METHODS AND COMPOSITIONS FOR INACTIVATING GLUTAMINE SYNTHETASE GENE
EXPRESSION 5 STATEMENT OF RIGHTS TO INVENTIONS MADE UNDER FEDERALLY
SPONSORPTPREZEAHREH [0001]Not applicable. 10TECHNICAL FIELDPf0B34HEBRsSent
disclosure is in the fields of genome engineering, cell culture, generation of cell lines and protein
production. BACKGROUND 15[0003]Glutamine synthetase (GS) is a critical enzyme in the synthesis
of the 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 fommmmammmsmmwammmwmr@mma cell based

recombinant protein expression WEE%% #ﬁﬁ%@é}l Eﬁ]e Biotechnology 22: 1393-1398),
ative iné requires

though the absence of a GS-neg e use o e GS inhibitor methionine
sulfoximfine to achieve selection. [0004]In addition, dihydrofolate reductase (DHFR, 5,6,7,8- .
tetrahydrofolate: NADPomdor%ﬁ&a&e&gpﬁ@ eR7YReER PR\ guUKaryotes 25and prokaryotes
and catalyzes the NADPH- dependent reductlon of dlnydro'rolate o tetranydrofolate an essential
carrier of one-carbon uRfi€ AEReNIIEy ieentdiBiges, glycine and methyl
compounds. H@@QP]DHFRT\ﬂﬁfWMB have Iong been used for productlon of recombinant proteins.
DHFR- def|C|ent cells will only grow in medium supplemented 30by certain factors involved in folate
metabolism or if DHFR is provided to the cell, for example as a transgene. Cells into which a DHFR
transggpe has been stably integrated carrBegRiETAgdHIEILY growing the cells in unsupplemented
medium. Moregver, exogenous se es are typ %/ o-i te rated when introduced into a cell using
a single polylr%g%iotlde A ESI‘Hﬁ?ﬁ%} %ﬁ%ﬁ"ﬁ%ﬁﬁg Sﬁseﬂ%‘iﬁ&%%ga i?quence encoding a
protein of intarest, seleatatboeliz:williexpied ploatin de&Rtand the protein of interest. Furthermore, in
response to inhibitors such as methotrexate (MTX), the DHFR gene copy number can be amplified.
Accordingly, sequences encoding a protein of interest that are co-integrated with exogenous DHFR
5can be amplified by gradually exposing thBAEEGRMENEASIng concentrations of methotrexate,

resulting; in gyggeypressiop gt Ihe ecampinanHRIGEIATINCLENHMRLRLARSRIG R wide use of
DHFR-deficient cell systems for recombinant protein expression, currently avallable DHFR-deficient
cell lines do mtﬂ@rwﬁa&w&meﬁ?&réﬁwq})#m pasiaa MNMalrbels Nafare derived.
10f00061Thug, Jaminaiat &8l1S Withksate g ey !ii- @@@&éﬂ&@ﬁh@%@é@a}mnwmuwtmty in

research, drug discovery, and cell-based therapeut|cs However, conventional methods for the

targeted elinfiRdtigAtBicaFihias it hor e el e Pél§ @b‘e}ﬁf%ﬂprﬁ S EHBHoEdus
recombinatlQia @@amiamﬂaggéwansqmal b&%&d&m&mﬁ&ﬁ&&&ﬁ&es}émkﬁmal (2001)

Proc N(? " él%%?é?& c‘h"ﬁi 4109@]? EQI (3?90:‘09% e Pr é 5227 A-2746; Kohli et

al. (20 apa e of gen Ta efqnedl%la(ﬂ dlic knockout, for

many cell tyrﬁé%ﬁh@ﬁeemméiﬂrfa&mwemManéﬁwléiﬁ mhibirustebilaburistéformpatine application.

See, e.g, Yamﬁ\ e: (ghl ki et al. (2004) Biotechnol Bioeng 87:614-622. These methods for targeted
eve selectio

gene deletion” require sequentlal rounds of 20homologous recombination and drug selection to isolate

rare desired BP84ls - a prdeadsisuticidripitbrisui et {iPABRicatiohto individual loci.

Consequenthyt ;&%ﬁﬁ@él%ﬂ@@&%@d&%} lingsanedified:atmulipiedasarkipsicsas been largely
unexplored. [0007]Zinc-finger nucleases (ZFNs) have been used fo rtar(f:)eted cleavage and 25gene

inactivakion. SETRSEBRIRFRd chinbaes thfddPalEht ensBrcatisil Abydigiolass8208489:;

20050026 15¢;:4R00e6i44! 4: 20060188984, &%@%@%&m@@&%&ﬁ@ﬁ@d $£S. Serial No.
12/218,035 and International Publlcatl%eé n WO 07/0 427 he disclosures of which are incorporated by

reference in RSP EHAIEHRETRT BRGNS S EDRARE Dt M RTERS5an engineered zinc-finger DNA
binding 30 dgena#) specifiOidFR-defignateditargetlsegbencesdddhpredtatidiccdomain of Fok | (a
restriction endonu lease fr m FI I kean |te ZEN h il place a
double-strand ‘Bﬁﬁ %rea?(? at ac oes%:(ﬁeélgngo%ﬁ acfd}gl O'Fh%gg(%ogv%ltso%ﬂ?s stélétlt{agspemflc DSB
is carriéd outbwdztteleéﬂtscm\nm@w&dep&ﬂamammehsfelmefQm@mwm}b@&r process
when donor BYAJE QWed e vizaRhomealagews eRGisiRinadNilipdin 368, -0, Umov et al
(2005) Nature 435:646-651(2005); Moehle eta). (2007) Proc Natl Aced Sci USA" 104:3055-3060
(2007); B|b|kWéFét%D@ﬂﬁ%P@éﬂ@bW%@?ﬁlﬁlﬁkﬁ\?&l’é?tl%fpe(é%&eéﬁi%ce 300:764;
Porteus et alp{gQ8veNatuperBiaischnalag k3 mdy/ & kot adoseieal i 20810 aiwa Biotechnology
25:1298-1306; Perez etal. (2008) Nature Blotechnolo? % %Ségggéblkova et (2002) Genetics
161:1169-11%8! PSP SEI(0 “ﬂ%’é‘f{f’au“ﬁﬁ%’l&‘% TUERTY J585E T\r/lor"%on et al. (2006) Proc
Nail Acad Sci USA 103:16370-16375. [0008]While both homology-directed repair and NHEJ
processes result in the modification of the target logus, the NHEJ-driven approach obviates the need
for donor DNA design and synthesis yet results in a high frequency of disrupted alleles and the
error-prone nature of the NHEJ-mediated DSB repair can be exploited to achieve the knockout of a
targeted gene in mammalian cells following simple transient transfection of a DNA construct encoding
the ZFNs. See, e.g., Santiago et al. (2008) Proc Nail Acad Sci US A 105:5809-5814. ZEN technology

hac allowed the ienlationn of cavveral indenendent knoclkorit cell linece from a ecrreeanina effart of lace than




(SSD ID N0:1)NO2) RSDNLRE (SEO ID N0:3) RSDTLSN (SEC ID 140:4) RKDVRIT (SEQ ID NO:5)
N/A N/A ZFN 9372 RSDHLST TCCCAGGAATGGG (SEQ ID CTTGGgg (SEO ID NO:6)140:7)
QSSDLRR (5600irik46:8) RSDHLSO (SEQ ID 140:9) 14012) QSANRT B(SEQ4H/88::0) RSDNLSQ
(SEQ ID NO:11) SNDRK (SEQ ID ZEN 8361 OSGALAR ciGGGTTGATGGTACtg(SEQ ID
gagaaggactgNO:14) (SEO ID N013) RSDALTQ (SEO ID NO:15) RSDSLSA (SEQ ID NO:16) RSAHLSR
(SEO ID NOMFHIA REFRFIER BIREIE PAEAHER BT B Gl eSSt ST aEs RRH'2) QSSDLRR
(SEC ID NOBIHRSISIHS YrobEh ofnid8sd 9 urthermore, in response to inhibitors such as

methotrexate (MTX), the DHFR gene copy number can be amplified. Accordingly,
sequences encoding a protein of interest that are co-integrated with exogenous DHFR

5  can be amplified by gradually exposing the cells to increasing concentrations of
methotrexate, resulting in overexpression of the recombinant protein of interest.
However, despite the wide use of DHFR-deficient cell systemé for recombinant
protein expression, currently available DHFR-deficient cell lines do not grow as well
as the parental DHFR-competent cells from which they are derived.

10 [6006] Thus, mammalian cells with single and mulii-gene knockouts have
enormous utility in research, drug discovery, and cell-based therapeutics. However,
conventional methods for the targeted elimination of an investigator-specified gene
rely upon the process of homologous recombination or gene targeting. Mansour et al.
(1988) Narure 336:348-352; Vasquez et al. (2001) Proc Nat! Acad Sci USA 98:8403-

15 8410; Rago et al. (2007) Nature Protocols 2:2734-2746; Kohli er al. (2004} Nucleic
Acids Researcﬁ 32, e3. While capable of generating a defined biallelic knockout, for
many cell types this technique has proven too inefficient and thus too laborious for
routine application. See, e.g, Yamane-Chnuki et al. (2004) Biotechnol Bioeng
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. Sernal No. 12/218,035 and International Publication WO
07/014275, the disclosures of which are incorporated by reference in their entiretics
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  (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



DNANRTK (SEQ ID NO20) N/A N/A ttctzaccctig (SEC) ID 140:18)  ZEN 9076
TGGTGCAGGCTOSSDLSR gaAgc (SEO ID cataccaactft ISEC) ID 14021)NO2) RSDNLRE (SEQ ID
NO3) RSSALTR (SEQ ID 14022) RSDALTO (SEQ ID 140:15) N/A N/A ZEN 9179 GTgCTg OSSDLSR
ggAATGAGGC(SEO ID ccataccaactt (SEO ID 14023)NO2) RSDNLRE (SEO ID NO:3) QSSHLTR (SEO
ID NO:24) TESENERE T SEEQotEhaz0ias) N kA jArENYEEI) SSBL SR, JAATCEHS! CTgc(SEC)

D (S I NGRS RALR UARBEHPRANGERIPIAPGURSDALTQ (SEQ 1D
104:3055-3060 (2007); Bibikova, et al. (2001) Mol Cell Biol 21:289-297, Bibikova et
al. (2003) Science 300:764; Porteus et al. (2005) Nature Biotechnology 23:967-973;
Lombardo et al. (2007} Nature Biotechnology 25:1298-1306; Perez ez al. (2008)
Nature Biotechnology 26:808-816; Bibikova ez al. (2002) Genetics 161:1165-1 175;
Llovd er al. (2005) Proc Natl Acad Sci U § 4 102:2232-2237, Morton e al. (2006}
Proc Natl Acad Sci U S 4 103:16370-16375.

[0008) While both homology-directed repair and NHEJ processes result in the
modification of the target locus, the NHEJ-driven approach obviates the need for
donor DNA design and synthesis yet results in a high frequency of disrupted alleles
and the error-prone nature of the NHEJ-mediated DSB repair can be exploited to
achieve the knockout of a targeted gene in mammalian cells following simple
transient transfection of a DNA construct encoding the ZFNs. See, e.g., Santiago et
al. (2008) Proc Natl Acad Sci U S 4 105:5809-5814. ZFN technology has allowed
the isolation of several independent knockout cell lines from a screening effort of less
than one 96-well plate of single-cell derived clones. As no donor DNA or selection
strategy was employed, the resultant single-gene knock out line is a suitable starting

cell line for subsequent genetic modification.

SUMMARY
[0009] | Disclosed herein are compositions for the partial or complete
inactivation of 2 GS gene. Also disclosed herein are methods of making and using
these compositions (reagents), for example to inactivate GiS in a cell to produce cell
lines in which a GS gene is inactivated. GS disrupted cel lines are useful, for
examﬁnle, in production of recombinant proteins.
[0009a] In the first aspect, the present invention refers to a zinc finger DNA-binding

domain comprising four, five or six zinc finger recognition regions as shown in a single row of

the following table:



ZFN 7889RSDHLSO gITCCCAGGAAT'GGQc(SEQ ID (SEC ID 140:27)140:9) QSANRTT (SEQ ID
NO:10) RSDNLSQ (SEQ ID 140:11) ASNDRKK (SEQ ID N0:12) N/A N/A ZEN 9373RSDHLSQ
gtTCCCAGGAATGGQC(SEQ ID TTGGGglcaaag (SEO ID NO:28)N0:9) RNADRIT (SSD ID NO:29)
RSDHLSQ (SEC i) OSANRET (SEQ 1,N0:10) RSDN| SCASNDRKASEQ IRESEQ 1D
140:11)NO:12) Tmoa c¥venee example _zidc finger proteins.-engineered 1o bind iR-a-GS-gene, are
provided. Arjy of tiegirasesfinger| S¥RRRSeBERNEFHETER] ribly MERIH™, 2,3, 4,5, 6 or more zinc
fingers, eacklgﬁﬁfT(gfﬁT f‘ﬁﬁﬁiﬁ@’ a‘%it ofﬂ”@&lﬁ tTaﬁﬁﬂ%to C%%%t sub§it'(ii1 a GS gene. In
certain exar ; te-frger-proteinstomprises 4, 5 or-6-fmgers \Vv rereirthemdividual zinc
fingers are desi TIPS 5 ﬁ@ﬁ@aﬁ&:ld‘ g | o %f AR of the

/ recognition ellce$$1mmm in Ta %Q%BOJ %ﬁne sggag( as ? e t NENYoN refers to'a

| i g nc fingef DNA- hlnrzmr domain-or fncmn ) Fotein-as defmed hbove. .

inc fogerprete mmgznmm Ipmmaﬂj HER,gene, are pyovided. Any
of the zinc fi S &8@%%? é‘gﬁ*lbé‘éﬁﬁe‘ﬁélr :@ﬁlﬁ’clud@@ﬁ} 3, £580 mﬁ% zihc ffyers, each zinc
finger having PP BiHds }qet SRk in g%i‘-ﬁ*R gene. Inicertain €xamples,

the zinc finger groté‘?ﬂﬁ@ﬁﬁmgnsn%@@g@ fingersHwhpieis e individgrl zine fingers are designated

Fl, F2, F3, A® Blcommnse thessuino aqskeaguenseaithe re%\gni iomreliges shown in
Table 2. [00] 1a]!§§b% @spectNB@prgsenPibventidi® iters t@4Bsion protein comprising a zinc

finger DNA- mdmg-[ﬁ'@_mn as déefi ave I domain ar at least one
ﬁg&e@“ﬁ%x:&%,i %t .%%%% %%% e aiisind¥@ny bf thg zinc finger

proteins desgrib g’ Ieasi.z}ne clawage d overiny orl awteass ohe cleavage half-domain, are -
also provideg: s, thecle nal -domamn s a witd=type Fofddleavage half-domain.
In other exa : %%EDQ&%R\ ﬁcuy ﬁﬁz%égd E&g‘é@ agealt-dqmaint [0013]In yet
another exa ,@@%dm theyalging Geserpead herein is provm{ed.
[0013a]in the fourk: prasent-HMention r'“‘“'s to-ar-isolated-cet-compristag-a-protein as

1Y%

defined above r a i ’I(;c;tld@ . [6 E [ exgiple, glsp provided is an
isolated cell c%‘?‘ﬁ@g %'Pﬂw%%gm E:%%o &Fg\;l Jﬂ;& gséribed hefein. In dertain
 examples, G§s |v§ueu (P %M_&S&Iﬂﬂg S R¥ QT JBR SRk OESCribed herein may include
additional ge 'i:@ﬁéér q@g@ymed fgg@xan plesaising zewficger Mirdleasesidesigned to bind

to a target Sltéﬁlfl(ﬂﬁa sel&cie;i geneﬁlm‘.’dertalm&@)&a}np leSPOprbvide®éERin are cells or cell lines in which

FUTS, dihydefO'atmamase (P 88d alvigrpnerauihetases AR RYBRaRinastig ed. |
[0014a]In the|#f ARSPresemanuentiseefers teeaoell linssnwhichsgintanmicsaynthetase (GS)
is partially or full é;é & @ag byia fti§teéh prot&ia:2 dpfiﬁ@ﬁhbcivéf@ﬂﬁ)polméféti &&Aébding the
fusion protein, TOOTSTIR adamion, Metnods of using the zinc finger proteins and fusions thereof in
methods of inactivating GS in a cell or cell line are provided.

[0010] In one example, zinc finger proteins, engineered to bind in a GS gene, are
provided. Any of the zinc finger proteins described berein may include 1,2, 3, 4, 3, 6
or more zinc fingers, each zinc finger having a recognition helix that binds to a target
subsite in a GS gene. In certain examples, the zinc finger proteins comprises 4, 5

or 6 fingers (wherein the individual zinc fingers are designated F1, F2, F3, F4, F3 and
F6) and comprise the amino acid sequence of the recognition helices shown in Table
1.

3a



10015a]In the sixth aspect, the present invention refers to a method of inactivating an endogenous
cellular 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: () a zinc finger
DNA-binding domain as defined above that binds to a first target site in an endogenous GS gene; and
(i) a cleavage domain; such that the polypeptide is expressed in the cell, whereby the polypeptide
binds to tqrgatﬁfget site qiggl@g@ma@ecﬁﬁeg&mnﬁﬁﬁrtﬁﬂMrmcamQﬂlﬁemeb@aﬁdplﬁ}cﬁf’é‘%&ded herein is

a method for inactivating a cellular GS gene. (e d., an endogenoksizx gene) in a cell, the method
comprisin&%é‘}’ﬁﬁf@ﬂﬁ@?ﬁaf%m%mfgg ,agl f?éftu%lluclgic gcid encoding a first polypeptide, wherein the first

polypeptidé% ﬁnpriseS: D Adine ;mg@@m-ﬁi@dmmmnm@emméﬁe@ {FBiRd to a first target
site in an endogenous GS gene; and (ii) a ﬁeava etgoggég'%gyﬁgr%t t}ga q%@&@ig@i’s expressed in
the cell, wigenebyraREpiighe PIRehRAL T RS SEETE Shd daves the GS gene. Ini certain
examples, thg methed, fthat comptisadnttodubingrehavdpic mng@lmwdmb"atgﬁ@éﬁ%ﬁ polypeptide,
wherein the'seécond polypepti mprises;: (1).a zine finger DNARindingdemain that is engineered to
bind to a s@c?o%?&?&ﬁ‘%/ ite allng %@%&g%eng?{;%} (il) agcle?avage dom%r?;gfs‘uch that the second
polypeptide s.expsasses fnihe:nellyiherethy thé Vidiamingdowse wsigpugnied Bind to their respective
target sites and cleave the GS gene. The fir. d.second nolypeptides seay:be meesed by the first
nucleic acig%rgﬁypd%?&fie% )nq?gk%ﬁ:m it g?ﬁﬁ %Eelﬁ%in exar%%les, one or mg%ﬁadditional polynucleotide or
polypeptideswe intrabizced into the cells, for example polynucleotides encoding additional zinc finger
proteins. [0016alln the Sevﬁét&?ﬁsgﬁ?{%& tﬁl%lﬁrfﬁ%qéﬁ%%‘ﬁ%ﬂ%éﬁfﬂ $ i Amethadefpradicing a

S , t

recombinatt in of infe In"a"host ce e method comprising the steps of: tég{? providing a
host cell comprisiag BN siciendusat Ssgiefacd BPoNE dd i G THE S HaBEERIBESHEAE D! the host
cell by the metgod defingd above; and (c) introducing an expression vector comprising a

eav A . . . .
transgene,cfﬁ% transgene comprising a sequence encoding rotelno(g{ |Q%§rg%lggp the host cell,
l?e, the disclosure provides a

ga
thereby prd@0&thg the reEbFRBRAFEHIBIS .T@Bfﬁfﬁ’%‘foﬁﬁﬁ%"% &Amp
method of pragucing @ eseRtbiaahPateisalintieestie ddmosnoelptiresainelaBfrising the steps
of: (a) providing a host cell comprising an endogenous (25 gene: (R)inaesiivating the endogenous GS
gene of themggqoé‘éaﬂlbﬁrgﬁ&%ﬁ#égr%gé Sglga} e%c%r?b%d herein; agngd (c) introducing an expression vector
comprising aviahsgefelikaragstpfaossinpHstiy = SUaRshdB At J 4 brotein of interest, into the
host cell, thereby producing the InARLPIRRIRIRGertain examples, the protein of interest
comprises é]r‘i”gg 18&19,63. .,egr?na(?ﬁfg@?nal at%tibod .010017alln (ﬁb‘e ei%%mi%saggt%théhe present
invention refé#%3io a cell [IAEThARFRE SREBIGARP BT SFRATEAR fvated. wherein the cell line is
produced b {a) inactivati gJe S gene in a cell as defined above; and (b) culturing the cell
under condﬁlﬁnsﬁrsl{’s%g%%%fc%t%}enerating a cell line in which the GS gene is partially or fully inactivated.
[0018]In an)g;aflgg? cells apaueRitadssiescrbedkargingtienceftortcet! inbicdnbedmpesaaile, but not
limited to a COS, CHO (e.g., CHO-S, CHO-K %‘I&,—LOCQ%%&ELQ;DTJXBM, CHO-DUKX, CHOK1SV),
VERO, MD@W}W%&?K’&’?@%&%"E&EE@ nye ﬁiﬁ, Fak, NSO, SP (t)-dAge][4¢0I-nllelf.1§mE|El§293 e.q.,
HEK293-F, HBKS93-H, HEK2O 3oy fEaae st B ORISR as spodoptera fugiperda (SO, or
fungal cell such as, SaccharomyesswBlighie-andSehizosacthansumpsesBRIEF DESCRIPTION OF
THE DRAWINGS [0019]Figure 1, panels A to E, show ZFN-mediateid isru tié)g of.the glutamine
synthetase gefésimCti@ted (seatinyandutididheiriile RAYAIIE CLR MEFTIRZS EE Ths a

schematic depicting the actively-transcriecd,Gs BepevadEcieeniaipk Tueprnd fiegstart codon ATG
located in e%&%ﬁ’%&ﬁgﬁl@? E%g%a/go shows that the target seq%enc for ZF, gggai FN9372/ZFN9Q75 is

located in exowBassiddiized taiing i Hater e B JheREs Salr 8365 is located in exon
2. Additional ZENS {9Q/5: QLR A B3, 2886y SANR)etargebidh L ERAE&IFUD shown. FIG. 1B are

gels showing ZFN-mediated disruption of the endoge CH 939&%%5&?9 ZFN pair 9372/9075
linked to eithewdereasItREHE A S EBERGHNS ﬁ’@ﬁg G “ﬁl gﬁ%%rrlialnt of the catalytic domain of Fok |

i
rodimer
in CHO-KI cells (left panel) or CHO-S cells (right panel), as determined by the SurveyorTM Nuclease
Assay. FIG. IC 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- Glu Growth™;
'+': growth in the absence of L-glutamine indistinguishable from wild-type CHO; '-": no growth in the
absence of L-glutamine). The ZFN target sequences are underlined. The protein translation is shown
under the wild-type sequence. Capital letters indifate exonic sequences, small letters indicate intronic
sequences, 12 indicate 5deletions, bold letters indicate insertions. FIG. ID depicts Western blot
analysis of selected CHO-S (left panel) and CHO-K1 (right panel) cell lines using an anti-GS
monoclonal antibody (top panels). As a loading control, blots were re-probed with an anti-DHFR
antibody (bottom panels). FIG. 1E shows graphs depicting growth and viability of selected CHO-KI Ggi
cell lines that had been grown for period of 10approximately 3 months. The viability (smooth line on
the top of the graph) and viable cell density (jagged line) of these cell lines is shown for a 30 day

period following the initial 3 month period, where cells were grown in L-glutaminesupplemented
meaeditim conlittina the calle evvaryy 2-2 dave | caliitamine wace withdrawn at the time indicated hy the



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 25start codon ATG, is located in exon 2, and the-target saquence of ZENDAik.

ZFN93 722’075, Io%él@%l ?ﬁ%@&?ﬁgﬁf% gg%"?ﬁ |\é%]%%d? The nucleotide se uefﬁc%ll%tf the region of
interest asoahetex00H ismhiniln o hfitabdettersdidietsienarbiBay feirds Retters indicate intron
sequences. The,target se Uences of ZEN9B72 and ZFN9075 are underlined. FIG. 4B is a schematic
represent%%%grrl]uglfe%gl\%%%ngnd SOSZIEI\H%%OB binding to their double-stranded target sequence
(underlinegly=iG. 4C depigts ihe, gl Gefushgetantheifogingertcesights BFPENO372 and ZFN9075.
The core DNA target sequengces (capital letters) and 2 fl 'ﬂéﬂ@%@ sesdsgnall letters) are shown.
ZFN9075 B5rRaiig ‘Eefh‘i’cél“-sﬁﬂ g‘raé‘ﬁi%ﬁﬁ mlgn&ocr%gﬁl%f”gn ZFN§372 contains 6 zinc-finger domains.
The aminggggighyesidues, algsiienste, tkGrefethavetagniton a-helthof @dotraaiezic-finger
DNA-binding domains foy the_indicated rget NALtrglets.are shown. 100231Figure 5 shows
exemplary*? SEPSBFS a{j“é?%ﬁan%ﬁﬁé E'?tglﬁ‘énorrl%l:ll)ec (.%S ng%séfrogm ZFN transfected cells. "C" refers to the
count (number of tim)dstthéusingdicated seuehts Wakcihaed sayosiee SR RebRFBN Genotype. The
ZFN target sequences are underlined. Bold letters indicate sequence insertions, "-' indicates deletions.
100241Figu?’%‘q%r.‘?rénziggerﬁf_ﬁ;E H%Bﬁ%ff'%gdjf-cé)%%rlm%né-dependent growth of a homozygous GYA cell line
(Clone B3). In the presencg) afngfitizminies OHORS @wrin delisfiacg 3oartigle) grows as well as
wild-type CHO-S (diamond). In the absence of x0gen J--glytarnine, the Clone B3 (circle) stopped
growing andPEfEENE g%éﬁt\?gﬁ%ﬁnm edgfél, %(Ee%?gxg%é tghe \I\% -type CHO cells (square) continued to grow
at a reduced rate. [0025]Rigpseciéapanaismiaio; Gydepiat SreapoiiarptrieNsdeprpiacand hir 15target

sites in the CHO DH%%EW@@@E?%?@%%%%% seauence %é@%@ region targeted by

the indicated‘*%kﬂflb% ers ifidicate exon sequences, small letters indicate
intron sequefttas] FIG. 7BTisua, schenhaticxreprespmadohbereines 2ZENgedigairfg DiiERhen the ZFNs
are bound to their double-stranded target sequgéceééinder%% The thO ZFNs labgeti:'1 "inner"
20target seqaBHIas G EMfcihSt EPFRIPEGRITISBSTEILR A, B TR ZeRB i S et outer target

sequences afgrRuisine Ghive expecee detttiondiinetinniifyG At sodypshiéctarbetaeduences and

zinc-finger designs of exemplary ZFNs targeting the DHER gene.. The core DNA target
sequences ((%&t&‘lﬂlﬁf@%ga?%‘%ém%ﬁk a%é%%s %%aﬁﬂgtg% 356%% Gwh. zﬁﬁ%%wcontain 4
zinc-finger DiWAvhib dingraamains sikhin 26amingeacid (@Sigkiss atBbitchavaradomginf the recognition
a-helix for each of the zinc-finger. DNA:-bindi s, f 2 ‘Hﬁaﬁ, arget.RNAtplet are shown.
100261Figur(§u§%ﬁg\3vt§l‘é %1%%3{1)%%6 réégé%gﬁe@?qig%’gﬁﬁgg%nom?c I—%R locus from ZFN
transfected célista@! sitandelapiecbe S ERNPIB CET ARSIt REbeddiiRfce was observed) and
"G" refers to té‘&%%@é’l%&%gﬁ&ﬁglﬁ%é@ﬁg%%@&%ﬁﬁw&%@a pespinRmkBalkietiarsindicate

sequence insertions, -’ indicates deletions, Bold letters indicate sequence insertions. Italics indicate
sequence changyl ORIERHEHEPTRTEREE )k B T AN - Eindinssnmeim Bight intronic sequence.
i0027]Figure %%@ﬁ;@&@deot&& gepict&iiNApgaksissansipger desighs ticgeied dordhenCHO PUTS
gene. FIG. 9A depicts a schematic of the ZEN binding WO 2010/053 18F$€QSI/U82809/OO§865 sites
within exon 1@”6F%‘W?@@%B%Wﬁéﬁﬁé%ﬁé@o%@%gﬁ STV HE R EPidM Within exon
10. Capital letters indicate exon 10 sequences, small letters indicate intronic sequences. The target
sequences of ZFN12176 and ZFN12172 are underlined. The nucleotides comprising the
fucosyltransferase motif Il are shown in 5italics. FIG. 9B is a schematic representation of ZFN12176
and ZFN12172 binding to their double-stranded target sequence (underlined). FIG 9C depicts the
target sequences and zinc-finger designs of ZFN12176 and ZFN12172. The core DNA target
sequences (capital letters) and 2 flanking bases (small letters) are shown. ZFN12176 contains 5
zinc-finger DNA-binding domains, and ZFN12172 contains 6 10zinc-finger domains. The amino acid
residues at positions 'A ' to "H-6' of the recognition a-helix for each of the zinc-finger DNA-binding
domains for the indicated target DNA triplet are shown. 100281Figure 10, panels A to C, show ZFN
targeting of CCR5, GR and AAVSL1 loci. FIG. 10A is a schematic showing the location of ZFN targeting
sites in 15C-C chemolcine receptor 5 (CCRb5), glucoggrticoid receptor (GR), and adeno- associated
virus integration site (AA VS]) loci, respectively. FIG. 10B depicts ZFNmediated simultaneous
disruption, as measured by SurveyorTM Nuclease Assay, of CCR5 (left panel), OR (middle panel),
and AA VS1 (right panel) loci as measured 20 days after transient co-transfection of pairs of ZFNs
linked to either the wild-type, 20 ZFN-Fok / (wt) or an obligate heterodimer EL/KIC variant, ZFN-Fok
/(EL/ICK), of the catalytic domain of Fok into K562 cells. Treatments for each lane are as following:
lanel, CCR5 ZFN-Fokl (wt); lane 2, OR ZFN-Fok /(wt); lane 3, AA VS/ ZFN-Fok /(wt); lane 4, CCR5
ZFN-Fok /(EUKIC); lane 5, OR ZFN-Fok/(EL/ICIC); lane 6, kl VS1 ZFN-Fok /(EL/ICK); lane 7, CCR5
ZFN-Fokl(w0+ OR ZFN-Fok/(wt) + 25 AAVS1 ZFN-Fok/(wt); lane 8, CCR5 ZFN-Fok/(EL/KIC) OR
ZFN-Fok/(EL/KK) + AA VS1 ZFN-Fok/(EUICK). FIG. 10C depicts the genotype of a single triple

lknackoiit clone whereain the tarcnet CCRE R AA /<1 lact for the indicated call linee area echown The



