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regulation, particularly protein expression and ovemroduction, for
example, large-scale production of therapeutic proteins. BACKGROUND
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systgrasidMesenyer, overexpression of the naturally-occurring
transcription factors that regulate these promoters could lead to aberrant
expression of genes normally reagulated by these

BACKGROUND

Controlied regulation of transcription is useful in the fields of research,

diagnostics and therapeutics. For example, regulation of transcription of a nucleotide
seguence encoding 2 protsin can facilitate production of large amounts of
recombinant protein for use as a therapeutic, for screening, for lead optimization and
for target validation.
Typical expression systems are characterized by a host cell line comprising an
expression vector containing a heterologous promoier operatively linked to a cDNA
“encoding a gene product of intersst. One such system for protein expression (and
overexpression) uses the SRo promoter, which is composed of & fusion between the
SV40 early promoter and the R segment and part of the US sequence form the long
terminal repeat of human T-cell leukemia virns type 1. Takebe er al. (1988) Mol
Cell. Biol. 8:466-472. Another overexpression svstem utilizes z human
cytomegalovirus (CMV) immediate early promoter. 1.8, Patents 5,168,062 and

5,385,839, Both of these promoters are regulated by endogenous, naturallv-oceurring



factors, with potential detrimental effects on expression of the desired
ene product. Additional methods for protein production involve
Vﬁﬂé #5850 promoters or other regulatory sequences into BCT/US2005/832157
chromosome adjacent to a gene whose expression is to be regulated.
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comprising: (&) providing a cell in which first and second genes are
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each of the fifth and sixth fusion proteins comprising a zinc finger
DNA-binding domain and a nuclease, wherein the fifth and sixth fusion
proteins bind to and cleave at a iRt REMARES third gene. In a fourth
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third aspect. Disclosed is a method for regulating the transcription of a
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%@eﬁﬁfg%r%&!an'é‘i%%é%m and a nuclease, wherein the first and second fusion proteins
bind to and cleave at a first site in a second gene to thereby inactivate said second gene; and (c)
transiently or stably introducing a polynucleotide encoding a protein of interest into the cell under
conditions such that the polynucleotide is expressed.

In a second aspect, there is provided an isolated cell produced by the method of the first
aspect.

In a third aspect, there is provided a method of the first aspect, wherein a third gene is
inactivated, the method further comprising: (a} providing a ceil in which first and second genes
are inactivated; and (b) expressing fifth and sixth fusion proteins in the cell, each of the fifth and
sixth fusion proteins comprising a zinc finger DNA-binding domain and a nuclease. wherein the
fifth and sixth fusion proteins bind to and cleave at a first site in the third gene.

in a fourth aspect, there is provided an isolated celi produced by the method of the third

aspect.
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operatively linked to the nucleotide sequence. In certain embodiments, a
plurality of target sites are operatively linked to the nucleotide sequence.
Also disclosed is a method for regulating transcription of first and second
nucleotide sequences in a cell, the method comprising expressing, in the
cell, apreigin thatRingsie adatast site-epmpsisinerebiERNO:l and
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is not translated into protein such as. for example, SIRNA, micro RNA,
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regulating the transcription of a nucleotide sequence in a cell, the method
comprising expressing, in the cell, a protein comprising SEQ ID NO:25,
SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:7, SEQ ID NO:8 or equivalents,
wherein the protein binds to a target site; wherein the target site is
operatively linked to the nucleotide sequence, in certain embodiments,
the target site comprises SEQ ID NO: 1. One or more target sites may be
operatively linked to the nucleotide sequence, in certain embodiments,
the nucleotide sequence comprises a cDNA sequence. The protein may
further comprise a transcriptional activation domain, for example a VP 16
domain. Also disclosed is 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 NQ 25,

Wé%@d&?ﬂgp:z, SEQ ID NO:3, SEQ ID NO: J, SEQ ID NO:&phic2005/032157
equivalents, wherein the protein binds to a target site; wherein the target

site is operatively linked to both of the first and second nucleotide
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proteinsase s kallows. Nuicleatideguiatig: taeiclear localization sequence;

nucleotides . . .
transcription of first and second mucleotide sequences in a cell, the method

comprising: expressing, i the cell, a proiein comprising SEQ ID NO:25, SEQ ID
NG:2, SEQ ID N3, SEQ ID NQO:7, SEQ ID NO:8 or equivalents, wherein the
protein binds to 2 target site; wherein the target site is operatively linked 1o both of the
first and second nucleotide sequences. In cerfain embodiments, the target site
comprises SEQ ID NO:1. One or more target sites may be operatively linked to the
first and/or second nucleotide sequences. In certain embodimenis, the first and/or
nucieotide sequence comprises 2 cDNA sequence, for example a cDNA sequence
encoding antibody polypeptides (e.g., mtibody light chains and/or antibody heavy
chains). The protein may further comprise a transeriptional activation domain, for
examnple 2 VP16 domain.

Also disclosed are polypeptides comprising SEQ 1D NO:25.

In certain embodiments, the polypsptides comprise SEQ ID'NQ:2 or SEQ ID NO:7 or
equivalents thereof,
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43-327: zinc finger domain; nucleotides 355-555: VP16 transcriptional
: vatiop.domain; nucleotides 586-609: FLAG epitope tag,, Fi 4. “r
Wgr?geﬁsé%?e@amino and sequence of the 2392/10 protein (SE%g?%ﬁg@(%?"i%l.m
“The domains in the protein are as follows. Amino acids 3-9: nuclear
localization sequence; amino acids 15-109: zinc finger domain; amino
acids 119-185: VP16 transcriptional activation.dagmain; amino.acids
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poffthesgAuence encoding the various domains in the protein are as
follows. Nucleotides 7-27 : nuclear lgcalization sequence; nucleotides
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obtain&t«romadtve- ylbridisetectidh by stediifappeagniveribeltgilieh the art
Sec u%%%JG&Ggé%ﬁ%Q ID NO: 1). See Example 2 for details.
F—;ljgure Rowe fevels 0 immunoglobulin kappa chain mRNA in cells
containing an integrated transcription unit comprising a SRa promoter and
kappa_chain eDNAEelsweraimpsiesiothwithglagsgsencoding a
VP16 activation domain (NVF) or the 2393/00 ZFP fused to the VP16
activatfogsrhahe 123bp nyaeraieer s (GRthE MR rdfrig SV4A0-R-
RENQErans AiNAHansiesiat-908 R RmPIe-3 FoRdetals Mgt Boe: site

shows levels of secreted antibody in two cell lines (A and B) transfected
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ivation domain, (NVE). GEP: cells transfected with a plasmid encoding
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tREOtBEaTE 48 ToNETLEr N BRRABEF T A1is’ aPBSKETCRRHARIOR To0UARN Al gatiies
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domain; nucieofides 586-609: FLAG epitope tag.

Figure 4 shows the amino acid sequence of the 2392/10 protein (SEQ ID
NQ:12). The domains in the protein are as follows, Amino acids 3-%: nuclear
localization sequence; amino acids 15-109: zinc finger domain; amine acids 116-185;
VP16 transcriptional activation domain; ammo acids 196-203; FLAG epitope tag.

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 localizafion sequence; nucleotides
43.327: zinc finger domain; nucleotides 355-355: VP16 transcriptional activation

dornain, nucieotides 586-609: FLAG epitope tag.



Figure 10 shows levels of immunoglobulin G secreted from cells stably
transfected with sequences encoding the 2392/00-VP16 fusion protein
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levels in cells transfected with two different plasmids containing both a
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See Example 9 for details, DETAILED DESCRIPTION
of GAPDH. See Exaraple 3 for details.

Figure 10 shows levels of immunoglobulin G secreted from cells stably
 transfected with sequences encoding the 2392/00-VP16 fusion protein (labeled “ZFP”
in the Figure). Secreted IgG levels from mniransfected cells (labeled “Control”) are

also shown.

Figure 11 shows relative IgG levels in cells transfected with two different
plasmids containing both a heavy chain-encoding transcription unit and a light chain-
encoding transcription unit, In one of the plasmids, each {ranseription unit is under
the transcriptional control of a SRa promoter (denoted SRa in the figore). 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,

uniransfected CHO cell line,



General Practice of the methods, as well as preparation and use of the
compositions disclosed herein employ, unless otherwise indicated,
Wcogg\{/}?frﬁ]glspsggl technlq_ues in mole.cular blology, blochem|stry?g{,1ﬁ?§£1{ﬁllgm32ﬁ7
structure and analysis, computational chemistry, cell culture, recombinant
DNA and related fields as are within the skill of the art. These techniques
are fulpigxpelahad e thedileybitucen Seesfcrme yamptemiSamronkaited. to
R.CL : BORATORY MANUAL, Second editi
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METHODS IN ENZYMOLOGY, Academic Press, ~San Diego; Wolffe,
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Bie95:r086:L1800ch F98:MEFHARR, INIENGEMAUORYs Mob:3¢hation of the

"Chromatin” (P.M. Wassarman and A. P. Wolffe, eds.), Academic Press,
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P. E%%cker, gd}){ Hum%lna%g ess, Totowa, 1999. Definitions The terms
r?ﬁcileaic 8%?&“ %éﬁﬁ?ﬁc eot €," and "oligonucleotide" are used
interchEiggeablyshots &fesiso feagbropibdinuCeolistemtaifonuclettidms fected
'611%&%' %&a{% e SLGH AT LN Malion, Pél%é’%&%&ﬁg?%ﬂ%!%i %ﬂcﬁ Epo
ouble-stranded form. For the purposes of the present disclosure, these
EEETPSErR IR OPRT DECE MYt Y OMATRITgIIRR e SpEt tonite ABRBhIBrHO:L.
PRMEFerk RS eI G EREARRAS RN ARABEHERRMRAIMREY promoter.

nucleotides, as well as nucleotides that are modified in the base, sugar
ENAYGT BAESEHALR TRBTEHES e GC TR BHEFETHAB At THEESSHHSS.
| penesek anandegue @fcpartBrtamNcicotitRhamthe sShdn e kasemairing
specificity; i.e,,.an analo of ill.base-pair with T. T
B ST B8 ST AL b e A ELBOS el SR AG2By o Herer o
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lymers. i high [ MQL: inQ acids are chemical analogues or
?ﬁg%?ﬁiﬁﬁgﬁgat%ggg){?%quﬁfe%%%g naturally-occurring amino acids.
Techniques for determining nucleic acid and amino acid sequence identity

are known in the art. Typigatiysuehrieehmigregigclude determining the

nucleotide sequence of the mR or a gene and/or determining the
amino &&®eE8quence of a protein encoded by a gene or mRNA, and

compagn@besLine aHBNGRS 40 WeBeEYharation and use of the compositions

disclosed herein employ, unless otherwise indicated, conventional techniques in

molecular biology, biochemistry, chromatin structure and analysis, computational
chemistry, cell culture, recombinant DNA and related fields as are within the skill of
the art. These techniques are fully explained in the literature, See, for example,
Sambrook et al. MOLECULAR CLONING: A LABORATORY MANUAL, Second edition,
Cold Spring Harbor Laboratory Press, 1989 and Third edition, 2001; Ausubel e al.,
CURRENT PROTOCOLS IN MOLECULAR BIOLOGY, John Wiley & Sons, New York,
1987 and periodic updates; the series METHODS IN ENZYMOLOGY, Academic Press,
San Diego; Wolffe, CHROMATIN STRUCTURE AND FUNCTION, Third edition,
Academic Press, San Diego, 1998; METHODS IN ENZYMCLOGY, Vol. 304,
“Chromatin” (P.M. Wassarman and A, P. Wolffe, eds.), Academic Press, San Diego,



nucleotide or amino acid sequence. Genomic sequences can also be
determined and compared in this fashion. In general, identity refers to an
exact nucleotide-to- nucleotide or amino acid-to-amino acid _
W&?P@é’ﬁﬁ%”ence of two polynucleotides or polypeptide seqtﬁ’gﬁ@é%z,% SH32157
respectively. Two or more sequences (polynucleotide or amino acid) can
bescompbraertiymieteroiticgtheippament WWentity, The eancarfricentdy of
Q SgqL enc%? ﬁ/hethg plégle[igtg‘%id 04 mino acid sequences, is the
UPBET OF eXact Marches batween two a igned sequences divided by the
length of the shorter sequences and multiplied by 100. An approximate
alignmﬁgh {.g%cleic acid sequences is provided by the local homology
algorithm of Smith and Waterman, Advances in Applied Mathematics
2:482-4%89 rosiyurisis agifbritha wanletidppirad "oiarniraiis sagusates

Bytsing hg1SGRHReHP albademaianssk Ry efboAlas Bl oteiry, in T
Sequencggé%a%d Structure, M.O. Dg%hoff ed., 5 suppl. 3:353-?5%&%%3% *
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arameters. For'example, BLASTN and BLASTP can be used using the
folelRtHgRsTamIPp ARSI o MOMETES SRILYASA GARRLTHRS defrapdncd and

Seande Rt coioion 66 et mdiiMalix b BLRRUMBRotide-to-
Descriptions = 50 sequences; sort by = HIGH SCORE; Databases =
P e S e S e SR e

tRIGHRHAASsequences, respectively. Two or more sequences (polynucleotide or
amino acid) can be compared by determining their percent identity. The percent
identity of two sequences, whether nucleic acid or amino acid sequences, is the
number of exact matches between two aligned sequences divided by the length of the
shorter sequences and multiplied by 100. An approximate alignment for nucleic acid
sequences is provided by the local homology algorithm of Smith and Waterman,
Advances in Applied Mathematics 2:482-489 (1981). This algorithm can be applied

to amino acid sequences by using the scoring matrix developed by Dayhoff, Atlas of

Protein Sequences and Structure, M.O. Dayhoff ed., 5 suppl. 3:353-358, National
Biomedical Research Foundation, Washington, D.C., USA, and normalized by
Gribskov, Nucl. Acids Res. 14(6):6745-6763 (1986). An exemplary implementation



Swiss protein + Spupdate + PIR. Details of these programs can be found
at the following internet address: http://www.ncbi.nlm.gov/cgi-bin/BLAST.
With respect to sequences described herein, the range of de 'rég _
Wé)e%gﬂloeéég af 9sequence identity is approximately 20% to 1000%(21]Lr/1‘(-“3 %1%’3:/’/932]57

integer value therebetween. Typically the percent identities between

ektifcteatdthre tardeesnine BB Hdskiialy 88:@2%errare viteddrn iy
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preferably 98% sequence identity. Alternatively, the degree of sequence
SR R R Frobls merthestrissiessrbed indherWiseam By Bobrastonlis
Bﬁk%&mgmﬁ?ﬁmﬂ%lwmwﬁ?ﬁ%b@ﬁﬁd%é@f@f@]?&i@@%&!@@&%@k%es
etwe 0mo us regjons, follgw y ajgestion with , o
siﬁé‘%ﬂ?gﬁ&&u- eéﬁ%f%ﬁ%%%’é’féxg PRSI Acat i the
chyestor traprerentsiisEiveunuis eicnacitle MRBRIB lypeatide Saguenges are
tial logous te-each other, when the sequ exhibit at
e B S P ey Sy e
%@W@é&@@éﬁ@ﬁﬂ&m@m@mﬂiﬁm@p refereifitnseis Vand, €43t From this
RIRIIAPIAB0 SequSCo ety ovekadelinad éﬁggé?ﬁ%%@&'%%es'

as determined using the methods above. As used

PYBBRITS a5 e s onresas { fy premptiaspheran aells ofsdrefers
{Q15RaUL PERAISRPVIRIEAMPIBB identitk it an SRR B RNARE «Match
lypeptide sequence. DNA sequences that are substantially
TR LRl B HlEitie . BRSO RAGIT RO P K9 Rraroent
idneety fﬂrsi?&m!@ibeﬁiémg@q' tlemaidﬁfm nasafefined{or i.lﬂéfﬂﬁélfﬁﬁw%fﬁpi?,
system. . .Defining appropriate ridizati onditions is within the skill. o
B B o e G PRt S BRI
PracHth] angpbadiT Feciindrs B0 uklamits faldvioS detigdiner 4408503 Quferd;
hipgton = IRL S legt] idization of two pucleic acid
%/ré?éments cgdr?%g%(%éﬁﬁr%h%f%% f%%%\?iv% ?gg rcé{gecc)% szic?l’jjgﬁ%%)identity
B friolrseratoaeid FRoRsEgIS B fettey th KT ROOR BnB atvtengtrof

hridization vaniskelwea suehBeleswes, A parialbrigentical aucleic

acid sequence will at least partially inhibit the hybridization of a
eBD RERRM derriRse G Bdhc DRt A ghesh BraetH®S piibRiSTed at the
hothvdizationed: ibe-esmipeishnidanticahseqHensaRABIREasSRsset#d0

hybridization assays that are well known in the art (e.g., Southern (DNA)
R RTER TR TR AT St GG . AT AR GhiRge Ly

érn
Sembioaksiptals MotalerdGioningesr vabeonhwepeManualypratindhe

Equégpitfgtgﬁ& ge%;jeép gé% e'z_llc%rsbgrre! !a¥ 1§a§t %&—% ‘%,S §ra g’ra(.:bel?f 9&82%, more

preferably 85-90%, even more preferably 92%, still more preferably 95%, and most

preferably 98% sequence identity,

Alternatively, the degree of sequence similarity between polynucieotides can
be determined by hybridization of polynucleotides under conditions that allow
formation of stable duplexes between homologous regions, followed by digestion
with single-stranded-specific nuclease(s), and size determination of the digested
fragments. Two nucleic acid, or two polypeptide sequences are substantially
homologous to each other when the sequences exhibit af 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,



conducted using varying degrees of selectivity, for example, using
conditions varying from low to high stringency. If conditions of low
stringency are employed, the absence of non-specific binding can be }
W&%@Q@%ﬁ%ing a secondary probe that lacks even a partiarg&fr%zgﬂi‘}‘f‘%2"“’7
sequence identity (for example, a probe having less than about 30%

sEquencaydeRl J %métﬁ the E@Eﬁl@t‘cﬂ'&lﬁi‘dﬁ@s shshithaoripibe rbsence ef
non-specific binding events, the sec ry probe wijll not hybridize 1o the
A AR O R
acidoprgbes isrchoskntifiad is eGnplemdniatdimzoretepernoemuniéic, mid
sequence, and then electi riate conditions t robe and
ot SR S S e AR
ranropritplokdsiedoeondiniels wisbimibretulbotiiat tetcApabia.oBambrook
byRridizing selpeiivelytom referance. SRaUSnsa RIS MRdEIAENE D. Hames

stringent hybridization conditions typically hybridizes under conditions that

and\w-JaBigeien P EoidrgirAuleriagirséfudRdeidestieast about 10-14

nucleotidpsiive Rgthinavngaieast BRUGY MO nIRAURREEned as
identity with the sequence of the selected nucleic acid probe. Stringer}%egts
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egree of sequence identity, can be determined as’is known in the ar
(sek ksrwasiamiplest (usidieuthad Hybrdib ko onbra GRRELAPpsabrion
RS Btion HRINeSi RO deSsintdigaing: (L. OBRIEX A ¢ AghIngtaBoF i ory

IRL Press). Conditions for hybridization are well-known to those of skill in

HETHHEL. PO BT SO SRR B yrid: tSHFRERAYS oo be

Rshddizatiangongitinn degisfavordihedarm atiosx efflybiids-conditingvarving
ismatched nucleotides, with higher stringency correlated with a,lower
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lower'ionic strength and lower solvent concentrations. L _
When utilizing a bybridization-based detection system, a nucleic acid probe is

chosen that is complementary to a reference nucleic acid sequence, and then by
selection of appropriate conditions the probe and the reference sequence selectively
hybridize, or bind, to each other to form a duplex molecule. A nucleic acid molecule
that is capable of hybridizing selectively to a reference sequence under moderately
stringent hybridization conditions typically hybridizes under conditions that allow
detection of a targef nucleic acid sequence of at least about 10-14 nucleotides in
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

selecied nucleic acid probe. Hybridization conditions useful for probe/reference



With respect to stringency conditions for hybridization, it is well known in
the art that numerous equivalent conditions can be employed to establish
a particular stringency by varying, for example, the following factors: the
W@ﬁ&‘fﬂ‘ﬁﬁﬁ’%ature of the sequences, base composition of tt?gyéﬁ(’)?fé’/ 032157
sequences, concentrations of salts and other hybridization solution
wanfenbbsidiretione sdrrre the avderncd oifblenténgmagentbindhapecific

&eg%@@@eﬂez&%'?&%%& %Q%EQ%i%g&fa;%s %%O%QVA&@%%W&O'%

hybridization reaction témperature an time parameters, as as,
- WSS aHaioNeIaNORI AiBredifcal Apmioathy editass ByDritlazatiomd
Sonditiens, s seatedtallow Rdgrd methodsin the art (see, for

exampée,g%ambr?ok, et al., Molecular Cfoning: A Laboratory Manual,
Secont B, 1P1 Sy EHHS sy HmoiNovhesaw dinl indiesto a

Eebridinatespeadifisnoprehoyalent grRcticmbetvasnmasramlemdes

e.g., between a.protein and a nucleic acjd). Not all compgnents of a
R P B e Tt P s W e
privgpleateoredided wiih alDNAthizckbefe) pastongas e ific Retion ms:a

| - Ific h_interactions are generally. characterized
B R B B 1
%‘-‘é‘ﬁéﬂtjtﬁ@% HEgd incFeaBedhindIng affinisyrtreifiy doorietacédhwith a
Wﬁﬁoﬁf&%ﬂ%ﬂf@%@ﬁ%ﬁo@@%@ §§19&Q{%_&@r§g for example,
non-covalently to another molecule. A Binding protein can bind toa,l?gr

formarside anp R ssisulicide DAOmERTR D Heresn dilRNRmMBlecule (an

RdMAdRbngREeRin) RRsaRERIaiRIRORAYIL:(a:10 WR2006/033889,,4
1€C1;-/§J§20§5/032757' rotein-binding protein). In the case of a

p%?el "B ﬁ?@‘cﬁ%fgﬁ? ‘can bind to itself (to form homodimers,
 homotiiterssetct Yansdiareiiceniittbio Hne - RHRITRCIERUES @héwn in the art

[ N tein.or,proteins,.A bindi rotein can h ore than one,

L S O B D e 20y
mmlﬁnﬁahfﬁt}g ,GMbm?@ﬁrfg_lbm@gr&@m:pthd inggtictiuifynafutizsfufingenences,
RNAGRAGR I QAL CHNGRED BRI AARIAN 38 PRI Ol ridization
domain within a Iarger protein, that binds DNA in a sequence-speciiic

$RHAR CORMBORFLD Hee arsfes Srrdsmgers Merking revelgiribohdmification
A GRIUeNceIBiRIIR Y inding  Aamain Whess siusiusdsstahilized
through coordination of a zinc ion. The term zinc finger DNA binding
SRR RS GR BB 5L g BROASIHAB PRI Friefection of a
Toiridinigrderndingbediviiengitidened’ dadied iiewhadatRuRiaatinods in the art
('ngﬁun% %tls%?arﬁgﬂfjﬁ%%%m'\'oﬁnéju'g?ff TieRs anr%fgm%‘gm% %ggrg%r%rf\%la?nelgltlggcond
Edition, (1989) Cold Spring Harbor, N.Y.).

"Binding" refers to a sequence-specific, non-covalent interaction between
macromolecules (e.g., between a protein and a nucleic acid). Neot all components of a
binding interaction need be sequence-specific (e.g., contacts with phosphate residues
in 2 DNA backbone), as long as the inferaction as a whole is sequence-specific. Such
interactions are generally characterized by a dissociation constant ()K,) of 10 M or
lower. “Affinity” refers to the strength of binding: increased binding affinity being
correlated with a lower K.

