscmiaed faenkyad modifiegul at ed
and basal .tran crlptlon pal.y. eptlde i.ncl ud
tran E*Fﬁsﬁ?l?t&‘il fg%?&’f e §PGPPH%§ ﬁo@f"ﬂ@@f fqig are ?atory

d 1 gﬁtlhé’lﬁ&é’fh%se ﬁ%{r iﬁg E:ﬁfe?vedrih' ?@ﬁtecg%{:dgg%g@ %ﬁ%&%@? Such

palypaxtld@ﬁnmvluqn rtmlnemmnoa tﬁa:ttcrra,dher effectoddehans noactivators,

SR BTl Bl £ BSR4 3k B0 1990
fof dl 18V 8% AProteRland Audtéic Acid kkIRont#doReE defransMepiiads
Enzynol . 273:165-71 (1996)). Databases dedicated to

trensgrigten fictasnhinf geneiat greacweeWﬁcbmmBz(rg@ee& Adogek, Qi énpelllergy

2%%33@3?'4% @gbp ag?&oRﬁ gﬁ@ dé?“%?lg'zo | %—,@0 @%Qg%gpt or

DRgbedes @ediehted fo trideriptidiefabtontird 86wl (seb, 108 S36ient269:630
C/EBP fam |y of transcri ptl on factors are reviewed in

(W?é)aan%T [SHAu ABIsicar Befmong seceptor ggnseripygy factors are
Atd Y2tk pegu? s WPLESP S Bk, SEMALE (1905). The

ranscrrp ion by nuc ornDne ptors
CAEBP Ifz&ﬂﬂ}eméldansnmpﬁcﬁf factsesmpd ssvidvieddan Wedel ez al. Immunobzology
Endocr i 134(2):158-9 (1996); Kaiser et aI Trends
193: ég]n-éﬁn?l@ég ancgwgtogs and co-repressors that mediate transcription

regulation by nuclear hormone receptors are reviewed in, for example, Meier, Eur. J.
Endocrinol. 134(2):158-9 (1996); Kaiser et al., Trends Biochem. Sci. 21:342-5
(1996); and Utley et al., Nature 394:498-502 (1998)). GATA transcription factors,
which are involved in regulation of hematopoiesis, are described in, for example,
Simon, Nat. Genet. 11:9-11 (1995); Weiss et al., Exp. Hematol. 23:99-107. TATA
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(1996); and U ley et al, Nature 394:498-502 (1998)).
GATA transcription factors, which are involved in
w0 e@alo3asson of hemat opoi esis, are descri bed i nPCT/U82005/032157
exanple, Sinmon, Na . Genet. 11:9-11 (1995); Wiss et
al, Exp. Hematol. 23:99-107. TATAbox binding protein
b¢ABRYlingdotietns(TRFY @od it esbodiated JAF palppéptidss (witickcmclude

TaRihebrar ahad im0 e, Hﬁ'&\%@%@%ﬁé}s@%ﬂn&wﬁm

| .
b, 20,0404 L 194 o M 7, 9 s,

616997r$s(c1 POt iThe SLATE mlsa(pfetrafne&mémcfaqtﬂrs at@revmpn,efor

SE T YRS oL, - T e lidl panpict A1TH4TR (1996).

TeknS i%n&'ﬁcﬁofs&ﬁ‘ifcﬁv\&ﬂml diseAsctare tevddwedlin Adoer al. W €Ftn. Invest.
97:1561-9 81996) hi one enbodi nent, the KOX

974pp841¥P)domai n and/ or the KRAB repression donmain

fromg
tr ans Cri p@%%ﬁeggﬁ%%l esdébzl%g? g"?‘?’& f4g KRAB repression

dGhainderns the2iudGidr BOX41 pAR&N is usbéugo krammptlaﬂlal rﬁh@s%or Thiesen

et Diwepioban 02834 (WA eMereotin chel. TNEO 54503503 1994
Pél%]n? eé 3291 ARIPRES ?\%9%—’9 o (19 91), Wiblgall er &Y. *%%%91 :4514-

epr essor, 1s use or’ KOX~ Fr1 edman et
4518 (I%m)eslnlaavﬂleﬂﬁnﬁﬁﬁmeﬂtOK&P( l%ﬁRAMd—mpmSowslwed with

R0 or BRI P dfoferadlen L0521 A800 chspmatiety

Kt @in 9@&&@%&%@ ﬁﬁéuoam dondis. CO'tHéE bfé@éi’redt@ﬁfs@ﬁ;&%s
include MAD (see, e.g., Sommer et al, J. Biol

fewgs apbrareerptiqruHoRy dowais thasactas trarmmgen@ repressors nclude

MABSE = g POt o vy Bl e 180 PO PR S .

248 2BEI0 (k99 16@\9657@41 DOg)OL
dn@b@(’/gwggﬁ?héusgﬁgfﬁz 53- Sssgdlg‘gﬁe {IDSER L sson

efaloiQusegenei 1§ T aftRdd 89 Do hehegerse al. @ﬂé%ﬁi?@ -6 é]I997), and

CRBPFS erao ot B0 ER 00y PRI R feeod M0

rha‘%ggsgma%mf Gmsldmgtet&l, (}zaaae;eResa[ls 35’4@35%%1999)35@%& et
gﬂygé)c)eﬂa?wé @J%lé 8r451|§pé§%9(§c) 53 E?ea.rgf %@gbwsmﬁagwe

pidaE1:SERUE 2, Phi@los dbBR1d3 1’9@8f‘7a§&L4.,79z3az( 3B her

|nteract| ddmai n (SI'D;
58-28 (19D8)) ik letsBirepressbb fasior ielﬁ%dr qdieHn IERDh Sg@nw et al

0 e sy OR A0 MUBR RS el i Een P

Aber A d1OW101.7Ge1P Bhar 5@@?72( P 701ho6)st her tr anscr i ption

actors from which activati on dorml ns can be obt ai ned
i ncl lrdenmmb@hmehbthﬁﬂ‘éV r\’é’dépapbmtlopsbmanelsglseda&ﬁ chi a

insriptis BV Gie R Flegrepait 4 A ERs T8 0 oRs: B9

Ofiadritknsoliptioific¥drs from which activation domains can be obtained include
nuclear hormone feceptors (see, e.g., Torchia ef al., Curr. Opin. Cell. Biol. 10:373-
383 (1998)); the p65 subunit of nuclear factor kappa B (Bitko & Barik, J. Virol.
72:5610-5618 (1998) and Doyle & Hunt, Neuroreport 8:2937-2942 (1997)); and
EGR-1 (early growth response gene product-1; Yan et al., PNAS 95:8298-8303
(1998); and Liu et al., Cancer Gene Ther. 5:3-28 (1998)). An additional synthetic
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72:5610-5618 (1998) and Doyl e & Hunt, Neuroreport
8:2937-2942 (1997)); and EGR-1 (early growth response
w@eove/08386duct - 1; Yan et al, PNAS 95: 8298- 8303 ¥AD08)005/032157
and Liu et al, Cancer Cene Ther. 5:3-28 (1998)). An
addi ti onal synthetlcactlvatlon domain is the VP64
a@t@taitloatlpmnmd@ﬂm YiP¢4dtivetionedoradin (Spes al., JAMROG 114968
n@@}ﬁ% Ki nases, phosphat ases, nethyl ases,
ases acetylases deacetylases and ot her

pr ot ®iifsed, lpﬁbspmﬁsisésynﬁ ?&’dQEQHbﬂeﬁlylaﬁé/sOhééﬁﬁase@ dRb&ylases,
regul ation are al so use as, regul atory domai ns. Such

apgaiher proteingthatgnedify pelyeapiides inNolyad incgang gegvation ase also
%{I{ %%bﬁ&tb@nddﬁgﬂhsat f&h%odlﬁ 2R olbé)(f i'ﬁosqul%hmg on or

nases I nv anscrl I on regu atron are

off&mnecmgﬂlonmdaaatedsby,l‘fbﬂ e)ﬁﬁmi@d:horrﬁhws K2n450medlved 2495) ,
Jackson et Ia .., Adv.. Second I\/Esseg% Phosphaprotein
trRsCripGen regylatign P@Qé‘)ﬁwe DB MRl Reprod; Pev.éayA59-67 (1995),

TRERKGH YA, 455 BRI Me.éeﬂgel?’h@gﬂ%?%] tezW‘Ré 80%'% 3203 elt9@§? 3nd

are reviewed in, for exa ont ha
Boalikasy CBY. dley. Eul@wam@er(el@%)s INGc(ll%%&) Whﬂ@p]msphdxtama&s

SR, o Sl AL bR ok, b 51988 HO93).
N&GIeﬁf @&s&ﬂ%@@%%%&&%%@ p,fenamz%#aﬁssc( Q.9873-6

c, jun, nyb, max, mad, rel, ets, nmyb, nos
(¥ 1y manbers) and their associ ated factors and

dif d a ,
Coopdy LeRiibe e A5maing s 855 b Shaisd ol i EPpEpfiducts of
0Bzl (12., By, AGY fosBasbOmax, Yhad, J6'@s, bal) GnyBa hids Fhrhily
Publ i shers 1995, The ets transcri pt| on factors are

megipees)ard th@u\mwcwcrd fagtosy andppedifigrs. QIngegrnes arzidescribegd in, for
eﬁd 1 ?C@c%r (5;1% 8% i e%' Tth bﬁes agﬁﬁart%f:%}les ?n ﬁ?bﬁoga)g

é onc genes ar € rev
BBylan MitA, ddnes Bhd Blarttatt BliblisHets, 71995 2Thd ét@%hscrfﬁﬁen facforaagk

IR e A
Cgﬁcﬁéfzr Bncd9%Y15%3 ;2994)' Q\bl'_ﬁc ?ﬂi% %r%e@g?e%gw&@ éﬁnﬁr example,

oncogene 1°s revie
Ristam &, al Spiqehemua il 4: B3 1. (15%)1 (Iﬁejlﬁl an'ﬂrfes trydlscgptlen factors are

famly. i revi enwe Kan Curr op.

dREPebin, for er?mﬁlﬁoﬁ Bosyg ?[ ﬁ‘”"fﬁl‘r’é’PﬁB’éFf’ﬁPHH’ ghngel

& Hel Bl %&‘@ 199'21) Yeue ﬁiax@hcog@ﬂé s re@é{v@d il {8 ez BEYCold Spring
19- 25 n% Regul at or domai ns can al so be

H@ﬂ:t yrgd olA% H)9al 6. hﬁzl}m’egermfdnmlbre$ revmmdan&aedl Ishii

el e BIE 2P oD ! OB R SR it ARG ppoviewea

ere\e@ralse&nra%mnaémepexaad%zmb%)stranded DNAbI ndi ng
proteins (SSBs). DNA repair systens are reviewed in,

for Beawpory doyaains eanyalso epphiangdt fromd)NA regaiggwyges and their

adsdORRl FactE and BV fdRE VTS 'ﬂﬁ'iude;zﬁ)’r g}?al%&g, I(Lflc?e%ggs ' (exo- and

endo-), recombinases, helicases, integrases, polymerases and single-stranded DNA-

binding proteins (SSBs). DNA repair systems are reviewed in, for example, Vos,
Curr. Opin. Cell Biol. 4:385-95 (1992); Sancar, Ann. Rev. Genet. 29:69-105 (1995);
Lehmann, Genet. Eng. 17:1-19 (1995); and Wood, Ann. Rev. Biochem. 65:135-67
(1996). DNA rearrangement enzymes and their associated factors and modifiers can
also be used as regulatory domains (see, e.g., Gangloff et al., Experientia 50:261-9
(1994); Sadowski, FASEB J. 7:760-7 (1993)).
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Lehmann, Genet. Eng. 17:1-19 (1995); and Wod, Am.

Rev. Bi ochem 65:135-67 (1996). DNA rearrangenent
wepwgnesssand their associ ated factors and nodi PCBDS2008082157

al so be used as regul atory donai ns (see e.g.,

Gangloff et al, Experientia 50:261-9 (1994); Sadowski,

FASEBmilarly, pepylatory donmims oap ke dervsd from @N&m@fymwmmes
(GETRYP: FELHER-/EERE, RO IREA BB PRt duses, ™
plhosgha:te&s, Ii(?l}ffm&asas) axtmbind agsmfsmsad fﬂﬁb]‘_sslrmﬂ&@(ﬁﬁﬂier&n Helibubs are

assocj.a act and nmodi fier Hel i cases_are
TR B YR AL oRiogtsay, OS948, encbmethybangfecisas are
dé@eHbdEhOlenE a0 COpRE '

B néHa 00 UCF Bt ﬁﬁz5§t£9¢51toB%?55C4 16%%1952 @Hl%ﬂgatlngégc{cmted
pmlm:amﬂttbdr prodifern. ga,ridnadasglaceuyhdesfandrcbaqulgses), such as

o8 55 e B8 TR Serthty LAY LR%D we RS gestin Bngicna
d@hﬁﬁs UBESel enftodfhé b n%ﬁ%r@sionﬁin RRORARAGH JERIns e

regulatory domain is a transferase’ t hat
thatacs afsa ansemplinnel eprassetl(seeepge é@nrde{l Séegaert gt ¢l \FREBS Lett.