15growth. DETAILED 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
20compositions (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 FUT8 in a target cell can be used to
produce celljingsefaidexpigssiohef regembinantgreteinsridrciamiiie GibpaeloMakditibaties that elicit
enhanced antibody-dependent cellular cytqtaxici Q). 25 General,100341Practi f the
methods, ass\?ﬁﬁPc%/g ?ﬁ%ﬁ%ﬁ’%ﬁ)ﬁl%%cuc eX %a%)ﬁéyc%lr%ﬁ% fé)%‘é%“éffsé%‘gé’é‘%%%%ﬁé reerxrjatpp}:glf/?,g\lljérjlIess
otherwise indigdteld, cconiventiomidstehriques diisrBmymsiaifstiochemistry, chromatin structure
and analysis, 30 computatianal chemistry,.cell cult [ ields as are
within the skiP ?Pép (g?%.af%%eo élgﬁr?ﬁﬁ?é%%hs}g Eﬂyf/g gfp%?ﬁg}?iﬁ%%%%%%ﬁ%%r example,
Sambrook eiagti MO EDL BARGIEONISG: A LABORATORY MANUAL, Second edition, Cold Spring
Harbor Laboi?@ﬁ%\sffess’ 1989 and. hhid £diian, 2001 Ausithel el 1 GURRENT RRQEREOLS IN
MOLECULAR BIOLOGY, John Wiley & Sons, WO 2010/053518PCT/US2009/005865 New York,
1987 and pefrsaietipsaanseicin@dalrEs NEETE e NP ERFPRIGPBREVARSRERIO Press, San Diego;
Wolife, CHROMATI%I%J}BH@E%J%ANQ}EMSIQQ abhirsteditioms Azhdemic Press, San Diego,
1998; METHODS IN ENZYMOLOGY, Vol. 304, "Chromatin" EP.N%WaS?f m%l an %. P. Wolffe, eds.),
Academic Press, SafPDragsivatinggbe sadogre? FOLPEDRRLBIBL ol. 119,
"Chromatin Pégté)e?f%l&'l' 4&.@6 Q&cker, ed.) Humana Press, Totowa, 1999, Definitions 100351The terms
"nucleic acid,” "po ynucleoti’de,"' and "oligonucleotide" are used 10interchan e%_péxransd g}elger toa
deoxyribonucleotide @) HSTHCEERICTBIGHIST FEfHRA PPN 25/ #RATion. and i efther single-
or dOUb'e'Stra”dedrfSE{g-an% {he RWRAseS:Of ﬁ?&&f@m&&@@mf@tﬁhamﬂ%mﬁmeb}ot to be
construed as ﬁ(r)nrﬁpng with respect to the length of a polymer. The terms can encompass known
analogues of paidrairgitieoticasbagatdncdghucleotides that are modified in the base, sugar and/or
phosphate mejtias (¢.0-, 1rR0spharathiggle BAHHEANSR RGN Al ARG RA particular
nucleotide has the same base-pairing specificity; i.e., an analogue of A will base-pair with T.
[00361The termesijpdiypeptide)t Spepticst archtstordin'tbrenrtbdd nstenprsmmpetisisttosrefetaio a polymer

of amino acid resi(%lu?%I y}l& Eeeim &hsgﬁ?ﬁg%?&dg\%ﬂg&c@yg&g}%§ inaéﬂx)@l@@"t@e or more amino

. TOVILN : H
acids are cheffiical & ogues or m rivati of a 20corresponding naturally-occurring amino

acids. 10037 EBivgtingtsr&idmne of seghesicelbpr iy, afdhesvehassides hpeivasd (c)
macromo'ecui‘ﬁé?éﬁugm enEaR A RIPRI AN AMGRIG acid Npt all compenaisRhashipding

interaction need be sequence-specific (e.g., contacts with phosphate residues in a DNA backbone), as
long as the inssfacnen ssedivkcl eS8 iqnkReE- §pedhe. It rathdrsrarnaretecysnBrally
characterized fyombissagiaticn. tonstaint iara)lef, 16 Griviciopionaest Affipityesafers to the strength of
binding: increased binding affinity being correlated with a lower K.d. 100381A "binding protein” is a
protein that is 2516 bfr ARG HBHRPEPARGther molecule. A binding protein can bind to, for
example, a Dﬁ@l%o?lecule & RNARA0-RIRGINg PFAIGIR i ALRAA el e ieanRNARIGHINg PEaiein)

In

and/or a protein ' molecule (a protein-binding protein). In the case of a protein-binding protein, it can

bind to itself (eptotH i ORTEHIML R STAREPIEE ) aidfolSiPESHSH B0 one or more molecules of a
different protein or proteins. A.bindi tein can haye more t one type of binding WO
2010/053518PCT/11 %dﬁ?ﬁ%%#&%@gﬁﬁﬁtﬁ?%%xﬁp g}%ﬁn(:e |ﬁ%{évrep?f\){i§;ins have DNA-binding,
RNA-binding and protei-bining A6 [RRROMA alRriRass RNA feinsine praletforbinding
domain) is a protein, or a domain within a larger protein, that binds DNA in a sequence-specific
manner througiPénehsbe fSeerimis fiagaisy whithnisaetiaiedf amino acid sequence within the

binding domai se structure is ifi nat Zzing. I fgrm.zinc finger
DNA binding Jp(ﬁwglﬁ is ofteﬁna r(g,‘)\figélf;}t‘?adégs§j %EI?SI{C ingﬁ%%%%azﬁég%on&%?ﬁ %ﬁtﬂgiﬁ binding

domains can lvert & dmesrsito bihtodiaiisdete Ritte dALE de gd SEdueidd ONoh-fiffiting examples

of methods forfQenginesing-zine fipges BseiRIS Erdesigpdrelesinitif designeszine finger
protein is a protein not occurrln% In ' nature whose design/composition results g{g}u%alléfrom rational

criteria. Rational ¢ a$ds Alrte AtR0a SR 8 Slafidtidniiide &n rized
algorithms for progessing infermation lerarstatabases siakag ivburmatian Spexipiing ZEDadsigns and
binding data. See, for 15example, US Patents 6,140,0?1; 64%\%@46% and 6,534,261: see also WO
98/53058; wd@@;ﬁ&%%@%}%@%&%@%s & REPRATET PHEETLA "selected" zinc
finger protein is a protein not found in nature whose production results primarily from an empirical
process such as phage display, interaction trap of hybrid selection. 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 25sequence that is inserted into a genome. A donor sequence can be
nf anv lennath for evamnle hetween 2 and 10 OO0 niiclentidec in leanath (or anvy intenar vvaliie



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 degree of homology between the
two sequences is sufficient to allow homologous recombination therebetween, utilizing normal cellular
mechanisms. Two homologous non-identical sequences can be any length and their degree of
non-homology can be as small as a inle nucleotide (e.g., for correction of a genomic point mutation

by 5targeted homologous recombiatenyee eRIBIIEN ORI BribReARGNE®ES (e.g., for insertion of a

gene at a predef@fifthed ectdpiigusitd jnmelrg polynucleptides comprising the
homologous noréli‘gg ﬂ?eag Se uences%ee%no?fg%&é’a%npﬁg%%ﬁy ﬁ (Sé&ugﬁh%]é’r,? }FFexogenous
polynucleotide (ie., élonor%io%rtﬁglg%?l%& FlRthisems geagent orossmgitentidesuo GIticieptide pairs
can be used. 1011W4ﬂfﬁebﬁnﬁqwe&mﬁﬁdaﬁim:ﬂgtﬁgﬁlﬁ!%ﬁgﬂﬂ{g@rﬁg@q : Céges%%uc nce identity are
known in the artcé?%ﬁ&%%éﬁﬂ&“ﬁ%@%%%ﬁ include determining the nucleo ide sequence of the mRNA
for a gene and/or determining the amino acﬁns‘gii SRedEhRoEn heldby, | dnaloompasitigithese
sequences to a SEcBHA!EeNSB I Eo0 ZNipai e RNSEIRIRE (S ROMMIGSAGHENGES cehgisae
determined and@@mﬁamgtggg]cgygiﬁl@%@gpz %E}%ggﬁntity refers to an exact Edte
nucleotide-to-n tide or amino acid-to-amino*acid Corr %Wd@ﬁ%@‘bﬂ%@&yﬂ@démbs or
polypeptide seqfienEés) TRspECtivEIFS TR BIvATBIsseetse neeR¢REl v IEIQOtiRAr nepgid) can be
compared by detelssinivthEmpercgatd ity rcent identit YQC{_ﬁtwo sequences, whether
nucleic acid or agllirgg?#éi Zg uences, l|ésg %%%%%r%ﬁe?a&gfﬁ%% Qs%ge%ﬁ}@e‘ﬁmﬁo@wned
sequences dividéd A q 3‘%8‘? tReShartes Yéiduanees andoigdtiphiebyiRO pARKapproximate
alignment for nueidictarithsequbntesds. proyides py.thesloc &8 ?dlo y algarithm of Smith and
Waterman, Adva@ﬁjmdﬁp%igg Mathematics 2:48%1-?%}52% %%H%“ E,%a?go %n%%gﬁ)b%cﬁliblied to
amino acid sequences by Using E%%n&%}%%ﬁwma‘o%@lWDéyw, FIGlas odeghftsotein
Sequences andeﬁmﬁ&m@me@gdmﬁcﬁdhe&ﬁﬁﬁ@?ﬂ&%@'%%%@&%cﬁ%ﬁ‘s%g% Research
Foundation, W%ﬁm&@ﬁg@&hﬁ A Aand n rm%lized b¥ Gribskov, Nuci. Acids Res. 14(8):6745-6763
(1986). An exemplary implementation of this aigorthm to-ERIERSHAE BadedAr Rlwatitneld sequence is
provided by the Genetics Computer Group (Madison, WI) in the "BestFit" utility application. Other
30suitable 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; sort by = HIGH SCORE; Databases -- non-redundant, GenBank + EMBL + DDBJ + PDB
+ GenBank CDS translations + Swiss protein + Spupdate + FIR. Details of these programs can be
found on the GenBank website. With respect to sequences described herein, the range of desired
degrees of sequence identity is approximately 580% to 100% and any integer value therebetween.
Typically the percent identities between sequences are at least 70-75%, preferably 80-82%, more
preferably 85-90%, even more preferably 92%, still more preferably 95%, and most preferably 98%
sequence identity. [0045]Alternatively, the degree of sequence similarity between 10polynucleotides
can be deteimined by hybridization of polynucleotides under conditions that allow formation of stable
duplexes between homologous regions, followed by digestion with single-stranded-specific
nuclease(s), and size determination of the digested fragments. Two nucleic acid, or two polypeptide
sequences are substantially homologous to each other when the sequences exhibit at 15least about
70%-75%, preferably 80%-82%, more preferably 85%-90%, even more preferably 92%, still more
preferably 95%, and most preferably 98% sequence identity over a defined length of the molecules, as
determined using the methods above. As used herein, substantially homologous also refers to
sequences showing complete identity to a specified DNA or polypeptide sequence. DNA sequences
that 20are 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 t# 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 30hybridization 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 example, using conditions varying from low to high stringency. If conditions of low

stringency are employed, the absence of non-specific binding can be assessed using a secondary
nrobe that lacrke evven a2 nartial deareae nf ceadrience identityy (for evamnle a2 nrobe havina lece than




5wash conditions. The selection of a particular set of hybridization conditions is selected following
standard methods in the art (see, for example, Sambrook, et al., Molecular Cloning: A Laboratory
Manual, Seagnadgitiamns(1989) Cold Spring Harbor, N.Y.). [00501"Recompingtam éefgss to a process
of exchange of genetic 10information between two polynucleotides. For the purposes of this
disclosure, "homologous recombination (HR)" refers to the specialized form of such exchange that
takes place, ¥t Exafipie, duRTRyFEpRIMERES NSRS TS BFEERINAIHEIEISIRRIS iR g idquires
nucleotide sggle€rge;homelegywisasie aarate dralegulederemmiaie repaifeef sglasget’ molecule (i.e.,
the one that experie ({i;i e double-strand.break), 15and is yariously known as "non-crossover gene
conversion" BF Eg}rﬁgﬂ} t JERELBRVERRRGHOHESINLE it %ﬁ&‘%“ﬂﬁ“@ﬁ&@%‘%‘f"&e gﬂgﬁformaﬂon
from the donends ihéitargetoMiiwuenish)ingad lorchomditdry amyppartiepdandde Oryingdicetransfer can

involve mismaich, corpection ol helergduplex BNAtRatgums between ihe bralanaget and the donor,
and/or "synt ess-?isépendent strand anneali g,ﬁ'in whic glﬁgdonor IS use o¥esynthesize genetic
information gektoveidl GHEL MEgfaprnsd brmdrgd-Bhdiphtekneld prbdassesiBurhespeciilized RR often

resuls in analiesalion ol RAAERER.L e AR elaRe BURL AL Ragaral\aliiag sequence of

the donor polynucleotide Is inCorporated into the target polynucleotide. [0051]"Cleavage" refers to the

breakage ofahié BEFdicrtibadkiberécost BapNsk HHFolEctiev EBarkydpt bR aMtAleddy a variety of
methods inclyghng, Bt aetdmiterix eaaymaliciaechanicabbysdbweisef gepbasghodiester bond. Both

single-stranded cleavage and double-stranded cleavage are possiblef and double-stranded cleavage
can octlir agRPrRsTRRE NI SRS Sy di P dBs b e MO BN AERY e can result in the
production ofieiikesehlsaisapdrosatdggr e dhendsineariatha3femedimentpeticdon polypeptides are
used for tar double-stranded DNA cleavage. [0052]An "cleavage half-domain” is a polypeptide
sequence wgﬁ(‘afi%}‘iw%?}ﬁ&‘h%ﬁgg% H‘g%%%%%&alg%ﬁ%%‘%%ﬁi‘égﬁéfﬁgﬁ’ ié‘ggf' %F%?ﬁﬁferent) forms a

complex haimgptieeuageradivity flicfepblycdtskbierstiahduoledvaleantidty s Figdeams “first and
P e &g ty
‘+and - cleavage half-domains” and "right and left cleavage

second clea\é?gl% Q%gn%%'%ﬁb%

half-domains™ are used interchangeably to refer to pairs of cleavage half-domains that dimerize.

[005315h "elf§*fllered clddgutehaingbnialn Fisdgrete Vagepditted fiaivpnn shas P& modified so as
to form obliggighgterngimaisHiti-aBaths! SlesusgahRkulomARKe a5 nathgeenaineered cleavage

half-domain). See, also, U.S. Patent Publication Nos. 2005/0064474; 2007/0218528 and
2008/0131962 $hevRIBr-LerPRUSTERYIFaReRcbsIRER gritrdnldifO68M BABMAEAYIE the

nqcleO_?rosﬂgﬁHyd@g@ ﬁg&yw?ﬂgn{aﬁ;@ejhﬂw@ﬂlgaﬂm? Q@HHJQI.Sh}’@EBﬁtiAII;@QWI_ d)‘ﬁe:%r rrllucleip qcid,f
primarily ,an in, including his s and non-histqne chromosomal pro e majority o
eukaryotic céﬁﬁjl%?%ﬁﬁqﬁb g’i’:ﬁ&sd?éd' ?Q%’?ﬁ&ﬁf%?%gg’&%ﬁ%%ﬁ&%ﬂ re?ﬁ?ggn%c%lo{;%%n?\é core comprises
approxiroatehsd b0Sddseepairs: @Eta NAIGsSEcintsctatith lavebofogmer worifrisiing twme ZEMN o; histon C(i:-s
H2A, H2B, H3 a ; inker DN Svari -.dependi gg o]y ' extends
between nuc?gg?gfﬁ‘ff?é?e CARO cﬁg 0 ig%‘ﬁ%%@é%%@g??@%%@ociﬂé wﬂf?'ﬁwgelgmker DNA. For

the purposeghsf$he preddiveitesirsathdi6rm Chrpivafi¢Rsansbyme 06 Gconemalall types of
cellular nuclegpraieimbRth prokarpuetic.and-aikANgiGimeliyialahrualiane ke pgth chromosomal

and episomal chromatin. 20100551A "chromosome," is a chromatin comgylex comprising all or a

portion of th@¥Endiketiestish. rRdigiston sparasmadefthiB deR8d Byotssx&R®y pe, which is
the CO'@ﬂiO%@éxﬁ'lrﬂFﬁuG:ﬁom@@@@% H&@Wﬂ@@&hﬁﬁﬂ@f&ﬁ%@d%ﬂﬁﬂeﬁ@ﬂy?@&cﬁ%ﬂ@ﬁd&e of ? cell can
comprise one or more chromosomes. 100561An "epi e" is a replicati | id, nucleoprotein
complex or 2@&#@% s?PE&%Se&b%@r@?ﬁ&%a%ﬁgfé%lggﬁ%’ﬂfs"ﬁ t%ﬁé@%@fﬁm&omal karyotype
of a cell. Exdmpeyy ahe pisonie £ Ri€Ipsie q@las(AiEs BT/ EENalTVirakgedpnhes 008 7JANSaccessible
region™ is a site in cellular.chromatip, ich ite present inthe n [ id can be bound by
an exogenoJg??r%llgf%%uk}éevec%%%g%%ﬁg#ge%ﬁﬂéeﬁ%?%%%ﬁiﬁﬁﬁs Fr?egqteo e bound by any
particular thaelstive it tedidelstiah 47BN T saibiE@ Nidh lspnéhihBlGs Adtdsaikagrsaliaefa nucleosomal
structurgy The gisp %@L&E&Hﬁi%m}a@ @pﬁﬁgﬁ%fﬁg&@n FaheRRR e delrsied By Bssepgitivity to
chemical and enzymatic probes, for example, nucleases. WO 2010/053518PCT/US2009/005865
[0058]A "targEfsecdP et SaehietBaWR £PHEAETE A0 REEoEH R HEPRETINES S BJHiON of a nucleic
acid to whichyadaisrdingyReaipsia wibwindr royiteehasiiwienteanditions /iy winding exist. For example,
the sequence 5-GAATTC-3' is et site for the Ec restrictign endonuclease. 5[0059]An
"exogenous™ b%%é?@‘ﬁ%g&%?&@eﬁ@h%? ‘ﬁ‘g?ﬁb )%"r‘%gsoé% ﬁﬁ r;;\y(s:‘r'ie s lraﬁtﬁné%et?%ﬁntroduced into a
cell by one olimpisdjenstic)biechemimal. oC dilermdthéded Rl Prés8rdeskithekost)' is determined
with respect to the particular developmental stage and environmental conditions of the cell. Thus, for
example, a molecule that is present only during embryonic development of muscle is an 10exogenous
molecule with respect to an adult muscle cell. Similarly, a molecule induced by heat shock is an
exogenous molecule with respect to a non-heat-shocked cell. An exogenous molecule can comprise,
for example, a functioning version of a malfunctioning endogenous molecule or a malfunctioning

version of a normally-functioning endogenous molecule. 15[0060]An exogenous molecule can be,
amona nther thinae a emall maoleciile cirich ac ic neanarated by a eombinatorial cheamictryy nrorcece Ar A



also refer to a nucleic acid from a different species, for example, a human gene inserted into a
hamster genome. [00621By contrast, an "endogenous” molecule is one that is normally present in a
particular celyyatraipagticiglar developmental stage under particular enviropgeptahddhegaelitions. For
example, an endogenous nucleic acid can comprise a chromosome, the genome of a mitochondrion,
chloroplast or other organelle, or a naturagryé;pccur_rin mal nugleic acid, Additional endogenous

molecules cHiThHEMHE S aiRisdhrRassaipl Sa” thshd %E\IS' tibredrd@AsiRidE Tk 3B831A “fusion”

molecule is gheDigrRIiadficiehidtidRAr MereGub ki Utimoteculesans daked, gueferaply covalently.
The subunit molecules can b ﬁg e chemical type lec an he different chemical types
of molecule$® E)%gﬁspﬁgg%’? %hz: w?tl?t?/ég l%?fﬁ%%‘@rﬁ%%é%ﬁ%eﬁﬁ&?)%@ t%tga%%ﬁgﬁ?rﬁﬂcggl?o, fusion
proteins (fordepamdptes aftisionlinesveaexepziersDipio it hymomameanthguldavagé domain) and
fusion nycle#qhﬁgri]%éfor example, a nucleic acid encoding the fusion 20protein described supra).
Examplés of'the second type of fusion molecule include, but are not limited to, a fusion between a

triplex-formif@PRticleic ackigig 3, palypeptiad? atewy Aldion¢bardahsaupinpgtoodd/Bthder and a
nucleic acid J[0QGAIEBrESHORPEE AR BIAIRIR Iméck6l sanrigspilirpmietivaiyntdhe fusion protein

to the cell or %édelivery of a polynucleotide encoding the fusion 25protein to a cell, wherein the

polynucleotiféisHaiistinbematnd tris irensENs e e dmtue cxs e rarbisily $0R6H Hlotein,
TfanS'SD”CiG%lil@Q'bﬁﬂr?ﬁﬂ@LEtml e?ﬁtrtdd@mm(?m?@ Hgaden (’j 10?@6&?»@1&2@ NEORAehin exprgsslion %f a
protein in a cell. Methods for. po eof] Q tide delivery to cells are presented elsewhere
in this dfcloSBPIC3HR ]b\z%’e%%?%o%ﬁg ggrf}g%'gg) g%k%vﬁ?rgégﬁ%’dﬁg%gﬁ%? %Eﬁi@s a DNA region
encoding a géeetprothichisedcnfoa)o el RINA/CGith mwhichPEFRAAEIeipreduction of the
gene pmd“ﬁ;?‘{"get?% QL0 such €ﬁ9d§h%°r PARANGTEER %seséj‘djaﬁﬁfn%@ £94ing and/or transcribed
sequences. cc'orglnng, agene fcludes, butis not necessanK/' limited o,-Bromoter sequences,
terminators, famstativral rebinding etz of destsnthieg ¢lbosopdE bamdingSitékngadrinedinal ribosome

entry sites, e R1PUSRGEES INSHIGIors. POUNRRLIGIERTS, FRHCIURN OGNS, Maitix attachment

sites and locus control fegions. 100661"Gene expression” refers to the conversion of the information,

5contaifed ifide gEREIGHETE YbersRYdREORTgER NS BRRINEA S DI (HettdEratamérdtional product of
a gene (e.9.nBRNA RN, TRIGA; BAURRRSA RNAt SHEEIA Bl iIGIRIBN ASKERIAS) ribozyme,
structural RNA or any other type of RNA)Gor atgrot i f‘{))roduced by translation of a niRNA. Gene
products alsEPRiAE BINRE which 4% ol ?lﬁ?] g 10588 SE TS S EARIHR P PR Kdenylation,
10methylatidhr bel eldhtingCapidapleteinsndiostiietbhy fesqeatep)emaietbylasianiicaetylation,
phosphorylation, ubiquitinati DP-ribosylatian, myristilation, and gl lation. 10067]"Modulation™
of gene exprlélg%ﬁeﬁe ers %b%ﬁ (i:plaertl%fes i%“?%eﬁ g%if’)}%@ﬁ 55%%%56@%%2%8?&p%§%i0n can include,
but is rizt linitgdersegesetmoty afiondzmated Bgehene fras piotei Gemesinaotivatien sefdns to any reduction
in gene expregsiog, a3, AQY e@fﬁ%&%@e@ daahcassaaldoauda SERias described herein. Thus, gene

inactivation may be comp ock-out) or partial (e.g., a hypomorph in which a gene exhibits less

than normal B83fdssion |Kigmredangrsiiutt i AsatsimigasaiatysAoN s sst andblRiEI8F in the activity
it influences); 201 QA6 & usps¥Rtic Frella AnGludendivhdy e:priUnkieshtor i aaleriisi(such as yeast),

plant cells, animal cells, mammalian cells and human cells (e.?., T-cells). [0069]A "rE%ion of interest" is
any region of TLRSP T BHa &l aLiRAsYEthePesErAn e, it g ler I AOMARhE SBYi8Rce within or
adjacens to a@eredih WiGHd iz desitabied@ bind ae exegesgusre@eziie pdinding can be for the
purposes of DNA.cleavage and/or targeted recombination. A region of interest can be
presentin a ?ﬁ&%%%’ég%%ﬁse%ﬁ%%?#e‘f‘ an %I%Sahse% Ny b“é{ﬁ‘;&r%% (@Ef ,nr%%%%[ﬁon%:ﬁ%ﬁngﬁlgr?oplast), or an
infe(;ting virakgeﬂgimmﬂm:emp?en@\aﬂgi(ﬁimhnm@am btssthidithis cading rggion of a gene,
within transc_éﬁ%&%’s{"s%?ﬂﬂgt{&@ %SG R E@%@%%P@héﬁ%@i SEAKGPESSs FRite58quences or

introns, or within non-transcribed regions, either 30 upstream or downstream of the coding region. A
region of intessEERRYES ar swrdrizned SAgletRusias Hir EPIsseR 2 oot dePdirs in length,
or any yyegrakFxalps ehkiigleelite: Padesil QeiRddheriRims uepar alivectniage raad4operatively tithed"
(or "operably linked") are used interchangeably with reference to a juxtaposition of twg or more
componentsERIEH B L8&EITaE B HErS N MSTHIASIERY &Sﬁé?i{?a?%da@ﬂ%%ﬁs%ﬁ that both
componentsdorrainii nakerdbgantali@apitg passipiily 2fainkiledstengrobiNetcomponents can
mediate a function that J erted upgn at least o f the.other compaon ay of illustration, a
transcription% ?%Ulaﬁ)ﬁé(ﬁe%%oenr?%‘gggu% Cé%ﬁlaggpﬁglr%{)g}?%gogpoet?ghvéIﬁ%myg coding sequence if
the transcriptionfainegaiatoipsadisorsescdhy eisitheaed et ofurans paptionof-indccodingfsequence in
response to the presence or absence of one or more transcriptional regulatory factors. A
transcriptional regulatory sequence is generally opf;ratively linked in cis with a coding sequence, but
need not be directly adjacent to it. For example, an enhancer is a 10transcriptional regulatory
sequence that is operatively linked to a coding sequence, even though they are not contiguous.
[0071]With respect to fusion polypeptides, the term "operatively linked" can refer to the fact that each

of the components performs the same function in linkage to the other component as it would if it were
Nnot en linked Eor evamnle with recnect tn 154 fiicinn nolvvnentide in which a ZEP DNA-hindina domain



5(chimeric) antibody molecules (see, for example, Winter et al., Nature (1991) 349:293-299; and U.S.
Pat. No. 4,816,567); F(ab")2 and F(ab) fragments; Fv molecules (non-covalent heterodimers, see, for
example, Inkep et @losky@c Natl Acad Sci USA (1972) 69:2659-2662; andpchylighoed/@lsséiochem
(1980) 19:4091-4096); single-chain Fv molecules (sFv) (see, for example, Huston et al., Proc Natl
Acad Sci 10USA (1988) 85:5879-5883); dimerjc apd trimeric ,ntibodg fragment constructs; minibodies
(see, e.g., PREKSLAMI R e Qows) 81 08 78T BTN ¢ Smﬂﬁﬁi%%ﬁy (1992) 149B:
120-126); hundaazedaagdilmmdy melesulassigea. for example, Riechmann et al., Nature (1988)
332:323-327; oeyan gt al., Science (1988) 239:1534:1536: and U.K. Patent Puhlication No. GB
576,165, Holihea o1 Taaiss SHENF Sy toketo ot fekenalis S RRRE Y S L e
wherein suchfragmen®Frétainsiveedcolbyical biidint pro perie énofither patentaiiibody molecule.

L0074)A4s USRS IS de 0. BRBREINNAATSLRGY, 1BIAI2 168 Aatiaady FRmpgsiion having a
homogeneous antibo 9

population. The term is not 20limited regarding the species or source of the
antibody, noveiaviriete AtreentsThaainiteld ispereindigateraaneine rckipnade) THECHIP encompasses
whole immuggglhulins 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 ifé4parent n’%ﬁ%ﬁ?&‘él%W%Bﬁﬂﬁg%%gﬁiﬁﬁﬁ%ﬁﬁ’éﬁl%@?3%@50550751Described
herein are zingfingesnucieaseas (KENIp BB DaTbe diseeiakipaLtiyatanaf 0B $e08 ZFNs comprise
a zinc finger protein (ZFP) and a nuclease (cleavage in..30 A. Zinc finger proteins [0076]Zinc
finger Bihdint W5 i%ﬁ%ﬁgggﬁ’diﬁ%gfx ovﬂffi{c}‘?%e)aé?e@’ﬁer@é%q‘néﬁg%emggé%%?eegr(}:mpIe, Beerli et
at (2002) Natusgdniniebhyiotadfid 3be dibnP BB dottcit) (2004 proviRey aitiadhesrtls d24813-340; Isalan et
al. (2001) Natyre Biatechnol. 19:656-660; - Opin. BiotechnolL 12:632-637,
Choo et aL (‘5%1& %a%sé“gﬁ%re ggtF%%tw @%%YE%O: %ﬂ'ﬁgg e%%%#é%?ggﬁﬁ?%%g%inding domain can
have a novetdvimditgespecificity, compared to a naturally-occurring zinc finger protein. Engineering

methods inclydes put are papfiTieskiudational desian a0 91ans e ofeelggtion. Rational design

e {@,%g
includes, for'example, using databases comprising triplet (or quadruplet) nucleotide sequences and
individdal zirferarigateainifs SEIQ LE08#ses; iRiGnidh bavs thp RIS SRSl EStide sequence is
associated with one-0foMareXRIpP heithsraanas plizing frgetsiwhicahiadérerparticular triplet or
guadruplet sequence. See, for example, co-owned U.S. Patents 106,4&%2?§1and 6,534,261,
incorporated B GHferE TR SCARTR ST I BT HE L6 0T R R REMBISR) seISktidh Fhbthods, including
phage displayiamehtivechydaent sysiendealEidisalpseng D HERalenthd 7189538 b6i1@25(523; 6,007,988;
6,013,453; 6,410,248: 6,140.466: 6,200,759; and 2,568; as w /3. , WO 98/53057,
WO 00/278 e\f\}é@ﬁm(}egr%@ésiqg%% .ﬁé%ﬁggﬁbﬁ?igg%?ﬁ%%%r%%f ]E)ll}rl? ing specificity for
zinc fing@r biadingsdprminshaizees teberibevnfor xdrnttd, ihde-beied W@MH?MZ?. ‘
[00781Selectign,ghtaifet slifRnekRnaniketions i desanianthsansiyiE R pidusigqproteins (and

polynucleotides encoding same) are known to those of skill in the art and described in detail in U.S.