A "binding protein” is a protein that is able to bind non-covalently to ancther
molecule. A binding protein can bind to, for example, a DNA molecule (a DNA-Dbinding

protein), an RNA molecule (an RNA-binding protein) and/or a protein molecule {a
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proteins are design and selection. A designed zinc finger protein is a
protein not occurring in nature whose design/composition results
nci from rational criteria. Rational criteria for design inclu

principally | lude
Wébﬁ’l?g)g‘ﬁg%’gof substitution rules and computerized algorithmngB/lLrsmw 832157
processing information in a database storing information of existing ZFP

) ) y.an ) , See alsQ ; ;
a7 3B es o DRIEE T W B Y 1 EATE A P TS %Oi‘??\éi% ofa

fiﬁﬁé&fﬂt '@r@teﬁf_gieiﬁmeihﬁ) un 6iﬁari1iﬁ@tw@aﬁhmgh?r@ﬂj{mi ﬁmmgswl@mrbﬁbﬁﬂ&ing
rom.an mplIric rQcess suc S age.qis inte on.tr or ) o
R e R S R e DR B B O SRR g provein
Wgit913:458; US 6,200,759; WO 95/19431; WO 96/06166; WO

98/530 Zii‘éé%@%/ﬁuéﬁ%ﬁjﬂé%%{&%ﬁﬁEibé’%gc%é%g?@iﬁé%?é%%é@ﬁ}%@J?S'tein,

WO 02/099084. s, an "engineered zinc finger protein” refers to'a

i stémna Bty enereieirchat At R etsinthap TS ote dEA ShaseRE dhrough
Hﬁ?&%&@z@@&ﬂﬁé&@,‘%@ﬁﬁfQJ %%1&9@ 6&%&@9&@%@%@%@@%11@%
sequence. Generally, engineered zinc finger proteins are )
ASaATRAs SECHRAY PROMERY SIS CORmRR AT R ring oA Zine
finger oinA nenitatpralbinqscasing Rudage Menits Ao nesnbinatipns.
Methods fof. engineering. the.binding specificity of ziac fingers and
constrEAg G FERH STRE PG e HRS TR DB B G rRRF
tyciadinitededesign, Mandtimizagerndseibctidmtebhisdoesnepolysogmmne fnger
selegction, cis-displ - and two-hybrid systems, and selection from 11
Wge%%é%d%@g%}é@%% 05/032157 randomized libraries of both
engineéréesignddrangrangeopttiping 2iprofiyees oSeEigira@miphey s,

B@s&%ﬁéoﬁlﬁé‘ﬁtéﬁ%%@&%%%aﬁé%&é?ﬁio%é%%ﬁé; ReAfhanBieria for
6,410,248; 6,453,242; 6,479,626 6,503,717; 6,534,261; 6,706,470;

§oPEE3: e ABPH P B P e HIEA ish B LTI ARgREmS for
2RQBNGARRF2A031000BR0a;c 2003(0 1¥ARBE AOOIRLABBBOP designs and

2003/0166141 and 2004/00 1: and PCT_Publicati WQ 98 ;

VRS 98 A5B5 35T 5@@%&%&%@%@%sﬁ3§%§SWW§39§Z;

Q34O ,Capel SBM03 ) 2W DZRTS 10800 iBED SArER60 WiChidrel ¢586 rmdrated
' rence in their entireties for all purposes. The term

"englneerea§zinc finger protein" does not refer to a cloned,
naturally-tebstritiyzzin difisgeroteistéin. protein not found in nature whose

production results primarily from an empirical process such as phage display,
interaction trap or hybrid selection. See e.g., US 5,789,538; US 5,925,523,

US 6,007,988; US 6,013,453, US 6,200,759; WO 95/19431; WO 96/06166;
WO 98/53057;, WO 98/54311; WO 00/27878; WO 01/60970 WO 01/88197 and
WO 02/095084.

Thus, an “engineered zinc finger protein” refers to a protein that contains one
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-occcurring zinc fingers in
non-naturally-occurring arrangements and/or combinations. Methods for engineering
the binding specificity of zinc fingers and constructing enginsered zine finger proteins
include, but are not limited to, rational design, randomization/selection techniques,

polysome selection, cis-display, ons- and two-hybrid systems, and selection from
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"Chromatin” is the nucleoprotein structure comprising the cellular genome.
Cellular chromatin comprises nucleic acid, primarily DNA, and protein,

|nclud|ni? histories and non-histone chromosomal proteins. The m%Jorlt%/
Vit EURA %}?c cellular chromatin exists in the form of nueleoSoMEFH>052157
wherein a nucleosome core comprises approximately 150 base pairs of
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genome of a cell. The genome of a cell is often characterized by its
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%%6/033859 PCT/US20051032157 the target site. Without W%Shlng toobe
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Thus, f%*%ﬁf’tﬂﬁ@&r@e,“ is a chromatin complex comprising ali or a portion of the

genome of a cell. The genome of a cell is often characterized by its karyotype, which
is the collection of all the chromosomes that comprise the genome of the cell. The
genome of a cell can comprise one or more chromosomes.

An "episome" is a replicating nucleic acid, nucleoprotein complex or other
structure comprising a nucleic acid that is not part of the chromosomal karvotype of a
cell. Examples of episomes include plasmids and certain viral genomes.

A "arget site" or "arget sequence" is a nucleic acid sequence that defines a
portion of & nucleic acid to which a binding molecule (e.g., 2 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 "accessiblie 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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molecule that is present only during embryonic development of muscle is
an exogenous molecule with respect to an adult muscle cell. Similarly, a
molecule induced by heat shock is an exogenous molecule with respect

%8 A'MoHat-shocked cell. An exogenous molecule can coprﬁ&%séo 8%32157

example, a functioning version of a malfunctioning endogenous molecule
Meaiargalﬂfmzctmm iU mﬁsiﬁﬂgcrlbamlwﬂaalb@ 410N 'ﬂgilﬂﬁﬁﬁ&_@?ﬁfiyﬁeﬁwﬁd
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molecyigs erassiieddidscridhida prcakdiRNAndarohralingtescot in a cell,

geublerstrandad.gambe é@?ﬁ%éﬁ@&%&% QLGireulan and.can bepf.any
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DNA-hinding proteins, transcription factors, chromatin remodeling factors,
BRI TR BYOIBIEE B AL CP R Ras I 1 o
cerpetbylaselscelcatythsesicdemaceiyladeskinasel, ghaiphatasesecule
inteqgrases, recombinases, ligases, topoisomerases, gyrases and
e R R R L R e
a@ileﬁdb@@ﬁmammﬁe,C@@?@Q@o@ema&m@mmmmwi@aﬁm&ar
Sféﬁ%}@&mﬂﬂ%%f&%g&?&?s Al acid caR.compriseAninfesting vira.
nome, a plasmi

enome or episome introduced into a cell, or a chromosome
HSTHRE FREIPESTOBrEessflis-the cell. Methods for the introduction of

exogengusBrelacyiemisiaicels @eﬁeahﬁﬁg\@tﬁ%ﬂﬁﬁﬁ%,oi shilhinthe.alt and as

include, bg# are not limited to, lipid-mediated transter (i.e., liposomes,

I SRR e A S A R gHB SR TTRIRIEY PensEtso Sb AT ORI IS SkEb RS Eell
flastein, paukitdtedia, V> A0AEI03 BBRD dPbod N 09/0pA18, ﬁlﬁ?@@ﬁk&@i@é}t,

g:gllciu0 . Q(?ggrtgag VCO_P{I'?Ci itationdlDEf\F-dextran-m diated tr.an%fer and
viraf Vector-mediated transfer, By contraat, Ak e a0y esRotE TSR ofe f&
onecthbithis shormalhygrdseniirclaicpaitic idaludeCat & palrBdliarcan be single- or
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example, an endogenous nucleic acid can comprise a chrontosome, the

Jernecdairaitserbrenianals of dpradepdunirxeoanelles tirleraiuaing
aceRIFing Rpisemalnueisio acics Additiags!, entROSRONST D2IBCHIES SANing

include
include, but are not limited to, DNA-binding proteins, transcription factors, chromatin

remodeling factors, methylated DNA binding proteins, nolymerases, methylases,
demethylases, acetylases, deacetylases, kinases, phosphatases, integrases,
recombinases, ligases, topoisomerases, gyrases and helicases.

An exogenous molecule can be the same type of molecule as an endogenous
molecule, e.g., an exogenous protein or nucleic acid. For example, an exogenous
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
mtroduction 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, ceil fusion, particle
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proteins, for example, transcription factors and enzymes. A "fusion”
molecule is a molecule in which two or more subunit molecules are

linked, preferably covalently. The subunit molecules can be_t e
W&?‘e"r%@gﬁzﬂ/gpe of molecule, or can be different chemical typ}ég%(@gfmoﬁﬂ}32157

molecules. Examples of the first type of fusion molecule include, but are

tnphiinitechtos fisiaNpiRsaieins ddarexpmpte, oiugiotsheiveaiaddPansfer
DNA-bjnding domain and a_transcriptional regulatory domain) and fusion
?’ﬂ?&’éﬁ%{ gﬁ?ﬂ'ﬁﬁd&%‘ﬁ[ﬁ’gfgﬁnucleic acid encoding the fusion. protein
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encoding the protein to a cell, wherein the polynucleotide is transcribed,
eRfITREIPRISSEHD RIS I6ia Adi el dE g aPdRE TS BRIRT IS RB ARt IRe
@{ﬂ@ﬁ%&@@[%&ﬁwmfw@@Iaﬁgqg@ﬁﬂyst_ranslated in the cell, can
also be used tg express a protein in a cell, . Trans-splicing, polypeptid
cloavade BRTHIRHEBHOL IR0 LA S BETR GBI B Caelo b 4
prateinisfageil.Mellsatls. fohpeljnutleniice endapdy eptidecdbliveyl tepe
cells are known in t rt and exemplar thods are presented

SR IS T 0L P R A SACK e BRI e e
tiselobinaorinuieededDNAcr bgicne petdidiivg @g@m}pmww@@e tnfeaple, 2
daebas Al i Balans W eaAIR - AlodUelon AlMe 09 Bmain)
product, whether or not such regulatory sequences are adjacent to coding
andiforimansdriscaside (i sEampike aonisisifpoid garRARE e SE S IOUME 6t
RegeRRR i ited IR ROk SQHIaNse 51 IRMBINAIIE ulEansIAlonaL are

regulatory "sequences such as ribosome binding sites and inteynal
%%M&ﬁ%@@%?@%ﬁ@e@?lﬁ@ﬁ%, eSS ‘ngfh eptide, and
elemeniscirplicalignPrgios: Patkxatachilentaifés and locus control
regiongté 14 WO H\ZPEOG/O?ESSSQ PCT/US2005/032157 'if;%geegéﬁrgsr%ion"
refers t6 S ORI SRS SR o e ih A g&he  ThiB a
geliesprodtict pdgane frodetboap & they dif egtolnamstriptisresicp ot ibeof

b e e e o
fornskeipdple simmpse the refdteiPpliveitde b abeictaRig: shelgeiimxhich is
‘é\%@&ﬂéﬂ%%@l‘é@d@ﬁ'&ﬂ%&'}'&ﬁ also be used to express a protein in a cell.
Trans-splicing, polypeptide cleavage and polypeptide ligation can also be involved in
expression of a protein in a cell. Methods for polynucleotide and polypeptide defivery
to cells are known in the art and exemplary methods are presented elsewhere in this
disclosure.

A "gene," for the purposes of the present disclosure, includes a DNA region
encoding a gene product (see infi-a), 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 ribcsome entry sites, enhancers,

silencers, insulators, boundary elements, replication origins, matrix attachment sites

and locus control regions.
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which are modified, by processes such as capping, polyadenylation,
methylation, and editing, and proteins modified by, for example,
methylation, acetylation, phosphorylation, ubiquitination, L )
W)&B@-%’i@&%?ﬂation, myristilation, and glycosylation. "ModuIatigﬁ'wc??%ge?r“?feﬁ3m:’7
expression refers to a change in the activity of a gene. Modulation of
expressiencapiasiogerdietsisnht lonterkits, gehe acsivaiiiomadh@ane in a
epression. "Eucaryaotic’, cells inclyde, but are nat limjted ta, fungal cells
B R A B R B T el e o
eaine A gegiBNA] IRfErasR IS amptiegieniof SelisRiY Alhwibomtieg, stohtas] for
RAGIN A HENAL BN BESdUPRER NN ACIRGSRLIG A 980Gs
e for

in which ifis desirable to bind an exogenous molecule. Binding can

e BINEBsee G §y trarstap i sarkdytlatisne predurénebriinehls Rbids
PRiBraSE Rld ReENEO RSN AL GRS s AL AIURASIAIIERBMA 4808, and

mitochondrial, ¢chloroplast), or an infecting viral genome, for example. A
FapiBE RS R O B eI PR R a25E N thin

tianshobestioonsiadifigaRaions Buthad afion cxampiRiieaden $eAdeneasy.
trailer ,ﬁ&ggelnceseo%introns or Withinggon-tra scribed#legions, eit

upstreati oF downstr hY SFeRe Louns ?%8&&‘&“%69% BATTERE ga;r?tife

Eeodnigibas tesingisonuwetemtdiaipdinos upt o2 tonpete atidespiairadd gene
{g{{)}%ggmg{ any integral value of nucleotide pairs. The terms "operative
inkage™ and "operatively linked" (or "operably linked") are used

interchdfityaaisiciigiisensiefodrd aguweidpoliibie.dingd oelin(rech as yeast),
FRMRRNENES UL A 3RAHANEESIRMEN IR, Which the components are

arranged such that the components function normally and allow the
possibifity BEHP R [BATESN &S SRINE SRS GREHAS ERie Hidihatech 38rigfion.

E?t@fﬂpi@_,@g@@ sHRObAldeEs lg@e@uleﬁ&e v RENE brGRIMANN ﬁmsgéx,wmh it is
illustration,, a transcriptional regulatory. seguence, sych.as a promo;er, IS
TR O B B T B o B L O RATH RS R
segueiptecontlisite [dvelghitraistepsianobthesesihgsseqguensents, an
[ ns h [ nce or abs f one or more transcripti | )
D e A e S e viral
epeaady &1y diriicerdein A giith of tuding g@wzb@em rogion of a gene,
BehHR200R 0832 Pl SREYENGR: ButngesbnolRe, Airecti adiacantdq it

For example, an enhancer is'a transcriptional regulatory sequence that'is
SRERTGERT ARk 167 I EGmMyRdanerids evmpng 6iietT Hsy s flot

GORUIGHEMS of the coding region. A region of interest can be as small as a single
nucleotide pair or up to 2,000 nucleotide pairs in length, or any integral value of
nucleotide pairs.

The terms "operative linkage" and "operatively linked" (or “operably linked”)
are used interchangeably with reference to a juxtaposition of two or more components
(such as sequence elements), in which the components are arranged such that the
components fiunction normaily and allow the possibility that at least one of the
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 Iinked to a coding sequence if the transcriptional regulatory
sequence controls the level of transcription of the coding seguence 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

15



With respect to fusion polypeptides, the term "operatively linked" can refer
to the fact that each of the components performs the same function in

Ilnkage to the other component as it would if it were not so Ilnke? O 157
Wé?(%i{m?ﬁéz’%v?th respect to a fusion polypeptide in which a ZFPF';T/LSZ( /
DNA-binding domain is fused to a transcriptional regulatory domain, the

ﬁﬁe%fb@'i’f@&?l&qmdifbétﬁdaﬁj@cé%ﬁbﬂamw&@ﬁﬂﬁbiﬁlaﬁfﬁﬂ&dﬁﬁﬂeéﬂwg
Inkage If, In the fusion e, the ZFP -binding domain ortlon
B R PG R Ran a1 EPBARHG B A RS PR
d@nnahnllglahby imemmdjalaiga(mfg activate or repress) transcription. A
functl%e{{le wggl%ni;us%n fu ct[g% Ifraigéntgnt ,pf a ptrot? n, P9 C%(,peé%tm X
nucleic acid 188 protein, p8f_\’/E§8 € or nucleic atid Whobe sequence’is
ﬁmmmmaqb Qlfiémﬂllt@rrglﬁrntsmteﬁmw@m@md duworimrcleicréeinh, ipgbe
releins s same iindignas %&fy&k%mmﬁeer%%m;ﬁemef&rpe&%y

acid. A functional fra gment can_possess more, fewer, or the same

FiaBacbmrsidn s dha ZERBUpb e A Samais Geatkioddrapeiiona!

%ﬁ%&%ﬁé@z%@@ﬂﬁ@ﬁiﬁ&ﬁ@&&@ﬂ%@ﬂ&%@ﬂ%@ Methods far
determlnlr]tlg(the function_of a nucleic acid (e { 2 } od|n unctlon ability to

ABR - aRbthe? MR RBRIYRI et ADMRASR P portion

E@&m@@tsmﬁ tleterrainingzpiaiels ﬁimﬁmwgwhﬂﬁ-ﬁmgm‘ forexamples able
e DNA- dmga fungelon ofa % egtlde can be determined, for
er-

h
gé‘%(]zéti}‘r'rr:’fﬁ) éa % Fiitefbinc nogr,re ore?c mobility-shift, or

immunﬁp‘l‘ﬁmpim@ mm@y&”l@t\rﬁtﬂ@m@&@mﬂé’ eissaypedihpajebeptide or
t0: ..
FIESHORERIEIS, St 2 RELEL 3 SRR aHhegagﬂ;éys iu%x{% eI entical

Interact Wlth a can be etermined, for ex Yy CO-

i thefebreagstamsainnnelimipidassayd e %@ﬁaﬁl@ﬁ?@ﬁﬁﬂbﬁ%@ﬁﬁg@ﬁéﬁ@s

ANzl MiEaleRSRIBERIRABPIR RIS 8t Al LSRN
340: e 6.U.S. Peia%)e{r% i 5,585,245 and PCT Wo%8/4%1{§e5§(§ -

ERAEFRSROEP i R BB TSRS OF FHjar i lbn ceaseriag asidiein
areieampasitionsanshmebadstoney uiﬁiﬂl@rhﬁﬁtbalﬂﬁﬁréﬁﬂﬂé\ subdtiahiase

eful, fo le, for enhanced produ tlon of RNA an oteln
N BT TEI D BT A SR R0 TR P bty
podighm dind @ zmmhanma:lldormdm amom}isigf@wammpm aSnaﬂsﬂgfmﬂmlds for

R i A G L

thamestriptionad oty ado red dmdstrssield. dor ferapdanpidiiepbiglivRe4 and
%@éﬁ%ﬂ&?&i’@&%}? LINOTE- Phile-SBrS Rl dlieieal unsianaldamalns v

assayed by gel electrophoresis. See Ausubel ef al., supra. The ability of a protein to
interact with another protem can be determined, for example, by co-
immunoprecipitation, two-hybzid assays or complementation, both genetic and
biochemical. See, for example, Fields ef al. (1989) Nature 34(:245-246; U.S. Patent
No. 5,585,245 and PCT WO 98/44350,

Engineered Zinc Fingef 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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transcriptional activation domains) can be present in a given fusion
protein. See co- owned U.S. Patent Application Publication No.

2002/0160940, incorporated by reference, for disclosure of exem G}ﬁ 33157
Wﬂﬁ@%ﬁlﬁfia’omwns In certain embodiments, a zinc finger p.%?’é”(ﬁﬁ ° °
engineered to bind to a sequence comprising the target sequence

ladSYEAALR B NG subhiss, FeANEREFI4S PPese kL thel BRA

romoter (Takebe et a upra) romoter commonly used for protein

FEEE AT O BRSO 6 88 S SRy BB R 4RI fted in or
adja&épﬁéa@ayzﬁm&o&amwmmw&ﬁe@a i Y gearpaieih. Ale co-

e e R R B o a3 1Y
m@eﬂ@w@@@@mﬁfwmmmamomﬁepFMCTWSYCGKRFT
RSDA ﬂr§§t§k§%§£§bﬁ%ﬁe§!§%§?%§&§ﬁ%@é§9&nﬁ%@:&%Egl%g%

(SEQ ID NO:2). The underlined amirio acid residues in SE
RSP ARSI R §argeftpﬁ@wﬁm%f$ﬁ@m§ﬁe%&@@]&m@r thais
%ﬂ@@i%@&{@@w SréncfarasrandRre: denaisd thepHeeogPitininonly

regions" because one or more of these residues_participate in sequence

35%3&%&{/’6?‘%@8?&?&038% PBiheRaaT ROEaFaRiGHS ot RO dorRpRe e

saa&@éﬁmmrﬁfmfmﬂ@we@muﬁm&@m‘@%&t@QME@M@@@ vkbone co1p
nce are con ents to t

No2. ST g B b e BN S g e M

eagiamredﬂodﬂnﬁem@(ﬂf@tm@é tes dignitiona egidnsgiundearlined in SEQ ID

e T Sl
gp

LSRR HEREEPACR T K 16 AR R BI%A BRECIBROABCIRIBlY
enginegiRd i 0t RIS R BRMN I8 (P HO S ARAHEPERI B DR ues -

used in the disclosed metho

E e ue R BTOR SRV me@%—qﬁ theralohrhofieal waritasroA p gineiingst3od

Md@x&@d%&%éo@&@ﬁ kEtR e hdchukt 6%5@ NGB RIthe
nition region, residues, -1, +3 and +6 are grimarily respon5|ble for
Fé‘?ﬁﬁ%@lé% R IREERETE O SRl “ﬁ ng*EXIHPRES Byotems

adnhmmagéﬂ:pmaieﬁt&mh@mpmtmg@mprﬁff@dﬁr@ﬁ@amﬂegﬁmbone
wherein the flrst [ contai reS| and a
FARER e R IRRELOTNRE & AR oSO DG AR
Frepsidlibaae the apn %@d@@f&ﬂgwwﬁ@m re5|due at +6 (RXXAXXR,
SEQ IBrNQ: ﬁ?c@HElﬁ%ﬁaﬂ&'&ﬂﬁéﬂ%?fh&ﬁﬁ%@e@%ﬁ%ﬁ%@%m {underiined in

PCT/US2005/03215 . .
SEQ ID NO:2 above) can be placed i any zinc finger backbone {(see, e.g., U.S.

