METHODS AND COMPOSITIONS FOR INACTIVATING ALPHA 1,6 FUCOSYLTRANSFERASE
(FUT8) GENE EXPRESSION 5 STATEMENT OF RIGHTS TO INVENTIONS MADE UNDER
FEDERALLY SPONSORED RESEARCH [0001]Not applicable. 10TECHNICAL FIELD [0002]The
present discipauirdadiotige fields of genome engineering, cell culture andrgroteiopgackigson.
BACKGROUND 15[0003]Monoclonal antibody therapy is a large and growing treatment modality in
medicine (Glennie et al. (2000) Immunol Today 21:403-10). There are more than twenty
FDA-approved monoclonal antibody therapies, with many more currently in clinical trials. Antibody
therapy directed against soluble factors (such as vascular endothelial growth factor or tumor necrosis

factor, e.g.), aimmumﬁsmg@ihwmmg#wmmmmmMpm&x formation. In
contrast, when antibod r is.dir ?&gfgﬁ# I—@ﬂj ' m the case in
antineoplastic irnmuno W# e%‘gi@a%&kgﬁ 5&he therapeutic antibody
may inddce apoptosis directly (Shan et aI (1998) Blood 91 1644 52 Shan (2000) Cancer Immunol

Immunother 48:673-83), but Agmune system to destroy the
target cell. See, Reff et aI (1

al. (1997) B| gh§IH Soc T@H?a%ﬁhgﬁlf’egg Clynes et aI (1998) Proc Natl Aced Sci US A 95 652-6;
Clynes et al. (2000) Nat Med 6: 443-6; Sampson et al. (2000) Proc Nall 30 Acad Sci USA 97:7503-8.
[0004]There are two main mechanisms by which the antibody-activated immune system can destroy
offending cells: complement-dependent cytatoxigityACBPE) and antibody-dependent cellular cytotoxicity

(ADCC). ADCC is an immune respon enerated y natural killer (NK) cells against
antibody-coat®PZhrgets. 388 PrEdnt f%??st’ﬁé%‘)“é%?%éld AP ERGHEP3F255-63. In ADCC,

NK cells recogimize Hyd pesiaptddeiicegion of antibodies primarily via interaction with the NK cell's
FcyR111 receptor. The NK cells then deposit performs and granzymes on the target cell surface
inducing cell lysis and apoptosis, respectively. 5The Fc-FcyRIll interaction is extremely sensitive to Fc
glycosylation Aglycosylated immunoglobulBAEKIGR KN Pe receptors. See, Leatherbarrow et al.

(1965) ol Il 22407k (sl ekl 195\ PIOGNEm (ROR:3A:AP (1960): Leater o

al. (199 unology 72:481-5. In addition fuco ylation of the carbohydrate chain attached to
Asn297 of th@w@h@gmmﬁp@n@ (Siiramig %qtdﬂﬂfi%fmmunol Today 21: 403 10). There are

more than twenty FDA-approved monoclonal antibody therapies, with many more

currently in clinical trials. Antibody therapy directed against soluble factors (such as
vascular endothelial growth factor or tumor necrosis factor, e.g.), aims simply to

20  reduce the free ligand concentration by immunocomplex formation. In contrast, when
antibody therapy is directed at cell surface antigens (as is often the case in anti-
neoplastic immunotherapy), the goal is often the removal of the cell itself. The
therapeutic antibody may induce apoptosis directly (Shan et al. (1998) Blood 91:1644-
52; Shan (2000) Cancer Immunol Immunother 48:673-83), but more often it must

25 . recruit the patient’s immune system o destroy the target cell. See, Reff et al. (1994)
Blood 83:435-45; Idusogie et al. (2000) J Immunol 164:4178-84; Golay et al. (2000)
Blood 95:3900-8; Harjunpaa et al. (2000) Scand J Immunol 51:634-41; Anderson et
al. (1997) Biochem Soc Trans 25, 705-8; Clynes et al. (1998) Proc Natl Acad Sci U §
A 95:652-6; Clynes et al. (2000) Nat Med 6: 443-6; Sampson et al. (2000) Proc Natl

30 Acad Sci US§ A97:7503-8.
[0004] There are two main mechanisms by which the antibody-activated
immune system can destroy offending cells: complement-dependent cytotoxicity
(CDC) and antibody-dependent cellular cytotoxicity (ADCC). ADCC is an immune
response generated primarily by natural killer (NK) cells against antibody-coated



10 and reduces in vitro ADCC activity. See, Shields et al. (2002) J Biol Chem 277:26733-40; Shinkawa
et al. (2003) .1 Biol Chem 278:3466-73; Niwa et al. (2004) Cancer Res 64:2127-33. [0005]The majority
of mammalian inununoglobulins are fiicosylated, including those produced in Chinese hamster ovary

cells (CHO gelfisifwinetaius 15 griseus). Jefferis etal. (1990) Biochem J263:b29:3¢% ddeyzako etal.
(1993) Comp Bloc/win Physiol B 106:949-54; Raju et al. (2000) Glycobiology 10:477-86. Fucose

attachment tg the. Fe.core (eaipRiis Mo Aaxb Hnlkass: dpnaialRm Ly e 4z ficrmydiansferase

(Fut8) protein, apparently the sole a-1,6 fucosyltransferase in mammalian_ cells. Orjol et al. (1999)

GlycobiologyV&: 3elis3acaznize trcapspntiGoriegion ¢fiandndiss Pramssiiy T8 ItEeHRTbN of the FUTS
gene in CHQ,gallg efiRinatedwqtaiesylstiomotantibadiesmanddaeinarnthéMEC by around 100-fold.

See, Yamane- Ohnuki et al. (2004) Biotechnol Bioeng 87:614-22). However, such conventional gene

disruption byBrramENSsead e EsRT RRAtBATRS tAUGINEL RIS RS 8D rBEBISSISTHISPREY Bilrticularly true in

the case;of Gygigems kiTRas-aBRRERMRIRLYIRAAQ eonakRResllilnes Weressyrened to discover
three healthy FUT8 -/-clones (Yamane-Ohnuki et al, (Z(I)C%g? supra). 100061Thus, there remains a
need for cellSTHRBEOHDHIRS KRitd B Ec s RIpAr Py Bﬁgpﬁﬁ%ﬁ\?é?éd@gﬁ@%‘élciﬁc cleavage of

genomic lociipiaipametiiciast(soppjewartaadinn g Bidade JoIveItival Tesnplogous
recombination. Creatiqn of 3Q a double-strand hreak (DSB) increases the frequency of homologous
recombinatiaﬁaas[%?i Tﬁ%ﬁ I%’Hﬂg’fﬁ%%’ ﬁ;%gg% : oa\@ onr’eﬁ%?%sﬁrl%,“ﬁmnecﬁﬁtggcurate repair of a
site-specific gRiyinenchainateghes eNtkineing (NHE R gian alsibite ditidingerceidiliption. Creation
of two such DSBs can result in jon of. arbjfrarily large  regj The. ular DNA recognition
preferehtes ?ffdzfﬁ%uﬁﬁﬁg?é”ﬁi%fgi@ﬁ&%g’f%t &t |6enca% eégiég@%@gé%&%ﬁgﬁ multi-finger DNA
binding protain®.26itloto Stiisknuel enske (30033ihBiohChem BB fitke i diove ehaly 280k Ito
site-specific zinc fin erFE)E%?MIIOWS for the creation of site-specific nucleases. See, for example,
ub

United 5State$ Patent Publications 20030232410; 20050208489; 20050026157; 20050064474;
2006018898[0028D60063 231, madritrarhmeomad RudivavopeWe 0w et ssidisclosures of which

are incorporated by referencedn sk enieliasanalrupeses SHYMNRY 101007 1Disclosed

herein are compositions for the partial or complete inactivation of a FUT8n$ene. Also disclosed herein
are melffodsesiavaking s G gIREs Bisrtsastiitie g adefianakn ebalfhid 1d §adtivate FUTS in a

cell to produgg,calinesipihics 344568 RENRISINA0INREE sASgistupredcellioas are usefill, for
example, in production of recombinant proteins such as_ al-antitrypsin and 15monoclonal antibodies as

antibodies prSHGEBEIhtRANE iR ARG & RS BEH MRS ®HdlADCC function.
[0008]In onesgxaARigmszRsHNBRRPIRERNNS, DDSIBRSy ek 0 A 116 FLs4] Bra@iTerase in

mammalian cells. Oriol et al. (1999) Glycobiology 9:323-34; Costache et al. (1997) J
20  Biol Chem 272:29721-8. Disruption of the FUT8 gene in CHO cells eliminated core
fucosylation of antibodies and increased ADCC by around 100-fold. See, Yamane-
Ohnuki et al. (2004) Biotechnol Bioeng 87:614-22). However, such conventional
gene disruption by homologous recombination is typically a laborious process. This
was particularly true in the case of C. griseus FUTS, as approximately 120,000 clonal
25  cell lines were screened to discover three healthy FUTS -/~clones (Yamane-Ohnuki et
al. (2004), supra). '
{0006] Thus, there remains a need for cells lines in which Fut8 expression is
partially or fully inactivated. Site-specific cleavage of genomic loci offers an efficient
supplement and/or alternative to conventional homologous recombination. Creation of
30  adouble-strand break (DSB) increases the frequency of homologous recombination at
the targeted locus more than 1000-fold. More simply, the inaccurate repair of a site-
specific DSB by non-homologous end joining (NHEJ) can also result in gene

disruption. Creation of two such DSBs can result in deletion of arbitrarily large



are provided. Any of the zinc finger proteins described herein may include 1, 2, 3, 4, 5, 6 or more zinc
fingers, each zinc finger having a recognition helix that binds to a 20target subsite in a FUT8 gene. In
certain examples, the zinc finger proteins comprise 4, 5 or 6 fingers (wherein the individual zinc fingers
are designated F1, F2, F3, F4, F5 and F6) and comprise the amino acid sequence of the recognition

helices shovegiihd.atie to[ROAN sadaiaembosdinesiscpravidriiagreinis@h anginesared zinc finger
25 protein DNA-binding domain, wherejn the DN -bindi%dqmain comprises four zinc finger
recognition trléegf%%%&?g?é%’ ﬁ#nt%tﬁ'ﬁq%‘rﬁclﬁ@fé TSSO P G Wh SHEHIPERIRDC F3, and F4
comprise thestdowideranitoacibesPeuences:tlidd SRR (RER NGO F2nl BENETR (SEQ ID
NO:10); F3: RSDDL@K g{ﬁQt ID NO:_11);?nd F4: DRSALAR (SEQ ID NO:12). 30100101In other
embodimerRE RS RIS e RS ALS AT SHE RIS SRR AGer Wothth BRARBnHREdomain, wherein
the DNA-bisding dermai madeptiss 2 m028mH g ISEHHASOIRGIoNE: 05de e gk A4rom
N-terminus -teanipus ein Fl, F2, F3, and F4 comprise the following amino acid
sequences:iﬁﬂ%@?#%@%% Nénfftﬁ‘?a@{}ﬁ'lpﬁiﬂf?§§’® YHNBQET2E3: tBRSNLSR (SEQ ID
NO:16); andikdoRkEINRII (SEQiHNAE) 190t iHenethertenbadireesiToihel tisglesiire provides an
engineered zinc finger protein DNA-binding domain, wherein the DNA-binding domain comprises six

5zinc finger recognition regions ordered Fl to F6 from N-terminus to C-terminus, and wherein F1, F2,
F4, F5 and F6 comprise the following amino gCigsegrances: F1: RSDNLSV (SEQ ID NO:19); F2:

ONATRIN ID NO:1§ . F4: % ATRTK (SEQ |D,No:€1)- F5 RSDNLSR (SEQ ID NO:22): and F6:
RNDNRKT ID NO: %3‘.’11‘%?% 666‘?%%% QIR P8 Rl SR IRBI S DNLST (SEQ ID
NO:20) or J0:RBRHSP { SEQH ReNO: 2430 (86124l otherembadifmentst thewisalesurgmprovides an

engineered zinc finger protein DNA-binding domain, wherein t A-binding domain comprises five
e T G B GHaT et B A, RGN 1] SR TG ARG Fl. 2, £,

zinc finger recoghni ion reglg
F4, and E5lbempriséitiesfoliovdngranmingaaticieduante sidliptd REDMRE (SEQLIRNO:26); F2:
NNTQLIE (é%% I% NO:27): F3: TSSILS SE%ID NO:28); F4 RSDNLSA (SEQ ID NO:29); and F5:
RKDTRIT (SEGRS IS5 1001 31 FF SHB iR LB SR BI6R 3 ST ESRSIHEMG any of the zinc finger
proteih$ desmsibetbhsirein st atdeastonticslpavhgedionaiil anatddass ergrelsavage half-domain, are

i Bl D e g oo e domain s 202 i ype ol ceavage

[6008] In one example, zinc finger proteins, engineered to bind in a FUTS gene,
are provided. Any of the zinc finger proteins described herein may include 1, 2, 3, 4,
5, 6 or more zinc fingers, each zinc finger having a recognition helix that binds to a

20 target subsiteina FU 78 géne. In certain examples, the zinc finger proteins
comprise 4, 5 or 6 fingers (wherein the individual zinc fingers are designated F1, F2,
F3, F4, F5 and F6) and comprise the amino acid sequence of the recognition helices
shown in Table 1.
[0009] In certain embodiments, provided herein is an engineered zinc finger

25 protein DNA-binding domain, wherein the DNA-binding domain comprises four zinc
finger recognition regions ordered F1 to F4 from N-terminus to C-terminus, and
wherein F1, F2, F3, and F4 comprise the following amino acid sequences: F1:
QSSDLSR (SEQ ID NO:9); F2: TSGNLTR (SEQ ID NO:10); F3: RSDDLSK (SEQ
ID NO:11); and F4: DRSALAR (SEQ ID NO:12).

30 ]0010] In other embodiments, the disclosure provides an engineered zinc
finger protein DNA-binding domain, wherein the DNA-binding domain comprises
four zinc finger recognition regions ordered F1 to F4 from N-terminus to C-terminus,

and wherein F1, F2, F3, and F4 comprise the following amino acid sequences: F1:



domain is an engineered Fokl cleavage half-domain. [0014]In yet another aspect, a polynucleotide

encoding any of the proteins described herein is provided. 100151In yet another aspect, also provided
is an isolated cell comprising any 250f the proteins and/or polynucleotides as described herein. In one
example, the present invention refers to a cell line in which Fut8 is partially or fully inactivated using a

nuclease cRBprsisna SESOIDANGIE]A)aECo QN TR INg $ECE ED NdY:¢ BIaFB D& PNIySRGIeBtde according
to the present jnyention. effal ' t8 is inactivated (partially or fully) in the cell. Any
of the cells%ageﬁ(\rjlagg’ ﬁgégkll‘r% r#g}g M@%ﬁiﬁ%ﬁ@n% that have been inactivated, for example,
using zinc fidget nucleasksodesignehimbing, ttha daxdehsitaitirsalasicd genezccertain
embodiments, provided in are cells or.cell lines in which FUTS, dihydrofolate reductase (DHFR)
and gIutamrigll%g%/ﬁmqeefgsgeﬁéé?lﬁg\% SLAThAC ﬁfﬁfgg.‘efbﬁ]ﬁgﬁ %ﬁ%ﬁ?%%‘fﬁﬁ’&??ﬁ ¥ing the zinc
finger protemscefing:éustongritetenidivn etidetis] ¢flinagivatngh-téh8inawel-ateeidinendre provided. In
certain embodiments, inactiyati T8 gene results in a cell line which can produce recombinant
proteins at ﬁﬁgﬁrgﬁ%\s}é:@%?ﬁrﬁtvilg(@ cllj: e ?%mg%ﬁ%gﬁ?&l%ﬁ%%ﬁgfl StHE BrGte E are increased as
compared tB{IOREE REduiz N celsrahee AN FUTRE gele Na ol B¢ tiQate T RASE es@mple, cell lines
as describ N havi inacti d gene b to pr oglonal antibodies
that oo DA NSELh M R h o IR ARy o B (LS TR A can o sbe
used to protiuseyreCtizra nabbdirantidy W3sin @0 ftizaRSIBL SIpEHIND presemtdavention refers to an
in vitr%)r ex Vi ﬁﬁ%&gﬁ flﬁ%g\_/ﬁhng an endogenous cellular FUT8 gene in a cell, the method

ai;yln roduci g Cell;

comprising: ng, into a Cell; a first nucleic acid comprising a polynucleotide according to the
present invéii®) wherelly thisepelypepiidenandeddidcl@hyetherplynuciagtidechid dmto the target site

and cleaves.the FUT8 e, Thus, also described herein. ethod for inactivating a cellular FUT8
gene (e.g.,%ﬁ%ﬁ%&%ﬁo%%%%@&gnae Rk c"gﬁﬁ,’rt 8 {}ﬁeeri%l%(‘ii 'cgélrlngp})?%%%%éﬁ ?ﬁfpéj&?g?ng, into a cell, a
first nucleicfacidiendoging achigsi polypentidarddieddin thé Sifstpaljpeptidescorprsasiul) a zinc finger
DNA-binding domain that i ineered.to bind to.a first 15target site in an.endogenous FUT8 gene;
and (i) a clgqlaglé‘ggﬂee " Bnn@ihﬁgl?giﬁzgtafh%%&%ng&fge%fig éx%r‘é%%%ﬁ%%%%%ﬁ?%%%%?&e polypeptide
binds 16 theRtaiget Bife( SR (2 d@ 2 HeRZUNS GOnSE (S EEy tHinNDND Dl if3e MSSTha ’in@hQds further

compise nsPEY NS P shede roIg PRI MIGE LG s bl
the FUT8 gHifd3and (ii) drcleavhgeasimraiinssuchroabs comprising any of the zinc finger
proteins described herein and at least one cleavage domain or at least one cleavage
half-domain, are also provided. In certain embodiments, the cleavage half-domain is
20 awild-type FFokl cleavage half-domain. In other embodiments, the cleavage half-
domain is an engineered Fok! cleavage half-domain.
[0014] In yet another aspect, a polynucleotide encoding any of the proteins
described herein is provided.
[0015] In yet another aspect, also provided is an isolated cell comprising any
25 of the proteins and/or polynucleotides as described herein. In one example, the present
invention refers to a cell line in which Fut8 is partially or fully inactivated using a
nuclease comprising a fusion protein according to the present invention or a
polynucleotide according to the present invention. In certain embodiments, Fut§ is
inactivated (partially or fully) in the cell. Any of the cells described herein may
30 include additional genes that have been inactivated, for example, using zinc finger
nucleases designed to bind to a target site in the selected gene. In certain
embodiments, provided herein are cells or cell lines in which FUTS, dihydrofolate

reductase (DHFR) and glutamine synthetase (GS) have been inactivated.



the second polypeptide is expressed in the cell, whereby the first and second polypeptides bind to their
respective target sites and cleave the FUT8 gene. The first and second polypeptides may be encoded
by the first nucleic acid or by different nucleic acids. In certain embodiments, one or more additional
polynucleotides or 25polypeptides are introduced into the cells, for example polynucleotides encoding

additional z[@oT6jger profieindd {0618} atletambikimpabpentc thegdisolasine pidRideaa method of
producing a,recombinant pyotein of interest.in.a host cell, the method comprising the steps of: (a)
Droviing a NS Lol B e A D D8 PR G ey RS FARRE the BOSbenous FUTS
gene of the dnostdielbhys, anycaf thie greffldHs gesarbdd heretnl] dind (iktirasusioduaa expression vector
comprising a transgene, the.tra e comprising g sequence encoding a pratein.of interest, into the
host cell, th@r%%%ﬁ%%%ﬁ?%l Sear&r%eIq eﬂrﬁ‘b?%‘éen 8% e‘lﬁ?lf?\‘qggr gfnr%%%ao%%%téﬁgs,@fﬁg 16’ e(i’er‘grof interest
comprises an antibody, e.g., a monoclonal antibody. 100191In any of the cells and methods described
herein, the cell or cell line can be a COS, CHO (e.g., CHO-S, CHO-K1, CHO-DG44, CHO-DUXB11,
CHODUKX, CHOK1SV), VERO, MDCK, W138, V79, B14AF28-G3, BHK, HaK, NSO, SP2/0-Ag14,
HelLa, HEK293 (e.g., HEK293-F, HEK293-H, HEK293-T), perC6, insect cell such as Spodoptera
fugiperda (SO, or fungal cell such as Saccharomyces, Pichia and Schizosaccharomyces. In another
aspect, the present invention refers to the use of a first nucleic acid comprising a polynucleotide
according to the present invention in the manufacture of a medicament for inactivating an endogenous
cellular 5FUT8 gene in a cell whereby a first polypeptide encoded by the polynucleotide binds to a first
target site in an endogenous FUT8 gene and cleaves the FUT8 gene. In another aspect, the present
invention refers to a first nucleic acid comprising a polynucleotide according to the present invention,
whereby a first polypeptide encoded by the polynucleotide binds to a first target site in an endogenous
FUT8 and 10cleaves the FUT8 gene, for inactivating an endogenous cellular FUT8 gene in a cell.
BRIEF DESCRIPTION OF THE DRAWINGS [0020]Figure 1 depicts the nucleotide sequence of C.
griseus FUT8 cDNA sequence (SEQ ID NO:1). 15[0021]Figure 2 depicts the amino acid sequence of
C. griseus Fut8 (SEQ ID

4a



NO:2). [0022[Figure 3 depicts partial nucleotide sequence of exon 9, intron 9, exon 10 and inn-on 10
of C. griseus FUT8 genomic DNA (SEQ ID NO:3). [0023]Figure 4, panels A and B, are schematics
depicting the location of zinc 20finger nuclease (ZFN) binding and cleavage sites within FUT8 exon 10.
FIG. 4A is an overview of the exon 9-intron 10 region. Exons are depicted with black arrows and the
grey line shthwpnosizsading ENfdRHGo4p shdws g delalpthitiewddhthaiushsydtransierase motif 1l and

ZFN binding sites. The location of the fucosyltransferase motif |l (light grey box) was determined as
described i%%iﬁollserfoéll.n%Yi@gg)ﬁéﬁfégﬂ}grsg e@éﬁ?—éﬁ%ﬁﬁéﬁ%&%‘;{%ﬁ%ﬁ%f the Fut motif Il is
shown aboveathe RMAEEHUeRRehhe locdtiopaldhe: recagelition setbehcemef RRIKENS in relation to
the sense strehnd ofét are sh}pwn as dark grey b iﬁj ZFN 2176?% %%Ie_l) is a five Zn-finger
protein recognizing a Tobp target Sitd a7t 0 (SIE B9y 78 S8R AN Sk élRCrecognizing
18bp tdrgetisitesciihe pasttaorSimuisieatidds shiowps(&T) are the 5' splice donor site for inn-on 10.
[0024]Figur§0§ ﬁanels Aland % show rg?rstlfllts of Cel-] mismatch assays for ZEN activity at the
endogenou U8 locus et AR Bt XA ZEN PAFEYiRES I A HE Y84 SriSdRCof cleavage
products benethidtheiparenitAE BrprathgehFlGeeBAlahBsCethagsayslicsidts ddiddNA harvested two
days post-transfection of 5the indicated plasmids and a partion of the FUT8 locus PCR amplified using
the oo CIE T A A A S D R G5 B0
GGACTTGPIQQUCEGIHG I Ti(EEQID ). itheSires oéthhe e gistastplrRvagequdducts are
264bp and 216bp. EIG. 5B shows results of DNA .was harvested twg days posi-transfection and a

kg hgg%t‘%)é) uae = 1nds??.%%eta1 'é![ 1}% T&Q a{e%\ée%‘%évf\é;g%%ﬁ.%.r

portion of t ! ocus amplified using fihe olig iy CAGGTTCCCA
(SEQ ID N@isyaimai GAEI 1R i SToAGITAAGECECCAGGLE [SHRQ tEhdlQ.4).ahhe sizes of the

predicted cleavage pro are 43 Ibp and 342bp. ZFN combinations are shown above the
appropriatee %’%@El&%@gé‘ﬁ?&%&%ﬁ% %lr% L?%gg %Fgrflrpd?égf%d %ifﬁ%ﬁ?ﬁ%”é‘%rd%ﬂélacﬁ > The percent
of chromoseries molitedidyenaningradicy pub/pastijtinivigisilistedhel pol gaghitRne. The size of

molecular V\é%i ht.gég_r%ﬁ%%lgdﬁésép l@ﬁtﬁq tahtlhed!)eftacl)g gkgt%eé 510025 tFigur 6,§)Sfanels A and B,
depict ZFN Achvity at tHe éndogenous PUTSI0ES Fig. 6K shoe Tediftd of ifcig 48 hediated
deletidh of 1aBkd ofdHbIB asingethetwd/Fitzate duzrtHN )patisavelic Howerie trankféataddn parallel, with
the genomic DNA harvested two.days later. Deletjon of the -1300bp between the ZFN sites generates
a -559bp p%ﬁ)gggpﬁ%i BB Yesu ?sd of Cel ﬂ’hi‘gﬁ%% %s%{gg?g?%l%lfg%&lvﬁy%?ﬁ%gl'te{indogenous
FUT8 locusandthlemdwith dUf T psneulinarist@igghufioihilctil,) tannottmelatint@dd CoaalisseZFN pairs are

shown at the (o] qug (%E{}'CP%‘"alz gn%g 1d 15.2:9,Le7c6f r Iaﬁge)s %i(ti% 4ng%t11 left té) right) and ZFN pair
12172 and ﬁl 6 forlanes 5 to 7 (from lettto ngﬂ% PPrdTane designate ng;: refers to control

cells transfecietaptiticeropiyristasmic fmocZiFyyr DA dnaddesignations 4205 angditid@'ed to

20 Dbind to a second target site in the F'UTS gene; and (ii) a cleavage domain; such that
the second polypeptide is expressed in the cell, whereby the first and second
polypeptides bind to their respective target sites and cleave the FUTS gene. The first
and second polypeptides may be encoded by the first nucleic acid or by different
nucieic acids. In certain embodiments, one or more additional polynucleotides or

25 polypeptides are introduced into the cells, for example polynucleotides encoding
additional zinc finger proteins.
{0018] In yet another aspect, the disclosure provides a method of producing a
recombinant protein of interest in a host cell, the method comprising the steps of’ (a)
providing a host cell comprising an endogenous FUTS gene; (b) inactivating the

30 endogenous FUTS gene of the host cell by any of the methods described herein; and
{c) introducing an expression vector comprising a transgene, the transgene comprising
a sequence encoding a protein of interest, into the host cell, thereby producing the
recombinant protein. In certain embodiments, the protein of interest comprises an

antibody, e.g., a monoclonal antibody.