Patent Appli€aitsneplismeaness Risszinodimsh deu 2ol srErmiuy 8B A 8 BatddDy reference in
their entireti%fﬁﬁke%en@%@]m@dﬁm@m%aqwm {Baihese-ans nihenraiarensessainc finger

domains and/or multi-fingered zinc finger proteins may be linked_together using any suitable linker
sequences, ficlatilsysey ém%‘@‘liﬁ‘lﬁezg%F S %{JH@%[ H’é‘rﬁlﬁfﬁggggl}/ﬁs%{lﬁs Patent
Nos. 6,25 9,626in0, 2613 AR Guanat pokiiteRd 9 for? Sexemplarychaliiosaghelicdsreathmbteeamino acids in

length. The protejns d iped herein may include.any combinati f.suitable linkers between the
individual zir¢ Tt %%8%@%%‘%&@%‘% Qﬁg%sp?gglég é%%)lét?oeﬁ{;glaﬁ%%e% rutﬁﬁireggraergg%%%d in U.S.
Provisional Apfitiéhtion NOFi@k/e30:0085 ﬁb@@}Mawz&ui’i@@SmdeenM @@rﬁmﬂi@ns For Linking
DNA'B'”d'”%ﬁﬁ%ﬁ&%ﬁﬁ]&n%ﬂ’%&%%@&ﬁs30@01%@&??@!&%&%%%%é_r%‘f@i&h@é ffezinc finger

binding domains that have been engineered to ‘pirld to nucleotide sequences in the GS gene. See,
also, Fig. 1 drdiRipdFemetsa HRsRbSerises andeparibsitthn §ertNA-biRgiAG Rié#Esh. The DNA

target sgruegcs farQach domainis sbanBrs-hedist-celiimn antddhragcongdivaegh fifth columns
show the amino acid sequence of the recognition region (amino acigds -1 WO :
20100532 180 905 FH08 B SBGB WA TGRSl EDhe SSH B RA SIS of the zinc
fingers (F1 traepigh fedefsSndidat)drotiie grpieioe NuciBotides islivwe intuppesegsendenote triplets that
are directly t d by a zinc finger and nucleotides [ I 0 ses that are not
directly targeiéega?ﬁ a zinc?i%'é? ?fo‘?agfgsr%*p%?me%cl%%%ig? [ éﬁ%%’éﬁ%v%%%%ﬁgé which can result
in "skipping" @rgeisd)toAlsolFieidedSisehe fiTEE O AenirsansriemificaiohndRpsindinghe proteins.
Table 1- Zinc finger nucleases targeted to GS ZFN name Target sequence F1 F2 F3 F4 F5 F6 ZFN
9075 gaATGGTGCAGGCTgc (SEQ ID NO:1) QSSPLSR (SEQ ID NO:2)



RSDNLRE (SEQ ID NO:3) RSDTLSN (SEQ ID NO:4) RKDVRIT (SEQ ID NO:5) N/A N/A ZFN 9372
gtTCCCAGGAATGGG CTTGGgg (SEQ ID NO:6) RSDHLST (SEQ ID NO:7) QSSDLRR (SEQ ID
NO:8) RSDHLGR1HER1D NO:9) QSANRTT (SEQ ID NO:10) RSDNLSOASKBRIHNSEQ ID NO:11)
(SEQ ID NO:12) ZFN 8361 ctGGGTTGATGGTActg gagaaggactg (SEQ ID NO:13) QSGALAR (SEQ

A ZFN B3 TACR BT LR LB N SRFES P (BE B NO )
QSSDLRR (Bich Wit :8)dn S0 Babitl ietters indicate exon 10 sequences, small letters

indicate intronic sequences. The target sequences of ZFN12176 and ZFN12172 are

underlined. The nucleotides comprising the fucosyltransferase motif I are shown in

5 italics. FIG. 9B is a schematic representation of ZFN12176 and ZFN12172 binding to

their double-stranded target sequence (underlined). FIG 9C depicts the target

sequences and zinc-finger designs of ZFN12176 and ZFN12172. The core DNA

target sequences (capital letters) and 2 flanking bases (small letiers) are shown.

ZFN12176 contains 5 zinc-finger DNA-binding domains, and ZFN12172 contains 6

10 zinc-finger domains. The 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.
j0028] Figure 16, panels A to C, show ZFN targeting of CCRS5, GR and
AAVST loci. FIG. 10A is a schematic showing the location of ZFN targeting sites in

15  C-C chemokine receptor 5 (CCRS), glucocorticoid receptor (GR), and adeno-
associated virus integration site (44¥51) loci, respectively. FIG. 10B depicts ZFN-
mediated simultaneous disruption, as measured by Surveyor™ Nuclease Assay, of
CCRS (left panel), GR (middle panel), and A4 VS! (right panel) loci as measured 20
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, ZEN-Fok I(EL/KK), of the
catalytic domain of Fok into K562 cells. Treatments for each lane are as following:
lanel, CCRS5 ZFN-FokI (wt); lane 2, GR ZFN-Fok I(wt), lane 3, A4VS] ZFN-Fok
I(wt); lane 4, CCRS ZFN-Fok {EL/KK}); lane 5, GR ZFN-F ok I(EL/KK); lane 6,
AAVS] ZFN-Fok {EL/KK); lane 7, CCRS5 ZFN-FokI(wt) + GR ZFN-Fokl(wt) +

25 AAVSI ZFN-Fokl{wt); lane 8, CCR5 ZFN-FokI(EL/KK) + GR ZFN-FokI(EL/KK) +
AAVS] ZFEN-FokI(EL/KK). FIG. 10C depicts the genotype of a single triple knockout
clone wherein the target CCRS, GR, AAVS] loci for the indicated cell lines are showr.
The ZFN target sequences are underlined. ‘-’ indicate deletions, bold letters indicate
msertions.

30 [0029] Figure 11, panels A and B, show sequence alignments of CHO G§
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.



(SEQ ID NO:19) DNANRTK (SEQ ID NO:20) N/A N/A ZFN 9076 gaATGGTGCAGGCT(gc cataccaacttt
(SEQ ID NO:21) QSSDLSR (SEQ ID NO:2) RSDNLRE (SEQ ID NO:3) RSSALTR (SEQ ID NO:22)
RSDALTQ (GB@iBss®id5) N/A N/A ZFN 9179 ggAATGGTYCAGGCTY ¢ealassan@ii<&EQ ID NO23)
QSSDLSR (SEQ ID NO:2) RSDNLRE (SEQ ID NO:3) QSSHLTR (SEQ ID NO: 24) TSSNRKT (SEQ ID
NO:25) N/A N/A ZFN 7858 gaATGGTGCAGG 02% ID NO:1 QSSDLSR ID NO:2)
RSDNLRE (888D No: iR &nanget fiats §‘|§‘6WE?‘N’5 %‘/A N/A

and mouse cells. FIGs. 12A and B show disruption of GS in human K562 mediated

by ZFNs targeted to exon 2 of CHO GS (FIG. 12A) and exon 6 of CHO &S (FIG.

12B). FlIGs. 12C and D show disruption of (5 in mouse Neuro2a cells mediated by
5  ZFNs targeied to exon 2 of CHO GS (FIG. 12C) and exon 6 of CHO GS (FIG. 12D).

{0031} Figure 13, panels A to C, show the complete genomic sequence of
CHO GS'locus (SEQ ID NO:55). Introns and exons are designated as shown.
[6032] Figure 14, panels A to C, show the resulis of GS-specific gene

targeting in HEK293 cells. FIG 14A depicts the percent of NHEJ activity in cells

10 treated with GS-specific ZFNs (labeled GS) in comparison with cells transfected with
a GFP donor molecule (labeled GFP). FIG 14B shows that 2 clones, gl 7 and g52,
derived from a pool of celis treated with the GS-specific ZFNs, do not express GS as
assayed by Western blot. FIG 14C is a graph showing growth over 7 days of the GS
knock out clones and demonstrates the requirement for glutamine supplementation for

15 growth.

DETAILED DESCRIFTION

[6033] 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 eﬁampie monoclonal antibodies that elicit enhanced antibody-dependent
cellular cytotoxicity (ADCC).

25

Generatl
[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 hterature. See,
for example, Sambrook e/ 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



ZFN 7889 gtTCCCAGGAATGGgcC (SEQ ID NO:27) RSDHLSQ (SEQ ID NO:9) QSANRTT (SEQ ID
NO:10) RSDNLSQ (SEQ ID NO:11) ASNDRKK (SEQ ID NO:12) N/A N/A ZFN 9373 :
gtTCCCAGGAAI BagSis TGGGgtcaaag (SEQ ID NO:28) RSDHLSQ (SEQriosMNe/8)NADRIT (SEQ
ID NO:29) RSDHLSQ (SEQ ID NO:9) QSANRTT (SEQ ID NO:10) (SEQ ID NO:11)
RSDNLSOASNDRKK SEQ ID NO:12) 10100811As described below, in certain embodiments, a four-,
five-, or six- M5yel Birdhng dBIh RS HBdR T feiePiMELEYRS D AAv A A4Hdomain, such as, for
example, theagleirudg®deun®in Dhcpdy Fect e esttictinresiucieasasuaiuaszold. Thivé or more pairs
of such zinc finger/nuclease half-dgmaiq. fusi re faor t ed cle , as disclosed, for
example, in U. ?E’a’éf‘g%? L}Bl?ggﬁ%(rgn o@%&@(ﬁﬂﬁﬁgﬁ(g %ng‘%%ﬁ@w targeted
cleavage, théGieamedigt dVithE dsisadimg: sitds'\c&n Sepkicatdd. hyrbademioRrerschantidegairs, and each of
the fusiqn proteins I J t ta AN embinations of the
protein;.sghoyvér? 5njl %Sa%%%&gsgg %(? ?ﬁggﬁ%‘%&g\%gﬁ% a%ﬁslorggkg?%ﬂ owfiéng the present
disclosure, ZBNs Begkire edogdtwtlns ngsscqietieel 1P GS gene. B. Cleavage Domains 10[0083]The
ZFNs also comprise a nuclease (cleavage domain, cleavage half- domain). The cleavage domain
portion of the fusion proteins disclosed herein can be obtained from any endonuclease or
exonuclease. Exen&ﬂgﬂlt&ﬁonucleases from which a cleavage domain can be derived include, but
are not limitggggsjrestrictignenraapuslersesand HRNGROHOAVGRASSSshacicteidexarpled2002-2003
Catalogue, 15New England Bjolabs, Beyerly, MA: and Belfort.et al. (1997) Nucleic Acids Res.

e e S e R A S b
nuclease; panengaticoRiNasetiomicid coethtmuinidase; deddt-sireied douclcbsethsgrmpised 0in et al.
(eds.) NUCleRReS: COIRPIING LIRBR LARCINN: [ BERhdtakls NG REMAIRPIRSE gy mes (or
functional frangenisnt ereof) can be 20 used as a source of cleavage dotnains a cleavage
half-domaindefi@0s4] 8 paitariy:. aTile dvmufec bia irdompies danve aelnag Srgmaanplmnucleatdesr 4sortion
thereof, as sgLipith,aboygalbal JegiirRsHmeHEAI L FIRR YRR ATHYDAAR GRNRIal (o fusion

proteins are required for cleavage if the fusion proteins comprise cleavage half-domains. Alternatively,
a singld roteliv wdwisthintieiis Ereasay dhesness. donalegeaniserasigiarnedretide beagy

half-domains;gan hedssived rmtbrsameandandclesss efuaetignakiagments thereof), or each
cleavage half-domain can_be derived from a different endonuclease (or func%onal fEagmeegfs thereof).

In addition, th¥#%get sited RS ERRTWRPRRIBHI ot &P e BRI AR5 FEEA UK Yo each
other, such thaidaineingpoftheteafuiiongidataidsdo Nedrieaspaativepbsgel aidisoI0plgedgties cleavage
half-domains in a.spatial orientation to each other that,allows the cleavage.half-domains to form a
functional clég\}@é%gd)élr%gfnr?%f% %?%ﬁﬁféﬁﬁffﬁgc.gmb%ﬁi iar‘ln%iégﬁgfﬁ 8%%%@%3%5?‘{ évﬁseg? aédges of the

target sies aversependieg iapusaBnocteoiitesuinbydds 18 nucleotides. However any integral number of
nucleotides %Ggwcleotide.@g&iﬁ NIHRIEN S RRMIEL S R TaRL STER &G theeftib4 t0 SO nucleotide

pairs or more). In general, the sité of cleavage lies between the target sitesgé00851Restriction

endonucleases YesstiessrmEHe s grehisfaseneiArpiainyap adiadenacife Sigfadle of

sequence-spesifi ARG 16iRNA: Rhadar0NEP RS IR asheleaY iR DRbAtat ofagar the site of
binding. Certain restriction enz,ymesaq(e. ., 1ype lIS) cleave DNA at sites removed from the recognition
site and hav@®SBEFLHIESNERAR 2R éﬁé&%@%ﬁ?&% BEIPSAFBEOE FyiIFS%enzyme Fok |
catalyzes doshjessiansietriclesuagenedrhibénsaird ganeteniidrarikasn #sirecadintioniasite on one strand
and 13 nucleotides from its yegqgnition site qn .other,.See, for example.US,10Patents 5,356,802;
436,150 SRR w0 Bl m IFECEL (100 PISErN G SR Or iR

increased binding affinity being correlated with a lower Kg.

[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 molecuie (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, efc.} 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



Acad. Sci. USA 89:4275-4279; Li et al. (1993) Proc. Natl. Acad. Sci. USA 90:2764- 2768; Kim et aL
(1994a) Proc. IVatl. Acad. Sci. USA 91:883-887; Kim et al. (1994b) J. Biol. Chem. 269:31,978-31,982.
Thus, in onevesnhediment, fusion proteins comprise the cleavage domaingetgleayaggdsalf-domain)
from at least one Type IIS 15restriction enzyme and one or more zinc finger binding domains, which
may or may not be engineered. 100861An exemplary Type IIS restriction enzyme, whose cleavage
domain is séEY4BIe RS RY B a8 ARSI EBR'E FS Pidingak ¥Azbindie apEeEoRns dimer.
Bitinaite etabih9983dares. Natl. Acad. Sci. USA 95: 10,570-10,575. 20Accordingly, for the purposes of
the presentgﬂ Igjsure, the partion of tﬁﬁ\fogl nzyme us %iin the. disclosed fusion proteins is
considered @?e vage hé%f-%mﬁgﬂgef s,Af H%%%%%Ied%% Epé'[‘%ﬁaga%%%éieoﬁqgalfbrofa?geted
replacementoieall wahisedaecesaisingzinoi fidgbNROk b iitsjong etapedifsianapretatnspgimonecomprising
a okl qeavgae haliidomaln can e usedialecPnsiilyte.a caialvicallyaciive gieavaoe faomain.
Alternatively, a smg%e po]I eptide mo ecute con aining a zinc Hnger binding domain &hd two Fok |
cleavage hatflisaritnsiersrisaiisbibeeddb rhremortiostiforabegate dosle Isdermminaigsted sequence
alteration usig ZGJINAGGRRKE HRIRIERL RIQVIdetLe lsarhals indRisdisclosure. 100871A cleavage

domain or cleavage halt-domain can be any portion of a 30protein that retains cleavage activity, or that
retains the aiftPho multidirfengerdingdine fompies fsmba Rienesisf cledvag&domain.

[0088]Exe mﬁi@&%téﬁiv&ﬂﬁe@ ﬁl&%ﬂﬂ@@@éﬁﬁ%ﬂ%ﬁf&ﬂﬁﬁg@%ﬁaﬂkﬂe fhatigpakfublication WO
07/014275, incorporated herein in its entirety Additional restriction enzymes also contain separable

binding ind PIERTSHBEIORT RS BRE tHES & & A S BB SISt by A prose i dti8 ure. See, for
example, Robedin & abr@OaJoNstaiere ficial sdnes, wiodl &4 20/ 0038 Hicesiais embodiments, the
. cleavage domain com rises one pr more %Qaqine%redtcl.eafvage half.-d?rgain gimlsq.refe%red to as
dimerization"dOMAin %u?la{lnlias@qg{%actnmelﬁidmlze or %)r((;er\lléerl?ta homodrmenza |§na,p S e“s)gr?bed, for example,
in U.S. PatemitRutlicatioteiNos! Q0056644 4i220060:1 B8 98 ersth2@BOD3196R the disclosures of all
of which arenGRIOP(SHINASIRIRRAS 1L (el PAMPHRS HEtlR AP AICIC desidyes at positions 446,
447, 479, 483, 484, 486, 487, 490, 491, 496, 498, 499, 500, 531, 534, 537, and 538 of Fok | are all
targetsifor irflaamdmg difsaiafiodoPile FIR10FEIapdage hafildoirmmse YE098/88kplary
engineered eig5vags fef-lpmainsokGoki ey faunsehligrir besipdimers include a pair in which a

first cleavage half-domain includes mutations at aming acid residues at positions 490 and 538 of Fok |

and a secontf¥dhvage hAIF-eRFSH iHRIEFSEFRAAEENS APHRIftRaER Rdith RIS E IR 490.
15100911 Thusdiirtprerembostimearnty droibtalionmtidAprapacasils ARuidihiys, (Ktheisautation at

538 replaces Iso (1) with Lys (K); the mutat 486.replac in.(Q) Wi ); and the mutation
at position 45@%3&‘5\%&2 %%eﬁ%‘%’t%eﬁ%ﬁ(?ﬂgﬁﬁﬁﬁt%@%ﬁeggﬁgrsé%’rﬁ c%]gé;bgé ’half-domains
descril#d hdrgin, NéréSardiarfe?iny7 v taiin § PoABoNVALR6(E616 aWD3BB5d0K;) in one cleavage
half-domain , i e v, af; i i 5L 538K" and by
mutating posﬁ?ér?sgt} éggy(%q@ gﬁ%%(&%ﬁ@%ﬁ %ﬁg%glegﬁg’?%g&rﬁg?n to pro?jl'uce an
engineered ¢4vhge halfldwriram Geakirsrs de©486E 14Toptidascdusesibelrny tse@amples a pair of

ZFNs in which.one AFN SRARISeR e E400K:15 38K Islervaar slomainand othgecomprises
"Q486E:1499L" cleavage 25domain is also referred to as a "EL/KK" ZEN pair. The engineered

cleavage haffn8smEmedbcinitertratcd< 105 igar AerersammiicmuUeiRts i amiekoliserant cleavaée
is minirszedseqiRhed she dswheR«Naeraeaieaira abniclearas conanhathaseglicayage

half-domains are Lés d for cl av%ga%béo e, e % ,t_ch.S. Piaterg Publication No. §0080131962, the
disclosure of WHHEIF iSRS A LRMRIRRS fis'enst oS 3P ERLYE8Ses. [00921Engineered
cleavage hathdehainsdestribedderspraanbly peepanedvosinkpanydlitablewriettdds for example, by
site-directed nesis ild-t lea half- ins (Fak |) i i U.S. Patent
Publication I{I%{g{ %%%gg%éﬁ?}% %aé%pﬁ‘éea(%qr% féé%%%&ggéﬁgég%?%%dﬂ ditional Methods
for Targetedn@iepsrige im I@8t00931Any nuclease having a target site in a GS gene can be used in
the megpodsgéggiosed hefeif ol ERNRIS,- IRmiRg safrILIeaRes BNdiRegadsleases Shave very

long recognition sequences, some of which are likely to be present, on a statistical basis, once in a
human-sized*gEHoRRE eSOl SEMRSBESHATRNGY AN G IESRIG BFRIRRTF R ¥ 8RRSRe can be used
instead of, ogdfuaghitiondoidarziog fhger vogleasadtdqigeied ieavageiy) & GS gene.
100941Exem8*ar}§§i‘110mi g endonucleases {i%clude 1-Scel, -Ceutl Pl-Psepl Ef)l ]10 Sce, I-ScelV ,
1-Csm1,1-PERYTSERIL FPBBTE RS TS 1 ICr®E SESES S QMARY FravitT PREISEMEgnition
sequences @i knovixrSoa agbdsSubatent o nd0 32, bh ScrRancadiBB83 262; Belfort et at
(1997) Nucleic Acids Res. 25:3379-3388; Dujon et al. (1989) Gene 82:115-118; Perler et al. (1994)
Nucleic Acids Res. 22, 1125-1127; Jasin (1996) T{Iﬁnds Genet. 12:224-228; Gimble et al. (1996) 1
Mol. 15Biol. 263:163-180; Argast et at (1998)1 Mol. Biol. 280:345-353 and the New England Biolabs
catalogue. [0095]Although the cleavage specificity of 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 20homing endonuclease in a cell
crontaininA a2 cinale conv of ite recnnnition cite It hace alen heen rennrted that the enecificityy 0of homina



6,607,882; 6,689,558; 6,824,978; 6,933,113; 6,979,539; 7,013,219; and 7,163,824, the disclosures of .
all of which are incorporated by reference herein in their entireties. 100981ZFNs as described herein
may also bewlelpseresksising vectors containing sequences encoding onerarimgeteahébssZFNs. Any
vector systems may be 10used including, but not limited to, plasmid vectors, retroviral vectors,

lentiviral vectors, adenovirus vectors, poxvirus vectors;, herpesvirus vclectors and adenoassociated virus
vectors, etc. SSEE* ASETPSEH SEERERILC &SP ORISR o BT INGIE0MPIoRes. ¢ 70 £30;
7,013,219; ardombBit@ddhinenrparateatibyirgfasemabchbubin mnetheirentirdlies hbtidhwonore, it will be
apparent that aqi%ofttht-i-sse vectggsCéLnSbmgx clcégné%isedqgeelro mare FI\Ill’%r&%)qion seguences. Thus,
when one ornr%noreeﬁé?r% oI ZENE A iRtBducEa hio the ce ?g[ e S mayqb armed on the same
vector or on giffedhsesitgls. Westidultglefvectorecars obederachcysctdmmiyionmprise a sequence
encoding ong. QARG IEENS rdANMAIGABNFATIANAI MR ANG AN AL BARE G prRransier methods
can be 20usedo introducé nucleic acids encoding engineered ZFPs in cells (e.g., mammalian cells)
and target tidBEFEEOISRiCh Sestibal BTedplensinge Giaits EdRnnisterasenefl- atie encoding ZFPs to cells
in vitro. In cestain.RIRimeNsSHeleis RGIRSRARINYIAGRR AT aeiRiStREAC ERL VO Or ex vivo
gene therapy uses. Non-viral vector delivery systems include DNA plasmids, naked nucleic acid, and
nucleic acid ¥SRTPRSEEY FRRSEBAPHE AR SRS R SIS S5 A5 en o BRLRABRNTHEN N al vector
delivery systemstinedude BNABISHRMAeviiaees: wdiebridayaieitbar episemal or integrated genomes
after deljvery 'Ege cell. Fgr a review of gene thera proce%ure , See Anderson, Science
256:80%39813[@@ b): Nab%oF&ﬁﬁéb%\gﬂrF?éeﬁ‘E‘&‘ﬁgl%i‘f-ﬁ ﬁ@éﬁﬁ“ﬁlﬁ i TAY, TIBTECH

- 11:162-166 (deagy, Hillamvwid BTRERt] T {ficallySs (kb 9333004 ot wec3BhAEE60 (1992); Van

Brunt, Biotechnol 6(10):1149-115 88); Vi t I . . i

:35.36 (109 KT B e R B e a el i
Current Topisgieivticratsidtddiessiy | andgooipginD tesficreurn®@s ik (@@gend 2o9spiidndryu et at, Gene
Therapy 113,26 {1994, W 2 010835 18R G S20A91GREREE 1N 08I s Akngn-viral delivery

of nucleic acids encoding engineered ZFPs include electroporation, lipofection, microinjection,
biolistids, vir8ye 518 opp d8 EsTsEalinif Aty 15636 RS, PR RGP BRIRENGaRida eIt ugates, naked

DNA, artificialyirignsmaedageptesvnasast whikepelyalteotanopopalidiepisddgepseeethe Sonitron
2000 system (Rich-Mar) can also be used for cFleIiver of nucleic acids@gjr%%rl,b}é’gditional exemplary
ems (

nucleic acid BERGERY LY st IhEItRSAHHERHBR 15%}“5%1%&%&93 ologne, Germany),
Maxcyte, IncediRpaieditie, dvtarylaimey ari BdeiMdestutar Deliperyefysianiy (Gfolliston, MA) and

Copernicus 10Therapeutics Inc., (see for example U.S. Patent No..6 6 1Lipofection is
described in see.%u.?rﬁ 5“%‘2(:8%%‘(%!3%50 fcéigrfénfggr? 1@%%%57?3%Shg%g‘%ﬁ%g%ézgt%%%gr%agents are sold
commetiallyr@cdes brawstectamani gaedisepofect diniiicd byidintd ensthrrdutraBlipitss that are suitable for
efficlent recepialeieeoaniiamiipatasione nabmclaidesingiis (Rass.eldeianer, WO 91/17424,

15WO0 91/160 ivery can be to cells qﬁ( vivo administration) or target tissues (in vivo

administratioffA eSS RECpdgsalr s tibe IoFfidiamelesie eert e Ab R%ES. eI Y aReted liposomes
such as immugaeipidsGampiaxasvisieihkeowade. sxe pfskill imfb el gsti(Eaec Be Spbisdal, Science
270:404-410 (1995); Blaese et at, Cancer Gene Ther. 20.2:291-297 (%9%53; Bg;%elgg;fioconjugate
Chem. 5:382%88TPPGSH) SERATF & 2 YSIBB SH GERRRECRERY S84 PR M H)© ,

2:710-72 (1PRRiAvnanets ahdGaneerRad. 6280318205 1997) 3t 3.5 P, Nand)186,183,
4,217,344, 4.235,871,,4.261,9 4,485,054..4 501,72 7 85, 4,837.028, and 4,946,787).
[0104]The u ’%Fﬁim%{ref‘fﬂﬂg\%r% *b“f%‘g‘é’é’éfs (agﬁﬁlgt %lﬁ%’é'dg%%h% B?Tﬁgg eelccfbasgids encoding .
engineered ZRiskakedadiahtatsRet highy e1ATves bfbBesses fextamgbtindrapiérentatigpecific cells in
the body and&f?;fﬂ%'g&&ﬂ% viralayiaadde thenuglars: MEahMREIAS Lo ggministered directly to

patients (in vivo) or they can be used to treat cells in'vitro and the modified cells are administered to
patients (ex WeBsticoRomRtEsT Sona Gdadisrsy dms for tRestiafiveribr 2ambisatietudethstit are 30not

limited t, rets@yial jestiviiisadsna e adonacassReint8doVasGIRIR RBEReEASSSIEABIEX Virus
vectors for gene transfer, Integration in the host genome is possible with the r.e%g \ﬁ%ﬁ lentivirus, and
adeno-assoctEtEFRATHILYdaIRe ﬂ%@%ﬁ%éﬂﬁ&&@%ﬁ%@ﬁﬁ I EHPTRRRATED e%s ' of the inserted
transgene. Adgliionallychighpiranstretiaesficinpiei 3 R/ENoeehRIbASHR dan nasgddifferent cell types
and target tissues. [0 The tropism of a retrovirus can he alter HCQroQratir ign envelope
proteins, exp‘ésrll%éet%‘g?égtlgﬁt?aﬁ%grgg?%glﬁ% léstigﬁngptca?agegt cé&f%é%yﬂigqfﬁ 5\?13%{[&3%1;%%8 retroviral
vectors that ardablettvifanstiveemt mfdttvemmiyvBIHIEAN andaspieanprotiliseiegresiral titers.
Selection of a retroviral gene transfer system depends on the target tissue. Retroviral vectors are
comprised of cis-acting long terminal repeats with packaging capacity for up to 6-10 kb of foreign
sequence. The minimum cis-acting LTRs are sufficient for replication and packaging of the vectors,
10which are then used to integrate the therapeutic gene into the target cell to provide permanent
transgene expression. Widely used retroviral vectors include those based upon murine leukemia virus

(MuLV), gibbon ape leukemia virus (GaLV), Simian Immunodeficiency virus (SW), human
immiinndaeficiency viriie (Eirnyy and combinatinne therenf (cee 2 Ao Riicherhaer et at \/irol

Gene Therapy -



PA317/pLASN was the first therapeutic vector used in a gene therapy trial. (Blaese et at, Science
270:475-480 (1995)). Transduction efficiencies of 50% or greater have been observed for MFG-S
packaged vegtpssididbam et al., Immunol Immunot her. 44(1):10-20 (1998 Prannfekais Hum. Gene
Ther. 1:111-2 (1997), 10[0109]Recombinant adeno-associated virus vectors (rAAV) are a promising
alternative gene delivery systems based on the defective angnonp thQgenic parvavirus
adeno-assoétdt [be égg’.&ﬁl? Raibpssre ‘Ef@“rﬂf‘é%“fp@ﬁﬁ’ 61"%’??%6’ ﬁ%&ﬁ&gﬁp@oﬁg the AAV 145
bp inverted teppiratsapedCimidagihpian SyanepexpiesSpnrRssetIRE fiiaits géne transfer and
stable transgene delivery due,to 15 integration into the genomes,of the transduced cell are key
features for%ﬁ@%@r&%ﬁﬂ scf%‘h?e(é}g' n%rr?tegea%éﬂgﬁgféfv il:tgll 1%5@0&%3@51’&1%0&%3 et at, Gene
Ther. 9:748-8&¢iBO6)Erdia 1 1 TiReplchdisrdeficierts comismantacldyovisppvedtoatelAd) can be
produced at figh.tit readily infect a,nu iffer l)t es,.Most adepguirus 20vectors are
enginee?ed s%ightt gé(gp%rggri%g r?g%? STJ(%GI%'[ eg)l%\%&lfg‘l%a, Eﬁ)%%% g&r/tpllii) 8%nes§ sublsequently the
replication defeetivr spaueness propdeptied i Hornrse{293 e 8hSYat mappiyafereedd GePféfunction in
trans. Ad vegtors,can SRRSIHGEIMIURE HReSRILSSURssH, Viva dnstusling-aoRdigiding, differentiated
cells such as those found in liver, kidney and muscle. Conventional Ad vectors have a large carrying
capacity. AnSegesasmpsienBhthe use of an Ad vector in a clinical trial involved polynucleotide therapy for
antitumor immm;ation Wﬁhgmgamjﬁq%@aé@egmg@e@@fwaﬁhﬂbﬁtyHamegﬁene Ther. 7:1083-9

(1998)). Additional examples of the use, of adenavirus vectors for gene transfer, in clinical trials include
Rosenédfker R ¥RURIFREHGHC3H bF S8 ;Yé{-‘é‘?ﬁéﬁ‘%?%ﬂfﬁﬂ?ﬁﬁ’%é]%%té‘%’%‘e‘%dﬁ‘ﬁ 1083-1089 (1998):

Welsh etal., thaditiGrnika88Tdve foRibioril 8f (1296 uhleare heetvatnfiomologme Tdpen§:597-613 (1997);
Topf et at, G Ther. 5:507-513 (1998): Sterman et at.H ene Ther,.7:1083-1089 (1998).
[0111]Packagﬂ?r%‘*&eéﬁéyadrgeﬁ"gga %’(‘%6?%% iﬁﬁtgaﬁ]é%?c%seﬁﬁgt%%c%@g nggfsilnzfeecting a host cell. Such
cells include &2@3moaibsiovkitipdicksigd fdemenisus wndliecosie, or MxgadaEmidghich package
retrovirus. V(g GRS GaneHURABY A RRAEERRRIER B il sgiel ine thl

packages a nucleic acid vector into’a viral g%rtlcle. The vectors typically contain the minimal viral

sequenides ragairhetor PackigimeipraysSeendareinegersserahty o RoSOl SypNdERIR), other viral

sequences bging-Leplaged byaR@XRiessaN casseifansadingdneprateinigagxpressed. The
5missing viral functions are su%glie in trans by the packaging cell line. Far exg‘érrﬁ) e, AAV vectors

used in gend4HERLVETA QSR SHISPSIL SE S imAls e b PN FUREA LR R TTELRERIS®Es from the AAV
genome whighgre reguisachiesipaskagingaantintetrasionistadheshostgenmeseshdivid ONA is
packaged in a cell line, which contai er plasmid.encoding the r AAV gengs, namely rep
and cap, butcfﬂfgic%:’nﬁkﬁiﬁyst&fusé)ﬁ%lefcfa]%g ceqrpﬁar? i S tI%{c]"; sl ug%g‘wﬁ?ﬁ]fg e 3%%855 §ls%ta helper. The
helper fus |are)mmmmﬁ&dmmmmbe@ém@ﬁgﬁlw@@wemwbﬁfﬁm@@mesmdmﬁme helper
plasmid. The,hglpeiplasiidosnftaackagaddn.sanilaagt AlrauriAiaIn alagkof ITR sequences.