AFIRIO%0: Sl oL Lokl 2900 T 16180 O ot

NatleicMiedseRes. ZKQJ_ZSI% Rem). (1998)2onb7 484 & C388).; Bisn&réar do
Chem 273: 16517- 16520 (1998) %1 I'n

2 B SR SHn i Soribrchosis g, GunuGiSisFoRIchss G0k e
ptfoVﬂ%tﬂu?Jgi?%l?lqﬂﬂ%&sto c3ta Eﬂrﬁgtgdgﬁf (e‘]tegxgja 1611 ci)jﬁ%.ees

whi ch itates proc ses suc
proegssesssich as aactiptiorad gppussioa andrhomalogoms res@tﬁbln@n@i Sdd;

o 3:1E8 e Pedi o BnPichbedA o8 060k Babms oviiono
il o R pt3 AN oMt i n and DA

structure, novenent and localization and their
ass oactare ehat ettt shancitimadid ONA strudtaret moserdentiané dodatigation

el opinten TutoBRd o bR, tonatiTol FrBiciabenla: be
preR@9ofes, ARAFORs b eii) AAY LARTRIAS aJsQélatfe%th&r}ﬁ&ﬁﬁfﬁl'eﬁfhan

of chineric proteins or fusion nolecules. In one

alemboaicie pbtaindgoetsinahéwnainn fr ithe eogstasdionaf ehinweid meteins or
mai ns,.  l.n_anot her . enbodi.nent IS

o B8 0 b cich, 8 BB Bfpodifhef e RN R mshate G5 as
reg@lhtov‘jaﬂblﬁﬁhndonﬁ,ﬂ@ﬂ{e‘ﬁ embo@lnﬂant histéhefacS§REdnSferd¥B s usellal a

Bi ol . 18;4377- 4384 (1998); Wl ffe, SCience
ﬁww@m@@w@e@mmﬁmw Ein & Scots Makcelh Biola %4377

> 3

PR el elesy BB (1 b s a4

4119@696)s amad Hmmraﬂ pPNﬂS@LS %epaeszs (199830 rmmibt{lae@mbodlment
.e.g., Jin & Scotto, Cel.l. Biol., 18: 4377 4384
hitpBbdaceialase {ScHak ps atrwﬁcp%@al Iepression demain (see, e.g., Jin &

L e B
270t 4243123 P93, SEH@CKIM%S) §renes Dey. 12:2831-2841 (1998); and
Martinez et al., J. Biol. Chem. 273:23781-23785 (1998)).

Another suitable repression domain is methyl binding domain protein 2B
(MBD-2B) (see, also Hendrich et al. (1999) Mamim Genome 10:906-912 for
description of MBD proteins). Another useful repression domain is that associated
with the v-ErbA protein. See, for example, Damm, et al. (1989) Nature 339:593-597;
Evans (1989) Int. J. Cancer Suppl. 4:26-28; Pain et al. (1990) New Biol. 2:284-294;
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Anot her suitable repression domain is nethyl binding
domain protein 2B (MBD-2B) (see, also Hendrich et al.

W@ 1®90338amm Genome 10: 906- 912 for descri pti onP@f/UMBDF/ 032157
proteins). Another useful repression domain is that

associated with the v-ErbA protein. See, for exanple,
Sameitral. (é98%)| NatnedB39)24%:344¢ 826339615893(1998’) C@b&héo] 1&8991161

Ziflsi ot 2, (S5 Tt oo, 08 alioh R Refliiedl serbesSny aohfaths

inéRIleEbRtar@hot UndiBRAG), 1Ggloid Beimbné rdckt 8 esSImIMBD1,
' 1990) SreII061 1035- t(11??81‘49 Addltlronglorgg% R

5n Mg MBD-Hkq prateinsymenthers afdee W&MT &mily(e.g.,

ST SR B0 iy, AP v

aDN\QD% auil199:452 -4p4; TONYEE ol. DNUDP Bel] DBIMH33M6 RinoepBé&Rr al.

for et_al.

e, 1999) Cel |
(B0 T 8447750 i Roherivop bl (0808 Pabae @éeema%m 342,
A'&HR&‘)PQI' %ﬂ%ﬁa’rﬁ‘ k&rés%fg)%%n e1nls 1%%9% gﬁ %‘g 910 t T gﬁl\ﬁﬁ’ Bnd

AtHBBRAL ey, for pxangde,dChedoersi/nd 996DdPlanlaeC’elb8|:BOﬁhr391nand Wu et al.
and At HD2A. See, for exanple, Chern
(J@pﬂﬁvﬁm &%Bﬁ)ggant Cel | 8:305-321; and Wi et al.
( Zoo@krtgllnaﬁémgers éPthé Auedéar Hombad fécEﬁiBibﬁJIﬁRﬂupteﬁﬁmlly,

nucl ear hormone receptor (NHR) superfam |y, i ncluding,
infebdinegy Sonixempld fhrywoid hmensrrecaptare pTBai)san(lTﬂg)ommid receptors

RARS

G SRENRE Gt e FRT SR BT rirser e oo Rl el RN ey SR, Zhane
eA120@n et RA PhNIGIU62: BREOLA6E(R0B0PAnd Si&oésﬂam@ol(z?&@%wﬁméz-
Sucov et al, Mol Neur obi ol 10(2- 3):169-184 (1995). In
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B BT ol YR AR 159 PRt it
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cmamco:m@ﬂ a edlixd wphmairodf rempssewmﬁnaﬁrr wodhe targetiag bhie complex

b%r%r&g%ﬁwn@fe@ﬁ%ssargﬁ%@rgﬁ%h A de el DA GafmBer o al.,

GEREED e )PR¥ 1 34K il(%ff(zé&%? tﬁﬁ@@@z)al !éfm ﬂb 4- 459’6%?01)0) Liet
19: 4074- 4090 (2000); 'Li et al 19, 4342

al, 2006y AHY 4@14%8&@ (3008} and Undethl ol al&?ﬁ elfvol. TigmaD2%40463-

4@%‘67(206(5? ii) Salpg:{(%)‘nat I'hlé){ie gr% {h eogvd?etrgltl Puprcfz])vﬁgt

malt i@l e @irsee inbrEdleridRSyitHLIRG irfioR bf ﬂfé%aﬁkﬂﬁﬁ@hscnptmn machinery
transcripti on nachi neryoérrliondel | et al,

(Fopdgl] ez aly StenesDev [(BIIH0GAA1G¢G933) wdeﬁmﬂéilell 6W| M‘@ll Gell Biol

287 (1996) In the presence of very |ow
lgggig.z,%%ano?ml ar) concentrations of their |igand,

In the presence of very low (e.g., nanomolar) concentrations of their ligand,

these receptors undergo a conformational change which leads to the release of
corepressors, recruitment of a different class of auxiliary molecules (e.g.,
coactivators) and potent transcriptional activation. Collingwood et al., J. Mol.
Endocrinol. 23(3):255-275 (1999).

The portion of the receptor protein responsible for transcriptional control (e.g.,

repression and activation) can be physically separated from the portion responsible for
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these receptors undergo a conformati onal change which

| eads to the rel ease of corepressors, recruitnent of a
walpdobesasme cl ass of auxiliary nol ecul es {e.g.,PCI/US2005/032157

coactivators) and potent transcriptional activation.
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cell cycle arrest and the differentiated state. Thus
Ertpd oBertAreficl is an iegtengyely Byardvesiorond R thesersfatiogs include:

(ﬁﬁ&%ﬁ&?g{' Efarﬁldoel‘aﬂﬁmﬁpantugg héids; QH fhsfiin tf)?ﬁ %(ﬁfcb@f&tmn (iii)

A oncoprotein is an ex ensively
serera ipoint afutdtivms tit D NA et diogdornaio [thed @lter( thy DINA biridorg

f.12 amipo-ter ; (i) fusi h
SRS SPOPERGR TR Yoo L Ve 1 Bor HORAEE SRUVTR ¢ e
hERA dth 88 itk @H@%ﬂn&ﬁ' &K repdpi&t fl’ifj‘ﬁm% PéiRfin08tions in the

specificity of th protelnre ative'to its parent,
ligal-bimpinigrdointagn afihk iptatein sha effectw@lmnnmete\th@ ¢apatity to bmd

O A e 2 B e S PSSk

iedsk@ftial ﬁﬁltﬁénﬁiripﬁbﬁﬁta@umﬁnc Sﬁﬁlﬁéﬁbérg ez 4, Beo vy Bedghys Acta
hor none; and ) a deletion of a car boxy term nal

142321 ERS-33 ( h‘:?ﬂ(%oAa@ cgmsegneiice o§ thessmmtatighs, folErbA retains the

R N L L T
u@ﬁschbﬁsleal mefiradsbOwhen woxﬁﬂt(Hrﬂcﬁrtewn,sS@h@ sapexcilt Wah@e

ind to naturall occurrin TRtag enes and
3@@{2@%@{1@&1989), and Ciana et al., EMBO J. 17(24):7382-7394 (1999) In

contrast to TR, however, v-ErbA is completely insensitive to thyroid hormone, and

thus maintains transcriptional repression in the presence of thyroid hormones or
retinoids.
Accordingly, in one aspect, v-ErbA or its functional fragments are used as a

repression domain. In additional embodiments, TR or its functional domains are used
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transcriptional repressor when bound (Urnov et al.,

supra; Sap et al., Nature 340: 242-244 (1989); and
w@r@em3ss al , EMBO J. 17(24):7382-7394 (1999).PCTUS2005/032157
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(oélz]gqlrz 500 i%agngggs)zgﬁg g{%-g %Eo geé‘llg}:age%# %eted
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RIS G QRBEReQY bl (SO0 HINKY o/ IR E0636069. eAckiondinglyatie UL34

acts as a transcr tional repressor of certain HCI\/éM)
gepariseduct.ox fanciioppldragnats ihgreple A mﬁrlétﬁ p&OBpoRent 9p fision

T

sich fasionngroakotusefil i the sietivds and compositions disclosed herein.

Yet another exemplary repression domain is the CDF-1 transcription factor
and/or its functional fragments. See, for example, WO 99/27092.

The Ikaros family of proteins are involved in the regulation of lymphocyte
development, at least in part by transcriptional repression. Accordingly, an Ikaros

family member (e.g., Ikaros, Aiolos) or a functional fragment thereof, can be used as
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th
f unctidgHInakTeRtsHRY é‘?mﬁlﬁétan ﬁt‘%m%]é’fyéw r@ﬁ)‘é@ﬁe@tﬁ@m as
@fo%e TR asom@lnm rﬁble e Gl bra{@pzz& iRl F 8 Afoduct and

omal ns, and exenp ary unctl on ragrren are as
comprises a functional fragment encompassing amino acids 910- 1014. In particular, a

WRPW (trp-arg-pro-trp) motif can act as a repression domain. Fisher et al. (1996)
Mol. Cell. Biol. 16:2670-2677.

The TLE1, TLE2 and TLE3 proteins are human homologues of the
Drosophila groucho gene product. Functional fragments of these proteins possessing

repression activity reside between amino acids 1-400. Fisher et al., supra.
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Garcia et al. (1999) EMBO J. 18:3404-3418. The

Palysogertype sOBIPIEXRS. NERiATsgntiplebinding sites ier iriotis c@nponents of
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Acamihgly, RANG1 Aas S8 Semsiohalag@icnRi daf Ralve 2§ B &F8IsRh domain.
activit Accordingly, RING A or its functional
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usengs P@hloﬁ IBEARR! TudbRr SRl b HLRLES !
SNGE RS (1997) Mol Cell . {popasg E’{Ogggdf% 2335;
Heservayess abt(1998) Qrro9@ie 10:2wdelfd716: 2541 2547. The E2F6
BE)IOt fl}) %ﬂ% pro nnps%rmgrglbérh %t&ar%mrﬁh{aﬁan Errgl- llco%(t)a%@llg glogzcomb
complex and is a transcriptional repressor that is capable or recruiting RYBP, Bmi-1

and RING1A. A functional fragment of E2F6 comprising amino acids 129-281 acts

as a transcriptional repression domain. Accordingly, E2F6 and its functional
fragments can be used as repression domains. Trimarchi et al. (2001) Proc Natl.
Acad. Sci. USA 98:1519-1524,

The eed1 protein represses transcription at least in part through recruitment of

histone deacetylases (e.g., HDAC2). Repression activity resides in both the N- and C-
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silthblecdstn RAtEbnaNdaaiing ESsellpaiyaeRcde Phfbld sfdetiting a
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I
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2ERB5-275 Séeo ef air(26&@)r(ﬁ¢r$ 248dbyt; Manteuffel- Qsmbmomka (1999)
AR BIoEhL 2ol 9617755 Maenspectof ISR oD BlssermuMat. Biol
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McKenna et al . . Steroid
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CPRENPCBRY4,AYICLRPIGR) aelamMBl | B, m‘%xaxhpte @fg@wﬁleﬁal (2000)
I|mtedto s GAl, HALF- AP

e 24025} G b FSGenis BetiaBT 955G T gl (1951)
CHIBEAE s REP S o P 40 P 1l o
al. (1999) Proc. Natl. Acad. Sci. USA 96:5844-5849; Sprenger-Haussels et al. (2000)
Plant J. 22:1-8; Gong et al. (1999) Plant Mol. Biol. 41:33-44; and Hobo et al. (1999)
Proc. Natl. Acad. Sci. USA 96:15,348-15,353.

Additional transcriptional activation domains can be obtained from the
following proteins: ATF2, myc, GATA-1, GATA-3, NF-E2, Octl, CTF1, Spl, GR-
AF1, a zeste deletion, HSF-1, p53, myoD, and CAR.
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Genes Dev. 5:298-309; Cho et al. (1999) Plant Ml.

