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by taking advantage of the natural phenomenon of homologous recombination. See,
for example, Capecchi (1989) Science 244:1288-1292; U.S. Patent Nos. 6,528,313 and
6,528,314, If a polynucleotide has sufficient homology to the genomic region
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However, the frequency of homologous recombination under these circumstances is
extremely low. Moreover, the frequency of insertion of the exogenous polynucleotide
at genomic locations that lack sequence homology exceeds the frequency of

homologous recombination by several orders of magnitude.
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and is introduced into the cell such that it is integrated into the genome of the cell in a
predetermined region of interest. Integration of the exogenous nucleic acid sequence
is facilitated by targeted double-strand cleavage of the genome in the region of
interest. Cleavage is targeted to a particular site through the use of fusion proteins
comprising a zinc finger binding domain, which can be engineered to bind any

sequence of choice in the region of interest, and a cleavage domain or a cleavage half-

domain. Such cleavage stimulates integration of exogenous polynucleotide sequences
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domain, wherein the second zinc finger binding domain binds to a second target site in

the region of interest in the genome of the cell, wherein the second target site is
different from the first target site; and (c) contacting the cell with a polynucleotide
comprising an exogenous nucleic acid sequence and a first nucleotide sequence that is
homologous to a first sequence in the region of interest; wherein binding of the first

fusion protein to the first target site, and binding of the second fusion protein to the
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acid sequence comprises a cDNA copy of a transcription product of the gene.

[0016] . In any of the methods described herein, the region of interest is in a
region of the genome that is not essential for viability. In other embodiments, the
region of interest is in a region of the genome that is transcriptionally active. The
region of interest is in a region of the genome that is transcriptionally active and not
essential for viability (e.g., the human Rosa26 genome, the human homologue of the

murine Rosa26 gene, or a CCRS gene).
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[oonec! ei ¢ Brimy feleBteds described herein, the cell can be a mammalian
cell, for example, a human cell. Furthermore, the cell may be arrested in the G2 phase
of the cell cycle.
[0020] The present subject matter thus includes, but is not limited to, the
following embodiments:

1. A method for expressing the product of an exogenous nucleic acid sequence
in a cell, the method comprising;:

(a) expressing a first fusion protein in the cell, the first fusion protein

comprising a first zinc finger binding domain and a first cleavage half-domain,
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6. The method according to 1, wherein the polynucleotide further comprises a
first nucleotide sequence that is homologous but non-identical to a first sequence in the
region of interest.

7. The method according to 6, wherein the polynucleotide further comprises a
second nucleotide sequence that is homologous but non-identical to a second sequence
in the region of interest.

8. The method according to 1, wherein the polynucleotide further comprises a
first nucleotide sequence that is identical to a first sequence in the region of interest
and a second nucleotide sequence that is homologous but non-identical to a second

sequence in the region of interest.
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Igene 19. The, met ﬁf’d according to 17, wherein the
ge At istrapsariptigrally activhe hunan honol ogue of t he

mur 'lﬁeTBQﬁfé@tﬁ)dQﬁﬂeWhthm thB e Cg?@rf bEtRGE &;ﬂ fagg 158 ofthe

wherein the first and second cl eavage Ins are
gerfanpmthat iFy@esdrip§onaft active amxtm@wdsmtiall femsiabiligdl. The

et O0F B deRtred; ShELR bt B thipteivet s thgpman

Ro§&8sdeqiti ng of Fold and Stsl 22. The net hod accordi ng
to 1, wherein the region of interest isina
chr éBodbermeting acqurdingde Adawhereiorthi regiancofintarest isithe humean

hoﬁlgﬁ)igﬁg of ‘Ihe imq}r?r{e%c}sa%) g%reI S€s a gene.

20. The method according to 1, wherein the first and second cleavage half-
domains are from a Type IIS restriction endonuclease.

21. The method according to 20, wherein the Type IS restriction
endonuclease is selected from the group consisting of FokI and Szs1.

22. The method according to 1, wherein the region of interest is in a
chromosome.

23. The method according to 1,wherein the region of interest comprises a
gene.

24, The method according to 13, wherein the gene comprises a mutation.

25. The method according to 14, wherein the mutation is selected from the
group consisting of a point mutation, a substitution, a deletion, an insertion, a
duplication, an inversion and a translocation.

26. The method according to 24, wherein the exogenous nucleic acid sequence

comprises the wild-type sequence of the gene.



24. The nethod according to 13, wherein the gene
conprises a nmutation. 25. The nethod according to 14,
woherraiue7she mutation is sel ected fromthe grorpT/US2006/029027
consi sting of a point mutasion, a substitution, a
deletion, an insertion, a duplication, an inversion

ancy7a fanghos aldoRiing ¥94, FMgreieihbeflogmi00¢ fidlgic beid 2dquence
wherei n the exogenous nucleic acid sequence conprises

contphisesn pattivy péthseyjldiipe sefuen¢rofgBhi8SIEY. The net hod
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conPrist 8 cORBEcopBf 2 HR@soiptibagramensfthagerteo 24, wherein
the exogenous nucl eic acid sequence conpri ses a.chNA
copRP- GFheamethohaesordng Bnl.prhsaus thegmogsoug apgleicgid spgence
n§t5h081 cording to 1, wherein the exogenous nucleic
e d ¥equence encodes a si RNA. 30. The net hod

acc3y, diigmethod acovbdingion] tierairlthe dedl inprrestedsio theyGRphiaggof
phase of the cell cycle. 31. The nethod according to
the gell G¥rde-ei n at | east one of the fusion proteins

CONpy | BRSiafo@bt&h@&hl &1, WhdrfiR aPFh&Pnd&F theSRSiIbR BReins
the dinerization intérface of the cleavage

confaisks aioaltérationid. thd meinveckiowqease ol theglimerizatioptiteraes of the

t he gell is.a mammalian cell. 33. The nethod according
clegvgegbaltdamaE-n the cell is a human cell. BRI EF

DESGR! P ONHER adédedinAN NGt aRd delFis g un@mthalidosedl. t he

nucl eot1 de sequence, in _doubl e-stranded form ?f a
por 33.0Bhofmethiod ancardme sk whergja fee @hds aibpman sell

am no-termnal portion of the protein (SEQ ID NG 1)
and the encoded ami no acid sequence (SEQ ID NO 2).
Tar get seqUEBRIES HESCRIPTIOSMIY THHDBRIAWENGEPs ar e

under!li ned (one on each A_.strand).. 0 Fi qu 2
[002Rbws o Flansndthen BRGNEITPRIC opiEe R RER R omD, of &
FP- F ' : v . fth
R M R R R
protdig ($lﬁy®flg©ﬂe .aﬁ&:it}mmleodbd agrinpovacid smgqrz]m@EQ B NO:2). ‘Target
portigon of t uma r onos ich inc
AT A e B
[odg}] the h ??]@reﬁeé%w% RGhiEh MG didpeard oS b pRAMId egiodmg(d ZFR-Fokl

+1), first exon (between + 1 and the right end
fusidn foh targetedvichaigeloéthe hSMT1 gengt ng sequence”) and a

R
3 Al B ws RIseRREABESTRGSIrfidiCof the human X chromosome which includes the
hSMC1 gene. Figure 3B shows a schematic of a portion of the hSMC1 gene including
the upstream region (left of +1), the first exon (between +1 and the right end of the
arrow labeled “SMC1 coding sequence”) and a portion of the first intron. Locations of
sequences homologous to the initial amplification primers and to the chromosome-
specific primer (see Table 3) are also provided. Figure 3C shows the nucleotide
sequence of the human X chromosome in the region of the SMC1 initiation codon
(SEQ ID NO: 3), the encoded amino acid sequence (SEQ ID NO: 4), and the target
sites for the SMC1-specific zinc finger proteins. Figure 3D shows the sequence of the
corresponding region of the donor molecule (SEQ ID NO: 5), with differences
between donor and chromosomal sequences underlined. Sequences contained in the

donor-specific amplification primer (Table 3) are indicated by double underlining.



prinmer (see Table 3) are also provided. Figure 3C
shows the nucl eoti de sequence of the human X
wohpovmsxree in the region of the SMJ initiati eoTwsd@a/ 029027
(SEQ ID NO 3), the encoded am no acid sequence (SEQ
IDNO 4), and the target sites for the SMJ -specific
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ure e nucleot| e sequence of a
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co r the 5° end_ of third_ exon QID
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Target sequences for the second pair of |L2Rg-srecific
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[0020]1-2Rg g®ftire DAVIPIhoR zgwh@mam‘\dllag@hpw tBe SCHBreC Figure 9A

di agram of the |IL2Rg gene. ure 9A
shows a schematic of a portion o the human X chromosome which includes the IL2Ry
sene. Figure 9B shows a schematic of a portion of the IL2Ry gene including a portion
)f the second intron, the third exon and a portion of the third intron. Locations of
iequences homologous to the initial amplification primers and to the chromosome-
pecific primer (see Table 5) are also provided. Figure 9C shows the nucleotide
equence of the human X chromosome in the region of the third exon of the IL2Ry
ene (SEQ ID NO: 9), the encoded amino acid sequence (SEQ ID NO: 10), and the
arget sites for the first pair of IL2Ry-specific zinc finger proteins. Figure 9D shows

1¢ sequence of the corresponding region of the donor molecule (SEQ ID NO: 11),



shows a schematic of a portion of the human X

chronosone which includes the IL2Rg gene. Figure 9B
wehoowis7schemati c of a portion of the | L2Rg geo®/uUS2006/029027

including a portion )f the ®wecond intron, the third

exon and a portion of the third intron. Locations of
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odRor " of Fsms 12ReblS dleliicfohiar Bagend b AR iy
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(identified as "pair and "pair use of both
hopwiqgsous eecombigtiph §¢cn1@xms|d@ﬂvezﬁ freméhw%c@qfcmm wghich the

m&?@aatiqncﬁgﬁgﬁ H@r 0%&? ggel %@e-ﬁ%(erﬁﬁ( é%‘z‘%%x r}g sreq ences not
prds@@38 thd-der ﬁlolééubb’w&\ﬁldﬁdﬁ&dmy‘dael@éd ﬂﬂeﬂﬁﬁh@ﬁﬁlﬂwﬁdﬁmm-
rrpl i fication product derived froma nutated | L2Rg

55 b ARIUERES opmmqa) to 1hq dojion éﬁ%ﬁf@&hwwssfr@ea@%aow ws%us
ERRRL B SR, SPASURRLER B PR LLRD L MG YA Ricdbe
wiitindisenguishetonbnsdpendes fonsdnmahosmpl sempeacasas dpubds-enderlined

|
(sl ARG (U G081 HES AB0ES-BEF ol o SegumRp fiers

bebieeh M8 SRPAbsANaddBe @bl@MOsone are not underlined
(nucl eot | des 32-42 and 59- 459), and a stretch of

[0&33duence Rigmedidrshnys theolusteotide scqnbiiastofdi rtiomef thh human

f
byl GO e PHECT EOTP A0 HETOR) 0T B Ve gugs and the
firkteht6d & (ﬁm BERND). Wﬁhﬁ@hée@ﬁﬁtaﬂ@@&lﬁm@ﬁ@l&% ginGof dfedesand

bet ween t he chronosone and the dono
underlined) at position 5212541 on Chromosome 11 (BLAT UCSC Genome

Bioinformatics site) to a T results in sickle cell anemia. A first zinc finger/Fokl fusion
protein was designed such that the primary contacts were with the underlined 12-
nucleotide sequence AAGGTGAACGTG (nucleotides 305-316 of SEQ ID NO:13),
and a second zinc finger/Fokl fusion protein was designed such that the primary
contacts were with the complement of the underlined 12-nucleotide sequence
CCGTTACTGCCC (nucleotides 325-336 of SEQ ID NO:13).



[0033] Figure 13 shows the nucleotide sequence of a
portion of the human beta-gl obi n gene encodi ng
weemmanizsof the core pronoter, the first two egomUS2@6029027
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chromosomal sequences is double-underlined (nucleotides 377-408). Lower-case

letters represent nucleotides whose sequence differs between the chromosome and the
donor.

[0039] Figure 19 shows the nucleotide sequence of a portion of the fifth exon
of the Interleukin-2 receptor gamma chain (IL-2Ry) gene (SEQ ID NO:15). Also
shown (underlined) are the target sequences for the 5-8 and 5-10 ZFP/Fokl fusion
proteins. See Example 5 for details.

[0040] ' Figure 20 shows the amino acid sequence of the 5-8 ZFP/FokI fusion
targeted to exon 5 of the human IL-2Ry gene (SEQ ID NO:16). Amino acid residues



nol ecul e are indicated by dashed underlining

(nucl eoti des 1-72), sequences commobn to the donor and
woOher7ohexsosone are not underlined (nucl eoti deBCT/US2006/029027

73-376), and a stretch of sequence contai ni ng

nucl eotides which distinguish donor sequences from
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[0046] Figure 26 shows the structure of plasmid pcDNA4/TO/GFPmut (see
Example 9).
[0047] Figure 27 shows levels of eGFPmut mRNA, normalized to GAPDH

mRNA, in various cell lines obtained from transfection of human HEK293 cells. Light
bars show levels in untreated cells; dark bars show levels in cell that had been treated
with 2 ng/ml doxycycline. See Example 9 for details.

[0048] Figure 28 shows the structure of plasmid pCR(R)4-TOPO-GFPdonors5.
See Example 10 for details.



bet ween the binding sites corresponds to the region
that was nodified. [0044] Figure 24 shows the
webkowrakiax7es of plasm ds encodi ng Zi nc Fi nger NeCirass®s/029027
targeted to the eG-P gene. B0045] Figure 25 shows an
aut or adi ogram of a 10% acryl am de gel used to anal yze

y .
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details.[0049] Figure 29 shows the nucl egti de sequence
noggdagple fedfhquis ekhe mefippryayrapFarenditieisere aiwyedio
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rechibicd oo AMHGRERE bali ol 13 EORUERA R AR E B acy
andPy<is. ebae, Exdaaghé hpfoadetails.t i ati on codon. See Exanple 10
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Exanple 11 for details. [0051] Figure 31 shows™ a FACS

analysig eSasfExpmpde tlefar deteilansf ected with pl asni ds encodi ng
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anal ysis. See Exanple 11 for details. [0052] Figure 32
[00SBbws t h¥igure B3 chowlea sehgmatic diagfanaoflarbidgaymiket éo triedaire the

ﬁ‘e(ilgglg% hg écﬁé{)l% éﬂ%’lg %&%ﬁé{%ﬁ@ﬁ%ﬂygeﬁg %%2, 'Ex-la;pn%le 14 for
details.

[0054] Figure 34 shows autoradiograms of acrylamide gels used in an assay to
measure the frequency of editing of an endogenous cellular gene by targeted cleavage
and homologous recombination. The lane labeled “GFP” shows assay results from a
control in which cells were transfected with an eGFP-encoding vector; the lane labeled
“ZFPs only” shows results from another control experiment in which cells were
transfected with the two ZFP/nuclease-encoding plasmids (50 ng of each) but not with
a donor sequence. Lanes labeled “donor only” show results from a control experiment
in which cells were transfected with 1 ug of donor plasmid but not with the
ZFP/nuclease-encoding plasmids. In the experimental lanes, 50Z refers to cells
transfected with 50 ng of each ZFP/nuclease expression plasmid, 100Z refers to cells

transfected with 100 ng of each ZFP/nuclease expression plasmid, 0.5D refers to cells



enhanced G een Fluorescent Protein |acking an

initiation codon. See, Exanple 13 for details. [0053]
woi2gume4238 shows a schematic di agram of an assaygTaseme/029027

to nmeasure the frequency ofi4editi ng of the endogenous

human | L-2R g gene. See, Exanple 14 for details.
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[005GM cont dilgHiegorheWis 4k pyteradingbanhic rage 9b qdeckour expqspre of
a deflliih hﬁﬁss%% gp l%s%tre %%%%ﬁ%ﬁ%%&drﬁb&%oncaﬁ r’tl?é]ﬂﬁﬂépaib% ocus in
In e

contai ni n e altere Rg sequence present
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di | |
the AaE Seep b e oo idsgeea besd BLE dsPpRioes o
chfb%osbfn%ﬁbﬁq\ Ydtfinis TR ARLdE-2RP %q?ls‘x'f&%fr@sehﬂnttﬂ@ dorr DNA

+ donor™ lanes indi"cate the percentage of total
maleaudsroBlmnsimbol “+” above a lane indicates that cells were treated with 0.2 uM

vinblastine; the symbol "-" indicates that cells were not treated with vinblastine. The

numbers beneath the “ZFP + donor” lanes indicate the percentage of total
chromosomal DNA containing sequence originally present in the donor DNA
molecule, calculated as described in Example 35. See Example 15 for additional
details.

[0057] Figure 37 shows an autoradiogram of a four-hour exposure of a DNA

blot probed with a'fragment specific to the human IL-2Ry gene. The arrow to the right



DNA cont ai ni ng sequence originally present in the

donor DNA nol ecul e, cal cul ated using the "peak finder,
weaurbavmii’s basel i ne” function of Mol ecul ar Dynagiras2006/029027
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See Example 16 for additional details.

[0060] Figure 39 shows an image of an immunoblot used to test for Ku70
protein levels in cells transfected with Ku70-targeted siRNA. The T7 cell line
(Example 9, Figure 27) was transfected with two concentrations each of siRNA from
two different siRNA pools (see Example 18). Lane 1: 70 ng of siRNA pool D; Lane
2: 140 ng of siRNA pool D; Lane 3: 70 ng of siRNA pool E; Lane 4: 140 ng of
siRNA pool E.. “Ku70” indicates the band representing the Ku70 protein; “TFIIB”

indicates a band representing the TFIIB transcription factor, used as a control.



band resulting from MaeR digestion. [0059] The right

panel shows results of an experinment in which CD34+
woebd7miymse transfected with donor DNA cont ai nPQm/Us2006/029027
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Wi s plaIEieE enifrecdent B Sapo v nilidid 2 o
ﬁlﬂcﬁgﬁ?ok@oﬂ@gﬁgae cohB&tt@hget site for the sca-29b domain

iS on one strand, and the target sites for the

[0864h- 36a, Rigere3Bn-grsiowsahaeicabsgiams ofgdidfermt fifséon protein

coRfBRE B R0 G ST Moo sty W BHiehiger

dofiRitbis AdireeiNBe MitehinGs dddbie FokDdeaviags half-domaineia aesest the C-
(ZFNs) were tested for sequencespecific DNA cleavage.

terirreus, Bindinedn N4 target sifpvOR OBPOSHAPIFads fhoseS [Huds are proximal

to ‘g% ('I}IDADF?E{T r@c?)? 4% éﬁﬁ@z ok rr%]%g?’é&\%ﬂ Vih eac‘lhht tﬁfz Wfokl cleavage half-

dobrafyl BhkearettahgdttermidbiNend the enﬁ)fmgpli daorﬂﬂn fisomearest the C-terminus,
characteri zatiagn of these ZF ht nost . t ree
Sd’hh sw-%

bindps® 1INAviAreetice an gpoie b 1 BomeLp £
RS 100 ) R s e g
nearest the N—termmus and the zinc finger domain is nearest the C-terrnlnus and a
second protein in which the zinc finger domain is nearest the N-terminus and the Fokl
cleavage half-domain is nearest the C-terminus, binding to DNA target sites on the
same strand, in which the target site for the first protein is upstream (i.e. to the 5’ side)
of the binding site for the second protein.

[0065] In all examples, three-finger proteins are shown binding to nine-
nucleotide target sites. 5’ and 3’ polarity of the DNA strands is shown, and the N-

termini of the fusion proteins are identified.



strand opposite that to which sca-29b is targeted).
[0063] Figure 42 shows levels of eGFP nRNA in Tl 8
woeabd7i1ftrars) as a function of doxycycline PCT/US2006/029027
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pairsp) of theisubsieate ashist ¢leavage praducts arghaunde el ef hedwage.
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ow the I mage, the nucl I de sequence (S
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th din [te r the 5-9D and IL2-1 zinc finger
EeT5 %&F% %a?dné’.rﬁgt.agﬁom The binding sites are
[0069ENt i fi eebiaed7isRskvE at AfolaNioeRgheld ihidkB8f a gel in which
amplification products of DNA from transfected K562 cells were incubated with the

restriction enzyme Stu I. Headings above the lane indicate DNA from cells transfected
with a GFP-encoding plasmid (GFP); DNA from cells transfected with a vector
encoding the 5-8G and 5-9D ZFP/Fokl fusion proteins (ZFNs); DNA from cells
transfected with a plasmid containing a 12-nucleotide pair exogenous sequence
(including a Stul recognition site) flanked on either side by 750 nucleotide pairs of
sequence homologous to exon 5 of the IL-2Ry gene, wherein the two exon 5-

homologous sequences are adjacent to one another in the wild-type IL-2Ry gene



[0067] Figure 45 is an autoradi ogramof an acryl am de

gel in which cleavage of a nodel substrate by zinc
woOizogan4®Rdonucl eases was assayed. Lane 1 showsCrhms2006/029027

m gration of uncl eaved subsi8rate. Lane 2 shows

substrate after incubation with the I1L2-1C zinc
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[0071dht nos tFigwmrect Xis mtseliensativoliegramalescribing an experiment in which a

“therapeutic half-gene” was introduced into the endogenous human IL-2Ry gene. The

top line represents chromosomal IL-2Ry sequences, and the middle line represents
donor sequences, with exons indicated by boxes and introns by horizontal lines.
Numbers inside the boxes identify the exons of the IL-2Ry gene, with “5” representing
the fifth exon of the chromosomal IL-2R gene, “5u” representing the upstream portion
of the fifth exon, “5d” representing the downstream portion of the fifth exon and

“5d(m)” representing the downstream portion of the fifth exon containing several



wei ght markers. See al so Exanple 33. [0070] Figure 48
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encoding the 5-8G and 5-9D ZFP/Fokl fusion proteins and with the donor DNA



products of DNA fromtransfected K562 cells were

anal yzed. Headi ngs above the | ane indicate DNA from
woaoniwvoak27sel | s transfected with a vector encodpom/usL@e029027

fluorescent protein ("G-P")20and from experi nent al

cells transf ected with a vector encodi ng the 5- 8G and

o SBLFAFEAAT 20 FROKEL Py S LSRR W

indixated. 53®raﬂsoeﬁommp16367 and 8 of the IL-2Rg gene,

nked either side by 750 nucleotld al. of
m@éiuenc e HgWs 3596 a8 apigr am oh A &e]slHrVY}B ]qus?aélﬁp BFrgucts

frod tHeCHODRFR g%é‘%ere%%fﬁé&‘fotr F‘rﬁs&ﬁ‘t@h&dﬁﬁlg@l @8[‘1053‘%9}9 us

sequences are "adj acent to one another inthe wld-type
Ilzhfidagog proelu¢EMidse obtdimed ipm BilddepeaPHOiasl DNArfW) or DNA

fo Gy SRt rebineted Wi - e aGhane o s dhen

ex@s‘é& besnt haae% g#)ed Aot +§RE Ndiadted ke @J. TSR ALK L the

| e 35. urée 51 shows the design and
geh, b lgdlgatlwfe% PR seaninash (W T) and rijerd MHIRD dy
n 0
oGBS BRI SHGURE SN S g NSO BEEB e
37ftb;gdmﬁlsl S a scherratl c di agram show ng the resul t of
onol ogy- dependent targeted integration of

IOW 8l obase HPanre Bhows SiroHIMHR{dhe picleqtid é@m}wq nfttée XN
e AL T
secp,renmeoﬁa st D(bIRRegmetgendsmteﬂ ﬂmnctztrgemd hhmblnggnn@p@gdﬁmb us

end enous se nces that It fromtar
inBROHE S Peoous Go Rt net)e i sh SiePohees 19k (g dige finger

nuél'%&’éé@ dBRELEPIAPLe 98 aRlHdxEd; Wik R HoH Ll Al q8&lc afé“
whi ampl i fication product’s were anal yze The l eft

unéerihebd sheovdspiixapede §70f cel I ul ar DNA t hat was

lif h
OBt | on it BT Hea b ol St aRhets O E R o

cldé’(/é)gialh‘aﬂisd&ﬁalﬁ ehd bf ssvetdNhutdhatlewrge daRldobiagtt dodiating
prinmers that detect the downstream junction (Primner

altg@tlolg) in tionanEwAsidsequensg of therdimptization nﬁtg}fface ositions at
B AR ek b PEL A P s Bt
encodi ng green fluorescent protein (G-P); DNA from

cells transfected only with th onar_ DNA nol ecul e
containing the 7. 7%:%&%&—&@% L RV truct (don.);
fr Omrﬁgélb&dt}{ Vitibek ha4R&hod 1“[9:1-%%8
[0 G and 5-9D ZFE oéﬁ% fu |Oon1 pr ot\e&?ns aS ]%Qﬁm‘%

cleramgwroflbmmﬂm euoimetif ZkNEor tardeted al)teratleeoﬁaxwdiJutmg yludﬁotldee

sofBH €t Grested e os PG R by 3 PatBioelt GRLHing Bfin or
w1mouﬁa@eiogbﬁbMta@ﬁbn@amsbﬁém&ﬂeeam@endﬂ%ty&axfgeemctéaeagéHO

R gene were analyzed for m smatches using a -
]gyg@yby homologous recombination between an exogenous polynucleot1de
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episomes, organellar genomes (e.g., mitochondria, chloroplasts), artificial
chromosomes and any other type of nucleic acid present in a cell such as, for example,
amplified sequences, double minute chromosomes and the genomes of endogenous or
infecting bacteria and viruses. Genomic sequences can be normal (i.e., wild-type) or

mutant; mutant sequences can comprise, for example, insertions, deletions,



Anplification products were obtained fromwld-type

CHO cell DNA (W or DNA from CHO cells that had been
wonreatoadk7si t h zi nc finger nucl eases (Mi), and weTAS2WE1029027

exposed to Cel-1 nuclease (2t) or not (-), as indicated

above the gel. To the right of the gel, bands

t CRS,d
e e g e BO R pREAART Rpchibble R0 B o
comphsam@ofarrmmbwoﬁdﬁﬁdent%ﬁedixanpl e 37 for det a| I s
76] F| 3 sho r of t he, nucl eot i, de
m‘i@guence 10&%63?@8&5& delemvpgeiind Lge@mpinpjiey include

fuéi@r[‘ﬁro@éiﬂsoﬁ?oﬁnﬂﬂsﬁ%sg cl Dﬁ@ dPREhi (8P Okadse hﬁHQioﬁﬁﬁﬂgqlﬁd a zinc
sequence of a mutant R gene generated by tardeted

fingenihdigg domdep peldewtledtitice greadingrthese pesteipe nod somblnatlons of

i R P
d 6r1h |
e bt the o 2cr

fingaug)apd 6an by ergieecygd te-bigdie apyigenamnisseauraceal husg byridentifying
a t%%?t eé)etgt iy Iee ?an Jﬁﬁt@f&t aﬁlvﬁﬁé@%&\}&gg Er %%%PB?H&? ﬁtcﬁkl%cﬂ 9ne

I'ons |n the am no aci uence

caitli agesridtetto die metheds discoscRdsidin, @bsstaict Wi @tmébleefusion proteins
sequence_ was altere (C%%l no acids 486, 490 and 538)

CORIPHSHIE A&HTaY ARSFOTERET AT\ T8 Y BRedrai- PR s anc PRee| d@geaw
en?ﬁé@r%@ tfek Qﬂf@@é&ée;t 9&% ﬁé@n@%ﬁ%@ﬂ&n&% £idh d&?é presence of

ar get ed 3 eavage ©0 l'ar chronmatin~an
sutlax §stomdratieingfoa pradeingfin a cekk Wil kexnlt mubindotgi aféhsfagwence,

r o He HE DR oG s Rape e B DS s BAE Rt egion.
Mér@&@ért #dn %JE@%] b&d YR GRIc1RkidO YothdlodBhL@ thé BSHORUE region is also

| owed b onol ogous reconbi nati on between an
Pf@ﬁléigé Foeisa pfdl, mm@lcg@tls weobimapen etonts andigh rapppasween the

sl G eRTef APl bOuaieie “cinom o sequences

i ncl ude those present in chronosones, episones,
organel | ar genones (e.qg., m t ochondr i a, chl oropl ast s)
art iGenerdl chronosomes and any other type of nucleic

[06%p] ¢ pre%ﬁ&%l ﬁle%ﬁéth c’Fs“& &Fas argﬁ(m sedFpld 1 ed
S OU

equences, m nu r onos and the genones
comboﬁndmg(ﬁmd mbreumérﬁplbyngﬂm«:)ﬂmrwme amhlcamd uemsantlonal

nom ¢ se nces, can .be normal  (i.e. dtyp)
14t 0 lﬁeﬂg%‘ﬁﬁr @8@&@3&%&6 §%e Bh’é’iﬂ}ag& S“P%?Pree%ér?ﬂﬁ]é“ls
coanﬁ?aﬁBhél REem B8y Sl Sute] ?é&éin%ﬁf%hi BRR arldGRIAINUGILR 2e

[ or p0|nt nutatlons genonlc sequence can al so
dmm’phel skdl oftbe aift. hesgribdmiquks aieffildy exntlained @i the litgr@070]See,

for, eéignm«ei ﬁg}%ﬁ%}gﬂfeﬁ%r h/h(&%rc:Uﬁ\‘ﬁ %ﬂ)ﬁﬂl@g lA%%%T%?{% MANUAL,
Second edition, Cold Spring Harbor Laboratory Press, 1989 and Third edition, 2001;
Ausubel et 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 ENZYMOLOGY, Vol. 304,
“Chromatin” (P.M. Wassarman and A. P. Wolffe, eds.), Academic Press, San Diego,
1999; and METHODS IN MOLECULAR BIOLOGY, Vol. 119, “Chromatin Protocols”
(P.B. Becker, ed.) Humana Press, Totowa, 1999.
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example, zinc finger proteins have DNA-binding, RNA-binding and protein-binding

activity.

[0085] A "zinc finger DNA binding protein" (or binding domain) is a protein, or a
domain within a larger protein, that binds DNA in a sequence-specific manner through one
or more zinc fingers, which are regions of amino acid sequence within the binding domain
whose structure is stabilized through coordination of a zinc ion. The term zinc finger DNA

binding protein is often abbreviated as zinc finger protein or ZFP.
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recombination therebetween, utilizing normal cellular mechanisms. Two homologous

non-identical sequences can be any length and their degree of non-homology can be as
small as a single nucleotide (e.g., for correction of a genomic point mutation by
targeted homologous recombination) or as large as 10 or more kilobases (e.g., for
insertion of a gene at a predetermined ectopic site in a chromosome). Two

polynucleotides comprising the homologous non-identical sequences need not be the
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Inc. (Mountain View, CA). From this suite of packages the Smith-Waterman

algorithm can be employed where default parameters are used for the scoring table (for
example, gap open penalty of 12, gap extension penalty of one, and a gap of six).
From the data generated the “Match” value reflects sequence identity. Other suitable
programs for calculating the percent identity or similarity between sequences are
generally known in the art, for example, another alignment program is BLAST, used

with default parameters. For example, BLASTN and BLASTP can be used using the
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molecules affects the efficiency and strength of hybridization events between such
molecules. A partially identical nucleic acid sequence will at least partially inhibit the
hybridization of a completely identical sequence to a target molecule. Inhibition of
hybridization of the completely identical sequence can be assessed using hybridization
assays that are well known in the art (e.g., Southern (DNA) blot, Northern (RNA) blot,

solution hybridization, or the like, see Sambrook, et al., Molecular Cloning: A
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efficiency and strength of hybridization events
stEenRIEeP ¢d with a lower tolerance for mismatched hybrids. Factors that
affect the stringency of hybridization are well-known to those of skill in the art and
include, but are not limited to, temperature, pH, ionic strength, and concentration of
organic solvents such as, for example, formamide and dimethylsulfoxide. As is known
to those of skill in the art, hybridization stringency is increased by higher temperatures,
lower ionic strength and lower solvent concentrations.
[0095] 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
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[0098] A "cleavage domain" comprises one or more polypeptide sequences

which possesses catalytic activity for DNA cleavage. A cleavage domain can be
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sensitivity to chemical and enzymatic probes, for example, nucleases.