I
Contamination with adenovirus cart be reduced by, e.g., heat treatment to which adenovirus is more

sensitive thaR¥imngarporT2iqhYhEAizaderconditoysis prictinohs skils ofdbr #hie 368t 48e gene therapy
vector be dekyerediith & highdewasiat spasiticibritRaRartigURLEdRsIA bRsaACearbRgly, a viral

v

vector can be modified to have specificity for aﬁ%lven.ce [ type by ex _ressi%% a ligand as a fusion
protein with SViaReBse Aroin BSoliteP 3 @Edof\ﬁ‘?é}y’%ﬁgn"ﬂﬂ 1ignd & ehosen to have affinity
for a regepto[ggaeyn to bespieseetebifitheaeltype nideierast framesamgie bklan et al., Proc. Natl.
Acad. Sci. USA 92:9747- 9751 (1995),, reported that Maloney murine leukemia virus.can be modified
to express h ﬁ%%%“ﬁ?.%&b?ﬁz*ﬂ‘f‘ééed oeéjﬁﬁ%eé)r?c% ¥ ‘ée}lé’gé‘% ?%{ [:13'[6 1'~\%/“|Vrffjesl,1 in gc?g%glr aﬁ% uman breast
cancer cells expeeskingffeamtie effidenmpbgdattingdotditndeaitetiofittveptinnipieeasbe extended to
ot Ve (LGS BRI IGBE AL CIL S RIRSReS AR SICRR AN, YIBE resses o

fusion protein comprising a li or the cell- surface receptor. For example, filamentous phage can
be engineerdiyksi dizgsiay eftiermapleiabnidenticd spausaes & £l EvIRIcsiCilRIBMER LA finity for
virtuallysgny msﬁe&&edwmﬁeeeeg%ta@h@agm@eamee dasseintiRaseRRlagpPrimarily to viral vectors,

the same principles can be applied to nonviral vectors. Such vectors can_be 30engineered to contain

specific uptaRSEHHTRITEAS M RARFS MIAREBY SpB&IAT et RET™ 2 5YE e therapy vectors
can be delivexesisrivRNy)adon sigtiasio hybriaizinidivjdo sghkie ntappinbtydy aydtemic administration
(e.g., intravenous, intraperitonegl, intramuscular, suhderm .intr jal i 1{ ion)ﬁ/or topical
application, a?é?ogfé%%ﬁﬁagﬁ Ble%w.ﬁ,&l?e?ﬁgfﬁ/@y, %%%?%%:egg%%%uq leolﬂigggét‘i%c%ﬁ;? XV 0, such as cells
explanted frofedmindividuSushtiestyiecgn brrnphdoyedsishneariag sneaess efiedlettsis Bispsy) or
universal donor hematopoietic stem cells, followed by reimplantation of the cells into a patient, usually
after selection for cells 5which have incorporated tliug vector. 101141Ex vivo cell transfection for
diagnostics, research, or for gene therapy (e.qg., via re-infusion of the transfected cells into the host
organism) is well known to those of skill in the art. In a preferred embodiment, cells are isolated from
the subject organism, transfected with a ZFP nucleic acid (gene or cDNA), and re-infused back 10 into

the subject organism (e.g., patient). Various cell types suitable for ex vivo transfection are well known
N thnece nf clkill in the art (cee a A Erachnev at al Criltiire of Animal Cealle A Maniial of Racie




T-cells) include non-integrating lentivirus vectors. See, for example, Ory et at (1996) 10 Proc. Natl.
Acad. Sci. USA 93:11382-11388; Dull er at (1998) J ViraL 72:8463- 8471; Zuffery et at (1998)]. Viral.
72:9873-98800p Rolteisasat at (2000) Nature Genetics 25:217-222. 10120 iRhansmaesouissaily acceptable
carriers are determined in part by the particular composition being administered, as well as by the
particular method used to 15administer the comg‘?ositio}pl. ccordingly, 6tgeredii a wi(iic? variety of suitable
formulationsSRE SR8 SRBAI EBIh KBRS LR MK R ﬁ%ﬁﬁ%ﬁl FSRALURRS &'g% " Remington 's
Pharmaceutigahggieneessripidyed . iHEABQ3n {0 17 higks spetéibdhindiag then tiselosaddnstiwds and
compositions can be used i e of cell including, but not limited i cells, fungal cells,
20Archaeal cS:%(fPsr,’dﬁlrg réag SH1 %@%(%%’g rsl,a Rimal Ce sge \?eyr?% Ta geégﬁg%ﬂ%gfn%%ggﬁgﬁ g’eﬁs and human
cells. Suitableras Hivew fospiioterbexpieYsionusre kitentittomito 8 tirgkilalgsulektsaal include, but are
not limited t , AHO-S, ¢ - DG44 - +MERO, MDCK, WI38,
V79, B1§1AFCQ§-%§,t%él}%éﬁcachfﬁNmS%?%%%?g%\%%ng ﬁgﬁ{g%ﬁﬁeg%@(agglﬂ%ﬁé%%ﬁg HEIC293-H,
HEK293-T), bepates!diketaraells such as Spodoptera fugiperda (Sf), and fungal cells such as

SaccharomyggigPichia aRehaehinesaceha/oarsssERaaMaiiansaRd datvieitesof these cell
lines can also be used. Applications 30[01221The disclosed methods and compositions can be used

, i
for inactivatiSFOBE & C9FBABFhIE CHBPISHSEIRY WASH BB R T R E IS P MENT TS 4RTR or complete
repression of{oRigans: eXpRRsSIAcARE olizast yatibnaal aHs Egenr canylomachieved, for example,
by a single cleavage event, by cleavage followed by non-homologous. end joiping,,by cleavage at two
sites fol we&%f‘j‘é’ﬁl?ﬁéygli"&geto" %]I]é e%%ageahgéeﬁ}é% f(‘)%)’é‘%v%gél i e[?\?\}gcg?gla\gagdé? es, by targeted
recpmbinaticu&idfmﬁaisﬂeﬁm i@rcam’uﬁenﬁhﬁmdbzirn_gtmtmm@w ltrgareg'mjmd@w@arget@d}né@bm bination of
an irelevant Sequerte (8, ST, SeqUENGRNRO R AR s COHRIMnEAIRG. S0 a5 0
disrupt the gene of reyulatary region, or by targeting récombination of a splice acceptor sequence
5into an intrchatebawstwitosphicirigrestheciran seidicqoarg] hadembahathbttsdand compositions
described hergin.aliaw {andheosnamtianat GrsHsligierlceidings fatdsemiEgseimbinant protein

production, for example al-antitrypsin and/or monoclonal antibody production. Additional genes, such
as FUTE mayears seahiketeiteadaaie e 3Rt meher @W@%Q&ﬁ?ﬁéﬂ‘ﬁf’o‘iﬂj’@g‘fﬁéntibodies that
exhibit greatey,aHapfonBwmnatiepisatiaulasniitbie st cABaCcXA0dRIBS £xample 1: Design
and Construction of ZFNs 15A. Glutamine Svnthg*txege\éG ZENghigl%ﬂ@%_r%%@lﬁt%quence of the
CHO genomBUe!sRiidss R ABEAavEE & CB GErddrad §aAd $8qUehced 10 generate the target
DNA sequengeséquéicblodesigakclddeackiplatil Gidt: GBybeiimtioe tostiowrs imseG far3, which also
designates intrgns apd exons. 20[0125]ZFEN target.sites.in_ex ere selected
 because thisprré)og‘fi%ﬁe eheodes ur%r}%%%gm s%arlltﬁ%re%g%lrc %ggh ggt%iél)ﬁc ﬁ%%g%%%?ﬁg%%g%%}(}gn based on
availabB crystspstfictisgse eéecquencoidentty earbe(dggahinet dsd Som8u4n Jooarsifestal. (2002)

Biochem. 418563:0f12 oMty hIBANBIRRhET: BRI ABTka0N sl % Fhinaediated
mutation of this site was expected to result in'Toss of 25 functional GS activity. Partial sequence for
CHO GS exdié $/sHigginpdl b s tapfrifiefiarbipmrh @ edst-dg6tience; small letters indicate intron
sequence; angpdgN targetsitasiRad 2690 7bridabiRd afel gl ianehrio. thégeayskiitier tineatt 5 -
atggcactattctgttccUttectccectctgaagacttggcacat actUggttaaca tgatgactto naagtgg 30
ttcagggtagag%%&&@g%égﬁg%ééﬁ%ﬁ%gqﬁgﬁﬁé%%?gSé%gggé%&%g%f%gggéé%%%catgt
tctactag’EG G GAAVLT G AdhA TG CAOTICE CHEANGEANTREECATIGNRIGAGMThigher
CATCTCTGGGTGGCCCGTITTCATCTTGCATCGAGTATGT. TIT

T AATAGCAR T T GAE LR ARG e F&%%ﬁ&@&%%é%%&T@éT%%%m fhat
AGGCTGCCATACBMMGETRAGCUADTHAGE CEAREGBEE AEGAA ARG T T 38 and

TGAAgtaagtagqiise i elag0neRFHRHG 39909190299 SRAIIHRYA A A0S, RELHIERRM of
ctcacaaactacatgccatgetatcgtgtttgtcataagcctatcgttugtacccgttg agaagtgg’gagtactctag_gaat

agaattacagctgigeningalysaagHeicic fa sHRRy fompanittedd iy faxida caddtacaag
caagtgagfgagiratnie ale s AedRAtRGHE GaY IgAs g agieliacsaitcaaniagalari ggtalealgn
gaggactggtctgaagcacttgagacataggtcacaaggcagacacaggctgcatcaagtatttattggtttcttatggaact
catgectgacct Bﬁgﬁ@e@a%%&%‘%ﬁérfﬁ%?ﬁOWT ?%aﬁ?él %ﬁﬁetré’t OFZFN9372 and ZFN9O75 are
shown in Figyoe4#8, while Fitgthre=depistirigmtargetdnshiifogendesignsat, thesedFNs. 101271In
addiion, ZENs ISt ER ILEXAN.2 BT AR ARRRNRAR RUBESRANANG Ik (G exon 215
shown below. ap|tarf fe?ters Indicate exon Sequence; small letters indicafe intron sequence; and ZFN
target sites 8BasISa1sO(FAstebY, waitiTg for Ay amp e therfioltqyving factors: the length and
ggctggcagatetccgagucgaggetgacctggtetgaatagcaaggaaattaaggggtgaggcgtatgtctgttaaagc
aagaataaaaggcaaaggaacactccacagtcaattattcaagtottgatggcagtaatglagngtattgggtggattaaga
canctaataatgaattthttgtctnttgttccctcuttcagetnctcaaaattaatggatattaaaaatccccttagecgggegtt 15 ggtggce
acacacetttaateccagcactegggaggcagaggcaggcagatetctgtgagttcgaggccagcectggtetcc agatt
gagtgecaggataggctceaaagctacacagaaaccgtgictegaaaaacaaaacaaaaaaataaaaaaaaaaat

ccataactagcccaacctacaagggatgatcmgtetaactatgaactttaaacctettgaaagcagagtgaataatgcactt
caataatattaoacttceaaannananaccaccacaccaaccatatnactatae neaattectneanaoAacecccaettcan



ZFN name Target sequence F1 F2 F3 F4 ZFN 7844 ccAATGCTCAGGTAct (SEQ ID NO:32)
QSGALAR (SEQ ID NO:14) RSDNLRE (SEQ ID NO:3) QSSDLSR (SEQ ID NO:2) TSSNRKT (SEQ ID
NO:25) ZFNy2d6d1@g3GAAGGTCTCCGtt (SEQ ID NO:33) RSDTLSE (SEGQ A3 N69/@43dNRDRTK
(SEQ ID NO:35) RSDHLSA (SEQ ID NO:36) QSGHLSR (SEQ ID NO:37) ZFN 9476
caTGGGTAGCCGCTga (SEQ ID NO:38) QSSDLSR (SEQ ID NO:2) DRSDLSR (SEQ 1D NO:39)
QSGALAR (S (15 NS 3% RSB M EISRSTIONRS D) Z N O iV A PR EdEBT ¥ Gty (SEQ ID
NO041) RSDIgifs brS BB N R RAbIL G (BRRuHIMNOHE pRSRId bBib{SIE0ID NO:42) DSSDRKK
(SEQ ID NO:4?~%,5 C. FUT8 ZFNs 101301ZFNs targeted to FUT8 were designed and produced as
described inb&?. TGRS %}?ﬂ’gf&éﬁ?tﬁ&% gﬁ‘gn%rﬁs gee}g{:%%l\ggﬁt&%g, %ﬁ%}—eﬁ% designated
12176 and JR2§dR)ahgbstadmanion réadiler3 eugreratsedaniiaie Patxermpdaay wielt Fingarymgleases targeted
to FUT%ZFNVQS%@&E {gx?st Sﬁgeugerllg&ioﬁ% oFf% }Eg'rticular set of hybridization conditions is

selected following standard methods in the art (see, for example, Sambrook, et al.,

Molecular Cloning: A Laboratory Manual, Second Edition, (1989) Cold Spring

Harbor, N.Y.).

[0050] "Recombination" refers to a process of exchange of genetic

10 information between two polynucleotides. For the purposes of this disclosure,
"homologous recombination (HR)" refers to the specialized form of such exchange
that takes place, for example, during repair of double-strand breaks in cells. This
process requires nucleotide sequence homology, uses a "donor" molecule to template
repair of a "target" molecule (i.e., the one that experienced the double-strand break),

15 and is variously known as "non-crossover gene conversion” or "short tract gene
conversion,” because it leads to the transfer of genetic information from the donor to
the target. Without wishing to be bound by any particular theory, such transfer can
involve mismatch correction of heteroduplex DNA that forms between the broken
target and the donor, and/or "synthesis-dependent strand 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 ofien 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 polynucleonde.
[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 hmited
to, enzymatic or chemical hydrolysis of a phosphodiester bond. Both singie-stranded
cleavage and double-stranded cleavage are possibie, 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

16



F4 F5 F6 ZFN 12172 AAGGAGGCAAAGA CAAAG (SEQ ID N0:44) RSDNLSV (SEQ ID NO:45)
QNATRIN (SEQ ID NO:46) RSDHLSQ (SEQ ID NO:9) QSATRTK (SEQ ID NO:47) RSDNLSR (SEQ
ID NO:48) RMPNRKELSZEQ ID NO:49) ZFN 12176 AAGAAGGGTCATC ACI(BESmIRMNE:50)
RSDNLRE (SEQ ID N0O:3) NNTQLIE (SEQ ID N0:51) TSS1LSR (SEQ ID N0:52) RSDNLSA (SEQ ID
NO:53) RKDTRIT (SEQ ID N0:54) N/A ZFN, 12170 taAAGGAGGCAAAG ACAAAGt (SEQ ID NO:56)

RSDNLSV (EGe9MGEsyERERIRMEED ID MO 28F R eeNEE#e8ess 30 B8 GYATRTK (SEQ

ID NO:47) ReBMNESRge half-domains™ are used interchangeably to refer to pairs of cleavage half-

domains that dimerize.

[0053] An “engineered cleavage half-domain™ is a cleavage half-domain that
5  has been modified so as to form obligate heterodimers with another cleavage half-

domain (e.g., another engineered cleavage half-domain). See, also, U.S. Patent

Publication Nos. 2005/0064474; 2007/0218528 and 2008/0131962, incorporated

herein by reference in their entireties.

[0054} "Chromatin" is the nucleoprotein structure comprising the cellular

10 genome. Cellular chromatin comprises nucleic acid, primarily DNA, and protein,
including histones and non-histone chromosomal proteins. The majority of
eukaryotic cellular chromatin exists in the form of nuc]ebsomes, wherein 2
nucleosome core comprises approximately 150 base pairs of DNA associated with an
octamer comprising two each of histones H2A, H2B, H3 and H4; and linker DNA (of

15 variable length depending on the organism) extends between nucleosome cores. A
molecule of histone H1 is generally associated with the linker DNA. For the purposes
of the present disclosure, the term “chromatin” is meant to encompass all types of
cellular nucleoprotein, both prokaryotic and eukaryotic. Cellular chromatin inciudes
both chromosomal and episomal chromatm.

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 ofien be detected by its

sensitivity to chemical and enzymatic probes, for example, nucleases.
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(SEQ ID NO0:48) RNDNRKT (SEQ ID N0:49) 10 101311Plasmids comprising sequences encoding the
above ZFNs were constructed essentially as described in Umov et al. (2005) Nature
435(7042).64%r0bbvigsfgsion to wild-type Fokl cleavage domains or obligate helgkaaisner Fokl
cleavage domains described in U.S. Patent Publication No. 2008/0131962 and Miller et al. 15(2007)
Nature Biotech. 25:778-785. Example 2: GS-ZFN Modification of Endogenous GS [0132]To determine
whether GS{#8Rted ZFN's THERAHEETRE SAERSHETRIGRE I98C Il apbtasernet® mismatch assays
V;/]ere perform&%%&%&%@ﬁyﬁjamta@ mmfmwgim@ﬁme@ﬁ tﬁﬂgﬁﬂ&rﬁiﬁ&éﬁlVE\qOR')- Briefly,
the appropriate 5ZFN plasmid pairs were transfected into CHO K-I cells_growvi erently in serum-
containing rﬁ@gﬁﬁPBF@%’%SfBﬂgl&%%ﬁél?ﬁ ﬁ§§éﬁ@%%’if?§é?ﬁﬁ?3?83 éﬁgﬁ%%éﬁned medium.
[0133]CHO Kihgelsiwdoe hbtBinakl frenm thenfamimoaleaype Culture Collection and grown as

recommended, n F-12 medium (Invitrogen) supplemented ith.10% gqualified fetal calf serum (FCS,
Hyclone). Cﬁ%gé]iells wé@)'%l‘é p?ﬁré%lggg fercl)z)r%e @\% Foagrgﬁ%&ég;%%t , 8%‘935'83\1?&%%9&%8&%{ and
maintained assilispengiobedutrorbsdd titemictibydefive thprorsnsfiecmrdampabdicoiiiionent-free
CD-CHO meglim SURRISMENtEC.WR B Lelytamingapd RisHepleme ilasnesassary (100pM
sodium hypoxanthine and 16pM thyrnidine) (all from Invitrogen, Carlsbad, 15CA) in a
humidity-corftesHieamspriRbsiRgsRE R (EIRISHE] condienyrirhsal atl iys BRIP4 CO2 at 37C.
101341AdhetgniaRligNvgiediassatialsdEumminsic waradminaldyphbc Relegi TM protease
(Invitrogen). For transfection, one million CHO K-I cells were mixed with litg each zinc finger nuclease

and 100121 EREERAUSBIGHSH 'S VCBIRHEFLIO AR AStIPHSGIF Al AHTBHA N BRI 12TM using
program U-23daneiregaver sisbixios hftoxbgaasm froled mediliinrds g -Gn[Bt35{kekednic DNA was
extracted from the ZFN-treated cglls Psing the (ggsag n DNg}aﬂTNrrl%LIl(]i(té%‘ia e\%,répe%) fthe target locus
amplified by BER WG Mo PO HtBTiRTERIRS (RE ST of L BRI TG Sted by the ZFNS,
the PCR 25pnaifuctsmuére subjgatedstoalanglimgdanyalintpsbep vesudting smtmddymation of distorted

duplex DNA thrqugh_ra - ling, of mutant and wild-type DNA. CEL-I enzyme (SurveyorTm
mutation detélé(%ﬁgﬁﬁ‘? %%%E%@ﬁ%%?%ﬂqc. ) was then added to specifically cleave the DNA duplexes at
the sitesSof Hi8aftches. FrecRerenieaRierskppids warenebiticdivasa1oualimreessigacrylamide gel,
stained with 3Q;efhidiym bramide . a8t Hie. R hrpdsysre uantifisd dtsisotiensitarpetry. The

frequency of NHEJ was calculated as described essentially in Miller et al. (2007), supra. WO

2010/053518PERALIS DDA BHES T RABTAL SRt #eRBrIE BnHPPRIYSE ZFNs modified the
odcation of 2654 (with wicLtypn cleavage doroeins) and 2476 (it cncinestalobligats heterodimer
forming cleaSYYRTHSR AR ?O‘?ﬁ%&ﬁu ‘éeiﬁ'%ﬁggéflcqgﬁieéca%ddfé%?%% rom8eomes in CHO-S
celljlf(.FlG'. 1&5&;@@%sm§mmmmémgm%@mcasﬁi Burechi8 : Bﬁeﬁlﬁwcg?ztedictoiamn@aies#:\;eﬂ inI
modification 0 of chramqsomes, t - uclease
Assay (Fig. fg)/i)(?ft/fl%cl? %%%' Ugﬁ%ﬁqnéécc%ﬁ#r%]é@cgé%}?%gﬁ%%%gfx t?i@%é%ﬂ%%%r%%&%ions at 10the
ZFN target sitelgpitaongunEdairedtigiedSen repaiinisel; o Jataweinimgd &.2P920804) DNA repair

(Amst) 3:1425,3435). Imparianiiv deef RenseaneRaed BHAlONSiFeSHied s a reading frame shift
(Fig. 5). Example’3: Generation of GS-negative cell ines 1510138]To generate CHO cell lines lacking

GS, single-cERHERpENRE L THerBRBAtB P riRn et csiiiEb MR8 and CHO-S

transfegted pRelsitle pelREe i85 X3RN R fosSRANRTING Hhbae BEN, i@rgeliyrRgiRNkiRuaaled that 17 of 54
CHO-S derived cell lines (31%) had at Ie%st one disrupted GS@ene 8 of 54(15%) were homozygous

for a mutant BHTRIBARES ALRRHISETTERBIRIES Ty AR S PREAS ?’é%éﬁhﬁﬁrga SPWere heterozygous (with
one wild-typaditele). Bor SbiEnkidarveduie bdneisp deqhe saingt grrabfsimidenitifiedl 8 of 50(36%) had
at least one disyupted GS allele, with 5.(10%) hq [ g Se4, also, Fig. IC
showing the a%‘{%’é)[ﬂ;’ﬁélé orhe’ eo%é@%c%ﬁ%%ﬁﬁﬁﬂ%e%y ]%%A%%%%%%%%ﬂ@eﬁ&%m lines harbor
GS mutation§ehat Fesaitamelshinasin thelosasidstdivgdedmavpamimfnebigeetist of critical amino
acids (e,g. lings %gi@ﬁ?d@x@geb%o% and.wets thergfore expected to produce no active GS enzyme.

As predicted, none of the homozygous mutant cell lines grew in the absence of exogenous
L-glutamine, i#0€8htrast toAWiRKBASBAEHEMaMe R bed)e ITHOIRR AR SIS ASRsis using an anti-GS
monoclonal aptibag¢BRABRIRSciencaxoesiismrendRal allmeldinasdvitolraxamphifimor large
deletions expressed no %ztectab& GS groteinggir xam le cflone Bfes,aFi . 1DA. Lines harboring small
in-frame deletiSEE B AHATEADT Gif SRPIELE SRR L ERATE A SRERIE By estem blot but,
consistent witrthinedinimatioslbfamicioenidsseiticaliforrG® watdly eeactivinthdideHot support the
growth of the cells in the absence of L-glutamine (Fig. 1C). Growth of cell line B3 was also shown to
be dependent on glutamine supplementation (see fégure 6). 101411To further validate their GS4-
phenotype, three of the CHO-KI-derived



clones were adapted for growth in suspension in a chemically-defined serum-free 5medium over a 3
month period. Growth and viability of the cells was then monitored intensively for a further 4 weeks
(Fig. 1E). 10d42bFna38tdN-generated agb lines grew normally in serum-freergisspensisascultures in the
presence of L-glutamine (24-27 hour doubling time similar to the industry standard CHOK1SV grown
under simila;rﬂcqgo%iti ns). Subs&guentr moval 100f &%—glllltaminer sulteErtlin immﬁgiate essation of
cell growth aAFRPE5 BEUBPONSHIR P{SEO MRS Eil = By FatEn IR AI8H S a human 19G
antibody expkéisshaheconstitictobadtj edalidhiedtédSs)inpsl suphartddrensfgpdiable transgene
expression lgvels to those pbtained yith.the. CHQKILSV | Q1431Ta , the@se data confirm
the suocessi T AEn el e A I e M e R P T, (R Cell e,
Example 4: Generatoivlehe8bBRRRH salsiukimbokpirie ofl-imes f0daa] TR leAdatsxT@buble-knockout cell
line, ZFNIs targntaoste he.DIRR i SANEWRISHRRCHARRE harkdrund.oHBRGH Ggb cell line B3.
ZFN-mediated 20knockout of DHFR using the strategy described for GS above is described in U.S.
Patent Publizgkisefaé 20080025 4d70m0a 45HEHiPEIaMine kBRI R IBFAENERargeting two distinct
regions of thg Wik geneaweke galrared simultaneously with the goal of eliminating the intervening
genomic fragment through the repair of the cleaved chromosomal ends 25via NHEJ. Deletion of a
ZFN-specifidd®fbrgenic @é’dﬁ’@ﬁé@t’\ﬁﬁs%gﬁgﬁ?gastd’?gﬁﬁﬂlfh‘%%?g%?tdﬁ&%? dEFRTBY mutation that
eliminates the ppietditdfosiasmalialdndr dnelopriatinnstage ander proiaibhesgprizssioenel. Fig.1D (Left
Panel labeled "%%JO%%%M addition to.the Oresvril%u I% degcribed ZFEN Q%ir 9%{611%/370844 that target exon
1 of thé CHGD genoé (8P a%élnetnlg’%%?lcé)tlon 0. 30 89%?[@1152? 4 30 Second ZFN pair was
generated whicpetargets a sitmcRa@ibprawiayrivpti inttenorpedibtely follewimdyexon 1 (Fig. 2A and
Fig. 7A). 10 : ent.t IQn:wa f ' ' nd transfection with
either the zéﬁ%ﬁ%@%@@ﬁ%ﬁ?ﬁgﬁgﬁ%‘%ﬁ%ﬁ%%@%%@&%@%@%%ﬁ(&% Figure 7B and 7C)
pair targetingreinationieyinelaldrnas¢asinederioasene PrEYation frequencies at the endogenous DHFR
locus of 15% g8} 18%, resPaEiNEMIBIIEIGR W merlibine PR ifig R )oGRotRH@skoN of both ZFN

pairs into the G5-/- cell line B3 resulted in the appearance of a shaorter PCR am&%:fication product
consisteht Wil e iexpadtBkrh 2 5L SHYA R e SaS R SRIRHUEH WHILEEERE Biltfing sites (Fig.
2C). The frequankyialtbisrdeitsianc-cuepinmsiestimatatatc 8y péadfalielesiad was observed only

when both pairs of ZFNs were introdyced into the cells (Fig. 2C). [0148]Cloning and sequencing of the
presumptive%‘@@ﬁg”ﬁ ?’}Iéﬁ ﬁ%%ﬁ? ?eg\"/%lgflea1 eecue%%%ﬁledg ’ebxl%:tiél{(l):ﬁ1 éﬁgﬁlel%%a%é&n%g%etween the ZFN
target sites (pigieB) (I Thxaropke /édinnborwamatiohe PiNhebsedingromairthedarnttvrgd the rejoined
chromosoma grids afs eonsiIsBiIh the xnested mallinsetionaanddelpugnagharacteristio of the
NHEJ repair proce s.% zgfélng e-ce?l dse ived lines Wwere isolate from the ZFN-treated pool in Fig.
2C Lar¥7 byriiteitidgsaiibtdmpeR Brapificatbhamreatnosah e aelyods msiudeof 200) of the cell
lines possesg%t@%&4&%&9%—%@@&%&&&&ﬁ%!&%&ﬁﬁ%ﬁﬁﬂdi@ﬁ%&?&/ﬂ all lines screened, 22%

of all lines containing the deletion) were found to harbor a biallelic mutation in the DHFR gene (Fig.
2D). Cell lin2BRP B RRhicHRBLRCH e UMBET GEREHE MR @R RS Gion between the exonl

and intron 1 gobhrleavage gitessidheremaindsroeditha lines badjsstoheratielawith e 20240-bp
deletion while the othelcg{)resgntegncl%ssé{:gﬁl smaller NHEJ Sjri\{%n mut%ion%gt thl%gzxonic and/or
intronic ZFNBEIGRPLEE! P esaPicY SEN TR 2FARS CBRtATRea 540 SIS in one allele
(consistéent vyithidntioal R Nwdemiage potldelititidesart)stubdhcothbe allaleophimined a 4-bp
deletion in exon 1 resulting in_a fra hift. 1 ell ines 1F enotypes
consistent wf{ﬁnéiér%%?g?eggéeﬁ% ?c{r%c ?)%)%1 gﬁé}%t[w%s%\?vigrseé lg?slc??ég (?105&) f%gr}t%lg%gg?ggﬁgaﬁon. Western
blot analysisn@yeettiderizatitterythlOHE R OGS wroteiasinasivie: plofsesi gingle-rdsved lines
(Fig. 2E). FUfmswyﬂtﬁzéa%@%H%waaﬁ@raéhtf‘e%yi{@ JuRrgsssindakeleddnathotreraie which binds to
the active site of the DHFR protein, in contrast to 30the parental G5-4 line B3 or wild-type CHO cells.
Most import&htfjotSwth of the 1F1.6 and 2B12.8 cell lines was dependent upon the addition of
exogems hyoexpnthine angdhymidingd piipased - gleipsine dsthesatdtinelmdedi DN A contrast, the
parental G81" line B3 required L-glutamine but nat HT ile HER- negative CHO cell line DG44
(GSWT) reqLﬁ?@(?lbmﬁ’g%ﬁﬁ%?%!&%{%ﬁﬁﬁeel ﬁ@tﬁ%ﬂﬁwgﬁfyégfegl-ﬁ r%%su%%lé\i}]gﬁ%grtgupplement
for growth (Fige RiejivjitmldT e depepdence whetixogemotisibiTragd dlogh seqnameasanifirms the functional
loss of both GS and DHEFE )AL i d : [ gether these
data demongﬂr%at%e#ﬁeg s‘ﬁcﬁﬁ%ﬁ&eﬁg}%{én o?%g Jﬁ&%&lﬁ%@%ﬁ b%@b%%%%ﬁ% %YI?DHFR-I
double knocketnErrerablllimisd Ky TAmMe ST SapdeitolPBHERCIHERRY TRt ipR RIBEKout cell lines
10 [0153]A triple knockout of GS, DHFR and FUT8 was also generated using the GYADHFKACHO
cell line 1F1.6. As described in U.S. Serial No. 12/248.035, aberrant glycosylation resulting from the
use of non-human cells e.g. CHO in the expression of protein therapeutics can alter the potency,
half-life and even the immunogenicity of the protein product. Thus methods for humanizing the
15glycosylation of proteins in non-human expression systems are highly desirable. The CHO FUTS8

gene is such a target encoding an al,6-fucosyltransferase that catalyzes the transfer of fucose from
CDP-fiicnce tn the core CleNAe of Nalinked olicoeaccharidee Point miitatinne of aminn acid recidiiac




