METHODS AND COWVPOSI TI ONS FOR GENERATI ON OF BAX- AND BAKDEFI Cl ENT CELL LI NES
STATEMENT OF RI GHTS TO | NVENTI ONS MADE UNDER FEDERALLY SPONSORED RESEARCH
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the fields of genonme engineering and generation of cell lines deficient in
expression of Bax and/or Bak as well as use of Bax/Bak deficient cells
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w th Bel [3003510% 0proptosis, or programmed cell death, can be triggered by extrinsic or

intrinsic signals, as well as developmental cues. Two major apoptotic pathways have
been identified: an extrinsic cell death pathway in which apoptosis is initiated through
ligand binding to cell surface receptors expressed on the cell that will subsequently

20 die, and an intrinsic cell death pathway in which apoptosis is initiated within the cell.
[0004] Tumor necrosis factor receptor family members are among the best
characterized of receptors involved in the extrinsic death pathway. Upon the
engagement of ligand, these receptors initiate the formation of a death-inducing
signaling complex, which includes an essential adaptor molecule FADD. FADD in

25  turn recruits Caspase 8, which in turn is activated through an autoproteolytic process.
Once activated, Caspase 8 initiates both the activation of additional caspases such as
Caspase 9 and Caspase 3, and the degradation of intracellular substrates, which
eventually results in cell death. The TNF receptor family includes TNFR1; Fas; DR3
proteins such as Apo3, WSL-1, TRAMP, and LARD; DR4; DRS proteins such as

30 TRAIL-R2, TRICK2, and KILLER; and DR6.
[0005] Members of the Bcl-2 family of proteins are characterized by their
ability to modulate cell death. Bcl-2 and some of its homologues, such as Bcl-x1,

inhibit apoptosis, whereas other family members, such as Bax and Bak, induce or



which are required for the formati on of Bax/Bcl-2 heterodiners, which are
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occurring zinc finger proteins (Gines et al. (1996) Proc. Nat'l. Acad.
Sci . USA @894 #3%44%). Baxaan be rendsrassinadsivedonaimal calgiviennterastiord zi nc
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Bak. EngineeC&OBal.rc310-32®r nucl eases have al so been used to inactivate
endogenous di hydrof ol ate reductase (dhfr) and CCR5 genes. See, e.g., US.

Pat ent PUBII7dat i on Bak alseopyamotes el dsath apdromtgiacisdhe piotestiopdvm 139982,
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R T et LA A
ant i body inteoducgemof artiserzgeantlecules ltveibedn gesodbed. i $oe, bec Mawlic etrdli ke
conventi 001y St Cell Biol. 21:3684-3691. Tn addition, Bax and/or Bak deficient
fibroblasts have also been immortalized to create cell lines. See, U.S. Patent
20  Application No. 20030091982. Furthermore, naturally occurring zinc finger proteins
(Grimes et al. (1996) Proc. Nat'l. Acad. Sci. USA 93:14569-14573) fused to
repression domains and engineered zinc finger proteins and nucleases (see, U.S.
Patent Publication No. 20060063231) have also been described for the inactivation of
Bax and/or Bak. Engineered zinc finger nucleases have also been used to inactivate
25 endogenous dihydrofolate reductase (dhfr) and CCRS5 genes. See, e.g., U.S. Patent
Publication No. 20080015164 and PCT Publication WO 2007/139982.
[0009] However, there remains a need for methods and compositions for
inactivation of Bax and Bak, for example to facilitate generation of apoptosis-resistant
cell lines.
30
SUMMARY
[0010] Disclosed herein are methods and compositions for partial or complete
inactivation of Bax and/or Bak in a target cell, for example to generate Bax and/or

Bak deficient or knockout cell lines that are resistant to wide variety of intrinsic death



| i nes, Bax/Bak-deficient cell lines continue to produce high | evels of
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2, 3, 4, Alzheimer’s, Parkinson’s, etc.). Likewise, Bax and/or Bak deficient cell lines provide

20  useful tools for basic research and drug discovery. Such lines provide increased
survival of cells in response to certain experimental conditions e.g. nucleic acid
delivery procedures such as electroporation, viral transduction, liposome mediated-
delivery etc. and/or in response to the delivery of a toxic or stress-inducing payload
which can facilitate the measurement of drug-target interactions and basic research

25  knowledge via the study of such interactions in the absence of the apoptotic response.
[0014] In one aspect, zinc finger proteins, engineered to bind in a BAX gene,
are provided. Any of the zinc finger proteins described herein may include 1, 2, 3, 4,
5, 6 or more zinc fingers, each zinc finger having a recognition helix that binds to a
target subsite in a BAX gene. In certain embodiments, the zinc finger proteins

30 comprise 4 fingers (designated F1, F2, F3, F4 and optionally F5) and comprise the
amino acid sequence of the recognition helices shown in Table 1.

[0015] In one aspect, zinc finger proteins, engineered to bind in a BAK 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



5, 6 or nore zinc fingers, each zinc finger having a recognition helix that
binds to atarget subsite in a BAK gene. In certain enbodi nents, the zinc

fi nger prwoOenevsistdmpri se 4 or 5 fingers (designated Fl, PEZ/USE®Y/0B3U8aand F5)
and conprise the am no acid sequence of the recognition helices shown in

Table 2. [0016] .In ce i n enpodi nents, provided herein is an engi neered
zinc fi né&getpﬁu fltfi " aféﬂéﬁ BRI e&ﬁ%‘ﬁyocﬁmg’?t@i tﬁe £1Re f%ﬁﬁ\r- PrHdhg gomai n

conpri segompHke 410P6 fingPE]hedi SERUNF L, IFONFS & mgraﬂarcsﬂl Hke tHe difinbrom
N-termnus to Ctermnus, and wherein FlI', F2, F3, and 84 conprise the

f ol | owi ngcidrsegeenge pflthegeengnites hefices shoDMLIBTabBEY E) NO 1); F2: DRSHLAR ( SEQ

D NO 2); ;. QSSHLTR (SEQ I D.NO 3): an . RSDNLRE.( SEQ |.DNQ 4). [0017]
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zinc finger recognition regions ordered FI to F4 from N-termnus to
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DNA- bi ndi_ng _domai n, _wherein_t he DNA- bi ndi ng domai n conprises five zinc

finger rdPARIY; B FEKRSINLRE(SEQIDNGD. F5 from N-terminus to Cterm nus,

cequenced T ppilp i Eptierheh 6 PR e bR P BB
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N-terminus to C-termnus, erein F, F3, and F4 conprise the
fol | owi nREAINBSVASEQ $eyeh) £2: DRANLIFS[BEGAD(MSE®);] F3: MR TDLIR FREQDRSSRTK

17) 15 003B NP LIRS SO SR AT IBOMscl osure provi des. an engimeer ed
zi nc fingge1g)r ot ei My BhibdtRgerlO MR discl¥RE BRovided @n ehbmbérediz@ domai n
conprises four zinc finger recognition regions ordered Fl to F5 from
N-t er mi ndingeoproteie PN Arbmdingidompioy whereil the ENA figndifg demdink®mpsisps i se t he
fol I ow n%v%%rpcoﬁr?g%ir (rjecsogl% o (%eegsic:)nchLr:dered F1 to F5 from N-terminus to C-terminus,
and wherein F1, F2, F3, F4 and F5 comprise the following amino acid sequences: F1:
20 RSDHLTT (SEQ ID NO:9); F2: RSDHLSE (SEQ ID NO:10); F3: RNDNRKT (SEQ
ID NO:11); F4: QSGHLQR (SEQ ID NO:12); and F5S QSGHLSR (SEQ ID NO:13).
[0019] 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,
25 and wherein F1, F2, F3, and F4 comprise the following amino acid sequences: F1:
RSDSLSA (SEQ ID NO:14); F2: DRSSRTK (SEQ ID NO:15); F3: RSDDLTR (SEQ
ID NO:16); and F4: RSDALAR (SEQ ID NO:17).
[0020] In other embodiments, the disclosure provides an engineered zinc
finger protein DNA-binding domain, wherein the DNA-binding domain comprises
30 four zinc finger recognition regions ordered F1 to F5 from N-terminus to C-terminus,
and wherein F1, F2, F3, F4 and F5 comprise the following amino acid sequences: F1:

DRSDLSR (SEQ ID NO:45); F2: NRTDLIR (SEQ ID NO:7); F3: TSSNLSR (SEQ
ID NO:8); F4: RSDTLSQ (SEQ ID NO:46); and F5: DRSARTR (SEQ ID NO:47).



DRSDLSR (SEQ I D NO 45); F2: NRTDLIR (SEQ ID NO 7); F3: TSSNLSR (SEQ E)

NO 8); F4: RSDTLSQ (SEQ E) NO 46); and F5: DRSARTR (SEQ E) NO 47).[0021] In
ot her enbwOi2nentss391t he di scl osure provi des an engi neer e@CTiuseoionzy8s

pr ot ei n DNA- bi ndi ng domai n, wherein the DNA-binding domain conprises four

inc fin ecogni n reqiqns ordered Fl to F5,from N-termnus to
él term n3§62 Bng \g/]\/n ﬁ??fﬁ{n q%g;dhqgcﬁs%mﬂu;grogm,ap§gg1glﬁ%reg15}qcow ng am no
acid Seqqméexe% 1 bﬂﬁ@ﬁld%&@&&ﬁ@n' Qh&!‘éhﬁ%)e Dﬁﬁablm%'&ﬁaﬁl éJrQ NO 49) ;  F3:

QNAHRKT (S 50); F4:° RSDHLST (SEQ | and Fb: TSGHLSR (SEQ I D
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foll ow ng am no aci d sequences: T (SEQ | "NO. 50 F2: QSGDLTR

( SEQ | D NBEQFP NOx0) SIDHLSE@SEQ .93,)), ap FS (ESGRHARR((SEQ b NO 54); and
F5: TSSN% (IfEQ | D NO 55). [0023] In other enbodinents, the disclosure
provi des "an"efigi neered zi nc finger protein DNA-binding domain, wherein the
DNA- bi ndi[oge2jonai n 16 @her iefidddinetits, merr@wctlbmeprdvﬁre@gﬁIehgmeereeqmns or der ed
FI to F6 from N-termnus to C-termnus, and wherein Fl, F2, F3, F4 and F5
conpr i se finger proteinRNAbIding dempig, Whergaribe DN AbindrpipmeaEncQmEprises NO: 57)

NG 6 Pe s S pny Dy FIUSES o Pty GRS (oo
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protein bi ndi n orrai DINA- omai n_caonpri ses four
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Ctermn qﬁjNg@j Wi ng am no

acid seqtﬁgﬁces SI%%I}FEK%&%%@W%f%P%WE@% NG 63) ;

F3: QSSDINRS6BEQ | D NO 64); F4: QSSHLTR (SEQ ID NO 3); and F5: RSDHLTQ ( SEQ
her . e t he di sc| osure provides an

65 025] In qt d ts,
eng:\ﬁé ) %’?nc ¥I Jﬂgﬁ*eﬁFWQHbOﬁ(ﬁq?%%ﬁqlﬂﬂ“ﬂW? S asBEIBETTed RCDNA- bi ndi ng

domai n cqmgeli Sl QWA%;ﬂmng A8HS6, WRERHYht TDNARSHiRR doRh&oithrisks t 0 F5 from
N-t er m nus to Ctermn

four zinc finger reco gmtlon regions ordered F1 to F6 from N-terminus to C-terminus,

and wherein F1, F2, F3, F4 and F5 comprise the following amino acid sequences: F1:
RSDNLAR (SEQ ID NO:57); F2: QSGDLTR (SEQ ID NO:53); F3: DNRQLIT (SEQ

20 ID NO:58); F4: TSSNLSR (SEQ ID NO:8); F5: RSDTLSR (SEQ ID NO:59); and F6:
RNDDRIT (SEQ ID NO:60).
[0024] 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 F5 from N-terminus to C-terminus,

25  and wherein F1, F2, F3, F4 and F5 comprise the following amino acid sequences: F1:
RSDNLTT (SEQ ID NO:62); F2: RSDHLSR (SEQ ID NO:63); F3: QSSDLRR (SEQ
ID NO:64); F4: QSSHLTR (SEQ ID NO:3); and F5: RSDHLTQ (SEQ ID NO:65).
[0025] In other embodiments, the disclosure provides an engineered zinc
finger protein DNA-binding domain, wherein the DNA-binding domain comprises

30 four zinc finger recognition regions ordered F1 to F5 from N-terminus to C-terminus,
and wherein F1, F2, F3, F4 and F5 comprise the following amino acid sequences: F1:
QSGSLTR (SEQ ID NO:67); F2: TSSNRKT (SEQ ID NO:55); F3: DRSHLTR (SEQ
ID NO:68); F4: RSDDRKT (SEQ ID NO:69); F5: NRTDLIR (SEQ ID NO:7) and F6:
TSSNLSR (SEQ ID NO:8).



and wherein FI, F2, F3, F4 and F5 conprise the follow ng am no acid
sequences: Fl: QSGSLTR (SEQ ID NO 67); F2: TSSNRKT (SEQ I D NGO 55); F3:
DRSHLTR (WwBQo09ns5N9168); F4: RSDDRKT (SEQ I D NO 69); F5: PRRIBRIOR(BEQ | D
NO 7) and F6: TSSNLSR (SEQ I D NG 8).[0026] In another aspect, fusion

pr ot ei ns rising any _ of the nc finger proteins described herein and at
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an engi né@lfectbnmn,car@alsapagedddalIncddwalembokiﬁﬁmt; th¢ clpatagahelfdomagssect, a

pol ynucl eot prot ei ns rein .is.provided.
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and/ or %@"ggé‘%’{%’?(éie 1cight esillanssn &y sertsax emRdignsnts 8px of Bak ake| | | the net hod
conpri si riﬂactﬁrﬁt)e qjy&l ﬁ‘x‘ilﬂ]iﬂ?@céll‘a%%ll lige first nucleic acid encodi ng a

first polypept| ereln I rst polypeptide conprises: (i) a zinc
finger DN®O2A]Indi ng Id awddition; imathods ofugng therzixt ﬁmgdmpmiemsand fusicsls target site

in a en enous and/ or. ene; i e donal such t hat
he Bty paitErs ol austiyaine Reaaypr Sakind e Sricel (FERRBIRINR: bi nds 1o
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enbodi ments, the methods further conprise introducing a nucleic acid

encodi ng \dnsleBendmfdot Pplepmaie inagtivated rﬁoltdveng passage plothy pelps, theeebyonpri ses:
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[0030] Thus, in another aspect, provided herein is a method for inactivating a

20  cellular BAX and/or BAK gene (e.g., an endogenous BAK/BAX gene(s)) in a cell, the
method comprising: (a) introducing, into a cell, a first nucleic acid encoding a first
polypeptide, wherein the first polypeptide comprises: (i) a zinc finger DNA-binding
domain that is engineered to bind to a first target site in an endogenous BAK and/or
BAX gene; and (ii) a cleavage domain; such that the polypeptide is expressed in the

25  cell, whereby the polypeptide binds to the target site and cleaves the BAK and/or BAX
gene. In certain embodiments, the methods further comprise introducing a nucleic
acid encoding a second polypeptide, wherein the second polypeptide comprises: (i) a
zinc finger DNA-binding domain that is engineered to bind to a second target site in
the BAK and/or BAX gene; and (ii) a cleavage domain; such that the second

30  polypeptide is expressed in the cell, whereby the first and second polypeptides bind to
their respective target sites and cleave the BAK and/or BAX 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



t he BAK and/ or BAX gene; and (ii) a cleavage domai n; such that the second
pol ypeptide is expressed in the cell, whereby the first and second

pol ypept iwo0®i13csoto their respective target sites and eCaeaseomiaes4sBAK
and/ or BAX gene. The first and second poI ypeptides may be encoded by the

first nucleic a id or di f.ferent nugleic aci In certain_enbodi nents,
one or mBP]é’pERf aEFn‘é‘Froé %W&t%ﬁqlBa@rﬁmapkﬁ@@&wl@@tla?@m%%duced into

the cellgqg I{I%al%ﬁfyﬂm{@r?@t%ﬁgcl eoti des encodi ng additional zinc finger
pr ot ei ns. ?0031 I n anot her aspect, provided herein is a nmethod for

produci ng0@3itel | |Imen¢>tha1taspsctdm'bividieélhbreimisBahethndl/fm'rpraducim@cdlsﬁm)n (i.e
expr essi gn . of K an r Bax is reduced or elim.nat In certain

erboa et d4EI B GG arviop PRSI C by onpioact Bk adiot Be n o Bak
and/ o5 Baggubyd bﬁélﬁﬁﬁ'ﬂdféh) Ofh Q@ktaR \EniYdifiBAE tﬁ@%éﬂﬁﬁfs%‘voq{ré‘ﬁarﬁhlr&er nucl eases
(or nucleic acids encod |n% engi neer ed nuc1eases) and subsequent culturing

of the cebmpleteomgetn@mn@f ak@nd/Ot Bax by fiatrodustioe o @meecmmwetehgmsqgéct to Bax

d/ Bak. 032 th d hod
o O qnditi dgen usitated G nPRleRins BB Ghe chdlfeded fudTRED B Aol cor |
or cell Lcummng{})mﬁe @alsaalgeaad{ecarceﬁ%ehams BeRcAtNAG: icdpéceth BhD k@6t ai N

enbodi nent s nmet hod conprises the steps of: (a) providing a host cell
conpri si ﬁ@kan endogenous BAX and/ or BAK gene; (b) inactivating the

endoganou B andign o AAKARIS AL dDG:08S RELIaR% AONOSLrbRAuIRLI00S

ntro an ression vec conprrsing a
t ransgengrotéif®r tv(r&ﬂ Sﬂﬁiﬂﬂ Veo1op of Hit¢tgstdn 8 dastesellor et tide rgwhichrBikeind/orVvi r us or
viral vector of interest into the host cell, thereby producing the protein,

virus or Baxmhaye besaigactiptedn i ceain embodinkeats, haynet FPRPrisgsdherBiepD
conpri segy. g(QF?I%M%ﬁ% QLost%Fﬂ\ébﬂgH&ngaﬁ%h eouﬁ%ﬁnco gge% @Zast' i ne;

i ntroduci n N o the cel one
r econbi namictipatrtgethe endogendey RAX ,andf/lor leK gene of thel hosemlbby amdefitheondi t i ons

such that the re i.nant pr expressed in the cell ljne. The
pol yheicl &ythests d@ﬂ‘d’% ret“?vé‘nar(gtléﬁﬂ UGG YL CXRIFSSIAT, VECIQF SRIBFISIBE 3 nt er est may

be st abl Yrafidhorint iRSIRE bbkpiidlhi §YUGRMeL Bicdalrien Fidkein ARk B via- def i ci ent

cell line. I'h any o e met ods described heréin, the protein of interest
conpri seyeetnr afintdpes ymo ¢haghqgst eelhtinel yopratucing tﬁaqdytem, rvirys hevirdsoldr nent s,

P Bl TS BRI BE B ShPo S B B BIEER 1 e e
enbodi memgg. and/émaﬂﬁéﬁlﬁéﬁt Bl ¢ines@ttoligeiRg, 3adGRe ¥1P]ife, a polynucleotide
20 . encoding at least one recombinant protein of interest, virus, or viral vector under
conditions such that the recombinant protein is expressed in the cell line. The
polynucleotide encoding the protein, virus, or viral vector of interest may be stably
and/or transiently introduced into the Bak- and/or Bax-deficient cell line. In any of
the methods described herein, the protein of interest comprises an antibody, e.g., a
25 monoclonal antibody. In other embodiments, the protein of interest comprises a
protein useful as an antigen as a vaccine, e.g., the HA protein derived from the
influenza virus. In further embodiments, , the methods are used to produce whole
virus vaccines. In still other embodiments, a recombinant viral vector is produced by
the above methods, for example by a method comprising the steps of: (a) providing a
30  host cell comprising an endogenous BAX and/or BAK gene; (b) inactivating the
endogenous BAX and/or BAK gene of the host cell by any of the methods described
herein; and (c) introducing one or more expression vectors comprising a recombinant

viral vector system, thereby producing the recombinant viral vector of interest.



virus vaccines. In still other enbodinents, a reconbinant viral vector is

produced by the above nethods, for exanple by a nethod conprising the steps
of : (a) pwown@isgssa host cell conprising an endogenous BAKUs2aW0034BAK gene;
(b) inactivating the endogenous BAX and/ or BAK gene of the host cell by any

of the s descri bed_herejn; and (c) introducin ne.or nore expression
vect or;nﬁh&g’ﬁi! Si ngclaapéegﬁﬁicﬁ :n"Ee“\/li“}"éIanﬂ)’félfflt Séiﬁgqr'é’%fl%???é‘?"élbeyce&‘lfduci ng the
recombi naef ik b4l b/ £E0N, (O K&%etﬁﬁﬁ-s[ PRk 1L EHRD 944, qu%gé@,el | lines

and net hods descri bed héerein, the celf or cell Tine can be > CHO
(e.g., CHEHGDIIKE, KHOKHEYDMEROMDCK)}BIBS, HOBDMKE28HHBISK) HaKERO, MDCK,

o3 F N ERBH0 R Lo IBICB 0 € i Ak RS TERIKI TR oma”al or i cn

G oup}, IFREEE® EuLSNS EBRTASSRRAANSIGIuP), BedfcdSsheh & SfdabgRb, cel | s
such as Saccharonyces, Pichia and Schi zosaccharonyces or other cell lines

known i n/fugieerde (SO orfungdl spkdsisush an Secchaf@aB#}, Alokigeandnd ot her aspects wil |

be readi ly,apparent to the . skilled artisan n light of disclosure as a
whol e. BF@%@&Q 'ﬁ*ﬁeflﬁr&t—hef'ﬁlell Eﬂﬁ%‘ﬁ& IPGB%%']T 012?%%??%"@% (%élé’lv&s genot ypi ng
of CHO KI[063]| s i n THek€ihdxBer 23p&dts WEbSAIAIDS BFpatedt th HRCHASINedHisdnSihNg

engi neered_zinc finger nucl eases. Del eted bases (as conpared to w |l d-type)

are showdightofcdiscdosyre asyewhels. | i ne (39F/38R) is the wildtype sequence and

sho the start codon boxed. Clone 8H6 is a conmpound heterozygote knockout

(KO I'n which allele A shows a different base pair deletion pattern than

allele B. Cone 8D4 i BRIEKIDBS 10N QKDHE.D GSigure 2, panels Ato

D, depict nodification of BAK and BAX genes in l\éﬁCK cells by ZFENs. Figure
rRcep

