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Glutamine synthetase ( a critical enzyme in the syn
amino acid L-glutamine. See, Meister, A. in Glutamine Metabolism, Enzymology
and Regulation (eds. J. Mora & R. Palacios) 1-40 (Academic Press, N.Y.; 1980). A

GS-negative cell line is therefore auxotrophic for L-glutamine. GS is frequently used

as a selection marker gene in CHO cell based recombinant protein expression systems
20  (Wurm et al. (2004) Nature Biotechnology 22: 1393-1398), though the absence of a
GS-negative CHO line requires the use of the GS inhibitor methionine sulfoximine to
achieve selection.
[0004] In addition, dihydrofolate reductase (DHFR, 5,6,7,8-
tetrahydrofolate:NADP+oxidoreductase)‘is an essential enzyme in both eukaryotes
25  and prokaryotes and catalyzes the NADPH-dependent reduction of dihydrofolate to
tetrahydrofolate, an essential carrier of one-carbon units in the biosynthesis of
thymidylate, purine nucleotides, glycine and methyl compounds.
[0005] DHFR-deficient cells have long been used for production of
recombinant proteins. DHFR-deficient cells will only grow in medium supplemented
30 by certain factors involved in folate metabolism or if DHFR is provided to the cell, for
example as a transgene. Cells into which a DHFR transgene has been stably
integrated can be selected for by growing the cells in unsupplemented medium.
Moreover, exogenous sequences are typically co-integrated when introduced into a

cell using a single polynucleotide. Accordingly, when the DHFR transgene also



met hotrexate (MIX), the DHFR gene copy nunber can be anplified.
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87:614-622. These methods for targeted gene deletion require sequential rounds of
20  homologous recombination and drug selection to isolate rare desired events — a
process sufficiently laborious to limit application to individual loci. Consequently,
the generation of mammalian cell lines modified at multiple target loci has been
largely unexplored.
[0007] Zinc-finger nucleases (ZFNs) have been used for targeted cleavage and
25  gene inactivation. See, for example, United States Patent Publications 20030232410;
20050208489; 20050026157; 20050064474; 20060188987, 20060063231,
2008/0015164 and U.S. Serial No. 12/218,035 and International Publication WO
07/014275, the disclosures of which are incorporated by reference in their entireties
for all purposes. Formed via the fusion of an engineered zinc-finger DNA binding
30 domain specific for a designated target sequence and the catalytic domain of Fok I (a
restriction endonuclease from Flavobacterium okeanokoites), ZFNs provide the
ability to place a double-strand DNA break (DSB) at a chosen genomic address. The
removal of this site-specific DSB is carried out by the cell’s own DNA repair

machinery either via a homology-directed repair process when donor DNA is



removal of this site-specific DSB is carried out by the cell's own DNA
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tr‘ategy was employed, the resultant single-gene knock out line is a suitable starting
cell line for subsequent genetic modification.
20 |
SUMMARY
[0009] | Disclosed herein are compositions for the partial or complete
inactivation of a GS gene. Also disclosed herein are methods of making and using
these compositions (reagents), for example to inactivate GS in a cell to produce cell
25  lines in which a GS gene is inactivated. GS disrupted cell lines are useful, for
example, in production of recombinant proteins.
[0010] In one aspect, zinc finger proteins, engineered to bind in a GS gene, are
provided. Any of the zinc finger proteins described herein may include 1, 2, 3,4, 5, 6
or more zinc fingers, each zinc finger having a recognition helix that binds to a target
30 subsfte in a GS gene. In certain embodiments, the zinc finger proteins comprise 4, 5
or 6 fingers (wherein the individual zinc fingers are designated F1, F2, F3, F4, F5 and
F6) and comprise the amino acid sequence of the recognition helices shown in Table

1.



or 6 fingers (wherein the individual zinc fingers are designated Fl, F2,
F3, F4, F5 and F6) and conprise the am no acid sequence of the recognition
hel i ces sWOWRAIWAI3MEbl e 1.[0011] In another aspect, zi ncPETA$EHPIO2i ns,
engi neered to bind in a DHFR gene, are provided. Any of the zinc finger
proteins described herein may incl
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of the recognition .helic own in Table 2..[10012] In ot her _aspect,
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and fusions thereof i'n net 0 vating GSinh a cell "or cell line
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target si@&isinadivaeddpaytinbysr Gdly)émthe cahd Anyiof the ells desagbed beegimmay
include additional genes that have been inactivated, for example, using zinc finger
nucleases designed to bind to a target site in the selected gene. In certain
20 embodiments, provided herein are cells or cell lines in which FUTS, dihydrofolate
reductase (DHFR) and glutamine synthetase (GS) have been inactivated.
[0015] In addition, methods of using the zinc finger proteins and fusions
thereof in methods of inactivating GS in a cell or cell line are provided.
[0016] Thus, in another aspect, provided herein is a method for inactivating a
25  cellular GS gene (e.g., an endogenous GS gene) in a cell, the method comprising: (a)
introducing, into a cell, a first nucleic acid encoding a first polypeptide, wherein the
first polypeptide comprises: (i) a zinc finger DNA-binding domain that is engineered
to bind to a first target site in an endogenous GS gene; and (ii) a cleavage domain;
such that the polypeptide is expressed in the cell, whereby the polypeptide binds to
30 the target site and cleaves the GS gene. In certain embodiments, the methods further
comprise introducing a nucleic acid encoding a second polypeptide, wherein the
second polypeptide comprises: (i) a zinc finger DNA-binding domain that is
engineered to bind to a second target site in the GS gene; and (ii) a cleavage domain;

such that the second polypeptide is expressed in the cell, whereby the first and second



such that the polypeptide is expressed in the cell, whereby the pol ypeptide
binds to the tar site and cleaves the GS gene. In certain enbodi nents,
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20
BRIEF DESCRIPTION OF THE DRAWINGS
[0019] Figure 1, panels A to E, show ZFN-mediated disruption of the

glutamine synthetase gene in CHO cells and generation of single knockout GS” " cell
lines. FIG. 1A is a schematic depicting the actively-transcribed GS gene, which

25  contains 7 exons. The start codon ATG located in exon 2. FIG. 1A also shows that
the target sequence for ZFN pair ZFN9372/ZFN9075 is located in exon 6 as indicated
and that the target sequence of ZFN pair 8361/8365 is located in exon 2. Additional
ZFNs (9076, 9179, 7858, 7889, 9373) targeted to exon 6 are also shown. FIG. 1B are
gels showing ZFN-mediated disruption of the endogenous CHO GS gene using ZFN

30  pair 9372/9075 linked to either the wild-type or an obligate heterodimer EL/KK
variant of the catalytic domain of Fok I in CHO-K1 cells (left panel) or CHO-S cells
(right panel), as determined by the Surveyor™ Nuclease Assay. FIG. 1C depicts
exemplary DNA sequences of the target GS locus for the indicated cell lines along

with their growth properties in the absence of exogenously added L-glutamine (“L-



and that the target sequence of ZFN pair 8361/8365 is |ocated in exon 2.

Addi ti onal ZFNs §9076 9179, 7858, 7889, 9373) targeted to exon 6 are also
shown. FIVEO 2PB/3P¥8gel s showi ng ZFN-medi at ed di srupti onP61/ESAMEREGYenous
CHO GS gene using ZFN pair 9372/9075 linked to either the wld- type or an
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cl eavage SI te). FIG epicts the |level of gene nodification using ZFN

pai r 946124 gdewq thefgenqraivair gardzationrN theaDHFRgwe9d CHQ pcléqﬂndgaﬁ&cy\twlas
reasu o0 4o b BAY O (U MFRERTS G US BRI BET oot o
of pl asmi Ws. BVROGI NG4PRd9ZI477 (in intron 1 located 240-bp 3’ of the exon 1 ZFN
20 9461/7844 cleavage site). FIG. 2B depicts the level of gene modification using ZFN
pair 9461/7844 (left panel) and ZFN pair 9476/9477 (right panel), as measured using
the Surveyor™ Nuclease Assay. FIG. 2 C depicts PCR analysis of GS” ” clone B3
genomic DNA 2 days after concurrent transfection of plasmids encoding both ZFN
pairs, which resulted in a deletion of approximately 240 bp in the DHFR locus (small
25 arrow in lane 7). Serving as controls were cells transfected with empty vector (Lane
1), a GFP control vector (Lane 2), the exonic ZFN pair only (ZFN9461/ZFN7844,
Lane 3), the intronic ZFN pair only (ZFN9476/ZFN9477, Lane 4), the “inner” ZFNs
relative to the deletion (ZFN7844 and ZFN9477, Lane5), and the “outer” ZFNs
relative to the deletion (ZFN9461 and ZFN9476, Lane 6). FIG. 2D depicts results of
30 DHFR genotyping analysis of single-cell lines. For homozygous clones, the common
sequence for both alleles is shown. For compound heterozygous clones the sequence
of each unique allele is shown. FIG. 2E depicts Western blot analysis with the
indicated antibodies (DHFR, GS and B-tubulin) of whole cell lysates from the cell
lines indicated above each lane. Cell lines 1F1.6 and 2B12.8 (DHFR / GS knockout)



pairs, which resulted in a deletion of approximately 240 bp in the DHFR

| ocus (small arrow in lane 7). Serving as controls were cells transfected
with enptYOBHYW#S18Lane 1), a GFP control vector (Lane EBYT/USRYIELESAT c ZFN
pair only (ZFN9461/ ZFN7844, Lane 3), the intronic ZFN pair only
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intron sequences, italic letters indicate Fut motif II sequences, bold letters indicate

20  sequence insertions, ‘-’ indicates deletions. The protein translation is also shown
under the wild-type sequence. Underline indicates the ZFN binding sites.
[0022] Figure 4, panels A to C, depict an exemplary ZFN design and its target
site in the CHO GS gene. FIG. 4A is a schematic representation of the functional
intron-containing glutamine synthetase gene in CHO cells. It contains 7 exons, the

25  start codon ATG is located in exon 2, and the target sequence of ZFN pair
ZFN9372/ZFN9075, located in exon 6, is also indicated. The nucleotide sequence of
the region of interest around exon 6 is shown. Capital letters indicate exon 6
sequences, small letters indicate intron sequences. The target sequences of ZFN9372
and ZFN9075 are underlined. FIG. 4B is a schematic representation of ZFN9372 and

30 ZFN9075 binding to their double-stranded target sequence (underlined). FIG. 4C
depicts the target sequences and zinc-finger designs of ZFN9372 and ZFN9075. The
core DNA target sequences (capital letters) and 2 flanking bases (small letters) are
shown. ZFN9075 contains 4 zinc-finger DNA-binding domains, and ZFN9372

contains 6 zinc-finger domains. The amino acid residues at positions ‘-1’ to ‘+6” of



under the wild-type sequence. Underline indicates the ZFN binding sites.
[0022] Figure 4, panels Ato C, depict an exenplary ZFN design and its

target siVO2WH/ASEESCHO GS gene. FIG 4A is a schematic PEPASIWAO08IIDN of
t he functional intron-containing glutam ne synthetase gene in CHO cells. It

contains 7 exons,. the start codon ATGis | ted in exon 2 d the target
sequence tg‘F regpgIfgn P%Nﬁ?ﬁ? 6?@?'#%@5{5@@"&{1‘1&&) Tgaing gorgﬁeso i ndi ca’? ed.
The nucl eghicaleq sROMTNR HRbickdGe kRGN of interest around exon 6 is shown.

Capital letters indicate exon 6 sequences, snmall letters indicate intron
quyences[ﬂ?}ﬂﬁe t ar giigused skoweexapiplAFNERNS of piUEFNOY PEthgrgsnomire@Si ned. FI G
is a schemati resent at i.on..gf, 372 and, ZEN9O75. bi ndj to their

doubl e- sﬁP%‘}?g%H“zﬂ‘gﬁ?“Si%?@ e&lg. (@ﬁ%ﬁ’g‘ﬁ%g‘b&)‘?“&? ur’\rlli)&r 8%%?18&3}1%? he target
sequencesnditsted 's&?mﬁéeﬂ@@i obiREVedN andFGZIGS R tiRNEndlypO0The ZFhktafet € DNA
target sequences (capital letters) and 2 flanking bases (snall letters) are
shown. ZRRQEENSecwauaiertinad. Aqld letiergiadicpiuseniange Higedionsi ‘nsindigates ZFN9372

cont ai ns qﬁe%forﬁg-fi nger domai ns. The am no acid residues at positions '-1'
to '+6' 0 tl € T'ecognition a-helix of each of the zinc-finger DNA-binding
dgmai ns f[oo%t]he i ndrigared fist apaph deplbtihg %Fglemmim-ée;&hdm.grcﬁxoma Figure 5
shows exenpl ary results of sequencing of the gengmc GS | ocu rom ZFN
t r ansf ecthamezygous G5 LC"ell1 bnefGlopg Bt3Pre?nctBE ﬁfesewg?rﬁférgmar?lpﬁeé}l?)ﬁé (?‘SE? di cat ed

Sequapce UG BORRANAL) o0 a5 Fell BNGIE LR AHIS.CIRRRLARS. 1 e HELgCt,
sequences are underTined. Bol'd 1ettershindi cat sequénce I nsertions, '-
[ ndi cat esexdgd(:jmfs (Tu;glutahﬁﬁé’,éther:] Eﬂc?eriS @inck) atogpedgrodamg aid alfcells died

L- gl ut am ne- dependent gro .of a " 7 L1, 1 d B3). |
the. pr oscHEEngrSgr L (e v Er P e B RSP BHEI ST RIS HRGFEY bF ows. a5 wel |
as wld-type GHD.S (dianond). In the absence of exogenous L-glutam ne, the

Clone B3 (circle) stopped grow ng and all cells died within 4 days, whereas
the wil d-f09p8 CHO cEiguse 7sppnalse’ te Gndépicteaemplagy diiNadesigng endithsdr r at e.

[0025] Figure 7, . C depict | EN. desi t hei
targ : s: '3%9 ?‘Wst‘ﬁg“%g-%omjeg@ﬂ&e BH’:'&‘E gli’qgﬁwt%éuéﬁg“ﬂeﬁ%hgg%eagq}éeeq5Ie:lce of
the DHFR pegirqeeioaisgbied bhyhd idad 2@ PﬁlirsziﬁN?]H@i defls.i CapicDl@tdrs s. Capi t al

letters indicate exon sequences, smal| letters indicate intron sequences.
FI G 7B iigdigate exon sequences, small letters indicate intron sequences. FIG. 7B is a

schematic representation of the ZFNs targeting DHFR when the ZFNs are bound to
their double-stranded target sequences (underlined). The two ZFNs labeled “inner”

20 target sequences are internal to the region to be deleted, while the two ZFNs labeled
“outer” target sequences are outside of the expected deletion junction. FIG 7C shows
the target sequences and zinc-finger designs of exemplary ZFNs targeting the CHO
DHFR gene. The core DNA target sequences (capital letters) and 2 flanking bases
(small letters) are shown. All ZFNs contain 4 zinc-finger DNA-binding domains. The

25  amino acid residues at positions ‘-1’ to ‘+6’ of the recognition a-helix for each of the
zinc-finger DNA-binding domains for the indicated target DNA triplet are shown.
[0026] Figure 8 shows exemplary results of sequencing of the genomic
DHFR locus from ZFN transfected cells. “C” refers to the count (number of times the
indicated sequence was observed) and “G” refers to the genotype. The ZFN target

30  sequences are underlined. Bold letters indicate sequence insertions, ‘-’ indicates
deletions. Bold letters indicate sequence insertions. Italics indicate sequence changes.
Capital letters indicate exonic sequence, small letters indicate intronic sequence.
(0027} Figure 9, panels A to C, depict ZFN target sites and finger designs
targeted to the CHO FUTS gene. FIG. 9A depicts a schematic of the ZFN binding



schematic representation of the ZFNs targeting DHFR when the ZFNs are bound
to their doubl e-stranded target sequences (underlined). The two ZFNs

| abel ed "WRAEWOS$HEget sequences are internal to the re§CoVSPYLS3hR et ed,
while the two ZFNs | abel ed "outer” target sequences are outside of the

expected del etjon junctiop. 7C shows the ta
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are shown. "All ZFNs contain 4 zinc-finger DNA-binding domains. The am no
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equence TAREHE BEzing imeb AL B0 20 R A Ry P et
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Figure 9, panels Atgo C depjct arget_sites an j desi gns
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10 seque nme?gniﬁmhglel;lgtmmash bﬁ:jieczmoeﬁilgﬂr DA disdingdameins fmhde ingdiepsed
sequences 0 and ZFNI 2172 are underlined. The nucl eotides

conpri si n@r%eltng]:\%ér(‘}g‘]?tl‘ir?é T¥%rase notif Il are shown initalics. FIG 9B is

a_schenat {(pygepr eSeRigirkqD, SneRAIRE! hoanEBFRITNEGATZoPLORENGRIAAA! hei 1

doubl e-stranded target sequence (underlined). FIG 9C depicts the target
sequencesA4H8! kencFIG.rigey isdesshematicothoming the tecasian of ERMtargeting §EesiBr e DNA

targej_se nces .(.capit al r.s).and 2. fl i e | letters) are
shown:> ZF&F&E‘% °“_§,‘8?1 SR ré?@@éiﬁl%ﬁ ? W%E%(éﬁg%n(gﬂ%b%adl(%?&and ZFNI )2172
contai ns fssaéibed Vil te£afion §ite ﬁAIﬂ%’]?IB'cﬂQes’p@btﬂvdljaSFHRlaﬁBadepMSZFNens -1
to '+6' of the recognition a-helix for each of the zinc-finger Dl}lA-bi ndi ng
donmai ns f mediated simdltaeossdisaipgen, WeacswieﬂIbéftsuéY@’%WoNH‘?lestO‘g%fy’ﬁ gure 10,

o e ARG A v P sy P sl b 80 108 15 2
days after transient co-transfection of pairs of ZFNs linked to either the wild-type,

20 ZFN-Fok I (wt) or an obligate heterodimer EL/KK variant, ZFN-Fok I(EL/KK), of the
catalytic domain of Fok into K562 cells. Treatments for each lane are as following:
lanel, CCR5 ZFN-FokI (wt); lane 2, GR ZFN-Fok I(wt); lane 3, AAVSI ZFN-Fok
I(wt); lane 4, CCR5 ZFN-Fok I(EL/KK); lane 5, GR ZFN-Fok I(EL/KK); lane 6,
AAVSI1 ZFN-Fok I(EL/KK); lane 7, CCR5 ZFN-Fokl(wt) + GR ZFN-Fokl(wt) +

25  AAVS1 ZFN-Fokl(wt); lane 8, CCRS5 ZFN-FokI(EL/KK) + GR ZFN-FokI(EL/KK) +
AAVSI ZFN-FokI(EL/KK). FIG. 10C depicts the genotype of a single triple knockout
clone wherein the target CCRS5, GR, AAVS] loci for the indicated cell lines are shown.
The ZFN target sequences are underlined. ‘-’ indicate deletions, bold letters indicate
insertions.

30 [0029] Figure 11, panels A and B, show sequence alignments of CHO GS
genomic sequences as determined herein with the indicated species. FIG. 11A shows
alignment of exon 2 sequence. The target sites for ZFN8361 and ZFN8365 are
underlined. FIG. 11B shows alignment of exon 6 sequence. The target sites for

ZFN9075 and ZFN9372 are underlined.



C- C chenokine receptor 5 (CCR5), glucocorticoid receptor (GR), and
adenoassoci ated virus integration site (AAVSlI) loci, respectivel FIG 10B
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the indicated species. FIG 1l A shows aljgnnent Lg%on 2.sequence. The
target si'eestipg Fn BEK338 telin F 1B gepigls éﬂ%%%?qt og FicavIty I"Bcéﬂgows
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underli ne to D, ‘show ZFN-nedi ated di sruption in
human anda GEHslenme[thculEl(ra‘beledMPandFI(B léBCBlwomsluallﬁtqlmesogW@dl gdZhuman K562

medi at ed ZENs tar d to exon 2 of 2A), and e 6 of CHO
GS (FIG ‘%’ﬁf %59 gﬂelégcﬁﬁﬂtrﬁtg 866“&?%&5%??%%%9{%5& 2’%’6‘85%3@3%261 cells
medi at ed Ly, B,%E'N[%/ Waliaals. tGeNis% Qﬁplgﬁfaﬁi%(g%ﬁh FREY @pdopeG$ of CHO
GS (FIG 12 0031] Figure 13, panels A show t he conpl ete genom c
sequence lgfockd@ @Slftsm‘ldsle(l@ﬁqrﬁﬁ} Nered)rement fag gutaminecupplementatign d9ignat ed
as s g@%’ 32] Figure 14, panels Ato C show the results of Gb-specific
gene My in HEK293 cells. FIG 14A depicts the percent of NHEJ
activity in cells treated with GS-specific ZFNs (|l abeled GS) in conparison
with cells transfected with a GFP donor nol ecul e (| abel ed GFP). FI G 14B

shows that 2 clones, gl 7 andDJSRAILED DESCRIPTION

[0033] Described herein are compositions and methods for partial or complete
inactivation of a GS gene. Also disclosed are methods of making and using these

20  compositions (reagents), for example to inactivate a GS gene in a target cell.
Inactivation of GS, alone or in combination with other genes such as DHFR and
FUTS in a target cell can be used to produce cell lines for expression of recombinant
proteins, for example monoclonal antibodies that elicit enhanced antibody-dependent
cellular cytotoxicity (ADCC).

25 |

General
[0034] Practice of the methods, as well as preparation and use of the
compositions disclosed herein employ, unless otherwise indicated, conventional
techniques in molecular biology, biochemistry, chromatin structure and analysis,

30 computational chemistry, cell culture, recombinant DNA and related fields as are
within the skill of the art. These techniques are fully explained in the literature. See,
for example, Sambrook ef al. MOLECULAR CLONING: A LABORATORY MANUAL,
Second edition, Cold Spring Harbor Laboratory Press, 1989 and Third edition, 2001;
Ausubel et al., CURRENT PROTOCOLS IN MOLECULAR BIOLOGY, John Wiley & Sons,

10



derived froma pool of cells treated with the GS-specific ZFNs, do not
express GS as assaged by Western blot. FIG 14Cis a gra h shovm n row h
over 7 da¥%9 281V/45388GS knock out cl ones and denonstrates FW@SP@&@gﬁsg?mnt for
gl ut am ne suppl errent ation for growth. DETAILED DESCRI PTI ON [ 0033] Descri bed

her ei n are c o] and .net hods for art| nactivation of
a GS gene: eW\I ésxg"’é‘éé’&”ﬁfi’é "‘rng‘tﬁBdgleéF Fﬁbo Wﬁ%&&%

conposi t i R@§de§1’ﬁ@@9¢%§'t% lee§6 GHYB] GHESMATRGITRVBTORE ARD [ARTION, Bhifdr get
cell. Inactivation of GS, alone or in combination with other genes such as
DHFR and editién,i Academix Ryess, Sen Dicgon 1 928; UMETHORS PY BNHIOEOLREY, Y0lnda4d.f or

expr essi oy

elicit enhg?'f{?gj&?ﬁn[g) %3’0 Eﬁ%ﬁ%/\c%%ﬁﬁ%r n%f)t?g‘tcggé)@l(;%&(sA%Pe%&ﬁZr:[alhat

[ 0034]5 Pr agyg; %dqﬁEﬁm)mthmz MBLbGRSVEI. ¢ P9y ChirematmBratse1of t he
conpositions disclosed herein enmpl oy, unless ot herwi se i ndi cat ed,

convent i offaB. Beekisniedudtumanaiyessc dptowap189%gy, bi ocheni stry, chromat i n
structure and anal ysis, conputational chem stry, cell culture, reconbinant
DNA and related fields as are within the skill of the art. These techni ques
are fully expl Pefigitiond the |literature. See, for exanple, Sanbrook et al.
MOLECULAR CLONI NG ALABORATORYMANUAL, Second edli t%}g‘{] Col d S?prd' n% Har aor
Laborat or IP0BFkbss, 1989ty "muclelg agig;'t Ipehynusigptide, trdigopgclggtide

por o ¢ isaa meet AR BiHEeotAion K Bg SRSy SR dE RS (B0 or

Di ego; W)l:lichﬂzar o@lﬂR@\vﬂﬁﬁ"bxﬁ\J and RUEIThdREIngIND oEUbﬁH]b@tland’ddl ﬁodnec‘fﬁor tlmrpur}msadefﬁ c

Press, r]1§D| 1998; THODS | N ENZY é/ r}h
Wassar manthsesEnt qbsclmr? flgesederms)are Ratig cemps s T ofespféb‘g Snd
METHODS | Ny 8l G e@ma @Jn env]:&r% ass KAbRABhA IS e fAfaflrl mfcféo'ﬁdeﬁ@‘s? ker,
ed.) Humana Press, ‘Totowa, 1999. tions [0035] The terns "nucleic

acid," " pwlep s chdettidte tHat ardmbdifi eg@mﬂmlt@s@ |Sdga'r aadr ml;esphamré'bl@h@m@@,bl y and
T e A S T T M
t he pur pogfse Bse-pairing specificity; i.e., an analogue of A will base-pair with T.
[0036] The terms "polypeptide," "peptide" and "protein" are used interchangeably
to refer to a polymer of amino acid residues. The term also applies to amino acid polymers
in which one or more amino acids are chemical analogues or modified derivatives of a
20  corresponding naturally-occurring amino acids.
[0037] "Binding" refers to a sequence-specific, non-covalent interaction
between macromolecules (e.g., between a protein and a nucleic acid). Not all
components of a binding interaction need be sequence-specific (e.g., contacts with
phosphate residues in a DNA backbone), as long as the interaction as a whole is
25  sequence-specific. Such interactions are generally characterized by a dissociation
constant (Kg) of 10 M or lower. “Affinity” refers to the strength of binding:
increased binding affinity being correlated with a lower K.
[0038] A "binding protein" is a protein that is able to bind non-covalently to
another molecule. A binding protein can bind to, for example, a DNA molecule (a DNA-
30  binding protein), an RNA molecule (an RNA-binding protein) and/or a protein molecule (a
protein-binding protein). In the case of a protein-binding protein, it can bind to itself (to
form homodimers, homotrimers, etc.) and/or it can bind to one or more molecules of a

different protein or proteins. A binding protein can have more than one type of binding

11



the present disclosure, these terns are not to be construed as limting
wWth respect to the Iength of a polyner. The terns can enconpass known
anal oguesWEROHABHI&I nucl eoti des, as wel |l as nucl eot i deSCTARRO4OBSSADdI fi ed
in the base, sugar and/ or phosphate noieties (e.g., phosphorothioate
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between a protein and a nucleic acid). Not all conponents of a binding
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e dues R BRTERT R B B e Bl oSt hezegs 2 ol e 1 S
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strength of bindin i ncreased binding affinity being correlated with a
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exanpl'e protein) e (an
RNA- bi ndipigtefi ietagiroteinaid loocursing imhature wbdsedubxgn/@ampomtlen resbitadi ng protein).