15refer to days post-transfection and "LCA" refers to cells subject to LCA selection. 100261Figure 7
shows results of Cel-1 mismatch assays for ZFN activity at the endogenous FUT8 locus with and
without Lens culinaris agglutinin (LCA) enrichment in CHO cells in which both the dihydrofolate
reductase (DHFR) and glutamine synthetase (GS) genes have been disrupted by previous ZFN
treatment. 20PN pools (i, 81350 fAhe seldsanel shelvodatdheribpddfeeaich danesHnd thH fiegcent of

chromosomes b n ta%cgv e two lanes
marked "CORt"s o@vgr%égéatlvec n%ggr%u wﬁﬁﬁjge) Fs@vge(l‘r? ﬁ%gr’l%’fe ed m@Fg}&pressmn plasmid

(left "Cont. "Mﬁéxg)cmﬁﬁng’ﬁépmﬁm@mm; \Mme)vﬁoom]ﬁmeasrmm tHaRpdsated

2P roatect SONL OODEIRthe 1 4 o bR Bebl i BATY B S bELCA t the macated

cell types. "Unstalned" refers to CHO cells that contain wild type Fut8 but which have not been
exposed to fluorescent LCA, "triple KO" refers to cells in which all three of the DHFR, GS and FUTS8
genes have been disrupted using ZFNs; and 30 "fut8 wt" refers to CHO cells that contain wild type
PUTS and have been exposed to fluorescent LCA. 10029]Figure 10 shows results of Cel-1 mismatch
assays for ZFN activity at the endogenous PUTS locus in FUT8 hypomorphs. Clone number is
indicated above the lane and allele disruptions are indicated below each lane. WO
2009/009086PCT/US2008/008455 [0030]Figure 11 is a graph depicting binding of fluorescent LCA to
the indicated cell types. "Wild type no stain" refers to CHO cells that contain wild type Fut8 but which
have not been exposed to fluorescent LCA; "Hypomorphic clone" refers to a population of cells in
which PUTS was patrtially inactivated (PUTS 5 hypomorph); and "CHO-KI" refers to CHO cells that
contain wild type PUTS and have been exposed to fluorescent LCA. DETAILED DESCRIPTION
[00311Described herein are compositions and methods for partial or complete

Sa



10 inactivation of a PUTS gene. Also disclosed are methods of making and using these compositions
(reagents), for example to inactivate a Fut8 gene in a target cell. Inactivation of Fut8 in a target cell
can be used to produce cell lines for expression of recombinant proteins, particularly monoclonal
antibodies that elicit enhanced ADCC. [0032]In mammalian cells, Fut8 attaches core fucose to the

oligosacchadristes dbpsedent SpothefeenrgiparatdStihodis gahiel isolideSuietagnizedas being of

great importance for the, effector function of antibod }gent cellular c tOtOXI it

Three- dlme}r?sénagi anaff/lézigsgf ?&am{” tictire oty Eﬁﬁgﬁ E%% SPEHSNATHER AR ’iﬁ%eé}é t@c@f“aG
fucosyltransferage fetifsidbrimddid m@yﬂmgmpcﬂ&ﬂn@lam&mﬁc&d&;ghameep@beﬂoo7) Glycobiology
17:455-66. In thlg retj:;no?l pomt atlo of m in lF 20re ues to alanine resulti r}complete
inactivation'o} the enzymem§ré% aI(hara et a?‘?@t%% Iy oﬁ?‘ﬁoﬁ ]ﬁ‘ ABENERETY {%: al. (2000)
GlycobfologyldD35R38€li. aécsa]hmhdre?dgowﬁmqjlﬂypaph&dfleﬁ&bﬁ&d&»gpmptﬂpnlﬁcﬂeﬁth@eﬁzmifI|m|nated
(e.g. knockggut (%ell lines Orl,éléllth S"?@-ﬁ%) RPN -fucosyl ed a@m that h ve greater effector
function. See e.g., a%aé eral ‘%g@ nolgirfgoa(g § 931 §%Be Al (2007) '
GlycobiologyndBCdptt g thdquicsta n(Qéiﬁmﬁthﬁ‘eeeltmaIﬁﬂmr@eﬁatﬁﬁlzeﬁ@&sﬁ@%?aﬂhus the
methods and ‘r:?’rﬁ St'}anS de 1crlb d h(_erelrsweﬁ) ??ﬂ/de a h| HICIeP'[ met od far. targeted gene
knockout (p%r alor comp Pglﬁt that allows or(fﬁe geeﬁ%rgtlo I Ofice Hgﬁﬁ% &5 for producing
non-fucosykatedipddigitis: subjmastaﬂai&tlbeds;ee a UG 2008/60008aPaild SRR VI bR General
[0034 Practl e of t well as pre aratlo and use ﬁ;?@osmons disglosed herein
emploly, unlce?ss o?herv%s?éﬂ%é?ggtzf R ‘c“élﬁgé% llrg ar §t'ec %%lessc%fhﬁ?%ﬁecu ar T’oélf lfﬁ"gchemistry,
chromatin structure and analysis, computatlonal chemlstry, cell culture, recombinant DNA and related
fields as are within the skill ofd , explaiped in the literature. See, for

R !" Y-MANUAL, Second edition, Cold
Spring Harﬂ&ﬁ&borator)l*“fgmssl ﬂ@ﬁ@taﬁcbﬁhtrhk@oﬂmnqﬂc@&k of@Asrsuhel BUaE MNRRENT
PROTOCOLS IN M%.%gé‘_ IOLOGY, John Wiley & Sons, New York, 1987 and periodic updates;
the series METHOD LOGY, Academic Press, San Diego; Wolfe, CHROMATIN
STRUCTURBFND FUNEEDN 2 Teirdttediktom hoadeinigReass p Sanddieas FLIODS METHODS IN
ENZYMOL(&%E).\/OI. 304,

[0022] Figure 3 depicts partial nucleotide sequence of exon 9, intron 9, exon
10 and intron 10 of C. griseus FUTE genomic DNA (SEQ ID NO:3).
[6023] Figure 4, panels A and B, are schematics depicting the location of zinc
20 finger nuclease (ZFN) binding and cleavage sites within FUTS exon 10. FIG. 4A is
an overview of the exon 9-intron 10 region. Exons are depicted with black arrows
and the grey line shows non-coding DNA. FIG. 4B shows a detailed view of the
focosyltransferase motif I and ZFN binding sites. The location of the
fucosyltransferase motif Il (light grey box} was determined as described in Oriol et al.
25 (1999} Glycobiology 9:323-34 (1999). The translation of the Fut motif IT is shown
above the DNA sequence. The location of the recognition sequences of the ZFNs in
relation to the sense strand of the gene are shown as dark grey boxes. ZFN 12176
(Table 1) is a five Zn-finger protein recognizing a 15bp target site and ZFN 12170
{Table 1) is a six Zn-finger protein recognizing 18bp target site. The last two

30 nucleotides shown (GT) are the 5° splice donor site for intron 10.



"Chromatin" (P.M. Wassarman and A. P. Wolffe, eds.), Academic Press, San Diego, 151999; and
mEnions IN MOLECULAR BIOLOGY, Vol. 119, "Chromatin Protocols" (P.B. Becker, ed.) Humana
Press, Totowa, 1999. Definitions [0035]The terms "nucleic acid," "polynucleotide," and
"oligonucleotide™ are used 20interchangeably and refer to a deoxyribonucleotide or ribonucleotide
polymer, in jifiza or circufageanfopnaion, antiBn witherssilgef oetoublersiicngadiors. For the

purposes o resent disclosyre, thes are nqt to he construed as limiting with respect to the
length of a %gsngﬁ?v ﬁtﬂélttg}?n%“g%eg%%%moﬁ%wnﬁ’ﬁr?é?bﬁﬁ@?éf’??g‘t&@ﬂ Mitiédtides, as well as

nucleotidestiricese impdified!inribahaselsygas pradlacp besphatedmiclies (R gsodaphosphorothioate
backbones eral, an,analogue of a particular nucleotide has the same base-pairing specificity;
Lo o Al e O b GRRPoT s GO S RIS B Bl RS SER GO B “protein’ are
used inferchisngeiabihedpiedends ampalyoiebobahing ErlsesioRER. Ahe iesmusisg @eplies to amino acid
polymers in whic | | ids a I I or modified derivatives of a 30
correspond#@ﬂ%ﬂ%ﬁﬁ%%éﬁf? ?gﬁ%@ﬁﬁ%ﬁég %ﬁfeg@fén ﬁ”geﬁﬂ%rﬁgc?é{-specific,
non-covale@iiMEraciuiToueeTHARTOMEBQIESNGG). bEhwebreop Mtaifcang:a fdsleigacid). Not all
components of,a binding ipteracti ee ence-specifi¢ (e.q., contacts with phosphate
residues in %WN?E%%S%&%B)%&S%%P& fﬁ'z ?r%%?’ff&i%’f? 8 %@ﬁ?&%é" R csted hho
2009/00908BR A/ I-G200860084b10 saguencefshecHitTSudbinteractions fse generally characterized

increalioo SRR bk DAoL (A IS SBI CHARG Do o & protein hat

able to bindi@HfeaValEAYGIOGCANOheC RICE UkRNO bindihg freteif hianhifiditd, Jeaexample, a DNA
molecule (a DNA-bindi rotein R olecule (an RNA-binding protein) and/or a protein
molecule (& 6(%%%_ an%%r%%% e)i;r@m‘% I((:Eaf"soem %’f%a o s a1 a%f%’?e%ﬁe I‘)fpé’a{ﬂ%}ﬁﬁ to itself (to

form homodimers, homotrimers, etc.) and/or it can bind to one or more molecules of a different protein
or proteins. A binding protein can have more than one type of binding 10 activity. For example, zinc
finger proteins have DNA-binding, RNA-binding and protein-binding activity. [0039]A "zinc finger DNA
binding protein” (or binding domain) is a protein, or a domain within a larger protein, that binds DNA in
a sequence-specific manner through one or more zinc fingers, which are regions of amino acid
sequence within the binding domain

6a



15whose structure is stabilized through coordination of a zinc ion. The term zinc finger DNA binding
protein is often abbreviated as zinc finger protein or ZFP. [0040]Zinc finger binding domains can be
"engineered" to bind to a predetermined nucleotide sequence. Non-limiting examples of methods for
engineeringwimeofirrgengroteins are design and selection. A designed zintGRAGECENMHHEERIN is a protein
not occurring in nature whose design/composition results principally from rational criteria. Rational
criteria for degigs) FRiugs:cifpliaiinpebrdsidutiomdidasdriicomiierzeatalgotivns for processing
information in a datapgse storing information of existing ZFP designs and binding .data. See, for
example, USP A 0 GRSt TIBG Ao B 80 000 A5 5 DEAORE" 25 WO 98153059
WO 98/5306&chMan & 2Tht:6530604 nub A0 §340iHd aturkaMtbiiissetbctad tzitle ficfy of fwotein is a protein
not found in nature whose production results primarily from an empirical process such as phage
display, interAction trap or hybrid selection. See e.g., US 5,789,538; US 5,925,523; US 6,007,988; US
6,013,453; U8&5200, 759 Figar 0§/ rengs Al 36/ 0@ ea: I uBisnashe 30dpgeng8s54311; WO
00/27878; WR RE0A7 O MIOSNLIEBA 72k WQ ARI99A84:. 109421 g tarsigesiuepeg” refers to a

nucleotide sequence of any length, which can be DNA or RNA; can be linear, circular or branched and

can be eithePsngieestraeisrdiotiiaxatartic wirs wnsfecish ot suglieh @888 s to a nucleotide
Eequence thg%ﬂaﬂﬂwm H?i@s%@@@ﬂ?@ay% %wpmammgmbao&bm%wt% mximplté)
etween 2 and 10,000 nuclegtides in length_(or any integ e therebetween or reabove),
preferably béi%%gﬂ’%&ﬁtalﬁ%%pﬂ gn%égegﬁdégui S|8?§ﬁ3‘?&?’%§ﬁ§f?ﬁ eaﬁg?‘%fgf{a%gﬁzeen), more
preferaply betern atioutRREartSH0TRIDentidith imdengtondbRA4 3dAntinbragibginis, non-identical
sequence”r fl%%)to a'ﬁﬂ%e%?%?ﬂf V\éklgé:h res gf&g e%r% P&%%S”‘ﬁ%é %}N g\{}th a second
sequence, butw o%nengequence iS notidentical 16 that of the secon geque ce. For example, a
polynucleotidémmiémﬂ@mewbmﬁb@t@mé@dﬁa}imm g&hkpaihbhhdlogeublant non-identical
to the sequepgq Qi.{ 5"7”@%9 o'H@ﬁP}?"@rﬁ‘e'!h@:@%&%ﬂﬁe&hﬁﬁﬁﬁe%?&s%Q%H%QJPQV between the

two sequences Is sufficient to allow hormologous recombination therebetween, utilizing normal cellular

mechanismseeliaamsfersrdguiis ernticRlate SenGENeed baliprdssigiation ohaideiPdegree of

non-homologyrcan hsyesalRsARINGIR PUCIRotdRS oy SOREIPNOARLEARMIC Point mutation
by targeted homologous recombination) or as Iar%e as 10 or more kiIobasZePgN(eé%.‘,,,for 15insertion of a

gene at a préffBimined ISR SO IEHHSIROS Sy igaRich assays for activity at

the endogenous FUTS locus with and without Lens culinaris agglutinin (LCA)
enrichment in CHO cells in which both the dihydrofolate reductase (DHFR) and

glutamine synthetase (GS) genes have been disrupted by previous ZFN treatment.

20  ZFNpools (1, 3, 5, 7) used are shown at the top of each lane and the percent of
chromosomes modified by non-homologous end joining is listed below each lane. The
two lanes marked “Cont.” show negative controls in which cells were transfected with
a GFP expression plasmid (left “Cont.” lane) or untransfected (right “Cont.” lane).
[0027] Figure 8 shows the indicated characteristics of triple gene (DHFR/GS/

25  FUTS) knockout clones isolated from LCA-enriched ZFN-treated pools #1.

[0028} Figure 9 is a graph depicting binding of fluorescent LCA to the
indicated cell types. “Unstained” refers to CHO cells that contain wild type Fut8 but
which have not been exposed to fluorescent LCA; “triple KO” refers to cells in which
all three of the DHFR, GS and FUT8 genes have been disrupted using ZFNs; and

30 “fut8 wt” refers to CHO cells that contain wild type FUTE and have been exposed to
fluorescent LCA.

[6029] Figure 10 shows results of Cel-1 mismatch assays for ZFN activity at
the endogenous FUTS locus in FUT8 hypomorphs. Clone number is indicated above

the lane and allele disruptions are indicated below each lane.



polynucleotides comprising the homologous non-identical sequences need not be the same length.
For example, an exogenous polynucleotide (i.e., donor polynucleotide) of between 20 and 10,000
nucleotides or nucleotide pairs can be used. 100441Techniques for determining nucleic acid and
amino acid sequetso@®@dédentity are known in the art. Typically, such techrigueRdasrugisdetermining
the nucleotide sequence of the mRNA for a gene and/or determining the amino acid sequence

encoded thefgbypjand corspaiing thesesegiaisempobmaagostimisctectitd oramihe acid sequence.

Genomic sequences cap also b ermined and, compared jn this fashion. In general, identity refers
(0.2 oxct IO ED e oo IR BB e D S5 S SE SRR B o
polynucleotidassompeiydiide sethenaaposedpe divebscdivb CAN Bigpseguphicedofpdlynucleotide or
amino acid) can be com d etermining,their-percent i ity. Tk r gentity of two
sequences, \fv%%%ran%o g}ré% lé’é?lé fgﬁeﬁﬁnﬁ%g a%%@q_u%gc:g&%%g{m%ﬁg n‘l‘;fae%‘ao@gﬁ matches between
two aligrfed segamecely) vl sdH-IE TesfghtofGHOsIsY st oegirendds med Midtipidd by 100. An

approximateﬂ&%{gg&gq@ﬁgggc%%@ﬁges is provided by the local homology algorithm of
Smith and Waterman, Advances in Applied Mathematics 2:482-489 (1981). This algorithm can be

applied to amino acid sequences by using the scoring matrix developed by Dayhoff, Atlas of Protein
Sequences and Structure, M.O. Dayheffted. ;i es1pipls 818P318n8, National Biomedical Research
Foundation, Washington, D.C., USA, and normalized.b %g)skov, cl. Acids Res. 14(6):6745-6763
(1986). An el blary impReRHhediBArSP RS SAFEIRUIES F IR S#@Fé’é’ﬁtt“? L e8I sequence is
providethby thectenetics @ aMPsiemeraup(ilatised ad/hdthtile SBasilfiiy uhiltysappieation. Other
suitable programs fotr cal ulatirﬁgsthg} eexrcenfBi gp&g%i% tgigwgag%té bet\ll}/leaetn sequences are generally
known in thecg}'f',pfpos’ril IS rﬁf‘éeanzit er aﬁﬁnr?ment program is gzle’ GR %Il%h efault parameters. For
example, BLESGN=iod S1ASR st eedlechubinystidd dgitodiing a8fhnés garanpetesongeinetic code =
standard: Tt 5 apnes AL, el ules A Rfeahmmblid/aibe AoRLEMaZ Rescriptions = 50

sequences; 10 sort by ="HIGH SCORE; Databases = non-redundant, GenBarik + EMBL + DDBJ +
PDB + GenBHMRAEDS tradsiaorsalimsribspratdinflackpn puadicossre therligesroshasidiesograms can

be foungson {hesGeaRaplevelsis oVitheaRech naaavanes S siRsRiRad BRI otgdaNnge of desired

degrees of sequence identity is approximately 80% to 100% and ag%,integer value therebetween.
Typically the pit@ciinthe st o fertireod aribely fersrdente i aiasex9iedieibly 80-82%, more

preferably 85rR%drivaRisiRIeMEREaPIhO 2acaiil sToMer kg ys3hdonamdi nheshareferably 98%
sequence identity, [0045 Alternativeé%/, he dg{%;ree of sequence similarity bet olynucleotides can

t ee
be determindtRPHYBPRIL SRS BE BIgRRfaBHARS SEPER G FRAARE alSh To#AStion of stable
duplexes betytegodmwalegaurE8anassfololethisygioastiommiitt sioglefsiaydadrpecific

nucleasg(s), and size determination .of the digested.fragments. Two nuclgic agid, oy two polypeptide
sequens% s a’f%sg'fﬁ%fgrﬁ%%r&ﬁ%lg olgno%osn}é?eeggé aé%tvg%r%w Oe?rﬁﬁgnszé'aﬁéngce&%g%%gﬁ%wIeast about
70%-75%, prefrabGhsovtsd 2t ] Tt pieTiatbys BoY D00 EY civmmbrel ok pfeféfably 92%, still more
preferably 95362810 SLALSRARLY PRpaENER NGEIL G Adsiingd (epaliqidg molecules, as

determined using the methods above. As used herein, substantially homologous also refers to

sequences shRWingscamileeRihtinredusespetifisepiiadanbibriiep thn aguEsiel DNA sequences
that are substaptialhemelogeEs AL ddeetifiehitos Sesithan nybidivation rxesiment

25  etal. (2007) Glycobiology 18:104-118; Mori et al. (2004) Biotechnol. Bioeng. 88:901-
908.
[0033} Thus, the methods and compositions described herein provide a highly
efficient method for targeted gene knockout (partial or complete) of FUTS that allows
for the generation of ceils lines for producing non-fucosylated proteins such as

30 antibodies.



30under, 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).2M¢@2@89/009086PCT/US2008/008455 100461 SelectiveCl/BRUIEIBASST two nucleic
acid fragments can be determined as follows. The degree of sequence identity between two nucleic
acid molecules affects the efficiency and strength of hybridization events between such molecules. A
partially identical nucleic acid sequence will at least partially inhibit the Shybridization of a completely
identical sequence%e'éefﬁlget molecule. Inhibition of hybridization of the completely identical sequence
can be asse$s@dksing hyhridizatidnhassayedsatsarelivs|bkeenation trel ast @ the Southern (DNA) blot,
Northern (RNA) blot..solution h E?i ization ttg ' %\,§ qﬁy e Cﬁé ular Cloning: A
Laboratory I\ﬁg’r}]jggﬁi ggo%%?’@%%ér%?&%g%%l gé%%?ﬁtgﬁﬁ I-Sl%ar o‘?%ﬁ?.ﬁ. Vﬁﬁlga‘tﬁé%ays can be
conductéd usinnigusing welpeués bfoletvcitioghetoisexaphptmaisingesneinodsvalyifg from low to high
stringency. I 6onditinnz.PEARNSIHN SN CYIRER, SaBIAYREnt N0 sRACE AENGRIEPECHE binding can be

assessed using a secondary probe that lacks even a partial de?r_ee of sequence identity (for example,
a probe havifrifhirthednlbeiohe 30vshesrtssbaigusnaty Ty srelungd inibrdiigiaiisudéasinat, in the

absence of ngpespagific HintinseventsthececaRRIaNNINPA WilkoakhgRidizaviote target.
100471When utilizing.a hybridization-based detection system, %guclei%lagid robe. i fhosen that is
o FOhaBrD

complementSRy4BLE RSP SR RRIEE HRTBoL GRSy g the R yARg) 12Bnt8PHate conditions
the probg angifieéete i cesrave preRESES chivehL hybridizeiauduind] dhnediteosh 8obs, form a duplex

molecule. A pucleic aci lecule that is capable of hybridizi ' ference sequence
under modelg%&%%hgg%]{oﬁ? ﬁﬁ?z%%%rﬁl@c?r%dsﬁig‘%?%%%@ﬁi@%@%ﬁﬂmons that allow
detection of atadgetio Boteic Seidd s eVod st aﬁmﬁmmmmﬁdﬁmﬁn@hmaving at least
approximately 036 SEQUERGSHREN LK ha 8semeren iR selaslosguslsiostald probe.