2A is a d833dhowi ndigtg hegnicte gengtgying of kEQ-Kdrhells envhyd xoBiof they a CEL- |
. ] - ]

Loy 17 Al BaR A s f Wil REnB e Glre 38 nick e “TERaBises | age of

al | el es rfadioimpacedaty wWikiNgypa) arelshoBAKylcotoms. The sdpoliwe (3ORSSR)) i the wikb

|l eft- t | . Fi 2B, i | show P duct I ti f

o oG i S AP R o B SRRt a2 o

(17658/ 1 1Rezyaad tl)dﬁ@éko%ﬂ‘kbﬁ GPWRRhGAEIESA 6hoWesd Qfffepdit %%Qe palP&lasgcent age of

alleles nodifred by ZFNs ‘at"the locus is shown beneath the right-nost |ane
(8% . Fi gattern2i@nsiiiglesB PClonec’dd issa fmazygpeulendeRaK. cl ones treated with

--target %’03%']:% Trﬁglﬁle ,%alrllel’lgRetE) D, depict modification of BAK and BAX genes in
MDCK cells by ZFNs. Figure 2A is a gel showing PCR products resulting from

20  cleavage events in a CEL-I assay in the BAK-targeted ZFN-treated cell pool
(17623/17622 or 17627/17626) and non-ZFN-treated cells (“vector only”). The
percentage of alleles modified by ZFNs at the BAK locus is shown beneath the two
left-most lanes. Figure 2B is a gel showing PCR products resulting from cleavage
events in a CEL-I assay in the B4X-targeted ZFN-treated cell pool (17658/17659) and

25  non-ZFN-treated cells (“vector only”). The percentage of alleles modified by ZFNs at
the BAX locus is shown beneath the right-most lane (8%). Figure 2C shows PCR
results of various MDCK clones treated with BAK-targeted ZFNs. The clone number
is indicated on the top of each lane and the mutations at each BAK allele shown below
the gel. Figure 2D shows a summary of PCR analysis of MDCK cells treated with

30  BAX-specific ZFNs. As can be seen from the figure, BAX single knockouts were
obtained with a deletion of 30 bp on one allele and an insertion of 1 bp on the other.
For the BAX/BAK double knockouts, BAX alleles were targeted in Bak-deficient
clones using BAX-specific ZFNs. As can be seen, several heterozygous clones were

identified which contained one wild type BAX allele, and one mutated BAX allele.



is indicated on the top of each |lane and the nutations at each BAK allele
shown bel ow the gel. Figure 2D shows a summary of PCR anal ysis of MDCK

cel | s trexpadowvisidvi2? "-specif ¢ ZFNs. As can be seen Promstéve/obisgure, BAX
singl e knockouts were obtained with a deletion of 30 bp on one allele and

an inserm%glof 1 on the.other. For .t he BAX/ BAK dOﬁb| e knockouts, BAX

all el es t ar getaglite gepicts BNA peglysis iBaksknockoyf ostls. Langsdtory ofzens . As
can be s I ~ -' i £ Mpi nt ai ned
one wi | d A SEBEA SO - PERIMAG SPBR ARIS b PR PR Ao B8 81 o R
anal ysi s indicaBakclamscindwbnizels| andsairé8 show RTSPGR producgedf Brepiratsedptshow

RT- PCR pr.oducts qf Bak transcripts fromexons 1-4 fromthe jndicated clones
and cont ﬁ@%?xq_né%'e(ém%-lﬁiéa‘gﬁfi ggaqu;gnbrp é‘éls owp b the Tramat: Bfs from exons
4-6 15 t RsBeMhe HaRRSHtHRENEP RbAPISne $6 B WomBYuld Ketdrob AWté Blohane 4, nost

of the transcripts fornmed fromclone 8H6 (the conpound heterozygote cl one)
ski p exonkip.exp®@38] Figure 4, panels A and B, depict analysis of PCR

duct 1 N Bak/.B b] e. knockout t ed th
brokor oukIsf ¢ o Hibleti PRIGER o Uepish %R E R AU above ench
| ane. O pbéifiveBak/Bar @sublB khyaesit conds fchéPited\6i thebableEbast of thb Bag! |,

indicative of nutation at the site of ZFN cl eavage. The sequence of the Bsl

| - r esi st 8HP kaorlepus Clangnymber is AndigateahayeieactFlager Of 418 79¢lengsop | i ne (52F/ 1

14R) i S j 4l i : i f aci lqi e

ai 1 phlent i, P [AR0 SEA SRRk it A M GRRe DB Rl A el N £ 4
and 97 weleavdga! The seylencrcsfahiél Bsidhgsisanealitds il Fpdueé @4 is Thev@iinPigupe of clone
#100 was not determ ned. [0039] Figure 5 depicts Bax and Bak protein

expr essi 4R The BRdms{R2Kd L AR bisithe #uldiyre equenceTwith & Hop 8am t0s i ndi cat ed
. P B b  CrOReT | .
ot ( Aot 51 BRehe InaRlibRORA ARAIOns Br A BEiplnb 0,5, 45 e, QW eac

shown, t B2 wioeibirge 4@, aedordingly, aetnopdegicted. Thé genotyygt ¢f cdonet #1D0cedsambt Bax and

Bak Er ot ei ns. 8040] Figure 6 is a graph depicting apoptosis in Bax/Bak
doubfle KEFEBNINGdas heasur ed by caspase activity (Honbgenous Caspases Assay,

Roche D JEINOFL | ©5 - GaEIAIAT Bakling Bal SrotBlchpicifn A BROBEK BBiSIe The vhi te

bar shows caspase activity after induction w uM st aurospori ne; the
gray bar ksockest calisndhe etbnealuimber ishadigated Bhéve eack linmesd thestnéiiodyensed cl one 47

(bars Se?grncgtgc{igrqllst irrllgiclat%]a@el'ov&(f: lea% ege](&bc(apna#%W for Bax protein and Sigma
B5877 for Bak protein). As shown, the double KO cells do not produce full-length or
20  truncated Bax and Bak proteins.

[0040] Figure 6 is a graph depicting apoptosis in Bax/Bak double KO cells as
measured by caspase activity (Homogenous Caspases Assay, Roche Diagnostics
Corporation), which is indicative of apoptosis. The white bar shows caspase activity
after induction with 1 uM staurosporine; the gray bar shows uninduced cells. The

25  Bax-Bak-/- clones tested were: clone 47 (bars second from the left); clone 71 (bars
second from the right); and clone 91 (right-most bars).
[0041] Figure 7 is a graph depicting protein (monoclonal antibody)
production in BAX and/or BAK knockout cell clones. Diamonds show antibody
production in wild-type CHO cells and squares depict show protein production in

30 clone 8H6-71 BAX BAK” CHO cells.

DETAILED DESCRIPTION
[0042] Described herein are compositions and methods for partial or complete

inactivation of a BAK gene and/or a BAX gene. Also disclosed are methods of making



second fromthe right); and clone 9 1 (right-nost bars). [0041] Figure 7 is
a graph depicting protein (nonoclonal antibody) production in BAXand/ or
BAKknockowd 20@/151391ones. Di anonds show anti body product iPom/tsaoogiobidss ype CHO
cells and squares depict show protein production in clone 8H6-71 BAXBAK CHO
cells. DETAI LED DESCRI PTI.ON [ 0042] DxEscrl bed herein are cog‘p@ti&ns and

met hods #of uping thess cIpPQsitignsdreageisl fonexampls tefmaa:tw 0%§ Q5 bY

BAXgene. a dﬁﬁm itions
(reagentgfdﬁ%(‘)?d exa%%%gutg%cﬁg%{bﬁsift%kone 5 ot ﬁ‘{%‘]g&%;eEl e%gg&)ﬁs] a

t ar get ceeéderate celt lingsathatoare ofsidBaik t@apﬂmosuBmd usefid i groglcabmgebctomianarhe used to
generate cell .are resi.stant to apo i eful .in producing

es that Si s and us
r econbi nBFRLCIps S{ngaﬁg'mg €% 5CCoRt “??6’&?’3%1 Verc@é%g‘iﬂo Wéﬁ? g’f’ weet ors and in
the @nufvé&wse{eg oﬁ@SPhx'B?éar{tﬂg]eHrc r?aeeaﬁls%hmerv@m@%éc%y &chr ot ei ns, whol e
Vi rus vacci nes fc [0 mmal i an cell's, Bax and Bak have been
shown t o[00&3] nvol vénimamrpalmeila@zp:rmglrléahme(bem shibovat to.beSewglvathimg et al .

2000) S 290: 989- 992 Thys th bed
horoi n pPBTTIREPTEGRIE LT Rtk Sorolhie S8t aR] sEeibeBdoRdotone °
(parti al Tahs GRRkoas arf cd3n ?osi‘t'ftiﬂsQfescB?d‘éd‘hQﬁn plovasa highlyldTBciganer at i on of

Bax and/or Bak deficient ce | i nes. Bax/ Bak-deficient cell |ines can be

cul t ur ed methog for targied gens| @@g]é@lt;ﬁmm@]cm Wﬁ@@ﬂt“@ﬂe&f@&r@kdb@tr rant grow h

! .
e K e S

anti bodi gsll hnasa@ﬁlueecaltafednﬁ@wmfda@rdloﬂgerdqjememv@tmutanﬂetgmrg atiéyrlaﬁtg
apopt osi s-rel at ed di seases and conditions. General [0044] Pr actice of the

met hods, gEowvtikehpragierigtiessaemin wanyiamoralized cell dings nhls fhecﬁ%l @escl osed
herein e ques in

nol ecul arﬁg{)c?%fs%gggeﬁﬁ%gg#ﬂ ‘gftﬁgdﬁ% g&ngﬁglnn sﬁ}ég{l{lﬁr% 1§§§|@é

conput at ivaches@reedombiyant vkl vectdr andin stmd;omg)apmmms[%ﬂatemdlseasbamaﬂ fields
as are within the skill of the art. These techniques are fully explained in
the NPt ecaRdjl@ns. See, for exanple, Sanbrook et al. MOLECULAR CLONI NG
ALABORATORYMANUAL, Second edition, Cold Spring Harbor Laboratory Press,

1989 and Third edition, 2001; Ausubel et al. , CURRENT PROTOCOLS I N
MOLECULAR Bl OG#érdlohn W1l ey & Sons,
[0044] Practice of the methods, as well as preparation and use of the

compositions disclosed herein employ, unless otherwise indicated, conventional

20 techniques in molecular biology, biochemistry, chromatin structure and analysis,
computational chemistry, cell culture, recombinant DNA and related fields as are
within the skill of the art. These techniques are fully explained in the literature. See,
for example, Sambrook et al. MOLECULAR CLONING: A LABORATORY MANUAL,
Second edition, Cold Spring Harbor Laboratory Press, 1989 and Third edition, 2001;

25 Ausubel et al., CURRENT PROTOCOLS IN MOLECULAR BIOLOGY, John Wiley & Sons,
New York, 1987 and periodic updates; the series METHODS IN ENZYMOLOGY,
Academic Press, San Diego; Wolffe, CHROMATIN STRUCTURE AND FUNCTION, Third
edition, Academic Press, San Diego, 1998; METHODS IN ENZYMOLOGY, Vol. 304,
“Chromatin” (P.M. Wassarman and A. P. Wolffe, eds.), Academic Press, San Diego,

30 1999; and METHODS IN MOLECULAR BIOLOGY, Vol. 119, “Chromatin Protocols”
(P.B. Becker, ed.) Humana Press, Totowa, 1999.
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New Yor k, 1987 and periodic updates; the series METHODS | N ENZYMOLOGY,
Academ c Press, San Diego; Wl ffe, CHROVATI NSTRUCTURE AND FUNCTI ON, Third
edi tion, WoademistsoPr ess, San Di ego, 1998; METHODS | N ENPYNIISQ@Y/003484 . 304,
"Chromatin" (P.M Wassarman and A. P. Wlffe, eds.), Academ c Press, San

D ego, 1999 anq_ VMETHODS | N MOLECULAR BI OLOGY, Vol . 119, "Chromatin

Prot ocol s" IHORSr  ed.) Hunana Press, Totowa, 1999. Definitions [0045]
The ter cI eic | " e " i used
i nter chgﬁge‘gﬂol y andﬁfeetgpgrls tngleigyﬂéebgiyﬁﬁg%gﬁu dgfggl b QRWS%E% eg%rleggé\d

pol yner, 1nuarolhamblycanda’efectd adeagynibonud¢dtiae or mbdnmoiecmdtelp@ilyma:mgi lmeaDOr

doubl e- st randed form. . For ur e di sure th

terns ar ETHBAT tYpEAtigRsnd CPlfglg ’ﬁp T?rn‘&)"\wet ﬁ%ﬂgs‘ig%fﬂ rt %P‘Flaﬂﬁ"ﬁr? of a
pol ymar . ildigrete ARscloBtke MG RARS atHOMY %Iﬁﬁﬂﬁﬁaﬂimﬁ gtwla{ rédp&c €Pthedes, as
well as nucleotides that are nodified in the base, sug and/or phosphate

noi et i es lengtlyof a p@l&mhoil"b@ tﬂrmapm bacokipaseksown zma@mles af nataral amibmigice, af a

el ogue TR ERHIG AR PRgPFRFie 1S Gitopieshab BAHO DB Poisher s

" pept i de"phagthordihidbRiBAckRs ) I8 GehdthE b RANSRAY HA ﬁ&tlé@mucu&tlae Bad weer  of
am no aci d residues. The termalso applies to amno acid 50 ymers in which

one or nFABE RATRAIERS asecefrcetymenﬁremalmqugﬁmll baserpsifl Witk derivatives of a

o SHPCThAY, 7oA An A A o ARCT B RGP (o 2

bet ween ao mfattelarpoayrderaoﬂunﬁheaadaesl&)es Nthte t@ﬁﬂ alé@ B id sméo @ld?. Siinl&ﬂ;
i nteracti,on_need be sequence-specific contacts, with phosphate

resi dues 1P Whichus o5 s9r8 apy0 acids qrg ﬁgerascal ﬁ@iqameé pa@pﬂtfwdﬁnaaw odaj s
sequence c%ﬂ@éb'ohﬂfﬁg dﬁ%‘k‘é?@ﬁ%ﬁﬁﬁﬁm generally characterized by a

di ssoci ati1 on cons of lower. "Affinity" refers to the
strengt h [6047i ndi ng'Blmding'aawsitdoi s&dlhmgceas‘pfecmct yorbesovadent diterabiéred with a

| ower 0048] A "bin rotein” is tein that is_able to bind
non- c‘évalb«?hﬁe? ETARBIEH FS -ghefyvgen N’Iﬂt‘?’lﬁlaﬂ 2 pugleis; a51Qa N i2Hd to for

exanpl e, 3mbbRediPbEFbinin %r%ﬁbﬂ%é&b@i&h@ﬁw é’i@ic@'? BhEEN WG

RNA- bi ndi ng prote| n) and a protein nolecul a proféi n-bi ndi ng prote| n).
In the cabesphteaepdatsdna-IINAdiacgbgreptasilong astthe anteractineh as;a wheleli§ (to form

honodi ners, honot C and/or it can bi d.t one..or re nol ecul es
e T TRqueoe Sy rﬁf&b EibPRCar el Bttt P ostoRor & ¢ han
one type BhstiitTRLEF 10° M or lower. “Affinity” refers to the strength of binding:

20  increased binding affinity being correlated with a lower Kg.

[0048] A "binding protein" is a protein that is able to bind non-covalently to
another molecule. A binding protein can bind to, for example, a DNA molecule (a DNA-
binding protein), an RNA molecule (an RNA-binding protein) and/or a protein molecule (a
protein-binding protein). In the case of a protein-binding protein, it can bind to itself (to
25  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
activity. For example, zinc finger proteins have DNA-binding, RNA-binding and protein-
binding activity.
[0049] A "zinc finger DNA binding protein" (or binding domain) is a protein, or a
30  domain within a larger protein, that binds DNA in a sequence-specific manner through one
or more zinc fingers, which are regions of amino acid sequence within the binding domain
whose structure is stabilized through coordination of a zinc ion. The term zinc finger

DNA binding protein is often abbreviated as zinc finger protein or ZFP.
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activity. For exanple, zinc finger proteins have DNA-bi ndi ng, RNA-bi ndi ng
and proteinbinding activity. [0049] A "zinc finger DNA binding protein" (or
bi ndi ng dwoabew)15i®1a protein, or a domain within a | ar gecTarsewion34ss hat
binds DNA in a sequence- specific manner through one or nore zinc fingers,

whi ch ar Il ons qf. ac uence hin the binding domai n whose
struct urioéﬁﬁst abi fgl?‘é ngfﬁrbé‘i.‘fbﬂgg ALRS GaR %tr',er@pnegreg, e F’é‘ﬁg 3The term zinc
finger Vi I ein or
2P [ 00501 o R HRERLAO scaeft o O AR e Renasin (BRen i SR orihdter )",
pr edet er rimeelacids)|of thd eogitierehaix region afaarapirelly decuenigg zmerﬁngg (aI tering
one or am cids) .of t nition helix.region of raIIy
occurri nd’@f“ﬁc I?‘FFFS%IF f#%?egf Z“Fﬁg ‘%c?rr%teméﬁb‘? Wé’éerl%?fﬂ% HE nf’?ﬁ’@ f ot ei ns
are psot jchgTihB i thaf thel @BntAR tnBhdtiraly ‘éb'édrhﬁg réddghifidh h%ﬂﬁyegq&&t Ndh-

non-natural |y occurring recognition helix regions. Nonlimting exanples of
met hods flmm@g)gxmldﬁs gthads for eggincening zinp §ngareroledisgre dasigrsasidect i on. A

desi gned telp 1s a protein not occurrin nat.ur e whose
desi gn/ cos‘z'rrlﬁ%gol "g%g‘!flélgetrjdloztmc ?}‘r‘%eﬁ(?f?} nllﬁaipf%tf‘ﬁnr 08%’51111%%1 ?33\‘5 hcﬁﬁt i onal
criteria design/dempoditiomIstitepriviipdl Bt orfl Ratiinaberitetia t Rhfiérnl tHiegia fond
conputerized algorithns for processing information in a database storing

i nf or mat i46%ig® inclidespphieptionof gukstigwionamiesisnd gpmguigrized algedthnisdor exanpl e,  US

ol 5305006 otk e so i A 3RS sorkkinfituP B He QURT e B HrTeR Y, T oo

zi ncI f i ngsndipg ddtei Bed, SoreexpmpleiUS Patentt 61140,08M; raactsemzy\bmsedﬂ@mgl@uct i on
results pri | ocess suc i spl a

|t or act FEAET NS 38/ABE W Bbbebe W @R a0g) WAteBiEsean uS 5, 925, 523:
US 6, 007 ,08%3/34%466 013, 453, US 6, 200, 759; WO 95/ 19431; WO 96/ 06166; WO

98/ 53057; WD 98/ 5431 1; WD 00/27878; WO 01/60970 WO 01/ 88197 and WO

02/ 09908400q1(])052] Totseleted’ Zsmﬁxfgecpfotemﬁsea prot@n aonfouhe dri naiermhpsence of
any gngth which c RNA; .can be |inear, CII‘C r or. branched

o a5 gty e ooy it 6 CIP G BB UG 6% BLAER (USLEh SHHEHGT

Sequencetrab%f‘ﬁ%hd§bl@ctf6HC|S%9TerngJ§9qg§'39§ tfsa§92§52ﬁsest6%b7§§ a genome. A
donor sequence” can any fength, for exanple bet'ween 2 &nd’ 10, 000

nucl eot i d&s6,003,#83gUR 62010, 7% Wl %@é943v1al‘6(@ 96106 Kive t WELPB/63057her eabove) ,

eger VHOBbRTE. WOt e W Rl SEET N o °

[0052] The term "sequence" refers to a nucleotide sequence of any length,

20  which can be DNA or RNA; can be linear, circular or branched and can be either
single-stranded or double stranded. The term "donor sequence” refers to a nucleotide
sequence that is inserted into a genome. A donor sequence can be of any length, for
example between 2 and 10,000 nucleotides in length (or any integer value
therebetween or thereabove), preferably between about 100 and 1,000 nucleotides in

25  length (or any integer therebetween), more preferably between about 200 and 500
nucleotides in length.

