COVPCSI TI ONS AND METHODS FOR | NHI Bl TI NG ENDOGENQUS | MMUNOGLOBULI N
GENES AND PRODUCI NG TRANSGENI C HUMAN | DI OTYPE ANTI BODI ES _
CROSS- REFERENCE FHSRELATED APPLI CATI ONS [1] This appl i CEtVOHOB 045 HR
priority to U S. provisional patent application serial no. 60/941, 619
filed 1 June 2007, and U.S. provisional patent application serial no.
61/ 044,324 filed 11 April 2008, which are incorporated herein in
their entirety by reference. SUMVARY OF THE | NVENTION [ 2] The
invention relates to transgenic ani mals having one or nore
i nactivated endogenous i mmunogl obulin | oci and net hods for making the
sanme. The invention further relates to conpositions and nethods for
t he product icoMPOSITIONSAND RETHORE FOR INKIEITING ENBOGEROCUIS mum‘emssumh
transgeni c ani g THE

g MYERES AR PRBDUBRG BSNSRER &Q}Wmlcﬁ’r@%ﬁﬁgéar

| NVENTION [3] Antibodies are an Inmportant class o maceut i cal

products t f in the treatnent of various
human di se &gﬁ %R@ﬁﬁ%Télﬂ%ﬁg‘Fﬁ) #cd%ccﬁﬁ% nfecti ous di seases, cancer,
al l ergic diseases, and graft-versus-host disease, as well as in the
prevention of [99flanEyH a&ﬁ’tcatf"éj‘-"é'ff‘ﬁﬂﬂﬁ“y to | £ pf@*ﬁ@nﬁwatemt@ﬁﬁ"a%@roﬁ@tned with
t he therapeut Basempé fileht Juoa2asf, ano bi-sh prowisiona saentagplioktioh saial nos5110a€324

potenti al | MuBPOEAHiCIchY, whith 4B ReStaiRed HerdHARB Bty teferedc8 Or der to
reduce the i munogenicity of such preparations, various strategies

for the pré?ﬂHF |y human (humani zed) and fully human
ant i bodi es vidﬁ(%eﬂj]zd@\%ﬁ%agd The ability to produce transgenic

anti bodi es havi ng a human |d|ot e in non-human animals is-

particul arly B8+ H6Mde" Shtep Ej’é "S9P TR BV RS PRePRMEE IPFAtG] t hin t he
i di ot ype regi encgeand imomoblantimioti dndrnstipels foamekitghicuge. The ivvertion fubbre t o

t he i MunogenjeGies Yo @mpSsitibsl maMbdshadhs ptrdae&narp@fmhrhmzed Evae nindldrot ype
I's an especi alar!tlgoalemagrl;gs?%q;[tr%gggﬁtcamm% an aAt.Qod[e§F£p%8J of monocl onal

ant i body therapeu |otype del i vered
at relative i.gh _concentration as opposed to the variety of

i di otypes Bd@ﬁG\BQﬁEB OgtTHFdWT%cent rati ons by a pol ycl onal antibody
m xture. [5] Wiile a nunber of approaches to producing hunmani zed
transgeni c aniPPBodirdzedienarn gmimaitaaiciass pirbergatea il Avaiels Baldeyd ised, one
maj or probl emuesssiup bedatthé MealBenyof Satols huapP BiIRE4IRd tSditidhe, lwuemlglcti on

of endogenousm gfo!f@g){ses ec'archa?hlle ic |s§£s%9ta'n@é/hf}'ve(?srus 'hg'stg é Q?\h«%ll W' t h

transgeni c ant| les 1n ani mal arious reconbi' nan Tonin
schemes have tﬂ%@ﬁveﬂ%&fﬁ’i’s'ﬁﬂ@mg to di srupt .endogenous

i mmunogl obul i n production in host aninmals to address this problem
However, the P8 ctangnieblen gareeipioditithdie todratentivenrigtonefinemhuenes present s
many obst acl esmuibglFBys ¥ @k betbitatiemsieaiorsof tleGhmERMuRNBFMnes,. IMiidre
honmozygous i, %Ece%eciﬁ\mm&;@n c‘ﬂ?&%ﬁ&%r@'}:lﬁa 109:% §arb:%¥ ﬁra%é@?fo?tﬂg &S&%{ﬁ‘d'ok y

produced using honol ogous " ecomb
pl uripotent cEIMPY HREGIIEHRD BT HE}’J\H%‘E‘? AWeRFisS harePesn deugiPret WBARITY o
i nactivat e ertdogevte tissbadianthodenialing @budian ydicwain nalyhendnromeataiss t

vertebrate S%Qt‘clﬂéﬂy dedirddle Eéﬁnﬂﬁéﬁ Blndlﬁﬂ—ﬁe@i'ﬂ'n%?s ﬁe W[n ﬂthd%fyB@lre@orWaﬁdﬂ' cel |
surface expr essh

i mmunogl obul i i an 'élon(?fs are%ou@tgr?%%%ggeé?@e imH’s?ﬂ?gfe %g U"?rg antﬁ&dé(tl vat e
endogenous | dh%%ﬁ\d@%sﬁ“@??"(tddﬁ%fﬂ @taépgpemqﬂmngoort@wt eopeifgnation I"éﬁpwoﬁ he fact
t hat honpzy gonmodanilantivoty Berapsuiids, vahict icasipdF @ din by poeverant ehtiveh e

heavy chain (@gﬂ csahmﬁon'\é! geoge%)to @@0;9@\& (;PE &gﬁéﬁﬁeﬂf&é{! mm\)ﬁ&%péém&“ N

produce signif1cant quan [ rson et

| munol 2(7): -0y 3p0lgcienal @iy mixtps: addl tion, the serum of heterozygous
mut ant m ce contains IgMand | gG encoded by both alleles, the

wi | d-type al IIR5k Xfhde 2 renbaiaf arpedchedP RadhErsdupRiized trarsaeriarititRdipeink y ,
Nat ure 356: 154n-AdtHn L0} havEibbsh describdiSorleOnzjoR Brobi@s nchitdred i @ardyl sigt
rearrangenent in the course of B-cell devel opnent is the joining of
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[8] Inconplete allelic exclusion is also observed in animals with
functional trans enlc i mrunogl obulin I oci and nutated endogenous
i mmunogl obt AW B t hat can still rearrange VDI or VI HeMEZAEGiRAL s
productively. A B-cell rearranging VHDHIH in one or both nutated

endogenous loci may still rearrange transgeni ¢ i mmunogl obulin | oci
productively. Such a B-cell expresses nenbrane-bound transgenic
i munogl obul in and develops into a mature B-cell. During B-cell

devel opnent i seprygrbessswihe eradlustipnionerdbasnenstanlivedy. eifidoyeereniislylooous nmay
result in a B-ggbi Juanax\mhe@ségagc ANEHGE RGEh okt FAHA0 Gk oy FeodhbirdgGRhid Ngl Y,
such nutati Onsh ar ehat\)rgﬁr%n uged u? Q{emﬁtg'{o c}is%t gn%ﬁ%}w@&s‘?m%%%@BHUY%rbﬁgnoﬂ

endogenous i muNo

i mrunogl obul i rﬁ‘°§t6@!‘i”a's B@M?ARWW“’HQE HWWCP@@Q]E‘CWG’WHP& probl em
associ at ed w tiraméragofpliroghued dresantd nakyubetailes d0ndny aersgetzispecint | bodi es in
non- human ani mal s has been the preferential production or

co- product i on 6k eﬁcﬂ@%ib&“ﬁhnalﬂ&m&%heﬁuthrﬂ hidaith 8Sdted JHOELI 6dvE baAL
i nvention sol yes Lhys o (FJu%et%lugim R é’u‘é'rél HQW}J %E%ﬁﬁﬁ&' Sus%ﬂ' 'S ”‘at

harbor at | easSt*®ne

produce endog&litreéent WHU@FWWPW”S ﬁﬁ@'&*@’aéi?ﬁ R pPydoge © "Pﬁcéﬁﬁe;?”

for the produekiannadfeadiypeatanidthmandt fedédrate tpagien t r ansgeni ¢

anti bodi es. The nethods used to generate, such transgenic animls are
effective in (@Y BRBE BSatiohd Bl viP EMistfact BRI HubndERitiGRddugive T

t bl I t ent t d
;S ﬁswﬁ: gra]‘ hngIF))l (L)IFI'!% &gmgnl:c] of |rﬁ§u?‘!0§lo%n$ Vﬂ.p or vy ggne%n%%%ks a?ealgéul‘ﬂ&erﬁYoa}hac?}él S |a;

done. [0010] ¥ g?ﬂ%"s'éﬁ’EPr?SH%WBE‘?’Ythéh%EXPWP'ﬁ%ﬁtty e faRtireempavadeSng
that a meganuelgasticday aligruse tetifiaidret of @Ral neyvy 2ok ecantogeaniens

i munogl obul i @?{Jn%&'mdu% d&@@ﬁécf‘%ﬁ&nr rﬁ&%&e%nﬁlcﬁp%mt@sa f(gécéafe%ontepﬁ

producti on of %%) ransgeni ¢ an
Further, two &PEiRBINChEGSEATET d4Dds It 2ddin A GEHT StheRERYIEBYFE MEP t es
may be used t congfirisduM andedG/erdeded bebeth dlialpgy the pild-typeoaiielo Bndthe mutated pMT

i mmunog! obul i Que\eq&.%u(a%d haeva@w@i@é 3560 k4- 1§6|?%f9§)b?'h:?5‘§6értb R reQhR et ©
i nacti vati on ? OCU

er en urin
R L A1 L
capabl e of enckgentsshbdtmimmabogiue bupmasopesogrretatinare. pr¢-B O If, iMbe oW i ngl y,
in one aspect mxcEI'bepré B‘é@l%&ié?g??)e?&@éléqgéﬁvﬁﬂbﬂm,@!ﬂmbﬁt%d@é@!g}@%aﬁ,rﬂ@' ng

hact s vat ot carRELEs nyts dicRRd dnife Phaidmh g fhvm fon

are smal | | abtheatoatad fermi Iml:amnotpamss oeinbreheybobnd 1d S3ince od®preaise- lamﬂ n

weasel s. The gtdsdibGh %lqu.de@ﬁ*aue&eeqcmsrantéaaqaa@m@wéarét&m%wmﬁm-fI east
one hunman V gen

ial Ig
| ocus conpri sBE"E i";;:rge W'@ttytpﬁlzﬁp'd%”gg@{ ﬁt & 5‘?° ﬁar’ian%emgnthﬁﬂr%’rf “\7”‘6"’?1@1
segnent encodeal gxraesgesriwg fliffrsendr CWpaﬂWtVﬁrtCéG neRERNe-Roune Fewn chsicho aci d
sequence; (i1 hicoBdhtas IgMDdRved Fi@AMEH amaemtaadmoan@b Gérivéd froa R QeI SRS

constant r egi ? gnnetﬁe sem?ngf%béﬂ nxrg%er?alhgé JVJIt&'II ? is thg J:ogg’og'ﬁtaﬁﬂﬁ md%&“ onal

and capable o er gol ng gene rearrangemnen uci

repertoire of bthﬁﬂWG@fBBtﬁ? ns in the transgenic aninmal. [0012] In one
enbodi nment, the transgenic animl conprises an inactivated endogenous
| g heavy chai §0%]odummplen atelipexeitisqnriealsceatrbrydid ireanimalstvite funetignal Janagapic

ani mal has boiﬁhuﬁémgﬂﬂ&%d hﬂtal‘é&éﬁ'@bg&ub@é iRmbiGlobuiin AEitaY dne gl radiEnge
accordingly dQSPor%Een%% ené proHuc?\tIell ﬂaé-ceﬁ%gﬁ%ﬂﬁ’kfﬁ D'HgH ﬂ%ﬁ é/r b%trﬁal n

| ocus.
mutated endogenous loci may still rearrange transgenic immunoglobulin loci productively,

Such a B-cell expresses membrane-bound transgenic immunoglobulin and develops into a
mature B-cell. During B-cell development isotype switching in the mutated endogenous
locus may result in a B-cell expressing endoganous immunoglebutin. Accordingly, such
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[0013] In one enbodi nent, the transgenic ani nal conprises an

i nacti vated endogenous Ig light chain locus. In a preferr

enbodi ment YAHE BI%hsgeni ¢ ani mal has both endogenous I%Cli’ﬁfﬂ‘f&'oéﬁ‘é?n
| oci inactivated and accordingly does not carry a functional
endogenous I g light chain locus. [0014] In a preferred enbodi nent,
the transgenic animal | acks a functional endogenous Ig heavy chain

| ocus and a functi onal ht chain | ocus. [0015] In one

enbodi nent, t W@t%t'?'&ﬁsﬁgéﬁ*i%@@fé treucorartignacy egonen endagappusgnaunpgleb Ui ci al

| g heavy chai rxpreBidsin ahimalbReh aeqdic Mrinogiddamn lbdi.ansgeni ¢ ani mal | acks
a functional Ig light chain | ocus and conprises at |east one

artificial ghgmbeasy TRBAVEBNTORUS. [ 0016] I n one enbodi nent, the
transgenic animal conprises at least one artificial Ig light chain

locus. [0017] | 4 Oﬂﬁ‘a ﬁ%ﬁu‘i’énﬁr&%% tetdm?tr he%gﬁ&ﬁ%l &P‘?'fg EEz{tra%Q gl ses at

| east one arti artificial
g |ight chai ﬁ”tle‘?i‘E%” ”C[“G’G'TS'] ar]"?\a Isghas peandterRERierRNBI GERI PR O CaPoRYfigichl | g
| oci are functhagalousantivaiapattechog! Thmaeeyoienorgelves thie ablemgeprevitingand

producing a r @r@:%érﬁﬁ dnnaRfthalt ﬁH%H?QQéa@#HAle brﬁlﬁ‘mél !a idctAEanki ra@@ﬁg%b&tyﬁﬂ" mal ,
whi ch repertoi nc ud V|ng a

:
haan § o ot yoeoi g BPRI ArEREIchR, s g ST BUROR AR by 09 -
genes of the &rtumepiggdgnd uly hupen transgepie iemfisodigs. [Teeygethasih ased dmaeneratauch
constant regi @ansg@munnie =hs dedivdl tﬁawba@nﬂcw&@aﬁdc@s fbm WREHEEDRING
gene rearfr anggmmgﬁlﬁinpg{eﬁdcg@arpegno@c&rgrﬁgféag m@an le |rmﬂ'ﬁdhcﬁomol?gous

|nnunoglobullns I'n transgeni ¢ ani repertoire o

chi meric i nmufRSETRIEPT 37 9?‘1‘?&‘%‘??5%‘? a(f?l?%?‘i’"éfd?*}ﬁmnogl obul i ns having a
human idi otype. [0020] In one enbodi ment, one or nore constant region
genes of the OGIf Theipggsent véndien St%anrféreméhefm@%thatémgmﬂ%ﬁﬁe menis ant
regi on gene anskdad @ndishabtdbRRahdaBtbus ppabbdLAH Idtnd gér@etatBing8neanimals

rearrangemrent , andoPSOBUELRY o ERELIAL Ly Rhah {qm%qgla%msn%ug@ e

transgenlc anl rcolre o I My

i mrunogl obul i H‘é""ﬁ%’%ﬁg?fﬁc’aasﬁﬁ{%ﬁﬁt”‘i@(EI'ISHFW@”%{%I‘QF]W%?? 'Eerhie eogstvep dgrteA.
[ 0021] | n onelagspetdn of ehiemunsghtin aguprpivisehes! kb deeahd arstngebmplete
transgeni c anjpailsiobs tl{eh&,ué Membmsunhgnh@e t@ﬁs@éxﬂfd’n%ls ltﬁ&‘d&mnne

descendants cg ng,.aLtl, oOCUS
east one. ger i eia 28 pleptAT dny B2 ekl e Pipel e B G0 A A e

aspect, the invention provides trans enic animals capable o

generating vi BA1 A58 R einoge fRgsy | “F”tPé8§Y'd9(§ﬁré“5€ﬁﬂ’gij‘5?‘?&f§ml”g""‘9Bbus
that is inact ledbrecartiifi@(283us b fenieg Fidagdnaeanhline Hachated endegpecys

ani mal s conpr &R, ahegaﬁammu@emmamu&maaws@nwb@@@ry@nmﬁ@rb%&lw&& birds,

preferably a Cg san weaselawl'hegart?:r:]salllogr usecJ nlhe inve {Jn csoﬁ'lprcl)sga easv\jl;_ln(?elrj-lugn% lon
operably |inke t he

encoded n‘egan\éé?r@ég@“eﬂbgb@m@é@ %bﬁ‘i‘é@%@é P@wélgt'w@@mp%%a@éw\é@gwn
present in orhgving il ont Gurad \egeaosEBmen 8ndogind OgiSIinebr ybemtiteRaBGRII C

ani mal . \Wen {| lOT'i 5@9§9§J§eﬁueﬂ£ﬁ bl o?m%ﬁﬂ@e YRR (e GRTRY | Ses

vi abl e germ ce eno re55|on construct
Ty b eeq + GFRACBIY AR D AP Gt G i BRGSS P FEEES i such
germcells, iwndegeinggeas reprangemet anglirtokieing aceepivie v isimagpatohdins/in igi | i ty
t her eof ensummggmgbmﬁalnals carrying a germline nutation in an Ig
|l ocus may be derived therefrom [0024] In one enbodinment, the

transgeni c anpfpl f HelehBLaif e 1SR ed anlnRRARpRRE athbdifdide eﬂ&ogler%ué fgeus.
heavy chain locus. [n a preferred embodiment, the transgenic animal has both
endogenous |g heavy chain loci inactivated and accordingly does not carry a functional

endogenous 1g heavy chain locus,



[ 0025] In one aspect, the invention provides transgenic aninals
conpri si ng, vi rmcells wherein at | east one endogenous |lg | ocus
i's |nact|vgij%&b1ﬁ@‘ne enbodi nent, the transgenic an|nafCFH$¥ﬁ%P3”9
conprises at least one artificial Ig locus. [0026] In one aspect, the
i nvention provides nethods for producing transgenic aninmals of the
invention. [0027] In one enbodi ment, the invention provides nethods
for producing transgenic aninmals conprising at | east one artificial

I g locus and HEMBEhg cae eneslisentoine trgreasriciania] aeaetises 2t ipastetrd so®aeays g

| Oﬂ,l_s. In a Pn@fterﬁarresbuembe@'remaea emBoldihehil BOBHEFINE afiMbIMBS bdtiSendogenous

nul | i zygous [ eavy
chai n. " [002s] "HEESIRERDHSuREs Sl e AR = FRABATOMIGLA £V
par ent gern1céﬁl°%ﬂ°%%e germcell of a predecessor by expression of
a nmeganucl ease therein. The nethods conprise produci ng a neganucl ease
in the germ cdtd4] wrerdered ehecdmyhive dbrsagne anoabgis 2 octignareagrictsdase
target sequenGgawERFABdus briti Linchdr@Xy gt chbid I, endogenous 1 g | ocus and
selectively inactivates the targeted Ig | ocus in the germ cel

t hereby pr Oducféoﬁﬂ ﬁ’to\‘é é@éoﬁmﬂﬁm&ﬁﬂs enE%thglg:oﬁﬁrrsla@eﬁ%tastgﬂe;ear{|ﬂ3@ﬁ§ hatdy ed
endogenous | g koclus l pégbg rptﬁ havi nﬂ iaé eas tt ne hp& ciivated
endogenous | g “TYLHES §'°ﬂ% BeRr BATRNESeLIE A RFRSKS THUAG' 'E 4%t one
ger nl i ne i nactdcysangd doremisikescpé lest snel aitficie deavy chaipleuse nbodi rrent, the germ
cell, or that which it is conbined with, conprises at |east one
artificial 1g[degvi cehahivdiretite trinagedis@nieaizodprised: jeastlose gicen Igikdhl , or
that which it 4.8, 6Qebined with, conprises at |east one artificial Ig
i ght chain locus. I'n one embodi ment, the germcell, or that which it
i s conbined n rt|f|C| haln
2 COMneD b nSRUBILERBn the | AT S RERALLE) B LRl IR 1
ermbodi nent, t REMeRasat (oS} a8 ARtPiAL'S @HER'E?‘F\GCL& meganucl ease expr essi on
construct or meganucl ease-encoding nucleic acid into the germcell.
[0030] In a pitsi@rinedreéamsdenhmeintent. arifsiage ophatdinctioelppd tapetde of genomi ¢
meganucl ease aeeargem§ g@e ré‘aqa}ﬁgbmbmbnd pAHLERY &@ﬁ@h&l‘e&ﬁﬁnnﬁﬂﬂo@ébﬂﬁ’nemh@n

control regl (0] ¢l ease: encod U
acid. In a pr g'?ns emc nln%b\gh& repetrtow qﬁlmmUQchm LI|II’IF ,ncludes lmmuno qgoauﬂns:%ﬁ\a‘@c' bl e

genomi c neganbwaéa@éypéxpr ession construct and the rret hods i nvol ve
i nduci ng expression of the neganucl ease-encoding nucleic acid in the
germcel|l. | ni0ot lentodibedment, dnher maz¢ troelant ragieo banes ofdipestificiade ibdie st ep

of inducing ew&&%te@s@ﬁe AoRBURBRORRIA eg.sregeaagmr@ﬂndwelﬂdea@srbdf in
té_ggt %g:: meﬁguji.lrhdgwgmg ?ena rea{rangggenééry&ﬁodld&%? a re;%ertmre ﬁ?&lmerlc im rﬁgo%obul%s%n
the germ cel | theasesnisesing @@HUW%‘O'MQM%FM@%%W@%W% BFA% r uct ,
whi ch conpri sesnuatglexipe essiganuearntistigle. r egi on t hat exhi bits germ

cell-specific activity. [0031] Resultant germcells my be used to
generate an Ftoomllme éﬁﬁa\nﬁnm%t%e br&ﬁﬁécoﬁﬂﬁatEb@?bﬁ’flgén@@ofltrl%ﬁtﬂbaéﬁ@éz&sﬂ

endogenous |g_l! an NRL L Se
artificial | gcqm(g)nse at leasq one rBJman cogg gnetcfeg}cl)n geneénd arF funalona?aréu{%pag{? Olil