In the case of a protein-bindin rot n, .i cnbln o self o form
honodi ner@mcmﬁ‘“ﬁtffqnhﬁ“@na]étrﬁe')‘a glﬂgt ?rt‘te’é‘%%P eﬁ‘@“t‘%" Y ﬁ‘c?rtb‘?rb | ecul es

of a di ffS%P&EEtI AI& hd ¥ %rﬁ'e&"% oﬁtﬁ?héq{%'r ?%cﬁgs@ﬁgain@orﬁ%oh% g nmore than

one type o ngact| Vit For arrp e, finger proteins have
DNA- bi ndidumbaﬂ\mebnglmfmglmd qflemtsenngFB@eﬂgnsamtd hindipg daGOIBE, 1" zi nc fi nger

DNA bi_ndi ng protejn" (or Qi '.n Ln) J tein wthin a
| ar g&r pr%‘g@i E‘F iﬁg‘ite‘%f' ﬁdgb% 4%3@%%}@@3?‘5%@ 'ffeec?lsr‘?’aowg?é}?%&ggnugh one or
nor e zi Nowig 9g85659; WHCE98/83660; P00 06538MEnBOWaD DB/0se4pgENce within the

bi ndi ng domai n whose structure is stabilized t hrough coordi nation of a zinc

i on. The [084Hh zi nc Al"ﬁ@@crtectﬂmmbﬁn@rmmpmsélpﬁoﬁil@ ot feund-iB meBiye Whese as zi nc
flnger protein or Z 0] Zinc
'engi neer%rag ct“(?“ﬂf”ﬁ‘i‘ PB["? @’F 588%%‘}%‘%‘5‘ %‘fegg %gggé;ﬁlgéﬁg}ﬂgger fation, | ng
exanpl es @fp sraiydadseclettion. See e.g., US 5,789,538; US 5,925, 523 US 6,007,988;
20 US 6,013,453; US 6,200,759; WO 95/19431; WO 96/06166; WO 98/53057,
WO 98/54311; WO 00/27878; WO 01/60970; WO 01/88197 and WO 02/099084.

[0042] The term "sequence"” refers to a nucleotide sequence of any length,

which can be DNA or RNA; can be linear, circular or branched and can be either
single-stranded or double stranded. The term "donor sequence" refers to a nucleotide

25  sequence that is inserted into a genome. A donor sequence can be of any length, for
example between 2 and 10,000 nucleotides in length (or any integer value
therebetween or thereabove), preferably between about 100 and 1,000 nucleotides in
length (or any integer therebetween), more preferably between about 200 and 500
nucleotides in length.

30 [0043] A "homologous, non-identical sequence" refers to a first sequence
which shares a degree of sequence identity with a second sequence, but whose
sequence is not identical to that of the second sequence. For example, a
polynucleotide comprising the wild-type sequence of a mutant gene is homologous

and non-identical to the sequence of the mutant gene. In certain embodiments, the

12



engi neering zinc finger proteins are design and sel ection. A designed zinc
finger protein is a protein not occurring in nature whose

desi gn/ coB381%458H8r esul ts principally fromrational crPCESA0METSPDNal
criteria for design include application of substitution rules and

conputerized algorith for processing information in a database storin
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98/ 53059; WO 98/53060; WO 02/ 016536 and WO 03/016496. [0041] A "sel ected"

zi nc fi ngem-identical sequsnees sanbeany keogthf andribeir degrae af ronvhergelogy ¢aube i on
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US 6, 307, @8Bted¥ontolOdotis48comBifmtfond 9P as/ fabie 28009/ mM&4 IllobMWes 8. 0fk66; WO

98/ 53057; WD 98/ 5431 1; WO 00/27878; WD 01/60970; WD 01/88197 and WO
02/ 099084insgriom of a gene atarpfedaterrurgfcectonie sigg i a dramaspmdotie sequence of

any | engt | . I X e sl . ' r nched
and can B aEER SR or i ER oS o Facrio B caunfiok Hdndlbe BT
sequence”saneflengh! Topexuntlean ctogarys poautlbatidd @ el, dersrt pdynucientide)genone. A
donor sequence can be of any |length, for exanple between 2 and 10, 000

nucl eot i defdetweaneiihyand %Qowlq%g%@rnw};ﬂoﬂéegﬁ‘&%%@@ - or thereabove),

pr ef efabl { ween 3 : | ' hin ol any

I nt egleof1 t g?@bet wee% (?Hllri‘r%%g?%fradé%?e éﬁq é’ﬁﬁ%“ﬁ%’f w\/\g‘gfnd %@mﬂgggm?re\gu%%%

nucl eot i dlentitly akeckrgivim in[tBO4R] TApichbysudymaebnigneminclidedeteahinsegthence” refers

to a first sequence which, sh degr ee of uence jdentity. wwth a
second se'a‘{fi??g ?Sm}ten%%gt@%‘@%ﬁér@éagg“ ‘?rdf? peths aRP 25 t he second

sequence. s 50knR%ABR e th&ebP| il ¥6mPatin e SOMALERII D 4 B& ol hilcleyid® sequence
of a nutant gene i1 s honol cgous and non-identical to the sequence of the

nmut ant gemminolanidcseruerica. Evnoniiceaquences havdse be detbrminad rndyorbpargdéh t he t wo

e e | e B AT R RSB R A S
sequences,gdio-RfimNid EstadsPordihct BLiwo plEignatedtided ONpsIOpEPtideKeRrincEy as

small as a single nucleotide (e.g., for correction of a genom c point
nut ati on teypactivelat dvchRImpPEFEaLenceTGebmyalepbdg opamine ackhganbe 10 or nore

K L ooas oo adrited b BbchfiRfly thef pelooth i8Ry 2ime pBBASLERTY BE SOt 0PI € Site

sequences, whether nucleic acid or amino acid sequences, is the number of exact

20 matches between two aligned sequences divided by the length of the shorter
sequences and multiplied by 100. An approximate alignment for nucleic acid
sequences is provided by the local homology algorithm of Smith and Waterman,
Advances in Applied Mathematics 2:482-489 (1981). This algorithm can be applied
to amino acid sequences by using the scoring matrix developed by Dayhoff, Atlas of

25  Protein Sequences and Structure, M.O. Dayhoff ed., 5 suppl. 3:353-358, National
Biomedical Research Foundation, Washington, D.C., USA, and normalized by

Gribskov, Nucl. Acids Res. 14(6):6745-6763 (1986). An exemplary implementation

of this algorithm to determine percent identity of a sequence is provided by the
Genetics Computer Group (Madison, WI) in the “BestFit” utility application. Other
30 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 following default parameters: genetic code = standard; filter = none; strand

= both; cutoff = 60; expect = 10; Matrix = BLOSUMG62; Descriptions = 50 sequences;
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pol ynucl eoti des conprising the honol ogous non-identical sequences need not
be the sane | ength. For exanple, an exogenous pol ynucleotide (i.e., donor
pol ynucl e¥PiZA¥ 058118 pet ween 20 and 10, 000 nucl eoti des or PREASEYPIORSEDHai r s
can be used. [0044] Techniques for determ ning nucleic acid and am no acid

sequence identi M in the art. Typi I chnj i ncl ude
S R G SRR ok At e NP iR S BN LS

det er mi ni PISRLNGeMAMRTDS tAnSBEHRNE SwRR pesier - SRk + RIKI Defiabing t hese
sequences to a second nucleotide or am no acid sequence. Genonm c sequences

can al so theseqwogamis genl bafielinsdormthe éxenBank wiebsifea SHith mespectge sequencesi dent ity

e SRR R EAS VST B el oy 1 o
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sequencesbetwput searensgs pisi at legst (-3 Yoapiclsally i89-828enaoredscierably S Athrber of
exact matg ol J odi Mi th of the
chor ter SO EE oA IOk AT e Bt B P

nucl ei ¢ agiyderkeqdemmtioes i s provided by the | ocal honology algorithmof Smith
and Waterman, Advances in Applied Mathematics, 2;482-489 (1981). This

al gori t hni0843] be apPitr@ativelyaihe d6sTae PhseIagRRESBUagly BEEVSRR t he scori ng

mat rip de Ay Dawho {”@E Sorfdi2Lie Mgt ructure
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Res. 14(6):6745-6763 (1986)..An exenpl.ary.L.nmpl enentatign.of this algorithm
to deter OHQWﬁ§P¥§%&CSé%Wf tsﬁ}?gé‘?'s%a@@ﬁﬁ@%é_ﬁgﬁ‘é‘ﬁﬁﬁSS{?ic?@g BY the Genetics
Comput er  &iaiindtMAdriRddigW¥ted Faghbfts.” BaUfucleic i dritvoPRR/pep@dé on. O her
sui tabl e prograns for calculating the percent identity or simlarity

bet ween segueneesremubsteamtiadlydionyolagansrto eachtdtheravhen the sequenens|exhibatadt her

al i gnnent, progr I, AST,.. U ' def aul t ramet eqs., E | e,
o T RSB S AST AR W SRR R IRYE R, O S o
genetic Cﬁ&fé%ra‘bl%‘)@%@@tﬁl‘ljinofré bieBérably¥304; ;and b prefersly 989s sqabhice= 60; expect
= 10; Matrix = BLOSUMb2; Descriptions = 50 sequences;sort by = H GH SCORE;
Dat abas esidentiyevereaidefinedilength eBehemaleces. as deipmnined peipg theanpadx CDS
transl ati gns _+ ,Sw rotein, t . g%%§+ :!P?IE i Sify ogr ans
can be folmd o nA§tuﬁ§(§]a§ﬁ%a§+<&\t/\a/entt)ls§? ?g . lgﬂugraggg%{ac %L%élgﬁ%éﬁg gé i

complete identity to a specified DNA or polypeptide sequence. DNA sequences that

20  are substantially homologous can be identified in a Southern hybridization experiment

under, for example, stringent conditions, as defined for that particular system.

Defining appropriate hybridization conditions is within the skill of the art. See, e.g.,

Sambrook et al., supra; Nucleic Acid Hybridization: A Practical Approach, editors

B.D. Hames and S.J. Higgins, (1985) Oxford; Washington, DC; IRL Press).

25  [0046] Selective hybridization of two nucleic acid fragments can be
determined as follows. The degree of sequence identity between two nucleic acid
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

30  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 Laboratory Manual, Second Edition, (1989) Cold Spring

Harbor, N.Y.). Such assays can be conducted using varying degrees of selectivity, for
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descri bed herein, the range of desired degrees of sequence identity S
approximately 80%to 100% and any integer val ue therebetween ically the
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sequence. p@b@\lmmeﬁlshbﬁlbkﬁlﬂ@ltﬁyl@hmneﬁbé yudtmuabldgequence,ranbeherdent ified
in a Southern hybridization experiment under, for exanple stringent
condi ti on&Y Se&%"“@@folfﬁ%fopﬂ?tetcﬁﬁ itigR§ the Preberand\fae EfereResr SeANTS appr opr i at e

hybrigy z agél%vgﬂlq@gtﬁp%_@,s B Rhdh %tﬂ@r 9 I?bll'nlt a‘atlFlteQ tndiEdule. SBSmcRII: »

Sanbr ook et al I c Acl bridi zat A Practi cal proach ,
edi t ors Badid niddevak thatds Sdpablw g@tylm,dxzﬁ %@ctl@&]‘ydod,reﬁbsmhcﬂgtwme 1er | RL

Press). [0046 | ecti d t ft I d f t b
et or 1 no@ogeHIshy HEREST! PHLY degerecaitbus et IS S50 sebfHPT0 muchei o
acid nol emat Q%V@Bét@&to% metafget h&lae@mdaseque%t:éeﬂgttteas@tbctmhmm zation events

bet ween such nol ecules. A partially identical nucleic acid sequence will at
| east par hucd¢dtides ihiebgth hahmgtayltﬁarstcappmmmntebf 7%%(59@1#?!@@ Eiegltli}’dé theal

sequence to a tar et | bi.ti he

conpl €t el SFAERTY glé Seg%&?ﬁg?%gel%ﬁﬂ B’éOba?s?i %e&wgb lzﬁ%r g’fh(z?laofl |g on assays
that are V&?idall?@ﬁm defbchb@oﬁfafrge(tﬂuélelc acilideq@érite DINAY)ledst aboutNortdher n (RNA)
bl ot, solution hybridization, or the |like, see Sanbrook, et al., Mol ecular

O oni ng: mudlegsisieqinlepgtithaviig, a squensd idantity ofreatenthon abpt@OLH% with
the sequence of the selected nucleic acid probe. Hybridization conditions useful for
probe/reference sequence hybridization, where the probe and reference sequence have

20  aspecific degree of sequence identity, can be determined as is known in the art (see,
for example, Nucleic Acid Hybridization: A Practical Approach, editors B.D. Hames
and S.J. Higgins, (1985) Oxford; Washington, DC; IRL Press).

[0048] Conditions for hybridization are well-known to those of skill in the art.

Hybridization stringency refers to the degree to which hybridization conditions

25  disfavor the formation of hybrids containing mismatched nucleotides, with higher
stringency correlated 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

30  known to those of skill in the art, hybridization stringency is increased by higher
temperatures, lower ionic strength and lower solvent concentrations.
[0049] With respect to stringency conditions for hybridization, it is well
known in the art that numerous equivalent conditions can be employed to establish a

particular stringency by varying, for example, the following factors: the length and
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Har bor, N.Y.). Such assays can be conducted using varyi ng degrees of
selectivitg, forexanpl e, using conditions varying fromlow to high

stri ngencYO 2P10/458H8i ti ons of | ow stringency are enpl oye&CT{$20040888hT e of
non-speci fic binding can be assessed using a secondary probe that |acks

even a partial .degree of sequence identjt for exanple, a probe having
Cess ¢ hamaaat 5assSuate et SRameINey Qe Vs s Gabesmpielirans Shen Cha
in the abggpgR Sher R iohiss1ubibh dbMPofted) tife preffics BEMEACYofPr obe Wi || not
hybridize to the target. [0047] When utilizing a hybridization-based

det ect i orblsgkingagenss inube¢ bylridizitwnpobitions &.g hdsxéranshidate; andqolysitledent ary to a

ref erence .nu ic.acid sequence, and then.by selection of,, appr jate
condi t | On@ygoﬁt%zﬁg@iéatéwegﬁéoqtgpg e cgaﬁléﬁ)@&ar%eg?réﬁs’l%eel ?/soﬁlii/@?]{ i ze, or
bi nd, sto wanltoalitehs.t Phé wléeti@ndmalp@nidmmr@@ttdfel.fybﬁdﬁuﬁdne'c@dmxﬁ igrol ecul e t hat
i s capabl e of htybrl di zing selectively to a reference sequence under

A

noder at el sglestedi falewingrsjandped mathpdnindbe art(sesntor eypmple Pymbrpek; eizkes under
conditio a detrect | f | ei j epnce of at
east  abageleBla Horill: & rabbldilhy Kraflel Xepila BUELR. (1989) CoRSBHARTT, O %00
sequence Hgboi,INY. W th the sequence of the selected nucleic acid probe.
Stringent hybridization conditions typically allow detection of target

_ t
nucl ei ¢ al¥0¥0lsequendiesopbingtiong gaders 4 a process of £xahange Of BARRNC n | engt h havi ng
a sequencecl j Mq.ab - Q500 W & ence of the
cei oatbd RriftEbh bitven S50 RO O b i L e or
pr obe/ r ef 'Boantezone goembéndtiphr(Hi) 2 atfers o thetspeaalized fprm b€ suhcexchdrgeence
sequence have a specific degree.of sequence identjt can he term ned as
i s known tht tlalﬁ%';pj e f%réé‘,‘mf’%r S’é‘}%ﬁﬁﬂ’%‘g olte\a‘&‘ﬁé?'étrﬁ‘l_ ]E)'%%deicﬁ %afﬁén: A
Practi cal ,,fpnt ?&ﬁi}es n@gbétﬁfessega&)rce H@Hﬁ%ﬁzg??ﬁ’se@%-"dbﬁ&g infleculid R3empfatd or d;
Washi ngton, DC, 1RL Press). [0048] Condifions for hybridization are

wel | - knowreptioof adeegetf meleciile (i.a, theenathat ekiydsiendéd theidonblststiang bragd).r ef ers to

T,

I'mgency

correl at eghididsibnd beeWise it Rh@Y RNRE trhiferBrp¥BéteiRtbrinablibh dom fRclonbstot hat
affect the stri ngﬁncy of hybridization are well-known to those of skill in

the art athd targeti dMhousuisking tnbe bound; yeanyingrtiqubarsbecy Lsueh tapsier ¢ ¢
P ent eGSR S BB e B o
hybri di zafaigehasd thedigaes ¥ind/er I'syatrsiseldpindehi ghmd annealing," in which the
20  donor is used to resynthesize genetic information that will become part of the target,
and/or related processes. Such specialized HR often results in an alteration of the
sequence of the target molecule such that part or all of the sequence of the donor
polynucleotide is incorporated into the target polynucleotide.
[0051] "Cleavage" refers to the breakage of the covalent backbone of a DNA
25 molecule. Cleavage can be initiated by a variety of methods including, but not limited
to, enzymatic or chemical hydrolysis of a phosphodiester bond. Both single-stranded
cleavage and double-stranded cleavage are possible, and double-stranded cleavage
can occur as a result of two distinct single-stranded cleavage events. DNA cleavage
can result in the production of either blunt ends or staggered ends. In certain
30 embodiments, fusion polypeptides are used for targeted double-stranded DNA
cleavage.
[0052] An "cleavage half-domain" is a polypeptide sequence which, in
conjunction with a second polypeptide (either identical or different) forms a complex

having cleavage activity (preferably double-strand cleavage activity). The terms “first
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tenperatures, lower ionic strength and | ower solvent concentrations. [0049]
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process ofomainlfaggenatherpngineered ddayegmbal bomeamie S¢e, rise, Yol Patedt eot i des. For

the Speci Bnisgtiof Nk APSKYBRYS 2aanBER PR ADBERTRLAR, bl L0 i g

repair of hdel)yarefdrérd8dn tHetrddnisirdtiescel | s. This process requires nucl eotide
sequence honol ogy, uses a "donor” nolecule to tenplate repair of a "target”
mol ecul e (0054l | "t he"Grematiat 1sthp ar¢leoprawin seichBe 6P@PEsAg e WIBEE)  and is
vari |y 1 - S . : rsi:on” "AS act gene
converi SRR el R A i B R SR AR, Bl N A ek on From
t he donorinchdidpehiftangeind ndhtHistohe vhremongmilprbeinso divd nimjordtyyfparti cul ar

t heory, such tr,ans{ er can involve m ser;r%tch correction Bf het er odupl ex DNA
that for nEl@BtaficEnlvIRECPBIRER ckistsdR theatogmiof BuelsAtmesa HAFTSH 4
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backbone of a DNA nol ecule. C eavage can be initiated by a variety of
net hods i efthagirasent disslosnot, the teim Echromatinhisymeant o encogtpesd dhtypRyef ol ysi s of

h hodi : ' . )
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both chromosomal and episomal chromatin.

20  [0055] A "chromosome," is a chromatin complex comprising all or a portion
of the genome of a cell. The genome of a cell is often characterized by its karyotype,
which is the collection of all the chromosomes that comprise the genome of the cell.
The genome of a cell can comprise one or more chromosomes.

[0056] An "episome" is a replicating nucleic acid, nucleoprotein complex or

25  other structure comprising a nucleic acid that is not part of the chromosomal
karyotype of a cell. Examples of episomes include plasmids and certain viral
genomes.