Stringent hybri ization conditions typically allow détection of target nucleic acid sequences of at least

about 10-14 ffUetewstia? (R Mnyirssrmay mddy derelffe sty ob pdets HsH aBUPBED5% with the
sequenge of {hgoselagtadRiRIRAREE BrohaxtBYBIdiAtes conditions maafibieioppae/reference

sequence hybridization, where the probe and reference sequence have 30 a specific degree of
sequence idéRiyBeskehedimmaFLs3sTaietm ke art (see, for example, Nucleic Acid
Hybridization: A Practical Approach, editors RD. Hames and S.J. Higgins, (1985) Oxford; Washington,
DC; IRL Press). 10%4 1Conditions for hybridization are well-known to those of skill in the art.
Hybridization stringBA&y Y&1&Ps to the degree to which hybridization conditions

[0035] The terms "nucleic acid,” "polynucieotide,” and "oligonucleotide" are used

20  interchangeably and refer to a deoxyribonucleotide or ribonucleotide polymer, in linear or
circular conformation, and in either single- or double-stranded form. For the purposes of
the present disclosure, these terms are not to be construed as limiting with respect to the
length of a polymer. The terms can encompass known analogues of natural nucleotides, as
well as nucleotides that are modified in the base, sugar and/or phosphate moieties {e.g,,

25  phosphorothioate backbones). In general, an analogue of a particular nucleotide has the
same base-pairing specificity; i.e., an analogue of A will base-pair with T.
[0036] The terms "polypeptide,” "peptide” and "protein™ are used interchangeably
to refer to a polymer of amino acid residues. The term also applies to amino acid polymers
in which one or more amino acids are chemical analogues or modified derivatives of a

30  corresponding naturally-occurring amino acids.
[0637] "Binding" refers to a sequence-specific, non-covalent interaction
between macromolecules (e.g., between a protein and a nucleic acid). Not all
components of a binding interaction need be sequence-specific (e.g., contacts with

phosphate residues in a DNA backbone), as long as the interaction as a whole is

9



disfavor the formation of hybrids containing mismatched nucleotides, with higher stringency correlated
with a lower tolerance for mismatched hybrids. Factors that affect the stringency of hybridization are
well-known to those of skill in the art and include, but are not limited to, temperature, pH, ionic
strength, ansvocameemivedion of organic solvents such as, for example, formemidesesighssss
dimethylsulfoxide. As is known to those of skill in the art, hybridization stringency is increased by
higher tempegatuses-ipetfidoScchtinrgibtiand devensale chaantentdbonsdiiodialisith respect to
stringency ‘conditio hyhrigdization, it is well. known in the art that numerous.equivalent conditions
can be emplg%s %’ﬁ@Bﬁgﬁ aﬁoﬁéﬁﬁ&ﬁér sa‘frlfﬁgfegfc?gefv%@ﬁﬁgs , o exté?:n%?efl}%‘e following factors:
the length andonedsae ohdive séinienbesgoase ate positidnwétke.various sequences, concentrations of

sats and othgghypridizatian.salfian rampoRaNiz. i MEPRCASE N ARSRAAS AllagRg agents in the

hybridizationsolutions (e.g., dextran sultate, and polyethylene glycol), hg}bridizatlon reaction

temperafure anethgragiendmetebindina patiten caing 5ivasKERGifToRN ATRS Selde vRYa particular

set of hybridigatian conditions ReelemedfRlowiRe Alandand 99&%?1&1@699 Atseamdreaample,
Sambrook, et al., Molecular Cloningé},? Laboratory Manual, Second Edition, (1989) Cold. Spring
i 0

Harbor, N.Y.pragisbindingretsinhibriheeaie 96 apprisiudingingpreisigebiagdatd cobatorihation

between tworpelyReeieatides Hoalciempry RAse SRS distipguteonbomateg ansisadestiination (FIR)"
refers to the specialized form of such excg lace, for example, duripgiggglair of

hange that takes
double-stranBrEEPTREEY FRIEP o> é“?éq&%ﬁ'éoéehlbﬁfé‘oﬁﬂg L ERELRB FBIoY) TSe$ a "donor
moleculg to tenipiste Fepaimmapk, thrgtignoesisies(heve Dié obinthed, BiSareinded thel goetbie-strand

break), 25an}c)iiisd.vari%%13§¥ known as "non-crossover gene conversion” or "short tract gene conversion,"

because it 1e38S e trahsfer of genetic information from the donor to the target. Without wishing to
be bound by @f§9larticulaAtieoeyfinger D bisdisgpintean danhkndangrieoaragtisa potkreduplex DNA

that forms befwgan (e Braken iARekandis danemand/ocquaibesidapshdaryt siranghanrealing,” in

which the 30donor is used to resynthesize genetic information that will become part of the target,
and/or relater protessedinsatn EpehiaT BEOns offpine Suit SPAuFnes Big Ths YOG ANRRE of the

target mglecylgsuchibatoartarinlef dhensounaraidnedonss rRelynuslestides mgeiporated into
the target po%ﬁnucleotide. WQO 2009/009086PCT/US2008/008455 OOS]g%ﬁleavage" refers to the
g%%‘i?d’dgt i

breakage of IANAAVAMRE BRERBIH IS L BNE Aot fre APbe&iihitiated by a variety of
methods inclygiagy, but notlinoiteihéo bRy adinatcharbicaiyaraksisobiadhosphodiester bond. Both
Single-Stranded e A A R G S N e G R A0 U RO R R BRE flopple-stranded cleavage
engineering zinc finger proteins are design and selection. A designed zinc finger
20  protein is a protein not occurring in nature whose design/composition results
principally from rational criteria. Rational criteria for design include application of
substitution rules and computerized algorithms for processing information in a
database storing information of existing ZFP designs and binding data. See, for
example, US Patents 6,140,081; 6,453,242; and 6,534,261; see also WO 98/53038;
25 WO 98/53059; WO 98/53060; WO 02/016536 and WO 03/016496.
{0041} A "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 or hybrid selection. See e.g., US 5,789,538; US 5,925,523; US 6,007,988,
US 6,013,453; US 6,200,759; WO 95/19431; WO 96/06166; WO 98/53057,
30 WO 98/54311; WO 00/27878; WO 01/60970 WO 01/88197 and WO 02/099084.
[6042] 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 nucieotide

sequence that is inserted into a genome. A donor sequence can be of any length, for

10



5can 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 embodiments, fusion polypeptides are
used for targeted double-stranded DNA cleavage. [0052]An “cleavage half-domain™ is a polypeptide
sequence whighoiedégonjunction with a second polypeptide (either ideriigalisauckféesesst) forms a
complex having cleavage activity (preferably double-strand cleavage activity). The terms "first and
second cleaaggpiaifianainsnd 1T ntayaes hnlbdenanaantsepilaad left cleavage
half-domains” are used interchangeably tg refer to pairs of cle e -domains.that dimerize.
15[0053]An BFFSRAERFSH Vdhers Kk HisheT Yigeﬁ"cﬁ%‘hgﬁ‘d& ﬁéﬁg&sﬂ% tﬁ%@ﬁ‘%%seénn modified so
as to form ohliggde(beiasosinetahwith anctn) iee\agrabli siowain Lsogt 2806tk s @hgineered
cleavage half-d?mﬂpe)..s e, also, U.S. Patent Publication Nos. 2005/0064474; 2007/0218528 and
2008/0131965{°|ﬁ%6rp501r%8 erein by reference in their entireties. 20[0054]"Chromatin” is the
nucleopioteifitéidicture comphrisindptiraseitmadesivehseq@aliclaelhy drrafirscengipmises nucleic acid,
p”ma“'y.DN%@%}E&%@%#%M%@Q@M&? Rea-hisions 9%&&8&%@%&@'% The majority of
eukaryotic cellular chromatiexists in the form of nucleosomes, wherein a nucleosome core comprises
approximateeasnasas apatente 1 ioAhat 66 thatser i Fer e o cEonERENMpidsing two each of histones
H2A, H2B, H3,anddidiianddinketRNA @i Massbledensib depandingeencthenofsaoigm extends

between nucleosome cores. A molecule of histone 1-11 is generally. ass cigted with the linker DNA.

For the purp@88 &gt tHentirabinpaissaBerfe ofbeeat Gin alihe e ARSI 8 B5e5BSss all types of
cellular jucleppraéeinhbebidOkatyedictaathoulcansibes Selitfizicitontidin fnehote30 both

chromosomal and episomal chromatin. [0055]A "chromasome,"” is a.chromatin, complex comprising all
or a portion 6??3@%@?1%%& f%%tgiﬁe?h%&l JERGHES g%g‘ﬁ‘ |§I5¥F§§Hgﬁ%?§b@%?e%pglf %’ﬁ(‘ésryotype,

which is the aolieidtintical sdfjthacehramosanydsrtithtapdtipisdéethecgdmombonfiehegyelin Bhe genome of a

cell can compiisg A1e QT MeKE CHIOMASpIe o Z9AH UORRREGHT B AR AR [0056)An

"episome" is a replicating nucleic acl éoprotein complex™or o structure comprising a nucleic

acid that is ntstgeied diohelegousecumbinaéoybeyse brge cell Exanaptddlebassstiged9hclude plasmids
and cer{ain viral GeAPES.nIA0R A ARRES IR (EHIRNN b dudiifold cejlulpg,ghromatin in which a

target site present in the nucleic acid can be bound by an exogenous molecule which recognizes the

target site. SR GRHCIFRSE cerpaisisa e By RAlP sars ori dri) StqueBereDeerRat 2 cessible

region is onegthat ialgm. PAskagasintatRUEIAESOMABIBICIHIR. (Theddistingbstlcksrdef an accessible
region can often be detected bx its 10s%nsitivity to chemiical and en%mat'c probes, for example,

nucleases. [CUSSPKFAALEG AP0 RIGEPLEET RITRSIFS IR BRIS CHCRY 8¥flience that

[0044]) Techniques for determining nucleic acid and amino acid sequence

20  identity are known in the art. Typically, such techniques include determining the
nucleotide sequence of the mRNA for a gene and/or determining the amino acid
sequence encoded thereby, and comparing these sequences to a second nucleotide or
amino acid sequence. Genomic sequences can also be determined and compared in
this fashion. In general, identity refers to an exact nucleotide-to-nucleotide or amino

25  acid-to-amino acid correspondence of two polynucleotides or polypeptide sequences,
respectively. Two or more sequences (polynucleotide or amino acid) can be

- compared by determining their percent identity. The percent idenﬁty of two
sequences, whether nucleic acid or amino acid sequences, is the number of exact
matches between two aligned sequences divided by the length of the shorter
30  sequences and multiplied by 100. An approximate alignment for nucleic acid

sequences 1is pfovided by the local homology algorithm of Smith and Waterman,
Advances in Applied Mathematics 2:482-489 (1981). This algorithm can be applied

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

Protein Sequences and Structure, M.O. Dayhoff ed., 5 suppl. 3:353-358, National
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defines a portion of a nucleic acid to which a binding molecule will bind, provided sufficient conditions
for binding exist. For example, the sequence 5'-GAATTC-3' is a target site for the Eco RI restriction
endonuclease. 15100591An "exogenous" molecule is a molecule that is not normally present in a cell,

but can be istiwdueeddnio a cell by one or more genetic, biochemical or atbensmweibossisiNormal
presence in the cell" is determined with respect to the particular developmental stage and

environmentglSapgitinIeaftis Esinddids, iTaaragmiepaanelsayimihaéisslieaeny only during
embryonic development of muscle is an 20exosgenous moalecule with respect Lo an adult muscle cell.

Similarly, a nTBIBHA% NESEAAS-Reat HBER 182N 8 ELEHYuS M BREERIARI T PLEPELAHS Y
non-heat-shegkeid sRbrftirexoitaaisspeteat eieaixgoMmianefor éxaoyitizdbiumetioning version of a
malfunctioning endogenous malecule, or a malfimctioning,versian of. a normally-functioning
erdogenovs R EL o SRGE TR e s CTeie e Sl AR mal
moleculs, sushtaldéiggenaratéd byl@iatimbiha feneint héenisy ppsocdastyoreaweacsoguetecsle such as a

ot ool BEIS AR REVA i BE NSRRI NPT RAYSRRRIA BT Tod o

derivative of ove'molecules, or any complex comprisin e of more of the above molecules.

Nucleic acid#$péluith danlbpaaoracn karerenileg BLAS YdLe BlraRdErasdie &ckhear, branched or

circular; and g2 abA0W et NuGRIn AcidsadHdednose caral sratiorming duplaxes, as well as
triplex-forming nucleic acids. See, for exarg})le, U.S. Patent Nos. 5,176,996 and 5,422,251. Proteins

include, but arBYBLIHAET 89; pReecHtin Y BrtemB PR YA T REARS R Pd SEaHF *ES o deling
factors, methyated-DiN& HiRdDE B 0iiBss e B iRE RN e DyaRes dem@EhyaspRacetylases,
deacetylases, kinases, phosphatases, integrases, recombingses, ligases, tqpaoispmerases, gyrases
and helicasegpgn+e§8b§ﬁ&o§?%ﬁ§ﬂféoe i 3G HEHA A uPéB&g%fl?ﬁélé}gﬁﬁlﬁf n endogenous
molegule butﬁ&ﬁyﬁdgim eaﬂilﬁf@fem&pﬁﬂgﬁmﬂkafmﬁiis_.qm&ertﬁcm Fauenxaemple, a human
It g S A e Rl R

Q{? ivg%é%o&%gqa se or hamster.
10061]An exogenous mo e caf be the same ecule as z£§r’1len rge%ous %olecule, e.g.,

an exogenoBir tedifth autieiy mtrderorlexthenshetancax dgaelky Hichsrsadiflentiiedmprise an
infectingqvira, gGRome. aplasmid gneRiSpMRJORLRAMGE 4 N, el Rrchinesoms, that is not

normally present in the'cell. Methods for the introduction of exogenous moleculesointo cells are known
to those of skifEmmeEEeiani gt sHikmpee e ishbo ey g metliatelr i tErqi.e., liposomes,
including neytialapd Riaryc lipids), electroporation, direct injection, cell fusion, particle bombardment,

calcium phos[%hate co-prem{aitatio_n, DEAE-dextran- 15mediated tr,angfer and viral vector-mediated
transfer. 045} Alternatively, the degree of sequence similarity between

polynucleotides can be determined by hybridization of polynucleotides under

20  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
least about 70%-75%, preferably 80%-82%, more preferably 85%-90%, even more

25  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
are substantially homologous can be identified in a Southern hybridization experiment

30  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).
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10062]By contrast, an "endogenous” molecule is one that is normally present in a particular cell at a
particular developmental stage under particular environmental conditions. For example, an
endogenous nucleic acid can comprise a chromosome, the genome of a mitochondrion, chloroplast or
other organaile, 0ugomabsrally- 20 occurring episomal nucleic acid. Additicualesdoegenesss molecules
can include proteins, for example, transcription factors and enzymes. 100631A "fusion” molecule is a

molecule in viighjtwo or giR sHbsitimeAasHIestaeiRkad apie feighbneovalertly. The subunit

molecules can be the same chemical '%epe of molecule, or can be different chemical.types of

molecules. 28BS 2LV st B SR LSRRI 688" B HRHSISIRARY to, fusion
proteins (for axassple; afisiahddfivenn e BrBA-bingibgdiomeairentsdbawasageiomain) and

fusion nucleig aidg (forexamiic. &.aucleic agkd sncoding dhe upianproiein descrbed supra)
Examples of %8 &nd t%% O HISTOR Frdleedle fREead Bt are io |miPeaé—hto,ya usion between a

triplex-fafmirigymudiedd acid andnspBieholypaptaliscqrdca fusicmire maecule Mimobigiooee binder and a
nucleic acid.,[006 ess) ' tein. I e I ivery of the fusion protein
to the cell or %ﬁﬁ%ﬁ%@f zi%&%%%ﬁ%g{gh%géﬁg&l@% f(icjagllr}))r% %Sslrg(gtsegﬁ? r%’%%:ell, wherein the

polynucleotide/bsidizpidenibesdyafriaee tehsorprisnrisiateug i getheral@féfbkibn protein.
Trans-splicingRAYPRHAS PRRVAuRiBA%, BRMPaRICe igRtAR caR Slahsinwphied in expression of a

protein in a cell. Methods for poél?/nucleotide and polypeptide deliveri%té) cells are presented elsewhere
in this disclodréaaesiarigend Crrnwom Myed bREEpRGI S Gr¥difERRfes a DNA Sregion
encoding a ggaS & odNCh. (SreHnkalamvel asalkRINGsHegiangvehieBrieg ulaladhp progiiction of the
gene product, whether or not such regulatory sequences are adjacent 1o coding and/or transcribed
sequences. R&‘G’Fé?ﬂ@ﬁ’f‘%cé’é’f}g*ﬁ{ﬁ&%%’f%gpfg ﬁoe%hg&%{ﬂ ﬁﬁ?%ec}%? %}i‘?fbstgﬂoéﬁuences,
terminators, ypinglaiignat kqplegedytheghence s Suakapsdifiodimimp by sitessahdsingeanal ribosome

entry sites, enhancers, 10silencer insUIators.bE) ndary glements.. replicatjon ori , matrix
attachment s?Fecgnagr?ay Iggfcj?)seé?(l)arﬁf%%rse%\fgﬁsa.%%lg ‘]ijfp eeﬁ:'éé i:i%?’é%nscl%’hé‘eﬁetw?g% the (Prc])l%rfvaersion of the
information, porttairmuni lasg dre, dhtotB 0¥ rreqrenteddentige math thd tmectmdlectie) divebt transcriptional

product;gf a geig (6, -aey&mm{épéﬁi%iﬁaﬂfg%ﬁ% RN HIHDIGTR RINAS (MIRNAS)

ribozyrne, structural RNA or any other type of RNA) or a protein produced by translation of a mRNA.
Gene produdiytaidizerie|thfcarBEAs which are modified, by processes such as capping, polyadenylation,

methylation, ad-ARditing, am@afqiﬁiaﬁx%m}}iﬁqi%iéﬁwcmﬁtkwmra Regédalian,
Ibosy

phosphorylation, ubiquitination, ADP-r ation, myristilation, and 20glycosylation.
[00671"Mod RERRSH® GRER ek} GUBBISTRERDI P 4 BRSO RURIES ARt Farerics, and then

by selection of appropriate conditions the probe and the reference sequence

20 selectively hybridize, or bind, to each other to form a duplex molecule. A nucleic
acid molecule that is capable of hybridizing selectively to a reference sequence under
moderately stringent hybridization conditions typically hybridizes under conditions
that allow detection of a target nucleic acid sequence of at least about 10-14
nucleotides in length having at least approximately 70% sequence identity with the

25  sequence of the selected nucleic acid probe. Stringent hybridization conditions
typically allow detection of target nucleic acid sequences of at least about 10-14
nucleotides in length having a sequence identity of greater than about 90-95% with
the sequence of the selected nucleic acid probe. Hybridization conditions useful for
probe/reference sequence hybridization, where the probe and reference sequence have

30  aspecific degree of sequence identity, can be determined as 1s known in the art (see,
for example, Nucleic Acid Hybridization: A Practical Approach, editors B.D. Hames
and S.J. Higgins, (1985) Oxford; Washington, DC; IRL Press).
[0048] Conditions for hybridization are well-known to those of skill in the art.

Hybridization stringency refers to the degree to which hybridization conditions
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gene. Modulation of expression can include, but is not limited to, gene activation and gene repression.
Gene inactivation refers to any reduction in gene expression as compared to a cell that does not
include a ZFP as described herein. Thus, gene 25 inactivation may be complete (knock-out) or partial
(e.g., a hypowwophvisusukéch a gene exhibits less than normal expression fevetsarnsgresiict of a
mutant gene that shows partial reduction in the activity it influences). 100681 "Eucaryotic" cells include,

but are not limigddoinaal £RISShigk as yrpsbing antaallheatndidaells, Miaminaiéan cells and

human cells T-cells). 30§8069] A "regiop of interest" is a lon of cellular chromatin, such as,
Bl ay e RlE Y i

e.g.,
for example,égjélgﬁ]é%lpgrﬁ(gﬂ? HHY A QBB FUETaMERi P OPIRRAL Rl & AR IBALit is desirable to
bind an exogsfwushewmiaodec Bofitivtgidmathe toe thelldurposas GickargbikilliDNRAeclgawdge and/or
targeted recompiaation.  reqipn ehinierest.can.be pIEsentin g chiomasome, an cpisgme. an
organellar genome’(e.g., Fitochondaria , ceﬁgrop asty, ot an’ntec g’wralcgenome, or example. A
region of interesnicasphentithichthe todingmelgidarofamiermdwithistitybdnibds deriscoding regions
such as, for gyamplE IfRU8E SEA|RRE S RIS AEANETGRR AR OB RLM BPHgiranseribed
regions, either upstream or downstream of the coding region. A'region of inteérest can be as small as
5a single nudfEBRIAIYAR BIRS 1O GO RRSHQR PPt Il ERBESNBR%ERTE integral value of nucleotide
pairs. 10070jggagjterms "apriaiiigetnkaaieinaiity QRRAAMRI YdNkadi diokieparablydinked”) are used
interchangeably with reference to a juxtaposition of two or more compagnents (such_as sequence

elements), it EHECBHIPRHEIRSIONS SAKYER SORFUIHFRP RS RraRsare EeRIRfon normally and

allow theypossiiilitiihatiapdaasbonegiibefeompaprnibcriisvanipteniiinglidertiatdsdexerted upon at
least one of the other components %é\éva%{ ofjllustr?ii'
a e

z iptional lat , h
a5 a promotdP I CHE VN HRE T EUT S LT e TAHEL PSR RRS sequence

at

LA RS SRS SPRITEHGES 8} sequence
controls the lsygleiitrainsdiyitiatizafithesclnting coequancs, ithegspomse ¢o sheed&prEsence or absence of
one or more franscriptional .regulatory (S, A L ipti ng: [e ry. f generally
operatively Iiﬁi?ér:glﬁ‘g C eﬁ%ﬁna%o%%g %g%té%enn%e,%%{?ifggd ﬁgt e %ﬁie%%y ﬁggggﬁﬁ% ?tn For example,

an enhancerglechahyerigienen regatamismpseriarcadHamspopanstivelydimeliditovargsiling sequence,
even though (hey argiNRiHORHANQHRRAOPY FAeiresPrechB iusionoRRyRaRdeS the term

"operatively linked" can refer to the fact that each of the components performs the same function in

linkage to th&<riEr dolepane ateadatd raeiprsiiivBraN 6o fniedampdy SRRk itk respect to a
fusion polypeptigednMdish a2 AR BNABRdNgeansateds fuseddo@osienwamesganain, the ZFP
DNA-bindin%_%iomain anci;he cleavage domain are in operative 25 linkage if, in the fusion polypeptide,
the ZFP DN Bﬁh‘&ﬁr@&' ain portion is able to bind its target site and/or its binding site, while the
cleavage don@aBojs able toiieamdibddAnhtiferyioinitycobih e flaxgbimiteo {@0&]é\ "functional fragment”

ofa p“’iﬁ'”’ ngc}{'ﬁlea%%%eogtrw%lélglgb% %% ytluslc?eotidcs. 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” melecule to template
repair of a "target" molecule (i.e., the one that experienced the double-strand break),

25  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

30 donoris used to resynthesize genetic information that will become part of the target,
and/or related processes. Such specialized HR often results in an alteration of the
sequence of the target molecule such that part or all of the sequence of the donor

polynucleotide is incorporated into the target polynucleotide.
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protein, polypeptide or nucleic acid whose sequence is not identical to the full-length 30protein,
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
correspondirgprativresmsiecule, and/or can contain one ore more amino &I/ GE0&T86RIe
substitutions. Methods for determining the function of a nucleic acid (e.g., coding function, ability to

hybridize to mostier nuclegiasisieare ieltdaRebirdRatiieof theSinilRily batkbved  farDiEermining protein
function are well-k For examEIe, the D A-bindjnsgn(f#ncti nofa cH.- e %:im beddetermined,
14 ] of limite

o § g metgods inciu
for example, BY FHEF-biEANAS S FRRPSRGIAEE RYGbIRNS

epti
, Of mmunoprec%pﬁ%gi%n assays. DNA
cleavage cand)enzgsayiedibshgai&sbyfropisorefispBephadsutsebendl Petprmglheteinified of a protein to

interact with another protein can be determi L EXRP! immunogpracipitation, two-hybrid
assays or coglm%l‘éa eh gt%r‘?? %30% a&é%%t%%ﬁ%%%%ﬁgmlcaﬁ %‘épe%o%)gr%%ampleq @%Qé&sg gt at (1989)
Nature 340:2485-0x08r &b 8 rédukerf INo. ds586, singlarsirandeH vieavesy4e86. TNOOASIT#ES term "antibody”

o used hereig el oiherasnabelng i al peligonaladmanecanel preparations, as

well as, the following: hybrid (chimeric) antibody molecules (see, for example, Winter et al., Nature
(1991) 349:2e3bodimeny fsiprmelyReptileiasesey ordarestsh duplest P&V molecules
(non-covalergibgtgredimers, see, for example, Inbar et al., Proc Natl Acad 15Sci USA (1972)
69:2659-2662: and Ehrlich et al., Biochem (1980) 19:4091-4096); single-chain Fy molecules (sFv)
(see, for examﬂfg,] Hustor? ¥t SHEPASE R%{ﬁ"‘}fé‘éﬂ & m%ﬁﬁs)é?ﬁ%%‘fﬁgf imeric and trimeric
antibodyofragiagiohegnsiviibts seaonb pdlepdsied; @itheRdakietiadr, Bifcheinf¢ha92)c8iib¥9-1584,

Somxampre, TR AN BN e by S A DA S ANy TREE ee "
230:1534-1536) sudnid e ageneFiiivabinr No G- 2]em6es pbiisied 214Seigh1 894); and, any
functional ffa%ﬁ‘%@%i{%%tﬁk@ﬁﬂo%%i%% ROMARHES: %s@mévéﬂarf{@gmgrg%@mmﬂnol09ica'

binding properties of the parent antibody molecule. 25[0074]As used herein, the tefrm "monoclonal
antibody" reféesneans thah@iBetizeéomposition having a homogeneous antibody population. The term is

not limied regpeding the spRegs RlsRIER AN anlRMn Y 1S itdphepdad - inhailiniied by the
manner in which it is made. The term encompasses whole immunoglobulins as well as fragments such

as Fab, F(abh2s iegnaRAHieesanin e, Rligaln DRlespmsie oA RERTARAEF Hdtiogeneous
antibody popadation s.thakradiitiiphesnedagiaah pindindarepetissof e PEanitenonoclonal antibody

molecule. Zipe fnger nycledes A0AIRes60 G RSSE DASo66 {11985 NHglgRs s FNS) that can be
herein by reference in their entireties.