ani mal s conpr P@P’ﬁ@‘“%@e"F e‘»agqngen@t %ﬂdtpifqu%’lnglfeHEQO“Ied’é'ﬂ@U”C[G@GQQT infthe an
alternative emémeghnmmmal Wihe repetibi@cf inmvodgiBding intludesl reiungpldduling having a
meganucl ease RXDNERRIInLRASE gddgtgntperg,ogeganucl ease-encodi ng nucl eic
acid into a ferti I|zed oocyte or embryo and generatl ng a viable germ
?gt:,] dQ?VIaE?rrg Oiﬁ S}Jrfeoars]?e]e& A g%}}\fén\{:oq pr%Vécheg%escenHen dsc? trans er?(lracrag er gﬂ t‘]

ani mal havi ng'”‘@tﬂt'qneéfsacpf@fﬁ@dgepq’ﬁ'mﬁﬁ'ed?ﬁﬁﬁ@ﬁﬁtm@e@h[ﬁ@@e’r‘i’@ﬁﬁcw@ 'PQHéus
The Fl ani mal afaegveH BFpdt bissyetmite Dictivabddenddgbncus Bilabs. | g | oci or may be
crossed in order to generate such animals conprising at |east one
artificial 1g locus. [0033] In one enbodi nent, the neganucl ease
target sequence is present in or proxinmal to a J gene segnent. [0034]
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[0036] In nmethods herein, the crossing of animals is preferably

bet ween anj nal s havi ng |nact|vated endogenous | oci, ener at e

ani mal s thggyﬂw%hHﬁﬂllzygous for endogenous Ig Ilght ch%?ﬂ”%ﬂﬁ%ﬁ?””
endogenous | g heavy chain. [0037] In a preferred enbodi nent, the

met hods further conprise the use of a second neganucl ease. The second
meganucl ease recogni zes a second neganucl ease target sequence present
in or proximal to the endogenous Ig |ocus and selectively cleaves the
endogenous | g #GEuE Cl“‘é@%’?ﬁgf‘e Wef‘“ﬂ?"tpf?é'd?ﬁ ffagtoepie PRI IaR2RGSf BRneraite a
site distinct vizblegertnivalls hefind h eadt ionesdndogegamn ldbmathet is ihintvatdoy

i nactivating at | east one endogenous Ig |locus. [0038] In a preferred
enbodi nent, t h@z@]ernanQ%&od%@i&ﬁ%s@n&%ﬁ@@l@ cORINEM genefalga@g@h@@se

expr essi on CO%%E sggﬁ sondfllcC Q’eﬁ%gg G ﬁuc‘l”‘%vﬁﬁ g bR rtl.ﬂ)g Ql‘f-)lg Qontrtgl Gf_%loﬁn

operably Iink a secon ease-e
preferred enmb8BFRbHINkedIH@MEgaRidrass %ﬁo%’@ﬁ‘f’?'ﬁ? a‘ﬁ'de\ﬁjheé%“ ’ihgeﬂfﬂdeidndum bl e
expr essi on comepaluclemgreomnizesdmédasudeeidtagetisenqubdve presairpror wredmal rdwici ng

expression of era&bger%@gerb@umg@ﬂ%b@rm.@nmmtrahgrg!efﬁd %ln?aq:?sge)lugllyt he

[1, wh th ded d d d,
D000t hor v ¢ nEHE Y PP RS ERa T BEel, RIS SPor s Re SHPGEN no

targeted |g | 6enstud mexbeaisekip irpeiicats the [argetse endoagnes 'misats, in susk gemmchisds
i nvol ve repeatiragr it e, Gtie@ cohpromigibg ihe gamiganess icasuriaf Fidimasesend a |

reganucl ease: GOAANIAGDNA LPIGoACE, dbohig ndfghCel | 1n one

enbodi nment , |§ﬂhct|on IS %one InVvivo. I'n one enbodi nent, induction
is done in vi In o nbodj nent, the s ease
expr assi on colBe e TR TeRah LR senr 8TL SR SRTTBr 3 BaTre TiGR
exhi bits germbogest | -specific activity. [0039] In an alternative
enbodi nent, the nethods involve introducing a second nmeganucl ease
expr essi on coimes] ue bnodspet trendenegpmvidls @asgerzedisngmprigiag @atde geeh d

into the ger%&@JNLWJ; &%@Joné BhcBiknddsti roa@ng iVRtvalB Odl i B fHvoaiBS, et hods

i nvol ve |ntrog ucin %g g 8 ggfge si on construct or
second meganulTE&yd a”'W@ Coﬁ’ﬁ eaﬁcci”ﬁai 0 &Y%ertilized oocyte or
enbryo and generating a V|able ermcell having at | east one

i nactivated | §oP8c08"9 ??p%ché‘er”é{%%‘% RIRfidep BGHEsor RrAdYRING transqenis iR

ani mal can bethugeehtitro generate an FI animal having at |east one

germ ine inactivated endogenous Ig |locus. The F1 animal nmay conprise
one or nore apbiAiisoal enibgdulnmitheqaivemwp.laadersrncb%@ﬁori;Jﬂoo@éi@afanig@mgenerate

O e b STHRE dobbfighel pl AR a8 ALAL Lidtehe 4 ol 360 erTJnO‘Mll 'n a

preferred enbo secon ease

gene segment sNaqiyRiesFRIQIAROYEIaRSHE: '”?Hréfefr?dr%ﬁ'ib%{'ﬁﬁi“é%@ﬁ%ﬂe% Bl ease
t ar get sequenodgygansipr énadgemut @g@nthmn andjpséndegnaua ithedgwhaii.r eam of one
or nore J gene segnents within the endogenous |Ig | ocus, and cl eavage
by the first pos Segensl, eneRESHRBYRBEILG RAGRAE inRRBHCR 68l @thegamof a .

genomi ¢ DNA s aﬂer G%Q%P& bﬁt [EI Q|$ ?f%m%lgg uclggyé %e?]erng %He métﬁcgin?yng ?'se

[0042] In ano neganuc
target const afPduFiag? Eﬂﬁga@%'fés%'éﬁﬁ@?fﬂsce” I"Vﬁeré'ﬁé’eé}?ﬁ%ﬁ'él?"f‘?éﬁfe""qnﬁés i r st
and second nmegenuclcegsiegtiacqyeice peerntincegodmaio shakdeperbogetdaeygnd

upstream and dQunsi; fheanaef théth@etQJ Igrﬂaﬂﬁn Eh@’ﬁl’rﬂ]%gﬁ R pPodG@r%satv@éBFe regi on
gene segnents, econ enco

meganucl eases? H?B%uﬁ‘érég a&lggsé?”ey??%"latea Efg’ﬂ - SEGMRHT ™ BN BYTEIng
t he one or noeast mﬂmntugtb@bwpgqnm@dmls@tamuse@gpr@wcgemeﬂm@gmtasleast gneg
preferred enmbgehinehbetivitdtreneBsdua itiodi€ gh Oft GMHBEME GRAREN tNTaAthaghaul i n

P ok 00431 1 1 R 008 HELEIRecs lEacPLbhGh Arab fSladized o[ se at

| east one hunman ene

artificial | gemba@mgnfdmﬁfm %"és”r(WaBW"&Ch\f is @EPIae HilnACE =8t at|'eéaf§ﬂe one
human V gene st#igaenighiemeio tbusg Ineong emiddimzet, the gduypell, arubaatviich ihisl Babined
V-regi on am no aci d sequence; 00 one or nore J gene segnents; and oio

5



[0048] In one enbodi nent, one or nore constant regi on genes of the
artificial IggZpl ocCi corrprl se at | east one non-human constant re

gene and al'@ ¥ nal and capabl e of undergoi ng gene TE4FFA ’r‘rﬁnt
and producing a repertoire of chimeric i munoglobulins in the
transgeni c animal, which repertoire of chineric imunoglobulins

i ncl udes chineric i munogl obul i ns having a human idiotype. [0049] In
one enbodi nent, one or nore constant region genes of the artificial

I g | oci conpriwee cabprisess tleagine: dAnifintalrg ipbhedbiahtusrapd htdeasigoa ertitioietligheayy
functional and,gapakl e of undergoi ng gene rearrangenent and producing
a repertoire of immunoglobulins in the transgenic animal, which
repertoire of Iobulln n . , I i uman
i di otype and héoﬁl%cons %{Jrqtmeﬁt hog tHQ%%EleB%QJm%Q%Jﬁ%ﬁJ 8"@%&%@83@1}%@

net hods of nakpP§gect t”r‘%ﬁ%’g‘é’ﬂi‘sé'ea‘f?ij'ﬁ%!’“ct?fc SRS HRAEAT FUn conpri se
crossing a transgenic animal having at | east one germine inactivated
endogenous | g [408ejuly apirdféred esbacionedt, the aergelhdompings aagnomigviegepueieasp east
one artifici alexdr&sb®EdhStruchDhie tohmPREYSarCaxpiREdich @8ntrblirdgich operbihglinedd thavi ng

at |east one heg'amcleasg%ttgdﬁ%@g tac.@nggggettqe@en%%a tttttrtﬁe - & @eﬁrawmtsat ed

human V-regi on gnent s;
and (iii) one a@mdn,:ﬁp,teegeaqgrﬁng%gqﬂucfeg@ %Pfeﬁ@ﬁégns"”tcba'ﬁrﬂt?d‘ﬂﬁi@ %‘H""tl’le
t ransgeni ¢ anindeding ewfressiah of thehrsegehucleasres geing cudei acklin tooggon cgler dnhe  at

| east one art 'ehwb&ilin?ejnt h‘g de@t@&ﬁmfafve kb@atn%@&gp éffn@m%%rgss@ﬁ‘bm and
wherein the artificial nlmal is

eni.
functi onal ana’eeitﬁ%lﬁsae@d'tﬁ{&é' '68??2'5 th&eqﬁré" Cregaf' P?fe ﬁ%g?n '“daa"’P 6duci ng
a repertoire déneimyivendAnothenemagdiment friquctm lsﬁ@rﬁﬁs@}%ﬂrtonaﬁt"?ﬁ&!menfrhe
crossing may Remdenenplsed igshichicgadiiage @kprdiygiontdniun Brecheomiisas arg

gametes, i ncl W reggion &n%l}erlgmr MXHHtsgewﬁs L]ﬁ’coétt\]ltyl n one enbodi ment,

t he second t ransgeni ¢ ani conpri Ses at Heast ohe artificial l'g
heavy chain |gc r eni c
ani mal conpri £°8gﬁa?‘£sf"gaﬁger%hees Q?WE’f‘ts‘?;ddtgPeqegate] Wﬁ ”’rcnﬁ'g‘lah” aé%ﬁ% "1 0053]
I n one enbodi permtine inadatvatell prologennis I@ee@nahetFrtaanwtymm@msm@rm@k a
functional | ga:lnhc@lnrgld‘chﬂin@y boGtiSed inBdertihigensar e shimal S6eikieg A Miasihe
conprises an g@ﬁélel fqucg%: | g heavy chain | ocus. The animals may be
crossed to produce”an Kl that |lacks a functional Ig Iight chai n | ocus

and conpri ses rt|f i cus Q054

enbodt ment - ¢ Ko bahalselis et e e By beelvBlE
artificial | ge*po?ésion dongifuci g mepaniclepessnEodiy Ui 4oidiinte afertiizgd ﬁ@ﬂaﬁ?y’f chain
| ocus and at b@&%arﬁ@&xe@dtuhdéhﬂeademt @nhb\gtgtat ehRbr2 ilaO/ESd Iglldtuoin the

embodi ment, §u|f"a‘ﬁ f!;ufnbe‘?' ﬁnlnalotfgu g&erQ i 6 b%%ﬁ&qggén'é%%%g‘?@'afﬁmgiri‘\g%

are functional oi ng gene_redrran enment an
producing a rétdﬁst‘tﬂ?ﬁ%rmtﬁe ‘W%ﬁ%@q%%ﬁ?‘is glopys- { 'F?JWP'”FE%@'@’HFE"M

ani mal , whi chorrepesartif@ial g looifor maghervogsalindrian & dgenardte elel animasicroghisimdt | ns-
havi ng a humap.didhdits g biisone enbodi ment, one or nore constant

regi on genes of the al’tl%l cial Ig loci of the second transgenic

ani mal Comprl A t.n FESooBRE N AR LU Sbercl Qoo AP BIe B
functional ab f unéerg0|ng gene angenent and pro u0|ng
a repertoi re Bf Q%‘Wﬁﬁ@?qnb i munogl obulins in the FI transgenic aninmal,
whi ch repertoire of chinmeric inmunogl obulins includes chineric

i mmunogl obul i [#934hav pregerepodinentrine reioetuplsese target rsEererrisausent inter prexreal &y
more constant gf ﬁtﬂ'juﬁﬁ'gloﬁ@iﬂ@&s@ht r&jtﬂ gond defh &t ah a b@fdrecémmbimeitehs econd

transgeni c animal .c Q”ﬁ%&neen desr%&ﬁﬁog uman constant regi on gene
and are functional & i erg |ng gene rearrangenent and

roducing a repertoire of immu | obulins in rans ni c
ot ch OB P Pl ST AT ED B Ao e S gels IBABE FBbuhns

havi ng a hunainadtidhtiot ¢f ge ertagenbesrtalcuso hnaambodisghtoths MpOSB BIvoI) sefekrird v,
in one enbodi gBRLelsidithe PRESHREIS o6 @Mfid BEcGd 0SSi Ng a second transgenic
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[0059] In one enbodinent, the at |east one artificial Ig |ocus

i ncludes at | east one artificial Ig |light chain |ocus. {OOQ%% In_a
preferred HPIE N, at 1east two artificial loci are a1
into the germcell, including at |east one artificial |Ig heavy chain

| ocus and at |east one artificial 1g light chain |ocus. In one

enbodi nent, the artificial Ig loci are functional and capabl e of
under goi ng gene rearrangenent and producing a repertoire of

i mrunogl obul i ME3§Inintntethodetisraire the Blostinuanages ie prafaiahia bstwashiacimals epingt oi r e

of i mmunogl obykRsted Qﬁibé&@l&ﬁ ldc%@%t@%élﬂﬁat%@‘ﬂunﬂg&s|‘FH-r|gﬁdﬂgén@&s‘?éype
I n one enbodl nstant regi on genes of the

artificial nq'éﬁqamcaﬁrﬁ ”gc@e'éqﬂ“ @2’5%‘? “Sfe non- human constant region
gene and are functional and capabl e of undergoi ng.  gene rearrangenent
and produci ng [ lepérrasiried sBrodERnBe MePInMIRTFPBBEF INGEsq Haptre ter i ved
FI transgeni c maganoeiéase WiieGkcon@pepat@icns: redoguires msedood megaoweiegéeabngti ns

i ncl udes chi m@édu@ncb m@@fa boRLh® AV ERENRS t@umaaaﬂd@ae&meereabés tsme
enbodi nent, on

e t he |
oot - conpr | se SXemelp oAt BT ERE AR Ol SR i i B
functi onal anthedimpatdapucspsayiherepygesicivgtingehleast @?frern%g@%ﬁt'ocaﬁd pr oduci ng
a repertoire of immunoglobulins in the derived FI transgenic ani mal,
whi ch reper t ofooesioh aiprafarro ghtlditientnte gemo kelbespisasustogidgbudnins havi ng a

human i di ot ypeegtoddiBRLsamsbantict, r\n%ilh Qcﬂnpngggﬁ%lprés@to@&b‘ﬁtrc@%@ﬁi' ment,
t he nmet hods i nvol

i nactivation 8‘?%3%' 'B'f‘?gb"gaesﬁfﬁ?g "%E]a"f’%%aﬁ% encf’ﬂngor?ji’ge'@ﬁ%‘%)d? %Erﬁ{;mdt he
met hods i nvol sebasigrenieitie xprageipmacaied! fegiof i an inpsibiprexyassion ceptrolgggion, and
artificial | gthkeeinsd fuftdbatjprided iraiengeriedionsitts setdna naginhodse-eaniid se

i ntroducing af, 14 gaa;.h rAREgeh Eénf\bn%t lertﬁé gncl;@e%lgéc ;nalrng AudLtd i Lﬂo&ﬁgd &qcyt e

or enbryo derive roma germce east one end ogenous

avi n
| ocus that haleopeesiith fﬁ%’?ﬁ”\’F&?ré'ﬂeasﬁ*rse'ie%“"?fg'ﬁ%f’ﬂYaéesd'?e 'HEFTo PREdt Y at ed,
by the acti ongai cehdn @wr embedimant famathodsisvwolye repkaiinethe stehe indecingeast one

artificial | geip%%n &mzsdoﬁ&raedah&deasexén&@g@anué*raaudngmager&] easin gBe
human vV gene Selgoge nt mc(jqucpon lsno%n?mg?cl; mn one em%lc’)drmgrﬁjnaqcl:{ltoﬁ}s%one u!imfb In

V-region ani no gl

(iii) one or fisreEedRAL é'"r?tse?%@%‘ﬁmﬁéﬁé@“c'%ﬂﬁ%P’@Te}‘is'?f}f@”sérf“?tlc?’]‘}?f'?%la”l g

| ocus i s funceipeagdn aneb egiprabitextidis pateelgpediy 2g@me rear r angenent and
producing a repertoire of artificial immnoglobulins in the founder
transgeni c angob® . in 9k a@md@s@@s@mt hb ek feds invdRs hw@dcufga%wnbe

fertilized 00CH LS HasdBY constl c?grtsgc? ﬂ§ m?%arnﬁch n%rc}? | 56088 r{nt%rg?

fromthe fertiTYZET Socyte or enb ran geni c

and optional | {e@#@ cdescendant thereof to yield a transgenl c ani mal
conprising at |east one artificial Ig |ocus and having at | east one
gernl i ne i nacfopatdtiedn stecietye nobisiniegt, he cethodshrativdiasodberare seeradt | vat ed by

the action of megaﬁu&%smbr%ssﬁmga@u&k SasRAd még@g@,ﬂasé é’hc&ﬂ'@ emmidma@s

T gehgtavlyegf]tal %%Fzg@ roéclyt]:elfgﬁ% ﬁ?} ge(r)ﬁ%rgts ng ﬁﬁf!ah!g ngﬁ"l celli hal\_lnng gltlealst orie {nac Na’tedC I al
artificial |gdlleseusthe I'ﬁf’P'ﬁ'd*é%”“ﬁ?f apigalsthedryades primalican b usgcyo B?"@ﬁ’fe ‘%‘H:él n
| ocus. [ 0065%nirhd h&ving aeda0ghe g@Aitine indoatee idobdnaedg basy e Firaneaimayo

lacks a functégrmtﬁ;ﬁ o'ngong%ﬁ;mffegﬁé Bc,kprﬁ%ec@ dﬁmdea{otgbxar&é ﬂ.\lch Lgmdipcus

i ntroduced i nt or enbryo is an eavy chain
| ocus. [0066] Cof‘“r'?“%‘gﬁflé?sé?’?eéﬁ'ﬂ%ﬂf?d ?nsnt at |east two artl ficial |oci
are introduced into the fertilized oocyte or enbryo, including at

| east one ar t i0P41Eiimp PrEgerERmpPydinehithe frsengseennd maganpelagsss teserkJ 897€i f i ci al
I g i ght chaigghetdSr odetn@bEmefitedisi@lisecobd@eg@hidehsctbrgbt stqehc@Eirear €

functional ang, Ganadl, ot HELALALLOPDS o AAL1 BARSHEI At B 0duct ng

a repert0|re 0] ultns In oun ransggnlc ani mal or

a descendant ¥HedBYF 9 'WH'F @Rd ?'?ﬁ%ﬂetbéfhreérsbﬁndl FRODHEG PS5 BrFIILCIqaRts udes
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construct conprises an expression control region operably linked to a
meganucl ease-_ encodi ng nucleic acid. In a preferred enbodi nent, the

construct MO URASHECi bl e genoni ¢ meganucl ease expr essi B/ EBABETALY
that can be induced to express the neganucl easeencodi ng nucl eic acid
in agermcell. [0070] In one enbodinent, the germcell conprises at
| east one artificial Ig heavy chain | ocus. [0071] In one enbodi nent,
the germcell conprises at |east one artificial Ig |light chain |ocus.
[0072] | n one PERHGEFAHBIRE Of adsrmieP M eeMent 6HPRIFING'ES Ongtor Megdtgeine
artificial |gshs@nms chain |ocus and at |east one artificial 1g |light
chain locus. [0073] In one aspect, the invention provides a viable
?86 914fe|| I V\hermm] aatandateéi%hbmeeneme@@%ee&oh&nég@%@aéeg talrg%a&hété(r@lée%fén

n one n
bt 1l al 1'q SFBagy e i orbdF SN B et 5 TBRAP B Rlqeni e e e
cel | conpri segreaekandagsinerpppstream anf dewnaireamgpf piegii moetam ynopiplisconstah 76)
I n one enbodi maivh getelsegraaisnandelebvagobijihd 88 anddecdnd @sdod@ineegatiicikeddesi al 1 g

heavy chain I%@&cemﬂenaaofl QRImiNe Rbhddk t&ﬁpﬂé.natge Meg%orgmm ddlc%ﬁl'rhs

[0077] In one as e invention ovi cin

vi abl e germ cé?qsgﬂta{?/q'%g?e'éetsep@%{gsf "beh%'gfrf %?/déff‘%’& tr?rf&'ﬂféa@h@ [&" 9888 | ocus.

The net hods i aYoHesemepleldt g at | east one neganucl ease in a germ

cell, fertilized oocyte or enbryo, to generate a viable germcell |
havi ng at | eagioaz)nie niethads Heveil el atiftehOIgE Ned Sorhiisé a10dast.ond hienaA®gamcl ease

so expressed E(%?r@gt”'[r?aeﬁef@rréa“é%&‘rh?én?@ﬁgmffc%flg%Eussc%HH%Q&(ﬁ aWﬁ&&%whd‘ or

proximal to said end ocus n one enb

oy el o aUsm: Be Y ne SppeE Eaiahas s e it BaFOCRABrTB rhe |

i n which the emgamicicewpses; {isorexpmers d geheyspenerits: andVilahd & npes qenstak |

havi ng at |eaﬁstgloﬁ)@@]ei,ﬂ.ﬁ@l’bihW@b&ﬂm&@d&ﬁ@'@%&rohﬂaﬁ&ﬁb&le Alrfdeghiaf devel y, a

viabl e germ Cgeg r?n:agr}{énp%dg le.l ep%ﬂ&regpﬁwﬁﬁhogﬁhﬁ% ﬁ'}%?gﬁ{&?,ﬂ?an n\?\%l ocus

may be obtain om an nlna derived fromihe germ ce

t he neganucl e 0079 n one enbodi nent mhereln

t he neganucl e@g'g‘q:qg"%exeﬂﬁ af‘ﬁa °’?e@|“{r ‘T'|'%@8VV65%9F8’5&'”°8W8?§?8'”t°t he
vi abl e gern1C@PEmﬁavpﬁﬁﬁaﬁﬁWea@mﬂeﬁéamw&%mlWa@eﬁﬂ@HHGQEhgm@m¢QWIocus

may be obt ai negndl lownaathciddbin@ighttsih ved, from the fertilized oocyte or
enbryo in which the nmeganucl ease was expressed.