[0104] A "target site" or "target sequence" is a nucleic acid sequence that
defines a portion of a nucleic acid to which a binding molecule 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.
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introduced into a cell, or a chromosome that is not normally present in the cell.

Methods for the introduction of exogenous molecules into cells are known to those of
skill in the art and include, but are not limited to, lipid-mediated transfer (i.e.,
liposomes, including neutral and cationic lipids), electroporation, direct injection, cell
fusion, particle bombardment, calcium phosphate co-precipitation, DEAE-dextran-
mediated transfer and viral vector-mediated transfer.

[0108] By contrast, an "endogenous" molecule is one that is normally present
in a particular cell at a particular developmental stage under particular environmental

conditions. For example, an endogenous nucleic acid can comprise a chromosome, the
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[0112] "~ "Gene expression” refers to the conversion of the information,
contained in a gene, into a gene product. A gene product can be the direct
transcriptional product of a gene (e.g., mRNA, {RNA, rRNA, antisense RNA,
ribozyme, structural RNA or any other type of RNA) or a protein produced by
translation of a mRNA. Gene products also include RNAs which are modified, by

processes such as capping, polyadenylation, methylation, and editing, and proteins
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is transcribed, and the transcript is trans]ate
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I'n"expression of a protein in a cel
codpbhards Bowagoelf yiusahtod, iadmnm@tmnalypgpnton}eseqetnw esuyh toa

cells are presepnted el sewhere in this dISC|O
pr?rggtfli ]1s gpergté\f%/ Pnlf%fto taH)leBg SHSaLe 1% the tﬁ@lSEﬁl fregulatory
se eﬁgé Q&Hfo?s the Weygﬁﬁa&c%ﬂ&gh@& L&bedn 88P6nse to the

roduct (see infra), as well as all regi ons whi ch

preseped @tabsence of one or more transcnptlonal regulatory factors. A
transcriptional regulatory sequence is generally operatively linked in cis with a coding
sequence, but need not be directly adjacent to it. For example, an enhancer is a
transcriptional regulatory sequence that is operatively linked to a coding sequence,
even though they are not contiguous.
{0117} With respect to fusion polypeptides, the term "operatively linked" can
refer to the fact that each of the components performs the same function in linkage to

the other component as it would if it were not so linked. For example, with respect to
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copiplesesniaiioni bath genstisr oyl lag@bemlwl See.ifpir exeripiry Figldsgt al.
| Ns e

SRR e 235 R T iRl s RGE HRmtiesing

non- codi ng regi ons such as, for exanple | eader

sequences, trailer sequences or introns, or wthin

non-Yagektites bed regi ons, either upstream or downstream

Oﬂ‘m;t he c Oﬂfe'?ﬂscicﬁg& ﬂﬁt ods bR@L %&fltldrﬁtll?(ﬁl?&t fugﬂg 8gcﬁeiﬁ§
Il as a single nuc eotide pair or upt

compeikiagtai ddervpgd dandin (drengedvagohalfidymain) et akinedinger difmain,
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two or nore
half-domain) to the vicinity of the sequence and, hence, induces cleavage in the

vicinity of the target sequence. As set forth elsewhere in this disclosure, a zinc finger
domain can be engineered to bind to virtually any desired sequence. Accordingly,
after identifying a region of interest containing a sequence at which cleavage or
recombination is desired, one or more zinc finger binding domains can be engineered
to bind to one or more sequences in the region of interest. Expression of a fusion

protein comprising a zinc finger binding domain and a cleavage domain (or of two



conmponents (such as sequence el enents), in which the
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or nucleic acid. A functional fragnent can gossess
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@1]5@ arly, nmethods for determ ning protein function
are wel | -known. For exanple, the DNA-binding function
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filter-hindin ctrophor tic bility-shift r
Fot RATIprB ORI TPy o nyand tgtedTins put G ¢ o UY Patent
6,£3381P86d b;voml/oﬁzm 69@&%61%' oTtheRBivinmY PRk f%ge@ lof a multi-
supra. The ability of a protein to interact wth

fingechihding douiagi eandrnd t@eOV@elﬁlmim peadiruflefrsubsiteap As 2 rsplt, 2
thre- fl nggrurprgggneg | Haln(? 8—nhcleg\f;deh§é?pr1e':n%e,a\%?ergf% B¢ tenth nucleotide is

part of a quadruplet bound by a terminal finger, a four-finger protein can bind a 13-

nucleotide sequence, wherein the thirteenth nucleotide is part of a quadruplet bound by
a terminal finger, etc.

[0123] The length and nature of amino acid linker sequences between
individual zinc fingers in a multi-finger binding domain also affects binding to a target

sequence. For example, the presence of a so-called “non-canonical linker,” “long



conpl enent ati on, both genetic and bi ochem cal. See,
wo 087013l e, Fields et al. (1989) Nature 34Q44%26R29027
U.S. Patent No. 5,585,24p and PCT WO 98/44350. Tar get
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twe zine fingepdrmaloicisianagedhalf-donaain frsipet meletalps tveaspirate target sites,

| j d I [ th th
nREOPRSL R fom b B e TS dfifheo PPt e dBedg i
tarkdh sitéPélon tMbéke BNROsteingCl oses met hods for designing
FPs to bind to a selected sequence. It will be clear

to those skilled in the art that sinple visual

i nspgect k.on of. a. nucl | de sequence can al so be used
for %?ggg?rgbdngpga q‘%ﬁgget site. Accordingly, any neans
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nmet hods. OlZlg Tar glerﬁt() sites are gener §I 1 yf_/gorrpos,ed of
Midlsy eireah! (1030 St )ZAE] A B er0o1 14l feRhadss SiPes Scigitfi 4aerican
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30carnnovadd mdeigth.oReuciuel stodics bawei demaastrated e edach zine finger

adrupl et) hound b n | ndivi.dual  zi nc_ f.inger.. See,
dofrgft bt by kst topl if et A e B i o
inderfafit dysRARreRERG it ARKIBBa REISE (c6RBIAE! the hbo ARSH R @line
the target strand "prinary recognition strand,” or
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bind . to a three base triplet,.in the target strand and
atognggg}et OSASEISH a?igleﬁgﬂ?\lsglrdbrg “strand. A target site
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accordingly, is bound by a zinc finger binding donain
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canonical zinc fingers such as, for example, C;H zinc fingers (those in which the zinc
ion is coordinated by three cysteine residues and one histidine residue) and Cy4 zinc
fingers (those in which the zinc ion is coordinated by four cysteine residues). See also
WO 02/057293.
[0128] Zinc finger binding domains can be engineered to bind to a sequence of

choice. See, for example, Beerli ez al. (2002) Nature Biotechnol. 20:135-141; Pabo et
al. (2001) dnn. Rev. Biochem. 70:313-340; Isalan et al. (2001) Nature Biotechnol.
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length and nature of the amino acids sequences between the zinc fingers (i.e., the inter-

finger linkefs) in a multi-finger binding domain.

[0132] In a multi-finger zinc finger binding domain, adjacent zinc fingers can
be separated by amino acid linker sequences of approximately 5 amino acids (so-called
“canonical” inter-finger linkers) or, alternatively, by one or more non-canonical
linkers. See, e.g., co-owned US Patent Nos. 6,453,242 and 6,534,261. For engineered
zinc finger binding domains comprising more than three fingers, insertion of longer

“non-canonical”) inter-finger linkers between certain of the zinc fingers may be
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modules can be constructed by assembly of individual zinc fingers. See also
WO 98/53057 and WO 01/53480.

Cleavage domains
[0135] The cleavage domain portion of the fusion proteins disclosed herein can
be obtained from any endonuclease or exonuclease. Exemplary endonucleases from
which a cleavage domain can be derived include, but are not limited to, restriction

endonucleases and homing endonucleases. See, for example, 2002-2003 Catalogue,



been descri bed, for exanple, in co-owned WO 02/077227.
w0 2000h384py5 Si nce an i ndividual zinc finger bindBCT/OSH06/029027

three-nucleotide (i.e.37 triplet) sequence (or a

four-nucl eoti de sequence which can overlap, by one

nucl eotide, with the four-nucleotide binding site of

Nex&%n?%h@%?&%b%?@%ﬁ h 'T\%I ,:] %ﬁd Bt @nathovr) MuckaeMems Res.o

a zinc finger ng domain is engineered to
25: B3 793388, ghdditiortahempymes edquemdedvep A ek (fes- RleNuclease;

nupber of zinc fin i nan. [ [ kRger
e e N A e R S
endbPB@EastDdef 3s0d0inA @F P (¢8d.) NacRueds| @pidi Spaing rsbdrdsibosatory
si x- nucl eot i de target sequence |s‘bo% d by a b
Presst98).ngae obinat ofghersrearymes{or fimetiona gf&&ﬁ&%tstﬂaerfa%f? can be
equence i s .bqound =fJ - Bdaeing domai n,
usedAaH Ao e ey Aot e Al P, TOoE
[0136pc fi ngedifurky a Eleavapelhalfidesain (e, fuaiogerotsins eomprsing 2

2ing SuEmAINHUE (OBEP RS A AR HAR O SR he RO Adm
nuc{l]‘léaatrs]é Efg iIOItl g{%r?o'f‘ NQePLASH6Y lﬂl@@lﬂ? ife§ IMReRatibrefofictavage

e ., the interfinger linkers) in_a _ .
actividyt iln ferege) twhi fadion graiemaare. reg@nqglzt]ar q:lng\atgpmﬁ_ the fifsigrgerpteins
corgB S SRR B oA BT (e b B T e BERE c8"

cle ‘?ﬁ&#f—'@%ﬁ%ﬁdé_ can BEEK. atiedsro(ciivegd hafidomaine tarcisd derived

Inter-tnger |inkers) or, alternatively, by one_ or nor
fronoihe samomidoahcleiseier Bnciual fragrgents gisreafh 680298 tefvast hai-

Nos. 6,453.2 d i '
oS R oSy T g
thekddTP kS ditivR Sht i@petited fon ger twlo' fasion peateins el pryferably

inter-fnger |inkers between certain he.zi nc :
disphsgenih e S, HEnTES MR BB FRIPPICH Y

nd/ or.,. i f el i ndi 3 Jhi ndi . i
R il ke Rt g o
cadhldth@4Ba alldws ticdileayhye hatfidoinains ty Bz fisctionfeleavage

e opals. cof o o b o Sk St Dos s
tar%gl&:]sgtés' 51‘8 i@%%&atlaél DY 8L Snudiidex &) B5-18nddlkotidengHowzverany

r I'ng domain conprising three fingers (joined
intbgrat somloeaod niidedtides venudleaiigemairs pREIETVeng heB’YF@nI tRikaget

. t ddjti L. fi L Qi '
sitfyiedr gt °pPhenedes L iR ih §eikeg), B sl oFRAE M
betoldEh tRe dabget Sitddl ndi ng domai n conprising two fingers

(wth a canonical |inker therebetween), a |ong |i.nker

0B two akbgiriciiongndanuplgases (EsisicHeye S):%Fﬁ@ﬁ‘%&%ﬁ nmany
li.nker,) i tiei t ei i o

spr PR R RY SR frRITR Ehfing & PRO] & RrEpFRToRln,

anfl icR@GIE DA af of mead theysita of dimditig: dlertaimicstriction meeyinres (e.g

whi ch each_two-finger unit.is,oined.to the j.ac
TpadiSiclges DO 59 soning emh pleecaegiciodysist Fnf bR G Rhugble

bir?digg REPUEIVAge HOA3RE. FhERERIC LT Re BS bYehOFok I catalyzes
NONZ Canoni CAT 1 nter-fi nger | i'nker ‘between two
double-stranded cleavage of DNA, at 9 nucleotides from its recognition site on one
strand and 13 nucleotides from its recognition site on the other. See, for example, US
Patents 5,356,802; 5,436,150 and 5,487,994; as well as Li et al. (1992) Proc. Natl.
Acad. Sci. USA 89:4275-4279; Li et al. (1993) Proc. Natl. Acad. Sci. USA 90:2764-
2768; Kim et al. (1994a) Proc. Natl. Acad. Sci. US4 91:883-887; Kim ef al. (1994b)

J. Biol. Chem. 269:31,978-31,982. Thus, in one embodiment, fusion proteins



adj acent zinc fingers in a nulti-finger binding domain

often allows the two fingers to bind to subsites which
waneoas27s medi at el y contiguous in the target SeyESR@S029027

Accordingly, there can be g8ps of one or nore

nucl eoti des between subsites in a target site; i.e., a

: [

o e Sl e kAP Lo AR ke T B0 Ll B 3PS 15
resgicionfenmgee ald ouk ergnate miicrfinganbinding domainepwhich may or may

i xnucl eotj de sequences separated by one nucl eoti de,
no?sbee?n,gufelﬁr fnds to a 13-nucl eotide target site. See
[0B88§0 Moo Slenidlarl 39Pd AL rEtAGHorNREZ me ATRSke cRGhagd Mfhain is

98:1432- 1436; ore"et al. (2001b)  Proc. Natl. "Acad.
sepgedble foom the bmdae dogapin,anfoD This paAig0lar pizyBr]is Agtive as a

ainfG SRR BT L s S AR o BB ) Touligss
Acgbidindly, Teethe phffos€iftiad prefis BRERSure Atht Wortfoh P eie KoK 1t

I's denaoted a_bindi ng, nodul e. A binding nodul e can be,
engEReTSed dn Hip digcipsed fiigs rroteins| ip sensifpredot clegwssa bplademain.

) . o - .
ol D056 {AERPE] 0y B NGB Bt
seieedsusingotindtndeaFgel fisbanservaetusidhtpestome, sach yompiidiig & okl
can he constructed by assenbly of individual zinc
cleﬁvasgegwaéfrc?@@énamaggc%@%/rmtﬁuwaa%vwlz@aw cleavage

dofrafR VARG SRR, a%ir%%e}hse FloRRURASNEATRS § 2 Qrﬂﬂg&n%iﬁﬁing

the fusion proteins osed herein can be obtaine
dofmaprandriy ogfedd el egestel fodoneainnernl Bsste: useste Rplameters for

endonucl eases fr whi ch a.cl eavage domai n can .
tar g Blee R e I o TP e B 2 TrBer P b s are
préAGRINIshaRESS tRiIJWioRFRY endonucl eases. See, for

exanpl e, 2002-2003 Cat al ogue, New Engl and Bi ol abs,
(0B er |y, Avrlcavage dpapimercleayagg halfdagin capbe anepostiemief a

. : 88. it Lhi ch ¢l eave ,DNA

ordfS ot nertif QP oA, bl BB RN RSO LEMpRinRYE EI
dirhérive) eafon® JOAG®Nk] cledvagodedaial nucl ease; yeast HO

endonucl ease; see also Linn et al. (eds.) Nucl eases,

[01491 0 spr Exgmplary dype H seshigion WE&%S,( arg distesl in Eplle &y
A ey D TR S P B AT Sar dqmaine
anatidsebreavaigmpleatd bydibepressnt Jil3Gle. Ser) foarckampla, Roberts et al.

I age hal f-dogmin g., fusion proteins conprising
Q@ﬁ%ﬁ%‘i%@rl{ﬁ ﬂﬁﬂ@'ﬁlggmi n and a cl eavage
hal f - domai n) can be derived from any nucl ease or

portion thereof, as set forth above, that requires
di ndrableat i Somé ypellSRestrictiont Exzxmes | n general , two

fusijon,proteins are required for ¢l ge if the
fusfﬁ%Iproteins co§§p$ge cleavage%ﬁgﬁg?donains.

Al t eycaatri vely, a sigghe protei n c@mprkgi ng two
cleavage hal f - domai ns can be used. The two cl eavage

hal Acbmai ns can b®sHer]i ved Sts I
AloT Btr I TspDT I
Bae BtsI TspGW 1
Bbr7 I Cdil Tth111 II
Bbv I CjeP I UbaP I
Bbv Il Drd II Bsal
BbvC1 Ecil BsmB I

Beel Eco311



fromthe sane endonucl ease (or functional fragnents
wo Jobpé89fs) . or each cl eavage hal fdomai n can b qaid¥RA29027
froma different endonug4ease (or functional fragnments
thereof). In addition, the target sites for the two
fusion proteins are preferably disposed, with respect
to ther, such t bi nding of the two fusion
pro?%?%%fto their ?%8%@ tive target sites places the
cl em¢agéd hal f- donaipgssiv 1a spatial orientation to each
other that allows the cleavage hal f-domains to forma
f un8eeldhal cl eavag&sebhain, e.g., by dinerizing. Thus,
in ai n enbodi , the near edges of the target
sitggégre separatEEQ%§ 5-8 nucl eotides or by 15-18
nucBedf i des. Howev&lin Bny i ntegral nunber of
nuc i des or nuc%e &ide pairs can intervene between
t wo get sites ( 98., from2 to 50 nucl eotides or
mor @in 1! n general, ddagr poi nt of cl eavage |ies between
the target sites. [0137] Restriction endonucl eases
(re®mgltion enzynésplare present in nmany species and
are.ca | e of seguencge-specific binding to DNA (at a
recg@ﬂgﬁfon site),¥§ﬁg cl eaving DNA at or near the
si t ®@sgk 1bi ndi ng. Cgrihalh restriction enzynes (e.g.,
Type I1S) cleave DNA at sites renoved fromthe
rec&ghilti on site aftPHave separabl e binding and
cle domai ns. npl e, the Type IS enzyne Fok
I c§¥§g§zes doubleig%rgﬁged cl eavage of DNA, at 9
nuclBzeGildes from i tMba BEcognition site on one strand
and_13 nucleotides framits recognition site on the
ot hét$eRdee, for exgﬁbﬁé, US Patents 5, 356, 802;
5’4%§5§§0 and 5, 484,894, as well as Li et al. (1992)
Proc. tl. Acad. Set USA 89:4275-4279; Li et a
(1988)I Proc. Natl. Mgldd. Set :USA 90: 2764- 2768; Kim et
al . (1994a) Proc. I cad. Sd. USA 91:883-887; Kim
et aﬁgm’?1994b) J. g%@ll.og@hem 269: 31, 978- 31, 982. Thus,
i n greyenbodi ment, Hgsi on protei nsconprise the
cl eavage donain (or_ cl eavage hal f-domain) from at
| eaBsmdnle Type |1 SHpéStriction enzyme and one or nore
zin hbhnger bindin mai ns, which may or nmay not be
eng%ﬁé%?gd. [0138]gfgpexenplary Type Il S restriction
enzB¥pG Whose cl eawrdga Idonmai n i s separable fromthe
bi ndi ng domain, is Fok | . This particular enzyne is
act iBFBVEk a diner. BPlinaite et al. (1998) Proc. Natl.
Aca§%g§@”:USA 95 13,910-10, 575. Accordingly, for the
pur poses of the present disclosure, the portion of the
Fok Bsr énzyne used iSimtlhe di scl osed fusion proteins is
consi dered a cl eavage hal f-domai n. Thus, for targeted
doubl e- stranded cl eavage and/ or targeted repl acenent
of cAht ﬁlngér SGANROAE N agE WBtati fisidusnger - Fo/ ¢ |
fusions, Two fusion proteins, each conprising a Fold
[0141] Methods for design and construction of fusion proteins (and

polynucleotides encoding same) are known to those of skill in the art. For example,
methods for the design and construction of fusion protein comprising zinc finger
proteins (and polynucleotides encoding same) are described in co-owned US Patents
6,453,242 and 6,534,261. In certain embodiments, polynucleotides encoding such
fusion proteins are constructed. These polynucleotides can be inserted into a vector
and the vector can be introduced into a cell (see below for additional disclosure

regarding vectors and methods for introducing polynucleotides into cells).
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[0143] " In certain embodiments, the components of the fusion proteins (e.g.,

ZFP-Fok I fusions) are arranged such that the zinc finger domain is nearest the amino
terminus of the fusion protein, and the cleavage half-domain is nearest the carboxy-
terminus. This mirrors the relative orientation of the cleavage domain in naturally-
occurring dimerizing cleavage domains such as those derived from the Fok I enzyme,
in which the DNA-binding domain is nearest the amino terminus and the cleavage
half-domain is nearest the carboxy terminus, In these embodiments, dimerization of
the cleavage half-domains to form a functional nuclease is brought about by binding of
the fusion proteins to sites on opposite DNA strands, with the 5° ends of the binding
sites being proximal to each other. See Figure 43A.

[0144] In additional embodiments, the components of the fusion proteins (e.g.,
ZFP-Fok 1 fusions) are arranged such that the cleavage half-domain is nearest the
amino terminus of the fusion protein, and the zinc finger domain is nearest the
carboxy-teriminus. In these embodiments, dimerization of the cleavage half-domains
to form a functional nuclease is brought about by binding of the fusion proteins to sites
on opposite DNA strands, with the 3° ends of the binding sites being proximal to each
other. See Figure 43B.

[0145] In yet additional embodiments, a first fusion protein contains the
cleavage half-domain nearest the amino terminus of the fusion protein, and the zinc
finger domain nearest the carboxy-terminus, and a second fusion protein is arranged
such that the zinc finger domain is nearest the amino terminus of the fusion protein,

and the cleavage half-domain is nearest the carboxy-terminus. In these embodiments,
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usednzyne, and two such fusion proteins are expressed in

a cell. |.0 ' iin a cell
can result %r’e% %gﬁ“%gﬂ%l/\ﬁo%“tﬁ &@%ﬂém;oﬁg to the
[0198] | deki &y s)ﬁ‘u‘éfur@ MGe BfsPiRidicdnd zﬁi&ﬁﬁnglCis Qh&arﬁiﬂodmld

encodl ng one of th 8 proteins to the cell;

; delivery of
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e L

hy BRI acdl (ussdlREiEOSIRnNat@ifY draf®siack i Ingh&disclosed
fus?o% B;gtee?r}sl t%ee ﬁcrsr,]tariasr;dtgeoo ar z|11§1<|: ggge:trm\n/(f)lll thus often be a hydrophobic
residue, but it can be any amino acid. The final amino acid residue of a zinc finger, as
shown above, is the second conserved histidine residue.

[0148] Thus, in the disclosed fusion proteins having a polarity in which the
zinc finger binding domain is amino-terminal to the cleavage domain (or cleavage
half-domain), the ZC linker is the amino acid sequence between the second conserved
histidine residue of the C-terminal-most zinc finger and the N-terminal-most amino
acid of the cleavage domain (or cleavage half-domain). For example, in certain fusion
proteins whose construction is exemplified in the Examples section, the N-terminal-
most amino acid of a cleavage half-domain is a glutamine (Q) residue corresponding to
amino acid number 384 in the Fokl sequence of Looney et al. (1989) Gene 80:193-
208.

[0149] For fusion proteins having a polarity in which the cleavage domain (or
cleavage haif—domain) is amino-terminal to the zinc finger binding domain, the ZC
linker is the amino acid sequence between the C-terminal-most amino acid residue of
the cleavage domain (or half-domain) and the first residue of the N-terminal-most zinc
finger of the zinc finger binding domain (i.e., the residue located two residues
upstream of the first conserved cysteine residue). In certain exemplary fusion proteins,

the C-terminal-most amino acid of a cleavage half-domain is a phenylalanine (F)
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[0153] For targeted cleavage using a zinc finger binding domain-cleavage
domain fusion polypeptide, the binding site can encompass the cleavage site, or the
near edge of the binding site can be 1, 2, 3, 4, 5, 6, 10, 25, 50 or more nucleotides (or
any integral value between 1 and 50 nucleotides) from the cleavage site. The exact

location of the binding site, with respect to the cleavage site, will depend upon the
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linkbeinl saclg fiBioafprotem. ZC | i nker and t he di stance between

(0155, ' 7o Tk AR A7A rmammetcasts; o3t o aRe: DV the
ZHRESd the Fokl cleavage half-domain (i.e., the ZC linker) can 1nﬂuence cleavage
efficiency. In one experimental system utilizing a ZFP-FokI fusion with a ZC linker of
4 amino acid residues, optimal cleavage was obtained when the near edges of the
binding sites for two ZFP-FokI nucleases were separated by 6 base pairs. This
particular fusion nuclease comprised the following amino acid sequence between the
zinc finger portion and the nuclease half-domain:

HQRTHQNKKQLYV (SEQ ID NO:26)
in which the two conserved histidines in the C-terminal portion of the zinc finger and

the first three residues in the FokI cleavage half-domain are underlined. Accordingly,



28: 3361- 3369; Bi bi kova et al. (2001) Ml. Cell. Biol.

21: 289-297, noting that their notation for |inker
wOength4dsffers fromthat given here. For exanmpCejust@s/029027

ZF?-Fok | fusions in which #he zinc finger binding

domain is amno-termnal to the cl eavage hal f domai n,

théé‘f‘? lﬁkﬁ%ﬂ %glrl%lcﬁ% h'1§1 étrrlllcl) %nsgéﬁlgé %ﬁi{l&@)@ Qg ﬁ@;}rgﬁ/[o?.SCell.
Bigll 2B:289890.cThe presdsm nveh®rbhavdicogstaictedsa fixﬁnbdr béZFBgH i

r ot ei,ns e.located 6_or 16 nucl eoti des apart S
ﬁlﬁ%&%ﬁ@d@% iR hersbae! 2 akerrlcrgihtang Sﬁaﬁ“ﬁ’ge% .aflé smalgged the

cle%wga@fﬁménméébmﬁ&% nhel%age%a %tseﬁescclf%am&@es[hq gld@f’&@m

di scl osed net hods and conpositions can be use
dlséar@as/betwmﬁmziﬂm@dmgsm hSiae Exssple|4n cel l ul ar

ORI R S PR S P b
halﬂdoﬁraiﬂéﬁ@éth OEWIIM@ phrd bﬂﬁﬁlﬁglegﬂﬁ'ﬁébﬁ@é/&ﬁ@nsﬁlgzé Pigding
finger_ binding domain is engineered to bind a target
doggaing adirsteteaiiager haldomaie ged esedond ¢lesyaspinlfelomaie, Thad a
clegy%%lfp(%ogﬁﬁhﬁca%qggé lth%i sg.lgle gﬁlgncg %%% Q%qe[{eﬁge &' cf]ﬁerfe%t oa%'u 0 gmd

sequehtes, &dpl@ngias ﬂﬁym@o&bnwlelezvmebmger port| on of the
1Eﬁglon protein to.the target site, is cleaved
014t he Gleavges half-dempins nry aéqomg@d%meaaratpﬁaolé%a%q
ropb ol G IBIP0R SRR By LB Betl it
pob@elbtldanqmprsem@bmdmgmbrrfaumg&?a d:lemhga galddomain. drie deavage

I dﬁava e h?l onai n, are g)ressed in.a cell 91
aff 5 Pt 8 PR e o R s ULt epniag B
seq%}icésh% lofig h¥ el irtabn ¢ SRYRAR: BRI Pur‘tl*?errtﬁe BARidAd dgnﬁ"ﬂns

DNA i s cleaved in the vicinity of he’ t ar get
blrgh tpé@getrﬁeqme%wbmb |arﬁetmplcald;Y diapergd i smhraswet»eﬂlm gport biading

o5 bR P B AR A T
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nucl eoti des) ﬁige cl e e site. The exact
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[0158] whi ch T&lwmwb Gissii@rprpinspep bindks, thewgtonodiperesi ingh@same or

onfB b e R B B e R B G
nuﬁlb&%ﬂl@le‘éh&& e%h i®ni @ﬁ) zstmguc%g@esocﬁr dnj8ntebrablarlid ndi ng

site can 25 of nore
theneheheesn; d@get(ca)n embodlments the blndmg sites for two fusion proteins, each

comprising a zinc finger binding domain and a cleavage half-domain, can be located
between 5 and 18 nucleotides apart, for example, 5-8 nucleotides apart, or 15-18
nucleotides apart, or 6 nucleotides apart, or 16 nucleotides apart, as measured from the
edge of each binding site nearest the other binding site, and cleavage occurs between
the binding sites.

[0159] The site at which the DNA is cleaved generally lies between the
binding sites for the two fusion proteins. Double-strand breakage of DNA often



any integral value between 1 and 50 nucl eoti des) on

one side of the cleavage site, and the near edge of
woheo7serrad binding site can be 1, 2, 3, 4, 5, P6T/UE®06/029027
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1 and 50 nucleotides) on the other side of the
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Accordingly, the methods described herein contemplate the use of a dominant-negative

i

mutant of a cleavage half-domain such as Fok I (or a nucleic acid encoding same) that
is expressed in a cell along with the two fusion proteins. The dominant-negative
mutant is capable of dimerizing but is unable to cleave, and also blocks the cleavage
activity of a half-domain to which it is dimerized. By providing the dominant-negative
mutant in molar excess to the fusion proteins, only regions in which both fusion
proteins are bound will have a high enough local concentration of functional cleavage

half-domains for dimerization and cleavage to occur. At sites where only one of the



fusi on nucl eases having a variety of ZC linker |engths
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of these nucleases on a ggries of substrates having

di fferent distances between the ZFP binding sites. See
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of the cleavage half-domain that minimize or prevent homodimerization. Preferably,

one or more amino acids in the region of the half-domain involved in its dimerization
are altered. 'In the crystal structure of the Fokl protein dimer, the structure of the
cleavage half-domains is reported to be similar to the arrangement of the cleavage
half-domains during cleavage of DNA by Fokl. Wah et al, (1998) Proc. Natl. Acad,
Sci. USA 95:10564-10569. This structure indicates that amino acid residues at
positions 483 and 487 play a key role in the dimerization of the Fokl cleavage half-
domains. The structure also indicates that amino acid residues at positions 446, 447,
479, 483, 484, 486, 487, 490, 491, 496, 498, 499, 500, 531, 534, 537, and 538 are all



bi nding sites for the two fusion proteins.
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target site. Al though the aggregate target sequence of
18 nucleotides is likely to be unique in a manmal i an
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into the genome. The success rate of these methods is low, due to poor efficiency of

homologous recombination and a high frequency of non-specific insertion of the donor

DNA into regions of the genome other than the target site.