[0053] A "homologous, non-identical sequence"” refers to a first sequence
which shares a degree of sequence identity with a second sequence, but whose
sequence is not identical to that of the second sequence. For example, a

30  polynucleotide comprising the wild-type sequence of a mutant gene is homologous
and non-identical to the sequence of the mutant gene. In certain embodiments, the
degree of homology between the two sequences is sufficient to allow homologous
recombination therebetween, utilizing normal cellular mechanisms. Two homologous

non-identical sequences can be any length and their degree of non-homology can be
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nucl eotides in length. [0053] A "honol ogous, non-identical sequence" refers
to a first sequence which shares a degree of sequence identity with a
second seyoen®esidut whose sequence is not identical topChats2ab/ovdses second
sequence. For exanple, a polynucl eotide conprising the wild-type sequence

of a nutant g?ne I s honol ogous anEj non-identjcal tq the sequence of the
mut ant g@h&Mall as g singls piclsolida (@@n A COMRRlIgNRfracgengmie Best BWAt9BNeen t he two

SequeNncegarhed Hf)ﬁ{bfdg]%ﬂ% rdcBmB %ﬂ%ﬁ%'l%'&ﬁ 16 ‘Bfﬁi%‘?é RiddBa08% (% ergpet ween,
utilizing hormal cell ul ar mechanisns. onol ogous non- 1| tical
sequencesnseeiionod aggepe lata gede@ndirel ectopitesite e a chronosohe)oTivogy can beas

smal | as a, single, nucl eotide .g., for correction of a genom c point

it at i on B TEaRGSBEoRRRsaat Borlaoghi neIcIdERCR Setmene e 261 Beber rror e

ki | obgsegaheidhgth. f1r exBSple b@Bx i =6 ' hc site in
a chronosone). gII'Wo prol yngcl’eoti gga%%@pﬁlg?er?gd%igﬁ%&ngrgggﬁga%%dent I cal
sequence®f hetawgen 30 ahé 101080 ampleotidasgr nuclEotidecpaarspiar be asedex ogenous

| | eptd i.e. . d | | eot | f bet 2 d 10, 000
et ot | U4E o rheshRaRe P febifiichisiiat aRE ATLad reitiencs or
det er m nijdtifpsre Rin6waGh therdit! BYRiOAly2Such tEEHIHARS EndlGRIddtérhiRing thkhown in the

art. Typically, such techniques include determ ning the nucl eotide sequence

of the niRMAeplade sequente od i BRNIefarrargene agd/pndetamiinmebe aminaaridice encoded
et S8 A ROl b5 B SRR Bu TR bR IBafe o 0, @

sequ hees Ean & n I'n this

fashi on. ahiin®&d1€ 6&juentd eGéndnyicsequihsest analkobeatetermittddefid denpagedivc| eot i de
or am no acid-to-am no acid correspondence of two pol ynucl eoti des or

pol ypept ithis fashipne dB @gnerpl idsatity xpéqrg to was&nm%idsgw@%eédq HJAWIAOC| eot i de
. . . Or TR . oo S0

ner cont G BlarfiR0 208 SRR Aot ERHo ML RAAAT oRBLHER schflEitel, ¥, The

sequencegsespedtivehye Twoloe moré sepaniespolghededirlicweamihovacid) ¢aprted sequences

divided by the length of the shorter,K sequences and, nmultiplied by 100. Wth
respdét Bmpawddydetermpypg ﬂt?éropqx%ffnéaqﬂlt%&%ﬁ@n&&ge% quéWOdegrees of

sequence bRkl YhbhePRiYIAY ORI athifO36il Qec ARG RmbE ARGy 2l Ue

1
t her ebet ween. Typically the percent entities between sequences are at
| east 70-mBehes pevieenalb nligfed@Yynenves dividedfterthblleng8beftbeshatan nor e

D oL S b RS BH B e SRR BEEL ARl R 2o Tuenee

range of desired degrees of sequence identity is approximately 80% to 100% and any

20  integer value therebetween. Typically the percent identities between sequences are at
least 70-75%, preferably 80-82%, more preferably 85-90%, even more preferably
92%, still more preferably 95%, and most preferably 98% sequence identity.
[0055] Alternatively, the degree of sequence similarity between
polynucleotides can be determined by hybridization of polynucleotides under

25  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

30 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
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pol ynucl eoti des can be determ ned by hybridization of pol ynucl eotides under
conditions that allow formati on of stable dupl exes between honol ogous

regi ons, wol2bevesdsdby di gestion with single-stranded- speecius2emaobaase(s),
and size determi nation of the digested fragnents. Two nucleic acid, or two

ol ypepti de sequences are substantially ho ogous to each other when the
g eqﬁgnges‘“‘g?h? ief‘a%i‘PFer étggse%ea&%?e%a?wgn%%r .BWCB]@%W' nor e
pr ef er ablyyerfaie %%%pr?a‘(@ﬂyﬁfﬁﬁ?at%%ﬁ&ﬁi%yis%%ﬁin #id ééégg B oPf g§e%r ég' y 95%

and nost preferably 98%sequence 1dentity over a I ne gth™@f the

nol ecul e_sSanﬂxoqireetai.nSupeal; Dsicleic Abie Hhirivizidioab dvPRractisal Viss:a0 ) dehy editors _ _
Co a opedt Pt Hamerand ST Bidkiin (| BF Chgudn Rt pRRRe L deshar are oY

subst antijgdde{ honodlRATe ﬁ?gﬁ&%aﬁcgﬁmwfoixﬁélem&d RaphBRE Radipor i di zati on

experinmentunder, for exanp stringent conditions; as defined for that
parti cul aletespitedias faddwsiHay dagpeeopfrseauanchidsntityi besweantwoondidic a¢id i s wit hin

the skill_qgf th .Seg. .e. g.. .Sanb t.al .. - Nucl ei g Acid
ybr i 2 PTEASR Rk e Eleidst and SO Bl pFiridiation SYERE LN & 1Y ggi s,
(1985) OxhéleclilesV\as bartial g idenBical dudleidi&8 Soqueh ORI atwsefa&iuﬂy fhniit ghezat i on

of two nucleic acid fragnents can be determ ned as follows. The degree of
sequence hybedizatign ofea cosep] etelivideniigad sequansatorndhrgstimeteculef dohibitidneofef f i ci ency
and re . L di | n ch | |es. A partially

i andDe o 9hAaRd oY heleablally fka ngde}?@g%%ns%a?sfgsg?‘ﬁé{%hi bit the

hybri di zalybfidizeiorpassayiithatt ¢ Welld@bivinda khes£l(£aN CSondthera (DATAQoty0! ecul e.
I nhi bition of hyhridization of the conpletely identical sequence can be
assessed NTsen (RAGA) biobselusiondubrgizatiomor fedikgesqe SamRRoke ghe art (e. 9.

Sout hern ) '5%% o i gn, or the

i ke, see Sa l‘r"g(t)‘%?lmgf\b %FB%'%{)[{ cu %@l’ﬁ%ﬁﬁﬁg&klkﬂggggﬁdggp f/s%ﬂg ual, Second
Edi ti on, HaB&ON.Y)! QuSpassays ddardearonddeted hsinSualyingstegyees ofisclbgiviynfbuct ed
rees of selectivit for .exanpl e, using conditions varying

| has)
f £ omi Pow Sk BRIegHSTaE Fendblians,aryine Ssmbion BrhdehArbesicy: it FRIGHSRS A do%npl oyed,
the absengsRhcy a8 efipffeli! &egbgg{ceafﬁ&nagﬁi@éﬁggag@aﬁ%% AlkeSscAGRARAATY ProDe

that | acks everl a parti‘al degree of seq ce iIdenfity or exanple, a probe
havi ng | esendhyprabotiat BORs swenaprrrtaliddegreeiof yequiente idhatity{fayexamplegaul e) ,

such that, .in the absence of n- speci f.i,c_ bi ndj events, t secondary
o obe. w IOtV RaE g St et R ety S5
hybri di zahitOR-theaiRenéted Bfdn Rt VifdThg 8venis kiRl ecétdatly probe will not

20  hybridize to the target.

[0057] When utilizing a hybridization-based detection system, a nucleic acid
probe is chosen that is complementary to a reference nucleic acid sequence, and then
by selection of appropriate conditions the probe and the reference sequence
selectively hybridize, or bind, to each other to form a duplex molecule. A nucleic

25  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
sequence of the selected nucleic acid probe. Stringent hybridization conditions

30  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

a specific degree of sequence identity, can be determined as is known in the art (see,
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probe is chosen that is conplenentary to a reference nucleic acid sequence,
and then by selection of appropriate conditions the probe and the reference
sequence Woleexisv®dily hybri di ze, or bind, to each other wProTfuscomaozspl ex

nol ecule. A nucleic acid nol ecul e that is capable of hybridizing
selectlvel ef er, { nce under nDderateI strln n

hybri di zaf? gen SRS gche pachs gditars %@IHSH{“HQQ al | ow

detectio @fs a}ﬂqggrlgseklggggkﬁaf&daweas m?IRiF% est about 10-14

nucl eot i s i'n 1ength hatving at pr OxI mat e 70% sequence identity
wi t h the [8@8lience dIortditmnséd)lelqtbenﬂlmohere:wald:-kdownmdathos&)fékilj;dmtheart

hybri di [ di tions |caI al | ow det of target nucleic acid
sgqlrjlenlcég'{l W‘B’éé@ﬂ"ggﬂfg toltkigﬂﬁ%rleﬁéﬂ ngé’g‘%yhnfq’éﬁ rhcq‘%w% a sequence
i dentfty dgffaaﬁ%ﬁhnwaﬂoﬁ%ms e0ntdrih Ogl"ftnflﬁnét&{’edsrﬁﬂé%&& Q'fltht}f‘%e?el ect ed

nucl eic acid probe. Hybridi'zati on con ons useful for proberlreference
sequence shingenadi coarelased me@rleWBhwlqmmd’oamlsmaéﬂmddrybedseﬁm ghitave a

i fi f dentj t k th
art-(seo G B e BRI B Brditon P Enolin foOhSi R BRI e A AR r oach |
editors Eadhidd;BiEse aadlnﬁ&edtdl ehpiratufel 8O Jorfiétfindth, \M@Ed)ﬂlﬂhﬁﬁhom I RL

Press). [0058] Condi tions for hybri di zation are well -known to those of
ski | | i norgaaicsolventysych @s.Aax examplerforpanise améfdemsthybultfwed@le@se@ to which
hybr i di z fav r on. of. S .cont ai ni ng
m srrgt ch%%’b‘%ﬁé ?é éfﬁ?ﬁ 119 %aﬁ B tééré}g %O%nsgqglraﬁ:enc%bsrlp gg’ymg}ﬁ Ta 1 over

tol er anceerﬁpéramammh&dxmmwmgdﬁand:l@%ﬁEavéﬁt@bn@fnt@ﬁéns: he stringency of
hybri di zati on are wel | -known to those of skill in the art and include, but

are not 190N ed t o, WiBresepeto sEInggREy ¢Q§lﬁlt@n§tf9réw@ﬂﬁlzaﬁﬁ@ itisrwedhtrati on of
0rgani ¢ SAbNAM heiCiaiimd:Blis &AM rﬁ’co&éﬁg” (ARG ARGl 9x1 de- As

i s known o those ringency 1s

i ncr easegabigcuhir gdnmgem@rme\vmuggﬁx ekampre ﬂlerfoltroxslhge‘mgéﬂs dnlehgihaahdsol vent
concigtratlons %0059 Wth respect, to strl ngency conditions for
hybr L3li z 281UEHOT the Sequiciiess) ISR SRMPORLOR ST Hie VaRus SCaURRTSSLONERRITAONE A

condl 1 A A OerdfFBlaeor 1SRl oDk Halh A obkbnggRcy by varyi ng

for exanple, the fol'low ng factors nature of the sequences,
base combh};ktngcngemis i He hybridmatos sojutone(®,g..clerntramsul fat¢, and pofyetipldne and

ot her hyb z ol uti onents,. the res nce or absence of

bl ocki ng L}'ﬁghtg W@%ﬁi‘gnﬁ%ﬁPH%?ﬁE%W%%ﬂ%fﬂsn eés as §llaSpYAT¥Nes at e, and
pol yet hy hagk GRS  THRICL Mo 8F  BAHICERE Lt @R hYSAREs Rn RS Id M
paraneters, as well as, varying wash conditions. The sel ection of a

part 28ul aeleeted fojlowipg standard meshodsdn dhe arbfrse for example, Sambrook, et al.,
Molecular Cloning: A Laboratory Manual, Second Edition, (1989) Cold Spring

Harbor, N.Y.).

[0060] "Recombination” refers to a process of exchange of genetic
information between two polynucleotides. For the purposes of this disclosure,

25  "homologous recombination (HR)" refers to the specialized form of such exchange
that takes place, for example, during repair of double-strand breaks in cells. This
process requires nucleotide sequence homology, uses a "donor" molecule to template
repair of a "target" molecule (i.e., the one that experienced the double-strand break),
and is variously known as "non-crossover gene conversion" or "short tract gene

30 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

donor is used to resynthesize genetic information that will become part of the target,
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selected follow ng standard nethods in the art (see, for exanple, Sanbrook,
et al., Mdlecular Coning: A Laboratory Manual , Second Edition, (1989)

Col d SpriwgQ 2blawises9o1 N. Y.). [0060] "Reconbi nation” refereCrasaroneiess of
exchange of genetic information between two pol ynucl eoti des. For the

pur poses of this disclosure, " horml,ogol%si reconbi nation (HR" refers to the

speci al i #Be/oF Elatpd procgesss.e E‘%ﬁ?ﬁé‘a gk aﬂ@% r?ﬂ“&é&,‘a‘f@ﬁe@wt@ duri ng
repair ofse@@upé Sfé&lrﬁrgg 1951%3&5 shé:ll@rrlg’“a?t r'dH] Sf tRE S&fiRticd SAHE B&fornuC! eot | de

sequence honol ogy, a "donor’ ecule to tenptate repair of a "target”
mol ecul e pplynecleotidmeisonm@rpdrated emtpehé tangat gotymecldotidd. e- st r and break), and is

vari ousl wn " -Cr, on" "short .t
conver si M0 be . an s CIFaEC TRER A BREKEY RS SvAlR BesRoRR PGF R A o 17 om
the d9”Ofmdlébutlé!ectea{r&%toan‘%tiﬁlﬁlufed‘vy%ma?ﬁtﬁl &rﬁ&h@@éﬁ%@lu@ﬁlrg?ﬁﬂt RATidit! ar

theory, such transfer can involve i smatch correction of heterodupl ex DNA
t hat f or e dpeymetenorn dhenbeal hydrol ymgefia phodphdiestertond. Both single-stranded

"synt hesi s- dependent , str.an neal i ng, " in. whi t.he donpr. is used to
ooyt he ST R R B e FBR e At R I ahd ARG aB R VB get Cand! or
rel at ed RERGEATAS a ré¥nkbfINE diskincZHAlERrAhdeAtIéRape bvents) BNAIERHE | on of

t he sequence of the target nol ecul e such that part or all of the sequence

of the deaprespbiiythediredudtion of sitherddwp ends enistagaerediandst &t egrtaipol ynucl eot i de.
006 " e" reef. t reakage. .of e, _cpval en bone of a DNA
[ ]tb grr%%}i%gents s ﬁ%l ?ﬁt{al%%l?ree dﬁs{f}goar tgrég{e tdyuglfe'srtrlgfl%%é;@%

nmol ecul e eavage "can i hcl udi ng, but
not |im tckdvige. enzymatic or chem cal hydrolysis of a phosphodi ester bond.

Bot h si ngil e-stranded cl eavage and doubl e-stranded cl eavage are possible,
and doubil®6X r anded cleaxpgs Balfdomain is apolypepladg saquesicerwiiclyiigt  nct

si ngl e- stra C . . : ' oducti on
o a1 t her e SR YA BB REAREI SPE R fonhl p Lo REC O

pol ypept idemgateavageattivity (prefegatile dodislakirand tleavage dcDNey)c Thavags. “fir€062] A
"cl eayage hal f-domai n" | ol ypepti de sequence ich, . in conjungtion with
a seddnd aaeﬁsﬁﬁégtci%agee@%@?rgwéﬁf r‘@ag " Sleaiags E%%—W@marfnar A o @Bflex having
cl eavage )Y LRSSt A = L A 2 terns
"first arllﬁ?glee%:{‘(’)%é h%ﬁéavaé?h%? gﬂgi&fﬁfgﬁ%yﬂéﬁfg%gﬁnggﬂédg%g eflzﬁt}gnai ns"
and "ri gliomand thatfdimetieavage hal f - domai ns" are used interchangeably to

refer to [8(%35 s of CA:? ae\:/na r(xaeepe cflgaglrarfglcia Hglf-%gr%taindi igg rcie%x?ége half-domain that
has been modified so as to form obligate heterodimers with another cleavage half-

20 domain (e.g., another engineered cleavage half-domain). See, also, U.S. Patent
Application Nos. 10/912,932 and 11/304,981 and U.S. Provisional Application No.
60/808,486 (filed May 25, 2006), incorporated herein by reference in their entireties.
[0064] "Chromatin" is the nucleoprotein structure comprising the cellular
genome. Cellular chromatin comprises nucleic acid, primarily DNA, and protein,

25  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
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

30 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

both chromosomal and episomal chromatin.
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[ 0063] An "engi neered cl eavage hal f-domain" is a cleavage hal f-domai n t hat
has been nodified so as to formobligate heterodi mers with anot her cl eavage
hal f domaiwo(2e09gL5159anot her engi neered cl eavage hal f - domaiPox/usS@e/0oaBs0, U. S.
Patent Application Nos. 10/912,932 and 11/304, 981 and U.S. Provisional

Appl i cati 60/ 808, 486 (fi | ed 9, 2006), incorporated herein by
reFer oncd086SIc he f’e ?r@f)ﬁé@e’ t%%(gpma@wm’fewompmw LRra REeDL ei n
structur I | ses
uci oi ¢ or i BbRicbalcHR, TR sthdthe OEREHFis dReh cHyAlicRREERFIL Ragaliet,

non- hi st oviaclkcisitherodlsaadn pf dl terchromosonres|jtiaticomnpuse thelgengme iof theadellul ar
chromat i eX| Sts hg%tgﬁl;lg orm of nucl eosone wherei n a nucl eosone core

conpri ses "FSPIRS CHLPIRILE G5iOr S0P CHRS8TEY ated with an oct aner
conpr 5si 0066]\/0 eachypfep @oﬁie"’ﬁ@ﬁ répidatingZRicléiS a@iﬂdmlé‘ﬂeop%l@ld dongfex BNA ( of
vari abl e | ength dependln on the organism extends between nucl eosone
cores. Aqﬂtﬂrémt@re@mmgwenwlew gcxgéhmsamtwaasﬁéh& @hremoe@mhl the |inker
DNA. For ,t he Qse esent di clos rrmtchromatin” is
meant |+ MeVESELE, Planults BF UM e aRSAE BB 5P chEAB A or ocar vot | ¢
and eukarggpsmes. Cel | ul ar chronatln I ncl udes both chronosomal and epi sonal

chromati n. 60065 A "chronosone,"” is a chromatin conplex conprising all or a
portion d80@He gendhe’ 'aspessibleragiontiga g%wllwar shrogatiniig vfighop targe

char ggt ergz Sf’ehgl%i lﬂé gr;ep Aﬁll%fseYé)%tf\i'R%an K‘@b&'{hdf% Sxcf +$_1E§tﬁ618@u18(vh%ﬂ the

chronDsones enone enone of a cell can

conpri se redognizes martagetl'siterrwaha& wikKiag €d bé\boﬁ'relm'mimi'armna theqrlyj it & i ng
nucl ei ¢ acid, nucl eoprotei n conpl ex or other structure conprising a nucleic
aci d t hatbelieveddhatag accessibleegion iy RpS Bighis %&P%@gf%m& a guelgpgomaty 5| es of

€pi Sones strﬂ&hfbder}{%'cﬂ&iﬂcpftﬂlfcg\%e%ﬁ%%&sé’lbfe% ﬁﬁfgﬁen b0Q&ELefBy i@CCESSI bl €

region" is a site in ce chromatin in t ar get Site present in
t he nucl esbnsiﬁwit}ctocchamhml hmhmtyh;atialprcd)es,gbnexmnptmmmldaeewml ch recogni zes the

targ Wt hout ,wi shing tq,be bound hy. an art| ular theory, it is
bol 8o DFER an ack SBteh Pt Qrgrasieretinnee’s s doclEie sk Beentilit vt o

nucl eos Ora%hnéstar Pt Bf a hlileldi 21d f0Gihish 5%{<Mgem9fecare VAHOSIARS RbAdELTI On can
often be detected by its sensitivity to chem cal and eneématlc probes for

exanpl e, snﬁﬁﬁlmsemhtupx@cfespmmng exigje Ffos exastiplerthe segugate T egAMICKC-3i &5 a
B:J(rﬂj?ln; %gt;fl%gﬁ?elgeﬁ ﬁﬂ %Pﬁ%{re &38‘2‘1 n%lteas%n of a nucleic acid to which a
[0069] An "exogenous" molecule is a molecule that is not normally present in
20  acell, but can be introduced into a cell by one or more genetic, biochemical or other
methods. “Normal presence in the cell” is determined with respect to the particular
developmental stage and environmental conditions of the cell. Thus, for example, a
molecule that is present only during embryonic development of muscle is an
exogenous molecule with respect to an adult muscle cell. Similarly, a molecule
25 induced by heat shock is an exogenous molecule with respect to a non-heat-shocked
cell. An exogenous molecule can comprise, for example, a functioning version of a
malfunctioning endogenous molecule or a malfunctioning version of a normally-
functioning endogenous molecule.
[0070] An exogenous molecule can be, among other things, a small molecule,
30  such as is generated by a combinatorial chemistry 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

RNA, can be single- or double-stranded; can be linear, branched or circular; and can
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sufficient conditions for binding exist. For exanple, the sequence
5'-GAATTC-3' is a target site for the Eco Rl restriction endonucl ease.

[ 0069] ArwOere@genius” nol ecul e is a nol ecul e that is noPCharawiy34ps esent
in a cell, but can be introduced into a cell by one or nore genetic,

bi ochem cal _or other nethods. "Normal presence _in the cell” is determ ned
Wi th res%@é’f apy length. Plydleie aeids lﬁv@amwlwf Egmingduplexssy ahwelhes)

condi t 1 Ogpiek-biiing Bltlcic HHR: SEOIPYAIRIE U, PRLACNLE st Rlodssnlr esent only

during enbryonic vel opnent  of ‘nuscle 1S an exogenous’ nolecule with
respect A2 5dd Piroteinssndlede; bhit are Bondimated yo, DINAxHimding prateidsiced by heat

shock is_an exogenous | ecul.e with.respect to. a non- t.- shocked cell. An
exogenoudTRHTPERR Lators, duamaiia remg mgi%ﬁgﬁg}le@ngi’ﬂgﬂblﬂ N8ersion of a
mal f upct ippdtbing, RINIAGANQUARES |d%rrféfhy§’as€§}'aﬁ&g&kés%édwty?'&ési iPkhsed, @

nor mal | yfunctioni’ng endogenous nol ecul’e. [0070] An exodgenous nol ecul e can
be, anmon@hosphetases) imegrases, rsoerhbinasdscligdses, topaisonzgases, gyeases andd by a

conbi nat zlri.al chem stry process, or a macronol ecul e such as a protein,
nucl ei ¢ A&1'&°%kar bohydrate, lipid, glycoprotein, |ipoprotein,

pol ysacchea7ige, anyameideh6sh Helctiiaichy Be @fe sahif® tppO¥EmbRL@Ee Wk @R, Or any
conpl ex conprising one or nore of the above nol ecul es. Nucl eic acids

i ncl ude BRAogeRgURMAlecklEne Be 28 ekegeBouBProtRinBY Budeic apide dor example, a1l near ,
br ang?gd g?f)ge%'o[x.g H%cef%ié ?lﬁdcaﬁ %Q%gﬁgéﬁpﬁgcltﬁn ?\%ﬁg}aﬁé\lq%%l}%ac%a%c :}g ?)re :e@%rﬂge those

a
capa orm ng dupl'exes,” a acrds. See,

for exanmphteoducedintdacellitor Mahirorhosbhte tA26is abtndmhBz p2&tnt iBrtké &41Ns i ncl ude,
but are not limted to, DNA-binding proteins, transcri E’éi on factors,

chr omat i MetBegsder thegniraducsies of pregepres waleonlss ite aeliprpKaewn & those Pl ner ases,
met hyl asegi i SRELP YA PR frde AR K H&Qﬁnit%%cﬁéiglrﬂécﬁ&ed K R&EEG e PhOSPhat ases,

i nt egrases, reconbi nases, 11gases, topolsod ases, gyrases aiid hel i cases.
[0071] Adtipesames)ctuding seauttabambentioaic liyedsactecttopoeativh, dinéot injbetions celh

endogenous .nol ecul e, e . g., an exogenous protein_ or nuclei cid. For
exami e, L%%O%Pa_ﬂéﬁ%h@hﬂémé% c3igl ERsPER P PSRl OR BEAThENTaa) “genone,
a pl asm ¢h&HiatePlrRE dnﬁ%"ix%ﬁv'&%&-x‘n@&i‘ateﬁ tfbsfer. A ey&)rgggé&x@%&&ﬁﬂé Bal 1s not

normal Iy present 1n the cell. Methods for the iInt uction of exogenous
mol ecul eslsortedhe sAnestype of kvdeomlet as anhemdegerfous kidléculenbutt lderived framch i ncl ude,

DUt B kbt b o B TRk 0 KBRS B hRGSRRRR [ ncl U0 o

sequenced may be introduced into a cell line originally derived from a mouse or

20  hamster.
[0072] 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 organelle, or a naturally-

25  occurring episomal nucleic acid. Additional endogenous molecules can include
proteins, for example, transcription factors and enzymes.
[0073] A "fusion" 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.