Patents 6,453,242 and 6,534,261) and the resulting protein can be used to regulate
transcription, e.g., to enhance protein production. Accordingly, enginesred zinc
finger proteins having the following sequence can be used in the disclosed methods:
C-Xp.4-C-Ks-QRENLVR-H-K3.5-H-X7-C-X3.4-C-X5-RSDALSR-H-X 3 5-H-X7-C-X 5.4
C-Xs-QSSDLRR-H-X;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 exampies of
additional equivalents include proteins comprising three zinc fingers wherein the first
finger contains & 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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contains a Q residue at -1, a D residue at +3 and a R residue at +6
(QXDXXR, SEQ ID NO:6). Additional equivalents comprise any ZFP that

binds to a sequence comprising the target sequence GCTGTGGA Eg ! %7
I%W‘T)‘ An additional exemplary three-finger zinc finger p?gtgﬁ‘fgzm 032
engineered to bind the target sequence GCTGTGGAA (SEQ ID NO:1),

SRSARIU 2shims the foll Drngiirming aedck Featitheeit +6 (QXXDXXR, SEQ

CH KVYG.SSN RARE ,RW ERPF TWSYCGKRF
R T P IR MG 8 AOPRIGNE (SEO
mlﬂgﬁh@tmemm@@mﬂﬁﬁ“ GG GEsid{EIATSEQ: 1D NO:7 correspond
to res'%F%aﬁéﬂ&?%%%‘iﬁé@%ﬂ%%&%@%I?JQJ Qgtéu? & e@n@ere%'k%abmd

portion of a zinc finger and are den e "récognition régions” because

drdBEThEeIah Fé’f:lﬁi@éé‘tp{&ﬁf&l&ﬁ&%lk@m&@éﬁéméﬂ@/fgﬂowmg
gﬁm@lg@@@@%w Accordingly, proteins comprising the same three

recognition regions in. a different polypeptide backbone sequence are
consic R SRS R RS R BB e e TESHrEkRE
mmmmmmﬁ@mww TR ]SEQ ID

ition r, underlined in SEQ hove) can he placed in
anyﬁ@% flngeglnack jone (88 Ye %DSQE%’}%%H?Q Fo73e5peng fyresidues -1
mmmdmmmg@mfm a@hdaha]meﬂpnmeg viateidcahserptionre
[ ceordin neere zinc
T ¥ o
Asensaemsspecificity of nucleic acid binding. Accordingly, protems comprising the

S ethle Es@nN LR H3 Sl - &iége ché%&%&é@ﬁéﬁ'c%(éé H-

X7-C-X2.4- C-X5-QSCDLTR-H-X3-5-H IDN08) Within th
FEEEIGHRIES ﬁ%&?&?m?é%|§@@§91N937aﬁ6‘3$éh§b’e“ﬁ¥ mmé@raérm{ﬁew@mg
preteiainiIcleotide contacts. Accordlngly, non-limiting examples of

additiopal equivalents |ncI prot ns comprising three zinc fingers
wherein e TSP ARy EFEBHE % EriYon REELdbRAT s a

RAQINCaT &&@@Wb@ﬁ&c&ﬁ@dﬁrmmgmbsekm fisegee.gonid@ns a

‘ ts ti3and aRr L XAXXR
Eé%ﬁ'%é’,l%% %) an&%hg?‘%ﬁ%ﬁlgger egc?ﬁlflaln es :Je(?ma ue a‘i aﬁgi‘le idue
aEaguEpitbn R e Sidubace SriGimodiRios! E@cq@dxt@ﬁ) ﬁﬂ’glwrﬁ@irzmc
i B&%@ﬁ@&%@&g%@ Rbisl %@%&&d&é&%%9{@.3%9%}%65&910@9&41\{@4&&&&

for'use in the disclosed meth

E-XpaC B BRI AR SR I S LT 0GE:-REDAE TREIR X AR RR=F K3
b 08 COX 2 =@ XX B iR b %63-5-H (SEQ ID NO:25) 18

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 O residue at —1, a N residue at +3 and 2 R residue at +6
(QXEINXXR, SEQ ID NO:4); the second finger contains a R residue at -1, an A
residue at +3 and a R residue at +6 (RIZCAXKR, 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-Xy 4~ C-X - QXN R -H-X3.5-H-35-C-Xp 0~ C- K- R AXKR-B-35 5-H-
H-C-Xp 4-C-Xs-QXXDXXR-H-X3.5-H (SEQ ID NO:25)
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WO 2006/033859 PCT/US2005/032157 Additional equivalents comprise

any ZFP that binds to a sequence comprising the target sequence

GCTGTGGAA (SEQ ID NO:1). Correspondences between amino acids at_
WHaWEE3¥nd +6 contact residues of the recognition regior{‘) o A AR/ 032157

finger, and nucleotides in a target site, have been described. See, for
examplgdidcaaPAaniiies <6:007088; BrolBABhant 6, (a8 casptiethg
s PCT Publicati 6/06166,; 53058; WO 98/53059 and WO
@%%%éﬁeqﬂ%ﬁé%%g&% ég%oﬁ,%ﬁzb equivalents are three-finger
zinc fileresprakinseibeivien theifivstiizge tleoniatisQdats tohtaat reSidund of
K, S or.T at +6; the secand fin s Rat-1: A, S 0r +3 and
e R SRR Ot SR T A SRR P b SO ABLEASTT
ie,sfrnihtrdvx%;e;kﬁﬁaﬂmlﬂpig,,@%ﬁtthSFﬁﬁ@ﬁ%téiﬁé%@@ﬂé&ﬂﬁé,%&
ROMICIRRUABSAS RN IGHSI Y SHHRE, (NAPOGIRRIE I BERGRE ang WO

DNA-binding domains _disclosed herein can comprise a portion of a fusion
HreRaRdwhereiringl rasp e o tenidass eBHERIFES f& GiRTore SEEE6 Aes
SRBAING (BHkr HIANSAHBHGRAtFeEMIAIR -JORINS] AMiCieal |acaiZatien; he
sequences, epitope tags, etc. For example, the amino acid sequence of a
TERSEH BRELA AP Hng  Ao 8B GbAN A SoqUh b K G U
fingercoinging ) aaio(ZRP)} the, WP A transcNpitoriakat Ry alidhod Anaairs,
(VP16) and a FLAG epitope tag (FLAG), denoted 2392/00, is shown in
Figure 2 (SEQ ID NO: 10). The nucleotide sequence encoding this
proteirfissshopmtisidsigudee8o@EQ tBIyM@Itedidan additional exemplary

protein e.ami ' ce.( ) - IDNO: wn in
Fiaure i e e e e Db i
dielpsabierisenitBHOWRMHPTRI 8 Bsiountaisia WersainseAugion protein

RiNADRIngiogdomais-camansionalivbaassociaigdmith aneQumere

"functional domains” or "regulatory domains" which facilitate, e.g., DNA
prariaghiy i opsiER9B A THDF BT RROTRRISH gt SaarRls iR #ree
bintliagudass ain.Gasl ditpeealestyriinonnaoualantyiassor iaiaebndnons), a

or more requlatory domai ernatively two or more requlatory .
A R e s R GG B A Sy P
dodnaifl, /o6 twiogiffereditidofadesoEli¢ 16y toryhdomaiiSgoa R f8EQ ID

qlenthyinked i dos.qinding, 9&5‘? 12,30 SIRCARGINKET RS D
%ﬁg’?@f %ﬁéﬁ%ﬁéteinﬁ% DNA?bln n%&gso%{g\lfn can a%%be aggoc%{egé
Withld regulatory 19

An additional exemplary protein {2392/10) has the amino acid sequence (SEQ
ID NO:12) shown in Figure 4. The sequence of a polynucleotide (SEQ ID NO:13)

encoding the 2392/10 protein is shown in Figure 3.

Functiopal 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 régula’sory 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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WO 2006/033859 PCT/US2005/032157 domain via a non-covalent
dimerization domain, e.g., a leucine zipper, a STAT protein N terminal
domain, or an FK506 binding protein (see, e.g., O'Shea, Science 254;
W&@"(Y@?ﬁ? Barahmand-Pour et al., Cum. Top. Microbiol. IR ERGFO0S/032157
211:121- 128 (1996); Klemm et at, Annu. Rev. Immunol. 16:569-592

§908) vidamen-ebadied ditdeRayolnaouia] 16, 200:682 (4998): Koset at,

Nafur 2:822-826 (1996); meranz et al., Biochem, ,37:965 |
TS TR RSH oA SR DR IR BT AR C b e enes
ﬁiﬁma’ﬁ? emny_, RuitabtenubBitiore; wc| ﬁlzt'mrgﬂ_aﬁ @fimbiaﬂeimvi:m&bﬂ tha2l-
gféd('f@ ORRAIN, COMMan regiatply doMaIS fackide, Sy, BHEGION, 4/
omains from transcription factors (activators, repressors, co-activators,

dome fresdurayrolelfceps; TRICIEHEh Siono v réoeptoPS 20i¥EojknE 996}); and

FaRSEIRUILN fABIOLRAR: 970018 fOSHIY Ry BAT e RAllciated
myb, mos family members etc.); DNA repair enzymes and. their
yé@b%%bé@@%fé}%ﬁ&frﬁ%w&@lmﬂ%waﬂa%%ﬂxe&u%%%ﬁmﬁéﬁ
asseetatedidaetars and modifiers; chromatin associated proteins and their
modifiers (e.g., kinases, c?cetylase nd deacf%%ylasgs); and DNA .
modity PSR FEL T, SRS SIer odt L510 SorHaPaden ansriaion
ligases akiivases, phesphalasesiipalys) erasgscsansppiialeasesuclear

iegrasesl.and el assediated faciors and modiiers. Trapscription factor
po ypeptlgeg forn WhHICh one Canobtain a regrjﬁi‘to& domairt inerude™

thededhatsabelinugby swbinfregl atedtermas P arsorptionySecknd their
Q@X&E@H@?&d%&ﬁ%@ﬂ?&&ﬁﬁ%E%Mégéﬂl%ﬁt%@%(ﬂ? SAOMANF nssociated

coactivators, silencers, nuclear hormonereceptors (see, e.g., Goodrich et
Sctere pglrepsisey tyon)eigesspeiRieh BPiatans hel modisiradd.» kinases,

SlRABRLS AN AVRAIN L) SEAIPTINN, HNSEHRIOR JRRINSIN HensiahAiRrases,
reviewed in Barnes & Adcock, Clin. Exp. Allergy 25 Suppl. 2:46-9 (1995)
é%@%ﬁé??ﬁvﬁé?ﬁ&ﬁ&%h%%ﬁﬁfoF‘?ﬁ%@%‘“&f@%ﬁfﬂﬁ&%ﬁ&%s

dedheatbehios iansesipmbtidrsamiknawic(stend sodence 269:630
(1995) .and TRANSEAC). Nuclear. hotrmone receptor transcription factors
e R ToF LA e TABEE ALt PR E AG3e PRk

are descri ,  kOosen e e
B85}, Tibled CHEBPTamily ioF tlapsripivinfat s e reviswidiin. Vede|

%%aﬂl,'%?!é{*éﬁ%‘ ﬂ&?&%@&é(n&%%é‘oﬁ%ﬁ?oﬁ&%@é}-e%f%%%%‘é%%ﬁﬁﬁn%%%&c‘?{é%? 5507

) late transcription” regulation by nu ~hormone receptors are
relaeseednclior BRansprICRABIeTs (Bar. 4.8k Rdedrinbler 184 XA SRIGIBIIBFO6)
KRSSERER of E@ﬁs%@ﬁ@?&i&%ﬁ%ﬂéﬁé@f@i&&@@h@%ﬁ&ﬁ@ﬁ;ﬁt
Nature 394:498-502 (1998)). GATA transcription factors, which are
IRRRICRE PR G e B R R AR TESIS T RETHES GG -for B aAptlerey

25 Suppl. 2:46-9 (1993) and Roeder, Methods Enzymol. 273:165-71 {1996)).
Databases dedicated to transcription factors are known (see, e.g., Science 269:630
(1995) and TRANSFAC). Nuclear hormene receptor transcription factors are
described in, for example, Rosen et al., J. Med., Chem. 38:4855-74 (1995}, The
C/EBP family of transcription factors are reviewed in Wedel et al., Immunobiology
193:171-85 (1995}, Coactivators 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 ef al., Nuture 394:498-502 (1998)). GATA transcription factors,
which are involved in regulation of hemaiopoiesis, 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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Simon, Nat. Genet. 11:9-11 (1995); Weiss et at, Exp. Hematol. 23:99-107.
TATA 20 WO 2006/033859 PCT/US2005/032157 box binding protein

g&%@ and its associated TAF polypeptides (which include TAF3 005/032157
WPRREKEEIREG0, TAF110, TAF150, and TAF250) are described ih GOOATHCh
& Tjian, Curr. Opin. Cell Biol. 6:403-9 (1994) and Hurley, Curr. Opin.
@K%d%ﬁ@br?é@@ﬁ@ﬂ?ﬂ@@ﬂ@@&&%@&r gﬁmﬁm@ﬁ@g@m@@m factads ?re
reviewed 1n, for example, Bar - urr.. Top, Micrabiol, .
AR s, AT TSy DA Hoth Ashon e e et
sevienetiin Aseiet@dl] Bidllhdiinve s1998Y hBa1ua 44, 096Y: IBzoneStuct, Biol.
di , ression domain and/ar the KRAB repression
T TR v RO e S LSRR
eepredsdiaEhivgahPetnt; Me\WBio I@@@M@?M@M)?Ma@m&{&%};
%1’5@3&%&6%@9%6‘%@ LA GH94) FRengue-SEathiach ACHS RES iy myest.

22:2908-2914 (1994); Witzgall et al., PNAS 91:4514- 4518 (1994). In
AfibieerEHii8diment, KAP-1, a KRAB co-repressor, is used with I',.RAB

or KOX, Fiedmanisi-at, eresOeNr-48:4000ndR 1290} Iitemalivelvion
KAP-1 can be used alone as a functional domain. Other preferred

R RIBAF AR A tr AR et BT EL A5 dSRREFFE {ARt .gepygssor. Thiesen
tranisoriptiondb sepressersiinclade); Maldo(see; €, 0RNMIIMers @t-ak] 3 Bind);
hem. 273:6632-6642 (1998); et ) e 6: -1159
TR R e el SR e e
Crcagee 151 2374 (g chaRekl hted{ FOeH 8918183856 iK198% )yand
liraro I, Biol, 17 -2.399 TN ( ad.|
RS S b o S D AORRI0N D, s,
Epdtdinat banstdaloteis BiunciRupl $epB0isog)piEGRIBEE R gRowth

ESRANGR 9GRS Elslor iaR ShalnaPNAR 32:8295:83031898): andhki
et al., Cancer Gene Ther, 5:3-28 (1998)); the ets2 reg{essor factor

Peprdees a8mBNTHRRIY: WoduRid-deiar. ENISE 3P4 4GP raupta of al.,
@%ﬁ&%‘é&? 18ndiheg MQR?%%@@e{&t%aﬂ,ﬂgﬂdi@ﬂh@i%@63497“9}’@'998@1,3&4@&11
Cell. Biol. 16:5772-5781 96))..In one embodi 16
SR A 18 Lo e G Gl AL (B g )
datmann &, dfpDCMit i1 15ISEBIBD (1997))); EXHR (farkdergtion
factars from which activation ins can be ohtajned i nLc
e B, S B L S BB R o
383MHIBY; HielpbBEUBuHIBOL HiRSBaE kb (teabpa BBty QB EHRE J.
éig@.g%c@éi%&loé%%?@§é AReE LAY bt NEHT OFeROV B a3 H oD Her.
5 :3~28))(3998)); the ets2 repressor factor repressor domain (ERD; Sgouras ef al.,
EMBQOJ. 14:4781-4793 ((19095)); and the MAD smSIN3 interaction domain (SID;
Ayer et al., Mol. Cell. Biol. 16:5772-5781 (1996)).

In one embodiment, the HSV VP16 activation domain isused as a

transcriptional activator (see, e.g., Hagmann et al., J. Virol. 71:5952-5962 (1997)).
Other transcription factors 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. Firol.
72:5610-5618 (1998) and Dovyle & Hunt, Neurcreport 8:2537-2942 (1997)); and
BGR-1 (early growth response gene product-1; Yan ef al.,, PNAS 95:8298-8303
(1998); and Liv ef al., Cancer Gene Ther. 5:3-28 (1998)). An additional synthetic



EGR-1 (early growth response gene product-I; Yan et al., PNAS
95:8298-8303 (1998); and Liu et al., Cancer Gene They. 5:3-28 (1998)).
An additional synthetic 21, WO 2006/033859 PCT/USZOOS/ %é% 032157
Wt Fomain is the VP64 activation domain (Seipel et af By§
11:4961- 4968 (1996)). Kinases, phosphatases, methylases,
sleinelbylésesindcaiy8vee, daaetbyl dsesindpeisshardpratemetiial nodify

ggé)ég%‘)é ggs involved in gene regulation are also useful as regulatory
ch modifiers are often involved in switching on or off

transciﬁpﬂms;nﬁﬂiaﬁmﬂab% m@wmleiehmtth déingsesjdeabetdases,

o D R

W@é@q@w@@mwz‘ﬁm@eﬂq@@@s FEPIBD um@sfe@m SR@ehing on or

EukanelBenadxncad - 1 C98p)e Wbl pResrhalases AlR eewed in,
for example Schonthal & Semin, Cancer Biol. 6:239-48 ( 1995% Nuclear

ARSI SRR HELEISS SRS, Hehdemnschian 34016 355%).
(4994, ﬁa€QQsﬁxlba@;m&Q@aam@@aeﬁﬁ@;b@&bww% &@@b@);ﬁ&e
rogducts of m rel, ets, bc
o ST DTS AT e S P B PIRTARE
Encogdnesiarexdesie St dnilidr&eSanipl€ oo @] Grissgéh e59%nd ed.,
nes and Bartlett S ries. ston Jo tlett
N O ey i e o
at%r. J. Blochem 211:7-18 (1993) and Crepieux et al., Crit. Rev.

Oncog x3:842-8841294) Jd¥G:00 %99%8%@5%@%’&8‘%{%%'&16@5&?%% of
Ryan et al., Biochem. J. 314:713-21 (1996). The jun and fos transcription

RRORASEFEC o SV BRI ToF e RamBle Hhd Ttoisa REh JNOF BIRT eZiy
M aAseHPHAN: FACIRES c1ARAThcRotd @RI alb BlS s (198DEchRE MAde ORARASRfor

is reviewed in Hurlin et at, Cold Har Quant. Bial,
SO SO (A G B e e S IEER SR el
B@ptoMlM@.b[&haéWB@iﬂ%ﬂPzﬁﬂr%r@@%ﬁ) The ¢nasfaottisrévievied: in

\{eev\{\é et %u IEJB} afl neggzoch?’n} %12157(][%%259 &Lél?ltr ic %Orre] mS
can aso |ned fom repair enzymes elrr as ouat
félumfear@mgdﬁhéké 3Br@884hcMle ofor estmnpieravikesddesitexsaapt,

Qr &?CEEBM%S§ 53 ﬁﬁlj §§§qs( 1@@9@% gmﬁ) %@ﬂ%cﬁ gon factors are
single-stranded DNA- binding proteins (SS DNA repair systems are

sseibed im o cssaripld v Ess @d r«fu@%ﬂml@élpﬁwmczwq@% -Angel
FeneaiANsRevoaenel 22:68hd0R4d 99%8iewed in Hurlin ez al,, Cold Spring

Harb. Symp. Quant. Biol. 59:109-16. The mvyb gene family is reviewed in Kanei-Ishii
et al., Curr. Top. Microbiol. Immunol. 211:89-98 (1996}. The mos family is reviewed
in Yew et al., Curr. Opin. Genet. Dey. 3:19-25 (1993).

Regulatory domains can also be obtained from DNA repair enzymes and their
associated factors and modifiers. These include, for example, nucleases (exo- and
endo-}, recombinases, helicases, integrases, polymerases and singie-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. 29:65-105 (1995);
Lehmanm, Genet. Eng. 17:1-19 (1995); and Wood, 4nn. Rev. Biochem. 65:135-67
(1996). DNA rearrangement enzynies and their associated factors and modifiers can
aiso 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 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.q., _
W@éﬁ&?@?ﬁfgal., Experientia 50:261-9 (1994); Sadowski, FASE FIJS.Z)]:Q%%;’}N
(1993)). 22 WO 2006/033859 PCT/US2005/032157 Similarly, regulatory
domaiSscdaibeelaibrer) HomBNinmedibringddimDesA @it enzymes
et nsferases, topoisomerases, helicases, ligases, kinases,
R e R L BRI B s
Hekphsascarpoheviewed indatsonsetiteBlocosays] 103822 (Hobdseand:

RaUWIEANSIGIases /e pARseliReddn Lheng gty %Mi&@éig%e%i%i are

5:4-10 (1995). Chromatin associated proteins and their mo ifiers (e.g.,
feierdled Bcebrbdahdeadentadie), ShcH 48 Histdrevmalie akeséated
PRI andipnce Aif:dr (-2 (£996d) areisuseiuldinctional damains. In

one embodiment, the regulatory domain. is a DNA methyl transferase that
Hetenestarranecrip onarepraseor (sek - g S PahrtetlspicacTetiane!
Bt eth 042 6:263H209( 1RO Flyy abhid i MOV RIOF kokxkdBse
98); Olcano et.at, Nucleic Acids Res. 26:2536-2540 (1998); do
Bk S R R ST E L. £ 070 bob] HPARL Gl TLES Ler
€PabBEddEnt] Ertdorivoteeses éuM@EaEEEb Iﬁﬁ?_xﬂ@&idé et alkdemaing, to
satalizs picpie b DN cleavade hish tagilioies. pigcesses sych as

transcriptional repression and homologous recombination. See, e.g., U.

B/ Pkrehts! 67486 10885 fromsher snb &ieen. 96 dung] fasge seokpsliteition
Rblisaton . Q0392 32440 MO D37 34U L aciors ihakcontral

chromatin and DNA structure, movement and localization and their

HSERISTeH YA BT STa BRI HoBalHEPEeSHE TR iR SRR T SrmERB S 9B, oSee.
pRKeTDPSeulryotesanchyras) and dadonsdhat assatatawitbafon

DRt e L 6 38 molocuies. T one embodiment,

recomimasesian difite jragesatireaid Golas stegtilaionsdanains.d bealdihemn
i hi I i d. i

%H.I%Qgrm sn%1§e§c}?n§o?§ %tx\é %‘%?iﬁs egra;S%c%ll’#\sA%ﬁl%Sdl .{tgr?o %181%?%

i@(‘g)?rgal
activation domain (see, e.g. cotto, e 752384
rroogyctm ik asoien ead2ingy 1ud 12c{009B6) Tworiton withagrSoidifyehem can

21669085413 {2860 RAd RS ekab BN A Pded? b%%ﬂﬁngr?cgﬁnte}ﬁs or

another embodiment, historic deacetylase is used as a transcriptiona
FRHIRESSIRNE T alih Qe 8BNS 4 SRR ATIG EMOBIRAIC S UBTER-2384
{3998%-S vlichaki & IMiieesnds KiphebBRond 23:8AHARAAL SR o
B A ey L2283 oA AN et Biol, 18:4377-
4384 (1998); Wolffe, Science 272:371-372 (1996); Taunton et al., Science 272:408-
411 (1996); and Hassig et al., PNAS 95:3515-3524 (1998)). In another embodiment,
histone deacetylase is used as a transcriptional repression domain {see, e.g., Jin &
Scotto, Mol. Cell. Biol. 18:4377-4384 (1998); Syntichaki & Thireos, J. Biol. Chem.
273:24414-24419 (1998); Sakaguchi ef al, Genes Dev. 12:2831-2841 {1998); and
Martinez et al., J. Biol. Chem. 273:23781-23785 (1998)).