[0167] The present disclosure provides methods of targeted sequence alteration

characterized by a greater efficiency of targeted recombination and a lower frequency

of non-specific insertion events. The methods involve making and using engineered
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sequence identity to a genomic sequence with which recombination is desired. In
certain embodiments, 60%, 70%, 80%, 90%, 95%, 98%, 99%, or 99.9% sequence
identity is present. Any value between 1% and 100% sequence identity can be present,
depending upon the length of the donor polynucleotide.

[0169] A donor molecule can contain several, discontinuous regions of
homology to cellular chromatin. For example, for targeted insertion of sequences not

normally present in a region of interest, said sequences can be present in a donor
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[0172] Without being bound by one theory, it appears that the presence of a
double-stranded break in a cellular sequence, coupled with the presence of an
exogenous DNA molecule having homology to a region adjacent to or surrounding the
break, activates cellular mechanisms which repair the break by transfer of sequence

information from the donor molecule into the cellular (e.g., genomic or chromosomal)
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Thus, for efficient alteration of the sequence of a single nucleotide pair by targeted

recombination, the midpoint of the region between the binding sites is within 10,000
nucleotides of that nucleotide pair, preferably within 1,000 nucleotides, or 500
nucleotides, or 200 nucleotides, or 100 nucleotides, or 50 nucleotides, or 20
nucleotides, or 10 nucleotides, or 5 nucleotide, or 2 nucleotides, or one nucleotide, or

at the nucleotide pair of interest.
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[0158] ynucl dota rnative to or, in addition to, activating expression of gene

products involved in homologous recombination, fusions of these protein (or
functional fragments thereof) with a zinc finger binding domain targeted to the region
of interest, can be used to recruit these proteins (recombination proteins) to the region
of interest, thereby increasing their local concentration and further stimulating
homologous recombination processes. Alternatively, a polypeptide involved in
homologous recombination as described above (or a functional fragment thereof) can

be part of a triple fusion protein comprising a zinc finger binding domain, a cleavage
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Exemplary molecules of this type include, but are not limited to, compounds which
affect microtubule polymerization (e.g., vinblastine, nocodazole, Taxol), compounds
that interact‘ with DNA (e.g., cis-platinum(II) diamine dichloride, Cisplatin,
doxorubicin) and/or compounds that affect DNA synthesis (e.g., thymidine,
hydroxyurea, L-mimosine, etoposide, 5-fluorouracil). Additional increases in

recombination efficiency are achieved by the use of histone deacetylase (HDAC)
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for activation and repression of gene expression using

bréal{sdries hosrolpasts recoinhuiafipm gethe braseiasfdoner PNAmmdgine
ﬁng%P&%éx%EQ Idomam fusions, either unaided or under conditions known to increase
the level of gene correction, can be analyzed for their gene expression patterns
compared to cells that lack such capacity. Genes that are upregulated or
downregulated in a manner that directly correlates with increased levels of
homologous recombination are thereby identified and can be cloned into any one of a
number of expression vectors. These expression constructs can be co-transfected

along with zinc finger-cleavage domain fusions and donor constructs to yield
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cotransfection’and overexpression of
Expression vectors

[0186] A nucleic acid encoding one or more ZFPs or ZFP fusion proteins can
be cloned into a vector for transformation into 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
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Biotechnol. 16:757-761 (1998)) The MNDUS3 promoter can also be used, and is
preferentially active in CD34" hematopoietic stem cells.
[0189] In addition to the promoter, the expression vector typically contains a
transcription unit or expression cassette that contains all the additional elements
required for the expression of the nucleic acid in host cells, either prokaryotic or
eukaryotic. A typical expression cassette thus contains a promoter operably linked,

e.g., to a nucleic acid sequence encoding the ZFP, and signals required, e.g., for

efficient polyadenylation of the transcript, transcriptional termination, ribosome
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permit selection of bacteria that harbor recombinant plasmids, and unique restriction
sites in nonessential regions of the plasmid to allow insertion of recombinant
sequences.
[0194] Standard transfection methods are used to produce bacterial,
mammalian, yeast or insect cell lines that express large quantities of protein, which are
then 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,
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(1988); Vigne, Restorative Neurology and Neuroscience 8:35-36 (1995); Kremer &
Perricaudet, British Medical Bulletin 51(1):31-44 (1995); Haddada et al., in Current

Topics in Microbiology and Immunology Doerfler and Boshm (eds.) (1995); and Yu et
al., Gene Therapy 1:13-26 (1994).

[0197] Methods of non-viral delivery of nucleic acids encoding engineered
ZFPs include electroporation, lipofection, microinjection, biolistics, virosomes,

liposomes, immunoliposomes, polycation or lipid:nucleic acid conjugates, naked
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in long term expression of the inserted transgene. Additionally, high transduction
efficiencies have been observed in many different cell types and target tissues.

[0202] The tropism of a retrovirus can be altered by incorporating foreign
envelope proteins, expanding the potential target population of target cells. Lentiviral
vectors are retroviral vectors that are able to transduce or infect non-dividing cells and

typically prbduce high viral titers. Selection of a retroviral gene transfer system
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transfer in clinical trials, which utilize approaches that involve complementation of

defective vectors by genes inserted into helper cell lines to generate the transducing
agent.

[0205] pLASN and MFG-S are examples of retroviral vectors that have been
used in clinical trials (Dunbar et al., Blood 85:3048-305 (1995); Kohn et al., Nat. Med.
1:1017-102 (1995); Malech et al., PNAS 94:22 12133-12138 (1997)). PA317/pLASN
was the first therapeutic vector used in a gene therapy trial. (Blaese et al., Science

270:475-480 (1995)). Transduction efficiencies of 50% or greater have been observed
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vivo adm n ration) or target tissues (in vivo
genetated ibytarprodwnsy cell line that packages a nucleic acid vector into a viral

particle. The vectors typically contain the minimal viral sequences required for
packaging and subsequent integration into a host (if applicable), other viral sequences
being replaced by an expression cassette encoding the protein to be expressed. The
missing viral functions are supplied in trans by the packaging cell line. For example,
AAYV vectors used in gene therapy typically only possess inverted terminal repeat
(ITR) sequences from the AAV genome which are required for packaging and

integration into the host genome. Viral DNA is packaged in a cell line, which contains
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[0211] Ex vivo cell transfection for diagnostics, research, or for gene therapy
(e.g., via re-infusion of the transfected cells into the host organism) is well known to
those of skill in the art. In a preferred embodiment, cells are isolated from the subject

organism, transfected with a ZFP nucleic acid (gene or cDNA), and re-infused back



2224 (1991); PCT/US94/05700). [0203] In applications

in which transi ent expression of a ZFP fusion protein
wooq@veimsred, adenoviral based systens can bePrPusan2006/029027

Adenovi ral based vectors ar® capable of very high
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another route.

[0215] Methods for introduction of DNA into hematopoietic stem cells are

disclosed, for example, in U.S. Patent No. 5,928,638. Vectors useful for introduction

of transgenes into hematopoietic stem cells, e.g., CD34" cells, include adenovirus
Type 35.

[0216] Vectors suitable for introduction of transgenes into immune cells (e.g.,
T-cells) include non-integrating lentivirus vectors. See, for example, Ory et al. (1996)
Proc. Natl. Acad. Sci. USA 93:11382-11388; Dull ez al. (1998) J. Virol. 72:8463-



Lancet 351:9117 1702-3 (1998), Kearns et al., GCene
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trahdTom ADY- system may also be used to transform, as well as transfer, DNA to
monocotyledonous plants and plant cells. See Hernalsteen et al (1984) EMBO J
3:3039-3041; Hooykass-Van Slogteren et al (1984) Nature 311:763-764; Grimsley et
al (1987) Nature 325:1677-179; Boulton et al (1989) Plant Mol. Biol. 12:31-40.; and
Gould et al (1991) Plant Physiol. 95:426-434.



[0209] In many gene therapy applications, it is

desirabl e that the gene therapy vector be delivered
woi2bdv/a415gh degree of specificity to a parti ceCanus2006/029027

tissue type. Accordingly, a4viral vector can be
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[0222] Nucleic acids introduced into a plant cell can be used to confer desired
traits on essentially any plant. A wide variety of plants and plant cell systems may be
engineered for the desired physiological and agronomic characteristics described
herein using.the nucleic acid constructs of the present disclosure and the various

transformation methods mentioned above. In preferred embodiments, target plants and



patients). [0212] In one enbodi nent, stemcells are

used in ex vivo procedures for cell transfection and
wgoen®/disapy. The advantage to using stem cel PETiUS2006/029027

that they can be differentiédted into other cell types

in vitro, or can be introduced into a mammal (such as
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a Al n herapeut|
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for transduction of cells in vivo. Alternatively
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are disclosed, for exanple, in U S. Patent No.

isdlatgd By selectingestseiiegning dre angmsered planh magriabfpr draits encoded by
t
e L e S R

pesfoithébbe glfoﬁmng tHercpginetricd plapt miatesinb@gemesiaicoh@inimgrammhibitory
cellsfi1 T-cells). incl d%etﬂon |Sgtegrat|ng
amqapt pf/the @gﬁb}g@f @,rr]gerblgél@ to e MBpg geRe construct confers
I
g
scfebBE folthwiactititiesAs: aﬁ&%ﬁﬂlﬂe 80rkdFgehan(zig., ¢te Rglucpddbipe,

r [
luy?grgseeB%? rafet gecl:lgs) 2hat may be present on the recombinant nucleic acid

constructs. Such selection and screening methodologies are well known to those
skilled in the art.

[0225] Physical and biochemical methods also may be used to identify plant or
plant cell transformants containing inserted gene constructs. These methods include
but are not limited to: 1) Southern analysis or PCR amplification for detecting and
determining the structure of the recombinant DNA insert; 2) Northern blot, S1 RNase
protection, primer-extension or reverse transcriptase-PCR amplification for detecting
and examining RNA transcripts of the gene constructs; 3) enzymatic assays for

detecting enzyme or ribozyme activity, where such gene products are encoded by the



[0217] Pharmaceutically acceptable carriers are
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[OEEQnSf or nXltl iir%{o]ortcra%tt ?é%:gosr ih ﬂ%l alﬂgnelnist?ﬁonaort%olypeptide compounds,
such as ZFP fusion proteins, is ensuring that the polypeptide has the ability to traverse
the plasma membrane of a cell, or the membrane of an intra-cellular compartment such
as the nucleus. Cellular membranes are composed of lipid-protein bilayers that are
freely permeable to small, nonionic lipophilic compounds and are inherently
impermeable to polar compounds, macromolecules, and therapeutic or diagnostic

agents. However, proteins and other compounds such as liposomes have been
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Pseudomonas exotoxin A (PE), pertussis toxin (PT), Bacillus anthracis toxin, and
pertussis adenylate cyclase (CYA), have been used to deliver peptides to the cell
cytosol as internal or amino-terminal fusions (Arora ef al., J. Biol. Chem., 268:3334-
3341 (1993); Perelle et al., Infect. Immun., 61:5147-5156 (1993); Stenmark et al., J.
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destabilization is termed fusogenesis. Dioleoylphosphatidylethanolamine (DOPE) is
the basis of many “fusogenic” systems.

[0236] Such liposomes typically comprise a ZFP and a lipid component, e.g., a
neutral and/or cationic lipid, optionally including a receptor-recognition molecule such
as an antibody that binds to a predetermined cell surface receptor or ligand (e.g., an

antigen). A Variety of methods are available for preparing liposomes as described in,
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targeting agents, or derivatized lipophilic compounds, such as lipid derivatized

bleomycin. Antibody targeted liposomes can be constructed using, for instance,
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ZFP + target site <> complex

i.e., DNA + protein <> DNA:protein complex

Ky= [DNA] [protein]

[DNA :protein complex]
When 50% of ZFP is bound, K4 = [protein]

So when [protein] = 25 nM and the nucleus volume is 10721
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CX;.rl’?lllJISéS g? lflcl:'llilsle? Enl‘ el?al receptors that may be targeted include herpes simplex
virus (HSV), such as HSV-1 and HSV-2, varicella zoster virus (VZV), Epstein-Barr
virus (EBV) and cytomegalovirus (CMV), HHV6 and HHV7. The hepatitis family of
viruses includes hepatitis A virus (HAV), hepatitis B virus (HBV), hepatitis C virus
(HCV), the delta hepatitis virus (HDV), hepatitis E virus (HEV) and hepatitis G virus
(HGV). Other viruses or their receptors may be targeted, including, but not limited to,
Picomaviridae (e.g., polioviruses, etc.); Caliciviridae; Togaviridae (e.g., rubella virus,

dengue virus, efc.); Flaviviridae; Coronaviridae; Reoviridae; Birnaviridae;
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deficiency (OMIM No.102700), adrenoleukodystrophy, aicardi syndrome, alpha-1
antitrypsin deficiency, alpha-thalassemia, androgen insensitivity syndrome, apert
syndrome, arrhythmogenic right ventricular, dysplasia, ataxia telangictasia, barth
syndrome, beta-thalassemia, blue rubber bleb nevus syndrome, canavan disease,
chronic granulomatous diseases (CGD), cri du chat syndrome, cystic fibrosis, dercum's
disease, ectodermal dysplasia, fanconi anemia, fibrodysplasia ossificans progressive,
fragile X syndrome, galactosemis, Gaucher’s disease, generalized gangliosidoses (e.g.,
GM1), hemochromatosis, the hemoglobin C mutation in the 6™ codon of beta-globin
(HbC), hemophilia, Huntington's disease, Hurler Syndrome, hypophosphatasia,
Klinefleter syndrome, Krabbes Disease, Langer-Giedion Syndrome, leukocyte
adhesion deficiency (LAD, OMIM No. 116920), leukodystrophy, long QT syndrome,
Marfan syndrome, Moebius syndrome, mucopolysaccharidosis (MPS), nail patella
syndrome, nephrogenic diabetes insipdius, neurofibromatosis, Neimann-Pick disease,

osteogenesis imperfecta, porphyria, Prader-Willi syndrome, progeria, Proteus
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Indeed, any pathology dependent upon a particular genomic sequence, in any fashion,

can be corrected or alleviated using the methods and compositions disclosed herein.
[0258] Targeted cleavage and targeted recombination can also be used to alter
non-coding sequences (e.g., regulatory sequences such as promoters, enhancers,
initiators, terminators, splice sites) to alter the levels of expression of a gene product.
Such methods can be used, for example, for therapeutic purposes, functional genomics

and/or target validation studies.
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[0261] Targeted modification of chromatin structure, as disclosed in co-owned
WO 01/83793, can be used to facilitate the binding of fusion proteins to cellular
chromatin.

[0262] In additional embodiments, one or more fusions between a zinc finger
binding domain and a recombinase (or functional fragment thereof) can be used, in

addition to or instead of the zinc finger-cleavage domain fusions disclosed herein, to
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predetermined genomic sequence (i.e., a target site). In certain embodiments two of

the identical sequences or two of the homologous but non-identical sequences (or one
of each) are present, flanking the exogenous sequence. An exogenous sequence (or
exogenous nucleic acid or exogenous polynucleotide) is one that contains a nucleotide
sequence that is not normally present in the region of interest.

[0267] Exemplary exogenous sequences include, but are not limited to,

cDNAs, promoter sequences, enhancer sequences, epitope tags, marker genes,
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facilitates subsequent targeted integration of exogenous sequences (by either

homology-dependent or homology-independent mechanisms) and/or targeted

mutagenesis at the site that is cleaved.

[0270] One example of a cleavage enzyme recognition site is that recognized

by the homing endonuclease I-Scel, which has the following sequence:
TAGGGATAACAGGGTAAT (SEQ ID NO:213)
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regions flanking the exogenous sequence, to support homology-directed repair of a
double-strand break in a genomic sequence, thereby inserting the exogenous sequence
at the genomic target site. Therefore, the donor nucleic acid can be of any size
sufficient to support integration of the exogenous sequence by homology-dependent

repair mechanisms (e.g., homologous recombination). Without wishing to be bound
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[0277] Non-limiting examples of chromosomal regions that do not encode an
essential gene and support high-level transcription of sequences integrated therein
(“safe harbor” integration sites) include the Rosa26 and CCRS loci.

[0278] The Rosa26 locus has been identified in the murine genome.

Zambrowicz et al. (1997) Proc. Natl. Acad. Sci. USA 94:3789-3794. The sequence of
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herein can be used for a number of purposes. These include, but are not limited to,

here

insertion of a gene or cDNA sequence into the genome of a cell to enable expression
of the transcription and/or translation products of the gene or cDNA by the cell. For
situations in which a disease or pathology can result from one of a plurality of
mutations (e.g., multiple point mutations spread across the sequence of the gene),
targeted integration (either homology-dependent or homolo gy—independent) ofa
cDNA copy of the wild-type gene is particularly effective. For example, such a wild-

type cDNA is inserted into an untranslated leader sequence or into the first exon of a
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[0284] Sequences encoding each of these two ZFP binding domains were fused
to sequences encoding a Fokl cleavage half-domain (amino acids 384-579 of the
native Fokl sequence; Kita et al. (1989) J. Biol. Chem. 264:5751-5756), such that the
encoded protein contained Fokl sequences at the carboxy terminus and ZFP sequences

at the amino terminus. Each of these fusion sequences was then cloned in a modified

mammalian expression vector pcDNA3 (Figure 2).



sites. See, for exanple, Chevalier et al. (2002)
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[0286] For targeted mutation of the chromosomal hSMC1L1 gene, the two
plasmids encoding ZFP-Fokl fusions and the donor plasmid were introduced into
1x10° HEK293 cells by transfection using Lipofectamine 2000% (Invitrogen).
Controls included cells transfected only with the two plasmids encoding the ZFP-Fokl
fusions, cells transfected only with the donor plasmid and cells transfected with a
control plasmid (pEGFP-N1, Clontech). Cells were cultured in 5% CO, at 37°C. At

48 hours after transfection, genomic DNA was isolated from the cells, and 200 ng was
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genone- of human cells and cell |ines, using the
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amplified sequence obtained from chromosomal DNA of cells transfected with the two
ZFP-Fokl-encoding plasmids and the donor plasmid contains the AAGAAGC

sequence that is unique to the donor (nucleotides 395-401 of the sequence presented in
Figure 6) covalently linked to chromosomal sequences not present in the donor
molecule (nucleotides 32-97 of Figure 6), indicating that donor sequences have been
recombined into the chromosome. In particular, the G— A mutation converting the

initiation codon to an isoleucine codon is observed at position 395 in the sequence.



i ntegrated sequences can be identified as regions of

open chromatin or 'accessible regions" as described,
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hereln an“be us for "5 RUTbEr 6 ur pos ese
Reécombiitigionbut are not limted to, insertion of a gene
cDNA sequence into the genone of a ceL% to enable

l%‘i%r essi omeAt-AHesne spdes ﬁ)P’f%‘ﬁnéﬁ‘tﬁPﬁ"é’rast RPERPRfyiokine
reo%PQ)ggiﬁlﬁlanlmfnth@%ﬁct% 15 GPNBuRhi cﬁ‘%eﬁé?hll intef1@fikin receptors
St [

tions 1n sease or can result
(infhdimgaheZ RfILaA R ILF &R, |IL59R)ﬂLm5Raatn|ddh32 1R, g/lutamnnstm fHiggene,

indleiig R R e SR it B o b o2 endee
caﬁ’ Eaﬂ'é@ 0] i ieRd- dePéle QSﬁgﬁféﬂ)imﬁfunédé'ﬂEMc? P JeBEfor example,

| d-type gene is particularly effective. For exanple,
Puslg etal l\ﬂW)dBlppé 80 HAS-1877. néémttet@pni intthe wwosing 9laensiont ed

RSP 3, R Oy
byitiizeted altasagel and WdomkbihidtRAS lC}léav@g’éiWai ﬁ?@td‘lﬂofthla m@wﬁSby

preserved, the result is that the wild-t
degigning swe paianel 7ine fages peeteingn Thefiysh gair éﬁrééﬂwoms of Table 4)
coﬁlgﬁée%parélf’i‘é ﬁngé}%g%gﬁ&%&gh{ ?Pgo dR)tﬂu%ﬂe% 1dése§buh@ﬁ;9{ ar

guences, I'ments, such egrgt ed
contabid akagukaniopstrand ad shokude Figuan Erardm zion fhgdranotemrdesigned

RS PR e
p 13?@1%%@ YSwGPRRys df Tabltl £ BRriséd tWolz%d/ﬁ’ﬁgnei; 9fb¥e1ﬁ§ tﬁchﬁrst of

i'sease-causi ng gene | s ‘expressed, e nut ant
wigcliegegozs nyelvetides 23-34 (primary contacts along the top strand as shown in

Figure 7) and the second of which recognizes nucleotides 8-16 (primary contacts along
the bottom strand). Zinc finger proteins were designed as described in co-owned US
Patents 6,453,242 and 6,534,261. See Table 4 for the amino acid sequences of the

recognition regions of the zinc finger proteins.



not expressed. In other enbodi nents, a portion of a
W ld-type cDNA is inserted into the appropriate region
woho@/gexre (for exanple, a gene in which PCT/US2006/029027
di sease-causi ng nutati ons a6e clustered). EXAMPLES
Exanple 1: Editing of a Chronpsomal hSMO LI Gene by
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(SH@IENOLR) a | (8HEt) fD ed nmamEHQ Bn expr pEHEID vect of

pcDNA3 ( FI guiN®:89). Tabl e| RC:60%i nc Fi hyexr61esi gns| for

t he NooMIelkzinc figmeniNotaeid sefi@cez sHaem Ehomg@r oneletter@odaliestesent
resilay uiethioagh +§ hathnespdo 0w éhe ftemoftireiphehdien paduley caclegrcdmegmnt Finger
F1 fselppadiie the amigo feiyrinyg of thedoteipi t h respect to the start of

t he al pha-helical portion of each zinc finger. Finger

is closest he ;am no_ter.m nus t hepr.ot ej .
OBR) 71 nods catpr IANTIEI B B BbRCFRiGh 200 base pai
fralgfhe 864 f TN ARSAcsiindiigl t6 psitomsdE06e1D-681 97609 oivhe "-"

First, a 700 base Eair fragnent of human genom

strrecholethe ik ShisemeeRIebG Hod ubD3Y sthigrinebigssexm 3 ;@%yéf the
L4 808, B A S ATOR AT RS S genelc s
Figurerin Sh&Mnt¢d ofgeinesrs weed fanphplification el shgwgeém @able 5 (labeled
initial amp 1 and initial amp 2). The PCR product was then altered via standard
overlap extension PCR methodology (Ho, et al., supra) to replace the sequence
TACAAGAACTCGGATAAT (SEQ ID NO:62) with the sequence
TAAAAGAATTCCGACAAC (SEQ ID NO:63). This replacement results in the
introduction of a point mutation at nucleotide 25 (Figure 7), converting the tyrosine 91
codon TAC to a TAA termination codon and enables discrimination between donor-
derived and endogenous chromosomal sequences following recombination, because of

differences in the sequences downstream of codon 91. The resulting 700 base pair



DNA from HEK293 cells as tenpl ate. Sequences of
prinmers used for anplification are shown in Table 3

wO 20Tkl anp 1" and "Initial anp 2"). The PCRCp/US2M6129027
was then altered, using staidard overl ap extension PCR
rret hodol ogy (see, e.g., Ho, et al. (1989) Gene
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Table 5: Amplification Primers for the IL2Ry Gene

Initial amp 1 TGTCGAGTACATGAATTGCACTTGG (SEQ ID NO:64)
Initial amp 2 TTAGGTTCTCTGGAGCCCAGGG (SEQ ID NO:65)
Chromosome- CTCCAAACAGTGGTTCAAGAATCTG (SEQ ID NO:66)
specific

Donor-specific TCCTCTAGGTAAAGAATTCCGACAAC (SEQ ID NO:67)




anplification product (labeled "Chinmeric DNA" in the
Figure) was obtained only with DNA extracted from
woebd7aiwdisch had been transfected with the donecT/us2006/029027
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For targeted mutation of the chromosomal beta globin gene, the two

plasmids encoding ZFP-Fo/l fusions and the donor plasmid (pCR4-TOPO-HBBdonor)

were introduced into 1 X 10° K562 cells by transfection using Nucleofector™ Solution

(Amaxa Biosystems). Controls included cells transfected only with 100 ng (low) or
200 ng (high) of the two plasmids encoding the ZFP-FokI fusions, cells transfected
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sequences ﬁnucleotldes 9196839- 69196863 oOn the "+

415 baserigire Wikl e oltaiied diens senomicDIE) 1ﬁmﬂa§gemlcsqomlan@tlcm event
ha§§ Ccﬂﬂg pAs'E% i C%ﬁgli%niog&%& 19%I ﬁ%a%gl I?J\frgre i Qrgercli out

ecu e THtG" St1Ng

usihg thaiﬂumia gmpsemdahindEim@ D Grinhes® @emem girhile &fely &
di verges fromthat of chronmosonmal DNA. See Table 5 for

senmigd NG atfie Added o paghdi (e reas o nlp it onsfer ppplificatign were:
95‘5ICd (erﬁfn ?cﬂﬁ)%}efdn‘g/l 40 dvERP §Ebso¢ehy secu%bdtg gg@%%@m min; and a

frcation product
ﬁna:lbita]cvfeﬁﬁ €y dhmgenom ¢ DNA | n whi ch a target ed

R R R N R T —.
?flﬁ%gﬁ pr&ﬁlc% %s o@t&%@d oﬂlymn't'h D@Q&trﬁﬁedsf?(ﬁn cél[’sdwﬁich had

final step of The results of

be@rtaan,%@c‘@dmﬂgthﬁ h@) cm:cjo@nwm ctﬂd@nglapiaqul anﬂ|boﬁtZEﬁ~rFokI
50
ple on gk W OEER FtoPe bR o SRt i cen

chﬁﬁ@@@ﬂq@mwgmbtﬂuobﬁge donor plasmd and either of the
pai rs of ZFPFo/ cl-encoding plasmds. DNA fromcells

transfected with plasm ds encoding a pa| r of ZFPs only

500 TRBROT: BB atlon"b lafafy s bl (45 BloBld Sh0, "
L, IR0 O AR
InAlATD 2 e o] AT E G L CACAGT GEASE AR NR:s1)
Chromosome-specific TGCTTACCAAGCTGTGATTCCA (SEQ ID NO:82)
Donor-specific GGTTGACGATCGGAATTC (SEQ ID NO:83)

[0300] To confirm this result, the amplification product was cloned into pCR4-
TOPO (Invitrogen) and its nucleotide sequence was determined. As shown in Figure
18 (SEQ ID NO: 14), the sequence consists of a fusion between chromosomal

sequences not present on the donor plasmid and sequences unique to the donor



experiment using the second pair of ZFP/Fs/cl fusions

was cloned into pCR4Bl unt- Topo (Invitrogen) and its
woucl7@eti7de sequence was determ ned. As shown POTRISgW6H29027

12 (SEQ I DNO: 12), the sequance consists of a fusion

bet ween chronmosomal sequences and sequences fromthe

plARNPI Fdr e&éﬂ%@, t ICRAG Al Rk wHid}ediSup OZPP-Bitddadd 88 observed
g

convertin yrosine 9 1 to a stop codon is observed at

at prsificnis 7 48d 83 inhibe sepguere SNuctrstides SRs4UBrepseneqionce
ob u%lg tan1 ﬁi%sdoglgt%ql%%g@ocgtgﬁfmﬁg {i&% rs?(ﬁ{eéﬁgé a%‘h'ggseé sg'lﬁb'eezldzab%\r/]ed;

are s ONOr “an
nu€lB6tIe FOIBTS apdsbqerdes 66hahes t¢Hh-dohar aidehe chratRséae tdne
chronosone. The presence of dongr-uni que_sequences

nuglgqtides At 1Aare upldeg 1q Beshpmasens. pheseyplent inkage of donor-
; . A
s MOREE Rl 50210 LR S st

recohtbimatien o tHeyddnommqagar st thecorrbétriadusonthifdangenems of K562
ﬁgiting of a Chronpbsomal b-gl obin Gene by Targeted
CCcombi nation [0296] The human beta gl obin gene is one
of two gene products responsible for the structure and
function of henoglobin in adult human erythrocytes.
Mut dixiaonde #nZFRddkd tlimkgt OAC hinfereoptamizatiel t i n sickl e

| anemia., T ihe fin rotei ns,were designed to

fifihg oi' o e BRI AR bR R el S8R L
foutUd PV FH ®intlih £8om M &fis fiea t 8 ForbdIefagshakiemeRl bsing ZC
~anem a. Figure. 13 shows the nucl eotide sequence of a
linkers of verias lengghsh rhgrianget stedoiobe AFEan é‘;Aéﬁ?é"%%AMpAéléﬁ'
(SE RO AR 8 050 URORESRE SR MR B
thisaghien vaih redpetite thieaagof the aiphadgliRnsf sath bhthetzie friges were

finger proteins are shown jn Table 6. Sequences
as &llogsi (Wge@akﬁl srthe Rozast; 3t A ths Ganesy ZH]G#"’&% Fwer e

fus .bgsqiqggg@g%q@@cg@' ng a Fokl cleavage

hal f-domai n, as described above, to create engi neered

ZFPHacSB3NESRi(BEQ DaNGeted t he endogenous beta gl obin

gene,, LN sequences was then cloned
in ?ﬁeﬁsﬁwﬁéﬁf@%ﬁ\@ﬁbn vector pcDNA3.1 (Figure

14) FhaphNsNRIK @Htp1iriNtgigs) Designs for the beta- gl obin
Cene Note: The zinc finger am no acid sequences shown

[03Bdve (i AIBnkEckldusiens, soukirh thepfersmentioned; Zfebinding domain

anl APl PSSP bRRRTGE bRl S0P i% §ut 120 o i

rediduct,| W& Sbndticicde Fash 8OthbRIproteits vals tédial for olevage odind
Finger F4 is _closest to the carboxy. term nus.
su]eﬁéﬁa%ﬁh

, [0297]. A
PRinG 3B esesiird repgat Afthar HR tprat site| Withwspests pararated by 4,
b | {6 fFagTs n genom c DNA
> g’ggﬁég’;%ﬁg?’n%@tlg nchg%tB%lsggéf%ﬂZlM - 5212833 on the
[0303] st r afthe afnifdhacdesmercet bf (HBLfASon LEBGukisninrth&egomeof the
ite)I,vvas,a If’lfiefl . . ‘
ZFP-Fokl junction ?velt the ZC linker sequence underlined), are as follows:

10-residue linker HTKIHLROQKDAARGSQLV (SEQ ID NO:89)
6-residue linker HTKIHLROKGSQLV (SEQ ID NO:90)
S-residue linker HTKIHLRQGSQLV (SEQ ID NO:91)
4-residue linker HTKIHLRGSQLV (SEQ ID NO:92)

3-residue linker HTKIHLGSQLV (SEQ ID NO:93)