[0057] An "accessible region" is a site in cellular chromatin in which a target
site present in the nucleic acid can be bound by an exogenous molecule which

30 recognizes the target site. Without wishing to be bound by any particular theory, it is
believed that an accessible region is one that is not packaged into a nucleosomal
structure. The distinct structure of an accessible region can often be detected by its

sensitivity to chemical and enzymatic probes, for example, nucleases.
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can occur as a result of two distinct single-stranded cl eavage events. DNA
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2005/ 0064auit, bmWH@le@@cE&eémuo z@a@r}/owpm 96morg g@mtlpoblaclmnh@lmomeby

ref erence i hej |ret|es 4 r QR IS t ucl oteln
structur emﬁgpréﬁ' g\ﬁ Hré3 %’bclellﬁ g }‘u ‘??gh ?‘f‘dﬂgfesgﬁ oﬂal?l narﬁééﬂrr{l)rl ses
nucl ei ¢ agdviio ﬁfehfﬁliEt'aké/a%vx%ﬂaeﬁfa@b@id“ﬁoﬂs@th@wm Thus! fResaapld, a
non- hi st one cﬁrom)somal proteins. The majority of eukaryotic cellular

chr omat i nmelepgle hat s prigeent onn dwring cabsyeadevelQpvaens of MaIsEIg s @some cor e

compri®Si r B R e e as oD o Hhosply oty SN ALES b pue” S O
vari abl e ingngidhbydraeddck g QﬂeidgEn@Isgﬂélbaﬂ} withirespast toel nuelicatshdoked ome
cores. A nmol ecule of histone H generally associated with the_linker

DNA. For gehe @ueme@wokﬁ@eﬁa@ggﬁpnm &g iexample, adppetioping vegdientbd i nm i s
e o FHRARe Pééﬁ%ﬁén&fl hf Ar%f}ag@gﬁ ARR"R s%mofpeérhla@lryokaryot ic

and eukaryoti F OBt N 1nc ronosonal and epi somal
chr omat i nfunffiing erlogelusmelecse.” is a chromatin conpl ex corrprl sing all or
a portion of the genome of a cel The bgenoms ofh a.cell is

t
char acx er (028Y by it SMIEXPEFAOPHEIO G e, eng oihepbingsna B’i“a@mﬁ?ﬁ%e
chr onDSONgRhL LA o %m@fﬁpé& HFa E&ﬁb&ﬁf@)ﬁ@cﬂ&m?zt pl‘b@HS orld @GR uM sikhcel | can

conpri se one or re chronosones. epi some" is a replicating
nucl ei ¢ aas aprotei Ingoleicotcad, rcadmhpdletc hpld glyCOproteln lipoprotein,
polysaccharide, any modified derivative of the above molecules, or any complex
comprising one or more of the above molecules. Nucleic acids include DNA and
20 RNA, can be single- or double-stranded; can be linear, branched or circular; and can
be of any length. Nucleic acids include those capable of forming duplexes, as well as
triplex-forming nucleic acids. See, for example, U.S. Patent Nos. 5,176,996 and
5,422,251. Proteins include, but are not limited to, DNA-binding proteins,
transcription factors, chromatin remodeling factors, methylated DNA binding
25  proteins, polymerases, methylases, demethylases, acetylases, deacetylases, kinases,
phosphatases, integrases, recombinases, ligases, topoisomerases, gyrases and
helicases. An exogeneous molecule can also be the same type of molecule as an
endogenous molecule but derived from a different species than the cell is derived
from. For example, a human nucleic acid sequenced may be introduced into a cell
30 line originally derived from a mouse or hamster.
[0061] An exogenous molecule can be the same type of molecule as an
endogenous molecule, e.g., an exogenous protein or nucleic acid. For example, an
exogenous nucleic acid can comprise an infecting viral genome, a plasmid or episome

introduced into a cell, or a chromosome that is not normally present in the cell.
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ot her structure corrprisi ng a nucleic acid that is not part of the

chronosonal kar pe of a cell. Exanples of epi sones I ncl ude pl asm ds and
certain \)WP&P“’Q% s. [0057] An "accessible region" i SPQT@S@@%‘)P@&%I | ul ar
chromatin in which a target site present in the nucleic acid can be bound

by an ex whi ch recogni ze e tar hout -wW shi ng
Co be bodHamays G arefudibart ehEamgte Fteckl s et erdibFon  bRRELL T e
regi on i skang thbakt ahg 1mdepa@ﬂ<aaeﬂ6t lifted @, NpidlMedaiairanifetiGleyr €. The

di stinct structure of an accessible region can often be detected by its

sensi ti vi tgwsme%rmwcaag natﬁdal@ntiy#mnr%hmd%)belgcmmrat&mdﬁpe injgetiqeseles. [ 0058]

A "target t hat
def i nes duRbaiesiiie poRbRRIRE HENFTrpoifte T Efind R PR IR b e,
provi ded rmedisted trandfecaiidvitdl @8cof- ﬂredhtdddrangfeeXAateonarouemum catnhe sequence

5'-GAATTC-3' is a target site for _the Eco Rl restrrctron endonucl ease.
[0059] Arplsosebgénaayeleicrcitipm 4 diffgrepbinseicn o REAMPIE, HRHMALETEI | y present

in a cell; %BlﬁGQ%S'té}%gaﬂged into a cell by one or nore genetic,
0

bi ochem ca? or ot her "Norrmal presence in the cell"” is determ ned
with resp6062]t o t heBpaoitrasylaar'entibgehaptartedulsisage tiands wormiatlypresantal

condi tions of th ce | . Thus r exanpl a nol ecul e hat IS resent only
Guring enBARIAICTGELFbpRENEST Sl ste SRUgarBtR e ek o Bos
respget t&n@ﬂloﬁgutér é?@d.ﬁ:g}lce afi @hdogerbid m1diY acid c@k%ﬁﬁ&é&%%@olﬁy heat

shock is an exogenous | ecul e wrth respect to a non- heat-shocked cell. An
exogenoushegéremd ef a:mtoqudrlpa,e;hldroplammm ormUﬂGIrlaomturgllwerm on of a

mal f uncti onin endo @C% Z | funct i olnlé)g versi a

nor mal | yfffi r‘?Pff@ 8'(5 giG48 2 CNGAEEBYS RRC %;%%‘&% I ecuI e can
be, andng,ehRl forBkAdple, aa&eﬁbdlomte@yérﬁre&yﬁﬁs as is generated by a

combi natori al chem stry process, or a macr ool ecul e such as a Protel n,

nucl ei ¢ d8P8B8] car bohy fisiand molegilelis ajmglespiedn aihich WoRsFRetesubuni
Cglr%| icgfgéllsd gSI % )flgj‘(rg&i (g)lref%xdab?eéév\é%h e’Iﬂé s&ﬁh 1@%{8 gulg?kﬁr e safit 2Ny

Yabové ecu el ¢ aclds

i ncl ude Ealtemacrmit%fmﬂémba o‘ilcﬁ‘lgb@dlfmienﬂ@h&)hfbalsttypemdﬁdoleclalas be |inear,
branched or circul ar; and can be of an Iength Nucl ei c aci ds_i.nclude those

capabl e dixamples efgheifiptt émpesof fasjomnolecyls inelude.dut prsmat figitedde.ugicnci ds. See,
for exan‘pﬂrgtemlg (ﬁ)r eﬁ%ﬁfét, a M0Son Betwébn 2 %@PWA-bmdmg domain and a cleavage
domain) and fusion nucleic acids (for example, a nucleic acid encoding the fusion

20  protein described supra). Examples of the second type of fusion molecule include,
but are not limited to, a fusion between a triplex-forming nucleic acid and a
polypeptide, and a fusion between a minor groove binder and a nucleic acid.

[0064] Expression of a fusion protein in a cell can result from delivery of the
fusion protein to the cell or by delivery of a polynucleotide encoding the fusion

25  protein to a cell, wherein the polynucleotide is transcribed, and the transcript is
translated, to generate the fusion protein. Trans-splicing, polypeptide cleavage and
polypeptide ligation can also be involved in expression of a protein in a cell. Methods
for polynucleotide and polypeptide delivery to cells are presented elsewhere in this
disclosure.

30  [0065] A "gene," for the purposes of the present disclosure, includes a DNA
region encoding a gene product (see infra), as well as all DNA regions which regulate
the production of the gene product, whether or not such regulatory sequences are
adjacent to coding and/or transcribed sequences. Accordingly, a gene includes, but is

not necessarily limited to, promoter sequences, terminators, translational regulatory
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5,422,251. Proteins include, but are not |limted to, DNA-binding proteins,
transcription factors, chromatin renodeling factors, nethylated DNA bi ndi ng
prot ei ns, WRPIMSPH8es, net hyl ases, denet hyl ases, acetyl§§%§§ZHQQQ%W@IaseS,
ki nases, phosphatases, integrases, reconbi nases, |igases, topoi sonerases,

gyrases and helicases..  An expogeneous no] ecul an al so be the sane type of
o] ecut e HSUGRCLD GE HBOR T OOTE B LB ATOPRTE BT P, GHBTERSC) oo

than the s@l@hécfr%zndﬂ%&r\é%lfnﬁlﬁfy ellgrﬁém@&eﬂwaﬁon 8ri BinEBRatt Ghatkméttisdes equenced
u

may be intro Into a ce ine originally derived froma nouse or

hanst er . 4nd06dis contrelregionsus nol ecul e can be the sanme type of nolecule as

an endog nol ecyle, e.d... an exogenous protei p.ar._nucleic acid. For

exanplezﬁﬁﬁ&@xogeno F 6%?%?@0505:rﬁg%t883$$¥§8n8ﬁﬂFﬁ?§PP?ﬁahviral_genone,

a plagm d:oﬁfaiﬁéla'iﬁ%@né,ﬂhfo@%&ﬁ%r&&kﬂ A gefi prodaét An®RItREBIEETE that is not
the celT. Met hod

normal Iy present in s for the introduction_of exogenous
mol ecul estranseriptioanl producs of a@rne (@g-t ABDEAJRNSTRNA, qntipgnsa RNAnd i ncl ude,

but are n i mted I By-d- i i e i , 1 ncluding
neut r al i PB?ﬁ"éi‘ﬁﬁfn(’a‘s : Agf g%%%o%@%%ﬁ% Oercafn’yi Jﬁ%‘ée}g?ﬁq%rﬁis cel |
fusi on, pRNA) et & phAGAPrstHTRBE by tahslatich phosBINA.eGene prodactpiatsatineinde

DEAE- dextrannedi ated transfer and viral vector-nedi ated transfer. An
exogenousRNOE evhigheare apdified; by gregesses suchhirgapppgapelyadenyletiandi f f er ent

speciqes, - edfi U ' r ' none. [0062]
By cot: r dofhy BB R ety FRNpRAR DR B fof e B B Cene 1
par ti cul afcesdtiongphadpherylation] wbyiquievatiop ADR-abosiama, onydstilapen.tandul ar

envi ronnmental caonditions. For exanple, an endogenous nucl eic acid can
conpri se 8Y¢§YBHBRone, the genome of a nitochondrion, chloroplast or other

or ganel | 300% a nat gl ¥e&ae Wil H&eﬁﬂég’%ﬁiﬁ‘%fe&‘é@ £Hang€ (P ASEN ity onal
endogenous | ecul es can include proteins, for exanple, transcription
factors ageteeivoduion[of@siessiort arsinclude, ot esondt dimitedaongene@ativation apdi ch t wo

buni t _nol ecul e |.inked ferably .covalently. The subunit
ol o ot BARTSEe Qe el 1 e AR AR PR onet: T er ont

cheni cal donfseddtb aBRM1GRAI RSs nEXABRUES 70 dsli@sdribed hefeiiReThis, kersd on ol ecul e
i nclude, but are not limted to, fusion proteins gfor exanple, a fusion

bet ween anZgivaiamay bdicampdsertineckeut)or orei (e, dbMRAMIPRAY Wit dn nucl ei c
acids (f Oéeng)éggf%itg les& thralllrjl%lo%ingl ea}(%'réjssf%ﬂqa%ﬁsnoq atﬂ}gdlictf %ifgrf'nutant gene that
shows partial reduction in the activity it influences).
20  [0068] "Eucaryotic" cells include, but are not limited to, fungal cells (such as
yeast), plant cells, animal cells, mammalian cells and human cells (e.g., T-cells).
[0069] A "region of interest" is any region of cellular chromatin, such as, for
example, a gene or a non-coding sequence within or adjacent to a gene, in which it is
desirable to bind an exogenous molecule. Binding can be for the purposes of targeted
25  DNA cleavage and/or targeted recombination. A region of interest can be present in a
chromosome, an episome, an organellar genome (e.g., mitochondrial, chloroplast), or
an infecting viral genome, for example. A region of interest can be within the coding
region of a gene, within transcribed non-coding regions such as, for example, leader
sequences, trailer sequences or introns, or within non-transcribed regions, either
30  upstream or downstream of the coding region. A region of interest can be as small as
a single nucleotide pair or up to 2,000 nucleotide pairs in length, or any integral value
of nucleotide pairs.
{0070} The terms "operative linkage" and "operatively linked" (or “operably

linked”) are used interchangeably with reference to a juxtaposition of two or more
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protein described supra). Exanples of the second type of fusion nolecule
I nclude, but are not limted to, a fusion between a tr| | ex-form ng nucl ei c
acid and WOpBIWI58P8i de, and a fusi on between a mi nor SVASEYYeISHNd a
nucl ei c acid. [0064] Expression of a fusion protei n |n a cell can result

fromdelivery of the, fusion tein to t or dellve a
oL ynucl COTTRABOR SO 8 StBnEe QPGRNSh g7 BIEGE CoppTents s PERTgedRch

pol ynucl e@bi slifgh bSmbb M HhBEsh n&mﬁny%d LGRS pRkibilR ttﬁai‘@ﬁieﬁit‘%ﬂe of 0
generate the fusion protein. Trans-5plicing, pol ypepy de cl eavage and

pol ypept ithe cbmgamermsnca@anechats@ fgectlorm\Abatusdxartedebppn@sbastmngfof ﬁlemtb@reu nin a
cell. Methods fotr oI gotlage anﬁ_lgs 8@%@ laq era/_ﬁg eISIs are

pr esent edRTROARREr &7 a% Ugfralionog Hpese iﬁ Te8X %ré/nsgqu & theE® Bur poses
of thg pr;ﬂ@ﬁi@terdlls%Pb@ﬁuél9,nnkea:{dléi&ﬁh@g EibefiRdf fie tRnsaitidbabreg@agrpr oduct
(see infra), as we as all DNA regi ons which regul ate the production of

the gene ssABensecontzple thedevelof ror@nscm@nnpégxﬂcaﬂmgysegwmem%p@ﬁé taieacent to
codi ng and/é)enf:é f (é\?éeao%nﬁ%glﬂl scnéﬁgﬁaq %Jlé’t? adoRe AnC| udes, but is

not neces®g rorm TapselRytUEh e rmnators, transl ati onal

regul at orwﬁﬁmmsregumkbr§t3equebe@Qrgenaianyl opgrativélg $inkedlini gié eithal codirfgosone
entry sites, enhancers, silencers, insulators, boundary el enent s,
repl i cat | GALGICEGRH Sccdetbeditectiy adiaent taite Eor eranlear<Lnbaaer i a regi ons.

[ 0066y, * c ﬁ&?&n%??égﬂﬁtor&%fz encd ﬁla sz&&_%xgl [rRBd & a I:&fm% ncfﬁb%et I on,

cont ai negﬁl n-a gene, “Irnto’a (g'([ane ene product e the d| rect
transcrlp&wenmladug]hnb@ménofc@tgamﬂs(e g. , NRNA tRNA rRNA, antisense RNA,

ShRNAs, RNAs ozyme, str ral er t f
R of AUBTbk of n pPOUEBRICblp RS EHEPLPERILES: (e (eGP ED R E 3 o
i ncl ude %tme%ct%ﬁ eaa@bfeh%@onﬁxna{tgﬁ&%&ﬁfs tﬁé‘%@ﬁn@ﬁ&?iﬂﬂlka eto

pol yadenyl ati on, l'at1on, and editi and proteins nodifi by, for
exanpl e, thebther aOmponenaasettWOalﬂd ding wghor;)plsmhyltqlt i Rom exarbplguwith m@ﬁpp@iﬁo

aone. s LSl bV B PR CbHETRAR R RO R BRR s o0 on o
expr essi odbrAR, the ZFRAdSNADhding doftaid Add the dlchPagedRniRticliM dbe@fiveénd gene
repr essi on. Gene i nactivation refers to any reduction in gene expr essi on as

conpar ed linkage ifein the fizsionipelypenside; the ZFEDNAArpdiag dogwin poréian ie?d¢ 2 Thus,

gene bind its target site and/or its binding site, while the cleavage domain is able to cleave

DNA in the vicinity of the target site.

20 [0072] A "functional fragment" of a protein, polypeptide or nucleic acid is a
protein, polypeptide or nucleic acid whose sequence is not identical to the full-length
protein, polypeptide or nucleic acid, yet retains the same function as the full-length
protein, polypeptide or nucleic acid. A functional fragment can possess more, fewer,
or the same number of residues as the corresponding native molecule, and/or can

25  contain one ore more amino acid or nucleotide substitutions. Methods for
determining the function of a nucleic acid (e.g., coding function, ability to hybridize
to another nucleic acid) are well-known in the art. Similarly, methods for determining
protein function are well-known. For example, the DNA-binding function of a
polypeptide can be determined, for example, by filter-binding, electrophoretic

30  mobility-shift, or immunoprecipitation assays. DNA cleavage can be assayed by gel
electrophoresis. See Ausubel et al., supra. The ability of a protein to interact with
another protein can be determined, for example, by co-immunoprecipitation, two-

hybrid assays or complementation, both genetic and biochemical. See, for example,
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inactivation may be conplete (knock-out) or partial (e.g., a hyponorph in
whi ch a gene exhibits | ess than normal expression |evels or a product of a

mut ant geWe 20HWAS3HBows partial reduction in the activit PC{US2HP008ATes) .
[ 0068] "Eucaryotic" cells include, but are not limted to, fungal cells

(org. . THeh elor. oBBbyasers JunBin o Uk iteatSor Bodhg o BofFotel Tur ar
chronmati nyg/8448pp. as, for exanple, a gene or a non-coding sequence within or

adj acent to a gene, in which it is desirable to bind an exogenous nol ecul e.
Bi ndi ng d@873e for Thwetepurpuseslyd s usaddwtein irdlpdes lapabedies ehialnet fromr get ed

recombi nat i on. regign of interest can be esent .i\n.a_chr sone, an

epi some, B?BQRB%%&@ B afgr_egz_ar,aﬁmﬁ, S%Wgﬂﬁf"ﬁﬁ? fOIigor\hflgg'oﬁlfgggt) , or an

i nf ects] nQ(cHi'rrEe?‘ic? HRTHYED . md1eEul 8X@ER) If6r exAmp®y Wintéfet hININ4te&L(1991) be within the
coding region of a gene, within transcribed non-coding regions such as, for
exanpl e, 3@3%)9@5299@qn@hb%é?at-tN@iq,@rﬁ,iﬁ@d;lﬂﬁb'é%a@FGahi fragraentgrFv t hi n
non-transcri eqgi ons, el [ tr codisn

regi on. " AplgE o <OnrispEhe LR SHE A ot ML RET. Frob MRS o,
up to 2, 0 Uskc(8ot) 622559-2661;ant Ghefidh et @l., Bidghémi(E280511934001et086); nucl eot i de
pairs. [0070] The terns "operative |inkage" _and "operatively Ii §<ed" (or

" oper abl ysinglereBain Fvapeleewes(sFii} Gee Hangeamls, Rustan (’rtéhl-e?’@ﬁé‘éﬂtflfc’w&{1 c1

] uxt aposi t : oFola(e . : ts), in

whi c?\l%t heltjcszggg)ggnsgéﬁsg?eggg?ﬁangegp%%ré%fﬁgg?ﬁgrg glﬁtgcr?tﬁ éﬁeﬁ%ct |) on

nor mal | y mafidbaliésased, be. [Rask ieball,iBiychehat1982) 3 ke h579- b5k4; €luntee ecdndonent s can

nediate a function that is exerted upon. at |ea f th th
corrponentlil?mﬂiplwy(l(??% H%téﬁtlizé?i,h“g‘@@ﬂ%?ﬁ"%{yi %EEF&F%QSGE’ br )e/ r sequence,

such as aexag@ggzﬁ&éch@m%tmw@ owééc)@séchztsosz@- %ﬂidag?ﬁa%?se@n&é the

transcripti regul at ory 'sequence controls the | evél of transcription of
t he codi ng98&)RONCB4+ IP36eapblde Ratent Reblivation Noe Gi3 22664 A8.cpublisirde?lor nor e

transcription regul atary factors. A i pti I I
o qahter apy 100t S o8y PinesinRe emea oo EoBuPRg ol ientho LT “need not
be directdhddakhRiretalh inimufbgi8N diRlifg f%eﬁﬂbéﬂﬂﬁrpairéht anfiadyscri pti onal

regul atory sequence that is operatively linked to a codi ng sequence, even
t hough t hoylegule. not conti guous. [0071] Wth respect to fusion pol ypeptides,

me Lo RS ) v LB 30, R el Bl e O (he
antibody composition having a homogeneous antibody population. The term is not
20 limited regarding the species or source of the antibody, nor is it intended to be limited
by the manner in which it is made. The term encompasses whole immunoglobulins as
well as fragments such as Fab, F(ab')2, Fv, and other fragments, as well as chimeric
and humanized homogeneous antibody populations that exhibit immunological

binding properties of the parent monoclonal antibody molecule.

25
Zinc finger nucleases
[0075] Described herein are zinc finger nucleases (ZFNs) that can be used for
inactivation of a GS gene. ZFNs comprise a zinc finger protein (ZFP) and a nuclease
(cleavage) domain.
30

A. Zinc finger proteins
[0076] Zinc finger binding domains can be engineered to bind to a sequence

of choice. See, for example, Beerli et al. (2002) Nature Biotechnol. 20:135-141; Pabo
et al. (2001) Ann. Rev. Biochem. 70:313-340; Isalan et al. (2001) Nature Biotechnol.
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t he ot her conponent as it would if it were not so |inked. For exanple, wth
respect to a fusion polypeptide in which a ZFP DNA- bi nding domain is fused

to a cl eaQG8104BAHBN, the ZFP DNA- bi ndi ng domai n and t h&CE[USARPAERSEDMai n
are in operative linkage if, in the fusion polypeptide, the ZFP DNA-bi ndi ng

ani e helb 00 Stamia, GWRgte QP Bahegl TR 2R S o1 1 he

target sibgoo) @M 20pH. SHHACBILW:41 I 8LTERA enélfleéecph‘% ‘ﬁ'n@er lﬂﬁ&h&i@ept i de or
nucleic acid’is a protein, polypeptide or nuclerc acid whose sequence is

not i dentdomadin tan hm afngviel bmdglgrsppmﬁc@r, nonlpeteylpepmlaﬁlealbr ogpugiing @neci d, yet

retains t esa ction.as t te|n pol P

nucl ei c gyrpg@ EPE’(S‘I‘?%““& P& ﬁfnch’éiﬁetb"g %ﬂteéd’to %\égﬁ &eg%ﬁhe same
nunbers ofanﬁ%h@iuﬁgrpessoﬂmcﬁ@ﬁr R%ﬁ@rﬂﬂ“d@ﬁgrﬂﬁicldﬁ@s Yol &Giifle, 1B ditabagds cont ai n
one ore nore am no acid or nucl eoti de substitutions. Methods for

det er m ni eogRrising toiptet (@mu@dwlqﬁh@uc&q&ldaéwep@esgnd indipiduakZ g ABESTon, ability
Ergt Egg;l ?&i@gx?l%aé?lgas 8ueh!1%£s Y ‘I:“éh k let%rr \b\%‘fﬁ&{l@otid& s%@g ndk Es Simlarly,

n|ng pro e |on r example, the

DNA- bi ndi f3godiated ithronefor m@ehmmmd@eqamebefdmbemeneﬂmﬁ bindekanpl e, by
filter-bindi n? 6{el ectrophoretl c nobility-shift, or inmunQ reC| pitation
!,

as says. unlstorenrdperlelssaymge. b§e“g 01 eEplS, 6p1aseditES. Benta subel et
SP" & 4?%]?42&8{& ?’%?ébgn@grﬁc?rﬁfrfrzg rl])gc}efe&tngé ﬁ&telﬁ’\fnttﬂelﬁg rlaﬁés protein can be

det erm ned reciprtation, twohybrid assays or
conpl enenio@?7jon, boEklerglﬂag{siebecannintaiﬂmdb,einbmding ;fﬁege dﬂsp]ayenéluwbélyﬁnél ds et

087 44350, SPSTFEHEHEIES ) O3 Tty TS BEUSele s ALY SR BBL &1 bt es
obt ai nedéaﬁi%&ot@zﬂghw'ea@bvgﬂdanm'malaswe@mrwuwmms wel | as, the

fol | ow ng: i meric) antibody noletul es (see, for exanple, Wnter
et al., WOJ?&’S@MWVQM@??@B 299 OHAY1 V. ®d GR2,338:2374 I8 2dditieq) ; F(ab' )2

and F(ab t het , f
earSe,  THBSETER 3f bindipEgRERHEY K AP diTE AR PE S0 RO SRSt 2662, and
Ehrlich edes@:hbed Bresheple P& dwasd 902409837, singl e-chain Fv nol ecul es
(sFv) (see, for exanple Huston et al., Proc Natl Acad Sci USA (1988)

85: 5879- 58781 di meBélectromcbfitangaiesites; ZifHs anddyethedsfivr Aesiganst ¢amstryetion
m ni bodi &St I{ls“?igr? ’pro%elgs (an: Paclf cleolldes encgg” QE %%ﬁagrg)lmg\%n 1’(? ?h%sé‘ﬁ?éklll%mber et

al., J
the art and described in detail in U.S. Patent Application Publication Nos.

20 20050064474 and 20060188987, incorporated by reference in their entireties herein.
[0079] In addition, as disclosed in these and other references, zinc finger
domains and/or multi-fingered zinc finger proteins may be linked together using any
suitable linker sequences, including for example, linkers of 5 or more amino acids in
length. See, also, U.S. Patent Nos. 6,479,626; 6,903,185; and 7,153,949 for

25  exemplary linker sequences 6 or more amino acids in length. The proteins described
herein may include any combination of suitable linkers between the individual zinc
fingers of the protein. Examples of additional linker structures are found in U.S.
Provisional Application No. 61/130,099, filed May 28, 2008 and entitled
Compositions For Linking DNA-Binding Domains And Cleavage Domains.