Another suitable repression domain 1s methyl binding domain protein 2B
(MBD-2B) (see, also Hendrich et al. (1999) Mamm Genome 10:906-912 for
description of MBD proteins). Another useful repression domain 1s that assoctated
with the v-ErbA protein. See, for example, Damm, et al. (1989) Nature 339:593-597;
Evans (1989) Ini. J. Cancer Suppl. 4:26-28; Pain et al. (1990) New Biol. 2:284-254;
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Martinez et at, 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) Mama: Genorne 10:906-912 for description of
WBHYRRThs). Another useful repression domain is that as86¢iated MRS

the v-ErbA protein. See, for example, Damm, et al. (1989) Nature

e@%ﬁ@@@ Evane §48892) 4 Aepncer Supphs} 26:28; Rain et alng
%%(o ) New Blol 2:284-294: 23 WO 2006/033859 PCT/US2005/032157

BFAL (1988) Neltbre SAer D00 A0 BionRb R P sy Rem domains
BR1107 B4 %-anst Benketet air6lOReNGel BT NNAS: Adrilicial, MBD1,

AT P SO S T Ritos NOW RBHE

MBKEDIDIEHS, BIEHTR, afntﬁédmml\afrdmze @ee, BXTple, Bird ef

o b e s e T SR
61999909 M@%ﬁﬂ?%@@ﬁ&mﬁwfs%%@wae@m@ywatm@@e%@

AaiddsiPaembdditiopalexsmplaty s sRIgss o dempinsinelifle peyiarg.a
not limited to, ROM2 and AtED2A. See, for exampie, Chem et al. (1996)

PLER el 554 65 SPAmRRICRAT &1- (3000 i G 39-571 caaiu e ol

@m@%@fﬁmn@mar hormone receptor (NHR) superfamlly, including,

for example, thyrojd hoii]éme tors TR and ic acgdﬁﬁﬂl eptors
(RARsJ 78 H Hhe® %PB SaEmaT (S tly

lendwdin g/ Hanekaetmad,, tBymid. Rmoﬁ&m@tﬁQ (4333466 (2000) and ﬁwmmet

flallel Neutoblo IO ALACR AR 85N 0 I pbsencergl ot zhan
ogna eaﬂgangln%hese proteins Bina with hit pecificity an inity to &

ghokt dtretcihes GVRIGA (8 @391%@72@@@66%‘;‘69)30%%# réipl | Neorp hod 1808,

eNngaGers @0espram@iesi-aAnd sHect bLSEHRASERLONG! Lo e S 3Iap:Af
adjacent ene s The potenc of their regulator% action stems from the

tiFEEsHsd Y& o tived E%é’%lﬁ@n‘ﬁiﬁﬁn

eegtmt&g%@@ of, %@%@@%@W@J@%@W%{@mﬁh@c fhen
targeting of a complex between the coregressor N-CoR and a hls%gg6

a@aemgé a@w%:s?@aeﬁhwﬂéw oGhAL LoFuay 18 158
cihoehatsdfRR ddRd0TaHan0 (200Q)sltbekiad. gEMBBndiRg, (i) the

43 435 0 d Undeghill et aI J. Biol..Che 54 463- 40470
B S TR Syt oSt ae dnibifude Pl ichte 4 i
mmmmwmsmm@eﬁwmmmammmmﬁﬁ)fagamamm

o ?%ﬁé : a%'zfl?\i/ll(‘)%e b%‘f gi@(ﬁf NesREY: 67 BYAA90- 144041985 @80y, ©ier
al., EMBO J 18, 4342-4350 (2000) and Underhill ef al., J. Biol. Chem. 275:40463-
40470 (2000)) and (ii} a chromatin-independent pathway (Urmnov ef al., supra) that

© may involve direct interference with the function of the basal {ranscription machinery
(Fondell ef al., Genes Dev 7(7B):1400-1410 (1993) and Fondell e al., Mo! Cell Biol
16:281-287 (1996).

In the presence of very low (e.g., nanomolar) concentrations of their ligand,
these receptors undergo 2 conformational change which leads to the release of
corepressors, recruitment of a different class of aﬁxi]iary molecules (e.g.,
coactivators) and potent transcriptional activation. Collingwood ef al., J. Mol
Endocrinol. 23(3):255-275 (1999).

The portion of the receptor protein responsible for iranscriptional control {e.g.,

repression and activation) can be physically separated from the portion responsibie for
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16:281-287 (1996). 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, recruitmegt of 8 < 037157
WHraRR AR ss of auxiliary molecules (e.g., coactivators) ana%&g‘r’i? : )
transcriptional activation. Collingwood et at, J. Mol. Endocrinol.

BR(B)pEREng ,7§|n(111%9§!)1|sﬁﬂ@@@iﬁ%@{ﬁ%&%@%@éﬂ@&iﬁﬂgﬁ%@?@@;%r
transcriptional control (e.g., repression and activatign) ¢an be sically
e e T Rr SR S
PEIISR004052 b AR \Antiiading] andlyslaibafiilfdeeinddty wher
thered to qther polypeptides..for example, other. DNA-hinding domains.
S S R e R R R T
beghisé th to dudXAsdird iregicio nfaite(esty(e.g. zingerim Goryirotedd isubhithat
mdgmgggnal regulatory activity of the receptor can be targeted to a
chromosomal region of interest (e.g., a gene) by virtue of the DNA-

binding"HErRNR. WROFEBEFE tHel BtrncOfech PIRANEPBINEE AtRIBRF S ne
HRCRRIANSGANRE- Bl radrAitRet Rl Ictiraua!) $800MRIRARLs all

techniques, such that it loses all capacity to respond to hormone (thus

e OB AERPRA SEPS tTas %’Mﬁb%ﬁmﬁ FERETRERRE Ability to
effeckisansenpbianalienisisian -Tkis eppiorcihis! exesspbified by #Bproach is
transcriptiopal regulatory properties of the oncoprotein v-ErbA, Th
FERATOBITIE TRE BT R SRS T o e R Rraein VoA,
Tansfarmatiootah ismmatdribaedohioodrattpreed Soisukeptangctiickstiyn of

i t o . : Py
R S B S R A viaRa
ivites. UBRganded atsaeintrs piassbeopeissss (RensddfoPiuttioy demiredcra
%QQS@?:%@E?P&%;%%%&%% #he-adminisiEation of: %f@%@g&ﬁ&@ge

to immature erythroblasts leads to their rapid differentiation. The v- EfbA
srBpblen i ancseershay e Aferira Rur TRIRCES HitaiRREon of
inshesieh dindaiaiiamelhrmingctessingl@minR-acigs d (@ fusiomteih €he v-
%aﬁpgncoprotein;.(iii several groint r?%tations infle?f"DNA bin in§ domﬁi .
REPIRES SR BTG SECILROF R B otel + RV SR Barentc™
TRdeladongai issnahitigrtondieteiod ividsizg@ wWitlisheo éiingid sheepsptor; (i)
s ol alipRIR e HeanRinding damaln ehiie plpialn
that efféctively eliminate the capacity Ind thyroid hormone; an a
deteiitvitpiof banossitertninalisiteshicst, diinpaokpathiis ability to
heterodimerize with the retinoid X receptor; (iv) multiple point mutations in the
ligand-binding domain of the protein that effectively eliminate the capacity to bind
thyroid hormone; and (v) a deletion of a carboxy-terminal stretch of armino acids that
is essential for transcriptional activation. Stunmenberg et al., Biochim Biophys Acta
1423(1):F15-33 (1999). As a consequence of these mutations, v-ErbA retains the
capacity to bind to naturally occurring TR target genes and is an effective
transcriptional repressor when bound (Urnov et al., supra, Sap ef al., Nature
340:242-244 (1989); and Ciana ef 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 nsed as a

repression domain. In additional embodiments, TR or its functional domains are used
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Is essential for transcriptional activation. Stunnenberg et al., Biochim
Biophys Acta 1423(1):FI5-33 (1999). As a consequence of these

mutations, v-ErbA retains the capacity to bind to naturally 00&“,”%9&;.-5, 2157
Wﬁ?ﬂ%ﬁ”&éﬁ“@s and is an effective transcriptional repressor when boun B

(Brnov et al., supra; Sap et al., Nature 340:242-244 (1989); and Ciana et
a8k rEVRR Y b4 i 88253940 (98N d andantash iR{iboieven in the

v-ErbA is completely.j itiv roid har d intai
RS R GERociiog R e s o RS o
sretinoisls fecordindypdm ghe, adpbosticBibivoeins; filscuonaY fteraios or

are use i i iti j RyQL. §
P e S T e LS 200e s 7

as a répdeish VEMAIATT IS B A P RGO IS 5 AUaRsH™
Aamaininihe: Ripsense Adiganade s o3 Raulimsteost ithyroniosrpr 13).

Thus, TR can be used as a switchable functional domain (i.e.,
ISP ORISRV A AtV at i G e e RSt tichniyg /O bes been
Aerandentdponihepsasenoryor akisense &respechisly)iakhligase662-7667
Additional exemplary repression domains are obtained from the, DAX .
R G TRl FE S oS AUy e 1 Aionsl
390:34%- 315 £1997hrrvgearticulAg 1thd (©-{evhinal poetish DIAKEL, Biol.
inclugin ' ids 245-47. N A ¢ jon
e e e P e
exeaaplary e frdssicgitBHRIrPM IR IRB PIsiefcl A ARINBTafidiofaFTpiary

ngﬁgé%ﬁ&tﬁagﬁiew&f%@@%@sm%@a&g 4999)ikalatats Mat.-Oeft,
lol. 19:6632-6641 (1999); Lai et al., Mol. Cell. Biol. 21:2918-2932 (2001)
AN\ PERTE2 298P TIFREATIERGHR BET 6ty peptide contains 1257

amino geidse vemp Ry dunctionatiagments elRERbannatpelypepiten
comprising aming acids 1%14-1%%7, andﬁ %Ege tid? com nr{sajg é “Qi,%
AR ARED 85 RomBer @ ftfie TIEE TR ﬁ rANSEIBON TACIOrS Contain
thiearepsessiodu doraitisdero\winaiiRA RiztansRE:cRépressipp!byes.

R AR RS Ab A RReAR D ot ol
Givé 2. 274204500429, 504l Bhthaee etrre(sion pvghsced|thgidinctional

r{%ﬁ&é&ﬁé&m qralhef ibese ranisasion fomainR er thelsfunctionahs

ments) can be fused alone, or in combination with additional
(epfesisibnationmifresiemipkicraROOrHrfag R, e BRE bifEse
gggggﬁggglgﬁggégg%a@qg@ted exogenous repressor molecule.

Furthermore, the product of the human cytomegalovirus (HCMV) UL34 open

reading frame acts as a transcriptional repressor of certain HCMYV genes, for example,
the US3 gene. LaPierre et al. (2001) J. Virol. 75:6062-6069. Accordingly, the UL34
gene product, or fanctional fragments thereof, can be used as a component of a fusion
~ polypeptide also comprising a zinc finger binding domain. Nucleic acids encoding

sﬁch fusions are also useful in the methods and compositions disclosed herein.

Vet 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 transoriptional repression. Accordingly, an Ikaros

family member (e.g., Tkaros, Ajolos) or a functional fragment thereof, can be used as
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Furthermore, the product of the human cytomegalovirus (HCMV) UL34
open reading frame acts as a transcriptional repressor of certain HCMV
W%gnes, for example, the US3 gene. LaPierre et at (2001) J.P}éilppd
* Bs9. Accordingly, the UL34 gene product, or functiona
fragments thereof, can be used as a component of a fusion polypeptide
alspresioprisingia Aee forgpewaivipiditgdattiaire: Mu e hEHBent8iE512-
% fusions are also useful in the methods and compositions disclosed
erein. Yet another exemplary repression domain is the CDF-1
transciptionafadioh |l pirein shunsiohm AR Sarcrsiondample, WO
RR27097%, Theosasos TRmilvsah proteing aug invelveshin thectegiatonof
lymphocyte development, at least in part by transcriptional repression.
Sebramatys dA ﬂ@%glaiafﬁaayﬁﬁ%sﬂ?ag@e@?gipﬂemé ARloliBsyish gs those
E@%ﬂ&%@pﬁ/ et W@f@&ﬁt@,@ﬁ@ﬁﬂéﬁ@ﬂ, %d%@ﬂfél?@@&ﬁ@%ﬁ%gb
PCT/US2005/032157 a repression domain. See, for example, Sabbattini
EPATATERIEE 1550 S5 aS o BRSLAGR TGl EeTfprises a
transcriptitfal depressiany dgmasivn Maxansehal200d)Riacvdl dthri\natne

Ci. A 98: -1500. Accordingly, the Ashi einAis.functional
it e g e fel ik e O IS SR )
MDveltebestenpantoalida.cardplaftdells Sddh EaNieols AV pr&ssiphl7,

g\%g}?ﬁ*s@fw@&émm&hﬂ%gﬂ %ﬁﬁf@@i%s@'&%?éﬁﬁﬂ?ﬁ{ﬁfé}ases (e.q,

2005/032157

itional exemplary repression domains include those dérived from

RistoieDasibetmsed [HDN R by biotasthipnicdNé ke 1NERDACYED2,

$UBr2 homploguesy: HRACE INtekAClinch BIQIRINS: (8:4besI NS 1RARIA
SAP15, NCoR, SMRT, RB, p107, p130, RBAP46/48, MTA, ME-2, Brgl,

BT S RPALRY RS e S BTN L 68 UV Bk PEINFRMER T HRtsssors
pegltemmthathindrmethy RIEEFDRZF ¢eigel MBDY, IMRD2:B N BR3] MBEMors
eCP2, DMAP. in methyltransferases (e.qg., lysine and. arginine
R R T MRl CINHO LS SOt e
rohessorsh £6, GoBmidsceeuthrRING | DRY BRs E2E6 et ivivbalitrmone
tBP)..viral repr S. (e irus.d [N i
Serln R FReSOE s RRAMY S Ve ing alve fnger
resoses s go. §Y DA PSS trBebereseprRIrTYHpRaRaSHOT HEREnFdBRlyt T aneprs

r@ﬁ%ﬂ%ﬁ?&&ﬂﬁlﬂ%l@ﬁ%&@@@ﬁ Nuith pRtEallypeaChTRg 2ineBNEe, croucho,
proteins (e.g., WTI, KAPI). Further ex%gﬂflary repression domains include

REmBERSTs e oy EompCom bR a it thaf Herolot s HER cHPt2,
2N G2 BHRUChRtcbVe: ArRmifait Mith SiFSar/kRked ERZeprdsion
%g%(r!/aa%z Po% 'falzrs?igrlll t%fat ggfceﬂ%%gre ginding domain. Furthermore, any homologues of
the aforementioned proteins can also be used as repression domains, as can proteins
{or their functional fragménts) that interact with any of the aforementioned proteins.

Additional repression domains, and exemplary functional fragments, are as
follows. Hes! is a human homologue of the Drosophila hairy gene product and
comprises 2 functional fragment encompassing amino acids $10-1014. In particular, a
WRPW (trp-arg-pro-trp) motif can act as a repression domain. Fisher ef al. (1996)
Mol. Cell. Biol, 16:2670-2677.

The TLE1L, TLEZ 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.



either the full-length protein or a functional fragment can be used as a
repression domain for fusion to a zinc finger binding domain.

Furthermore, any homologues of the aforementioned proteins can al_s/o bq7
W&%@%@?ﬁﬁression domains, as can proteins (or their functigrialS20us3213
fragments) that interact with any of the aforementioned proteins.

Additioh Tépﬁqsgbm@omaém, afiaisnt plargshinetionaldragment siie
aqalaliows Hegl is &.Q%@gﬂawﬁ%ﬁ the; Dios R a3 gaRe .

pI‘OdUCt an con"_lprlses af ‘ nction ) agment encompassing amino acids
Grr2Ryna Pradyat ticiTae edvReyvsgias- afghp ot frp) frestsandarsmisns a
feprassiandomain Kirherat Ao GA9ShMeloGRIL t@éﬂé-régfgs%%ﬁéﬂm of

The TLEI, TLE2 and TLE3 proteins are human homologues of the _
BréSoirE iRy A gl oM R tRB R S PE o RE S JoYSREIRE
possesshriepsessioNeCiivly, resite betveespmmingsacids 1-400. Fisher
etal., r§1 27 \g%%zOO%/OB_BS 9 PCT/1JS &?5/032'_157 The Tbx3
protein 6 CLE R AR h  CBPRYRR, AoAATe Bt EdhrasTS Fedand
524472 heHedé raly (2890 Py ogyiath. AtaskiGeb USRI 4R -dnddiding
Thx oduct is. involved in repression of the.p 14/pl6 ge
e S B B R s o lonare?
todfre Yep iuseionad dmeeoicabanecooreisglysThx2iamdior sifenktienal

ragment canbepsetkasarepigssion domain. Carreira et at (1998) Mol,
ell. Biol. 18:5,099-5,108. The human Ezh2 protein is a homologue of

DrosophiferhRRESP B teraRrF STt anisEreia T oRRistar ppEmlex

FERIBSEOnAWREIRR Vfthe-Habarbral@lo:GoPFisig ARNBBEIHS,L-LA3 can
interact with eedl and repress transcription; accordingly Ezh2 and/or this
IE G TS AP BB A REBH SEl APHTHA e s &5t

(1998)ANGOCels Bitl4 18:5634-5642. The RYBP protein is a corepressor
that intefa ith_polyconib .members and wi e YYI
ranscr O T O PO B o ST ER it MR Vs
bebrodértifie doasplancticaalainpreskipls todiagsiBGafciaatials (d988ents of
EMBQ.J),18.3404:3418, j . i IA is.a member of
two%gi%‘e?e ntcvg%eeb r’a%%% gﬁ%ﬁ%ﬂ%ﬁ%ﬁ% ?e%e%%%ﬁ%%sﬁ%u ltiple
Bierartnaks HOT VR Gt st Smpimahispnadie 51 yeoin BscorepRsticardpmain.

Begsesses(iNswiptienal mpreppipmaatiyiy. Accordingly, RINGIA or its
functiopal fragments can serve as a repression domain. Satjin et al,

(1997) & PELs | TEOGTIY -2 NsEkgrys 4 vertebrate polveomb complex and is

involved in transcriptional silencing. It contains multipie binding sites for various
polycomb complex components. Accordingly, Bmi-1 and its functional fragments are
useful as repression domains. Gunster ef al. (1997) Mol. Cell. Biol. 17:2326-2335;
Hemenway ef al. (1998) Oncogene 16:2541-2547,

The E2F6 protein is a member of the mammalian Bmi-1-containing polycomb
complex and is a transcriptional repressor that is capable or recruiting RYBP, Bmi-1
and RINGIA. A functional fragment of E2F6 comprising amino acids 129-281 acts
as & transcriptional repression domain. Accordingly, E2F6 and its functional
fragments can be used as repression domains. Trimarchi ef al. (2001) Proc Natl.
Acad. Sci, USA 98:1519-1524.

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

histone deacetylases {e.g., HDACZ2). Repression activity resides in both the N- and C-
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The Bmi-| protein is a member of a vertebrate polyconab complex and is
involved in transcriptional silencing. It contains multiple binding sites for
various comb complex components. Accordingly, Bmi-1 and its
“fﬁr?@ﬂ@?ﬁ%hg/ agments are useful as repression domains. GuRStEF&teaf032157
(1997) Mol. Cell. Biol. 17:2326-2335; Hemenway et at (1998) Oncogene
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Vlag et al. %‘8 99) Nature Genet. 23:474-478, The CTBP2 protein

repres$eiiTRREETRIRSR A OFTS Pt iirough: ittt T AN RIFCERE,

pelycomiy campiex. Accordingly, CTBP2 and its functional fragments are
useful ession domain ard et 1999) Cell. Biol
o AR TR Sl AP Bt B FORBAOD S s
exgpassion ofchaurci-specifip ganesbAweardinygiA diRSHonfinetidnal
fra rment t ereof rve_asare r exam
R e, SO SR e Lo SRR R O] SRR o
Biabde WMMHESFEEMM ardeadacapabil pereteaiting a
the ?&s@(é&%&é@%ﬁ/&f@%z&@s@@é&ﬁ@@tg@cﬁ% PianoRRleiR R

nucleic acid encoding same) between a DNA b|nd|n domain and a

Raseapiaian i g serdp S8 68%  AHTSTBIN SR RoF SERR RO

repfeS%Q&dﬁ@ﬂ!t@Qéﬁlﬁl%@ funchienalisemain-EIsee MR lY-aY PSREWe p300,
é)able recruiting a repressive cq Eﬁfx and/or repressjve a tlv%%If
ul

EnHs HorSamptehistone dedtetition)f5-tHE TARTE Get
asmwpmesﬁmd@mmn@Bagtaamncmnmgmed@mr(abexprnmatyﬁndomnd

SRR R I RS TV R Sbeale (300

Mota Bietbonnbbl 14632 B34 ¥ Eotingwebd1€08), I(@@@)d]BMdhemnﬂﬁdr'ﬁml
69:3-12; Malik et al. (2000) Trends Biochem. Sci. 25:277-283; and Lemon et al.