20 [0054] "Chromatin" is the nucleoprotein structure comprising the cellular
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 nucleosomes, wherein a
nucleosome core comprises approximately 150 base pairs of DNA associated with an

25  octamer comprising two each of histones H2A, H2B, H3 and H4; and linker DNA (of
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 includes

30  both chromosomal and episomal chromatin.

[{6055] 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 2 cell can comprise one or more chromosomes.
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inactivation of a FUT8 gene. ZFNs comprise a zinc finger protein (ZIP) and a nuclease (cleavage)
domain. 5 A. Zinc finger proteins [0076]Zinc finger binding domains can be engineered to bind to a
sequence of choice. See, for example, Beerli et at (2002) Nature Biotechnot 20:135-141; Pabo et at
(2001) Ann. RevpBiochem. 70:313-340; Isalan et at (2001) Nature BiotechiibUiBU8BESGH60; Segal et
a/. (2001) Curr. Opin. Biotechnol. 12:632-637; Choo et at _ (2000) Curr. Opin. Struct. Biol. 10:411-416.
An engineergggaigic finger bindifigodmain eyndave avpiekbiadingisnasitaitvoepiapared to a
naturally-occurring zinc finger pratein. Engineering methods inclfuﬁgﬂg, Bgt are notllimited to, rational
design and VARSUERATE SPUBANIBA Y b%%ﬁlﬂgg?éﬁ P BAES O ST U’ing databases 15
comprising triateb{pcopattelh ERampdiaatipisenise edsdanpdaimiidscnd| cineifirvgrel amino acid
sequences, in which each triplet or quadruplet nucleotide sequence is associated with one or more

. . CnOICS. . . . . . .
amino acid séquences of zinc fingers which bind the particular triplet or quadruplet sequence. See, for
example co{8a58d U.S. Patémscsstiazguinid 6884106 uiacohporaten ibyiutdre tasgdierein in their
entireties. ,Zoéqsé’éiééﬁ?m%%é%%%%JE&?H&%%&E'E%Q;W&G adispiayReLiwp-hybrid systems, are
disclosed in atents 5,789,538; 5,925,523, 6,007,988; 6,013,453; 6,410,248, 6,140,466;
6,200,759; arrt@zRiessbBiasachilra VI Way FhEs kP oBrd J0F Wt gBl B /8 PemwWIa501/88197 and

GB 2,338,234, 18,R4 0 Bn 846 betbindingspesificikierintlingandissting domains has been
25described, for example, in co-owned WQ 02/077227. [0078]Selection of. é?%%%%gites; ZEPs and

methods for S8 aNHPESHRSEHONBIRAISR protesile casep S atRb bR i same) are
known 1@ thogs@fislif ihdienasiland desetibeoproblaiaibirtdiplRatesieApplication Publication Nos.
20050064474 20060188987, incqrporated by reference in their entireties hergin. 30[0079]In
addition, as d&ggglsed in thgsté‘rgﬁtdsg?heg rgﬁgtn%\é q?‘%?ﬁc ﬁﬁg%%afé%%iéssg%uf%ﬁerﬁlu ti-fingered zinc
finger proteing:fry bpditikedftegeatier asidgoany suitdbidingkaolsegeevidbsinih graingdor example,

linkers of 5 or raore aming acids. in le y [ J 38% 153G ' (SEQ ID NO:37),
TGQICP (S Esér&%’ ?8%%%0#5/%0&8%%%@(%5%’% %J‘%%%’g@ﬁg%‘i@éﬁ%% S I%?egné N%s. 6,479,626:
WO 2009/(1098688PLIF g0 6R0BB1BS 61303 1GBIMIRISE; 153,949 for exemplary linker sequences 6

or more; amingggifs in length. Ihe.prpteing degeribedBRISIR Maviindrds-Anmcpriination of suitable

linkers between the individual zinc fingers of the protein. Examples of additional linker structures are

found in U.S 2Pr8viib Aal RpistrodisriNBiogse Blogee ATanatf8FaBicobins i flisd Eompositions
For Linking DhMn&indingRamsineAedGirasossiemaintd P80t isked Heparibegaa number of zinc

finger binding, domains thiat have Qreen_er;é%iﬂgee ed to.bind t?}ﬁ?dift?f se%uencean the FUTS8 gene.
See, also, Fi%?‘iemg‘?‘?& $1488 AR SOV HRUTRES LR R IR i e BN IR 8 main. The 10
DNA target spgleniethar @ pessanman dardipywibirydhie Hestebainrm afishthaesieand through fifth

columng show the amino acid seqguence qf the recognition regioR.(amino aci -1lg1rough +6, with
respect @thgxs%%? %‘fstﬁleoﬁeg %) OF eae %@ﬁ?eagi%@iﬁ%%sr% ?Ig fh%%é%l ?921 ﬁgdozerc ) in the protein.
Also providedniintied fiysicebhlnonk is andsegrifivstionsrnnbetiorrsipotaing: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.

25  [0060] An exogenous molecule can be, among other things, a small molecule,
such as is generated by a combinatorial chemisiry process, or a macromolecule such
as a protein, nucleic acid, carbohydrate, lipid, glycoprotein, lipoprotein,
polysaccharide, any modified derivative of the above molecules, or any complex
comprising one or more of the above molecules. Nucleic acids include DNA and

30  RNA, can be single- or double-stranded; can be linear, branched or circular; and can
be of any length. Nucleic acids include those capable of forming duplexes, as well as
triplex-forming nucleic acids. See, for example, U.S. Patent Nos. 5,176,996 and
5,422,251, Proteins include, but are not limited to, DNA-binding proteins,

transcription factors, chromatin remodeling factors, methylated DNA binding
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15 Table 1: Zinc finger nucleases targeted to Fut8 ZEN name Target sequence F1 F2 F3 F4 F5 F6
ZEN 12029 GTCTCGGATGCT (SEQ ID NO:8) QSSDLSR (SEQ ID NO:9) TSGNLTR (SEQ ID NO:10)
RSDDLSK (SEQ ID NO:11)

WO 2009/009086 PCT/USZO08/008455

proteins, polymerases, methylases, demethylases, acetylases, deacetylases, kinases,
phosphatases, integrases, recombinases, ligases, topoisomerases, gyrases and
helicases, An exogeneous molecule can also be the same type of molecule as an
endogenous molecule but derived from a different species than the cell is derived

5  from. For example, a human nucleic acid sequenced may be introduced into a cell
line originally derived from a mouse or hamster.
[0661] An exogenous molecule can be the same type of molecule as an
endogenous molecule, e.g., an exogenous protein or nucleic acid. For example, an
exogenous nucleic acid can comprise an infecting viral genome, a plasmid or episome

10  introduced into a cell, or a chromosome that is not normally present in the cell.
Methods for the introduction of exogenous molecules into cells are known to those of
skill in the art and include, but are not limited to, lipid-mediated transfer (i.e.,
liposomes, including neutral and cationic lipids), electroporation, direct injection, cell
fusion, particle‘bcmbardment, calcium phosphate co-precipitation, DEAE-dextran-

15  mediated transfer and viral vector-mediated transfer.

[0062] By conirast, an "endogenous” melecule is one that is normally present
in a particular cell at a particular developmental stage under particular environmental
conditions. For example, an endogenous nucleic acid can comprise a chromosome,
the genome of a mitochondrion, chloroplast or other organelle, or a naturally-

20 occurring episomal nucleic acid. Additional endogenous molecules can include
proteins, for example, transcription factors and enzymes.

[0063] A "fasion" molecule is a molecule in which two or more subunit
molecules are linked, preferably covalently. The subunit molecules can be the same
chemical type of molecule, or can be different chemical types of molecules.

25  Examples of the first type of fusion molecule include, but are not limited 1o, fusion
proteins (for example, a fusion between a ZFP DNA-binding domain and a cleavage
domain) and fusion nucleic acids (for example, a nucleic acid encoding the fusion
protein described supra). Examples of the second type of fusion molecule include,
but are not limited to, a fusion between a triplex-forming nucleic acid and a

30  polypeptide, and a fusion between a minor groove binder and & nucleic acid.

{0064) Expression of a fusion protein in a cell can result from delivery of the
fusion protein to the cell or by delivery of a polynucleotide encoding the fusion
protein to a cell, wherein the polynucleotide is transcribed, and the transcript is

translated, to generate the fusion protein. Trans-splicing, polypeptide cleavage and
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DRSALAR (SEQ ID NO:12) N/A N/A ZFN 12030 AAGGACACACTG (SEQ ID NO:13) RSDVLSA (SEQ
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polypeptide ligation can also be involved in expression of a protein in a cell. Methods
for polynucleotide and polypeptide delivery to cells are presented elsewhere in this
disclosure.

[0065] A "gene," for the purposes of the present disclosure, includes a DNA
region encoding a gene product (see infra), as well as all DNA regions which regulate
the production of the gene product, whether or not such regulatory sequences are
adjacent to coding and/or transcribed sequences. Accordingly, a gene includes, but 1s
not necessarily limited to, promoter sequences, terminators, franslational regulatory
sequences such as ribosome binding sites and internal ribosome eniry sites, enhancers,
silencers, insulators, boundary elements, replication origins, matrix attachment sites
and locus control regions. |

[6066] "Gene expression” refers to the conversion of the information,
contained in a gene, into a gene product. A gene product can be the direct
transcriptional product of a gene (e.g., mRNA, tRNA, TRNA, antisense RNA,
shRNAs, micro RNAs (miRNAs) ribozyme, structural RNA or any other type of
RNA) or a protein produced by translation of a mRNA. Gene products also include
RNAs which are modified, by processes such as capping, polyadenylation,
methylation, and editing, and proteins modified by, for exémpie, methylation,
acetylation, phosphorylation, ubiquitination, ADP-ribosylation, myristilation, and
glycosylation. '

[0067] "Modulation" of gene expression refers to a change in the activity of a
gene. Modulation of expression can include, but is not limited to, gene activation and
gene repression. Gene inactivation refers to any reduction in gene expression as
compared to a cell that does not include a ZFP as described herein. Thus, gene
inactivation may be complete (knock-out) or partial (e.g., a hypomorph in which a
gene exhibits less than normal expression levels or a product of a mutant gene that
shows partial reduction in the activity it influences).

[0068] "Eucaryotic" cells include, but are not limited to, fungal cells (such as
yeast), plant cells, animal cells, mammalian cells and human cells (e.g., T-cells).
[0069] A "region of interest” is any region of cellular chromatin, such as, for
example, a gene or a non-coding sequence within or adjacent to a gene, in which it is
desirable to bind an exogenous molecule. Binding can be for the purposes of targeted
DNA cleavage and/or targeted recombination. A region of interest can be present in a

chromosome, an episome, an organellar genome (e.g., mitochondrial, chloroplast), or
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ZEN 12170 AAGGAGGCAAAGAC AAAG (SEQ ID N0:18) RSDNLSV (SEQ ID P40:19) QNATRIN
(SEQ ID NO:15) RSDNLST (SEQ ID N0:20) QSATRTK (SEQ ID N0:21) RSDNLSR (SEQ ID N0:22)
RNDNRKT (SEQ ID NO:23)

WO 2009/009086 PCT/US2008/008455

an infecting viral genome, for example. A region of interest can be within the coding
region of a gene, within franscribed non-coding regions such as, for example, leader
sequences, trailer sequences or introns, or within non-transcribed regions, either
upstream or downstream of the coding region. A region of interest can be as small as
5 asingle nucleotide pair or up to 2,000 nucleotide pairs in length, or any integral value
of nucleotide pairs. '
[0670} The terms "operative linkage" and "operatively linked" (or “operably
linked™) are used interchangeably with reference to a juxtaposition of two or more
components (such as sequence elements), in which the components are arranged such

10 that both components function normally and allow the possibility that at least one of
the components can mediate a function that is exerted upon at least one of the other
components. By way of illustration, a transcriptional regulatory sequence, such as a
promoter, is operatively linked to a coding sequence if the transcriptional regulatory
sequence controls the level of transcription of the coding sequence in response to the

15  presence or absence of one or more transcriptional regulatory factors. A
transcriptional regulatory sequence is generally operatively linked in cis with a coding
sequence, but need not be directly adjacent to it. For example, an enhancer is a
transcriptional regulatory sequence that is operatively linked to a coding sequence,
even though they are not contiguous.

20 [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 not so linked. For example, with respect to
a fusion polypeptide in which a ZFP DNA-binding domain is fused to a cleavage
domain, the ZFP DNA-binding domain and the cleavage domain are in operative

25  linkage if, in the fusion polypeptide, the ZFP DNA-binding domain portion is able to
bind its target site and/or its binding site, while the cleavage domain is able to cleave
DNA in the vicinity of the target site.

[6072} A "functional fragment" of a protein, polypeptide or nucleic acid is a
protein, polypeptide or nucleic acid whose sequence is not identical to the full-length

30  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
contain one ore more amino acid or nucleotide substitutions. Methods for

determining the function of a nucleic acid (e.g., coding function, ability to hybridize
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ZEN 12172 AAGGAGGCAAAGAC AAAG (SEQ ID N0:18) RSDNLSV (SEQ ID NO:19) QNATRIN
(SEQ ID NO:15) RSDHLSQ (SEQ ID NO:24) QSATRTK (SEQ ID NO:21) RSDNLSR (SEQ ID N0:22)
RNDNRKT (SEQ ID NO0:23) |

WO 2009/009086 PCT/US2008/008455

to another nucleic acid) are well-known in the art. Similarly, methods for determining
protein function are well-known. For example, the DNA-binding function of a
polypeptide can be determined, for example, by filter-binding, electrophoretic
mobility-shift, or immunoprecipitation assays. DNA cleavage can be assayed by gel

5  electrophoresis. See Ausubel ef 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 geneﬁc and biochemical. See, for example,
Fields et al. (1989) Nature 340:245-246; U.S. Patent No. 5,585,245 and PCT WO
98/44350.

10 [0073] The term “antibody” as used herein includes antibodies obtained from
both polyclonal and monoclonal preparations, as well as, the following: hybrid
(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

15 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
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) 149B: 120-126); humanized antibody molecules (see, for

20  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
Sep. 1994); and, any functional fragments obtained from such molecules, wherein
such fragments retain immunological binding properties of the parent antibody
molecule.

25 [0074] As used herein, the term “monoclonal antibody” refers to an
antibody composition having a homogeneous antibody population. The term is not
limited regarding the species or scurce of the antibody, nor is it intended to be limited
by the manner in which it is made. The term encompasses whole immunoglobulins as
well as fragments such as Fab, F(ab")2, Fv, and other fragments, as well as chimeric

30  and humanized homogeneous antibody populations that exhibit immunological

binding properties of the parent monoclonal antibody molecule.
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ZEN 12176 AAGAAGGGTCATCA G (SEQ ID NO:25) RSDNLRE (SEQ ID NO:26) NNTQLIE (SEQ ID
NO:27) TSSILSR (SEQ ID N0:28) RSDNLSA (SEQ ID N0:29) RKDTRIT (SEQ ID N0:30) N/A
100811As described below, in certain embodiments, a four-, five-, or six-
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Zinc finger nucleases
{6075] Described herein are zinc finger nucleases (ZFNs) that can be used for
inactivation of 2 FUT8 gene. ZFNs comprise a zinc finger protein (ZFP) and a

nuclease {cleavage) domain.

A. Zinc finger proteins _
[00676] Zinc finger binding domains can be engineered to bind to a sequence
of choice. See, for example, Beerli et al. (2002) Nature Biotechnol. 20:135-141; Pabo
et al. (2001) Ann. Rev. Biochem. 70:313-340; Isalan et al. (2001) Nature Biotechnol.
19:656-660; Segal et al. (2001) Curr. Opin. Biotechnol. 12:632-637; Choo et al. _
(2000) Curr. Opin. Struct. Biol. 10:411-416. An engineered zinc finger binding
domain can have a novel binding specificity, compared to a naturally-occurring zinc
finger protein. Engineering methods incfude, but are not limited to, rational design
and various types of selection. Rational design includes, for example, using databases
comprising triplet (or quadruplet) nucleotide sequences and individual zinc finger
amino acid sequences, in which each iriplet or quadruplet nucieotide 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
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,
enhancement of binding specificity for zinc finger binding domains has been
described, for example, in co-owned WO 02/077227.
{6078] 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. ‘
20050064474 and 20060188987, incorporated by reference in their entireties herein.
[0079] In addition, as disclosed in these and other references, zinc finger
domains and/or multi-fingered zinc finger proteins may be linked together using any
suitable linker sequences, including for example, linkers of 5 or more amino acids in
length {e.g., TGEKP (SEQ ID NO:36), TGGQRP (SEQ ID NO:37), TGQKP (SEQ ID
NO:38), and/or TGSQKP (SEQ ID NO:39)). See, also, U.S. Patent Nos. 6,479,626;
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finger binding domain as shown in Table 1 is fused to a cleavage half-domain, such 20 as, for
example, the cleavage domain of a Type Hs restriction endonuclease such as Fold. One or more pairs
of such zinc finger/nuclease half-domain fusions are used for targeted cleavage, as disclosed, for
example, in Wsokedengd ublication Nos. 20050064474 and 20070218528 JoUB2Fo¥stErgeted
cleavage, the near edges of the binding sites can separated by 5 or more nucleotide pairs, and each of
the fusion preming g/MbiT 18304 0 fipositenpira hialet tequshiastargeho painwisedsdmbinations (e.g.,
6) of the proteins

ZFN 12029

shown in Tabi

ith ZEN 12030, ZE
KT et bt

170 with eijt
Tein may it
cleava

C

RIAEN MR SLEN AR .
eotaPUTS gene. orflowmgt e present disclosure,

ZFNs can beitaigetetitecaniyesedivedics rina flFe géihs. OBITCIBasmpieDoiadititofabs3| The ZFNs
298 HaeiB SeavRI A pallc ARMAE) s 118 ¢ RV 388 degyain portion of

also comp’riﬁe
. 1
the fusion proteins dis

o ‘é&'l?c%ﬁr%s(%

ose

%ereln can be obtained from any endonuclease or exonuclease.

Exempldry e?Ri @008 end entiistConensitiorslogetlontdiNans hdisedeaamsidad but are not limited

to, restriction~}5endopyciegses and homing endonucleases. See, for example, 2002-2003 Catalogue,
New England Biolabs, Beverly, MA; and Belfort et at (1997) Nucleic Acids Res. 25;3379-3388.

Additional ed2¢&%s whichk

Velesciabss @ RABRAT @ gne igachindivs Aamgine hti¢Rase; pancreatic

DNase 1; miggegQagaldatideasaid/apshdiiatridequaiease e olse ddne deal deslF)dNucleases, Cold

Spring Harbor Laboratary 20Press,1993). One or more.of th e
thereof) can B fided asE%FQ(Sﬁ%g i (@ﬁA

the fusion pr

St

iR colimgss

B FARES PRGR A s KRG

activity. In
HOW the )

D8l

omal

R

ternative

2l

Ca sing

es (or functi

l?ﬁfg omains.