2-residue linker HTKIHGSQLV (SEQ ID NO:94)




by PCR, using genomic DNA from K562 cells as tenpl ate.
Sequences of priners used for anplification are shown
wonooFabkms7 (I abeled initial anp 1 and initial Pamus2)06/029027
The resulting anplified fragnment contains sequences
corresponding to the pronoter, the first two exons and
the first intron of the human beta gl obin gene. See
Figure 15 for a schematic illustrating the | ocations
[03@#] exonsTlne saagerxes pfithefviarigus ¢leavapmsubaietes, e thphie AEP target
sit g illﬂe Sshf ﬁothe beta gl obin sequence. The cl oned
1659161%{ ® B1&n°Y¥rt her nodified by PCR to introduce
4ba sepdraafios equeTgEACTratgescirat vazan TokEarantdcdas 305- 336
(as shown in FATETRATESECTUNIETCTTEpFHTRETAYATSequence
CCGTTACTGCCCT@W@TGAACGTG (SEQ ID NO 78) with

AgTGCCCGAATTCCGAt cGTcAACcac SE 1D NOY 9)
5b}g( (,sﬁB 4% n b CAT gﬁ; éﬁﬁ: %ﬁ@ghom in
| ower case) vvergEnggq 1 engi Reer e prevent the

ZFP/ Fo/ cl fusion proteins frombinding to and cl eaving
6b Repganakn sequengearaneecidiregicatascicatarddeacTac
chronosone. | pasxdirtimeccedahcodcTohecsequeraeredmnges
enabl e di scri tdE@atrtbaro:&t ween donor and endogenous
chronosomal sequences foll ow ng reconbi nat i on The

7bp ESRPYRHGR 700 CHASETHEICE %\%’F ARAHACHRCTCOERFIAGE
pCR4- TOPQ, \mﬁﬁge _ H?%?TﬁTE%FCgE%Té*ﬁ%%C
honol ogous to UITER °genone (Figure 16). [0298] For

8bb a.; getad Ut abhQiaRta s SREARRRARRACTReE 2080z, gene,
the two pl asnigsccengndicigcdbred@irdridistonsrtanchiche
donor pl asnmi d (§pCRA-NPE, HBBdonor) were i ntroduced
into | X | 06K562 cells by transfection using
IbNsebaftact or ( EHCCEBTARGCEACTIAABACRCEL TGEIBAt r ol s
i ncl uded cel | §ATWHFWT®T?W%W% TREBEF or
200 ng (h| gh) (8% fRe"3W8°pl asm ds encodi ng t he
GFE PSS fuse_a SRR L1RR8S %%kg Yk
12 separa 1 C T
1 8667800 Ag TRLR ok e agon S
t ransf ect ed w gﬁb Q_GEET@'WO‘UI ng pI asm d, and nock
transfect ed ceI I's. Cells were cultured in RPM Medi um
1596 48p4datibh I 0 geagCATSAUCEREEIChechatR M ALBCA AT atATIOVEITRAG
serum (FBS) ( E@tmwsﬁw@egwmwmmwﬂwAwe
rral nt ai ned at (SFDED; ¥ :dA[2at rmsphere of 5% Ccx2. At 72

urs after transfection |so te COTAG

o e co | LR A Ea S PRl e
PCR anpl i fi cal Ll Touss g3 Pe P enen to a
regi on of the gene outS|de of |ts reglon of honnlogy

17M tsBpihe i denoersrguentesaéritaheniccd e ro2d 2883 SRR/ TAG
on the "-" st carctrafiradocommrsenestttr TCABICE TEREMITATTACGATC
primer conpl errerg apyNa:goa) regi on of the donor nolecul e

into which distinguishing nutations were introduced
22hms6P# IS L8Bnor  sequence see S g})@%g The sequences of

E Eﬁgé gﬁ%@%c -ﬁé@g TGCTAG

'I‘TAC GATC
26bp separation
CTAGCATTATCCGAGTTCAACCACCAACCACACCAACACCACCAACTCGGATAATGCTAG
GATCGTAATAGGCTCAAGTTGGTGGTTGGTGTGGTTGTGGTGGTTGAGCCTATTACGATC
(SEQ ID NO:106)

[0305] Plasmids encoding the different ZFP-FokI fusion proteins (see above)

were constructed by standard molecular biological techniques, and an in vitro coupled



"donor-specific," respectively). Using these two
prinmers, an anplification product of 415 base pairs
woi2bd7/oe7ebt ai ned from genomic DNA if a target edT/US2006/029027
reconbi nati on event has ocodrred. As a control for DNA
| oadi ng, PCR reactions were also carried out using the
. . | r‘
trads b i oo et FRtofesP L TR ESI MO0, Por et
constract) 2@hng Dosuiztd plasmiddDNANW4S ihtwtatddan 20edeTnD ﬁﬁ:Candz
mn, followed by 40 cycles of 950C, 30 sec, 6C0C
inculaed HEOEC for ipur At Sminues Téﬂéﬁ”(ﬁon@@@d 00114 %Trﬂysa‘fe

HEFRAATLIAL U R Lo
(199@1?@@5%%@1 ¥ovhth DNA extracted from ceI | s which

been transftect ed wWith the "high" concentration of
[0306hor pl HenamhlmiscoTINA ckiaPagedM the diffirets ZRPofighlfusions, 1 ul

or St A S al SERER PP R oPh SRR BT PRSPl
app%ﬂkﬂaftélyr@tﬂgqmﬁréuﬁame (ena-1i0eedvimitPheing T sdlimiciRtige

300] To confirmthis result, the anplification

klnpm),omxdtthmxwteo\mwdﬂmddom@iml valgre O(f LAl withigieat) Cdesarage

its n otlde sequence
Bufieg e (8 T KoR et 0 THHaD CE O AL Soraneh abf 1g v
S e
Zn{lﬁ b gﬂvﬂgfff’lgﬁg@ %EEE zg%@ ”%hrglﬁlgg}él Eﬁllgzrblgfb}e Rfﬁﬁﬁﬁ%a’c&f‘for 1
ho@lanarPCasy @l of ikl budierphieo cémbinfugrd MM gL, ovis thidni azlded and
di srupt ZFP-bi ndi ng are observed at positions 377 and
mcgsalanmsr;@n@emsﬂeﬁqt ene haye b3t GeBrodein vapogxiregiedlepdding 10 pl

R e T T

phasds. 3Tén Ri@oBEAHUTIRESque sé¢ RoinhAclkiactiorawds dfagyzed by
chronmosonme, and nucl eotides 1-72 are unique to the

ele@%@l&‘?ﬁ@éﬁ@ a ife R@b‘f(ﬁﬁl)’é@}*ilﬂld? Bkage of donorspecific and.
onoso geng A

t hL succ ggl S %Wésfegg o %&ﬁg Ingtﬁfag J%nﬁﬂ?’d onor gglgg cegﬁggency

fortdach EBP+R flstusibyirdtbpair tvhecderlame by fpukiiaingehd mdioactivity
nple 4. ZFP-Fokl |inke ZCI| ker otlmzalon

in ‘[’%@M?ﬂ?SPBPé@g tq Baleed i cléweé gzé}“ o QbR ieal
raddShcBl B \%RE %F%%gﬁﬁgeﬂ% }Sercéntfcxgé%f the &QﬁfraéEEct%@%éme in the

omai n’'was fuse ¢l eavage hal f-donmai'n, using
baﬁﬁrbpmk&atmgofeavaelmo@ctsengt hs. The target site f or the

EP is 5 3. EQ 1.D NQ h no
loégrd seq J@ﬁ 6%%‘ of Weexpg%lgé% a?? gf’?%ﬁ‘a%%? 66%1 pg]tsllis t%ia%rﬁ1 lows
the]selelafl&‘ﬂ oha 76 IM&PtHa?ﬁﬁﬁﬁ%s bstirhin@ cidadiide éi'ficffeﬁ%/ for a given

hel i x) each the zinc fingers wer

al pha
targ@lSitowa(mr é]hms dta also @M@Nhﬁéglﬁctlcmmf Iinkger; 1§n$th%that allow

clegvage att a‘s lectecfi palge% earget sites, but discriminate against cleavage at the same

or similar ZFP target sites that have a separation that is different from that at the

intended cleavage site.



FI: DRSTLIE (SEQ I D NO 85) F2: SSSNLSR (SEQ | D NG 86)

F3: RSDDLSK (SEQ I D NO 87) F4: DNSNRI K (SEQ | D NG 88)
wpQa0AN42ZFP- FOM f usi ons, in which the af or emenPComsg006/029027

ZFP bi ndi ng domai n and aFok# cl eavage hal f-domain were

separated by 2, 3, 4, 5, 6, or 10 am no acid residues,

Ta¥E 8- DNONG e e @i@ncy Eﬁ'QL‘n&Q 7t RERS 1enE 0 :ﬁidﬂfﬁrl&@%mﬁﬁ§ tigd
seph@fiomsk eavage of substrates having an inverted repeat

of the ZFP target S|te with repeats sepal ted by 4,

a
Dreskilie 4Rsiddd 5. ddaue’Eres ﬁggepal r's.
I’? 8 e I'%S& u ]t [?i ?
%gﬁgffucts%' gﬁ% reg? I4e ZFP-E omujsg tion
)

WPth the’ fC &r azu/énce q?r{‘blerl iPR&d é as

8Pl ows: P re3|88tf?e I| AKer HIRIHLRORPRARGS(E® ( SEQ I D
KePg89) 6-19&si dudS%i nkePORTKI I-‘ﬁPPéO(GS@?(S’ (SE%%@D NO: 90)
8bpesi due 04 nker OUTKI HLEOGSOLN A SEQ2R1D NO:
4bpesi due 24 nker SHTKI HRRGSQLV HSEQ I@’/ONO 99)% 3-r esi due
12pker HTRA | LG3QkV ( SEXxD NA093) 26P%si dudd%bi nker
156l HGSQLAS SEQ7B® NO: 978 [ 0308F6 The 95%quenss&% of t he
\ebp ous cloeavageonubstiobes, amd h t 98%ZFP 8&get sites
tmgper | i nedy, arezaw fol fows: 4hps sepasat i ong2%
o1 TTARGCCGAGTIACAC ARCTCOARYAAT GBEFAG God%
SSTATAGGCTHGAA TGRGTTGAGL TATTAGGATC g4 HBEQ | B3l 95)
* 100 Bor3RP AL AL QUL IFPAT AT Q%%IM DA AT A residues
sep Ghe G G DI ad G aGRG Ghd AR AEMENA S5 ates
with Be N@cRednlimbh Br 5.6pass 8dph0ihg G AGKATPAECOHOGTT GARGAL

AACTCGGATAAT GACTAG GATCC GIAATAGGCTCAA

[056D$CT GT TEHEZED A f G GithI6 @ ﬂeBdﬁle?e@ tﬁ@@mmo acid
separati on CTAGCATTATCCGAGITCA T GCTAG

SequATC® mMEWMW@WAMW@r@E@HRﬁS

lmjg‘lc%é?@gg&g-%é %@t 1 Oef]was changed TTtA EQ&%%EW%S) TGGS
(SEQ ID NO:109), GGGS (SEQ ID NO:110), LPGS (SEQ ID NO:111), LRKS (SEQ
ID NO:112), and LRWS (SEQ ID NO:113); and the re.sulting fusions were tested on
substrates having a six-basepair separation between binding sites. Fusions containing
the LGGS (SEQ ID NO:108) linker sequence were observed to cleave more efficiently
than those containing the original LRGS sequence(SEQ ID NO:107). Fusions
containing the LRKS(SEQ ID NO:112) and LRWS(SEQ ID NO:113) sequences
cleaved with less efficiency than the LRGS sequence(SEQ ID NO:107), while the
cleavage efficiencies of the remaining fusions were similar to that of the fusion

comprising the original LRGS sequence(SEQ ID NO:107).

Example 5: Increased cleavage specificity resulting from alteration of the
FoklI cleavage half-domain in the dimerization interface
[0310] A pair of ZFP/Fokl fusion proteins (denoted 5-8 and 5-10) were
designed to bind to target sites in the fifth exon of the IL-2Ry gene, to promote
cleavage in the region between the target sites. The relevant region of the gene,
including the target sequences of the two fusion proteins, is shown in Figure 19. The
amino acid sequence of the 5-8 protein is shown in Figure 20, and the amino acid

sequence of the 5-10 protein is shown in Figure 21. Both proteins contain a 10 amino



GATC GTAATAGGCTCAA GITGGTGTGTTGAGCCTATTACGATC (SEQ I D

NO. 99) 9bp separati on CTAGCATTATCCGAGITCACACACAC
WOALIMBEAAT AAT GCTAG GATC GTAATAGGCTCAA PCT/US2006/029027

GIGTGTGTGTTGAGCCTATTACGATC 95SEQ | D NO: 100) 12bp

separ ati on CTAGCATTATCCGAGITCACCACCAACAC AACTCGGATAAT
aciPZA IR T GGt ARG i GhESARATA TRATA C

(SEQ ID NO 101%6515bp gg%a%%%@ e _
tar G AGETTHT TADOACTARQBACED AN TRooEATiom TegBIBAGthe zine

GATCG TAATAG?(% GIGGTGGTTGGTGTGT TGAGCCTATTACGATC
ﬁ“@%ﬁ{?? BRSO 18 %ﬁGbp separati on
CTAGCATTATCCGAGT TCACCACCAACCACACC AACTCGGATAAT GCTAG
GATCGTAATAGGCTCAA GTGGTGGI TGGTGTGGT TGAGCCTATTACGATC
(SEQ | D NOT'2ble)9: ZimgpFingpr Pgsigpnfor the IL2Ry Gene
CTAGCAT TATCOGAGT TCARCCACCAACGACACL, AACT ATAAT TGCT
9 CTTCEIGGETTIGGIGRCGTTG F ATTACGAT
( SEQ || ACOCTCIGGA2hRSIANES AL i RWAHRIN | RSDTLSE | ARSTRTT

CTAGCATAGTCOGAGT TCAA COAGREAACAC AASTISCCATAR 1D
gﬂé% @W; O ) cea A PARL A ENOLED, o | JHO:118)

1539 AebACAGIAAT o RSDSLSR | DSSNRKT | RSDSESV | DRSNRIT
CTAGCATE KFCCGAGT TCAACKIAQTIAACTASAQUMACACHREID (SEQID
AACT CHEREAAD ROTAG) GAIG: 1 SHAATAGSIDPEM | NO:122) | NO:123)
Gl Tt Lt 2isbailadddainb @iltedbhdrkd l0%Adbblt (i ¥ed Bitde chdoRbprisbht
restibds - 110G} gh[+8 3R resficRs M Sigrt MGARhANG Lidaportibn fof @EHEAMc finger. Finger
F1 ZlcidschiQé tle firhisio @it ot pigei{. See above) were constructed

by standard nol ecul ar bi ol ogi cal techniques, and an in
vitro coupl edtranscri piirl of%t,ransl ation system was used

[031d] ex pr eddreahtlitept plgpepmBIoteR} togakilyZS SRE R e Eleavage
ofi?g\f]% Bgtwleksl AR i @ga&{@eg (o,s%g;ugfwfﬂﬁéétt@ét&ﬁzgl @1%3 QsiBk a

m x and 1 ncubated at 30 C our an
labeladUDNA. teffipBtadontdwing diertargeO@qnincenid khysying f¢Fthe peagence of

NIRRT TR A

were used (Table 10, first row). However, the 5-10 fusion protein (comprising a wild-

type Fokl cleavage half-domain) was also capable of aberrant cleavage at a non-target
site in the absence of the 5-8 protein (Table 10, second row), possibly due to self-
dimerization.

[0312] Accordingly, 5-10 was modified in its Fokl cleavage half-domain by
converting amino acid residue 490 from glutamic acid (E) to lysine (K). (Numbering
of amino acid residues in the Fokl protein is according to Wah et al., supra.) This
modification was designed to prevent homodimerization by altering an amino acid
residue in the dimerization interface. The 5-10 (E490K) mutant, unlike the parental 5-
10 protein, was unable to cleave at aberrant sites in the absence of the 5-8 fusion
protein (Table 10, Row 3). However, the 5-10 (E490K) mutant, together with the 5-8
protein, catalyzed specific cleavage of the substrate (Table 10, Row 4). Thus,
alteration of a residue in the cleavage half-domain of 5-10, that is involved in
dimerization, prevented aberrant cleavage by this fusion protein due to self-
dimerization. An E490R mutant also exhibits lower levels of homodimerization than

the parent protein.



[ 0306] For analysis of DNA cl eavage by the different
ZFP- FoM fusions, 1 ul of the coupled
wonresTaasi7pt i on/ transl ati on reacti on m xture wWagCT/US2006/029027
conmbi ned with approxi matel w61 ng DNA substrate
(end-1 abeled with P using T4 pol ynucl eoti de ki nase),

[03@3{1 the 1 Xddiish, WRss- d?lrd%élﬁ%sqn@lﬁéml 1tsVdﬂn@ﬂEatfé>h id@rfhde
h Fokl O eavage Bu Fokl Cl eavage buffe

by teptacingntie Zbitaminer(Q3 residue pp@ithn 485 with slitamic IleldrfE’D This 5-

8 (GASe ey At e B S ARy g G Bt oo it e

preb@ice o uilithe @ila Ay ot @britéls oBtheM- MyEDOKhastihe DNA
added and i ncubation was continued for one hour at 37

clegyagpiss aoholsgrvedprheadhelabelgd sehsiralg wias ipgubated in the presence of
[ eRGH 5h.e [
o R A L B S 0P TR ) SOl ot has
obtained &®tech e]n$5-:8f((148 6Epandeso LG ([pI9aEe nfutants warshiseé acddnshination
S.ana ed by el ectrophoresis on a 10%
(Ta& %cﬁ‘%% hi de gel. [0307] The gel was subjected to
(034} T adi g%@q@yuusqmcatt@ﬁla@bwaesva%é fbycal myozﬁ%ms@ﬁmem
- FoOM fusi on/substrate pair was cal cul ated by
pam,un Iﬂglcﬁlw atigertthan thatdiediaed by theytangnt ssanetses of the $wo fieiany
aved. and. cl

trat
proipd o B Betiron ¢y PO BeeBrifh P st Re il redialehyd
clebW@ethatfadontagl 0@t dr\botyoMhE AR groteilde bands
Tabpe OS‘eI eﬁ f%le%(f %ﬁﬁi}l‘ﬁﬁ fﬁﬁ@l{l g%t‘aiﬂ ]g‘ﬁf &Wtélﬂ}ﬁE wild-
ths that -allowe vaoe a—selected—pai+
the same or simlar ZFP tlaleydinsites that Have a
Varl Dbt pfesédtnker I engt hs @gyg P4GOK OUS bi ndijingRi t e

representing cl eavage products. [0308] The results of
Vgn?t%gﬁ given

sépaf Aiidbtypeliakl i s di f f er|éWildityeanFoMat _at t|wetificended

SgPal &4 eﬂo%l 2=TesT dUerF1 a5 Ue 4_f,eS' Hiecific

this experiment are shown in Table 8. This data allows
clemirec l{g WU al | ows the sel ection of

of t hZE&5-8ibinding domajn scr4JH’Fa]t03“§b gnst dl &Nég"geaé(f’ge

cheavawepskér. Tabl e 8: DNAWillegyageilef fi ci gndon-dperific

5<resi STdue TESI 196 %669 490
£ Spe Eék‘f STaue TeSTug R FGH0 8170 TR0 070
u P 70000709970 070370 IJ.L70 " JO570
780% 1 ﬁfﬁﬁon 2004 8006 ZAEANE bo 09 0B HE0, 2204

63% 9 bp 2% 6% 23% 9% 13% 51%
Note: Each row of the table presents results of a separate experiment in which ZFP/FokI fusion

proteins were tested for cleavage of a labeled DNA substrate. One of the fusion proteins
contained the 5-8 DNA binding domain, and the other fusion protein contained the 5-10 DNA
binding domain (See Table 9 and Figure 19). The cleavage half-domain portion of the fusion
proteins was as indicated in the Table. Thus, the entries in the ZFP 5-8 column indicate the
type of Fokl cleavage domain fused to ZFP 5-8; and the entries in the ZFP 5-10 column
indicates the type of Fokl cleavage domain fused to ZFP 5-10. For the FokI cleavage half-
domain mutants, the number refers to the amino acid residue in the Fokl protein; the letter
preceding the number refers to the amino acid present in the wild-type protein and the letter
following the number denotes the amino acid to which the wild-type residue was changed in
generating the modified protein.

“Not present’ indicates that the entire ZFP/FokI fusion protein was omitted from that particular
experiment.

The DNA substrate used in this experiment was an approximately 400 bp PCR product
containing the target sites for both ZFP 5-8 and ZFP 5-10. See Figure 19 for the sequences
and relative orientation of the two target sites.
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zinc fingers, are given in Tab (f
reactions were as follows: the template was mltla ly denatured for 2 minutes at 94

degrees and followed by 25 cycles of amplification by incubating the reaction for 30
sec. at 94 degrees C, 45 sec. at 46 degrees C, and 60 sec. at 68 degrees C. A final
round of extension was carried out at 68 degrees C for 10 minutes. The sequence of
the final amplification product is shown in Figure 23. This 795 bp fragment was
cloned into the pCR(R)4-TOPO vector using the TOPO-TA cloning kit (Invitrogen) to
generate the pCR(R)4-TOPO-GFPmut construct.



Table 9: Zinc Finger Designs for the IL2Rg Gene Not e:

The zinc finger am no acid sequences shown above (in
wones7leasz7er code) represent residues - 1 througoTAB82006/029027
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( E498K): nut ant ,
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together wwth the 5-8 proteln

cat pe substrate (Table
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Note: The zinc finger amino acid sequences shown above (in one-letter code) represent
residues -1 through +6, with respect to the start of the alpha-helical portion of each zinc finger. Finger
F1 is closest to the amino terminus of the protein, and Finger F3 is closest to the carboxy terminus.

[0317]
(e.g., U.S. Patent No. 6,534,261), cloned between the Kpnl and BamHI sites of the

Sequences encoding these proteins were generated by PCR assembly

pcDNA3.1 vector (Invitrogen), and fused in frame with the catalytic domain of the
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the cl eavage hal f-domain i m9one or both of the fusion
proteins. Table 10: DNA cl eavage by Z /Fokl fusion
' | i i@ TH40 J @F Mbdit er Gl 9B Gene
FOkﬁ gﬁéﬁgglﬁglﬁn%ﬁl&ﬁ%@Egé hngrg\cl)&vf\jt%% %taﬁ?e@teabl e ﬂiyes e ng sm
80: 1852085 Th resulibrezmonseicéxwepmened paDNWAch GEERS] Fok) and

fusi t el re sted for cleavage of a | abel ed
pcmé'i{ﬁ@Q%&e%oﬁé%u{ﬁéﬁhe f usi on proteins contai ned
the 5-8 DNA bi ndi ng domain, and the other fusion
protein contained the 5-10 DNA bi ndi ng domain (See
TabExamplerfd Faxgsted ingjra RN A Pléa‘mgémfgﬂsgnaé dhs BBEET on

Nu@fatege fusion proteins was as indicated in the Table
RYSY the entries in the ZFP 5-8 colum indicate the

[0318)pe of Tid SCR{FHAVEQRO e anut coustamtt (Rxazfpe 6) Bas @ed td he
providers tEmelaie-ge aihs spigeal 16 28R E e Mgt t
spegilrf%%gﬁ'}afé% fahd ﬁllgggﬁ’%%t@@&ﬁi clthg this MRk fidBloph DI eGFPhR vitro.

0] ;
aci d”resi e Fokl protein; the letter

[03plecedi nd DNA fragmiret contdieing thodefbdivarehiPagicdding deseritwam
obthar By PHE ARSIt e T4 o TaF et JER s

TOPESGHPRVASEPAACeThiE RaBRBE s oha-1adged i y-€8-ATP and T4
protein. 'Not present' Indicates that the entire T
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expe nt. . The DNA substrate used mthis expepment was
508‘?48%‘33?‘6%81” 'y 400 bp PCR product containing the
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see, e.Qg., Tsien (1998) Ann. Rev. Biochem 67:509-544)

RNdopolgimerasg, Rrhanege MadtiscaniWid supplemeied itk 2td Methipnisdl
(1995) Nature 373: 663- 664:

65 (ser to thr), imet al
mMh#ndet R %ZHQIZ.&@ lfg\gh) Gene 173:33-38. An eGFP-based
orter ' QAN HEL 8HqRYs §6Messh b'the287 and 296
[Oﬁgfect i vga%/%{raﬁ%%‘lﬂ?%e eGP g(E;éene(f1 whi ch contained a
costl@ptrasdaipti@ritarsiadioh peattiomamsttivfes wene eqriined, Then serially
.sequence of the. eG: ene i.s shown i Ei . gur e
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labeled with 3*P using T4 polynucleotide kinase as described above), and each mixture
was further diluted to generate a 20 pl cleavage reaction having the following
composition: 20 mM Tris-HC1 pH 8.5, 75 mM NaCl, 10 mM MgCl,, 10 pM ZnCly, 1
mM DTT, 5% glycerol, 500 pg/ml BSA. Cleavage reactions were incubated for 1
hour at 37°C. Protein was extracted by adding 10 pl phenol-chloroform solution to
each reaction, mixing, and centrifuging to separate the phases. Ten microliters of the
aqueous phase from each reaction was analyzed by electrophoresis on a 10%

polyacrylamide gel.
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individually for doxycycline(dox)-inducible expression of the eGFPmut gene by
quantitative RT-PCR (TaqMan®).
[0324] For quantitative RT-PCR analysis, total RNA was isolated from dox-

treated and untreated cells using the High Pure Isolation Kit (Roche Molecular
Biochemicals), and 25 ng of total RNA from each sample was subjected to real time
quantitative RT-PCR to analyze endogenous gene expression, using TaqMan® assays.
Probe and primer sequences are shown in Table 13. Reactions were carried out on an
ABI 7700 SDS machine (PerkinElmer Life Sciences) under the following conditions.

The reverse transcription reaction was performed at 48° C for 30 minutes with
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[0325] A donor construct containing the genetic information for correcting the

defective eGFPmut gene was constructed by PCR. The PCR reaction was carried out
as described above, using the peGFP-NI vector as the template. To prevent
background expression of the donor construct in targeted recombination experiments,
the first 12 bp and start codon were removed from the donor by PCR using the primers
GFPnostart and GFP-Xba (sequences provided in Table 14). The resulting PCR
fragment (734 bp) was cloned into the pCR(R)4-TOPO vector, which does not contain
a mammalian cell promoter, by TOPO-TA cloning to create pCR(R)4-TOPO-
GFPdonor5 (Figure 28). The sequence of the eGFP insert of this construct
(corresponding to nucleotides 64-797 of the sequence shown in Figure 22) is shown in

Figure 29 (SEQ ID NO:20).
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was measured by monitoring emissions at 570 nm (y-axis). Cells exhibiting high

fluorescent emission at 525 nm and low emission at 570 nm (region E) were scored
positive for gene correction.

[0327] The results are summarized in Table 15 and Figures 30 and 31. Figures
30 and 31 show results in which T18 cells were transfected with the pcDNA3.1-
GFP287-FoklI and pcDNA3.1-GFP296-Fokl plasmids encoding ZFP nucleases and the
pCR(R)4-TOPO-GFPdonor5 plasmid, eGFP expression was induced with
doxycycline, and cells were arrested in G2 with either nocodazole (Figure 30) or

vinblastine (Figure 31). Both figures show FACS traces, in which cells exhibiting
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coriaint (BN (ke Ut RS b TR AR o G Bi Bl
explriaBit iakiows 1R oPCRdIansl ysis, total RNA was isol ated

from doxtreated and untreated cells using the High
[033%]r e | sdhawmEHrKthese REpEFENINS oW that: B e essencs %f)%,VO &g

5n f f | a Inaetes e
mofedeet Y oo ber SRR ARG PR Aeftes AL UREL AL 20
cor@€tish, exditastivieyelusicogectog Mas (ndreasd dybsfoldpy brmesting treated

prinmer_sequences alre ?hovvn in Table 13. Reactions were
cells &y the &8 Rhage ohihg selABYC%700 SDS nachi ne (Perl dnEl ner
Life Sciences) under the follow ng conditions. The
reverse transcription reaction was perfornmed at 48 C
f orT@fle AbnGomzction hfdefesive thaomogemgbeGFR geBe | pt ase
(PerkinErmer Life Sciences), TolTowed by| aplQen{MdiViGih

denat prati on step 950C. ;Pol ynerase chain_r t
EXRER) | was carried o ’Eeagﬁ“{“ht Anpl i Gol d DNA poﬁofll%e%?eéfaegﬁm)

(PerkinElner life Sciences) for 40 cycles—at QEERE £ o
1% secgo@lsg antbre@@BC for 1 minute. Results were 0.01

ggal y7f&0ﬂgszﬁgn2%5g fof g‘égﬁ&j on 1.7 software andygge

O\ D
A=A AN

H— Fgutee—=/— Wt eXpressron Uf te eu:P !
géne 1@9@%?8@%&3%@WJBQQI on of _the hllna_n_%DH_i

gane. | A RUMAFPr28gf+ S@hé ZEP 196 +300iri dondr 1.2
dgxycycliine-de nﬂent Qe)éﬁ’er ession of eG-P| line 485(TI
_873_»@;_%33&&@53‘ S8 e H—re—for—firther—

studi ess 4 Fab? M ginblBstironucl eot i des for HRNA an&t¥sis

BExanpl 65 ¥8noCRE FaL iloongﬂ‘m@o%ua%leselquen f, for 0.01 5]
correttTgn of —a_uef ectiye, chrpnosonal eGrP gene
A8danoRo daRe% W@%r&gﬂ'ﬁ?ﬁ@gas}ﬂ% geneti-ei n‘?or n'a(‘)‘g(?o..
for C()ﬂoengiZt‘ﬁ‘QZBWé}%éEéﬁGO\lg@@PUUt gene was
CONST4pb & AP B6B400iR S FRe RA6E T ON was |car ri ed.oput
as—descrtbed—above,—usiT lgﬁ%%% N evgcTor ag ,he
t Shpl AOARE T8/ 310 HeAR A oy 1o or BE
domor | gonst 1eCHg/mhndcadagelt ed r econbi nati on exper B@Ent s,

13 as 11 +0.2 uM vinblastine 2.56

Notes: ‘ _

1: T18 cells, containing a defective chromosomal eGFP gene, were transfected with plasmids
encoding one or two ZFP nucleases and/or a donor plasmid encoding a nondefective eGFP sequence,
and expression of the chromosomal eGFP gene was induced with doxycycline. Cells were optionally
arrested in G2 phase of the cell cycle after eGFP induction. FACS analysis was conducted 5 days after
transfection.