[0045] In one embodiment, at least one artificial Ig light chain locus is incorporated into the

genome of a transgenic animal of the invention.

[0046] In one embodiment, at least one artificial Ig heavy chain locus and at least one
artificial Ig light chain locus are incorporated into the genome of a transgenic animal of the

invention.

[0047] In a preferred embediment, artificial Ig loci are functicnal and capable of
undergoing gene rearrangement and producing a repertoire of immunogliobulins in the
transgenic animal, which repertoire of immunoglobulins includes immunoglobulins having a

human idiotype.

[0048] In one embodiment, one or more constant region genes of the artificial lg loci
comprise at least one non-human constant region gene and are functional and capable of
undergoing gene rearrangement and producing a repertoire of chimeric immunoglobuling in
the transgenic animal, which repertoire of chimeric immunoglobulins includes chimeric
immunoglobuling having a human idiotype.



[ 0080] In one enbodi nent, the at | east one endogenous Ig locus is
inactivated in vitro. In one enbodi nent, the at | east one endogﬁnous
I g | ocus |g’fm§%PF@éted in vivo. [0081] In one enbodi merft /U RE

cell further conprises at |least one artificial Ig |ocus. In one
enbodi ment, the at |least one artificial 1g locus includes at |east
one artificial Ig heavy chain | ocus.|ln one enbodi nent, the at | east
one artificial 1g locus includes at |east one artificial 1g light
chain | ocus. [[6382]n o8 eafRineAhe@i ot cordiant regsitgetesf @s aiifcatip aki | g
loci are intr %ﬁgﬁ@ga §€onb Fﬁn&%[:rmaﬁﬁjeg%loﬁ deH&AnHQ+&%cﬁénallaﬂa§gpamg

artificial Ig av aln ocus east ope arti flCIFns:ntﬂe ght

chai n | ocus. [“O‘é?@?]”g‘??f? PRSI AT A ENCRT REPYRLE FATYErY RS
anti bodi es, nmegtdrminanbichedértig of fryriympgidniins includrs immpieoids insfharvizgd ng

and using the hgﬁgmdiotm&@hﬁaa%ﬁsfaaﬁb@&e production of antibodies in
t he presently di scl osed transgenic animals carrying one or nore

artificial | oGdogging HaYh A0 BRSO RAASULEANS BirkPGind ARk vat od

by way of nmeg | ease activity
anti bodi es ar éOVH%ﬁ?/V‘“iSWa?Ha’E?H?V% 1'15‘6 @éea“\i\’ﬁ? %%m'é“Fé’affP’ﬁtﬁ%ced usi ng
transgeni c aniendzbenowhigdduud it le seconditrrsgeninahimplgatingh teast e atitcigidaigetand

conprise an akhich io&ls@bm %@é/(}{ amaéldﬂl hE@ﬁgUa‘i Ieaﬁ@tlﬂé IRMRA v i¥heB§rdtisncoding
descri bed herein.

he
net hods f or p?&ﬁﬂ“&‘Le or% L%at%i umarlI & roh Frlquao asaé cpsegtpe%& ph%{e%}qnggggﬁe
herei n. The méedmses: Qf'éﬁﬁPi‘%‘é”lolﬁﬁﬁFﬁtaZ‘F rﬁgOfasef‘?Saf??g@Hﬁe@f‘éﬁFfﬁ'ﬁpe"t?fanwﬁle
i nvention, whiwgéreiafhefakradtasnicadhinlab@sibrisas e bt dne attitik! Bictoge thesecohg)
| ocus and car ﬁrgﬁzaer@éanln%%&d m%lnqﬁéér{fﬂcﬁlﬁﬂocdsﬂorjﬂ %lgécoﬁ@tré%ege%lamsﬂ is

herein, with an [ nmun erre e enic
ani mal is nul M3iPgRae ‘%B?h'ee%ﬂ’%?@réﬁ%% enp beaﬁ@ﬁwe"gﬂﬁllpﬁ“ﬁ?ﬂ'ﬁ’/aor?peétﬂﬁogenous
| g |'ight chai mraundgiobatrsdrthé higrapsaenin eripalb e cofssipgr paibeidate adigenous

i mmunogl obul i Rgedihdor BPSRSHROBRAE gartdiR, ThdIlRAMG GBMIoGnadPLIamhs. | acks a
functional Ig light chain |l ocus and conprises an artificial 1g heavy
chain locus. [{8§6], oh@e&d&@m@wﬁ&&mﬁdh@nggwmwa%w@mgbpl@a%t a;ae%mﬁd.a@nal
anti sera conpositions so produced. Polyclonal antisera of

i nvention prefdFAFIYIEBHSri se ant i bodi es havi ng a human i d| otype I n
a preferred enbodi ment, a polyclonal antiserum conprises antibodies
that consist E988niiops ?’Vboé*f”e%irff‘? 1eRIddansaela FENhcoRRrRER 2 ljAstng pailicial 4

[ 0087] | n oneig@gnesdinlotdae i nventi on provi des nmethods for producing
nonocl onal anti bodies. [0088] In one enbodi ment, the nethods conprise

(1) inmmunizi ngaoaa]tlmwgﬁdaunﬁeﬁnhm&t aﬁtfseb&iﬂtrhﬁsy@ménmls 1Rk Gctafd Al has
Tl ol I e Yke R BS ARG OB ERLTCERg Alavy BERT O

artificial as

i sol ating a ni?ﬁ‘éfc TonalimakFovhe GPsToe BRIRIVFRANEA hat LF?"émf‘t”FF@”i’ fgd'ﬁ'%t@@r‘ﬂ c
ani mal wher ei rRcish@d bomasdsan atificankihbadyhapriadsci ng cel | produces a
nonocl onal anti body that specifically binds to the i munogen; and

(H) ;JSI no th Et gl%héﬁafdod.aaeﬁtl tm)aoraru@ps g6 BinGedomplids BQGUESartitel
monocl onal an a ecl
?Cb r‘féﬁ”é’%ﬁﬁt IeSQ 8ne arhﬂcﬁ 1%?(%%' gﬂgr fotm?s athg gt I%qull\g ggﬁ%irq?@ﬂ

usi ng the non
cel | that proéigndecus. HéO?ﬁcﬁﬁ@e@@ﬁﬁlih%ﬂf’P'ﬂi&@c'aﬂ@ %ﬁéqnﬁéja@ﬁ%"wmal dma
cell to pr Oduﬁ.ﬁctbﬁtﬁ,’ar{ﬂlﬁﬁﬁble@)ﬂa{der@ﬂﬁg d@ﬁdbéarre{n@@%] ank prodinthg@népeddinent |

the methods comppi %o%ut(n% nﬁhmgh{g'emga@m;& AR BB 0HcFe @f%mo lesul.ﬁshﬁdudes

i nvention, which one | nact] vat ed

| ocus and car FITRECGRPIINS BRI G RUTET DipyReg (Tagne PDICisEls oned Shdadcnone 1o

herein, w th agion prrendiderertifi¢ialilg lodi sfdheasetond trapsemvitaoimeramerisa el lkastigne
produci ng cel horf Hu@Bh &d?.etaﬁtrre@rasg@rrélaad aeruﬁabnm@f@pdmetoh@mm@a@g:dea@al

bod d
gg;'(:l ]9| )(;alp[ 3 Ee%h%gem%? r};]j @ro% n%qg%sre %rtgroen 9&1.1 eﬁ"‘i?‘lmnﬁﬂ%gi 0%859.¥ in tttbat;1

nonocl onal ant§rseRMe aﬂ'f”éhﬂ@?ﬁf@“’%@@l"f %{””i’ﬁﬁﬁﬁW“ﬁ?ﬁéﬂbm@ﬁt”ﬁb‘&‘d?h'ﬁﬁf@l eic acid
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[0093] In one aspect, the invention provides nmethods for producing
fully human nonocl onal antibodi es. The methods conprise Iiﬁi’10 .

i muni zi ngW® P8R4 &ni ¢ ani mal of the invention, which Hnl/ BP0 1%t
| east one inactivated endogenous I g locus and carries at |east one
artificial 1g | ocus as described herein, with an i mmunogen; (ii)

i sol ati ng a nonocl onal anti body producing cell fromthe transgenic
ani mal wherein the nonocl onal antibody producing cell produces a

m)nf)dt onal fan‘irﬁrfmg oﬁuhatha\ﬁr@%%ﬁnb@aio{yye b B mb&irhdhe ohdBRURAGDRstanOD |
isolating fromthe g o a
anti body nucl &°%€"§ ‘Jcneﬁlo\/\ﬁei%r}%@rll 6d OHQ? ecgnd?g#%% u "%BJ%%%Q'%
speci fically bimaiisopsint fﬁ@m’iQ’Fﬁﬁﬁfﬁ’gaéﬁhf“”%'?f\?)a”Prﬁi‘ﬂaP'?Pfﬁ@dﬁtrﬂFPé’gﬁﬁ’??ocI onal
anti body nucl @lagareiéht bl gasc0elhtCErepertibieCs Mmunagidbuling inchedl 1draasgiedc armeddi ng
a fully human wﬂ@mgﬁé&am@& ﬁp&b@&b@yns ;r@ms*eswr)nudaabmnstha@ngﬁmﬁpldr&a,aé

nucl eic acid enco human nonocl onal anti body to produce
t he encoded f @M }}}‘”ﬁﬁ%‘i{'ﬁ*a%ﬁﬁé onal antibody. [0094] In one aspect,
the invention provides fully human nonocl onal anti bodi es so produced.
[0095] In one [0985 eBimilary HeoreRyeefimesh S s otR®mPEE SRR M9 TECRE EPSpRaic
aci ds encodi ngnifnstinbyngtet 3Bl omemdicibl oiadus aitit & taegess animaldf the hhamtie todt is

produci ng the  sape degé?gﬁl: LQOI@&?m @émgﬂﬁdﬁfé%st o%nh@%@@b@&uyﬁﬁﬂﬂ n
met hods her ei R co ' ses %{F@" a%‘a_g usi 091 gﬂgamsm or _anti %e“ S
portion ther e&’FCt'VTt%éWT PIPfgTT 8 HASFE° PR MOS8 G

met hods her ei twoizgtifigial igalmlmg@nln@ﬂ@@gt@n@emﬂmdg heavaghsin Iqcps 2pd ablpasePngat i ve
embodi ment, aphidaMgnggeRkirused i n nethods herein is an antigen
exogenous to humans. [0098] In one aspect, the invention provides

met hods for gddkeﬁaih Io7d Qﬂao%emﬁé%aﬁadggorﬁdaee .ﬁ%uemgtameysﬂ or%ranaaémggem c

entity inah onen

conpri se cont K615 ”'H%a? ”%ﬁﬁ?ﬁﬁfﬁgﬁ?"dﬁﬁepﬁ”sig 'B%”F‘g’éf'&?ﬁg?e”a?{t’ﬁ ERY SDIE
conposi tion obf l:tehemacnrv:ﬁm Hydire, activiieel @pgrortieee mrIELseaRgalwhaRinitheet igast 0“9
conmposi tion copps I%%%usj dﬁm\dfb@glo@bﬂ&ebﬂ\ RN StldaBtSoné RitanSeRd ddgadt] y bi nd

d I f
R T

I'se contactin
conponent wi t WO JeBRFCERBINT: 2ngH1i) 198 8YMSE Cft“ﬁté”tf%{?é ﬁ?rleéﬁ"he’\ﬁﬁ éTeé“fJ‘\flc'T' F\%
nonocl onal antoblzodyncspecant caablk yf Upiiengtingtgenearpirangaientahd preduciog a

modul ates the e@&‘o‘iré/bfta)‘hﬂagl tﬁnhlﬁo@&bhhrgm fFan§yahik EMmaIEQ’QMm thélgem cell.
preferred enbo

monocl onal ant fgBALPS 5@:‘16 pr’f%‘%eBH%g a@%gt‘ransﬁerxnctam"}aﬁmm ¢ ’% aglﬁ"igggneentl ty
is froman or glaﬁinaslmlchaﬁtﬂdb%@@éleﬁhoﬂemﬁ@ﬂ*ﬂq 'W§V3W§@5’Q@°US[ 'QMWT‘“ P# one
enbodi ment, t BgnanttiveenbyGhedttion of onesor Boeedebartitisdsacieonibd gekel.so[ 00103]
In one enbodi Erg the antigenic entity is a human cytokine or a
human chenoki f%0104] I n one enbodi nent, the antigenic entity is a

cell surface [58'57?Cllﬁl lor?e eo%og'mgﬂ% t#:egartl%gét ogggﬁ Clal igla leculs includes at least one artificial

Ig heavy chain locus.

[0058] In one embodiment, the germ cell lacks a functional Ig light chain locus and the

artificial lg locus introduced into the germ cell is an Ig heavy chain locus.

[0059] In one embodiment, the at least one artificial Ig locus includes at ieast one artificial

Ig light chain locus.

[0060] In a preferred embodiment, at least two artificial loci are introduced into the germ
cell, including at least one artificial Ig heavy chain locus and at least one artificial Ig light
chain locus. [n ane embodiment, the artificial Ig loci are functional and capable of
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[ 00105] In one aspect, the invention provides cells deri ved from
transgenic_animal s of the invention. [00106] In a preferr

enbodi rrentwotzﬂ%snl W¥enti on provides cells derived from tq{g’%?[@é’ﬁ:’%ﬂf

transgenic animals of the invention. [00107] In a preferred

enbodi nent, the invention provides B cells derived fromtransgenic
animals of the invention, which B cells are capabl e of producing

anti bodi es having a human idiotype. [00108] In a preferred

enbodi nent, t hslergovigpdneovarrpngenend esd gaiucinTeiepastoieaf invedodlaboins fnrtegrsgeni ¢
ani mal s of t h@erlvéﬁ’lelrﬂah@%mc Emét(m]]ch Iré%e@?@oﬁﬁﬁ@r%lobtﬂ[mndldayﬁnt| on

provi des nethods f g ﬁtgrﬁ r% t% gotmas capa lD tg tant

ant i bodi es hali e ITFER T BITHE YA " HERS {Eldémego b ormoret(%’és Use of
cel | s deri ved revico asnep afritscpeiiiciel Ialng aenpsisedt lepgieng 'FWE?H‘WW”S"W)GQ‘%?E“M
one aspect, tbﬂﬂ dr&NRdlibri a0 dRE Y ie ARG ddrydg B arrasraagenahiaait peducing@0111] | n

one aspect, NSl SANL O, AROHES.ARLL0%ER DAKCRO A LIRS

i di otype, mhlc anti bodi es are Ero uce OL
i nvention. [OCPIHe PifhiBREF mEHe b”"t‘sHéc’LIdﬁtlé"fWﬁ“Bﬁ"”ﬁ’F?ﬂﬂbH'& aving & human
phar maceut i caldiotyparposie dmbagmertrape pronangicoasiard regio ories effthetanificialiniett i on,

whi ch anti bOd}éogSﬁt&e a?—leQé&@ﬁ’é"hdnﬁh @&n)é@ﬁt redidQdrk3hd ki 1@BRNASREGbabld dhe
i nvention provi

treatnment, co HE) Iglrgglln%%ene dsarrange enrt Iarﬁ?]‘dt gprodg%?a? aD F%Eertgl tof ’nﬁuﬁgg?ogyﬁg n. the

anount of a pHMVeAIEHNTIERF a’tﬂtﬁ#ﬂ@@teipﬁ’ﬁ’"'%?f"t"ﬁ'é"’ﬂ'ﬂ'?}’é’tﬂ"ictb‘ﬁesto the

pati ent. BRI EmmidaS#liRAS héiMg@humhiibditipAshiangh@okid] redflongure 1 shows a
schematic representation of an artificial heavy chain consisting of a

human V-, D, @) Jin bROIMBeimant 1R mthtdE Adne s@r@@ﬁ@(‘geﬁm RMFoSRBRY Shd

artifici aI constant r.e f
contain exons "&HEHaE A - enﬂﬂ% Ousq%ﬁf dcﬁrﬁgggm%d @E%ﬁé %?&IOIQ %%%Hﬁgs
donmi ns. Menbgameels fraAnirrRgenas of 26 pritgRl Bdiste pol ypept| de sequences are

encoded by rat exons. [00115] Figure 2. Schematic of the interaction
of |-Scel andloDs labne3mbetinendfther reaifmgs camipdse is@duean @east one artificial Ig

locus into a fertilized oocyte or embryo derived from a germ cell having at least one
endogenous Ig locus that has been inactivated, or is capable of being inactivated, by the
action of ane or more meganucleases, wherein the at least one ariificial g locus comprises
(1) & V-region having at least one human V gene segment encoding a germline or
hypermutated human V-region amino acid sequence, {fi) one or more J gene segments;
and (i) one or more constant region genes, wherein the artificial 1g locus is functional and
capable of undergoing gene rearrangement and producing a repertoire of artfficial
immunoglobulins in the founder transgenic animal, or a descendant thereof, derived from
the fertilized oocyte or embryo. The methods further comprise deriving from the fertilized
oocyte or embryo the founder transgenic animal, and optionally the descendant thereof, to
yield a transgenic animal comprising at least one artificial Ig locus and having at least one
germline inactivated endogenous Ig locus that has been inactivated by the action of one or

more meganucleases.

[0063] In one embodiment, the at least one artificial 1g locus includes at least one artificial

Ig heavy chain locus.

[0064] In one embodiment, the at least one artificial Ig locus includes at least one artificial

Ig light chain locus.
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[00116] Figure 3. Schenmatic of the interaction of the 5° end of the
| - Scel recg%:utl on sequence with I-Scel. [00117] Figure 4. Schenatic
of sequenc f¥i on mechanismof 1-Crel (from Nucl efC/RRPHLHS
34, 4791-4800). [00118] Figure 5. Schematic diagram of the strategy
for altering recognition sequence of ICrel. [00119] Figure 6.
Zinc-finger proteins (ZFP) designed agai nst sequences encodi ng rat

| gM were expressed in cells, chronosomal DNA was prepared, and the
appropri at e re@esnin@he bhwdigM hektitzenasylRGReratmypl lacks 2doctiR@slg tighbehain
products were [o%nsaga/dzt {arﬁx.alneioy@%x&@éﬂ A8 ugeéms.gédeo%&ﬁmams@&]g SnigThe
figure shows pi cal exa denonstrating cl eavage activity.

DETAI LED DESC#QF@TF@‘{I lpges. THE | NVENTI ON [ 00120] By "artificial

i mmunogl obul in [ocus"™ is neant an inmunogl obulin | ocus conprising
fragment s of HAPeEInInErREfeEH sHersiEent siRaRISY? BHTR! 1pF #78 Bfrodupsidte i ng

mul tiple i Mmumagikalbettaorgrigo, g Bastwhe atficihing hasdechait lobesast atdrvet

variabl e regi gp, rh{haﬂﬁﬂﬁt ﬁsﬂ%‘é&t in cﬁ\@%m%dm@ﬂ{ %e‘;ﬂlwﬁ; lo%%g@ﬁm{l@nal 4Hae or
nore D gene segnen

nore const ant C?F@B'FBW”G%WQSGS%‘E?HEQQG"PHIaf“ﬁ@'% LP:@%8ﬁe[per|?°r‘1r$/8ﬁwq%”r?g'°b4?n
| east one of ftritee urgeriensenjeeniral Oe¢1é@d@ﬁar‘éthg@anWW'WéeR?ﬁo"ﬁwber mut at ed
human V-regi ofnAFb &u%htﬁlu&@%ﬂnﬂﬁ@obuﬁtﬁ ravify £Aueah m%tyeah@d&dmmbd:mam

artificial i mmengr o(r)ebc%!*l Ité.l!ﬂ ggry?en%f of hQ%ml‘" &Y@r\'&cﬁ &Jﬂ\ph lP&?&HteQﬁhun%d

capabl e of redrrangenen
i mrunogl obul i ﬁ%”SfaFfrfe%O”;ﬂPEﬁf@F{ F@du”éﬁ‘%ﬁéﬂmfb[eﬁfupc@%f’g BTe e geREent
segment is a hnn@edubhgereersegirelihericirntrioflbigiinin thgfllmeusihsasic axeal.

herein can refgf deTsQenHM ﬁ%&fW%pE% of o@ﬁ{ehé JﬁfHub(ogToB@’ﬁi Aa@rdclimgic, and
rearranged loci. Arti ci al chain

ri
| oci and arti fT"E‘i“&?'OHUH‘SE@é\W hgﬁ‘ﬁr? ﬁ'oﬁy% n i il it mg?latemeé"& odi e mc’% Consgam
artificial | grdoisogence oifhe dridieis! Imlcﬂmmmﬁmﬁﬂ?aﬁtor‘%@{”@h c@@ﬁ@t r%ﬁ‘?(ﬂ gp@e and
capabl.e of pr QQU@icﬂﬂai&ntﬂ epend diukdergihg beresreglgemert knispredochgecheprgtoire

chi meri c i mung epog!obmﬁ .nﬁﬁwm[agdeatrghg&nramgl g;aro@@epaam thefech Bfich

enbodi nent, an ar i ene
and is capabl éepﬁﬂ‘O'TBPfd@'ﬁ?E'ioH'@b‘%{“Sr"éCﬁP@?%'EW@QBP“['PWﬂ%aFW ‘%’ °PHcl udi ng
i rmunogl obul i hemdvaenstept @gibruman C regi on. I n one enbodi ment, an
artificial 1g |locus conprises an "artificial constant regi on gene",
by which is nmpagl @ ofOapéd e iivegion frogdR enetofgrod psddndngitacdgendd anthaals
sequences der 'c;(%&e%fﬁﬁgparmg&aa@&nn ORI, EQNSocbRH RARuLENCS.