€
€ prot

nal fragments

084]Similarly, a
cleavage halbrgmaigec s hencefiveddicionaiy suhleasaahpbribeptheneafidabesectondh above, that
requires dim rizat'ortnI 1gtti)lrcclleava

%?L%'{,}ﬁgﬁ? agy s der cleavage if

In comprising two

cleavage halicidrnhihsoogh be witdeIpretiodivistarhgetimalctishwdicrch i e defAvegddm the same

endonuclea
different end

{q

[ r - I O SAleavadediatdemain.canpe derived from a
ﬁuc@éﬁ% ?gfﬁjn%%ﬁa%ﬁg?#g%?th%%e@%. In addition, the target sites for the two fusion

proteins are jstestefispliparyabediof s RI8ERT to 30each other, such that binding of the two fusion
proteing 40 their respective target sites places the cleavage half-domains in a spatial orientation to

each other that allows the cleavage half-domains to form §fun%§t:ié)na

cleavage domain, e.qg., by

dimerizing. Thus. in certain eAfSEHA&AR 1108 LS Eb B os are separated-by-5
nucleotides pr t&%@%ﬂ%@eot des Filowever &y integral Flumbelr of dcleotide&%or F6
ZEN 12029 QSSDLSR | TSGNLTR | RSDDLSK | DRSALAR
GTCTCGGATGCT | (SEQID | (SEQID (SEQID (SEQ ID N/A N/A
(SEQ ID NO:8) NO:9) NO:10) NO:11) NO:12)
ZEN 12030 RSDVLSA | QNATRIN | DRSNLSR | RLONRTA
AAGGACACACTG | (SEQID | (SEQID (SEQID (SEQID N/A N/A
(SEQ ID NO:13) NO:14) NO:15) NQ:16) NO:17)
Meffgégﬁe | RSDNLSV | QNATRIN | RSDNLST | QSATRTK [RSDNLSR RNDNRKT
A (SEQID | {SEQID | (SEQID | (SEQID | (SEQID | (SEQID
(SEQAAAID NC:18) NO:19) | NO:15) NO:20) NO21) | NO:22) | NO:23)
ZFN 12172
RSDNLSV | QNATRIN | RSDHLSQ | QSATRTK [RSDNLSR|RNDNRKT
AAGGAGGCGAAAGAC (SEQID | (SEQID | (SEQID | (SEQID | (SEQID | (SEQID
(SEQAAAm NO:18) NO:19) | NO:15) NO:24) NO21) | NO22) | NO:23)
s gg&éjr?mc | RSDNLRE | NNTQUE | TSSILSR | RSDNLSA |RKDTRIT| 0
AA A (SEQID | (8EQID | (SEQID | (SEQID | (SEQID
(SEQID NO:25) NO:26) | NO:27) NO:28) NO:229) | NO:30)
[0081] As described below, in certain embodiments, a four-, five-, or six-

20

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 endonuciease such as

Fokl. One or more pairs of such zinc finger/nuclease half-domain fusions are used for
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nucleotide pairs can intervene between two target sites (e.g., from 2 to 50 nucleotide pairs or more). In
general, the site of cleavage lies between the target sites. [0085]Restriction endonucleases (restriction
enzymes) are present in many species and are capable of sequence-specific binding to DNA (at a
recognition site)zdbsmaisteaving DNA at or near the site of binding. Certa®{eE#letstvesizymes (e.q.,
Type ITS) cleave DNA at sites removed from the re¢ognition site and have separable binding and
cleavage domaisedrpfexaenpiclishiestiphd Eteaaply el - SkHacataitdr stubiestranded cleavage of
‘DNA, at 9 nugleqti m it ition site on one strand and 13 nucleotides from its recognition
site on the o%@g@ggf?é%éééﬁ%égﬁPatents 5,356,802; 5,436,150 and 5,487,994, as well as Li
et aL (1992) Pposz] Natl. Afad 146gitdd SkB8agt? e a2aEdeeeththd Bog)iRrsitesNan sergagiedci. USA

00:2764- 2768, Ky g1 2L LI Ri:. N AR S HSASKAEIEATAID 6 gldR040) ). BioL

Chem 269:3 )6 us, in one embodiment, fusion”proteins comgrlse the cleavage domain
(or cleaviage striciofitii i) briargele sl priswisgpeondinatiertie o BN 4R8N HLABNr more zinc finger

binding domainigs yviighy ey Srma R elhe: erginearech 98801 AMmey MBI T RS estriction

enzyme, whose cleavage domain is separable from the binding domain, is_Fok I. This particular

enzyme is adtiviabls A efrke ussdantreind dovpeprba AP &85, Feloviaa B8 Pi§ST0-10,575.
20Accordinglysisstihe, pumosasefithe-pese o disgasikesnbepodiesner the Fok | enzyme used in the
disclosed fusion proteins is considered a cleavage half-domain. Thus, for targeted double-stranded
cleavage and/or targeted replacement of cellular sequences using zinc finger-Fok | fusions, two fusion
proteinggeach comprisieraakoBicieanmage half-domain, can be used to reconstitute a catalytically
active cleav domain, Al tively, a single polypeptide molecule containin ipc finger binding
domain andaﬁ%gé Kkl cIer«'lll\“/é{égtgf!rl}’:ﬁ1‘%ﬁ gyr%%?l n(g%r% a s%(f) %Se% g%%ﬁalggcréa%rﬁg{g’ré??gy% ?gle%tfgnd cleavage and
targeted seqdenaénplt®hatmenvage goimifipogior of thiuRisns preigins diseldssid darabyeam this disclosure.

(00871 cleayaas oMl B CEAYRRTRSHRIAIL A0 D& ANRAY NG ARARCIRI Nal retains

cleavage activity, or that retains the ability to multimerize (e.g., dimerize) to form a functional cleavage

domain. [0088]EstetmMarRER e Ais qashecl iy ehRavds. bt deqibd e indss N Publication WO
07/01427%5, i%ﬁ@&ﬁﬁé@é@s@%@%fﬂiﬂé ShianeAdditionaksesiriating, engymessatsefaaigin separable
t

binding and cleavage domains, and these are contemplated b}/ th% reﬁe_nt disclgsure. See, for
example, RoPENEaENIIye PR Rgusel e Yid read Betior ¢r 454 1150, g’j‘l‘ﬁ s iR Bodiments, the
cleavage dorpgingompsises el aN@ksgmes which cleave DNA are known (e.g., S1 Nuclease;

mung bean nuclease; pancreatic DNase I; micrococcal nuclease; yeast HO
endonuclease; see also Linn ef al. (eds.) Nucleases, Cold Spring Harbor Laboratory

20 Press,1993). One or more of these enzymes (or functional fragments thereof) can be
used as a source of cleavage domains and cleavage half-domains.
{0084] ~ Similarly, a éleavage 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

25  cleavage half-domains. Alternatively, a single protein comprising two cleavage half-
domains can be used. The two cleavage half-domains can be derived from the same
endonuclease (or functional fragments thereof), or each cleavage half-domain can be
derived from a different endonuclease (or functional fragments thereof). In addition,
the target sites for the two fusion proteins are preferably disposed, with respect to

30  each other, such that binding of the two fusion proteins to their respective target sites
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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engineered cleavage half-domain (also referred to as dimerization domain mutants) 5that minimize or
prevent homodimerization, as described, for example, in U.S. Patent Publication Nos. 20050064474;
20060188987 and 20080131962, the disclosures of all of which are incorporated by reference in their
entireties hewetnzobsnisnosacid residues at positions 446, 447, 479, 483, 48ACARG2¢8 T30, 491, 496,
498, 499, 500, 531, 534, 537, and 538 of Fok fare all targets for influencing dimerization of the Fok 10l
cleavage halinsioesaisy 0998 Exeroplaneangineetodrgle aiag e-l2a| hdanmin s ®hikotithat form obligate
heterodimers include a pait in which a first cl age h f-%)main inclydes mutations at amino acid
residues at p%aéfﬁooﬁgﬁ’é%‘a ’f%&?lfea??o%%aseagg a% gg’\vlgedje%%fﬁr&gﬁéﬁ'?'includes mutations at
amino acid r¢8id3¢s 486 dha#iofor b{doldTasss {rearetiombogimen) tira poestation @90 replaces Glu

(E) with Lys (K): the afi t replaces 1s0.6) yith.Lys (K lQn. a1 486 replaced Gin (Q)
with Gin (E);%%gl%gn méf%%%%ﬁgfsﬁ?@rﬁc 9 ep'lg%(ﬁ,%%o%ﬁov%}t‘gﬁg%p%%?%%}é%ﬁjc%ﬁé’ the engineered
cleavagé haltmbeirairis gBdthilber mere e tieaitipding] BieranatsyPosittoasdsl¢E-+K) and 538

(1K) in one agP dallOpNA BQ OBl ROlsesiE ke halkdomaipidesionated
"E490K:1538K" and by mutating positions 486 (Q-,E) and 499 (1-4,) in another cleavage half-domain

to produce abiBdigmaitsipevass dou k- donaiaRisighnlore dagoeymediok hrmabRgheered cleavage
ha|f-d0m3in5dég§{€dﬁﬁgldﬂ%r@iéh%g&mDﬂt&,ﬁ@@ﬁ%@i@ﬁﬁﬂéﬁlﬁt&lﬁtﬁé%&k@ﬁ' hisheliash eleavage is
minimized or aboljshe en one or. more pairs of 25nucleases containing.these cleayage
Palf-domaing G794 1 PTASSUS FEBHIR TECOBT OB 81 R IE AATort Ko IS ORBPE LS. the
disclosute ofpaizial i53HEa0R0EMAd, Dy0raieA8e Mitueniieny IdrealtiprpeReR-dede2JEngineered
cleavage half:domain | herein can b red i ny, sylita { for example, by
site-directed‘%%'ﬂ a§8h2§§ 0 W?gﬁ)%gégo%feeé\?zg@iggpf%'gr?i;?ﬁzé'(gf)(l%lil) 15 ?gggg}gg% U.S. Patent
Publication NG$82 0050864474 npte Birarnt RDCT0 1324796 § B8 &K38)e: @, fd8#tonal Methods

for Targeted Clgayageip Z66t5 R93IARY. PrElRaReB VI AAE AlRIpAALS gene can be used

in the

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 IIS restriction enzyme, whose cleavage domain is
separable from the binding domain, is Fok 1. 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 /

“ enzyme used in the disclosed fusion proteins is considered a cieavagé half-domain.
Thus, for targeted double-stranded cleavage and/or targeted replacement of cellular
sequences using zine 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.

[6087] A cleavage domain or cleavage half-domain can be any portion of a

30 protein that retains cleavage activity, or that retains the ability to multimerize (e.g.,
dimerize) to form a functional cleavage domain.

[0088] Exemplary Type IIS restriction enzymes are described in International
Publication WO 07/014275, incorporated herein in its entirety. Additional restriction

enzymes also contain separable binding and cleavage domains, and these are
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methods disclosed herein. For example, homing endonucleases and meganucleases have very long
recognition sequences, some of which are likely to be present, on a 5statistical basis, once in a
human-sized genome. Any such nuclease having a unique target site in a FUT8 gene can be used
instead of, owim mddigors¢o, a zinc finger nuclease, for targeted cleavage R EFHINE/ ¢fShEs.
[0094)Exemplary homing endonucleases include I-See!,I-Ceul, P1-hp!, P1- See, I-Scel V
1-Csml,|-Ppebhfergiikiieyy thi evtbandibckBiery | St seaaghitivobsasuent ¢30889 known. See also

U.S. PatentBIEIoﬂS,A%O,_%S%; U ._;]%t(;#bNo. 6,833,252; Belfort et al. (1997) Nucleic Acids Res.
25:3379-3388“65¢tlon BEEL L eife'82:115-118; Perler et at (1994) Nucleic Acids Res. 22,
1125-1127; Ja889(1996) Trercsié embtdlB:2R4-2281@Gngy dwtain ((90p)seot Bioh®@63:163-180;

Argast et at (09811 Mot B4, 280:345-353 A0 U1 Nevs LoBnlane el ARG (009SIAough

the cleavage sﬁlem |c’#y 0 oming endonucleases is not absolute with respect tc their recognition
sites, thé sitahatraioimatfioieneverigihmodimesipgiers|anlesyaede M paampimidiah B¥ew genome can

be obtained By,axIeSSIG 2095DIRALC9006(RRE0HN MmESibeonisinkg Asiifaary & its recognition

site. It has 20also been reported that the specificity of homing endonucleases and meganucleases can
be engineercdl ©f Bl has-mariParuad by snfssersedn Hrie eatipies BHEIIGIEIARYS002) Molec. Cell

10:895-905; Fzpifadsal: pbiARRRubkIdec AuidsaBem B RN ARy 2067 405we tnel #499(3006) Nature
441:656-659; Paques et at (2007) Current Gene Therji%/i 7.49-66. Delive%%?%6 The ZFNs
e

described hetéhn 1 4y 6¢ ABHVErRAtB A {AgALaTass ufinepirs Aimerzalmpididizénclude but not

limited 1@ eulCarntaganufptekaiyatic cells and/or cell lines. Non-limiting examples of such cells or cell

lines include 30 CHQ (e.q., CHO-S, CHO:K1 CHQ-.-DG44 s HO-DUICX,

CHOK1SV), @@ﬁ@) MDC f‘%ﬁ}%‘m‘ﬁi’z&ﬁ%—"é? E%f%g aaf?,gl@%@é%%m, HeLa, HEIC293

(e.g., HEIC29Blgatd Bé@2OBahérHEC D0 3 M3 amu hishGisst i casage halE-deverin detivdrsch as

Spodoptera fugi : ; C sRichi jzosaccharomyces.
g@@%@%@gg g;gggég@%ggg?sﬁﬁm@%ﬁ@m%’x@%@@9e§&m

WO 2009/00 Methods of delivering proteins comprising zinc fingers
are describegleavage 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—XK) and 538 (I—K) in one cleavage half-domain to

20 produce an engineered cleavage half-domain designated “E490K:1538K™ 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". 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

25  nucleases containing these cleavage half-domains are used for cleavage. See, e.g.,
U.S. Patent Publication No. 20080131962, the disclosure of which is incorporated by
reference in its entirety for all purposes.
10092] Engineered cleavage half-domains described herein can be prepared
using any suitable method, for example, by site-directed mutagenesis of wild-type

30 cleavage half-domains (Fok I} as described in U.S. Patent Publication Nos.
20050064474 (Example 5) and 20070134796 (Example 38).
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for example, in U.S. Patent Nos. 6,453,242; 6,503,717; 6,534,261, 6,599,692; 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. 5[0098]FUT8 ZFNs as described herein may also
be deliveredwsingv@stass containing sequences encoding one or more GIGHEI2BFL0R4Ty vector
systems may be used including, but not limited to, plasmid vectors, retroviral vectors, lentiviral vectors,

adenovirus vectors(poxiiiisvea titutaphie foeTuitescd ditarmanthaddén®associated virus vectors, etc.
. 6,534,261, 6,607,882: t10t6,824,}§,% 6,933 11§é 9 ﬁﬁg 7,013,219; and

See, also, U tent No 6.9

7,163,824, ir@g%irated b rgflé‘#ér?ésee%lgyé? |dn %ﬁ%élr%r?tl?leﬁes. uﬁ?‘lngrsnagre, ‘ilts\f?vgllfrbe apparent that any
of these vectarshodsydiszinprékenne dfoneraipid) lemtodiendssyciensse st uggantderstie or more pairs
of ZFINs are [INEUSPRINRNE Sl 6 eh s, RRNCRT ARG taMEpKasiaY 6f on diferent
vectors. When muﬁfp‘)’le Vactor are used, each vector may compris€ a 15sequence encoding one or
multiple ZFNgtati 0BebhGnoneriBrmhviranairehepnoing bhBEguse fatlerss et WIEtRYBKEaN be used to

introduce ”%Fé&%&@ﬁ%%@%‘gﬁ@%%ﬁ&@ﬁ@&é& sells (R Shaihamp)aliancoelisdrand target tissues.

Such methods Tan also be used to administer nucleic acids encoding ZFPs to cells in vitro. In certain
embodiment8upigersidaRIsdstesRTgEeaPe BHEf €ministered for in vivo or a vivo gene therapy

uses. Non-vijghygctor deligganpysicramingluseRNRplastidaenalel hagicrcdyhid-nucleic acid
complexed with a delivery vehicle such ipQso r pal r. \iral tQr deliyery systems
include DNA‘%ﬁdIﬁfiFAVViicu@gg%’\kﬁ%?ﬁhlé%%n%%%ég%gﬁaﬁ(%%%rlé}éée zigié?%’%feasné er delivery to the
cell. Fora revianiofuenerébesapiopreqechirasrséncindefsenlsa3SSidtaenb6. 808280321 992); Nabel &
Feigner, TIB '15' %:i%l- Jgé/#lf%g?\)ﬁwt%m &IC 5 &FIZQTE %1&5%%@%_1@%@ Dillon,
TIBTECH 117187-f { %3%’; iIfer Nature féff:llgéjg z‘f éﬁfp an Brunt, Biotechndlogy
6(10):1149- 106988 ) VRN &7 aRe Sidtre Nem@ﬂ@gytaﬁdl\?éé}é@mmég@igs 2P995); Kremer &
Perricaudet, Byfish Modinal Aubeh AL 1,44 (995N Haddaiaue! alulin GugENIAR Topics n

Microbiology and Immunology Do€rfler and Btihm (eds.) (1995); and Yu et at, Gene Therapy 1:13-26
(1994). WO Bid568d686H0T Aresmgari0d 288) 16 Mehvkéth IV oriRormviradBRVE of nucleic acids

encoding engipeerad¢Siits Biskisiaglectroporation, lipofection, microinjection, biolistics, virosomes,
liposomes, immunoliposomes, polycation or lipid:nucleic %cid cqniuqates, nakgg DNA, artificial virions,

and agent-erB8led uptakdiBPsR HeSRspeT SREH RN L 8208 DTRR SNASNIGERT SYteh (Rich-Mar)
can also be useelies Wrlivespw! RutIgicraigsition sites, the sites are of sufficient length that a

single cleavage event per mammalian-sized genome can be obtained by expressing a
homing endonuclease in a cell containing a single copy of its recognition site. It has
20  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 10:895-905; Epinat et al. (2003) Nucleic Acids Res. 31:2952-
2962; Ashworth ef al. (2006) Nature 441:656-659; Paques et al. (2007) Current
Gene Therapy 7:49-66.
25
Delivery
{0096] The ZFNs described herein may be delivered to a target cell by any
suitable means. Suitabie 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,
30 CHO (eg., CHO-S, CHO-K1, CHO-DG44, CHO-DUXB11, CHO-DUKX,
CHOK1S8V), VERQ, MDCK, WI38, V79, B14AF28-G3, BHK, HaK, NS0, SP2/0-
Agl4, HeLa, HEK293 (e.g., HEK293-F, HEK293-H, HEK293-T), and perC6 cells as
well as insect cells such as Spodoptera fugiperda (Sf), or fungal cells such as

Saccharomyces, Pichia and Schizosaccharomyces.
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[01011Additional exemplary nucleic acid delivery systems include those provided by Amaxa
Biosystems (Cologne, Germany), Maxcyte, Inc. (Rockville, Maryland) and BTX Molecular Delivery
Systems (Holliston, MA) and Copernicus 10Therapeutics Inc., (see for example U.S. Patent No.
6,008,336). {04k mpadection is described in e.g., US 5,049,386, US 4,946 78%2@Ad081S54,897,355)
and lipofection reagents are sold commercially (e.g., TransfectamTm and LipofectinTm). Cationic and
neutral lipidggbedjare suitalienies effigiantracepbeeiie coaiptiond phie ahesrohpalyitidegfides include

those of Feigner, WO 91/17424, 15WO 91/16024, Delivery can ke to ce lvo administration) or
target tissue E|MB%dﬁmHi%t%ﬂSW)%géﬁ%@ﬁré}p%ﬂ%ﬁﬁﬁcﬁ{;ﬁ)‘féﬂﬁ’cge%é%@ tomplexes, including
targeteld Iipos,cﬁnmsglstﬁﬁiﬂ&mammfﬁmwsm[&,6,97/9658&[1@;&1131;3kﬂ;earmf Ekiﬂﬁ;ﬁmfﬂwt ()see, ﬁ.g.,
Crystal, Science 270:404-41Q. (1995); Blaese et al,, Cancer Gene Ther..202:291-297 (1995); Behr et
. Biotonj SHRSCREN &la B A CRET L Ll BThch oS/ Tt BBy 1004y, G et
al., Gené Theqs] 2:710-FZ2T6L0EN}; sldesadtethhp€arvey Hesbs2elBEred 850¢ ¥90RYSU.S. Pat. Nos.

4,186,183, 4%%%%%%@3%% I%néb&@%%ﬁéoéré&é SPhe ZPRL &y ée%?&’%rﬂsﬁﬁgg%%& and

4,946,787). ; NA or DNA viral based systems for the delivery of 25 nucleic acids
encoding engheéérelidimp buhre! it g BEmighipsrsveaasil sssérsoletdgBting a virus to specific
cells in the bogly,anddEaliskiog dhe ¥irah RaNleE:Ie I BAHEIaMSs Vitbnasi@iagan be administered

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

administerePPRIRENEYEXSHIRSS: EonoehiitalSal BEEEYS dertib 40 thdUefiVery of ZFPs include,

but are {30nog kmiterkie, yetroviaas, doniham s, Edenayisal AUeneAssoniaiethiambeirife@nceherpes
simplex virus vectqrs for gene transfer. Integration 1;11 the host Q?Fome is ppssible %/vith the retrovirus,
0

lentivirus, ant R0 s Sy R G ROt s Fal et B S ok FB5 Gl YIS erm expression

of the inserteday ansgeine cAdditinos [FFMghcoding depténnesffitiBsciebdnare beawsiséryed in many
different cell (pexend RIdct.s34en A0 ORTANS HOPIRKY BF BRI VAR LARRS AlBIRY bY
porating Toreign envelope proteins, expanding the potential target population of target cells.
Lentiviral  on different vectors. When multiple vectors are used, each vector may comprise a
15  sequence encoding one or multiple ZFNs.
[6099] Conventional viral and non-viral based gene transfer methods can be
used to introduce nucleic acids encoding engineered ZFPs in cells (e.g., mammalian
cells) and target tissues. Such methods can also be used to administer nucleic acids
encoding ZFPs to cells in vitro. In certain embodiments, nucleic acids encoding ZFPs
20  are administered for in vivo or ex vivo gene therapy uses. Non-viral vector delivery
systems include DNA plasmids, naked nucleic acid, and nucleic acid complexed with
a delivery vehicle such as a liposome or poloxamer. Viral vector delivery systems
include DNA and RNA viruses, which have either episomal or integrated genomes
after delivery to the cell. For a review of gene therapy procedures, see Anderson,
25 Science 256:808-813 (1992); Nabel & Felgner, TTBTECH 11:211-217 (1993}; Mitani
& Caskey, TIBTECH 11:162-166 (1993); Dillon, TIBTECH 11:167-175 (1993);
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
30  Topics in Microbiology and Immunology Doerfler and B6hm (eds.) (1995); and Yu ef
al., Gene Therapy 1:13-26 (1994).
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Svectors are retroviral vectors that are able to transduce or infect non-dividing cells and typically
produce high viral 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 formigmos@gusnce. The minimum cis-acting LTRs are sufficientformegléestierazand packaging
of the vectors, 10which are then used to integrate the therapeutic gene into the target cell to provide

permanent trangsgene expressisds Vil iiseseipidpvibhvacioisitichidedingsa diasaddupon murine

leukemia virus (MuLV), gibbon ape Jeukemia virus (GaLV), Simian [mmunaodeficiency virus (SW),
human immtﬁ‘%%se’ﬁfil@ﬁw?@ﬁ%%p TR arRe %Cfﬂ?)ﬂ'lg(ﬂgr?é ﬁ%?ggfﬁécéés,ﬂé.sg.V,Hé)ﬁ%W&S:’ner et at, J. Viral.