WO 2010/053518PCT/US2009/005865 [01561Sequencing of PCR amplicons of genornic DNA
confirmed that both clones possess biallelic compound heterozygous mutations at the FUT8 target
locus (Fig. 3§ whiokssncode a shift in reading frame in this functionally etitinalzegiessdEhus the
genotype of both cell lines is consistent with the lack of F-LCA binding 50bserved (Fig. 3C) and
demonstrates the ZFN-driven genetic and functional knockout of PUTS in cell lines 35F2 and 14C1.
Both of the EYIFENYES I HIRABBRIMBR SRR HIFBE T BHE T §ERbAIPRESRY phenotypes,
throughout thespelipieawrebehLhN, trnsiectiedn i singleiae| hciathingtaeidead sthe generation of a
triple knockoué ell line was well-tolerated as measured by growth rate studies in serum- 10 containing
medium suparﬂ iﬂ%ﬁéﬂr\%ﬂﬁriﬁﬂgﬁd L-glutamine which gave mean population doubling times of 21.8
and 21.6 ho{r86ijr clones G&2capctsb4@ ] reégpéetivetpnTaken wigbthafahbaiotata demonstrate the
successful generatign of singl ubl iple nQEkoUts | .cells using engineered
ZFNs. 1 E%grrﬁ%ﬁ%eg:ubae%%lrgéﬁgtrg %%%@gﬁnggi}%Ec trip%ﬁﬁg%%%%%‘g!ﬂ lines 10157]A triple
knockout celtdireriptisralqy et pitedany tonelirant atfifistalitnaptiveaetiFaiftg ZFNs. In particular,
K562 cell “n&aimxbiﬁn&%sqm%%gyggp&%&@ﬁl RN RAR LAk @lse dmown as the

adeno-associated virus integration site or "AA ").were inactivated were also generated by

20simultaneBN A pRaSH Froduqedtargaes 1 mheta RN fo 1582 mRRd et RIS RS, GR and

AAVS1 wergggnesater 28 featiedipkdRsfRateoh Rubisationdesd 20A80k59996 (CCRS);
20080188000 (GR) and U.S. Application No. 12/ ?élééhgg{h%PPlRl C/AA%?Hﬁi . Schematics showing
e

the ZEA binStREG SHBLM RS AR ARHEUS GBI &2° IrFEP toR® R5 gene 25contains 3

exons, the cadifyirsequtoeshiCRS)os, dsgtadnaiibnn £REAIBpaylditie CEREZREM tandet sequence is

located in the, CDS as indicated. The OR gene contains 9 exons, and the OR ZFN target sequence is
: 1ve, s;ilﬁ io

located in EXONS.

& AAVSI| ZFN target sequence is located in the middle of the AAVS1 region.
[01591Plasri#@§Bncodingpaitslaficti g sinkeek roessibe rafeesyidld-eprgZ PNbRTFERY (@4 or an obligate

neterodimer £ KK AR AT ERKREIICLAIIG SAINIG AREAD LRIl WS igsienty

co-transfectéed into K562 cells, and the modification frequency at CCR5(left), GR (middle), AAVS1
(right) 16t wagna EeaFRHRTY SPHsEBevaYorTRIG ans e AR 10 SRFCEREF oM &fection,

respectively chashana icEilGhal @BedhR taatioe e weressHBirchéa-NHERlewing ZFN treatment.
[0160]Single-cell derived cell lines of these t;lple-knocko tcellsﬁ\g{lere also Evalug;[egl by PCR and

sequencing SFGEITCTIN REFOTPIEEL 20U BEPREAA S R MRS SR IYSH EiG. 108, treated
with CCR5 Zfeht kit LS logmmGrihal ehifredsigh LS or Apradutiziid-folad¢fc €IG) were examined.
i gﬁrgwmodiﬁed wild-type (wt) sequences but not

The PCR primers were designed to specifically a Ii%
sequences with delé |ba}1§?§f%£18&iﬁ§1§u%§“§?é'éﬁl% alow in the following Table 4. All clones

10containing ¥68kquenceEwirprtetertiz yydudy.rad arsivlel RORIantn g srdditteth dives, whereas
knock-out (K glopaR Al aRlp & RCR aRdR.ARnG dhalasle el doneapefeened by CORS
S contain by

PCR, 5 clon CR5 KO. Nine clones were identified as GR K GR PCR, Two of the
clones contalf0§8th CCRE\Kts&inr @ FRTSTAIF Y IBHEE O At aF e IReMIbRe¥ ga&ed®n either CCR5

PCR or GR RCRpyesedr s6erheddAAMBhEGRnABeag bt deng sisaigenads one CCRS

single KO clone was identified, seven GR sjngle KO. clones were identified, whergas no attempt was

tried to identf§SRENASP SRgiaNcsCERifyS BHECle RERIRE LR KA BHPWES ST RtifEe T vo cCR5/AA
VS| duagb KOplonesware idrniifiadsdial GoddbMst duah Kiclootinasidentitiegrasaoniy the 144

| , th it likely that a 20 GR/AAVSI dual KO cl ight.h b ' ified if
Clones were SRR N C S R AR LAt R e (B s e o e
Evaluation ofsimdgette) vitanssahpufativetmple khockionrfalicrSORS IGRvMNY 8¢ TetalzClones
screened 144, é?a éﬁé&%@'dﬁ%ﬁ'%ﬁ§cﬁb%§r§mlﬁﬁlﬁg’r%@&% LueN(& &P&%ﬂﬁ%ﬁe@déo clone 1 1

N/A CCR5/AA O'clone 2 N/A 2 GRM14VS1dual KO clone N/A O )
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 nucieotide 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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CCR5/GR/AAVSI triple KO clone  * 12 clones that were identified as CCR5 or GR KO clones WO
2010/053518PCT/US2009/005865 10162]Exemplary sequencing data of cells from triple knockout
clone B17 isyghowéaszkis. 100. The ZFN target sequences are underlingg:rAriagicatesdeletions, bold
letters indicate insertions. 5SExample 7: GS-targeted ZFNs are active in multiple species and cell types
[0163] GS-specific ZFNs as described herein (designed to human CHO cell GS sequence) were also

evaluated inGE0EBEIS AL ASHEANTRCFIEN TAtA) i 0 ioh S RReRanéTars ATENSHERERvell conserved

across specigs SOHGAATEN RBIf8B64 R38R 1({Ase RIbIPRXPBRIANG BRYH A3ERdakgeted to 10exon
6) were evalyated for their ability to cleave GS in human K562 and %oﬁuse Ne%l%égégagells as described

in Example 25587 I TE5iAL B EeiopShaipf RX LIRSS # EREES es were
functional in atheohemsaiBgetatypetlasichiivnthersapegiasnid 166)@IS-¢ pepitacdFhsh(ZFN 9075 and ZFN
9372) vere arlgnqi tges@doin 1@*@,”{“?;%@?%%@&5“”9 eggl%%gg cellssé asﬁdgsFrfi:belg@oExample 2. As
shown in FigDure ¥ A the' & Le[énzyme? urvey6r M mutation értfflecfll n?qﬁ rg‘il'lsger?éomic, Inc.)
indicated anskitEoconmitteataa e tuns1inBrl ESiknodkuLtagpiilives wepenstaiddlin a HEK293 cell
background ySig 06 AR GRCH: dolt CHQ SRISHEIRRUNGEAMALRS ATNS (see Example 3). Two
20knockout clones, clone g17 and g52, were further characterized. Clone g52 is homozygous for an
11 bp-deletidrizciirtiong! reysieTorausTemis senenbyopeatisphatiprid @Sl afRANE bp-insertion

at the other aliglenAs Rl RoFIGU AR «BREBANEIANE BIBABERS LS Heleinias determined by
western blotting, Importantly, both clones reg_éired exogenously supplemented L-glutamine for growth
BRI AAEE

(see Filfire S8RSFEPUPABSFFRALOTY SR TIS Betdriy XASCRIBESHAURNSR genes in a

single mamreadiatheeihlithe oy spsiupntiguensimultaneous inactivation of the target genes. The results

presented h re notd dent on the cell line or the choice of ZENs..The frequency of ZFN-driven

biallelic knojég‘lﬂ]events Z‘%%%éﬁ%’ﬁ&ﬂ‘%ﬁéﬁ‘%‘bﬁ%ﬁ@"é A)g),tc%riﬁ et \%ﬁ%‘%g glé%c%%ofc(?épendence on

selection maersadsuftstiththeaabilifitiio capisiystapk fsuchtyesmstic fasitns anidnfegrerate complex

multi-gene kackqut coll ineR ALEY'QIslY SPRSIAR R mRAGIE o e SfiGagy.0f gene knock out
ent the abi

following only transien expression an ity to stack multiple " traits in eukaryotic cells
makes lit feagibleies pelfprniiéattorhigeadticd dAlifdundigodassantidiiyedrly 26leaysec 101691AIl
patents, pat%h?a@ﬂ'@@@ﬁ@ﬁﬁi%@%@lﬁﬂﬁaﬁﬁ%ﬁ%@g}w{gg @raherety deprparated by reference

in their entirety. [0170]Although disclosUre has been provided in some detail by way of illustration and
example for iE4sGHoSEOEIaRBRORmYErstRA ARG, INGIPHRAMSAFBAN G HELL S RIEDIN the art that
various changes adgpadificati@oseabine seticepi Withoi b geRarEng 401 4bR spiiéarscope of the
disclosure. %}%%din ly, 10the fgréﬁ oing descriptions and examples should not be construed as
limiting. CL RS R B i B W U finger DNA-binding domain comprising four, five or six
zinc findfer rg66g@djtion regiotifemsishalvwie gmarsingfle poateof, the ypoude grtaidéeiZ Bdkiname F1 F2 F3 F4

F5 F6 Targel sequence enidb b 22421980 REECENRRE 19% 1 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., éoding function, ability to hybridize
to another nucleic acid) are well-known in the art. Similarly, methods for determining
protein function are weltl-known. For example, the DNA-binding function of &
polypeptide can be determined, for example, by filter-binding, electrophoretic

306 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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(SEQ ID NO.1) QSSDLSR (SEC ID NO:2) RSDNLRE (SEC ID NO:3) RSDTLSN (SEQ ID NO:4)
RKDVRIT (SEQ ID NO:5) N/A N/A ZFN 9372 TCC CAG GAATGGS CTTGGgg (SEC ID NO:6)

RSDHLST ($6QuHa:N&i¥) QSSDLRR (SEQ ID NO:8) RSDHLSQ (SEO IBMNQISH@BAMNRTT (SEQ ID
NO:10) RSDNLSCIASNDRKK (SEQ ID(SEQ ID NO:11)NO:12) ZFN 8361 clIGGGTTGATSGTACtg

ga9aaggactg (SEC) ID NO:13) ()SCALAR (SEQ 1D NO:14) RSDALTO (SEQ ID NO;15) RSDSLSA
o o O O RO AR (SR N R SIS SRS BT Wehor treteacoety
(SEO ID NOgRRSOHLST (SEQ ID NO:7) QSSDLRR (SEQ ID

[0073] The term “antibody” as used herein includes antibodies obtained from
both polyclonal and monoclonal preparations, as well as, the following: hybrid
5  (chimeric) antibody molecules (see, for example, Winter et al., Nature (1991}

349:293-299; and U.S. Pat. No. 4,816,567); F(ab"}2 and F(ab) fragments; Fv
molecules (non-covalent heterodimers, see, for example, Inbar et al., Proc Natl Acad
Sci USA (1972) 69:2659-2662; and Ehrlich et al., Biochem (1980) 19:4091-4096);
single-chain Fv molecules (sFv) (see, for example, Huston et al., Proc Natl Acad Sci

10 USA (1988) 85:5879-5883); dimeric and trimeric antibody fragment constructs;
minibodies (see, e.g., Pack et al., Biochem (1992) 31:1579-1584; Cumber et al., J
Immunology (1992} 1498: 120-126); humanized antibody molecules (see, for
example, Riechmann et al., Nature (1988) 332:323-327, Verhoeyan et al., Science
(1988) 239:1534-1536,; and UK. Patent Publication No. GB 2,276,169, published 21

15 Sep. 1994); and, any functional fragments obtained from such molecules, wherein
such fragments retain immunological binding properties of the parent antibody
molecule.
[6074} As used herein, the term “monoclonal antibody” refers to an
antibody composition having a homogeneous antibody population. The term is not

20  lomited 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 immunogiobuling as
well as fragments such as Fab, F(ab")2, Fv, and other fragments, as well as chimenc
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

[06076] 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 ef al. (2001) Nature Biotechnol.
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NO:8) RSDSLSV (SEO ID NO:19) DNANRTK (SEQ ID NOM) N/A N/A ZFN 9076
gaATGGTGCAGGCT(gc cataccaacttt (SEQ ID NO:21) QSSDLSR (SEQ ID NO:2) RSDNLRE (3EO ID

NO:3) RSSALF R (SER 1D NO22) RSDALTQ (SEQ ID NO:15) N/A N/A ZE&AkB89/005865
ggAATGCTgCAGGCTg ccataccaactt (SEC ID NO:23) QSSDLSR (SEQ ID NO2) RSDNLRE (SEQ ID
NO:3) QSSH LTR g%g%m NO:242%TSSNRKT (SEC) ID NO:2

Ste

. %NlA N/A ZFN 7858
LG T GRS EAT ST 1 1 R D E e e ah WP RI TR E @0 1D No:3)
RSDSLLR (BEMIZNQ 26)RSEA BIS (8EQLIDI BlQatSngineered zine finger binding

domain can have a novel binding specificity, compared to a naturally-occurring zinc
finger protein. Engineering methods include, but are not limited to, rational design

5  and various types of selection. Rational design inciudes, for example, using databases
comprising triplet {or quadruplet) nucieotide sequences and individual zinc finger
amino acid sequences, in which each triplet or quadruplet nucleotide sequence is
associated with one or more amino acid sequences of zinc fingers which bind the
particular triplet or quadruplet sequence. See, for example, co-owned U.S. Patents

10 6,453,242 and 6,534,261, incorporated by reference herein in their entireties.

[0077} Exemplary selection methods, including phage display and two-hybrid
systems, are disclosed in US Patents 5,789,538, 5,925,523; 6,007,988; 6,013,453;
6,410,248; 6,140,466, 6,200,759, and 6,242,568, as well as WO 98/37186;

WO 98/53057, WO 00/27878; WO 01/88197 and GB 2,338,237, In addition,

15  enhancement of binding specificity for zinc finger binding domains has been
described, for example, in co-owned WO 02/077227.

[0078] Selection of target sites; ZFPs and methods for design and construction
of fusion proteins (and polynucleotides encoding same) are known to those of skill in
the art and described in detail in U.S. Patent Application Publication Nos.

20 20050064474 and 20060188987, imcorporated by reference in their entireties herein.
[0079] In addition, as disclosed in these and other references, zinc finger
domains and/or multi-fingered zine finger proteins may be linked together using any
suitable linker sequences, inciuding for example, linkers of 5 or more-amino acids
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
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N/AN/A ZFN 7889 gtTCCCAGGAATGGgC (SE) ID NO:27) RSDHLSQ (SEQ ID NO:9) OSANRTT
(SEC ID NO:10) RSDNLSO (SEQ ID NO:11) ASNDRKK (SEQ ID NO:12) N/AN/A ZFN 9373
TCCCAGGANT 6%/aigas TTGGGgtcaaag (SEQ ID NO:28) RSDHLSD (SEQIRMO@ERNADRIT (SEQ
ID NO:29) RSDHLSQ (SEC ID NO:9) QSANRTT (SEQ ID NO:10) RSDNLSQ ASNDRKK (SEQ

ID(SEG ID NO:11

according to

Ry

NO;12) 10 2.A fusion
T A1 TEsRSEbR e

rotein comprisi

Be'RfoRTAN 8

e

zinc finger DNA-binding domain

Bt s R If-domain. 3.The

fusion proteltm%glam $5whesglmttme stervagEhaibdaesalinisndvwshiyps odeiogingpled Fokl cleavage

half-domain.
according to

nucl

é‘hﬁ% g

T

€ enco

g A

e

ISO

the

inc fi

Gy

c

rD
{60 %ES S OWn 11
comprising a protein accor

NA- blndé

domalg
7 Case

or

{usmn protein
ng

0 any of claims

lto3ora 51mle;srthaﬁlean¢|da doeotidimggea diye 4in6 fiagee {flimeitamyitatugotiomgee isyrthietase (GS) is

partially or fL{) é{wn

the fusion protein

S L

S'OESBIP el%l?ﬁdg%r‘?d

|nact|vat|

Ege laing

og nous cellu

¥

a

912 pajyngleotide encoding

r GS gene in a cell, the

method comprigingis an (‘éﬁ)nﬁﬂ@tﬂl@@lﬁgmhﬁtbfardéﬁ,Paomﬁtsnuclelc acid encoding a first polypeptide,
wherein the first polypeptide comprises: 15(i) a zinc finger DNA-binding domain according to claim 2 or

3 that binds to a first target site mla? endogenous GS gene, and _

(i) a cleavage domain; such

that the polype ing fi 'r- ohd e o a%“j and
cleaves the G rtherFeompnsmrgmntrodueiag ajnudieic gcid
encoding a § ] J&g]&ﬁ.—!&l&l #RBWQ‘?E N (razincfinger
. . L .
DNA-blndlnc ﬁagpg% Q8 @E@t@ Seqape iargeisig ip the && genepgnd | (i) a
cleavage do aingsHG >ecm0dapolypemd)e is exwegsed inthe 25cell, whereby the first and
second poy P GEB RO T [ e e el PR AR bl o o
claim 8, wherglfcefrStanad@ecopstpqlypeRadessre eseqdsd |DYsES 52 aed @r by
. % I IC@e & p
different nucleic &é@g QIEB The metiipd of anya)f claime:®jo 9, fwtmar ¢ ompmsxng N@ctygting a
DHFR gene in ulczﬁ'hl%tJr Fhe-method-of-any of ctaims 71o-16; |u8|'li|cl cagmprising|mactivating a FUTS8
i QSGALAR | RSDALTQ | RSDSLSA | RSAHLSR
gene in the cg&GGWGATG?TAC*Q (SEQID | (SEQID | (SEQD | (SEQID | NA N/A
(gggaf‘g%agga) NO:14) | NO:15) | NO16) | NO:17)
ZFN 8365
RSDHLST { QSSDLRR | RSDSLSY | DNANRTK
RTACATSCCTTGGaCY seqip | (SEQID | (SEQID | (SEQID NIA N/A
(SEQ 1D Nangs) NO:7) NO:8) NO:19) NO:20)
ZFN 8076
QSSDLSR | RSDNLRE | RSSALTR | RSDALTQ
GRATGGTGCAGECTE “seqip | (sEQib | (se@id | (seao | MA N/A
(SEQ 1D NO21) NO:2) NGC:3) NO:22) NC:15)
ZFN 9179
QSSDLSR | RSDNLRE | QSSHLTR | TSSNRKT
GUANTGOTOCAGECTYl Yseqip | (SEQID | (SEQID | (SEQID N/A N/A
(SEQ ID NO:23) NO:2Y NO:3) NQ:24) NO:25)
ZFN 7858 QSSHLSR | RSDNLRE | RSDSLLR | RSDALTQ
gaATGGTGCAGGCTge, (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
giTCCCAGGAATGGge| (SEQID | (SEQID | (SEQID | (SEQID N/A N/A
(SEQ ID NO:27) NO:9) NO:10) NO:11) NO:12)
tTCCgiggf\?rGG <! RSDHLSQ | RNADRIT | RSDHLSQ | QSANRTT RSDNLSQIASNDRKK]
g TeGGaaas 9 seQip | (SEQID | {SEQID | (SEQID | (SEQID | (SEQID
(SEQ mgwcg%a% NO:9) NO:29) NO:9) 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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12.A method of producing a recombinant protein of interest in a host cell, the 5 method comprising the
steps of: (a) providing a host cell comprising an endogenous GS gene; (b) inactivating the
endogenousy@Swensakthe host cell by the method of any of claims 7 teet@;usnah9/s0s8¢6) introducing
an expression vector comprising a transgene, the transgene 10comprising a sequence encoding a
protein of interest into the host cell, thgr%%y rod cin@g e omBir@qtpro in. 13.The method of
claim 12, wHEE T BRREIA TR Srss & A At pEth oA MHbCBhal antibody. 15 14.A
cell line in whiche43%7gané 2OWH2IERS28r fully inactivated, wherein the cell line is produced by (@)
inactivating S gene jn a cell according tg the ]%1 ny of claims, 7 X 20(b) culturing
the cell undi@scso ditions fs;l:%?té% gt écg%%vé%fi%tbe gegﬁ %(g I‘%t\%?l?éﬁ%ﬂfé%g}}é %%Er%egl %%}%%ny or fully
inactivated. % STérocet tindeftideairaikd andradin e desles ansiammealidnnddh seleiesitrom the group
consistiag of g% el LHAGC R MERQ Bl AMBRKIel LR el i Mt aell 2
B14AF28-03 cell, a BHK cell, aHaK ce?l, a NSO cell, a SP2/0- Ag14 cell, a HeLa cell, an HEK293 cell,
and a perCereehe pEgdor Yargeigd 20066 Ae %%@)M@E’%%ﬁ@@smm@gﬁw SANGAMO
BIOSCIENCESyd bifs b2 120z ES O B3RN0 @MPRATIONS FOR INACTIVATING GLUTAMINE
SYNTHETASE GENE EXPRESSION 130> 8325-0066.40 <140> PcT/us2009/005865 <141>
2009-10-29 <150> 61/197,600 151> 2008-10-29 <160> 185 <170> PatentIn version 3.5 <210> 1
<211> 16 <212> DbhlACs2A3rcAutificialssequence <220> <223> synthetic zinc finger target sequence:

zFN 9075/zF 58 <400> 1 tggtgca ggcetgele 210> 2 <211>.7 <212> PRT > Artificial

sequeH@e <i§@ 223>cC %emlc f)%%i/gn‘fﬁreg&%%%az?ﬁ?? ?ﬁﬁé?ggﬁy&%dgg}ﬁlﬁ#}fﬁ%&%@n Ser Ser Asp

Leu Ser Argddms2) 0F18 <R t2g deidin RiRTox 218w AwtificintSage disckos@d@seapagrbehemically

synthesized %P@éﬁ%ﬁ'%@%9&%%%&'&%‘2&89%%@5&%?%%% Bl Rgr10> 4 <211>7
<213> Artificia

<212> PRT sequence <220> <223> Chemically synthesized zinc finger binding
domain <406zhigh 2609208 EES OGS A6 ST IBC[Pd ey @t ABH 1PhiAL &FBEIHsn 15 <210> 5

endonucleases and homing endonucleases. See, for example, 2002-2003 Catalogue,
15  New England Biolabs, Beverly, MA; and Belfort et al. (1997) Nucleic Acids Res.
25:3379-3388. Additional enzymes which cleave DNA are known {(e.g., S1 Nuclease;

mung bean nuclease, pancreatic DNase [; micrococcal nuclease; yeast HO
endonuclease; see also Linn et al. (eds.) Nucleases, Cold Spring Harbor Laboratory
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.
[6084] 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 fimctional 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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<211> 7 <212> PRI- <213> Artificial Sequence <220> <223> Chemically synthesized zinc finger
binding domain <400> 5 Arg Lys Asp Val Arg lle Thr 15 <210> 6 <211> 22 <212> DNA <213> Attificial
Sequence <@@nis@23rsSynthetic zinc finger target sequence: ZFN 9372cH0x0@/gitsecagga
atgggcttgg gg22 <210> 7 <211> 7 <212> PRT <213> Atrtificial Sequence <220> <223> Chemically

synthesized zinc finger binding domain <400> 7 Arg Ser Asp His L.eu Ser Thr 15.<210> 8 <211> 7
<212> PRT‘E‘fﬁg‘fﬂfﬁ‘f{ﬁﬁ’gé’&ﬁ@’ﬁggrﬁéﬁﬁgn&fégr@%&Iﬁl&ggﬁ@‘Syﬁfﬁ e Q}f\céef?%%r binding
domain <40par8 dbincser SepdSnll e Aig ¢rgjcyag 10> 1 wREhthE &2d@SIRRT <213> Artificial

Sequence < <223> Chemicall thesized, zing. fi indi i -12-
8325-0066 Jl%%_%lrzs (2).?%?5 %%Caér‘!‘i‘i%]n eses gl éﬁé’gg@gy f%ggﬁg%ﬁ@gl >2Fc>)l923' 51031
Artificial Segpeniceand 26ceRte «f heqnrnalyspysifirctindineinOMhy értinetegiloPAat 400> 10 Gin Ser
Ala AsnsArg, T %EQ&&E dﬁﬁ%oit anlr}%%]'t"(tjfe Ges ooy SRhdm AlficRl PaEIRNGg sg20> <223>

Chemically synthesized zinc finger binding domain <400> 11 Arg Ser Asp Asn Leu ser G n 15 <210>

12 <211> 7 EoeoHSpRigave DNA at sites removed from the recognition site and have separable
binding and cleavage domains. For example, the Type IIS enzyme Fok 1 catalyzes
double-stranded cleavage of DNA, at 9 nucleotides from its recognition site on one
strand and 13 nucleotides from its recognition site on the other. See, for example, US

10 Patents 5,356,802; 5,436,150 and 5,487;994; as well as Li er al. (1992) Proc. Natl.
Acad. Sci. USA 89:4275-4279; Li et al. (1993) Proc. Natl. Acad. Sci. US4 90:2764-
2768; Kim et al. (1994a) Proc. Natl. Acad. Sci. USA 91:883-887; Kim et al. (1994b)
J. Biol. Chem. 269:31,978-31,982. Thus, in one embodiment, fusion proteins
comprise the cleavage domain (or cleavage half-domain) from at least one Type IIS

15  restriction enzyme and one or more zinc finger binding domains, which may or may
not be engineered.