30  Examples of the first type of fusion molecule include, but are not limited to, 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,
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fusion, particle bonbardnent, cal cium phosphate co-precipitation,

DEAE- dextrannedi ated transfer and viral vector-nediated transfer. An
exogeneosormd%isiide can al so be the sanme type of nol eculPeTams2@9/0e3380genous
nol ecul e but derived froma different species than the cell is derived
from For exanplg, .a human .nucl ei c aci.d sequenced may be introduced into a
cel | Ii né’ub?rieé‘iohﬁﬁnlltfld6%%@8“%?%63ar%g]‘?éﬁ.@imlﬁgﬁﬁ?léw.acf By contrast,

an " endoggReustiddTRhEE Hls‘?oq Get®Bén A Hithor oS\ BTRArANR aGRERIC 4dlg. @ particul ar

cell at a particular devel opnmental stage under particular environnental
condi ti ori8074For exdinpressioanfearfisge pousinimia el caraesddt fram dadivpnyi cfeha

h . th i toch i hi | ast th Il e,
or o nat drien BEEER IR sol of b Heferor epebaerto e mentine die Bitigenove
nol ecyl epr&ain tb @%Eﬂ,dxﬁhé}éﬁttﬁér:rg;ébynﬁ?léotﬁi@Erﬁlaﬁslcribé(iﬁ,%_ﬁrtﬁ%&x%ﬁri ggtors and

enzynes. [0073] A "fusion" nblécule is a nolecul'e in which two or nore
subuni t rigndatelcte generate th Awsionprofesn. abtaps-sphicing ol ypeptideclsanagaiand nol ecul es

e e P M RS S O e S ST BT MR,

but are rfotpdlyriicledtidé and polgpeptiderdeli®érydo CEIY are prisphted eReWhére @i tiet ween a
ZFP DNA-bi ndi ng domai n and a cl eavage donmai n) and fusion nucleic acids (for

exanpl e, disclosuiei ¢ aci d encodi ng the fusion protein described supra).
Exanmghes he secpn Vi f ' j: e, I t limted
to, rrgbf ué%ﬁt’ bot woeh %I]%T f*% fhen g‘?dr%gﬂ%@hgf"g%"@ dé%i?‘%f‘ anaﬁgﬁdﬁ%‘@‘%@& i de, and
a fusi on rbgiomeodingd gee pgoduey GsebinHe)| aswell as SIUDINA ecgidrisdvhicP eogdiate
Expression of a fusion protein in a cell can result fromdelivery of the
fusi on pritRIPAuGtionafdhegane prpdugl, vilsthsr OF polsuch regnlatanySegBencet a@ncodi ng t he
fusion pr. | ' y ' ' i , and
the traneapaf b Eoding Shdior HARCARE ScafeRRLY ARERENS 2 dcfie HCAIRE it
Tr ans- splnotnevgssapbyt ppd tof prarhetay seqecraes, tpmbivtors, irdeslatiapat regnlacay al so be
i nvol.yed in expression of a protein in a cell. Mthods far polynucl eotide
and S y SEBIERES sigh py Bbgronts Bfing sireangraGa BROTISCE: Sles PR
di scl osursflenckORbilators, HNRdary eRimdnte réHcROSESTiglhs, hhfiriR 2RSGMer s3&! OSur e,
i ncludes a DNA regi on encodi hg a gene product {see Infra), as well as all
DNA r egi @nd lags contradgegionse t he producti on of the gene product, whether or
not such | at ory,sequences are.adj acent to.codl .anhd/ or transcri bed
sequencedd TR cor di ngEye SXPigaT TRELigdES Copyeriarof e information,

contained in a gene, into a gene product. A gene product can be the direct

20 transcriptional product of a gene (e.g., mRNA, tRNA, rRNA, antisense RNA,

ribozyme, structural RNA or any other type of RNA) or a protein produced by
translation of an mRNA. Gene products also include RNAs which are modified, by
processes such as capping, polyadenylation, methylation, and editing, and proteins
modified by, for example, methylation, acetylation, phosphorylation, ubiquitination,
25  ADP-ribosylation, myristilation, and glycosylation.
[0077] "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
30 inactivation may be partial or complete.
[0078] "Eukaryotic" 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).
[0079] A “cell line” refers to a population of cells established in tissue culture

from a primary culture. Thus, cell lines generated using zinc finger nucleases arise

19



not necessarily limted to, pronoter sequences, term nators, translational
regul atory sequences such as ribosone binding sites and internal ribosone
entry sitwe2oenisaiscers, silencers, insulators, boundaryPerarseews)3484
replication origins, natrix attachnment sites and |ocus control regions.
[0076] "Cene exX re55| n"_ref to the conversion of th fornatlon
cont aj neofrqma&e@é?fée blrhwgléﬁ@nspbm%?targstgewé ﬁgoo%!f B4X) he direct

transcri pll0Baly ke aaﬁHFc’ir& tg ﬁa fvafbd dﬂgyﬁﬁn'{i& %cﬂ %Pnu&&{s ense RNA,

ri bozyme, structur RNA o er type o pr oteln pr oduced by
t r ansl at i and imfvhaoh tththeﬁgenétlproaﬂtdmt&lldhte@retamlthnjmrfmm onhiipddte ar e nodi fi ed,

by processes. such as capp adenyl at i ation nd editing,
and” br ot SRIvAB PhogORy anpoiBipld Bsatera hofe; Eirtermorg ugelgn el | "

phosphor it @dibﬁc}@ﬁ't %I Ngfb@hbﬁ re,foﬁps’r ﬁb%ﬁicﬁfeﬂ%@meerﬁérﬁé)dplr@sEioﬁ'bf and
gl ycosyl ation. dul ati on" gene expression refers to a change in

the acti vhe genr(s)as(geheedumqﬂ @ltmmatedf(kmqkpetsh dhug aBaxABakideficienttcells not

limted to, ene tiyation ene Si on ne inactivation refers
to any rel&HS’E Bae/: }5?‘28gﬁgwre§§log8ﬁ§§?‘@ﬂdpga cel| that does not

| ncl ude 0@ as de&@fdghﬁplomﬁfe%sﬂ' is bRy Segi@EOEcAlINRE chivtidtiaNsubhasbRrpar ti al
or conplete. &0078] "Eukaryotic" cells include, but are not limted to,

f ungal ceetXIamp & aghneer g/@<as@9dlng)swn@eew1tbln cmadmmté@ealggne g 1his cel | s
and )
opultth oissEoIE i Find an eloeohdroiorlfy, Hipding i be [orffe phRbilsorifiefiea | o

Thus, cel DNAI dIefagensl/éat tefbetsl reGorAbinatidn. ngeéglaluaf@m&a cam bspfe"samlﬂacell (or
cell Iine) in which one or nore target genes {e BAK and/ or BAX) have

been par t¢hsemesogte, an gpiseme, an raarallay genamae- go’riélt%hoﬁéﬂél shlgropiashger

nucl eases C of n the
parti al oarnqggér?% %w;lél é}'n& £ R ?gﬁﬂ%]ﬁer%{ ?FO e af %tgéeg{cﬁﬁﬁewéﬁlggg%gcgg@l n

cul ture. fegiohlo€agends ,w1&111®&hhscnfoe¢ﬁbi1 cbding régiotiscth as,dfot Exampledegadessi on of

one or nore indi cajed genes when expressi.on of the s) is(are) reduced
or el i nisARNCE ﬁ@@ﬁbﬁ?ﬂ%ﬁnceﬁ'ﬁh@m&&@fik’ylg’é&nﬂ%f@ﬁ?"é‘ﬁ%&@g‘?&b L show

reduced Of,cKBOA %?Qo%tre%nf%fecﬁ? bﬁ{lagfr%ﬁﬁié A Ig%gﬁ%f int&H0&4 Rhn Be a§ 8L A4S Of

interest” “I's any region o such as, for exanple, a gene
or a non-zsnglagusleofidenmair avivphtor2,800 ml;lwtldnpairmndewh,eqr dnyy infegeah valuei s

desi r abl e‘{’_‘}r{& @i ng an exogenous mol ecul e. Binding can be for the purposes of
targeted B WBYE: and/ or targeted reconbination. A region of interest

can be prggiyt i N aThe terms "operative linkage" and "operatively linked" (or “operably

20  linked”) are used interchangeably with reference to a juxtaposition of two or more
components (such as sequence elements), in which the components are arranged such
that 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

25  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
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

30 transcriptional regulatory sequence that is operatively linked to a coding sequence,
even though they are not contiguous.
[0082] With respect to fusion polypeptides, the term "operatively linked" can
refer to the fact that each of the components performs the same function in linkage to

the other component as it would if it were not so linked. For example, with respect to
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chronosone, an episonme, an organellar genonme {e.g., mtochondrial,
chloroplast), or an infecting viral genone, for exanple. A region of

i nt er est wartoelswidihi n t he codi ng regi on of a gene, w trCa/uSz@®eI48hed
non-codi ng regi ons such as, for exanpl e, |eader sequences, trailer

t cribed.re ei t her upstream or
downst r edhbaien PRBERHCHE WG 8 AFP DN gRBRRE ORI duPdaaa SHEVaES shal | as a
si ngl e nuphfat, ItweeszN&meng BO%aﬂQﬂdWél@NagQﬁoﬁﬁMﬁe iDopeRH, or any

i nt egr al val ue of nucleotide pairs. [0081] The terns "operative |inkage"
and ' operlmﬂ(agfeﬂfylnlthmﬁewn podypeptige I’thﬁtJZIJ"P IDMAénlﬂf)ln&d@namwrmm srableatogeabl y

th f t re C n sych as
\émequeageebér?fﬁsgﬁfée)t St W%ﬁbl{lﬁggé V\gentﬁgc Feaeg, gﬁ’é‘é {bffcé? #Xf both
corrposentmNAqu{d\qamngzbmelmg@flgit@ I ow t he p033| bility that at |east one of

t he corrponents can nediate a function that is exerted upon at |east one of
t he ot herl0®3ponentA' fuBytIQ@}'ﬁ@gmﬁml"@flarpé@tﬁmnpohp@mmﬁmllphelccmal israegul at ory

K f
he cr an®ele pERafbuRe Rl ei R ARG Gt i R G ORI BRI ot on

of the codotsid, pElgPENie or AucleRPRIE §et Rtdilthp cAHE AGROH asiheeilderipth One or
nore transcrjptional regulatory factors. A transcriptional regul atory

sequence nr%te@e%lwamtgde@pewaﬂ%w tmfm@é@nalrﬁaﬂr@erxkpmhp%swmg @é@nence but
need, h s a

tr anscr | pt | o afdae regu egggf?egﬁ@‘gs %%tgétgo?gﬁfongm%gﬁelrs% %EEC ﬂ: ?I%glrcc?nt o a coding
seguence,contafnorteure giore hmmoezro@d nt)ﬁudtmidlegumﬁundrﬁﬁ Mdtthsttbr respect to

fusi on po] ypeptides, the t peralvel i nked" can refer to the fact
that eac é‘fm{) Rstiont arPé‘F {‘h% %%fl’r%g functien.ghility to hyhadiee t o t he
ot her co EXRifine™ t h
respect Fgg&?ﬁirlrgﬁléb%? 551“} Eal llHr? ZE&W&Qﬂﬁg onal n |§ fused

to a cl epvetgm fdmtmnra,re theH l@lﬁR’nDl‘%rbxudp]egthdd)NArbmdmg finetiohefiwage domai n

are| operatiyv K the fusjo tide, e ZFP DNA- bi ndi ng
dormail pg)lo[ypgp]tlfes Bﬁ Zi%f%mb‘}fqﬁldgqrt%mpﬁté EY %%tg'i EX‘B @F“F‘?élofﬁ Ydi ng site,

whi | e t hensviRgVshde di‘%’fﬁiu'ﬁo breciptafon ess&seqym%xﬂage Edihe/aschyeidtpy g the
target site. 0083] funct i onal fragment"” of a protein, polypeptide or

nucl ei ¢ &ldctropkoresipr %Qee’l\uﬁubpwtyqéemprde The ahllﬂ(t}’ ef zpratdin tmhm@ectsretfuence i s
I A
nucl ei ¢ agbAd afsafsieCdongilehehthBGHT®Oth Shietip ah® BiSheIRICE!. Sfe@V\ﬁ}i” example,
20  Fields et al. (1989) Nature 340:245-246; U.S. Patent No. 5,585,245 and PCT WO
98/44350.
[0084] 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)
25 349:293-299; and U.S. Pat. No. 4,816,567); F(ab')2 and F(ab) fragments; Fv
molecules (non-covalent heterodimers, see, for example, Inbar et al., Proc Natl Acad
Sci USA (1972) 69:2659-2662; and Ehrlich et al., Biochem (1980) 19:4091-4096);
single-chain Fv molecules (sFv) (see, for example, Huston et al., Proc Natl Acad Sci
USA (1988) 85:5879-5883); dimeric and trimeric antibody fragment constructs;
30 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
example, Riechmann et al., Nature (1988) 332:323-327; Verhoeyan et al., Science
(1988) 239:1534-1536; and U.K. Patent Publication No. GB 2,276,169, published 21

Sep. 1994); and, any functional fragments obtained from such molecules, wherein
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or the same nunber of residues as the correspondi ng native nol ecul e, and/or
can contain one ore nore amno acid or nucl eotide substitutions. Mthods
for det erwDnoovgisidye function of a nucleic acid (e.g., cedrng260e0e348on,
ability to hybridize to another nucleic acid) are well-known in the art.
Simlarly, thods faor. determnin rotein functjon are well-known. For
exanpl e, SPﬂéng'EﬂR‘?‘E}F ﬁﬁ?‘ﬁdwng‘??gégnd&l%%ﬁ@ﬁP @e@awnb@ltmi@r m ned, for
exanpl e, Jedditt er-binding, electrophoretic nobility-shift, or

I mmunopreci pitation assays. DNA cl eavage can be assayed by gel

el ect ropHB088i s. See Asusadbéreat, thad terms (fproaocldha aatibddy \refels @ qor ot ein to

I nteract w.th,anot her.protein can be determ ned, for e | e,. by

co-i mmn(?\ﬁ%‘é%qyp‘fmqsm?% quﬂo%g%%a‘wo&ﬁmué% iﬁ%m BFPh genetic
and bkochimitddareg thé SecRX¥dTBb@ce bF ﬁﬂe%ti@é%@her {s ;PR Bnab@id eIt 245- 246;
U S. Patent No. 5,585, 245 and PCT WO 98/ 44350. [0084] The term "anti body"

as used Merthe manperinaductariis ipade. dhedtrmuenvompasssawholchinpoinaglendins asd

| | ti I, the, follow ng:. hybrid hi [
ot body PP ORn of B andR £v. it o Ber Botichs, Bl s ShitugS | ©
349: 293- 288 huaiadized BomBaéneolW anttbod Hophidtionsthatexhibibintinimsibgiclr agment s;  Fv

nol ecul es (non-coval ent heterodiners, see, for exanple, Inbar et al., Proc
Nat | Acadising poReyties pfthegurens swnpelonal antigodnmolesyleet al ., Bi ochem (1980)

ol o dORS; Ac BeEREls ol Btk £l 1 o e A R R o T "

ant i body livirggoRahismsosthatprdection Adanod fatre(lee.is proyidedPRfikusiizafién , Bi ochem
(1992) 31:f1579- 1584; Cunber et al.,._J |nmunol ogY (1992) 149B: 120-126);
humani zedei§ht tPbriprossised indusingsmaantibgdy andipisellulanimpning fespensedn. | Nat ur e

Uk Pat ol bty eberiEre RE R dhe py BB AR R SR 2o
any f unciphegadytds) togivest m anbirgamsd, Whichisdicértetddgamst e pathopar e aisiget
fragnents retain i munol ogi.cal bindi roperties of the parent agntibody
ol eddl e 10 FiEfic AEEARISELRARIRER AIOVigHs Y SISO G AFTEh AMIRRS TEBRAPSe:r 88 er s 1 o
an anti bedyd RGBROShdonfiassia VioP BxAnple RESRRANT hiQHQXnﬂHEEégﬂﬁkon- The term
is not limted regarding the species or sourcé of the antibody, nor is it

i nt ended organgsm piadutescantipodies ageansi@n antigenic viatarial whicheioeadeT ke dells of
enconpassges _whol e | n I%i .as || as fragnments.such as Fab,
F(ab') 2, %%/(,)rggwamo rﬁﬂ%‘le)a?aé e{rgfmggf %lqrgaélésr%h tli)ody SO pro%uceda

may belong to any of the immunological classes, such as immunoglobulins A, D, E, G

20 or M. Other types of responses, for example cellular and humoral immunity, are also
included. Immune response to antigens is well studied and widely reported. A survey
of immunology is given e.g., in Roitt L, (1994). Essential Immunology, Blackwell
Scientific Publications, London. Methods in immunology are routine and
conventional (see, e.g., in Current Protocols in Immunology; Edited by John E.

25  Coligan et al., John Wiley & Sons, Inc.).

[0087] A “recombinant viral vector” refers to a recombinant polynucleotide
vector comprising one or more heterologous sequences (i.e., polynucleotide sequence
not of viral origin). In the case of recombinant parvovirus vectors, the recombinant
polynucleotide is flanked by at least one, preferably two, inverted terminal repeat

30 sequences (ITRs).

[0088] A “recombinant AAV vector (rAAV vector)” refers to a
polynucleotide vector comprising one or more heterologous sequences (i.e.,
polynucleotide sequence not of AAV origin) that are flanked by at least one,
preferably two, AAV inverted terminal repeat sequences (ITRs). Such rAAV vectors
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and humani zed honbgeneous anti body popul ati ons that exhibit i mmnol ogi cal
bi ndi ng properties of the parent nonoclonal antibody nol ecule. [0086] By
vacci ne iwormeamitsi®m agent used to stinulate the i Mmune PEIUSR000/003484

| i vi ng-organi smso that protection against future harmis provided.

| muni zatiop refers to the process of, inducing, an antibody and/or cellular
i mune ré%‘bg?lé@hpﬁem‘éﬁa agmw§%@uﬁgﬁa@mw when preseat gud Refen and/ or

acti vat @ ol iRk nifbdef infRefld wiltl PARGKIRId: Qirfl0 (it ndls AbralsifNudbleNn! ch 1 s
di rected agal nst a pathogen or antigen to I the organi sm has been
pr evi ous hylpex fimstohs) the thae rsnexpressmgA A€ sgmarstcdp gene peehictsdl.ei AAV

enconpasses, f exanpl g, chapi by .which a nulti-cellular organism
producesifﬂta_flgg{ﬂ’é’?tgg’ﬁ}'ﬁ’gggh I S’im‘éf@fﬂ){és Wﬁ?@P{aé?rHJWﬂ% $Hvades the cells
of the onLgRMLSIRbMe (E ifX EhRnfRbinkloRin &dothed veétot Elﬁ:h%{sg@ﬂ]és?rﬁli ullprRnt i body

so produced may belong to any of the imunol ogical classes, such as

i mmunog! shemingwr transfoctien), heotheu ALV vector ppydeatfierred poasa EprofactaeXanpl e

cel lular agnd hunoral i nity,. are al.so inc]uded. .l mune re eto

anti gens "Uch G Beash T S tebte Bioh A Bett iR T e PEGFRR4S Smol ogy i
gi ven e. ackagthgNRhétions.and 58i%ble hélpachitadns! ANHAANOEH beBhamby\wElal Scientific
Publ i cations, London. Methods in I munol ogy are routine and conventi onal
(see, e. gumbehofdgrmerincipdisgdewinet limited o pdisougs, lineartagiifieigl John E. Col i gan
et alg, W | l.0¢ ). L0087 "6 inant_viral, K vector"

et ofQ’ « SRheShhRt BmuPaR il ok, oo AN v R BRI Rt T c

het er ol ogesferabRyersapsidated irea virplqdarficle| Refidulie]ysRANE NEE rAANV Bdctoti dadilbeor i gi n) .
In the case of reconbinant parvovirus vectors, the reconbinant

pol ynuc! ®aekaged info an Af\Y yirgy particleda genesate a ‘secomeip@it pdengoasspeigiedt ed

term nal € q . . N ' d : 3 (r AAV
vectory» PEFFAARAEERRirbinh e voe R R ofh b FERIRIEVicl Y BEIAS

het er ol ogirabpatciaénamsoXimaely Sdtbynucl eoti de sequence not of AAV origin)
that are flanked by at | east one, preferably two, AAV inverted term nal
_repeéf sequengégc_ P%ﬁ“@i{ﬁé?ﬁ rAAV vectorscan be replicated and packaged
into inf TG(}SS\EUS Vi idse A ﬁ]ﬁél%éiﬁ%ré/‘ﬁﬁ@ ﬁB%&%ﬁi&Lea%é&,(ZFﬁ@ﬂhaP&{d bd kel fhas been

infected wth a suitab el per virus (or that i's expressing suitable
hel per f umectivatios) ofanBAK laad/or 8A&%grmes ZiIFMNg cAmiyrise p zawdingappméeie (BFR)duct s

(i.e. AAV Rep a]gd %@ rogﬁi ns?. When a r AAV vector is incorporated into a
| ar ger pB8P§AGEFEBE a{r) CY9°MAMa chronpsone or in another vector such as a

pl asm d used for

20 A. Zinc Finger Proteins

[0090] 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.