66:2731-2739pdse8s, Ihdomatipssbales JpMiraltioh drGiphd tidle{d 962 o dBpryates; fedked al, tiro!.
176:58-59 (1 ; Wilsan.et al., J. Viral. 63:2374-2378, (1989). . Milleg et al,, .1 Virgl 65:2220- 2224
21?6%%65"[8%%]?%’% a c?ng n%zmc,e&’!3 u I%%e o?bIMA éono Oi‘é]t'lc}{lr*?s g

(2991); PCT ications 1n transient expression of a ‘FP fusion protein
is preferfed, agenioyBahivassiPel sietas cRichevimsk dantdenby kst b isaldlieasions rrel@0capable of very
high transdugtipn 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 relativelyi&f#Hdle systehsiditinaabeassmbmyan cieiss2pid ARiysrs sasigBsdnslagebeeeto transduce cells

-with target NWeIRIBACKISA Bifka BitQR M@ RIQEHC tRmefy ik arid RN RRERINRS, 25and for in vivo
and ex vivo %;ne therapy %rlocedures see, e.g., West et al,, \Airolo%160:38-47 1987); U.S. Patent
No. 4,797,368 baa B RIS EBh RISy B 59580 £ RO S PRFHY ka, /. Clin.
Invest. 9¢:135hetd204)sCanstsuctianeeitateo M NPatAAS o083 3e described in a number of
publications, jncluding U.S..Pat, No. 5,173,414 Tratschi t Cell. Bi °3251-3260 (1985); 30
Tratschin, etiﬁ‘%gL Celliﬂ?&%ﬁ%- T%(i%‘éﬁ%?gﬂgjrgn%b\%%@él@rlgé;éz%‘%ﬁA@‘ :6466-6470
(1984); and SanRG etnd lipbfMithn 6219382 2r3828 (208l (34 |FasisdectairdMandor approaches
are currently available_for gene transfer in clinical trials, which, utilize roaches that involve
complementadB %CflﬁTégec%§té°%% %y‘&éﬁ@%ﬁ‘é‘ﬁ%’& ﬁ‘i’t‘g)lgllﬁlljeelp%rrec?egff2 |ﬁg%e%8pé%rﬁerate the
transducing ageighif0Hpicahii anpolhiziSotdesdxalmitebost rdtFaigral/BUI0PS MATEZHave been used in
clinical frials t,.Blood 85:3048-305,(1995); Kohn et at..Nat. 5SMed. .1:1017-102 (1995);
Malechieét aI.,(%#\%g{ 6%}22 I%%Wlﬂ%%&& bﬁ&%ﬁ#ﬁﬁ&é a\%%n '[?1ret |§§tt t SeS‘rlg“B Utic vector used
in a gene thevapyadriahiéBidiess et at, Science 270:475-480 (1995)). Transduction efficiencies of 50% or
greater have gegf) observed Jar MEG:S RAGIABSHNGE LRI Mg%%@s,thhmfgngégmunother-

44(1):10-20 (1997); Dranoff et at, Hum. Gene Ther. 1:111-2(1 o
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 et al.,
Bioconjugate Chem. 5:647-654 (1994); Gao et al., Gene Therapy 2:710-722 (1995},
Ahmad et al., Cancer Res. 52:4817-4820 (1992); U.S. Pat. Nos. 4,186,183, 4,217,344,
4,235,871, 4,261,975, 4,485,054, 4,501,728, 4,774,085, 4,837,028, and 4,946,787).
[0104] The use of RNA or DNA viral based systems for the delivery of

25  nucleic acids encoding engineered ZFPs take advantage of highly evolved processes

' for targeting a virus to specific cells in the body and trafficking the viral payload to
the nucleus. Viral vectors can be administered directly to patients (in vivo) or they
can be used to treat cells in vitro and the modified cells are administered to patients
(ex vivo). Conventional viral based systems for the delivery of ZFPs include, but are

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

resulting in long term expression of the inserted transgene. Additionally, high
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10[01091Recombinant 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 wansges@®skpression cassette. Efficient gene transfer and seleisasges+esdelivery due
to 15 integration into the genomes of the transduced cell are key features for this vector system.

(Wagner et atahsdneab o Sikhd b IR eHELA MBYeKed Mseirst d Grera{ldedl tyRiovithd Bifda96)).
[0110]Replication-deficient recombinant adenoviral vectors (Ad) can be produced at high titer and
readily infect§HBnber of different cell types. Most adenovirus 20vectors are engineered such that a

transgene rejoib@sis the AdEdardpibmarfc/ oetiE3igenas; suldseed btipcdrpaapingfiosi giefective vector is
propagated in human 293 cells that. let ef on i Yegtars an transduce
multiple type%ng 5sdes ?h“?nSép?%‘éfﬁg%‘%@ﬁgﬁﬁgfﬁg%ﬁ?ﬁ%ﬁﬁeﬁ%ﬁ?ﬁh as those found in liver,

kidney ahd riesiors. aBomerenirehet A s/beiors nhi@etcattémg@eanyin&@amﬁwﬂﬁ&@é&@mhe of the use
of an Ad vecigg;in g cliaiealdHanyiuedRonUdRAlide: aRmaTQeAMHIRTeF iftamnization with

intramuscular injec |onéPSterman et al., Hum. Gene Ther. 7:1083-9 (1998)). Additional examples of the

use of adendlAPERITERHE FRSRBHEUW a RGP &l YREIT B PRRRAS RS @EBE 18 Infection 24:1

5-10 (1996); iei@imarest Al Wit alrena g Bjachy (08313 BB AR08 fordielsbeghéticd1umhe Gene 30Ther.
2:205-18 (1995); Alvarez et at, Hum. Gene_Ther. 5:597-613 élg?ﬂ?ﬁ opf et af]tf Gene Ther. 5:507-513
) |

(1998): StertTHRIEIE: CHHHHNE &R fgSWHEEY R5derlicaysy 48 REShEEERLS e used to form
virus pagiclegihal asaicapablcieinnigcte the thesipeetlc Seehinel hinehgdec2BI3ocpitsidehich package
adenovirus, and 4/2 cells or PA317 cells ich.pack retrovirus, Viral,v r in gene therapy
are usually 85%?3?38 a‘f/ls %I}% rg?%%ﬁ.m ﬁlgtuﬁgfgl%\%%‘grgmvﬁggfg %}ﬁ/gﬁt(ggré:ﬁ%%g viral particle.

The vectors typicatiyroeitaikethie mininddulking, sthhreraped eekprived iosfekadingiaig subsequent
integration i%%%gﬁ%&%%%%ﬁ?ﬁ[ﬂﬂ ﬁﬁ%ﬁﬁ@%%@g\ﬁ?@mfﬁﬂ‘ expression cassette
e expressed.

encoding the protein to e bmissing viral functidons are supplied in trans by the

packaging cetminationsihensplfdsmas/suddushsehss atifl g dnKitRb 25 1 bidahY diR2bossess inverted

terminaj gepegh iR} SEAHNFaS dEOT03HA d¥b Y198 PR smwhighiase JeamiFed fos 8aciaging and _
integration into the host genome. Viral DNA |s‘gacka ed in a cell line, which Cﬁ%}iﬁﬁ@ helper plasmid
“The

encoding thelbIREE XAlsanesi @6, hahia, P afitr s, Bat ToibfiFi R debiig cell line is also
infected withzagdgnoyis BeRSHaers A0m. helper virus promotes replication of the AAV vector and

expression of AAV genes from the helper plasmid. The helper plas idztlglﬁ' t packaged .in significant
amounts dud %%lack of Iﬁ"ﬁ%&i{fﬁgﬂ%gg? %%)1 slgnels Rlspnpm i

tﬁ%mm fex %s 11 18
amination ' with adenovirus can be‘reduced by, e.g., heat
treatment to pibfelrai edamininibanal sysensitnan trarsdlAWdenoviral based vectors are

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

25  and for in vivo and ex vivo gene therapy procedures (see, e.g., West et al., Virology
160:38-47 (1987); U.S. Patent No. 4,797,368, WO 93/24641; Kotin, Human Gene
Therapy 5:793-801 (1994); Muzyczka, J. Clin. Invest. 94:1351 (1994). Construction
of recombinant AAV vectors are described in a number of publications, including
U.S. Pat. No. 5,173,414; Tratschin et al., Mol. Cell. Biol. 5:3251-3260 (1985);

30  Tratschin, et al., Mol Cell. Biol. 4:2072-2081 (1984); Hermonat & Muzyczka, PNAS
81:6466-6470 (1984); and Samulski et al., J. Virol 63:03822-3828 (1989).

[0107] At least six viral vector approaches are currently available for gene

transfer in clinical trials, which utilize approaches that involve complementation of
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15[01121In 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 @utes/ewdace of the virus. The ligand is chosen to have affirity/for@secg@Etor known to
be present on 20the cell type of interest. For example, Han et at, Proc. Natl. Acad. Sci. USA 92:9747-

9751 (1995) agparied taak- Mgl garys mabkinel Rk BENR EISIFRE Bedneditard e-meamrashuman
heregulin fused to gp70, and the recombinant virus infects certain human breast cancer cells

expressing hEffian epidermal growth factor receptor. This principle can be extended to other
virus-target ot ggjirs, in wiiiseda e Gallexpressts aAbisseploreatdstiiaMidig Bxpresses a fusion

protein comprising a ligand for the cell- sur recepior, e filamen hage can be
engineered 0 3?5;%153}/1 %ﬁ%bq‘éag? ra%rﬁgaern% é.é’?oﬁigggé é\%gtbag\Z%B é%l i Birft ihL}g&agﬁinity for virtually
any chosen defddlar keepasr(1&Rhhughithle alwdy £ HdSGHptD ZAPPRHES PEitIaBR)Xo viral vectors, the

same princi ' i iral. vector inger contain
specific umgﬁ%%?%g%%%%%?gﬁgf&gﬁ%g e&?ﬁ%ﬁe)%%gg (t%%ggeg%ﬁe%%gf% %}éﬂ_&ée& f%gréf?py vectors

can be delivetedSmerrmB) AU ARG 1ol senaduniion s aenes B bgregistdmie administration
(e.9., intravepaysoRBBEHIP et O HATRMSGH RESHDERIERL: O NIRRT AL LR, Or topical

application, as described below, Alternatively, vectors can be delivered to cells a vivo, such as cells
explanted frfGh RGO IAT b dtenetEsy .‘fllyz% oEtEsTbignd Marfd 2dpirates, tissue biopsy) or
universgh dorjor gsgmatoporaiiesitanattelientodeweriby veispanalion aMperealisdniniagatient, usually
after selection for cells 5whfijch have incor ratgd tr%g V$?OI£' 0114]Ex viyo cell transfection for-
diagnostics, FASEIRLR 8PP YBITE t%sltgﬁéj 2% T8 SREEEISR BRTPAISEHEd cells into the host
organism) is peetokinwyadtadhasectitakiype thems. Wilavpreferseddennaddiment pdadisidbdsolated from

e o T AP A B B e e
the subject organism (e.g., patient). Various cell'types suitable for a'vivo tranStection are well known to
those of skill énpteeseom (sesetie. of (et seyeransf@ahdssabiorinsab®alriiveryideutl of Basic

Technigye (3r.e1994N ARGheelereneanalas temindora disaussion phhowts isolate and

culture cells from patients). 15[0115]In one embodiment, stem cells are used in ex vivo procedures for
cell transfectiyfaRdYesaeng ah\Lonse advsithh iR v 1§ %8b heeams ssthat ey Bdh be differentiated

into other celbtypgs 4 1Y@y or can be introduced into a mammal (such as the donor of the cells) where
they will engraft.in the bone marrow. Methods for differentiating CD34+ cells in vitro jnto clinically

important imA AR celR§PEA IR B 5 BhEERBY Saeh 4 BRI SECRENG U TR Wk nown (see
Inaba et at, Jtfhigh fMectnl 76209 3niet02 {19H2))ofQifI&SarilagPssarelisotatasbidruyansduction and
differer‘&?tior\]]eté ciJrilgare engineered such that a transgene replaces the Ad Ela, Elb, and/or E3
genes; subsequently the replication defective vector is propagated in human 293 cells
that supply deleted gene function in frans. Ad vectors can transduce multiple types of
tissues iz vivo, including nondividing, differentiated cells such as those found in liver,
kidney and muscle. Conventional Ad vectors have a large carrying capacity. An
25  example of the use of an Ad vector in a clinical trial involved polynucleotide therapy
for antitumor immunization with intramuscular injection (Sterman et al., Hum. Gene
Ther. 7:1083-9 (1998)). Additional examples of the use of adenovirus vectors for
gene transfer in clinical trials inciude Rosenecker ef al., Infection 24:1 5-10 (1996);
Sterman ef 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); Tof)f etal,
Gene Ther. 5:507-513 (1998); Sterman et al., Hum. Gene Ther. 7:1083-1089 (1598).
[6111]  Packaging cells are used to form virus particles that are capable of infecting

a host cell. Such cells include 293 cells, which package adenovirus, and y2 cells or

PA317 cells, which package retrovirus. Viral vectors used in gene therapy are usually
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known methods. For example, stem cells are isolated from bone marrow cells by panning the bone
marrow cells with antibodies which bind unwanted cells, such as 25CD4+ and CDS+ (T cells), CD45+
(panB cells), GR-1 (granulocytes), and lad (differentiated antigen presenting cells) (see Inaba et al., J.
Exp. Med. 1%&it683nbd€2 (1992)). [0117]Vectors (e.g., retroviruses, adenovitirgessi/digasobmes, etc.)
containing therapeutic ZIP nucleic acids can also be administered directly to an organism for

30transductigenefcad!s i piaubdternplive Banpiaad 2N Anoakibadd winisténesa Administration is by any
of the routes normally_used for introdycing a maglecule. inti) ulti{nate contact Witf& ?I od or tissue cells
kG i s

including, bR ABEFmita] YSCiRR BRA al vir

€ Tt UEnNCes 1o = .
plca?lappllcaatlon nrécefecgropora ion. Suitable
methods of aaokingiiering sulslequenteitepritiomiataaditab(El applwalldnotver tordheseueficstll in the art,
and, although.more than one route can be iny articular compasigigp, a particular
route can of%é%m&rg%ﬁéaé: A more ?rzr(%egtsjll%!%é: %%%ﬁf%%gg%gwﬁé?ﬁﬁtion th_anﬁanother route.

101181 Methmissifeg intebfustionsaf Diuppind ndraasopoibtpaskagieg rslbias ek igsearor example, in

U.S. Patent Nowp Jegh Q38 GeiIR ﬁ'ﬁ&ﬁg&fgﬂﬁgﬂy WaliPRol i ARRAREE ScithheREapoietic stem cells,

e.g., CD34 cells, include adenovirus Type 35. [01191Vectors suitable for introduction of transgenes
into immune GERa seqyerreedmnithadde\harnomegratiTesauerd Jatrakaging 4 example, Ory etal.

(1996) 10 Prog. Math\ers e fodd SANRL 5382 HI88S paullpkalin(d 908)Indivalich2:8463- 8471; Zuffery
et aL (1998)J. Virol. 72:9873-9880; Follenzi et at 2%%(% Nature Geneltics 25: 17'2%2t

[O1201Pharrﬁ3%@ﬂi?c%th§lﬁ?fc%lﬂfﬁﬂ%eeﬁ?ﬁg}%t Fe® MEFTR RISt BaRiHaP Composition being

adminigtgredaas ngeiTRSsByntnespa Tinsiball MethiodlssadetaciSeimidésteritheasarhpipsiticFheccordingly,
e et
disclosed meftbadthandpamssitioriEhedriper phedid smptypekegedinswndiagtsrawstsimited to,
prokaryotic Cglllles té%“l%&i ¢ H?R sequences. Contamination with adenovirus can be reduced by,
e.g., heat treatment to which adenovirus is more sensitive than AAV.
15 [0112] Inmany 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 ef al., Proc. Nail. 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 afﬁhity 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, fypically by .systemic administration {e.g., intravenous,

intraperitoneal, intramuscular, subdermal, or intracranial infusion) or topical
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20Archaeal cells, plant cells, insect cells, animal cells, vertebrate cells, mammalian cells and human
cells. Suitable cell lines for protein expression are known to those of skill in the art and include, but are
not limited to COS, CHO (e.g., CHO-S, CHO-K I , CHO-D044, CHO-DUXB11), VERO, MDCK, WI38,
V79, B14AF28y&G8e/Blsits HaK, NSO, S-P2/0-Agl4, HelLa, HEK.293 (e.g. PEHELORSBMR4EEK 293-H,
HEK293-T), 25 perC6, insect cells such as Spodoptera fugiperda (Sf), and fungal cells such as

SaccharomygesiiRifdtia.e adsSehéaasacah A REMEes:] P rogesy, daranisipredesivelives of these cell
lines can also be used. Applicati ns% 101221The{g{sclosed zeth%%% nd comgositions can be used
W‘}%ﬁ' g VB

for inactivatiSH o APITS g GBHA AL BRI PARBEC Bin R TREIGHRS partial or
complete repressiemsiifatdd digardmgye ssiomnwmrsetdlindn hethvavipon aicasteid T8lgene can be achieved,

%W%ngﬁyﬂgﬁ‘épg&%l?&o $ gQeloining, by

for example, by a sicpgle cleaya et.ever%ii_hb)é gleavage fqllo
oflow %ﬁ&lm cﬂ?a 101 Of the Tells into I%a i€
cleavage at two sites follow y'joining so as to delete thé sequence between the two cleavage

sites, bystargetechrisoenisiombort s hawisgense or nonsense codon into the coding region, by targeted
recombinaltio fggn irre Y3 OuPHGE: ffiof {SWHRNGAALAECEIAIBL16: gshekyegulatory

region, so as to disrupt the gene or regulatory region, or by targeting recombination of a 5splice

acceptor sed@encaantoiafsione thedansteritd spivinty Srehes arsarpn oo meredre a variety of
applications {Rs<£RENsRIgiatachinastivalionAaQekut: otk oskd awniRiE U SmRpE exgazple, the
methods and compositions described herein allow for the generation of Fut8-deficient cell lines for use
in recombinaBRTHBITArSEGtabHI Th? éggrﬂb%eﬁl?ﬁh%i iﬁrﬁw? JSTHP?HP?%%%%OW
production. Gelstie ywbjebt brinisrinackly ptedmyodusantiidties thatbkhibitagreater effector function,
particularly in the_ induction of ADCC. [0124]Similartly, cells in,.which Fut8 is partially or completely
inactivated cHAPSISERE Y&aHt r%%@%%%ﬁ%}g@ é?gg esaerﬁrqse?%r%géh%rgslﬁﬁgl ifc})ra é’ﬂpha 1-Antitrypsin or
al-antitrypsin@itAd pf MnbidaiGallp| dyMaroie i Bvein Rdohicpuef(@uhedr1 P94t dsis (Goodarzi and

Turner (1995),Chi Aclo 236121, 1675110, 000 RIS YIGIRAL M ALK Ggncers exibi Al AT

which is more eawf? ucosy as compared to t In the normal population (Saitoh et al.

(1993) ArchivetieBisthem. & Biophysics 303:281-287), suggesting that fixosylation of the endogenous
Al AT may leqy jg)decreasgd funalionslifvndRiadditinn it hsssheen sHewrthatiherapiesence of

fucosylated AIAT in ovarian cancer patients is_predictive of unresponsiveness to chemotherapy
(Thompson dtaasfesoen st sgneseay s dis 3baamgeif rine sirRSRSIH E8ERE f8hPBlood plasma

has been usgeHigethekeaid e bUING s gradatios: ugbeltiroancdy iarophiasma) Gadsed by a lack of
Al AT. Production of AIAT jna f 8gl§£ﬁ%(e:§ﬁut or. nock%alw %%II line could yﬁgh%a%t%p 25with greater
e

consistency AhHGER0RY TS o e e B ST PR

differentiating CD34+ cells in vitro into clinically important immune cell types using
20  cytokines such a GM-CSF, IFN-y and TNF-u are known (see Inaba et al., J. Exp.
Med. 176:1693-1702 (1992)).
[0116] Stem cells are isolated for transduction and differentiation using
known methods. For example, stem cells are isolated from bone marrow cells by
panning the bone marrow cells with antibodies which bind unwanted cells, such as
25  CD4+ and CD8+ (T cells), CD45+ (panB cells), GR-1 (granulocytes), and lad
(differentiated antigen presenting cells) (see Inaba ef al., J. Exp. Med. 176:1693-1702
(1992)).
[0117] Vectors (e.g., retroviruses, adenoviruses, liposomes, etc.) containing
therapeutic ZFP nucleic acids can also be administered directly to an organism for
30  transduction of cells in vivo. Alternatively, naked DNA can be administered.
Administration is by any of the routes normally used for introducing a molecule into
ultimate contact with blood or tissue cells including, but not limited to, injection,
infusion, topical application and electroporation. Suitable methods of administering

such nucleic acids are available and well known to those of skill in the art, and,
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also allow for the efficient production of Al AT. 10125]Additional genes in the Fut8 deficient cells and
cells lines described herein may also be inactivated. Additional genes involved in protein
overexpression as well as compositions and methods for inactivating these genes are disclosed in
U.S. 30PatewtPodslicatieh Nos. 2006/0063231 and 20080015164, the diSMasure®Bfar4iTh are
incorporated by reference in their entireties herein. For instance, as disclosed in Example 5, cells can

be generatediusinshthemeihodsedesari@achbeeitinadhiaisfentBpalinydsotomimsaituctase (DBFR) and
glutamine synthetase éGS) hav% been igactivated. Seg ItExa e>s. ese cells are, usefiil for
0 fafe 1

pl
overexpressf??én:g ()¢ fﬁeo?%%terggtl? EXARPLES! xampf‘é‘ FB%%?gne%ﬁ'S 88?1% r%tc {on of FUTS
ZFNs [0126]fréermatiés conserved across a-2 and a-6 fucosyltransferases are responsible for

enzymatic agjjyity, of Fut8 >0SYlat lnayr tibody
therapeuticsiigétg]; Ihara e%%é&g%%%qéﬁ%&&%ﬁéyﬁ%%%%glg@k%@r%%%g%%é%;?din identifiable in

the haméter (Belgtiedfoy soseRiaehce. 5 Baten i 1,918 0880 Vet Brsig oo inradetidvaud et al.
(2000) Mol Blet Eval-14: 1688 lddalshRRiticuar bgshapstan 9 T8k ubenatif dhehdGirds is identical to the

cow and human matifs, and only one amino acid different than those from pig and mouse. Javaud et
al. (2000) Md¥Bfot Evol 17:1661-72. In addition, alignment of M. musculus and R. norvegicus PUTS

genomic DNfgsggjuence hasuggestieniétef intromulihibetangiiaes mtditihgenecioig.be small
enough to be readily clonable. [0127]The C. griseus FUT8 ¢DNA was cloned as foll Ten
nanograms &“&egﬁl\‘llﬁlﬁ@?a‘??ﬁhﬁ%@é?%r’?@&%@éﬁ’%A%ﬁb il h‘?é gsfﬁg?pﬁggeérg GJC 119F;
AACAGAAABEANET BeddT 51 GEADBQIERNO:BAY; andl &ML {(OBR) 20Virol. 72:8463-

CGTCTICTELTGRETGAGH (5500 Mo 32 6i9usd A TOFOTM oyfsogey) and sequenced

Similarly, P ihtron plifie . griseus genomic DNA using EasyAm polymerase
(Stratagene) Gagabhe 2igdbnidezotide primers GJC 71F: GCTTGGCTTCAAACATCCAG (SEQ ID NO:4)

and GJC 72%lg@CTTTG;g@gi%&ﬁggg@pmﬁy%@e@gigg%Wrt&s was cloned and

sequenced. _partial sequence of intron 10 was obtained by PCR amplification of C, griseus
genomic DNAHEERSIos tisheiagasnisisieragero) dhasthi B oRiHIG fertlad yeed it

AGTCCATGIEARAG Gl AGTBLEER IRNRiASN AL 8 GAGPNGIIGBSAGACATAAACTG
(SEQ ID NO:35). 101281The FUT8 cDNA, intron 9 and |Qtron 10%equﬁgf§(%:loned as 30 described

above were HoERYigBenfoR tRBAHBERGHISE AP BTHIARY 1B g5des % $R% £81TS cDNA
(FIG. 1) sequensnsiassSeRviLEl cileSciavembired res@gnition by zinc finger nucleases, and one

such Iocation{&]?} ]Overlap&esdng\{gg at.ggve, the disclosed methods and compositions can be used
in any type of cell including, but not limited to, prokaryotic cells, fungal cells,

20 Archaeal cells, plant cells, insect cells, animal cells, vertebrate cells, mammalian cells
and human cells.. Suitable cell lines for protein expression are known to those of skill
in the art and include, but are not limited to COS, CHO (e.g., CHO-S, CHO-K1,
CHO-DG44, CHO-DUXBI11), VERO, MDCK, W138, V79, B14AF28-G3, BHK,
HaK, NSO0,-8P2/0-Agl4, HeLa, HEK293 (e.g., HEK293-F, HEK293-H, HEK293-T),

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

of these cell lines can also be used.