2: The number is the percent of total fluorescence exhibiting high emission at 525 nm and low
emission at 570 nm (region E of the FACS trace).




the first 12 bp and start codon were renoved fromthe

donor by PCR using the priners GFPnostart and GFP- Xba
wiOeaqquamyes provided in Table 14). The resul ti rRgTRSR06/029027

fragnment (734 bp) was cl oneth4i nto the pCR(R)4- TOPO

vector, which does not contain a manmmalian cell

pr / . o

LI PR IO Bt LA FbRG fnal gene nsing sing finger
nudeses witheequerfcealfiegatioms s chicdinferization puterfiapg t o

cl eotides £4-797 of the sequence.shown i.n Fi.guyre 22)

10339 o2 S Feps e pebrps s g0 7o) Al i Hhe
dinferiz@siateeRté detk tbAEd foR AR dhility 96 cAhlyHOBRFeciBh 8€ b dBfective

Exanpl e 11: Correction of a nutation in an integrated

chrempeniet 6RATE seorPThepeinp] descrledsi Tixemmleablewanesed, except that
the %Eélgﬁ%ipg%%no%ég ?ﬁp ]nu?-ligaese% h v .tr?ghﬁ'g/hecle%%%eolHl]f—]%?m%iHsg were

ransfect Wi one or
altedddPaskdekelitedin Examplk 01 E6R] £h E400RNASavhg Ei28émbikivasfised to

DNA3. 1- GFP296- Fol d, Ex le 7 d 300 of th
the fEHR300 S RArH I (HOR) L) TR e e Ralt gDy s Srado
the@w@g?@%&ﬁquyp Reagent (Invitrogen) in Opti- MEM I
reduced s

erum nedi um according to the manufacturer's
[03p0@]ot ocol Thé&epultssse shiovaf intRwevded & of Telde d hrandisicand thaGEP

. ne was i nduced 5-6 hours after _.transfection by the
sie] e et T GeRIoIR) €5 SHECTER T ABo BaIeq Mo PR ee Of
twol 2P REd1éReyBevEnAdIfeRRioBS irl et &Rz aRBA SRe®icel,RONfRLdd to that

cycle by the addition, at 24 hours post-transfection,

obtgihed pothe grasenoeed eidleer of he(rRictpasas aB0le. dydditichahdperiments, in

) astine (Figure.31). G2 arrest al.l.oned .t o
whigh T 3814 el OE R S oty R0 EH anBelin SaERaE b e
287W@ARSBANL 9 D OREL he! fﬁl%éfhﬁcl@@éeb,&hwéﬁes%ﬁ@ With Rotda2z0le

and the nedium was replaced with DVEM contai ni ng .
or vighlpstime cihomied o fadhar pwrease ipfragoRry ebssperereeion, Wil over 2%
of c%ﬁL Isﬁliﬁ\f?iﬁg G%JPJP%??SE&C@ eiﬁgi\égtrivef &a c%%fe‘c}fgd %R%HY?OSO?IQPCGFP
gene correction efficiency was neasured by nonitoring
genth@abieriideRook 12@hd §3xhi biti ng eGP fl uorescence, by
fluorescence-activated cell sorting (FACS) anal ysis.
FACS anal ysis was carried out using a Beckman-Coul ter
EP! E5ntbreMBL Sk b EBHSr RASHDESEdhdu AGtvbctiohi On
and Dirggleﬁsoi?‘?kwa?e, vrelrfsﬂg%ln Z.g@ég&ggﬁ?%or eg%:&eir?ce
[033Hs det ekt ancexpyrimsutisimtlaran tlatse d88ribed ini Exungrie it gbeeffect of

aser d monitoring em ssigns at . 525 nm (x-axis).
the el e e P RO B G B P gD By estd. TIS
cellgRekd @i sRabtIWiTS HeNE 0 ZFPOI1da88s( M) exg%sioi was induced
exhi biting hi %h fluorescent em ssion at 525 nm and | ow

witle dpsgiyeling s anrnlg | bgfeks wyrewnodrassiseted wibsdither ef or
PR RS 38 By AR TR AT PGS
(Figure 29) as in Example 11, or a similar plasmid containing a 1527 bp sequence
insert (Figure 32) homologous to the mutated chromosomal eGFP gene. Additionally,
the effect of G2 arrest with nocodazole on recombination frequency was assessed.
[0332] . In a second experiment, donor lengths of 0.7, 1.08 and 1.5 kbp were
compared. T18 cells were transfected with 50 ng of the 287-FoklI and 296-FokI
expression plasmids (Example 7, Table 12) and 500ng of 2 0.7 kbp , 1.08 kbp, or 1.5
kbp donors, as described in Example 11. Four days after transfection, cells were
assayed for correction of the defective eGFP gene by FACS, monitoring GFP

fluorescence.



30 and 31 show results in which T18 cells were
transfected with the pcDNA3. 1- GFP287- Fokl and
woeiNA342s GFP296- Fol d pl asm ds encodi ng ZFP nueCease®6/029027
and the rCR(R)4- TOPO G-Pdonet 5 pl asm d, eGFP
expression was i nduced wi th doxycycline, and cells
re ar ' ' | #A a7 Phifle (6] ddteths0)
[033\§f Vi nbr[glg%?esﬁgé ?lﬁ-t%sue\r/ﬂgto%f? %ﬁxggrtﬁ%@? |§ ures show FACS
longbf @8 sequensdincieasss thesfrepulndyi ofi tangeleR Pedomibdnativndped hgnee

ated in the | i ght.- h - ¢
of eqeoB e RIS DT PR AR HE LRI e bR R B b Syote
also %@%@?ﬁg?eﬁﬁ%%ﬁrgeﬂa@?ecthbMﬂ)ion.FOr transfected

ad been freated with nocodazol e, 5.35% of
the cells exhibited GFP fluorescence, indicative of

correctjon t mut ant .chr 3 tedri gur e
S0y b} FoEBecbel oMt ilgaf ME PEATE, a0 BREeced
___undecombinatien BeQUERCY. o r oot | on (Figure—3—Fhese
results are summarized, alBxmerihent ladditignal control

experinments, in Rows KoBodizoleiton@ertPatidi}3 23 xperiment 2
sumary, these experé rre_—tl_n S Show fllj]t DLIP tlhe presence

Rgnor engthikb), ¢ | eases_?é&{ﬁl—-a—dene{—&gé?@/emc,

approgi7mately 1% of ttéhted cells undferwent gene-2
correckd on, and that,fhix |evel ohocmeect) on vy

Hereased—4=5fotd—by_arrestin tre£§ acers ':b§
& phhse of the cell ?ﬁ\}/ﬁl e l e 1%5°° Corg r-fiﬁl'n B
de Tt | Neben eampaioRET e P diEesfiteatRogn Ef g PGy Face (oo
Exargpit} 1A VAE g a‘am@}%al“%rb‘}fitég a%lfei‘? SRR B R e e
to cqieg e AERPELCRAR Bl SEhFdE encodi ng one or two ZFP

nucl eases and/or a donor plasnid encoding a

not @fﬂrﬁ%fe'l\ll.e iR 9 fhehddgeriyid hvnReHS2RYy gehe b¢argeted

chronosonal eGP gene was | nduced wi th doxycycline.
cle:Smigt sndacermipination usipg zincdinges nuglegsesphase” of the cel |

cle afrer eckEbR.in ' HEhSCIVAS targeted to the

[03 %]nduct et"'8 “ERY At ?ééc?otr,f’%g%%{@%n%n%& 2. Tche nuar_ %? i's
hurhIETLNERF 88e, Verd c¥ndirudtdd AR aeh FdiPeeucboabs tontainer iiigh finger

e St Meld Lo e a7 ot T 58480
typ gﬁl{s%%gtﬁ&?m% N Sﬁd@bnﬂﬁ@ Gcills$ ? %g 5 ’59 BEthE sB@RhcdGICL A8 E 8

Sequence-alterations In th i merization
al. (1986 Ganes(:0829D8yiine fhirngeno aud Z&akner (ivo SxawplfBndes
had been altered in the djnerizati | nterface €
nudlessessweresiesighed fo bipd foragitiogs E‘a"t"éﬂﬂfg@ d&%?lFSE’PF%ﬁg@FeZaRV
def ect | Rn86Hénal hbRp &R tRE&Ine) and to
£ gﬁ%&égg ?E&%gg%g@%%% usleda, ex?:ept that )the
intriodGtensautiestiardrbredk intilee ZNA briwkenthels bindirg sitefhe
Fokl cl eavage hal f-donmai ns) were altered as descri bed
in Exanple 5. Thus, an E490K cl eavage hal f-domai n was
fused ; fiolF Beslon@ior ekdmBlog tHIL2RNGene QGAB6E
cl eavaggb%;\e/f -g:élgcrzrgi §"Was Tused to
F1

<

he
f

Target sequence F2 F3 F4
ACTCTGTGGAAG | RSDNLSV | RNAHRIN | RSDTLSE ARSTRTN
SEQ ID NO:152) 5- | (SEQID (SEQID (SEQID (SEQID
g&G ? ) NO:153) NO:154) NO:155) NO:156)
AAAGCGGCTCCG | RSDTLSE ARSTRTT RSDSLSK QRSNLKV
SEQ ID NO:157) 5- | (SEQID (SEQID (SEQID (SEQID
(9D ? ) NO:158) NO:159) NO:160) NO:161)

Note: The zinc finger amino acid sequences shown above (in one-letter codfe) represent
residues -1 through +6, with respect to the start of the alpha-helical portion of each zinc finger. Finger
F1 is closest to the amino terminus of the protein.



the G-P287 ZFP (Table 12). [0330] The results are
shown in Rows 9-1 1 of Table 15 and indicate that a

weigTidixzant i ncrease in the frequency of genepPCT/US2006/029027
correction was obtai ned i n1edhe presence of two ZFP
nucl eases having alterations in their dinerization

o335]" € 1 2988 woSQIRAPRA bl Gt RBlof the Lhimeptesence

either o ease one. Additi onal
endéhupREdcs® ik 35 followshi ch Tl 8 cells were transfected with

d | asni d and ' di 8gt HA86E and
20ONEkBEEcH PG ICCEAGe . CRRBRGase  n a2
Wity RREPERTACHIONFIR SHNESHHTR THSIGRICHF ACDICGREFARNAHR
e ek o e
, i ndi iv a
R f Iz%%?hr( E@s@gn%ﬁe P gene (Table 15, Rows 12 and

of NsleBraesed ook (BSFCRE R YEBAPNER o7 o
MAERF dﬁg‘m@lﬁ§R’SDT@SEM?HTGEKM@D@@RK@AMHRTTHTK
HTG g?@ﬂ%ﬁ%ﬁmﬁ(ﬂmﬁ?@ﬁmmm@m%&smw
HT E%%%Eﬁg QOO@%S%& sted. TI 8 cells were transfected

‘nucl eases, and eGFP expressi on was

03H 0 SEGHE Ry 8 AT b Skt
oG TLT gy, i cutol e s i
nuckeasdsniebaibep mtheipdeasdimgaiarigryha Ths pollypeisedipdrmnsteried ayith a
dongeHS LAY BRI I TPtk T LS LS R ©
oSSR PR net s ettt e,

chrdm6®nzn@ASG hitinpn weramaistaese bidy 26009, indhe RCRABRmt Topo
t, ted wt - - .
oo SPRLSEE LT 0 TSl R ER o
mufbti@részml%ﬁ«l@seqjt_x%n&g)ﬂéb&a 5 Qﬁndb??leﬂbtp don?r s, as desclri bed
in Exanple 11. Four days after transfe n, c ;
FweRe ‘érsrrs)%yeﬁ_ fBr Eor]i']e%:/?i ol of tHe def z%#gvg]}e&blﬁgéhe
TT@%G%@??CG?R?g&@&%@@ﬁﬁ’c&b&'@@@@@@ﬂE@T[ 0388] Bhro:165)
resufts o

ese two experinents, shown in Table 16,
[033hpW t hathé ARgatdERdCGike GG ®aloennotchsess thhemino acid

fr f targeted i nat | d ,
scagene (spie de) s SoeHes 12 WITFIRE I st PP LY b6he Capratigpse o
bin%i?cgah%oﬁglaﬁﬁﬁgfang ecifhibs g INAl S g kaRBRId0R, The

uency o arget ed reconbi nati on. Table 16: Effect

secohd HRRGIon!(CON-BCAT) doet hotehange the mmito apid seqneseadd creates a
reconbi nation fr e uenc Note: ﬂlunbers represent

recpgnitiemsisgor gie redtighon FyIPeLsERte i n Region E of the

[03,:3’§'FS tr a%ﬁhélsﬁﬁor 100 nanograms of each ZFP-nuclease expression construct

and 0.5 or 1 microgram of the donor construct were used in duplicate transfections.

The following control experiments were also performed: transfection with an
expression plasmid encoding the eGFP protein; transfection with donor construct only;
and transfection with plasmids expressing the ZFP nucleases only. Twenty four hours
after transfection, vinblastine (Sigma) was added to 0.2 pM final concentration to one
sample in each set of duplicates, while the other remained untreated. Vinblastine
affects the cell’s ability to assemble the mitotic spindle and therefore acts as a potent

G, arresting agent. This treatment was performed to enhance the frequency of



Exanpl e 11) which is an indication of the fraction of
cells that have undergone targeted reconbination to
woans7aat27she def ecti ve chronosomal eGFP gene. BRaGsk@6/029027
14: Editing of the endogenous’ human | L-2Rg gene by
targeted cl eavage and reconbi nation using zinc finger
B Bl B p SR e
actwo tstnment leanol ok cd-fbininglie tedG cunsaofitbd cell zyale lehgﬁng a

g St er B b M@nﬁggﬁﬁg\ggﬁ%gﬁ&f WAtAeplsod, and
the %E‘l@\ﬁgre a@l%{)ve& ﬁﬁ‘e@@vé?%‘ grf‘w glé %gcr §1ﬁ %15 A&aP34 hours.

Looney et al. (1989) ne via our am no
Genpiid IZ@AIwaslthen 1@@@@ Evoampl eelusampTé:salsmgihe mwﬁmue Kit

.desi gped .t o,bi POS | tions on 5
(P ESS Hiferpt BaisuBRel xsdron R OB 6k smnls vanchos
ass{yRed Toit Réduen § REeting, b RsGRNRO; tRShedddcé BE & AW BEAH sit
Sc?%uble g%raﬁ%0%$§ak ?%I%; y S&&getmeenethglr blndlng St
in the elwemoveippldLL2RY IpPuse using) é@raswé’slegcmbeﬂ@chMWaBy of Fighns
33. 1 L2Rg Gene Not e: The zinc finger am no acid seguences
‘'shown above (in one-letter code) represent residues -1
[0339]r ough Hfbrief 30hcycRs PE€PCRIWert Perfoindddiuséfg thB@rimers shown in

ha hel i cal Elort_i,on of each zinc fi*r%%\er. i nger Fl
Tabll@ %|e@§1é§f whigh fipferidigsie theghipmasered! (7R YdesdmmedoRds]

f h of
o EATR GO RL H, 5 0E0 el
each af 6EtRACTY ACTCPEIRATAGefeSEEE MNQ@acH B8R reaction to allow

MAERPFQCRI CI\/RNFSRSDNLSVHI RTHTGEKPFACDI CGRKFARNAHR
detqatierr if PEBSuREwGH ToNpE R SretimssEeE [esdie kprAED) CORKEAAR

(AWE%??@ kbwhﬁ) ég:{'lgl%g of\gsrb?%ﬁgwtﬁlr nd%{oltags).

ThMAERRCRGR GVRNFSREST Iy SEh Bﬁﬂ%ﬁbﬁ’&a@@hﬁ@% B%&HE@EK
I HTGSQ(PFQCRI CMRNFSRSDSL SKHI RTHTGEKPFACDI KFAQRSNLKV
(Biphad) Hinddge gdmasidyeiend eetprqdmﬂahem&%ﬁree%ﬂar Yivpddation to the

majl& gagyprgg f, c%hje%)o%{n% tB rﬁ?e”l%? % S flh r uca%ﬁrfe%m)f] tﬁ %]gﬂgy

ro en expressi on C

1ocmcwdl ingrigine 34, ahh&dlﬁEﬁ!ﬂ beheasap” ﬂﬁﬁgﬁﬂemlﬁ wiah ob:fwved in
precedi ng, paragraph. The cells were al so transfecte
lan% COResPUGHIgto é%fHE]FF frem osHp ihpt Wgreatsansfectedaih thy drnM%NA

conkud AU e SR NSRRI A8 sy

anytdféhecantnob sy imeli¢atigShat i@ muglenserfacilicdtedbmeeomhbingtion of the
Bsrﬁ?ﬂ%h’ éorr]ltatmr}relg Hc?rﬁﬁ%!aclflﬂatncg 1%?0 the chromosome occurred in this

experiment.

[0340] . Additional experiments, in which trace amounts of a RFLP-containing

IL-2Ry DNA sequence was added to human genomic DNA (containing the wild-type

IL-2Ry gene), and the resultant mixture was amplified and subjected to digestion with
a restriction enzyme which cleaves at the RFLP, have indicated that as little as 0.5%

RFLP-containing sequence can be detected quantitatively using this assay.



(I'nvitrogen) vector. The IL-2Rg insert sequence
contained the followng two point nutations in the
weeaegwangysof exon 5 (underlined): F RV R S R PCNUS2006829027
GS (SEQ! D NO: 164) TTTCBBGITCGGAGCCG QT T T CCC
QCTCTGIGG7 LAGT ( SE QI D O: 165) [0337] The first
[

T bt ek s i OO PR S,

fTe—abi 1] —the—ZFP-ntctease—to birnd—to—the—donor
(BR&‘,’“ ; t‘l"‘g hronosonal DNA f ol Bes#en§er econbi nati on.
0 nyt = ), O ct tT

HHiond B0 sdquentEAn ArstAA ARG (BRI 101

t i1Ct i (B~ | 00
B e b L N T A e
and 0.5 or 1 mcrogram of the donor construct were
used in duplicate transfections. The follow ng control
experinments were also perforned: transfection with an

eXPERERpRM ! %&g%eaﬂbﬁﬁtibﬁ Gt %ﬂ?ﬁgk‘?gﬁ%ﬁ in K562 cells

transfection wi th donor construct only;

[038tlanst ecKpohisw ael lisealsrivetbfremprlemsinjiretie nigelgenous

ucl e s only. Twenty four hours af transfect) ,
teufitiey 3F PRRC P b e RV i s o e S50 and
5-9mﬁﬁ@ﬁﬁ%ea®wﬂ-tﬁ1miﬂg1@qrﬁﬁﬁﬁ(]ﬁ(ah{pl@1343 hra581 1 9f TYRbAGAEQSNnCE

while the other renmmined untreated. Vinblastine

wagpihe d e kbt fiegreqyt pf the dwmandl-2Ry eese epmfpiningreBaBi sit¢ mtroduced
| e cts as a potent & arresting

bylzlg{eaﬁtgl.l’ dﬁgggbe:dﬁgg?%%h% 1\%’63 perfornmed to enhance the

[0342]equencE562 tdlsyetré aghbed aURIEMI Median bog inditioger)ed

st AN S5 S RS Sl .
| | i t .t h
Augegé m%%ﬁmaﬁeh 0¥ @gn%ﬁﬁngggg&%fdf%% 0, Frﬁ@ge[géng Wg@é

. A vinblastine, gro um was réplace
transfestaddiyl Mudleafectmn6 (Bdutian ¥V elogem Tt oriAnaxialBistyistems),

t reat t for.an additional 2 our.s...Genom ¢ DNA
acobidfifE hF ity HooRd reslehee il SorNER
DNRsS6t@artsiidctiohd REER) varioy BobRaHi G 28 ABRGHENBe16ly, SRR C

DNA from each sanpl e was then assayed for frequency of

plagieidencedine therdgS G By Pr&eil ifegor endonhdepecsplasmidamcading the 5-

[ i n.the.chronps | 1Ll-2Rg.l us, using the
9D 28220 o] Shol et L ARG cohleieERB ol ity ' '
(detaribed ab@& 2y eh BIareple RGRanEhe ppEFP AN TTRELt oI BTOR{dEiences) used

prinmers shown in Table 18, each of which hybridizes to
as & 408ehr onpsomal |1 L- 2Ry | ocus i mmedi ately outside of

10345 O SRR LA, Sl e BRSO SERHRBSnig or
convienations of plderdids s etlasim AORbieeHCti on to al | ow det ecti on

of PCR products. The PCR reactions were desalted on a
G 50 col umm

S



(Amersham, and digested for 1 hour with 10 units of

WO 20B8918R75( New Engl and Bi ol abs). The di gesti on RSITHdR2006429027
were resolved on a 10%08on-denat uri ng pol yacryl am de
gel (BioRad), and the gel was dried and

aut or adi ographed (Figure 34). In addition tp the ngjor
PCRrQl;gqgct corresponding to the 1.55 kb anplififed

fragnment of the |L2Rg locus ("w" in Figure 34)., an
sasigiet | onabGlendt ('Ir fh8G n | Fi 9ps-op34) |wasndbberufisladtine
B | anes correspondl ﬁg to sanples fromcells that were

A

transtecteg w th e donor DNA—TonsStTgct —andjboth
ZEP- niicl easé8constiructs. This additi epaJ-_ban.:l_di_d_th_——w
appeal in any of tihe control |anes, indbeagi hg that
ZEP nucl ease-facillitated reconbi pation gf Ehé Bsr?és
DL D N - HE- H — ) H

|A\ == J’TJIII Al III—I"Ig UCIIUF quuq”[lbﬁ TTICU U1je CTm Olmros o1Te

| oécurted in-this ax nﬁlplpﬁen_t_.__[_é_g_&ﬁl Additiopnal =
| eyperiments, in wiichspgace amupgs ofl aspg

|
gL o 0 T 2T D seignee v gt To T

genoem-e—rnA—(-Eortgrhitng=tn Wt ypPer T LF\gJ gene);

afld_the resul tant |m XSk Wwas Adpid fi ed2ang ub;ect ed

tg digestion with |a pestdigti onsqn:zymé vhiugh| cl eaves
at the RFCP, flave |in |cateCftn2t5 as 11|TtLe as 0.5%
REL P--¢ont-ai-fni-na—-sagy can hd2H tled ug

.0
LEA St — o 7 LAY ] oYUYo TTicT TG CTCOU

gldintitatively usijng7#his assay. ST%I e (180 ug yes
(J [ gonucl eotides for analysis of the human IL-2Rg gene

15: Targeted_ reconbination at .t LL-2R ocusS
[03Aﬂ1 K562 X@}hl%sﬂp%ﬁr&atrd Relisvere eaposefl o {’ w@ia{s}th%ﬁgge #h e
hmﬂ's Qﬁéﬁfhngféw&ﬂ for gﬁ hRLENPESe 1@%&%&@3&1 Qvadh&d ﬁ\h&?gwﬂh

for targeted cl'eavage were Fokl fusions to the
PBS 816 ranpdatsd ﬁigriwﬂnmﬁdmg]e rCeEﬂHANdzc h@hvtasgerﬁé daysafief Exngfpition
14, Tab%e 17 H}g donor sequence was the 1.5 kbp
foriaP%lé’ﬂéﬂ EFOME PN man | L- 2Ry gene contai ning a Bsr Bl
[0335f € | Nt GRAMBRMNN WAl atilaoRd HAaSEEIcERudiny X DSy L.
0342] K562 cells were cultured in RPM Medi um 1640
(Qipgemi Onedwnyred sepqarameaf senopiie PN fipreeash syaplevecrs asadrin 2

glutamne. Al cells were

PC&ar %‘%tgﬁ%glt%?%@f’gﬁggﬁng%%t nosphere of 5% CO2. These
[03%] | s weEgoh 5 dnsfaed IGUT AR OGCT AAGEA AGTAGHEGCIHAAGASEQ

Program T16) (Anmaxa Bi osystens), according to the
IDNQ} &cturers' protocol, transfecting 2 mllion cells
[0339] . S2MPEfon dJOTTE@g%{)@&fcg@cwémowam
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oot SHER Triithst BERTRY B bATSPARREERD L hesRremee
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Bi osci ences) used as a control.
genome release July 2003) that contain exon 5 of the IL2Ry gene. Amplification of

genomic DNA which has undergone homologous recombination with the donor DNA
yields a product containing a Bs7BI site; whereas the amplification product of
genomic DNA which has not undergone homologous recombination with donor DNA
will not contain this restriction site.

[0349] Ten microcuries each of a->>PACTP and o-**PdATP were included in
each amplification reaction to allow visualization of reaction products. Following 20

cycles of PCR, the reaction was desalted on a Sephadex G-50 column (Pharmacia),



[0343] In the first experinent, cells were transfected
WO 2W7lotg278r i ous pl asm ds or conbi nati ons of pl aeMuds008829027
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Figure 35. Wen cells were transfected with the
control GFP plasmd, donor plasmd alone or the two
zeph#leddng plasnids in the absence of donor, no BsrBl

Samile #iaspRGEFRNE i[n phecanpl i fpsapi on |pagdict , vamlastine

I ndi cat ed bypyghe gbsence of the band farked [TTTp _1n
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[0352] Analysis of BsrBI digestion of amplified DNA, shown in Figure 36,

again demonstrated that up to 18% of IL-2Ry genes had undergone sequence alteration
through homologous recombination, after multiple rounds of cell division. Thus, the
targeted recombination events are stable.

[0353] In addition, DNA from transfected cells in this second experiment was
analyzed by Southern blotting. For this analysis, twelve micrograms of genomic DNA

from each sample were digested with 100 units EcoR1, 50 units Bs#BI, and 40 units of




contained the BsrBlI site introduced by honol ogous
wo 20e®@4s nati on with the donor DNA (band | abebedus2006/029027

“rflp"). Quantitation afi1the percentage of signal
represented by the RFLP-containing DNA, shown in
Figure 35, indicated that, under opti nal condl tions,
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nr net ted genom C DNA is
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S r I f
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the results shown in Figure 36 do not result from an amplification artifact.

Example 16: Targeted recombination at the IL-2Ry locus in CD34-
positive hematopoietic stem cells
[0356] Genetic diseases (e.g., severe combined immune deficiency (SCID) and
sickle cell anemia) can be treated by homologous recombination-mediated correction
of the specific DNA sequence alteration responsible for the disease. In certain cases,

maximal efficiency and stability of treatment would result from correction of the



was exposed to a Phosphorhnager plate and the data
WO 20¢f/H#375t at ed usi ng Mol ecul ar Dynami cs sof t wREE/US2006/029027
Alteration of the chrodddsomal |L-2Rg sequence was
nmeasured by anal yzing the intensity of the band
corresponding to the EcoR -BsrBl fragnent (arrow next
I .
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Nucl eof ect or ( according to the manufacturers'
pr ofddoRl After transfectl on, cells were cultured in

S 1e'VE‘ 'Uma@“?a‘('g\éﬁmﬂgen) DowRP! eme Wi th 39%n?
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) JII‘];x1§”“' "’c?xftro R an elgnance Teen ﬂtlmr cent protein.,
I m?‘f'fl ad]igf § {s Lﬂ’p% cifco! Eom exon 5 of the IL-2Ry gene
with an introduced BsrBI sﬁe (see Example 14).
3, These are plasmids encoding Fokl fusions with the 5-8 G and 5-9D zinc finger DNA binding
domains (see Table 17).

T

[0359] Genomic DNA was extracted from the cells using the MasterPure DNA
Purification Kit (Epicentre). Due to the presence of glycogen in the precipitate,
accurate quantitation of this DNA used as input in the PCR reaction is impossible;
estimates using analysis of ethidium bromide-stained agarose gels indicate that ca. 50

ng genomic DNA was used in each sample. Thirty cycles of PCR were then



apoptosis. Additional caspase inhibitor was added 48

WO 20wiR73 ater to a final concentration of 20 Pdvi/US2006/029027
further prevent apoptosis. These cells were maintained
at 370C in an atnosphere of 5% CO2 and were harvested
3 days post-transfection. [0358] Cell nunbers and DNAs
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the 5-8 G and 5-9D zinc finger DNA bindi ng domai ns
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[0362] Although accurate quantitation of the targeting rate is complicated by
the proximity of the RFLP band to the wild-type band; the targeting frequency was

estimated, by comparison to the reference standard (left panel), to be between 1-5%.

Example 17: Donor-target homology effects
[0363] The effect, on frequency of homologous recombination, of the degree
of homology between donor DNA and the chtomosomal sequence with which it

recombines was examined in T18 cell line, described in Example 9. This line contains



[0361] The results are shown in Figure 38. In addition
WO 2000/0i428s maj or PCR product, correspondi ng to pdiEUS20066/639027
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[0368] The foregoing results show that levels of homologous recombination
are increased by decreasing the degree of target-donor sequence divergence. Without
wishing to be bound by any particular theory or to propose a particular mechanism, it
is noted that greater homology between donor and target could facilitate homologous
recombination by increasing the efficiency by which the cellular homologous

recombination machinery recognizes the donor molecule as a suitable template.
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approximately S post-transfection.
RNA (dsRNA), using the RNAMAXX in vitro transcription kit (Stratagene, San

Diego, CA) according to the manufacturer’s instructions. After precipitation with
ethanol, the RNA in each of the pools was resuspended and cleaved in vitro using
recombinant Dicer enzyme (Stratagene, San Diego, CA) according to the
manufacturer’s instructions. 21-23 bp siRNA products in each of the five pools were
purified by a two-step method, first using a Microspin G-25 column (Amershan),
followed by a Microcon YM-100 column (Amicon). Each pool of siRNA products

was transiently transfected into the T7 cell line using Lipofectamone 2000°,
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y %e
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lSpweExIsedatn mhﬂbetraxpmsmn ofiKufemB ahsthersby épwngée‘ff‘és of Ku70

prgtglln m ceﬂs co-transfected with donor DNA and with plasmids encoding chimeric
nucleases.
[0375] For these experiments, the T7 cell line (see Example 9 and Figure 27)

was used. These cells contain a chromosomally-integrated defective eGFP gene, but
have been observed to exhibit lower levels of targeted homologous recombination than
the T18 cell line used in Examples 11-13.

[0376] T7 cells were transfected, as described in Example 11, with either 70 or
140 ng of one of two pools of dicer product targeting Ku70 (see Example 18). Protein
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t ot.al rescence.exhi biti ' em ssion at 525 nm
assa%e&q?yo%v&gﬁiaga??f%ﬁ a5¢es ]%&n&rh o ?egﬂ E of the FACS
trace, see Exanple 11). [0378] The percent correction
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domai Msmidt aicgieaih cGBP-tahpeteh2BTAN 196 ghofdiger pyaeigFokviasien
enddesiegged and pl asm ds encodi ng each zinc finger
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(region E of the FACS trace, see Example 11).