25  (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 include, 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

30 amino acid sequences, in which each triplet or quadruplet nucleotide sequence is
associated with one or more amino acid sequences of zinc fingers which bind the
particular triplet or quadruplet sequence. See, for example, co-owned U.S. Patents

6,453,242 and 6,534,261, incorporated by reference herein in their entireties.
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cloning or transfection), then the rAAV vector may be referred to as a
"pro-vector" which can be "rescued" by replication and encapsidation in the
presence Wb 2000ispekagi ng functions and suitabl e hel per pCurusteoonas4sAn r AAV
can be in any of a nunmber of forms, including, but not limted to,

plasm ds, linear artificial chronosones, conplexed with |i encapsul ated

wi thin |ilY88bnes, dEmPiBY selsrtiqnemaihpds. iRtledipg PaRacetsRlfy %fld?ﬁ%%hy ticle,
part | cul tdméave distlobdY 1Y Y€ PhiBhis 327Ro38P32l53804. ¢,6?g%)e?dﬁ¥ 43 us_particle

to genera reconbi nant adeno- adso&iated Vvirus he “haxi num si ze
vector t i6a10248; 6.24Q466m2eD,759; ane bR4a56Bndscwell s W QDP8ATIRGIticl e is

T he 1 ngtp shiRi0szEBio Pbdtafe: a0 R E BRIt 2AaR 2 Aalt pien of o Bk

and/ o5 B SRBRentdNinGRTBS IR 8F Ac ﬁhg&%in&lhgﬁgﬂﬁirﬁ%ﬁgbeéﬁd a nucl ease
(cl eavage) domain. A Zinc Fingér Proteins [0090] Zinc finger binding

donmai ns described,ényéxmmaplednico-dyned WO R/6€BQAénce of choice. See, for

S B, L SO BT i b
Bi ot echngk fusidk frofifq@nd licl8dtidk enéoddtbldante) fafe kifddito tRb&t STGRNPIn:
12:632-637; Choo et al. (2000) Curr. Opin. Struct. Biol. 10:41 1-416. An

engi neer &k art angl daspeed ibidetiihg W@onBatantcApplisatien Bublinatipn Bloadi ng specificity,

ot e, 2BfiobgPRr AR pdosRR RS MRoflaRd bV BBt by shRRLETRES o7 O

sel ecti ongo9g3qt i onaln dagitign, dsniiscleled in fHeke MdsthéErefdiéndRs RS flases
conprising triplet (or quadruplet) nucleotide seg#,inces and i ndividual zinc
finger adPRBing@and/os ayldringsredizing fingen peodeins may hedinked taggler Upnganyucl eot i de

sequence ¢ i?ﬁéﬁ{ﬁ?}éé%{a(ﬁ%n%st p}cgllﬁ?%g’for @%ﬁg@ﬁiﬁ&r%{’ oP fdHEAHifD adlds3h NC

fingers par tri or quadrup sequence. See, for

ex ?npl e, lmﬁgﬂow;e,dTGEKﬁ BEED lesﬁxmniqmze,rﬁﬁ%om, Tclsrm@ mﬂ@ﬂag td)y
reference_herein_in_their entireties.[0091] Exe ary sel ection nethods,
e b S RTAE anabE B (R ODyS oD Sret i U ar AR e s TSRS pat ent s
5. 789, 53& ok, (325, 523 - ~ - . A :

6. 200, 75 590§h1§%6?r§ﬁ2’,1 %%3?@5%%3%“?@52ﬁﬁ]vbégg‘}%e?“i%é@mzv%g@es 5%%%@% 00/ 27878:
WO 01/ 88 1@ tarhdRoRiRadsa8hed Hateiadutiytincinde empeomisimetion of suabidi ng

specific ilitn}éerfs %Et\x;eielq(%hé {n Fi‘(rlualf iz{]n%i f?r%egsoo t. engro?eellr?. been

[0094] Tables 1 and 2 describe zinc finger binding domains that have been

20  engineered to bind to nucleotide sequences in a BAX gene (Table 1) and a BAK gene
(Table 2). Each row describes a separate zinc finger DNA-binding domain. The
DNA target sequence for each domain is shown in the first column and the second
through fifth columns show the amino acid sequence of the recognition region (amino
acids -1 through +6, with respect to the start of the helix) of each of the zinc fingers

25  (F1 through F4 or FS) in the protein. Also provided in the first column is an
identification number for the proteins.

Table 1: Zinc finger nucleases targeted to BAX

ZFN name
Target sequence F1 F2 F3 F4 F5
SBS 10077 RSDHLST | DRSHLAR | QSSHLTR RSDNLRE
CAGGGTGGCTGG (SEQ | (SEQID (SEQID (SEQ ID (SEQID N/A
ID NO:21) NO:1) NO:2) NO:3) NO:4)
SBS 10079
GATCCAGACAAG RSANLSV | DRANLSR | NRTDLIR TSSNLSR

(SEQID | (SEQID | (SEQID (SEQ ID

(SEQ ID NO:22) NO'5) NO-6) NO:7) NO:8)

N/A
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t ar get

SBS 17622
AATGATGCAGCAT
GA
(SEQ ID NO:52)

QNAHRKT
(SEQID
NO:50)

QSGDLTR
(SEQID
NO: 53)

QSGDLTR
(SEQID
NO:53)

QSSNLAR
(SEQID
NO:54)

TSSNRKT
(SEQID
NO: 55)

N/A

SBS 17623
CCGGTGGATCGC
GCAGAG
(SEQ ID NO:56)

RSDNLAR
(SEQID
NO:57)

QSGDLTR
(SEQ ID
NO: 53)

DNRQLIT
(SEQ ID
NO:58)

TSSNLSR
(SEQ D
NO:8)

RSDTLSR
(SEQID
NO:59)

RNDDRIT
(SEQ ID
NO:60)

SBS 17627
AGGGGTgGCTGG
GTAG
(SEQ ID NO:61)

RSDNLTT
(SEQ ID
NO:62)

RSDHLSR
(SEQID
NO:63)

QSSDLRR
(SEQID
NO:64)

QSSHLTR
(SEQID
NO:3)

RSDHLTQ
(SEQ ID
NO:65)

N/A

SBS 17626
GATCCACCGGGCA
ATGCA

QSGSLTR
(SEQID
NO:67)

TSSNRKT
(SEQID
NO:55)

DRSHLTR
(SEQID
NO:68)

(SEQ ID NO:66)

RSDDRKT
(SEQ ID

NRTDLIR
(SEQ ID

NO:69)

NO:7)

TSSNLSR
(SEQID

NO:8)

[0095]

As described below, in certain embodiments, a four- or five-finger

binding domain as shown in Tables 1 and 2 is fused to a cleavage half-domain, such

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

Fokl. One or more pairs of such zinc finger/nuclease half-domain fusions are used for
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targeted to any sequence in a BAX or BAK gene. B. C eavage Donai ns [0097]
The ZFNs al so conprise a nucl ease (cl eavage donmai n, cl eavage hal fdomain).
The cl eawsigeodorseiom portion of the fusion proteins di sclPosas26eeisns can be
obt ai ned from any endonucl ease or exonucl ease. Exenpl ary endonucl eases from
whi ch a cl eav domai n..can be _derived include, but are not limted to,
restrict itﬁfﬂet@aggﬁﬁ%ﬂee%%@é‘ﬂa?ﬂ’ Fﬂirﬁxﬁlﬁpgnﬂbgtﬁ:?’é??g ubligation Ngy  exanpl e,

2002- 2003086 Rjaq94e. New Engl and Bi ol abs, Beverly, MA; and Belfort et al. (
1997) Nucleirc Acids Res. 25:3379-3388. Additional enzynmes which cl eave DNA
are knowi0§¥]g., SlIFoxtargetad eleavageythiscamar eiget efithe;biphing siteatcian séidasted | ;

m crococcal_ nucl ease; ast. HO endonuycl ease; see.al so. Linn et al.. (eds.)
Nucl eased S BOGIREIegIE by nd HisheRt Shs RBRDSECIERG 35 bIRlS 2BOPROSIYE of t hese
enzynss (sghnd SihE m&ltargé@mmaﬂryt ey shedn iRTabREd and 25ré QsEdGa Of

cl eavage domai ns and cl éavage half-domains. [0098] Simlarl a cl eavage

hal f - donwiairs fareléseragreef theid targesrgeney Following ke presend diswﬁunehélx'ﬁsfcan be set
forth abqve @hat regui res di 4 tkon for cleavage activity. In general,
two fusi GHERFLGARSSEPENcEdD di olfg‘f’ &*B%vage if the fusion proteins
conprise cl eavage hal f-domains. Alternatively, a single protein conprising
two cl eavage hal fdonmai ns can be used. The two cl eavage hal f-domai ns can be
derived from thheCleavageddomeing| ease (or functional fragments thereof), or

each gl e hal f --dorgai rl f j ren ease (or
f unctllﬁonzp&?ﬁagrrent@lemse%@ (?f:glﬁﬂxqge d%{fcﬁ%aﬁ? ?%%agét%@ 1%S|Elte g\ga%?glr%ﬁlf he two
fusi on prdehrin)s Theeldawgicadondii poitkmasale fusldnproreiReliicldsed Baeh @nltey , such

that binding of the two fusjon proteins to their respective target sites
pl aces t [btainedofrorg any sndanyisleass ar gxonuclessst Exemplary grdonuelsases fogzh ot her

;haf | aL;Qké)ﬁcﬁ leeﬁb%'%\/@%gaim@z!:{ Béj@é}Rjeﬁnéh‘ri’T%%gﬁﬂré‘ nBPfi‘ﬁ]tie&’&?"res‘Eﬂ(iacgﬁa‘ﬁage domai n,

Imerizin S, Incertain e I ment's, e néar ges of the
t ar get siehdeneicasssegnd hahmng byddnuslenses] Sed,ifoesxantpld)2003-2063 Qatdlente] des.

ot wan (e EaeER Bustgk Betery, M ot Dot sgpint ISP SOMHGIB ARG, morc) i
general , Jlshey 7@1—1‘53‘8 80TA dhtRAUREE S WG YBSRE DNA 4r8k86%n $6.5S81 NIRERSE;

Restriction endonucl eases (restriction enzynes) are present in many species
and ar e oapwieanaicleasgy @averestpeDNase]; binnaoengcalmubiase; ayeast H@cogni ti on

site), and,cl eavin t. or near ite of binding. Certain restriction
onzy s (BdgnTeRsasep o Tinds, 8 Bidan Afnclioy & Lol Winsit FHEPektgn 1 on
site and Paya 998Ra0AdbEmore of these enzymes (or functional fragments thereof) can be

20  used as a source of cleavage domains and cleavage half-domains.

[0098] Similarly, a cleavage half-domain can be derived from any nuclease or
portion thereof, as set forth above, that requires dimerization for cleavage activity. In
general, two fusion proteins are required for cleavage if the fusion proteins comprise
cleavage half-domains. Alternatively, a single protein comprising two cleavage half-
25  domains can be used. The two cleavage half-domains can be derived from the same
endonuclease (or functional fragments thereof), or each cleavage half-domain can be
derived from a different endonuclease (or functional fragments thereof). In addition,
the target sites for the two fusion proteins are preferably disposed, with respect to
each other, such that binding of the two fusion proteins to their respective target sites
30  places the cleavage half-domains in a spatial orientation to each other that allows the
cleavage half-domains to form a functional cleavage domain, e.g., by dimerizing.
Thus, in certain embodiments, the near edges of the target sites are separated by 5-8

nucleotides or by 15-18 nucleotides. However any integral number of nucleotides or
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bi ndi ng and cl eavage domai ns. For exanple, the Type IS enzyne Fok I

cat al yzes doubl e-stranded cl eavage of DNA, at 9 nucleotides fromits

recogni t iwo 280%139m one strand and 13 nucl eoti des from PCI/USR@O®NI4B84 ON Site
on the other. See, for exanple, US Patents 5, 356,802; 5,436,1 50 and

5, 487, 994; s.q\{\_/el |. as Li, et a&). %1992 Proc, tl. _ Acad. 5§d. USA

89: 4275- AB¢I§0tI{G paifs cap InteRvgge PetmERR tWRtarget spes (¢.&- diomdda S§usteglide 2768: ki m
et al. ( C; i <  taldepbifds al . (1994b) J
Bi ol . Chip(r%%g%glgg , 5117 - Béflgg%%grﬁggl,ea‘il‘%eé%%bgﬁn‘%gg?gr?etﬁ{ge%lgégi on proteins
conpri se [0089]cl eav Restribtivniend¢rorclaabesvestrictival ehzyloas)iand plesartimmahgast one

P S S BB e i BB IR RS e B g o™
restrsct iaad cRAFMBEDNAM SLnédr R/ daS pidihg CertafRetAdIoh dnzped (g bi ndi ng

domain, is Fok I. This particular enzyne is active as a diner. Bitinaite et
al . (1998)yprpibo clagse DNAghgites semovygAres the peogotion sis7ad haye sepratdey, for

h f . di s¢l h i f
used' i ehing nd AEaEFSERAIS, Pt BRp HETEP S Bl £rBT shiahnl T tommi n.
Thus, f ordouBlegtlagdedicledVage 81 DAY et 9GlueR¥AAES fodtHit8 redoghBidh&tle beRhacenent of

cel lul ar sequences using zinc finger-Fo& | fusions, two fusion proteins,
each conpstired arfl b3 megleotides fpatids reapgnitionsithon hgwthes. Ssodot examploddlitute a
cat alyti i ) V. %r@f% A i , { e | ypepti de
nol eclél ecp?f‘(k)én Saﬁ%%éig&d%lzﬁc}@?aﬁlgef 7:’]%9&?' %%%Q%H%%ld(l? \%%j IE—%LC' fVB% eavage
hal f - donmedcad. SANUSH 89:4285u26d; LiPar @NEI99B B Prder Nuflr geddeScic USAVIYET 6And
targeted sequence alteration using zinc finger-FoA | fusions are SJrovi ded
el sovher @768 fimeetaf- {19%s) Peoq dlatiyicad. dre A 8838t Kimef alfepan
hal f - domaj iy \Y; 4 f J Qe } vage activity,
or that rjétgéﬁ'ﬁgh%}ﬁeﬁgb% IF%;B 1[3,28%’][‘1?1%%{&?{)@%&?% g. ? tgﬁﬁgdr?lﬁ)zrgteﬁtgo forma
f unct i onalonprise thegdeavagadomainGaOdaviage plfatonain)deorh h8easg oheilype BIS enzynes
are c{ scribed.in Inter ngti onal Pub] i gglti ng ¥x¢) %7/ 014271'%,& [ nco%por ated
hereild i Aestiictiofnzymeand guaoF MeReFine doges kipdigy damainse Which SRAYFPaY n
separ abl g ppodififeafl Cl eavage domains, and these are contenplated by the
present disclosure. See, for exanple, Roberts et al. (2003) Nucleic Acids
Res. 31:40800420. [ OAn8kerplanelyrmiliS egstratiomeneyme,twizose ickravagsedogaaimin
COmDI L S a2 ol (1 1AL D ASER, & AP Il Bartic R Bl mtcs BGiVesG M ed o as
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 I

enzyme used in the disclosed fusion proteins is considered a cleavage half-domain.
Thus, for targeted double-stranded cleavage and/or targeted replacement of cellular
sequences using zinc finger-Fok I fusions, two fusion proteins, each comprising a
Fokl cleavage half-domain, can be used to reconstitute a catalytically active cleavage
25 domain. Alternatively, a single polypeptide molecule containing a zinc finger binding
domain and two Fok I cleavage half-domains can also be used. Parameters for
targeted cleavage and targeted sequence alteration using zinc finger-Fok I fusions are

provided elsewhere in this disclosure.
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that mnimze or prevent honodi nerization, as described, for exanple, in
U. S. Patent Publication Nos. 20050064474 and 20060188987 and in U. S

Appl i cat iwo 2biy/15130A 805, 850 (filed May 23, 2007), the di eciraseoemozaBs al | of
whi ch are incorporated by reference in their entireties herein. Amino acid
resi dues ositiops, 446, 447, 479, 483, 484, 486, 487, 490, 491, 496,
498, 499_,[8%883 53_1,“"‘1 Bleavaggdpmain,pr Juayegr helfdomaig gindhs anyROFHEROF

i nfl Uenc'p?&eﬂ!tﬂﬁrrbt%ﬁfs'c%v%e &éﬂi@it? “that rﬁiaﬁﬁ‘éﬁg%ihﬂj fo-HARRIRSe (4.9104]

Exenpl ary engi neered cl eavage ha t-domains of Fok | that form obligate

het er odi remenientd foam afupaiienal nleakdgedomdin.r st cl eavage hal f-domai n incl udes

tati ' id i d t It 490 d, 538 Fok | d
second cBHiAGe. naliRentH PR Aecidh Bsbies otk oG B Rleribral cn. 456
and 499. HBf&ion WES07/0142988in8 Gﬁﬂtéﬁalﬁléreinein’i@d"gﬁﬁlie%ﬂ Aldifi8Ralredtiasss G u (E)

with Lys (K); the nutation at 538 replaces Is ) with Lys (K); the

mut at i on eazymemlsaginiaiadem@rabl¢ binding andaleavam domains,tand theseard on at position
499 repl aces | [ ). with Lys (K. Specifica e_engi,n cl eavage
nal t - domeonemeited Pyt Al FisQbbure BES e RoEr e B CRPFEne 400k K
and 538 (Nuctdfd Atids Res Nkseidvgye hal f-domain to produce an engi neered

cl eavage hal f-donmai n desi gnat ed "E490K: 1 538K" and by nutating positions 486

(Q E) andOW® (| - (Ancpripin emboditaents |the¢lagvagh domalioraamprises Ope BUMEES an

cl o ge RerPRy SRR HALRIRLA ST LIRRAE oo BT iOH omaid HBLAR DI SC

whi ch abeh4tafihimgize ay pefentshomodimbredions asdestrilsdde for esadplegirgU,S. Parapl e 1 of
U.S. Provisional Application No. 60/808, 486 (fil eg May. 25, 2006), the
di scl osurRublsatigmiNos. 200300664 Fhangd 20P60) 8898/ and/ip &-S rApRlicalidn Noet v for al |

pur poses 1 11b5H30 (B MG DS HATRaKEARcBRrES Qpél}iiéﬁv%%lsﬁ%%fn%&o%é@ﬁj‘ can be

prepared using any suit hod, Ttor exanp site-drrecte
nmut agenegeferante i thdirtepfisatice heraie Aunbfo- abodredsitmes glositiona 4463 #HEd in U. S.

Pat ent. Publication . 05006447 e g, | e :

07/ 13@8984.83[%%@7‘?6’%‘9?%(&458{3 %’5 4§§Pg‘?9§a§%(g 53&;/5@%32?@933@&?%"3\9% at the
nuclei c ag tgrg%@rfepfnfﬁkﬁﬁngainmaizaaoﬁaﬂrﬁ%k%héatv%%mmmsmm@hnol ogy (see
e.g. U S Patent Publication No. 20090068164). nponents of such split

enzymes nf@y04le expriesemlanyiengmeersd cicapagahalf-dxpaios of fnk Ethatfaroct s, or can

be |inked, i.n one open readi frane re-t I ndi vi | ¢o ngnts are
se palr at ecffblh%'i‘3 h&?&&fﬁ?‘@fs 18@"“39 8 RpY 1L % é‘i?li "h%rsg §lelﬁ‘éa]§lf i égy‘%lm 2\‘?2&%?115%5 uence.
Conponent §uiaBY¥nstf alrifld ¥did vesiduek BEpdsitiar490iandisBg o FBRI REd fkecond

20 cleavage half-domain includes mutations at amino acid residues 486 and 499.

-

[0105] 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
25  mutating positions 490 (E—K) and 538 (I—K) in one cleavage half-domain to
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
30 in which aberrant cleavage is minimized or abolished. See, e.g., Example 1 of U.S.
Provisional Application No. 60/808,486 (filed May 25, 2006), the disclosure of which
is incorporated by reference in its entirety for all purposes.
[0106] Engineered cleavage half-domains described herein can be prepared

using any suitable method, for example, by site-directed mutagenesis of wild-type
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domai ns of a neganucl ease nucl eic acid binding domain. C Additional

Met hods for Targeted Cl eavage [0108] Any nucl ease having a target site in a
BAX or BAKOgeewelsem be used in the nethods di scl osed hererrus2t00nozzanpl e,
hom ng endonucl eases and neganucl eases have very |ong recognition
sequences SO whi.ch are likely. to, presen on . a statlstlcal basi s,
once in &% ﬁ?’?gﬁ’ag{%ﬂm@%f&@) Eiﬁcéhi‘ﬁ "rl“ﬁt,sl gé@gﬂéﬂﬂﬁcﬁ BN@ni que target site
in a BAXZ@OS’O‘(IEMW(O%QE‘JE Edd %stﬁﬂW@sé’ﬁ in addition to, a zinc
finger nucl ease ‘targete avage Iint ese genes [0109] Exenplary
hom ng ed@MVlicl easdtarmativetie niiclSases maly- b@e!s$emh¥ed PS\pvq atFthSneclei]: -8k TV,

| -Csm, 1-Panl, |-Scell =P Scel.l Crel evl.l and

| Tew 1 1. ke paBgieeleh PG shnEac Ernolar e sk U S Baels Riblgktomc No.

5, 42050330, YoeH0068164)! d&?ﬂpo@xeﬁ@%f gt sphebAAfnles fhay be &%Q&Zéd Sk ghC Aci ds
Res. 25:3379-3388; Dujon et al. (1989) Gené 82:1715-1'18; Perler et al.
(1994) Nuepasite expiespiorReanstradts, ormbm linked injexi apegt I@QB)g frarem idheteethet .

12: 224- 228 le e (1996 163- ast et al.
(1o68) 3 npgpuigefpbhofls meiskpailed, for o B ) aaGPEicivBegrube s ogue.
[0110] ARBSYeduchbE Chp¥RGRs MAg bk individialdindmsder BHUiNPdGASANUE| eases is
not absolute wth respect to their recognition sites, the sites are of

suf fi ci erflomaEngf s eeganueleaseayrlsicacedbingmedioaain.per manmal i an- si zed genone
can % obt ai ned by expressing a hom ng endonucl ease in a cell containing a
single copy of its recognition site. It has al so been reported that the

speci ficity ofC.hAaddicignsinviethudd foaJasetsddClergigeucl eases can be engineered to
bi nd non-natural target sites. See, for exanple, Chevalier et al. (2002)

Mol ec. cdP108]p: 895wu°#@§ﬁ3@VI@g a JATgelsHg iy ded@Pre%K BERGIcanFResused in o957

2962; Ashypn Sj?’(dﬁge gt- al. (2007)
Current gene {Pﬁggr%%%}o Q%é &*I veréé]}ﬁ)?ﬁ%%ﬁﬁnugggﬁ%ﬂescri bed herein may
be del i venegdntdeaes kavgeterycking régogaitionsequabts somalos whiih dralbikelydebbs i ncl ude
but r] limted to eukar ot.ic and g{lokar\é%: C ceIIs and/ or c |1 1ines.