Applications
30 [0122] The disclosed methods and compositions can be used for inactivation
of a FUT8 genomic sequence. As noted above, inactivation includes partial or
complete repression of FUTS gene expression in a cell. Inactivation of a FUT8 gene
can be achieved, for example, by a single cleavage event, by cleavage followed by

non-homologous end joining, by cleavage at two sites followed by joining so as to
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Fut8 enzymatic motif was identified (FIG. 4). In addition, the intronic DNA (FIG. 3) was also scanned
for potential ZFN binding sites. (01291Several pairs of zinc finger nucleases (ZFNs) were designed to
recognize sequences within FUT8. The approximate locations of two ZFN sites in the 5PUTS gene are
shown in Figucexdosihgssequences of the zinc finger recognition helices aritig2PRIAsEuences they
are designed to recognize are listed in Table 1. Plasmids comprising sequences encoding PUTS ZFNs

were construidret esseatfirti dsctlesaribedvio bisaoygetsabs(290ayglatirecdab{nfi) d46-651. 10
Example 2: Cel-1 Mismatch Asszg&[’OBO To determine. Wh%thter P%J]S -tar%eted %Ig%ls modified the
endogenous PP ST IOIRETSe COSRIHTEC TP COSINE IG SLs By SRS SERRIAT

re per%?mgﬁtlgssenaﬁally as per the
manufacturefiselaein ctigns¢t (Ang erivmiteSWERUENE) Ri)o Bricthndloe itppawaiate ZENplasmid pairs

were transfected inte. CHO..K-1 cell HQ K-I cells 15 -ihe Aegican Type Culture
Collection and Ssré%%%“sp %gg%er%%ﬁ_rd% %ﬁqé%%ﬁ’lgﬁgﬁ 09 fﬁg gﬁ%{gfémented with 10% qualified
fetal calfSserapli¢f@SsiHycioneEnE ality we felis 4 seeia e frplivipmstitwaranseimg TrypLE SelectTM

protease (Inyigaqen). Forfignolection. pRedrlion SR tol sele e o tRMVHO each zinc finger

nuclease and 1004 Amaxa Solution T. Célls were 20 transfected in an Amaxa Nucleofector firm using

program U-26kegrkeacerraekiaym. aU kdfnToroxmuds themebgdsend fomPrRYRS were harvested

two days posfatiistestimhand e semaldiNAfregaletddsinga Masteimuei®NA Purification Kit
(Epicentre). The appropriate region of the PUTS locus was PCR amg)ified usirrt%nﬁccuprimerm High-

25fidelity DNRSSBIHELRR GRS REASIRIG 14 AT SRS SIS 9F % §radually cooled to
room tamperaitivtedppridudtivate JeA8 Gng kit HeushdaletBiddpradioaixadbadibsGld84 CEL-Fm enzyme

(Transgenomic).and incub for. 20 minutes at 42C. Reaction, pro vyere analyzed by
polyacrylamiﬁ’écﬁlgge{f %‘T%%Frro% e&rggél?ﬁti%’ﬂlﬁ Léf%féﬁ@*ﬂ%ﬁﬁé%gﬁ%ggm shown in FIG. 5A and
5B, FLITS Z#Ng4hodified S[rraibmkyogétsdasmioﬁsutsciaszamdérmmpmpancﬁf@mmozg and ZFN
12030 resulteild bR A A S IR SR B (EIG At GF Mol s Ai 176 and

12172/1217 0% and 44% o omosomes, respectively (FIG. 5B). Example 3: Genotypic

Analysis 101831PuTSReialon Abnes Wdraareiaaipkein ssiehifuHeneicaaeen order to rapidly
identify;doublgsmutant elones 2R aRei¥P(s SR PERiRAREH OndhS: IASISIaNTand patients
afflicted with a variety of cancers exhibit A1AT which is more heavily fucosylated as
compared to that found in the normal population (Saitoh et al. (1993) Archives
Biochem. & Biophysics 303:281-287), suggesting that fucosylation of the endogenous
A1AT may lead to decreased functionality. In addition, it has been shown that the
20  presence of fucosylated A1AT in ovarian cancer patients is predictive of
unresponsiveness to chemotherapy (Thompson et al. (1988) Br. J. Cancer 58(5):89-
93), Alpha 1-antitrypsin isolated from blood plasma has been used for the treatment of
lung degradation (e.g., pulmonary emphysema) caused by a lack of A1AT.
Production of A1AT in 2 fut8 knockout or knockdown cell line could yield protein
25  with greater consistency and activity. Thus, the cells and cell lines described herein
also allow for the .efﬁcient production of A1AT.
[0125] Additional genes in the Fut8 deficient cells and cells lines described
herein may also be inactivated. Additional genes involved in protein overexpression
as well as compositions and methods for inactivating these genes are disclosed in U.S.
30  Patent Publication Nos. 2006/0063231 and 20080015164, the disclosures of which are
incorporated by reference in their entireties herein. For instance, as disclosed in
Example 3, cells can be generated using the methods described herein in which Fut8,

dihydrofolate reductase (DHFR) and glutamine synthetase (GS) have been
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50f fucosylation-deficient CHO cells to the lectin Lens culinaris agglutinin (LCA, Vector Laboratories)
was used. The CHO cell line Lec13 contains a mutation in the fiicose biosynthetic gene GMD that
allows it to grow in concentrations of LCA 50- fold higher than wild-type CHO cells. See, e.g., Ripka et
al. (1986) Sevoain@albdvial Genet 12: 51-62; Ohyama et al. (1998) J Biol Glavo29@&aeE82-7. FUTS-/-
cells fail 10 to bind fluorescently-labeled LCA. See, Yamane-Ohnuki et al. (2004) Biotechnol Bioeng
87:614-22. Agsardinaly Sue Fasaned. thialekd LEfs/ arealisfvbitidoaiaedpectenigtaptdrigrofvth in LCA.
101341Cells were transfected as described in Example 2 using the ZFN pair 12170/12176, except that
between 6 awtdays post-transfection, the ZFN-treated 15cells were plated into 96-well format at
limiting dilution, at approximately 0.4 cells/well. After two weeks of growth the number of clones per

well was scored, the cells washed in 1X PBS%%#—& TrypLE SelectTh (InVitrogen) added. Ten
microliters of the disassociated cells were tra ed to parallel 96-well plates containing F-12

‘medium5+ 1m&4:SD4QEHBECﬁQWM§d’W§r&ﬁ@§S of F- 2012 medium + 10% FCS was
added to the feggining 144, gloeel sdnicaatiarmal a6 walbpiaiee Ly r-mormRelog of cells in the

LCA-containan plates was scored 18 hours later. Clones retaining a wild-type non-rounded CHO-KI
morphology irstieasibéstconmmata avbrénofduEradiebesauesh Sidind 8o AY from the

non-LCA-treted, nlate Was-SxRandadsHdh eneriginabwedwas faladitq sampiposehan one clone

(and 25 also therefore produce a mixture ‘of rounded_and wild-type-appearing cells when grown in

LCA), the cohleliié-6f-tHdssempiafe e trrdH eideriialie Bolhs Trnssr K RBRHAEDNA was harvested
from noprLCaqdtieated e oresiistant @eke pod e peiign ei the PUTmnlawiaiPQBoamplified using the

oligos GJC 75F; AGTCCATGTCAGACGCACTG, (SEQ | -34) an 1R:.30
TGTTACllA@i@@t‘%&&@@Cﬁ’%é@ﬁﬁ%&)t%ﬁ%%igﬁg g} ub@ﬁ%gﬁé'é&ng) was analyzed
- using the CElehéissiay &&dewﬂmmabnmoﬂﬁjaﬁb@mmmimghﬁﬁ&ﬂﬁedhmm bands that
T WO e 0ad et 008 QOIPA STk IedRlYe: (RRREYA IR NGIR R equenced

directly. CEL-I-positive ARde were opo(r) vitrogen) and clones sequenced until two
alleles were stigowere o 10 187sL:DisthrdeROietoegisuaddiiZb genrmie MM seAU2BCAere resistant to LCA

(.70 Feshalin o ehlogs ors st sbos Gl uvere epande
readily clonable. '
[6127] The C. griseus FUT8 ¢cDNA was cloned as follows. Ten nanograms of
a cDNA library derived from CHO-S cells was PCR amplified using primers GIC
119F: AACAGAAACTTATTTTCCTGTGT (SEQ ID NO:31) and GJC 106R:

20  GGTCTTCTGCTTGGCTGAGA (SEQ ID NO:32), cloned using TOPO™
(Invitrogen) and sequenced. Similarly, FUTS8 intron 9 was PCR amplified from C.
griseus genomic DNA using EasyA™ polymerase (Stratagene) and the
oligonucléotide primers GJC 71F: GCTTGGCTTCAAACATCCAG (SEQ ID NO:4)
and GJC 72R: CACTTTGTCAGTGCGTCTGA (SEQ ID NO:33). The PCR product

25  was cloned and sequenced. The partial sequence of intron 10 was obtained by PCR
amplification of C. griseus genomic DNA using EasyA™ polymerase (Stratagene)
and the oligonucieotides GIC 75F: AGTCCATGTCAGACGCACTG (SEQID
NO:34) and GIC 77R: CAGAACTGTGAGACATAAACTG (SEQ ID NO:35).
[0128] The FUT8 cDNA, intron 9 and intron 10 sequences cloned as

30  described above were then used for the design of ZFNs binding withm FUTE. In
particular, the FUT8 cDNA (FIG. 1) sequence was scanned for sites favorable for

recognition by zinc finger nucleases, and one such location that overlapped with the
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genotypes of these clones are shown in Table 2. The region of sequence shown here is identical to
that shown in FIG. 4. A five base pair gap has been inserted into this depiction of the wild-type
sequence to accommodate allelic sequences that contain the small insertions found in some clones.
Alleles are designatedms A and B; clones 10without allele designations &eTigosgenis. Clone 12-B
contains a 148bp insertion of C. griseus ribosomal DNA (rDNA) sequence as well as the indicated

deletion. Talpg:® chixHri8S AT GRNRRATERIS PV el kbt ik, 1R FifdaL TNIqrecP ajtial Sequence

Wild type AGAGTGTATCTGGCCACT ACCCTICTTTGTTAAAGGAGGCAAAGACAAAGTAAGT
(SEQ ID No\vyﬁf)ais%\scanned for potential inding sites.

AGQGI;GTAW@GCCASJW@M@ﬁEﬁA@@WWA@@@@W@T (SEQ ID NO:41)
1-13 AGAGTGTATCTGGCCACT TTCTT

SEG b NS AT TATA T LT A R e e O A PR i s T
AGAGTGTMUT@MKMﬁ@&@@MWA@@A@GﬁMA@A@MW@W (SEQ ID NO:44)
A TCT AL GG GA AL GARS SIS AT I THAT S MBS GAGMABAIAMACTANGT

(SEQ ID NO:45)'3,
Plasrmds comprising sequences encoding FUT8 ZFNs were constructed essentially as

described in Umnov et al. (2005) Nature 435(7042):646-651.

10  Example 2; Cel-1 Mismatch Assay
[0130} To determine whether FUT$-targeted ZFNs modified the endogenous
FUTS8 locus as expected, Cel-1 mismatch assays were performed essentially as per
the manufacturér’s instructions (Trangenomic SURVEYOR™). Briefly, the
appropriate ZFN plasmid pairs were transfected into CHO K-I cells. CHO K-I cells

15  were obtained from the American Type Culture Collection and grown as
recommended in F-12 medium (Invitrogen) supplemented with 10% qualified fetal
calf serum (FCS, Hyclone). Cells were disassociated from plasticware using TrypLE
Select™ protease (Invitrogen). For transfection, one million CHO K-I cells were
mixed with 1ug each zinc finger nuclease and 100uL Amaxa Solution T. Cells were

20  transfected in an Amaxa Nucleofector II™™ using program U-23 and recovered into
1.4mL warm F-12 medium + 10% FCS.

[0131] Cells were harvested two days post-transfection and chromosomal
DNA prepared using a Masterpure™ DNA Purification Kit (Epicentre). The
appropriate region of the FUT8 locus was PCR amplified using Accuprime™ High-

25  fidelity DNA polymerase (Invitrogen). PCR reactions were heated to 94°C, and
gradually cooled to room temperature. Approximately 200ng of the annealed DNA
was mixed with 0.33ul. CEL-I™ enzyme (Transgenomic) and incubated for 20
minutes at 42°C. Reaction products were analyzed by polyacrylamide gel
electrophoresis in 1X Tris-borate-EDTA buffer.

30 [0132] As shown in FIG. 5A and 5B, FUT8 ZFNs modified the endogenous
FUTS8 Iocus. In particular, ZFN pair of ZFN 12029 and ZFN 12030 resulted in
modification of 3.3% of chromosomes (FIG. 5A). ZFN pairs 12170/12176 and
12172/12176 modified 3.0% and 4.4% of chromosomes, respectively (FIG. 5B).
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343 AGAGTGTATCTGGCCACTGATGACCCTTCTTTTGTTAAAGGAGGCAAAGACAAAGTAAGT
(SEQ ID 140:46) 4
AGAGTGTATCTGGCCACTGATGACCCTTCTTTAAAGGAGGCAAAGACAAAGTAAGT (5E4 ID
NO:47) 5 AGRGT@MAIGT GGCCACTGATGACCCTTCTTTAAAGGAGG BANASMEMANNNANGN
(SEQ ID 140:48) 6 AGAGTGTATCTGGCCACTGATGAGACGTGT (SEQ ID 140:49) 7,k
AGAGTGTATCTGGCCACTGATGACCCTTCTGTTAAAGGAGGCAAAGACAAAGTAAGT (SEQ ID
140:50) TB AGAGTGTATCT GECCACTGATGACCCTTCTTTAAGGAGGCAAAGACAAAGTAAGT
(SEQ ID 14(%;%’%" ' pIc Analysis

AGAGTGTAI A GCCACTGATBAQUOTECTIEARASSHNBEE AR ASKBNIEG NI (SEQ ID
140:52) to rapidly identify double-mutant clones, a phenotypic screen based on the resistance
5  of fucosylation-deficient CHO cells to the lectin Lens culinaris agglutinin (LCA,
Vector Laboratories) was used. The CHO cell line Lec13 contains a mutation in the
fucose biosynthetic gene GMD that allows it to grow in concentrations of LCA 50-
fold higher than wild-type CHO cells. See, e.g., Ripka et al. (1986) Somat Cell Mol
Genet 12: 51-62; Ohyama et al. (1998) J Biol Chem 273:14582-7. FUTS8-/- cells fail
10 tobind ﬂuorescéntly-]abeled 1.CA. See, Yamane-Ohnuki et al. (2004} Biotechnol
Bioeng 87:614-22. Accordingly, we reasoned that FUTS-/~ cells would also be
resistant to growth in LCA.
[0134] Cells were transfected as described in Example 2 using the ZFN pair -
12170/12176, except that between 6 and 30 days post-transfection, the ZFN-treated
15 cells were plated into 96-well format at limiting dilution, at approximately 0.4
cells/well, Afier two weeks of growth the number of clones per well was scored, the
cells washed in 1X PBS, and 20pL TrypLE Select™ (InVitrogen) added. Ten
microliters of the disassociated cells were transferred to parallel 96-well plates
containing F-12 medium + 10% FCS + 50pg/mL LCA. One-hundred microliters of F-
20 12 medium + 10% FCS was added to the remaining 10pL of cells in the original 56-
well plate. The morphology of cells in the LCA-containing plates was scored 18 hours
later. Clones retaining a wild-type non-rounded CHO-KI morphology in the presence
of LCA were noted and the corresponding colony from the non-LCA-ireated plate
was expanded. If the original well was found to contain more than one clone (and
25  also therefore produce a mixture of rounded and wild-type-appearing cells when
grown in LCA), the contents of the well were redilution cloned as above.
[0135] Genomic DNA was harvested from non-LCA-treated LCA-resistant
cells and a portion of the FUTS locus PCR amplified using the oligos GJC 75F:
AGTCCATGTCAGACGCACTG (SEQ ID NO:34) and GIC 91R:
30 TGTTACTTAAGCCCCAGGC (S8EQ ID NO:7).
* {0136} Half of the PCR product (~200ng) was analyzed using the CEL-I assay

as described above while the other half was gel purified. Purified bands that were
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9 AGAGTGTATCTGGCCACTGATGACCCTTCTTTAAAGGAGGCAAAGACAAAGTAAGT (SEQ ID
140:53) 10-A AGAGTGTATCTGAGCAAAGACAAAGTAAGT (SEQ ID 140:54) 10-B
AGAGTGTATCTGGCCACTGAAAGGAGGCAAAGACAAAGTAAGT (SEQ ID 140:55) I I-A
AGAGTGTATCTEBEONCTGATGACCCTTCTTTGTT---ATAAAGGAGGCANBRMEMAIRS TAAGT
(SEQ ID NO:56) WO 2009/009086PCTr1JS2008M08455 11-B

AGAGTGTATELGGHEEACTHOMTHACELTIT A BEAGREAKA GRIG MIAETABGS (&E6 ID NO:57)
12-A

AGAGTGTATEPPE L ans oy Rre e d FloRss spapnoed Aot o ldss SR KRR AAAGTAAGT
(SEQ ID NOB8}2-B AGAGHSTTGHEGLyeiiB Ay msns) GG ABBTANNCINCAAAGTAAGT

(SEQID NO@_Q)O/%)Q-A%% of the 28 LCA-resistant cell lines were single-cell clones. Cell lines
5  were expanded from the half of the culture not exposed to LCA. The FUT8
genotypes of these clones are shown in Table 2. The region of sequence shown here
is identical to that shown in FIG. 4. A five base pair gap has been inserted into this
depiction of the wild-type sequence to accommodate allelic sequences that contain the
small insertions found in some clones. Alleles are designated as A and B; clones
10 without allele designations are homozygous. Clone 12-B contains a 148bp insertion of

C. griseus ribosomal DNA (tDNA) sequence as well as the indicated deletion.

Table 2: LCA-resistant clones treated with the ZFN pair 12170112176

Clone | Partial Sequence

Wild | AGAGTGTATCTGGCCACTGATGACCCTTCTTT -~~~ GTTAAAGGAGGCARAGACARAGTAAGT
type {SEQ ID NO:40)
1-A__ | BGAGTGTATCTGGCCACTGATGACCCTT - —m————===~ TARGGAGGCAAAGACAAAGTAAGT

(SEQ ID NO:41)
1-B AGAGTGTATCTGGCCACTGATGACCCTTCTTTGTTA -~~~ TARAGGAGGCARAGACAARGTAAGT
(SEQ ID N0O:42)

7.A | AGAGTGTATCTGGCCACTG -~~~ === rmm— == — == ———m s AAAGACAAAGTAAGT
(SEQ ID NO:43)
7B AGAGTGTATCTGGCCACTGATGACC -~ === ==~~~ - GTTABAGGAGGCAAAGACAAAGTARGT

{SEQ ID NO:44}
3-A ACGACTGTATCTGGCCACTGATGACCC T TCTTTGTTATGTTAAAGGAGECARAGACAAAGTAAGT
(SEQ ID NO:45)
3-B AGAGTGTATCTGGCCACTGATGACCCTTC T T - - ~ ~GTTARAGGAGGCAAAGACARAGTAAGT
(SEQ ID NO:46)

4 AGAGTGTATCTGGCCALTGATGACCCTTCTT T~~~ - ——~ AAAGGAGGCAAAGACARAGTAAGT
{SEQ ID NO:47)

5 AGABTGNATCTGECCACTGATGACCCTTCTTT -~ -~ =~ ~ AAAGGAGGCAAAGACAANNNANGN
{SEQ ID NO:48)

6 AGAGTGTATCTEGCCACTGATGA - ————mm - m i e GACAAAGTARGT
{SEQ ID NO:48})

7-A AGAGTGTATCTGGCCACTGATGACCCTTCT - -~~~ -~ GTTAAAGGAGGCAAAGACARAGTAAGT
(SEQ ID NO:50)

7-B AGAGTGTATCTGGCCACTGATGACCCTTCTTT- -~ m - -~ AAGGAGGCAAAGACAARGTAAGT
(SEQ ID NO:51)

8 AGAGTGTATCNGGCCACTGATGACCCTTCTIT -~ — - — = AAACGGAGGCAAAGACNNAGNAAGT
(SEQ ID NO:52)

9 AGAGTGTATCTGGCCACTGATGACCCTTCTTT-—-~—— -~ AARAGGAGGCAAAGACAAAGTAAGT
{SEQ ID NO:53)

10-A | AGAGTGTATCT G~ ——m o m - m e oo e m AGCAAAGACAAAGTAAGT
{SEQ ID NO:54)

10-B AGAGTGTATCTGGUCACTE -~~~ m o s s e e ARAGGAGGCAARGACARAGTAAGT

{SEQ ID NO:55)
11-A | AGAGTGTATCTGGCCACTGATGACCCTTCTTTOTT - - - ATAAAGGAGGCARAGACAAAGTAAGT
(SEQ ID NO:56)
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AGAGTGTATCTGGCCACTGATGACCCTTAGTAAGT (SEQ ID NO:60) 13.43
AGAGTGTATCTGGCCACTGAT (SEQ ID NO:61) 14-A

AGAGTGTATCTGGCCACTGATGACCCTTCTTTGTTATGTTAAAGGAGGCAAAGACAAAGTAAGT

(SEQ ID NOMR)oas/@19086 PCT/US2008/008455

AGAGTGTATCTGGCCACTGATGACCCTTCTTTGTT---ATAAAGGAGGCAAAGACGTGT (SEQID

NO:63) 15 AHABT@GMW@GMW@@G@@T FET- 'FTA#‘AG—@W@@W%SA@T ANGT

(SEQ ID NQ;64)-1 S allelo
clones were ‘r?dﬁozy(@é[imgﬁaogﬁp

CACT MEACC c'.m*cg
Mg g0 foveale

S de

of the

Gand 38 base

pairs and snajjénsuﬁma@@mbd@ggd@aae@aus, AllgieBogh clonethl SauietnedrartZ Dasemair deletion
as well as a 148 basepairingertién of C. griseus rDNA sequence., Example 4: Disruption of FUT8 via

dual-ZFN-mdditca @ﬁ@@gﬁ@ﬂ%@&@@ﬁﬂ@?@ﬁ@%ﬁ FUT8'(1’3UObp‘df‘FUT8‘ includi

ﬁ%’rﬁ‘l"@%a jority of

exon 10) was-aise nﬁew;&gﬁﬁggs_ugll_b_llz_bymw.-,,,t.ug,"_-_u_te.l,usz_em\_lJJ_OLII__L_I;I_V 126

12628712030 and

the exonic pair ZFN a&yzg 2&761In particular, one microgram each of ZFNs 12029, 12030,12172,

and 12176 wera transkertethritocCiierkcircalis g dessritedciirosac@eisAra e tran@sieer?2 days

post-transfection andSEe &2iiinge)

{SEQ ID NQO:63)

14-B AGAGTETATCTGGCCACTGATCACCCTTCTTIETT - - ~ATARAGGAGGCAAAGACAAAGTAAGT

{SEQ ID NO:64)

15 AGAGTGTATCTGGCCACTGATGRACCCTIC T T -~ -~ ——— AARAGGAGGCNAAGACAGAGTANGT

[0138] For all clones sequenced, both alleles of FUTS were modified. Five of
the clones were homozygous. Genotyping also revealed clones with deletions of
5 between 2 and 38 base pairs and small insertions of 1 to 5 base pairs. Allele B of

clone 12 contained a 12 base pair deletion as well as a 148 base pair insertion of C.

griseus tDNA éequence.

Example 4: Disruption of FUTE via dual-ZFN-modification

10 [0139] A larger deletion in FUTS (1300bp of FUTS, including the majority of
exon 10) was also created by simultaneous transfection of the intronic ZFN pair ZFN
12029712030 and the exonic pair ZFN 12172/12176. In particular, one microgram
each of ZFNs 12029, 12030, 12172, and 12176 were transfected into CHO K-I cells
as described above. Cells were harvested 2 days post-transfection and the genomic

15 DNA pu.rlﬁed The DNA was digested with EcoR I and Xmn I to destroy the wild-

type chromcsomes and PCR amplified with the oligos GIC 71F:
GCTTGGCTTCAAACATCCAG (SEQ ID NO:4) and GIC 91R:
TGTTACTTAAGCCCCAGGC (SEQ ID NO:7).

[0140] Results are shown in FIG. 6A and demonstrate that a fragment of the

20  expected size was generated.