30 [0080] Table 1 describes a number of zinc finger binding domains that have
been engineered to bind to nucleotide sequences in the GS gene. See, also, Fig. 1 and
Fig. 3. Each row describes a separate zinc finger DNA-binding domain. The DNA
target sequence for each domain is shown in the first column and the second through

fifth columns show the amino acid sequence of the recognition region (amino acids -1

23



| mmunol ogy (1992) 149B: 120-126); humani zed anti body nol ecul es (see, for
exanpl e, R echmann et al., Nature (1988) 332:323-327; Verhoeyan et al.
Sci ence (WO8810/053Y81534- 1536; and U. K. Patent Publicati BRTRS20008086376. 169,
published 2 1 Sep. 1994); and, any functional fragnents obtai ned from such
nol ecul es re uch fra nts r | | cal |nd| properties
of Cho palEHHER MiBdseheb! Bl Sor hare A CLERE arcahe hpes (S} b

" monocl ongloRMAtH40 P8Yr FERiEhe pkdteidn I\ﬁi&ldoﬂﬁéb’slﬁwmﬁ%bf)él@ﬁhef&ﬁbi&gnﬁlets
honpgeneous antlbody popul ation. The termis not limted regarding the

speci es othasaadirectly targeteddlpit 4 bmdfmgnloanda micjeotiles hov@dnleverecase d¢nokes by t he

manner i n,_whi erm.en ses I I ns as
wel | as fP%&%@ﬁ{ %reglﬁgﬂlr%:glyf—tg (bélba 3“20 ﬁ&g?%or(?x%?lﬁf% (faufert rrgr%? lﬁpeg‘l;s wel | as
chi merg c @éﬁe&“ﬂﬁgﬁrgﬂ'ﬂldhcdiﬁG@deS‘sléﬁﬁhQ’OQBaMDWIS%tpr@w&ed hﬁﬂle@f’étl bi t
I mmunol ogi cal bi ndi ng operties of the parent nonoclonal antibody
nol ecul e. cotpma i phiglentifgation apEber fu ks P3RS | bed herein are zinc finger
nucl eases (ZFNs) that can be used for i nactivation of a G gene. ZFNs
conprise a zinc finger protein (ZFP) and a nucl ease (cl eavage) domain. A
Zinc finger proteins ['wli’lé]l:Miﬂcﬁﬁgﬂgﬂcléﬁsadtme«édmi(ﬁ& can be engi neered
to bind tlo a gequamee of | ch €€ Se fof e;__g Eﬁerli ei_l al|. SJﬁJGOOZ)
Nat ur e Bi ot erenlglodeqaé)mé.SS 1471;" Palo al 01) An 4 Rdv. Bi odhe
70: 313- 340 t al Q68604r: | NBbNL RE BREDEENPRKBYRAH6- 660; Segal et al .
(2001) 5AT dt:A qerhesel 1D12: §82r163);(sEaop etsed D (20009 CQur N/A Opi n.
Struct. | ol (SEmD‘N]d-1)416 Atoehgi neNﬂ aﬂ zi NO:4)i ngeNOB)ndi ng donei n_can have
a novel HinNdI BEgNIRELEITIC| T a nat A rr|n nger
protein. |[QNBCEEEATCES hB ]Q:Hf- EI D I'E'ﬁ aﬁ) X gn'se: é@q ﬁ
desi gn and valoToGSgyypes| o N§ egt Rat{ ga é
exanpl e, |usi (BEQU@&XMDEEes| conpri siln r| pl et ( ru)ol I eot|
sequences| and 4FNdi361 dual | 2kha h“ﬂ%bAE’fﬂz R §§|l_§q “,gggm S, i ch each
triplet OftGRFIEAIGETAREE ﬁ L @&eapce (gnggs DG5REGS (Wi one @A NOF e
am no acild s&geRI9eaEI of 7|ncyn5nqen@)mﬂl"hth@¢ heopay tli cul ar ftriplet| or
quadr upl ex—éég%uaé‘@w‘im for—exanple—ecp-owned-S—Patients—6:453,242 and
6, 534, 261, JRSDHtSTereDhRR PRBDEDSY [BMANRTK|i 1 ef | es|.
iangﬂcgggsiégad (SEQID | (SEQID | (SEQID | (SEQID RA N/A
(SEQ ID NO:18) NO:7) NO:8) NO:19) NO:20)
ZFN 9076
QSSDLSR | RSDNLRE | RSSALTR | RSDALTQ
gaATGGtTGCACit?CTgc (SEQID | (SEQID | (SEQID | (seam | NA N/A
cataccaact NO:2) NO:3) NO:22) | NO:15)
(SEQ ID NO:21)
ZFN 9179
QSSDLSR | RSDNLRE | QSSHLTR | TSSNRKT
ggszaﬂgcggg‘tGCTg (SEQID | (SEQID | (sEQD | (SEQID | /A N/A
(SEQ ID NO:23) NO:2) NO:3) NO:24) NO:25)
ZFN 7858 QSSDLSR | RSDNLRE | RSDSLLR {RSDALTQ
gaATGGTGCAGGCTgc| (SEQID | (SEQID | (SEQID | (SEQID N/A N/A
(SEQ ID NO:1) NO:2) NO:3) NO:26) NO:15)
ZFN 7889 RSDHLSQ | QSANRTT | RSDNLSQ | ASNDRKK
gtTCCCAGGAATGGge| (SEQID | (SEQID | (SEQID | (SEQID N/A N/A
(SEQ ID NO:27) NO:9) NO:10) NO:11) NO:12)
ZFN 9373
RSDHLSQ | RNADRIT | RSDHLSQ | QSANRTT [RSDNLSQIASNDRKK
gtTcTcT:cg(\;%c;ﬁgznggc (SEQID | (SEQID | (SEQID | (SEQID | (SEQID | (SEQID
(SEQ ID NO-28) NO:9) | NO29) | NO9) | NO:10) | NO:11) | NO:12)
10 [0081] As described below, in certain embodiments, a four-, five-, or six-

finger binding domain as shown in Table 1 is fused to a cleavage half-domain, such

as, for example, the cleavage domain of a Type IIs restriction endonuclease such as

Fokl. One or more pairs of such zinc finger/nuclease half-domain fusions are used for
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[0077] Exenpl ary sel ection nethods, including phage di splay and two-hybrid
systens, are disclosed in US Patents 5,789, 538; 5,925,523; 6,007, 988;

6, 013, 453W0g0W33H48; 6, 140, 466; 6,200, 759; and 6, 242, 5E§T/UF003EPI86Hs WO
98/ 37186; WD 98/53057; WO 00/27878; WD 01/88197 and GB 2, 338,237. In

addi tion, enhancenent of. bj ndj speci fi.cj r.zinc f.inger binding

domai ns H&%%ek?gecﬁeae{é%%ra?8@8!05‘?‘50?%%2‘%}?8:'%}“tfrsl-é’f&?%\%ﬁ& PRI 77027. [0078]
Sel ect i ommksobedaatangd 2b680218588 and net hods for design and construction of

fusion proteins (and pol ynucl eoti des encodi ng sane) are known to those of
skill in [OA82]art anbordergetedisdenvage, e near edges Of the tpadiag sitgysaniseparpisa
Publ i cati,on. Nos. 20050064474 and 2Q0 8987, i1nco I by r rence in
their enttfyrsef)f RS 1.%6 ["6’63}’@]“8 Ieﬁ&a(gtgﬁ? |§uosn(fn %rgtecllr? ssé(’:aﬁg%érg%%ﬁar? 8§1teeeand

ot her s ef @08 6€the BNACafden ORI pdirWidetonibirhtiohs GEiheiprbteing 8héwn #i Tigblé I nger
proteins may be |inked together using any suitable |inker sequences,
i ncl udi ngeandie vssd fpsitargeted gleay ageqt agG genso rkolloming theressnt disclasitieh. See,

al so, U SRat s &Po%%teﬁgPéngn‘ﬁ‘%cea (?f‘gé?%'gﬁ?e and 7,153,949 for exenplary

| i nker sequences 6 0 aci ength. The proteins described
herein may include any conbi nati on of suitable |inkers between the

i ndividual zinc fjngers of the protein. Exanples of additional I|inker
structures ar eBf&leayageDomainspy oy si onal Appl i cation No. 61/130,099, filed

May 2§, 2 and enty okl LRk BhAiBicndy ng Haepai ns And
d eavlg)’ge %g?%]l ns. [E%%%fﬂ%ggﬁgg?pggggﬁlﬁg%egb E?r%grd of 1z’icnc %&nger bi ndi ng
donmmi ns tdwaihpVEhehdeavage domeiarpedtioroofthe dusian protdimsodiscleseddgreemcasbé n t he GS

gene. See,, als Fig. 1 and Fig. 3. Eachr descri bes a,se ate zinc
finger D!\Wtﬂflﬁgfrﬂﬁl %Wﬁé‘fiﬂquwgm%%éﬁe' %H@i?% eflg‘?nuééeéﬁ&g%%i nis shown
in the figgilhaQldiReedsindilgas 86 aBkvddNhOMEE) bt hicthof Ghi¥AS0, FBQMCHdE am no

aci d sequence of the recognition region (amno acids - 1lthrough +6, with

respect tendohecleasas andlfiorning endonucjeasss. dgeHooexamplez3002-300ddeatalogud, t hr ough

F4, FR orF6).in t otein. | eot id sho i [ CAS: ote
tripllets YRY n§paé’d3$f’§§?’l VFHY'Q@?‘E@%?CEI%F%M}%&%E%&C %‘3’? gg'i des shown
in | over psse7oiersy. eaddiasss chiphesavBicholeatd DBA hie Kndhvae(e@d S1yNacleises fi nger
(for exanple due to | onger |inkers between finPers which can result in

" ski ppi ngMmuag beaneucleass cpamcesatio éNasa L macrorecsel rusiepser ¥eashHA denti fi cation
2“?25{ ] f 0 r}dbgl_?clg%srg,t g%é;fiﬁonfqglgl%}]al. R8aAENEIERES 4 SPting Prafifd: 13bGrafipodi ment s,
Press,1993). One or more of these enzymes (or functional fragments thereof) can be
20  used as a source of cleavage domains and cleavage half-domains.
[0084] Similarly, a cleavage half-domain can be derived from any nuclease or
portion thereof, as set forth above, that requires dimerization for cleavage activity. In
general, two fusion proteins are required for cleavage if the fusion proteins comprise
cleavage half-domains. Alternatively, a single protein comprising two cleavage half-
25 domains can be used. The two cleavage half-domains can be derived from the same
endonuclease (or functional fragments thereof), or each cleavage half-domain can be
derived from a different endonuclease (or functional fragments thereof). In addition,
the target sites for the two fusion proteins are preferably disposed, with respect to
each other, such that binding of the two fusion proteins to their respective target sites
30 places the cleavage half-domains in a spatial orientation to each other that allows the
cleavage half-domains to form a functional cleavage domain, e.g., by dimerizing.

Thus, in certain embodiments, the near edges of the target sites are separated by 5-8

nucleotides or by 15-18 nucleotides. However any integral number of nucleotides or
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bi ndi ng domain as shown in Table 1 is fused to a cl eavage hal f-domai n, such
as, for exanple, the cleavage domain of a Type Hs restriction endonucl ease
such as PYRI2010858518r nore pairs of such zinc finger/ nucPERS2HAPIBEDNaI n
fusions are used fortargeted cl eavage, as disclosed, for exanple, in US.
Pat ent Publ | cation Nos.. 20050064474 and 20070218528. [.00 For .t.argeted
cl eavage,nuFl?an%B?‘rse“d’&égteB‘fenF A4V R 8P4 SHES éaﬁv E%‘Baz? Q?%Jd“ﬁ%ogd& nor e
nucl eot i dRiRat hiore)2 A g, Bfe ifRDfCIET AR 11k BERIERE tiAArddt Bilest 0 an opposite
strand of the DNA'target. Al pairw se conbinations of the proteins shown

in Tabl e [008"n be uResiridtion andppealeagec(resivelipn GRYMeQITPIFECNEIBMANi ng t he

present disclosure, ZFE C e . L0, gene. B.
Cl eavage 5 R Tfﬁ@gﬁﬁeﬁ%%gﬁﬁ%&gspg%hggg%?q@g)%ﬁﬁgcﬁg%ggb? 8?%%%?@ domai n,
cl eavage dnglciedoiimi DIVA atloe nedraby sigeofinding. Perthinasstattidrenziytivs ¢ng.pr ot ei ns

di scl osed herein can be obtained from any endonucl ease or exonuc]| ease.

Exenpl ar yIdedbniséeans ONA i sifgsiemekediremdhe egasiban sie anthhaye sgparpllgd
el _ S t reay :
endonucl d1in8 oy BRbydee Bobihg For sERHPIS Ok Wl IMIGHETRAT AMAAET N0, s,

Beverly, ddibleaiehnBed élesvageiof INA (at 9%ilk]chitidéscframAGireogRition s:cB3e- 3388.

Addi tional enzynmes which cl eave DNA are known {e.qg., Sl Nucl ease; ng bean
nucl ease;Stigadhapdhs nuclepidss from WWB%%‘EE‘&F“%%F@%@?‘ PES rF@“é‘ﬁﬂ’nggl ease;

see al;so gl ?,@5@,'80%;(5?9%,)56\% £88£594; R WNSR T 219905 Phed WAL Ory Press,

1993)." One or nor€ oi these enzyres (or functional fragnents thereof) can
be used adcad. SOUUSH 891425157y dLidoami 993 pRtbac Nady dgel. Wal. {USHoMRRAEd- [ 0084]

por i on 1HSRed Sedd0Hm FRe e ey e IR ST e A (15
cl eavage agyhVrhymeosenerali ok»oThiss ibndémbsiimenafiseplotdid for cleavage
if the fusion proteins conprise cl eavagﬁg hal f - domai ns. ternatively, a

si ngl e praomgirise tongledvaga domain (OF elzevage halfl doneaie) frem @hleapicongsbde Iihe t wo
| hal .f-d i be derived 1 .
Funct ondr AR 41l bms oy gk A fres BB AR mELEEBY der i ved

froma dijdieeenginesd@nucl ease (or functional fragnents thereof). In
addition, the target sites for the two fusion proteins are preferably
di sposed, [088¢lh r esplrexemplar:hypt HE restdgiion engymepvhesefieayres SRMERAS f usi on

proteins stegarlag'l%i ftorh ?r?eptﬁﬁ&iing%oh%rg F gf-c f ©Phis particular enzyme is active as a

dimer. Bitinaite et al. (1998) Proc. Natl. Acad. Sci. USA 95: 10,570-10,575.

20  Accordingly, for the purposes of the present disclosure, the portion of the Fok 1
enzyme used in the disclosed fusion proteins is considered a cleavage half-domain.
Thus, for targeted double-stranded cleavage and/or targeted replacement of cellular
sequences using zinc finger-Fok I fusions, two fusion proteins, each comprising a
Fokl cleavage half-domain, can be used to reconstitute a catalytically active cleavage

25 domain. Alternatively, a single polypeptide molecule containing a zinc finger binding
domain and two Fok I cleavage half-domains can also be used. Parameters for
targeted cleavage and targeted sequence alteration using zinc finger-Fok I fusions are
provided elsewhere in this disclosure.
[0087] A cleavage domain or cleavage half-domain can be any portion of a

30 protein that retains cleavage activity, or that retains the ability to multimerize (e.g.,
dimerize) to form a functional cleavage domain.
[0088] Exemplary Type IIS restriction enzymes are described in International
Publication WO 07/014275, incorporated herein in its entirety. Additional restriction

enzymes also contain separable binding and cleavage domains, and these are
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pl aces the cl eavage half-domains in a spatial orientation to each other
that allows the cl eavage hal f-donmains to forma functional cleavage donain,

e.g., by WPRBWOBHE. Thus, in certain enbodi nents, the REAUSEYYALSHT t he

target sites are separated by 5-8 nucl eotides or by 15-18 nucl eoti des.
However any integral nunber qf nucl eqt s orn tide I an intervene
bet ween t$At ct"él?lgtgflﬁ%ﬂﬂee%refeé‘t 1s¢c OISWSm%? ’tdfg ’f)a'Wﬂ Ig(&er‘aét %aHO§3gr nore). In
general , ND@ezé'Ac?dsqiesciﬁM@@QO' ies between the target sites. [0085]
Restriction endonucl eases (restriction enzynes) are present in nmany species

and are cip8®l e of Bsupnann@nlsqibmmﬂtscthbphdvag} dognaDNEOIpIises one obEINIE | on

nzyms. (e rpey koSl Rla b e im0l honib hEubCGni  Fon”"

site and t'ﬂatvxﬁuﬁﬁ%r@%@eht thn@ﬁdatcdrﬁwa&@nsém%rraanﬁw uewasrmaeantt he Type
I'1'S enzyme Fok | catal yzes doubl e-stranded cl eav

nucl eot i deepliceiéen Nos 20@6%414{7{1029%01%398% aaﬁéO%Qléga&aﬁbp 413019%%@& i des from

5. a6, 1500k Bellats afiobie ( Flurein gt pRHBR Breim ARTRGRS °, 200 °gC)

USA 89: 42rébiddes/fl pokitions 444, 4417,149)@3)18?4@4 436 uB7, M0ad91,306, 4985A99,(50D/ 64-
2768; Kimet al. (1994a) Proc. Natl Acad. Sci USA 91: 883 887; Kln)cet al .
(1994b) J331g58t. 53nw S Fedf: Fok Ipreald taregs fornlluencing ARETIEMIRTHRAOK f usi on

pr ot elons P@Wabfﬁ themalgavage domain (or cleavage hal f-domain) from at
| east one § restriction enzyne and one or nore zinc finger binding

domai ns, mbf)c]h may Emmplyrymtgmmrﬁngeaveges haif dpmabsjof Aok éttetidrary Type |1 S
restrlctlo ne, .whose ava e d n epar gb fromthe bi ndi n
donai n, r]’FgGI? eterodifjess g étﬂa Qgﬁ% ‘fsé %3{? Lé"doénqu udeg; ¢ | nalgt e
et al. ( ]1%8&10% Qcaml%‘%ld rfG&tks a 5?631&&%’%9%%@5@8%?@"07&@ ard §sec%ﬁor di ngly,

for the purposes of the present sclosure, the portion of the Fok | enzyne
used in td¢leavdige bhlfslethainumic mdepmutations af &nmoraslddeslé@bSaﬂ%la@é\ﬂ&@e hal f - domai n.

col't toar WBEEnces BBy oR ERpoEeSe Rtsar o s B R LPLRRA SR er ns,
each COWD(K)S tHégn@caF&kbt BraapRes 186 (1) wdMBysK)Che miRatisiest 436 ré;ﬂ@&ﬁls'[ itute a

catal yti cal active cl eavage domain. Alternatively, a single polypeptide
mol ecul e Gb‘t%lélwﬁtmgha(@l ared ﬁglﬁrli@léatlw #Haopigiod dRBirerlaged Isad) wek UYS&Kiavage

hal f - doma§ caﬂgatlh? é’ g?ﬁ:rgg gleav arfgg%gﬁtﬁr aufls %sgxglgegﬁ?e?%n%e%‘ ﬁreﬂrbq'

t arget ed e usi zinc u3|0n
mutating positions 490 (E—K) and 538 (I—K) i m one cleavage half-domain to

20  produce an engineered cleavage half-domain designated “E490K:I538K” and by
mutating positions 486 (Q—E) and 499 (I—L) in another cleavage half-domain to
produce an engineered cleavage half-domain designated “Q486E:1499L”. As
described in the examples a pair of ZFNs in which one ZFN comprises the
“E490K:1538K” cleavage domain and other comprises “Q486E:I1499L” cleavage

25  domain is also referred to as a “EL/KK” ZFN pair. The engineered cleavage half-
domains described herein are obligate heterodimer mutants in which aberrant
cleavage is minimized or abolished when one or more pairs of nucleases containing
these cleavage half-domains are used for cleavage. See, e.g., U.S. Patent Publication
No. 20080131962, the disclosure of which is incorporated by reference in its entirety

30 for all purposes.

[0092] Engineered cleavage half-domains described herein can be prepared
using any suitable method, for example, by site-directed mutagenesis of wild-type
cleavage half-domains (Fok I) as described in U.S. Patent Publication Nos.
20050064474 (Example 5) and 20070134796 (Example 38).
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provi ded el sewhere in this disclosure. [0087] A cleavage domai n or cl eavage
hal f -domai n can be any portion of a protein that retains cleavage activity,
or that r¥P2PHOBHE ability to nultimerize (e.g., di mer PEEJUSBYIOBIAT a
functional cleavage domain. [0088] Exenplary Type I1S restriction enzynes
are described in International Publication WO 07/014275, incorporated
herein in its entirety. Additional restriction enzynes also contain

separ abl e bi ndt ng affdnél ﬁ@%ﬂ@f&ﬂf@é@&l CRAdadeIRTEs arecont enpl ated by the
present disclosure. See, for exanple, Roberts et al. (2003) Nucleic Acids
Res. 3 1:[0093- 420. A0p8eleasn howingaitargetsyedn aent genetdan beluse/agde domai n
conpri ses_one, Of. re.engi neered cleavage hal f-domaLn_ (al referred to as
di meri zat‘flgﬁo%so‘i‘}ﬁ(iqﬁseﬁmeé??'s?% thﬁ’ P gnz%enéiro HB%E%‘%% éﬁnﬁgg‘fuﬁgera?ézsati on, as
descrisbedhavé Qérgﬁlgo R cBgnitiBn bedhenfiR! Sthe GlLDhich atd il NaSbe QOGO Ui 74;

20060188987 an 080131962, the disclosures of all _ of which are
i ncor por ataistipal bagis.cnep dea hpmensized @argmet ABY SHEr icleasahaiBe agnMUeesi dues

at positi 6 79 487 , , 498, 499,
500 531 18y 2 peribichy iR f¥fbag SRy i Blaiidtld, a2 ekdd, U5,

di neri zatnelkasd, folterdetdd diesvhgainapESigand. - domai ns. [ 0090] Exenpl ary

engi neered cl eavage hal f -domai ns of Fok | t_hz%t f orm._obl i aég_ghet ﬁaOdi nmer s

incl ude dOBdlr in whreRplanthaming endonpsigasaiang udroheged e seutht i ons at
am 19 AC! she! ESIAYER S RPN POSIr 9,804 S3f1 Ale RN FodfidraieagOnd cf eavage

hal f -domai n’ 1 ncl udes mitatiohs at 'a ues 486 and 499. [0091]
Thus, i n BavHlleWheidraveghition seqiteatdsame khowi® OSaesad$caldeS Patent NB) 54R20,032,ys (K) ;

o aee ey PRly SR S 25 b OB e o TR AL o e
| so (1) whhBnkyss. (1989) BRREBEI1G8L1 18, HeiRr 8N4 1994 ERuALRWAGERBALD; domai ns
descri bed Herein were prepared by nutating positions 490 (E- k}a{/and 538

(1-"K) inll@fel Q7 dasigd]92M)Treotrelranet. d2p26d22% Grmblagt ak€tW$) d age

and 490 (HoLERSAZHEE areeRy Sl LN 4 Pou el A0 BB R AR B neered
cl eavage 1AndiRiRIbY caRfdgmeat ed " Q486E: 1499L". As described in the exanples

a pair of Ns in which one ZFN conprises the "E490K: I 538K" cl eavage donain
and ot her[089%Ipr i sesAtttmmgdhethe slpgyagespeifigigeof most homing endonucleases is not

absolute with respect to their recognition sites, the sites are of sufficient length that a

single cleavage event per mammalian-sized genome can be obtained by expressing a

20  homing endonuclease in a cell containing a single copy of its recognition site. It has
also been reported that the specificity of homing endonucleases and meganucleases
can be engineered to bind non-natural target sites. See, for example, Chevalier et al.
(2002) Molec. Cell 10:895-905; Epinat et al. (2003) Nucleic Acids Res. 31:2952-
2962; Ashworth et al. (2006) Nature 441:656-659; Paques et al. (2007) Current

25  Gene Therapy 7:49-66. Thus, engineered homing endonucleases and/or
meganucelases which are designed to specifically bind a desired target locus, such as

GS, may also be used.

Delivery
30  [0096] The ZFNs described herein may be delivered to a target cell by any
suitable means. Suitable cells include but not limited to eukaryotic and prokaryotic
cells and/or cell lines. Non-limiting examples of such cells or cell lines include COS,
CHO (e.g., CHO-S, CHO-K1, CHO-DG44, CHO-DUXB11, CHO-DUKX,
CHOK1SV), VERO, MDCK, WI38, V79, B14AF28-G3, BHK, HaK, NSO, SP2/0-
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domain is also referred to as a "EL/KK" ZFN pair. The engi neered cl eavage
hal f domai ns descri bed herein are obligate heterodinmer mutants in which

aberrant WP2APAEBs nini mi zed or aboli shed when one or PRBAB2HAPIEOHT

nucl eases containing these cl eavage half-domains are used for cleavage.

e ncor etk BaLa, HERRaS Uk KBRS S IL PR Dt dndte ¥ibfon ™

Engi neer&delpéﬁay@g@emaduthd@ﬂﬁédbﬁt&@f@péw&l(s\@r&lfﬁngaeelbses@ﬁa@ar ed using any

sui tabl e met hod, for exanple, by si di rected nut agenesis of wld-type
cl eavage Shmbﬁardmmsnglc foand§chigosatsBenmomyees-in U. S. Patent Publication Nos.