[0378] The percent correction of the defective eGFP gene in the transfected T7
cells (indicative of the frequency of targeted homologous recombination) is shown in
the right-most column of Table 24. The highest frequency of targeted recombination
is observed in Experiment 6, in which cells were transfected with donor DNA,
plasmids encoding the two eGFP-targeted fusion nucleases and 70 ng of siRNA Pool
E. Reference to Example 18 and Figure 39 indicates that 70 ng of Pool E siRNA
significantly depressed Ku70 protein levels. Thus, methods that reduce cellular levels
of proteins involved in NHEJ can be used as a means of facilitating homologous

recombination.
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of these zinc f| er._do are shown in Figure 40.
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Andnfl§. sca- r29b sca-36b and sca-36c donmains contain a
non-canoni cal inter-finger |inker having the am no

aci d sequence TGGEGGSKP ( SE ID NO 183) between the
swasé@bnd @ﬁ@T?H%TFﬁlréE%fﬂ%ﬂg ur fingers. Tabl e 25

SC&E& “CTQEC rdsgaiﬁ % é a DNA target sequence
caadlls E @%@ g ﬁ&(&é Eoklachusicearendenucl eases |
bﬁéﬁA@éA@@ﬁ&@M@A@gcc%c@fdAccl esFQam® NO:181)
scalahdi Om@G&A c88€ t(begTouko-ABR) DNA bi ndi ng domai ns
described in the previous exanple were tested for
[038T1ei r abAhiiddyadidseueroes oDilta recmgmttomgegwmpﬁth@ zinc fingers in these four
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separated by a single nucleotide (shown in lower case). Accordingly, the sca-r29b, sca-36b and
sca-36¢ domains contain a non-canonical inter-finger linker having the amino acid sequence

TGGGGSQKP (SEQ ID NO:183) between the second and the third of their four fingers.
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i sol ati on and sequence of this fragnent was descri bed
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pl asm ds encodi ng Fokl fusions to sca-r29b, sca-36a,

sca-Bhibe 28nd sca-36¢c protein were incubated in an in

vitra trancerinti nan/trancl afl O cvctaoam Ca Exvamle 4
v L4 i Pl-l NTANT C 1T CATT < 1 T ~J I—I\Mllrll A O

T ATTOUT 1 AL LAY

AZE¥®t all of 2FLI of [the TRI reaction F2 ul of a sili‘@lé
sﬁgqg)%u on pRedIare N9l BSRRQKR N| VepHRIAIHR assayc%%msﬁ

gachyg I on of( 1§ NS wa @ﬁg
oot e 1o WO oS W

| 1] r
VLS

ai
of

atre—3—tH —apere4a—ptone 1 1S Tan e ) —the Fobe

wichaahel RIQRRIH 32P QERAR0! ynuBRSALTRe Ki nddGNIARS

reacti on wWEQ Heubat edSEQIDL hour GEQ Hdm tlenpdSEQUIT:

to all ow bNOdI&y of t MOZBRE. ( eaNagEO)as st i MiDdOey

Qy-depe | adgshispRRO! |8 BRSPSk MM MyRIsA T sH | Ut ehdENTLAR

cl eavage bg % to a(g co1cen{srﬂ%gg§n af (SEQ ID
i| mat 5 mM [

houbat-od RO poke NOTIAL oha NOLAY gl ' NO:195)

A aVal Nl a¥al
T TTOUUOOTgCT LI~ A}

saacioci on dSSELSRI  ¢f BREMBISRch]| or PROAKSRIhe DIQSGEEAR
i sol at ¢d bEShENOIl [ chl(BEQfIRr m ext r 8BQ G and anSEQZEX
by gel |el egOti®shor ¢si HOAS7Yeser i bEO:i98kxanpl e NO:1A9) a
control, 3 ul of probe was analyzed on the gel to mark
the mgration of uncut DNA (labeled "U'" in figure 41).
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f 1 hth any single zinc fnger/ FoM
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I n Exanpl e 20 was synthesized and cl oned 1 nt
claietl gronnganone PN A epaitted frone K662 balse Tihe ighilaianpnidrsgqes@Edof

expression. The fra nt contai ned the foll ow ng
th@é‘%ﬁ’é‘ﬁ’&te","aﬁ %SQHﬁ?eéiﬂn%%gmﬁ&é’éw"Fde responsible for the
[0§831k| € cetd prBuiclhasn bﬁddnﬁcl@%&%&?ﬁ!@%%pﬁé lid D@ assay, circular
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pla3EEBECOTAding Se€) fuBloNOtR8R)29103686p 6 st s 36h, and ptadbc@EprRin

ene ntaining.inserted.b-ql obi.n sequences-was cl one

weg BB R Y TRt B e ekl SeEte A ec g e X fota
of Biund¥¥he ANIT NAELi08{2 @ a single reaction when a single protein was being

assayed or 1 ul of each reaction when a pair of proteins was being assayed) was added
to 13 ul of the cleavage buffer mix and 3 ul of labeled probe (~1 ng/ul). The probe
was end-labeled with **P using polynucleotide kinase. This reaction was incubated for
1 hour at room temperature to allow binding of the ZFNs. Cleavage was stimulated by
the addition of 8 ul of 8 mM MgCl,, diluted in cleavage buffer, to a final concentration
of approximately 2.5 mM. The cleavage reaction was incubated for 1 hour at 37°C and
stopped by the addition of 11 ul of phenol/chloroform. The DNA was isolated by

phenol/chloroform extraction and analyzed by gel electrophoresis, as described in



and the resulting vector was transfected i nto HEK293
TRex cells (lInvitrogen). Individual stable clones were
wooel7atedsand grown up, and the clones were tesCedstas/ 029027
target ed honol ogous reconfiznati on by transfecting each
of the sca-36 proteins (sca- 36a, sca-36b, sca-36c)
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uorescence were then ana antitatively using a
h”Wﬂ%ﬁ?&ﬁ&%ﬁﬂ%%ﬁﬂ%ﬁﬁﬁ¢?mﬁ%P@%%@' @ﬂﬂggﬁéégcribed in
Exanple 11. [0387] The results showed that all cel
lines transfected with sca-29b and sca- 36a were
nedaxanple28r ZsRl??P‘okhﬁxsidnmn,donMelnaESSaymersﬂ the B-globin

fl f the | t fected
gongy (R 05 A3GEOBEOnA) G Y FeRFTaP EBh 36b or sca- 36c
[O3¥$r eposi A iptea tﬁ%@m%%n@a?ﬁﬂh@ﬁﬁa‘ Ritan/A1e1dbAS SR Qe RYice

uor escence m Croscopy, wer e ther efore furt her
targatedlbyzthd ZBYs BéC8beahiad E/;sanmle m svas epnih¢sizedfand AloBed into a Spel

of two of, these.lines shown. i n.Jahl e 26
ste i a FRP oGhoatel R DAY, st e SR ol 6 CHEFSTh
confHiRR tHe FARMERNE IR, MAPEEh ﬁlleucRa@héé M%%vcﬁ&lble for the sickle

sequence- sgem fic doubl e-stranded DNA c eavage to

cellfraldml(mt istie bpldranf agdartinedconbi nation in living cells.

Tab, (8RS8 09
h?gé%éﬁ@%ﬁgm%enm an d& ?gév%gm-s& ‘gn a§ Eggt}td TA
CTGcemMG&smmmofm trace, see Exanple 11). t
Exanpl e 23: Effect of transcription |l evel on targeted

[038@no| ogobkis fi@&mﬁ frCaEP swe[q?e@s]msms%edt fhelin SeUP RGeS Stas

o SHRROT R SSETSR Y SSap AL AP,
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ma§isisl Fadls G Paioger e AOHETOoUS BTN G oo £
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ai ns chronosoimal sequences encodi ng
36ag sxfactfibi, va- P’alg@nelth\h@swbt (SeEsanplei28ranil d abhé’érf% he
seqlclzeonrc]:'ésr %d l%ldl?lg %Il é(syo%){ﬁesleré frrrlle%%cﬂu%ieasé) 5.06t)ﬁs weére transfected with
50 ng of plasmid encoding each of the ZFNs and with 500 ng of the 1.5-kb GFP Donor
(Example 13). Five days after transfection, cells were tested for homologous
recombination at the inserted defective eGFP locus. Initially, cells were examined by
fluorescence microscopy for eGFP function. Cells exhibiting fluorescence were then
analyzed quantitatively using a FACS assay for eGFP fluorescence, as described in
Example 11.
[0387] The results showed that all cell lines transfected with sca-29b and sca-
36a were negative for eGFP function, when assayed by fluorescence microscopy.

Some of the lines transfected with sca-29b paired with either sca-36b or sca-36¢ were
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days after transfection The results are shown
in Figure 42. Increasing steady-state |levels of eGP
MRNA normal i zed to GAPDH rnRNA (equivalent, to a first
approximation, to the rate of transcription of the
defedpld ¥®@ chronosonmal eGP gene) are indicated by the
bars. The nunber above each bar indicate the percent
of cell's exhibiting BPEARrhhdfestescence. The resylts
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[0389] Separate samples of T18 cells were transfected with plasmids encoding
he eGFP-targeted 287 and 296 zinc finger/Fokl fusion proteins (Example 7) and a 1.5
<bp donor DNA molecule containing sequences that correct the defect in the
‘hromosomal eGFP gene (Example 9). Five hours after transfection, transfected cells
vere treated with different concentrations of doxycycline, then eGFP mRNA levels
vere measured 48 hours after addition of doxycycline. eGFP fluorescence at 520 nm

indicative of targeted recombination of the donor sequence into the chromosome to



i ndividual cells were plated into 40x 96-wel| plates
in 100 ul of nmedium [0394] The cells are grown for
wahoato1®279eeks, and cel | s honbzygous for the Deair/us2006/029027
nmut ant phenotype are isol aeéd. The cells are tested
for genone nodification (by testing for the presence
replage hpinscded -globia semencas) wahmengur BARS)at 4rddys ofier
of [L-2Rg nRNA (by real-tinme PCR) and protein
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function by FACS anal ysis.LU395J Cells containing the

<GHBIRRINA BorRHeFd torfhBD (s velenb gy G @ppioimation, to
the &"t@&‘ﬁ?&?&?ﬁm‘f‘ﬁ JritnPiasiivd %gﬁgfo%gfgﬁg%é%g ?%re§ %ﬁg@l@gted by the

i on proteins an
bares Sstmartter (pvarptlebar4hdivato teppeaar ol Deahibfiareai f
nmut ati o a seqguence encodi ng .a.functi onal .
fluoftg iser The Eer Bl anEri5aa0e TRECHRHTAN B g fsagtgene is
accdpdhidds Ahieh @ RuBRTed I 14:B65E r&%Mb?naﬂ%ﬁ ‘Tﬁﬁsss‘dggé%tsti}iat
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bacterial strain Planom crobium
[0394] The cells are grown for about 3 weeks, and cells homozygous for the
Dral mutant phenotype are isolated. The cells are tested for genome modification (by
testing for the presence of a Dral site in exon 5 of the IL-2Ry gene) and for levels of
[L-2Ry mRNA (by real-time PCR) and protein (by Western blotting) to determine the
>ffect of the mutation on gene expression. Cells are tested for function by FACS

alysis.



okeanokoites (ATCC 33414) using the follow ng priners:
5' - GGATCCCAACTAGTCAAAAGTGAAC (SEQ I D NO 208)
w620 GNCEAST TAAAAGTTTATCTCGCCG (SEQ | D NO  209) pCras9@)/029027
The PCR product was digestied with BanAl and Xhol
sites underlined n sequences shown above) and then
[U343]gat ed Willsiwontaiping Ge Arah§mpeshif mupaiadnihomh-2Ry gene are
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o AR 2 8 5Bl S
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fragment encoding the I1L2-1 zinc fnger binding domain
was inserted by ligation. The resulting construct
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C
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ternGh&lay @gersialdbmd iy Rial construbred. TREZFRWoARIA AelbiddI1.2-1,
linker. [0399] A vector encoding a ZFP/ FoH f usi on

conﬁ@rr@tiépw ziphpgars Bnd was sggied odhe pransneierd CIGGG M ANT

(SERAD z’légsﬁé‘c? GRS thid oft oF the GRIHY %E%teeq"ge Z&‘ﬁa& defd 1

our r 2|nc I'nger domai N Was | nserte

seqdﬁmnééBﬁ"rﬂﬂb rdcb ggtiemtegidng o the Anecfingereme @iiiendn & aBlHQﬂ on
protein containing a NLS, the KOX-1 repression domain,
EGFP and a FLAG epitope tag, that had been di gested
Wi th Kp'”[*ab"l’é‘@ BARt Fhgdef DRIRA Jf'iﬁzﬁcfﬁdﬁiWhﬁﬂ

sequences. S _gener ated_a vecto cont ai ni ng
mgumqaén@nc pdrnEAATY oM Reenm)nUs ke (Eei! N NBg (AAC)

ANTEBEAAMY §¥$9%1?ﬁ£gr S Rioe R LA

(SEQ R YPe20Bhg. Bonst Bas t he(ﬁE@i est ed| WEQD
EcoRl _and _Kpn J)ﬂzoﬂ)al eak: NOJQIQQ)J\LQ- OXenc 9&97)
EnCEDN el IHUPEGS 919 Pi‘ﬂfer .’«%erl 1ur»ep
el e el % W
finger es 1ono e er sest to
@ﬁﬁﬁ% %ﬁmé %
topr MR td SR 1gna C ons r u

encodes a fusion protel n cont a| ning, from N—term nus
to Cterm nus, a Fokl cleavage hal fdomain, a NLS, and
[032'711 e fou rSdl'uetg:es endo@in} tHik Rirloi fm@en@ordameme Jo'ﬁlmi tZ@equences
amino acid

encidie el BGERTSRER b s A R G opsanp oids
384@9%@%@1@%&&5@@& et AEQ1 9499) e 899)93-208) such that a four amino
acid linker was present between the ZFP domain and the cleavage half-domain (i.e., a
four amino acid ZC linker). The FokI cleavage half-domain was obtained by PCR
amplification of genomic DNA isolated from the bacterial strain Planomicrobium
okeanokoites (ATCC 33414) using the following primers:
5’-GGATCCCAACTAGTCAAAAGTGAAC (SEQ ID NO: 208)
5’-CTCGAGTTAAAAGTTTATCTCGCCG (SEQ ID NO: 209).
[0398] The PCR product was digested with BamHI and XAol (sites underlined

n sequences shown above) and then ligated with a vector fragment prepared from the



[ 0400] The 5-9D zinc finger domain binds the
12-nucl eoti de target sequence AAAGCGGECTCCG (SEQ I D NG
w03d)7/dioxvat ed in the fifth exon of the |L-2Rg gewmais2@6029027
Exanple 14 (Table 17). Seqgegnces encodi ng the 5-9D
zinc finger domain were inserted into a vector to
plasyed erBNA-alsFETRI 5 VP ok godier Bamiil it Xppkdigestion. The

equences wer er,m the ZFP sequences. To. .
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ami®h aMBCA@inE@nst ructi on. Exanple 26: Construction of
synthetic substrates for DNA cl eavage [0402] The
[039%r get s qeenrexcodimgridZ IR/ FoHdusipr proteindnsvigeh thediosh

rot ei'ns scr.i hed..a were intr C '
sealiey WoR SO AL g Eet o AR The 12
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encpinghifEHO PROIEDRONAGHEE FNTS: (RE K&IFiITAPTeEHon SRMppPEGHY and
i n t . - I i i nt
ATt Bt BTEAGH ok 08 AR AAOAR bS8t e
EGFhencalip soumeias.y ThisrgandatediatvectbheoBaieimgseqientéreencoding,

From i g SR NS BT 2 pat B, pKOX
repteSHh BbRait; th]% he23- 2R r Hbath atnﬁraQﬁh?ﬁieebgép% . This

present on the sane strand, wt end of the

conStredD wais tlaingesiadew sle fao Rl and Kyl ¢0 selenge thedViSreanddi ©X-
fromthe 5 end o | L2-1 binding site. 403
encpf 98 seatiencss SHbT IR feamanReRpEl bE PRI aFng
terdpiite, RRLBRR RS AURSESAIPER0AAS UtrinN\Ei@s I ST NEh@ okl
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ed.
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sites were cat e Kt i N : t
o o5 B ol St D500 CAARTE N AR LRl
dorBaih @SNV Uil e fanrdingePNR-T 7ap hidisg ddmaipp Thx ZiiHliedey in this
278 and 164 base pairs. Anplification prodycts were
consiEfidnet pmBoacidsdersandipclidesile sveppmine %g Haélﬁfﬂat e

1oc£1§éﬁmm sequence (PKKKRKYV; SEQ ID NO: 210).

[0400] The 5-9D zinc finger domain binds the 12-nucleotide target sequence
AAAGCGGCTCCG (SEQ ID NO:157) located in the fifth exon of the IL-2Ry gene.
See Bxample 14 (Table 17). Sequences encoding the 5-9D zinc finger domain were
inserted into a vector to generate a Fokl/ZFP fusion, in which the FokI sequences were
N-terminal to the ZFP sequences. To make this construct, the pIL2-1R plasmid
described in the previous paragraph was digested with KpnI and BamHI to release a

fragment containing sequences encoding the IL2-1 zinc finger binding domain, and a



g- 32P- ATP usi ng T4 pol ynucl eoti de ki nase. Exanple 27:
Targeted DNA C eavage with zinc finger/Fokl fusions
wbavimg4mbt ered polarity [0404] The |1L2-1C, | L2ctRS200d/029027
5-9DR fusion proteins werda2ebtai ned by incubating
pl asm ds encodi ng these proteins in a TNT coupl ed
Kpnl Bl foapyieat byt tb@ﬁ Sitegjac filvpetibduhing YemainWasavseged in
reactions yere cond

te
ts i, SRR T ong o RRcreatro iR efbtf o figining, from
N-teﬁJﬁﬁﬁL%' t8.C-fertiinub a@ﬁé)/ﬁ@lé&bmaﬂmﬂﬁﬁtd W18, @ddthe uHfinger 5-
eavage buffer. C eavage buffer was pared by
5D amq ifimgeribinding flomping | EhieiZ&t hnlegrumthlsamsg@cw Z%ﬁmmcrdé long

ana 5 s SR b R Dl fos kR s RE] (R BEfk QD

NOCGEpvage reactions vvere |ncubat ed at 37OC for 2 hours,
t hen shaken with 13 enol/chlorofaornis

[04@}1cohol Jezsomamey U.gf E%@nt& eAp P LAUged PoAb 2§b?%ad6w°%lﬂe

detﬁﬂ%?‘?zggt PhasguMRs, anal yzed on a 10% pol yacryl am de
gel . 8|oact|V|ty in the gel was detected using a
Phosphori rrager (Mol ecul ar Dynami cs) and quantitated

nt ft I 405
F: R o st ipB oh bt SR Ba TP RN Apleavage
[0465]' m%‘rl CTM%g%@@e%ﬁeﬁ&ybé‘ﬂl@bﬂHgif@-ﬁ' H@RBI i dif V\%rff)te'ﬁﬂaer

-COOH polarity to cleave a substrate in
desd;rlﬂ:eadkabnm wgreshiredicbonte Heuttlovstrartdeddii g fmgmeéﬁgég variety of

oriPiant o S BRI B RRY 28 Plablf ol B el e

altebéa piﬂah ?lﬁ@lwﬂ&hl tHe FORi dosnain ROVLER R t(thethlE’ csdmﬁﬁ.r Bt e
her of the |IL2-1R or 5-9DR nucl eases al one

temmyéesl,rtb@ 5198xtarget pite i@lpé%ﬁ’é\fdé ope st andiihs Her btargdimpaice

h
o518 S0 ke s s B
roﬁlﬁﬁﬂ wbe&']hroﬂiﬁ afd sépaeateédtesis edertvanige hue:lemﬂie(pamse Impemplate

2,1 0§-|%6 aeﬁgg%ggl%%éﬁe }t%rlgg,eﬁr}agyll lﬁ&g% %krrplgcglvm% tr}T;E 3 end
of tﬂg Wblﬁ%ﬁggﬁaﬁéﬂ bPRd ndci® irs 'ﬂdﬁ?fﬂe% RHE beAREL2-1

aving a main-zinc finder donmal n-
bingiagaitety, to cleave a substrate in which the binding

tes fo he two chineric n es ar.e | ocated
10433 °< areD S Sning! e St BTSSR TR
seqiércBs HSscRbQKATIRE, Wéte bbRIRA 28 RehpAficitia HeaRAo i Nghidginto
site and separated fromit by six nucleotide pairs.

which tlye tetplatesritaidbaen elanest. Thed[8-oprRl HAD tergst sitep wees located
s (I f

w35 S EORLAT SRR P

tardeRYitddGvdiQd BerleRdtg BN/ fita@Bie@B of h}@réﬂﬁﬁte&y 22 ahd CeNipBE pairs.

ane 6 wth |lanes 1-5).
Amplification products were radioactively labeled by transfer of orthophosphate from

v-32P-ATP using T4 polynucleotide kinase.

Exainple 27: Targeted DNA Cleavage with zinc finger/FoklI fusions
having altered polarity
[0404] The I1.2-1C, IL2-1R and 5-9DR fusion proteins were obtained by
incubating plasmids encoding these proteins in a TNT coupled reticulocyte lysate
(Promega, Madison, WI). Cleavage reactions were conducted in 23 pl of a mixture

containing 1 pl of TNT reaction for each fusion protein, 1 pl labeled digestion



Exanpl e 28: Chineric nucl eases with different ZC

linker lengths [0407] Two sets of fusion proteins with
woi2bdraners ZC | i nker | engths, in which the Fol gécuaseod 029027

is amno termnal to the AFP domain, were desi gned.

The Fold domain is am no acids 384-579 according to
subdtmtnand 2 pladleadyA 989 e Qica8 Ageliadfe? 08 pTipercdrfy afidme Inul of

1 $3ioRee 5 P B beving scmalthenm (i eo o et of A,

i . 5' kl@l / L D0 N?%ﬂ O'lnCIéﬁ, BS[%& i
Tnsg?%? Iélitgjng’67havi nggg%ﬁpi%gﬁegéﬁégﬁs of ?3 14, {Vﬁg& 10510115

werg @ncahaed 8t FRCror 2bburs, then shalies withdd 1l Phenodishloneforafisoamyl

atood gt e e AR ke 04t 3F B po 3 i ygs sngymeg gn o

1093 8o13a¢hy Rthi@dTié1 0 Ragiodeti e Tig tﬂﬁgd’lmedeteueaasih at, in the
sgcgndysetj&'r%he NLS is‘.m%’;rt of the ZC I|i nke?. Pl asm ds
Phogphosignaggr (YelseulpiRyeamigy)sndidnantiated y5iag Inaseduagt safiyvare

] DNA sequences were designed to test the
3R n Ly

eava vity of these fusion proteins and to
[040Bjt er m rEgnetddrshbwe el rediits obtadegtusmgasoahfmerit ieieasds

di stance between the_target Si or the two fusion .
havigiec SHeg PR B g SOaHBHCSOE AL 4o R Supsitate in
. . . . | 2-1:t i i
iy B UBSE PR L At Bl 3148 4 QRO ons
andshe®’ esdy @fittie Bindfpites anegetxivial © capllothe8@d swpapateddiytsix

. it trands. 4. 5-9D t t si - 8
el o8 REueeria ulb 8o B ME4ER W or hemR
nuc{easts P ®ePhottBeIEH cHalfife, of IRIHDBEAS (M £ONHEY 2GHEY

in which the separation between the two target sites

with kang 1),5vhiB ipeubptipn eEbgthinpelcaseorernlts nrdmestsoripdie elsavage of

' odu I nto S tes as described in
the %&g&%@ a&nﬂlqe lglreglﬁ‘gdsé%eféépet ésgsnt% Lﬁhe .various fusion
[04@6]0t ei NSFigesasi Mews itk dbility o€ % difgulchinf@ic tudkiase ldving 4 WHo-

~to cleave, DNA, according tao the n;t hods _descr] bed in
zinqages damain-F el deopiain-SQOtEpplati ard #secgnd ghisgesigmucicatq

e Uy R OO PR vt
in which theindioglsitey foethe eme ehiverit ancleays ardflocatebon fie same

i o F0 8, LLRRTERS o oxen < 61 the Lo aene,
bin%g URL 8dd separddOtsih iUt s%gn@cﬁecftﬂkg‘%ﬁ@.- OflySthé 8fthbination of the

ation was inserted’into the eGP codi ng sequences
5-9DR andehe HGFIPC Mucleasss (ire. ¢BD 1BictsSed kavougs) diffsrant pelewtyd was

suc Ry L s PR e Ayt SR R e R "

(copiRS PR WitRflardcha-5).

Example 28: Chimeric nucleases with different ZC linker lengths
[0407] Two sets of fusion proteins with different ZC linker lengths, in which
the FokI domain is amino terminal to the ZFP domain, were designed. The FokI
domain is amino acids 384-579 according to Looney et al. (1989) Gene 80:193-208.
The ZFP domain was selected from the IL1-2 (Table 27), 5-8G (Table 17) and 5-9D
(Table 17) domains. The first set had the structure NH,-NLS-FokI-ZFP-Flag-COOH.
In this set, proteins having ZC linker lengths of 13, 14, 18, 19, 28 and 29 amino acids
were designed. The second set had the structure NH,-FokI-NLS-ZFP-Flag-COOH and



new Spel site. The follow ng sequence fromexon 5 of

the IL-2Rg gene, containing target sites for the 5-8G
weand7eDszi nc fnger/ Fokl fusion proteins (desecrhmsdooen29027

Exanpl e 14, Table 17, supnz), was inserted into the

new y-introduced Spel site:

protERAGHERACALGRET I GL T CEHAGCE T, T INAUCOMITNY GFHESA ere
AGTGCTCCTAG .(SEQ | D 4) [,0412 [ .
desiBieis gl i QT SN EEN LS LB Ry A b ppemids
enc&Y Bt fiGiof ptdieasBRaIRf corbuct@guence from exon 5 of
the L2Rg gene. This plasmd was di gqest ed wth H ndW
[0408hd Not ModedDI¥A senyeacesmeayrdenisned ie Eshiba gleekreeastisteaf
eGFRPsequence ((i.ncl udi i ]
thes§ i B opi e SpipfiE el 26 HukEiledpne it fbGhomof,
distAnc@etweh thetat s sieds fohite pedRAnTotesst dihe [olhwing sgpie)ices
resulting in a construct in which expression of eGP
wergdefiigiitde is controlled by a 2X tet-operator-regul ated

r : gf A i arispl asm d is
Shoin e S Dy e Bt b e T
t r aNStaD mrgEKROAdTREX] Gepdisit¢ bmwane ggad) , and a stabl e
cell |ine containj gﬂ%ggn [ t.fgr at ed .go%:%%/a _I, this
cons Prife fargE s1te & FATEChSHHISORPEFTC 11 HRES the eGFP
codj ! Gitd hesghmendanaddi tion of
do%?ﬁ??ﬁ%ﬁ%ﬁtﬁnﬁgsgﬁlﬁf the franmeshift nutation X
[04691d t he Hdr-castyof thessrfonmprirsied targeisitese ARAVCPreStaEs ppyslucted in

expressed.. | e,30: Targeted. ho ent
Whlicﬁ gSFB?riaB?PE%%Q;gerbme 8W garrﬁg[rssetgélj?{l a ﬁée S%Pg%ﬁ)%lﬁn't 0 a
[04 )" ONDS OMRdse S&quBn &L ate inféddded Aito datiabudi substtatesces described in

conducted to test for integration of a puronycin
Exanerde 26 ané erervaed tortestibovaripas mﬂ%ﬁm@mﬁ&%‘w‘?gﬁn feg-prample

ene. descr | t : | ; 27.

for ARG FL LR AR B B a S BIRER Rt Pradhie

sequences encodi ng puronycin resistance (denoted "puro

sequences"), flanked, by se nces.honol ogous to th
o CHPR DRI 206 fSenBReioR ot Aot HiInEel Uity paas ap Rucpiited
i fd t pPpTRE2pur - HA vect or (BD Bi osci ences)
def?o é%e%délr@g{ée‘rogmgﬁégesequence with flanking Spel sites

[04a1d a coAseGFRYchlvnatd greou Sneresaspelotodih cOfinEHeqyenes

o initiat : on g&don%&éﬁpl ' f@i%%%on %r&ﬁé%‘ﬂ%iﬁ@g%% 51:
opRiR1IPlIed DG ARGEELRASFIIOM V(36Rotel) wka dobhbfucted as

follows. A silent mutation was inserted into the eGFP coding sequences in the

pEGFP-NI vector (BD BioSciences) to create a novel Spel site. Subsequently a one-
nucleotide deletion (creating a frameshift mutation) was introduced downstream of the
new Spel site. The following sequence from exon 5 of the IL-2Ry gene, containing
target sites for the 5-8G and 5-9D zinc finger/Fokl fusion proteins (described in
Example 14, Table 17, supra), was inserted into the newly-introduced Spel site:
CTAGCTACACGTTTCGTGTTCGGAGCCGCTTTAACCCACTCTGTGGA
AGTGCTCCTAG  (SEQID NO:214)
[0412] The resulting plasmid contained sequences encoding mutant eGFP
containing a fragment of DNA sequence from exon 5 of the IL2Ry gene. This plasmid
was digested with HindIIl and Notl, releasing a fragment containing the mutated eGFP



This PCR fragnent was cloned into the pEGFP-N vector
containing a nodified eGP gene that encoded a novel

weped7/mezsriction site and a frameshift nutati eaTiusai06/029027

prevent ed functional expreagsi on of the gene (see
Exanpl e 29). This eGFP/ Puromycin gene was cloned into
seqyqiee Jaelnding tis ipsdtedril-2Rnexanddrenpenspl. Nibid fragmens was o
. , 4 [ ' . rved
insef i T R VD ot SR YRS E05S
resulRirgoimecdonstiwes iis tvaith expieksobyf ¢GFRYsiqaenderit egitailicdy al 2K

order to create ronmot erl ess donor, the . L
tet- RO RA R O BIOHESs AdSBoIPERe GAGRTY & dhis asrid shown
inF%%ré g ng primers: GFP-Bam CGAATTCTGCAGICGAC (SEQ ID
1 217) pcDNA42571 TGCATACTTCTGCCTGC (SEQ | D NG 218)
[0413)416] THes casthttiway vaapto thansfrimdERE DU TBEx velts (Toptwogen),

cloned into the.pCR4-. TOPQ yector..and its sequen S
and G ShTs pld e i Bt e R o6 B Canslgh g Sofited T8
this $60 UK GRe BQRP koA Seduendel @rs iR BRSAon @it of @R 8bX §Eline,

upstream of the puro sequences and 1285 bp of sequence

but hesspsoefdhe femeshis nawatinaomdribe lelRpinseriony e functional protein

ise%%‘@g ream of the puro sequences. [0417] To test for
argeted integration of puro sequences, the cell [ine
described in Exanple 29 was subjected to targeted DNA

cl eavage bﬁ zi nc fng‘er/ Fokl fusion proteins in the

pr d=xanaRie 3P: (hnazefeth homologyrdependenddntaghaion of 3 puromycin

: Fe) i el ected for puronycin
rem%@?gs)#@ﬁléée{%%gl?ﬁ}eﬁﬁﬁocﬁ%%oson%n%DNA was anal yzed. The
[041440 zi ncAd ExypeinidrOVES crsidocte totest fios infedrdsdn, ofdgsirgmgdn

.to cleaye within th xon 5 se ces jnserted.into .
resiqtr e borgBlaLiie B SRR somRl UNERe e et ot fedrrsgding
Exa mple 14, Table 17, supra. Puronycin resistance can -
arise from either honol ogy-dependent or
[04¥dnol ogyA pradegericie dondrnyasgoastiustedghatdontainedsquesncess at
enCt(ﬂe C'P’”%ﬁﬁ g.i tecel catte WL I;i n tChe,,I bél%{%%bses yences
I HLE P POH R §SIPHECS EH Y SRS e & yseq
honfd_@d%ﬂu@ gy the QIETPUEDI A icBhREBIc A ok E31l0ds. (SRguaeBOWe@PTR btblified
will result in replacenent of |L-2Rg sequences by the
frony thee TRFApaFERS veqtodB) Bigspienes) toegenaralfer pirg sequsnehwith