Biol. 40:419-429; U mason et al. (1999) Proc. Natl.
waemd/033869 . USA 96: 5844- 5849; Sprenger - Haussel BCBEUSANNS/032157

(2000) Plant J . 22:1-8; CGong et al. (1999) Plant M.

Biol. 41:33-44; and Hobo et al. (1999) Proc. Natl.
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oW U® %@hﬂAﬁgh&@iHﬁé T0022NdA215 skt J003/0080sKE Nghada réﬁldilvned
roteins suitable for use as functional donmmins in

Q92@A3Mb| ecul es are described, for exanple, in

coowned P /.01 1521

Cooue Rl bR SRn RN SRR3R0 0L 150 i)
isefdrddb Ii(&i’ilﬁmct@orﬁl\léo@alﬁ {BED).dartfuncliénall domainZk Berahdchigeional
domain) is fused tq a bifunctional dqomain_ (BED

%Pheﬂmdpmam whessechvifsdependsionintsractiom pt %@ﬁiw&h;a second

e S o o R P b B AL B L Sh e iEine
ttﬂrfmndtmpel prbpembse@ﬁiheBEEpadhémgf butmbt Limited g atcbmpound a

ction properties .of the BED i ncl udi but not
Sméllﬁmo foapspt@f%nﬁa{fﬁ%n aapcgmpvhaﬁléﬁ 0k & Pcleig a5 t/te,
EﬂlyrBFﬁl ik ﬁéﬁﬁlﬁ@ﬁﬂlhg @oﬁﬁln%ﬂ%és%ﬂggﬁlgfécg% ?P{Elg In the

1
ex nmplary BFD 1S I gand bi ndi n In
pres¢nco g nstradué,piho ER( li‘ga)ld bindinghdorpaie sem cae a thnsesiptioutil @ttivator;

E d di t t I
i e et ot et e Csdefioes of BReriEaPo e e
taR{oR$RAGEad ad @ff&i@cflﬁﬁbrﬁ[ reprdi¥st Rastiarexhhse.of 'a‘BFE {sShe

as a transcriptional repressor. Another exanple of a

thBFC[Dd hermone reegpiasi(@R) Geanshinding dpmein yiigh, in |tlgtaah§ence of

gl P o PSP ok B OB oo of BB B o)

adtiyy @trdndaﬁpﬁmae aétihdor. AGitzzldADNal BFRASHE gatdoambold receptor
act i vat or. additional BFD is the glucocorticoid

%b%&ﬁ“élbll(@’g demgian dn hepuessacerfskamethasonghisdomaiip acts as a
trg.’l{scgﬁl)f&{ﬁ? B&%Pd??whﬁé] lirp th‘ti,%q@éeﬂcea&t@%, Ractsasa transcriptional

repressor. An additional exemplary BFD is the ligand binding domain of the retinoic

rotems

acid receptor. In the presence of its ligand all-trans-retinoic acid, the retinoic acid
receptor recruits a number of co-activator complexes and activates transcription. In
the absence of ligand, the retinoic acid receptor is not capable of recruiting
transcriptional co-activators. Additional BFDs are known to those of skill in the art.

See, for example, US Patent Nos. 5,834,266 and 5,994,313 and PCT WO 99/10508.
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transcriptional activator; while, in the presence of

RU486, it acts as a transcriptional repressor. An
w@dwsnsseal exenplary BFD is the |igand bi ndi neCHUS0$032157

of the retinoic acid receptor, hi the presence of its

ligand all-trans-retinoic acid, the retinoic acid

rece pﬁ\m@ther elass0f femetionahdemain et vedasomvaelonr mmrmre )@@sthose

VBB AR 45O TALB oDl DB AR Lo

nnmfwmtmaalf%d Fotons ot hawalllyeec@eing Yedeptoss artlist %d)lﬁ&ﬂhes
BFDs are known to those of skill 1n the art. See, for

refsmehiogs “sitehablstdogpins. gog uamipe, cergingnuBRisdf theand
o LA 0 G B AR Do
tHewefote inceplabkeatfi Ib\zlrtg)transcr[m@nhlm aotivhted bymdsges’&tdﬂeaICertam of

Ii and. These are en nu s or ified ver ons
e PR, P‘?’e}‘)f‘éc%ﬂnr W@E%EY Exnélw rgolegiies 9

e e -
natmw Ibet functiortadly sompeienhligands havedtcen déndtedanthoramaesr See,

0 SaPui g ERaRSomanse, deeoSBR” Bieedel (s free N

A'&QHV%\&?WS,@%SP@ 8£84; VWhagE ey, Qoo @azesmm @i-a@pl es
ot her than progest erone (one exanpl e is the

ant i p\rcg@rémglﬁ arﬁlslep chBphsing a tagethd Mu&h% domam (e.g., ZFP),

ool SATRIHER: PR ARG bBANE aORER JHOLER con be used

f&r, rﬁﬁ“ébr@%e cﬁp&@&nB&ﬁwaM&ﬂ@r Rpreddion 6£8PdoRervus gblad df choice,
Acad. ScL USA 91:8180-8184; Wang.et al. (1997). Cene

byievigning gpsclacting the PatAtbiging, doa%ﬂm sychrihatdhindsingg ngar the

n
Y BBt RO AR o AT cdrfrfhers dRafot ddtnditd"ffeh Rflon
cbrytpms an actbetion ddmbair, nmifebagvnstiepeadea raemhmn od (gbme/actpimmon
.or sion of an endoge nous ne of cholce
1%@%1%15?4 né‘ 1o SeRiaHYg at 508 Geain. YRR @eemfient
rd 9§s1dntof rékstn i06Bkinke AQGRRnAly, %B @leotﬁéﬁ I%n%odmg

usi ons rt er_ conprise a degron d naln
sfahsfusion (pmtelas 2133 pmvwlcd iag atel eatogoemamprising such polynucleotides and

oFl B hBtRich POOARIPorRS And Bt € R GRS G388 St in

t1604FRihEs mBAiRALE Aiuene v&%ﬁﬁ@ dEREeftORARY 'tlQJh Iqi c&ifdlSo be used as
expression is obtained. Additionally, )/% nucl eoti des

switchpbladpmainh Jaes fayrexpmpleeTors eank (1488 ) Ja819%121986.

vectors conprising such pol ynucl eoti des and cells

conpri sing such pol ynucl eoti des and vectors. It wll

be cIHu3t cdIB, V&9618 Aid prionidtersn the art that nodified or

mut ant versi ons of receptors other than PR can al so he

used nthegypaticr abthe ditphesed sethods, anfegginegresgine fingsy progain, as
s and

Broed Bk R e 0 S P B R oA o

tleng:mtaem eA protem damﬂ:@e:lxpmmien a celhe. glgsedsliveting ﬂmmotemsto

n cell and binds tp a target site t
tl}ee%@oé‘ é! de 1ver?ng a polynucleotide encod?ng the pro eeln toa cell I% a DNA

molecule encoding the protein is delivered to a cell, it is transcribed into a mRNA

molecule which can be translated to produce the protein. Alternatively, a RNA
molecule can be delivered to a cell and is translated to generate the protein. Methods
for polynucleotide and polypeptide delivery to cells are known in the art and

exemplary methods are presented elsewhere in this disclosure. Expression of a
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transcription. A protein can be expressed in a cell,
e.g., by delivering the protein to the cell or by
wa@ledob0838sng a pol ynucl eoti de encodi ng the prot BCTUSHOR032157
cell. If a DNA nol ecule encoding the protein is
delivered to a cell, it is transcribed into a nRNA
prodé¢in duh eeli/\barx:a'isocmad@empﬁalwdlba‘tMS]iegtirm mﬂlhwith lewcleic acid

i gt Beseleelivi e Pl The ARVl SORicnBid bas yably

nﬂé@t@a hto B/%hf&ihﬁiﬁsofr@for @@&mawﬁéee@amﬁ encBRétitasly iReRthinde in the
ivery to cells are known in the art and exenpl ary

cetbt lgHese spres ppxpsessioadf dhesalsiy @cpded by de @tabb{-@gmt@ned

SEOBATEPAE B 1o PR b B IAR Rgtems o

cagtichit®ecodi ng t he protel n, and selecting a cell line
in which the nucleic, acid has stably integrated intQq

chr orBg ditelosrd Gagmposiioniradmsthags andirised forthe rr9nscnptwna1
{@lea%oﬁ'o@gﬁjy hﬁbléd?giegg@,gengie s?ab , ihéndhe chithk ﬁ%éflso gnﬁia.ry

rotei’n enco y-naln ai ned sequences
celbn cé:lks in anl ungahism frel @lls réredved diomt amerganisth which are then

IO s R SRL vt RetatSaoF s gLt lsells bpdingdhe

ptdi@R%Eh al. H‘Pcﬁis régeﬁ‘éﬂ | tﬁén'sél{btféﬁl ABYthAab&Hoh s End® G
in any cell, including cultured cells, primary cells,

segukhess ican hmragu@@d Skn gulatestanscringion\od dndcrggnomequences one

ofPfiaiipest SEQ, 5 Nk % bESH ntovu e e RPN 1 e

efdd@efld seQuecE & be reganatehl FExeRPREHmetHods fcﬁrrtb.rlgtstleﬂ Anseftion of
both endogenous and exogenous sequences can be

cxegyupes ssduerpes intyesllias genemescare gisplesedon W& fdByentotpplication
PRERABE K 200870202418 [15eE ‘i@' %3?%%5%4%&!\5& Wo 637581 (Oct.

nser e 'vItcini endogenous

28 ezua)emﬁl ddQO\bﬁed v@l PateﬁdApIElmﬁmh Seryal 1. 10492932, filed on
targeted insertion of exqQgenous sequences into

Avgpit e 8904 irotiisdosire ofivdutoare dereRy Bogrpopgied Ry reference in their
¢ cation No. 2003/0232410 (Dec. 18,
%éé%t’%;@gyéu?é cation WD 03/87341 (Cct. 23, 2003) and
co- ovWsewtdd, the didmlosnd magpids ead campdséidnalcamNalso be used to regulate

10/912 93 filed on Au%r t 6, 2004, the di sﬁqosures
trgRSCHRHAHO "r"é’gﬁ‘é‘}‘@ﬁﬁq‘}eﬁﬁ (%é'wé‘tvé’amﬁﬁor%?sé’t’%ﬁe hSeqHERGe

wWaIdH 1§ St RS cddhitd &el]? u FBPé)Fa%pch% N ALEan b8 @loﬁé@ﬁllt&é Q&ktor
nmet hods and conpositions can also be used to regul ate

containgrgrd poinoterof. g.e % SRemsomots guenihestrgnscrptionsofithe tONA

co r|S|n C se uen i S tr ed into a
SRR e BEThy R HOBRRE Hiheih dofos, MDA EOntaif fctor
iCiafbdidel Mo @ cBN Ol BlengRictred ZFPIRAiRIREDh&EIn (8Hgh t hat

transcrkgtlon of the ¢ sequences is controlled b

pelysu@edifsteapoding an pegieccses2EL 2y dsclomriActamt iaintradgeed into the
s%ﬁ%&egg %ﬁ {&Neg?‘ﬁﬁe&)lklﬂt gm%ro‘c‘iﬁéédl 1m%”ad tifle EQP1iE Edd gﬁmng an

erein (or a e enco
irdegrefed (el oiséBbip mdlnsshal @dp}h&f aﬁpdl}'nﬂcsedtiatb reﬁdﬂﬁ@an

ehg?l%lgeréc{] ZFP as disclosed herein. In another alternative, an engineered ZFP or a
polynucleotide encoding an engineered ZFP is introduced into a cell containing an
integrated (or otherwise stably maintained) copy of a polynucleotide sequence
comprising a cDNA.