(1999) Curr, Opin. Genet. Dev. 9:499-504. Additional exemplary activation domains
include, but are not limited to, OsGAIL HALF-1, C1, AP1, ARF-5, -6, -7, and -8,
CPRF1, CPRF4, MYC-RP/GP, and TRARBL. See, for exampie', Ogawa et al. (2000)
Gene 245:21-29; Okanami et al. (1996) Genes Cells 1:87-99; Goffet al. (1991)
Genes Dev, 5:298-309; Cho et al. (1999) Plant Mol. Biol. 40:41%8-429; Ulmason et
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-L, GATA-3, NF-E2, Octl, CTF1, Spl, GR-
AF1, a zeste deletion, HSF-1, p53, myoD, and CARE.
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23:255-275; Leo et al. (2000) Gene 245:1-11; Manteuffel-Cymborowska

(1999) Acta Biochim. Pol. 46:77-89; McKenna et al. (1999) S. Steroid

Biochem. Mol. Biol. 69:3-12; Malik et al. (2000) Trends Biochem. Sci.
WILB96/1585? and Lemon et al. (1999) Can. Opin. Genet. DelCHUTINBHA 1S

Additional exemplary activation domains include, but are not limited to,
OsGAlt Al Feliedy ARMoARFRil6n tHe aRthd, 1CRRbkfaRfRF 4 fusion
MYC-RP/GP, and TRAB1. See, for example, wa et.al. (2000) Gene
BT, B A LA (PSR Ce b i G S8 5 PR FEob1)
fietiamb @oniA0 818U CGhtvetiah {(4099) RlamtditellBibht 40:413:42% an
Ulmason et al. (1999).Proc. Natl. Acad, Sci. USA 96:5844-5849: -
e T R S e T
MptbBiof, mer@8uarearti HEhe Getlql 80U pr Rrovatigtlotisiy. (Sth biSAr
%%@éﬂﬁs}&éééet@%%)E@!ﬂé%}%%@gml&%%% J9MaIRE SBRAE o«
obtained from the following proteins:’ATF2, myc, DATA-1, GATA-3,
feFEpreel. CTF1, Spl, GR- AFT, a zeste deletion, HSF-I, p53, myoD,
and CARRL.29 WR.2006(033856:RGTAIS 2005032457 il b cleartas

those of skill in the art that, in the formation of a fusion protein (or a

PO SRS eBHRG AR R R N A B AR ACTRER & quitable for
fus el dnad lemiaiomeithen aniastivalionicomairisa) dlectedpial interacts
with ctivation damain is.syi functi in. Essentiall
S R R
actveltingsactivity (such as, for example, histone acetylation) to the target

genei ivatin El fusi rote; I .
ol e e e o famapn)
#sTrswW Ico htSinmig e Aranas ARETSH MctnBHRTING emmain pistespdptional
sitable-foloMss mdpstiona) 10848 UHOARAUCRUIESTE He8CIBREnd

for example, in co- owned U.S. Patent Applications 2002/0115215 and
srdeBiss s sesadmel ot e bveroBRmaEolrcuif Reh e AiibEnmRe
ambhAchindingseriainie.s BRI nGHinge slemai Minitiuised dervound, 2
bifunctional domain. (BID). A hifunctipnal domain is a transcriptiopal

R O e o LR B8 DR TG AR e B D
withrgplaecBhtD mtie dybtad DheisectndanelttidestagdieanyttydERE In the
molecule capable .of.in 1cing . the. functional properties of the B . .
I D R i O R e DR otivator
prbilsirin dhpekssace v rsiedioband dhsivrasitoAet tamoxifen or 4-hydroxy-

tamoxifen, it acts as a transcriptional repressor. Another example of 2 BFD is the

thyroid hormone receptor (TR) ligand binding domain which, in the absence of
ligand, acts as a transcriptional repressor and in the presence of thyroid hormone (13},
acts as a transcriptional activator. An additional BFD is the glucocorticoid receptor
{GR) ligand binding domain. In the presence of dexamethasone, this domain acts as a
transcriptional activator; while, in the presence of RU486, it acis as a transcriptional
repressor, An additional exemplary BFD is the ligand binding domain of the retinoic
acid receptor. In the presence of its ligand all-frans-retinoic acid, the retinoic acid
receptor recruits a number of co-activator complexes and acfivates 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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exemplary BFD is the ligand binding domain of the estrogen receptor
(ER). In the presence of estradiol, the ER ligand binding domain acts as a
transcriptional activator; while, in the absence of estradiol and the

Wﬁ?é&%‘ %t tamoxifen or 4-hydroxy- tamoxifen, it acts as a f’rﬁﬁ@@?ﬁ?%ﬁéi”

repressor. Another example of a BFD is the thyroid hormone receptor
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recruits a number of co-activator compilexes and dactivates transcription. In
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those of skill in the art. See, for example, US Patent Nos, 5,834,266 and
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naturalleocclimghy sdosprovsnapnitaeaserpatiod Adferded thasin (e.g., ZFP),
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molecules other than progesterone (one example of which is the i
aﬁ%ﬁﬁ%@gﬁ«nﬁ%ﬁr@m@u@#ﬁﬁ@%ﬁmgﬁ%ﬁ%éﬂmwlwﬁ.MQHt
ligangdsshavebeenrlenated AMEIIRRNRSDES RiFatibDol dieNspression
5,354,791; 5,874,534; 5,935,934: Wang et al., (1994) Proc. Natl. Acad.
Lk 'ffé&%é@%f@&?%@aéﬁaﬁ?ﬁ%@%%w g e
Aesersing bf, geda sionrasimpiisibradérgetént ONl-hinting:boinsfegling
ZFPR),. a functional domain.and a m t PR ligand bindi main of this
S el R H A A A AR AR P SR i
mimmsgemmm&#ﬁ}%ﬁgmﬁg Bﬂfé@lé@t@&@nh@thos§ of skill in
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Such fusions can further comprise a degron domain. If the fusion contains
AV BRI E GATaERTaiR Con R SHATBIE. depeHdEnt S8H) AHEROF fsh @S 1-1986.

expression

Host cells, vectors and promoters

In the practice of the disclosed methods, an engineered zinc finger protein, as
described above, is expressed in a cell and binds to a target site to regulate
transcription. A protein can be expressed in a cell, e.g., by delivering the protein to
the cell or by delivering a polynucieotide encoding the protein to a cell. If a DNA
molecule encoding the protein is delivered to a cell, it is transcribed into 2 mRNA
molecule which can be {ranslated to produce the protein. Altematively, a RNA
molecule can be delivered to a cell and is translated to generate the protein. Methods
for poiynucleotide and polypeptide delivery to cells are known in the art and

sxemplary methods are presented elsewhere in this disclosure. Expression ofa
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is obtained; if the fusion contains a repression domain,
mifepristone-dependent repression of gene expression is obtained. -

W@}%({Z}l(l}té%g%!%, ponnuchqtldes encoding such fusion proteln%g%@%(%%ggﬁ_j
as are vectors comprising such polynucleotides and cells comprising
such polynucleotides and vectors. It will be clear to those of skill in the art

phatimeditied on rsia aemsiphsel receptsfachiier diiamRRcanialsadie
used.as switchable domains. See, for example,.Tora et.al. (1989). EMBO
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transcription. A protein can be expressed in a cell, e.g., by delivering the
spaineiocah bedaliviltly Gediviatingyal pshyauchosec bR sRERG ESS TG I 96
kel e DNA molecule encoding the protein is delivered to a cell, it is
transcribed into a mMRNA molecule which can be translated to produce the

proteint KB HREME RPTAP RNIR FHAOL BRSSPI Teetirdr &Y tRe dradiranional
fraiBldedbiagenenaia dbepteieiniiisihals iiornply autieedide iansimary
peptide delivery to cells are known jn the art and exemplary methods
E e orien BRI A PTG SR 23 Pt S o/
ROOGAI3BZEBORPHTI S260E10831F A proteinin adetcralsebeding the
accomplish ansfectin I] Wi lej ' '
B e e e
stpgratscintocasshieivibsbhiemiat: Guspniss Rl ydasanesrtganmess, one
Raintainsd o dhepepth Idhess tasasRMERSSIPH aldheREgleiPgncoded

by the stably-maintained sequences can be inducible (e.g., tetracycline-

SRIP EOIRHERENENRS 0 I Bt SRS BT RPN SHERS PhErgeferusgrtion of
6?&%9&%?5%Q@uéa%ém@%\QQ&E@@@@M&#}&_&%@@%@&?UJQ&@&%& reguiatian,
of any nucleotide seguence in any.c ture r
B oo P ke celts PAfHovEt T b o e Lot
thenoceiunecbtowhedorRriatenaiep talivergafA WeotalP T, 832, filed on
olynuclegtide encoding the pratein to a cell. In this regard, transcription .
L e R s AR R R R R e
egutdte frerBariptioresnf endogenous sequences, one or more copies of

SEQ ID\NQ:L L3 B NSRRI J&ﬁp\égﬁ]&}fs Qb £HIRLRNYSautate

sequence to be regulated. Exemplary methods for targeted insertion o

EXOBEHINS 66 BXRETEAYS AtGBlET e efordersradideiRs a4 iiNG. Sapsieht

ARRicatianRullicatinn e, 200302344 10:(0e8. ch8 HeRRe 6t 2 vector
Publication WO 03/87341 (Oct. L
contaming a promoter, e.g., & SRo promoter, such that transcription of the ¢cDNA

sequences is controlled by the promoter. In these cases, the cDNA-containing vector
is introduced into a cell, and an engineered ZFP as disclosed herein (or a
polynucleotide encoding an engineered ZFP as disclosed herein) is infroduced into the
same cell. Alternatively, the cDNA is introduced into a stable cell line containing an
integrated {or otherwise stably maintained) copy of a polynucleotide encoding an
engineered ZFP as disclosed herein. In another altemative, an engineered ZFP or a
polynucleotide encoding an engineersd ZFP is introduced into a cell containing an
integrated (or otherwise stably maintained) copy of a polynuclectide sequence
comprising a cDNA.

In celis containing stably integrated sequances encoding an engineered ZFP, a

number of exogenous transcription uniis, each containing one or more target sites for
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23, 2003) and co-owned U.S. Patent Application Serial No. 10/912,932,
filed on August 6, 2004, the disclosures of which are hereby incorporated
W@@{’ﬁg%g%% |2 c;trr:]eir entireties for all purposes. As noted, tq,%%g{%%%% 157
positions can also be used to regulate transcription 0
exogenous sequences (e.g., a vector comprising a eDNA sequence
m&Mi&@t@dﬁ@@&mageﬂy ﬂfﬁrs&xamplm soeiNAcdnde elanaibintd a
t%/}ector contalnln romater, £.9., SR SRa ;omoter such that
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integrirddarethenwise siably maiiained) sopy Rharnglipyeiestide

encodlng an en ineered ZFP as dlsclosed herein. In another alternative
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{noret et sites fo 02006/033859 PCT[G/ILIJl 2005/ gﬂ?g

B0E HsLalsn ol 22 ORI AR el e ie ko L el
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endobgenous transcription "uRits, to obtain coordinate regulatlon of multiple
erRmeso SRR Nbtto§2Rsr o PeSEIRg ARTS O AUER BisRE S8R &egﬁwéned

4en BX09eNRIEdORERMeaNd promoters for regulation of the transcription
of such_exggenous nucleotide sequences, are knowE in the art.

Exemplai Srdnteters s aad AE RIS AR BN ?@P’sﬁ’ﬁ%aﬁfs on of
irRAREAPLAN mftsgﬂiu@mg@z@paﬁaﬁwwwmagaumel@%amm @h&lspﬂmbeeus

hed di the disclosed prot
EreRCots SEEL N e T aades e SRS e
trelh Boeipfiomi(esn, doprosevexypr éssion offrote m”ss)kdimbh isveddopplaiciryt
%&E}?ﬂ%&%@%@é%‘f HEhie BeGRa RANARIAL WGBS 1),

iIcation of a promoter other than SRa (e.g., the CMV promoter), by
BN B AT ot AAE 2 SR TR s NG B

igygisghal areshighes hanthose QbIgHtesds. 1), perCé, msect cells such as
Spodoptera fugiperda (St), and fungal cells such as Saccharomyees, Pischia and

Schizosaccharomyces. Progeny, variants and derivatives of these cell lmes can also
be used.

Exemplary promoters include SRe, CMV, phosphoglycerate kinase (PGK),
human ubiquitin C (UBC), elengation factorla (EF-1¢), herpes thymidine kinase
(TK), 8V40 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 2 heavy chain can be placed under the

transcriptional control of & first p'romoter and sequences encoding a light chain can be
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with the unmodified promoter. The disclosed methods and compositions
can be used in any type of cell including, but not limited to, prokaryotic

chzll%, fusngiagl cells, Archaeal cells, plant cells, insect cells, apg;g%lsg&l%
VR cells, mammalian cells and human cells. Suitable “cell Tineés

protein expression are known to those of skill in the art and include, but
fecacihiRithd fafseiSt CRIQderg]l oEHB: o Cikdnle: CHE-BG $dmoters can
CHO-DU)MI1), VER IRCK, W138, V79, B14AF28-G3, BHIC, HakK,
R SPhIE RO THERII ™ LRI P R o
ddEKLORHE)sqmer Gyrinsac b o lsostichizsa Sptuoptenafteipé MRE (Sfchsites,

| cells s . r S..Pischi [z 0 S.
e S R e e
EREwiptary GBS meneie s RehcamrrpRe sphitiglyecrsrebrinEsertPGK),
human.ubiguitin £3(UBC), elongation factorla (EF-la), herpes thymidine
kinase (TK), S V40 early and late promoters, human keratin-14 (Kl”@ and
Rous SarebheCl6iiS (eSS Rl BhibBdierresiRliioidfighn ZET to
RrEMelekseadRenioeulated withihe:; sameeeginseredfRPIeyidRGthat
one or more target sites for the ZFP. | tin, oy near each promoter.
SPRTS OTE FC T CERIT RS AARRTBIRA e ardBE GO 51 B RBaSE; Ko
sequencessencodingra:heavyshatsscan be placed under the
transcriptional control of a first promoter and sequences encoding a light
chain can be 33 WO 2006/033859 PCT/I1IS2005/032157 placed under the
transcﬁbﬂb!ﬂa#@@ﬁiﬁd&bi%@d@@d%ﬁﬂ@@?@ﬁ@%e two promoters can be
the same..anihex saRBemlierentPEempLeeIR erdiions) erRAdimRALs,

two copies of the same promoter, each containing a different number of
Hp fighsss. BePpdvcadtsBRtani it rRRialansEesgpckrs for
SEAHBARRATARMIAHEMA DK 8-l RASHHP ERMOIS! r bl HHfeRNbPERFIEIRES:,
each containing a different number of target sites, can alsp be used. It will
BEEREr 15 (s bradiP RS HHEtRa b RS ﬁééiéﬂ%%s}%“d%’&ﬁﬁﬁ to
biodhtoi anyisteiermne datelg etceaymioecand, tkerefdsensdpp saibtes to

one or _mare copies 0{ su%h a.seqguence, %o&%with ZFP the binlds
TS, ISECT VEeCIOrs, O Virl% tve OFS 101 CXampic, O NUCICic aClc Canl also

us
?’oB%?e sequence, to’ regufate transcription Tor €.g. overexpression. Fusion
rlgokel cracidscaptexprossion i etbrenistiedinmite ernbdetivients fanfgadicstl,

BQJ%%%QP&% %ﬁﬂ?ggﬁ%péﬁﬂngf %@Q ﬁ%ﬂﬂ&y a mammalian cell, more preferably

2 human cell.

B

A nucleic acid encoding a fusion protein can be cloned into a vector for
transformation nto prokaryotic or eukaryotic cells for replication and/or expression.
Vectors can be prokaryotic vectors, e.g., plasmids, or shuttle vectors, insect vectors,
or eukaryotic vectors. A nucleic acid encoding a ZFP can also be cloned into an
expression vector, for administration to a plant cell, animal cell, preferably a
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 sukaryotic promoters are well
lnown in the art and described, e.g., in Sambrook ez al., Molecular Cloning, A
Laboratory Manual (2nd ed. 1989; 3" ed., 2001); Kriegler, Gene Transfer and
Expression: A Laboratory Manual (1990); and Current Protocols in Molecular

Biology (Ausubel ef al., supra. Bacterial expression systems for expressing the ZFP
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acid, In such cases, the nucleic acid can be cloned into intermediate
vectors for transformation into prokaryotic or eukaryotic cells for

Wrg%iﬂcﬁ%%g%gnd/or expression. Intermediate vectors for storgg(? 2008032157
manipulation of the fusion nucleic acid or production of fission protein can

be prokaryotic vectors, (e.g., plasmids), shuttle vectors, insect vectors, or
sticaivadebbr sfcr @ x&nwpld. Fudiigionpn kel aicdan(Bidee elaneFent221125-

%‘%F?tfo?f%%gﬁ%%ﬁ% c‘r:ekﬂ, %%Er%% 2?%':%%%%2%%%@%&%%2:ma ||%Bhl%2éll, more

PréfeyabhcxaptsesirarsrehinA foucheioradidrerrtisdirrgsh fursiorspriotells sarig
£lRRed, NP8 \RSION Ol HIFARSIRIMALIG, RIS Slagikaryotic cells

for replication and/or expression. Vectors can be prokaryotic vectors, e.g.,
plasmi8e Broapitta el ArsHaarssian il 2 Y Selearyeneivp aisisioncid
BsiERdS ?’i‘d‘lﬁﬁ@ﬂ%‘ 'ﬂg@gﬁeaﬁafi alge e@@rﬁﬁﬁ” : @,&fhifﬁﬁ?ébf@ﬁ%.@&@&ﬂmoter is
vector, for administration to ant cell, animal cell, preferably a »
RIS I B ARG RGP SR 8o AP EBE B ST BER e

cellibiaiehtadnexpreisigamefragolenad gére ocosdieitvadt segheittes
encoding a fusion protein are typically subclaned into.an.expression

e Sy e et e e Al o .
ardcoukargotsp rﬁmrmmisiam@ﬁ/v_elbf krpeieincticbar wnekgestritedsuelyasin
?%‘@e%rﬁ%%gé?o%%}%%%g9&951&?%&@%;?%@&9%@9%&%&9 &4-1289;

‘ ), Kriegier, Gene Transfer'and EXpression: A Laboratory
elide ElI0o0y, AR CURPABPYS eI IMaltuag. BIoHiR (AusTSR ot

@Ieﬁ!:'ﬂ%?@%@%%&%h@é(ef&ﬁéﬂ'@ﬂ prsiomesforRssinehthe H3diM@iccule
2006/033859 PCT/US2005/032157 are availahle in, e.g., E. coli, Bacillus

SPIRh VS EIMGHE A LR EEAE BUABSIPS Y BEE PP8SiIkiiE6¥such
%&ﬁ%@ﬁ%&?@m” ew@Hmagai&ahlaz.Eﬁwm. ijf(gm@n
or mammalian gells S cells are, w

SSTTaRA e en s e S RE e B oo
ugéd (@ﬁfr};-tahémber cf.aﬂ@xﬂoﬁ%ﬁhﬁeeﬁtmddh@ﬁﬂdélp(m)lﬂepends on
the Paricial ARRISAION. £ 81 L1AAIS. AiBl QRg SORRIY B pmoLer 1S
typically used for expression and purification of protein. In contrast, when
arpretshiion whanisrrssion vvesforipsnenteulatiohs addidpeeteisntfave
AR LMHERIC HHRRRIR LiSRdIdS RERHNLeN e, RAHI W HSR @ dhe

protein. In addition, a preferred promoter for administration of a protein

AR B EaR B GH I SE0B P A PSR OB DRSNS R DB ST AR

acliviyy s The feme e hapicallycean @i ZFP, and signals required, e.g., for
efficient polyadenylation of the transeript, transcriptional termination, ribosome
binding sites, or translation termination. Additional elements of the cassette may
include, e.g,, enhancers, and heterologous splicing signals.

The particular expression vector used to transport the genetic information into
the cell is selected with regard to the intended use of the protein, e.g., expression in
plants, animals, bacteria, fungus, protozos, efc. (see expression vectors described
below). Standard bacterial expression vectors include plasmids such as pBR322-
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 (FIA} or FLAG, can also be added to recombinant

35



include elements that are responsive to transactivation, e.g., hypoxia
response elements, Gal4 response elements, lac repressor response

ngl/e%r@%&%rg’nd small molecule control systems such as tot-r(;%%ﬁ}%igmmm

ems and the RU-486 system (see, e.g., Gossen & Bujard,
89:5547 (1992); Oligino et at, Gene Ther. 5:491-496 (1998); Wang et at,

3688064 dS eofddn{dA MmN essingotiiah, Bloogo8oktd xplhbidd o8a);
and Rendahl et al., Naf%. Biogg{clﬂar%aé 1 :7?7-761 (1998)). In addition to the
%F&ﬁ?&@“ﬂgé’@?d%@g FPORBIR SR Bhtains a transcription unit or
expreBiprecissetiedhalontritaigsatitreradiitiont Slemenitsyreguiieddores
the expression,of the nucleic.aqid in,00st cels, eNSLRKANOLS Of .
%u?(%}ly% icy ﬁrﬁfgafex resaion Cassetts thus contams’ﬁ romoter
operah hndivkedrs dgived vudleitchcidaseimndetbacogmylane Sk ot
Signalssegrlrstendn AQo@ificienipalyrdrny lation.afdhe transerats

transcriptional termination, ribosome binding sites, or translation
R Hafbh BRI TAF KR AHETHIS S FIREC AR ShaTAtEps iMfgr icedigestion of
gnhangeLs: andhhgierolpanyssRlicinesionalsnditf RAHIGHRLBXPEeSSIEN

vector used to transport the genetic information into the cell is selected
R G e AR SO BT TS ROt e G i r@8SIBRITE pamer
animalsrbacteriahfing ufcfiotaseay gits(se i expiegsioraéctors
described below)..Standard bacterial, expression vectors include plasmid
S R 12 DA BASATI HCKe SEYOA0 aAD e et
Hved|adoie 4u Q&@mﬂmkmw hegstemsis Bql?hag@ﬁmf@aﬁa@d/&ﬁhydmfoiate
f@%ﬁ%&é@?@%ﬁ'%@ré’i?%&%??;%ﬁ%%}%ﬁ%%&ﬁf@@@h B¢ puch
s’fa ification of t

usion prote cilitate pur e protein. Epitope tags, e.g.,

basalnyinve veetgyl rinipetHE] B rEfnereish aRENss etiragaEnEEShiiRgsion
3PQ2A08/0338RR RCH ME2 A% Ri6vRAQIBIBMER-RIOVIde convenient

methods of isolation, for monijtoring expression, and for monitoring

cellularT8A & SRR RIS CREAHS TG S BRSNS SRR e tude 2
regliatonALImeaISs M eukaryalke MElses B ©0HEN, seddrmukaryotic
expression vectors, e.g., SV40 vect apilloma vjrus vectors, an .
e R A e
vadtaniyircletitciddSGesiA ORSsAH 2 MEFOIOM thenihadvideo Hlow insertion of

baculoviru DSVES, and any other vector allowing expression of proteins

(Rder the direttion of the SV40 early promoter, SV40 late promoter,
metallobtiodrsihiysrodisotion wrihieds Ffaiprh e piofuer Dhicistitometsr2 iy s
SRS RIS B QMR L ROMACHIIR- DIOAIEEs ATHRNRGH RNMBRIGESROWN
éffective for expression in eukaryotic cells.

purified using standard techniques (see, e.g., Colley et al., J. Biol Chem. 264:17619-
17622 (1989); Guide to Protein Purification, in Methods in Enzymology, vol. 182
(Deutscher, ed., 1990)). Transformation of eukaryotic and prokaryotic cells are
performed according to standard techniques (see, e.g., Morrison, J. Bact. 132:349-351
(1977}; Clark-Curtiss & Curtiss, Methods in Enzymology 101:347-362 (Wu et al., eds,
1983).

Any of the well known procedures for infroducing foreign nucleotide
sequences into host cells may be used. These include the use of calcium phosphate
transfection, polybrene, protoplast fusion, electroporation, iposomes, microinjection,
naked DNA, plasmid vectors, viral vectors, both episomal and integrative, and any of

the other well known methods for introducing cloned genomiic DNA, cDNA,

synthetic DNA or other foreign genetic material into a host cell (see, e.g., Sambrook
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Some expression systems have markers for selection of stably transfected
cell lines such as thymidine kinase, hygromycin B phosphotransferase,

W%nzd(%lﬂg%%%folate rgductase. ngh yield. expression system;C Fﬁs%%gmzls'f
suitable, stich as using a baculovirus vector in insect cells, with a protein

coding sequence under the direction of the polyhedrin promoter or other
atedngpacul vy uaipreebers (Hhehe lparieniatiyat die dyyicatin notuckeidin
&’é@i -éé&%@%&%&%@é&%@% S 5%5'&%‘?@%% gid ‘g@%‘%’%& 1ReFroSPIL P10
prokaryotic bacteria, a gene encoding antibiotic resistance to permit
sbisptioaind hegetitidthedsor recombinant plasmids, and unique
restriction sites in nonessential regions of the plasmid to allow insertion of
recombinant sequences. Standard transfection methods are used to

productuskeiecrsiis sieatingifiviopaustep et delinanyds a88s express

large quaniitiesof Pratai which:arehanpurifiedusingraiandaree used to
_techniquesﬁgs,ee, e.g., Colley et al., J. Biol. Chem. 264:17619- 17622
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may be use e include the Use of calcium phosphate transfection,
potleased, protoprise RsloeTENP ForaRclelITsBsHIRES MR eijditrsams
paked NG, Rlasmidwecions.MiralyasiornbrtihrRiseMRha0d Rtedrative,
and any of the other well known methods for introducing cloned genomic
%ﬁ?’éémi@i%m%%r%ﬁ%twﬁ?%ﬁ?ﬁﬁ@ﬁ?&%‘?@ AgrBt thagsial st Ay of
gleﬂe(ﬁﬁ,@aﬁzggo&‘ailiﬁﬁ% %@Mﬁ,@@%@ﬁ%ﬁﬁ@ﬂ@@l&@@@@@%@ et
al., supra), ec at the particular ineer

R 1 Lot D Sl SRR By eSS cig o ot S Gene
ings thelitish CEIBEAINEDI : i RXPie3SHY; gl protéinied EHOES-NA|E962);

ids,encoding fusion p ir i 0-Gell nventi | viral

X S O
nud|doegideren Sotfirkp fUSRN: gtotaipsiaRaydcanginButed Hedisahfdirsin
@8y nanmaliansalisland Jargetiissnesosue b msthosis sep o be

used to administer nucleic acids encoding fusion proteins to cells in vitro.
irgsmainehesdirantsBohm {eds) (1995); and Yu et al., Gene Therapy 1:13-26

(1994),

Methods of non-viral delivery of nucleic acids encoding engineered ZFPs
include electroporation, lipofection, microinjection, biclistics, virosomes, iiposomes,
immunoliposomes, polycation or lipid:nucleic acid conjugates, naked DNA, artificial
virions, and agent-enhanced uptake of DNA. Lipofection is described in e.g., US
5,049,386, US 4,946,787, and US 4,897,355) and lipofection reagents are sold
commercially {e.g., TransfectamTM, Lipofectin™, Lipofectamine®), Cationic and
neutral lipids that are suitable for efficient receptor-recognition lipofection of
polynuclestides include those of Felgner, WO 91/17424, WO 91/16024. Delivery can
be to cells (ex vive administration) or target tissues (in vive administration).