For exanpl e, I clal C constant 10 e

constant regi 8ctydffe "éﬂ&rﬁfdi““rijge”ﬁ’%rﬂﬁ’éﬁhel r@e@"ef;ﬁo"?j’ﬁ‘?&g?\eragﬁg F%{‘[sgﬁnﬁG CH2
and CH3 donai mnimal[he@i2ldendnmic wegrrucisrtrodprmssion Sonsuyst, wherein fheegrespign heavy
chain |ocus | %&Kﬁuc%néég a@&p@%n\éﬁt@nf@gnmu@mmkmaa mabdromeasé-he

resul tant i nmmogﬁ %Jﬁllelcgmé oln g re‘%?g(}/e difng% tFieyé%éfr%L id %mﬁﬂﬂtﬂé é)etﬂgflml: n:

chaper one ass8&°8 ¢h"afP

producti on of mwvsleaéﬁ@ipf?sﬁ?i‘l%?“%mfﬂﬁtfdﬂé%’”ii%e‘{‘Pé?‘Ps‘?éHTeE‘ea?ﬂ“ﬂ%ﬁsg whi ch
| ack a functi emalind @ickighd inelgaieel ocus and hence do not express
functional Ig light chain. Such artificial 1g heavy chain |oci are

used in nethogpg é]elﬁ%hé"ask&t memﬂlﬁi@n Erﬁ\ﬁm%mb@s f@brd¥Rdiry ol tARdgM@arimal

f t | 1g | ht I
hgg\(iyl gﬂ:l n Ig B%J 1'3 gsﬁm cﬁlrwfeén azP:%St one nr I g%nlnorllj gggcug &Hna&'v&h@ Thleg

chai n-only antriethodicensprisaneetivaiag ihvendygenatﬁ ‘&P'EHSF’I i8¢ earm £y ?"dfb%%arer?gy be
mani pul at ed i Gerf cbilor tedtilighdSobtyf or €ty dderiaad tmﬁbmadyenireasengof@n and
generate an art heavy chain | ocus that provides for the
producti on of "ﬁ%gnb&éa@ tgigr%monl y antibodies. Regarding the production
of heavy chai n-onl es in n de ient. see for
exanpl e Zou I e L h °5$‘|\?Pe°gg“f nygRien %’E\g%saﬁﬁ@eiger 6 Fray masﬁ@ne

i di ot ype" is meseganogs Ipiobypsirqspabipeof Baing i betepr 'éééfﬂfe”éi’le'ﬁb%'ﬂﬁﬁn‘h%lwm body
encoded by ancinpMpRE! Dbubhit m¥sagenassagiarsth corbiext, tve g tHarmession
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[00124] By "artificial Fc-region" is neant an Fc-regi on encoded by an
artificial_constant region gene. [00125] The term"lg gene segnent”
as used helAWWEBI¥!s to segnments of DNA encoding vari o@’%?‘%ﬂ'&ﬁ@ of
an I g nol ecul e, which are present in the germine of non-human

ani mal s and humans, and which are brought together in B cells to form
rearranged I g genes. Thus, Ig gene segnents as used herein include V
gene segnents, D gene segnents, J gene segnents and C regi on gene
segments. [ 0GB (MRS AR HRIFRHONEP! fFEREORSEgrERiEd fopMegeaniglessEr ej n

i ncl udes bot h enatling adcleic 20id.Cc wrarprafigres egieeineetsthe fonstriasramindugiblg gsremic

segment , degengiauBedse bifResibn QRLHEAA ¥an®E Telidel RExSEAWRNERENREas®- human
| g gene segnent n hﬁth sequences that encode a

as L1 as synt

pol ypepti de s@&ﬁ%ﬁ%%‘%ﬁﬁ%‘?%@éﬁ‘? ?ey i dentical to the polypeptide
encoded by a naturally. occurring sequence of a hunan'tg ene
segment . By " $iB%: dhee&mpsdiment teaamt cell FRatPriveR &t Iershene rtityal ey ol d
sequence identdctsy i s at | east about 85% 95% Preferably, the degree
of ami no acid sequence identity is greater than 90% nore preferably
greater than 9%) QAdavlodBint HEgNNYEI BABREs At SoalRANEMIFRAI Ig light chain
endodeoxyr i borﬂjltégé ease that recognizes long recognition sites in DNA,
preferably at Teast 12, nore preferably at |least 13, nore preferably

at | east 14, r ef er abl | east 15,  nor refer at | east
%6, more pr et B § okt Shidbnibe iR 60 eagief 1 Ralatd Sde ' bebrond
nucl eot i des i fciseandetieasiving anilindl sdig shainesiide zi nc-fi nger nucl eases,
natural |y occurring hom ng endonucl eases and custom engi neer ed

zi nc-finger nyoryases: apekt hemagios prdaodes @lvieals ggm cWheterdinsat eequner ed f or

use in-the inygatd g b Relsidhadiiameganucl ease recogni ze a
meganucl ease target sequence present in or proximal to an endogenous

lg locus int ubj ect ani nmal, such fupnctional. mutation .nay be
bt oduced i niprd TR wiFler Bie B 4 B8 pE e L Reb ety
nmore di scussi BA*Sof neganucl eases, see, for exanple, U.S. Patent
Application Publication Nos. 20060206949, 20060153826, 20040002092,
20060078552, ATE] 2600500@4dmdnt, theQRi? 8] cZnaigssfat legrt pnermutifitialdslimbt chiin h

al tered specifhgi ty can be generated by conbi ning individual zinc
fingers with different triplet targets. The specificity of naturally

occurring honjpg, 6nd B@ﬂ&ﬁ%he%ﬁn a8 c%nb&ri@gs%glegy g%%t%&lﬁ]%é\rb@ﬁﬁﬁ

protein engineering. For exanple, see ot eus an rro ture

bi ot echnol ogyIO%(aB‘%tée@?t-c’ge/?mrggUg!'ghf?5’6'13?@]’5' An ani mal having a
"germine inactivated Ig locus”, or "gernline inactivated endogenous
| g | ocus", or[P0ériiPierrsrast thainvenion piovides Batest§dy olpdudng alviselag=m cilas an
i nacti vat ed endingenaidsonk ghattiogetbentishemiie idjodte| The metheds inveke Expre3OmEdt i C
and germ cel |4 phtfiGahl &@mda %em{@rr%ﬂ{fgrﬁlﬁed @aaytgeﬂeﬁn Ravh BeheRIIT-hi

i nactivated | oci are produced by I on, as effecte 3/ e action
of a meganucl €58E°MRY Bé&’?%"&%’f‘%"ﬁﬁ“@h“&‘?r\%%'gF’F%Se TPoMPFRIGEBE Ot ant
ani mal , or a prededesswizet heegofcleaiaiSRpquRrce desent Dror wPxivg iseid Ger m
Cel I's and Tr aggogRiislg idkmal s Having I nactivated Endogenous |g Loci
[00131] In the present invention, nmeganucl eases are used to

i nacti vat e enggﬂg NOUS ehBodifiét, g@&giﬁgﬁgggﬁ uag#sg eygrgsg;ﬁrggérﬁngg;ﬁggg

having at |ea ne | nacti vat ous 9 I"oc .
i nvol ve expr e¥87RY ”h‘t’h‘clhé%?egﬁ?i@e?ﬁé&a‘?fﬁr@ﬁ‘sé%’é‘% § gviahlegarmhyel Byving at least
fertilized oosytrectvated ewbgeyaus |4 locugehiematielya wiabilges gt having el lkasharei ng

at least one hiagidi\AicBshoB I RERNRLYBe bitaih@Gds-an TRBaIBUROHGH B858mSO
expressed recoqgni ease ar get sequence present I N or

. J éleg a nea%aqé'wlwasex I‘tSS s . H
proxi mal to ai BRa5GERSIE PP oRT T Ffie subject animal. [00132] In
one enbodi ment, wherein the meganucl ease is expressed in a germcell,
the germcell in which the nmeganucl ease is expressed yields a viable
germcell having at |east one inactivated endogenous Ig | ocus.
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[ 00134] The invention also provides nmethods for producing transgenic
ani mal s coaprising at | east one germine inactivated endogenous |
| ocus. ThePePIE8Lonpri se deriving a transgeni ¢ ani mafCHYGH{BLQ6S4TS
viable germcell having at | east one inactivated endogenous Ig |ocus
produced according to the methods herein. [00135] In one enbodi nent,
the viable germcell having at |east one inactivated endogenous |g
| ocus further conprises an artificial 1g |ocus, and the transgenic
ani mal so proqsyedIncagphbaEREnaRhaddit thé medadlclcage it e@ussed[i0DRABEd darytone
embodi ment, t QJ er%%hgggiagl%éetrrn%%ﬂ h%&?ﬁﬂ% le3& oﬁ&ﬂﬁarcﬁgiég'e%g%usalb fokds nqéy@la g
| ocus into the viaple gernicel aving at | east one inactlyated
endogenous | g SPBBekToms agimgkgerysd AP ”ﬁg%’é‘?‘?cfﬁﬁ‘fe ¥ FEPRLY WE'Fh ée
fertilized oomyghenudeasewbs gppregdedi ved t herefrom and the transgenic
ani mal so produced conprises an artificial Ig locus. [00137] In one
enbodi nent, t heyspeinhadsmsament, fe atesitnakiiggaons Igbtie igedcmarein vitlhain ng
at |east one Ioﬁea c(a: ﬂoﬁ%ﬁtdthg &qla%gteoﬁg %O%OJSCP&H&B isqgacﬂ/agg fnrﬂvﬁel l

, W th a gane

descendant thereo e conprising an artificial 1g |ocus,

and the transgenic animal so oduced, .c rises an artificial I
s, [ 00130 Rl Anreaheny MERHD GaHBTE e A eofigh fffls b

| nactivati on df crercioepimrot thelatfeasberie afticial toriesusiaplings Aldepainie pificsblg heavy
specific for ipRipQeltkinfodd@netht ERERBME Srifidl Re@Vy/inanried atneabtioght
chai n | oci en% igce':ar?%qiahttcgaitlg&ssubj ect animal. In one enbodi nent

doubl e- strand "bréaks™may e P nduced by injection of a neganucl ease
into germcells, fertilized oocytes or _enbryos. .Alternativel
expression v&Pedr bogye Q?gmptcatgeéf@m’e g'S'gF%IéCIgrer'r’%raélur{fﬁ%ﬁ%éhéaéeé"ncﬁl_l’
capabl e of beiinstydiexgleastseeiarifisiale heav e cusand gf Ipgsiang agifnia) ladight gein
enbryos may beyiddj ected into the sanme. [00140] In one enbodi nent, the
nmet hod i nvol ves transfecting germcells, which may include precursors
thereoflsuch %sﬁ@%&%ﬁ%&!ﬁ%mﬁ&egmmhésamnbbcrksym&rroao@rarhi&td}ég,\éo with a
meganucl ease encodi ng nucl|eic_aci.d or expression. construct. :
exanpl e, see Wﬁ’d‘ﬁ?e‘saﬁng,megPdsﬁﬁﬁ’?%qg.a,”d ﬁgg'?f-a @%‘d‘fhmgﬁﬁcﬁm th?/ipgrfd_g‘%m%l .
Bi d. Report, 6Fangrdiegndhe rpgenly disglqed Werpoenia aEima)s eing end CEmBGATIAEHt , a
meganucl ease @%{uh@55ingBnEs Rotd diBdgehdis ighdcifidciiiatd bly rhyoof ifegangeesre  of
the subject aninml. Expression of the transgene encoding the

.dg] . . . .
meganucl ease in Jerm cells will result in double-strand breaks in

endogenous 1 g, loci and subsequent nutation of the restrictiqn site.
Mati ng of suclﬁoof’?]a'ﬁ%%‘?‘ﬁlb@gglﬁ&n‘ﬁ‘f %"t'gggjéeﬁﬁegeﬁvﬁC%af"f°§i¥raffr?1b§d'ﬁ’ {' ‘71[81 oré

nut at ed/ i nact ipweitcediusingriarragtioaimalsivhics dck a fupryeneblp ight cheindecyhanyd
preferred enmbeghdgienin Hficitiheav) CREEGS, iabN&Bd byanethods detribeahadi. e

meganucl ease expression construct is integrated into the genone of
the subject aRjoBR! in MAHE: (RAMeRIoR Blofidds Magbas 6 tprddteidg kbbb @ingn ger m
cells. Such constructs Fr oVi dde for Tgﬂ nltFndzatl an, ipnf eAges 9)|('1|scenigf fects
associ at ed wi FTASEX5REEEARVEEC e 1T DR R R h TE1 e A% YRPSTGh
control | ed exprimelsi hninvanton welehcnisiakhap pdenst e actiwated endpgeaqus igeRye 15l e
pronot ers, r adiridsia0Bast Bdumiibbi 6y 194uS BDISEBed Heeli, @ty imhenogee han, _
hormone i nduCBl-ge PLANBHEL: She AGheRt AIRL R Bk BMFd BhBothbydll e 4T On
of transactivators, and t he 7 e. For exampl'é, see Viql,abo et al.,
Current Gene TRy &pripaenguyg fiahidgin ang Besordingliy 1 320IR O RIPHSTS V@?%f,"o”s
meganucl ease exmunegsbuida. imaye bebodimduictbeltransgenin aeimbiiaeks alfiendtigratlg fighbm t he

germcell. [0QL4A4lcud BhaQBSpRBbadBALg nedvwThAi@hauseganucl ease is
expressed in a germcell, wherein the neganucl ease recogni zes a

target sequen .n_Qr_ proxi y i ; dogenous
to the germ ng%ﬁé] of °?%%p""s°u 6’{%&’? ﬁtg?l?rgn\ﬁ#egw&%%l%&% [leaf ??rjg _glg?ﬁs)ggi ment ,

t he meganuc| e&®auced rReyelongbeiesitl thednvpptioppreisiably Fampriss tikpdigs kg 2
segnent. | n anghdnediotpeeherpreaares abiodinmeeing policleal pigemm cirerise aniéhoget
sequence 1S | g 0fnddh OXLABHy of htidlics FARHEAGLARHbhecONST ANt T egi on gene.

14



[00146] In a preferred enbodiment, the first and second neganucleases
target J gene segnents. In one enbodlnent the first and _seco

meganucl ea¥® PHHMBL sequences are, taken toget her, upst%Q§ﬂﬁ4ﬂﬂT&”1)
downstream of one or nore J gene segnents within the endogenous Ig

| ocus, and cl eavage by the first and second encoded neganucl eases
produces del etion of a genom c DNA segnent conprising the one or nore
J gene segnents. [00147] In another enbodi nent, the first and second
nmeganucl eases oy gﬁon&&'ﬂ@c& tinveRBh %v:%%th%%%dﬁcmghﬁbn&f@al

enbodi nment , % lest and second neganucl ease target sequences are,

t aken togetheF”'ﬂﬁ?trean1and downst r eam of one or nore imunogl obulin
constant regi on gene segnents, and cl eavage, the first and s gond
encoded nmegan{f®f@alsese q@ﬁﬁ@@§“ﬂ@ﬁ@¥$6ﬂmﬂ EWFéhfﬁﬁﬁgﬁﬂWEﬁ
conpri si ng t heneatention, whblh enirharhasad ghsd buel mantn@ten smcagﬂnomsejglom aneergries at

segments. 1n @.gn ﬂffcﬁﬁ BARQL bERMed hdbie WRPBSHANogeR i) RBa@ERE encodes
i nmunogl obulin p

us |Ig
heavy chain aﬁﬂWﬁP ?@mP? ﬁwﬂwwgfﬁﬁﬁggﬂ%ﬁgth?ammg“%aETﬂmt gg%% are
del et ed from etieodyeredmingstl RFWCGE?L?UP@@Q[OHQIWFP&FY th%ﬁ%ﬁ"’?'ﬂ%ﬁﬂ&{ biggsdoti? e al so
referred to agaebgehi Hibi g uamy BOCOEREIBRUSbAE HBdichatelhagodieens

d Q0 X
used 1ot srupbrEpe PR %’"“9&9"@%’8&@”*%@&" ONETRARBHLLAASS | o

enous a gi.n | ocus,
| eavi ng t he r@nWBPHPEEUHT of! 8p1°5‘(‘,°6§h}’95‘?%{??t 5?‘?@ pécﬁiﬂ‘%ﬁn@"ﬁ’% ‘%P?J&Utl?f’?o?'g an
| g heavy chai andJsiag the ihyicidemesretl © prddecettgpnaraiorelantiredyl obul i n: chaper one
associ ation. Preferably, this CHL targeting is done in an ani nal
| acki ng a fung@sgnmbnd @ndobighit, tehastiods eanpsise (Burtiuntzag garispanicanimaa h
animal s i s usgl 'ﬂ}lventlgrf wwap%wa. ngabggswneqmvafemdxgmg.@eguseead cdrf9450]

I n one enbodi one rreganuc z 9 tar get CH1
within the | g'eH%aW"df'ﬁ‘é' Ighlogus @p descrpbgth A} Wl‘ﬂha’HW@”’éOﬁB’b P FRAe @
neganucleasesmbmmbgﬂambwupadwau@ﬂﬂmgﬂb%@maﬁwca@@d“mwwﬂﬁﬁéméwbﬁﬁlnent,

the sites ar ea;ﬁjbé‘d}%%b?clr@%e]?pr&@&és@dﬁo@%nal|aﬁtsb@ﬂ}ﬂh£gﬁﬁama’mﬁdﬁ tdthe two
meganucl eases, ar e%greg ég) Jso%(%irég[ athe monoglgnal %n@lgojdgg%dtjcm Qéllgfn%’ngﬁcglal .

enbodi nent s, ft'egies
ani mal s t hat awtboqyqulﬁ'w@dm@h F'EFP %N&d@f@ﬂ%‘é‘ POy 1 ﬁpeeﬂaﬁ”hb*%{jﬁa‘? tB?
endogenous | ginixeasen:chaiiv) usifd0d D ocidmabantigein heleiracinngd sodoamtr meiorignal

regul at abl e gﬁ ggﬁ%a%g%g,glbﬁ%gt@r%%génon constructs [00154] In
one aspect, Invention provides transgenic anlnals conprising at

I t bl t.
[00155] The ¢ PRl RAPe YR Tpe R B aPE SRkl ‘*Pr*g'? BB ory
animals, particularly birds &thlcken turkey gﬂ@(% C(E_heasant
or goose and A& R’lf)as”‘?‘:bﬂﬁ vgntipiprgvides mgpaciona] njibe er$§°5rﬁ §ui nea

pigs), and weasels (e.g., ferrets). [00156] In a preferred

enbodi nent, t B9 éggm%aﬁﬂ thedvprsian proviieg isplaled euglels SEIPINELYP S const r uct
conprises an mpsdehddhtibeigr essi on control region operably linked to a
nmeganucl ease- encodi ng nucl eic acid. The inducible expression control

region is ind % llMoﬁe%?&:{ R aHvertBn QO\Q‘%E H‘i'eﬂ%@dslfor‘%fod&(ﬁ@ fLﬁl?-ﬁLIniaGm ar
transgeni c am na IBTQ??gE]‘U%ﬁCgheénet ug? nse tmmau%l%n astr?ngge%% m}ﬁ%l o(‘f% a

meganucl ease Pdlg an endogenous
i Mmunogi obul i invenieushighfaningkhag aﬁf%bqnezmﬂwwd e”F?R?TB’?]g lpcup é’fj’tﬂaﬁ‘?%lﬁl e
maganuc! ease RXHLRSHION ICIOdS b ttribpd Rvaid] @Bh drammdAcgémiiz adlatoga of
cytotoxic eff E%ﬁ&o%lor?%?n?%d?%n%ﬁ% Watcgll f%?mﬁeetﬁaﬁég%mc mlmﬁwpéélﬁ the WHoRdcional

nmeganucl ease throu ression via |n ronoters,
e.g., heat-i nélﬁ'é?%P@dWSﬁﬂ&péqdécesFé‘%ﬂ%ﬁ"i”ﬂﬁ“ti Ryt ﬁ‘?e@&ﬁpyoqwg é"i’tgo
tetracycllne apenaeRy; (dsorbmeronrickroeriotienapamiiyedy erpdicingierl aproopainelr s

i nduci bl e by gispRt héabd £ wikn bAcads detiokadionsisntibadydnd: BckiéaEsinds to the

immunogen; (iv) madifying the monoclonal antibody nucleic acid to produce a recombinant
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[00158] In a preferred enbodinent, a transgenic animal of the

i nvention conprises two regul at abI e genom ¢ neganucl ease expression
const ruct SO E®Ing two di stinct nucleic acids encodiGIgUY2Rs/065419
di stinct meganucl eases that recognize two distinct target sequences.
The two neganucl eases in conbination function to delete a genonm c DNA
segnent of an endogenous Ig |ocus and thereby inactivate the sane.

[ 00159] Transgenic animals conprising at | east one regul atabl e

genom ¢ neganuodidasil eprqiing s Sillpiuneo mstacleod! antiagdybend fadendihe meamante] |
known in the agdeic fc@rensasﬁ\gemy hufhah FRRSBRA LRiLYEGS HbdUEORL Bicbidaguian

i nduci bl e expression ner g reglon operably l'inked to a

nmeganucl ease- @H’E%"dp??ac?‘ﬂfcal” 78 acid may be introduced into a recipient
cell or cells and then integrated into the genone of the recipient
cel| or cells 4 @r?d%ﬁﬁpﬁﬁt*%df‘?ﬂtf%ﬁr°éﬂ’F’est§§}'Vf"‘éi’?@él"@%l:lqnﬂ'taéﬁ’l"%{?ﬁ Bn.

[ 00160] For r andowi ntegration, such a transgenic vector can be

i ntroduced into a recipient ceII by standard transgeni c technol ogy.