I

Non- I'Pmi tﬂr?fﬁme%?rﬁ?aé‘ét“@ll duBence BFIOEEE. James “%%¥m such cells

i ncl ude GeBno GRIRidiR 1Brget FHG S B ANy B ﬂ{‘%%ﬁlbm ad of, ol GHO DUKX,
CHOKI SV) , " VERO B ES TVG T BIAARDS BHK, HaK, NSO i Mo- Agl 4,

HelLa, HEK@dBofido,q zindﬁ@&uﬂea%mg&gbﬁed cleavage in these genes.
[0109] Exemplary homing endonucleases include I-Scel, I-Ceul, PI-Pspl, PI-
Sce, I-ScelV, I-Csml, 1-Panl, I-Scell, 1-Ppol, 1-Scelll, 1-Crel, 1-Tevl, I-TevII and I-

20  Tevlll. Their recognition sequences are known. See also U.S. Patent No. 5,420,032;
U.S. Patent No. 6,833,252; Belfort et al. (1997) Nucleic Acids Res. 25:3379-3388,;
Dujon et al. (1989) Gene 82:115-118; Perler et al. (1994) Nucleic Acids Res. 22,
1125-1127; Jasin (1996) Trends Genet. 12:224-228; Gimble et al. (1996) J. Mol.
Biol. 263:163-180; Argast et al. (1998) J. Mol. Biol. 280:345-353 and the New

25  England Biolabs catalogue.

[0110] Although the cleavage specificity of most homing endonucleases is not
absolute with respect to their recognition sites, the sites are of sufficient length that a
single cleavage event per mammalian-sized genome can be obtained by expressing a
homing endonuclease in a cell containing a single copy of its recognition site. It has

30  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 et al. (2006) Nature 441:656-659; Paques et al. (2007) Current
Gene Therapy 7:49-66.
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HEK293-T), and perC cells as well as insect cells such as Spodoptera
fugiperda (Sf), or fungal cells such as Saccharonyces, Pichia and

Schi zosacwbanomse®s. | n certain enbodi nents, the cell | PO&/US3000/0CHE Kl |
MDCK or HEK293 cell line. [0112] Methods of delivering proteins conprising
zinc fingers are described, for exanple, 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, YdiveRp: 7, 013,219; and 7,163,824, the disclosures of all of
whi ch are incorporated by reference herein in their entireties. [0113] ZFNs
as descri[@Ed]her ei TheedFNd deschbedledremanagdbaiddlivgreddo tagargeteatl by ariyng

sequences odi n e re of the ZFNs. ector systens nmay be used
ol udt naUTHE TR | e le oS e ot bt B enlkEtoland profeexediy,

lenti gi r aknyaeder el lﬁﬂ@”%hﬂﬁﬁitﬁ‘lg%k&h?ks BOXeh cdfls YEEIPlirfos gRRERRAVI I US
vectors and adenoassoci ated virus vectors, etc. See, also,” U S Patent Nos.

6, 534, 26 frongs@hredgnclgledXAS 9ZHO @ 20 3BHO-,LHO-BYV,ILCHBODGAIOTHO219; and

Fur ¢ her mt OB GROPDERRYCREITS ERES BBk iR, Vol B S ommr i se one

or nore ZHiKeHsRINBY, SEY asHel A USEK20%® (. £ "HERR 9B, ¢1HI29RHOT ZFNs are
introduced into the cell, the ZFNs may be carried on the same vector or on
di f f er entHERZYD TS ang\per{healisiag welhasdnssescedls suehsasdSpodaptera pginsrdatSi).conpri se
a segyence ' | tipl ENs ., 14 nventional vjral and
mon- I ai SSREEEY BbaOH B Ricc T drb B £ mod S lsa O PR BLet ) i c

aci ds encafbodin&igithees Eltheds RCHO-K | MDAl ogHEKZO8 W1 tigas. cel | s) and target
ti ssues. Such methods can al so he used to adm.nister_ nucleic acids encoding
ZFPs to d8H2A in viMphods of dediverng PErieiBticorBprising aine foRers26¢ descEhehdi ng ZFPs

dni e i o oviral .
arc adm %lsé’ﬁéﬁeqlﬁg-%&ﬁwog{%2%%2?’%2@2’3%5%%1“5399’659” viral vector

del i very Sys tlei’c acid,” and nucleic acid
conpl exed, 6078822 658Dj558y §,824A78; 6933 LIS ; 6978, 53DpObIR 1 Yranddl, 163894 theVi r al

vect qr. deliyery syste i.nclude DNA a RNA viruses,. whi.ch have either
epi sdrual WYQSH’EG-‘@Q% éh@g‘é" WaﬁggVJ$VW%ﬂ?rﬁ@ ‘é‘%‘?‘? SHYFUSS- 1 evi ew of

gene thengpys)pr ocedunesas GREHNANRIEAMay M SHE felReRddRBrBIR1drd 992) ; Nabel &
Fei gner, TIBTECH 11:21 1-217 (1993); Mtani & Caskey, BTECH 11: 162- 166

(1993); Dohtagnng FqBikes ehdoding oie7ér 106&9H)the KFNb.eAny Nactor sysB5is W8$b460
(1992) Yer, kit BeLSiInoloms 8104 %L 458 L1380 e
(F;eJ: ; leﬁ?u dRttorBaiddovtudPelited! pBWihsvbdtoRl hthesitdrud dedtdR MM adblRsldada et ah, in
20 associated virus vectors, etc. See, also, U.S. Patent Nos. 6,534,261, 6,607,882;
6,824,978; 6,933,113, 6,979,539, 7,013,219; and 7,163,824, incorporated by reference
herein in their entireties. Furthermore, it will be apparent that any of these vectors
may comprise one or more ZFN encoding sequences. Thus, when one or more pairs
of ZFNss are introduced into the cell, the ZFNs may be carried on the same vector or
25  on different vectors. When multiple vectors are used, each vector may comprise a
sequence encoding one or multiple ZFNs.
[0114] 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
30 encoding ZFPs to cells in vitro. In certain embodiments, nucleic acids encoding ZFPs
are administered for in vivo or ex vivo gene therapy uses. Non-viral vector delivery
systems include DNA plasmids, naked nucleic acid, and nucleic acid complexed with
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
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Topics in Mcrobiology and I mmunol ogy Doerfler and Bdhm (eds.) (1995); and
Yu et al, Gene Therapy 1:13-26 (1994). [0115] Methods of non-viral delivery
of nucl eiwoaeldsismcodi ng engi neered ZFPs incl ude el ect POPAISa009003484

| i pofection, mcroinjection, biolistics, virosones, |iposones,

|
;F‘E}JPPC: %%iri’éfeﬁfvm@t%'t stk oBord @m#&h&g@%‘é' oot T S
e.g., 3 f
esclégr}éé @gszg??@éﬁ Ionaﬁsﬁa% Tm@wm 24?%?'99‘39*1\4%%1 very o

nucl ei ¢ ac ary nucleic acid delivery systens
i ncl ude téaQaskeyr BIBTRGCH By : 1636b66 (B Dilbors TIRBEGHHE ; 16Gek 1He(1993); Maxcyt e,

and’ Copertillen i aedr 400 (Th82 Vel el BtashiplobuSbBbETRE) T3 pof ect i on
is degcridbegh ‘Vl@e Restdtative %ﬁn%anuw&rgﬁ%nzgg 353611955 K88heB&5) and

Ilpofectlon eagen s are sold commercially (e.g., Transfectan(tm and
Li pof ect |Re(111cm)1)1et &ztlsloMedlcahBuHefmﬁh(ll)Bl-ﬁ}ﬁd@ﬁ alladdada etiek,dn (Carrant

efficient ce e n n tian of e de those
of | Fol ancherisie) S8rprEIs s Briion Dhumey i PO B R nd PV
adm ni st rat iGene méra}égqggtzg(@gmps {| n vivo admnistration). [0117] The
preparation of Ii nucl ei ¢ acid conpl exes, including targeted |iposones

such as ilffol i pi cMGth@é#i efeen-viral dehiverylof awmeleicacideensediag enginesied he art

{see, S {
Ther 105: Fpsgheiiyseogllich, POt eh Sherltictio biBEaTvEbssles, (5" 7000
Reny et af osorﬁbmxaﬂiuhenp@o@twmolﬁcaﬁéﬁoeﬁﬂldcxﬁ&%a aciGaonjapatas, nalkiahe Ther apy

2:710-722 (1995) Ahmad et al, Cancer Res. 52;4817-4820 (1992 U S. Pat.
Nos. 4, 198NAgartifigiad yirionsqandpagegsenincedupiake afi3NA, Si’@sp yon 14218&1 728,

4, 774,085, 40 830,008 > A ARiA8 ar) L1 bR UGB RNA IGRNA Vi Tl

based syse’z% very o nuc el c acl ds enco ng engi neered ZFPs
t ake advageiddge of highly evol ved processes for targeting a virus to
speC|f|c cells in the_ body and afflckln

h. | l.oad
Vi rallSvec08}9 can bed @‘&HP%%‘P@P are Q’GtaF% ‘{%‘%ﬁ‘\é'ltsig'a %‘flﬁ ‘?ﬁht?g% hgr n?ﬁlaius
can be uﬁ@‘gw QdB )&%lb%S'té?ﬂé’((@d’l@g&n@ehﬂﬁlﬁqwa;(éﬁ@ 158! (Reck¥iBle,adn ni st er ed

to patie Conventi onal_viral based systens for the del i very of
ZFPs i ncl Mdfyla:tai),tB"EXé\/Iubtullar Pelieaty tSystemst(Hollistanl, MAkand Gopamicusidenovi r al |

ek T ERRT G S R

5,049,386, US 4,946,787; and US 4,897,355) and lipofection reagents are sold

20 commercially (e.g., Transfectam™ and Lipofectin™). Cationic and neutral lipids that
are suitable for efficient receptor-recognition lipofection of polynucleotides include
those of Felgner, WO 91/17424, WO 91/16024. Delivery can be to cells (ex vivo
administration) or target tissues (in vivo administration).
[0117] The preparation of lipid:nucleic acid complexes, including targeted

25  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.
2:291-297 (1995); Behr et al., Bioconjugate Chem. 5:382-389 (1994); Remy et al.,
Bioconjugate Chem. 5:647-654 (1994); Gao et al., Gene Therapy 2:710-722 (1995);
Ahmad et al., Cancer Res. 52:4817-4820 (1992); U.S. Pat. Nos. 4,186,183, 4,217,344,

30 4,235,871, 4,261,975, 4,485,054, 4,501,728, 4,774,085, 4,837,028, and 4,946,787).
[0118] The use of RNA or DNA viral based systems for the delivery of
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
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with the retrovirus, lentivirus, and adeno-associ ated virus gene transfer
nmet hods, often resulting in long termexpression of the inserted transgene.
Addi t i onawvbypodisgdyit r ansducti on efficienci es have been @®bTarse@d/odzsaany
different cell types and target tissues. [0119] The tropismof a retrovirus

can be aI ere oratin fore| vel ope prote ndi ng t he
pot ent i altng BRgUs: ﬁéb’ﬁ \EN tPE?rFanb%tagf”d’é‘F ‘{]’ée"ﬂ}ighf’ﬁ F%d’” Vé‘e)(?fpge%r e

retrovi r%l E@ﬁE&f tgs ttAalelRNiR vBRS ﬁl&ﬁetrﬁcﬁﬁ'ﬁ s%fe édﬁfu‘ﬁfﬁer&i)fb }deti\éhﬂ' ng cells
and typi ca y produce high viral titers. Selection of a retroviral gene

transfer (s:yme)n (Ckapzennlenarb mralﬂmsechsmnst fos theadeliRettyraf\ A Ps|include, bus arzr e

co d d t | t ' t h kagi. ty f

o b 10 5° B ED SirGRo E EHSar TR PR e SRSt oD R AP e ci ent
for repligableRRirafdediosf805dng tithsfeh eI QSR Sin tHOhEH g@ﬁ(ﬁné RejvssisRd to
integrate the therapeutic gene into the target cell ﬁrgrow de per manent

t r ansgenevidxheasisovirs, lnderys, andadenetassadiat vmgtmeéram r ogthadsoeftenbased

upon rrurlneleuk m a, virus i bb eIeu GlLV), Siman
minoder PR he et LBt ekl sBfacnF AR ki Bl ) g
conbi nat i emsdicfioh @ficiéied® ha®e Been Ebkeheahf madl defferent. ceMitysds. anﬁ@ar§€t3 1- 2739
(1992); Johannt /., J. Virol. 66:1635-1640 (1992); Sommerfelt et al,

Virol . 17@55%—59 (1990) Wlson et al, J. Virol. 63:2374-2378 (1989);

MII el@afflgﬂs‘l, n Whl 1?1 %Opégg &%%th\%ﬁé”ea& i)g gljt%red B%%?@cﬁ/agég %Qél [0120] In

appli nsient “expressi on einis
preferr edanv@l@?ﬂ?tdtélﬁi ebpﬁ&kﬂngm&tpemuaaﬂarg@epo@ﬂamn%famm ceals maﬁeciraAect ors

are capabl e of ver h transductigon efficiency i.n man aﬁ pes and do
not r equi YeEtoERAe T@FF(W yectongithat ase able (Q iransduce ofigect nensfivigins fe Zﬂ?qde

expr ess! Qi RAYPLRARL: fgh @iyraﬁﬁim T ctoliBf Pk rANiMAPERIAMSRE shdierhar 0

quantiti Inare atl surpesys em somated Irus ("AAV")
vect ors ateperdssom theMgétmssuearﬁcimatedzdt@rsmetdvrmprrsgébf nisedcang langi ds, e.g.,

inthe in vitro producti of nucl ei c.aci ds eptides, and f in vivo
Lnd' 33 | Netnigattebemuih pakamgnapasity eap 18600 kgHbtae sealBieer st

160: 38- 47, (ﬁ%ﬁ@czs-%t IEPR@% sNPﬁmélnt?gr? Qgﬁ&tlo}{@n@%é g,fh]g s offthé Vébtoxk'llmin Gene
Therapy 5:793-801 (19 Miuzyczka, | nvest 471351 (1994}

Constr uctwhmbfarerthcmumdrta mmteg;am the thnapzeuac genteinty thdargetrel topradade of
publlcatlons udi n

Bi'ol | 5 B el GapsEsRe pRorstsiqrt ey uReczfto (il vegR e g afhs Based™ 5 1
(1984); Heyomndrinedledienyia ks (MNAY), gibbon ape leukemia virus (GaLV), Simian
20 Immunodeficiency virus (SIV), human immunodeficiency virus (HIV), and
combinations thereof (see, e.g., Buchscher et al., J. Virol. 66:2731-2739 (1992),
Johann et al., J. Virol. 66:1635-1640 (1992); Sommerfelt et al., Virol. 176:58-59
(1990); Wilson et al., J. Virol. 63:2374-2378 (1989); Miller et al., J. Virol. 65:2220-
2224 (1991); PCT/US94/05700).

25  [0120] In applications in which transient expression of a ZFP fusion protein is

vel s of

preferred, adenoviral based systems can be used. Adenoviral based vectors are
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

30 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,
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
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81: 6466- 6470 (1984); and Sanul ski et al., J. Virol. 63:03822-3828 (1989).
[0121] At least six viral vector approaches are currently available for
gene tramnsbepoymidhi nical trials, which utilize approacires/usbab/obzrsol ve
conpl ement ati on of defective vectors by genes inserted into hel per cell

i t t duci t. [0122] pLASN and MFG.S

exanpl o5 SBFECOBTHEAR AV YELPOYES HerOR] Ui BUBHETSBHORFRHPRGHITG, | o <
Dunb - | ASAhBiRts: . . 1:1017-102

( Dunbar Rt/ﬁﬁ@#m. Rb0947821 808 R of 25914, ce! ?zo% 957%5_1-%@1(%?’%5@%

(1995) ; ech't /.7, PNAS 94:22 12133-121 19 N was the
first thdiraehin,eat aleblobrCalb Bivli 4207252081 (1984 Hermonatl & Milyaelss PA4SI |,

nave beor HoRRLA U Sy Serml R 20 | kel RIS PO | prunol
| mungt hgp12144(1) : 18r 1885t bikSAral vedtbP&Prbachibs &e.culidffly SRRRbIE rg%f:nli 11 1-2

(1997). [0123] Reconbi nant adeno-associated virus vectors (rAAV) are a
prom si ndgraasferimelinicad trépds avhieh nijlize appyeachessthptisvel ve nomplenwafationiofe and

or rved PR Brl@iel End PRGN Ceh PR cthm P iromsBEHR: 5. i e

repeats fagagtki ng the transgene expression cassette. Efficient gene transfer
and stabl e transgene deli vgi\{vﬁdue to integration into the genones of the

transducd®22d| | ar LAIN pedME G arg examplss pbratiovirabectors thabbayedeert al |
L 35191 1.7. K T . 9; -55 (1996)).
[ gggi? R%%?‘?%latﬁllz%c:\a-f %ég?g?lé%t% %téaclb%%%r%%ﬁg%@é n%s\(/ﬁr@gﬁ’ \E/{gocizlfl § ?gz’?&(g) C<(31n be) :

produced Méd. ht1gh 7t100€1998)iMabatlicr ¥l PN2S 942212312038 diobfprent cel | types.
Most adenovirus vectors are engi neered such that a transg%[le repl aces the
Ad Ela, BAS17H N Was thetiest thegapsutagvieston ysed jea gens themapy Gialddlesseiete vect or
I S propagat | } S del. £ lan in
trans. A 'Vg‘%’f )(Ijér}siqf(?z'a[’!ﬁ;I3 tran lgg@g %#??%?@%%%gﬁé%tcﬁﬁg gﬁgrgg{eﬁt%ﬁl%/\%

i ncl udi npeearmobkervedi fogMRG-Sfpackaged ateetdrsc €Ellam eual) IauinbbBemimihet. i n i ver,

n' ox i G EAE 95 Yanert e, Bt o Thee Rl CACERS ol vol ved

pol ynucl ggizgfe thergRymbMant BdnblU¥BEciatBaVHIE FcSS S\MA%MJ FHOREGHE ar
injection (Sterman et al, Hum Gene Ther. 7:1083-9 (1998)). AdditT onal
exanpl es alternahiee gore dellivearyssysteins rasedeart the slefeotivgyantnanpathegenici n cl i ni cal
trials include Ro&enecker.

Hum Gen@¥TiPEIs & waﬁ’jg%c_latg% @’%l(e fg\gfgfsc AP Ve dtors arderved Fronch ;plaértn% fap et al,

retains only the AAV 145 bp inverted terminal repeats flanking the transgene

20  expression cassette. Efficient gene transfer and stable transgene delivery due to
integration into the genomes of the transduced cell are key features for this vector
system. (Wagner et al., Lancet 351:9117 1702-3 (1998), Kearns et al., Gene Ther.
9:748-55 (1996)).