In cells containing stably integrated sequences encoding an engineered ZFP, a

number of exogenous transcription units, each containing one or more target sites for
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same cell. Alternatively, the cDNA is introduced into
a stable cell line containing an integrated (or
WwWo@rwensdsse st ably naintai ned) copy of a pol ynuptBU81008032157
encodi ng an engi neered ZFP as di scl osed herein. In
anot her alternative, an engineered ZFP or a
thsciﬂilh g bointdu@ddedi, by tansfecigim éeodinZoprdinate regulation of
roduced int.o ont ai n i nte t ed
S RPIOG Capsatp gt AIRELS b 5 P, S B LG g e
InSRAHEIIGH sFOHRWitiA or adjaddifio dny ru@dted oE&iHogéntul Srafisciptivn
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upitprtneobtain conuslinatviesulatiom stmupinlogengsi t s, each

cont g bégv I?c‘)ers r tE(PfS][%P %art% hél?gt%(feosreé&%cé': tﬁat aré"n be

intr

excpenélistataell agidl ;ﬁzbmmrs)ﬂ‘or tdgalaemﬁ Q€ tReUfankdriidardfgadhon
units. Also.in such cells, one or nore target sites
ewen% nugsleptide %e@ae@ﬁsgt%kmwwq the arto Exgaplapepiomagers ifyelude

c oor di rﬁf;(? W@g&ﬁat I'on %1%%@#9& (ltejl Eiéts0§ Se&ﬁllgltl abltogl:ﬂgtlvely

lindexslt to asSKooprotroer gro pa gaionmhshﬁd ditectle aking ¢hesdisplesed gsoteins,

h .
SIpBCHPaI QMO AR st SEQADINGT isrsehin b Ske gimealer. Higher
1ehEs |o?%h&ﬁpﬁ§xﬁﬁb§é‘e Cfor ovél%?p%&%‘if‘o ottsﬂl@) ﬁ{etachlgif&fw plading

pronoters the SRa and pronot e
adbgonad comies of SEQ 4D Wil pnlodhe SRo peeuetn: e@rtlpenane; wmetlification

of & Proghar ot Jur S (5 ofbe AV T REEDLPY bp§iTign arhgs o thore
coREORLSED I8 I@EQ 1%521@!@ ekpieSsith RV that BretighePMidan those obtained

pr onot er . ‘gher | evel s of transcription (e.g., for
Weﬂaéh@mpne@ﬁﬁ propfotgsy ot ei ns) are achi eved by pl aci ng

addi :'rgber glc:]lgu ?d?llﬁgtﬁo&f an%'%gnla)%fﬂ'%gn%ca{nrge s'é& fh %@atng{)e of cell

pro ernore |ono

iretuliedg, bhgbt Sinéitedeo Hrokdriei LddMs plungaicells, Ar&haealnfeﬁﬁ Jtpla cells,
of one or nmpre copies of SEQID NO 1, leads to

n@szcﬁ cels .aemlql 658, §elttemte selds, magm liapyeghls adduanasells nSpitable
tfthe rﬁés%ﬂ)n ORDS 1o thB& SHsRE 19%&?31?2}?4191@&%, but

can e used 1 n any type
allemblt hfhnreg to BGJIS QBIO (e g1 CHO-8, CHOFK K CHOtDG44,eTHO;DUXB11),

VERP IR sk P Pl it ok B RS om0l Bt ¢

H‘E‘T@% YpRN 1A IB.F Jukk 84 f H@Id29|311‘)e§ert@r1n§’éc‘%@ﬂ§buch as

expresstdn are krnown to those of sk In the art and
Spatviptede fudipdrda (3),rentl fingal cells such &E;cchzhl@wgesgﬁsc@d@l@
VERO
SRS B4 tonERY: VRERTT SbIRTALYoF 01 tisieg SO oy o

bé Gsedl. » HEK293-F, HEK293-H, HEK293- T) per C6, insect

cells such as Spodopterafugl perda (Sf), and fungal
cel | Exsuphragromatesnmchip S&e:, CPI¥ cplogphaglycerate kinase (PGK),

h%l%lgllilﬁ iég%gq?r@g&z% on Z{l}grgf %rlbo\nl @uﬁsg \ ﬁerf)l thgl% dlﬁ@f( n\ﬁge
(TK), SV40 early and late promoters, human keratin-14 (K14) and Rous Sarcoma
virus (RSV).

In certain embodiments, two or more promoters can be regulated with the
same engineered ZFP, provided that one or more target sites for the ZFP is present in
or near each promoter. This is particularly useful for recombinant production of

antibodies, as sequences encoding a heavy chain can be placed under the

transcriptional control of a first pfomoter and sequences encoding a light chain can be
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Exenpl ary pronoters include SRa, CW, phosphoglycerate
ki nase (PGK), human ubiquitin C (UBC), elongation
wo 20608385 (EF-1a), herpes thym di ne ki nase (TKT/US¥AD032157
early and |late pronoters, human keratin- 14 (K 4) and
Rous Sarcoma virus (RSV). hi certain enbodi nents, two
plecednndsr fredramsenngiopalrcopol efudcaemstiprainotert fbe swerpromoters can

enai neer ed, ZFP, .pr ded that o r.nore target sites
of fF' PRE SHpdY g RS b BPteri o SRR G
cofiedd@thé Sath@ploynoseeédeh chRbinirgCOaiBferen huRbedfFAFFORrLRf sites,

anti bodi es, as_sequences encoding a heavy chain can be

cag) beoesgd dmaletiain diEereptigl sxpieptipmpbsequenses eperaivedy tinkegtto each
t R IEY .
pRAE, y E BRI HGSE SRER Softhuhe d Brca Ao g arger,

sipgspeet 90 belivedt wo pronoters can be the sane, or they
can be different pronpters,_ hi additional enbodinments

two Eapilldhs clar it ikosepéeskil} BriBe art that ifdp pessilatadasignas ZFP to
if E ' : Hsgd
obtainm differential”expression of sequehces
bﬁi%l th ﬁﬁf@feg?ﬂéﬂﬂﬁkd Q%g& sgcpfeﬁéég &hd ﬁ#e}&ﬁlae i§ ﬁ@ssﬁﬁe on8or
mopecati¢svedlsych a pdgmeindeq abghwifly o #BP éhe bifidotodthé tejuende, to
ronoters, each containing a different nunber of
regi Al ransPiplon 105/ 2np GEPWERSCBY. 1t wil1 be ol ear to
those of skill in the art that it is possible to

design a ZFP to bind to any predeterm ned target
sequ¥Ensien nacleic anidsedngt expressimewickire t o use one or nore

copi es_of .suc sequepce , along, wth P the binds.
ol t feceBlai BB S5 Rn oMo Piifiets el by g Sop iciei
adii e TrL3tRh @8Ss Offie nfrelSic @B Y4 b icTonae s idBieh RiXddE @&ctdid For
vectors, In certain enbodi ments, a fusion polypeptide
transfermagign dntp prekaryedicon eulcasyaicceets ffer replication hm@ars@@resswn-
. I |
o BRNEL o SR B3Nty 0185 EBLBER o
p@dietionodfi fasior btaeih etin beplokagbiioneand/ @/g.  plphdds| shttle
I ntermedi ate vectors for storage or, nmani pul ation of
VRIS ISGCHHEGHRIE) i ErahksetPrd forsadpler i/b st RugliGerid can also
IBRAY tdlarf BlbrORIRNRERE MO RGP0 d Backrial UL HHEAPIL
shuttl e vectors, inséct -vectors, or viral vector or
petanopl @ll, plahuslloor aunblcet], pefataldgir nedmmalidrosedigmiond prefemably
gﬁlﬁlr essl' on vector, for admnistration to a bacteri al
agEPpL C¥lngal cell, protozoal cell, plant cell, or

ani Ml mefid aci® AN HsBn PRitBR!caA Be €RInkd il#®% Sector for
preferably a human cell. A nucleic acid encoding a

trinsgororation a'ntg ipnol@mtilg or gﬁkmmjici agtle for roplication ami/ or expression.
VPRSI B B, kgl GRS 155hl o,

oPuRKBI0Yi0 teStoMe A Riidieic Beill encdiRSAVHP caf blsé BYtldnéd into an
vectors, 1 nsect vectors, or eukaryotic vectors. A

expessmcvegior.ooe adraimistgtien torpplastrelll ampkcell preétabliito an

mammalian cell or a human cell, fungal cell, bacterial cell, or protozoal cell.

To obtain expression of a cloned gene or nucleic acid, sequences encoding a
fusion protein are typically subcloned into an expression vector that contains a
promoter to direct transcription. Suitable bacterial and eukaryotic promoters are well
known in the art and described, e.g., in Sambrook et al., Molecular Cloning, A
Laboratory Manual (2nd ed. 1989; 39 ed., 2001); Kriegler, Gene Transfer and
Expression: A Laboratory Manual (1990); and Current Protocols in Molecular

Biology (Ausubel et al., supra. Bacterial expression systems for expressing the ZFP
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expression vector, for admnistration to a plant cell
animal cell, preferably a manmalian cell or a human
w@edob/o3fsemgal cell, bacterial cell, or protozordT/O8t005/032157
To obtain expression of a cloned gene or nucleic acid,
sequences encoding a fusion protein are typical
ampyeildnedn, .o anlieRprilesiporang §e&rrmnellh élfalvsamadb ﬁéne22:229-

t anscrl t abl terial

%gm%gﬁar%lgstfi%& S‘gc?loex et §¥S£ %F cﬁ” Howh - ?V gl t and
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A Labor atory Mnual (2nd ed. 1989; 3rd ed., 2001);
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For exarrp , a st rong constitutive pr onoter IS
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| d
TR FeaPoGRE BBt Beehio sl QsRER EbEHGATgprecue
caiftrd] R§stemb blﬁ:hFHstfeEﬁlaled syﬁads ariiehe RAT-186 @ﬁstérﬂ Esee, e.g.,
e protein., In addition
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Cg\s ek Baprpr DNGE 8P: 5587 (L8R): iliginaxetiabn Gepe &'hfﬂ’r o¥8i#%an
(257 R P e s NI  BEE Bb R g1

1255 01996); laud Reﬁﬂz&ﬂeﬂ&ls NehaBiogeeknal elsj@ﬂﬂﬂs‘i’@le(l@%))

transactivation, ypOX| a res onse elenents, Gl 4
respé%@ila%%ﬁhwrom%ten EesHpn v ?)rotb{E’éa ETRIFPS 4 and

gwphﬁ& ok Qs@iJnOA sUS HEFBort4iak a@ﬁleta%h &oﬁgwlahaﬂs
syst and t .

RU- 486 system {see, ssen
r@mjiired dor tRPilar8SiGbetth¢ 4Gy acidlin g«m 0e]ﬁ, eﬂhqr pBalraeyofivenr .

9
eeliaéé%c &@&1 aﬁ 53(%@8%?19%?6&8&“%0&% aqi@@te( fﬁ%?lly ligkgd,
e@e ndahcRic Rid sdfabnceBned ﬂ%‘th@ IZFPl Bad/ §ignal§fequt@®R)g., fof N

ddition to the promoter, the expreSS|on vect or
eff;qmnt ablyydmyﬂntmm the trarammr ﬁrgtsplmpthml ten@maémprrémsmﬁ

O Tl s REOL B Belbt, QR derfi o ihe F%Ss?tﬁe may

idsde, egl lefharRbdsh@id m&KEgUﬁdpﬁcﬁg s@mr yotic.
typl ca expr eSSI on Cassette t hus contains a pr ormt er

oper é[lhlepamcﬁl@é @XPTEsSin Veckr ysesh fo|tenepostihg gsreiigdnfosmation into
t}?%?e?lgk g% Yv%ﬁ éeeg??@%@t 1?1% %R%&g 'ilgéq ﬁlg %ortigg,?e g, E)?ﬂressmn in

plangs) agifriafy, bemaha , ferigiks @bioada, efd. (ses ememmgag)rsdéxﬁbed

ortranslatlontermnatlon Addi t i el enents of the
bglosg o O a@dWactenal expression Vectorsqncluc?e paiasmfds suc rfl as pBR322-

-q

based plasmids, pSKF, pET23D, and commercially available fusion expression
systems such as GST and LacZ. An exemplary fusion protein is the maltose binding
protein, “MBP.” Such fusion proteins facilitate purification of the protein. Epitope
tags, e.g., c-myc, hemagglutinin (HA) or FLAG, can also be added to recombinant

35



i nclude, e.g., enhancers, and heterol ogous splicing
signals. The particul ar expression vector used to

WO e@ospssse the genetic information into the cebPdT/US2005/032157
selected with regard to the intended use of the
protein, e.g., expression in plants, animals,

plvagihetoi provitle ogueniept mb‘dnbdaof ietlatior, f@remeninregsxpression, and

vect gr s. descr.i be ard bacteri al
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avai | abl e fusi on expression systenB such as anq
ofterc Bed Am ewseeyiicaxypression vectpisot. i HVAS vedtersppartilberea virus
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Any of the well known procedures for introducing foreign nucleotide
sequences into host cells may be used. These include the use of calcium phosphate
transfection, polybrene, protoplast fusion, electroporation, liposomes, microinjection,
naked DNA, plasmid vectors, viral vectors, both episomal and integrative, and any of
the other well known methods for introducing cloned genomic DNA, cDNA,
synthetic DNA or other foreign genetic material into a host cell (see, e.g., Sambrook
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Met hods of non-viral delivery of nucleic acids

visisasdnd geeninhenced ptziepef DA Ubigotecten issiserrireridme-g. US
,loiztggg@fpe% ?@46,"7‘89,ra91d%§ 555935524 1lpdtdctidn réhlabAS BRI
commercially (e.g., Transfectam™, Lipofectin™, Lipofectamine®). Cationic and
neutral lipids that are suitable for efficient receptor-recognition lipofection of
polynucleotides include those of Felgner, WO 91/17424, WO 91/16024. Delivery can
be to cells (ex vivo administration) or target tissues (in vivo administration).
The preparation of lipid:nucleic acid complexes, including targeted liposomes

such as immunolipid complexes, is well known to one of skill in the art (see, e.g.,
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In applications in which transient expression of a fusion protein is preferred,

adenoviral based systems can be used. Adenoviral based vectors are capable of very
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Replication-deficient recombinant adenoviral vectors (Ad) can be produced at
high titer and readily infect a number of different cell types. Most adenovirus vectors
are engineered such that a transgene replaces the Ad Ela, E1b, and/or E3 genes;

subsequently the replication defective vector is propagated in human 293 cells that

39



alternative gene delivery systens based on the
def ecti ve and nonpat hogeni ¢ parvovi rus
wW@o@no3mssoci ated type 2 virus. Al vectors areCHEsi008032157
froma plasmd that retains only the AAV 145 bp
inverted term nal repeats flanking the transgene
Supphr cmaedngermafas@ndnsn thefk.i Aldeinctoge;ma transdvst srulbpld types of

stabl et e d nt
oo R SRR U BBl e
aﬁ&erﬁﬁ&'le S(Y&{V%ﬁhor(am%ﬁtoﬁi hae a 1538 %@ﬁ'ylﬁg ba;gaut} An
17 2-3 (1998), Kearns et al, Gene Ther
eXang96Y1 the Repdf anadd sectaeiniadilininal ik vl ved polyaelsotide thprapy

vectors b r. . high téter an d r [
for ﬁptét&l{no g 5;.)1‘1,81&?.? %r% %btg 11% arngLﬁs?ulg} éc g%t%% Fl%iz b%ne
Tﬁéiemvs:{ 0519980}, OA&difibsal eRghplecoitle as@dswf ddandvitus vectors for
transgene rep aces the Ad Ela, Elb, and/or E

generiTasier A elinieah Eigleimciuda Rosenegles ¢ ¢4 Jafegtien %ff 1 le (1996),
|
sg_mg@gtaézesifuw @%mgg% &5l osh gﬁésﬁswey h%%ﬁtzﬁ 9@@%