Dul ' i fi ! ' e

flan g S EF B18 o o R A SRR B P S e AT G dnitigtion,

cod¢izBSinplifyatiomn@imandeze: M L- gl ut ami ne and nai nt ai ned at
370C in an atnosphere of 5% CO . To test for targeted
integration of the puro sequences, cells were

_Eansf | f ' I '

P 08 g T e b S R AL AP AT aSCR, SR

NO2#peri ments, cells were transfected either with 50 ng

purdby; €aCh CEN AT AE 88 RGBT (sEQ ID NO:216)

This PCR fragment was cloned into the pEGFP-N1 vector containing a modified eGFP
gene that encoded a novel Spel restriction site and a frameshift mutation that prevented
functional expression of the gene (see Example 29). This eGFP/Puromycin gene was
cloned into the pcDNA4/TO vector, via HindIIT and NotI sites, to create the vector
pcDNA4/TO/GFPpuro, which also served as the positive control in experiments to

obtain Puromycin resistant cells by targeted integration. In order to create a



500 ng of donor plasm d. As a positive control, 500 ng
of the pcDNA4/ TQ GFPpuro vector was transfected into
woBbkZa347el | s. Cells were transfected using PCT/US2006/029027

Li pof ect AM NE 2000 Reagent13¢ | nvitrogen) in Opti-MEM I

reduced serum nedi um Puromycin resistance was assayed
prosyterlpgs dotdi, theopclBNAAAXY CFEpuneveeior Wap LR anplifiedowithy thee

transcription of the integrated sequences) and
1%”%%P§ﬁ§@¥%&to 2ug/ M (final concentration) in the

grow h medi um [ 0419] Puroniycin resistant col onies

were obtained only fromcells that had been

GFR-Bansf ect ed vFENHTET CRACGERERM g GRS B3R t he
AP T ol RRICELTRE e g

ted, subjec ection, then
anal yzed by PCR for a targeted integration event. The

followng PCR prinmers_were used to detect et her
[041¢]r get edﬂ%@@aﬁ%& PrERIERANRE PERAYET Y&y O@f@@mﬁgn@fﬁe pCR4-

roR CARIEEAGIRIOI 3514 DA ST g

seqmenicerbormologovotophe piatrasymaleGRPeconsioes npsfscapueighe puro
sequence nd the other is conplenentary to.s ences

seaigpl chasS B SERIEES ReBRpeti e A S etagrouil BOT Esopaitet

doviaRFsdh BE the phY®Rdgvesdes, out of 24 col oni es yi el ded
anplification products whose sizes were consi stent

[04371t h t arFretestofor Freajechimitagmativn of (ree seauensas dke cefhlgnse

o TR B2, FHIEE D S o
fusich @hdteiasiin 10F prdiencdbiehodedr badtruadizegibed in this example,

honol ogydi rected i ntegration of puro seguences int
trangsfrgted it bnBsisriglectedit RIBABYFITETSISigiee pad 1@1Wf8ﬂ%?é‘??’g A

wasl;eﬁfra—gzgcg.yTﬁef‘Q&?ooﬁﬂg ﬁﬂ%eryﬁgkf ﬁfsﬁ)tngﬁ eg{s (FERGY, 9%&(’.&5 Qleave

nmosomal sequences, acconpani ed by par
withinphd eahi Soseqoéncehmspirdintoat el eGER gendbadilaed 3PD)Conieheen

o T B L AR LS LR W e
hongciglﬁé _ Béb%nﬁélﬁb@h@f(n_?_ggphﬁd eifenfBloc?at®ia i dogiof defsices at the

i ng donmi ns e 17) joined to a Fold cleavage
cledvapd sittdoedted Wyjthin the Hri2Ry seqicdc@dndertad éxto theaGlithsadibeen

e RS AR BN R Aol BRI

repMBérRerl 05 [IINRY séq@uehbatbytthe parodedsensey. e optim zed for
expression in mammalian cells. The codon-optim zed
[0488ic| eot i HEKSSG reHe wereagiewaiim pultiseess mpdifieddiaghs’s medium

PR S LS8 kPO s em) e
andgp@laL aftgamdet #nd maintained at 37°C in an atmosphere of 5% CO,. To test
for targeted integration of the puro sequences, cells were transfected with 50 ng of
each ZFN-encoding plasmid and 500 ng of donor plasmid. In negative control
experiments, cells were transfected either with 50 ng of each ZFN-encoding plasmid or
500 ng of donor plasmid. As a positive control, 500 ng of the pcDNA4/TO/GFPpuro
vector was transfected into HEK293 cells. Cells were transfected using
LipofectAMINE 2000 Reagent (Invitrogen) in Opti-MEM I reduced serum medium.
Puromycin resistance was assayed by the addition of doxycycline to 2 ng/ml (to

activate transcription of the integrated sequences) and puromycin to 2ug/mi (final

concentration) in the growth medium.

o



t ggccgagaggccct t ccagt gt cggat ct gcat gcggaact t cagccggagcg
acaacct gagcgt gc
weacai7agrracccacacaggcgagaagcct t tt gcct gt gacat t t gryas2@g@29027
aatttgcccgcaacg 131
cccaccgcat caaccacaccaagat ccacaccggat ct cagaagcccttt cagt
[0419jagaat cP@gonlygia resistant colonies were obtained only from cells that had

T e
fouf) Elgﬁﬁ?ggﬁﬁﬁg&%&% auitd, Y669GER AP GRERCHGRBIAAGH, TRérAC aa

agatt ctgcggg ] ) ) .
anafpered by RER By daraded oyegetiguayyadhrfatovingdddt ryngcees

useg g(:’:: é%%%%%@@ﬁ% gg%fé%tf?‘é ipteggalion ¥grteEEYagcacccaggacegea

t cct ggagat gaagg
t gat ggagt t ct t cat gaaggt gt acggct acaggggaaagcacct gggcggaa
Cl\@?)%lga-éég cctg a'@@@%@&g&f(g@éﬁ' ggh@&@éggag@@&@ %‘%8?%0 ggcg
t cqt ggacacapagy .
Ch/g\%lgg"%at ctgc c?at c gfg@égﬁgﬁggﬁ"@% a Cg;}:: a&gsg&%ygq%zgo ggaga
accagacccggaat a

agcacat caaccccaacgagt ggt ggaaggt gt accct agcagcgt gaccgagt
[042 agt t C@p@pf @5 pri?ne%s %%ogl%len?e%ta%y to the exc(“;’gen(‘c:’mé3 pl(i:’ro segue%ces

and €8 963p &%ﬁg&l&ﬁ‘é}ﬂ&?‘%@ 8B AR IR RAIV HBMERI BFdsBRaR BRCA

t caccaact gcaat g o T
int@gggcgg?gg?g??s@mqg dggagesnpatug af 24 gdgyeyrighicd amplifiagonyg
progyia hP B e gt n srIsisient b resied dnaeration of RHEP SEBREQ

ThdsP ienedd Tere oRRed-82d®Kir nucleotide sequences were determined.
aatt cgct agcgccaccat ggcccccaagaagaagaggaaagt gggaat ccacg
Sequgutecmelgsdydicated that eight out of the 24 clones had undergone homology-

iR IR0 Rt 0L LoRARE LARALACSRASHS CARGAB0RRY 1

ha@&ﬁfet t fg‘oﬁ@ ARG adGeadGR ageahiidd Gtdohgt DARAINEG girogosgdsal
aatttgccgccagaa _ oo ,
seqyences.cigeciopatet i pa tialyplietvand shfgaire seBIgBSccct t t cagt
gcagaat ct gcat ga
gaaactt ct cccggt ccgacagcect gagcaagcacat t aggacccacaccgggg
agapaampld TIYcCobdon Optimization of zinc finger/Fokl fusion proteins

gcgacat ct gt ggccgcaaat t t gcccagcgcagcaacct gaaagt gcacacaa
targgfad ite sxei éeg thy IL-2Ry gene

[04%3}0;3 ; gggtﬁgggg@ g@»@&ﬁ’&%@ﬂﬁhg YR09 8GR 3aghD GHBFELOGIASMAC A
domeioa Tyl HOgoingd s Jatlnjenyagelyd tdgyaindageboninaggaiceqdiaker

(L(f) &%%%g%&acfegﬁq%gf W4y SeGtes o e § 6 Jad EEgrRle &y ggc g gaa

PoNARLERRIS Sh&RAGE: these two fusion proteins were designed so that the codons
gcgccat ct at acagt gggcagccccat cgat t acggegt gat cqt ggacacaa
wereepdisnizeshipe gypigssion in mammalian cells. The codon-optimized nucleotide

seqlEh R IR AL ACELE' SRUGSBIBRRARLARIR ARARROA! acat 9gaggaga

agcacat caaccccaacgagt ggt ggaaggt gt accct agcagcgt gaccgagt
5 tcaagttcctgttcg

aﬁ‘i@gg cact t caagdacanct AcaAdgeceage! 4accadact 9aaceaca. .
tgéﬁgé 8 @ﬁg{%%%g tgtcggatctgecatgeggaacttcagecggagegacaacctgagegtge
2cICAGCANOCL 92060 00390aG¢ L 8lrgal £QUCAHCHaRdat GRRAEFEE cg
ccHReEL1PBEMIE8aagatccacaccggatctcagaagecctttecagtgecagaatetgeatyga
ga@ggaggi-gegaageaagict gangaacggtJagateeatt giqgatae ot 8kQect
geddaahlErgt222¢gdaxanplsec3Ragrpwchcamdatatansieckbartcafctgcggg
ga&@d@@@cRﬁgtggathFgquwg@ﬂqgég¢ﬁﬁ?BPE&ﬁ§escﬁq¢gégﬁQ§ﬁH@ﬁ9aagtacgtgc
cccacgagtacatcgagetgatecgagatcgecaggaacagcacccaggaccgeatecctggagatgaagyg
tgatggagttcttcatgaaggtgtacggetacaggggaaageacctgggeggaagcagaaagectgacy




[0422] Human K-562 erythrol eukem a cells (ATCC) were

cultured at 370C in DVEM suppl enented with 10% f et al
wbavomas4mer um penicillin and streptonyci n, an®#CT/US2006/029027

transfected (Nucl eof ector;i3Amaxa) with 2.5 ng of an

expression vector encoding two zinc finger nucl eases
gcg@éﬁﬂﬂﬁathﬂﬁggmqﬂtaggc¢qm&pgﬂhﬁ@egq;gda%ﬂﬂgég%ﬁqa&ﬁ%F9§Fé%ﬂ@aaﬁg%Fg
gctpe@attcrcgw@@Fgmﬁa@waﬁw%@m@gﬁﬁcg %Fﬁ%a‘f%a‘fcﬁg?@
agCaFRIGEERERTS2FISIRGY ggq@ﬁécm&gﬁ%ﬁﬂg geese %t':@ég teg
tgags:%aﬁwéaa%%c 72 asc&aﬁ%%ccfaﬁﬁtgé% * a§¢ geaats
gcg ctgggegtgga gagct ctgatcog cga acvcctgacactgg
S oos I ot TUENEES (EXtOd] ﬁﬁ%c aecagss Wﬁﬁ@ SeREIat

63 sequences enco I Ng a A eptl e. See, e.
5-99Zydgerk et al. (2004) Nature Biotechnol. 22 589- 594.
aatAtgdthgcsai®chtgrcctddgaatdagaymizegtamnst@etregbarettegccgeta
tggebﬁalm@lggac‘s:t@bcé‘ﬁlmwggqﬁtcagmggmga@mtqﬂgasgﬁadcewwFFﬂjgﬁgaac
acatc8gdaghe DINAagITREero ol tHIOZR) gweﬁ‘ﬁ%ﬁ%ﬁagwtstég ggea
gca@@%@ﬂéacqfﬁ%wgst CREREIBECHRI2THT65) " i
L RS e s R %@@ Lol eseq oo
c a agaa
sty @,%55 ;%&pz b L

ﬁg gg ag thagag:%BQ )éaagg
tga tgg%tﬂ)tcyQ&ag@bgiaﬁ@cMcgzaggémdﬁce\mﬁagcctgacg

Ee&tféltaeﬂbﬂayg&@&eéaﬁcbet@x@@cg&gemdtagmamgas@go@tewg@ﬁgcg

gcﬁtalaea%t@ha&mﬁasmggusgamgamgmaathmtgammhamﬁgsfi@I@géﬁta
agdahetd_a.aSdeaaa«ceggmtasﬁaadﬁ’eh@traCh@)‘Fﬁﬂcégﬁygtéfﬁéc@@ﬁé‘?a&ﬂgét‘éCtEtBCQ
tgd@Cb@ﬁHﬁ§étiﬁﬂgﬂg%ﬁﬁ§FP??ﬁﬁéﬁ?Qﬂgc F5da8YC PrOTRACRECHA RS gfgé
SCAEERY SeqUUABRIT B Uy Cet S St . PR AT S
20 REFYAEa FRPIGET P BRI GRTOT8ET & cand. wher e T hdi caf

by restriction digestion. Control sanples i ncl uded:

(1) g8 32:2056Waf Rsk Wahlfedti s SEREEd Icols B RARRSEDON

vector, (2) cells transfected solely with the
homrlwgeus indegration or encodi ng the ZFNs, and (3) cells

nsf ec 0
[O@gnpl e %@“ﬂaﬁ# 55%" 8t g%?%ﬁ@%g ndenf&!t"l(r%tcdégl gtrﬁ]:eletd [ ag r317 (%‘ -
Dl\ﬁl‘]%su h@ﬁtel[dggtztgm%g}a?mmmﬁmgaenmﬂhn?hésmmmgﬁmmmd

ne row nd transfection
e RS RS <tS APITRVICH 2 B PTEPIE OTBIUAS P
szS mggtullm%leva‘@és (%?ﬂ]g '&@ﬁ e th ntFRAIEEL %ﬂ%lé@tréﬁ%ﬂéﬂ& htHposition

sequence ining a novel diagnostic
suf@GAGTY the ool foe atfgﬂtlnds PR6 inabe endogemms dhZBmegerst (ihe two
Cel | ul ar

gl £ BAEPOA 10 HESCPPE USRI prpreissd TPRe bl

Se@.\e%@ t&@o&m% theFtutleasSwéb Qéﬂ&rdtéﬂ g}r %ﬁ@nc%g enddingCOPA T O

es car chronbpsones nplification
pe]ptmd e, .g. h&zymale et cds(wowaw EwéeahigdéM??Q hg4. Atthe

restri enzy n.co
sl it e SP O Oy BB Bt Aok 2 fonor DA plegmid
caf?PhB aVi 3 o DR slpdsten oﬂﬂ%RWhﬁﬁﬂﬂs@nﬁhDN&&qZ&Ne centered on
expressi on construct were sensitive to the ressrlctlo

exens Giimoviendl. €005)Yarure 43540668 o interrepterpfhe A sequence to
be &Wg%gs %xcaugéll ng d%ﬁ%@%@ﬁ (:"Sg\eetn%}r mm@%&fuaﬁg@ctlon

genomic DNA was isolated (DNEasy; Qiagen) and cell genotype at the IL2Ry locus

was determined by PCR of the exon 5-containing stretch of the X chromosome, using
primers that anneal outside of the 1.5 kb region of donor homology and generate a 1.6
kilobase pair amplification product from the wild-type IL2Ry sequence (Urnov et al.,
supra). PCR products were analyzed by gel electrophoresis and, where indicated, by

restriction digestion. Control samples included: (1) cells transfected with a GFP-



product confirned that integration was
honol ogy- dependent. Exanpl e 34: Targeted
woanwiagysdependent i ntegration of exogenous oOpeEm/US2006/029027
readi ng frames into the endbgenous |L-2Rg gene [0424]
Cell growth and transfection were conducted as
encodifg exfregkidnveBscan(a) eelBArankfecteisslekxpish theeprpressigr vector

enchine i AN S el RARGHL BITEORT AT RIS TA PO

bp ORF of enhanced green fluorescent protein (eG-P)

fl anked by sequences honol ogous to the chronpsonal .

| L2Bgahple’s: (Bugetddopdogzilepandent infygration atql &-nugleotide

contai ned a 924 sequence istLng of the entire
exo@@-‘p‘s@%“wI“bt\?éggwg‘ggew}‘?gg%ﬁlg%b#on signal; this
[043$dueNncecyRsrofti BiE gatifedtiod Rgrdiconducigd us dssegbethinesxample

(see Exanple 32). Followi ng transfectign, cel.lular DNA
32.wHlse q‘iqmrg&ﬁj uleswes engingered ip potaln %%?gqoﬂfi? B4l on

as described | | B FloQui8ctith o2
seofnt T Coliffiped ol Bl cBaBAgC by Do et e
Stubr OlugisDNA wad idolbtefend ugel os-altefiplaly) for hmplhHertioass described

3-6% of all chronpsonpes.in the cell. sa e
in Byoarnie 81640 BOTHEN LA St ACREKS T DG HonbFe S 4Pl
T S R
by el relsttiytiver enaymep S oentcet; il §¥cbiRbRMpidgeEen pradects Hethe cell
difference jn. size S C LStent Wt 1.on: t.hat
sampiR RS e bol d\@ﬁ’et&}\é\ﬁﬂ?‘g fBelege ?%‘i;thtgg"ﬁp Bk
coRGOM W& sedtRab tHhehieietibitlenzyaryBidiatifg tre¢gdratiwai ofahe ddnor
the chronosone-derived PCRproducts confirmnmed

h,
DNos Bireditrivoleotidieiseqbsusei detirpanatian e hie chrameseRer VGHECR
| d t. I T
pmﬁg%‘ioo %%@gﬁﬁgﬁm}%}(ﬁﬁg@ rhg)trﬂ% g?tgyé?épgﬁaeglgo genous

"therapeutic half-gene"” into the endogenous |L-2Rg
gene [0425] Cell growth and transfection wer
con&xample g% Fargatedhhomplogsdeppn %?tegm‘°3ﬁ§ﬁowus

nol ecul ie I hee-pair parti al
Opf'ﬁﬁﬁﬁ%@ﬁ%ﬁ% ﬁ?{gﬁgf géd%éag%%gﬁgg%gpor t] onl_oof _exon
[04]and c el gtethcoditessibitiexeens condiktedns ®scritieddn Bapmple

22 oo oA e TR E LG BN
1L AKE w2 Oh NEr& & ontaih (S HERCRE hAIRI egeilsntdl ¢rbe

upstream portion of exon 5 and the adjoining portion
fluofestett porteid (eGEP) Bankeh by sedvencesihgaolagpus kilie ﬁgwgnosomal

I to t t ' D
38y Bichi R Bisreb 52251 DPnvy SR APkl R Bl iR 9231g skflRnee
cohWBtireQiT tESerffre EBOEP BRI &illoRmby el ol pidenflatiorosigifal dhs sequence

present in the donor construct, and tq e sufr? t hat
waseolt] WalliZR-lsvealpEes SRS GRpy<HR Beoht AN 8,

SeLeial Blng 8 "Embiald REUGHAEHA a
o O A sl AR T A e B LR o
deddritRE i BRargeidizng AsashewhiiaFignte 4$1@ll control samples carried
chromosomes yielding PCR products of wild-type size (~1.6 kb). In contrast, 3-6% of

all chromosomes in the cell samples transfected both with the ORF-carrying donors
and the ZFN expression construct yielded amplification products that were larger than
the wild-type-chromosome-derived PCR product, and the difference in size was
consistent with the notion that ZFN-driven targeted integration of the eGFP ORF's had

occurred. Direct nucleotide sequence determination of the chromosome-derived PCR



exogenous exon 5 sequences, but introduced sufficient

non- honol ogy with chronbsoma] sequences to prevent use
wohwdiasyssequences for the initial hom ng everCTius2d06829027

repair of the break. Thus, 18tegration of the donor

construct at the site targeted by the nucl eases can be
profyets configaed s obseryativP@gl atud iatlicated itat éxemstién was Rem8logy-
deﬁ% e. the downstream portion of exon 5 contained in

e donor construct. [0426] Follow ng transfection,
cellular DNA was isolated and used as a tenplate for
anplification as described in Exanple 32. As shown in

Fi gdir@amyde 33 dorgated hemplsiey-depengins fintegtdtionvefram exogenous
“ i P- encodi n sm d cont ai ned
t%%?ganggc gﬁrfaggg%eté’paﬁon@é FS&E{O%erngHﬂ g{‘?@f BSRCI d- t ype size
[0423]y (~1CBllkdopwihl amdaentfoaisdn webcohdudidd ieediea i@ Exifiple

t el | npl es transfected both with the therapeutic
32h§$? ﬁa%%@gﬁ%}?lﬁ@}ﬂa gensistedhrf & 179 npelgotideypais gaial IL2Ry cDNA
t ' = -
oS eon BT Sod LI RGRE BTBRRR, 7 anas,
(inglydigigst teamslatinn kermiratinn todum drdat palyadedylati@nsi el gethétlexon 8).
L nt tion of the 'therapeuti, al f-gene" ha
Ty A g8 PescyoHh Seiiesh PR ets vl dnceaderer s tofhe
updtian PIraeH oPSBnY RdURS adiORidd JREor 8Ghtron 4 and, on th? othetr side,

honol ogy- dependent integration of the donor ‘construc

by Kegieness imedo foxa tpthe dgwnstieanypartidn hbersindygnddbe edjdiring

' F Al | n_exQaenous 7.7 ki.l obase .pair .
polfO SEERLE O R IAONENRe o U ENRE R P drgrion o
exqrD8 2 [présehd inghowéror aothiiucaasd ROsOR MR reconbhefc@sed in

described in Exanple 32, A donor DNA nol ecul e was
thecoRx pigeqnt & e S, soveralisHent saquenge fhap gemiversdatyoduced into the

: | S t i s h 0 S
cor R SR PGS ThHY R SR DS e
ex@2hous| axoh i ssqeonpes; bokintrpddosd stifipnogicadbmblopysvigf t he

hrdonor %fer e used: a \%I asrriq% donor, in which the vector
CHIBHORYBES CABHCES QPTPHFEEYT AhithHe SHBIRHREPIIGy R phommg event
in thB k&alrbTiiedbieyk. t 'hlﬁls?ﬁl@é'g?%tfdn% t&Od5Hok U&ﬁstl(llclzlcd[t rtl?eugi%:t%éted

and a linear donor, which contains two honol ogy
by thetnwicleagss edn by usdigo erped sy db2Romstatiog in ¢Xdnk 6@t § and in

DNA s i.sol ated . fromtransfected cells as
the Il IBR L RRE SoestRlin iRt SafniEea by Per
[0426] NGt WBoIRGW IR firagfedtiont €SB IN A Qv A3 ei2%bd kitBuded RS hi ON
et ween i ntegrated exogenous sequences and endogenous

b
tempflato fgy agipbidicatienstpdenertied imRusmpledr. dwchopniinEigupas?,a
conglr(lﬁ3 s pIE 'ﬂ?wﬁfo’hr@ﬁ% Wg@tsrha%gfé?{gg TR e?ﬁ%ll?ze\%géﬁrqg 81%&%%%13 contained

xon sequence, 2 er pri
chromopimeseyitlding RCR pivdueis pf eslgiope Son6ily ¢ct.6 kBEemBRRAst, 6%

Eﬁfrt ion of Figure 51). As shown in the |ower portion
of gk cheprgppamnes in thereBopmples digbiteqiad befbawth g tharansyfie half-gene-

carSARPUGDr b ARRIAN 66O oh WMnbiflict were larger than the wild-type-

chromosome-derived PCR product, and the difference in size was consistent with the

notion that ZFN-driven targeted integration of the “therapeutic half-gene” had
occurred. Direct nucleotide sequence determination of the larger PCR product

confirmed that homology-dependent integration of the donor construct had occurred.



donor DNA. In contrast, PCR products of the expected
size were observed in cell sanples transfected with
woanavo1 ¥ (either linear or circular) and thePCT/US2006/029027
ZFN-encoding plasmd. Critissally, primer sets specific
for both ends of the expression construct yiel ded
i delixample J6esTAngsteddmadlegyedepenident mkegraden ohan hragenous
r|v ed integrati.on o ogghnous 7.7
7.7 BB A e S Sl PPl i pfiogk s SRR Beve

[042tEt er i n@gll gmmﬁ aﬁ@aaladfwtlbﬁmre@é d;@fduaf:@ dsidéssrib@nini Exagthle
t hat honol ogy- dependent i nt eg@ﬁtl on, had occurred.

32. E&aiﬁmr&lt% malspiye g comsied gt corfaived adrt Kinansgedy i on

exp?éssﬁﬁ%?ﬁé}%fﬂ%ﬂ& &%@@e@??‘s?ﬁfrfoqgéﬁs Epﬁ%%gﬁgﬁa%%hjacent

seqp@r&b@{&es Emmple:iﬁjst[m thig eadaehmeht mzlo tcrpotogmal ﬁrrgmtof gictdempr
separ at Si X nucl e t|de i n the Chinese

WeRSREL GGy dPB oY BN b‘&%’ﬁ‘émé% Vibdg9e

ho1ﬁ$18g§9§1’ﬁ?s i %Hﬁ?%’a e E)Yi&?ests%g:%hstﬁic'i f—‘%ncﬂi&e’) %ﬂ'aelﬁfeblde
seqUences of (he target sites, and the amno acid

domgguiEnle esntaihs thehomologn annmtmtadrty thé¢ expivesstamsionsiruct

“l'%agl’el ns, are shown in Table 28. Table 28: Zi nc Finger

)gns for the CHO DHFR gene Note; The DNA target

[0428UENCEDNA WhOWPIatdd fkdiR trafffbctoedils GO lesthibed HEExample 32.
remai ni ng colums show the am no acid sequences él n

TheRdA wes aralyzed by PSR, mé@@dweﬁnn@rpw%m@ topfetetdhe of
i3 Rt RIS 8058s0lt LSRRG B120L o
seqhrbnces. 'Chm ﬁﬁrteaﬂopﬁlﬂner ﬁem 00e bEﬂhmpmtﬁarmai dvenpiememrtary. to

q[0430] Chi nese hanst ovary (CHO cells were cul tured
endogengyi SX&hP SFHENEFAL LT PR e SUBPICEITBITLY Whth 2

exp%é%%h%%ﬁ%tﬁg\ gs@? lﬁé&? mgﬁﬁ[bnecff??@fré 1), 3l BRwaAGhRd 1oWfer portion

re grown to 70% confluence in
of Riguneedl1] ngP&Rgsodumd was ahsiresitih gontrelsaiptes eédn{fagedgnly with

2 th, 100 h of t
oy B T Gt EEomb s 0 e 54 e o b P 8 cel
san{ﬂlé’sntﬁrﬁfetcteﬁrbmfg@oﬂm Alpdigst liler WRSiratdPahd BeAMN-encoding

grow h medi um Medium was repl aced 24 hours after
plasmidi tGrivaly, prinadsisgestsperafic for bh&mnsls af therexprepsiar epnshiclof

vieE A0 Bl Bhete opr P San A el F e PRI Rl i

integl onfdfelsk &yogBidRs 77 kleEdfcﬁlel\i@rkﬁs deairgde Wusleotidé k‘@lﬁleﬂﬂ‘dA
fromcells containing a w DHFR gene we

det@?@p@%ttoéld’ fithe ymplification gsodﬁa@ce@gwé thadi horrmﬂw@qp@a@qnén

QNG JURGXRECt edly, two anplification products were
m%gt al one of the expected size and anot her

appr oxi rrat ely 150 nucl eot [ de pairs larger. [0431] To

determ ne i f ,Futatlopl ? 3 |&duced at .t he

cl e§§%‘§‘8 3%t el axggted, homology-independent integration of exogenous
sequences at an endogenous chromosomal locus
[0429] A pair of zinc finger/Fokl fusion proteins were constructed to bind to
two target sites, separated by six nucleotide pairs, in the Chinese hamster dihydrofolate
reductase (DHFR) gene and cleave the gene between the two target sites. The
nucleotide sequences of the target sites, and the amino acid sequences of the

recognition regions of the fusion proteins, are shown in Table 28.



anplification product was anal yzed using a Cel-1I

WO DeH@M275i N which the anplification product i $anabhisi@sh27
and renatured, followedj3pgy treatnment with the

m smat ch-specific Cel-1 nucl ease. See, for exanple,

A eykowski et al (1998) Nucleic Acids res.