For exanpl e, fo0b§lanee6 Bio6et WRCGHRHtoR BRdvie rélofmBiednt Mick 2664 ebdingFully t he
pronucl eus of him fnengc;nb%onfaﬁantlboglfg.ytaﬁd méAhodE ?ﬂ:ﬁ%ﬁe QCEhe S%%EOI‘ can al so be

i ntroduced by Co-1ncu 1on o i'ransgeni c vector
before fertilization of the oocyte. Trans eni ¢ -ani mal s can

devel oped fr oM%Y Piorg Wd‘%@ﬁ”é@m”rﬂﬁmﬁé '“Wﬁ&'?"qsd’e"eﬁtcf’raﬁlﬁﬁsea %isease'
transgeni c vec#wing preartigm 4r patissfiesttiontperabr yoni ¢ stem cel Il s or ot her
pluripotent cells (for exanple prinordial germcells) and

subsequent | y [gopHChiongentidagimganetin@adobyn usedinh fiecisdelsings dnhtiyedevel opi ng

enbryos. Al te@%&én\é@é t§ huni?ang raas g[%maﬁve\éﬁﬁ&o(%en( DRKEHNYen LGOIt | on
wlthfamlltatlngrea nt can directly injected into a

e
devel opi ng enBF§B's2M'A ﬁﬁ’b? FosbdEHENt , the transgeni ¢ vector is
introduced into the genone of a cell and an animal is derived from
t he transf ect £8%8elhPnaserer Hedrpntion BIRYYes retpesiprigutraizng pempduegha the
t ar get ed i nt egttigityiodsn anggeai eatitititt a hgg@body comgdneit. tiane bebddintentpleiced i nt o

appropriate r ﬁ@fhms%%preskdn&c%% RSy c%HnP&ﬁéﬁ’antﬁ:a §$1fcl$h£ @htlséra easm@g.ﬂo%ady
differentiated somat | whi ¢ sgene

I ls
nas. | ntegr at off TIDGMER SR B RENE R ERReYia) BEPRtrs Sryaegpe
honol ogous r evorbies &t pacifcally biyd tosast eetrelite bymasilata dhgragtivieef the@etisehe
sel ected cel | gpigpy then be fused with enucl eated nucl ear transfer
unit cells, e.g. oocytes or enbryonic stemcells cells which are

totipotent anfbo@eﬁggmeeen%d.%% M etk euafpme%a!acnﬁbeﬁ@%d?coanaﬁén@w.mas
performed in accor

e W conyenti o u
Bl Tohe bt nhfe SN aordte BT oLl it rocapyne &
280: 1256 ZhouamtnegitalizeSeq reqiiglete¢ e eayity30the amtiggr® enftnucl eat i on of oocytes
and nucl ear transfer can also be performed by mcrosurgery using
i njection pi pEbitesn apBreed dntiodime@)Tid reonobidtabanéively Bt fd) hymaNatonsanél1998)
394:369.) Theyfugsyl ting cells are then cultivated in an appropriate
medi um and tran erred into synchroni zed reci pients for generating
transgeni c an rnat i vel t he cted genet.i dified
cells can be toﬁﬁ’e@? & 9 em% (Pme é\\ghe %‘t "G entﬁ‘b“?ma” o[r%g'i%%}aﬁ%tﬁé%ﬁgo
enbodi nment , aanQWP%ase is used to i ncrease the frequency of
honol ogous reconbi nation at a target site through doubl e-strand DNA
cl eavage. [ OPO®3]In dregemboiiment trarantiomhis emdityripr ¢ef swfgceamdieduleci al | g | oci
and capabl e of produci ng anti bodi es having hurman i diotypes [00164] In
one aspect, t jae1081VefRtchBEiITNG tHedafgehit 8MiG/GLahtran BitdkRE 8r £RUpak| € of
produci ng i mynaglabul i ns_having human idiotypes, as well as nethods
of making the sane. [00165] The transgenic aninmals used are sel ected
from particul a i rds heasa

goose and ¢ helIbiofy ereBptdfEst & 2geoert il s § ket e dieuPanr RAR BRgs)

and weasel s (@ngpreelferrets). [00166] The transgenic ani mals used for
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[00168] In another preferred enbodinent, the transgenic aninals carry
at least one artificial 1g heavy chain Iocus and lack a functional
g light cHRHYGLEE. Such aninals find use in the pr oo‘ff@i”?%ﬁ“s@ﬁ"u)
heavy chai n-only anti bodies. [00169] Production of such transgenic
animal s involves the integration of one or nore artificial heavy
chain Ig loci and one or nore artificial light chain Ig loci into the
genone of a transgenic ani mal having at | east one endogenous Ig | ocus
that has been WIOﬁMnloL'le %eétﬁl@&ﬁdeﬂtﬁ:ﬁ@@wbéé cbiRledel iréetrankgenio @niMkls BRAKL
neganucleases Preferably, the transgenic animals are nullizygous for
endogenous 1g"} évy chain and/or endogenous Ig light chain and,
accordi ngly, incapable of producing endogenous i

Regar dl ess of [Qoﬂ%ﬁp@ﬁr%ﬁfﬁﬁﬁ‘ﬁﬁmdw@&%g?B‘Pﬁe”t' AT FE eéYe%frﬁmllghoecsﬁlsee" T the
present i nventreogetamindsef bapaatieny t o under go gene rearrangenent and
t hereby produce a diversified repertoire of inmunogl obulin nol ecul es.
An I g | ocus hqoommg|ntah>eef@ﬁaa:ﬁlbddynehtothumdeﬂgq:r@maeB ceiaderiamgemenbsgesc al so
referred to h%E‘ %Elgoﬂr?e |ﬁven HNGfch 8Na1s ard cglpéb%(\df'%d@ﬂgaﬁhb&le@'ﬂ&\hrﬁ%qw‘uﬁ%
with a diversi c?b a functi onal | ocus are also referred
to herein as 'Q\“Wfﬁtl onal ant| bodies or a functl onal " repertoire of
antibodies. [00170] The artificial loci used to generate such
transgeni c aniltpars ineacdierie embsdimentuihe Inptndon RYIFRDED BUP FHVEETE!
segment s, Whi ghnshéd dak@isat tht Rastiorone V regi on gene segment, one or
nore J gene segnents, one or nore D gene segnents in the case of a

heavy chain | g\ ln%ﬂgas‘a&@ tl%rmv@ﬂfoﬁ pr%ﬂ&b%trﬁ%dsf 180h4RiAg %ﬂ&ﬁwas kdpabib16F
present i nventi ene,s ment s

a
germ ine or hg?f?g?cr‘i’ﬂtaﬁt%%e ﬁﬁ\%qna eran ‘d‘og'ﬁe aﬂ‘neﬁngthggs d geque th%g 9%815
Accordi ngly, deivkd ranntravegent enimss ?fﬁ?esmﬁ%t\?@ the capacity to pr oduce a
diversified repertoire of immunogl obulin nolecules, which include
ant i bodi es haydomty] ia ohesmsaert, itiei ventior provifed @gL7idgmasso onéucetrbodi ment , the
artificial l.oci used conprise at |east one non-human C regi on gene
segment . Accomhﬂgﬂn)sne SHEdN tHelivBRBR Provided RhBISs Hadivea fiur@n RIBPAE whigh t O

produce a diver ulin nol ecul es, which

i ncl ude chi mefic aer?ta?ebd'%ﬂgerdtbﬁ Foﬂggmflﬁwngg%@potype [00172] In one
enbodi nent, the artificial eas

regi on gene s&YEh OARSRET éﬂerﬁrgFV"’“ 5“"“ esgﬁa %ce%t'r??lgorﬁprﬁsr'r% s a{'v'g ?rhe
capacity to pettedyefthe mvﬁ\ﬂmﬂswlfwh@d’flqoé!plﬁstecblim@ igetyiermunogl obul i n

nol ecul es, which include antibodi es having a human idiotype and a
human const antoonmByinehe asp&f) 1h3jverdtinn pnddes methddsme inafing sh@tient ninkgdoifal | oci

used conprise tr@atlmén? %%pr@ﬂ&acﬁ\’ﬁl{létérh%é ﬁﬂleraE&ﬂ@ﬂil@é?kctﬂ;@Qh&ﬁt 438 PRarmdc@iitical
exanple an exenplar ConStant regron gene 1s a const ant

regi on gene eﬁ?f?i’&??f’ﬁ"étﬂﬁlﬂﬁe&honlt% B domai n and rat 1gG CH2 and CH3
dormai n. Accor di ngl such transgeni ¢ ani mal s have the capacity to
produce a %ﬁ’%P%grcf*%/% NQBEHFBW‘S"WS i mmunogl obul i n nol ecul es, whi ch

i ncl ude anti bodi es having a human idiotype and an artificial constant
regi on conpri gomgl ko shawemscherceatincnceentation o enrpiiiviehtesyy @0 ongting R
transgenic Veghﬁlﬁancprﬁ ai.\cﬂj o2 B rairérid ehhatkerlafld k@@ BariifiGialcoistaptisged
into the r eCI géﬂgn%\g\ |1:Ialcons{ant r?gsona/r%QQOW&ohsnéngc% ta%gménrﬁl-gl Jop@m ggtporre

of the recinpi om 1 nt ion or targeted
i ntegration. [@O’i?%?“dlﬁcﬁf’m?'a%%ﬁ?rﬁ?ﬁ5@@%{‘9|36icyt°a]a§r\“'%Pf’é@é‘?"ﬁ?:se\?é?f‘(:%?rare
cont ai ni ng anembiddiby et atond.g | ocus can be introduced into a recipient
cell by standard transgenic technol ogy. For exanple, a transgenic
vector can bergifspgidds. ShicEhic@fnk McPachidher PERNAE DRIHSt D Endeof fe@bdnitibd zed
oocyte. A transgenic vector can also be introduced by co-incubation
of spermwit hs‘?qﬁ ¥ransgenic vector before fertilization of the
oocyte. Transgenic animals can be devel oped fromfertilized oocytes.
Anot her way to introduce a transgenic vector is by transfecting
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[00178] In one enbodi nent, a neganucl ease is used to increase the
frequency of honol ogous reconbi nation at a target site through .
double-strgﬁﬁmﬁmﬂuggeavage. For integration into endogeffolid32008/065419

i mmunogl obulin loci a site specific neganucl ease nay be used. In one
enbodi ment, a neganucl ease targeting an endogenous Ig |locus is used
to increase the frequency of honol ogous reconbi nati on and repl acenent
of an endogenous I g locus, or parts thereof with an artificial Ig

| ocus, or par tg1§dieneeh. schblid SlineliMeradtion GeadinRNhs 1-$d8Redog@mageni ¢
animal | acks a functio glllg |l ight chain |ocus and conprises an
artificial |gsﬁ‘&‘5@%‘7""d§ﬂ£'°ﬁ-| ocus. [00180] Artificial Ig Loci [00181]
The present invention is further directed to arthicigI bﬁ %PQL and
their use in AR AFOWP ATSHREMICO SRIVRREC LeCRSRR MEChERIsT PTG &RL 1T Nucleic

i mmunogl obul i meidhRasl, 3¢ 4a918A%IN | di ot ype. [00182] Each artificial Ig
| ocus conprises multiple i nmunogl obulin gene segnents, which include
at | east one ‘!{)mmi:@;}e 6 ERBenSRYIRIMm of HiRStretegy TR akeridg GeneitiGegirndef -one
or nore D gene segnents in the case of a heavy chain | ocus, and one
or nore constaﬁ?'region genes. In the present invention, at |east one

of the V gene segnents encodes a, geryl i ne or. hypernutated human
V-regi on am né?oé%i] ﬁlglgga.ué?féfggem@&g‘lf&%p ﬁbf‘i?'?”esdlf@%'%??egﬁ%“ﬁ%snel_ngwgﬁ.?aw s
have the capasieteyexpressgs iodeleshamdioverNA vasdraparpd epbihe @ppeppriate region of

i gﬁunogl Ob:ﬂ i hrmenah %&lﬁlw_% Prlsmfaxwu’ﬂed. Rehddekepraditts badiagrﬁyz_&aw;agacajlmt
idiotype. In vy. chai e - " ; JERE
segnents may ﬁgafoﬁ%qreﬁﬁéghel'ﬁgeteﬁg ar &p%glcelga ! g r(TJC?ﬂ.'fn'gTﬁe ag%ne gegment S
in such loci_are juxtaposed w ct to each other in an

unr ear rang%%”&ﬁ?f'#%&ﬁépﬁf%ﬁo?%é m‘t\’ﬁgﬁggr mine configuration), or in a
partially or-fully rearranged configuration. The artificial 1g |oci
have the capaddod3fl By agifickbimgunepasuiniessy fspRgRlAa Emynpylolv idogye Ferlehent s
are not fully freg@enanged) ahdnob-hensubineoylokulin kel indudieg ebiivlpr oduci ng a

diversified re | LSO GhRDHL I da %t BAYbHGaktY ioh @) @knePes.
[00183] Regul %”E’/&%b{”g’ﬁ%ﬁ?és Rt ohenHlias BRon 82

regi ons, recoRtATERL PP TPTGHAPE SSUPRIS: 918 O P8 DosYs BamaHs MRS St

non- human or i geavy chalvddcus. snd egai mesel cangtartiiegion ghite seyreattsn indhpiesspler abl e

in the ani mal iSRRG, 88206 of thd genk Beghlefle Endofesiaafatieine dringpeandtatéd Huma

loci functiongl, iJn%%u'h%%]:id %é&u%@ lﬁ%ﬁ%?etrred ‘%rpc%di M CAN A8l R Gl GsRin
tFucts al ning a

transgeni c cons S Ccont) _ artjficla hea\%% chgl n_1ocus
capabl e of unésysghibagvelipis fuaciPraheySarRaRe of RaTeRRE R BIRFYFEP 2t her eby
produci ng a diepetct biiedunogip@sitsoily epreferrdueapgdiradnbiahisashengiDagnsieegeient is

i diotypes. AN aLtdd D GdndbedtRRY Yar@biai ot RCatS s netdirah FeRnBOARENMGAL ai NS

a V-region wth at. |east o human V . £ gk ne
V-region incl E?&'e%artﬁjgy rfﬂgg?egiqﬁbﬁ'{d r?—"fb%g%g'h%ﬁ ﬂ%i}*\}%‘” ﬁﬁ%{eﬁﬁ@% %rhgﬁtVH')
gene segnent s shahgodiiensertifigial tp hepywaain laciHy prgrembreingeng e At hie s ses

nat ural |y 0CCuéhpriedd aSRAHERBESe@dn dendaitycabiticge pedeag renptriordeigener at e
forms of nat uf gl Yol AERHERARRgRbuRs RNRBD nthaRRE SRATRNT . as

wel | as synthetic Sequences_t encode a po peptlde seguenc

Subst ant i al | y of STesdmaft. 3 GHEHal REsHt SHBTEe 80T CREPEEnS 1 eRehia!
heavy chai n Vpddumb A rgpeitorp efitindeglobuf GsligBiding imraunpyiebbins hadhoambos @ent |
the artifici falregf&ﬁ.aMﬁn&%o&\mb:@ﬁdﬁ%nﬁ&éﬁﬁ%d%ccih{p_riie@aﬁtqrtlﬂﬂﬁ c6Hstabtesional qI’/a'[
constant region genes, .e.(g. an :

subcl asses) . Fﬁﬁlg%Tm?Hsg%@{%%?ﬁﬁﬁg 8??%§¥gﬁ%%@$ﬁgﬁgge?ﬂ%eg%?%ﬁﬁﬁiaI
heavy chain | fensunesomediaidiumen sonstent EOORHSaaReT FRBRIOAN GEmRETY ajtfcia)
preferred enbodbisent regisiiehe @b tirdsiatt rediongemnsdnaning magnarig@ EHé sorecande a
human CH1 dongj domai ns, or a human CH and rat CHZ,
CH3 and CH4 g%h@?ﬁ%eak?gvgﬁﬁﬁgﬁgavy chain with a human CH donain
pairs effectively with a fully human |ight chain., [00187] In

anot her preferred enbodi nent, the artificial heavy chain |ocus -
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[ 00190] Preferably, a non-human Ig locus is isolated by screening a
l'i brary of plasm ds, cosmds, YACs or BACs, and the |ike ared
fromthe g&PdWW%’BNA of the same. YAC clones can carry RS 2W§@ﬁ§%%s
of up to 2 megabases, thus an entire ani mal heavy chain |ocus or a

| arge portion thereof can be isolated in one YAC cl one, or
reconstructed to be contained in one YAC clone. SAC clones are
capabl e of carrying DNA fragnents of smaller sizes (about 50-500 kb).

:40W|ever mul t'b ®h £ ﬁé&%fé&&@ﬁqeﬁ@%%méﬁg h@éweﬁaanwu@gcﬁsroagmaﬁs of ?E
OCus can e Sseparat e supse e er
g tpsiewflc%léel?ﬁowa\ﬁgfeémr%ntl muno@l u?] r]i to%tréuﬁ}ll%ﬂ? %Eaﬁg

into an ani malfaEE %{5
recombi ne in frimeunp@eliufii: efrmperans asedciatas| ﬁ“‘%’@“'@%@?'é’f‘é'd%f"(ﬁﬁf”i" <t | g

| ocus. [ 0019LLavbImrbnlygn@em i B4hIEER L anicala whieh lhaktagigcddneldg lightobait he | g
locus on a Ve?ocﬁ)s ané ﬁ?r‘gmr%ft %ﬁ;s&; Qc!agr)al [B}fgh?'ch\éﬁr B@'cth%rt@élal EW@ﬁaln loci

including ligation , or inserti

homol ogous r e@BHBIHARFHRS hPfﬁf’gcg?r%f’HFE‘otf?”Eﬁe“'f ﬁ’émﬂ%'ﬁ’gﬂ‘g PEGeRd “@ggengaﬁ s
is done in suGlusawaymprisay at iréficalighesvy chaidages, whighamaly ase eppatiead| y
linked to the !%e&ﬁng%uwamsﬁ%%@eg '?\!térl‘i@vélg}’ ansgRARg lushipdece a

f t | h [
funct onal huanl c2el LG 5 o SongBhebl LR URe FA0AR. £ oBfaaEe

repertoire of heayy P@@d@f@%ihvﬁptdeﬂfd'ﬁf— qrqﬁu@pyﬁé@avy%?r@'gaa@dles
r ecombi nat i on regrditenPRsduaioRBIthebyy charcbryranthodigeiadght ehat-detidest mice bdes
with a high f I U5 HeLopRi nation events. Engineered
YACs and BACsFogg%ﬁ@%&Pgéatghqml %]%at eé fromthe cells and used in
maki ng transgen|c an, n uman
i di ot ype [00163] b”'%a”t'c}'%{{?gg"éﬁ'l nt%ﬁ %ﬁge SeqH%nICQSre wdrno S@F'ﬂg :
i mmunog! obul i nﬁibhfa!\ﬁﬂmedabmﬂf@[ﬁU”P@iP%ﬂfy\fy@e”P§e%erTheit?fWu P &¥PF % and
ant i body prep@§s’ﬂthbr@iﬂSncﬁ@]e%lbﬂﬁhataﬂallyaﬁéuﬂg\gEecman:esbﬁarhelaah dnybodpeaiveled by
| uni‘zi ng th@gn?n@!r!%hﬁ\%ersguésgﬁn F\ﬂ&én@&\ﬂo thep %r hc@ﬁ‘&ﬂnd ﬁrﬂlﬁbl%ﬁ‘)ro%cumng

ud

COITpOSI tion ereln i1 nc eS

al
anti body pr ep&yaanagitsdies. dtyjyhaganielyar f”@?”ythﬁtfthgdﬁg F%%fr‘?‘gq'"é’gﬁg éé'“enced to
i muni ze a t r ansyenitdeastrbom B5%-Se hPreftebly dregledre tatdc geid segrenchigentity

limted to, mMGFRRF B0 ThorePreorabWl grds&ethags. uni cel | ul ar or gani snms
(such as bacteria and fungi), alive, attenuated or dead, fragnents of

Lhe I Cf 00 0ajoHiipe, LA ABILE o PLERUL S-S0k ntemnt he y

m croorgani s erred bacterlal antljlﬂ_]]qB-I bl use
i mruni zi ng an'”ﬁ?ﬂ”ﬂﬁ?b“PW"iﬁﬂlécﬁﬁﬂlﬂ”F?qw RAPTERE" PPERTEPABROY SRS Ecus
aureus such aseqvers (s apolypeptiis aeswbnae pr@e@adtbypéuraandmms SF—‘Q"@& AT aParien
versions of viy éﬂoﬁlﬂ&ﬁan @ﬁb&@l@b&#ﬁ&%@@da&d@b@cé OPhie Bhimarithresirgbtuidi Nng

proteins, col | a@ ieé t)tﬂe ganﬂfv%%t%b oy mrﬁﬂug Sﬂuﬁ{s%ﬁﬁcﬂ" Ak BQ}legns or

proteins. Pref@&rf eria gens_afso I nc a E ante
version of S. a@iﬂ'aéEste@%eﬁj‘%Wﬁ‘d@mﬁ’é? u%l-l@nt?’é‘é‘“"%"ﬁf‘é‘?%&@éﬁ? ted fro

ent er obact er, amds Hliebsiestioh dapnevimenbrgegered tocpwﬁtnqmcémsw@mm'awm from
t hese bacteri Bhold O her bacterial antigens which can be used in

i mruni zation 1 nc ée purl fied |ipopolysaccharide (LPS), capsular
antigens, cap char i, des | of the
outer nembr anzoldbf“iﬁ a'ﬁ%'aﬁc BB SITR ﬂég{f?]g#&%%dg?%iar%ﬁ% 8&3@? n, and
exot oxi n fronreBiseadenonas aer ugi nosa ent er ococcus, enterobacter, and
Kl ebsi el | a pneunoni ae. [00196] Preferred antigens for the generati on
of anti bodi es [y Treterflingencispghanties eset bateimtetass tv eragieni oFINF aargindor

out er membr a“@arﬂﬂ RS Erh@rrr%@f:ule Wh:bﬁ?&}e b8t in tha Gbrrihes of Rerthumeeariadls

limted to, al bi ca r 5
tropicalis, aﬁ@q@'@?ﬁ 6@0%‘°E§fer?re°5mq © gthé?% Ba(%g%t%gﬁ%s”g@ I:gggnegnﬁugens
for use in i mooshesegingts srusesthgesin l%“d}‘dggﬁ@ieas?@“e&ﬁt E?J&Sé@“% Bel 9758

vi ruses i ncl udgnlehte aroyebiopgdpe edgriets. and at t enuated versions of
viruses which include, but are not limted to respiratory syncti al
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[ 00201] Once chineric nonocl onal antibodies with human idi otypes have
been generated, such chinmeric antibodies can be easily converted into
fully humeWOb¥588les usi ng standard nol ecul ar bi ol ogyPtERAHERE?
Ful Iy human nonocl onal anti bodi es are not i munogenic in humans and
are appropriate for use in the therapeutic treatnent of hunman

subj ects. [00202] Anti bodies of the invention include heavy

chai n-only antibodies [00203] In one enbodi ment, transgenic aninmals
whi ch [ ack a f[amza]irmarin 'hgnanilgdene sdyaient” dsoisershereimintiudesnothi nefurely an
artificial he%?f Nirrfa§ 8lq Uer’c&cdf'g hu;@an bé?i@‘é n?eﬁtddéﬁbﬂekht@feﬁﬂs@%t&&y &i’c@rdhbce

heavy chain-only anti | es S

[ 002% 4] I'n on ée%’ﬁ%ﬁf) ﬁ&w?qan lpﬁ%ne Sﬁg)'gewf aséwgll as s%nthgllc seﬂl%egce%rhal g‘\%g&e ti body
produci ng cel lpslymbelideseiefioe Grhsmniehy 'a‘?ﬁ""ff?h\oéhe Palgpe\ﬂﬁqele”%e‘jrﬁ!(ﬁ siualhaci ds
derived ther efcﬂf:c‘:@ll:l‘ing AgEéhcpsRMiuaetiggem seythant. cByrmsstateisliyVie chedrinptefier om

Al so provi ded ge of gh’ng a{]d"&ﬁuréngae @éﬁn}‘ tly %@@fe&"t Qrfbll.lty%@orgs%b @‘F’éf&é"bly fhe dé’&‘ée

encodi ng nucl e| . Teachi n heavy
chai n-only anPf%'@fl 36id saquenIe siFAY B Href'tﬁréh?i’rgp /° ?pré BRypgatel ga@ gg%l'

publ i cations W02085944, WO02085945, W?2006006548, and W2007096779.
See al so US 5[®4%] BQ@BQ@SC’@SS?WMF“ GLU@%‘W@B”‘@‘PQSG thgbregoopiss IoW7; US
5, 800, 988; EP 1d5@%bRTies MONATR43/A8y aidset 1Snde BdBraBP5. le0B206

Phar maceut i cal ra%B a?legs ?A{-'ﬁlorﬁk)pe(?eg%yat ,eglst% an ! Jrab%;m%gét%%ré)f the

present i nvent’fon %/ onal antibodies are
admi xed with af?feaa?tyrablsﬁf & aqirest Rreferably Ptdsgpt 183 9’%‘0& S&UF¥8bl e for
adm ni st r at i omegaupedsesindisle zihofingeroutielses haivrali cetring bdmitamnpengtiedsemns .