'on’in trans vectors c ansduce.
Thap 220841 8t(1 93y A lviarezwdt wb,, HimcG e Tigerr&ﬁ@ﬂ-ﬁlﬁ(]@@ﬂ Topf etal,

Grieifisy- 3o 61D RPN Shall RaCoReT 57T O T089 (1998).
| ar 98, Gabinkialk &%Ql@&i foyforrﬁr\hrﬁ@(ﬁﬁﬁl:l%s Rat bleQapstic of 1n?e‘&t1ng a

Ad vecto na clinical trial Tnvolved polynucleotid

host eelap§udhorella ircluder?9s c:elimniudmacbagevadlenmrlmsr m&cﬁlbror

N8] t erman et al ne Ther. 7:1083-9

P St Wihrer Shes et iy SRLYSSEATE viethin gt BBy g wvally
gReded 5}25 9@&6&1%11%@&1&@ badkdgbd 4 Midtelt atitiivatidr inte h wiigl
Rosene er et al, Infection 24:1 5-10 (1996); Sternan

patickl Theivestossppicalieeontan therogmalogm! saqmerycs reglitgH e

PW@H@%@@%%@@%@H %91&1]}? ?1?%.}%})1@%’]?5 l%he?&%rgf sequences
bglh% kepldted® 'aﬁ gﬁe@ﬁ&@):ass@te%hﬂ@cﬁn@the@irotehﬂ@be@ﬁp&sé%ﬁe The

083-108 . Packaging cells are us?dtoform
rrwsnrzgswfﬁéiﬂm%lp@%ar@ isapplisddn Fapaby theprckagng¢alliney Hepsyample,

e

(ITRY) rsle?uehm frofh {tlfﬁdA%M:gambmewdam am rqgmfedtthte[zwb?gmg end
ener at e a e i ne .

in RNty o Gicote: YpLoNGy sipackresd i aell Bie oyhighe.

coitGin¥ g%%@%?}étdé?ﬁidcﬁllc%d’mg M h& ARG JZhal, BRheliAAhnd cap, but

sequence qui r or “packagi ng and Subsequent
lachingd TRt seqmancast oTlte dedldine(is dlsapytdtehwite )adermwire$ as/a helper. The

bej |
BRI P REISD R GROT o DRty L RS PERF Ay sones
ﬁ‘b'nr{ ﬂlle hERED ISR, AR tﬁaww @@hd 18 nbf Fédkaddd ih RRmERGKeghS\Gts

i ne.” For exanpl e V vectors used in gene
dumaq alagk oY BIR a¢quyn<zml ﬁop@gg@eé@numﬂwdeéqvwmﬁl pgireduced by,

e té%lqpﬁ#“ 3*9*?‘1%8“ egsre%l1 PAHOSRATANY, AhcBiafvely,

aﬂ&ﬂﬁ'ﬁﬁs hélpéﬂhn@lf‘éﬁs lcgn B@pﬂoam%d ohn plaspell] | I ne whi ch
cont al ns a hel per plasm d encaqding the ot AA}1
gened MAaKERYe ﬁ%@@pg ﬁgpl@cggons@ ijis desirable that the gene therapy vector

be delivered with a high degree of specificity to a particular tissue type. Accordingly,

a viral vector can be modified to have specificity for a given cell type by expressing a
ligand as a fusion protein with a viral coat protein on the outer surface of the virus.
The ligand is chosen to have affinity for a receptor known to be present on the cell

type of interest. For example, Han et al., Proc. Natl. Acad. Sci. USA 92:9747-9751
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transfection and gene therapy. The advantage to using stem cells is that they can be
differentiated into other cell types in vitro, or can be introduced into a mammal (such
as the donor of the cells) where they will engraft in the bone marrow. Methods for
differentiating CD34+ cells in vitro into clinically important immune cell types using
cytokines such a GM-CSF, IFN-y and TNF-o are known (see Inaba et al., J. Exp.
Med. 176:1693-1702 (1992)).
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skill in the art. In certain enbodinents, cells are

isolated fromthe subject organism transfected with a
woe@besssaci d (gene or cDNA), and re-infused bBCRUSWI®032157

the subject organism(e.g., patient). Various cell

types suitable for ex vi vo transfection are well known

t o t Btesecalls agkisplateid don fnansduetionswd dlféergntlatllﬁn asingdyown

Cu
oo EireExEuRle. STy 5% s tag® B e i SRR hyppuning the
bt &irbw fcells wﬁi BEHERISdsQhie bindiintvanied @1, Suchingd U+ b
cells from |ena'rg In one enbodi nent, stemcells

CB8e (Fsels) ﬁi eslleb &Rl derapplocydes), and Tad didferaniiated
i SRS LAY oo LR P 0BG e TGS EREDOE

I N vMettors (@lg.,aatRoifised) hd@duirasks) lﬁlidsoﬂleﬁl&tﬁ'fpdon(zﬁmiﬁg as
t he donor of the cells) where the%/ will engraft in the
Ir

thetmeutianycdeic agids sandse by admipgstsrechdireetly de arprpanispeior s
S

trhfbaibdiPof Ol ARt Rk AIONATHIR fiflitislolRe
Aknomistr{tsmds by ahmoﬁﬂhe atytesinorivafly uk&fdfor intedhéag a hidlecule into

992)).Ste reisla d,.for sducti on, and
uliepdiad Srdnoate Toou Sl Heving ot rerIelal o B hoRn
1&@1&1? téﬁ'l@al'aﬁﬁlhc%h@ﬁi alfld &%t?diﬁ?at{&r ISAa 18 I h ¥ o ﬁﬂkﬁirﬂﬁenng

bone nmarrow cells wth anti bodi es which bind

smh\mlntewca@ dre available and welldamommdo Unse of Ikil én the)art, @@l 5+

| | nd | ad ..
A RRR ik tirong ity S WS hiRtuiot 8 A hacfiar compgsiian. »
p&ticallr soude cabtifien Midflde]e? RiolSidEnddiaré ahd BRd2d ¢ffecvies k&cEon than

(e.g., retroviruses, adenoviruses, |iposones, etc.)
athih@éPWﬁng therapeutl ¢ nucleic acids can also be

q .
of " Bl Sfictty 6ot daffle b Wl i R RS A Rbter

catpositici wsiggladniieistened; tas atellas byshdayarawarﬁﬁeth&eusedub es
norrraIItK used for introducin le. into ultlmate

u
adrpisterthe FQIAP QST Poqcqul%&lﬁéger@u‘f %Wlﬁ?f‘c‘faa’cﬂ suahle not
i I
ol bbb Ao BHBA i HEIE) £ 3es mh bERY 0% ez,
Remiigtanic Pharnazentital &wzazcasr,ahﬂtlabd el%ﬁ)@i wel | knovvn to
ski ||

r our DNA ot bt Suioise ity o 4o3Pme 06 apsired blabt 308 by

a YRHRY D LbiBRnticha? @erchmauésa IFok P&4i&wE esueh Ee%ﬁmﬂﬁ@sVéeQ Efoft
nmore” i nmedi ate and nore effective reaction than

emmmlb,ewelsshmb & Wreisshachddemodd foy Pl éfitledolar Rielogy €Y988,

RYE R ScLy B Y AR, b it RS o0

Mwécmﬁl _BisRgy 11988074 Bdl.3,Blhckiéla.0na8R . LR For example the DNA
Accordingly, there is a wde varlety of suitable

cqnsiheli maaY bmitttofuqed sineeibeintq thelzeremrisdaNA afike ploal qelmising
SRR3R o ottt or o
DNA constructs can be introduced directly to plant tissue using biolistic methods,
such as DNA particle bombardment (see, €.g., Klein et al (1987) Nature 327:70-73).
Alternatively, the DNA constructs may be combined with suitable T-DNA flanking
regions and introduced into a conventional Agrobacterium tumefaciens host vector.
Agrobacterium tumefaciens-mediated transformation techniques, including disarming
and use of binary vectors, are well described in the scientific literature. See, for
example Horsch et al (1984) Science 233:496-498, and Fraley et al (1983) Proc. Nat'l.
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regeneration from cultured protoplasts is described in Evans, et al., "Protoplasts
Isolation and Culture" in Handbook of Plant Cell Culture, pp. 124-176, Macmillian

Publishing Company, New York, 1983; and Binding, Regeneration of Plants, Plant
Protoplasts, pp. 21-73, CRC Press, Boca Raton, 1985. Regeneration can also be

obtained from plant callus, explants, organs, pollens, embryos or parts thereof. Such
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construct confers resistance. Further, transformed plants and plant cells may also be
identified by screening for the activities of any visible marker genes (e.g., the
B-glucuronidase, luciferase, B or C1 genes) that may be present on the recombinant
nucleic acid constructs. Such selection and screening methodologies are well known
to those skilled in the art.
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disclosure further encompasses the progeny, clones, cell lines or cells of the
transgenic plants described above wherein said progeny, clone, cell line or cell has the

transgene or gene construct.

45



than before. O her nethods of neasuring gene activity

can be used. Different types of enzymatic assays can
wheo0a®sss9 dependi ng on the substrate used and PEBUS2005/032157

nmet hod of detecting the increase or decrease of a

reaction product or by-product. In addition, the

IeveID§11U¢r)’pYechl¢é¢Sn expressed can be neasured

ant | By by R oo e ot HioRb ol RAUAR o pRHas. pygh s

filsien @dteinss m@nsmguhaﬁhepblwmﬂe ¢ilab thedibilitg td @wmstayplasma
(ei.ther with staini ng or western hlotting).

memitafe Gebhyorjae aeQd|ap igkay Pe«,lg%?woma@aﬁ%t uck ag e
n@ledd) TR m braltlessdﬁ)@?org@é@i SP@ﬁtﬁgtelﬁ{a@ﬁg&g |t?&{t a]('éqﬁeely

transgene may e expressed I n substant ant
peinsshleso smaﬂmmnnlallpgpmlhmtgnpmmdemd are 1ﬂhef@tlgymbmneable to

wever, any conbinatori al ession node is a
ol FormRdygs, RO BPIECUAR 281 g&fﬁ@ﬂ?%%&@@%ﬁ%&ﬁ%%?iwen
pﬁﬁﬁﬁ§ af oth&ecoﬂlﬁﬂﬁ&eﬂcﬁ aPlifbomed BaHd hREUaRDYE \ﬁlg@ﬁ RAVE the

he seed has the transgene or gene construct.
alpiiléS‘@rttandlosaib pglypeptidsts atross eedionpmbsws. t he progeny,

I L1 L I f th .
Gesc Phaitiayey aihuls fislat a0 SR SuBhPhiE o
hdropldtic Rianol o6 $ubBRHISRNS IRt hR Be & folkfet adiRbmbeing-
vehicles An inmportant factor in the adm nistration of
trpeileqesipe cesicso kp oum embodiment, éismtegdor@ﬁn praseias have the ability to
Hsi&[a'ten&r{)%%'éll F‘&?nb?%e\é PSR i P?l%telillﬂq z%)le eﬁ’%de Sta
menbrane o it S

homsddontisn pfotaﬁ Aniefiapedia) whafoui® tles fhewtiitd Belixtofakc prideein,
nucl eus. Cel l ul ar _menbranes are conposed of

frompraing rasﬂdqqssltl@m‘w@ P8 (§a6at 8- aPEochiag Qufréﬁh@avmf@ o

hi
AR loBAOSRSs | SOED et TRBUIS: i Bsropbobio domain

ofteignal mseptmdnsj was foandl td Ireve apeildricell aenthragnesisiocatigent s.

chrpg oS CeBut obi ot Attt Rh #arel L8 (W91 y

to tEﬁ&%p%%&”ﬁeﬂ?ﬂE)ﬁ&ﬁf&h&&%ﬂ%ﬁ?& 1#hke8 té o PRIGH AR
For exanpl mbrane translocati on pol ypepti des”

famﬂﬁ@ti@mﬂalgﬂnﬂth@pmem inde ogdbsohiclidaniutereait dimited to: an 11 amino
bse ha he,abiljty to,act as
Gt AR b Bl R Ak 2B edu betfis eimeie v
&@é‘s‘p@&dbﬁ@lamlﬁﬁ gy Skﬁl(hﬁéiﬁthé pes 9fvté1h@ée11:@h1ta6@d1§t|a¢c &ulrent
across cell nmenbranes. The shortest internalizable

Bisdeay @84 61998))n edbiad helinofthe féamingeni@ g detieadomais Of

AR, A5 TP Ot W Qb £ G
sigaalpeptidé suchias tlﬁi(@io@gﬁbrﬁbﬁﬂ%r@@ﬁ fadtaP @ )FGEQJhQ%@Bh (Lin et
subsequence, the h (hydrophobic¢c) domain of signa
IS (A 2R GTHREIOPAHOR DB FPPoT G ¥ioh AT Cell

8%&9‘]@ %%&?g@ %ﬁl?{ s}%@% ﬁéﬂg@ﬁ ‘ﬂjé%@?% BalprovidéAnfibd celtular

uptake may also be chemically linked to ZFPs. Membrane translocation domains

(i.e., internalization domains) can also be selected from libraries of randomized
peptide sequences. See, for example, Yeh et al. (2003) Molecular Therapy 7(5):S461,
Abstract #1191.