[0124] Replication-deficient recombinant adenoviral vectors (Ad) can be

25  produced at high titer and readily infect a number of different cell types. Most
adenovirus vectors are engineered such that a transgene replaces the Ad Ela, Elb,
and/or E3 genes; subsequently the replication defective vector is propagated in human
293 cells that supply deleted gene function in trans. Ad vectors can transduce
multiple types of tissues in vivo, including nondividing, differentiated cells such as

30 those found in liver, kidney and muscle. Conventional Ad vectors have a large
carrying capacity. An example of the use of an Ad vector in a clinical trial involved
polynucleotide therapy for antitumor immunization with intramuscular injection
(Sterman et al., Hum. Gene Ther. 7:1083-9 (1998)). Additional examples of the use

of adenovirus vectors for gene transfer in clinical trials include Rosenecker et al.,
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Wl sh et al, Hum Gene Ther. 2:205-18 (1995); Alvarez et al, Hum GCene

Ther. 5:597-613 (1997); Topf et al, Gene Ther. 5:507-513 (1998); Sterman et
al , Hum weorreosTsesor 7: 1083- 1089 (1998). [0125] Packagi ngCtalisbaoapmsused to
formvirus particles that are capable of infecting a host cell. Such cells

uni ch padkagion | Soit O8OOI BTt daimel ey ia b 889 (08l ual |

gener at edybiv, g A" metce&emer.lz}m-mfﬁgg@ﬁ%e&féﬁ ePalY3h] GeCTAErVECt OF i Nt o
a viral particle. The vectors typically contain the mnimal viral sequences

requi r ed £¥97-@3cR 897 dophet d.ubeaefier SiSFT]dBd1998); Stetroametds tHum. f
applicablg), .other. \ir nces being replaced by an expression cassette
encodi ng (‘?‘%‘75 @Fﬁﬁeﬂ\?-”f@k@?%r essed. The mssing viral functions are
suppl ised [presyrans packiEnPedisage 0&das!fbrml Vitds pdraéleeiaieRapiiyorect ors used
in gene therapy typically onlly possess inverted termnal repeat (ITR

S

sequencesnfeeting a hest sl Jactoerdlswilede 203ccetlaguiick gadkage pdarioaiusngndnid

i i op_ i . _ Viral ' kaged i lI__line,
o8 24l bR i e st Dol RS SRR s Bt |,
and cap, Waudlly gmkiabg ByTRprmqwrt@ﬂsi.neTm paclalged 4 AEcléis agldS@ciotfigetaed Wi th

adenovirus as a hel per he h_eléﬁgr virus praonotes replication of the AAV
vect or aritrabRastielesIha vestomaypigalhy eontaig the menimal pisa! spquasgegrequried 08| per

pl asmi,d i ; LI -SL.Gp t
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t r eat nentbeing repliacdd daNOyPredsion chisgwte enswlingd thiepeotbinato baAXprefsel2dhel n many
gene therapy applications, it is_ desi r%alg}&?th t the gene therapy vector be

del i ver edniffing VERIHRBFIONS grewippticd prieers R thy packagingnell g dior SXEBRIE t ype.
Accor di gl ¥y \Beibld @éed\ﬁ‘?%gﬁ%]r tlhglgaﬁél?)i)x@ﬂ" Jdlfgogsgssl'iﬂ\\/&iea&@ﬁﬁiﬁhl% defor a given

cell type by expressing s a‘fusion protein wth a viral coat
prot ei n iTR)seqoetces fronr tha?eA Vigehdme wihiahsare Tdymired demmhckagiogesdn t o have

affinity for a receptor known ta b sent on the cell]. type.of interest.
For ekéaﬁp‘mé,gf g Idp %éﬁ E‘Osb%‘b".m%aQYF‘.’el Iﬁ@ s pg@ﬁage{@@ @FEJ ié%%@ml (1995),
report ed Joﬁéins'\.@ﬂe%@é)ld&l{i& RRcd K @RTotheY AN g6RdY, RENENGLH bfdlcdf) bAKPT €SS

human heregulin fused to gp70, and the reconbinant virus infects certain
human br dasking it sequenddss Ta oek dine mrpl$nuimbgstasioiidle aderioviynees hhélpen: ohe

R S WAL
fusion predmine KPR Plahig. Thé heipBoplhahidtidfoGRlcksgedfiagRnificant amounts
20  due to a lack of ITR sequences. Contamination with adenovirus can be reduced by,
e.g., heat treatment to which adenovirus is more sensitive than AAV.
[0126] In many gene therapy applications, it is desirable that the gene therapy
vector be delivered with a high degree of specificity to a particular tissue type.
Accordingly, a viral vector can be modified to have specificity for a given cell type by
25  expressing a ligand as a fusion protein with a viral coat protein on the outer surface of
the virus. The ligand is chosen to have affinity for a receptor known to be present on
the cell type of interest. For example, Han et al., Proc. Natl. Acad. Sci. 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
30 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
receptor and the virus expresses a fusion protein comprising a ligand for the cell-
surface receptor. For example, filamentous phage can be engineered to display

antibody fragments (e.g., FAB or Fv) having specific binding affinity for virtually any
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receptor. For exanple, filanmentous phage can be engineered to display

anti body fragnents (e.g., FAB or Fv) having specific binding affinity for
virtual | ywenyetiss®m cel |l ul ar receptor. Al though the aboveTdsg@awiopi4Bon
applies primarily to viral vectors, the same principles can be applied to
nonviral vectors. Such vectors can be engineered tq contain specific uptake
sequences WﬁncﬂqllFléWﬁcelP}Bf aRlh pHehsbe abavecdoseririion applipssprimarily#p vaghe t her apy

vect or s %@mgeggegarnégr 1& 'R C?ﬁﬁh@dj{@ A f_z)?s tMl[ N elcfidl Y e

patient, typic temc a nistration ravenous,

i ntr aper iengmeered to mntamspmlﬁanptakm betmences which fanblr razﬂaleenb;ai;percrﬁdwgen) or
t opi cal g:pﬂl I cation, as described below. Alternatively, vectors can be
del i vered®t'd cells ex vivo, such as cells expl anted from an individual

patiest (g1, |Yy"GGeth&apy P68k b@Wel"i’x?e?écf ﬁzt\ff% b%écﬁﬁiﬁ?stﬁ'ugﬁw A OF

uni versal donor hemat opoi € |c stemcells | owed by rel nplantation of the
cel | s i ntindizidpakpatinnt, tm@éllylb}' sybtesric srhhmaﬂtnabqn {ag., nmiak/snom; ch have

[ ncorporat ed t.he vector. 128 a t|on for diagnostics,
research,' niggpe f‘gqn 8l Fr afrl’r'é %@Fxémai \9f§‘ af"r?ﬁﬁgﬁ AT t?IPI‘QQ]t ransf ect ed
cell's intgp ﬁ&h@roﬁ%ﬁe@é’rﬂﬁﬂ'b%l@w | Alt‘éﬁlaﬁvé‘l?%@t&r@cm&elﬁ&eﬂl’tb lcbnd & the art.
In a preferred enbodi nent, cells are isolated fromthe subj ect organism

t r ansf ectéd, W@Wsaemmmﬁbﬁcmam ldd(vgbnépairenttal\g&; lymphdcytes,ibohesed back

i nt o,t.he sub at i Lep S suitable for

o wilho® PR il VSRS B ar R T s YRR stort RS ot (e

e.g., Fr &Sllm%dl@)treﬂhplaﬁlahbﬂ oetiRfcehBintah @ﬁéﬂtSusuéuwaﬁétadele@ﬁoxBf&ldéuJechnl que

(3rd ed. 1994)) and the references mteg therein for a discussion of howto

i sol ate aclcbavedneorpemted the eatprat i ents). [0129] In one enmbodi ment, stem
cells ar EIW din Niry \y %’ gelpﬁ'ﬁfs?é%lﬁ ﬁ%mj &iflgg)ﬂliés, Hegé}éil,ﬁog;ﬁrg ger%l%ggerggyoe

t her apy. advantage t 0 using stemce

di f f er ent(e.gt, @ih nenhﬁlsmtrlhﬁ"lthé:ﬁhﬂsfécyeﬁlﬁ&llls lintd ithe ost Ofganism)hewenknodueed i nto a
mammal_ (such as ihe donor_of the cells) where they will engraft in the bone

mar r ow. N’é‘isﬁé’ gkiflgp the art- elnemprefrred gnibodiment 9alls arerﬂSQ]raferdcﬁqlﬂtﬂEP Labj 6t gal ly
TNF-
A T L e T e o e

cel | s ar antogind atbgmbt brgantsna@mmuem) dfadiods Edlktyped sudthblerforiad migo known
met hods. triggfegtkl(o% re w‘el %(znvnctglt}]osse%rf%kllll 18|tl?et ar%i (sfeg Oer?g b rréghnrg%'rert Ca)yv cells by
Culture of Animal Cells, A Manual of Basic Technique (3rd ed. 1994)) and the
20  references cited therein for a discussion of how to isolate and culture cells from
patients).
[0129] In one embodiment, stem cells are used in ex vivo procedures for cell
transfection and gene therapy. The advantage to using stem cells is that they can be
differentiated into other cell types in vitro, or can be introduced into a mammal (such
25  as the donor of the cells) where they will engraft in the bone marrow. Methods for
differentiating CD34+ cells in vitro into clinically important immune cell types using
cytokines such a GM-CSF, IFN-y and TNF-a are known (see Inaba et al., J. Exp.
Med. 176:1693-1702 (1992)).
[0130] Stem cells are isolated for transduction and differentiation using
30  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
CD4+ and CD8+ (T cells), CD45+ (panB cells), GR-1 (granulocytes), and Iad
(differentiated antigen presenting cells) (see Inaba et al., J. Exp. Med. 176:1693-1702
(1992)).
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panni ng the bone marrow cells wi th antibodi es which bind unwanted cell s,
such as CD4+ and CD8+ (T cells), CD45+ (panB cells), GR-I (granul ocytes),
and | ad (woRheremiat ed anti gen presenting cells) (see PPoahm2@v/oed4gs J. EXp.
Med. 176:1693-1702 (1992)).[0131] Vectors (e.g., retroviruses,

adenovi r;gﬁs i posgges, etc.) containing therapeutic ZFP nucleic acids can
al so be istere CtRTs &84 JFROYIYFESo P }’%’Heﬁ’dkpoﬁ?‘&ﬁ%&f.ﬁ‘)g ?QS‘FP‘Bche! s in
vivo. A ter Bkt O RS seiENACAD beadtfifiired 8hadt tﬁwo?%aﬁﬁgrﬁ“fdron Is by
any of the routes normally used for m.rocfum ng a ecu Into ultimte
cont act wransdushiondf cellstin y8ee Adedrhaivieht haldidigIN Abean beckindinisteredd t o,

I njection, infusjon, .topic application an | ectr.oporatiqn. Suitable

et hods  Gianaiisiaiey ishrvadtené FisdRemally B e Ao arRaE A dRHIEH “enown to
thosesof yHighhte cbﬂta&th?itl@bfood%?@_ss@'crehQHﬁhldﬁPg’,%uh'ﬂﬁ'lin‘ﬂ% foOifétieAN be used to

adm ni ster a particular conposition, a particular route can often provide a
nmor e i naefiusios, tepigahappdicatidneand alectroparationn Sultahie methdde of rdmingstefing 32]

Met hods for, i ntr.odugti on of i nt 9. henatopoi etic.stemce)]ls,are

di el osedueh BREE G B mREang Bl KHoRE O B ot al S el ple et ui 1 or

i nt r oductaltBeud mbreahS&deRNEHutd dad Heaked ePindinister AlRAMGRr cdmpdsifion, £034+
cells, include adenovirus Type 35. [0133] Vectors suitable for Introduction

of trans@ereylar seuse cameolien piovids amorg immedigte prd morre¢fikréiva seaction danat i ng
| ent i1 irééo%g%?g‘%s. See, for exanple, Oy et al. (1996) Proc. Natl. Acad.
Sd. USA 93: -1 1388; Dull et al. (1998) J. Virol. 72:8463- 8471; Zu ty

et al. (¥0R82) J. ViMethodyfsr ddrciulB60)of BBIA it herfitopdictié seRellNatar e
Genetics 25;217' -222. [0134] Pharmaceutically acceptable carriers are

det er mi nélisclasedfpr expmple,dn §h3+ Ratentd¥o. ot#§ 38t iVshtosepseduldanintodieiay, as
wel | as oy : to h J rs | 11 on.

hocor di nateEeREL bl MRl MRLAOHEHR B 1 PR S nchiBe BRTRIRL

phar maceullypedb. conposi ti ons avail abl e, as descri bed bel ow (see, e.g.,

Rem ngt on ' s _Phar eutical Sciences, 17th_ed., 1989). [0135] not ed
abovg,g tﬂgl:‘gﬁ]scl ogg\gecﬁﬁﬁﬁ'&&‘g’%\ itEysHPR phRansgenes patojrwRmefelis(e.gy pe of
cel | inclugiiRy; LindebtBti ; ' f@ulrggé';l ,

Ar chaeal ng%lllgg}ncgfdtgrﬂa ﬁcueﬂleg?,nhgg%&etggmggl%ﬁgfsy?ﬁ%’gwg{lzélcaglﬁ)lles’, Vert. ég?%%% cells,
mamal i arPreelNal. airadd.himdyis/té&llé%z;duH%Illulb&tlall. (199899. Vool J2c8463n expr essi on
are knowy b, LOARS &%1.3£098) . virol 72:9873-9880; Follenzi e al. (2000) Nature

Genetics 25:217-222.

20 [0134] Pharmaceutically acceptable carriers are determined in part by the
particular composition being administered, as well as by the particular method used to
administer the composition. Accordingly, there is a wide variety of suitable
formulations of pharmaceutical compositions available, as described below (see, e.g.,
Remington’s Pharmaceutical Sciences, 17th ed., 1989).

25 [0135) As noted above, the disclosed methods and compositions can be used
in any type of cell including, but not limited to, prokaryotic cells, fungal cells,
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,

30 CHO-DG44, CHO-DUXBI11), VERO, MDCK, WI38, V79, B14AF28-G3, BHK,
HaK, NSO, SP2/0-Ag14, HeLa, HEK293 (e.g., HEK293-F, HEK293-H, HEK293-T),
perC6, insect cells such as Spodoptera fugiperda (Sf), and fungal cells such as
Saccharomyces, Pischia and Schizosaccharomyces. Progeny, variants and derivatives

of these cell lines can also be used.
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in the art and include, but are not limted to COS, CHO (e.g., CHO S,

CHO KI, CHO D44, CHO DUXBI 1), VERO MDXCK, W38, V79, Bl4AF28- G3, BHK
HaK, NSO weRRdsMAgh4, Hela, HEK293 (e.g., HEK293-F, HEKP@IAIS2000M063288- T) ,
per C6, insect cells such as Spodoptera fugiperda (Sf), and fungal cells
such as Saccharonyces, Pischia and Schi zosaccharomyces. Progeny, variants
and derivatives of these cell lines can also be used.Kits [0136] Al so
provided are Mgits conprising any of the conpositions described herein or
for practicing any of the nmethods described herein. The kits typically
contai n d8B6dr nor AAlzéo pwvidedgee kims otmepmsng anygof, the compésitigey describedases) t hat
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i nact i vatduRireGhiedia BA¥cBS) @h@/or B&ffe@%@p’@rforﬁﬂ%@@% m@ldm e@leikh@\ﬂ%o

i nactivation includes Eal’tl al or conplete repression of Bax and/or Bak gene

expr essi ¢anfa alabel whickinclwdes apy rraéﬂmé sighcasdngtructpns; ppekA8HI@. g. , doubl e

Bax/ gk SBOGOHL AR ool ASRhRANo R ShcRFLSNBRATks W ARSCLIARIRT ! 1

| nactivation o ax can e achreve or “exanpl e, a single

cl eavage guesttit. by cl eavage foll owed by non-honol ogous end joinlng by

cl eavage at two sites followed by joining so as to delete the sequence

between the two cleavage sites, by targeted reconbination of a mssense or

nonsense codo hﬁn%ﬂ? codlng region, by targeted reconbination of an

i rrel evant seq a "stuffer" sequence) into the gene or its

regul at or[9134gi on, Be chs:lmedullnethmqmanﬂmenmesiﬁomcandmusaﬂcﬁmyinaceg'iatim targeted
uence_encodj ng a sequence of

oo e oL IR TERONR MELELC RS REalence encod ng & seauence ¢
e R e R R T
f or ZFN- madioaBebi-defiaient aedlsilimas (e.g., double Bax/Bak knockout cell lines) can also be
generated as described herein. Inactivation of Bak and/or Bax can be achieved, for
example, by a single cleavage event, by cleavage followed by non-homologous end
20 joining, by cleavage at two sites followed by joining so as to delete the sequence
between the two cleavage sites, by targeted recombination of a missense or nonsense
codon into the coding region, by targeted recombination of an irrelevant sequence
(i.e., a “stuffer” sequence) into the gene or its regulatory region, so as to disrupt the
gene or regulatory region, targeted recombination of an exogenous nucleic acid
25  sequence encoding a sequence of interest, so as to disrupt the gene or regulatory
region, or by targeting recombination of a splice acceptor sequence into an intron to
cause mis-splicing of the transcript.
[0138] There are a variety of applications for ZFN-mediated inactivation
(knockout) of Bax and or Bak. For example, cell lines deficient in Bax and/or Bak
30  generated as described herein are resistant to apoptosis and grow and remain healthy
longer when expressing exogenous proteins of interest in culture than cell lines that
are not deficient in Bax and/or Bak. Accordingly, Bax/Bak deficient cell lines as

described herein can be used for prolonged and efficient production of one or more

proteins of interest (e.g., antibodies, antigens, therapeutic proteins) and/or
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(knockout) of Bax and or Bak. For exanple, cell lines deficient in Bax
and/ or Bak generated as described herein are resistant to apoptosis and
grow and wermimisheal t hy | onger when expressi ng exogenouPCprus@os3484

interest in culture than cell lines that are not deficient in Bax and/or
Bak. Accordi |y, Bax/Bak deficient cell lines descri bed, herein can be
used for B8t Yiranepetors ec$'ér?flt1§’rr61d8@?’i‘%"r\ragf’r 33@105 sspstated,Vgeki ns of
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can resulipilyenza fdegtign g espegiplly dgsipdlr fon Gpmpls, ik fdogcadlssheh aaMiEKry purity

and qual idfs TRfs &Jl@rﬁ:’%ﬁx@:ﬁ?hd&%?%l;lgp % sulfs ihgﬁ%gétle&'fhé;f& contam nants via

the prevention of apoptosis ob using t X and/ or Bak defi cient
cel | |i nesntaayndtieacf tle vaotine pradudt et cefriponerds of/thg prroductiexXsdlPISu8h Exanpl e 1:

Desi and Construction of, -..and BAK- ZF 0140] Zinc finger proteins

wor e 13eq NGO SEb G dn i YU aRofirt A ATBC AR PESESTRY R BGest gns
are shownnj Qudigp!isSrelbagdthduse il ftrhhnd! 2 fduESorLRAMRR M iRhtS PAURECES encodi ng
the appropriate pair of ZFNs were constructed essentially as described in

Urnov et pa¢ven(iorpoBjponNtnsisrabtail by 1611E)the Bex @ad/or Bak defagiens cellliges Payent

Publ i cat 'lga% t'c}l%bthz)ge Oa% Se%éée&rgldga\lll\g' 2007/ 139982.

20 EXAMPLES
Example 1: Design and Construction of BAX- and BAK-ZFNs
[0140] Zinc finger proteins were designed to recognize target sites in BAX and
BAK. Exemplary designs are shown in Tables 1 and 2.
[0141] Plasmids comprising sequences encoding the appropriate pair of ZFNs
25  were constructed essentially as described in Urnov et al. (2005) Nature
435(7042):646-651. See, also, U.S. Patent Publication No. 20080015164 and WO
2007/139982.

Example 2: Genotypic Analysis

30 [0142] BAK- and BAX-inactivated clones in various cell types were generated
and analyzed at the genetic level.
A. CHO cells
[0143] A plasmid encoding ZFNs 11205 and 10350 was transfected into CHO
K1 cells. CHO K1 cells were obtained from the American Type Culture Collection
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Exanple 2 : Cenotypic Analysis [0142] BAK- and . X-inactivated clones in
various cell types were generated and anal yzed at the genetic level. A CHO
cell s [ 0M™B]200%/15173m d encodi ng ZFNs 11205 and 10350 wa®Crrse@bmeised into
CHO KI cells. CHO KI cells were obtained fromthe Anerican Type Culture

Col l ection rown as recom din F-12 nmedium ( nwtrogen suppl enent ed
with 10%¥ grq‘"?rr wwmenﬁmgfmd(%@n B}ﬁé’}’ eaant eéw&‘aio

di sassoci@ghgsed iR FOR, ©yEfnBy cEFm Rlefe FiSAsS &Qttefmom mgfaa?é@are

(I'nvitrogen). For transe ion, "one mllron CHOK m xed with
2ng of t heingiTrygpEE Sgbpt m)md>teas;e(lrpzlmegﬂnr)l Eordrangfertiondoag anilbon@HOKIT. Cel | s

were transfected jn an xa_Nucl eofector ]I (t usin ram U 23 and
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SoF (3 -t oRnoncT e kP Runstfed 1 g iR RSB ' tigRfaiifue) 005 59

(5'-ttct (‘2t3calnd1re<g>tvgmtlt1mbgg416L)wa(1ﬁElQ12&dﬂ@xﬁ&)lO"/PEESum ng the Accuprinme H Fi
ol ynera om I nVitroge s a foI after i nitial | nut e
genat ur atslﬁlo‘{#] at 94 % Hgﬁﬁé‘% WES %F‘Qoﬁ@t“f‘gﬁ]ﬁ"egA% IPWS} second
denat ur at f at 58 C
anfplifiel Fing thddlidosd pregs: Qé’aa%a?@‘té %éb%g%t WAG: he Corrpl Z)t

foll owed by a 30 second extension ste ion of 30
cycl es, talné GJearR on- ttmctcttgta@tﬂtw?’ dt(SE@ ID N6x:26). RCRutsog the Aenupimd 0 C

|ndef nit 0145 [ uct s re figed.and were sequenced
and &fm‘?&&“\%@?é EIIE’W W?ngneﬁﬁiﬁ%éﬁ‘g % S PPt i ons) of two
exenpl ar VefdteRESsn af ¢4 KD@MYCIESB&‘@CleeﬁJbe?&hBe@WQ&O $dagndFNs introduced a
del etion that included the Wil d-t type start site. Alleles are desi nated as

A and B. qewm}wlréﬁep@b%% If@l&@se%@q&éﬂ@wndmwlmglsap@ 581 CHplo
rmdfled A;hayin Iarger
del lat I on ly han aﬁ%q &té?s%onnsgé?@;gr% ngfﬁe o@ozygoﬁ%§cgles &’ﬁ ga(%f B. NMDCK

cells [OW]lnﬁﬁ&edands BAYort 2dr@mitey] tHenNg mecanaét&ﬁtel}est ed in Madi n- Dar by
Cani ne Kidne cells as described above for CHO cells, except using

ZFNs 137649148 17621)3*lefP&R produetinyere seloustiied 28d puerg eaqueneedandivg dog BAK
gene) an%llgl%%\l@eyéégve?&fj PatiaBAR rge%e(s"(ﬁél%ﬁoﬂs?%?% é}?entqﬂ%lm?ést es in a

dog BAX
are shown in FIG. 1. In both clones, the ZFNs introduced a deletion that included the

wild-type start site. Alleles are designated as A and B.
[0146] For both clones sequenced, both alleles of BAK were modified. Clone
20  8H-6 was compound heterozygous (allele A having a larger deletion than allele B)

and clone 8D-4 was homozygous. See, Fig. 1.

B. MDCK cells
[0147] BAK- and BAX-targeted ZFNs were also tested in Madin-Darby Canine
25  Kidney (MDCK) cells as described above for CHO cells, except using ZFNs 17622
and 17623 for BAK (which recognize target sites in a dog BAK gene) and ZFNs 17658
and 17659 for BAX (which recognize target sites in a dog BAX gene).
[0148] The MDCK BAK- and BAX-ZFN treated cells were also examined by
the Surveyor™ nuclease (Transgenomic) as described, for example, in U.S. Patent
30  Publication Nos. 20080015164; 20080131962 and 20080159996. MDCK cells
treated with ZFNs 17622/17623 and ZFNs 17627/17626 showed 3.7% and 1.1%
disruption, respectively, in the BAK allele (Figure 2A). MDCK cells treated with
ZFNs 17658 and 17659 showed 8.0% disruption in the BAX allele (Figure 2B).