6141 CHO cell lines were also treated subsequently with different pairs of
ZFNs that target the FUT8 gene with or without LCA enrichment. The CEL-I assay
was performed 2 and 30 days post- transfection with ZFN plasmids as described

above in Example 2.
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15 DNA purified. The DNA was digested with EcoR | and Xmn Ito destroy the wild-type chromosomes
and PCR amplified with the oligos GJC 71F: GCTTGGCTTCAAACATCCAG (SEQ ID NO:4) and GJC
91R: TGTTACTTAAGCCCCAGGC (SEQ ID NO:7). 101401Results are shown in FIG. 6A and
demonstratexbabesfragrsent of the 20expected size was generated. 1014TiCHRvoedohnes were also
treated subsequently with different pairs of ZFNs that target the FUT8 gene with or without LCA

enrichment. Jlhia$JEL-1 asaynyampeionesd I a0d3tday scpostd inpigiaian: Witheddehhplasmids as
described above in Exameélﬁ-: ﬁﬁ%\lp é?09/009086PCT/U82008/008455 [0142]As shown in Fig. 6B,
LCA treatmeERGHER8R YidhAcHitFitease in the percentage of FUT8-/- cells. Example 5:
Inactivation of Additional Genes 5[0143]Cell lines were also created in which FUT8 and additional
genes were inactivated. In particular, zinc finger nucleases directed to DHFR and GS were designed
and construdisdmpld &schivetivatissoPhdslititudlifeemesn Nos. 2006/0063231 and U.S. 2008/015164.
Plasmids eneeeiap DHTReaNAGEIAOREILAENS SR INTR0He SR KA lisasdescribed I
Example 2 to create GS47DHFR4" CHO 10cell line. [0144]The GS-/7TDHFR7-CHO cell lines were
subsequentlygeiitagdyiln ater B Be direrenigearssshireeid in AR and{eS V8 gene (pools 1, 3,

5, and 7). Eaghipaal wasceHRieeied 49 ddsAitesrlect fenthe papidation Nbwhistsfodds sxpression had
been destroyed (Fig. 7, With LCA enrichment). The CEL-I a;%sg'lz}évas 15 performed on both the

LCA-selecte@%n é]r%%qg@&i} Btg. Vlasmidesteading PRl S bBYE. [0145]As shown
in FIG. 7, therdteduestingf OisQupsiid sopissibédlie FriTHigane trdaGAGSEaRPaOVas as high as
34% (po&)gl 1 with LCA enrichment). [0146]Genotyping analysis of the various triple knockout clones
isolated 20 f(3i b‘%l #1 or pool #5 was also performed, essentially as described in Example 3 above.
As shown in PIG4B, of theTHs CIBNAAHERSeGED rsthlipeoivete3Bsrqubth) eatedmuidified at both copies

of the FUT8 gene. [0d47]Einal g}L SN Qlf#? HERF G 30g.FLLLR wefedisfypted by treatment
with ZFNs Wg%%@[g%’e“;t]é:ﬁ? %ir%th it aQt?l ity to b\lﬁrqd IUorescent LC%A. CIpobts 3P, s
Each pool was subjected to LCA to select for the population in which FUTE

expression had been destroyed (Fig. 7, With LCA enrichment). The CEL-I assay was
15  performed on both the LCA-selected and unselected (Fig. 7, no LCA enrichment)

pools as described above.

[0145] As shown in FIG. 7, the frequency of disrupted copies of the FUT8
gene in LCA-selected pools was as high as 34% {pool 1 with LCA enrichment).
{0146} Genotyping analysis of the various triple knockout clones isolated

20 from pool #1 or pool #5 was also performed, essentially as described in Example 3
above. As shown in FIG. 8, of the 75 clones screened from pool #1, 33 (or ~44%)
were modified at both copies of the FUTS gene.

[0147] Finally, CHO cells in which DHFR, GS and FUT8 were disrupted by
treatment with ZFNs were also tested for their ability to bind fluorescent LCA.

25  Approximately 100,000 cells were trypsinized, washed in 1XPBS, and mixed with
2ug/mL fluorescein-LCA (F-LCA). F-LCA binding was assayed by flow cytometery
(Yamane-Ohnuki et al. (2004) Biotech. Bioeng. 87:614). As shown in FIG. 9,
fluorescent LCA does not bind to cells in which GS, DHFR and FUTS genes are
disrupted. Thus, cells in which any of FUT8 and one, two {or more) genes are

30  inactivated are used for expression (over-expression) of recornbinant proteins of
interest.

[0148] These results show the rapid generation of Fut8-deficient cell lines

using ZFNs targeted to cleave the FUTS gene. DNA repair through the error-prone
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25 Approximately 100,000 cells were trypsinized, washed in DCPBS, and mixed with 2)2g/mL
fluorescein-LCA (F-LCA). F-LCA binding was assayed by flow cytometery (Yamane-Ohnuki et al.
(2004) Biotech. Bioeng. 87:614). As shown in FIG. 9, fluorescent LCA does not bind to cells in which
GS, DI-[FR srwFtdm@apenes are disrupted. Thus, cells in which any of FBT8eE06Me846550 (or more)
genes are 30inactivated are used for expression (over-expression) of recombinant proteins of interest.

1|01481I]h651$r6@§dd|5?m Ha%eaﬁieh&maﬁaar';gwéﬁuﬁwaxdﬁﬁk@miaw b%ﬁ@&wm@%amgar?elted to
cleave the FUT8 gene. DNA repajr through the error:prone process of NHEJ at site of cleavage
resulted in fu%’éﬁ%%l%%ﬂé%ﬁgﬁ% %‘&?ﬁ’t%ﬁ@?ﬁ%ﬂ eﬁl?’ﬁ:@{ﬁéﬁ@‘éﬁ%%f)aﬁ%ﬁg& r%ysometimes small
relative to thosevenddeabyepenriienjicna) genbitisropABN esathitifyhofeiidaatesatbsd herein to target
these mutatione o the DA oA s he edical cealie slng of 7 episiad et Seven small
in-frame allef€8 Wolld TESUTt In S&vere defects i enzyme ac i\ﬁ%y. For example, homozygous deletion
of only léucireelddloneSB)Saltslena ity resuitousayaelisfestismemapmCatijot4FPurthermore,

although mapy. giffersplaybhmeak Qs g arivaqignain custam TsAs ARAGHC or

phenotypic changes, the Z described herein 10can be used to rapidly disrupt FUTS8 in any cell line
or subtype. |eeHe@sisHnbEchide zinc finger protein binding sites can be selected that are conserved

between maiggaljan spegigandhisCambegiasignad terinacive i s Barcelsiines deryed from any
species. 15 Example 6: Fut8 Hypomorphs [0150]Some CHO cells_ with ZFN modification of FUT8 may

retain a fractiiF P AT IR RBCHE RrRRCERRRIE SIeNRSHP B £ FOS ST RS tHE R atively low
concentmtiopzaiteGled sethindnedierp me/ntialagreaniEOog gibtypbulratiiivsdsiise to higher

concentrations O%LCA. 2@01?:%gells.were t@engg%ggg tﬁstdeescgibed ir&lgé%vnggle 2 and screeened for
resistance to”&l RYARPICAC A YERBE DY AS i EXampre 3 ACELFA98ay 6F individual clones and

the genotypas:mirsaliae gfcthes & Eldneandre daistgvedito Eageti @ ARES thisebihmey dscreesh with 50 Ag/mL
LCA, a seco%%ar screg{ge%f these initial ZFN-modified LCA-resistant cell lines with higher
concentrations of LEA Was 25 performed to identify hypomorphs. Cell lines resistant to 50ttg/mL LCA
were assayed for growth in 100, 200, 400, and 800Ag/mL LCA. Eleven of the 16 cell lines tested in this

mannerlgxhi@'ﬁglmiéc&lm m]q,g@ll morphology at 800/2g/mL LCA. Five of the 16 cell lines

tested exhibited wild-type roth and cell morphology only at LCA concentrations below 800Ag/rnL.
These five clBH&8with intégﬁﬂ’@ﬂ@ cells with ZFN modification of #UTE may retain a fraction

of their wild-type Fut8 activity. Such cells might be resistant to the relatively low
concentration of LCA used to perform the initial screen (50 pg/mlL) but remain
sensitive to higher concentrations of LCA.

20 [0151) Cells were transfected as described in Example 2 and screeened for
resistance to 50 ug/mL LCA and genotyped as in Example 3. A CEL-] assay of
individual clones and the genotypes of some of these clones are shown in Fig. 10.
After this primary screen with 50 pg/mL LCA, a secondary screen of these initial
ZFN-modified LCA-resistant cell lines with higher concentrations of LCA was

25  performed to identify hypomorphs. Cell lines resistant to 50pg/mL LCA were
assayed for growth in 100, 200, 400, and 800pg/mL LCA. Eleven of the 16 cell lines
tested in this manner exhibited wild-type growth and cell morphology at 800pg/ml.
LCA. Five of the 16 cell lines tested exhibited wild-type growth and cell morphology
only at LCA concentrations below 800pg/mL. These five clones with intermediate

30  LCA resistance are therefore hypomorphic for Fut8 activity. Fut8 hypomorphism
perfectly correlated with the presence of a three nucleotide (ATT) insertion between
the ZFN binding sites. This insertion adds one leucine residue to the C. griseus Futg

protein at position 415. The other allele in each of these clones is predicted to
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30LCA resistance are therefore hypomorphic for Fut8 activity. Fut8 hypomorphism perfectly correlated
with the presence of a three nucleotide (AYE) insertion between the ZFN binding sites. This insertion
adds one leucine residue to the C. griseus Fut8 protein at position 415. The other allele in each of
these clonesys piediotegkto eliminate enzyme activity. Two of these five elones:asgmlone 14 and
clone 19 and are shown in Figure 10. [0152]The hypomorphs discovered in the LCA-resistance

titration wereganfisraedneasavief TureserilHvAdbneead RipRNG i aloskrfacerexrosed al-
56-linked fucose. For each cell line analyzed approximately 100,000 cells were trypsinized, washed in

1XPBS, and PHvEHIiE9RJANL fluorescein-LCA (F-LCA). F-LCA binding was assayed by flow
cytometery (Guayp Techn@legiypénﬁuphfsﬂm@chymmmmgnesxmiﬂedd@m kd:€A binding had

-5-fold less F-L b|n than ant.to 800 LCA showed no ability to
bind F- 10 LEA" FW %ﬁ@aﬁégﬁ Z”ﬁ%‘}‘s&‘ﬁ ﬁﬂf on\éve |g shown in
Figure 13. [Oﬁﬂﬁi&@dﬂ Mnmtsfpaeam aﬂp[mtm@aﬂﬁappmdatamtis mé[ﬂﬁﬁhmiﬁhmm are 15hereby

incorporated e}{ezré%n Heﬂ’%'rl%’:ﬁ %n@%ﬁﬁéﬁ\m%u% i of %&%e gmg pre ﬂed in some detalil

by way of illus tlon an ample e purposes o erstan be apparent to

those skilled fnlifé hindirg Waﬁewmﬁgwnwmméfbﬁgwﬁvb@m@béﬂw&mt departing from
the spirit or sgapG iﬁﬂe HISRSHEEAGEBYINAIY A30HE PRI AN fiERCURIPES AfEamPles should

not be construed as limiting. CLAIMS What is claimed iS: 1.A zinc finger DNA-binding domain,

wherein the INABIAdRSFTHRcE SraisiratdrdiPrekiddet rbessainefraibisbirdéred FI to F4 from

N-telmings tq SAepninusy aneihepeicib &3, dells anddnd sainpKiseibafel eyng asaenacid
sequences FI IQgsuﬁeDLSR (SEQ ID NO:9); F2: TSGNLTR (SEQ ID NO:10);

16153] All patents, patent applications and publications mentioned herein are
15  hereby incorporated by reference in their entirety.

[0154] Although disclosure has been provided in some detail by way of

illustration and example for the purposes of clarity of understanding, it will be

apparent to those skilled in the art that various changes and modifications can be

practiced without departing from the spirit or scope of the disclosure. Accordingly,

20  the foregoing descriptions and examples should not be construed as limiting.
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F3: RSDDLSK (SEQ ID NO:11); and F4: DRSALAR (SEQ ID NO:12). 2.A zinc finger DNA-binding
domain, wherein the DNA-binding domain comprises four zinc finger recognition regions ordered Fl to
F4 from N-teiininus to C-teoninus, and wherein Fl, F2, F3, and F4 comprise the following amino acid
sequences: Fl: RSDVLSA (SEQ ID NO:14); F2: QNATRIN (SEQ ID NO:15); F3: DRSNLSR (SEQ ID
NO:16); an€FAIMEDNRTA (SEQ ID NO:17). 3.A zinc finger DNA-binding domain, wherein the
DNA-binding domain comprises six zinc finger recognition regions ordered Fl to F6 from N-terminus to
C-terminus, and wherein Fl, F2, F4, F5 and F6 comprise the following amino acid sequences: FI:
RSDNLSV WEOBINDeEg): F2: QNATRIN (SEQ ID NO:15); F4: QSATRTK (SEQ ID NO:21); F5
RSDNLSR (SEQ ID NO:22); and F6: RNDNRKT (SEQ ID NO:23). 4.The zinc finger DNA-binding
domain of claim 3, wherein F3 comprises RSDNLST (SEQ ID NO:20). 5.The zinc finger DNA-binding
domain of dlaim 3%@@&3@3@%&@@@&@%@@%@@@@6& indingA9ERiHyer DNA-binding
domain, wheyginthe RNADIAING MR COIRIRES fiverns-ingeyracaoNtieppgions ordered Fito
F5 from N-terminus to C-terminus, and wWherein F1, F2, F3, F4 and F5 comprise the following amino
acid sequehCtRTENRSDAVRESBED fi3. N g8 FE£zonrrio the idewing aoeeacid3: TSSILSR (SEQ
ID NO:28); £4,RSRNLSA (SEQ ID NO:29); and F5: RKDTRIT (SEQ ID NO:30).

F1: QSSDLSR (SEQ ID NO:9);

F2: TSGNLTR (SEQ ID NO:10);

F3: RSDDLSK (SEQ ID NO:11); and
F4: DRSALAR (SEQ ID NO:12).

2. A zinc finger DNA-binding domain, wherein the DNA-binding domam
comprises four zinc finger recognition regions ordered F1 to F4 from N-terminus to
C-terminus, and wherein F1, F2, F3, and F4 comprise the following amino acid
sequences:

F1: RSDVLSA (SEQ ID NO:14);

F2: QNATRIN (SEQ ID NO:15);

F3: DRSNLSR (SEQ ID NO:16); and

F4: RLDNRTA (SEQ ID NO:17).

3. A zinc finger DNA-binding domain, wherein the DNA-binding domain
comprises six zinc finger recognition regions ordered F1 to F6 from N-terminus to C-
terminus, and wherein F1, F2, F4, F5 and F6 comprise the following amino acid
sequences:

F1: RSDNLSV (SEQ ID NO:19);

F2: QNATRIN (SEQ ID NO:15);

F4: QSATRTK (SEQ ID NO:21);

F5 RSDNLSR (SEQ ID NO:22); and

F6: RNDNRKT (SEQ ID NO:23).
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7.A fusion protein comprising a zinc finger DNA-binding domain according to any of claims 1 to 6 and
at least one cleavage domain or at least one cleavage half-domain, are also provided. 8.The fusion
protein of claim 7, wherein the cleavage half-domain is a wild-type Fold cleavage half-domain. 9.The
fusion protein of claim 8, wherein the cleavage half-domain is an engineered Fokl cleavage
half-domain. 10.A polynucleotide encoding any of the proteins according to any of claims 1 to 9. 11.An

isolated celycompriging any, of ShswRoising: AcsarAind.16.Am of GAIMS,Lp 2, apihe polynucieotide of

claim 10. 12.The cell of claim™11, wherein Fit8 is partially inactivated. 13.The"cell of claim 11, wherein
Fut8 is fullyRAEXRLEEGSEQ. TReNEBRBf any of claims 11-13 wherein one or more additional genes are
partially or fully inactivated. 15.The cell of claim 14, wherein dihydrofolate reductase (DHFR) and
glutamine synthetase (GS) have been inactivated. 16.A cell line in which Fut8 is partially or fully

inactivated ¥sing & heclsasmgenhipyisibipdifissivmpintelislatacrdirietomhy efp-sess or a

polynucleotf%gg@igﬁﬁ%)m%g) 17.An in vitro or at vivo method of inactivating an endogenous
cellular FUT8 gene in a cell, the method comprising: (a) introducing, into a cell, a first nucleic acid

comprising a polynucleotide according to claim 10 whereby the polypeptide encoded by the

pobmucleoyde binds, {0.the JArgRl £ ARMAGAVER, R i $99M€A binding domain

comprises five zinc finger recognition regions ordered F1 to F5 from N-terminus to
C-terminus, and wherein F1, F2, F3, F4 and F35 comprise the following amino acid
sequences:

F1: RSDNLRE (SEQ ID NO:26);

F2: NNTQLIE (SEQ ID NO:27);

F3: TSSILSR (SEQ ID NO:28);

F4 RSDNLSA (SEQ ID NO:29); and

F5: RKDTRIT (SEQ ID NO:30).

7. A fusion protein comprising a zinc finger DNA-binding domain according to
any of claims 1 to 6 and at least one cleavage domain or at least one cleavage half-

domain, are also provided.

g. The fusion protein of claim 7, wherein the cleavage half-domain is a wild-type

Fokl cleavage half-domain.

9. The fusion protein of claim 8, wherein the cleavage half-domain is an

engineered Fokl cleavage half-domain.

10. A polynucleotide encoding any of the proteins according to any of claims 1 to
9.
11.  Anisolated cell comprising any of the proteins according to any of claims 1 to

9 or the polynucleotide of claim 10.

12. The cell of claim 11, wherein Fut8 is partially inactivated.
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18.The in vitro or a vivo method of claim 17, further comprising introducing a nucleic acid encoding a
second polypeptide, wherein the second polypeptide comprises: (i) a zinc finger DNA-binding
domain that is engineered to bind to a second target site in the FUT8 gene; and (ii) a cleavage
domain; such that the second polypeptide is expressed in the cell, whereby the first and second
polypeptides bind to their respective target sites and cleave the FUT8 gene. 19.The in vitro or a vivo

method of ¢laim 18, whereip the first and secon popé1 eptides are,encoded by the same nucleic acid.
20The in vi?r?)' or a%\%‘(’/é’enz&ﬂ%tjl%l %@éﬁl?gfnvfﬁﬁe% tﬂg flllr]saf(zat and esdécon_d polypeptides are encoded by
different nucleic acids. 21.A method of producing a recombinant protein of interest in a host cell, the

method comprising.the steps of: a vjding a hast cell comprisipg an,end ous FUT8 gene;
P ¢ %E as ﬁﬂzgér&sp ﬁ)"ﬂ V\%eﬁem one"o[g ;nt%rg agcﬂgoagi ]g%ngg%%

(b) inactivating the gﬁﬁggenoug gene of the host ce e method of any of claims 17 to 20;

and (c) mattexdiyoimdudly éxpriesgimh vector comprising a transgene, the transgene comprising a
sequence encoding a protein of interest into the host cell, thereby producing the recombinant protein.

22.The method of claim 21, wherein the protein of interest comprises an antibody. 23.A cell line in
which Fat 8lis parflaiéycel fuflyl anactiatbdravhdileirtifoletd tidecisserddtc®d byd ghuf@pinactivating Fu t8
in a cell accorq%gato {I&es 1eth0968£ lanr%ti)\;a%[%ims 17 to 20; and (b) culturing the cell under

e fo ’

conditions Stitabié Tc ge era Ing a cell'ine in ' which Fut8 is partially or fully inactivated. 24.The cell

line of claim 23, wherein the cell is a mammalian cell selected from the group consisting of a COS cell,

a CHO cell,a VERQO ¢ Ic! a MDCK cell, a.\W13 I \ﬁgcel .a B14AF28-G3 %I a BHK cell, a HaK
ool ANSO Dol o otk AR A P b A SR hRAERET Rt
comprising a fusion protein according to any claims 7-8 or a polynucleotide according

to claim 10.

17.  Aninvitro or ex vivo method of inactivating an endogenous cellular FUTS
gene in a cell, the method comprising:

(a) introducing, into a cell, a first nucleic acid comprising a polynucleotide
according to claim 10 whereby the polypeptide encoded by the polynucleotide binds
to the target site and cleaves the FUTS gene.

18.  The in vitro or ex vivo method of claim 17, further comprising introducing a
nucleic acid encoding a second polypeptide, wherein the second polypeptide
comprises: |

(i) a zinc finger DNA-binding domain that is engineered to bind to a second
target site in the FUTSE gene; and

(i1) a cleavage domain; such that the second polypeptide is expressed in the
cell, whereby the first and second polypeptides bind to their respective target sites and

cleave the FUTS gene.

19. The in vitro or ex vivo method of claim 18, wherein the first and second

polypeptides are encoded by the same nucleic acid.

20 The in vitro or ex vivo method of claim 18, wherein the first and second

polypeptides are encoded by different nucleic acids.
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25.Use of a first nucleic acid comprising a polynucleotide according to claim 10in the manufacture of a
medicament for inactivating an endogenous cellular FUT8 gene in a cell whereby a first polypeptide
encoded by the polmucleotide binds to a first target site in an endogenous FUT8 gene and cleaves
the FUT8 gene. 26.A first nucleic acid comprising a polynucleotide according to claim 10, whereby a
first polypeptide encoded by the polynucleotide binds to a first target site in an endogenous FUT8 and

cleaves the EUT8/gene act| atln an end gellullar FUT r% aﬁeHl 27.The use of

a 1' com ote mte
claim 25, of the nd¢lBie ac OPC?aI Srem said |camen{?ur & comprlées a nucleic acid
encoding ameﬁmsldct@mlypﬁpgdhe wblererh the second polypeptlde comprlses () a zinc finger
DNA-binding domig that 1 g neere m&iﬂto a sec%n tggge |n the FUT8 gene; and (i) a
cleavage domain; 1at'thé &Eon B Pge IS exp rSSsed in't e%é’ﬁ whereby the first and

second polypeptid@s btmmtamlnglﬂfespetm@tarﬁéﬂﬁtmmmﬂ thlebvet tedl BYTR getim?@8{The use or
nucleic acid of CPcsz” \A/herfdn t“f? first and second polypeptides are encoded by the same nucleic
acid. 29. THe L€e o nuc}elc acid of claim 27, wherein the first and second polypeptides are encoded
by different nuclei¢cadidsducing an expression vector comprising a transgene, the transgene

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

producing the recombinant protein.

22. The method of claim 21, wherein the protein of interest comprises an

antibody.

23. A cell line in which Fut 8 is partially or fully inactivated, wherein the cell line
is produced by

(a) inactivating Fut8 in a cell according to the method of any of claims 17 to
20; and

(b) culturing the cell under conditions suitable for generating a cell line in

which Fut8 is partially or fully inactivated.

24. The cell line of claim 23, 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
cell, a V79 cell, a BI4AF28-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.

25.  Use of a first nucleic acid comprising a polynucleotide according to claim 10in
the manufacture of a medicament for inactivating an endogenous cellular FUTS gene
in a cell whereby a first polypeptide encoded by the polynucleotide binds to a first
target site in an endogenous FUTS gene and cleaves the FUTS gene.

26. A first nucleic acid comprising a polynucleotide according to claim 10,
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whereby a first polypeptide encoded by the polynucleotide binds to a first target site
in an endogenous FUTE and cleaves the FUTS gene, for inactivating an endogenous

cellular FUTS gene in a cell.

27. The use of claim 25, or the nucleic acid of claim 26, wherein said medicament
further comprises a nucleic acid encoding a second polypeptide, wherein the second
polypeptide comprises:

(i) a zinc finger DNA-binding domain that is engineered to bind to a second
target site in the FUTE gene; and

(i1) a cleavage domain; such that the second polypeptide is expressed in the
cell, whereby the first and second polypeptides bind to their respective target sites and

cleave the FUTE gene.

28.  The use or nucleic acid of claim 27, wherein the first and second polypeptides

are encoded by the same nucleic acid.

29. The use or nucleic acid of claim 27, wherein the first and second polypeptides

are encoded by different nucleic acids.
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