Toxin molecules also have the ability to transport polypeptides across cell
membranes. Often, such molecules (called “binary toxins™) are composed of at least

two parts: a translocation/binding domain or polypeptide and a separate toxin domain
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Chem 267:17186-17193 1992)) Such“pepti d
cempuising eslegan domausmsﬂ a B4R Palfsbindingdonmms. and ot her

type fusio el11s acr 08 s ceI .

ol yoep Eppte Bl IR R Oafif herry Riafe s pyptein
1116 e/t dso . dA WerinBti i ihd NiFoi6me G SphapBcResHdR¢&n up by the cell

Typically, the transl ocation sequence is provided as

ina franspprizvesigles EIncg s theicndosonte o phpgssoms, thiedipasorageithss
gges ) ﬂléeg %Vlthﬂtge #ﬂe?rﬁ)ﬂn% %tﬂ%eol?anrﬁﬁ%:q 9@59865 Hqgalses 1ks ts contents.

i nder of st on
C an H)ﬁ?cm&ﬂi metha@gls of arwgemwdg vid lﬁlk&bmeﬁehe qumbme ultimately

becomes permeable and releases the encapsulated compound (in this case, a fusion

protein) at the target tissue or cell. For systemic or tissue specific delivery, this can be
accomplished, for example, in a passive manner wherein the liposome bilayer
degrades over time through the action of various agents in the body. Alternatively,
active drug release involves using an agent to induce a permeability change in the

liposome vesicle. Liposome membranes can be constructed so that they become
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A fusion protein can also be introduced into an ani nal
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cone d ease helr

(edies 1983, IOhapder on H@efeeﬁﬂﬁi@zefm Pnpe m% 49; 89 (1986); Gregoriadis,
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ral or cationi¢ optionally inc
presueghame ga@uzagion] mmnoﬂmtima:mdna dstax@antaha]grmsmaﬂdiimdydddedt

binds. to redeter cell, surfa re or or

Ay ol oSO VERIE PRt thex Tsioh BEhogP: AIEATTOREH shednown to
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e.g., Szoka et al, Ann. Rev. Biophys. Bioeng. 9:467

( 1980 ertgirsembatimenissit isdlesig®hld RFargst Bagoswd using targeting
4.235,.871, 4,261,975, .4.485,054, 4,501 74, 085
npiGiEs thab are seGRE 108 BartignlBEGRIdTRe, thsiroand g niky: Shipebigor

Y/
lifosbtfes Mg o alsy M edteoth MOl th e g dal ?f“f’“é’?%w dl

rrmeclelzaéaefer,m(ilq@he; beenrdgbaiped o feae.2., ANAP atent 84955373 and
4%§§é§% Hope et al, Biochim Biophys. Acta 812:55-65
5 Mayer et aI., Bi ochi m Bi ophys. Acta

858 Efdmples of thOfHing nWiétids amsudetmadocldihiPéntodidd dpetdfic to
(1988); Lipaosanes (Ostro
antigens associated with neoplasms, such as prostate cancer specific antigen and
MAGE. Tumors can also be targeted by detecting gene products resulting from the
activation or over-expression of oncogenes, such as ras or c-erbB2. In addition, many
tumors express antigens normally expressed by fetal tissue, such as the
alphafetoprotein (AFP) and carcinoembryonic antigen (CEA). Sites of viral infection

can be targeted using various viral antigens such as hepatitis B core and surface
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(ed.), 1983, Chapter 1); Hope et al, Chem Phys. Lip.
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it gte pmélﬁss(swkbmm@anaj IByole®RéR 5365116853 7E BI3ab (1990)
ti ssue, such _as the al phafetoprotein (AFP) and

apd Eeonelbeistly BAUS &m448e45( ). Sites of viral

i nfection can be targeted using various viral antigens
such as hepatitis B core and surfaceantigens (HBVc,
HBVsDobsgest i tis C antigens, Epstein-Barr virus

ant i human i mmupodefi ci ency .type-1 virus (H W)

and %atﬁ TagRHIAAPPHEAtORES ¢ B@ﬁ%se a0RyipizieFRdtp datignt, Wethe context

[

O S Rl b SuPEREL ko R b RO IR
raspdrisanmtitei patietioyhr timei it adiitions pamicglar déA@gMdg)mens can be

t ) ELAM | dth
uSTUTRE e R Doy e i 4L Crp B AL g in
flrcROSA ¥eSoriRS stiBieY, s.ﬁlei in E@l?&earﬁﬁﬁhmg&lgeﬂ%@dsbxml ipgol ve
|ncorporat|on |nto Kgosones of Ipld conponents

d@te@mnerhbﬁ}@héﬁfpastylaed o6 teerianiéculastiifiPhenoplnydss theotucleat ed

or at achnment et i.ng _agents r der e .
v s i R e 5) o 1o On PR sl Gl ¥l 5B weieh
obHiRRIGY Giel of Aiktpakiethito batigeled The pios 6Mhs d@@eﬂal&ﬁwﬂl be

constructed using, for instance, |iposones which

detgaainpdbuthe oxistanee.napmre.gad elxztenh@t ayrpduerse pide-pifegs that

‘%ﬁ%ﬂ}é @%@%ﬁﬁ&%s % agczlge?r €8 ﬁg ) aS\;eetc or Gfﬁ a %LrucEl'Q'rAS

pajept.i cati ons, the dose adm nistered to a pat| ent in

t he %gnt ext of he present disclosure,
suf f ¢ 28 FEamppleetie saxingugdhappetigtin tt&caﬁ%é?ﬁase oF ZF for

approximately 99% binding to target sites is calculated to be in the range of less than

about 1.5x10°to 1.5x10° copies of the specific ZFP molecule per cell. The number of
ZFEPs per cell for this level of binding is calculated as follows, using the volume of a
Hel a cell nucleus (approximately 1000 ym® or 102 L; Cell Biology, (Altman &
Katz, eds. (1976)). As the HeLa nucleus is relatively large, this dosage number is
recalculated as needed using the volume of the target cell nucleus. This calculation

also does not take into account competition for ZFP binding by other sites. This
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response in the patient over tine. In addition,
particul ar dosage regi nens can be useful for

wa@ledensdssd ng phenot ypi ¢ changes in an experi nePtHUS2005/032157
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this level of Whedis0g oSZERIsbouad,gd; afprbeidjows, using

t he vol une of ;%?a cell nucl eus (&ﬁprom mately 100
P WBEB [RFgiFml (¢

mmor 10 L; Ce czleuSé@glmels 10721
(1976)). AS thgbiela-nusiy 6l§s/L)9 1902 ¥ ﬁ'lluXIe{l% @17t i s

dosage nunber I's recCalcul ated as nheeded usin
mylsiculee’mie)t he target cell nucleus. This cal cul ation

al so does not t LnNtQ account ¢ tition for ZFP
bi ndi ng by ot hé?gg)ob@%o e*ﬁqsg%'ﬁfe&‘ﬁ?ogg%ghm&a@g assunes
that essenti al meﬁlgbyptfargehgb%ﬁﬁdlﬁ)okq&al mgo t he
nucl eus. A value of 100 K is used to ca cuI a

approxi mat el y 5®%Ki Afpmtpingf=2.6 piMhe target site, and a
val ue of 1Ox K yse ate a tely 90%
bi ndi ng of to &hgéap i‘?S/]&éigj %Ctl?“ﬁ} E&é% m:}%cu lqggmole)

25 nM ZFP + t atggdutSi400 gggrmglgemé t
DNA: prot ei n conpl e%< Kd = [ DNA rpsr%gyg%[%ﬁgé%r%h&el?%

taggghpifex] When 50% of ZFP is bound, Kd = [pr otein] So
wh M and t ® s 10 12
e oL e SR AU R ol

ca@tdo® e it @rby REMFTh®)acsoubd t&%eﬁgb eAt! bﬁ‘ZFP é&pr@difon from
for 50% bi ndi ng When 99% t ar get ound

the gros@iprandithepveregeTafe i AFd) depradatiominythe (:gl 5Lnlceaa1n
en%ﬂ?ﬁrﬁ%rlltg,)a V(fé:ﬁ( ;;'rg{r[ofélf glll(ﬁlua%) V(’l?&-%’p%%% nHRJanet (i-fg\? %‘ﬁmron?oter is

used, as described above. The dose of fusion protein in micrograms is calculated by

taking into account the molecular weight of the particular protein being employed.
In determining the effective amount of the protein to be administered in the
treatment or prophylaxis of diéease, the physician evaluates circulating plasma levels
of the protein or nucleic acid encoding the protein, potential toxicities due to the
protein, progression of the disease, and the production of antibodies to the protein.

Administration can be accomplished via single or divided doses.
Pharmaceutical compositions and administration

Fusion proteins and expression vectors encoding such proteins can be

administered directly to the patient for targeted gene regulation, targeted DNA
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= about 1,500, 000 nol ecul es per nucleus for 99%
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we@2ee3sson vect or encodi ng a ZFP fusi on prot eP@I/U82005/032157
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DNAC eava&e and/ or reconbi nation, and for therapeutic
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rqSP’éi‘tBE)f %)’,nc_gtﬂar KYS, TAHEPS HESH Y"Pé’lmﬁax@ S y1ys, rubella virus,
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g T
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tigspao B¢ freatsd Bhae fusiongroteins ot encodingfimelpicsacids aye pdministered in
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AN 9.,
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miolé effective scacton daalahether toute, coronavirus, respiratory

syncytial virus, nu virus, rotavirus, neasles .

vir uﬁialmﬂsewcaﬁy ??Q?g@%bmﬂf prggletepmeedrin gah by dhe partiqlar
c&h%&ﬁorg@a Edﬁ{fng#ée% RERchlae ‘32‘151‘1(—.r iR thO¥bd Hsed to

rabi es virus, and arboviral encephalitis virus, etc.
administer the composition. Accordingly, there is a wide variety of suitable

formulations of pharmaceutical compositions that are available (see, e.g., Remington’s
Pharmaceutical Sciences, 17 ed. 1985)).

Fusion proteins or their encoding nucleic acids, alone or in combination with
other suitable components, can be made into aerosol formulations (i.e., they can be

“nebulized”) to be administered via inhalation. Aerosol formulations can be placed
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Adm ni stration of therapeutically effective anmounts is
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I'na couple ranscriptron/translation systemtor
diltydtafolate reductase gene) to obtain increased levels of protein expression based
on both increased template number and higher levels of transcription.

In additional embodiments, a target sequence for an engineered ZFP can be

introduced adjacent to or overlapping a binding site for another transcriptional
regulatory molecule such that regulation can be further modulated by the engineered

ZFP. Engineered ZFPS fused to either transcriptional activation domains or
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By ;

o e e o R BRSO bR 0

joiringiet ed cl eavage of genomic DNA in conbination with

i ntrQducti qn of exo enous DNA. .Co-owned PCT WO
2005P% Y4791 ex1ap! EJn‘PI%eéH neQre ERCSpRYRYed igiag process of apoptosis

(or the function thereof) can be inactivated. Exemplary genes involved in apoptosis

are shown in Table 1.
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Pat ent Application 60/702,394 (filed July 26, 2005),
the di scl osures of which are incorporated by

WO 2G0e/33sse, provi de nmet hods and conpositions fRPET/US2005/032157
honol ogydependent and honol ogy i ndependent net hods,
respectively, for targeted insertion of exogenous
sequehable.l | n addition, PCT WD 2005/014791 al so
di scl oses thods for targeted nutagenesis by targeted
DNA (8%78be fol | owed by non-honol ogous endj oi ni ng. By
way dPPSR&E&npl e, one or nore genes involved in the
pr oc&€8PESP3 apopt osi s (or the function thereof) can be
i nactG@§Ras8Y. Exenpl ary genes involved in apoptosis are
showraepesTabl e 1. Tabl e 1 caspasei caspase2 caspase3
caspasepkese@ispase caspase d caspase7 caspase d caspase
caspasepe@etaspasei 1 caspasel2 caspasel3 caspaseld bax
bak biakp=aAB®AF- 1 (apopt osone associated factor 1 ) c-jun
| act adaepadedydr ogenase cytochrome ¢ Genes whose
produgksasefpat i vely regul ate cell cycle progression
can hgspaapti vated. Exenpl ary genes involved in
regul @tpRe10f the cell cycle are shown in Table 2.

caspase13

caspase14

bax

bak

bik

APAF-1 (apoptosome associated factor 1)
c-jun

lactate dehydrogenase

cytochrome ¢

Genes whose products negatively regulate cell cycle progression can be
inactivated. Exemplary genes involved in regulation of the cell cycle are shown in
Table 2.

Table 2

p16

p19

Rb (retinoblastoma protein)
p53

p73

Telomerase

Because the bioactivity of certain proteins can be affected by their
glycosylation pattern, it may be desirable, in certain circumstances, to inactivate
certain genes whose products are involved in protein glycosylation. Exemplary genes
involved in glycosylation are shown in Table 3.