[0086] An exemplary Type 1IS restriction enzyme, whose cleavage domain is
separable from the binding domain, is Fok I. This 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 disclbsed fusion proteins is considered a cleavage half-domain.
Thus, for targeted double-stranded cleavage and/or targeted repiacement 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 muliimerize {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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<213> Artificial Sequence <220> <223> Chemically synthesized zinc finger binding domain <400> 12
Ala Ser Asn Asp Arg Lys Lys 15 <210> 13 <211> 28 <212> DNA <213> Artificial Sequence <220>
<223> Syntleticminesinger target sequence: ZFN 8361 <400> 13 ctgggtigat;/ggiasiggaesaaggactg28
<210> 14 <211> 7 <212> PRT <213> Atrtificial Sequence <220> <223> chemically synthesized zinc
finger binding domain <400> 14 2009-12-07 8325-0066 40 5T25 (2).txt Gin Ser Gly Ala Leu Ala Arg
15 <210> 15upeplated yhenrepcd disclogiitciar s JGUBHIRPS S0 e84 4/ felfifally synthesized zinc
finger binding,@amatei#406> hA4Ser Asp Ala Leu Thr Gin 15 <210> 16 <211> 7 <212> PRT <213>

Artificial Se e <220> <223> Chemijcally synthesized zinc finger binding domain <400> 16 Arg Ser
asp Ser LouQBPhla 15 2516047 314t B dfYags fAma sominioet ac el s os

Chemically gy:gihe@iaédVmgﬁmgﬁrdﬁmﬂinqamaﬁmedmasmmgzsmmdamﬁm lpewiBts) Arg 15 <210>
sequende: 218 BIL S e o g L e e <10
Artificial SeqRiénisaticpAdes 20PFB0EH4 A ANYORIERIS 288 ZRB ISP Bikerritiselonvans of
all of which are incorporated by reference in their entireties herein. Amino acid
residues at positions 446, 447, 479, 483, 484, 486, 487, 490, 491, 496, 498, 499, 500,
531, 534, 537, and 538 of Fok 1 are all targets for influencing dimerization of the Fok
10 Icleavage half-domains.
[0090] Exemplary engineered cleavage half-domains of Fok I that form
obligate heterodimers include a pair in which a first cleavage half-domain includes
mutations at amino acid residues at positions 490 and 538 of Fok I and a second
cleavage half-domain includes mutations at amino acid residues 486 and 499.
15 0091 Thus, in one embodiment, a mutation at 490 replaces Glu (E) with Lys
(K); the mutation at 538 replaces Iso (I) with Lys (K); the mutation at 486 replaced
Gin (Q) with Glu (E); and the mutation at position 499 replaces Iso (I) with Lys (K).
Specifically, the engineered cleavage half-domains described herein were prepared by
mutating positions 490 (E—K) and 538 (I—K) in 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
“B490K.:1538K"” cleavage domain and other comprises “Q486E:1499L" 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 nucieases 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 1) as described in U.S. Patent Pubhcation Nos.
20050064474 (Example 5) and 20070134796 (Example 38).

27



<400> 19 2009-12-07 8325-0066 40_ST25 (2).txt Arg Ser Asp Ser Leu Ser Val 15 <210> 20 <211> 7
<212> PRT <213> Atrtificial Sequence <220> <223> Chemically synthesized zinc finger binding
domain <400p020#H8e388n Ala Asn Arg Thr Lys 15 <210> 21 <211> 28 <@dpradddiosdsk3> Artificial
Sequence <220> <223> Synthetic zinc finger target sequence: ZFN 9076 <400> 21 gaatggtgca
ggctgccata ccaacttt28 <210> 22 <211> 7 <212> PRT <213> Atrtificial Sequence <220> <223>
Chemically synthesized zinc finger binding domain <400> 22 Arg Ser Ser Ala Leu Thr Arg 15 <210>
23 <211> 28 <212%¥ DANsd: 3 Mititiciafcb ganenard28@zeiaa3s Synthetic zinc finger target

sequence: 79 <400> 23 ggaatggtgc aggctgccat.accaqctt28 <210> 24.<211> 7 <212> PRT
o135 ArtidMPE quencd DY SHEIS58 S8 R T L S EErS TGS RING domain <400> 24
GIn Ser Seréghhésidisvioded R2B99- T2:0% 882E; 0066 nersbABCiR)sbst 4 aRPAmRRas@d 1> 7 <212>
PRT <213> Artificial Sequen 220> <223> migally; hesi zine fi inding domain
<400> 25 Tf@a)éee\r]eé“é?oﬂ%rﬁ &?gﬁ;‘%"ﬁﬁ‘%‘%ﬁ%@%ﬁkz 1%[%%%%%%&%&% %];IZQ%% %ﬁgicial Sequence

<220> <223staUbidenibalis. syrvhusizeenans fag eemsingind eo Aiainnegigese Pavity SermMsp Ser Leu Leu
Arg |

target site in a GS gene can be used instead of, or in addition to, a zinc finger
nuclease, for targeted cleavage in a GS gene.
[0694] Exemplary homing endonucleases include I-Scel, I-Ceul, PI-Pspl, P1-
10 Sce, I-ScelV, I-Csml, 1-Panl, I-Seell, I-Ppol, I-Seelll, I-Crel, I-Tevl, I-Tevll and I-
Tevlll. Their recognition sequences are known. See also U.S. Patent No. 5,420,032;
U.S. Patent No. 6,833,252; Belfort er al. (1997) Nucleic Acids Res. 25:3379-3388,;
Dujon et al. (1989) Gene 82:115-118; Perier et al. (1994) Nucleic Acids Res. 22,
1125-1127; Jasin (1996) Trends Genet. 12:224-228; Gimble et al. (1996) J Mol.
15 Biol 263:163-180; Argastet al (1998} J Mol Biol. 280:345-353 and the New
England Biolabs catalogue.
[0095] Although the cleavage specificity of 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 ef al.
(2002) Molec. Cell 10:895-903; Epinat ef al. (2003) Nucleic Acids Res. 31:2952-
2962; Ashworth er al. (2006) Nature 441:656-659; Paques et al. (2007) Current
25  Gene Therapy T7:49-66. 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-8, CHO-K1, CHO-DG44, CHO-DUXB11, CHO-DUKX,
CHOKI1SV), VERO, MDCK, WI38, V79, B14AF28-G3, BHK, HaK, NS0, SP2/0-
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15 <210> 27 <211> 16 <212> DNA <213> Artificial Sequence <220> <223> Synthetic zinc finger
target sequence: ZFN 7889 <400> 27 gttcccagga atgggcl6 <210> 28 <211> 28 <212> DNA <213>

Artificial Seqgyeneemd20r <223> Synthetic zinc finger target sequence: ZkiN/A37RwHatx 28
gttcccagga atgggcttgg ggtcaaag28 <210> 29 <211> 7 <212> PRT <213> Artificial Sequence <220>
<223> Chemically synthesized zinc finger bindinglgg%nain <400> 29 Arg Asn Ala Asp Arg lle Thr 15

2009-12-07 885%. 5666 4615555 98). 2 2P 3 s b 11341 HB 295 Bingrdpars erlleafius
longicaudatuel] &dteRtgyoaigandagasioiopeeg iy eaio Bdicadanitacalsgiatgaacta ccagtgatgg

gaagcacttg gftatggaac act tgg gtctgaagta tgttagggtt ataagcectat ctgtgatatg aatacacata gggtcttccc

a
agacataggt tHIgee G EagtaEEE 9509 aaaTHy cottttgtac ggaaagttgt caagcaagty

atccaaaaga [f¥daggcag leetyodsitf delixetaggiruttiamerpr Gagteioali gy itggatfacisgiaggtt
ggtgactiaa tagiigaial ACACROCCI IAANIAGAM UNEACRLAY AIIRYAACAT GARGaIaUlL atcateictg caaccittga

ttagcaccaa tctttattct aaactacatg agtgacagta caagcatita ttcttactga tacatgtiga cat caagtat gactttggtt

gctaggagct @égt§e: Jut§hecsy 6l det ggidcatelds: 23ty ddd g Sc ansictoéiidg Yitat aaggtcttta
tgggaagagg geactaeich Hagathnish M imbipéhica biabrahee oA n2khdi Liicelidlus longicaudatus

ccttagcecgg cagatctctg aagctacaca aactagcecca gcagagtgaa cectgtgect gacttitgtc aaaaacatca atctgggttg
gegttggtgg 18tligag gaddalyfgiisstined A5t ML Ae PR deh¥arttitaysderagcaaatgta atggtactgg
cgaggctgac eangmaiaas@iagiotaticiiicagsgaoai GHitEadPRIYee igeasiag Aesiicaageetigtgccty

taa1g00ta. AAAJHbR D kAR S g FeBAL A B At Ao PR Rihcrgaaa coacaccgt
ttaatgaaat ceactigaadagetatgiet goagigigags ecaas)igig eadneigagartcagigatioa- aggcctttat tatttgtagg
tgaaagacet gaglaciia 9Cianclic 0alguiclia Iacapalten I06ARA045 kAR RG JaReROCC accageelgg
tctcaaaaca gt%?ta%t?E tta ?gf%c ’ ' ' A
6,824,978, 6,933,113, 6,979,539, 7,013,219, and 7,163,824, incorporated by reference
herein in their entireties. Furthermore, it will be apparent that any of these vectors
15 may comprise one or more ZFN encoding sequences. Thus, when one or more pairs
of ZFNs are introduced into the cell, the ZFNs may be carried on the same vector or
on different vectors. When multiple vectors are used, each vector may comprise a
sequence encoding one or multiple ZFNs,
10099] 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 alsc be used to administer nucleic acids
encoding ZFPs to cells in v;itro. In certain embodiments, nucleic acids encoding ZFPs
are administered for in vive 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 deiivery to the cell, For a review of gene therapy procedures, see Anderson,
Science 256:808-813 (1992); Nabe! & Felgner, TIRTECH 11:211-217 (1993); Mitam
& 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 Bohm (eds.) (1995); and Yu ef
al., Gene Therapy 1:13-26 (1994),
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tagaaggtga tttgaccttc gtcagtcacc ttagatggaa gggtgggagg gtaactagaa cacttgaata ttaactgaaa ggtgacccct
gacccttttg atgctccaaa ttgcaaagga taatcccagt tctacaagag aacaaacaaa agttgtggec aagatgttge

2009-12-07 ygsatgageagsctictgtttt cgtaagctgc tcttgtgtgt ttggagtatt tatgctatca-gaagineisgessticactact
gtgaaagggt agtgctgtgt gtagtttctc accaaaaaaa acttgggagg ctagttccag caaaaaaatt tttgttttgg cgtttg

8325-0066 gagcaggaca gtttgcaaag cgagtagtct gctggtacac gctaacctag agtttataga tgttctggtg gctacgaatc
tgtgagacca l&gtﬂgé;tat tggd%&%@@sé’gé?ﬁﬁé‘i’&gd&%% Gl recoting 8884 ¥ ggaagggce
40_sT25 (2)7Bpgastygh iteapangadigeiagig angaanratingateieng, geABagHs attaccccca

ataatgtatc tcctcaaagg Itatacagtg catttgtttt gaagaaagga.cggatcictg aaagccacag aaaactttca agctagttta
Ixt agtgggc Igﬁsﬁgiaggg’t%trgfl gfﬁgg%sgg}g% ?3&"9065}?&&08& %:gg:%%gclite %a%@c R&P(%%%%&%? gtgtttttg ggttgtgacc
gaattctggy cobtygaydicoytaggggandgagittgabeagabapaektyeddiiyagdutopgegayising? 10> 32 <211> 16

<212> gNA <213> Artificial Spauent 2%1>_ %ﬁ? SyQthetic zine finger target segyence: zFN 7844
<400> 32 ccea%ifgécutac%)gétg%t16 <§’LSO{;%§ < 11\1§> 32212>b%N&SA?&:§)i§§q %ﬁ%ﬁma Lslequence <220>
<223> Syntlewls.zinc finger target sequence: ZFN 9461 <400> 33 agggaaggtc tccgttl6 <210> 34

<211> 7 <21grfRT <2133 Aiifical, 89858 cleic acid delivery systems include those
provided by Amaxa Biosystems (Cologne, Germany), Maxcyte, Inc. (Rockville,
Maryland) and BTX Molecular Delivery Systems (Holliston, MA}) and Copernicus

10 Therapeutics Inc., (see for example U.S. Patent No. 6,008,336).

[0162] Lipofection is described in e.g., US 5,049,386, US 4,946,787; and US
4,897,355) and lipofection reagents are sold commercially (e.g., Transfectam™ and
Lipofectin™), Cationic and neutral lipids that are suitable for efficient receptor-
recognition lipofection of polynucleotides include those of Felgner, WO 91/17424,

15 WO 91/16024. Delivery can be 1o cells {ex vivo administration) or target tissues {in
vivo administration).

[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 er al,, Bioconjugate Chem. 5:382-389 {1994}; Remy ef al,
Bioconjugate Chem. 5:647-054 (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 refrovirus, lentivirus, and adeno-associated virus gene transfer methods, often

resulting in long term expression of the inserted transgene. Additionally, high
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<220> <223> Chemically synthesized zinc finger binding domain <400> 34 2009-12-07 8325-0066
40 ST25 (2).txt Arg Ser Asp Thr Leu Ser Glu 15 <210> 35 <211> 7'<212> PRT <213> Attificial

Sequence gdbnwad2arsChemically synthesized zinc finger binding domairr=406e/aERsn Asn Arg
Asp Arg Thr Lys 15 <210> 36 <211> 7 <212> PRT <213> Atrtificial Sequence <220> <223>
Chemically synthesized zinc finger binding domain <400> 36 Arg Ser Asp His Leu Ser Ala 15 <210>
37 <211> 7 Eopduchpsreiiencins dva PEBRhsHvs kppane S Eeren SR LR QPRRERT ed zinc finger
binding dom@ig,e400> 37 GIn Ser Gly His Leu Ser Arg 15 <210> 38 <211> 16 <212> DNA <213>

cotgograce AUBL, 16 <2105 SoPUF) 1L A SIS AR GE b SW0> £203>
Chemically symthesipedtaing éngediigdiegdenmial nargd @rB022006F 1:2078B25130661%) 5T25 (2).txt
S e o B A B e R S
<210> 41 <23pisailg prepsebigh vised uersriificiettDaqleriggoviral gene iransfer system
depends on the target tissue. Retroviral vectors are comprised of cis-acting long
terminal repeats with packaging capacity for up to 6-10 kb of foreign sequence. The
minimum cis-acting LTRs are sufficient for replication and packaging of the vectors,
10 which are then used to integrate the therapeutic gene into the target cell to provide
permanent transgene expression. Widely used retroviral vectors include those based
upon murine leukemia virus (MuLV), gibbon ape leukemia virus (GaLV), Simian
Immunodeficiency virus (SIV), haman immunodeficiency virus (HIV), and
combinations thereof (see, e.g., Buchscher et al., J. Virol. 66:2731-2739 (1992);
15 Johannet al, J. Virol 66:1635-1640 (1992); Sommerfelt er al., Virol. 176:58-59
(1990); Wilson et al., J. Virol 63:2374-2378 (1989); Miller et al., J. Virol. 65:2220-
2224 (1991); PCT/US94/05700).
[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 ef 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 ez 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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<220> <223> Synthetic zinc finger target sequence: ZFN 9477 <400> 41 agtccggggg gtggtgl6 <210>
42 <211> 7 <212> PRT <213> Atrtificial Sequence <220> <223> Chemically synthesized zinc finger
binding domgit %4342 Arg Ser Asp His Leu Ser Arg 15 <210> 43 <21ieriisibamRl <213>
Artificial Sequence <220> <223> Chemically synthesized zinc finger binding domain <400> 43 Asp
Ser Ser Asp Arg Lys Lys 15 <210> 44 <211> 18 <212> DNA <213> Artificial Sequence <220> <223>
Synthetic zifE A& terget BEgaarcmssind i1 helnes ol ines o @ens g s 49068 %0_ST25 (2).txt
aaggaggcaa@gacaaagl8 <210> 45 <211> 7 <212> PRT <213- Artificial Sequence <220> <223>

16 <2115 7 DIUBL P SHo AT SOHeA GBI B3N HEn P SIAUARSHd sinc fmger
bin_d_i ng domased <4 0xichb tidis ASnnhla a_'rhr[ABon:be‘ 9%30%8@_21@1?997)52&}1@@7 20 PRT <213>
Al Seoyepse 20385 SRl s o gt Hidagomain <400- 47 Gin Ser

PA317/pLASN was the first therapeutic vector used in a gene therapy trial. (Blaese et

al., Science 270:475-480 (1995)). Transduction efficiencies of 50% or greater have

been observed for MFG-S packaged vectors. (Ellem et al., Immunol Immunother.

44(1):10-20 (1997); Dranoff er al., Hum. Gene Ther. 1:111-2 (1997},

10 [0109] Recombinant adeno-associated virus vectors (rAAV) are a promising
alternative gene delivery systems based on the defective and nonpathogenic
parvovirus adeno-associated type 2 virus. All vectors are derived from a plasmid that
retains only the AAV 145 bp inverted terminal repeats flanking the fransgene
expression cassette. Efficient gene transfer and stable transgene delivery due to

15  integration into the genomes of the fransduced cell are key features for this vector
system. {Wagner et al., Lancet 351:9117 1702-3 {1998), Kearns et al., Gene Ther.
9:748-55 (1996)).

[0110] Replication-deficient recombinant adenoviral vectors (Ad) can be produced
at high titer and readily infect a number 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 trans. 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 inframuscular 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 w2

cells or PA317 cells, which package retrovirus. Viral vectors used in gene therapy are
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<220> <223> Chemically synthesized zinc finger binding domain <400> 48 Arg Ser Asp Asn Leu Ser
Arg 15 <210> 49 <211> 7 <212> PRT <213> Artificial Sequence <220> <223> Chemically synthesized

zinc finger bipding pemasn <400> 49 2009-12-07 8325-0066 40 5T25 (2dxirAsgodeisfsp Asn Arg Lys
Thr 1 <210> 50 <211> 15 <212> DNA <213> Artificial Sequence <220> <223> Synthetic zinc finger

target sequence; ZFN 12176 <400> 50 aagaagggtc atcagl5 <210> 51 <211> 7 <212> PRT <213>
Artificial SeqtisAlYE 2epomied by BDCHBERT &/‘Eﬁ{%ﬁ’égf%&gﬁﬁ& REgEBHART QSRR <400> 51 Asn
Asn Thr GIn g pletclel hs2405r08 piddllycortZhIre MRTimaldraudificint Seeyierdedor220> <223>

Chemically synthesized zing finger binding.domain <400> 52 Thr,. Ser Ser lle Leu Ser Arg 15 <210> 53
A L TR b s S e R

ically syn &sized zinc finger
binding dombéing 460z &8t SeprésiioAsaskete Smoéiagﬁﬁmnm &Q&gpre%saé.lzbep RT <213>
Rt T e L

AAYV vectors used in gene therapy typically only possess inverted terminal repeat

(ITR) sequences from the AAV genorme which are required for packaging and

integration into the host genome. Viral DNA is packaged in a cell line, which

contains a helper plasmid encoding the other AAV genes, namely rep and cap, but

10 lacking ITR sequences. The cell line is also infected with adenovirus as a helper. The
helper virus promotes replication of the AAV vector and expression of AAV genes
from the helper plasmid. The helper plasmid is not packaged in significant amounts
due to a lack of ITR sequences. Contamination with adenovirus can be reduced by,
e.g., heat treatment to which adenovirus is more sensifive than AAV.

15 (0112} In many gene therapy applications, it is desirable that the gene therapy
vector be delivered with a high degree of specificity to a particular tissue type.
Accordingly, a viral vector can be modified to have specificity for a given cell type by
expressing a ligand as a fusion protein with a viral coat protein on the outer surface of
the virus. The ligand is chosen to have affinity for a receptor known to be present on

20  the cell type of interest. For example, Han et al., Proc. Naitl. Acad. Sci. USA 92:9747-
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,

infraperitoneal, intramuscular, subdermal, or intracranial infusion) or topical
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<212> DNA <213> Cricetulus longicaudatus <220> <221> misc_feature <222> (127)..(155) <223>n is
a, c, g, or t <400> 55 cgactggagc acgaggacac tgacatggac tgaaggagta gccaatctcc tcgecgcetct60
cacttcgcct cgttstagtgngpstiegtggcec ctgtccacce cgtecatcat cccgeecggecl20 acegetosmmernssagnnnnn
nnnnnNNNNnn NNNnntgggc aaacatggac agttgcccgt180 agaaactttg ccactgtact tcagagagtt gcccaagtca

ttggaggaga acaatatgtt240 ccctttccag ccatcetggg cgattaggga gggggggaca tttcetettg tgttgaaget300
gottttgtag ct@@&&ﬂ@ﬂaﬁg@ﬁ?@?ﬁ%ég@& ECBABYERY F§§§E§ﬁ%%%6%%@ﬁ3&é&8 SEatctitat tagaagtggg
agtittctac ttageagaeh atatinieigiiedt paaniatinivdialigeticatgliacaytigangicey bottgictg
ggagtaatg4§l%§‘gt%%t{ca t%gakcl:sct:%%gt&g a %g%% cér%a o%Ct C %t'i%fg %%%%%cgeﬁ%gtttﬁm attcccagca
g99gaggc aggtgcaggt ggatctiigt gatagatgec ggictaca ggtaccatga tagggctatg tagagacccc
catctccaaa dalmacxhbp teaglanatasoef daiasksania repricmatsmdioaaitgtgel estivgdortasliscttitac

caccttggtg 720 atrgcasaia glaspgalst itligaaat tigticccag gaatatgtta gecttttaaa780 cettagteec ctigtetcac
ctttaaatcc aactatggag ccaaggagta gtggcagcat840 acctttaatc ctagcattca ggaagttgag gctggcagat

ctccgagttc gdélgaccoodxgieeabt aridesiingaian dagisietg atfgedtaty et gaa R gaataaaad60

ggcaaaggag £acichacad it st AagicHInloum it tAeiAahAA0) aogtagriwagacattcta
ataatgaatt tttttgtctt tttgttqcct cttttca§§t1080 ttctcaaaat taatggatat taaaaatcca %%33%%?@%% cgttggtggc

acacacctttl HAgFa Akl it el g ghp g bimdabyt gy el §200 ctccagattg
agtgccagga saggeistanmageiacosal adavcgigic dcgrb@ancal 200Adpaabramdiatddnalaaa aaatccctta

actagcccaa cctacaa atgatctitg1320 tctaactatg,aacttta ctcttga. agtgaat aatgcacttc
aataat ﬁglégfﬁ)é fft%%w%%tgg I@ﬁﬂ'ﬁg]aéc%c %a{atfceg cg T 8&5%931?(: ﬁ%%ﬁ%a@ﬁ%ﬁ%%é%ﬁggmm acccccttca
gagtagatgt taatgfadty acttitgtcketecagadoacautsiihor #k500 Gggceacclicealyestagttdc cacttgaaca

aaaacatcas goaaloiac INGRCIACIONN Pags 13 AORRNAAT A32S0RBRAPLRTRS (2)0 cooaggatga

gaaagtccaa gccatgtata tctgggttga tggtactgga gaaggactgc gctgcaaaac ccgeaccctg gactgtgage

ccaagtgtgt axsdergutoagicdidgreadenssnaigtay gibargrtelgineng g irasgisdgertgagat ttgaccttce
ttctgttttgl?4(gat§g‘g@ﬁlagt ctttcaaaag caggtctctt caggcctcag tcagtcaccc gtaagctgec1800 gagtagtctg
gaggcataga aaacaatgga ggcctttatt taglatggaat cttgéﬂégtg 1860 ctggtacact gaagaaaaat attgggtcat

atttgtaddg gdfd&hggt tggaqaterbodmem oy CLsare seed X e rrogeE s thactagaat

atgctatcaal 8@ gtiatacad caslasiiabcagteli¢ranaiaddias actigantansisdecitai?lidbgtictggtga
ttacccccat ccc};fg%ccatti%gtaactt t taact aaat,ttcactactgﬁZl 0 ctac%aat a taatgtatct gligtttttgjg atggtcttag

gtgaccectg JHEATYRISA B RESHER gy%%s[gég%ogarg@ B A 8T Ae Ry A ctgtgtt2220
tattagtatt tatasdgiggraaitcigggticaahgeahaytgdiccagal taditdiat2288gggabigiedaftigttttc gatggggatc
tiaaaact 195aga00aa CoR3RRRaR340 ARARISAR SAPRANNEH MANGRERG Qndca ascccagta

cttgggaggc2400 agaggcagac ggatctetgt gagtttgaga ccagcctggt ctacaagagc tagttccagg2460 acagcectcca
aagccafhgaqyteidueeiyticc Mo ACanvah ity Basaakana2doer dnshieiadad dadctttcaa aggagacctg

ttttatttta gttgtgaocy I;I@titgggtgﬁﬁq Aggaagggca gctagtttag gatgagtttt tattattcta agatgttgcc gtttgagtga2640

atgaatgacc agatgacagc atataacatg tacttgttac tiggcagaag taggtaggtc2700 gttctgtttc tgccttcage
tcataggtaa ctibRlagac aadetpgets ¥adspiald @?V@W%&ﬁ@éﬁéfgﬁ@@éﬁﬁhﬁﬁﬁcamtgt ttcctcatct

acaagagcac jgaradaaeil2 acaaragic aeaceat0as s deaaigagaBons 388209 egIRIBR0gtggC
ctagtgaggg2880 agtcagtttt gctctgtgec atgagtgtct. cactcac a tgtc agaatgactg2940 gtgcacagta
gacttacaga d?&@ﬁﬁ&?g??&ﬁ@ﬁﬁ%%éﬁ8?3‘&’?&%@%%&668%‘26%ﬁ%%ﬁ%tﬁgac&?fég%ﬁaaégaggaa
catagggata quiggosald DaedTagii3AEDAfopeisat tialgaRydt (@caitiacatasaigddatt cagaagacac
agtagatttts1%9ifferentiat€d antigen presenting cells) (see Inaba er 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 skiil in the art, and,
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cagtgatgga aatatgatga gaggctagct gtcttgtgtg tatattttta ataaattttt3180 aataaatttc atgtgtgtga gtcagtgcgt
gtgtgcgttt gctcgeccag tgctgtgcca3240 gcagaggtct gaggagggtg tgagaatccc aggaactgaa gttaacagtt
gtggttaaga3sa® glaskadea ctcagttacc agcacctaca tggtggctca caaccatctg taactcsaaiBdBestcaggggct
ccaaccccct cttctgcagg catacacttg cacagatata catgcaagta3420 aaacacccct acacacataa aaataaatac
gtcttcttaa agl?gt aattf tccatcttta3480 tttggcccag a i§[tacc&§?a (}:;t aatttt %ai%gctcta %tacctttca

gtctgaggge FEEEEG It el %?ngcecgf YR Fg%ﬁd’&é% MR YRR T3800 Page 14
2009-12-07 paRbubRe6MOc T (Y rbuti e cancaagoigdjytietyl asgtifiecaagtaseaoctiygaagcectge
aggtgtgtat36a§‘% 8 t&ggcg tgaatgtctt aagaatctag ggatggatga tcagatgtcc atccttctac3720 cctgaacttg
cctgctgaaa aacagtgtgg tccgcecccte catggtcecct tttattggtt3780 gtataaacag tgttgaatct tccatctgtt tgctgatagg

ggtccccagt gatasjictig384d et fiotincadnation et taatodermetenic by sty gef i 2igctact3900
agatctgeca HaICeR HOACHHIR GRORIBHGHRINGR BEHINCOR0) AdiaialotaaraRgaHac

gagacagagc atgcttgaac tgagggcgta ctgtgctctg4020 tgtggaagtc aaccgacaac ctgtggaatc agttctctce
tgctgtattt gtafdfaitamss BRjigaRRe gty higaget t‘bga‘iﬁl;@tdgﬁc&%@é@&‘tﬁ'&écatgaa4140
gectictgta cefggicasa gaatttigtt tatgecgtgc tatccatact cagtittcag4200 atagcttctt aaacccaggg aactctaatt
tacataaact ctcttccagt actgccagta4260 aggcttggtg gccctatacc ttcagtacct ctgttttgaa aaggaagtat
tgttggtcaas 3 P gtatgtac 6f %fé6&’(&&l&é%&&&f@%ﬁ@ﬂﬁ&%ﬁ%‘?w&ffb@é’&ﬁ&%&% "tgggcacgtc
accaaacacc Tietttgagghgrticaitiheieatiigitc-radigig aagadl A sobtaanapicatitcanal cftogilaaa
tgataaattg ctiitctagc tfgggaatigs C ACCtC tccctc ctetetett thtg a gccaatactg4560
tgtaattt % cagfeﬁg%%#cfg%g%?g%%a?%%gg-c@%t?féE%%%;;gﬁﬁa (& é&%%gfé;oﬁé’é’zztggé%%g tctggectta
agtgcctacg #d4ddtaggffer ntacgtittRP8pagdagh 4680 -0880  dicii gigjardtely 62000t daamgty tctggcatgt
ggtacttgga aagiagccaghr40,sgtgcagata ggatgaacac ttgttitget ctcactccat tcecatgaga tttcataget4800
gactttaatt ataaaaagtc tctcagcctt ttcctgcaaa tgtactatca ttgcttcttc4860 acagtggttg ggcctgagta ggtccagect

atgatgactt cdfE¥lgta agafheympgauixa by aeesptebletavayratietdsiagpincdindad Ry Hcaatttaa

ggcactcgtg4g986 {ARACHNRRIRIGORGAIOMISRANGARACAOFar s HE thillagaalas AraRACAMARD40 tactctgatg
ggaacagatg ggcacccttt tggttggcct tccaatggct ttcctgggec5100 ccaaggtaag ttcecccaggt gaaataaaag

cttccted cSa; ggé%ﬂ%&&t&%%@&ﬁ‘é@- qAtEg LY Gt R G é‘%@@ﬁc;g;; gaaaataaca
gactgtcctt CRISSH T FRteRAGAIT I CHIORG HaBANIgaD RYGABHIHBIYBERIEY cagtgggtaa
aggtgcttgce cgccaggctt ,ggb a%%ccga,%t §tccct aga cc{re\ta}ggéo taagttattc tctgaccatc tgcacatgea
tgcatataca aSS4YKf 4 3‘8 a8 gﬁf’gcé%cad% &Gttc Acda aggctacagc aaagaggaaa gacctagect
cctacctgca5482yptgaagasa yoedgiyega thagisdgict taghadstigdcattipokjtgetitgggbe 5S20 gttatggact
ctgattcttc actgattact cltgatictc cticaggt t 0 c tatggcagg gatatcgtgg
aoctoact g B B ot agcangat
tacaggafica Asthetghetiscateiciedscinsgeitaniissmomyrelistanaebtece aellscreeteraligasghetigg

cacatgggga gifiggiiaar 8l Capeaalodi0ariaar R iadcRRagiiAgR0 UiRRth ROAISABOSIAT0agCtgS820
agttggcctg aacagttagt tggccttatt ctaaaggtca acaltqgttctt tctagtggga5880 attccaaata ggaccctgtg

aaggaatccy EhtBRFAGH ‘ dockie ta%@aca&légf ggtaatagca

g e e SR ]
acctttgacc ceaageoeatf000 (CTIUNTRRG, [HRIY SIIDCIIRIGES A 1BG CHACt I A GACEIYY ccatgcgggab060

ggagaatggt a ttcetc t c tictca c ggattgg
gaaagttgga g%%%cgg@gﬁgg a?&iéa%%%?’cr@%%% aﬁﬁtg%%ﬁﬁ%gﬁg%gg gﬁ%%a hag tgacagtact
ctaggaatag64Qaataaageligigataig (oanangityieaipgtdg ¢hiDasad datitabeetjgtoittagi6 300 aagaactaaa
tacacataca a‘%:c%%g}g%ggs?%t&%t f%? Eﬂ%&%g&%gggr%gc%@%@ggeny, 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-hemologous

end joining, by cleavage at two sites followed by joining so as to delete the sequence
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agtgatgggg gtcttcccat ccaaaagata attggtatta catgttgagg actggtctga6420 agcacttgag acataggtca
caaggcagac acagcctgca tcaagtattt attggtttct6480 tatggaactc atgcctgctc ctgcccttga aggacaggtt
tctagtgaca aggteamacséis40 ctcaccttta ctgcttccac caggcacatc gaggaggccatayagasamissss
aagcaagcgg6600 caccggtacc acattcgagc ctacgatccc aaggggggcc tggacaatgc ccgtcgtctge660

actgggttcc acgaaacgtc caacatcaac gacttttctg ctggtgtcge caatcqcagt6720 gecageatee geattccecg
gactgtcggcaéﬁ%ﬁae?gﬁgvgaﬂaﬁ%ﬁgﬁ & gé%@%%%%%%“&%cnc%%‘ &gaaéﬁlgsfﬁ%s%&?&ﬁ%%eé% gtgacagaag
ccatcgtccy eadatgetitG@d dicaaiganatctiregrdoagoursitectan tdeaanakuvtniatgsane®10> 56 <211> 21
<212> DNA <213z Artificial Sequenc 20> <223> 8. inc, fi el larget sequence: ZFN 12170
<400> 56 ta(éiggélagséuétgg%asge 85%% ltré?f%ﬁ?;esy ﬁ%ﬁéﬂglﬁég% I%HR?F9<213> %%icial Sequence
<220> <223zeemienliyosymelginsizetbxner geting ioneansipelbpnah asphios TPeRief SEUARSF Asn Leu Ser
Thr 15 2009:12:07,8353:0086-40: ST RAd2L Phs §3sp@ <211> 102 <212> DNA <213> Cricetulus

longicaudatus <400> 58 gcaacctttg accccaagcc cattcctggg aactggaatg gtgcaggctg ccataccaac60
tttagcacca alfdééhtgcg ggggﬁ’daﬁ’&dﬁaﬁﬂ% fompositions gsssphes perempliowSorpher <0135
Cricetulus lopgigaHeabiscAadn o8 Ak TReFBe AsmREaduysifia R Ri9 faddwsio forAsn Gly Ala Gly
151015 Cys Leu Thr Asn Phe Ser Thr Lys Ala Met Arg Glu Gly Asn Gl u 202530 <210> 60 <211>
B9 <0175 DRATEDLE) PR S AR D LB LIe SLETG s ARATBIETRS S clone <4005
60 gcaaccttig:acesFaan meatizotyginatigeigcs adisaacttiia CiTa apn6ticestd pguhmggagaatggt
ctgaagfaa89 <210> 61 <211> 83 <212> DNA <213> Artificial. Sequence > <223> Chemically
synthe@zedaﬁf . E%%ﬁaﬁtee’éjfzf&)’gg é’i%%%%%ﬁ{g%‘é’&g&g&@g ‘é}fi{? clé}g%%tlgéc%cé%g%gﬁ ctttagcacc
aaggccatgcegigaggagaa tggtctgaag taa83 <210> 62 <211> 71 <212> DNA <213> Artificial
Sequence <220> <223> Chemically synthesized CHO-S clone <400> 62 gcaacctttg accccaagcc
cattccaact ttagcaccaa ggccatgcgg gaggagaatg60 gtctgaagta a7l Page 17 2009-12-07 8325-0066
40 ST25 (2).txt <210> 63 <211> 73 <212> IMArtiﬁcial Sequence <220> <223> chemically

synthesized £H (QnpeAONFesigA%n & onstruction of ZFNs
15 A, Glutamine Svnthetase (GS) ZFNs
[0124] As the full sequence of the CHO genome is not available, the CHO G§

gene was cloned and sequenced to generate the target DNA sequences for ZFN
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 G§ 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 sequernce; small letters indicate intron sequence; and ZFN target
sites 9372/9075 (Table 1, Fig. 1A and Fig. 4A) are underlined:

5.
atggeactattetgttccttticciceecictgaagacttggeacatggggacttiggttaacaagggtgatgacitaaaagieg

30 ticagggtagaggtaagtagaacaagctaggagetigagitpgectgaacagtiagtigeecttatictaaaggicaacaigl
tetttctag TGGGAATTCCAAATAGGACCCTGTGAAGGAATCCGCATGGGAGAT
CATCTCTGGGTGGCCCGTTTCATCTTGCATCGAGTATGTGAAGACTTTGGG
GTAATAGCAACCTTTGACCCCAAGCCCATTCCTGGGAACTGGAATGGTGC
AGGCTGCCATACCAACTTTAGCACCAAGGCCATGCGGGAGGAGAATGGTC

35  TGAAgtaagtagettcetctggagecatctttatictcatggggtagcaagggetitgighiagepiigggaaagitggactt
ctcacaaactacatgecatgetcttogtgtttgicataagectategttttgtaccegtiggagaagtgacagtactctaggaat
agaattacagctgtgatatgggaaagttgtcacgtaggitcaageatitaaaggictitagtaagaactaaatacacatacaag
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gcaacctttg accccaagct gccataccaa ctttagcacc aaggccatgc gggaggagaa60 tggtctgaag taa73 <210> 64
<211> 42 <212> DNA <213> Atrtificial Sequence <220> <223> Chemically synthesized cHO-S clone
<400> 64 gegackiii@asgecaagcc cattcctgta ccegttggag aad2 <210> 65 <gdtrdaesddzbigsDNA <213>
Artificial Sequence <220> <223> Chemically synthesized CHO-s clone <400> 65 gcaacctttg
accccaagcc cattcetggg ctttgtgtta gggttgggaa agttgbs <210> 66 <211> 75 <212> DNA <213> Artificial
Sequence W@E t@ﬁéﬁ%ﬁﬂ S C1RSSS P @n e geusgR At &t ggtgcagg
ctgccatacc FRSHESHEY @é%é@@a @%&%@f&%ﬁﬁ&aﬁé@f@g@f@@%i@% <212> DNA
<213> Artlflt‘fﬂﬁg:é%ﬁj%ﬁééc 8258 NPsBthesized CHO-S clone <400> 67 gcaacctttg
accccaagcc cattccagga atggtgcagg ctgccatacc aactttagca60 ccaaggccat gcgggaggag aatggtctga
agtaad9s 2008-26]-07 832Bi0flag ks Fok ZF[H)A%e aﬁiﬂﬂ@ﬁ)&z]ﬁ@s}iﬁ)@rﬁmw,ﬁlb Cricetulus
Ionglcaudatu 400> 68, gcaacctttg a cecaaqc catt a tgcaggctg ccataccaac60
tttagcacca ag%écgtéu é gg;!a(g alt(étga gﬁ‘fgtgaagtfaﬁb %Bg%aﬁ%%6 <212> DNA <213> Atrtificial
Sequence <HAGZ]<223> GhadditatlyZyNtiagizted @H@Mhmmekwmg drsegronittg accccaagec
caticelooy apiaisan SUUREASRIaan a0chRAFARI0 CaIIAIENANGRAARITRIEU aagtaadt <210>
70 <211> 48 <212> DNA <213> Artificial Sequence <220> <223> chemically synthesized CHO-K1
clone <400>sqgssacentliadesdadigle 9B SeeeTagRaght wﬁﬁb&ém@@%gé@?l <211> 94 <212>
DNA <¢d 3> Aificiel A8 geNce) siLltaediads Chemically synthesized CHO-KI clone <400> 71
gcaacctttg accccaagcc cattccagaa tggtgcaggc tgccatacca actttagcac60 caaggccatg cgggaggaga
atggtctgaa da94 <210> 72 <211> 106 <212> DNA <213> Atrtificial Se%ence <220> <223>

Chemically %ﬁ%ﬁ%@&tﬁfﬁ@%%ﬁ%@@ﬁﬁﬁcﬁ ReHeeH %@g{g’%‘%ﬁi’ggctgg

”%

G L é
soron SR
ggtggcacacacctttaatccc:agcac?cgggaggcagaggcaggcagat%ctgggzgggtcgaggccagcc ggtcice 9

<220>
220 agatigagtgccaggataggciccaaagetacacagaaaccgtgicicgaaaaacaaaacaaaaaaataaaaaaaaaaat

ccottaactageccaacctacaagggatgatctitgictaactatgaactitaaaccictigaaageagagtgaataatgeactt
caataatgtigacticcaaaggagagaccaccacacegticectgigeetctiacgeaaticctgeaggggaceccettcag
agtagatgttaatgasatgactittgtctctcCAGAGCACCTTCCACCATGGCCACCTCAGCAA
20 GTTCCCACTTGAACAAAAACATCAAGCAAATGTACTTGTGCCTGCCCCAG
GGTGAGAAAGTCCAAGCCATGTATATCTGGGTTGATGGTACTGGAGAAGG
ACTGCGCTGCAAAACCCGCACCCTGGACTGTGAGCCCAAGTGTGTAGAAG
gtgageatgggeageagcaggacatgtgeciggaagtgggcaageagecigagattigaceticctietgtitigtitgeaa
agictttcaaaagceaggtctcticaggectcagicagicaccegiaagetgecgagtagictggaggeatagaaaacaatgg
25  aggectttatttagatggaatetigtgtgteciggtacactgaagaaaaatatiggetcatattigtagggggtpgoappitop
agtatigectaacctagecaaccecaggaacctagtitgazagacetgtaactagaatatgetatcaagtitatagagcagisgt
tctcaacctttcaaatgetitacacttgaatacaactecteatgticiggtgattaceeccatcocaaccattgetaacticttaact
gaaatticactactgectacgaatcataatgiatetgtgtittiggategictiaggtgacecctgigaaagggtigigagaccate
ctcaaaggeptigicacctacaggtigagacecttitgagtgctgtgttiattagtatttatacagtggaatictggeigcaaayg
30  cacatgctccaaagtagttictctgggactggecatitgtittcgatgggeatctittaaaactigcaaaggaaccaaaaaaaa
aaaaatgcagaaaaaaggagetgggogagigeacgoctitaatcecagtactigggagecagaggeageoggatetctg
tgagtitgagaccagectggtctacaagagotagticcaggacageciccaaagecacagagaaacoetgictcaaaacaa
acaaacaaacaaaaaaattanaaaaaaaaaaaactitcaaaggapaccigtttiatittagtigtpacctitgtitiggtagpaa
gggcagctagtttaggatgaptitttatiatictaagatgtigeegitig-3° (SEQ ID NO:31)

35
[0128] ZFNs targeting the CHO G5 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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- <223> Chemically synthesized CHO-K1 clone <400> 73 gcaacctttg accccaagcc cattcctggg aaatggtgca
ggctgccata ccaactttag60 caccaaggcc atgcgggagg agaatggtct gaagtaa97 <210> 74 <211> 77 <212>
DNA <213>vwitifigistsseguence <220> <223> Synthetic oligonucleotide useghinBkitnRsgenotyping
analysis <400> 74 aacggagacc ttccctggec aatgctcagg tactggetge agcaccaccc cccggacttgb0 catgggtagce

cgctgag77 <210> 75 <211> 34 <212> DN

oligonucleotfde UREE feBERiRbEHY§ Hy

BT

Sequ

B!

tgag34 <210wevbusaill> 73 <212> DNA <213> Atrtificial Sequence <220> <223> Synthetic
caatg ctcaggtact

oligonucleotide used iri,BHeF Y genot

ence <220> <223> Synthetic
@%ﬁ%@l"ﬁ@c‘@taﬁﬁe gtagccge

ing_analysis <400> 76 aac C
ggctgcagca : M@%@raﬁloﬁfii% az’g‘g%%fﬁﬁ S62212>DNA<213>
Artificial Sequengg,sideBrs23> Synthetic oligonuclebfide used in DA¥R gemotyp ig analysis <400>
77 aacggaghcc ticcetggct ccecegatgag30 <210> 78 <211> 38 <212> DNA'<213> Artificial Sequence
2009-12-078325-@68G 83 ST25) (2JHSAXR0> RIBM.B8Hrifielic ol tide USSHRCKDHFR
genotyping aﬁ%éi?ﬁé‘ée R&CHEctgglt Yeatyggta ¥y 38| SEDD P25 1> 76
<212> DNA; tictar-Seguence—<220>-4223>Synthetic oligontucteotide-used-nDiF
genotyping analysig-r428% 79 ag cgmg@tcam@ﬁ@gce@@@ t cagetasigg ctageasgameccecggact60
tgcggtagec getfERasSItoe@Ghtq23aS BONC2H2> DNANOZES> AnHiitallSenaen (REGIP8S:3023>
Synthetic oligontfE8d8dOERd in DHER genotyping i 00> 80 aacggagacc-ttccetggea
tgggtagpcg ctgag3 329]495 81 <.211> f§&2> B g Eér |f|c&?§ guenge %&QD&%# 3>
Synthetic oligofyetepAdedisefyin ONPINGAIB SIS <H¥Enge REGAYERRICIReLigrCC
aatgctcagg factggetgmagragcacec cccggacttge0 cectgte6 <210> 82 <211> 63 <212> DNA 213>
Artificial Sequence <220> <223> Synthetic‘%lig pnucleotide usefd in FUT8 geng analysis <400> 82
aaaagagtgt ptctgaéEdcdatgaccdt tcgﬁi'tﬁé . ga@ﬁﬁﬂaaq% ES BR0LGT63 <2 PESHYUS 11> 18
<212> PRT 28 Cz&(g‘ 1) é%(iﬁeﬁ% 49?&&:223>D§'y tHetic pepuae J&8d3h PETE gl\(l-:- &> halysis
Page 21
5 C.FUT8 ZFNs
[6130] ZFNs targeted to FUTE were designed and produced as described m
U.S. Senal No. 12/218,035. For experiments described herein, FUTS ZFNs
designated 12176 and 12172 and shown in Table 3 were used.
Table 3: Exemplary zinc finger nucleases targeted to FUTS
ZFN name
Terget sequence F1 F2 F3 F4 F5 F6
AAGE aGeaT2 | RSDNLSY | QNATRIN | RSDHLSQ | QSATRTK |RSDNLSR|RNDNRKT
CARAG (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 | RSDNL3SA (RKDTRIT
AGAAGBGTCATC  seq b | (st | (SEQID | (seap |(seam | A
(SEQ ID NO:50) NC:3) NO:51) NO:52) NQ:53) | NO:54)
ARG A \AG| RSDNLSV | QNATRIN | RSDNLST | QSATRTK |RSDNLSR| RNDNRKT
ACAAAG (SEQID | {SEQID | (SEQID | (SEQID | (SEQID | (SEQID
(SEQ ID NO:56) NO:45) | NO:48) NO:57) NQO:47) | NO:#48) | NO:49)
10
[0131] Plasmids comprising sequences encoding the above ZFNs were
constructed essentially as described in Umov et al. (2005) Nature 435(7042):646-651
via fusion to wild-type Fokl cleavage domains or obligate heterodimer Fok] cleavage
domains described in U.S. Patent Publication No. 2008/0131962 and Miller er al.
15 (2007) Nature Biotech. 25:778-785.
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2009-12-07 8325-0066 40_5T25 (2).txt <400> 83 Lys Arg Val Tyr Leu Ala Thr Asp Asp Pro Ser Leu
Leu Lys Glu Ala 151015 Lys Thr <210> 84 <211> 59 <212> DNA <213> Atrtificial Sequence <220>
<223> synthgticeligessugleotide used in FUT8 gene analysis <400> 84 apaagagigdaieiggccac
tgatgaccct tcttaaagga ggcaaagaca aagtaagtt59 <210> 85 <211> 58 <212> DNA <213> Atrtificial
Sequence <220> <223> Synthetic oligonucleotide used in FUT8 gene analysis <400> 85 aaaagagtgt

atctggecac thxtgmRted nESAdh dpditicrpen ol Fpdegrrs 990> 86 <211> 64 <212> DNA <213>

Artificial Sequespe <220>s 228mSyatheitaelGorgteatidENsechiiffed TR gedwanaly§is <400> 86
aaaagagtgt atctggccac tgatgaccct tctitggtta aaggaggcaa agacagaqtac0 agtted <210> 87 <211> 67
<212> DNA Qi'i%%; %ﬁ?l%fjésl’ ?ggﬁeﬁ%lé %Sggﬁ >’7§)Pﬁ?f1?é |ce§hf§8%té fe}%t‘rliageﬁse% in FUT8 gene
analysis <4Gﬁm8fécawaw’gmumowacm@@mm&wﬁgﬁﬁﬁﬁwaam tbaapprecaiai6c0 gtaagtt67
<210> 88 <§z"g§g %s%fazé%%?s RNE fakte el fRsAoRgIcad 8&{%’9&&&% fidepofRes 40_51-25

(2).txt <400 gggtgatga cttaaaagtg gticagggta gaggtaagta gaacaagcta ggagcttgag60 ttggcctgaa
cagttagttg geettimng magijonac Gtfictteeltagrayinmtl SO peaaRatEyFacedigigdsialitccgca

tgggagatca tglglaagig fareotitcalso tettgcatcyg agtatgtgaa gactttgggg taatagcaac ctttgacccc
aagcccattc240 ctgggaact aaétg%tgca ggctgccata ccaactttagg%acgaa cc %%cgggaggBOO agaatggtct
()

gaagtaagta §t&¥ictg gadde et tatticEs SHRYGARIB 6 JURGteAn GttditaCaagttggact tetcacaaac
tacatgccat geigfieaiat2Q thegtoatan- gastaicgt-Hghacaoghigdagdagioragagiagiplaganaiagaad8o

ttacagctgt gatatgggaa agttgtcacg, taqggttca518 <210> 89 <211> 70 <212> DNA <213> Atrtificial
Sequeﬁge <§’2‘6>?§)éf§’§gé%fﬁ%%cc qbptfﬁléﬂ%é% &%@%ﬁ%&?%&g < d‘ée‘éed’ﬁfgct%%%?;ca acctttgacc
cca_la_lgcccat Iﬁchgggaacgggawggig&mdmeﬁﬁ gmamﬁt?@igm 90 su2iehisi 0 <212> DNA <213>
Aviical Sequapce 2207 <23 Sl sevenca sanlaing ZENGNR w4903, cacgtagta

tggcagcctg caccattcea gttcccagga a gg ggtcaaaggtoO tgctattacc/ 1<211> 90 <212>
DNA <213> rificiabSeigmenteds? 20 8D Bgi8iamitrstiendddlishpplewsulipsgn st quencing of

genomic GSlogus from £k Niansiested 618,508l dpAAgRAR RRHINRCECCaAAgRRCalt cctgggaact
e o Ty controlled snaker aoubator ATR. meo Laurel, Meryiand) at 125~ >
rpm with 5% CO; at 37°C.
[0134] Adherent cells were disassociated from plasticware using TrypLE
Select™ protease (Invitrogen). For transfection, one million CHO K-I cells were
mixed with 1pg each zinc finger nuclease and 100pl. Amaxa Solution T. Cells were
20  transfected in an Amaxa Nucleofector '™ using program U-23 and recovered into
I.4mL warm F-12 medium + 10% FCS.
[0135] Genomic DNA was extracted from the ZFN-treated cells using the
Qiagen DNeasy™ kit (Qiagen, Inc.), the target locus amplified by PCR using the
appropriate primers for the region of the GS locus targeted by the ZFNs, the PCR
25  products 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-1 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 sampies were resolved on a 10% TBE polyacrylamide gel, stained with
30  ethidium bromide, and the DNA bands were quantified using densitometry. The
frequency of NHE] was calculated as described essentially in Miller et al. (2007),

sSupra.

39



2009-12-07 8325-0066 40_5T25 (2).txt <220> <223> Synthetic sequence resulting from sequencing of
genom ¢ GS locus from ZEN transfected cells <400> 92 gtaatagcaa cctttgaccc caagcccatt cctgggaact

ggtggtgcag getgraakassd caactttagc accaaggcca tgcgggag88 <210> 93 st ps@&hwakdax DNA <213>
Artificial Sequence <220> <223> Synthetic sequence resulting from sequencing of genomic GS locus

from ZFN transfected cells <400> 93 gtaatagcaa cctt caagcccatt cctgggatgg aatggtgcag
gctgccatac6tPt3bhtttage ﬁéﬁ?&@%&%&d@%géa’ﬁ%ﬁ%ﬁsﬂi%ﬁ%%@iﬁo S’<§ 3> Artificial
Sequence <z 47337 SynhBECEBROpENER IRk N3N SeqhZabirtg) oS gennadicnGS locus from
ZEN transfected. cells <4Q0>, taatagcaa cctttgaccc caagcccatt ca atggtgcagg ctgccatacc
aactttagca cwaé%%aéﬁ“g°§§8£g“g§1@%§%’%ez§E%% <§T§§ f;lﬁ}& %59 AY iﬁré%%gé%ﬁence <220>
<223> Synthétigae uenctmes fitingrzeiessege dnoiagsdbf ehumics@SelooUuSHOH ZRNstransfected cells

<400> %5 gtapianean callases Sa3geasRlCHlAoARIa BookasRAN ClasRnIAGe AaGlAgea coaaggeca

gcgggag <2 <211> 12> DNA < cial'Sequence <220> <223> Synthetic sequence
resulting froraBé§aehends 36 Y Eataerd G 1eeud) fiest bR mraddieetion eE%<f00> 96 gtaatagcaa
cctttgacce caggarsathestoggaact ggggtgcagg ctgccatacc aactttagca ccaaggccat gcgggac 2009-12-07
8325-0066 40 $T25 (2).txt <210> 97 <211> 86 <212> DNA <213> Artificial Sequence <220> <223>
Synthetic selflléfte resulthBEERBENIENGREFH GRS EEIoE0S ErEsRN Fah S ted cells <400>
97 gtaatag ca&g@t&wq&amnae@m@&%@mlge iUerathstapiastitageaccaaggccatg
cgggag86 <210> 98 <211> 86 <212> <213> Artificial Sequence <2 <223> Synthetic
sequeglé’e re ﬁ%f%ﬁ?%%ﬁ&gﬂﬁﬂzgo 8%3@176%? lééﬁgﬁfg PR 2B fr&nstectad: %Seﬁfsag]400> 98
gtaatagcaa getilgadbéLamgocchitsocigbtgfadi§ythopaymtcddtacetldd safttergedc caaggcecatg
€gggag86 <210>,99 <211> 86 <212> DNA <213 ifigjal Sequence <220> <223> Synthetic
sequence re?ﬁ%?ﬁﬁ%g?ﬁuitgd‘sﬁ%ﬁgfnaéﬁ ggg%e%em%él% gI%c%’s from zFN transfected cells Z400> 99
gtaatagcaa cctttgaccc caagcccatt cctgggaatt tggtgcaggc tgccatacca actttagcac caaggccatg cgggag 60

. 86 <210> 10R, 5614 3:%8 eneration of GS-negative cell lines

15  [0138] To generate CHO cell lines lacking G, single-cell derived lines were
isolated by limiting dilution from both the CHO-K1 and CHO-S transfected pools

described in Example 2. Sequencing of the ZFN target region revealed that 17 of 54
CHO-S 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
iines, sequencing analysis identified 18 of 50 (36%) had at least one disrupted G
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 biot 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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<212> DNA <213> ArtificialSequence <220> <223> Synthetic sequence resulting from ZFN
transfected cells from sequencing of genomic GS locus <400> 100 gtaatagcaa cctttgaccc caagcccatt

cctgggaaaa {pgtghages igccatacca60 actttagcac caaggccatg cgggag86 <pdzademaskts 85 <212>
DNA <213> Artificial Sequence <220> 2009-12-07 8325-0066 40_ST25 (2).txt <223> Synthetic

sequence resulting from sequencing of genomic GS locus from ZFN transfected cells <400> 101

gtaatagcaa EEteigHckbceRagR ctsalt R qite choyede bedsrsdsniRa gliem Eygecatge gggag
<210> 102 sgpireBénaitdr ¥t yartld> Artificial Sequence <220> <223> Synthetic sequence

resulting from sequencing of genomic¢.GS locus from ZFN tran fecteg1 cells, <400> 102 gtaatagcaa
cctttgacce ciéllg‘%gcatt cct%ﬁ oh rg‘gﬁggg{g £ té’&%?&%ﬁ?aéﬁﬁ%é’ %8&%9[%%?@%%5’5&21% 103
<211> 84 <2laredDiAcadiBedAvtfital fiaquenemsa? Ora<h2BicAinidticdsquendéeaesulting from
sequencing of.genomic. G locus rom ZFNanslerlad el 40021103 dlaaiancan etioacce
caagccdatt Ceiggaaty gigcagycld ceataceant ttagcacea agyceatged 9gag <210> 104 <211> 83
<212> DNA ingngivelytificiafiSeguéneeko@is. 4B23> Synthetic sequence resulting from sequencing of

genomic GSygys from ZH baRsiented celis<4003 5":% Qlﬂﬁ%gﬁﬁssﬁiﬂgﬁ%s% gagegalt cctgggatgg
tgcaggctgc catacCaact ttagcaccaa fgsgccatgcgg gag <Z210> 105 <211> 83 <212> DNA <213> Atrtificial

Sequence <2gtEaedp i BiRsEREEIS SeriliarEne SRy BRI SublinEiAg BIYehntié GS locus from
ZFN transfeiafs&lkindPCi™ 1SV grown under similar conditions). Subsequent removal

10 of L-glutamine resulted in immediate cessation of cell growth and a rapid loss of
viability (see arrows in Fig. 1E). Transient transfection of 2 human IgG antibody
expression construct confirmed all three GS™ lines supported comparable transgene
expression levels to those obtained with the CHOK1SV line.

[0143] Taken together, these data confirm the successful generation of

15  genetically and phenotypically validated S knockout CHO cell lines.

Example 4: Generation of GS-DHFR double knockout cell lines
10144] 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 ZEN9461/ZFN7844 pair {argeting exon 1, or the
ZFN9476/ZFN9477 (See Figure 7B and 7C) pair targeting the intronic site alone
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gtaatagcaa cctttgaccc caagcccatt cctggaatgg tgcaggctgce cataccaact60 ttagcaccaa ggccatgcgg gag83
Page 26 2009-12-07 8325-0066 40 5T.25 (2).txt <210> 106 <211> 82 <212> DNA <213> Atrtificial
sequence <¥aP20rRE&3xsynthetic sequence resulting from sequencing ofrgamgsmics@Bdacus from ZFN
transfected cells <400> 106 gtaatagcaa cctttgaccc caagcccatt ctggaatggt gcaggctgec ataccaactt60

tagcaccaag gccatgcggg ag82 <210> 107 <211> 82 <212> DNA <213> Artificial Sequence <220>
<223> syntHEHER 4T BHEKSBUAHAY ﬁ%@ﬂegétfﬁgﬁg?ﬁé’éoég%?ﬁ@é;sﬁlbo&ﬁ % %I‘:‘ transfected cells

<400> 107 gigaiaggaaeiligache GSAgetChieMIgIuIR g caggcigtecataccbettclEgcaccaag

gccatgcggg a§82 <2%9§c§50/8c§ﬁjr%1>e ﬁ% r<6%LJﬂ e>d.l?n <213> Artificial g%ePe&C%<220> <223> synthetic

sequence ré’suﬁﬁr%t?rom sequencing of genomic fBRGE oM ZEN Transtected cells <400> 108

gtaatagcaa eutiiyhcsmogageattraigtyyit chggergecd tadd b tieb0ioy od ensespytstgcggga 981
<210> 109 %%&J@%é%%&%%ﬁﬁ%%ﬁ%ﬁ%ﬁ PROUEHEESE 6BMRWIUIGHG SeaHSnEe resulting from

sequencing of genomic GS locus transfected cells <400> 109 gtaatagcaa cctttgaccc
caagcccatt cstoasaet g§lyetatictleleccent o heered aahgrdrageuptirgel LNo¥ae0 <211> 80

<212> DNAszdda Al tifioal sequemee $820> <223> synthetic sequence resulting from sequencing of
genomic GS locus Page 2 009-12-07 8325-0066 40 _ST25 (2).txt from ZFN transfected

7
cells <400> D168 taatagchiPBEaE SEMSAGREH e RGN A G5 RhR & &880 60 geaccaagge
catgcgggagdesxdd@hd tlpsaid 2xéGied bdthb MeddSpevtificimb JHquenge: si20Fig28B> Synthetic
sequence refﬁltirhg%fro sequencin of?e%omic GS Ioctl{g from ZFN g_ﬁnsfecte cells <400> 111
gtaatag}gaa ?'tﬁ L% alﬁlé%cfc‘é"i’fi% ?@5 élc 6%&‘@%‘6’&% c%%\ué}ffé{)gnc% a%%%glélﬁcca tgcgggag78 <210>
112 <211> FhreaAoriNénd 28 zohsiifieiavEdihersep sc220mal 28s2r8yntheticiskEgoence resulting from

sequencing gﬁ Senon igc%%}ll%q\tjlﬁérjo%élgI\lréglacgssfected cells <400> 112 gtaatagcaa cctttgaccc
caagcccaaa atggtgcagg ctgccatacc a ctttggca ccaaggccat gcgggag <210> 113 <211> 75 <212> DNA

<213> Artifid@]‘@équence&hﬁﬁ}feﬂ derived lines were 1solated from the ZFN-treated pool in
Fig. 2C Lane 7 by limiting dilution. PCR-amplification and sequencing revealed 9%

15 (18 of 200) of the cell lines possessed the expected ~240-bp deletion. Four of these
cell lines (2% of all lines screened, 22% of all lines containing the deletion) were
found to harbor a biallelic mutation in the DHFR gene (Fig. 213). Cell line 2B12.8 1s
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 1F¥1.6 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 (S 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-



<223> Synthetic sequence resulting from sequencing of genomic GS locus from ZFN transfected cells
<400> 113 gtaatagcaa cctttgaccc caagcccaat ggtgcaggct gccataccaa ctttagcacc aaggccatgc gggag
<210> 114 <23 tmddssai2> DNA <213> Artificial Sequence <220> <223pGymthiineaerience
resulting from sequencing of genomic GS locus from ZFN transfected cells <400> 114 gtaatagcaa
cctttgaccc caagcccatt cctgggcetge cataccaagt. ttagcaccaa, tgc ag 2009-12-07 8325-0066
40_ST25 (2)1.%%?%‘2%6@[@fg‘?‘ib‘ﬁ?%i?ﬁza%}ﬁ%&” ﬁﬁﬁ%ﬁ%@%ﬁéﬁ&@@iiﬁé 573> Synthetic
sequence resiitingroRangteineigenopie GG dausdwth FrNARansfected cells <400> 115
gtaatagcaa ccc ctggaatggt gcaggctgec ataccaagit tagcaccaagb0 gecatgce ag72 <210> 116
<211>70 <§§£%9ENA <2 %éga?f%%ﬁgggﬁ%éﬂ 2% {;ngécg%;g@%rﬂ%%gosnﬁqrglesﬁgg resulting from
sequencing fihgenmrhiosed leehGHemt IR antfetted cdllbned 0034 26d@Batagcaa cctttgacce

cangoogal agpdgcal aCraacin AAERRDNN0 AAKSARIAI TR AT AL A7 212> DNA

<213> Artificial Sequence < z hetic sequence r_gsulting from sequencing of genomic GS
locus from ZFgemaeftptend cditsctaoioslly validagthGea AR adeeWa kyeekeiiddHeefitata ccaactttag
caccaaggccff).atgcgggag69 <210> 118 <211> 69 <212> DNA <213> Artificial Sequence <220> <223>
Synthetic sequence resulting from sequencing of genomic GS locus from ZFN transfected cells <400>
118 gtaatagcaa cctttgaccc caagcccatt cctggccata ccaactttag caccaaggec60 atgcgggage9 <210> 119
<211> 59 <Pl A:<&t3erAisichr Grouerrer 2P uript Rrookok el Eaguence resulting from
sequencing of genomic GS locus from ZFN tr g%_ ells, P 29 2009-12-07 8325-0066

20 5158 (Oft8Ti005 110 PR ML AR LR RS RS ECIREs atoounuagso
<210> 120 RhptROGY 2B MNAHR L3 atiliEiab Saquencihe® 20 .82283aBynthetic sequence
resulting fro U&E?:i of genomic .GS locus, fro ransf | <400> 120 gtaatagcaa
cctttgaccc cgbaéilgéa t‘g%& a&q acc a{%%%{:eg%g%%ggngégt%E<%Sfoogc égﬁi@%%@é?é&g 2> DNA <213>
Artificial SedUBRca 4220:pre2siGe S protrt thesapsanice sasiin thiroaieserUmting engermic GS locus
from ZEN tr%fﬂﬁ%@%&@%ﬁ%}o@éﬂ?ﬁ&ﬁ% CPROBRIRFRAAFAIAGFARE WAYC accaaggeca
tgcgggags8 <210> 122°<211> 41 <212> DNA <213> Artificial Sequence <220> <223> Synthetic
sequeride resliRRsY AN SEPNTIRRNG BPREHBIICOESISISHERNY BIR i ghiyrdesigtieShe

CHO FUTS gene is such a target encoding an al,6-fucosyltransferase that catalyzes
the transfer of fucose from GDP-fucose to the core GlcNAc of N-linked

oligosaccharides. Point mutations of amino acid residues in the highly conserved Fut
motif II encoded in exon 10 result in the inactivation of the FUT8 enzyme.