The preparation of lipidinucleic 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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nucleic acids encoding fusion protiens are administered for in vivo or ex
vivo gene therapy uses. Non-viral vector delivery systems include DNA

lasmids, naked nucleic acid, and nucleic acid complexed with a deliver

0 2006/03385 . : - PCT/USIO0A/03715
Vehidie stich as a liposome or poloxamer. Viral vector delivery systne(}rﬁr’]ﬁs 57

include DNA and RNA viruses, which have either episomal or integrated
OsRemasafterxdelisend 10 (IeoseBRercareljelinofg6ae:tieray291-297
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Vigne, Restorative Neurology” and Neuroscience 8:35-36 (1995): Krémer

y
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(eds).(1995); and Yu et al., Gene The(r%%( 1:13-26 (1994). Methods of
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lipideethat brdistitabrrforetficiiniresegeonvees garisnaipuietibvastinia and
HQ?{M&%@?&Q%&&%&%M%E&E%%&@&L ML 24 WS 93445024
Delivery can be to cells (g%\t/lyo administration) or target tissues (in vivo
ASFHMTFARRS, TPHeY BHephPATEH D PREIBFAAIR RIS L BIS I 8RS e ftling
TSk e ar Qo 6.0, 37O S00BI033850 PCTIUNE005092157
of skill in the_ art (see, e.qg., 37 W 59 PCT/U 5 57
é%%&ﬂ%@iéﬁé&%%‘b*%%-h (15855* F‘é’Sg’eef’é{ %‘E‘.SFE’SHS&F%%%WSW oel
Fe&laR@ TarEEOBRBehr et at., Bioconjugate Chem. 5:382-389 (1994);
Remy %tlat Biocory

i Ch ..5:647-6 1994): .. G
o s P ARl b SRR B AR B e e
(1082)s.u:PambngNospdengel 183cpouTBen, of PEg BRIl 4 26tygrbyectors
4,435,050\ ST 4T T 0B 85028300 A 90, T50) T o

RNA or DNA viral based systems for the delivery of nucleic acids
aetivgTodicn Pehing BistoP ergiitesrctrrpdthrensdiastagy Brm
highlyae wplvieckapraaesaes feririgg ierayv e lonppesdfier callsdnhrmody
%Qrgl'i[%gf!s%g Ieré st\?f'ie{hvga?clkaging capacity for up to 6-10 kb of foreign sequence. The
minimum cis-acting LTRs are sufficient for replication and packaging of the vectors,
which are then used to integrate the therapentic gene into the target cell to provide
permanent transgene expression. Widely used retroviral vectors include those based
upon murine leukemia virus (MuL V), gibbon ape leukemia virus (GaLV}, Simian
Immunodeficiency virus (SIV), human immunodeficiency virus (HIV}, and
combinations thereof (see, e.g., Buchscher ef al., J. Virel. 66:2731-2739 (1992);
Johann et al,, J. Virol 66:1635-1640 (1992); Sommerfelt er al., Virol 176:58-59
(19906); Wilson ef al., J. Virol 63:2374-2378 (1989); Miller et a/., J. Virol. 65:2220-
2224 (1991}, PCT/USS4/05700).

In applications in which transient expression of a fiusion protein is preferred,

adenoviral based systems can be used. Adenoviral based vectors are capable of very
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payload to the nucleus. Viral vectors can be administered directly to

patients (in vivo) or they can be used to treat cells in vitro and the

modified cells are administered to patients (ex viva). Conve%tiTgng vi_;rﬁzgjm 57
Wga%‘gﬂ[g%?%ms for the delivery of ZFPs include, but are not imft]ecf}?a,

retroviral, lentiviru.s, adenoviral, adeno-associated, vaccinia and herpes
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retrovirus can be altered by incorporating foreign envelope proteins,
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and typically produce high viral titers. Selection of a retroviral gene
BeirriOs ot Gl LR dS B KRt Ml et PRt Sk (1994)
romprized/of tis-psdng dongstenmingl epeatscnithaiackagiigisapacity for
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those based up h'murne leukemia viris (MuLV), gibbon kemia

Yrusltear v, Siddim GRiMGAabaéhEidA&Y virus (SW), human

immung@fefésé%ﬁwiw%c&wgfmghmﬁﬁ%% 108520t BeGeSeranster in
Buchscher et at., J. Virol. 66:2731-2739 (1992); Johann et al., J. Virol.

bR ABE bialsBED 6517 SHARSRHET B LD ViR FOITE BRRE e 93 G5 foRkEen
?féﬁéﬁw{ééﬁ/hﬁﬁg%ﬁg&lﬂg@%iﬁkQSQ);iﬁd_kiu%_gé@és_at%ﬁ{ér@hpé&ia%%&g&%24 f
; .ina ications In.which transient expression 0
iR AL S A S ararm AL pegs hisageed
Aldlécd tifalsliasedarectarsAHveLahabid-60yE€EPo38 ¥bBn20(06/0a3358 .
o ppeaion AN il
o O TR (e DR N
esegribsdioy hawe bderyobitined. iThigove dhsraprivibe Plssrceciin fargece
quaNYHeRH, AR liVEY, SIS YSE B -RUEF9035 SR SRR NATUDLAAV")

vectors are also used to transduce cells with tatr{get nucleic acids, ehg}'(&j)ig)@‘

ghearaiBrYBi s et oo iddiem e e prites b e digio
iy 01 BEMEShRIADY: 0@ A gReL B4 Miest oba)., Virology 160:38-47

(1987) -R%égmbinaﬁt adeno-associated virus vectors {rAAV) are a promising
alternative gene delivery systems based on the defective and nonpathogenic
parvovirus adeno-associated type 2 virus. All vectors are derived from a plasmid that
retaing only the AAV 145 bp inverted terminal repeats flanking the transgene
expression cassette. Efficient gene transfer and stable transgene delivery due to
integration into the genomes of the fransduced cell are key features for this vecior
system. {Wagner et al., Lancet 351:9117 1702-3 (1998}, Kearns ef al., Gene Ther.
9:748-55 (19963)).

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, Elb, and/or E3 genes;

subsequently the replication defective vector is propagated in buman 293 cells {hat
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Patent No. 4,797,368; WQ 93/24641; Kotin, Human Gene Therapy
5:793-801 (1994); Muzyczica, T. Clin. Invest. 94:1351 (1994).
Construction of recombinant AAV vectors are described in %}}?@#}1 L § -
Wﬁ)ﬁﬂ@gﬁ:&%, including U.S. Pat. No. 5,173,414; Tratschin et at, o(ﬁ‘@ezfﬂ;‘
Biol. 5:3251-3260 (1985); Tratschin, et at, Mol. Cell. Biol. 4:2072-2081
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eplication-deficient recombinant adenoviral vectors gqb\d) gﬁn be
PROGRREE 2 FIGRCOHSE bIREF R PSR o HARBRI G itr&taR CaH frgugnees
Mast adeperinisyesinssioreareiResmdisichetpatichinetagenecssplacis
the Ad Ela, Elb, and/or E3 genes; subsequently.the replication defectiv
- - . : ] ) 1 ,
TRt R YB F AHPVAR D8 BRI B W%ﬁ“?c%lg%%%s § el
RETW&2000388R1drne Shiaphy daletdly gehephusetionierted hemngal eapen’s
GRRyansdics BHtRIe RSBl Rsuaniiaioieidg nRadividing.
ifferenttated cells such as those found in liver,”kidney and muscle.
GuementoibAlt: hestaratmee Yt §ldaly pirtkanngdasif e Aninsx ariste of
NG HEE QR ADMEAIR ARG !l Iahed Rohdhaieplidmiammt
lacking ITR sequences. The cell line is also infected with adenovirus as & helper. The
helper virus promotes replication of the AAV vector and expression of AAV genes
from the helper plasmid. The helper plasmid is not packaged in significant amounts
due to a lack of ITR sequences. Contamination with adenovirus can be reduced by,
e.g., heat treatment to which adenovirus is more sensitive than AAV. Alternatively,
adenovirus helper functions can be provided on a plasmid.

In many gene therapy applications, it is desirable that the gene therapy vector
be delivered with a high degree of specificity to a particular tissue type. 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. US4 82:9747-9751
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for antitumor immunization with intramuscular injection (Sterman et at,
Hum. Gene 77ser. 7:1083-9 (1998)). Additional examples of the use of

Wadze(z}r;(o{\)/irlégs vectors for gene transfer in clinical trials includ%%?ﬁgﬂﬁ%%w
et AbhREeton 24:1 5-10 (1996); Sterman et at, Hum. Gene Ther. 9:7

1083-1089 (1998); Welsh et at, Huns. Gene Ther. 2:205-18 (1995);
(Absanez-pirald umvaiens ThenSib82:6ik3(18%4); teapbéifat] iGemesher.
5:507-513 (1.998); Sterman et at, Hum. Gene Deer.. 7.1083-1089 (1998).
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hepically coptaintheminimakdral-seauancesseqdicadifet-Rackaging and
subsequent integration into a host (if applicable), other viral sequences
Bl ielsatisd By o SRPresSIBR AR s EHcO B AETRIB ST YO BRY &y
&iﬁé&%%@la? ﬂ@lembisimgtmagﬁlwsﬁm AECCHPR k@%ﬂé@aﬁxﬁyﬁh & viral
packaging cell line. For example, AAYV vectars used in gene thera

T A GEE T BHh RERHALT FOPEHE. ) e e oL TORHRg
&AM genomeonthickmredfe quiskd dayupackaginghdadorintegrabigrsintditherget
host genome. Viral DNA is packaged in a cell line, which contains a

fe Sf)'er plasmid encoding the other AAV genes, namely rep and cap, but
lacking3FR begpencet: T ban belliHecishisoivddotedomwitsteadiondvitis as a

hethetud Besdalnat o R Ralas wplicaiamol fhe Adiavestaand -
expression of AAV genes” from the helper plasmid. The helper piasmid is
HSEpaTIaRgae e ARk Ahistes. UETa Rk R sIdaRleks,

G amnationwith Aaenevirus eande redderityn Bdi-haatdreasmenito

which adenovirus is more sensitive than AAV. Alternatively, adenovirus
Helo G i S EHS PR SR A A Ry R e ahy

applisatigpimtisisisesimbiethat ihe gereltherapyhrepmetibetdelvdied with
igh ree of specificity,to a particular tissue typge. Accordingl viral

e e

evtpek Seivguecdigamikdsia fasion protein with a viral coat protein on the

outer syifoge chifieaditisiol Be laddin.chasendo baxe alioIoh A, via

receptor known to be present on the cell type of interest. For example,

Eainbsion pi s reaRfcaedelrinig 91 bosbygrrersing W Enonnér0eEsy
RGiT 4 92005/G324%4n ESRinheperted dhal Molenersmusbedsiekesfianism,

virus can be modified to express human heregulin fused to gp70 anqj

(ansieptei prithiA Al RSl BenR B A4 ) and Te-infused back Thio the su ;;he

ect
organism (e.g., patient). Various cell types suitable for ex vivo transfection are well
known to those of skill in the ait (see, e.g., Freshney et al., Culture of Animal Cells, A
Manual of Basic Technique (3rd ed. 1994)) and the references cited therein for a
discussion of how to isolate and culture eslls from patients).

In one embodiment, stem celis are used in ex vivo procedures for cell
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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breast cancer cells expressing human epidermal growth factor receptor.
This principle can be extended to other virus-target cell pairs, in which the

tar%et cell expresses a receptor and the virus expresses a fusr;iﬂ(/){?sgjlré)_'g%r211_7
e ?ﬁl,‘?,ﬁ*fa ligand for the cell- surface receptor. For examgfé, Rt
filamentous phage can be engineered to display antibody fragments (e.g.,

Fab orgkan) ll@ﬁﬂ%eﬁ%ﬁ@iﬁg ﬁ@k%ﬂag@a&iﬂaﬁmrdmf@aﬂﬁaaw wsheseneellular
receptor. Although the abo escription.applies primarily to viral vectors,
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s e A e e
{eligsrimaverionsylintteadricon @au,lmfr@maéa’aelérl, Kubeeriiar OF992)).
intracrapial infusion),ay topical, applisatonsasdeseribed belohing

Alternatively, vectors can be delivered to cells ex_vivo, Such as cells
Grprapite TrelaiapcideRAa alipParshtEst el ipddy R BeFResH dRfow

Aspinatesqlissue DIPREY), KK urheraal danes mematan olelig:stgriralls,
followed by reimplantation of the cells into a patient, usually after. selection

NSRRI ﬁéi\?é%?@é?%?&%&%@%‘éﬁﬁ?ﬁ?ﬁ%@gﬁ]ﬁ%ﬁﬁ&%‘ﬁeﬁ&?‘}
dingaastiesacestarshooniatsgenetherapyliteegbuyitot igritbdsianrddhen,

transfected. cells into the host.organism) is well known,to those.of. skill in
e St S R
srganisinic tedsfectediuitie M@im (geheso pé&kﬂi&)}, %undrﬁeair{ﬁused
g@%slxg&%}sﬁ igS3 LAANIST: (& S DS NMATIONS S8l tYRES Aitable

vo transfection are well known to those of skill in the art (see,
pagficressheteat aftierouRude sipgRINCEiRe And/apigaitbrReg gaction than
Isshnigue3rd ed. 1994)) and the references cited therein for a
discussion of how tg isolate and culture cells from patients). In one

emboditRRSEHRALY ReSHRIANE GARLER 6 Providr Bt tefpe particular

tansistioneng senetheranys the advaragertusingesieaueedisis that
they. can be differentiated into other cell types in.vitro, or can

B (5 R AR ol PR B WG B ey R ey wil
éngrafitinithe bbaenmanio Methaisforadifierentatingaib8heiwel(san e.g.
yjtro.into clinigally impart imr&gnﬁ&e%l ty sing cytolcines such a
gﬁ”@% f%—cf;uzazﬁc_ l\fé?%?g kriown Sdé’eE%a a et al., J. Exp. Med.

176:160304 ToRstngtv)e v baingoroos) (38 850 RTTATS 20051538 2181 host by

a variety of conventional techniques. For reviews of such techniques see, for
example, Weissbach & Weissbach Methods for Plani Molecular Biclogy (1988,
Academic Press, N.Y.) Section VIIL pp. 421-463; and Grierson & Corey, Plant
Molecular Biology (1988, 2d Ed.), Blackie, London, Ch. 7-9. For example, the DNA
construct may be introduced directly into the genomic DNA of the plant cell using
technigues such as electroporation and microinjection of plant cell protoplasts, or the
DNA constructs can be introduced directly to plant tissue using biolistic methods,
such as DNA particle bombardment {(see, e.g., Klein et al (1987) Nature 327.70-73).
Alternatively, the DNA constructs may be combined with suitabie T-DNA flanking
regions and introduced into a conventional Agrobacterium tumefaciens host vector.
Agrobacierium 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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Stem cells are isolated for transduction and differentiation using known
methods. For example, stem cells are isolated from bone marrow cells by
“pannin the bone marrow cells with antibodies which bind unwap_ted_ _
c%ﬁ%‘f%%éﬁs%s CD4+ and CD8+ (T cells), CD45+ (panB cell§§, GRA"/032157

(granulocytes), and lad (differentiated antigen presenting cells) (see
nabaset @58E5ROV ethd vBil&R3 ARt WAy VBeW& 4, tumefaciens

etrovipuses, adenoviruses, liposomes, etc.) containing therapeutjc
R ot e R
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available and well known to those of skill in the art, and, although more
#8al? oRéfotreEant pb L8l Matririsrralpatictarddmpastion, a
RarisMiTOMecaneiienpvide admare veragdiataanddneresifgctye
reacg%n than another riu e. Pharmaceugg%:rlt%oa ceptable carriers are
HeRat i Red 1HoTanPeS I, %%}?mé%ﬂfé&ﬁ? oY BeinG AarmiSETe, 4s
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conventional technlques. For reviews of such techniques see, for

Eiterple; Mt sre st trovEthees for PRARIVdee GarBidleE) - or
(19880 heasiemia:Bress MY or SacionVAllepp421A63; and Griersan&o
Corey, Plant Molecular Biology (1988, 2d Ed.), Blackie, London, Ch. 7-9.
ﬁé'%’%&rﬁﬁ%@; HE BRSOttt Mg b & At bate io ety i 5 Tmm ot ol
gErsanie N0 lhe! (fantsA| SEERRASehiigue SeihRsoa Bt paration
icrainjection of plant cell protoplasts DNA co can
%[%gﬂiﬁrlolldgg ﬁ?@ i%e Fﬁg}h tl,[@no éﬂ?ang t;ssll)}ieoi I&Q%ﬁ & CL gl?g]ig}gl%iéﬁ

FGaUCEa ATeCy 1o ISsue Using ¢ Methods;
parittel 5oMbantiient seshedy foKidint et Al(498H Nt e:32dc70-73).

R o Ao

tupHdtarseies Hase v Slo endNgiotoatingtitn tomberabnent (psedilaaget al. (1988)
transiRrmation teshniaues,neiuring disaraying.-’chtse: of Pivaty ¥esHorsy

are well described in the scientific literature. See, for example Horsch et
gF@Q@&§Bcience 233:496-498, and Fraley et al (1983) Proc. Nat'l.

Transformed plant cells which are produced by any of the above

transformation fechniques can be cultured to regenerate a whole plant which
possesses the transformed genotype and thus the desired phenotype. Such
regeneration technigues rely on manipulation of certain phytohormones in a tissue
culture growth medium, typically relying on a biocide and/or herbicide marker which
has been introduced together with the desired nucleotide sequences. Plant
regeneration from cultured protopiasts is described in Evans, et al., "Protoplasts
Isoiaﬁon 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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42 WO 2006/033859 PCT/US2005/032157 Acad. Sci. USA 80:4803. The
virulence functions of the Agrobacteriuni turnefaciens host will direct the

Wia%%‘[’t(iogsgjgthe construct and adjacent marker into the plantp%elj} EZ[(}I 032157
WHER IRE2R1 is infected by the bacteria using binary T DNA vector (Bevan

(1984) Nuc. Acid Res. 12:8711-8721) or the co-cultivation procedure
{trorsedtion alcHAiR85y Heidneatzd Han28i 23K)letane alyy) Ann. Rev. of

bagteriunz tfransformation system is used to engineer
g?cg:g %ﬁafor%ééﬁéﬁs (Bevan et al (1982) Ann, Rev. Genet 16:357-384;
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Natire 3L 63760 G Hmsiavnstal (3987 NatIe 325 677 i S Baylton
%%%%(1989) Plant Mol. Biol. 12:31-40.; and Gould or al (1991) Plant
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uptake (Ka_e{qpier et al. (1990) Plant CeiI_Reporter 9:415-418), and
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She thod) 88143004309 Rna fenrsenamasel @ o (1990) Rlant Cellus, the
2:603-618). Tr nsfcfgmed (ﬁlant czllls which are produced by %jy of th

Aot TR o TR H TS P B O ArZ A H0 TFRSE RERITE'S, WhRBIE™S:
plantontiehcdrsspsiesiha tienséacmedmgenanty pevand Brassibe dasiced
nELYPEe. Such regeneration techniques r n_manipulatiqn of certain
et et e s ialassia et it ek S S soe
BibdideNardhot, didoitide, fMarie PaisiehPisus bevnsRrodus dpbgethdiondt

tgﬁm[%%ﬁ@ﬁpﬁggc%ﬂLﬁﬁgg@i&@l%d@gﬁneraﬁon from cultured

protoplasts is described in Evans, ét al., "Protoplasts Isolation and
Culture®ns pfatbBokotPrak ieeraativg 255t tePres B GHitgR is stably

Rl ShingdGo R Ry bpMnOrd 1988 nandPisdingaReqenss sligehluced
Fi)rll?on;[)%hclzr) Ipalgxtlts by sexual crossing. Any of a nurnber of standard breeding
techniques can be used, depending upon the species to be crossed.

A transformed plant cell, callus, tissue or plant may be identified and 1solated
by selecting or screening the engineered piant material for traits encoded by the
marker genes present on the transforming DNA. For instance, selection may be
performed by growing the engineered plant material on media containing an
inhibitory amount of the antibiotic or herbicide to which the transforming gene
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-glucurcnidase, 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 sidlied in the art.
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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 43 WO 2006/033859 PCT/U82005/032

TS2005(032157
%é"“%%?on techniques are described generally in Klee et ?éB%%OA{n%F
Rev. of Plant Phys. 38:467-486. Nucleic acids introduced into a plant cell
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electrophoretzc detection assays {either with staining or western blotting). The
fransgene may be selectively expressed in some tissues of the plant or at some
developmental stages, or the transgene may be expressed in substantially all plant
tissues, substantially along its entire life cycle. However, any combinatorial
gxpression mode is a}ao applicable.

- The present disclosure also encompasses seeds of the transgenic plants
described above wherein the seed has the fransgene or gene construct. The present
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 sonstruct.



identified by screening for the activities of any visible marker genes (e.g.,
the j3-glucuronidase, luciferase, B or Cl genes) that may be present on

e recombinant nucleic acid constructs. Such selection an in
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g%%?g%&@%ﬁihoﬁgﬁc&%@%ﬂ&E”cﬁQé Rulation Ysing the methods
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Biology 6:8 (ai 996)); the third helix of the 60-amino acid long homeodoinain of
Antennapedia (Derossi ef al., J. Biol. Chem, 269:10444 (1994)}; the h region of 2
signal peptide such as the Kaposi fibroblast growth factor (K-FGF) h region (Lin ef
al., supra); or the VP22 translocation domain from HSV (Elliot & O Hare, Cell
88:223-233 (1997)). Other suitable chemical moieties that provide enhanced cellular

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

th
Vi

(i.e., internalization domains) can also be selected from libraries of randomized
peptide sequences. See, for example, Yeh ef al. (2003) Molecular Therapy T(5):5461,
Abstract #1191.

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

two parts: a translocation/binding domain or polypeptide and a separate toxin domain
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described above wherein the seed has the transgene or gene construct.
The present disclosure further encompasses the progeny, clones, cell

lines or cells of the transgenic plants described above Whef‘(z‘:j,p”?@
it
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characteristics (see, e.g., Lin et al., J. Biol. Cheat. 270:1 4255-14258
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é%%%ﬁ%ﬁg%%gr%%?a%%%ﬁg\r{%%giler%%&%g %ﬁf %ﬂ%ﬁlgﬁ%ﬁ%d cellfl’ ar

apiated g bibyse BREhIRIMINEAIGTIEPE MaHb AT HEERRAT6N
Wii‘gscontains the compound to be delivered to the cell, e.g. a fusion protein
comprising a degron domain and a ZFP DNA-binding domain.

The liposome fuses with the plasma membrane, thereby releasing the protein
into the cylosol. Alternatively, the liposome is phagocytosed or taken up by the cell
in a transport vesicle. Once in the endosome or phagosome, the liposome either
degrades or fuses with the membrane of the transport vesicle and releases its contents.