Table 3

a-1,6-fucosyltransferase
CMP-N-acetylneuraminic acid hydroxylase
CMP-sialic acid hydroxylase
Glucosamine-6-phosphate isomerase
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Table 2 pl6 pl9 Rb (retinoblastoma protein) p53 p73
Tel oner ase Because the bioactivity of certain proteins
w@ 261083884 f ect ed by their glycosylation patterpPCT/US2008§32157
be desirable, in certain circunstances, to inactivate
certagj n genes, whose products, are involved in_Protein
gl yc%??sa‘cheﬁl.ng Esceniorsioy infestion (e.gu nsaber hagterial receptors) can
[ BN Tab I a- .
DO RNl e ol By okt e o chroing the
nhyute vy afmidENPEEMVAkdceptar cah teyitinctivateds e
G ucosan ne- 6-$)hosphat | somer aseGenes encodin

r eceplt BTTE1L 45 ATBRY Posesirablg o miggrale ag expgrapay ﬁHLA molecule
eRRARRY Pl s g GRS éef&@ﬁ&ﬂ Hﬁﬂ&g 40, BTRMREGIR BhGinhe th
e, the & &MUt e

_production.” For exanp ene encoding t
inj¢graied trhnsgene). (fMiwselecttmparkecirenbeledryche yatoak oflthe cell

i St S RRed oiiniEeve Yin EStena s On el i G wseful o
irReliegd theRniBEdBIs fdhe@ncodifly BBt RILctiBh natk&O ﬁ&aﬁpwiagﬁ &f%e

i nt egrated transgene). If the sel ection narke
paHaldguch thyt refeced deistrofdhe marker atel prditced)ri aompilete (sch that no

' It L xogenou mol ecul e, it .
SR o B G SRR TG ol shown i
Tebleddi ng that sel ection marker. Inactivation can be

partial (such that reduced | evels of the marker are
pr oduced) T8Ple¢bnpl et e (such that no marker is

P acty e BB, T e ani e a
di hyﬁlot%ﬁ S@{tﬁet%ecgt age G%ut am ne synt het ase
E‘H' PIYBIRIS 4P anst er ase Genes encodi ng

{ e
hy pox SRERI S Bl
proteases can be inactivated to enhance protein
pr 0dGehdsAhcodhi L PRIt dah Pe8RR AR o SIHANEL piBteliPPloBuction.

Exemplary proteases are shown in Table 5.
Table 5

serine proteases
elastase

collagenase
plasminogen activator

For safety and compliance with regulatory requirements, genes encoding
prions (PRPs)and/or pseudo-prions can be inactivated. Pseudo-prions include, for
example, PRNP/PRP, Prion-like protein Doppel (PRND) and Shadow of Prion
(SPRN). See, for example, Liao et al. (1986) Science 233:364-367 (PRNP); Lu et al.
(2000) Biochemistry 39:13575-13583 (PRND) and Premzl et al. (2003) Gene 314:89-
102 (SPRN).

In cells which are being used for production of antibody molecules, it can be
useful to inactivate genes encoding proteins which are bound by the antibody or
antibodies being produced. For example, genes encoding the antigen(s) recognized
by the antibody or antibodies can be inactivated by any of the methods disclosed

herein.
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Tabl e 5 serine proteases el astase col | agenase
pl asm nogen activator For safety and conpliance with
WO e@alo3dseY y requi rements, genes encodi ng pri onBCT/US2005/032157
( PRPs) anaVor pseudo- pri ons can be inactivated.
Pseudo- prions include, for exanple, PRNP/PRP
Pri ofrdditicaahedlular pravegsse WhichRuDpTactdramddeldend Analsm

g3 lop X 5ole RREFRIL e po R BbBhrost SRR i mino
ad8 bidrthesis B8 BulaPRabo R protelivlolditig, Protein21RQNafi®) Brotein
314:89- 102 (SPRN). In cells which are being used for

(TBRPATcETSRIeSPORRSE PRbRIpSIY| COBY PBRIber qongigh s tadefupdersigod
. . re. n
e 3 B S el REWRoP R} Bl il AU Or o
“]a)ﬁmkﬂiué’,) ilg\mimfsid iarnagodf ﬁrg atfdremamiog@d IPESesdes eazglélé %@d t®¥nhance
t he anti po or antibaqdies can be inactjvate y any.
thgViglfl ang/ar ALY of S EraSdn SERER HoRadHe mehats aid qommgsitions
dRERSESIRSSnWhi ch can affect protein yield and quality
i nclude, for exanple, replication, transcription, RNA
processi ng, translation, am no acid biosynthesis,

cel lul ar netabolism prmi ng, protein
degradation, protein tr —stress responses and

pl asmhél felRMing BxdRsleLRBHEdbnted hs ilstRivRDLUNT AEEEARR, the
that either positive or negative regulation of a gene

cleirped sybjashmialetct i vati on or gene "knock-out") invol ved
in any of the aforenmenti oned processes can be used to
enhance the yield and/or quality of a protein

expr Example/bi Udnitractidi HASRapFose@rosi tions di scl osed
herein. EXAMPLES The fol |l ow ng exanpl es are presented
as i IThe VA9 ephe pepmoter iwasgsnenafed;by; BegR fiopethe piasmidipRL-SV40

i T L s T
iorponatétEthp Findil s RIF B OmORr anthg 3 cra Basct g dorapese the
OPihla R ORRELCI teNlp BTt o PP 0B Resbistionsite fres
adtic@d theBRSR $rifls RRmEGRYY g%&hi o R ZOW Biabi !s§t§ 14 Rkilitate

the 2392/ 00 and 2932/ 10 "ZFPs. Bpul restriction
suhsequentsloning éatotthe backbd@Repior,meDN Adrbiteatfadny wiidt the ariginal

CM'thpoemo grpha ib%%lil rr]gmgxi'etd.e to facilitate

The R-U5 composite sequence was generated by PCR from the plasmid
pDrive01-NSE(r)-RU5 v02 (Invivogen) and included base pairs 1774-2066 from the
plasmid sequence, which encompass the HindIII restriction site within the 5’ primer
binding site. An EcoRI restriction site was added to the 3’ PCR primer to facilitate
cloning into the backbone vector.

The SV40 and RUS sequences were linked at their respective HindIII sites to
form the SV40-RUS fusion. The sequence of this hybrid promoter (SEQ ID NO:9) is
shown in Figure 1, with the ZFP target site underlined.

Example 2: Engineering zinc finger proteins to bind to a target site in the
SRa promoter
To increase expression of proteins whose coding regions are under the control

of the SRa promoter, a three-finger zinc finger protein, SBS2392/00, was synthesized
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subsequent cloning into the backbone vector,

pcDNA3. 1/ zeo, from which the original CW pronoter had
whewn/ossapved. The R-U5 conposite sequence wasPCT/US2005/032157

generated by PCR fromthe plasm d pDrive0l-NSE(r)-RU5

vQ2 (Invivogen) and included base pairs 1774-2066 from
(acherdpigte mathedsalisohesed imen- ownﬁHMa@gtStda@SHmmdw 534,261)

R i IS8 e o e R P omileh TRuaRh Bt s the
séueh@CGCTEIAFGANQREQID NO91 ) teatba ek v mdtifee.1. Tihe

SV40 and RUS sequences were |inked at their respective
s¢qusBea af the proseir i ssdpHowhavitivhe reeonitign reions T dhe zine fingers
ﬁé}ﬂg&ce of this hybrid pronoter (SEQ ID NO9) is
own I'n Figure 1, with the ZFP target site

KWQMCHKQGCBWYWHEQ}MCTWCGKRFTRSDA
rotel ns to bind to a target site in the SRa pronoter
h,’@]DNO:Z).

HEAGEREIN eBECERREM PRSP LR REIGTECINE e
regi %Ql?uﬁﬁﬁl HRGER e%r*a%nﬁﬁﬁtc% bIQBfﬁlggggg@%? Wg); 1 were

t hree-finger 2 neetinger teln
obtganteﬂ asmged?vadubnmsnkgcm(m mtehn d$edé. g.c UdS dtdtanh Applcatioad

Phbliating Noog0a a0 (61a8 B B and A et Sl Mty o it
AEE(? Stcﬂr(%% 9BTIS -y, tﬂ%lﬁ:ﬁﬁﬁ@ R&8 s%f@ %sﬁo%ﬁgﬂf@gure 6.

NO 1), located as shown in Figure The sequence of
t he plugleetide seguences ehdaging thvaetznno: fieger prodging Wsrmfused to

o i,0 s of the zinc fl\@%ﬁ’_s ugder ined: 1 h}f’fﬁigﬁﬂon
s@ﬁﬁ%ﬁbﬁﬁi%ﬁ%@aﬁw@% &t dfirebitsd (ks ohl@atlci’drs.

Addi tional zinc finger domains capable of bin

Exgraplary pedynuclgotide @m%nﬁ@cﬁr%hom\gl iy Ftlgweﬁw%/ pRd & %111 i on

RS iR5Hid Sudenep st BBy CBRY GTLARUEUY. ' 05 000)
Proc. Natl. Acad. Sd. USA 97: 7382-7287. Thelr am no

acid sequences are shown in Figure 6. Nucl eotide
sequéraBplesic g&hﬁﬂc‘i‘ﬁ%‘é’f §R%PWIH§%W’ piveR expresyign af

iﬁnﬁﬁﬁl@ foPulit Gefie &n%ﬁ He&%&% 'lﬁﬁ%‘i ofRin/F 16
I'ocali z

activ t| on domal m, nucl ear |on si gnal (NLS)
and A PGAGGHDceld hne agnteiningemdntagmtedragitihedyr egression construct

Ao e SRef Broginigatas raps G G g B o B0 B gf plasmid
fQRAHEHe %"1@%@(; t@n%ﬁga%{‘ F)S BRREP 299%?0@ @@@ 1B NO9)thiked

respectivel anpl e ancenent o
tPVBIO(I3926V. ]P Men Ilmtmmegbbuﬂm kdpph khain o@{NAlﬂxpresgem s@s by

an en nee ngek, pL.ot ei
BT B TG A0 G kR e P ORE gt tat
SRa-driven transcription of kappa chain mRNA is increased 4-5-fold by the 2392/00

transcription factor.

In an experiment to measure the effect of the 2392/00-VP16 fusion on protein
levels, two different DG44 CHO cell-derived cell lines (Line A and Line B), that
stably express gamma heavy chains and kappa light chains, the expression of both of
which is driven by the SRa promoter, were transiently transfected with plasmid
encoding the VP16 activation domain (NVF) or ZFP 2392/00 linked to the VP16

activation domain (2392). Expression of secreted immunoglobulin G was measured
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driven by the SRa pronoter was transiently transfected
with 20-250 ng of plasm d encoding the VP16 activation

waelomwslosBsgNVF) , or ZFP 2392/ 00 (SEQ I D NO 2) | i nk€tU$1905/032157
VP16 (2392-VP16). | nmunogl obul | n kappa chai n mMRNA

by%(‘[glrsg ’thqrgﬁ@h i %gglg% rgem 1ca§er{ tclgt%t]% ;é?lrmes express1on
of P5G w5 NG Bash B?%l;fer dz?%tzymﬂf -vipapRgiGhai n MRNA i s

i hcreased 4-5- the 2392/00 transcription
f actlr detd:rmmmwhﬁtbelr ﬂxﬁr@ﬁQZ/ﬂQr\ﬁ’déiumen prodein Caredicreate t he

2392/ 00- VP1 sjon on. protein réawo di fferent
xRSOt P Ema sl facte Gefhgamma

hew;a&hasﬁ Akl Nap%%i ﬂl%ﬁtscﬁlaﬁﬁémﬁAQ efmin&iw ﬁ%th%ﬁ@xéf@@él@cﬂoh%ﬁs
chai ns, tee(g“rlessmnof bot h of ch is driven

by
usetheSERangss onending thadae2/0p AAlcdisipy ZEPamfc gm@ucw intp cells

o BB By MR 2fD) TRy SR SR Behay colfparad
witR 832 hme BXIN i835¢ SiveRde SFERTEMED. ﬁ@ﬁ#@Q@h&bﬂfﬁaﬂoﬁﬁM@@d levels

nmeasur edby ELI SA. The results, shown in Figure

ofibet) gamraa ehpin anq kanpachaiaanRNAS gawbe @;@rﬁae@ha Bwither t’hr@efold
Wl)g%tsﬂé% rﬂn%zzﬁm@tlﬁéf&gﬁ 13%&?%&%@51%5%%' ofll gPot ein can

i ncrA aslellee(mmaaﬁmgnnﬁegramd @?Asrgmedlngxmégﬁﬁma ﬂiﬁ@%sdlﬁmdand
|1 .ne cont ai ni g anpliTtl e eavy cnal n an
kare%g |°$1@1ﬁt00m8¥1?11 %@%}@nww&%huﬁé&? @ym%ldﬁbtheésaaﬁ%ﬂptlonal
coﬁ?rble‘&tthé’% g@ogn&ae Gras %%HH@&E@%ntﬁ'&g)g&éhﬂg ehéb%mgcmle 2392/00-
u s o

2392/ 00 sion ZFP were i ntroduce nt o
VR Sisivhipgdteipr dlanséected detle werHiR]ecteddot stable EFel expfessiBiNA

expr on was C th the mscllsmth
SeStebtd Il G emu Bl Akt el g siaely spienineie
23bemtvpmfu§i@hlibr&almhefﬂ@duns %Qwﬁ%ﬁ’?%u@ﬁ) @e\réBNﬁ? can
be increased a further three-fol d when t

appexhgely\vPiodd mootass in sesretadtigbdncelds statly tranﬁscéed:wnthghe A
t t t d th
2o e S R R AR RAR GIES 0t e o

i mmunogl obulin G both under the transcriptional
control of the SRa pronoter, was transfected with a

pl adixamplads Relpgtion and gooperties vfa stablascelling congrining
lnaé)%?ﬁ’t%ﬁ@ (i)lﬁﬂc% éﬂcﬁgﬂ%r 62323/1%3{7??'6 i‘l%'ionsf)ﬁo?lu ZFP