20 [0154] Thus, we cloned and sequenced the region spanning FUTE 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 himiting

25  dilution from this pool.

[0155] C. griseus FUT8 was not detectable using commercially available
antibodies, so we further assayed o1,6-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 FUTS 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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<400> 122 gtaatagcaa cctttgaccc caagccaagg ccatgcggga g4l <210> 123 <211> 90 <212> DNA
<213> Artificial Sequence <220> <223> Synthetic sequence resulting from sequencing of genomic GS

locus from Akdlransfeated cells <400> 123 gtaatagcaa cctttgaccc caagegcatisecig@gaasy tggaatggtg
caggctgccab0 taccaacttt agcaccaagg ccatgcggga90 <210> 124 <211> 90 <212> DNA <213> Artificial

Sequence <220> <223> Synthetic s nce resulting from se cing_.of omic &S locus from
ZEN ransiolitfbells 2868197 B3B5M0RE HOS DB oS DAdbC ITBAMEGME cottgacee
caagcccatt Mg@gmb@ggmwgt?)ﬂg@gl atjonaflgecoactitagsat caﬁg@f&mggago <|210? 125
<211> 90 <212>DNA <213> Artificial. Sequence 220> <223> Synthetic sequence resulting from
sequencing%lig%e?’nc)r‘n"’i’c%l 1(3113 O%)l?% rg%ﬁé‘ﬁql{leﬁié% ecte %Eﬁllss 514[5%2“ g‘sl %?gg%é%c%gﬂéctttgaccc
caagcccatt éﬂtgggaam@gma@glghgg}gﬁmdaﬁ@@ﬁe&@&ttﬁé@cé&s&e@f@b@ﬁ@%ga% <210> 126
<211> 90 <aheerfbliiz2a8r AU REAUC IRO/FRERVER 2l AU ANEHG ARIMPRAGGRIING from

sequencing of genomic’GS locus from ZFN transfected cellS <400> 126 gtaatagcaa cctttgaccc

caagcccatt &t§Eartgdinssiih e MbdcBuhaichaiit B calumadieat]¥ggga0 <210> 127
<211> 93 <212z INA 1wl s ALHiCIoHPRAURAER 5201 padwtypM) iReicsReauansauIapidting from

sequencing of genomic GS locus from ZFN transfected cells <400> 127 gtaatagcaa cctttgaccc

caagcccatt 68%5’6@QggtFé\é[E&ﬁ%&’%ﬂﬂ%ﬁ@llﬁ%aHQFﬁ&cH@c%‘?i‘%ﬁ%ﬂ 35'8Kg93 <210> 128

<211> 94 <233zbNAei 2thdxvAd tifigialohesue acen sAB0R 51 23vBy rihedicdegnenreatesulting from
sequer]g)ing of genomic gs locus from ZEN t{ "P <400\§h}518 taatagcaa cctttgaccc

ted c
caagcc att & éﬁlé%%frbe &‘i&b%%‘ %Tﬁgéegg%{ﬁ%%ga% ?%c %gacacca é’éé?:a gcg ggag94 <210>

129 <211> Ypahaexld: 05188 26:006624(8 ST (@ymmmomm&m Mificial Sequence <220>
<223 Synieli Seencs LESUING R RONSRENGRLOSONIE SSIPEURian, GFN transfected cells

<400> 129 gtaatagcaa ccttigacct caagcccatt cctgggaact ggactggaat ggtgcaggct gecataccaa ctttagcacc
aaggccatgc gngla. <pubks aBbtrplEizegkaoakppi A BRI SHnpaME snewgereA @ Ne20> <223> Synthetic
sequence resulting from sequencing of genomic GS locus from ZFN transfected cells <400> 130

gtaatagcaa cctttgacce caageccatt cctgggaatg ggatgggaat ggtgcaggct gecataccaa ctttagcace
aaggcdatgc Eample fo-Genpragippo ﬁﬁ%ﬁg‘wg’ iR AP SEEdIB990> <223> Synthetic

sequence regking from seguencingikehoeNPRie s doousfinaied b doassiasted cells

administration of inactivating ZFNs. In particular, K562 cell lines in which CCRS,
glucocorticoid receptor (GR) and PPP1R12C (also known as the adeno-associated
virus integration site or “44VS7") were inactivated were also generated by

20  simultaneous application of ZFNs targeted to these loct.
{0158] ZFNs targeted to CCRS, GR and A4VS] were generated as described in
U.S. Patent Publication Nos. 20080159996 (CCRJ); 20080188000 (GR) and U.S.
Application No. 12/150,103 (PPPIRI2C/AAVSI). Schematics showing the ZFN
binding sites in portions of these genes are shown in FIG. 10A. The CCRS gene

25  contains 3 exons, the coding sequence (CDS) is located within exon 3, and the CCRS
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 A4V8I ZFN target
sequence is located in the middie of the 44VS/ 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 (EL/KK} of the
catalytic domain of Fok I were transiently co-transfected into K562 cells, and the
modification frequency at CCRS (left), GR (middle), A4VS] (right) loct was

determined by the Surveyor™ Nuclease Assay 10 days after transfection,
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<400> 131 gtaatagcaa cctttgaccc caagcccatt cctgggcttt cactggtgag ccatggtgca ggctgccata ccaactttag
caccaaggcc atgc <210> 132 <211> 94 <212> DNA <213> Artificial Sequence <220> <223> Synthetic

sequence regdgtingfragsequencing of genomic GS locus from ZFN transtegiedaedssségd0> 132
gtaatagcaa cctttgaccc caagcccatt cctgggaact gggggceccca taagccctgt ctcatggtge aggctgecat accaacttta

gcac <210> 133 <211> 572 <212> DNA <213> Cricetulus longicaydatus <400> 133 aagcagc
gocgggegac ERERIVEY Ot CaANEH JEK e I GRL BB 6T &‘g@&%&b%ﬁ%&%’é‘%ﬁg@ ccatg
gttcgaccgc tgardigamatagicgccgtgl20 Page 32 2009-12-07 8325-0066 40 _5T25 (2).txt tcccagaata
lggeateqg Gaagaacaoa gacqliccel gdcsanlart cadgiaelaal i cggaliane lidgaange, caaggedt
cgctgaatcg ggtcgagceac ttgg§ggaga cgcgcegggcec aactac gg ggacagtcat gaggggtagg cccgccggcet
gcagcccttg3oaeetatgyRigRegetgatrengaeigtponayobitgicsoabrbganes tdmpetiey8360 agcaaagtcc
ggteactgoy caoLACaAnE SECCagAel! 96RIGNTIANGRITEATIARD A0PYRFINAY CACRRUIBRE agggtecety

ttaacgcagt gtttctctaa ctitCaggaa480 cgaattcaag tacttccaaa gaatgaccac cacctcctca gtggaaggta

atttggggtts 40 dagBtdalg attHay ot taefall &/ A0 rreepamnimg <Dha BED pemers ¥R <213>

Artificial seqyaieR FRAQRRAIT ANPISULSSUHRACEI RRIRINKY 2ENESA4 54QR% 134 gtcgecgtgt
cccagaatat gggcatcggc ae%lggaapggag accttccctg gccaatgetc60 aggtactggce tggattgggt ta82 <210> 135
<211> 82 <STPSISREAUD S RTicial sequence <220> <223> Synthetic sequence containing

ZFN9461 <400s1 135 taacueaatCaeagosagintcigagratgligecag Jgbraigtalcepitedtgccgatge60 cecatattetg
ggacaﬁ gcg ac82 <210> 136 <21é> 81 <212> DNA <213> A[g?’%il Sequence 3{2{%)(? <223> Synthetic

sequence CSH%‘H?H& HRGH7EES &Ofgét%rggg%@fs c%agt‘élg%: dggc agcacscgt TCEchgactty catgggtage

cgctgagatgﬁ@zgagﬂatgagmac&egmgélé@gg@mzh@&rﬁﬂﬁsﬁﬁiﬁ@ﬁ]bmmmm 94 Smghetificial sequence
220> <223&1%%’9&:@8&'&%%%&B;W%&@%%&A%él&fﬁ?%&%@Q%i?e%l%ﬁ%@e‘?éo‘)% 40_ST25

(2).txt ctgtcacgtg tgctcaggct ceatctgage ggctacceat gcaagtccgy gggatggigce0 tgcccagtga ceggactity
c81 <210> lgentifigd ss IR KO Ip-GINICR2 TR afriificiadmrsiraine kpthe>CEIAO syhinktic sequence

resulting fropseqgncng &l aangnic RUGR ecHs oo Zahlirenriested selik M0xL38 atcggcaaga
acggagtacct tccctggcca at ctca%iactggct gil ggg cactg60 ggcagcacca ccceccggac ttgcatgggt

agccgctag HGEAYERYyHIH YR Amangded A £loggs opsnBreRs54 8 HpglichPsequence

clone was identified, seven GR single KO clones were identified, whereas no attempt
was tried to identify A4 VS] single KO clones. One CCRS5/GR dual KO clone was
identified. Two CCR5/AAVSI dual KO clones were identified. No GR/AAVS! dual
KO clone was identified among the 144 clones, though it is very likely that a

20 GR/AAVS! dual KO clone might have been identified if more clones were screened.
One CCRS5/GR/AAVS] triple KO clone (B17) was identified.

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

CCRS GR AAVSI
Total Clones screened 144 144 12*
Total KO clones 5 g 3
Singie KO clone _ 1 7 N/A
CCR5/GR dual KO clone 1 1 N/A
CCR5/4AVS1 dual KO clone 2 N/A P
GR/AAVS1 dual KO clone N/A 0 0
CCRS/GR/AAVSI tripie KO clone 1 1 1

* 12 clones that were identified as CCRS or GR KO clones
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<220> <223> synthetic sequence resulting from sequencing of genomic DHFR locus from ZEN
transfected cells <400> 139 atcggcaaga acggagacct tccctggcct tgcatgggta geccgetgaga tggagcectga60
gcab3 <210wa40sabim 62 <212> DNA <213> Artificial Sequence <220rc@228mmymtsetic sequence
resulting from sequencing of genomic DHFR locus from ZFN transfected cells <400> 140 atcggcaaga
acggagacct tccctggctt gcatgggtag ccgcetgagat ggagectgagb0 cab2 <210> 141 <2 62 <212> DNA
<213> Artifi(@l%gquencﬁ%@ﬁ%‘é%%?ﬂ%%%%%s%%%%%ﬁ%%&lﬁ ﬁjmcél Fg%u%%aﬁee]#cfi?ﬁbs of genomic
DHFR locussfionn #ANGransie dted ZEN g ard€i0zqlébcascyg oadgainad Jagadotateceighottsgcatgggtag
ccgctgagat gﬂg]%%t%g %000%62 <%11%§ 142 <211> 58 <212> DNA 2009-12-07
8325-0066 40 __ (%.fx?d&%% Artificial Sequence <220> <223> Synthetic sequence resulting from
sequencing of genomic DHFR locus from ZEN transfected cells <400> 142 atcggcaaga acggagacct

tecotggaat ogglagaear: 1ER0RlgNRM SEIAIEAPR Al AT ridipR LR G6 sadZaInis213> Artificial

Sequence <220><223> Synthetic se%uence resultingafrom sequencing of genomic DHFR locus from

ZEN transfeld&8Btells <460sspedifincghbassdcghed berdda ey o tuyren &g Qga5tygagec tgagease
<210> 144 {4 deqrbces d27 Bl \evailan At fishabSeauencesnddainI2Z3> ByatlietiBsequence

resulting from _sequencing of genomic DHFR locus from ZEN transfected cells <400> 144 atcggcaaga
acggagacct ety Eg HtE PR EHERFEY A LAY ARASE BT 145 <211> 54 <212> DNA <213>
Artificial Sequesqie <2207 KRS8 E16 S eatienabtoasuitiry dranEEGRrc{rygefagegnomic DHFR
locus from ZEN tr nsfecteqlc lls 400> 145.at aa cggagac ccgctgag
atggagﬁé&ctg SIS %Zeé533%%5&23@298%%%?&15%\-‘;ﬁfﬁgﬁf eq%?‘egr?gég%zw <223>
Synthetic sejuenee reldultingstohed ey bsmuplg dfhevomic DHFR locus from ZEN transfected cells

<400> 146 gigaganda acdanace) Ies980se aciuanalad ceRIBIAIReRaed T <2LL> 45 <212>
DNA <213> ArtifiCial Sequence <220> 2009-12-07 8325-0066 40_ST25 (2).txt <223> synthetic

sequence reBugtHonPEeBanEn gt eebaIt DRI EESFrom ZFN transfected cells <400> 147
atcqgcaaga RAGERORCC! I96S5aoR LAGIBBREHRIGAATITIAT LR 8 1d BREFI2> DNA 213>

Artificial sequence <220> <223> synthetic sechléence resulting_ from sequencing of genomic DHFR
locus fidm ZRNnEbFeRE¥astr ddfacyA8B5 A%scy gaéé%?é‘@%bﬁdﬂg;ﬁij‘g&%l%ttgéﬁt %%ccgctg agatggagcc
tgagcas6 <2ifdard 495304 £ 56 FedAmb Whrvala™AtiificiahSeguenakic2PAnsgaRBmsynthetic
sequence reﬁllélgrilgdggg{gdsa% |ggc%£ a%%g%?écopﬂﬁ/s locus from ZFN transfected cells

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 G 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 &
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 compiex 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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<400> 149 atcggcaaga acggagacct tgcatgggta gccgctgaga tggagcctga gcas53 <210> 150 <211> 35
<212> DNA <213> Atrtificial sequence <220> <223> Synthetic sequence resulting from sequencing of
genomic DHF® Jomusfseem ZFN transfected cells <400> 150 atcggcaaga acggagaeaictatggggcct
gagca35 <210> 151 <211> 484 <212> DNA <213> Cricetulus longicaudatus <400> 151 aacattcagc
tatgttaaag tatttgtgaa gtgttttgaa atgattitat atfttctaag60 gtgagaataa atgagaaaat gttttaatat gtctccagtg
cceccatgac B ﬁ@%fa?@ﬁd[&é‘?aﬁt%ﬁﬂgg f8§§gf§ggt %‘fﬁ@é’égﬁ’%&%gﬁél §E0R&Rftcagac180
gcactgacaa agtgggiaeaoaapspgcct tccatcccat tgaggaatac atggtacacg240 ttgaagaaca ttttcagctt
ctcgaacgca gaatgaaagt ggataaaaaa agagtgtatc300 tggccactga tgacccttct ttgttaaagg aggcaaagac
aaagtaagtt agaccaacaa360 gtggttctgt atgggattat ctcttagttg aagaaaatcc ttaattctgg gaacttgtgg420
ticttgtige taalitaélhg gticcadhpatenaapricrd ernlegbanstntRihieaiose IPaHBs! ueD-412-07 8325-0066
40_5T23 (Z)Hé%%%gﬁﬁ%t]eg% PersreddiPhaig tRddaNA <213> Artificial Sequence <220> <223>

synthetic sequence containing ZFN12172 <400> 152 ataaaaaaag agtgtatctg gccactgatg acccttcttt
gttaaaggag g%’éﬁﬁgacaa661§@8§§ﬁ68}@§69%@3?@ﬂi‘9@81 p3aerIRAILY 93y tificial Sequence

<220> <2237vpihetisreegusiie fRRRIpIgEENE 2bAty A0 bamasiiac iy isittgcct cctttaacaa
agaagggtca tcagtggcca gata%ilctctﬁo ftttttato8 <21,0> 134 <211> 19 <%12>_ DNA <213> Atrtificial

Sequence <3BRAES P08 R 12 theArRPt YRS SRR S PRP LS 60D 68 54 caaagaaggg
tcatcagtgl9 sAtfieed Shtkakie?is2 iPonD szl 3pséatifi oifitiS eljudone < 22@wrd223y, synthetic zinc
finger taxget sequence: ZFN 12172 <40Q0> 155 taaa aaagaca .<210> 156 <211> 80
<212> DNA @f%gg‘ﬁ%fﬁﬁﬁc.gf@gq*ﬁgﬁég <e§(2"81>p§<&3§ a%‘%g%?n Cgﬁé’%%%ﬁgﬁi% iris}e%s%]ftil ig from knockout clone
analysis <400> 156 ctttggtttt gtgggcaaca tgctggtcat cctcatcctg ataaactgca aaaggctgaa60 gagcatgact
gacatctacc80 Page 37 2009-12-07 8325-0066 40_5T25 (2).txt <210> 157 <211> 77 <212> DNA
<213> Artificial Sequence <220> <223> synthetic sequence resulting from knockout clone analysis
<400> 157 ctttggtttt gtgggcaaca tgctggtcat cctcctgata aactgcaaaa ggctgaagag60 catgactgac atctacc77
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<210> 158 <211>-68 <212> DNA <213> Artificial Sequence <220> <223> Synthetic sequence
resulting from knockout clone analysis <400> 158 ctttggtttt gtgggcaaca tgctggtcat cctcatcaaa
aggctgaaga gcatgactga60 catctacc68 <210> 159 <211> 80 <212> DNA <213> Artificial Sequence
<220> <223 etic sequence resulting from knockout clone analysis <400> 159 ctttggtttt
gtgggcaaca ggtcat cctcatcctg atctgataaa ctgcaaaagg60 ctgaagagca tgactgacat80 <210> 160
<211> 80 <212> DNA <213> Artificial Sequence <220> <223> Synthetic sequence resulting from
knockout cI analysis <400> 160 gaccagatgt aagctctcct ccatccagct cctcaacage aacaacagga .
ccacctcccab aaéfcféaé gf‘gtgctctSO <210> 161 <211> 78 <212> DNA <213> Atrtificial Sequence
<220> <223> Synthetic sequence resulting from knockout clone analysis <400> 161 gaccagatgt
aagctctcct ccatccagct .cctga a c acctcccaaa60 ge 8 2009-12-0Z 8325-0066
40_STZ5 (2}t ctc%g%1 é %Q&%ﬁs Cgﬁaghﬁ@pﬁlﬁfg K B Arahiéisl sequence
<220> <223z&ynttisticspspencaoesultingfngn knocfoht fidhevanalysis: <400> 162 gaccagatgt
aagctctcct ccatccagct cctcaacagg accacctccc aaactctgec60 tggtgtgete t71 <210> 163 <211> 68 <212>
DNA <213> Atrtificial Sequence <220> <223> Synthetic sequence resulting from knockout clone

10

156

analysis <4(J0> 16#gageagatgt aag ictcd ccagtgeagt celgaggacce gectctcaga ct tgclggggEO tgtgctct68
<210> 164 <21Tzrg0seippee DNA <213> Artificial Sequence <220><2238> Synt ence
resulting from knoezkegbeione ap@ SR(OBSOI8 KRt :&5‘&?1‘% Y&fé%ctcmcc* ag%gtg hggc
cactagggac @B@%@@%@ﬁ@m )Ecq Eﬁﬁﬁé@o I165 Ay g g1 <212>D 213> Artificial
Sequence < ZZOLS%@??%%L.. te ocqucﬁ‘Cc ICbuILIIIQ ||un| Rmockout clonmeamatysis <400> 165
ctgggtactt ttigigtes cssauaerss at8 ﬁ bi% %’5 EEB %‘?ﬁ %Dé?éﬁb 70 <212>
‘DNA <213> Cricetiustiang caudatis sA00 agtGeHGH; Cagtécﬁ ¢ agata
tacatggctt ggactteEs® Beeh.12-07 23 'm@@k;b ST 25 (2). 44t <210>-167 (91 1370 <234D> DNA
<213> Homd %ﬁ%%é)? 0 IS GRIAGCHRSAGICEN Rsc@gm rReAgBdagata tacatggect ggactttctc60
accctgaggcel %%agaa‘;‘ga o gt (SEQID | (SEQID | (SEGID | (SEQID A s
Sro Doy | NOM4) | NOt§) | NOUS) | NO7)
ZFN 8365 ~ .
RSDHLST | OSSDLRR | RSDSLSV |DNANRTK|
t&?"‘cﬁztffcg;%m' (SEQID | (SEQID | (SEQID | (sEQ | A MiA
(SEQ 1D NO18) NO:7) NOW®) | NOIS) | NO:20)
ZFN 9076 . =
GSSDLSR | RSDNLRE | RSSALTR |RSDALTQ
geATGGTOOAGECTYS seQ D | (SEQID | (SEQID | (SEQID NiA NIA
(S2Q 1D NO21) NC:2) NO:3) | NOZ2) | NO:ts)
ZFN 9179 :
| OSSDLSR | RSDNLRE | QSSHLTR | TSSNRKT| . ,
QUARTGETICAGECTY “seqp | (seio | (SEQID | (SEQID NIA NIA
(SEQ ID NO23) NO:2) NO3) | NOi24) | NO25)
ZEN 7BSR QSSDLSR [ RSDNLRE | REDSLLR (RSDALTQ
gaATGGTGCAGGCTge| (SEQID | (SEQID | (SEQID | (SEQID | WA NIA
(SEQ ID NO:1) NQ:2) NO:3) NO26) NO15)
ZEN 7888 RSOHLSQ | QSANRTT | RSDNLSQ | ASNDRKK
Y N/A N/A
giTCCCAGGAATGBge; (SEQID {SEQID {SEQ D (SEQ iD
ISEQ ID NO:27) NO:9) NO10} NO:1 1} NO:12)
ZFN 9373 - . _ _
. . RSDMLSQ | RNADRIT | RSDHLSQ | QSANRTT [RSDNLSQASNDRKK
gﬂiﬁgﬁ%ﬁgﬁffgc (SZQID | (SEQID | (SEQID | (SEQID | (SEQID | {SEQ D
' : N0 : : 1) | NOMzZ
(SEQ ID NO2E) NO:9) NO:29) | NO®) | NO0) | NO:1) )

2.

A fusion protein comprising a zinc finger DNA-binding domain according to

claim 1 and at least one cleavage domain or at least one cieavage half-domain.

3.

or engineered Fok/ cleavage half~domain.
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The fusion protein of claim 2, wherein the cleavage half-domain is a wild-type



<210> 168 <211>770 <212> DNA <213> mus musculus <400> 168 cttgcagcgc agtccttctc cggtaccatc
aacccagata tacatggctt ggactttctc60 accctgggge70 <210> 169 <211> 69 <212> DNA <213> Rattus sp.
<400> 169 attgcagcat agtccttctc cagcaccatt gacctagata tacatggctt ggatttctca60 ccctaagcc69 <210>
170 <211> 470 <212>»hNAdaidk GaditiesherAD ot Digtdaandingatootidicoedgitacgtc aatccaaata
tacatagctt tttctc60 ccc c70 <210> 171 <211> 70 <212> DNA <213> Didelphis sp. <400>
171 tttacag ﬁo %65‘888{ §g%g%8£t%1 44t tacatagect ggactttgtt60 gecttgagge70 <210> 172
<211> 70 <212> DNA <213> Gallus sp. <400> 172 tttgcagcgg aggtgctccc cagtcccgtc gatccagatg

tacatggctt ggaccttctce0 c70 2009-12-07 8325-Q066 40 ST25 (2).txt < O> 173 <211> 70
o N 3 A% Nl IS CLpRroong Al AL B I AT (LAY A PE Rty troataget

gcacctmtcogbleactgtagicéQueedt@ngitdckezh > 70 <212> DNA <213> Tetraodon sp. <400> 174
tttgcagcgt agtccttctc ctgttccatc aatccaaata tacatggcct gaactttatc60 ccectgtggg70 <210> 175 <211> 70
<212> DNA <213> Cricetulus longicaudatus <400> 175 gctaaagttg gtatggcagc ctgcaccatt ccagttccca

ggaatgggctagggoteasd b0mgatgaiaik/e kbt valrtdde @8 <id bani RINARIRHHematsapiens <400>
176 gctgaa ttg tatggcagc.ctgcacgatt ccagttccca ggaatgggct taggatgaaa60 ggttgctatc/0 <210> 177
<211> 70 PX9 gﬁ‘?%&?%grki@ﬁ%gf?‘? g&ﬁ%%“gffﬁlg?a‘?ﬁ edige &6@@8& ccagttccct
ggaatgggctﬂggg@tcaaam ggttgctatc70 <210> 178 <211> 70 <212> DNA <213> Rattus sp. <400> 178

gctaaaattg atttatcagc ctgcactatc accattctca agactcagtc ttggatcaaa60 ggtcactatt70 <210> 179 <211> 70
2009-12-07 8325-0066 40 _ST25 (2).txt <212> DNA <213> Canine sp. <400> 179 gctgaagttg

gtgtggcagc rtgcacgati €&agitictagbaatgogctidggatons ahdatigstate £ 0n?dy, RGetddd 70 <212>
- DNA <213> Didelphis sp. <400> 180 actgaagtta gtgtggcaac cagctccatt ccagttccca gggattggct
" tgggatcaaabOigHtEtaatc70 <210> 181 <211> 70 <212> DNA <213> Gallus sp.

(a) introducing, into a cell, a first nucleic acid encoding a first polypeptide,
wherein the first polypeptide comprises:
15 (1) a zinc finger DNA-binding domain according to claim 2 or 3 that
binds 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 the target site and cleaves the GS gene.

20 8. The method of claim 7, further comprising introducing a nucleic acid encoding
a second polypeptide, wherein the second polypeptide comprises:
(i) a zinc finger DNA-binding domain that is engineerc'd to bind to a second
target gite in the GS gene; and
(i1) a cleavage domain; such that the second polypeptide 1s expressed in the
25  cell, whereby the first and second polypeptides bind to their respective target sites and
cleave the GS gene.

9. The method of claim &, wherein the first and second polypeptides are encoded
by the same nucleic acid or by different nucleic acids.

30
10. The method of any of claims 7 to 9, further comprising inactivating a DHFR

gene in the cell.
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<400> 181 gctge{éiattg gtgtgacagc cagcaccgtt ccagttccca gggatgggtt tgggatcgaa60 ggacacaatg70
<210> 182 <211> 70 <212> DNA <213> X. tropicalis <400> 182 actgtagttg gtatggcaac cagcgccgtt
ccagtttccg gtcatgggct tggggtccag60 cgtggeccacc70 <210> 183 <211> 70 <212> DNA <213> Tetraodon

sp. <400> 188 gctgaagiitiiigdeagotabtacct dcadtichet gggatisigetitggtytcansbtgaygcaatg70
<210> 184 <211> 70 <212> DNA <213> Fugu rubripes <400> 184 gctgaagttg gtatggcagc cggcgccgtt
ccagttceeg gagatlydit t§gygtcgaa60 ggaggcgacg70 <210> 185 <211> 70 <212> DNA <213> Danio
redo 2009-12-07 8325-0066 40 _ST25 (2).txt <400> 185 gttgaagtta gtgtggcaac cagcaccatt ccagttgcct
gggatcggct t@gatcgan?gt ot % %ﬁﬁggpg a recombinant protein of inferest in a host cell, the
5 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
of claims 7 to 10; and
(c) introducing an expression vector comprising a transgene, the fransgene
10  comprising a sequence encoding a protein of interest into the host cell, thereby

producing the recombinant protein.

13.  The method of claim 12, wherein the protein of interest compri.ses al-

antitrypsin or a monoclonal antibody.

15
i4. A celi ine in which a S gene is partially or fully inactivated, wherein the cell
line is produced by
(a) inactivating the GS gene in a cell according to the method of aﬁy of claims
7 to 10; and _
20 (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 ine of claim 14, wherein the cell is a mammalian cell selected from
the group consisting of a COS cell, a CHO cell, a VERO cell, a MDCK cell, a WI38

25  cell, a V79 cell, a B14AF28-G3 cell, a BHK cell, a HaK cell, a NSO cell, a SP2/0-
Agl4 cell, a HeLa cell, an HEK293 cell, and a perC6 cell.
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