20050064 Ex
For Tar e dbans 225;8%&?0 Eﬁd‘f%%%é%%%%éﬁgﬁé% BHEE 7t inery G e AR08, 1B} Moo

GS gene cRpeknplsad U.S. PAientdsheds3 iz, mmmsrssmrnmlzorw%azrpl e, hom ng
endonucl eases and meganucl eases have ve ry g reco niti on sequences, some
11

ﬁf whi ch G9Q.882% 61689 8b@8§4,8§%>rﬁ93%h13a689t78t5i3 7048, b%zsqné 4 they
uman-si z GS
Gone. can e CRRGTE PR e MESSRIRART KLfAHnEe HERLSHR chE %ﬁ‘gﬁﬁ’aﬁ case, for
t ar get ed [0b98]vage i|ZFINs &Sdgeribed lﬂe@éiﬁziﬂlayadammé deliv eheaind sivgg -eamdnmucl eases

I nclude | -Scel, |-Ceul, VI-Pspl, PISee, f1 ﬁl | -Csml, 1-Pan , 1-Sce |,

1- Ppol , 1coBigling seqpepsas, engo(#regpne qr mare 9 th 4F N5 o Yy |VeCtR SYSCRSZY RE i on
sequgpce Pat ent No.

6. 833 0og el ! pubER lmi'ff%ligt% gt ‘f‘éggoﬁgﬁﬁté%ﬁ%gg%slﬁ%%%ss Duj on et
al . (1989)ectees) ad@ivirud Sedtork8poxRemls eectets; hérpegvi@4pctbiscindiader®i ds Res. 22,

1125-1 127: J 1996) T 2.2 2 | 1996) J.
N B ol asbosied BialsTestara, it ogeee tioa U S Paisat Nad Sy ol 6R0788% 5457905 and
the New ENg Aok, %Igzbaha 6@?9'5991178011@ﬂﬁ%hdéd%b%qahlnt:&%pét&ﬁw}a&@eréﬂ&c' ficity

of nost hom ng éndonlici eases is not absolute with respect to their
recogni t i hemeisiin thejr enhiectisht Esrthermond, itsuilkbecappatent tagaty eftheseavestangyl e

cl eavage event per manmalia zed ,genone._can -Je ob al i ned b expressing a
honi erfa%mglé qeﬁrgloggmcgﬁpg iSRYLCE n ug oY%t %2 recggnl tion
site. It JrrFNY &0 iRRRICEERES IRl At ZFNR BHekd éarﬁed ¥n qfe daa{e vagtor or
endonucl eases and neganucl eases can be engi neered to bind non-natural
target sianediffecapyecters. ¥hangnultiplervegtars ate used,gpch vector may comprise a

sequence encoding one or multiple ZFNs.

Py

[0099] Conventional viral and non-viral based gene transfer methods can be

20  used to introduce nucleic acids encoding engineered ZFPs in cells (e.g., mammalian
cells) and target tissues. Such methods can also be used to administer nucleic acids
encoding ZFPs to cells in vftro. In certain embodiments, nucleic acids encoding ZFPs
are administered for in vivo or ex vivo gene therapy uses. Non-viral vector delivery
systems include DNA plasmids, naked nucleic acid, and nucleic acid complexed with

25  adelivery vehicle such as a liposome or poloxamer. Viral vector delivery systems
include DNA and RNA viruses, which have either episomal or integrated genomes
after delivery to the cell. For a review of gene therapy procedures, see Anderson,
Science 256:808-813 (1992); Nabel & Felgner, TIBTECH 11:211-217 (1993); Mitani
& Caskey, TIBTECH 11:162-166 (1993); Dillon, TIBTECH 11:167-175 (1993);

30 Miller, Nature 357:455-460 (1992); Van Brunt, Biotechnology 6(10):1149-1154
(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 B6hm (eds.) (1995); and Yu et
al., Gene Therapy 1:13-26 (1994).
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(2002) Mol ec. Cell 10:895-905; Epinat et al. (2003) Nucleic Acids Res.
31:2952- 2962; Ashworth et al. (2006) Nature 441:656-659; Paques t / .
(2007) CWPEAIV/SEHE Therapy 7:49-66. Thus, engi neered hEFMTAG2AQB¥0T| eases
and/ or neganucelases whi ch are designed to specifically bind a desired

t ar get such o, he us Del 096] .The

desgrl beﬁﬁﬁ@q]e mi@s B’QG%IBFH Q\}b ?le egvg?'to rnﬁﬁllelcc?léfqe %‘91"8% é%}fl?eéﬁ e means.
Sui t abl e z:ﬁlsllﬁcm&éwdﬁoﬁwﬁndwhpbfemlérﬁ@hl&@m? %ﬁ&*bh%c%ndiré%ﬂi%@ryo'“ c cells
and/or cell lines hbn-llnltlng exanpl es suc | s or cell |ines

i ncl ude GEBso@ERIHMUGOlipERIMES, patyd@tign or Hpidrmuckeic aaiHopmupEed, nakgido- DUKX,

CHXI S W 38,, V79 4 K, NSQ. SP2/0-Agl 4,
ln MDA w AT Vil Siha eeReaetd ke . SHheiEin e Y )
as InsectegaedhteSoﬁufdn D0 SpaeanReaMartiap el sdabe(1SEd fordelibery@Tnuerld s such as

Saccharonyces Pi chia and Schi zosaccharonyces. [0097] Methods of delivering
proteins @#k¥prising zinc fingers are described, for exanple, in U S. Patent

6, 54, o780 1o’y Rl seerdiry iiq apilarcity S gtae (e G: S0 osur e

of all Ofprmhdembﬁmmamﬁlbmt@tﬁ(@m%m% Mexasite) Ino) (Roekvillgnt i reti es.
[0098] ZENs as described herein may al so be delivered using vectors

cont ai ni Ma@éﬁd ARkB &M@bﬁ%bﬁr%vw YstemsdHollistonz MA) ang,( operpicys syst ens
may B Usféér oG !F‘Qqn@ggse@%r 8Q &Jléﬁ‘st @dichPNoPb 868Bg6)vect ors, retroviral

vectors, nt'l vi ctors, enovirus vectors, pOXV|rus vect or s;

her pesvi r[0$02/]ect or sLlanﬁhcacheM&dmdane@ MUS 65)49;3660165 A4, %46¢787 Samd USI so, U.S.
Pat ent Nos ,261; 6,607,882; 6,824,978; 6,933,1 6, 97 539

7,013, 219 8%%15 %gp@ffatwrr W@S?rﬁsﬁrgtseﬁi tpgreEllyies TeRisfermt

ent i ret i ggo0 FUIRST BRE Sy b 116 R PRR LA AR o AL BB vectors may

COI'TpI’I se O e or equences. en one or nore pal rs

of ZFNs aeeognﬂtdrﬂ@bufadmnrdfcpolﬁmleeﬂldes ihdledeZfhbise 6iBel Heer CMO DBd7424,t he sane
vect or or on different vectors. Wien nultiple vectors are used, each vect or
may donpr V& H16¥G delivenheasdedy cs%%(earwmdmlmseatmr te[re@grﬂsuq%c(ment i onal
vi ral an diHnYl'nfs g@sed gene transfer nethods can be used to introduce
nucl ei ¢ ac enco engi neered ZFPs in cells (e.g., manmalian
[0103] The preparation of lipid:nucleic acid complexes, including targeted

liposomes such as immunolipid complexes, is well known to one of skill in the art
(see, e.g., Crystal, Science 270:404-410 (1995); Blaese et al., Cancer Gene Ther.

20  2:291-297 (1995); Behr et al., Bioconjugate Chem. 5:382-389 (1994); Remy et al.,
Bioconjugate Chem. 5:647-654 (1994); Gao et al., Gene Therapy 2:710-722 (1995);
Ahmad et al., Cancer Res. 52:4817-4820 (1992); U.S. Pat. Nos. 4,186,183, 4,217,344,
4,235,871, 4,261,975, 4,485,054, 4,501,728, 4,774,085, 4,837,028, and 4,946,787).
[0104) The use of RNA or DNA viral based systems for the delivery of

25  nucleic acids encoding engiheered ZFPs take advantage of highly evolved processes
for targeting a virus to specific cells in the body and trafficking the viral payload to
the nucleus. Viral vectors can be administered directly to patients (in vivo) or they
can be used to treat cells in vitro and the modified cells are administered to patients
(ex vivo). Conventional viral based systems for the delivery of ZFPs include, but are

30 not limited to, retroviral, lentivirus, adenoviral, adeno-associated, vaccinia and herpes
simplex virus vectors for gene transfer. Integration in the host genome is possible
with the retrovirus, lentivirus, and adeno-associated virus gene transfer methods, often

resulting in long term expression of the inserted transgene. Additionally, high
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cells) and target tissues. Such nethods can al so be used to adm ni ster

nucl ei ¢ acids encoding ZFPs to cells in vitro hi certain enbodi nents,

nucl ei c aWPI81038Y8i ng ZFPs are administered for in viv8CHUSEWIPIIB6S gene
therapy uses. Non-viral vector deI ivery systens include DNA plasm ds, naked
nucl eic acid, and cl ei.c aci | exed with deliv vehicle such as a
| i posome FSHHtRAEsIenGies have 8‘6‘18 Sep& ‘@E}ay}'é‘& r@?rtsceﬁﬁéeécfé‘dmﬁ and RNA
viruses, gj&h have either episomal or integrated genones after delivery to
the cell. For a review of gene therapy procedures, see Anderson, Science
256: 808- 8[0305§]1992) ; Thatvepisig qf@lrgtm@\rlrusmbE@kbmd b?lnmqratn(laggggn Mtani &
Caskey, TIB TECH

MTIer e tioge sRYeinsExaayind B Totental ot noPUTEI biCRreEr S5 LB 4o 1

154 (5988)ectoVs GReetrGARH FE@bisBatNeSEHIE eifarddded\BUineze henaRi@ingocliandl 995) ;
Kremer & Perricaudet, British Medical Bulletin 51(1):31-44 (1995); Haddada

et al., itypicaly pradugebichyirahtiters risiictipn gf a setepvirehgens! taggfensksteer and Bdhm
(eds.) (1(?e§§1|)1ds oa}ﬂ(ﬂeYlfggtttl € Ré%?cﬂl T gcrt@rgyirelco r?s@d %}glg%ﬁég ?0?1 | Methods of

non-vi r al I'very o HUC?%IC 4ci'ds enco |neere cl ude

el ectr 0pOﬂéﬂthlm@hrepéat@@'ﬁtﬁ%blﬁu”gmg%apﬁﬂt}ﬂfoeﬁlp moe IOllttchﬁ fotdigs sequeiiaes des,
| i posones, . i nmunol i posones, g{catl on or pi d: nucl ei ¢ aC| d con(l) ugat es,
naked DNADITEREY qz&a@pna/mlw@ su Wﬁé@rﬁ@%&ﬁ@@é Pagkagiig ftherpgtors

S t , | b
ased or i Y e Secto ind BRuc A lcr iy B0 BEh SR BELRERINGDlo AL 21 27 "
o many) ey e L Vhryl and). and BTX. b socdat Dol very.
Systens (WROPMETRlculgy laé’HHS@[‘ﬁg’rkﬁa %‘E/E '%/'?R?rri pvyup ﬁgbll“\gz gé’é“qnor exanpl e
U.S. Pat emmmdeﬁc@{%% »;»1 (sr{rgmﬁlankhqﬂmn%e&ﬁ&éhdysmﬂﬁmwp%@ldI neg., U

5, 049, 386, US 4, 946 and 355) and I'i pofection reagents are
sol d conmemutisdtions tlerepf,(sék; ags fRachsoiner exal. addVlkolp66éc'lSl-ﬁ039ril)992)3atl oni ¢ and

" po et 1 iReBT el vl b B 1Pa Flog) e EEFORER B4 7424, v

91/16024. (@d))l VEilson@RRl e ikl C63:2 3740 B39 8\1l 9’8?9)8Mﬂlél* éiTaV ayimr)l. 3:2220-get
tissues (In vivo adm ni strati on). [0103] The prepar ation of Ii pi d: nucl ei c

aci d conp?Z24d$99NnBCTAVSH/QBI0G2t ed

[0106] In applications in which transient expression of a ZFP fusion protein is
preferred, adenoviral based systems can be used. Adenoviral based vectors are

20 _ capable of very high transduction efficiency in many cell types and do not require cell
division. With such vectors, high titer and high levels of expression have been
obtained. This vector can be produced in large quantities in a relatively simple
system. Adeno-associated virus (“AAV”) vectors are also used to transduce cells
with target nucleic acids, e.g., in the in vitro production of nucleic acids and peptides,

25  and for in vivo and ex vivo gene therapy procedures (see, e.g., West et al., Virology
160:38-47 (1987); U.S. Patent No. 4,797,368; WO 93/24641; Kotin, Human Gene
Therapy 5:793-801 (1994); Muzyczka, J. Clin. Invest. 94:1351 (1994). Construction
of recombinant AAV vectors are described in a number of publications, including

- U.S. Pat. No. 5,173,414, Tratschin et al., Mol. Cell. Biol. 5:3251-3260 (1985);

30  Tratschin, et al., Mol. Cell. Biol. 4:2072-2081 (1984); Hermonat & Muzyczka, PNAS
81:6466-6470 (1984); and Samulski et al., J. Virol. 63:03822-3828 (1989).
[0107] At least six viral vector approaches are currently available for gene

transfer in clinical trials, which utilize approaches that involve complementation of
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| i posonmes such as i mmunol i pid conpl exes, is well known to one of skill in
the art (see 9 Crystal, Science 270:404-410 (1995); Blaese et al,
Cancer GeWQZ‘TWéOﬁ 518. 291 297 (1995): Behr et al, Bi oconj BGA{US2EHEAISSS
5:382-389 (1994); Reny et al, Bioconjugate Chem 5:647-654 (1994); Gao et

al, Gene Therap 0-722 (19 Cancer Res. 4817- 4820
(1992); eﬁeCth‘a}éGCtRBib &FHE%BIS%%‘? m&’%@&h lmﬁs togengrpte thy trap ‘g“@

4, 485, 054,,.4, 501, 728, 4,774,085, 4,837,028, and 4,946, 787). [0104] The use
of RNA or gDNA viral based systens for the delivery of nucleic acids
encodi ng [6h@8]neer eobIZ/F@N and MeF Gefy anteagmplss ofiretolvirakexestore thaphavsdssas f or

targetin aV|rus ificcells i . ) fficki the viral
payl oad t45¢ HeCIHA l@?&@gqbﬂr e cth?%anég 28@9@%’@%‘%@@@&18? &gttl y to
patients I(ch?' 1V104@)102r(19@9ym&hb&awspNASc94t22elazt13§qbl1§s {(1y97ht ro and the
modi fied cells are adm ni'stered to patients (ex vivo). Conventional viral

based systAnT/ploASNvasdbe ﬁvsértlyermeumgctpmaedd@a goue tharapy ael. (Blagseed t o,

Tl it SERO P o RN APl ARSERR ook BRI e oo <

possi bl e tdeh Bbédieed RF wmrwﬁackhgdmtmtdwwlaﬂ@tadan@nmmmawdem rus gene
transfer nethods, often resulting in long term exaressi on of the inserted

transgene44(b)dlﬂ 20 6V \Drapptiiet phrdwtceersnllers 14l &I % have been obser ved
O doibgyrent © %Jon]iﬁéﬁ)%ﬁ afo. Ls%assedwag U@&orskp 9 preirobdigSm of a
retrOV|r envelo

n be altere Incorporatin or el pe’ proterns,

expandi nalichatipezemd dleﬂilvetymgfbﬁnsdmped a’itmmem‘ctltfaa@;bhomtﬂogemlcent| viral
vectors are retroviral vectors that are_able to transduce or infect

non- di vi &R VeRIS Bdenon@pspgiated AYRG2 Birg a1k VRGNS aye defivedifrup @ plasapd tatgny of o
retrovir gl RNy i er y@ﬁ%ﬁ%@%ﬁa%ﬁﬂ?ﬂ%ﬂ& %hettfa% e Retroviral

vectors are co r| se s-acting long term na eats Wrinh packagi ng
capacity e‘mresslpntcassetté.OEfctmﬂft gbug Earg;ﬁbraaqlsehtﬁaranig@erdelhwmyrﬂuc/tg acting LTRs

aresff|C|ent for Ilcatlo and ck of the vec whi ch are then
used o |‘er§Ej’rt‘8f‘éntPﬁEg }?ectrﬂga‘écei%%lﬁﬁg"f%lée% gf’%‘éets tl% lﬁls Y&'Br ovi de

per manent s kA pWaBReres BY. eéér&démsl\h}ﬂﬁl wogsze 998, K¥¥ils¥r a¥ EGER BhdrnCl ude

t hose baséd upon nurine | eukem a virus (MILV), gi bbon ape | eukenm a virus

(&LV), S:id&hS (?ﬁ%h)odef iciency virus (SI'V), human i nmunodefi ci ency virus
) S 05 B30 A IRE0B T Bl o -
Sommer f el 4t hedh tﬁkr aﬁ& rfeﬁdhly ihfést 28mudtber of different cell types. Most adenovirus
20  vectors are engineered such that a transgene replaces the Ad Ela, E1b, and/or E3
genes; subsequently the replication defective vector is propagated in human 293 cells
that supply deleted gene function in zrans. Ad vectors can transduce multiple types of
tissues in vivo, including nondividing, differentiated cells such as those found in liver,
kidney and muscle. Conventional Ad vectors have a large carrying capacity. An
25  example of the use of an Ad vector in a clinical trial involved polynucleotide therapy
for antitumor immunization with intramuscular injection (Sterman et al., Hum. Gene
Ther. 7:1083-9 (1998)). Additional examples of the use of adenovirus vectors for
gene transfer in clinical trials include Rosenecker et al., Infection 24:1 5-10 (1996);
Sterman et al., Hum. Gene Ther. 9:7 1083-1089 (1998); Welsh et al., Hum. Gene
30  Ther. 2:205-18 (1995); Alvarez et al., Hum. Gene Ther. 5:597-613 (1997); Topfet al.,
Gene Ther. 5:507-513 (1998); Sterman et al., Hum. Gene Ther. 7:1083-1089 (1998).
[0111] Packaging cells are used to form virus particles that are capable of
infecting a host cell. Such cells include 293 cells, which package adenovirus, and y2

cells or PA317 cells, which package retrovirus. Viral vectors used in gene therapy are
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(1990); Wlson et al, J. Virol. 63:2374-2378 (1989); MIller et al, J.
Virol. 65:2220- 2224 (1991); PCT/US94/05700). [0106] In applications in

whi ch tr aM9i28HY058348r essi on of a ZFP fusion protein is pPETAS2YY/008EEnovi ral
based systens can be used. Adenoviral based vectors are capable of very

hi gh transduction effjciency in n el |l types and. do.not require cell
di vi si on.?%ﬁhg@?%e‘ilé)éf‘m IO @ﬁqi‘{ettg?t p&ﬁlﬂ%g‘)?f’éﬁuf FeC %eft?ék‘?ﬁ"éssi on have
been obt %mganﬂ?m STHERRL Qs fBltalls ceﬁtaﬂﬂﬁ@gaihiﬁldl arir(ggsAeﬁgf@i)m tdq@fred fora

relatively sinple system Adeno-associated virus vectors are al so
used to tpaskagiogendsibssquent integaatipatintouchast Gf applibabled. agher vinal saquenagsvitro

Pher apy. prosterapses pEal sy Betiesreatng Yo splsit ot B (s O
Pat ents NomisdingTraPRActioNe S85esirtd in Kahi By tHlaBKadaenec]iTives. Sy ckantpld; 801

(1994); Muzyczka. J. Cdin. Invest. 94:1351 (1994). Construction of
r econbi naAAVaRgtare usaskin egne theeapyrtypisally only passspeinverttedfgpninabiepeis

(1585 LR Disrihces o Bl RV ioml yAaF e DeguiregiBt packighe B, - 20T 5260
Mizyczka, inRiNAGicB AR hést Bondr&8¥)ral DNA Sapavkaed ieh cell Jind, whith ol .

63: 03822- 3828 (1989). [0107] At least six viral vector approaches are
cur r ent | ycom{aing ahelperriasmyd saceding treather ARV genes namely er andfarPulit i | i ze

appr heﬁcl%iggzﬂi{ géécﬁje}:‘lg sf | SITBRES 400 Q& ﬁ'ﬁhiaﬁ&o‘(ﬁﬁg Q¢ 8 heped CTHES

I nserted 1n e Ines to generate the transducing agent. [0108]
PLASN andhdifésviuapeomotasiieiptisativin ofehe AWV a¢ctorearidaaxpreskian oRAVEY lgemas used i n
clinical grials (Dunhar et al, Blood 85:3048-305 (1995); _Kohn et al, Nat.
Med. 1: 1049mibohelper ﬂs,mlfé/slgéllilegﬂ fasmidsgRet @%%Qée‘fﬂﬁf%@ﬁ%fé%m("i%n).
PA317/ pL TR luéries. 208 ABE LAlth MFeREviri GndRNEdIdREbpY trial.
(Bl aese :@l\ézat}é/?ﬁ%%{]ﬁfnlce S% Bé 475?280 (19a95)) . ‘I'_r_ans‘éluct lon effici gﬁgi es of
50% or gregt beath@aendnt enwbivhedveayifugris PG Snptivk fypodAA¥ct ors. (El | em et

., ) ! her. 44(1):10-20 (1997): .Dran t al,
Ther 1517 1101125 "( 100t MaisdertyheRy Amp e tdngeaabisdia B eond HEpZer or
(rAAV) ar GecforVe¥i$éred wath £hiBRUEyRe SE B cHRity\6 h)paftiailR MEsuegpel on t he

defective and nonpat hogeni ¢ parvovirus adeno-associated type 2 virus. All
vectors afecatdinglyed virebyactorsian beimpdified torhave spesifigityfor paivenget Aweady

I nverted éx%rrensjsﬂl%la lﬁg%ggaag 3 fIlélngléll'Ol?gn Witk 4 Vid Wt Protein on the outer surface of

the virus. The ligand is chosen to have affinity for a receptor known to be present on

20  the cell type of interest. For example, Han et al., Proc. Natl. Acad. Sci. USA 92:9741-
9751 (1995), reported that Moloney murine leukemia virus can be modified to express
human heregulin fused to gp70, and the recombinant virus infects certain human
breast cancer cells expressing human epidermal growth factor receptor. This principle
can be extended to other virus-target cell pairs, in which the target cell expresses a

25  receptor and the virus expresses a fusion protein comprising a ligand for the cell-
surface receptor. For example, filamentous phage can be engineered to display
antibody fragments (e.g., FAB or Fv) having specific binding affinity for virtually any
chosen cellular receptor. Although the above description applies primarily to viral
vectors, the same principles can be applied to nonviral vectors. Such vectors can be

30 engineered to contain specific uptake sequences which favor uptake by specific target
cells.
[0113] Gene therapy vectors can be delivered in vivo by administration to an
individual patient, typically by systemic administration (e.g., intravenous,

intraperitoneal, intramuscular, subdermal, or intracranial infusion) or topical
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expression cassette. Efficient gene transfer and stabl e transgene delivery

due to integration into the genones of the transduced cell are kegé features
for this WO2PHYOSI8t em (Wagner et al, Lancet 351 :91 1FPCTR52003/0p586Dg)
Kearns et al, Gene Ther. 9:748-55 (1996)). [01 10] Replication-deficient

reconbi nant .adenoviyal .vectors (Ad) can be produced,at high titer and
readi |y i2RPicaton, arﬂf{?ﬁ%l?begf%e Y f é‘#tg‘}'i‘?tl %V’I vee %%anc%‘% 1"5%?3%8\9[3]]11%%" vectors

are engi NGeY eebhSHCRIS Bflated HBRSAERGIVIRRI ARt tde, BehpRbayte§bdne and/ or E3
genes; subsequently the replication defective vector 'is propagated in human

293 cel | snartrey aspinapdsytissee btopdy)genmivensat tiornr hemataperstic st gelds, or s can

t ransduc ltiple.types .of tissues.in _vivo. includin ondi vi di ng,

ai 11 or enaplets BefobBaRRnor MRES ruadelii t0aDY Pl Nah fnel o
ConveRnt i Giath hsheMBESPoRtdAANE vactbalr ge carrying capacity. An exanple of the
use of an Ad vector 1n a clinical trial involved polynucleotide therapy for

ant i t unorl01tuni zatBoviverelhtranafeciion Jendiagnosticse aspersh astfer gene theragy | Hum

Gene Ther(ie.gz :V%'aor%?’l%lﬁlsgo}lgo%?lé traﬁbﬁqgcjt&{ gf{milntg){MAs?aﬁ(}hles §s WRf kﬁgwﬁq novi rus

vectors fioP’gene transfer in clinica rrals 1 nc osenecker et al,

| nf ect i onhast:of skillif thel&D6)n a Sieterradrentiodithenttalls ateeiselafddefrom $he/subfe8- 1089
(1998); Welsh et al, Hum_ Gene Ther, 2;205-18 (199%) ; cgsvagl%z t al, Hum
Gene Theroreapisoransteciedggtty a ZFBpuclsic agid (aepper FANA), andgg7ngped E&%S) .