I'essi was neasur ed LI SA from a

cl orGilindse lhamsﬂeﬂb{raty QOZHOQ DG4vgeellb gravdng aflierdfitbn o well phates
protein. The re,? reveal an

shown | n Fi e 10,
werp gapsiegied with 2zl %SH}@ engodi @9%@‘481@#@% Ryefeith ag &ljogys.
Ce?ﬁ %@ré’ i gﬁﬁﬂé& \%ﬁ{‘lqgfg‘ﬂﬁﬂ ahri] gp?ﬁ@éﬁi@%éq\ggésogﬁﬁlge%n-ﬁee

con untranstec

gr&@ﬂﬁﬁédmm fardhrprihgremediam whs @&phhtethed 2@l bf tegilr growth
cont ai_ni %nt e%{ at ed sequences encodi.ng a.2392/ 10- VPI

meglrgg ad p‘?‘ jreh FRyerhcHe Serg skt feyarions Ailutiqysdpto3emm dishes
anf §libjSct8d R QR ALILESAT Wiltn Qe MBtidn WA oRhlete, individual colonies

were harvested from the appropriate dilution plate, transferred into 24 well dishes and
grown up. Criteria for completion of selection were that individual cell colonies
appear and no new cell death occurs, while complete cell death is observed in non-
transfected DG44 cells that had been placed under selection at the same time. 22
clonal lines were analyzed for ZFP expression, cell growth properties and activation

of reporter constructs containing mulitmerized ZFP binding sites.
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were transfected with a plasm d encoding a
2392/ 10-VP16 fusion protein, as follows. Cells were

w0 nebzased with | ng DNA and 4m  Li pof ect ani neP@D0OS200$1032157
ImM serumfree growmh nmedium for 4hrs, then nedi um was

aspirated and 2m of regular growth nedlun1added
Af t ePng of iese lines| was subelenedanidt gonomicaP Nduwasiédtacied rfs)m two

ol eEdpidh 55 PR 6 iRl SRy RERB M EFEHRE,

eﬂitamelaa@gre‘sm@ea b8 099 TAE dgabdde e, wahdor&] @eytran” membrane
transferred into 24 well dishes and grown up. Criteria

a@fbﬂi é’@ﬁ%‘l’réﬁ Was probedwith e 29Abmeadiolehedled DA fiagwent enepding
d deat
T G B R AR AN R o2 Bl gt

theetbvloSZRqudntzhaﬁhg l@ele flingd, ag@stipdesingle lcepy bDﬂhe BNA RecsfiEthe
tine. 22 clonal es were anal yzed faor ZFP
ﬁ’ém@gtﬁwﬁs P’E?é‘FI}t ) gﬁ\haﬂd Pias petr detesdedin PMA dropa ivildrives DG44

CERP&diiser constructs containing nmulitnerized ZFP
bi nding sites. One of these |ines was subcl oned and
genom ¢ DNA was extracted fromtwo of the subcl ones.

The s_digest ed. compl gt el h BanHl, K restrjction
oy amBRs: CHBRER A S SRE RopolaE copt bice TBRIPE coples
ofimiﬁéﬂlfe%rh%mmﬁ'fuﬁﬁﬂ?%ﬁl and the menbrane was
probed with a 290bp radi ol abel ed DNA fragnment encodi ng

t he ¥Rirémater demitedYSRwAE was odnsirugédbppiming s DNA fragment

B0 En s el Rilor bgyaengeaish i rers syposp
Ntma) oM SRACHE oG IcBtalrisd DNAPHQérﬁérRS T‘hé 78 sﬁ&ﬁ@fer thg%'&éntams

band was not detected in DNA fromw I d t
7 gepipsof @@@Ilﬁoﬂ Tm@ddlml targed bites CSRﬁer pmuuphtgreater level of

e arget site for a
%ﬂ— %Iﬁqe(gg‘ftwg* 50% Ifgecfrfﬁigr denot ed "SRaZ" was
consThelaised c&ycaﬂnﬁigrth@ gdcﬁtl&ms&rtﬁﬂdm bitda Vs ahdeitBg ash X
co ies of the target site for the 2392/00 and 2392/ 10

doEdragmeniafitey fifsh ingartigRAbgse seattictionsias Ghewndn DA text

=
T TR T
thwm’getg;iteateﬁndedmﬂ The #rBetrsitd dawastraant ofthé Nasl g it tHessite

ter. See |&ra The i pnsert containing the
oRGBRIY RHsant ) the VAdnegien efdhe BRE PreEeet ed as a

BamHir) Ndg lueﬁcfe@ﬂ"ﬂf?iﬂ%) 'ille tifd %Ig(fzzdd }?ré);ﬁ{ort r&gnt\tl\ais}ﬂ%%ﬂ%e ZFP target

restriction sites own in el o ream
siteh 18 scfoBYWS portion of the SRa pronoter. The seven
iterations of the target site are underlined. The
target site downstream of the Ndel site is the site
ori geambiky present in the SV40 portion of the SRa
pronoter. The sequence of that portion of the SRaZ

pr on8gRECcegngat et agarhaagroctatgapatupeagrighggaatgagage

t&ggggﬁﬁéagagctgtggaatgagagctgtggaatgacatatggctgtggaatgtg
tgtcagtta NdeI
(SEQ ID NO:23)

Example 6: Construction of a CMV promoter containing multiple copies
of a target site for a ZFP-VP16 fusion protein

A promoter denoted “CMVz10” was constructed by inserting a DNA
fragment, comprising multiple copies of a target site (SEQ ID NO:1) for the 2392/00
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BamHl ggatccga gctgtggaa tgaga gctgtggaa tgaga
gct gt ggaa tgagagc tgtggaa tgaga gctgtggaa tgaga
w@eioghspss® t gacatatg gctgtggaa tgtg tgtcagtta MNIBUSIB#32157
I D NO 23) Exanple 6: Construction of a CW pronoter
containing multiple copies of a target site for a
aZFE8 921 0 éngdinsraihZRspindo a Mluprestristien siteinohediateystrédm of

nstruct inserting a DNA fra nt, ..
oS Bl e e oV ool Samet LA b rptign of e taree
sit‘%}lﬁé akiigld $19 n8@PihGReRAhAdPAM oHa g ﬁﬁfsﬁﬂlﬁ%ﬁf SThd $&hfence
a Mul restriction site i medi ately upstreamof the
o3 VLY ALR promoterds chawn @Glow ovvith dre MbHiredtrietion sites leon in
| teratd o . rget..site pl.us a. single 8/9. mtch.
b S b et bros b AT 351 s P e RS st i the
reehd Ofieatatibn, thesdqidlide Ghow o iEfleets the catiplemehed fBdch Binkithg site.
the Mul restriction sites shown in bold and the
target™¥t es underlined. Note that, since this
sequ [ L I (el
oL e s P et R e
tesceeaghtelk catgcgecegctictcatageaceped clticatacageaettcacatt

ttccac tctcat tccacagc.tchca ttccacagg tctca
cppEaReRaE opElacpbERERTE ettt ha ERREREE (i ca
ttccacagc tctca ttccacagt cacgcgmilitul (SEQ I D NG 24)

Addi ti onal pronoter constructs, which include

di ffﬁﬁlﬁ‘ﬂtmrﬁ%@lf)s of binding sites and different

orientations of the binding sites with respect to the

pronoter, have al so been constructed and tested.

Exanpldditional gromatet eonshiuotsSwhich imdude differeht @i iFerSREbinding

prompt er. containi.ng multjple copies of a target site

si eéranng diffapenymricgtations of {he pindingsites With Aespestdp theromoter, have
z 4 CHO cell line containing the

alé%ﬁ%ﬁ/&?g@c&%%{j@%t%/ 10 ZFP (Exanple 4), and parent

DA4 cells, were transfected with two different

ti pody- [ ts. , h hai
and Examefef EaRanthaimarin prodcon imnas S Bromeirr
coidliting RGHIRIcoPles 6f a Bii-ge @t ¥oP TLIEP-VPI6Fhsioh Profifa

ot her, both the heavy chain and |ight chain
t r andoalompl isotate(#392/1060) of thed2G44 hELQ oelt lind captaizing SRostably

g4 250200 FRb kiR 47 PBK R BRED A s SHess bnfert Y with
twiidRtent altiboR9-etpdessind bestrib BN &6, hodvy dhaie S8 ¢hSL A Rhain

transcription units were each under the control of an SRa promoter (SRa); in the

other, both the heavy chain and light chain transcription units were under the control
of an SRa promoter containing an additional 8 target sites for the ZFP immediately
upstream of the promoter (SRa 2393BS). Three days after transfection, IgG secretion
was measured by ELISA.

The results are shown in Figure 11, and indicate that IgG expression level is
dependent upon the presence of the 2392/10 ZFP and that more copies of the 2392/10
target site result in higher IgG levels.
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was neasured by ELISA. The results are shown in Figure
11, and indicate that |1gG expression |level is
waleensssd upon the presence of the 2392/10 ZARCEHDM005/032157
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The results, shown in Figure 13, confirm previous observations that, in the
absence of the 2392/10-VP16 ZFP, the CMV promoter is stronger than the SRa.
promoter. However, activation of the SRaZ6 promoter by the 2393/10-VP16 protein
increases its activity such that it is comparable to that of the CMV promoter.

Moreover, insertion of 2392/10 target sites adjacent to the CMV promoter increases
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expr essing, he cell, a protein conmprising SE
dos@ipuwwméuenampl@s plncntlcén@t Hsicodsirued aa limdtiget site;
wherein the target site is operatively linked to the
nucl eoti de sequence. 2. The nethod of claim1, wherein
the target site conprises SEQ ID NO 1. 3. The nethod
of claim2, wherein a plurality of target sites are
operatively linked to the nucl eoti de sequence. 4. The
nmet hod of claim 1, wherein the nucl eoti de sequence
conprises a cDNA sequence. 5. The nethod of claim1,
wherein the protein further conprises a
transcriptional activation domain. 6. The nethod of
claimb5, wherein the transcriptional activation domain
is the VP16 domain. 7. A nethod for regulating the
transcription of first and second nucl eoti de sequences
in a cell, the method conprising: expressing, in the
cell, a protein conprising SEQ ID NO 7 wherein the
protein binds to a target site;
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wherein the target site is operatively |inked to both

of the first and second nucl eoti de sequences. 8. The
woredokosBssd claim 7, wherein the target site conQr/US®85/032157

SEQ ID NGO 1.9. The nethod of claim8, wherein a

plurality of target sites are operatively linked to

the first nucleotide sequence. 10. The nethod of claim

8, wherein a plurality ofggm sites are operatively
linked to the second nucl i sequence. 11. The

met hquhfs dlhigdedi®, wWherein a plurality of target sites
are operatively linked to both of the first and second
nucl edt i dé wediod frasgulating the &rapseription of 2 ghelgotide, sequence in a

cgﬁ%ﬁee}ngthg[i%%&%ﬁiglégnucl eoti de sequence conprises a cDNA

Séquence. met hod of claim7, wherein the
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encodgs ap, anti.bad eavy chain_and the second cDNA
sequ eg'c e E he B}Tg?%é% cg\’ﬂ"i Ip 3dgrain thedargptsits comprisegREQ ID
Nt hod of claim7, wherein the protein further

conprises a transcriptional activation domain. 18. The
met hod of claim 17, wherein the transcriptional

actl V?.t ! o'f“hg BTRiod o'f%latirlrl , \\?{Ili)lélﬁeil'(lj g Bﬁllraaity of target sites are

operatively linked to the nucleotide sequence.

4.  The method of claim 1, wherein the nucleotide sequence comprises a

cDNA sequence.

5.  The method of claim 1, wherein the protein further comprises a

transcriptional activation domain.

6.  The method of claim 5, wherein the transcriptional activation domain
is the VP16 domain.

7. A method for regulating the transcription of first and second nucleotide
sequences in a cell, the method comprising:
expressing, in the cell, a protein comprising SEQ ID NO:7 wherein the protein
binds to a target site;
wherein the target site is operatively linked to both of the first and second

nucleotide sequences.

8.  The method of claim 7, wherein the target site comprises SEQ ID
NO:1.
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9.  The method of claim 8, wherein a plurality of target sites are

operatively linked to the first nucleotide sequence.

10.  The method of claim 8, wherein a plurality of target sites are

operatively linked to the second nucleotide sequence.

11.  The method of claim 8, wherein a plurality of target sites are

operatively linked to both of the first and second nucleotide sequences.

12.  The method of claim 7, wherein the first nucleotide sequence

comprises a cDNA sequence.

13.  The method of claim 7, wherein the second nucleotide sequence

comprises a cDNA sequence.

14. The method of claim 7, wherein both of the first and second nucleotide

sequences comprise cDNA sequences.

15.  The method of claim 14, wherein the cDNA sequences encode

antibody polypeptides.
16.  The method of claim 15 wherein the first cDNA sequence encodes an
antibody heavy chain and the second cDNA sequence encodes an antibody light

chain.

17.  The method of claim 7, wherein the protein further comprises a

transcriptional activation domain.

18.  The method of claim 17, wherein the transcriptional activation domain

is the VP16 domain.
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