In current methods of drug delivery via liposomes, the liposome ultimately
becomes permeable and releases the encapsulated compound (in this case, a fusion
protein) at the target tissus or cell. For systemiic 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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(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 moIe?, ﬁ;ﬂ&%h e,

Wf?}éo%ulzt?'ﬂo transport polypeptides across cell membranes. Often, suc

molecules (called "binary toxins") are composed of at least two parts: a
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embrane thereby re1easmg the protéin into the cytosol. Alternatively,

v oL el @a@ﬁ@@éég%@é%@tﬁkenﬂawwﬁ@@% alh of Yakgpaptknown to
vesicle: £MmGe indhg endosome or phagosome, the liposome either

In certain embodiments, it is desirable to target liposomes using targeting
moieties that are specific to a particular cell type, tissue, and the ke, Targeting of
liposomes using a variety of targeting moieties {e.g., ligands, receptors, and
monocional antibodies) has been described. See, e.g., U.S. Patent Nos. 4,957,773 and
4,603,044,

Examples of targeting moieties include monoclonal antibodies specific to
aniigens associated with neoplasms, such as prostats cancer specific anfigen and
MAGE. Tumors can also be fargeted by detecting gene products resulting from the
activation or over-expression of oncogenes, such as ras or ¢-erbB2. In addition, many
turnors express antigens normally expressed by fetal tissue, such as the
alphafeioprotein (AFP) and carcinoembryonic antigen (CEA), Sites of viral infection

can be targeted using various viral antigens such as hepatitis B cors and surface
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degrades or fuses with the membrane of the transport vesicle and

releases its contents. In current methods of drug delivery via liposomes,

the liposome ultimately becomes permeable and releases . <
W r%ggdgﬁ%%tged compound (in this case, a fusion protein) at t%?:eer{grssigr{nmszm

tissue or cell. For systemic or tissue specific delivery, this can be

acgempiShEd, i exdrmpletiiCapassivemarind avhdresrethgdipobema

Bilayer, degrades gver fime dhrough the, astion.afariows agenisin. the:
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2005/032157 destabilized when the environment becomes acidic
westtefigoddndnbtdbe!feee, e.g., PNAS 84:7851 (1987);
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predsterminedicell aurface J6capipr or ligand {6.4., 5309, apigeN)s Ao vapely
of methods are available for preparing liposomes as described in, e.g.,
BHOkEPBE IS Al Ry BRI BI6URS) 9:467 (1980), U.S. Pat. Nos.
4,186,183, 4,217,344, 4,235,871, 4,261,975, 4,485,054, 4,501,728,
4,774,085, 4,837,028, 4,235,871, 4,261,975, 4,485,054, 4,501,728,
4,774, B982%837 028, 4,946,787, PCT Publication No. WO 91\17424,

DeametodiEanghaaiploehions, Biopbysadhata Ad306:39- 63dctt A G koaley:

t, PNAS 76:3348-3352.(1979);.H tal.. Biochim. Biophys. Act
R e an b R SR L e
(29865 Withamsiettaty RNAS. 8524142466 888)r Kipegomes{@swan bed.),
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cediinemRediniens:HiistdesirraiedoTageldipusemas uengiatgeting
moieties that are sPecific toﬁanpartigular cel %Pe,dtissue, nd the like,

e 2x18 €, an !

FERGRYRY O tence, na extent o verse dide-effects that

accompany the administration of a particular compound or vector in a particuiar

patient.

As an example, the maxinmum therapeutically effective dosage of ZFP for
approximately 99% binding to target sites is caleulated to be in the range of less than
about 1.5x10° 10 1.5x10° copies of the specific ZFP molscule per cell. The number of
ZFPs per cell for this level of binding is calculated as follows, using the volume of a
HelLa cell nucleus (approximately 1000 ;,Lm3 or 1072 L Cell Biology, (Altman &
Katz, eds. {1976)). As the HelLa nucieus is relatively large, this dosage number is
recalculated as needed using the volume of the target cell nucieus. This calculation

also does not take into account competition for ZFP binding by other sites. This
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liposomes using a variety of targeting moieties (e.g., ligands, receptors,
and monoclonal antibodies) has been described. See, e.g., U.S. Patent
Nos. 4,957 773 and 4,603,044. Examples of targeting moiefjes
W%‘H’S@F&?ﬁ%ﬂ antibodies specific to antigens associated With?)r{%lz‘b?gé}ﬂrrﬁf? 287
such as prostate cancer specific antigen and MAGE. Tumors can also be
delngbtiéchbysdetseting thenmprodlistalreStt g Fronothé zat tivitomoeus. A
S SRIGERION QLANSAURNER. ﬁ%ﬁﬁé@?é&/ﬁﬁﬁ@%ﬁ@%&%gﬁ%

tumors express antigens normally expressed by tetal tissue, such a
aipratdreprbie AR RYse edlrslstrappiyonieaiien oEng Siedotarksl
dnfeqiignncan Pefarggted 415ipg various viral antigens such as hepatitis B
core and surface 48 WO 2006/033859 PCT/US2005/032157 antigens
(HBVe, HBVs) hepééitis CHgtigeas*Eg5tRIfBarr virus antigens, human
immunodeficiency tygeﬁ}\@g&us FIAD ép@ggpﬂ}g{&ﬂ g&%igptigens.
Inflammation can be detected using molecules specifically recognized by
surface molecules Whith -Bpr@EEEHLat Sites of inflammation such as
integrins (e.g., VCAM-1), sgleatif-oigeeriopide 9. ELAM-1) and the like.
Standard methods for coupling targeting agents to liposomes can be
used. These meth(}@geﬁesrg&éiﬂzﬁ‘%&\}?‘?ﬂ otpioTalBHSHto liposomes of
lipid components, agwiphosphatidWathanoladine nuiiel cahde Raivated
for attachment of ta{

such as lipid deriva fgfg’geqb’%]e%%%% g g%@ﬁéﬁég@g nggco?%e%@ggg Sb’e

wohstrgstediasing, for instance, liposomes which incorporate protein A

(see Renneisen et %éo%&%é%&%@éyﬁ%%&@%&%ﬁ%%@9o) and

Leonetti et al., PNA_S 87:2448-2451 990). Dosages For therapeutic
applications, the do¥&iAtitfiseeseidsdupatkie luthérgeistakt of the

present disclosure, ghouid, be.sufficientte gifect a beneficial therapeutic
response in the patient over time. In ad(ig'tion, particular gosage regimens

can be useful for détermfhimReiRaEn shfbidarsides (raf cakiciesimole)
setting, e.g., in functignak genomesHiudiass sachinral R a0imsiinadels.
The dose will be determined by the efficacy and Ka of the particular ZFP
BRERIGYE, the nuclear volume of the target cell, and the condition of the
patientiesapathasathédsedy meaightssiosudace arediobh e FRligIglein
yealed bl%el%fa%e@f ine gose also. il ?ﬁﬁdfée?{mé”% 1BY 288 EXISIRNCe trom
HALre, and extent o any Aolverse slde-etrecte that

the promoter and the average rate of ZFP degradation in the cell. In certain

embodiments, a weak promoter such as a wild-type or mutant HSV TK promoter 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 prophyviaxis 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.

Admimstration 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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accompany the administration of a particular compound or vector in a
particular patient. As an example, the maximum therapeutically effective

dosage of ZFP for approximately 99% binding to target sites is cTaIcu_I<';{1,t3e;>1(11,7
w8 He ‘iﬁ%ﬁé‘grange of less than about 1.5x105 to 1.5x106 co%?gét’éf“?ﬂ‘ :
specific ZFP molecule per cell. The number of ZFPs per cell for this level

okbiadingdsoealeulatenhasriotioWsy thsiagethi o himsholfhatitelpdiaeibns, for

nucleus (approximately 1000.m3 or 10-12 L: Cell Bjolo Altman & Kaiz,
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i diiatiBreamlrass o Bt Ess dhiany b BtE iy Eeanedirwnthe

DREIBHSAovalueratLA0xKd igtsadio saleulalenpioximatehs 9%,

bindin% of to the target site, and a value of | Ox Kd is used to calculate
B PRYIaRRATel By BRTHIRGTBF R IR KRR StEC R St reneeaRTh bRy lins
Mt &lsPsdrtargelssifeohibaaipiexnzta, BNATEPE eIMbhEIN AsREOtBifholera,

lex Kd =IDNA1 [protein!.[DNA:protei lex] When 50% of ZFP
o R AP P SR TP, 2 G R AL T RCORE it defectous
Yolgmeds. 18sb2rtiprolein]ida(@Ecif:Onmalesi Juind Srbinucldag), (6x1023
lecules/ =,15,00 cules % bindin hen 99%
D R S S L T RSPl
|06 ooty ) (iredizy A blaos Kieses 28 snblamaiias ol o=Lablarpes virus
1:300,000 molesulespel uelesHNRI9N @Bﬁ!ﬁ}qﬂ%,tﬂ%ﬂ, Sifend s,

appropriate dose of an expression vector encoding a ZFP fusion protein
146 Bavgaltiiss By TIGHEIREROCEUAt tRESaRIE P B P atRTBR TS,

expieasienHMiAReROmMmelek anddheavaragadmie:aiiE deenadaten in
the cell. In certain emboelglf' ths, a vgeak promoter sﬂch as a wil _'%(Ee or
ROt ES VTR B S bt ﬂ vires, dengue virus, papiilomavirus, poliovirus,

rabies virus, and arboviral encephalitis virus, efc.

Administration of therapeutically effective amounts is by any of the routes
- normally used for introducing a protein or nucleic acid into ultimate contact with the
tissue to be freated. The fusion proteins or encoding nucleic acids are administered in
any suitable manner, preferably with pharmaceutically acceptable carriers. Suitable
methods of administering such modulators are available and well known to those of
skill in the art, and, although more than one route can be used to administer a
particular composition, a particular route can often provide a more immediate and
more effective reaction than another route.

Pharmaceutically acceptable carriers are determined in part by the particular
composition being administered, as well as by the particuiar method used to
administer the composition. Accordingly, there is a wide variety of suitable
formulations of pharmaceutical compositions that are availabie (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 acrosol formulations (i.e., they can be

“nebulized”) to be administered via inhalation. Aerosol formulations can be placed



used, as described above. The dose of fusion protein in micrograms is
calculated by taking into account the molecular weight of the particular

rotein being employed. In determining the effective amou tel
W?%zr?gﬁg}aﬁgﬁsr%istered in the treatment or prophylaxis of diseanggéé,){{%ﬁ;\'(ﬁ%%%p57

physician evaluates circulating plasma levels of the protein or nucleic acid
enepting-thednieiginbpotesidliax]citidssltitothdi fkateintipreg ression, of
the diseas ‘t}?nfjkthe production of antibodies to the protein.

ﬁgﬁ%ﬁéﬁ% ioF Can be accomplished via single or divided doses.
PharmBeautieibeompesitiGrrpared taudhsidistrition Fusich proleinsande, by
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to the patient for targeted gene regulation, targeted DNA"'50 WO ~
2BDBI03RVISTRCSTISEOLID BT IBPICIRETANS Aliib CrB CORIBIR AbpIIAHHS.

fortherpRsLic RN RRNVIREICRRPUSALIARS fior BXAMRIBIHEAOGH the blood
ischemia, diabetic retinopathy, macular degeneration, rheumatoid
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Sporozoa (e.g., Plasmodia), rhizopods (e.g., Entamoeba) and flagellates
(Trypanosoma, Leishmania, Trichomonas, Giardia, etc.);viral diseases,
e.g., hepalilisatiuB, or C), herpes virus (e.g., VZV, HSV-1, HSV-6,

HSV-II. CMY, and EBV), HIV, Ebola, adenovirus, influenza virus, .
Mlaviir RS SRS HER 18 B S5 Ut ESFEEGH e engincered
rEEp fatarysayacytich renslativnipste)res, votiaciibEetneds e paliyussirohiéda
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g ¥:d A1isCri rotein
%ﬁnlgr%%{l/jir g,gpiolﬁo%/?r?ﬁ), ra |escv@us, and arbovi encepﬁa(iltls virus,
etodddmimistrdtion of therapeutically effective amounts is by any of the

‘OUtes nar ~ : . e L .
contac%v%ﬁ%%i%ﬁ% to be %?e%%g(% %ﬁiﬁ%l%%%ﬁpro%ein%%%%%%%#ngg a
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Riasmaceulinaly ascentabia canier sopidiiahienmathod g obadiminisiering
Scﬂa%?ai@;o s%lélg,g,r %}iéeﬁ?/\f}%ié%gge\ﬁfag%yﬂg l’“/$6 O’Qg r“ghté) t;?é)e?esigs can protect the
coding sequence against the influence of e.g., position effects and
heterochromatinization.

The disclosed methods can be used m concert with existing methods {(e.g.,
methotrexate-based selection for amplification of sequences adjacent to 2
dihydrofolate reductase gene) {o obtain increased levels of protein expression based
or both increased template number and higher levels of transcription.

In addiiional embodiments, a target sequence for an engineered ZEP can be
introduced adjacent to or overlapping a binding site for another transcriptional

regulatory molecule such that regulation can be further modulated by the enginsered
ZFP. Engineered ZFPS fused to either transcriptional activation domains or



skill in the art, and, although more than one route can be used to
administer a particular composition, a particular route can often provide a

more immediate and more effective reaction than another rout?. 2005/032157
W%Pﬂ%@éi?tically acceptable carriers are determined in par? 6;5 thé :
particular composition being administered, as well as by the particular
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formulations (i.e., they can be "nebulized") to be administered via
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The formulations of compounds can be presented in unit-dose or
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an engineered ZFP (optionally fused to, e.g., an insulator
incorporated by reference, provide methods and compositions for homology-

dependent and homology independent methods, respectively, for targeted insertion of
exogenous sequences. In addition, PCT WO 2005/014791 also discloses methods for
targéted mutagenes:s by targeted DNA cleavage followed by non-homologous end-
joining.

By way of example, one or more genes involved in the process of apoptosis
(or the function thereof) can be inactivated. Exemplary genes involved i apoptosis

are shown in Table 1,
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domain; see e.g., WO 01/02553; WO 02/44376) to the target sites can
protect the coding sequence against the influence of e.g., position effects
and heterochromatinization. The disclosed methods can bePg,%eUdS ip </032157
WGP RR existing methods (e.g., methotrexate-based sdisttion o102
amplification of sequences adjacent to a dihydrofolate reductase gene) to
obtain imgkgaged levels of protein expression based on both increased
template number and higher levels of transcription. In additional
embodfehts, a target sequence for an engineered ZFP can be
. caspas . . . .
mtroduceé’aastz@cent to or overlapping a binding site for another
transcriptional, regulatory molecule such that regulation can be further
modulgigd hy.the engineered ZFP. Engineered ZFPS fused to either
transcriptignalsactivation domains or 52 WO 2006/033859
PCT/US200&932157 transcriptional repression domain can be used, as
can ZFBEsmetéused to a functional domain, which can sterically modulate
bindingeame#izer regulatory molecules. Inactivation of endogenous genes
to facilitateasrdtein production In certain embodiments, the function of one
or morezehatdf gene products is inactivated to enhance the level and/or
quality e#spreedths produced using the methods and compositions
disclos&8ra®ih. Gene function can be inactivated by, e.g., disruption of
one or fi76P&ftéles of the endogenous cellular gene that encodes the
gene plti:?éuct (e.g., by gene "knock-out") and/or by repressing
transcri Eron of an endogenous cellular gene as described, for example,
in CO'O‘Q{BEQ-P(aSth{?stgH% la}lsgb lﬁtggA %grll.\Disruption of an endogenous
ceIIuIarcggpe can be accompﬁsahe(;%y r’r{utagenesis (e.g., chemical or
radiatiog—citgg%%gargéelggsglsertion of exogenous DNA sequences into the
cellular gepaome. optionally followed by selection for the desired mutant
cells. Insertion of exogenous sequences can be random (e.g., following

retroviLrﬁl infection or contact of a ?ell ﬁ%l—g‘l a DNA ni)glecul%or t%rsg%ted
(e.g., PECPEROAT RIBU B S TR SO T Bt S SHIS P YRR S BH G °
geqtiemeds Eamalbovhenactowiptste cobyl 6 vgeié the ldivagée: ol gsinomim
%%f\ % combination with introduction of exogenous DNA. Co-owned PCT

$005/014791 and United States Provisional Patent Application
60/702,394 (fledigdly 26, 2005), the disclosures of which are

incorpor%%i by reference, provide methods and compositions for
homologxﬁgependent and homology independent methods, respectively,

for targeted inggstiRBdfa 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 inactivaie
certain genes whose products are involved in protein glycosylation. Exemplary genes
involved in glycosylation are shown in Table 3.

Table 3

a-1,6-fucosyitransferase
CMP-N-acstyineuraminic acld hydroxylase
CMP-sialic acid hydroxylase
Giucosamine-6-phosphate isomerase
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exogenous sequences. In addition, PCT WO 2005/014791 also discloses
methods for targeted mutagenesis by targeted DNA cleavage followed by

on- logous end- joining. By way of example, one or §g§i§d§% 2157
Wl@i\%{g@? %’g{he process of apoptosis (or the function thereof) can e 2

inactivated. Exemplary genes involved in apoptosis are shown in Table 1.

53 W 2006038855 RETASR005/0321 67 Triné drdnspatd recasipanean
ASRASER-FASPASEA. SASRASHDAGATNASRE: SASRARCCASRASER ding the

caspase9 caspasel0 caspasell caspasel2 caspasel3” caspasel4” bax
BERI ORI EP AT e @I SP0 S BSBAIaIBaCHAEIEL) c-jun lactate

dehydrpgenaseSHo0e MR aAaneswhese-REOGUSISRRIAlMEIX reariale
cell %ycle t]z%rogéessmn can be inactivated. Exemplary genes involved in

& BB L GRS AR AE Falbfe P ogigsfs sontaining the

integrated transgene). If the selection marker is encoded by the genome of the cell
into which it is desired to integrate the exogenous DNA moleculs, it can be useful to
inactivate the endogenous gene encoding that selection marker. Inactivation can be
partial (such that reduced levels of the marker are produced) or complete (such that no
marker is produced). Exemplary marker genes that can be so inactivated are shown in
Tabie 4.

Table 4

dihydrofolate reducatase
Giutamine synthatase
hypoxanthine phosphoribosy! transferase

~ Genes encodin g proteases can be inactivated to enhance protein‘production.
Exemplary proteases are shown in Table 5.

Table 5

serine proteases
slastase

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 ef al. (1986) Science 233:364-367 (PRNP); Lu et al.
(2000) Biochemistry 39:13575-13583 (PRIND) and Premz] ef 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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pl6 pig 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 inagfj in
Wpezrqg‘gﬁ\%ﬁg}se products are involved in protein gchosylationépélgfe%ﬁgﬁa%@g%ﬂ
genes involved in glycosylation are shown in Table 3. Table 3
a-1,6-tucosiird nsibraserdcddiisNAaick nefifemniceactd diy dnd o aide
CMP-sialic acid hydroxylase Glucosamine:6;phasphate isomerase 54
e S e R LA S e
wnfébiionrbgisvirdlvabeacniibne cepirsitdinb eivigotidegesd tb enhuice
BEALBIR PLOClICHAn, 0! SARIRdBe0 e ECang e L e ISRk
mgi%% MVM) r.ec%%%’r can be inalqti\% ed. In certain ‘cas_e%s, it may be 0
BasH; ifite grnetesgEatRs DNECHTdictidingBadiifeianrasgene
ahdaselestion Marken e g le SeleslrelsLonaining the ntegmiethhance

transgene). If the_selection marker is encoded by the genome of the cell
e e PR HBERERS e ST e B XS T Ba S TR ML ERmD JE QR e
tisehdetondnagtivate the endogenous gene encoding that selection marker.
Inactivation can be partial (such that reduced levels of the marker are
produced) or complete (such that no marker is produced). Exemplary
marker genes that can be so inackiyaigtiBte shown in Table 4. Table 4
dihydr I ' pexanthines. ... -
phospﬁ%%%%ﬁ?#ﬁ%%ﬁs% égggésg%r%%?n%%%&{%ﬁ%% canh%?ehirr?g%f’ai%leed
tlraptibsidecpataii$roduction. Exemplary proteases are shown in Table
5.

Example 1: Construction of a SRa promoter

The SV40 early promoter was generaied by PCR from the plasmid pRL-SV40
{Promega} and included base pairs 80-449 from the pRI1.-SV40 sequence and
incorporated the Hindlll site of the promoter at the 3’end. Bases 80-88 comprise the
Obp target site for the 2392/00 and 2932/10 ZFPs. A Bpul0l restriction site was
added to the PCR primer immediately upstream of the ZFP binding site to facilitate
subsequent cloning into the backbone vector, pcDINA3.1/zeo, from which the original
CMYV promoter had been removed.

The R-U5 composite sequence was generated by PCR from the plasmid
pDrive01-NSE(r)-RUS5 v02 (Invivogen) and included base pairs 1774-2066 from the
plasmid sequence, which encompass the HindI] restriction site within the 5° primer
binding site. An EcoRI restriction site was added to the 3’ PCR primer fo facilitate
cloning into the backbone vector.

The SV40 and RUS5 sequences were linked at their respective Hindll! sites to
form the SV40-RUS5 fusion, The sequence of this hybrid promoter (SEQ ID NO:S) 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

SRu 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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Table 5 serine proteases elastase collagenase plasminogen activator
For safety and compliance with regulatory requirements, genes encoding
rlons PRPs)and/or pseudo-prions can be inactivated. PS%H%E

8/0(3 or example, PRNP/PRP, Prion-like protein Doppe &%&Pﬁ}sgﬁ

Shadow of Prion (SPRN). See, for example, Liao et al. (1986) Science

@353z 36 BN stiuset &b c(20060)IBICE Hearisty ¥ 3931387411 8588,261)
PR D) and Pr z al. 2003 Gen 9-102.(SP N
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ntigen(s) recognize y the antibody or antibodies ¢an be inactivated by
wfiFdiogde methods dlsclosed hereln 55 WO 2006/033859

REERHI52605/8 éél@shf pnales : MWW@QPTRSDA
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ber It tood.. th

e B R S e e B L ATy

Qe’@i&aﬂaﬂdk 600/ IAVET ey, 0e mib fermentichd@ PiOckssedatn
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e me and compositions disclosed herein. EXAMPLES The
foII0W|ﬁ@@&ﬁ#ﬁpl@ﬁ%ﬁ@@é@éﬁ@tﬁﬁ@ﬁ@%ﬁ%%ﬁ@tﬁ?ﬁﬁﬁ%ﬁﬁ@d fRe
clairsgsublest matten&m@umple d . &onstistinniaf ARRaPIemeiardhe

SV40 earl promoter was erated by PCR from the plasmid pRL-SV40
@%@%Y} gg@b%%ﬁg UNHAS FRAHTERE D RIEVRECGtace

@i@ﬂﬂﬁ@@@!ﬁi@@é@@d@ diibaiies @fd@ﬁaﬁﬁ@mqf@hﬁsmarﬁandnﬁaﬁﬁs

0-8
8 %ﬁ ?ﬁr‘fﬁe e 9%%tar 0t\%tlen {ggrlgs Zdl Orgsrg}%c 5/10 ZFPs. A

Exampie 3: Enhancement of SRe promoter-driven expression of
immunogicbulin genes by an engineered zinc finger protein

A DG44 CHO cell line containing an integrated antibody expression constract
driven by the SRe. promoter was transiently transfected with 20-250 ng of plasmid
encoding the VP16 activation domain (NVFE), or ZFP 2392/00 (SEQ ID NO:2)linked
to VP16 (2392-VP16). Immunoglobulin kappa chain mRNA expression was
measured by feai—time PCR(T aqman®). The results, shown in Figure 7, indicats that
SRa~driven transcription of kappa chain mRNA is increased 4-5-fold by the 2392/60
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 SRo 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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added to the PCR primer immediately upstream of the ZFP binding site to
facilitate subsequent cloning into the backbone vector, pcDNA3. 1 /zeo,

wgr)oz%gygry%r%gthe original CMV promoter had been removed. JH'SE%T‘ZHG%}%ZIST
omposite sequence was generated by PCR from the plasmid

pDriveOl-NSE(r)-RU5 v02 (Invivogen) and included base pairs 1774-2066
birdinlife phesreidiscthonncis Bitrieh o mbeapadstiie boiidiplk omicaopresiton

oMRINAE 2 REIDEE BIRAIBEFE AP EEORkSGsITiction site was added to
the 3' PCR primer to facilitate cloning into the backbone vector. The SV40

and RUSdsEgaarcaacher bt QPuEiH ¢ St BVl IR F%i8Sto form

eihReSYA0RM 3, fusloRq The-saaiensef thisthyhsichpramptemiPE{dd Ramma
NO:9) is shown in Figure 1, with the ZFP target site underlined. Example
by RS FEaRe *é&&hw&% Hiires 3&5}5*59%%&? B o8 Was

PEaMOigchoeateakacekp EESIM ofro feiis¥iFdsecotingdegio naagells
der the control pf the Si romoter ree-finger zinc finger protein
e S e
RO SRR0SSR1ET ataecoor diftgFiod (ﬁ\ﬂi’é_}h@@@l{_ﬁ&@sw mae@mwawz &8s
&%&‘%ﬂ%%%ééé}%ﬁs%ﬁﬁ% a0 IR RN AuResLcleqtidestaraet . e

sequence In Ra promoter. The target site was the sequence

HeTBTEEAN (SO o i )itedatsd a dRewsalsFigure 1. The
sequeRceipfithepralgindsas-tallawsiththe Heeagntion- e 4ioRs of iReand

zinc fingers underlined: ) . ) ) .