St er gn q}ltoat*nes Bt o] pae% a%reﬁﬁBQfa%gﬁgcélll%g?Q sui{agﬂc]fg)} efpippadi ng cells
are used to torntvir parti I%s that are cap e of infecting a host cell.
Such cel ltmnsfectiordare 2831 lamiwsto théseadf shidick alyear (bepovg ¢ Heshimayery?, cel | s or
PA317 cel],s, whi.ch pac e trovirus, Viral vectors used i ene t herapy
ar eusual I&}‘lij‘éﬁéf‘g’fléiﬂ'?ggﬁg ’bﬁ’@ﬂﬁﬁ%‘?f %1‘1 %Ff”ﬂguf ﬁ%ﬁ‘ eﬂa@é@e@dghgucl eic acid
vect or i NbRrdhc¥d &itdd tHé’Héféf 1]:&%dis-Eﬁé‘sid&F&ftWtotig&b&aénh)éuﬁ%t&llélfrbﬁf»‘ m ni nal

viral sequences require or packagi ng and subsequent integration into a
host (if mpphtsabl e), other viral sequences being replaced by an expression

cassette di ng the protein t e expressed.. The.m ssing vigal functions
are géppllﬁgﬁﬁi n tral}ﬁsongfﬂtbr‘?gl ‘ﬂﬁkﬁﬁpﬁﬁl?sc%rﬁusﬂ R ForPiexa ‘f's'etfoi21 vectors
used in gemefebhicH @r%menh@raw.yrwwaﬂ@g&ﬁﬁ@smg\stemt&ds iothat thay carepeat (I TR)
sequences fromthe V genone which are required for packagi ng and

i nt egr at i dffefentigied into RBer celbhprwin Wires0r caRe iRTqsicRd iue 2 MAeMak(sEch i ne,
o oSty BB SRR B A R O30l o
adenovi r ufiffagnfiatligd PB4+ ¢l in vitro into clinically important immune cell types using
20  cytokines such a GM-CSF, IFN-y and TNF-a are known (see Inaba et al., J. Exp.
Med. 176:1693-1702 (1992)).
[0116] Stem cells are isolated for transduction and differentiation using
known methods. For example, stem cells are isolated from bone marrow cells by
panning the bone marrow cells with antibodies which bind unwanted cells, such as
25  CD4+ and CD8+ (T cells), CD45+ (panB cells), GR-1 (granulocytes), and Iad
(differentiated antigen presenting cells) (see Inaba et al., J. Exp. Med. 176:1693-1702
(1992)).
[0117] Vectors (e.g., retroviruses, adenoviruses, liposomes, etc.) containing
therapeutic ZFP nucleic acids can also be administered directly to an organism for
30 transduction of cells in vivo. Alternatively, naked DNA can be administered.
Administration is by any of the routes normally used for introducing a molecule into
ultimate contact with blood or tissue cells including, but not limited to, injection,

infusion, topical application and electroporation. Suitable methods of administering

such nucleic acids are available and well known to those of skill in the art, and,
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hel per virus pronotes replication of the AAV vector and expression of AAV
genes fromthe hel per plasm d. The hel per plasmd is not E‘acka ed in

si gni fi caMP 289318 due to a | ack of | TR sequences. ConP&MUSAPEPSEGF t h
adenovirus can be reduced by, e.g., heat treatnent to which adenovirus is

nore sensiti t han, AAV. [01 12], In ny, gene therapy applications, it is
desi r abl é‘ll'ﬁ’h‘\é/ﬁ% TRES Hameng {Pé‘}%fﬁf‘]l{fe‘wg?o l&éﬁ?'r\?é?ﬁé%g\){?rﬁe?gﬁ’loﬁﬁﬁh’ Yegr Iee 1)f
speci fi ciganiduPardom@ichh GHé@Fr @St ot iRfnedte ahd hidgd ¥fectiveiréRtioN @&nor can be

nodi fied to have specificity for a given cell type by expressing a |igand
as a fusiasntherrsued.n with a viral coat protein on the outer surface of the

virus. T j,gand i hgsen .10 have affihni a r to be
pr esent gﬁlﬁle cel IﬁF%gs gqr 1?%?32,‘11!’0}6118? &é(‘[;fr)al }elgé%fr}% zelt,o p{)ﬁﬁg@{e&aﬁe{f@%}r@oc_ Nat | .
Acad. 5ScidisciézAd Xor Sxahtple I TS B No. 5692316380 Wdtedrs Wedfany imitoductgor] eukemn a
virus can be nodifjied to express human herequlin fused to gp70, and the

r econbi naftirapsgenss inkg bematopaietia pigmfichare or €R3f edlscivcludgadenayimys essi ng
human epi L | growth factor receptor. This principle can be extended to
ot her virus-target cell pairs, in which the target cell expresses a
receptor [@ntP]t he viVeomxspitasds & iatrédigtion optratsgenesdotpinimunegceds (¢.gand f or
the cellsurface receptor. For example, fil anmentous phage_ can he i neered
to di spl alyCal isdiip ronagRering gntyirus wagiopy E@)fgﬁﬁ’@zm@gs@é’cﬁtﬂ?cﬂg?%di ng
af finpty poE N&z?.%&%!i.' Yci 0¥ @Bﬂ%@@z-ﬁ?k#&'m{n LRASRYO8) J. Mitinongudsbe above
description applies primarily to viral vectors, the sanme principles can be
appl i ed t&7hpDuifeey ervd il 898).J. Sivolh R2e2873rB80a Follenz reg inh €2408) Magureont ai n
specific take, s es which favor uptake by specific target cells. [01
13] Gene #&@f’é‘p@fgg@?g?s can be delivered in vivo by adninistration to an
i ndi vi dugb1 gt i ent , payRhERticIPYoceyabRMafricrél feWetdrmiddan phR by-the _

i ntravenous, intraperitoneal, Tntranuscular, subdermal, or intracranial

i nf usi on)pasticulassoowlositioh beimgiadministsrade st wielh @8 by dheopartigjlaranethod wegdto vect or s

can deljvered . to cells. ex vivo,. such as cel.ks expl ant e rom an

i Ve e A SeERgstioR Al fundY ReBie it i Bk BHERR O 20

bi opsy) OforilatedsSe! phdRaeuieIRbAPOidbhCavaillehle Cal descried|betuse (sebye. .,
reinplantation of the cells into a patient, usually after selection for

cel I's whiRawingtes s RlasmpesuicabSaiencessdditord., [¥914] Ex vivo cel |l transfection
for diag iCS, re ol . Y. rhdiddgi on of
the tranaPiblle’ cor i HbEl soffs, WY GRABRAARGDAnk Eoftppsifbf LA KA

in any type of cell including, but not limited to, prokaryotic cells, fungal cells,

20  Archaeal cells, plant cells, insect cells, animal cells, vertebrate cells, mammalian cells
and human cells. Suitable cell lines for protein expression are known to those of skill
in the art and include, but are not limited to COS, CHO (e.g., CHO-S, CHO-K1,
CHO-DG44, CHO-DUXBI11), VERO, MDCK, WI38, V79, B14AF28-G3, BHK,
HaK, NSO, SP2/0-Agl4, HeLa, HEK293 (e.g., HEK293-F, HEK293-H, HEK293-T),

25  perC6, insect cells such as Spodoptera fugiperda (Sf), and fungal cells such as
Saccharomyces, Pichia and Schizosaccharomyces. Progeny, variants and derivatives

of these cell lines can also be used.

Applications
30 [0122] The disclosed methods and compositions can be used for inactivation
of a GS genomic sequence. As noted above, inactivation includes partial or complete
repression of GS gene expression in a cell. Inactivation of a GS gene can be achieved,
for example, by a single cleavage event, by cleavage followed by non-homologous

end joining, by cleavage at two sites followed by joining so as to delete the sequence
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those of skill in the art. In a preferred enbodinent, cells are isolated
fromthe subject organism transfected with a ZFP nucleic acid fo ne or
cDNA), antOr8l/13#l8ed back into the subject organi sm (ePFTUSBHY gﬁ‘ﬁ

Various cell types suitable for ex vivo transfection are vveII knovvn to

t hose of skill Lo th Freshne ah,. Cultu f_Ani mal
Cells, AWH’?‘I‘?P&I glg?‘@g?%ﬁf‘ﬁqfoéjﬁ%‘%f@? ae°881b"1%’§2)°faé‘?\‘asef’ﬁe Orr%q g?résﬁces cited
therein fQuomifd &fetb%ahfgrregﬁonwa&gmmb@hsmaﬁsh 6£ar Wefevat deguéricem
patients). [01 15] In one e nbodi nent, stemcells are used in ex vivo
procedur dgef ai'staden” Sﬁqmg*t)el@tq ba gamorg&qf@gleln@namgwnrﬁ@a&m@ﬁmg@et 0 using

i 1o, ord ki Il SRR ET G ek A Bloh BE R sl aShelfer ch¥BRE 0, )

wher e 5t hejjitovdn! ihtrém @y @lube infls- ﬁﬂlﬁnrtgodiﬁha&aﬁ@mt Met hods for d| ffer entiating
CD34+ cells in vitro into clinically inportant ipmmune cell p s u5| ng

cyt oki ned0828h a Gvuspthemathedsand copppogitignedessahed }E%r@‘é‘ailﬁé’ .

Exp. Med. e;lgrgtlc}xf?gigG 7&%0{62198%? l)mes[t&lusjeq} rétoﬁmlﬁ%hh%téﬁ rdfifeligh §6r f or '

t ransduct§°on -and - dreferen I on usin nown or example, stem
cells ar aexlaﬁl@leaileﬁhtftr)@mntmﬂéornmﬂdnimmbdlﬂtﬂ)oby ppaioniiorg Abfiditionalezenes,r ow cel | s
wth anti bod| es_whi ch Qi nd unwanted ce CD4+ and .CD8+ (T cells),
CD45+ (peﬁ‘11 aef P4 mayralso bgmaciiyated segeyls I%ngcﬁgrﬁ%ﬁsf”f‘@né(ﬁ?fié’f%m nti gen

pr esg@t | N0 i664iks thal éﬂﬁbl ?\%Qt%r hredbr ﬁﬂlctlﬁ%( l%an%ﬁrlyjiﬁ@helﬁag’ctﬂom (1992)).
[0117] Vectors (e.g., roviruses, adenoviruses, |'i posones, etc.)

cont ai ni n@DCﬁIerapeut I C ZFP nucl eic acids can also be adm nistered directly
to an organismfor transduction of cells in vivo. Alternatively, naked DNA
can be admnistered. Adm nistration is by any of the routes normally used
for introducing a nolecule into ulgxA®tpg gontact with blood or tissue cells
including, but not limted to, injection infusion, topical application and
el ect r opdéxample.1: Jesigihard Gomhtustion ob4NS| st er i ng such nucleic acids are
avai Ilgbl e%&%&m of skill in the art, and, al though nore

t han nister a particul ar corrposi tion, a
particul aoizqut e cans getfal spqupntelof the@HO gendrae isaior angithbie tiee @HDEGSI ve

reaction than another route. [0118] Methods for i ntroducttl onFNf DNA into
henat opoi 280F &vas clomed @nd sequenced to generate the target DNA sequences for Z

designs. The complete CHO GS sequence is shown in FIG. 13, which also designates

introns and exons.

20  [0125] ZFN target sites in exon 6 of the CHO GS gene were selected because
this region encodes amino acids critical for the catalytic function of the GS protein
based on available crystal structures (see, e.g., Almassy et al. (1986) Nature 323:304-
309; Gill et al. (2002) Biochem. 41:9863-9872; Liaw et al. (1994) Biochem. 33:675-
681) and, as such, ZFN-mediated mutation of this site was expected to result in loss of

25  functional GS activity. Partial sequence for CHO GS exon 6 is shown below. Capital
letters indicate exon sequence; small letters indicate intron sequence; and ZFN target
sites 9372/9075 (Table 1, Fig. 1A and Fig. 4A) are underlined:

5
atggcactattctgttccttttcctcccctetgaagacttggeacatggggactttggttaacaagggtgatgacttaaaagigg

30 ttcagggtagaggtaagtagaacaagctaggagcetigagttggecigaacagttagtiggecttattctaaaggtcaacatgt
tctttctagTGGGAATTCCAAATAGGACCCTGTGAAGGAATCCGCATGGGAGAT
CATCTCTGGGTGGCCCGTTTCATCTTGCATCGAGTATGTGAAGACTTTGGG
GTAATAGCAACCTTTGACCCCAAGCCCATTCCTGGGAACTGGAATGGTGC
AGGCTGCCATACCAACTTTAGCACCAAGGCCATGCGGGAGGAGAATGGTC

35 TGAAgtaagtagcttcctctggagcecatctttattctcatggggtggaagggetttgtgttagggtigggaaagttggactt
ctcacaaactacatgccatgctCttcgtgtttgtcataagcctatcgttttgtacccgttggagaagtgacagtactctaggaat
agaattacagctgtgatatgggaaagttgtcacgtaggticaagcatttaaaggtctttagtaagaactaaatacacatacaag
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di scl osed, for exanmple, in U S. Patent No. 5,928,638. Vectors useful for

I ntroduction of transgenes into hematopoietic stemcells, e.g., CD34+
cells, in¥PREAV/&&ERovirus Type 35. [0119] Vectors suit aBCEUS00MBFDduct i on
of transgenes into inmmune cells (e.g., T-cells) include non-integrating

| entivirus vectors. See, for exanple, Orgy et al. {9%996% Proc, Natl|. Acad.
Sci. USA ‘gagtgegigaciiagtiotingteatagepasaggccagtealgpgagiptiocealgeaagasataafiogigiacatglizg - 7
Xy et al .2aggaggictgaagopetigagacaiagmiragaapgouEacisigr@astcasgtatifaticebistateeadset ur e
Genet i cs @cptpptcppcctigeagniaPRatSH IN@E0) y acceptable carriers are
determned in part by the particular conposition being adm nistered, as

N ticyl ar .nmeth t iniLster th iLtion.
hccor i ngPySk ner e B G el iR snd AR Bl ot nd FERE 2y "
phar maceul ik sGRMTOSHi£t0 e 1@MRtL htblifger ASsigRSEr theRIZ I ow {see, e.g.,

Rem ngton 's Pharnmaceutical Sciences, 17th ed., 1989). [0121] As noted
above, tH81]scl osdla additipnd EFa tareetag tssitess dmexanh wigee alsedesignedny t ype of

cell inclydi. but npot~Jlimted .t rokaryot i e f. cells,

Ar chaeal Ig lﬁg?q‘beln% orccé_:[(;)se,xo? 2§S’e§1°v§1eli’$%v,v' g}ﬁi)ﬁn%llcletulger? fnsd,l&\?egr %brate cell S,
mammal i anseg@drlcs; shitdl 1Bt1em indiedtt tntrohlbel@dilce, @Al ZFN targat sites 8F5M8381N expr essi on
are known to those of skill in the art and include, but are not limted to
cos, 18HO (Tablg 1, amHbies] Arpro- waderlimedy DG44, CHO DUXBI 1), VERO, MDCK, W 38,
V79, Bl4A§§_28-GB, BHK, HaK, NSO, SP2/0-Agl4, HelLa, HEK293 (e.g., HEK293-F,

HEK293- H, HEK293- r 6. lnsec el.ls _such_as t | da (Sf),
hnd T ungE e T ceaBileRd %téﬁ%f%%@%%aéag°ﬁ|§%%?ﬁ%@a§ﬁ§%%§ﬁ%%§%§:%§f% bees.
Progeny, APEPAeARPESCaRtBEdRcACIFSpTaglsaatilicepgictisalegCagiapigiagtiglaliegigga E)aélg sed.
Appl i cat i GHstap@aEagititiglclitigirersltitcagttiiciaiaaatient Bepgatesiettaganedsseiised for
i nactlv at§ELCaFacACUAARITABIAEICEBERAREARIALSIRESAREAICIEHISERCEASREABFF 8BTS

i ncl udes 3gattgdgigccaggatangpicerangeieprcagadiaoestgictc@inagacraazoaprangaipengagagagatcel |

| nact i vatdcottaapfagacdasca@megggatgabattgictaneutgdact ftaracertiggahgcaghgtgaataitaefctt

cl eavage caurnigitghyttcciaagyamgadoatdasuegttbyctgtgcetitarpt toctgcagpggaaconticgg by

cl eavage dtagaiidtasigh@sgdcattb@vreCAGAGTACTII TOCASCATGRCENECTECAGCAA

sequencehgtreet ACET GWA (A & ATCARGCRU APGIRCET GRGOTGEtcoAPf a
mi ssense @&t Rsm:,ﬁ@ég%G@ém@gﬁ&ﬁcm@d@memdmmm&mmc
recombi nag +og, A cPECAA CREETEEACTGTGAGCCCAAGTGTGTAGAAG

gtgagcatgggcaggagcaggacatgtgectggaagtgggcaageagectgagatttgaccttecttctgttttgtttgcaa
agtctttcaaaagcaggtctcttcaggectcagtcagtcaccecgtaagetgecgagtagtctggaggeatagaaaacaatgg

25  aggcctttatttagatggaatcttgtgtgtgctggtacactgaagaaaaatattgggtcatatttgtagggggtgggaggttgg
agtattgctaacctagccaaccccaggaacctagtitgaaagacctgtaactagaatatgctatcaagtttatagagcagtggt
tctcaacctttcaaatgctttacacttgaatacaactectcatgttctggtgattacccccatcccaaccattgetaacttcttaact
gaaatttcactactgctacgaatcataatgtatctgtgtttttggatggtcttaggtgacccetgtgaaagggttgtgagaccatce
ctcaaaggggttgtgacctacaggttgagacccettitgagtgctgtgtttattagtatttatacagtggaattctgggtgcaaag

30 cacatgctccaaagtagttictctgggactggcecatttgttttcgatggggatcttttaaaacttgcaaaggaaccaaaaaaaa
aaaaatgcagaaaaaaggaggtgggggagtgeacgectttaatcccagtacttigggaggcagaggeaggeggatceictg
tgagtttgagaccagcctggtctacaagagcetagttccaggacagectccaaagecacagagaaaccctgtctcaaaacaa
acaaacaaacaaaaaaattaaaaaaaaaaaaaactttcaaaggagacctgttttattttagttgtggcctttgttttggtaggaa
gggceagctagtttaggatgagtttttattattctaagatgttgeegtttg-3° (SEQ ID NO:31)

35

[0128] ZFNs targeting the CHO GS sequence (for example as shown in Table
1), were assembled into mammalian expression vectors as described in U.S. Patent

Application No. 12/218,035 and tested by transient transfection into CHO cells.

40 B.DHFR ZFNs
[0129] ZFNs targeted to DHFR were designed and produced as described in
U.S. Patent Publication No2008/0015164. For experiments described herein, DHFR
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ef fector functionfabje?t Exemnplary zine fingerinweleas¢sdargetenCDHEKAMPLES Exanpl e
1: Design andZeEdmstreucti gn of ZFNs (]u;§n1né78yntq%tase (GS) £FNs [|0124]
As the fyll Teeggtisqguencef tlhe gengne is not awvailable, the GS ggne
was cloned and se uenced to generate the tar et DNA sequences for ZFN
desi gns. g‘(’ﬁ qRIONLEEIRRQI|n BFBDLIR  (WwhiTeBNBILEo
desi gnat e %ﬁ QI\'EO%% ((J%FSQ D N974)| zF Wgﬁbet JPEQID ND-y éﬁlE%'Eb?‘Otzﬁb CHO
GS gene v begause—thi-s—egion cnccdcq—u“.uu m,.d“ er+t+eaH for
t he catalytuzgﬁq&& on of tE D éﬂd (g gn ag h _
structur gs JGBRRGGT gE 3g1 | & t s 5; et
al . (2004 sg@h - ; Lijaw et a (1 |och ﬁ\ :% g— 681)
and, as s PN—WEUIaI g Tutation jof This Sitg was expectiedto Tesufft in
| oss of f unct | AMd476S act|i vipkypLdRr timksoierysneq fascHKRGY exapHpTT S [shown
bel ow. CapitatctatteeoTdd|dBEQlD NOXD| saguens®; Sised 10 Rb1RY|$sEQ D ROte)|
i ntron sequgsBee;DaKB8YFN |t arget sitgs 9372/9075|(Table 1, Hig. | A and |Fig.
4A) are ynderlined: 5'- ’
at ggcact gt t ct IANCBTT t t cct{ccBSDHELgRadRIAHISRASEQJggBADHLSR gt [t aB8SRBKISt dat gac
t t aaaagt JggTCCGGGGGGTGGtg| (SEQ ID NO:7) IDNO:17)  [(SEQ ID NO:42)|(SEQ ID NO:43)
tt cagggt a yfHacadgcet aggagcet tlgagt t ggect gdacagtt agtt ggectt att ct daaggt
caacatgt tctttctagTGCEGAATTCCAAATAGGACCCT GTGAAGGAAT CCGCATGGGAGAT
CATCT TTCATCTTGCATCGAGTATGTGAAGACTTTGGG GTAATAGCAACCTTTGACC
CCAA! CTGGAATGGTGC
[0130] ZFNs targeted to FUTS were designed and produced as described in
U.S. Serial No. 12/218,035. For experiments described herein, FUT8 ZFNs
designated 12176 and 12172 and shown in Table 3 were used.
Table 3: Exemplary zinc finger nucleases targeted to FUTS8
ZFN name
Target sequence F1 F2 F3 F4 F5 F6
AAGEAGTT2 | | RSDNLSV | QNATRIN | RSDHLSQ | QSATRTK [RSDNLSR| RNDNRKT
CAAAG (SEQID | (SEQID | (SEQID | (SEQID | (SEQID | (SEQID
(SEQ ID NO:44) NO:45) | NO:46) NO:9) NO:47) | NO:48) | NO:49)
ZFN 12176
RSDNLRE | NNTQLIE | TSSILSR | RSDNLSA |RKDTRIT
AAGAACGGTCATC | seaip | (seaiD | (seaiD | (seaib | (seaip | ™A
(SEQIDNO:s0) | NOB) | NO51) | NO:52) | NO:53) | NO:54)
ZFN 12170 :
taAAGGAGGCAAAG RSDNLSV | QNATRIN | RSDNLST | QSATRTK |RSDNLSR RNDNRST
ACAAAGL (SEQID | (SEQID | (SEQID | (SEQID | (SEQID | (SEQ!
| (SEQ ID NO:56) NO:45) | NO:46) | NO:57) NO:47) | NO:48) | NO:49)
10
[0131] Plasmids comprising sequences encoding the above ZFNs were
constructed essentially as described in Urnov ef al. (2005) Nature 435(7042):646-651
via fusion to wild-type Fokl cleavage domains or obligate heterodimer FokI cleavage
domains described in U.S. Patent Publication No. 2008/0131962 and Miller et al.
15  (2007) Nature Biotech. 25:778-785.