39



[0148] The MDCK BAK- and BAX-ZFN treated cells were al so exam ned by the
Surveyor (tn) nucl ease (Transgenom c) as described, for exanple, in U S.
Pat ent PwwDi2e@i50391Nos. 20080015164; 20080131962 and 20080AB9@96034RDCK
cells treated with ZFNs 17622/ 17623 and ZFNs 17627/ 17626 showed 3. 7% and

1.1% di sr ion, respectively, in the BAK allele (Figure 2A). cells
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boR A FTPLERA e OGS B RS R R ERh el 3 ROE N o e e F b
NG 70) an¥B VAR (¥R ag8agagacppagrgiady (REQTDANG7)).(BBEQmiODNA whs. CGenoni c DNA

was harvested and,a portiotn 0 éé)]e B lgocu P%.a lified | 5t,_he ol i gos
Ve 2l'r (3ahesied3hy & ePhionign g 6eis PR R aeRes nahealieosy AR
(5 -tsaC%@agwgﬁgf%ggg@ésg(SE ID5K0:10) NPYS)2R BERc AR flght- PAK and

BAX (in both w € and BAKdel eted'cl ones) were cloned and sequenced.
[0150] ASSERQRAENNONHi §GRearaplicans 401yR4K apd Bddr (imbethByki-typeand BX¥K-r eat ed

cl ones Sr}io}’vf"egiléhr?t t he FNtarnEat ed cl ones had a disruption in one or
both BAK &I ég.esg’vﬁﬁ P and;sgauencedy shows PCR anal ysis of MDCK cells
treated o130]Z | - sResHowrCin£idisre 204 ad1 9316 o BraKiovks BUIKE s et < BPR Sraakide
obtained with a deletion of 3 g&) on one allele and an insertion of 1 bp on

t he ot hercloregshawged thatibsZkdotipated MHHCkslenss hadx dirpsionsingae or bathget ed i n
Bak- dgf i Gi 0 S | Ay | 46 ZFENs.. o] n ver al
ok 31 AP g0 PRSFLECR NS oFRiel MR yIBY Bl

all el e, Buk-gpeeificZPNEanGHOwal BLY singlXapkautSivel\Wbtained withs ddletBalkofdel eti on
clones [0151] Transcripts of BAK from”~"-inactivated CHO cell clones as

descri bed0itp weisRlieleandandnsgrion ghhbp oa dhe gthem Hor theB4XBAK dpybled from

wi | d-typg CH, 5912} QL Wsigg- i gh Pure RNA
| sol ati o?\mKl t uﬁRoc eél%%ﬁ’?eég%g?tg@gle %Q%:%@g?t%&%gﬁflﬁg man%}%gg?ur e's

r ecomendNsonss cahvise- seag-savdral Heterozygogs aloheoweteati ertifidlAvinak corstethed n a

reverse transcription reaction as fol :..500ng oligo(dT) was m xed with

t he , Oé‘ﬁd"lfdrtﬁfge &éllf&wﬁwm@%?é}lekﬁm added to a final vol une of
20m.. The m xture was heated to 65 C, chilled on ice, and supplenented with

A4nml 5X First-strand buffer (Invitrogen) and 01. M DTT. The m xture was
i ncubat edExample 30 RNAramalysisoft Bak déetiomclomes i t er of Superscript Il reverse

[0151] Transcripts of BAK from BAK-inactivated CHO cell clones as
described in Example 2 were also analyzed.
20 [0152] RNA was purified from wild-type CHO-KI cells and both BAK

deletion clones using the High Pure RNA Isolation Kit (Roche Applied Science)
according to the manufacture’s recommendations. Two-and-a-half micrograms of
total RNA was used in a reverse transcription reaction as follows: 500ng oligo(dT)
was mixed with the RNA, and 1puL of a 10mM dNTP mix. Water was added to a final
25  volume of 20uL. The mixture was heated to 65 °C, chilled on ice, and supplemented
with 4puL 5X First-strand buffer (Invitrogen) and 01.M DTT. The mixture was
incubated at 42 °C for 2 minutes. One microliter of Superscript II reverse
transcriptase® (InVitrogen) was added to the reaction, and the reaction was then
incubated at 42 °C for 50 minutes. The reverse transcription reaction was then halted
30 by incubation at 70 °C for 15 minutes. One microliter of the resulting cDNA was used
in a PCR reaction using the Accuprime™ HiFi polymerase from InVitrogen as
follows: after an initial 3 minute denaturation at 94 °C, 25 cycles of PCR were

performed with a 30 second denaturation step at 94 °C followed by a 30 second
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transcriptase(r) (InVitrogen) was added to the reaction, and the reaction
was then incubated at 42 OC for 50 m nutes. The reverse transcription
reacti on waoedensodmal t ed by i ncubation at 70 O0C for 15 mCmOtSe&9/0QI84
mcroliter of the resulting cDNA was used in a PCR reaction using the

Accuprime(tm,. H Fi se om.InVitrogen as follows: after an initial

3 i hut e paﬁgpiagﬁbége fg 0‘@%55323389&@@9 <S1enpioR st OB oF ofielevi th a 30

second d%ﬁ‘l&)e}érti%'o?go%gﬁgsﬁﬁe %ﬁct@&n W24 ineUGHe ¥ R @foégqﬁﬂlg?éap@l L step at
d by a 3 '

60 OC follo second extension step at 68 After the conpletion
of 30 cycCasdefinitely: Edigbhacieatites forcBubkitvede GICRFCST-or 7 mi nutes, then at 10

oC indefinitely. Qi | eqt | K 4F (5' -

cat of cac sl sBgRoe) PSR O SR Gl R 6 25R (5

t t 3 : uckbli ' BAX
et 63 T o o ) T S (5

cccgaagt d2hdyaeitrilgorssiggsagety-30 BEDQ M N@28pynd GHE 23R (As shown in Fig. 3,
the transcript, faormed fro t conmpound het erozygote cl one),
shows t h&t® aﬁg%{g@g%%‘fﬁaggé?ég%ﬁ();ﬁ%ﬁg)g'di tion, as expected, deletion of
BAK had ne153if ect o dHanSAlFigi3)ehedtk t feeadPirémelofecdIgs ahé on and

Anal ysi s of BAKI BAXdoubl e knockout cell Tines [0154] Cell [ines were also

creat ed icAmpARRhheseroRySiKclane), Browsibaethisrlend skipseaxoni2. darediidionass, zinc
fingep n%gé%?%gaelg{i&?g%gﬂﬁhédgﬁ;éfgg{gn ﬁl§§§ﬁ§\gﬂg0?%g+ponst ructed as descri bed

above. PlI'a encodrn esi g able 1 into
Bak-deficient CHO cells as described in Exanple 2 and 3. [0155] The cells

were tested for &4Xi nactivation by.ditgesti on_ o BAXVCR i)(roductg with Bsl |,
whi ch detfeampled; Lrensration and Analysisel BAK/BAX dpuble knackeut ¢plklines 25 000

cell's fr 3gﬁiCh Cl QA1 R Sver ﬁﬁgfc}ét&héd%i%@cﬁg%gl{] %g&ék/@we?é" ution

( Epi cent nd one mcroliter o e resu ysate was used in a
PCR r eactinagtivatsd.nin partcuiac ainci finget njclédses dipektedne it wersodasigned andgen as

foll : after an initjal m nut e denaturatio 94 0C, 35.cycles of PCR
wer e Lher fcstateajaﬁ o3 abetdt lounids a%@%thg{bé@ dasigga shevn it lakled by a 30
second annga) BAYdeH Rt WHERefs 4dsoME iREAnPR $56PHA extension step at 68
C. After the conpletion of 30 cycles, the reaction was incubated at 68 C
for 7 m 0t53d, theThetcellwere iestde fomBAE inactiGitiogdryut gestioh dé BAXOPCBcr eeni ng

FATIEATI R T YE S e e S AN

25,000 cells from each clone were lysed in 100puL QuickExtract™ solution

20  (Epicentre) and one microliter of the resulting crude lysate was used in a PCR
reaction using the Accuprime™ HiFi polymerase from Invitrogen as follows: after an
initial 3 minute denaturation at 94 °C, 35 cycles of PCR were performed with a 30
second denaturation step at 94 °C followed by a 30 second annealing step at 60 °C
followed by a 30 second extension step at 68 °C. After the completion of 30 cycles,

25  the reaction was incubated at 68 °C for 7 minutes, then at 10 °C indefinitely.
Oligonucleotides for screening BAX disruption clones were GJC 52F (5°-
cagaggaatgaaagcaaagg-3’) (SEQ ID NO:31) and GJC 114R (5’-tgaaccaggctgggagattt-
3”) (SEQ ID NO:32). One-tenth of a microliter of Bs/ I (New England Biolabs) along
with 0.1uL 10mg/mL BSA and 0.1pL 10X Buffer #4 (New England Biolabs) was

30  added to the PCR reaction. Digestion was allowed to proceed for 3 hours at 55 °C
after which the digestion products were analyzed by 1% agarose gel electrophoresis.
[0156] As shown in FIG. 4, 21 of 79 of the BAK™ " BAX-transfected clones
contained the predicted disruption of BAX.
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3'") (SEQ JX) NO 32). One-tenth of a mcroliter of Bsl I (New Engl and

Bi ol abs) along with O0.1nL I O/ nm. BSA and 0.1 nL 10X Buffer #4 (New Engl and
Bi ol abs) wexo@ddesdito t he PCR reaction. Digestion was alPCowsdomwoozsoceed
for 3 hours at 55 0OC after which the digestion products were anal yzed by 1%

Bk Ca-t 101570t oot chech HRULLIAaHbls Rinskowe Ippeecy s gl iAot reeston.
BAX. [ 0157} g %@ﬁ&%ﬁ&%@gb%‘;vszii&oﬁ&%ﬁne%iﬂib‘?ﬁ?)wwAﬁ%ell% ﬁ%ﬁﬂﬁéﬁf%m coll s

expressi on of Bax a oteins. Lysates fromone m

wer e prepyrreshspynsioasinsPOpEiRIRA buffed(Bignfa) phislpubtesse iflEbgom ) Cphipdetpr ot ease
inhibitors, (Conplete Mni tablets, Roche Applied Science)_ and incubation on
i ce for Minptablets,Roche Applied Seienes) jand greybatiomon igoderphhewr Lysatesi weiees and |

| I ' f
the oP onaen Sl s RboRF o3 0ininilcs Sl RGP ol Sbermblafl SR FAEEECY, | hoay

(Si gma) . Westerhdist. iPRotein(extiacts Bivkh BRKclomte wWalre plobed katht angieBAs atiddpot  expr ess
full-length or truncated versions of Bax or Bak proteins.

l e 5:
Apopt osi $Absam apq anfi-Eakiaptibydy Gagm ahe%ﬁoﬂ@%@&l@ué,wrmﬁggﬁbi%] The
(o st oy SBUMECHIRGN AU GRS ARG EUARR ERTVALIBRAIEN " PP T

di f f er entpr@8¥sBAK' - knock.-out cell lines (#47, 7 1 and 97) and 25000

wild-type CHO Kl cells were seeded into a 96-well dish in F-12 nedi um +10%
fetall%bovi ne serum After 12 hours of grow h, the cells were exposed to |

mM st aur %&ﬁ?ﬁl@g: (Agbtgﬁﬁs;s EERA%QQ%-&% BALBYEKS” @ubld ngcléﬁlttic\éﬂﬁiin%' of caspase

(proteases that ar ive during apoptosis and are activated by
Bakand B4a138}di at edheeBAHERAKT doyblekinpdmmt CIf limen wére atsottestébfod thein) was

measured wi.th the Hormgenous Caspase, Assay Kit (Roche Applied Science)
accor di ngeYHAn% 0 SRHIASERFWAuced aROPIASE: i ons. Data were recorded 2.5 hours

after thqopdgdrt of BAGAI5600 celR fFih ER6E diffferBIO/BUK - REd R0t Ree! |
seedi ng density, caspasé activity was nornalized by LDH A enzyne activity

(a pibxy lines (44| 71 audrBBrand 500G wildetypy CHKIa{ weye seeded intongaell [ 01 60]
foron] miDdn e mea RSl o Bl Bt brahEr ATiebhe bug sbsrtns R eeitt ant ax-
and were exposed to 1uM staurosporine (Sigma, S-4400) for 6 hours at 37°C. Activation
of caspase (proteases that are only active during apoptosis and are activated by Bak-
and Bax-mediated release of cytochrome C from the mitochondrion) was measured
20  with the Homogenous Caspase Assay Kit (Roche Applied Science) according to the
manufacturer’s instructions. Data were recorded 2.5 hours after the start of the assay.
To correct for minor variation in cell seeding density, caspase activity was normalized

by LDH-A enzyme activity (a proxy for cell number) using the CytoTox-One™ kit

(Promega).

25 [0160] As shown in FIG. 6, apoptosis was not detected in BAX/BAK™ cell
lines.
[0161] These results show the rapid generation of apoptosis-resistant Bax- and

Bak-deficient cell lines using engineered nucleases. Illicit DNA repair through the
30  error-prone process of NHEJ at the site of cleavage resulted in functionally
deleterious mutations. Although NHEJ-derived mutations are sometimes small

relative to those made by conventional gene disruption, the ability of engineered
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Bak-deficient cell lines using engineered nucleases. Illicit DNA repair
through the error-prone process of NHEJ at the site of cleavage resulted in
functi onavbDyo@elsetoer i ous mut ati ons. Al t hough NHEJ- deri vedTmst@vioassss ar e
sonetines small relative to those nade by conventional gene disruption, the

ability of engi nucl eases (ZFNs) to target, t ese mut ns . to sel ected
critical ™ P%ﬁ%ﬁ@@%ﬂ@&ﬁ@%@%&@& selested sritiga srﬁ%lPPS Oﬁ&(“?@ﬁ% del eti ons
woul d rewedsnrednﬁ&tevgﬁmn miﬁfﬁ@@eﬁ%&sh@% Eé’sult%id&@ﬂ@&ho‘ﬁﬁny di fferent
subt ypes of CHO cell Tines €eXxist ten with custom nmade genetic or

phenot ypi[@l&hanges Furthernzdisisalthmngh ntaagl differentrsubtypepef GHEMcdlblinea gty

di srupt BAX an BAK i.n an i.ne o on, because

S nc 1 nGBFn SRt e TALE eErdicrs Pheasibi Shatessy R ZPNs e Ribet B ved

bet ween %&W@hée@ﬂo%&ﬂ&ly%smEFBﬁX%ﬁHVopﬁAﬂeiﬁ'aw%911 hae bPaypeatis BAX and BAK

incells lines derived'fromany species. Exanple 6: Production of a
r econbi naddltlpndmamseﬂan ﬂmammnmmwsmwanbgwb@eﬂﬁmmnone@wed| ines [01

63] Prot roductien from cell.s AK' ¢l one
e 71 ( DeveRp Rt EEh (RS A A Gt o Bonlr RN BARABORI e T e
wer e tra@slﬂ@nﬁ@caengdlfranm%@iegont ai ning 1gG heavy and |ight chain genes

and a gene for puronycin-resistance. Cells were selected wwth 8 ng/nL
puromycin and the culture supernatant of the puronycin-resistant pool was

S Hxahifle 820 aBhEGUELn | lontfalEiRein WhhePelded 0Bk fd 10 this

exper i nmen oW n rien Ion an OXI C e
accunul atdoametlmdckduceemmt osis late in the cuI tures' grow h. [0164] I gG
| evel s were simlar_in both cultures at days From days 12-17 however,

1 gG | evell®163} the d’csamlbpq@ﬁ%mﬁwrw%%ew% I@celléasdflm%ﬂﬁ#é%r than in
Wi d-1ype)SHQIEeh] (& ?'ﬁl %e,ag%&yza d&tﬁ%ﬁﬂtﬁ% %récpgﬁf?&%ﬁtc

appl i cations and pub ti o S nentrone erel y I ncorporat ed by
r ef er encevdratramsfedtedwith raqﬂgsmlti&a)ﬁﬁ}mwg Igﬁ)h@ﬁvydmd dighschrain gemas laeé a provided
in sope detail

illus tion a t he s of
clarity @Fn%ﬂﬂé’ﬂlg‘t’%}‘%il Tgsistance Pﬁs wsrea%sf&aﬁeg H{)%” U "1“%: et he art
that variQigreGNpaa Qt%mamw?&'o‘}ﬂﬁﬁ{ +QfR%ant ﬁ&l%s%ﬁﬁ%ﬁé@a@@w&‘dﬁ?%éwﬂ%pa” ing
fromthe spirit” or scope of the disclosure. Accordingly, the foregoing
descri pt ifon 5 avedtke daepieds wstemndt dedhon thisexpomnment, aldovaog formutiient. CLAI VB
starvation and toxic metabolite accumulation to induce apoptosis late in the cultures’
growth.
20 [0164] IgG levels were similar in both cultures at days 4-8. From days 12-17
however, IgG levels in the double-knockout culture were 2- to 5-fold higher than in

wild-type CHO cell culture (Figure 7).

[0165] All patents, patent applications and publications mentioned herein are
25  hereby incorporated by reference in their entirety.

[0166] 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,

30 the foregoing descriptions and examples should not be construed as limiting.
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What is clainmed is: 1. A zinc finger DNA-binding domain conprising four,
five or six zinc finger recognition regions as shown in Table 1 or Table 2.
2. A fusiwo 2petseiom conpri sing a zinc finger DNA-bi ndi ngCaarsaéonn/oadsor di ng
to claim1l and at | east one cl eavage domain or at |east one cl eavage

hal f-domain. 3. The fusion protein gz il%in12, wherein the cl eavage

hal f-domain is a wld-type or engi okl cl eavage hal f-domain. 4. A
pol ynucl epthhCig cRila&sisng the zinc finger DNA-bi nding domain according to any
of claimse 1 to 3. 5. An isolated cell conprising a protein according to any
of claims 1 to 3 or a polynucleotide according to claim4. 6. Acell line

i n which Bak apd/ or. Bax.is{ar rtially ar. fuylly_.inactivated. 7. A nethod
of inactiVatirigZ8¥ f&%&ﬁﬁi‘ﬁ%ﬁg’%@'@pﬁwwc n 832{3388?@ 1K Zglccfg‘fge,r t he
met hod copRBddniticiregions ad SHoWROMCTABE 1 bPTiacel |, a first nucleic acid

encoding a first polypeptide, wherein the first pol ypeptide conprises: (i)
a zinc finger DNA-binding donmain that is engineered to bind to a first

target sije in . en engus BAK or . B, eneg;, and.(ii) a cleavage donai n;
such thati't he %%F%n rt%?ed%°?‘£‘1’%§<‘8$ 8&&‘53)‘%?5% ?‘ﬁ‘{e‘\%&ﬂq“,ﬂg m?lawcﬁfﬁ@%ﬁ& ypepti de
bi nds to dliim; I aidgtlest e élbahagt doiRm at1@864neVIavake hilEdBAKirANd BAX genes.
8. The nmethod of claim 7, further conprising introducing a nucleic acid

encodi ng a second pol ypeptide, wherein the second pol ypepti de conpri ses:

(1) [ fi r =bi.ndi ' i ngi red ta bind to a second
tar ggtozsin:fe i Eﬂ%hfgggﬁﬁpd&gqé’ﬁl%g%%ae%l%l?lh}e)ﬁ?%%gé egéjgggmaglﬁﬁﬁrw lﬂk{}'@ﬁ t hat

t he secondt epginggrepFoklecles agx halésldamin.n the cell, whereby the first and
second pol ypeptides bind to their respective target sites and cl eave at

| east one of the BAK or BAX genes. 9. The nethod of claim7, wherein the
first and;secoq LRSI ARS4iR SONANSLS cl ] id. 10. The
nmet hod of cl ai %I,&H\A%lerg%n tﬁe1 %ﬁf?ﬁgﬁgg%ecoﬁgﬂgoﬁgglgp |d§d§8§$ﬁeégoncoded by
di f f er entanywékhkims a¢a 3s.
15
5. An isolated cell comprising a protein according to any of claims 1 to 3 or a

polynucleotide according to claim 4.

6. A cell line in which Bak and/or Bax is(are) partially or fully inactivated.
20
7. A method of inactivating an endogenous cellular BAK or BAX gene in a cell,
the method comprising:
(a) introducing, into a cell, a first nucleic acid encoding a first polypeptide,
wherein the first polypeptide comprises:
25 (1) a zinc finger DNA-binding domain that is engineered to bind to a
first target site in an endogenous BAK or BAX gene; and
(i1) a cleavage domain; such that the polypeptide is expressed in the
cell, whereby the polypeptide binds to the target site and cleaves at least one of the
BAK and BAX genes.
30
8. The method of claim 7, further comprising introducing a nucleic acid encoding
a second polypeptide, wherein the second polypeptide comprises:
(1) a zinc finger DNA-binding domain that is engineered to bind to a second
target site in the BAK or BAX gene; and
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11. A method of producing a reconbinant protein of interest in a host cell,
the nmethod conprising the steps of: (a) providing a host cell conprising
endogenousOBRAX/BNY1 BAK genes; (b) inactivating one or bech/uskoowlessss
endogenous BAX and BAK genes of the host cell by the nethod of any of
claims 7 to 10,. and (c) jntroducjng an expression vector conprising a
transgene, thdi} F&%@&%&?éi%‘ﬁrﬁuﬁh Hipt thesse y%ﬁi’@gﬁi‘%?j‘l’éesﬁ%’cnéhﬁ of

| nterest deNt @hkBy IRNrsCRld fll A tHel G REMIaPRR itk fgel N 12.
The net hOC? of clg)l/m 11rs V\hesfgél{rﬁ(ﬁgy??ggg?&n of 1nt grpgst co r%géegsﬁlgn

anti gen. d&weahkeastenhofl thef BAK ar BdE2genehier ei n t he anti gen conprises an

i nfl uenza antigen. 14. A cell line in which at | east one of Bak and Box are
partially or fully inactivated, wherein the cell line is produced by (a)

i nact svatg ng afhd féhbd 8161akh 7BRkeRNPihBHstldid deCollpofypeptidisile b-ddgg et hod

of any of clains 7 to 10; and (b) culturing the céll under conditions

sui t abl e tydhe gamenugleingeid. cel | |ine in which at | east one of Bak and Box is
partially or fully inactivated. 15. The cell line of claim 14, wherein the

cell is a manmalian cell selected fromthe group consisting of a COS cell,

a CHO cellg. a MERE:®BYH bf clrinYPGkherR! the FirWla38 sé&)&lh,po?rp\ég@d&%é encddBd 4AF28- 3
cell, a BHK cell, a HaK cell, a NSO cell, a SP2/0- Agl 4 cell, a HelLa cell,

an HEK29dycdifferenpmyrleic peifes cel | .
10

11. 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 endogenous BAX and BAK genes;
(b) inactivating one or both of the endogenous BAX and BAK genes of the host
15  cell by the method of any of claims 7 to 10; and
(c) introducing an expression vector comprising a transgene, the transgene
comprising a sequence encoding a protein of interest into the host cell, thereby

producing the recombinant protein.
20 12.  The method of claim 11, wherein the protein of interest comprises an antigen.
13.  The method of claim 12, wherein the antigen comprises an influenza antigen.

14. A cell line in which at least one of Bak and Bax are partially or fully
25  inactivated, wherein the cell line is produced by
(a) inactivating at least one of Bak and Bax in a cell according to the method
of any of claims 7 to 10; and
(b) culturing the cell under conditions suitable for generating a cell line in
which at least one of Bak and Bax is partially or fully inactivated.
30
15. The cell line of claim 14, wherein the cell is a mammalian cell selected from
the group consisting of a COS cell, a CHO cell, a VERO cell, a MDCK cell, a WI38
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.
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