'26: 4597 'Ei@28: @inc Fingeir DeGROO49r BiecTEOHDHERegene

367020/ Yeurg—et—al-—(2005)-BioFeehntetes

TargetSeqiEBice The reElits of tH8 Cel{l ad¥hy (Figur #452)
Gém(@éT G Cm@ﬂ% on ma@@% mfmm{ms (GBAHESR
ST " BT et o L Rl SRR

P+ esgéﬁfjgﬂﬁ £ —OVWW !lirav ot )Efu (!‘ ) |1u§d| f)%)
AAT@@T@AGG%G QSGALYR e %@NLBEI al @SDIader { {TSSNEEET

( woeusy ed |(EBdiDat eq (BpQbe pr ¢g$AT of %(?BEQID
mol ecul ar ‘wei dhtoha9yd, i|denpbd) ed anc:iyant |'NO:p62)

T an@&Ste ST R DN Aargdk selrhegetli€shb) in tht MfiSnES QM OT!R t@thiidg@olumns
sho@Bmitd tatid Beq@hces (ih Guegeter cadg) bi résidnest-1 Grvughr-oafieth of the four zinc
fingdessweith rispett @i viert pOU3Rha-Tiiieal perténed taclancsfimgere Hioges F i clpggs to
the ipo ermphvisfof beamrptein pr oduct s descri bed above were
determ ned, to char act erize the nature of the

N R RL ES ETEE
(DPHINR 15 BBY eBSesupplehlettet RAISEANE mpgu&hﬂmﬂpmm ntblhessbﬁthetl @mino

line SSE | D I\IO 234) consists of the DHFR seq ?nce
acidet 417 -ng 1 Ceelisiwers |zsa e/ G canflugmes W VPR RS o

traﬁﬁ x?[}?gl?ir{sfec Ctuﬁngf \f%tf&% lni(ﬁ 290(?3 Rehe1 (e K%%Illog aqa/'or

anal ysi s at t e I nserted 157 base
fugdaxi pm_tmenmimgﬁamda ’M)hd)urs aftexftratnhkcu@rctz@ml\fi vardrdastine was

d th f er/ FoM f t
i @R METG FrusPUCeEnt Bids RORriion Yas
v1rﬁﬁ&%ﬁ¥§ d24 f&kS 8aGABhBEGLAE of Rlediui tc@ﬂmmmow@ﬁpéﬁ%d

mean met hotrexate uptake, conpared to wild-type CHO
(Qipgeh)sanddOHER grensequendss kasenging ttm @:etrges sitef wersampbigipd &y

G mt TtaLABAE-) Rebora ROR T esnugaig r ops PR

geBER SctoC ouyiclad 1B dudRotdd 1ﬂ§mp1&tﬁ@ﬁbﬁ@rdﬂueav age in
t he DHFR gene, resultlng int eneration_ of a
Unsapestesily,goesnplificatian pa ucé%wr%rqq ned-eRePY e gypected size and

|t |rrer|zat|on domai n for
an%%;ngéé{f)e%‘ @Aegbg%&%tﬁgﬁog gl rected repair of an
[04310genoD @eerrﬁmﬁé)ﬁ Jftatiad mba‘i bemi indegdenhthe ciklavegeadiicoths
were introduced into the, nut |zed Fo .
anpRifcatRIP AU 868 PRH¥EE B aﬂ§aY=|“P1 “@Fﬁ%é @gfﬁﬁﬁémn
pr 4(@%bgzﬁn£‘t9fé\ﬁ%ﬁﬁ eth ftﬁr W@d‘% tr8fmdnd With ﬂb%'lﬂi%match specific

to provi | fprovenent in it
Cetllennhgee. sfrectof emmplle, G)hyhcn’eske abd/d{ L8 8 Vi ateric almdsxgs)

2GS G2 B R RS S S
Bid®echniques 38:749-758. The results of the Cel-1 assay (Figure 52) showed that, in
addition to small mismatches in the reannealed products resulting from non-
homologous end-joining at the cleavage site (indicated by the presence of two low
molecular weight bands in rightmost lane of Figure 52), a larger insertion had also
occurred (indicated by the presence of a high molecular weight band, identified as
“Mutant,” in lanes 3 and 5 of Figure 52). This corroborated the observation of a larger

amplification product described above.



nut ant was converted fromglutamne to glutamc acid
WOZOO@@&‘@@E to generate the X3A nutant, or froRtYUSIANPIE27
to isol eucine (Q4861 13t o generate the X3B mutant. The
am no acid sequences of the E490K, X2, X3A and X3B
nmutants, conpared to the am no acid sequence of the

(0492 d- typerh%@fablech@@squ@cbabfm@@walaﬁaphﬁb@d@ S@ittLdbstibed
Figure 54. [0435] Plasnids were constructed in which

ab@?q‘ﬁi@ﬁ@@?@ﬁ@éd‘ioﬁélafaﬁ@%e Hstratire of higvas§Eiapmd asFhews in
Fl%\ﬁé 83 yge gecfu nccees%:i%co%sthg @qmquE% I%OSg 32 g WQB—type

finger donmal ns (see
DEEfRbeqahces mdiilefthd segaencmshawih sn \nl&rlmtitohema(ssmm N‘CDE34)

t hei r  abi to stinulate honol directed repair
coReio b e TER AcrBi e GANAT RecROR SOMFSt HEE. (R RGeS
ba&ébé‘u'@%n@ LRRRAGE ofh SﬁgMﬁf&O%ﬁ? OR@RES akQNiatVeNd rat the

site. The assay system and procedureS descri bed

msertecEi&?T’pase pﬂmreeapge@lto 9emrtapm of thatvectet plesmisk encading the zinc

2

g RO Tp i Broldif, 311 Ve FRiekE b, et bes BBt s

asdaljed, @ells cddignid Qﬁl@ Etﬁftht[@x%bw%@ 5 $Bm¥SméRatleanduithie,
intensity of the RFLP-derjved and wild-type bands Ver e

cogmgmi,tep wald-tee GEQ ﬁ@@e@gﬁfengmthm@f function of one copy of the
D}gﬁﬁ I arDynam cs). The intensity of the RFLP-derived
& "4s percentage of the total radioactivity for the
[0433] d- t ypermpdafgeteR, hanels gy-irsiegéndent infegfaionef Eﬁogéﬁbﬁs vector
results indj cages t hat th X3 Fol d qﬁﬁﬁg functl )
seqegRFSIqcEed § thedifeet tapgeivd (GHRY &4F 1hith §HEOES i the

gegég@@mv@@{ha@ﬂog Wi 1?1&&51%%11%9)/ of itself. Table

ogy-ditected alteration of an endogenous gene
usi ng zinc fnger/ Fokl fusion proteins contai n| ng
terfa K562

Tol iS58 NAGols e if A R Btz fify dbmat for,

tafgPuRKAERldg efaﬁaﬂl‘%?ndlé BirB&ted Rep i bham edGeibEs gene
Contalnlng a _donor sequence honol ogous to exon 5

[04¥41t he | LAdHREONGE FRAUBIRE aéf@rﬂhanﬁwmga intreduead ite tharangeenized

FokfE g.llé%\hagg glaff ohr%iré R{SE n‘{hf ﬁﬁ{a@léﬁ%{% ?Jehl%lf &?H%J %ﬁ;ﬁ& ond

coﬁif@&vléfgﬂn Bhitdmid euofl to [ysind GE%K& ta pfvadleuithElQn‘fﬁrment in its
fusion proteins, as follows: g\% d-type  Fok

cleayag Rge IRAY 1 Inpenreop)odmpr dmurant £, E1BAgcg a3 Wwas converted

| n
ﬁdglg rf]fggeglg t@l}ﬂsﬁﬁ%giﬁ'sﬁ ﬂaglgtzl'sf‘%hgocﬁfgﬂeﬂ&aﬁn%flng a@f)@l?:f!%@eofthe X2

mutertavds ooheatﬁalg“mrh ghftainma ite gludammic acidi (Qg 861y b@eamat@dhe X3A

iy o e e G0t e Re RIRC DS BREEHe Hor 1} FStoRbe
anhO 88 kediRAbesi oF 116d BAOORD XY XBH Brd X3 niRARS! rc@ﬁlpﬁﬁéd to %he

radi oactivity in BsrBl di gestl on products. Exanple
anftngacif iseqyengrpithe udiddnppFotleleiyagd hal-demnainpire presented in

F1gur% ghl ons in

[0435] Plasmids were constructed in which sequences encoding these mutant
cleavage half-domains were fused to sequences encoding the 5-8G and 5-9D zinc
finger domains (see Example 14). Various combinations of these mutants were then
assayed for their ability to stimulate homology-directed repair of a double-stranded
break in exon 5 of the IL-2Ry gene, in the presence of a donor DNA sequence

containing a Bs¥BI site. The assay system and procedures described in Example 15



t he Fokl dinerization domain tested with a chronosonal
wo febfoseRorter gene assay [0437] The cell Ilnq,cq%g:zb%pﬁghm
I'n Exanpl e 29, containifyg a chronosomal |y integrated
nmut ant eGFP codi ng sequence operatively linked to a

tetracycline-regul at edCW pronoter, was used in
weex peedj ereaptehateetleweredidt treated twithosihl astine end 20 Units o€ BsrBI

fxn /| Eokl . fusion proteins (ZFNs) containing am no
Waéélﬁ%je{%a@gﬁl%l alterations in the dinerization

[04361] erface mf aulaqloEpk;Lpo@ﬁx%\f%egéﬂ ahd Pmﬁmag%@%creen was

Exanpl e 38 and Fi he 'exogenous donor

readcamdtﬂnmmtens@y efﬂihg %‘6119’ @Rﬁy@d iahewilidryrxands @femqlmmdﬁed using
et s VAR iy D "ty R P by penc,

as 9@1@51&& fale %Yal&ﬁﬁlbdufahzﬁ?tfbﬂﬁe G/ﬁld&ﬁ'f_é’alﬁielmﬂlelﬂ BRIsUSIgikEn in
| owi ng primers: GFPnostart GGCGAGGAGCTGITCAC

Tobloge RCr RS RoORARSa X ok ROFTORGOOTE R beter
I
PR A ETHAN bR o Ml 080 BRI e

denot ed pCR4- TOPO_ GFPDonor 1. 5KB. Tar get ed,
honpl| irected inte ion of t |s donor sequence
Pl PR R T A CRPSHIS e zine
SR
g o RERUGATA ) Forthboind KGRl ?Sﬂ%é’??%‘ﬁ%‘@%““
infe0f488] Cel | s cont ai ni ng t he chronosomal |y integrated

t apt—eGFP—seguene doceribhod abhove) i
nmu H——CoT ochcnuco \UCDDI HeEet—above) ﬁEf-e~gF-GW°r—l-—1

Dul becmnsplémdl i ed Bsgl e' s |nedi ¥ ( DVEM) % GC
(I'nvitrogen), supp nted Wt % fetal bovine serum
(F S). (I—l\ Lonp\ k{e{ﬂf % (8 ) _aam_é_gj_n_gd_at

370C in a;p atrrmplwqwgzgfg; C@T(@Eﬁd were <1

t r anstected UsSi for ECUAVMTNE 2000~ Reggent

(Invitrogen) in| CoWL &R redd¢EM 8@k um nedi b Cells
werje tranﬁﬁf ecte:l ta7glu%im dsw%n@%grjg t he ZFI}IS onl

(5 ":?g'l. eaeﬁr}, doho prastira——- DA A AV llg —Of MI ast—
enclodi ng 1 he ZF\ls 63 (ngxgazacr) Qi48dErQDngpI asm d4(500
ng)|. EXpression e_chrono eGP [codi n
sga]’pnr‘gcéewnc a*tn fl)p ugh, fﬁfﬁcﬂ% of 2ngPnml
doxycycline (finhal xaoBGRHtrat iQRREE{PuENE 9r owgly medi um
5 hpurs—post-transfection. [he celft s Werjg narvested
dayls_post8transt eck? 6hS aed aseBeEd7Bywudl jow cyBénetry
for| eGFP expressi OReg 'gq%% resul t>§ (‘SS@V‘“ in Tabde 30

1 d aatao -+t hao £ b1 ~A0 na
I n r care—tneTtuptoh |~JI otet1s LUII‘l ar ity Iful a.fl Ul1S TTI

t hel di nerldzati oh QA8ER (e fluketiBoBIiS npy ¢ ef f e2Bi vel y

t o PrigEDieds NOMRIndeYadith 86 inaek hRBRE Fvolzfic HRR:/ RIESEHGRoGHs and
witl 2 Bladnfi€doBBhing b EHVANEA ahdncediORBlbgbus 16 e 8 5F thd .- ARN @3he Biite
cotlt:BEE QPE@ERe Eangda GaBlGhg TR the Fradendd Bf alBIHIRite3 Ahe second and third columns
idehitfinhk egye ditedotietiaald leifdbmanin gl S& andii-nitc frigerdusys progelns, as
follo @ PV Erild-type Fokl cleavage half-domain); Q486E mutant cleavage half-domain (containing a
single amino acid change compared to wild-type, described in Example 5); X3 mutant cleavage half-
domain (containing three amino acid changes compared to wild-type, shown in Figure 54). “%GC”
refers to fraction of total amplification product that is cleaved by BsrBI, as measured by radioactivity in
BsrBI digestion products.

T

Example 39: Zinc finger/FokI fusion proteins with multiple mutations in
the Fokl dimerization domain tested with a chromosomal GFP reporter gene
assay
[0437] The cell line described in Example 29, containing a chromosomally

integrated mutant eGFP coding sequence operatively linked to a tetracycline-regnlated



usi ng zinc tnger/Fok fusion proteins containing

mutations in the Fokl dinerization interface* * Cells
woen@/dmsresf ected with a donor construct and twoTZiSM06/029027

expressi on constructs: ona3expressing a 5-8 zinc

finger binding domain fused to a Fokl c|eavage
CMiVapromgisiatas Eaad in prpesinteats tesgst didforany cembinationsnf zinenger

bi ndj : i t . Fok| cl '
fngpy Bk 0P R PR o i o ST, R T e
dimetipgiohiingahcd i Mbé Rgklddemb e haf gonigin. Ses Bsanplostaap Figure
row, the nature of the cleavage half-domain fused to
54. e e3ogenppif doRqriip cenﬂa%cwr%wﬁilshdqsgﬂ‘g%%%xagwﬂﬁ 1hand
. | ef : i .ndi
Fish o LY MRSEph g p0igaTinag, A
codirpstequknces dirplag cdiirudiad hg tasglifioatminad\eGF®reqgamets using the

integration of a 41-nucleotide exogenous sequence into
follpymedntigEnous CCR-5 gene [0439] Growth and

tragpbgsidion of KoGaceslGeARIEGEPOAUCES a%rg@%sj bed

in Exanple 32. Cells were transfected wt of a
consONk4258hcodi ngTG@A TAGETETGEETIGE SSEQUDI 8Q:236)

rotein separ,ated by a 2 ept i nc in which
oG iAot BRBER i etpeleB Bk RCRSFOPGNRE g I g e
donbPctishtlct! drdedd FCRLTOPD ([ArPTiuHeRN . IR TarggedehorasldgpO
f donor construct (see below). The target sites

dirq%d%ﬂwgraﬁpm ef thisxmor sravangeswillyesiduin replacesignh phths anugnts
ci . _ { .
A PR IR RS o flgline
indﬁamlEH@ASﬁﬁmrﬁﬁm@al e(f}El?.ﬁ (tSEQ | tDNO t237) [03401 The
t ,
e o kB S s T s
(dehiBed bRRE e OTBASn p@;&fﬁgemj&aﬁw &s abailabirenv

I nger Desi gns man -5 gene Note: The
(InEdgdndy sypplesenied vdth 109 sdtahvbovine sehen (BB S)-(MyslonelodndrdnmM

he remai,ni ng col u show the anm n cid s ences’
L-gfimis o B grngl Ao P oan A aiiielore o8 s O o RGN R
trarRfetbdQUsids18pd RHAMINK 2000284 g8nt (Hhiiko %&ﬁ REObtitMEMEreduced
start of 'the al pha-helical portion of each zinc

sertfri mepdium. FCalde e trangfsctefl sgdaqlasngds ereogingribe ZENgPRYSS o

e B0 g4 P PR MR BRI 2

dorRRgiae@al @00 he). Chfiradstonof4hd chro@bemhdl dGFRajodingaggesnces was
tag containing a novel diagnostic recognition site for
actiyvpigd by dhe additicnrpicngipledopyrycling &finpd gepeentration) to the growt

medium § hours post-transfection. The cells were harvested 3 days post-transfection
and assayed by flow cytometry for eGFP expression. The results, shown in Table 30,
indicate the fusion proteins containing mutations in the dimerization interface function
more effectively to promote homology-directed repair in the presence of a different

cleavage half-domain, suggesting they are less prone to homodimerization.



nol ecul e was constructed by mnutageni zing the CCR-5

WO 20¢féHd27r agnent to create a Xbal site, and i RETAHA6§g027

the 4 1-nucleotide tagdinto that Xbal site. As a
result, the 41- nucleotide tag was fl anked by
approximately 0.5 kil obase pairs of CCR-5 sequence on

TaBg 30: dﬂomﬁm reotedVali@laYion oF akhhiabaskeromisomad EGEPRyeme
sequence on t other. This sequence is shown bel ow

wi wsing pac fmger/Fokbiusion Igfmms ggltgwmm"ﬁafemﬁép t’e&é’ekl

and the Bgll site u&?&rr ? e
___gttgtcaaagcttcattcactccatgg gctta aqaqcacaaqattttatttqq
tgagaﬁggtgctttcatgaattcccc§ggcag

TR CRTART Ea vik T aae

yugt t aat toogat gt agéﬁat ctlat di. éggcaat Ddfaadcct@i® gaf gt 8t1d

gpagttigrattrat ggagggcagpipaal g s3 0.50 0.23

+

acat tgtaggactttataaaaggat cact ttttatttat gbdbd(?ggt g dd(oab%

Eda0Kgat t &3%agt gt B44gt dcadd-39 at ga 0.01

cxt caatt g 14t acat gggagqcct@oraaaaadiidaat gt gabpcaaat Ogd

ccgeciy gcct cgggt ct act&eft 0,01 0.03 . _0.01

'l‘tJ'"Jfr" ol oapaapn At ~yd

catr Tttt ylelf tgggcaatcatgq l"g%l catecetcatct augalu—\u

XGBGTA TAXCTGATGOA

*ERONA R AT GET tbodoasyradt aiaet Fohaaagyo cgeagagoatgeeing a
SQS&ﬁﬁﬁiﬁgeamﬁdugrtoma fused to a Fokl cleavage half-domain and the other expressing a 5-9
zime fl@gc@almgtdemgla@engct 3 fofk depvapchaifdlomge cBe attee t’% brorlepreae el

dplg@g @ﬂ)tnfl %tnd %f%across the top row; the Dature of the
c ‘Eft“% SEER & i cp
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ag tCt 0 &

tggca gat CttfLaa
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t ca A ttttacct agtacaaggcaacat at aggt t gt aaat gt
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gtctttgtcttgctat ggggagaaaagacat gaat at gat t agt aaagaaat ga
cacttttcatgtgtgatttc (SEQ ID NO -248) [0442] Six days
[0¢da]er ¢ r aPtefmsleotide sasppnash af toNmspisics.sorl dhetmadcidsed

as fios ‘!2%0{%%1& o4 feg&{sfol(g?ﬂ% ﬁ@ E&?ﬁ_ %?ﬁl%{r{s b&4 shéwn in Table
3



DNA fromcells transfected with both the donor

wo 2@ofpsi2rsict and the construct encodi ng two zi PCI/US2006/029027
finger/FoH fusion proteins, approxi mtely 1% of the
anplification products were cleaved by Bgli,
indicative of targeted insertion of the sequence tag
into the CCR-5 gene. DNA fromuntransfected cells,
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getaieatett aeftitatigggcaavdtgat detasictoatetd s O CAGT GAGTATRCCOTGARGGC
GTRAKHFAGEGSATGECTIAGE ttag®t spaeResaah fgdifiR e iRt dabgBatctacctgoicaa
cctgg‘mem&@apctgtttttccttcttactgtccccttctgggctcactatgctgccgcccagtgggactttggaaatacaat
gtgtcaactcttgacagggctctattttataggcttcttctctggaatcttcttcatcatcctcctgacaatcgataggtacctggct
gtcgtccatgctgtgtttgctttaaaagccaggacggtcacctttggggtggtgacaagtgtgatcacttgggtggtggotgtg
tttgcgtctctcccaggaatcatctttaccagatctcaaaaagaaggtcttcattacacctgcagctctcattttccatacagtcag
tatcaattctggaagaatttccagacattaaagatagtcatcttggggctggtcctgccgctgcttgtcatggtcatctgctactc
gggaa’ccotaaaaactctgcttcggtgtcgaaatgagaagaagaggcacagggctgtgaggcttatcttcaccatcatgattg
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aacaggttggaccaagctatgcaggtgacagagactcttgggatgacgcactgctgcatcaaccccatcatctatgcctttgt
cggggagaagttcagaaactacctcttagtcttcttccaaaagcacattgccaaacgcttctgcaaatgctgttctattttccagc
aagaggctcccgagcgagcaagctcagtttacacccgatccactggggagcaggaaatatctgtgggcttgtgacacgga
ctoaagtgggctggtgacccagtcagaottgtgcacatggcttagttttcatacacagcctgggctgggggtggggtgggag
aggtcttttttaaaaggaagttactgttatagagggtctaagattcatccatttatttggcatctgtttaaagtagattagatcttttaa
gcccatcaattatagaaagccaaatcaaaatatgttgatgaaaaatagcaacctttttatctccccttcacatgcatcaagttattg
acaaactctcccttcactccgaaagttccttatgtatatttaaaagaaagcctcagagaattgctgattcttgagtttagtgatctg




wherein binding of the first fusion protein to the
wo 26477034276 arget site, and binding of the secondctwstmso29027

protein to the second {yarget site, positions the

cl eavage hal f-donmai ns such that the genone of the cel

is cleaved in the region of interest, thereby
aacpgeeifpedapaptioiichgrastptacnhdifitasttagticaaggorre b lIg L8 gganspightaaaacag
gtetitgtctigtthigg gearoammgedatgdatat gdtaptanagabdigacaeitifoietgtizaitiot GBS ID
NO&®48) expr essi on of the product of the exogenous

sequence. 2. The nethod according to claim1l, wherein

t he exogenous nucl ei c_ acid sequence conpri ses a cDNA

[0442] The mitH8Y dte diraslRefiane celiudarRN Agyasasolyird ped nsedine 2
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O et A P SO\ R A el T OF SHRACHE iep e products
werk Uich &I b BEMI haRER FaaQBRd MEHRAITIE: SAAMRRES: fbfthel S

honol ogous to a second Sequence in the region of
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senbroy B Agr ST RoBRol B BT St o Pl el gl fonction,
inclpding rits dinedioh de airsceptdriforeddIV.DNA nol ecul e. 10. The

met hod of any of clains 1 to 9, wherein the region of

interest is in an accessible region of cellular
0443 omat i Ay pdibnts THReATBLPRABE é}ﬁlypu%i' Sl Rk WeondibRedlbrei
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herglenoempotatet] bysefentncesisdhit ertirétins, for abiphipoges. 12. The

t hod o ny,of ¢l ai to 11,. wherein.the, regi on of

048 or e calEHen scFesfiedies bt e e BT oY S8R
illudtf-A108 Ghd Bkdr@Ma fditha plilpvsos oF larifher WRlehesdaee ardiing to
claim 12, wherein the region of interest is the human
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praéggg{i Wit%oﬁp@elgéﬁ%'g%% ft%e'e%érﬁro? LopedriliFabHERR. RIS BAYS, the

hée nuri
foregoing descriptions and examples should not be construed as limiting.



15. The nmethod of claim 12, wherein the region of

WO 2007042/3st is a CCR5 gene, 16. The nethod acchBfHUNY0¢/E29027
any of clainms 1 to 15, WHerein the first and second
cl eavage hal f-domains are froma Type IIS restriction
endonucl ease. 17. The nethod according to claim 16,

Clukind®i n the Type I1S restriction endonucl ease is
sel,ected fromthe group consisting of Fold and Stsl.

Wllaé.lsgl‘lﬁlénet‘?e‘ﬁhod according to any of clains 1 to 17,
wherein the region of interest is in a chronosone. 19.
The nmet hod according to any of clains 1 to 18, wherein
t he 1r dyinsthodffor expegssiar thoprpodiced aa cgrgreous2icléihacid sequence

. et ?g ac&gadi ng .t.o claim19, wherein the gene
m%Sﬂ‘E s ﬁﬁ@gflﬁ%t 21. The method according to
cl ai(gh APresyRE b Firet fhdien Protah iPiheicsll SBE 6t Bbidd Mbtdide

group consisting of a point nutation, a substitution,
compHang pifs# zinmiinges bindingrflomain apd & &t clsavagarhalfripsrainon
t ' . rdi ng l.ai, m
wifgh fhe b R Bt torlIf LD SR BEEGE Dol b il
targerjie irs & segidreofintetbst inihe gempneneheteli;ne gene. 23. The
met had accaording tqQ cl.aim 20Q, ,wherejn the exqgenous .
nuc K@ EPEEPHE §égf&éﬁcf%ﬂ%m¢lg xthg cglbythe grpond fysgan protein
Co YR P e bl R il atofa Top R nalf dgmain,
whesgu thesecauygind Seger AindDigAlanapy boids & 4 sansd targitista in the

roduct of .the gene. . The nmet.hogd according to. claim
regior fGleesh it G eEROGRMEE ooy e S84 SroGul pesre ot eis Cudeaghe
frog thicRNA-tardBt sid; AL hod for integrating an exogenous
sequence into a region of interest in the genone of a
cel K¢) contacieg tiegelt oibra paliwpclqodifle exppasisg agexpdenpggnucleic
AATLY S C e first.fusion protein .
soid SRl R E5R PRt ftc S8 enst 1L S ilol 40T A 8 B 5y nce o
thefrepidh of ieanéage hal f - domai n, wherein the first zinc
finger binding domain has been_en%ineered to bind to a
fi r Hheyean hding afdhg Hrshiusiag nspieirtojthg Brsbipragt gite, jped binding of
f . i . i .
(AR Hon RACHTG o SePindRleP SR, iR AG0 Bt dfS At domains
suaaihpirths gepnse sitbeonal zichmved mgbe rdgiodehigtetsiraharelaynebsalting in
. .second eavage half domai n, wherein the second zjnc
PSR OhA G PRYIABHAEANCISE RS o Rome by Fellrigéte wetos 9fn
intéR§ AnB@kPRsHbn bi¥he peRfuc 8F thBxARHOIRQherkBe cel |,
wherein the second target site 1s different fromthe
first target site; and (c) contacting the cell with a

pol yn l"f%le %ettﬁcgcf ac%&%’nrgi t%ic m2f) WHEPHE Hl%ué(ogéjn%lug im(icleic acid

sequence comprises a cDNA.

3. The method according to claim 1 or 2, wherein the exogenous sequence

comprises a promoter.

4. The method according to any of claims 1 to 3, wherein the first nucleotide

sequence is identical to the first sequence in the region of interest.



aci d sequence; wherein binding of the first fusion

WO 206/H¢EBn to the first target site, and bi ndiP&d/ESR006H2027
second fusion protein td* he second target site,
positions the cl eavage hal f-domai ns such that the

genone of the cell is cleaved in the region of
I Nt &I €6¢ metHdAraebordirgsvlahy Bfclaind Nicel materai thefpolymicleotide
exogenous sequence into the genone of the cell in the

furfherPORPIEFES B Aecondsucleotide sequenee b i RATRIPERUTJC e6c i m
D : ] ration inactivates gene
se g%cﬁ\ggge?ﬁgﬁoh%?ﬁg%ggi on of interest. 28. The nethod
according to claim26 or 27, wherein the exogenous

i e MRAIGE PR i 3 B PiperegyBe P pRisg Las Sedichoe
is BGARLALIG: LR oADYeREnd iR iRBregonto? idrestvher ei n the

exogenous sequence conpriseS a cl eavage enzyne
recognition site 30. The nethod according to claim 29,

wherein the cl eavage en 1S.a S .
] SRR IS A A W i
nuéiSotideGehuendds flakkahsetdiedodceqidicag to claim 30 or 31,
wherei n"t he neganucl ease has been engineered to bind a
non-natural target site. 33. The nethod according to
any qof. ¢l ai : i 1o Rdotightex est
i's ﬁh ﬁngﬁgggéggkﬁfﬁégﬁgﬂﬁéﬁ‘@g%?ﬁﬁ%fgt réﬁé}ﬁn.34.
plakéd.met hod according to any of clainms 26 to 33,
wherein the first and second cl eavage hal f-donmai ns are
froma Type IS restriction endonucl ease. 35. The
met goe,aGeansl @tgmty%f%ia%m 37, WhatRithe bAondARRidk i linear
restriction endontcl ease is selected fromthe group
DNAnsilstuleag of Fokl and Stsl. 36. The nmethod according
to any of clains 1to 35, wherein the cell is arrested
in the &Q phase of the cell cycle. 37. The nethod

accqpdiThg nlPhVf 2 oE CRIA® 1 {o 9,0viRfeinWiereglon oftintb@aiSik in an
one of the fusion proteins conprises an alteration in

acedsgiblempgion o pelluda &inef the di merization interface
of the cleavage hal f-domain. 38. The method according
to any of clainms 1 to 37, wherein the cell is a

mammal iTae n&ehdd of3Ry ofblimel hot),adeosiditirgregionalf atered8s in a
wherein the cell (is a hu‘ggl} cell,. 40. The net hod

regien of te mgnerBe i3y isgrot ersgnbal 1ar YigPi%. wherein the cell
is a plant

12. The method of any of claims 1 to 11, wherein the region of interestis in a

region of the genome that is transcriptionally active.

13. The method according to claim 12, wherein the region of interest is the

human Rosa26 gene.

14. The method according to claim 12, wherein the region of interest is the

human homologue of the murine Rosa26 gene.

15. The method of claim 12, wherein the region of interest is a CCRS5 gene.



cell. 41. The nethod of any of clains 26 to 40,
WO 208ifa#2Fn t he exogenous nucl ei c aci d sequencB8CERSAWeH29927
det ect abl e ami no aci d sd#fuence.

16. The method according to any of claims 1 to 15, wherein the first and

second cleavage half-domains are from a Type IIS restriction endonuclease.

17. The method according to claim 16, wherein the Type IIS restriction

endonuclease is selected from the group consisting of FokI and Szs1.

18. The method according to any of claims 1 to 17, wherein the region of

interest is in a chromosome.

19. The method according to any of claims 1 to 18, wherein the region of

interest comprises a gene.
20. The method according to claim 19, wherein the gene comprises a mutation.

21. The method according to claim 20, wherein the mutation is selected from
the group consisting of a point mutation, a substitution, a deletion, an insertion, a

duplication, an inversion and a translocation.

22. The method according to claim 20, wherein the exogenous nucleic acid

sequence comprises the wild-type sequence of the gene.

23. The method according to claim 20, wherein the exogenous nucleic acid

sequence comprises a portion of the wild-type sequence of the gene.

24. The method according to 20, wherein the exogenous nucleic acid sequence

comprises a cDNA copy of a transcription product of the gene.

25. The method according to claim 1, wherein the exogenous nucleic acid

sequence encodes a siRNA.

26. A method for integrating an exogenous sequence into a region of interest
in the genome of a cell, the method comprising:
() expressing a first fusion protein in the cell, the first fusion protein

comprising 2 first zinc finger binding domain and a first cleavage half-domain,
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wherein the first zinc finger binding domain has been engineered to bind to a first
target site in a region of interest in the genome of the cell;

(b) expressing a second fusion protein in the cell, the second fusion protein
comprising a second zinc finger binding domain and a second cleavage half domain,
wherein the second zinc finger binding domain binds to a second target site in the
region of interest in the genome of the cell, wherein the second target site is different
from the first target site; and

(c) contacting the cell with a polynucleotide comprising an exogenous nucleic
acid sequence;

wherein binding of the first fusion protein to the first target site, and binding of
the second fusion protein to the second target site, positions the cleavage half-domains
such that the genome of the cell is cleaved in the region of interest, thereby resulting in
integration of the exogenous sequence into the genome of the cell in the region of

interest.

27. The method according to claim 26, wherein the integration inactivates

gene expression in the region of interest.

28. The method according to claim 26 or 27, wherein the exogenous nucleic

acid sequence comprises a sequence of between 1 and 50 nucleotides in length.

29. The method according to any of claims 26 to 28, wherein the exogenous

sequence comprises a cleavage enzyme recognition site

30. The method according to claim 29, wherein the cleavage enzyme is a

meganuclease.

31. The method according to claim 30, wherein the meganuclease is I-Scel.

32. The method according to claim 30 or 31, wherein the meganuclease has

been engineered to bind a non-natural target site.

33. The method according to any of claims 26 to 32, wherein the region of

interest is in an accessible region of cellular chromatin.
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34. The method according to any of claims 26 to 33, wherein the first and

second cleavage half-domains are from a Type IIS restriction endonuclease.

35. The method according to claim 34, wherein the Type IIS restriction

endonuclease is selected from the group consisting of Fokl and StsI.

36. The method according to any of claims 1 to 35, wherein the cell is arrested

in the G2 phase of the cell cycle.
37. The method according to any of claims 1 to 36, wherein at least one of the
fusion proteins comprises an alteration in the amino acid sequence of the dimerization

interface of the cleavage half-domain,

38. The method according to any of claims 1 to 37, wherein the cellis a

mammalian cell.
39. The method according to claim 38, wherein the cell is a human cell.

40. The method according to any of claims 1 to 37, wherein the cell is a plant

cell.

41. The method of any of claims 26 to 40, wherein the exogenous nucleic acid

sequence encodes a detectable amino acid sequence.