38



AGGCTGCCATACCAACT TTAGCACCAAGGCCAT CCGCGAGGAGAATGGTC

TGAAgt aagt agctt cct ct ggagccatctttattct cat ggggt ggaagggcettt gt gtt agggt t gggaaagt
tggactt WO 2010/053518 PCT/US2009/005865

ct cacaaact acat gccatgctcttcgtgtttgtcataagcctatcgttttgtacccgttggagaagt gacagta
ct ct aggaat

agaat t ac AP LTI Medifeation, pLERAPZEMYS &S t aaaggt ct t t agt aagaact aaat ac

acat acaaggiggit 999t 9 litdahing Wil PUARRAIPLIENS ABUARIGIBY BtfogbhGRAGS CCaaaaga
taattggtattacatgtt

gaggact gdbcispaaypented, §ijat aviaggtch assag Hsxppear frmgd cssgotialbynaspentha at t ggt tt ct t
at ggaact cat tgctcctgeect t gaaggacag- 3 1 0 Q1 261. Bi ndi ng
sites form?ﬁ‘&é‘%"} rﬁﬁ’&é‘%ﬁW?@% “%IHWX%WS %eﬁ%%@pﬁ%’h‘? g 4C

depi ctss t N hfsAfd pAROwEicBREfc8RE IO TINO K-esits gbiNeng ddhtrAlly imsadsi-t i on,
ZFNs targeted to sites in exon 2 were also designed. Partial sequence for
CHO exon @niainiggowditse boWH@ESsells Bravang i suspenrfiibinseayaires sheraisaby snal |
letters ICPXI cgt eed%untron sequence; and ZFN target sites 8365/8361 (Table 1,
and Fig. YAl Utberiined. 5' -

ggct ggcag@i 83)c cgagt CHOnK diellanctgobtaingd &oaghaagaaiaant ey @idtugaggcgt at gt ct gt
t aaagc .

aagaat aadoQjifetian guh g sdseupmendad iadt baasdivm gﬁt”g@gﬁﬁt%@?]ﬁfn&@@gt attgggt g

gatt agga im 109 ified fi If FCS, Hyclone). CHO-S cell hased
cat t axhat Wit 9% quplifid fetal calf seram (PGS FYG9e) (O polls were purchasedt at t aaaaat ¢
ccct t agccfyggdgtitrogen (Carlsbad, CA) and were grown and maintained as suspension

R I e T T R T e

agat { gag! GEaARIAPANARhRAAARIISHM RCAGARRSE ST SHAARAACAIRACAAJAaAal aaaaaaa

ccct t aact @GO ehesmdanabypuagtinpant tadd chamiding) @lbfromtlavisrogen tGaghadjcagagt gaa
t aat gcact . - . .

caat g@t gt é@&b"t 3 hnidiyrogigted shakerneubater Bt Mprdapd g2 aggggacce
ccttcag haahGbs aal aaasdact ttt gt ct ct ¢ CAGAGCACCTTCCACCATGGCCACCTCAGCAA

GI TCCCACT TGAACAAAAACATCAAGCAAATGTACTTGTGCCTGCCCCAG GGTGAGAAAGT CCAAGCCATGTA
TATCTGGGTIIEMIGGTA cAdimxentaetts were disassociated from plasticware using TrypLE

ACTCCCCT GI
gt gagcat gg%]ﬁcég ggré’g%?(j% §c§§§&%§§§§ﬁ e gga%“g‘@%eggé)aﬁlt N cttctgttttg

tttgcaa mixed with 1ug each zinc finger nuclease and 100uL. Amaxa Solution T. Cells were
agt ctt t caaaagcaggt ct ct t caggcct cagt cagt cacccgt aagct gccgagt agt ct ggaggcat agaaa
acaatyy trans ected 1n an Amaxa Nucleofector II"" using program U-23 and recovered 1nto

aggectttaf 4t agat agagtctt gt gt g getgat acact gaagaaaaat at t gggt cat at t t gt agggggt g
ggaggttgg " e

agt at t gct @Ass) agccaagensiRIINACK ASEKtat gd Frga drt Nachrdaallatgag decaagt t t at ag
agcagt ggt . o . .

t ct caacct Qisgsn PNasYT'ddbQiagrminta the tatget locys amplified by PeRASIEGE ccaaccat t go

gannt {{ cal LS Biperfor e resion ofthe G Jocys faected by the ZENS the POR - gaaagagt ¢
gt gagHc c aproducts were subjected to a melting/annealing step resulting in the formation of

distorted duplex DNA through random re-annealing of mutant and wild-type DNA.

CEL-I enzyme (Surveyor™ mutation detection kit, Transgenomic, Inc.) was then

added to specifically cleave the DNA duplexes at the sites of mismatches. The CEL-I

cleaved samples were resolved on a 10% TBE polyacrylamide gel, stained with

30  ethidium bromide, and the DNA bands were quantified using densitometry. The
frequency of NHEJ was calculated as described essentially in Miller et al. (2007),

supra.
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ct caaaggggt t gt gacct acaggt t gagacccttttgagtgctgtgtttattagtatttat acagt ggaattct

gggt gcaaa‘g
cacat gct cC¥Q2AYY0EBt ct ct gggact ggccat tt gt ttt cgat ggggat ct PETARAYEPFeRhaaggaac

Caaaaaaaa

aaaaat goagaagean0agal Aqenad 9 SACHENTS GRLRRE AL AELRasAdRTgs a0ucooat ¢

tctg

t gagt t t gagaec ad pakidiapl e 2rBPeG MORMGRIINROIYL Ghd ZERZATS deqtieganaccct gt ct ca
aaaCaa

acaaacaaavedifiaation of 2656 fwitla aaldstape cleaviga dgmaiet endy24%ot(withiengigeergtggect tt gt t

ttggt agga agct agt t t.aggat tttttatt a .C GOt . (SEQ ID

|99 29973, 29053RR A FAATRL AL BRUA bELERRBLGhL ARSI BLer e (SEQ 1D
Tabl e 51) , angexse, 856 ERbESéInCHBIBYEEisTRIGXIB)E Sindlarly, LK pair asclattisgr i bed in
U S. Patent Application No. 12/218,035 and tested hy transient transfection

into CHO 28N 18361 pnd B taresisd foevmy 2)zegwdted i modtiration pfEk er e desi gned and
pr oduced (?’;Ol_aggo%ésbed in US. Patent Publication No2008/ 001 5164. For
experinments descrii bed herein, DHFRZFN pairs designated 9461/ 7844 and
9476/ 9477[0437di Vi dull agffdNsens hathrthe resiadd£the SBunveyer™déukleabaMseayFig.Exem | ary
zinc finger nucleases tar eted to DHFR ,17_FNs [013 ZFNs targeted to

FUTS wer el e dirgiisaqugnaingcontirasd %%é%yég@ﬂgfgg?s A fﬂfsé.‘ar@é‘fﬁg ]éﬂut‘l\‘b’.ns #5/ 218, 035.
c . i . .
o P YIS BT L AT EEN s o FLdignd 2172 an

ar zi I “n er nucl eases tar

eted to ROUS4) DNI¥epdt aéminl3: 14259148 S). hgpetaptlyn8 % oftloostiqnendede above ZFNs
were constructed essentially as descrihed in Unov et al. (2005) Nature
435( 7042) MpRgopsrEsYied ip gdpyfin ga%els ‘fw:eb% éliokl cl eavage domains or obligate
het er odi mer Fokl cl eavage domai ns described in U S. Patent Publication No.
2008/ 0131962 and MIller et al. (2007) Nature Biotech. 25:778-785. Exanpl e 2:
S- ZFN ModEfaroplei onGenheratido of (irpegadivie@eB 2ineso det er mi ne whet her GS-t ar get ed

ZFNs di fi t he endogenou | gcus as, .ex ted 1 s assays

wer e lggrf@ﬁg'd esse ?iggﬁrfltemﬁﬁﬁlﬁgs ﬁ'ﬁlﬂﬂg ﬁlpé}e'%l:_dr\eﬁ\’%% | o‘%gr ¢

( Tr angenoggb atedWy\EYiahE (diiion Bohehdtl thd OCHOER DAY ICHDS tZiryfdetaistols pairs were
transfected into CHO K-1 cells growi ng adherently_ in seruntontaining nmedi um

or CHO S deskiibedgndivampls 2 Seapaiesien theZEBitarget regioneuealedihey L et rhed
medi UM 0. derived cell lines (31%) had at least one disrupted GS gene, 8 of 54 (15%)

were homozygous for a mutant allele, 2 were compound heterozygous, and the

20  remaining 7 were heterozygous (with one wild-type allele). For CHO-K1-derived cell
lines, sequencing analysis identified 18 of 50 (36%) had at least one disrupted GS
allele, with 5 (10%) homozygous for a given mutation. See, also, Fig. 1C showing the
genotypes of the homozygous mutant lines.

[0139] All homozygous mutant lines harbor GS mutations that result in a shift

25  in the open reading frame or an in-frame deletion of critical amino acids (e.g. lines
B4, KA2, and KA4), and were therefore expected to produce no active GS enzyme.
As predicted, none of the homozygous mutant cell lines grew in the absence of
exogenous L-glutamine, in contrast to wild-type CHO cells (Fig. 1C).

[0140] Western blot analysis using an anti-GS monoclonal antibody (BD

30 Biosciences) confirmed that all cell lines with frame shifts or large deletions
expressed no detectable GS protein (for example, clone B3, Fig. 1D). Lines harboring
small in-frame deletions (B4 and KA2) did express GS proteins that were detectable
by Western blot but, consistent with the elimination of amino acids critical for GS

catalytic activity, did not support the growth of the cells in the absence of L-glutamine
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[0133] CHO K-1 cells were obtained fromthe American Type Cul ture
Col I ection and 0[%r own as recomended in F-12 nmedium (Invitro

en)
suppl enenVORWEBE180% qual i fied fetal calf serum (FCS, W@ﬂ%ﬁ@?’.‘m@ﬁb S

cells were purchased fromlnvitrogen (Carl sbad, CA) and were grown and

mai nt ai ned. a uspensi ltyres in chem cally-defjned tein-free and
ani mal cdﬁtﬁ;ig;‘t Ei?‘?‘@ %&e%e di’ ﬁrﬁ%%ﬁ%ﬁe@&pwdﬁﬂ{a‘%’h&u&“&%t ani ne and
HT suppl %Fﬂ%nﬁﬁtaﬂgﬁ%%gqxi ré 90/ zM sodi um hypoxant hi ne and 16nmM t hymi di ne)
(all fromlinvitrogen, CarTsbad, CA) in a humdity-controlled shaker

i ncubat orf014MR, i ncTq further validakmihpir 5§ phanotys, thiee afithe CHQ-Bdpdestved 7C.
[0134] Adherent cell re di sassoci at.ed. frqm pl I I | ag. TrypLE
Sei ect ( iyOTsOtsatenidior Bty R Sesfi e inARepeAR- RO Rerthl-Ble o YP 5
cel | s swerfedfivh@fierh BiindntABe®ed \GEdwAE ahil REBIlitH € tiRa®Hs and thénibnifsreka
Solution T. Cells were transfected in an Amaxa Nucl eofector I1(tn) using

progr am Untzgsiyely feee Bytherd waske (Fig4H). war m F- 12 nmedi um + 10% FCS. [ 0135]
Genomi ¢ S extfac t ZE t iIng. .t l.agen
oReasy (t AT ( O apBreFlishPe BT Tl B By hP ek PR MBI EETT ) (e
appr opr i adutufissiieespréehcé SLLgh@hmdineqR42ATehotBdbuiding tinme giatikad tdthet he ZFNs,
the PCR products were subjected to a neltjng/anneali step resulting in

the for nabdestrystandamd GHOKH Sigrossn yndar sipHisn §pndity Imsn\" SRR SFPAY of nut ant

and wiql d- tap 3 . o 1N 1 Kit,
Tr anggenoérﬁié ,Elu:ar}@.nﬁe %g&% ﬁg‘:r\ﬁlrgg‘ﬂéﬁlétg %e,%%{%}ééf (;E?IC%FPW cl ea%kte%gé QDfI:\]IA dupl exes
at the sivigsliof(sed anawcingdig. H)e Tnkicht rarsfoceidn sfaphmen g antibsd)l ved on a

10% TBE pol yacryl am de gel, stained wth.ethidi umbromd and t he DNA
bands. welSPISN CPIECL AT AU TS REy yIrorRUPR B GO e RAES s
cal cul at &g,AssiBR &k s%ghcl?s%%%Ginéﬁc?::\kgh te Mibkasvefindl - (2007), supra.[0136]

i
As shown i h FIG 1A an , modi fi ed the endogenous GS |ocus. In
parti cul d0143lhe ZFNIgentogatidrydieseydatapordBrtha seccesulnlogrneraties 9ft ed i n

di fi_cation. 26% (Wi th .w.l d-t) j .and 24% (with
glr)\g: Hgg?eé?%g%(?aﬁlé’ﬁp@/pﬁ&oém\é\%lbé al%%f%%ﬁg%\éq%gg\}tm&%mf%g‘) of cél\rMo NDSomes in
CHO Kl cells and 25% of chronosonmes in CHO-S cells (FIG 1B). Simlarly,

ZFN pair including ZFN 8361 and 8365 (targeted to exon 2) resulted in
nodi fi catExample 47 Generation of GS-DHFR double knockout cell lines

[0144] To create a double-knockout cell line, ZFNs targeted to the DHFR
gene were used on the background of the CHO-S GS™ cell line B3. ZFN-mediated
20  knockout of DHFR using the strategy described for GS above is described in U.S.
Patent Publication No. 2008/0015164.
[0145] In this Example, two pairs of ZFNs targeting two distinct regions of
the DHFR gene were delivered simultaneously with the goal of eliminating the
intervening genomic fragment through the repair of the cleaved chromosomal ends
25  via NHEJ. Deletion of a ZFN-specified intergenic sequence was expected to result in
a larger and better defined mutation that eliminates the potential for a smaller in-
frame mutation to recover protein expression e.g. Fig.1D (Left Panel labeled “B4”).
[0146] In addition to the previously described ZFN pair 9461/7844 that target
exon 1 of the CHO DHFR gene (U.S. Patent Publication No. 2008/0015164), a
30 second ZFN pair was generated which targets a site ~240 bp away in the intron
immediately following exon 1 (Fig. 2A and Fig. 7A).
[0147] Transient transfection was performed as described in Example 3 and
transfection with either the ZFN9461/ZFN7844 pair targeting exon 1, or the
ZFN9476/ZFN9477 (See Figure 7B and 7C) pair targeting the intronic site alone
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chronmosones. [0137] In agreenent with the results of the Surveyor(tm

Nucl ease Assa Oéqul*g I A), direct sequencing confirmed 34% (91/266) of the
al l el es N4PBHY tations at the ZFN target site typi cECTS20H93362di at ed
DNA repair (see, e.g., Weterings et al. (2004) DNA repair (Amst)

3:1425- 1435 rtant % of . t he seqyenced It di
readi ng frF%{g@dé‘rPlTFﬁ hc(rﬁ}“@xo%%eq%}?ﬁlaet@ eﬂg?%et?i‘g}‘% ' t?gui G#SF _gati vencgl I

lines [0138) rIébegt‘?\%? i the G¥F 68l lind BYESg |2@kUGQréﬂM§fecﬁbﬂngotﬁ%FN derived
lines were Isolated by limting dllutlon fromboth the CHO KI and CHO S

t r ansf ectpedts patoltise G855 ceil bind H3rreE)lmipn dlezapp@gqm arﬁ@ol:if:r PGB ZFN tar get

one. i sr Rt o BieghCes St BTy GlpetiE 080 b ariEERn PPk RREE | OF2. -

were GOoNmRWistnRe SFRZYIAWS sitad\dFif DT)! aifBifftlqiéhcy ofetiie dBletieh evagass (W th one
wild-type allele). For KI -derived cell Iines, sequenC| anal ysi s

i dent i fi exstimgtegfat 58% ofeddallelas aad Waé&bﬁerﬁ%mdb’é’fh?ﬁtbéﬁl pasrsAf]  WEiet h 5
(10% hom) %/&{%8 4{8%@0&1’ xg&ng{j;at ion. See, also, Fig. 1C showi ng the

genotypes "3 Zygous lines. [0139] Al honbzygous mnut ant

| 'ines harjoe48]GS nut @lonfigsanidisatudneiiigl dfthélplasmhﬂ)tﬁ\te detetidneP@R dragmeadi ng f r ame
or an in-frane deletion of critical am no acids e. and

KA4), andevgalel haexctdexsispareldie seluspeshriwcsyhad: '@rzﬁswfé‘%w

predigte h b f
Eogeious 1L aficr el mib6r (OAREKDRLR, Bhele £ bR BRFSREl 1 10 (0140
Vst er n bdhodmesombal ehds ars icogsistantawith t}%xpmm:imaihinsartnbnbmtyde(lmﬁl osci ences)

confirmed that all I1._Jipnes with frame shifts or |arge deletions
expr esse&h%@cm%%?g@?e\r@?fﬁp&ré’ir%eﬁ or exanple, clone B3, Fig. ID). Lines

har bori ngogggl | 1n- élhgﬁece@lede%%@nﬁes(ﬁére%}ﬁatg&%bnﬂﬂh@ ZPNER&Ed FSolahot ei ns

t hat wer e detectable Western blot but, consistent with the elimnation
of ami no Egi2S Lené beéalmltlog d(wlmatléﬂ?&tampllaﬁcaﬁlm m;d sedienomg resedpdPto t he

i e 18 vab SZED) i ol BResREeR B e < PR e g e T BEE (oo

Fi gure 6)celllifhkd L2% oFaifiines Beencal 2mto@anmﬂbgccﬁ&mﬁ@eﬂ@wa@on)twree of the
CHO Kl -derived clones were adapted for growmh in suspension in

cheni cal | fpunétd hasborsacbialigliomutation in the DHFR gene (Fig. 2D). Cell line 2B12. 8 is

homozygous for a 244-bp deletion of the intervening region between the exonl and
intron 1 ZFN cleavage sites. The remainder of the lines had just one allele with the

20  240-bp deletion while the other presented classical smaller NHEJ driven mutations at
the exonic and/or intronic ZFN target sites. For example, cell line 1F1.6 contained a
~240-bp deletion in one allele (consistent with a dual ZFN cleavage and deletion
event), but the other allele contained a 4-bp deletion in exon 1 resulting in a frame
shift.

25 [0150] Cell lines 1F1.6 and 2B12.8 had genotypes consistent with complete
gene knockout and thus were selected for further characterization. Western blot
analysis revealed no full-length DHFR or GS protein in either of these single-cell
derived lines (Fig. 2E). Furthermore, neither line was stainable with fluorescein-
labeled methotrexate which binds to the active site of the DHFR protein, in contrast to

30  the parental GS” line B3 or wild-type CHO cells. Most importantly, growth of the
1F1.6 and 2B12.8 cell lines was dependent upon the addition of exogenous
hypoxanthine and thymidine (HT) and L-glutamine to the culture medium. In
contrast, the parental GS” line B3 required L-glutamine but not HT, while the DHFR-
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medi um over a 3 nonth period. Gowh and viability of the cells was then
nonitored intensively for a further 4 weeks (Fig. 1E). [0142] The

ZFN- generWPa810dS3518j nes grew normal ly in serumfree suspBERSISBWIONSOUres in
t he presence of L-glutam ne (24-27 hour doubling time simlar to the

i ndust t andard | SV der. siml djfi . S t
removal | gRERIY GHEeAdnediaRt Gao) o e e ATIERae| Litgrhing PPdghtut b and a
rapi d | osgy@f F:%xlgbl.s tehufre& Reiter QUppléMertifer grofih (ﬁg.ami ent transfection of

a human 1gG dy expression construct confirned all three GS |ines
suppor t ed0tstipar abl Ehe depasdgnce onxpogawisH T anddl-glutaning gerfimis thened with t he

CHOKI SV 1 ne. 43],.T t oget t t fi ful
goner at i dngiorgbiees preh S e Ry A b I SN R B ckout o cel
liness Exgisdie 4 | FARCIREL Wpetter BesOtRdeRUMtRtK N GhcueksfiR dnetdtiaas [ 0144]

To create a doubl e-knockout cell line, ZFNs targeted to the DHFR gene were
used on tdfegenetidely sudgherfotytieal bhelidated ¢S~ /PEAR™| doubleknockent GHE elled
knockout .of DHFR using the strategy described for GS above is described in
U.S. Pat dH®Publication No. 2008/ 0015164. [0145] In this Exanple, two pairs
of ZFNs targeting two distinct regions of the DHFR gene were delivered
simul taneously with the goal of elimnating the intervening genomc

fragment Exaraplgid:tGeneragian of GiS-DREF RAFLAUAHIRIE kpepkHeelldings vi a NHEJ.

Del et,iyon ZFN- speg { | i tggryf;]' [ESw result in a
| ar gelro an@fl%gtter def %\é{&ﬁ%ﬁfﬁkﬁgn t %ﬁgﬁ{é%ﬂgg«; es tﬁiag%%‘g%ﬁtg? for a

smal | er iusirgatve GG FRCHO ceLlnelF 16, oA edescabgt mdldiSoBemalNo.Fi g. 1D (Left
Panel | abel ed " 84% [0146] In addition_to the previousl dehscri bed ZFN

pai r 9461V2/818103% gherrant ghycosylafipmregylting fro Ll “‘f‘é@ SE-ent

Publ i cati i : i Feph

arget s s B i R e A e nd B
(Fig. 2A thaimfmugogendity ke plotdin prsivent Thusametheds foohumasizingrther ned as

described .in anple 3 and. transfection with either t.he ZFN9461/ZFEN7844
pai r Ioar GRVITGSBRE AT RIOGR FHIO PG RIPRSR Y Pl are gt SR Ay pai
targeti nacHEFi/ME LORY iS sil £tRbQRAESTHE 1 6FuddsyRtdnSlerast Ahdt @BtafyzeguUENCI es
at the endogenous DHFR | ocus of 15% and 18% respectively in the G cell

| ine B3 (thitrag#}r ofducasedrn 6EDIR-Burost tonibe lso2FRIcNAcC of N-linked

oligosaccharides. Point mutations of amino acid residues in the highly conserved Fut

motif I encoded in exon 10 result in the inactivation of the FUT8 enzyme.

20  [0154] Thus, we cloned and sequenced the region spanning FUTS exon 10 and
flanking introns from CHO-K1 genome, and designed ZFNs to target exon 10 (U.S.
Patent Application No. 12/218,035; Fig. 3A and Fig. 9). Transient delivery of
ZFN12172/ZFN12176 into cell line 1F1.6 resulted in modification of 7.5% of the
FUTS alleles (Fig. 3B), and single-cell derived lines were obtained by limiting

25  dilution from this pool. ’

[0155] C. griseus FUT8 was not detectable using commercially available
antibodies, so we further assayed al,6-fucosyltransferase activity using a FACS-based
fluorescent Lens culinaris agglutin (F-LCA) binding assay, as described in Yamane-
Ohnuki et al. (2004) Biotechnol Bioeng 87:614-622. LCA selectively binds to cells

30 that present core fucosylated oligosaccharides on their cell surface. Cells lacking core
fucosylation due to a complete loss of FUTS8 activity do not bind to LCA. Screening
of the ZFN-generated cell lines for their ability to bind F-LCA showed no F-LCA
binding in 2% of the line (4 of 200) indicating a complete absence of FUT8 enzymatic
activity (Fig. 3C).
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pairs into the Gcell Iine B3 resulted in the appearance of a shorter PCR
anplification product consistent with the expected ~240 bp del etion of the
sequence WOt e ZFN binding sites (Fig. 2C). The fP@Eﬂ@H@?m?ﬁ‘@ hi s
deletion event was estimated at ~8% of all alleles and was observed only

when bot .rs of (ZFNs were_Jjnfroduced i.nto t.h |l s.(Fi C)... [0148]
C oni ng Qﬂgﬂgequgnélﬂwnw‘gtﬁgqﬁﬁ F\?gg?quné'fﬁ)c}ﬁﬁﬁ&ﬁﬁ %‘g%ﬁ?gﬁrlevea! ed
t he expecd)fikspusdesd BiANA c dighouRd heResybaisaaAtibheatZhtNFUaBISceslotes (Fi g.
8). The observed m nor variations in the sequence at thexégéc%imt ion of the

i AN i nserti ons

r ej oi ned (Eg: 3M)swhigh eaentls aaghéft toresdiog dramenithis firctionplb e
and del et4.,0ns, charact erd, st.i ¢.0f the [ [ ' Si ngl e-cel |
derived ITW@?h%\%?ng?ng oquf) Q}Hceflflbnﬁtstl%%omil_gﬁ?-ng ?@g‘ttfel%ﬁﬁgy?i%ﬁcéﬁélﬁ Lage 7 by

li mtisng ¢hsbrved OFig. RORmANgYmdnsGates 0ie ZNLdsieeugeietio @nd vrabesl @¥Kd8 of 200)
of the cell |ines ﬁossessed t he expected ~240- del etjion. Four of these
€

b
cel | |inedf B4 wrced|linep %E%a%i‘é@heawh?f@h%frlfﬂgﬁ clgnge alse PR ni ng t he
del et ' ' | ' F Fi g.
o0y col | laEndgIHOE Gs®, ARBAFRS hBhpE: A dRfhBLbER trBueili Bidiiuphe (1 O

i nt er venirogndsafl ZFN hehsfediontdnd sagbertelbeidningt Tndeed, tHE gendrataovnofa tsiplees. The

remai nder. of the Jines had_just one allele with the 240-bp.del etion while
t he ot herk"ﬁF]é%‘EﬁFééanW%&eéﬂatpfeéﬁ‘fﬁq?%’imwWg"\%‘ﬁ ﬁ"ﬁ?é‘ﬂ‘pﬁ’gé“ $TYPRe exonic

and/ of ig:ﬁeoﬁq%iﬁ%%%&i&ﬁg llTrgifﬂet@c?witﬁq‘iT SR TR Brantrd 'thicih"g%vé fikaf contained a

~240- bp etion 1 n one consi stent wth a dual "ZFN cl eavage and

del et i on popehitipn doublingtémed bicd1.8khd? £6 hontsdonednes 35H2mnddld4€ili on in exon 1
resulting in a fr shift. [015 |1 lines IFl .6.and 2B12. 8 had

genot ypesreER?ﬁgY%JY'_e eWt?g‘Fﬂ&e(S qsggéta H’é’nﬁtﬁagﬁa&ﬁ‘c‘éﬁﬁﬁ? ﬁg}ger@\l?qunec?fsa ected for
further chanacdoabieZatitaple 2088 kesdkolsGh CM@LY Singapahdeed BFNY! | - | engt h
DHFR or GS protein in either of these single-cell derived lines (Fig. 2E).