[ 00208] Pati e@ﬂ@cu@tﬁﬁ%ﬁ?‘r@e%%h&ﬁrﬂ@r rﬂH@d’s@éﬁ@H&maﬁ@éndmms twms of the
i nvention are

veterinary usé ”'éﬁdzoré{?es%thsgﬁmg%' thta de ?%E%%@ﬁ%%ﬁ\ég racedt] ¢ %%?)Q get
accept abl e camsgduencs PEBENE R ob;gpfclrﬁﬁ}jtomp@g%uq '4 1oesdn Ej? é@@ﬁttammal such that
phar maceut i cala feipa Siutationsay®a mirbdcariy tha idocas by tbdctianf e rdpapesasé.on

gggi/gnt: g(r)ltalom & d—?@@ﬁcﬁss@oﬂ@f %&Fuljé:lrﬁags%s s@“ﬁcﬁ@ianipﬂs@fsafaté?\?A@n%égcin ‘o the
recipient or £ goliegiian F’?f’e?@ﬁ‘@%qd’g Q(Q%Oéﬁsgééh&géozh% %ﬁé&%gl%?bodl es

cont ai ned t herelsnafs4#tds use in the pharmaceutical comnpositions of the
present invention is appropriate. [00210] The carrier can be liquid,
sem -sol id, e[mi2g9pa6d-Bger nO¢leasel wit altserdr spexifsity cBix Bngehestedby @abiningr s

i ncl ude oi | S 1n\é@|{i§ar zmcsff'?i!;érgl\ﬁlth%me!‘é%f tﬁ’;peg tardatsCRRAQ ec1fn§d~}9§ﬁaturé]?becur|nhgm ds,

| i posones, res coatin

nde
preservatives h%IWEP ?’H%“”F[P??Es CaBIbe 'f?ﬁei?l bHéYLiCBIF?sﬁaf#eDfoée'? e"grﬁﬂ'ﬂg ff'gl\/bt hods
of Treatnent peORE24eeProteus bagQarel natypbictectplog?E(EHIEFEMI% - nvent i on,
nmet hods are provided for treating a disease in a vertebrate,
preferably a manrmh, anphathengblgemsinpinbaredia Ig infush otfgeralinesnabivetet s

endogenous lg locus”, or "germline mutation in an endogenous Ig locus”, has an inactivated

endogenaous Ig locus in every cell, i.e., every somatic and germ cell. In the present
invention, animals having germline inactivated loci are produced by mutation, as effected
by the action of a meganuclease in a germ cell which gives rise to the resultant animal, or a

predecessor thereof,

[00130] Production of Viable Germ Cells and Transgenic Animals Having Inactivated

Endogenous Ig Loci

[00131] In the present invention, meganucleases are used to inactivate endogenous g loci
s0 2s to produce viable germ cells having at least one inactivated endogenous Ig locus.
The methods involve expressing at least one meganuclease in a germ cell, fertilized cocyte
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bei ng an especially preferred enbodi nent, by adm nistering a purified
ant i body cog}‘%m tion of the invention desirable for treatin such

di sease. I8¢ anti body conpositions can be used R/HAY AT
neutralize or m)dul ate an antigenic entity in human body tissues that
causes or contributes to disease or that elicits undesired or
abnormal i mmune responses. An "antigenic entity" is herein defined to
enconpass any soluble or cell surface bound nol ecul es including
proteins, as WePTPresiogararaie pyiahlageat gl Gadnodt seshee-negirsemendesejarsi'sms or
agents t hat aneusatThe eaa@qucﬂapah:l epredsedictsthiBg d riegaiciasteitdheet yeqastde
preferably are.alsn £ABARY & Hfen ér&fyé Rldcn AY shFARE, €Sponse.

[ 00214] Admi ni stration of an antl corrp05| tion agal nst an

i nfectious ag ination w her apy
asults i of Rarenoi TRPaa el hiberitime il ade ol e

admi ni st r at i ofe@fcehinthide é‘éQQﬂé‘l’ﬁﬁ‘éﬁa@ exprasprs! Vieldhrp dipbioger Atlderingnai sast
particl es geneficihdcyivald ebdbgdd0s lh ke, AmErhiva BmEEK: gem”eénelawimmast one

1000-fol d. Si %&tﬁété&’end@d%&a@?gqb!cu& hey @aoéétaﬁn@dﬁﬁérﬁé%&l Wby rRm TR dognant

di sease enplo as nonot her ap In co nat1on w th chenbt her apy
reduces the n%‘?%’é h'%‘ftherfﬁ?QF'aﬁﬁﬁsce &PPESSEEheral Iy 10 to 100 fold, or
nore than 1000-fol d. Therapy may be repeated over an extended anopunt
of tinme to asfFBlpRes ¥hepmertevheleiniiaiatoreisest i erpressed o @derfized doites,
mal i gnant cel brsgmbgioahe Vidbles@iiecd! RSingRCIES! orcRBEREYd Midbdenauslid baE ynay be
preparations wik Aed%mgﬁgﬁlhg\usﬂe§ pam@&eﬁﬁgago o} QlSyoQ whidTRe | N the

absence of detectabl e anpbunt ectious particles or undesirable
cells. [00215Teg§”?ﬁela§er‘|"af'ex‘i’rﬁsée‘hse of antibody therapy for the

nmodul ati on of immune responses may consist of single or nultiple
admi ni st r at i of¥8134F The freendpeditol rEovidRt Elerd &% produgiey tgryoanigynitels eemrriirtied
for extended gedasiods goihlinkiinzetiviiad éliegenbisefioes OTheaiyhotd SEPSR dBHMPEONS.

[00216] The Sfr’éﬁb o aﬂu’hgl%m% ;agllggé(rmt%@ll m%&ye%gt L‘,‘lngI Q&Wtéﬂ%&é Q%UXM th

chenot her apy é;déosa es suffi flectious di sease or
mal i gnanci es '°‘f“ﬁ PIRAYET ArToriRs Bitedadedh it dint s or tr anspl ant

reci pients, antibody therapy may be enployed in conjunction with

i mmunosuppr esi8P12811r prereapgdinagnt. cheyirble sergueel havingpitleasiont inpdtivdted | nune
reactions. [ Oéh2dgehdslig I6duk Atthed AEM@AIES R %AINES Bllotud, BEORPRnadeeld aliRBI’GbN 1 N

their enti rEtMocm‘edrc%&{sg%eamﬁ[ngQ@@&L Experimental [00219] Directed
Evol uti on of hom ng endonucl eases specific for rat immuno gl obulin

sequences. .UenC S ted in
Sh ot 11 Bba o BRar? R ol e O T BRI AP SR biE s
engi neer ed hdfP Hg vebleietncrieryasat '%@‘loﬁgm%ﬁtqﬁign@ﬁwm@l'@%@ g gegeedl

two target seljskend@sthenedter d fe@iRtd dde@d or D60 \derived therbfadm, bgfthexmBgehit WO

2008/ 151081P%{M%@&&§§%§,548$%WU) and the ot her

within rat 1gM exon These sites share 61%

4,201, S A G by S B S
sequences in '?aé‘tc’”Pg‘Mt'é%%ﬁ%‘dTth@séﬂ'?Gﬂiéroéﬁﬂefﬁﬂéldéﬁﬂeﬂf&é@h%?cé “u‘-héerl i ned)

Tar get gamete comprising an artificial lg locus, and the transgenic animal so produced comprises
an artificial lg locus.

[60138] Inactivation of endogenous g loci

[00139] Inactivation of endogenous !g loci is done using meganucleases specific for
immunoglobulin gene fragments in heavy and/or light chain loci endogenous to the subject
animal. In one embodiment double-strand breaks may be induced by injection of a
meganuclease into germ cells, fertilized cocyies or embryos. Alternatively, expression
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Sequence Simlarity position T3 tditi GGATt ACAGGCGhret 61% Exon |1

T4 DTGGGATAACA! [aGA 61%
WO 2008/151081 ° PCT/US2008/065419

vectors or nucleic acid encoding a meganuclease and capable of being expressed in germ

cells, fertilized oocytes or embryos may be injected into the same.

[00140]In one embodiment, the method involves transfecting germ cells, which may
include precursors thereof such as spermatagonial stem cells, in vitro or in vivo with a
meganuclease encoding nucleic acid or expression construct. For example, see Ryu et al,,
J. Aridrol., 28:353-360, 2007; Crwig et al., Biol. Report, 87:874-879, 2002.

[00141] In a preferred embodiment, a meganuclease expression construct is integrated into
the genome of the subject animal. Expression of the transgene encoding the
meganuclease in germ cells will result in double-strand breaks in endogenous 1g loci and
subsequent mutation of the restriction site. Mating of such transgenic animais results in

offspring with mutatedfinactivated immunoglobulin loci,

[00142] In a highly preferred embodiment of the present invention, a regulatable
meganuclease expression construct is integrated into the genome of the subject animal,
which regulatable construct is inducible in germ cells. Such constructs provide for
minimization of cytotoxic effects associated with expression of a particular meganuclease
through controlled expression via inducible promoters, e.g., heat-inducible promoters,
radiation-inducible promoters, tetracycline operon, hormane inducible promoters, and
promoters inducible by dimerization of transactivators, and the like. For example, see
Vilaboa et al., Current Gene Therapy, 6:421-438, 2006. '

[00143] Alternatively, meganuclease expression may be induced in an embryo derived from

the germ celt.

[00144] In one embodiment, a single megantuclease is expressed in a germ cell, wherein
the meganuclease recognizes a target sequence in or proximal to an immunoglobulin locus
endogenous to the germ cell of the subject animal. In a preferred embodiment, the
meganuclease target sequence is in or proximal to a J gene segment. In another preferred
embodiment, the meganuclease target sequence is in or proximal to an immunoglobulin
constant region gene. In a preferred embodiment, the immunoglobulin constant region

gene encodes immunaglobulin p.

[00145] In a preferred embodiment, at least two meganucleases having distinct target
sequences are used. The at least fwo meganucleases are expressed in a germ cell,
wherein the meganucleases recognize distinct target sequences in or proximal to an

immunoglobulin locus endogenous to the germ cell of the subject animal.
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Exon 111 WIld type TAGGGATAACAGGGTAAT [00222] For the

engi neering of hom ng endonucl eases specific for these tar

sequences HRIWI[j ghly sensitive selection for the &Y ‘@@6’419
evol ution of hom ng endonucl eases that couples enzymatic DNA cl eavage
with the survival of host cells (described in detail by Chen and
Zhao, Nucleic Acid Research 33(18):el54, 2005). An in vitro

coevol ution strat egy was used to engineer |-Scel variants with target

sequence spec r’iJm Shia Y Spfé%?@ gg% i—,{fﬁt {EQRJst%ngfecEr%r mégéﬁu%ése&%%@tefb%ﬁe T3,

two new sequences, ect ed 3s | nt er med
sequences, wh ispaEnenigy Ingog? ﬂ’é‘t"d'g’éﬂfu‘@‘ﬁfdf? afgSeCoRI S SRRNF 235G E?éq%sgguenﬁei i°T" and
T4i 2, were selakef tegkttas upstrean aeidicatsteaeefwenvawre Jises aesm&ntwmmm 1

Z ﬁgugggeﬁ a\(’:ver %n&%%@éj[g 'Io@iflsoaerQ%aJa@@Wtﬁe ﬁ?ét%jﬁrcmedoﬁd@,nc}btiﬁi flgpdubledsae Y- T311
steps (the di PP&?%?,?%?E’E%@&F (TYG oNA gt e "Fbpé i % q§§%%§998&e| n three

are“under
segments.

[00147] In another embodiment, the first and second meganucleases target constant region
gene segments. In one embodiment, the first and second meganuclease target sequences
are, taken together, upstream and downstream of one or more immunoglobulin constant
region _cl}ene segments, and cleavage by the first and second encoded meganucleases
produces deletion of a genomic DNA segment comprising the one or more immunoglobulin
constant region gene segments. In a preferred embodiment, the constant region gene

encodes immunoglobulin .

[00148] In one embodiment, an entire endogenous Ig heavy chain and/or Ig light chain
locus, or large parts thereof are deleted from the genome of the subject animal. Such
animals are also referred to as comprising an endogenous locus that has been inactivated.

[00149] In one embodiment, at least one meganuclease is used to disrupt the CH1 region
of an endogenous !g heavy chain locus, leaving the remainder of the locus intact and
capable of prbducing an g heavy chain that circumvents the typical
immunoglobulin:chaperone association. Preferably, this CH1 targeting is done in an animal
facking a functional Ig light chain locus. Such targeting in such animals is useful for

producing heavy chain-cnly antibodies.

[00150] In one embodiment, more than one meganuclease is used to target CH1 within the

ig heavy chain locus,

[00151] In one embodiment, two meganucleases recognizing adjacent sites are used. in
one embodiment, the sites are elements of a palindrome. In one embodiment, the two

meganucleases are tethered by a linker.

[00152] In preferred embodiments, the breeding strategies used are designed to obtain
animals that are nullizygous for endogenous Ig light chain and/or endogenous Ig heavy

chain.

[00153] Transgenic animals comprising regulatable genomic meganuclease expression

consiructs
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T3i 1 TAGGGATAACAGGCGLf dT T4i 1 TAGGGATAACAGGG Ar dOX Step2 T3i2 tot

GGATAACAGCr ol T4i : G GGA GGA
CA WO 2%03/1-2111(')3% dt: G TAACAGEANIeA PCT/US2008/065419

{00154]In one aspect, the invention provides transgenic animals comprising at least one

regulatable genomic meganuclease expression construct.

[00455] The transgenic animals are selected from small laboratory animals, particutarly
birds {chicken, turkey, quail, duck, pheasant or goose and the like), rodents (e.g., rats,

hamsters and guinea pigs), and weasels (e.g., ferrets}).

[00156] In a preferred embodiment, the regulatable genomic meganuclease exprassion
construct comprises an inducible expression control region operably linked to a
meganuclease-encoding nucleic acid. The inducible expression control region is inducibly
functional in a germ cell of the particular transgenic animal, and the encoded
meganuclease is selective fora meganuclease target sequence situated in or proximal to

an endogenous immunoglobulin locus of the subject animal.

[00157] A regulatable meganuclease expression construct provides for minimization of
cytotoxic effects associated with expression of a particular meganuclease through

controlled expression via inducible promoters, e.9., heat-inducible promoters, radiation-
inducible promoters, tetracycline operon, hormone inducible promoters, and promoters

inducible by dimerization of transactivators, and the like.

[00158] In a preferred embodiment, a transgenic animal of the invention comprises two
regulatable genomic meganuclease expression constructs, comprising two distinct nucleic
acids encoding two distinct meganucleases that recognize two distinct target sequences.
The two meganucleases in combination function to delete a genomic DNA segment of an

endogenous |g locus and thereby inactivate the same.

[00159] Transgenic animals comprising at least one regulatable genomic meganuclease
expression construct may be made by means well known in the art. For example, a
transgenic vector containing an inducible expression control region operably linked to a
meganuclease-encoding nucleic acid may be introduced into a recipient cell or cells and
then integrated into the genome of the recipient cell or cells by random integration or by

targeted integration.

[00180] Far random integration, such a transgenic vector can be introduced into a recipient
ceil by standard transgenic technology. For example, a transgenic vector can be directly
injected into the pronucleus of a fertilized oocyte. A transgenic vector can also be
introduced by co-incubation of sperm with the fransgenic vector before fertilization of the
oocyte. Transgenic animals can be developed from fertilized oocytes. Another way to
introduce a transgenic vector is by transfecting embryonic stern cells or other pluripotent

24



Step3 T3 ' CTOTGGATCACAGGG ol dT T4 aGGGATAACAGGM ta- A
WO 2008/151081 PCT/US2008/065419

cells (for example primordial germ cells) and subsequently injecting the genetically modified
cells into developing embryos. Alternatively, a transgenic vector (naked or in combination
with facilitating reagenis) can be directly injected into a developing embryo. In anather
embodiment, the transgenic vector is introduced into the genome of a cell and an animal is

derived from the transfected cell by nuclear transfer cloning.

[00161] For targeted integration, such a transgenic vector can be introduced info
appropriate recipient cells such as embryonic stem cells or already differentiated somatic
cells. Afterwards, cells in which the transgene has integrated into the animal genome at
the targeted site by homologous recombination can he selected by standard methods. The
selected cells may then be fused with enucleated nuclear transfer unit cells, e.g. cocytes or
embryonic stem cells, cells which are totipotent and capable of forming a functional

" neonate. Fusion is performed in accordance with conventional techniques which are well
established. See, for example, Cibelli et al., Science {1998) 280:1256 Zhou et al. Science
(2003) 301: 1179, Enucleation of oocytes and nuclear transfer can also be performed by
microsurgery using injection pipettes. (See, for example, Wakayama et al., Nature (1998)
394:369.) The resulting cells are then cultivated in an appropriate medium, and transferred
into synchronized recipients for generating transgenic animals. Aiternatively, the selected

genetically modified cells can be injected into developing embryos.

[00162] In one embodiment, 2 meganuclease is used to increase the frequency of
homologous recombination at a target site through double-strand DNA cleavage.

[00183] Transgenic animals comptising artificial lg foci and capable of producing

antibodies having human idiotypes

[00164] In one aspect, the invention provides transgenic animals capable of producing

immunoglobulins having human idiotypes, as well as methods of making the same.

[00165] The transgenic animals used are selected from particularly birds (chicken, turkey,
gail, duck, pheasant or goose and the like), rodents (e.g., rats, hamsters and guinea pigs),

and weasels (e.g., ferrats).

[00166] The transgenic animals used for humanized antibody production in the invention
carry germline mutations in endogenous lg loci that have been effected by the activity of
onhe or more meganucelases.- In a preferred embodiment, the transgenic animals are
nullizygous for endogenous 1g heavy chain and/or endogenous Ig light chain. Further,
these animals carry at least one artificial Ig locus that is functional and capable of
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gene segments encodes a germline or hypermutated human V-region amino acid

sequence. Accordingly, such transgenic animals have the capacity to produce a diversified

repertoire of immunoglobulin molecules, which include antibodies having a human idiotype.
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[00173]in one embodiment, the artificial loct used comprise at least one artificial constant
region gene. For example, an exemplary artificial C constant region gene is a constant
region gene encoding a human IgG CH1 domain and rat IgG CH2 and CH3 domain.
Accordingly, such transgenic animals have the capacity to produce a diversified repertoire
of immunoglobulin molecules, which include antibodies having a human idiotype and an

artificial constant region comprising both human and non-human components.

[00174] The transgenic vector containing an artificial g locus is introduced into the recipient
cell or cells and then integrated into the genome of the recipient cell or cells by random

integration or by targeted integration.

[00175] For random integration, a transgenic vector containing an artificial Ig locus can be
introduced into a recipient cell by standard transgenic technology. For example, a
transgenic vector can be directly injected into the pronucleus of a fertilized cocyte. A
transgenic vector can also be introduced by co-incubation of sperm with the transgenic
vector before fertilization of the oocyte. Transgenic animals can be developed from
fertilized oocytes. Another way to introduce a transgenic vector is by transfecting
embryonic stem cells or other pluripotent cells (for example primordial germ cells} and
subsequently injecting the genetically modified cells into developing embryos.
Alternatively, a transgenic vector {naked or in combination with facilitating reagents) can be
directly injected into a developing embryo. Ultimately, chimeric transgenic animals are
produced from the embryos which contain the artificial lg transgene integrated in the
genome of at least some somatic cells of the transgenic animal. In another embodiment,
the transgenic vector is introduced into the genome of a cell and an animal is derived from

the transfected cell by nuclear transfer cloning.

[00176] In a preferred embodiment, a transgene containing an artificial Ig locus is randomly
integrated into the genome of recipient cells (such as fertilized oocyte or developing
embryos). The recipient cells are derived from an animal having at least cne endogenous
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ig locus that has been inactivated by the action of one or more meganucleases.
Alternatively, transgenic animals carrying artificial immunoglobulin loci, can be crossed with
transgenic animals having at least one endogenous ig locus that has been inactivated by
the action of one or more meganucleases. Regardless of the particular method used, in a
preferred embodiment, offspring that are nullizygous for endogenous Ig heavy chain and/or
lg light chain and, accerdingly, incapabie of producing endogenous immunoglobulins and

capable of producing transgenic immunoglobulins are obtained.

[00177] For targeted integration, a transgenic vector can be introduced into appropriate
recipient cells such as embryonic stem cells, other pluripotent cells or already differentiated
somatic cells. Afterwards, cells in which the transgene has integrated into the animal
genome and has replaced the corresponding endogenous Ig locus by homologous
recombination can be selected by standard methods. The selected cells may then be
fused with enucleated nuclear transfer unit cells, e.g. oocytes or embryonic stem cells, c;ells
which are totipotent and capable of forming a functional neonate. Fusion is performed in
accordance with conventional technigues which are well established. See, for example,
Cibelli et al., Science (1998} 280:1256; Zhou et al. Science (2003) 301: 1179. Enucleation
of oocytes and nuclear transfer can also be performed by microsurgery using injection
pipettes. (See, for example, Wakayama et al., Nature (1998) 394:369.) The resulting celis
are then cultivated in an appropriate medium, and transferred into synchronized recipients
for generating transgenic animals. Alternatively, the selected genetically modified cells can
be injected into developing embryos which are subsequently developed into chimeric

animals.