RS COERIPRE O/ TRERICGR I R WP R REsE e RSV RS S Tak F
cERﬁD&f@&M%dT&,%E&@EMd '&%@&ﬁ@bﬁb@&ﬁl hlbgﬁdlréQM/o&

ID NO:2). Additiopal zinc.finger domains.ca inding,to SEQ
N G ahaT B R g SR St SEch R Ly chem SRy
SdcStRblgftvwap phication] Bublitatidria. c@ﬁl&ﬁ/@@sﬂﬂﬂﬂ? éMﬂﬁssﬁnQﬂ&?;) and
%%ﬁjﬁ%@%@ ?J%%.Mﬁ?]%- rQGRY §&Jm%§%§2&7ﬁ§,§fe@§ianThe”
amino acid sequences are shown in Fslgure 8. Ntcleotide sequences
apmeoding thesdodinodieeperin rorepteiiglrargstisl sebhutisotidie s atiichees
£eosting MRIRiAClvalgR Aoriain & pliciRaripealization signal (NLS)

and a FLAG epitope tag to generate engineered transcription factors.
Exemplary polynucleotide sequences are shown in Figures 3 and 5, with

their ancoderd aMmispacdd 5864A0pEERROND I BILR ireadtl thining

A AR R T

Chinese hamster ovary (CHO) DG44 cells growing adherent on 6 well plaies
were iransfected with a plasmid encoding a 2392/10-VP16 fusion protein, as follows.
Cells were incubated with 1pg DNA and 4pl Lipofectamine 2000 in 1ml serum-free
growth medium for 4hrs, then medinm was aspirated and 2ml of regular growth
medium added. After 3 days, cells were split in vartous dilutions into 25 cm dishes
and subjected to Zeocin selection. When selection was complete, individual colonies
were harvested from the appropriate dilution plate, transferved into 24 well dishes and
grown up. Criteria for completion of selection were that individual cell colonies
appear and no new cell death ocours, 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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immunoglobulin genes by an engineered zinc ringer protein A DG44 CHO
cell line containing an integrated antibody expression construct driven by

Wthezz(%FE% Sgrgmoter was transiently transfected with 20-250 ra% f% %&gni?
nco‘éﬁng the VP16 activation domain (NVF), or ZFP 2392/ %é %ﬁl ’

NO:2)linked to VP16 (2392-VP16). Immunoglobulin kappa chain mRNA
expressigniwassdaniaasuaddy kerbtint ol {J ByMands)dxThaabiolistwo

D e s Dt of hai
B R e R
axparichestiombad wreahOBBsEoigties2 200 /0a:3/Frrtd fubipmann protbinve
ABuel% %@9&&@%%& ok %ﬂﬁaﬁ@&%&&?&&%ﬁé@%&@ SNLAINER)-

3
that stably express gamma heavy chains and kappa light chains, the

iBgpfBsSiaetiseirstd Braphidrsingeibarisy tErSrRaaebm etehp Waredetected in
fransientty tansiaet %Wﬁ%&!%gﬁ%tﬂwﬁﬁé%ygf %MM&@%@@@
NVF) or ZFP 2392/00 linked to the VP+ 16 activation domain (2392).
PRI SR d HHARATGGISH ffh 48550 Md 2 8B 77 ¢ DGa4
200pHRBR859 PCT/US2005/032157 by ELISA. The results, shown in
Figure 8, indicate that, in both cell lines, expression of IgG was increased
by the 2392/00 ZFP-VP16 fusion. To determine whether the 2392/00-VP
16 fusiBrnapspleifr carusicretise o apSEssioNRcdT optitwizick expitbssiompies
t | i ge el ifi mma heavy chain and kappa
R e AR AR

Inc by methatrexate selection, was used.
Sequehcesmnsodimgitde IR ZHDWNPKG S e 2P Poinare dritisduieghiend

Eﬁkﬁﬁﬁflgﬂ&%&@%ﬁﬂ% ol @ﬁc(li%l%_ B304 I0 Gyeh Al MR NAC RIS HON

was conmipared” with the same cells in the absence of ZFP (NT). Figure 9
Bitwnistertan DRt mpsairevedabinot e fram et aihigrd Rappatendivs contains
MENAS setEbeinsgasetha gt dhipar it whembe. 2394 QR:MB18vel of

rotein is introduced into these cells. A ceTI line containing integrated
RIS AR tHERE I RIS c a4 kappa light chain

compoTmeatgseft fMmunoG ahudifiGobathunsaidh e anscipionalacontrol

f the SRa promoter, was.transfected with a plasmid.encading th
D O TSI B e ST U ol hea el
BéiBvexpressiom! e &éidd tgidavelsim edsupectingcE L TSA srorn dechtinas bife

t ressi he. 2392/00- Sfusi i ~ i
iRt e TR O R e T S
stagietinpsteatids MRS 1HE 2erioroy- P SEe rsmeompared to control
untransfeCtedhealls of that portion of the SRaZ6 promoter containing the ZFP target

sites is as follows:

BamiI

ggatcegagctgtggaatgagagctgtggaatgagagetgtggaatgagage
tgtggaatgagagetgtggaatgagagectgtggaatgacatatggectgtggaatgtg
tgtcagtta NdeI

(SEQ ID NO:23)

Example 6: Construction of 8 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 NQ:1} for the 2392/00
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Example 4, Selection and properties of a stable cell line containing
integrated sequences encoding a 2392/10-VP16 fusion protein Chinese
hamster ovary (CHO) DG44 cells growing adherent on 6 WeII %{ 0\%%
WPANLEEER with a plasmid encoding a 2392/10-VP 16 fusion protein,
follows. Cells were incubated with 1 ug DNA and 4l Lipofectamine 2000 in
B3t §§9lﬂﬁféi§guﬁ@&ﬁtﬂw@dﬂﬂﬂh@élﬁ@m??ﬁﬂﬂ@ﬂg iﬁ%&ﬁ@éeﬁ? nifﬁdi@ﬁxaaﬂ
ular added. After, 3 S, cells were sy
A T e e A SR R S
Mp}msaelmgﬁl@ B/Mtcbmm&t@mimdum ¢olonics sm?mt&dﬂ@n}eﬁhel dromance
e enmndlon IRl nsleurs Mo el dsnesand o
fiteria for comple a

tion o ECtIdn were that |n Iviau Pce COI}OI’]IES
@ﬁé@aﬁ &mtmqﬁwmdaémommmmwmmwmmm in the

RbsRIVEInHen- thansiabied DGA% cels dhat 5@%@&9&9@%&%&% site.

selection at the Same time. 22 clonal lines were analyzed for ZFP
expresﬁ'{)'ﬂi%ell growth properties and activation of reporter constructs

COntal@Bgéﬁ’ﬂlﬂﬁlﬁfii@ﬁazﬁﬁcbiﬁdlﬁ@@i@ﬁa58@&&2@@@9@@&59gctc tcat
PCT/USZOOS 032157 One of these Imes was subcloned and geno genomlc

A CU O WG~ Of tHe-StSGIoRES: THE R
compiatelyowith BamBlt sestriction ehdongeleasesmwswived on a 0.9% TAE
agarose gel, transferred to Nytran membragg ,and the membrane was
probed with a 290bp radiolabelled DNA fragment encoding the VP 16
activatidB@dmant?:A4dingle band of approximately 12 kbp was detected in
the two ZFP-containing cell lines, suggesting a single copy of the DNA
encodln the fusion proteins is present. This band was not detected in

DNA froffirBaFe PR A 40w el Riet rtyle Sresnsmiehers of bisiog

ﬁt@m&&@@%@t@ﬂ&tﬁu&@'@fﬂ@@lﬁﬁd@& aitar gatisiteden adnhbe:fUBion
rot in A promoter, de ot d,"SRaz6" was constructed by joining a DNA

% Tfalae ﬁé‘fﬁﬁi\éﬂg EESSies of the target site for the 2392/00 and
2392/10 ZFPs (SEQ ID NO: 1) to an SRa promoter-containing DNA

oo Bt EmACL A UARSASRER YGRBIRE. e

These a nal target Sites confe muc greater le
sentaitire oreliiplsroppisee! 8 éeriefraitaior T CONL&ifimipuerefgititional

six binging.altesWas ipsesied A Ardasnial e taomeniafielifithe stably

inserting those restriction sites’(shown in bold text below) upstream of thé

RO PR O AE S X P8R Alefnd Re SR Hbralibrigess transfected with

two different antibody-expressing constructs. In one, heavy chain and the light chain
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 SRo promoter containing an additional 8 target sites for the ZFP immediately
upstream of the promoter (SRa 2393BS). Three days after {ransfection, 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 resulf in higher 1gG levels.
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the target site are underlined. The target site downstream of the Ndel site
is the site originally present in the SV40 portion of the SRa promoter. The

seguence of that portion of the SRaZ6 promoter containing %%%%ézzﬁat‘%gzeit .
Y ELEHEbllows: BanIHI bl SIS

ggatccgagctgtggaatgagagctgtggaatgagagctgtggaatgagage
gtggaBigagNe R0 Bahaigad agaigiggtatoneaial qUMYIggaalg deieaie:

Lvdel ,(SEQ ID .23) Example 6; ruction of a CM V promoter
Eclzic‘)lgtt1 |gr€1giﬁ0 rﬁ%ﬁﬁ?&%‘” 2"l‘!"\essitecr)}r}]% ?agrgegfgét%ﬁgﬁ"‘%&%ﬁﬁ% fusion protein A
promotar tdertbtedtCMUa Q2 WA EGR o fictied byoinsestinearbistAiptional

sl lfipl ' f.atar ite. (S NO:1) for the
D B SR P T E ol v
SirptEeieHIEEDYS a0 Gem arredirk ttslladtarnentintetlyiufSFBamenf the
MV R aﬁaﬁaﬁaeo%ﬂy%&z@épm@é&a&%%ﬁe% petlschiieraiong of the

target site plus a single 8/9 match in the tenth iteration (@ Cto T
SRS LS RS VAP BTar brer Terariwir bR core
@V the M esliietien shemshayvihibeld are-thedaraRtSiPRraet sites in
&%}er&gdé Note that, since gle se%fuence gas inserted in the reverse
A AR TR S SRS T PR EC TSR i Shfent of athetifBng
Siterneut aCoégiteditig cachgitofcalit aak Hgcicteit ey andgiteioaiR.
C ctcattccacagetctcaticcacageteicatt o

e R R R R Sy o
RSitOPIaP pfohTorsEYaistrerstsy Wihsh SkretbidetdiffeRNtniembe rmdfibinting
sites anddifterrnt ef'&{eteﬂa&%%ﬁmgag& shes Wi LesReel 10 NG singer
promoter, have also been constructed and tested. Example 7: Enhance
BrEte i roBIETeR TSN AR A SFGtY CEMERTMET R mslentasior sioreget

inrael silefesa T PavRAOHISIDR pretainAflensldsalate {3398/48p7) of
the DG44 CHO cell line containing the stably integrated 2392/10 ZFP

(Example 4), and parent DG44 cells, were transfected with
Example 9: Enhanced expression of erythropoietin, mediated by the

2392/10-VP16 fusion protein, from SRe and CMV promoters containing multiple
copies of the 2392/10 target site

Three different erythropoietin (Epo)-expressing constructs were constructed.
In the first, Epo expression was controlled by e CMV promoter fused to a B-globin
miron {CMV). In the second, Epo expression was controlled by a CMV promoter
containing fen upstream copies of the 2392/10 binding site, fused to a p-globin intron
{CMVz10, Example 6). In the third, Epo expression was controlied by a2 SRo.
promoter with six additional copies of the 2392/10 binding site immediately upstream
of the promoter (SRaZ6, Example 5). The three consiructs were transiently
transfected into either parental DG44 CHO cells or the ZFP-expressing 2392/10-7 cell
line. After 24 hours, Epo secretion was measured by ELISA.

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 SReZ6 promoter by the 2393/10-VP16 protein
increases its activity such that it is comparabie to that of the CMV promoter.

Moreover, insertion of 2392/10 target sites adjacent to the CMV promoter increases
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two different antibody-expressing constructs. In one, heavy chain and the
light chain transcription units were each under the control of an SRa
romoter (SRa); in the other, both the heavy chain and lig in. . . ,
i 5/032157
W??@ﬁ%%?ﬁﬁ%)gn units were under the control of an SRa promo erP(/:%ci%tﬂgiH(l}%g 7
an additional 8 target sites for the ZFP immediately upstream of the

irematkr(Ra 23938 ). st hres:daysaficd tansietion G aparaiiancallas

easured by ELISA. The results are shown in Figure 11, and jndicate that
s e BT R R e
anddhat bpone copid e0éthm@30PF P tagetisitendsulivattigher IgG levels.
60 WO 2096/033859 PCT/US2005/032157 Example 8: Enhanced
transcription from a CMV promoter containing multiple copies of a target
site for a ZFP-VP16 fusion protein To test the effect of the 2392/10-VP 16
fusion projeig.anthetrapseriptionah ASIMIBAAIReC MY PIORIAE LB herely

reporter construct, in which a CMV promoter was operatively linked to
Begmeried Bhisery g e e EEESent protein (GFP) was constructed.
Vafliar:ﬁﬁt%i@iﬁd”ﬁ%@%ﬁ% @@@wéwfwei]&dh@@cf@@aamw i i@fﬁﬂ?@fﬁﬂiﬁ@d
muyltiple copies, of the target sjte, for the 2392/10 ZEP upstream of the core
B ERE L, B RAREL o G L GTRAT IR RE AORAB s
taitet siths ant differentcribatationsiwerd fested hyatransfectiog! thehointo

e 2392/10-7.cell line (Example 4 % d n is of GEP mRNA
e e R e e D B B eion i
Eisriptivas Thberosuies nbiicddarth it avmieed picknftie target site lead to
higher steady-state mMRNA levels, and that the effect is independent of
the orientation of the target sites with respect to the remainder of the
CMV promoter sequences. No effect of either number or orientation of
target sites is observed in a parental cell line that does not express the
2392/10 ZFP. Example 9: Enhanced expression of erythropoietin,
mediated by the 2392/10-VP16 fusion protein, from SRa and CMV
promoters containing multiple copies of the 2392/10 target site Three
different erythropoietin (Epo)-expressing constructs were constructed. In
the first, Epo expression was controlled by a CMV promoter fused to a
(3-globin intron (CMV). In the second, Epo expression was controlled by
a CMV promoter containing ten upstream copies of the 2392/10 binding
site, fused to a (3-globin intron (CMVz10, Example 6). In the third, Epo
expression was controlled by a SRa

62



promoter with six additional copies of the 2392(1 0 binding site
immediately upstream of the promoter (SRazZ6, Example 5). The three
constructs were transiently transfected into either parental DG44 CHO
cells or the ZFP-expressing 2392/10-7 cell line. After 24 hours, Epo
secretion was measured by ELISA. The results, shown in Figure 13,
cL&ARErmM previous observations that, in the absence of the 2392/10-VP 16
ZFP, the CMV promoter is stronger than the SRa promoter. However,
activation of the SRazZ6 promoter by the 2393/10-VPI6 protein increases
its attivity SuoktithdtiirierednsparafioRintng sethéhe Metinoansterising:
Morggver, inseatinefid39@d Odpnoehrites mdiaerrtiéathaiiMY. promoter
incr\? ses 61 WO .20 6/t033 59 P T/US2005%032.1§;€ i(t:% E?légaﬁ%ﬁﬁ?%%’i
acti ﬁ\y an FHARTSHS YHied fotd TR §5§ﬂ8-‘§79 -Seﬁ?pressmg cells. Thus,
andhesaetivitjueiothepstteing esenosironatugiatly fogsuriiiy phtidoerdeaaeand a
nudBREOVRAMIhsURS: ehanenginesiied gbRilianseiRtianatrstiualos i site in
patents, patent applications and, publications men&ioned herein are hereby
@ Sﬁ‘lcco&%g?g?etc? g‘ﬂ%%t‘@ﬁ&%"?ﬁ%ﬁ@fggﬁ?ﬁg VW AISUGh disclosure has been
proviged irrspairntieteil $elvaiposdigstatiore dmtierbnspRntorite a protein of
purposes ghlaity pbupdersianging. tnilkbearparemdothosiskiliedite is
the art that various changes and modifications can be practiced without
departing oM She pirit or scope of the disclosure. Accordingly, the
foregoing descriptions and examples should not be construed as limiting.
62 GLAIMS 1L Agnethed frRrodysing adueteifsimarrelehadRthod followed
5 comtp\(gisir‘ :?é‘a;ﬁ)é)r viding an isolated cell in which a first gene is
Y RAERTARG® Qgr@g‘é,f‘ first and second fusion proteins in the cell,
each of the first and second fusion proteins comprising a zinc finger

DNAgbinding gopaainpnd damvicleasenavharahidhg fkshradseennd Sasiapurth
. proteins bind tp and cleaye at a fjist site in a second gene to thereb .
R AR S EEh FEEE: R L5 M ARty O QL o g @ 2
fingeyoioteieotink @ ncodrrs avyirein o thisresuintothdusdnupigésico hifiddasnd
cleinehthaldhspeidmaleotisleis gxpessed. 2. The method of claim 1,
wherein cleavage in the second gene is followed by non-homologous end
joining.
4, The method of claim 1, further comprising contacting the celi with an
exogenous nucleic acid sequence;
thereby resulting in integration of the exogenous nucleic acid seguence in the

second gene.

5. The methed of any of claims 1 to 4, wherein the first gene is bax.

6. Tha method of any of claims 1 {o 4, wherein the first gene is bac.

7. The method of claim 5, wherein the first gene is bax and the second gene
is bac. '

8. The method of claim 6, wherein the first gene is bac and the second gene
is bax.
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3. The method of claim 1, further comprising expressing third and fourth

fusion proteins in the cell, each of the third and fourth fusion proteins

comprising a zinc finger protein and a nuclease, wherein the third and

fourth fusion proteins bind to and cleave at a second site in the second

gene. 4. The method of claim 1, further comprising contacting the cell with

an exogenous nucleic acid sequence; thereby resulting in integration of

the exogenous nucleic acid sequence in the second gene. 5. The method

of any of claims 1 to 4, wherein the first gene is bax. 6. The method of

any of claims 1 to 4, wherein the first gene is bac. 7. The method of claim

5, whereinthe fiighaens imbax aathidhe seaonthgenens Bag. gbnkhe giutamine
s E@;%EQOd of claim 6, wherein the first gene is bac and the second gene is

Yhax: 83 9. The method of any of claims 1 to 4, wherein the first gene is
glutamine synthetase. 10. The method of any of claims 1 to 4, wherein
the fist gemed sndiydrsfalates epsinetase 41 whEharmmedtipg gbataisubydrofolate

redl gr%in the first gene is glutamine synthetase and the second gene is
clfi%yarbfolate reductase. 12. The method of claim 10, wherein the first
gene is dihydrofolate reductase and the second gene is glutamine
synthetaseTHamAthisolatesicall pfedseasmrihgamethediehany ghalatns and
3-12. 14 The f any of claims 1-12, wherein a third gene is

thelr?g% N/]%l%%‘,etﬁragﬁ#&hﬁ%ﬁdﬁ%r%%%‘%%%rg)prising: (a) providing a cell in which
first and second genes are inactivated; and (b) expressing fifth and sixth

fusion proteinsrthelcelsigachohiherdithranslssbdhdusignyaroieing reductase
anﬁ%mpri%g}% aezninclz fiqgtearmtl)nNeAS-taL(ﬂ%{Q domain and a nuclease, wherein
€ Tifth- and-Sixth T4Sion prote¥ns ind to and cleave at a first site in the

third gene. 15. The method of claim 14, wherein cleavage in the third
gene 3s follawed! b dnen-Pemaleg oysnentadeisig. sky. of Rexmethad of claim

14, further comprising expressing seventh and

14, The method of any of claims 1-12, wherein a third gene is inactivated, the
method further comprising:

(a)-  providing a cell in which first and second genes are inactivated; and

{(b) expressing fifth and sixth fusion proteins in the cell, each of the fifth and
sixth fusion proteins comprising a zinc finger DNA-binding domain and a nuciease,
wherein the fifth and sixth fusion prdteins hind to and cieave at a first site in the third
gene.

15, The method of claim 14, wherein cleavage in the third gene is followed by
non-homologous end joining.

16.  The method of claim 14, further comprising expressing seventh and
eighth fusion proteins in the cell, each of the seventh and eighth fusion proteins
comprising & zinc finger protein and a nuclease, wherein the seventh and eighth fusion

proteins bind to and cleave at 2 second site in the third gene.

54



eighth fusion proteins in the cell, each of the seventh and eighth fusion
proteins comprising a zinc finger protein and a nuclease, wherein the
seventh and eighth fusion proteins bind to and cleave at a second site in
the third gene. 64 17. The method of claim 14, further comprising
contacting the cell with an exogenous nucleic acid sequence; thereby
resulting in integration of the exogenous nucleic acid sequence into the
third gene. 18. The method of any of claims 14-17, wherein the genes that
are inactivated are the bax, bac, and a-1,6-fucosyltransferase genes. 19.

An i$8lated oelmsribddogidcknthédmbtiiort ehamyignglsimiedipgoths 2l wikean
exdp&iBod Rfany LickaimeActo 19 wherein the polynucleotide encoding the

protein of interest is, transiently or stably introduced into the cell prior to
o OEROh S IRl GESTEP o o Ao SFe SE R asie
third gene.

18. The method of any of claims 14-17, wherein the genes that are

inactivated are the bax, bac, and o-1,6-fucosyliransferase genes.
19, An isolated cell produced by the method of any of claims 14 1o 18.
20. The method of any of claims 1 to 19 wherein the polynucleotide encoding

the protein of interest is transiently or stably introduced into the cell prior to inactivation

of the first gene or prior to inaclivation of the second gene.
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