Furthernore, neither line was stainable with fluoresceinlabeled
e o B ob o IE G0 EP R e gl Y SR PP,
| mpor t antjloy57)9r owt A @ipld keockbht cefl 1miavadBlsd. géneatdd By cesumat dependent upon
: get ﬁgdtaﬁngzrﬁ%ogﬁg&%agxg %)%%Ir;t rI]rll Bgrti%{l]lgr,tl(h%g] c%lllri{eneg Ii_rIlT%vhf%rI]ldCCI‘_kgl utam ne
glucocorticoid receptor (GR) and PPPIR12C (also known as the adeno-associated
virus integration site or “4A4VS1”’) were inactivated were also generated by
20  simultaneous application of ZFNs targeted to these loci.
[0158] ZFNs targeted to CCRS5, GR and A4VS! were generated as described in
U.S. Patent Publication Nos. 20080159996 (CCRS5); 20080188000 (GR) and U.S.
Application No. 12/150,103 (PPPIR12C/AAVSI). Schematics showing the ZFN
binding sites in portions of these genes are shown in FIG. 10A. The CCRS5 gene
25  contains 3 exons, the coding sequence (CDS) is located within exon 3, and the CCR5
ZFN target sequence is located in the CDS as indicated. The GR gene contains 9
exons, and the GR ZFN target sequence is located in Exon3. The 44VS] ZFN target
sequence is located in the middle of the A4VS! region.
[0159] Plasmids encoding pairs of ZFNs linked to either the wild-type, ZFN-
30  FokI(wt) or an obligate heterodimer EL/KK variant, ZFN-Fok I(EL/KK) of the
catalytic domain of Fok I were transiently co-transfected into K562 cells, and the
modification frequency at CCRS5 (left), GR (middle), AAVS! (right) loci was

determined by the Surveyor™ Nuclease Assay 10 days after transfection,
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contrast, the parental Gline B3 required L-glutam ne but not HT, while the
DHFRnegative CHO cell line D44 (GSw) required only HT but not L-glutam ne

and t he WPJIWIESIEHO- S required neither suppl enent for PETAREMWILRISES 2F) .
[ 0151] The dependence on exogenous HT and L-glutam ne confirnms the

functional |oss. of both GS FR activity in cell |i H. .6. and
0B12.8. [(BPESVeRyy8s shaynm eltlaﬁeﬁetatﬁ@g%gedéf ¥t heé’k togﬁglﬂgﬁjgn%"l‘?@gessf ul
gener at i opQtresiifRgt.i cal |y and phenotypically validated G | DHFR doubl e

knockout CHO cell lines. Exanple 5 : Generation of GS-DHFR-FUT8 triple -
knockout [060] | i nesSipgle-csH]derived £4)] bndsrod these tripdé-kasskoptHrrlsanere plsP8 was al so

d [ | i. . [ ' . S.
Leriar nov ol e REetcie S bononlP By 6 gseBoef nd\E b sBRtRlA e o

non- hgmanh€ Rk 8 semPles GOIG N1 0B) ereawdvass COR S AFNpIFok &(BL/KRYr B GFRIZFNS can
half-1ife and even the inmunogenicity of the protein

| t th 1 ,
oroduct . FHIE K0t SIATS! FRhNdiA by KioverP yreaipea: TasnPOR BEIATEIRES |
du ' | ik | e |
Lot e SR E RS pANARNRY STBR Frriled v HBIAAQ PseqlBficc]A ROTS_9BDE 19

t ransf er sefjudndewith deletivfdDP- f ucose to the core G cNAc of N-Iinked

ol i gosaccharides. Point nutations, of amno acid_residues jn the highly
conser vedOFAl not i Resplte Aresheynibylay Brthe IF%HgtTaP]ﬁ"th‘éﬁF tivation of the

FUT8 @nzy, e i ; nni ng FUT8
T 90 5 Ll (o OB ) ESVEIORCK gt ey 0
tar get eximes,WhdreasknoPetoan(K @pplonesthiador WeiblelPIR bands3 dmdriggl44dingled Fi g.

9. T i del i f N 7 FN12176. i |\ 1F1. 6 |t ed
N mod 1 el STl er CRAE CRrs e spwain Gr 8 K Ning ot ighe col |
derived lizaRiclRs GEROBNER PR ! TWH bF i Wordes tomin BNACR SK OO GRO155] C.

griseus FUT8 was not det'ectabl e using comercially available antibodies, so
we furt hdfOadddyedonss, which aoskkOr dlomestbesedsan either Q'é&i RisR 195 GR PARSWeESs ed

fluorescent Le ' IS ag9gl uti F- LCA) bindin escribed in
Yanarig- dﬁﬁﬁﬂ?({@f ﬁ‘g#}ﬁ ?%@rﬂ%%ﬁnggﬁ%&ong Céﬁeéleg’f? léégggi.ngi%i\gsel ectively
bi nds t o d&ld wadilartifRIdesSiRh GREAgeUCOTYIn2E adroideatdRal; Whardad @8 attBmphei r cel |
surface. Cells lacking core fucosylation due to a conplete |oss of FUT8

activity s tried thidaatifycd4IGH sisgle cleges. One CCR5/GR dual KO clone was
identified. Two CCR5/4AAVS1 dual KO clones were identified. No GR/AAVS1 dual

KO clone was identified among the 144 clones, though it is very likely that a
20  GR/AAVSI dual KO clone might have been identified if more clones were screened.
One CCRS/GR/AAVSI triple KO clone (B17) was identified.

Table 4: Evaluation of single cell clones of putative triple knockout cells

CCRS GR AAVS1
Total Clones screened 144 144 12%*
Total KO clones 5 9 3
Single KO clone 1 7 N/A
CCR5/GR dual KO clone 1 1 N/A
CCR5/AAVS1 dual KO clone 2 N/A 2
GR/AAVS1 dual KO clone N/A 0 0
CCRS5/GR/AAVSI triple KO clone 1 1 1

* 12 clones that were identified as CCRS or GR KO clones
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of the ZFN-generated cell lines for their ability to bind F-LCA showed no
F-LCA binding in 2% of the line (4 of 200) indicating a conplete absence of
FUT8 enzNﬁ@gE’/‘ﬁﬁlﬁvi ty (Fig. 3C).[0156] Sequencing of P@W@Wi‘)%ﬁ% of
genom ¢ DNA confirmed that both cl ones possess biallelic conmpound

het er ozy nmut ations gt the FUT8 rget Jacus (Fig. 3D), .whi encode a
shift i n DGR ng fr‘gﬁﬁénﬁqﬁytsﬁﬂ%e"ﬂﬂ%{%%’o%é‘ﬁ”fl o ﬁp&%?w%a?%ﬂ?nﬁlﬁﬂélst he

genot ype dbwhgh FIGEI0C.| TREBFNSarpeNselqaémiel atd indeflihed | @cihdiRbtefteldt®nbi ndi ng
observed (Fi E 3C) and denonstrates the ZFN-driven genetic and functional

knockout tsid indicetelinsertianss 35F2 and 14C . Both of the FUTS clones al so
stably mai ntained their G5~ and DHFR genotypes and phenot ypes, throughout
the nultiple rounds of ZFN transfection and single-cell cloning. |Indeed,

the genergtimpledt GSitardet&l XFNG lkpelhctd in hultiplegecies|dndi@llaypésed as
nmeasur ed bﬁ/@ﬁr ow h rate studies in_serunctontaining nedi um suppl eqented with

HT and L-@1¢3lani ne GﬁiSEWl@‘é\Zé:Weﬁ@ﬁiﬂdéﬁ%ﬁ(Qféi%lleiiﬁfgh‘t‘mﬁ%g c®94.8 and
21. 6 hourgs Afete #5 &vAlifled HioudRRAEC IS ¥RbWn i PIEEN 1AOARE s, these

dat a dermns%%ltegée?he success generation single, double and’triple
gene knockENtagetrsiteHn GEmlese well consengidresrsedpatidyds. Exanpl e 6: Generation of

- - i pl k [T 1 i k |1
e v 6D oonor 8N patsh SSEMEIET Garectat i pre Dot 075 PR fartbliifng Shne.
In payt i Cé%oﬂ%&v{%{%vg hdd foirﬂ?e‘%r%@%5%taa&CB@inﬁh&gﬁq@@iaﬁain%dsecept or (&R

and PPPI nown as t eno-associ ated virus integration site
or "AA VNVyuro2a eclisnadescvibte ch Beareplal2sabogener at ed by si mul t aneous

applicatign of ZFNs targete o, 1 oci..[O FNs targeted to CCR5,
GR and AA[%\I/@ﬁ wer e éﬁ%&'ﬁt‘%gl(gswdgﬁ\gi‘iﬁ@@?#ﬂééa @éf%qﬂenﬁjgﬁrgati on Nos.
2008015999 HaRE) 6th A ARBRHERAQPpdsGRY i@BtheklsRciedpp! i cation No. 12/150, 103
(PPPI R 2C/ AAVSl). Schematics show ng the ZFN binding sites in portions of

t hese genk®36@r e shé&ithspenific|ZENS|(FEN 905 OB 83E2 ¢ visraplpetestedibns, t he

codi segquence (CDS) ,i.s | wi,{.hin_exon. ng, the FN target
sequglr%ceel? ol f@&“‘ﬂ“‘fﬁ%ﬁ@%"#ﬁ&? @5 &y ?lﬂ?ﬁé%@eg%ne%g’t‘é lﬁs 9 exons,
and the GRgdfeN 42 teCEES®HEHBE éS&vbytﬁm afhtitionfetseBon kite TARs3&BomIEN t ar get

sequence is |located in the mddle of th% AAVS| region. [0159] Plasm ds
encodi ng Jp&i irdiegted-aniHE] qeevranes @ta ofct1% he wi |l d-type, ZFNFok

[0167] GS knockout cell lines were made in a HEK293 cell background using
the same approach as in CHO cells using the same GS ZFNs (see Example 3). Two

20  knockout clones, clone g17 and g52, were further characterized. Clone g52 is
homozygous for an 11 bp-deletion at the GS locus. Clone 17 has a 169 bp-deletion at
one GS allele, and a 4 bp-insertion at the other allele. As shown in Figure 14B,
neither clone expresses GS protein as determined by western blotting. Importantly,
both clones required exogenously supplemented L-glutamine for growth (see Figure

25  14C).
[0168] Thus, ZFNs can be employed to rapidly knock out multiple genes in a
single mammalian cell line by sequential or simultaneous inactivation of the target
genes. The results presented here are not dependent on the cell line or the choice of
ZFNs. The frequency of ZFN-driven biallelic knockout events at each individual

30  gene (>1%), combined with the lack of dependence on selection markers results in the
ability to rapidly “stack” such genetic lesions and generate complex multi-gene
knockout cell lines previously considered impractical. The high efficiency of gene

knock out following only transient ZFN expression and the ability to stack multiple
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l(w) or an obligate heterodi ner EL/KK variant, ZFN- FoA; | (EL/KK) of the
catalytic domain of Fok | were transiently co-transfected into K562 cells,
and t he n¥8i2010448318n frequency at CCR5 (left), GR (m ddPEY/USARIN&IS6T i ght )
| oci was determ ned by the Surveyor(tn) Nucl ease Assay 10 days after
transfection, respectivel sho t he target es. were
subj ect t GAIRHESU ‘HV‘PW"H% nzqiqqsgt f@%@l‘ﬁ per| mstogx ghedic g&ﬁﬁ%&‘?ﬁ Oed cel
lines of thesgntahblen kpeckout cells were al so eval uated by PCR and
sequenci ng %ft ggnogi descri bed above. In particular, the |ane 8

sanpl es |n FIG 10B, treated wth CCR5 ZFN-Fok | (El VKK) + GR ZFNFok

I (ELZKK) VSl k. 1(ELZKK 1 1 . r ere
desi gned ecifi cy-qa enésr‘r%Etef%{/( Bl?h\égt @%Qﬁ%u{);@&eﬁ elasﬂeeg%léaEes but
not segquem& M dipoeied by fferenddihGidir Bﬁt‘ratlyts are shown below in the

fol | ow ng TabI e 4. Al clones containing w _sequences (wt or Rgt erozygous)

had vi si b[0é7ﬂ’bR banddthaughydiselpsire hasheeaprovifed wsomerdstail Buway RH) ¢l ones had

no vi si bl I CCR5 PCR, 5
cl ones coﬁ al n ‘%@g%ié@%% &lﬁ) eas%g%/\gfr(g%téeogtuﬁ %ﬁglégtgw%%% &R PCR. Two
of the cl @jﬁﬁencw’lﬂhasd‘sl@lﬂlédhn@mﬁrt it aadousSkhikigesAintl nidtlifitaioas pambn ch ar e KO

cl ones based _on either g GR PCR, we SCr enedvé S|

Among t hePrpauced|yifoat Q?Haé%li% ﬁ%SI@ERBr WHE}PES‘R@W GHE- écolr BEl; f| ed
sevem §QSru was tri ed to
i dent |(E; %szrf%jgﬁmlﬁgdg% o(ﬁ%%mééeghg%%g}og%@gua E%aglhgﬁteﬂgwas identified.

Two CCR5/ AA VSI dual KO cIones were identified. No GRIAA VSI dual KO clone
was identified anmong the 144 clones, though it is very likely that a GR AA
VSl dual KO clone m ght have been identified if nore clones were screened.
One CCR5/ GRIAAVS| triple KO clone (B17) was identified. Table 4: Eval uation
of single cell clones of putative triple knockout cells * 12 clones that
were identified as CCR5 or GR KO cl ones[ 0162] Exenpl ary sequenci ng data of
cells fromtriple knockout clone Bl 7 is shown in FIG 10C. The ZFN target
sequences are underlined. '-' indicate deletions, bold letters indicate
insertions. Exanple 7. S-targeted ZFNs are active in nmultiple species and
cell types [0163] GS-specific ZFNs as described herein (designed to human
CHO cel
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GS sequence) were also evaluated in nouse cells. As shown in FIG 1l A and
11B, ZFN target sites in GS were well conserved across species. [0164] ZFN
pairs 836YPZ8HAPEY8rgeted to exon 2) and 9075/ 9372 (tar §ETA$2903/08386H 6)
were evaluated for their ability to cleave GS in human K562 and nouse
Neur 02a cellﬁﬂgs described in Exanple 2 above. [0165] As shown in FIG 12,
ZFNs deS| 0 CHO GS sequences were functional in other human cell types
and in other species. [0166] GS-specific ZFNs (ZFN 9075 and ZFN 9372 ) were
al so tested in human enbryoni ¢ ki dney HEK293 cells as describe in Exanple
2. As showhatiinclimged 5: 14A, the CEL-1 enzyne (Surveyor(tnm) nutation
detection kit, Transgenomc, Inc.) indicated an NHEJ occurance rate of 21%
[0167] GS knockout cell lines were nade in a HEK293 cel | background using
the same gppr Oﬁfzhlcerﬁlgleﬂnﬂﬂpbﬁ@ﬁ@d&ﬁmﬁgoﬁllpﬁsm?rf@ureﬁvzmx(z&eeﬁr_@earrpI e 3).
Two knockout clones, clone gl 7 and g52, were further characterized. C one
g52 i s howeosifianstegions anshowibip- Eebleli on at the GS |ocus. O one 17 has a 169
bp-del etion at one GS allele, and a 4 bp-insertion at the other allele. As
shown in Figure 14B, neither clone expresses GS protein as determ ned by
western bjott i,ngfusiémpwtéiﬁabﬂnprisihgwmd firpees DINAHbindinly émngiﬁmami‘dmg to
suppl enented L-glutam ne for growh (see Figure 14C). [0Q168].Thus, ZFNs can
be enpl oyddm bandileas) oRheleRVa8EdOMIT PrAt deagePfs l?aﬁ’aée balfdP®aifarmal i an cel |
|In61%y sequential or sinultaneous inactivation of the target genes. The
resul'ts presented here are not dependent on the cell line or the choice of
ZFNs. The3.fr eqlil&nﬁnylonfprﬁEhd-afrdlaimrQ lvitrekdie theocl kavagdk bailf-demaint is aavildefyple
i ndi vi dual gene ( /%% conbi ne with the |ack of dependence on sel ection
mar ker s r‘§§ﬁgt”§e‘ieﬂ Cl%‘fngth? 1d9mali dl y "stack” such genetic |esions and
generate conpl ex multi-gene knockout cell lines previously considered
inpractical. The high efficiency of gene knock out followi ng only transient
ZFN expr ebsi onAgotynubleotids ¢ricodingdhs ziac ingerd PNAI-bindmgtdomain eufgiojot i ¢ cel | s
makes it feasible erfo cus;qgﬁ genetic engineering of essentially any
t

cel | ?yp@rofﬁl%fréﬁﬂlg A eHCAIMS at appl i cations and publications

menti oned herein are hereby incorporated by reference in their entirety.

5. An isolated cell comprising a protein according to any of claims 1 to 3 or a

polynucleotide according to claim 4.

20 6. A cell line in which glutamine synthetase (GS) is partially or fully inactivated

by a nuclease.

7. A method of inactivating an endogenous cellular GS gene in a cell, the method
comprising:
25 (a) introducing, into a cell, a first nucleic acid encoding a first polypeptide,

wherein the first polypeptide comprises:

(i) a zinc finger DNA-binding domain that is engineered to bind to a
first target site in an endogenous GS gene; and

(i1) a cleavage domain; such that the polypeptide is expressed in the

30 cell, whereby the polypeptide binds to the target site and cleaves the GS gene.

8. The method of claim 7, further comprising introducing a nucleic acid encoding

a second polypeptide, wherein the second polypeptide comprises:
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[01 70] Although disclosure has been provided in sone detail by way of
illustration and exanple for the purposes of clarity of understanding, it

g
will be MPIPWS3RIE those skilled in the art that vari oBSTAIRAMNGELS38Hd

nodi fications can be practiced wi thout departing fromthe spirit or scope

of the disclosure.. Accordingly., .the foregoj.ng descriptio n anpl es
shoul d not be @c?nzs‘f‘? ﬁ@%erjéﬁgi'%fhinﬁ Pﬁfﬂ%ﬁ%g%ln??egﬁ%{)wggo ?5.900?& A zinc
finger Dl\gé‘fglgf it iRIh&lgNBeRe;@@apPr i sing four, five or six zinc finger
recognition regions as shown in Table 1. 2. A fusion protein conprising a
zinc fnger DNAibRettiavegediomedin ek sragthegecendnodyneptide ifeexpressedigithene

cl eavage dagmain or .at. | east - I 3. Eg& US| protein
of clai mcfﬁ’ Wh%rl’ag}' H‘etfhrét %q%esg\g%de‘? %wﬁggsn@?{i}? fgl%g%éheat?\{eytp (t)erMe;Snagl?neer ed
Fokl clseavagreliad GSgem@i n. 4. A pol ynucl eoti de encoding the zinc finger
DNA- bi ndi ng domai n or fusion protein according to any of clains 1 to 3. 5.
An isolated cell conprising a protein according to any of clains 1 to 3 or

a pol ynugd eot i fg. Ac8A dF 9@}1‘{1{ %b%?rhem the st o Q@é&nﬁ@@{l}%ebﬂdé@yr@ E‘n&'dg@l ag\i he

synt het asée ( I's partia r y inactivate a nucl ease.
met hod ofbyi thaeirhy atdleig aaid @rtyodHaasnuwddit atids. GS gene in a cell, the nethod
conprising: (a) introducing, into a cell, a first nucleic acid encoding a

first polypeptide, wherein the first polypeptide conprises: (i) a zinc
fi ngery DNy Di nﬁ&é}%%ﬁtemw 5881ainds PR@,%@E&%H@ri@im@%i&iv@tiﬁ%£EHF1Wget site

i n an endogenous gene; and (11) a cleavage domain; such that the

pol ypept i gkeeisthexplessed in the cell, whereby the pol ypeptide binds to the
target site and cl eaves the GS gene. 8. The nmethod of claim?7, further
conprising introducing a nucleic acid encoding a second pol ypepti de,

wherein the setingleMmelvPaR) bH8amN™id KEFurtier camptibigg intaeatidgdNAFDIT8dI ng
domain that is engineered to bind to a second target site in the GS gene,
and (ii) genelietheagd. domai n; such that the second pol ypeptide is expressed

int hle5

12. A method of producing a recombinant protein of interest in a host cell, the
method comprising the steps of:

(a) providing a host cell comprising an endogenous GS gene;

(b) inactivating the endogenous GS gene of the host cell by the method of any

20 ofclaims 7 to 10; and

(c) introducing an expression vector comprising a transgene, the transgene

comprising a sequence encoding a protein of interest into the host cell, thereby

producing the recombinant protein.

25 13.  The method of claim 12, wherein the protein of interest comprises al-

antitrypsin or a monoclonal antibody.

14. A cell line in which a GS gene is partially or fully inactivated, wherein the cell
line is produced by
30 (a) inactivating the GS gene in a cell according to the method of any of claims
7 to 10; and
(b) culturing the cell under conditions suitable for generating a cell line in

which the GS gene is partially or fully inactivated.
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cell, whereby the first and second pol ypeptides bind to their respective
target sites and cleave the GS gene. 9. The nethod of claim8, wherein the

first andvVOe8WH3Y8| ypepti des are encoded by the sane nBETA[SE004EPWBODr by
di fferent nucleic aci ds. 10 The met hod of any of clainms 7 to 9, further

conpri si tiv ne. i th .cell. 11. T t.h of any of

clains 7 o 1 ef‘iﬁﬁtl %f B’Hﬁrl sg'ﬁare?%{j% @éﬁ‘?ﬁ’ﬁmén §Q€§%§th“ﬁgf’ﬁb cel I.

12. A nettﬂé)groqf) cBhGSHE JTS @OS%QrH)CH@éelpwmo cefi, d MiDTIe skl iawasgost cel |,

t he met hod conprising the steps of %@g erVI ding a host cell conprising an
ec

endogenowsll@V@'%nell 8(3)41%1?%8068\#&111 nB badbdeedlis NSO epdhe SF2/Q-he host

cpr osti AIEVGEof TebnsPrerges20) Rk gutd PR BIE f Chene conpri oing o

sequegce encoding a protein of interest into the host cell, thereby
produci ng the reconbi nant protein. 13. The nethod of clain112, wherein the
protein of interest conprises al - antitrypsin or a nonocl onal antibody.
14. Acell line in which a GS gene is partially or fully inactivated,
wherein the cell line is produced by (a) inactivating the GS gene in a cel
according to the nethod of any of clains 7 to 10; and (b) culturing the
cell under conditions suitable for generating a cell line in which the GS
gene is partially or fully inactivated.15. The cell line of claim 14,
wherein the cell is a manmalian cell selected fromthe group consisting of
a Coscell, aCHOcell, a VERO cell, a MOCK cell, a WB 8 cell, a V79 cell,
a B14AF28-G3 cell, a BHK cell, a HaK cell, a NSO cell, a SP2/0- Agl4 cell,
a HelLa cell, an HEK293 cell, and a perC cell.
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