[00178] in one embodiment, a meganuciease is used to increase the frequency of
homologous recombination at a target site through double-strand DNA cleavage. For
integration inté endogenous immunoglobulin loci a site specific megantuclease may be
used. In one smbodiment, a meganuclease targeting an endogenous Ig locus is used to
increase the frequency of homologous recombination and replacement of an endogenous
Ig locus, or parts thereof with an artificial Ig locus, or parts thereof.

[00179] In one embodiment, the transgenic animal lacks a functional Ig light chain locus

and comprises an artificial Ig heavy chain locus.

[00180] Artificial lg Loci

[00181] The present invention is further directed to artificial Ig loci and their use in making

transgenic animals capable of producing immunoglobulins having a human idiotype.
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[00182] Each artificial Ig locus comprises muitiple immunoglobulin gene segments, which
include at least one V region gene segment, one or more J gene segments, one or more D
gene segments in the case of a heavy chain locus, and one or more constant region genes.
In the present invention, at least one of the V gene segments encodes a germline or
hypermutated human V-region amino acid sequence. Accordingly, such transgenic
animals have the capacity to produce a diversified repertoire of immunoglobulin molecules,
which include antibodies having a human idiotype. In heavy chain loci human or non-
human-derived D-gene segments may be included in the artificial Ig loci. The gene
segments in such loci are juxtaposed with respect to each other in an unrearranged
configuration {or “the germiine configu!ration”). or in a partially or fully rearranged
configuration. The artificial Ig loci have the capacity to undergo gene rearrangement (if the
gene segments are not fully rearranged} in the subject animal thereby producing a

diversified repertoire of immunoglobulins having human idiotypes.

[00183] Regulatory elements like promoters, enhancers, switch regions, recombination
signals, and the like may be of human or non-human origin. What is required is that the
elements be operable in the animal species concerned, in order to render the artificial foci

functional.

[00184] In one aspect, the invention provides transgenic constructs containing an artificial
heavy chain locus capable of undergoing gene rearrangement in the host animal thereby
producing a diversified repertoire of heavy chains having human idiotypes. An artificial
heavy chain locus of the transgene contains a V-region with at least one human V gene
segment. Preferabiy, the V-region includes at least about 5-100 human heavy chain V (or
“VH") gene segments. As described above, a human VH segment encompasses naturally
occurring sequences of a human VH gene segment, degenerate forms of naturally
occurring sequences of a human VH gene segment, as well as synthetic sequences that
encode a polypeptide sequence substantially {i.e., at least about 85%-95%) identicalto a

human heavy chain V domain polypeplide.

. [00185] In a preferred embodiment, the artificial heavy chain locus contains at least one or

several rat constant region genes, e.g., C8, Cu and Cy (including any of the Cy subclasses).

[00186] In another preferred embodiment, the artificial heavy chain locus contains artificial
constant region genes. In a preferred embodiment, such artificial constant region genes
encode a human CH1 domain and rat CH2 CH3 domains, or a human CH1 and rat CH2,
CH3 and CH4 domains. A hybrid heavy chain with a human CH1 domain pairs effectively
with & fully human light chain.
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antibodies.

[00188] In another aspect, the invention provides transgenic constructs containing an
artificial light chain locus capable of undergoing gene rearrangement in the host animal
thereby producing a diversified repertoire of light chains having human idiotypes. An
artificial light chain locus of the transgene centains a V-region with at least one human V
gene segment, e.¢., a V-region having at least one human VL gene and/or at least one
rearranged human VJ segment. Preferably, the V-region includes at least about 5-100
human light chain V {or "VL"} gene segments. Consistenily, a human VL segment
encompasses naturally occurring sequences of a human VL gene seament, degenerate
forms of naturally occurring sequences of a human V0. gene segment, as well as synthetic
sequences that encode a polypeptide sequence substantially (i.e., at least about 85%-85%)
identical to a human light chain V domain polypeptide. In one embediment, the artificial

light chain Ig locus has a C-region having at least one rat C gene (e.g., rat CA or Cx).

[06189] Another aspect of the present invention is directed fo methods of making a
transgenic vector containing an artificial Ig focus. Such metheds involve isolating g loci or
fragments thereof, and combining the same, with one or several DNA fragments comprising
sequences encoding human V region elements. The g gene segment(s) are inserted into
the artificial Ig locus or a portion thereof by Iigetion or homologous recombination in such a
way as o retain the capacity of the locus to underge effective gene rearrangement in the

subject animal,

[00190] Preferably, a non-human Ig focus is isolated by screening a library of plasmids,
cosmids, YACs or BACs, and the like, prepared from the genomic DNA of the same. YAC
clones can carry DNA fragments of up to 2 megabases, thus an entire animal heavy chain
locus or a large portion thereof can be isolated in one YAC clone, or reconstructed to be
contained in one YAC clone. BAC clones are capable of carrying BNA fragments of
smaller sizes (about 50-500 kb). However, multiple BAC clones containing overlapping
fragments of an lg locus can be separately altered and subsequently injected t'ogether into
an animat recipient cell, wherein the overlapping fragments recombine in the recipient

animal cell to generate a continuous g locus.

30



R68, R70 and 075 Q26 and K28 N30, Y33 and B8 YN-TS6-L YN-T56-Ril
YN- TS6- Ri 2 6, K28 and R68 (44 and R68 N30, Y33 and B8 WO
2008/ 15108 PSI8¥08/ 065419 [ 00235] Subsequent |y, | i bPelIE4v84e5419
| Crel nutants are generated and screened for 1Crel derivatives with
novel target sequences. Further coevolution of these enzynes results
in the generation of novel meganucleases specific for a target
sequence Wi thin exon IV of rat |gM (CAACTGATCCTGAGGGAGTCGG). [ 00236]
(E;g :D;l eering q Ofocd 61 gnnfuénn@ Gdne BtEeRe 5@ e ¥y ratet]intihe Rridcusngred vepioob.gl, s
wer e desj,gn in . ' 0 : 4)

and assenbl ed%é\g CFrée g?? aé%&() éﬁ%ﬁ’ggﬁﬁﬁdﬁﬁ%ﬁh g%ﬁ\ﬁag#r?:é’ %ﬁﬁégﬂ'f%? %\f_gqr
transcri pti on DNAdRgRenSdY heRPREeUReoBRa# R nBGEY® PB‘H%%}?W%@F’? goments
Activation of iddeee ihumhna vey yttithopoie toiganagegresnt § opdBaki linke@fieihe host animal
2230325358;3?%%9%6.%@%% tt?glﬂgbelaé {é,proeucf@a é@k’cjoﬁél hurRegrd 4 @]El&cﬁé'} i @f anaglocus

us agai nst _a pane| 0 I.gn .0 I . | S
targeted to a&dBRE gﬁqege r(?ﬂrfacggrgﬁanmcg g';elag rﬁc’st Qe }%%{u%t{? 5;3 % rll\}g%? [EQ/EE C uféaég _
endot hel i al  grotkediesiib henan idotgies| Honplgers re7BiERalianes be RRUNed FIFLFT=: o
yi el d the fol lygst 4ng otBERensite tihgB frequency of homologous recombination events.

Engineered YACs and BACs can be readily isolated from the cells and used in making

transgenic animals,
|

[00192] immuncglobulins having a human idiofype

[00193] Once a transgenic animal capable of producing immunoglobulins having a human
idiotype is made, immunoglobulins and antibody preparations against an antigen can be
readily obtained by immunizing the animal with the antigen. “Polyclonal antisera
composition” as used herein includes affinity purified polyclonal antibody preparations.

[00194] A variety of antigens can be used to immunize a transgenic animal. Such antigens
include but are not limited to, microorganisms, e.g. viruses and uniceliular organisms (such
as bacteria and fungi), alive, attenuated or dead, fragments of the microorganisms, or

antigenic molecules isolated from the microorganisms.

[00195] Preferred bacterial antigens for use in immunizing an animal include purified
antigens from Staphylococcus aureus such as capsular polysaccharides type 5 and 8,
recombinant versions of virulence factors such as alpha-toxin, adhesin binding proteins,
collagen binding proteins, and fibronectin binding proteins. Preferred bacterial antigens
also include an attenuated version of S. aureus, Pseudomonas aeruginosa, enterococcus,
enterobacter, and Klebsiella pneumoniae, or culture supernatant from these bacteria cells.
Other bacterial antigens which can be used in immunization include purified
lipopolysaccharide (LPS), capsular antigens, capsular polysaccharides andfor recombinant
versions of the outer membrane proteins, fibronectin binding proteins, endotoxin, and
exotoxin from Pseudomonas aeruginosa, enterococcus, enterobacter, and Klebsiella

pneumaoniae.

[00196] Preferred antigens for the generation of antibodies against fungi include attenuated
version of fungi or outer membrane proteins thereof, which fungi include, but are not limited
to, Candida albicans, Candida parapsilosis, Candida tropicalis, and Cryptococcus

neoformans.
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[00197] Preferred antigens for use in immunization in order to generate antibodies against
viruses include the envelop proteins and attenuated versions of viruses which include, but
are not limited to respiratory synctial virus (RSV) (particularly the F-Protein}, Hepatitis C
virus (HCV), Hepatits B virus (HBV), cytomegalovirus (CMV), EBV, and HSV.

[00198] Antibodies specific for cancer can be generated by immunizing transgenic animals
with isolated tumor cells or tumor cell lines as well as tumor-associated antigens which
include, but are not limited to, Her-2-neu antigen (antibodies against which are useful for
the treatment of breast cancer); CD20, CD22 and CD53 antigens (antibodies against which
are useful for the treatment of B cell lymphomas), prostate specific membrane antigen
{PMSA) (antibodies against which are useful for the treatment of prostate cancer), and 17-
1A molecule (antibodies against which are useful for the treatment of colon cancer).

[00199] The antigens can be administered to a transgenic animal in any convenient
manner, with or without an adjuvant, and can be administered in accerdance with a

predetermined schedule.

[00200] For making a monoclonal antibody, spleen cells are isolated from the immunized
transgenic animal and used either in cell fusion with transformed cell lines for the
production of hybridomas, or cDNAs encoding antibodies are cloned by standard molecular
biology techniques and expressed in transfected cells. The procedures for making
monocional antibodies are well established in the art. See, e.g., European Patent
Application 0 583 980 A1 ("Method For Generating Moncclonal Antibodies From Rabbits™),

~ U.S. Patent No. 4,977,081 ("Stable Rabbit-Mouse Hybridomas And Secretion Products
Thereof”), WO 987/16537 (“Stable Chicken B-cell Line And Method of Use Thereof”), and
EP 0 491 057 B1 (“Hybridoma Which Produces Avian Specific Immunoglobulin G%), the
disclosures of which are incorporated herein by reference. In vitro production of
monoclonal antibodies from cloned cDNA molecules has been described by Andris-
Widhopf et al., "Methods for the generation of chicken monoclonal antibody fragments by
phage display”, J Immunol Methods 242:159 (2000), and by Burton, D. R., “Phage
display”, Immunotechnology 1:87 (1895).

[00201] Once chimeric monoclonal antibodies with human idiotypes have been generated,
such chimeric antibodies can be easily converted into fully human antibodies using
standard molecular biology techniques. Fully human monoclonal antibodies are not
immunogenic in humans and are appropriate for use in the therapeutic treatment of human

subjects.

[00202] Antibodies of the invention include heavy chain-only antibodies
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[00203] in one embodiment, transgenic animals which lack a functional Ig light chain locus,
and comprising an artificial heavy chain locus, are immunized with antigen to produce
heavy chain-only antibodies that specifically bind to antigen.

[00204] In one emboediment, the invention provides monoclonal antibody producing cells
derived from such animals, as well as nucleic acids derived therefrom. Also provided are
hybridomas derived therefrom. Also provided are fully human heavy chain-only antibodies,

as well as encoding nucleic acids, derived therefrom.

[00205] Teachings on heavy chain-only antibodies are found in the art. For example, see
PCT publications WO02085844, WO02085945, W0O2006008548, and WO2007086778.
See also US 5,840,526; US 5,874,541; US 6,005,079; US 6,765,087; US 5,800,988; EP
1589107, WO 9734103; and US 6,015,695.

[00206] Fharmaceutical Compositions

[00207] In a further embodiment of the present invention, purified monoclonal or polyclonal
antibodies are admixed with an appropriate pharmaceutical carrier suitable for
administration to patients, to provide pharmaceutical compositions.

[00208] Patients treated with the pharmaceutical compositions of the invention are
preferably mammals, more preferably humans, though veterinary uses are also

contemplated.

[00209] Pharmaceutically acceptable carriers which can be employed in the present
pharmaceutical compositions can be any and all solvents, dispersion media, isotonic
agents and the like. Except insofar as any conventional media, agent, diluent or carrier is
detrimental to the recipient or to the therapeutic effectiveness of the antibodies contained

therein, its use in the pharmaceutical compositions of the present invention is appropriate.

[00210] The carrier can ke liquid, semi-solid, e.g. pastes, or solid carriers. Examples of
carriers include oils, water, saline solutions, alcohol, sugar, gel, lipids, liposomes, resins,
porous matrices, binders, fillers, coatings, preservatives and the like, or combinations

thereof.
[00211] Methods of Treatment

[00212] In a further aspect of the present invention, methods are provided for freating a
disease in a vertebrate, preferably a mammal, preferably a primate, with human subjects
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being an especially preferred embodiment, by administering a purified antibody
composition of the invention desirable for treating such disease.

[00213] The antibody compositions can be used to bind and neutralize or modulate an
antigenic entity in human body tissues that causes or contributes to disease or that elicits
undesired or abnormal immune responses. An "antigenic entity” is herein defined to
encompass any soluble or cell surface bound molecules including proteins, as well as cells
or infectious disease-causing organisms or agents that are at [east capable of binding to an

antibody and preferably are also capable of stimulating an immune response. .

[00214] Administration of an antibody composition against an infectious agent as a
monotherapy or in combination with chemotherapy resuits in elimination of infectious
particles. A single administration of antibodies decreases the number of infectious particles
generally 10 to 100 fold, more commonly more than 1000-fold. Similarly, antibody therapy
in patients with a malignant disease employed as a monotherapy or in combination with
chemotherapy reduces the number of malignant celis generally 10 to 100 fold, or more than
1000-fold. Therapy may be repeated over an extended amount of fime fo assure the
cornplete elimination of infectious particles, malignant cells, etc. In some instances, therapy
with antibody preparations will be continued for extended periods of time in the absence of

detectable amounts of infectious particles or undesirable cells.

[00215] Similarly, the use of antibody therapy for the modulation of immune responses may
consist of single or multiple administrations of therapeutic antibodies. Therapy may be
continuad for extended periods of time in the absence of any disease symptoms.

[00216] The subject treatment may be employed in conjunction with chemotherapy at
dosages sufficient to inhibit infectious disease or malignancies. In autoimmune disease
patients or transplant recipients, antibody therapy may be employed in conjunction with

immunosuppressive therapy at dosages sufficient to inhibit immune reactions.
[002471 Ali citations are expressly incorporated herein in their entirety by reference.

[00218] Experimental

[00218] Directed Evolution of homing endonucleases specific for rat immunoglobutin

sequences.

[00220] An analysis of rat IgM exon sequences resulted in the identification of several
target cleavage sequences for engineered homing endonucleases. Using homing
endonuclease 1-Scel, two target sequences were identified, one within rat JgM exon Il
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(CGTGGATCACAGGGGETCT) and the other within rat Igh exon 11
{CTGGGATAACAGGAAGGA). These sites share 61% {11 out of 18 bases) sequence
identity with the natural recognition sequence of I-Scel (TAGGGATAACAGGGTAAT).

[00221] Table 1. Target sequences in rat IgM exons {the different nucleotides are

underlined})
Target Sequence Similarity position
T3 CBTGGATEACAGGGETCT 81% Exon Il
T4 ClGGGATAACAGGAAGGA 61% Exon !
Wild type TAGGGATAACAGGGTAAT |

[00222] For the engineering of homing endonucleases specific for these target sequences
we used a highly sensitive selection for the directed evolution of homing endeonucleases
that couples enzymatic DNA cleavage with the survival of host cells (described in detail by
Chen and Zhao, Nucleic Acid Research 33(18).e154, 2005). An in vitro coevolution sfrategy
was used to engineer [-Scel variants with target sequence specificity. As shown in Table 2,
for target sequence T3, two new sequences, T3i1 and T3i2, were selected as intermediate
sequences, while for target sequence T4, two new sequences, T4it and T4i2, were
selected as intermediate sequences. The T3i1 and T4i1 sequences were cloned into the

repbrt plasmid to vield p11-LacY-T3i1 and p11-LacY-T4i1, respectively.

[00223] Table 2. Sequences in three sleps (the different nucleotides are underlined)

Step1 | T3i1 TAGGGATAACAGGGGICT T4 | TAGGGATAACAGGGABEA

Step2 | T3i2 CGTGGATAACAGGGEICET T4i2 | EIGGGATAACAGGARGGA

e

Step3 | T3 CGTGGATCACAGGGGIET | T4 | EIGGGATAACAGGAAGEA

[00224] To obtain I-Scel mutants with T3i1 or T4i1 sequence specificity, molecular
modeling was first carried out to identify the residues to be used to create a focused library
via saturation mutagenesis. As shown in Figure 2, I-Scel binds to the 3' end of T3i1 or T4i1
through a relaxed loop that ies in the minor groove of DNA. Residues Gly13, Pro14, Asn15
and Lys20 are close to this 3’ end and Asn15 binds directly to the last thymine at the 3’ end
of the wild type recognition sequence through hydrogen bonds. A library of mutants
containing all the possible combinations of amino acid substitutions at these four select
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residues were constructed by saturation mutagenesis. To generate a large enough iibrary,
the ligation reaction and DNA transformation procedures were optimized through several
trials. A library consisting of 2.9 10 ® mutants was created.

[00225] The library was screened for [-Scel mutants with increased activity lowards the
T3i1 sequence. Compared to round 0 {wild type I-Scel), the first round of screening yielded
mutants with increased activity toward the T3i1 sequence since the cell survival rate was
increased by 10-fold. Enrichment of the potentially positive mutants in round 2 and 3
showed further improvement in cell survival rate. Similarly, the library was screened for |-
Scel mutants with increased activity towards the T4i1 sequence. Screening of mutants

yielded mutants with increased activity toward the T4i1 sequence. ‘

[00226] In parallel, a second library of 1-Scel mutants targeting the 5' end of the recognition
sequence was designed. The first library created using saturation mutagenesis was
focused on those residues interacting with the 3’ end of the four nuclectides of the I-Scel
recognition sequence. Based on molecular modeling, Trp149, Asp150, Tyr151 and Asn152
lie in the major groove formed by the 5' end nucleotides. Asn152 interacts directly with T(-
7} though hydrogen bonding. Asp150 and Tyr152 interact T opposite to A(-8) indirectly
though a water motecule. Trp149 and Tyr151 interact with the phosphate backbone. Thus
these four residues are important to the sequence specificity of I-Scel and simultansous
saturation mutagenesis on these four residues was done to create a second I-Scel mutant

library.

[00227] Further coevolution of these enzymes results in the generation of novel
meganucleases specific for target sequences in rat 1gM exons Il and 11!
(CGTGGATCACAGGGGTCT and CTGGGATAACAGGAAGGA)

[00228] Engineering of I-Cre with defined sequence specificity

[00228] For the engineering of homing endonucleases specific for novel target sequences
we used a highly sensitive selection for the directed evolution of homing endonucleases
that couples enzymatic DNA cleavage with the survival of host cells (described in detail by
Chen and Zhao, Nucleic Acid Research 33(18):e154, 2005). In addition, a general
strategy for engineering I-Crel mutant with defined sequence specificity was designed. |-
Crel recognizes a target sequence in a pseudo palindromic manner. Palindromic bases
are directly recognized by I-Crel and may be difficult to be altered (J. Mol, Biol,, 280, 345-

353) (Fig. 4).

36




QSSDLSR RSDALTC) TSGHLSR RSDALSR DRSOLSR TGGORP TCGEKP 17119

ACCATGIGTGGECAGEG RSAHLSR QSGEDLTR RSDALAR RSOTLSV
WO 2008/151081 PCT/US2008/065419

[00230] This property hinders the direct engineering of I-Crel derivatives that recognize a
non-palindromic sequence. To avercome this problem, the target sequence was divided
into left-half {(upstream-half) and right-haif (downstream-half). I-Crel is optimized for the
intermediate sequences of the left-half palindrome and the right-half palindrome,
respectively (Figure 4). Then, the I-Crel mutants, optimized for intermediate seguences,
are engineered to recognize the target sequence palindrome. anally, |-Crel mutant
respectively optimized for left-half and that for right-half wili be co-expressed to cleave the
target sequence. In addition, fusion of the left-half optimized mutant with the right-half

optimized mutant by a polypeptide linker is examined.

[00231] A target sequence within exon IV {CAACTGATCCTGAGGGAGTCGG) that shares
59% sequence identity with the natural recognition sequence of homing endonuclease I-
Crel was identified. Subsequently, based on the identity of palindromic bases within the
original 1Crel target sequence, two sequences, T5 and T8, were selected as target

sequences for I-Crel engineering.

[00232] 1-Crel recognition sequence and 2 target sequences:

1110 9 8 -7 6 5 4 -3 -2 -1/1 2 3 4 5 6 7 & 9 10 11

First hatf Second half
By Homology
Original A C total palindromic
5§ AT 50.0% 64.3%
T6 1T G 59,1% 57.1%

Palindremic bases are highlighted. Censerved bases are written in bold face.

[00233] The two target sequences, T5 and T8, were cloned into reporter plasmids. The I-
Crel gene was cloned into the pTrc plasmid and sequenced to confirm that no mutations
were introduced during PCR amplification. The I-Crel selection system is evaluated for cell

survival rates.

[00234] In addition, molecular modefing was performed and protein residues that contact
directly the DNA substrate were identified. In addition, we designed the intermediate

sequences for in vifro co-evolution experiments.

Target residues for saturation mutagenesis

Target residue Target residue
¥YN-TS55-L Q26 and §32 YN-TS6-L Q26, K28 and R68
YN-TS5-Ri1 R68,R70 and D75 YN-TS6-Ril Q44 and R68
YN-TS5-Ri2 Q26 and K28 YN-TS6-Ri2 N30,Y33 and Q38
¥N-TS5-Ri3 N30,Y33 and Q38
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[00235] Subsequently, libraries of ICrel mutants are generated and screened for ICrel
derivatives with novel target sequences. Further coevolution of these enzymes resuits in
the generation of novel meganucleases specific for a target sequence within exon IV of rat
IgM (CAACTGATCCTGAGGGAGTCGG).

[00238] Engineering of zinc-finger nucleases

[00237] Zinc-finger proteins (ZFP} were designed against sequences encoding rat IgM
(exons 1-4} and assembled as described (Zhang, L. et al. Synthetic zing finger transcription
factor action at an endogenous chromosomal site. Activation of the human erythropoietin
gene. J. Biol. Chem 275:33850-33860, 2000, and Liu, P.Q. et al. Regulation of an
endogenous locus against a péner of designed zinc finger proteins targeted to accessible
chromatin regions. Activation of vascular endothelial growth factor, J Biol. Chem.
2765:11323-11334, 2001), to yield the following ZFP moieties

PCT/US2008/065419

SBS Recognition sequence Finger 1 Finger 2 Finger 3 Finger 4 Finger 5 Finger & Linker 2-3 Linker 4.5
17063 AGACAGGGGGCTCTC NKVGLIE TSSDLSR RSDHLSR RSDNLSE QNAHRKT TGGERP TGEKP
17065 AATTTGGTGGCCATG RSDALST BRSTRTK RSDALAR RSDSLSA TSSNRKT TGGQRP TGEKP
17057 GTTCTGGTAGTT RSANLAR RSDNLRE TSGSLSR QSGSLTR RSDVLSE TGGGGSARP TGSQKP
17068 GAAGTCATGCAGGGTGTC DRSALSR TSGHLSR RSDNLST HNATRIN DRSALSR  TSGSLTR TGGQRP TGSQKP
17082 GGTGCCATTGEGGTG RSDALAR RSDHLST HENARKN ERGTLAR TSGHLSR  QSGNLAR TGEKP TGSAKP
17090 GCIGTGGGTGTGGLT QSSDLSR RSDALTG TSGHLSR RSDALSR DRSDLSR TGGARP TGEKP
17119 ACCATGTGTGGCAGGG RSAHLSR QSGOLTR RSDALAR REDTLSV DNSTRIK TGEKP TGEKP
7120 GAGGACCGTGGACAAG RSANLSV DRANLSR RSDALAR DRSDLSR RSDDLTR TGEKP TGEKP

[00238] DNA encoding ZFPs were cloned into an expression vector. Rat C8 cells were
obtained from the American Type Culture Collection and grown as.recommended in F-12
medium (invitrogen) supplemented with 5% qualified fetal calf serum (FCS, Hyclone), 15%
horse serum (Invitrogen) and 5mM glutamine. Cells were disassociated from plasticware
using TrypLE Select protease (Invitrogen). For transfection, 200,000 C6 cells were mixed
with 400ng plamid DNA and 20uL Amaxa Solution SF. Cells were transfected in an Amaxa
Nucleofector il Shuttle using program 96 FF-137 and recovered into 0.1L warm,
supplemented, F-12 medium. Three and nine days post transfection cells were harvested
and chromosomal DNA was prepared using a Quick Extract Souition 1.0 {Epicentre). The
appropriate region of the IgM locus was PCR amplified using Accuprime High-fidelity DNA
polymerase (Invitregen). PCR reactions were heated to 94°, then gradually cooled to room
temperature. Approximately 200ng of the annealed DNA was mixed with 0.33uL CEL-|
enzyme (Transgenomic) and incubated for 20 minutes at 42°. Reaction products were
analyzed by polyacrylamide gel electrophoresis in 1X Tris-borate-EDTA buffer, A typical
example demonstrating cleavage activity is shown in Figure 6.
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[ 00238] DNA encoding ZFPs were cloned into an expression vector. Rat
06 cells were obtained fromthe Anmerican Type Culture Coll ection and
grown as r QORI in F-12 medium (1 nvitrogen) suppl eREHESHORH6HHY 5%
qualified fetal calf serum (FCS, Hyclone), 15% horse serum
(I'nvitrogen) and 5nM gl utam ne. Cells were disassociated from

pl asti cware using TrypLE Sel ect protease (Invitrogen). For
transfection, 200,000 06 cells were m xed with 400ng plam d DNA and
20gL Amaxa Sol[et2s®)GeSatiofi s rdtswikarRtivkia Bisbatb@thebuy chdh 1A XBing

Nucl eof ector || rg%},%,la%“&%p Ebglm%g'%ﬁme?a% FF-137 and recovered into

0. 1L warm supp enen ree and nine days post
transfection cells were harv and chr onpso
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to 94, then gr ad%mre¥erﬁlzecjw1t98perm fo(ﬁ)rr(?%ltt egp%'EmLsg ne encoépng ?e.i[zacrrat el y 200ng

of the anneal 64" Asgenomi c)
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6. [ 00239] (enerati I nacti vat ed eavy,
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[ 00240] A c DNAasimge emdeusethiouidirmyntas w@gammae‘awatrpéeutsf F-Eprésglpnef rat gt
exon i s cl oneehehdhlifeR8in @A RBGEHSInIAIVERAUGED BYRIGIY QJBKBE RSB AbkyE\Bline for

trolled b
[ Tneari zed by Faser PLISENIIAP GLR Bra B RRe B REL A s,
are fert il zoMaREDTEE FAHFTD BYIFeR SRS e R broaih SE BT ot

t et racycl i ne- cesfeadstiieeby FROReAnaigsid sfassaaedmpeat or . Purified plasm d DNA
is injected into pronuclei of such fertilized rat oocytes.

Subsequent | 'y, do@d1] €SHRFYr R¥sSvith 18RS &S Jn@&?;ehd?}% Qeafvp%%ﬁocgpgyhﬁ&&nj@dﬂ%
br oug ht to ter ﬂ:tlam.’ eé’\'{%c;ftes 1«~.m‘?%l F sn?.?g' gkX é%%m&q a Sﬁaaf%rq%ggnsugfnce of

meganucl ease- fitedre] rans ene 488t ed fromtissue
sanpl es. Mal e transgenic founder_anlnals are housed for four nonths
when they r ealPA242EXeRNA Seaienss angRdingR Breediytiense sreciigraaldd e aes Fipned

t ransgeni ¢ anintveh sxirsssibmnaaioecheyexprassioy isaditolddly tretdAcrpradotad @ayieyc| | ne
for one to seygn, |@@M§mm%%Q&QQHﬁﬂ&hMmoﬁQﬁﬁﬂﬁhﬁmﬁﬂ&JQﬁkéﬂe&wﬂﬁﬁ per

week and anal zed b ni perm are
et Tor b ecHIAE A ERPYIER BT PR B R NPT ARTETER. by
PCR anal ysi s fof the prssanes mdater 1ed exdng B0 anddinest seaiapping Pitareaticewarirals
} nact : vat gd efRGRE 0sIS witeaktiteLiaRicRonk @@ itniiyd B iU B4tiBY ﬁ(hédtwhnaf:ooleld
ertilized o a i ¢ meganucl ease
[00242] A cDﬂ%mgggﬂ%%gghg%%%%%ﬂggwéaﬁg&ﬁ B%EE%%QQ%%%flc for arat Cu
exon is cloned into an expression vector where expression is
controlled by the GAG pronoter. Purified plasmd DNAis is injected
into pronuclei of fertilized rat oocytes. Subsequently, rat efnbryos
are transferred into foster nothers and brought to term Newborns are
anal yzed for the presence nutated I gM exons by PCR and direct
sequencing. Alternatively, animals containing cells with nutated | gM
exons are identified by incubation of heated and cool ed PCR products
with CGEL-I enzyne and subsequent gel electrophoresis. Cains: 1. A
met hod for producing a viable germcell having at |east one
i nacti vated endogenous | g |ocus, conprising expressing at |east one
meganucl ease in a germcell, fertilized oocyte or enbryo, to generate
a viable germcell having at |east one inactivated endogenous Ig
| ocus wherein said nmeganucl ease recogni zes a neganucl ease target
sequence present in or proxinmal to said endogenous Ig locus. 2. A
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| ocus. 6. The nethod according to any one of clainms 3-5, wherein said
artificial 1g |ocus conprises (i) a V-region having at |east one
human V gene segnent encodi ng a gemdi ne or hypernutated human
V-regi on anm no acid sequence; (ii) one or nore J gene segnents; and
(tii) one or nore constant region gene segnents, wherein said
artificialglggl ocus is functional and capabl e of undergoing gene
rearrangemment and producing a repertoire of artificial

derived fromsaid germcell.

! | L an " ol Ser
7. The 1 “‘%ﬁ*ﬂ%}% (B oRhEH8 FViRHEe SHLEe R & lgaione e csdeperavs
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. wher ein-55% ﬁ%& (iR PEGEE'S 3 VigRle Isidaving aifeaséae ingcivatet oxi nal
to a J GEARIREY OGS FAEE sl BeCEHiqassiRCanrsg enbasarn urldase uarget 9.

The net REAUHAEEHEFHY M 8" 2Kl fo saidyseregenasiaild lamganucl ease t ar get
sequence is e|o,r esent in or proximal to an i munogl obulin constant
regi on ée‘ﬁé‘f‘ thag for pried yaithe drapsgsiieiemigial coroprsing at lebsirdrizegerttingr i si ng
expr essiNigliwied e aneya i bceasenpristwi deriyewn tetdgenfearinkl zad ongys e
or enbr ?6",”7 #REPaYing shieassesonactivetpanrclogaseus lgdogrsi resuceds&aonting to
meganuci€agethedaf etain dguerrcgerpr esletescemdant tipsrosf, wakrdosgai: Gnsgenic
endogendtig dl t§ dedentied fram. th&lgeouretdratitiag o6 bidii$) God énts,| Aidvdaselsvher ei n
said germcell, fertilized oocyte or enbryo conprises a genonic
meganuc eEsemeitod eRs i ONSAiMUE; twitDSP Isafl b8 Beih GHE hBlify BXREEESILN
cont r ol ineeijat @pRgahbys |d ikl eAcsHghifistrgtittifng i gwR e gaid
nmeganuct-aagenicantmuheineirkes ahdriRagrmipcease is expressed in saild germ
cell, fertilized oocyte or enbryo by inducing expression of said
genom o.MGaNehbe aSEo IRl BRI, GANRMbrish ind e TRE P AGgaE 4
to cl aiimolshid vieBIBRIdr$I R HaSPGH: It Blh'@irggﬁ%t eh ‘Fﬂ:%t |ef&§§so§'a°§§%f
sai d geRAML oA W EHSF LERIIESP O t&8|n§tlhf>§/ﬁtderi¥ ihere Eogan,e\%fb% by, saj
accor ditaghshenielaAinfa kbmpridbeL e LRimRAl § ggldn cell, Tertil y
enbryo conprises a second genom C ganucl ease expression construct
conpri ' I hl_e ssion . control region operabl
i nked s ARRT SOl Beln 2R ERT B CBung = o otla grenl o o
) CElE R At O e oot e ScOEE S ar get
e i P LT e
further ?:-%H%]rlgsa sarF d"i“ﬂéﬂﬂ ISHExBRERY GRTJFanegpriC 8t gomprises an ariificial ig
rreganué‘?cé'gseencodi ng nucleic acid in said germcell, fertilized
oocyte Oﬁ_ embryo, 14, A viable germcell having at |east one
i nact i Yaf &% RHGIENG & prycoRe BF ddinseShyherin srd oificiatigdodisng t o
cl ai m konibised\(i) o dhisgeni feavany atdéagpond heethrby gbhe seghboteraeenpd ng to
cl ai m Zermline or hypermutated human V-region amino acid sequence; (ii) one or more J gene
segments; and (ifi) ane or more constant region gene segments, wherein said artificial Ig
locus is functional and capable of undergoing gene rearrangement and producing a
repertoire of artificial immunoglobulins in a transgenic animal derived from said germ
cell.

7. The method according claim 5, wherein said gamete has at least one inactivated
endogenous Ig locus.

8. The method according to claim 1, wherein said meganuclease target sequence is

present in or proximal to a J gene segment within said at least one endogenous Ig
focus.

9. The method according to claim 1, wherein said meganuclease target sequence is
present in or proximal to an immunoglobulin constant region gene.
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16. A transgenic ani mal produced by the nethod according to any one
of claims 3-5. 17. The transgenic animal according to clains 15 or
16, wherein said transgenic ani mal |acks a functional endogenous Ig
| ight chain |locus. 18. The transgenic animal according to clains 15
or 16, wherein said transgenic animal |acks a functional endogenous
I g heavy chain locus. 19. The transgenic animal of claim 16, wherein
sai d I Cc.ani i,S _capab] e, of rodu0|n i mmunogl obul i ns havi ng
a hu tgé}%ﬁ%%?'?%% gace ng ”5)3 ﬁfE AR egqre%%”%ﬁ MS¢6Ndher ei n
sai drpﬁ ik P”V&@lk* er %‘?Ciy%%r embryp; yhereaichse@eds and
conpr| S UEYASF FIPPRIEP 215§C Wgéﬁ%ﬁ FEISEIES! SeTHENRREresant Suerd
t r an$GEHTE Qr'ﬁaﬁja?n gepgpul 188t " produci ng heavy chai n-only
ant i 2 d,h? 21. The transgenic aninmal of claim 16, wherein said
tran 8 e mgiiodeacopsiing fosdaimat | wagesin saié gegn welhyigrtiied podyécasembiyh at
| easCOPRESES § égﬂ@’ﬁlcg‘@?&aﬂuétﬁ@ﬁﬁgxyéqw@ml@@@stmo@mnlgﬁllag porfrctucdal  CHL
doma P reasien carik! rigdian paaebiivkkd g alniugheic afidiencddinmsaid 22. A
t r an§FEANeclgasarand vdigpein Seidgnaggremirase isrexaesmEdeaseidaapmass] @ntilized
consPPaite or ebryvsily ivdiidng gnsiession of saip giesesicanegardistislsk exexpsiessi on
contﬁ@ﬁﬁm@gion operably |inked to a meganucl ease- encodi ng nucleic
acid, and wherein said encoded neganucl ease recogni zes a nmeganucl ease
targéz Bequethod soresiery toi alaior 11nraxigringt rep astingnd e gespostSnd ihgcus  of
sai detpressgeoi szidgemmahic méeinecRasakbthreeans genitecani mal is sel ected
fromthe group consisting of birds, rodents, and weasels. 23. The
t r ansyemieom@hbaakcatingl @idmid 241 \/Wlﬁ-:rr@h %ata*@ergﬁé@ln'%rt‘ﬂfzﬁ%'ogytéro?nSQen' c
ani nahbffyurdah@l’nséQ%éb@ﬁﬁg@ioﬁlgmgaﬂﬂgle%é bdredddn &;cgqsltr‘ﬁgy #rikin
et hagdoh@induicRiw ekites Aot t&a 8Sgios 8PBRIEbE/ IRUeh BTy b@érﬂngm n crl geni c
ani n@codfgHubidigatio, whaleM ddid Weddhdddhdo Eucl

50 n%
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for éé"&%‘éﬂid&g‘uﬁhgpé%& @ m jcgﬂ&(i élﬁ ea%(? ge he

trangQeRing AR dIBLCidGF 0% gaqpl (rgnm g )

i solating a nonocl ona o y pro C|n P8m sai d transgenic

ani ngl Awhel nal antl rodUC|n produces a

e j‘gﬁ‘ h%g%. SR VARG £
§ u5|n noc antlbody prodUC|ng cell to produce said

rmnq Rnal ant| bod %fh‘[ B Ci F‘l cal bi nds to sai d_i munogen, or

usi né %H%é? EROAY ‘f)l“?ftﬁ REFOELN® 1@ 8351 6duce a hybri doma
cel | ? roduces sald nonocl onal anti body and using said hybridoma
cel |16t6 rﬁPgQﬁiB%a%fa]aa PERSWGES Eiydhe At gsbasrording fo anynerdeieitiors pBoduci ng
a monocl onal antibody, conprising (i) inmmunizing the transgenic

ani &l TR E@iEenE amal agqerdieg Ve elainzen15 anifogensin Ghid) trdnsgkaitiangnal
non&keAdkndionebempgsredutd iahtebkin 1bewsm sai d transgeni ¢ ani nal
wherein sai d nonocl onal antibody producing cell produces a nonocl onal
ant ifBotlye tréreges peiihalcadcoyding tdslaine thbid16, wnensigenid tdnishenitsatadli ng

fro rodu cell a nonocl onal anti bod
nucln%?? %f@ﬂgﬁl%ﬁ%%%g&d}esgggéﬁ@% lc[ gﬁ anti body that specifi c)elll |y
bi e§% 9 ém % usi ng, sai d nonocl onal anti body
nucl e| aC| d ?%;ﬁqig' Qf 5'3[”?11 HORPOrEId bARasHmenIRatis spebipictal | y

bi ncPsr SSRGS Navipg a hwsanddisfyBeaccor ding to claim 26 or 27,

wher |9 sai d nonocl onal anti body has a human i di ot ype.
he transgenic animai of claim 16, wherein said transgenic animal lacks a functional

lg light chain locus and comprises an artificial Ig heavy chain tocus, and wherein said
transgenic animal is capable of producing heavy chain- -only antibodies.

41



29. A nethod for producing a fully human nonocl onal anti body,
conprising (i) imrmunizing the transgenic animal according to claim
16 with an i nmunogen, (ii) isolating a nonoclonal antibody producing
cell fromsaid transgenic ani mal wherein said nonocl onal anti body
produci ng cell produces a nonoclonal antibody that specifically binds
to said i mmunogen; (H) isolating fromsaid nonocl onal anti body

ic acid which encodes said

rodugi el | a .monocl,onal . anti body. nuc .
monoct e Gheedii i e xiz?%i ity i e o e o [49)
modi f G“EF%CF%%@WS i 2hle79 688 GitRaa %eraeclﬁam&gésgi%ﬁeé gooding a
r ecortB HRTE h d @G RAHHR ARG 19 JORLPRAT IBSHBCI onal ant i body;
and (\/22) usi ng said reconbi nant nucleic acid encoding a fully human
monoci2oAdI2ngREnis G8{M 4! GopPaatie e F9eminrgeaUslarss CMRIRREIP MERNGE Hetnal
ant i W?’n%‘.d RFHHECIGHEISCa R MBHRP B cuRrgesen BYnitd eegien Reerakbidbvdiing
t o ang adnegBVCtEass e cREIngaTUClRle agid. argl whareiesaid @neestedeagaraldessag an
ant i gesnanizeata Medem deasenaligeberuateaporsent in wairoxinet et eratggensing
, contabrcla@f saif drapedsnic enpuren eraint daictirpud geoicoramabintseseted from the
conp@sdur ernsistiogrodibings, trodenitai andeeasser ei n sai d pol ycl onal antisera
conposition conprises inmunogl obulin nol ecul es that specifically bind
and R8uthatrezegepdi chiant ofgeaimc2Z2 mhicrgin th8@endneret duidl trk esgemetitmigdal zi ng
an anirtrgerbopeintd diyleast ol hpdrusonponent, sai d nethod conpri sing
contacting said body conponent with the nonocl onal anti body accordi ng
to cbai mrthodvoe beiducka £hireoRe) aimadristlf inheeizispeed frhstidnic dimds to
and pestrgiab it eRirs abdvigndd BeRLSogmtity.  33. A method for producing
heavy chain-only antibodies, conprising imunizing a transgenic
ani npb. AEEQEIFhA%MQe@ @IPofiofpreducedby theheaMys 6habify oal y anti body
produced by the nethod according to claim 33.
26. Amethod for producing a monoclonal antibody, comprising (i} immunizing the
transgenic animal according to claim 16 with an immunogen, {ii} isclating a monoclonal
antibody producing cell from said transgenic animal wherein said monoclonal antibody
producing cell produces a monoclonal antibody that specifically binds to said
immunogen,; and (i} using said monoclonal antibody producing cell to produce said
monoclonal antibody that specifically binds to said immunogen, or using said
monoclonal antibody producing cell to produce a hybridoma cell that produces said
monoclonal antibody and using said hybridoma cell to produce said monoclonal
antibody.

27. Amethod for producing a monoclonal antibody, comprising (i) immunizing the
transgenic animal according to claim 16 with an immunogen, (i) isolating a monoclenal
antibody producing cell from said transgenic animal wherein said monoclonal antibody
producing cell produces a monaoclonal antibedy that specifically binds to said
immunogen; (iii) isolating from said monocfonal antibody producing cell a monoclonal
antibody nucleic acid which encodes said monoclonal antibody that specifically binds to
said immunogen; and (iv) using said monoclonal antibody nucleic acid to produce said
monoclonal antibody that specifically binds to said immunogen.

28. The method according to claim 26 or 27, wherein said monoclonal antibody has a
human idiofype.

29. Amethod for producing a fully human monoclonal antibody, comprising (i)
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immunizing the transgenic animal according to claim 16 with an immunogen, {ii)
isolating a monoclonal antibody producing cell from said transgenic animal wherein said
monaoclonal antibody producing cell produces a monoclonal antibody that specifically
binds to said immunogen; (i) isolating from said monoclonal antibody producing cell a
monoclonal antibody nucleic acid which encodes said monoclonal antibody that
specifically binds to said immunogen; (iv) modifying said monoclonal antibody nucleic
acid to produce a recombinant nucleic acid encoding a fully human monoclonal
antibody; and (v) using said recombinant nucleic acid encoding a fully human
monoclonal antibody to produce the encoded fully human monoclonal antibody.

30. Amonoclonal antibody produced by the methad accerding to any one of claims 286,
27, or 29.

31. Amethod for neutralizing an antigenic entity in a human body component, said
method comprising contacting said body component with a polyclonal antisera
composition according to claim 25, wherein said polyclonal antisera composition
comprises immunoglobulin molecules that specifically bind and neutralize said antigenic

entity.

32. Amethod for neutralizing an antigenic entity in a human body component, said
method comprising contacting said body component with the monoclonal antibody
according to claim 30, wherein said monoclonal antibody specifically binds to and

neutralizes said antigenic entity.

33. Amethod for preducing heavy chain-only antibodies, comprising immunizing a
transgenic animal according to claim 20 or 21.

34. A heavy chain-only antibody produced by the method according to claim 33.
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